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When the predecessor to this book, Life into Space: Space Life Sciences Experiments, Ames 
Research Center, 1965-1990, was published in 1995, the editors and contract support team 
breathed a sigh of relie£ That effort, which profiled missions, p~yloads, experiments, flight hard
ware, and science publications for a 25-year period, ""as a major challenge. Not only was it diffi
cult to collect the older content, but it took several attempts to design a format that would cover 
the wide range of mission, payload, and flight hardware types. Information technology'was essen
tial for the success of that effort. Use of a simple, flexible database allowed restructuring of the 
content as it was acquired; this was critical for devdupment of the book, most of which consisted 
of three database reports, as appendices. 
. Over the same period, the NASA Life Sciences Data Archive (LSDA) program began devel

opment of an information resource, which would include mission, payload, and experiment data 
for the three NASA centers sponsoring space life sciences eXperiments. In addition to providing 
ac:cess to the results of completed flight experiments for fuhlre life sciences investigators and pay
load developers to build ()n, it would allow reuse of valuable data sets and preserved biospecimens 

~ 

, by investigators with ne\\., Jcience q1lestions, some of which would benefit from cross-mission 
'~, __ analyses. Much of the format and content of Life into Space, 1965:-1990 were used during the 

" ), 

design and implementation of the LSDA. Information technology also drOve the evolution of the 
LSDA. The original CD-ROM based concept was SOO11 overtaken by !:he emergence of the World 
Wide Web and the LSDA became operational as a major Web site in 1995. ' . , 
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As we now realize, a Web site, even with integrated databases, is still not a book. The lSDA ~ " 

"~.~ Web site (httplllsdaJsc.nasagov) is an excellent way to display and distribute vast amounts of' --.:;?-

highly fOlmatted infonnation and allow regular content updates. It can reach worId\\>idt; to those 

':.::,. who have access to the Internet. There are, ho~ever, many who still find well-organized infomJa-

.' tion that tells a story and includes a good index a vel)' welcome guide when explOling somet.lUng .;" ...... ~ new or verifying something once known. Our bookshelves are overflowing for good reason . 
~.., . ..." 

:-:.:. 
However, the ARC hard copy inventory of Life into Space, 1965-1990 is gone, and therefore, a 

.' .:: :-- CD-ROM "book" will be made aV'ail:IDI~ in early 2000. It will be optimized f9r both on-line read~ .. 
~ ing and searc~g, as well as outputting to a printer. As many have noted, it is not che':lp to collect; 

organize, ana make info011ation valuable, but once done, infonnation technologies make it velY 
cheap to reproduce and distribute. 

J 

c 
, .. Tllis companion book, covering the 1991-1998 period, with ,brief profiles of the 1996-1998 

~ ........ - " missions, payloads, and experiments, is a joint publication of ARC and Kemledy Space Center 
s 

(KSC). KSC is now a full participant in the LSDA, so tills volume includes infonnation beginning 
/ withJheir first life sciences payload in 1989. Johnson Space Center will soon publish similar books 

r_ '_ 

covering human space li~e sciences research dming tile same periOds addressed in tile Life into 

""" 
. c Space books. In many ways, Life into Space provided a partial foundation on which to build the 

. initiallSDA, but now tIlese books C'dll be viewed as products of the LSDA content, with the goal 
::J of educating current and future space life scientists and the many payload developers who suppoit 

~ 
them. We are very ple~ed to share this information with ~e research and education community. 

',:::, ~ 

:..:c.:.;. , 
The EditoTh: -' 

'::. ,-
Kenneth Souza, Chief, Life Sciences Division, Ames Research Center , , , 
Guy Etheridge, Program Manager for Flight Experiments, Kennedy Space Center 
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:,. . .::.:-=::- Paul X Callahan, Manager, ARC Life Sciences Data Archiving Project 
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W e have n~w (conducted space ufu sciences research for more 
than four decades. The continuing interest in studying the way living sys-- . 
tems function in space derives from two main benefits of that research. 
Firsf, in order for humans to engage in long-tenn space travel, we must 
understand and develop meas~res to counteract the most detrimental 
effects of space flight on biolOgical systems. Problems in returning to the 
conditions on Earth must be kept to a manageable level. Second, 
increasing our understanding of how organisms function in the absence 
of gravity gives us new understanding of fundamental biolOgical process
,es. This information can he used to improve' human health and the quali
ty of life on Earth. -, _ ' 

Over the past decades, scientists have discovered that space flight 
has 'Vide-ranging effects on living systems. TIlrough millions of years of 
evolution, most terrestrial organisms have adapted to function optimally , 
in the presence of a constant gravitational field. The Earth's gravitational 
force generally pulls body fluids toward the lower extremities. TheJxxiy 
works against this force to maintain proper fluid distribution. In space, 
the absence of gravity rbsults in an '.1pward redistribution of fluids. The 
body interprets this as an 'overall il1Ci"ease of fluids volume, Signaling 
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organ systems, such as the 11eart and kidneys, to a~just their~''''~' 
accordingly. Mechanical loading of the body is nearly eliminated inc the 
microgravity of space flight TIus'sets in motion a cascade of changes that 
affect practically every system in the body to some extent Musc1es begin 
to atrophy, bones become less dense, total red blood cell mass decreases, 

; the cardiovascular system degrades, and the immune system is impaired. 
Additional problems arise beca~se gravity sensors in ,the vestibular 
organs of the inner ear send information ,about body motion and position 
to the brain that conflicts with visual irlfdnnation from the eyes. As a 
result, astronauts often experience disorientation and nausea during 
early exposure to microgravity.~)" ~ ,', : 

Years of l'esearch in space have also demonstrated that plants, as-' 
well as humans' and animals, are affected by space flight. Cell division 
is decreased in space-grown plants and i!hro~osomal abnormalities 
such as breakage and fusion are reported to Occur more frequently in r 
plants grown in space than in those grown on Earth. Researchers have-

,found that changes detected by plant gravity sensors result in alt€t- . 
ations of growth patteJ;11s, biomass production, and development in 
plants during spar.e flight. Ullderstanding these changes is critical 
becailse the ecolOgical life support systems needed to support humans 
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during future long-tenn space travel depend on the apilityto grow 
plantS reliably and efficiently in space. 

While NASA's Johnson Space Center focuses on studying astro
nauts in spa~ Ames Research Center (AI1C) studies tile eff~ts on the 
hUClaJl body and biolOgical systems by et;}i.duc.:ting experiments primar
ily on animals, and cellular material. fn addition, ARC and Kennedy 

, Sp;~~ Center (KSC) sponsor studies of the effects of micro gravity on 
plants. In the f..rst 25 years of its life sciences program, between .1965 
and 1990, ARC sponsOI:ed life ~ciences research on 25 space flight mis
sions. In the five-year period since 1990, ARC'sponsored 22 life sci
enc:es rese;:>rch payloads. KSC sponsored its first life sciences payload 
in 1989 and flew a total of 13 such payloads through 1995. This recent 
increase in activity caJ:) be athibuted to several factors. A new emphasis 
on slIlall payloads <:arried on t.lte middeck of the Space Shuttle meant 
thatresearchei'S were able to acfess the space environment more fre
qui=mtly and at a lower cpst. Because the time required for planning 
and preparing small payloa<!s is relatively sholt, rese¥chers were able._ 

~ to repeat ,or eX'Pand experiments on subsequent miss~ons, giving thClll
the oppmtu~~ty to increase the scientific validity of their research. 
NASA expanded its collaborative life sciences research efforts with 
national, international, and commercial partners during these years. 
_Agreements Signed with,the National Institutes of ~t:alth permitted 

; -sci~ntists from the two agencies to pool their exp-:::rtise and resources. 
International cooperation was fostered by the exchange of astron~uts 
betweell countries and by encouraging JOInt research. An emphasiS on 
making the space environment accessible to cOJllmercial users also 
!Illqwed space life sciences research to flourish ill recent years, as did 
the use of bio~eecimen sh~riIlg programs, which provide the lifa sci': / 

l:-..) 

/! 

J 

ence~ :-esearch comll!unity with access to biological ~isl>ue samples 
fr(lm space-flown organisms. 

The plimmy goal of this book is to profile the space life sciences 
research activities undertaken by ARC and KSC bet-.'.Jen 1991 and 
1995. It is a companion volume to Life into Space: Space Life Sciences 
E:tperiments, N4SA Ame.s Research Center, 1965-1990. The reader is 
referred to that volume for a general introduction to space life sciences 
research, deSCriptions of NASA and intemational space agenCies, gener
al deSCriptions of space flight e;\periment implementation, and infonlla
tion pertaining to space programs and missions that occlUTed prior to 
1991. Changes in research programs and spat'e agencies that occurred 
in the 1991-1995 period are di,scussed in the present volume, as is all 
ARC-sponsored life sciences research conducted during that period. 
Life,sciences resem'ch sponsored by KSC was not described in the pre
vious volillne, so all KSC life sciences paybad devC',jpment activity~ 
plior to 1995 is included here. Because of the time required to com
plete experiments and publish results, those experiments conducted 
betw,een 1996 and 1998 are not fully described in this volume. 
However, jT} order to ensure that more recent science infomlation is 

r' ~ 

avail'lble, ARC- and' ~SC-sponsored payloads flown in that period are 
bliefly profiled at the end of Chapter 5 . 

Space life sciences re~<>.ard}is defined, for tile pUIposcS of this book, 
as the space-based study of biolOgical and biomedical processes u~ing liv
ing organisms. All space flight experiments conducted by or through 
ARC-:.and KSC, using microorganisms, cell cultures, plants, and animals, 
are discuss~d here. Although research on human subjects is, usually con
ducted under the sponsorship of the Johnson Space Centel; ARC did 
sponsor a single e~peri,ment that was conducted on the ;,)Stronclut crew of 
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the STS-47 mission, 'W·hich is described in this volume. Ground-based 
, experiments are not described, except peripherally in instances where 

/they serve as direct controls for flight e\.-periments. Research conducted 
in ll-,e areas of e.xobiology, life support, and other fields related to space 
life scienc.ies is not included. Studies undeltaken by other NASA centers 
also fall beyond the scope of this book. c 

Chapter 2 contains updates to the life sciences reserulh interests of 
the space agen~ies. dome..,tic and international, that appeared in Life int.o 
Spac£, .1965-1990, as well as agencies that have since begun collaborat
ing with NASA in this research area. Chapter 3 attempts to give the 
reader some idea of the processes ruld challenge.., of e>--perimenting with 
living orgrulisms in the space elo,o"l:oJnmeht. The payload and mission 
deSCriptions in Chapb:~r 4 compllse the main portton of the book. Each 
payload selies is described separately, with missiGns \,-ithin a series pre

-sented chronologically. Changes of importance to life sciences research 
madc sim.'e 1990 to the Space Shuttle program and the Cosmos program 
are discussed here. nle first phase of the ~ASAIMir program, which 
began in 199.5, is also described m Chapter 4. Each section ends '''ith a 
list of Additional Reading for tl~e r~.ader who wishes more detailed infor
~llation. Many sources \~'ere used in compiling descriptions of n'iissions 
and payloads, such as technical and internal documentation; however, 
the.o;e are not cited because of their unavailahility to \:he general public. 

Chapter 5 focuses oll/llie future directions of the space life sciences 
research program, with palticular emphasis on XASAIMir and the 
International Space Station. To furthet illustrate certain aspects of l>-pace 
life scie-nces research, interviews were conducted with representative 
individuals from both the engineering and scienc."e communities. These " 
inter,ie''\-"S can be found throughout the book. " ~ 
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For those readers 'With specific research interests, deSCriptions of 
individual space flight experiments are included in Appendix I. 
Appendix II lists selected publiC'cltions relating to these experiments. 
Appendix III contains descriptions of the flight hardware items used to 
conduct these e~:periments. 
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Space Agencies: An Update 

Chapter 2 of L!fe into Space, 1965-1990 discussed the history of 
NASA's international cooperation in space life sciences, from its Oligins 
thro ... gh the early 1990s. In tIle intelVening years, the scope and charac
ter of collaborative activities undertaken by NASA Life Sciences has 
expanded internationally to include additional space agencies and 
domestically to include other federal organizations. This chapter pro
vides an updated overview of these activities and their participants. 

NASA 
The budget and impiementation' for the U.S. 

space life sciences research efforts is administered 
by the headquarters of the National Aeronautics 
and Space Administration in Washington, DC. 
Management of research and development pro
grams is handled by program offices that are gov
emed by NASA headquarters. 

~1 
~~ 

The agency's programs are currently divided among filur Strategic 
Entetprises. Life sciences research is implemented through the Human 

Space Agencies: An Update 

)) 

Exploration and Development of Space (HEDS) Enterprise, which is 
managed by the Office of Space Flight and the Office of Life and 
Microgravity Sciences (OLMSA). The Life Sciences Division at NASA 
headquarters falls under OLMSA's management and is responsible for 
all space life scienc.'es activities. The Division seeks to adV'dIlce four main 
objectives: to broaden human' understanding of nature's processes; to 
explore and settle the solar system; to continue research to allow safe, 
healthy, and productive routine and long-duration space travel; and to 
enrich life 011 Earth by fostering knowledge and technology that enhance 
our health and quality of life, while expanding American scientifi~ and 
mathematic accomplishments. Life sciences research using plants, ani

mals, and cells is conducted primarily by Ames Research Center (ARC) 
and John F. Kermedy Space Center (KSC). 

Ames Research Center ~--;-

ARC is located in California's Silic.'On Valley, at the southern end of 
the San Francisco Bay. In 1994, ARC became the host of the adjacent 
Moffett Federal Airfield and now houses several resident civiL ,\11 and 
military agenCies. The great majority of NASA life sciences res<..·qrch 
using animals and cultured tissue is conducted under ARC sponsorship. 
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In addition to research in space life sciences, ARC is responsible for 
research in computer science and applications, c:omputational and exper
imental aerodynamics, flight simulation, hypers\.Ulic aircraft, rotorcraft, 
POW6:vJ-lift technology, human use of aeronautic and <;pace technology, 
airborne and space sciences, solar system explordtion, and infrared 
astronomy. Most recently, 1998 saw the establishment of the NASA 
Astrobiology Institute (NAI) at ARC. NAI brings together instituti9ns 
from around the world to help answer the follOwing questions: how did 
life begin and evolve; is there life elsewhere in the universe; and what is 
the future for life on Earth and beyond? A more detailed prome of life 
sciences research at ARC can be found in Life into Space, 196.5-1990. 

Kennedy: Space Center 
Located on the central Atlatii1,c coast' of FIOlida, KSGis NASA's pri

mary base for space launch, lan(!: 11g, and payload processing operations. 
Center responsibilities include ground and support operations, 
prelaunch checkout, and launch of the Space Shuttle and its payloads; 
the landing and recovery of the Shuttle orbiter and payloads; the recov
ery of the reuse able solid rocket boosters; and subsequenttumarotind 
operations in preparation for future missions. KSCaiso provides launch 
support and overSight for NASA activities related to expendable launch 
vehicle (ELV) missions, primarily fro111 adjacent Cape Canaveral Air 
Station in Florida and Vandenberg Air Force Base in California. 

KSC was established in 1961 as the launch site for the Apollo pro
gram and continues today as the primary launch site for NASA's 

, manned and unmanned space programs. The life sciences program ut 
KSC began in the late 1970s in anticipation of the large number of life 
sciences experiments planned for the coming Space Shuttle program. 

6 

The center had suppOlted life sciences experiments for both Apollo 
and Skylab in the early 1970s, but these studies were processed in tem
pormy facilities. Permanent facilities for preflight ell.periment process
ing, inflight ground COl)trol activities, and postflight experiment pro
cessing would be needed to support the active life sciences payload 
schedule of the Shuttle. 

Hangar L, an Air Force hangar located at the Cape Canaveral Air 
Station, was designated for conversion to the Life Sciences Support 
Facility. Representatives from ARC, KSC, and Johnson Space Center 
(JSC) conhibuted to the planning and design of the facility, which was 
completed in 1981. The launch of Space Transportation System 4 (STS-4) 
in June 1982 marked the first life sciences payload to be processed at 
Hangar L. During the late 1980s and early 1990s, additional modifica
tions were made to Hangar L and neighboring Hangar Little L to 
accommodate the Advanced Life SUppOlt and Plant Space Biology 
ground-based research programs that began at KSC in the 1980s. 

Hangar L contains facilities for use by principal investigators, as well 
as a variety of specialized life sciences facilities. The Allimal Care Section 
(ACS), accredited by the Association for Assessment and Accreditation 
of Laboratory Animal Care, includes laboratories for performing surgical 

. procedures and X-ray analyses, animal holding rooms equipped with 
cag' ~s and sinks, and changing rooms for donning and doffing protective 
c1otHng. ACS procedures for animal maintenance and hanilling ell~1,!re 
the health and safety of personnel and the animal subjects./~' 

Aquatic laboratories located nearby are used to grow, maintain, and 
prepare aquatic organisms for flight experiments. Aquaria are arranged 
in a valiety of configurations depending on investigator requirements. 
Smaller ~'~'j be set up a<; laboratories for general science payload 
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Hangar L at Kennedy Space Center 
'ntervievv vvith Jerry Moyer 

Jerry Moyer began his career at the Kennedy 
Space Center (KSC) with Planning Research 
Corporation (PRC) developing performance specifica
tions for experiment-to-Spacelab rack payload inte
gration, At that time, KSC did not have a permanent 
facility for life sciences experiment processing, Said 
Moyer, "They used some of the older facilities, trail
ers, temporary facilities throughout KSC and Cape 
Canaveral. But they weren't adequate in size and the 
capabilities weren't there to process the number and 
types of experiments planned for Spacelab. They 
lacked adequate cleanliness, and they lacked labora
tory capabilities that would be needed for preflight 
operations, inflight ground control experiments, and 
postflight processing," 

Moyer became lead project engineer for the life 
Sciences Support Facility, also known as Hangar l, for 
which the design effort was already under way. "We 
had about two thousand engineers with PRC designing 
and building launch pads and the processing facili
ties,n said Moyer. uAs Hangar l really came about, 
they needed someone who could interact with Ames 
Research Center (ARC) and understand their require
ments, whether it was for an isotope-rated fume hood, 
a certain level of cleanliness for tissue culture, or ani
mal care facilities. I had exposure to those kinds of 
things as a result of my academic background." 

Their design group was assigned with bringing 
the Hangar l budget under control. "Our requirements 
were at aboutS2.3 million," said Moyer, "and our bud
get was about $1.6 million. We needed surgery areas 
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for preflight bioimplantation and other surgical proce
dures, an X-ray facility, experiment processing labora
tories, areas for animal care and housing, an area for 
experimental monitoring, and more," 

The Hangar L modification finished within bud
get. Shortly after completion, Moyer accepted a posi
tion with the Bionetics Corporation as manager for 
ground operations support. In this capacity he had a 
chance to see whatthe design team had done right as 
well as wrong. Said Moyer. "The labs were a little 
smaller than we would have liked, and the air condi
tioning system was undersized:8 bit, but a lot of that 
was driven by budget. Ali the e'quipmentworked really 
well. It's like when you build a house, often there are 
things you think of afterwards that could have been 
done a little bit differently." 

Since the facility's first use in 1982, Hangar L has 
contributed to the successful performance of over 67 
Space Shuttle missions and over 500 individual flight 
experiments. Hangar L has also provided support to 
unmanned space exploration, such as the Mars 
Pathfinder, and ground resellrch efforts supporting the 
development of bioregenerative life support systems. 

Moyer sees life sciences ground support at KSC 
changing in the era of the International Space Station 
(ISS). "Hangar L was designed to support Spacelab 
missions and middeck experiments. For the Station 
era, we need an expanded, capability and expanded 
facility. Things are going to be a lot different, and 

r. they're going to affect the ground operations. We're 
going to have go-day flight increments and operations 

i' 
": '~ 

./ 

inflight on a continuous basis. It's not going to be a.s 
straightforward as a Shuttle launch: Currently, KSC is 
working on a replacement for Hangar L Said Moyer, 
"Right now we're assessing requirements Bnd work- ': 
ing with ARC, Marshall Space Flight Center, JSC 
[Johnson Space Center], and NASA Headquarters to 
determine what the additional needs may be for the 
ground support." Even with the changes in experi
ment design for the ISS, Moyer feels that the ground 
activities performed during the preflight, inflight, and 
postflight mission phases will remain every bit as criti
cal to experiment and mission success ~s the activi
ties conducted during the space flight. 
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processing or as specialized laboratOlies for breeding or maintaining 
both plant and animal specimens. 

The Orbiter Environmental Simulator (OES) is a modifIed environ
mental chamber used to replicate flight conditions experienced on the 
Spac.'e Shuttle middeck. Within the OES, ground control experiments 
ruld preflight veliflcation tests can be (:onducted in an environ1l1f-nt simi
lar to the Shuttle middeck, apart from space flight eRects. This allows 
scientists to rule out effects resulting from variances in temperature, 
humidity, and carbon dioxide. 

For parallel adjustments of real-time ground control protocols, 
investigators have acc.-ess to the Experiments Monitoring Area (EMA). 
The EMA provides immediate access to JSC Mission Control and to 
Shuttle flight data, resulting in a higher fidelity ground support for 
inflight experiment conditions and more meaningful scientific results. 

In support of human studies, preflight experiment data ru'e collected 
on crew members in the Baseline Data Collection Facility (BDCF). 
\\-'ben tlle Shuttle lallds at KSC, the BDCF is also used for postflight 
data coUection. When the Shuttle lands at Edwards Air Force Base, early 
recovery operations are conducted in the Postflight Scitlllce SUppOlt 
Facility (PSSF) at Dryden Flight Hesearch Center. 

NASA Cooperative Efforts 
In anticipation of the intensely collaborative International Space 

Station (ISS) program, NASA has, in recent years, established a number 
of (.'Ollabomtive space life sciences research ventures with other federal 
agencies, industry, and the intemational space community. In 1992, 
NASA first signed agreements with the National Institutes of Health .. 
(NI~) to expalld joint biomedical research activities. NASA now has 
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cooperative agreements with 12 NIH Institutes. ARC managed the sci
ence on six payloads c.'Osponsored by the NASA Life Sciences Division 
and NIH between 1991 ~md 1995. These payloads flew on five Shuttle 
missions: STS-59, STS-66, STS-63, STS-69, and STS-70. By the end of 
the decade, NIH will have been involved in no less than six additional 
life sciences payloads. 

Several other federal agencies currently cooperate with NASA in 
conducting life sciences research. With the National Science 
Foundation, NASA has cosponsored a research network for plant senso-
1)' systems. 111e purpose of tlle pr9gram is to SUppOlt research into plant 
responses to environmental signals such as light, temperature, and 
mwhanical stimulation. In the area of radiation biolog); ties have been 
developed with the National Oc.-eanic and Atmosphelic Aaminir;tration 
and the National Institute of Standards and Technology of the 
Department of Commerce, Armstrong Laboratories and the Armed 
Forces Radiobiology Research Institute of the Deparbnent of Defense, 
,uld the Department of Energy. Facilities for (.'Onducting ground-based 
experiments to supplement space flight research are offered by Loma 
Unda University Medical Center and Brookhaven National Laboratory. 

. Through its network of NASA Specialized Centers of Research and 
Training (NSCORT), NASA creates consortia to <.'Onduct research in a 
patticulal' area. JOintly funded with industry and academic paltners, 
. NSCORTs, sited at vroious universities arollld the country, are currently 
established in the areas of gravitational biology, exobiology, c.'OntroUed 
ecological life support systems, space environmental health, and most 
recently, space radiation healtll. 

'. NASA has increA:lSed its c.'Ollaboration willi industry prutners. Five life 
scien(.-es payloads were cosponsored by ARC and a corporate entity dur-
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ing the 1991-1.995 period, on the STS-52, STS-57, STS-62, STS-60, and 
STS-63 missions. Such (:osponsorship is made possible through NASA's 
Commercial Spa(:e Center (CSC) network, ac; described in Chapter 4. 

International Space Agencies 

International cooperation in spa{:e life sciences research rE"..ached a 
new peak in the first half of the 1990s. Scientists from Russia, Japan, 
France, Gennany, Canada, and the European Space Agency flew e)..pcli
ments onboard the Shuttle on several occasions. Astronauts from the 
Japanese, Russian, Canadian, Italian, European, and German space 
agendes flew as crew members on various life sciences-related Shuttle 
missions. A number of international researchers recei".,ed flight tissues 
from Shuttle missions. Scientists and engineers from ARC and Russia 
c:ollaborated closely on the Cosmos 2229 (Bion 10) biosatellit,~ mission in 
1992 and again on Bion 11 in 1996. 

As a prelude to the ISS, NASA astronauts accumulated many 
months of operational experience conducting life sciences and other 
research onboard the Russian Mir space station. Planning the ISS, 
designing and building its stru(:tural components and science hardware, 
and setting its science priorities, schedules, and procedures has required 
a leap in the kind and extent of cooperation between the participating 
countries. Indeed, the operation of the Space Station will be less a 
demonstration of cooperation between international partners than an 
activity carned out by a Single global space community. 

With an eye to the growth of international cooperation, the 
International Space Life Sciences Working Group (ISLSWG) was 
formed in 1990 with two primal)' goals: to strengthen space research, 
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and to enhance knowledge and infonnation exchange. In recognition of 
the reality that the resources of individual agencies and nations are insuf
ficient to carl)' out the vigorous research program appropriate in the 
space life sciences, the ISLSWG developed an international strategic 
plan. Sound planning and cooperation by the intemational space life s<:i
ences community will leverage resources and increase the effectiveness 
of interactions among scientists around the world. At this time, the pri
mary focus of the ISLSWG is life sciences planning for ISS. 
Membership consists of the group's founding members: NASA, the 
European Space Agency (ESA), the Canadian Space Agency (CSA), the 
French space agency (CNES), the German space agency (DLR), and 
the Japanese space agency (NASDA). 

Canada 
The Canadian Space Agenc.y (CSA) was offi

cially established in 1990, although Canada had 
initiated an astronaut program a'i early as 1983, 
follOwing an invitation from NASA to fly an astro
naut on the Space Shuttle. CSA is responSible for 
promoting the peaceful use and development of 
space for the social and economic benefit of 

II 
CSA ASC 

Canadians. Through its auspices, Canada cooperates with NASA and 
other intemational partners in the areas of satellite communications, 
space technology, and space life sciences research. 

Canada is the largest contributor to the Space Shuttle program, out
side of the U.S. CSA developed the Remote Manipulator System robotic. 
anns used by the Shuttle fleet to release and retrieve satellites and con
duct other extravehicular activities. A Canadian astronaut flew onboard 
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the Shuttle for the first time in 1984. Between 1991 and 1995, three 
additional Canadians flew on missions STS-42, STS-52, and STS-74, all 
of whi~h carried life sciences payloads. Canadiml and U.S. scientists have 
also wtii'ked together to conduct research using the space environment. 
~ series of experiments sponsored by CSA flew in the Spacelab Life 
Sciences 1 (SLS-l) and International Microgravity Laboratory 2 (IML-2) 
payloads on the STS-40 and STS-65 missions, respectively. Canadian sci
entists also participated in the biospecimen sharing program that fol
lowed the flight of the SLS-l payload on STS-40. 

Cooperation between NASA and CSA since 1995 has included the 
flights of Canadian astronauts on the STS-77, STS-78, ~U1d STS-90 
Shuttle missions as well as the participation of Canadian scientists on 
the STS-78 Life and Microgravity payload. CSA's Aquatic Research 
Facility flew on STS-77 as a cooperative effOlt bet\"/een CSA, Ames 
Research Center, ~md Kennedy Space Center. The Canadians are also 
closely linked to human life sciences at NASA, with CSA astronaut 
David Williams currently serving as Director of Life Sciences at the 
Johnson Space Center. 

CSA \viII prOvide two major element::; t(), the International Space 
Station venture. The Mobile Servicing Systen~, ~:rail-mounted robotic 
arm, will playa key role in ISS assembly, maintenance, and servicing. An 
Insect Habitat will be used within the Centrifuge Accommodation 
Module for life sciences research. 

The European Space Agencv 
TIle Europeml Space Agency (ESA) had its beginnings in tw'O inter

national organizations: the European Launcher Development 
Organization, created to develop and build a launcher system, and the 
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European Space Research Organization, 
created to develop satellite programs. These ~rreJ esa 
two organizations merged in 1973 to form a ~ 
single body representing the interests of 
Belgium, France, Gennany, Italy, the Netherlands, the United Kingdom, 
Demmrrk, Spain, Sweden, and Swi.tzerland. Ireland became a member 
of the union in 1975. ESA came inte legal existence in 1980. Since then, 
the agency has been joined by Aushia, Norway, and Finland. Despite its 
geographical separation from the ESA member nations, Canada has 
signed agreements that allow it to participate in some ESA programs and 
to sit on the ESA Council. 

ESA i~ essentially a space research and development organization 
with threeplimary roles. First, it develops and implements a plan that 
covers not only microgravity research but also the fields of space sci
ence, Earth observation, telecommunications, orbiting stations and 
platforms, ground infrastructures, and space transport systems. 
Second, i.t coordinates its own programs with the national programs of 
its members. Third, it implements a policy that ensures that each 
member country will have fair compensation for its investment, both J 

financially and technolOgically. 
In order to cany out these roles effectively, ESA cooperates exten

Sively with international paltners like the U.S., Japan, and Russia. 
NASA has been a close partner of ESA for more than two decades, and 
many jOint space life sciences activities have been conducted by the 
two space agencies. In the peliod between 1965 clnd 1990, ESA's pmt
nership with NASA included the builrung of the Spacelab, the orbiting 
laboratory that flew regularly on the Space Shuttle until it was retired 
follOwing the N eurolab mission. 
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European astronauts also flew on Space Shuttle missions during th~~)\·'France 
period, and the t""o space agencies <.:ooperated in conducting life sci- France was the third nati~n to achieve space 
ences research aboard the Shuttle. ESA and NASA (.-ontinued their col- launch capabilities and its space agency, CNES, 
laboration in the 1991-1995 period. Three ESA astronauts, from founded in 1961, remains the primary space .. 
Germany, Switzerl:> . .nd, and France, flew on a total of four Shuttle mis- power in western Europe. The program in life 
sions during t}lis period. The Spacelab flew on the Shuttle five times sciences, which began in 1970, focuses on various cnes 
bel:\..,een 1991 ~U1d 1995. Scientists sponsored by ESA participated in life research fields, including neurosciences, cardio-
sciences research on sever:, 1 ~hHttle missions, including STS-40, STS-42, vascular phYSiology, musculoskeletal physiology, gravitational biology, and 
STS-58, and STS-65. In ad\ .~,<Sh, U.S. life sciences e":peliments were exobiology. The agen<.y flies space flight experiments through cooperation 
conducted in the Biorack, a hcu'dware unit built and owned by ESA, on with NASA ~md RSA or through ESA, of which CNES is a member. 
the STS-42 and STS-65 mL<;sions. ,CNES and NASA created a bilateral working group in 198.5 and has 

ESA is also a contributor to t:he ISS. In October 1995, the ESA since collaborated on vruious projects, including the Rhesus Project. The 
member nations agreed on its (.-ommitments to llle ISS venture. ESA Rhesus Project intended to fly two rhesus monkeys and the Rhesus 
will c:ontrihute a pressurized laboratory known as the Columbus Orbital Research Facility, which had been jOintly developed by CNES and 
Facility, which will be launched on the Space Shuttle and then penna- NASA. Originally scheduled fo), flight on IML-2 in 1991, the project was 
nently attached to the central core of the Space Station, and the rescheduled for fligl£ on SLS-3, which was cancelled because of bud-
Automated Transfer Vehicle, a stmcrure that will provide services in getary reasons. This resulted in the tennination of the proje{.'t. 
lOgistics and reboosting of the Station. ESA has also undertaken to devel- In 1996, French scientists had the opportunity to transfer Rhesus 
op a Crew Transport Vehicle for fen)ing astronauts from the Station in Project research and development to the RussianlU.S. Bion 11 mission, 
emergencies. Other ISS elements under development by ESA include in which they partiCipated in NASA's portion of the plimate payload. 
1:\..,0 nodes for connecting various Station c:omponents .md a data man- Scientific collaboration has continued willl shared experimellts. 031 the 
ageinent system for operating the Russian Service Module. ESA's parlici- STS-90 Neurolab mission. . ~ - c. 

pation in llle ISS program further includes an effort to promote the 
Station, to prepare scientists whose research will be conducted on llle 
Station, and to maintain and train an astronaut team. 

Since 1995, ESA has (.-ontinueu cooperative life sciences activities with 
NASA, participating in research and prOviding ash'onauts and Biorack 
ha .. -dware for use on the STS-76, STS-81, and STS-84 NASNMir missions. 
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Germany 
TIle Gem1an space agency, DARA, was fonned in 1989 as a govern

ment owned and operated company. Its role was to manage German 
space activities both nationally and internationally. DARA worked in 
cooperation with DLR, the German aerospace research organization 
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formed in 1969. In 1997, DARA was dissolved 
and folded into D LR in a move to streamline 
space policy activities. 

:0 

Gennany chrumels much ofits space agen- V [Q)[L~ 
da through its membership in ESA, of which it 
is the single largest contributor. However, Germany has a history of c!ollab
orative space flight activities with NASA. Two dedicated Spacelab mis
~ons, D-1 and D-2, flew in 1985 ru1d 1993, respectively. Neither mission 
carried ARC- or KSC-managed ell.periments. Gennan hardware flew as 
part of the International Microgravity Laboratory 2 Space Shuttle payload 
in 1994 and as part of Neurolab in 1998. Gennan investigators participated 
in both of these missions, as well as Spacelab Life Sciences 1 in 1991. 
Gennanys contribution to the ISS will be made through its participation in 
ESA, by funding nearly 40 perc.'Cnt ofESAS ISS commitment. 

Italy 
Founded in 1988 by the Italian govemment, the Italian spac'C agency 

(ASI) is responsible for national and intemational cooperation programs 
and supports national participation in ESA. The agencys investigations 
span space sciences, Earth scienc'Cs, life scienc'Cs, and engineering. 

In concert with the first Shuttle mission to fly the cooperative 
NASNASI Tethered Satellite System (T;S), STS-46 in 1992, the first 
Italian astronaut flew as a payload specialist. The second TSS mission 
flew in 1996, carrying two Italian astronauts, one representing ESA. 

In addition to its c:ontribution to the Intemational Space Station as 
an ESA membel·, ASI has participated in the ISS program through a 
bilateral agreement with NASA to design, build, aJ1d supply three pres
surized modules to serve as cargo transport and an attached station module. 

"'!,... 
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Japan:· 
The National Space Development 

Agency (NASDA), founded in 1969, is NASCA 
the primary organization responsible for 
space flight activities in Japan. The agency's mandate includes the 
development and operation of spacecraft, launch vehicles, and space 
flight experiments. NASDA is administered by the Science and 
Technology Agency, which in tum reports to the Science Activities 
Commission. The Commission sets national space policy and recom
mends budgets for the various governmental organizations involved in 
space exploration and research. The Institute of Space and 
AstTonautical Science is dedicated to space science research on bal
loons, sounding rockets, and light-lift launch vehicles, while the 
National Aerospace Laboratory acts as japan's national center for aero
space technology research. 

The first major cooperative venture in space life sciences research 
between NASDA and NASA was the 1992 flight of the Spacelab-J pay
load on the STS-47 mission. The two space agencies shared responsibili
ties for payload selection and development and mission operation. A 
Japanese astronaut also flew on the mission, alongside the NASA crew. 
Cooperation continued on other Shuttle missions. NASA scientists used 
NASDA hardware for some of the life sciences studies <-'Onducted on th~ 
IML-2 payload on STS-65. Scientjgts sponsored by NASDA participated 
in the biospecimen sharing program that followed the flight of the SLS-2 
payload on STS-58. Since 1995, NASDA has participated in two Shuttle 
flights. Neurolab, flown on STS-90 in 1998, included a NASDA investi
gation, and the NASDA Vestibular Function ElI.periment Unit flew on 
both STS-90 and STS-95. 
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NASDA is also a key partner in developing and building the 
International Space Station. NASDA will provide a pressurized module 
for the Station, mown as the Japanese Experiment Module (JEM), for 
conducting materials, fluid, and life sciences investigations. To offset 
U.S. launch costs for the JEM, NASDA has agreed to build the 
Centrifuge Accommodation Module (CAM) along with a 2.5-m diame
ter research centrifuge and a life sciences glovebox to be housed in the 
CAM. The centrifuge will provide selectable levels of artiflcial gravity for 
life sciences investigations while the glovebox will provide a (.'ontained 
workspace similar in concept to the General Purpose Work Station (see 
Appendix III) used on the Space Shuttle. It is likely that NASDA will 
also build an aquatic habitat for use with CAM facilities, but agreements 
have not been fonnalized. 

Russia 
No national space agency was more greatly 

affected by political changes in the period 
between 1991 and 1995 than that of the former 
U.s.S.R, which sponsored a thriving space life 
sciences research program for many years. 
Following the dissolution of the Soviet Union in 1991, Moscow created 
the Russian Space Agency (RSA) in order to retain centralized control of 
the civilian space budget. RSA uses the resources of a military space 
agency called the Military Space Forces, also known by the initials of its 
Russian name, VKS. VKS controls Russia's spacecraft tracking networks 
and has its own spacecraft control center. It provides logistic support for 
the RSAS civilian launches. It also manages the Plesetsk Cosmodrome, 
which is the launch site of the unmanned Cosmos biosatellites. RSA and 
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VKS share other facilities, such as Russia's other launch site, the 
Baikonur Cosmoc1rome in Ka7..akhstan. The two agencies jOintly fund 
and manage the Gagarin Cosmonaut Training Center. 

The prime commercial contractor to RSA, the Energiya Rocket and 
Space Complex, is another powerful force behind the Russian space pro
gram. Energiya orders spacecraft and boosters from subcontractors, 
arranges for VKS to cany out launches, owns and operates the Mission 
Control Center in Kaliningrad, and is largely responsible for the Mir 
space station. Civilian members of Russian spacecraft crews are recruit
ed exclusively from Energiya's staff. Energiya, a private company, is 
owned jOintly by the Russian central gO~lernment and Energiya officials, 
with each group retaining .50-percen~ _ ownership. Accordingly, half of 
Energiya's funding comes from Moscow, and half is raised privately. 

RSA manages a series of laboratories, institutes, and factories that 
conduct space-related activities. It also purchases items such as space
suits, interplanetruy probes, and data analysis services from small, spe
cialized independent firms. In addition, RSA cooperates with indepen
dent scientific groups such as the Institute of Biomedical Problems 
(IMBP) and the Moscow Academy of Sciences Institute for Space 
Research. IMBP is dedicated to research in physblogy, space biology, 
and medicine. It has its own laboratory test facilities with hardware 
deSigned for conducting studies using simulated microgravity and space 
flight conditions. It is a prominent participant in the life sciences 
research on Mir and the Cosmos biosatellites. 

Although the Soviets cooperated with the U.S. in the sphere of 
space, and particularly in space life sciences research, for many years, the 
character of joint ventures has changed dramatically since 1991. Russian 
and NASA scientists and engineers cooperated more closely in develop-
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ing experiments and hardware for the 1992 flight of the Cosmos 2229 
(Bion 10) biosatellite mission than at any other time in the 25-year histo
ry of the Bion progrmll. Scientists sponsored by Ames Research Center 
flew 13 life sciences experiments on the mission. U.S. personnel also par
ticipated in the preparation of hardware for the payload at the Plesetsk 
Cosmodrome and supported the recovery team in Kazakhshm, another 
first in the history of U.s.-Russian cooperation in space resem'ch. The 
level of integrated science and engineering development exhibited with 
Cosmos 9,9,29 would continue on the Bion 11 mission launched in 1996. 
Other c:ollaborations during the 1991-1995 period included the partici
pation pf Russian scientists in life sciences research conducted on the 
SLS-l and SLS-2 payloads, which flew on the STS-40 and STS-58 
Shuttle missions, respectively. 

In 1993, NASA and RSA Signed a multiyear contract for the collabo-
'" nitive NASM1ir program using the Space Shuttle, the Russian Soyu£" 

spacec:raft, and the Mir space station. It permitted NASA astronauts to 
visit Mir for ,extended periods. In 1995, a NASA asp-onaut flew on a 
Russian Soyuz spacecraft to Mir and ~hlyed onboard the station for three 
months along with two cosmonaut eoneagues. Docking of the Shuttle to 

'~ Miroceurred twice in the 1991-1995 period, with the Shuttle being used 
to transfer astronauts, supplies, experiment equipment, and specimens 
to and from Mir, Russian cosmonauts ,also flew on U.S. Shuttle missions 
STS-60 and STS-63 in 1994 and 1995. During the 1995-1998 time peri
od, six more NASA astronauts stayed on Mir for extended durations. 
Two additional Shuttle-Mir dockings oecurred in 1996, and three more 
(x:curred before the end of 1998. 

Russia is playing a critieal role in the development and building of the 
lntemational Space Station, and Russian finns are temning with U.S. 

14 

--J 

'. 

parhlers to provide components for the Station. Russia will conbibute a 
module C'alled th~ Fml(:tional Cargo Block, a clitiC'al component of the 
Station. Other Russian hardware will provide all of the altiturl..E:l mainte
nance and most of the power, life support, and attitude conb'o; .:apability 
of the Station. The U.S. and other international parhlers stand to benefit 
greatIy flOm Russia's c.'Ontributions because of its unmatched technologi
eal experience and expertise in tIle space arena. Automated space ren
dezvous and docking technology, n'1cessruy for tIle stable ISS operation, 
has already been developed by the Russians for Mir. Russia also eApects 
to gain from its intemational parhlership in the venture, not only fInan
cially, but also in learning how to transfer its space technology to commer
cial products and seIVices that can benefit tIle national ec.'Onomy. 

Ukraine 
The National Space Agency of Ukraine 

(NKAU) was fonned in 1992. After NKAU 
and-NASA Signed an agreement in 1994, tIle 
agencies cooperated on STS-87, in October 
1997. A Ukranian payload specialist flew on 
the Shuttle. TIle KSC-managed Collaborative 
Ukranian Experiment payload included an 
educational countelpart called Teachers and Students Investigating 
Plants in Space, involving teachers and students in botIl countries. 
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Studying Living Organisms in Space 

S pac.'C lire scienccs research is cliticc:u to prepming ror the eventllal
ity or long-term space exploration. AlonF': the way, this same research 
increa."es om knowleJ gc of basic bIOlogical p rocesses and provides 
insight in to thf> mechanisms ,mel b·eatm(~nt of VaJiO llS Earthly medical 
conditions. Ho\\"ew·r. these scienwk results are not achieved easilv. The 

; 

study of living o rganisms in space poses many challenges ~hat may be 
negligihle or none:\lstent in ground-based research. 

Selection and Training 
DctcnTlilling the most appropriate research subject for studying a 

particlliar biolof:,rical question is not a simple matter. At the broadest 
Ic\·e1. basic research questions may offer more latill.lde in <tpproach tJlan 

questiuns of applied research. but in space life sciences, the two are 
ften linkcd. In plant research, basic questions result from the need to 

maximize food prodllction while minimizing tJle required onboard spa
tial \·olume or rrom the need to nlise ph.mts in an entirely closed envI
rollment. Bv the s<l me token. much hasic animal research derives from 

the neeJ to maximiz.c the health and safe!v of the a~tronaut crew. When 
it comes to the actual species selection, many issues must be taken into 

Studying Living Organisms in Space 

account (Fig. 1). Space llight imposes sevc>:-a] unique operational con
straints tJlat must be addressed in addition to scientific selection criteria 

The size, weight, and e~L5e of maintenance of an organism, and the 
aVailability or fli~ht-(]ualifiell SUppOlt hardware are issues that become 
more cC ll trai when conducting life sciences research in s!lace rathe r 
tJlan on the groulld. 

Species are often selected on the basis of their capaci ty tu under, 
some physiological adaptation process or life-cycle stage \\rithin a short 
period of time. For example, Japanese red-bellied newts were self>cted 
tor experiments on tile International Microgr.wity Laboratory 2 (1\.. L-2) 

payload because their vestibu lar systems would undergo most of their 
development within tJle planned duration of tIte Shuttle flight. 

Other organisms are chosen because they are resilient and can be 
easily cared for in an automated setting where food. \vater. and appropri
ate environmental C'Onciitions can be provided but where human caretak
ers lTlay not be available. Some, ~;uch as rats of the v\ru,tar strain. are \-allI

able research subjects not only because of tlleir genetic homogeneity, 

but because their extensive u!'e in research makes them a k-noWTl quanti

ty. FlIIthem10re, their small size and ease of mainten<Ulce allo\<\-"S them to 
be Down in relatively Ia.rge numbers in. the limited space available in a 
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SOME FACTORS 
- , IN CHOOSING A RESEARCH SUBJECT r FOR SPACE LIFE SCIENCES INVESTIGATIONS 

r-L ANIMAL ·1 __ ._ t ~ PLANT It 
Research Focus 

• Directlv related to human responses 
to space flight 

• ilJoainvasive/minimally invasive 
data collection 

Studying 

, NOIl.ystemlc 
effects 

• Cellular bio
chemistry 

Human 

Studying 

• Systemic effects 

• Behavior, 
performance 

=:-:----
Resllarch Focus 

• Less 'elated to the human responses 
to sp 1ce fligrt 

• Invasive oatacollection/dissection/ 
va ri~b le gravity 

• Animal olodel is prefe rable 
- Shorter life span 
- Faster developr.1ent 
- Larger sample size 
- Genetic homogeneity 

+ rl Other Anim~ h 
---. ,-

Studying 

• Nonsy5temic 
effects 

• Specific gen 
protein/signal 
pathway 

• Cellular differen
tiation 

Studying 

• Systemic or 
muttiS'lstemic 
effects 

• Behavior 

• Development 

Research Focus 

• Generol issues: gl owth, 
tropisms, ger:e exp:~ssion 

Studyi ug 

• Chromosome altera tiurts 

• Cell ula r biochemistry 

+ 
~lantSe~. 

Figure 1. Mall." factors go into why an investigatOr chooses to work w ith a particular organism for a space hfe sciences experiment. 

18 

Research FOCWi 

• Biomass production 

• Closed system life su pport 

Studying 

• Mu risystemic effects 

""hole Plant 
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spac:ecraft. Finally, the ir genctic similmity througl,out tne strai n allows 
for statistical significance with a slllaU sample. 

An ovemrching question for much space life sdcnces research is 
110,,/ gravity, and its e ffective absence, influences the development and 
fun ction of Hving ~) -.;tems. T he sek:ctioll of man)' research wbjects is dri
ven cHrectly by this fOCus. For instance, the effect of gravity on g~'owth is 
often shJdied in plant specif:"s because the growth pi1~el11s of roots and 
shoots cHITer in response to gravity. Je llyfish selve a<; excellent subjects for 
research on gravity-sensillg lI1echanisrns because their specialized gravi
ty-sensin~ organs, statoliths, havf' been well charnclf'lizecl by biologists. 
r n fact, 1 hrougholl t the hjstolY of space life sciences. Il)e combination or 
research priorities and practical constraints has led to a ve ritahl(' 
menagelie of organisms orbiting the Earth . Some of the more exoti r • 

include African claw-toed frogs, Japanese q ll ail , tobacco hOJnworm 
pupae. nour beetles. sea urchin eggs. parasitic wasps, and pepper plants. 

"Vhen investigations address humall adaptation to space flight and its 
he;l1 lh implications, the use (>[ mammalian species often becomes neces
sary wIlen humans cu'c not appropriate subjects. The rat is the mammal 

mployed most frequently for spac"€! flight research. Its well-demonsb'ated 
biochemical and SblJctural sillliJaritywitl1 hUlllCms makes the rat 1Ul appro
pliate subject with which to test new dmgs and investjgate lI1cmy (~sordcrs 

E:"x1?elienced by a~b'onauts dUling and after space night. Because of thcir 
phylogenetic proximity lo humans. nonhuman primates, such as rhesus 
Ilionkeys, bavc (x.'casionaily served as research su bjects in space biology, 
but oo1y when the need bas been clearly demonslratecl . 

\ Vhen working \\~th h igher organisms, sLlch as mammals, slress 
caused by ImfamiJjar conditions com impact science resu lts. To prevent 
thiS, the animals must be h<'.bi111atecl to their flight habitat. life SLippOIt 
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hardware, and bioscnsors . Some animals, such as rats and rheslls mon
keys, must be trained to usc in flight feeding and wateling devices. When 
performance and hehavior is stutlicd , as is sometimes the case with I'ho::
SliS monkeys, the animals must be trained to perfonn paltieular tasks in 
response to automated stinlllli . 

Manned vs. Unmanned Missions 
Manned and unmanlied space flight pose dirferent challenges for 

conducting life sciences e:-'1>e11l11('nts. On manned missions, the plimaJ)' 
conside ration is th e safety of' the crew. \iVhcn marnll1als are used as 
rcscan:h sllbjects, l11icrobiolo~ical testing of the animals is m,mdat'ol)1 to 
ensure tJlat they art! free of pntllo~ens that could be transmitted to crew 
Inembers. Organisms that arc part of lhf' science payload .. must be iso
lated frOI11 the hllll l ~lI1s onboard so that possible <.:Ontamimmts and odors 
do not afTcct crew health , comtolt, or pe rlonnance. Uan.lware for hOlls
ing tlle eX1?elimcnt subjects is typicalJy custom-built ror thjs purpose and 
kept sealed or fllte red fi)r the c1\11'ation uf the mission. 

Although crew members typically have busy inflight schedules, they 
may SUppOlt experiments by monitoring research subjects visually on a 
pe 'iocHc basis or pe rfomling contingency procedures rnade necessaty by 
hardware malfunction or un expected experiment pedeJl'11lance. Th 
crew lTlay also replenish water and food supplies. substcU1tiaIJy reducin 
the need [or automation. On some missions, palticularly those dedicated 
to We sciences, crew me mbers conduct inflight experiment procedures 
directly on research subjects. Direct a<':(,8SS to subjects is accomplished 
using a glovebox apparatus tl1at maintains biological isolation of the 
o rga nis lns. On the STS-.58 missiofl dedicated to the Spacelab Life 
Sciences 2 payload, Shuttle astronauts performed n It dissections and tis-
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sue sampling procedures. Sllch proceuures will likely become Common
place on ~he Intemational Space Station. 

The costs of research on manned missions can be attributed large
ly to the extensive testing of experim ent hardware and tite need to 
meet crew safe ty requirements. Unmanned missions are gene rally 
much less expensh1c. with most of the cost going lor hardware automa
tiOll . Experiments on these missions mlJst acC'ornrnodate the lack of 
crew to conduct support procedures or intelvene jn the event of an 

quipment malfunction. 

loading and Retrieval 
Space life sciences experiments often require that research subjects 

be installed in the spacecraft in a precisely timed manner. For instance, if 
gennination of p lant seeds is to occur in space, or embJ)'os are to unuer
go a particular stage of cell division, they must be in a specific stage of 
development at the time of launch. If the lalLnch is delayed because of 
inclement weather or a system malfunctioll, research subjects frequently 
mllst be unloaded from the spacecraft and a Ji-esh group of subjects 
installed onee a new launch time is se t. To accommodate such an even
tuality, researchers must have several backup subject groups, in valying 
stages of development, prepared for £light. 

In order to prepare the spacecraft itself for launch, al l payloads . 
including those accommodating Hve research subjects, must he integrat
ed into the spacecraft as eady as seve ralmontlls before Jaunch. Only crit
ical items. such as tJ·le subjects tJlemselves, can be loaded up to several 
hours prior to launch. Installation of habitats with living organisms may 
require special handLing, depending on the structlll:e and orientation of 
tlle spacecraft. Installation of research subjects into the Space Shuttle, 
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whjch is oriented vertically dwing the prelaunch period, can involve low
eJing the organisms in their hardware units lhrough a tunnel into thc 
holding racks in tJle Spacelab or SPACElIAB. 

Because organisms begin to readapt to Earth gravity immediately 
upon lar!ding, dissection ,md tissue preservation in orbit or quick access 
postflight is critical to the value ofthe science. Organisms can be removed 
Crom manned spacecra£t such as the Space Shuttle witl1.i n a few hours 
after touching dOW11. Hellloval from tJle unm~U1ned Cosmos biosatellite 
occurs several hours postflight because mission pe rsonne l must fi rst 
locate, and t11en travel to, the landing site. TranspOIt from the spacecraft 
to ground laboratories may be time-consuming when the biosate llit 
lands some distance awclY Ii·om Moscow. In such inshmces, a temporal) 
Fidd laboratl1]), is set up at the landing site to allow scientists to examine 
the subjects before readaptation {)ccm s. The issue of postflight readapta
tion highlights the value uf innight data and tissue collection. 

Habitat and Life Support 
Suitable habitats and adequate life SUppOlt systems [or research sub

jects are essential for expeliment success. Hardware to support living 
organisms is designed to accommodate the conditions of space flight . but 
microgrclvity poses special e ngineeling challenges. Fluids behave diller
ently in microgravity. The relative importance of physical properties such 
as surf~lce tension increases, and convective air currents are absent or 
reduced. Phmts are usuaUy flown attached to a shbstrate so that nub;ents 
and water can be provided through the root system. Cultured ceLis ar~ 
flown in suspensions of renewable media contained \.vitJlin special:L.ed 
hardware units. Nonhuman plimates are often flown in comfurtabl 
conHnement systems to prevent the m from endangering t~lemselves 
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d, ' .mg lawlch and I.:!entry or damaging sensors or instnnnentation dur
ing the flight. Other organisms such as rodents are typical ly flown \,.,ith-

lit c:onRnement so tlley can float freely \-vitl·.in their habitats whjle in the 
mirrl)gravity environmt>:1t. With tlle use of implanted biotelemetry hard
ware, as witll squilTel monkeys on the Spac;e lab 3 payload in 1985, small 
primates can be flown unconfined. 

The c:omfort and safety of rese,arch subjeds is a high priority. Bec;<luse 
o'auma or sb'ess can c:ompromise experiment results, humane care and 
good science go hand in hand. Animals may be singl), or group-housed, 
but group-housed animals tcnd to rcmain healthier and exhibit fewc r 

signs of stress. ''''hen Singly housed rhesus monkeys were flown within 
the Russian Primate Bios IInits on the Cosmos missions, tlle animals wer" 
oriented .<;0 that the), c:ould spe each otller throughout the llight. For 1 lon

human plimates, environmental elllichment is provided in the (cJnn of 
behavioral ta.,ks or "c:omputer garnes," whic~ can double as rr\l~asurcs of 
behavior and per[olll1aIlCe. Such eruichllle nl helps to prevent stress and 
boredom, a possible result of confinement and isolation. 

Light with.in habitats is usuall), regulated so a5 to provide a day/night 
cycle similar to that on EaTth. Air circulation and heating or cooling 
ensures that temperature and humidity are maintained at comfoltable 
levels. Food is p rOvided according to the needs of the species in ques tion 
and tlle requirements of the experiments. Generally, a continuous water 
supply is available . ' V:iste rnatenal , which includes not only excre ta, but 
also particulate matter shed from the skin ;md ueblis generated during 
feeding activi ties, is eHminated Llsing air flow systems engineered for the 
purpose. Within plant habilats, gaseolls waste is simihu'ly e liminated . 
Separation of liquid wdSte from solid is desimble for ce rtain e' 4" :riments, 

and systems to cany out such sepcu'ations have been developed . 

Studying Living Organisms in Space 

Monitoring and Welfare 
Frequenuy, researchers emplo), surgically impic:nted biosensors or 

sensors mounted within habitats to rnonitor animal suoJects. These sen
sors provide important scientific data, ;.md, with in flight downlinks of 
phYSiolOgical paramcters, researche rs are able to remotely monitor the 
healili and welfa re of their subjects. Primates arc often implanted vvitll 
sensors iliat measw-e such vital signs as heart rate, ECG, KEG, :md body 

te rnpe ralure . Activity sensors are often mOllnted in the cages of rats s 
that researchers <.:an assess animal activity while in spac;e. Automatic gas 
sampling C~U1 provide a measure of tlle metabolic activities of plants. Still 

photographs taken by preprogrammed carneras allow researche rs to 
obtain v<tlllable information, particularly about plant growth and th 
development of embl),os in1light. Video monitoring provides behavioral 

information on animals such as plimates, rats, frogs, and jellyfi sh. On 
mctnned missions , c rew melrJbers CHn directly obse rve subjects, keep 
records of theu' obse rvations fo r later use, discllss their obselvations \vith 
researchers inllight, and, if neeessaJ)" inte lvene to assist a subject. 

Biosampling 
Tnvestigators can also obtain data in the fonn of bioscU11 ples such as 

excreta, blood, tissue biopsies, and selial sections. \Vhen an experiment 

protocol requires the collection of biosamples, they are first obtained 
pre flight to proVide a b~l<;elinc measure of organismal function . lnflight 

collection of biosamples other than urine and feces is possible only on 
manned missions. The flrst-eve r infligllt biopsies and dissettiol1s of ani
mal subjects we re conducted on Spac;clab Life Sciences 2, the STS-.58 
Shuttlc lIlission . Because of the extensive cOllmJitment of resources 

such as tllCilities, spal!C, and crew time to payload operations, inflight 
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biOSi:l. " 'pling proecdurt's arc rarely perform p.tl on llie Space' Sh ll tt le. 
Infligll t flxatioll , thr()tlgh h arclwan~ automatioll or sililple crew pro<.:c
dw'E's, is a more comtllon way to collect "i()~amples. Bi()sa"'plc (Lxution 
and storage techllifjll(~s arc eBcctively usrd with sllIall ani llial s Llhj(~t:t s, 

plants, and clll tt.Jrc:d cells. 
Postllight collections nfbiosamplcs are canied out ror I It all)' life sc:i-

net's experiments. Becallse reH~laptatio li to Earth gravity rtlve l'ses 

many of the changes that ()(;(;tIl' in ti ssuE'S in spacC'. it is in lperative that 
l; iostl ll1plc:s be obtained as SOOIl as possilJlc postflight. To laciulate this, 
grollnd laboratories .mel persoll ilel an" usually prepared to implf' l1 lent 

such t'xpc' liment proc'"llures nt th l" timc of lallding. 111 ~lw CWil' of th .. 
COS IIi OS biosatellite, biosulTIplt.: collec tions arc carri ed out in IIl t)hih~ 
field bboratorivs sel lip at the Innllillg site , UI1I1S(:c.1 tisslles rro lll the 
organisms fl own in space ll1ay be fl xcd or froz('n and stored in archi vf!.'i 
for late r IlSC by sci(' lItists. 

Control Groups 
SPl:I(':c life sciences experiments Illuk(~ extcnsive lise of (:o ll trol 

groups in patt becatlse IimHf'd flight nppmtunities may lIot allow for 
replication of a given expel; n 1(1IIt. ElilployLng control groups is ess(~ II~ial 

to illcrC:'L~e the statistic.J validi ty of the resili ts of all cX'Pf! riJl1ent with a 
relatively small number of subj p.cts in the (.'x'Porin lcnt group, Control 
groups help researchers isolute the cFleels of mi <.: n>gruviL)' and th l'! vihra
tion, acceleration, alld noise of spacecraft bunch and landing ('rum the 
;ffeets of oth er conditions t'hat research sllbjccts may encount er 

innight . such as alte red environmental conditions. t\ntl th l~ strcss that 
"111 he associated with cOll nnemcnt, isolation, irllplantation of sensors . 

and hiosampling procedu res. 
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Three lypes of' cOllh'ol groups arc often employetl in space life sci
em:t>s cxperiments. The .~)'llchroI IOUS control consists of orgcmisms that 
are idl!ntit:al il .1 Iypf' and nllmber to those flown onboard the spacecraft. 
TI1<-'Y arc hOllsed in identic~J Ilanitats and kept \\~thin a si mulated spacc-
'ran environment in <I grOlJllcl labnratOl),. Conditions witJtin the simulated 

spacecraft ellvirollJ1I1.:nt, slid I <L~ burniclity and temperature, an.! set to lev
els cXl)cCletl to occllr wiUlin the act'lal spacecraft duri ng llight. The syn
dll"OI101lS control pnx.-eciurcs begin at the tilliC of launch and end upon 
landing. The pUl]Jose is to isolate the el1(-'cts 011 Ule n 'search subjects of 
'xtnme()us conditions experienccd duling space rught. 

All <L~yllclll'(m(JIIs control (or delayed synchronous (.'ontral) is sill1ilcu 

to tht' synchronolls control except that procedures hegin several how's ur 
duys aftcr tl le night, pm the asynchronous <lIItl tle laycd synchronous 
:ol1lrols, cOllditiolls wi tJlin thf' sim ulated spacecraft environment are 
icl l~lItical tu those that prevailed wiLhin the actu al spacecraft througholl t 
the fl ight. Asynchronous and delayed synchronous conlrol procedures 
last ror a duraliun identicul to that of the fljght. This conh'ol is used to 
determine whetllcr the crfects that may be seen in the fl ight organisms 
are the result of anomalolls em~ ro1l11lcntal c;onclitions, such as incrE'ased 
tcmperahlJ'e. tJ1C1t may have occlIrred c1nrillg thE' flight. 

A vivarium control is usually conducted to determille whether 
e lTeets thal rna)' be seen in the flight organisms could be due to th 
stress of being conJJncd or isolated or of being housed in £light hardware 
tll tits, In this control, a group of orgcU1istlls similar to the flight group is 
housed in standard laboratory condjtion,~ ror a duration identical to the 
lei tgth of tlle flight. 

Additional controls may lJe cOlltlucted as indicatetl by specific 
research COllcems. 'For instance, ,>"hen the ilight research subjects clre 
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The Ethical Use of Animals in Space Life Sciences Research 

Intervievv vvith Joseph Bielitzki 

Joe Bielitzki joined NASA in 1996 as the agency's 
first Chief Veterinary Officer. He brought with him 20 
years of experience in veterinary positions in institu
tiona ;. pr ivate practice , and consult ing settings, 
including :nany years at the University of Washington 
Primate Center. 

At NASA, Bielitzki is responsible for ensuring that 
the an ima ls used in space flight and ground-based 
research are properly cared for and experience mini 
mal pai:l and distress. He is also responsible for the 
compl iance of all sc ience protocols with the laws, 
rules, and regulations established for animal care in 
scienti fi c research . When an experiment requires 
tra ining or cond itioning of animals or complex surgical 
procedures, he may provide consultati on on the 
experiment design. 

Commenting on his role in space life sciences 
resea rch, Bielitzki said, "My job has to do with soci
eta l benefits. At NASA, the job has to do with being 
able to identify the risks of space travel fo l' the astro
nauts. If we are going to fly humans, then we should 
know what's going to make them sick, how sick they 
are going to be, and how we can treat them if and 
when they get sick. Most of that work is going to be 
tested and developed with animals, so the animal 
models are very important. Veterinarians are the first 
people you look to when you are looking at new treat
ments or new medicines or new ways to deal with the 
problems that the astronauts might have because 
much of the early work is done in animal models." 

Studying Living Organisms in Space 

Since Bielitzki's arrival, NASA has established 
bioethical principles for the use of animals in space life 
sciences research. The principles address the ethical 
justification for using animals in research. "It is a sig
nificant contribution to the entire federal program. We 
are the first federal agency to develop principles like 
these, " said Bielitzki. "Those principles have been 
endorsed by the rest of the federal agencies now." 
These bioethical principles are as follows : 

• Respect for Life: Researc~ animals should be of 
an appropriate speci~s and health status. The 
number used should be the minimum required to 
obtain valid scientific results. Selection should 
include cognitive capacity. Nonanimal alter
natives should be used when possible. 

• Societal B&nefit: Assessment of the overall 
ethical value of animal use should include con
sideration of the full range of potential societal 
benefits, the populations affected, and expected 
burdens to the research animals. 

• Nonmaleficence: The minimization of distress, 
pain, and suffering is a moral imperative. 

"If nothing else happens in my career, the estab
lishment of these principles is probably the most sig
nificant thing I've been able to accomplish. It is a very 
short set of principles, but it is one that I think is going 

to stand the test of time. I hope that they are improved 
upon, but I doubt that anyone will be able to take 
away from them," said Bielitzki. 

The hope is that the bioethical principles will also 
be used in the International Space Station (ISS) in 
agreement with partnering nations. Bielitzki has been 
tasked with developing animal use standards for the 
ISS. "We're going into a partnership where there are 
different cultures, local standards, and norms, and we 
have to come up with a set of standards that's going 
to meet everybody's needs. We may well end up with 
some rules and requirements that are more stringent 
than what we see in the United States in a number of 
areas, to meet the requirements of the member 
nations," said Bielitzki, 

In fact, there are currently no international stan
dards for the use of animals in biomedical research. 
Space life sciences research and the ISS may end up 
providing an imperative to develop such standards. 
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mammals imphmted with biosensors, a conh'ol group of similar anjmals 

V.~tllout implanted sensors may be shlci.ied to detennine whether any 
effects observed could be the resu lt of the implants. 

Scientists sometimes cany out studies in simu lated micl'Ogravity 
conditions on Earth in order to ,..,btain pilot data for flight eXl'e time nts or 

to verifY the results of llight experiments. The effects of microgravity 
may be simulated by removing the gravitational load on a particular por
tion or the body or by effectively canceling out or minimizing the force 
of grdvity. Bed rest is tlle most coml11only used method for simulating 
mjcrogravity when the researe:h subjects are humans or nonhuman pli
mates. Studies of muscle and bone atrophy are sometimes conducted 
using tllis me thod. Tail suspension is used to simu late microgravity in 
rats. The gravitational load to the hindlimbs is eliminated by suspe lldillg 
rats by their tails, leaving them free to move about on their fore bmbs. 
Horizontal, rotating clinostats that apply a constantly changing vector 
acceleration force canceljng out the vector force of gravity are often used 

to simulate microgravlty in plants. 

Regulations and Oversight 
Space life sciences researe:h, like that in other fields , is subjected to 

outside peer review both at tlle proposal stage and the publication stage. 
Howevel~ because of tlle unique narure of space flight, resem'ch conduct-
d in space is subjected to additiomJ scrutiny. Researchers must meet not 

only the guidelines and regulations presclibed by mission managers and 
safety panels, but also ensure tllat their eX1)e riments comply with t1w 
requirements of crew me mbers and other researchers particip.lting in 
tlmt mission. Furtllennore, all NASA-sponsored research using 'Ulill1.J 
subjects, whether conducted in sl)(lce or on the ground, must meet the 
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rigorous review of the Institutional Allilllal Care and Use Comrnittee 

(TACUC). Each research institution must convene an IACUC whose 
mandate is to ensw'e that all .mimal use is necessalY and that (;l U e:-.peli
rnent protocols and animal cme proce dures meet fede ral animal welfare 
guidelines. Lastly, research carried out in space, because of its impOltance 

.md high visibility, must bear the sClUtiny of the public eye. 

Additional Reading 

BalJard, Rodney Wand Richard C. :\1ains. Animal EX'P8riments in 
Space: A Brief Ove lview. In: FLLlldamenl'al.~ oj Space Biology, edited 

by Makoto Asashim<l and George M. Malacins1-.i. Tokyo: Japan 
Scientillc Societies Press and Berlin: SpJinger-Verlag, lQ90, pp.2l---4l. 
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Programs, Missions, and Payloads 

S pace life seiences research conducted by Anlt!s Resem'C!1 Center 
(ARC) and Kennedy Space Center (KSC) reached new hei~hts between 
19m and 1995. 1n filct , this fl vc-year periud rivaled the previous 2.5 years 
in mission participation and payloads and eAve riments !lawn. 

Fro m 19().5, with the inc..:eption of IHc sciences at ARC, through 
J990, the ARC and KSC !.ife .'.d ences prognl1ns participated in 2.5 spacc 
flight missions that canied a l., t ill or 27 life sciences payloads into orbit. 
Across thc<'J 27 payloads, 223 experiments were conducted, although 
detennin.ing exact ~;xperill1ent numhers c..:an be (Ulllenlt because of' tissue 
sharing progl'h l1 lS (L. II..1 subex-periments. 

From 1991 through 199.5, the ABC and KSC life sciences programs 
participated in 24 space fljght missions that canied a total of :34 Ufo sci
ences payloac~ i llt0 orbjl·. Across these 34 payloads, 142 experiments 
were conducted . 

A vali el) nf fac' ors conbibuted to this dramatic growth in space lif.'e 
sciences resr:arch. On the operatiunal side, an increase in the use of 
smail pa),loads on the Space Shuttle allowed for Illore rrequent access to 
!light opporhmities. By their nature, small payluads have relatively sholt 

development times and make minimal impact on mission J'es01ll'ccs. 

Programs, Missions, and Pay/Dads 

These attributes make it casier to acc'Ol11modate a 5111<11.1 payload on any 
given Shuttle flight. On the science side, throughout the 1990s, cell and 
molecular biology have risen to a prominent piace ill the lile sciences in 
sc:neraJ. This shift has becil rclleded in the incre,l'>C: of space lire sd 
onces stud.ies conducted lIsing cell cultu res. Because of the 51 nalJ space 
rcquirements Hnd e,l'>e of' automation fo), these studies, they have fit weU 
with tl1C small payloads trend. 

Organizational factors contlibuting to the increase in space life sci

encf'S research post-l990 include the fact that the life sciences program at 
KSC clid not begin in eamcst until 1989, with only two expelilllents on as 
l11cmy payloads flown pliOI' to 1991. Participation in or sponsorship of 12 
payloads rollowed ove r tl le next Ave years. A f~lCtor that rna)1 have delayed 
the grov.1h of' spac..:e ILfe sciences resean:ll is the Ch~J lenger e:>:plosion in 
1 H86. The subsequent grounding of' tlle entire Space Shuttle fleet for 
nearly tJll'ee years occurred aFter only the fifth life sciences ShuttJe pay
load. This tempormiJy Ic l't the thell SOviet-sponsored Cosmos biosatcllit 
as the sole platform for conducting space life sciences cxperilllents. 
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ARC and-KSC Life Sciences Missions Flown 1991-1995 
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AA AA A~ A~ , * NASA-Mir 

e1 4- && * 
/ * Lefton Mir 

& .' Total Experi~ Flown , 
1991-1995: 163 

.. --'- .. . ~"."'--. ". -.. """ ''''' 

MISSION CHRONOLOGY 
Mission 
'S'TS-4O ---
STS-48 Physiologica l and Anatomic al Rodent Experiment I ( PAR~9/ 12 / 91 5 days 1 
STS-42 International Microgravity Laboratory 1 (IML-l) ~22 /~2 __ B_da.'i£ 5 
STS-46 _ Pituitary Hormone Cell Function (PHCFI 07/ 31 / 9Z 8 d a~s 1 
STS-47 Spacelab-J (SL-J) 09 / 12 / 92 _B days 3 
STS-52 .--i!!Y.siological Systems Experiment 2 (PSE.OZI _____ 10 / 22 / 92 10 d,l y"S ___ 2 

Cosmos 2229 Bion 10 12 / 29 / 92 .J.l d~ 12 
STS-54 CHRDMEX-03 01/13/93 6 days 1 
~~siolog ical and Anatomica l Rodent Experiment 2 (PARE.021 01 / 13 / 93 6days ___ 6 

STS-56 Ph~s io log ic~d Anatomical Rodent Experiment 3 (PARE.03) 04/ 08 / 93 9 d a~s 2 
STS-57 Phv~i,Q!~gica l Systems Experiment 3 (PSE.031 06 /21/ 93 10 da~s 2 

STS-51 CHRDMEX-04 09 / 12 L93 10 ~y_s_ 3 
STS-58 Sl!acelab Ufe Sciences 2 (SLS-ZI - --- 10 / 18 / 93 14 d!!'ys 28 
STS .. 60 IMMUNE.l 02/ 03 / 94 8 day~_ 1 ---
STS-62 Ph~s i ological Systems Experiment 4 (PSE.041 03 / 01~J.1 d~ys ___ 2 

STS-59 Nationallnstit~tes of Health Cells 1 (NIH.CII 04 / 09 / 94 11 d a~s 3 
STS-65 International Microgravity Laboratory 2 (IML-21 07 / 08 / 94 15 da~s 3 
STS-64 Biological Research in C~n iste rs 2 (BRIC-021 09 / 09 / 94 11 days 1 
STS-68 ~io!£gical Research in Caniste!s 1 (BRIC-Ol ) ~0 / 94 11 da~s 2 

CtiRDMEX-05 09 / 30/94 1l.d~_ .J 
STS-66 National Institutes 01 Health Ce lls 2 (NIH.C21 11 days 2 ---- ___ 11_/ 03 / 94 

National lnstitules of Health Rodents 1 (NIH.RII 11 / 03 / 94 __ 11 d.!!y~ . __ 13 

STS-63 Biologica l Research in Canisters 3 (BRIC-03) _____ 02/ 03/95 8 day!!' 1 
CHRDMEX-06 02 / 03 /9~ __ 8_days -- -
IMMUNE.2 ...Q?/ 03/ 95 ....!ja~ _ 1_ 

__ ....:.N,::a",ti=-:,onal lnstitutes 01 Health Cells 3 (NI:.:,H.""C3::..c) __ _ ___ 02 / 03 / 95 8day_s __ 3 
Soyuz 70 _ Incubator 1* 

____ Incubator 2" 
03 / 15/ 95 104 days 9 -- -

STS-71 y~Z7 / 95 ~ days 9 

Greenhouse I " ._----' - ---
STS ,,, . ...:...::..:..::. ___ --'B:,:;io::.;,lo""9"'ico=a:.:.,.1 ;,.:;Rc::,:' s:.::earch in Canisters 4 (BR IC-041 ____ . _ -.-Will 95 9 d a'y~ 

___ -=B:.:,:iological Research in Canisters 51BB.LC-OS) _ _q7 /1 3! 95 9 d:!j _'" ___ l_ 
Nationa! Insti tutes of Health Rodents 2 (N! H.RZ) . ____ 07.L13! 95 __ 9_ dilYs ___ 6 

STS-50 '-='---__ ---'Biol2,gica l Re~earch in Canisters 6 (BRIC-06).. _.Q!/ Oll~.. _ 1_1 da'l!....... ._1 
National Institutes of Health Cells 4 (NIH .C41 09/ 07 / 95 11 days 2 

ORGANISMS FLOWN 

VERTEBRATES: Adults or Juveniles 
Frog (Xenopus laevisl 
Human I Homo sapiens) 
Newt (Cynopus pyrrhogasterl 
Rat (Rattus norvegicusl 

Rhesus monkey (Macat'a mulattal 

4-
4J. 
~ 
Ai!i. ~A4~ 
~A'& ~A~ 
~ 

VERTEBRATES: Embryonic Forms 
Frog (Xenopus laevis) egg IJi. 
Japanese qua il (Cotumix cotumix) egg * * 
Newt (Cynops pyrrhogasterl egg A 
INVERTEBRATES: Adults or Juveniles 
Jellyfish (Aurelia aurital 
Nematode (Caenorhabditis elegans) 

.&~ 
~ 

INVERTEBRATES: Embryonic Form s 
Gy~sy moth (Lymarrtria disparl egg ~ 
Tobacco hornworm (Manduca sexta) pupa A 
PLANTS 
Mouse-ear cress (Arabidopsis thaliana) 
Oat (Avena satival 
Orchardgrass (Dactylis glomerata U 
Soybean (Glycine max) 
Wheat (Triticum aestivuml 

AA ~ 
A 
.A 
~~ 
~~~* 

CELL CULTURES A ND UNICELLULAR FORM S 
Carrot (Daucus carota) 

Chicken (Galus galusl 
Dayhly (Hemerocallisl 
Human (Homo sapiens) 
Mouse (Mus musculusl 
Rat (Rattus norvegicusl 
Slime mold IPhysarum polycephaluml 
Yeast (Saccharomyces cerevisiael 

~ 
44~ 
AA 
~ 
~ 
.4'&'A4~ 
A 
~ 
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ARC and KSC Life Sciences Missions Flown 1996-1998 
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.. Shuttle * NASA-Mir 

• Lefton Mir 

t Damaged in 
Mir collision 

Total Experiments Rown 1996-1998: 92 

MISSION CHRONOLOGY 
Mission Pavload Launch Duration Exl 
STS-72 ____ ~O~I/~II~/OO---~V-s -- _~ 

National Institutes of Health Rodents 3 (NIH.R3) . 01/11100 9 d~ys 1 
STS-76 Biorack I 03/22/96 __ ~xs_ _ ~ 

_______ lncubator 3* 03/2~_ 16_d.~vs 9 
Environmen ~~~ Radiation Measurements on Mir Station I " 03/22/00 188 days __ I 

STS-77 Aquatic Research Facility lJARF-O I) 05/ 19/96 10 qays 1 
~gica l Resea rch~Cani~~~.JBRIC-07) 05/19[96 _----.lQ..!LayL 1 __ 

IMMUN£.3______ 05/19/9!i _____ 10days _____ 1 
National Institutes of Hea llh Cells 7 (NIH.C7) 05/19/96 10 days _ ~ 

STS-78 Biologica l Research in Cani~ers 8 (BRIC-08) 0~L20/96 17 days 1 
Life and Microgravity SQacelab ('-.MS) ---'l§/20/00 ~~ 3_ 

STS-79 ~reenhous~ ___ . 09/1 6/96 123 days'---_---'-__ 

STS-80 

Bion 11 
STS-81 

Environmental Radiation Measurements on Mir Station 2" 09/1 6/96 127 da'tL __ 
__ B;:..ic:.0l;c:.og,ica l Research in Canisters 9 (BRIC-09) 1 1 ~19~~days 1 

National Institutes of Health Cells 6 (NIH.C6) I 1/19/96 ~s ~ 
. __ ...:.N.:.:a:=ti-=.o.nal lnstitutes of Health Rodents 4 (NIH.R4) I 1/l9/96 ____ ~days __ 1 

Bion 11 _!2{2~_ 14da'tL 9 
Biorack 2 01/12/9.1 10 days 5 

___ --:E;:.:(fC!Oe.ctive Dose Measurement during EVA 1" 01/12/97 10-:"d=ay""s'--__ ---'-__ 
Environmental Radiation Measurements on Mir Station 3* ____ 0_1/12/97 132 days 

c-c-______ --:B"'io""logical Research in Canisters~ on Mir (BRIC-Mir)" 01/12/97 132 days I 
STS-84 __ Biorack 3 ~ _ 05/15197 _ 9 days 4 

5TS-85. 
STS-86 

___ -=Eff.;..::e:..:;c=ts of Gravity on Insect Circ~a.!!...Rhvthmj c;t'y~. 05(15/97 143 di!.Vs,--_......:.... __ 
Greenhouse 3* 05115197 122 days 

____ ---'E:::.fi:.::·e.=,:ct::.:.ive_ Duse Measurement during EVA 2" 05/15197 N/At I 
Environmental Radiation Measurements on Mir Station 4" 05115197 143~_s _____ I __ 
Biological Research in Canisters 10JBRIC-IO) 08/07/~7 12days _ I 

____ --..:A£tive Dosimetry of Charg ed Particles ' 09/25/97 104 days 1 
Environmental Radiation Measurements on Mir Station 5" 09/25/97 ____ 128 da~ _1_ 

STS-87 Collaborative Ukranian Experiment (CUE) _11/19/97 16~~s 11 
STS-89 Closed Egu il ib r~ted Biological Aquatic_~stem (CEBAS) 01/22/98 9 days _ 2_ 

Microgravity Plant Nutrient Experiment (M PNEI 01/22/98 9.-,:'d=a-'-'ys'--___ -':c-_ 

STS-90 Ne_urolab (Nl) 04/17/98 16 days 15 
STS-95 Biological Rese~ch in Canisters 13 (BRIC-13) 10/29/98 9 day-"-s ___ '---_ 

BjQll?,gical Research in Canisters PEG/~ ---.!.QL29@8 9 da~ 
National Institutes of Health Cells 8 (~IH .C8) 10/29/98 9 days ___ -'-_ 
Vestibular Function Experiment Unit (VFEU) 10/29/98 9 days 

Programs, Missions, and Payloads 

ORGANISMS FLOWN 

VERTEBRATES: Adult Qr Juveniles 
Rat (Rattus norvegicus) 
Mouse (Mus musculus) 

A4;..A~A 
A 

Oyster toadfish (Opsanus tau) 
Swordtail fish (Xiphophorus helle,,] 
Rhesus monkey (Macaca mulatta) 

A4 
AA 
m. 

VERTEBRATES: EmbryQnic FQrms 
Japanese quail (Coturnix coturnix! egg * 
Medaka (Oryzias latipes) embryo Jb. 
INVERTEBRATES: Adults Qr Juveniles 
Nematode (Caenorhabditis elegans) 
Snail (Biomphalaria glaurata) 
Cricket (Acheta domesticus) 
Black-bodied beetle (Trigonoscelis gigas) 

* AA 
A 
~ 

INVERTEBRATES: EmbryQnic FQrms 
Tobacco hornworm (Manduca sexta) pupa 4;.. 
Sea urchin (Lytechinus pictus) egg and embryo 4;. 
PLANTS 
Tomato (Lycoperscion esculentum) 
Tobacco I Nicotiana tabacum) 
Douglas fir (Pseudotsuga menziesi,1 
Loblolly pine (Pinus taeda) 
Orchardgrass (Oactylis glomerata) 
Cucumber (Cucumis sativus) 
Mouse-ear cress (Arabidopsis thaliana) 
Soybean (Glycine max! 
Mustard (Brassica rapa) 
Hornweed (Ceratophyllum derersum) 
Wheat I Triticum aestivum) 
Moss (Ceratodon purpureus) 

AA 
4.A 
~ 
~ 
A 
A 
~~* 4'i.. 
~.* 
~, 
A~ 
4;. 

CELL CULTURES AND UNICELLULAR FORMS 
Daylily (Hemerocallis cv. Autumn Blaze) 
Bacterium (Burkholderia cepacia) 
Sea urchin (Strongelocentrotus pupuratus) sperm 
Sea urchin (Lytechinus pic/us) sperm 
Chicken (Gallus gallus) 
Human (Homo sapiens) 
Ra; (Rattus norvegicus) 
Mouse (Mus musculus) 

~* 
* * ~ 
Jb.4;.A 
A*** 
4 

**~ 
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The Space Shuttle Program 

L ife sciences research was pro
U!1c within the Space Shuttle pro
gram between 1991 "U1d 1995. In 
this fIve-year period, 21 Space 
Tr,U1spOltation S~'Stel11 (STS) n lis
sions canied lifc sciences ex, ,eJi 
mcnts into Earth orbit. Two major 
lrends within the Shuttle program 
gave th e li re sc i (~ nces rese a rch 

communit\' inc reased access to 
space: the more lj'equen t use of 
small payloads and NASA's pro
Illotion of the commercial dew'l-

opment of space. 
The use of small payloads has ofiered life scientists numerous oppo r

tunities. The location of smal l payloads in the rniddeck all()\','s for late 

loaclir.g before la unch and early rec.'O\·ery after landing. Quick postflight 
dCC;CSS allows researchers to examine the e frects of micr'Jgravity on living 
systClTlS before the organisms readapt to Earth gravity. T]se and reuse o r 
existing harclware mi nimizl's deve lopment costs and the lag time 
be tween initial expe liment p roposal and actual rlight. These payloads 

c.m be Oown with short prep<~ration ti ll1 t. allowing investigators to repeat 
e:-;pc liments and \ 'eli ~' dala 01 1 subseguent rnissions. Several life sciences 
small r~lyload scJies have taken advanlage of existing narllware and the 

nbiUt:-· to ren:, e:''PeJirnent~ . These advantages are accomp~U1 ied by some 

Programs, Missions, and Payloads 

limitations. Small payload~ must be highly automated and require mini
mal o r no crew involvement. Significant crew inte raction with expeli
ments is not possible sinc.e the middeck ha<; no laborato ry faciHties. Size, 
weight, safely, and containme nt restIictions are especially impo rtant 
bec.-ause srn~.l rniddeck payloads share space with crew living qualte rs. 

The focus on the cOJllmercialization of space ha~ also contributecl to 
the success of the Shuttle program . Five commercially sponsored life sci
ences payloads were Aown during the 1991-199.5 pe li od: PSE.02 on 
STS-.52, PSE.03 on ST S-.'57, PSE.04 on STS-62, lMMU NE.l on ST S-60, 
and IMM UNE.2 on ST S-63. On each mission , a :"-J ASA Commercial 
Sp aee C e nte r (CSC ) [forme r ly Ce nte r fo r the Comme rc ia l 
Developmen t of Space (CCD S)] worked closely wit]) a cOIp orate palt

ne r to clpvelop the payload. :--IASA is currently working towards com
mercializing the operation of the Space Shuttle. 

The NASA CSC network was created in 1985 to enable govem ment, 

industJ) ', ancl acade mic institutions to e ffectively combine resources. 
Sinc.'C then, the network has become increasingly import.mt to the promo
tion of plivate sector investment in space-related research. :'\rASA cur
rentlyoperates 17 CSCs in the areas of materials processing, biotechnolo
gy, remote sensing, communication s, automation and robotics, space 

propulSion, space shuchIres, and space po"ver. Each is based at a un iver
sity or a nonprofit resew'ch institution. The network receives annual fund
ing and scientific and teclmiC2J e.\p e rtise [rom NASA. Aclditional financial 
and in-kind contributions from indusby affiliates and state and othe r gov

ernment agencies often exceed funding provided by :"-JASA. Dishibution 
of cost in this manr.e r increases the feasibility o r space research . 

Partne rships with incl· Isby also help emerging technolOgical appUcations 
to move guickly and e fIectively from the lal:: rJr~ltory to the m cu-ketpl ace. 
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STS Facilities 
The STS is NASAs primary launch system for placing payloads in 

Ecuth orbit. The central component of the STS is the Space Shuttle. a 
reusable orbiter launched with a pair of solid-propellant boosters ;md a 
liquid··prope llant tan.k. The Shuttle is always launched [rom Kennedy 
Space Center and lands there except in tile case of inclement weather. 
Ed\\"ards Air Force Base prO\;des em alte mate landing sile for t.hose occa
sions. The STS Oeet currently c'Onsists of four interch:mgeable orbilers: 
Athrntis. Columbia. DiscovelY, and Endeavour. Tl.e middeck o[ Lhe 
orbiter serves as the Hving area of the Shuttle crew emd pro,,;des storage 
lor small payloads. Spac-elab, the STS We scienc-e laboratory. is mounted 
within the Shuttle cargo bay Wig. 2). Spacel· ') cmd other STS cOIllFo
ncnts operabonal plior to 1991 are profiled in Life into Space. 1965-1990. 

The SPACEHAB module is a facility leased by ~ASA frolll SPACE
HA B. Inc. SPACEHAB, which mounts in the fOlward eud of tile ShllLtJ. 
cargo bay. serves as an e>.tension of tile Shuttle middeck volume. This 
extenJed space allows for the C'Ost-effecbve "rnd efficient llight of pay
loads that C'OI.t1d not otllenvise be ac'Commodated in the micldeck. 

NASA signed a lease agreement witl l ,)PACEHAB, Inc. in late 
1990 covering five nights of the modu le on tile Shuttle. SPACEHAB, 
Inc. is responsible for integrating SPACEHAB into tlle Shuttle. for doc
umenting safety cuTangements, and for Lraining Shutt.l.~ crew in opera
tion of the facility . 

The crew can e nte r tIle module from the middeck lhrough a tun
nel adapter connected to tlle airluck. The facility weighs 9628 pounds, 
is 9.2 feet long, 11.2 feet high. ;md 13.5 feet in diamete r. It ill creases 
pressurized e>''Pe liment space in the Shuttle orbiter by 1100 cubic feet, 
quadrupling tlle internal working <mel storage volume of the Shuttle. It 

30 

Spacelab Cargo Bay 

Middeck r- SPACEHAB 

Figure 2. The Spacelab and SPACEHAB modules are pressuolZed laboraIOry facilities that 
can be placed in the Shuttle cargo bay. The middeck contains pressurized living quart~rs 
for the crew as well as locker space for holding small payloads. 

has a total payload capacity of 3000 pounds. Emironmental control of 
tIre laboratory in terior maintains ambient tempCrahIres be tween ()5 
anel 80 OF. Expe rim enls IroLlsed withill SPACEIIAB have access ttl 

powe r, temperature control , an t.! cOll1 l1 ranel/data functiolls . Olher 
accommodations inc:Jude optional late access Cl.nd em'I:, retrieval of pa\'
loads within SPACEHAB. 
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Pavloads ('elll be mou.lted directk in SPACEHAB but are usuaUv . - . 
placed in SPACEHAB lockors. which "u'e identical to Shuttle middeck 
lockers, or SPACEHAB racks. 

SPACE] lAB new three GII.es on lh~ Spaee Shuttle be tween 1991 
and 11195: un the 5TS-57 mi.o;sion in 1993 c'<:mying the PSE.03 payload. 
on the STS-60 mission in 1994 carrying the IY[.\IUNE . .l payload, and 
011 the STS-G:3 mission in 199·5 CA.UT: i ng the IM~lUSE.2 payload. The 
module canied life sciences paybads n"(' tiITIE'S be tween 19% and 1998: 
OJ) the STS-76 and ~TS-77 missions in 1991. the STS-81 and STS-8·i 
l11 i ssion~ ill 199" and lh~ STS-8.5 mission in 199 

Additional Reading 

:-.JASA. STS-5, Prl'ss i-(it, June 1993. Containetlin NASA Space 
huttle L.mnehes \ \ 'pb ~ ite . http://www.ksc.nasa.gov/shutlleimis

sionslmissions.lltml. 

NASA. STS-60 Press Kit, Fcbntary 1993. Contained in "A.5A Space 
SllIItUe Launches Weh site. httpJ/\'"w\\,.ksc.na.,a.gm'/shuttlelmis
sionslmi.,sions.htm L 

Programs. Missions. and Payloads 
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CHROMEX Payloads 

The C l rRO:VIEX program \V,l S developed to study the effects of 
microgravit~· and space Hight 0 11 plants. The CHROMEX acro1lym 
dClives fro lll eln early ro<:us on chromosome integrily and the cell clivi
sian process. After the secolld payload in the seJies, the n~search lix:lls 

broaden~cl to inc:llldc plan t growth , dcveluprnent. structure, and 1110 1"

pl ll.lc1gy, hut Lhe acronym was retained fl~ tIll" n,tlTw of the payload sel; l:s. 
nc1erst.:U1ding sllch elleels i<; cti tical lo developing bi,)regcnerarive life 

SlippOlt S),s tl'll lS fe)r long-tertn spacc h·avcl. since these systems depend 
on the ahili ty to grow p lants re liably in th e sr ace enviro nmen t. 
err RO VI EX expf' ri l11l: lIlS arc also (~:\1)ected to bCllent the agricultu re, 
horticult m e, and fo restlY inclusll.ies, whose prOll! Id ion is dependent on 

plallt growt.h. CHRo:\.m x payloads l1y il l the Spacc Shuttle middeck 
Ilsing the Plant Growth e nit (PGU) to house and sustain specimens. 

The Rrsl payloads, CHKOMEX-O.l on 5TS-29 alld CHROMEX-02 
on STS-4J. were flown in 1989 and 1990, respectively. ~hey w~j"e not 
included in Life i1lf.o Space, 1965-1990 anu so will he covered in the l.~' r
rent volume. Four missions carrying CIIROM.F.X payloads were flown 
in the 1991-1.99.5 period : 5TS-54 , ST S-.') :I , and STS-6R in 1994 and 

STS-63 in 1995. 

Programs, Missions, and Payloads 
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PAYLOAD PROFILE: CHROMEX-01/STS-29 

Mission Duration: 5 days Date: March 13- 18, 1989 

Life Sciences Research Objectives 
• To observe the rates of cell division and chromosome morphology in 

plants grown in microgravity 

Life Sciences Investigations 
• Plant Biology (CHROMEX1-1) 

Organisms Sludied 
• Hemerocallis (daylily) 
• Hap/opappus graci/is (haplopappus) 

Flight Hardv.are 
• Plant Gro-#th Unit (PGU) 
• Atmospheric Exchange System (AES) 
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CHROMEX-01/STS-29 

Mission Overview 
T!Jc STS-29 ll1i:ssion was laullched on the Space SllUttJe DiscoVCIY 

on M arch 1.3, ] 989. Arte r (\ Ilve-day space flight, D isco\,e lY landed at 

Edwards Air Force B,L'ie, Califomia on Yl m'ch 18 Five crew members 

flew aboard the shl Ittle. 

The primalY missioJl objectivt" \VcL~ to deploy the thi rd Tracking alld 

Data l\(~ lay Satellite (TORS-D ). lncluded among th t" seconchuy objec

tives was nying C II RO~I EX-Ol , the Jlrst Shuttle payload to be com
pk:teJy IlHulag<:d by Kennedy Space Center (KSC). 

Life Sciences Research Objectives 
T he CllRO~EX-Ol ex pe ri me nt was d esig ne d to c1c termill" 

whe the r the roo ts of a plcmt develop sirnilarly in microgra\'ity and on 

EClIth. a ile objective was to lest whe ther the llnrm;;J rate, freque ncy. and 
pattemillg or eell d.ivision jn the root tip can bE' "'lJ'itained in rnicrogra\~ ty. 

Another objective W(L~ to ue tcn nill c whe ther the fidelity of c.:h rolllosom 

partitioning is maintained during ::u)d after flight 

Life Sciences Payload 

Organisms 
Shoots of' cell culture-de rived daylily (HenlCroC{/l!is c\'. AutUlnn 

Blaze) and both tissuc cultW'ecl and seedlillg clones of haplopappus 

(L-/aplopapplls gracilis) were used ill the e}.1)~lirnen t. The two species 

were selected so that both m(~ior groups of the ph:lllt ki ll!!dom would b 
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Oaylily (Hemerocallis CV. Autumn Blaze) 

Hardware 

represented. The daylily repre
sen ted herbaceous Inollocotyle
donol ls plants and the haplopap
pus represented annual tlicotyle
donolls plants . Haplopappus is 
vaJuable ror studies or chromo
some behavior becallse it has only 
four chromosomes in its diploid 
state. Daylily was chosen /-or the 
stl J(ly hecaLlse it has spedal kllY
ot)Vic Features (feature's related to 
tlw numher, size, and configura
tion of chromosomes seen in lhe 
metaphase pGrtion of mitosis) and 
it is a sped es ('or which a great 
deal of culture technology has 
been develuped. 

111e plants were flown ill the Plant Growlh Unit (PGU) located in 
the middec:k of the Shuttle. The peu occupies a Single middeck locker 
and has a limer, lamps. heaters, and f::ms to provide temperature rc·gula
tion and Ughting. The unit also has a data acquisition system and displays, 
which allow the crcw to monitor equipment statlls and e llvironmental 
parameters. Power is sllpp]j(~c1 by the Shullie clectricru. system. 

The PGU can hold up to six sealed Plalll Gro" dl Chambers. One or 
the chambers can be replaced with an Atmospheric Exchange System 
(AES) that fl.lters the air in the <.:abin before pllmping it through fc)ur of' 

Progr3ms, Missions, and Payloads 

the remilining five chambers. \Vhen tlle AES is used. one chamber acts 
as a control with nu air exchange. 

Each chamber consists of a metal allo)'" base and a Lexan Bd. The 
chamber base contains a temperanlrE' probf'. The chambers proVided 
will .. air exchange have an air input and exit tube. The AES also contains 
a dosimeter, which prOVides data on llle radiatiol1 environment to which 
the payloau is exposed. 

Operations 

Preflight 
Eadl chamber of t11e PGU bad a horticull1mu ~oaHl block with four 

sUts inserted into the b,l'iA of the chamber. Five pblts were inseltcd into 
each slit. Plallts received nuhi.ent medium via capilhu), action from th 
hOlticultunu foam . Plallt specimens were placed in the PGU one day 
beFore the launch ano the unit was loaded into the Shuttle m:ddeck 
about 14 I lOurS before launch . 

Inflight 

Throughout the iligllt, tlle crew conductcd dai ly checks of tllC cxper
in lent hardware to ensure proper function. 

The light eycle in the "PGU was set to 16 hours of light and 8 hours 
of darkllf'ss each day. The lightl> were hJlncu off on 111e second tlight 
day ill an attempt to cool down the unit, which was thoughl to have a 
high tClnperalure clue to readings prO\~dccl crron~ously by a malfunc
tioning tcrnperature prohe. On flight day three, the light cycle was 
resumed after the crew determined that the probe wac; malfunctioning 
and veliflcd the inaccuracy of the ternperalllre readings. Temperatures 
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The Challenges of Plant Biology Research in Space 

Interview with Abraha •• 1 Krikorian 

While working on his doctorate in botany at 
Cornell Un ive rs ity, Abrah am Krikorian's advisor 
encouraged his interest in space life sciences. His 
advisor had participated in one of the ~arly plant
related workshops on the topic and their research 
group was subsequently invited to participate in 
Cosmos 782, the first Soviet biosatellite mission to 
include U,S. experiments. 

They used a somatic embryo system developed 
in their Cornell lab, "Normally," said Krikorian, "you 
think of an embryo as being the produl:t of a fusion of 
sex cells, male and female . Somatic cells, hr ever, 
under certain circumstances, can bo stiml ' . l d t ~· . 
create structures that look very similar to Jally 
derived embryos." For their group's purposes, somatic 
cells were ideal. "They're clonal. They don't take up 
much space. They can be grown in the dark. You can 
get lots of them. And it became clear that we could 
get a lot of information, if everything went right, in a 
small space." 

Over the course of his research, he has observed 
a delay in development in embryos exposed to micro
gravity. However, "there should be no implications of 
that finding for growing multiple generations of higher 
plants in space . I think a plant is evolutionarily so 
strongly built, it can withstand an awful lot of stress 
and insult." 

If a system can be developed for the long-term 
maintenance of somatic embryos in space, Krikorian 
sees a future for them in closed-system life support, 
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supplementing or even replacing seeds. "You send up 
somatic cells that are capable of making embryos. 
You can store these. As you need them, you can take 
them out of the storage area, scale up their growth, 
and stimulate their development, so that this little 
package of what are called totipotent cells can make 
full plants. When you're finished with them, take some 
of the embryos that haven't grown all the way, tuck 
them away, and store them. And this way you have a 
tool to manage plant germ plasm in space, a very 
powerful tool." 

Krikorian, now at the StatE: University of New 
York at Stony Brook, believes that the future chal 
lenge to developing such a system is co ll aboration. 
After 30 years of research, he states that so far "life 
sciences missed the opportunity ~o broaden the 
approach to dealing with experimentation in space. It 
cou ld have been much more interdisciplinary and 
multidisciplinary than it's turned out to be. Botanists 
and biologists and animal developmentalists, they 
know how to do their own thing. But they're going to 
be able to do a much better job if they CAn interact 
with meclHmical engineers, biophysicists, soil physi 
cists, people who understand the physical factors as 
they're affected in the low-G 9nvi ronment. We now 
k,10W that the vast majority of problems with younger, 
less developed plant cells in space aren't even biolog
ical. They're due to the physical environment, like how 
gasses diffuse, how water evaporates and makes 
films, or doesr't make films." 

He emphasizes that this is not an intellectual 
shortcomilig on the part of the scientists. "No ordinary 
plant biologist or animal biologist, for instance, is going 
to be in a very strong position to attack these issues by 
himself, using the biological perspective. They're going 
to have to work intimat(:ly with people who understand 
the physics. It's a real challenge, and little of this has 
happened yet. In fact, all these separate disciplines, 
they don't talk to each other. You have to break down 
barriers, you have to have someone say, 'Look, you 
people are goi~g to work together.'" 

Along with coope ration, Krikorian emphasizes 
the importance of keeping an open mind in research. 
" In my own work, we've made a lot of interesting dis
coveries th Cl t would never have been made if til e 
challenges of doing flight experiments in space hadn't 
come up." He believes stropgly in having the freedom 
to explore. Often, people ask him what he expects to 
learn from an el;periment. To that he replies, "How do 
I know what I'm going to learn? We're going to test 
this, but we're going to keep aur eyes open. And it's 
frequently the outcome of the rhrase 'we're ~oing to 
keep our eyes open' that gives you the best results." 
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duling the flight nuctuated primarily between 25 and 26 °C but rallged 
from 2l.5 to 27.5 dc. 

Postflight 
Afi:er the Shuttle landed, the specimclls were recovcred and pho

tographeu. \"ew roots initiated in space were analyzed in a ground labo
ratory as they hegan U)eir firs t cell cUvision cyd e. 

An asynch ronous groun d <.:ontrol experiment was cnntlucted in 
September 1.989 in the Orbiter Environmental Simulator (OES). The 
OES 1S a modiGcd envi ronmental clmmbl'r at KSC whose temperature, 
l,lIrnidi tv, and CO'} level arc: electronic::Jly controlled baseli on c.1own-, - . 
l.inked environmental data rrom the orbiter. Thus thc plants within the 
chamber arc exposed to envi ronmental conditions that are similar to 
those ex-periencec.1 by the flight group during the mission. 

Results 
\Nhile shoot growth rate W:l~ lower among the night specimens, root 

growth \Va ... 40 to 50 percent greater. Root growtll oeclIned in random 
directions in space while being positively gravitropic in the ground m o
b·ols. Roots were generated in several ways: ] ) laterally from preexisting 
roots, the tips of which were severed at the time of plantlet insertion into 
U1C growth substrate; 2) adventitiously (appearing in an abnormal place, 
as a root on a stelll ). rrom Ule basal ends of m.icropropagated shoots; and 
3) de 1WVO (i.e., struting from nothing, me<Uling tllere was no preexisting 
root p rimordium from whi ch th e roo t originated) from roots that 
emerged dUling the peliod in space. 

The nl1lnher of cell divisions observcd in Hight materials wa'i uni
formly lower than that observed in ground controls. Chromosomal abel'-

Programs, Missions, and Pavloads 

rations werc absf:nt from the ground-control materials but present ill 3 
to 30 percent of the dividing cells in llight specimen root tips fIxed at 
rccovely. The exact cause of' these abnormalities is not known , but 
clos i metry data suggested that radiation alollc was not SIJ /Ti c- ient to 
explain the reslIlts. 

Additional Reading 

Levine, [l.G ., R.P. Kann, and A.D. KlikOliru). Plant Development in 
Spaee: Obsclvations on Root Fonnatiull and Growth . In: FtJllrth 
E1I1"Opeal1 Symposium on. L!fe Scie1u;es Resenrch in Space, European 
Spacc Ag~nc)' SP-307. ~oordwi.ik The Netherlands: ESA 
Publications Division, 1990. pp .. 503-.508. 

Levine, II.G., R.P. Kann , S.A. O'Connor, ann A.D. KJikOlian . 
Prelimin~lJy Results from the Chromosomes and Plant Cel.l Division 
E:>"1JCliment (Chromex) Flown Aboanl Shuttle Mission STS-29. 
American Society for Gravitational and Space Biology Bulletin., vol. 
4(l ), October 1990, pp. 78 . 

NASA. S1'5-29 Press Kit, March 1989. Contained in NASA Space 
Shuttle Launches Web site. http://www.ksc.nasa.gov/shuttle/mis
sionslmjssions .html. 

37 

o 



a 

~ . . - ,,: ~ ... 
~~:-~} 

PAYLOAD PROFILE: CHROMEX-02/STS-41 

Mission Duration: 5 days Date: October 6-10, 1990 

Life Sciences Research Objectives 
• To observe the rates of cell division and chromosome morphology in 

plants grown in microgravity 

Life Sciences Investigations 
• Plant Biology (CHROMEX2-') 

Organisms Studied 
• Hemerocallis cv. Autumn Blaze (dayli ly) 
• Haplopappus gracilis (haplopappus) 

Flight Hardware 
" Plant Growth Unit (PGU) 
• Atmospheric Exchange System (AES) 
• Gas Sampling Kit 

38 

CHROMEX-02/STS-41 

Mission Overview 
The Space Shutt le Discovely's STS-41 mission was ]dunch",d on 

October 6, 1990 and I,mded on October 10, 19c.JO, at Edwards Air Foree 
Base, Califomia. A five-member crew liew aboard the shuttle . 

The primary mission objective 
was to dep loy the ESA-built Ulysses 
spacec raft t o exp lore th e pola r 
regiolls or the sun. One of the sec..
ondary obj ective s was to fl y 
CHROMEX-02, a continuation or 
th e CHROMEX-01 expe ri me nt 
110wn on STS-29 in 1989. Like its 
p redecesso r, CHROMEX-02 was 
mcmaged by Kennedy Space Cen ter. 

Life Sciences Research 
Objectives 

CHROMEX-02 was deSigned to 
test whe th e r the normal rate , fre 
quency, and patterning oreelJ division 
in the root tip can be sustained in 
microgravity and to ue te nnin e 
whether the fidelity of cl lJ'oll1osome 
partitioning is maintained dUling and 
after llight. Haplopappus (Haplopappus gracilis) 
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life Sciences Payload 

Organisms 

Shoots or ce ll culture-dc lived dayli1y (Hemerocnllis cv. Autumn 
Blaze ) and tissue cultured haplopapplls (l-/nplopappus gracilis) we re 

used in the e).p eliment. Fom di ffe rent strains of haplopappus with dif
ferent physiological and mOlvhologieal eharacte listies were used : two 
aseptic clones. each generated [rom a single seedling; and r,.vo tissue 
culture-de livecl lilles. 

Hardware 

The hardware used was identical to that or CHROYI EX-Ol. Ph'lIlts 
were nown ill the PlcUlt Growth Unit (PGU ). An Atmospheric Exc:l l>tngd 
System (AES) flew insille the PGU. For general deSCriptions of the PGU 
and tlle AES, see CHRO\llEX-Ol. 

Operations 

Preflight 

Twenty -five shoots de rived from aseptic suspensiun cu lttLres or the 

mOllocot dayl1ly and 7.5 plantlets of the dieot haplopal.iPUS had theLr roots 
severf'd prior to flight and were grown ::lsepticalJy for four days in nve 
Plc"lJ1 t Growth Chambers on hOlticu.1tural foam containing growth rnedi
um. The major change in protocol between this flight and CHROMEX-
01 was the use of e}.t ensively washed hOltk:ultural foam, wh.ich necessi
tated the addition of a wetting agent to the medium to facilitate its 
uptake into 1110 foam matrix. The foam was .. vashed to help preven t 

potentiaUy dehimental compone nts from leaching out of the foam and 

Programs, Missions, and Payloads 

possibly contJibl.1ting to the chromosomal abbe rations. P lant specimens 

were placed in tlle PGU one day before the launch. The unit was loaded 
into thc Shuttle middcck 14 hours befo re launch . 

Inflight 

A two-hour delayed synchronous ground control expeliment was 
conducted ill the Orbiter Environmental Simulator (OES ). For a general 
description of the OES, sec CH ROMEX-Ol. 

The crew conducted a Single infligh t gcL~ samphng procedure and a 

daily check of the expcliment hardwa re to ensure proper f1.mction . 

Postflight 

A.rter the Shuttle landed, the specill le ns were recovered antI pho
tographccL The space-grown root tips we re fixed a nd subse que ntly 
exull'lined ror rates of ce ll division and chromosomal abe rratio ns. 

Specimen.~ were also used for ove rall shoot and root growth measure
mcnts. Selected ind.ividual specimens we re successFully rebieved intact. 
grown throllgh a fu ll li fe cycle, amI allowf!d ~o produce progeny for 
multigene ratillnal posrA.ight studjes on the ground. 

Results 
Root growth occlilTed randomly in all directions in space. In con

trast, growth was urufonnly positiwly gravih'opic, so that roots g rew in 

the tli rection or the gravity vector, in ground controls Flight and g round
control plants produt:ed eqlliva[ent mnounts of tissue and maintained 

their charactel1stic root-production patte ms. Seedling-delived plalltle ts 

produced roots that were nume rous but relatively short . Capilulllm

derived plantlc ts (Le., those dClived [rom phmts committed to the "flo\\!-
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l'ling" developmental pathway) produced fewer roots, but they were on 
average longer them those of the seedling-derived pjantie ts. Capitult un
delived plantlets are genetically disposed from the ir phenotype to have 
[ewer roots because the ene rgy is directed at producing the flowe r, 
whereas pJantIets delived fi'om seedlings would expect to have relatively 
nomlal root development because the seedling is directing development 
of the whole plant. The clonal root phenotype was not changed in spa<.:e, 
at least [or tI'le shOlt duration of tile ex-peJiment. Howevel~ phmtIets from 

both sources exhibited total root-production values that were 67 to 95 
percent greater tIlan those obtained in the ir ground-control counter
palts. Microgravily may have brought about em altered rnoisture clistIibu
tion pattem in tile foam growth substrate, giving a more moist and there
by more l~lvorable environment l()r root formation. 

Additional Reading 

Levine, H.C., R.P Kann, and A.D. KIikodml . Plmlt D evelopment in 
Space: Obselvations on Root Fonnation and Growth. In: Fourth 
European Symposium on Life Sciences Resea'rch in Space, European 
Space Agency SP-307. Noordwijk. The Netherlands: ESA 
PubUeations Division, 1990, pp. 503--508. 

NASA. STS-41 Press Kit, Octobe r 1990. Con tained in NASA Space 
Shuttle Launches \-Ve b s.ite. hUp:llwww.ks<.:. nasa.gov/sltuttle/mi ::;
sionslmissions. hhnl . 
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PAYLOAD PROFILE: CHROMEX-03/STS-54 

Mission Duration: 6 days Date: January 13-19,1993 

Life Sciences Research Objectives 
• To observe the effects of microgravity on seed development and the 

effects of weightlessness on plant reproduction 

Life Sciences Investigations 
• Plant Biology (CHROMEX3-1) 

Organisms Studied 
• Arabidopsis thaliana (mouse-ear cress) 

Flight Hardware 
• Plant Growth Unit (PGU) 

Programs, Missions, and Payloads 

CHROMEX-03/STS-54 

Mission Overview 
The slx-day STS-54 mission was launched on the Space Shuttle 

Endeavour on Janumy 13, 199:3. It landed on Januaty 19. A five-member 
crew flew aboard the Shuttle. 

The plimary mission objective was to deploy the fifth of :\IASA's 
Tracking and Data Relay Satellites, which form a space-based network 
providing communications, tracking, telemetry, data acquisition , and 
comm<md selvices for NASA spacecraft. A number of se.:ondary objec
tives were ellso accomplished dUling the mission. 

Secondary payloads include d th e second in the series of 
Physiological and Anatomical Rodent EXl'eliments (PARE.02) spon
sored by Arnes Research Ce nter and CHROMEX-03, sponsored by 
Kennedy Space Center. 

Life Sciences Research Objectives 
Many space flight eXl'eriments have been conducted using plants. 

Most of these plants have shown poor vigor and have failed to reproduce 
successfully. 1J1 order to successfulJy prOvide bioregenerative life support 
(life SUppOlt using plants for food, water, and W~L<;te removal), it is impor
tant to understand the reasons for these space llight effects. 

CHROMEX-O:3 Vi as deSigned to study how reprocluctive processes, 
and part icularly seed development, are affected by exposure lo the 
microgravity environment. 
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Life Sciences Payload 

Organisms 

~1ouse-ea.r cress (A rab·idopsis th.alian.a ) plants \vere used in the 
e},:periment. The flight and ground c-ontrol groups each contained 36 
plants. The plants were launched in the preOowering stage (14 days). 

This species is a flowering herb that is Widely used for research in 
plant genetics because its genome size and short life cycle (45 days) 
make it an ideal candidate for gene mapping studies. Mouse-ear cress 
was also chosen because its small siZE: allowed it to fit easily into the 
ex-peliment hardware. 

Hardware 

The phmts were housed in the Plant Growth Unit (PGU ). For a gen
eral descliptioll of the PGU, see CHROMEX-Ol . 

Operations 

Preflight 

Seeds were sown on agar 14 days plior to loading into the Plant 
Growth ChamLnrs so that the plan ts would be developing flowers on 
orbit. The chambers were loaded into the PGU and then in to the 
Shuttle middeck. 

Inflight 

A 48-hour delayed synchronous ground control ex-peliment was con
ducted in the Orbiter Environmental Simulator (OES). For a general 
descJiption of the OES, see CHROMEX-Ol 
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The on ly expe riment operatiun 
the crew pel{onTled was to conduct a 
dai ly check of the expeliment hard
ware to ensW"e proper function. 

The plants reached the flowering 
stage on orbit and naturally occurring 
pollination of the flowers took place 
dwing the (light peliod. 

Postflight 

After the Shuttle landed and the 
plants were recovered , reproductive 
leaf and root strucl L1res were pre
selved and su bjected to mOlphologi
cal, histological, and bioche mical 
analyses . F loweri ng mate rial was 
examined by ligh t and e lect ron 
microscopy. En.zyme activity in the 
roots and leaves was also examined. 

Results 
There were striking differences 

between the flight-grown mouse-ea.r 
cress plants and the ground c.-ontrols. 
Reproductive deve lopment was 
aborted at an early stage in the flight 
materi al in both male and female 
reproductive structures. Flight foliage Mouse-Ear Cress (Arabidopsis thaliana) 
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had signjflcantly lower carbohydrate content than foliage of ground 
controls. and root alcohol dehydrogenase levels were higher in space 

flight tissue. 

Additional Reading 

:--JASA. STS-.54 Press Kit, January 1993. Containe.d in ::"oJASA Space 
Shuttle Launches \ '\Teb si te. hlt11J/www. ksc.nasa.gov/shuttlelmjs

sior.simissions.hbni. 

Programs, Missions, and Payloads 
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PAYLOAD PROFILE: CHROMEX-04/STS-51 

Mission Dur1ttion: 10 days Date: September 12-22, 1993 

Life Sciences Research Objectives 
• To observe the effects of microgravity on seed development and plant 

reprodu ction 

• To examine the rate and extent of photosynthesis and biomass genera

tion in mirrogravity 

• To observe the rates of cell division and chromosome morphology in 

plants grown in microgravity 

Life Sciences Investigations 
• Plant Biology (CHROMEX4-1, 2, 3) 

Organisms Studied 
• Arabidopsis thaliana (mouse-ear cress) 

• Triticum aestivum (Super-Dwarf wheat) 

Right Hardware 
• Plant Growth Unit (PGU) 
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CHROMEX-04/STS-51 

Mission Overview 
The STS-51 mission began with the lau lleh of the SpacE' Shuttle 

Discovery on September 12 and e nded with its landing on Septelllbt:'!· 
22. Th f"re were flve crew members 011 board the Shuttle du'ing its 10-
day mission. 

The p'ima,)' Illission objecti\ 'es we re to de plo}' NASA's Adv<U lccd 
Com m unieatiQl1S Technology Si..llellitNTransf<"r Urbi t Stage payload 
and ro deploy aJld re trieve a Genn~m-bll ilt satellite called the Orbiting 

and Hctrievable Far and Extre lllC Ulh'ado!ct Spl'etrograph-Sltuttll' 
Pallet Satellite. 

One of the seconthuy payloads onooanl t i lE' SiJuttk' W.1S the fourth in 
the CHROMEX se ries. Like the pn:\; ous payloads, CIIROMEX-04. 
which contained three phlnl biology expe rime nts, was m;m aged by 
Kennedy Spac.-e Center. 

Life Sciences Research Objectives 
The first of the e:\1X!liments in the CHHOMEX-O-l pa:rload \\1\5 a 

repeat of the CHROyI EX-03 e.\pe riment deSigned to study tllf' ilishJr

b;mces in seed production that occur in mierogra\; ty. 
The sel'oncl e>.peliment repli<:dted tl1e CH ROM&~-Ol and -02 ex-pcr

iments but used Supe r-Dwcu{ Wht"l t rather than tll~ dayli.l)' ,md haplopap
pus plan ts that were llsed in the previolls two I Jj~hts. lts objectiw' was to 
~tudy root growth and c.-ell division in phmts exposed to microgravity. 

Tile third eX1Je riment was de Sig ned to study the processes of c.-ell 

wail fonnation and Irene eX1)ression in micrugravity. 

Life into Space 1991- 1993 



Life Sciences Payload 

Org;misms 
T,,·o pbnt specie<; were used in the three e)(p e riments. The sf'ed 

produdion e'1)crilllf'nl w;ed hn'!lve 14-da~·-ol d mouse-ear cress phmt:
(Arabidop~is flwlialltl ). T he cell and chromosome cu\ision e>.."pelime nt 
Iised 2..t th ref'- to six -day-old Super-Dwcu+ wheat (Ii-iliclI l1l ncstivlIlTl ) 

phU1ts. and tlw plant metaboli sm and cell \\"aU fo rmation e)..rpeJi ment 

lIsed ~4 two-day-old Scpcr-Dwart'whcal plan ts. 

Super-D\\1u{ wheat is si1l1ilm· to orcliruuy wheat cultivated in field", 
\\ ith tlw f',ccpoon lhat it is auollt ei~ht inches tall at Ill<lll llity. 1 ts smell! 

size makes il a good candidat(' for Sp~l(,l' expf' limcnts and ror lISC ill uiore

gencraol.·e lire SUppOlt systcm~ si nce there is limitecl room on spa('('craft.. 

Hardware 

D llring the l1i!!h t exp e rimcnt , all plants were' housecl in the Plant 

. row-th Unit (PGu ). For a gen e ra l description of the PGU , sC'·e 

I I RO\'[EX-Ol. 
!:::ad I ex.lX:;li lT1ent ust.d a different support cmel nutrient deLi\ ·ery sys

tem (Fig. 3). The th ree- to si'\-da~;-old Super-DwelTl' wheat plants in tile 

celJ and chromosome e\.peri llll' l1t llsed a r\ ilex Sleeve!Homcultural 

Foom system. Plantlct roots were placed in a )Jitex mesh sleeve insetted 

into slots in horticultural roam. T he foam \.WL'> loaded \\~tll nubient solu

tion to pro\ iele water and plant nutrients. The twO-( lay-old ",lleat pl<U1ts in 

tlle cdl wall Fonnation exp:'riment llsr:'cl an Agar Bag system. I1I1bibeJ 
SC'eds Wf'R' p!a~'('d ill r ipt"ltc filters \\-hich in tllm we re altached to tile top 
or rt'ctangul;u· pol)lJropylene bags m:f'd witi, agar. T he mouse-ear cress 

pl.int e\veJilllent used eU1 Agar Tl.bclHOIticultural F oam s~'stelTl. The 

Programs, Missions, and Pby/(la(Js 

plants v"ere grovm in agar-filled polycarbonate ce ntJuIIge tubes, whicb 

were imeltcci into a hOrlicultural roam block [or structural support. 

Operations 

Preflight 
Plants [or each of the three experiments were loaded into two Plmlt 

Gro\.vth ChcllTlbers one llaV berore launch. 

Inflight 
A 48-hour delayed synchronous ground c:onh·ol f'xpelimcot was con

luded in the Orbile r Environmental Simulator (OE5) using icientic-. ..J 
harc\\\·are and plant specimens. For a general desC'ription of the OES, 

see CHROMEX-Ol. 
The only ope ration Li.,~ crew perfol1lled was a daily verification of 

prope r hardware function . 

Postflight 
Follo\.~ing the flight, plant speciJ1'lerlS were eXc1.ndned, disseetecl and 

preserved eitller by freezjng or chemic-al fixation. 

Results 

Mouse-Ear Cress Plant Study 

The c\l )e ,iment found that the plants produc':!u numerous Aowers, 

which had a good appearance except for those in the latest ueve lopmen

tal stages. Polle n Viabili ty was approximately 50 perce nt, and light m icro

scope examination of the pollen showed a nUlgc of mOlvhulogies, [rom 
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110n11al to collapsed. Th.is amount of viable pollen shoulc~ have been able 
to fertilize the nowers and initiate embryo developme~t However, 110 

"iuence of this was found, sllggc~ting a pollen transfer problem. 

Wheat Studies 

In the chromosome and plant ccJJ division (~xperiment, measure
ments were made of photosynthetic and respiratol), rates of the spac 
flight and ground control wheat seedlings at recovery. Postflight tnf!~l

surements revealed that the photosynthelic rate in space· s:rown plants 
declined 25 percent reLttive to the rate in ground cont-rol plani.~. 

The resnlts rrom the plant metabolism and ce ll wal l fOflll cltion 
expcliment seem to indicate that rnicrogravity does not affect <.:ell walJ 
m·chjtccture. The re tore, U1e cell w<Jl organizaticlil bas not been affeded 

tu such an extent that microfibril architedllre is interrupted. 

Additional Reading 

NASA. STS-51 Press Kit. Jnly 1993. Contained in NASA Space Shllttl· 
Launches Web site. http://'vvww.ksc.nnsa.gov/shutt]eJrnissionsimis
sions. html. 

Programs, Missions, and Payloads 
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PAYLOAD PROFILE: CHROMEX-05/STS-68 

Mission Duration: 11 days Date: September 30- 0ctober II , 1994 

Life Sciences Research Objectives 
• To determine whether infertility in space-grown plants is due to the 

effects of microgravity or to environmental factors such as the lack of 
air convection 

life Sciences Investigations 
• Plant Biology (CHROMEX5-1) 

Oruanisms Studied 
• Arabidopsis thaliana (mousp-ear cress) 

Flight Hardware 
• Pla nt Growth Unit (PGU) 
• Atmospheric Exchange System (AES) 
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CHROMEX-05/STS-68 

Mission Overview 
The STS-GR mission was launched on tlJe Space Shuttle Endeavour 

on Septeml)pr :30, 1994. On October 11, Endeavour, with its six-member 
crew, lcUlded at Edwards Air Force Base, Califol11ia. 

Tile pJi1l1WY pa),load was tlle Space Hadar LaboratoJY, a system [or 
gathering cnvi ronrnenl,u il1 f~mnatiol1 aboul Ecuth. The mission also had 
several second.uy p<~yloads . Biological Rf'search ill Canisters 1 (BR [C-Ol ) 
cUld CIJHOrvlEX-()5 were sponsored b)1 Kf' I" ledy Space Cente r. 

Life Sciences Research Objectives 
nIt! C II HO:vt EX-05 experiment was des igned to conli ll ue the 

inv(;stigatio)1s initialed on the C llHO.\lfEX-O.3 and -()4 payloads. It 
focused on the process uf seed production j J J microgra\'ity Rcsecu-d1ers 
sought to determ ine if disturbances in secd prodJlction observed in 
spac('~ -growJl plants may be due to redu ced m;ygen transport to the 
planls, since convective air J nov(,lIlents are absellt in mjcrogravity. The 
exnerilrtcnt WaS also expected to help s(:ie ll tists increase lheir under
standi Jig ur the processes of ferti lizatioll and development on K uth. 

Life Sciences Payload 

Organisms 

SiXty l:3-Jay-old ll1(Jllse-car cress (Arabidopsis thalirma) seedlillgs 

we re studied in the expe ri lllcnt. T he Highl aile! g round control groups 
each l!ont,\ined .30 seedJillgs. 

Life into Space 1991- 1998 



~'Iollse -ear eress is a tlowering herb widely used {or n.' semch in plant 
genetics because its genome size and short life cycle (45 days) make il an 
idea.l c<U1didate for gene mah)ing sLu die.s . The species was also chosen 
because its smalJ size fi ts easily into the expeliment hm·owar",. 

Hardware 

The plants ,vere flown in th e Plant Growtlt Un it (PGU ). The 
AhnospheJiC' Exchange System (AES) acr;ompanied the FGU to provide 
slow purging of the Plant Growth Chambers with filtered t:abin ail'. r or 
general dpscli ptiuns ohhe, PGe and the AES, see e LI HOMF:X-Ol. 

Operations 

Preflight 

Thirty seeds were so"''''' on agar 13 days prior to loading in to the 
chambers so that plants would be developing flowers at launch time. The 
chambers were loc\ded into the PGU and then into the Shllttle middeek 

In<llght 

A 48-11our de:ayed syn clu-ono I IS groUl,d control expe liment was CO])-

ducteJ in the Orbit~r Ellvironmclltal Simulator (OES). For a general 
les~liption 0(' llv OES, sec C IIROMEX-Ol. The £light plants initiated 

[lowpring sltoo!:" while on orbit. The:: only procedure the crew perfolll1ed 
was a daily vcrific,,;:ion (If proper hardware funcbon. 

Postflight 

The PGU was retlievcd from the Shnttle two to three hnlJl's afte r 
landing, and the reproductive material of the plants was i rnnwcliately 

Programs, Missions, and Payloads 

processed. Gas samples were takell rrom the cl larnbers before the plant 
~p('c:imens were retrieved. The processed plant tiSSUE' W,l~ subjected to in 

viw observations of' pollen viabi.Uty, pollell tube growth, and eslerase 
activity in the stigma, or fixed for lat.er Inieroscopy. 

Results 
Under the conditions o[ th is flight, the space-grown plants had 

reproductive devr. lopll1e nt cornparable to that o[ the ground controls, 
anll i1nrnatul'e seeds were prmluced. These results represent the first 
replnt of successful plant repruductiol' on the Space Shuttle. 

Additional Reading 

)\:ASA. STS-68 Press Kit, August 1994. Cont,uned in NASA Space 
Shuttle Launches 'Neb site. http://ww\v.ksc.nasa.gov/shuttle/mis
sionslmissions .ht.ml . 
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PAYLOAD PROFILE: CHROMEX-06/STS-63 

Mission Duration: 8 days Date: February 3- 11, 1995 

Life Sciences Research Objectives 
• To examine the effects of microgravity on aspects of plant cell wall 

structure 

Life Sciences Investigations: 
• Plant Biulogy (CHROMEX6-1) 

Organisms Studied 
• Triticum aestivum (Super-Dwarf wheatl 

Flight Hardware 
• Plant Growth Unit (PGU) 
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CHROMEX-06/STS-63 

Mission Overview 
The STS-63 mission was launched on the Space Shuttle Discov(:'l)' 

on Febrwu), 3, lm)5 . The e ight-Jay mission ended on FebrualY 11. Th 
six-me mber crew included the first fe male pilot to tly a space mission 
and a m ission sp<.:c:iabst li'om Hllssia. 

The primary mission objective was to perform a rendezvous and f1y
around of the Hllssian spacc station Mirto verify flight techniques. 
communications uncl navigation interfaces, and engilleeri llg anal)'ses 
asscdated with ShuttlclMir proximity ope ralions ill preparation for the 

STS-71 docking mission. STS-().3 also marke d the third night of the 
SPi\( ;E HAB Illodulc. 

Ames Hcscarch Ce nte r spollsored two payloads on the missioll , 
Ilamed l\ational lnstitl ltes 0[' Health Cells 3 (~ Il I.e.3) and I\1M C'I\E .2. 
Kenn cdy Space Ce nte r spo nso red two payloads , called Biological 
Hescm'ch in Canisters 3 CBR IC.03) and CIlROMEX-06. 

Life Sciences Research Objectives 
Previous exp eJimcnts conduded in the space environment have 

oemonstrated that cellular changes occur in plants that are grown in 
space. The CIlROMEX-06 experiment examined the dlects of micro
gravity on aspects 01 cell wall structure , including lignin de position , 

hydrogen peroxide concentration , calcium localization , and ce lJ wa il 
unatomy in Super-Dwcu-fwheat. 

Life into Space 1991- 1998 



Life Scienc~s Payload 

Organisms 
:)uper-DwCll{ wheat seedJ ings \-ve re IIsed in the e>qJe riment. Both 

flight and ground control groups contained 72 seedlings. Super-Dv.':ui' 
wheat is similar to ordinmy wheat clutivatecl in fields, with the exception 
that it is about eight inches tall at matmity. fts small size makes it a good 
c.:a.nJidate ror space e:lveriments and [or use in bioregenerative l.ife sup
port systems since there is limited room on spm.:ecraft. 

Hardware 
The plcmts used in the experiment were llo\\m in the Plant Growth 

Unit (PGU ). For a general clescriplion OftJ1P PGU , see CHROMEX-Ol . 

Operations 

Preflight 
Twenty-four hours before launch, 12 one -day-olcl Super-Dwarf 

wheat seecllings were trans felTed to each of six P lant Growth Chambers 
(peCs). The chambers were placed in a PGU, which was then loaded 

into the Shuttle. 

Inflight 
111e crew veli fi ed proper function of the hcu'dware on a daily basis. 
An asyllchronous ground ("'Ontrol experiment was conducted in the 

Orbital Environmental Simulator (OES), using identical hardware <md 
plant spec im e ns . For a ge ne ral description of th e OES , sec 

CHROMEX-Ol. 

Programs, Missions, and Payloads 

Postflight 
Aftcr the flight, specimens were recovered frol\1 the Shuttle anti 

taken to a ground labomtOlY. Gas samples were drawn [rom the bases o[ 
the PGes in orcte r to assess the levels of carbon dioxide and ethylene 
within the chambe rs. Specilnens were then retrieved from the chambers 
and root and shoot length and mass mea~uJ'ements were taken. Salt-solu
ble extracellular proteins \"'ere extn1c.:tcd from leaves, stems, and roots of 
plants grown in microgravityand froln control plants. Tissues were 
stained fc)r ligrlin and pe roxide content. 

Results 
Space-growlI plants exhibited a vruiety of efreds. The syntJlesis or 

evolution of ethyle ne gRS appecu-ecl to be inhibited. Lignin accum lllatcd 
in aU leaf and root tissues. Flighr plants appeared to have thinne r c.:e ll 
walls than grouml controls. Their roots te nded to be longer and less mas
sive. Alterations in e nzyme activity were a.l.so seen. The results suggest 
that a lack of' gravity produced genetic alterations that affected many 
aspects of the plants phYSiology and development. 

Additional Reading 

NASA. STS-63 Press Kit, February 1995. Contained in NASA Space 
Shuttle Launches Web site. http://www.ksc.nasa.gov/shuttIeJmis

sions/missions.htm I. 
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Spacelab Life Sciences (SLS) Payloads 

The Spi:lc:elab Life Sciences (SLS) program was a selies of payload:: 
using the facilities of an entiJ'e Spacelab module to concluct a vcuic ty or 
life scienccs i:westigations. The SLS-l mission in 1991 caniecl thE: most 

comprehensive slIitc of He sciences studies conclucleu in space since the 
Skylab 3 mission in 197.3. The SLS-2 mission , which Hew in lU~)3 , 

mcu'kecl the beginning of a new em uf space life sciences resem·ch. For 

the first time, rode nt diSSections wc re condllctp.(! in space. A SLS-:3 mis
sion was schedllied f(Jr late 199.5 but W,,1S ClI t bec,luse of budgetmy rc a

sons. The mission was to have included the c ilimination o f a long

standing science and cngineeling cullaboration between Ames Research 
Center and CI\ES. the French space agency. Milch orthe SLS-3 sciunce 
\\'as eventually b·.,lHsfeITed to the Bion llllliss ion, laum:hed in ] H96. 

The genenu objective of the rese.,1.rch in the SLS program WeL'; to 

study the acute and chronic changes tbat living systems undergo d\ll'ing 
eXl)()sure to the space environment. In humans, exposure to microgmvi
tv leads to loss or calcium. muscle mass, and body mass. Cardiac perf<Jr
mance dimin ishes. and fluids redistribllle in the body, affecting the 
functi on of th-.: re nal. endocrine, and blood systems. Blood volume 

decreases. and the irnmune system unclcrgoes changes. The balanc 

and positioning organs or the nenroveslibular sys tem ac~just their runc

tioning, in an attempt to adapt the organism to an envi.ronment where 
lip and d O\,"ll no longer exist. 

Expelimeli ts ro r each SLS nlission we re selected on the basis or 
their scientiHc melit and bow well they cou ld he integrated into a single 

payload. Hats were used as e>"'Perilllent subjects on both SLS missions. 

Programs, Missions, and Payloads 
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a. 

Many of tJlese rat studies were cOlllplementeu by phYSiolOgical studies 
on the <l.~tronnut crew. The SLS-l mission also carried jellyflsh , for the 
study of gravjty-sensing orgcU1s. SLS-J was a hardware veriJication llight, 
which allowed [or testing and verification of the intricate science proce
dures implemented in SLS-2. 

The Spacelab was flown in its long module configuration on both 
missions. It provided laboratOlY facilities where the crew could conduct 
the experiment procedures required by the various investigations . 
Because the SLS missions were dedicated en tirely to life sciences 
research, crew members were able to devote more of their busy work 
schedules to conducting the experiments than is usual.ly possible. l'he 
crews on both missions included payload specialists as well as career 
astronauts. The payload specialists were l.ik~ scientists who had under
gone a pCliod of astronaut Lraining. Including payload specialists in a 
crew allows maximum possible scientific yield. Their science tminillg 
provides the ability to modifY expeIiment procedures when unexpected 
situations ruise or to salvage expeliments that might be at lisk because of 
equipment malfunction. 

Extensive biospecimen sharing programs we re implemented on 
both missions. Biospec:irllen sharing is a means of increasing the scienbf:' 
ic yield from a particular missior •. When it is ,mticipated that the planned 
flight investigations \-vil\ not reyuire all available tissue samples, or tissue 
remains unused postflight, NASA issues a Request for Proposals to thP. 
science community. Scientists who require no additional i:"1flight proce
dures can gain access to biospecimens that have heell 0xposed to micro
gmvity, a rare commodity. Through the program, tissues from the SLS 
missions were clisb'ibuted to resecu'chers from the U.S. anJ several othe r 
c:ountnes. Those tissues not immediately disttibutecl are preselveci and 
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retained by the Ames Research Center Data Archiving Project, for 
future use by scientisLs. 

The SLS program was an inte ll1ational collaborative project, as a 
result of the biospecimen sharing program. The collaboration not only 
allowed NASA to mitigate the cost of Uying the payloads .md to sh.u-e sci
entific and technolOgical knowledge, but also paved the way for U.S. 
cooperation with intemar.onal partners on future missions. Two SLS 
payloads were flown during the 1991-1995 ti me period: STS-40, ill 
199L; emd STS-.5R, in 1993. 

Life into Space 1991-1998 



PAYLOAD PROFILE: SLS-1/STS-40 

Mission Duration: 9 days Date: June 5-14, 1991 

life Science Research Objectives 
• To study structural and functional changes that occur in the rat during 

microgravity exposure 
• To study the effect of microgravity on the development of gravireceptors 

and behavior of jel lyfish 
- To evaluate the functionality of experiment hardware in the space flight 

environment 

Life Science Investigations 
• Bone Physiology (SLS1-1, 2, 3,4) 
• Developmental Biology (SLSl-5) 
• Endocrinology (SLSl -6, 7, 8) 
• Hardware Verification (SLSI-9, 10) 
• Hematology (SlSl -11, 12) 
- lmmunology {SLSl -13,14) 
• Metabolism and Nutrition (SLSl-15, 16, 17) 
• Muscle Physiology (SLSl-18, 19, 20,21) 
• Neurophysiology (SlSl -22, 23, 24, 25, 26, 27, 28, 29, 30, 31) 
• Pulmonary Physiology (SLSI-32) 
• Renal, Flu id, and Electrolyte Physiology (SLSI-33) 

Programs, Missions, and Payloads 
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Organisms Studied 
• Rattus norvegicus (rat) 
• Aurelia aurita (jellyfish) 

Flight Hardware 
• Ambient Temperature Recorder (ATR-4) 
• Animal Enclosure Module (AEM) 
• AEM Water Refill Box 
• Biotest Reuter Centrifugal Sampler (RCS) 
• General Purpose Transfer Unit (GPTU) 
• General Purpose Work Station (GPWS) 
• Jellyfish Kits and Kit Containers 
• Olympus 802 Camcorder 
• Refrigerator/Incubator Module (R/IM) 
• Research Animal Holding Facility (RAHF) 
• Small Mass Measuring Instrument (SMMI) 

Spacelab Life Sciences 1/STS-40 

Mission Overview 
The STS-40 mission wac; launched on the Space Shuttle Columbia 

on June .5, 1991. Alter a nine-day flight, Columbia landed at Edwards 
Air Force Base, Calilornia on June 14, 1991. The mission, managed by 
NASA Johnson Space Center, carried a crew of seven. Scientists from 
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Russia, France, Gemlany, and Ccmada partiCipated in tlle mission in the 
biospecimen sharing program. The mission was the first in whj.:;h ani
mals were allowe d to float freely in microgravity outside of tlleir cages 
and the first time jellyfish were flown in space. 

The prima.ry mission objective was to conduct the experiments in tlle 
Spacebb Life Sciences 1 (SLS-l) payload located within the Spacelab 
module. The goals of Ames Research Ce nter (ARC) were to prove the 
functionality of the improved Research Animal Holding Facility (RAHF) 
and ensnre that the RAHF and General Purpose Work Station (GPWS) 
maintained particulate containment relative to tlle Spacelab environment 
during all operations. Rats and jellyfish served as subjects far the seven 
expeliments sponsored by ARC. Scientists sponsored by ABC also con
ducted 17 collaborative ex-periments with Russian scientists on rat tissue 
specimens. In addition, through tlle SLS-l biospecimen shming prognun, 
more dKU1 6000 rat tisslIe samples were distributed to scientists from par
ticipating muntries for supplementary studies. 

Life Sciences Research Objectives 
The primary objective of SLS-l \·vas to conduct two hardware ve1;6-

cation tests . A Particulate Containment Demonstration Test (PCDT) 
was to ve lifY that the integrated syste m of animal hOUSing and b'ansfer 
hardware functioned in microgravity, witllOut conhlminating the crew 
environment. SpeCifically, dle test was deSigned to demonsb'ate that the 
RAHF all ( 1 GPWS CfU1 contain sotid particles down to 150 microns in 
size, that the GP\VS r:an contain fluids. and that tlle General PlIIpose 
Trarl:>fcr Unit (GPTU), hardware deSigned to transfer research subjects 
between the HAHF and GPWS , can maintain containment dUling 
transfe r operations. 
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The Small Mass Yleasuring Instrument (SMMl ) test was designed 
to verifY functional stability of the instlllment in microgravity and to 
give crew members some experie nce in ope rating the device. The 
SMM[ was to be uS3d to detennine the mass of rodents and tissues on 
the SLS-~ mission, since conventional weight measurements are not 
possible in microgravity. 

The requirements of the hardware test dete mlined the number and 
habitation conditions of the rodents. \ iVithin these constraints , SLS- l 
provided an opportunity to conduct many life sciences studies. The rat 
studies on SLS-l were deSigned to examine the structural and functiunal 
changes that occur ill responsp to space tlight. Yluscle e:\Jle liments 
examined the adaptation of muscle tissue to microgravity. Hematology 
expeJiments excun;ned changes in blood volume and cellular compo
nents aPd alter::,iions in the process of blood cell f0n11 ation. Studies of 
the vestibular system foclIsed on changes in gravity receptors dUling 
eAJlOsurr:: to microgravity ~U1d adaptation 0n retu lTI to the Earths gravita
tiOT!cJ field. Calcium phYSiology studies were expected to d ari{v and 
expand on data li'om previous Cosmos biosatellite missions, which had 
shown that space flight causes a negative calcium balance, decreased 
bone den ;ity, and inh.ibited bone fan nation. Ri:ltS we re flowll in tvvo cage 
configurations in order to compare tlle responses of smglv housed and 
group-housed subjects. 

The je llyfish development and behavior experiment had two objec
tives. One \>",15 to dete l111ine whetlle r the asexually reprodUCing polyp 
farm of jellyfish could metamorphose normally into the seXllall~' repro
ducing ephyra 101111 (Fig. 4). The other was to detennjne whetlle r tlle 
development of gravity-sensing organs and s\.vimll1ing behavior are 
affe<:ted by microgravitv. 
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Figure 4. Aurelia aurita undergoes both asexual ana sexual reproducti on during its life 
cycle. Sessile pc:yps metamorphose into strobilae, wt.:r.h produce ephyrae by asexual 
budding. The ephyrae mature into medusae, which produce into zygotes and reproduce 
sexually. Planula la rvae that hatch from fertilized eggs eventually attach to a neVi sub
strate and develop into polyps. 
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Life Sciences Payload 

Organisms 
The rat e).periments used 74 male specific pathogen free Sprague

Dawley rats (Rattus llo11Jegicl.J,s ). The flight group contained 29 rats, 
while the ground control groups contained 45 rats. At the time oflaunch, 
tl1e rats weighed between 2,'50 <md 300 g and were nine weeks old. 

Approximately 2400 moon jellyfish (Aurelia amita) were flowi1 in 
two groups. One group was in the polyp stage at launch, while the other 
was in tile ephyra stag!'. 

Hardware 
The General Purpose \Vark Station (GPWS) was evaluated and ver

iRed in tlle PCDT using rodents and cages housed in the RARF. The 
GP\iI/ S is a laboratory work bench and bioha7~d cabinet for experiment 
operabons in the Spacelab. It provides containment of chemical vapors, 
liquid~ , and debris released within it during experiments, ::iUch as dissec
tions or specimen fixation. The crew can perfonn various procedures 
inside the cabinet ~y inserting their arms into ilie gauntlets attached to 
ports at tlle front and right side of the cabinet. The gauntlets stop at the 
wrists, and crew members wear disposable surgical gloves afte r insert
ing tlleir arms. A window on one side of the cabinet allows interface 
with the General Purpose Transfer Unit (GPTU), which facilitates 
r::ldent cage b'ansfer from the RAHF to the GPWS. The GPTU has a 
frame witll a sliding access door that interfaces with both the RAHF 
and the GPWS. A sock attached to the frame encloses tlle rodent cage 
during h·ansfer. The CPTU is specifically designed to provide a second 
level of particulate containment. 
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A moclined version of a cOlTlmercial air sampling device, the Biotest 
Reuter Centrifugal Sampler (RCS), was used in the PCDT to collect 

relea<;ed particulates for postflight allalysis. 
The Small Mass Yt easuring lnsbl.tment (SMM1 ) ",,,as tested to veJi

~I its e:alibration-maintenance capabilities "md was used to measure the 

mass of rodents and tissue samples by use of inertial me thods. While 
weight villies with gravitational force, m ass re mains constant. TLe 

we ight equivale nt 1 G conditions can be calculated using a simp le 
mathematical fonnuJa. 

Rats we re housed in two habitat typ es: th e Animal Enclos ure 
Module (AEM ) and the Hesearch Animal Holding Facility (RAHF). Tht> 

AEM is a self-contained allimal habitat, storable in a Shuttle rniddeck 
locke r, which proVides ventUaUon, lighting, food , uncl water lor a maxi

UllUn of six adult rats . Fans inside the AEM circulate air Ul rough Ul 

cage, pasSively controlling the temperature. A illte Ji.ng system controls 

waste P!ooucts alld odors. Although the A EM does not allow h':U1clling of 

c:ontained animals, a clear plastic window on the top of Ule unit pennit~ 
vievving or video recording. The Water Rd IU Box enables inllight replen
ishment of water. 

The RAl-IF is a general use aniJ nal h abitat deSigned [or llse in the 

Spacelab module . Animal-specific cage modules are inserted, as need-
d , to proVide appropriate Ii fe support for rode nts . Cages can b e 

removed from the RAI IF to accommodate inllight expeJiment proce

dures. The RAHF habitat consists of rodent cage assemblie~ , each or 
which canies two rats sepcu'ated by a divider. The f' nvironmental con

trol ~ystem actively c;ontm ls te mperahue and passively c:on trols k:;-JliciI
t)', carbon dioxide, and oxygen leve ls, and mallitains l);]. ,-ncuJate c..'Ontain

ment during cage re lroval. The feeding syst:::m supplies rode nt food 
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bars on a de mand basis. T he wate r system provides pressUlized, regu
lated water to roden ts. T he waste managemellt s~'stf'1ll l:ollects urine 

and feces in a wce;te tray and neutnilizes odor. The ligh ting .'>}'Stem pro

vides a controllable light cycle for the cages. Activity rnoniturs in each 
cage reC'Ord general movement using an infmred light source and sen

so r. The data sys tem collects em,iron m~ntal and ani mal data that is 

passed on to the Spacelab data system for display, recorc.ling, ~U1d down
Unk to the ground. 

Je llyflsh Kits , placed in the Shuttle rniddeck, were used to main

tain jellyfish dUling night. measure the radiation Jose, and appl)' fixa
tive to specimens. Three of the rom ki ts contained pol)'~ster bags with 
polycthyler ~ lining, and th e remaining kit (;ontaineJ poJ)'t'thelene cul

ture fl ce;ks , which allowed fi lming of' tll e live specimens. Both bags and 

flasks were filled with artificial sea water and air. Kit #1 contained 18 
bags, six o f which contam ed radiation dosimeters. K it #'2 contained 
sYlingeibag assemblies ,,\.;th one to th:'ce s)lingcs of n.xative attached. 

Kit #3 was used to hold the fixed specimens from Kit #2. Kit #4 con
tained the cuJtme flasks. 

The Retii geratorllncubatOl' Module (W IM ) maintained a constant 

temperature of 28 °C [or tllC jellyfish. The R1IM is a tempcratu,'''-con

h'oUed holding unit flown in the Shuttle middeck that maintains a c'OOled 

or heated environment. It is di\ided i.nto two holding cHvities and can 
c:ontain LIp to six shelves of ex-pcJ1ment hardware. 

An Ambie nt Te mpe rature Hecorc1er (ATR-4) accompanied (~ach 
AEYI and tlw RfTvl. The ATR-4 is a self~contained, battery-powered 

package that can reccrd up to four ehanneis of temperature d.lta. 
j \n Olympus 802 camcorder was used to fLlm the jeUyflsh i.J t fla.sks. 

The camcorder, eUl 8-mm com mercial model \\~ th .'>tundard featm es, \\'a~ 
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VARIABLES 

Number of Rats 

Launchl 
Recovery Stress 

Gravitational Force 

Food Available 

Housing 

Flight Flight 
RAHf-Caged . AEM-Caged 

19 10 

actual actua l 

micro-G micro-G 

ad lib ad lib 

single group 
(5 per cage) 

20 10 10 5 

none none none none 

1 G 1 G 1 G 1 G 

ad lib ad lib ad lib ad lib 

single grou p single single (5 per cage) 

simulated simulated spacecraft spacecraft standard lab standard lab spacecraft spacecraft conditions conditions conditions conditions conditions conditions 
Environment 

Table I . Right and Control Groups tor SLS-I Rodents. 

mounted on a multiuse bracket assembly, which also held the jellyfish 
specimen Dask at a ll\:ec1 nistanc!:'. 

Operations 

Preflight 

Three day!> be[ore launch . fligH a nd control ra t groups were 
selected ba.,ed 011 health. bc h<l\'io ral, and exp~rilllentaJ c rite ria. The 

flight mts \\ ere chosen for two groups: LO l10used in the AEY1 and 20 
IW\lsecl ill the RA H F. Each flig h t group har! a synchrollous ground 

control connterrmt with an idt:'ntical I1llInOer or rats and a basal ('on

tro l counterpart with half the llullIbe r of ral.s (Table i ). For the bone 
l'xpcrim c llt. the mts were il~iectl'd with th(' markers calce in and cle me -

Programs, Missions, and Payloads 

cloc~·cli n e. The he matology experiment required b lood drm·vs and 
injection of multiple radiOisotopes. 

The RAHF cages (.'Ontainlng the flight s\ibjects were loaded into the 
Spaec'lab about 29 hours be fore the fHght. On the day of Launch. a \vate r 

!hit failed to function in one of the RAEi:' rodent cages. That cage was 
{lown e mpty. resulting in a RAHF llight group uf 19 r;'ts. To allow [or 
late loading at about 15 hours before launch . the AEMs were placed in 

the micldeck rathe r tltan the Space lab. 

Two days before launch , 2478 jeU)fish artived at Kennedy Space 
Cente r in a pOltable incubatur. Tbe je llyHsh we re divided into 32 groups. 
Six groups of 2.5 je llyfi sh each were loaded into Kit #4 tlasl-s {or the jelly
Ash behavior e.\']Je limenl. Th e renlaining 26 groups were p laced in Kit 
#1 cmd Kit #-2 for the developme ntal !>tuc\ies. One hundred pol)p:-. were 
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p laced in each of the 18 Kit # L specime n bags, "",ltile 66 polyp s were 

placed in the e igl.t Kit #-2 bags. Polyps in six Kit #1 and two Kit #2 speci

men bags were treated with iodine or thyroxine. substances that i.llJII(;e 

metamOJphosis, so that the je \]yft~b would metamolphose into strobilae 

dUling the llight. Six more groups of Kit #1 pol~ps were treater! ~ hours 

be fore launch . TWD Kit #1 groups re mained unb·eated. 

Iinfl ight 

For tl1e PCDT, the crew e mptietl pm1:iculates consisting or food bar 

crum bs, rodent hair, and simulated feces (in the fOnll of black-eyed peas) 

into hvo e mpty rode nt cages in tile RAHF by unsheathing pfU1:iculatc 

filll---d balloons during the nig ht. The ReS was then placed in froa t of cach 
cage to c'Oilect aIlY released partic:ttlatcs. Fine mesh scree ns. on which pcu'

ticulates we re captured, were stowed away for postflight analysis. Inllight 

re.c;ults of the test showed high levels of containment, <tHowing the crew to 

transfe r some of the rats to the GPWS £rom the RAHF. Also, rat~ wt>re 

reieased to float freely witllin the GPV.rS , proViding the crew and sciell tists 

n die ground tile oppOltunity to observe anirneJ behavior outside cages in 

ITlicrogra\ ity. Tho ugh W1plaIU1ed, this activit:' was vi tal in p lanning SLS-2 

operations and predicting the animal reactions \\i thin the GPWS. 

T he c rew also tested the function of the S ~'IMJ duling the flig!~ l. 

They confimled that the insb"llme nt was stable in microgravity and prac

heed making nxle nt and tissue measurements to be perfonned on SLS-2. 

For the ra': studies, light in the AEMs aild RAHF was cycled at 1:2 
hams of light <mel 12 hours of darbess. Te mperature in the AE~/l was ~r 

to 32 °C and te mperature JJl the RAl-IF \\'as m aintained at 25±2 0c. Th 

erev" observ'ed and Videotaped tlle rats in the RAJ-IF ,md AEMs, re filled 

v.IClter in th e AEMs, and perfunned feeder changeouts on tile RAHF. 
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The crew perfonl1ed "fUiou:; procedures to H' pair hiu·d\\;m' ~lIal
functions. D espite their E'lloiis, some hcu'ch"Clre units did not fUllction as 

we ll as expected during the mission. TlJIee of the lWIF actid y moni

tors failed infligh t, but fOod a nd water consumption delt£!. we re used h i 

de temline that the animals were active . The RAJ IF dlinking water p res

sure transducer failed o n the fifth flight day \ Vate r consun.ption data 

were 1I0t accurate because o f variability in cali brating c-uge-by-cage delh'-

ry against tl1P computer system. 
The erew conducted seve ral cxpe Jim t>nt operations on the jeiJyhsh 

packages. These activities were conductf'c1 inside the GP\\ 'S fi..)r <;afet; · 

reasons , e ven though the Je llyfi sh Kits pro\'ide three colltainment layers 

or polyethyle nt> . Ei!!ht hours alter luwl(;h, the crew relllmcu kit conLain-
r tt2 from the Re fligeratorllnc llbator \J odllie £Iud injectecl iooine into 

tlll'ce specimen bags ,md th)'Toxine into thrt'e specimen bags in Grder to 

inchce metanlOlphosis of the jeUyl"ish polyps. One group of jellyfisl 
ephYl 2.e in fl asks were videotaped on the sec-u JlcI.. third, and fourth flight 

days. Two other groups o f je llyfish WE're videotaped on the fifth and sixth 

'light days. On the eighth day, the crew injected glutamldchyde into six 

o r the bags to fix the jellyfish and storeu the bap in kit containe r #3 in 

the Space lab Refrigerator. 

Ground (;ontTO I studies for the jell~{is h e..\vcTiment included 32 

groups of jc ll)fish, 14 of which formed a s)l1chrollOUS control. Thp 
remaining 18 groups fOnl1cd a one-\~'eek de layed-"'~11ehrollous mntl'Ol. 

Postflight 
Shortly afte r the Shuttle landed, tl le /light and cOlltro l ruts we re 

re moved from their Ilab itats. weigl led, ill Id ~L"sessed lor generill healtl) . 

They were then photographed anJ videotaped. ulUl1etiidtci.l · aiter touch-
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Siospecimen Sharing and TIssue Arc hiving 

Interview with Paul X. Callahan 

Paul Callahan manages the Ame s Res earch 
Center (ARC) Data Arch ive Project, wh ich archives 
the data and biospecimens from ARC-sponsored pay
loads. With a background in chemistry, biochemistry, 
physiology, and engineering, he came to ARC in 19&5, 
and conducted experiments in endocrinology, stress 
physiology, and related biochemical i eactions. He 
soon real ized that his research was leading toward 
performing experiment!> in space, but at the time no 
one was developing hartJv/are or operations to sup
port the necessary lab animals in spa ce. Soon, he 
became involved in developing hardware for mission 
development tests and later for Spa::e lab 3, and 
eventually gave up resea rch to support fl ight hard
ware development and flight operati on ~. 

As the projoct manager for Sp.:. : elab 3, he 
helped initiate the orig inal U.S. biospecimen sharing 
program along with Rod Ballard . Spacelab 3 was 
mai nly a hardware verifi cation fliQ~t. According to 
Callahan, " In flying Spacelab 3, we wanted to take a 
look at the animals from the standpoint of their hu~
bandry, well-being, and normalcy as a research ani
ma l. We sat down and selected scientists and devel
oped a set of investigaticns that would give us the 
most information on the an imals. We had some 50 or 
130 investigators looking at all aspects of thos e rats 
and squ irrel monkeys." 

On the Sp acelab Life Sciences miss ions, 
biospecimen sharing was extended to Russian and 
French investigators. Sa id Ca ll ahan, "We owed a 

Programs, Missions, and Payloads 

great debt to th9 Russians, for U.S. participation in the 
Cosmos mi::;sions. We Q n~ samples at 'j time when the 
U.S. prog ram was re covering from a major accident 
[the Challenger explosion!, and we had no other way 
of getting fl ight specimens during that time." 

Along with others at ARC, Callahan continued to 
promote the iuea of biospecimen sharing for future 
~Iights . "These flights are less frequent than desired. 
They're expen sive, and we shou ldn 't waste any 
opportunity to maximize utilizing materials, funding, 
and supplies." Since then, ARC has amassed a bank 
of biospecimen materials from many paylCJads. The 
goal, said Callahan, is that "if somebody wanted to 
look at a bone flown (Jf1 SLS-l , for instance, we would 
have it preserved in such a manner that it would be 
most useful." 

8iospecimens can remain in storage for a long 
time if kept in lhe oroper conditions. "For unfixed, 
frozen specirnens, we try ~o keep the temperature very 
constant, within a degree of -70 °C. Overall, freezing is 
the most useful method of pr~servation . Depending 
upon what you're looking at. storlig~ has more or less 
of an effect. If you just wanted to look at mineral con 
tent in tissues, for instance, that's there almost regard 
less of what you do to thfl tissue . Wherea s other 
things, certain enzymes for example, are susceptible 
to freezing, and just by freezing the tissue you lose 
data." Biospecimen preservation has allowed for the 
re- analysis of specimens from older flights l!sing 
nl~wer techniques not developed at the time of flight 

~ ~1"1~ 

(as CAT scans and immunological assays have provid
ed answers to questions of 20 to 30 years ago). 

Since the SLS-l mission, biospecimen sharing 
ha6 ,= ontinued to evolve. According to Callahan, "It 
has progressed to the point that plant tissues are 
irlclude j ir. biospecimen sharing; Kennedy Space 
Center ha" II ,itiated a biospecimen sharing very simi
lar to what we've had. And there has been a long 
standing interest in biospe::imens with the human 
side of the researc h. There are tissues, blood for 
instance, available frolll the dstronaut crew that is 
potentially useful in biospecimen sharing." 

Summing up, Callahan said, "We've learned 
there is interest in this on the part of Pis. We've had 
Pis propose experiments to flights that happened 10 
years ago, and we've been able to supply them with 
tissues and results from other experiments on those 
same animals. It's been very valuar e." 
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down, 10 of the rats from the RAHF, five from the AEM , amI their 
respective ground control coutlte '1Jarts were sacliHced. For th e bone 
expeliments, the re maining nine HA HF flight rats , five AEM night rats , 
and ground control rats were given injections uf tritiated proline and cal
cein. Blood wa" also dravm from these rats ror the hematology e;q)eri
ment. The rats were saclificed after they had been allowed to readapt to 
Earth gravity for nine days postflight. 

A speciaUy trained team conducted the postflight dissections. Ames 
Research Cente r inv(,lve ment in the biospedmcn sharing program 
included ove rsight of the lauoratOlY faciliti es used by visiting Rllssian 
Investigators, rece ipt of flight tissue samples, and coordination of ship
ment of' s.ullplos to Russia and FnUlCC. 

1\ Delayed Flight Profile Test (DF'PT) wa!> conducted , beginning 
\\~th tJle receipt of rats on June 6, 1991, at Kelmeuy Space Cellter IIsing 
fl ight RAHF anJ flight AE~" hmdware. The DFPT simulated the SLS-l 
mission timeline, the lhght environmental conditions, including tempera
ture, humicbty, and light/clark cycles, ~Uld signiHcant operaliomJ events, 
such as hardware maintenance and rodent handling. Noise, vibration, and 
a<''Celeration proBJes experiem:ed during space Hight were not simulated. 

Results 

Hardware 

Both hardware tests v('rifled the utility and functionalily of the 
GPWS and the SY1Ml. The PCDT lIsing the CPWS alld the RAIlF 
was successful. Postflight analysis of the screens co llected revealed that 
particulate accumlliation OCCUlTed dUling on ly one conuitioll and on 
one screen at less them ,50 mi<.:rons i-,l size. This pcuticulntc ac<':ulnulation 
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was due to the failure of" the crew to adequate ly d l.!an thc in telior back
side of the CPWS front window, which led to the entrapment of mateli 
a) whe n th.e window was raised. Proper cieaning prevented a repeat 
condition during the second particulate re lea~e. The SMMI perfor
mance exceeded c;.,'pectations and produced accurate measurements 
during all trials. 

Rodents 

Compared to the grnund control rats flight rats, upon landing, 

appeared be lethargic, to have reduced l1Iuscle tOile , and to use the ir 
tails less as baicUlcing aids . These ctfc;::ts were m Ort: noticeable in the rats 
housed in the AENls than in tbos(' hm Ised in the llO\llF F light rats 

gained less weighl during the night p f' rinri than dd ~round controls_ 
There \V.lS no <.liffcrcllcc in body weigl It gain betwec il rats housed in the 
IWIF and th ~)s;.· housed in the AEM. 

The hecnHtnlug)' exp c li11lents showed that on the day or lanJ ,ng, 
tile ilight rats had fewe r red <md white blood cells than did ground con
trols , but their levels returned to normal by t-he nintll day postilight. 
Muscle studies indicated that Jill1ctiollal and , I I udllral ch~U'lges occur
ring in muscle ti ssue could impair the normal move me nt patterns 
involved in anlignwity lunction and postural conhol. 110usiJIg type was 
found to affect some or the changes occuning in bone dUling space 
Hight: singly housed <mimals were aHected to a greate r degree and 
showed slower recovely than group-housed animals. Research on gravi
ty sensors indicated tbat rats were able tn adapt to the rnicrogra'vi ty 
environment better tllall all ticipated. Hesults also indicated that metab
olism, imlnune cell functioll, cell division, and cd l attac11HIt' nt rnay b" 
<lrfectcu b\, rnicrogmvity. 
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Jellyfish 

Jellyfi sh ephyrae that developed in microgravity were normal in 
most respects, although they showed hormonal changes while in space 
and abnorm aliti es in swimming beh avior aFter returning to Earth . 
Ephyrae th at werc flown afte r developing on Earth tended to show 
changes in their gravity-sensing organs. The swimming behavior of both 
ephyrae hatched on Earth and those that developed in microgravit:y 
showed that they had tlifficulty orienting themselves in space. 

Additional Reading 

Dalton, B.P. , C . J;)hn5, J. :\1e)"lor, N. 11 awcs, T. N. Fast, and C. Zarow. 
Spacelllb Life Scicllces-7 Finnl Report. NASA TM-470G, August 19!-J.5. 

NASA. STS-40 Press Kit, May ]991. Contained in NASA Space Shuttl 
Launches Web site . http://\o\l\vw.ksc.nasa.gov/shuttle/missionsimis
sions.htm1. 
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PAYLOAD PROFILE: SLS-21STS-58 

Mission Duration: 14 days Date: October 18- November 1, 1993 

Life Science Research Objectives 
• To study the structural and functional changes occurring in the muscle, 

bone, blood, and baiance systems of rats in response to space flight 

Life Science Investigations 
• Bone Physiology (SLS2-1, 2, 3, 4, 5) 
• Cardiovascular Physiology (SLS2-6) 
• Endocrinology (SLS2-7, B) 
• Hematology (SLS2-9, 10) 
• Immunology (SLS2-11) 
• Metabolism and Nutrition (SLS2-12, 13) 
• Muscle Physiology (SLS2-14, 15, 16, 17, 18, 19, 20, 21) 
• Neurophysiology (SLS2-22, 23, 24, 25, 26) 
• Renal, Fluid, and Electrolyte Physio logy (SLS2-27, 28) 

Organisms Studied 
• Rattus norveg;cus (rat) 

Flight Hardware 
• General Purpose Work Station (GPWS) 
• General Purpose Transfer Unit (GPTU) 
• Refrigerator/Incubator Module (R/IM) 
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• Research Animal Holding Facility (RAHF) 
• Small Ma ss Measuring Instrument (SMMI) 

Space lab Life Sciences 2/STS-58 

Mission Overview 
The second mission in the Spacelab Life Sciences serics, STS-.58, 

was launched on the Space Shuttle Columbia on October 18, 199.3. Alter 
14 days in orbit, one of tbe longest n lissions in U.S. maimed space histo
ly to date endcJ on November 1, when Columbia landed at Edwards 
Air Force Ba~e, CaIi1C-rQja. A crew of seven flew aboard the Shuttle. 

The primalY misSion chiective was to conduct experiments within 
the Spacelab Life Scienc0s 2 (SLS-2) payload, an cuny of Ijfe sciences 
investigations usi ng the laboratory fac il ities housed in the Spacclah 
module. The six experiments sponsored by Ames Research Cente r used 
rats as research subjects. Experience gained from the SLS-l mission 
aided in the operational aspects of SLS-2. On this mission, for the first 
time in the hiStOlY of U .S. space flight , the crew conducted blood rlra"vs 
and tissue russections in flight. Conducting such procedures in space 
enables scie ntists to clearly distinguish between the effects of micro
gravity and the effects of landing and readaptation to Ecui.h gravity. Hat 
tissues collected inflight were preserved anel distJibuted to i;cientists 
from tl'e U.S. , Russia, France, and Japan through till extensive biospeci
men shaling program. 
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Life Sciences Research Objectiv~s 
The goal of the SLS-2 mission was to study the structural and fimc

tional chtmges ()(x:urring in the bone, muscle, lJlood, and balance systems 
of rats and humans in respollse to space flight. The S LS-2 expeIiments 
were intended to supplement data gathered on these bodily changes 
[rom previous U.S. payloads and Soviet/Russian missions, including SL-3, 
Cosmos 1667, 1887, and 2044, prior to 19Ui, and SLS-l in 1991. Bone 

xpeliments were designeJ to s1:udy tilE' changes in calcium metabolism, 
bone fonncltioTl : alld mincralization that occur in microgra\1ty. Muscle 
shldics focused on microgravity-induced atrophy. H ematology experi
ments exami.lwd retl blood cell shape and levels, blood cell mass, pbsma 
volume, and blood cell f0l111aUon. Neurophysiology studies examined 
the stlllr:ture of gravity receptors and the physiolOgical changes Ulat may 
be involved in tl1e etiology o/" space adaptation syndrome. r n previous 
space flight experi ments, scip.ntists assessed space flight-induced physio
logical changes by dissecting and analyzing animal tissues several hours 
after the subjects were reh.ll11ed to Ealth. Pmtflight dissection cUd not 
permit researchers to clearly differentiate between the effects of space 
flight on the organisms and the effects o[ readaptalion to Earth gravity. 
Readaptation to Eruth gra\,;ty occurs rapidly in some systems and tis
sues. The S1.S-2 e>,:periments were the First space Ibght e;-rperiments to 
assess changes OCCUlTing in tissues willie organ is 11 IS were still in space. 

Life Sciences Payload 

Organisms 
The experiments IIsed male, speci6<.: pathogcll-free white albino rats 

(Rattus nOfugicus) of the Sprague-Dawley strain. Flying a large contjn-
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gent of rats 148) allowed investigators to gau1er statistically significant 
data on a number of parameters. Ground control groups used 100 rats. 
Each of the flight rats weighed approximately 300 g at launch. 

Hardware 
Rats were hOLlse d i.1l i.ndiviclual cages in the Hesearcb Animal 

lloliling Facility (RAJ 1.1"). Natural ealcium in the food bar was replaced 
wi.th a non-radioactive ealcium isotope (40Ca). Since djet and bone are 
the main sourc.-es of calcium in the body, the absence of natural c:.ucium 
from the diet would indicate that any natural calcium found in the ani
mals' blood, urine, or feces had to have been resorbed fi"om bone during 
night. An JllfUght Re flll Unit, used to h·anspOit water to the RAHF from 
the Shuttle rnicldeek gaUey, was flown with the RAHF. 

The General Purpose Transfer Unit (GPTU ) was used to b"cUlSfer rat 
cages from the RAHFs lo the General Purpose Work Station (GPWS), 
enabling the crew to perform inflight expeJimcnt procedures on the 
rodents. Weights of the rats were determ ined lIsing the Small Mass 
Measming Instrument (SMM J) and Ule Reftigerator/lncubatm Module 
(MM) provided temperaturc-c.-ontrolled storage for tissue samples. 

For general deSCriptions of the hardware used on SLS-2, see SLS-l. 

Operations 

Preflignt 
The investigators in each scienc'e diScipline group (hematology, mus

cle, neurophysiology, and Lone) were a'5signed a specinc numb .. r of llight 
cuumals anu developed their own specific conb"ol treabnents (Table 2). 

The SLS-2 rodent investigators had more conb"ol over their experiment 
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protocols than on SLS-I , which were constrained by the requirement for 
hardware veli.f1cation tests. 

Animals belonging to the hematolog), group 1I1ldeTvvent detennina
tion of vmous pre flight blood p,u-ameters using rawoisotope injections. 
A fluorescent bone marker was injected into tl e animals belonging to 
the bone group to monitor tile [onnation of new bone dUting flight. 

Because of a mission launch scrub, the o riginal group of llight ani 
mals was replaced with a bad.llp group. Flight animals we re loaded into 
RAl-IF c-ages either one or two clays before launch , depending on the 

experiment protocol of the discipline groups. 

VARIABLES 

Number of Rats 48 43 

Launchl 
Recovery Stress actual none 

Gravitational Force micro-G 1 G 

Food Available ad lib ad lib 

Housing single (in RAHF single (in SL-3 
units) cages) 

spacecraft simulated 
Environment spa cecraft conditions condition s 

Table 2. Flight and Control Groups for SLS-2 Rodents. 
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Inflight 

During the Oight, the RAJ-IF cages had a const::U1t temperature of 
24 ± 1 0c. The lighting was cycled to provide ,Jtem abng 12-hour peJiods 

of light and dark throllgltout the f1ight. Access to food and water was 
provided ad libitum. 

On !light day six, Rve of tile hematology rats received nlwoisotope 
and either hOllllone o r placebo injections. Un flight clay nine, \lIe other 
10 hematology rats received the same treatments. Blood draws were 
taken from the hematology rats throughout the Hight. On mission cla 
13, six of the nemophysiolo~/ll1usde llight animals were euthcUlized b. 

25 12 26 

none none none 

1 G 1 G 1 G 

ad lib ad lib ad lib 

single 2 per cage 1- 2 per cage 

standard lab standard lab standard lab 
conditions conditions cond itions 
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An Astronaut--s Experience of the SLS Missions 

Intervievv vvith Rhea Seddon 

Rhea Seddon's childhood interests iii space and 
life sciences led her to an MD and, subsequently, to 
become one of the first six women accepted into the 
astron,l ut corps. During her career as an astronaut, 
she flew on three Space Shuttle missions, including 
the two Spacelab Life Sciences missions, SLS-1 in 
i991 and SLS-2 in 1993. 

Seddon W C1S ir.volved with the development of 
SLS-, and joined the cre w as a mission specialist, 
helping to conduct much of tlie inflight science. She 
rec alls that the care, housing, and behavior of the ani
ma ls were central issu es for the mission. To help 
assess how animals react to weightlessness, a rat 
was allowed to briefly float free within the General 
Purpose Work Station. This was the first time an ani
mal had been allowed to do so outside of its cage. 

"Th is helped to answer some questions about 
an imal ha nd ling that were very important fOi the 
future of life sciences research," said Seddon. '! think 
if we hadn't donI! that we would have had to develop 
all kinds of procedures to deal with the possibil ity that 
the animals might bl! agg ressive and so we would 
have wasted a lot of training time for SLS-2. That's 
certainly one lif the things we like to do on each mis
sion, to help future missions predict or prepare for 
what they are going to do." 

For SLS-2, Seddon flew as the payload comman
der. A major focus of the research was the inflight 
animal dissection, performed for the first time in 
space. She explained that the dissection process was 

Programs, Missions. and Payloads 

carefully planned to address issues including logis
tics, equipment, animal handling, and fixative use. 

Performing dissections in microgravity poses 
unique difficulties. The dissections were performed 
within the General Purpose Work Station, providing a 
limited amount of space. To allow for mUltiple dissec
tions without stopping between each to clean the 
area, open the door, an d resupply, much equipment 
w"s placed inside the work station, further limiting 
space for operations. Even with all of the planning, 
"there were still many unanswered questions," said 
Seddon. "Are these tissues going to float away? Are 
we going to get them in the fixative in the time 
allowed? We had to fix the inner ear within two min
utes and the muscles within ten, so we had specific 
time constraints." 

According to Seddon, because of the extensive 
biospecimen sharing with foreign investigators, the 
dissection and biosampling became a complex proce
dure. "There were lots of tissues that needed to be 
propprly dissected, and then properly fixed and prop
erly labeled, and properly stored so we could bring 
back the tissues that investigators wanted." 

Although challenging, the inflight dissections pro
vided significant research benefits "Because we were 
able to remove the inner ears of the rats in microgravi
ty, the scientists could look at the actual structure of 
the nerves." As a result, investigators were able to 
observe the adaptability of the nervous system, often 
called neuroplasticity. 

Among numerous challenges to conducting 
experiments in space, Seddon cited the integration of 
large quantities of a range of science into a single 
mission with limited resources and the need to per
form operations never before conducted in space. For 
payload specialists, learning to cany out :,xperiment 
procedures the way the ground-based scientists 
would do it can be a particular challenge. For Seddon, 
as the payload commander for SLS-2, the ultimate 
challenge may well have been "blending the needs, 
desires, wishes, and priorities of engineers and man
dgers from NASA, the crew from NASA, and the out
side scientists." 

Many astronauts fly only one Spacelab mission 
and never get the opportunity to draw upon the valu
able experience gained in the inflight laboratory, as 
Seddon did in her role as payload commander on 
SLS-2. "One of the greatthings about Space Station is 
that people will have a chance to do more than one 
tour and use that experience," she said. "It would be 
strange for a scientist to go to the lab for a short peri
od, come home, and not return to the lab." However. 
that is often the way it works in space. 
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Flight" Synchronous * Vivarium t Basal 

Hematology Group 

Muscle Group 

Vestibular/Muscle 
Group 

Bone Group 

* Housed in ~L-3 simulation cages 

15 rats 
10 dissected at landing 
5 sacrificed 9 days after 
landing 

5 rats 
dissected at landing 

16 rats 
6 dissected inflight on 
mission day (MOl 13 
5 dissected at landing 
5 dissected 14 days after 
landing 

12 rats 
6 dissected at landing 
6 dissected 14 days after 
landing 

t Includes standard vivarium and modified colony cages 

15 rats 
10 dissected at landing 
5 dissected 9 days after 
landing 

16 rats 
6 dissected on MD 13 
5 dissected at landing 
5 dissected 14 days after 
landing 

12 rats 
6 dissected at landing 
6 dissected 14 days after 
landirlg 

Numbers apply only to the original six flight protocols; they do not apply to postfl ight tissue sharing. 

Table 3. Rodent Dissection Schedule. 
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15 rats 
10 dissected at landing 
5 dissected 9 days after 
landing 

5 rats 
dissected one day after 
landing 

5 rats 
dissected 14 days after 
landing 

12 rats 
6 dissected at landing 
6 dissected 14 days after 
landing 

10 rats 
dissected at launch 

5 rats 
dissected at launch 

5 ra ts 
dissected at launch 

6 ra ts 
dissected at launch 
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decapitation (Table 3). Decapitation was used as the me thod of euthana

sia becau~e the alternative, anesthesia, rcsults in de te lioration of ne ural 

tissue . Anesthetizing the rats would have severely comp,omised the neu

rophyslulogy experiment. Afte r euthanasia, blood samples we re collected 

and tissues were dissected and fIXed fOr postfljght analys is. 

Postflight 

Flight and control rats we re e uthanized and dissected at vatious 

times postflight. FHght rats not immechately chssectcd pcstflight were 

used to monitor eX'Perime ntal paramete rs after readaptation to Earth 
gravity Tis~ues dissected from e uthanizetl rats were preser\'en and chs

bi buted to the investigaiu, :> 2.!wl sci~ntists from Ruso;ia, France, Japan, 

and other foreign lIations who participated in u1e exte nsive biospecimen 

s lr aring program (BSP) for SLS-2. Ove r 5500 BSP samples were 

processed and shipped follOwing the postflight disscctions . 

Results 
MinimClI change due lo short-te rm microgravity exposure was 

o bserved in peripheral flo,d hlood cell prodllction and parameters, but a 

greate r e lTect was seen in bone m aLTOW progenitor cells . A decrease in 

overRll red blood cell mass also inchcated possible ine ffective formation 

of re d blood cells during space flight. These results indicate that longer 

exposure to microgravity rna}' Significantly affect the number of cirClllat

ing red blood c-ells. 

During spz.ce flight, rats re lied on bipedal forelimb locomotion, 

using the hindJjmbs only [or grasping;. Upon landing, the ir body posture 

was abnonnally low and tll e ir walking was slow amI stilted , indicating 

space llight-induc.-ed muscle wcakness, fatigue, and faulty coorchnation. 

Programs, Missions, and Payloads 

.. . l 
.'t .. s .· • 

Comparisons be tween in1ljght and postflight chssections showed that 

although ml1scle ab'ophy occurs in microgravity, edema and lesions seen 

in the rn u!\cle and inte rstitial tissues are artifacts of landing stress. 

M icrogravity had the greatest e ffect in the soleus muscle, with a reduc

tion in slow muscle fibers and an increase in hybrid fibe rs. 

Front and hindlimb ano jaw-bone lengths we re similar between 

flight ill ld control groups. The decreased mineralization rate during flight 

did not appear to respond rapidly to reloading. Bone n:\"ponse to grm ita

tional unJoading and reloading may diffe r at different sites in the body 
Preliminary vestibular data i'eplicated the main findings fi'om SLS-1. 

Additional Reading 

Alle bban, Z., L.A. Gibson, R.D. Lange, T.L. Jago, K.M . Strickland, D.L. 

Ioh115on, and A.T. Ichiki. Effects of Spaceflight on Rat EJ)tthroid 

Parameters . ].:>11 mal of Appl·;,ed PhYSiology, vol. 8l( I ), July 1996, 
pp. 117- 122. 

Buckey, Jay C. Overview and Reflections on a Success['ul SLS-2 Mission. 

ASGSB Newsletter, vol. 10(2), Spring 1994, pp. ll- L3. 

Caiozzo, VJ. , K.M . Balch.vin, F. Haddad, M.J. Baker, RE. Herrick, and 

N . PJietto. Microgravity-Induced Transformations of Myosin 

Lsoforffis and Contractile Properties of Skeletal Musclc. Jou-mal of 
Applied Physiology, voL 81(1), July 1996, pp. 1~132. 

Kitajima, r., I. Semba, T Noi.kura, K. Kawano, Y. Iwashita, 1. Takasaki. L 

Maruyama, H. Artkawa, K. Inoue, N. Shinohara, S. Nagaoka, and Y. 
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Ohira. Vertebral Growth Disturbance in Rapidl), Growing Rats during 

14 Days of Spaceflight. Journal of Applied Physiology, vol. 81(1), J'll)' 
1996, pp. 156-163. 

NASA. STS-58 Press Kit, September 1993. Contained in NASA Space 

Shuttle Launches Web site. http://www.ksc.nasa.gov/shuttle/mis
sionsimissions.html. 
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Physiological and Anatomical Rodent 
Experiment (PARE) Payloads 

The Physiological and Anatomical Rodent Expeliment (PARE) pay

loads we re designed to study physiological and anatomical changes that 

occur in rodellts as a result of microgravity. The eX']Jerilllents in the pro
gram Wf're sponsored by Ames Research Center (ARC). 

The cxp clillienl objectives in the three PARE payloads Down dlJling 

the 1991-199.5 lX'liod werc to further investigate the effects of micro

~r<l\it:, on muscle and bone tissue. Researchers hoped to lcCUTI more 

ahout til l-' bonE' loss ,Ulel 11l 11Sc:iC atropl,y Ulai: result from both space flight 
and a~lIg to develop strategies for co un tf' r::tcti ng the adverse e rfects. 

The An imal Enclosure Module (A EM ), a selr-contained life SUppOlt 
system, was usee! to house rodents lor each payload . Use of existing, 

Oip;ht-proven hardware he lped to minimize t:le cost or the PARE selies. 

TIJr(~e missions c;any ing PARE payloads were (lown during the 

1991-199.5 pe liod: STS-4o, in ]991; and STS-54 and STS-.56, in H)9:3. 

Programs, Missions, and Payloads 
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PAYLOAD PROFILE: PARE.01/STS-48 

Mission Duration: 5 days Date: September 12-18, 1991 

Life Science Researc~ Objectives 
• To study the muscle atrophy that occurs in microgravity 

• To compare the effects on skeletal muscle of a simulated microgravity 

conditior. on Earth to the effects caused by microgravity 

life Science Investigat ions 

• Musc le Physiology (PARE1-1) 

Organisms Studied 
• Rattus norvegicus (rat) 

Flight Hardware 

• Ambient Temper3tu re Recorder (ATR-4) 

• Animal Enclosure Modu le (AEM) 

• AEM Wat er Refill Box 
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Physiological and Anatomical Rodent 
Experiment 1/STS-48 

Mission Overview 
The STS-48 mission wa~ lawlcheu on the Spaa' Shuttle DiswveIY 

on September 12, 1991, "u1d was tenninated on Sep tf" nlber 18 \\i th tllt' 

landing at Edwards Air F orce Base . Califomin. F ive crew mcmbers flew 
aboard the Shuttle. 

The pJi mary objective or the ST S-48 missio n "vas to deplo~· the 

NASA Upper Atmosp:,erc Research Sate lli te . .'\ second,u), objecthc \Va'> 
to fly the fin t in the series of Physiological arl d Anato mical Rodent 

Experiment payloads (PARE.OJ ) sponsored by Ames Hesearclt Center. 

Life Sciences Research Objectives 
The objectives of the PARE.Ol payload Wf"re to study muscle atro

phy, gluco~e o·anspoJt . and metabolism in microgra\i ty, <mel to detcr
mine if a ground-based , tail-suspension model effectively reproduces 
microgravity conditio ns ICJr th e pu rpose of st udyi ng space fl ight

induced muscle aa"ophy. In the tail-suspension model, rat~ are main

tained in cages in such a way that their hiJ1cUi mbs no IOllger bear th 

weight of tllei r bodies. 

Life Sciences Payload 

Organisms 

Juvenile fe male albino rats (Rattus llorvegir:lIs ) we re the subjects of 

the exv e riment. Eight rats were used in the /light group, while 24 raL 
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\Vere used in four ground <.:Ontrol groups. Juvenile rats allowed scie ntists 
to im'estigate the efTcct~ of space flight on growing muscle. At launch. 
pach rat \\<1: 3 1 da~"S old and weighed bptwccn 60 and 6.5 g. 

Hardware 

Rats were housed in an Ani mal Enclosure Modul.e (AEM ). The 
E\<I is a self-contained rodent hahitat, storable in <! Shuttle middeck 

locker. that prOVides \ cntibtion, lighti ng, food. and water. For PARE.OL 
the AEM act.--ommodated eight jllveoi.le rats. Fans inside the AEM circu
lale air th rough the cage and passiw'[Y C1lntru[ the tcmpcrdturc. A filter
ing system controls \\';,L"te products and odor~. AltJl0Ugh the AE M docs 
not ,Jlow handl ing oLU1i mal~ inside. a cbtr plastic \\indow on the t0P of 
the unit permits viewing or video recording. The Water Berm Box 
enables inllight rf>plcnisl III lent of water. 

An AlllO ic ll t Temperature RecordN (ATR-4) accompanied the 
'\E M. The AT R-4 is a self-contained. battery-powered package that can 
rel.'on.l up to fOll r channels of lpmperature data. 

Operations 

Preflight 

Eighteen rats were dpliw'red to tlle launch site 10 da)'~ beFore 
launch. The eight selected [or lh f' llight c~'Peliment were loaded into the 
Shultle approximately 19 homs before launch. 

Inflight 

Of the rats remaining al lhe launch site. five we re euth:mized and 
ll<;ro as ba~al mntrols [01 de tenn ining o:'lSeline b 'els of muscle weight 

Programs, Missions, and Payloads 

and protein conlent, wIllie three others were kept in vivarium cages for 
the duration of the mission, for health observation (Table 4). 

Lighting inside the AE M was programmed to an alternating cycle of 
12 hours tight, 12 hours dark. The crew verified that the hardware \ .... as 
fu nctioning effectively during each lligll t clay. They also observed the rats 
daily throngh the transparent \-vindow of the AEM. On the third ckly of 
the mission. they reported a noticeable odo; emanating From tile AEM. 
Visibility through the transp<u"ent window became progreSSively worse 
dllling the mission due to animcJ debris deposited on the insic:e su rface 
of the window. By tile end of the mission. the crew found it J.i ~klJ t tl 
sec ind;\idual animals. 

Postflight 

' Nilhin two hours afte r the Shuttle landed at Edwards Air Force 
Base, the rats we re remo .... ed from the AEM and weighed. Afte r a health 
eval uation , the ani mals were euthanized and tissue samples were pre
p,u"ed and stored for analysis. 

'hVO ground control <;tudies were conducted postflight: an asynch r~-

110US control sludy and a tail-suspension control study. The purpose of 
the a5yllChronous ground control experiment was to subject a group of 
rats to the same concUtions e},:pe rieneed by the flight rats. except for 
launch. mierogravi ty, and landing. The test subjects were eight female 
rats similar in age anrJ weight tc those flO' N11 on the Shuttie. They were 
loaded into an AEM identical to the fligh t unit. The AE M was placed i:1 
a room in the investigator's laboratOlY with a controlled lightldcu k cyd 
for a peliod of time equal to the duration of the mission. The tempera
ture In tJle room was matched as close ly as possible witll the tempera
tu res rec.'Orcled by the ATR-4 dming the flight. At the end of tJ'1C test. the 

73 

o 

u 



Q 

VARIABLES 
). 

, 

Number of Rats 8 5 

Launchl 
actual none 

Recovery Stress 

Gravitational Force micro-G 1 G 

Food Available ad lib ad lib 

Housing group group 
(8 per cag ~) (5 per cage) 

;;pacecraft standard lab Environment 
condition;; conditions 

Table 4. Right and Control Groups for PARE.01 Rodents. 

animals were euthanjzed and tissue samples were ~li"t~pared, as in the 

case of the flight subjects. 
The tail-suspension conO"ol study used eight rats. Its pwpose was tu 

detcnninc wbether microgra\.ity and tail suspension have similar effec!:: 
on muscle. The rats were housed in vivarium cages fo r the duration of 
the five-day test. The tail of each rat was attached with a C,1Sting mateli

aI to a guy wire <l<;sembly that ran across tJle top of the cage, lifting th" 

rat's hindquarte rs off the cage Hoor. The rats were allowen to mov'" 
freely around the cage using tl1(,jr forelimbs. 
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3 8 8 

none none none 

1 G simulated 1 G micro·G 

aCl lib ad lib ad lib 

group single group 
(3 per cage) (8 per ca~e) 

standard lab standa rd lau simulated 
spacecraft conditions conditions conditions 

Results 
Although rats in aU groups e:onslImeo. 100<.1 at a sin1ilar mtt">, flight 

allimals gained more weight than did control tU1imals. In both flight <llli

mitis and tai l-suspcnd'·~1 conlmls, weight-Ix'aring muscles ~hO\ved atro

phy and redue:ed grm.vth. \\·hereas Ilon-wcight-bearing muscles ~rrL'\\ 
normally. Comp,U"{:d to non-tail-suspendcd brrollud rontrnl rats. Iligh, 

and tail -suspended ra ts showed an i nc:rei ~:; " d sensitivit~' to insu lin . 
Overall. the: results inuieate thaL the t .>j]-suspellsiun nuxlf'l reliably mim

it:S the effect·; of rnicrogra\lty on weigllt-bcanng muscles. 

Life into Soace 1991-1998 



L'lll! odo!'" fronl Lhe AE \I1 waS fc ,md to be tl , ~ l'Asltl t of al l im proper l) 

;l.~sf'nlb l t"d IlItcr. T~lI" probbn \VH~ rectified ill :t pnst llight SI Il c.lY. 

Additional Reading 

\lASt\. STS-4H P:'css Kit. Sepl t> rnher 1 ~)9 1.. Cnn t~tincd in N ASA Spat" 
Shllttlc ull1nches \-\ 'eb si te. http:/h ,\\'\\'.k-;c.nas'l.gov/shIJ Ltlf'/mis
SiOl lsilll issiollS.htl11l. 

Uschkr. M . ~ .. KJ. ll f!1l1 iksCII , K.A. tV\tllIOi', C.S. St1'lmp, G R. 
\;Voooman. an e! C.n. Kirhy. Sp~;('f'Oight 1)1) STS -4B and F,l1rth-'Fh-;ecl 
Unweighli ng Produce Similar EHi ~c l s on Skc:kml Mllscle of Y()u ll ~ 

{ } ~ ~ . 

Hat~ . !,m :wll o{Applier/ Physiology. vol. 74. 199:3, j)p. 2H)l- 2 1 (i.5. 
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PAYL.OAD PROFILr";: PARE.02/STS-54 

Mission Duration: 6 days Date: January 13- 19, 1993 

Life Science Research Objectives 

• To study' effect of microgravity on the size, strength. and stamina of ral 
skeleta l musc le 

Life Scienr.e Inv8stiQ8tions 
• Bone Physiology (PARE2-1) 
• Endocrinology (PARE2-2) 
• Immunology (PARE2-3) 
• Muscle Physiology (PARE2-4, 5) 
• Neurophysiology (PAR E2-6) 

Organisms Studied 

• Rattus norvegicus (ra t) 

Flight Hardware 
• Ambient Temperature Retorder (ATR-4) 
• ~n ima l Enclosure Module (AEM ) 
• (,EM Water Refill Box 
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Physiological and Anatomical Rodent 
Experiment 2/STS-54 

Mission Overview 
The six-day STS-.")<l mission W"L.~ launched 01 1 lhE" Spacf' Shuttlt> 

Endeavou r on J,111UH1Y 13. W93. 1t t>'lul.'d on J~lJ l U<lT) ' l~) with the landing 
or tht! Slluttle aJ Id its IIve-r ncmbt'1' cre w. 

The primary rnissi(>JJ objective was t ..> deploy til l' f'i rth of :\ASA\ 

Tracking and D: Ita Rf' lay Satelli:cs, w hicl l f01111 a spHcc-bascd network 
pwvidi lll! cu r n I n u nir:ations, lra<:king. h:k'mciry. uata acquisitiol! . ,lJ1d 
('0 1 11 In and servict-,s Ic) 1' \JASA spacecraft . 

\ IlLllnbc1' of sl'l'Onclal),' olJjecJvl's \\'('1'(-' :tlso accolllplislwcl during 
tilt' missioll. Onl-' of t ll E'St' \ , 'W'; UW night or the.' thin l C II H0l\IID( pay
loud (CIIHOMEX-O:3), :.pom;ored by Kf' l1l1cdv Spac(' Ccnll"l'. The sec
ond ill the ~e ri(:s or Physio logical and AIIHt0mic"J Hodt!Jll E"l)('rilllent 

payloads (PAH l~ . 02). sponsored by AllWS Ii, 'st'::\I'(:h (':pntt'l'. was ~d s~) 
110\ / 11 on tl l (~ I II issioll. 

Life Sciences Research Objectives 
The objectivE" of tlw Pi\ RE.02 payload \Vas to Jf~ t(-'n II i IlP tll(' extent 

to which ~llorl-tf" nl l expllsurc lo llliC'r(Jgra\~ ty ,Jters tlle ~ize, ~lr<.'ngth , 
and stall tilla or skeletal 11Iusck·s nOl'lmJly used to help Sdpport the hotl), 
agaillst the fi:) rct~ of gravity. Prcvil)lIs expf'ri 'lll'lIb; have showII that IIlLlS
:Ie muss is lost dllling spacu Ilight. !'1 Sp .. 1CC'. rllllsdc:s that USU,lUy hold 
tlle bOll}' \'p ngainst the fClI'I':l' or gra"i ~ (-'xpcricllcl." tiis tlse. vVi th()ut the 

IO<.lc.:,llg furce s u'ppli~r1 hy gruvil'y, which j'()I' t:t'!> muscle.' to IW:'fol'l1l 
mechal lit:nl work, tlwsf' 11 1 1l Sd~!' rapidly .Itrophy. T lr is los.~ of nlHsc\c 
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mass can hinder lhf' capabili ty of a.\lTCmauts to function nonnally UpOJl 
return to E arth . Si lll ilu- muscle ;lt roph:' is s('('n 011 Ealth during norma.l 
hoSing, as in ti . \wJs b f'(:Ol1W less active. Data galhe red from the' 
PI\ H E.02 (-,>'11l '- 'l'nt Wf'Tf' e);peL'ted Lo ht-'Ip scientists slm ly mllsel(-' ppr

[onmlllce and tl I t .th·opl1:-; prol:l'SS, \\~th n vir·"" to li nd ways oC pre\ ('ntin?; 
alrophy duri ng ~pal:c fl ight and aging. 

Life Sciences Payload 

Organisms 

:'vfalf' alhino rats ( H(Jtfll.~ lIorrl'giclIs) hc,lol lging to til l.! Sprague
Da"dc~' strain clctcd a~ sl1bjl:l'IS for the night experiment. Six ntiS were 
Ilsed in thl' flighl ~roll p . while all L[(klitional six \\'(' re IISE'C1 in cad I of l'\\lO 

grOl mJ control groups. Each rat \V(' igll (~d approxil11atdy 2.50 g at t ltp 
ti n1(' of lal JIll:! I. 

liardware 

Thp flight rats wen' hO\1sed in an Animal Enclosme Nlndule (1\EM) . 
.'\n Ambienl Tcmpcratum Hecorder (ATH-4) accomp;;micll tile AEM. 
For ~cneral cl.:>SCliptiO IiS of ule A ENI and ATH-4, see PARKOJ. 

~perations 

Preflight 

Prior to flight . the animals we re conditio1led lo a tC1l1pc ratlll'e envi
ronmenl simi lar to that eAvectcd within the Shuttle ll1iddcck during th 
:))ission . The ar.illl (tl~ in the flight gro l l]1 \Vcre loaded into AEMs and 
placed in the Shl1tt1e 1l1iJdeck ] 6 homs before lallnch. 

Programs, Mis$ions, and Payloads 

Inflight 

Thcre \V(-' re two grollps of ground con trol rat~: a 2.4-ho1ll' delayed 
synchronous ground colltrol , consisting or six rats hOlJsed in an AEM; 
aJld a \~vHT; L1n I control, cOllsisting of six rats housed in standard laborato-
1)' conditions (Table 5). 

DUling the rught, the rctts bad unljmited access to food and waleI'. 
Lighting insidc the AEM was progmmmed to an alternating cycle of 12 
hours light, 12 huurs c\cu·k. Eae!. day. the ('rew obsClvcd the animals anel 
rcc()1'lk:d their health slatus. Thf'y also veri fled that the anj1l1a1s' life sup
port ('fluipment W,L~ functionillg adequately. 

VARIABLES 

Number of Rats 6 6 6 

launchl actual none none 
Recovery Stress 

G-Force micro-G 1 G 1 G 

Food Available ad lib ad lib ad lib 

Housing group group group 
(6 per cage) (6 per cage) (3 per cage) 

Environment spacecraft simulated standard la~ 
cond itions spacecraft conditions 

conditions 

Table 5. Flight and Control Groups for PARE.02 Rodents. 
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Postflight 

ShOltly after bncling, the animals \·vere removed from the ShuUle. 
Muscle function was mC::1Surcd in the flight rats 0 11 tll<::' first postflight 

day and in ti le control rats one uay late r. Afte r fun ctional testing, the 

rats we re e uthanizecl, and mllsdes were removed for biochemical and 

I dstolog'iceJ analyses. 

Results 
A reduction in maximal isolflehic tension and an increase in maxi

mum shortening velOCity was obselveu in the soleus IlI l lsd c of' night rats. 

It was speculated that to compensate fo r decreased isometric ic'IlSiOll, 
1lli:1.\; II1Um shortening velocity increw;c8 so the muscle can be stimulat<:d 
at hjghe,' rrequenciE>s. Fru!n <lmJysis uf gene expression, it appcarcu that 
muscle atrophy in mk:rogravity is isoform speci.fic. AlLered gene expres

sion in osteoblasts, altered enzymatic activity ill the diaphragm, and 
ch'Ulges in SOIllf' immunological "U Id ne ll rological d Ic rnic<J systems clue 

to space llight ""ere also observer!. 

Additional Reading 

1\ASA. STS-.54 Press Kit, Janmuy 199.3. Contained in NASA Space 
Shuttle Launches Web site. http://www.ksc.nasa.govlstlllttlc/mis
sions/missions. btml. 
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PAYLOAD PROFILE: PARE.03/STS-56 

Mission Duration: 9 days Date: ApriI S- 17, 1993 

life Science Research Objectives 
• To study the effects of microgravity on bon e and to compa re these to the 

effoc ts of microgravity conditions simulated on Ea rth 

Life Science Investigations 
• Muscle Plwsiology lPARE3-1, 2) 

O ~ga nisms Studied 
• Rattus norvegicus lra t) 

Flight Hardware 
• Ambient Temp erature Recorder (ATR-4) 
• An imal Enclosure Modu le lAEM) 
• AE~ Water Refill Box 

Programs, Missions, and Pavloads 

Physiological and Anatomical Rodent 
Experiment 3/STS-56 

Mission Overview 
The S'TS-56 mission W "L<; launched on the Space Shuttle Discovery 

on Aplil 8, 1993. After remaining ill orbit for nine days, Discovery land

~d o n Apri l lt. Five l. ew members flew aboard the Sl llJttle . 
The primary mission paylo(l<.l was ATLAS-2, a labonltory [or collect

ing clata about the Emth:<; atmosphere. Several secolldmy payloads wer, 

also carried onbc,:~u'd, on~ or which was a middeck pa)'loaJ sponsored by 
funes Hcscarch Cente r. It was tlte tJ tird in the series of PhYSiologic-a! and 

Anatomical Hodenl' Experiment payload~ (PARE.03). 

Life Sciences Research Objectives 
The tvvo experir!',ents in the PAHE.03 payload we rL' d eSigned to 

stu dy c.:hanges tl-.at occur in rapidly growing bon e afte r exposure to 
microgravity. Comparison wa.'; th e Jl to be made with ch e:U1ges resulting 

from E'x'Posll re to a simulatc.:d microgravity condition on Earth to deter

rlli I. c if experiments stuclyin g space fligh t -induceu II I usculoskeletal 

'hanges can be conducted all Ealth. A~ in PAHE.OI, microgravity was 
simulated by ta.il suspension , in which rat~ are maintained in cages in 
suc h a wa), that their hincllimbs no longer bear the weight of their bocI
ips. An unde rstanding of the changes in bone sh1Jcturc and {unction may 

be Ilse Ful in preventing bone toss ill <:!: ~onauts in long-duration spat'e 
missions. Previous studies have indicated that bOlle ('e Us mature and 

mineralize slower in mk.:rogravi ty Ulan on Earth . In PARE.03, studies 

E'x:.lln incd the responses or younger animals with more mpiclly growinr 
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bones. Scientists also a tte mpted to determine whether the bone changes 

are reversed shortly afle r rerum to EaltJl . 

Life Sciences Payload 

Organisms 

Male albino rat~ (Rattu.s non;egicLts) of the Sprague-Dawley sh'ain 
selvecl as subjects for the experiments. The flight group consisted of 16 
rats, while ground conb'ol groups consisted of 48 rats . Eadl WcL~ approxi

mately six wee ks o ld "md weighed abOl It 150 g a t launch. 

Hardware 

The flight rats w ere housed in Animal E nclosure Modules (AEM s). 
An Ambient Te mpe rature Rec'Ordcr (ATR-4) acc'ornpanied each AEM. 

For general ocscliptions of the AEM cUlO ATH.-4 , ~ee PARE.Ot 

Operations 

Preflight 

All rats recejveo a n injection of calcc in ~reen , a chemi c.l l hon e 

marker, one 'ivcek plior to fligbt, and an mjection of demecloc),clin, a 
5eC-ond bone m arke r, immediately before launch . Fhght rats were loaJ e tl 

intoAEMs ano placeLl i.n the Shuttle aboul20 hours before launch. 

Inflight 

Three ground conl:.rol groups each cOlltained ]6 mb (Table 6). On" 

group, the 24-hollr delayed wntrol, was ke pt in two AEMs installed i.n 
the Orbiter Environrnental Simulator (0£5). The OES is a mocliHed 
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environme ntal c1 I<1 lllbL:r at Kennedy Sl'Hce Ce nter whose te mperdtllre. 

hurnklity, and CO2 level are electJ"onically controlled based 011 dnv,.,' l
linked environme ntal data from the orbiter. Thus the animals/plallts 

with in the chambe r cU'e exposed to e nvi ronme ntal conditions that a re 
similar to those expe Jienced by tlh' nigh t group during the lIl is<;ion . 
Another group served as tail-suspension controls. These anjl nals wc re 

maintained in cages with their hintllimbs rai<;ed ofl the ~'Yound to sirPll
late eX1)()sure to rnie rogravity. A t.hird g roup of L"Ontro] l'its served w; a 

vivarium conb'o] amI were housed in sta lld,u-d viv(Uium cages. 
Duling the Ilight, the rats had free access to food and watcr. The 

light cycle was mai.n tained at 12 hours or light ailem<'.ting with 12 hOl ll'S 

of darkness. Th e crew obselved the rats d a.il)· tn e nSLi re tha: ~~ ::.'> ,~ ere ill 

good health and v(-' riEed that the llardware was functioning normally-. 

Postflight 

One hOllr hc/())"e the Shuttle landed. six rats [rom each of tllC t:lrL'e 

ground conbul grol Ip S were given injeclion!> ')[ a clwmical for measll ring 

the rate of D NA syntheSiS. They "v'ere f'll thallized :10 minutes later and 
their tissues we re stureJ for cU1a.1ysis. The re lllui ning mts in each w ilt rol 
group were give n i njcctinns of cruc:ein greel •. 

The flight rats were recovered from the Shuttle about three hums 
after lallding. Afte r their health was a'isessed by a · .. "'terimuian. si.x of the 
rats were injected with the chemical t()r nwasurillg DNA s)'n lhesi.~ ancl 

euthmlizeJ 30 minutes later. The remaining 10 fUght rats received injec
tions ofcalcein green. 

Five rat~ from each or tlt e flight amI three control grc'ups were 
injected with the D NA label 3G hours after the SllUttle landeo anc: 

euthanized .'30 rninlltes later. The five rats re maining in each gHlUp wert" 
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VARIABLES 

Number of Rats 16 16 

Launch! 
actual 

Recovery Stress none 

Gravitatior.al Force micro-G 1 G 

Food Available ad lib ad lib 

Housing group group 
(8 per cage) (8 per cage) 

spacecraft simulated 
E.wironment spacecraft conditions conditions 

Table 6. Right and Control Groups for PARE.03 Rodents. 

injected wiU) thp DNA lah f"l 72 ho urs after Shuttle landing and elltha
ni7--ed 30 minutes later. Tissues removed from the cn thanizeci cUlirnals 
we re subscguently proccssed by the investigators. 

Hesults 
In both space night and hilldlilHb-susptnsion groups, a decrease in 

the diffe rentiation of bone-forming cells and a rec1uction in mRl\J\ relat
ed to bone growtl l W<L'> observed. Thesf" levpls rapidly re.tun Ie.d to control 

Icveis upon retum to Eartll. 

Programs, Missions, and Payloads 

16 16 6 

none none none 

simulated 1 G 1 G micro-G 

ad lib ad lib ad lib 

~ ingle 
group group 

(8 per cage) (6 per cage) 

standard lab standard lab standard lab 
conditions conditions conditions 

Additional Reading 

NASA. STS-.56 Press Kit, McLrch 199:3. Contained in :\J\SA Space 
Shuttlf" Launches Web site . http://www.ksc.nasa.gov/sh uttlelrn is

sions/missions.html. 
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International Microgravity Laboratory 
(lML) Payloads 

The fntc mational ~icrogra\'i ty L aboratory (TML) p rogram was 

sponsored hy NASA's Office of Spa<.:e Science and Applications Cllld 

directed by the Flighl Systems Di'/ision al :\ASA Headqumte rs. The 

program was a c-o lJaborative e frOlt involVing l\ASA and several intema

tional pali Hers. I nte l1lational coop e ration in planning and iltlple n lent

ing the program allowed each par tn e r:" costs to hI'! kept to a lIIinimum. 

Teams of ill\ 'estigators were fDnneJ wi th the goal of sharin ;:; resollrees 

quaIl)' hctweel~ :--J ASA and its in tf'rnationai l)a rtne rs. NASA proVided 

mission managemenl , payload in tegratioll , Spacclab fac ili lies , and 

Shuttle t:-ansportation services [or the p rogram. Space agellcies or olher 

parti<.:ipalinh coun!:Ties provided ha rdware for the Spacelab. The hard

ware units \\'e re m'ailable for Ilse hy Ame rican scjentists as well as scien

tist~ From thE" counhics d lat developed them. For life sciences res(~arch 

011 Evi L missions. the European Space Agency prOVided a life H1pport 
~:'s tem called the Biorack. The Ge rman space agency contlibu ted a 

gravitational biology facil ity ca ll ed the :\ izemi . The Japanese space 

agcnc:-: prO\~cJed tIle Aquatic A11imal E:\1Je liment Unit for condllcting 

research in aquati c. an in lal e ,nhlyology, celJ biology, bioprocE-ssing, and 

raruation biology. All palticipants of the program shared the results of 

the scienti fi c investigations. 

TI le objecti\'es of the IML program were to c-onduct a vali e ty of 

(':qlerinlent 'i in tJle life and microgravity sciences. Microgravity sciences 

cncornp,L'>s a broad range of studies including understanding funda

mental physics involved in matelials behavior to usillg those cBeets to 

Programs, Missions, and Payloads 
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generate materials that cannot be made in EaJth 's gravitational environ
ment. Experiments in the two area') of research complement eacl l other 
well on space rr.issions because they tend to pose different demaJlds on 
limited mission resources. EX1'eliments in the microgravity sdences 
often reqwre a great deal of spacecraft pov,,'er but usually require mini
mal crew time. On the other hand, experime nts in tile life scie nces 
make few demands on the spacecraft puwe r but are often c'Onducted by 
or on crew members. Research in Loth areas was expected to con
tribute to th e deve lopment of the lntemalional Space Station and 
future intemational space programs. 

Payload specialists participated in the I ML missions, as they (td ill 

the Space lab Life Scie nces missions. Their presence benefited the 
experiments within the program in seve ral ways. As expe ri enced 
researchers, they could perform e>''Periment procedures and minimize 
the lisk of error. I n the event of hardware mal r unctions, the), could 
repail' or modity equipment. They muld take advcmtage of unanticipated 
opportunities for additional data m llection whenever possible. 

The Spacelab module was flown in its long configuration 011 the 
IML missions. The long module contains four double racks and four 
single racks for scientific investigations. Each double rack in the mod
ule aCC'Ommodates 12/;0 pounds of equipment, while each Single rack 
ac(.'ommodates 640 pounds. For IML llsers, one double rack was pe r
manently outfitted with video equipment, a fluid pump, and otl.e r sup
port hardware. The p e rmanent equipme nt a ll owed researche rs to 
reduce experiment costs. 

The I~L progra.m was deSigned to place payloads on ~'Pace rug! It 
missions at apprOximately 24-montll intervals , so that scientists could 
build on their expanding knowledge from mission to mission. ' I\vo 
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missions wit.h 1ML payloads were 110wn uurin.g the 1991-1995 peliod: 
STS-42, in 1992; and STS-6.5. in 1994. 
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PAYLOAD PROFILE: IML-1/STS-42 

Mission Duration: 8 days Date: January 22-30,1 992 

life Science Research Objectives 
• To study cat plant sensitivity to altered gravitational fie:ds 
• To !>tucty whea! plant response to light in a microgravity environment 
• To study bone f:Jrmation in microgravity atthe cellular level 
• To study the exposure of nematodes and yeast cells to cosmic rad iation 

life Science Investigations 
• Bone Physiology (lML 1-1) 
• Ce li and Molecui9r Biologv OMLI -2) 
• Plant 8iology OMLl-3, 4) 
• Radiation Biology (IMLI -5) 

Organisms StLldied 
• .4vena sativa L. (oat) seedlings 
• Triticum aestivum cv. [J ro()m (Illiheat) seedlings 
• Caenorhabditis e{eaans (nematode) larvae 
• Saccharomyces cerevisiae (yeast) 
• Mus musculus (mouse) celis 

Flight Hardware 
• Ambient Temperature Recorder (ATR-4) 
• Bior::lck USI Experiment Hardware 

Programs, Mission.:, and Payloads 
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• Biorack US2 f"oeriment Hardware 
• Biorack US3 Experiment Hardware 
• Biorack US3 Syringe Racks 
• Gravitational Plant Physiology Facility (GPPF) 
• GrPF: Middeck Ambient Stowage Insert (MASI) 
• GPPF: Plant Carry-On Container (peDC) 

International Microgravity Laboratory 1/ 
STS-42 

Mission Overview 
The STS-42 mission carried the first International \ licrogravity 

Laboratory payload (IML-l) on the Space Shuttle DiscovelY on January 
22, 1992. Toe shuttle remained in orbit for 1:;l1 t days, landing at Edwards 
Ai r Force B3Se, Califomia, on January 30. oJ fS-42 carried a c.orew of seven 
members, including payload specialists fr 1' ;1 Canada and Gernlany. 

Several mic.:rogravity and life sciences experiments were carried out 
0:1. the mission. Scienjsts from NASA, the European Space Agency, 
Canada, France, and Japan wen~ involved i:1l the research conducted 
onboard. Five of the experiments witmn the IML-l payload were spon
sored by Ames Research Center. Two of these, assigned the acronyms 
GTH HES and FOTRAN, were conducted lIsing plants as experimental 
subjects. The other three, named RADIA1~ YEAST, and CELLS. stud
ied nematode wom lS, yeast, and mouse celis, respectively 
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Life Sciences Research Objectives 
TIle Ames Research Center Lfe sciences eX'Peliments were uesigned 

to study the growth patten1S of plants and to assess tlle effects of radia
lion and nucrogravity on living organjslT.s and cell cllitures. Although aU 
plants on Earth are know11 to bave simiJar growili patterns, tbeir gravity
selL~ing and Lght-respol1Se mechanisms are noL adequately understood. 
The Gravitational Threshold (GTHRES ) experiment sturuee phmt sensi
tivity to alte red gravitational fields bOtll in microgravity and in clinustat
induced weightlessness on Emth. 

The Phototropic Transients (FOTRA 1\ ) e),:p eJiment illvestigated 
plant responses to light in a mjcro-
gravity environ men t. The objectives 
of the RAOJAT and YEAST expe li
ments were to cle tennine tile genet
ic and deve lo pm en tal e ffects of 
high-energy ionized-particle radia
tion on living syste ms. These expeli
ments we re impo rtant becaus~, 

al though the high -energy particl e 
radiation of space has been physical
ly characterized, few atte mpts have 
been made to con-elate it witJ, bio
logical responses. 

The CELLS experiment was 
deSigned to aJ low scientists to s!udy 
the way tha t e mbryonic cells cul-
tured in mjcrogravity produc:e carti

lage. Ex}",eJiments on previous space 
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Oa, (Avena sativa L) 

nights have shown that carLibge 
[ormatioil is i mpa ired in spacc
flown roclcnts. 

Life Sciences Payload 

Organisms 

Oat seeds (A vena sativa L. ) 
wen:' used i II til L: GTH HES expt i -
1.1ent because oat has been Ilsed in 
more st udies of gravitropislil than 
allY other p lant and hecaus e: oat 
seedlings clevelop rapidJy. A tot~ or 
396 seeds ,vere 110wn. thoush not 
al l germiJlated in flight. Mouse (Mus musculus) 

The FOTRAN e.\penment was 
c·ollJ ucted on 144 wheat seeds (Trit icu m aestiul.lm c\'. Broom). Som 
seeds were planted preflight and so me inOight. so that thrf>c-day-old 
seedlings would be available for study throughout the flight. 

~ore than seven l1Iillion microscopic rree-living soil IH.:matodcs 
(Caenorhabditi8 elegam ) from several genetically ddlned stmins acted Cl$ 

subjects in the RADJAT expeliment. Nematodes have a generation 
time, a peli od [rom b,rth to reprocll lc:tion. of about three days. Each 
individual worm produces 280 oITspring through sel[-[ertili2:ation. Thf'y 
are ide,J for genetic studies becallse tlle :lfIcesh)' of pvery eel; in thei. 
bodies is known from the Dille oflertilization. The majority of tl1e nema
todes flOWTI on tile Shuttle were .na.intained at a cionnant larvaJ stage 
known as dalle r larva. Dauer lruvae do not feed <mel require minimal lev-
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els o r oxygen and care. 
Other nc matodes were 

hml1ched as young lar

\'at' and we re a lloweo 

to deve lop fo r up to 
Nematode (Caenorhabditis elegans) two generations du ring 

tIle' flight. 
The YEAST e" pe ri me n t Ilsed co mmon b re \\'e r's .':east 

\Sacclwmmyms cerccis;a(' I, <lllo\\~lIg rf'searc1H' I'S to study both mitotic 
ctnd meiotic cell divisions. Both nOll nal <mel radiation-scnsitive v(Uie ties 

\\ ere fl o\\1'. lotaling about lhr(-'e billion ('ells. T he small size 0: the \'east 

chronHlsonw$ pennittcu. in\'(:' sligators to l\l. ·2;:(~ sensitive measure ments. 
wh ich L'Oulti be e,,-lTapoldtl'rl to ltighcr orgall isms, incl\luing I IlJII1<1I1S. 

Appr()xill1ah~ly :32 Illi llioI I cnlLurcc.l C<lITilage (,f'lis from e mbryoni" 

ll\(J ttse (M ilS ,//W\'c" lr/s ) li lllh~ ','e re the C'.\})c lilll('!1tal 1l1atelial used in 

tht' CELLS stud\'. 

Hardware 
Plants wen" transpolted into the ShuUle in the Plant Carry-On 

Container (PCOe) . T he contai ner ac;conullodales 36 of the pla.llt h:11d

ing compart~llCnts calico Plant Cubes <.\s \\ 11 ,L<; soil trays fo r ill Highl 

pla ll lin~s . A '\1 itldeck Ambie r.t Slowage Lnsc rt (MAS] J, which holds 

<lliclitional tra,\'<; ~o r lnIli~ht pl'lIltings, was ~L1so flOWll . 

O nef' i l L~ide the spacecraft, the two p lan t expl' riments were housed 

ill the Gmvitational Planl Ph.vsiology Fa(:i l i~ ' (G PPF ), a racility usd tu 

im ('stir;ate ho\\ ' p!ants r('~1Xllld to ~ravity (v,ra\,ih'opisJl1) ancl ligh t (pho

totropism ). Set'd" are pbccd in plant growth contulIle rs called Plan t 

'nix,s. Eadl ·.:uh", contai ns one tra; ' \\~th small \\'elis in which seedlings 

Programs, MissiJns, and Payloads 

art' p lanted. F or the GTHRES expeliment. each h'ay con tained nine 

welL.. hereas [or the FOTRAl'i expe riment, each tray contained .<:ix 
we lls. Each cube has a window, which is pe neb'abie by in frareJ radia

tion , but not visible light. A second optional window allows blue light to 

ente r tlte cubes when p laced in the Recording and Stimlllus Chamber 
(HEST). The cubes used in thp. FOTRAl\ experiment had a plush lin

ing lllate li aJ whe re the cube interfaces wi th the REST and attach ment.; 

to facilitate side loading to the Test Rolor. The cubes also have a septum 

for lSas sampli ng. 
ThE' Clllhne Roto r consists of two cenbifuges that provide a fo rct' 

of 1 G to !>1)ccimens plac(·d inside . Planl Cubes a re placed on these 

rotors prior to h'ansfcr to the Mesocotyl Sll ppression Box (MSB), the 

Test Rotors. or the REST. The Test Rotors are centrifuges that rotate at 
V<llious speed., Lo provide controlled ce ntripetal forces rangiilg from 0 to 

1 C. A came ra located outside the Test Rotors allo'v\'S \ ideo recording of 

p lant be ncbng. Eac h C u lture Rotor Clnd Test Roto r centri Fuge can 

acco Jl1lTIocbte ]6 Plant C ubes. The REST allo\o,"'S ili frared recorrung of 

seedlings within IQur Plan t Cubes before and afte r exposm e to hiue 

light. The MSB. which can be used only with oat seedJings , exposes 

seedlings to reci light for up to 10 minutes, the reby forCing them to 

grow straighl by suppressing the plant mesocolyls. The me5ocotyl is a 
ste rn -like part of the see cllilIg that Forms if a seed is bllli ed deep in the 

ground. whid. as it grO\vs, ca rries the shoot mc.istem up through th 

~;oil. The mesoeolyl continues to grow tUltil the plant is e.\'P0sed to light. 

The MSB allows just f'llough light \'0 suppress the mesocotyls bu t not 

enough to inte rfe re wilh gravity responses The s1lppression of the 

nlc!)ocotyl allows investigators to study only the ('ffect on the g rowth of 

thr coleoptile , the hollow sheath enclOSing and protecting grass leaves 

87 

"0 

o 



a 

dluing gennillation l \\io video recorde rs record images from the REST 
~nd Test Rotor Ci:Ull eraS, 

The h"u'dw-are [or tl"l(; HADIAT. YEAST, and CELLS t'xp:~riments 

was G'Ontai~1ed in U1e Europe':ill Space Agency's Biorack facility (Fig. 5), 
The Bioraclr is a re I [sable, modular, multiuser laboratOlY facility fo r pcr
fann ing biological expC!l l~'l eJl ts 011 sul-jects sudl as plants, (js~ues , c<.'~l s, 

bacteria, and insects, The Biora' ' . - __ :. IS a cooler/f!'E'f'zer .. mel two 
incubators that C'cU1 operate at different temperature leve ls , 011 J ~ I L-l 
Biora<:k flew iCm additional incubator, The rac:ili ~" also [e~itllres a glm cbox 
that allows manipulatio'1 of exv elilnent specimens or handb ng or tuxi<: 
lllatel;a1s, such as cbemic(:\J rixatives, WiUlout contaminating the cabill 

t'll\;ron nlenl o[ I: I€ Shuttle, EX11e1i.IT,ent~ designed to 11)' in 13 iorack a re 

t:ontained in scaled, anodiz.ed aluminl'.1l1 COli tLune rs, 1')1X' 1 COJlt; ullc rs 

hold a \nlurne or appmxil l18.tely 65 1ll1, ",hjk, ~\1)E' 11 contiUnL"rS holJ a 
, 'o]Ul lle of ap!)roxi matel), 385 ml. 

The R.\D IAT h<~rd"v'lre included two (bJfe re nt assemblies, !!hide 

0')X' I containers were capped Lc.\iUl tubes hUed witll IJemaludes ;CUlL! 

Illedia, The contaillers also held slleets 01 a radjation-sensi tive tJle1l11Uph~

tic that n.:~~tcred ionized-p<llticle impacts. A rClwation C'<utJid~e lx·it made 
of r\omex fiilllic c:on~ ,isting or pockets ljnt'u witl l EXt! " m ntaiJ1t'd Five T)'pe 

[ containers \\~t1 1 s pcx:intt:ll.~ and one Ambie nt Temperal ll r<: Hecol tIcr 
(:\TH-4), a ~e]f:-cnll lHineJ., batte rv-powe"ed package tJ lal C~;Jl n-ctJrJ up to 

1illlr dlal1l)('L~ (II' da ta, The helt-, with Velcro tab::; to seC:llre tile l-xpc'ri!lll..'lI t 

pa<:l" I~l'S, \\~ l'; att;;" hed to the Spacelab Qllllie l tc. ,J)sorb radiati I) I I. 

1 11 si tiL' 1~1)l' II cll ll lailll ' l"S ''':elr laYI..>'T-d stacks tI l' m>ll1atml,.:' ~ i ll llwdia 

l);tcka<r(·tt [c",!.'llt!'r wilh sl wets or rmbali ()II-"t'lLsi l i"c tJ lI:' rIl10111. L" ' alld ...... ......, 

I"I H'n ll() llI l1liI1V~l"(, lI l dckc\'()rs. Tl:e YE AST IlHrd\V;~n-' was 11I)!,s " I ill. 

' I:'jl" I (,{ Jli lai l : t ' r~, Eadl cu"bi l l(-'j' held 1;)llr cl()ubk' W(,!J (;('11 cullll/"(' 

c:hamhc rs conta.ining solid agdl' Illt'UiUIll ,lilt! ) t'tLS t Tltl' contain!>fs also 
L ~ , 

carneu S)li nges filled with approi)rintp fhah,I..' , 
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Figure 5, The ESA Biorar.k IS a mulu'purpose laboratory tacili ry lor conducting biologIcal studie:., 
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The Grovvth of KSC's LIfe Sciences Program 
Intervievv vvith Hovvard Levine 

Howard Levine joined NASA's Life Sc iences sup
port contract in 1993 and is now a senior scientist at 
Kennedy Space Center IKSC). He has been involved 
with over 20 space flight experiments, beginning with 
CHROMEX-Ol , the fi rst sc ience payload managed 
enti rely by KSC. 

When asked to look back on the growth of KSC's 
young spa ce life sciences program, Levine said, "The 
biggest change ove r the years has been in the 
improvement in the hardware that' s available to the 
investigator. Whell we started with CHROMEX-Ol , we 
had the Plant Growth Unit IPGU), which wasn't bad, 
but gave you a very low level of light. below the min i
mum that any investigator would want to use for any 
kind of photosynthetic experiment." Since then, hard
ware has been developed that provides plants with up 
to 10 times more light. Also, sa id Levine, "There 's bet
ter control of the ambient temperature and carbon 
dioxide concentration. The PGU didn 't have any cool 
ing capabilities. That WCl S always a problem in the 
early experiments." 

The Biologica l Research in Canisters (BRIC) hard
ware has also evolved. Said Levine, "Our Fl ight 
Hardware Deve lopment grlJup took these very basic 
cylinders and enhanced their capabilities to provid e 
temperature and humidity monitoring, light for phototro
pism studies, and crew-activated inflight fixation. They 
also developed a sealed version that can be flushed 
preflight with an investigator-specified gas mixture, 
providing another level of experimental control." 

Programs, Missions, and Pay/Dads 

His job as a Project Science Coordinator provid
ed Levine with an extra se t of challenges, besides 
working to expand hardware capabilities. "Part of the 
challenge," said Levine, "has been helping investiga
tors maintain sterility during their space flight experi
ments. Often you have an investigator from a state 
that has relatively low humidity and not much of a fun
gal problem. They'll have methods that work in their 
home lab, but then they c.ome to Florida in the middle 
of summer when we have 100 percent humidity, and 
they have to take stricter precautions." 

Not only do the investigators have to deal with a 
different se t of environmental conditions, but they 
have to adapt to working with the small, closed sys
tems typical of space flight hardware . Including him
self in an observation, he said, "All Ph.D.s are some
what greedy in terms of the amount of data we want 
from our experiments. So we tend to see how many 
organisms we can fit into our system on Earth and 
cram it as full as possible. In space, you cannot rely 
upon convection as an oxygen replenish ing mecha
nism, forcing you to often rely strictly upon diffusion, 
which is a much slower process. So if you have a 
chamber that can support 40 organisms on Earth, you 
may not be able to support that many in space due tf' 
reduced gas exchange. It's often a challenge to get 
the investigators to back off on the number of experi
mental organisms per chamber." 

Another related challenge is determining optimal 
environmental parameters for any given experiment. 

u ~ 0 0 0 ~ 0 0 0 0 

"With a lot of experiments you'll have a set of environ
mental conditions that you determine on Earth at 1 G 
to be optimal. Then you fly your experiment and do a 
ground control with that experimental regime and 
compare the two. However, what was experimEntally 
determined to be optimal on Earth is not necessarily 
optimal under microgravity conditions due to differ
ences in the way liquids and [I"ses behave in space. 
So a bias has been introduced Into the experiment. 
You 're not really looking at a direct mic rogravity dif
ference; you 're looking at a difference in the optimal 
environmenta l parameters requ ired to support the 
growth of the experimental organisms, i.e., an indirect 
microgravity effect." 

Currently, LevinEl is the principal investigator for 
the second Microgravity Plant Nutrient Experiment. 
His research group is a':tempting to define the optimal 
moisture levels for plant roots in space and different 
ways of providing water and nutrieilts to plants. This 
knowl edge w ill be put to use on the International 
Space Station. Knowing what environmental factors 
are optimal for microgravity will allow other investi
gators to maximize the efficiency of their experiments 
in the future. 
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For the CELLS expeIi:~'lent, Type ] (;Qn taincrs housed i:\ single tray 

holding four polycarbonate chambers, cach divided into two Iiqujd-tight 
compartme nts by a gas-pen neablc lne ll1brane. The chambers allowe d 

iJljection o f media and fIxat ive . Additional Type 1 eontair'ers carried 

mpty .~)'linges for medillm removal and s)'1inges filled with fixative ('II' 

rep lacement mecUum. SYTinge racks were lIsed to store syringcs. Th 
racks, made of Lexan polycarbonate, are deSigned in three c:onfiguratiuns: 
a Cooler Rack, a Stowage Rack, aIld a Freezer Rack, each storcd in a cUf

lerellt location "md intended to hold syringes fllled ,,:Tith differenl media. 

Operations 

Preflight 

Sef'cllings [or the GTHRES and FOTHAN exveriJllcnts were Cltl 

tured in plant cubes. To e nsure that p lants of appropriate heights and 

ages would be available for the c:xpell ment , some seeds were planted 
preflight. For the GTH RES Ilight experime nt, 180 oat seedlings wen 
plallf ed ill 20 Plant Cubes. These oat seeds began germinating 011 th 

groul\d. F or the FOTRAN llight exp e rime nt, 96 wheat seeds were pJunt
d jq l(j cubes. Cubes with planted seedlings and soil trays (or inflight 

plantings were both loaded into the Phmt ''=:any-On Cont:liner. 
The RADLAT exp e lirnent requ ired approximale ly 80 thousand 

WOnllS to be p laced inlexan tubes in Type I containe rs. Inside the tubc.~ , 

dOnllant populations of dauer la rvae were incubated in a suspension 
medium . Crowing populations were p laced in lubes seeded with a thjn 

layer of' ag~u'ose alld E. Coli bacte Jia. Assembly of tJle RAD IAT Type II 

containers began two days before launch. Worrns we re placed into a 
layer of nitrocellulose filter at approXimately 10,000 WUIlTIS per squa.re 
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centimeter. Each worm laye r was <L~sembled with particle detectors and 
sllpport layers, creating a sand'vvich . A to tal of W sandwiches we re then 

loaded into two Type II cont.:line rs beginning approximately ZO hours 

before launch. The Radiation Cartridge Be lt ww; placed in the less

sluelclcd tUJlnel of thp Shilttle , where the nematodes received th E: -ame 
radiation dosage as the ere,"" . 

Radiation-sensitive mutant yeast cLuhlres f())' the YEAST e)'1)e riment 

we re placed in [our containers, the Honna! yeast cultures were placed in 

fOll r eonlaine rs, .mr! all eight were slowed at 5 °C in the Illiddeck of the 

Sh1l ttle before launch . 
For the CELLS CX1)Climenl, ce ll culturcs were prepcu'ed and placed 

in a total of 20 Type 1 conlaillers . Te n containers we re Ilsed for fljght 
exp e rilll c nts, and the remain ing were used in ground c~:pe ri 1l1 c nts . 

Appruximately 20 hCJl lrs befo re launch. flighl cell cultures were tumed 
over to ESA and loaded into a .5 °C Passive Thelmal Conditioning Unit 

to maintain the cultu res in a fh ed temperatllJe until hlunch. 

Inflight 

Ground contro l experi me nts lo comple me nt the GTHRES and 

FOTHAN tlight experiments included a synchronolls ground conh'ol 
conducted in a C PPF and a cllno rotation experimenl, which provided 
the GTHHES and FOTRAN specimens 'N;th a simulated Inicrogravily 

Ilvironment. InJJjglt t controls with no light stimul.i were also pelformed 
in tl le FOTRA0: e:-.:pcrirflcnt. 

At various ti mes during ti le flight, the crew phmted 216 oat ,mel 48 

whcat seeds in plant cubes. P lant cubes containing oat seedlings ror the 

GTHRES c).1)erirnent wcre either pluced on OI1P of the Earth-gravity 
simulating ccnbiiilge's or in tlte mic:rogravity el1\~ ronlllent until they were 
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ready to be I Ised in the c.:xpelil1lc-nt. At presc.:hf:'d uled lim(~s dming the 
mission. Plant Cubes were tnmsfCITf:'d to the vtuiable-gravity centl ifllges 
lor e:l:posure to different combinatiolls of gravi tational forces. G-',;allle<; 
ranged From OJ to 1 C; and times rctngcd ['rom 2. to 130 minutes. 

Once the Shuttle achieved orbi t and the Spacelab was activated, 
some or the CTHHES plant cubes WE're trallsfelTed to the two t:ulhlre 
rotors, where they continuec1 tu develop under siJl1111ated Earth-gravity 
(;() llclitiOllS. At preset times, plant cubes were llloved in groups of four to 
the .:"I.1SB, where they were exposecl to JO-minutc periods oC red Light. 
Ti le <';~Ibes wt-r~ then retumed to lhp cll ltu re rotors. \;\/hen the plants 
wcre 82 hours old. the plant cubes we re moved to H tes t rotor and 
:'posccl to prerif'le rmin ed Clc.:cc l<:: ration forc('s and durations. Plant 

growth was recorded llsing in l'mrccl photography while in the test rotor. 
Other parameters re<..:o rded were ethylene gas concentrations, tempera
ture. and cel1hi rugc speed. 

Plant cuhes for the FOTHAN e>q1E'limcnt were placed in culture 
rotors at the Lime of Spacclab activation. \Vhen ti le seedlings were 7, 
hours old. they were b',msrcn ed, in groups. to U1C REST. where they were 
e>:posed to a pulse of blue Bg;h t to evoke a photOb'opic response. Growt! : 
responses were r(.'(.'Ordeo by infi'dJ'ed tilTlc-lnpse photography. Gas concec. 
b"l:ltions were scunpled as tb~)' were in the GTHHES expelimcnt. 

SUllie of tile plant groups used in GTH RES and FOTHAN were prc:
selvcd in a fL'\ative dUling flight. while others wcre retwTled live to Ealth . 

!\ ground c.:ontrol experin lent, which llsccl identical specimens and 
hardwarf'. complemented the RADHT. YEAST, and CELLS fli ght 
'xperiments hOllscd in the Biorack. The two-haul' dela)' between th 

flight e~,:peliment and the groulld control experiment allowed all [light 
c:\l)criment procedures and f'nvironrnentai conditions, sllch as hurnicUty 

Programs, Missions, and Payloads 
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leveL~. temperature, ~md gas concentrations, to be dupljcated exaetly in 
the ground control eX}1e riment. Thf' night control e>.v erimenl, concluct

<.l in a I -G eentJiFuge, allowed investigators t(l distinguish beh,.,een th 
effects on spe<.:imens caused by rnicrogravity and those caused by tlle 
other environmental conditions of space flight. 

The RADIAT expeliment required the crew to place <.:antainers in 
valious predete rmined temperature environments within the Shuttle. 

For the YEAST eX'}Jeliment, the crew h'ansi'erred the eight containers 
of the normal <md lTlutant yeast cells from the midcle<..:k to incubators at th 
time or Spacelab activation. Two containers of e.acll cell type were placed 
in a 36°C incubator <Uld two of each type were plu<..:ecl ill a 22 °C incuba
tor. \ iViUljn each iJlcubator, one containpr of each ye,l<;t type was placed on 
a ccntriJugA that provideu a gravitatiollal force of 1 C to the specimens, 
while one contctiner or each yeast type W<l~ kept in microgravity. 

Over fOllr pe,iocls. fixative was added to half of the cell cultures from 
each or the four culture condjtions: 22 °C/l G; 22 °C/O G: 36 °C/l G; 
and 3C:i °C/O C. The preselvecl culhlfes were then placell in a 4°C cool
er. The remaining live ~ultures were maint,tined undisturbed for the 
duratiolJ of the mission . 

For the CELLS exv eliment, cell culturf'~ wpre kept in a 37 °C incu
bator. rive containl"rs flew on a l-C cenhifuge. while tlle other nve con
tainers wcre kept ill microgravity. Crew members used the glovebox to 
remove gJOWtll media from a O-G and a L-C chamber. They froze tlle 
removed media ror later biochemical <U1alysis. The)' tJlen filled the cham
bers witll new culhne medium, added fixative to the chambers to preserve 
the cells, and b'ansfen'cd the chambers to the 4 °C cooler. These proce
dures were conducted shOItly afler Biorack activation, which occurred 
about Rve hou:-s after launch. and everv 24 hours thereafter. 
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Postflight 

After the Shuttle landed, anel the experime nt packages we re recov-
red, gas sampJes. p lant samples, and photographic data from th e 

FOTRAN and GTHRES experiments were analyzed. Plastic detectors 
used (or the RADIAT expeIiment were che mically processed to record 
where particles had pene trated the worms. Genetic mutations and 
developmental abnormalities were also assessed i!1 the wonDS. For the 
CELLS experirncnt, the amount and quabty of cartilage development 
were assessed anu the c:haractcJistics of tl \C cartilage tissue were noted . 

Results 
Acceleration measLlre ments taken from tlle Shuttle showeu tllat sig

niB.cant custurbanc-cs oc:cl1rred pe tiodically during the mission. The exper
iments themselves appeared to have been a signiflcant source of distlU'
bartee. The refJigeratorifreezcr used onboard appeared to have COI\ 

tributed considerably to tlle vibration tllat occUlTed during tJle mission. 

Oat Study 

The GTHRES expe rim ent found that a simulated graVitat ional 
force was lIOt a requirement [or autotropisfll , tlle retllm o[ a bent plant 
to its upright position , to occLlr in space. Huwcver, autotropisrn did not 
occur i.n oat coleoptiles dUling the simulated microgravity conditions of 
dinoration on Earth, or was obselved at a feebJe level. The threshold 
stimulus for gravitational response in rnicrogravity W,L~ found to be ve lY 
low-about 1.:5 or 20 G-seconds. Circurnnutation, tlle hemung or tum
ing of a growing ste m tip that occurs as a result of unequal rates of 
growth along the stem, of the oat coleoptiles was not obse lved eitller in 
space mierogravity or dwing clinoration. Oat seedlings on lML-l exhib-
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itcd "preco( 'ious developn.ent syndromc" (PDS), in which shoots 
emerged ove r lu·Jf a day earlie r than control seedlings on Earth . 
However, this syndrome occurreu whiJe the seedlings were growing on 
the .L-G cent1iJlIge, not while c:-vosed "0 microgravity. The GTHRES 
exp eriment also demonstrated that clinorotation uoes :lot always p ro
uuce the same effects as microgravity. 

Wheat Study 

Autotroplsrn cmd PDS weI'€' also observed in the wheat plcmls of the 
FOTRAK experim e nt. The PDS appeared to be progressive: the 
seed lings tllat spent a higher pe rcentage of the pe riod before emergence 
ill space developed faster. Gcrmination was earuest ill seedlings that 
were planted during space flight, which therefo re completed al l of thei r 
ecu'ly development in space. There was a reduction ill the proportion of 
seecUings that exhibited circumnutation at 0 G, but cin.:umllutaliollaJ 
activi ty wa~ still present in almost half or the night sef'clliII gs. As in tlle 
GTHRES expeliment, tlle c1inostat did not provide a re liable simulation 
of hl.lC microgravily efl=i:!c:ts. 

Nematodes Study 

The RADIAT cxpcliment demonstrateu that genenttion of mutations 
was 10 times greater dwing space llight than on Earth, though no uTegu
Imities of reproduction and development were evident in tlte won llS. 

Mouse Cells Study 

Signincant de tachm e nt o f ce ll layers occu rred jn a ll groups. 
Transmission e lectron microscopy sholved that within fligh t cell cu l
tlll'es, cells did undergo a shape change from ilattened to rounded that 
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is associated \\,;~h chondrogenesis, but the associated production 01' 
mahix did not occur. 

Yeast Study 
The YEAST e.\pe riment indicated that no marked enhancement or 

rec1uction o f cell ~,'ie kl occurred unde r rnicrogravity condjtions. The 
te lllperature of incubation appeared to be the principal factor affecti.ng 
the total cell yield of the cultures; cell densities of cultures incubated Hl 

22 °C were great(~ r b\· a ractor of two or l (~ss than the densities of those 
, -

incubated at :36 0c. 

Additional Reading 

E uropean Space Agency. BIOHACK 01 1 Spoce/a/? [!\fL.-I. European 
SpacE' ;\ gency SP-J lfi2. ~oorc1\Vi.ik, The' ~(~ther1ands : ESA 
Publi<:ations Division , ] 99.5. 

Duke, P. J. Altered Chundrocyte Differentiation in Response to AJtert:'cl 
G-le\·e l. Tn : 1992-1993 S7Hlce Biology ACC01/1.jJlis/nllc llts , edited by 
Thora \\ ~ Halstead. :.lASA T M-.f7U. October 1994, pp. 222-224. 

~i lle r, l'.Y .. eel. first In l'c nw/.io ll{/{ Micmgr(wily L almrator1j Experi'/1wllf 

Descri7Jlions . ~AS_'\ T ivi-4:3,53, Febn tary 1992. 
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PAYLOAD PROFILE: IML-2/STS-65 

Mission Duration: 15 days Date: July 8- 23,1994 

Life Science Research Objectives 
• To study the early development of gravity-sensing organs in newts 
• To study the development and gravity-related behavior of jellyfish in space 
• To study the critica l stages of plant embryogenesis in microgravity 

Life Science Invest;gations 
• Developmental BiolC'CjY (lML2-1) 
• Neurophysiology (tML2-2) 
• Plant Biology (IML2-3) 

Organisms Studied 
• Cynopus pyrrhogaster(newt) adults aild larvae 
• Aurelia aurita (jellyfish) polyps and ephyrae 
• Hemerocallis cv. Autumn Blaze (d aylily) cells 

Flight Hardware 
• Ambient Temperature Recorder (ATR-4) 
• Aquatic Animal Experiment Unit (AAEU) 
• Li fe Science Cell Culture Kit (CCK) (suppl ied by NASDA) 
• Plant Fixation CharTl ~er (PrC) (supplied by NASDA) 
• Refrigerator/Incubator Module (R/ IM) 
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International Microgravity Laboratory 2/ 
STS-65 

Mission Overview 
The second in the series of l nterncltional Microgra\'ity LaboratolY 

payloads OML-2.) was launched on t.h E' Space Shuttle Columbia's STS-6.5 
mjssion OIl July 8, 1994. After rernainjng in orbit around the E,:uth for 1.5 
Jays, the Shuttle landed on July 23. T he seven-member crew included a 
Japanese astronaut, who \:va~ the fl rst Japanese woman i.n space. 

Besides NASA, the European Space Agency (ESA) alld the space 
agencies of Japan (NASDA), Canada (C.SA), Germany (DLR ). and 
F rance (CNES ) sponsored expeli ments on tJle mission. Investigators 
from a t.Jtal of 13 cOllnnies p<:uticipated in resecu'ch into the behavior or 
mateJials and life in rnicrngravily 

The IML-2 payload consisted of more than SO expe riments in 
microgravit.y and ljfe sciences, incl uding five Ufe science e:\'Periments 
developed by American researchers. o r these, Ames Research Center 
~ponsored two expeJi ments using newts and jellyflsh . Kennedy Space 

'enter (KSC) sponsored tLe PE \ltBSIS experiment, deSigned to study 
plant elllbJ),ogenesis in microgravity. 

Life Sciences Research Objectives 
The objective or the newt e).'PeIiment was to study the early devel

oprnen t of gravity-sensing organs (Fig. 6). The lItJi cle and saccule "u'e 
specialized organs present in the i.nner ears of all velt ebrate animals. 
They cont<l in otoliths (or otoconia), ccJciulll cill·bonate stones, wllich are 
J eposited on a gelatinous membrane that lies ove r the senson: hair 
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cells_ The pull that gravity exerts on tl;e otoliths is sensed by the hair 
cells, and information abolll the gra,.itational stimulus is transmitted to 
the brain ,ia conne(;ting nerve fibers_ The e>'lJelirnent was designed to 
determine whethe r otoli th production and development of otolith
associated receptor cells and nerve fibers may be altered in the miero
gravity environment or spacE'_ 

The jellyfish e>.-peli.ment was designed to stud), beh<1\~or and devel
opment in space. Behavioral parameters studied included s'vvim l" ;ng, 
pulSing, and orientation. SnJd)r of Lle\'e lopmelltal processes focused on 
gravity-sensing orgalls. The expclirnent also sOllght to determine the 
leve l of artificial F~ravity stimullls needed to (;oun te ract any negative 
effects of space flight. 

The objective of the plant embtyogenesis (PE\1BSIS) experiment 
was to evaluate whether spaee Ajght afiected the pattern and develop
mental progreSSion of emblyonjc daylilies from one well-defined stage to 
another. It also exanlined whethe r cell division (mitosis) and chromo
some behavior were modified by lhe space environment. 

------

Japanese Red-Bellied Newt I Cynopus pyrrhogaster) 

Programs, Missions, and Pavloads 

Life Sciences Payload 

Organisms 

Adu lts and larvae or th e 
Japanese mel-bellied newt species 
(Cynoplls pyrrhogaster) we re 
used in the newt e"-1?eli ment. This 
species was selected for study 
pmtly because the vestibu lar sys-

-.-">-;:1 ! ~ 

tem of "elY young newts under- Jellyfish IAurelia aurita) 

goes most of its development in a 
peliod of time equivalent to the planned mission duration. Furtbeml0rt;. 
adult fc::males em be inLluced to lay eggs b), injecting them with a hor
:none. Their eggs develop in orbit and manJre in the microgravity envi
ronment to provide scientists with a sample or emblYos that have under
gone early develop meat in microgravity. 

Moon jellyfish (Au-relia aurita ) served as experirnent subjecto; for the 
jellyfish expeliment. Both the s~dentary polyp stage and the free
s"vimming ephyra stage of the jellyfish were studied. 

The PE~I3S1S expe rime nt stuilied e mbryogenically competent 
da)'lily (Hemerocallis cv. Autumn Blaze) ceils. 

Hardware 

~ewt adul ts and larvae were housed in cassette-type water tanks in 
the Aquarium Package witrun the Aquatic Animal Expeliment Unit 
(MEU), developed by NASDA, the Japanese space agency. The MEU 
is a life support unit that can keep fish or other aquatic animals alive (or 
at least 19 Jays in the Spacelab. It consists of a Milln Unit, ,m Aquarium 
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Package, and a Fish Package, each of which has an independent life sup
POlt system. In IML-2, each cassette held an ei,g container with inclivid
ual egg holes (6-mm diameter, approximately 12 mm deep). 

A slow rotating centrifuge microscope and camera system, Nizenoi 
developed by DLR (formerly DARA), the German space agency, was 
used to examine and videotape the behavior of the jellyfish ephyrae and 
polyps at up to 15 VaryUlg levels of G and at a temperature of 28°C (to 
facilitate swimming activity). The l\izemi provides observation of sam
ples under variable acceleration levels betvveen 10-3 and 1.5 G and a 
controUable temperature between 18 and ,37 °C. 

Jellytish were housed in the Emopean Space Agency's Biorack facili
ty "vithin Biorack Type 1 containers. For descriptions of the facility and 
containers, see IML-1. 

A Refrigerator/Incubator Module (RllM ) held fixed jellyfish speci
mens. The RII M is a temperatuTe-conb-olled holding unit flown in the 
SbuttJe middeck that maintains a cooled or heated environment. It is 
divided into two holding cavities and can contain up to SLX shelves 
accommodating experiment hardware. An Amb ient Temperature 
Recorder (ATR-4) was placed inside the MM. For a general desclip
tion of the ATR-4, see IML-l. 

The PEMBSIS experime nt used hardware provided by th e 
Natiork1.l Space D evelopment Agency (NASDA) of Japan. As part of th 
:'-IASDA Life Science Cell Culture Kit, tJlis expe riment used six peb.i
dish-like Plant Fixation Chambers (PFCs). The PFCs were used to hold 
the cultmed plant cells for the PEMBS[S ex-peliment. These containers 
me completely sealed. The PFCs allow plant cells ex 'Posed to space 
/light to be fixed in orbit by inseltion of a chemic<u fixative via syringe 
through a septum port. 
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Figure 6. Together, the semicircular canals and the otolith organs make up the vestibular 
apparatus of the inner ear, which provides information to the bra in about balance and 
motion in 3-D space. The gravity-dependent otolith organs, lined with hair cell receptors and 
otoconia, detect linear acceleration of the head. When the head moves, the otoconia lag 
behind, bending the hair cell receptors and changing the directional signal to the brain. 
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Operations 

Preflight 

PE\1 BSIS ceU cultL: res we'"p prepared about a week before launch. 
Twelve chambers were filled with a semi-solid medium. Six ,vere trans
ported to KSC and kept in an unlit incubator at 22±2 °C until they wen~ 

loaded into the Shuttle. The other six were used as ground controls. 
Approximately :36 hours before launch, 148 prefe ltilized newt eggs 

were loaded into the th r(-'~ cassettes cf the AAEU. Four adult ne\vts were 
also loaded into the cassettes; bvo C<L~settes each contained one newt 
apiece, willie a third contained two. Fresh , aerated water at 24°C ciJ'culat
ed contiJll.Iously through the unit. A similar unit was maintai.ned at KSC a<; 
a ground-canb"oJ. 

l\;venty-foUT hours before launch, [our groups of six jellyfish polyps 
each were given iodine in artificial sea wate r (ASVi7) to induce sbubUiza

tion of polyps into the ephYTae FO l1n. 
Shortly before flight, the jeUyflsh samples were loaded into a total of 

10 Ni.z.emi cuvettes cx:mtaining ASW and p laced in Type I containers. For 
the behavior study, a group of nonnal ephyrae and a group of ephyrae 
\~~thout statol:iths were placed in the Biorack 22 "C incubator. The third 
group of eph)'Tae was placed in the Biorack 1-G cenbi.fuge. Two groups 
of polY1JS were used for the development study. One group wa<; placed in 
the incubator and the other wa~ placed in the 1-G cenbi.liJge. A similar 
set of equipment was maintained at the KSC ground-C'Ol1bnl facility. 

Inflight 

On flight days 6, 8, and 11, the crew canied out video observations 
of newt eggs to document the rate of development. The crew also made 

Programs, Missions, and Payloads 

observations of the adult newts at speCified times. On both the fifth and 
ninth days of fljght, an adult newt was found dead, causing the loss of 
some eggs because of contamination. The remaining two adult newts 
sUlvived the flight and were re.::ove red live upon landing. 

One cuvette from each group of jellyfish ephyrae and polyps 'Nere 
videotaped on tht:! rotating microscope/cenhifuge at intervals throughout 
the mission to detennine the G-threshold for the S\vimming behavior of 
the ephyrae. On flj ght day five, both the flight and ground-control 
groups of ephyrae with statoliths that had h(.en hatched on Earth were 
fixed . On Hjght day 13, two of the lour groups of polyps that had been 
strobilation-induced were axed . The remaining ephyrae and polyps were 
retl.lmed to Emth for postflight an"uysis. 

To provide a comparison bebveen flight-ftxed and ground-fixed 
groups in the PEMBSIS eX'Pe rin1ent, the crew fixed some cultures shortly 
before landing. The fLxative was a three-percent glutaraldehyde (balance 
wate r) solution. Each chamber was fixed with a 20-ml injection of fixative. 

Postflight 

T he flight cassettes containing the f' ,:,wts were re tJieved approxi
mately six hours after l ~U1ding. Some of the larvae were fixed and pre
served for later analysis, while some were tested to estimate how space 
flight affected the gain o r the otolith-ocular re fl ex and measure the 
otolith volumes ar.d areas of associated sensory epithelia. 

Living jellyflsh were counted, codecl and photographed beginning 
at five hours postflight. The pulse rate, numbers of anns, rbopalia, and 
statoliths were counted in each of the ephyrae. Those with abnormal 
pulSing were videotaped afte r landing and agai n approximate ly 24 
hoW's late r. Some of both the flight and control jellyfish were allowed 
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to form clones, which were then examined for ann number and other 

structural differe nces. 
After the PEMBSIS cell culture chambe rs were recovered from the 

SllUttle, specimens of living cells and somatic emii lYos we re pho

tographed, counted, and cilemicaily h"ed within nine !lOurs of lcU1cUng. 
before their first di\ljsion cycle on Ealth was comple te . Chromosomes 

were measured aJld compaJ'ec1 within and among cultures. 

Results 

Newt Study 

Ac:cording to mOlphogical analYSiS, both flight and ground controls 
developed at the same rates. Analysis of thr-:,e-dimensior.al reCOnsblJC

tions showed that flight-reared huvae had a larger mean e ndolymphatic 
sac (ES) and duct volume and a larger ave rage volume of otoconia within 

the sac when compared to Si mi larly staged ground controls . 

FUlthel1l10re, the appearance of otoconi.a in the ES was greatly acceler
ated in the I:?Jvae reared in micmgravity 

Jellyfish Study 

Ephyrae that developed in 1l1icrogravity had Sign ificantly more 

abnonmu <omll numbers a'> compared \\~th I-G flight aJld grouad controls. 

As compared to conh'ols. signifiCaJltly fewer ephyrae that developed in 
spac"€! ~wam when tested postflight. Polyps budding i.n space produced 
more buds and we re developmentally ahead of ground conb'o\s. Altllough 

deve lopment through budding and through metamorphosis proceeded 

well in space, some jellyfish are apparently 1110re sensitive to nricrogravily 
thtm otllers, cc, evidenc:ed by t1wir abnOlln~J arm deveJopmer~ t. 
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Oaylily Cell Study 

Cytological changes and chromosomal abelTations were Sf.en in boul 
flight-fixed and ground-fixed /light cells. A substantial l1umbf' r of binu
cleate cells, cells possessing two nucle i, were also found in the llight san l

pIes. The ground-control samples were ailuninlJcleate . 

Additior.al Reading 

NASA. STS-6.5 Press Kit, July 1994. Contained in :'>JASA Spal'(-' :'huttle 
LalU1ches Web site. httpJ/W\o\.w.ksc.nasa,gov/shuttleJmissionslmis

sions.html. 

Snyder, RS., comp. Secund Illternatiollal Micmgrm;ity Laboratory 
([ML-2) Filial Report . NASA RP-140,"i. July 1997. 

Wiederhold. YLL, WY Gao, J-L. Harrison, ;md R. Ilejl. D evelopment 
of Gravity-Sensing Organs in Altered GraVity. Gravitational and 
Space Biology Blllletin, \'01. 10(2), June 1997, pp. 91-96. 

Wiederhold, M .L, llA Pedroza, J.L. TIanison, R H ejl , and \V. Gao. 
Development of Gravity-Sensing Olgans in Altered Gravity Conditions: 

Opposite Conclusions fi 'OrI1 an Amphibian ;md a Molluscan Prepamtion. 

Jot/mal ojGrar.}itational Physiology , voL 4(2), July 1997, pp. P5I- P54. 

Life into Space 1991- 1998 



Pituitary Hormone Cell Function (PHCF) 
Payload 

The Pituilary H OllllOne Cell F unction (PHCF) payload was designed 

to pro\;de an opporhmity to resecu'ch rat pituitruy ceU behavior in micro
g"uvity. The expe liment was sponsored by Alnes Rese,u'ch Cente r. 

The objectiw o f the PHCF payload was to examine the e ffect of 

mic rogravi ty on g rO\vt h hormo ne p roduced by cells in th e pituitary 

gl ~U1d. This bonnone is crucial ill promoling growth and maintaining the 

prupe r cundition of a "miety of (issue lypes th."Oughollt lhe body A pre

limil1<ll~1 ce ll-cli lturC' expelimc nt pe rformed on the STS-8 mission in 

19t:;:3 showed t.hat rat pituitary ce lls released less hon nom' dUling space 

flight than all the h'Tound. T his observation was partially confirmed by 
expetiments perfo n ned on the Spacelab :3 mission in 198.5 and the 
COSIOOS 1&<37 mission in 1987. 

PHCF was a small payloClll, requiring mininml crew attention, locat

ed in the Shuttle m iddeck It constituted a one-time payload . which [lew 

in 1992 on the STS-46 mission. 

Programs, Missions, and Payloads 
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PAYLOAD PROFILE: PHCF/STS-46 

Mi~..,,;ion Duration: 8 days Date: July 31-August 8, 1992 

Ute Science Research Objectives 
• To determine the effects of microgravity on hormone-producing rat pitu

itary cells 

Ute Science Investigations 
• Endocrinology (PHCF-l) 

Organisms Studied 
• Rattus norvegio;us (rat) pitu itary cells 

Flight Hp.(dwar .. ~ 
• Altered Kit Conta iner (AKe) 
• Ambient Temperature Recorder (ATR-4) 
• Refrigerator/Incubator Module (R/ IM) 
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Pituitary Hormone Cell Function/STS-46 

Mission Overview 
The eight-d<lY STS-!6 mission was lauf)('bed 011 the Space ShuttJc 

Atlantis on July 31, 1992. After the mission was ext ended one day to COI1'

plete scientific objectives, the Shuttle landed on August 8. The se\'(!!1-
member crew induded em astronaut fi'om the European Space Agency 
(ESA) and the fn-st <L~trunaut from the ltali~U1 space agency (1\SI). 

The primary miss ion objectives wei ~ to deploy the Tethered 
Satellite Sys tem, jOintly sponsored by NASA .mel ASl. and to deploy the 
ESA:<; EUHECA platf()nn. One. of its sccolld:.lJY objectives was to fl~ ' tlw 
Pituitary Honnone Cell Function (PHCF) ph/ load ~ponso]'ed by An1t's 
Resem'Cll Cellter. 

Life Sciences Research Objectives 
The PJICF experilTlellt was designed to detenninc if micrognl\ity 

aHec~s the capacity of cultured rat pi tuitlliy cells to produce biologically 
or immunologically active growth hormone (Fig. 7). DilTerent cells 
within the mlterior pituitilly gland of the brain produce difte!'ent hor
mones. Growth hOnll0ne is secre ted from cells called s0matotroplls anr! 
affects numerous body tissues, including the li \'e r, muscle, fat, and 
hematopoietic tissue. It plays an impmt ant rnle in l1luscle metabolism. 
and alterati()ns in its secretion may wnhibute to l1licrogravi ':y-associnted 
muscle atrophy Research into grQ\.\oth hormone production and secn:
tion in microgravity Play he lp scientists unde rstcU1d the mechanisms 
behind muscle atrophy and operative mechanisms ill degenerative IllUS

d e diseases on EClIth. 
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Figure 7. The pituitary gland, influenced largely by hormones produced In the hypothalamus. 
also produces hormones th3t affect other parts of the endocrine system. The postl!rior lobe 
stores and releases hormones made by the hypothalamus. The anterior lobe produces its 
own hormones. including growth hormone (GH I. but is regulated by the neurosecretory 
cells of the hypothalamus. 

The objectives of the PlJCF expe:i lllcn t werl" bl dc termine tit 
eITPet of microgn\\ily on thc synthesis, storage, secretion, and molecular 

fonn of grO\\.th hormone b~' rat pitui tar~" cells and wbether any a1ter-

Programs, Missions, and Payloads 

ahons in pituitary hormone secretion re main ill vitro afte r return to 
Eiuth. The expe rime nt also sough t to dete rmine bow microgravity 
affects somatob"ophs in dorsal versus ventral areas of the pituitary gland. 

Life Sciences Payload 

Organisms 
The e:-;peJiment llsed cultured cells from male albino rats (Rnttus 

norvegicus) of the Sp rague-Dawley sb-aill . At the time of p re flight eutha
nization for collection of cells, rats were approx:mately six weeks old and 

weighed between Zl'O an c1 300 g. 

Hardware 
ell cultures were held i.n \'ials p laced in an Altered Kit Container 

(AKC), a t.'Ommercial kit c;ontaine r, altered [or use with the PHCF e.\per
iment. Heat-tmnsfe r plaLes were added to the left side of the box to allow 
e ffic ient heat transfe r to and fro m the RefrigeratorlIncubator YloduJ 
(RlIM). The RlIM is a temperatme-t.'OntroUed holding unit Oown in th 
SlmtLle midcleck that n~.aintains a cooled or heated environrnE'nt. 

TlIf' inside of the AKC consists of Lwo hal,·es, each with si'( slots. 

EIC:'ven of the slots each contain one \/lal rack containing 15 vials. The 
remain ing slot accom modates an Ambient Tempe rature Recorder 
(ATR-4). a self-t.'Ontained , bcltte l)"-powered package that ("an record up 

to four chcUlnels of temperatu;·e data. 
To enable the crew to monitor the incubation temperature and veri

fY Rf[\ 1 functioning, an adhesive-backed liquid c,ystal theml0tnpter. 

called a Te ,l1peratun=: Strip, was applied to the AKC. The AKC was then 

placed in the RlIvl . 
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Operations 

Preflight 
DlIJing the prcOight peJiocl, rats were I·ept in grour~ of fe:mr in 'vi \ 11r

ium c"<lges maintaU1ed al 18 to 26 DC. They had Cree acces,> to food and 

water. Their light cycle was sct to 12 hours of light .ute] nati ng \\~ th 12 
hours of darknes~ , adjusted so that e uthanac;ia would oceur at around 

three hours afte;-lights-on . 

Twenty-sL": how-s before launch, pituihuy glands were collected f"ron I 
the brains of 100 euthanized rats. Five different types of cell cultu res 

\Vert> prepared from the pituitaries. Of th e 100 p ituitary glanill, SS were 
hcmc,gcnizcd. The homogenized tissue W"cL~ used in three expcri rnenta: 

roups of cuJhu"es. The Ilrst was compos:::d of:.l mixmre uf ceUs .::apable 
of producing many diffe rent hon nones. The re mainder of the hOll1oge

nized tissue wa" separated into high-density cells, \\"hich fOl-med e1P Sf'C-
nd group . a nd low-density cells, \,·hich fo rmed the third. The 15 

remaini.ng pituitClly glands were sepa.rated into dorsal ,md \·enb-al gland 

section~ before being homogenized. T ile homogenized dnrsal and VCIl

trdl sections fon ned the fourth and fifth t;pes of culhn"es. 
Once prepared, the pituitaJ)' cell culhlres were placed ill 495 glass 

culture \~a1s . The vials were incubated (:It 37 DC. Of these ~als, I G5 were 

selected for the flight group. Vials were wrapped with clear rcl.pe, as a pre
cautiort<uy measure against breakage, and loaded in to vial racks. Eleven 
'vial r..~<:ks were used. each ho lding 15 vuUs. The II racks were loaded into 
the RIlM and mail1tailled at 20 °C until launch . T he R!I M was mounted 

in a middeck locker in the orbite r at abou t 20 hou rs prior to ImUlch . 

Of the re maining vials. two groups of 165 each were set aside and 
maintained at 20 DC to selve as ground control groups: a bUSL'l coaLrol 
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and a two-hour clclaved sVllclmll10us control. The delayed s,llchrunous 
,I ,; • ~ 

"vas later placeu in a 37 DC incubator. 

!nflight 

In:med i atf'l~· after lthln<.:h the basa l ground cO llt ro l group \\,;L~ 

processed and frozen fot transpOlt tu tlll· invf's tigator·s laborator:v. Th" 
delayed s)nc:.ronous group was I11Cl1l1[,unccl in lhfc' illcubatOJ" lo .. tht:.' dum

tion of the !light and processed in an Icmner sill Lilar to thc !li~ht vials. 
On each fli ght day, aL approxim aLf'ly the saint' time. th l: crpw 

rcmO\·ed the AKC from the M M <mel I nanipulatl:d it Lo i.ill()\\ mi"x:in~ (,f 
the cllJture n:edium in the vi i.us. 

Postflight 
/·Jter the Shuttle lallded. the RJ]l\ 1 '.Vas rf'lllo\ed from Ule orbiter. 

The culillre \i:lls were re l1loved from the AKC anu placf'C! in an inslilal

cd C'L';e for transpOIt to the investigat·o!"!, laboratOJ),. where tht.'~ wert~ 
analyzed lor gro"vth hormone contcr:.~ . Ground t;ontrol cultur~s were 
<malyzed in a s1l11ilar I11i.Ulner. 

Results 
The .malyses showed tllat raL p;~ui tH1) cells are sensitiH! Lo lllicro

g ravity and that the changes ~ef'Jl in these ce lls are sim ilm· to thos 
obse rved in viw in pi~ itmy gro\\th h01l110ne ct'lls of rats n O\Y1! in svuct'. 
Changes observed in the cells rehteJ to the amoun t and biologi{;"<u acti\ ·
ity of gruwth h0l1 110n8 rcle,L~ed fmm the. (-ells. tlu:' stru<:tm L cUld intTa("f'I

llilar hOllllOne content of" thf' somatntrophs. ,mJ the re:,pollsj \l~ nCSS of 
th t- c.-eUs to hydrocortisone and gro\\th hor'nol1l:' in the clilLure 1l1L'Cliutl\. 

The results of the mission abo indicated that ti le n.::.poHSt'S of the lli~ht 

Life in to Space 1991- 1998 



cells could be modified eXl)elimentaUy by addition of hydrocortisone to 
the culture mewum. These results may prove to be Llseful in developing 

measures for counteling the e ffecls or long- te rm space flight in humans. 
In addi tion, there was evidence thal pituitaJ)f ceU levels of proJactLn, a 
hormone involved in reproduction and immune syste m modulation , 

wen~ al tered in microgmvi ty. 

Temp~rature recordings re trie ve d postflight [rom th e Shuttle 

revealed that the cell cultures onboard had been eX1Josed to te mpera
tures nmging from 38.4 to 38.8 0e. Ground control ce ll clIltures, on the 

other hand, had been eX]1osed to temperatures of 37.7 to 37,(-) 0e. This 

discrepancy was resolved by conducting an e ight-day groulld conlrol 
f'x-pe riment with two groups of cell c llltures kept at 37 °C and :3H °C six 
1lI0ntlis afte r the flight. A statistical comparison or the two sets of uata 

from t],js ground ex-peli ment demonstrated that the changes seen in the 
cells during the flighl ex-peliment could not. be e~.-plained by the tempe r
ature diffe re ntial . 

Additional Reading 

Hymer, W.e., R.E. Glindeland, and T. Salada. Experimental Mowfica

tion of Rat Pit-WtalY Growth Honnone Ce lJ FUIlction dUling :md afte r 

Spacelhght. Joumal afApplied Physiology , vol. 80(3), March 1996, 

pp. 955--970. 

Hymer. \h,~c.. T. Salada, and L. Avery. Expelimental Modification of Rat 

PituitalY Prolactin Cell Function uLliing and after Space flight. Journal 
0IlI.pIJlied PhYSiology, vol. 80(3), March ] 9~)6, pp. 971- 980. 

Programs, Missions, and Payloads 

NASA. STS-46 Press Kit , July 1992. Contained in NASA Space Shuttle 
Lallnches \iVeb site. http:lA.\f\,vw.kse.nasa.gov/shuttleJmissionsimis

sions.html. 
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Spacelab-J (SL-J) Payload 

Spaeclab-.1 (SL-J) \Va'> the first m~ior cooperative program octwee ll 
:-.iASA and the Japanese space agency, )JASDA. The concept or a collalJ
orative SpLlcclab miss ion b~ t\Veen the two COllIlU.CS was Ill'sl proposcd in 
1879, even be fore the first Spclce Shuttle nigbt. An annoullcement or 
opportunity was made to the Japanese scientific community in August 
1979. Out of 103 original proposals received, 62 were selectvd fl.)r fur
tll~r ground- based :;b l{lies. In 1984, NASDA se i<.:('t{'d Ule Gnal .34 Brc 
and malerials sc iences exp e ri me nts tha I: wou ld fly un SpHce lab-J. 
Selectioll 0[' a Japanese payload sp(>c:iali~l to provide assistance with the 
l\AS DA cxpr rimellts OCC1111'txl in parallel with UlP p;\v eriment scll!cl'ioll 
process. Out of 533 applicants, three wcre c:itusf'n: Dr. \!lamoni \I\ohri. 
\vlto became the Hl'st l\ASDA astTOnHl1t, nnll two alte rnate canc\jdates. 

Tll f' agree mcn t b e twee n NASA and NASDA stipulated that 
:'-JAS DA wOllld seled and develop tht Japanese portion of tlte payload 
to be [10\1,.'1 in the Sparelab, while NASA would provide launch services 
i.uld mission lTIcmagerne II l, the cust of wh ich woultl bf' reimbll1'scd by 
:\'ASDA. ~ASDA was responSible ror having specialists on hanci to pro
vide science and engineeling SUppOlt lo the Shutt le during the missioll . 
NASAs responsibilities included integrarillp; the experiments and 1l<U'd
ware that composed the payload, installing tIle payload in the Spacclab, 
alld f'nsuring that all sys te rns functioned prope rly. NASA was also 
responsible [or designing, managing, and overseeing the mjssion, train
ing the crew, and supporting postflight ncth~ti cs. After NASDA had 
selected its complement of eX1!eJirncnt<i, there were still availablr rack~ 

in the Spacelnb for American c"periments. Nine NASA expc timcnts 
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were selected from proposals received in response to solicitations and 
Announcemenls of Opportunity. Amelican and Japanese scientists par
ticipating in SL-J formed a working group. which met peliorucally 
before the mission to plan and coordinate scientillc activities . In 1 9~ I, 
the two space agencies negotiated a furth er agreernent to share data 
and .amples obtained during the experiments, so that science retum 
f ... 01 .1 the mission could be maximized . 

Spacelab-J constituted a one-tirnc payload, whkh new in ] 992 on 
the STS-47 mission. 

106 Life into Space 1991-1998 



PAYLOAD PROFILE: SL-J/STS-47 

Mission Duration: 8 days Date: September 12-20, 1992 

life Science Research Objectives 
• To determine the effect of microgravity on frog fertilization and embryon

ic development 
• To study tadpole behavior in space 
• To evaluate the effectiveness of autogenic feedback training in reducing 

human space motion sickness 
• To examine the effect of microgravity on critical stages in plant embryo

genesis 

life Science Investigations 
• Deve lopmental Biology (SLJ-1) 
• Neurophysiology (SLJ-2) 
• Plant Biology (SLJ-3) 

Organisms Studied 
• Homo sapiens (human) 
• Xenopus laevis (frog) 
• Hemerocallis cv. Autumn Blaze (daylily) cells 
• Daucus carota (carrot) cells 

Programs, Missions, and Payloads 

Flight Hardware 
• Ambient Temperature Recorder (ATR-4) 
• Autogenic Feedback System-2 (AFS-2) 
• Cell Culture Chamber (suppl ied by NASDA) 
• Dissecting Microscope 
• Frog Environmental Unit (FEU) and Kits 
• General Purpose Work Station (GPWS) 
• Refrigerator/Incubator Module (R/IM) 

Spacelab-J/STS-47 

Mission Overview 
The STS-47 mission was launched on the Space Shuttle Endeavow' 

on September 12, 1992, and landed eight days later, on September 20. 
The seven-member crew included the first Japanese astronaut, the 6rst 
African American woman to fly in space, and the first married couple to 
tlyon the same space mission. 

The missions primary objective was to fly the Spacelab-J (Sir}) pay
load. Several secondary objectives were also accomplishe.d. The SL-} 
payload included 34 Japanese expeliments and nine American experi
ments in the areas of matetials science and the life sciences. Two of the 
16 SL-J life sciences experimcnts were sponsored by Ames Hesearch 
Center. The flrst, the Autoge niC Feedback Training Experiment, was 
conducted on tbe astronaut crew. The second was the Frog Ell1bJyology 
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Expe rim ent. Ke nnedy Space Center sponso red the Plant ClIlture 
Hesearch Expe riment. 

Life Sciences Research Objectives 
The objective of the SL-J Me sciences expeJiments was to conduct 

research that wOLud help prepare humans for long-term space ventures. 
One of the difficulties crew members exverience during space flight is 
Space Adaptation Syndrome, the symptoms of which are similar to those 
of Illation sickness. Microgravity drastically alters the perceptions asb"O
nauts have of the mselves and objects in space, am} about half of all astro
nauts experience motion sickness shortly after the transition from 1 C . 
This syndrome inte rfe res with the tightly scheduled work routines on 
space missions and can be life threaten.ing if experienced while weming a 
spacesuit. The Autogenic Feedback Training EX1)e riment (AFTI': ) was 
designed to evaluate the efIectiveness of autogenic feedback training in 
reducillg space motion sickness. The training combined two self- regula
tion techniques, autogenic therapy and biofeedback. to enable crew 
members to control their phYSiolOgical respom'-'s. Autogenic feedback 
train.ing has many potenti~u uses in alleviating disease symptoms on 
Ealth, slIch as hY1Jertension, low blood p ressure, and nausea a<;sociated 
with chemotherapy. lt also has potential nonmedical uses. Aircraft pilots 
can use autogenic feedback training to reduce the risk of accidents by 
training themselves to control the abnormal phYSiological responses asso
ciated with emergencies enc:oLlntered duting flying. The training could 
be used to reduce jet lag, fatigue, insomnia, and the lugh stress of ce ltain 
work environments. The first AITE study, conducted on the Spacelab 3 
payload on STS-SlB in 1985, velified tlle concept of autogenic feedback 
training. The eAveliment on SL-J c:ontinued the evaluation of tlle traill-
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Figure 8. Fertilization of a Xenopus egg is followed by cleavage (a succession of cell divi
sions that partition the large fertil ized egg cell into smaller cells), differentiation, and 
organogenesis. After hatching from the egg, the tadpole will exist in an aquatic stage with 
gills and a tail, until complex hormonal changes transform it into an ~ dult frog. 

- --"------

ing with a redeSigned Autogenic Feedback System to allow be tter data 
collection and increase crew participant comfOlt . 

Scientists ·want to detennine if reproduction <md development OCCLIr 
normally in 1l1 ic rogravity. The Frog Embryology Expe rime nt was 
deSigned to examine the role of gravity in the fe rtilization and early 
development of an organ.ism (Fig. 8). Previous eAp eli ments on mnphib
ian deve lopment in space have p roduced inconclusive results, partly 
because egg fertilization was always canied out in Earth gravity rather 
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than in space. It is likely that the developmental stages most suscepUl11e 
to alterations in gravity lcvels occur just afte r fertilization. ,Vhen a frob 
egg is fertilized, it'> contents assume a spe<;iRc orientation with respect to 
gravity. The symmeb), of the frog's body is established at this point in 
development. The absence of gravity, and thcrefore the abi)jty of the egg 
to olient in a particular way, might disrupt the estahlishment of' proper 
symmctry in the body. In the SL-J frog experiment, scientists attempted 
to tr'st this hypot"esis by fe,ulizing eggs in Illicrogravity. 

The plant experiment was deSigned to study the critical stages in 
plant emblyogenesis usillg ' ... "cd cells and to study whether mitosis 
and chromosome behavior .... ,e modificd by the space e nvironment. 
Plants may bc critical [or long-te rm space flight missions to purif), air and 
prov;ue n~plenisbable food supplies. T hc)' are also likely to make the 
small, enclosed chambers on spacecraft: more conducive to human habi
lation on 10llg-duration flights. 

life Sciences Payload 

Organism s 

Two crew members participated in the AFTE. One was trained to 
self-regulate her phYSiological responses duting thc Hight; and the othcr, 
who was not sirnilarly trdined, sen 'ed as a control. 

Four adult female South Afri.ean <:J awed frogs, belonging to the 
species Xeno pus lae'G is , we re studi e d in th e Frog Embryology 
Experiment. This species 'vvas selected for several reasons. There is a 
large quantity or information already gathered on the South African 
clawed frog, from which investigators could readily uraw. Because fe liil
ization and emblyonic development in this frog is extemal, scientists can 

Programs, Missions, and Payloads 

initiate timed fertilization by coveling th 
eggs 'vvith spe nn at specific times. Large 
egg size makes observation easy, and egg 
mOlphology (~Iows identification of fertil
jzed eggs. Care o[ the fi'og in a laboratOl), 
setting is straightforward, requiring only 
an aquatic environment and fish food . 
Because a single female lays hundreds of 
eggs, a large population of gene tically 
related Sibling tadpoles can be obtained 
for study. Furthermore, females can be 
convenjently inuuced to lay e~gs by inject
ing the m 'vvi th the hormone human choli
onie gonadotropin (HCG). 

The Plant Culture Research 
Expeliment used cultured cell s of 1:\...,0 
plant species: carrot (Daucus carota) and 
dayWy (Hemerocallis cv. Autumn Blaze) . 

Hardware 

fo 
·"f' -..J .l 

For the AFfE, the p,uiicipating crew Carrot (Oaucus carota) 
member wore the AutogeniC Feedback 
Syste m-2 (AFS-2). The AFS-2 is a pOltable, belt-wol11 monitoring devie 
that can continuously record up to eight physiologic~d responses. 1 t is 
powered by a batter), pack and includes a garment, a headband, trans
ducers, biomedical ampliRers, a digital W1ist-wolll feedback display, and 
a cassette tape recorder. The paramete rs recorded arld displayed by the 
AI"S-2 are electToc~U'Cli()gram , heart rate, respiration waveform and rat.., 
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NASA Space Life Sciences in the 19905 

Intervievv vvith Joan Vernikos 

Joan Vernikos came to Ames Research Center 
(ARC) as a post-doctoral fellow trained in pharmacol
ogy. She was soon hired as a research scientist, 
studying stress and the stress response in the space 
environment In her years at ARC, she went on to hold 
a number of research and managerial positions in the 
life sc iences area. Since 1993, Vernikos has held the 
pos ition of Director of the Life Sciences Division at 
NASA Headquarters. 

The 1990s was a busy decade for NASA Life 
Sciences, a decade of advances and change. One 
central advance was the growth in systematic access 
to space. Spacelab Life Sciences 1 and 2 missions, 
th e Life and Microgravity Spacelab, and Neurolab 
"allowed us, almost every other year, an opportunity 
to conduct experiments proposed by the science 
community, asking questions about the effects of 
space flight, not just in terms of observing the 
changes, but in terms of understanding why they hap
pen and how they happen," sa id Vernikos. 

Along with more regular access to space, life 
sciences missions becume more sophisticated. SLS-l 
was the first mission in which dissections were per
formed on animal subjects pre- and postflight ::,LS-2 
marked the first ever inflight dissections, and 
Neurolab saw the first inflight surgery, allowing ani 
mals to recover and continue to adapt through the 
duration of the flight. "That was the progressive 
increase in technical achievement," said Vernikos, 
"and it all happened in the nineties." 
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Small payloads have also played an important 
role in the overall increase of life sciences payloads. 
"We have used whatever mechanisms we can to 
access flight. Small payloads have been another way 
of getting regular access for experiments that don't 
require any inflight manipUlation," Vernikos said. 

Increased life sciences flight activity O\,<:lr the 
past decade has led to important scientific findings. 
"The rapid plasticity of the nervous system was some
thing we learned as a result of the changes that occur 
in space flight. In the developmental arena, we 've 
seen dramatic changes resulting from not developing 
in the presence of gravity," said Vern ikos. "In the 
case of the mouse embryo, the investigator saw that 
th e cell cycle increases . Cell production was 
increased and cell death was reduced." 

Much of future life sciences f:ight research will 
be conducted on International Space Station (ISS). 
Vernikos hopes that this platform, as a continuous lab
oratory, will allow investigators to see the results and 
then perform the next logical experiment. "The other 
thing that Station will provide us is the ability to look at 
a system that has not only developed in microgravity, 
but also has had a chance to adapt to microgravity. 
We don't believe that one to two weeks are enough," 
said Vernikos. "Space Station will provide a way of 
understc::nding what chronic exposure and adaptation 
to this new ..:nvironment will do." 

In recent years, the program has also broadened 
to include extensive collaboration with other federal 

research agencies and f oreign space agencies. 
Since 1992, NASA collaborat ion with the National 
Institutes of Health (NIH) and the National Science 
Foundation has grown stead ily, helping to leverage 
funding for li fe sc iences research. "Currently we 
have approximately 20 agreements with about 12 of 
the NIH institutes," said Vernikos. 

In terms of international cooperation, "We 
encourage collaboration, teaming, { nd sharing so that 
science is best served." Through the Intern ational 
Space Li fe Scienc es Work ing Group (IS LSWG ), 
Vernikos said that NASA and its international partners 
have created a system that involves single announce
ment, solicitation, and international peer review and 
selection of science flight experiment proposals. 

ISLSWG is largely responsible for faci litating 
development of life sciences research on the ISS, a 
platform that is helping to foster unprecedented levels 
of international cooperation in the space life sciences. 
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ski n cond:Jctance , finger 
te mperature , finger pulse 
volu me, and triaxial accel
erations of the head. 

Frogs were kept in the 
Frog E nvironmental Unit 
(FEU ), which provides a 
ve ntilated , tempe rature
conb·olled, m~ist ltabitat for 
four fe male adult frogs as 
well as a group of develop
ing embryos. The mainte
nance of a stable tempera
ture is clitical for successful 

South African Three-Clawed Frog (Xenopus laevis) Frog ovulation and embryo 
development. "'l i thi n the 

FEU, the removable Adult F rog Box housed the frogs. The box is lined 
w:ith a so Ft, "vater-absorbent material to prevent skin abra<;ion and con
tains Hinger's solution to keep the frogs moist. The FEU also accommo
dates t\.vo sets of Egg Chamber Units (ECUs). One set of 28 ECUs is 
kept in rnicrogravity, while thp. other set of 28 ECUs is kept in a cen
trifuge inside the FEU, providing a simulated I-G environment. Each 
ECU is equipped with a window that allows viewing of the emblYo \~~ th 
use of a dissecting microscope and video equipment. The chambers are 
ruled with Ringer's solution and can <1c-commodate injections of fixatives 
or other materials. 

R CG/Sperm Kits a nd a sperm suspension we re stored in the 
Re frigerator/Incubator Module (RIIM ). The RIIM is a temperature-

Programs, Missions, and Payloads 

controlled holding unit flown in the Shuttle middeck that maintains a 
cooled or heated environment. 

Embryos and tadpoles were viewed through the Dissecting 
Microscope, which supports general life sciences experiments requiring 
capabilities such as examination, dissection, and image recording of tis

sues and other specimens. Adjustable magni Rcation permits, for exam
ple, viewing of a single embryo or entire tadpole flask The Dissecting 
Microscope features a video camera and video interface unit that allow 
recording and downlink of images to the ground. 

C rew members pe rformed (light operations for the experiment 
using the General Purpose Work StatiO:l (CPWS). The GPWS am sup
port biolOgical expe rime nts, biosampling, and microbio}ogla:u experi
ments, and it can selve as a closed env;"'-onment for containment while 
routine equipment repair or other in~:ight operatiolls cu·e performed. 
The GPWS cabine t provides workbench accommodations and allows 
two crew mem bers to Simultaneously pel{orm tasks within. 

Two Ambient Temperature Recorders (ATR-4) were llsed to record 
the temperature of the expElimen t system so that the researchers would 
be aware of any temperature anomalies that may have OCCUlTed during 
llight. One was mounted in the Adult Frog Box and the other in the 
RCG/Spenn Kit. The ATR-4 is a self-contained, batte ry-powered pack
age that can record up to four channels of temperature data. 

Phmt cells were contained in Cell Culture Chambers proVided by 
NASDA. These chambers are aluminum pebi dish-like compcutments. 
A honeycomb matrix inserted into the base of the chamber provides 
stlUctural support For the solid agar medium containin1S the cultured 
cells. The cells are capable of gas exchange through a gas-permeable 
membrane at the top of the chambe r. 
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Operations 

Preflight 

DUling the months before the mission, a crew member was given 
autogenic feedback training (AFT). During the trainiIlg sessions, she 
was presented with augmented sensory feedback of be r own physiologi
cal activity levels . While mOnitoring the feedback, she was instmcted to 
perform speciflc exercises in order to leam to modifY he r autonomic 
responses. Several baseline physiological measurements were taken of 
all crew members, both h'ained and untrained. Motion siclmess was 
induced during training by use of a rotating chair, a vertical acceleration 
device, and flights in the KC-135 aircraft. The rotating chair prOvides a 
clock\vise Coriolis acceleration force. The vertical accele ration device 
can be displaced 2.5 feet upwards or downwards at programmable fre
qllencies and gravity loads. The KC-135 is a pressUlized Boeing 707 air

craft that car. prOvide short peliods 0f simulated microgravity during 
parabo)jc flights. 

The sperm solution [or inAjght fertilization of frogs was prepared, 
sealed, and refrigerated. The whole testis was macerated and the solu
tion was diluted to activate the sperm before use. Four frogs were 
loaded into the Adult Frog Box about 30 hours before the launch of the 
Shulcle. The box was placed in the FEU in the Spacelab. 

About one week before flight, plant cell cultures were prepared at 
the investigator's laboratolY- CultW'ed cells were trdnsferred to two Plant 
CuJture Chambers and allowed to solidifY in nubient medium contain
ing an agar-like agent. The chambers were then hand-canied by com
mercial airUner to KSC. The chambers were kept in an unlit incubator at 
22±2 °C until 17 hours before launch, when they were loaded into the 
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Shuttle rniddeck. Simultaneous ground controls wne maintained at the 
investigator's laboratory. 

Inflight 

For the Al'lE, a crew mem ber ""rore the AFS-2 for the first tlu"ee 
days of the mission . She also used an J.l-item symptom logbook to 
record the type and sevelity of symptoms at specially deSignated times 
dlu'ing the mission and at any time that she eX1Jerienced symptoms. She 
was required to perfonn daily I5-minute sessions during which she prac
ticed controlling specific phYSiological responses with the help of tl1e 
Wlist-W0111 display unit. If she ex-perienced s),lTIptoms dUling the flight 
she was required to apply the AFT methods to control them. 

On the first day of fli ght, the crew injected the four hogs with 
human chorionic gonadotropin (HeG), inside the GPWS (Fig. 9 ). 
Approximately one day later, eggs were obtained from each llight frog 
and feltilized using the Speml Kit. The pe rcentage of fertilized eggs 
from each individual frog was noted to be relatively hjgh. Eggs from tlle 
hvo best frogs were loaded into 2.2 egg chambers and placed in th 
FEU. Ten chambers were incubated in the centrifuge and 12 chambers 
were incubated in microgravity. Some eggs hum both control and exper
iment groups were fIxed with fonnaldehyde at 2.5 hours, 14 hours, and 
22 hours after fertilization. Eggs arrested in tllese developmental stages 
were stored lor po:;: mission analysis. Some eggs from botl) groups wen 
allowed to hatch 1m disturbed into tadpoles. The swimming behavior of 
:be tadpoles was fUmed and also downlinked directly to a ground station. 
Tadpoles were stored in the RlIM for reenby 

For the Plant Cell Culture Experiment, ambient temperatures were 
recorded in the vicinity of the experiment package. 
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Postflight 

ShOltly after landing, the AFTE investigato"s inte rviewed the sub
jE.'Ct crew member about her ex-perience of participating in the AFfE. 
Flight hardware, data tapes, and log books were returned to the investi
gator:s laboralOl), within 24 hours of landing. The results of the AFTE 
from Spacelab-J were compared with the results from nve other trials of 
the Al'TE performed on other flights. 

Preserved frog f'mbryos and some o[ the Hve tadpoles brought back 
to Eruth were Trncro.::cupically examined to determine if microgravity 
affected their anatolTI). E>.tensive behavioral tests o[ the tadpoles were 
conducted during the nine days following landing. Other tadpoles were 
raised to sex'Ual maturity and mated to detennine if mjcrogravity affects 
multi generational development. 

n ~ plant cell culture chambers were removed from the orbiter about 
three hours after landing and transpOlted to the investigator's laboratory. 

$ Fixation 

• Video downlink 

/::; Health check 

1611 
~ 

12:52 17:19 
,r e e 

20:35 
~ 

./ Primary subjects chosen 

,. Injection with HCG 

~ Fertilization 

Figure 9. Inflight activities for the development study using the Frog Environmental Unit. 
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Results 

Human Study 

Results were collected across multiple missions; however, llight data 
WfTe collected [or only sLx subjects (ll'lfee treabllent and three controls). 
The flight results sbowed that two AFTE subjects were S)'ll1ptom rree . 
while the third had moderate symptoms on the fu:-st mission day. Two con
trol subjects experienced vomiting episod~s on the first three mission days, 
despite haVing taken medication . The third e>.perienced mild symptoms. It 
was concluded that AFT is effective in controlling space motion sickness in 
some subjects, and that effectiveness is related to prel:light le:mling ability. 

Frog Study 

Despite a few eaJ'ly developmental differences between the micro

gravity experiment group and the I-G flight oonb'ol groups, development 

12:30 
f:,. 
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to the ne unIla st<1ge, in which the e mblYo first begins to develop the ne r

vous system, was largely unimpaired in rnicrogravity. All fi.xed ne ulUla and 

tadpoles seemed llon nai. Howevel~ tadpoles that deve loped in micrograv

ity failed to find an ruT/water inte Jiace <Inti inflate t.heir lungs. Within a few 

hours postf]jght, the tadpoles w·ere obselved to gulp air through inflating 

lheir lungs. Failw-e to inflate their lung .. would have had seriolls effects on 

the lings at metamorphosis had they bee n kept :it microgra\ity for multi

generational studies. The fli ght tadpoles showe d sh·onger optomotor 

he havioral responses thGUl the t:onb"Ol tadpoles, perhaps indicating addi

tional re jianc-e on visual infoJ111ation to compensate fo r the lack of gravita

tinnal cues. This cliJft'renc.-e disappea'"ed hy nine day.,> postflight. 

Plant Cell Study 

Numbe rs of de,·e loped e mbryos <ind cells in cli,,;sion a l time of 

recovery were Significantly fpwer in space-flown samples them in tile 

grollnd controls. S ignifican t abe lTatious c.. _.~. :olllosome stnJciu re were 

fo und in the space-flown samples but not in tile ground controls. 

Additional Reading 

Black, S. , K. uU'kin, \I. Jacqmotte, R. WasserslIg, S. Pronych, i:Uld K. 
Souza. Regulative D evelopment of Xenoplts laevis in Ylicrog ravit\<. 

AdwI/ces in Space Research , vol. ] 7(6(7), 1990, pp. 209-217. 

Cowings. Pahicia S. and WilUam 13. Toscano. A.utogenic Feedback 

Training As ([ Preventi!>e ,\-fethod for Space M'Jtion Sickness: 

Background and EJ.:perimental Design. NASA TM-l 08780, A lIgust 

1993. 

ttl. 

~ASA. STS-47 Press Kit. Se ptember 199:2. Contained ill l\r\SA Space 

Shuttle ulUl1ches \Veh site. httpjAV"\iw.kst:.mL~a.gov/shuttleJrnis

siom;! missior.s.hhl11. 
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Physiological Systems Experiment (PSE) 
Payloads 

The Ph~'Siological S~'Sle l1l s E~'PCli 1l1 ent (PSE) program was designed 
to pn)\i de comm ercial df'velope rs of hiotech r.ology products wit h 
npp"rtunilies to conduct expe riments in the space e m ·iron ment. 
E\lX'limt'll t<; in the pm~ram were sponsored b:' Ames Hesem'ch Center 
and jointl: ' llen·loped hy one of :\I A SA's '. ,,' , 'mercia\ Space Centers 
\esc) and a <"'Olllllle rci ~J partner. 

The objecti\·(, of the progr.un was to encnl1 ra~c research inlo lhe 
phy~iological change .. thal ocell r in livillg sySlt" I11 S wh e n they are 
'\'P0sed to ll1icwgQvity conditions. The th~ee PSE payloads Rowl1 in 

the 1991- 199.5 lime period were designed to te~t cOlllmercially devel
oped pharmaceutical products that ",,'ere e_\peeted to prevent or recti~' 
the 3(h'ersl' e ffects or space flight on bone and muscle, tissue repair 
processes. and immune s~'Sl e1l1 function. [f proven e ITeeti ve, such phar
maceutical" couill be used lo treat astronauts on long-dumtion space 
night missions. The products ;He also likely to have applications on 
Emth, where similar problems can occur as a result of aQ:imr ,U1d several 

disease conditions. 
The PSE C'xpcriments were c..'Onducted in small payloads 110wn in 

the SillltUf' middeck or in the SPACEHAB module (see Chapte r 3 fo r a 
descliption of the module» . Like ~I middeck payloads, they required 
mi nimal l:re\\' lime' and spacecraft power. All preL1ighl and postflight 
e\1lelimCl ll proc..'Cdltre,,> ,,"c re de\-clopeu and implemented by the com
me-rciill partne rs \"ith :\IASA oversight. to ensure that tile), were compat
ihle with Shuttle interfaces and safety rcgu ire 1l1~llts. T he cOlll mercial 
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partners leased hardware frOIl1 1\A5'\ and paid a fee [or Shuttle tnms

pOItation. By agree ment, all scicntiBc results have been Kept contldential 
lmtil release by the commercial paltners. The identity and thc chemical 

composition of the phannaceuticaIs under deve lo :.:))nent have "Jso 
remained confidential until company disclosure. For the pUlposes of 
payload approv<J and mission safety. they were revealed only to: a NASA 
toxicologist, who evaluated risks to the crew in case of accidental P_'\po
sure; the NASA animal care aud lise panel, who evaluated impacts of 

their use on alliwal welfare; and a safety pemel w·ho considered the lisks 
of accidental e.\lJOsure dming pteflight and postflight periods. 

rbe fiJ'st Shuttle mission to cany a PSE payload was STS .... H . which 
fiew in 1990. Three Shu ttle missions were OO\vTI with PSE p ayloads dur

ing the 1991 .... 1995 period: STS-52, 5'1'S-57, and STS-62. 
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PAYLOAD PROFILE: PSE.02/STS-52 

Mission Duration: 10 days Date: October 22-November 1/ 1992 

Life Science Research Objectives 
• To study the capacity of a synthetic protein to halt or slow down bone 

loss in rats 

life Science Investigations 
• Bone Physiology (PSE2-1 / 2) 

Organisms Studied 
• Rat:us norvegicus ( ~ at) 

Fligl1t Hardware 
• Ambient Temperature Recorder (ATR-4) 
• Animal Enclosure Module (AEM) 
• AEM Water Refill Box 

Programs, Missions, and Payloads 

'.-i tt: .l 

Physiological Systems Experiment 2JSTS-S2 

Mission Overview 
The lO-day STS-52 rnission was launched on the Space Shuttl 

Columbia on Odober 22, J 992. The mission tenn inated with the landing 
of the Columbia orbiter on November 1. Six crew members flew aboard 
the Sbuttle, including an astronaut from the Canadian Space Agency. 

The Inission had tvvo prim::uy objectives: to deploy ~ASA's Lac;er 
Geodynamic Satellite cu)d to fly the U.S. Microgravity Payload-I. 5TS-52 
al so had many set:ondary objectives, one of wllich was to fly th 
Physiological Systems ExpeJiment 2 (PSE.02). The PSE.02 payluad wac; 

jOintly developed by Merck & Co., Inc. and t.he Center for Cell Hesearch, 
a NASA Commercial Space Center at Pennsylvania State University. 

Life Sciences Research Objectives 
Osteoporosis is a disease marked by a progressive loss of bone mass. 

It cu rrently aFfects a large number of Americans, particularly post
menopallsal women. Prolonged illlmobiJization or allY kind can cause 
bone loss; it is, thereJore. a prnblern also faced by bedridden or para
lyzed patients Because exposure to microgravity rcsult~ in a loss of bon 
m,l5S similar to the effects of os~eoporosis and immohilization, the spac 
environment servl"s r,s a lah:;rdtory for shJdying these conwtions. Th 
c1 langcs seen in bone tissue alter e"posure to mit:rogravity are. in fact, 
more similar to the changes seen in osteoporosis than arc changes 
induced in expt-rimcntal animals on t.he gruu:1d by neurectomy, the ex<:i
<;icn of part of a nerve . The PSE.02 payldad was deSigned to enablc-> 

Ylerck scientists to study the capacity of :1 synthetic protein molecule to 
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halt or slow bone loss in mkrugravity. Tk: protein has potential usc in 

!ountcring conditions that involve loss jll bone mass. 1t may also be use
ful for combatting the bone loss that is likeiy to be experienced l>y astro
nauts on long-ten:! space flights ill the funlre . The identity of the proteill 
is considered propl;etaJ)' information. 

Life Sciences Payload 

Organisms 

Twenty-four healthy adolescent male albino rats (Rattus nurvegicllS) 

acted as expeliment subjects. Twelve rats were used in til!'! Aight group 
and 20 rats were used in the ground control groups. Each weighed 
between 150 and 22.5 g at launch. 

Hardware 

Hats were housed in Animal Enclosure Modules (A EMs). The AEM 
is a scU:'contained animal habitat, storable in a Shuttle middeck locker 
that provides venti lat . 'n, lighting, food, and water [or a maximum of six 
adult rats. Fans inside the AEM circulate air through the cage, which 
passivel), controls the temperature. A filtering s),stem controls wastc 
prouucls and odors. Although tI le AEM does not allow I.le:mdling of COll

tained animals. H clear plastic window all the top of the unit permits 

viewing OJ' video record.ing. The Water Refill Box enables inllight rcpJen
ishillent of water. 

An Amhient Te mperature Recorder (ATR-4) accompanied each 
AEM. The ATR-4 is a self-contained, batte1y-powercd package that can 
record up to four d :' l11nels of temperatJ.re data. 

118 

Operations 

Preflight 

Upon receipt, anjmals not assigr\(~c1 to a vi\p<ui ulTl con h'ol group wer 
placed in the Elevated Temperature ErjlliliblillJll Group, whicb was 
allowed to acclimate to 2.8 °C for at least seven days plioI' to launch. The 
fHght group of rats was chosen Ii'om the elevated temperature group and 
matched b), weight into pairs tllree days before launch. One rat in each 
pa.ir was give II subcutaneous injections of the anti-osteoporotic protein 
two days prior to fligbt. One da)' hefore the llight, tIley were given a sec
ond dose of the protein ,md an injectioJl of tIl t:! bone marker calcein. Tile 
remaining six raLs \\Iere [l0\."1l as an untre:-1ted conLrol group. They wer 
injected with a salille placebo two cla),s before llight and with saline and 
'a1ceill one day be/ore tIle flight. 

Two AEMs with the (light rats were installed in the urbiter about 19 
hOlll'S before launch. 

Inflight 

Eight rats served as a ViVru.l11 1l1 control , while 12 rats treated in a 
manner identical to the flight rat') formed a 24-houl' delayed synchro
nous conb-ol on the grol(J1U (Table 7). 

The crew made daily observations of the anjrnals, veliMeel that tIle 
experiment hardw<U'e was functioning nonnally, and operated the AEM 
Water ReHll Assembly, as needed. 

Postflight 

After the rats were recovered from the Shutt.le, they were weighed 
.mel subjected to a healtl1 check. A bloud sampk.: was coUected /i'om each 
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animal under anes~hesia, E,u.:h rat was then given an intraperitolleal 
injection of oXjtelracyclinc, a second bone markel', and placc(.1 in i.\ tnp.la

bolic cage for tIl e collpction of urine samples, Thl: rats we re the n 
shippE·d to the investiR;ators' laborntol)1 ann euthanized before tissues 
were coUcctcd for proc~ssing, Scientists from Merck and thc Center lur 
Cell Hescarch analyzed the tissue samples, 

Results 
Most or thf> expelirnental data remaU1s proplietary illli>l'l l1atioll 0(' 

Merck & Co. However, the (:onlpallY clid report that the compound sig-

VARIABLES -Number of Rats 12 12 8 

Launchl actual none none 
Recovery Stress 

G-Force micro-G 1 G 1 G 

Food Available ad lib ad lib ad lib 

Housing group group group 
(6 per cage) (6 per cage) (2- 3 per cage) 

Environment spacecraft simulated standard lab 
conditions spacecraft conditions conditions 

Table 7, Flight and Control Groups for PSE,02 Rodents. 

Programs, Missions, and Pavloads 

njAcant1y reduced microgmvity-ind\1ced cnciocortica.1 hone resorption in 
'ompm;soll \~~th sa.lille-lreated controls, 

Additional Reading 

NASA, STS-52 Press Kit, Odohp.r 1992, Contained ill :'\ASA Spac" 
Shuttle Launches Web site, http://w\\I',\',ksc,nasa,gov/shutt.\elmis
sionsimissions,hh.11, 
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PAYLOAD PROFILE: PSE.03/STS-57 

Mission Duration: 10 days Date: June 21 - July 1. 1993 

life Science Research Objectives 

• To study the role that growth factors play in ti ssue repair 

life Science Investigations 

• Bone Physiology (PSE3-1 . 2) 

Organisms Studied 

• Rattus norvegicus (rat l 

Flight Hardware 

• Ambient Temperature Recorder IATR-4) 
• Animal Enclosure Module (AEM) 
• AEM Water Refill Box 
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Physiological Systems Experiment 3JSTS-S7 

Mission Overview 
The orbiter Endeavour began its lO-day STS-.57 mission on June 21. 

1993. The mission was Oliginally scheduled to begin on April 28, 1993. 
Four 14-day de.lays occulTed before the actual lau nch on June 21. The 
mission terminated with the landing of Endeavour on July 1. A six
member erew flew onboard the Shutt.l!'!. 

The plirnalY mission objective was to retrieve the European Space 
Agency's European Canier (EURECA) satellite. The mission had sever
al second .. uy objectives, one of wl lich was to cuny a group of e>"'Pf!rimellt 
payloads contained within t Ile SPACE ILAB facility. SPACEHAB is a 

commercially developed laboratm), that alJgments the Shuttle's 1I1iddeck 
capaeity, providing experiment rack space U1at can be accessed (md tend
ed by crew members. 

One of the payl()ad~ wit hin SPACEHAB WclS the third in the selies 
of Physio logical Systems Expe riment (PSE.03) payloads. PSE.03 was 
jOintly sponsored by the NASA Centcr for Cel l Hesearch and a cOlllmcr
cial pattner, COllvaTcc, a B,is tol-\tIyers Sqllibb company. 

Life Sciences Research Objectives 
The PSE.O:3 payload WeL" deSigned to study the roles of two growth 

facto rs invo lved in accele ra tin g or enhanc ing ti ss ue r e pai r. 
M ic:rogrl1\';ty, like celtain condi tions on Emil1, appears to ~ Iow down 
the process of tissue repair. ShJdies carlied out on the Hussian Cosmos 
2044 biosate ll ite mission IIHVC s ll ~ested that muscle and bone r~pair 
are slower in lTlicrogravity. Collagen metabolism in unwoundeu skill is 
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also k.,10\\l11 to be alte red in lfIicrogravity. Since wou nd healing is 
depende nt on adequatc coll agen deposition in the vicinit)' of the 
wound, it is likely that ~kin healing will also be altered in microgravity. 
The results of the e>:periment may help dermatologists to devise the ra
pies for asb'onauts who receive skin or soft-tiSS UE' injuries during long
duration spa<.:e flight. Data gathered dllling the STS-57 mission was 
also expeded to be useful in lleveloping skin treatments for burn vic
tims, diabetics, elderly surgical patients, bed-sore sufferers, and other 
skin-injury patients on Earth. 

Life Sciences Payload 

Organisms 

The experimp.nt W .. l~ conducted on adult male rats (Rattus Ilorvegi

ells) belonging to the Fischer 344 strain . This strain of rat was flown [or 
the first time on tltis mission in order to satis/)' space, weight, and food 
availability reshictions. Rats of this strain were selected because they 
c;onsurne less rood and water than Sprague-Dawley rats consume, and 
therefo re gain less weight in a given period of time. Use of the Fischer 
344 strain allowed the llight of adult rats 'without havi ng to reduce the 
size of the sample. Twelve rats were used in the ilight group, while 44 
rats were used in ground c'Ontro\ groups. 

Hardware 

The rats were housed in Anim"J E nclosure Mcxlules (AEMs). An 
Ambient Temperature Recorder (ATH-4) was flo".'Tl along wi.th the 
AEMs to remrd the temperature of the ral cages. For general descTip
tians of the AEM and the ATH-4, see PSE.02. 

Programs, Missions, and Payloads 

Operations 

Preflight 

The main objective of the mission , retrieval of the EURECA satel
lite, 111I~ant that the Shuttle had a mUTOW launch window on any pruticu
lar day. Each delay required the launch time to be moved ahead by 30 
minutes for tI Ie next deSignated launch day. Con-espondingly, each of the 
four delays required tIle animals' day/night cycle, which was set to corre
spond to Shuttle launch time, to be moved ~Jlead by seven hours. 

As in the PSE.02 experiment, lIpon receipt at Kennedy Space 
Cen ter, the aninJals not ass igned to a vivarium control group were 
placed in the Elevated Temperature Equilibrium Group, whkh was 
allow~d to acclilllate to 28 °C lor at Icast seven days prior to launch. The 
fljght group o[ rats was chusen from the elevated te mperature grGUp 
two clays bef(xe launch . 

Pre flight expe riment procedures included th e implantation of 
growth factors into six clifferent sites in each of the 12 rats . Two days 
befo re the launch, 20 rats, matched by weight into pairs, were selected 
from a group of animals maintained at 28 °e. About a day later, these 20 
rats were anesthetized and sterile polyvinyl alcohol sponges, containing 
timed-release peUets, were surgically implanted into six areas in the 
subcutaneous tissue of the abdomen. 

The pellels contained either growth factor A, growth factor B, or a 
placebo. One animal in each of the matched pairs was implan ted 'vvit]l 
pellets that began relea~ing the growth factors or placebo immediatel), 
after implantation. The other animal in each pair was implanted with 
pellets coated with a substance tbat dissolved slowly, releasing the 
growth factors or placebo only after the rats had entered microgravity. 
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Using two diHerent kinds o[ pelle ts allowed scientists to di:lJerentiatf '> 

betvveen the gro ... vth factor-induced tissu e repair and wound healing 
during the pe riod from surgery to launch and dUling the pe riod in 
mic rogravity. Previous investigations that used on ly a p elle t that 
released growth factor immedi?tely obruscated tile results because th 
heal ing process began before exposure to rnicrogl'avity. Approximately 
five hours after implantation, tile animals were injected with calcein . 

The fli ght group of 12 rats was chosen from the 20 that we re 
implanted with pellets. The re maining eight rats served as the basal 
conh-ol group . 

VARIABLES 

Number of Rats 12 8 

Launch! 
actual none Recovery Stress 

Gravitational Force micro-G 1 G 

Food Available ad lib ad lib 

Housing group group 
(6 per ; age) (2 per cage) 

spacecraft standard lab Environment conditions conditions 

Table 8. Flight and Control Groups for PS ::.03 Rodents. 
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Inflight 

There were four groups of cOlltrol rats on the ground (Table 8). The 
basal control group was euthanized immediately after launch in order to 
obtain haseline physiolOgical data. The delayed S),11chronous control 
group \Vas maintaiJled in AEM s '''ithin th e Orbiter E nvironme ntal 
Simulator (OES ). The OES is a modified environmental chambe r at 
Kennedy Space Center whose tempe rature , humidity, and CO2 level are 
electronjcaUy conb'olled based on downlinked environmental data [ronI 
the orbiter. Thus the an.imals within the chamber are exposed to e nvi
ronmental conditions that cu'e similar to those expelienced by the flight 

12 12 12 

none none none 

1 G 1 G 1 G 

ad lib ad lib ad lib 

group group group 
(6 per cage) (1 - 2 per cage) (1-2 per cage) 

simulated standard la b standard lab 
spacecraft conditions conditions 
conditions teme.=28 ·C temp.=22 ' C 
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group during the mission. The two remaining control groups we re 
housed in vivalium cages, one at 28 °C and tIle othe r at 22 0c. The vivar

ium animals received the same surgical treahnent as did the flight and 

delayed synchronous control groups. 
The crew made daily observations of the animals, velilled that the 

e:-:peliment hardware was functioning normally, and downlinkecl daily 

recordings of temperature delta, which were Ilsed to conlrol the Orbit~r 
Environme ntal Sti lilitlator on the groulld. 

On the Rrst flight da~', the crew r('polted a lTlalfunction in the switch 
that automaticalJy set the clay and nigh t light cyde in one of the AE Ms. 
For the re mainder of" the night, the crew manually s\\~ tched the Ught 
cvcle on and orr. 

Postflight 

The allimeJs \·ve re removed rrom the Shuttle abOl lt three huurs after 
landing. They were w0igheel, subjected to a health check, ;md ;nJectcd 

eithf'r witl,. a saline solution or a mixlu ('-' of hypothalamic rele'l~ing hor
mones. Approximateiv half an hour late.·, tllf'y were eutllanized. The tis
sues sU lTounclllg tI ,e: surgi .. ·:d implantation sites were examined to dete r
mine the effect of the gro", .. t ; ~ tactors on tissue repai r. AU the ground con

trol groups were euthanizec.l 4.-8 hours after the flight groups. 

Results 
Both growth factors showed positive effects in the ground cuntrol 

rats, but anI), the im mediate-release pe llets <.,f the Arst growth factor anel 

the delayed-releasp pcil" ts l) F ~Jle se<:oncl growth factor had a signiHcant, 
positive (" ffeet Oil the f1i ght rats. These results ma), be clue to the two-day 
delay in the Shuttle laun<.:h, which caused the g rowth factors to he 

Programs, Missions, and Payloads 

re leased earlie r chlring space fljght than planned. Microgra~ty signifi
cantly rcd,_:ced wound <:ollagen concentration, regarcUess of the treat

ment group. OvcmlJ , the results show that a highly stalldarclized wound 
repair process in )'Ol,ng l"<l tS is Significantly ,11tered by space fljght. 

Additional Reading 

NASA. STS-57 Press Kit, June 199.3. Contained in NASA Space Shuttl·· 
l..x.lll11dws \!\feb si teo ht~J://www. ksc. nasa.gov/shutt/eimissionsllll is

sions.htm l. 
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PAYLOAD PROFILE: PSE.04/STS-62 

Mission Deration: 14 days Date: Marc h 4- 18, 1994 

Life Science Research Objectives 
• To study the relationshi p between the musculoskeletal and immune sys

tems in rats 

life Science Investigations 
• Bone Physiology (PSE4-1, 2) 

Organisms Studied 
• Rattus norvegicus (rat) 

Flight Hardware 
• Ambient Temperature Recorder (ATR-4) 
• Animal Enclosure Module (AEM) 
• AEM Water Refill Box 
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Physiological Systems Experiment 4/ST5-62 

Mission Overview 
The STS-62 mission was laun ched aboard the Space Shuttle 

Columbia on Ylarch 4, 1994. Afte r orbiting the Earth fo r 14 days, 
Columbia landed on Mardi 18. A five-member crew Hew on the mission. 

The primal)' mission objective was to conduct science expeliments 
associated with the United States Microgravity Payload 2 and tJJe Office 
of Aeronautics and Space Technology 2 payloads. One of the secondary 
objectives of th e miss io n was to l.1y th e Phys io log ica l Syste ms 
Expeliment 4 (PSK04). The PSE.04 payload was sponsored by Ames 
Research Cente r and developed by NASA's Center for Cell Research. 
:"JASA's commercial pmtne r in the e~:periment was tJle Genetics Institute 
in Cambridge, Massachusetts. 

Life Sciences Research Objectives 
The PSE.04 payload was designed. to study the relationship 

behveen the immune system and the musculoskeletal system dUling 
exposure to microgravity. Previous space flight expe riments have slJo\.\11 
that both immune and musculoskeletal functions are impaired in micro
gravity. Some disease conditions on Ealth, such a'S DiGeorge syndrome, 
adenosine cleaminasc deficiency, and cartilage hair hypoplasia, also 
result in simultaneous impairlTlE;ui (if these systems, suggesting that 
their physiological controls may by linked. The c:ap;"1city of the immune 
system to inJluence bone remodeling also provides e"idelH.:e for <1 func
tiona.l link between the immune and skeletal systems. In the PSE.04 
experiment, rats were supplied with a protein that affects both immune 
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and musculoskeletal functions to determine if it is able to halt or slow 
the impairments obselved under microgravity conditions. The experi
ment also sOllght to detemline whether the physiological conh'ols of the 
immlme and skeletal systems are closely linked in mammals. NASA's 
comlllcrcial partner in the study, Genetics Institute, expected the pro
tein to have potential appljc:ltions in treating human diseases on Eruth 
that aITect both immune and skeletal systems simultaneously. 

Life Sciences Payload 

Organisms 

Sevcnty- two healthy adu lt ovariectomized female rats (Rattus 
norvegiClls ) of the Fisher 344 strain acted as the ex-periment subjects. 
Twelve rats we re used ' n the {light group and 60 rats we re used in 
ground conb'Ol groups. The Fisher 344 strrun was selected for the experi
ment because it has a lower body weight and consumes less ~ooo ami 
water than the frequently used Sprague-Dawky sb-illn does. Each rat 
weighed about 170 g at launch. Smaller rats were desirable because the 
PSE.04 expeliment objectives required older animals t.han those used by 
most Shuttle experiments. Using Sprague-Dawley rats of this age would 
be difficult because of space and food avaDability limitations posed by 
the fli2:ht hardwru'e that houses and feeds thc rats . 

Hardware 

The rats were housed in Animal Enclosure Mooules (AEMs). An 
Ambient Temperature Recorder (ATR-4) was Down along with each 
AE\t[ to record the temperature environment of the rat cages. For gen
eral deSCriptions of the AEM and the ATH-4, see PSE.02. 

Programs, Missions, and Payloads 

"'t' ,g _ ! f '. 

Operations 

Preflight 

The agreement between NASA and Genetics lnstitute required that 
the speCific procedures used to prepare the rats for the e;\:peliment and 
to proc-ess them after the flight remain confidential . 

Rats we re honsed in pairs in standard vivarium cages at 28 °e . 
About 24 hours be fore launch , six of the rats were each implanted in a 
venb'al abdominal location \-vith SLX pellets that released the experimental 
protein slowly over time. The remaining six rats were each inlplanted 
with six pellets that contillnecl a placebo. AU rats were It-en given an 
intrapeli toneal injection of calcein, t.o measure bone growth over time . 
Sholtlyaftelwcu'ds, they were loaded into \:'w'o AEMs and transported to 
the launch pad. 

Inflight 

Then:~ were six groups of ground control rats (Table 9). The first, th 
basal control group, contained six rats that were euthanized on the day of 
launch to prOVide baseline data. The second contained 12 pellet-implant
ed rats housed in vivariulll conditions at 22°C. The thu-d group con
tillned six rats that we re not implan ted with pellets; they were housed in 
a 22 °C vivaJium. The fOUlth group, containing 12 pellet-implanted rats, 
was hOllsed in a 28 °C ,rivatiurn. The lIfth contained SLX rats without 
implanted pellets Ul a 28 °C vivarium. The last g;'Ollp contained 12 pellet
implanted rats in AEMs rnillntillned at 28°C. The three groups that 
were housed at 28 °C were kept in the Orbiter Envi.ronmental Simulator 
(OES). For a general clesctiption of the OES, see PSE.03. Controls were 
housed in two different temperatme environments to ensure that any 
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eRect seen in the flight rats was due to mkrogravity, rather than to the 
sughtly elevated temperatures that usualJy occur on the Shuttle middeck. 

The implanted pelJe ts were deSigned to release the drug into tlle tis
sues of the ffight rats about 48 hours after launcJl . 

During the llight, the rats had free access to Food and water. The 
light cycle in their cages was set to 12 hours of ught a1tem ating witll 12 
hours of ruu·kness. The crew made dai.ly observations of the ~ul.imals, ver
i.fied that the expeJ;ment hardware was functioning nonnally, and down
linked daily rec.:ordings of temperatme data, which were used to control 
tlle OES on the ground. 

VARIABLES 

Number of Rats 12 6 12 

Launchl 
actual none none 

Recovery Stress 

t 'avitational Force micro-G 1 G 1 G 

Food Available ad lib ad lib ad lib 

Housing group group group 
(6 per cage) (2 per cage) (3-4 per cage) 

spacecraft standard lab conditions 
Environment conditions temp.=22 ·c conditions standard lab standard lab 

Table 9. Flight and Control Groups for PSE.04 Rodents. 
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Postflight 

Sholt ly after recovelY, flight rats were weighed and given a health 
check. They were subsequently e uthanized ;md tissue samples wer 
taken for analysis. 

Results 
The agreement be tween ~ASA and Ge netics Institute requires 

th at th e results of the PSE.04 exp e rimen t remain confidential. 
Ge neti cs ] nstitu te has not ye t re leased information regardi ng the 
results of its expeJiment. 

6 12 6 12 

none none none none 

1 G 1 G 1 G 1 G 

ad lib ad lib ad lib ad lib 

group group group group 
(3-4 per cage) (3-4 per cage) (3-4 per cage) (6 per cage) 

cond itions conditions conditions spacecraft temp.=22 ·c temp.=22 ·C temp.=22 ·C 
standard lab standard lab simu lated cond itions 
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Additional Reading 

Morey-Holton, Emily R. and Sara Bond Arnaud. Skeletctl Responses to 
Spaceilight. In: Advances in Space Biology (/nd Medicine, voU , edit

ed by Sjoerd L. Bonting. G ret!mvich, CT, and Londo~ , EIlgland: Jai 
Press Inc .. 1991. pp. 37-69. 

NASA. STS-62 Press Kit, Mcu'ch 1994. Conta;ned in NASA Space 

Shuttle Launches \ Vcb site. http://www.ksc.nasa.gov/shuttle/mis

sions/missions. htm L 

Programs, Missions, and Payloads 
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IMMUNE Payloads 

The 1,\11\1 UN E program ""as des igned to fl)1 sl\1all comme rcial 

pa~'loads on Shu ttle missions, Ames Research CC'nter provide(l assis

lance in 11I<ma¢ng the payloads. which wen~ sponsored by BioSe r\'e 
pa< '<:' Technologies. a NASA Commercial Space Center. NASA's (;UITI

llwrciai pi:Htllcr far b ot h p a~'lo ads \\'as Chiron CorparClhon in 

Emcrn;llc, CalifomiCl. 
The it>. ! t'v! U:\' E pregral\l prO\ided opportunitif's (or researchers to 

st ud:' the erfi.·d that' microgra"it: has on imlllune system functions. 
Stlldie<; 0 11 both Jr..1 ~ 1 U:\E pCl;.'loads tested a ph,tllll<lC<:Uticcll that maY' 
help pn.!' -cnt I)r reduce irnll1ulw .l)'stern suppression. The e~'Pcliments 

lIsed rodents ,L'i subjects. 

"pe rim e llts we re co nd\lC'tC'd in <;111a ll payloalls fl own in th e 

SPACEHAB l110dule and required minim al crew attention . Chiron 
:olporatiol\ leased hardwa re rrom NASA and pain a ree for Shuttle 

hcUlSpoltatioll. \\ 'ith :\'ASA (j\'cJ:;igllt, Chiron Corporation de"e loped 

and i'llplE'Illl'llt(>(1 all pre fligh t <.U1 d postflight e~ve liment procedures. J3y 
agref'lllent. a ll seif'nlinc rf'su lts ha\'c been kept confi de nti a l until 

rek·;.l<;cd b~' the COil II ne rcial [)<uiner. 
Two Shuttle missions were Ao\\'n \\itlt TM.\1U:\E payloads d1l1i ng 

the 1991- 1995 p t'Jiod: STS-60, which fle\\' in 1994; aml STS-63. which 
ITC\\ in 199.'5. 

Programs and Mi"'"ions Preceding Page Blank 
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PAYLOAD PROFILE: IMMUNE.1/STS-60 

Mission Duration: 8 days Date: Februa ry 3- 11 , 1994 

Life Science Research Objectives 
• To measure the response of the rat immune system to microgravity 

Life Science Investigations 

• Immunology (lMMUNE1-l) 

Organisms Studied 
• Rattus norvf:gicus (rat) 

Flight Hardware 
• Ambient Temperature Recorder tATR-4) 
• Animal Enclosure Module (AEM) 
• AEM Water Refill Box 
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IMMUNE.1/STS-60 

Mission Overview 
The STS-60 n,issioll \vas launched on the Space Shuttle Discm'e!)' 

on Fe bruary 3, 1994. After c ight day~ in Eart h or bit. Dis(,,(w(-'I)' landed 
Oil Febrlll.u), 11. The six-memher crew included 01 Hussian mis.<;iull -;pt: 

cialist who was the nr!>i cosmonalltto fly ab0'lrd thc' Shuttlt'. 
The plima.-:' mission ohjecti"es ,",,, e re til tleplo:' imd retlic\ l' the 

' Vake Shie ld Facility, a satelli te that creates it vue-utln: ellvir01\lllent li)r 

conducting lllatelia!s prOCf:'ssing expeliments. mId to usc Discovcry cL~ a 

science platform for conducting the f':\veril llt'llts ill the SPACEHAB 
module. STS-60 was the second llir;ht of SPA CE i l A 13 . 

One or many sc,)oncicuy ohjectives was t(l fl} the l.\ t ~IUNE 1 pay

load. located within the SPACEHA13 l1Iodule. Ames Hesf"U'l·h Center 
pro\ided assistmlce ill mmluging !:lle pa) load, \\ lli:.:h \\'U!> spu llsorcd by 
ilioSen 'e Space TechnolOgies, a :\ASA Comnwrcial Space C~nter at til 

niversity of Colo rad o. Boulder, and .l\: aJlsa~ State Uni\·ersi ty. 

M,ulhattan. Cltiron Corporation in Emeryville. CaJ:fumia, was the co; 

porate affiliate leading the expc);ment. 

Life Sciences Research Objectives 
TI le objective of !:l it:' payluad \vaS to measure !:lle iJlllllUI1P rC'SJ1On5cs 

of rdts to tnicrq,rravity e:\p<Jsure. 1 nvestigators hoped to If'unt about ways 

to preven t or reduce the illllllune syste m suppressioJl that (X .. :t'urs a<; a 
resul t of some sel;OUS disease c'Onditions cUlc..i old age. Tbe micro<6!'mit:' 
environment provides a unique opportun ity for !:llis t) pe of study be('ml~e 

it typi<."<illy inducoes short-te l1l1 suppreS,l,ion or tlte immulle system in boLlI 
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animals and hu mans. Polyethylene glycol-interleukin-2 (PF.C-IL-2), a 
compound known to reduce immune systell1 suppression. was tested on 
the rats. PEC-IL-2 is a lnngcr-Iasting version or ti le commercially avai.l
able drug recombinant interl e~~'i n-2, whk h is curre ntly used in therapy 
for kidney cance r. PEC-IL-2 appears to have both anti -viral and anti 
bacte lial prope rties. Potential ~:lJpil :::ations incluJe treating clisea~e~ on 
Eartl1, such (l~ c.mce l~ AIDS, am! plilmuy immunodefici ency in chi.1dren, 
and reducing the immunusuppressive efrects or advanced age. It Illay 
also he usefu l in prevcnting im ll1 ll11osuppression or restOlillg immulle 

funct ion in a<;tronauts who ~rj ll live and work [()r long periods in the 
l nten1:1tional Space Stati~n . The data gathered fro m the e-x1)f' liment 
w('I"e also e-xpf'cte d to he'll scicntists develop a co rnputer IIlo clt~ 1 of" 

hll lllan immune svste tn (USOrdBrs. 

Life Sciences Payload 

Organisms 

Thirty-six llI ale specific pathogen frec rats (Rattus nomegiclI s) 

belonging to the Sprague-Dawley CD strain acted as the exre!'i!rtent 
subjects. This sh"cun was selected because C hiron COlporation normJ ly 
USf'S it to test the activity uf interleukin-2. Twelve rats were us(~d in th 
flight grollp and 24 rats were used in ground control groups. 

Hardware 

Hats wcre housccl in Animal Enclosure \tIodules (AEMs). The AEM 
is a sclf-<..'Ontained cmjm,u habital, storable in H Shuttle micldeek locker, 
which provides ventilation, l.ighting, fooel, and water [or a maxirnUlll of 
six adult rats . Fans inside tIle AEM circulate air through 111e cage, pas-

Programs, Missions, and Payloads 

sively controlling the temper.:>.ture. A t!1 t . ' I • • systl' rn c.;ontrols wast 
products and odors. Although the AEM dnes no~ allow h ~ulclling of con
tained anjmals, a clear pla~tic \~rjndow r ll- the ~(\P of the unit perl11it~ 

vie\\rj ng or video recorlling. The Water Rem! Box C'nables inflight replell
ishment or watcr. 

An Ambient Temperature Recorder (ATR-4) accompanied each 
AEM . The ATR-4 is a self-contained, battely-powerecl package t11at can 
rccorclilp to 10m channels of tell1perature data. 

Operations 

Preflight 

Once animals anived at tlte launch site, tlv~y 'Nere ~Jlowecl to accU
mat(~ to lbe 28 °C temperature c"1'ccted to OCCll':· within the AEM" dur
ing the tUghr. Abol1t one day before the flight, six rats were injcctcll \-\rjth 
PEG- I L-2 intravenollsly in their tails and six flight control rats were 

injected "vith s:tUne. Two AEMs "vith the flight ntls were loaded into th 
orbiter ahout 10 hours befo re launch. 

Inflight 

Two grour , each \~~th 12 rats, served as grolmd conh'ols (Table 10). 
The control groups we re treated in H manner illentical to the tlight ani
mals, after a 2..'3-how· delay. The delayed synchronous eonh·ol group wali 
housed in AEMs within the Orbiter Environmental Sirnlliator (OE5), 
whieh is in a modified e llvironmental chHl11ber at Kenne-dy Spac 
Center whose temperature, humidity, and CO2 level are electronically 
controlled based on downlinked environmental data [rom the orhiter. 
Thus the animals/plants witldn the chmnber are exposed to cnviron-
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mental condi tions that are .~imilur to those cxperienced by tluJ flight 
group during the missioll . The vivarium control group was housed in 
cages at 28 0c. 

IJ .. lling fligltt, the rats had fi'l~e access to food ,md water. Thei r ligllt 

eyde was sct to 12 hours of light aJtt! l'IIating "vi th 12 hours of darkness. 
The crew made daily observations of the animals tllrough tIle cover of' 
tile AEM, verified that the expeliment hardware was functioning nor
mally, refilled the AE M Waler Refill Bo>.: wlH::n nccesscuy, al\(l down
linked daily recordings of temperature data, which were lIsed to control 
the OES on the <!;uunu. 

VARIABLI :S 
~ ;:~\.i~:",J..\ ~" '~:"7r~rlW. ,~ - TIt! --, 

Numbu of Rats 12 12 12 

Launc", actual none none 
Recovery Stress 

G-Force micro-G 1 G 1 G 

Food Available ad lib ad lib ad lib 

Housing group group group 
(6 per cage) (6 pe r ~ age) (6 per cag e) 

Environment spacecraft simulated standard lab 
conditions space craft condition s 

conditions 

Table 10. Fl ight and Control Groups for IMMUNE.l Rodents. 
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Postflight 
The 0.ight AE Ms were opelll"'d abou t thref' hours after the ShuttIf' 

landed. All1light rats were exarn ined and euthall ized 5hmtly afterwards 
to provide tissues for analysis. Thc delayed synchrollous gro up was 

processed 2.'3 hours laler, and the vivarillm control group Wel" processed 
46 hours alter landing. 

Results 
All +l ight ani mals appeared to be in overall good hCc1 lth and had 

gaillcd a conside.rablc amount of weight d11l'ing lh~ fl ight. Six of the 12 
Hight rats had iJljurc.! tails. TI le illvcsti[:!;atlll's col ld udecl th at the affected 

animals k ld received cilf' l'Ill ,J injuries to their tails prdlight. ",hen thei r 
lails were w<l11l1ed ir~ watcr [llior lo injection or PEG- I 1,-2 ur ~aline . The 
i nju lics appeared to have bt"t"ll exacerbatt'd by tJ Ie suppression of n0n11,tl 
healing during tI le fl ight. 

Rats treated \vitL PEG- fL-Z did not gain <.l~ much weight as thr CuJl-
1'1'01 iill.iIllClls, thoug!1 lhis trend IVWi not statistically Significant in all com
parisoJls. Treated rats cx-pelienced , lI l increase ill spleen-to-brain ratio, 

which is an eATlectco consequeJlce of ::be drug trl:atmcnt. TreatcI I rats il l 

tlw llight and synchronous control grollps ('xpclienceci an increase in ht' 
UIYlllus-to-hrain ratio, a lllC(L~u re of' ~t rcss. There were 110 llif'ferences in 
the number of total wllite blood cells or in IIU l ldx'!' or percentage of 
1l1onocytes or lymphocytes (two types of' white hlood cells) between 
Ili~ht anrl control grollps. However, tile Ilumber of nelllrophils (,UloUler 

type of white bl(X lU cell) was signi l1ctmtIy higher in trealed fl ight and S\'Jl-

'hron,)Us control <Ulimals. i\'o Significant changes were obsl'lved in bone 
pll ),s iology. Tb e~e I'('su lts we rt" late r compared to the results or 
1M M U 1\ E.2, whidl tb", O J} STS-6:3. 
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Additional Reading 

~ASA. STS-60 Press Kit, February 1993. Containcll in NASA Space 
Shuttle Launches \ iVeb si te. http:lAv\\w.ksc.nasa.gov/shuttleJmis
sions.imissions.hh111. 

Programs, Missions, and Payloads 
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PAYLOAD PROFILE: IMMUNE.2/STS-63 

Mi~sion Duration: 8 days Date: Februa ry 3-11. 1995 

Life Science Research Objectives 
• To extend the study of the rat immune system conducted on STS-60 

Life Science Investigations 
• Immunology (lMMUNE2-1) 

Organisms Flown 
• Rattus norvegicus (rat) 

Flight Hardware 
• Ambient Temperature Recorder (ATR-4) 
• Animal Enclosure Module (AEM) 
• AEM Water Refill Box 
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IMMUNE.2/STS-63 

Mission Overview 
The STS-63 mission \Va$ launched 011 the Space Shuttle DiscO\'e r~: 

on Februmy 3, 19tJ5. The eight-day mission ended on FebruaI), 11. Th(; 
six-member crew included the Hrsl fell1ale pilot to ny a space mission 
and a missi0n speCialist from R1lssia. 

The primaly missioll objective W,l~ to perfi:wm a re lldczvous alld o.y
around of the Russian space station Mir to VCI; ry flight techniq ues and 
<.:ommull ications and navigatioll inte rfa<.:es a~sociatcc1 \.\lith Shuttle/~Iir 
proximity operations ;n prepuration for the STS-71 docking mission. 

Kennedy Space Cente r sponsored two seeo,ldary payloads on th 
Illission: CHROMEX-Of) and Biological Research in Canisters 3 (BRI' -
03). NASA and the i'Jational Institutes of Health coliabclr<ltively spon
sorud the National Institutes of Health Cells 3 (KLI I.C3) payload. 

STS-63 also cmricd H commercial payload, llvIYIU:--JE.2, which was 
t1 evelopc:d hy A II IU S Hesearch Cente r in associatio n with Chi ron 
Corporation in Em e ryv ille , California , an d .l:HoS e rvc Space 
Technologies, the I\ASA Commcrcial Spacc Cellter at the University of 
Colorado, Boulder, and Kansas Stale Univcrsit)i, Man.hattan. 

Life Sciences Research Objectives 
The IMM UNE.2 uxveriment was designed to ext end the study of 

the rat i l ll l J'lUJ'le systenl conducted in the IMMU2'JE.1 experiment flOWll 

011 the S1'S-60 mission ill 1994. The IMM UNE.l experiment indicated 
that the compound pulyethylene glycol-interleukin-2 (PEC -IL-:!) 
reduced the immune system suppression that typically occurs dUling 
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~'Pace flight. The potential that PL<.:G-IL-2 sllowed as an irnrnulloregula
tDly agent may make' it useful in therapies to treat opportunistic: iniec
tions a<;sociated ' \fith AIDS and other disea~cs. 1 t may also be helpful to 
the elderly because aging tends to increase immunosuppression. Th(~se 

applications prf>sent com mercial opportunities f()J' C hi ron Corporation. 

Life Sciences Payload 

Organisms 

Th f> IMMU!\E .2 experiment used 42 adult male rats (Hattw; 
no/"vegiclIs) of the Sprague-Dawley sh·ain. Twelve rats were used in thp 

VARIABLES 

Number of Rats 12 18 12 

Launch! actual simulated none 
Recovery Stress 

G-Force micro-G , G 1 G 

Food Available ad lib ad lib ad lib 

Housing group group group 
(6 per cage) (6 per cage) (6 per cage) 

Environment spacecraft simulated standard lab 
conditions spacecraft conditions 

conditions 

Table 11. Flight and Control Groups for IMMUNE.2 Rodents. 

Programs. Missions. and Payloads 
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night group, while 30 rats were uscJ in ground control groups. Rats [rom 
the Taconic Farms Sprague- Dawley strain were used instead of th 
' harles River Labs CD rats used (or IMMUN E- I. because the il1ll11un 

responses of the CD rats li~om Chcu'les River L.abs were not as intense as 
those seen in th e Ta<.:onic Farms rats on earlie r flights. Each rat was 
about sLx weeks old ,md weighed approximately 200 g at launch. 

Hardware 
Rats were huused ill Anirnal E ndosure Modules (AEMs). A [our

channel Ambient Temperature Recurder (ATR-4) was flown along with 
each AF.M to rec'ord cage temperatu res. for general descri ptions o[ th 
AE~ and the ATR-4, sec IMMUNE. L. 

Operations 

Prefl ight 

To increase the statistical power of the experiment procedure, sLx 
more ground ('Cn trol subjects were used in IMM UNE.2 than had been 
used in IMM UNE . .l (Table J.l ). or the ground control rats, 18 fanned a 
delayed synchronolls group and were hOllsed in three AEMs withi.n the 
Orbite r E nvironme ntal Sirnulator (OES ). while 12 formed a delayed 
vivarium c'Cntrol group and were housed in two st~U1dard laboratOlY c<'lges 
on the ground. For a general deSCription of the OES, see IMM:UNE.l. 

One da), before flight, eitJ1er PEG-IL-2 or saline was injected into 
the experimental subjects subcutaneously, rather than intravenously as 
on IMM UNE.l. The PEC-IL-2 dosage was doubled, to compensate for 
the facl. that rat tissue absorbs tl1e substance more slowly when injected 
subcutaneously. Six of the fljght rats were injected with PEG-IL-2 and 
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observed for one hour before being loaded into eUl AEM in preparation 
[or launch. The remaining six flight rats served as Hight controls and 
were injected \-\lith saline be fore being loaded illtO the other AEM. Six of 
the vivarium control rats and nine of the delayeu synchronous control 
rats were injected with PEC-IL-2. The remaining grollnd conh'ol rats 
were injected with salin 

Inflight 

The crew made daily ohselvations o[ the animals through the c.'over 
of the AEM, verified that the experiment hardware wa'5 functiolling nor
mally, refill ed the AE M Water Refill Box whe n necessaly. l:Uld down
linked daily recordings of te mperature data, wh ich were used to control 
lhe OES on the ground . 

Postflight 

Flight rats were unloaded from the Shuttle two hours after landing. 
Although temperatures in the AEMs were higher thRn expected duting 
the mission, ranging from 30 to 33 °C, there appeared to be 110 adverse 
eilect on the health of the rats. The rats were euth,Ulized and tissues 

were eollected for analysis shortly afterwards . The vivarium control 
group was processed 24 hOllrs later. and the delayed synchronous eonb'ol 
group was processed 48 hours later. 

Results 
The results of tJle 1M M UN E.2 e),periJ nent diffe red from those of 

IMMUNE.l for many peU'Cllne ters. No differences in thymus-to-brain 
ratio (a measure of stress) were observed between any of the Aight or 
control groups. The Jlumber of monocytes (a type of white blood cell) 
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dccreaseu in the flight animals, regardless of treatment. 'Bone p~.ysiology 
was affected quite djffe rently than in IMM UNE. I. Femur stiffness, 
strength, and mineral n ,ass was less lor llight groups than for the syn
chronous conh·ols. PEG-IL-2 h'eatment did not induce any bone effects. 

PEC-1L-2 treatmcnt was not found to he generally therapelltic in 
relieVing the effects of space flight on the immune system. Howe\'cr, dif
fe rences in AEM temperature, e>.:pe rimental protocols, and animals 
maue it difficult to compare between llights. Highly vcl1iable physiolOgi
cal responses to space Hi ght we re obse rved between th e rats of 
1M M UNE..L and 1YlM UNE.2. 

Additional Reading 

NASA. STS-63 Press Ki t, Fcbnmry 1995. Contained in r\ASA Spac<: 
Shuttle Launches vVeb site. httpJ!w"vvw.ksc.nasa.gov!shu ttleimis
sions/nlissions.hhnl. 
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NASA/NIH Collaborative Cell (NIH.C) 
Payloads 

Th e leve l of co ll abora ti on bptween NASA a nd the Nat ional 

lnstihltes of HealtJl (N Ul ) has increased steadily in tJle past few years, as 

Lhe research community has begun to better unde rstand the value of 
conducting life sciences inves tigations in the space e nvi ronme nt. To 
date, NASA and NIH havp made no fewer than .18 cooperati vC' agree
ments. JOint space life sc: i enc(~s-related acUvilies haVf~ induded w(JI·k

shops. ground-based and fljght research , alld a lib rary re fe re ncing sys

te m. At lea'it .10 !\IH institu te" have pn.rtidpated in these projects. 

A program of collaborative space night cxpe limen ts was initiated 
among tJle :\ASA Life Sciences Division, NIH, and the Walter Heed 
Army lnstitu te of Research in 1992. All 0[" tlle payloads we re located in 

the midcleck or the Shnttle . Many experiHlc nts vvere self-sufficient ,mel 
required minimal crew attention . 

1\\10 cooperative payload seJies were es tab\jshed. The Cells (N 1 H .C) 

payloalls c.'onsisted of cells maintained witJun a selr-contained cuJture sys
tem. Tile objective of the CeUs payloacls was t·o sturly ceUular responses to 

space llight. The Rodents (NIH.R) payloads studied effects of space flight 

on rat developmental processes. 
Four Space Shultle missions were flown with NIH.C payloads dur

ing tJ1e 1991- 1995 period: STS-59 and STS-66 in .1994, and STS-63 and 

STS-6\:l in 1995. 

Programs, Missions, and Payloads 

j T.l 
r 

, i'" . 

"0 

.,' .c ! 
n.::! 

137 



a 

PAYLOAD PROFILE: NIH.C1/STS-59 

Mission Duration: 11 days Date: Apri l 9-20, 1994 

Life Science Research Objectives 
• To study the effect of microgravity on muscle and bone cells 

Life Science Investigations 
• Bone Physiology (NIH.C1-1, 2) 
• Muscle Physiology (NIH.Cl-3) 

Organisms Studied 
• Gallus gallus (chicken) embryonic osteoblasts 
• Rattus norvegicus(rat) fetal osteoblasts 
• Rattus norvAgicus (rat) L8 cell line myoblasts 

Flight Hardware 
• Space Tissue Loss-A (STL-A) Module 
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National Institutes of Health Cells 1/STS-59 

Mission Overview 
The Space Shuttle Endeavour begcU1 its ninc-cl"lY llight of the STS-59 

mission on April 9, 1994, and returned to Ealth on April 20. The Shllttle 
hmrled at Edwards Air Force Base, Califomia, tv,ro clays after the pl:mned 
mL~sion te llllination date. Six crew members flew onboal'd Endeavour. 

The plimal)' objective of the mission was to study global environ
mental changes by gatheling images of the Earth from space usillg the 
Space Radar Laboratory. One of the secondary objectives was to Oy the 
National Institutes of Health CelLc; 1 (N il-LeI ) payload. The NlII.C l 
payload was the first ill a sclies of cooperative research initiatives among 
the NASA Lile Sciences Division, the National In~titutcs of Health, and 
the 'Walter Reed Army Institute of Research. Allies Heseareh Center 
rnanaged the science on this payload . The payload is somet imes 
rden-ed to as Space Tissue Loss because i ~~ objective was to assess the 
tissue loss induced by the rn icrogravity environment and hardware of 
that narne was used to conduct the eX1Je riments. 

Life Sciences Research Objectives 
The NII-I.Cl payload was deSigned to investigate the growth of mus

cle and bone cells during space fhghr. Researchers hoped to reproduo 
ane! verify the observations made on previoLis Spac'e Tissue Loss eX'Peri
ments conducted on the STS-4.5, STS-.53, and STS-56. On those mis
sions, exposure to microgravity was founel. to alter the metabol ism of 
bone-fon11ing cells. Previous data have also suggested that muscle cells 
grown in microgra\lity lose their ability to convert to muscle Bbers. The 
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:\lH.CI eX1)eriments were expected to help scientists understand more 
about hm·v bone loss and muscle ab·ophy occur both in microgravity and 
in special conditions on Ealth, such as disease, beJ rest, and aging. The 
objective of one eXl)eliment wC'.s to sh.lcly the growth rate and protein 
production of bone ceUs when they are kept in a microgravity environ
ment. Anot.her expeJilllent focused on the capacit.y of bone ceUs to dif~ 
ferentiate (Fig. 10). The third was designed to sbJdy how muscle ce lls 
flown in space mature afte r they are retul11eci to Earth. 

Life Sciences Payload 

Organisms 

The bone cpU growth rate and protein production experiment \Vas 
m nducted on bone-forming celJs from the calvC:llia uf 13- and I7-day-old 
ch.icken (Gallus gallus) emblYos. The calvaJium is a skull .Iacking facial 
parts and the lower jaw. The osteoblast differentiation eX1JeJiment used 
bone-fonlling cells from tbe calvaria of fet::>l rats. The muscle cell experi
ment used myoblasts from t.he established L8 rat muscle cell line, rather 
than a primary culture. 

Hardware 

The e.\.peJiments were conducted in the Space Tissue Loss-A (STL-A) 
Module. The STL-A wa~ developed by t.he 'vValter Heed Army Institute 
of Research to shldv cells in microgravity. The module is an automated 
cell ('ulbJre device that fits inside a Shuttle middeck locker. Three layers 
of impermeable matelial contain all fluid components. Up to four rail 
assembues can be accommodated within the STL-A. Each rail a~sembly 
is phYSically and functionally independent and typically accommodates a 

Programs, Missions, and Payloads 

Single ex-periment. A rail has three independent pumps, which provide 
"feeding" (liquid Jlubient<;), circulation, and fraction collection capabili
ties. Cell cultures are placed inside cartridges mounted on each rail. 
Temperatw-e and other environmental parameters can be monitored. A 
computer system allows the STL-A to colled growth medium or celis at 
timed intelvrus, to treat celJs with dl1lgs or honnones, "md to fix: or pre
serve cells [or later analysis. The STL-A perfOlws all eX'Periment proce
dures. Initial activation and mOnitoling to verify that the unit is perf0n11-
ing adequately are the only inllight ere,"" operations required. 

Operations 

Preflight 

Fetal rat osteoblasts were culbJred in pem dishes for five days and 
maintained in a continuolls now system for r,Iv'O days. Four large STL-A 
cartridges were injected wid! the rat bone celJs 14 days plior to launch. 
Rat muscle cells were injected into six small cartlidges three days before 
1l:1llllch, and chick bone cells were simiJarl)' loaded into a total of e ight 
large cartJidges 12 and 3 days before launch. The rat hone cell caltridges 
were placed in one rail assembly, the rat muscle cell cartridges were 
placed i.n another, and the chick bone celJ cartJidges were placed in the 
t.·wo remaining rail assembues of the STL-A. 

Inflight 

A synchronous ground control eX'Periment was conducted, using an 
identically equipped STL-A. 

Since the experiment hardware was fully au tomated. the only 
planned ex-peJiment operations required of the c rew were to activate 
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Postflight 

FHght !;<utridges containing cells were 
recovered within [our hours after landing. 
Some of the cells were fixed for histologi<.:al 
ar.alyses and others were photographed and 
the n froze n. Fungal contamination was 

fonnd in the rat myoblast cell cultmes from 
the flight STL-A. 

Results 
Despite several technical problems 

d llr ing the llight, including contamination of 
the cul tures, leakv li'action collections, and 

xte n sio n of th e rligl ' t duration , s:)me 
inbiguing data were still obtained. 

Chicken Embryonic Osteoblast Study 

Figure 10. Osteoblasts, cells that take up calcium compounds from the blood and secrete :;tur'iy bone matrix, live on the 
surface of existing matrix. Cells gradually become embedded in their own matrix, formi ng un r alcified matrix (osteoid). 
The addition of calcium phosphate forms the calcified matrix, which su rrounds the matlJr'l bone cells (osteocytes). 

As compared to ground con h"ol cells, 
fLght cells showed a possible one-third to 
one-half reduction in total R:,\A. Heduced 
gene eA'Pression for several proteins impor
tant in mineralization was also observed. 

the STL-A once the Shuttle reached orbit ar!d to monitor the unit to 
ve rily proper fu nctioning. Tlv.> STL-A automatically coUected fractions 
of the cultured bone cells on the third and sixth days of lligh t. An unex
lx'Ctcd two-day exte llsion of the flight required the crew to add media 

to the STL-A. 
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Rat Fetal Osteoblast Study 

Space (light led to loU) appl:lrent reduction i.n gluc:ose consumption <md 
lactate production, and it may have (."clUsed decreased secretory activity o/" 
the rat osteoblasts. These responses may have been caused either byacc:el
e rated aging of the cultures or by inhibition of progressive clifferentiation. 
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Rat L8 Myoblast Cell Study 
Although tlle ground control STL-A contained large numbers of 

viable rat myoblasts. no viable <.:ultures of the flight rat myoblasts were 
avallc>.ble for analysiS because of hmgal contamination. 

Additional Reading 

NASA. NASA and NIH Ready for First JOint Science Flight. NASA 
Press Release 94-035, March 3l , 1994. Contained in NASA N f 'WS 

Releases Web site. http jlwww.nasa.gov/ relcaseslindex.html. 

NASA. STS-59 Press Kit, Aplil ] 9;:14. Contained in NASA Space Shuttle 

Launches Web si te. http://www.ksc. nasa.gov/shultleJmissionsimis

sions.btmL 

Programs, Missions, and Payloads 
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PAYLOAD PROFILE: NIH.C2/STS-66 

Mission Duration: 11 days Date: November 3-14, 1994 

life Science Research Objectives 
• To study the effect of microgravity on muscle and cartilage cells 

life Science Investigations 
• Bone Physiology (NIH.C2-1) 
• Muscle Physiology (NIH.C2-2) 

Organisms Studied 
• Gallus gallus (chicken) embryonic muscle c811s 
• Ga/lus ga lJus (ch icke n) embryonic carti lagL r: ells 

Flight Hardware 
• Space Tissue Loss-A (STL-A) Module 
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National Institutes of Health Cells 2/STS-66 

Mission Overview 
The STS-66 111jssion WHS la unched on the Space Shuttle AtI.mtis on 

, " .Nf: mbcr .3, 1994. The mission tenninated after 11 da~"S , witll the land

ing of Atlantis at Edwards rur Foree Base. Califomia, on ~ovelllber 14. 
Atlantis carried a crew of six. including an astronaut [roll) the Emopeall 

Space Agency. 

The primary mission objcctivps were to (1) the Atmosplwric 
Laboratory {or Applications lUX] Science (ATI ~<\S-:3) p<lyload_ desi?:Jlcd 

to study the eRect or soleu· eller~· on the Emth\ climate, imd to deploy 
and rc tJieve an astronolI1Y sate llite. 

The sp.conc1uy objectives included Hying two experime nt pa~· loa(b 

that were collaboratively sponsored by the r\N,A Lite Sciellces Di\1sion 

,mel the .:\ational Institutes of Hcaltl1 (f\lH): the Hodent~ L t:\Ill.Rl) 
payload, and the Ce lls 2 (r\UI.C2) payload. The :"JIH.C2 payload con

tained two joint i'\IHNASA-sponsored cxpeliments <md used hardware 
developed by Walte r Reed Amw Institute. Ames Research Ce nter 1l1<u)

aged tile scienc.:e. 

Life Sciences Research Objectives 
The N II-l.C2 payload continued tlle research into bone ,mel Illuscle 

growth in micrognlvity begun on NIH .Cl. The N Il-l.C2 c:-'l1eliments 

we re deSigned to study the e nect o/" space Iligh t on muscle ~U1d c~\1tilagc 

cells. One cxpeli me nt sought to de termi ne whe ther space flight induccs 

damage or atrophy ill myoflbers (Fig. 11.). The olher ell:pctiment exam

ined the eni.-~ct of microgravity on mine;·,J cUld bone . 
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Life Sciences Payload 

Organisms 
~I llscle and c<utilage cells from wlLite leghol11 chicken emb ,yos were 

used in the e.\peliments. \I uscle cells \..-e re cultured ;1-; orgcffioids, con

ta.ining m:-nfibers <mel connective tissue fibrob lasts. Cartilage cells were 
cultured in rnicrolll<lss c:ot)( 'itions (high densi ty). 

Hardware 
ell cuihlres \Vere: containrd in tJle Space Tissue Loss-A (STL-A) 

~ loou\e. Fe; a genenJ description of the STL-A. see Nll-J..C l . 

Operations 

Preflight 

II prep.u-ations for the ]\'[H.C2 e>''Peliments wcre ini tiated lwo 

weeks before the hmoch. in the in\'cstigato rs'laborntOli es. The cells were 

loaded into cartri dges . sealed. and hand-carrie d to Kennedy Space 

Center. Cartilage cell cLutures, placed in six small cartlidges. were loaded 

into two rail asse mblics uf the STL-A three days before launch . Mu~c1 

o'-g'<ffiuid cltlh Ires. placed in large caltTidges. were loaded into the other 

two rail asse mblies of the STLrA two d cl)'S before launch. 

Inflight 
A s:nclunllous (:ontral experiment was conducted, using an identically 

equipped STL-!\. Basal conlml cell sal1lples [or the c .... peliments were bar

\'I>~tf>(l on the wound at the time of launcIl . The automated hardware Ihed 
S"clmplec; [rom the flight bonc (Uld muscle cell clUhJres during the flight. 

Programs, Missions, afld Pay/Jads 
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Muscle Fibe r 
(one ce ll, many nuclei) 

B c 

Figure 11 . Skeleta l muscles move by contractif1g. Each muscle is composed of tightly packed 
bundies cf muscle fibers, each containing proteins, which are responsible for muscle move
ment Differentiation of muscle cells begins early in embryonic development Myoblasts (A), 
the precursors of skeletal muscle cells, fuse together (B) to form multinucleated cells, which 
eventually develop into myofibrils containing contractile fibers (e). 
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A Cell Culture Model for Space Life Sciences Research 
In t e rvievv vvith Herman Vandenburgh 

Herman VandenbLJrgh rece ived his doctorate 
degree in neuro ana tomy from t he Un iversity of 
Pennsylvania and began his career working for t he 

National Institutes of Health. In 1981, he moved to 
Brown University, where he remains today as a pro

fessor of pathology. His main researc h interest is a 
field called mechano-transduction. 

As he explains it, "We try to understand how cells 

sense mechanical force ane ,'espond to that force. We 

want to know what sort of second messenger signals 
are generated inside the cell to tell the cell if it's being 

exerci:ed and needs to grow, or needs to ch ange its 
:netabolic characteristics. Or if it's not being used, 

what ard the signals that te ll the cell that it doesn't 

need to be so big, so it wastes away or atrophies?" 
These questio, 'S led him to an interest in space biolo

gy, where many cf the same questions are asked. 
For Vander-burgh, the primary goal of his space 

resea'ch is developing pharmaceutical countermea

sures to prevent the muscle wasting that occurs in 

space, "he lping man explore a new environment, and 
a very hostile environment at that." His research group 
has developed a tissue culturd system for preliminory 

tests of these countermeasures. "It's really the classi
cal way of doing these types of experimer !s," he said, 

"You first test out new drugs in tissue culture, on cells 

outside the body, and then the next set of experiments 

are in anima ls. You hope you see a similar type of 
effect as you saw in cell cuI1· ;re. Then you go from ani

mal to human. At each stage you have to hope that 
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what harpens early on is going to follow through. It's 
much more difficul t to predict what's going to happen 

if you go right into doing animal studies." 

Up to now, he has focused on establishing mus· 
cle tisl>LJe (:ulture as an appropriate mode l system. 

" Gur main find ing is that muscle cells outside of the 
body do atrophy, or waste away in a similar manner to 

wha~ hapilens in animals and in humans. So we've 

established that it's a good model system for looking 
at how we might be able to prevent that wasting or 

atrophy from orcu rring. The rea son that the muscle 

cel:s waste away in space is due to a decrease in the 

rate at wh ich new proteins are be ing ma de in the 
muscle cells." 

These find ings help dispel the controversy over 
whether ind ividual ce lls are massive enough to be 

affected by mlcrogravity. As Vandenburgh explained, 
" I think most of the people w ho say that the force is 
minimal and that single cells shouldn't see gravitation 

al effects arp. missing the time factor. Over a week or 

two weeks or three weeks in a different gravitational 
force, the proteins in the cell are being broken down 
and new prote ins are being synthesized and being 

assembled into the cytoskeleton, into the nuclear pro
teins, into mitochondria. I think it's thllt time element 
that is important when you consider how cells respond 

to a gravitational force . The evidence is pre tty yood 

that the assembly of ;I lot of proteins can be affected 
by very sma ll mechanical forces, certain ly on the order 

of what we see w ith going from 1 G to microgravity." 

The Internationa l Space Station wi ll oHer ce ll 
researchers an opportunily ior more long-term experi

me nts. Va ndenburg h is part of the working group 

deve lopi ng the Cell Culture Un it lor the Stat ion . 
"Hopefully when it's completed, " he said, "We w ill be 

able to do automated cell cu irure experiments on the 

order of 30 to 60 days, or even 90 days in some cases. 
You'll really be able to see the long-term effects 01 
microgravily. Another huge advantage of the Sta tion 
is that there w ill be a centrifuge that you'll be able to 

put a Cell Cul ture Unit on and have a l -G contro l. 

There you can really say that whatevEr effects you're 

seeing in space are due to diffe rences in gravitationa l 
f/) ~ce , and not other factors." 
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Postflight 

Becatlse or poor wealh e r a t Kennedy Space Ce nte r, lauding was 
wvelt cd to Edwards Ail- Force Base. One cartlidge fran> each of the 

eJl."pe liments was fixed postfljght. Ground control and {light hardware 
llnits were opened sholtly afte r landing. No conlamination was detected , 
in e:ther the {ljght or the ground c...'Ontrol cells. Samples we re packed and 

shipped back to the investigators' laboratOlics. 

Results 

Chick Embryonic Muscle Cell Study 

Flight and conlrol mllsclc ('ulhlfes exhibited sirn ilar rates or ceiJIJ lar 
metabo\.i sl1I that increased linearly throughout the f1jght. The rates of 
total mllscle degradat.on were not signiJlcantly wffercnt for the two 
gronj)s. However, protein syntllesis ratp-s were decrca<;cd in fli<;ht cul
tures on day !line. Aft-er rrhll11 to Earth , protein synthesis rates in the 
(light cultures rapidly elevated to ground cuntrol levels. Compared to 

ground controls, JneaD lTlyuftbc , size ~l") flight cwtures was signiLlcantly 
decreased (alTOphied). 

Chicken Embryonic Cartilage Cell Study 

Cartilage ceUs maintained tJleir intfwily during fJjght and produced 

matrix. In dl flight and ground c...-ontrol salllples, the degree of cellular 
di fferentiation was reduced hecallse of the different gJ"l)wth dynamicS 
that occulTed in the ST L-A chambe rs cUlllparcd to growth in a petri 
uish. The ll ticroscopy results showed some indications that flight cdls 
may not have been as functionally lllature as ground controls. 

Programs, Missions, and Payloads 

Additional Readii'9 

NASA. STS-66 Press Kit. Nuvcrnlle r 1094. COlltained in NASA Spac 

Sllllille Launches Web site . http://www.ksc.nasa.gov/shuttle/ll1is
sionslmissions.htm 1. 

Vandenburgh. H., J. Chromiak, J. Shansky. M. De l Tatto. and J. Le maire. 
Space Travel Directly Induces Skeletal Muscle Atrophy. FASEB 
jOtlrnal, vol. 13(9), 19!:)9. pp. 1031- 1038. 
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PAYLOAD PROFILE: NIH.C3/STS-63 

Mission Duration: 8 days Date: February 3-11. 1995 

Life Science Research Objectives 
• To study the effect of microgravity on bone and muscle cells 

Life Science Investigations 
• Bone Physiology (NIH .C3-1. 2) 
• Muscle Physiology (NIH.C3-3) 

Organisms Studied 
• Gallus gallus (chicken) GlObryonic osteoblasts 
• Rattus norw~gicus (rat) fetal osteoblasts 
• Rattus norvegicus (rat) L8 myoblast cells 

Flight Hardware 
• Space Tissue Loss-A (S rL-A) Module 
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National Institutes of Health Cells 3/STS-63 

Mission Overview 
The STS-63 mission was launched on the Spacc Shuttle Discovery 

on FebmalY 3 , 1995. The e ight-day m.ission ended 011 Feb ruary 11. 

STS-63 was the third flight or SPACEHAB. The six-member crew 

includco th l! nrst female pilot to fly a space mission ,md a mission spe

cialist hom Russia. 

The plim,uy mission objective was to perionn a rendezvous and tl)'
cl1'ouno of the Russian space station Mir to veru): fligllt techniques, (;0111-

llnmicaUons Clnd navigatioll a.io sensor inLerf~l('es, <mel e ngillccIi ng analy

Sf!.~ associatctl with Sil1lLtleiMir proximity opcrations in prcparation for 
the STS-71 dod-ing IltissiOI1. Kennedy Space Cceler sponsored two sec

ondary payloads. ca ll ed C llHOMEX-06 and Biolugical Research in 
Canjsters 3 (13IUC-O.3) on the l1Iission . STS-63 "U!)O callied a commercial 

payload nal ned J M M UN E.2 that was developed by Ames Research 

e nter. The NASA Life Sciences Division allJ t!,C ;\JatiomJ Tnstitutes of 

Health collclborativcly sponsored the National Institl lles of He.a1th Cells 
3 (NIRC:3 ) payload, wh ich included three experiments. The \"'altc r 
Heed Army Institule prOvided the hardware ,ond payload lnanagement. 

Life Sciences Research Objectives 
The objec!:i"'" 0f'J1C NII-LC3 payload w;~~ to c:ontinue the muscle and 

bone cell (~xpe lilncnts in tile :--J Ul.C] payload. which fl ew onlhe STS-59 

mission in April 1994. (For a ocscliption. see NIl-I.C1. ) O ne e>.:peIiment 

sought Lo detenninc if exposure to low gravity levels aflccted the gro\Vth 
rate and protein proJuetion or bone cells. The other bone phYSiology 
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c:-:periment was designed to study the effect: microgravily might have on 
tbe capaci ty ofbont> rells to differentiate. The third experiment examined 
how ceUs that form muscle respond to space flight. 

Life Sciences Payload 

Organisms 

The bone cell growth rate anu protein production expeliment was 
conducted Oil cultures of bone-limning cells fro In the calvmia of 16-day
old chjck cmbryos. The calvarium is a sku lJ lacking 1 ~1(.:ial pmts ,md the 
lower jaw. The osteoblast clillerentiation experiment used bone-Conning 
cells [rom the calvaria of' fi-! tal rats. The muscle cell e:\l)c rirnent u~(:'d 

muscle cells from the 1,8 rat I11vobhl~ t line. 

Hardware 

The three cxperirnents in the NIlr.C3 payload were can-ied in tly' 
Space TL~SUC Loss-A (STL-AJ Module. For it general description or the 
STL-A, see NUr.Cl. 

Operations 

Preflight 

To ensure thc acquisition of' high-quality data, several ch'Ulges \overr
• 

made in the mf' thodology used in the OligimJ NIJJ.Cl experimt>nts. 
Procedures "01' prepcuing and isolating cells were modiflccl, and stringent 
precautions were adop te d to p reve nl cu ltlJl'e cont:·m in ut iort . 

Preparations for the NTH.C3 night e>q)erilltents began several weeks 
before launch, with c.'ClJs grown, halvested, and examined U1ol'Ough ly [or 

Programs, Missions, and Payloads 

contamination. For each experiment, four large STL-A ccutridges were 
inocu lated with cells and placed in a rail assembly of the lnoduL 
Cart ridges were illoculated with e mblYoruc: chick ccl1s 1.3 days befo r 
launch, with fetal rat cells eight days before lalJl1ch, and witJ I rat L8 CeUS 
th ree de\Vs bcturc launch . , 

Inflight 

A synchrono\1s ground C.'On trol experiment was conducled, using ;m 
identically equipped STL-A. Base line control datu {or the NIH.C.3 
~xperilrtenl were obtained from cell cultures processed un the !.!round 
immediately aftf'r lal111ch. 

The crew Illonitored the control cells in the incubator for growth , 
contamination , and fUSing. The STL-A automatically collected and 
stored samples or cells at 48-ho1.1r inte rvals durillg the mission. 

Postflight 

The ground control and flight units were opened shortly afte r land
ing. Bactelial contamlnation was found in one-half of the tlight and one
fourth of the ground fetal rat bone cell cultures. 

Results 

Chicken Embryonic Osteoblast Study 

Differences bctwcp.n metabolism o~' basal ce l.ls and that of either 
llight or conh"ol cells were inte'lJreted as a possible effect induced by lh 
reeding regime in the STL-A. A.s in the conesponcllng I\"TH.Cl experi
ment, a reJl\c:eo e>.vression of the genes for collagen and osteocalc::in (a 
ealcilml-binding bone protein) during space fljght W,l~ ObSPlvcd. 
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Rat Fetal Osteoblast Study 
The res ults from the cell differentiation expcrin lcnt using rat 

osteoblasts worc compromised by tl,e bactc lial contamination. 

Rat L8 Myoblast Cell Study 
pace llight signi fb mtly decrea~ed the abil ity of the L8 cells tu rus 

and dHferentiate into rnyotubu les. 

Additional Reading 

NASA. STS-63 Press Kit, Fcbmary 1\.)95. Con tainf' rl ill NASA Space 
Shllttle Launches vVeh sile o Itttp:llwww. ksc.nasa.gov/shuttleimis
sionslmissions. hLl lll. 
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------------------ National Institutes of Health Cells 4/STS-69 

PAYLOAD PROFILE: NIH.C4/STS-69 

Mission Duration: " days Date: September 7- 18,1995 

life Science Research Objectives 
• To study the effect of microgravity O!'l bone cells 

life Science Investigations 
• Bone Physiology (NIH.C4-1 , 2) 

Organisms Studied 
• Rattus norvegicus (rat) RJS osteoblast cell line 
• Homo sapiens (human) fetal osteoblasts (hFOB cells) 

Flight Hardware 
• Space Tissue Loss-A (STL-A) Module 

Programs, Missions, and Payloads 

Mission Overview 
The STS-69 mission was launched on thf' Space Shuttle Ende-,:lVor 

on September 7, 1995. Endeavor, wilh its nve-member erew, landed on 
Se.ptember 18 after 1 L days in Earth orbit. 

The plimcuy missioll obj~ctivcs were to deploy, ope.rate, and rebiev< 
the sf!cond Wake Shit,ld fi'acility for mate lials proeessing and to fly th 
Shuttle Pointed AutonornOlls Hesellrch Tuol f(n- Astronol1lY (SPARTAN 
20 1-0:3) used to study the SI In, 

Olle of the Se.COllllary uLjectives WaS to fly the Biological Research in 
Canisters 6 (BRTC-06) payload, sponsored by Kenllcdy Space Cent!:'r. 
NASA Life Sdene(:'s Division and the "ational Institutes of Health col
hlbomtively sponsored tIle Nalionallnstitutes of Health Cells 4 payl03d 
(NIILC4), the fomth in a series of cell (.;ullul'e payloads. The Walter 
H(~ed Army Institute provided tJle hardware and payload manageme nt, 

and Ames Research Cente.1' manngedl.he payload scienc.:e. 

Life Scien!:es Research Objectives 
The I:\vo experiments indutled in the ;-..rU1C4 payload examined the 

dlt:ets of microgravi ty O Il bone cells. The objec.:tive or one expeliment 
was to determi.ne U'space flighl causes ehangp.s in the osteoblast consis
tenl with a reduction in bone fonnation and an inere<lse in bone reSOl]J

tion. The objective 0 (' the other experiment was to stlldy the effect of 
space flight on bone cdt lormaool'l and loss by determining whether 
micl'Ogmvity reduces gene cxprcssioll and whether tJ lis process retutns 
to nurmal soon after rctul'll to Eartl!. 
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Life Sciences Payload 

Organisms 

Cultured osteoh las ts from the ROS cell line (Hattl.ls nOnJegicl/.s) 

were studied in t.h e bone 1ormation and resorption e)'l>eJil1lent, and a 
newly developed line of imlllOltalized hmncm lelal osteoblasts (hFOn) 
was studied ill the gene expression expeliment. 

Hardware 

Cultures were contained in the Space Tbsllp. Loss-A rVlodu.le. For a 
general deSCription of the STL-A, see :"-J I H c. l. 

Operations 

Preflight 

Cell cultures were initiated several weeks bcI<)re launch. The hFOB 
cells were incubated with mierocarrier beads, then transfeJTed to pe tli 
dislles to grow unti.ltwo clays prior to launch. They were then transfelTed 
to four large ccutridges and placed in one rail assembly of the STJ .-A. 
The HOS osteoblasts we re also loaded int.o ] 2 small cartridges and 
placed iu two rail asscmbues of tJ1e STL-A two days before launch. 

Inflight 

The STL-A continuously recorded the average temperature in tn" 
rail assemblies holding tlle cu lture samples. Media was automatically 
reci rcuJated through the pump, oxygenator, and ccutlic1ges throughou t 
the fl ight. For the hFOB cells, periodic mectia sampling was foUowed by 
fraction llxation. No ImUlual operations were ped<mncd. 

750 

A ~yn chronolls ground control expcliment was conducted, lIsing an 
identically equipped STL-J\. 

Postflight 

The sample cmtridgcs were removed fi·om the grr)ILJ1 cl conb·o.l mod
ules imd processed one llour after hmding. The flight unit was processed 
two haul'S later. Postflight processing incl uded sali lpling of media :lnd 
isolatioJl of nuc.:!eic acick No visible signs of contamination were fou nd. 
The fraction collections and all but one of the fixations OCCUlTed as 
plallned in the Hight unit. 

Results 

Rat Osteoblast Stutly 

Microscopic examination of the canie r beads indicated that a loss 
0(' (;ells occlllTed early after inoculation into cartridges in fl ight and 
gro und samples alike, apparen tly followed by slow recovery and 
growth. No gruss differences were (ound in cell shape between fligh t 
and ground samples. 

Human Fetal Osteoblast Study 

Both {light and ground controls used glucose at a steady and nearly 
idcJlbcal rate. The nltes of coUagen ac.'cutnuJation in fHght and control 
cells were indistinguishable. consistent "vith similar rates of colJagenous 
rnahix prool.lction. The level ofTnms1onTling Growth Factor-B2 (TGF-B2) 

and TGF-B l 111 HNA decreased slightly in llight ce lls compar~d to 
grollnd controls. Both glucose uptake and TGF-B gene express ion 
increased after 24 hours postflight. 
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Additional Reading 

NASA . STS-69 Press IGt, August 1995. Contained in NASA Space 
Shu~le Launches Web site. http://www.ksc. nasa.gov/shl1ltle/mis
sionsimissions.bhnJ. 

Programs, Missions, and Payloads 

o 

151 



Page intentionally left blank 



NASA/NIH Collaborative Rodent (NIH.R) 
Payloads 

The level of collaboration b e tween NASA an u the National 

Institutes of Health (:--JIH) has increased ste,ldi ly in the past fe"v years , as 

the [("search community has begun to bette r understand the value o f 

condllcting lire scie nces investigations in the space e nvironment. To 
elate, ~ASA and N IH have established no fewer than 18 cooperative 

agrecmenh. Joi nt space life sciences-re lated activities have included 

workshops. ground-based and flight research, ,mel a bbral), referencing 
systf'ln. At least 10 NIH institutes have partici pated in Illese projects. 

Two coopf' rative payload series were es tablished . TIle Rode.nts 

( ~IH. R) payloads studied tJle effects of space flight on rat developmtm

tal proce::ses. Plior to the NIH.R payloacls, early mammalian deve lop

ment had been studied in space only once, on the £1Ve-Ltl)' Cosmos 1.514 

biosatellite l11is.>ion 11.0"''11 b~' tile U .S.S.R. in 1983. The Cells (NIH.C ) 

payloads studi2d cellular responses to space flight. 
Vl itrun these t\vo payload programs, six payloads, whjch flew on five 

Shuttle missions, were s?onsored in the 1991- 1995 period. All of the 

payloads were located in the middeck of the Shuttle and m any were self .. 
suffiCient, reqni ring minimal crew attention . 

N[J-l.R payloads were flown on STS-66 in 1994, and STS-70 in 1995. 

Programs, Missions, and Payloads 
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PAYLOAD PROFILE: NIH.R1/STS-66 

Mission Duration: 11 days Date: November 3- 14, 1994 

Life Science Research Objectives 
• To study the role of gravity in developmental processes of the rat 

Life Science Investigations 
• Bone Physiology (NIH.Rl -l, 2) 
• Developmental Biology (NIH.RI -3, 4, 5, 6) 
• Immunology (NIH.Rl -7) 
• Metabolism and Nutrition (NIH.Rl -8) 
• Muscle Physiology INIH.R1-9) 
• Neurophysiology (NIH.R1 -10, 11 , 12, 13) 

Organisms Studied 
• Rattus norvegicus (rat ), pregnant 

Flight Hardware 
• Ambient Temperatu re Recorder (ATR-4) 

• Animal En-: losure Module (AEM) 
• AEM Water Refill Box 
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National Institutes of Health Rodents 1/ 
STS-66 

Mission Overview 
The STS-66 mjssion was launched on the Space ShuttJe Atlantis on 

November .3, 1994. The mission te rminated after 11 days, with the land
ing of Atlantis at Edwards Air Force Basp-, Cal.ifomia on Nove mber 14. 

Atlantis carried a crew of six, including an asb'oJlaut &om the Europu l11 
Space Agency. 

The ptima!Y mission objpc;Qves were to conduct the expetiments in 

NASAs Atmosphetic Lak Jl"atOl), to r Applications and Science (ATLAS-3) 
payload and to depluy and retrieve tU1 astronomy satellite. The secondcuy 
objectives tnC'!uded flying two e)<:pelimfmt payloads tllat were jOintly spon
sored by the NASA Life Sciences Division and the National Institutes of 
H ealth (I\lH). The Rodents 1 (KIH.Rl : payload included 11 eAl'eri
ments conducted by scientists b"Om the U.S., France, and Russia. Ames 
Research Center managed tl1ese experiments . 

Life Sci~nces Research Objectives 
The objective of the experiments in the NIH.HI payload was to 

investigate the role of g ravity in developmental processes. By conducting 
the NIH.H] expeliments, scientists hoped to better w1derstalld female 
physiology and reproductive biology. as "vell as tlle early development of 
skin .md the musculoske letal, cardiovascular, nelVOUS, immune, ~md cir
cadian timing systems. Such knowledge may be applied towards pre
venting or treating human developmental problems, such as premature 
biJt hs and biIth detects. 
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Life Sciences Payload 

Organisms 

Fifly -four nulliparous pregnant fe male rats (Rattus Ilomegicus ) 

belonging to the Spraglle-Dawl('~ sb-ain \vere the subjects lor the NIH.R1 
studies. A nulliparous animal is one that h,LS never borne o/Tspring. Ten 
rats were used in the flight grollp. while 44 rats were used in ground con
bul groups. At launch. the rats \,ve re in their ni nth gestational day 

Hardware 

Rals were housed in Animal Enclosure Modules (AEMs). The AEM 
is a sel r-<.'On~ained rodent hahitat, storable in a Shuttle middeck lo('·ker, 
which provides venti lation , lighting, food. and wate r for a maxim ll m 
number of sLx adult rats. Fans inside the AEM ci.rculate air through th 
cage and passively control the temperature. A filtering system controls 
waste products and odors. Although the AEM does nol allow handling of 
anill1als, a clear plastic window on the top of the lll1it pennits viewing or 
\iJeo recording. f\ \Vater Refill Box, used on AEM flights or more tllClI1 
R, 'c clays, is used to replenish water inllighl. 

\n Ambient Temperature Recorde r (ATR-4) accompanied each 
AEM. The ATR-4 is a self-contained, batte ry-powered package that can 
record up to fo ur channels of temperature data. 

Operations 

Preflight 

Rats were shipped to Kennedy Space Center on tbe se.cond day of 
their f,estalional peJiod and placed in standard vivarium cages. Body 

Programs, Missio.'1s, and Pay/oads 

weights and food and water consumption rates were recorded tmtil t:h 
seventh day of gestation. On the seventh day, a laparotomy was per
fcnned on several rats to confirm pregnancies and to dete rmine the 
number of fetal implantation sites. A laparotomy is a surgical procedure 
in whi( II an abdominal incision is made to expuse the gravid ute ms. The 
swellings on the ute lUs indicate the number of implantation sites and 
can be counted before the incision is closed. Ten dams, each with at least 
five implantation sites per ute liJle hom, were selected for llight. Tbese 
rats were loaded into two AEMs on gestation day eight. and the AEYls 
were tJ1P.fl placed in the nciddeck of' the Shuttle. 

Inflight 

The delayed synchronous control group was h'eated in a manner 
identical to tlle llight animals. [oUo'ydng a 24-hour delay (Table 12). The 
group was hOllsed in AEMs '~~thin the Orbiter Environmental Simulator 
(OES I . The OES is a modified environmen tal chamber at Kennedy 
Space Center whose temperature, humidity, and CO2 level are electron
ically conh'olled based on dowll iinked e nviron mental Jata from the 
orbite r. Thus tlle animals within thE: chamber are e~'flOsecl to C1l\·;ron
mental conditions that are similar to those experienced by the llight 
group dming tJle mission. The rats in the vivari·rlTI control groups were 
individuaUy housed in standard vivaJium cages. Vivarium control animals 
Llid not undergo laparotomies, as tJle rats in the flight and delayed syn
chronous control groups did. 

The light cycle inside the AEMs was programmed to 12 hours of 
light alte rnating With 12 hours of darkness. The crew made observations 
and bJiefly videotaped the fljght rate; daily, maintained written records of 
animal health. and v~Jifjed L)I'oper functinn of the experiment hardware. 
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Rodent Deve/opnlent in Microgravity 

Intervievv vvith Jeffrey Alberts 

Jeffrey Alberts is a neuroscientist and an imal 

behaviorist at Indiana University. His introduction to 

space life sciences research began with a phone call 
from Dr. Richard Keefe, 6 rat development spec ialist 

working on the U.S. portion of the Soviet Cosmos 1514 

biosatellite mission. The Soviets were looking for an 
American investigator with Alberts ' background to 

Join in planning the mission, which would fly in 1983. 
"He [Keefel became my space biology mentor," sa id 
Dr. Alberts, " We started working together, and he 

started teaching me over the telephone the funda 
mentals of spa ce and gravitational biologv. Two years 

later we met in the flesh for the first time on the way 
to Moscow." After the Cosmos experience, Alberts 

said, " I r-aught the spa ce biology bug." Alberts has 

gcme on to be an investigator on the NII1.R1, R2, and 
Neurolab missions. 

" Personally, " he said , "I'm interested in basic 

and fund amenta l questi ons about whether and how 

gravity is expressed in our bodies and our behavior. 
As an academic, I think that these are really profound 

and deep questions: whether. to whi'lt extent, and how 

the forces of gravity are directly and indirectly part of 

our biolog ical heritage; to what extent and in what 
ways did they make the living world look the way it 

looks and act the way it acts, right now. One of the 
most powerful tools science has to answer questions 

like that is to ask what goes on in the absence of 

whatever variable you 're talking about. And gravit'l is 
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a variable that can't be absent anywhere on Earth. So 

the only way to approximate an answer in a meaning
bl way is probably orbita l space flight. " 

Alberts sees the Cosmos 1514 mission as an 

important milestone in studying animal development 

in space. "1514 demonstrated tha t the mamma lian 
reprod uctive system, namely rat pregnancy, can pro

ceed in the absence of gravitational forces. Th is 
allowed NIH and NASA to say, Wouldn 't it be exciting 
to do something like this?'" 

The experi menta l design changed a great deal 

between Cosmos 1514 and the NIH.R missions. " On R1 

and R2, we had an extraordinarily elegant design, R1 

espec ially: laparotomies, unilatera l hysterectomies. 
We had within -mother controls, so we had impressive 

statistical power. It was a longer flight, going much 
closer to birth than on Cosmos. The fact that we could 
get these animals right off the Shuttle and into the lab 

was also profoundly important. In 1514, the animals 

were back on Earth about as long as they had been in 

space before they delivered their pups. By the time 
we got our hands on the babies, what we were look

in g at was readapting an ima ls who had su rvived 
micro-G exposure. 

"What was nicp. about R1 and R2," Alberts con

t inued, "was how quickly some of the investigators 

got the ir tissues. On R1 , we still were working w ith 
postnatal rats, but only about 48 hOurs after landing. 

But on R2, we had animals in the lab, living fetuses 

which, two or mree hours earlier, had been in orbital 
flight. This was as close as you can get to performing 

an experiment in space." 
Th ere is st ill ml1ch to be learned in the area of 

anima l development in microgravity. Besides rein

forcement and expansion of the data already collect
ed, "We know nothing about the effects of micro-G 

before embryonic day 8, or cumulative effects that 

wou ld be expressed if you started earlier or went 
longer," said Alberts, "We've never done anything on 

proprluception, on the animal's spatial learning or 

soc iai behavior." Al berts has been working on the 
des ign for the Ad vanced Animal Habitat for the 

Inte rnational Spa ce Station. "For many of us, the 
dream is to do multigenerational studies in micrograv · 

ity. The truth is, that will take longer than tl single 
Spa ce Station increment, so it's not gOing to he done 
right away. But it can be done." 
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Postflight 

Flight ntts we re removed [rom the Shuttle within two hours of lanJ

ing. Afte r a \ e te rinat ian pcrfonned a health eheck on the rats. they were 
trans[em"Cl to a sw-gicaJ facility. where each rat lInderwent a uniJatera.l 

hysterectorn~l. Rc1 t dams were videotaped continuously. including eluting 

labor anel delivel)"-
T\\'eh-e of the 'vivmium control rats IInde rwent 1l nil ate ral hysterec

tomies at the same time as the night rats clid. The remaining 12 vivarilll1l 

(V)ntrol rats were not h\'stc rectorn ized . The rats in the' delayed synchrn
nOli!' control grollp underwClIllinilatcraJ hysteredolllics 24 h01l)"s later. 

VARIABLES 

Number of Rats 10 10 24 

launch! 
actual 

Recovery Stress none none 

Gravitational Force micro-G 1 G 1 G 

Food Available ad lib ad lib ad lib 

Housing group 
(5 per ca ge) single group 

(5 per cag e) 

the rats gavc birth naturally a few da),s after Ul(:' mission had ended . 

Two fljght animals had to undergo Caesarean delive ry. By pertonning 

uni.latcra.l hyste rectomies on the dams and then allowing them to delive r 
naturally, scientists we re ab le to obtain both a prenatal and a postnatal 

sample of offspling from the same pregnant rats. D ams in all e;.;perimen

tal groups we re ellthanized sholtly after giving birth. Pups we re trans
fe rred to foste r dams for nursing. During their development, pups wer, 

subjected to a \rariety o[ tests to 35sess the ongoing impact of space fli!!ht 

Oil neurovesti bular devdopment. 

10 

none 

1 G 

ad lib 

single 

Results 
Flight dams had ullcomplicatecl Sllccess

ful \'aginal de live lics and litter sizes simiJar to 
those of conlrol dams. However, t he fljght 

dams did hm'e a significant increase in the 

number of lordosis labor contractions. most 

likely related to space fli ght muscle atrophy. 

F ligh t pups showed 00 diffe rence in the ir 

righting respor.se, indicating that the ability to 
olient themselve.<; with respect to gravity \.\'as 

re ta ined . de pite e :>.-posure to mic rog ra\.ity 

dUling Ule latte r half of gestation . 

Environment spacecraft 
conditions 

simulated 
spacecraft 
conditions 

standard lab 
conditions 

standard lab 
conditions 

No evide nce of somatic growth retm·da
tion was S<'.cn in the flight pups. In fact . devel

opmf' nt of the fe ta l e pidermis was more 

advanced in flight pups than in the ground 

controls. ;-..Ie ura.l connections betwee n U1E' eye 

and brain see med to develop nonnaHy in Table 12. Right and Control Groups for NIH.RI Rodents. 
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weightlessness. as did the nOllTlal proplioceptive shllctures when the 
,!:urr.a1s grew to adulthood on L uth . Responses of the immune system 
to micrognwity were shown to diller \\lith age of the e:-'l)elimental sub
ject; o\'erall , there appe ared to be no general eRect of space flight on the 
imlllune response, but specific compone nts of the irnlT1U I1C fl.!5ponsc 
were ClfTected c1HTerently in dams and in pups. 

Musde and bone ab'ophy was observed in the adult flight animals. 
This atrophy included a lack of C'Onnective tissue [0I111ation between the 
muscles <md bone loss adjacent to the attaclllnents of load-bearin !.! mus
cles, such as the soleus. 

Additional Reading 

l\ASA. STS-66 Press Kit, November 199 .. 1 Contained in :\lASA Spac 
Shuttle LlUncl1es Web si te. httpJ/www.ksc. nasa.go\:!shuttleJrnis
sjonsimissjons.h tml . 
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PAYLOAD PROFILE: NIH.R2/STS-70 

Mission Duration: 10 days Date: July 13- 22/ 1995 

Life Science Research Objectives 
• To study the effects of microgravity on development of rat muscu

loskeleta l/ nervous, and circadian timirog systems 
• To study alterations in rat behavior in rnicrogravity 

life Science Investigations 
• Bone Physiology (NIH.R2-1) 
• Cardiovasculal Physiology (NIH.R2-2) 
• Chronobiology (NIH.R2-3) 
• Developmental Biology (NIH.R2-4) 
• Muscle Physiology (NIH.R2-5, 6) 

Organisms Studied 
• Rattus norvegicus (rat), pregna nt 

Flight Hardware 
• Ambient Temperature Recorder (ATR-4) 
• Anima l Enclosure Module (AEM) 
• AEM Water Refill Box 

Programs, Missions, and Pay/Dads 

N~tional Institutes of Health Rodents 2/ 
STS--'O 

Mission Overview 
Tile STS-70 mission Wa.' ; ... : Inched on the Space Shllttle Dis<.;Overy 

Ull Jllly 1.'3, 199,5. The Shuttle hUlded on July 22 after a flighl that las ted 
nearly nille days. There were fivc err ,v mf' mbers on board the Shuttle. 

The pril I mry obj(~ctjve or the ll'liS:· !C.'1 was to deploy NASA's Tracking 

and Data Hclay Satelli te G, which provides cOlTIlI1l1nicaoons, tracking, 
telemetlY, data acquisition, alld cO/1l1118nd services for the Space Shuttle. 
Sevel'Lll seconchry ohjedivcs wp. l'e ':Ll ~o accnmplishecl on the mission . 
One or these was to Oy the BioJo~ical Hesearch ill Canistf' rs 4 and 5 
(B KlC-04 :u1Cl BRIC-O,S) payloads sponson J by Kenneuy Space Center. 

Another sccoudary payloau on th e m ission was th e National 
InstihJtes or Health Rodents 2 (NIII.H2). the second in a se)ies of devel
oplllelltal biology payloads spo nsored by the :">iASA Life Sciences 
Division and the Nlll. Four scientists from the U.S . ilnd one from 
,-,anada conducted e>"'Periments a~ p~tlt of the N11l.R2 payload. Ames 
Hesearch Centcr mallaged thesp e>''Periments. 

Life Sciences Research Objectives 
The NIH.TI2 payload was dcsigne(l to examine how microgr:lVity 

can alte r anatGmical and physiologic,d clevelopment in rodellts. Five 
expcliments we re condllcted on rats to study behavioral eh:mges and 
tile development of musclc, bOllc, ncrvous, anu circadian t iming sys
tems. D evelopment of \'estibu lm structures, muscle fibe rs, circadian 
bm illg systcms, alld skeletal strucl11res all begin beJ()l'c hirth. By study-
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iog these systems and slrllctlJres in rat pups that had developed in 
microgra'vity. scientists hoped L0 deLermine the role of ;;ravity in several 
areas of mammalian development. 

Life Sciences Payload 

Organisms 

Fifty ilu ll ip::trolls pregnant rats (Rattus 'I101"1)egic/ls) bulonging to the 
Sprague-Dawley strrun were used in the NIll.H2 expeliments. A null i
parous mlimru is one tJ-lal ha!; never bom e O(lSpllllg. Tell rats were used in 
the flight group, while 40 were uSt!d in groulld cOlltrol groups. At til 
tirne of launch, each rat weighed about 22.'5 g and was in gestation day 11. 

Hardware 

Hats we re housed in Animal E uclosllre Modules (AEYls). An 
Ambient TemperaLl1re Recorder (ATR-4) aceol1 lpallied eacll AEM. For 
a general description of the AEM alld tl1e ATH-4, sec NJH.R 1. 

Operations 

Preflight 

Ahout four days before laullch. laparotomies were perfllrmc<.1 on a 
group of rats to verify prcgn:lfIcies ilnd to determi ne the nl]mb~r or 
implantation sites in each rat. A laparotomy is a surgical procedure in 
which an abdominal ineision is Ir ,ade to expose the graviu uterus. The 
swellings on the uterus indicate the number or implantatioll sites amI 
( .'all be counted bdc)rc the indsiDIl is ch eel. Ollly dalfls witJ l 10 or m()re 
implantation sites were selected Ii)]" Ute lligllt and control expcli lTlents. 
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Inflight 

A basc.J cr)]1 trol group of rats was dissected immediately after launch 
to coUc<.t hw;eline physiological data Cfab le 13) . Two vivarium ground 
control groups were indivldually huused in vivarium cages; onc group 
W(L~ 48 hO\ll"5 delayed. Rats ill one \~V"Ull1m group were laparotomized 
on the seventh day o~ gestation. while rats in the 48-hour delayed vivari
UII1 group were not laparotolllize ri. A flnal ground conb"Ol group, the 
48-hour delayed s),11 chronous group. was housed in AEMs in the 

Orbiter EnvironmenLal Sirnulator (OES). For a gf' neral description of 
the OES, see NH-I.R 1. All procedures per[onn<::-d on the flight group 
were perforll1ed on th e de lay<.:d synchronous A EM ground control 
group 48 hours late r. 

I )uring the night. the rats had free access Lo fond ;.md water. The 
light cycle ~i~ tjle cages was set to 12 hours of lighL .Jtermti llg with 12 
hours of Jarkr.ess. III keeping with thf' requ..i re lllcnts of th e c;H.:adiall 
rhythnl t xperiment, light intensity during the light phase W<L~ main tained 
at a minimum of 100 lux. During the dark phasc, the light level was less 
tb;lI l one lux of red light. 

The crew made daily observations of th,' a D nais, verified that th 
cxpeliment hardware \V,L) func:tionillg properly. and dO\\11Iinked daily 
recordings of temperature data IIsed to control the OES on the ground. 
To provide data for th t: hehavioral study, tlle crew 'videotaped the ani
I nals bJid ly each day. 

Postflight 

l)ostIlighL activities were interrupteu by a hur ric<lI IC U·lat b reed evac
I.mtion of tl le e nti re Kennedy Space Cent!"r to mainland shelter~. 

because or tI lt: evacuation. dissection of rat pups on the seventh post-
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VARIABLES 

Number of Rats 10 10 

launch! 
Recovery Stress actual none 

Gravitational Force micro-G 1 G 

Food Available ad lib ad lib 

Housing grou r: sing le 15 per r;a ge) 

spacecraft standa rd lab Environment 
conditions conditions 

Table 13. Flight and Control Groups for NIH.R2 Rodents. 

nigh t day had to be postponed by one day. Experi ment activities 
resumed after personne l retu ll1ed to Kennedy Space Cente r. 

Tmmec1atel~' aftf!r Lmding, four of the fligh t dams and four of tIl" 
vivalilllll control dallls were e llU1<utizerl and dissected to provide tissues 
for analysiS. The remaining fljght and control dall1s ,vere allowed to ccU1)' 
their feluses to ten)) in '.~variull1 cages. All dams gave l lirth naturally by 
the hventy-uurd da), of gestation, except one, whose pups were deljven~d 

by Caesarean section. Two huurs after giving bilt h, each of' the dams was 
dissected and lissuf' samples were analyzed. The pups were tattoued 
shortly after birth for idcntitlcation purposes. They were lIursed by fosler 
dams and examined periodically during Ulcir clf've)opment. On the s('v-

Programs, Missions, and Payloads 

10 10 10 

none none none 

1 G 1 G 1 G 

ad lib ad lib ~d lib 

group single single 15 per cage) 

simulated standard lab standard lab spacecraft 
conditions conditions conditions 

;nUl or eighth postrlatal d: .y, rat pups were implanted \~~th microchips so 
lhatthey could be idc lltified after growth of fur. To allow exanlination of 
the development process, rat pups at various ages were euthanizcd and 
their tissues were analyt:ecl . 

The rats in the delayed synchronous control groups were treated in tl 
manner identical to the flight grollP, but after a 48-hour delay. 

Results 
Spate fHght (hd not affect the gross overall heallh or weight oC the 

night dams. Pups were delivered at the; eXl?ected tillle .md, as observed 
afte r NU-T.RL night clams hacllmcol1lpLicated, sliccess6.11 vaginal deuver-
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ies. As in N (H . RI, litter sizes of 11gbt. dallls were simiJal' to those of con

trol dams. Howf'ver, the flight dams cLd have a signifkan~ in('re,L~e in tllf' 
nUl nber of lordosis labor contractions, most likely related to space flight 
l11 ll sc:le atrophy. Fligltt pups sll owed no differcnce in their righting 
response, indicating that tlte ability to olient the mSt>lves with respect to 

gravity was retained, despite CX1)()sure to microgravity dllrillg the latter 

half of gestation. 
Diffe rencus in the preSf' l1Cp. of several substances clUciaJ to hone 

forlllation were Iouncilo be nlinjmal between Hjght and control animals. 
Calvariae thickness was also similar in fli ght anJ control ani mals. 
II ypcrtrophy of a chest ml1sd<.: utiDzed in t rawling was illcreased in tl) 
night rals that were group ]l()llsed comparerl Lo tlte v iv;.lIi.ll1ll ground 
control rats that were hOl1sed individually in vivatium cagcs. 

Both Ajght and contl'Ol pllpS showed ei rcaclian rhythl ns of' tempera
lilre and activiLy increasing ill am pljtudc ,L~ the pups m<ltured. Thf' phase 
of' rl,ytl'11ls Was earlier in t11(:~ Hight rats th;U1 in the control rats. 

Additional Reading 

Durnars, P.. C. E lland, K. Hill<1s, C. Katen. T. Schnepp, and D . Heiss
Bubenheim. National Institutes of Ll ealth. Rodent 2 (NIH.H2): study 
of tJ1C Effect of Yficrogravity ("In the Development or Hals, a 

lJaborative Series with ::-.J ASA and NIH (abstract). Cravitatirmal 
Space and Biolu{!.!J Bulletill , vnl . 10 (1), October 1996. 

I\AS A. STS-70 Press KH, July .1.995. Contained ill ~AS)\ Space Shuttle 
Lmmches Web site. http://www.ksc.nasa.gov/sll uttlclmissionslmis
sions.html. 
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Biological Research in Canisters (BRIC) 
Payloads 

Thc Biological Research in Can iste rs (I3HI C) expe rim ents are 
designed to ex,unine the effects or microgravily on a wiele range of ph)'si

o l()~ical p rocesses in highc r-onle r plants and arthropod anim <:tls (e .g .. 

in<;ccts. sp iders, centippdes. cllIstac:eans). 
BR I C hardware consists () f S 111 all , scI f~c() nt"ajned can istNs that 

n-'qn ire 110 power. BR1C eXl1e.,imcnts n~qll i r(' mini,ll;'u or no crew inter
aelion. The absence of power Lind crew time requi re1l1e nt~ make' the 
BR Te (-'\1)Climents e,G}" to fl ~ '. ~lJ)d th C'~1 Call be manifested w henever 

5P.\CC IIla~' h CCOJl1E' available iJ I tIl l' Slmtt le Jlljekleck. 
Five Shuttle missions were Ao\\'n '\~lh a total or six f3 R rc payloads 

dllling the 199 .1.- 1995 peliod: STS-()B and STS-64 in 1994; an d STS-6.3, 
STS-70, ar,cl STS-69 in 199.5. 

Programs, Missions, and Pavloads 

~ 
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PAYLOAD PROFILE: BRIC-01/STS-68 

Mission Duration: 11 days Date: September 3D-October 11 , 1994 

Life Sciences Research Objectives 
• To observe the effects of microgravity on sta rch concentration in soy

bean seedlings 
• To study how mic rogravity affects gypsy moth development 

Life Scip.nces Investigations 
• Developmenta l Biology (BRIC1 -l) 
• Plant Biology (BRICl -21 

Organisms Studied 
• Glycine max (soybean) 
• Lymantria dispar (gypsy moth) 

Flight Hardware 
• BRIC-50 Can istQrs 

164 

Biological Research in Canisters 1/STS-68 

Mis3ion Overview 
The STS-GS mission was launched 011 the Space Shuttle l::ndeavour 

on Septembe r 30, 1994. The I L-day Illi.~sion ended on Octobl!J' 11 'With 
the landing at Edw,U"(Is Air Force B;L'il' , Calilamia. Six 8rev,r melllbers 
occupied the Shuttle during the mission. 

T he primary mi ss ion objective was to l1y th e Space R ada r 

Laboratory, LI complex radar system far gathering environmc ntal inf01"

rnation ahout thf> Ealth. The missioll h ,~d ~everal secondary ohjectives, 
incl llu.ing nying two payload, spollsored hy Kt::1nedy Space Ct'lltcr. One 
was the fiftl : in the CHROMEX ~G rics. The other v.as first ill the seliC's 
of payloads caJled 13iologicallksccu-ch ill Canisters (BRIC-Ol ). 

Life Sciences Research Objectives 
The BRIC-O L payload compli scd two c:.:perimcnts. The soyhean 

cxpCliment was deSigned to study the effect of mil!rogra\ity on the con
centrat ion . metabolism, and locali za ti on of starch in plant ti ss ue. 

Carbohydrate-rich plcmts arc not only a significant food source on E,uth. 

but are also like ly to provide an ideal Sllppl)' of food on long-duration 
space missions. Hesearch on the e f/e els of the microgravi.ty e nvironment 

on these phmts is critical to the nlture of mcmned spa<:-'€! exploratioll . 
The objer::tivc of the gyps)' motll exp eJlmeilt was to study the cfleet 

of rn icrogravity on the diapause cycle of gypsy moths. Diapau5c is the 
donnant p~ riud in an insect life c)'c le when it is undergoing develop
ment into its next phase. Previolls space flight exp~Jiments showed that 

microgravity lTiay shorten the diapause cycle of g)l)sy moths and leau. to 
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Gypsy Moth (Lvmantria dispar) 

Life Sciences Payload 

Organisms 

the emergellce of Imvae tllat are 
stp,rile . The capabilily to produce 
s te ril e larvae may lead to the 
tlevclopment of a natural form of 
pest control. Howeve r, in these 
e;-,:peJiments, c nvironrn,~ntal fac

to rs such ,l~ humidity and cclrbon 
dioxide were not controlled . This 
cxpe l-illle nt used techniljllcs to 

control these factors. 

Soybean (Glycine max) seeds were the subjects of the ttrsl mUC -Ol 

experiment. Soybeans produce starc h during ea rly seedling growth , 

making lhem useful as subjects fur sl1lJjes of shu-cll metabolism. 

The gyJ)s)' moth (Lymal1trw dispflr ) was used as the subject ill the 
second expeliment. These moths were il I the cliapause stage that occurs 

in larval development. Half of tlle eggs lIsed in tlle expeliment wer~ col

lected fro m the wild and the other IIl·u('were laboratory reared. 

Hardware 
The specime ns were flowlI in BRIC-50 canisters, which require no 

power. Each caniste r is an anodized ,ullminum cylinder with an uppe r 
and a lower chamber, which mainta.ill a light-tight environment. Nine 

60- mm petti dishes or ]3 te non tlJbes for grmving seedlings can be 

plac-ed inside each chamber. 

Programs, Missions, and Payloads 

Operations 

Preflight 
For the soybean experiment, .'52 soybean seeds were pre pared for 

fJjght. Each seed was rolled in a pi ece of filter paper and placed in a 
teflon tubf'. Thilteen hlbes were placed in each chamber of lwo BRrC-

60 caniste rs . A sm,lll amount of water placeo in each chambe r provided 

moisture fc)r seed gel1l1ination. 
For the gypsy moth expelime nt, nine petJi plates we re placed in 

each chamber of three BRJC-60 canis ters. Five petri plates contained a 

gypsy mutli e,gg mass (about 100 eggs) . Three or the petri tl.ishes con

taineo a small amount of antifLmgal powder, g<\uze. and stc lil i'l.cd water 
to maintain the humidity level inside the canister chamber. The remain-, 
ing petri dish in each chamber contained Hthium hydrOxide to prevent 

carbon diox ielf> buildup. 

Inflight 
While no inflight experiment procedu:-cs were contluctecl by th 

crew, 24-hour asynchron0us ground control experiments we re conduct

ed for both expe riments in the Orbite r Environmental Simulator (OES). 

The OES is a modified environm e nta l chamber at Ke nnedy Space 

Center whuse temperature, humidity, and CO2 level are elecb'onically 
controlled based on downlinked en vironmental data from the orbite r. 

Thus tl1f~ plants witllin the chamber are exposed to environmental condi

tions that are similar to those expe rif' l1ced by the Ajght group dUting the 
mission. One soybean control group was ltoriwntally rotated on a clinos
tal to simulate microgravity, whi.lf' the other was kept unde r normal 

Earth gravity conditions. 
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Postflight 

For the soybetm expeliment, measurements of gas concentrations in 
the caniste rs we re made, ~U1d the seeds were then harvested. VaJious 
analyses we re conducted including measurements of growth, biomass 
paliitioning. carbohydrate concentrations. and 11 difFe rent enzyme 
activity measure ments re lated to starch and sugar me taboLism in the 
cotyledons. Ultrastructural analysis of cotyledon, hypocotyl, and root tis

sue sections was also conducted . 

Results 

Soybean Study 

Starch concentration in the space-grown soybean cotyledons was 
reduced by approximatel), 25 percent compared to the ground controls. 

Only adenosine diphosphatf' glucose pyrophosphOly luse (ADP). a rate
limiting enzyme in starch synthesis. was affected by the space flight envi
ronment. The activity of this enzyme was lower in the space-grown 
cotyledons than in the ground controls, suggesting Ulat the lower starch 
c'Oncentration was due to a lower activity of thjs enzyrnc. 

Gypsy Moth Study 

No infOlmation about the results of the experiment is available . 

Additional Reading 

NASA. STS-68 Press Kit, August 1994. Contained in NASA Space 
Shuttle Launches We b site '. http://www.ksc.nasa.gov/slluttlelmis
sionslrn issions. html. 
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PAYLOAD PROFILE: BRIC-02/STS-64 

Mission Duration: 11 days Date: September 9-20, 1994 

Life Sciences Research Objectives 
• To determ ine the influence of microgravity on embryo initiation , differen

tiation, and development, and the ultimate reproductive capacity of 

resultant plants 

Life Sciences Investigations 
• Plant Biology (BRiC2-1) 

Organisms Studied 
• Dactylis glomerata L. (o rcha rdgrass) 

Flight Hardware 
• BRIC-100 Canisters 

Programs, Missions, and Pay/Dads 

Biological Research in Canisters 2/STS-64 

Mission Overview 
The STS-64 mission was launched on the Space Shuttle Discovery 

on Septe mber 9, 1994. The mission ended on September 20 with the 
Shuttle landing at Edwards Air Force Base, California. The Shuttle C'ar
lied a crew or six. 

The primary mission objectives we re to test the LIDAR-in-Space 
Technology Experiment, to conduct an atmosphetic resecu'ch technology 
test using laser beams, to deploy and retJieve SPARTAN-20l , a frpe- fly
ing astronomic.'ll obselver Ilsed to study solar wind formation, and to use 

the Robot O pe rated Mate rials Processing System to investigate robot 
bandling of thin Film samples. 

One of th e seconclaJY objectives was to Oy the Biological Resecu'Cll in 
Canisters 2 (BRIC-02) payload, sponsored by Kennedy Space Center. 

Life Sciences Research Objectives 
The overall objective of BRIC-02 was to provide information on the 

influence o f' rnicrogravi ty on initiation, cliiTerentiation, and developmen t 

of somatic ernblYos resulting from an in uitro leaf culture syste m in 
orchardgrass. The expeliment also assessed the ul timate reprod uctive 
capacity of resultant planls. 

The abiUty to produce multip le gene rations of plants for food and 
WcL~te recycling is critical to achieving the goal of 10ng-011ration space 
travel. Researc h such as the BRTC-02 study he lps to de te rm in e 
whethe r no rmal plant emblYo develop ment can occw· in the micro
gravi ty cnvi ron ment. 
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Orchardgrass (Oactylis glomerata L) 

Hardware 

Life Sciences Payload 

Organi~ms 

On:hardgrass (Dactylis glom
erai"a L. ) p lants were used in th e 
experiment. Investigators studied the 
development of somatic, or asexually 
produced, embryos rather than sexu
ally produced emb,yos within seeds 
becaus e e a rly development of 
embryos cannot be easily stu wed in 
seeds . T he somatic t' mbryos of 
on:hardgmss have a number of traits 
that make them desin lble for study. 
Mo:;t importantly, they develop hilly 
and are identical in size and 1ll00Jlhol
ogy to embryos produced by sexual 
reproduction. The system used for 
this experiment was based on pai.red 
half-leaf segments, wh.ich provided a 
precise control and the opportunity to 
use paired statistics [or data analyses. 

BRIC-lOO canjsters were used to hold the specimens for the exper
iment. Like the canisters used on the BRIC-Ol mission, the BRIC- lOO 
canister is an anodized aluminum cylinde r that requires no power. 
However, the BRIC-lOO canisters are larger than the BRIC-60, are 
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completely sealed, consist of a single chambel~ and accommodate nine 
lOO-mm petIi rushes. 

Operations 

Preflight 

The basal portion of the innermost leaves of an orchardgrass plant 
were split along the miJvein ~md cut into small segments. Segments were 
plated onto nubitive medium ill peoi rushes (Fig. 12). Nine petJi disiles 
containing segments from one-half of each leaf were placed in ~ach of 
three BHIC-l OO C,:U1lstcrs to be flown on the Shuttle, while dishes w ntain
ing the c:olTesponding "sister" segments from the other half of each leaf 
were placed in canisters that served as ground contIuls. TI le leaf segments 
were plated 21 days, 14 days, 7 d~')"' , :~ days, £111(121 hours before launch. 
They vJere kept in dm'lmess at ;". ternperatw'e of21 °C before the flight. 

Inflight 

A delayed synchronous control p,:'pelime:1t was conducted in the 
Orbiter EnvironmentcJ Si rm; lator (OES) llsing . :'ister" segments £i'om 
opposite leaf h,Jves of those IIsed fo r the flight group. For a general 
description of the OES, see BRIC-OJ . 

No in1light ex.'Periment procedures were c-op::iucted by the crew. 

Postflight 

Shortly after landing, some of the leaf segments from the fligh t and 
contI'ol groups were placed in fixative. The remaining segments \-"ere 
fixed at different times postflight or incubated in light in order to exam
ine their capability to regenerate. 
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Figure 12. Schematic of the petri dish assemblies for the BRIC-02 orchard grass study. 

The emblYos from flight and contrui llssue were allowed to continue 
their development until becoming seedlings , at which point they were 
planted at the investigator's field study center. 

Programs, Missions, and Payloads 

Results 
The microgravit:y environment affected the ability of the cells in the 

leaf segments to produce somatic embryos. Somatic embryc.genesis was 
most Significantly decreased in the leaf segments that were plated 21 
how-s before launch. HistolOgical eX[.mination revealed that ceIJ division 
and other ewly embryogeniC events were adversely affected in the leaf 

tissue (rom the flight group. 
Field-established plants , controls, and flight plants showed nonnal 

pollen fem Uly. Analyses of tlle reproductive cells of the 21-hour flight 
plant showed a slightly higher frequency of laggards. bridges, and frag
ments in tllC chrOl nosomes and 1.8 times more micronuclei. 

Additional Reading 

NASA. STS-6Ll Press Kit, Febmary 1995. Contained in NASA Space 
Shuttle Launches vVeb site. http://\'v'\.vw.ksc.nasa.gov/shuttle/mis

sions/missions.htm!. 
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PAYLOAD PROFILE: BRIC-03/STS-63 

Mission Duration: 8 days Date: February 3- 11, 1995 

Life Sciences Research Objectilles 
• To determine if microgravity exposure decreas~s starch concentration 

in soybean seedlings 

Life Sciences Investigations 
• Plant Biology (BRIC3-1) 

Organisms Studied 
• Glycine max (soybean) 

Flight Hardware 
• Al11bientTemperature Rec\Jrder !ATR-4) 

• BRIC-GO Ca nisters 

• GN2 Freezer 
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Biological Research in Canisters 3/STS-63 

Mission Overview 
The STS-63 mission was launched all the Space Shuttle Dis(;()vt'l)· 

on FeblUaI)' 3, 1995. The eight-day mission ended on Fehntat), 11. Thf' 
sLx-me mber r.rew included the fu-st female pilot to fly ii space missioll 
and a lr.:'ssion specialist from Hu!>sia. 

The primary mission objective was to pcr-[orm a rendeZ\'Ous and fl~
around of the Hussian spaee station \ 'lir to veli!)' flight techniques. t'Om

munieations and navigation interraces, and engineeling analyses associal
d wi th Shuttle/Mir proximity operations in preparation f()J' the STS-71 

docking mission. STS-63 was ruso the third Hight ofSrACEHAB. 
Ames Research Center sponsored two pa~·loads 0 11 the mission, 

named National Instjtutes of Health Cells 3 (NIH .C3) arid I ~ I M UN F..2. 
Kennedy Space Center sponsored two payloads , called CIlRor ... IE..,\-06 
,mel Biological Research in Canisters 3 (BRIC-03). 

Life Sciences Research Objectives 
The objective of BmC-03 was to examine the way that microgra\'ity 

intluences the concentration, metabolism, cmd localization or starch ill 
p lant tis~ ue . The expeliment was a replication and extension of th 
BRIC-Ol study that was (lO'vVTl on the STS-68 mission on Seplember 30. 
1994. The results of the BRIC-01 experiment indicated that so~'beans 

flowlI in space had a lower starch concenl ration. decreased activity of a 
starch synthesizing enzyme, and a potent gaseous plant honnonc. By 
re flying the eX1JerimenL researchers hoped to confinn these flndings and 
to study the mcchanjsms re~ .. ponsible lor the observed effects. 
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Life Sciences Payload 

Organisms 

Fiftv-two soybean (GLycine 111m: ) 

seeds were u<icll ir: the e>q)e liment. 

Hardware 

Soybean seeds we re flown in 

BRIC-GO canisters. For a gc ne ral 

JesC'liption of the BRIe-GO canister, 

"l'C BR1C-Ol. 
tl: c r hardware used iTi the 

pxp eri lll e nl includ ec a C :ls e olls 

Nitrogen (G~2) Freezer, a pair of 
cr.\ 'o~c lI ;c ha ndli ng g l ovl~s, and an 

Soybean (Glycine max) Ambic nt Temperature Reco rde r 

(ATR-4 l. The CN 2 Freezer is a pas

sivc freczcr. dcveloped at Johnson Spacf' Center, which is cooled by 
nitro?:cll at the phasc ( l'I(Ulge point between l.iquitl and gas. The ATR-4 is 
a self-contai ned. battC' :-y-powcred package that can record up to four 

·hanneL<; o[ te ll1r>f'ra~llTe data. 

Operations 

Preflight 
Fifty-two SOy h C,Ul seeds wen.> prepared in the fol\o"'~ng manner. 

Each SPed Wet) roUed in a piece of Alter paper and placed in u teflon tube . 

Thirtecn tubes \\'ere placed in each cb.<l.mber of the two BHIC-60 canis-

Programs, Missions, and Pavloads 

tel's. A small amount of water was pl:,ced in each chamber .. mel pro\ided 

moisilJre for seed gennination. 

Inflight 

Two 2,~-hou r async..1-aronous grOlmd control eX'Periments ""ere con

cluded in the Or~ite;- Environmental Simulator (OES ). For a general 
deSCription of the 0 E~, see BRIC-O 1. One control group was rotated on 
a cllnostal to simulate m icrogravi ~y, while the othe r group grcw horizon

tally ill normal gravity conditions. 
On the fifth day of t1le spacE" llight. the crew b'ans[elTed one of the 

BRIC-GO canjsters to the G1\2 Frf'ezer for postflight analysis. 

Postflight 
Measure ments of gas conce ntrations in the canisters were made and 

the sceds we re' the n I !arvested, Various analyses we re conducted. includ

iGg measnre ments of growth . biomass partitioning, carbohydrate COD 

cenb'ations, and re late d enzyme activity measure ments in the cotyle
dons. Ultrasbu ctural analysis or cotyledon , hypocotyL and root tissue sec

tio ·~s was also conducted. 

Results 
Vl hile overall biomass accumu lation by the grO\\ing seedling was 

cuminisbed as a re"ull of space llight. the mobilization of rese lves for the 

cotyledons was not affected , suggesting an increase in respiration in the 

space-grown plants. AnalysiS of the cotyledons frozen infljgh t revealed 

lower starch concentration, lov.'e r :.!ctivitvJ of the starch svnlhetic enzym , -
adenosine diphosphate glucose pyrophosphorylase. and highe r acti"i!:), of 

the sucrose synthetic <.; nzymc sucrose phosphatp- syn~hase relCl', ive to th 
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The Challenges of Payload Science and Engine ering 

Intervievv vvith Deborah Wells and David Chapman 

The process of taking a space li fe sc i ences 

experiment from the proposa l phase through launch 

and landing ca n be long and fraught with cha llen\:jes. 
Deborah We ll s, employed by th e Bio ne tics 

Corporation, and David Chapman, employed by 
Dynamic Corp., both at Kennedy Space Center (KSC), 

offer complementary perspectives on payload devel

opment based on thei r varied experiences in the 
space program. 

Wells comes to payload de'/elopmenl from the 

engineering perspective. When she began work at 
KSC in 1388, NASA had not yet returned to flight after 

the Cha llenger disaster. She initially worked on a tele
science project. "We were trying to figure O'lt what it 
would take to do remote experiments," said Wells. " In 

other words, the PI stays at his desk at the university, 
but can still interact and participate in a space flight 

experiment from there, instead of having to go to 

Marshall [Space Flight Center] or Johnson [Space 
Center] for 16 days." They used the early Internet 

techno logy to transmit audio and video from KSC to 

MIT. " It was pretty successful. We showed that you 
could do tnis remotely. " 

Such technology wou ld prove usefu l as NASA 
r~tumed to f light in 1989, with the STS-29 mission. 

"About that time," says Wells, "The flight [support] 

group was only five people. Then we started having 

experiments come through Hangar L." She saw the 

team at KSC grow rapidly. The core flight group split 
into Mission Operations and Payload uevelopment. 
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Eventually, Payload Development split into Payload 

Mission Management and Payload Eng ineering. Wells 

current ly works in Payload Miss ion ~J1anagement , 

where she has helped develop several of the 

CHROMEX and BRIC missions. Of the division of labor 
in the flight group, she says "It's a natural division . 

You have people who are good at the nuts and bo lts, 

the design and fabricaticn. And you have people who 
are better at :he schedu les and implementing the 

requirements. However, we still cross the bounda ries. 

Even though I work in mission management. I can still 
do the eng ineering design work. The people in the 

engineering group can be in charge of a payload." 
We lls emphasizes the importance of being able 

to work across those bou ndaries. "Most of the folks in 

the l11anagement group are biolog ical engineers, or 
enginE:ers who have had some sort of biological life 

sciences training . They can ta lk to the investigator 

and u:1derstand the experiment, and then turn to the 
deve lopment eng ineer ~nd communicate that in the 

eng ir.eer's language. Then they can turn to Mission 

Operations and talk scientific requ ir ements for 
the experiment." 

David Chapman brings the sc ience perspective 
to payload development. He currently leads flight sci
ence integration at KSC, and he understands fi rst 

hand the challenges of bridging experiment and flight 

hardware requ i remellt~ . After working in the aero 

space industry during the flights of Biosatell ite II and 
III (1966-1967). he conducted research for mort: tha n 

20 years at the University of Pennsylvania. His 

research group first flew a space life sCiences experi

ment on Spacelab 1. For that flight, they were given 
:he rare opportunity ro design their own flight hard

ware. Cha pman was reminded of the experience dur
i ng the excitemen t of the landing of the Mars 
Pathfinder, "When they turned it on, activated the 

experiment, and it actually worked-that"s how we 
felt." After th jj ( experience, Chapman cofounded a 
company, wh;(;h providp,d instrumentatIOn services to 

other micrugrav;tv investigdtors. Their first product, a 
can ister designed for a plant hormone experiment, 

became the prototype for the BR:L: program canisters. 

SOlin after Spa celab I, they had the chance to 
design thei r own fl ight hardware once again: the 

Gravitational Plallt Physiology Facility thaI flew on the 
fi rst Intp-mational Microgravity Laboratory mis~ion . He 

considers himself fortunate for these opportunities, 

since it is now considered too expensive to let scien
t i st~ develop the. - own hardware. But, sa id Chapman, 

" If you do invol ve the scientists in the design and 

development cf tne hardware, that really improves the 
fina l product We've done that at KSC, with a number 
of experiments. These have involved not only the 
investigators, but also people in the science commu

nity here at KSC, alor.g with the eng ineers: Or, as 
Wells sa id earlier, "It's still one big team .~ 
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groun d (.:lIlILrols. Otit l"' 1' starch ami sl,crose nw tabolio.: enzY11les \OW l' 

1IIl,dipctcd uy space night. 
Til sc"dl i ll ~~ l'E' turn l 'd Lo r:alth ,ln rrozc ll , starch COllcentr; I-ions ill 

U1<.' c':JLyle-don' wI'! re not sil!llincantly tlifTercnt from ~hflSC ill thf" g' IJlInd 
cOlltrols. JJ owt'wr, 1Il ti'astruclllml Clllai),sis revealed lI t"t· Lho rUilllbe r and 
t0tal ' lrc~a or the sta rch grains Wt-:J'C sif,'niflcant ly p;r<'ater in tl:e c()lyll~dnns 

1i111l1 thl.' space-gl'Own p l ,~n ts , s \lggestin~ ;l 1'I."nllction in stardl graill liPl!
~ i ty. E thylcne COOCC Il '- raLio!) \\'a~ I\.vi (:(' as high in t iK' IH:.adspu,:c of' lh 
~pacf' ni~ltt (':tn ;stc rs relaLivt; to I Ill" grollnd controls. I '~i·ity l~ne, ()ii-<.'ll pro
dUl'l"d IInlkr condi tions or [Jlant stress, may phI)' a roll' in Ill(-' (lhserv('d 
space flight dt(,t'ls on ~ruwtlt and ca rhohydrate 'll f' tabolislil. 

Additional Reading 

Brown , C. S .. E . 11,11. H ilair!'! , J. A. Gllikcma. \ \1. t :. Piast tlch, C F. 
J ()h n~() '\ I ~. C. St~yjc\Vski, B_ P(' t (, I'~()n , amI D. S. Vord('nnark. 
tI.- \(-t ahoi islll , C ltra.;t tl let 1I 1'f' and Growth of Suyhpan Sl'cdJin~s in 
\- l i l'ro,gra\~ty: H('s lIlts I'rotrllh t' BHrC-OJ and BRIC-()3 I';xpf' ri
mC'lts. : W f{'riCO II Snrif'/yJor Gr(wi/ul.inlwl alld SPf7('," Hiolo{!,r 

B"lletin , \·01. l:J ~ 1), 1\)9.), p. ~) :3. 

NASA. ~H~S-6:1 Press !\. il. FehJ1I'uv 19!::J5. C()ll taj l1f'd in NASI. Spa .... 
Shuttlf' L" llld l<"s Web sil(" hltp://\V\V\V. ks('.n <l~a .gnv/sh uttlL'/mis

sio nslmis,,;ions.hh nJ. 

Programs, Mi:;sions, and Pay/Dads 
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a. 

PAYLOAD PROfilE: BRIC-04 AND 
BRIC-05/STS-70 
Mission Duration: 9 days Date: July 13-22 , :195 

Life Sciences Research Objectives 
• To examine the eHects of microgravity on tobac co hal nwo rm harmon ~ 

re lease and subsequent development 
• To compare the effects of microgravity versuS water avail abili l)' and 

uptake on cell division in plant embryos 

Life Sciences Investigat.ions 
• Developmenta l Biology (BRIC4-1) 
• Plant Biology (BR IC5-1) 

Organisms Sturlied 
• Manduca seXla (t obacco hornworml 
• Hemeror:allis cv. Autumn Blaze (daylily) 

Flight Hardware 
• BRIC-100 Canisters 
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Biological Research in Canisters 4 and 5/ 
STS-70 

Mission Overview 
The STS-70 mission was 1a-'1 ld tl'd (Ill tilt' Spacc Shuttle Di~(;()\ t;J~ ' 

on July 1:3, 1!:)95. T]I<.' Shuttle ialltil'd on Jllly 29. after ~ lligll t that \;L~ted 
lIearly nine clays. T here were t] \'t; crew 11Iell lbl'l':> ollboarcl the Sh"tt1e 
du ling the I : I iss ion. 

T ll(" l)r immj ' objf!ctivc of tlw STS -70 Ill issillll \""as to deploy !\t\SXs 

Tnu.:kit Ig and D eltu Relay Sate llite . Sevcral s(">('ollclLll), ohjecti\·I..''\ wpr, 

also accolJ 'plislJl:,d 0 11 til e: missill ii. 011(: (l t.h<'Sl ' \I 'Ll." to cany the :\aoonal 
Il lStitutcs n{' Hl'<-Jtll KoJt'nls 2 (1\ III. H2) payl(l·ltl. 

Kenncdy Spae:t' C{~ l1tpr spom, .red tW() pay'loatis 011 Hw mission . 
tcrmed Bic,logieal H t'SI";ud l in Calli~lt' r!> ~· <Llld .5 (LHHC-O-l ;.md BRIe-O.S,I . 

Life Sciences Research Objectives 
P rcvi.ol1s gwuntl-k lsed studies 011 al t(.! n:d orientat ion 'J/' tobacco 

110rnwun n p upae: rc1ativf' tll the gru\'ilaUu l,al fl ( , I (~ bad sho\\11 , .• .n f'IT('ct 

on the hnnllonc: ecd~s(lllc , which ci.llIsc:d c hanges in levels of !-OPI " 

am ino acids, ratc: of mlldt J l'vc/upmt' I It, and t/evt"loplllcnt of flight II l lL'

des. Tl l(, Ii HI C-Oll expc li ll lc nt f::'xalili lI l'd the f' flt'd s of I nil'rogravit) on 

tobaccu 1,o11lwonn C'c:J ysol1e releasl' alld Sllhs('Cjllent dew!\) pl llL' lI t. It 
was C'xpected tJ IHt ti l(> 1I~f' of' all i:1Sc:ct llIudel to ~l' ll cly hOrlnOllC "~, stems 
clil '! 1ll1I Sc/{' dc\·c lop.llent would help n~sean; lwrs ('lIli he r th ... ' II l1dpl'
standing Of\ tllW hUll'lans 11m." read to 101!g-duralion SP(\(:p fljghl. 

The B [Ue-03 cxpctim(-'Ilt was dpsilQll.'d to dl't('n rllll~ \\oiK' thl"'r thl' 

ccil -uivisill il c: ltnnges ohsl'! t'vetl il l d· Illy l'lll lH)'OS during SP dCL' Iligllt arc 
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JUE' to Jircct eff(;cts of lll icrogr:l"it)' or indirect effects sud l as water 
ava.i labiJ ity and uptake. D ifli,n ' llcl's ill h~'drod)'namics in m icrogravity 

ma)." ;'lfle.ct wate r ,:\"(libhil il:) to plants . Crnllnd-bast-'d studies inclieate 

thm water-r" lale' l i\~ty em1 impact tl 1(~ integrity or chrol11 (1somes. 

Life Sciences ~., 'yload 

Ornanisnls 
Tobacco hornW0111I (.Mrlllrlllcli 8n1(1) pIlPHf' wen' IIsed CIS the ~ub

jects or thf> l3lUC-04 c'lK' ril ,., t. Fifty-fom pllpal." t'ach WL' re Ils('d in tJII.! 

fl ight grollp and ;.IW gn .llntl control group. The pupa is a resting stage;n 

the lifc' cyc:le ur the homwnnn that occurs I>ctw(,C'1l tIll ' larval and ~t:lnlt 
stagt'~. TIlt' pupal' used in BHIC-04 ranf(cJ in age frwll !i to 6S hol1l's. 

D:l)'li ly ernbr:us (Hl'IIU'mmllis C\" Autllmn BlnzL') were studied in 
the BHlC-05 c:>''Pclimcnt. 

Hardware 

Thc- BRie pClyloacis weft' 110W11 in BH LC-lOO canisters. l<'or a gener
al O( 'scription orthc BRIC-lOO canic;tC"rs. see BR1 C-02 . 

Operations 

Prpflight 

P"'tri dishe!> served as platfonl1S to which two polycarbunate tubes 
wen' attach "d by a Ship of'Velcro (Fig. 13), A Single tohacco hOlTlwunn 
pupa wrapped in tissue was placed \\~thin each tuhf'! . The ~ncls or die 

tubes we re dosed \~i th cut ton bal ls secured in pl>tce with cellophane 

tupe. Each or the ~"ree BH1C- ]OO canisters contained l 8 pupae on 9 

F rograms, Missions, and Payloads 

Lid 

Cotton 

Velcro 

Petri 
Dish 

Figure 13. Schematic of the petri dish ::I ssemblies for the BRIC-04 tobacco hornworm study. 

petJi dishes. The caniste rs we re loaded into the Il'liddeek of the orbiter 
with the pupae maintai lled in a horizontal position untillaullch. 

Pebi dishes in the BHJC-O:'5 payload contained semi-solid agar nutJi

'-'nt medium (Fig. 14). A ho neycomb sheet inside each peb; dish pro~d-
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Membrane 
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" Honeycomb 

Agar 

,------ Petr i Dish 

Figure 14. Schematic of the petri dish assemblies for the BRle-05 daylily study. 

ed InedHlnieal support to the agar. A slaee-t of ac tivated chareoal
illlpregllated filter paper wus kept ahove the agar. A dialysis lTIembranf' 
suppoliing the plan t c:eU c:ultu re Vias placed on top of the Alter paper. A 
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tot<~ of 27 pehi dislt<:s ill th ree BRIC- lOO canisters wcre loaded into the 
l11icldeck or the Shuttle. 

Inflight 

A 4R-huu r as),l1Ch W IlOllS control ('xl)Climent was conciucted in the 

Orbiter Environrnf'ntal Simulator (OES) to comple rnellt cach cX'Pt>Ji 
me llt. For a gene ral descliption or the OES, SE'e BRIe-Ol. 

No inlligllt experiment [Jiocedures werc cOllductcd by the crew lOr 
13IUC-04 or BRI C-05. 

Postflight 

Arter landing, tIll! tobacco hornworlll pupae used in BRIC-(H 

Wf're removeu f roll l the spacccraft and examined I11OJphologieully Hall' 
of tlte pupae wcre ell th<Lllized for blood collection so t.hat LlmillO acid 
alltl hormone levels eould be analyzed. TIlt' rt'ma.ining 27 pu pae \\'e re 
transported live to llw im'es tigator 's laboralo ry ill o rdci' to monitor 
their developn lent. 

Urxm lanuing. 8.5 percent of the cells used in BE l e-05 werc chemi

cally fixed for exam ination, while 15 percent \ Wl"e allowed to devel()p rar 
examination C., r postlli~ht readaptLltiol1 ,Ulel recf )very p] Icnomena. 

Results 

Tobacco Hornworm Study 

Neither the night pupa!.! nor the grouJld controls bad s i gni("j ~aut 

dcvc1opl11f!Dt. Alter t.llt~ allilmJs we re removed li-Olll the scaled c;mders 
they began develup ing. The)" \Ve re mouitl)reu (lI l t! a few completed 
devE' lop rne nt into th l' adu lt moth. OveralL results lo r the njght and 
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ground 00l1 h'ol ins('Cts were in agreeJlll'llt. It is beUeved that the failur" 
of both the fiight and ground control ani Illals to develop whilt' in tll A 

canisters ww; Ll1 1C' to th e huildup of carbon d ioxide, which aJ1ec;tJ IPtiZf' rl 

ule insects. causing them to become dormant. 

Oaylily Cell Study 

The B R 1 C-o.=) l' \-pcliment indic:Htf'fllha l Al1l1)lyogenic cell s or davlil)' 
clre an exce lle nt model for the stud>' of space (:'rr~~<:ts on crU division, 
emh:yological dl";c lopmcnt, and chromosome structure orilL v ii ro cIII
turf'd crlls in space. A., with prcviou'i mission!-., flight matCliaJs did Ilot 
grow a~ well as gr o l illd cOlllTols. Cf'nemlly, night specimens showed vcui 
OU.\ manil't'slatiolls i)j'strl'ss. Cells wilh chrnmoso!Tle hreaks, blidgcs. ,tnt! 
double nuclei wc re found in space ~ 'llll[>l (~s and qllantiJied . None o f' 
the~r ab1l0l'm:'uilies were evident in the groulld cuntroL~. 

Additiona, Reading 

NA SA, STS-70 Press Ki t , Ju.ly 1995, Containcu in NASA Spar.e Shuttle 
L.aunt.:hes ' Yl-l., :::i te . http:!M'Wv/.ksc,n'L'i<l.go",/shuttlc/missiotlsilllis · 
sions.hhll1. 

Programs. Missions, and Payloads 
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PAYLOAD PROFILE: BRIC-06/STS-69 

Mission Duration: 11 days Date: September 7-18,1995 

Life Sciences Research Objectives 
• To study graviperception and ce ll signal processing and tr ansduction 

Life Sciences Investigations 
• Cell and Molecular Biology (BRIC6-11 

Organisms Studied 
• Physarum po/ycepha/um (acellular slime moldl 

Flight Hardware 
• BRIC-60 Canisters 
• GNz Freezer 
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Biological Research in Canisters 6/STS-69 

Mission Overview 
The ST S-69 mission W,tS lauJlched on the Space Shultle Endeav')ur 

on ScptcllIbe r i , 1995. L'~I1(.I ·'avour landed on SeptC' m l)f>l" 11) after 11 

days ill Emth orbil. A fl vc-mcmbc:r c rew flf'w abocu·d the Sltuttlc. 

The ptimcuy mission objec Livt's were to deploy, operate , and retrieve 

the secoml Wakeshie ld Facilit)" used fur malelials processing. to Ily th 
S1.uttie Puinte0 Autunomous HL'scarch Tool for Astronomy (SPARTAN 

201 -0:3) used to study solar \.\; nel, and to pe ri()rt n Sp~l cf'''\'alb to test 

assem bly techniques fo r the I n tt'l11ational Space Stativn. 

OnE' of the secondary ohjt>clives was to fly tht> N alio lw.I I mtihltes of 

IIealtl l Cel ls 4 payload (N IE.c :4 ), sponsored by A llIt .. s Research Center. 

Ke lill e dy Space Center spo nsoreci a n additional. secondary payload 

ca.lhl BiolOgical Research ill Callisters 6 (BRIC-06). 

Life Sciences Research Objectives 
Cellilla r sigmu process ing in allllr~anisms is prohably based on 

f llBdulIl c lItc.Jly simi],'r mechmils lHs. T he stimu lus inte racts with a pri

rnary receptor in order to ill.iUate a response, mediated by <;ignw trans

ducti o n pathways. In the casc of gravity as a stimui lis. it has been 

shown tbat free-liVing ~ing! c c ukm)'otic ce ll s. such as slim e moleb. 

often llse this vector for tbci r sputial orientation (gravit<'Lxis \ and. in 

addition , s how distinct scns ith 'ities to gravity. For this e xperiment , 

slime mold ce lls were used to locate the gra,,; rec:eptor imel dctcI111ine 

the inte raction between Signal pE' rception and the ~'dl's rE'sponse {sig

na! transduction and processing). 

Life into Space 1991-1998 



Ufe Sciences Payload 

Organisms 

To investigate tll e aceele ranon-stin lulus sign ai transduction chain, a 

gravisens itive Myxo m ycete, acellu la r slirn e mold (Physarum pnly
cephl!lum ), was lI':~d. lts ameboid locomotion represents one of the two 
major types of cellular motili ty (the other being rn icrotubule-based). The 

plasmodia, giant cells, d isplay a distinct gravita\;s and their inh;nsic rhyth 

mic contrdctions and c)1:oplasmic sh·ecllYling are modulated by gravi~. 

Hardware 

Peh; dishes ,VC I c flown in BRIC-60 caniste rs. For a general descrip

tion of the BHIC-60 , sec BHIC-Ol. A Gac;(,ous N itrogen (C!'\2) Freezer 

W ?.5 flown to allow freezing of canister conte nts ino.ight. For a gene ral 

dt'scliption offJle G0I2 Freezer, see BmC-m. 

Operations 

Preflight 

Several endoplasmic drops or slime mold were added to a nutlient 

agar in pehi dishes anJ allowed to grow fc))" two to three hours. Thilty

six such petri dishes we re the n wrapped in para.Hlm al ldloaded into t\:vo 

BRIC-f.,O caniste rs. L)thi um hydroxide pouche s were included in each 

<.:<mister to sClUb carbon dioxidc . 

Inflight 

A 24-hour as),1lt:hronous ground control was conducted in the Orbiter 

Environmental Simulator (OES ). For a general deSCription, see BRIG-Ol. 

Programs, Missions, and Payloads 

BRIC canjste rs we re frozen in the GN2 Freezer at two different 
points in the ni~ht : nine pe tri dishes after two clays in space and an addi

tional nine after tJl)"C~ (:'t:'~· i.n space. The remaining 18 petli dishes were 

retl.lmed to E:·uth and frozen after recovety. 

Postflight 

The flight samples \·..,ere removed rrom the canister upon recovelY 

and then analyze d and compared with the ground controls. Cellular 

secondcuy me.~sengcr leve ls (the cyclic nucleotides cA~P and cGMP) 

were cmalyzed. 

Results 
BRIC-06 demonstrated that only the level of the secondary messen

ge r cAM P drops significantly ~ith time spent in mierogravity in the 

force-generating part of tl1e cell. The refore, contrellY to sbort-tenn gravi

stimulations, adaptation l·~) microgravity lead s to pennanently reduced 

cAMP levels. The resnlts indicated that in Physan.lm polycepl101um, the 

secondary messenger cAMP is involved in gravity signaling. 

Additional Reading 

NASA. STS-69 Press Kit, August 1995. Contained in NASA Space 
ShuttJe Launches \ iVeb site . http:lAvww.ksc.nasa.gov/shuttleJmis

sionslmissions.html. 
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NASA/Mir Program 

F ollowing agreements reached in 
Octobe r 1992" NASA and t he 
Hussian Space A~ency (RSA) signed 
a f0n11al conb-ad in June 1993 initi
ating the NASAIMir collaborative 
space program. The program \V(Jl~ c1 

make use uf thE' Space Shuttle and 
the Russian Soyuz spacecraft to trans
port (TP\\' and paylwllL., to and from the 
Hussian Mir space station. :'-jASAIM ir, also 
know11 as Intematiunal Space Station (ISS) PhasE' 1, provided I\ASA and 
RSA wi.th oppu rtunities for in-depth collaboration. The program also 
acted as a ~est bed in v,,·hieh NASA could wc,rk th rough many of the 
uperational and IOgistic-l1 issues that willllced to he res()1ved [or thc rss. 

Within a year o[ the contract signing, the first related mi~sions had 
flown. During 199.5, the first two shuttle missions to dock vvi th :\1ir were 
s11ccessfully complcteJ, and the fi rst NASA astronaut to complete an 
e\tended stay on M i r resided on the statiUlI for 00 days, the longest u .S. 
stay in space since th e .59-da), Skylab 3 mission in 197:1. 

The rvlir space station is a long-duration space habitation hlcility that 
has been in opc:ratioll since 1986 (Fig. 15). It is capable of hOUSing up to 
tllree CIT\V l1lf'mbers fo r ell.tenc!ed periods. On ()ccac;ion, visiting ast ru
nauts have incrca5f'cl the population on Mir to si., [or up to a rnonth. Mir 
!1a.., a modular structure that allows it to bp. e\pandcd anclmoclified over 
time. It cWTently contains seven modu les: tilE' Core Module, Kvant ] , 

Programs, Missions, and Payloads 

Kvant 2, Kristall, Spektl~ Priroda, ruld the Docking :\1odule. The Core 
Module forms the center of the Mir complex of' modules, and it joins to 
the other modules by means of mechanjcal, e lectlical, ruld hydrauli 
(;onnections. Kvan t 1 is used for astrophysics e:\velimentation. Kvant 2 
provides personal hygiene facilities and additional power. 

Klistall , docked \·\~ th Mil' since mid-1990, was oliginally deSigned t 
house biolOgical and materials production technologies and now also 
holds the Docking Module, which provides a permanent port for the 
Shuttle. The module also hOllsed some Ames Research (;enter-spon
s< Irccl Dfe sciences inves tigations. Spe1.1:r was deSigned for remote sens
illg and Earth observation and includes additional solar arrays and sci
ence equipment. The Soyuz craft functions as the crew emergency vehi
cle, for rapid reh.ll11 to £a.lth. 

The NASN~ir program consisted or two phases: 1A and lB . Phase 
1A included the first extended stay of rul AmeJ;can on :\1ir, two Shuttle 
dockings with the station ror exchange of crew and supplies, and the 
(;ompletion o[ three]\; ASA life sciences expcd rnents on the station. 
These experiments wer<:! sponsored by Ames Research Center. This 
phase of tile program was officially initiated with the flight of a Russian 
cosmonaut on the Space Shuttle DiscovelY (STS-60) in February ]994. 
One year later, another cosmonaut flew onboard D iscovery, on the STS-
6.3 mission. On that mission, DisC'OvelY flew arollnd Mir, halting \vithin 
:37 feet o[the station. In March 1995, an American astronaut flew to Mir 
on a Russian Soyuz spacecraft and remained on board the station fo r 
three rnontlls with two cosmonaut colleagues. Tht" iu"St docking of tlle 
Space Shuttle with Mir occurred during the STS-71 mission in June 
1995. Upon docking, Atlantis dropped ofl tw·o coslnonauts and picked 
lip the crew already onboard Mir, for retUJl1 to Earth. STS-71 was Ule 
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Figure 15. The Russian Mir space station docked wi!h Space St,urtle. 

Docking 
Macule 

first time that the Space Shuttle was used to change a space station crew, 

a task that will become routine once the Intemational Space Station 
becomes operational. In :"oIovember 1995, Atlantis docked with Mir for 
the second time, on the STS-74 mission. The main task of tile mission 

was to deliver and instalJ the Docking Module . Wate r, supplies , and 
equipment we re also delivered to ~ir, while experiment samples, equip-

182 

ment for repair, cUld products manufactured on the station wcre picked 
up for re turn to Eart.h. NASN.VIir Phase IB is described in the Po~i.-

1995 Missions and Payloads section of tills volume. 

The NASNMir program presented Russian and AmeriCi:U1 scientists. 
e ngineers, as b'OlltiUts. and technical and management pe rsonnel wi th 

major new challenges. Ex~rience in collaboration gathered during the 
first phase of the program will substantially benetlt the ext(>nsive cooper

ative elfOlts to take place dwing the In temational Spac."e Station era. 

The three NASN~ir Phase 1A expe riments spollsored by Ames 
Research Cen ter that occurred before the end of 199.5, illcluding the 
dockings of STS-71 and STS-74, are described in the folloWing section. 

Additional Reading 

NASA. The lntemational Space Station: Be nciits from the Shuttle-Mil' 

Program. NASA Facts IS-1998-0R-ISS010 JSC, Au~st , 199, 
http://spacellight.nasa.gov/spacenewsifactsheetslindex.html. 

:'>Jewlcirk, D . l\lmanac ofSor;ici Manned Space Flight. Houston: Gulf 

Publishing Company, 1990. 

Savage, P.O., G.c. Jahns, and T. Sdll1epp. Space Station Lessons 

Leamed from NASAINfir Fendame lltal Biolog\' Hesearch Program. 

SA E Technical Paper 981606, July 1998. 

Savage, P.D .. G .c. Jahns. V. Sytche,,; p. J)U\.i es, D . Pletcher, R. Br:ggs, 

and R. Schae fer. Funciamental Biology Research during the 

I\'ASNMir Scie nce Progrdl1l. SAE Technical Paper 951477. July 1998. 
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NASA/Mir Payloads 

The NASN1vtir missions o ffe red scientists the uniq ue opportunily to 

pe rfollTl extended-duration expenments, which allowed obse rvations of 
the long-term effects of mic rug ravily and increaspd opportL"Jities [or 

data collectb1. A Joint Njissiun Scien~ Working Group (JMSWCl 1" lan 

aged the scientilk research. The JMS\~';G cons;sted of representa~ives 
from both \iASA and the Hussian Spacf' Af2;f!ncy (HSA) in e ach of the 

l'esparch <lre .1S designateo hy the ' AS,VM ir program: Fundamental 

Biology, I [uman Lil'e Scie ll ces, Advancf' d Techno logy, Microgravity 

Re~carch , (ntem<lsonai Space' Slation Risk Mitigation , r-:artll Sciences, 

cmd Space Sciencl's. 
A ITII"s Research Cenlci~ w hich has coUctborated with the Russians for 

more them ZO ~;ears on the C osmos hiosatellite program and the Spacelab 

Lir(> Sciences Sli1l~tle missions, tneUlaged the life scicnces portion of the 

NASA 'YliJ research agenlla. ihe e:-:peliments addressed issues or avi,m 

development, phmt biology, circal~jan rhythms, cmd ra(Jjation monitoring. 

Scientists involved in the life sciences payload,; faced an e>"l)eriment 
developmcllt lime far shorte r than that of' Shuttle missions. Whereas 

Shu ttle expe riment developme n t norrnail:-' takes three to fou r years 

fro II I the ti me o f selec ti on to thc actua l flight , investigators in the 

ASA/Mir program had all ave rage of 12 to 18 months of preparation 

lime, D -"pite the chalJenges prp.sented by this aCC<.;lcrated schedule , 

tl1C' program p roduced many insights in to t il E' ef[f'c ts of lo ng-term 

microgra\>;tyexposu,c. 
D :Jrilig Phase 1A of NASMM ir, the first of the Glvia!1. development 

and phnt bi()logye>"l)c rilnen b we re pClfonlled (F ig. 16). 

Programs, Missions, and Pavloads 
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NASA/MIR SCIENCE PROGRAM FUNDAMENTAL BIOLOGY RESEARCH 
SPONSORED BY AMES fiESEARCli CENTER 

Phase 1A I _ .. ---

• GreenhtllJse 01 

IncubatorOl Incubator 02 

Mir 18 ]-----Mi;-,9 I - Mir 20 

I NASA 1 -- .. I 
t it 
Soyuz 70 
March '95 

STS-71 
Jt:ne '95 
NOle. Progress 228 brought 
up Incubator experiment 

Experiments performed on Mir. 

i 
STS-74 
November '95 
Rcssupplv onlv. no crew 
exchange. Returned 
experiments. 

1.-___ ...11 Mir numbers refer to Russian Sl ays on Mir. Only 1991 -1995 stays show~ . 

'--___ ... 1 NASA numbers refer to U.S stays on Mir. 

Figure 16. r~ASNMi r life sciences experiment schedule. 

184 

Phase 18 

.... 
M :i;h!N,". -

I - NASA 2 I NASA 31 NASA 4 I N.ASA 5 I NASA 6 I NASA 7 

t H H H H + 
STS-76 
March '96 

STS-79 
Sept. '96 

STS-31 
January '97 

STS-84 
May '97 

STS-86 
Sept. '97 

STS-89 
January '9R 
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Tb ree li fe sciences ('xpc ri men ts were r:ond Ltc ted d u ring th e 

.. 991.- 199,5 period: Incuhator 1. wh;ch \Vas on Mir bctwec·n April and 

June 19Y5: :mtll rlcnbatnr 2 and Greenhouse .I , which were on Mir 
hc t.\:ec!1 Juh" cUlel ,"O\'cr ll1 le r 199.5. Phase 113 sa\\' tbe continuation of 

thesc expc riments, the implementation of th;> ci.:"cadian rhytilm and ;'adi

ali on dosimehy e \.-pcrirnents .. md the accomplishnwlIt of the first "seed

to-set'd'· p\;:ml ~ov,th c~-cJe . The overviews of the Phase 1 B e~(pe riments , 

perf(lmlcd frurn I g96 to 199H, can ht' found in the Post-l995 Missions 

cUld Payloaus I\:\SNMi r Phase ] B E:-"'l1eti melll Profile section. 
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c. 

EXPERIMENT PROFILE: NASA/MIR
INCUBATOR 1 

Brought to Mir: Prog ress 227 (R u ~si an ) Returned to Earth: STS-71 

Duration on lVtir: April °i 995-June 1995 

Life Science Research Objectives 
• To study the occ urrence of microgral'ity-induced abnormalities during 

avian embryon ic development 
• To examine the differences in the form ati on of avia n orga ns, bones. and 

vestibular gravity recepto(s in microgravity a s compared to Earth 

Life Science Investigations 
• Developmental Biology (lncubator1 -1, 2. 3, 4, 5, 6, 7. 8, 9) 

Organisms Studied 
• Coturnix coturnix j8(Jonica (qua il) eggs 

Flight Hardware 
• Egg Storage Kit 

• Fixation Kit 
• Glove bag with Filter/Pump Kit 
• Incubator (supplied by RSA) 

186 

.............................................. -~ 
EXPERIMENT PROFilE: NASA/MIR
GREENHOUSE 1 

Brought to Mir: S rS -71 Returned to Earth: STS-74 

Duration on Mir: June 1995-November 1995 

Life Science Research Objectives 
• To observe the effe(;ts of microgravity or basic plan t precesses, bio

chemistry. anJ structurE: 
• To test the Svet plant growth facility and assoc iated hardware for the 

1996 Greenhcuse 2 experiment 

Life Science Investigations 
• Pla nt Biology (Gre enhou sel -1) 

Organisms Studied 
• Triticum aestivum (Super-Dwarf wheat) 

Flight Hardware 
• Gas Exc hang e Measurement System (GEMS 

• Svet Plant Growth Fac ility 

Life into Space 7997-1998 



EXPERIMENT PROFILE: NASA/MIR -
INCUBATOR 2 

Brought to Mir: STS-71 Returned to Earth: STS-74 

Duration on Mir: July 1995-November 1995 

Life Science Research Objectives 
• To study the occurrence of microg ravity- induced abnormalities during 

avian embryonic development 
• To examine the differences in the formation of avian organs, bones, and 

vestibular gravity receptors in microgravity as compared to Earth 

Life Science Investigations 
• Developmental Biology (lncubator2-1 , 2, 3, 4, 5, 6,7,8,9) 

Organisms Studied 
• Coturnix coturnix japonica (quai l) eggs 

Flight Hardware 
• Egg Storage Kit 
• Fixation Kit 
• Glove Bag with Filter/Pump Kit 
• Incubator (supplied by RSA) 

Programs, Missions, and Payloads 

'0'0'0'0'0'0'0'0'0'0 

NASA/Mir Phase 1A 

Mission Overview 
Incubator, th e first Fundame lltal Biology expe rimen t on the 

Russian space station Mil", waS pC'ffol" lTIed during the first extended
tlu ration stay of an Arne llc,lri astronaut. TJ Ie payload was fl own to th 
station in Apri l ]99,5 on Progress 227, a Ru ss ian supply ship. T he 

(; reenho\Jse 1 cxpcIimcnt \vas originally scheduled to be" cond\lcted. 
alung wiU1 the [u'st lncubator e>..."pe riIllent, lmt it was canceled bec<-'l1s 
of repcatec1launclt slips of the Huss ian vessel that would bring it to Yl ir. 
Only on-orbit facility modifications to the planl hardware we re pe r
(C>nllt'd cluling that hn(', 

STS-71 
The historic STS-71 mission , the first docking o[ the U.S. Spac 

Shuttle with Mir, \VHS la lllLched OJl Atlantis un J ltne 27, 1995, from 
Kennedy Space Center. Atlall tis eanil~d U1e Spclcelab ll10dule as weU as a 
new orbiter docking system f(Jl' eOllllcLting to Mir. DUling tlte ascent 
phase or i·he mission. the Shuttle flew <:even crew members. including 
tv/o Huss iall t'O.:i lllOnauts to replace the crew already on Mir. STS-71 
I11cu'ked the A:st tillle SlnCE' the ApoUo-Joyuz Test Project in July 1975 
that Amelic,l1ls and Rw:siaw: met in space. 

The plilllCUY mission oblcctiv(~s wen~ tu transfer equiplllent, bio
rncdical data, and specimens hC't\vccn the Shu tt le and \i[i r. and to 
repl<lcu the Mir 18 crew. which had heen unboard tht' slation ror more 
tl !Hl1 ]()() days. A number or Illicrogravity anclljfe sd cnccs investigations 
wert' also fluwn to M ir on the STS-7 1 mission. 
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T he launch of Atlan tis had to be precisely timed in orde r for thc 

Shutt le to rendezvous and dock w ith Ylir. Dll ring thc flrst thre(~ days of 
the mission, the Shuttle thruste rs were Bred pCl10cLically ill orde r to 

uJing it g radualJy tu a position e ight nallti.cal mi k:s behind M il' in its 
orbital fl ight. Miss ion control cen ters in H OLlstun <U1d lvloscuw moni

tored tlle complex rendezvous maneuve rs of the two Illassivc spacec raft. 

The c rews of Atlan tis and Mil' were in contact by means of air-to-air 

radio tIUling the Hnal approach stage. Atlantis docked wi th Mi l' on the 
fuurth day of the ST S-71 mission and re mainf'cl doc:kcd for IIcarlv ny, 

/ , 
days. During that pe liod, the two i{l1SSimlS and one American onboard 

\lfj r conducted jOillt investigations with the Shunlc crew. 0 11 tlle tentil 
day uf tile missio n, the Shuttl r • undocked from Mil' and re tll rn ed tu 

Eart.h. carrying the samples from lhe urst ] II cubator expc rimcllt. Duri ng 
the tIes cent p l' Hse or the mjssioll, Atl antis re turn ed "'vi Lh all c ig ht 

me lllbe r crew, inclucUng the three Mil' J 8 c rew Illembers. 

The :Vlir 19 mission bega ll wiU, the lIndocking or A tiantis from rvIir. 
Athmtis lE'ft hehind the two cosmonauts w ho were to man Mil' and sev~r

~J scieIlce experiments that were to be c;onductctI neii))'c the docki llg of 

STS-74. Tht"sp eKpeJiments inclllded one managed by Ames Hesew'ch 

Center, called Greenhouse I , a jOint project with Utah State University 
and UH; Instihlt~ o f liiorneuical Problems (J MBP) in Moscow. 

Al'tt: r lli e departurc of STS-71, u continuation of the Ill cu ba tor 

~xpeliment was d€'live retl to Mil' by anotl1er Russian tnmspOIt vehicle. 

]m;ubator I and 2 wc re conducted on the Yl ir 18 ancl 19 missions alon~ 

with t h t! G ree nhouse ) experime nt brought onboartI by STS-71. 
B i () I ()~ci J salllples amI data cuUected during M il' .1 9 were rctumecl tu 

Ealtl l 0 11 STS-74 . EngineeJing alld operational expelience gained {'rom 
the STS-7) lIIi ssiun ill1pacted p lanning lor the STS-74 mission . 
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STS-74 
Atlantis docked lor a s('cond lime with Mir for th iClht-cla\' STS-74 b _ 

m issioll , lau nched on Novemhe r 12. 199.5. Th e five -mem be r c rew 

includc~cl an as tronaut from tJ Ie CcU1acUan Space Agency. 
T1H.~ P lilllcUY objectives or STS-74 were to agaiJl successfully clock 

wilh Mil', to penncment.1y install the Hussian-bui ll docking module onto 

t.1w :\IiiI' Kristall module , and to condllct joinl r\ASAlRussian Spac 
Agency scicntinc expe riments. 

Atlantis docked "vith yli r on t ll c fourth tby of the m ission and 

re maincd docked for three da.vs. W hile docl:ccl, Shllttlc and :\lir crews 

perfol'llletI collaborative science invcsti~atjons. They also t rclns rerrecl 
sllpplic ·s, e<]uipment, all tl experimellt nlate lials to Mirror tJIC upcollling 

M il' ZO miss ion. EXIwrimcnt samples enid data from tl1e t.,llir 18 :mel 19 
missions, cquipmellt fiJI' repa.ir and amJysis. and products IllCUll rfactured 
on the station werc tnU1s1e rred ;)'0111 Mirto till' Shuttle. STS-/4 brollght 
hack q uail embJ)'os incubated alld chemic;ally fDeed tIuring the Mil' 1" 

and 19 missions as well as plallt samples and l larrh.vare from th 
Greenhouse 1 eX'Pelimcnt. 

Life Sciences Research Objectives 
Earli c r Hussian avi.m embryology eX1)eriJ nents on Mil' showed that 

cmbl),ollic development and haLching do occLlr ill space, hut that the 
numbe r or hatches is lower than Oil Ecuth. T he Incubator C'xpl'Jimcll t 

was deSigned to elucidatc tlle nature of space night effects on avian 

e mbryos "mel to de te rmine whetl lc r gravity is requi rcd for normal avian 
e Jl1bl)/ogenes is and develop m c-' JI t . Studying sllch p rocessl's in birds 

allows researchcrs to bettcr untIe rstand th" effeces that mic:rogravity 

migh t have on humall reproductive capabilitit"s. 
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BIOREGENERATIVE LIFE SUPPORT 

Food 
Water 
Oxygen 

~~:ine , cas 
f 

CO2 

1 
Grey Wate r 

Nutrients & CO2 

< > 
Inedible Material & O2 

Biomass Production Microbial Bioreactor 

Figure 17. Bioregeneratlve life support systems represent a likely ;nethod for recycling 
waste and providing food, water, and oxygen on long-duration space flights. 

Programs. Missions, and Payloads 

The Greenhouse expe rim ent studjed plant growth in space. 
Understanding how plants respond to spaee flight is impoltant for con
dll cting long-duration , manned space missions . As mission duration 
Increases, it will hecome infeasible, {or reasons of both weight and stor
ag~ capm.:ity, to earlY sufficient food, water, and air suppbes at launch. A 
solution to the proble Jl1 is to deve lop recycling strategies using t.:rop 
plants to generate f()od, water, and oxygen and remove carbon dioxide 
and excess humidilY frorn the enclosed spacecraft environmellt (Fig. 17). 
The GrePllhouse cxperiJ11~nt foclIsed specifically on how plants devel
op, metabolize, rcproduc(~, and yield in lllicrngravity. The experiJl1ent 
also served as a ll evaluation 0(' tbe plant growth ('adutics on Mir. Unlik 
ill previous U.S . space {light c>q)eriments, the plants brol1ght to \ /1ir on 
t:lu:.· STS-71 mission were allowed time to complete an enti re li re cycle 
in the spat.:e environment. 

Life Sciences Payload 

Organisms 
Both Incubator expelirncnts used fertilized eggs of the Japanese 

quai l (Colurnix cot llmh:j(/p0'l2'ica ), provided by [MBP. The quaiJ is a 
widely used model organism in the study of emblyogenesis. Tn adJi tion. 
(llJaii have been cOJlsidered as a potential supplement<J fuod source for 
long-duratiul l I nissions, since they are smaller than tJle chicken and have 
a higher meat yield. 

The GreeJlhouse 1 eX'Periment used wheat plan ts (Triticum aes
t.ivlI/'n ) of the Super-Dwarf variety. \iVbeat is all inlpo li~u-tt agri t.:ultunJ 
TOp .Uld a likely candidate ror a plant-bcL<ied life ~UppOlt system to [.Ie 

lIsed on IOlll!"uuratiol1 missions. 

189 

'0 



a 

~..;. ... ..h.._~ 

/ '~ f.''''''''''~ 
.... -.:c:-r. ."' .. .. ~~ ,~, 

, ;: . " '-~~~-~ 
",?;, ' , I '-S'-~~~. 
\', i ; " ~::-'--=------ -""" :o-.. L-"':', 

........ - ' . .. ~ "-f., \ ,~~~~ .~-,,' "~ ! \"'~~y,,~,'>;l,~ 
/) I, I \~, .. ~~~~ ~~/. \I\ 
'I" r " ~~';'!('"1.""~~~<'~!~'. / \ ~ "\ ".J"''''~ '"'~ ~ _____ '-_ , ~\ \ . - \~', ~" ~"'<""~~-~_ """-""'l~ 
\ .- '- ;:--::-:0. ;;::_ :::_,::-=-,:,_-:%~ 
'\ . - - " - ----,-,·--· ' -'0\'\'\1'> 

~ .' - "':\';;-::""':.."'- ... ~ ....... " \, ' \ ,~}, ;.~"W\ 
\·"' .. '·'"' ..... ~\I(. I '" )1,1' 

11~ 1J,.,I II\i11.~ 

, ~ / "'-:::::J 
"' .-" , :::::;..~ • . ':::;::/=-. , . ,', ~~ •... , -~ -==S . ·.·,.:1 ... ... ';.. ~ 

~~ ""-' 

Japanese Quail (Cotumix cotumix japonica) 

Hardware 

Qu ail eggs 've re kept in a 
Russhm-designed incubator with a 
capacity of up to 80 Pggs (Fig. l R). 
The incubator allows conlrol of 
both temperatu re and humidi ty, 
A glove bag was provided for per
formin8 the Ll xations. Fixati on 
bags used in tilt.: experimenl con
tained either paraform aldeltyoe 
or ;>,(} e thanol/glyce rol sol u tion. 
Since fixed eggs could be kept at 
amhient temperahm:!, no reIiiger-
ata r/freeze r was needed. 

v" heat plants WE're grown in the Svet, a plant-growtl , facili ty jOintly 
developed by Russia and Bulgaria and sent to Mil' in WHO. It curnprises 
a plcmt growth challlbel~ a root module, a light unit, and a control unit. 
The Svet can hold about 100 wheat seedli ngs (mel accolll lllodate phmts 
that are up to ,30 cm (Hi inches) tall. Environ mental monitoring S),S I'ClllS 

developed by Utah State University were added to the Svet. F luorescent 
lamps provide light that is about one-twelft h as intense a<; sunlight- an 
amount tJ rat is lllarginaUy sufllc:icnt for adequate plant growtlr with ili tJ le 

Svet. Wheat plants m'e grown in a solid <'.eoJite substrate cOlltaining nutri
ents . Water is injected into the substrate material and transferred to the 
wheal seeds by means of a wick system. The U.S. environmental moni
loring ~yste rn , named the Gas Exchange Ml)!litoring System, collects 
data on CO2, and water vapor in air entt' ring and leaving the SVl;!t, allow
ing calculation of photosynthesis, respiration, and transpiration. 
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A harvest kit was lIsed lo collect plmlt salllp ies From the Svet. The kit 
includes tools sud. <L'i forceps, scissors, microscissors, and d issecting 
insll1lments. A pOltable glovehag, which prevents hazardom mate rials 
[rom coming into <:antact witl! the crew UJlvi ron rnent, was used to fLx 
speci ,nen samples. Preselvativcs for fixing samples ",:ere con tained in a 
fi xative kit, which includes che mical 
fixative soh I tiOll in tliple-sealed bags. 

Operations 

Prefl ight 

Por hOtil Incubator ~xpf' ri rn e:' lI ts , 

the Il llaiJ eggs we re coll ected from 
IMBP over a puriod uf days be fore 
Hjght and hand-carried to the launch 
site at ambie nt temperature. The 
eggs were th e n placed in a fua n:
lined metal box [or transpoli to Mil' 
on th e Prog ress vessel. Two uth c r 
groups of fe lt ilizcd quail eggs from 
the same parcnts were lIsed as con
trols. The HS) IJ Ichronous contro l eggs 
rece ived th e samc pre-incu hatioJ1 
tim c and temperatll re as the night 
eggs. They wen~ incuhateu in ha rd
'vvrt:'<'! .~illlilar to that on Mir, at sir ll ilar 
t\:'mp(~ral ures . A JaboratOly viva rium 
control glUUp also received tlte:' sal ne 

&? 

Wheat (Triticum aestivum) 
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pre-incubation time and te mperature as the rught eggs hut werc incu

bated in a co 1111 nerciaJ incubator. 
The expe riment plants for Greenhouse 1 were sent to Mil' as sceUs 

attached to a st lip of plcL<;tk:. A delaycd synchruno\ls ground conh'ol was 
conducted wid I tempe ratu res, CO2 levels, Iigllt, and othe r e nvironmen

tal factors as close cLo.; possiblc to those reported from M iT. 

Inflight 

For bod1 Incubator c:\1)e riments, e~gs were che mically fIXed at vari
O ltS times tu allow ohscrvatioll of different stages or development. The 

first set o[ eggs was fL';ed seven llayS alte r heing placell in the incubator. 

Figure 18. The Russian-built Incubator onboard Mir can provide temperature and humidity 
control for 80 avian eggs. 

Programs, Missions, and Payloads 

Three more sets of eggs were fixecL at three inte rvals of dll'ce days each 

after the first fixation. Although the e"'Periments remained on ~,,1ir for 
tlu'ee montlls, the actu,J duration of each experiment was 16 days, afte r 

which fixed eggs were stored lor re tum to Eartb. The fixed samples weI" 
returned to Earth on the STS-71 ,md STS-74 missions. 

Both control groups were fixed at dle same time in the same solu

tions as the fli ght eggs. 
Planting or wheat .~eed occun ed after STS-71 undocked from Mil'. 

DUling Mir 19, crew me mbers munitored plant development by making 
rlaiJy observations cmd taking photographs. They also collected sarnples 

of plants at five diffe rent stages. The duration of the e"11eliment was 
90 clays , from August to Novem ber. All samples were retu:---:ed to Eruth 

on STS-74 for postfljght analysis. 

Postflight 
After the Shuttle landed , fixed quai.! egg and plant samples we re clis

tlibuted to the investi!!ators. 

Results 

Quail Eggs Study 
DUling Mir18INASA 1, JTlClny of the emblYos showed developmen

tal abnonnalities , and the mortality rate during the incubation peliod 

was high . Beeallse of the possibility that unplanned temperature fbc·tua

tions in the incubator we re the cause of the high mortality, none of Ule 
expeJiment objectives \-ve re satisfied by the data. During Mir 19, infljght 

development progrcssec1 to a [U1ther stage than in the Mil' 18 experi 

ment, but dle fluctuation in incubator temperatures again could not be 
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ruled alit as the cause of mortality. No abnonnab bes in gross 111001'holo
gy were detected in the emblYos. A third replicate of th(J experiment, 
pe rformed dUling NASA 2 between STS-76 in tvlarch and S'1'S-79 in 

September 1996, produced more viable emblyns. 

Wheat Study 
Wheat plants grew for almost all of the 90 wys of the expeliment but 

exhibited poor growth. Inhibited growth was caused by the hLilure of four 
out of the six fluorescent lamps in the plant growLh chamber and crratic 
moisture conditions in the soil. An w1e}..pected result of the experiment 
Wel'> that the plants remained vegetative throughout the 90 days, never 
prodUCing flowers i.n the rom·1 orwheat heads. Control phmts were simihu
in appearance to tJ1e spac.-e plants but produced sterile (no seed., ) heads. 
The lessons leam ed in this ex-pe liment were applied in ] 996/97 by the 
same team with new equip. nent, cOld Uk:' Super-Dwwf wheat plants pro
duced lush growth and about 280 wheat heads . However, all heads 
proved to be ste rile. Ground st'l, '. ~. have demonsh·ated that ethylene in 
the Yfir cabin atmosphere ('auseL :.0 stulility. A subsequenl G reenhouse 
experiment, conducted in 1997, which llsed mustcu·d plant, produced the 
first successful seed-to-seed plant cycle in space. Anothe r ~tudy on Mir 
! hat began in 1998, not sponsored by Ames Research Center, used 
Apogee. a sb·ain of wheat more resi~tanl to eU1)dene than Super-Dwarf 
wheat. The effort succeeded in producing SOIllE' fertile wheat seeds. 

Additional Reading 

~ASA STS-71 Press Kit, June 199.5. ]n l\ASA Space Shuttle Launches 
\Veb site. bttp://www.ksc.:·.clSa.gov/shuttleimissionsimissions.h tm l. 
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NASA. STS-74 Press Kit, Nover.1ber 1995. In NASA Space Shuttle 
Launches Web site. http://www.ksc.nasa.go\l!shllttle/l11issionsimis
siol1s .hhnL 

Life into Space 1991- 7998 



The Cosmos Program and Payloads 

NASA has bef'n <eUl active participant 
i :1 th e Cosmos biosa te llite program 
sine!" 197.'5 . The Sovi p.tlRussian night 
selie.·. which began in 1966. is dedicaL
ed to hiological e>'1)elilnelllation llsing 
un manned , Earth-orbiti Ji g satf' l1ites. 
Between J Q7.:; ancl 1990, the Llgency par
ticipated in se\'e n 1 nissions tlo\\'l1 aboard 

the Hussian Cosmos spclcecraft. lH 1992, 
NASA crx )peratrd witll the Rllssian Spa\:,~ Agency ill flying expclilllellts 
on the Cosmos 2129 mission. refelTccl to lly the Hnssians as BiOI) 10. 

Expe)ime nts conducted on Cos mos d iffe r from those condllded 

on the Spacp Shuttle bf'callsc the Cosmos spacecrafl is an unmanned 

biosatellite. Thjs nle<.U1S thaL aU ex.-pe rime nl opemtio.ls, spacecraft sllb

systpms. and li fe support syste ms [or E'xperime:: [ subjects must be 

au tomated . Expe rimpnt mate ri als and subjects cannot be direc tly 

manipulated dllling the flight, and viewing is possible only by means of 
video. Malfunctioning hardware cannot: be repaired dUli ng a mission, 
and li[p. SUppOlt e 'lllipment cannot be lnanually regulated. These Iimi
tatiOlls place spe<.:ial demands fo r (il mlit)' and reliability of fli ght hard

warp. and allow the experiments sOlllewhat less flexibility than those 

flowll on m,\nlled vehicles. 
The re are. however, signillcant advantages to (:u llllil clin~ life sci

ences expprin le nts on unm anned spacecraft. The cos t: or D)i ng an 
unmannecl mission is ma rked ly less than that of a manned rnission . 

Programs, Missions, and Payloads 
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Instrument Assembly 
Compartment 

Primate Capsule 

~;ontView 

Figure 19. Schematic of the Cosmos biosatellite interio r. 
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HARDWARE DISTRIBUTION 
WITHIN THE COSMOS BIOSATELLITE 

Video Camera 

- - - Tape Recorders 

Side View 

~-- Environmental 
Control System 
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H ardware can be buiJt relatively ine:-..p ensive!y, using a wide r range of 

matc liais. without je.opardizing crew safety. Similarly, rnissions can often 
be extendE"d or shortened tf . . ,laximize scie nce re tl.lflL and anjmal wel

fare , since crew requirements do not have to be considered . Also, they 

allow mi<;sion 11 lanagement to control the launch date and thereby aUvw 

payload readiness to be a signjFicant factor. 
The biosate llite is an unmanned space vehjcle designed for conduct

ing biological eXf ~rill1ents in space. It is composed of three compart

mcnts: the landing module . the instrument assembly compartment :md 

a lwrmetically sealed unit that contains additi.on a.l che mical sources of 
energy (Fig . .19). The hmding module is a complex, autonomous sphe ri

cal (.'ompalilllcnt that can house plants, animals, and cell cuJtures. The 

biosate llite is launched by rocket rrom the Plesetsk cosmodromc, located 

in R ussia above th e Arctic Circle. A de tailed description of the biosatel

lite is included in Life into Space 1965-1990. 
One Cosmos biosatelUte mission was flown duri.llg the 1991- 1995 

peliod: Cosmos 2229, which flew in 1992. 

Programs, Mi:- 'ions, and Payloads 
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PAYLOAD PROFILE: COSMOS 2229 
(BION10) 

Mis.;ion Duration: 12 days Date: December 29, 1992- January 10, 1993 

Life Science Research Objectives 
• To study the effects of space flight on primate metabolism and circadian 

rhythms 
• To study the effects of space flight on primate musculoskeletal, neuro

vestibular, and immune :;ystems 

Life Science Investigations 
• Bone Physiology (C2229-1. 2. 3) 
• Chronobiology (C2229-4) 
• Endocrinology (C2229- 5) 
• Immunology (C2229-6) 
• Metabolism and Nutrition (C2229-7) 
• Muscle Physinlogy (C2229-8, 9) 
• Neurophysiology (C2229-10, 11 , 12) 

Organisms Studied 
• Macaca mulatta (rhesus monkey) 

Flight Hardware 
• Primate Bios and associated Russia n hardware 
• Head Electronics Assembly 
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• Angular rate sensors 
• Tendon force sensors 
• EMG sensors 
• Circadian Rhythm/Temperature Regulation (CRtT) hardware 
• Preamplifiers and amplifiers 

Cosmos 2229 

Mission Overview 
The Cos 11 lOS 2229 biosatellite "vas !allnched 0 11 J. S(NllZ rocket li'UlIl 

the Plesetsk coslllodrome in H.ussia on D ecember 29, 1992. Arkr L2 
days in Ealth orbit, tJle biosatellite landed about 100 Iml nOlth of the ci ty 

of KcU"C:lganda in Kazakhstan on J<U1l1nr), lO, 199:3. Cosmos 2229 was the 

eighth consecutive mission i ll the sel1es with U.S. cxpeliments onbomd. 

Russian and A me11call scientists ,wei e ngineers worked together 

more closely on Cos mos 2:22!:) than on an:-, p revious space mission. 

NASA developed several lligllt hardware ulli ts (or the mission, traineJ 

R lIssian engilleers and tedmiciiUls to operate the hard\vare, and in col

laboration w ith its Russian eountetputs. developed postflight proce

dures. The Russians provided Lhc spacecraft environmental conbnl s}'s
tenls and ,mimal life SUppOlt equipmcllt [or the exv elillients alld were 

responsible l()r mission management. preflight training and instill mel Ita

tion of mlimal subjects, plilHcU)' SlIppOit o[ poslllight controls. alld data 

mm',agement and distributioll. 
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Cosmos 2229 was an international venture, accommodating experi
ments c:onducted by scientists from Russia, the U.S., Ge rmany, France, 
Canada China tJle Netherlan ds, Lithumua, Uknline, Uzbekistan , and 
tJle European Space Agenc.y (ESA ). One of the objecti ves of the mis

sion \\'as to conduct experi ments \.vi th in ESA's Biobox facility, a fully 
automated , programmable incubator for research in gravitational biolo
gy. Several expc limcnts \>v'ere also cond ucteu outside the Biobox facility. 
The b iosatel lite canied a varie ty of organi sms, including b,vo rhesus 
monkeys, Spanish newts, fruit flies , desert darkling beetles, silkworm 
I al\-ae , clawed frog eggs, and anim<l.l anJ phmt cdl c\l lhlrcs. Scientists 
sponsored by Ames Research Center (ARC) conducted 1.3 lif"e sciences 

~xrcriments during ~h e mission . using tht' hvo rhesus monkeys as 

ex-peri lTlt'nt SlI bjects. 

Life Sciences Research Objectives 
The :\ASA experiment, were uesigned ~o study VaJ101lS biolOgical 

SY';tPIllS likel;.-· to be affected by the space environment. Bone anJ muscle 
are IL<;ed b:' many telTcstrial organisms to m(untain their body positions 
relative Lo gravi~', Microgravi~ has been found to cause significant 
changes ill these bod;.-· components in both monkeys and humans. To 
gather flllther data in this area, COSIllOS 2229 experiments shlCliell bon 
stren)!:tl1, density, and shucture. bone biochemistry, calcium metabolism. 
and neuromuscLJar [nnction. Expcliments on p revious Cosmos cmd sev
en'.! Spacelab missions ha\ 'e indicated that dle neurovestil)\.Jcu' system is 

affected h), micro~ravi t:-'. Since the abili ty to pe l{orm coordinated move
mellts is of crucial impOltcl11 CE' [or astr' .. m;luts, neurovestibular shlrues are 
a high priOJ11y. ThreC of tJlf' investigations on Cosmus 2229 arlcb'essed 
thi~ <.u'ea. I mn1une alld metabolic change~ . <.~.s well as the way that circadi-

Programs, Missions, and Payloads 

an rhythms of brain , skin, and body temperatures change during space 

flight, were also studied. 

U.S. Life Sciences Payload 

Organisms 

Two rhesus monkeys 

(Ma caca IHulatta ) were 
used as e.\'Pe ri mental sub
jects on the mission, as on 
lour previous Cosmos mis

sions. The subjects, named 
Ivasha and Kros h we r 
apprOximately th ree yeclrs 
aIel at launcll. 

Hardware 

Hardware used for the 
NASA e xpe rim e n ts was 
SImil a r to that us e d on 

Cosmos 1514 . Cosmos 
1667, CaS illaS 1887. and 
Cos mos 2044, a lthough 
modification.> <mel upgrades 
were made [or this mission . 

The life sl<.pport e quip 
me nt and some of th e 
e)q)e liment hardw',ue were 
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supplied by Russian companies. primali l)' SKTB Biophyspribor. ARC 
developed and prO\ided svvera.l hardware elements. including sensors 
3Jld a Signal processor/dat-cl coUection system for tlle cin:aruan rhytllm 
and temperature regulation studies, tendo;! fe-rce and EMG sensors for 
the muscle studies, 3Jld head Illotion vd ()city sensors, amptifiers, and 
preamplifiers for the neurovestibul,lr studies. 

The flight llIonkeys were housed in two Plimate-Bios capsull"'-s with
ill the Cosmos spacecraft landing module. The capsules, each containing 
life support .. md e"periment eqdipment, are oriented within the space
craft so that tlle monkeys can view each otller. Couches insidc the cap
sules suppOli and confine the Illo'lkeys and provide adequate cushioning 
when the capsule impacts the ground at landing. A light-weight bib pre
vents the monkeys from disengaging leads emerbri.ng from the implanted 
sensors. Unidirectional air flow n~0ves excreta toward a centrifugal col
lector beneath ~ach couch . .\I1onkeys can obtain juice and food, in paste 
fornl , [rom dispensers located in each capsule by biting on s\~i tches in 
the delivery tubes. Primate access to the dispensers can be controlled 
remotely fi-o ln the ground. A video C,U11era in each capsule monitors ani

mal behd\,jor dllri!1g Right. 
A Psychomotor Test System (PIS ) installed in each capslue mea

sures behavioral and vestibular parameters and provides environmental 
21l1ichment tor the mcnkeys. The display screen presents task stilll l ~i to 
which the monkeys are trained to respond. The system also includes a 
hmlCi leve r, foot lever. and touch screen for mon'Keys to give a correct 
response. depending on the type of stimulus. 

Improvements made to the h<u'dwl;u'e [or this mission \-ve re designed 
to i"crpw;e the quali ly of life slJppoli data collected. The intlight data 
reL:Ording systen: was updated 50 th?.t high-quality brain and neuromus-
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cular recordings coulci be obtained. The lIIonkey fet'ch r syste m \vas 
improvc:d , "lid a backup feeder was addt'd to reduce the risk of losillg 
science data ill C"£L<;e of feeder malfunctions. Vlodiflcations in tlle monke) 
restraint system permitted increased arm lTIoven1t'nt. Th~ neurovestibu
lar data acquisition syste m was signillcant:y modified through a joint 
U.S.-Russian developmeut e ffort. allm\ing a greater number of pamm€'
ters to be recorded inflight. 

Several pieces of grollnd-ba<;ed hardware were used fiJ f extensive 
pre- and postflight testing. One vestibular expclimenl meusured cl l3Jl!:,cS 
in ocular counter-rolling <md the vestibulo-O<.;ulm- re flex using .1 four-i.l',is 
vestibular 3Jld optoki netic rotator. The rotator is surrounded by an opto
kinetic sphere w1::h vertical blaCK and white snipes on its inlier surface. 
The primate couch, attached to tl1F rotational :~-js of a C gimh.u (a de\ict.' 
that allows cut object to inc:linc in any du\::~CtiOIl ) can be fixed ill positiOIl-; 
abollt the subject's ~ y. and z axes. This alTangement euluws the rotator to 
till in any position wIllie the subject is pitched or roUcd ,mel stimulatf:'d 
\~ s llally by the optokinetic sphe re. 

Anotlle r vestib ll hu' experiment used a multi-a\:is rotator, which c-an 

rotate a monkey along lhree different ::l"X :': ~. The rot. ltor allows measure
ment of eye position, ve~tibular nuclei response. and vestibuhu' plililary 
uJIerent responses. 

The remaining vestibular eApeIimenl Ilsed a P(Jltablv Linear Sled 
(PLS) to take vestibular mVi:l~urelllcnts made dming hmizontal and ver
tical osc:i llations of speCified fi'equenC) and sinusoidal accelerat ion 
(Fig. 20). The test subject is placed into a light-tight Specimen Test 
Container (STC) thelt tn1\ 'els on ai r bearings along cemmic- r,ws of the 
sled and prOvides vibration-fret: motiOIL. The STC is gilllballed to allow 
yaw, pitch. or roU stimulation of cadl monkcy. 
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Rgure 20. The Ponable linear Sled is designed to provide neurovestibular stimulation 
through vibration-free oscillations, horizontally and vertica lly. 

Programs, Missions, and Pavloads 
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The bone expe1;ments took pre- and postfljght measurements of tibiaJ 
bone strength using the Me<:hanical Response Tissue Analyzer (:\IIRTA). A 
:-..I ASA-modified version of a c:ommercial system, the M RTA uses Gt low

frequency vibratory stimulus to assess bone strength noninvasive I]' 
The metabolism study used a Doubly Labeled Water Kit, c:ontaining 

~H2180, to measure energy e»:penditure. :"J'o pjght hardware or infli!rht 

n lonitoring was required [or this expe riment 

Operations 

Preflight 
Training and selection of monkeys for the mission began a year and a 

half prior to flight. Candidate monkeys were i,njtially selected dtf'r exten
sive health evaluations. Monkeys in the llight (.'anclidate pool were accli
mated to c.-ouch c:onfule ment and enclosure with; .. ) the Plimate-Bios cap
sule. They ve re aJso trained to obtain rood and juice from automatic dis
pensers and to carry out a series of per[ormal1(~ tasks using the PI'S. 

,"-bout [ow' and a half months before llight 14 monkey'S we.-e each 
implanted with sensors and electrodes for ei.!"eaclian rhythm <md temper
ature, neuromuscular, and ncurovestibuJar data measurements. Prellight 
measure l nents were made usin~r the PLS, the two rotators, the MIlT, ., 

u 

and a c.-ommercial G.ensitomete r sys tem, \ .... hich uses dual-energ)-' X-ra~, 
absorptiometry to measure bone mass and overall1xxly c.-omposition. 

Doubly labeled water was administered after c:ollection of basclin 
urine samples. BaseliJle muscle biopsies were performed, and blood and 

bone marrow samples were taken. 
Final selection of flight monkeys was based on health status, le\d of 

adaptation to flight hardware. level of training, abL!ity to tole rate the 
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Space Life Sciences HardW'are Deve/optnent 

Intervievv W'ith Jatnes Connolly 

James Connolly is Ch ief o~ the Payload and 

Fac ilities Engineering Bra nch of the Life Sc ience s 
Division at Ames Research Center (ARC). His engi

neering career w ith NASA began in 1961 with the 

development of instrumentation systems for research 
and development at ARC. His focus turned to life sci

ences in 1968 when he became involved in develop

ing ground-based systems to sllpport laboratory 

research. Since 1930, he has been supporting mainly 
life sciences flight hardware development. From 1986 
to 1993, Connolly was the ARC project manager for 

the Cosmos biosate lli te proj ect , which invo lved 

development of experiment hardware fo r flight on 

Russian spacecraft. 

When developing experi'nent hardware for space 
fl ight, engineers must satisfy many competing priori
ties. "One of the main priorities is to meet tre investi

gator's requirements," said Connolly. Whi le accommo
dating the sc ience, other critica l tactors come into 

play, inclJding subject welfare and crew safety. 

Conilolly has developed life sciences pay load 

hardware for both the Space Shuttle and the Cosmos 

bio~atel\it9 and notes that, "The major difference is 
that you have a lot more paperwork on D Shuttle mis

sion." Since the biosatellites did not ca rry human 
crews, there were fewer safety requirements and 
thus 1':'5s formal documentation than for the Shuttle. 

Hardware development durations are also differ
ent for the two spacecraft. For the Shuttle, develop

m"!nt can take three to four years, wh ile Cosmos took 
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no more than one to one and a h;- If years. Accord ing 

' 0 Co nnolly, " One advantage that we saw in the 

Cosmos program, as cum pared to the Shu ttle, was 
that w e could acquire te chnology components, do 

proof ·of-concept development of a system, fly it, anJ 
then transition it into a Shuttle mission if the opportu

nity presented itself." 

The International Space Stanon poses nt:.v cha l

lenges. A ma jor issue is developing hardware that will 
function for longer durations- 90 days as opposed to 

the 14 to 16 days on Cosmos or the Shuttle. "There is a 

whole different set of mailltenance issues that you 
have to deal with. On the Shuttle, we don'T even con

sider changi'g out a fi l1er. We ha ve done some 
inf l: ght re furb ;shment of wate r suppli es and, of 

course, thel e were animal food change-outs that we 
dealt with in shorter flights," said Connolly. 

" But I think a big issue for the Station is going to 
be waste containment. How do you dp.al with waste 

over an extended period? Other concerns are th e 
need for greater hardware reliabi lity and servi ceabili 

ty. Equipment will be left on the Station for long peri

ods of time. It will need to be designed for minor main· 
tenance and repair inflight. It hardware is going to be 

valuable on the Station, NASA can't be hauling it back 

and forth all the time'" 
In the years that Connolly has been invo lved 

with developing space flight hardware, he has seen a 
number of trends. " I'm in favor of as much automa

t ion as you can ge t," sa id Co nno llY. Autom ation 

allows consiste nc.y of operatIOns and results and 

demands less crew time. 
The use of oH-tha-shelf hardware, where a~f'rl) 

priate, has bp.en shown to reduce costs and :;ave 

deve lopment t i ,ne . "We 've proved over and over 
agam that we can use commercial hardware and 

make it safe and have it operate efiectively III space 
for short-term missions,H sa id Connolly. "I f you take a 

very sophisticated commerc ially developed instru
ment, It would be foolish not to f ly it if possible. If It 

can be mane to tolerate launch vibration and wcrk 

reliably in space :hink of al: the instrump" t develop· 
ment tim e that w ill h:lVe been saved. And that will 

: a trl!mendous amount of resources." 
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acceleration fc)ree encoun tered during launch, and adequate Functioning 
of implanted sensors. Seven rully trained monkeys wilh snrgically 
implanted sensors were brought to Plesetsk tJ1l'f!e weeks before launch. 
or the sevell mOil keys, two were fi nally selected as flight animals. 

Inflight 

A te lemetric lin k between ground monito ring sl:1tiolls antI the 
biosatellite perl1l ittf'd monitoring of' spacecraft systellls, the capsule ep.vi
ronment, and some primate ph~lsiological parameters. 

The 1 I Ion keys were exposed to a Ught/dark cycle of' 16 hours or light, 
alternating with eight hours of' darkness . Vestibll lar tests conducted 
inflight inc1'Jdcc1 the Psychomotor Test, ""hich monitored the Inoll kuys' 
),f'-b-acking respollst-' to H semicircular a rray of' pragrarn11'lt·d lights. A 

~pJl.sor attached to til e..' sku ll cap of each monkey registered that a cor
rect responsc had been lnade when the sensor W~l~ pointed c1irectJy at 
th e li ght on the panel. Ju ice rewards we re p rt'se ntetl for co rrect 
responses. Incorrect rt'sponses resulted in a ucla)' befurc the presenta
tion of tl le> next task. 

DUling tlle flight, alJ equipment fu nctioned normally. Relative Ilun lid
ity rernained between 30 ,mel 70 percent throughoul, and barometric pres
sure wa5 between 720 and 760 mm 0[' mercUly. Temponlture \~~tlljn th 
capsule ranged from 20 to 2.6 °C on tlle first 9.5 days of fHght. On the tenth 
da)~ the c.:apsnll-! became c.:oll tinuously exposed to the StU1 a~ a re,'mll of tJ1e 
fligllt orbit of the biosatellite. Solar heating combined with heat /'1'011 1 th: 
pa:V'loau resulted in an increa'>e in capsule temperalru-e to 30 to 31.3 °C. 
One of lh~ payload components, the ESl\.-dev~loped Biobox, was shut of'[' 
to ameliorate the problem. Tllis situatioll negatively in,pactcd ESAs sci
encc results. The t~l11p~rat1lJ'e then rehm1ed to 27.7 °C within 12 hours. 

Programs, M issions, and Payloads 

Both monkeys remained ill good Itealtll during flight. However, 
Iv(L~lta developed space motion sickness during the first few ua)'s of 
flight, consllming smalle r <juantities or rood ~U1d juice than necessary. To 
prevent Ivasha from bp-coming c1ehydn1ted, extra juicc was made avail
able by means of a ground COl n mand. 

Postflight 

The r€'covelY team reached the capsule within 40 minutes of touch
down. The monkeys were recovered ill good conditi::m. BOtll were active 
and respol1!>ivc to environmel1tal stimuli . Ivasha had lost 1.'3 percent of 
body weight dU1ing the fli ght, while K rash had lost .5 percent. After pre
li minary exami.nati.ons were complf' ted , lhe monkeys \Vpre fl own to 
N1 osc.:ow to undergo fUlt ile r testing. 

As in pre flight opera tions, tl lc Portable Linear Sled, the t\..,o rotators, 
the MRTA, and tllc densitometer were used to obtai n postflight mea
su rements. Mllscle biopsip-s were perfonnecL and blood, hone marrow, 
and mine samples were taken. 

A fli ght simulation control study was conducted 4.'5 days afte r 
recovery of the eapsule, using the two fljght animals and four adrlition
al monkeys (Table 14). For this simulation, the ani lllais were main
tained [or 11..5 days ill <.:U1H..litions similar to those that they had expeli
enced during the mission. 

Results 
The results of the experilllents indicated that the monkeys were 

aHected in various ways by confinement as well Ll 'i the space flight envi
I'OTlInent. An increase in sel1lm calcium levels was noted immediately 
pustflight. Changes obselved in bone and muscle were compatible with 
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VARIABLES 

Number of 
Primates 

2 6 2 

Launch! actual 
Recovery Stress 

none none 

G-Force micro-G 1 G 1 G 

Food Available 500g/animal/day 500g/animal/day 500g/animal/day 

Housing individual ind ividual individual 
capsules capsu les cages 

Environment spacecraft simulated standard lab 
conditions spacecraft conditions 

conditions 

Table 14. Flight and Control Groups for Cosmos 2229 Primates. 

those observed in bed rest studies and space flj ght expeJiments on 

hunlan subjects . Bone Joss WLl~ nol <;ign.il1cCll lt during this short-dllratioll 
flight. Bonc formation, howev(~r, appeared to be increasp.d dlUillg tll(~ 

IX.!riod after Oight, when the monkeys v{ere able to walk. SOIl1(~ lean tis
sue Joss was ohselved during the tligl, t. This loss was reversed rapidly 
duling the postflight pe riod. Other eRects noted in tht> monkeys inc:l lld

r·d vcstibuJcu' and muscular changes Lmd altcrations in temperahlre rew 1-

lation, metabolism, and ci rcadi an liming. ImlllllnologicaJ function was 
also found to be decreased after the flight. 
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Post-1995 Missions and Payloads 

T h E' high le"el of space Iifc' scit-'nc:es res(:arc:h aetivily S(':(,II in tht.! 
1991 - 189.5 pcliod cOllti nlled througl, 1006 and tlten bf'gall to taper elf. 
.. his dc:c:lilw in th t.: ntlrnh(~r n[ lirc ' sdcnc:es payloads is attriblltahle to S(' \.!

fOral ractors: tht' close out of UW Cos lTI{Js/H ion pmgnlln in 1907, the clld 
of the planned NASA/ Mil' collahorati() 11 ill 1908, the f'(··t ire mcnt ut' 
Spacelab. anu tlle reqllirement f(J!' Space Slluttle (lights to ('nncillc t 
asscl1lbly of the [ntcll lHUonal Spacc St'aLion (I SS) beginllin~ in late 1998. 
Flight e)~p<" rirnentatioll shol1ld again pick lip as ISS assembly r<.'adl(~ s 
completion in tl le lIrst few years 0(' thc twenty-Brst cell tu ry. 

The Space Shuttle 
FoLlo\-\ing .l99,?, research on the Space Shuttle conUnued to thrive. 

The period leading up to the Orst assembly nights for thf! ISS saw tJl 
continuation of man) collaLnrative projl!c:ts, with hotlt cUlillnercial P,llt
ncrs and otllcr govel1lment agencies. Fuur additional paylm\ds in the 
!\iatiollal Institutps or ] Icalth Cells series and two in tll u National 

JnstihJtc$ or Ile;llth Rodents sClics wpre flown. NASA culd it~ collahora
tive partners conl inlled to develop new hardware: , including a lIursing 
facili ty for neonate rats. Additio llal Spacclah missions in(;o rporating liJ't! 

Post-1995 Missions and Pavloads 

sciencC' "''''Pl"l 'imcllts were nOW,) ill 199G and ItJ9t-! . The first. Life ,mel 
M i C I'CI~n.l\·i ly Spacclah, alsu inc::llldcd e"l'lf' Ji Ill( 'nts in m;lteli<J1>, combus
tifll1 . and otilUr In i<.! mgravity st:iC' llecs. '1'11<.' sC" l 'ond, 1\(' urolah, was dccJi
'atecl entin.:I)1 to spact:· IIcurosc:ienc< . 

Th€' NASA/Mi l' prograrn also provided opportunities for rcsl!w'Ci) on 
the Shuttle . Along \Vitl l r(" n)~ng American c'''T'c lilll l!nts to :. 1<.1 from th 
station, till! Shuttle carried a Europ<'all Space' Agency (ESA) l3iorack a ll 
tile docking mis~i(Jn~ . whidl allowed for short-term research to be C01 I

d llctcd during tlt(· Ilights. A variety of microbiology, cell ,U\d III olecuhu·. 
anu plant hiology experiments were performed, ,~~tl l tJle opportlll1it)' for 
I'epc(ltcd I'lights 0(' the C'xl)f'l'imcllts to ~x1)and clata sets. 

Witll STS-HH, the flrst ill the sC'lies of ISS assembly fljghts, space til' 
sc.:iences J'C'sean.:h on th" Shuttle entcrctl u lIew pha~~. As 1110st of the 
crew time on these [lights is required lor <L'iscmbly adivity, Illinill1al time 
is avai lable to 11 lon itor nr assist \\~th eX'PI,!Jiment~ . A few assC'mbly mis
sions, called Uti lization Flights (UF), will allow fur SOllie sinalll?ayloacls 
to he flown. These payloads ,.,~Il l'C!main onhoard the Shuttle for the 
dllration of tIle flight. They will 1I0t be trallsfe lTf'rl to the ISS. The early 
Utilization Plights will be verification missions, to tes t tl1e hardware 
desigllecl for more perrmU1t!nt residence on the Station. U F -1, the urst 
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of these llights, currentJy scheduled (or late 2001, will nya plant biology 
faCility call ed the Biomass Production Sys te m and an Avian 
Development FacjJjty. No investigators ""rill be cbosen ror inflight expeli
monts, but a biospccimen shaling program will dishibute tissue to inter-
stccl investigators postOlght. Ames Research Center will also participate 

in UF-3. Aying the Cell Culture Unit and an ESA-deve1opecl cell (·ulhu·e 
module called tJle Modular Cultivation System, [or which payload<; are 
still in dr;velopmenL 

However, not all f·uture Shuttle flights ,vill be Uti liJ'..ation FBghts. The 
STS-93 miss ion, in 1999, to deploy the Advanced X-ray Astrophysics 
Facility, will also cany a new collaborative We sciences payloaJ, National 
InstihJtes of" Health Biology 1 (NTH .13.1.), which \¥ill study the effects of 
space night on neunJ developrncnt in Drosophila (fruit flies ). STS-107, 
scheduled for late 2000, will cuny a SPACEHAB module and !nany Jjk 
sciences expeliments. Experimcnts currently planned {or the mission 
will usc the Aquatic Reseeu·ch Facility, Animal Enclosure Modlllcs, a 

elJ Culture Module. BRlC hardware, and the Biopack, an ESA hard
ware ilenJ tu be lIsed in a rnicrol)iology shJ(ly. 

Tllc future or the Shuttle is stillllnder debate. In 1997, I\ASA 
allthOJ;zed a slate of design improvements for the orbiter Oep.t, mostly in 
preparation for ISS assembly. Thc last of these: IIpgrades will be ill1plc
Incllted in time lor the flight or STS-92 ill carly 2000. A nllrnbur of safety 
improvements tire also schp,duh:·c\, illcluding improved protection against 
orbital debris. Currently, plans for fllliher performance upgrades are 
under (;'v, JuatioJl , w; NASA decides whetller or not the next g(~ncratioll 
of" rellsable space transport vehicles ..,vjll be delived frorn the Shuttle 
(ksi~n , Several other deSigns arc IIlldc r development and consideration. 
However, ,l~ long as NASA contim tes to fly short-term missions, there 
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will he opportunities for life sciences research onboard, and "'fitlt the 
(L~semhly or the first labomtOJ)' modllies of the ISS, more oppOliunitics 
..,vjJJ he available Tor 10ng-teYllI Inicrogravity research tllan ever before. 

NASA/Mir Phas9 1 B 
By tile end of 1998, the entire NASNtvlir program had resulted in 

Hine docking~ of the Space Shuttle with the Mir station and seven 
extended sta),s of an AJllClican ash·onaut on Yiir, logging a total of 26 
monlhs in orbit. In contra~t, the Space Shuttle program required over 12 
years ,md 60 Shuttle flights to acci IITmlate a year of ash·onaut orhit time. 

PIICL~e 1 B of tl1c program, which began in March 1996, was charac
teli7ed by a constallt NASA presencc on the RlIssian station. Six dilTerent 
astronauts n;siclecl on Mi r for e;..i cnded peJioc\s of" time. Shanwm Lucid, 
tJle fLrst asb·onaut to live on Mil' dllring Phase IB, broke the record for 
thc longest continllous American residence in space. orbiting the Eruth 
ror IB8 days and travel.ling 75.2 million miles. The Shuttle clocked with 
Mir on seven missions during this period: STS-76 and STS-79 in 1996; 
STS-B1 , 5TS-84, <md STS-86 in 1997; ruld STS-89 and STS-91 in 1998. 

DUling tJle Phase 1 B mi~sjons, the Shuttle, M ir, and Russian vehicles 
:ontinued to serve "l<; test bed., for activities that would later be applied to 

assembling and operating the I.SS. These activities included command 
and control of station activity, resllpply or fuel and air, crew excl lang-=:. 
extravchicul,u· activity, rohotics, mmntcmmce, darn age control. emergency 
returJl , rendezvous, and docking. Russian Space Agency (RSA) and KASA 
resources were also used to improve anrl expand the existing Mir station. 
TIle I <l.~ t Hussian Mir crew left the station in 1999, and Mir i.~ scheJulecl to 
be removed from urbit in carly 2000, unless plivatc runding ('em he found . 
RSA space station rcsoJtrces will theJl be tnmsfclTcd to tJlC ISS. 

Life into Space 1997- 1998 
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Many scientific studies were conducted during Phase IB, in the 
a re as o[ Fundam c n tal Biology, I-Iuman Life Sciences , Advancecl 
Technology, Microgra\i ty Resea rcll , Internati onal Space Station Risk 
Ylitigation, Emth Sciences, and Space Sciences. In the area of life sci
cnces. researchers conducted fundamental biology studies on develop
ment, circadian rhythms, phmt growth, and radiation effects, including 
replications of the Greenhouse and rncubator e;"'Peliments pe rformed 
d\lring Phase lA o Other studies investigated the e ffects of long-term 
space flight on crew health and body function, ancl what conclitions were 
nccessarv to create a habitable e llvironlllcnt for the crAW. Scientists and 
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engineers colleeled data on environmental paramete rs, such as radiation, 
contamination, and air pmit)' on the station that can be used in designing 
the envi ronment of the ISS. :\!1 easures to counter ~h e aclve rse conse
quences of microgravity and cosmic radiation were tested . NASAIMir 
also presented an opportunity to c:onduct research on life ',UPPOlt tech
nolOgies, such as oxygen generatiun and processing of water ai,d unne. 

The program ended in June ]998, when STS-91 reh lmed from its 
clocking with the station. The 14 fundaIr,e I1 Lc'~ biology e>;pe liments per
fanned between Ytarch 1996 and the retum o[ the Rnal docking mission 
resulted in much (lata anel e"-p elience in the pe rFonnance of Jong-te J1l1 
space life sciences stmlies. 

Unmanned Biosatellites 
In addition to conducting research on the Shuttle, l\ ASA participat

ed in the HlIssian Bion 11 mission. A continuation of the Cosmos 
Liosate Jjite program. Bion 11 marked a shift in the b<l~is of NASA par
ticipation. The previous Cosmos missions had J,een conducted uncler 
cooperative agreements between the Soviet/Russian govel11111ent amI 

Post-1995 Missions and Payloads 

participating countlies were accollllllodated at no cost, as possible with
in tl1e overall mission goals. Bion 11 was conducted under contractual 
agreeme nt, a relatively new concept in the ronner Soviet bloc, specif)'
ing eadl particip,U1t'S costs, obligations, and access to payload space and 
resulting science data. Launched in 1996, tbe mission follnwed in t11e 
footsteps of recent Cosmos Lljghts that u~ed rhesus monkeys as experi
mental subjects. CNES, the French space agency, was invited to partici
patc in the NASA portion 0[' the payload. NASA .mel C~ ES had con
dllcted a lengthy collaboi·\tion in preparation for the Spacelab Li(; 
Sciences 3 (S LS-3) payload named the Rl1esus Pr~ject, whieh had bf>en 
schpduled to (ly in ' 995. The STS launch on whjch SLS-:3 was to fly was 
caJlce lled for budgetaJ)' reasons, leaving no fljght opportunities cIVailabl 
on NASA launch vehicles. Howeve r, some o[ the S LS-3 science was 
transfclTcd to the Eion 11 mission. ShOltly after completion of the mis
sion. the ninth since 1975, :\1ASA closed out its participation in the 
Cosmos/Bion program. 

The re has been some discllssion witJ1in NASA regarding the devel
opment or a new unmanned biosatellite program for conducting lif; 
and microgravity sciences experiments. The dearth of flight OppOltuni
ties dUling the ISS assembly pe liod woulcl make any new flight plat
form welcome among the science community, but no specillc plans 
have been announcecl. 

International Space Station (ISS) 
Since the fu'St l<mnru agreernents were Signed in 1888, the ISS has 

grown into one of the I.argest cooperative science project-s ever attempt
ed. The ven ture currently includes 16 pmtner nations: the United States, 
Rllssia, Canada, Japan, Brazil, and Ll membel'S of the European Space 
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Agency (Belgium, D enmark, Fnmce, Genmmy, Italy, tJle Netherlands, 
Norway, Spain, Sweden, Sv.ri.tzerland, and tJle United Kingdom ). 

For the U.S. and Russia, the NASNMir program, also called ISS 
Phase 1, provided an important first step. NASA had previous expeJi
ence witJl managing a space station during the Sk)'lab program, but 
nothing comparab le to Mir in terms of scope or longevi ty. During 
NASNMir, NASA received invaluable practice in operating a lcu'ge-scale 
space station, as well as expelience in international collaboration and 
long-tenn microgravity research. 

The ISS will provide a contiJlUOUS on-orbit platfoml lor microgravity 
expeliments (Fig. 21 ). Upon completion, t11e station will be over lour 
times tlle size of tlle CUlTent MiJ' configuration with GO times the electri
cal power, provided by more tllCUl an acre or solar P;:U1els. This huge store 
of solar energy will be needed to power tJle six resel:u'ch laboratories, one 
of which will be supplied by NASA. ESA will supply one research mod
ule, called the Columbus Orbital FaciJity. NASDA, tlle Japanese space 
agency, will supply the Japanese Expeliment ~odule, which will i.nclude 
an exposed exterior platfonn for eX'Peliments and transport vehicles. The 
Centrifuge Accommodation Module, designed ~~')r life sciences research, 
wiil house the Gravitational Biology Facility and the Life Sciences 
Glovebox. Tills module will be owned by NASA, but i.t is being built by 
NASDA as part of an agreement to offset tlle costs for launching the 
Japanese Experiment Module. Finally, Russia will add two research 
modules, as well as early living quarters for tlle crew. 

In addition to the six laboratOJies, the international partners will con
tribute a variety of other impOltant equipment. The U.S. "vill proVide 
solar panels, connecting nodes. and vatious otller structural components, 
as well as syste ms for navigation, communications, ground operations, 
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and launch-site processing. Development is under way on the Crew 
Rehml Vehicle, an emergency retum vehicle capable of holding seven 
crew members. Russia will provide solm panels, service and docking 
modules, logistics transport vehicles, and a Soyuz spacecraft for crew 
rellml. Additional logistics transpOlt vehicles will be supplied by Japan , 
and additional connecting r.odes will be supplied by ESA. CcUlada will 
provide a 55-foot-Iong robotic ann, similar to the one cunently used on 
tlle Shuttle for sate lHte deployment and rehieval , [or assembly and main
tenance of the completed station. Italy is building tl1ree pressurized 
Multi-PlII]Jose Logistics Modules (MPLMs) that will cany equipment 
and eX'Peliments to and from the Station in the Shuttle cargo bay. The 
MPLMs cu'e owned by NASA, but will be buDt hy Italy in exchange [or 
NASA research time on tlle Station. 

Assembly of tile Station began in late 1998 with the launch of the 
ZaJya module. Built in Russia with U.S. funds , ZaJya will serve as an 
unmanned space "tugboat," proviJing early propu lsion, stee ring, and 
communications capabilities tor the fledgling Station. As ISS assembly 
progresses, Zarya will function as a passageway and docking pOlt. The 
first true assembly mission was STS-88 in December 1998, which 
brought the Unily connector module to Zarya. The crew performed 
tllJ'ee spacewalks to connect the tv,.·o modules, the first in tl1e series of 
extravehicular activities required to complete the Station. 

A cargo flight in May 1999 (STS-96) brought supplies to tlle Station 
in prepcu'ation for the next assembly stage, connection of the Russian 
Service Module. Because of nnancial difficulties in t11e Russian Space 
Agency (RSA), launch of the RussiCUl Service Module had slipped six to 
eight monilis behind schedule, as of May 1999. However, ilie ISS is still 
the priOlily for HSA in terms o[ space station;;. Mir will be maintained 
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beyond .its scheduled deorbit if commercial or private funding sources 
can be found. :--./0 modules were added to the ISS du'ing the STS-96 mis
sion, but a Russiall-built crane was attached to make manellveting e,L'iier 
during f'uture assembly spacewa.lks. A total of 43 assembly missiofL) using 
both U.S. ,mel Russum spacecraft are plmmed to complete construction . 

The first permanent crew is scheduled to anive al the ISS in JanuaJ) ' 
2000, after installation of the first solar p~mels , which wi.ll also prepare 
the Station for the instalJation of its first laboratOly. The crew, composed 
of an Amelican and two Russians, will remain on the Station for five 
months. DllJing their stay, the firsl laboratOl), modul e, the Human 
Research Facility (HRF), will be brought to the Station, enabling IOllg
tcnn micrognwity research to begin in the spling 01'2000. 

The HRF is the firsl of two rnajor li fe sc.iences research f.:lciJjtics 
planncu ror the ISS. Developed by Johnson Space Cente r (lSC), tll 
HRF will provide space and equipment to conduct rescan.:h on hUlllCUls 
in microgravity. Investigations in the HRF sllOllld provide scientists valu
able results that wiU help determine how vru;ous physiolot,rical systems, 
and subsequently crew health and pe rJOnTlanCe, are affected during long
duration stays on ISS. Results can also help scientists improve counte r
measures to the negative efiects of long-term space flight. 

Ames ReselU'ch Center (ARC) is building the Gravitational Biology 
Facility, which will aUow scientists to stu 1y the effects of gravity (from 
microgravity to two times Earth gravity) and other aspects of space 
!light environments on a \-vide variety of specimens. Scientists "vi II be 
able to moni to r an organism's response to selectable gravity levels 
throughout its life cycle, even through multirle generations. Tl:e hlCility 
design is modular, consisting of sets of habitats deSigned to SllppOlt 5pe
cilk specimen l)1>e5, and host systellls to provide SUppOlt for the habl-
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tats. The ho::; t syste m complement consists or two Space Station racks to 
SUppOlt habitats at the microgravity environment of the Station, a 2.5-m 
centlifuge to SUppOlt habitats at selectable gravity levels, and a glovebox 
for conducting science protocols in the work space isolated from the 
cabin environment. 

Habitats "viI] pro"icle controlled environments, nutrient delivery, 
wa<;te rnanagement, and diagnostic measurements for resident organisms. 
They will l l<lve the capabiljty of tnmsmitting engineeling ancl science data 
and receiving commands from the ground or nn-orbit crew to control the 
expeliments. The Space Station Biologiccu Re3earch Project (SSBRP) at 
ARC is developing four habitats under conh'act with U.S. il dustry. These 
include the Cdl Culture Unit, the Plant Hesearch Unit, the Advanced 
Animal Habitat [or rodents, anel an Egg Incubator. Two habitats are being 
developed through international agreemen ts: the Aquatic Habitat by 
NASDA and the Lnsect H abitat by the Canadian Space Agency. The 
Insect and Egg Jncubator Habitats will include inteillal centrifu ges. The 
remain.ing habitats will use the 2.5-m centriIuge. A Icu-ge amount of stan
dcu'd laboratory SUppOlt equipment will also be avaiJable, induding refrig
erato l"S, freezers, microscopes, mass rneasurernent devices, and radiation 
dosimeters. Development of these items is divided betvleen the Space 
Station Payloads OfT1ce at TSC cUld the SSBRP at ARC. 

] n addition to Ii~e sciences laboratories, facilities will be avaiJable for 
research in mar.), other diSCiplines. Combustiun science, fl uid phYSics, 
and materials science are a few of the fields that have bene fited fi 'om 
microgmvity research in the past. Facilities on the Station "vi I] allow for 
long-terrn microgravity studies in these fi elds. The powe rfu l vacu ulll 
supplied by spa<.;e is t~lr greate r than any produced .utHkially and is 
anothe r asset' in materials processing research . The ISS will .Jso provide 
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a base fo r remote imaging, both o[ Ecuth ,md space, for mOlljtoring such 
diverse evcnts as solar fl ares. the formation of distant galaxies, and cli
mate conditions on E,uth . 

Many opporhlnities for medical research are wlique to the micro

gravity e nvironmcnt of space. Growth of three-dimensional tissue cul

tures, impossible on Ealt h, can better replicate tissue found in the body. 
Cul tming cells in mic:rogravity alJows for the fonnation of more life-~ke 

tissue samples. The Bioreactor, a rotating culture syste m developed to 

mimic the mit:rogravi~ environlllent lor the PU1l)oses o/" growing tissue 
cultures on Eruth. will likely be improved by research on the ISS. The 

gro\vth of protein crystals [or X-n1.y crystallography is also hampered by 
Earth g ra\.ity. C rystal growth ex-pelilTlcnts on the Shuttle have produced 

high-quality crystals for over 30 proteins. which could not bp grown on 

Ealth at the quality or quanti ty neeoed lo r sbucturat analysis. The ability 
to grow protein crystals and their valuc in subsequent dllJg deve lopment 

will be e nhancco by ISS-based resecu·ch. 
\ Vith the completion of the ISS, the scientiRc world will e nter a new 

phase in tl1e utilization of space. ~ot only will rese,u-dl he conducted at a 
level never before possible, but the oppoltunities and neerl for collabora

tion will be grcater than eve r. The technology that will spin ofr from 

research ahoard the Station will benefit aU tlle intemationru partners and 
continue to advance research on Ealth . 

Additional Reading 

Berger, Brian . ShIO), Advises Upgrades Llntil Shuttle Is Rcplaced. Space 
Neu:s, June 14,1900, p. 4. 

Post-1995 Missions and Payloads 

NASA. A HistOl), of U.S. Space Stations. KASA Facts IS-I997-06-
ISS009JSC, June 1997. http://spacellight.nasa.gov/spacenewsifact
sheetsiindex.hbTIL 

NASA. Gravitational Biology Facility and Centrifuge Facility and the 

Inte mational Space Station. NASA Facts ARC-97-04. AprLl1997. 
Ilttp:llspaceflight.nasa.gov/space new slfactshee tslindex.hbn l. 

NASA. 1ntelllational Space Station J-Illman Hesearch Facility. :'-JASA 

Facts IS-1998-03-I SS015JSC, Ylarch 1998. http://spacefiight.nasa.gov/ 
spacenews/f~lctshe(' tsiindex. b tml. 

NASA. The Intemational Space Station: BeneRts from the Sllllttle-Mir 

Program. ~ASA Facts IS-1998-08-ISSOlOJSC, August 1998. 
http://space flighLn asa.gov/spacene\vslfactsheetsiindex.html . 

NASA. The Intemational Space Station: Improving Life on Ecuth and in 
Space. The NASA Hesecu·ch l~lan . NASA (OLMSA), FeblUru)' 1998. 

http://vvww.hq.nasa.gov/officeJolmsa/issiindex. htm. 

NASA. The IntemationaJ Space Station: An Ove lview. ~ASA Facts 
IS-1999-06-ISS022, June 1999. http://spaceflight.nasa.gov/space

newsltllctsheetslinclex.html. 

Savage, PD. G.c. Jahns, and T. Schnepp. Space Station Lessons 

Leamed from 1\ ASA/ylir Fundamental Biology Heseru'ch Program. 

SAE u 'chnical Paper 9816U6. Jllly 1998. 
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Savage, P.D., C.G Jahns, V Sytchev, P. Davies, D. Pletcher, R. Bliggs, 
and R. Schaefer. Fundamental Biology Research during the 
NASNMir Science Program. SAE Technir-al Pape-r 951477, July 1995. 
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Shuttle Payload Profiles 

T ime between the execution of a space flight eX'PCl1ment and publi
catio:- of results ave rages several years. Some investigators wait for a sec
ond llight of theiT expeli ment to gather more data or pool their inforrna
tion with another scientist . D etailed results from many experiments 
flown during the 1996-1998 pel10d are, therefore, nol yet available. ]n 
order to bring the reader more up-to-date, the Shuttle eX1)e ri ments 
flo"'", during this pe riod are represenred in the followillg section as blie r 
payload profiles. Similar to the proRles accompanying the 1991-1995 
payload deSCriptions earlier in this volume, the follo'wing infonnation is 
provided: major research oojectives; names and affiliations of investiga
tors; shOlt notes un [ight hardware and resem·d, subjects; and mission 

<mel payload b.ighlights. 

Post-1995 Missions and Pa vloads 

<) 
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PAYLOAD PROFILE: NIH.C5/STS-72 

Life Sciences Payload: Nationa l Institutes of Health Cells 5 

Mission Duration: 9 days Date: January 11-20.1996 

Payload Location: Shuttle middeck 

life Science Research Objectives 
• To confirm that cartilage calcification and cell differentiation 

proceed more slowly in cells cultured in microgravity than in 1 G 
• To study microgravity-induced skeletal myofiber atrophv 

life Science Investigations 
Bone Physiology 
• Boskey. Adele (Hospital for Special Surgc. y j, -: hp. Effects of Micro

Gravity on In Vitro Calcification 
Muscle Physiology 
• Vandenburgh. Herman (Miriam Hospital/Brown University School of 

Medicine), Effect of Space Travel en Ske lp.tal Myofibers 

Organisms Studied 
• Gallus gallus (chicken) cells 

Flight Hardware 
• Space Tissue Loss-A (STL-A) Module 
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Mission Notes 
• Crew included a mission specialist from NASDA, the Japanese space 

agency 

Payload Notes 
• A collaboration between NASA. NIH . and the Walter Reed Army 

Institute of Research 
• Re-flig t-t of the NIH.C2 payload. giving investigators a larger data set 
• Because of hardware malfunction. STL-A module was never properly 

activated, resulting in min imal data obtained from the flight cu ltures 
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PAYLOAD PROFILE: NIH.R3/STS-72 

Life Sciences Pavload: National Institutes of Health Rodents 3 

Mission Duration: 9 days Date: january 11 - 20, 1996 

Payload location: Shuttle middeck 

life Science Research Obiectives 
• To test the abi lity of the AEM Nursing Facil ity to serve as a life support 

system for nursinn rat dams and neonates in preparati on for the 

Neurolab payload on STS-90 
• To conduct a pi lot study to determine it lactati ng rat dams and pups are 

suita ble for the experiments planned for Neurolab 

lib Science Investigations 
Hardware Verification 
• Riley, Danny (Med ical College of Wisconsin) and Kerry Walton (New 

York Medical Center), Rodent Dami Neonate Animal Enclosure Module 
N ursin ~ Facility Development Experiment 

Organisms Studied 
• Rattus norvegicus (rat) dams and pups 

Flight Hardware 
• Animal Enclosure Module (AEM) Nursing Fac ility 

Post-1995 Missions and Payloads 

Mission Notes 
• Crew included a mission sp9cialist from NASDA, the J:w'Inese space 

agency 

Payload Notes 
• A collaboration between NASA and NIH 
• First flight of the Animal Enclosure Module ( ' EM) Nursing Faci lity 
• First experiment with newborn rat pups 
• Six of the 5-day-old, 19 of the 8-day-old, and all 20 of the 15-day-old 

neonates survived the flight 
• Surviving flight animals were found to be in good condition 

u 
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PAYLOAD PROFILE: BIORACK 1/STS-76 

Life Sciences Payload: Biorack 1 

Mission Duration: 9 days Date: March 22- 31 , 1996 

Payload location: SPACEHAB modulei Shuttle middeck 

life Science Research Objectives 
• To study the effects of microgravity on gene expression in bone ce lls, as 

well as bone formation and osteoblast growth 
• To detect the effects of microgravity on cytoskeleta l organization, signpl 

transduction, gene expression, and maturation in hematopoietic cells 
• To examine the effects of space rad iation on both somatic and germ 

cells and the effects of microgravity on cellular repair 

life Science Investigations 
Bone Physiology 
• Hughes-Fulford, Millie (University of Ca lifornia, San Francisco), 

Microgravity Effects on Bone Cell Gene Expression 
Cell and Molecular Biology 
• Lewis, Marian (University of Alabama, Huntsville!. Mechanisms of 

Gravity Sensing and Response in Hematopoietic Cells 

RCldiation Biology 
• Nelson, Gregory (NASA Jet Proj? lJ lsion Laboratory), Modification of 

Radiogeni l: Damage by Microgravity 
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Organisms Studied 
• Mus musculus (mouse) bone ce ll s 
• Homo sapiens (human) cells 
• Caenorhabditis eJegans (nematode) 

Flight Hardware 
• Biorack 

Mission Notes 
• Third docking of Space Shuttle with Mir spa ce station 
• Flew first American woman astron aut (Lucid) tc serve as a crew mem

ber on Mir station 

Payload Notes 
• De livered two experiments to Mir to be conducted during the NASA 2 

mission 
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PAYLOAD PROFILE: ARF-01/STS-77 

Life Sciences Payload: Aquatic pgsearch Facility 1 

Mission Duration: 10 days Date: May 19- 29, 1996 

Payload Location: Shuttle middeck 

Life Science Research Objectives 
• To study the effects of microgravity on cytoskeletal organization and cal 

ci um metabolism duri ng fertilization and early development in the sea 
urchin model s'ystem 

• To study calc ium-dependent sperm incorporation, calcium-triggered 
cortical granule exocytosis, membrane fusion, and cytoskeletal organi
zation within eggs and embryos fertilized and cultured in space 

Life Science Investigations 
Developmenta l Biclogy 
• Schatten, Heide (University of Wisconsin), Microgravity Effects during 

Fertilization, Cell Division, Developr.1ent, and Calcium Metabolism in 
Sea Urchins 

Organisms Studied 
• Lytechinus pictus (sea urchins) eggs and embryos 

Post-1995 Missions and Pay/Dads 

Flight Hardware 
• Aquatic Research Fa cility 

Mission Notes: 
• Crew included a mission specialist from the Canadian Space Agency 
• Carried the SPACEHAB module in the Shuttle cargo bay 

Payload Notes 
• Collaboration between Kennedy Space Center and the Canadian 

Space Agency 
• First fl ight of the Aquatic Resea rch Facility 

"0 
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PAYLOAD PROFILE: BRIC-07/STS-77 

life Sciences Pavload: Biological Re sea rch in Canisters 7 

Mission Duration: 10 days Date: May 19- 29, 1996 

Payload Location: Shuttle middeck 

life Science Research Objectives 
- To examine the effects of microgravity on tobacco hornworm ec dysone 

release and subsequent development 

Life Science Investigations 
Developmental Biology 
- Tischler, Marc (University of Arizo na ). Effects of Microgravity on 

Tobac co Hornworm (Manduca Sexta) during Metamorphosi s 

Organisms Studied 
- Manduca Sexta (tobacco hornworm) pupae 

Flight Hardware 
- BRIC-l00 (vented) 

Mission Notes 
- Crew inc luded a mission specialist tro 'n the Canadian Space Agency 
• Carri ed the SPACEHAB module in the Shuttle cargo bay 
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Payload Notes 
• The seventh Shuttle flight of the BRIC hardware 
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PAYLOAD PROFILE: IMMUNE.3/STS-77 

Life Sciences Payload: IMMUNE.3 

Mission Duration: 10 days Date: May 19- 29, 1996 

Payload location: SPACEHAB module/Shuttle middeck 

life Science Research Objectives 
• To further test the ability of Insulin-like Growth Factor (lGF-1) to prevent 

or reduce the detrimental effects of space flight on the immune system 

life Science Investigations 
Immuno logy 
• Zimmerman, Robert !Chi ron Corporati on), Confirmation of Ability of 

Sustained-Release Insulin -like Growth Factor I (IGF-I) to Coumeractthe 
Effect of Space Flight on the Rat Immune and Skeletal Systems 

Organisms Studied 
• Rattus norvegicus (rat) 

Flight Hardware 
• Animal Enclosu re MGdule (AEM) 
• Ambient Temperature Recorder !ATR-4} 

Post-1995 Missions and Pay/Dads 

Mission Notes 
• Crew included a mission specia list from the Canadian Space Agency 
• Carried the SPACEHAB module in the Shuttle cargo bay 

Payload Notes 
• A commercial payload for which the corporate affi liate was Chiron 

Corporation in Emeryville, California 

o 
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PAYLOAD PROFILE: NIH.C7/STS-77 

Life Sciences Payload: National Institutes of Health Cells 7 

Mission Duration: 10 days Date: May 19- 29, 1996 

Payload location: Shuttle middeck 

life Science Research Objectives 
• To confirm that cartilage calcification and cell differentiation proceed 

more slowly in cells cultured in microgravity than in 1 G 
• To study microgravity-induced skeletal myofiber atrophy 

life Science Investigations 
Bone Physiology 
• Boskey, Adele (Hospital for Special Surgery), The Effects of Micro

Gravity on In Vitro Calc ification 
Muscle Physiology 
• Vandenburgh, Herman (Miriam Hospital/Brown University School of 

Medicine), Effect of Space Travel on Skeletal Myofibers 

Organisms Studied 
• Gallus gal/us (chicken) 

Flight Hardware 
• Space Tissue Loss-A (STL-A) Module 
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Mission Notes 
• Crew included a mission specialist from the Canadian Space Agency 
• Carried the SPACEHAB Module in the Shuttle cargo bay 

Payload Notes 
• A collaboration between NASA, NIH, and the Walter Reed Army Institute 

of Research 
• Re-flight of the N I H,G5 payload, which had been compromised by a 

computer failure 
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PAYLOAD PROFILE: BRIC-08/STS-78 

life Sciences Payload: Biological Research in Canisters 8 

Mission Duration: 17 days 
Date: June 20- July 7, 1996 

Payload location: Shuttle middeck 

life Science Research Objectives 
• To observe if the mitotic process and chromosome morphology in 

developing plant cells can be predictably modified (or not) in the space 
environment by deliberatelv providing optimized and/or nonoptimized 

environments 
• To observe if adverse alterations in osmotic status and water relations 

(water stress) predispose cells to become dam aged cytologically in the 

space environment 

life Science Investigations 

Plant Biology 
• Krikorian, Abraham (State University of New York at Stony Brook), Plant 

Embryos and Fidelity of Cell Division in Space 

Organisms Studied 
• Hemerocallis cv. Autumn Blaze (daylily) 

Post-1995 Missions and Payloads 

Flight Hardware 
• BRIC-100VC 

Mission Notes 
• Crew included one payload specialist from the Canadian Space Agency 

and one from CNES, the French space agency 

Payload Notes 
• Eighth flight of BRIC payload 
• First flight of new, short, gas-tight BRIC canisters 

"0 
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PAYLOAD PROFILE: LMS/STS-78 

Life Sciences Payload: Lite and Microgravity Spacelab 

Mission Duration: 16 days Date: June 20- July 7, 1996 

Payload Location: Spacelab module/Shuttle middeck 

Life Science Research Objectives 
• To determine whether compression wood formation occurs in micro

gravity, and to establish the time course of its (potential) induction at 
both 1 G and in microgravity 

• To study the effects of rnicrogravity on early embryonic development 
• To determine the effect of microgravity on bone c ell activity, bone mass, 

and levels of bone formation and resorption 
• To determine the effect of excessive corticosteroid production caused 

by microgravity-induced stress on bone !:'jrowth and loss 

Life Science Investigations 
Bone Physiology 
• Wronski, Thomas (University of Florida, Gainesville), Role of 

Corticosteroids in Bone loss during Space Flight 
Developmental Biology 
• Wolgemuth, Debra (Columbia University), Development of the Fish 

Medaka in Microgravity 
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Plant Biology 
• lewis, Norman (Washington State University), Lignin Formation and 

Effects of Microgravity: A New Approach 

Organisms Studied 
• Pseudotsuga menziesii (Douglas fir) seedlings 
• Pinus taeda (Loblolly pine) seedlings 
• Oryzias latipes (medaka) embryos 
• Rattus norvegicus (rat) 

Flight Hardware 
• Plant Growth Unit (PGU) 
• Atmospheric Exchange System (AES) 
• Fixation Kits 
• Space lissue Loss-B (STL-8) Module 
• Animal Enclosure Module (AEM) 
• Ambient Temperature Recorder (ATR-4) 

Mission Notes 
• Crew included one payload specialist from the Canadian Space Agency 

and one from CNES, the French space agency 

Payload Notes 
• Carried life sciences and microgravity experiments, with life sciences 

research being focused on human physiology and space biology; space 
biology experiments sponsored by Ames Research Center 

• Hardware for thtl embryonic development study was similar to the STL-A 
but with imaging capabilities 
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PAYLOAD PROFILE: BRIC-09/STS-80 

Life Sciences Payload: Biological Research in Canisters 9 

Mission Duration: 17 days Date: November 19- December 7,1996 

Payload Location: Shuttle middeck 

Life Science Research Objectives 
• To determine how the expressions of auxin- end gravistimlJlation

inducible genes are al tered under the microgravity environment 
• To identify the effects of microgravity on auxin transport/distribution 

anci(,r sensitivity of tissue to auxin in higher plants 

Life Science Investigations 
Plant Biology 
• Li, Yi (Kansas State Un i·,' ~ :' sity) , Effects of Micro-G on Gene Expression in 

Higher Plants 

Organisms Studied 
• Lycoperscion es(' u/entum (transgenic tomato) seedlings 
• Nicotiana taba CWT7 (tobacr. o) seedlings 

Flight Hardware 

• BRIC-60 

Post-1995 Missions and Payloads 

o 

Mission Notes 
• STS-80 broke the record for longest Shuttle flight 

Payload Notes 
• Ninth flight of the BRIC hardware 
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PAYLOAD PROFILE: NIH.C6/STS-80 

Life Sciences Payload: National Institutes of Health Cells 6 

Mission Duration: 18 days Date: November 19- December 7, 1996 

Payload Location: Shuttle middeck 

Lile Science Research Objectives 
• To determine the effect of space flight and reloading on Transfol :rling 

Growth Factor-p !TGF-P) expression and other osteoblast mRNA expres
sion patterns 

• To determine if space flight causes changes in the osteoblast 
consistent with a reduction in bone formation and increase in 
bone resorption 

Ufe Science Investigations 
Bone Physiology 
• Turner, Russel (Mayo Clinic), Effect of Spaceflight on TGF-p 

Expression by hFOB Cells 
• Majeska, Robert (Mount Sinai Medical Center), Osteoblast Adhesion 

and Phenotype in Microgravity 

Organisms Studied 
• Homo sapiens (human) hFOB cell line 
• Rattus norvegicus (rat) ROS cell line 
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Flight Hardware 
• Cell Culture Module-A (CCM-A) 

Mission Notes 
• STS-80 broke the record for longest Shuttle flight 

Payload Notes 
• A collaboration between NASA, NIH, and the Walter Reed Army Institute 

of Research 
• Flight harcware formerly ca lled Space lissue Loss-A Module 
• Re-flight of the NIH.C4 payload, giving investigators a larger data set 
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PAYLOAD PROFILE: NIH.R4/STS-80 

Life Sciences Payload: Nationa l Institutes of Health Rodents 4 

Mission Duration: 18 days Date: November i9-December 7, 1996 

Payload location: Shunle middeck 

life Science Research Objectives 
• To study the effects of dietary calc ium levels altered befor::. during. 

and after exposure tJ mi"rogravity on vascular function and calcium 
metabolism 

life Science Investigations 
Cardiovascular Physiology 
• McCcrron. David and Dan Hanon !Oregon Health Sciences University), 

Calcium Metabolism and Vascular Function in Rats after Space Flight 

Organisms Studied 
• Rattus norvegicus (rat) with genetica lly induced hypertension 

Flight Hardware 
• Animal Enclosure Module (AEM) 
• Ambient Temperature Recorder (ATR-4) 

Post-1995 Missions and Pay/Dads 

D 

Mission Notes 
• STS-80 broke the record for longest Shunle flight 

Payload Notes 
• A collaboration between the National Institutes of Health and NASA 
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PAYLOAD PROFILE: BIORACK 2/STS-81 

Life Sciences Payload: Biorack 2 

Mission Duration: 10 days Date: January 12-22, 1997 

Payload Location: SPACEHAB module/Shuttle middeck 

Life Science Research Obiectives 

• To compare bacterial growth on surfaces in microgravity and on Earth 

• To examine the effects of microgravity on second messenger signal

transduction pathways 

• To study the starch-statolith model for graviperception in plants 

• To examine the effect of microgravity on lymphocyte activation, specifi

cally cell -cell interaction and signaling 

• To determine the effects of microgravity on bone loss by examining alter

atio'ls in relevant gene expression patterns in the bone-forming cells 

Life Science Investigations 

Bone Physiology 

• Hughes-Fulford, Millie (University of California, San Francisco), Effect of 

Microgravity on Osteoblast Gene Expression 

Cell and Molecular Biology 

• Tash, Joseph (University of Kansas Medical Center), Microgravity and 

Signal Transduction Pathways in Sperm 
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Immunology 

• Sams, Clarence (NASA Johnson Space Center), Effect of Microgravity 

on Lymphocyte Activation 

Microbiology 

• Pyle, Barry (Montana State University), Bacterial Growth on Surfaces in 

Microgravity and on Earth 

Plant Biology 

• Kiss, John (M iami University), Graviperception in Starch-Defic ient 

Plants in Biorack 

Organisms Studied 

• Burkholderia cepacia (bacterium) 

• StrongeJocentrotus pupuratus (sea urchin) 

• Arabidopsis thaJiana (mouse-ea r cress) 

• Homo sapiens (human) 

• Mus musculus (mouse) 

Flight Hardware 

• Biorack 

Mission Notes 

• The fifth docking of the Space Shuttle to Mir 

• Replaced one American astror.aut on Mir (Luc id) with another (Blaha) 

Payload Notes 

• Shuttle delivered four experiments to Mir to be conducted during the 

NASA 4 mission and rp.turned two experiments performed during the 

NASA 3 mission to Earth 
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PAYLOAD PROFILE: BIORACK 3/STS-84 

life Sciences Payload: Biorack 3 

Mission Duration: 9 days Date: May 15-24, 1997 

Payload Location: SPACEHI' S module/Shuttle Middeck 

Life Science Research Objectives 
• To examine the effects of microgravity on second messenger signal

transduction pathways 
• To study the starch-statolith model for graviperception in plants 
• To examine the effect of microgravity on lymphocyte activation, specifi

cally cell-cell interaction and signaling 
• To determine the effects of microgravity on bone loss by examining alter

ations in relevant gene expression patterns in th e bone-forming cells 

Ufp Science Investigations 
Bone Physiology 
• Hughes-Fulford, Millie (University of California, San Francisco), Effect of 

Microgravity on Bone Cell Gene Expression 
Ce:1 and Molecular Biology 
> Tash. Joseph (University of Kansas Medical Centerl, Microgravity and 

Signal Transduction PathV"ays in Sperm 

Immunology 
• Sams, Clarence (NASA Johnson Space Cented, Effect of Microgravity 

Post- 1995 "v1issions and Payloads 

on Lymphocyte Activation: Cell-Cell Interaction and Signaling 
Plant Biology 
• Kiss, John (Miami Universityl. Graviperception in Starch-Deficient 

Plants in Biorack 

Organisms Studied 
• Lytechinus pictus (sea urchinl 
• Arabidopsis thaliana (mouse-ear cress) 
• Homo sapiens (human) 
• Mus musculus (mouse) 

Flight Hardware 
• Biorack 

Mission Notes 
• The sixth docking of the Space Shuttle to Mir 
• Replaced one American astronaut on Mir (Linenger) with 

another (Foale) 

Payload Notes 
• Re-flights of the experiments from STS-81, providing more data for 

analyses 
• Shuttle delivered four experiments to Mir to be conducted during the 

NASA 5 mission, and returned four experiments performed during the 
NASA 4 mission to Earth 

o 
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PAYLOAD PROFILE: BRIC-10/STS-85 

Life Sciences Paylcad: Biological Research in Canisters 10 

Mission Duration: 12 days Date: August 7-August 19, 1997 

Payload location: Shuttle middeck 

life Science Research Objectives 
• To determine how the expressions of auxin- am' gravistimulation

inducible genes are altered under the microgravity environment 
• To identify the effects of micro gravity on auxin transport/distribution 

and/or sensitivity of tissue to auxin in higher plants 

Life Science Investigations 
Plant Biology 
• Li. Vi (Kansas State University), Effects (If Micro-G on Gene Expression 

in Higher Plants 

Organisms Studied 
• Lycoperscion esculentum (transgenic tomato) seedlings 
• Nicotiana tabacum (tobacco) seedlings 

Flight Hardware 
• BRIC-GO 
• GNz freezer 
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Mission Notes 
• Crew included a payload specialist from the Ca nadian Space Agency 
• In a cooperative venture with DLR. the German space agency, ca rried a 

German-bui lt satellite 
• Included a payload sponsored by NASDA, the Japanese space agency 

Payload Notes 
• Tenth flight of BRIC payload 
• Second of two flights required for this experiment 
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PAYLOAD PROFilE: CUE/STS-87 

life Sciences Payload: Collaborative Ukraniall Experiment 

Mission Duration: 16 days Date: November 19-De cember 5, 1997 

Payload location: Shuttle middeck 

life Science Resea rch Objectives 

• To study the effects of microgravity on plant ultrastructure, poll ination, 
fertilization, metabolism, biochemistry, horn lones, cell differentiation, 
gene expression, and other cellular pa rameters 

• To measure plant gravitropic and phototrop ic responses in a microgravi
ty environment 

• To determine the effects of microgravity on the susceptibil ity of plants 
to pathogens 

life Science Investigat;on3 
Plant Biology 
• Brown. Christopher (NCSU-NSCORT). The Interaction of Microgra'Jity 

and Ethylene on Soybean Growth and Metabolism 
• Gu ikema, James (Kansas State University), EHects of Altered Gravity 

on the Photosynthetic Apparatus 

• Leach, Jan (Kansas State University). Effects of Microgravity on 
Pathogenesis and Defense Responses in Soybean Tissues 

• Ml1sgrave. Mary (Louisiana Sta te University), Microgravity Effects on 

Post-1995 Missions Rnd Payloads 

Pollination and Fertil ization 
• Sack, Fred (Ohio State University). Differentiation and Tropisms in 

Space-Grown Moss (Ceratodon) 

• Piastuch, Nilliam (Dynamac Corporation). Spaceflight Effects on Gene 
Expression in Brassica rapa and Soybean Tissue (GENEX) 

• Musgrave, Mary (Louisiana State University). Spacefl ight EHects on 
Structure. Function and Organiza ti on of Root Cells in Brassica rapa 

• Kordyum, Elizabeth (National Academy of Sciences, Ukraine) 
Spaceflight EHects on Amino Ac id Content in Brassica rapa 

• Kordyum, Elizabeth (National Academy of Sciences. Ukraine) 
Spaceflight Effects of the Phytohormonal Content in Brassica rapa 

• Kordyum, El izabeth (National ACildemy of Sciences, Ukraine) 
Spaceflight Effects of the Lipid .... Jntent in Brassica rapa 

• Demikiv. Orest (Institute of Ecology of the Carpathians, Lviv) 
EHects of Red Light and Microgravity on the Ultrastructure of Ceratodon 
and Pottia protonemata 

Organisms Studied 
• Glycine max (soybean) seedlings 
• Brassica rapa (mustard plant) seedlings 
• Ceratodon puroureus (moss) 

Flight Hardware 
• Plan! Growth Facility 

• BRIC-GO 
• BRIC-LED 
• KSC Fixation Tube 
• KSC GN2 Fre ezer 

227 

"0 

"0 



0. 

Mission Notes 
• Crew included a Ukranic:n payload spec ialist 

Payload Notes 
• First collaboration between NASA and NKAU, the Ukrain ian space 

agency 

• Educational component that included students from the U.S. and Ukraine 
performing ground control experiments for the flight experiments 
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PAYLOAD PROFILE: CEBAS/STS-89 

Life Sciences Payload: Closed tquilibrated Biological Aquatic System 

Mission Duration: 9 days Date: January 22- 31,1998 

Payload Location: Shuttle middeck 

Life Science Research Objectives 
• To determine the effects of microgravity on development of the vesti bu

la r system 
• To determine the effects of microgravity on the development of the 

brain-pituitary axis and associated organs 

Life Science Investigations 
Neurophysiology 
• Wiederho ld, Michael (University of Texas Health Science Center u~ San 

Antonio), Development of Vestibular Organs in Microgravity 
• Schreibman, Martin (Brooklyn College), Brain -Pituitary Axis 

Development in the CEBAS Minimodule 

Organisms Studied 
• BiomphaJaria gJabrata (snail) 
• Xiphophorus heifer; (swordtail fish) adult and juvenile 
• Ceratophy/lum derersum (hornweed) 

Post-1995 Missions and Pavloads 

"-:c¥ 

Flight Hardware 
• Closed Equilibrated Biological Aquatj( S~/ c;tcm (CEBAS) Minimodule 

Mission Notes 
• Eighth Shuttle mission to dock with Mir 

Payload Notes 
• Developed by OHB-Systems and DLR, the German space agency 
• Hardware included the CEBAS Minimodule .. a habitat for aquatic 

organisms 
• CEBAS hardware accommodated twG U.S. ar,d nino German expe ri ments 
• First flight of a closed life support system 
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PAYLOAD PROFILE: MPNE/STS-89 

life Sciences Payload: Microgravity Plant Nutrient Experiment 

Mission Duration: 9 days Date: January 22- 31, 1998 

Payload Location: Shuttle middeck 

life Science Research Objectives 
• To demonstrate the potential use of porous tubes to provide water and 

essential minerals to higher plants grown in mic rogravity 
• To assess whether the Water Availability Sensors and Water Delivery 

System could work in COllcertto maintain a predetermined volume of 
nutrient solution at the n ot zone 

• To collect and archive system performance data from various sensors 
for postfligr. analysis of system operation 

• To test automatically inbibing and germinating seeds on orbit 

life Science Investigations 
Plant Biology 
• Kennedy Space Center, Microgravity Plant Nutrient Experiment 

Organisms Studied 
• Triticum aestivum cv. Yecora rojo (wheat) seeds 

Z30 

Flight Hardware 
• Microgravity Plant Nutrient Exp eriment (MPNE) 

Mission Notes 
• Eighth Shultle mission to dock with Mir 

Payload Notes 
• Technology demonstration for ISS Plant Research Unit 
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PAYLOAD PROFILE: NUSTS-90 

Life Sciences Payload: Neurolab 

Mission Duration: 16 days Date: April 17- May 3, 1998 

Payload location: Spacelab module 

Life Science Research Objectives 
• To increase the understanding of the mechanisms responsible for 

neurological and behavioral changes in space 
• To study the effects of microgravity on the developing nervous system, 

and look for irreversible changes in the nervous system caused by the 
lack of gravitationClI cues during critical stages in development 

• To study cho"ges in the morphology and biochemistry of the adult 
nervous system caused by exposure to microgravity 

life Science Investigations 
Neurophysiology 
• Baldwin, Kenneth (University of Californ ia, Irvine), Neural-Thyroid 

Interaction on Skeletallsomyosin Expression in Zero-G 
• Highstein, Stephen (Washington University, St. Louis, MO), Chronic 

Recording of Otolith Nerves in Microgra vity 
• Holstein, Gay (Mount Sin ai School of Medicine). "",atomical Studies of 

Central Vestibular Adaptation 
• Horn, Eberhard Rudolf (University of Ulm, Germany), Development of an 

Post-1995 Missions and Payloads 

Insect Gravity Sensory System in Space 
• Fuller, Charles (University of California, Davis), eNS Control of Rhythms 

and Homeostasis during Space Flight 
• Kosik, Kenneth (Brigham and Women';) Hospital), Neuronal Development 

under Conditions of Space Flight 
• Mc Naughton, Bruce (University of Arizona), Ensemble Neural Coding 

of Place and Direction in Zero-G 
• Nowakowski, Richard (Robert Wood Johnson Medical School), Reduced 

Gravi ty: Effects in the Developing Nervous System 
• Pompeiano, Ottavio (University of Pisa, Italy), Effects of Microgravity 

on Gene Expression in the Brain 
• Raymond, Jacqueline (Universite de Montpellier II , France), 

Microgravity and Development of Vestibular Circloits 
• Riley, Danny (Medical College of Wisconsin), The Effects of Microgravity 

on Neuromuscular Development 
• Ross, Muriel (NASA Ames Research Center), Multidisciplinary Studies 

of Neural Plasticity in Space 
• Shimizu, Tsuyoshi (Fukushima Medical College, Japan), Postnatal 

Development of Rats Aortic Nerves under Conditions of Microgravity 
• Walton, Kerry (New York University Medical Center), Effects of Gravity 

on Postnatal Motor Development 
• Wiederhold, Michael (University of Texas Health Science Center, San 

Antonio), Development of Vestibular Organs in Microgravity 

Organisms Studied 
• Rattus norvegicus (rat) 
• Mus musculus (mouse) 
• OpsanIJs tau (toadfish) 
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• Acheta domestic us (cricket) 
• Biomphalaria glabrata (snail) 
• Xiphophorus hellerilswordtail fish) 

Flight Hardware 
• Research Animal Holding Facility (RAHF): Adult Facility 
• Research Animal Holding Facility (RAHF): Nursing Facility 
• Animal Enclosure Module (AEM): Nursing Facility 
• Botany Experiment (BOTEX) Incubator 
• Closed Equilibrated Biological Aquatic System (CEBAS) 
• Vestibular Function Experiment Unit (VFEU) 

Mission Notes ,< 
"-' 

• Last dedicated life sc iences mission to tly oefore the construction of 
the International Space Station 

• Last flight of Spacelab 
• Crew included a Canadian astronaut 

Pavload Notes 
• Of the 26 experiments, 11 used human subjects and the 15 sponsored 

by Ames Research Center used animal subjects 
• International science participation included France, ESA, Germany, and 

Japan 
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PAYLOAD PROFILE: BRIC-13/STS-95 

life Sciences Payload: Biological Research in Canisters 13 

Mission Duration: 9 days Date: October 29- November 7,1998 

Payload Location: Shuttle midd eck 

life Science Research Objectives 
• To study the role of hypergravity, hypogravity, and microgravity on 

embryo in itiation and development in orcha rdgrass 
• To determine how microgravity affects initiation of embryos 
• To determine how mic rogravity affects the polarity of embryos 

Life Science Investigations 
Plant Biology 
• Conger, Bob V. (University of Tennessee), Gravitational Effects of 

Embryogenesis in Poaceae 

Organisms Studied 
• Dactylis glomerata (orchardgrass) 

Flight Hardware 
• BRIC-lOO 
• BRIC-Pac;sive Cooler (PC) 

Post-1995 Missions and Payloads 

Mission Notes 
• John Glenn returned to space as a payload specialist 
• Crew included a Japanese payload specialist 

Payload Notes 
• BRIC-1oo Canister transferred from the BRI C-PC on flight day 5, causing 

samples to begin warming to ambient. thus initiating embryogenesis 
• Follow-on experiment based on results of BRIC-02 
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PAYLOAD PROFILE: BRIC-PEG/C/STS-95 

Life Sciences Payload: Biological Research in Canisters- PEG/C 

Mission Duration: 9 days Date: October 29- November 7, 1998 

Payload location: Shuttle middeck and SPACEHAB 

Life Science Research Objectives 
• To analyze the cellular and molecular development of the cucumber 

seedling in microgravity 
• To understand mechanisms by which gravity affects germination 

Life Science Investigations 
Plant Biology 
• Cosgrove, Daniel (Pennsylvania State University), Gravity Effects on 

Seedling Morphogenesis 

Organisms Studied 
• Cucumis sativus (cucumber) seedlings 

Flight Hardware 
• BRIC-GO 
• KSC GN2 ~reezer 

• Spacelab OSR/F 
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Mission Notes 
• John Glenn returned to space as a payload specialist 
• Crew included a Japanese payload specialist 

Payload Notes 
• One of several experiments in collaboration with NASDA, the Japanese 

space agency, to use BRIC hardware 
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PAYLOAD PROFILE: NIH.C8/STS-95 

life Sciences Payload: National Institutes of Health Cells 8 

Mission Duration: 8 days Date: October 29-November 7,1998 

Payload location: SPACEHAB module 

life Science Research Objectives 
• To study the mechanisms responsible for the impaired growth of 

cultured cartilage cells in microgravity 

Life Science Investigations 
Bone Physiology 
• Doty, Stephen B. (Hospital for Special Surgery), The Effect of Spaceflight 

on Ca rtilage Cell Cycl ing and Differentiation 

Organisms Studied 
• Gallus gallus (white leghorn chicken) 

Flight Hardware 
• Cell Culture Module-A (CCM-A) 

Mission Notes 
• John Glenn returned to space as a payload specialist 
• Crew included a Japanese payload specialist 

Post-1995 Missions and Payloads 

Payload Notes 
• Eighth in a collaborative series with the National Institutes of Health and 

the Walter Reed Army Institute of Research 
• Flight hardware was formerly called the Space Tissue Loss-A Module 
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PAYLOAD PROFILE: VFEU/STS-95 

Life Sciences Payload: Vestibular Function Experiment Unit 

Mission Duration: 8 days Date: October 29-November 7, 1998 

Payload Location: SPACEHAB module 

Life Science Research Objectives 
• To study the responses of the otolithic organs in microgravity 
• To record responses of primary otolithic origin with the utilization of 

implanted multichannel electrodes. 

Life Science Investigations 
Neurophysiology 
• Highstein, Stephen M. (Washington University), Chrollic Recording of 

Otolith Nerves in Microgravity 

Organisms Studied 
• Opsanus tau (oyster toadfish) 

Flight Hardware 
• Vestibular Function Experiment Unit (VFEU) 
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Mission Notes 
• John Glenn returned to space as a payload specialist 
• Crew included a Japanese payload specialist 

Payload Notes 
• This experiment was a re-fl ight of the investigator's experiment from 

Neurolab (STS-90), to gain add it iona l data 
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NASA/Mir Experiment Profiles 

T he !\AS AI Mir progra m continueu through 1998 and inc ludeo 

many long-durat io n cxpe lirnents conducted duting the residence of 

u.s. astronauts on the station . Because e>q)tTillle nrs were performed 

over varying and some times lengthy time peliods, unrelated to particu

lar mission designations, these investigations are desc ribed in the fol

lowing section as e>.:p e li rnent prollJes. This is a hm'binger of what can be 

expected on the fnte m ational Space Station . As ",vith Shrttle expe ri

me ll ts, the lag tim e behveen the fljght of an e:q)eriment and <;ubsequent 

publication of resul ts can be several years and many de tailed reports are 

unavRilable . The fo llowi ng profil es include: major expe rime nt objec

tives; narnes and affi liations of investigators; short notes on flight hard

ware and research subjec ts; and payload/expe riment notes with the 

duration oC time spent on Mir. 

Post- 1995 Missions and Payloads 
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EXPERIMENT PROFILE: NASA/MIR
INCUBATOR 3 

Broughtto Mir: STS-76 Brought back to Earth: STS-79 

Duration on Mir: March 199B-September 1996 

Life Science Research Objectives 
• To determine if the microgravity environment causes any abnormalities 

during embryonic development of vertebrate animals, spec ifically quail 
• To examine the differences in the formation of the body, including the 

internal organs, bones, and vest ibular gravity receptors, in microgravity 
as compared to on Earth 

Life Science Investigations (by proposal title) 
Developmenta l Biology 
• Anderson, Page (Duke University), Expression of Contractile Protein 

Isoforms in Microgravity 
• Conrad, Gary (Kansas State University), Effects of Microgravity on Quail 

Eye Development 
• Doty, Stephen (Hospital for Special Surgery), Development in Long
Dur~tion Spaceflight, 

• F~rmin, Cesar (Tulane University), Effect of Micr'Jgravity on Afferent 
Innervation 

• Fritzsch, Bernd (Creighton University), Effects of Weightlessness on 
Vestibu iar Development of Quail 
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• Hester, Patricia (Purdue University), Qua il Eggshell Mineral Analysis 
• Lelkes, Peter (Universi ty of Wisconsin Medical School, Mi lwa ukee), 

Avian Blood-Vessel Formation in Space 
• Shimizu, Toru (University of South Flo rida), Effects of Weightlessness on 

the Avian Visuo-Vestibula r System: Immunohistoc hemical An alysis 
• Wentworth, Bernard (University of Wisconsin, Madison), Fecundity of 

Qua il in Spacelab Microgravity 

Organisms Studied 
• Coturnix coturnix japonica Iquai l) eggs 

Flight Hardware 
• Incubator (Slovakian) 
• Egg Storage Kits 
• Fixation Kits 
• Glove Bag with Filter/Pump Kit 

Payload/Experiment Notl's 
• Sixteen-day experiment duration, as in previous two Incubator experiments 
• Eggs fixed at different developmenta l stages fo r return to Earth 
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EXPERIMENT PROFILE: NASAJMIR
ENVIRONMENTAL RADIATION 
MEASUREMENTS ON MIR STATION 1 

Brought to Mir: STS-76 Brought back to Earth: STS-79 

Duration on Mir: March 1996- Septem ber 1996 

life Science Research Objectives 
• To expand the knowledge of environmental radiation at th e 51 .6° orbit , 

location of the Mir station, and future location of th e International 

Space Station 

• To provide information on the shieldlllg effects of the Station 

• To allow comparisons between different meth ods of radiation dosimetry 

life Science Investigations (by propo'ial titlel 
Radiation Biology 

• Benton, Eugene (University of San Franciscol. Environmenta l Rad iation 

Measurements on Mir Station 

Organisms Studied 

• N/A 

Flight Hardware 
• Area Passive Dosi lneters (APD sl 

Post-1995 Missions and Pay/Dads 

Payload/Experiment Notes 
• Dosimeters placed in six locations on Mir 

• Data to be compared with that f rom dosimetry experiments conducted 

on earlier NASA/Mir missions using identical APDs in the same loca

tiuns to determine change in radiation levels over time 

• APDs cuntained both plastic nuclear track detectors and thermolumi

nescent detectors. allowing the measurement of different aspects of 

the rad iation environment 
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EXPERIMENT PROFILE: NASAJMIR
GREENHOUSE 2 

Brought to Mir: STS-79 Brought back to Earth: STS-81 

Duration on Mir: September 1996-January 1997 

life Science Research Objectives 
• To attempt a seed-to-seed growth cycle in microgravity, and to deter

mine if any plant processes within a life cycle are completely dependent 
on gravity 

• To observe the effects of microgravity on tasic plant processes, such as 
photosynthesis and water use, as well as l' iochemical and structural 
changes 

life Science Investigations (by proposal title) 
Plant Biology 
• Salisbury, Frank (Utah State University), Greenhouse-Integrated Plant 

Experiments on Mir 

Organisms Studied 
• Triticum aestivum (Super-Dwarf wheat) 

Flight Hardware 
• Svet Plant Growth Fac ility 
• Gas Exchange Measurement System (GEMS) 
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• Soil Moisture Probes 
• EnvironfTlental Data System 
• Fundamental Biology Kit Hardware 

Payload/Experiment Notes 
• Experiment operations continued through the docking of STS-81, during 

which the final harvest of the space-grown plants occurred 
• Environmental conditions in Svet greenhouse improved after Phase lA 

experiment, allowing dwarf wheat to grow at a rate similar to that of 
ground controls 

• Excess ethylene in the Svet atmosphere prevented seed formation 
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EXPERIMENT PROFILE: NASA/MIR
ENVIRONMENTAL RADIATION 
MEASUREMENTS ON MIR STATION 2 

Brought to Mir: STS-79 Brought back to Earth: STS-81 

Duration on Mir: September 1996-January 1997 

Life Science Research Objectives 
• To expand the knowledge of environmental radiation at the 51.6° orbit, 

location of the Mir station, and future location of the International 
Space Station 

• To provide information on the shielding effects of Mir 
• To allow comparisons between different methods of radiation dosimetry 

Life Science Investigations (bV proposal title) 
Rad iation Biology 
• Benton, Eugere (University of San Francisc o). Environmenta l Rad iation 

Measurements on Mir Station 

Organisms Studied 

• N/A 

Flight Hardware 
• Area Passive Dosimeters (A PD s) 

Post-1995 Missions and .:'ay/oads 

Payload/Experiment Notes 
• Dosimeters pia ced in six locations on Mir 
• Data to be compared with that from dosimetry experiments conducted 

on earlie r NASA/Mir missions using identica l APDs in the same loca
tions to determine change in rad iation levels ovar time 

• APOs conta ined both plastic nuclear track detectors and thermolumi
nescent detectors, ali Jwing the measurement of different aspects of the 
rad iation environment 
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EXPERIMENT PROFILE: NASAJMIR
EFFECTIVE DOSE MEASUREMENT 
DURING EVA 1 

Brought to Mir: STS-81 Drought back to Earth: STS-84 

Duration on Mir: January 1997- May 1997 

life Science Research Objectives 
• To develop an onboard thermoluminescent dosimeter system to com

pare extra rad iation dosage received during extravehicular activity com
pared to doses rece ived inside Mir 

• To measure the ratio of low to high linear energy transfer dcse compo
nents inside t'e station 

Ufe S!:ience Investigations (by proposal title) 
Radiation Biology 
• Deme. Sandor (KFKI Atomic Energy Research Institute). EHective Dose 

Measurement during EVA E;:periment 

Organisms Studied 

• N/A 

Flight Hardware 
• Thermoluminescent Dos!lT'&ter System 

Z4Z 

Payload/E~periment Notes 
• Developed by a Hungarian investigato r and sponsored by Ames 

Resea rch Center 
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EXPERIMENT PROFILE: NASA/M:R
ENVIRONMENTAL RADIATION 
MEASUREMENTS ON MIR STATION 3 

Brought to Mir: STS-81 Brought back to Earth: STS -R~ 

Duration on Mir: January 1997-May 1997 

life Science Research Objectives 
• To expand the knowledge of environmental radiation atthe 51.6° orbit, 

location of the Mir station , and future location of the Internationa l 

Space Station 
• To provide informa~ion on the shielding effects of Mir 
• To allow comparisons b~l.ween different methods of radiation dosimetry 

life Science Investigations Iby proposal title) 

Radiation Biology 
• Benton, Eugene (University of San Francisco\, Environmental Radiation 

Mea..;u rements on Mir Station 

Organisms Studied 

• N/A 

Flight Ilardware 
• Area Passive Dosimeters (APDs) 

Pcst-1995 Missions and Pay/Dads 

Payload/Experirtlent Notes 
• Dosimeters placed in six locations on Mir 
• Data to be compared with that from dosimetry experiments conducted 

on earlier NASNMir missions using identical APDs in the same loca
tions to determine change in radiation levels over time 

• APDs conta:ned both plastic nuclear track detectors and thermolumi 
nescent detectors, allowing the measurement of different aspects of the 

radiation environment 
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EXPERIMENT PROFILE: NASAJIVIIR-BRIC-MIR 

Brought to Mir: STS-81 Brought back to Earth: STS -84 

Duration on Mir: January 1997- May 1997 

life Science Research Objecth,dS 
• To lise discrete, uniform somatic embryo fractions at different leve ls of 

development to test whether the level or stage of development con
tributes to these chromo soma eff~cts 

• To use somatic embryos at the Silme stage of development, but of differ
ent size and mas:; to test whether theru is a size- or mass-rela~ed contri
bution to these chromosome effects 

• To tast whather difference ~ in the availability of water in the immediate 
vicinity of the somatic embryo contribute to th~se chromosomal eff"lcts 

life Science Investigations (bV proposal title) 
Plant Biology 

• j(ri~orjan, Abraham (State U, iversity of New York at Stony Brook), 
Cellular Mechanisms of Spaceflight Specific Stress to Plants 

Orgar.lsms Studied 
• Hemerocallis cv. Autumn Blaze (daylily) cells 

Flight Hardware 
• SA IC-Ve Canisters 
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Payload/Experiment Notes 
• No in flight procedures required 

• Once returned to Earth, some recovered plan ~lets were examined for 
chromosomal effects, and some were reared into plants to observe their 
progression through the stages of growth and development 
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EXPERIMENT PROFILE: NASA/MIR
EFFECTS OF GRAVITY O~ INSECT 
CIRCADIAN RHYTHMICITY 

Brought to Mir: STS-84 Brought back to Earth: STS-80 

Duration on Mir: May 1997- September 1997 

life Science Research Objectives 
• Tu study the eft'ects of space fl ight on the circadian tirning system (CTS) 

of the black-bodied beetle 
• To determine if the CTS exhibits adaptation to microgravity during long

term exposure, and if altered gravity affec ts the sensitivity of the CTS 

to light 

life Science Inv~stigations (by proposal title) 

Chronobiology 
• Hoban-Higgins, Tana (University of California, Davis!. Effects of Gravity 

on Insect Circadi an Rhythmicity 

Organisms Studied 
• Trigonoscelis gigas (black-bodied beetle) 

Flight Hardware 

• 8eetle Kits 

Post-1995 Missions and Payloads 

PayloEld/Experiment Notes 
• Collision of Mir and the Progress supply ship on June 25 caused tempo

rary loss of power to Beetle Kits and several relocations of the exporiment 
• The hardware performed well, and demonstrated successful recordings of 

activity rhythms for a long period of time in tile microgravity environment 
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EXPERIMENT PROFILE: NASA/MIR
GREENHOUSE 3 

Brought to Mir: STS-84 Brought back to Earth: STS-86 

Duration on Mir: May 1997- September 1997 

Life Science Research Objectives 
• To attempt a seed-to-seed growth cycle in microgravity, and determine if 

any plant 1Jf0cesses within a life cycle are completely dependent on 
gravity 

• To compare the production of seeds by plants grown in space and on 
Earth 

• To determine the effects of microgravity on cell sha pe, structure, organi
zation, and physiology, as well as overall metabolism 

Life Science Investigations (by proposal title) 
Plant Biology 
• Musgrave, Ma ry (Lou isiana State University), Developmental Analysis of 

Seeds Grown on Mir 

Organisms Studied 
• Brassica rapa (mustard plant) 

Flight Hardware 
• Svet Plant Growth Facility 
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• Gas Exchange Measurement System (GEMS) 
• Soil Moisture Probes 
• Environmental Data System 
• Fundamental Biology Kit Hardware 

Payload/Experiment Notes 
• Collision of Mir and the Progress supply ship on June 25 caused loss of 

power to Svet, as well as lower temperatures and the loss of some Mir 
atmospheric gas samples, equipment, and films stored in damaged module 

• Power outages continued throughout remaining duration of experiment 
• First successful seed-to-seed plant cycle in space performed 
• No hardware problems encountered in $vet greenhouse 
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EXPERIMENT PROFILE: NASA/MIR
EFFECTIVE DOSE MEASUREMENT 
DURING EVA 2 

Brought to Mir: STS-84 Brought back to Earth: STS-86 

Duration on Mir: May 1997-September 1997 

life Science Research Objectives 
• To continue using the the rmoluminescent dosimeter system to compare 

extra rad iation dosage received during extravehicular activity compared 

to doses rece ived inside Mir 
• To continue to measure the ratio of low to high linear energy transfer

dose components inside the station 

Life Science Investigations (by proposal tit!a) 

Radiation Biology 
• Oeme, Sandor (KFKI Atomic Energy Research Institute), Effective Dose 

Measurement during EVA 

Organisms Studied 

• N/A 

Flight Hardware 
• Thermoluminescent Dosimeter System 

Post-1995 Missions and Payloads 

Payload/Experiment Notes 
• Collision of Mir and Progress supply ship on June 25 damaged and 

depressurized Spekter module, where TLD reader resided, rendering 
reader unavailable and unable to provide data for the NASA 5 segment 

of the experiment 
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EXPERIMENT PROFILE: NASAJMIR
ENVIRONMENTAL RADIATION 
MEASUREMENTS ON MIR STATION 4 

Brought to Mir: STS-84 Brought back to Earth: STS-86 

Duration on Mir: May 1997-September 1997 

Life Science Research Objectives 
• To expand the knowledge of environmental radiation at the 51.6 0 orbit. 

location of the Mir station, and future location of the International 
Space Station 

• To provide information on the shielding effects of Mir 
• To allow comparisons between different methods of radiation dosimetry 

Life Science Investigations (by proposal title) 
Radiation Biology 
• Benton, Eugene (University of San Francisco), Environmental Radiation 

Measurements on Mir Station 

Organisms Studied 

• N/A 

Flight Hardware 
• Area Passive Dosimeters (APDs) 
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Payload/Experiment Notes 
• Dosimeters placed in six locations on Mir 
• Data to be compared with that from dosimetry experiments conducted 

on earlier NASA/Mir missions using identica l APD s in the same IDea 
tions to determine change in radiation leve ls over time 

• APDs conta ined both plastic nllclear track detectors and thermolumi
nescent detectors. allowing the measurement of different aspf! cts m l he 
radiation environment 
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EXPERIMENT PROFILE: NASAJMIR
ACTIVE DOSIMETRY OF CHARGED 
PARTICLES 

Brought to Mir: STS-86 Brought back to Earth: STS-89 

Duration on Mir: September 1997- January 1998 

Life Science Research Objectives 
• To detect the increase in radiation dosage during the passage of Mir 

through the South Atlantic Anomaly, and fluctuations in dosage due to 

geomagnetic weather 
• To use time -resolving active rad iation detectors, instead of passive 

dosimeters, to correlate dosage levels to orbital parameters and radia 

tion components of different orig in 

Life Science Investigations (by proposal title) 
Ra diation Biology 
• Schott, Jobst (German Aerospace Center), Active Dosimetry of Charged 

Particles 

Organisms Studied 

• N/A 

Post-1995 Missions and Pavloads 

Flight Hardware 
• Passivated Implanted Silicon Detectors (PIPS) 

• Charge Coupled Devices 

Payload/Experiment Notes 
• PIPS device had been used previously to measure radiation spectra 

inside Biorack, on Shuttle missions STS-76, STS-81 , and STS-84 
• Investigator from the German Aerospace Center and sponsored by 

Ames Research Center 
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EXPERIMENT PROFILE: NASA/MIR
ENVIRONMENTAL RADIATION 
MEASUREMENTS ON MIR STATION 5 

Brought to Mir: STS-86 Brought back to Earth: STS-89 

Duration on Mir: September 1997-January 1998 

Life Science Research Objectives 
• To expand the knowledge of environmental radiation at the 51.6° orbit, 

location of the Mir station, and future location of the Internationa l 
Space Station 

• To provide information on the shield ing effects of Mir 
• To allow comparisons between different methods of radiation dosimetry 

life Science Investigations (by proposal title) 
Radiati{Jn Biology 
• Benton, Eugene (University of San Francisco), Environmental Radiation 

Measurements on Mir Station 

Organisms Studied 
• N/A 

Flight Hardware 
• Area Passive Dosimeters (APDs) 
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Payload/Experiment Notes 
• Dosimeters placed in six locations on Mir 
• Data to be compared with that from dosimetry experiments conducted 

on earlier NASAlMir missions using identica l APDs in the same loca
tions to determine change in radiation levels over time 

• APDs contained both plastic nuclear track detectors and thermolumi
nescent detectors, to allow t:,e measurement of different aspects of the 
ra diation environment 
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Bion Biosatellite Experiment Profiles 

T he U.S. participated in one Russian l)iosateilite mission duting the 
] 996- ] 998 period: Bion 11. The following payload profil e includes : 
major research objectives; names and afGliations of U.S. investigators; 
notes on Ibght luu"dware; ,Uld mission and payload h ig1Jlights. 

Post-1995 Missions and Payloads 
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PAYLOAD PROFILE: BION 11 

Life Sciences Payload: Bion 11 

Mission Duration: 14 days Date: December 24, 1996-January 7,1997 

Life Science Research Objectives 
• To study the effects of adaptation to space flight on behavior and perfor

mance, and muscle, bone, and regulatory physiology of primates 

Life Science Investigations (by proposal title) 
Behavior and Performance 
• Rumbaugh, Duane (Georgia State University), Behavior and 

Performance Project 
Bone and Ca lcium Physiology 
• Shackelford, linda (Methodist Hospital), Bone and Lean Body Mass 

Changes Following Space Flight 
Chronobiology 
• Fulle r, Charles (University of California, Davis), Circadian Rhythms of 

Macaca mulatta during Space Flight 
Metabolism and Nutrition 
• Fuller, Char 'es (University of California, Davis), Energy Metabolism of 

Macaca mulatta during Space Flight 
• Fu: ler, Charles (University of California, Davis), Thermoregulation in 

Macaca mulatta during Space Flight 
Muscle Physiology 
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• Bodine-Fowler, Sue (University of California, San Oiegol, Structural and 
Metabolic Plastic ity of Leg Muscle 

• Edgerton , Reginald (University of California, Los Angeles) and Duane 
Rumbaugh (Georgia State University), Adaptations of Motor Control in 
Response to Space Flight 

• Fitts, Robert (Marquette University), Effect of Weightlessness on Single 
~.1uscle Fiber Function in Rhesus Monkeys 

Rena l, Fluid, and Electro lyte Physiology 
• Grindeland, Richard (NASA Ames Research Center), Fluid-Electrolyte 

Metabol ism and Its Regulation in Primates in Microgravity 

Organisms Studied 
• Macaca mulatta (rhesus monkey) 

Flight Hardware 
• Primate Bio~ and associated Russian hardware 
• Digital O<;(a Storage System 
• Hea~ electronics Assembly 
• Sensors and Electrodes to measure physio!ogical data 
• Preampli ;iers, Amplifiers, and Control systems 

Mission and Payload Notes 
• First in the Cosmos/Bion series to be a joint U.S./Russian space flight 

conducted under a bilateral NASA/RSA contract 
• First in which NASA participated in recovery operations 
• NASAICNES scientists participated as an integrated team 
• During postflight examinations, one of the two flight primate!) died from 

anesthesia complications 
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Expet'iment Descriptions 

T his Appendix contain s one- page d esc ripUons of lile science 
exped rlll'nts flO\\1 1 by Am es Research CC liter : lllli Ken lledy Space 

. cn ter bc tween 199 1 and J 99.') , 
T he experiments are grouped by p ayload . Jn d i\-idual exp e r i

ments h elH' heen defint>d hased on U1e science rt>su lts ~enerated 

frolll a give ll pa:'load , r('~ar(Uess 0(' the II LII1Ibe r 0 (' official "exp e ri

me llts" desigllated fo r a give n mission . Biospeei tnc n sharillg pro

grallls and inronnal tissue sharin g bdwecll inves tigators have pro
duced supp lem e ntal exp e rime nts from seve ra l payload s. As a 
result , this \'ol ume co ntains more expe rime nts lhan lhose defin e d 

in the (Jr igin al proposals to NASA. The goal of tlt is book is to 

attem pt to rcprcsL' nt all scie nce rc!> ulting fro m each pa:' load . 
De~i~nat i nns o f' " \1l\cstigator" and "Co-Inves tiga tor" a re pro

vid('d to iden ti fy individuals who, respecti\·ely. pe rformed or ('on

trihlltl'll tu t lt e science generally. a nd th ey do not necessa rily 

reflect the lIS(, of such terminology ill \l1\S£\ gnlllts, contracLs, or 

ill\ 'estigator propusals. Tlw experime nt descriptio ns were dc ri\'f"l 

Experiment Descriptions 

rrom experime nt p llblications and rep orts (see Appendix II ). D ue 

to sp ace lim itations. on l~- the first thi rtee n "Co-I nvt:'stigators" 

COTlld he liste d fo r pac" reco rd . Payload manage rs, p ayload scien

t ists. a nd oth e r support p e rsonne i arc not li s te d , a ltho ugh the ir 

cOTltribution to the mission (s ; that e nabled each or these studies 

should be noted . 

Each expe rime nl has bee n aSS igne d a unique re fere nce num

be r, cons isting of: 

• a prefix denoting th e p ayload with ",,·bich th e exp e riment was 

conne cted 

• a nllmeri cal d eSign ation , u niq ue within each mission ( fo r 
exa mple. e xpe ri ments [rom Space:.lb Life Scie nces :2 would be 

deSig nated S LS2-1, S LS2-2, and so fo rth 

These rcfe re nce numbe rs correspond to th ' lse in Appe ndix II 
Pub li ca tions . Experimen t inl'onnation sourCp.s listed in Appe ndix 

11 include publications [rom the ope n U~_eraturc and NASA mte r
nal reports . 

E ach expe rim e nt d e!>c ription contajns tJl e following in [onna

tion : investigators and th e ir institutions; expeliment litle , scie nce 

diSCipline. research subject species. common name, and sex: numbers 

Preceding Page Blank 
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of llight and control subjects used (wh en appropriate ); r xpe riment 
bjer.:ti\·es. n,e tk )(]", and results ; <.Uld a list of key flight hardware NASA 

flj£!h t hardware items are desclibed in Appcncli\ UJ : Flight Hardwarc. 
!'or more detailed information on I\ASA Ufe sciences c:<Ol)crimcnts. 
the Life Scienoes Data Archive \ "eb site at http://lsda.jsc.nasa.gov. 
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Title of Study 
The F:rrects of \l1iC'rogrmiLy nil Gypsy t"J e.th Deve lopment 
tD iapallse in G)1)S~' Moll l EKl!;s) 

Science Discipline 
Developmental bi" log:,' 

Investigator Institute 
Dora Haves 

Co-Investigator(s) Institute 

111 m' 

I1dl. Hobt" 1- U.S. D t-pmtment o(Agriu Jitl 11'1 , 

Research Subject(s) 
Ly /I JllIl f rir, ,f iSi>(fI- ( g:,1)S~ moth) 

Male/Female 

Ground-Based Controls 
------~----~----~~~---=~------~ 

~4-fT f " l r .ls),lIchrono1ls gn ll lncl c('1It1'01 l1S i n~ the O rhi ter F. lIv ironnw nt,\1 

Si ll lll latUI 

Key Flight Hardware 
HH1 C-GII Cani"I! 'r 

Experiment Descriptions 

BRIC1-1 

ObJectives/Hypothesis 
Tllis experiment flew gypsy moth eggs to dctennine how microgravit)' afTects 
I-he cleveloping motJI 's lliapallsc cycle. The c1iapausc eycle is the peliou of tim 
when the Illoth is :" a dOJ'J II;)lI l state and IInciergoillg development. Previous 

Sl):Kt:' flights of gypsy llloLhs hav"", indicated tl,:,t trliCrO!!nl\~ty may shOlten the 
rli:~ 'lise cycle which lends to the emergence of sterile gypsy moth larvaf'. Since 
tl ".· J),P~;Y 1I10th is prohably tJil" most damagi ng insect pest of' hare/wood treps in 
tl,c castern United States. extensive gr()lJncl-lxL~ed resc<Lreh h,L~ been cOlJducterl 
to 11I" llil) ' Ille life cycle of tlw gypsy moth to create ste rile moths. 

Approach or Methods 
TWlJ (Liff'en~n l' types of moth eggs were flown . Qlle-halr of the e~s were lab 
rcarC'd and one-half we re wild. T , . :, ., ~ \"ere flow1I i ll the Shuttle midclcck for 
I I da),s. /\('1(' 1' retrieval fro m tht' Qrt)i tl'r. the eggs Wt're examined to detC' rmi lY~ 
lhe nUlilber of ~ablp larvae and 1'I1C status uf' III(' rpproductive system. 

Results 
l'\o reslJit·s rrom the e:-p erilllen t arc l'lJl'rcnlly availahll' . 
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BRIC1-2 

'rown Soybcilll Sl'l,t ll ings 

Science Discipline 
--~-------------------------, 

Plant biolol"" 

Investigator Institute 
Chlistoplwr S, l3rowlI D)'llanlLll' Corportltion 

Institute 
Kansa~ State University 

Ground·Based Controls 
24- lI om <ls),l1Ch rullou!> ground C()lIt ro.l using ti l l ' Orb it.er E nviroll inc ilt al 
Simi uatol' 
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Objectives/Hypothesis 
This was the flrst fl ight of tHs e:"1)elilllcnt tklt tested the itYlXlthesb tllat starch 
con<:entration in pklllt tbsue is decreased due to the e llccts of the ~pilce/micro, 

gravi ty t:: n~;ronJl1C " t. Thi:; ('xpeJ;ll1en ~ also i1)W'st igatcd possible mechanistic 
Ciluses I()!' thf' chan~cs ill start:h concentration , ~'le;L~ur(: lll cnts were made (If 
starch and soluble sligar conCt' ll trations, cline-al hios~1 II hetic anu degradati\'(:' 

GIIZ)'rne activities, Incaliznt ion of the starch grains and tile plastids in which the), 
are loulld, structll ral ,md ult rastructural Inakeup of JiITt-:rent tisSlles with in till' 
plants, anel dctai lcclll1e:lsurc lllc nts of gro\~i h and b iolll , L~S partitioning, 

, re flO\"l l. Till: soylJ(:ans were h<U'n'~ted 

postflight. MC:<IS11l'l!IIIClIls we re made of growth . ~<L~ cOllccl1 l : atio l1s in the can

isters, <.'HrhohydratC' ('Ollc(' nt "atiolls and re lat~cI (,l1zynl(,: activih' measnrl:'ments 
in the cotyledons am i ult rast rudl.1 :'a l ".nalysis or c\Jt~,'kdun , 1'}-l){Jcot)'I, ,Uld r(XJt

ti i'S UE' sectiom, 

Results 
T ile hypothesis thal sl arcl l wou ld be reduced in emlC('lItra(io ll ill tlie ' pace

grown tQ'y ledons W,L~ slIPlJOrt l'd b~' the rcslIlts of this expclillic lll. Starch (;UI1-

t'cnl ratiull in tht' cotyledons was reduced Ily appru:-.imatply 2Sst in Ihe spa":l' ti~

sue cOlilparcdl J tht ground controls. Meas uremen ts of 11 diffl')\'llt cnZY' lll ' 
acth~ lics n.:iatl!d to stmch ,Ind ~ugar Hlclabol is1I1 we re L'Onducted, Only :\ 1)1' 

glucose pyropl losphorylase, a ratl !- lill lililig l'llzyllle ill starch s) 'nthe~is , \V;I ~ 
afl 'rctcd by the space flight environment. The aelj\'it~ .. or this enZ)l11e was lower 
in tl1e space-grown cotyledons (.'ompareci to Llw gl' II 1\1' controls. sllggesting thal 
the lo\V(~r starch concentration seen was dill' lo a kl\\'c r acth'ity of t1us enZ\'I11I ', 

St<udl grain ~ii',c ill ti ll.: eot~' l cdons W,L~ also m(,..l.~ll l'( 'tl. fl was found t1mt ~tarch 

grains were largE' r ()r llu l affccb..'c:l by til(> 5P <1CI' ni ght Plivinllllnc nt. T<lI< ... n 
together wit11 thp lowe r conel :nlralioll of shm,:h in th(~ spa! '('-exposed cot)k 'JoJ1s , 
this suggests t11at the :;tarch grain i tself ma)' ba,,\:' an altered (i,t'" less (k nse1 
structure in space, 
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Title of Study 
Somatic Embryogenesis of Or(;h arcl~rass in Micrugmvit~1 

Science Discipline 
Planl biology 

Investigator Institute 
Boh \ ', C011l;('r 

Co-Investigator(s) Institute ---------------------Ko ne 

Research Subject(s) 

Ground-Based Controls 
"Sist c' r" segmcnts from opposite lC'af hnlV('s or th(/~l' Llsed for flight lTcat rneli ts 
e:\lloscd 10 Orbit( r ~: Il\~ ron llwntal Simuhllioll 

Key Flight Hardware 
BR IC- 100 Call istc r 

Experiment Descriptions 

BRIC2-1 

Objectives/Hypothesis 
Tht' overall Ilbjecti\'c of this resf-arch was 10 pro\'idc inr0l111atilln on th 
of microgmvit)' on elTl l.llyo initiation, r\ifTC'ren l"iatioli . d(:\'c:\ol' ll1C'nt , and the 11lti
Illate reproductive capaci l~1 or r('sli itan! phUlt~ utilizing all in r:i tm culture system 
in orcll<ll·Jgrass (Dactyl i.~ fJ,fOl llcmla T.. ) in which the target ('(, US remain i ll sitll . 

Tlw S~/st(, 111 wns based on paired Imlr-Ieaf segments which provided n precis 
control nllfithe opportt111ity to lL~l' pa.ired statistics frl r till-' analysis uf th(' data. 

ApproC!ch or Methods 
Somati(; embryos [ilrln (~d directly from ml"sopllyll cells ill cultured leaf seg
I lIUl l IS and wen:! :lll()\wcito llc.'Vt:lop fllily to ;1 gl' llll in;,bl(' stage. The basal 3 em 
f) f" tl te :-IOllngest two leaves wc re split down the mirlvein. Tlwsc' were ('u t Ir.ms
vC'r~c1~1 into segllle nt~ approxil llatdy 3 111m S(I' I"rc'. SegmC'l1ts f .. oPI aile-half leaf 
\\ N( ' \\Seu f(lr various tl'C'atl r'I<!llts and the (;orresponding sistE' 1' s('gmcnts sel'ved 
as (,Ollt mls. Obscrv;ltions <l1le! dat H w(' rc c() 1J ~cted Oil 'jllallti ty and qllality of 

mhr)'o formation, ax is ddt' l'I lI ilHllioll . and polarity. Planls Wf're established 
rrum SCllr1.ll ic emblYos and w;,'d fi )r Illitotic: chromosome analysE's. The sal1l(, 

pl Hnt~ \\Il'n ' transferred to n(~ld all rillsCtl [(II' meiotiC' chromosome ,malyses and 
sti rnatioll or pol len fertili ty. 

Results 
:~---------------------------------------A Ils~,Jl(:e 0[" gravity arrected the ahili ty of cells in I he leaf s(:gments to proclllc 

' l1lblYOS for all plallt illg li mes pliOI' to launch. Somalic: e llll ll)'LIg:enesis was sig
Iii fkantl)' decreased in I, 'ar scgmt'llts plated 21 hours, :3 day~. and 7 days prior to 
laullch. The highest rcuuct iOll (70%) was ohsr'lVed [i)r Lil t: 2 1-hour time peliod. 
T1 istlliogical examillation of leaf tisslles flxE'<1 immediately an~ r landing indicateu 
H highe r ra tio of nnticlini <.:a l/pcric:linical divisions. Obsl.~n'(lt io ns also indicated 
n.!liucl'd cell-division acLivily ;uld n lower ri'eqllf>llcy or carly em bryogellic events 
ill \c,,,f tiSSUE' frum thn 2 1- llou l' plating r eliod. l..£'"f t iSSll f:: rrom tl1<' 2 1-hour plat
ill t; period that was I1xf'd 7, 14 .• Llld 2 L days after h,nding showed an increase ill 
liSSII(' hardening ,,~th few (' I nbryos forming. The groull ll (;()n truis continued til 
develup and proulI l..'e 1111 ITI C'l'OI IS clllhryos. Clrromosulllt" analyses of the p :\rel' l 

and control plants revealed that all had the norll1al (·hroil losome coll1plernen t. 
, L~ well liS I!lOst of plants resllltilig [ mill til(' ni~lht tTcatment. o Ill' Right regener

ate \\ ' :.L~ a Illixoploid and twu ntll f' rs showed c:cntlic rrnwnc ll t~. 
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BRIC3-1 

Title of Study 
Starch :Vlvtnbolisill in Spact:'-

Science Discipline:..-_ _ __________________ _ 
Phult biology 

Investigator 
Chlistophcr S. Brown 

Co-Investigator(sl 
Guikclna. .l ames A. 

Research Subject(s) 
Glycille IIlflX (soybean) 
Flight sf't'ds: ,52 

Ground-Based Controls 

Institute 
Dynamac COl1>ol'ation 

Institute 
Kallsas Statf' U niver~ iI)' 

24-H o lll' asynchrnn()11 S grou lld conlrol using tll (' Orhitt' r ElI\'irulIm ental 
Simulator 

Key Flight Hardware 
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Objectives/Hypothesis 
This \v(L~ thc second flight of' thi:, t'xperill ient "hat tested till' 11\1)()t liesis tkLt 
starch concentrat ion in plant t i~:)II t' i:; dec reased clue to tlte c rJ i,cts of the 
spac(,/I1l i<:rlJgra\~ t)' environmellt and iJl \'t'!stigatcd possible llll·d I<l tl istic causes 
lor tile ,·hanges in starch COllcent ration. \![easlJ rements were made or starch and 
solllbh· SIl)!;ar cOllcentratiolls. critical biosyn thetic ,mel degradati\ t' Cllzyme activ
iti es , Jucalization alld vistlali7;ltion of the starc:il .grains and tlw phL~tilL~ ill which 
the '), are found. structural and Illtrastructural rnakf'llp of difhm,'lIt tissues \~ithin 
the plan ls. along wit lt detailed l1le,L~ lI renlcllts or growth, hiOIl1 ,L~$ p,llti tioning, 
and cw I istc r atrnospJ lerie comp(Jnent ~. 

Approach or Methods 
T\Vo caliistcl'S of SOybl"W1S wen.: n O\vll. 011l~ was f rowll in space afiC'l' .'5 da~'s iUld 

the otllc r \'('Illmerl Ilnfrozell for post flight hurvesting. Anakscs 1'01' these e\peri
n lc llt s \Ve rr. completed . Thesc illcl llcipd lllt'<.lSllre m ellts or l-,'HJ\vth. g,lS (,O I1CCll 

traUOJ ls ill the canisters, carbc)lry'drat (' cOllcentrations and rclakcl C'n0111e adi\.;

I)' I11 l',L~ lln' n'l e nts in the coty ledolls . and ult rastrllcluml all : Jysi~ or l'otyledoll , 
II}'p ! )(;(It)'1. :.lIlc1 root-tissue sccliul lS. 

Results 
\-v lt il" overall biomass accull lulalion by the gro\\illg seedling \\"L~ cUminished as 

:I result o f space flight. UI(, Il'IohiJization nf resc IV'es for tIll' cot}'lt'dllllS was not 

arrl'!cted . SlIggCStillg an ill ef'( 'asf' in respiration ill Ill e spacC'-grown plall ts. 
Analysis of th(;' cotyledolls fn)z(,11 inllight revealed lu\\'cr starch concentration, 
lower acti vit)' of the slarcit S)11tlwtic e \lZ~'ITl e adellosillP diphosphate glllcose 
pyrophosphoryl,Lsc, a lld lliglwr acth.i ty of the sucrose '~11 Llle li<: enzyme slIcrose 
phosphate synthase relatiw to tilt' groll nd controls. Othr'\' starch and sucrose 
metaholic enzymes were L1l1al'lected by space flight. 
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Title of Study 
Erfects of '\'I ic rogr£lvit:' 0 11 Tubacco Hor llworm t:Handuca sexta ) dming 
Metamol11hosis 

Science Discipline 
Uewlopnwntal biology 

Investigator 
\I :u'c E. Tisch le r 

Co-Investigator(s) 
None 

Research Subject(s) 
.\landllca sc-rt (/ (toh.l(:cl) IIOll lworm ) 

Vli.ght pupal': ,5·1 

Ground-Based Controls 

Institute 
University or ;U;ZO Il U 

Institute 

1vhl!c'!f'( 'male 

IdcnticHlcanislf ' r, in 4g-hom ' L~)11t:hron r)l1s O rhit0r F nvirOllmell t.J Sillllliato r 

Key Flight Hardware 
BRIC J 00 C lilistc r 

Experiment Descriptions 

BRIC4-1 

Objectives/Hypothesis 
Stllc!ies on altered Olientat'ion of tobat:co hornworms (Mrlllduca se.tta ) pupa rel
ative to gravitalional fie ld have shown changes of son!e amino acids, ratc o f adult 
developlTlclI t. ancl niglll muscles. All of these pararn c>ters are deppmlent on 
ecdysollc levels, which are elevait'd by rco li enHng the insect into a head-up. 
ve ltic,J p()~ i ti nn. This st'ud), W,L~ uncleltakell to exam ine the effects of IIl icrograv
it)' on lobac.'<:o hOlTlwollTI ecclysollc release and subsequent developml'lIt·. 

Approach or Methods 
T hrf'e BRIe can isl'(> rs wi th L8 tobacco hOl11wC)nn (M(IIIc/uca sext(J ) pUpllf' (~ach 

were launched on hoard the Space Shuttle·. Nine days aFter launch, t.he c;ul isters 

wen' recovcrc·d :end pllpac were e:.aminec\. 

Results 
Neither the ni~ht nm [II( ~ grollnd conb'ols shu\\,('c! signil'ic:ll1t developl ll f>n t. Half 
the plHlI:lll' adilits w(-re bled illllnl'cii 'lt(· ly; tlw other hair being ret-Illlled live to 
the University of A rizona. or the 2i re ll1:\i !li ng !light anjmal~ , 21 began develop
ing afk r r(' nwval Frclil l tJ1E' sc,ued caniste rs. Thesl.! pharate adults were 1l10ni 

tored, ,Ulel a few even completed developn Icnt to the adult moth. Overall the 
fli ght :a lltl gru\J nL! COli troIs were in exce ll e n t agreement. The pre] i 111 i lI a ry 
h~l")()thes i s for the G. Lilllre of ootll thE" flight ,mel ground controls to develop was 
that !I build-Ilp of CO2 m the canisters ancsthetized the insec:ts, causing them to 
hecome dormant. P rd light testing was ac('omplishctl "'~tho lJt :hese proble ms. 
One cOllside ration is that the gmllnd-t'csLing can iste rs we re not c:om p] t'tely 
sealed. allOWing s llrn ci (~nt air excl lange. for flight, the canisters were <L~sclrlbJed 
and <calcd wirh an o-ri ng and vacuum ~rcas",. Ln lh(' final analysis. it "ppC'ars 
that the liullire of 11,(' i ll.~ects to develop was a consequenc.e of ei ther aCCUITIUhl

tion or CO:,! or depidion of O2 fn .,n t! le BR les. 
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BRIC5-1 

Title of Study 
Plant EmbJ)"Os and Fi<leLty of Cell Di\~sion ill Space 

Science Discipline 
Plant biology 

Investigator 
Abraham D. KJikOli,m 

Co-Investigator(s) 
l\one 

Research Subject(s) 
Hrmemcallis (dayLily cells) 
Flight petri dis ill's : 27 

Ground-Based Controi::; 

Institute 
State Univ(~ rs i ty ofNewYork 

at StOllY J3rook 

Institute 

Simultaneous groul\(] controls Illai ntained at Stony Brook 

Key Flight Hardware 
BRIC-lOO CWliste rs 
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Objectives/Hypothesis 
Tllis expelirnent tested whether tht' cell division changes observed in davlil)' 

C\l1OI) IOS dlll'ing prt'vious space fli f!:hi ('xpelillll'nts resll it directly from micro

g ravity o r indirectly throllglt factors associa ted with water avail ability <lIl d 

uptake. Prel-imimu), results from STS-29. STS·47, and STS-65 have shO\\1l t11.::1 
genetic abnorma li ties occur in these plants Jlui ng space flight. Because ~ro\l nd
oased studies indicate that water-relatf'd activity can impact the in teg lit)' or 
chrolnosomcs, it is possible that the results obsel\l;d en tllPSC flights were not 
due to wrect cffects upon the pl,mts, bll t ratl ler to indi rect d Tects mecLatcd b., ' 
water av" j]ability to plant cells. 

Approach or Methods 
BRIC-lOO cmusrers housed 27 petri d ishes of (u.lylily cf' lIs in .ill a~ar solidifkd 
mediulll. There WCl~ no inHigltt lmmipu lation. Upon kUllLng, 8.5% of the ceLIs 
w(-' re chemically Exed for e:-.a rnination willie 15% were allowed to deve lop for 
examination 0(' postflight readaptation and re(XlI 'c ry phenomena. Ground CO Il 

troIs w(;re clll tured ill parallel to the flight expf'ti llll'nt. 

Results 
Data rrol)1 this stucly and previous studies i nd.ieale that cmhyogenic cells or 
daylilyare an cxcclItm t model system fnr the stlldy of spac(' effects 011 cd l dh·i
SiOll , e,nl)l),ological development, and chrUlllosome' structure withi n in r:. i tm

culhlrecl cells in space. As in prf'vious flights, flight lIlate Ji ;Js clid not grClw as 
well a~ in grou lld conl1'ols. Generally speaking, fl ight specimens showed V<lI; OUS 

manifestations of stress. Cells ,,\~tll clt romosume breaks , blidges, anct uou1>le 
lIuclei were fCllll1d ill space samples and q llanli lied. None of tllese abnormalities 
we,'", evident ,vithin t he ground COnlT( )\5. 
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Title of Study 
Cellular Si!Q1 ~d Perception and SigTllJ Transductiun 

I nvesti gator 
Ingrid Block 

Co-lnvEstigator(s) 
Uf'mmprsiJacit, R11th 

Salle r, Helmllt \N. 

Research Subject(s) 
PhyW/Il/lll jJolycc)Jlwhllll (sli me mold ) 
Flight pel Ii plates: :36 

Ground-Based Controls 

Institute 
De l1tschen ZentllJm fOr Lllft- und 
H.allmfahl1' 

Institute 
D culschen Zenlnl1n fiir r ,uf'l - lind 
Haumbh rt 
Tl'X;l~ A&!vf llni\'ersitv 

24-Hollr as~ nc:h ronoll s ground con t rol lI si ng the O rbite r Envirol1 me ntal 
Simulator 

Key Flight Hardware 
BR Ie -GO C U1ister, C;\Iz Freeze r 

Experiment Descriptions 

BRIC6-1 

Objectives/Hypothesis 
ellular signal processing in all orgarasms is probably based on fundamf'ntally 

simi.lar mechanisllls. The stimllius interacl.~ "vith a prim:1ly receptor in orele r to 
initiate a rcsponse, Illciliated by signal tra llsduction pathways. In the case of grav
ity ,l~ a stimulus, it hil5 been ShO\\~l that fi-ee- liviJlg single eukaryotic cells, like 
slime molds, often use this vector fi)r their spatial OIientation (gravitaxis) and, in 
addition, show distinct graviscnsitivities, This expetiment used slime mold cells to 
locate the gravireceptor and detemline the i.nte raction between sign:d pe rception 
and the response of the cell (signal transduction and processing). 

Approach or Methods 
To investigal(' the acceleration-stimulus Signal transduction chain . a graviscnsi

tive Myxo mycete, Pllljsnmm polycephn/Illn (acellular slime mold ) \Vas used. 
' '''ith its amnboiu 1()(' OIlI OtiOll iI repreScll ts one of the two m~ior lypes of cellular 
nlotili ty, The plasmodia, gianI' celis, di.~pla)' a clislinct gravihlxis and tlle ir inllin
sic rhytllllli l' CUllt 1':lction activity and cytoplas mic streaming are modulated by 
gravity. To determine the gravity illn l1(~n<':t! O il cell funclion, accel~ralioll depri
vati on (tlI'ur we ightless lI l-!ss in space, "0 C" ) was used. Thirty-six pl'lli plates 
were fluwn o n tll f' Shutile lor 11 days. I3THC caniste rs were frozell ill the CN"2 
Frcezer at two dilff' renl points ill the fl igltt·: nine pelJi plates a('te r 2 days in 

space and anollif'r nine after 3 days in space', The rCtn;lining 18 pe t Ii plates were 
retllllled to E,uth and frozen after recovcly. F lown samples werf' lhe n :1I1.11),zed 
and compared with the ground contrul. 

Results 
Previous Ilight studies under valiable g ravity fo und that plasmodia immersed in 
water we re still able t·o respond to acceleration changes, which proved that th 

gravity rl'sporL~C ill Ph!JSfll1.l171 is biL~cd directly on gravity c rrel'lc;. This gravity 
response is relaycd \~a p,uts or the cell that hav(' a higher del,sity than the rest of 
the system , SUel l ;le; the nucki or tile mitocho ndria. This llHIG .. 60 sl1Jdy demon
strates that on ly the level or the second IIlcssenger cA\tIP drop:-- sign ifl c<lntly 
with tillW (spe nl· in microgravity) in the ror.::e-genf' rating p:ut of the <.:1' 11 . So, 
contrmy to short-tt'11l1 gravi.stil11ula tio ns, adaptalion to 0 C leads to permanently 
reclu('f'cI challgf's in cAMP. 'I'll(' n ·sl.llts indicate thal ill Phys(Jrw/l. po/ycepllfl/um 
the second lT1essenger cAMP is involved in gravity signal.!in\!, 
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CHRMX1-1 

Title of Study 
Chromosomes and PlcUlt Cell Division ill Space 

Science Discipline 
Pitmt biology 

Investigator 
Abraham D. KrikOlirul 

Co-Investigator(s) 
J\onc 

Research Subject(s) 

Institute 
State Un ive rsity of )Jew Yo rk at 
Stony Brook 

Institute 

Jlelllcrocallis (daylily). Hapiopfl/JPUS gracilis 
fli.e;h t pl'Ults: 2..5 dayliJJyfi5 haplopappus 

Ground-Based Controls 
A!.ynchronous ground conb'Ol using tJle Orbite r E nvirolll llc ntal Sim ulator 

Key Flight Hardware 
Plant Growth Unit, At lnosphellc Excl ,ange System 

264 

Objectives/Hypothesis 
T hi s C HH.OM EX ni ght expf'rimc nt had two plimal)' objC'ctives: I ) to test 
whe thm the 110rmal mte, fi'eqllcllcy, , UH I patterning of cplJ division in the root 
tip can be sustained in microgra\'ity: ?o) to determine wiwtllc r the IIdelity of 

chromosome partitioning is maintained dUJing and after flight. 

Approach or Methods 
S hoots d e ri ve u from ase p t ic suspe nsion cllltures of th e monocot daylily 
(l lemerocallis cv. Autll1l1n Blaze) and liss ue-cultllrcd pI..mtlets of the dicot 
Haplopapplls gmcilis we re co-cu ltured in the Plan t CroWtll C nit with lhe fle"vl), 

implelllented Atrnosphe lic ExchaJlge System. AU plants had their roots severed 
plioI' to flight and we re grown asepbcally wi t hln fi ve Plall t Growth Chan Ibers 
on Ilorticu ltural foalll containing growth nwdi um. Th is sdedivto' tlimlTling of 
prc run ned roots resulted in the production of lip to 50 newly fonned l1Xlls per 
plant duling the 5-day space fljght mission. CpOIl recovery. space-grown root 
tips ""c re fixed ,md sllusequently examined for rates of ceU division and chromo· 
somal ahe rrations. Spccirne ns were also dedicated to overaU slloot and root
g rowHI measu rements. Selected ind.ividuals we re successfully rescued for multi
ge ne rational postf1jgltt studies 0 11 the ground. 

Results 
\-Vhile slloot gro""th was lower arnon~ the lugllt specimens, root growth was 
40% to 50% greater ill lh t' flight male rials. Root gJ'O\A<th OCCUlTed randoll1l~, ill 

all direct ions in space while be ing positively ~ravilroj1i (; in ground controls. 
I{o()t.~ were ge llerated : (J ) late rally fi'OlIl preexisting roots, the tips of which were 
severed at the ti me of pkmtlct illsertioll into the gruwth sli bstrate: (2) adventi

tio llsly rrom the basal ench o f micropropagated shoots; (3 ) de 110W as a p urely 
space environmcnt-clel1ved gelle ration of' roots, which lmd its Qligill from roots 
w h ic h e me rged cluring the pe riod in space. The numbe r of cell divisiom 

nhse lved \·vithin rug"t matelials was uniformly lower t:1 lall that obser\'ed \\~thin 
grmlllcl controls. Ch romosomal aberrations were absent from the ground
c()ntm l matelials , yet present wi thin 3% to :30O/C of the diViding cells within 
flight -speCimen ront tips fixed at rccovel)'. The exact cause(s) or these abllo r
malities is not known , lm t closimetJ), data suggest that radiation a lone was not 
sllHlcient to explai n the result s. 
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Title of Study 
Chromosomes and Plant Cell Division in Space 

Science Discipline 
Plant biology 

I nvesti gator 
AbnJml11 D. KrikOli.m 

Co-Investigator(s) 
NOllc 

Research Subject(s) 

Institute 
State University of New York 
at Stony Brook 

Institute 

I /r 1l1cnlcallis (davliJy). H(lp/o}J([PpliS gracilis 
Flight phmt<;: 2.'5 da;·IHI~Ii.5 haplopctppllS 

Ground-Based Controls 
4H-JloUf asynchronous .~rollnd contro l using Ih f' O rbite r Environ nlf'ntal 
Si Illlllator 

Key Flight Hardware 
Plant GrO\~th TJ njt, Atmospheric E:xchcUlgt' S)'sle lll , Gas S,lmpljng Kit 

Experiment Descriptions 

CHRMX2-1 

Objectives/Hypothesis 
This night expeliment was a continuation of the experiment conducted on 
CT-IROYlEX-Ol tJlat flew on STS-29. There were two plimary objectivf's: 1) to 
lest whether thc nonna! rate , frequency and patteming of cell divisioll in the 
root tip c,m be sustained in microgra\~ ty; 2) to deten lline whpthe r the fide li ty of 
chromosome paJtitioning is maintained during and arte r flight. 

Apprn~::~j or Methods _ 
Shoots de rived frolll ase p t ic s lI spe nsio n cultures of thc monocol daylily 
(Hemerocallis cv. Autumn Blaze) and tissue-cultured plan tle ts of thf' dicot 
Haplopappus gracilis we re co-cultured in thP- Plant Growth IJnit with the 
AtmospheriC E:xchangt' SYSlf' lll . All plants hat! their roots severed prior to flight 
and were grown aseptically for 4 days witl Lin five Plant Growth C hamuers on 
horti cultural foam cont a ining g rowth lIl edium . The majo r change since 
C HROYtEX-OI wn8 lire use o f extensively washed horticulhmtl rorm. which 
necessitated the addi tion or a "vetting agent to the medium to faciJitatc its uptake 
into the roam m<ltrix. Upon recovery. spaCf'-gro\\ol1 root tips were fixed aJle! e"am
Lucd for rates of cell c1vision and chromosumal abe rrations. SpeCimens were :tlso 
dcdicated to overall shoot aJ1d root-growtlt mf'asuren rents. Selectcd in(~~dllals 
were sllccessfully rescued fo r 1l1l r.l tigl 'nenrlional postflight studies on the ground. 

Results 
Hoot growth occurred ITUldomly in all directions in space. In contrasl, growth was 
urLifollll ly positively gravib'opic in grollnd controls. In the space flight and ground 
controls, bOtJl population categories produced an eqUivalent amount of ti~sLle 
when comp<u-ed to each othe r and maintainecl their characte listic root- produc
tion pattems. Seedling-dp.rived pl'Ultlets produc:ed roots that were numerous but 
re latively short. Capi111lum-de Jived plantlets produced fewer roots, but they were 
on average longer than those of the seedling-derived plantJets, Thus, tJle clonal 
root phenotype was not changed in space, at le::L~t for the short duration of the 
expe riment. However, botJl population categories exhibited total root-production 
vah les that were 67% to 95% greate r tJlan those obtained in tJleir grOl md-conb'ol 
coun te rv :uis. It is proposed that microgravity brought about ' ffi a.t tered moisture 
distribution pattem within tJ1C foam grOWtJl sllbstrate, gi~ng a more "moist", and 
the reby more tavorable, environment ror root fOlm alion. 
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CHRMX3-1 

Title of Study 
Developmental and P hysiologie<:J Processes Influencing Sf'cd 
Set in Microgravity 

Science Discipline 
Plant biology 

Investigator 
~Iar)' E. Musgrave 

Co-Investigator(s) 
~one 

Research Subject(s) 
Arabidopsis tlwliall<l (mo use-ear cress) 
Flight plants : 36 

Ground-Based Controls 

Institute 
Louisiana State University 

Institute 

48 Hour asynchronous g round con t ro l using the Orbite r E nvironmental 
SImulator 

Key Flight Hardware 
Plan t Growt.h Unit 

266 

Objectives/Hypothesis 
The purposes of the C HROMEX-O:3 expeli ll1Cnt we re' to oetenninc the effects 
o f microgravity on seed deve lopnlPll t and to understand the efTf'cts of wei!!:ht
lessness on phll1t reprod uction. 

Approach or Methods 
Thirty-six ArafJir!opsis thal-iana plants in the pre-flowe ri ng stage were launched . 
F loweling and pollinatio n O<.:clll1"('(l dUJing the i-day llight. f lowe ring mateIial 
was prese rved in fixativl! after landing for examination by light and electro!? 
microscopy. Enzyme activi ty in the roO's and leaves was also examined. 

Results 
Tlle re were striking diffe re nces between the night-grO\m Ambidopsis p lants 

and the ground cont rols. Hep.-oductive development was ahorted at an early 
stage in the llight rnate liaJ ill both male <mel fe male stmclures. Flight foliage had 
~ ignirkantly lower c<lrbohydrate conte nt tl1aJl foli age of gro llllCl conh'ols, an d 
rool alcohol dchyciroge11<L~e levels wpre higher in space fl ight tiSSllE' . 
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Title of Study 
Chromosomes <md Plant Cell Division in Space 

Science niscipline 
Plant biolog) 

Investigator 
Abnlham D. Krikorian 

Co-Investigator(s) 
l\one 

Research Subject(s) 

Institute 
State University orNe'" York at 
Stony Brook 

Institute 

TliiiclllrI aesli'; /II/1 tSllper-Dwarfwhcat) 
Ftigl lt sC('(llin?;s: :?A 

Ground-Based Controls 
4,s-Hour a.~ynchronoll s groulla t:ontrol us ing the Orbite r EnvirUlllllental 

imulator 

Key Flight Hardware 
71~Ul t Growth Unit 

Experiment Descriptions 

CHRMX4-1 

Objectives/Hypothesis 
Two-day-old aseptic seedlings of Super-Dwarf wheat (Triticu1II aestiwm ) were 
eva illa ted using th e same criteria as used for two diffe re nt specie s in 

C IJROMEX-Ol and -02. In addition. the foam cuJtivation protocol was com
pared to the agar-bag method developed by Gerard Heyenga and I':orman 
Lewis at Washington State University in PuJman. The roam cultivation was also 
IIsed for the growth of Super-Dwarr wheat within two or the re maining Plant 
Growth Ch~unbers (peCs) \\~thin CHRO~lEX-04. 

Approach or Methods 
Each of the two (out of six) Plan t Growth Chambers \~thin the Plant GrO\\<th 
Unit c1evotedto the SUNY group's effolt in CHROMEX-04 were planted with 
12 one-clay-olel wheat seecllings 1 day prior to lift-off. The foam/ medium system 
was modified in several ways rrom the CHROMEX-01 ann -02 experiments. 
These indudcd a 33% Li qujd medillm volume reduction, the lise of kapton tape 
in nite:.: planhng pocket COnShl.lction, .md the evalualion of an initial carbon 
dioxide pulse into the sealeo PGCs at the time of plant insertion. 

Results 
Measurements were made of photosynthetic and respiratory rates of the ~pace 
flight and ground-control wheat seedlings at recovery. Postflight measurements 
of the O2 evolution/photosynthetic photon flWi denSity response curves of leaf 
s,unples revealed that tJ1C CO2-saturated photosynthetic rate at saturating light 
levels in space-grown plants declined 25% re lative to the rate in ground-control 
pl,mts. The relative gwmh.1I1 1 yield or CO2-saturated photosynthetic O2 evolu
tion measured at li miting light intensities was not significant ly affected . In 
space-grown plants. the Ijght compensation point of thc leaves increased by 
33%, due likely to all i ncrea~e (27%) in leaf dark-respiration rates. Re lated 
experiments \~th thylakoids isolated from space-grown plants showed that the 
Ligh l-saturated photosyntJletie electron transport rate from wate r through pho
lo!>),stems U and I w-as reduced by 28%. These results demonstrated that photo
synthetic hmctions were affected by the micfognl~ty environment. 
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CHRMX4-2 

Title of Study 
Phmt ~'l et..ilio1is1l1 ,md Cell Wall Fonnation in Space ( ~Il icrogruvity) 

and on Emth 

Science Discipline 
Plant biology 

Investigator 
::\onnan Lewis 

Co-Inve.stigator(s) 
Heyenga, Gerard 

Research Subject(s) 

Institute 
\ Vashington State U niversily 
at Pullman 

Institute 
Washington State University 
at PuJlman 

TriticlIm acst;vu11I (Super-Dwarf wheat) 
Flight plants: 24 

Ground-Based Controls 
-Hour asynchronous ground control usin g the Orbite r Environmental 

Simulator 

Key Flight Hardware 
Plant Growth Unit 
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Objectives/Hypothesis 
The pnrpose o r this exvelin1('l1t was to establish dilTcrences between phUlts 
gm\,vll in miC'rogra\'ity und at 1 G by examining: 1) Chill l~GS in mte/ amoullt o f 

phutosynthesis ,mel biomass prodllction (slIch us roots. stellls. a:1(1 ~o forth 1: 1 ) 
cytological and cytochemiGu changes; .3) composition ,md amounts or p lant ceU
wall polymers, cellu lose. IWIIl i<.:cllulosp, pectins. ligills. protf'ill.s; illld 4 ) if pOS1>i 

hie, to de tennine rhang~s in activity or key bios)'ntlll'tic e n01)lcs. 

Approach or Methods 
Two Plant Growth Chambers (PGCs) we re utilized in positions;) ,U1U 6. Each 
chamber held 12 TliticUlI1 aestivUlII (Super-Dwarf wheat) plantlets that were 
2-4 days old at planting (1 day prior to launch ). The nutJient pack sy~;tem \l11S 

ulilized for pi ant mechan ic,u and l1u\lient SlIpport . Procedures to load tlleSl' 

chambers beg.m approxi mately 4 days prior to PCU closeout. Post/li~ht <Ul,uY"is 
was conducted on leaf blade. stems, root tip, and pli mary/lateral roob. r:.I.:h tis

Slit' wus sectiolled into 2-1) I III segments and fixed in 3ck glu taf<udeh~"(ll' ·,olt ,t:f)n. 
Til(! new agar ba~ nutrient ~)'sten~ ulilizcd for tltb p:.ut of the e"1X';lment was 

compared to tlle State Univ('rsity nf :--Jew York (SU:\TY) system. \\hich had flowll 

twice prc\~olls1y cmd again on this payload. The investigators sh.lfed tis.-.l'CS in all 
effcllt to compare !.he systems. 

Results 
Hesults from this study seem tu imlicatp lhat microgravity docs not all"ect c:eU
w,ul archittx;ture (organization lo such illl extent that microfibril llfc:hitc'Cture is 

intelTl lpted). Shoot growtll was excellent. Root growth w ,1S adequate, but indi
cations of o:-.:ygcn limitation due to L~ le agar matti." wen' c\i dent. 
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ntle of Study 
l)('\'('lopmenhtl <U1d Ph~-siological ProcessC'~ JlI l1uencin); Seed 
Production in ~'I icru\!;rmit: 

Science Discipline 
Pi;mt bio lll~ 

Investigator Institute 
~"Iary E. \lllsgra\'l" Louisiana Sh!! ~' Ull..i\.Nsitv 

Co-Investigator{s) Institute 
N OllE' 

Research SUbject(s) 
• \ mlJ/!ltJ'I~;S tl/(/IiOl/(/ ( mnusc-p;u' cress I 

Flight plants, 12 

Ground-Based Controls 
-l'l- Ilom ,lwllchnmlll ls gmllild control w, ine; the Orbite r Em-ironlll e'ntal 

Simulator 

Key Flight Hardware 
PhUlt Cn)\\th t -nit 

Experiment Descriptions 

CHRMX4-3 

Objectives/Hypothesis 
This c:-'-Pe'liment h:V1Jothesizecl that <tplant may become limited in gas exchang, 
dil l" to tIll" lack of cOIlvectiVl" air movc ment in micmgravil;-. Since plants depend 
on COI1\'f-'cth-e air movement to aid the uptake of IIlctaboLic-,illr important gases. 
the lack of <.'o'lvecbon I nay afred lhe,~e processes, One process that is sensitive 
(0 oxygen levels is seed production: therdo rc. this stud), focuse.d 011 the changes 

in sC'ed proouction. which may mciicate rednced m'''gen transport to the plants. 

Approach or Methods 
Two Plant Growth Chambers (PGCs) were utilized in the Pl.ult Gro\\th Unit 
po:,itions :3 ;llld 4, Ea(·h chamber 11I' lei six plantlets that wen: 14 days old at 
planting. The (()am/agar plug nutrient system \\~,IS utilizRd. ;\ \\'arburg solution 
was added to the ehcunber to maintain CG;2 b ·els. Planting uccurreu 1 dar 
bC' fore launch. ~reasur('ments of pollen viabili~, and root ~rowth were mad 

postfligh t, and material was tL,cd lor snbsl'tj llent micro~py. 

Results 
Th e -p-=-I"-II-t·s-p-ro-d-=-uc-(-·(71-n-lI-m-e-r-·0-u-s-f::-10-,-"-e-r~-. -\\-:,]c-1i-c

7b-:]'-m-d:--a-g-0Q(---'I=--aI-)pe-<-m-<l-n-ce- ~":ccpl 

for those in the latest deyelopmental stages. Pollen viability was approximately 
50% as assessed by fluorescein Jim.:etate staining immediate l), after landing. 
Lighl microscope examination of the pollen sllowed a rrtnge Llf lIlorphologies. 
from nOllllal tv collapsed, correspolloing to the' \;abiJily staini ng reSl rlts, This 

amollnt of \~aul(' pollen shoukl havc been able to fertilize the flVWNS and initi
ale cmbryo ue\·e lopment. However. no e\ 'idence of this was foullu. suggesting a 
pt..!len transfpr problern , )10 dj(lc re l1l.:es belween night and gronnd material 
wcrp observed in leaf or hract stTllcture at the ligbt I nicroscope !en"\' 
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CHRMX5-1 

Trtle of Study 
Yl icrogmvity EITeds Oil Early Heproducthe D eve lopment in Plants 

Science Discipline 
Plani ; .:clogy 

Investigator Institute 
~Iary E. l\ lusgr .. w" Louisi .. ma Sr.ale U nhe-sity 

Co-lnvestigator(sl Institute 
;\ (Jlle 

Research Subject(sl 

Ground-Based Controls 
--~--------~~--~--~~~~~--~--------~ 

48-Ifour asynchronous ground control using the Orbile r E m'ironme nt,,1 
Simulator 

t S)-ste lll 
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~bjectives/Hypothesis 
The pl;lll,u~' ohjrctiw of CHHO\'1E.'\-05 \\<,L' til ddel11um- if plallt' ~'l"{)\ll l ill 

SP;.lCl' are in rt'rt ill, tl lIt;' to microgra\il) . vr ~ul1lt- other cl1\;n ITI lI ll'lIlal ';Ictor like 
the I<lek elf eon\"(;ction , Thi~ was 1111' third Oj~ 11I of I hi~ l' \jl l'rilOeo t .\ 11 

Atlll()~phclic E'{chan?:e Systl'1l 1 \\ ';.IS 110\\1 1 llil th~ llight 1)111 not nil llie h\() pa'

VI01lS, to J et!:J111il1<' i f ai r mO\'ClnL'nt bas .11 1 dTl:<:t nn reproJudh t:' cll'vdopmel1t. 

Approach or Methods 
Fo r th is expcrilll en t, I :3-day-old lTIou~t--ear cress l .-\ntuidvl)~I\ thfililllh/ ' 

scedlings were gro'vll in spacl' ,U Id \\l'rL' compared tu phUlts glll\\11 IInd!'r :o.1I11i

lar conditiollS 0 11 Emth, ThesL' plunt~ illiliated flowl'ring shoots will ie on Ilrlllt. 

Plants wert' rdricv(,d rroll! the orhitc'r ~ hOlirs ,tHer hmdill)!. ;U1d reprocilld i\t· 

IIlate lial \\'.;..~ ilnmcwdtely processed lur i ll cit'll obsc l"\"atiflm of polll'n \;ahiUty, 

pollen t ll he g rowth. and esterasc' ddi"it: in I Itt.' ~tcgl11 a , or li\:L'J for Jalvr 
microscopy, An Ahnospheric Exehallgc ::i,\stem \hlS used on Ihi~ l1i~ht to 1)1'0-
\ide slo\\ pmgingofthe plan t gruwtl, {'ku nllers \\ith I1Itere<.lldhill air, 

Results 
'mkr tht:' conditiul1S ur lh is Hi):(ht. Iltl' Spall:' !1glll plants held n'pf(lc.!ucti\\ ' 

dC'\ -eiop"lt' nt L'OlTIpamble 10 thL" grollnd tt!ll i rub, ;.Int! il 11I 1I<li III'''' ,t"'t'cls \\'crr- pi 0-

dllc('e l. Tlu.'se res\lli s reprp~ "111 till' fi r~t n'pul1 of sncCt-~rul phmt rt'}lnxludlol1 

on the Space ShnttlL", 
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Title of Study 
Hf-'l,'llhltion 01 Cell W:llI P()l~rlll(,;:' h~ ' ~1 icmgr<lvit) 

Science Discipline 
Plant bioln.g) 

Investigator Institute 
Eli7.ai>cI h K llood 

Co-Investigatcrls) 
,\ nd('rsoll , Ke .l 
Andr rsol1, l\ nnc .l . 

Research Subject(s) 

----,--

Institute 
Pioneer ll i-Bn"d lnkn1<.llior1ql 
Pioneer I I i-Brt'd 1 ntc.!"Il <l t iowt.1 

'(lil il '/1I1l {1l'\1iU IIII (SlIpf'r- Dw<lrI\\'hE'at ) 

Fligl lt p lanh: 7~ 

Ground-Based Contruls 
-1"I-lIom aWIli:l1rolloil:, 5:,fOUlld l'nnt ro l II~i ll g Ih e- (lrllitL'r F II\'il'<ll ll lH-ntal 

Si lillilallJr 

Ke~' Flight Hardware 
----------~--------------------.------------

PI"l:1 Crowth L· nil , !\lll1nspl 't' lit· EX!'!l:)II.!!;!" SystCIIi 

Experiment Descriptions 

CHRMX6 .. 1 

Objectives/Hypothesis 
Plants groWlI ill microgravity are subject to pe lturbations in growth (\lId 

opmt' lI\' s1Jch iL~ the depllsition of cell wall polymers, spcciRcally ligmn. Lignjn 
has;1 11I"jnr role i ll lile st111chmtl integrity, health, alld prcx.luctivit)' o f' plants_ Its 
dcpusition b untier the control or key peroxidase enZ}Tnes. III this e\p~riment. 
I-he I'ITf>c ts of li l ierugravity on cdl w,Jl stn.lcture illd llding lign in deposition, 
Ilydro,gc' l1 perox ide concentration, calci llm localization and cell WiJJ anatomy in 
Super-Dwarf wheal (Tl"i /.iclIlII (le.'>liwlI1 ) we'-(' cxamim.d. 

Appro&ch or Methods 
SCVf'nty- two plall ts (L2 in each of six Plant Growth Cha1T1b,~ rs ) were flo"~l (or 
days. Ground-con trol plant·s were growil 11nder simi lar environmental condi

tions on a 48-IIUIl1' delay in lIle Orbiter E llvironmental Simlllator at KSC. Salt
solnhle extl'llecllu lnr proteins wert' f'xtradc(l ('rom leaves, slems, and roub of 
pl'lilts ~ro\\'11 ill Illicrognl\~ ly alld ('rom con t1'll1 p1:lI1ts . Tot<ll peroxidase acti\~ty 
in till> apopI:L~t i (' Ii'aetiun uf lilesc' liss lies was 1I1easnred using spectrophotonlet
ric llwtho<is w itll ~Iico l OJ' chloroll.lphthul as a suhstrate. Isu0~,les were ilk'nti
lied on isoekoc:t ric rnensing gels. C('11 wall t(,lls iln sb'ength wa.~ measured wilh an 
Tllstrnn st rai ll gauge. Hoot <l ltd shoot le lJ glII and mass n'l<'asurements wt:r, 
\;lkr'l1 . Ethylene a11d c,lrhon djuxide <lCClIll lI dalinns were dl'lc rmined. T iss liCS 
were' st,'lint~d tC.11' ligl1 ill and pel'oxide contellt. 

Result~ 

Whl:al plllllts g rowil in micrugnIVity l!xhihi ted n.:d1\cecl ethylene production and 
strongt' l', more loc.J izcd histochc lnk·al staill ing r.J1' lignin <lI1J pcrnxicle c/t"l'osi
tillll , ('olllparpcl to til e Earth-growl I (;otlnterpan s. T he agE'otropic (randomly 
growillg) ront:i of the ~ I'ace-grown plnll t, Wf-'l't" also longer, with sligb tly il'crca~ed 
wnll (' \'tL-llsihility (tcnad ty). A pI (the pH r., r <.l molccule existing in an 1I1ld largcd 

statC' ) .'5 .7 P(~rosilh~t' wns il1riuc-ed or IIp- rc~glllatcd ill root l' xtracts from space
gnlwll plnnt,. T he resulls 8\1ggest that n lack of gravity prodllces pl~iotropi" 
Il'cds i ll phnts that alter llIany rL~pc.:l'ls or their phYSiology ,lno dcvclopl llcn t. 
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C2229-1 

Title of Study 
IknJin~ Sti(rn(>s~ of the T ibia in YO\lng H11t'SllS Monkeys af'll!r Two Wecks in 
Spat: · 

Science Discipline 
Bonp i\l l(l ('ak:iu 11I physiolo):"y 

Investigator 
Sara R. Am<lllcl 

Co-Investigatorls) 
I lu t(·hj ll~on , 1'. 
Bakuli n. r ... .v. 
5tt>elf' , ( :. H. 

Ground-Based Controls 
Flight ~ im ll.la ti on: 2. Vivarium: 

Key Flight Hardware 
None 
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Institute 

Institute 
:'\ ASA Allies Hcseal'ch O ' lIll 'r 

lll, dllltc of Biotnl,;d i(:aIPrt'lb l(' lI ls 

·t;.U11ord U lIivt:rsity 

\ 1alc 

- ---- ---- ---------

~ 

Objectives/Hypothesis 
1...1 )(,\lil 'l 'Jl I ~ It> I '-'"i-' 1-( '-r;~\I-iz-;\""'li (-l ,-, -;-h-a-,-;-I -)(-'('-II-l-;-h-\l-' I-II-II-(,-1i-If-' tl;''',-n-t-;-h-l'-P-'-'()-:\j-' I-ll-; J:--t ;:"1 l-i;-, -o::"f )-'O-I-II-'g 

1I1l 1' lkt':,s afUJr,~ w(' ·ks I)f'SPLlC(' fl igl,1. {! is not 1a". j\'~1 wlll' t "e " llli~ I!- the result 
"I' l ili c r();:.(nlvity (" ('Ietls ~I r (If' chai r w.~ lrai llt dudll)! night. It is ul!ill ' lot Imown if' 
tl llJ atq l.li red mitw ral dl ,lIdt ill tilt' l(lc<lliz,·d arca illlpairs lll(' filllClioll or til" 
\\'hult' li lJia alld it~ Inadill{! capabilit). T I l(' pUIj10\1:' of' lhjs (->:>'Vl' ri ll1t'll t was ttl 

;L~St'SS LI \I l!l1ccts ofinacli\~ t)' lIu ri Ill,!: chai r l'('slrWIII ,lilli SP<lt(' [Jip;ltl through lhe 

an,\I) sis fi r I l l ' n<.1ill ~ 3 tirrll f ~s~ IIIC<lSlI I'C' ll lt:'nls obtained ('rom i llt at'l n ight and 

groll l1d.('ontrnl ,"unkeys . 

Approach or Methods 
T\\'o ,nnll,; r ht'slIs Ilwnk('vs \\ ( ' 1'/' /1()WII Oil th t' 11 11111,11 11 1<::" HII:>~ i all !,jll\ateilitt' 

:(JSl1ll1S lill' ] 1.5 days. CI:ns~ st'clio llull "lIH' ~ ti H'I1P~~ IlIl"l.'i LiWIlWlI ls ( "~ r , :'\Ill ~,l 
\V('I'\' t ith 'lI ('ru m tl1C' l iuja of Hi)!;hl IlHlllkcys "; dJ)'s 1x.lo.C:' 1;(III1('h , tll(' day 0: 

Iall llch, l lt v <iii:. of l ~u )( l i llg. alld 7, 20. and ,1() Jays aIter 1 ,l1Idi ll ~. \11-;l\u I'I 'lllcnls 

we rt' .ilso made ,JIl rh·1' ~ro li lld ·e:' lI ltrnl II I0nke~'s in r('~ tra i nt ch:li rs huilt tl) 

rt:'selllh k hi (1~all' lJ it.' 1'() lI d il io r,s . M t' as\lrc l nen t~ \\I( ' IT l1Iatit- ,hi I," tltc .... 
I'vl(:'ch,lI1ir,,,j Ikspollse Tissul' Allal)7.er ( ~ I HTA I. The '\- 1 1~T.'\ ilpplit'~ a I{)w frl'-
'1 IH::n l·.' vihml iU11 with " m.tglll'l iv ~; mk. r III ll l(' <:(' I1\1"!' 01 .1 Iullg hOIl .... Thl res\)
lIall l rt'sp" IlSI' is I. I.~ld til cnlllput"! ,c lldin\4 sLi lll1l'~~. Tht' ill!- l nllllC'l d \\~L' \'alidal 

cd h." e.lm pa rbllll (lUll Gil''' EI 1I1l',L~ lI rt' I1WIlI ~ with ~talldanll \lakria ts tL'~ling ill 
tilL' Sall ie h()m'~ pust-lll llltf'1I1 \r2 :: 0. :·)5, p <O.O()OJ:' 

Hesults 
WIIl'II all t:l vulllf'.nvcl'c (:()l11 i:i /J \"(t. EI \\" L~ lu!-{hr r ill Ule n v;!t t ti l. ia titan the left. 
A ll ; (VL'rLI~<: J~ l ,1('cl'l'asl: of :33'X \\'a.~ Sl't'li in gro1l!l tl cun trol 1I1()lIk~;s aflt'r 
2 W(" ' k ~ or chair re~traj ll t and W;L~ sti ll 2H% IlIw!")' tkUl hL~a l 1 ., t' ... k I,ll c l'. 1;; ~1)J1 -

tnL~ l. 7 day)) ,li'te)' 2 w(>( 'k~ l 'XVf ISIIJ't' to 1I 1 : ~ ' )'l)gra'i t:./ . Ubi,J t-:l in two l\ i.I..';"t llIon
kf') 's W(L~ !>il ll i lar to pl'to -lalll\c!t vallie!'. 'I'll<' I ; lclo r~ that ,IC'(11Ul lt ft))' th( 's, ' lIbsl' 1'\ <1-

ti llns in Il1r~ t' ll all i(:a l pl'O l1L'rli( '~ lI fj IlVL'llill-> 1I1() lIkc~s W'l" 1101. idL'ntif'wd, h i ll Jl'''~ 

Iratioll ,mel wl'igll t Joss ill !Jigl,t h il t lIot grulllld-colltrolilioll kl'~"i s\I~f'~ l s ,"et 1-
bolic d,(mg('s rutl le r than hOI U' I'l' llll ,Jeling ,L~ I llId('ri)ing ('all ~l'!> "{ thf' r-I l,UII;l'S. 
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Title of Study 
DEX1\ Mf'aSllr(': rl<'nts: COSIllOS :2229 R1tC:~lI~ Fli)!h t Expetimellt 

Science Disc ipline 
BOllc ::mcl <:ald lllll phy~iolo~;y 

Investigator 
.'\(11i<1n LnBlw 

Co-investigato 
Evans, H. Knl~ 
Shackk·!o,.d. t •. 
\ \ ·est. S. 
Hakh)ll lan(\\', A. 

l3akttlin . A. 
Oganu\', \ ' iell)'" ~ . 

Research Subject(s) 
;~I oenen /JIII/(/ /I (/ ( r1I"';("-~ 1-1 ,- m-o-n-:-ke-. ,-)-

Flighl: 2 

Ground-Based Controls 
fli~ht simulation: 2, \ 'il'ariUn1: 4 

~ev Flight Hardware 
;' one 

Experiment Descriptions 

Institute 
11. ,),lor Col k'gc 

Institute 
"'-nlg 1 ntf'rnational 
1'\ i\SA Johl lsnn SPilCt' O"nter 
B,,),lur C< lllegp or Mf J icine 
I nsLitlltp or Bi()medic:tll' r()b l (,ll l~ 

I ,,~ ti tlltf' 01 Biomedical Prob ll'1l1S 

l n~ titlltl' of Hioll lcuiml Pruhll'IlIS 

Mak 

C2229-2 

Objectives/Hypothesis 
Prcviolls spacp ni ~~h ts have documented thal signjf!cant bone and mllsd e at ro
phy 1)(.'(:lIrs dini ng wf ightlt'ssness. These efrects may reqwre that ('olln ter mea
sures bf' taken rur t hei r p rcvention . Tl is h)1lOthcs ized that sborl-dumtion 

weightlessness will decrease bone ronnat-iOll and incre<L~e bone resorp!iu:l , and 
that this wi ll he " ppan 'l1l , l~ a decrea~t> in bone mineral immec.liatd y .lfte r fli ght 
or dllring thL' fi rs t rew weeks follo,,~.ng; Il ight. Plllil1er, it is hypothesikecl that 
short-durat ioll wf'ightlessiless wil! resu lt in significant muscle atrophy that will 
b~' rapidly rC'cnverecl loUO\~~ng retllrn to 1 C . T he objective of tllis L'xp eriment 

W,L~ to dctf' 1'I nine, Iising region,J and whole.; body dual enerh'Y X-ray ;1bsorptioJll
~ t l)' (DEXt\), if' bone and lean botly 1l1,ISS arc rC'd ll<:eu in tbe rl lCSUS monkey 
.Iner rxposme to shOli-duration weighlk'sSIICSS. 

Approach or Methods 
Three grollps of monkeys were lIsed rnr tltis f':-'l.Jclinlt'Jl t: chairrd control. ca~ed 
(.'ontrol. ami tligllt· groups. DEXA scans were pe r!on ned on night mOl J.,eys <It 

the f0110wi llg Four li IlWS: ,')3 clays before laun <:h: and 3, l(), and 33 days afte r 
launch. Five.: body regiolls \V(~re statistically ,ulalYl-ed for clumges in bone miner
ai density (HMD), bone mineral content (BM C), leall hody mass, and bod., ' fat. 
For analysis, datu le)r the chaired control gnmp \.vas combined with the <:aged 
control ~roup , l'C'slI lting in t\l'lI groups, control and flight. The mc,Ul differcn"" 
of the two grollps was compared for each mcaSlII'cment I)v e in each rl'l?;ion. 

Results 
There was no e-vicilmce for bone loss thro~lgh nMC or BMD values Jllri n~ tlte 
night period. There W,l~ evidence that BMC Clnd B\1D may h,lVe incrc,lScu 
c1111ing the> r e-<ll11bl dation period relative to control animals. Results show evi
dence orlean ti ssl\e loss in the arms and legs or Iljghllnonkeys as cO lnpw'C'd to 

:ontrols. The tot,Ll body change in 1c~; lIl t isslIc wa~ not statistically Significant. 

During th e r~ambu1at io n postflighL period , the re was e,~dence or in<: reased 
lean m (L~S in f1 i ~ l l t an i mals relative to con t rols. There was no sihrnjf!cant chang 
in hody tat l1l l!aS lln~m(' lI t s. 
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C2229-3 

Title of Study 
Calcium Melaboli sm <md Conelaled Endoc rine Measurements in Plimates 
during Cos I nos 

Science Discipline 
Bone and calei u m physiology 

Investigator 
Christopher E, Cann 

Co-Investigator(s i 
Buckendahl. Palricia 
Amaud, Claude J) , 

Research Subject(s) 
MaenClI /I1/l{fllfa (rhesus monkey) 
Flight: 2 

Ground-Based Controls 
Vivarium: II 

Key Flight Hardware 
:'-Jane 
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Institute 
lI 11jVCrsity of Calilomia. San F rtu Ic is(;o 

Institute 
University nfCcJifomia. San l'a C ru z 
U ni\'c rsity of Califomia. San fralleis(:o 

Male 

Objectives/Hypothesis 
Previous Cosmos siudies have shoml all il ll' rl', L~ (" in lmnp resorpt,()n :Ift..:r 5 (LlyS 
or space flight. T i ley IHlve also showll a UeCr!?Lls(:' in hOlle Il lillerali7.atioll and 
),,,'·)w1.II , These t'nt'cL, Ina), he d\le to Il Iit'ro,l~ r; \\'it: or tlll' stress of space:' fli~hl. 
The pUllx lse of thjs E':"11erilllL!ll t W'l~ to (>X;lIll i lll' c lia ll!,"'s in DO);!' ,11111 hon(:' l'!:'l!lI 

blion panllllctl'l'S to lilrthcr unde rstand Il lc III <.'chan i ~ l11 s that rev;ubtc bonp 
~rowt.h alld strc l lgth, 

Approach or Methods 
Two 111 <1 1(' rheslls monkeys we re fl own (In t 11(' bio~al t.:lli tc Cusmos 222U, 
\1easurpniclIl s wcrt:' takf'n nn bulh 1li~l lt Illo nkp\', and wound cont:rnl PI() lI h'~'s, 

The lellgtl I 1If' L1Il' ribia. radi lls. ,mel ulna Wf" rl" Illl"ISUI ed at Pf(,- ancl po;,.1I1igh t 
intf' rval ~ 10 dde nnine cbanges in bill ie.: leng~l, SprUill I('vcis of eulcill lll , parathy
roid hormune, I )steucalcin, ,md 2.5-11)''(Jrox:--' \ i lnllliTl J) were lll e<Lmrecl pr~- and 
rx)srllighl to detCn11illt' regulalory factors tl1'~ I: lll"~ ' dflctt bOl le p,lramell'rs, 

Results 
C()S IllU~ 2229 cnciocli ne , Iudics s l.lg~pst an increase.: in serum calcill ll l illllllVdi
atr iv Jlostllig ll! . hil t it is 1I0t a< " nnvincin g as llll' data from hl:lTlOlIl ~ tll dit-'s 
obtailled illfli);h l. TherE' is a ckar Jet:re'L~(· 111 2.'5-0 11 vi tamin D durir.!?; 1 he P(lst
!light period. IJilt hf'ginni ng later, Iwt illlllll'd ialci,' postfli~h t , Tllis Il ia: ' bl::' a 

response to dlanges ill elidal)1 intake or dt ,lI 11 ill D dll ri'1g tht' lliglll alld post
flighl pCliods, The re W:1S 110 change ill sen 111 1 o~ 1 cocalcin (,u I indicalor of I Jon 
iormatioll ), hilt this pa.n:uneter is Ilot tlS Sl-'llSi livc as thuse ohservabll' I):' histo
lllorpllOlnctlY f()r <jllanbfkatillfl of change, in bUlle.: lormation, 
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Title of Study 
Circadian Rhythms and Tempernh lre Hr-glllatiOll in Rheslls Monke;,:s 
J II ri ng Space Fljght 

Science Discipline 
Cl n-onohiology 

Investigator 
CA, 1,'1 dler 

Co-Investigator(s) 
I-l oh ; lI l-rri~~ I1~ , T.M . 
Cliffill , D,\\ '. 
I-: lilllu\ 'itsh ', V. 

!\ Ip<ltm', A.M . 

M.l;!cdm', \'. 

Research Subject(s) 
.\l0('1/("1I I/I/I/al/a (r1W~IIS monk£') ) 
1<' lic;ht : 2 

Ground-Based Controls 
Flight ~ilnulatioll : 2, VivaJilln1: '" 

Key Flight Hardware 
CUSI1l0S 2229 Circ-adiaJl Hhvthm 

Experiment Descriptions 

Institute 
U nivcrsit)' of Cali /(JI11in, LJ;tvis 

Institute 
liniversity Llf Califomia, Davis 
Un iversity of California, Davis 

Imtitllte or Biomcdical Probll' IrIS 

Jnsti tute ()r l3iol l1eciical Prohll' I ns 
J il ~titllte or Bionledical Probic i ns 

~hJl' 

C2229-4 

Objectives/Hypothesis 
J ,iving organisms have evolved Ullde r lhe unvarying level of Earth's gravity. 

PhysiO I ()~i <:,J and behavior,J I csponscs Lo changes in gr:wity ,lrc not completely 
unde rs tood , Exposllre to alt nreci gnlvitational environments has profound 
e f'rcc ·ts 0 11 physiolo~cal and hehavionl! systems, including body temperature 
regulation and circadian rhythms. One objective of this study wa.s 10 examine 
thf' inlluence or microgravity on temperature regulation and circadian time

keeping systems in rheslls monkeys. Another objeclive was to Find i nSights into 

the physiological mechanisms that produce these changes. 

Approach or Methods 
Two male rheslIs ,nonkeys were used in the experiment. Thc an imals were 
stlldied in a 3--5 day L ehne conlTol f'xpeJiment veri~~ ng all proccdnres and 
colh·ting h;L~e1in(' data plior to the flight of the bios<ltellite, The animals were 
fl own 1(")1' 11 clays and L6 ham s and s"bsequently studied in a :3-cb y postflight 
expeliment that began 13 days after fli !:?;ht. SLx weeks after reCllvery, a second, 
lunger, control StlIU)' \v;L~ pelforllled . In aLI studies, mOllkeys we're housed in a 
24-11<)111' Light/dark cycle. The lights ,>verc un for 16 hOllrs ;lIIel orr for 8 hours. 
The atmnspbere inflight was nmi nt,lincd at sea level pmiin] pres~11l'e and baro
metlic pressure. The follOWing pumrnctcrs werc measured: brain temperature, 
Rxi Uary temperatlJre, hend skin tClrlp(:, l"atw'e, ankle skin ternpf'ratllre. 11ealt rate. 
motor activity , and ambient tempe ratu re al the LIpper portion of the t+,Jr, Brain 

temperature meilSurements werc recordcu al I -minute intervals. A U otiK-r me.a

slIn:rnents were recorded at 1 O-rni n ule i l il eivals. 

Results 
c: cHu ian rhythms pe rSisted ill but ll sl rl'jects during preflight, inflight, Wid post
flight. The phase of the brain tCII IP( ra: mc (T br) rhythm wa~ delayed in flight 
l·ompared to the c.·ontrol while tilL' a l\ IplitlJcle and mean Tur wcn: similar. The 
pht\Se of the <L,i llalY temperalurc (T 'L' ) rhythm wa.~ delayed dmb.)!; flight. The 
T'l' rhythlll arnpliludc was tu'ger rlllring flight tha:1 centrol; the re was nn ffii1er
encc in nlean T:tx be tween fl ight and eonh'ols. The mean hear t' rate (JTR) 

dCL' rcascd i ll flight , compared to controls. The amplitude or the [I H rI 'ythm W'lS 
alsu Inwor inllighl. TIlt' pha5C' nl' thf' ;\c tjvity rhythrn WilS also laler iotljght than 
in Lhc poslll iglll cuntrol study. 
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C2229-5 II> 

Title of Study 
PI ,l~l11a 1 [on none COJ1c:entrr.tioll ill HI lUSUS Monke}'1i aft e r S IJt1l'C' Flight 

Investigator Institute 
HicilUrrl F:. Crindeland :'-JASA Alfle~ Research Center 

Co-Investigator(s) Institute 
Dotsenko, M.A. lnstihlte of BifllllL!tl.ieal Problems 
.\1ukku, V.R. Cenentech, Inc. 

Cosst'link, K. NASA Ames Hescareh CClIter 

Research Subject(s) 
MaCGWlllltiatta (rhesus monkey) 
Flight: :2 

Ground-Besed Controls 
Flighl si l11L11ution: 2, VivariulTI : -t 

Key Flight Hardware 
Nont> 
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M,Jc 

Objectives/Hypothesis 
P revi {III ' studies have' shown c:hal l1!L's in plaslllu concentration ... or ~('\'crai hor
mont'S in h1i lllum and rats alh' r .';pace flight. In orLkr to fillt lwr undcrstmltl tht' 
d"fCcts of space Ilight on endoc: rilH' fU llction , t11P ": rculatilll; levels of grov.;th 
II() rlllon!:' . inslllin-likl.' ~r()\vt l l bctor J (lCF-I), t11yTOld hOrlll()I1 t"S , corti~ol. ;Ii,d 
l('st os\c'rone in youllg \l Ink rheslls monkeys \~ erl-' in vl'~ l i~"tt:cl io llo\\'in~ 
j 2.:) L1a)'s in space. 

Approach or Methods 
;ortisol, testosterone, and th~ T"id lI{)n nones Wl:),C IIIL'ilSlI rct\ 1\!'oing; ('01I1I11erciLJ

I)' ohtaincd nl(lio i m1l1lJn<Xl~sa)' (lHA ) kits. Sel1lll1 IGF-I \V,L~ 1l1t'ds\J1'ed by RL\ 
Iising recombinilJl t hUlmu , 1(;17-1 . IS stand,Ii'd , tmd gcO\\th h'>rIl1on(' W.LS mea
~ 11 1'(~d b.v an ill vitro b ioclSsay. Blood S<llll pl!:'s wen" obt aillcJ ahout I wed:s pre 
flight ; at R+O, R+0. R+ Ll . ,mel H + 1'1 (rcco\,C::J-:-li'01l1 night + <.1a.\, ): and at simi 
la r ti mes fc)lIo\\~ng a slxlc(' flighl ~ il ll llli\tion beginning 4.5 J'I~'S after reI..1)\'(' I: 

rrom S[Mce. Ilonnoll!' values te) r lligllt or simlliation ;millla l ~ ~alJing 'H.Itside the 
COllt I'( ,I meWl ± 2S E we re considf".r .... d <;igniRcant (p<O.OS ·1 

Results 
D i l l' to limited Sl::n Jl11 S'lI l1plC' at H+O. ('0I1isol wa~ 1I0 t n:c';ISUI'l'd . ,\ t R-3 ,md 
K+ II . (ol1isol W<l~ (It-'l'rc'a ~{'d rrlll11 control but re t'l lllnl to ('{lntral at 1'+17. 
C{))'b.~ol I('\'els fi'o m .JI lltlwr SiI ",pk: ti mes Wt'),C ~il\lilar to l'rt ,night or cont).)1 
v,J1\(>s, Tesloste rone levpls i n C' )I lt rol imill1als wpre lo\\', as e:\pt'ct('cl. ill the:: ~e:\~c1 -

ally im n lat-llre monkeys. At H+(). testosterone was ,50* I l's.~ in llight monkeys. 
b ll t at all lIther li mes W,L~ similar to controls. At R+O WId L\+:3, th\Toxinc (1'-1) 

C:O I1 (,l! ntration~ ill ilig:lt <U1il11ws \\I ~ rc ' sil nib' to coll tn,ls. At R+IL T 4 1t:'Vl'1s fell 

If)1' IlI1knuwn reasons. Fullo\Vin~ l11(' 1\ +4.5 sin lll !.ltioll , cOlltl'll1 ,Old simulation 

ani l1lals had 2.5% lower T"t Il'veb , h ll \ cOlltrol mlimals sllow('<1 a prompt return 
I" usual values whereas si l1lulation , 1l1 i1l1;;J ~ did not. TliioduLi l\'rollint' ( £'3 ) C()JI

cC'J1lr;I tions were redllced I):, .)()'}'t: ill1lllf'fhatE'ly aFt!:'r fl i:rh l <-Old h~' 30Ck 3 cla:'S 
lat('J', Al R + 11, T3 had rclumL,d to c{)ntrol lc\'el~ . C \'0\\1 Ii lion 1I0lle IC'\'els \w\'{' 

n' du ('c ti by 509'0 w1d 9? cl" in the t\\'o llight alli llJa l ~ at R+O ,Iud n 'I llainl,d at ~ lIp

prcssL!d levels at thE' hL~t postll i,ght sam pLin~ time or H+17. ICF-[ levels \\'(~ rr 
also rl'd uced in both l11onke~'s ai't e r night ,ulcl retl\\lled to nonn,J in one m OIl

keY.1('lf' r II days but lIot in th(" {)lll ('\', 
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Title of Study 
Rhf"sm \ll.onke) Immllnolo!!)' s t'udy 

Science Discipline 
lmmunolq:;y 

Investigator 
C enJ d Sonnenfeld 

Cft-Investlgator!!: ) 
D a\is, Stephanie 

T['ylur, CenJJ R 

Mamkl. .\ clrian D. 
u-snyak, Andre'i T. 
[o\:chs, Haris B. 

Konst,mtinova, Ilil. ;l \ '. 

Research Subject(s) 
:t1({cacn 1n1l1alla (rlWS <lS monk('y) 

Flight: :2 

Ground-Based Contro ls 
Svnchronaus: 4, \ 'iv,l lillln : 2 

Key Flight Hardware 
~one 

Experiment Descriptions 

Institute 
C niversl tv ... Lol1isvillt' 

Institute 
Univer~ i l) ' or LO\ lisvi lic Schuols of 
\ 'Ied ici ll{' aile! L entish} 

J\ASA johmon Space Cenler 

'-JASA Aillef. Hese<U"ch Center 
Imti tll te of BiomeJim l Prob le .. ns 

Insti t1l te of H lI ll lall ~I Oll)hol~. 

Institute of 11ioIl ICWC'.11 Problems 

IvhJc 

C22 29-6 

ObjectiveslHypothesis 
This expcrimell t 0 11 the COS IllOS 2229 mission \vas designed 10 begin to dete r
mine the suitabili ty of Ll l<' rheslls monkey ,LC; a slUTogale for hUinans in space 

immu Ilulu!:,'Y resean.:h . T wo tes ts were carried o ut to examine the> e!feets of 

spal:e \ljght on the l:ap ::Ici ty to resisl infection. One teste d tlle responsiveness of 
rheslls hone marrow l:e lls to recombinant hUlll an granulocyte/macrophage 

culuny stimll lating fac to r (CM-CSF ). The olhe r If's t used bloocl and bone mar

row c(-!I\s to eX<lmine micrug rnvilv-induced ehimgp.s in staining pattc1l1s against a 

variety of antiboclies. 

Approach or Methods 
T issll e s'lmples fo r pre fli gl lt stlld ies we re take n 1..5 mon lhs plior to fligh l. 

Samples wen' also take n al vario lls times from 1 to 12 days poslflight. Two types 

of tisslle samples were take n : peliphen~ blood and bone marrow. Bone marrow 
cells were exposed tu recombinant human C M-CSF. incubated tor 7 days. and 

f'xam in<:!d lC)r c.'(llon), growth . Bone ma rrow and blllod cc lls were also exposed 10 

one o r eight different <ullihody treatme nts. Before exposure, bone marrow cells 
we rc' suspended in supple ll1fm tecl t ... IcCoy's media w ith 10% fe tal buvine serum 

(F BSl. cel i ll ifllge(~ alld sq>anlted from the supe rnatant. Blood l:e lls were lysed, 
centr ih,ged , resuspc nue d , cent rifuged again , and separated from the supe r

natan t. Afte r exposure to the antibudy stains, tlle l:eUs were fixed and analyzed 

tu dete rmine the prese Tl Cf' of antigenic markers. 

Results 
The C'xposure of the l'\vo rhesus monkeys to m icrogravity resulted in in.hibition 
o r the response of bone marrow cclls 10 G \1 -CSF and dep reSSion of the per

cenlage or peli phe ral b lood and bone malTow le ukocyle antibouy marke rs. B 
ce lls were less affecle d than T cells. T he parame le rs tested in the stud), 

appeared to reh.lrr\ lowards a mo re normal leve l by 3 clays post landing, but 

~ .\'pericnced a second drop by 12 days postlanding . Poslflight tesling could no t 
be ruled out as a l:On ttihutllr to the second drop in imlllunological response. 

T llc results from Cosmos 2229 difle red from p revious flighlS, wh ich had uti

lin 'c\ rats as the e>'1)eriment,J o rganism, indicating a species effect on immuno

lOgical response 10 space Hight. 
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C2229-7 

Title of Study 
'Rhesus Monkey YletabolislTI during Space Flight: Measurement of Energy 
Ex-penditllre using the Doubly Labeled Water (2H z IHO DLW) Methou 

Science Discipline 
Metabolism and nutrition 

Investigator 
CA. Fulle r 

Co-Investigatorls) 
Stein, T. Pete r 

Griffin. D.W. 
DOtsellko. M.A. 
Korolko.,·, '.'.1 . 

Research Subject(s) 
;'v/acaca Illulatta (rhesus monkey) 

Flight: 2 

Ground-Based Controls 

Institute 
University of CalifolTlia, Davis 

Institute 
----~--~----~---------

U nivvrsity of Medicine anu Dentistry 
of Nc'-; Jersey 
Un.iversity of Califomia, Davis 
Tnsti tute of Biomedical Problems 
Tnstitute of Biomedical Problems 

Male: 

Synd1ronous: 4, Flight simulation: 2, Vivarium: 4 

Key Flight Hardware 
~one 
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Objectives/Hypothesis 
In theo lY, the ener6'Y requirements oilarger mamillais sllou lel he (It-~cn :ased in 
the Ill icrogl<lvity space tlighL environment. Thr (lbjective of this shid)' was Lo 
determine the clIed of spac!>. night 0 11 me,U1 daily el!eri!;}' expcllwture in rhe
sus monkeys. 

Approach or Methods 
The doubly labeled WOlle r method lor t11e'L~uri ng cne rg,· e:\-penditure is sil llp le. 
non-invasive. and highly accurate. If clouhl), labe led water is give ll orally. it 
mixes with th t: body \vatcr in aoollt 3 hours. The two isotopes then lem·c the 
body at different rates. (Labeled hydrogen leaVl's as water, mainly in the urine, 
wherea.~ labeled oxygen leaves houl as water and exhaled laheled c.-arbon diox
ide). Thus the tumover ratp of isotopic hydrogen anel oxygen-labeled water wf~ 
fer, ,md that di Ffe rence is proportiomJ to the rate of carbon dioxide production. 
Urine was used to sample hody water. Enemy expenditure was measured for 
the two flight monkeys over a 4-c.lay period preflight. Three days p,·efliglit , the 
monkeys we re rcdosecl with doubly labeled wdte r. Tht:! mine was sampled again 
preflight am1 irn mediately p')strughl. 

Results 
J n this e:''1,eri Illcnt , the values for Inean i IIfl ight energy expenditure were ~lgni.R 
can~ ly less than Lhe prefl ight values. The approximate 30% (ll;creast' hetween 
lile flight 5ubjr'cts ell IU ground controls was found to be statistically sigruficalli . 

Life into Space 1991- 1998 



-. 

Title of Study 

t\l orpho\ogi<: iUld ~1 ('t"h()\i(: Properties or ~ingle Muscle Fibers in 
:-' 1 uscl8~ or the nheslis 

IT i ndJim b 

Science Discipline 

~'I usd c ph:-'siolog) 

Investigator 
Sue C. Bodine 

Co-Investiga~or(s) 

Pierotti . Da\id.l-

Edgeltoll , V. Reggie' 

Research Subject(s) 

Mncaca /llI/lolta (rlwslIs J1lon kc": I 

Fl i,ght: ~ 

Ground-Pased Controls 

Institute 
U nivt' l-sity of 

In!.tifute 

U niversity o~ California .. San Oie'So 
Sd 1001 of iV[etlicillP; VC lCn-1I1S 

Administralion \ leuical CC'nter 
Un,versity or Califomia, Lus Angeles 

lvla le 

-------------------------------------------
ViVilliUl 11: 5 

Key Flight Hardware 
:\one 

Experimer + Descriptions 

C2229-S 

Oujectives/Hypothesis 
Previou:, stuclies on rats have shown tllat \\~thin 7 days of muscle unloading, 
th e re is considerable muscle ab-ophy and a small increase in the percentage of 
muscle fibers t I,at express fast myosin isoforms, mainly ',vitltin slow m uscles. 

These responses seem to be uependent on the function of the muscle cll1J on its 
::>liginaJ myosin compu',ition. T\vo questions have nlisell from these studies: 
1', Wl,at a re t'he physiologic<ll signals that tligger these changes, and 2 ) llow do 
these reSpO!lSeS in rats complu'e lo other ani mals? The purpose of tins study WdS 
to flllthe r define the effects or space flight on selected mOlphology ;mel meta
holie properties of Single muscle fibers rrom selected ext ensor ~\Ild f10xor mus

cles of tlw rhesLls mOll key. 

Approach o. Methods 
\ '[II.-ic\e hiupsies were taken frolll twu inuependent sites (one w. < taken 00-91 
,lays plio,. to fl ight, the oth!"r \V<L~ taken ~~5 clays after /}gbt) in t he sole us (So\). 
nwelial g'L~trocnelll i us (Me l, tibia];.; ,Ulterior (TAl, and the nlst1.1S lateralis (\'1..) 
1l1 11sdcs_ I'ibe r crass-sectional .m~a and succimlte dehydrogelluse (SOfT) nctivity 
were dc tc' ITllined for in(~vid llal fibers (:')0--80 fibers ) in a lO-pm erose; section. 
Fibe rs wert> Chl'isLftccl as t)'1)(' 1 (sl,)w), type 11<1 (lilSl). or t:llt! lib (rast ) based on 
monoclunal 'U1tibodies specific for nlyosin hea"y chains_ To a<;sess lor differ
e nces in nbe r cross seetion arf'<l afte r flight, a sample of 200~500 fibers w.l~ 
measured from tissue crose; section stained ~~th an antibody specitlc fnr laminin. 
a protein in the o;Lc;;lIlamina surrounding the muscle fiber. 

Results 
The TA muscle showed significant <Ib'ophy in both flight monkeys (£ljght mon
keys were numbered 151 ~md 90G). In contrast. the Sol <Ulel MG or 906 showed 
a significilI1t incre,L~e in size afte r flight. whereas in 1.'51 , the mmdes showed 
alrophy. In the Sol of 151 there was a J ecrc.lSe in SOH of all fiber types; howe\'
er, the decrease in size was limited to type Ila and hybrid fib, 'rs. [)1 contrast, the 
Sol of 906 exhibited ~m inc.:rc;l~(, in SDTT activity for all fiber typ es and a size 
illereasc 1'01' r~lSt ,mel hybrid f1bC'r!:. T he \[ G or ].51 showed a decre,lSe in size 
and SOT! activity ill all fibe r lypes. The MG of 906 showed an i ncrea~e in size 
and a df'Crf'eL~C in SOH acti\.ily. The TA 0 [' 1.51 had a decrease in SDH acti\i ty 

ill tilt ' t)1)E' 1 and type !fa fibe rs and a decrease in size of the type [Ib flbers. The 
T A or 906 had a decrease in S D I I activi ty emel size ror all fiber types, 
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C2229-9 

Title of Study 
Functional ~euromuscuhtr Adaptation to Space Fli~ht 

Science Discipline 
Muscle physiology 

Investigator 
V. Reggie Edgerton 

Co-Investigator(s) 
Roy, Roland R. 
Hodgson, John A. 

Research Subject(s) 
Macaca mulatta (rhesus monkey) 

University of Cal i fomia, Los Angeles 

Institute 
niversity of Cali fomia, Los Angdcs 

U niversit)' of Cali fornia . Los Angeles 

Flight: 2 \'laic 

Ground-Based Controls 
Flight simulation: 2. Vivarium: .3 

Key Flight Hardware 
Cosmos 2229 Ne Lll'01TJlIScuic.u- Hardwar" 
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Objectives/Hypothesis 
E:\V!' rirnent ob.iecti\'c~ were to cletLrmi'1e tlte eHccb of the 'lbsenc ... of 'weight 
suppu.·t on flexor (tibialis omte rior) <lI1J extensur (soleus, 1I'l'dial gastrocnemius, 
and vastus lutentHs) muscle~ or the leg. 7 1w ~ llldv will alsu focus 1m the relati\'c 
illlpOltance of activity (as nleasurcd b: intra!l1 uscular t'ledrom)'ography) and 

force (as 1TJ p.:lsured by a tend0n force tnmsciucf'r l un the adal-ltation of ll111sclc 
to lllicrogrmi ty 

Approach or Methods 
Activity of diITe re lit p<u·t~ or Illotor control systems ~md pe ripheral lllotOr mech
,misms were studied inllight. as well as pre- and postflight. dUling acti\'L' pclfor
mance or 11Iotor tasks. A Tendon Forc!" Sensor was sur~c:~JI)' implan ted ir.to 
each flight subject on the dislal tendon of Ule 1l1edial ga~trocnemiu~ of the left 
leg. E :'<.[C electrodes were implanted in Ule soleus. medial gastrocnemius, tib
ialis wltCJio r. and vastus latemlis llluscles or the ler~ leg. Muscle hiopsies were 

also taken from 1·1 ie ~e four llIL1scles in the right le~. PrP.!1ight histograms for 
sulcus ;mel nl t>dial gastrocne mius acti\ity were taken eluling 24 hour~ of cage 
activity fClI' OIlC' or the fli,ght monkeys .mel th ree cuntrol animals. Pre- and po!>t

night chair t ri als were done for the rOl el:! recordings. Illll ight dat •• rllr th 
Tcndoll Force Sr. lIsor was gerlf'ratcu hy a monkey using its left leg to pprfonn <1 

sin usoiclal lever 1J10Vf:lTlent agaillst a ckllli--ring tOlql1C. E.\-[C: adh.il). \\ <L~ ret Drd

pd lor all loll!' implanted muscles dUling flight. 

Results 
One of the fljght animals had a deff'c tivc force transducer, ",l.ich was not (.'011-

neeted dunng Hight. The transcit.1cf' r i n the other an imal drifted to sllch a 
degree tlla t it waS out-side tlle measllrabk: range dmi ng fl ight. IIowever. post
flight chair trials showed that they w~rf' still functional and that UI(' transducer 
life wa.~ sll ffici ent f()}. Illis type of t'xpE' li me nt. The monkeys perfcJl'l ned the 
motor tasks poorly d ll ring fljght uml the £.\1G signals were ciip,?<:'<l due to the 

amplifiers being set ar higll gains. Some data <U lalv::;is was ac<.O'nplishE'cI despitE:' 
tlle ..:lipped ;;; igmJs. The flight EMG re<.:urdi llg Sl1~'4t'sts that signifkant c1 HUl~es 
ill l1l11Scie control I nay occur in space flight_ 
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Title of Study 
Reducl:ion of Ocular Counter-Rolling by Adaptation to Space 

Science Discipline 
)Jeurophysiolog) ' 

Investigptor 
BC'lTIard Cohen 

Co-Investigator(s) 
Dui, M. 
~1cC;al'\ ie . L. 
Kozluvskava. L 
Sirota, \1. 

Raph:lIl . T. 

Research SUbject(s) 
J/a('(/C(I 1Ilulatto (rbes\I<; 1 ~)(Jl1ke\,) 

Fli~ht: 2 

Grolmd-Based Controls 
Fli~ht sim'l lation: 2, Vi\".u;lIIn: 4 

Key Flight Hardware 
:\"one 

Experiment DesGriptions 

Institute 
MOl'nt Si nai School of \ /fcd icine 

Institute 
Moull t Sinai School of Medicine 
:V\ount Sinai School of Medicinf' 
Insh t lite of Biolllf'rlical Prrble ms 
Insli t'll te of Bil JIllf'clicai Proble ms 

Bro(lkl~11 College rlCity 
Li niw'rsitv or !\ew York 

r"huf' 

C2229-10 

Objectives/H,'pothesis 
Although the average head angular move ments in spa(~e does not change. stim
ulation of semicircu]cu' ceU1als with pitch "j"id tC !'~: ::;Il<U head movement at high 
frcC)uenc), may be redllced due to a lack o f locomotional forces, Consistent with 

this, little d- 'nge has been found in the angular hOIizontal vestibula-ocular 
re flex (VOR,. On the oth er hand, the otolit,~ organ , with its depende nc.-e on 
grav';ty, should Ilndergo changes \.vhe n in microgravitv. A re interpretation of 
otolith input has been proposed in which a line,u' force sensed by the otolith is 
intf' lp'e ted a~ translational. The purpose o r lhis experiment Wa5 to exa mine 
ch:mges in [he VOR emu the hypotl,esis that the re lC: a slti ft in the y,lW m:is OIien
tation vector of velOcity st0rage from a gravi taormal frrune or re fe rencc to a body 
/i'ame of referen::e. 

Approach or Methods 
Horizon bu and ve rticlJ eye moveme nts we re measured using a magnetic scleral 
se,m .:h coil i.nplanted in the fron tal pIaLf'. Ocdar torsion (roll) about the optic 
axis W,l<; recorded with a magnetic scleral search coil implanted on tlle top of 
one e~'e . OCll la~ cou nte r roll ing (OCB ) was studied using static tilts of 90 
degrees and off ,Ie ltica) ,lxis rotation. Boll VOR was mea<;u red d uring steps of 
velocity about it naso-occipit,J a ... is with the monkey prone and d uring sin~~oichtl 

oscillation \\~th the <Ulimal upright. Spatial orientation of velocity stonlge was 

examined usin~ optukinetic nystagmus and optokinetic afte r nystagmus, 

Results 
Static and dYl1clmic OCR W<1.<; d ramatically I · ;-uced by about 70% in both mol'l

keys after space flight. \"ith no appcu'ent recovelY in the ma~itude of torsion 
:)\'er 11 days of testing. This was not seen ' I ~;round contTol monkeys, Roll VOR 
was also decreased. T hese data indicate long last'ing depresSion of torsional or 
roll eye movement afte r adaptatioll to microgravily. Before Hight, yaw CLxis ori

en tation vectors of velOCity storage were dosely aligned to lhe spati:u veltic.:al 
axis . After flight, the re was a significar.t shi1't of Ule yaw ,Lxis toward the body 
axis . The major finding o r these eX'Pelimen ts is thal the torsional otolith-OCUlar 
re flex, induced by head tilt with regard to gravity, was subst<mti,illy reduced in 
the two night monkeys after adaptation to space. and that the reduction iJl OCR 
pe rsi:>le cl for a prolol1).!:ed peliod aft'e r reently. 

281 

"0 



Q 

a 

C2229-11 

Title of Study 
Studies ofVcstibular );eurons in Nonna), H)ller- and IIypogravi ly 

Science Discipline 
:-.l europh."'Siolc~1 

Investigator 
Manning J. COITeia 

Co-Investigator(s) 
Kozlovskaya, lnessa B. 
Sirota. yrichoil B. 
DicJ..1nan, J.D. 

Perachio. A.A. 

Research Subject(s) 
:\faa/co mulal la (rhesus monkey) 
Flight: 2 

Ground-Based Controls 
Vh-arium: 5 

Key Flight Hardware 

Institute 
University of Tex<I!; 
\'[euical Branch at Galveston 

Institute 
Imtitu te of Biomedical Problel.'s 
Imtltl.l lC' o f Biomedical Prnblenls 
U niversily of Mississippi 
Medi<;al Scl lool 
Univers ity ofTc:\Hs Medic~J Schoo1 

Male 

CoSLI10S 2229 l\eurovestibular Hardware 

282 
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Objectives/Hypothesis 
Two types of ne urons WPrL' stuciit'd in lhis L'xpe li lllf'll l: horizl)lll,J (l .. llenJ ) \cllli

<;in;ular canal afle rents and type 1 or 1)1){' Ii \estihlllar lIuclei nl-'lI rolls lounulI1 
tJw medial vestibular nucleus. The pllIpma· of Ihi~ slmly \\~ \!) to l4ain all 11lldu
sta;ldillg of neural adaptation (Jf thL' scmicin.;ular C'Ul.J\ to llI ic rogm\~~' and to 
(.·0111p a1'f' results to the previous study perfonnf'd UI1 Cosmos ~O-l-l. 

Approach or Methods 
Y1 c nkeys we re implantt'd with e lectrodes to n,o lli~o r nenrol1a l acthlt~ . 
Recordings were milde dnring pre- and post night studiL's from lJ S l>("JIl icirclIlar 

eamJ alterents a lld. 17 vestibuhu· nl.ldells lIe urons frolll seven I hesus 1ll01u..e\ s. 
Five of these monkeys werf' ground conlrols LUlU two \\·('rl.: fl ight ~l1bjc<:ts. One 

hundred and tJlirl)'-scven pulse rotation prolocol~ \'ven ' executed. Retation pro

tocols ror the sClIlicircular canals indl\d,·-J les ts of spontaneous discharge. a 
pulse r0tation tf'st, a HlIll of 'i \l l'~ te~t . alld a sine-.vav(' lest . Usable data \\1L~ 
obtained from 127 horizonta l a ff<;rents conce rning spon taJleou~ discharge . 

RotatioTi pr0tocols fo r the '.'estibular nud ei Ilc urors inc-iuded a spolIl.lne()U~ 
sinusoidal dischars~e Ipst, oscillation at O.:?, 0 .5 . ;U1d 1.0 114 pulse con:-talll \"(.:10<:

iI)' of 00 degrees pe r S{\;OIl(J . <mrl a sum of si' I t' ~ ,timllills co"l'ring tJ lt' b'lI1t!
\·~dt11 from 0.02 Hz to I.U Hz. 

Results 
The mean spontaneous rate "',meclii-orn L:?b spikt ·s per second during pre lli)!;ht 

tcsts to 9~ spikes per secolld dllring postflight tests. for a d1L~II~-: of 2.Ei<ii. Tile 
best filtered nf:' uml adaptatioll operator (1<) ,mel tJ1C' gain of plll:-c rcsFol1s{' ""l're 
decreased dllli ng posttlight compared to pre flight. This contrasts \\-i th re"ults 

obtained from Cosmos 2044. The best fi ltl' red g~t.in a! ld k \alues lor the SUIll of 
sines we re sl.i?;htly elevated postflight. [i'or periodic sti ll1uli (pulse emu ~inc 
waves) no change was fOLmd in gain and :1t'unJ adaptalbn postllighl. This IS dir: 
fe re nl from resul!s fou nel in 204-1 bllt l11a:' be attrihllt able to dilk'rences in 

experimental procedures. 

Life into Space 1991-1998 



Title of Stu"y 
Adaptation to ~ 1 icrogrm it;· or Oculomotor Heflpxes 

Science Discipline 
"\curophysiolo~' 

Investigator 
DU\'id L. Tull1k 

Co-Illvesligc:tor(s) 
Knzlo\ ska\ ',1. 1.1:3 . 
Paige. CD. 
Bauak\<l. /\ .\ 1. 

Research Subject(s) 
." aram mltialto \ dll'SU~ Illonke) ) 
Fli)!hl: 2 

Ground-Based Controls 
\ 'inuiulll: 3 

Key Flight Hardware 
]\'011(' 

Experiment Descriptions 

Instit!lte 
ente r 

Institate 
Insti t1lte of .Biumt:"dical Problems 
Unh'crsit)' ofRochcster }lcdical School 
Institll te o/" Biomcdical Problems 

Male 

C2229-12 

Oblectives/Hypothesis 
The objective of these e:\perime nts was to stndy the line.ar \'estibulo-ocula;
re nexes (LVORs) during gravi ty rcceprGr stimulation (linear acceleration) 
before ,mJ after spat:e flight. The LVOR is likely to ch'Ulge during e"l.1Xlsure to 
microgra\'ity. since it is primarily controlled by the gravity-sensing otoli ths 
Thr'~e e:\i)e liments wi ll charactelize the re-adaptation of otolith reflexes to 
i::a, ' . 5 gravity after exposure to microgravitv 

Approach or Methods 
--------~--------------------~~--------~--~ 

Pre- imd po~tflight 'esponsp characteristics we re measu red during passh'e head 
IW)\'ClIlellts at twc stilnulus freqllencies, 1..5 and 5.0 Hz, in darkness (LVOR), 
and during vie\\;ng of a head flxed (visual suppression-VSLVOR) I)r an Emi h
fLxeJ (visual linear-VLVOR) visual scene . Motion ww; delivered along the inteT
aunu (!!\), IlClSo-occipital (NO), and dorso-ventral (DV) head axes. as well as 
alung intermediate olJliqut.> ones. Angular VORs wcre recorded during sinu
soidal )~1\V. pitch, or roll motion dclivered man1lally will, Emth-n.xed visual tar
gets (VVOH) dllring yaw and pitch, and with animaJ-fLxed yisual Lu-gels during 
roll. Data acquisition and analysis were clolle on PC-unsed programs. Response 
gain, response pha.~e, gaze position .• mel \'ergence stale we re calcul:llcd. Til 
gain ,uld phase of diffe re ntiated. de-saccaclcled eye posilion recordings were cal
culated using Fourie r anal~rsis. 

Results 
LVORs compensato r:' for heau c!isplnceme nt were recorded during lA, D\'. 
NO. and intemledial e ;.lxis motion. All responses were affected by visual target 

distance. \'"0 re~ponses we re also affected by gaze direction. AVORs during 
yaw and pitdl had I'oughly compe llsatory gains, while torsional gains of betwee n 
0.4 and 0.7 we re recorded . Both fli ght rnonke~ had lower AVOR gain in 
response to pitch and yaw head movements immediately postflight. During IA 
and D\' bead motion at .5 I[z, subject :\1[906 had larger reductions in the slope 
of the function rdating LVOR sensitivity to vergence that diel noi reco~'el" by 
30 +39 hours. Subject \4151 cUsplayed similar re."1)Ql1ses tmde r the S~lfne (:ondi
hons. DUling NO head motion, pre- and postflight re:;ponses for subject }1151 
were similar to one another. while responses of subject :\11906 were smaller and 
more \·.triable posdlight. 
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Greenhouse 1-1 

Title of _S....,.tu-::d.;-.y_::--____ -,,-,, ___ ______ ____ _ 
integraL,,1 PI,ll1l ~ ... p::rilUenb. on Mir 

Science Discipline 
PI,mt biology 

hlVestigator 
Frank 13. Salisbury 

Co-Investigator.sl 
Sytchev, Vladimi r 
Bingham. Gail 

am1an. John 
Campbell, \VHlia-:ll 
Bubenheim. Davia 
Yendler. BOlis 
Le\im\..;kh, M'1T~cuita 
PodoIs1 .. ~;, Igor 
Chemom, Lola 
h "J.I1uvil. Irene 
l3erl<o\ itch. ] uli 
Mashinsk~ ·, Alex"mder 
"Jechitalio, GaHna 

Research Subject(s) 

Institute 
Utah Shlte l'nive rsity 

Institute 
I nstitute of Biumedical Problems 
Utah Stale Universily 
·l,J. State U nh e rsily 

U~alJ State Cnive rsity 
NASA Ames Research Center 
~ASA Ames Rc:seardl Cente r 
Institute of Biomedical Problems 
I nstitutc of BiolJlewcal Problems 
Institu te of Biomediad Problems 
I nstitu te of [)iol11ccJj"'al Problems 
Insli tute of Bi()rne ilical ProblcI115 

Instilute of Biomedical Problems 
Mos(.'()w \\issioll C untrol Cent"r 

Triticwll a~1ir;flln L. (Super-Dwarf wheat) 
Seeds pbnted: 104. Cenl1inated cUld grew: 47 

Ground-Based Controls 
De)m'ed svnchronollS 

Key Flight Hardware 
Gas Exchange ~1 e;1Surernent System .. U1t1 \';u'ious ki l's, S\'et Green house (pr<)dd· 
eel U) RSA) 
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Objer.tives/Hypothesis 
The plimmy obj(!<.ti\'e or Greenhouse ~ \\".IS to P('rl0 I111 a SCt'd -lo-~€:'t'" 1 expeli
II1"nt [I) determine the rili:,(ot of m icrngravity on the prod lldl\-ity or crup plants, 

spt cifie Jly. Supcr-Dwm-f wheat. I r plants ('ollIJ Knl\\, ill lllicrogrm i ty through <t 

('olllpJete lifc cycle [seed tn secd). this would !>how tl.dt Un' f{' \\ to"re 110 Shle;CS ~o 

sensitive to micrOf.,I'J·u\ity that growth would be illl crlllptl'd in space, The dWllIi

c,d .wei bioc:he mil.:al ('ompo.-.ition Hnd struchlral characteli stics or the plallts 
were .Jsu tu be studip.d, Additiun,J obj('Cti\f>~~ Wi.'rt' tu detelll.inl tIle' dfe<.:b. ur 

microg l,wity on photos:l1thesis. respiration, trallspiratilm . .-.lclIllata; eondu(" 

tance, anu water use, ,mel to t:'vchute tht' :'vlir Sn't Gas E,'\:dlimgf' ~[easurenwnl 

Sy~tem (GE:'v[S i technology, 

Approach or Methods 
;:,ecd plan ling occurred durin,!:?: tVlir 1.9, FleUlt dev('lupmt'llt and hardwarl' wt'rl' 
ll ionitu rcd daily. Observations, photog'·aplrs. and ,-ideo iJllages were takell 
apprOximately once per weck. On five <U'iJilral), dales, ha"'l'~ied samples \\t'H' 
lh ed and stored in fixative kits or d ried cmel stored \d th dpsiccunt. SOllle e<jlup

Illent and ,ul smnples were rel'LU11ed 10 ~~<uth on STS-t -l fo:- postfligl' t ;malys.s, 

Results 
Thnx' tla~'S after plmlling and I day after thf' la l11 11S werL' tllllled 1111, thr!O'e of six 
double-lamp sets failed, Somctime e1wine; ti le ne.\ t ·1 \-\ <.'eks, ;motlil'r Imnp ~et 

fai lpd , Tht' rcsulting in adiance was Ixu'c1.\ enoug~ to kc..er- Ihe pkUlts aliye but 
nut (,Hough to supP011 typical wileat Ilfowth, The ('ontrolit' r aJso I~tilpd, ,0 the 
lamps had ~o lx, tllmed on ;.mel olT manu.tlly eaJI da~', rcslllting in highly clT.lh<: 

photopc riods, As a reSl lll (,f tlwse f~ti)l1rt's. altiloll l!;h IHoSt ~)lants su.yived for 

most of lhe 90 clays from plantillg to harvest, tile), \\ ere OILl) slightl) larger than 
seedlings that can grow ill llulTlcSS using re:.ourccs stored in the seeds, :\ SY1 1-
ch ronizetl ground conlTol Silll lliatCJ iml(liance, tClll peraturL" p ltotcperi(I(\, <md 
CO2 levels of the ;'vlir experinl c nt but no t atmospheri<: gas contaminant!> 
(Jlolably (,thy lene) in th" Mir ":Llbin , The con trol plan ts \\ 'l ' r e similar in apl)P'\'" 
<Uler' to the ~p~lce plants although they prod\l('('d st"'riJe heads (no ~':(;,lb )' \Iud l 

was b ll1w d in spill" of the lamp antI controller Etilllro: !><lII.ple fixation \\.L\ 

highl:" successfu l, the CEMS technology worked pe rfectl:. and much \\'its 

le;Ullecl aboHt how to maintain a suitablf' llioisturc level ill the:- ~1 1bstmtL' , 
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Title of Study 
Chondrogenes is in Mic ronlHss Ciliture of -',Iousc Limb-Bud Mesencl l), lTle 
Exposed 10 Miercgravity (CEl LS ) 

Science Discijlline 
Bone and CalCilllll ph)Siolo?;), 

Investigator Institute 
]). Jackie Duke University of Tt·xas 

Co-Investigator(s) Institute 
None 

Research Subject(s) 
,\lI.IS II LIISC,tlllS ( 1I101I5e) embryo cplls 
Cell c\l lture ci laillbers per Irt';&trm'nt: 40 

Ground-Based Controls 
Delavetl2-hom contro ls 

Key Flight Hardware 
Bioraek US3 E:-'1X'lirnent E Iaruw,lrc. S\1i nge Hacks 

Experiment Descriptions 

'0'0'0'0'0"0'0'0'0'0 

IML1-1 

Objectives/Hypothesis 
Thl.! f' fleet of microgravily on cartilagf' development is important due to the cri t
it:,J rolf' of cholldrogenesis in sk(' lc I'~ll development t_hrough endochondral ossi
flcation. ll1 lii fXJ studies have indicated altered cell kilr f' ljc.:s in Ill icrogntvity. but 
systemic or/cds are a contributing factor. 111e CE LLS cxpeliment \Vl'L~ Jesigned 
to determine whether celb sensitive 10 microgravity ill uivo would rf'tain their 
sensitivity i ll I.litro . The h)'pothe~is WItS that cell cu ltu res in space wOlild prooll<.:e 
less calti lage, less T)l'C II collagell , lind less cl1ltilage proteoglycan, ,,11( 1 that the 
aggregalive sMe of tIll ' colLtgt:!11 and proteoglycall prothJct:!d by cells wO\lld b,.. 
tliflprent IIltrastructurally frOln that or 1 G cells. 

Approach or Methods 
rvlicromass culhlres were obtained from the hind and forc limbs of 12.5-da 
IllCIISe cmbr),os. Cllltures wcrc' e.\-posed tu rOllr clifre rclII c:-.-pelimental conc.litiolls 
inside the 13illmck f:'tcility: JrIicrogrll\~t)' (night), 1. C (fJjgll t), 1 G groll nd, (mel 1.·1 
C g roulld cC'ntlifi:ge. A sct orclIlturl's was I1xed every 24 hOllrs and mcwlIlIl was 
frozen [or rnrther biochelll ical analysi$. Some salllp l(~s wer<' ("xamir lcti post flight 
lI sill g scanning e lect ron microscopy (SE\.O and transnri ss ron eiC' ctroJ1 
microscopy ('1'E'\'O. OtJ ler samples wr-re stained with Aki.m Bill!.! :llIcl (' xamined 
lIs ing light microscopy to :Ieterrnille c.artilage gruwt.h .md the sizc nnti11lr l1lber of 
nodllips per IIllit ( u-c~a. Irmnllllo/l istO<'hemistry was pf'rf()J111ecl to locntc and study 
tJw rL,lation between prol eogIyc<llls and w l/agcl ls. EnzYlllc-l.inked-immunosor
b('~ I't - a.ssa)'s (E LISA) were pt'rfcwmr-d to deter! nil II::' collagen I [ prodllction. 

Results 
Significant detachment of cell layers occurred in all groups. In areas where Ia~'

f' rs were inlact , Ilndllles tl la( furmed were or varying sizes, but there was no wf
lprenct' in siZ(,' or number IJeiween Hight :lnd ground eultures. SE~ samples 
show di ffere nces bplween p;rolll1d and night L' dru res by day 4. Flight cultu res 
formed aggrE'gates of cc lJs \-vilh abl1()llTlally SJ110uth sli riaces. Flight cultures als 
exhibited UllHSlIitl ruffl ed stmc.:tllrL ' r .rging in complexiLy from Ll Single sheet Lo 
n rosdll'. TEMs show Lhilt within fl ighL eell cultures, cells did undprgo a simp 
ehange from f1attelled 1'0 rounded (hat is associated with ehondrogenesis, bu t 
til(' R~sociated proliferalion of rough C'ndoplas mic rf·ticlIlllJ11 (RER) and produc
tiOIl of m:ltrix did not· occllr. 
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a. 

IML1-2 

Title of Study 
Cetl Di\,i~iol1 , M ito~ic H('('ombinntioll and Onse t or Meiosis hy Yeast Cetls 

during Spnce flight (YEAST) 

Science Discipline 
~~~--------------------------------------eU and mole<.:ul.u· biology 

Co-Investigator(s) 
Esposito, '\1idlUe l S. 

Research Subject(s) 

Ground-Based Controls 
Delay!"!! synchrunous 

Key Flight Hardware 
Biorack US2 E:-'l,e liment J ; ... ruwan:: 
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Institute 

Institute 
~1\~'-e-n<,:-'e~B-e~rk-e7Ie-,y-L~nl~)O-I-'a-to-l-Y------

Objectives/Hypothesis 
The p lincipal ol~jcctives of the llighl exve rimcnt were to det(:nll ine the effects 
or the space Hight environment on Cf'1l )ield. sU lvi, ',u , and ability to unJe rgo 
meiosis and 10 monitor mitotic chromosome segregation ,md recombinatioll in 
the space flighl e nvironJlle nt. Two l)pes or y!·,\St cult·un.'s were flown : lI1itotic 
ce ll culture:; ill which y(',~st cell populati<ms are established b.v budding and 
mi tosis. and mdot ic cell cu Itll re!' in which y(,; L~1 cell s u ndcrgo meiosis and 
ac()spore f<mnatioll. Thc rnitotic cell cnltures are microbial analogs of human 
somatic mitotic: cpll dh·isi l.ln , whi le the nwiotic cell cultures art: microbial 

analogs ofhumcU11l1eiosis and gamete formation . 

Approach or Methods 
Two yc<\St diplOid hyblids wcre prepared. S1'S-12-1 is a Hec+ , Rad+, Spo+ stntin 
capable of mitosis or meiosis al both 22 °C or 36 dc. 5TS42-2 is a te mperature
cOl1clitiorHU strain that exhibits Hec+, Rad+ , Sp<>+ at 22 °C, hut Rec-, Had-, ,md 

Spo- at 36 °C and grows lTI i t()tic~JI:, at eithE'r te mperature. Two cultures of each 
strain were incubated inflight ullde r four conuitions: in microgravity at :2.2 0 

alld 3fi DC. and in ale cE'n l"Ji fuge at 22 °C and .3fi 0c. The ground e ll/tu res 

\Vl're incubatec1 11l1der simil.u· comLiliolls: static at 22 °C <mel :36 0c, in a le cen
lrili lge at 22 °C ancl36 dc. 

Results 
--------~~~----------~--------~~--~~-------

Therp was no 11 Htrked enJ1Lulcemenl or rcduction in tutLU ceil )jeld dlte ( 0 micro-

gwvit)' GOlldili ollS. The incub,ltion temperature appears to be the plinciple fac
to r in the lotal ce ll yield : ceil densities or cultures incubated at 22 °C we re 

gmater by a faclor of 2 or less than tJ Ie dens itjc~ of those incubated Lit 36 C~ . 

The average sU lvival of the STS42-1 night cultu re ce lls ranged from 51 % to 
7.5%, \\~th tllf' 22° I.:u llures he ing the highest. The a\'t'l"agc survival rate of III 
S1'S42-2 flighl ce ll I.:u lturcs mngc'c1 from 24% to 72% with the 22 °C cultures 
being the highest. The most stTiking discovelY waS the higllc r-than-expected 
rccovt:JY or Rec- intl'rgenic I I lit otic ret'ombinWl ts frum lhe .'36 °C fljght cultures. 
He('- is rec.:ombinate c1eBciPlit al :16 °C in grollnci COll i rols. STS-!2-2 also pre
served it s Rec- phenotwe dllJing night al 36 °C \\~ th respect to res istant segrf'
gallts due to gelle conve rsion , events thai resu lt in mitotic segregant:; and fai lure 
to initiate mei()sis. (Jlle 11)'1'011 lesis for thi!. hehavior is a diff('J"c nce in the natur 
of the lesion tllat iniliatl-s llJitotic rccombination in night ,~~ opposed to ground. 
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Science Discipline 
Plant biology 

Investigator 
Allan H . J3 rowll 

Co-Investigatorjs) 
hapmall . David K. 

Heathcote . Dmid C . 
Johnsson. Anders 

Research Subjectjs) 
A[;( '/l{f sntiL'(1 L. loat ) 
Flight sepc\s: 396 

Ground-Based Controls 
S)11chronom , Cl in(J~ t at 

Key Flight Hardware 

Institute 
Uni\'crsity or Pc>nnsyl vllnia 

Insti~ute 

Ull i\'crsily of Pennsylvania 
Univer~ity of Penn~)'lvania 

Univc~it)' ofTrondhei ITl 

,~ra\~tational Plant Ph)'s io lo~' Facility. ~lliddeck ArnbiC'nt Stowage Inse rt·, Plant 
'arry-On COlllail wr 

Experiment Descriptions 

IML1-3 

Objectives!Hypothesis 
The \,ridespread occurrence or statocyles with seclimcnting statolit.'1s in higher 
pbnts is compelling evidence that they are involved in some way \vith the 
proc('ss of detection of the G-forC'c vedor direction. Whether tile same process 
selves 10 detect the illtensity of thal force is not weU established. Detennination 
of the smallest stimulus capable 0(' eliciting a respollse, refen'ed to as threshold, 
is an important expeJiment,u o!Jjec:tive. Other objectives are to delermine the 
ITI:lximum response to lateralJy diJ'cct(~d C-tlcc.:eleration between 0 <U1el l C, to 
determine the sensitivity of the plants' response parameter and to cletenlline 
whether the plants' responsc is proportionallo the intensity of tIle stimulation. 

Approach or Methods 
Seedlillgs were raised in l\;ul,'less. Prior to I("sting. thE' seedlings were in space 
lInder centrifugation at I C. Tropistic stillllliations were prodllced by laterall.v 
directed cellilipetal accelerations on variable speed ccntlifllgcS. which weI' 
program mer! to apply sl.irnllills doses. Stimulus doses were defi lled as C x 

t(li me) ill which C and I were independr'nt valiabh. In differenL tests, cen
h'ipctal at:celerations wen' vmied behvet!JI O.I and J. G and t wa~ vlIlied {i'om :2 
to 130 In in utes. Stimulus doses we re varie,j from 1..8 to 25 .2(C)(m in ). 
Temperatures were controlled and recorded continuously. The aominal tem
perature was 22 .. 5 0c. Tropistic response wa~ mt':lsu red belore alld after Sti lllU

lation wiLh time lapsE' images 1\sing inrrared light. 

Results 
haracLClistic qu<uitaliv(" features of Ihe Avel1a coleorlile's tropistic response 

pall'em in weightlessness were not greatly diffcrent rrnm ground-based shldies. 
For night data, logm'ithmic plots extrapolated to positive tIlresholc1 values in the 
nmgc OJ) to 7.8 minutes. The shortest stimulation limp to cnuse a r~sponse at 
1 G was 2 minutes. ancl by extrapolation, tlle tbreshold was less lhan 1 minute. 
The lowest C-v.uue used to stimulate c:oleopti.les on Ilight was 0.1 G. In that 
experiment, a signjl1cant response of I !:l.G ± 2.2 °C was observed, which dl'TIlon
strated that if there is an absolute G-thrf'shokl for grnvitropic response. it must 
be helow 0.1 C . Qualitatively autotrophic c:ounten-eactions after initi:ll iropistic 
bending were evident from visual inspection or the time se ries of response 
images. As a general trend, autotropic responses were more prominent the 
greater the stimulus and the tropistiC' response. 
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InllL 1-4 

Title of Study 
Hesponse to Light Stimullls PhototTopic Tmnsients (FOTHA~) 

Science Discipline 
Plant biology 

Investigator 
David G. Heathcote 

Co-Investigator(s) 
Browll, AlkUl H. 
Chapman, Da"id K. 

Ground-Based Controls 

seelUings 

Institute 
l,; niversity C ity Science Center, 
PhjJade lphia 

Institute 
University of Pennsylvania 
Unive rsity of Pennsylvania 

Clinostat. preflight and postllight asynchr:)Jlolis control IIsing flight I Hlrdwarc 

Key Flight Hardware 
Gravitational PI,U1t Physiology Facility, \ 1iddeck Ambient Stowage 1115(' 11. Plant 
Canv-On Container 
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Db j ectives/Hypothes is 
Th(' objective of the FOTHAl\ experiment was to detennine the ti me course nf 
plant seedUng cl\1'vall.lre induced by phototropiC stimulations in a microgra"ity 
(' lwirlJlllllent. The exp(~J 'iHlent was deSigned to provide data on discrete physio
logical responses of growing wheat coleoptiJes and the e ffect of m icrogr.l\~ty in 
modi fYing tJlese responses. The purpose of tllis c:-.v elilllell t wns fourfold: 1) To 
detel111ine whf'l.her secdHng curvature proceeds in tll(' sarne direction and mte in 
1l1i<.:rogravily as on emth; 2) To determi ne whether tlle degree of extent o f seed 
cu rvature is the same If) nlicrogravity as on Ewth; 3) To see if seedJjng curvature 
reve rses (alltotropism) or oscillates (circuillnutation) in microgravity; and 4 ) To 
determine the phototrophic dose-response l'f' lationship in plants in microgra\ity. 

Approach or Methods 
In orbit, plmlts were held in a 1-G-simulated environment lo allow for n011TlaI 
plant development llnLiJ tJle stwt of the experiment. PlcUlts were then moved to 
tlle recording and sLirnulus chamber (BEST ) where they were held at micro
gravity and time- Iapsf' vidcos were taken fo r 5 hOll1'5 hefore photostim ulus 
occulTed. Plants wen' the n exposed to various le ngths or phntostillluJation. 
ranging from 3 Sf'conds to :3.3 minutes ll) secollds. After cOIl1pletion or photo
sLim ulus, ti1l1t'-lapse video records were takcll \lntil the clld of the eXpf<Jill lent. 
approximately 7 homs. T llis process was re peated for ~-uhseyuent batches of 
sf>edlings . Some ba lches were fixed in ni~ht at the end of the expe limcnt. 
Batches that were not fixed inflight were exam ined , photo:;raphed . measured. 
wp.igl,cd, ,md fixed post night. Any non-genninating seecl<i wcre cu ltured. 

Results 
Th(~ curvature response to photostill1ulus ill fl ight was not ~ ignillcan tl~' different 
tl1<ln the ground conh'Ols f'xcept in groups tl lat received 6- and 9-second stil1l11li 
Measnrellients of seeeJ ing cu rvature show i1 relationship hchvecJl stimu lus ,U1d 
Cllrvatllre respollse . The dose response curve of wheat s(,edling phototropi sm 
shows tllat fi)r the maj( l1ily uf still1 l1 lu~ durations the mcan response in 0 G was 
not statistically diHerent thall dIe ground controls. AlIlotropic reversal or ClllV<I

tlln~ ,md circul1'1l1utation was seen in night data. Circull1nll tation \-vas seen in 
half of tIl e fli ght seedlings. Rhythlllicities we re also obse rvcd in groups that 
were not photostilllulatcd. 
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Title of Study 
Gelletic lmd Molecular Dosimeby of HZE Radjation (RADJAT) 

Science Disciplil:e 
l':aruation biology 

Investigator 
Gregory A. r\elson 

Co-Investigator(s) 
Schubelt . \ \ "ay,)e \.\ . 

Hartman, Philip S. 

Research Subject(s) 

NASA Jet Propilision Laborato ry 

Institute 
NASA Je t Propulsion Laboratory 
Texas Cluistiml Universi ty 

ClI(,lIorhobdilis elegalls (nematode la~"ac ) 
Flight: - ( nrillion MalclI-l ennaphruclite 

Ground-Based Controls 
Delayed synchrono'ls 

Key Flight Hardware 
Biorack US l E.\pelilllent Hcu'dware 

Experiment Descripticns 

IML1-5 

Objectives/Hypothesis 
One or the major feahHes of tJle space environment is til ! presence of cosmic 
rays o r HZE (high ene rgy unci charge) patticles. Understanding the bioloKic.'ru 
e ffeels of the complex radialion environmen t in space is crucial to tht: safety of 
space night crews. or greatest impoltance are changes tu chromosomes that 
lead to the conversion of nonll<,l ceUs to cancer cells. The ob.iective of this shJdy 
was to isolate genetic changes in anjmal ceUs caused by ('osmic rays ill spuce so 
that their likelihood of occurrence and struch l nJ features could be evaluated. 

Approach or Methods 
Two stTategies were used for the selection of mutations induced by space racli
ation. The first me thod used a large genetic target of 1500 genes and the sec
ond used a Single large gene, Il fl C-22, as a target. Four tests (grow1 h, mating, 
segregation , and recombination) were carried ouL to assess development and 
lhe behavior of chromosomes du 'ing meiosis. Each test was pel-rormed with 
two diffe rent genotypes to control :'01' specific gene effl?cts . W0I111S frol11 select
ed cultures were fixed anel stained ming the fluorescent DNA- binding dye 
DAPT to reveal cell nucle i. Some emblYos recovered at bncling Wf"· ... • also fLl(ed 
and stained with itntihodies sp"'ciflc for (;ytophL~mic de terminants that localize 
to diffe rent cell lineages. Seveml h~ndred animals were analyzed for the ir 
anatomy based on cell numbe r and clistliblltion. nuclear m0'lJhology. kary
otype, and symmetry relalionship. 

Results 
No obvious differences were seen in the development, behavior, and chromo
sotTIe mechanics of C. elega/1s as a fi.lIlction of microgravity. Both self-fertiliza
tion and mating of males with he rmaphroditcs were successful . Gross anatomy. 
symmetry, and gameto~enesis were norma] based on lighl microscope observa
tions. No defective karyotypt:s ur t:ell rusttibuliol1s were observed. The pairing, 
disjoining, and recombination of ch:"ornosomes showed no clifferenc€<; cOlTelat
eel with gra\~ty levels. A variety or Illlltanl~ were isolated in the unc-22 gene al ;(1 

in essential genes beJanced by the eTl lnUlslocation . Phenotypic assessmenl of 
lTIutants suggests that mutants isolated frolTl regions of identified hjgh linear 
energy h'ansf"er (LET) pcutjc\es are more seve re than those isolated by random 
screening. Large deletions h.'ve been identified amongst the 1/'/ /c-22 mu tants. 
The rates or mutagenesis were signillcant ly above those in ground controls. 
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a. 

IML2-1 

Title of Stu_dy!....-. _____ ..,--_-:--_--:-__ ---=_--c,--____ _ 

EHt-cts of Yficrogravi ty on Aurelia Ephyra Behavior and Development 

Science Discipl ine 
Developmentai :".:')Iogy 

Investigator 
Dorothy B. Spangenberg 

Co-Investigatorls) 
None 

Research Subjectls) 
Au.relia amita (jellyfish ) 
Flight: 36 

Ground-Based Controls 
5yn chTlJl10lls 

Key Flight Hardware 

Institute 
Eastem Virginia Yfedical School 

Institute 

Ambient Temperature Rt:~'order, Biorack (provitled by E5A), Biorack Type 1 
Containe rs (provided by ESA ), Nizemi (provide d by DLR ), 
Refrigerator/] ncu bator Module 

290 

Objectives/H'iPothesis 
A'IITel-ia polyps and ephyrae were exposed to lllicrogravity allel 1 C controb 
(inf1ight nnd ground) in order to conlpare. ·""hile in flight, the .':;w imming bellav
ior of' ephyra~' tllat developed ill microgmvity \Vitll tile con(wls. Centrifugation 
of the ephyrae at different G-Ievels on the :--Jizemi microscope was used to 
establish the G-tllreshold for Emth-tyve beha"ior. :-.lumbers of buds per polYl) 
maintained in microgravity for 14 days were compared pre- and postflight \\ilh 
ground controls. The rate of rnetamOlvhosis e1uring ephyra development was 
also determinp.d in space and at 1 G. Immediate ly postflight. the morphology 
and ti le swimming/pu lsing behavior of the eph)'Tae that had developed in micro
gravity were recorded and C'OITIpared \vith !"Tollnd cont rols. 

Approach or Methods 
Polyps were induced to lIletamollJhose at L -24h preflight with iodine at 99 "c. 
These polyps as well as ephyrae were maintained ill the Biorack w'hen tile), were 
not beillg e:-"lJosed to graded leve ls of gravity on the :--Jizemi. These organisms 
,mel Ilie tamorphosing jellyfisb were videotaped at diAe rent intervals throughout 
U1E' lIlission. as were ground controls. PostOigbt, ephyrae were videotaped. pho
tographed, ami examined microscopically in orde r to record ~\·imming activity 
,md Lo c:ount the number of pulses, <lnns. alld statolitlls per animal. 

Results 
Ephyrae lllat developed in microgravity had signific~U1t1y more abnollllal arm 
numbers as c:ompw'ed with 1 G controls in space and on Earth. Their me,Ul 
numbers of ~taLohths, rhopalia, and pulses per minute as detennined postflight 
did not d.iHe r Significantly from c:ontroLs nor did tlleir types of ptJsing abnonnali
ties. Signjficantly fewer ephyrae t1tat developed in space ~val1l when tested post
flight tllwl did llle controls. Polyps budding in space produced more buds and 
were developmentally a.head of grow-Id controls. The C-threshold studies of 
eph)'rae sent into space from Kuth revealed tllat lll(Jr~ tI},Ul .'50% of the eph)T.1e 
convelt to E,uth-like swi lllming behavior upon exposure to 0 .. '3 C . Although 
development through budding and through me tamOll)hosis proceeds well in 
space. SOl lie jellyfish w'e appm'cntly more seJlsitive to the microgm\'ity enviroll
ment tlllUl otllers, as evidenc'Cdl~y the ir abnomml ann development. 
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Title of Study 
Early Development of a Grm'ity- Receptor Orgcill in Microgravity 

Science Discipline 
Neuropll)1Siology 

Investigator Institute 
Michael L, \ \ 'ieuerhold l' niversilv of Texas 

Co-Investigator(s) Institute 
:\one 

Reseii.cii Subject(s) 
CyIlO)JS pyrrhogaster (newt) 
flight: -l- adlll ts, l44 f<:>rt ilized eg~s . femalclYhue 

Ground-Based Controls 
ViV'.:uiulil fe rtilized c~~s: l44 

Key Flight Hardware 
Aqualic Animal Expeliment Unit (provided by NASDA) 

Experiment Descriptions 

IML2-2 

Objectives/Hypothesis 
This e:>.."peliment aimed to de temline the effects, if an)" of a microgravity envi
ronment on the initial developmenl or the gravity-sensing portions of the inner 
ear. These org(UlS contain sensolY hair cells covered by a layer of dense calr:ium 
carbonate stones called otoconia. ParticLuar emphasis was placed on the ~0I111a

Don of otouths, the masses Oil which gravitatiomu iUld linear-acceleration forces 
act. If the growth of the otoliths is somehow regulated by thei r weight, lheir 
mass shoulJ be increased ill reduced gravi ty. Furthermore, the otoconia are 
impOitanl' for the proper hmctioning of m:1l1)' gravitactic reflexes in vertebrates 
and inveltebrates, These re fl exive circuits are established em'ly in development 
and might be effected by exposure to microgravity. 

Approach or Methods 
Pre-re ltili zed eggs. some at devp.lopm'C' lltal stages before the inner ear had 
formed .mel at tile pOint just before tile otoliths were formed, were launcheu i"n 
the Aquatic Aninml E':perilnent Un it (AAEV), During flight, animals we re 
video-recurded to obselve progress of development. After flight , some lruvae 
were fixed for sec tioning. The seclion s v'e re then analyzed with X-ray 
microimaging. The otolil h volume and area~ of sensOlY epithelia fnr VCllious 
stages of' development were calculated from three-dimensional reconstructions 
of the serial sections Other larvae were testecl to estimate the gain or lhe 
otolith-ocular reflex. 

Results 
Approximately 62 out or 144 larvae survived the flight. According to morpholog
ical analysis of Ule videotapl~ recording, both Ilight and ground controls devel
oped at the same rates. Analysis of the three-dimensional reconstruction 
showed tllat Hight-reared laIvae have a larger mean endolymphatic sac (ES) and 
duct volume and a lruger average volume of otoconia within the sac when com
pared to Similarly staged ground controls. FlIlthernlore, !.he appearance of ot0-
conia in the ES was great ly accelerated in the l(LJvae reared in microgravity. 
Otoc'Onia rrom space-flown larvae also apperu'ed more susceptible to degrada
tion, ~Uld in a few cases, appeared to (.'Ontain only longitudinal filaments, indicat
ing alte ration in processing in their assembl),. The<;e stones do not appear LUltil 
afte r a return to normal gravity. More experiments with longer flight times m'lst 
be performed to understand til is phenomenon more ('lead;. 
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IML2-3 

Title of Study 
Gravity ,Uld the Stability of the Diffe rentiated State of Plant Embl)'os 

S-:ience Discipline 
Plant biology 

Investigator 
Abr.lham D. Krikorian 

Co-Investigator(s) 
None 

Research Subject(s) 
Hemerocallis cv. Autumn Blaze 

Fl.illht cell culture plates: 6 

Ground-Based Controls 

Institute 
State Universily of New York 
at Stony Brook 

Institute 

48-Hour asynchronous g round contro l using the Orbiter Environme ntal 
Simula tor 

Key Flight Hardware 
Cell Culture Chambers, Thermal Electlic Incubator 

292 

Objectives/Hypothesis 
This exveliment was designed to: 1) evaluate whether space night affected the 
pattern and developlTlt::Jlt,J progression of e mlll),ogenically competent d'::v1il:' 
celis from one well-de fined slage to another; 2) determine whether mitosis ,md 

chromosome behavior were modified by tlte space environment. 

Approach or Methods 
This was a sl.ightly expanded (14 day vs 8 day) ve rsion of the PCH E.\1Jeli ment 
conducted on SI rJ. Again, dayl.ily (H emerocailis c\'. Autumn Blaze) plant cells 
were used as test s),stems. The number of dishes was expanded [rom two to si..\:, 
,md half" of them were fixed \\~lh 3% glllt<mudehyde on orbit (a "fi rsf' wilh :l 

U.S. phmt biology test). Cells ,,\~th the ability to develop into embryos 'Nere kept 
inactive by a pH-related culture medium composition until they we re in space 
and were activated by modification of their nlltrir.llt status through ch<mges in 
their metabolism, which altered the pH of the medium. Both chemic<illy fLxed 
and ljve somatic cmblYo cultures we re retul1led to E,uth for detai led c~tological 

.mel postflight grow-out <Ulalysis. 

Results 
Somatic embl),ogenesis proceeded slIccessfi.Llly but at slowe r rates d uting space 
flight. Hesults similar to t.hose (ound in tlle PCR space flight expeli ment relating 

to chromosomal abemlbons, tlle increased OCClUTc nce 01 binucleate c.-ells. etc. , 
were coniilmed in this flight. The availabi.li ty or in£light fi.xabol1 demonstrated 
that the data from plioI' postilight flxations for metaphase ,m~J)"ses were valid, 
<md the obselved chromosomal abelTabons and recluced mtes or cell (I.i\~sion 
were not due to re-en lly effects . A \~~dc range of contlived and combined 
insul ts (or stresses of variolls sorts) deli':ered to lhe deve lopi.ng cells used in 
these investigations (on Earth) have not yet ,ill owed duplication o f Ille chromo
sOlllal pelturbations encountered in space. 
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Title of Study 
Abili~' of Polyethylene C lycol-lnterleukin-2 (PEG-IL-2) to Counteract the 
ElTect of Space Flight on the Rat Immune System 

Science Discipline 
TmlTlunolog-; 

Investigator 
Robert Zimmennan 

Co-Investigator(s) 
Sunnenfekl. Geraid 
Ballard, Rodney \ V. 
Chapes, Stephen K. 
Goldw'ater, D'lllip.lle 
Luttges, \lrar,in 

Research Subject(s) 
Rattus /uJ/1Xgic lis (Spmgue-Da\Vle.v rat) 

Chiron Corporation 

Institute 
Carolinas \1 edical Center 
!\ASi\ Ames Research Center 
Kans:=tS State University 
!\ASA Ames Rese,u'ch Center 
BioServe. Uni\iers it~' or Colorado 

FU2:ht: 12 Male 

Ground-Based Controls 
Delayed s)~lchronolls : 12, Vivruium: L2 

Key fl ight Hardware 
Ambient Tf'lllperahlre Recorder, Animal Enclosure Modu le 

Experiment Descriptions 

IMMUNE1-1 

Objectives/Hypothesis 
Because of the suppression of the immune systen r in otJ1ervvise healthy subjects 
during space flight, it oriel'S a unique opportunity to study the effects of biolOgical 
5ubstaJlc.'es without the complications of illnesses nonnally present in immuno
suppres:;ed subjects. Polyethylene C lyeol-Interleukin-2 (PEG-IL-2) is an 
immunological mediator and enh~mcer developed and mrumfactured by ChiTOn 
COlV. The purpose or this e>.']?Criment, in (.'()njunction with dle Imlllune.2 eXT>e ri
ment, was to connnTl and den ne the ability of PEG-[L-2 to prevent or ameliorate 
the detrimental effects of space flight on imlllune responses of rats. 

Approach or Meth'Jds 
Half of the animals ill eadl group were injected i.v . with PEG-IL-2 two to three 
hours before transfer to the Animal Enclosure Modules. Upon recovery, blood 
samples were collected and analyzed for coriicosterone concentration with 
radiOimmunoassay. Macrophage (\II-CSF) and granulocyte-macrophage stimu
lating ractor (GM-CSF) dependent macrophage coiony formation from bon 
/TIa lTOW cells was assayed. Lymphocytes were obtained from the spleen and 
lymph nodes and assayed to dete rmine cell proliferation rates and the secretion 
of (.')t okines, M-CSF, interleukin-6 (T L-6), inter{eron-y (IFl'-y), and transfonn
ing growth ractor beta (TCF -B). Peritoneal macropbages were assayed [or 
secretion orTN Fa and IL-6. 

Results 
Hesults of this e~'Periment are joined with the Immune.2 ex-periment. Fe\\' 
immunological parameters were consistellt au oss the Immune. l and Immune.2 
experiments, making conclusive observations dimcult. Inconsistencies be tween 
the two experiments prevented any conclusive evidence concerning the e ffec
tiveness of the PEC-IL-2 treatment. Some of the animals flown were round to 
have damage to dleir tails upon rec.'Overy; however, c.'OmparpcI to the an.imals in 
the S"lme group, these changes did not cOlTelate with any of the parameters 
Illt'.asured. Wl'~e there were the expected trends in the Immune. J eApeliments, 
tlre control <Ul imals diJ not exhibit as many of the flight-related changes as were 
antiCipated . The control group in the Tmmune.2 study had more dramatic 
changes associated with space llight. These cliIferenc.'Cs lIlay have been due to 
the fact that flight a:niJllal.~ in the Irn mUlle.~ experiment were e>''}XJsed to Siglli n
cantly higher ambient temperatures than animals in Immune.l. 
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IMMUNE2-1 

Title of Study 
nfinnation of Ability of Polyethylene Gly<.:ol-lnte rleukin-2 (PEG-IL-2) to 

ounteract the Effect of Spac.-e Flight on the H.at immune System 

Science Discipline 
Immunology 

Investigator 
Robert Zimmemlan 

Ca-Investigatorls) 
Sonnenfeld, Gerald 
Char>cs, Stephen K. 
Goldwater, Danielle 
Simske, Steven 

Yliller. Ech\~ n 

Research Subject(s) 

Institute 
Chiron Corporation 

Carolinas Medical Cellte r 
BioServe, Kansas State UniverSity 
:'\!ASA Ames Research Center 
BioSelve, Universily of Colorado, 
Boulder 
Hanington Cancer Center 

Rattus n.o,-
Flight: 12 

Sprague-Dawley rat) 
Male 

Ground-Based Controls 
Delayed synchronous: 18, Vivalium: 12 

Key Flight Hardware 
Ambient Temperature Recorde r, Animal Enclosure Module 

Z94 

Objectives/Hyp!lthesis 
Because of the suppression of the immlllle system in otherwise healtl,), subjccts 
dUling space llight. it offe rs a unique opportunity to study the effects of biologi
cal substances without the complications of ill nesse!> non nail}' presen t in 
immunosuppressed subjects. Polyelhylene Glycol-Interlenkin-2 (PEG-IL-2) is 
an immunological mediator and enhancer developed and manu factured by 
Chiron Corp. The purpose of this e>.v enmcnt in conjunction with ;m Imm lll1e.l 
expe riment was to conllrrn and define the abili~1 of PEC-IL-2 to prevent or 
ameliorate the detrimental effects of space flight on immune responses of mts. 

Approach or Methods 
Half of the mumals in each group were injected i.v. with PEG-IL-2 two to three 
hours before b-ansfer to the Animal E nclosure Modules. Upon re<.'over)" Gloocl 
samples we re colleeled and analyzed for corticosterone concentration ,-"ith 
radioilTllllunoassay. Macrophage still1luabng ractor (M-CSF) mlu gnulUJoC}t e
macrophage stimluating factor (GM-CS F') dependen t macrophage colony for
mation rrom bone malTOW cells was assayed. Lymphocytes were obtained from 
the spleen and lymph nocles and assayed to determine cell prol iferation ralcs 
<mel the secretion of cytokines. \II-CSF. i..lI te rleukin-6 (T1..-6), inlcderon-y (IF:,\! 

y), and tTansforming growlh f~IC;tor beta (TCF-B). Pelitoneal macrophages were 
assayed for secretion ofTKFa and lL-6. 

Results 
The reswts of this e:'l.l'e liment are jOined with the Imn1l11le.l e:'l.-peliment. Few 
immunolOgical pm'ameters were (.'onsistent across the hlllnune.l and Imll1 une.2 
e:'l.l'eliments, making conclusivp observations difficult. Significant changes in 
bone par,uneters were obse lved 111 ImlTlune.2 but not ImmUlle. l. The inconsis
tencies between the t\vo experiments prevented any conclusive evidenc.e L'OfI

cenung the e ffectiveness of the PEG-IL-2 b·eatment. Several [actors lIlay have 
played a role in these discrep;mcies. Some of the animals flown as a part of the 
I I nlTlune.l experiment were discovered to have valious degrees of damage to 
their tails (necrosis, loss . and gangrenous tissues). Acfditicnally, night animals in 
the IrnrnLUle.2 expeJiment were e"'POsed tll Significantly higher am bient tem
peralures than animals in Immune.l. These data illustrate some of the issues 
that can alise when smalJ numbers of animals are studied under flight condi
tions that are difficult to reproduce lium one flight to the next. 
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Title of Study 
E;"VfPssion of Contractile Protein Isofol111S in Ylicrogra\~ ty 

Science Discipline 
Dpveloprnental hiolog), 

Investigator Institute 
PaQ"e A.W . Anderson Duke Cniversity Medical Center 

Co-Investigatorls) Institute 
!\"JIW 

Research Subject(s) 
ggs 

MalelFc lllale 

Ground-Based Controls 
!\ svnchronous: 64 

Key Flight Hardware 
C lovebagiFilter-Pul1lp/Fixative Kits. Incubator (provided by 1M BP) 

Experiment Descriptions 

Incubatorf -1 & 2-1 

Objectives/Hypothesis 
The objective of this e;\perirnent was to cletennine the effects of microgravity on 
developmentally programmed expression of Troponin T ,mel I isofonns kn()\\.-l1 

to regulate cardiac .md skeletal muscle conb·actiol1. 

Approach or Methods 
This experiment was pe rform ed twice: once c1U1;ng Mir 18 (returning on 
STS-71 ) and once dming Mir 19 (returning on STS-74). F~rtiJjzed eggs were 
canied to the ~~i r space station aboard a Rllssian Progress supply vessel, and 
placed in an incubator supplied by tJ1e Institute of Biomedical Problems. On 
days 7, 10, l4, and 17 (day 16 during Mir 19), eight eggs were fixed and stored 
lor return to Ecuth. 

Results 
During both runs of the experi ment, internal incubator te mperature was high
er than nominal throughout the experiment, and most of the qUail embryos 
fauecl to develop as expected, resulting in low science rehlm. During Mir L , 
only one elllbl)'o developed to an appropriate age, J.nd prelimi llary assessment 
indicated that most embryos did not survive past 4-.5 davs of incubation . 
DUling Mir 19, 10 embryos developed pa~t 7 days and fOllr embryos developed 
to an appropriate age. Anal~lsis of the effects of microgra~t)' on isofonn expres
sion are still under way. 
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Incubator1-2 & 2-2 

Title of Study 
nt 

Science Di~dpline 
--~~------------------------------------------

Developmental biology 

Investigator 
an: \N. Com-ad 

Co-Investigator(s) 
I'\on 

Ground-Based Controls 
Asynchronous: 64 

Key Flight Hardware 

Institute 
Kansas State unive rsity 

Institllte 
-----------------------

Glo\·ebagIFilter-Pump/Fixa.tive Kits, Incubator (provided by IMBP) 

2!J6 

Objectives/HYjlothesis 
The objective of this expe li me nt was to c:etl 'n11in 
1IIh·,tS1.I1Jc tllnu devdopment of tile (;om ea in (juail. 

Approach or Methods 

if lII icroCfI<1\ity aflt>t:ts the 
/"l • 

This experiment was perfo rmed t·",ice: on(:(:' <.luring; \ lir 1,:; (returlJ ing on 

STS-7lJ <Lnll once during ~li r 19 (re tull1ing; rm 5T5-7-:1 ) F(' ltilized eggs were 

t:arried to the Mir spaCf' station aboard a Russian Progre~~ supply ve~eL alld 
placed in an h cubator supplieJ by the Insti tu te of BiomeOit-eJ Problem!'. 011 
days 7, 10, 14. and J7 (day 16 during Y(ir 19), pight eggs we re fixed and stored 
I~r re t u 111 to Er.ltn, 

Results 
During both I1JJ1S of the cxpeliment , iute l1lal incubator lempt .... ll1l1"e \\'::IS higher 

them nominal throughout the el\l)e liment, alJd mo~i o f the q uail embryos failed 
to develop ,IS e>qJected res lliting in low science retum . DUling M il" Jb, olJ ly Ollt' 

e mbl)'o developed to ill l appropriate age, and prcl iminaJ)" ussessment inwc:atL'd 
that most embryos did not surviVl! past 4-5 cia;.-:; of incubation. DlJling \ 'li r H-,I , 

10 embl)ros deve loped pa~t"l days and fOIll" PI I Ib l)'G.:; developed to an ;lPPrtl!) ';

ate nge . No viable result s we .. e obt:int.:cl. 
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pment in Lon~-Dllmtion Space Flight 

Investigator Institute 
Stephen B. Ooty Hospital for Special Smgery 

Co-Invest:gator(s) Instib.'te 
nne 

Research Subject(sl 

Ground-Based Controls 

Experiment Descriptions 

Incubator1-3 & 2-3 

Objectives/Hypothesis 
Tbe objecDye of this experiment was to study embryogenesis and ceUular differ
entiation of endochondral ancl intramembranous bone fonnaUon. as affected by 
long-teml space night. 

Approach or Methods 
This experiment was perfo rmed twice: once during Mir 18 ( returnin~ on 
STS-71) ,md once during Mir 19 Iretul1ling on STS-74 ). Fertilized eggs were 
cm-ned to thc Mir space station aboard a Russian Progress supply yessel and 
placed in an incubator supplied by the Institute of Biomedical Problems. On 
days 7. 10. 14. and 17 (clay 16 during \ lir L9). eight eggs W'ere fixed and stored 
fo r return to Earth. 

Results 
During bot h mns of the e:>'1X' lilllent. inl-:!mnl incubator tl'lIlperature ' .... ll5 hibher 
than nominal throughout Il le e"tlf'riment. and most of the q1lail emblYos failt,d 
10 cle"clop as e.':pe(·tecl , resulli ng in low science return. Dming :-"Ii r l~, only on 
embryo clf" 'eloped to an appropliate age. and prelim inmy assessmeut indicated 
Lllal Illost e:nbryos did 1101 survive past 4-5 clays uf incubation. During \ lir L . 
10 emblYos de\'e loped past 7 days and four embryos cle"eloped to all appropri
ale age. 1\0 dable results wcre obtained. 
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Incubator1-4 & 2-4 

Title of Study 
EfTeM uf ~fjc;roIT.}\;t" on Affere nt llu1ervatioll 

Investigator 
r D. Fennin Tulane Uruve rsity 5ehool of ~kcliein 

Co-Investigator(s) Institute 
:'-lon 

.Research Subject(s) 

~I al 

Key Flight Hardware 
Glm'ebagIFilter-PumplF'illti\'e Ki ts, Incubator (provided by L~IBP ) 

Z!J8 

Q 

Objectives/Hypothesis 
The objecli\'es of thi~ e\1x'riment \\'t:: r~ to delt: nll ine the' (' I1'('(:t5 of llIi<:mgrm l ly 

n connecti\ it)" uf 'lfft! l\ It lJ('UfUlh alld inllf' r ('nr Iidir l,dl, ,UlJ \ estihul.lf Ilutll 'i 

ncurons. mlcl chamcte lizt- Ch cUlgl!S in innervation pattem!> or illn~r em' .IAt.' rent 

and efferent neurons. 

Approach or Methods 
Thjs expe rimen t WilS pe rfon lied twice: o nce tilltillg ~ 1 ir 11) \ relumin~ Oil 

5TS-11) and O11C:e chlling ~ I ir I!:J l rdurnin~ 0 11 STS-7 .. !), Fe rtilized eggs \\'l"ll.' 

canied to lite t..,lir space station aboard a HIISShll1 Progress sllpply \·l!!>..~d .UlJ 

plac.'Cd in an in<:u bdtor supplie, I b~' the Imti tll te lor BiOIlll'u iciU Problems. Oil 

d<l)'S I . 10. 14, and ! 7 (cby ]6 dlllillg ~l ir 19). pig " t eg~s wert' n\pd :uld <;torpd 

for rchlm to Eart ll. The GnUlching pattcm .mel 1l10rpb()lo~' at the aIK' rL'n t ter
miJlals in OIlP car \'iUS analyzed under Ij ~ht .mrll'll'ctron microscopy'. Tht' brain
stell1 :md opposite ear were st'ctioned alld olllal,\7.t,u imm lUlo itistcx:hemiC".u ly lor 
neumflbme nt (NFl contf'nlt itL' S100/3 protein, alld s)'n the<;jl.jr l~ .md degrading 
en~l11(,s [or the ne urotransmitters ga ll llllu-mnino-butyrie add ( C~\ B:\ 1. mlu 

i\cet}'lchoLine (ACh J. The br'olJ\d ung pal1e rJ)s of ".fTe rc::ts in~idt' lhl' e pitllPLi'1 \\; 11 
be obs(' IYc:~l with :'-IF' staining. Changes in GAB,\ anti Ae h staining "ill S1 1~g~'st 

<:han~f's i:l the arrPrent .- , (' Ifl.'fl.' nl ~,\ ·~IL'IlI . respet'liveh . Tlw utride .. IJll-nti 
c .. 1.I1al an lpulla l CLC ) w ...... lis~('(-tl'd and obServed \\i tll e1L'Ctron I\lierosoopy in 

order to l'mlua:e ~Tl dpli(' densily 

Results 
DlIrin~ botl, runs of the expt:'li ment . inte l11a.l i llcubutor tC'llIpl?mtlJIT' was hi~hl' r 

than nomjnal lhrou~hou t the eXpel;llIent, and most of U)(' quail embryo .. raul'll 
to develop as expC'<.'ted. resulti:~g in 10\1,' ~ciell(-e return. During t\ lir l h. only 0 111' 

mbl;o de\'eloped tu tU1 appropriatC' age, ,md prC'liln imu)' te;Scssment inclicHi..o 

that rnost emblYos d id not m rvi\'e [>.lSt -h5 d'l),S of incubntioll. DUl"ing ~I ir H .. 
10 embryos developed past 7 days <me' four cmb l:'OS dC'velopN.1 10 i Ul appropn
ate age. After shnrin~ \'iable spt.'cimens \\;Ih Ot.l1f'T researchers. lhis expel;ment 

received an i)" thre .... r"" 'i,ill),-inIHC't flighl specim ens, pre\"enting statistiC".llly ~ig
ni.fit:ant analysis. Ilo\\'.:"-:r. analysis of grou nd t'Ol1trol t.'l11bf) o~ \\1lS c;ondudeu, 

providing nOITnati" c data for ["utll re ni£ht e_\p.~riments. 
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Title of Study 

Science Discipline 
Developmental biology 

Investigator Institute 
Semel F'ritzsd I 'reighton University 

Co-Investigatorlsl Institute 
B ruce, Laura Creighton University 

Research Subjectlsl 
COllI mix cotllm ix (Jap,u1(>se qllail) c)!.gs 

Flight: 5.5 ~\I\alelFerll ,J( , 

Ground-Based Controls 
AS\11chronou~ : 64 

Experiment Descriptions 

Incubator1-5 & 2-5 

Objectives/Hypothesis 
. rhe objective of this expe ri n len~ \\las to c1e tennine efTects of microgravity on tll 
dc\'(~ lopment of connections be twee n the gnlvistatic receptors and the brain
stem in q ll all raised in microgravily. The long range impOltancc of this research 
is to find out whethe r or not there is a critical ph~L~e cluJing development of the 
vestiblll ,Lr ~:"s tem in which apprupliate stimllH are needed to nne tune synapto
genesis. Tllcs(~ data wi ll be crucial for filtu re long range space (·xplorations tlwt 
l't'f juirc 1l'1ulti-gp,neratiol'l flights. 

Approach or Methods 
This expeliment \\las pe rformed twice: once during Mir l8 (returning on 
STS-71 ) ,mel once durillg ~llir 19 (retun-ling on STS-74). Feltilized eggs were 
cartied to the M ir space station aboa rd a Russian Progress supply vessel and 
placpd in an incubator supplied lJy the Institute of 13iOlliedical Problctns. On 
days / , 10, 14, and J7 (day 16 during Mir 19), e ight eggs were fixed and ~tored 
{clr return to Earth . 

Results 
During both I1lJlS of the c>.,)(~rimellt , intemal incubator temperature was higher 
thall nominal tJ)rougholit the cxpCliment, and most or tJle quail e111bryos failed 
to develop . IS expected , resulting in low seie ncc relum. During \tlir 18, only on 
emblYo clf'vcloped to (ul appropriate age, and prelimin,uy assessment indicated 
that most c lnblYos did not sun;ve ptl~t 4-.') days of incubation. During Mir 19. 
10 embryos developed past 7 days and fOllr embryos developed 10 an appropri
,lte <lgC. No viable reslllts were ohtained. 
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Incubator1-6 & 2-6 

Title of Study 
I 1 ypogravity's E(1c('t on tlte Life Cycle nfj"l'anl!st' Quai l 

liol°t-'Y 

Investigator 
Patrici;1 Y. r lester 

Co-Investigator(s) 
.\' on 

(lilt mix cutu rn ix 

Flillht: 32 

Ground-Based Controls 

Institute 
Pnruue University 

Institute 

----------------------------------------------Asvnchro: p ' . ~ : 64 

Key Flight Hardware 
lovcb,lglFilter-Pu111p/FLxulive Kits, Tnculx,tor ( p)'()\~rled by 1M I3P) 

300 

Objectives/Hypothesis 
Tbe objective of this c:xpelinl<'nt was lu cletenlli lle if qllail emblYos e:"l)osl·d to 
l11icl'ogrU\~t)' lise mine rals li'oln the f:gg ~h ell ill the ~al1le manner as embryos 
n Eartb . 

Approach or Methods 
Tlli s experiment was pe rform ed twice: once chlri Jlg ?vlir 18 (returni ng on 
S'1'5-71 ) <Uld once dnring Mil' i9 ( l'etlll11in~ nn STS-74). Fertilizeo eggs were 
curlied to the Mil' space station abo.u·o a HlIssian Progress supply vessel and 
placE"d in an inclIuator suprlied by the I nsti tll tc of Bioi llcdkal Problems. On 
days 7. 10, 14, and 17 (day l6 during Ylir j 9) , f'ight eggs were f1xcu and stored 
for l'etlll11 to Earl:l I . 

Results 
buring both runs or the e:\l)c Illll C! nt. inte l'llal incubator tf' lnpcmturc was higl,e r 
II "tll nonlinal thrnllghout Ihe expC'riment. and 1110s1 of the quai l emulYos failed 
Lo develop as cxpecleu, J'f>sulting ill iow sciC'nr:c retllrn . DUling Mil' 18. only one 
PlllblYo c1evc!ojJp,d lo an appropriate' <Ige, <D Id preJi lll i l1<uy assessmenl indicated 
that Illo!'t r' lIlbiYOS did not .~ lllvive past 4-.5 tla~ 's of' incubatioll . Dilling ~I i r 19, 
10 c JllbJ'~.'os developed ra.~t 7 days anu fOllr f!llI hryos dc\do[>cd to <In appropn
atf' a~e. ~o \~able resu lts wert' obtained. 
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Title of Study 
:hian Blood Vr)ssc-I Formation in Spac 

Science Discipline 
De\'elupi nental uiol(Jgv 

Investigator Institute 
Peter J. Lelkcs L' lli\"C'l"si ty or-Wisconsin Meclicltl School 

Co-Investigator(s) Institute 
NOlie 

Research Subject(s) 
CO/I/nlix ('otl/nlix (japaliC'se quail) f'e;.gs 
Flight: 32 '\1 alelFpll1ale 

Ground-Based Controls 
AS}11(:hrunou ~: '18. "lval;lIIlI: 41:i 

Key Flight Hardware 

Experiment Descriptions 

Incubator1-7 & 2-7 

pment 

Approach or Methods 
This L!Xpc:ri IlIPnt \\Ins p(: rformcd twic(': O Il C(' during Mil" ttl (returning on 
STS·it) lind onc:c during Mil' lH (rt' tlll11 ing on 5TS-74 ). 17ertilized eggs wert: 
:nnit"ci to the Mi r space statioll abO:II'cl a nUSSi HII Progress supply vL!ssel and 
plact>d in an incuhntor supplied by lit e- J li st ihJtc' or Biollledi<:.~ Pr~)bl('ms . On 
clays 7, 10, 14, anell7 (dny 16 dllling Mir HI), rigllt eg~s wt:rc fLxed lllld stored 
f()r rt'tllll1 to Eilrth . Post'lligilt , vivarium , aSYllchronous, and night· eg.!!;sit f' lIs wcrt" 
()p(~nctl lon~i tl1djna"y. und tite CAM was cnrefnlly r('ll1ovL!d. The CA~r was 
then lI 11aIY7.ccl l1 ncier :llltotlourescent hri~ll t Ught nllC'rosL'opV to evaluatt:' micrial 
blood ves~c1 dcnsitv Hnd diameter. 

Results 
During bot It n;ns or till! l'Xperi ll1cnt, illternal incuhator tCII1perature \Va~ higher 
tilall nonlillal thrtlughout the experinlC'nt, allcl most of tl\(' (Iuail emhryos I~tilcd 

to dpvelu[l ;:L~ l' xpc:cted, l'4 !slIl ting in low S<:i<!IlC'Cl rdum. DlIling Mil' l~ , only on 
nlbr)'o developed to a ll approplinh.: age, a lld prclill1ina,), asscssment indicated 

t!lat most eml"yos did not sUr\~ve r'L~t 4-.5 days of inclIhntion. Durillg Mil' HI. 
10 emblYos developed past i days ancl four pmbl)'os cJcvc!opcd to an appropri
ate age. Statistica ll y Significant an alYS is or flight allimals was impOSSible . 
lI owcver, cO lllparat ivc.> analYSis bctwc(' Tl vivmiulIl c:ontrt>1 and simulatecl 
grollnd-based groups were viable. BlnocJ vessel dellsity was sigllincanUy lower ill 
simulated subjrcts wl lCn cl>IlIparcd to tile vivarium subjects. Onl) small vcssel 
density wus afleeted, sllggesting tllat the forces imposl·d un tile simu!Mf'd group 
affected non rial cillgiogf>nesis. 
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Incubator1-8 & 2-8 

Title of Study 
EfTecl"s of Weight less ness on Avi<m VisLio-Veslibllhu· Syste m: 
Immunohistoclwmical . \nalysis 

Science Discipline 
Developmental biology 

Investigator Institute 
Toru Shimizu Unive rsity of South Florida 

Co-I nvesti g ato r(s) Institute 
~one 

Rei>~3rch SUbject(s) 
oi1lmix co/ rl111 ix (Japanese quail ) eggs 

FLight: 32 Male/F emale 

Ground-Based Controls 
Asvnc.h ronous: 64 

Kev Flight Hardware 
Clovebm!lFilter-PUll1plFixative Kits, J ncubator (provided by IM 131') 

302 

a. 

Objectives/Hypothesis 
Tlw objective of this expellll1ent w,c; to investigate the fundamental efft'cts of 
gravity deplivation on the vlsuo-vestibuku· s~lstel11 in birds by mea.\uring clist lib
IInon of neurodJemicais in quail raised in microgravity. 

Approach or Methods 
----------~--~----------~---------------------This expe rimen t was pe rformed twice: once dUling :'vlir 18 (re turn ing 011 

STS-71) and once dUling Mir 19 (retuming un STS-74l. Fertilized eggs were 
canied to the Mir space station aboard a Russian Progre.ss supply vessel ~Uld 
placed ill an incubator supplied by the institute of Biomedical Problems. On 
days 7, 10, 14, and 17 (day 16 during Mir 19), eight eggs were flxeu and stored 
for re turn to Ewth . 

Results 
Dwing both nlnS of the expeliment, internal incubator temperature was higher 
tlnUl nominal throughout lhc €x-pcriment, and most of tile quail embryos failed 
to develop as ex-pccted, resulting in low· science return . During YI ir 18, only one 
t! llIbl)"O developed to tUl appropliale age, and preiilllinm} assessment indicated 
that l110s t embryos did not· survive past 4-5 days or incubation. D J ring Mir 19, 
10 cml-)]yos develnped pa.~ t 7 days and fClUr cmblYos developed to an appropri
ate age. I\o viable results were obtained. 
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Title of Study 
F ecundi ty of Quail in Spaeelab M icrogravi tv 

Science Discipline 
D evelopment,J biology 

Investigator Institute 
Bem ard C. 'Welltworth U nive rsiLy of Wiseonsin, ~laclison 

Co-Investigator(s) Institute 
\ \'entwOIth , Alice L. Cnive rsity ofVI"iseonsin, Mad ison 

Research Subject(s) 
Col ll'n lix co/urtl ix (Jap<mese quail) eggs 
Flight: 32 Male/Female 

Ground-Based Controls 
Asynchronous: 64 

Key Flight Hardware 
GlovebagfFilte r-PIUllp/Fixative Kits, ) ncubator (provided by IMBP) 

Experiment Descriptions 

.... ---...... Incubator1 R 9 & 2-9 

Objectives/Hypothesis 
The objective of this e>:peJiment was to assess the e llects of microgravily on 
ammge ment, normal development, and primordial germ cell (PCC) migmtion 
in the gonads ofJapanese quail e rnb,yos. and to detelmine the effects of rnicro
gravity on nUI111al respiratOl)1 functio n, 

Approach or Methods 
This expe rime nt was p e rformed twice: o nce during Mir 18 (re tu rning on 
STS-71) and once dm;ng Mir 19 (retuming on STS-74), F eJti lized eggs we re 
card ed 10 the Mil' space station aboard a Hussian Progress supply vessel and 
placec.l in an incubator suppliell by the institute of Bio medical Proble ms. O n 
days 7, JO, 14, ;lI1d 17 (day l6 oUli ng ~iJ 19), e ight eggs we re fixed and stored 
ror retum to Earth. 

Results 
Duri ng botb nlll~ of the expe ri:11ent, intemal incubator tempe rah.lre was higher 
than nomin ~J throughout the expe riment, and most of the q uail embryos fai led 
to develop ,L~ expected, resu lting in low scie nce re hml. During Mil' 18. only one 

embryo developed to an appropliate age, and preUminruy assessment inclicated 
that most e mblYos did not sllrvive past 4-5 clays of incubation. During Mi r 19, 
10 e mbryos developed p<l~t 7 days and four e mbryos developed to an appropri 
ate age. No viable results we re obtained . 
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NIH.C1-1 

Title of Study 
TI le E:lfects of H)'pogravity 011 Osteoblast D iffe rentiation 

Science Discipline 
Bone and calcium physiology 

Investigator 
Huth Globus 1'\ ASA Ames Hescarch Center 

Co-Investigator(s) Institute 
Doty, Stephen Hospital for Special SurgC1Y 

Research Subject(s) 
Rattus noroegicus (rat) cultured ceUs 
F light cartridges: 4 

Ground-Based Controls 
Synchronous 

Key Flight Hardware 
Space Tissue Loss-A Module 
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Objectives/Hypothesis 
""eightLeming is e~scntial for normal skeletal function . \Ni thout weightbealing, 
the rate of bone formation by osteoblasts deereases in the growing rat. The fu n
damental question of whether the defects in osteoblast fu nction due to weight
lessness are mediated by 10c,Jized skele tal un loading, or by systemic phYSiologic 
adaptation such as fluid shifts, has not been ,mswered . This study proposes to 
exami ne whether eXl)osure of cultured rat osteoblasts to space n.ight inhibits cel
lular diffe rentiation and impairs mineralization when isolated from tbe influence 
of both systemic bctors and other skeletal cells. 

Approach or Methods 
Osteoblasts were punned by collagenase digestion, plaled on microcanie r beads 
in pebi cLshes, then loaded after .5 days into polypropylene fiber cmtlidges. 
Ce ll s were maintained ~or 2 days on continuous flow CellCo Cnits, thell trans
fe rred to the STL hardware and maintained on the unit for 4 days plior to 
laullch . The llight duration was .11 days. Within 4 hours after landing, llight cm·

tridges were recovered. Diffe ren tiation waS assessed by histological ,malysis with 
light and electTOn microscopy and by tlle measurement steady-state e.\1)ression 
of lllRNA genes (alkaline phosphata~e. osteopontin , and osteoc<Jcin) thaI lTl,u·k 
progressive osteoblast diHeren tiation. I n order to ll1easu re metabolism of the 
cull ures, glucose and lactate concentratiolls wpre me'lsw·ed 8 hours berore the 
flight, dUIi.ng the time lhe cmtJidgcs were in tl1e STL-A InochJe. and after tl1e 
c,u·lJidges were recovered. 

Results 
AmJysis under light microscopy revcaled that the fl.jght cultures had iewer cells 
per section but were othen·\~ se indistinguishable rrom the conb·ol cultures. In 
acldition, ultrastruchmtl amtlysis by e lectron I nicroscopy showed that osteoblasts 
exposed to space night posse~st:d less lYeU-organized rough endoplasmi(; re8CU
lum/Goigi apparatus thall ground controls. Tllese resu lts ind ica te tll at 
osteoblasts e.\posed to l1licrogravit:y ,u·e less diAerentiated thall C'Ontrol ce lls. 
Aftt:r the omission or a suspected defective sample from the statistical pool, glu
cose utilization ancllactate production was Significantly lower for flight cultures. 
These resul ts indicate that space flight may inltibit encrgy metaholislll and the 
prote in -sYllthetic activity of osteoblas ls. 
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Title of Study 
I nfluence of Space Flight on Bone Cell CulhJres 

Science Discipline 
Bone and calcium plwsiology 

Investigator 
William 1- Landis 

Co-Investigator(s) 
Gerstenfelcl, Lou;' C. 

TOllla, C)1il D, 

Research Subject(s) 
Galllls gallus (chiC'ken) cultured cells 
fligllt c,utlielges: R (2 cli fferenl cultures) 

Ground-Based Controls 

Harvard Medical School anel 
Ch.ildren 's Hospital 

Institute 
Harvard Medical School and 
Children's Hospit~J 

Cniversilv or Vienna Mechcal School 

Ba,d c<\Itricl~es : 4 (tenninalecl at l<lundl ), Synchrollo!ls caltJidges: 8 

Key Flight Hardware 
Spac'f' Tissue Loss-A Module 

Experiment Descriptions 

NIH.C1-2 

Objectives/Hypothesis 
The pllrpose or this expeliment was to determine whether osteoblast Ct lis 
would respond to the shift from normal gravity to microgravity, Specific atten
tion W,lS given to the effects of' l11 icrogravit)' on the mctabolic state of the cells, 
their molecular biological natlLl'e, biochemical characterislics, and Sb1Jctural 
reatures, The hypodlesis tested is that the vertebrate skeletal system undergoes 
adaptive changes in response to microgravity, ,mel such changes will be appar
ent in measurements or cell ular (HNA, proteins, and cytoskeletal elements) 
antI extracellul.nr constituents (collage n, mine ral ), Obselv,ltions of the:;e 
responses may provide insight as to how bones and the skeleton in general 
respond to microgravity, 

Approach or Methods 
Cells from 14-01' 17-uay-old el1lblyonic chick calvouiae were grown in DME + 

10% FBS; ali l[llots (-7x106) were mixed wit·h 12.'') mg Cytoclex microcaniers 
and inoclI lated ill hollow fIbcr cartridges of al1ifidal capi ll ary culture units 
(Ceilt:O, Inc.), Cartlidge media were supplemented with 12,,5 mglml <l~l'Orbate 

and 10 111M b-glyc:crophosphate before and during Oight, Four c<lI1"ridges (:on
t<lining cdls committed to the osteoblast lineage \':) clays of' ascorbate plior tu 
launch) and four with uncommitted cells ( LO clays ascorbate) were {lown; the 
< ,l!1~e number of' c,lItlidges widl tile saple kinds of cells wl"'re used a.~ ground 
controls, Basal ccutriclges containing either committed or uncommitted cells 
were terminateu at launch, 

Results 
A possible over<lll 1/:3 to 112 reduction in total RNA was observed in flight C.'0111-

pareel to synchronous-control cell groups, Decreased gene expression infljght 
compared t·o controls was obselVed for collagen and osteocalcin, Glucose and 
lactate measures were statistically simi lar among these cell grollPS, Elec'tron 
microscopy showed nlatJix development for both committed and uncommitted 
cell flight groups but less than that of' respective controls, Uncommitted eelJ 
groups produced greater lIlatrLx than cOJnllliUed cells, and all these groups 
contained secreted cullagen flb li ls, Tn summary, the cells continued to be 
mctaboUt.:alIy Hel"ive, but tllcy e1aboratecl a less extensive extracellular matrix 
durillg space flight. Tile results suggest that microgravity exerts clemonstrdbl 
effects on bone cells. 
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I\UH.C1-3 

Title of Study 
Moleculm' and Cellular AmJysis of Space-FloWll Mvoblasts 

Science Discipline 
M usde physiology 

Investigator 
David A. Kulesh 

Co-Investigator(s) 
l\on 

Research SUbject(s) 
Rattus 11Ofvegic/ls (rat) 1.8 cell line 
Flight crutridges: 6 

Ground-Based Controls 
S),ndlfonous cultures: 6 

Key Flight Hardware 
Space Tissue Loss-A .\1odl.Je 
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Institute 
Anned Forces Institute of Pathology 

Institute 

Objectives/Hypothesis 
.\1yohhL~t cells have been widely e mployed in cOJlventional studies or hiological 
processes because charactelistic:s of intact muscle Ciln he readil)' observed in 
tlwse cultured ce lls. The pUl]Jose of this experiment was to investigate the 
effects of space flight on l11uscie by utilizing a well-characterized myobla~i c.-ell 
line cultnrecl in tile Space Tissue Loss night module. ~lorc specific.illy, this 
stlldy aims to: 1) ueterrnine the role of microgravity in regulating the prolifera
tion alld difle rentiation of various skelet,J muscle myoblast cell lines; 2) deter
mine whether pheotypic changes are tJle direct result of microgravity-modulat
ed gene e:>..pression. 

Approach or Methods 
Cultures of L8 myoblast cells were monitored a.nd prepared for loading into 
grollnd cvutrol and flight cmtridges . During flight, celJs we re monitored for 
growth, contamination, and filsing. After landing, some cells were frozen and 
some platecl in dishes for transpOlt to the investigator's lab. 

Results 
Flight cltltures, UpOIl re<.:o,·ery, we re found to have a low level fungal contami
nation. The flight cultures were not viabl~ . 
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Title of Study 
The Effects of lVlicrogravity on In Vill-o Ca1citlcation 

Science Discipline 
Bone and C'alciulll physiology 

Investigator Institute 
Adele L. Boskey Hospital for Special Surgery 

Co-Investigator(s) Institute 
Doty. Stephen B. Hospital for Special Surgery 

Research Subject(s) 

Ground-Based Controls 
S)-llchrunolls 

Key Flight Hardware 
Space Tissue Loss-A (STL-A) Module 

Experiment Descriptions 

NIH.C2-1 

Objectives!Hypothesis 
Earlier observations of animals flown in microgravity have produced conflictin 
infonnatiol1 about the nahlre and amount of the mineral fonned in bone during 
flight in microgravity. One cause (or these differences was that much of the 
mineral had been formed on Earth, and the re was no way of knowing how 
Illllch new lllinenJ formed in microgravity. Since clystals fonned in v itro i.n 
Illicrogravity are generally larger and more perfect than those fanned under 
similar conditions all Earth, it was hypothesized that the initial mineral crystals 
(onned under physiologic control in microgravity would also be larger. The pur
pos:, of this experiment was to evaluate tire initial mineral formed in flight and 
compare it to mineral fOlllled in grollnd-Lased controls. Since biologic mineral
ization is mediated both by the cells alld the extmceUular matrix, the second 
gmJ was to evaluate the effects of microgravity on the cells ,Uld matrix formed in 
this culture system. 

Approach or Methods 
c.ut:ilage cells were grown as microllla~s cultures and flown (or 11 days; total 
ti me in culture was ]6 or L 9 clays. AU cells v. ere fixed in 2% parafonnaldehyde 
plus 0.5% glutaraldehyde in 0.0.5M caccr\::la te burrer, pH 7.4 for e lectron 
microscopy, histochemistry and imrnunoc),tochemisny. 

Results 
)iot yet available . 
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N/H.C2-2 

Title of Study 
The Effect or Space Travel on Skeletal Myofibe rs 

Science Discipline 
M usde physiology 

Investigator 
Henmm H. Vande nburgh 

Co·lnvestigator(s) 
None 

Research Subject(s) 

Institute 
Miriam HospilallI3mwn University 
School or Medicine 

Institute 

Gallus gallus (chicken) skeletalll1uscle om:anoids 
Flight caruidges: 4 

Ground-Based Controls 
Synchronous 

Kev Flight Hardware 
Space Tissue Loss-A Module 
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Objectives/Hypothesis 
Previous studies indicate that muselt: atrophy in spac-e (",111 result from a \Vide 
vmiety of local anel systemic ractors . Studies ~\t the molecular lev!:'l uti lizing tis
sue cultures have sho .... m a widt: v~u-ie t)' or interactions between muscle tension 
and exogenous growth factors. However, tissue culture studies have the disad
van tage that tht: skelet,J fibers used ,u'e neonatal in morphology .md isofurrn 
eXTJression. Utilizing tissue engi neering tedUliques, bioarli6cial muscle (BANI) 
tissues we re form ed to simulate the adult Ill ),ofiber. This eY'- 'lime nt will 
attempt to detennine whether spac.e flight induces chunage andt, ah'ophv in 
these engineered m),ofibers. 

Approach or Methods 
Bioartificial muscles (BAMs) we re engineered frolll embl),onic avian mllscI 
cells. Samples were collected dwing night. Postflight , glucose metabolism ,md 
lactate production were nssayeu. Cultures we re .Jso analyzed ror total noncol
lagenous protein content .U1d total D:\lA content. Fibronectin and my-oshl heavy 
chain (M I-IC) content we re analyzed \vi th gel electTophoresis. Protein tu mover 
rates were assessed by [3H lphenylal,mine incoq)ol<ltion and [l.JC]phenylaJanine 
release from pre-labeled prote ins. Morphomet ric measurements were also 
maue of the cell culhu es. Cells stained \-vith hematm.-ylin and eoisin or through 
imrnunolabe ling of tropomyosin wp-re used. to measure meW1 myofibe r diam
eter, length , .Uld surface area. 

Results 
Flight culture and grounu cultmes had inwsccl11.ible differences in total c.-ollage
IlOUS protein and DNA content. Flight BAMs and conb'ol BAMs exhibited simi
hu' rates or cellular metabolism that incr&:\Sed linem'ly throughout the flight. As 

assessed \vith [l4Clphell)'lahmine, the rate of total IIlUsclt ' degradation \V,\S not 
signitlcant-ly diffe rent for the two groups. However, protein synlhesis rates were 
decree \Sed (79%) ill flight BANIs on day 9. After retu m to Emth. protein synthe
sis rates in the flight BAMs rapidl), elevated to ground conh-ollevels. MHC lev
els incre<L~ed 42% in ' ~round control over the (-curse o f" the e'\lX'rill1ent while 
yll-lC levels in flight HAMs only increased 21 %. In contmst, 6bronec:l"in levels 
decreased by sirnilar amounts in both ground and !light cultures over the (;Ourse 
of the expelimenl. Meall myoflbe r size was Significantly (10%) decreased ill 
flight BAMs when w lI1pareci to grullnu controls. 
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Title of Study 
The Effects of II}vo~~r<1\ity on Osteoblast Differentiation 

Science Discipline 
Bone cmd calcium physiology 

Investigator Institute 
Rllth Globus :'I!ASA Ames Research Center 

Co-Investigator(s) Institute 
Doly, Stephen Hospital for Special SurgelY 

'liitu: eJ c.-e lis 

Ground-Based Controls 
S'11chronous 

Key Flight Hardware 
Spac'(' Tissue Loss-A YlodulE' 

Experiment Descriptions 

NIH.C3-1 

Objectives/Hypothesis 
Weightbearing is E'ssential fo r nOllllal skele lal function, Without weight bearing, 
the ratE' of bone formation by osteoblrlsts decreases in tbe growing rat. The fun
damental question of whether the defect~ in osteoblast function due to weight
lessness are mediated by localized skele tal unloading or by systemic physiologiC 
adaptation, such as fl u.id shiFts, has not beee ~U1swered, This study proposes to 
examine whether e.\posure of cultured rat osteoblasts to space flight inhibits ~:el
lular (~fferentiation and impairs mineralization when isolated from the influence 
of both systemic factors and 0ther skeletal cells. 

Approach or Methods 
Stock cultures of osteobl ast~ were plated onto tissue culture dishes. CeUs were 
plated onto beads, then loaded into caltJidges and maintained in CellCo units as 
ill NIH.C l. Recovery of lhe samples afte r landing revealed obvious signs ofbac
leJial con l'amination in Iwo out or four flight cmtriclges and one out of four 
ground-control C'altlidges. L,lte. r. ligorolls mel~a sterihly tests conducted in th 
(Jlincipal il1\'estigator's laboratol), showed that all of the spent mecUa samples 
col\eded both before and after transrer of the cartlidges into the flight h<ll·dwan 
were harboling contaminalion at the end of lhe flight peJiod. 

Results 
Control and flight culhlres on i\IH .C3 acquired a bacterial contamination in the 
course of the e.\p:.'liment. Analysis of spent media S<ill1ples revealed that t1,e cul
tures ac.-q uired contaminaLion at the Lime of h,ulsfer from ground-based CeUeo 
unit~ to the Space Ti$sLle Loss-A hardwclre. In generaL light and electron 
microscopy did not show all)' Significant cli.lTerences in cell morphology between 
Llight and grouncl-c.-ontrol groups ancllittle evidenre of collagen accumulation in 
either flight or growld conlTol cultures. Northem analysis revealed that the (-eUs 
expressed Significant levels of mRNA for osteopontin as well as osteoealcin, 
which is a later marker of osteoblast cUfferentiation. Thus the cells appeared to 
dilTerential'e to a ~mited extent in the course of the expeJiment despile the (-on
tamination. Significant diHe rences were not obselved in the amounts of glucose 
COllsumed and lactate produced between flighl and ground-c.-ontrol samples al 
the end of the flight period. However. given the problem of contamination. data 
acquired from this flight are not informative ::Illd conclusions about the effects of 
spaCF flight C<ll1l1ot be drawn. 
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NIH.C3-2 

TItle of Study 
1 he Effects of Microg ravity on Bon 

Science Discipline 
Bone imd calciwll p hysiology 

Investigator 
William J. Lmdis 

Co-Investigatorts) 
Ger.;te nfeld, Louis C. 

Research Subject(s) 
Callus gallus (chicke n) cultured cells 
Flil!ht cartridges: 4 ( I type of culture) 

/;!'ound-Based Controls 

Institute 
Harvard Yledi<:al School and 
Children's Hospital 

Institute 
HaJvard Medical School and 
Chilcken's Hospital 

Basal cartrich!es: 2 (terminated allaunch), Syncluunous cartridges: 4 

Key Flight Hardware 
Space Tiss!Je Loss-A Ylodule 
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Objectives/Hypothesis 
This e:\p~li1llen t \\",IS n continuation of the stuJies 11f'b'lIJI on the l'\ lI1.C 1 tligh l, 

to examine the possible effects of ~paee flight and micrognwity on a numher of 
aspects of" osteobla~i cell growth <UKl gene expression. Par.lmeter.; to be .1ss('<;sed 
include glu(."Ose .md lnctate content as a measure 01 (-ell metabolism; wllagen 

expreS1.ion. 'l(.;c lImulalion. (md extraceUulm' matrix assembly; pr(' :cnl.'t:' of non
L"OUagenous proteins, including ~ieolx>ntin . bone ~ ialoprolein, osteocalcin, and 
others; ,md a definition o f spatial ,md tf'mpo ral cvents o f" mineralization. The 
studies will examint' the hypothesis that unloading bone (-ells in space fu!!ht will 
result in alte red bone matri;, product jon and minerallo nllation. 

Approach or Methods 
Ce lls we re obtained fro m li-day-o lu em bl) /onic chick calva ria, grown in 

Dulbecco 's modified E agle medium supplemented \\ith lOCk FBS and ulti
mate ly inoculated into hoUow Aber cartridges o f artificial capilh:.ry culture units 
,CeUw, Inc.). U nW,e the protoc.-oI for NTH.C l , the cartJidges were seeded wi t.1-; 

lis in the absence of microcarrie r beads. After the 8-da~ flight. cells we re 
re n loved from the cartridges and analyzed, along wi th thE' synd1rono us controls. 
Basal emtIidge c.-eUs, terminated at launch, we re identic.illy studied. 

Results 
Measure me nts of the me tabolic st a te of the flight , basal , and control cells 
showed that glucose wa.~ consumed completely anu to thE' same lfIeasurabl 
extent by all three groups of cells. D iffe rences betwcen metabolism of basal 
cells and that of either flight or ("Ontrol c-ells wcre in terpreted as a possible e ffect 
induced by the feeding regime in the STL-A unit. Ostcopontin, bone sialopro
tein , and osteocalcin appeared with red uced immuno reactivity inllight com
pared to c-ontrol and basal ceUs. These resul ts wcre consistent wi th the work 

from :"J l j-l.Cl showing clown- regula tio n of collage n and osteocalcin gent' 
expression during spac.-e flight. Adaptation of cultured bonr cells during space 
flight is medi"ted in p.ut by changes in non-<."Ollageno Lis pmtcins in addition to 
alterations in w l.lagen. 
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Title of Study 
'\lolcculllr anI: Cellular Amll\"sis of Spa('(>-Flo\\11 '\'lyoblaSf:<; 

1m'," . .,. 

Investigator Institute 
D;J\id A. Knlesh Allllcd Forces institute of Pathology 

Co ·Investigator(sl 
)ione 

Research Subject(sl 
HI lI/liS l1on:"~;(1lS (ral) U3 cell lin 
Flight cell cartridges: 1) 

Ground-Based Controls 
S\11ehmnOllS eell cmtrid~es: ,c., 

Key Flight Hardware 
Spael.' Tissue Loss-A Mooul t' 

Experiment Descriptions 

Institute 

NIH.C3-3 

Objectives/Hypothesis 
hiU"actelistics of intact muscle can be read.ily obsen ·ed in C1:!' l:red myoblasts. 

The purpose of th.is e:-.pe li1l1ent was to investigate the e ffect ' 1' 1- ,.pace flight on 
muscle, specillcally to: 1) uctemline the role of micrognl\it)' in regulating the 
proliferation and differentiation of \lmi ous skeletal muscle myoblast cell lines; 2 
cietenninc whether phenotypic changes are the direct result of microgravity
lllooulc1tecl gene e."\pression. 

Approach or Methods 
Ground and njgb t media bags were prepared without added glOwth raetors. and 
once ther were detennint:d to be S'llisfactol), (without c.:ontarnination 1. addition
al growth c:omponents (L-glutarn ine. chick e mbl),o c:-.trJct, and antibiotics) WCfe 
added. Postflight. C:lIltu res were labeled in orJe r ' evaluate ceU p roH[eration 
and diffe rentiation. Thc cultures were analyzed on Jays l, 2. 4. 6. and 8 for sar
comelic myosin , a and B acti n. desl11in . .. i mentin, ,mel ti tin imm1lnofluorescent 
an tibody stainiug pattpm s. Thf' expression or genes related to Ill),ogencsis 
(Myo D. MRF4, m)·{~5 , myogenin. and 10) were anal:7.ed with \"olthem blot
ti n~ and h~'blidizatil)n ~U1al.\'s i ~. 

Results 
Cell t1udei labeHng revealed that wltile l11 icrogravity does J ecrea::e the ability of 
myoblast cells to diffe rentiate into myofibrils, it dres not seem to affect their 
natu ral ability to cease proliferation when cultured to connllenc), in citru. Bolh 
sarm meJic lI1yosin and (l-sm·t:omeric actin are 'lcmdy expressed after L8 cells 
fi.,se to form myotubes. Li ttle of eithe l· protein is spen prior to fusion. Space
fl own cells, howe\·er. fll~(' to a much lesser extent than do ground-based cu1-
tt.lres. B-actin has ,U) opposite expression schedule. E~pression is dramatically 
recll1c-ecl within 2 days after connuency. regardless of wl ,ether fusion ex."Curs. 
Therefore. it appears that wlule spac.-e rught signHlcantly df'creases the ahility of 
LS cells to fuse and differentiate into myotubes. the expression and assemb1r of 
sm·c'OlTIe lic myosin. (l-sarcolTlelic acti n. and B·-actin filaments remai n unchanged 
in conlrol cells and in dlOse rew space-flown cells that progress to the fusing 
stage. \>t ore inlportanlly. in lhose space-flown ce11s that do not lilsP, neither sar
cometic myosin nor a-sarcomeric actin filaments ill·e detected . 
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NIH.C4-1 

Title of Sludy 
O!>teoblast Aclhesi 

Science Discipline 
BOlle ,md calciulll physiology 

Investiliator 
RoLe,t J. ~lajesb 

,Co-Inve:.tigator(s) 
;\lone 

Research Sut. ject(s) 

Key Flight Hardware 
Space Tissue Loss-A t-. I()(llJe 

312 

Institute 
enter 

Institute 

Objectives/Hypothesis 
The purpose of this experillll·nt WilS to im e5tigak: II \\ heth!"r lIlicrl)~r.l\it: 
induc'('s c1lUng~s in osteoblastic ce lls ~ i ll1i ldr to tlms(' cUlI5<:'d by bonl' 1"I '50Q1001l

~tirllulating agents like parathyroid hOl1llOlll" I lYTi I '; and ;2) whctlwr thll'>(, pht~ 
not}]Jic changes are associated \dth wlcratiOl:s in cd l SiMlA: tl nd/or auhc~\"t, 

in teractions wi tl I the ('\1raceUular Illahi.x. 

Approach or Methods 
A peml.U1cnt cell Lint> d(' livcd linin a rat nsteos<lrcoma and stably eJlibiling ;U1 

,sleoblast-like phenot}11e (ROS j 7/~.S) \\~-..,. tlll tll rl'tl on m il'flX:;Ulil'r bt-,\(l:, ,.lI\d 
inoculilted into 12 STL Cill~ lidges. :\t ti m~s rangi ll~ from 6 ho urs tu 10 d,~'S 

post-launch, samples of conditioned ITIediu nl were ('ollc'ctt'{\ from pairs of ca1'
tridges from lh~ Hight <U1d ~roll nd control ~roups . awl the l.<u1J1LI~t's were per

ji Ised \\i th lixutive. U POI) I .. 'cove l)' a.lter landing. thc Illt:,diulll \\~.JS assayl d for 
~actatc (an indi(;ator of metabolic activit}· and cdl \;ubilit:- l. alkaline ph(~l)hat nsl.' 

I.m osteoblast marker enZ:lllc ), cyclic A.\I P leA/l. lP, procJuc'l.-cl b.\ o~tl'obl.L, ti{' 

cells in response to PTH). and prostaghuldin E2 (a IOC-dll~ produced I IIcdia:.Jr uf 
bone 11irnoH 'r). The cells were est1minl.,d b~' phase L'Ullbw.t ami nllllrt;S(,(,llt'l.' 

microsc:op~' tv .lSSess skIpp chiulges. (,)10skelelal or1!:lluzation. ,tnt! illtl'r.Ktiolls 

wi th thci r suhst rata. 

Results 
tVl cdia swnples linll1 HOS Ijl2 .~ c'Clls cultured ill the STL carhidgt's cOlltain 

lactate, alkaline phosplmtase. cA\lP. i tlle peE2. indicating tl ll.: pre~t' Jl ee or 
v;able cells e.\ll),l'ssing an osteoblastic phellot}1X'. 110\\,e\'c)', 110 di Oi.'renc'\'s \\<'11 ' 

found In an~; of these paramet('rs bet\Vt'cn tll(' Hight and gro und samplt"\. 
\1 ieroscopic exam ination of the beads indicated t hat a lo~s or ceUs occlIn'ed 

ea rly after inoculation into c,ut ddges in Ili!!ht dl1 t1 ground sampl.:~ ;J ikl.'. fol
lowed appare ntly by slo\\' reco\1:'l)' and growth. :'\0 ~ross dilT~·rt'nl,(,s Wert' louml 
in cell shape bc t\vet>n !light and ground s.llnples. 
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Title of Study 
EfT-cd of Space Flight on Tmnsfpnnlng Growth Faclor-/3 (TeF-B) Expression 
by hFOB CeU~ 

Science Discipline 
Bone and calcium physiologv 

Investigator Institute 
Russell T. Tumer Mayo Clinic 

Co-Investigator(s) Institute 
Harris. Steven A. Mayo Clinic 

Research Subject(s) 
f/ emlO Sapil'11S (hu lllan) IIFOB cell lill (' 
Flighl cell cultllre ('artridges: 8 

Ground-Based Controls 
')'11clironolls cultllres: 8 

Key Flight Hardware 
Space Tissue Lo~s-.'\ Module 

Experiment Descriptions 

NIH.C4-2 

Objectives/Hypothesis 
The plllpose of this shldy is to establish wllether changes in gravitational 10;1eling 
hm;p a direct effect on osteoblast abi li ty to regulate TCF-B expression. The 
effect:> of space flight and re/oncliJ .g on TGF-/3 mTINA and peptide levels ,vin ~c: 
studied in a lI ewly developed line of illlmortalized human fetal osteoblasts 
(hFOB) tnmsfectetl with ,Ul SV40 tempem~lJre -depr.ndent lTIutant to gene rat 
proliferalillg. \Illdi~erential'ed hFOB cell:; at 33 to 34 °G ,md a non-proIHe rat
ing. clifTe rf'nliated hFOB l.:eUs at :37 to 39 "c. Unlike pre\~olls cell culture mou
els. hFOB celis have unlimited proliferative capacity yet can be precisely regu
lated to diHerentiate into Illahlre cells that exp ress mah.lre osteoblas t fli liction. 

Approach or Methorls 
GeU clll hires were Inaintained at 37 °G, the permissive temperatme for 
large T-antigen in lhe 11 FOB cell line. At the appropliate time lolio\\~ng recovery 
oflhe spacecraft. R:"-iA was isolated from the hFOB cultures and qmmtilalcrl by 
UV spectrophotometry fl) r 'l\orthl'1TI or HNasc protection assays. Ostl'o llcctin. 
~~.kali ne phosphal<L~e , and type I colJagen were guantiRed with NOlt hern analysis. 

ytokine gene cxvn.:ssion was measured by H:"-iase protection assay. The levcls of 
carboxy term inal propeptide of lype I procollagen (PIep) were measured by 
radioimlllunoassay in order to ev,uuate matrix prodlll.:tion rates. Prostog];mdin E2 
(PGE2) levels were measured by e11zyme immunoassay. 

Results 
High levels of t:olJagen accurnulation we re detected in night and ground cu l
lures from flight day 4 increasing steadily to day 12 .md stabilizing afte r day 12, 
suggesting a decrease in the rate of c:olJagcn synthesis, or increase in collagen 
Lreakdown occurred between day 12 and lanrung. The rates of coUagen accu
mulation in fl ight and (:ontrol cells were iJltusnnguishable, consistenl \vi lh simi
hr rates of coll agenous matrix production. No Significant diffe rence in PGE2. 
levels were detected between flight and ground cultures. The steady slate level 
of osteonectin mRNA decreased dramalica.Ily, whi le alkali ne phosphatase and 
collagen rnRNA decreased slightly fro ln baseline . There \Va~ a trend toward 
lower levels or osteonecUn (p < .06) and collagen (p < .09) tTl UNA in njght cul
tures. The level ofTCF-B2 (-30%) .md ','CF-B I mRNA (-20) decreased slight
ly in fl ight cells compared to ground conlrols. No qualitative morphologi::al. dit~ 
ference's wcre' ohselved be::tween flight nne! ground controls. 
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NIH.R1-1 

Title of Study 
}<:frecl~ of Gravity on the Attachment ofl\.:ndon Lo 130n'· 

Science Discipline 
Bone and calcium physiology 

Investigator 
Roger fi . Johnsoll 

Co-Investigator(s) 
Zardiatk'L~ , Lyle D. 
Tsao, AUfL·c·y K. 
Sl. John. Kenneth R. 
Bf' nghuzzi, I·r lIncd A. 
Tucci. Michelle A. 

Research Subject(s) 
R{/ttl/.~ non;cgictls (Spra,IQ le-Dnwley rat) 

Institute 
\; niversity of Mississipp; 

Institute 
lJllivc rsit)' ()f Mississippi 
"!liversity of Mississippi 

Universi ty of' Mississippi 
nivcrsi ty of Mississippi 

\; nivcrsity of Mississippi 

Flil'ht: 10 FemalE' 

Ground-Based Controls 
Basal: 10, Delayed synchronous: 10. Vivarium: 10 

314 

Objectives/Hypothesis 
The objectivt.' or this cxperiment W;.L~ to determ ine the shllctural damage to 
ITl llscle-u()] II.' juncLions in adult rats aftn space night .md to eXall1illC the poLen
tial fiJI" wvenml of this thtmage upon re tl lrl1 to Earth . 

Approach or Methods 
] 11 ordcr to [lc lfonn light microscopy 011 tl1f' left tibia. tissue was demineralized, 
dehydrated, and embedded in paramn wax. Scctions were cut , moun led, ,mel 
stained with he matoxyl in and eosin. Photographs were taken for computer 
analysis of: (pwdriceps fe moris. scmilllCm branoslIs, semitendinosus. gracil is, 
poplitcus, and tibialis antelior Ill1iscles. Muscle fiber size was determined for 
eaeh muscle. Bonc histOl1l0l1Jhuillctric parameters were lTIea5llred using pho
tographs of cross sections of the tibia. The rTI .L\imal diameter of each tendon was 
measured fi·om tissue scctions or tendon insertions illto hone. The right tibia 
was analyzed by scanning electron llIicroscopy. The oligin ,mel insertion of ten
dons and densily of fibers of each muscle were stud.ied. Bone porosity was 
quanlifled for eaeh ani\l1; J. For spf'ciJk graviLy analysis, bones were puh·eJizf'd. 
c()ol(~d . and fraclionated. The samplcs were (-l lcn des~i('ated in ethanol to calcu
late dcnsity fruclions. 

Results 
The data frolll tllis c:>.-pelilllcllt showed Significant incrf'ascs in cortical porosity 
Lllld peli()sLcal resorption in the tibia and fi hilia of the flight subjects. It wus 
obsc lved thai the Jlbula of the flight anil lials became thinne r. In audition, !.her, 
was Significant endosteal resorplion and a decrease in trabecular volume. Th 
damage adjacent to aLtaehment~ of the soleus and olhe r anti-gravity muscles was 

the' Inost seIious. The findings indicate tIlat space night causes tibia and fihuia 
Llb·ophy at thp. site of muscle attacillTients, and this may lead La fmctl.lre when 
one rf' t'Jrns to gravity. 

Life into Space 1991-1998 



Title of Study 
Skeletal Development 

Science Discipline 
Bone and calcium ph: 'siology 

Investigator Institute 
Lulm SerO\ u Institute or Biomedical Problems 

Co-Investigatorls) Institute 
~olle 

Research Subjectls) 
Rathls IW 11Je!!,ic/l.~ (SpragtlC' -Dawipy rat) 

Flight: 10 chu\U, 10 fetuses YlaleIFem,Jc 

Ground-Based Control:> 
Dcla~'ccl s~:nchronous: 10 dums, 10 lel1lses; Vivarium: lU dams (Iaparotoll1i7.t'd ), 

10 dams (nonlaparotomized), ] 0 retuses. 10 p\Jp~ 

Key Flight Hardware 
t .. nbient Tempcratme Recorder, Animal Enclosure Module 

Experiment Oe$criptions 

NIH.R1-2 

Objectives/Hypothesis 
Ollr p re\rious expe)'in~ l.! nt~ huve n' venll'd that an ad1\lt organism may we ll 
remain runctional and n. ck'velnpillK rdlls may also devc1up normal fUllctions in a 
space environment. HI )wever, challges W('f (, :1lso {)l,servt'd in space-fluwn fe tus
es alld allimals. [n Illis expcri lncnt it is tL~Sullled that a 10llgor fligllt and pxpo

SII\'C to microgravily may aggravate these' changes. The pUfpose of this c'''1JC1i
menl is tu ;l~sess the eff,_:ct or mi(.'roW<l vily on skdctal cleveloplTIPnt in rptl lscs or 
rats ( ~xl)osed to rnicrogravity during gest'abon days 9 throllgh 20. 

Approach or Method .. 
ThE' skeletal developlTlunt of pups that developed ip spa<.;(' was invesligated 
I lsin)); one Ictus fro n I each fli gill. ~)'nchronolls . and vivarium laparotoll li l:t:'d 
grollp . Fl' ll iSeS \\INC flxed in 100% ethanol. hleached in 0.7% KOl!. allll sl;l.ined 

"vith al im lil1f red. Bones were (lissectcd alld me,lsurcd in a bin(x.'uiar lens. 

Results 
----~~------~~~--~----~~--~~--~~----~--~ 

The I nean fetal mass ill tile (light and conh'ol fetuses did not dift"' r signif1cHntl)'; 

Iio"V('ver. the I nC'an weight or the vivarium laparutornizecl fetus \V,L~ 2.143 g vor
sus 2..469 g of Il le syneh rUI\OllS control and 2..:394 g or I'he flight le t us (p < 0.002,. 
The body weight WtL~ in c:orrelution with the ossification arCas, which were tlie 
I"west ill the vivtuiurYI controls. The mandible of' Ihe 20-day fetuses o[ the fljgl,l 
group "'; L~ i% longer than th.lt of the vivarium controls <lilt! 3% longer than in 
lile synchronolls group. ThE' size of the forelilllb bones (humerus. radius, alld 
uln:1) ~l~ weU a~ the number of ossification sites in the foot were identieiJ in ll,,' 
fl ight ant! s)'n(.lronou~ rats. beillg greater tkm in the vivarium controls. Th C' 
scaplJae or the flight and s),nchrollolls aninl<Js were idcnti<:a1 :1nd larger than in 
tJ1C vivarium controls. The clavicle of the fl ight fetllses was 6% longer than Ihal 
of the s~l lchronous controls. N(J signincanl uill'erences were round in the length 
of the remur, tibia. and Abu la Lones. Of in the mU11ber ur ossification sites ill IJI 
foot between the flight and ~yllch\'(Jn()us lehlses. 
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NIH.R1-3 

Title of Study 
M icrogra\;ty and Placental Development 

Science Discipline 
Dcvclopment[J biology 

Investigator Institute 
HandaU Han-e LI Renegar E,l<;t CaroUna University 

Co-Investigator(sl Institute 
1\on 

Research Subject(sl 
Ratlils TIOn;egiclJs (Sprab'lle-Dawley rat) 
F light : 10 dams, 10 fetuses Fem,Je 

Ground-Based Controls 
Delayed ~)llchronous, Vivanu III 

Key Flight Hardware 
Ambient Temperature Hecorder, Animal Enclosure Modu lc 
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Objectives/Hypothesis 
T he role of gravity in proper placental development has not beell previously 
studied and could be lIecessaJ} to succe~sfill mammali an reproduction. The 
objective of this expe limellt was Lo assess the effect of microgravity on placen
tal gro""tll and developmenl of the rat, witll the specific aim of: I ) determining 
the JIlol}>hology or iJU? placenta and decidua and tbeir orgwlizational relation
ship immediately IIpon re tullI from space; and 2) assessing the functional (lif
fere ll tiation of trophoblast cells of the labYlinth and huphospongial regions of 
the p lacenta by com paring the expression or specific deve lopmen la lly 
expressed prote ins. 

Approach or Methods 
Between .3 and 6 hours roLlowing recovery, one uteline hom was removed [rom 

each of the flight and (:ontrol group animals. After removing the fetusf's from 
the I,oms, placenta were weighed and p repared for morphological evaluation 
and me[l~\II'cment or honl1one e>q)ression. EX}Jressiol1 or two {olTns or placental 
lactogen (PL) was measured using complemental), DNA (cD~A) probes spe
cific to the honnones. 

Results 
MOl1)hological stud iC's showed thal c ross-sectional area or the total placenta, 
trophospongium [Old lab)'lin lh , and placenlal wet weighl were not dirre rent 
among £ljght and control groups. However, percent dl)' ""'e ight for the CLS)'Ilch ro
nous control animals was less (p < 0.0.5) lhan that for the othe r groups . 
Concentration or DNA in the placenta was also less in the cIS) nehronous con
tro ls. Placental concentrations of HNA and protein were not diffe rent among 
flight and conb"01 grollps. Hyblidi.z.ation with the cDNA probes showed that the 
quantity of PIA, PL-ll and the ratio PL-ll:PL-1 were not ilirrcrent among the 
grou ps. Space flighl during gestalion days 9-20 does not seem to in nuence pla
cent ~J growlh , development. or function . 
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Title of Study 
Space Flight Effects on Mammatl<Ul Developlllent 

Science Discipline 
Developmental biology 

Investigator 
Jeffrey R. Albe lts 

Co-Investigator(s) 
Honca April 

Research Subject(s) 
RilttllS Ilon ;egicl.ls (Spragu{'-D'lwle~1 rat) 

Institute ------------------------Indiana University 

Institute 
indiana University 

Flight: 10 dams. IO litte r<; pups Fe male 

Ground -Based Controls 
De la~'{'d synchronous: to dams. LO litte rs pups; VivaJiulTl : 10 dams, .1.0 litte rs 

pups 

Key Flight Hardware 
!\mbient TeJl1pe nlture Recorder, Animal E nclosure Module 

Experiment Descriptions 

NIH.R1-4 

Objectives/Hypothesis 
The pUt1)()se of this study was to observe the inflight activity of pregnant dams in 
order to obtain quantitative comparisons of the frequenc.·y and duration of defin
able species-typical behavior patterns til microgravity, "'rith special attention to 
activities that can afTe<:t subsequent mate rnal behavior and fetal development. 

Approach or Methods 
Upon landing, each dam was videotaped for 1 minute and then transfe lTed to 
surgery for nnilat e ral hyste recto my (G2012.1 ). Following three rounds of 
vestibular testing, each fetus was tested for tactile sensitivity_ Between recovery 
day and gestational day 23, remaining night dams were obselved and video
taped to c1ete rrnille any guantitative changes in activity promes as readaptation 
10 1 G proceelk Dams were allowed to deliver naturally. On recovelY day 0, 
pups wore tested for symmetrical and as),mmetrical lab}Tinthine st imulation. 
On recovel), clay 1, pups \-"e re used for hear! rate ~tudies of vestibular responsiv
ity to lilt «nel to tactile stimulation. On recove l) ' da)' 2, pI IpS were tested for head 
nystagmus responses to rotation. On recovely day 3, pups were tested for 5)111-

metrical ,md asym rne tlical labY'inthine stimulation . 

Results 
The night dams obselved on inJlight video records displayed seven more times 
rolJing movement Ih:1n contTols, probably due to the increased number of sur
/;\ces available in microgravity. ] mmecliately postflight, /light dams in general 
moved less. F ligLlt dams had uncomplicated and successful vaginal J elivelies 
and had similar size litte rs. However, njght dams had Significantly more lordosis 
con b-actions, probably related to space (Hght muscle atrophy. Pups had no dif
ference in the success or latency of lhe lighting response , indicating the flight 
groups retained. the abWty to odentate themselves with respect to gravity. FHght 
pups tested OIl recove lY day 3 had a dim inished water righting response, but 
flight pups teslecl on recovely day .5 could not be distinguished &om control ani
mitis. Flight pups showed the same response as controls during the rotmy stimu
lus bul' we re less l.ikel)' to perfOJ1l1 the postrotary righting response. 
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NIH.R1-5 

Title of Study 
Effect of Microgravi ty on Epidenn,J DevelopJllent in the Hat 

Science Discipline 
Developmental biology 

Investigator 
Stevf'11 B. Hoath 

Co-Investigator(s) 
Hussain, Ajaz 

Pickens, William L. 

Research SUbject(s) 
RattllS I'lOrt;egicus (Sprague-Dawley rat) 

InstiMe 
Children's H ospital Medic .. u Center 

Institute 
Food and Drug Administralioll Office 
of Pharmaceutical Sciences 
C hildren's Hospital Mechcal Center 

Flight: 9 Fe mille 

Ground-Based Controls 
Delayed synchronous: 10, Vivaliulll no hyste rectomy: 12, ViVcuiuJIl hysterecto
my: 11 

Key Flight Hardware 
Ambient Temperature Recorder, Animal E nclosure Module 
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Objectives/Hypothesis 
The overall go,J of this study was to exallli ne the efleds of prolonged weight
les~;l1ess on epidennal development in the late gestation Spraglle-Dawley rat . 
SpeCll1t:ulJy: 1) exposure or the pregnant ral to micro)!;ravity during late gestation 
will diminish transp lacenlai (mate rnal- re ta l) calciulll transport leading to 
decreases in tolal epidennal .. md dermal c<~ciul11 content; 2) microgravity will 
lead to mild inlTautcrine somatic growth Ie tardation <tnd a rtimilll.ltion in the 
rate or stratum comeu m fonnation (rale of program med cell death); and 3 ) 

rn icrogravity will lead to form ation of a stratum corneLllJ1 em'e lope with 
decreased DC e1eclric,ti resistance and increased penneability to Dialed w'ater. 

Approach or Methods 
Epide-;-,nis and whole skin (cpidenn is + dennis) were harvested from ground
conh'ol fe tal rats and re tal ruts exposed to conditions of space Oight dlllin~ 
ll1idgestation. Morphological stucnes of skin development included tnmsmission 
and scanning e lectron microscopy emd dete11llination of strat1l1ll com eum layer 
formalion rollowing alkaline expansion of cI)'Opreserved tissue spec imens , 
Tissues of fe tal ,mel term <tllirnws were (lssaF tl for calcium content bvatomic 
absOJption speclrophotomeby. T nmspOlt studies of water across whole skin (md 
determination of skin clecnical propeliies we re measured on clyopreserved 
sections. C UJl'elll voltage proiiles for skin excised rrom newbom rat pups wcre 
gene rated between -10 microamps to + 10 microamps. 

Results 
Pregnancy in the Sprague-Dawley rat can be main lained under the adverse 
conditions of space Hight and readaptalion to te rrestliill gravity. ~o evidence or 
increased fe tal wastage or somatic growth re lardation was observed. Vagnal 
delivelY cLm be achieved following shOJi te nn (3 days) readaptation to terrestriJ 
conditions, Epidermal barrie r development in the late gestational retal rat 
appears to be advanced under the <:onditiuns examined. Fetal skin calciulIl lev
els are increased fo llowing development unde r conditions of microgravity, 
Neonatal epide llllCu calcium levels are decre'l~edloUowing short term readapta
Don to teJTesnial gravity. ~.101VhologicalJy, the epidermal balTicr is advanced by 
J2-24 hours. Measu re ment o r wate r flux and elecnicill resistance of Ihe skin 
support the hypothesis of a bette r epidemlcu barder in the flight animal~ COIn
pm'ed to gro1lnd controls. 
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Title of Study 
Developmental AbnormalitieB 

Science Discipline 
De\'elopmental biolog\1 

Investigator 
Luba Sero\"d 

Co-Investigator(s) 
Saveliev. S.\'. 
Besova, N.v. 

Research Subject(s) 
Rattus ll(llvegiClts (Sprague-Dawley rat) 

Institute 
Institute of Biomedical Problems 

Institute 
Inst-itute of IIuman Morphology 
Institlltc of Human MorTlhology 

Flight: 10 clams, 10 fetuses Maie!Fem!de 

Ground-Based Controis 
Delayed s: Tlchronous: 10 clams, 10 fctl lses; Vivarillm: 10 dams (\aparotumized), 
10 dall1s (nonlaparotomized), LO retuse~, LO pups 

Ke'" f light Hardware 
Ambient Temperature Recorder, ArLim,u inclosure Module 

Experiment Descriptions 

NIH.R1-6 

Objectives/Hypothesis 
Om previous experiments have revealed that an adult org'mism may well 
remain functional and it developing fetus may ,uso develop nOI mal functions in a 
space envirOllmellt. However, changes wen." also obselved in space-flown fe tus
es ,Old animals. In this e>'1>eriment it is assumed tll,l! a longf'r flight and expo
sure to microgrnvity may aggravate these cl ranges. The Purl10se of this expeli
ment is to pClfonn a murphological and histological exall1ination of rat pups tJlat 
developed during ! he mother's exposure to microgravity during gestation days 9 
through 20. 

Approach or Methods 
Devcdopmenta l abnormali t ies were studied in newborns obtained 011 th e 
22ndl2:3rd gestational day. We were prOvided \vith it newborn pup from the fli ght 
and synchronous mts rmd li'urn both vivarium controls. Aftc~r isoflllrance ancsthe
~i a. the newborn pups were f-lxed in Bouin 's solution. The fixed pups were ('xarn
ined ,md obsl"lvccI defects were measured subjectively. The sLlrfaCt' skin area "va>; 
measllred \\~th a digitizer attached to a Pc. Pup volume wa.~ determined ;l(;(:ord
ing to lile rnethod or eth:Uloll~splace Il1ent. Selial sections oftlle pup were stai.lled 
and examined lor ,Ull' d langes with the aid of con Iputer analysis. 

Results 
Histological examinations of tile sensors of the flighl anilmus did not reveal any 
abnormalities. The pups that developed in space showed disint egration of neu
r~.ms in various brain compartments (cortex, hippocampus. ~Uld spinal cord ). The 
change was similar to that ohselved ill porencephalia but was less signifk ant 
than in disease. None of the synchronous controls slrowed signs of neuronal dis
integration. Most pups from the flight group developed an enhanced differenti
ation of both thyroid cells, secreti ng thyrOid honnones, C-cd ls. and paraLbyroid 
cells. Those pups showed decreases in the size of the epiphysis and adenoh~'
pophysis and in the number of pinealocytes, as weIJ as spatial rearrangement. of 
b'abecILlae in the adenohypophysis. 
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NIH.R1 -7 

Title of Study 
E ffect of Space Flight on D evelopment of Immune Hesponses 

Science Discipline 
Immunology 

Investigator Institute 
Ge rald Sonnenfeld Carolinas Medical Ce nter 

Co-Investigator(s) Institute 
Miller, Edwin S. HmTington Cance r Center 

Research Subject(s) 
Rattlls noroegicus (Sprague-Da\'.'ky rat) 
Flight: 10 f emale 

Ground-Based Controls 
Delayed synchronous: 10, Vivarium: 20 

Key Flight Hardware 
Ambient Temperature Hecorder. Anim,J E nclosure Module 

320 

a. 

Objectives/Hypothesis 
Tile objectives of this eXlleJi l II E-nt are as follows: 1) to evaluate til!' in fluence of 
space rught on the matemal-fe tal interface; 2) to evaluah : the inHuence of space 
Hight on the development of imnl une syste m cells; 3) to evaluate the influence 
of space Hight on U1e develop me nt of functional activities or immune system 
cells; 4 ) to evaluate the infl ue nce o f space night 0 11 the developmen t of 
imlllunoregulatioJ1: 5) to eval nate the infl uer. ;e of SpLlc:e flight on the develop
ment of immune responsiveness to cytokines; and 6) to evaluate the influence of 
space rught on the abiLty to resist microbi,J infection. 

Approach or Methods 
Total antibody titer anti percent antibody isotype was dete1l11ined in the plasma 
of I he mother and progeny animals. F low c)'tometlic an~lys is of the percentages 
of leukocyte populations were perfollTled on spleen_ blood, ,md bone marrow 
t-issues. Splenocytes ~md th~l1locytes were stim ulated with the T ceU mitogen 
conc,mav,ilin-A to evaluate blastogenic potential in progeny ,mimals. ProfJes of 
a hroad spectLU trI of splcnic and UI)'l11ic cytokine activities were conducted at 
tll E' genetic level as revea.led by polymerase chai n reaction (PCR). Bone man ow 
cells were incuhated in the presence or macrophage-colony stimulating factor 
(M-CS F l to sti mulate the di rfcrentiation of these ce lls into rnacrophages. 
Sple rtic macrophages harvested fi-o!1l progellY ammals were analw.ed (or their 
abilily to phagocytize pathogenic bactelia. 

Results 
Th~ response of bone manow cells to M-CSF, leukocyte b lastogenesis , and 
eytokin e production were alte red in ce ll s o btained from /light dams. 
Contrastingly, the response of vone malTOW cells to _\I\ -CSF as well .IS leukocyte 
blastogenesis were not al te red ill cells taken from fell lses and :-_ups [rom flown 
animals. Leukocyte slIi.>set ,malysis showed that nown dams, fe tu ses, ,md pups 
we re a lte red . Cytokin e prod uct ion was reduced in n ight pups. w hile 
ill1l1'1 unoglolmlin levels were llot a.ltered in ofTspli llg after space flight. This data 
ind icates that (he re may be diffe re ntial regulation in the development of 
immune responses. 
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Title of Study 
Fluid Electrolyte Metabolism 

Science Discipline 
\letabolisrn and nulJitioll 

Investigator 
Luba Serova 

Co-Investigator(s) 
!'atochin, y\,. 

Shakmntovn, E.I. 

Research SUbject(s) 
RaNus l1(}rve{!.iclls (Sprague-Dawley rat) 

Institute 
Institute of Biomedical Problems 

Institute 
Secheno\' [nstitllte of E\,olutionalY 
Physiolog}' ,mel Biochemisll) 
Sechenov Instit'llte of EvolutionalY 
Physiology and Biochemistry 

Flight: LO clams, 10 fetuses MalelFemale 

Ground-Based Controls 
Delayed synchronous: 10 dams. ] 0 fetuses; Viv'l1ium: to (1-1ms (lapm'otomized), 
lO dams (no surgery), 10 fehlSes, 10 pups 

Key Flight Hardware 
Ambient Tcmpe rature Recorder. Animal Enclosure Mo(.ltJe 

Experiment Descriptions 

NIH.R1-S 

Objectives/Hypothesis 
Our previous expe riments have revealed that an adu lt organ ism may we ll 
remain functional and a developing fe tus may also develop normal functions in a 
space environment. However, changes were also obselved in space-flown fetus
es ancl animals. In this experiment it is assumed thal a longer /light and expo
sure to microgravity may aggravate these changes. The purpose of this experi
ment is to ac:cumulate new data concenung the metabolism of wate r ,md elec
trolytes in the p lacentas and fe tuses that developed dUJing space flight. 

Approach or Methods 
Animals were laparotomized on the Btll gestational day to measw-e implantation 
rate, and unilate ral1y hysterectomized on the 20th gestalion day to remove one 
uteline hOIll. Animals were fl ov.fT1 from the 9th through the 20dl gestational day. 
One fetus and placenta fium the night, lapclrotomized vi\'mium controls, and 
synchronous groups were analyzed. Fetus organs were dissected, dried to a con
stant weight at L05 °C to measure content, <mel then ashecl in concentrated 
nit li c acid at 90 °C. Sodium anel potassium we re measured in air prop,mp 
names using a COllling-4LO photometer; calcium, copper. iron , ,md rnagnesillm 
were measured in air-ace tylene fl ame u~ing a Hitachi atomic absorption spec
trophotometer. Placentas were also an~Jyzed fo r the same pa:·ameters. 

Results 
Water, sodium, potassium, magnesium, and iron in placentas of the flight dams 
did not tliffer from those in s)fTIch ronous and vivarium dams. Calcium in the pla
centa of the flight dams was lower than in synchronous dams and identical to 
that in vivarium controls. whereas copper in the placentas of the flight d'lll1s was 
highe r than ill the vivari um controls and vely similar to thal in synchronous 
dmns. Wate r, sodium, and magnesium in fetuses of the !light group clid not clif
fer signiflcalltly from tl10se in the synchronous controls and were lower than in 
the viV,lli um controls. Potassium , calcium, and copper in fe tuse.s of the thTe 
groups were identical. Iron in the fe tuses of the night group was higher than in 

the s)fTIchronous group and identical to that in the vivmi utn contTols. The data 
obtained allow the con<:lusion that no changes in wale r, socliurn, potaSSium. 
iron, or copper in the fetuses ,mel pl,lcentas were obselved that can be attrib
uted to tile effect of microgravity. Minor changes seen in the flight fetuses and 
placent;L~ were also observeJ in the synchronous group. 
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NIH.R1-9 

Title of Study 
Effects of Space Flight on M uscles ~U1d Nelves 

Science Disripline 
~-------------------------------------------

Muscle pllYSlulogy 

Investigator 
Kath lyn I. Clark 

Co-Investigatorfs) 
Barald, Kate F. 
Feldman , Eva L. 
Sullivan, Kelli A. 

Research Subject(s) 
Rattus lIoroegims (Sprague-Dawley rat) 

Institute 
University of Michigan 

Institute 
{j niversity of Michigan 
Unive rsity of Michigan 
Unive rsity of Michigan 

Fhght: 10 chUTls, 14 pups, 20 fetuses Fem aIeIM ale 

Ground-Based Controls 
Delayed synchronous: 10 dams, 16 pups, 22 fe tuses; Vivatium: 10 darns, 16 
pups, 30 fetuses 

Key Flight Hardware 
Ambient Temperature Hecorder, Animal Enclosure Module 
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Obiectives/Hypothesi~ 

The purpose of' this e:o.1:>eJiment was to dete nnine the influence of gra\ity on 
anatomical . ceUuhu', and 1l10lecll.lar aspects or Ilem omuscular development ,-mel 
maintenance of neuromuscular systems. 

Approach or Methods 
Fetal thigh muscles were delineated using immllnohistochemistry alltibody 
staining of fixed and frozen cross-sections of tile elltire thigh. Tissues werc 
labe led with MF20, <U1 anti-myosin <mtibocly whicll binds to emblyonic. fetal , 
<mel adult skeletal muscle cells. Shdes were used to cornp<.tre muscle sIze <Ulel 

placement or divisions among muscles be tween control (Ulel expeli ment thighs. 
III situ hybJiclization "viLh riboJ)robes provided a sensitive metllOd for eX<Ulljn~g 

the localization (cellu l,u' distTibution) of transcripts. Serial sections of tissut!s 
we re cut and hybridized wilh anti-se nse liboprobes generated to be 110\1-

isotopic. Probes were generated to be cornplementmy to the mRNA of alpha
skeletal actin, MLC1I3 fast, MHCperi. Sections were compm'ed to those from 
emblY05 developed in normal gravily. Adult spinal c .. orels, dorsal root gangli~L 
and mllscles were examined fi:> r gene and protein expression of ncurob'ophin-3 
(NT-3) (muscle), tTOpolllyosin re lated ki nase (Trk C) (ORCs). and tile presence 
of tyj:>e 1 a sensOJ), affercnts. 

Results 
In the developing tissues (fehJses atle! pups ), it was discm,e rvd that the general 
shal:>e of the thigh muscle was simillU' between the llight and conb'ol mumals. 
However. ill the flight mlimals the re "vere sections within muscles that apperu'ed 
to be separated from the rest or the llluscles by an intramuscular sheath of con
nective tissue. Oddly, tJle re appem'ecl to be a decrease in the amou nt of inter
muscular connective tis~lJe in muscles from the !light aninH1ls. T hree distinct 
proteins of the muscle responded to microgravity. III thc adul t tissues, we have 
thus hr cktected no diffe rences in Trk .. C immunoreactivity among the exveJi
menlal g roups. T U N EL staining revealed no evidence of neuronal death in 
reslx>l1se to space flight. \Ne m'e cU\Tendy t!Xiunining the levels ofTrkC mRNA 
in DRC neurons and NT-3 mHNA and protein in the soleus and EDL of spac.'C
Oown imd conh-oi animals. An examination of Dil-Iabe led aiTerents into the ven
tral spinal c.·ord of these imimals \viU yield valllable information con('cll1ing lhe 
maintenance of!>1:>eciflc c.'OJ1nections follOWing e:o.1x)sure to microgra\·ity. 
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Title of Study 
Development of Sf'nsory Receptors in Sk~letal Muscle 

Science Discipline 
Nf'urophysiolog), 

Investigator Institute 
~1ark Edward DeScml is University of Idaho 

Co-Investigator(s) Institute 
None 

Research Subject(s) 
Rattus 1101"1-'C{!,icIIS (Spraguc-Dawl(>\' ml ) 
Fligh t: 10 Felmue (pregnanl ), Male/fe male pups 

Ground-Based Controls 
Ddayed ~)11 ('hronous. Vivruiulll 

Key Flight Hardware 
Ambient Te mperature Recorder, Ani lll.11 Enclosurt" Modu le, Circadian 
Peliodicity E:\l:>erimcnt Package 

Experiment Descriptions 

NIH.R1-10 

Objectives/Hypothesis 
The objective of this e>,periment was to learn whether exposure to the micro
gravity c-onditions of space fbghl during the latter half of gestation affects the 
development of encapsulated sensOty receptors in skeletal muscle among the 
offspling after they have been retllJlled to Eruth to be bam. 

Approach or Methods 
The number, size, and intramuscular distribution of muscle spindles aucl te n
don organs in Oexor and extensor muscle were compared. The ultrastructure of 
muscle spindles (and tendon organs) in rats undergoing gestation in micrograv
ity conditions were compared with receptors in S)'llchronous control rats, pay
ing particular attention to the size ruld number of intrafusal fibers and to the 
integlit)' and relalive size and locations of motor and sensory nerve terminals. 
The hincUimb walking pattems during the initial 2 months of life were com
pared for rats that lmderwcnt gestation in microgravity conditions WiU1 those of 
S\<TIchronol.ls controls. 

Results 
Data fi'om lJle e:\venment showed the presence of muscle spindles in all Hight 
<li ld control soleus muscles. However, no significant (l..:.rterences were found 
between ti le experimental ~Uld Hight subjects wher aU the measures for muscle 
spindJes were examined. : n a separate analysis, tl>.: vestibular nucleus was exam
ined. Although there were no statisticaUy sigr .tkant differences between the 
composite \'olume of S)TIchronous control, viv; JiUlTI control, and fbght slIbjects. 
it was obselved that female rats had significan I)' smaller vestibular nucleru' com
plex volume than male rats, Thus, gender sec 'med to be involved in the size of 
the adult vesti bular nuclear c-omple.x. It was c")ncluded that exposure to micTO
gravity during the latter half of gestation does r ')t preclude the existenc.'e of nor
ma! proprioceptive structure in newborn animals or in those that bave grown to 
adulthood on Emth. 
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NIH.R1-11 

velopment 

Science Discipline 
[\ europhysiology 

Investigator Institute 
Bel1ld Fritzsch Creighton University 

Co-Investigator(s) Institute 
Bruce. Laura L. Creighton C niversity 

Research Subject(s) 
Rattus Ilon;egicus (Sprague-Dawley rat) 
Fli~h t: 10 dams, 20 pups (2 per litter) MaleIFemaie 

Ground-Based Controls 
Delaved ~'ynchronous, Vivari um 

Key Flight Hardware 
Ambient Te mperature Recorder, Animal Enclosure :vlodule 
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Objectives/Hypothesis 
l)re"ious sl1 1dies indicate that the prc~cnce of gravit;- app<..>ars to he a clitic:alliIC
tor in the c1evelopn,ent of the ve!>tibular system. This study exmnin!:s the t'1li:-<:t 
of microgravity on the development of peripheml collil teralizutioll (receptur t 
receptor cOJ1llectiollS) and centT:u projections to the llledi.u vestibula,. nne!el!:i 
of both gravistatic (ul:rit:!e .md sa • . ule ) .md non-gTUvistatie (posterior \ ertle-al 
mnal) affer('nts. 

Apjlroach or Methods 
The embryos of 10 prcgmmt rab were subje<'lecl to microgr.l\it:-· from gestation,u 
day 9 (G9) (before vestibular ganglion ne umns contiJcl vestibular nucle i) to G 19 

(approximately when the vestibu lar s~'S tem becomes somewhat functional) . 
Approxi :nate ly 3 hours after Shuttle lan(ling, embryos were anesthetized mld 
fixed . The saccu le, utricle , and postc lior \'ertlca! carmi sensory epi .. lelia were 
surgically revealed and exposed to D iT-soaked Riter ships in order to label sen
s00' <lIferent projections. Afte r labeling, the rat brairlS were sectioneJ. Illollnlecl 
and exmnined with cpiOuorescent microscopy for ruralysls or llber distribution in 
tlw sensOl} epithelia and the medi,u vestiblucu' n lldci. To detenninc ~naptic 
de nSity. suitable sections we re fUlthe r processed wilh e lecb"On micros<..-op~ . 

Resuhs 
Animals slIbjected to microgravi l~' conditions had sli~htly g reater \:>eliphcral 
efrerer~ t co llaterali zation than control animals, indicating thai peripheral 
\'estibular branches deve loped Similarly in fli ght and control e mbryos . 
Additionally, laheled axonal projectiolls from the saccule ~U1d utliclc (gr,lvistatic 
receptors) into the rlledial vestibu lru' nucleus of flight <lnimals ilud <.-ompcu";llive-
1)' sll1aU growth cones and rarely had side branches. \\ 'hen these projections 

were ex,lmined unde r light microsc.-op),. s)naptic boutl.ns were observable in 
tlw conb'ol animals but not in the flight animws. Hcwen>r, labeled projections 
from the posterior veltical canal (rlOn-gra\istatic receptors) into the medial 

vestibu lar nucleus '.vert' equally elaborate in both flight and conhul animals. 
FllIthennore. on these p rojections, well developed S)11ilpSes were observnbl 
011 both night and control animals. This data slIggests tl1al gmvity stimulus is 
import ,U1t for the propf'r development of <.entral projections from gra\islatic 
receptors but not impoltant in tire prope r developmcnt of projections from 
non-gravistatic receptors. 
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Title of Study 

Science Discipline 
Nt'llrorh}-sio lo~· 

Co-Investigator(s) 

Hl'rhlltt . S 

Research Subject(s) 

Institute 
Unh·eJ-site de MontpeWer 

Institute 
Lni\"crsile de L\u n 

· ni\·cl~it e lie \1 ontpeUier 

nnlfll~ I/ f' ''ugicn~ \Spraguc-O<lwlc-y rat) 
FLight: to dalns. 10 ff'tllSe~. 10 pups Fe malf' (dams). \ 'lalc :mcl Fend 

tfelllses mId p" ps) 

Ground-Based Controls 
I n Fetuses: \'h-alium: 10 DRIllS, 10 Pup~ , LO 

Fehl~('s 

Key Flight Hardware 
rde ... Animal EncIosllre Module 

Experiment Descriptions 

NIH.R1-12 

Objectives/Hypothef ...:;<; __ -:-:-___ ~--;;---;---:--;-;-_;_--:----:-_;___, 
The aims of the studies were: 1) to investigate the choroidal al te rations inclu~-ed 
by Il days of dcvelopment tn space in developing rats and pups, and to com

pare results obtained in adult rats (]O\m during the SLS-2 eXJ>f>liments with the 
ulh-astnlctural and immunoc)tochemical observations obtained from dams dis

sl"ctl"c1 2 days arte r landi.ng from an ll -clav spacc flight: and 2) to cvaluate quali
t::rtive or quantitative ('hanp;es in storage and bios~l1tl)esis of natriuretic peptides 

ill cardiac lissues in rats that developed for II days in space ~Uld in the dams that 

deli vercel2 d;-.ys afte r landi.ng. 

Approach or Methods 
BlcUns rrom dams. fehlses, and pups were removed after del.·"pitation. Choroid 
p leXl.lS(,s wpre clissected either 3-4 hours or 2 da~-s after hmcling. Samples were 
fLxed and embedded in LX-l l ~ epm:y resin or in 3% parnfonnaldehyde in PBS. 
The h~1)othalamus and re maining brain wilh bnlinstern from the snme bmins 
\\·c re n 'mo\·ed and frozen unlil s('ctioning and obseIVation. 'Vhole brains from 
two additi onal an illl a is in each e; rou p we re prepared a lld E' rnbedde d in 

Pamplast . Four othf'r whule brai ns were frozen and stored at 50 0c. Heart~ 

wcre similarl." processed for e leclTOI .,ICroSCOpy, il11l1lunocy1ochemistry. Arri;J 

,uld \·entride samples we re frozen to be st uclied by radioimmunoassay. ill ')nll 

hybridization and competitive RT-PCR. 

Results 
In ciam-s-, ,-l-st-r-o-ng--res-t-o-n-'1h-'c-n-v--::-f-;tl-,e-c-'e-=UC:--po-=-lm-'-·h-,.-m-l-=d:-a-res-·-to-I--ecl-:-c-=·I-lO-r-o-J(-=-lal--:-p-r-o-te-i-n 

expression \"'115 obsC' lyed . These results suggested that afte r 2 days of readapta

tion to Earth gravi ty, choroidRl runctions were restored. inclicating that seeretolY 

processes were re-established early after hmding. In fetuses and pups, matura
tion of cnomid p le,\lJS~ appeared slightly ddayecl. in comparison with fehlSes 
and pups uevelopecl on Earth. Hcsult-s on the expression of natriuretic peptid('s 

in heart showed that cardia<: atria l na triure tic peptide (AI\P) hios)llthesis of 

flight dams \\"as im:reasecl by aboul twice, when comp.'lTed to ~llchronollS and 

vivarium control rats. Rat fe tuses developed in spac:e displayed an altered Olanl
ratiun of (',u·diae A:",;P. wlre reelS t1lf ' cardiac ANP storage was slightly reduced in 

both Hight ;mcl ~ynchronOilS c:ontrol groups, (.'ompared to \ ; V'.u;UITI c:onb·ol rats. 

Thi~ suggested that A I\P metabolism during developme nt is impacted by both 
the microgrm,ily environment alld the hOll.'.inrr c:onditions. 
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NIH.R1-13 

TitJe of Study 
An E~l)(!riI 11 

;\It'IY 

Science Discipline 
l\ eu wphysiology 

Investigator 
James L. Lambert 

Co-Investigator(s) 
Borchert, ~I a.rk S. 

Research Subject(s) 
Rattus Ilon;egicus (Sprague-Dawley rat) 

Institute 
C niversity of Soutbem Cali rorn ia 

Fli\!hl: 10 pups :-" laielFe mal 

Ground-Based Controls 

Key Flight Hardware 
Amhient Tempemture HecordeT, 
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Objectives/Hypothesis 
At hirth , the retin~u ganglion cells projt:'c:t r.tirly ac:(·ul-al l· l) to tlw SlIpt'ri,lr I.:ul
lic:u llls, UH~ primary \isual c't'll tt'r of tJ1t' rill. Pre-dollS ~tlldies "ho\\ th,1I vi illd] 

stimuli is illlpo itant for thl' prOp('-f rt'+IIlt:'Ult:'nl of these projections. Ho\\' t:'\t>r. it 

is unc;ertain ",hat role oth f'J' sensury stimuli may haH' in dl(> dt·\'t·lopm.::nt and 

renllement of titeS(.' projectiolls. This Nl r I. HI m ission prm;drd ,UI opportunit:-

10 observe the elTcds of gnl\ily 0 11 these l'Onnections. Since the superior collicu
Ius receives an" llcgmtes hoth \;sual wl,1 \'Csti blllur infon I1Htion. ~-a\it~· llIi/-!ht 

be e.\lJected to lIIt1 uen~'e tlw-sp rpti no-tect,u connections. 

Approach or Methods 
PIlPS were exposed to Illicrogra\;ty durin~ g('~tation \\hidl included IWi.u·l) the 
e nti re perilxl of prenatal develop ,nent of cOllllections l)(>twL'e1l t!le rebna mid 
the brain. On postnatal days 2, 1-1 ,2 1, and -Ii, !lIt' rats ",e rl' e~~lIl1ined. Two (Ia~ 's 

plior to examination, Fa:>t Blue dye was rniL:;-')iI~ected intu lile righ~ slIp"Iiur 
colliculus of lhe pups. After 2 days of reco\,f"I; ', Il.e pups' rt' tin<lS were t1isst"ctl'd 
,Uld prepared for microscopic <ma!)'s~. The l't'ntroiu are.l, the 2-D Caus~iall di~
lribution. and lhe n~ol11pnl im';mWlls r)f du:> c:lllsl t' r of staim,d ('elis \\ert' dt'tt' r
mi.ncd. The ral brctins were then dissl'Ctt:cI, iiwcL ml<l vislI,uul'd und(:r t'[lll1llo

IT'scent microscop~·. A :3-D n:mJelinl! or the entin' sUpt',;or {:ollieulu~ und Ouo
\'f!scent injection was consln.l(.:ted. Till' percent or li le superior l'lliiculus UC.'t:lI
p ied by tlle injl-'Ction s,te was then calculated. The ,u'ea of tht' 2- lJ C~llIssi ,U1 dh
bibution of SOo/c of tJle laJx.l ... d fetinal g,U1~ l i (l1l cells \\~ LS ('alc:ulatf"C1 as U lx'r(:ent 

or Ule area of dl€' tolal retina. Thc nltio or Lhl' percent ur fetin.u area !.iailleJ to 

the percent of superior coU.culus volu me injected represC'nts dw !.':\pcmslon of 
the retinotopu.; map iu tlle SlIl)(>lior c:ollicu1us. 

Results 
1 n this expe ri ment ;'etinotopic magllilk:atioll was dellnl'd as nOn1liiliu-d area 
51.uned of rc li na/nolll1dlized \ olum!" st,tined or supelior collie-lIlus. The 1I11dillg5 
showed a nOllTml reductioll in re tinolopic mab'ru!kalion. The rt' wel1.' no slatisti

<:aU)' significanl differenc,' s fOllnd between dle flj~ht i.md conlrol ~OllpS. Thl' 
results suggested that neuTUnal COnIH'CliOI 1S betwl'en the e) e ,mJ the brain 
del'f' iop nonnaily in weightlessness, thus. gravi ty does nut seem to play it si~if1-
cant role in nf:urolli.U c'Onnection development in ~eneraL 
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Title of Study 
E IT€'ct~ or \llicrogravity 0 11 Bone Development 

Science Discipline 
Bone and calcium physiology 

Investigator Institute 
Nimb C. Pmtli tig(> St. Louis University 

Co-Investigator(s) Institute 
None 

Hot/us non;cgims (Spraglle-Dawlry rat) 
Flight: 10 darns. 24 p" ps MalelFell1 ~uc 

Ground-Based Controls 
DelaYf>d ~'l lchron()lIs: 1 () dams, 2 
10 laparotoillized dmns, -IS pups 

Key Flight Hardware 
Ambient Te rnpe rahlre Recorclf'r, Animal Enclosu re J" luclll le 

Experimen t Descriptions 

NIH .R2-1 

Objectives/Hypothesis 
As shown in previous studies, the J cvelopll l(;nt and mine ralizalion of new bO I1'~ 
decreases in microgravity environrnents. Other shldics l (:l" ~ sllo\~" that bOIL 

n~sorption is not effected by exposnre to m~(· ro(Travity. Thus, the il,)fle-fonning 
<:e1\s, osteoblasts, havc bee n impli cated l .. dec rease or bone mass. 
Osteoblasts secret'e the neural prote inase, f'.,lIag,e l l ~l <;e mid tissue plasminogen 
<lcti' tator (t PAl that are cnlcial to the proCl'~~ rlf boJ' (- l ' lIneralization. T his !>tudy 
(;:xamines whether the l'xpression or eolJagc lI<: ~e and tPA in nits of various 3Q:es 

is affected by prenatal exposure to microgravit)'. 

Approach or Methods 
Pups prenatally e:\-posec.l to m ierogrnvity we re de live red alld prepared at vari
ous ages. Froze n b locks of bone from the pllpS were then sectioned for 
imm unohistochemistry analysis. The ,111tisenllll lIsed [or c:oll agen<L~e was a 
n lonospec:i(Jc polyclonal rabbit antise nr m raised against rat osteobla~lic procol
l ag(,n ~L~e. The antisenlill Llsed for irnlllunoloc:ali z;ltion o r tissue ph~minogl'n 
al'l ivator ·.va~ raisc:d in rahbits against pll ri (J,~d rat lIlsulinnl11a tissue plas ll ri llo
g(' 11 activator. Staint'd sectiolls we re photographed and examilled to detc rnline 
distinct llirle renees in the appcaranc(' or dcve lopn~en t ru pattern of the c,uvm;
ae. The spp.cifl c: ity of the tPA and collagenase ;mtib,Klies \\IUS established with 
"Vpste rn I ,lot and Zymograrn analyses. ThickTless of t l,e bone matTix W<L~ then 
,malyzcd \\~ th photoi I nagc l'y. 

Results 
Staining for collagemL~e wa~ present lit all ages and r 
be tween tllc flight and the contTol all im,us. TisS LU~ piaslI1inogen staining also 
shownd no si!!1' ineant (lil'l'e rences between Il ight anJ control animals. Staining 
rewaled that tl:'A is localized to blood vessels amI tllat c0Bllgenase i ~ localized to 
endocranial are.1S that ,U'C' actively ucing modeleu and in til~ I: ,ahix. ThIS result 
suggests tllat tPA and collagenase flrc not procluccd by the same population of 
cells. Phot'OimaguJ), analYSis suppo,ted the results obtai lied ,vit i I immullohisto
chemistry and showed that ti le calvaJiae thickness was similar /01' control <UKI 
flight anim.us. The relatively bli e f cxposure of the pups tu Illicrogravil) might 
accoll nt /01' the lack 0(' (\iff(.: rence noted in th is stlKl)" 
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NIH.R2-2 

Title of Study 
ptidt> Development in Spac" 

Institute 
t; lI ivcrsi t(· de MonlpcUier 

Institute 
U niv(~ rs ite de Lynn 

Research Subject(s) 
IVlllm rwn;egicus (Spraguf'-Dawlf'y rat 
f ligl' t: 10 dams, 10 fe'ruses, 10 pups Fcn'" Jr- (dams), Male and Fcmale 

fchJses alld pllpS) 

Ground-Based Controls 
11 0 1lS: 10 da ms . II) fetuses. l(l p ups; \'i v<1riU lll : 10 Jams. 10 

fL' t ll)'('S . 10 p ill'S 

KeV Flight Hardware 
Allibient Te mperature Hf'corc\c r. Allil1lal Enclosure Mudille 
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Objectives/Hypothesis 
lll·aris taken rl'Oll1 r.lts rtown l)llthe NlT l.H2 missiun we re wwd to confinll the 
illllllLlllUC)todw lrlknl data obtained in the e:\p~ ri ll'lcn t flown Oil ~TH ,H l. T lw 

NUI.H I cxpelirllcnt used i rnm lll1(Jc~'b )cllClI1 i str)' (as well a:. rad ioi rnl11l1J1mL~says, 

ill situ hybli dization, ,\I1lVor competitive HT- l'CH) 10 cle termine quali tati \ 'e or 
qualltitative changes in storage and hio,l;)'n tltesis or nab'iurdic peptidE'S in C'.U', 

dj:\c:; tisslles of rats ( ~xposed to microgravity for 11. days or thf'i r dcvelllpi lle nt, 

Approach or Methods 
I h:a l'ts wen; processed similarly to those of i\' 11 J, n 1 daills, fetuses, and p ups lor 
im nl ullocyto('!.emistry afte r Hxation in 3% rOl11lltldchycie in PBS, Tissul's were 
fi'Oz(,lI bcfon-· sectioning. 

Results 

samples, CardiaC' Al'\ P l ' ic)s),11thesis of rat dams 11owl1 in spac:;c for 10 day, ilnd 

readapted to E~rt ll 's gravity tClr 2 d<lYS was inc:reasC'd whPoll cumpan:'d to ~:~I
chro l1olls anu vivarium CUl t rol rats, Hat fetl\S(,~ developed ill space displn:'pd an 
alt ~' \'I ·d mat uratillil of ci.l" r1 iac A,\I P, ",Iwn'as the cardiac AN P sto rage was 

reciul't,d ill both llight '1~. rI s)lll<:hrolious c(J)ltrol gro1lPS, cump;u'eJ to vi\aJi1l1ll 
'Ol lt rol r"t~, This sllgo!;c;sts that ANP 1l11.'taI>O~ ~\l1 durillg develop ment is impact
,je! U)' oath mic rngravit)' ,mel th e hl)\ L~i ll !!; cond i tions, 
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... 

in'uclian Timing Syste m 

Science Discipline 
hronob iology 

'. Investigator 
",- . ~. ----:::::-":-:--
CX Fulle r 

Co-Investigator(s) 
\I urakallli. D .M. 
Hoban-ITiggills. T.~1 . 

Research Subjectlsl 
RaNI/oS IWlv egicl/S ( Spra~\ll'-Dawl('y rat 

Institute 
Cniv(>rsity of CaLifornia. Davis 

Institute 
Cniversity of Ca liforllia, Davis 
. niversity of' Caliromia, Davis 

Flight: 10 Ff'malc 

Ground-Based Controls 
Deln~'ed s~11chronolls . Vivarium 

Key Flight Hardware 
Ambient Te mperature TI(;(:u rc\c r. A.nim'll EncloslIre Module 

Experiment Descriptions 

. I 

NIH.R2-3 

Objectives/Hypothesis 
The objectives o f' this (;xpelimen t Wl'rc to dete nnine ti le c lTect or space night 
on: re linal development; development uf the suprachiasmatic nllcleus (SCN ,. 
whic:ll is the ci rcadian pacemake r ur tit!' circadian timing system (CTS); rnntma

tion of the rdino.hypoth,Jamic tTacl (RIlT ); and the chO!\'eiopml'n t and mahmt
liun 0(' circadiat I rhythms. 

Approach or Methods 
Retinas we re llissected. sectioned. and mOllTlted on slides. counte rsta.inrd, and 
analyzed for Ill iekness of the in ner-p lexiform, inner-nudear, outer·nuclear. and 
ollte r-plexifol'lnlayers. Diffcrcncf!1> in the initiaLion and mahlration rate Or lam i
nat' thicKness were compared between an imal groups . Coronal sections \.ver 
Illade th rough the hypothalamlls and moun ted all slides that we re counter
stained a llcl analyzed for Inea n S0111 ,\ diameter o r nemons \\~thill t ile SC:">l . 
Corollal sections through Iltt' SCN we rc I.!x<rl1li lled for cytochrol lle oxidase 
(CYOX) stailling both wi thin the SCN and in Ilrc sU ITOImding rl!giolls al each 
age. As a PI'OVoc,ltive test of SC~ fi1l1ction . an imnls from each group \\le I"(' e ither 
(·xposed tu a light pulse (LP) or not (NLP). Sectiuns through thc SCN :lnd snr

rollnding II),pothalamlls we re irnn\llnohi.~tol'hcrnically stained (or <:-Fos reactiv 
IWIII'OIIS. nmin sections containing c-F'os-Iabe led neurons 'Nere mOllllkcl, cOl.ln

te rstai neJ , and e.x<lInined by light microscopy to detel111inc cliftc rl:IIC<'s in the 
nllmbe r of irnl11ll110reaetiv(;! seN ne urons between LP and NLP imisnrus at th(' 

age that tile H [[T projection becomes fill1L:lional. 

Results 
llistological examinatioll of the re tina revca.lec1 l1o differe nces in uevelopment 
betwee n Ihe F light (FLT) and Flight-Delayed Synch ronolls (FDS) re tina at 
G20. PN I, 1':-.1,3, and PN8. The pattern of cFos activation within the seN of the 
C20 animals indicated t.hat the FL T grollp was si!,'llificantiy delayed from th 
F'DS ,~roup at this age. These c\ifitm:l1ces disappeared by PNl. The re \Vas no 
differe nce be tween groups in the responsiveness n[ the seN to light stimula
tion ; <I rohust response was present hy P:"J5. 
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NIH.R2-4 

Title of Study 
Space FLight EfTects on Mammalian Development 

Science Discipline 
Development.J biolrnc'Y 

Investigator 
Je ITrey R. Albelts 

Co-Investigator(s) 
Ron<:a, ApliJ 
Burden, Hubert 
Plaut, Karen 

Research Subject(s) 
Rattus nomegiclIs (Sprague-Dawley rat) 

Institute 
Indiana U Iliver~ity 

Institute 
IndimlCl University 
East Carolina University 
University or Vermont 

Flight: 10 dams, 10 litte rs pups FemGJ·J 

Ground-Based Controls 
Delayed synchronous: 10 dams. 10 litt 
pups 

Key Flight Hardware 

tlps?- ~ 'iviUium : LO dams, 10 lili e rs 

Ambient Temperature Hecorder. Animal Enclosure Module 

330 

Objectives/Hypothesis 
It is h)'pothesi;~ed that e.\1Josure to microgravity reduces the stimulation of 11K' 

developing fetal vcsli bt tlar s)'~tem and ,Jkrs early \'estibular IUndions in fe lal 
rats. The purl' -}Se of tltis experiment is to explore that hypothesis and study the 
the eHects or space flight on thc behavior and physiology of pregnancy, lahor, 
de livery, and the onse t o r posblatai care, especially with respect to lactation. 

Approach or Methods 
Ve~libular develop men t was studied prenatall~' a lld posh1atally. A kinematic 
analysis of dams' behavior WilS cOllducted using dUily video recordings of activit) 
in the AEM by flight and control dams. Postflight. p renatal [e ruses were exter
nalized from the utel1JS whiJe keeping umbilical and placental connections tn 
the dam intact. E lectrocardiogram (EKG) electrodes we re implanted in tIlE' 
embl),os ~Uld EKe was rnonitored dUling vestibular pe rtu rbations of a lOs, iO 
degree till. Postnatally, pups were placed supine in and out of wate r and video 
re(.1,rded ill order to e\'aluate the ir shmdard righti ng response <mel \ovater immer
sion lighting response. P ups \"'ere GJso sllbjPcted to rot<1J), stimulation to e\'.Ju
ate their responses to hurizontal rotation. Ral prce,rn .. mcy <Old p,utlllition wen" 
also studied. Animals were recorded inflight to obsel"e ~he behavi or of th 
dallls. Iml1lp.(~ atcl)' postfljght, clams were pLae(>d in a glass ehamher and video
taped before and after parturition . 

Results 
Flight Jetuses responded more tlramaticalJy than. till ' controls t·o vestibular pe r
turbations. Pups Ilad no difference in the sm:cess or latenc), of the righ ting 
rf'sponse, indicating the flight groups retained the ability to orientate themselves 
with respect to gravity. Flight pups tested on reeove,), day .3 had a diminished 
water-lighting reslX>J1se, but !light plipS tested on recovel)' day .5 could not be 
distinguished from cOJltrol cmimais. Flight pups showed the Siune response as 
controls during the rotary stimulus, but were less likely to perfonll tJle post
rul<lI)' lighting response. While in flight, the flight dams dispiayed seven more 
times rolling 11l0vements than tlid controls, prohably clue to the increaseU num
ber or sUlfaces available in rnicrogravit)'. hnmedia tely postilight , flight dams in 
general moved less. Flight dams had ullcomplicaled and successful vaginal 
deliveries and hac! similm'-sized litters. However, flight dams had signiflcantl) 
more lordosis conlractions. probauly related to space night muscle atrophy. 
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Title of Study 
Neuromuscular Developlllent and Regulation of Myosin Expression 

Science Discipline 
Muscle phYSiology 

Investigator Institute 
KatlUyll L Clark University o[ California, San Diego 

Co-Investigator(sl Institute 
)Jone 

Research Subject(sl 
Rnttus Ilu roe{!.icus (Sprague-Dawley rat) 
FLight: 8 darns, 4 re tuses, 28 pups Male/Female 

Ground-Based Controls 
Delayed synchronous: 8 dams, 28 pups; ViV;11; III11: 8 dams 

Key Flight Hardware 
Ambient Ternpenth.lre Hecorder, Animal Enclosure ylodule 

Experiment Descriptions 

NIH.R2-5 

Objectives/Hypothesis 
The objectives of this expeJiment were: 1) to examLne the time-course or myosLn 
heavy chain e~'Pression and the development or adult IIber lypes in hindlimb 
mllscles that have been exposed to microgravily during embryonic develop
ment ; and 2) to cletennine if the embryonic system requires gravity in order to 
establish nOJ1naJ cli!1e rentialion of muscle fibe r types. 

Approach or Methods 
Tissues from dams, gestat;on-day-20 letuseE. and pups at ages 1,3, 7, 10, 14,21, 
and 3.'5 days were obtained follOwing IUght 011 STS-70. Launch occurred on ges
tation day 11 and landing was on gestation day 20. Himllirnbs and muscles from 
fetuses and pups were sectioned and labeled using antibodies for myogen in, 
Myo D. (U1el lI1yosin hE'U'"y chain isofoJ111S for e ll1blyonic, neonatal, lype I, typ 
la, type lb, and type Lx. 

Results 
In soleus and medial gastrocnem ius 1l1usc,les [rom the clams, no diffe re nces 
were found bet\vcen flight and control anirmJs in mean fiber area or myosin 
hem,y ehain expression. 
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NIH.R2-6 

Title of Study 
llistological Effects of Microgravity on Rat Body Wall MlISculatllre 

Science Discipline 
Muscle physiology 

Investigator Institute 
Richard W,Lo;sp,rsug Dalhollsic University 

Co-Investigator(s) Institute 
Fejtek. ~ol1jka DalJlollsie University 

Research Subject(s) 
Rattus n011Jegicl.Is (Sprague-Dawley mt) 
Flight: 4 Fe male 

Ground-Based Controls 
Delayed synchronous: 4; Vivar ium: 4 nonJaparoLomized, 4 laparolomizecl 

Key Flight Hardware 
Ambient Te mpe rature Hecorde r, Animal Enclosure Module 
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Objectiv9s/Hypothesis 
The plI'lXlse of Ihis study was to examine the effects of fOllr vaJiables on histo
logical prope rties of three I11llsdes fro m the ral body watl . The muscle s exaJl1-
ined were the rect'JS abdolllinis (RA). tnul SVf'rSIIS abdoJl1inis (TA ), lUld ext ernal 
oblique (EO ). These muscles fun ction ill bo th locolllolion ~md in raisi ng; inh<l
ahdominal pressure to expel matOlial , indltding pups at birth , from the body 

cavity. The variables examinf'd were: I) gestation: 2) 'Ulil1lal cagillg; 3) tIle cfiect 
of a midline laparotomy perfrmlled early in gestatioll to dete rmine fetus n um
bers; and 4) exposure to space flight. 

Approach or Methods 
One group of fligllt rats undenvent cesarean section immediate ly followillg 

flight, afte r which muscles were removeu and frozen for shipment. Se lial cross 
sections we re taken from frozen muscles of the specimens. Fiber size and den
sity were determilled by image analysiS. Samples were incllbated wi th mono

clonal antibodies specific for slow myosin he'l\.y chain C'vIHC ) lU1d r.\St \ H-IC. 
Me labolic e nzyme markers Sliccinate dehydrogenase and alpha-glycel'uphos
phate dehydrogenasc were used to de ter mine fibe r nxicbtive capacity. C h,Ulges 
ill \~I'lZyme levels werc colTelated wilh fiber t)1)e. 

Results 
All four vrui ables listed in the objectives had eflects specific to both individ\lal 
muscles ,mel to expelilTle nt,u conditions. The TA <mel HA mllscles sllowecl signs 
of sh'etching wiLh increased gestation. EO, a rotator of the lo rso, hype rtrophied 
iI) rals hOllsed ill complex three-dimensional group cages as compared to con
ITOl rats hOllsed Singly in flat-bottom cages. The TA and EO muscles, whe ll con

tracted would pulJ on the suhlre line, showed signs of aO'ophy in Japarotomized 
animals. The h)'pe ltrophy of EO, an un e:-.vected result. w,t~ consistent willi the 
behavior of the rats in orbit. In microgravity, tIle rats did not float freely, hut 
instead crawled over the cage walls and cach other. This be havior requ ires 
ac tivc ro ta ti on o f Ihe torso, indicating weightlessness does not nec:essarily 
involve:: muscle inactivity or unloading. Changes in these muscles (lid not COI11-

prom ise the ability oC the rals to giw birth . 
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Title of Study 
Physiological and AJlatolll ical Rodenl E.\ppl1ment ] 

Science Discipline 
\-1 uscle physiology 

Investigator 
\ '[arc E. Tischler 

Co-Investigator(s) 
None 

Research SUbject(s) 
Hattus /wl1x 'gic!lS (rat) 
Flight: .q 

Ground-Based Controls 
AS.'v1)chronollS: /) , Tail-suspension: 8 

Key Flight Hardware 

Experiment Descriptions 

Institute 
University of A1i201l<1 

Institute 

Fcmale 

PARE1-1 

Objectives/Hypothesis 
Predolls Lo PARKOI, the onl), sh.ldies comparing ll n\Veightin~ through micro
gra\'it~1 "Tid ullweighting through hindlimb suspension were pel{ormetl on adu lt 
rats. These studies hnw shown that postelior hindlimb muscles, the function of 
which depend on upposing the pull of gravity, are the most responsive to 
II nweighting. Another effect found in unweigh ting sludies has been the 
increased response of insulin Lo glucose transport. This expe rill1ent was 
deSigned to test the v,llidil)' of nsing tail-suspension methods as models fo r 
studying microgravity unweighting elTects on developing rats. Another objective 
"vas to detelllline whether llIicrogravity causes an increase in glucose uptake in 
the presence or absence of insu lin . 

Approach or Methods 
flight and cOlltrol rats wert' 26 days old at the beginning of the experiment. 
M1\~cles wcr<' removed withill 3 hours of landing. Body and muscle weights 
were ml!:l~ured ['or night alld eonti'nl rats. Prutein analysis for total protein con
tent mit! concentration was pnriol111ed on the soleus. g'L~ t rocnemius, plantalis, 
tib i a lL~ anterior, and e,,'te llsor digi toliuJl1 . The sole\ls and extensor lligitorilll11 
were lIs(' d lor glllcose: uptake' stlluies. Tll(' extbnsor digilolillrn sen·eel ,L~ a con
trul tn t he soleus bee-ause it is not afCed ed by loacling or systemic effects. The 
uptake of 2··deo",)'glucose was measured in the prc.~ence and absence of insulin . 

Results 
Despite similar food and wate r consumption, night rats gaioled more weight 
than the control rats. Comparisons or 111' :" ~I e sizes normalized to body m<L~S 

showed that flight and slIspension reclueeCl muscle mass of the solells uy 38 
and 3:3%, resped ive)),. Smaller dilTerences were seen in masses of plantaris and 
gastrocnemius muscles and no differences were seen in anterio r muscles. 
Protein content of the soleus rnuscles fi 'Om fljght rats \Vas reduced by 20% and 
\Vas ck ml<.:telized by a lower concentratioll. Prote in conlent from tbe sole liS 

muscles of suspended rals was ret Illced by 23%. In the absence o[ insulin, ther 
was no UifTerence in the rate or uptake of 2-deo.\ygl llc.'Osl' in the sole\ls or til 
exLe llsor digitoriu111 . However, in tI ll" presence of insll lin , the uptake of 
2-l1eoxyglucosc was signifieantly higher in flight and suspended ral~ th,m in con
trul rats. This inc rc,L~e Inay be caused by all increase in insulin-binding capacity 
caused by unloaclin2: eri"ects. 
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PARE2-1 

Title of Study 
Space Flight Changes in Skele t<u mHNA 

Science Discipline 
Bone and calcium physiology 

Investigator 
Daniel D. Bilde 

Co-Investigator(s) 
HalloJ<m , Bemard P. 
Harris, Jonathan 
\-Iorey-Holton. Emily 

Research Subject(s) 
Rattus noruegicus (Sprague-Dawley rat) 

Institute 
Vetenms Adminisb-ation Medicru Center 

Institute 
Veterans Adminishcltion Medic.al Center 
Veterans Administration Medk,u Center 
NASA AIJles Resew'ch Center 

Flight: 6 Male 

Ground-Based Controls 
Delayed S)'llchronous: 6, Tai.l-slispellsion: 6 

Key Flight Hardware 
Ambient Temperahlre Recorder, Animal Enclosure Module 
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Objectives/Hypothesis 
Space flight can lead to osteopenia in developing rats through decreased bone 
formation , inhibited Inineralizatioll. and delayed maturation. This lTIay be a 
reslllt of decreased osteoblast di ffe rentiation. decreased CalciUIIl to hydrox)1Jro
line ratio, or decreased osteocalcin levels in bone and semtn as observed in pre
vious space flight studies. Of interest in osl'eoblast diffe rentiation is the observed 
increase in alkaline phosphatase mRNA dUling lIlatrix production ,mel the sub
seque nt increase in osteocalcin mRNA during Il line ralizatiol1. A decrease in 
mRNA levels of insulin-like-growth betor (lGF) and its receptor has also been 
observed. This turning on and orr of gene expression may be a regulating f~lctor 
in bone development ,md was the subject of tllis study. 

Approach or Methods 
The femora, tibia, and the region from the midtibial plateall to the femoral 
me taphysis were take n from nighl and ground control rats for analysis . 
Northern analysis was perf on ned to measure the In HKA levels of alkaline phos
phatase and osteocalc:iJl . Solution hyblidization/ rihonuclease (R::'-Jase) protection 
rulal)'sis was pelfolllleu to measure the IGF-[ and IGF-IR mR::-.JA levels. 

Resul~s 

Space night tnmsiently increased mRNA levels for IGF-I, rGF-Tn, <md alkaline 
pllosphatase but decreased the 111 R NA levels for osteocrucin . The mtio of alka
line phospha\a~e to osteocalcin ITITINA levels was 2.2 times lligher in flight rats 
as compared to control rats. The increase in mRl\A for IGF-I and IGF-IH ,vas 
not mq)ected, as space llight leads lo a reduction in bone fon11ation. However. 
studies have shown an increase in resistance to IGF-l as a response to lTIicro
gravity. The obselved mRNA increa~e for IGF-I 1lIay be a compensation to tlus 
resishUlce. The changes in osteoceucin rulel alkaline phosphatase mH.:--JA levels 
are consistent with a shift towards decreased lTIatmation . The data indicate 
skeletal unloading dUTing space fhght resets tile paltern of gene expression in 
the osteoblast . giving it a less mature profile. 
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Title of Study 
Effects of Space Flight on \ llorphology of the Rat Adenohypophysis 

Science Discipline 
Endocrinology 

Investigator Institute 
Alan ylorti mer Canadian Space Agency 

Co-Investigator(s) Institute 
;-.Jone 

Research Subject(s) 
Rattl/s llol1;e,!!,icn~ (Sprague-On""le), rat) 
Fli,ght: 6 Male 

Ground-Based Controls 
Dda~'('d S}llchronom: 6 

Key Flight Hardware 
AI nbient T(·mperallJre Recorder. Animal Enclosure ModuJe 

Experiment Descriptions 

PARE2-2 

Objectives/Hypothesis 
Space flight hac; been shown to have a profound effect on homeostasis in both 
humans and rats. The endocline system plays a significant role in homeostasis 
<mel is prutic,Jarly sensitive to the effects or space flight. TIle function of the 
aclellohypophysis may have a strong influence in these endocline changes. 
Given that changes in adenohypophyseal functions may lead to endoclinological 
changes, the pUJpose of this study was to comprehensively examine the mor
phological response of adenohypophyseaJ cell t)rpe'; to space flight. 

Approach or Methods 
Immunochemistry was performed on botL flight and synchronous control rats. 
Antibodies for growth honnone (GT-l), pro!actin (PRL), adrenocortropic hor
mone (ACTH), thyroid stimulating hormone, follicle stimulating honnone, and 
llltein izing bormone were used. Gonadotroph and cortic:otroph sizes were mea
snreC: and c:orlicotroph cells were counted. Semithin sections of pituitruy tissue 
were staineu and the ultrastructu re W<l~ examined using transmission electron 
microscopy. Cellular distribution of mIlNAs for GH , PRL, and proopiome
lanocortin (POMC) was determined b~1 ill sitll hybridiz.1tion . 

Results 
Significant enhu-gement of cOIticotrophs was seen in flight rats. Kuclear <md 
C}toplasmic size increased in equal magnitudes. COlticotrophs showed ultra
struchmJ evidence 01' enhancecl secretory activity. The expression of PO\llC 
Il1R~JA, the transcript for the prec ursor of ACTH , was also increased . 
Gonadotrophs also exhibited a significant increase in size but did not show ultra
struchJnu evidenc'e of enhanced secretory activity. No changes were seen in the 
overall cell t)'Pe of any si.ngular adena hypophyseal cell lype. No evidence of cell 
necrosis or injury was seen in adenohypophyseal secretOlY or vascular elements. 
In conclusion. chrulges were seen in only two of the five secretory cells of the 
anterior pituitmy, indicating that th£' adenohypophysis is resistant to the effects 
of space flight. Changes in cOrtiC.'Otrophs and gonadotrophs appear to be a result 
of compensatOlY changes in the endocrine system, ratb£'r than pathologicru 
damage to tJ1e anterior pituitmy. 
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PARE2-3 

Title of Study 
]lIfluence of Space Flight on the Production of Interleukin-.3 and Interleukin-6 
by Rat Spleen and Thymus Cells 

Science Discipline 
1m 1l1unology 

Investigator Institute 
Edwin S. Miller Cniversity of Lottisville 

Co-Investigator(s) Institute 
None 

Research Subject(s) 
&Il'llis l1on;egiclIs (Sprague-Dawley rat) 
Flight : 6 Male 

Ground-Based Controls 
Delayed synchronous: 6 

Key Fl ight Hardware 
Ambient Temperature Recorder, Animal Enclosure Module 
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Objectives/Hypothesis 
Space fhght is Imow11 to aITeet the immune ~)'stem at the regulator) cytukine ne t
work level. These effects may cause astronauts <mel mammals to be more susce p
tible to heallh problems. lnterleukin-3 (IL-3) is a colony sti mulating factor (CSF) 
<mel inte rlenkin-6 (IL-G) CLUl selve as a lymphocyte prolife rator. Both are illl lXlr
tant ill elemellts of the immune ~)'SteI1l . The purpose or lhis study was to exam
ine the ei3ects of space !light on the activi ty of lL-:3 <md lL-6. 

Approach or Methods 
AJier 7 days of space flight, the spleen and thymus were taken from rats and 
assayed lor the ability to secre te I L-3 and IL-6. CeUs from the spleen and thy
mus were incubated with either conc<Ulavalin A or the monocyte/macrophage 
activator lipopo lysaccharide Lo stimulate IL-3 and I L-6 production. To assay for 
IL-3, IL-3 colony stimulating l~lctor-depenc1ent cell line 320 was used. To assay 
for IL-6, IL-6 dependent ceU line ITDl was used. 

Results 
Production of IL-3 WaS higher in the splef'n <mel th}TnUS cells harvested li'om 
flight rats as compared to brround controls. I L-6 production wa~ hight'r in the 
thYHlus cells of' flight rats but not ill til t' splccn cells. These resul ts show that 
space flight cun enhallce the production or C)'tokillf;S in the im mune syste m. 
The immu!1omodu latOlY fuctor responsible lor this ellkmcen1f'nt is not under

stood through t.his study. 
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Title of Study 
Effects of Zero Cravity on Biochemical and Metabolic Propelties of Skele tal 
Yl nscle Fiber-l~\,pes 

Science Discipline 
~II usd e physiology 

Inve£tigator Institute 
Kenneth M . Bal<hdn University of Califomia, Irvine 

Co-Investigator(s) Institute 
CiaoZZ0, Vince Universilv ofCalilomia. [rvine 

Research SUbject(s) 
R(/ttl/.s r/oI"(;CgiclIs (Sprague-Dawley rat) 
Flie;ht: 6 Mal .. 

Ground-Based Controls 
Delayed s:.11<:l1ronous: 6, VivHl1l1m: 6 

Key Flight Hardware 
Ambient Temperature ReC0rder, Animal I nclosure y[odule 

Experiment Descriptions 

PARE2-4 

Objectives/Hypothesis 
Microgravity bas a dramatic effeet on skeletal muscle dUting space f1jght. The 
1:)'1:leS and q uanti lies of contracti le proteins of skeletal muscle fibers play an 
impoltant role in detennining lhe muscle function. The objective of this study 
was to detelllljne the effect of space flight on myosin composition of the soleus 
muscle through the investigation of mechanical properties of skeletal muscle 
determined by the types and quantity of myos in . the myosin he<l\'Y chai n 
(MHC) protein isofon l1 composition, and the MHC mRNA isofonn content. 

A.,proach or Methods 
The soleus muscle W<l~ taken from rats after 6 days of space flight. Maxi mal iso
metlic tension was measured and normalized to the physiological cross section 
area of the muscle. MaxilmJ sholtening velOCity was dete rmined ~U1d expre.ssed 
as millis and mus:le length/s. The percentage of slow type J and fas t 1!1:le IIA 
myosin hem.)" chain (M HC) protein isolo l1115 were deteml illed for the soleus 
muscle ,L5 weU as the con'esponding m RNA content for each \1HC fil:>er type 
protein isolol1n. 

Results 
A 5% reduction in ma.ximal isomet!;c tension was found in the soleus muscle. 
ex-pressed in N.'cm2. In contrast to the decreas€!l tension for<.>e. maxim um short 
elling velocitv increa,\\\cl1.5% in the soleus muscle . it is speculated that to com
pensate for c1 eC're<lsed isomeb;c tension, maximum shortening velocity increases 
so the muscle can be stimulated at higher frequencies. Little change was seen in 
the percentage of slow Type 1 and fast Type HA MHC prote in isoforms. Fast 
Type (IX M HC protein isofonn content increased by 10% of tlle total MHC 
protein isolonn content. This increase may account for the increa~c in II1mci

mum shOltening ve1oci~l . The IllR"lA content for fast Type IIX MAC isofol111 
W<lS also signifk,mtly increased. Thjs is consistent with tlle increase in tJle fast 
Type l lX MHC prolein isoforms. Based on this ancl other information. it 
appe..trs muscle atrophy in microgravity is isofoml-specific. 
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PARE2-5 

Title 01 Study 
Effect of Space Flight on O)jdati,'e and Antioxidant' Enz)111e Activity in Rat 
Diaphraglll and InterC'Ostal Muscles 

Science Discipline 
?vi usele phy~iology 

Investigator 
Beverly Gilten 

Co-Investigator(s) 
Ronald Tuttle 
Mona Lee 

Ground-Based Controls 
Delayed !<) lld"1 ronous: 6 

Key Fl ight Hardware 

Institute 
Houghten Pharmaceuticals 

Institute 
Houghten Ph<mnaceuLicals 
Hou~hten Phannaceuticals 

-Dawley rat) 
Male 

Ambient Tempemture Recorde r, Auimal Enclosure ModlJe 
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Objectives/Hypothesis 
Previolls studies show oxidative mm'ker enz)'l lles respond to I I.iCro~'U\;ty diller
ently in differe nt muscle fibe rs, 1n hindlimb-suspe nsion stud ies , uxid,lti" L' 
e nzyme leve ls have beell shown to both increase and dccrrase in dilTt' I'l 'll1 
eX1)e I1ments. T he pllll)ose of this t xpeliment wa~ to examine t he e ffects or 
Inicrogravity Oll oxidative and aJltioxitiativf' enzyme levels in re~1lira tory Ill uscle!., 

Approach or Methods 
Diaphragm ,md inte l'C'Ostal muscles were :'uke ll rrom ra~ aft e r 7 da~'S of spac'C 
flight. A portion of each tissue sample was homogenized ,md ellZ)'l lle amJ!,~is was 

perFormed on the supematant. Citrate S)'11thase activi ty was measured using 
spectroehotOJTlCby. Superoxide dislllutase levels were measured to indicat 
<mtioxidant activity. Lipid peroxidation wns detell11ined through levels of mJlon
di,Jdehyde and 4-hydro.\}'a1kenal, by-products orupid pero:..idation. 

Results 
An increase in c itrate syn lhase acbvity (an oxidative activity ) was sl?en in 
diaphragm :nuscles but not in interc.ostal muscles. A signitlcant c/!'cl-east' \."L'l,'i 
seen in Upid pero~idation L'lcti'vi ty of the diapl,mgm, Lipid pcro:Jdal"ion of tl1f' 
intc'rcostn ls was '1 0 \ signif'i canl ly affe d cd , Antioxidan t a(' ti \'i~ ' n 'lllaineti 
unchanged in the (liaphragm. These re!>lIlts a rc inconsist('nt with pre,;ous 
hindlimb unloading stullies, in which c-ih'at(' S)'11thase acLi\it)' decreased and 
peroxidatioll products mcreasecl in hindlimh I ~ 'usclcs such as the solpm. This 
may l:r" due to the fact Llmt respimlOly muscles do not eXl)elience unloading as L1 

result or space flight; instead diaphragm muscles rcmain passh'eh. tense and 
tonic activity or interC'Ostalmuscles i11creascs, 

Life intll Space 1991- 1998 



Title of Study 
EITects of Spac't' Flight Stress on ProopiomehU1ocoltin, Proenkephalin A and 
T<lch~ kinin f'f'uropcpticl ery:;c Syste ms in Lh ' Hat Posterior Pitu itary 

Investigator 
[) . ~1. O('sideri 

Co-Investigator(s) 
Non 

Research Subject(s) 

Ground-Based Controls 
DcI,l~ '('C\ ~, leit ronllW;: II 

i<ey Fl ight Hardware 

Institute 
. ni\'ersity of Ten ness, 

Institute 

-Dmd cy l~\t \ 

t\l al 

Ambient TPIllIx'l<lhlre RpcOIuer, Animal Endosure Module 

Experiment Descriptions 

PARE2-6 

Objectives/Hypothesis 
Stress is known to cause an increase in the secretion of beta endorphins and 
methionine enkeph,Jins into U\e blood stream. Both of these substances have a 
seuati\'e eFrcct or inhibit stimulation. Substance P is also an important ne ll
ropeptide ill the stress process dlle to its a!.. ili ty to nonnalize stress rusordeTS. 
The objective o r tllis study WilS to exa mine the le\-els of these pe ptides in 
response to the unjrjue st resses of spac.'C lliQ:ht. 

Approach or Methods 
F1i~h t rats experienced .5 d'l~ri of !>1X1CC night including launch and landing 
stresses. The poste rio r p it uitaly ",as d L~Sf'.:·ted from tile nIts 5-12 hours afte r 
land ing. T ota l protein conten t was determ ined using microco]o ri metry. 
Radioimmul1oassays were used to dete n nine beta-e ndoITJhin-like inllTIUnOreac
ti 'vity ( ~ F.- l i). methionine cnkephal in -Like illllnUnore::tcti\;ty (M E-Ii ) and stlb

stance P-like im munoreactivi ty (SP-l i), These resu lts were compared to the 
sallie mca.mremcnts taken from ground-control nlts. 

Results 
Statistic.J analy-;is showecl levcls of M E-li and SP-li in the fl ight ral ~ tf') Ix> siglliri

c:antl~' lower than levels in m ntrol rats. There were no cli1ferenc.-es fOlmcl in BE-Ii 
levels of flight ,mel control mts. This indicates Lhat proenkephalin .'\ anel tach) kinin 
nellfupeptide rgic systems re~!X>ncl to U,e stresse:; or space flight (as inruC:lted by 
lower b ·c!s of \ 1 E-Ii and SP-lit whereas the proopiomelan<X'Ortin neuropeptider
~c s~'St(' rn docs not (as indicated by the lack or ch,ulge in I3E-li levels). 
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PARE3-1 

Title of Study 
Acute .. '.dapldtion of BOllE' to Spa, f lig bt 

Science Discipline 
Bone and calciulll physioloQV 

Investigator Institute 
Emily R. l\ lorey-Holtoll I\ASA Ames Research Center 

Co-'Investigator(sl Institute 
Tumer. Russell T . \ Ia)'o Clinic 

nOLlS: 16, Tail ~uspens ion : 16. Vi\'mllln: 16 

key Flight Hardware 
AmbienL Tempemture Rcc..'orc\e r . .'\n.i111a1 Enclosure Module 
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Objectives/Hypothesis 
----------~--------~--~--~----

.'\ l1 illla.is on Eartl ~ expelicilce the eons lant loadin~ of gr,l\itulional tortes 011 

their skplc tal Systf' llI . These fon't's an' a Elctor in d('tellnillin~ sizt' ~harx'. ,IIUI 

51rength of bones. Whcll gru\\; II/! hOlies are unloaded. mahll1ltioll i~ dda~t'd 
and grO\vth rdte is reduced. There mar he ,Ul incrpiL"t' in size ~UHJ 1ll,1S!> but not 
in stre ngth. The h~1)()lhesi s or this ('1<11,>1; 1llt:'111 is thai gn.l\; ty is Ilet-es".u)· for nor
mul de\'c!opment or bone stmclure and flUihe nnorl:' , Ulat \l nl oa(lill~ canses 
delc<.:tiw l>one growth. The el<lJression of the s\""detal growth fdctor TC ;F-~ after 
e.\puslll·t' 10 lII ic-n::lf.'l'il\;t.v WllS :1lso l"Xalllincd. 

Approach or Methods 
Flight rals were sac- lilked -I , 24, ,mel 72 homs po~1ni~hl. H ('lllutmyli n- a ml 

eo~i n-staillcd sections of the lig;lJnellt werr ,Uli\.I~·l('d using .: nueit'ttr mOJPhl}
metric .1Ssay. TOlal ccUu hu' RI\ A was i ~olatE'd from long bont- pt:t;oskum and 
c-aJicellnus l11t' laph) sis and e1IC11<lc(clizeci L~ ~orthelll 'U1a1~'Sis . 

Results 
~----~----~--~--~--~~~--~~~--~--~~~------~ 

l\oltl1C' rll analysis shmved rnH~A It'\'els for the skeletal growth t;lf'lor TGF-~ 
reuucccl by 57% ill the pel;o~l l' lIm. 11 00\t:·\'L'r. n·llladin)! upon rt-lum to L C 
causer! CII1 increase 10 309% or 1 ('\'eL~ IOllnd ill thC' ~nHlnJ L'ontrob IJ) 2 .. 1 ItOlll~ 
postfliglj t. TCF-P ll lH "IA IC\'eb rL'tllmed to 1I01ll1;(11)~ 7'2 hou rs po..,ll1i,;.dll . :-\0 
ch,mgcs in mHN,\ ll' \ e ls were obst:'l .... cd ill lhe llIi.'taph\'sis . :\L'..Ir1)· identic.ll 

rc.:sults wele found in t11e simultaneoLls hi lld li m' . ~lISPCI\SiOli l'UntTol. Tltese 
results indicate both a depressioll in osteoblast precursor Cf'll differl'ntlatloll 
caused by microgra\it~ lmel tissue--specilic responses to d)ll<llllic weight bt-:1tinE-' 
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Title of Study 
ell Kinetic and I-Lsto l1l(JIv homelli c Analysis of M icrognlvital;onal Osteopenia 

Science Discipline 
Bont' ,mel calcium physiol (Jgy 

Investigator 
F ugcllf" \ \ -. Roberts 

Co-Investigator(s) 
Gal C' tto, l -<l\\Te nCC P. 

Research Subject/s) 
Hal t ;ls llororgicl/s (Spraguc-Oa\\'le: ' rat ) 

Institute 
Indialla University 

Institute 
lndiana Unive rsity 

Flight: 16 ~ll a l( · 

Ground-Based Controls 
Basal: fl . D{·layed ' .. ynchrnnoll!>: 16. Vi\·a'; um: 16 

Key Flight Hardware 
Ambient Temperature Hccnrrle r. Alli mal E Ilt:iosure t,,\"odule 

Experiment Descriptions 

PARE3-2 

Objectives/Hypothesis 
The main hypothes is of this c:\ve riment W."IS lhat space night lJlocks osteoblast 
formatio n; llo",evor. it rapidly recove rs UpOIl return to Earth . T llP study 
attf'm pled to gaill a better unde rstanding of the way that physiological processes 
ad<lpt both to lTI icrogra\~ly and :1 re nll11 to an E arth e nvironmcnt. In order to 
ilchic\'P, this. iom ~:.lals were C'stablishcd: 1) DNA synthesis that lend to pr"
ostcob l~L~t cell proli fe ration W'L~ st llclied Ihrough the lISC uf' a speci fic lTIarker
this me tbod would yield new resll lts that could bui ld on pre\ious rescarch; 
2) To confi rm previous Hndings that , .ugge~ ted tJ Ie presence of postflight inh.ibi
tion uf' osteobl a.~t form ation; 3 ) To detel111ine if' the block to ostcohh.~t fo rllla
tion is confi ned to sr ednc areas of the skeletoll; 4) To dete rminc how long it 
takes ro r osteoblast formation . 0 r(~c.:ovcr after space flighl. 

Approach or Methods 
~~~----------~----.-~--~~----~--~-

The inc idence of ostcoblast fo rmation sites Juring <I 9-cb :v fl ight .L~ well .~S thei r 
rates o r apposition at 4- (1 , 24 . ;t llc\ 72 ),OIlrS afl c r spa<:e night \Ve rc studied. Rat 

flhrobl ast-li ke osteobh~t preclI rs') r ce lls from both l1l<Lxillmy mular pE'liodon lal 
lig<llne llt~ (PDL) and mandibular t:ondyle ce lls were analyzt'd using ;1 nllcle;u' 
morphome tric assay. The POL ce lls were p lacecl in -4~l He n ,alo:.:,lin all d 
stained with eosin to obtain t il<' relativt' nll mbe r or p r('()s teohla.~ t s . The cell 
kine ti c!> or osteoblas t his togenesis at L\-G, 24, alit! 72 hours postflight we re 
assessed to record the palh of r('COVel} of osteoblast produclion. 

Results 
Analysis of Abroblas t-like ostpoblast precursor ceUs in rat PO L )~elded a slatisti
cally signincant reduction ill osteogenic precursor formation after a retullI fro m 
a Illicrogravi ty en\'i rnnrllc lIl. Producl'ioll qUickly rC' lul11o::d to lIonnal lc\lels. and 
nne r 24 h OlLl'S 1I10St cd l populatiolls were at preflight 1<', els. Th~se Andings sup
po rte d the hyp otheSiS t hat mi crogravity inh ibi ted osteob last formatio n. 
H owever. analysis of the rat IlIan, liblllar (:oncl)'le ed ls showed lhall11ic:rogravity 
had lIot signiOcantly "fleeted ostpobhl.'it production . This was most likely due to 
the Glct that the ceLIs were growing rapidly. and thus the genetic: need to pru
duce new cclJ.~ oll tweighed lhp. f! ffecls of mic: rogravi ty. Fu rther sUlCly of adul t 
nJalioibll lar condyle cdJs is noc·ded unJ wOllle! be mosl rekwant to hll man spac 
!l ight. partk ll iarly of g"owing iI ,divitluals. 
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PHCF-1 

Title of Study 
Micro~l'iwity-lnd\lcetl Effects 011 Pi tuital)' Growth Hormone Cell FlIllclion 
(PHCF): A Mechanis ill for Mlisde Alrophy in Manned Space Fljght 

Science Discipline 
E llllocri l1ology 

Morrison, Dennis n. 

Research Subject(s) 
Rattus IIm'VegiclLS (Sprague- Dawley rat) 
Flight culture vials: 16.5 

Ground-Based Controls 

Institute 
Pennsylvania State l lnivcrsity 

Institute 
NASA Ames Rcsean:h Center 
NASA Johnson Space Center 

l3as,u culture "iab: 16.'), Dulayed :o.yrwhronolls CUIt-UfC vials: 16.5 
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Objectives/Hypothesis 
1) I'll establish the elTed or micro)..,rravi(y on storage, synthesis. ami sccretion of 
Gil hy rat pitl litary cells; 2) 10 study the effects of hydrucOItisone and h~l)(Jtllal
mnic CH-re!e,Lsing honllone (GI lHH) on GH cells; .3) to detennine whether 
these changes persist ill uitm after Aight; 4) to deten ni ne wheliler microgra\ity 
aflects the molecillar fill'l ll ofCIl; and 5) to dctcnninl' the eflec\s of microgravi
ty on the lIJh',LStl'llcl ure nf' the somalotroph iLnd ",hetller there is a difTerellc(' in 
somatotrophs from lhe dorsal or vcntnu arf'a of the pituit,uy gland, as well tL~ 
from the high- \is. low-density somatotrophs conl,lined in the p ihlil,U)'. 

Approach or Methods 
Cells were divided into fi ve 10catk)ll/density-b'L~f!d grollps. After flight, culhlres 
were tested for their mspol1siveness to a syntl1<'lic CH RJT . Concentration of 
immunoreactive GH (iGf l) relea.sed fi-om the cells into til<' l!ultme media \\', IS 

detnmined by enzyme i11l11l\\lIOi.lSS<l),. Concentrations of biologictilly al!tive G i l 
in th(! culture media and extracts were measured using bioassays. High perfor
mance lirluid ch "C'l}1ato~raph)' W<L~ used to determine the molccular weights of 
ell l'C:Jc.lSetl frol-,1 Hight ilnd groulld-con trol cells. 111l1l't1l11ocytochemistry was 
lIsed to identif)1 GH cells and now CytOllle>tlY was lIsed to study their c.'C Li mor
phology and to 01\tll1titatc numbers uf somatol I'Ophs ill each sample. 

Results 
t;;age <\I~ru)'sis or GH cells from mixed and lligh-dcllsity grol1p.~ showctl an 
it.(;I'e'L~e in c)'toplaml ic , U'C,IS of flight cells. There were> no difFerences in area of 
lh t.! low-density group. Microgravi~1 did not ai'lect the release of iGH duri ng 
flight or Juring the (i-day posLlhght pelicxl. Helra5e of bGIT was l'P.tluc.'Cd in lhc 
h; ~h-density night cells, bll t treatment "vitI! hydrocortisone raisecl the levels to 
that or the ground controls. l Iydn)Cort;sonc hud the oppositc efTcl l on !.)w

densily [Ulel mixed-density flight ce lls. A greatci fi '"tlction of higl, molecular weight 
iGH was foucd in Hight salllple~ . uut in general, neiLlH:, r microgravit)' or sterOIds 
had an effect on li Ie size disbibulioll of the hormon€'. flight celJs were less scnsi
tive to CJTHH than gro\lnu cells. :-Jo changes werr seen in release or ieH 
uetween llight and .;: .. .. ' :~,j -controJ (dIs of the dorsal or vent ral regions; howe\'cr, 
the re l ea~e ofbeH 'N"IS red llced by hair in ventral night cells LL~ C'Ol11pared to vcn
tral ground-control c(, lIs. 1 n SUrrl llln:)', dala show t.Ilat dmnges i:1 chemical and 
c-elJlllnr makeup of cell cultures alkc:t CH cell-response to rnicrogravity. 
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Title of Study 
Effect or Wcightlcssncss on Bone Histology, Physiology, and Mechanics 

Science Discipline 
Bone and cak:iu lI l physiology 

Investigator 
\\'ilJjaITI VV. Wilfinger 

Co-Investigator{s) 
Rodnn. Gideon A. 
HymPf. Wesley C. 

Research Subject{s) 
Hattl/s 1l0n;C~iClIs (Sprague-Dm.vlcy rat ) 

Institute 
Penm)'lv;ll1ia State University 

Institute 
Merck & Co. , tnc. 
Penmylvani(l State u nivcrsily 

flight: 12 Male 

Ground-Based Controls 
Delayed synchronous: 12, \'i"nriu,n: 8 

Key Flight Hardware 
Ambient Tf'mperahJre Recorder, Animal Enclosure Mn<iul 

Experiment Descriptions 

PSE2-1 

Objectives/Hypothesis 
Degenera.tive Ch 'lllg~S obscl"\~ed in the lOuscl1!oskelebll sy~tems 0[' <l~tr()nauts 
antl eX1lcnmentai iU1lll1a)s dunng prolonged exposlIrf' to weIghtlessness parallel 
lhe slower changes in bone ami muscle lTlass seen eluling the aging process on 
Earth. This cxpclilTH~nt aims to use IJljs sirnilruity to test: the effectiveness of a 

Merck & Co. proplie t,\IY (:ompollnd (MK-2 [7) in preventing bone loss, for pos
sible future usc' in treating disuse osteoporosis. The 111011)hologica.l ~mrl physiO
logical dTecls of Nt K -217 on bone formation and resoll)tion during ~I \:.I-day 
space flight wi ll be measured. The expe rime nt will also llse the clata collected \0 

analYLe the ef[ectivcrless or the bone unloading cXl:>elienced durillg llIicrogravi
t y exposure as a model ['or disuse osteoporosis. 

Approach or Methods 
Plior to fli j;hl , rats received injections of' either MK-217 or a vehicle control. ALI 
rats reccived illjections of the bone Illarkcr calcein. Postflight. aU rats received 
injectiuns of' a second bone murknr. Clxytetracyc:line. Urine, blood. fecal, and 
oropharyngeal samples were taken. The animals werc thf' n ("uthanized and 
immcdiately shipped to Ille commercial laboratOlY for flllther analys is or tlte 
cflects or mi('rogravity and the 'proplietmy cOlllpLJml on cortical bOlle forll1a
lion and resOJv tinn . 

Results 
The Merck COIl1POlllIJ was repOlted to siglliflc<llltly reduce microgravity-inclllced 
enclocOltical bone msorption ill comparison with saline-treated controls. 
Perioste,J bone rormation W:l~ Significantly reduced in tl ~<~ flight animals and th 
delayed sYllchronous control group (hollsed in flight hardware) compared to th 
22°C vivarium <:ontrols. Eit.her Ule elevated tempemture in the orhiter or the 
lligbt hardware appem'ell to contribute to decre<L~ed bone formation. 
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PSE2-2 

Title of Study 
Effect of 'vVc ightlessness on BOlle J-I istol agy, Phys ioloh,)', alld 
Suppleml!nta,), Stuelie!' 

Science Discipline 
BOlle and calc iulIl physiology 

Investigator 
Russell T. Tumc r 

Co-Investigator(sl 
Backup, P . 
Westerliml. K. 
Harris, S. 
Spelsbe rg, T. 
Kline, B. 
Evans, G. 
Wakley, M. 

Research Subject(sl 
Rattus nO" )/:{!, ic lls (Spr<lglle-Dawley rat) 

Institute 
M <lyo C linic 

Institute 
Mayo Clinic 
Mayo C linic 
Mayo Cljnic 
Mayo Clinic 
Mayo Clinic 
Mayo Clinic 
Mayo Clinic 

Flight: 6 Male 

Ground-Based Controls 
Basal: 10, Delayed ~ynchronous: 6 

Key Flight Hardware 
Ambien l Te rnperature Recorder, Animal Enclosure Module 
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Medwllics: 
Objectives/Hypothesis 
Sholt-te rm c:-.vosure to microgmdly reduces or ,lrrests radial bone growth in 
you llg rats. As the re is little evidence (i)r a corresponding increase ill uone 
resOlplioll, the reduced bone stren!"th resulting from space Hight may be dne to 
deerew;ed uane formation , altered bone geometry, and d(~fecbve Illatelial prop
erties. J rnpairrne nt of muscle tissue has also been observed. This expc liment 
evaluates bOlle lristomnrphomehy amI gene expression. mR\"A levels for <Ktin 
in growing rats after short-term exposure to Illicrogravity, and the e ffects of 
shOit-teJ111 space llight on cancellous hone tll illover in the rat hUlllelus, a~ ccs
s,ltion of Ii new' bone growth occurs in tile humeri a\ a vel)' early age. 

Approach or Methods 
Total cellular H NA fc)r muscle <mel bone was prepared <U1Cl used in f\OJthe m 
allalyses with probes fo r osteocalcin. glycer,Jdehyde-3-phosphate dehY'droge
llaSe, Ct.-aclin , /3-actin, tllbulin , collagen. <mel 185 libosolnal HNA. Femora wer 
fIXed, ,md sections were cut to a 150 pm thickness thell ground to a 15-20 pm 
thickness fo r nlicruscopic t'x;1llli.nation Hnder LJV light for the presence of iluo
rochrnJrlG labels. T-lislullIorphometlie data collected was lIsed to c,Jculate the 
perios teal bOllc fo nnation rat e and the pe riosteal mine ral apposition rate . 
I-lummi W f!r(' rapidly removed ,md fixcd . Bones were dehydrated, embedded. 
and sectioned in thicknesses ofS pm for cancellolls bone histomol1Jhornetry. 

Results 
Osteocalcin ,mel collagen IllRNA levels we re signil1cwltly reduced in boUI long 
bones and calvcuiae, compared to ground conlrols. Mineral apposition l~ ' le was 
reduced aft(! r the 10-day £light, and a nonstalislicalJy signifbmt decrease was 
sef'n in pe rioste,J bone f0J111ation nlte. [n peliosteul11 , a greater percen tage of 
decrea~e was seen in mRNA levels f()r osleocalcin and colJagen (immediately 
following space (light) than was seen in histornorphometJic measurements relat
ed to bOlle (u rlnat'ion (which estimate the ave rage c1lange for the flight interval ). 
Muscle ti ss lIe fro lll tJ. t- biceps muscle in flight rats was shown to express 
reduced steady-state levels of acti n mRNA. 1n cW lceJlons bone, an increase in 
eroded pelime te r, decrease in osteoid peli mele r. and decrease in osteoblast 
perimeter was ubserved postflight. Space fl igh l had no e fTecl 0 11 resolVtioll of a 
preflight fluorochrorne label. These results show tlwt space fli~ht depres!'es can
cellolls bone formatiuII, without signific;mt evid(:'I)ce of bone reso.,1Iion. 
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Title of Study 
Effect or Weightlessness 0 11 Tissne Regeneration in Rode ll is 

Science Discipline 
Bone culd calcium physiology 

Investigator 
William W. WiLllnger 

Co-Investigator(s) 
Kohn , Steve R. 

Research Subject(s) 
RaNllS Ilomegictl .s (Fischer .'344 rat) 
Flight : 12 

Ground-Based Controls 

Institute 
Pennsylvania State Unive rsily 

Institute 
Space Denm'tolo~' Foundation 

Male 

BaSiU: 8. Dela:ved 5:11<.: ilronolls: 12, VivaJium: ::'4 (28 and 22 0c) 

Key Flight Hardware 
ArnuiPli t Temperatllre Hccordc r, Animal E nclosure Module 

Experiment Descriptions 

PSE3-1 

Objectives/Hypothesis 
Little is cU1Tently \mown aboHt tlle eflpcts o[ microgravity on tissue repair. In 
the era of a long-term human presence in space, the probabiLity of lIlinor injury 
requi.ring on-orbit h'eatme nt will increase. This e>.-pelirnent aims to evaluate the 
e rfects of space night on the histological and tensiol1lc tJic propelties of full 
tllic.:kness abdornimu incisional skin wounds in the rat. A sec'Ond expe rimenhJ 
ohjective was to evaluate the efTectiveness of basic flbroblast growth factor 
(FGF) and platelet-delivcu growth factor (bb-homoclime r, POCt) in promot
ing gmnlliation tissue fOnTlation anti collagen deposition. 

Approach or Methods 
Flight and control rals received preflight abdominal implan ts of pol~vinyl acetal 
sponge di sks containillg e ithe r recombinant human bfCF, recombinant 
PDCF-BB, or ,\ placebo. Po~tllight, an.imals received an injection of hypothala
mic-rel e'L~i ng hormones. Afte r saclilkc, the sponges we re removed and pre
pm·peI for biochemical and histological ,m,uysis of DNA, protein, ~lnc1 coHagen 
content. Histological organi.zation, amount or visible collagen, and the resolution 
of bemolThage at the infiltrating intcrlilce were also examillcd. 

Results 
ll istnlogical anal)'sis showed that both bFGF and PDGF sho\>"ed positive 
e ffects in the ground-control rats , but only immediate-release bFCF and 
delayed- release PDCf had Significant, po~itive efTeds in the Hight rats. Tins 
may be due to the 2-da), launch delay of the Shuttle mission, which cHuscd lhe 
growth factor 1'0 be released earlirr during space flight Ihan plamled. Although 
cellular influx into the tissue spnc-e of placebo-treated sponges was unaffected by 
space fli ght. there was a significantly blunted response to either bFGF or 
PDCF-BB in night animals. Microgravily Significantly reduced wound colhtgen 
concentration regardless of the treatment group. The collagen c.'Oncenh·ation of 
granulation I issue in flight animals t reated \\~th bFGF was Significantly less than 
in thOSE: treated "'lith PDCF, bUl not Significantly less lhan in the placebo treat
ed group. These resu lts show Utat· ... highl), standardized wound repair process in 
you ng rats is signific,mtl)' alte reu by space flight. 
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PSE3-2 

Title of Study 
EiTect o f 'Weightlessness all Tissue Regeneration in Ro-Ients: SupplementalY 
Studies 

Science Discipline 
Bone wld calcium physiology 

Investigator Institute 
Russell T. Tumor Mayo Clinic 

Co-Investigator(s) Institute 
\"'este rlind, K. Mayo Clinic 

Research Subject(s) 
Rattus IlO1lJegicus (Fischer ~M4 rat) Male 
Flight: 12 

Ground-Based Controls 
Delayed ~ynchronous: 12, Vivari um: 12 

Key Flight Hardware 
Amb ient T emperature Record!'!f, Animal Enclosure Module 
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Objectives/Hypothesis 
Without tl1e influe llce of loading fo rces. bone exv e riences osteopenia due to ;r 

decrease in bone lo rmation and an illc rease in net res0I1')tion. The mechanism 
b('hind how mechall ical loading sti rllul us is translated into response from the 
hone cells is still unknown. Loading causes a geometrical clefonnation ill th 
bone called st rain, which may trigger til<' production or biochemical mediators. 
which in tum may rebrulate t.he inte rcellular p rocesses th at govem bone ronna
tion LU1d resOlption . A Signaling 1I10leculf' Lhat may serve in pa"sing infon nation 
from cells that sense strain to othe r Gone cells is tI<U1sfolln ing grov.1.h ractor
beta (TCF-B). Tllis expeJiment will examine til!' eX1Jrcssion of T GF-B in select
ed ske letcu tissue after short-te l11l weightlessness. 

Approach or Methods 
Two days before launch, rats WE' re injected witll a calceiJl fl uorochrome label. 
Pes tIligh L, two femora and one tibia from each animal we re rt:'moved. ,U1d the 

pel10steal cells were isolated [mel fiuzen in liquid 1\2' Cance llo lJs hone from the 
metaphysis of the second tibia WilS removed (mel frozen ir. liyuid N2. Tot;u cellu
lar H NA was ('xt racted from thc frozen samples and used for NOlthem blot 
lm alys is .. vi til cD1\A probes fo r T GF-B alld bone matrix proLe ilJ typ e 1 collagen 
(TYPE 1). Femora we re Rxed, ground to a thickncss of 15-20 pm. ~md mounted 
in glycerol for UV microscopy. Tibial metaphysis were fixed. dcl ,ydratecl. sec
tioned to a thickness of.) pm , and examined by UV microscopy. 

Results 
Cortical bone data from fe mora in dicated that bone r0l111ation was reduced, but 
there was no indication of a change in bone resorption. Cross-sectional area, cor
tia:u hone area, and pelioste,u bone fOll1lation and minerai apposition raLes were 
less in flight animals than conlTols. Medullal)' w"ea. wllich \vould be eXfJected to 
increase if endocortical bone resorp tion had been elevat ed , was unchanged. 
Space flight did not seem to effect the rate of endochondral ossification. TGF-B 
was signifb mtly dec reased in the hindLimb periosteum, b ll t was not Significant ly 
changed in tile tibial metaphysis. Similar tissue-specillc ChallgcS we re observed 
for type I collagen. Ti re remits of this experiment, a subsequent replicate exven
ment, amI ground-based unloading models all show c.'Onsiste nt Challges in TGF-13 
mR:'-JA eX1>ression with a decreasc in loading rorc.-es. 
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Title of Study 
Role- of the Immune System in Mediating Bone TUl1lover in OValiectomized 
Hats in .\IIicrogravi ty 

Science Discipline 
Bonc and calcium pl lysiology 

Investigator 
\ ViJliam W. Willinger 

Co-Investigator(s) 
Hymer, Wesley C. 

Research Subject(s) 
H(ltflls I"/o l"u '{!,iclts (Fischer .344 rat) 

Flight: 12 

Ground-Based Controls 

Institute 
Pennsylvania State Unive rsi ly 

Institute 
Pellllsvivania 51 ate U niv('J"si tv . , 

Fcmal 

Basal: 6, Delayed S:~1cbronoL1s : 12, Vivmium: :36 

Key Flight Hardware 

ExperimenT Descriptions 

PSE4-1 

Objectives/Hypothesis 
This experiment \vill ev,uuate the e tTect of Bone Morphogenetic Protein (B.\IIP) 
on the immune and skcletru syste ilis in rnierogravity. Both of these systems are 
impai red silllultaneously during prolonged CXPOSllTC to we ight lessness. 
Simult~U\eou.~ impainllent of t.hese two ~')lStems has also been obselved in some 
dise'L~cs, suggesting U1at their phYSiological controls may be linked. This experi
mcnt will analyze the effect of BMI' on the bone, connective tissue, muscle, and 
lymphOid systems to dete rmine if BMP slows or prevents immune sys lem 
impairment and bone deminerali7.~ltion . 

Approach or Methods 
fletore launch, rats wl;!re implalllcd with six subcutaneous petlels each , contain
ing either the protein ur a placcbo, and injected with the bOlw marker calcein. 
PostflighL. ,mimals we re euthani:t.cd and (umed over to the commercial partne r 
team for biosamplc processing and analysis. 

Results 
The data from ULis expclirnent is bci llg preparecl [or publication . ~o info rma
tion is cUITently availab le. 
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PSE4-2 

Title of Study 
Role of the Immune System in \llediating Bone Turnover in Ovmiectornized 
Rats in Microgravity: Supplementary ShJdies 

Science Discipline 
Bone and calcium physiology 

Investigator 
Russell T. Turnf'r 

Co-Investigator(s) 
Cavolina, J. 
Evans, G. 
Hanis, S. 
Zhang, M. 
Wester lind, K. 

Research Subject(s) 
Rattlls 11oroegicIIs (Fisdlcr 344 rat) 
F!.igl.t: 12 

Ground-Based Controls 

Institute 
Mayo C linic: 

Institute 
Mayo Clinic 
\llayo Clinic 
Mayo Clinic 
Mayo Clinic 
Mayo Clinic 

Ff'lnale 

Basal : 6, Delayed sYTlchronous: 12, Vivarium : 12, OVaJy-intact: l8 

Key Flight Hardware 
Ambient Temperature Rec.'Order, Animal E nclosure Module 
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Objectives/Hypothesis 
Estrogen is irnpOltant for maintaining till' balance be tween osteoblastic ant! 
osteod<Lstic activit)' ill adults. Estrogen detlcicncy results in increased l)eliostcal 
bone fonllatinn and an increase in activation of cancellous bone remodeling 
units. BOlle resOlption is also increased at (~ IIt!OCOltiCal bone sites, and bone for
mation is often insufficient to main tain bone volume at cancellous bone sites. 
This study will examine whe the r space night results in cancellous bone loss 
above what would be obse rved solely from oVluiectoll1), (OVX) and ""hcther 
space flight al te rs the overall skeletal respollse to O\1X. 

Approach or Methods 
Postllight, periosteal cells were isolated for RNA analyses froll1 the light tibiae 
and femorae. T iuiae were then fixed ror his to 1ll00pho 111 eby. Cortical bone, m n
cellous bone , bone volume, bone cell , bone formation , and bone resOJpt ion 
meas ure me nts we re made. Northe rn analys iS was performed with (: ONA 
probes for tnUlsronning growth fi1ctor-beta (T GF-f3), osteocJcin (OC), ,U1ci t)p e 
1 eoll agen. Hibonuc\eas(' prolection assays we re perfonned for insulin-like 
growth factor 1 (lGF-l) mRNA, as well as the tissue-sped.fk e:\lJrcssion uf sev('l'
al cytokines. ]11 a follow-up groll nd-based expf'lilllt'nt, 66 OVX rats underwenl 
uni latcnJ sC'iatic neurotOlny (USN) ,U1d estrogen replaceme nt. 

Results 
Both space flight and USI\ reslllted in siI'e-specific decrea\cs in c<Ulcellous !.Jone 
area compared to OVX alone . Since space fligh t appeared to have mini mal 
effeets on bolle fOnlmtioll, the cancellous bone loss was most !.i kel), due primmi
I)' to an increase in bone reso rption great'e r than that callsed by OVX alone. 
OVX ,Jso reslllted in increases in ll1HN A fo r the signaling peptides TGF-B ,mel 
IGF-l. The 0\lX-induced increase in radial bone growth was reversed by space 
flight, and there was additional e\,idence for reduced bone formation in Hight 
anilllals . Space flight did not moderate the elevated cancellolls bone tumove r 
obse rved in OVX rats. A1temtions in e:\l)ressioll of locally produced cytokines 
known to influence IXlIle tumover were also obse lved in the flight rats. The cel
luhu' mechanism {(Jr the bone loss ill the OVX flight rats, increased bone resorp
tion, differs rrom the decrcased bone fonnation in males. This finding sll "2;ests 
that endocdne status may influe nce the choice for a counte rmeasure to prevent 
bone loss dming long-duration space flights. 
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Title of Study 
Effect of\ Veightle~sness 0 11 Developlllelit of AmphibiaJ1 Eggs 

Science Discipline 
Developmental biology 

Investigator 
Kenneth A. SOU7.a 

Co-Investigator(s) 
Black. Steven 

\ \ ·assersug, HichLu-c1 
Ross, M Ulid 

Research SUbject(s) 
XellopliS tor u s (frog) 
F light : 4 mothe rs. 70 tadpoles 

Ground-Based Controls 
S),lIchronous: 6.5 tadpoles 

Key Flight Hardware 

Institute 
:-.JASA Ames Research Cente r 

Institute 
Reed Cnllege 
DaU101ls iL' University 
I\:ASA Ames Hesearch Center 

Fcmale 

Ambient Te mperature Hecorder. Dissecting Microscope, Frog EmbryOlOgy 
Uni t and Kits. Gene ral Pillpose Work Station, Hefrigoratoriincubator Mocllde 

Experiment Descriptions 

SLJ-1 

Objectives/Hypothesis 
On Emth tl1e animal-vegetal axis of amphibian eggs wi.ll rotate lIpon fe rtilization 
to align with the gravitatiomJ Held. This rotation plays a role in detenn i.ning th 
polmity of lhe embryonic axis and may also in fl ue nce nonnal development. The 
objective of this e.xl)e liment was to dete llliine whe ther gravity is required fo r 
nOIll1<J e rnbl)lollic development. 

Approach or Methods 
Frogs were injected subcutaneously \"ith human chOlionic gonadoh·opin 18 
hours into flight·. Eggs were collected and fe ltil.ized with a sperm suspension 
prepared prior to flight ,mel re fiigemted until use inflight. The eggs were inserl
ed into chaml>ers filled with dilute Ringer's solution . Half were incubated in tile 
FEU centrifuge at ] G and halJ were incubated in the FEU at lI1icrogmvity. 
Some e mblYos were fhed inflight and sectioned and eXcllTlineci postfl ight. 
Approximately 50 live e mblYos ""ere received by the laboratory wilhin 3 .. 5 hours 
of iancling and staged. l\iOlmality was c)Ssessed by several pammete rs, including 
\;sual ObSf" IV,ltioll of' the intact em bl),o and histomorphomellY. OptolTlotor 
behavior of the tadpolps was dete rrnined b,)Sed on their tendenc:y to track a 
moving stimillus. 

Results 
b mbl),os at the two-ce lJ stage showed a cleavage rUl~"OW in the n OI1T1a1 position 
for both groups. There were no gross abnormalities in gasb, .tlae, but embl)'os 
dt'veloping in microgravily had thicke r blastocoe l rook ]n addition, the blasto
pore lip formed at a slightly more vegetallatilude in tile microgravily group tllaJl 
Ille 1 G group. Deve lopment to Ij1e nelllula stage was unimpaired. All Ilxed 
neurula and tadpoles appe.ared normal. Live tadpoles, raised .It microgravi ty and 
fixed shortly after laneung, were found to have uninAated lungs. Allhough lhere 
were air bubbles in the egg chambers, the tadpoles were apparently unable to 
find the air-water inte rface and inflate (beir lungs. This resu lt indicates that 
alTested lung development would have prevented tile tadpoles from complet 
growth and metalTlon.?hosis in the absence of gravit H • Flight tadpoles had 
stronger optomotor responses than conb'ol tadpoles. Because the re were no 
gravitational clues, the tadpoles may have compensated witll visual infol1mltJon, 
thus increasiIlg the stre nglh or their oplolTlotor response. This diffe renCe disap
peared by 9 days postflight. 
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SLJ-2 

Title of Study 
Autogellit: Feedback Training Exe rcise (AFTE) As a Preventive Method fiJI" 
Space Adaptation Syndrome 

Science Discipline 
Neurophysiology 

~ nvestigator 

PatJicia S. Cowings 

Co-Investigator(s) 
Tosc<mo, \ 'Villiam B. 

Kmlliya, Joe 
\1iller, ~eal 

Research Subject(s) 
Homo sapien (human) 
Flight : 2 

Ground-Based Controls 

Institute 
NASA Ames Research Center 

Institute 
UniversiLy of Califomia, Sml Frmlcisco 

University of Califolllia, Los Angeles 
Yale Unive rsity 

Female 

Othel- back-up crew members trained pre llight: 1 wom,m, 3 men 

Key Flight Hardware 
Autogenic Feedback System-2, Diagnostic Scale 
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Objectives/Hypothesis 
Space motion sickness has aJTec:ted half o f the as tro nauts and cosmonauts 

exposed to microgmvity. Symptoms can be severely debilitating and u solution 
to this biolllecLcai problem is a high primit)' lor the safety and effec:tiveness of 
space Hight. The objective of this study was to develop a method of training peo
p le to c:ontrol the ir own motion sickness symptoms. The method of treatment is 
Autoge nic F eedback Training (AFT) It is a collibination of biofeedback .md 
'\utogenic The rapy, which involves training physiolOgical self-regulation as an 
alternative to pharmacological treatnle nt. By stud)ing the phYSiological and 
behavioral responses to microgravity, it Illay be possible to rac.ilitate adaptation 
to the spac:e fljght e llvironment. 

Approach or Methods 
P reflight baseline data were ('Ollected , including h"o resting baselines, one Kv 
J:1.'5 ilight, one reclinjng baseline in 1 G mockup, h\'o mission simulations, 12 [or

m,J AYf sessions, three rotating chai.r tests, e ight foHow-up AFT practice scs
sions, fUld 011E' baseline session at L- LO days. Illflight data c:ollection included con
tinuous da~ltime monitoring on mission days 0 through :2, timelineJ ,md symp

tom-c-ontingent diagnostic sessions, ~Uld timelined and S~1l1ptOll1-c'Oll ti.ngent Al'l 
sessions. Postflight data c:oliectiom consisted 01 a 1 O-min ute deblieflng ,\i th each 
crew lTlemue r on the day of kUl ding and H 2-hoW" deblie fi ng 14 days postfljght. 

Results 
Results we re collec:ted .lCross several diffe ren t missions; however, flight data 

were c:ollected for only si;,. ere,"'· members (three treatment and three ('Ontrols). 
T he expelime nt was cancelled befo re validation eould be l'Omple ted on 1'\ = 16 
(eight tre;ltment and e ight cOI1 II"Ols) LL~ OJiginalJy proposed . The flight results 

showed tvo o[ the three AFT E subjects were SYlllptOIll free, the thi rd had mod
e rate symptoms on the first n dssion day. None of the Al'lE subjects took med
ication dUling the £light. TW(J of the ('Ontrol subjects experienced nlll]tiple vom

itif!g episodes on the first 3 mission clays, despite hadng taken medication. The 
third expeJienced only IT1 ~ ,J symptoms. It was concluded that AFT is c Oective 
for m ntrolling space lllor-;on sickness in some crew me mbe rs nne! that infligl't 
effective ness is re lated co de monstrated leaming ability pre flight. Autonomic 
measures and self-ass l~S5 ment sca les :Ire an (' [feelive metlwd fo r assessillg 
e ffects of mic:rogravity 1) 11 the functiomJ state of incLvicluul crew members. 
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Title of Study 
Gravi t\' <mel the Stabilitv of the Differentiated State of Phmt Emblvos . . . 

Science Discipline 
Plant biology 

Investigator 
Abr:.Jlant D. K Jikoriall 

Co-Investigator(s) 
How,u·d Levine 

Research SUbject(s) 

Institute 
Stat,= University of :"Jew York 
at Stony Brook 

Institute 
State University of ~ew York 
at Stony Brook 

[)m/cLlscamla (CaIl11t) and HC'11wmcallis c\'. Alltullm maze tdayli.ly) 
Flight cell cnlturf' plates: :2 

Ground-Based Controls 
Simultaneous grOlUld controls rnaintaineu ilt Stony Brook 

Experiment Descriptions 

SLJ-3 

Objectives/Hypothesis 
This experiment had two objectives: ] ) to eva.!uate whether space ilight alTected 
the pattem and developmenta.l progression of emblyogenicaUy c.'Ol1lpetent dayWy 
(;eLL~ from one well-defined stage to another; ,md 2) to delelmine whethe r mito
sis ,Uld chromosome beh<l\~or were mooified by the space environment. 

Approach or Methods 
EmbryogenicaUy competent cell cluste rs from 200-400 screened fractions of 
daylily suspension culture,~ were grown in plant cellcll iture chambers obtained 
from the Japanese space agenc)" ~ASDA. Cultures of embryogenic cel.ls were 
distribl.ted on a semi-solid nunient culhlre medium w::·hin the l'\ASDA cham
bers. The presence of an acti\·ated charcoal filter paper elise inside the dishes 
provided a means of absorbing, ,mel hence, taking any deleteriolls compounds 
out of the vicinity of the developing c.-ells. It had been determined from ground 
studies that the samples would not progress significantly in t.\leir embry~enic 
growth ,mel development lIntil orbit was achieved. One plant cell culture dish 
was devot ed to each species during the S-c1ay space !light. Living somatic 
embl),os were returned for continued postflight evaluation. development cUld 
"grow-out·· operations. 

Results 
The som;ltic embryos successfully developed; however, tbe number of units that 
progressed to late r stages of embryo development was lliminished in fligh t sam
ples, and the number of ceUs in division (at recovelY) was consiste ntly lower in 
flight samples t.\larl in conn·ols. Signifbmt alterations were found in the kID)'
otypes of the space flight: materials (aberrations in chromosome structure) but 
not: in the ground cont rols. A substantia.! number of inflight smnpies that are 
nonnally uninucleate possessed binucleate cells. Ground control samples were 
ulliformly uninucleate. Since the methodology for kalyot)1Je ana.lysis involves 
n·eannent of cells and somatic embryos \'lith colchicine, care was t;1.ken to elimi
nate the possibility of an increased sensitivity of the flight-exposed cells to 
colchkine, leading to a doubling of the nuclei. Serial sampling aIld examination 
of flight samples afte r recovelY indicated that tl1e number 01 binucleate cells 
ruminished from some but were not e~ minated. 
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SLS1-1 

ntl~ of Study 
Bone 3 iomeekUli(:s 

Science Discipline 
Bone ilnd caJdum physiology 

Invp.stigator Institute 
AV Bakulin I nstitute of Biornerucal Prvblerns 

Co-Investigator(sl Institute 
Morey-Holton, Emily R. NASA Ames Rese<u·ch Center 

Research Subject(s) 
Rattus nO/1;cgiclls (Sprague-Dawley rat) 
FLght: 10 Male 

Ground-Based Controls 
Bas~J : 5, Vivarium: 10 

Key Flight Hardware 
Ambient TemperaL-ure Recorder, Animal Enclosure y[odule 

352 

0. 

Objectives/Hypothesis 
Stlldy of mechanical prope rties of Illamlllali m bones pt'rfon neJ pwviollsly in 
Cosmos flights and g round-based simulation experimcllts has df' rnons rrated 
variations in bone stTEmgth <U1d defo rmability during alld after expos lire tu 
m icrognl\'ity. This expeliment was to study minl"raliL.al ion parameters and 
JfIechmlical properties of hones in rcsponse to repeated cyclic loa(lin~ in rats 
afte r space ilight. 

Approach or Methods 
Bone mechmucal properties were examined lIsing samples prepared frulll the 
head of the femur. T he str~ss-defol1nation CUl"E' was recorded simultancoush· 
with sample c.-ompression in every cycle. Tests were discontinued when thl' sam

ple was de.o;troyed. Proxi lmJ <md lust,J epiphysis of the fe mur were put into 100'k 
ethanol to deteml ine porosity. Samples were then e:-1)()secl to elI) ashing ,mcl th·· 
ash residue was weighed for volume content of the mineral <..-omponent in bone. 

Results 
No signifkant changes of the general inruces of mint:'nuization were' fO IlIllI; the 
results obtained [1C'rm it to speak onl), of n b·enc1 towJ.rd~ a decre,lSed InineraLiza
hun compared to the contro l. ~'il ea.nwluk. c1 significant deLerioralion of 111<'(:han
iCiJ bone properties (bone as a Il lateli~J ) ,,"cIS obseIYcc1. The preliminary 'UJalysb 
of the cyclic comp ression results rcve<ued signi l!canl differe nces in tht' bOlle tis
sue behavior after the 9-day Lleliod of the pustfught adaptation; t!1ese differ
ences might be attributed to the increase of the low mineralized content of 
young sb·uctllres in bone tissue. 
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Title of Study 
\I etahulic and Strll(·tural Changes in Bone and Systc ms Regulating Bon 
Gro\\'t ll and ~l etaho li s1T1 

Science Discipline 
Bone <mel calcillm ph:'Siology 

Investigator 
Alex<Ulder S. Kaplansk-y 

Co-Investigator(s) 
POP(W;t, Ire na .'\ . 
tvl orL·\·- llolton. Em ik R. . . 
DUnlon \. G .~ . 

lh-ina-Kakl.le\<\. E. L 

BurkO\·ska\~l. T.E. 
Fedoto\';.\. N.Y. 
L o gino\', \ ..•. 
:\ Ie!c;('('\'. E.l. 
'\ a 7 .... I'T I\ ·. \ , . ~,1. 

Fronta.wevu. :>'1.\ '. 
:undfJ rin<L S. P. 

Research Subject(s) 
Rattus 1I00Tf'~/S (Spra~\Ic-Da\\'l e~ mtl 

Institute 
Lnstihlte or Biomewc,J Proble ms 

Institute 
L1StitUtf' of BioJlledic .. J Problems 

. ..... ASA " Illes Research Cf'nte r 
Institu tf' of Biomcdical Prohle lTls 
In!.ii lute ot' Bio lTlcdiC'a1 Problems 
Instit ute 01 Billl netlical ProhlelTis 

1 m.ii t\lte o f Bio medical Problt:' lI ls 
J nstitute of Biollledical Prohkllls 
J nst it IttI' of B iomcdical Problems 

JOint Instih lte for Nuclear Research 
JOint Lnstihlte for ~ \Ideal' Heseard , 
Joint lns tih rte lur :-.Jllclear ResE'ardl 

Flight: 10 M;J 

Ground-Based Controls 
-----------------------------------------------

B'L-.:J : .'). \'h'3.r:llm: 10 

Key Flight Hardware 
Ambient T pl11pt:'rntul'e Hf'm rcler. Animal Enclosure Mod ule 

Experiment Descriptions 

SLS1-2 

Dbjl:ctives/Hypothesis 
Studies of the e ffects of short-term e"qJOsure to we ightlessness on rat hone ltavi 
yielded ambi~IOllS results. For installce, Cosmos-1667 experiments re\'ealed 
distinct signs or osteorXl1'Osis of the spongiosa of p roximal metap hyses, while the 
SL-3 llight stl,dy o r proximal metaphyses of rat ItUlnerus bones did not show 
d ear indications o f spongv bone ostE'oporosis. This study was conducted as a 
co mp re hensive morphologica l and b iochemical investigation of cb~ll1gcs in 
bonE'S aJ~d syste ms regula ti ng bone metauolism at an early stage of adaptation t 
micrognlvity . The e:'1Jerimenl rocllsed on bones, blood plasma, and e ndocrine 
syste ms that partiCipate in bone metabolism regulation. 

Approach (I f Methods 
Conte nt of c.·yclic ll ucleotides and acti\i ty of acid and alkaline phospkltes we re 
r1e te nn ined . Limb bones and lumbar vertebme we re subjected to histomorpho
metlic cx;un inations . E lc mental), anal~tsi s of bones, including b'acc' e1E'me nts. 
we rt' conducted by ll le nellb'on-activatioll method. Tn the blood pl~L<;ma. calci
ton in , parath~~'oid hormone, c:orticustf'rone , calcium. sodium, potiL<;silHll, phos
jJhorus, alld acid and alkaline phosphates we re biochemically measllred . The 
thYToid gh nd (C-ccLIs) and aelrc nopituital} gland \\'1"1'(' also remow,d and histu

logic and histomGrphumetJic examinations we re perfon1ll~d . 

Results 
Results clemonSlra te the appemance of in itial rn inor signs of the developing 
osteoporosis in lhe spongiosa or proxim,ll metaphyses of tibiae. represented as a 
decrease in \uiume de nSity of secondary sp ongiosa and an increase of bone 
resorption sUlfuce . Such changes correlate with b iochemic.J data de monstrating 
a tendency towarc.ls a decrease in alkaline ' ':Iosphatase aclivity (an enZ)m e of 
bo ne fOI11Kltio n) and an increase in acti·. i ty of tar .. r;- ' f'-resjsbnt acid phosphataSf' 
(an e nzyme of bone resorption ). Ne ut ro n -activation a .a lys is ren :aled a 
deere;L~ed bone content of such Plaerocle nlPnts as calciu III , phosphorus. socli

Li m, and chioride, which in accord with Cl depressed functional ac!i\; ty of th"Toid 
C-cells produciJ1g calci tonin, is necessary ror nonnal minerai ization o f bon 
matrix. In Clc:co rd with p revious snlciies , highe r calcium and lower phosphonlS 

blood content connm lecl mine ral metabolism di';turbances. Tn the pituit;1I)'. a 
d r pression o f somato h'ophic acth i ty occurred (a decrease of s:-l1 thesis and 
secre tion of grO\vt h ho rmone). 
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SLS1-3 

Title of Study 
BoIlC' , Calciul1l, ;md Sp<lc:e Flight 

Science Discipline 
Bone and calcium ph~'SioI0,t;.\· 

Iton 

Research Subject(s) 
RlIttl/.~' l1on;rgic11s (Sprague-Oa\\'ley rat ) 

Institute 
:'\lAS}. Ames Research Cenl e r 

niversity of C;ilifomia, San fo'rancisco 
Hosp!t~ ~or Special Surgery 
]ndi.Ula University 
U niver-;iLv of \Viscollsin 

Flight: 30 ~ I ale 

Ground-Based Controls 
BaseJ: 30, A!»lldlfonolli : 60. \ 'ivwiU 111: 30 

Key Flight Hardware 
Ambient Temperat'ure Hecorde r, Animal Endosure Modul t:, Hesem'Ch Animal 

Holdina Facilitv b / 
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Dbjectives/Hypothesis 
The purpose or this t'>.velilllL'nt was to dl'lillPul,' tlw earl) chang,,!> l!lat occur in 

I)(lth \\'eight-beating imd 110n-\\ pigh t-I)( ·;tti llg bOlle ttSSllCS in gnmi ll,e: ,Ulill1,ll~ ill 

dille rent cage contlgllratiolls J Uling space ll i!!;llt ,md to relate thl-:'l' ch,m~l'~ II 
iJtt:rat:iolls in ce ll proliferatioll imel llIi llcnttinltion, bone ~lll)(·dlll lar d l<ullctt-li., 

lics. ,mel bone biotlledllmics . Other objecth ('S \\ en .. ' to delinl:'atl' 'ite e,u'ly 
:hanges tllat occur in both wvi~hl-ll(',uillg iUld lI()n-wl:'igllt - l->('.ui t1~ b OIl(, fu.' lIc~ 

i n growing ;ulimals, in cl.ifTcrent ('agc {'Q1I!lgu rations eluting !l):1C(' flight , ;Inti to 
rdill ~ these ch'Ulges to iJle ratiolls in ('itldum llletaboli<;l1l . 

Approach or Methods 
Hone markers [or llleasUling tll inerJ.l.iZtltion ratC's we re injected inb~lperitonealk 
into ,ill ;mimals be fore <U1e1 art crlatUtch. l30ne ma~s and Il '"~1t we re IlIC'lSlI't'<1. 

Bo ne tisslies were processed for bone progenitor POPUlatiOllS ,md matli.'!: !>y'Tlth 
s is using histomorpltome ttic and a.utomdiogntphic tec hniques. r\l kalinc phos
rhat~lSe anti Colgi acti\'i!) of tl,e osteobi<.l.Sb and IX' li\ '<ISt'lJar l'db \\PI'£' imesti
f{a ted in hUl110ml Iwads. Felllllr, Ll n ' 11 dmL ,U1el c.-.J\' Uid WNt' prOCC''>:>c.J fOr 
lll ill c ralizatioll . \Jllclpn.:· \>0"111)(' or os't'()blas1. (.'t'U" was ill\e~ tigal,'d in tht, ItlLl\i!

Ia II umems. tibia. cUll! I r! Vl:' lt!'lll·;t \\ e n' processed fu r demit)" uuci ll m l'olla
g(']) p.mlmders, and fTledmnical propertips . 

Results 
Cmup-hotlspd rats (AnillliJ Enclosure Mod llle ) had [towel' bone dHulges ,UIL! .1 
fa' [er rec.'O\·ery Illan Singly housed animals. 130111:' mine ralization n Ltes shmH'd 

: _;nifimnt slIppression at tll( · petiosteaJ. bu t not cOltimendos1L-al. snrfilce dming 
!l ight, and singl~' housed flight rats showed a greatc r amoll llt of supprcssion. 
StrllctunJ properties india.ltl'd 1 hat the llight had lillIe el1i->ct O il {he hUltlL' I'l1S of 

ither single- or gmup-ho u5t>r1 nits. Also, IIOt all regions of llw bolles or all bones 

W('l'(:' affet:led by flight. In the long bOlles, Ult' relio~ie,J surface show('(.\ sup
prt'ssion of formation. whilt' tl1(' endosteal surface s!JO\\ ed lill Ie changt' . '.J 
changes were noted in U1C libs, calvwi;L ve liebl'lL or Il1il\illa, slIggt'sting that ;11 

response to space flight is not unironn ulJ'ou~hout the skeleton. 

ute into Space 1991-1998 



Title of Study 
Osteogl' ll f'sis: T issllP Fa<.:t,)rs of' Hc,I;! ":.t li on 

Science Discipline 
BOlll' amll"alci 11m ph)'~iolo"" 

Investigator 
\ 'Ictor S. Ocranu\' 

,~ 

Co-Investigator(s) 
Kahitsbya. O.E. 
\llorcy- li o iton. ElIlily II. 
SU11Iarokm', D .\} . 

Institute 
T nstit-lltC' of 13iomet.lical J'rol li ents 

Institute 
I nst iLlite or Bionlcdic:al Pru1>lcn I ~ 

:--: .'\S:\ Amns Hcsearch (;(' lI tC'r 
JI1 ~tih ltl' or BionlC'dical Probk' lll ~ 

Research Subject(s) 
~--------~--~---------

RlIl/lIS IInn ·t!giclI~ (Spmgllc-))a\\"l"y rat) 
Fl ight: 10 \ ll nle 

Ground-Based Controls 
I3 ,L~al : 5, \ 'h'ari llll1 : 10 

Key Flight HardwClrc 
Ambient T l ·nlperature IkCOl"ck:r, An ill l<LI Fndosllrc y[ooulc 

Experiml'1nt Descriptions 

SLS1-4 

Obje,,;,ves/Hypothesis 
Bone physio logical n.:stl1lclln;ng ,It ~I local k:vel is regulated by sho lt-distant f~lC
lors that arc sy"thesiz.ed by hone ce ll s and released rL~ n result or destruction of 
tht' L'xtn\(.:t.:l1lllar org:l.nic matrix. TI II~ c:l.llc liment was to study osteogenic pote n
tial:; and tIle activiLy or osteo-in(h Ict ion il t1libitor in the bone of srace-nO\~1f1 rats, 
I''llh "r'ccial aLit:ntion to bone mO'lJllOgc lle tir.: protein (BMP). 

Approach or Methods 
Ostco-indll<:live a<:l ivity of bone matrix was de tenninecl ilnd the biological acU'vi

tv of o~ tt'o- illdudion inhibi~(1l" in the bmw was rncclSurecl . The cOllcent ration of 
BMP was ('vaillatf'd 1\~lJ. resJl(" : '~ ~o the degree or ectopic osreogellesis induced 
by it s d(' minenui7R.d 1I1nhix, detelTll ined in relalion to the inhibit ion . o r degree 

of inhihition, or ectopic osteogencsi< :)t"t)(l llcecl by a sl"lll1dard mat,ix. !\ method 
or il1(l> Idinn of ectopic osteogenl!s is I,. ' ,Il-'mineralized matTi.'\ or femll)" in night 
alld cont rol rats (c1ollors) was Ilsed; the eOllccnh'aticlI1 of el('men ts in tll (' mineral 

t"O III po lit 'nt W;L'i deterll1inccl after i I1lpb ll tatioll . 

Results 
Hf'S ltit s ~lIgg( ~~t that in space usteo-il ldl1clil f! acli\My or bone I11cltrix increases 
hilt rell1ains IInaltered in Cjlla.lil ativc tcrms. The amount of" dl' 1l()(;o -gcl1enlted 

hom: was not lurge in recipi(~ nt rats (less Lhan in tbe enntrols), but the IC\le\ or 

the bone Illinf'ralizatiun was si!-Q1ifkant. At H+l:.l, osteo-inductive po te ntials or 
the IIlatlix L~ccreascd and inhibi tory activit)' incrc;l.~ecl; that is, ho nL' reg(;rlC'I"3tive 

potentials d eclined, thus stimulating osteoporosis. 
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SLS1-5 

Title of Study 
Errec t !> of Mi crogravit),- ln duce' l \Ve ig lttl ess ness on A,J/"(1(irt Ep h y ra 
Differentiation ,mel Slntolitll Syr.tIlesis 

Science Discipline 
Developillental b iology 

Investigator 
Dorothy B. Spangonl)('rg 

Co-Investigator(s) 
None 

Research SUbject(s) 
Aurelia OIl/ita (jellyfish) 
Flighl : 247 

Ground-Based Controls 
5)11Cll l'Onous, Ddayed s),llc:l lronous 

Key Flight Hardware 

Institute 
Easte l1l Virgin ia Medical School 

Institute 

Ambient Temp e ratltre Het,'orc1er, Jellyfish Kit aJl(1 Kit COll tainers. Ol)'lnpw. ti02 
alllc;order, Rerri ~eratorllncllbator Modul 

356 

Objectives/Hypothesis 
/\Im:li(l pol)11s ilnd f'ph)'rae were exposed to Illicrogravity for 9 days , L'i palt of 
the 51,5- 1 mission. T his experilllt'Tlt was to stud}' Illc effects of microgl'avit)' (Ill : 
tilt' development of ephyJ'ac frolll pOI)'pS; the development of the ,e:ra\'iccptclI ~ 
(rhopalia) of eph)'I'ae; the [ormation or c1c millCl'alizeltion of statoliths of rilopalia; 
and the !>wii11ll1inglplllsing behavior of ephvrue. 

Approach or Methods 
Polyps were indllced to strobi latf! at 2H °C, using iodille or thyrox.ine , at 4& 
(L-4Sh ) and 24 (L-24hl hours before launch, ;U1d H hours aft!:'r lift-olT ( L+~h). 

Some ephyrae that fOlllled in spaee we l'l"' fixed in space un mis~ion day b, \"hiJf' 
others wcre f'Lxt'ci postflight. Postflight. light, "Ulel electroll scanning microscope 
examinations were performed. 

Results 
The 1lumber of cph)'Tae formed pCI' polyp were slightly higher in tilt' L+811 
grollps <L~ compared tn those indllccd at l ,-MII and 1 ... 481. . Oll Em'lJ., iodine is 
used by jnllyflsh to ~)'ntht:siZt.; .idl~rllsh-tIIJ,.uxi11l: (J (':r4 ), which is llecessarv (or 

ephyra prodllction. Sillce irxlille-treaterl pol)1Js ~avl' lise to f'ph~ 1:<1(' in space , it 
appcars tllat jf' llyflsh ilrc ahle to ~)nl tIwsi7e .I1~T4 ill ~V:lLe . The twu v;roups or 
p(JI)11~ :::-,l given Lhe illdlJ(;:>r stiJJ runned cplly rae ill space, pl\·sumaIJI.,· due to 
e nha nced Jf-T'~ s),uthesis, utili zatio n , o r acc lIInu lutiun . . '"Iorphologit·ally. 
eph)'1'<ll' that devulopell ill spaee were \'el) silili lar to tIl0se that devciop( ·rl Oil 
Earth. QUOlntitalioll of arlll nllmbers rev(':Jed that tllc re \\'ere lIV Sigll i HcWl ~ ,liI~ 
ferences between space llnd Eurtb -dev<, lopt>d cphyme. Pul sin~ ahnormalities, 
howeve r. were f()I.lIld in great'c r llllmbers ( 1"'.:39'0) th oll l j 1 E'LI'th-developed con
trols (2.9%). These ahllorl11a1.ities suggesl abnorm[J deH~lopl11(!lI t of the g ravi
eepl'ors. tIw nt'lI l'Ol1I llscular system, or a deff'c l in the inlegration hetweell S)5-

tems in these mieJ'Ogravi ty-sf'llsi tive animals. 
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Title of Study 
D etenl1lliation of A~F lkceptors and or Pm1icll late Cmll1ybte Cy('hL~C from 

Hats FIO\\11 in \Veia htlessJ1 C'ss 
"., 

Science Disci?line 
Endocrinology 

Investigator 
Rupe,1 Gerzer 

Co-I nvestigator( s) 

None 

Research Subject(s) 

Institute 
Delltsche F'orschnng~;tlls l"alt fO r tllft

unci H.aLl111 f-:1Iu1 

Institute 

Hnttlls l1 'lI1;cgirlls (Spragllc-Dawlpy rat ) 

Flighl: 10 \.[ak, 

Ground-Based Controls 
B,l~al : 10. S\l1chro llolls: 10 

Key Flight Hardware 
Ambient Temperatll re Hecorder, An imal Enc.:\osme Module, Researcll Animal 

Holchng Facility 

Experiment Descriptions 

SLS1-6 

Objectives/Hypothesis 
The major stimulus for secretion of ntlial natriuretic factor (A.~F) is increased 
pn~ssl.lrp in thc em·diac allia. Since weightlessness induces a fluid shift from the 
lowcr to upper parts of the body, the secretion of ANF may I,l ' enhanced. The 
olJjcctive of this e>:pc tillle ll t is to detellTtine possible alterations of ANF relIula-

tion in weightlessness. 

Approach or Methods 
The responsiveness of tlte ANF -sfmsitive, guan~'late cyclase system was stLKhed. 
Cuan)'lyl cyclase activi ty W,L~ rne<l~ured in the liver, and enZ)'lnatic :lcti\.ity was 
determined i.n response tu various ANF analogs. Formed cycliC Quanosin 
rnonophosph~\te (cG M P) was me(l~u red by radiointn111noussay. 

Results 
The activity of ANF -sensitive ~Janyl)'1 cyd:l~e was unaltered. Stinlulation \\·ith 
variOllS AN F' ,l!lalogs sl lowell the same pattem response lor 'lll three groups: 
hvo rliid increase wi.th A NF as well as with uroclil<ll itt, ~1ighl increases wi th 
C-type naltiure tic peptide and ANF-AP l. These patte rns illlliC<tte thallhere is 
itO app()I'(~ nt aitflred receptor subtype clistliblltiolt duting weightlessl1C'ss. 
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SLS1-7 

Title of Study 
Eflects of Space Flight on Anterior Pituitary Receptors 

Science Discipline 
Endm:lillology 

Investigator Institut 
Richafll E. Crindeland NASA Ames Hesc(U'ch Cente r 

Co-Investigator(s) Institute 
None 

Research Subject(s) 
Rattus narvcgiclts (Sprague-Dawley rat) 

Male 

Ground-Based Controls 
SyndlrnnOiIS. Delayed synchrono us 

Key Flight Hardware 
Ambient Te mperature Recorder, An imal Enclosure Mociul 
Holding FaciJity 
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Objectives/Hypothesis 
It has been found that the secretion o f g rmvth hormonc (("; n ) is decreased dur

ing t'xposure to actual or si lTlll lated Illicrogravity. CH b secreted by soma
totrophs in the <Llltelior pi tu itHl)' and is the primm)' regu lator of growth. The 
release of GH is under the control of two hypothalamic pcpti c1es: stimulat0l)' 
grovvth hormone releasing fador (GHF ) and the inhi bitor sumatostati n (SS)' 

GRF acts UJ) the specinc cell receptors of sOl11 atotrophs. thus activating the 
rel("L~e of CH. Jncreased nllm he rs of G J-J conteJlt alld C H g ranl lles in soma

totrophs after space flighl suggests that tIlt' decrease in C H ~'cc retion is not due 
to t l decrease in synlhesis of GIl a li t rather a decrease in secretion. The h~'l)()th 

csis or this cXl1crirnent is that sp ace flighl causes ,U) alteration in the numbdr 
iU,tI!or afnni ty ofGHF rcecphlrs that accounts fiJr the decreasE' in C H secrelion . 

Approach or Methods 
Pituita ries haJvested FrOl fi SLS-J and stored at -TO cc ror 2.5 yean. were homog
enized in a TI;5 buller (pll 7.4) to a nnal conc:entration of 2.0 Ing p ituitcu)' tis

sliC'/ml o f' b ll ffe r. Thes'.) homoge natcs we re then assayed u:.ing iodinated GHF 
(hlln Ian) a~ th E' racLoligand LUld dccrci.L'iing c:oncenlYations of cold C HF (rat) as 
the cold competitor. Conce nl rations of cold C RP' ,wre 10-fi l'vl . LO~'! M, 10- 10 :vl , 

and 10-12 M . Tllbes eontain ing the homogenate. the iodinated en F. and 111 
cold C HI' we rf! incubated fur 2 ho urs and immersed in ice cold watC' r to ~ t {)P the 
reactio ll . S'l11lple5 from eLlch tuue we re centrifuged and the reslli ting pellets 
we re COl mted using a Packm'd Gamma counte r. Assays were perron necl using 
five grOi lps of glands fro m SLS- f as weU as Ji-esh glands for comr <uison purposes. 

Results 
Total binding from glands o f SLS-l rats and glands rro111 fresh rats were (,'0111 -

parab le. suggesting total protein content , .... us similar. Howe\'('r , specific billding 
\Vas not seen in an)' of the SLS- J rat homugenates. Assays b'om fresh glands 
showed a dose-response CI1 I\ e , indi cating I hat bincHng of iod inated C RF to the 

pituita ry receptors is speCific allcl inhi bited in a dose-tlependen t manner by 
increas ing concentrations of cold CnF. The failm e of flight salilp ies to show 
specific binding sitRs suggesls lhat thf' fl ight samples we re compromised; no 
ccmcills ions can be reached rega rd ing alte rat ions in C HI" n ·ceptors due to 
c>.VClsllre to microgravity. 
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Title of Study 
\llech,Ulism s 0 1 e ll.mgt's in the Exocri ne Functions of the PaJl(:l'e;)s 

Science Discipline 
EmIncli n()lo~' 

Investigator 
KY. Smimov 

Co-Investigator(sl 
Pech)'onkill:1. RA. 
GonciJL\Jum, !,:.P. 
Lacy. Pau l 

Research Subject(s) 
Rattus /1ll/Tl!{! ic lIS (Spmglle-DawlC')" ra( ) 

Institute 
lnstihlte of Biomedical Prohll'IIlS 

Institute 
rllstitule of Biomedic,J Prol,lems 
T nstitlll(· or BiOI nedical Proble ms 
\Vashington Un iversity 

Flight: 10 tvlaJ f' 

Ground-Based Controls 
B'1.,al: 5, VivHlillrn : 100 

Key Flight Hardware 
i\llIoicnt Te ll1penltnre HC(.'Ordcr, Alli l11al Enclosure \llodule 

Experiment Descriptions 

SLS1-8 

Objectives/Hypothesis 
Previolls space e:-:peliments demollstrated a progressive increase in the ac.idic
peptic potential of tIle stomach, as We'll ,1.5 a simultaneous decline in the fi1J1 ction 
of the p;lI1creas. This exp~ lirnent was to conduct 1I biochemi('.lI investigation of 
the exoClint' compmtments of the pm tcreas of rats after space (ligll t. 

Approach or Methods 
Amylase , lipase, and ll)l)sinogrn were measured biochemically in the pancreas 
of space- Ilo\>vll rats , and the results were compared with those from approp1i~te 

cOlltrols. ATllyl:.tse activity W,l5 measnreu by the photocololimetlic method, :md 
Iip;L~e ad i\~ ty was measured lIsing the spcctrophotocolOlillletlic me thod. 

Results 
rnvestigatio ll of the timctional statl.lS of" the pancreas after space thght revealed 
complC'x changes or digestive enzymes. l\,nylolytic activity or th e paT1cH'as was 
sti ll s i ~~ni fk:antly increased at 11 +!:.l. :--!o marked effect was seen in the level of 
trypsillogcn. At H+g there was a sigJl iflcant fall ofliptL5e acti\~ ty. The exjstence 
of a relative pallcreatic insufficiency dudllg space night reqnires rllltl.e r st·udy. 
G'l5t roin testinal h'net clctivit)' was d mnlcte lizcd by conhnuit~ ' of tbe proc'essps of 
food suhstance hydrolysi.~. The interaction of the stomach, pancreas, and small 
intestine during readaptalion to g ra\ it)' is an example of self-regu btion in tile 
c1i~tJibuti()n of e nzymatic activities. 
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SLS1-9 

Title of Study 
Particulate Contwnrnent Demonstration Test (PCDT) 

Science Discipline 
Hardware veJiRcation 

Investigator Institute 
Bonnie P. D.Jton :\IASA Ames Resem-d) Cente r 

Co-Investigator(s) Institute 
None 

Research Subject(s) 
\'ot applicable 

Ground-Based Controls 
Not applicable 

Key Flight Hardware 
Gene ral Purpose Trans fe r Uni t, Ge ne ral PU ll'ns(.' 'vVork Station , Hesean ;h 

Animal Holding FaciHty 

360 

Objectives/Hypothesis 
The Partit:ulate Containment Demonstration Tcst (l)CDT) W,L~ pe l{ormed to 
ensure particulates from anim.Js <LIlU infught operations were t:ontwned ,U1d did 
not contaminate the living or working environlJ1ent or the t:rew. The three maill 

objet:tives were: 1) to determine lhat the HA HF and GPWS can contain solid 
partkJes of L30 mit:wns and larger: 2) te; df'tcrl1line that the GP'o\'S cm) ope ra
tionally contain fluids in nomin,J <Littlow mode; ami 3) lo dete lminc that the 
GPTU can provide adequate secolldary cOlltuiDl nenl ollling cage transfe r ;mel 
se lv icing opc rlltiolls. 

Approach or Methods 
Packages or particulates consistillg of 16oc1-bar CP li llbs, rouent hair, ,mel black
eyer! peas were placed in RAHF cage positions 2. and 9 (rats " 'ere not in Ihese 
cages). These particu late loads we re re leased into the cages upon activation of a 
pull knoh tl Hlt unsheathed the paJticubtL' bag. Following release of the pmticll
lates, the Bintest HeutC'r Centli(iw u S;;unpler (RCS) was held in front of the 
RAlfI' to collect escaped pa,ticulales on a screen. The screens were capped 
and ~ towed For pos tfligl,t analysis. F illid containmen t was examined in the 
GPWS by pricking a lluid-fi lled balloon ill both an f' lIIpty cabinet and cabinet 
with laboratory e(lu ip lnc nt. Voice recordings cllJd tl-mll1 video pholography 
were IIsed to docullleni 1I1e test. 

Results 
postnight microsc:opic exarnin,ltion of die cenbifug,J sampler screclls revealed 
pmticuJate accumlliation on only one screen , and this was due to inadequate 
cleaning of the GPWS prior to the test. Particulates on this screen were less 
lIlan 50 microns ,Ulcl c.Ld 1I0t exceed 20 particles per sflu,u'e inch. The PCDT 
proved pmticl.Ilal:c containment in the RABF and GPWS to be highly success
ful. and live rat transfer was approved by NASA. 
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Title of Study 
Small'\1ass ~k:tSlllillg Instnl11lcnl (SMM l ) 

Science Discipline 
Hardware verincation 

Investigator 
Bon.1ie P. Daltoll 

Co-Investigator(s) 
None 

Research Subject(s) 
:\ot applicahle 

Ground-Based Controls 
;\Jot applicable 

Key Flight Hardware 
Small ~la$s Me<L~ ' l1ing Instl1 l1l1pnt 

Experiment Descriptions 

Institute 
NASA Ames Research Center 

Institute 

SLS1-10 

Objectives/Hypothesis 
The Small Mass Measurillg Insh'ull1l'nt (S M .\11) was desiWlecJ to Ineasure tbe 
mass of a suhject in microgravity b;l~cd all the osdll:1tion peJiod of lllf' subject. 
Due to stability problems. the units \vf>re I'e rmbislled in 1989 by SUllthwest 
Research institu te and had to undergo addi tional testing to fu lfilJ all clements 
of Yelifk-ation as defined in 1986. The S.\<[M r \V,l~ flown on SLS-1. to veli~v its 
calihration mai ll tellanc-e capabi lities bC'fol'(' it could be I1sed for exp eriment 
support on SLS-2. 

Approach or Methods 
One SMM I unit was tested on SLS- l. The unit was calibrated. and IYIC;\sIIIC::
ments of kllO'vVIl masses were taken on fl ight days 4 ,md 6. The masse's used 
wert· 175.21 g, 2.50.2 t g. and 275.42 g. The latter mass consisted of two masses: 
one of 100.2 t g. Hnu one of 175.21 e;. Each tneiLmremellt W,l~ taken five' times 
and tho avpmj;es wt:rc caklliated. 

Results 
The SM~'U perfe:lrI 11:1r,<.;e exceeded expectations. for the 17f5.21-g I n;L'\S. the aver

age n lea~nre1Tlcnl was 175.2; lor the 2.50.2 I-g mass, the aveJ'ilge measurel nent was 
2.50.2 g; and fo r til(> two masses totali ng 27.5.42, the average lTIt:aSlI remcnt " "-IS 

275.:3. CalibratiOils were repo't,~d a.s ellsy lo pprfOnll ,mel qUick to oblain. 
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SLS1-11 

Title of Study 
Rel,,'l.i1ation of Blood VoIII Jne during Space F light 

Science Discipline 
Hematology 

Investigator 
Clarence P. Alfrey 

Co-Investigator(s) 
Drisc.'OlI , Thecla B. 
NachtlllaJl , RomJd G. 

Udden, ~Im·k~ . 

Research SUbject(s) 
Rattus norvegicus (Sprague-Dawley ral) 

Institute 
Baylor ColJege of Medicine 

Institute 
BHylor College of Medicine 
Baylor College of Medici ne 
I3aylor College of Medicine 

Flight: 30 Male 

Ground-Based Controls 
Basal: 30, A!»rnchronous: 60. Vivariulll : 30 

Key Flight Hardware 
Ambient Te mperahlre Recorder, Animal Enclosure Module, He);earch Animal 

Holc.lin.g Facili ty 
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Objectives/Hypothesis 
III space fligbts ,L~ shOl1 as 7 days. W I 8% 1"0 J.5% reduc!ioll in red blo<x l cell 
nl<l~S (IU3CM) hus been lIleHsured in astrnnaets IIpOIl landing. C \IITent theories 
reg,uTling the regulation of E'1)-1hropoiesis would require an inc reased rate of 
RBC destmction to pruducc such changes in RBC M. However, data [rOIl) 
humans have imlicated that HBC sUlVival li me is tmc:l l,Ulgf'd duti ng space flight. 
The objective of this experiment was to ev,~lIate whelher the ral is a suitnbl 
animal model for researchi.ng the llIechanism responsible for the K.BC \l loss 
observed in hllmans. 

Approach or Methods 
Rad ioactive tracers were admin istered 10 anillilus pre- and postflight. Plasma 
VOIIlIIl C (PV) was measured using 125 l-1abeled albumin, , U1c1 5lCr-labeled donor 
RBes were used to mea~tII"e RBC M and ItEC suniv(~ . RBC M and PV we n 
mea~u red 8 clays befo re launch (L-b), at recovel)' (R+O ), (mel 8 days postflight 
(R+R) . SICr RBC survival studies were from L-7 to R+O. and 1\+1 10 R +t. 
mood samples fixed with 0.5% gllll amldehyde we re coded, and tlw proportion 
of Ct;lIs that had echillocytic IllOJVilology we rc dctcnni.necl in a blinded (~lShion . 

To stml), iron ki netics, 59F e W<L5 injected on R+O and inc.'Ot}x)ra~ion into UBes 
W,lS fo llowed ovc r tIl(' ncxt 8 days. Se n ltll ferritinlcvcls ,mel 51Cr spleen-to-live r 
ratios we rt! delennined on R+O and R+9. 

Results 
Since no statis ticl~ differe nce cou ld be atttibuted to hOUSing condition" , mea
SlIrcments from single- and group-housed animals were combined . No flight
relaled cbanges we re (ound in hematocrit val ues, number of echinoc)"ics or 
SICr spleen-to-liver ratios. Upon lallding, mean HBC YI of /light rats \,WLS signifi
cant ly less lhan controls. both whe n expressed as absolute volume or volume 
nOIllI a.I.i <!:ecl (or bod)' mll~S. p\,. nonmtlized for body mass, was also Significant ly 
decreased at H+O. The 51C .. SlIlviv,J dala d id not suggest an increased RBC 
destruction rate as L1l e cause o f the decreased H.BC YI. Inst ead . postflight 
decreases in .'59Fe incorporation could illdicate a decrease in R BC production in 
response to :>v ace flight or to clecre,L~ed food intakt' and we ight gaill post-flight. 
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Title of Study 
Regulation of Erythropoiesis ebuing Space Flight 

Science Discipline 
Hematology 

Investigator 
Robp.lt D. Lange 

Co-Investigator(s) 
Ichih Albert T. 
Jones. J. B. 

Research Subject(s) 
R.attll~ l/o lU'~iL'I!S (Sprague-Dawley rat) 

Institute 
Universily of Tennessee Medical Center 

Institute 
Uni\'crsitv orTennessec \J!F'c!ical Cellt<'r 

niversity or Georgia. Athens 

Flight: b Male 

Ground-Based Controls 
Bil~al . A~l1C'h ronolls, Viv,lIillm 

Key Flight Hardware 
Ambient Temperature Hecorder. Animal Enclosure Modu le, Research Animal 
Holding Facilitv 

Experiment Descriptions 

SLS1-12 

Objectives/Hypothesis 
One of the most consistent findings observed in humans exposed to orbital 
space IUghts has been a decrease in the total circulating number or red blood 
cell s (RBCs). The objeclive of this study W~L~ to gain an understanding of the 
regulatory parame te rs that modula te RBC production and destruc tion. 
Peripheral hlood 1U1d spleen lymphocytes we re studied to ascertain tJle immun
odefkienC'y of the flight animals . Another objective was to determine if the rat is 
an appropriate ,UlilllallTlode l to study these mechanisms. 

Approach or Methods 
- -Sing inflight food and wate r consumption data, the role of nutrition (energy 
balance) alld or hemoconcentration was assessed in the erythropoietic response 
of the nlt to space rught. Mpnsurements included erythropoietin (Epo) levels. 
changes in hematoclit, and the rate of' erythropoiesis and red blood cell proollc
lion. The erred or space flight on e ryth ropoie tin responsive cell cultures was 
investigal(·d. Red blood cell survival was acc:omplished throll e:h both reticulo
cyte counts and radio LL~says provided by otlle r st-c1dies. 

Results 
Tbe results of these studies indicated that or, R+O the re was a Significant 
decre,l~e in tile number of Epo-responsive e rythrOid progenitor cells. Peripheml 
blood showed a signific,mL clecre;lse in the total white blood cells and in the 
absolut(' numbe r of lymphocytes. monocyt es. a nd eosinophils. 
I mmunophenotyping studies of peliphenu blood lymphocytes indicated a signifi
cant decreil~e in the absolule number of B-cells. T-helper cells. and T-suppre~sor 

cells. All values reh.rrned to the controlleve1s by H+9. ~o Significant diffe rp. llCt's 
between iligllt ,mel c:onh'ol animals were observed in the red blood (:ell p,U~lJ11e

tel'S (RBC. Hgb, Cct). serum erytJlropoietin level. and reticluucyte count~ . 
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SLS1-13 

Title of Study 
Effect of Space Flight Factors on the Functional Activit)' of I mlllune Cells 

Science Discipline 
Immunology 

Investigator 
Irina V. KonstcUltinova 

Co-Investigator(sl 
Lesny.lk, A.T. 
Ryko\'a, ~1 .P. 

Meshkov, D .O. 
Markin, A.A. 
Orlova, T.G. 
Lange, Robert D . 
Sonnenfeld, Gerald 

Leon, HenlY A. 

Research Subject(s) 
Rattus l10rvegiclls (Sprague-Dawley rat) 

Institute 
Inslitute of Biomedical Problems 

Institute 
f nstitute of Biomerucal Problems 
J nstitute of Biollledical Proble' fl S 

1 nstitute of Biomedical Problems 
Institute of BiolllE'dical Problems 
Gamaleya J n~tihlte 
Tennessee State Unjversity 

arolinas Medical Center 
]\"ASA Ames Hesearch Center 

Flight: to Male 

Ground-Based Controls 
Basal: 5, Vivarium: 10 

Key Flight Hardware 
Ambient Temperature Recorder, Anjmal Enclosure Modulc 
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Objectives/Hypothesis 
The objective of this c>.}>t'limellt was to fu rther ill\ 'esti~ak the Illechanisms 
unde rlying disorders in the imllllllle system in microgrmity. The ability to pro
duce hormonal factors "vas also examined in spleen cllltures. 

Approach or Methods 
Rat ~pleen cells were ex,un ined fill' their proLi feratiyc response to C:oIlC"<lIlLlmLin-rl 
(0.1 , J.O, and 10.0 ~ghn l ) ,md interlcukin-2 (2 U/mil still lUlatioll in -!S, 72. and 
96-hull r ce ll cu lhlres. Alpha- and gam mao inte rferon " 'cre a~sayed by a 
microp laque reduction on vesicular stomal-iti s virus on L-cells. The tumor 
necrosis fllctor was dete rmined by cytotoxicity to tUlIlor cells. Natural cytotoxi
city, using cell line K-562, was detc ll11ined in bone manuw and spleen samples. 

Results 
T-ccll activity clid not change in R+O animals, il lc rt.'Llsed in tlle R+9 group (i ll 

unstimulated cell cu lhlres .md cultures stimlliated with interleukin-2 and opti
mal ,md high conc(;ntrations of concm1avalin-t\), and ck:creased in the T +0 
group (in unstimulated cell cultures, in cult-ures \\~th low concanavalin-A con
centrations and short-rime incubation ). Results indicate that spleen and bune 
man-ow natural kille r acth-it)' was incre<l~ed i.n cultu res in H+O, R+9, and S+O 
(spleen cells only). The re was f Ul. increase nr spleell natural kiUer ce ll act-ivity in 
cultures of K-.562 tm'get cells (in '1'+0 a small increase was noted). Bone marro\\' 
cell activity decreased slightly in H+O animals. Cornpw'ed to conp'ol ral~ , a1pha
illte rfe ron production was unaffected. Gamma-inte rferon activity had not 
d iminished after flight or tail sllspension. There was an inCrf'~lSe of tumor necro
sis factor alpha production after Right. Interleukin-2 ,Uld tumor necrosis factor 
beta activit)' were decreased in the T +0 group only. 
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Title of Study 
Lipid Peroxidation .U10 Antioxidant Defense Syste m 

Science Discipline 
[mmunolo~' 

Investigator 
Irena A. POPO\~l 

Co-Investigatorls) 
\[arkin, AA 

hw-ade\'a. 0.A. 
\-I e rrill , Al fred H. 

Research SUbject(s) 
H(/ttIL,S lIon:egiclIs (Sprague-D"wl!':- rat) 

Institute 
Institute uf Bio1lledical P roblems 

Institute 
Institute of Biu1lledic-al Problems 
Institute of Biomedical Problems 
Emoll U nive rs it\' 

FIi~h l : 1 n NliJe 

Ground-Based Controls 
B,l~al: ,5, Vi\-;lrill l11: 10 

Key Fl ight Hardware 
""nbie llt TempemtnrL' Recorder, Animal Enclosure Module 

Experiment Descriptions 

SLS1-14 

Objectives/Hypothesis 
The ~)'stelll of lipid pe roxiuation reacts regularly to adverse effects and results in 
enhanceme nt or lipid peroxidation (LPO) and build-up of LPO products in 
blood and !isslles. Cosmos expeliments have suggested that a sh0l1-teml stress 
effect , ralher than an)' long-term adve rse e ffects, is responsible [or these changes. 
This experiment was to study the e ffect of ll1icrogra~it)' and other space flight 
fadors on the system or lipid peroxidation and antioxidant defense of tissues. 

Approach or Methods 
The conte nt of lipid pero:-.iclation products-dienic conjugates, malonic dialde
hyde, Sell in's bases, and the main lipid antioxid<u'l~ , tocopherol-we re de ter
mined in the liver (right lobe), kid ney (l e ft ), skele tal muscle (quadliceps 
femoral is ), myocarclial homogenates, cmd blood plasma. Also, the p las lIla total 
antioxidant ac:tivity was measured , and in ti ssue homogenates the :::c ~i\ities of 
antioxidm'lt enzymes, slIperoxide dismutase, catalase, glutathione reductase, and 
glutathione perox:i<hL~e were dete llllined. 

Results 
rt was fOllnt! that the c:omplex or spacp Hight factors did not significUltly influ
ence the syste m or antioxi<l'U1t protection and the intensity of lipid perox:idation. 
Changes ur lipid peroxidation and an tioxidant de fense parameters in skeletal 
muscle alld myocard ium appeared onl), in rats sacrificed 9 days postHight. 
reflecting the existence of runctional tension in these tissues as a response to 
gravitation sh'ess during readaptation to ten 'estrial c.'onditions. The re were no 
signilkant changes of investigated paramete rs in blood plasma; thus, whole rree
raclical prOCf'sses of rats we re compensated during the postflight period, 
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SLS1-15 

Title of Study 
Mechanism of Forlllation of th e Gastric: ll)'i:e rs(>c re lory Syndrome o f the 

Stomach 

Science Discipline 
~'l claJyjiislll and nutJition 

Investigator 
KV Smimov 

Co-Investigator(s) 
Pechyonkina, R.A. 

Gonchcu"O\'L\, .\! .P. 

Phillips. Rouelt 

Research Subject(s) 
Rattus lwn;cgic/l.~ (Spraglle-Dawley rat) 

Institute 
Institute of Biomedic-,J Problems 

Institute 
Institute of Biomedical Proble ll1s 
! nsbtute of Biomedical Problems 
Colorado State Universitv 

FUghl: 10 Ylale 

Ground-Based Controls 
Basal: 5, Vh,uium: 10 

Roc"Orde r, Animal E ndosmf' Module 
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Obi ectives/Hypothes is 
DlIling e.\T)0~1 1re to spa('E:' nigl ll f<l(to r5. there ;U"f:- ~lgn i lka111 .Jtl' rations in thl:" 

mOl1)hofullctional status 01" tl1!' digestive system. PIt-\.i oIlS C'Xllclilllcnts re\ cak·d 
a progressive increase in tJ le ac:irlic-peptic potential of th<:' stomach amI a si1l11l1-
timeous sbmuhltion of tlw g,lshi n ml,cll<misrn nr regulation Dr the chief and p.ui

clul cells of the stomach. This exvelimf' ll t W<iS 10 conduct a bioc:hpmical illyc·,ti
gation of the m ucous memhr,me of the stornad I of r.tls after ~pac~ flight. 

Approach or Methods 
The sto mach was removed und opened along the ~reatl'r (·lIlyatu re .md the con
tents e mpl·ied . Till; m ucous ho mogcnclte \Vas USed tu 11l(';J~ure pep~ i n dl<U<lC
te rizing the acthi ty of the ehi!"f cells 0;· the stomach. Pepsin a('livi!"), \\~IS detC:'f
minet! by the absorpbon-colOli mehy llIe thod . 

Results 
A study of the fi 1I1ctionul ~tatus of (lie mt stOlllClCh rel"t:"ut'd inc:r('as~·d pc:plit" 

potential of the stomaciI. \\·hi c:h was more markeel all day 9 of readapt'loon . Th .. 

hypersecretOl), gastric S~'11dro1l1e , ,L~ e"iliPllced in fl ight 'lllimais. is cit,mlcll'ri7l'l.1 

b~· a higher acthi ty of the ch ief gcl~t lie p('p:- i ll()gL' ll-pr()d l1 c:in~ cells ami all 

increased g,lStlic level nfilydrochlOlic add dUlill~ til l' inlcrdigesti\·!" peliod . TI1l' 
grO\vth of tile gastIic ac:itllpeptk potentiw in the f1 i~hl ,llli n,a]s wa~ L"OlTda({'d 

wi Lli ,tn incrc,L')ecl level o f gastrin . the main phy$iolo~i c activator of f!a,lric 
epit hf. !~a l ce lls. This selies or ,I\tenltions cre,lteu prpreqlUsitcs lor incre'l'ied 
aggression o f gashic juice in relation to gasbic mU(."flsa ,md po~sible ulcembon. 
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Title of Study 
~t Ild~ of l l ll' Digestive' TI~U I ~portatioll Function of tlll' Small lil testill" 

Science Discipline 
~ Ictaboli~1lI and, ,ut li tioll 

Investigator 
KY. ~Illim()\' 

Co-Investigator(s) 
I"<:ch\,unki lla. B.A. 

Cllncharo\~L )J .P. 

Phillip~. Hohelt 

Research Subject(s) 
Rallll\ '!(lI1 '('gi(,l1~ ( ~pmgll(,- j)(\\d('~ rat \ 

il1stitute 
Institute of Bionl~" Iical Problems 

Institute 
IlL', tihlte of Biollw·d ic;J Problems 

J IIstihlh:' or BiollWdic,J Prohll'llls 
~olorado Stall' l.:llive rsitv 

.' 

""h!!ht: In ~Ial t' 

Ground-Based Controls 
Bn.\ ,u : .5 . \ 'i\ ~ lri ll lW I n 

Key Flight Hardware 
. \ m i1lf'nt T"1l 'l~rat lIre H('(~)rder. Animal E nclosure' \ l oclulf' 

Experiment Descriptions 

SLS1-16 

Objectivp.s/Hypothesis 
Previous e:-''Pelilllents have re\'ealed an inc rease in the acidic-peptic IXltential of 

the' ~ tolllach and a decline of th e functional capabi l i ~' of tIl£' p'U1creas. This 

c:-'11eliment was to conduct a 1'1o'1)hologica.l and hiochem ical investigatioll of 
changes in tlle Ill UCO US me n Ibrane of the .i lllall intestinc afte r ~pace flight. 

Approach or Methods 
Th~ duudenum . jejunllm . a nd i l'~ \1 111 sectiuns of the s mall in test ine were 
removed from night ~U1c1 cOllb-ol <ulimals, and the muc-osa \\ias ex<ullinro \\ith an 
electron microscope. Enzymes ill\'oked in emityand me mb nme digestion (car

ho hytlrnses. peptidasf's. nlonogl~'celide lipase, alkaline phosp hatase ) were in,·es
ti~ateJ biochemically. 

Results 

ThE' ilWf'stigation of the fu nctional status of the small intestine revenled cUlTlplc~ 
:hanges of clIZ:'11e activit ies. III the system or protein membran,> hydrolysis. 

there was a shift or proxi lll l)clistal b"'adient clipcptid,Lo;(" acti "i~·. indi(;,;~ing the 

compensato ry natu re of the changes. A.1alysis of proce~ses or Lipid cLig(-,P'v[J 
reH'alcd a number of alterations ill digpsti\ie pattem :> manifested ,l~ a sip;nific-,mt 

decrease of nongl~'Cclideli pase ' lcti\;t:' ,uld an inCn";lSE' 01 alkaline phosphatase 

aeti\; !} !ll the proxill ial segme nt or the small intesti ne. These eiKml!e5 alSlI 

re flect the compensatory and adaptational nature or the altenttions. In the car

bohydr:'lSe enZ:1natic change. no Significant alterations we re fOlUlti. Ch,U1ges of 
di~es ti\'e/transpcrt h~ 'd ro lys is of prote in s. fats , ;lJ1d carbohydrates we re 
re\ 'rsibl(' and fUn<.:tio llal in nature. The adaptive nature of Ihe reammgements 

r membrane l!ipsoon b, c1elHonso'aled by a self-regulatOIY activi~' or the dlges
tive system in the distribution or en~1\1e acthi ties. 
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SLS1-17 

Science Discipline 
~(el:'.tbolislll ancl nubition 

Investigator 
Odette S~'ht 

Co-Investigator(s) 

AmcLiell';, C 

RavisSt', R 

Rese.arch Subject(s) 

biologie,J ,mel Epitheh.t1 
G,LStroinlestinal T rJ<:t 

Institute 
\latiomu lnstih lte for Agronomic 

Hesea.Th 

Institute 
J\ation<u J IlstihJt(' ror Agronomic 
Researcll 
;\utional i llstip.l te ror A2"rollomic 
Hcse;u-dl 

lnslitut Pasteu r 

Rattus lIon:e:I.iclIs (Sprague-Dawley rat) 
n ghl: 30 ~· I alt' 

Ground-Based Controls 
,1~)l1chronous 

Key Flight Hardware 
Ambient Temperature Rccorder, Animal Enclo!>ure Module, I1esc,u-ch Animal 

Holdin~ Facility 

3S8 

Objectives/Hypothesis 
( n te~timJ micrn/1nra hm e \·e rstltik· l-nl.:\lllatil· putVl1ti.J ... tltHI call inleract dirt'd 
Iy or ~hrollgh its plUd lll't~ with the Ilost. t-. \ i l1ur Illmlifit1lt ions or did or lli~\ ... ,ti\\ ' 
ph~ sio lo~' rna)' alter the i nk~tinal Illicrolkr;, I ![lIilihlillllt. Spat-e H.i~ht (,JJ1di 
tiOIlS Illay lead 10 an illloahme{' in tht' wge\li\<:" n'.krulll ira. thlls l{'adJn~ 101111111-

tiomJ anel p hysiological modi ficat"ions. Tht· objf'l:th'c of rhb shil l) was to , L\.\(.'S!; 

tht> baclc li,u and endq!:cn()lL~ l1lC'taboUc potcnti.ili. of intl'sli llallllinol1llJ<l • .!lId 
til test the h)1)()lhesis Lllat tIl€" di~csti\'e physicJIl>'t'':' ,mel thl' dctuximlio\l ~y:.l l' lIl 

arf' alte red afte r space ni~ht. 

Approach or Methods 
Cec.u contellts were colkc.:ll'd and p i 1 was me,\.Su rpU. Sh/)It-dl.lin lijtt~ ,I<:ilh 

(SC;'.'\ ) \,'pre iU1,U)"/.l'd Il.'.illg g'I.'.-liquid chromntogr,ll)hy. C::~cmi(.hl,t' i\C'thltirS 
wen' exvressed as the rate or p-Itl trophenol rdeit".J fi'ol1l ib spedflt: prr,('lI~OL 
Histocllemicw lUl.Jysis \\ <IS pl'riol1Tled on ~taiJled UlIlXIC'llUIll .Ulrl i1ellm Sillllpl ... ~ . 
From these sal np:es, IIcutnU, acid-. ;mJ sulJoll1uC.'in- (1)\1taill in~ Cl ·IL~ "ell' (uunt
ed . .\1ucus-fxmla:lling ct..!i1s (.\-ICes) "'l' r~ Limnted Il)r 2tl ('I~llts mId dlli ill 1',IL'l 1 

speclIllcn. Xe llohiotie Illl·tilholi7jng CIa: 1111-'5 We:-e ~t lltbpd lhro\l\!h lht:' dl' lL'nni

natioll of microsomal ;.lIId Cyt Ck Jl ic protein l'O:leenlJ<lt:iol1.,. Tht" adi\it) 01 ~Iu

t athion['-S-transrt..!m~es \'<IS assayed ill duph:alL' in Ix)! 11 IllJcrosonutl and C;1t'1itil' 

fmction using sp_·ctrcpllo l ,metry with l-dJIJr() .. :2,+dilli tn1Ix 'l l7jnt' a~ a suh..,trate. 

Results 
n 'ase or JlH i1l the f1i~ l lt g(OIlP J lld ,I ~ignjfkanth 

enhmlced lotal SCI'A L'Ollccntration. Thb wus dUL' to i l1trt'. k~es in \'alemtt' .U1d 
hn.lllched-eJ.ai ll acicis. Ef1c-cts did not lasl a h'r a !::I-day postfli~ht rt'CO\'('r) lX'ri
od. Of the n licrobial glyeol)'lie (I<.ti\~t ies that wen' in\'estigatt'd, IIOlle WNt..! Illodi
Beel by spuCt? flight. .\-ICC nlllnbt'I'S wcre illc rea~('(1 for all t~l)t'S or m uclII. \lith 
some exceptions. Nine' days postflight , a furl i lc r increase:- or the lIU1l1her of acid 
MCC in lhe \illi .• Uld or sul fa ted MCC in til l" cr\pt~ ,Ult! the \ilk (X'('U1Ted ill the 
duodenulIl. The spt!ciJk acti ... i ly of microsolllal gl ll lathio!1r--S-lr .. m.,fl'mst' ill th ... 

Hight rats was enk .. llced lhreefold and p('rsistt·d 10 a lesser L':-.1:l'l1t ill thL' spl'Ci

mells that unde lwe nt a 9-day posLllight n '('0\ elY IX' ,iod. 
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Title of Study 
F/lt '(:ts rJl" Zeru-( ; r;avily bpJSttrt! 0 11 l3i(x: itl' llI ic,; t\ ,eI M etaholic Propt-Itit's of 
~ ~,t'letal \hl ~dl' 

Science Discipline 
t-.l lIscle ph:' ''i()loK'' 

Investigator 
Kennelh \1. Balthd n 

(;o-Investiijator(s) 
!'\ one-

Research Subject(s) 

Ground-Based Controls 

Key Flight Hardware 

Institute 
Ul d \,l'-rs-'it-~ '-(""")[''-C-;ah:'' lI'l1ia, [rvill(' 

Institute 

:\lllhi!:lIt '('. 'll1 l'('1'al I 11'.' I~ u.:{)rd( ,r. Anim'll 1·: Il('II'~ III'(' Mlltillil', 1\ <:~ I ' :trd l i\lIill ud 

Iinkbig Facil ity 

Experimenr Descriptions 

SLS1-1B 

Objectives/Hypothesis 
E:-'l)IISlIl'e to I Hieru!!:)';)\;ty cause, mel-homic:al un loadill~ of skcll'tal InLl~r' l t's , It is 

this unloading that i~ thought to pla~' a major role in prodllc:ing a loss in I IllL~cI (' 
muss anll ut I,er p h t'l ·utypi t.: " iterations , G iven I hC' lack of data rC'garc1 i ll ~ tlw 
udllll' l1C;(' of space fl i ~llt ill nm~e:le flln e:tiull , it i ~ i11111011;)lI t that ti ll'SP l'arlier 
UI)sCI'\';)liolls be con II I' ll 1I,!c1 and that the effects orIllllger spacL! /light missions I) 

slildied, The: s(;('()ntl ar(' ;t 0 [' invc>stig<ltiol1 tllnt ]'('l)lIil'f's exarniliatiOl, is rdated tl) 

til!' trallscriphollnl, 11';lllsl.lhon<l1. and post -tntllsiational l'eglilatill)) of myosin isu

lorm f'''prcssiol1, Ti,l' in lit Il:'nc'(' of IlI it'rogravity nn myusin heav), cb,l in (I'vIlIC) 

and mHhJA isoform expression relliains n'IHtive l~ IIl1cxplorcd, This stlld~' exam

ined the (,ni'('I's or m icrogra,,;!y Oil : the cuntra('tik~ prnperties or the soleus. an 

Hlltig l ~ lvil )' skl?ld;\1 nlllsciL:; anel tht, MIle prll tein :llIclI11R::\A isofunll {.'ontent 

ofl hl' sol/'m, vast ll~ ill tenlletIills, pl;lIlt:lis, and libialis :Inll'linr mllsc:i C'!> , 

~pproach or Methods 
TIll' r(·lntive wIll total ('Ollt'(' lIt of IS(lIl l )'el.~ ill prolc' in e\pression W;l~ dC'tenllincd 

by g,'I I, It'C'!mphOl'l's i:; J()\ ' ~'P( .. 1, tYIlt' lTa-11x. and ~'l)t· lLb isufi.lr ll lS, ToteLl RNA 

\Va~ isolated ['ro lll Il'lll.~d('~ lor slot-I,llIt aIlH I)'~b , and 111 H1\A W.l~ dplt'rl11i ned for 

1)11(' I, ~'l)t' 11 , ;lIlcll) l)(' lIb isofc)l'f Y,s, Oxidative' nltes of rail nillal(' and r~ru\ 'al"<: 
\\INf' d(tcl'IlIinl'ti f'rrll11 1l1 f',~~ ll rl'l1ll' llt s or l-leo:! prOdlldi'Jll, u.xidati\'e f"n~r,ncs 

\w r'" llll'aSllrL'cl alld lliitochllnl.ltiul alld e:ytupla.-;mic i ~uf()l'f ll~ \\cre identif1t:d hy 
;\k:ohol i n:l('1 iv; It i'Il1 , 

Results 
Findings dC'1 lIollstmtt-' a n.:t1uc('c\ ('\vrf's~ i () n of the: Iwu slow m~osin hClI\:' d , .. .i ll 
lind 1111 i ll('w:lsf'd t'x J)f'es~ i()II of thl' lwo fastest lI'I)'osin h (-:\\'~ chnin isoroJ'm~, 

:ollplcd with 1,111s c:1 e lltroplly, this tends t(J rcd llcc' ti l(' t:'nectivE;' musclc lllilSS to 

s1IPP(jl1 ;1J lt;g1'i1\';~' f ll llC:tioll ;l1ullocllmlltor Ildivity, There al~o ~\ppetlrccl to be a 

sek'cliVl' 1'I'cillctinn in t ill' clipudly of the lIIuscll' 10 pro<inct' long-ch;,i n fatty 
a<.:i(L~ , wl liell may impa.i r c' lIc1l1r:lI1CE' d llring spall' l1il1;l ll. t\ decrf'use in pall11inate 

(Jxidizi ll,g c:npadty Wa~ llbs(' rvecl in UlC f1 iglll :llli lllilb, LIlli no d('('reasC' WILS ronnd 

in p)'11lvatf' oxidizi ng l'H jI:lcily in fast-twitc'" mLl~dL!s, 
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a. 

SLS1-19 

s in Hats Exposed to Zero Gravity 

Science Discipline 
Ylusclc: ph}'sinluf,'Y 

Investigator Institute 
Joseph F.Y. Hoh L'l l ivc rsi ty ofS),dl1l''y 

Co-Investigator(s) Institute 
Non" 

Research SUbjectls) 
awlc), rat) 

,\II ,ti c: 

Ground-8ased Controls 

Key Flighl Hardware 
Alllhicr;t Telllpl'rat ure Hpt;ortl(' l', Anjm.J E lldu;;lIJ'E' Mudule, Ht"spal'dl An ilmJ 
11 oldi Ilg ~"aC' ili t). 
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Objectives/Hypothesis 
The ol ',iv( ·ti\·,: of' ll rb study \ ,;; L-; tll d<'lI ' l'Illin( ' huw micI11)!;ra\oit\' al'f<'ds I11llsd;' 

(I I )er type ,U III 1111:' de iSlllllYIJ!iill l'OIII [>o:- it iull. II wa P( I~lulat('d llial II!ld f' r jf,A' \'O 

gravity SOl lie slllw fHx:r-; would (·Ol l\·( ·rj 10 I ;L~ t. Since stilliuli to tI ll' ,low-t\\itch 

<l1ll'i!!;ra\;ly 1 1I 11sde~ shuuld hI" grc,lt lv l'eLi l1 ced ill lowgl';lvit~ ·, ti ll:' Cntl('('lItratio ll 

(,(' I II)'osi l I iSUl'I1Z}111e., ill t l lc~e Ilhl'rs sill III Itl also he chang<,d. 

Approach or Meth~ds 
tv! u s t:l t'~ "'f'rt' ,lIwlyted lISillg !11ulI,}['lo llal antibodies again~ 1 11l:'tlsin lll'<l\) 

l·llai ns. Antibod ies sped t'lc 10 dill<' I'C'1J1 111:'osin-lw;l\y-t:haill t:-l>l" wer(" lIsl'd tu 

ick: llti~, bSI alld ~ I ()\V 01)(:1'<; . Iv!ab .')_. \1) \\ ',L' specific 10 tht' slm . I ~ -pl: llihl' t"S. alld 
I llal> ,5-~H was 'l'C'cioc.; [or Iype I 1a ,lI ld t~' I .)P Jlx. 

Results 
SnlL'IIS Jl1l1s(:k·s I)f til<' night anim,Js sl luwed a marked i nCrf' , L~( ' il l tI le propoltion 

of Hiler!> (,xp l'c~~; ng liL~1. tYlx' 11 i:;' )11 I),()si ll. "l llscie Rilers tendl'd If) L'klJl ~1' "mlll 

slow 10 I ;L~ I ; I/o""ever, Ole <.-h.U1.l!;(' W;L~ tlot ,L<; d t~ lnmLic as ()h~( ' I"t'd in hil-s l1spen
, ion .~ t'llLi('s . Slow Iilw rs Wert" mon' '\I rnph.i f:"d 111<ul fiLSt fi)Wl's . It i ~ lik(' I) lliat tlv' 

l'OJ'lVI"l'sinll from slow to lust lwi lt.:11 f1 I)er" \I',L~ !lot ('ompldL' 1>\ tI lt> l'lIO of thf' 

tlight. ( :1 l ange~ in fll x.'1' tyPI~ di:;t rihuLiun wen' tlul ddl"Ctl,d ill tll<' l ., tl-mOI'. 
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Title of Study 
( ;( III (rnL'ti Ie Properties of Sh·l( ·tal r-,,[ lL~eks 

Science Discipline 
r-, 1 I IsdL' phys iol' l~ 

~vcstigator 

\ ;: .(.1' S. Cg'l!Il~ 

Co- Investigator(~ . 

\lm,L"kn. I .. \-1. 
Kahitska/ a, O.E. 
Bile\ . D annv A. . . 
Edgerton, \ '. Hpg,~p 

Research Subject(s) 
Hot/us llOln~t!irl/s ( Spm~lI·-n. l\\'I (, \ · rat ) 

Institute 
I nsti( Hte I If l3il 11l1l'diL-al Pl'l) hl(·l1'l~ 

Institute 
I nsl ihltc or BiOI ned ic'; .1Prol )1" 111 S 

Inslihltc or Biollwd i('al Prohlems 
I\l cdid Cullcg<' nfWiscollsin 

Universi l~' ofCali fill'l l ia , I ,os Angl'les 

l'li !!;hl : III \I[alf' 

Ground-Based Controls 
B;L~al: .'5. \,i\~11illll1 : to 

~ey Flight Hardware 
A .n iJ!t'lltTelllperatll rl' H0t.:ordl' r . A nimal EnL'losllrf' M od l ilc 

Experiment Descriptions 

SLS1-20 

Objectives/Hypothesis 
In th is ~ hl( l)', the zero gra .. i l)· d'f'pct upon contnlr:lile properties or skf'letaJ mlls
<'If'S we're st udied in mts aftt"r a ~-clu) fl ight (R ... 0) ,lI1e1 a 9-du), postOight readap
tari u ll Jw ri od. A comparative ,ll1aly!> is of the effect nf ll1i t.:rogra\'ity 0 (" v;}Iying 

duration on the ('ont radil", propt'11 i('s of skeletal mllscles or dillc ' rent functional 
profil es (slow allci rCl~I ) wn.~ p('rfi.lI'lI!('d . 

Approach or Methods 
UsiJ1p; gl)/cl'l1ItC'd l1l),ollbers, Lhc fc)llllwing contractile propc/1ies \VC're lTIe:L~lIred: 

III:lXillllllll iSllll1etric strain ; velocity or contraction; ,;e1ocity uf sc mi-relaxation: 
work capaci ty; tirll f' of m.\xiInI1Jn contraction ucvelupnlen t ; time' of se mi

n~Ia.\a (ion ; and diameter of ITIvolihe rs I reated with ATP+Ca2. , 

Results 
The resli its ohtained demonstrated that tile great'est cllan~l!s occurred ill the 
\VL'i),!;ht- l1C'aJing solells .mel inl'llIllcd ;\ cleere'ase uf uialTlC't,>r or ( ill'" l11 usck' fibers 
and tlt't'rl':lst's or isometJic tension ;tn" contmctiol1 \ 'doci !)'. There \Va~ a trend 
towards i lle r(:,:L~e of <:OlI trnd ilf~ f()I"ce' in tile li LSt locol1lo('or InLlsc:le, the ex1ellsol' 
d i~i tnnll n longus (EDL). alld in hOlh heads of tile gastrocl1c lll illS, A det'fe;lsc uf 

VL' lucity o /" l'Clntmctioll and semi-rd ,\xation \Vas ,1lso 5('('11 ill the EDL. DUlin 
till ! reatiaptalion poliod, R+8, tl lC'sl' parameters dOll1onstrat C'd a trend towards 
Ilonnal izat:ioll . These result~ conl'iml the inflight dependenc:y of til e' eontractil 
cilantct(' listics of the mllscles fro lll their fimctionnl prome, 
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SLS1-21 

Title of Study 
Ele<:troll Micl'Osmp),. Li~ht MicJ'Os(;(JPY, ,mel ProlC,L~(' Activity or Hat Hinci lillih 
.\Ilusc:ies 

Science L1iscipline 
ivillsc!e physiology 

Investigator 
DimH)' A. Hiley 

Co-Investigator(s) 
·Ilis. S timley 

1 ] a<L~, A.L. 

Research Subiect(s) 

Ground-Based Controls 

Institute 
.\I[eciical CoU\'gl' ()r\OVi scon~in 

Institute 
San Jose Slate () lliversity 
Medical Collegro of WisL'Ollsin 

Bil~a1: 30, A~)IJ1C'hrollolls: 60, Viv,uium :30 

Key Flight Hardware 
Amhient Temperature Hcc::nrdcr, Aru'na) Enclosure Mo<illl,!, Hesl'an.:h "nilllaJ 
Holding Facility 

372 

Objectives/Hypothesis 
T lds SpilC.'e Il igllt sl lIdy ('xam i ned li lt:' degn:'l' of al rnp l ,~ f;)r mll~de.~ used prillliU'
ily to (J)lpOSI' gravi ty COI II)Jilrvd v.~ III IlOlI-I\·(' igh l - l wi\ri ll .!!; 111I 1~dcs ,md i n\'('~ti~ilt
,"d III(-' (;(' lI l1lar and ehl" ll li<:a l hasis (or al roplt~. ,\ lloilIL'r OitjL'Cti\ (:' was to c1lill'ilC'
Il' liz€' the degelle ral ion of 11( '1 Iron luscltlar j Ull cti ' )1)~ L' ntit' rstallding how stm .. -

I ural and chemical ehan,!!,( '~ in Ilillsclc art' indllcl"(l h" I h(~ ~tres~ of b unch, lo\\,
)"(ri\\.;t),. re-entl),. and readaptaLiolt to gra\·ily lHl Ea lt lt wi ll Iwlp definE' how SI! \ '

" raJ I:.lctors eUlItril lll ln to lll lIS<:l (· weakenillg. nlld ",necli\'(; \.'( l u n t(' rrlle'L~lIre-5 can 
Ill' dl>vt'lop('d to OV(;],C(lIll t' ; ltrophy during spac!' fli~h t. 

Approach or Methods 
A lolal of [490 Illlls('l(;s \\1(,1'(;' Hllal~ 7Rd hy l i~ht allll l"1"dmll 1l1i<:roscop~' Inr (;'\'i 
dence of silli nkagt-! or ti(' ilt h of muscle <.:e1k hn 'akdo\\,ll Ill' IIlUsclc H/x:rs. or 
d egen0mlion of moior nl 'n·es. The chelllil-& b,L~i s it)r atrophy was iJl\'e~li !!i.lted 

by illlnlul10staining Ic))' IlLoiqu iti n l' roteillS that cat;.J~-/.( ' thl' br('akd(J\\~l of pro
te ins. Cross ~eclional an:'<L~ of muscle fi her lJl'cS ill till:' slow ,1Ild l1l iXt,d (fi LS! ,mci 
slow) libel' regiolls or II Ie add Ilt:l or IOllgllS nnd I he central POltiOIl oholells \\ t'r<' 

Il)(?asured by (.~ )Il l [> LllL!r-il~~ i s ted digi tizillg morpho" , ... ll:· or ril)t' I;; in lIl),oFib li l
Jar-A TPil~e- reacl C'd sect io ns. 

Results 
SpaCf night indllccd siglldkill1t ;J l roph~' (fiber sllli nkagl-' ) a mi incH' ,LSed E' \1)l'(.'S

siull of fast IlllISCIe d)'lra<:t<'l'i.stics (fasl m;,usin ) ill lhL' :,10 \\1 lIbel'S. The slO\dy 
adapting m)'o~ in c1HlI1g(' 1l1l lS1 li k(~ ly (xx:urred innight. Adductor lon~L1s I1ll.lsdc~ 

.s llowed incrE'ased susc(' ptibili ty Lo pathologic,u danla~~e UPOll resumption of 
wt-!ight beitrillg aclidty at 1 C . Postflight damage incl lld"u thromhosis of til l' 
lllic roci rClIl ,ltion, inte rsti lial alltl ce llular edelna. 11111 Sc\ t' nbt-!r fragll1entation. 
sa rc:mnert: disruptions. act- iva i ion t:f philgOC~1.i c cc lls. and c1 E'\'ated uhirjl liti ll 
C'onjngatioll suggestive of il lLTl-'ased protl'in breakdowll. Ac.:cdel ~ lted agi ng- li k(' 
il lVolubon of lll-'urnm llscllJar .i" lleti(JlIs \\<l~ signiflc.:illlth lJlore proll1inent in mt~ 

I lo used in flight cages ill flight LUHJ dUli ng the- deI H~('d fli ).dJt profll,' test (DfPTj, 
indicati llg caging-i lld\l('cd l.rkcts. The soleus alsl) at ropllied but showed I l'~~ 

pathology thilll the addllC'tll)' 1!lIl l!;llS, which appe:.I rcd I'dat('d to grt-'ater reslIInp
ti0 11 oFJouded co nLTuetil<, actidty [)()stflight by I he ackl. Idor )onglls. 
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Title of Study 
(jlira~t ruch lrl' (JfthC' Brain COltc·, 

Science Oiscipline 
:-J l.' lIroph~'S i()lc 'g;\ 

Investigator 
Ludmilla ~ . J)\1lch kO\'a 

Co-Investigator(sl 
1..o\\1Y. Oli" C'r It. 

~esearch Subject(sl 
RattllS Ilc)/1.'('g ir' /l s (Spra,gllt:-Da\VlL'~' rat) 

Institute 
S€'v('rtst'v [ I1sti tut e of Evolll tiolllllY 
~I OlV iloioh')' and Ecology of Ani \l d s 

Institute 
Washington C'niversitv 

Flight: 10 :-'1 ale 

Ground-Based Controls 
Basal: .S, Vivm-iutn: 10 

Key Flight Hardware 
Alilbieni Tf-mpc'raturc Rt'(1)rder, Aninl"J "';l1closurC' Module 

Experiment Descriptions 

SLS1-22 

ObjectivesIHypothesis 
Earlier C"x.amillations of the 1I1lmstlucture of the cerebral cortex on Cosmos h;'ls 
sU?,gcsted that the S)'st<:n I of interneuronal contacts uf tll(> neocOltex showed til 
highest level of "dapti \'(' changes in rni< 'ro~mvity. This c:l.l'leriment was to assess 
SpilC(~ fligll t eflt~c ts o n the ulb',lStrllctlJrp of n CIVOUS, glial. ;U1d vascular e lements 
of the hrain ca rt n:- , 

Approach or Methods 
Fragl11ents of t'he rnotor. somalo.:;ensOIY, and visual cortex and olfactory ('0 11 ('x 
Wf're cnllec.:l nd . <l 1ll1 a laye r-by-layer electron microscope examination of ner
ValiS, glial. and vascil lar element's of tile bntin cOltex was conduc.:I pd. \"'hil 

mbedcling in aralclitc. Ll11in sections were o riented in sucll <1 way as to have all 
cOttieal layers scctjone(' ' '1 frontal ulh11thin seclions. 

Results 
Hesults demonstrated changes in nellrunal and (~lial ceUs, which pointed to an 
a(:live restmctu Jing in the cortical connectiolls or Ihe flight rats, Motor mid sen
SOlllotOIY Illtr'L~ll1Ictur(" at 1\ +0 slJg~csl ('d that syll<lpses and stellate celh were in 
an excitation slate, which W;L~ <L~s()cinh ·d wil.h an increased afre rent nl)W to th 
cOltex during tll (" 2--.3 hours after recov!:!ry. Exan linations at R+9 indicated buth 
an enhanced "fTerent flow, iL~ well .L'i an increased functional aclivity or large 
pyramidal neurons of' tile V layer. Ch ~U1gC'S in til e visual cortex of the flight rats 
were similar lo those in Ule somatosensory ('oltex but less Significant. Changes 
of tile olractory cOli ox suggested a slight decrease of the afferent flo\\' ancl an 
incre,LSO of th(' fl1nd iona] activity of neurons poslnjghl. 
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SLS1-23 

Title of Study 
C)tochemisllY of Ne urons 

Science Discipline 
:-.ieuropl lysiology 

Investigator 
L.Y\, Gershtc in 

Co-Investigator( s) 
Sergutina, AV. 
Dalll1lo11 , :\allcy C . 
Mehler, Williilil l R 
O'Amelio, F e rnando E. 

Research Subject(s) 
Rattus 1l0 f'!JCg ir:IfS (Sprague-Dawley rat ) 

Institute 
Insntll tt' of Brain Hesearc.; h 

Institute 
Illstitute of Brain Research 
NASA Anl(,s Re-st-'arch Cellter 
NASA Ames Research Center 
NASA Ames Hesearch Cente r 

flight: JO Mak 

Ground-Based Controls 
Basal: 5, \'IHlri nil I: 10 

Key Flight Hardware 
Ambient Te mpe rature Recorder, Anima.l Enclosure yJodLJe 

374 

Objectives/Hypothesis 
This (";>'1)erilll t' lit \\ '; L~ to 'l<;S(:,SS spac( ' Ilight ('\led:, 011 t'IlZV1l1e~ il1\ ok l'd in IWl li"()

tnUlsmitte r a l it! l 'ne rgy metabolism in lI t' lIW IlS 0 1' the l1lotor lU lU SOlll. llosemOl) 

(.~))1 ('x ,mel tIl l! IH.:ad or the r::.l lltbte nucleus of the :m.lin. 

Approach or Methods 
The 11 0ft lwmisphL'n: Ilft.lte brain w as collected. Acthilie$ of acet;l dlOlineslc rnsl', 
SlIcciJlate dc·hyJ.rogenast'. and glu(.·n~e - ()-phospkttt' dl'hydJ~cll'LSe \\',L<; dptc{t eci 
in the frontal ~('<:ti()m of l; IE' brain h~ ' histm:ht"lllimi ' tai.nin~. Subseque nt I l1l ',t

sure l1w nt of P.11Z)'IrI t' acovi Lil's in neuronal d Clllen ts of ~1C motor and SUi11aIOSCII

sOIY colt e;>; ,mel t hl~ head of the caucb te nUcl l' ll~ \vus conducted by d" l lsltoHic try 

mt'lhnds. 

Results 
The study S\J !Z~l 's t s that rnicrogl~l\ i ty ('\VOSIlJ'(' reslllts in a decreased ITIOIIO,\I 11 i Ill' 
oxidase ad i\'ity ill I1blillar sbl ld url's oj' ti lt' fll't II law r of the SOll1atost'nSOl'\. corl e;>. 
and the head or 11 1(' calldate nllcleus w. \\, .. 11 .L\ a dt'l')I:a!>ed :.\(;et,,1 cilolillcsknLS€ 
in ~ IC blldies of Ilcunm s ill the I lead of' lilt' caudate lI utleus. which 111a.>" lx ' in ler

pretvel as a sig n o r: I ) a decn><l.<;c. dt..rillg rll i (' rogra\il~l . of the !I IOCluiatill.g inJlu-
nee t ,f hmi I I Illonua mu ICrgic st Il lc b Ires III lOll II W SOl r.atosemmy COlt l'" and llll' 

head of th<· caudale nilck,us: alld/or 2) '1 d< '(Tcase. during micrograd ty. IIi" tlit' 
inhibitclI)' ill ll lle nc(' of the neurons of tI ll' c<Lll(lak llllclells UI'OIl t.he g lob: !s [wI. 

liel IlS , n. I1Ih(' l'. sll hstantia lI igl~l , ,mel otht'r Imu lI stnlC\lI res. 
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Title of Study 
llistcx·hemishy of the H)vothalam lls 

Science Discipline 
:'-! e'lroph~'Siol0f-~ 

Investigator Institute 
l~() r B. K msnov 

Co-Investigator(s) 
Gri lldf'land, Richard E. 
S;\\\'ChCl1ko. Paul E . 
\ 'a It-. \ \' \,lie 

Research Subject(s) 
H(/ttll~ llon:egiCIIs (Spnlg\ll '-(),m '!<'Y rat) 

I n<;tilutc or Hi.,. ncclical Prohlems 

Institute 
]\ASA Ames He.<;can;1t Cenler 
Salk lnsti tuk 
Salk lnstih.ltc 

Fli~h t: 10 Malt· 

Ground-Based Controls 
J),l<;<ll: .'5, \ 'i\ ',Ui ll l1l: 10 

Kev Flight Hardware 
Ambient Temper,lhlre Ht'conJer. Animal Enclosure Madill I:' 

Experiment Descriptions 

SLS1-24 

Objectives/Hypothesis 
Previous analysis o f the ,mte rior hYl)othalamus and the llnte li or lobe of Lhe 
pitu itary gland of rats fl own 0 11 COS IllOS biosate llites and Space lab 3 reve.:ued 
inh ib iti()l1 of the synthesis and C'xcre tion of growth hormolle and the system 
con troll ing these processes. This e>:peliment was to assess sp,lce Ilight effects 
011 the Ci\ BA (gamma-aminolllltytic acid) and other enzym es in the system of 

the hypothalamus. 

Approach or Methods 
Tile pOIijon of the brain contai ning the thalamus and hypothalamus oliented in 
the ant c rior-postelior direclion wrl~ dissected. Sir.gle tisslle fragments, 0.2 to LO 
p):!; in mass. were separated by lllicro-insbl.llllents from I~.uphilizeu sections (20 
jl lTI in thickness) of the arcua te n ucleus and medd e mine nce' hypothalamlls. 
Q llan ti rative histochemical analysis of ~Iutamate dee,'rbm;yhL~c and glutaminase, 
as well ,L~ detemli nalions or tllf' conte nt of lipi cls and the de fi ' lI ecl dry substance, 
\Ven~ pe,formetl. 

Results 
1\ fte r spaee fljght, gll1t,U11imL~c ac ti\,; ly in the arcu.lte nllcleus was deereaseu by 
22.7% , ,mel gllltaminase activity in the llIedia! eminence was decreased by 30.4%. 
T he ratios of lipids and clef~llled clly substance in both stll.JC~llres remained 
unch,mged. Since data ilillicatcd a high sensitivi ty of somatoliberan-c'Ont,lining 
neurons of the ,u'cuate nucle us to glutamate, the possible partiCipation of gluta
lIIate in the regulation of growth Ilonllonc secretion ha.~ been suggested . 
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SLS1-25 

Title of Studv 
Plimmy Pe rceptive Shucture of the Brain: MOlphology alld flistochemistr" 

Science Discipline 
:-.Jeurophysiology 

Investig;ttor Institute 
Igor B, Krasnov lnstitutt:' of Biomedical Problems 

Co-Investigator(s) Institute 
Daunton. Nancy C, NASA Ames Research Center 

Research Subject(s) 
Rattlls norvegicllS (Sprague-Dawley rat) 
Flight: 10 Mall' 

Ground-Based Controls 
Basal: 5, Vivaliul1l : 10 

Key Flight Hardware 
Ambient Tempe rah.lre Recorde r. Animal E nclosure Modu le 
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Objectives/Hypothesis 
E!eclTon microscopic ex,ll1l inatiolls or the nodulus corte.\ o r the L1:re bc \Julll of 
Cosmos rats c\pll1o llsl rat e tl 11Itr<l~tn :clural changes that sUl.!gested lh 'll lite 
\l"stilluJar fl ow to the cortex deCrf:'il~ed in Iflicrogravity and dnL~tit:,Jly increased 

after retUJ11 to the Ealth's f.,rra\ity. This study W,L~ to evaluate the dlecD of space 
flight on gllltamic acid metalx)lism p.llZ)'l11es and ultrast ructure oFthe nodn!',.:i of 

tile cc rebe Uar verlllis, the medulla oblol1gat':L and p OliS varoLii , 

Approach or Metho,~s 
Vt'rmis and light hen ,isphere of the cere[x.Uum, left side of 1l1P<lulla ohlongat<l, 
and pons \'arolii w ... re c:J

'
!ected , Quantitative hi~toclll!111i(;al analysis or glulami

nase and glutall1ate-~l"J.lmtc ' transaminase was pf' rfonned o n the corticiJ l.tye rs 
isolated from freezf>-c!Ji eci sec lio ns of the nodu lus and in fragments isolated 
frOIll freeze-dried ~ec:ti oll s of Lit e , 'cs tibular nuclei I ne dialis and lateralis, 
Nervous anti glial e leme nts of the nndular cortex and llUc:lC II ~ gracilis we re 
C'xamined byelectron -micros(;npy, 

Results 
Al1alysis of fragmell ts of the granular laver or the corl( 'x or tit e lIodu lus and 
Illecli al "c'slibular nucle us and fmgments of latt'rai w stillUla r Il ucle us de mon

sl ralt 'll lhal after 9 days of space Pci i!ht, the dctivity of glllti1l nin <Lse is deereiLSed at 
ll l(' cll ,li ngs of plillialY , 'cstihillar fi he rs, Howe\'er. this \V,l~ not ~ latistiCiJJ-" sig
nificant. III animals saclillced 9 da."s postflight, glutamin,L'if' ;,(;thiL~; in lhe ~trl.lC
b Ires sb1cLiecL d id not cLi fl(~ r CrOIl1 contro ls, 
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Title of Study 
pinal Cord and Dorsal Root Ganglion Moqjhology ,mJ Histochelll isll)' 

Science Discipline 
Neurophysiolog;v 

Investigator 
Igor B. Krasnov 

Co-Investigatorls) 
Droh~'Shc\ ', \ .1. 
PoliakO\ , I Y 
Edgelton, \ '. Reggie 
Lo\\1, . O Li\'er ! I. 

Research Subject(s) 
IV/HIlS IlOn: cgiCll->' ( Spr<l~\lt'- Dawle~ ' rat) 

Institute 
Institute ur Biomedi('al Pro bil"l ns 

Institute 
Voronezh Mf'clical lnstihlte 
\'o rollczll ~ll ecLical Jnstihllc 

Universily of C,l Ii fnmi el, Los Angeles 
\ Vasl lingtoll C nh ."rsit)' 

Flig:ht: ]( I \ I ale 

Ground-Based Controls 
--~~--------------------------------------i:3'lsaJ:.'5. \ 'i\',uium: lO 

Key Flight Hardware 
--------~--~----~~~--~~~-------------

!\mbie nl T('mperature Hecon.ler, Ani li liu EIlc\oslIre ~ rodLLI " 

Experiment Descriptions 

SLS1-26 

Objectives/Hypothesis 
Ex,l)11inations of motomeurons of the anterior homs of tht' lum;)ar and cervical 
enlarge ments of the spinal cord o f rats hm'e revealed changes suggesting a low
e n.J activity of Ihe nerve cell s afte r a 14-22-da), ex-posu re to weightlessness. 
This exp eTiment was to evaluate the e ffect o f space flight factors on the nel'\'Om, 
glial, and vascular elem<.:nts o f the ce ryic,u and lumbar enlargements or spinal 

cord and do rsal roar g'Ulglion. 

Approach or Methods 
The upper hall' of the ce rvical e niargelllent and the lower half of the lumbar 
enlm'g;cmc nt of spimu ('()rcl and dOl's;t\ root ganglion were removed and fixated. 
Parame te rs me,l~lJred incl\lded: the activi ties of cytochrome oxidase, acetyl 

choljnesterase, anel alkaune phosph<1tase; tlle volume of the nellmnal body and 
nucle us; and the nelu'on-glhu index. Studies we re pe lfonnec1 0 11 animals sacri
llL'pd at reem'l'1), (H+O) .. !lei 9 days pllst{light (H+9). 

Results 
~o changes we re obsen1ed at H +0 or R +9 in the en~ 111e acti\ 'ity of the ,Ulterior 
homs or the spinfu cord at the C2-C4 le \-eI , wh~e a lowered cytochrome m.:icl 'l~e 
activity ""as obse rved in the rnO(Ollle ll l'OnS or the ,lIlteTior hOlTls of the spinal 
<.a rd a l' t'he Ll-L2 level. The latte r fact sugges ts the d eve lopment of a 
lnotorneurons hypofunction in the lumber eniargeme nt as a result of the space 
flight. A ret:Ove ry of (),toch romoxieleL~e acti,,;ty in the motome urons of the IUll1-

be r erlhrgement at R+9 e1emonslTates the reversibility of the obselvecl dliUlges 
and a recover), of functional molomeuron activity e1l1ring the readaptation peri
od . .I\ .. ~ !!lc:-eased number of active eapillmies in the ante r;ur homs of the lum
be r (>nlargeme nt at R+tJ probably re fl ects an increased transport of active 
metabolites tlll'Ough the capillaJies of tlle ante Jior homs, sll~esting the devel
opment or a compensatory process directed at activation of r netabohsm in the 

spimll cord during the readaptalion pelioo. 
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SLS1-27 

Title of Stud, 
Morphology of J\ eurons or the Brain Cortex 

Science Discipline 
~ellrophysiologv 

Investigator 
T.A. Leontovich 

Co-Investigator(s) 
Ytnkhanov, ~l.A . 

Belichenko, P.A. 
Fedorov, A.A. 
Lowry, Ohver 11. 

Research Subject(s) 
RIlttllS llOT1Je{!.icl.ls (Sprague-Dawley rat) 

Institute 
Institute of Broun Research 

Institute 
InstillJte of Brain Research 
Institu te of Brain Research 
Institute of Brain Hesearch 
'vVashington Unive rsity 

Fhght: 10 :'vlale 

Ground-Based Controls 
Bao;al: .5, VivaJiu m: 10 

Key Flight Hardware 
Ambient Temperature Recorder. Animal Enclosure Module 
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Objectives/Hypothesis 
:'vlolphoJogical ev,J I "Ilion 01 IWUl vlb of the v,.~ lIal corl e, of the hrain of ,Uljmals 

e;"l)~Lecl to !>vace High t lilay help gain ,U) insight into II1c("hall is ll1 ~ IIndcr\yillf! 
adaptive responses ; )t the visnal O!'gLU1 to III iungra\i ty. Tl lis e~1>t'lilllent \VilS to 
asses~: space flight eHeets on denCuite r,eolllctrv ,mel micnt<ttion, <11: weU <L~ the 
nun Iber of dendJite process!'S C)j' neurons. in the willal and ~n ll1atosellS(1)" cOliex. 

Approach or Methods 
The somatosensory (light side ) and viSllaI cortex (left side) were collected. Semi
au tomatic Il1OJvhollletdc analysis of the geometlY and olientatiofl of deJl(hite:; 
ot ne rve cells after impregllation W,L~ concluct~d according to Gol~. p;-Tamidal 
neurons of the third !aye:r of the visual cortex werc ontlined from histol~cal 

preparations at a n,agniilcation of X400. Altogethe r. 49 neuro:lS were oullineu. 
By means of a digitizer, a ~rraphic cL'awing or thE- neurons was obtained. 

Results 
There was a significwlt increase of the body ~il.e of p~n\l nidal ne1lrons of the 
thgl't animals. The fi nd ings shuw all increc1Sc in the length or apical dendli tcs 
located in the upper b yers of the visual COltf-'X, among the pyramidal neurons of 
the lhird layer. Examinations show a \\"cU-dc\doped apical S)~tel1l and p.utici
pation in the establjsl ll llcnt of associali\'c (''OIlI ICCtiOI1S between \ 'UiO"IS (. lrtiml 
comp;1r\lllent~. This process may have been induced oy the need for an adch
tional affe rent input and C,U) act [ s a fowldatJoll for m'w c011l1ectiol1S between 
the visual c01t ex and othcr curti~ compartments in microgmvit; '. An e nlaf):!;e
ment of the prolllc size of the body of p)THmidrJ neurons of the lhird laye r. ,usa 
at R+O, can be viewed as another illdication of thc restlllclilling of t1le dendrite 
1>),stem of these neurons in micro.~·avity. 
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Titl~ of Study 
I\euronal ~Iorphology 

Science Discipline 
:'-Jell ropl') "S ioloR" 

Investigator Institute 
T.A. Leonlo\ich InsLi llitc of Br.lin Research 

Co-Investigator(s) 
I3Piil'henko. PY. 
Fedoio\·. AA. 

ylakhanO\ . ;\'I .A. 

Lo\\~") ', Qlj \'ef H . 

Research Subject(:;) 
Hlltt r/ ,; 1I00T<'gicrrs (Sprague-D awlf':' rat) 

Instituttl 
Institllte or Brain Rese,U'(·h 
Instihlte orBmin Resc,lrdl 
Instihltf' of Bmi ll HesearC'h 
\\'ashington Ull i\'ersity 

Flight: Jl) Mall' 

Ground-Based Controls 
\3a:..u: 5, \'imliIl1ll: iO 

Key Flight Hardware 
AlIlbient Tempt'nlh'r 

Experiment Descriptions 

SLS1 -2B 

Objectives/Hypothesis 
Previous space Dight studies have de monstrated consistent changes in mor
phOIllCbic paramelprs of Ihe geometry and od entation of de ndrites of nell

ro ilS of tlle medulla oblongata of rats. This expel;ment was to assess space 
Dight enect~ 'n the geometry and orientation of de nddtes of command neu
rons of the giganto-cellular re ticu lar nucleus and neurons of the sllpel;or and 
median vesb bular nuclei. 

Approach or Methods 
Tisslles collected include rl medulla oblongata and pons varo1ii, right side tone 
sample). Semi-automatic I11OJphomehic analysis of the geometry and orienta
bon of demllih'.s of nerve cen~ ~tfter impregnatiou \V'il~ c;onducted according to 
Golgi. By nlelms of a digiti7..er. a graphiC drawing of the neurons was obtained. 

Results 
MorphometriC investigabon of dendrite geomet-r:' of giant mulbpolar neurons of 
nllcleus reticulmis gig,U1to-ce Uularis of medulla oblongata did not reveal signifi
cant differences betwec n space- Flown and ground-hased control animals. 
However, signine,lIlt diffe re n<:es in the n11mber and mean branching of clen
dlitcs between R+O lU1d R+9 rats suggested structural rearrangemellt of the 
dencldte h'ee of neurons that developed during and after fl igbt. Compmison of 
those flJ1dings, along with the data obtained during similar studies in Cosmos-
1667, Cosmos-18S7, ,md Cosmos-Z044 nights, helped identi~' tinw course vari

ations of the dendrite tree of gigantic multipolar neurons of the reticular fonna
tion at cliffe r ent stages of llllimal adaptation to .,, ' . 'fOgravity. 
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SLS1-29 

Title of Study 
EIlc:cts or Space Traw·1 0 11 \1ammalian C!'ilVity Rpceplors 

Science Discipline 
~eUlu~)hysiolog}' 

Investigator In~titute 

.\tluriel D . Ross NASA Ame-5 Hesecm :h f'n le r 

Co-Investigator(sl Institute ---------------------
None 

Research SUbject(s) 
Rattus Iw/wgicl/s (S prague-D.lwle), rat) 
Fligbt: 20 Ylale 

Ground-Based Controls 
n..l~<U : 20. Asyndu'onous: 40, Vivari llm: 20 

Key Fl ight Hardware 
Alnbient Telllperature Recorde r, Animal EndnS lln~ 1vlodu le, Rese:lrch Animal 
ll oldin~ Facili ty 
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Objectives/Hypothesis 
Previous rt!search indicates that \ l?s ti lmlar ).!:ril\ity ~ensors (ll1acltliL',) are i"Il IlC

tioniuly spccializpd strudllres. Ther!' art' twu Blain i n te r~lcti llg cirt"1\ il~ : 1) t)lx' r 
macil lar se nsor) hair cells a rl' pmt (Ii" the highly dlalln ... ll'd (o r din'eI ) circuit; 
2) hVC' 11 IlI.Kular hai r cells S('nSE·. dislliblllL-. and IllOtli ~ ' illi"nrmatioll Oo\\ing 
throllgh the system as pilrt of the disoibuted n lodityi ll~ (or loc.J ) circw!. BiL-;e(1 
o n Illei r participation in local circllits. it was prl:"dictecl that t:lx' 11 ce lls woukl 
show mo re Syl1ilptic chcU1ges ill an altl· red ~rilvi lationall' ll\ ironment t. .. ,U1 '-'"ol.ld 
typf' r cells. 

Approach or Methods 
S>l l"pses were recorded from fOllr sets nf50 selialtlt in sec'Liolls frmll right mac
ulas. Two consecutive seli es of SO sectif))lS were oblained from t1H' maclila or 
aile an.imill ill each s'roup to de lt'1ll1ine w/tethe r results would Vi lly betwl"en t1w 
Iwo ~ ites. Only t110SC syl1 ap~ ' s with itll e lectron OpLiCJUC ceno·.J ribbon allJ d h,Jo 
ui" \ "Csic:les we rc coullted . Photo~rilphic IIlOS,tiCS WI '1"(' mad,' of t'\('ry scvent.h 
section fill" IClCii ling anclnumb(-,lillg cell proi\i(.;s <Iccilrately .md to ensur(' that no 
s~llilpses \\I('re cou ntecll\·\~ce. Vlm e t!l<U1 (iO()(l synapse~ in O\'l'f HltJO ullit"ular 
IIlacul,u' hitir ce lls wen- illlilhzed. 

Results 
increased nllmbe rs of hair cells in H+n flight anil1lab ~llppOit t1w thesis ~llat tht' 

loc,J ci rcuit is the more d~llilll1ic and wUlIld ('xhibit more ch".nge. Spacl' night 
appc' ars to re-tulle \ ·cstihl.llar grmity s,'n.30rs so Lhat the~' CiUl function in ;lIicro
gn1\"il). The ouservecl inere me llts in pairs and groll ps of ~~11aptic IibbollS Inil~ 

increase 1/1(' e lTicacy of t.he s.\llaptic site in m:,crogrmity, that is, lhc addi tion of 
.~ynap tic ri l:bons at a site incn·;.L~es the probability of" releast' of O~lIlsl11ilt l' r sllb

stance, llIilking t11e hairs ll10re ~(' lls it:i \'t' . I r postlligllt stress was a I~Ktor. it actpd 
selectively on nem al c lf'l11ents or tl't' loc,tl e ircllillY. ",hieh cUd not diRer at 
H+1v1 L. Tllis is in con tTa~I to flndillgs at H+O, when both receptor hair cell t:lx's 
we re uIft cted. 
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Title of Study 
Cltccl,olam illC'S . \ ·asopress in . Atrial :\atrilln·tic F actor (:\:\F ) a nd :\:\,F 
HC'Ct'ptnr~ in ti l£' Kat Hrair. 

Science Discipl ine 
,elllupll~'sioloe;: 

Inv6stigator 
Chillch· Chouih 

Co-Investigator{sl 
.ahlion. Jacqul' linc 

Pl'I IHI!!J lot . 1l'<Ill - ~'d arc 

Research Subject(s) 
H(/N/;\ I/ rl l1" ,,':..:.i"',~ l Spra~lt'-Da\\ k'~ ' rat I 

Institute 
( :t-nt:n' :\ ational Becherche SCicntinq U" 

Institute 

Fli!!ltt: 1-4 \l.ll 

Ground-Based Contrals 
lJt'la\l't\ S\')Ch rnIlOllO;: I·t " i\ ,lIiEIl1 : 1') 

Key Flight Hardware 
Ambi("n l TelT'Iwm tllr 
Holdilw Faci lit\' ,- . 

Experiment Descriptions 

SLS1-30 

Objectives/Hypothesis 
ChcUlges in blood mlulll,: during space flight have been related to modifications 

in fluid re<~.Iating; hOl'lnones, This S h'cl~! "'ilS to evaluate the e lTed of space fligl't 
lin the ,wurologkal basis or endocline reg;lJati ng i~lctors , Catecholamines. \'<150-

p ressin . abiiJ natrill retic factor (A \IF), ,md A 1\ I' receptors wen: studied in the 
rat brolin, 

Approach or Methods 
Bmin stem norad t,pnergic cell groups 

supemal,Ults "ve re <l~sa)'ed for norepine phlille, Central tissues were <lIlalyzed by 
liqUid cl,ron : alograph~' und e lectlical del ('c~on , Vasopressin cont e nt in tile 
hypothalamu!< and h~l)Qphy$is was (le te nnined b~' raruoimmunoassa\', AN F
binding sites wE're sl'lldicd with 12SI-rAi'\P and autora(~ograph~', 

Results 
After rright. \',l~opr('ssin was decreased ill the " :Vl)Olhalamlls and increast:d in the 
posll'lior pihJitiU: ', :'\ion"pinephline ,,:as , tnt-itanged in the A2 iUld ,\5 ~roups , 

:\on-'pinC'plllinC' contcnt \I'as decreased in tit (· \OC115 c:oelllie us (A61 Lut lohvwed 

no chan!!;l' at 1\+9, indicating a stress re;lclion ;LSsoc:iated with hmdu 'g, This 
strl'SS effect ma~' m,LSk microg;ravily efTeets, Resl1 lt~ also indicated an incre~LSe in 
bi ll uing sites ill the cho ro id plexus afte r fl igll l and a deere,l~ed afrini~' or 
lllcningi.li A!\T rect'ptors, Tbese changes ~ug~e~t that A ,,\F 111<1\' be in\'()h-ed in 

fl uid e lectrolyi(- imbalances in tile brain occl1ning duling fli!!h t. 
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SLS1-31 \. 

Title of Study ------
.-\ :\P-Binuilw; S ites in Brain r\livr a Nille- Day SI)ac:e Flight 

Science Discipline -------- ------ -----------
NelJ rupl '~'Siok)IJV 

luvestigator 
Jacqueli ne B. Cablion 

RallllS 'WI 

Flight: 10 

Ground-Based Controls 
S~11chroncus. Yi, "UiIUJi 

Key Flight Hardware 
Hesew-dl Animal Holding PJ.Cility 

382 

Institute 
U ni, f'rsile de Lyon 
Unj,-prsite ele tviuntpell ier 

Objectiv(!s/Hypothesis 
Ccrchrnspinaliluiu L, mainly produced I.y ~'hlll'uld(J ('(·l1s il. tht' hr;un .Uld n .... lh

sorbed tow;u-d$ the bloou at th l' I .. v, ,I o f nh 'lIingia. In b. lth (:<L"'CS . fluid trafl'iport~ 

are ('l,ntrol k'd hy hormonal or llelll")traJ)~llIittel' si.gl)af, _ acti ll~ tltltJlI~h 1lll'1l1-

lmmp rL'celhor~ alld s ti lll u latol~ 'l inllil , i tlll~- patll\\ ,I:.'S. -\ IIl(ln~ tIll' il('rtllllll,J ~i~ 
nal ~ . atrial n,l t ri un-tiC'pt:'plidf' (A;'\'P ) " -n,> ",, ·11 kno\\'n 1111,." innllH:d III regillato

I~ ' pathway's in choroid pil':\lJS ami Ill' lIi ll~ia. r.s ."\ i\P le"l·ls 111 bluod .Ire 

c hall g;ecl U: llil 'g atiaptati()l1 tn 'pact' fli.~"t . it app"ared intl-rt'" ... litlg to l',.tluare 

the (·!Teets o f a SI" ;(1' fligl lt Ol1 lilt:: . \ \! P-hilldin~ ~itl'S in tht' rat hrail L 

Approach or Methods 
Rat brains 'Wc re l'cmowd arter d"('"pi tal' ion_ frr'"'-=n i ll Ii'll llu ni l mgt- II . and 
shjppcd (lJ] (L ~, ie,' to tile lab. wl lert' they we're st. ed ilt -hO w( ; until sectllllling_ 

' L wl1 'Y- IJ1l1 sectiolls \\'(',{,' incu ilatt'd ill ine rl'.uilll! d illll ions (If ra<iic-udillateJ 

A 1\ P otutoratliogmphy, using itlla~e ~1Il ,J) ~~ .mel l1Ii':IH.ll"llsi tOl tllctr. ;L~si~h.J h; 
the Oplilab progral1l 011 :!Il . \pplt' j\,lal' Tl lnlllpu:er. Ddt.l '''-c rt' lrl'<lt(,d t t l ohtmn 
Scatch;u-~l 's p lots alld statistic;,J \-.Jllt',_ 

Results 
After (JII ,mtifkution ill elioroid pk"\I IS ,uld 111l'Il ingia nF ra l)' flo\\,1 in ~pal't .. for 
9 <1l\'~ . i l \Va:. ShOW'1 tllat .\ "Ji'-hillllinr; ~Itcs w(,re Si~'llil.'-~ Ulth in t'l'l·,N·d III tJll' 
d lomid pic,,, 15 0" lateral ;mr\ I Illrd V( nbidC's of flight rats c(Jl1 ll'<lreci ,dtll ~rllllllc1 

COlltrol rats \p < n.CI and p < 1)_1)5, rl'sp('di\ f: I~ l. '\0 si!!nilka nt {~ nL'relll:l.'s in 

the h ind illg alTi liiti "'f're obsl'rved a t thl' le"el of thes(; !·t rl.lctl ;·l·:- . Choroid 

plexus front the IUUlth \'{>nhi clc did lIot displa~ allY c:h'lIIge:. in hindjll~ l'ap.~it: 
<Ulel .dll nity ;tFter ~vn(;e lligh t. _\\('nin~" I'ronl the night rats duillot dClllllnstrate 
.my s i~illcal1t mo~~fic:alioli~ of the nllillher Ill' A:-.lP-bindilll!; !>it,·s hilt dj,pla~'L-J 
<I signillcallt increase in Kd \',JUl'~ ( (U(-i:~ ± ().06~ VS. n.W2 ± 0.045 :\ lU-\)~l - L 
P < ll .O I ), which slIggested a Inlllct'd am nit: ' of tile IIlL' nillgcal : \ :'>1 P rl'ceptnr .... 
after;) 9-0<1), spaC't" I1ight. Till" Hutho~ ('onclude thaI ,ltli;J natliltretic pq)(,d(' 

might be inm lved in the rt"gulation of l1 11 id ,md d€'Ctrol~tf' 11 11,\f"~ in tht :'rllin 

ci lll'i" g adaptation to lllierogravii:y, tl,rol.gll . 1 IIloUifi,' d (;\p-L'ssioll llf ~p(,l'i [jc 

bi,.;h-uffinity recl'ptor:;. IIl ai nl~' ill choroid plexus li-olll tlll't'brain o r in Illl'ningi.1. 
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Title of Study 
Histologic Ex.uTlination or Llln~ Tissue 

Science Discioline 
Pllimoncu), physiologv 

In'Jestigator 
John B. West 

Co-Investigator(s) 
YlatlliC'u-Costello. O. 
Elliott. Ann 

Research Subject(s) 
Hnll lls IWI1.;cgic/l~ (Sprague-Dawley rat) 

Institute 
aliromia. San Diegu 

Institute 
u niversity of Cali(o rnia. Sm·1 Diego 

Unh ersityofCati fo mia. Sail Diego 

F light: 19 1\'1 al" 

Ground-Based Controls 
B,lSal: 10. Dcbyed s:mchrollo lls hasal: 10. SYllchronolls: 20, Deluyed sy" d lro
nOllS: 40 

Key Flight Hardware 
Ambient TemperaturE:· Recorder. Anim,ll Enclosurc' Module, Rescarl'h Ani lllnl 

Ilolclina Facilitv 
." . 

Experiment Descriptions 

'0'0'0'0'0'0'0'0'0'0 

SLS1-32 

Objectives/Hypothesis 
r .ill1i tccl informalinn is available rcgardillg tJle dTect of Illicro~ra"it)' on the lung. 
l. IlIgh St'vc ral functional aspccts ctf the rcspiratolY s:v-stem have been shown to 
h(~ exh·clndy sensitive to Il lic:rogravity exposure. Human shlrlie~ h.we !'hown a 
headwnrd fluid shift during wCightlessne$s. Puhl'lonmy blood flow and ,J"eolar 
venlilalioll b("co111e more nnifrml'l. It is hypolhe~iz.(·d tbnt exposure to changes ill 
gravilat ional forces could potentially ind\lc!" patholOgical changes in the lung 
rc~ l al ccl to abnol11'1allung flilid balan(;I). altered pu lmonary capillary hemodynam
ics, al1d possible pulmonary bypcliension. The objecl·ive of this experi ment is to 
t'xallline the effccts of microgravily c:>'l)osllrc on lung ultmstrucl1Jre .. U1d relate 
tile changes in lung histology. if 'Uly. to alteralions in lung ph~ ·siolop;y. 

Approach or Methods 
Lungs we re rCflloved ITOI"n the animals within 10 minutcs of decapitution. One 
Illng from etlch animal \V,l~ fIxed in <l glulanJdchyde fL'<ati\"(~ . Samples Cor elec
tron Illi(;roscnpy were tak::l1 from tl1l:' most H' ntr.tl and dorsal aspc:cts of :l tisS1le 
slab cuI pl'q)cndic1l1ar tu t Ilc cranio-c.lIIdal axis of tJ1e IUlig. Tissue ;;mlples we r 

rinsed ov('might in O..l. M pllosphate Imrrer adjusted to :1-50 Osnl, thell dehy
dratNi. rillsed , and embe _.dc-d ill Aralditc . Sec.tions wen: also cut fro ll1 two tis
sile 1)lnc:ks selected randl '"lly from each lling site (JorsiU/ventml ). stained. and 
xanlined hy light Inicrosc-opy Ultrdtltin s('ction~ were ('xamined with an elec

tron microscope. Sample!>. were eX<Ul1il1C'd lor pctibronchiru euffing of smaller 
pul monary ve_~sels , the presence of alV('oiar edema, mid e;er.eral appearance of 
the pu lmonary capillaries and lung parcmchyma. Tht- Illtrastructure of the 
hluod-gas hanier \\I'l~ also examined by electl 011 microscopy. 

Results 
Ka t availahle. 
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SLS1-33 

Title of Study 
Tissue FIHid-Elect ml)'te Composition 

Science Discipline 
Renal , Iluid, anu e1eetrolyte physioloW 

Investigator 
Yuri V. Natochin 

Co-I nvestigator( s) 

Serova, Luba V. 
Shaklullatova, E .1. 
L.' ';TOVLl, E.A . 
Snetkova, EV 
]vanova, S .... ·. 

Keil, Lmmy C. 

Research Subject(s) 
Hait I/oS" lIoYVeglcl/s (Sprague-Dawley rat) 

Institute 
Institute of Evolutionary Physiology 
and Biochemish) 

Institute 
Tnstitute of Biomedical Probll,tns 
Scehe nov J nstitute 
Sec-henov J nstitute 
Jnstihlt:c: of Biornedieal Problems 
1 nstilule o f l3iOl nedical Prol,lerns 
!\ASA Ames Hesearc:h Center 

FligLI : 10 Malt-' 

Ground-Based Controls 
Basal: .'5. Vi\'wium: 10 

Key Flight Hardware 
Arnbie'nt Tell1pcral~.m Her:order, Allimru Enclosure Module 
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Objertives!Hypothesis 
C Jd ll1l1 loss that OL,('urs in a prolonged spac( ' Jli~ht , negativE' nkill lll balancl"' 
and COnlillllOtlS h)'}Jc rca/c.;t:'mia Il ave been se rious probh'llls related to long
dmalion space missions. This study was to accIlI lluJate ne\\" data about rnecha
nisms of'd langes in flUi d-electrolyte n Ictabolism o f Inillnmals dllling space Iligllt. 

Approach or Methods 
The salllple~ :;tuuicd included: the riglll loue of live r, ldl kidne~" healt rmlll 

apex of ventlicles, "tm trnl skin , skeletal muscle from the right hamstring, and 
rigll t hUlTlerus bOlle without llIarrow. Content s of water, socLu1l1 , potassium, 
ciudlll1l , magnesiulTl , copper. zinc, and manganese were measured . SalJlple~ 

were weighed, put i llio quartz tubc:s, and dlied al 105 °C til reach a (''0115tant 
Weight ill order to evaluate water content. The ulied samples \\'e re ashed by 
concentTaled nibic add. Sodium :.IIId potassiu n , were meamred by means o f a 
propane-air mixture; calcium anrl lTIagnesium Wb'C measured in an atomic 
absorption spectrophotorneter. 

Results 
Ht'sluts indicate that f1uid-dee~rol)'t(' IIOllk'osta, is of unim.u tissue, rCI II,ulJed 
stahle i 11111 wdiate ly and 9 thl)'S artrr re turn to l il t' Ea rth. The diffe re nces 
betw('f'n the !l ight and control anilll ais we re insillnifi rant and til(; changes 
detpc:lcd were probahly causeJ by "'::ltur <U1CI electrolyte reJistliblltioll between 
valiOllS tissues and organs. A decre<L~e in water and sodi um mnte nl of Ule skin. 
as well as a dcc~c<L~e in the water, soclju lll . and potassium content of lhe healt 
was obsc lvp,c.1. l\' 0 chimges were obse rve d in othe r ti~sues. T1Jr' changes 
obsc lved in SLS- I rats were velY closp to those seen after a 7-day CnSlTlos-16G
fligllt ilnd greate r than tilose repo rted afte r 14-day COSIllOS Ilights. refl ecting 
",hal rna)' be an acute stage of adaptatioll . 
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Title of Study 
1 J iStOITIOll)hon I 
HI>(;O\ 'CI}, 

Science Discipline 
BOlle and calcium pl,),siologv 

Investigator 
Cluisl"iall AJcxilnun.' 

Co-Investigator(sl 
\ ·ico. L. 

Lafa~l' -ProuSl . ~1.I1. 

Research Subject(s) 
H(/ttH ~ Illlrcl'giclls ( S pra~Je-Da\Vl L'r mt) 

Institute 
u·l)omtoi rc cle J3iol l)):,ric tlll TisSll 
OSSCII,X 

Institute 
LauorntoirC' de Biologic dll Tissu 
Ossml~ 

LHhul'lltoirC' cIL· Biologi<' LIlt Tisstl 
Os~('m 

Flight : 10 Male 

Ground-Based Controls 
B<L~aj : 5. Synchronolls: 10. Vi";ll;U lll : .') 

Key Flight Hardware 
Hf-Sc.lrch Animal Iloklin,g Facility 

Experiment Descriptions 

SLS2-1 

Objectives/Hypothesis 
TIll' characteristics or space flight-induced bone loss have been the subject of 
many studies, However. tlte mcchanisrn of bone mass recovely on Earth is not 
well und~rstood, ShJciies examilling humans for up to.') years afte r a S].'ylab mis
sion showc·d that calC'ancllm bone mineral remailled decreased, Additionally. 
mts ('rom otlll~r missiolls showed incomplel e bone lllass recovery after a ream
hl.llation petiod longer I·han thE' /light itself. The purpose of this study W:L~ to 
exallline histolllorphol netri c changes of various bOlles aFter a l /~-day e>.-po
sure to wei.ghtlessness iUld alte r a 14-day recovely. 

Approach or Methods 
AI'I<:r lUl approptintc time pedod, th 
thllmcie vertebra, right hUlrlen.Js, light femur. ancl right tibia wcrt' rel110vpd ,md 
fixed, Thl- length or each hone was mf':lsured using calipers. Bone mineral den
si ly was assessed using it dual-ener.£!;y X-ray absOl1Jtiometl)f in the bumerus, 
femllr. and tibia. Using X-ray mi('roi\n ,d~'sis . C,2 ... and P concentrations were 
lI1 e,L~ure ci in the cancellolls and cortica l portions of the tibiu. vE'rtebme. and 
patie! al bOllcs . Histol1lorphollletlil' <lmuysis ( prOl" ~cing measurcmt' nts or bone
nHl~S parmncters. bOlle-an.:hitl!ctllre parallleters, osteoiJ];LStic activity. alld ostco
c1'LSti <: activity oF llle tibial and hunleral metaphyses) was also perronned. 

Results 
Flight anjll1als examined immediatel), postfljght (R+O) showed dctectabk· bon 
loss in the fe moral metaphysis/epiphysis when compared to the appropriate syn
chrO!IOllS control group. Osteo<:hL5tic s urracc.:~ ,~; 'C:iI 'llld number IIf ceUs were 
much higher ill tibial secondary spongiosa of R+O animals, while osteoblastic 
pammetcr~ renlllinecl relatively ullchanged. Ca2+ and P in R+O ;mimals wcre 
IOlVer in tibit) secondaty spongiosa and higher in cruv.uia as cOlilpared to syn
c.:hronol.ls (·ontrols. l30ne mineral densi ly was decreased in R+14 anim,us rela
tive to ViV;1liu lll <:onlrols, SlIggl'sling Ihat the effects of flight IVcre sOl11e",hal 
delayed. r !c,we\,er, bone mineral densily was greater in H.-+ ltl anim .~s rdative to 
1\ +0 anilll~us , slIggcsling an acl ive remvelY process. Furthennore. Ca2+ and P 
<:oncentratiolls in tibia or R+J4 ani nlals remaineu below c.:ontrolleveLs after the 
reamhulation process, Site to site djO"'erences were also obselved, There wer 
e~lr1y ,mrl major changes in tile libia, less markc'd and dela)'C'cl c11,mgcs in thn 

humerus, and minor changL's in Ule ~re,lter trochante r of the J< I IUr. 
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SLS2-2 

Title \Jf Study 
f-lislol1101vhornetlic Stlld~' of SLS-2 H,II Tibia 

Science Discipline 
BOlle and calcium physiology 

Investigator 
C_N, Durnova 

Co-Investigator(s) 
Kapl;U1sky, AJex<U1Clc r S_ 

Rli tt I/.S II lIt"!; 

flight: 1.5 

Ground-Based Controls 
Basal: 5. Synchronolls: \..5 

Key Flight Hardware 

Institute 
Institute of' Biomeliic,u Problems 

Institute 
I nstitute of Biomedical Problems 

-Dawley ral ) 
'yl ::ue 

Hesean:11 Animal Hnlding Fadlity 
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Obiectives/Hypothesis 
P),(~\~O Il S n.ight e:-Ol1e linlC'llts demonstrated reduct-ion or trabecllhU' hone caused 

hy inhibited ncolonnatioll ,Uld enh,lI1cecl rpsolvtioll. [Jowevcr. it ",as dillkll lt to 

dct<~rllline whal changes in SpOIl)!y I,onc' \\Il,re callsed by space f1iglll and what 
we re c<lllseu by I he sl re~s or returning to the Eartll 's gra\'ity. The objecth-e of' 
this experilllent was to diff'ereolltial'p bone challges caused hy microgra\ 'ity from 
tI ,OSC caused hy H'-entIY Ji,ctors, 

Approach or Methods 
Flight mls were chvicled illtolhree groups, witll nV(~ cusspcted 0 11 night day 1:3..5 
dissected n hOllrs aftt'r flight (F +0), am] fj\ 'e dissected 14 days aFter fli gh t 
F + 14); grnund COllI rol rats were dissc.:c:tecl simultalleously witll colTt'sponciing 

fli~ht grollpS, ProxilTl 'u metaphyses or tibiae were Ihed in 4Ck paraformaldc
llyde. dehydrated, a1l(1 (> lllbedded in a mixture of III t'thylmel<lCI),late and J13-4-
Sections (.'5 mill thick1less) we're ('ut \\~ tll a Polycul S microtome, Sections lo r 
histon lolp holl1etric stll(1)' or bone 111 .. 1SS parameters and osteoid surface were 
stained using a tri chrOlne mc.:thml of Gomori as Jllo<iifi(,d hy \ 'il1anuev<1 , 
Osteoclasts were icientiHC'd Ilsing tartrate-n.:si:-;tant add phosphatase activity, 
Histomorphometric 1l1 (,; L"url~ments of spongy hone 1) 1' tibiat' were pl·r/on ned 
using ill1ag<' anal)7:er MOP-\ 'Tl) EOPLA:-J , The fo llOWing panull e tt 'rs \\'e re 
cletcrrnilled: growlll plo.te Ile ight , primary th iclmcss , trahecular bonc \-olul1k. 

trahecular nUJIlber, trai>eelliar thici01C'ss, trabl !Cular se\Jilmlions in thl" plima]'v 
LUld secollcl<oy spongiosa, osteoid surbce, LUld (Istelxlast surface, 

Results 
Nfl changes were seen in lile growth plate <Old prim;uy spon¢osa paral11f'tf'rs of 
IF rats; howcver. F' +0 ral s sacliHcl'd 6 hours afte r fbglll I,ad signifiC<U1t1y lower 
v<uue~ or thest:j pan1l11eters, In the sl'C'ollcial), spongiosa or tibiae, bone volume 
w,~~ de<''I'c;l~ecl by 22% and by :3.5% in IF Llncl F ... O rats; t l li~ W,L~ associated \\~lh a 
reduction of trahecular number, Osteoid sur!~I(;e in .I f ,mel 1'+0 rats was signifl
eiln tly lower, and osteuclast r('sorp lion surface showed greater val lies thall 
ground conh"O! ruts, In [0' ... 0 rats the signs of' tibi ,u osteopenia WE'rc more evident 
lhan in 1[0' rats; this coil id be clue to inC'reLl~ed resOlvtion under the iniluenc.:e of 
a ll acute g J'uvilationul s tres~ , Ti le ni;.!ht -inducecl C:lW J1f!<:'S ill t ibiae we n ' 
revcrsihle, ;mel ilrtt:!J' J4 days of reeo\'(-IY, most of' thc parameters returned to 
control levels , 
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Title of Study 
Bone, CcJeiulTI . ancl Space flight 

Science Discipliile 
none ,mel e,Jc:i1\ln physiology 

Investigator 
Emilv H. \1orev-TIoltoll 

, , 

Co-Investigator(s) 
Doty, Stephen B. 
Hobprts, \Y. Eugene 
Vailas, ,'\Jthur C 
Cum, Clllistnrlaer E. 

Research Subject(s) 
R{/ftl/.~ 1/ (l luc~ic/l.\ (Sprague-Dawley rat ) 

Institute 
i\ASA Ames Hesearch Cente r 

Institute 
Columbia Univcrsitv 
Indi<:um Universi ty 
University of \-Vi~eonsin . Madisun 
Ull iversilv of Cali fornia. San f'rancisco 

Flight: 1:2 Male 

Ground-Based Controls 
Bas,J: 6, S~l l (;hrOllous: 12, \ 'h'mi um: 12 

Key Flight Hardware 
Research Animal llokling Facili ty 

Experiment Descriptions 

SLS2-3 

Objectives/Hypothesis 
ThE: objectives of this experililent were: J ) to determine .r eXT'0sure to Illicro
gravity causes a signincant decreil~e in Lone mine ntli7.~lhon at the outer sllrf~lce 
of lirnb bones within I·he first week or flight and to assess those bone p,U'iLrneters 
causing or affected by tbi~ decrease; 2) to measure activity of osteoblast immedi
ately postflight; 3) to determine if bone Illineralization is restored following 2 
weeks or recovery li'om space flight; 4) to determine total skeletal and site-spe
ci lk bone mineralization rates, mineralization and resOlption. as well as calcium 
absc)l1)tion and excretion; 5) to relate effects or microgravity on bone to changes 
in calciu lll metabolism; and G) to dete rmine gilt ilnd renal responses dllring 
postflight recovel)' peli<x1. 

Approach or Methods 
Body mll~S, blood pH , and lIrille volume were me'l<;ured. UpOII sHclinct'. the 
\'crtebrac, maxillae. tibias , fem urs, hllmeri . ca lvar ia were removed and 
processed. Bone samples were analyzed 1'0 1' bone Ill !!!pn.!jzation mtes, alkaLn 
rhosphat ll~e activi ty. bone dimensions, osteoblast POPllhltions, mat rix ;mel min
~ ral (;olll pnt, and biomC'chan.ics. ea lllld crosslink content was d€" .~ nnined for 
the urinp as well ,L~ bone salllpies. BOIl' samples were ,Jso ;\mJyzed under e1ec
trun microscopy lUX\ :3-0 X-my topogmphic microscopic images. 

Results 
Ionic calcium and pH were similar in all groups at the end of the flight peli(xL 
suggesting that any changes induced l1y [light had retullled to nonnal plior 10 

the lime that the animals were sHcli ne-ed. All groups had similar bone length in 
both front and hindlimbs as well as in the j'\w. Bone mineralization on tit 
periosteal sUlface at the tibiofibular junction wru; suppressed in the flight rats 
during the night period a!'ld did not retllrn to nonl'I;)1 untiJ the second week or 
the recovelY pCliod. Alkaline phosphatase acti\~ty, a ITIcu'ker of bone mallix mat
uration, "vas suppressed in the enc.io~ i c::al osteoblas t immediately pos:flight and 
at 2 weeks post-recovery. This data suggest that bone response to unlo:ldin~ and 
reloading may be different at diffe rent bone sites. U6nary collagen t.:rosslinks 
were sHghtly dp,cre<L~ecl lollowing flight, suggesting t1:lat resorption was not dra
matically effected dUling the recovelY period. Suq11i singly, ve ly rew Significant 
changes in bone were noted in tJlese vel)' young, rapidly growing rats (38 days 
olel at launch). 
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SLS2-4 

Title of Study 
Bone Minemb and \lloI1)hologlcal and Functional Changes 

Science Discipline 
Bone <Uld calcium phy~iolog)' 

Investigator 
Victor S. OganO\' 

C(1-lnvestigator(s) 
Rodionova. 1\.v. 

KabitskaYil, O lga E . 

Research Subject(s) 
Rattus 1/on.:egicus (Sprague-Dawley rat) 

Institute 
State Scientific Centei. Institute of 
Biomeclical l)roble rns 

Institute 
] nstitute of Zoology of U krill ne 
~ationa! ",cadem)' of Sciences. Ukraine 
Inslitute of Biomedical Problems 

F~gh t : 16 Male 

Ground-Based Controls 
Basal: 5, Synchronous: I ~) 

Key Flight Hardware 
Research Animal Holding FacW ' 
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Objectives/Hypothesis 
Observations made on humans ellllillg manned llights on spacecralt [Ulel orbital 
stations, as well as on ,Ulimals flown on biologic,J sate/ tiles, have not yet prO\~d
ed lUl adequate knowledge of mechanisms u ntlerl)~ng Illuscllloskeletal changes 
in space. Hm' ·"!ver. recent dala about bone response to mierogr;wity poi.nt to 
sevenJ t)1)ical changes. such llS inhibited bone fOJ1nation and enhanced osteo
porosis, reduced mine ral density. ,Uld lowered ll1ech.mic .. J strength . The p ur
pose of this present study was to inve5tigate the eITects of a 14-day exposure of 
rats to microgravity on spong) ' bone cells .md bone prope lties as a compo~itioll 
Illate lial ,Uld to disclim i.na le between the changes caused by gravity from the 
chclllges assoc iated with shOlt-te rm readaptation afte r retu rn to E,uth . 

Approa.:h or Methods 
Tibia fragments were obl"<tined from rats. Fragll1ellt~ were then massed. Bone 
density was evaluated on the basis of mass '11 easuremenl in air and distilled 
water. Some fragments we re placed in a nmllle furnace for <Ulalysis of ash (.'On
tpnt . Frag me nts we re t'he n ana lyze d hi s to logica lly and u nde r e lectron 
microscopy. MOJphometli c measureme nts were made using a computer-aided 
test-point coullL;ng method. 

Results 
T h€· bone density of the tibial distal epipl lyses shows a decre,l~c in ani mals 
recovered illlmedjately afte r fljght (R+O) and those recovered 14 clays later 
(H + 14) when compw'ed to the appropJiate c.;ontrols. The dellsi ty of the tib ial 
proximal segment or anilfl<Js sacJificed inHight (rF ) diel not cuITer fmlll the con
trols. The b::me porosity of distal epiphyses of R +0 alld J F rats was Significantly 
higher than the ir respective controls. After flight, ash con le nt of the tibial frag
ments decreased signilkHnLly. Afte r J 4 days of readaptatioll (R+ 14), bone 
porosity and ash contellt we re not Significantly different from the controls. 
Histologlc;J studies showing shOli e r bone trabecules and r]ecrell~e in the num
be r of osteoblasts in spollgy bone reveal osteoporosis ~, re changes in R+O ani
mals wh en co mpared 10 co ntrols. Flight rats had a mo re homoge neo us 
osleoblast population. indicahllg non-optiJI1<J osteogenesis. A(kUtionally, osteo
dasbc density \vas im:reased in fught rats. 
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Title of Study 
Bone CeU Acthity c1UJing Space FLight and Becover), 

Science Discipline 
Bone and calcium physiology 

Investigator 
Erik Zerath 

Co-Investigator(s) 
Nlmie. ? ierre J. 

Research Subject(s) 
RattllS 11011A'gic1IS lSpntglle-Dawle~1 rat} 

Institute 
O'n!re o 'Ehldes et de Recherches ue 
\<I eoecine Aprospatiale 

Institute 
INSERM 

FLight : 10 jyJ ,Je 

Ground-Based Controls 
BasaL .'5. S~mchronolls: 10, Vivarium: ;) 

Key Flight Hardware 
Research AnilllcJ lloiL~ng FaciLity 

Experiment Descriptions 

SLS2-5 

Objectives/Hypothesis 
Microgravity associated with space flight has been shO\\11 ill numerous experi
ments to be associated with mm'ked skeletal changes. However, little attention 
has been given to bone tissue recovery that (oUows space night after reb ~m to 
KUih's gravity. In a(k~tion , how microgra\'ity affects bone metabolism al" ehe cell 
level has only been assessed by histologic,J technigues: studies or ostEoblastic 
(:eU number and differentiation in space flight .mimals h~lve not heen periilllnecL 
This study investigated the effects of microgravity ,md subsequent recovelY on 
trabecuhu' bone lTIorl:>hology and compared histolllorpholl1etnc p,ualTleters on 
mucbl ve ltebrae with the behavior of vertebral osteoblastic cells in culture. 

Approach or Methods 
Histomoq)homehic measurements we re made on caudal veltebrae, thoracic 
vertebrae, and the left: humeri . Le ngths, volumes, and wet weights were mea
sured. Trabecnlm volume, thickness, and spacing "vere measured using \'el1e
bnll bodies and humeral metaphyses. Osteoid thickness was measured. Osteoid. 
osteoblast, and osteoclast slUlaces were measured . CauchJ veltebrru bone ceUs 
were isolated emel cu llllreu. Cultures were ev,lIuated for cell growth and pheno
type. Cell al.ldinc phosphatase activil)' (ALP) and osteocalcin production. two 
parameters or osteoblast diHe rentiation, were dete l1l1tned in c:onfluent cells iso
lated (;'orn the caud"l! vertebrae. 

Results 
HUll1e rru weight ,md length showed normal growt11 during the experiment and 
were unaffected by space night or recovery from space flight. However, space 
llight reslJted in inhibition of static indexes of bone fOl1l1ation in humeral proxi
mal metaphyses and thoracic vertebml bodies. This was associated with a 
decrease in bone volume in hUl1lerru metaphyses. After 14 days or recovery on 
E,uth. osteoblastic and osteoid surfac(~s retul1led toward nonmJ and bone vol
lime was normalized in humeri, whereas the static bone rOnTlation parameters 
were not restored on thoracic vel1ebwe. !n addition . histological indexes of 
bolle f0l111ation and osteoblastic cell growth in vitro were not affected by space 
night i.n caudal vertebrae. The rat hLll11eli and thomcic and caudal vertebrae 
exhibit dinerellt pattems of response to space night ;md subsequent retum to 
Earth , which c'Ould be due, at least in p<u1, to the different loading pattern of 
these hones, and to dif"le rences in bone turnover rate . 
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SLS2-6 

Title of Study 
A;'IJP, Pro-ANP allJ mH.l\A Disttibution in Hat Hemt d llling a Space Flight 

Science Discipline 
CmruovilscuJar physiology 

Investigator 
Claude Gharib 

Co-Investigator(s) 
Gabrion, j 

Fagette, S, 
Fareh, J. 
Gauquelin , G . 
Somody. L. 
Koubi, H . 

Viso. M. 

Research Subject(s) 
Rattus lIorvegic:us (Sprague-Dawley rat) 

Institute 
Un.iversite de Lyon 

Institute 
Centre National Recherche 
SCientiEique, Palis 
U niversite de Lyon 
Univer~ite de Lyon 
Univc rsite Clallde-Bem arcl 
U niversite de Lyon 
Cenb'e National Recherche 
Scientifigue, Lyon 
Centre National d 'Etudes Spatiales 

Flight: 15 ~ale 

Ground-Based Controls 
Asynchronous tail suspensior. : 40. Vivarium: LS 

Key Flight Hardware 
ResC<lTch AnimaJ Holcl.ing Facility 

390 

Objectives/Hypothesis 
Pre\~o IlS shldies show that space flight inuuces a wide \',Dietv of ch,U1ges in bio
logical syste ms, incllld ing the canliovascul,lr and ncuroendoctine systems. 
C u·cl.iovascular uec'Onclitioning occurs upon return to Earth. The regulation of 
blood pressure is PiUti,JJy c<lnieu out by the norad rene rgic ceLis groups of th t 
brain , However, the involvement of these systems is sti ll unknm"ll. Data provid
ed by SLS- I expeli ments on cenb·aJ and pe ripheml t:atecholamines (.'Oldd be the 
result of acute stress occuni ng in the ani miJs. The pUI]JOse of this e:-.:pe lirnent is 
to re-evaluate the data re trieved from ~LS- I .U1d (.'Ompare these data with those 
obtai ned in simulated IT!icrogrU\~ty e.';perime nts (hin(llilllb-su~'J?Cnded rats), 

Approach or Methods 
The flight and c'Ontro l groups were divided into two groups: Olle group exam
ined upon recovely (R+O) and the other 9 days later (H+9), For the ground
based simulation experimen t, the ta il-suspended ancl control animals \\'e re 
cl.ivided into aneJogous groups. Rats ""e re anesthet'ized \~~th metofane <md blood 
was taken through carcl.iocelltesis. The animals were the n sacriliced by decapita
tion. T he brai n. kidneys, amJ heart we re removed and prepru'ed for analysis. 
Thick serial frontal sections were taken to iUlalyze the norach'e nergic ceil gro\1pS 
(A I , A2, A5. and A6) of the cen tral ne rvous ~ystem . Bmin and pe riphe ral tIssue 
samples were treated wi th perchloric acid . The brain ,mel tissue exh'aces were 
analyzed with liqUid chromatography for norepineph rine (I\E) content. The 
protein content of petipheral tissues was measured with the Bradford method, 

Results 
There was no Significant clifference of the norepinepllli ne (NE) contents in the 
A I. A2, A5. and A6 ceU groups betwee n tile flight and \~v<uium control groups. 
In the pe ri pheral noradrene rgic system, ne ithe r the carcl.iac ahia ,U1d venttides 
nor kidneys showed signukant djfferences after space flight. The tail-suspend
ed group, whe n cOl11pru'ed to controls, showed similar results. In the central 
nervous system. there wa~ no Significant d.i ffe rence between the N E levels in 
the AI , A2, AS, and A6 groups. In the perip heral noradre ne rgic system, neithe r 
the carcl.iac atJia and ventricles nor kidneys showed Significant cl.i ffe rences after 
tail suspension, 
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Title of Study 
\,forphologic;:J Analysis of Pituitary Sornatotrophs of S LS-J and S LS-2 Rats 

Science Discipline 
EndoeJinologv 

Investigator Institute 
E.l. Alekseev lnstihlte of Biorneclic;J Problems 

Co-Investigator(s) Institute 
Nom' 

Research Subject(s) 
--------~--~----------------------------

Hattlls /w/U'giC/ls (Sprague-Dawley rat ) 

Flight: 16 Male 

Ground-Based Controls 
Basal: .5. S'.llchronolls: 16 

Kev flight Hardware 
Hcse,m·h An imal Holding Facility 

Experiment Descriptions 

SLS2-7 

Objectives/Hypothesis 
In order to gain a better lUlderstanding of the mechanisms involved in metabol
ic clisorders in response to microgravily , it is important to study the soma
totrophic function or the pituita l), gland controll ing growLh and anabolic 
processes in mammals. Previous inllight experiments have shown a progressive 
minimization of endocline regulatory function and inhibition of growth hor
mone (GH) production lUld secretion ,vith increased flight time. The objective 
of this study W,!S to detemline the histological and cytokaryomemc changes in 
the somatob'oph ceUs of rats flown on SLS-2. 

Approach or Methods 
Pituitary glands we re fL-.:ed ill Bouin's fixative and embedde d in paraffin . 
HOIizontal 4-mm-tbick sections were stained with paraldehyde fuchsin and 
Halmi"s mixture to identify both basophiliC ceUs and somatoh·ophs. The major 
ingredient of Halmi 's mixture selective I)' stains pituitmy somatotroph cells. 
Cytobuyoillemc examinalion of somatotraph cells was pelfom1ed. In the pitu
itary of each flight and control rat, 100 somatotroph cells and their nuclei loc;lt
ec along capillwies fmu betwe\~n capiLimies in ghUldu!ar areas were outlined . 
Oiampte rs and volumps of the cells .md their nuclei were measured and statisti
caLly h'eated by rnealls of routine 1l10rphometlic methods. Somatotrophic cell 
stall lS was dete rmined [rom cytokary'ometric data and visual evaluation of 
growth hormone in the cytopk;r;:. 

Results 
Pihlit:uy gliUlds of rats sacrificed 5 bours aft er space flight had a greater GH 
concentration than those of the controls . The peJicapillary somatotroph ceUs 
had a high GH concentration but no change in cell size, willie inte rvascular 
glandular somatob'oph ceUs had a low GH concentration and a smaller cell size. 
Both populations exhib ited drastically reduced and dense maculae. These 
obsE'lVations indicate that space fli ght diminishes the function of somatotroph 
ceLis. DUling readaptation to 1 G, the secretory ,md biosynthetic function of the 
ceUs recovered ,mel their activity rerulned to normal . 
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SLS2-S 

Title of Studv 
Functional State or ThyToiJ ~Uld CalCitonin-Producing System of Rat Thyroid 
Gl.Ulci in Microgravity 

Science Discipline 
Endocrinology 

Investigator InstiMe 
V.I. Loginov Insti tlJte or Biomedical Problems 

Co-Investigator{s) Institu:e 
:"Jone 

Research Subject(s) 
Rattus nOllJegiclIs (Sprague-Dawley rat) 
Fligbt: 16 !VI ale 

Ground-Based Controls 
Basal: 5. Synchronous: l6 

Key Flight Hardware 
Rese<u·d1 Animal Hokling Facility 
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Objectives/Hypothesis 
~------~~~--~~----------~----~--~~ 

Previous expe ri n~en ts on SLS -l and Cosmos l1l issions have indicatC:' d that 
lTIicrogravity causes activity of the thyroid gland and the tll)Toid pare llch)111a to 
decrease. These shldies have ,\Iso shown the q IJ ,U1tity :md act·ivity of calc:itollin
producing cells (C-cel ls) to decrease . The puq)()se of this E'xpelilllcnt \ViIS tu 
pe rfollll histological and ill1mulloc')'i:ochell1iCLll examinations of thyToid gland, 
li·om J"<lts sacJi nced bOlh Juring and aFter space flight. Tllis is necessary to cH
fe rentiate thyroid changes prodlJced by lllicrogravity from chimges produced 
from the stress of the reh UTI to the Ewth's gravitational fldd. 

Approach or Methods 
ThyrOid glands wert' nxed in Bouin"s fixat ive and embedded in Histoplast. 
HOIi.zontal sections were stained with hemato:\ylin ,Uld eosin . Th."Toid sections 
were also stained to Illeasur,~ iodinated thyroglobulins in rollicular colloid. 
Iodinated t11~ /roglobu lins were eolored blue, and non-iodinated thyroglobulins 
were eolored yelio'..v. ThYToid function \vas evaluated in tell11S of Lhe lo Llicuhu· 
epithelium I,eight, Lh)~'ocyte nucle<u' volume, and pe rcentage 0(" rolliclt <; stained 
yellow, yellow-b ille. or blue in thyrOid sectiolls. An imm ll noperoxidase tech
nique wi th midin-bioLin complex was used Lo prO\'ide immunocytoehl'J1Iic,J 
clct~ction of C-cells. The size. Il uclecu' vulume. alld totaln um her of C-cells wert' 
cktermineJ . Percentages of C-cells in active stale (t)'p e I), in s:mthesis anti Ilo r
mone accum ulatioll state (type 2), and in active calcitonin secretion (t)Ve 3) 
we re also determined. 

Results 
HistolOgical examinations showed a lowe r foll icuJar epitheli um height cmd a 
smaller number of resOIvtion \·acuoli in the colloid , indiealing inhibition of 
resOIplion a<.:th,ity in tile tJlyroici pw·ench}'1 nn. A smaller size of th)ToC)ie nuclei 
indicated .m inhibition of the ir ~}11tJleti(' aeti, it)'- Hesol1)tion disorders were pre
dominant in th}TOid glands or flight 'U1im.Js as seen by tJleir eil larged foll icular 
lumen HUed WitJl a dense strati fied ("()L\o.id. Tile number of type .3 C-edls was 
dt:creasecl, illcucating a deen:" l~e in secretion activity of C-eell populations. A sig
nificwlt recluetion in the size or C-eells anti their Il uclei SLlgg(:\~ts an inhibi tion or 
biosY11thesis. Observations give evidence that C-c:ells deve loped h:1)Qtrophy. 
,mel secretol)" and bios),nthel'ic <letivit)' declilled in mi<;m~ravi t) , . By ]4 days aHer 
recove lY, FullctiomJ activity of the cells had re t limed to nU1111a1. 
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Title of Study 
Regulation of Blood Volume during Space F light 

Science Discipline 
Hematology 

Investigator 
Clru'C'nce P. Alfrey 

Cu-Investigator(s) 
D riscoll. Thecla 
NachtmcU1 , Ron G. 
Uddf'n. Mark \ '1. 

Research Subject(s) 
Rnttll ~ '/()n'c~iclls (Spraglle-Da\Vle~ rat ) 

Institute 
Methodist Hospital 

Institute 
Baylor College of Mecticine 
Krug Inte ll1ational 
Baylor College of \1 ed icine 

~~t G M* 

Ground-Based CO:1trols 
S) 11cl , ronous: 1.'5, \ -iv,ui 1I m: 10 

Key Flight Hardware 
Hesearch Ani mal Holding Facility 

Experiment Descriptions 

SLS2-9 

Objectives/Hypothesis 
Human adaptat'ion to sp<lce llight is HL'COl1lpanied by a loss of red blood celJ 
mass (RBC y!:), it loss of plasma volume (PV) and a decrease in total blood vol
ume. T his leads to a decrease in gravity-depe ndent space bt-Iow' the herut. In 
this study, rats were examined to determine whethe r simi lar he modynami 

changes oc'Cur, m,Jdng them a swtable subject for study. SLS-l marked the t1rst 
time PV and HBC M was measured p re- and postfl ight. SLS-2 allowed [or 
repeal df'teJlll ir.atiolis and the fi rst 0ppoltunity for inflight assessment of e ry
thropoiesis. An additional inftghl e:-.pelime nt tested the ability of the rat bon 
marrow to respond to a bolus of e rythropoietin . t.I1e l11 ;~jor homlone L'Ontrolling 
erythropoiesis in animals ,md man. 

Approach or Methods 
Seven days pli or \'0 launch, PV and HECy[ was dete nll ined by isolopic dilu tion 
of 12-51 labe led albumin ,mel 5LCr labe led red blood t.'e U ~, respectively. On llight 
day 6, five rats (group A) we re given L2.'51 labeled albumin and 5YFe injections. 
Samples we re taken 10 minutes late r to de te nnine P\'o Samples to dete n nine 
59Fe incorporation into RECs \wre taken 2A hours later anu on landing dOl)' (9 

days Inte r). The re maining 10 rat~ (group B and C ) were given 59Fe injections 
on flight day 9. Group B was also given a 200 U injection of e rythropoie ti n at 
this time . Fh'e rats we re dissected on Uight day 13. L'pon landing, RBCy[ and 
PV was measured for ali fligh t rats and ground conc ·ols. 59Fe incorporation into 
reel b lood cells was also dete m1ined . 

Results 
RTIC M showed an increase in both the spaee llight anirr.als and ground control 
LUliITJals but less of an increase in flight animals. \\I11en t.I1is inc rease was nomla.l

ized for grO\"th Wight llilimals had a I"wer growth mte than gwund controls), a 
decrease was seen in the H.BCM of the flight ani l~)als. Plasma volume increased 
in b0th fl igbt a nd ground con t rol animals. The PV increase was greate r in 
ground control fUlimals altJ lOugh not statistic-ally diiTerent. Incorporation 0[-'59 Fe 

was lowe r in flight an imals but again not statistically diffe re nt. Animals that 
rece ived e rythropoietin injections had highe r leveis of iron inco rporatio n. 
Lncorporation was not stati~r;cally signific,ml. indicating er)-thropoiesis is stimu
lated normally w1der cono.i tions or microgrm.ity. 
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SLS2-10 

Title of Study 
Regtuation of E ythropoi~is during Space Flight 

Science Discipline 
~------------------------------------------

H,>matology 

Investigator Institute 
Alooli T. lchiki University of Tennessee 

Co-Investigato;(s) InstiMd 
Jones. J.B. Univprsity or Georgia 

Re'.earch Subject(sj 
Ptllttus rlOroegicus (Sprague-Dawley rat ) 
Fljght: 2] \ 11 ale 

Ground-Based Controls 
SjTIchronous: 21 

Key Flight Hardware 
Research Animal Holding Facility 
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Objectives/Hypothesis 
ExpeJ;meJl t,u It:'sults from SL-S-l ~howed a del'rea~c in tIll' lIumbe r or Epo
responsive lo tal hone marrow pro~enitors in flight rats compared tl) th t' 
ground (.'ontrols. SLS-2 allowpd fUltlwr illvestigdtiom into this stlld~ with the 
addition of two [catmcs: thE' injcclion ur recombinant human Epa (rhEpo) to 

xamine its e ffect on progeni tor cells in m i cro~ravily and th ~ inllight ('ol1l'c
t ion of s<Ullples. The objective was to assess peliphf>ral blood and bone mar

row el)1hroid parallleters. 

Approach or Methods 
Flight <Ulimals were clh'icled into fuur groups: 1\ group A (n=S) \V,L" Ilsed to <'01-
lect blood: 2) group B (11=.5) mLS injcctt"'tl with re~;ombinant human e~throlX>l
etin (rhEpo); :3) group C (n=5 ) rece ived saline ,L~ u contTot and -t) ~lIP 0 
(11=5) was saclillc:ed in fligltt. 13I00n samples we re t,\ken at scheduled times li'olll 
the tai l vein. Automated blood eeU counts we re l"lelfol111Cd twi('(', and result 
wen: ave raged (o r each sample. Reticulocytes \\'e rl' ci)unled both m,mu,tlly frolll 
slides and by flo\-\' cytomf'tl)'. Erythroid (,Luhm'~ \vt:' re assa~'ccl with various COIll

binations or rhEpo and in tile "Usellce of rhEpo. A ],(IO-ccU dil1e renliiu cOllnt 
WLLS per[oll1lC:d on bOlle man'()w smears. On diss('ction dL1YS , c:arwOC<'nlcsis \V , I!> 

p€' rfor1)\eo a nd senllil was sampled . Epa was measured using cOlllmcrcial 
raclioimlllllnoassay kits. 

Results 
No signiflc:ant c;hanges wert:' seen in peripheral blood eI)throid elements. 
Nonadherent bone mCUTOW cells laken from rats on ilight day 13 kId <\ luwer 
number or recombinant rat interle llkin-3 (lT rL-3 )-responsive ceUs and a lower 

lIumber of rrlL-3 plus rhEpo-responsive blast-fOlming lm it erythroid (BFG·c) 
colonjes than ground coutrols. ThE're was a slight increase in the Tlumber tl 
rhEpo plus rrTL-3 responsive BFu-€' colonies all landing day. Flight rats stimu

lated with rhEpo or rhEpo plus ITIL·3 showed all inc;re.lSe in the number or 
erythroid (.i)lony-forrning units aIle! a decre,LSe in BFU-e (''0lonies 9 days after 
flight. Hesults indicate that space flight afTccb rat bone malTUW progenitor (.'Clls 
but hilS little 31Tecl on peliphentl blood c lvthmid raf'dll1eter~. 
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Title of Study 
Efft'd tl SLS-:? Space F~ght on Jmmunnlo~cal PaJ"<lInders or Rats: I mtl1ullj t~ ' 
;\I f:'diatol~ 

Science Discipline 
l lllllllmol()~ ' 

Investigetor Institute 
[ nn.1 Y. J.:.onstannnm":.1 In,titutl' of Biomedical P:ublems 

Co-Investigator(s) 
Lesn~~l~ AT. 

Research Subject(s) 
R(llt/l~ 1I (1 ITC~iCl '\ (Sprugul'- Dm\ k'~ ml) 

F~ght: l6 ~ lal 

Ground-Based Controls 

Key Flight Hardware 
hc..~eart:h Animal I lokling Facili~ 

Experiment Descriptions 

SLS2-11 

Objectives/Hypothesis 
Exposure of animals and humans to microgravity '---:lUSt'S imm une ,Jterations 
detected immediate'l" after flight. j mnllme ch.mges mainJ)' consist of decreases in 
the proliferatiH' activit)' ofT 1~'Y'phoc)'1es, (:ytoto~ic acth 'ity of natUl":.J kille r cells. 
and production of (::10ki.nes. This e:-'l)E'l;menl studied the e ffects of space flight 
on thE' kinetics of 1~111phoc~-te prolife ration. tJle etCti,,; ty of natunJ kille r cells. emd 
the production of ~tok:ines such as int e rleuki n-l . intc rleukin -2, intprferon-<l.. 
interfe ron-yo tumor necrosis racto r-a . and tumor necrosis factor-po Dissections 
pelforilled in space tlwi ng SLS-2 re lllovecllhe need to conside r landinl! stresses. 

Approach or Methods 
pleen and bone malTOW t:dls were used fo r the study. Lrmphoc)1e prol.ifem

tiOll acthi ty and natural killer c~10tox:i citr were measur~d IIsing RPM l- l640 
medium . Prolirerati\(' activi ty of concana·.alin A. p.bytohe magglutinin. and 
inte rle llldn-2-sti mlllatecl spleen T -cclls W ,l<; measured in te11l1S of D,\A synthe
sis after 48, 72. and 96 hours of cultivation. Acti';ty of Jlat~tml kiUe r cells round 
in spleen and bone malTow W;l~ assayed in r AC- 1 cmd K-562 cultured target 
:ells labeled with ~ICr and heavy ulidine. C~1okines were assessed in super
natant fluids of cll itivated spleen and bone malTOW cells. Lnte tferon acti";~ ' was 
measured in cul tured mwine L ce lls by de temlining suppression of tile (.:to
patltic elTeet or murine enccphalotllyocarditis virus. Tumor necrosis factors 
were measured by' determining their c·ytopathic e ffect on L92.9 <:ells. 

Results 
T 1~'lllphOC)te <lcti\it)' of rats dissected in spaC(' fught was significmtly decreased 
compared to controls. Cell prolife ration rdte in rats dissected immediatcl~· after 
landing (~d not decrease. whe reas that in rats dissected at R+14 showed an 
inerl'<t~e. Acth; ty of spleen natu ral killer (:eUs was reduced in response to 31Cr_ 
labeled target cells during and :tfter fughl. AI R+ l4, their acth,ity returned to 
nonna1. In bone marrow. the activity of natural killer cells llid not vary signift
c<mtl)'. TIle production of J L-l , J L-2, and tumor necro~;s factors alpba and beta 
in spleen cell cultures of the Ilight rats W.lS reduced. At R+O. inte rferon alpha 
and gamma levels were dirnillish(~d. Cell-mediated immunity in rats was signill
cantl)' suppressed dllJing night. The tillle course vctriatioJ1 of immune par.1m 
ters after /light suggests that tile changes may t ml)' indimte a response of th 
immune sy~tpm to space /light cOllditions tl1at ('Quid increas~ m'p!" time. 
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SLS2-12 

Science Discipline 
~felilbolisnl and nuhition 

Investigator Institute 
\Iexander S. K aplanskv 

Co-lov8stigator(s) 
Popova LA. 
Dumovil, G.~. 

Research Subject(s) 

Key Flight Hardware 
He-search Animal Holding Facility 
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Institute 

:Vhue 

5 

illS 

illS 

/TIS 

The ljllcslion of whether micn l~~ldty has a stl1:'Ss~t'nk: eReet on mamnlals ,till 
rPlllai lls open. sincr 1 •• C>IVlwlogic.u alld biodlt'llI i<:..u ntanjl(.~t'ltioll.'i or , 11\ aClltl' 
grnvi latiuntu :.tn:·;,~ deteded in I1ItS "lier llighl can m.LSk l'h.Ul~t'-" lII<iIl(l'd L~' 

!>pIC,€, night fuc turs. includi llg /TIicrogr.l\i~ . This c \11<.'limvnl \\ill t'Mlninl' tIlt' 

sole <-ffects of l1\iclu~r"vity sb'e~s througll di~(;ction of tilt' aUrC\liU alld Ih~lll1l!> 
gl.lI1ds midllight After flighl , slre.-.s will jlf' <:" ',ulIaled throue;h histologk;u ,lilt! 
I.islol1lolTJhomelric analysis of tllt' glanduhu' ti:.slles. 

Approach or Methods 
,roulld wnh'o l rat!> were dis!>ec-tcd simllltmlt-ollsl~' wilh l'On't':.ponJin~ flighl 

groups. T he left adrenJl <.lncl tll~11l llS " 'ere disseclt-(]. \\'ei~bf'lt , tlwd. ,mu sec
tioned. Serial adrell,u ,uld tll)1nll~ sections wcre slained and eXill1Lined histok>gi
cally and hb:'t)ll lurpllolllet licallr Tllc lollO\I'i.ng lXu~l\ll!'tcrs Wefe l.U1iU)7.('c\ in Iht:' 
centr,LI adremLi sections: tolal adrcnal arca' l'tlltil'tll and medull.u} , lrl'JS: mlio or 
the cortical arPa to lite l1lpdullat)· glotTIL'llIlar , U'e.\; to'cas of I Ill' rt'til'lll,\l' zones Ill' 

cortex: .mel sizp or celluldr nudl'i of tlil' fasdc:ular zont' of the ('olii<.. J anti 
Illedullary pO I1ioJl~ . The UI)l ll llS \\~lS t'\.unlir,!'d histollJ'~L'iLlI." and I: Aonlorpllo-

1lll"l lically. The ti~ht adrf!lI iLls "pre " 'eiglll'ci .ind iUlal;' 'l.t'd lor lipid t'\)tnpo~jn()n 
\\ith thi ll-byer siliL'i1 gel I lIalography. ] n ehrOll1.llograols , free 1~lt" ,ltid~ 

(FFA). h'i~lyceJidl's (Te ). 1 . . Iospholipid~ (PL). frt't' dlOlesterol (FCS'. allel c-h 
testero] e.s lers (CH E) were IIlca.<rured in ,Ibsolulf' lIumbers ant! .IS ,I pen-e II I ag' 
of lot"u l ip ids. 

Results 
] Il mts disscc:ted infligl't (f F). aclren.u "rea, im.';1S of adremu tolies and nH·c\ulia. 
I he ratio of corticlli ancl medulhuy ,u'eas. the rt·!ation of incli\idunl rC'gioll~ or l'or
tex. anel sizes of nuclei in cells of tltt- !;lScicubr rC!..,rions ill ('OI1t':.. and Itwdllll.1 
were equal 10 ulei r \1ttUl'S in tlte gmund ('onlrol. SOlll(, inc:rp,bt' " '<IS fOltnd il l 

the nl llliber of di\ iclin.g lhymOC:;'1es in tk· th;'lTl llS or 1 [i' 1<\10;. Yet. r ... o rats t'xltib
ited signs or Illtxlenttf'I~ ' eXlxessro aCllte 5t rcss reaction ill aclrt'fl.u and tlly 111m. 
1n F +0 rats. h)llt"1 rop!:: Dr adrt'pab WIth LUI (" V'ulsioll of Ille I:~c.:icltlar r('~ion 
in the ach'enw COltc::X and eniargellll"nt of \l udd of its ('{'Il ... ''''L~ foulld, Sitl·!! or 
depositing free alld phngoc) tf'd nude.!r dellittL~ ,mel dpprb.~ion 01' \lllilltit' .ldi\i
Iy of th\111Ocy1es were seen in the thplluS ('olicx. Upid ,uHLI~~is showed I h.ll IF 
mts, s,\cli ficecl dll lillg f1i ,ghl, had decreased tOlalltpitb. F'F:\.. Te. ,ultl FCS. 
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Title of Study 
Influence of .\Ilic rogravity on Hat Diges ti ve Physio logy and Xenobintics 
/vlf'tatx>tizing System: Interaclions with TntestincJ Micronom Alterations 

Science Discipline 
\ '(etaOO1isl11 and nut Ji tion 

Investigator 
Odette SZ\·li t 

Co-Investigator(s) 
Rabot. S. 

!\ ugOJl- Bauclcn. L. 

\ -Icslin, J. -c. 

Research Subject(s) 
RliNIIS llu,,;eg ic lIs (Sprague-Dawley rat ) 

Institute 
N,\tion,J lnstitllte for Agronomic 
Research 

Institute 
1\ atiOJ1<ll I nstitllte fol' Agronomic 
HesE'arch 
:--Jationallnstitl1 te (or Agronomic 
Rt:s(',\rcl 
National Insti tll tl' for Agronomic 
Research 

Flight: 12 YluJc 

Ground-Based Controls 
Synchronous: (j 

Key Flight Hardware 
I{(-seem.:h Anim,J Holding facility 

Experiment Descriptions 

SLS2-13 

Objectives/Hypothesis 
Intestil1rJ microOom possess an extremely versatile enzymatic potelltial that can 
interact directly or via it s products with the overall body phYSiology, Space night 
conditions, wh ich are known to gelle rate n loelineations or the g<l.,trointcslin:l] 
Hnd hepatic.: functions, may also alter functions of the digestive l1lic.:roOora. 'h 
objective or Ihs work W;l<; :0 a~sess the influence of a 14-day space night on sev
eral parameters of digestive phyltiOlogy and microbial ie l1l1enhltion. 

Approach or Methods 
Rats were ki lled by decapitation. The cecal content. the mucosa of the small 
intestine and the CO IOIl , ,me! the light lobe of the live r were i mmedhttely collect
ed alld storedllndcr appropliate frozen cOlltlitions until analyses. [n the cecllm . 

pH W;L<; measured and sholt -chain fatly acids (SCPA), am lllonia, urea, and hist
amine wert.! ass:\~'ed . The concentration 0(' total cytochrome P-4.'50 (CYF450) 
W aS determined lfl liver ll~ icroS()IlIf'S . Glu tathione-S-transrenlSl! (CST) aeti"it) 
wns <lSsnyl'd in hoth microsomal ;mel cytosolic fractions of the Ih 'er and the smalJ 
ir.testine. [n till colonic nl1lC'osa, variations of the numb<:r of nCllb·al. <leiel, and 
s\llf'atcc1l11llclIs-contain ing cells (MCCl were investigated. 

Results 
The l / ~ -day space fli gh t indllced a slight acidificatiun of' the ccc,11 content 
(p < U.05) and a 60% decrea~e of cecal SCFA concentTation (1' < 0.0.5 ). Amollg 
SCFA, acetate greatly in<.,'eased (+14%) at the expense of blltyrate (-7%) and 
cLJrnulated valerate. caproate, and isoacicls (-7%). whereas propionate remaineu 
stable. Cecal HmlTlonia, urea, and histamine we.re not Illoclilled. Space flight did 
not alte r CST adivily eitller in the: slllall intestine or in the liver, whereas con
ce:ltration ol'hepatic CYP450 was significantly lowered (p < 0.0.5). In the colon. 
space flight led to a 20% reductioll of the number of nelltral MCC (p < 0.0.'5 ). 
Micrograv;ty telllporarily affected the microbial rel1l1entation and the histo
c:Il!'ll1ical stru<:ture of the Illllcosa in t lie large intestine. since modifications 
occllrri ng in the flight mF') group were not obselvecl in the H+ 14 group. Le. at 
the end of the ] 4-day recovery pe liod. On the con t mry. the decrease of hepatic 
CYP/I·,50 obselved ill RF rats pe rSisted in tIl e R+ L4 group. These find ill ~, . , 

together wit 11 those obtained in a previolls flight (S LS- I). shollk] help to predict 
the alterations of clig(~stive phYSiology likely tu oc.:cllr ill aSh'lllliluts mld suggest 
that mit'rogravity ilia), dmably distmb host responsE's to toxics and dntgs. 

397 

'0 



SLS2-14 

Investigator Institute 
Kt> n "" " ~l M. Baldwin 'nivcrsity or Cll ilol11iu, Irvi lle 

Co-Investigator!s) Institute 
iaoz.zo. Vince l ; niversityor C Jirorniu, Jlv in" 

Research Subject(s) 
RnllllS llon;egiclIs (Sprague-Dawley mt) 

l"light : 15 Male 

Ground-Based Controls 
Awnchrono\ls: 10. Vivmiull1: ]5 

Key Flight Hardware 
Rcsea:n:h Anim,J 1 Iokling l"aci lity 
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a. 

Objectives/Hypothesis 
1':xposllI'(, to I nit:rngmvit)' eal Ises I11I·d Ilinicai111lioading III' ~kell"lal mllscles. I t is 
lhi~ IInluatiillg that is thollght to pla~I ; , 1ll,ljor roll' in prodl1l.: in~" loss in 1 1I1I~d 

IlIilSS and o( Iler plH'lIot)1)ic alterations. Civen LIIl' Inck or data regardin~ (Ii 
illrl l1(:IICt) or spuce night in IIII1S(' lc fillwlioll , it is illiportant that tllesl:' l:'.lrlic r 

>h51 'IVations he eonfirn lCcl anti that the 1·f1c'ds of IOllger spacp night I nil'~ i()ll~ he 
stlltii<:d. TIlt' i.lIlluenc(' of 1l1icrowavi~ Oil m~'osin I' t:"\')' chain ( ~III C ) anti 
IIlHNA isofc1I'1l1 ('xprt:ssioll alsD i'(' lImills reial-ivcly une>.plored. Tl lis Shld~ ' exam
illcd the ('/Tects or Illiero):!;ra\ ' i l~' on the t:onh'aC'l ik, propt' ltiCS ur the soll'us. an 
'1I1ligravity skpk·tnl muscle, and 1I Il' ~1l1C; protPili and mRI'\A iso fonn (1)JI (Cllt 

of (li t., SOII:' IIS, vastus intrn1wdins, pl,U1ttllis. and tibialis m1tf'rirJr mll~dl!s . 

Approach or Methods 
Approximately 1\ hours after lallding. t il(' Ili ndli l1l!J Jl1 l1sculatllre of Iht' firsl 
fligh( ani mal was isolated. and in situ contractile lllf'asu rcmenls were made on 
the sole liS muscle. Upon t:lll11plc lio l1 , the k n and righ t soleus. " 'l.~l\lS inter

mecii1ls. plantaris, alld li bial is anlerior mllscles were rC II1O\'pd and \\'('igi,eri . 
Samples rrom tll(,Sl' mllscles \I'(~ r(" Ilsed in tIl\' fo llowing pro<:edurcs_ JmIllIlJlO
liish)chC' llIical analyses w('n ' PL, r!fJrlTIL·U. J denll ininp: tlle' preSf:'IICC of ~Iow ,u ld 

r'l.~t ~'lllC isof()J'IlIS lIsing t.\.\IO dirrt>r('nl lllol1l')c1onlll an libod il~!> . Jsnlatioll and 
plllifkatioll of' m)'o nb li l ~ were pcrfOJ'lll('u. rvlllC isofonm wew s(,parated I'lec
lropllore tic:.Jly. Total cellular RN.J\ was isolated frolJl sh ·lt'l :d mllscle. :\Ol'tlll'l11 
blots wen-! l1.1IJ , dried, and used for subsl'qucnt hyuridizaliOi I w i.tl I a prube Icn 
1\1 II C isofunn 111 R:--JA. 

Results 
IyJicrogravity had lli e.; greatest efft:c( on mmde I1her compo:.il:ioJl in tllC soleus 
II1 I1Scl c: , with a reduction ill slow 1ll1l.St:le flbf' rs i llid . lI1 il1cl'C<l.se in hyhtid flbcrs. 
l tl" re wr.re signilkal lt decreases in slo", type [ protei n isofon ns al ld incrl:'a5es in 
filsl type If X rvlHC protein isofonm uf Ihe sole1ls lU1cl tl l!' V,LstIlS interl1wJius 
I1lus\:ies. COlisistcnt with this dala W'l.~ an incre,L~e in the type TlX ~IlC mRKA 
isofonn. In contrast, the plantwis and tibi,Jis antelior muscles showed increase 
in rus t tyre 11 B MHC mHl'\A isof(Jrms witllUli l a correspondillp; incre.Lse in the 
protein cOl1tent. The forcu-vclocity relationships of tlle ni~ht soleus muscle had 
a Sign i ficant red1lct lon in maximal isometri c (ension alltl a corresponuing 
incre,LSe in maximal shortening ,·e!odty. 
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Title of Study 
l'vrorphologic':U llwest igutions (If'Skeletal fvll l\des of S LS-2 

Science Discipline 
tvh Isd e ph.\'siolog: 

Investigator 
E.I. fhinn-Kakllevu 

Research Subject(s) 

Ground-Based Controls 

Key Flight Hardware 
Hcsearcl l An im'll lIokli ll2. J'\ Ic:ility 

Experiment Descriptions 

Institute 
I nstili ltf' of Biollwtlh:nl prohluil is 

Institute 
InSI"itll t(; ofCt llerall'alhulogy 
anc! Patllophysiology 

SLS2-15 

Objectives/Hypothesis 
A lar).\e boel}' (lr duta IIvai lnbl .. todtl~, indiclItl.!s that the lack or static load~ and .1 

rCc\lIctioll (If tl)1 1H1llic loads Oil lht:. IIll1Scll loskeletal apparatus in mi t.:mgr:1\'it~' 
;allSl'S IfII1 SCIt · atrophy. Red 11IIISCIeS. sll<'h <1S the sok'us ,mel addllctor longus. 

shoWN I mon° I'iglli lk:all l ehHuges. l;poll returning to Earth. though. tlw 1:\...,0 

IIlIISd cs d('velnpucl ltenlodYTl llll1iL disordl·rs that leel to interstitial (:clell1a and 
de<l tlt of anyonlwrs. It wetS cli nk-ult to icle nli~v micro~ra\~ty-induced d langl's 
because of' tl1f.' Iliodi licatiolls associ.ltt'd witl I recoVC'ay nnd ~ra ... ;tat;ol1:t1 stress . 
This exp<" r1I11(: lI t exnmined the c:hnngcs ill muscle'S callseu hy ll1 icro~r .. wily 
through (ussccliol1 of' rat ~tlh.lt" : I S l11idflight. 

The sok'ils UI\C ~ glt~lroclll ' ll1i lJ s Il1 lJsclC's wer(- dissC't.:teu and fl xC"d . For hi~ t ol()gi
(;:1 \ t.'XlI lllil1 l1l iol1 . 11 I 115C,,"S \wrc: sectioned :md stail led \\it]) Ilc lnnt();I;ytil lt"-('(}siaw , 

il'Oli hematoxylinl :. :llld Il ign;sine:' alld i ll lpl'(>~nil t f:.'d wil'h ~ i l\ll'r . Gaslrocrtcmiu1\l 
samplf's ",( 're slained til tli lIerelll iate l llyol1lK'r t)pi.'s. Muq)ho1ll(' tlic IIICaStl n:

mi.'nt of lilc' Cl'oss-secl ional flreu (CSt\) of' 11t),oflbc: rs 0 [' v,triolls types in the P;HS

troclIell lius s~lIl1ple was p(! lfo),n1(:d. M'(lll1holllC'tric :ll1<llysb of myontwl's nf' thl' 
solc'II:-O was t.:Oll till(:l nci /)n hemutoxylinc-t-osi rw s~·c'tion$ . without refl'l'c' I1c.: t' tu 
lTIyollbl:1' ly pes. :--Ji~l'Osil1f' and iron hCIllLltoxyli ne sect ions wcre Il~ed to COlli h 

the totailluml,ul' 0(' cl1l'illUlies imel tht· nllnlllnr of('llIlcnoll ing <:Hpi ll alil~~ per 100 
libel'S. Samples wen' also :maly7.c:c1 'I~ing l,· lcd ron, I 1it:1'lIseopy. 

Results 
rri sto lo~c<ll ll llalys is of the sulclls 01' mts lli ' ;~e(;t ('tl inflight (I,F) and on recovery 
H+O) revealed It smull I lUmber of atrnplliecl tri anglc-shar~d. ¢?antic wllnd

shaped. and split ,nyuflbers. Tlistological (!xnmination of the soleus of rats dis
sected 14 days ~tft cr rC('(J"ery (H+ IA) showed siles of repaired rnyoA;,lcrs with 
:111.~ tc rs of sl1lall newly ((limed fH le I'S and il host of split li ng n ,),ollbers gi\~ng lis 
to new fibers. Hi~t() logi (:a1 ,l nalysis or the gast rocnt:: lni lLs muscle did not r('v(~:u 
any s i~nitkflnt dif'ferclIces bC'tweell night lind control gl'llllpS. M0l1')hol1 lctliC' 
analysiS revealed that I'nusd e flLer CSA in IF and R+O rats in ti ,e solells was 
appro>.imately 50% that of controls ilnll in the g<l~trocnclY1ills wus reduccd by 
.11 % to 22%. Elect ron microscopic analysis uf the soleus and gastl'Ocnel1li ll~ 
rcveaic:;d changes indicating atrophy. Di rfcmnces in the l!,Lstrocnemius were less 

'xpressecl than in the sol(~ lIs . 
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SLS2-16 

Title of Study 
MOJl1hoIOf,ric,u <Illd Fllllction,J Adal)t;ltiolls of Mllsde Fibers Mllscle-Tendon 
,md l\eJve-Muscie )uncP:)Jls to Space Flights 

Science Discipline 
M llscle physiology 

Investigator 
J e,lll-Franc;:ois Nt Willi 

Co-Investigator(s) 
cu'nino, AJain 

ZanUX<l. Alfredo J. 

Research Subject(s) 

Ground-Based Controls 

Institute 
Universite de Nice; Centre National 
Reel Jerche SCientillgue 

Institute 
Cenh'e National Hedlf! rche 
Scientil1gue, Marseille 

entre National Recherche 
ScientiFique; l~SEnrvl MW'seillc 

-Dawley rat) 
yl;Je 

Bas,J: 5. Tail-su!>llcnsion: 6, Vivmiurn : 5 

Key Fligi~t Hardware 
Hest!Llrch Animal Holding Facility 

400 

Objectives/Hypothesis 
Most of the generated lll),oHialllent contractile forces arc tnmslllitted from the 
skeletal muscle nbers to the tendon collagen fibers. across the plasma metll
hnUle. via the lllyotenrlinolls junction (NlTJ ). The struct1ll'e or Ihis specializeu 
region at tile endiJ Igs of the muscle tlbers depenUs on the mechanical c:onslraints 
imposed on muscle. Previous studies have shown IIltmstn.lctllr~J to.-JT) modifica
tions call sed by an increase or a de<.:rease in ll1uscle-loacl.illg. Tllis shldy c:ompares 
the respecti\'e effects on .MTJ ultrastructure 01'8, ]S. 2.9 clays of hindlimb suspen
sion and 14 days of lllicrogravity e:\vosurp. or 14 clays of conflnement. 

Approach or Methods 
Ground simulation of microgravity was outained by suspencl.ing ~Uli lllals by their 
tails, making the hindlilllbs neither active nor weight betlling (hindlimb suspen
sion: liS ). Afte r diffe re nt HS durabons, the region of' I he distal MTJ was 
rellloved from both the soleus and plantmis rnuscles in the HS L'Ontrols. c:on
Hncrnent controls. and space night animals. All muscles were fixed in LI glu
taraldehyde solltlion. then post-fixed, dehydrated. Hnd e mbedded in epoxy 
resin . Ulh-athin seclions were cui . stained with Lmmyle acetate <)ncl lend citrate, 
and cxamined using an electron li licroscopc. 

R'3sults 
The IIrst 1ll011Jhoiogical 1l10difical'ions in the hi ndlimb suspension group were 
seen after lR days 0 11 tJle solclls I nusde. an <U1jgravity postlllni mllscle. Twenty
nine days or hindlimb sltspensioll sllowed proround mOlllho[ogical and c)1.0'u·
clli tf'ctl.lml modifications ~U1d degencrative changes. The an imals that expeJi
eneed 14 days of lI1icrogrH\~ty showed greater 1TI0rphologic;.u and r;ytO<U'chitec
lunJ llIoclincal'iolls thml cUd the lS-day hincWmb suspension group. The IllUSe! 

fibers endings presented longer and th inner fin~e r-li ke proc:esse:. than controls. 
Numerous cclVeolae anel subplasll1ale l1lll1al vacuoles E.'vidf' llced the intensf' 
ITIcl nbnllle remodelling at MTJ. An histolllorphometric quwltifieatioJo showed a 
(iO% incrcase in tile length 0(' this inted'ace !x-Iween lIl11scle fil)('r and tendon 
aner the' I.I.-cby space njght. The mOlvho1ogical llIodifications or tile pianl'iuis 
MTJ were found to be much less proli'l.lnd than those ohselyed in til(' ~()I(·us 

NlTJ. under all PKpelil1lclltal conditions. These qualitative and fjllanti tati\'l' ~ tlld
ies sUKl';est that the mcchanical charge imposed 011 nlllscle pla:-'s a ll illl lx)rtallt 
role .in the structur<U orgallization or the YITJ. 
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Title of Study 
Molecula.r Ph~LI111acology of Alpha-l Aclrenoreceptors and Calcium Ch,mnels in 
Hat Vascular \Iyoc')t es 

Science Discipline 
yl uscle physiology 

Investigator 
Chantal \ili ronneau 

Co-Investigatorjs) 
:'vlironneau, J. 

Hakotom1soa. L. 
l\PlliUy, G. 
S,l) et-Colombet, L. 

Research Subject(sl 
Hatills lIun:egiclIs (Spnlguc-Dawley rat) 

Institute 
U ni,'ersite de Bordeaux II 

Institute 
Ccnb'e National Hecherche 
ScientifiquE' 
Unive rs ilc~ de BordemL\ 11 
Il\SEH\I( 
ylHE 

Flight: 20 Male 

Ground-Based Controls 
Basal: 1.'5 , Synchronous: 20. Vivarium: .5 

Key Flight Hardware 
Hesearch Animal Holding Facility 

Experiment Descriptions 

SLS2-17 

Objectives/Hypothesis 
The cardiovasclllar syste m adapts successfltlly to upper-boely fluid shifts by 
iIlere<lsing heart rate, blood pl'essure, and total pelipheral vascular resistance 
and by decreasing venous pressure. These adaptive responses to fluid shin in 
space !light leads to a severe increase in healt rate :md low blood pressure upon 
rehml to Ealth. There have been few sbldies examining the effects of micro
gnl\~ty on contractile prope l1ies of smooth muscles and the cellular and molecu
lar alterations that control vasclIl:u- tone. The objectives of this expeliment were 
to look at changes in contractile response to norepinepilline of the venae cavae, 
especially the alpha IB aclrenoreceptors, <U1e1 10 dete rmine the mechanism b~· 

wI Jieh the L,drenoreceptors are altered. 

Approach or Methods 
Venae cavae were re moved frorn night rats and cut into longitudinal Ships. 
Specific binding to adrf'IlOceptOl:' was l11 easun~d by incubating the strips in vari
ous concentrations of" (31-l) prazosin and c:Ie te l111ining radioactivity afte r dissolv
ing stlips in ~aOH . Isometri c contracl ion was measured in an experimental 
chamber llsin,l:; circular stlips taken from the ve nae cavac. The rnaxi rnulll con
b'actile response was dete rmined using :)0 JIM norepinephrine. AU other eOI1-
tractiolls were expressed as a percentage of m<1xill1,J contraction. The inhibition 
of contractile response due Lo the binding of prazosin was also dete llllined . 

Results 
A decrease in contrnctile slTength in response to l1orepinephrinf> was found in 
flight rats. Binding affinity of" (-3); ) prazosin was reduced. indicating a reduction 
in specific am nil)' to alpha-l adrenoreceptors. These data indicate that the 
reduction in contractile strength is clue to a decrease in sensitivity of adrenore
ceptors rather than a decrease in the number of adrenoreceptors. Ground con
h'ol studi(>s show a similar decrease in sensitivity through sustained activation of 
protein kinase G Th is e flect was not seen in the presence of an illhibitor of pro
te in kinase C. This impl.ies that desensitizalion of acL'enoreceptors due to micro
gravity may be dependent on increased protein kinase C activity. 
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SLS2-1B 

Title of Study':-:----:--=: _________________ _ 
Single-Fiber Muscle Function 

Science Oiscipline 
M usde physiology 

Investigator 
Yvonlle \1owuer 

Co-Investigator(s) 
Sle\'ens, Laurence 
Cordonnier, Colinne 
Picquet, Florence 

Research Subject(s) 
Rattus I1n1l)egic/l~ (Sprague-Dawley rat ) 

Institute 
Uluversite de Lille 

Institute 
Uluversite de Lille 
U niversite de Lille 
Universite de LiUe 

Fli!!ht: 5 Male 

Ground-Based Controls 
S)lldlrOnous: 5, Viv,uium: .5 

Key Flight Hardware 
Hesearch Animal Holding FaCility 
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Objectives/Hypothesis 
Prc\~ous studies examining the soleus (SOL) and extellsor (ligitollJlI I 10n~ lS (EDL) 
111 uscles of tlle rat hilldlimb indicate that nil Lo;c;les e:'TlOsed tu micrugra\~ty llnder).~o 

atrophy wld a dlange of' fi ber composition fiDIll slow- to r~t-t\\~tdl types. These 
ch.mges CWl vmy depending ulXln the lIluscie p;uticipatjoll ill .mtigmv;tational aeDdl)' 
(that is, lXlstw'e) <mu on the limctional prof'IIe of the mllscle (s1o-..\I- or f~lSt- t\"itch ) . Tn 
order to COlluoomte these ew'lier filldinb~' this study examined the Functional (acth .tI
ed tension charaetelisties) ,Ulel sbllcl"uml (Illyofibril c'Olllposition) chwlges l'alLo;ecI by 
microgm~ty in the tibialis <.U1teI10r (TA), vast'lls intennooLlS (VI), as weU <tS the soleLL~ 
(SOL), <md extensor (ligitOll.llll (EDL) musd es of the rat hi.Jl(fiimb, 

Approach or Methods 
Fiber bundles were ren loved, Lsolated, ,mel skirmed tinm selected rat hindLmb mus
cles (SOL, VI, TA, EDL). In order to qU<U1tif)1 the abuphy of the flber. cro~s-section
al .U'fJl.l (CSA) .mel m<L\inml tension were Illeasurecl , Then, each fi ber unclei\vent 
force measlU'ements to estllblish tension/pCa .mel tension/pSr <:Uld to detennine the 
functional properties of Ule muscle, Additional c:-<~culations ,mel measl:remenls were 
l)elfonned in order to delell11ine Ca and Sr affuuty. After Ull' l.'Olnpletion of these 
phvsiologic<u measurements, the muscle flbcrs underwelit ,Ul<lIysis \dth sodillm 
dodec)'1 sWj)hate polYdclimicle gt>l e1ecbuphoresis (SDS-PAGE) in order to deter
mille myosin heavy <mel light chain C'Ollllx)!>i tion, TI1l' resu.lts \\'ere cUlalyz.ed usillg a 
twu-way .malysis of v.:uim1C:e (ANa\, A), 

Results 
Electrophoretic analysis revealed that SOL fi bers exposed to microgravity 
showed a signiRc,Ult increase in the propOition of fast fibers when comp,u'ed to 
('Onb'ol fibers, In the mLxeel VT muscle, lhere was a progressive re<Ul.mgement 
getween the dilTerent fiber t)lles within tlle slm" and fast populations without 
changes in the propOltion (50/50) of each populalion . The tr~msIonnation C-oll 

ue ll1ed the coexpression of slow .mdlilSt myosins wilh illl increase in the prupor
tion of [ast isofOrms. Decreases in CSA ,Uld lIlaximal force appe.ared in SOL <Ulel 
'..v<lS rnore marked for the slow fibers, VI ex.l libiteel only losses in force, while no 
dmnge in CSA or force W.lS detected in TA and EDL n'ILL~des , Another impor
tant elrect of weightlessness (.'Oncel1led the Ca:!+ acti,'ation c:haractelislics of th 
fllst h'ansfonned Hbers, which sllowecl a decrease in ea affi nity and Wl illere.lSe 
in the cooperativity of the different proteins of the tllin flimnent. 
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Title of S:..,:t-=-ud::..!y~ ______ _ _____ ".--_____ _ _ 
Effects of Space Flight 0 11 f3-Adrenoceptors in Rat Hillcllimb M lISd eS 

Science Discipline 
1\ I usc-le physiolog.\" 

Investigator 
Yo!>hinobu Ohira 

Co-Investigator(s) 
Yasui, \\ . 
K.lliy<l. P. 
Tanaka, T. 
Kit'ljima. 1. 
;vI alllyama, 1. 
\: , I~aoka, S. 

SekiguL'hi, C. 

Hinds_ \ Y. 

Research SUbject(s) 
Hfltt us lIon :el!ic/ls (Spmgue-Dawley rat) 

Institute 
National [nstitute of Fihless and Sports 

Institute 
\:<ll1onal InstihJte of Fihless and SPOlt5 
;'\Jatiollallnslitute of FihlCSS and Sports 
National jnstitute of Fimess and Sports 
Kagoshima University School of Meclidne 
Kagoshima University SdlOol or:vlecLdne 
~ati()nal SpacE' Oe\'elopment Agency 
ol'Japan 
_" atiollal Space OevC'lopment Agenc.v 
of Japan 
NASA Ames Hesc<I]'ch Center 

Flight: 10 yhue 

Ground-Based Controls 
Basal: .'5, S\'nchronolls: 10 

Key Flight Hardware 
Hese,uTh Anill1fJ Holding Facility 

Experiment Descriptions 

SLS2-19 

Objectives/Hypothesis 
C radtatiomJ unloading has been obselved to cause changes in the slow-twitch 
muscle flbers of the an tigravity soleus muscle. The denSity of B-adrenocept'Jrs 
(f3-AR) is greater in slow-twitch red muscle fibers than fast-twitch white muscle 

fibers. The density of 13-ARs in the rat soleus decreases in respor,se to gr:.l\~ ta

tional un loading, which has lead to the hypotheSiS that the same metabolic 
adaptation would occlIr in the rat plantru-is Illuscle. 

Approach or Methods 
Planb'u-is mllscles wE're taken from the light limb of rats approximately .'5 hours 
after 14 days of space flight ,mel were cut into 20 pm consecutive cross-sections. 
(Juantitative autoradiographic analysis was performed determining the maxi
I11l1m bil1cLng capclcity (Bm"",) and the (Lsloc<ltion constant of b-i and b-2 ARs. 
Qllalitativc hi stochemical analysis was performed afte r staining for myos in 
adenosine tliphosphat;\Se. Filx!rs were c,ltegOlizecl as slow. intenneruat'e, or fast. 
The activities ofI3-llydro:-.yacyl CoA dehydrogE'nase (HAD) and succinate dehy
drogellase (SDH ) wpre me'L~ured spectrophotomehically. 

Results 
The Brn,LX or H-AR was signilk antly lower after tlight and did not normali7..e 
after 9 clays of rc(;()ve,y. The dissociation constant remained unchanged. sug
gesting the changes in Bmax were c:ml~ed by a change in the lIumber of recep
tors. SOH activity was approximately 24% subnormal but norlllalizerl after 9 
days of recovely. 1\0 Significant responses were seen in HAD activity or in flber
type percentages of f1jght animals. The decre,\Se in Bmax seems to be associated 
"\lith ;1 decre,\Se in lLe inner membrane enzymes of the mitochoncL-ia rather 
than with the rnatl-ix enzyme HAD. 
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SLS2-20 

Title of Study 
Electron Microscopy, Light Microscopy, and Protease Activily of Rat Hi;:rllilllb 
Muscles 

Science Discipline 
~fuscle physiology 

Investigator Institute 
Danny A. Riley ~Iedical CoUege ofWiscollsin 

Co-Investigator(s) Institute 
Ellis, Stan S~m Jose State University 

Research Subject(s) 
Rattus /lorvegicLts (Sprague-Dawley mt) 
Fli~ht: 15 M,Je 

Ground-Based Controls 
Synchronous: to, Vivariull1 : 1.5 

Key Flight Hardware 
Research Animal HoldiJ1g Facilty 
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Objectives/Hypothesis 
Plior to SLS-2, all subject uissections were performed postflight. These rats 
were exposed 1:0 landing stress and gravity re loading 011 the skelet,J muscles, 
making it difficult to disti ngu ish Ill icrogmvity adaptation from othe r ractors. 
SLS-2 marked the nrst inflight di ssections or expe rime nt subjects, allowing 
specimens to be sh.1clied without postHight effects. This study exaJ1lines the I tis

tochemistry and electron microscopy of the adductor longus and solelL" muscles 
of a rat exp osed to microgravi ty, ,L~ well as motor beha\~or of [light rats readapt
ing to gravi ty. 

Approach or Methods 
Adductor longus, extensor digitol111ll longus. <mel soleus muscles were used for 
tissue processing and analysis. The occu rrence of u1.wIT<ml myoHbers was deter
milled ill hematoxylin and eosin-stai ned sections of muscles. ~[yofiber cross
sectional areas ,md n(11111),06ber areas were measured by compute rized digitiz
ing 11l00vlJ01lletJy Elf'ctron microscopy was perJo nned on the aforementioned 
l11uscles. Eccentlic conh'action-li ke sarcomere lesions were d ·fineu a~ two or 
more hypersLretched sarcorneres wi th pale A-bands cmd wavy l :tracted Z-li nes. 
The pen:entages or rnyoBbers ""ilh t'hese sarconwre lesions were counted. 
Croups were subjected postilight to daily videotaping of voluntary movelllen t ~ 

against a caLibration grid square matrix in an Opf'll cage to permit q UHlItitation of 
walking speed. 

Results 
On recovelY day, body posrure was abnormally low ,Uld walking was stilted at a 
rate one-third of nornlal. Movements appeared 1I01lllLU by da)' 3. The adductor 
longus and soleus muscles exhibited decreased lTIyofiber areas that did not 
recover 14 days postflight. Doubling of the nonlll),oHber area indicated intersti
tial edcl na in adductor longus muscles 2 .. 3 hours [Jost-rugllt. Solei did not mani
fest ede ma postflight, and neilhe r mnscle showed edema in flight. S<U'C01T1er 
eccentJic contraclioll-lilw lesions were detected in 2.6% of adductor longus 
fibe rs 4 . .5 hours postflight but were aLsent e.lrUer postflight <md inflight. At !:l 
clays postflight, these lesions were repairpd. but regenerati ng acld ll<:lor longus 
ll1),ofibers were present, suggesting myo f1 ber necrosis OCCUlTed l-2 da>'S pOSL
!light. These studies demonstrate t'hat rnuscll:' atrophy occlrrs in Ill icrogravity. 
wlH:;n~as inte rstitial edema and sarcomere lesions are p()stfli~h L phcnornena. 
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Title of Study 
Eflects of Space Flight on En~'lle Activities and Ultn1.~tructure of Fast-T)1)e 
Skeletal Muscles of Hats 

Science Discipline 
\Iuscle physiology 

Investigator 
Toshitacla Yoshioka 

Co-Investigator(s) 
Yam'l~hi ta-Cuto, K. 

TanakLO_ 

Uchida, H. 

Kimllnt, M. 

Fujita, K. 

Research Subject(s) 

Institute 
St. Mmianna University 
School of Medicine 

Institute 
St. ~farianna University 
School of Medicine 
St. Mmianna U niv<-' rsity 
School of Medicine 
St. Mmianna Universitv 
School of Medicine 
St. Marianna University 
School of Medicine 
St. Mmi anna University 
School of Meclicine 

Rattl/S nOI1-egiclls (Sprague-Dawley rat) 
m~t~ M~ 

Ground-Based Controls 
S)llchronous_ Vivruiurn 

Key Flight Hardware 
Rese;u-<:h Animal Holdir~g Facili ty 

Experiment Descriptions 

SLS2-21 

Objectives/Hypothesis 
The re is liltle information available abou t the characte ristics 01 fast muscles 
e;.:posed to spacp- microgmvity. Calcium release from the sarcoplcl5ll1ic reticulum 
(S H) is an important step in the excitation-contraction (E-C) coupling of skeletal 
muscle . [t is generally accepted that b-ansverse (T)-tl.lbule is identified as a sig
nal pathway from sarcolemma to the SR. However. there is no obse rvation 
regarding the ultrastlUcture of these architechlres in skeletal muscles exposed to 
achlal rnicrogravity. This study was deSigned to investigate structural cluUlges in 
the myoRlaments, tl1f' T-tuhules, and the SR, as weU as changes in the volume 
fraction of mitochondria and the activities of oxidative and glycolytic enzymes in 
fast-type skeletallTluscies after ~pace flight. 

Approach or Methods 
The skeletal muscles examinecl in this study were the tibhl.lis anterior, the pLm
talis , the e:densor digi torum longus (EDU. the medial gastrocnemius, and the 
late ral gastrocnemins sampled from the li ght limb. These muscles are gene rally 
classified .. 15 fast-tY11e muscles. Several small sample blocks were dissected rrom 
the muscles and were fixed . These blocks were stained by modified Colgi's 
staining. The fraction Wi.1.~ analyzed by poi.nt counting and a digi tizer from elec
tron microgmphs of transve rse sections ~or each muscle . A portion of each mus
cle (except tbe EDL) was homogenized and the supematants were collected fo r 
biochemical ClwJyses. The succinate dehydrogenase (SOH) and phosphofruc
tokinase (PFK) activities were determined at 20 0c. 

Results 
Activi ty of SDH in medial gastrocne m ius Illuscles of rats was Significantly 
incre,l5ed following 2-week space flight (p < 0_05). That of PFK in plantariS 
muscles was lowered afte r flight (p < 0_05). OvercUI activities of both e nZ}111es 
were effectively maintained during night. No strllchlral alterations in the mito
chondria and othe r organe lles we re obse rved in response to space night. 
However, a myofllament c~sordering and central nucleus were often seen in the 
fast muscle dUling recove ry after IcU1d ing but not immediately arte r landing. 
These obse lYCltions indicated that space rught increa5es susceptibility to sarc:om
ere damage anLl metabolic activity in a speCific muscle during reloading. 
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SLS2-22 

Title of Study 
UltrastlUctural Changes in Choroid Plexus of Hats Maintained in l'vli<:rogravity 
Di lling a Spa<.'t' Flight 

Science Discipline 
N eu rophysiology 

Investigator 
Jacqueline B. Gabrion 

Co-Investigator(s, 
Gharib. C. 
Herbute, S. 

Research Subject(s' 
Ranus Iloroegicus (Sprague-Dawley rat) 

Institute 
Universite de Montpellier 

Institute 
Universite de Lyon 
Universite de Montpellier 

Flight : 21 Male 

Ground-Based Controls 
Vh"ariUlll , Synchronous. Asynchronous: 10.5. Hindlimb suspension: 30 

Key Flight Hardware 
Research Animal HolcUng FaciLty 
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Objectives/Hypothesis 
The aim of the e>'lJeliment was to evaluate the efiects of microb'ravily on fine 
stn.lcture [md protein organiz.ation of choroidal (:ells afte r a spaL"C fljght. The [1.ITIC

tiOllal c-ol1!-;equellces of space flight and hindlimb slispension were evaluated by 
immlinocytochemistJ) and by molecular biology by de techng changes in the 
exvression of cytoskeletal (md membrane proteiIls in dlOroitial c-ells. which pro
duce cerebrospinal fluid . l'vloreo\'er, Cjualitative changes in the biosynthesis ,md 
storage of natriuretic peptides (USillg elect-ron Illicrosl-opy ~md iml. )C)toolell1-
ishy) in hypothalamus and heaIt were evaluated under mi<:rogrmr;ty c.-onditions. 

Approar.h or Methods 
Choroid ple;mses from five brains dissected aIld fixed inllight (md thJee others 
dissected .5-8 hours after landing were ~refuJJy isolated. fLXed, and embeddetl 
in LX-I 12 epoxy resin . Those from two other animals dissected .'5--F> hours afte r 
landing were fixed in the same conditions in 3% parafonnaldehyde in PBS. 
Hypothalamus and the remaining brain with brainstem from these same brains 
were removed and directly frozen on dry ice before storage at -80°C IIntil sec
tioning. 'vVhole brains from two <ulimals ;n each group were /-L,ed. washed (md 
dehydrated before em bedding in ParaphlSt. Four o ther whole brains were 
clirectly frozen 011 cuy ice ano stored at -80 °C. Hemts were similarly processed 
for electron microscopy and illlmunocytochemistry. Atlial and ventricle samples 
were Frozen for radioimmunoassay and NO/them blol. 

Results 
Ultrash-uctural observations of choroidal cells (dissected inflight or 5-8 hours 
post11igltt) from adult rats showed a loss of cell polaJity (alte red kinocwa, loss of 
microvilli, decreases in apical e?lin ) and a reduced choroidal ~ecretion (acculllu
lation of apical vesicles, loss of apical membrane and cytoplasmiC molecules, 
involved in water and ionic h'anspOlts, such as aqllnporin 1, Nail( ATPase. car
bonic anhydrase 11). SimiJ[u' effects were obselVed in hindlimb-suspe nded rats, 
whereas control rats displayed typical choroick1.l features. Those results suggest
ed that after 2 weeks in " 'eightlessness choroid.J functions were altered. indicat
ing a reduction in the secretory processes. As ce rebrospinal fluid (CSF) is main
ly produced by these cells, it \VelS concluded that space Oight aIlci head-dow'l 
suspension probably induce a reduced CSF production. Analyses or nabiuretic 
peptides in h)1JOth,Jamus and he,Ui m'e still in progress. 
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Title of Study 
Morphology of End and IntenTlediate Brain 

Science Discipline 
t\europh}'Siolog-; 

Investigator Institute 
Lgor B. Krasnov Institute of Biomedical Problems 

Co-Investigator(s) Institute 
D~ 'ach kO\~a, Ludmilla Russian Ac-aclemy of Sciences 

Research Subject(s) 
Rtll1HS IWI1Je!!,icllS (Spragt . e-Dawle~; rat) 
flight: L5 Male 

Ground-Based Controls 
BasaL 7, S"11chronous: LO 

Key Fl ight Hardware 
Research Animal Holding Facility 

Experiment Descriptions 

SLS2-23 

Objectives/Hypothesis 
One goal o/" space llight is to cle tennine the neuronal mechanisms by which an 
organism adapts to microgravily in space flight. One stmchlJ"e that bas shown 
changes in pre,,;ous space flights is the cerebral cOltex. However, in all previ
ous studies, subjects had been exposed to reenby stresses, increa~ing the pro
p lioceptive impulses to the brain. SLS-2 olle red the.> rirst opportunity to eX~JTI 
ine the somatosenso.y alld visual co.t ex of rats pXlXlsed to microgra.,·ity without 
reenhyeffects. 

Approach or Methods 
Three groups of rats were used: one group was decapitated on flight day 13, the 
olhers were decapitated .3 hours postflight and 14 days postflight. Brains were 
removed [rom skulls no Illore than 3 minutes after decapitation and sectioned in 
half along tbe midline . Sections were fixed in glutaraldehyde in 2.5o/c 0.1 ~"l 
cacodylate buffer, pH 7.3 at 4 0c. After /Lxation, cortical fragments were cut into 
O.3-D.5 mm wide ships and dehydrated in e thanol of increasing concentrations 
and acetone. They were then embe.dded in araldite oriellted ill such a "vay that 
all cortical sections were cut when making ultrathin I"rontal sections. Electron 
microscopy was performed on these section:; by Russian specialists. Cllrathin 
sf'ctions of three to five blocks of each corti<:al ,u'ea w( c examined with a JE~( 
electron microscope. 

Results 
Electron micros(.'Opic examinations of the somatosensory cortex of rats decapi
talpc\ inflight revealed ul trastmctul"::t1 changes in the Ii-TV layers, which pointed 
to a lowe r number o[ Signals entering the cortex in microgravity. This was seen 
as by an emergence of presynaptic axonal tenninals with a low electron denSity 
01" tbe mahix and an insignwcant content of synaptic vesides, termed "light" 
axonal te rminals. The study of the ultrastmcture of the somatosensory cortex of 
rats decapitated 14 days after recovery inclicates that microgravitv-induced 
changes are reversible but not completel)' after 14 cb ys. 
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SLS2-24 

Title of Study 
.\Ilo'l)ho}~' <U1d I Iistochemisby of Proprioc:eptive Cerebe il llll1 

Sciellce Discipline 
Neurophysiology 

Investigator 
I gor B. KrasrtQ\' 

Co-Investigator(s) 
• lindeland , Richard 

Sawchenko, Paul E. 
Vale, Wylie 

Research Subject(s) 

Ground-Based Controls 
P..~sal: ,5, Vi\'~uiul11 mg' 

Key Flight Hardware 
Hesear..:h Animal Holding Facility 

408 

Institute 
Institute of Bioilledical Proble ms 

Institute 
NASA Ames Reseim:h Cenle r 
Salk Institute 
Salk In~titut 

Objectives/Hypothesis 
Y[ OIvholo¢eal and phys iojo~e<J investigatiolls of anilllclL~ ha\{:' dt'l nOlls tTateu 
that the cerebellar \1(' :111is reeeh'es proplio<:eptivl' signals num hincllililbs ,Uld 
prcx.luces a regulator: ' pllect on antigmdt:' Illuscles . .\101phologit'".lJ e'Uun ination, 
have also re\'calecl ~t:rllc:tl1ral chan~es ill spilHJ g.ul · ~lia, sOll1ato~t:nsory cortex. 
.uKI spinal (.'ord , which pOinted to a n>duccd number of e:..t~ro- .uv! proplicx:ep
bve signab ente ring the brain an d reduC"Pd activity of spinal motomeurollS. 
\ nolher change is decreased tone of antigrnvitation.J m uscles. it is impOitant to 

shlcl~' the ante rior vennis. one of the structures regulatiug antign:I\; ta tioll.J 111115-

des, of an imals flO\\ ·n in space with the purpose of butter understanding the 

mechanism of adapt,ltion or aJltigra"it'ltional muscles to Illicrogrmil) . 

Approach or Methods 
The lIpj~r cenbullobe of Ule ve1111is of rats \I"cLS examined. C~tocltJ()me oxirl3S(' 
activi ty was dete rmined 1u.\iOChemically. In paralld ~-ections the ncumncJ sOl1la 
and nucleolus we re stai ned. Cytoclu-orne oxidasf' activit: ill the Purkillje cell 
cytoplasm, Illolecular layer, neuropile, aJld &'l'llimlm' laycr glomerulI'S of the uu1'
sal central lobe was measured densi toillehic-.illy at 450 !lim. Optical densit:' or 
thL' c~1op!asm was measurt'd in th ree to fh 'c siles of .'50 Purkinje ('clL~ or each 
animal. Fifty optical densi ty measurements were takpu in the molccuku' 1.1) t'r. 
neuropile. and gnulIl lar layer glol1lcllJles. The nucleohu' and neuronal -:: ross
sections ""ere measured in 40 stained Purkinje cell sec-tioll!>. 

Results 
Ql1<lntitative h istochemiStry of flight rats saclificf:-d 4---5 hours aFter ~l"'acc flight 
showed a trend toward a higher cytochrome oxidlLSe aClil>iIJ' in Purkinje ceUs, 
'l1oleeuhu·-layer, and granular-layer glomcllllcs. This Irend was Inost ~ignific.;ant 

in the lTIOiPC IUar layer. C)t ochrome oxidase <1': tivi t)' indicated dorsal cellh-..tllllOe 
(i.lllction during fl ight. :'-10 dl<U1ges were obselvcd in the size of the Purkinje cell 
nucleolus and cell body take n from the dorseu cent ral lolx: of flight rats. This 
sllggests there we re no cllanges in lht' s),ntl,t'sis rate ofPmkinjP cells and their 
adility "~lS equal tu that of vivariulll conh·ols. Therefore . these Purkillje t'e ll~ 

maintained their capabili ty to inhibit neurons of the dorsal caudal L'Olllpiut-ntenl 

of the lateral \·estibuhu· L'Ompmtment d Ulillg spac.-e flight. The number of afler
ent !>ignals reachill!5 the dorsal cenho:J lobe in l11 icro~:ravi t:· appears adequate to 

maintain its activil)' at a level C01l1pLu'uble to tllat on the b'l·OlllltL 
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Title of Study 
Cltmst mdllr, 
~ ud ei o [ th l:' Brain 

Science Discipline 
!'\ ellmph~'Siolog." 

Investigator 
l)!.ur B. I\. I~l'i"1l0\" 

Co-Investigator(s) 
dlldelallcl. H ichard E. 

S,\\\ dlt'nko. Paul E. 
' "alp. \hlie 

Research Subject(s) 

Institute 
[nstitule or Biomedical Problems 

Institute 
i'\ASA AI"e!> Re_~earch Ce nte r 
S;Jk In ' Il li" 

"aLk lnSllllllt' 

-0 ;1\\"11"\ rat l 

Malc 

Ground-Based Controls 
R<~tl : 5 , \ ·h<~-i-II-Il-I : ~I-ll-----------------------------------------

Key Flight Hardware 
Res<wch A ll i mal lloldin~ FaciJHy 

Experiment Descriptions 

SLS2-25 

Objectives/Hypothesis 
E lecb·on m icroscopic stud~· of the medial nodulus of the ("t' I!;bellum o f rats 
f10"~·1 in space revealed nenronal and glial chcmges in t,1e gmnuku" and molecu
lar layers of" tl )(' nooullls colicx. The ultrmblJctural ehang;es pointed to a reduc
tion of" vestibular Signals that reached ti le Purkinje eeUs v:a the medial nodulus 
and to no ch ;U1~es in visual signals tha t reached Purkinje c:e!Ls [rom the inferior 
oLive. Ho\\,e\·er. those e.\1J!"I1P"'cnts were inadequate to asse~ 'cl\;U" Purkinje 
(-eUs. The pll!l){)se of the present shld)" \vas to investigate nodular. "Irkinje cells 
of rats lISi.lIg h.istochemical and 1110.,)hometl1c procedures. 

Approach or Methods 
The first group of aninds was euthanized ill1ll1€ ·'ltel), postfligbt (R +O) <mel a 
sec.'Onci group was cuthanized 14 days later ( R+ .L4 , . The cerebellum of each rat 
\\las dissected. Afte r sectioning. sagi ttal sections were anitl."zed histoche l1l icnlly 
[or c)1rochrome oxidase. Othe r sections were stained according to a mooi lled 
method of fT o,,·eLl and Black. The c ross-sectional area of the nuclrolm ,mel ne\1-
rarml bocl~ · of representative Purki nje ce lls of the nodulus COlic>. were mea
sured. C~1ochrorne oxidase acti\i ty in Purkinje cells. n,olcmlar layer structures. 
m:uropilcs . and glomellJles of tbe granular layer of the nodulus cortex \\1l~ n It"d 

SlIl"IXJ densitol1letlicnlJy at 450 1I1ll using it microscope eqll ippe~1 witJ ! a photo
Il1chic de\1ce. Opti..: density o[ the nf'1J]"onal cytoplasm was also measured .mel 
,malvl..ed usine: the Student-Fisher statisticetl method. 

Results 
ylOlvhomehic analysis of Pmkinj 
(R+O) revealed a signiRcant increase in cross-section of the bod)· ,md nud eolus. 
Densitometric examination of the nodulus of R+O rats demonstrated a signjfi

cant decrease in c;-tochrome oxidase in the molecular la) er. no ch,U1ges in th 
cytoplasm of Purkinje ceUs and glomel1Jles of the graJllllar layer, and a minor 
decrease in the neuropile of the granular layer. Visual examination of the densi ty 
of ~Iomelllks in the glomerular layer and the ir size showed a small cross-section 
area for R +0 rats when compared to ground conb·ols. Purkinje ct'lls of the medi
al nodulus or R + J..l rats did not show any changes if) cross-sectional area of the 
body and nucleolus or in the <:jt ochrorne oxid:lSe activity in the 910plasrn . 

~1ochrome oxidase acti\'1~' LtlSO remained unalteretl in the molecular Ja~'er, 
neuropile , and glornemles of the gran1llar Ia~'cr or the nodular m rtex. 
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SLS2-26 

Tille of Study 
Effect., of Space Tmvel on Mammaliall Gr:.lvity Re<.-eptors 

Science Discipline 
Neu rophysiology 

Investigator Institute 
l\.luriel D. Russ t\ASA Ames Bps 

I " .. titute 

Ground-Based Controls 
,~vnduonous: 16 , \ 'i\cui um: 

Key Flight Hardware 
Research Anima! I lolclinl! Fae-ility 

410 
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Objectives/Hypothesis 
R('sl1 l t~ of ,U) ,ulalysis of the number, t)']X', ilnd di.\triLJutiull I r ~:1li\1)\(''i ill mb 

110\111 on lhe S LS- I m issiOIl alld ~I'IlUn<.l-l ~lt1 trol mts deI11UIl~'tnlte<.l th.lt IllnJ11-
mali,Ul gravity se:1sor~ rctai.n the propert)' uf Ill'ural ph~ticily Il1 to the adull1>I.1,~t'. 

This eXl)eliment intendeu to repli l:'.ltp and 1':l.1')anu ~ l .t' IIlldillgs or the SLS- t 
c:l.l>t:liment with the roIJo\\~n~ uLJjecti\'l's: 1) to dett'1111int' the aeul ... dkcc; u" 
space flight on lite ultrast ructure of otot'Oni .1 lUlU nem .... x·pithdill ill in h ·"tilllllar 
org,UlS by i nni~:llt lissue fixation ror later I nicroSL'Op'\': 1) tu ul'tennin(' tllP chmnic 
ill Idlor progres1>iVl' dft'cts Dr spacE' Oi~ht OTI the intq~ri~ or the VI !>1IblltU' Of~,Ul' 
by :.1udying UWS(· organ~ il llll1(:dia l el~ ' po.~l fligh t and after ,I po~tlli~ht n,{'O\'!:'IY 

L1eliod; iU1d 3) 10 dctemlint! the re<biLJu it)1 of II I flight tissue wsse<.oOlI. 

Approach or Methods 
S)1Hlpses were iUlalyzed fro m 100 serial sections taken fro lll maeul.ls or lIight 
and trro und cuntrol ani lTIa ls . .'V) ueul ,L~ werl' orientPd :0;0 lhut sfOetions \\ l' rt' 

" ohtailled from lile postel;or portion. CoUection of st.>Ctions. 150 nm tllic\.... h"giul 

-6-1 )1 tn into tlw tissue, SamplE's wert' lakt'n 1;1.1111 ~evpnu iU·t:'.1S ;teross U ll ' I11m 'u

b to leam whethe r diflprences ill s)llapt iC' (ollnt 0<..'\.'111' Ii-om sill' to sit.:. ' ns~I1L'~ 

were flxed <mel pvamillfOd 1I Ih'as t rllcturali~ \dtl l a T.E ~' I ll1it'rc~l'upt', S~11!1pSl' 

were photographeu .UtU l,;Qunt(·d in blocks or j 00 scri,u Sl'l'tiOl11>, usin!!. mUSllll':> 
o f e \'t:' I): fifth o r se\'€.1\th section to I(wale ,hI" ~:11aps{'s to llllmbt'fl·J edb. 
Vlt mstruct u ral unJ statisti cal a nalysi<; of variance t,\ :'>J 0 \ ' A) fullowl'd b~ 
Schcff'e's S procedure for pus/-III )!' l.'Ompalison Wl'll' (.t lni C'd out. 

Results 
The maculas of two rats russ('cted intlight t IF), h\ o 13-da~' cuntrols tlFCl. and 
two H+O mts have been sturUeu. Synap.,es were c'Otlllted in 100 selial se<tions. 
The cWferenC<' Uctween S)'11ap Uc 11lC"lfu of IF lUld ('Onlrol n il T~llt! r <.:~lIs \\1l\ 

statistically signifkant (p < O,()~) , The (uITerf' lIC(' behn'Cn ~:'lHlpti(' ITIl' ilI1S o r 
T)pe n ceUs in IF and cnn trall<lts W t lS lUSO ~ignilktU)t (p < O,ClIXH l, Theft.: \\~~ 
dosE' (''OITesponclence betw(,en: l) low cOllnts at ini,;,J samrlin~ ('I l:ontrals ill 

bot h flighl experi llle nts (SLS-l , B.D. 6.0 ± -1..5, n = )~; S L~-2_ FI:\ 5A ± 3.», 
n :0 1201: anu 2) llIean 'Wilt'S lor HoWl) 1~lb at i{+ fJ in both lli~h l S tU.3 ± 6.'>. 
n :0 142 for S1.5-1 <mel 0.8 ± E),o, n = 91 for SLS-:n. These preliminary re, ults 
replical!? the main tU1rungs from the SLS-l experiment. 
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Title of Study 
Cellular Homeostasis in Microgravity: Energy and Shl lcture 

Science Discipline 
Remll, Huid. and electrolyte physiology 

Investigator Institute 
S.t,,!. lVilUO\'a Institute uf Biomedical Probb ns 

Co-I nvesti gator( s I Institute 
I' ')pova. Jrena A. T n:;titute of Biomedical Pr() hlel11 ~ 

Research Subiect(s) 
Balws llorve:!,iclIs (Sprague-Da\Vley rat ) 
F'ligL t: 10 Mal 

Ground-Based Controls 
Basal: .\ S~ 'I H:hronous: 10 

Key Flight Hardware 
Resear(;h Anill1il.1 ffokLng Fnd li t)' 

Experiment Descriptions 

SLS2-27 

Objectives/Hypothesis 
Analysis 0(" previously repo rt ed biochemical paramete rs or space night have 
shown that an :U1imal's metabolic status is greatly affected wilen it undergoes a 
h'illlsition froln 0 to I G. The imp0l1ance of this stud)' WaS the opportuni ty to 
examine bioSHl'1pll!s is'llated ,md fLxed in space. TIlls allows a better undcrstalld
ing of metaboli c balance in rn icrogravity ,md its quali tative and quantitative 
changes upon return to the Eal1h's gravi tational Field. For this purpose, enzym 
activi ties were measured in plasma as well as subceUuJar fractions, isolated by 
d iffcrential (;enlrirugation or liver homoge nates. 

Approach or Methods 
Samples we re taken from three gro llps of rats, decapitated on flight-day 13 
(F + l 3), on bnding day (4 hours afte r landing), iu,d 14 days after l,mcling (H+14,. 

The liver was removeu ,md a mitochonchial supernatant was prepared ,mel ana
lyzed using commerc:inl Boeh ringer MannJleilTl test kits. Blood samples wen 
taken all'] stlldies were pelt()rmcd on isolated er)'t.hrO<:~>tes. Metabolic (larame
te r~ were measu red using It sp,~ctrophotometer. Tht' results \Vere c~tlcllLlted per 
1 g hCllloglobin , Illcasnred by IlH' llnS of t ile Cy,U1 methemoglobin proeeuurc. 
Membnme liri(L~ :.lIld phospholipids \Ve re J etel111ined by thin-layer chromatog
raphy. Mitnchonlhial enZ)111eS were e\·,tluat( :d by quantitative c.'Ytochc ll1 ishy. 

Results 
. Iucose and isocitrate dehydrogenase (lCDt [) levels were decreased. while gly

mlysis and ATP s)~'thes is were increased in flight rats. Illlmecliately afte r recov
!ry. hypoglycc ll, ia \Vas replaced wilh hype rglycemia. Somt' enzymes (AST, 
1.1)1 I, CI'K) retul11ed to pre !light levels, while ,llkaline p hosphatase decreased 
m\(.l ado phosphatase increased . Nib-ogC'n metabolism changes occulTeo during 
flight and pe rsisted immediately RflC'r rught, leading to a higher level oC creatine 
ill the hlood and lower activi ty in t'he Krebs c..yde. Study of acti\!ity of hepati 
subcellular fractions gave evidence that the recovery of metabo lic balance in 
htood cllallenges biuchemical processes in the liver: at R+ 14 aminotransferases 
in tile cytoplasm were in the hype rcompcnsalioll state . Changes in basic meta
bo lic pm'ametc rs in erythrocyt es and lymphocytes were l'vick:ntly produ(;pd by 
changes in the stmcture ,mel function of their membranes. This was shown b\' 
the \jpid and phospholipid composition o r melllbranes . . 
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SLS2-2B 

Title of Study 
KirhH'ys and FJllld-Eit-dr 

Icctrolvtl' pll)'S i()I()~, 

Investigator Institute 
LuLa \'. Sen)va 1llslitllt~, (.Ii' Hiol1l{'dkal Problcms 

Co-Investigator!s) 
:\ato<:l llll, Y.V. S('clll'rrov Tllsbtute of EVCl!trliolliuy 

Physiolo!!;)' Cllltll3iochemistlY 
hak.h malovn, F:, y, Sechell(lv r IIStit II Ie nr Evolutiollary 

Physiolof!;Y alld l3iochl:' lllisllY 

Ground-Based Controls 

Key Flight Hardware 
HcsearCh Animal lloldil1g Fac:i lily 

472 

Objectives/Hypothesis 
PI't'violls Stl 1di('s haw C:\il lllilWd 'the ('n~cts of spacc· njght on the wilter, sodill lll . 

pol; L~s i\lm . L'alci II 111 , ll ild magnesium concentratiolls in ti le skin . hone, liver, kid
IW~S. IH:nlt . unci rp}ll'Odudi vl! or~uns , Ilow\.!vc r, til(' specific effects or micru

gravity could be masl,ed IJ)' til t.: e f'fccts or r('adaptation to ti lt' Earth '~ ell.iron
Inent. Tlrc' I'LI'11()se of tlris ('~J>l' riJnlmt is hI study the kidney and fl llid-dr"'

tml)'tf' hOIIlC'ostusis of rats dissected illflight. 

Approach or Methods 
Till' kidney \Vtl~ isolated into it.~ (;Ol llponc;n ts (medulla. papillae, and cortex) and 
dried for water m('a~ lII't: nlellt. The d~'icd salllpl ... s WNC asl,eu uslng n i ~ ric acid at 
HO °c, Sodium and pot assililTl Ic·vds were 1llf'<lslIrcd lIsiJ1g a phutometer. 
Cal<:itliTI and l11agllC'siu 11 I were 111easurcdllsing an atolllic absorptio:l spec:

tropllotull1etl:'r. The nostills were <1I1a1)'lPd lIsing St •• <it 'nt 's I-test. 

R9sults 
Data analysis was dilTic:II!t dllt.: to sign i ri callt va riatiolls within til(' cuntrols. 
Hn v(~\'\ : r , Ull' 1()lJo\\~ ng rl'~lI lts were obtai lied. Rats dissected inflight (IF) had 
watH :md ~{)clilllll ('onteut l' in till' J'(>nal C(Jlllpoll':"nt idf' lI ti<:<u to the controls. 
P()tiL~~iulil cuntt'; llt in tht' IIlcdulla and l'Olt('X wcre idtmtic:-tl. while in the pupil
lat: . it \\',\$ low(.' r ill nigllt rals. Calciulll Wtl~ rll'cl'G<lSed in thr cortex, tlnd magne

siulll \\ as dC'('rcased in the cortex and papillae . Hats dissected j ll1mcdiatel~ · post 

!light (1' +0) sll()wcd a decreas(' i ll watt' r cl)ntent in ti,e cortex ;uld papillae. Thc 
C()IIC(, lltratinns or cll.'ctro l)'te~ we're iden tiCi:u to those or the> controls. Hats dis
.~t'l'tl'd J t clays pos t'fli ght (H+ l in Ilad wate r anel t:lcctro lytc cOllcentration 
unchangd in tJw IIlcdulla <Ulc.l pt,piJlae, while water and e lech-oh,1l' con(:enl ra
tinus In t ill' cortex illc:rea,sed. 
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Experiment Publications 

T his Appendix li sts publications resulting [row life sciences fljght 
e>..'peliments and related ground-based studies d.eveloped and/or sup
ported by Ames Research Center and Kennedy :;pace Center bet\.vcen 
]991 and 199.5. 

Due to the relatively long period be t\veen completion of a night 
e>.:periment and the publjcation of results, and tile fact that Ulis Appendix 
was compiled as or May 1999, some current publicatioJl '; may not be 
inciudpd. Peer-reviewed joumals have been given preference over con
ference proceedings, bullE':IDs, etc. ThesE' listings are intended to pro
vide a road map [or the reader seeking more inf()rmation and may not be 
comprehensive. 

Publications are grouped by mission , payload program, payload, 
e>''Peliment re fe re llce number, and alphabetically by author, in the corre
sponding o rder of the experiment descliptions in Appe ndix 1. The 
unique eAperiment re rerellce numbers, appealing in the le ft-hand col
umn, link publications to the corresponding eX'PeJiment descl;ptions. 

Publi<'"J.tions may come from the open scientific literature or intemal 

Experiment Publications 

~ASA docllmentation. Any publication or abstract that focllses on flight 
expeliment results is included . Publications of related ground-based 
shldies are Hstcd together with flight expeJiment pubLiC<ltions, and are 
iJ1rucatec1 byl a dagge r (t). A relate.d ground-based study is defined as H 

preflight inves tigation intended to assist in the definition of a fli ght 
expe liment or a postflight investigation deSigned to help intel'Pret or 
e>..t>and fljght expet;ment data. 

Readers illte rested in mo re information are encouraged to use 
Space li ne, a compreh e nSive Space Life Sci e nces Bibliographie 
Database, produced through the cooperative e(f()lts of NASA and the 
National Librmy of Medicine. Searching Spaceline is free, and available 
through the National Library of' Medicine's Intemet Grateful Med 
(IGYf ) search inte rface . Grateful Med is located on the Inte rne t at 
http://igrn . nl lll .ruJl .g0V/' 

Preceding Page Blank 
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BRIC1-2 

BRle2,1 

BRIC3-1 

BRIC Publications 

• BrovJI1, CS , et [,I.: Mf'tabolism, Ultrastru<:lure and Growth of Soybean Seccllings in Microgravity: Rl'sults from the BRIe-01 and 13 R[C-03 
EA1)e rirnents (abstract), American Society lor Gravitational and Space Biolob'Y B\llIetill , vol. 9(1), 1995, p. 93. 

• Bro""11, C.S. et al. : Soyhean Seedling Growth, UltrastT\lC'turc, and Carbohydrate Yl etaholism in Microgravity. Plant Physiology, vol. 108(Suppl. 2), 
1995, p. 24. 

• Gallegos, C. L el al.: Effects of Micrognwity and Clinoralion on Stress Ethylene ProductiOll in Two Stan.:h less Mutants of Ambidopsis thalirtllo. 

American SOciety for Gravitational and Space Biology Bulletin , vol. H( I " Hl95, p. Hi 

• Gallegos, C .L. et al.: Effects of Microgravity and Cli noration on Stress Ethylelle Production in Two Starchless Mutants of A mbirlopsis tlwlimlli . 

Journal of Gravitational Physiology, \'01. 2( 1), 189.5, pp. J .'53-154, 

• Gallegos, G.L. et a !. : Effects of Stress Eh~'len e [nhibit'ors on Sweet Clover (Mdilotlls alba L. ) Seedling Growth in MicrogrU\~ty . Jonrnal of 
Gra"itational Ph~sio logy, \'01. 2( 1,), 199.5, pp. 151-152. 

• Hilaire, E. d al.: Clinorotation Ml'ects Soybean Seeclling MOIVhology. JOllrnal of Gravitational Physiology, vol. 2( i ), L9!:15, pp. PI49- P150. 

• Piastllch, W.C. ancl C.S. \)roWIl: PI'( te ill EX'Pression in Ambidopsis thal/e/llfl after Chronic Clinorutation . Journal o f Phmt Physiology, vul. i 'l6(3), 
19~5 , pp. 329-:332. 

• Conger, BV. et al. : Hedlll'tion in SOllluhc Emhl.)'o FOl'lnation frOITI Orcharci,l!;nlss Leaf Segments Flown ill til e BRTC-U2 Experiment. Amelicnn 
SOcit:'t)' for Gravitational and Space Biology Bulletin , vol. 9{l), Oct 1995, p. 93. 

• \1cDaniel , J.K. et ,J ,: l\;:.: ~ , llogical Studies of Leaf Tissue and Chromosome Analysis of Regene rated Piull ts from the BRIC-02 Expe riment with 
()rch:lrde;m~s 111 Vit ru CUltures, American Society for Gm~tational and Space Biology Bulletin , vol. H( 1), Ocl 1\-)95, p. 9.1. 

• ~! cDanid , i K. et .J.: EfTect of Microgravity on Somatic Embryogenesis from Ol'chardgrass Leaf Segments. Ttl Vitro Cell Development:tI Biology, 
vol. 32(3), }'."rr IT, 1896, p, 82A. 

• McDaniel, J.K e t <II.: Furtl ler Hes ili ts from the BRIC-02 Expe1iment with Orchardgrass TIl V itro Leaf Cultures. American Suciety for 
Gravitational and Spacp Biology Bulleti n. vol. lO(l}, [996, p. 74. 

• BrO\~ ", C.S. d aL: Metahol ism, Ultrastructure and Growth of Soybean Seedlings in Microgravity: Result s from the BRLC-01 and BRIC-03 
E.\pelin ~:;nt" Ame rican Society lor C ravi tat'ional and Space Biology Blllletin , vol. 8(1), ]99~ , p. 93 

• Brown, C.S. et ,J,: Soybean Seedling Growth, Ul trast mcture, and Carbohydrate Metabolism in Microgravity. Plant PhYSiology, vol. 108(2 Suppl), 
1995, p. 24, 

t= PubliC'ation of related ground-based sh ,dy Preceding Page Blank 
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BRie Publicaf:ions 

BRIC4-1 

BRle5-1 
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• Gallegos, G.L. et al.: Effects of Mic:rogmvity and Clinoration on Stress Ethylene Productioll in Twu Starchless Mutants of' A.rabic!upsis thalil/lw . 
American Society for Gravitational and Space Biology Bulletin . vol. 9( 1), 191).'5, p. 16. 

• Gallegos, G.L. et al.: EHects of Micragravity and Clinoration on S ITe~s Ethylene Production in Two Stan:hJess Mutants of' Arauirlvpsis tlwii(fll(f . 

Joul11al Gravitational PhYSiology, vol. 2(1 ), 199.5, pp. 153-1.54. 

• Gallegos, G.L. et at .: Effects of Stress Ethylene inhibitors on Sweet Clover (Melilotus alba L. ) Seedling Gra,,,th in Mkrogravity. Journal of 
Gravitational PhYSiology, vol. 2(1 ), 199.5. pp. 151-1.52. 

• Hilaire, E. et al.: Cli norotation Affects Soybean Seedling Morphology. Joumal of Gravitational PhYSiology, vol. 2( 1). 1995, pp. P 149-P150. 

• PiasLuch, '\'\f.e. and e.s. Brown: Prote in Expression in Arabidopsis tlUlliaua afte r Chronic Clinorotation. Joumal of Plmlt PhYSiology, vol. 146 (3), 
1995, pp. 329-3:32. 

• Tischler . .\1.E. e t <II.: Ecdysteraids Affect In v;.oo Protein Metabolisll l of the Flight Muscle of tlle Tobacco HOlllworm (M rlllduc(t sexta ). Joumal 
or Insect PhYSiology, vol. 36(10), 1990, pp. 699-708.t 

• Kriko rian, A.D.: Hormones in Tissue Culture and Micropropagation . Plant Hormones: PhYSio logy, Biochemistry and Molecular Biology, 
Dorcirecht, Netherlands, 1995, pp. 774-796. 

• Kdkorian, A.D.: Regene ration of Plants from Protopl<L~ts of H el1lc1"Ocallis (Daylily). Biotechnology in Agricu lture and Foreshy, Springer-Verlag, 
Berlin, Heide lberg, vol. 34, ]995, pr. 70-78. 

• J\echitailo, G.S. and A.L. Mashinsky: Space Biology: SLudies at Orbilal Stations, Nikolai L)'ubimov, trans. Moscow: Mir Publishers, 1993. 

• KrikOlian, A.D. : Space Biology: Studies at Orbital Stations (review). QllaIterly Review of Biology, vol. 70, 1995, pp. 513-514. 

• Krikorian, A.D.: Space Stress and Genome Shock in Developing Plant Cells. Ame rican Society for Gravitational and Space Biology Bulletin, 
vol. 9( 1), 1995, p. 63. 

• Krikorian , A.D.: Strategies roJ' "Minimal Growth Maintenance" of Cell Cultures : A Perspective On .\1anagement for Exte nded D uration 
E"'Veri me ntation in the M icrogravity Environment of a Space Station. Botanical l1eview, vol. 62( J ). Jan-Mar L996, pp. 4 l- J 0i3. 

• KlikOlian , A.D . and J. Bre nnan: Anc),l11idol and Du),lilies. The Daylily Joumal. vnl. 50(4),1995, pp. 414-417. 

• Krikorian , A.D. et a1.: Somalic Embl)/ogenesis in Dayli ly (Hemerocallis) . In: Biotechnology in Agriculture and Forestry. Y.P.S. Bajaj, ed. Berlin, 
Heidelberg: Springer-Verlag, vol. 31, 1995, pp. 28.5- 2\,).3 . 

t = Publication of related ground-based study 
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BRie Publications 

• Block, I. et al.: Graviperceptioll and Signal Transduction in Physamm. Conference: European S)'1l1posium on Life Sciences Reseru'ch in Space 
(6th: 1996 Jun 16-20 : Trondhei'11, :'>Jorway) , Europe~m Space Agency SP-390, 1996. pp. 199-202. 

• Block, I. et al.: Involvement of the Second Messenger cA~P in Gravi ty-Signal Transduction in Physamm. Conference: CaSPAR Scie ntific 
Assembly (::: l st: 1996 JlII14-2l: Birmi ngham, United Kingdom), Advances in Space Research, \'01. 21(8-9), 1998, pp. 1311-1314. 

• KlikOlian, A.D .: Space Stress and Ge nome Shock in Developing Plant Cells. Physiologia Plan trulJ 111 , voL 98(4),1996, pp. 901-908. 

• Krikorian , A.D .: Strategies for "Minimal Growth Maint enance" of Cell Cultures: a Perspective on Manage ment [or Extended Duration 
Experimentation in the :vlicrogrm'il:y Environment of a Space Station . Botanical 'R e\~ew, vol. 62(l), Jan- Mar 1996, pp. 41- 108. 

• KrikOl;an. A.D. et al.: Efff'cts of Spaceflight on Growth anci Cell Division in Higher Plants. AclvLUlces in Space Biology ancl Medicine, vol. 2.1992, 
pp. 181-209. 

• Ledne, H.G. and A.D . Krikorian: Enhanced Root Production in HflplopflpptlS {!, mcialis Grown under Space Flight Conditions. Journal of 
Grm.i tational Pllysiologv. \ '01. 3(1), 1900, pp.17-27. 

• Levine . H.C. ct itl.: Plan t Developnwnt in Space: Observations on Root Formation and Growth. In: Fourth European Symposium on Life 
Sciences Research in Space, V. David, (·d. NoorJ\\~jk The Netherlands: European Space Agency SP- 307, 1990. pp. 50.3-.'508. 

• Levine. H .G. et al.: Base-line Studies and Managf'ment Schemes for a Plant Experiment in Space. Amel;can Society for Gravitational and Space 
Biology Bullf' tin, vol. 2( j ), 1989. p. 43. 

• Levine. H.C. et a\. : Results from the Chromosomes and Plant Cell Division Experiment (Chromex) Flm.'111 Aboard Shuttle Mission STS-29. 
American Society ror Gravitational and Space Biology Bulle tin, vol. 4(1 ). Oct 1990, p. 78. 

• Levine. H.C. and A.D. Ktikorian: Chl'Olllosomes and Plant Cell Division in Space: Environmental Conditions ruKl EX'Peliment Details. Advances 
in SpacE' Rf'search. vol. 12(1), L992, pp. 7:1--82. 

• Levine. I L.G . and A.D . Krikorian: Shoot Grov.Tth in Aseptically Cultivated Daylily and l-/aplopappus Plantlets after a .5-Day Spaceflight. 
Physiologia Plantamll1 . vol. 86(3), 1992, pp. 34fh'3.59. 

• Levine, H.G. and A.D. Krikorian: Vahle of Lineru' Additive Models for Inte rpreting Space fl ight Results. Ame rican Societ;' for Gravitational <mel 
Space Biology Bulleti n, vo\. 6(1), OeL 1992, p . . 52. 

• Levine. H .G. and A.D. KrikOl;an: Shoot Growth, Root Formation and Chromosome Damage Resul~s for the Chromex 1 Experiment (Shutlle 
Mission STS-29). Amelican SOciety lor Gravitational and Space Biology Bulletin. vol. 5( L), Oct 199 L, p . 28. 

• Levine, H.C. et al.: Ba~eline Data and Design Considerations in a Plant Tissue Sharing Ef{Olt. American Society for Gravitational and Space 
Biology Bulletin. vol. 7( L). Oct 1993, p. 38. 

t=Publicalion of related ground-based study 
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CHROMEX Publications 

CHRMX2-1 

CHRMX3-1 

CHRMX4-1 
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• KJikOlian , A.D.: Space Stress and Genome Shock in Developing PlWlt Cells. Physiologitt Plant,mIlTI , vol. 915(4 ), L996, pp. 90 1-H0I5. 

• KJikOJiun, A.D. et al.: Effects of Spaceflight 011 Growth and Cell Division in Higher Plants. :\dvances in Space Biology and .vleclicine, vol. 2, 1992, 
pp. 181-209. 

• Levine, H .C . and A. D. KrikOli,m: Value of Linear Additive Mode ls for Interpreting Spacefljght Results. AmericcU1 Socie ty for Cra\oilational and 
Space Biology Bulletin , vol. 6(1), Oct 1992, p. 52. 

• Levine, H .G. et al .: Baseline D ata [md Design Conside rations in a Plant Tissue Shwing Effort. American SOCie ty for Gravitational and Space 
Biology Bulletin, \ '01. 7 (1), Oct 1993, p. 38. 

• Crispi , M.L. e t a1.: Role of Metabolic Gases in Reproductive Fa.i1ure under Spaceflight Conclitions: Ground Based Studies \rVith Arabidopsis. SAE 
Teclr nical Paper, Series #961391, 1996. 

• Kuang, A. et al.: Pollen and Ovule Developll1ent ill Arabidopsis thaliana uncle r Spaceflight Concli tions. American Joul11<11 of Botany, vol. 82(5 ), 
May 1995, pp. 585-.59.5. 

• Kuang, A. et al.: Polle n Development in Arabidopsis thaliall([ in :YIicrogravity (abstract l. American SOcieLy [or GravitaLional 1md Space Biology 
Bulletin, voJ. 7(1), Oct 19B3, p. 66. 

• Matthews, S.W. et al.: Spacefli ght Effects on Ultrastructure of Leaves and Roots of Ambiriopsis thalirma (abstract). American :'Jciety for 
Gravitational and Space Biology Bulle tin. vol. 7( L), Oct 199:3, p . 83. 

• Musgrave, M.E. et al.: Plant Reproduction dUling Spacefljght: ] Illportance of the Gaseous E nvironment . Planta, vol. 20:3 , 1997, pp. SI77-S184. 
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Physiology. vo l. 8 L(l). July 199(;. Pl'. 12:3--·1:32. 

• Caiouo. V.] . e t il l. : F Ullctional and CeUnlar Adaptations of Bodent Skeletal Y! usde to \ Veightlessness. Journal of Cra\ilationaJ Physio]og:', 
vol. 2(1 ), 199.5, Pl" P:39- 1'42. 

• I1yi na.Kakllcv". E./. et al.: MOIVhoJogic:nl Study 01" Skeletal IvI IlSc\CS in Hats Flown aboard SLS-2.. Aeruspace and Environmcntal Medicinc. 
vo l. 29(6), HJ9.5 . Pl" 12- 1.,. 

• Zamor;" /\ . .1 . e t OIL : Hc:spvc:ti ve Errf'cts 01" Hindlimh Suspellsioll , Confinement a III I Space fljgl 't Oil Myolellliinnus Junction Ultra);!rlll..: tllrf' . Acta 
Asl l"Onali Ii ca, ml. :36(,~ 12), Oct- D cc 199.5, Pl'. 69.3-706. 

i = I'"bli<:atioll or n·lal! ,d gru(\ncl-h;L~ed sl! tdv 
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.. i..S2-20 

SLS Publications 

• Huffino, S. el al. : Increase in Bat Solells Myotenclillolls Interfuce after a 14-Day SpaecOighl-. Comptes Relldlls de l'Academie des Sciences, Seli 

III, Sciences de ]a Vie, vol. :12J (7), L99S, pp .. 557~'564. 

• Morel. J.L. el al. : EITect of a 14-Day Hindlimb Suspension on Cytosolic Ca2+ Concenlrntion in Hat Portal Vein Myoc.ytes. American Journal of 
Physiology, vol. 273 (6 PI 2), Dec 1997, pp. H2867-H2H7.'5. f 

• S'l),et , l. el al.: I.IIOllE'IlCe of Spaceflight. Hindlimb Suspension, and Venous Occlusion on Alpha I-Aclre noceptors in Rat Venn Cava. Joumal of 

Applied Ph~ls i o log.v, vol. 71)(.5 ), Ylay 1995, pp. 1882-1888. 

• Fulempin , .\If. et al.: FllllctiJnal Effects or Uridi ne Triphosphate on the Atrophied Soleus Muscle uf Hat after Unloading. Muscle and r\en1e. 

vol. 20(2), Feb L997, pp. 172-171-->. '1 

• Furb~', A. et al.: EfTl'cts or Chronic Elcctrostimulation on Hat Soleus Skinned Fibers eluling J-1indlimu Suspension . Muscle .)m] ~erve, vol. t6(7), 

.lui 1993, pp. 720- 726. t 

• lshil tal'a. A. et al.: Infl uence of' Spacefl ight on Succinale DehyJrogcnase Aetivit)1 and Soma Size of Rat Ventral ~eurons. Acta Anatomica, \'01. 

157(4), 19~X-), pr. :303-:30K. 

• Lelenne, D. et a1.: Jnfllle l1Ce of Chronic Stretching lIpon Hat Soleus Muscle clming f\'on -Wcight-l3earing Conditions. POUgers Archives. \'01. 

42.9(2), Dec 1.994, pp. :274-:2.79.1 

• \1ounier, Y. et <11.: p()stllatal Muscle Dt'\'eloprnent in Unloading ConditiOi ls. lntelm)tionnl Joumal of Sports Medicine, vol. 18(Sl1ppl. 4), Oct 

1997, pp. S298- S299. t 

• Stevens, L. ct al.: Differen tial Adaptation to \'\'e ightlessness of Functional and SlTl1ctural CIHlJ'acterislics of Rat Hindlimb Muscles. JOUll1al of 
Gravitational Physiolog\', vol. 3(2). Sep Hl96, pp. 54-57 . 

• Allen, D.L. et al. : Myonucle~lr \lumber and Myosin Ltcav)' Chain ExpreSSion in Rat Soleus Single Musde Fibe rs after Spaceflight. JOllmal cf 
Applied Ph)'siology, vol. H l ( 1), J ul)' ] 996, pp. L45- 15 L 

• Ishihara, A. e t al. : Effects of 14 Days or Spacef1ight and Nine Days of Recovery on Cell Body Siz.e alld Sliccinate Dehydrogenase Aclivil)' of Rat 
Dorsal Root Ganglion l'\eurOlls. Neuroscience, vol. 81(1), Nov H.i97, pp. 275-279. 

• IshiJwra, A. e t al. : Influnnce of Spaceflight on Succ:i.nate Dehydrogenase Activi ty and Soma Size of Rat Ventral Horn ~eurons . Acta Anatomic-a, 

vol. 1.57(4), 1996, pp. 303-:308. 

f =Publicatioll of related g rollnd-based study 
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• Kitajim<.l, ]. et <.II.: Ve rte bral Growth Disturbance in Hapidly Growing Hats Jmill g 14 Days of' Spac.dlight. Jou rnal of App lied Physiology. 
vol. 8H1), July 1996, pp. l56-163. 

• Ohira. Y. e t al. : Hesponses o r ~-Adrenoceplnr in Rat Soleus to Phosphorous COll1pound LeVf,ls and/or Unloading. American jomnal or 
Physiology. vol. 266(5:1), Yla), 1 $-)94, pp. Cl257- C 1262. t 

• Ohira, Y. et al .: Role of Gravitatiollal Loading on the Develol'mf' nl or Soleus Muscle in Hats. Illtemational JOllrn,u of SPOItS 'vledicine . vol. 18 
(Supp!. 4), 1997, pp. S2\;)''>-S296. 

• Ohira. Y. et a!.: Spacefli ght EJFects on p-Adrenoceptor and Metabolic Properties in Hat Plantaris. Joumal of Appli ed Physiology. vol. h1(l ), jll ly 
1996, Pl" 152-1.55. 

• Obni~hi. 1'. et a1 .: Ce llular Conte nt of p53 Protein in Hat Skin afte r E:l.l)osure to the Space E m'i ronment. j01\I11<11 of Applied Physiol0f,,'Y, \'01. 81 (0 , 
July )996, pp. L83-18.5. 

• TallUta, I. et al.: Effects of Space Flight 011 CLUT-4 Content in Rat Plantaris Muscle. intc malional Joull1al uf' Bioll1e teorol~'y, vol. 4l (:3), Feb 
1998. pp. 101-104. 

• Yamashita, H. et al.: Hesponses cf Brovm-Adipose-Tissue Activity in the Rat 1-0 14 Days of Spaceflight. Palhophysiology. vol. 3. 1990, pp . . 53-.56. 

• Yamashita, H. et al.: Responses of Brown Adipose Tissue Activity to Unloading in Hats. Jou rnal of Applied Physiology. vol. 71:)(2), Feb 199.5. 
pp. 384-387. t 

• Macia~ , M.Y. et al.: Myelinated Sensory and Alpha Motor 1\xon Regeneratioll ill Pelipherall\c lve :\ClIroJll;tS. :Vll1sc!e I\e rve. vol. 21(12), 1998. 
pp. 1748-1 i.58. f 

• Riley, D.A.: Review of Primm)' Spacellight-Incluced and Secondary Reloading- Induced Changcs in Slow Anti,gravity Muscles of Rats. Advmlce~ 
in Space Research . vol. 2l (8I9), J998. pp. 107.1- 107.5. 

• Riley, D .A.: Inflight and Poslflight Changes in Ske lebu Muscles of Rats flown in ~ASA Spacelabs and Cosmos Biosatellites. COSPAR Abstracts, 
1996. 

• Riley. D.A. et ill.: lrdlight alld Postflight Changes ill Skele tal Mmcles of SLS-l and SLS-2 Spaceflo\'m {{ats. Joumal of Applied Phys iology. 
vol. 81(1), 1996, pp. 1 ~)3-1.44 . 

• Hiley, D .A. et a1.: SLS-2 Tnflight and Postfljghl C hanges in Ske le tal Musc..:!es or 14 Day SpaceHown Rats. Amc rican Society for Gravitational and 
Space Biology Bu llet in , vo l. 8(1 " 1.994, p. 85. 

• Hlle),. D .A. et a1.: Review of Spaceflight and Hindlim b Suspension Unloading induced Sarcomeric Damage <md Hepair. Basic Applied \tyo\og) .. 
vol. 5(2), 1995. pp. 139-141. 

t = Publication of relatt:d g round-based stud), 
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SlS2-25 

SLS Publications 

• Takekura, H. et al. : MOl11hologlctll Changes in the Triads and Sarcoplasmic HeticululTI of Rat Slow and Fast Muscle Fibres follOwing Oenervalion 
and ImllloLiliz<l tion. jOlll11al of Mnsd e Hesearch and Cell MOl"ility, vol. 17(4), Aug 1996, pp. 39J~400.l 

• Yoshiok,\, T. et al.: Calcium MO\'ement of Sarcoplasm ic Reticululll from Hindlimb Suspended Muscle . Acta Astronautic,\, vol. :38(3), Feb 1996, 

pr. 209- 212. + 

• Yoshioka, T. et ,J .: EfTed s 0r Space flight on Enzyme Activities and Ultrastructure of Fast-Type Skele tal Muscles of Rats. Japanese Journal of 
Physiology, voL ~7( ,) ), J997. pp. 471-476. 

• Clav!'l, B. et al. : Changes [nduc:ed in the Clloroidal Distrihlltion of Enzymes and Apical Membrane-Associated Proteins afte r a 14-0 ay 
Spaceflight (SLS-1 mission) (abstra<.:t l. American Society for Gravitational and Spnce Biology Bulletin, vol. 9( L), Oct 199.'5, p. 8.5. 

• Davet, .I . ct ttl .: Choroidal Headaptation to Gra\>ity in Rats after Space flight and Head-Down Tilt . Journal of Applied Physiology. vol. 84( 1), 1998, 

pp. 19-29. 

• Fareh. J. et al.: Cardiac and Plasma Atdal :--Jatriurl'lie Peptide (ANP) arter a 9-Day Hindlimb-Suspension in Rats: Changes in l3iosynthesis and 
St()rage. Joumal of Applied Physio lo~:, vol. 76(2). lm)4, pp. 641-649. t 

• Gabrioll J. et al.: Choroidal Adaplation to Heal Microp;ravity (Mission SLS-2) or Simuhltt,d (Ral llincllimb-Suspended Model) : Erfe(:~s on the 
Cellular Shllctures and on the Natduretic Peptide Receptors (in French). III : FOllr Years 0(' ScientiH.c Research in Space, CNES ! COSPA;t, J. 
Seylaz, ed .. ]994, pp. 319- .'322. 

• Gablion, 1. et al. : Choroidal Hesponsp.s in Microgmvity. ~SLS- 1 , SLS-2 anel Hindlimb-Suspension Expe ril1lellt~ ). Acta Astronautica, vol. 36, 1995. 
pp. 439-448. 

• Gab!ion , J. et al.: Changes in Apical Organization of Choroidal Cells in Rats Adapted to Spaceflight or Head-Down Tilt. Brain Hesearch, 
\ ol. 7:34(1- 2), ]996, pp .. '301-:315. 

• Yiasseguin, C. et al.: Aquaporin lIs Down-Reglllated in Rat Choroid Plexlls afte r Altered Gravity Exposm e As Well As after ' OVate r Deprivation 
and SaIL-Loading (absITClct ). Amelican SOCiety for Gravitationa.i and Space Biology Bulletin . vol. 1] ( l ), J 997, p. 32. 

• Fideli na, OV et al. : Reactions of the Hypothalamic Paraventricular Nucleus and Vagus l\erve Dorsalis Nucleus in the Rats Exposed to Changed 
Gravitational Environment (in Rus~ian ) . Problerny E:ndoklinologii , vol. 4] (6), I m),5, pp. 35-:1'l. 

t =Publication or rc> lated ground-based study 
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• KraMlov, LB . !:'t al. : He peateel Hype rgravity ln fluence: Morphology o f LocliS Coeru le lls, Hypothalamic Parave ntricular Nucleus ancl Vaglls l\ t,;ye 
Dorsalis Nucleus of Hat Brain . Aviakosmicl leskaya i Eko\ogiceskaya l'vleditsina, vol. :33(5), H)99. 

• Sergutina, AV, et al.: Some Cytochemical Features of the Motor System of the Hat Brain after Spaceflight. BiulJeten Eksperimentalnoi Biologii i 
MeditsillY, vol. 119(:3), Mar J99.5, pp. 2H8-2BO. 

• Uillnovu, JV1.M . et :1l.: Heaction of Hat Nel1l'ol11uscu lar Junctions during Changes in Gravity ( lU] Electroll Microscopic Study) (in Hussian). 
Dokludy Akadernii l\auk, vol. ,3.52(2). Jan 1997, pp. 268-272. 

• Ross, M ,D , tmel D .L. Tomko: Eflect o r Gravity on Vestibular J\cunJ D evelopme nt. Brain Hesew'ch He\·iew. vol. 28( I-~), 1998. pp. 44-.51. 

t = I' lI hlical'iul1 or rnlalecl granllcl-based study 
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Hardware 

T his Appe ndix promes ffigltl hardware used in life science expe li
llIf'nts flown by Ames Research Center and Ke nnedy Space Cf'nte r 

hetwecn 1991 ;md 199.5. 
HcU'(lw.ue ite ms are listed alphabetically. 
The Appe ndix includes profiles of key flight hardware iterns buiJt or 

fu nded by i\ASA with: 
• major subsyste ms for each h,u'uware item indicated by an under

)jnl" and described in morc detail in separate enbies 
• minor subs)'Ste ms brie fly describeJ. for each hardware item but 

not appearing as separate enbies. 
Flight harch.vare information \-vas obtained [rom the open literature, 

:\1\SA inlem al repOlts, and NASA han': ~'ar,"! design review surnrnruies. 
Each hard\\ dre entry contai ns a desc,iption of the flight hardware 

ite m ,mel appropliatf' suh ,yslems: if applicable , a descliption of any ver

sion mudification made to the hardware item within lhe 1991-199.5 peri

Ull a listing of general speciHeat-ions (whe n avai lable ); type~ of data 

acquisition (if applicable ); a brief description of related ground-based 

Experiment Hardware 

hardware; refe rences to documents, publications, and night missions 

from which the in :ormation was de rived: and a full -page labeled illustra
tion. The illustrations in this appendix m-e not necessaJily scale cL-awings_ 

but they are intended to as!)ist the reade r in understanding the general 

design <md operation of the hardware. 
For furthe r infonnation regarding ref'ent !light hardware, please 

contact the Payload an(~ Faci liti es Engineering Branch of the Life 
Sciences D ivision, Ames Research Cente r, Moffett Field , CA 94'()35-

1O<X) or the Flight E>..pe rime nt Project Mlm agement Office, Ke nnedy 

Space Cente r, FL 32899. 

Preceding Page Blank 
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Ambient Temperature Recorder (ATR-4J 

Hardware Description 
The Arllbient Telllpt'rature Hecorder (.'\TH-!) is a self-contained, battc ') /-powerecl instTul11 e nt , 
approximately the size of a deck of cards. It lila), be p laced in ,umost any ellvironment (not submersible 
in Liquid) to provide recordin~ of up to four channels of temperatllre oata. C hcumel 1 is selectable for 
citller intemal or e:\tem i.u probe temperatme sensing. Channels 2-4 ,u'c exte ll1iU on ly and require inw
\idwu e~,t emal lemperatw'e probes. Extemal probes are flexible to aUow the user to pla~:e probes at 
\'ruious locations within the sE'l1sed e nvironment. SUUlelard length for probes is :3 feel. but the~1 mil)' be 
longer or sborter, if required. 

Data sample rate ruld number of channels m'e user-selectable. The total number or samples (32400) is 
limited by the size of llle solid-state l11emOlY il l the ATR~1. \·Vhen the mell10l), is fuJI , the recorder 
stops recording. Stored data may be accessed postflight using H sed.al interface unit and an IBM-com
patible computer. Powe r for the ATR-4 is pro\;ded by two illtelmJ batteli es. An O-ling se.u protects 
t11e intelmJ elecbullies o f the ATR-4 From fluid, in the e nvironment and pe llllits operation in clamp or 
lllunid ert"imnments, such as ~U) animal habitat. 

464 

Specifications 
Dimensions: 23 x 41 x &6 Il lli I 

Weight: - 135 g 
Power: Lilhium Ibion}'1 c1,IOJiol' hnttcrif's, 1 ye<\r lill' 
Temp: Ihmge: --40 to +60 °C 
Accuracy: ± 1 cc 
Probes: lnlegrateu circuit sensor, st~lIldmd le ngth, 3 fe!"t 

Data Acquisition 
Samplio~: every I Xi. 3.75, -;- .5. or 15 minutes s!"lectahl,,; 
intell1aVexle lllnl measurement (selectable' on 1 ch;.umpl 
only); 1 dmnnel : 42 days @lB'i-min samplin)!;: 3-cll du;"S 

1.5 min; 4 channels: lO clays @J.8/-min sampling; 8.") 
days @l.'5 111in 

Related Ground-Based Hardwar~ 
IBM-compatible computer and ser jal interlace uni t: 
The compukr and i.nle r~~lce unit w·c Ilsed for readout of 
ATH.-4 data . 

Hardware Publications 
• L!lc Sci(:J)ces Laboratory Equip/llellt (LSLEJ Oil-fmc 

CatafL'{!,. NASA, 1995. http://Wesci.iU·c.nnsa.go\.: LOOIlsle/ 

Missions Flown 1991-1995 
S LS-I/STS-'t8. PARE .t)l /STS-.. H; , PAH.E. 01JSTS-5-J. 
PAHK03/STS-56 , 1M L-lISTS-42, n 'l L- ~/STS -65 . 

1'I-I CF/ STS-46. SL-) ISTS-47 , PSE .02JSTS-52 . 
PSE.03/STS-57. PSE.04JSTS-62, l~1 ~" I L.; :--I E.1 ISTS-60, 
IMMUNE2ISTS-6:.1. NIH.nI/STS-66, :--I 1I l.H2ISTS-70 

Life into Space 1991-1998 



Ambient Temperature Recorder (ATR-4) 

............ 

Case 

Latches -------~ 

Probes Selectil)n Switch -----------------~ 

Manual Reset Switch / 

Sample Interval Switch ------------------~ 

Computer Interfa ce Connector / 

Experiment Hardware 

/ Circuit Board 

Batteries 

~
Channell 
Internal/Externa l 
Sensor Switch 

~ StanvStop 
/ / Jumper Switch 

Internal Sensor 
(Inside FrG~t Pane l) 

- Remote Probe 
Connectors 
(with Protective 
Caps) 
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Anitnal Enclosure Module (AE/\/l) 

Hardware Description 
l1le Animal Enclosure \Jcdule (AE\l1) i!> a rodf' llt housing facility tllut support~ lip to six 2.50-!-! rats. Tht' 

ullit fits inside a standard ~huttle middcck lockenl-ith a modified locker door .. \ relllnvabll' di\;uer piaie' 
mil plU\.ide two separate animal holdi ng aleas. The .\EM rf' lnain!> in tlw stowage locker tluling l<lundl 

and Lmding. On orbil, the AE~ J IHay he remo\,ed pmtwuy fmlll the locker lUld the illtt" tior \if-wetl or 

photogmphed tl1rough a L.eX.Ul (;uver on Ul{~ lop of tile un it. \ '\'il h addi tion or an Amhie nt Te lllperatllH' 

Hecorcier. temperatuTes at up to (OllT locaUons within U1e Ullit ClUJ be re(;on.ted autolllaticall~ . 

Subsystems 
Air Quality: Cabin air is excllCUlI,!:"d wi~h the AE'vl through a filter s)"slcm. Four fillls c reate .I slight neg
am~ pressu re ins ide Ole ·\EM, e nsu ri ng an il1\\!a;-rl flo\\' orai]" and piutielliate entrapme nt b)" tlw treat

xl outle t Filte r. Cabine t air is drawn through front piUlel inle t slots. tlwn along lhe sidf' ple"u, n \mUs to 
the rear of the AE\J. tllen lhm ug h the inlet r.Jter. across til(' cagehnimal l!abitat area, tllfO ll; l l the 

t":\haust Filte r. ~Uld e\.;ts tile front of the AD"l. n igh efficif' nc), air (inle t and outlet) Hlters (c lecb'Ostatic 

alld phosphoric acid-treated f1bergl<tSs patls) pre\'ellt the e~cape of piUticulate Il1dtter into Ule eabin 
alJ1osplre re. Tn:>ated cllarc.'oal inside U1C nJ te rs he lps c:ontai n <.Uli llial udor and neutr.Jize IlIilll' \\ithin 

the AEM. The> Hlter system is rated fo r 20 dil\:; or odor c:ont ral. 

lightili~r Fe ur inte lll;J inCiUlJesC'L' nt lamps (h\-o used a.~ hac:kllp ) prO\;de iiJumillation and ;lre COII

trollpd !:,., :111 automatie time r to pro\idc a standard 12: 12 UghlAhlrk Grele. The tinw r L~ p rognunrnabl 

for other lighti'~' lfk c;ydes <md a bad.-up iJattt:' I)' maintains till' timer if AErvl power IS cJi..;ruptccl. Only 

hvo lamps a re uSls l c1 uling the Ugh t cycle to i,COP cage cOlllpali 1\1 en 1 lleating tG it minimtllTl . Th", lamps 
are c:o\'cred \.\i th dear caps to protC'ct tl1f'11 1 hom animal debris a lld breakage. 

Food: Roden t food bars are attached to four slide-in 100d bar plates inside the rodent cage. The It)(xl, a 
rrerilized laboratory fomlUla (standard or P I funnu lated), is molded ill io rectangllhu' bars accessible to 
the animals at all times during the m ission. 

Water Refill Box: The AE\-I accommodates ,UI in temai watc r sllpp l~ .. containing four lixit drink;ng 
valves ;,U1d two nexible plastiC bladde rs for water storage. Remaining water C:,Ul be obse rved tJll'OUgit 

UU' L.exan window on top of the \vale r box. 

Water Refill Line: The A£'\1 \ Vater Hc flU Li ne (vVHL) is used fo r inHight rpml of tile rhi n lctn~ water in 

the A£.\1. It allows direct b11lls fer of potahle Welte r frolll tl1e aLLxiuary POlt of the Shuttle Orbit!'!' Calle, 
\\ithol.lt the need for a special p Ulllping device. 
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Specifications 
Dimensiolls: 17(\ \ ') x~U( I) ) \~) fl:2( Il ) indies 

Weight: s,5-(j() Ibs (indulU II:":: ro.JCll tS. tiNXI. and wukr l 

Power: 2i) \ \' ~ :2 lights ' "1 h ) 
Temperature: Eb'ak r:l:> to 6 "C abm'L' un-orbit LUlIbient 

iL'lllpC'lUh I rc 

Data Acquisition 
:'>1 01)(" e.\('cpt whell used with all ,\ rllJ.it'lIt Tl'rnpenttlU't' 

Hecorde r 

Related Ground-Based Hardware 
~on 

Hardware Publications 
• D,Jtnn, ttr' .. c. Jahlls. J. :o. 1f'ylor. 1\ . I I Ll\\'t'S T.\ . Fas!. 

;u',d G. Zarll\\': .)1)(1L·t:/rw Lift, Scienn',-l Filial F\l'P" 
:'>IASA T"[~7ll6. 1!J9.5. 

• L!f.' Sell' IICI'" ' ''lbomtt>r?J Equiplll'lI t I LSLE I Oll-Lilll' 
Catalug. i\ASA, I ili-l l:> . httpJlli1c:sei.arc.l1iLS,I.!!;U\,: lOwl~ I l'/ 

M~ssions Flown 1991-1 995 
SLS-l/STS -40. PAl{ E.01ISTS--IS. PAR E.Il:2/STI:>-5-1 . 
PA I{ E .03/STS-.'56 . P"iE.()21ST~-52 , PS E O:',/S'I 5-57 . 

PSE . ().!I:)T~-62. I\IML ~E . I /STS-G() . f\L\ /li\lE.:2ISTS

(:3, ~ I1 L1U1STS-66 , NlI I. H:YSTS-7tl 

Ute into Space 1997- 1998 



. '<11. ,' ", ." Animal Enclosure Module (AEM') 

Inlet Fileer - ----

Water Box Assembly 

Lixits 

coud Bar Plate - - --, 

Blower rans -----

Air Inlet 

Ambient Temperature 
Recorder 

11-1 " " U ' R d 1,"21 <: , 7 ~\ \ 0 ent Cage 

Food Bar Plate 

Exha ust Filter 

Air Inlet 

Cont'ol Panel ----.-/~ ~/ C::=-"",,"< ""'~~ ~V'<. Control Panel 

... Handle Strap 
Water Refill V .. lve - / 

... Air Outlets 

------------------------------------------------------------------------------------------ -----
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Animal Enclosure Module 
(AEM) Water Refill Sox 

Hardware Description 
The Animal Enl'losl1l'(, Modult> (AEyl) \'\IalC'r H,~ l'ill Box, !.tol'al,l l! in o lll'- I,alf or a Ini(I ' It-'L" lor:k<, r'. i ~ 
SU[.:J!t·lllCntar)' ll cll'UWHl'e Ihat cun be IJSl'!ci t.o r('plr- l1i slJ drinkillg water in 111(' AEM I()r missiolls lunW'1' 
Ih 'Ul .5 uays. l-!mv('\,ur, if the water suppl), h a.~ iJeC' n retlJlecl on o .. IJiI , th (-' ' vat l'!' usage 1',11(;' bet:ollJ('s tl i!Tl
cull to 1.1J l l1PU tt" , sill(,(! the amoun t of watcr '1ddud C,U1110( be uc:cLl f'ak',), I n( ';l~ll l ·f'd . Thc BellI! Bo!\ is 
powerer llll lU11gh the AEy[ ';<1 a connCC'I Ol c:ahl\' . 
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Specifications 
Dimensions: 16 .. '5:\ 10 x 6 inc/II's 
Weight 1.0 ills 
Power: 2.>:- \ V 

Capacity: :2.300 cc: 

Interfaces: AE:Vl w;ll er rill port. nil power t'onlU'clor 

Data Acquisition 
l\'{Jllt> 

Related Ground-Based Hbrdware 
]\'ol1e 

Hardwa~'e Publications 
• Dalllll1 , RP., c. J.UlI1:O-, J. .\Jpylor, \J . /l awes. T 1\ . F'L\l. 

alld C. ZmolV: S,)(lcf'i(fh 1 _!Ii· .)cilma.:s-l Flllul llq ltJr/. 
j\if\SA TM-4 i'(Jo , 1995. 

Missions F!own 1991-1995 
s I. S - I /ST~ -'1U , Pi\ 1\ '"~ . () I / STS- ·~H , I'AH E . lJ ~/STS-.=i -L 
PAH E. O.3/STS -5fi . I'SE.O:YSTS -.'i:2 , PS E .O::VSTS-5i' . 
PSE.04/ STS-Gl. l~IM U~E.I/STS-fiO , lYIYl l,;NE .21ST~
(;:3, 1\ II J.RVSTS-66, N ll-l.H :?/ST~-i'O 

Life mro Space 7991- 7938 
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Autogenic Feedback System-2 (AFS-2) 

Hardware Description 
The Autogenit: FccJback System-2 (AFS-2) is a light-weight , battery-operated . fu lly llinbulatolY phys
iological monitoring system that allows comple te freedom of 111otiOIi for use rs . It is dcsignt-'d to allow 
astroll.'uts to Ill(JIlitor their own physiological data so they can conSciously alte r th .:!ir physiological 
re~-pollses to he lp eOllll teract the enect.~ of spaee motion sickness. it ('all continuuusly 1l101litor, dis
play, iUld record nine channels of physiological data for up to 12 hours Oil n ~inglc set of alkal i11e bal:
te lies. Tlw AFS-2 offers both a Treal1nent Mode and a Control .\1ode . In Tre atment \II odt' , physio
logical data ean be viewed on the Wlist Display tlnil , while ill COl1 trol Mode on ly system status Wid 

malfunction indications are displ ayed. Data are stored on a standard audiocassette using spedal 
instmmentatioll tape, 

Subsystems 
Sensors: The AFS-Z se nsors inciudf' a ling tTll11sduC'er to monitor skin te mperatu re and blood volull1 l! 
puJse, a respiration tnmsducer, electrodes for d ectToCal'Wography (ECC) and skin conul1ctcUlcC, alld 
a biaxial accelero lne tt:! r for heaclmovement. The Belt Electronics p4lckage conditio1lS these Signals 
prior to recordi n2". 

Garment Assembly; The Garment Assembly consists of a Garment, a Cabk: J lal11ess. <lml a \ Vlist 

Display Unit, Tht-' G<U1Tlent is a cotton jllm l~~ lIjt \\,iUl Velcro attachment points to SPC'urf' the Cable 
Ham €'5S alld serves :15 a SLlPF()rt struct·urf' fill' the v;lriol.lS system sensors anl l transducers. The \Vlisl 
Display UlI.it disp lays ph)'siologi<:~ data, indicates system l11alfun ctions , and Ilotific:s the user of a low 
battery condition. 

Belt Assembly: The Be lt Assem bly (onsists of' a Helt Electronics Package, ;) Balle lY Pack, and a TEAC 
Data Rec.'o rde r. The Batte l), Paek prO\~des powe r for Ule entire syslem. The l 'EAC Data Recorder 
records tU1alug Signals from the Belt· Asscmbly. Data <md power ror the D'l!";.! !(el:order m·e provided bv 
the Belt Electronics via the TEAC Interface Cable . 
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Specifications 
Dimensions: 1\/A 

Weight: 2 kg 
Power: <1 battelies. !:) \' t'ill'h 

Sensors: hlood voil 11Jll' plilst' ( l -20(h lJ.5) ski n tC'111pera
tmc (70--99.9± 1°F ), sk in l:OnJ IlC'lHllc{' le\·e l ({) .. "j-,,)O 
,IlVI TlOs ±2%). respirat i01l (40- 60 breatllslmin 1. c1t:'dro
c i.lrdiog rap ll ~' (oiU- HlO Iwats/min ) and accelera ti on 
(±U,25 G±5~i ) 

Data Acquisition 
Skin tempcrature, e1ectnx:w·dJOgraphy, respiratioll , skill 
c011ductance level, blood \'0111 1111:' pulse/photoplcthysllH .g_ 
rapll)!, .... yl.-lt\iS accelpratiOl I 

Related Ground-Based Hardware 
TEAC MR-40 Playback Unit: T he unit replays Al"S-S 
tapes. 1t reprOOl1C(cS nrig-ill<d analog Jata L., dernodll iat in.l'; 
til t' reeor:!, " FM signals. 
Data Analysis System: Tlw s),stem lli~tizes and proC('SS
('s M H-40 analog data. 

Hardware Publications 
• C()~vi ngs, P.S. and "V.B. T nsumo: AII/(lgel1ic-reedl )(lck 

Trai l/ ing (AFT) 1\s (l Prcuell lot ice Method for Space 
A/(ltiO/l SickJl(~ss: Backgrou lId and E.rp~ ri11/ellt(Jl 
D eSign, NASA 'I'M - 1.0.')780, 1993, I'p. ill 

• Fukushima, A., D. Bergne r, ~Uld M,T. Eodi:::e: 
Autogellic Feedback S!Jstelll -2 (.'11'5-2 ) U~e:· i\1rlllual. 
:-.iASA UM-21J.'5C, 199.5. 

• L!fe Sciences ILIi7oratory Et/lliplllellt (LSL f ) O,.,-li l/(' 
C(J/alol!,. :"J.'\SA. tHOB. I,tq)://li fesci.<u·c. nasa.gov: lOOllsh ', . 

Missions Flown 1991-~995 
SL-jiSTS-47 

Life into Spac" 1991- 1998 
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Biological Research in Canisters (BRIC-100) 

Hardware Description 
The BRIC-IOO caniste r is an ~Ulodized aluminum cylinder with tllreacled hc.ls on each end. The canis
ter provides containment and struetural support for eX1)eliment'-speciHc hardware and speciJl1en~ . 
The canister lids allow p assive gas exchange of O2 alld CO2 through a semipe rmeahle Inembrane. 
Two septa are located in the lid to allow gas sampling. Jr gas exchange is not requ ired. the semipenne
able membrane and captllre ring can be replaced by an aluminum capture plate La provide a closed 
eX1)elimental environment. The hardware inside the caniste r consists of nine polycarbonate LOO-mm 
pcb; plates. The peh; plates are held into place by a pe l1; dish cage inse rt. The cage provides both 
vibration isolation hom the otl1er dishes and the canister and airspace between each petri dish. The 
BRIC-lOO canisters are !lown in sets of three, and H shmdard middeck locker can accolTl modate lip tu 
six BlUC-lOO canisters. 
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Specificatioils 
Dimensions: lJ 4.:1 mlTl x :3~ 1 111 111 

Weight: 4.5 Ibs 
Power: :--Jone 

Data Acquisition 
~"1one 

Relitted Ground-Based Hardware 
None 

Hardware Publications 
j\'nne 

Missions Flown 1991-1995 
B I1TC-O:VSTS-64. BHIC-04/STS-70, BRIC-Q.5/STS-70 

Life into Space 1991-1998 
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a. 

Biological Research in Canisters (BRIC-60) 

Hardware Description 
The BlllC-GO caniste r is <Ln <UlOchzed aluminum c.ylinder with an upper <md l()wer chamber. Four pre~
sure rehe f holes in each chamber accommodate the rapid depreSSUlization requirements of the Space 
SJ11ittJe while maintaining a light-tight e nvironme nt inside the caniste r chambers. This canister wi.l.l fit 
inside the Life Sciences LaboratOlY Equipment (LSLE) gaseous nih'ogen (CNz) freezer. Up to nve 
canisters can be flow)) at ambient middeck conditions in a shUldard middeck locker. 

Twelve 60-mm petti dishes (total of 24 per canister ) or 13 Teflon tubes (touJ of 26 pe r canister), for 
growing seedlings, ca.n be placed inside each canister chamber. Litlriull1 hydJ'Oxide (C0

2 
absorbent) 

has also bee n flown imide these caniste rs lor specimens that produce carbon dioxide (C0
2

), 
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Specifications 
Dimensions: 82 mm dialll. x 32 rnm 
Weight: 1.9 Jbs 
Power: N/A 

Data Acquisition 
~one 

Related Ground-Based Hardware 
None 

Hardware Publications 
None 

Missions Flown 1991-1995 
B RJ c-o l/STS-68, 11 R I C-03ISTS-G,3, B R I C-06/STS-69 

Life into Space 1997- 7998 
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Siorack US1 Experiment Hardvvare 

Hardware Description 
Biorack is a reusable, multiuse r facility, developed by the European Spacl! Agency (ESA), deSigned for 
S\lJdying the eHects of microgravity <md radiation on cellular functions amI developlllent,u jJrncesses in 
plants, tissues, cells, bacteria, and small invertebrate ~ . The facility is equipped with a coole llf"reezer, two 
iJ1Cubators, and a glovebox. Expeliment hardw,u'e must At in one of h;yo l,pes of sealed, anodized alu
minum c-ontainers. Type I containers are 00 x 58 x 24 111m and Type II containers are -:-9 x79 x 99 111m. 

The USl hm·dwarE. is designed to study the effect~ of high-energy ionized pru1icle (I IZE) radiation in a 
biolOgical dosimeter. Organisms can b~ flown in the configurations described below. USJ hardware 

made use of both Type I and Type II containers. 

Subsystems 
Lexan Tubes: LeXaJl polycarbonate tubes are assembled in four-tl lbc and eight-tube configurations in 
Type I c-ontainers. These tubes maintain tJle nematodes in liquid buffered salille. The containe rs also 
feature CR-39 fUm to document Lhe b-acks made by the racUation, kimfoil sheets to keep the rum 0;\,"),

genatecL ,Old Thenl10luminescent D etector assemblies to measure radiatioll received . 

Radiation Cartridge Belt Tlte belt made of Nomcx fabric consists or pockets lined witll PyTel] fomn. 
Ve lcro tabs secure the expelime nt packages. The belt is attached to the Space lab tllnnel to absorb radi
ation cmel contains five Type I containers with specimens and one ambient te mperature recorder. 

Nematode Stack Assembly: Twe nty-e ight layered assemblies are contained within each TWe II wn
t,uner. These assemblies consist of a base support, \vonnlagarose layers on millipore filte r pape r, CR-:39 
film to track the path of radiation, kimfoil sheets, Wld Teflon sheels to act RS a nOli-stick SlJrfilCe to pre

vent dislodging the wonnlagm'ose layer postflight when removing the CR-39 fUm . 
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Specifications 
Dimensions: 6 T) pe i containe rs (YO x 50 x 24 111m each); 
2 Type 11 cont"line rs (79 x 79 x 99 m:n paeh) 
Weight: unknm\ !l 
Power N/A 

Data Acq,,.isition 
:">lone 

Related Ground-Based Hardware 
Kone 

Hardware Publications 
• Nelson, G.r\. , W.W. Schubelt. G.A. KllZ.<llians, C.F. 

Richards, EV. Benton, E.r. Benton, and H.P. Henke: 

Ge netic ,mel Molecu lar DOSimetry of 1 IZE RacUation. 
In: Biorack 011 SplIceiab lNIL-J . ESA SP-1l62. 
Noorclwijk the' Netl lc rl ,md~: "~SA Publications 
Division , \llareh '[995, pp. 4 1-50. 

• Lije SciCIIC~ LaboratOlY Equipment (L,)LE ) Oil-line 
Calalug. NA~A, 1.998. httpJIliJ"esci.arc. 'laS<l.l:rov: IOC.Isle.. 

Mission!i Flown 1991-1995 
IMlr I/S [S-42 

Life into Space 7991-1998 
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Biorack US2 Experiment Hardvvare 

Hardware Description 
Biorack is a re usab le, mu.i tiuser racility. d eveloped hy the Europe:lI1 Space Agency (ESA), designeu lur 
studying the e ffects o r rnicrogra\~ty ,md radiation on cellular fum:bons and developlllent.J processes in 
rlcmts, tissues. celJs, bactelia, and small inve ltebrates. The tllcility is equipped with a cooler/frt>t'ze r, 
tw"O incubators, ,md a glovebox. Experime nt· hardww"e mllst fit in one o r Lwo l:lle~ or sealed, ~lIl odj:t.ed 

aluminum (.-ontainers. Type 1 conta!ners arc 00 x.58 x 24 min. Type II containers ,m~ 79 x 79 x 99 nnn . 

The US2 hardware is designed to study the e lTccts of Illicrogra~ty .:md radiation 011 cellular cmd genetic 
structures. US2 hardware used onjy Typ e I co. 1 tainers. 

Subsystems 
Cell Chambers: Each double chamber has two culture wells consisb ll~ or it Lexan challlber !"ittcd witJ1 

a movable piston and a molecular layer of sj Jjcone to ease piston t rave l. The yeast plate ha~ two groovc:d 

areas into whicb Le.xan lings fit. Prior to fixation , the piston is puslwd clown tn vent the air inside' the 
chamber. Fixative is injected through the piston with a hypodennic s)'linge. 

Culture Assemblies: Four of tire double cll<unbers (total of eight cultu re wells) w'e placed into a boa)' and 
il1Selted into T)1Je 1 c,·Olltaillers. The tray holding the chamber!> is fitted w iLh a pad t(l enStlre that tIlf' 
chcunbers are held adeyuat'e'y i.n place. TiI('sf' c-ontainers w'e opened on ly insicle the Biomck g lovebox. 
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Specifi~ations 
Dimensions: 12 T )-pc I cuntainer<; (90 x .5-~ x '2-1 m m t"Clt:h) 
Weight: 924.8 g eacb 
Power: N/A 

Data Acquisition 
I\ O]JC 

Related Ground-Based Hardware 
I\one 

Hardware Publications 
• Brusc:lli. CY and M.S. Esposi to: Cell Dhisicll, \I itutic 

Heco1l1bination am' Onset nl"Meiosis by Diploid Yeast 
Cells lluling Spat:E' Flif!,ht. In: Riurack 0 11 Spacelau 
IML-l , ESA 5]'-116:2. :\"oor(k~~jk. tIlE' \/e tIle' rialltls: 

ESA Publicaliolls Division, y!arch 1995 . pp. ['):1-8:1 
• Ufp Sc;(mres Laimrat()l"Y Equiplllent (LSLE ) Oll-lille 

Catalog. ''\ . .\5A. 1995. htipj/Ii.t(;sci.w·(".TI<L"'\'~O\" !()()/l~ll'l. 

Missions Flown 1991-1995 
ry! L-l/STS-42 

Life into Space 1991- 1998 
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Biorack US3 Experiment Har'dvvare 

Hardware Description 
Biorad is a rellsabje . multi user facility, developed by the Eurupe.Ul Space Agf'lIcy (£~A). designed I(J r 
tud~ing th~ effects of mierogr(lvi ty and radiation on cell uhtr functions and de\'elopillental procC"sses ill 

plants. tissues, cells, bu(".cJia. and ~m,lll invel1cbrates. Th(~ racility is equipped will I it coolerlfree'l.er, 
two incubators. ,md a glovcbox. Expe riment harclwarc must II I in one of two typ f'S 0 1" scaled, 'UllXiiz.;:d 

aluminum mntain~ rs . TnX' J C'Qntainers are 90 x.58 x 24 111m and Type II contai ners mT: 79 x 79 x 99 nun. 

The US:3 hardwdre is designed to shJdy the effects o f m i (; rognl\;i~' on cell clullires. U S:3 hartiw,u'e llsed 
only Type I mntaille rs. 

Subsystems 
Cell Chambers: The duun ber is a Lex.m polycaj"bonate \'.'ith tVV"f) wells. In each we ll is a bllbble of a gas 
e.\:changing material that eXl)cU1ds or collapses as Illcdium is "dded or relllOvtJ. A silicon rubber gaske t 

~lnd bottom p la' e hold ceUs clJrured on covers~ps. A c.icflector ling in the bottom 01 ' Lhe chamber pr€'
vents fluid forces from dislodging or shearing the ceUs. 

Chamber Assemblies: F our cultme chambers (eight wells) are inverted ancl plact"'r1 Ollto a buy inserted 
in a Type T m ntainer. The chamber unil~ are he ld in p lace by duuble-sidt:d tap, . ,\ 1cdium c:>"change 
and fL'llition are perfonlled by inserting a It)-¥Jdermic needle through the gasket and o nto the cultures 
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Speci fications 
Dimensions: 20 T)l* T cont'U IJ<:fS 100, .S'):\:2-t I1 llll (del. I 

Wei~ht UnlallJ\\11 

Power: KIA 

Data Acquisitioh 
NOllt' 

Related Ground-Based Hardware 
NOIl l' 

Hardware Publications 
• Duke . r .J., D. Montul: .r-Soli.s, .mel E. D aan\:: 

C I,onurogf'nesis in Cultufes or ,",~mhryonll' \101&.5e 

L il llb ~ I esel l c:h)mf' E.\T>!\se:ltu ~lic: rognl\it)' . In: 
Biurack oll S7)(Jcdflh [ .\{I ri. [,;S:\ ~P- llt:>2. ~llOrchdjk. 

th~' :-':ctherhUlds: ESA PuhiicaLiuns Di\1Sion. ~'I arch 
HJ~)5. pp. 1 15-12 • . 

• Life Scicll ,'r, LaborlllOI1.1 El/Ilipmelli l LSl.£ I Ol/-Li/l£' 

l(((((/og. )J r\SA. l99K http://lill·stiarc. nasa.guv: ll~1I1s1(', . 

Missions Flown 1991-1995 
IML- l/STS-l2 

Life into Space 7991 - 1998 
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Siorack US3 Syringe Racks 

Hardware Description 
The S)'1inge Racks are storagt> devices lor use with the Biorack US;3 expcJiment hardware. The racks are 
designed to hold the sylinges that ,u'e used to perform medi1.llTI cxdl<mge amI nxatjon 011 the cell cu.l
tures. TI]e racks, madp. of Lex,m polycarbonate, are designed in tll ree difJeren t configuratiolls. Each Hts 
in a different location: tile Middeck Locker Stowage loselt , the cooler, and the ii·eerer. TIle Ccx1ler 
Rack is designed ('0 hold 40 syringes mled with replacernent mediul1I . The Stowage Rack is designed to 
hold tllC replacement medium .!>yringes tlJut are b',UlsfelTed iiolll the Cooler Rack follOWing Biorack actj

valion. The Freezer Rack is designed to store the S}Tinges containing removed con(~tioned mediulll . 
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Specifications 
Dimensions: Unknown 
Weight: Unknown 
Power: JVA 

Data Acquisition 
Kone 

Related Ground-Based Hardware 
None 

Hardware Publications 
• Duke, P.J., D . Monturar-Solis, ,md E. Da<w e: 

Chondrogenesis in Cultures of Ernblyonic Mouse 
Limb IVl esenchYlTlc E.x]Josed to Microgravilyln: 
Biomck on Spacelab I i'vlL-l. ESA SP-1l62. S oordwijk. 
tile Nelherlancls: ESr\ Public:alions Division, March 
189.5, pp. 115-127. 

Missions Flown 1991-1995 
T\tI L-VST~; -4·2 

Life into Space 1991- 7998 
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Cosmos 2229 Hardvvare Suite Overvievv 

Hardware Description 
The Cosmos 2229 flight hardware suile is ;1 highly integrated combination of NASA and Hussi<m sys
te ms. The hardware supports ne uromuscular, ne urovestibular, and circadian rhythm/ temperature 
(CRff) experiments by U.S. ,mel Russian investigators. Substantial ground-based hardware was devel
oped for pre-tmd postflight testing, calibration, and data collection. 

Subsystems 
Head Electronics Assembly (HfA): The HEA provides interface points for head-mounted physiologic 
sensors and preconditioning lor data Signals. These signals include eye position, vestibular nucle i 
response (VNR), eledroencephalognun (EEG), electrooculogram (EOG), brain temperature, as well 
as the fo]]owing Russi,m signals: p02, elec:trostimulatic1n, rheophlethysmography, and intracranial pres
sure (TCP). The assembly also serves as a platform for mounting head motion velocity sensors. 

The NASA-developed components of the HEA <lre ll ll -'!e ci rcuit boards: the mother, daughte r, and 
baby boards. These boards are stacked on the Russian-supplied base mounting ring, which is fixed to 
the primate's sl..1111. T he e ntire assembly is enc~osed by the Russian-supplied cnmial cap. 

Circadian RhythmfTemllerature (CRfT) Hardware: The CfVr hardware consists of a sensor array, a 
combined Signal processor <md data recorder uni t, and an interconnect box. The sensors measure the 
following pmlll11ete rs: n lotOI' >'lctivity, amJ:.ient te rnperature, brain temperature, and three channels o r 
skin temperature. 1111:: Signal processor records the above parameters, as well <1<: Russiall-suppLied heart 
mte and deep body tempe rature Signals. Thfl inte rconnect box proVides ~Ul interface between the sen
sors and the Signal processor. The C1Vf hardware is baLtery-powered. 

Neuromuscular Hardware: The neuromuscular hardware consists of a tendon force sensor, six elec
tromyogram (E~G) e lectrodes. and associated Signal conditioning circu itry. A T endon Force 
Compensation Modllle pJ'Ovicies temperature compensation and voltage scaling. 

Neuroyestibular Hardware: Two angu lar rate senso rs, one each for yaw aml pitch , are mowlted on the 
crani,J cap to measure head motion velocity. 

Power SupplV: The power supply. located \vithin the Russian preamplifie r box, delives its power from 
the Hussian ~plcecraIt power sourc.-e 0[2, VDC. It provides power to all NASA systems other than the 

Cliff hardware. 
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Specifications 
Dimensions: N/A 
Weight: N/A 
Power: N /A 

Data Acquisition 
N/A 

Related Ground-Based Hardware 
Head Electronics Signal Simulator (HESS): The HESS is 
Ilsed for testing of UK' Head Electronics Assembly. 

Hardware Publications 
• COIUlOUy, J.P., M .e. Skidmore, and D.A. Helwig. Final 

Repo/1s (!f the u.s. Experiments FlolC/I on the Russiall 

Biosatellite COSIIIOS 2229. ;.JASA TM-l10439. 19Vi. 
pp. 35-46. 

Missions Flown 1991-1995 
Bion 1O/Cos l11 os 2229 

Life into Space 1991-1998 
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Cosmos 2229 Hardvvare Suite Overvievv 
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a. 

Cosmos 2229 Circadian Rhythm/ 
Temperature Hardvvare 

Hardware Description 
The Circadi<Ul Rhythmffemperature (CHIT) hardware is .m enh~mced version of the s),5tem flown on 
tJle Cosmos 2044 m;ssion. NASA-provided equipment includes sensors cmd signal conditioning equip
ment to measure skin temperature, brain temperature. ambient temperature. ,md motor activity. 

Subsystems 
Sensors: Motor activity is monitored by Cl piezoe lechic sel1SL:' attached to the monkey's restraint jack
et. 111ree thenl1istors attached directly to the monkey's ankle, thigh, emd temple measure skin tempera
ture. The thigh emd ankle sensors are glued to the skin and then taped in place to provide additional 
snpport. Brain temperature is recorded by means of eill electrode implanted supelior to tbe caudate 
nucleus of the brain. The sensor contains a microhead themlistor encased in 25-gauge stainless steel 
tubing with leads to the Head Electronics ASSN> bly. Ambient temperature in the Biocosmos capsule is 

monitored by a thel111istor located at the bottom of the plimate chair. Heart rate is deIived from clle 
Russian electrocardiogram (ECG) implemt signal by a Russian R-wave detector. The output Signal con
nects to the Circadia:'1 Rh)thm/femperature Signal Processor (CRIf-SP). Body temperat1Jfe is mea
sured by a Russian-supputlO tdememc sensor implanted subcutaneously in tJle axilla. which provides 
data as a frequency output of the sensor, proportional to body tempt:rature. 

Signal Processing: AU parameters are ree:orcled by tJle CRIf Signal Processor (CRIf-SP), which [unc
tions as a self-contained Signal-processing tU1d eUgital data storage device. It conditions inwming Signals 
for processing and stores -lata [or later recovery by a ground-based computer. Data collection and stor
age is conhuUed using a commercial vlTARTS/VITACORD software package. An interconnect point 
between tJle ser.sors and the cprr-sp ~s provided by the CRIf Intedilce Box (CRIf-IB). 

Power Supply: Power [or tl-te Ct' . .;)'Stl=1Tl is supplied by 16 batteIies (9 volt) and a precision 5-volt 
regulatur. 
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Specifications 
Dimensions: Nt A 
Weight: N/A 
Power: 16 batteries, 9 volts each; 5-volt I"f'gulator 

Data Acquisition 
Motor activi ty; brain, skin, ambient. emd acllary tempera
tures; hemt rate 

Related Ground-Based Hardware 
Ground Readout Unit (GRU): The GRU tests the ope ra
tion of clle CRIf-SP. It is also Ilsed to begin data sampling 
and to recove r data stored in the CRfJ'-SP. The GRU 
co nsists of an IBM r.ompatible compute r. a CRrr 
Interrace Board, and a plinter. Like the CRIf-SP, the 
GRU runs tJle vlTARTSNlTACORD software. 

Hardware Publications 
• Connolly. J.P., M.G. Skidmore. and D.A. Helwig: Fillal 
Beport~ o/the U.S. Expcdmcl'lts F10lvn 0 11 the Russian 
Biosatellite Cosmos 2229. ;'\ASA T\ll-1 10439, 1997. 
pp. 36-37. 42. 

Missions Flown 1991-1995 
Bion 1O/Cosmos 2229 

Life into Space 1991-1998 



Cosmos 2229 Circadian Rhythm/ 
Temperature Hardvvare 
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a. 

Cosmos 2229 Neuromuscular Hardvvare 

Hardware Description 
The equipment lor the neuromuscu lar e>q:>elilnents aboard Cosmos 2229 includes illlpl.mts and pre
.lmplifie rs for electromyogram (EMG) signJ:lls and implants, transducers, and preamplifie rs for tendon 
fort'e measurements. EMG and tendon furce data are logged by the Russian Data Recorder. 

Subsystems 
EMG Electrodes: The E\tIG implants are bipol<u' intramuscular electTodes made of very nne multi
stranded, te non-coated, stainless steel wires . For tlte Cosmos 2229 mission, six e lectrodes were 
impl<U1ted in four sites. 

EMG/ECG Boards: Located in the Russian Preamplifier Box, the circuit boards provide p reampliRca
tion of the EMG eletirode signals, which are used to analyz:e foot pedal , locomolor, and postural 
motor control. 

Tendon force Sensor Assembly: The Tendon Force Buckle, an active strain gauge half~bridge, is sur
gicaUy implanted in the ~ubject for measurement of tendon force. The Tendon Force Compensation 
Module. pro\~cling tempe rature compensation ancl voltage scaling. makes up the other half of the 
blidge. The sensor and the mooLJe m'e connected by an integral cable. Tendon activi ty is achieved 
lhrough subject use of the Russian Foot Pedal hardware. 

Tendon force Signal Conditioner Board: LoC<'lted in the Russian AmpliHer and Test Control Box, the 
circuit board prOVides excitation to the Tendon Force Sensor as weU as offset. gain, and fi lteting of the 
signal derived horn the sensor. 
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Specifications 
Dimensions: ~/ A 

Weight: N/A 

Power: 2i VDC 
Maximum Strain: 40 Ibs (tendon force) 

Data Acquisition 
Electromyogram data, tendon force data 

Related Ground-Based Hardware 
Ground Test Unit-2 (GTU-2): The GTU-2 is used to test 

the tendon fort'e and E\:lGfECG bocu·cls. 
lab Test Unit ILTU): The LTU is used for ground-based 
animal studies requiring E\:IGIECG ancl tendon force 
measurements. The L TU has h,mlware identical to the 
fligllt suite, contains EMGIECG and tendon force bocmis, 
and provides p reamphIlcation of the EMGIECG <mel ten
dOli force Signals. 

Hardware Publications 
- Cregor, RJ . lUlel T.A. Abelew; Tenc\nn Force :vleasure

ments and Movement Control : a Review. Medicine Wl<! 

Science in SPOIts alld Exercise, vol. 26(1l ), Kovember 
1994, pp. 1359-1372. 

- Connolly, J.P., ~1.G. SJ,.'idmore, rule! D .A. Helwig: Final 
Repo'lts of the U. S. R,perimellts FLowl1 on the Rlissiw. 
Biosateitite COSI1W S 2229. NASA T:'VI-1I0i:39, 1997, 
pp.38, 42. 

Missions Flown 1991-1995 
Bion lO/Cosmos 2229 

Life into Space 1991-1998 
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COSITIOS 2~29 Neurovesfibular Hardvvare 

Hardware Description 
The Cosmos 2229 neu.rovestibula r hardware measures vestibuhu· nucle i response (V7\lH) and direction 

and velocity of plimate head move ment, <:Liven by rotational allCl oscillating devices and the associated 
neurovestibular res!Xlnse due to microgra"ityexTx)sure. 

Subsystems 
Angular Rate Sensors: These sensors, one e?..;h for pitch ar~d yaw, measure head motion velocity 
(HM V) and are mounted on the outside of the Cnulial Cap. 

HMV S:ilnal Conditioner: The conditioner receives input from the HMV sensors alld pro'v;cles output 
vo:tage levels proportional to the Fitch and yaW angular rates. The pitch and yaw outputs are then rout
ed to the Russian Final Ampliller Box. 

Amplifiers and Preamplifiers: Supplied in the form of hyb lid integrated circuits, the ampli.flers :lJld 

preampliBers include a multiplexing VNH amplifier, which prec-onditi0% a total of seve n Signals; two 
logiC !.ignals. wllich control a multiplexe r in selecting arnong fou r sClially switched inputs (lor recording 
on a RlIssian recorder channel); and an EEGIEOG hyblid, which conrutions elecb·oencephalogram 
(EEG) and e leclTooculognun (EOG ) signals. 
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Specifications 
Dimensions: N/A 

Weight N/A 

Power: 27 VDC 

Data Acquisition 
Head motion velocity ( ~)itch and yaw), vestibular nucle i 
response 

Related Ground-Based Hardware 
Four-axis Vestibular and Optokinetic Rotators: The 

rolators are used pre- ancl postOig ht to presen t neu
rovestib ... hu· stimuli . 
Multi-axis Rotator: The rotator is useo for pre- and pnSI
fljght sturues of p li rnate eye POSitiC; I, V~R, and H'stibular 
pJimary affe re nt respollse. 
Portable linear Sled (PLS): The PLS is llsed pre- anJ 
postflight for IOcasurements eluling hOlizontal osc:illaliom; 
of specwed frequency ,mel sinusoidal ac:c.-elcl1ltion. 
Ground Test Unit-1 (GTU-1): The GTh-l is IIsed pre- and 

postilight lor eguipment testing LUxl data recordi ng. 

Hardware Publications 
• Connolly, J.P., M .G. Skidmore. and D.A. He lwig: Fillal 

Reports of the U.S. Experilllents Flown Oil the Russian 
Biosatelli:c Cosmos 2229. :"JASA T~-U0439, 199T, 
pp. 37. 40-41. 

Missions Flown 1991-1995 
Bion 10lCosmos 2229 

Lifl:! into Space 1991-1998 
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Cosm~.,s 2229 Neurovestibular Hardvvare 
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Dissecting Microscope 

Hardware Description 
The Dissecting Microsc'Ope SUppOli"S gene ral life sciences expeJiments requi ting capabiJties such as 
examination. -ussection, alld image re<.'Orcling of tissues ,Uld othe r specimens. The micro. ::ope is moclu
lar and stoweci when n0t in use . DUling ope rations, it is deployed in the General Purpo~e "Vork Station 
and secured using Velcro. 

Subsystems 
Zeiss Stereomicroscope. Medel SV 8: The microscope featUl"es a continuousl), variable zoom or 8-64 
X magnillcation.lt includes an adapte r to aC'C.'Ol'llnodate a video camera. 

Video Camera: The video came ra record~ images chuing inllight e:>..pe riment operations, which can be 
dc.·mlinked in real time. 

Video Interface Unit IVIU): The VlU supplies powe r to the video came ra and converts tJle Spacelab
prO\~ded \ideo synchronization signal from balanced to $ingle-encled format for use by the came ra. 
Additionally. tJle \flU Simultaneously convetts the video output of thc camera to a balanced, clilTeren
tial output for recorde rs ~U1d downlink. 

Dissecting Microscope Lighting System: The lighting systern provides tJle inciclentligbting requi red 
for viewing through a bifUl"cated IlbEroptic bundle. A cooling syste l n, prime ,md b'lcl-."up J60 \tV halo
gen lamps, and p:otective inlet and outlet screens a re included. 
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Specifications 
Dimensions: Approx 48.26 (l I) x 20.32 (\V) x 2.5.-10 (D) em 
Weight: 10 kg (aU pmts as abo\!~ ) (~ Ibs) 
Power: 28 VDC powe r. approx 15 \ V total 

Data Acquisition 
Video 

Related Ground-Based Hardware 
None 

Hardware ?ublications 
• Life Sciences Laboratory EfJ uipnumt (LSLE J Oll-/ille 

Catalog. l\ASA. 1998. httpJllifescLarc.nasa.go\·: 1000ls!eI. 

Missions Flown 1991-1995 
SL-)/STS47 

Life into Space 1991-1998 
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Frog Environnlental Unit (FEU, 

Hardware Description 
The Frog Envimnmental Unit (FEU ) provides a \·entibtcd and temperahlre-c:onh-oUed h,lbitilt for four 
female frogs ,I:, weU as grollps of cb-dol'illg embryos. 1\ ccnbifllge inside the FEU pro\~dtS .01 wtiflci~J 
Earth I-G environment and can ;l(:l:ornll1odate up It 2.'1 E~g Ch,unlkr Gnits (ECUs). A sepamte (:om
partment inside the FEU provides e:q)Qsllre 10 microgravity condition!> for an adrlitional 28 ECUs. 
TC>f;ether. th~ systems oOer the capabiUty tor simultaneous siJe-by-siue e.\lJeJiments consisting of both 
3 O-G ··t:re-.thllent"· gmup and a I-G ··oontrol" group. 

Subsystems 
Aduh Frog Box! Frog Box Chamber: The bo:\ C'U1 housf' four adult female frogs and is di\~cleJ into two 
compartments , WitJ, each C:Oll1partmellt ac'C"Ornmodating tWl ' frogs. The frog compartments ,u·c lined 
\"ith a soft, absorbent material to pn?' ·ellt skin abr-a.'>ion. Frogs arC' kept moist \\~tJl Ringer·s solntion, ,1 

solution 01 d tiOlides of !>odium, powssium, ;1nd calciUln that is isotonic 10 <Ulimal tissue. The frog box 
slides into the FEU and mates with an air supply ,~a quick disc:onnects. An aqu,uium-style air plH:lp 
prcddes ventilation. 

Egg Chamber Units (fCU): Egg Ch'UTlbl.'r unils consisi o[ I"lll~ r p'illn p;e..:es assemhled to fUll n an incuba
tion chamber [00" the growing embryos. The ev.gs ,U"C placed on a stllinJcss st,::cl g.id iJlsicic .. ill egg baskt't 
and httH:1 onto the eyepi':l.e unit. '111e eyepie<:.-e features a ';e\'11OIi fc·; -V·" '1inulg el nbl)u. using a micro .. 
scope and \ideo equipment. The chambers Illay be filled \\ith Rin/St:"s <olution ,Ulrl C<Ul aC:COlTIllIOLhlt 
uljections of fixatives or otJ~er male ri 'u.~ . 

Power and ConlrOl Systems: Tile Po-woer Conditioning 
cIistJibutes it to the vmions FEt; subsystem ~ . The PC 
trHing. and openltion of the Fr.\...'. 

nit (peU) ue<.-epcs power from Ull.' Spacei .. lb ,mel 
:onb-ols .md inclic-:ltors provide for set-up, moni-

Centrifuge: -O,e cenbifllge pm,~d(:5 ,01 arnnaal gra\~ty force o/" J G for onboard egg chambers. Tt has a 
double Iy)W of slots, color .. (..'oded ttl IY,::Ill-h the egg d"m,bers. 

Kits: The HlInlWl ChOlionic Gon:ldot:-cphin (TlCG)/Spenn Kit oontnins separate s)'1inges f1UeJ witJ l 
HCG alld Ringer's solution an'; SIJenn Packages for holdiJlg SIJellll suspension ano whole frog testes. Th 
E~ Ch<Ullber Operations Kil holels forceps wld pehi dishes for egg hLUldling. Ringer's Kits contain sepa
mle ~)rringes for Ringel··s solution alld ..l mixture of Ringer's and Fic:oU. Fixation Kits contain sep.U"ate 
s\linges for two ~pt:s of fixative; a cliJlItp acetic acicVdidlmmate buffer :U1d fonnaldehyde. Thl! Excd Egg 

hamber Kits c:ontuin boxes for holdine: pgg ch,unbers after fixation, as weU as e.\1ra s)Tioges fOi n."X<ttion . 
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Specifications 
Dimensions: 3:3.24 H .\ J9 \\ .. \ 2.SA5 D inchl'!> 
Weight: - 130 kg 
Power: - lOS W. 2& "DC 
Temperature: 1S °C <lUli ng the tJ\lllalion c~ ·c1e , 2 J <C 
after egg ferti liza tion, .ldjustabk .. by ± J ~C ill 11:2 °C 
ilicrt' l nents 

Data Acquisition 
12 channels of analog data: tempcmhlres from the :3 ,";UIl 

FEe C"Ol11pWilllents. (l uiel loop water lempc l~lhJI'(' , elec
tronics box ail· temperature. 
Single channel of Pulse Code Modulation data: ccnhifugt: 
rpm information, discrete hcm.l,,',u"f' status. 

Related Ground-Based Hardware 
Engineering Development Unit (EDU): Tile EDU I ~ <l 

fully fllll(;tional nOllllighl n :rsioll of L1le F(:;:L us~d as a 
tmin i n~ and demollstration WUt. 

Hardware Publications 
• Schmidt , G.K., S.M. BaH. T.\1. Stohuik, <Uld i\1.T. 

Eoclic:e: DCJ;£'{upment and Flight <1 till· t\.AS'-\ A/Ilw 

Rew:arch Ccllfer Pa!Jload tlI"I Spacrlab .. j. NASA T~J .. 
112~j3. July l W3. 

• Life Sciences Laboratol1J £(ILlip ll lI ' IIt (LSU::l Oll-lilll! 
'al,,{of'. NASA, I 99S. ht1 pjll.ifl!sci . ill"(: . n:Lo;;l.~O\ · : J 

Missions Flown 1991-1995 
SL-J/STS·.L(-

Life into Space 1991-1998 
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c. 

Gas Exchange Measurement System (GEMS) 

Hardware Description 
The Gas Exchange Me,L~ure Irlent System (GEMS) is designed to me"L~l1re plant photosynthesis. respi
ration. transpiralion. and other environmelilal paramete rs within the Hussian Svet G I-JcnholJse on the 
.vlir spaee station. 

Subsystems 
Leaf Bag Assemblies: 'Within the Svet growth chumber. these assemblies enclose the at:Jial p.uts of the 
plllnl~ "'1d the gaseous environment immedialely aro1lnd them. Each asselnbly eonsists of a biax lIylon 
bag wilh a hard polycarbonate top, held to its base by telescoping aluminum legs. Sensors lvithin the 
bags lTIea~ure light levels, leaf temperature. und air temperalure. 

Air Filtration and Integration Assemblv: Located outside.: of the SVE' t growf-h chamber, this usse rnuJy 
ensures that the concentration of g'l.ses in the air leading to the Leaf Bags is uniform. it consists of an 
alumiJlum top holding a biax. nylon integration bag. an ai r filter, ancl a blo'wer liUl. 

Gas Analyzer System (GAS): The GAS measures inFrared absorption of CO2 and H20 in tJle air enter
ing and exiting the Leaf Bag Assembly. II- CCUJ also rn e(L~ "re air flow r"ltc, air te llJperatul'C, and air pres
sure. Mel'S\!' ~ments are ITIHtle evely 3 seconds and detect CO2 and H20 differences of 1/5000 for 
accurate nd photosynthesis (Pn) ,mel trallspiration dcknnination. 

Moisture Probe Packino Bundle (MPPB): The MPPB con t.ains sensel)' probes placed i.n groups along tJ1C 
plant I"ONS of the Svet root module. Each sensor probe cOlltains ,Li'I intel1lal heater and te tnperalllre 
senSJr. Tilt heating unc1 cooling pJ'ClHlcs of the probes allow cletenninatiol1 of soil 1lloislure conlent. 

Environmental Data System (EOS) and Data Collection and Display System: The EDS receives, encodes. 
and st.ores data from environmental sensors in vminus GE1VIS subsystems, inclurl il1'.( lile Leaf Bag 
Assemblies. the GAS, and the Svet root module . .It also controls lim speed ,mel COUI 'cts data fi'orn the 
soil moistw'e probes. onct" inserted in the Svd root module. All data are stored in and displayed on the 
Data Collection and Display System. an IBM model 750c notebook computer with solt l u'e to control 
GEMS nlflctiollS. Calibrated data are displayed in English and Rl1ssian. 

Power Distribution System: This system tl'l1l'lsforms 27 VDC Mir power to the various voltages required 
by the GEMS electronic units and provides switdl(lble control or otJ1tlr electronic components . 

Water Row Meters: The meters IneaSLIre Svet water injeetion volume, allOWing aecurate I.vuter Ix uance 
measurement.s to be made on the Svet root-modu.les. 
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Specifications 
Dimensions: N/A 
Weight: 39 kg 
Power: <1 amps (maximum continuous current) 
Air Flow Range: adjustable .5--50 r /min (each lear t:hamber) 
Air Pressure Range: cabin pr~ss l.l re 
Humidity Range: c.luin h11lnic!ity 

Data Acquisition 
co2, H20 , O2 and light levels; lear, air. and soil tempera
ture; soil moisture; air pressure and fl ow rate; absolute 
pressure; h11l'nidit)'; waleI' injection vol um 

Related Ground-Based Hardware 
Non 

Hardware Publications 
• SalisbIJJ)" ro.I3., G.E.Bingharn , W.ro.Campbell . D.L. 

Canll lU1, D.L. B.lbenite im, B. YencUcr. ,md G. Jahns: 
Gro",,;ng SlIpcr-DwarfWheat in Svet on tvlir. L~f(! 
SII PPOIt & Biosphere SCience, vol. 2, 199,:;, pp. :31 ...... 39. 

Missions Flown 1991-1995 
I\ASNMirPha~e lAiSTS-7VSTS-74 

Life into Space 1991-1998 
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General Purpose Transfer Unit (GPTU) 

Hardware Description 
The General PU'1X1se Tra'1sfer Unit (GIYJ'U) permits transfer of rodents ill cages from tlw Hescm'ch 
Animal Holding Facili ty (RAllF) to tlJ(~ General PUJ1)ose Work Stalion (GPWS). The CPTU has (\ 
Lexan frame with a slic~ng access door that interiilces with both the HA HF and the GP-VVS. A Tyvck 
sock attached to the frame enc:loses the rodelll cage during transfer. The GP1'U is speci fi ca lly 
deSigned to provide a second level of p,'IIticulate containment. For inlcrhwe with the HAil F. an 
adapter is required. 
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Specifications 
Dimensiol'ls: Frame: 12 x f) x 3 inches, Sock: 25 x 1.5 inches 
Weight: 4.1 11Js 
Power: NIA 

Data Acquisition 
None 

Related Ground-Based Hardware 
None 

Hardware Publications 
• Bonting, SJ ,. Allimal Hese.u·ch Facility for Space 

Stalion Frecdorn . AdtXIllces in Spac-e Resea·rcft . vol. 
12( l ), H)92, pp. 2'53-257. 

• Life Sciences Lahoralory Equipmellt (LSLE) Oil-Lin 

Catalog. )IASA, 1998. http://lifcsci.arc . ml~a.gov:1 00I1sll!i. 

Missions Flown 1991-1995 
SI.S-lISTS-40, 5I.S-21ST5-513 

Life into Space 1991- 1998 
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0. 

General Purpose Work Station (GPWS) 

Hardware Description 
The General PUlvose 'vVork Station (GPWS) is a multipurpose sUPlx)lt hlcili ty for c:undueting general 
laboratory operations with in tJle Spacelab. The GPWS SUppOlts biological experiments, biosampling, 
andmicrobiologia:u expeliments, and it serves as a closed environment for C'Ontainl11ent while routine 
equipment repai r or other intlight operations are pelfolllled . The GP'vVS provides the essential work
ing space and accommodates tJle laboratolY equipment and inshlll1lents required fo r many life sci
ences investigations. Housed in a Spacelab double rack, the GPWS is selJ~eontained, apalt from power, 
data, .:md cooling interfaces. 

Subsystems 
Cabinet: The rack-mounted . re tractable cabinet· pro,,;des laboratOlY work bench accomlllodations. 
illcluding airflow. power, and lighting. The front door of the cabinet allows large expeli mental hard
ware to be ha.nsf~ ITed inside during flight. POlts on the front and side of the cabinet allow two crew 
members to simultaneously perfolll1 ta!>ks inside the cabinet using gauntle ts. The entire cabinet may be 
locked into olle of tlu'ee extended positions dUling use or fully recessed into tile rack for stowage. 
"Vaste may be deposited in a disposal compartment tlu'ough rubber slits 0 11 tile rear wall of tile inte rncu 
work volume. 

Containment Control System: The system is designed to clean t'he air within the work volume and"pro
vide uiohazard protection. It includes a circulation blo'vver. a main Trace ContarnimUlt Conh'ol System 
(TCCS) caniste r, a vent canister. High Efficiency Particulate Air (HEPA) filte rs, absorbent fiberglass 
blotte r pads. and a manually-operated Air Divelter Valve. The GPWS incorporates two modes of ope r
ation: nortn,J. for nominal operations. and reci rculation, to facili tate cleanup in tile event Lhat fl uid and 
debris are released into the cabinet. 

Electrical System: The electrical system accepts r'.ClDe power from the Spacelab for e~-pelimen t 

related equipment. Panels 011 tile front and inside the cabinet· volur:le contain power ~witches and tem
perature (''Onhnls . 

Thermal Control System: TIle Thermal Control System controls air tempe rature inside the cabinet. 
which CCUl he maintained between 20 ,md 29 °C. Caution indicators are illuminated when the system 
/itils to maintain tIle cabinet air temperature to 'vvitlun 2 °C of a set point. 
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Specific'=': jons 
Dimensions: Occupies 1 SpacelabiESA double rack 
Weight: 343.2.5 kg (755 lbs) 
Power: .50 W e:\l)e liment power. total consumption 500 'W 
Work Space: 27.9 x 24 x 22 inches 

Data Acquisition 
None 

Related Ground-Based Hardware 
None 

Hardware Publications 
• Dalton, B.P .• G. Jahns, J. Meylor. N. Hawes. T.N . Fast, 

,Ulci G. Zarow: Spacel.(Jb Life Sciences-l Final Repmt. 
NASA TM-4706, August 1995. 

• Savage, P.O .. W.E. Hillds, R. Jaquez, J. Evans. culcl L. 
Dubrovin: Experiment Kits for Processillg Biological 
Samples lnjlighf on SLS-2. l\ASA TM-468.5. 199.5. 

• Sclllnidt. G.K. anci A.A. Flippen: A Chemical 
Coni(Jillment Model Jar (he General PtII7Jose Work 
Station. SAE Technia:u Paper Selies 94 L286, June 1994. 

Missions Flown 1991-1995 
S!....S-liSTS-40. SLS-21STS-.58. SL-J/STs-r 

Life into Space 1991-1998 
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Gravitational Plant 
P."ysiology r-acility (GPPF) 

Hardware Description 
The Gravitational Plan! Physiology Fa<:ility (GPPF) supports plant studies \vithin tJ1e Spacelab. The 
facility is designed to perform two specific gravitational plant physiology expeJill1ents, but it may be 
adapted to various gn~vitropic, phototropic, circul11uutational, or other studies. Capabilities include I -G 
C:Olltrols and video monitOling. 

Subsystems 
Plant Cubes: The seeds are planted into small wells in a tray containing a commercial potting mTh.iure. 
The trays are placed in a light-tight cube, which attaches to the rotors or the Hec:ording and Stimulus 
Chamber. The cubes are constnlcted to allow infn: red video of the p lants inside . The cubes also have a 
septum for gas sampling and are availabie in two conRgurations with varying number of planting wells. 

Control Unit The Control Unit dishibutes powe r to experime nt hardware and controls the rLUlctions of 
GPPF instruments, which are displayed on a TV monitor. 

Culture Rotor: The C ulture Rotor c.'Ontains two L-G centrifuges to silllulate E"lIth gravi ty. Eaeh rotor 
c.'Ontains 16 plant cubes and is individually c.'Onb'OlIed by the Control Unit. P lant cubes are placed on 
tire rotors prior to b'ansfe r to otller GPPF instrume nts. 

Test Rotor: The Test Rotor operates in the 0-1.,5 G n Ulge. The system includes an inte rnally-moun ted , 
infrared-sensitive video camera head . As tJ1e pl~Ult cubes rotate, they move in su<.'Cession across the 
video (.'Umera field of view to penn it tirne lapse video recording of plant bending. 

Recording and Stimulus Chamber (RESn: Within the BEST, plants ill four plant cubes can be tirne
lapse videotaped before and afte r exposure to blue light, IL~ing infnu'ed recording. The camera takes 
9-seconu exposures ever)' 10 minutes. 

Video Tape Recorders: Two redundant video tape recorders are used to reeol'cI irrrages frol11 the BEST 
and Test Hotor cameras. They record the same inlonnation to ensure successful data c'Ollection. 

Mtsocotyl Suppression Box (MSB): Within the MSB , seedlings are exposed to a red light spectrum for 
up to 10 minutes, which suppresses the growth of the mesoc:oty l to ensure lI11ilonn ,mel stTaight growth 
of the plant and to preve nt intelfere nee in the study of the gravilropic response. 

Plant Holding Compartment (PHC): The thermally regulated PHC mntains gas sampling syringes, rotor 
cow1terweights, plant cubes, and a kit (.'Ontaining seeds and planting implements. 
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Specifications 
Dimensions: Occupies 1 Spacelab double rack 
Weight: 181.75 kg (without stowage) 
Power: U nkllO\.vn 
Temperature: 18 to 22.5 ± I °C 

Data Acquisition 
Video, temperature, doors ope n, rotor activi ty 

Related Ground-Based Hardware 
None 

Hardware Publications 
• H eathcote, D .G., D .K. Chapman, A. H. Brown, <md 

R. F. Lewis: Tbe Gravitational Plant Plrysiology Facility: 
D escliptiol1 of Equipment D eveloped j. )r Biological 

Resem'ch in Spaeelab. Micrograr;itu SciL riCe and 
Techllology, Septe mber 1994, vol. 7(3), pp. 270-275. 

• Hudolph , l.L., R.L. Schaefe r, D.G. HeatlJcotc, and 
D .K. Chapman: DeveluplTle nt of Space flight Experi
menls: 1. Brocompatibility Testing-the 1M L-1 Exper
ience (abstract). American SOCiety ojCraoitatiol1a/ 
Space Biology Bulletin, vol. 6(1), October 1992, p. 47. 

• A.H. Brovvl1 : Gmvitmpic Respollses of Plan 1.5' in the 
AbseTl ce oj a Complicating G-r(wce. :--JASA TM-435.3, 
Februm}' 1992, pp . . 3-- .L2. 

Missions flown 1991-1995 
IML-l/STS425 

Life into Space 1991-1998 
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GPPF: Middeck Ambient Stowage Insert 
(MASI}IP/ant Carry-On Container (PCOC) 

Hardware Description 
Both the Middeck Ambient Stowage Insert (MASI) [md the P!,mt Cany On Container (PCOC) .u·e 
support hardware for the Gravitational Plant Physiology Facil.ity (GPPF) expeJiments. The MASf is 
designed to hold soil trays. wIllie the PCOC holds phmt cubes. 

Eadl is constructed of a standard aluminum box, with a hinged t:over .md latches mounted inside the 
lin. lnside the lid of the box is an Ambient Temperatllre Recorder to automatically sense and record 
iJl temal temperatures dLUing the mission, a hex key, and seed ships. The pOltion of tile hox below tlle 
lid contains five layers of exveliment support hardware. These are packages of expeJiment soil trays 
and expeJiment pl.mt cubes, which are used Vvitlli n the GPPF. The entire package is protected by 
Pyrel foam into which the soil trays and plant cubes are inserted. They are fUlther contained by 
Nomex straps and tape. 
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Specifications 
Dimensions: PCOC: 50.3 x 43.5 x 24.0 cm 
M AS]; .37 x 11 x 9 cm 
Weight PCOC: 8.64 kg (,vith foam packing) 
MASI : 2.24 kg 
Power: ,:\/A 

Data Acquisition 
:"Jone 

Related Ground-Based Hardware 
I\one 

Hardware Publications 
None 

Missions Flown 1991-1995 
IMlr]JSTS-42 

Life into Space 1991-1998 



Foam 

Plant Carry-On Container 

Experiment Hardware 

Middeck Ambient Stovvage Insert (MASI) 
Plant Carry-On Container (PCOe) 

Middeck Ambient Stowage Insert 

505 

'0 



Q 

Q 

Jellyfish Kits 

Hardware Description 
f he rour Jellyfish Kits contain the necessalY matelials l'o maintain jeUyfl,J1 dUJing flight, measure the 
mdialion dose. and apply fixative to specimens, The kils must be stored in clinJale-(:QIItrolled conlain
ment during fljght to provide a constant 28 °C ambient te mperature for the specimens, Vmious hartl
ware items are available to supp0l1 e:--pelimelll activities, 

Subsystems 
Jdllyfish 8agsIKits: Jellyfish are maintained in polyeste r bags "vith polyethylene lining filled "vith artifi 
cial sea w·ater. at a ratio of 1:3. air:solution. The bags are carefuUy cleaned and tested lo r biocompati
bilit)' prior to use, Kit #1 contains nonoperative single compaltment bags tJlat do nol require crE'''' 
manipulation on orbit. Lithium lluOlide radiation rod dosimete rs arc added to six of the .8 bags in Kit 
#1 berore they are heat-sealed. Kit #2 contains eil!ht mu]ticompartment s)'1i ngeJbag assembljes with 
ne to three s)'linges of fixative attached (three-s:/linge/bag assembly illustrated). Each syringe bag 

Ilas two outer bags ror containment and is individually te therable to prevent it fiulTI floating away dur
ing experiment operations in microgravity. KIl #3 is used to hold the fLxed specimens from Kit #2, Kit 
#4 <--ontains smalJ specimen flasks containing the jellyBsl, in ,utllcial sea wate r. The 40 cc culture 
flasks ,u-e made of optically clear polyethylene iUld are useu for Videotaping je U),fish swimming paL

tel1lS in microgravity. 

Chemical Delivery System (CDS): The Che ll.lical Delive ry System (CDS) offers the cap,ibility to int:ro
duce chemicals to the jellyfISh dUling flight The CDS consists of s)'linges 1I10unted via pta<;tic housing 
to fXllyet11elene-lined Kapak r.ags. The system is c1~aned and tested fe r bioc-ompatibilit)f before laune·h . 
l nner and outer phstt..: bags provide biple C'Ontainment. 
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Specifications 
l'imensions: t\/A 
Weight: 20.48lbs lotal 
Power: :oJ/A 

Capacity: l86 cc and 100 jellyflsh/ba 
Temperature: COnSl all t 2R °C 

Data Acquisition 
None 

Related Ground-Based Hardware 
Kon 

Hardware Publications 
• Life Sciellces Laboratory Eqllipmellt (LSL£) On-line 

Catalog. ~j\SA, 1998. hllp:/.lIlesci .arc.nasa.gov:! OOIlsl(',. 

Missions Flown 1991-1995 
SLS- J/STS-40 

Life into Space 1991- 1998 
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NASA/MiT Kits 

Hardware Description 
'venti KASA-designed kits were provided for the I\ASN Mir cl\ian developmental biology expeI;

menls c:ollectively titled - Incubator: ' whicb t -~l the Russian J~ I BP incubator. ano the plant biology 
'lJerilllent titled "Creenhouse:' which used the Russi.m Svet Creenome and the .'-JASrVP.1 .-pro,oided 
;as Exchange Measm-ernent System (GEMS). 

Fixative Kits (Incubator): Fixative Kits consist of double-layered. double-<:h'l1lped plastic bags that hu:d 
the required volume of paraformaldehyde fL~tive. The desifll allo,\'s the ere'" member to intToduo 
into dIe bag the qua.il e<T~ to be fLxf'd wrile precluding (':\vosure of the crew member to the rLxative. 
Each of U,e flxati,'e bags 1U'e enclosed in tum by a large outer ba6, <11so dampe<l. The bags are stored 
\\itllin an aluminum box. Each box hold~ 16 mati\"(' bailS. 

Harvest Kit The kit includes instnllnents for ho:uv('~·"ting lhe pl,Ults. Among oUle)" elements. these instru
ments i.nclude long probes (overall, -40 em; probe ann. 32 em) with small scissor:. ur lweezer.> on one encl. 

FIXative Kit (Greenhouse): These bags of c11emieal Q.xative <.:ontain a solution c1e"e1opcd and tesll:'d b: 
Dr. Ca ll1 pbell at C t,Jl State Unh·ersit.' . based on a fo rmula of .\.IJeC'm\,e ll ami Tn lln ~) : -t parts 

nnaldehyde; 1 ptut glutaraldehyde. bllOered with :-.Ja2P04' adjllsled to pH 7.2 with ~aOII; and sodi
um ande ilLlded lu pre"ent fu ngal grO\vth. Like the incubator fiXiltivc bags. eael l bug is tliplf' sealed to 
prevent the release ofhaz .. u·dous dlcrniC".lls in to Ult! cahill atmosphere. 

Glovebag Kit The gloveb~.g is a large. d ear plastic bag that allows a Single user ac'Cess to its in terior 
tluuugh two rtlbber glo"es on the front sUl{ace of lile bag. A small ai rlock entry POlt is 1000<lted at the 
rear of the bag, which allows the crew member to insc lt samples into the glovebag. The enb:: port can 
be rolled up and c1c'unped shut. if nE!c:essaJ),-

Filter!Pump Kit TI.t:: kit consists of a filtp.J" ,mel pump fOJ" evacualing the air inside Li le glovebag, ill C,15'" 

of.1 hazardous flxati"e spill. 

Dry Stowage Kit The dry stowage kit includes plas tic bags containing siJi t:<l gel as desicc:ml. The I-.it 
slo'\>!) plo:u1t samples not placed into dlemic.d fi.xati'·es. 

Observation Kit The kit includes the camera bracket aJld rulerlcolor chart to be inclildecl in pho
to!!rJphs. The cal nem itseU' ;5 not po:ut of the kit. 

Logbook Kit :lte logbook is !.\Sed to rec"Ord crew observatjons. 

5lJ8 

Specifications 
Dimensions: VA 
Vleight: -:\/A 

Power: t\/A 

Data Acquisition 
1\011 

Related Groun~-Based Hardware 
"'one 

Hardware Publications 
• L~fe Sciences uliJOratory ElJlt ipmclIl (LSLEJ Oll-lillt: 

Catalog. N.-\SA.. J 998. http://lifesci.,u"C.nusa.~O\ ·: 100161 

Missions Flown 1991-1995 
)IASN\ '1ir Phase L'\ISTS-7lJ~TS-7,1 

Life into Space 1991- 1998 
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Olympus 802 Camcorder 

Hardware Description 
The camcorder is a commercial 8-mm model. I t has a two-thirds inch bldlt-in CathodE' Hay Tub 
(CRT) to act as a view/1nder or tape playback screen, T he 8-mm tapes record botJ,1 uurho anti video and 
nm ('or 2 hours, Screw-on filt ers :md ~vidL' conversiOl1 alld teieCollversioll Jenses can be added, 

Alollgwit1l standard features, the camera is equipped with a ulli -clirectionallTlicrophonc, u zoom lever 
wilil macro button, a fOCllS ling and focus selector, a white Lalance selectol' to enable accun,lte record
ing of colors, a high speed shutter selector to properly capture bst-moving objects. (I backlight corn pen
sation button, an AF!Zone Select button to provide automatic fc)clIsing within a se lecL<~d zone in I'h 
viewflnuer, and H counter memOlY button to enable locating t1le same scene (or repeated viewing. 

vVhen used for milling the jellyfish exverilllent on SLS-l, tJU' camcorder Wtl~ mounted on a multiuse 
bracket a~sembiy, , ..... hieh also held H jeUyfish specimen Oask at a Ilxed chstance, This enabled UL'Curate, 
steady focusillg and filming of the movement of tlle jeUyflsh in microgravity, 
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Specifications 
Dimensions: 4,t; x 5,4 x 10,2, inches 
Weight: 1.2 kg 
Power: 12 VDe battelY pack 

Data Acquisition 
Video 

Related Ground-Based Hardware 
:--Jone 

Hardware Publications 
• Dalton, B.P .. C. Jahns, J, Meyl" r. !\ , H<lwes. T,N, Fast. 

and C. Zaro\\!: Spacelah Life Sciences-l Final Report, 
:-JASATM-4706, August L99.5, p, 10. 

Missions Flown 1991-1995 
SLS-1/STS-40 

Life into Space 1991-1998 
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Plant Grovvth Unit 

Hardware Description 
The Plant Growth Unit (PGU ) is H s~ lf~colita i nerl system d(!sjgll(~d to SIlPPO)'t whule plall t growth. The 
PGU OC'(.11piC's a single l11 iddcck locker and can be tOl1!lglll'CU with (;: ithl!1' s i,~ Plant Crowth Clmmlw )'s 
PCC) 0 )' five pees and the Atmosplaelic ExehHng(~ ::i)lsten I (AES). 

Subsystems 
Plant Growth Chambers (PGC): T ht' Plall t Growth C l w mb C'rs (PGes) un ! tile cnlltlli nf' l's in which 
xpcriment subjects are grown. Each PCC consists of' a Td lon-C'Outed, anodized-alu lTlinu lTl base alld 

Lextln covel' secllred to the base hy foul' screws. A thermistor is i llserted illto the ccntc' r of ead l lm~e. 

I'tvICl(; (;'S o ll e or tJ ,c PGCs und (:ircll lutl.!s fi ltered ai l' 

Electrical System: Tile PGU operate's on d ectricnJ power suppJied by tho Sptlce Shuttle. When cxter

Hal power is inl:nrrl.lpted, a non-rechargeahle battt'JY pack maintuins pOWfl l' 10 thl' dah l ll(;[IUisitic)J) elec
tronics and tapt- recorde r. 

Temperature Control System: T t" lI lpcmtl ll'(1 is t'oll tJ'Olh .. rI by h~ul li'om liJree PC U IHlnps clJld onc Ship 
I teal'('/' as w('11 !L~ Ill(' flow or middcck cuhill ai r th l'Ou~h til(' un.it. TCl1ll'orntlll'1'l withill ('IIt'h PGC i ~ rne(l
SIII't>ci by iI tllelm istor or t(' lI lperatHn.: proh( ,. TIll' ,~fl i.~J'e lwc between tJ lC' Sl:' t point tOJl'lpeJ'ah.J(,u ancl the 
avE'1'a~(, tCll1perahu'e is used by the contl'Ol electronics to IT'gll lat(' I he spC'l:d or tilt:: lwo coo~ng fi.m s that 
ci rCli late cabin ajr through til<' PC:U. To llIai lJlain thu desin ,d tel1lpCl'lltl l l'C when the lalil ps .u·c switched 

fT, the strip h(!nlc (' is activated ami the fam contin i 1(' to nul. The tcrnpr ralllJ'(>s u/' the six JJGCs ,mrl tll 
amhient Lemperutu re are measured evely 15 minll tes ~UI(.1 tII lt(lIlhlLically I'l'Gon lf'd 0 11 th!, data tape. 

Lighting System: Lamps (l1'e locntt:d within Lite inturior nf' the PGU to s i Jl1ll l al(~ l\ day/night L)lele (16 
hours on, 8 holll's off). The peu lighting s),stoln consists <l ;l bLlnk of tllrcc fl uuresc('nt lamps contain
in~ J)1I ('att'~t Vi talitc phosphor IOllses, (I rofl f'ctor. un alumil1lllll housing, and ' L'; sc>cint(~d ci rcuitl)'. 

Data Acquisition System: Data ( Jl'tl lutLing cil'('uits arrHl lgt- digitized tt" l lIpt·raturc and light status sig-

1" tlS illto a selial form and datu ti me t<lgs in dn)'s, hOll rs, Hnd Illinlites. Data <I re I'ct'Orded l :velY 1.5 min
utes 01 1 tJ,e tape recorder. 
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Specifications 
Dimensions: 411 x 226 x 48.3 mn I 
Weight: (17 llJs 
Power: 2)3 VD 

Data Acquisition 
Temperalun.:, ~l!h ts ol'voff' 

Related Ground-Based Hardware 
:'>Jont ' 

Hardware Publications 
None 

Missions Flown 1991-1995 
:11 HOM EX-O l/STS-29 ( j 989), CHROM EX·02/STS-41 

( 1990), CH HOM F~X-03lSTS-.54 , CH HOM EX-()4/STS-51 , 
CI J no M EX-05lSTS-68. (;1 Tn 0 ~I EX-OGISTS-6.3 

Life into Space 1991- 1998 
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PGU: Atmospheric Exchange System 

Hardware Description 
The Atmospheric Exchange System (AES) replaces one of six shmdard Plant Growth Chambers in the 
Plant Growth Unit (PGU) tUld circulates filtered cabin air by means of a pump through four of the 
chambers. The fifth selves as a control chambe r witl) TlO ai r flow. An alarm ci rcuit is tliggered when 

there is inadequate flow through the AES or low voltage to the plimmy circuit. A uuilt-in passive radia
tion dosimeter collects data on the radiation environment: of the peu. 

Subsystems 
Filter Cartridge: The AES filter caltridge c:ontains absorbents \\~thin a stainless steel tube. The car
tridge passively regulates CO2 by r owing the air stream over a litilium hydroxide (LiOH ) bed. Some air 
c.-an b)pass this bed via the bypass tube, where no CO2 is removed. The flow rute is variable from 0 to 
20 L per hour. The desired flow split. and there fore the desired CO2 concentration. is obtained by 
installing a variable restriction OIince in the b)1)<IsS line. The total air stream subsequently pas~es 
through a h-ace contcuninant c:ontrol beel consisting of Zeolite , activated carbon, ~U1d PurafJ l. Porous 
metal discs are used for bed rete ntion and sep<u·ation, with tlle !:llet disc providing dust fiJb"<ltion. 
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Specifications 
Dimensions: 6 x 22 x 22 .. 5 mm 
Weight: 3 Ib.s 
Power: 12 VDC 

Data Acquisitio.l 
Radiation dosimeter 

Related Ground-Based Hardware 
None 

Hardware Publications 
None 

Mission~ Flown 1991-1995 
CHROM EX-Ol/STS-29 (1989), CHROM EX-02lSTS-41 
(1990), CHROMEX-0.5/STS-68 

Life into Space 1991- 1998 
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Refrigerator/Incubator Module (RIIMJ 

Hardware Description 
The Refrigerator/Incubator Module (RlIM ) is a ternpe rature-controUed hokLng unit flown in the 
Shuttle middeck. It C,Ul be used in place or a shmdard middeck stowage locker or mounted to the 
Spacelab Middeck Experiment rack. 

Tile RIIM uses a solid-state heat pump to maintain a cooled or heated inte illal environment. A fan cir
culates cabin air through the heat pump/heat sink and is exhausted through duets in the top ,md bot
tom sUlfaces of the unit's outer shell . Air is not circuJated within the intem eJ cavity. A vent valve on the 
front door automatically controls intemal pressure. To accommodate experiments, rail gUides ,md fas
te ners m'e provided as a means of mounting up to six shelves of eX1JeJime nt hm·dware. The inteJior of 
the MM is divided into two holding cavities. 
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Specifications 
Dimensions: 46 x 47.6 x 27.:3 em 
Weight: 19.35 kg 
Power: 84 W @ 28 ± 4 VDC 

Data Acquisition 
Kone 

Related Ground-Based Hardware 
None 

Hardware Publications 
• Bugg, C.E.: Pm fei1l. Cl'Ystal Gnnl'lh. NASA TM-4.3.53, 

Fe blll<1ry 1992, pp 219-224. 

Missions Flown 1991-1995 
SLS-VSTS-40, IML-2ISTS-()5, PHCF/STS46, SlrJISTS-47 

Life into Space 1991-1998 
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Research Anitnal Holding Facility (RAH F) 

Hardware Description 
The Research Animal Holding Facility ( RAHF) is an animal habitat for ge ueral use within the 
Spacelab. Animal-specific cages are inserted , as needed, to provide appropJiate life SUppOlt for rodents. 
Cages c<m be removed from the RAHF to allow inllight e:\pelirnent procedures to be conducted. 

Subsystems 
Rodent Cage: The Rodent Cage Module contains 12 cage assemblies, with each cage housing two rats 
separated by an intemal divider for a total capacity of 24 rats. The cages are removable inllight for 
transfer to a General Purpose Work Station using the General Purpose Transfe r Unit to maintain par
ticulate containment. 

Environmental Control System IECS): The ECS conh·ols temperature and air circulation within the 
cages and c:ontributes a level of odor and p<uticuJate containment to the RAHF syste m. 

Feeding/Waste Management Systems: Rodent food ba rs are supplied automatically on a clem arId 
basis. Directed airflow C'Ontinuow;ly dmws liquid and solid wastes into a waste tray at the bottom of 
each animal cage where bactelial growth is conb·oUecl and odors are neutralized. 

Water System: The Wate r System provides presswized water via Iix:its to the rats, while measUling the 
quantity of water delivered . 

'n.'ight Refill Unit URU): For SLS-2, the JRU is used to obtain and tn:U1SpOlt water from the orbiter 
middeck galley to the RAHF Water Syste m. 

Lighting System: Rat cage illumination is provided on a 12:12 day/night cycle. E ach cage lamp pro
vides .tpproximately 2.1 lumens of light at cage floo:· level. The light cycle for each quadrant of C<lge 
assemblies (four cages) can be independently controlled. manually or via an adjustable timer. 

Data System: The Data System collects three types of data. Tempe rature, humidily. water pressure, 
and air pressure across ECS fans (air (Jow) are collected as Analog data. H eating, cooling, lighting;, and 
a drinking water out of limit condition are collected as Discrete data. Water deliveI)1 and activity are 
coUected as Pulse-code Modulated data. AU data are passed to the Spacelab data system for clispluy, 
recording. and downlink to the ground. Data dio,1)layed on board include e nvironme ntal status, wate r 
c'Onsumption, and activity. A special subset of data is routed to la1lTlch control center computers for dis
play during late access loading and until lawlch. 
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Specifications 
Dimensions: Occupies 1 Spuceiab double rack 
Weight: 280 kg (616Ibs) 
Power: 324 \.y, continuous operation (maximum tllennaJ 
load); 8.50 BTu/hr 
Capacity: 24 RodeJlts 

Data Acquisition 
Analog: tempe ratures, relative humidity. wdte r tank pres
sure, [.ill p ressure lise; Discrete: heating, cooling. lighting, 
drinking water out-of-Iimit; PuJse-code modulated: waler 
consW"nption, activity 

Related Ground-Based Hardware 
Ground Data System: Computers <mel associated periph
erals are used to acquire, process, store, and monitor data 
coming from the RAHF during ground testing. 

Hardware Publications 
• Dalton, B.P. , G. JallI1~ , J. Meylor, N. H awes, T.:--J . Fast, 

anel G. ZarO\~ : Spocelab Life Sciences-l Fillol Report. 
NASA TM-4706, August 1995. 

• Savage, P.O ., M.L. Hines, <mel R. B <U11es: An Inflight 
Refill Unit jOl-Replenishing Research Anillwl Drinking 
Water. NASA TM-4684, 199.5. 

Missions Flown 1991-1995 
SLS-lISTS-40, SLS-2JSTS-58 

Life into Space 7991-1998 
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RAHF: Environmental Control Systern (ECS) 

Hardware D~scription 
The RAHF EnvirOJunental Control System (ECS) is mounted on the back of the t:age module to cir
c·dilte conditioned air through the cages. Air te mpemturt! is c;ontrolled. Carbon dioxide is removed and 

m.yge n replenished by excbange of air with the Spacelab. 

Subsystems 
Air Circulation: Two propeUe r filllS pull cabin ai r [rom the HAHF cage module ,mel retum it portion of 
th!> t'ircl' lating air to dIe cabin through a fil te r and a charcoal beel, which removes odors and particulate 
matte r. These two fLlte rs bacteriologically isolate the animals and crew and ensure that the RAHF 
maintains a sUghtly negative pressure witll respect to the cabin. Air within the RAHF is c:irculated by a 
luster of four propeller fans . T o ensure contai nment o f I'ree-Ooating pmticulates, the Single Pass 

Auxili,uy Fan maintains negative pressure "''ithin the RAHF whell a c-age is removed. 

Temperature Control: The RAHF uses a b,mg-bang type e lectronic l>~'SteJl1 \vitll a colltrollable set point 
to modulate ThemlO-elecbic Units Cf E li s) and fallS for c:oaling and electric resist.mce elements for 
heating to provide te rl'lperature control. Funs direct byptL~s air through the cold side of a Pe Uta-t)1'l 
TEU to cool cage module ail', which is remi\:ed \Vitlr circulating air plioI' to retum to the cages. The 
Spac.;elab e'qX'.i ment cooling loop pro"icies a heat srnk for the TE U. Wate r condellsing on tile TEU is 
guided by a hydrophilic coating and capiUilIY action to tilt' hlliling eJ ges or the T E U c:ooling fans ' n th 
aircore, Wate r, with some air . is sucked fro m the trailing edge of the ai.rc:ore ilIld pumped by a water 
separator into a condensale coUector bottle, which is changed out by the crew as req llired. A the r
mm'witdl located on the inlet water header ortlle TEU shuts dowll the TE U in case 0 1' 1055 of Space lab 
cooUng water Dow ilI1d subsequent TEU overheating. The air is wilI'med , as necessary, by a heater 
located in the main circulation airflow sb'eam. 

The tWiF is equipped wi th its own <1uxili,U)' pwnp, since the Spacelab coohmt circubting pur llp is not 
Oil prior to .md dUting launch or during descent. The auxilicu)' pump is connected to the ECS S)''Stem to 
pruvide cooling dwing these pe Iiods. 
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Specifications 
Dimensions: f\ /A 
Weight: N/A 

Power: Varies depe nding on load between 30 10 approx. 
300 \\' 
Temperature hange: 20 to 29 °C 
Humidity Range: 30% to 70% R H . Tlot tli rL'<:tly conb'OlIed 
Max CO2 Partial Pressure: 0.2O/C, not tlircct l~ ' conh'olled 
Min 02 Partial Pressure: 20o/r, not di rectly (:untrol1ed 
Cage Air Flow: Ave rage 6.5 C F M 

Data Acquisition 
Analog: ilir temperature.s, cooling wate r tempemlUre. rela
tive humidi ty, r,m pressu re rise; D iscrete : heating, cooling; 
Pulse-c:ode modulated: wate r conslImption. ac:ti\i ly 

Related Ground-Based Hardware 
None' 

Hardware Publications 
NOli 

Missions Flown 1991-1995 
SLS-lISTS-40, SLS-2ISTS-5 U 

Life into Space 1991-1998 
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RAHF: Feeding and Waste 
Manage~6ntSYHems 

Hardware Description 

ii' 

Rodent Feeder. IkKienl 1Cxx:l is supr~ed ad libitum in the fOrm of a rectnngulLu' d.iet bcu' mounted in the 
feed~r. TIle b;;u"S .u·e itdvmK'ed into the feeder alC')\'e ,l~ one is consumed by tllP mt. The re monlble 
feeder cassette c:ontains two tOod bars. one sen'icing the forward cage. the othe r servicing L1 le back 
cage. TIle crew Ch,Ulges the food bar~ b)l remming .mel replm.:ing the feede r ca.s:.c:~~ ~ wiLilout removi ng 
the animals or cages. On a schedllJed basis, the crr'w me,mtres food c:omuJI1ption lIsin!1: buiit-in lIlea
surement tapes. 

Waste Management: A waste c:oUeenon b"U)' is allacheel by slides to the bottom of each cage. For mis
sions longer L1lan 10 da.\'S, trays may be:' dl<UlgC:'d witi.out re moving cages from t11P cage module. Air
flow throu!!:h the top of tbe cage directs \\"< L-;te products into L1le \,,",lSle tmys. 

TIle course gtid of the cage floor allo\.vs animal dC:'bris to pass into the waste tray Be low this !?;Iid, ,) 
feces tray ~creen traps feces, ~Uld wine is Lmpped by iUl absorbent Bondina filter localt' d immediatel), 
below Ule fec-es lnty grid. This ruter is treated with phospilOlic acid to redllce urine pH . thus inhibiting 
the production o[ ammonia [rom the dec:ofllposition of urine, Below the absorbent filtC'r is a fibre pad 
layer inl-o which is bonded charcoal dttSt. Below the charcoal pad is a Fill-rete layer, lunned with 
polypropylene. that selves as a hyd.rophobic ua n-:er, followed by a final 150-l\licron :-tainless-stc>.el 
mesh. Feces tUld urine ru-e also dried by rt::circulating airflow to inhibit decomposition. 
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Specifications 
Dimensions: 0.9 \ l.1 87 )( 16 inches (Iixxlb.u
Weight :3.50 g (loodbar) 
Power: ]'\/ A 

Data Acquisition 
F,oo con~l\llIptiOJI 

Related Ground-Based Hardware 
:\one 

Hardware Publications 
:'Jane 

Missions Flown 1991-1995 
SLS-1/STS--10, SLS-21STS-)8 

Life into Space 1991-1998 
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RAHF: Inflighf: Refill Unif: (lRU) 

Hardware Description 
11' l1('cessmy. retiJI water fiJI' the Research Animal Holding Facility (BAlIf') drinking water system is 
obtained from the orbiter ll1itkleck galley I ISi lig the InOight Bell ll Ullil (LHU ) lor transport to tlte 
Spaeclab. Excf'sS wate r i ~ dlsposed of through tlw Middeck Waste CoUections S),slem. Tile IHe cnn
sisu. of two major subsystems: the F luiJ Pumping lJ njt and lile CoUnpsiblc \Vater Hesel "vi:'. A tether 
for the m U is provided to meet Slwttle saft~ty rC(ll, irements. 

Subsystems 
Fluid Pumping Unit (FPU): The FPU is l:ontainec1 within a Nomex ciolll pouch for easc in storage Wid 
transpcHt. It is composed of Ll le pump/motor. piping, sensors, am.! supporting structll re required to 
pt .. np water through the 1Rt; system. The FPU 's posilive di~placcmen l' pUIl1F contains an integral 
11101'01' designed for continuolls operation. A motor dJive control gove l1ls pllmp speed by regulating the 
motor input vulLage. A current limiting device is also provided. Power is not required whell Hlling the 
sy-stem but is required at· the RAHF whell transk:rrillg water to tlle water tank aJul when disposing of 
excess waler. Two counl'e rs arC' pro"idecl that mechanil:ally indicate the number of lite rs 0(' wate r 
pumped (resettable) ,md total liters pumped (not l'P.seltable). 

Collapsible Water Reservoir (CWR): The CWH, ,Jso contailled \\'il Iti l I n N Olllex doth, is a f1exjble. 
stowable hag, whid I contains the waleI' for Iransle r. The Illain body is constnJcted of two laye rs. The 
il lnpr bladder is made from a polyether (loIyurclJmne materi,u compatib le wilh potahle watpr and til 
uteI' bladder is made of t1 Kevlar rein/fll'C'eci ul'dhan(~ to prOvide. prcssure holding capabilily and to 

pJ'O"hlc protectiull against accielenhu cuts ilnd tPHI'S. A panel of urelhane is attached ~() both sides of th" 
CINR to limit its expanded height. A thermopbstic: hose with a qUick discollnect lIlates lvith the FPL; . 

Hose/Adapt"! ( Accessories: An adapter is (1ro'1dGd to c·nahlc the dumping of C'xccss watcr inlo the 
oruiter Waste Collectioll System widl a quick disconnect at the lRU end and a tvvist lock connection to 
thl" wr~ste system. 
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Specifications 
Dimensions: J.5 x 10 x 12 inches 
Weight: 30 Ib~ eLy 
Power: 28 VDC 90 'vV (nn ly required clUJiJlg HAl-IF fill) 
Pumping Capacity: 1.8 L per ll1inut 
Holding Capacity: (j L, maximum pressure 0[20 psi 

Data Acquisition 
Kone 

Related Ground-Based Hardware 
Non 

Hardware Publications 
• Savage. P.D ., M.L. Hines. ,uld R Hallles: .. \ 11 Tlljli{!.ht 

Hefill LIllil for Replellishing Rescarch Animal Drillking 
Waier. NASAT~-4JiR4, 1995. 

Missions Flown 1991-1995 
S L.S-;';STS-SS 

Life into Space 1991- 1998 
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RAHF: Rodent Cage 

Hardware Description 
Each rndl'llt cage hOllses lwo rats. Cages are constructed of anodi~ed aluminum side and rear walls. 
pcrlomted metal l1cJ()rs, nnd screened-lop doors lo pe ril lit ail' circulation (top to boltom). Hodenl' l!age~ 
an" designed with a po]ycarbonate li'oll l wirlck1w backed with a stai nless mesh 10 keep rodents flom 
rubhi llg againsl the \villdow. Thc cages havc n stainless sleel mesh paliilion creal ing two compurt
ments, one for (·ach rat. Both fron t and back ruts muy he viewed by opening a front covel'. 

age tops .lI·C hingt:d to allow ac.:cess to the 8l1i ll1uis. Each cage also <:ont aiJ1 .~ a feeder and a wasle tm). 
to ('Ontain mine and ( 'ces (sec separate records) . Each rat c<lge contains activity 1ll0njtoJ'S to record 
general movement Ilsing an illfral'ecl light sourcc tlnd scnsor. Each time an animal breaks till ! light 
beam. a (.'Ountcr automatically uLlvanccs one COlI lIl. These signals are recurded alld peli()J,i(;utly lmns-
1l1itted to tJle grou nd to l'IlSlIrC animal we·lI-being. 

"'" 
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Specifications 
Dimensions: 10 .. '5 x 11.5 x 2.') cm/cornpmtmcnt 
Weight: 5.63 kg (w/feeder) 
Power: Approx 0.1 W/cage for Activity Monitor 
Capacity: 2. rodents 

Data Acquisition 
Activity 

Related Ground-Based Hardware 
Cage Airflow Checkout Fixture: The s),stem is IIsed to 
llIeasure air pressure drop across a rodent RABF eage at 
a speci fied ail-now rate. 

Hardware Publications 
• Corbin. B.J. , L.A. Bacr, H. E. ClindelcUJd. ,md M. 
VasqlJ(~~: Devc\opmcnt,J Testing of the Ackmccd 
AlI ilmJ H(lbitallo DeLel111 inl! Cornpatibility \o\~tll Rats 
alld M ice. l ou rnnl oj C r(ll:ifalh 11/(1( Physio(o{!,!J . vol. 2(1 ), 
H.J9.5, pp. P1 41- P1 42. 

Missions Flown 1991-1995 
SLS- lISTS-40, SLS-21STS-.'5S 

Life into Space 1991- 1998 
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RAHF: Water System 

Hardware Description 
The RAH F ad libitum watering system consists of' a pressUlized bladder tank. pressure regulator. 
water delive ry system. ,mel water consumption counters. The delivery system includes 24 sets of sole
noids. pressure :;witches, and accumulators that deliver aliquots of water 10 lixit valves in Ihe cages tor 
the animals. 

Subsystems 
Self-Pressurized Bladder Tank: A two-camber gas side pressure tank maintains wale r system pressu re 
and provides the forc."e to move water fi'om the dJinking water t,Ulk through the system to the cage. As 
water is used, a flexible diaphragm coUapses across the water volume while the gas side e>'}JmlCls. The 
quantity of the water remaining in the tank is monitored via a water pressure tnmsducer. 

Pressure Regulator: A pressure regulator maintains downstream water pressu re to the cL'inking water 
manifold. 

Drinking Water Manifold: Water flows in lhe rnanifold assembly and via a solenoid into a 0 .. 5-ml <Ic.'Cu
mulalor. vVhen (.'Onsumption reduces accumulator pressure sufficiently, a pressure switch initiates a 
refill of lhe accumulator. '<\' hen water pressu re in the acculTlulator Jises sufficiently, II high pressure 
~'\ ... itch stops water flow '.mlii the next consumption-initiated cycle. A count is registe red .md sent to the 
data syste m each time this cycle is C<U1ied out. If lhere is a loss of e lectJical power or a failure or a sole
noid valve or pressure ~witch , water c<m be made available to the cage by manu,uly pulling out a slmul 
knob on the affected valve. [n this mode, water is made available to tlle cage but: no e lecbical signals 
indicate water consumption. 

lixit Valves: A lixit provides a "water ball" in the cage, which is replenished as the animal tongues tire 
spigot. LOOts are mounted on a service bar located within the cage side wall . 

Version Modifications: For SLS-l , water delivered from the t~U1k was larced through an ioclinator, an 
iodiJ re charged resin bed . to provide nomimli iodine levels to ensure water was unc.on laminated. An 
additional valve was added in order to bypass the pressure regulator in the event of a mallunctioll. Also, 
a valve was added for drain and lill operations. 

For SLS-2, the iodinator was removed due to d r)~ng ~mcl Raking of the bed and subsequent contamina
tion of the water. In this case, iodine is manually added to the drinking water before being pumped 
into the water t,mk. 
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Specifications 
Dimensions: N/A 
Weight: NIA 
Power: Approx l2 W/activated solenoid plus portion of 
data system power 
Water Capacity: 9 .. 51 

Data Acquisition 
""ater consumption 

Related Ground-Based Hardware 
Fill and Bleed Cart: The cart is llsed to ml, drain. and elry, 
and bleed air from the RAHF drinking water system on 
the ground prior to use of the system. 

Hardware Publications 
• Dalton, B.P .. G. Jahns, J. Meylor, 1\ . Hawes, T.N. Fast. 

~U1d G. ZLU'OW: Space/ab Life Sciellces-l Final ReJlO/t. 
~ASA TM-4706, August 1995. 

Missions Flown 1991-1995 
SLS-liSTS-40, SLS-21STS-.58 

Life into Space 1991-1998 
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Small Mass Measuring Instrutnent (SMMI) 

Hardware Description 
The Small Mass Measurement Tnstrument (SMMl) is deSigned to lI1e;l~ure tJle weight-of biological sam
ples ,mel small specimens from 1 to 10000 g in a microgravity enviroJlment. Jt c,m be integrated into a 
stanclard Spacelab single rack or on one sicle of a double rack. The SMMI detennines tJle weight of a 
~pecimen through the use of its mass properties, thereby minimizing the illlluence of iUl), gravity field. 

Mass measurements cem be obtained when the specimen is placed on the tray assembly ,mel restrained 
\~~th the pe,forate.} rubber cover to minimize relative motion. The measurement process begins with 
the semi-automatic release of the specirnen and tray assembly rrom an offset position, so that they 
oscillate mechanically. A set of plate fulcra springs SUppOlt the tray assembly anel provide the oscillatOlY 
forces for motion . The zero crossover detectioJl assembly precisely measures the IJeliod of oscillation, 
which is ,l func:tion of the mass of the tray a~selTJb ly, specimen, and part of the plate fulcra splings. The 
measurement process ends \vith the semi-automatic recaplllre of the specimen arId b'ay assembly and 
rerum to its OJiginal of-/sel position. The SMM I controller then calculates and displays a mass value lor 
the ~-pecil1leJl . A set of 12 stackable calibration weights ar'e provided ~~Lh each insLrull1ent. 

1n addi tion to the c"ujbration and measurement modes, multiple non-standard diagnostic JilTlctions are 
available, such as inspection of caljbration vallles stored in mernolY, inspecliun of equations IIsed to cal
culate the specimen weight , testing or tile oscillation function of t he b'a)' assembly, Cll1d an option to dis
play l:>eliod-of-oscillation measurements in second~. 
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Specifications 
Dimensions: :31 x 48 x 46 em 
Weight: 17 kg 
Calibration Masses: 1.3 kg 

Power: 15 " 
Range/Accuracy: 25 g - 2 kg ± 0.5 g 
2- LO kg ± 5 g 

Data Acquisition 
Mass of Specimen 

Related Ground-Based Hardware 
None 

Hardware Publications 
• Dalton, B.P. , G. Jalrns, J. Meylor, r\ . Hawes, T.r\ . Fast, 

and C. 'laro\\!: Spacelab Life Sciences-J FinaL Repcl/t. 
r\ASA T\I(-4706, August 199.5. 

• Life Sciences' Laboratory Eqllip/llent (LSLE) Oil-line 
Calalog. NASA, 1998. http://liJesci.afc.nasa.go\-:lOO/lslcl. 

Missions Flown 1991-1995 
SLS-lISTS-40, SLS-2JSTS-58 

Life into Space 1991- 1998 
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Space Tissue Loss-A (STL-A J Module 

Hardware Description 
The Space Tissue Loss-A (STL-A) Module. cUJTently renamed the Cell Cultme Module (CCM). is a 
comple tely automated ce ll culture fac il ity designed specifically to aid ill the study of microgravi ty 
etfecls at the cell ular and el1lbryonic levels. The entire hm'dware unit fi ts inside a Shuttle lll id.de<:k lock-

r. The system offers a \ 'mie tr of biological sample maintenance systems. vaJiable temperature settings, 
options for media delivelY and collection of conditioned media samples, and programmed additions of 
dlUgs. Iloflllones, radioactive labels. <mel othe r expeliment requirements. 

Subsystems 
Biological Samples: The STL-A has space for four separate expe liments, each housed in a sepm'ate 
mod ule, or Bioreactor Rail Assembly. The rails hold <\ variable number of bio reactor cartJidges, which 
are inlaid with hollow fibe rs to prO\~de an exchange surface for Ilubient media, gas. ,md the re moval of 
wa.<;te p roducts. Hollow fiber bioreactors allow fo r culture growth in three rumensior.s. Fibe rless car
tridges are also available for cultuIing I;u-ger p ieces of tissue. 

Incubstion/Refrigeration: The unH can be p rogrammed to maintain a constant tempe ratu re or be 
adJusted during orbit. T emperature regulation from ] 0 to 40 DC is available. 

Media Delivery: Nutrients and gas are provided to the gro\ving celis via a closed-loop Dowpath . The 
one-way Dow of liquid has tw'O difle relll nub'ient delivery options. The reCirculating flow path option 
directs media Dow through the media bag, oxygenalo r, pump, biochalll ber, and back to the me<lia bag, 
allowing growth factors and other products to accu mulate. An inte rmittent teed option \:>eliodically 
pumps fresh media into a shOlt-f1ow path that recirculates in the s<mlf' mallner as the first option, but 
the media is evennlally clivelted to a SWllp and replaced with fresh media. 

Injections: The injection system can be used to add drugs. hormones, fixatives, and chemical labels to 
the media. 

Sampling: The STL-A allows for automated coUection of media samples. which c,m he paired with the 
injection system. 
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Specifications 
Dimensions: Occupies I middeck locke r 
Weight: 57 1bs control 
Power: 100 W 
Temperature: stml(l;u'd ;37 DC ,mel a sepamte 4 DC reagent 

or sample C'Ooling chamber 
Cartridge Capacity: 24 Bioreactor cartJidges (shmd,ml) 

Data Acquisition 
Event execution log. p ressure, tempemture, and accelera· 
tion 

Related Ground-Based Hardware 
PI Laboratory Trainer: The traine r is a fully functiona l 
nonflight version of the STL-A. used as a tr,tining and 
demons!-ration unit. 

Hardware Publications 
• Lifi-~ Sciences Labvratory Equipme1lt (LSL£ ) OIl-li1le 

Catalog. 1\ASA, 1998. h tll)}!lifesci.,u·c.nasa.gov:lOOllsleJ. 

Missions Flown 1991-1995 
1\lH.Cl/STS -.59, l\JT-f. C2/ ST S-66. NTH .C.3/ST S-63 , 
Nlf-LC4/STS-69 
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