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TASKBOOK INTRODUCTION FOR FY1995

The NASA Life Sciences Division serves the Nation’s life sciences community by managing all aspects of U.S.
space-related life sciences research and technology development. The activities of the Division are integral
components of the Nation’s overall biological sciences and Biomedical research efforts. However, NASA's life
sciences activities are unique, in that space flight affords the opportunity to study and characterize basic biological
mechanisms in ways not possible on Earth. By utilizing access to space as a research tool, NASA advances
fundamental knowledge of the way in which weightlessness, radiation, and other aspects of the space-flight
environment interact with biological processes. This knowledge is applied to procedures and technologies that
enable humans to live and work in and explore space and contributes to the health and well-being of people on
Earth.

The Office of Life and Microgravity Sciences and Applications (OLMSA) is responsible for planning and executing
research stimulated by the Agency’s broad scientific goals. OLMSA'’s Life Sciences Division is responsible for
guiding and focusing a comprehcnsive program of flight and ground-based tasks. Flight tasks are currently
organized by payload complement or program while ground-based tasks are divided into ten major scientific
programs: Advanced Life Support, Advanced Technology Development, Data Analysis, Environmental Health,
Global Monitoring and Disease Prediction, Space Biology, Space Human Factors, Space Physiology &
Countermeasures, Space Radiation Health, and the NASA Specialized Centers of Research and Training
(NSCORTS).

FY 1995 proved to be an important year for the Life Sciences Division. The Division released two NASA Research
Announcements (NRAs). Investigators chosen from the latter NRA will fly aboard the United States Space Shuttle
and the Russian space station Mir, serving as a first stepping stone to planned investigations aboard the future
International Space Station. The Space Shuttle made its first historic linkup with the Russian space station in June
of this year, ushering in a new era of joint international space exploration and promising future research into the
effects of long- term space exposure on terrestrial organisms.

This document, the Life Sciences Program Tasks and Bibliography for Fiscal Year 1995 (October 1994-September
1995), includes all peer reviewed projects funded by the Office of Life and Microgravity Sciences and Applications,
Life Sciences Division, during that year. Additionally, this inaugural edition of the Task Book has also included FY
1994 citation information for historical purposes. This document will be published annually and made available to
scientists in the space life sciences field both as a hard copy and as an interactive internet web page
(https//www.peerl.idi.usra.edw/). The information provided in the Task Book is used in reports to the NASA
Associate Administrator, the Office of Management and Budget, and to the United States Congress.

The Life Sciences Division wishes to thank Information Dynamics, Inc., and Universities Space Research
Association personnel at NASA Headquarters and in particular recognize Mr. David Reed (task book review process
and publication manager) and Mr. Bill Wilcox (data system development) for their lead efforts in the development,
compilation, and publishing of this report. Gratitude is also expressed to the following people who were responsible
for coordinating flight task data delivery from NASA field centers: Bonnie Dalton and Laura Lewis at ARC;
Dr. Jerry Homick, Elisa Allen, Sharon Jackson, and Bonnie Meadows at JSC; Bill Knott, Debbie Vordermark, and
Ray Wheeler at KSC.
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FY1995 PROGRAM RESEARCH TASK SUMMARY:
Overview Information and Statistics

Total Number of Principal INVEStIBAtOrS: .......ocvuumriiiriiriniiininssei s e 261
Total NUIMDET Of TASKS: ..v.vvnriertenisssseseresossersissessssssssssssssssesstmsssssssebes st s8R e - 334
Total Number of Bibliographic Listings (FY1995 Only): .....ccoovvcuuimicirmonicmimmiminiissssnssssccnincnsenseae 1319
Number of StUdents FURAEd: ........ccovmiiimeineiimeesee s s s - 906
Number of States with Funded Research (including District of Columbia): ......cocccrenruvicsiininnimissseenanes 40
FY 1995 Life Sciences BUAZEE: ......ccooovummmmriussemmis i sssssssssssesesss $187.3 Million'
Life Sciences Flight Tasks Life Sciences Ground Tasks
— Listed by Program— — Listed by Program—

Program Program

Bion 9 Advanced Life Support 12

Biorack 9 Advanced Tech. Demo 6

Biospecimen Sharing 7 Data Analysis 9

Cosmos 2229 1 Environmental Heaith 6

Euro-Mir 12 Global Monitoring and Disease 1

Prediction

Ground Definition 3 NSCORT 7

LMS © 13 Space Biology 42

Mir-1B 17 Space Human Factors 11

Neurolab 22 Space Physiology & 69

Countermeasures

SLM-1A 26 Space Radiation Health 17

SLS-2 2

Small Payloads 33

TOTAL 154 ) 180

"This figure includes $46.8 million for space station facilities development.
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Research Programs

IL.

Life Sciences
Program Tasks for FY 1995
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Velocity Storage In Space: Adaptation of Optokinetic Nystagmus and After-Nystagmus to Microgravity

Principal Investigator:

Bemard Cohen, M.D. Phone: (212) 241-7068
Department of Neurology Fax: (212)831-1610
Box 1135 Congressional District: NY-14

Mount Sinai School of Medicine, New York
One Gustave L. Levy Place
New York, NY 10029

Co-Investigators:

Theodore Raphan, Ph.D. CUNY, Brooklyn College
Mingjia Dai, Ph.D. Mt. Sinai School of Medicine
Sergei Yakushin, Ph.D. Mt. Sinai School of Medicine
Funding:
Project Identification: Solicitation:
Initial Funding Date: 1/95 Expiration: 12/95
FY 1995 Funding: $161,000 Students Funded Under Research: 2

Flight Information:
Flight Assignment: Bion
Responsible NASA Center: Ames Research Center

Task Description:

In space, the otoliths constantly sense only a fraction of gravitational force and momentarily receive
only small amplitude linear accelerations during head translations. Thus, it might be expected that
otolith-ocular reflexes that are mediated by the linear vestibulo-ocular reflex (IVOR), such as ocular
counter- rolling (OCR) and ocular vergence that orient the eyes to gravity, would be depressed after
adaptation to microgravity. In accord with this, the amplitude of two otolith-ocular reflexes, ocular
counter-rolling (OCR) and ocular vergence, were reduced for 11 days after the COSMOS 2229 space
flight in two flight monkeys. There also tended to be a reversal in the up-down asymmetry of vertical
nystagmus, and a shift of the spatial orientation axis of velocity storage, known as the yaw axis
cigenvector, toward the body axis. Thus, otolith-ocular reflexes that orient the eyes to gravito-inertial
acceleration (GIA) were changed over relatively long periods of time after reentry. Changes in the
orientation of velocity storage and in the up-down asymmetry also occurred after space flight, but were
of shorter duration, lasting only several days after recovery.

However, steady state horizontal eye velocity, induced by yaw axis off-vertical axis rotation (OVAR),
was not different before and after space flight, nor was there a change in the phase of the torsional
component of the OVAR response. Vertical and horizontal ocular compensatory responses produced by
the angular vestibulo- ocular reflex (aVOR) were also unaffected. The latter indicates that the brain was
able to respond to linear acceleration sensed by the otoliths to generate an eye velocity signal from
velocity storage correctly after space flight, and that rapid compensatory movements from the aVOR
were unaltered. (The Russians have previously shown that the aVOR is altered during active head and
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eye movements in space. Presumably, the difference in results represents a difference between the
voluntary and passively-induced aVOR.

The purpose of this research is to study how spatial orientation of the linear and angular vestibulo-
ocular reflexes (IVOR and aVOR) of monkeys are altered by space flight. We will use eye movements
produced by or dependent on the otolith organs and the semicircular canals as the measures of this
orientation. We will also investigate effects of gravito-inertial acceleration (GIA) on the angular VOR
(aVOR), through a study of velocity storage. Changes in the aVOR during active gaze shifts that
involve head and eye movements will be recorded in space by the Russians and compared to the aVOR
recorded during passive rotation on earth by US scientists. Finally, we will use binocular three-
dimensional recordings in our ground-based recordings to enhance our understanding of how eye
movements are affected by changes in the GIA before and after space flight.

We postulate that otolith-induced or dependent eye orienting responses that tend to align the eyes to
gravito-inertial acceleration (GIA), will either be reduced after space flight, as for OCR and vergence or
as for velocity storage, will be shifted to align with a body axis. Semicircular canal-dependent
compensatory responses, on the other hand, will be largely unaffected. Active gaze shifts that involve
head movements in space will be altered, but there will be no changes in the passive aVOR recorded on
Earth.

For the upcoming BION flight, we will take our laboratory to Moscow in April/May of 1996 and test
a control group of 12 rhesus monkeys. They will receive rotation around a vertical axis, rotation around
axes tilted from the vertical and optokinetic stimulation with the animals upright and tilted with regard
to gravity. During the summer, two of the animals from the group of 12 will fly in the BION space
capsule for approximately two weeks. While in space, their bodies will be restrained, but their heads,
arms and legs will be free. They will perform behavioral tasks, moving their head and eyes toward
lateral visual targets and will press a light with their hands to receive a food or water reward. While in
space, the monkeys will be tested for spontaneous nystagmus using electro-oculography (EOG). Their
general status will be monitored with down-linked video. At the end of the flight, the space capsule
will be parachuted to the earth, and the animals will be recovered by helicopter. They will be kept in
their chairs and held in darkness to the extent possible, while they are flown back by jet to Moscow for
testing. Postflight testing will extend for 14 days at the Institute of Biomedical Problems. All ground-
based testing will be done with binocular three-dimensional eye coil recordings. At the conclusion of
the recordings, the equipment will be returned to our laboratory in New York, and the flight data will
be processed.

Our hypotheses include the following:
A. Otolith ocular reflexes induced through the IVOR, such as ocular counterrolling (OCR), the
horizontal and vertical IVOR and ocular vergence, will be reduced for 5-7 days after space flight.

B. The orientation of the yaw axis eigenvector of velocity storage in the vestibulo-ocular reflex (VOR)
will shift from a gravitational to a body yaw axis as a result of adaptation to microgravity. This will be
apparent when animals are tested on Recovery Day 0 and will quickly recover.

C. The passive aVOR will be unaffected by space flight, although the active aVOR, manifest during
lateral gaze shifts in space, will show changes.

D. Listing's Plane will be unaffected by adaptation to space, but there will be disconjugate vertical and
torsional eye movements after space flight.

In the future, there will be intense activity necessary to prepare for the flight. This includes purchase of
equipment, programming to accept six channels of eye movement data in our data collection programs,
purchase of hardware for the surgical implantation of head mounts and eye coils. Then we will pack the
equipment for shipment to Moscow and undertake the actual stages of preflight implantation and
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recording. In preparation for this mission, we have been doing baseline data collection and finishing
analysis of the COSMOS 2229 flight to the appropriate data base for the BION flight.

We are currently doing baseline data collection in monkeys implanted with eye coils that record eye
position in three-dimensions to study changes in eye velocity and in the axis of eye orientation during
steps of linear acceleration utilizing binocular recordings of horizontal, vertical and torsional eye
position,

We published the following results from the 1992-1993 COSMOS 2229 Mission. Ocular counter-
rolling (OCR) was decreased by 70% after space flight in both static and dynamic tests of otolith-
ocular reflexes. The reduction in OCR lasted for 11 days, the period of post-flight testing. This is the
first time that it has been demonstrated that there is a clear and long lasting effect of space flight on
otolith-ocular reflexes. The orientation axis of velocity storage changed from a gravitational reference
before flight toward a body reference after flight. This is consistent with our results in the COSMOS
2044 flight (Cohen et al. 1992), and it supports the hypothesis that there is a change in spatial
orientation from a gravitational to a body frame of reference in space. In control testing using off-
vertical axis rotation, it was shown that there is a modulation in vergence that accompanies the change
in gravito-inertial acceleration along the naso-occipital axis. This is the first report of an effect of linear
acceleration on ocular vergence during OVAR in the monkey (previous reports were by Tomko and
Paige during linear acceleration using a sled). It provides a new, robust and relatively simple technique
for testing otolith-ocular function at various levels of gravitational acceleration, Vergence associated
with linear acceleration during OVAR was greatly attenuated after the 2229 Mission for a prolonged
period after flight (>11 days). This finding has implications for visual function in space, since vergence
during forward translational movements would be absent or attenuated in space.

We reviewed our eye coil data to demonstrate that in our laboratory eye coils have been very stable. In

5 monkeys we determined that the horizontal and roll coils had been in place without revision since
they were implanted in 1993 and 1994, This was almost two years for three of the animals and one year
for the other two animals. Based on this, we conclude that our eye coil technique will be suitable for
use in the upcoming BION flight.

We are upgrading the primate axis drive motor on the 3 axis COSMOS rotator to provide smooth
controlled acceleration during velocity steps and for doing sinusoidal linear acceleration. New software
is being written to collect and analyze 6 channels of eye position data (horizontal, vertical & roll for
both eyes). A new eye coil apparatus has been purchased from Neurodata to provide 6 simultaneous
eye coil recordings (horizontal, vertical and roll position for each eye). This equipment is now being
tested and it will permit analysis of the signals from both eyes during testing.

Equipment status is a critical factor in preparing for the flight. Much of the current equipment is old or
not appropriate for use in this flight. The following are the status of the equipment that is being
upgraded: Computer equipment from the last flight is obsolete and cannot be used for this mission,
The following upgrades will be accomplished: A Pentium PC will be used to run the experiments and
take and analyze the data. Data will be stored on Read/Write CD ROMS. Other modifications will be
made to upgrade the computers that are used for analysis and provide backup for the equipment that will
g0 to Moscow. Electronic filters, stereotaxic apparatus and surgical equipment will be purchased for
use in the Moscow flight.

When our new computer programs are available for taking binocular eye position data in three
dimensions, we will study the linear VOR (LVOR) of normal monkeys during OVAR and sinusoidal
linear acceleration and determine the characteristics of horizontal eye velocity modulation as a function
of head position with regard to gravity and also the relationship of vergence to gravity.

Surgery: Sergei Yakushin, Victor Rodriguez and Bernard Cohen will travel to Moscow in May, 1996,
for 14 days to implant head rings and eye coils. They will use a stereotaxic apparatus that will be
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purchased for this purpose. Preflight testing and data analysis will be done by a team led by Mingjia
Dali. This team includes Leigh McGarvie, Sergei Yakushin and Victor Rodriguez. Bernard Cohen will
oversee some of the data taking, and Nicholas Pasquale will come briefly to help Leigh McGarvie set
up the laboratory at the IBMP. Postflight testing: Postflight testing and data analysis will be done by
the same team as above. Again, Bernard Cohen will oversee some of the data taking, and Nicholas
Pasquale will come briefly to help Leigh McGarvie pack the equipment for return to the US.

The proposed research will determine how otolith-ocular reflexes are altered after adaptation to space. In
particular, we will show how ocular counter-rolling, ocular vergence and spatial orientation of the
angular vestibulo-ocular reflex (aVOR) are altered after adaptation to microgravity. This information,
obtained from monkeys whose oculomotor and vestibular systems are similar to those of humans, will
be used to understand deficits in gaze and posture that occur when astronauts adapt to microgravity and
then readapt to the 1g terrestrial environment of Earth. The information will also be used to direct
countermeasures to overcome lags in adaptation or changes in gaze and balance due to the abnormal
force field environment of microgravity. Such information and countermeasures will be critical when
long duration space flights are planned to the Moon or to other planets.

Basic information is being developed in this proposal. A major advance will be a three-dimensional
model of the vestibulo-ocular reflex (VOR) which will include both angular and linear acceleration
inputs, and will account for dynamic changes that alter the orientation of the system vectors to those of
gravito-inertial acceleration. In addition, the proposed experiments will provide fundamental
understanding of how processing of otolith information and spatial orientation are altered in the absence
of gravity.

A basic assumption of the research is that findings obtained during and after space flight can be
explained as parameter changes in processes by which the nervous system controls gaze and posture.
Therefore, findings from space research can readily be applied to human disorders on Earth. Specifically,
we hope to gain understanding of how spatial orientation is disrupted in conditions in which there is
postural imbalance or gaze instability. A simple example of the former is postural imbalance of the
elderly. We anticipate that information gained from changes after adaptation to prolonged
weightlessness will help us understand the imbalance of the elderly.

New technology will be utilized in the three-dimensional analysis of eye movements. This technology
will be applied to the recording and analysis of eye movements in three-dimensions by video techniques
in humans. It has large potential clinical significance.

A complete model of the VOR would be extremely useful and could be applied to understanding
processing in the vestibular system for experiments in animals, and for understanding effects of lesion
in the vestibular system and cerebellum in humans.

The neural coding used by the nervous system in establishing spatial orientation of the VOR is not
known. The work in this project will provide basic information about how the parameters of the
system change with regard to the body when gravitational force is absent. This will help establish how
gravity and gravito-inertial acceleration (GIA) are coded in the nervous system and how they are
expressed through the VOR. A number of fundamental behavioral and modelling papers have already
come from this work. By utilizing data from the BION project, we anticipate that additional insights
as to how the GIA is coded will become apparent.

Publications, Presentations, and Other Accomplishments:

Dai, M., Cohen, B, Raphan, T. "Ocular Vergence Induced By Off-Vertical Axis Rotation (OVAR)
Before and After Spaceflight.” Neurosci. Abstr., 21, 137, 1995.
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Dai, M., McGarvie, L., Kozlovskaya, I.B., Raphan, T. and Cohen, B. "Effects of spaceflight on
ocular counterrolling and spatial orientation of the vestibular system." Exp. Brain Res., 102, 45-46,
1994,

Dai, M., Raphan, T., Kozlovskaya, 1.B., Cohen, B. “Modulation of vergence by off-vertical yaw axis
rotation in the monkey: Normal characteristics and effects of space flight." Exp. Brain Res.,
(submitted).
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Functional Neuromuscular Adaptation to Spaceflight

Principal Investigator:

V. R. Edgerton Phone: (310) 825-1910

Department of Kinesiology Fax: (310)206-9184

1804 Life Sciences E-mail: vre@ucla.edu

University of California, Los Angeles Congressional District: CA-29

405 Hilgard Avenue

Los Angeles, CA 90024-1527
Co-investigators:

Sue Bodine-Fowler Univ. of California, San Diego - School of Medicine

Dr. Roland Roy University of California, Los Angeles

Dr. Richard Grindeland NASA Ames Research Center

Dr. John Hodgson University of California, Los Angeles
Funding:

Project Identification: Solicitation: NRA 88-OSSA-8

Initial Funding Date: 1/95 Expiration: 12/95

FY 1995 Funding: $299,964 Students Funded Under Research: 23

Flight Information:
Flight Assignment: Bion 11, 12 (9/96, 7/97)

Responsible NASA Center: Ames Research Center

Task Description:

There are 2 scientific components of our project with both components using the same technical
approaches. Those components are: 1) Adaptive properties within and among motor pools associated
with movement of the ankle during well defined motor tasks and 2) Role of muscle activity and muscle
force in maintaining normal muscle properties. We have reasonable evidence that some of these
fundamental properties of recruitment strategies will be modified by the chronic absence of gravitational
forces.

In the next 2 flights, i.e., Bion 11/ 12, we are in an excellent position to answer rather conclusively and
elegantly the degree to which the absence of gravity and /or load bearing of the lower limbs induces
changes in recruitment strategies of motor pools during spontaneous, as well as during well defined
motor tasks.

Regarding the second science component of our project we also are well prepared. Although it is clear
that some muscles atrophy and become weaker as a result of space flight in humans, rats and apparently
monkeys, we do not know why. A logical hypothesis is that skeletal muscles must have some
“normal” level of activity to maintain normal muscle properties. A second hypothesis is that the force
generated by a muscle is directly related to muscle fiber size. A third hypothesis is that hormonal
deficiencies, such as growth hormone, contribute to a loss of muscle mass. Probably all three of these
factors contribute in a complex interactive way to the atrophy that occurs in space flight, but no one
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has quantified any of these potential stimuli in space flight in a way that has been useful in defining
their role in maintaining muscle mass. The responses of a series of muscles will be extensively
quantified using a variety of assessment tools by an international team of scientists. Muscles of the
leg, arm and neck will be biopsied. EMG data will be obtained from the soleus, medial gastrocnemius

ground based and several flight experiments.

The primary objective during this time period was to further test and demonstrate the feasibility of
obtaining EMG activity, muscle tendon recordings and video recordings during ground-based tests when
the Rhesus is performing selected motor tasks. The motor tasks to be studied included the following: 1)

reaching at several postural positions.

We have been working with both the NASA Ames Research Center and Dr. Rhumbaugh's groups in
these efforts. During this 5 month period, we have successfully implanted two Rhesus with seven
EMG recording electrode pairs (soleus, medial gastrocnemius, tibialis anterior, vastus lateralis, biceps
brachii, triceps brachii and splenius capitis) and one tendon force transducer (medial gastrocnemius).
The feasibility of using three “large” cables for the exit of the wires (as opposed to the single wire exits
used previously for the EMG implants) in the back region is being tested in these two monkeys. After
~2 months, the exit sites appear to be very good. These monkeys have been trained for the first two
motor tasks (pressing a foot pedal and treadmill stepping) described above at Ames and we are now

analysis software to generate all required data files in a single pass, reducing the time required to
accomplish this tedious task, We are currently working on transferring the data display and analysis
software from the Amiga to the PC and to have software available on the PC to directly view the raw

EMG files during 24-hour recordings.

All of the methods and procedures used are the same as those described previously for the COSMOSs
flights in which we performed the same implants as is being proposed here. The new procedures being
incorporated into our planned experiments are as follows, The principal procedures that are new are
behavioral. To perform these studies, we have been working in collaboration with the Ames research
team and with Dr, Rhumbaugh's research team in Atlanta. Rhesus have been trained to stand and step

routine for the animals. The most unique task is the execution of the foot pedal paradigms. The
immediate plan is to condition the Rhesus to operate the equivalent of the joystick of the PTS, i.e., the
foot pedal will be interfaced with the PTS program. In the first stage of this effort, Rhesus monkeys
will be sent to Dr, Rhumbaugh's research center to begin shaping animals to operate a joystick with
the foot. An additional behavior which could be benefited by the PTS system would be the reaching
task. For example, if a joystick could be positioned at one of several heights, examination of EMG of

This project addresses problems related to neuromuscular diseases as well as the problem of muscle
atrophy as occurs in response to space flight. Further, these studies contribute to our understanding of
the control of movement in the unique space flight environment and has considerable bearing on the
control of movement, such as standing and maintaining upright posture in the aging population. The
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proposed research should give us a considerable clearer understanding of the physiological signals which
may contribute to the maintenance of muscle mass. For example, the activity levels in muscles of the
legs will be monitored during normal activities at normal gravitational loading as well as in the
microgravity environment. These data should indicate the importance of activity in maintaining normal
mass and functional properties of flexor and extensor muscles. The role of activity of specific muscles
in maintaining normal levels of control of movement also will be determined. One of the major
advantages of the proposed experiments in efforts to understand basic biological processes is that the
normal neuromuscular system will be studied in an abnormal physiological environment, i.e., the
altered function is caused by an altered environment, not an altered capability of the physiological
system being studied as would be the case with surgical or pharmacological manipulation.

Each phase of these experiments have important implications on the optimization of rehabilitative care
in addressing problems related to neuromuscular dysfunction as well as some aspects of hormonal
function. These results could have a fundamental and large impact on currently excepted approaches to
the rehabilitation of a number of medical conditions in which a person remains in bed for prolonged
periods, in individuals with compromised neuromuscular systems and in the aging population.

Publications, Presentations, and Other Accomplishments:

Allen, D.L., Yasui, W, Tanaka, T., Ohira, Y., Nagoaka, S., Sekiguchi, C., Hnds, W.E,, Roy, R.R.,
and Edgerton, V.R. "Myonuclear number and myosin heavy chain expression in rat soleous single
muscle fibers following spaceflight.” J. Appl. Physiol. Suppl., (in press), 1995.

Edgerton, V.R., Bodine-Fowler, S., Roy, RR., Ishihara, A., and Hodgson, J.A. “Neuromuscular
adaptation,” in “Handbook of Physiology, Integration of Motor, Circulatory, and Metabolic Control
During Exercise. Section A: Neural Control of Movement." (in press), 1995.

Edgerton, V.R., Zhou, M.-Y., Ohira, Y., Klitgaard, H., Jiang, B, Bell, G., Harris, B., Saltin, B.,
Gollnick, P.D., Roy, R.R., Day, M.K., and Greenisen, M. "Human fober size and enzymatic
properties after 5 and 11 days of spaceflight.” 3. Appl. Physiol., vol. 78, no. 5, 1733-1739, 1995.

Grindeland, R.E., Roy, RR,, Edgerton, V.R., Grossman, E.J., Mukku, V.R,, Jiang, B., Pierotti,
D.J., and Rudolph, I "Interactive effects of growth hormone and exercise on muscle mass in suspended
rats.” Am. J. Physiol., vol. 267, R316-R322, 1994.

Hodgson, J.A., Roy, R.R., de Leon, R., Dobkin, B., and Edgerton, V.R. "Can the mammalian
lumbar spinal cord learn a mortor task?" Med. Sci. Sports Exerc., vol. 26, 1491-1497, 1994.

Ohira, Y. and Edgerton, V.R. "Neuromuscular adaptation to gravitational unloading or decreased
contractile activity." Adv. Exerc. & Sports Physiol., vol. 1, 1-12, 1994.

Ohira, Y., Yasui, W., Kariya, F., Wakatsuki, T., Nakamura, K., Asakura, T., and Edgerton, V.R.
*Metabolic adaptation of skeletal muscles to gravitational unloading." Acta Astronautica, vol. 33,
113-117, 1994.

Pierotti, D.J., Roy, R.R., Hodgson, 1.A., and Edgerton, V.R. »Level of independence of motor unit
properties from neuromuscular activity." Muscle & Nerve, vol. 17, 1324-1335, 199).

Roy, R.R., Garfinkel, A., Ounjian, M., Payne, 1., Hirahara, A., Hsu, E., and Edgerton, V.R. "3-D
structure of cat tibialis anterior motor units." Muscle & Nerve, (submitted), 1995.

Roy, R.R,, Roy, M.E., Mendoza, R., Talmadge, R.J., Grindeland, R.E., and Vasques, M. "Size and
myosin heavy chain profiles of rat hindlimb muscle fibers after two weeks at 2G." Aviat. Space
Environ. Med. Suppl., (in press), 1995.
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Talmadge, R.J., Roy, R.R,, Bodine-Fowler, S.C., Pierotti, D.J., and Edgerton, V.R. "Adaptations in
myosin heavy chain profile in chronically unloaded muscles.” Basic Appl. Myol., vol, 5, n0.2, 114-
124, 1995,

Tseng, B.S., Kasper, C.E., and Edgerton, V.R. "Cytoplasm to myonucleus ratios and succinate
dehydrogenase activities in adult rat slow and fast muscle fibers." Cell Tiss. Res., vol. 275, 39-49,
1994,

Zhou, M.-Y, Klitgaard, H., Saltin, B, Roy, R.R., Edgerton, V.R., and Gollnick, P.D. "Myosin
heavy chain isoforms of human muscle after short-term spaceflight.” J. Appl. Physiol., vol. 78, no.
5, 1740-1744, 1995.
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Effect of Weightlessness on Single Muscle Fiber Function in Rhesus Monkeys

Principal Investigator.

Robert H. Fitts, Ph.D. Phone: (414) 288-7354
Department of Biology Fax: (414)288-7357
Marquette University E-mail; fittsr@vms.csd.mu.edu
Wehr Life Sciences Building Congressional District: WI-5
P.O. Box 1881

Milwaukee, WI 53201-1881

Co-Investigators.

No Co-I's Assigned to this Task
Funding:
Project Identification: Solicitation: NRA 88-OSSA-8
Initial Funding Date: 2/95 Expiration: 1/96
FY 1995 Funding: $120,000 Students Funded Under Research: 2

Flight Information:

Flight Assignment: Bion 11, 12, (9/96, 7/97)
Responsible NASA Center; Ames Research Center

Task Description:

Our long term objectives are to understand the cellular mechanisms of muscle contraction and to
determine how zero gravity (§) affects muscle function and the physical work capacity. Although it is
well known that zero g induces considerable limb muscle atrophy little is known about how
weightlessness alters cell function. In this proposal, we will utilize the single skinned fiber and single
freeze-dried fiber preparations to evaluate how weightlessness alters the functional properties of single
fast and slow striated muscle fibers. Muscle biopsies will be obtained from the soleus and
gastrocnemius muscles of the Rhesus monkey before and as soon as possible after the zero g flight
(Bion). The biopsies will be divided and one-half quick frozen in liquid nitrogen and the other placed in
skinning solution (-20° C). The frozen samples will be freeze-dried and stored under vacuum (-80°C)
for subsequent biochemical analysis, while the skinned fiber bundle will be used to study the
physiological properties of individual fast- and slow-twitch fibers.

Physiological studies will test the hypothesis that zero g causes fiber atrophy, a decreased peak force
(Newtons), tension (Newtons/cross-sectional area) and power, an elevated peak rate of tension
development (dp/dt), and an increased maximal shortening velocity (Vo) in the slow type I fiber, while
changes in the fast-twitch fiber will be restricted to atrophy and a reduced peak force. For each fiber we
will determine the peak force (Po), Vo, dp/dt, the force-velocity relationship, peak power, the power-
force relationship, the force-pCa relationship, and fiber stiffness.

Biochemical studies will assess the effects of weightlessness on the enzyme and substrate profile of the

fast- and slow-twitch fibers. We predict that zero § will increase resting muscle glycogen and
glycolytic metabolism in the slow fiber type, while the fast-twitch fiber enzyme profile will be

10
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unaltered. The increased muscle glycogen will in part result from an elevated hexokinase and glycogen
synthase. The enzymes selected for study represent markers for mitochondrial function (citrate synthase
and b-hydroxyacyl-CoA dehydrogenase), glycolysis (Phosphofructokinase and lactate dehydrogenase),
and fatty acid transport (Carnitine acetyl transferase). The substrates analyzed will include glycogen,
lactate, adenosine triphosphate, and phosphocreatine,

Following each of the physiological and biochemical studies described above, a section of the fiber will
be loaded on a 5% SDS-PAGE gel to assess the myosin heavy change isozyme profile. This analysis
will allow us to group the studied fibers as slow- or fast-twitch, and determine if space flight had any
effect on the type of myosin expressed in a given fiber type. In order to evaluate the myosin light
chain and regulatory proteins, we will also conduct 12% SDS-PAGE analysis on single fibers isolated
from each biopsy sample.

In the past year, we modified our micro-biochemistry techniques so that the assays could be conducted
under oil allowing us to sample a volume as small as S5ml. As a consequence we were able to increase
the number of assays obtained from a given single fiber from 2 to 12, This provides two advantages:
1. We will be able to obtain more information with smaller amounts of tissue, and 2. We will be
able to detect weightlessness induced enzyme and substrate shifts not only within a population of fibers
but within a given single fiber. In the next few months, we will utilize these techniques to develop a
baseline data base for the slow- and fast-twitch fiber types of the Rhesus soleus and gastrocnemius
muscles,

The time period between the pre- and post-flight biopsy is scheduled to be 90 days. One concern was
that animal growth during this period might in itself cause significant alterations in the contractile
and/or biochemical properties of the individual cells. Consequently, we characterized the contractile
properties of fibers isolated from biopsies obtained from the soleus and gastrocnemius muscles of
young Rhesus monkeys. To determine whether or not growth significantly altered fiber function all
monkeys were biopsied twice, 4 months apart. The results showed that growth had no effect on peak
force per cross-sectional area (kN/m?) or the maximal shortening velocity (Vo fiber lengths/s) in either
the slow- or fast-twitch fibers, However, the diameter of the slow type I fiber of the gastrocnemius
showed a significant increase from 51.9t0 57.8 mm. A decrease in the force per cross-sectional area
was observed for the slow fiber type of both the soleus and the gastrocnemius muscle. This change
appears (o be at least in part due to a higher than normal value for the fibers from the first biopsy.
Peak force is usually between 130 and 160 kN/m?, while the slow fibers from the first biopsy averaged
179 and 188 kN/m? for the soleus and gastrocnemius muscles, respectively. The fact that growth did
have some effects accents the importance of control studies designed specifically to ascertain the extent
of the growth effects in the flight candidates. Since we expect weightlessness to reduce the size of the
slow type I fiber, we will need to correct for the growth effect on fiber diameter.

In this contract year, we also completed data analysis and statistical evaluation of the ESDOP sit tests.
Currently, we are writing 4 manuscripts that will be submitted as a final report to NASA Ames, and
submitted for publication in a peer reviewed journal.

A major goal of this research is to elucidate the functional changes associated with zero g-induced

muscle wasting, and to use this information in the development of effective exercise countermeasures.
The program is essential to our ability to explore the universe and work successfully in space. Stated
another way, we simply can not embark on long term space travel until we can understand and prevent

11



11. Program Tasks — Flight Research Discipline: Bion

Publications, Presentations, and Other Accomplishments:

Fiuts, R.H., J.1.Widrick, and J.G. Romatowski "Effect of limb immobilization on single muscle fiber
contractile function." FASED J. 8: A10, 1994

1.J. Widrick, 1.G. Romantowski, M. Karhanek, and R.H. Fitts "Contractile properties of rat, rhesus
monkey, and human type I muscle fibers." Am J. Physiol, (in review).

V.P. Grishko, G. Gettleman, K. Kidd, and R.H. Fitts “Mestabolite profile of rhesus skeletal muscle
fibers: effect of 16 day ESOP constraint.” Med. Sci. Sports & Exerc.27: S182, 1995.

Widrick, 1.J., 1.G. Romatowski, and R.H. Fitts “Contractile properties of rat, rhesus monkey, and
human soleus type I fiber.” FASED J. 8: A10, 1994.
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Homeostatic and Circadian Responses of Rhesus Monkeys During Space F, light

Principal Investigator:

Charles A. Fuller, Ph.D. Phone: (916) 752-2979
Section of Neurobiology, Physiology & Fax: (916) 752-5851
Behavior E-mail: cafuller@ucdavis.edy
University of California, Davis Congressional District: CA-3
Davis, CA 95616-8519
Co-Investigators:
Tana M. Hoban-Higgins, Ph.D. University of California, Davis
Funding:
Project Identification: Solicitation: NRA 88-0SSA-8
Initial Funding Date: 10/95 . Expiration: 9/96
FY 1995 Funding: $130,000 Students Funded Under Research: 2

Flight Information:
Flight Assignment: Bion 11, 12 (9196, 7/97)
Responsible NASA Center: Ames Research Center

Task Description:

Mammals have developed the ability to adapt to most variations encountered in their everyday
environment. However, throughout the evolution of life on Earth, living organisms have been exposed
to the influence of both the unvarying level of Earth's gravity and the natural 24 hour day resulting
from the rotation of the planet. As aresult, changes in either or both of these factors produce adaptive
responses which are not completely understood. In particular, homeostatic systems, such as sleep,
temperature regulation and biological thythms are influenced. The adaptations that occur in these
systems appear to produce deleterious results in individuals exposed to long-term temporal isolation or
altered gravitational environments. This program will examine the influence of microgravity on these
systems in rhesus monkeys. Further, the homeostatic regulation of these variables, as influenced by
light and dark will be studied during space flight. The results should provide data on the adaptation of
these systems to this environment, as well as information for supporting crew operations in
microgravity.

FY 95 task progress has been concentrated in the areas of flight preparation. These have included our
participation in meetings and discussions concerning flight and ground-based experimentation,
generation of supporting documents, development of sensors and analysis of a ground-based study on
the effect of restraint.

During an IWG meeting in Sunnyvale, we refined the four individual Discipline Experiment
Management Plans (EMPs) that were drafted at the February Rhesus meeting in Paris. There is a
separate Discipline EMP for Thermoregulation, Circadian Rhythms, Metabolism and Sleep. In
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and editing of the flight IEMP with our French and Russian colleagues. During a discipline IWG
meeting in Paris, agreements were reached on several fronts between investigators on the Regulatory
Team. We further refined the Discipline EMPs for Thermoregulation, Circadian Rhythms, Metabolism
and Sleep. In addition, we viewed a demonstration of metabolism hardware and software proposed for
the ground-based control studies. Numerous formal and informal meetings at NASA Ames Research
Center (ARC) were held to serve the purpose of moving forward preparations for flight and ground-
control studies, including equipment verification tests. We presented the Regulatory Team science
objectives and integration plan to the Bion Program Review Panel.

We have actively participated in the writing and editing of the Experiment Management Plan (EMP).
This has included both the Regulatory Discipline EMPs (Thermoregulation, Circadian Rhythms,
Metabolism and Sleep) and the Integrated EMP (IEMP) with our French and Russian colleagues. We
also drafted the Regulatory Team IEMP which includes all investigations by Regulatory Team
members. In addition, we developed and presented the Regulatory Team science objectives to the Bion
Program Review Panel. Our work in Experimental Design and Sensor Technology has focused on the
brain and deep body temperature Sensors. We have made design modifications to our brain temperature
sensor. We have performed our initial surgeries evaluating the deep body temperature sensor location
and probe design. To date, these studies have been performed at ARC.

Adult Rhesus Restrain Test Data included urine volumes, urine collections and DAT tapes containing
electronic data consisting of body temperature and heart rate. We catalogued the urine samples, made a
determination of the samples that were of the most interest and had them analyzed for melatonin
content. As expected, melatonin content of the urine was highest during the first collection of the day
and during the night and relatively low during the day. There were no significant differences between
vivarium and restrained animals, nor were there any differences between pre and restraint time periods.
Urinary volume was highest during the first collection of the day, as had been seen in other studies.
There were no significant differences between vivarium and restrained animals, nor were there any
differences between pre and restraint time periods.

We obtained all the software and hardware that were needed for reading the data on the tapes. Our
programmer extracted this data, which was then analyzed using our laboratory data analysis programs.
Body temperature rhythms showed the normal diurnal pattern usual for this species. The rhythms
maintained a normal phase relationship with the light-dark cycle and did not show any consistent
alterations over the period of restraint. The heart rate rhythm also had a normal, diurnal pattern
throughout the experiment.

The study of Physiology and Behavior is frequently divided into the examination of specific control
systems. Similarly, in the control of such systems it is also vital to recognize that these systems are
integrated and function together interdependently. Thus, to fully understand a function such as
temperature regulation, one must view control of temperature regulation at various levels. For
example, temperature regulation is known to interact with a variety of other systems, including: 1)
sleep, 2) respiration, 3) endocrine, and 4) cardiovascular. Moreover, there is a prominent temporal
component; i.e., 2 circadian temperature rhythm. Physiological regulation as well as behavioral
performance capacity can be severely impaired when temporal information within the organism is not
sufficient to maintain internal synchrony between and/or within physiological control systems. During
desynchronization, psychotic states may be induced and performance capabilities of simple tasks
diminish in rhesus and humans. These pathologies may arise not only in environments without time
cues, such as constant light (or constant dim light found in many of today's intensive care units), but
also with shifts in time zones, shift-work and in aging individuals where internal temporal coupling
appears weakened. Narcolepsy is a class of diseases in which daytime sleep attacks or REM sleep onset
can occur. Some of these individuals display a loss of circadian patterns of REM sleep distribution.
Further when the individuals are tested for sleep latencies throughout the 24-hour day there is often lack
of circadian variation in the sleep latency as compared with the normal subjects. Other instances have
been studied in which individuals cannot synchronize themselves with their environment and maintain a
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the length of time of exposure to space flight, but should also prove useful to people on Earth who
suffer from homeostatic, particularly circadian, imbalances,

Publications, Presentations, and Other Accomplishments:

Fuller, C. A. "The effects of gravity on the circadian timing system.” J. Grav. Physiol., 1, P1-P4
(1994).

Fuller, C. A, T. M. Hoban-Higgins and D. M. Murakami "Effects of altered gravitational
environments on primate circadian thythms" (Presented at World Conference on Chronobiology and
Chronotherapeutics). Biol. Rhythm Res., 26(4), 391 (1995).

Fuller, C. A, T. M. Hoban-Higgins, D. W. Griffin and D. M. Murakami "Influence of gravity on the
circadian timing system.” World Space Congress, Adv. Space Res, 14(8), 399-408 (1994).

Hoban-Higgins, T. M., G. T. Wassmer, D. M. Murakami and C. A. Fuller "Gravity and the circadian
timing system” (Presented at World Conference on Chronobiology and Chronotherapeutics). Biol.
Rhythm Res., 26(4), 401 (1995),

Murakami, D. M., T. M. Hoban-Higgins and C. A. Fuller "The effect of hypergravity on the circadian
timing system" (Presented at World Conference on Chronobiology and Chronotherapeutics). Biol.
Rhythm Res., 26(4), 425 (1995).
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Morphological, Histochemical, Immunocytochemical, and Biochemical Investigations of Spaceflight-
Related Nerve and Muscle Breakdown

Principal Investigator:

Danny A. Riley, Ph.D. Phone: (414) 456-8468
Department of Cellular Biology & Anatomy Fax: (414)266-8496

Medical College of Wisconsin E-mail: dariley @post.its.mcw.edu
8701 Watertown Plank Road Congressional District: WI-5

Milwaukee, WI 53226

Co-Investigators:

No Co-I's Assigned to this Task

Funding:
Project Identification: Solicitation: NRA 88-OSSA-8
Initial Funding Date: 1/90 Expiration: 12/96
FY 1995 Funding: $31,200 Students Funded Under Research: 3
Flight Information:

Flight Assignment: Bion 11, 12 (9/96, 7/97)
Responsible NASA Center: Ames Research Center

Task Description:

The results of this study will provide a better understanding of the basic cellular changes induced in
primate skeletal muscles following space flight and return to terrestrial gravity. This information will
benefit the design of inflight countermeasures to prevent muscle atrophy and postflight procedures for
readaptation to gravity environments without muscle damage. Humans confined to chronic bed rest by
illness will also benefit because the inflight procedures could be used to minimize deconditioning by
maintaining muscle strength, resistance to fatigue, and coordination. The readaptation strategies will
be helpful for patients reambulating following bed rest to avoid muscle reloading damage. Studies of
the process of increased susceptibility to injury will also aid sports medicine prevention of muscle
injuries common to movements involving unaccustomed loading.

Biopsy and electromyographic (EMG) electrode implantation procedures, which do not impede normal
head and neck movements, have been defined for splenius. ESOP video has demonstrated normal head
movements in restrained monkeys. Validation of light (histochemistry, immunohistochemistry) and
electron microscopy (ultrastructural morphology) techniques have been accomplished for splenius tissue
samples. Autoantibodies have been detected by immunohistochemistry in plasma samples from
monkeys following muscle injury.

The limited capacities of the Bion capsule for data processing and storage severely impact the ability to
perform EMG and video for this experiment. Priorities for utilizing blood limit the availability of
plasma for autoantibody analysis. These payload constraints necessitate reducing the scope of this
experiment to the light and electron microscopic studies of the cellular changes in splenius undergoing
space flight-induced muscle atrophy and damage.
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Humans returning to Earth after 1-2 weeks of space flight experience delayed-onset soreness, fatigue,
faulty coordination and weakness of antigravity skeletal muscles indicating pathological muscle
damage. These deficits may compromise human performance and safety when transitioning between
microgravity and terrestrial gravity. Our studies of space flown rats (SL-3, Cosmos 1887 & 2044,
SLS-1, SLS-2) have demonstrated that atrophic muscles show elevated susceptibility to injury during
postflight reloading resulting in pathological destruction of muscle fibers. The proposed rhesus
monkey Bion studies will define the cellular and biochemical basis for space flight-induced muscle
weakness in a space flown primate whose muscles are closer to human muscles in size, structure,
biochemistry and rate of adaptation. The splenius captius neck muscle was selected for study because it
holds and moves the head against gravity, and in contrast to lower limb muscles, normal function
continues when the monkey is restrained in the Bion chair. The Bion constraints of limiting upper and
lower limb movements caused this investigator to shift from studying the soleus and deltoid muscles to
the splenius in order to test of the effects of microgravity unloading. Microgravity unloading is
expected to produce splenius muscle atrophy, and reentry load stresses on the head are anticipated to
induce muscle damage. The rhesus preparation models atrophy of human neck (back) muscles which
are vulnerable to injury by reentry stresses on the head supporting the added burden of a space helmet.

Splenius contains a mixture of fast and slow muscle fibers which permits assessment of atrophy and
damage on muscle fiber types. Microgravity is expected to produce atrophy and increased fast myosin
expression in slow fibers assayed histochemically and immunohistochemically. Splenius contractile
activity, as monitored by EMG, will indicate fewer muscle contractions and increased fatiguability.
Inflight video will show that normal head and neck movements occur during space flight. Reloading
will cause slow fiber destruction and interstitial edema leading to muscle tissue death analyzed by
electron microscopy. Immunohistochemical staining will reveal that autoantibodies are generated
against leaked muscle cell components and potentially exacerbating cell damage.

Publications, Presentations, and Other Accomplishments:

Anders, S. "Effects of muscle injury and restraint-induced atrophy on circulating antibody levels."
Wisconsin Space Grant Consortium Annual Meeting, 1994.
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Georgia State University
Atlanta, GA 30303

Co-Investigators:

D. Washburn, Ph.D.
W. K. Richardson, Ph.D

Phone: (404) 244-5825

Fax: (404) 244-5752
E-mail: drumbaug@gsu.edu
Congressional District: GA-5

Georgia State University
Georgia State University

Funding:
Project Identification:
Initial Funding Date: 3/95
FY 1995 Funding: $200,010

Flight Information:

Flight Assignment: Bion 11, 12 (9/96, 7/97)

Solicitation: NRA 88-OSSA-8
Expiration: 1/96
Students Funded Under Research: 5

Responsible NASA Center: Ames Research Center

Task Descripfion:

Behavior is an overt manifestation of underlying physiology, and to the degree that biological systems
are compromised by space flight it is reasonable to expect at least subtle behavioral alterations.
Exacerbated physiological compromise may well result in serious psychological consequences,
evidenced either as changes in the psychological well-being of the individual or as manifest disruptions
in performance. The Behavior and Performance Project was designed to address these important aspects
of mission success, and has four primary goals: 1) to support and assess the psychological well-being
of the research animals, 2) to examine the effects of space flight on cognitive and motor performance,
3) to relate behavioral measures to physiological data from other disciplines, and 4) to provide expertise
and support for training the monkeys to perform the tasks for all flight experiments.

Behavior and Performance Project scientists have developed an apparatus, the Psychomotor Test
System (PTS), in which monkeys respond to computer-graphic stimuli by manipulating a joystick in
accordance with task demands. The PTS has been demonstrated to be highly effective for improving
and assessing psychological fitness. Supporting and monitoring the psychological well-being of
nonhuman primates maintained for research purposes is mandated by scientific, ethical, and legal
considerations. Using this device and a variety of behavioral measures, we will provide environmental
enrichment for, and assess the psychological well-being of, rhesus monkeys before, during, and after
space flight research.

We also propose to use the PTS to identify alterations in cognitive and psychomotor performance that
result from space flight. A battery of assessment tasks will be administered before and after the flight,
and measures of memory, attention, perception, learning, and psychomotor functioning will be
analyzed for evidence of changes that result from microgravity or other space flight-relevant variables.
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These psychological data will then be related to physiological measures obtained by scientists
representing other disciplines. We anticipate that this bio-behavioral integration (e.g., of performance
data with measures from muscle or regulatory physiology) may reveal overt behavioral indices that are
diagnostic of underlying physiological compromise.

Finally, we have assumed an active role in training the rhesus monkeys for various aspects of the space
flight research. We developed and implemented a curriculum of tasks that instate PTS skills. We have
also provided expertise for improving the training of monkeys to execute behaviors necessary for other
disciplines (e.g., treadmill locomotion, foot-pedal responding).

Scientists in the Behavior and Performance Project have adapted the goals and experiments from the
Rhesus Project in accordance with opportunities and limitations of Bion 11. We demonstrated that
juvenile rhesus monkeys could be trained to respond to computerized tasks by manipulating a joystick
with either a hand or a foot. This finding has practical implications for integration of Behavior and
Performance Project goals with those of the Russian investigators.

We established procedures for training monkeys in Moscow to perform the PTS tasks. We continue to
support this training both by travelling to Moscow and by analyzing all training data.

Numerous support studies have been conducted in support of our science. We demonstrated the rhesus
monkeys could quickly be trained to walk on a treadmill for studies of locomotion. The effects of one-
hour versus continuous access to the PTS were also examined. We conducted experiments on the
effectiveness of the PTS as an enrichment device, and on continuities between humans' and monkeys'
memory and attention. We also analyzed and reported the Adult Rhesus Restraint Test data, which
demonstrated that the psychological measures we collect are sensitive to effects of restraint and
physiological procedures.

These activities provide the basis for our involvement in Bion 11. The research continues to validate
the rhesus monkey as an effective model for many aspects of human behavior, and suggests the
importance of developing flight hardware for future Psychomotor Test System experiments. Finally,
effective support of the psychological well-being of the research animals is absolutely critical for the
ongoing success of NASA's life sciences research.

This research is motivated by two pressing needs in space life sciences: (1) the need to understand and’
address the physical and psychological consequences of space flight, subsumed under the title "space
adaptation syndrome;" and (2) the legal, ethical, and scientific mandate to provide for and to assess the
psychological well-being of nonhuman primates before, during, and after each flight in which they
serve as research subjects. Moreover, the research promises to produce several definite Earth benefits.
First, the relation between behavior and corresponding biological systems will be illuminated through
space flight research. Indeed, the basic science benefits of space flight research reported by any other
discipline can be said also to improve our understanding of the relation between behavioral and
biological systems.

We have already witnessed numerous Earth benefits from the development of the PTS. For example,
the system has proven to be a remarkably effective tool for comparative psychological research. Many
primate species have been trained and tested with the system, and their data have in many instances
revolutionized the understanding of the continuities in psychological processes among monkeys, apes,
and humans. Additionally, the test device has proven to be very useful as a general laboratory
enrichment device. At a time when laboratories everywhere are working to satisfy the federal
requirements governing the psychological well-being of captive primates, the PTS has become an
acclaimed and popular option. For these reasons, over three dozen laboratories world-wide have
requested and received assistance in constructing and using PTS for their research and enrichment needs.
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The PTS has also been used in educational applications--with college students as well as school-aged
children. For example, many domains of development and skill frequently have not been accessible for
some youths with mental retardation and impaired oral language abilities. The PTS affords a battery of
computer-facilitated nonverbal tasks that employ methodology that is appropriate for the
communicative abilities of these children and young adults. We have utilized the PTS to examine
performance in perceptual-motor, cognitive-learning, and neuropsychological function. For example, a
recent study of the visual short-term memory skills of students with moderate mental retardation
revealed that even lengthy retention intervals were tolerated with little difficulty. Data such as these
underscore the advantage of studying heretofore untapped skills of persons with cognitive and linguistic
disabilities.

Publications, Presentations, and Other Accomplishments:

Filion, C., D.A. Washburn and D.M. Fragaszy "Trajectory estimation by rhesus macaques.” Poster
presented at the annual meeting of the American Psychological Society, New York, NY, June 1995.

Hopkins, W.D. and D.A. Washburn "Do right- and left- handed monkeys differ on cognitive
measures?” Behavioral Neuroscience, vol 108, 1207-1212, 1994.

Rumbaugh, D.M. and D.A. Washburn "Encyclopedia of Comparative Psychology (Contribution:
Discrimination learning set and transfer).” Edited by: G. Greenberg and M. Haraway Garland
Publishing, New York, (in press).

Rumbaugh, DM., ES. Savage-Rumbaugh and D.A. Washburn "Development of future-oriented
processes (Contribution: Learning, prediction and control with an eye to the furure)." Edited by: M.M.
Haith, J.B. Benson, R.J. Roberts Jr. and B.F. Pennington The University of Chicago Press, Chicago,
pp 119-138, 1994.

Schull, J., J.D. Smith, D.A. Washburn and W.E. Shields "Current Primatology, Vol III: Behavioural
Neuroscience, Physiology and Reproduction (Contribution: Uncertainty Monitoring in Rhesus
Monkeys)." Edited by: I.R. Anderson, J.J. Roeder, B. Thierry and N. Herrenschmidt Universite Louis
Pasteur, Strasbourg, France, Vol III, pp 101-109, 1994.

Shields, W., D.A. Washburn and D.A. Smith “Uncertainty in same-different judgements.” Poster
presented at the annual meeting of the American Psychological Society, New York, NY, June 1995.

Smith, J.D., W.E. Shields, D.A. Washburn and K.R. Allendoerfer "Indifferent differences: The
“Uncertain” Response in a Relational-Judgement Task.” 7th International Conference on Systems
Research, Information and Cybernetics, Baden-Baden, Germany, August, 1994.

Washburn, D.A. “Teaching of Psychology (Contribution: What Monkeys Can Do)." (in press).

Washburn, D.A. "Stroop-like effects for monkeys and humans: Processing speed or strength of
association.” Psychological Science, vol 5, 375-379, 1994.

Washburn, D.A. "A Comparative Investigation of Working Memory: Rehearsal in the Sketchpad?"
Meeting of the Southern Society for Philosophy and Psychology, Virginia Beach, VA, April 1995.

Washburn, D.A. "What Animal Cognition Tells Us about Human Cognition." Conference of the
Cognitive Science Society, Atlanta, GA, August, 1994,

Washburn, D.A. "Monkeys in Outer Space.” Fernbank Museum of Natural History Summer Lecture
Series, Atlanta, GA, August, 1994.
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Washburn, D.A. "Physical and Semantic Features in Visual Search Performance by Humans and
Monkeys." Poster for the American Psychological Society, Washington, DC, July, 1994,

Washburn, D.A. and D.M, Rumbaugh "Current Primatology, Volume III: Behavioural Neuroscience,
Physiology and Reproduction (Contribution: Training rhesus monkeys (Macaca mulatta) using the
Computerized Test System)." Edited by: J.R. Anderson, J.J. Roeder, B. Thierry and N. Herrenschmidt
Universite Louis Pasteur, Strasbourg, France, vol 11, pp 77-83, 1994,

Washburn, D.A. and J.p. Gulledge "Game - like Tasks: Leveling the Playing Field." Behavior
Research Methods, Instruments and Computers, Vol 27, 235-238, 1995.

Washburn, D.A. and J.p. Gulledge "Game-like Tasks: Leveling the Playing Field." Society for
Computers in Psychology, St. Louis, MO, November 1994,

Washburn, D.A. and W.D, Hopkins "Videotape- versus pellet-reward preferences in Joystick tasks by
macaques.” Perceptual and Motor Skills, vol 78, 48-50, 1994,

Washburn, D.A., D.M. Rumbaugh, and W K. Richardson "Encyclopedia of Comparative Psychology
(Contribution: Apparatus).” Edited by: G. Greenberg and M. Haraway Garland Publishing, New York,
(in press).

Washburn, D.A., R A. Sevcik, D.M. Rumbaugh and M.A. Romski “The Psychomotor Test System
for Research and Education." Life Sciences and Space Medicine Conference and Exhibition '95,
Houston, TX, April 1995,

Washburn, D.A, S. Harper and D.M. Rumbaugh "Computer-task testing in the social miliey."
Primates, vol 35, 343-351, 1994,
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Bone and Lean Body Mass Changes Following Space Flight

Principal Investigator:

Linda C. Shackelford, M.D. Phone: (713) 483-7100

Mail Code SD5 Fax: (713) 483-6227

NASA Johnson Space Center E-mail: shackelf @sdpcmail.jsc.nasa.gov
2101 NASA Road 1 Congressional District: TX-22

Houston, TX 77058
Co-Investigators:

A. LeBlanc, Ph.D. Baylor College of Medicine

H. Evans, Ph.D. Krug Life Sciences

S. West, Ph.D. Baylor College of Medicine

A. Rakhmanov, Ph.D. Institute for Biomedical Problems

A. Bakulin, M.D. Institute for Biomedical Problems

V. Oganov, M.D. Institute for Biomedical Problems
Funding:

Project Identification: Solicitation: NRA 88-OSSA-8

Initial Funding Date: 1/95 Expiration: 1/96

FY 1995 Funding: $62,000 Students Funded Under Research: 0
Flight Information:

Flight Assignment: Bion 11, 12 (9/96, 7/97)
Responsible NASA Center: Ames Research Center

Flight Hardware Required: None

Task Description:

This proposal has been integrated with the proposal by Dr. Zerath entitled, "Bone Tissue and Cell
Effects of Spaceflight on young Rhesus monkeys."

Techniques to position and reproducibly scan the thesus monkey were developed. To document
repositioning error, six monkeys were scanned before and after repositioning. For this purpose the
complete scanning protocol was performed after which the animal was moved, repositioned and re-
scanned. The results of this testing demonstrated excellent short term reproducibility.

Reproducibility of the techniques over a 20 day test period was also investigated. For this purpose six
animals were scanned at a 20 day interval and the percent standard deviation was calculated and a power
analysis performed. The regional analysis data showed that decreases in muscle mass on the order of
that documented to occur in humans during an 8 day shuttle flight would be detectable in these animals.
Also bone atrophy of about 2-5% would also be detectable.

An 18 day immobilization test was completed in which three experimental monkeys and two controls

were scanned before and after the immobilization period. This data did not show significant bone or
lean tissue changes.
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Previous flights involving animals and humans aboard Russian (Mir, Cosmos) and American
Spacecraft (Skylab, Spacelab) have documented that significant bone and muscle atrophy occurs during

world. It is estimated that the medical cost of osteoporosis in the U.S. is 7 to 10 billion dollars per
year. Although the exact causes of osteoporosis are unknown, one important risk factor is disuse.

atrophy. Comprehending these mechanisms is important for developing effective countermeasures to
preserve bone and muscle function in disease conditions as well as space flight.

Publications, Presentations, and Other Accomplishments:

Zerath, E., V. Novikov, A. Leblanc, A. Bakulin, V. Oganov, and M. Grynpas. Effects of Space flight
on Bone Mineralization in the Rhesus Monkey. 1. Appl. Phys., (in press).

23



11. Program Tasks — Flight Research

Discipline: Bion

Immunology Spaceflight and Immune Responses of Rhesus Monkeys

Principal Investigator:

Gerald Sonnenfeld, Ph.D.

Department of General Surgery and Research

Carolinas Medical Center
P.O. Box 32861
Charlotte, NC 28232-2861

Co-Investigators:

D. Schmitt, M.D., Ph.D.
A. Lesnyak, Cs.C.
1. Konstantinova, M.D.

Phone: (704) 355-2639

Fax: (704) 355-7203

E-mail: sonnenfe@med.unc.edu
Congressional District: NC-9

CHU Rangvel, Toulouse, France
Institute for Biomedical Problems, Moscow, Russia
Institute for Biomedical Problems, Moscow, Russia

Funding:
Project Identification:
Initial Funding Date: 10/90
FY 1995 Funding: $57,000

Flight Information:

Flight Assignment: Bion 11, 12 (9196, 7/97)

Solicitation: NRA 88-OSSA-8
Expiration: 10/99
Students Funded Under Research: 3

Responsible NASA Center: Ames Research Center

Task Description:

Evidence from both human and rodent studies has indicated that alterations in immunological
parameters occur after space flight. The number of flight experiments has been small, and the full
breadth of immunological alterations occurring after space flight remains to be established. Among the

major effects on immune respo
lymphocyte blastogenesis and
changes in leukocyte sub-popu
respond to colony stimulating factors. Ch
both humans and rodents. The significance
remains to be established. The objective 0
effects of space flight on immune response
and the attendant period of microgravity wi

nses after space flight that have been reported are alterations in

natural killer cell activity, alterations in production of cytokines,
Jation distribution, and decreases in the ability of bone marrow cells to
anges have been reported in immunological parameters of
of these alterations in relation to resistance to infection

f the studies contained in this project is to determine the

s of rhesus monkeys. The hypothesis is that space flight
11 result in alteration of immunological parameters. The

parameters to be tested include production of cytokines, composition of leukocyte subpopulations,

functional activities of immunologically s
primary and secondary lymphoid tissues.

ignificant cells, and differences in effects on cells from
The expected significance of the work is a determination of

the range of immunological functions of the rhesus monkey, 2 primate similar in many ways to man,

affected by space flight. Chan

infection may be determined.

This could yield useful informal

ges in immune responses that could yield alterations in resistance to
The duration of alterations in immune responses may also be determined.
tion for planning studies that could contribute to crew health.

Additional information on the nature of cellular interactions for the generation of immune responses

may also be obtained.
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In the past fiscal year, we have continued our transition to the Bion platform and development of assays
for immunological parameters of rhesus monkeys. We have been able to show that anti-human
monoclonal antibodies could be used to identify rhesus monkey interleukins-1 and -2 as well as the
interleukin-2 receptor. We also developed techniques for the induction of the interleukins I rhesus
monkeys. We have also been working on the development of polymerase chain reaction techniques for
detection of message for rhesus monkeys cytokines. Additionally, we completed and analyzed the data
from the Adult Rhesus Restraint Test. This test examined the effects of restraint under conditions of
gravity. Four experimental monkeys were restrained for 17 days, while 2 control monkeys were
monitored in vivarium conditions. Blood samples were collected at 4 time points prior to restraint (-
76, -41, -10 and -4 days) and two points post release (+17 and +24 days). After initiation of restraint,
an experimental animal was removed from the study due to procedural difficulties. The samples were
analyzed for production of interferon-alpha (IFN-a) and interferon-gamma (IFN-g) in response to
mitogen stimulation. The samples were then stained with various fluorescent antibodies for neutrophils
(CD16), T cells (CD3), CD4+ and CD8+ T cells, B cells (IgM and IgG), and for major
histocompatability complex class II antigen (HLA-DR), and analyzed by flow cytometry. Students' T-
tests and Paired Students' T-tests were used to analyze data. Prior to restraint, slightly elevated levels
of IgM (p<0.05) and CD8+ T cells (p<0.05) were observed in the experimental group. A significant
decrease in CD8+ T cells (p<0.05) was then observed in the restraint group between days -4 and +17.
No other differences were observed post restraint between control and experimental groups for all
parameters measured (p>0.05). Interestingly, levels of neutrophils, CD8+ T cells, and Hu-IgM
staining of B cells sharply declined from day -10 to day -4 (p<0.05). Change of environment and
physical examinations could have played a role in the decrease observed between -10 and -4 days. These
manipulations should be examined so that physical effects just prior to restraint can be minimized.
Examination of data post restraint reveals that restraint does not play a major role in the effects of space
flight on the immune parameters, and should not influence greatly the results of our Bion flight
experiment.

The proposed Bion experiments are designed to demonstrate if the rhesus monkey will be useful as a
surrogate for humans to determine the effects of space flight on immune responses. We hope to be
able to determine effects of space flight on a broad inclusive range of immunologic parameters of
rhesus monkeys. We will also be able to see if there are differences between local and systemic effects
of space flight on immune responses. New immunological and molecular biology techniques will be
applied to determine effects of space flight on immunologic parameters not previously examined.
When we are successful in establishing the model, it could be used in the future to answer questions
that both our previous studies as well as a joint NASA/National Institute of Allergy and Infectious
Disease panel of which Dr. Sonnenfeld was a member indicated were important questions for the future.
These include whether space flight actually affects the ability to immunize, resistance to infection, and
resistance to tumors. These data could be useful in furthering the use of the rhesus monkey as a model
for human diseases of a similar nature on the ground. New therapies could be developed using the
rhesus monkey as such a model.

Publications, Presentations, and Other Accomplishments:

Morton, D.S., J.P. Swiggett, A.M. Hakenewerth, N.A. Fowler and G. Sonnenfeld "Effects of
movement limitation on immunological parameters. " American Society for Gravitational and Space
Biology, Bulletin 9, no 31, 1995,

Sonnenfeld, G., D.S. Morton, I.P. Swiggett, A M. Hakenewerth and N. Fowler "Movement
Lifitation and immune responses of rhesus monkeys." NASA Tech Brief, (Submitted for NASA
Technical Memorandum), 1995.

Sonnenfeld, G., L. Schaffar, D.A. Schmitt, C. Peres and E.S. Miller "The rhesus monkey as a model
for testing the immunological effects of space flight." Adv. Space Res., vol 14, 395-397, 1994.
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Adaptation to Microgravity of Oculomotor Reflexes

Principal Investigator:

David L. Tomko, Ph.D.

Life Sciences Division
Gravitational Research Branch
Mail Stop 239-11

NASA Ames Research Center
Moffett Field, CA 94035-1000

Co-Investigators:

Gary D. Paige, Ph.D,, M.D.
James O. Clifford, Ph.D.

Phone: (415) 604-5723

Fax: (415) 604-1465

E-mail: david_tomko@qmgate.arc.nasa.gov
Congressional District: CA-14

University of Rochester
Lockheed Martin, Inc.

Funding:
Project Identification:
Initial Funding Date: 10/94
FY 1995 Funding: $150,000

Flight Information:

Flight Assignment: Bion 11, 12 (9/96, 7/97)

Solicitation: NRA 88-OSSA-8
Expiration: 9/95
Students Funded Under Research: 3

Responsible NASA Center: Ames Research Center

Task Description:

In space, the otoliths constantly sense only a fraction of gravitational force and momentarily receive
only small amplitude linear accelerations during head translations. Thus, it might be expected that
otolith-ocular reflexes that are mediated by the linear vestibulo-ocular reflex (LVOR), such as ocular
counter-rolling (OCR) and ocular vergence that orient the eyes to gravity, would be depressed after

adaptation to microgravity. In accord with this,

the amplitude of two otolith-ocular reflexes, OCR and

ocular vergence, were reduced for 11 days after the COSMOS 2229 space flight in two flight monkeys.
The LVOR induced by sinusoidal linear acceleration on a sled along interaural (IA), naso-occipital (NO)

and dorso-ventral (DV) axes was also reduced in

one of the two flight monkeys. Thus, otolith-ocular

reflexes that orient the eyes to gravito-inertial acceleration (GIA) were changed over relatively long

periods of time after reentry.

The purpose of this research is to study how spatial orientation of the linear and angular vestibulo-
ocular reflexes (LVOR and AVOR) of monkeys are altered by space flight. We will use eye movements
produced by or dependent on the otolith organs and the semicircular canals as measures of this
orientation. Changes in the AVOR during active gaze shifts that involve head and eye movements will
be recorded in space by the Russians and compared to the AVOR recorded during passive rotation on
Earth. Finally, we will use binocular three-dimensional recordings in our ground-based recordings to
enhance our understanding of how eye movements are affected by changes in the GIA before and after
space flight. We postulate that otolith-induced or dependent eye orienting responses that tend to align

the eyes to gravito-inertial acceleration (GIA), w

ill either be reduced after space flight, as for OCR and

vergence or as for velocity storage, or will be shifted to align with a body axis. Active gaze shifts that
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involve head movements in space will be altered, but there will be no changes in the passive AVOR
recorded on earth.

For the Bion 11 flight, laboratories will be set up in Moscow (Spring 1996) to test a control group of
12 rhesus monkeys. We will use sinusoidal linear acceleration on a sled. During the summer, two of
the animals from the group of 12 will fly in the Bion space capsule for approximately two weeks.
While in space, the monkeys will perform behavioral tasks, moving their head and eyes toward lateral
visual targets and will press a light with their hands to receive a juice reward. While in space, the
monkeys will be tested for spontaneous nystagmus using electro-oculography (EOG). At the end of the
flight, the capsule will be returned to Earth and the animals will be recovered and returned to Moscow
for testing. Postflight testing will extend for 14 days at the Institute of Biomedical Problems. All
ground-based testing will be done with binocular three-dimensional eye coil recordings. It is
hypothesized that otolith ocular reflexes such as OCR, horizontal and vertical LVOR and ocular
vergence, will be reduced for 5-7 days after space flight.

The principal investigator successfully completed analysis of data collected during the Rhesus ARRT
experiment. Results provide a detailed description of the animals’ heart rate/variability adaptation to
long duration physical restraint. The main finding was that heart rates initially fell, reflecting
adaptation, but by restraint day 5 they increased and did not return to baseline for the remaining 16 days
of restraint. Results suggest that long-duration restraint may affect measurement of other variables.
Three manuscripts were prepared to report the results to the Ames Project Office to fulfill the final
report requirements of the Rhesus Project’s SIT and ARRT tests. They are listed on the bibliography
page. These papers have been sent out for preliminary review in preparation for submission as NASA
TMs, and then will be prepared for submission to an appropriate journal. Analysis of Cosmos 2229
results was conducted. Linear vestibulo-ocular reflexes (LVORs) provide inertial stability for vision
during linear head motion. Bilateral search coils in 12 rhesus monkeys were used to characterize
LVORs before and after an 11 day space flight by 2 flight animals and controls. Linear motion was
delivered along inter-aural (IA), naso-occipital (NO), dorso-ventral (DV) and intermediate, oblique head
axes. Response gain and phase were calculated, along with gaze position and vergence state. The gain
and phase of differentiated, de-saccaded eye position recordings were calculated using Fourier analysis.
Preflight LVORs were similar to previous results in squirrel monkeys. LVORs compensatory for head
displacement were recorded during IA, DV, NO, and intermediate axis motion. All responses were
affected by vergence state (visual target distance). Post-flight, during [A motion (5 Hz,0.5g), M906
showed a roughly 2/3 reduction in the slope of the function relating horizontal LVOR sensitivity to
vergence that had not recovered by R+391 hours. Under the same conditions, M151 showed almost
identical responses pre- and post-flight. During DV motion (5 Hz, 0.5g), M906 showed from 35-60%
reduction in the slope of the function relating vertical LVOR sensitivity to vergence that had not
recovered by R+391 hours. Under the same conditions, M151 showed responses immediately post-
flight that were almost identical to preflight values, and subsequently had reductions of 30-50%. During
IA and DV head motion at 5§ Hz (0.5 g), M906 had large reductions in the slope of the function relating
LVOR sensitivity to vergence that did not recover by R+391 hours. Under the same conditions, M151
showed almost similar responses pre- and post-flight.

Studies like these are necessary if there is to be continuing manned space flight. With a continuing
presence of the US in space for strategic or other purposes, it will be essential to support human
personnel with appropriate research on changes they will encounter after adaptation to microgravity.

The ability to understand how balance and coordination are affected by space flight should prove of great
value in understanding imbalance in the elderly. The ability to understand how balance and
coordination are affected by space flight should prove of great value in understanding postural and
locomotion difficulties encountered by people with diseases or strokes that affect parts of the brain that
process information related to spatial orientation (e.g., basal ganglia - Parkinson's Disease, cerebellum,
brainstem).
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It is currently thought that some physiological changes that occur during space flight might be good
analogues to terrestrial changes that occur during aging and disease, and therefore that findings from
space experiments might be helpful to sick and aging humans on Earth. During aging and while
experiencing the microgravity environment of space, sensorimotor function may be similarly
challenged: changes and ambiguities in sensory inputs lead to potential errors in cognition and
perception affecting equilibrium and spatial orientation. Errors in reflexes and perceptions can lead to
dysfunctional consequences, such as falls in the elderly and decrements in motor control in astronauts.

28



II. Program Tasks — Flight Research Discipline: Biorack

Effect of Microgravity on Osteoblast Gene Expression

Principal investigator:

Millie Hughes-Fulford, Ph.D. Phone: (415) 750-6940
Laboratory for Cell Growth and Differentiation Fax: (415) 476-1267

Mail Code 151F, Building 1, Room 110-114 E-mail: milliehf@aol.com
Department of Veteran's Affairs Medical Center Congressional District: CA-8

4150 Clement Street
San Francisco, CA 94121

Co-Investigators:

No Co-I's Assigned to this Task

Funding:
Project Identification: Solicitation: 94 OLMSA-03
Initial Funding Date: Expiration:
FY 1995 Funding: $ Students Funded Under Research: 0

Flight Information:
Flight Assignment: Biorack, S/MM-06, STS-84, 6/97
Responsible NASA Center: Ames Research Center

Task Description:

This flight proposal aims to analyze how microgravity effects bone loss by investigating alterations in
osteoblast gene expression patterns in microgravity. We will look at key genes responsible for
osteoblast growth activation and cell cycle regulation. These include the gene expression patterns of
prostaglandin E2 (PGE2) synthesis and actin; ¢-PLA2 (cytosolic phospholipase A2, COX-1 and COX-
2 (cyclo-oxygenases), and the PGE2 receptors EP1, EP2, and EP3 and growth biomarkers c-fos, PCNA
and statin. Biomedical studies show that humans and animals exposed to microgravity have continuous
and progressive loss of calcium and weight bearing skeletal bone due to lack of bone formation.
Mechanical stress used as a countermeasure for bone loss has been demonstrated to cause release of
PGE2 from osteoblasts. PGE2 increases trabecular bone formation in rats. Studies from this
laboratory have show that PGE2 causes activation of c-fos from 15 to 60 minutes followed by
osteoblast growth at 24 hours. The lack of PGE2 synthesis occurring in space may be a critical factor
responsible for the bone loss that occurs in astronauts. PGE2 down regulation is likely a key
component in the mechanism ob bone loss that occurs in astronauts.

Since only 5-10 ug of total RNA are expected from the Type I cell chambers, we have perfected the
rtPCR method for analysis of expression. We have tested our cells in flight on CMIX hardware.

We have been selected for definition for the first Biorack experiments and will be preflight testing
Biorack Type I containers. Using rtPCR technology, expression patterns will be analyzed in
osteoblasts activated and fixed while exposed to 0.0, 0.3, 0.6, and 1.0-gravity; cell cell growth, PGE2
synthesis and glucose will also be analyzed. No additional data was provided by the investigator for
this research.
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Microgravity Effects on Bone Cell Gene Expression

Principal Investigator:

Millie Hughes-Fulford, Ph.D. Phone: (415) 750-6940
Department of Medicine Fax: (415) 476-1267

Mail Code 151F, Building 1, Room 110-114 E-mail: milliehf @aol.com
University of California, San Francisco Congressional District: CA-8
VAMC 4150 Clement Street

San Francisco, CA 94121
Co-lnvestigators:

No Co-T's Assigned to this Task

Funding:
Project Identification: Solicitation: 93 OLMSA-07
Initial Funding Date: Expiration:
FY 1995 Funding: $ Students Funded Under Research: 0

Flight Information:
Flight Assignment: Biorack, S'MM-03
Responsible NASA Center: Ames Research Center

Task Description:

This flight proposal aims to analyze how microgravity effects bone loss by investigating alterations in
select gene expression patterns. We will look at key genes responsible for osteoblast growth and
homeostasis. These include the gene expression patterns of the elements responsible for prostaglandin
(PG) E2 synthesis and action; ¢c-PLA2 (cytosolic phospholipase A2), COX-1 and COX-2 (cyclo-
oxygenases), and the PGE2 receptors EP1, EP2, and EP3. Additionally, we will analyze the expression
pattern of the gene coding for the stress protein, HSP70, involved in maintaining cellular homeostasis.
Expression patterns will be analyzed in osteoblasts exposed to microgravity using tPCR technology.
Biomedical studies show that humans and animals exposed to microgravity have continuous and
progressive loss of calcium and weight bearing skeletal bone due to lack of bone formation.
Mechanical stress used as a countermeasure for bone loss has been demonstrated to cause release of
PGE2 from osteoblasts. PGE2 can increase trabecular bone formation in rats. The lack of PGE2
synthesis occurring in space may be a critical factor responsible for the bone loss that occurs in
astronauts. PGE2 down regulation is likely a key component in the mechanism of bone loss that
occurs in astronauts. Analysis of HSP70 may indicate the level of stress the osteoblast is

experiencing.

Osteoblasts will be growth activated upon exposure to the microgravity environment. Cells will be
flown in the Tissue Culture Incubator located in the orbiter middeck. Growth activating the cells in
space will eliminate any stresses induced during the launch phase. Prior to mission completion the
cells will be fixed in guanidinium isothiocyanate. This fixation will preserve any mRNA species
expressed. Fixing the cells while still in the microgravity environment will eliminate any new
changes in gene expression that may occur during the orbiter's return to Earth. Total RNA will be
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prepared from flight and control cells using standard procedures. DNA copies of RNA species will be
produced using reverse transcriptase and random hexamer primers. The DNA copies are more stable to
degradation than RNA. Using PCR primers specific for the genes mentioned above, we will amplify

any expressed mRNA transcripts and subsequently analyze them by gel electrophoresis and
densitometry.

No additional data was provided by the investigator for this research.
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Graviperception in Starch Deficient Plants in Biorack

Principal Investigator:

John Z. Kiss, Ph.D. Phone: (513) 529-5428
Department of Botany Fax: (513) 529-4243
Miami University E-mail: kissjz@muohio.edu
Oxford, OH 45056 Congressional District: OH-8

Co-Investigators:

No Co-I's Assigned to this Task

Funding:
Project Identification: Solicitation: 94 OLMSA-03
Initial Funding Date: 9/95 Expiration: 8/96
FY 1995 Funding: $77,606 Students Funded Under Research: 3

Flight Information:
Flight Assignment: Biorack ,S/MM-05, STS-81, 12/96, & -06, STS-84, 5/97

Responsible NASA Center: Ames Research Center

Task Description:

The purpose of the proposed research is to study gravity perception in wild-type (WT) and starch-
deficient mutants of the plant Arabidopsis in microgravity on the Biorack module aboard the Space
Shuttle. The proposed research is for two flight missions. The specific goals presented in this
proposal are: (1) to determine the optimal growth conditions of seedlings in the “lentil-roots" hardware
on Biorack in ground-based testing: (2) to determine the threshold levels of stimulus required for
gravitropic curvature in the microgravity-grown roots; (3) to study the distribution of integrin (a
membrane protein which has a key role in signal transduction) in plant cells in ground-based studies;
and (4) to determine if integrin localization is affected in plant cells from seedlings grown ina
microgravity environment. This project is designed to investigate the starch-statolith model for gravity
perception, a hypothesis which has been widely debated for the past century. We now have an
opportunity to help resolve these controversies by using the unique characteristics of microgravity.
Insights gained from this research should be applicable to other plant groups, including those that may
be used during long-term space flight and/or International Space Station missions. The proposed work
is directly related to the emphases of the NRA 94-OLMSA-03 since it is concerned with gravitational
cell biology and plant biology, which are two of the four focal areas of this program. The first year of
the proposed program will focus on biocompatibility testing of the “lentil-roots" hardware (LRH) with
Arabidopsis WT and mutant seedlings and ground-based studies of integrin distribution in Arabidopsis
roots.

We are in the definition and development phase for space flight experiments on the ESA Biorack
payload on S/MM-05 (STS 81) and S/MM-06 (STS 84). Our accomplishments to date include: 1) The
internal configuration of the Lentil-Roots minicontainers has been successfully modified for growth of
Arabidopsis seedlings. We use a series of filter papers and cellulose nitrate membranes to grow the
seedlings. This ESA-supplied hardware previously was used for much larger lentil seedlings; 2) The
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light pretreatment for maximal germination of Arabidopsis seeds has been determined to be 14 hours.
Maximal germination is highly desirable for flight experiments; and 3) The Cannon L1 video camera
can be used for our experiments on S/MM-05. We went to Hanger L at the NASA Kennedy Space
Center to test the video camera in the ground Biorack unit. It has sufficient resolution to successfully
image the small Arabidopsis seedlings.

Since we plan to study the structure of starch in microgravity-grown seedlings, our studies should aid
in understanding basic starch structure and metabolism. Starch is the principal storage carbohydrate in
plants and is an extremely important natural product in both agricultural and industrial settings. Starch
is used extensively in foods and beverages, and can be converted to glucose and high fructose corn
syrup. In terms of industrial applications, starch and modified starches are important in
pharmaceuticals, detergents, paper products, coatings, resins, and numerous other products. For long-
term space flight and the International Space Station, our research should aid in understanding how
microgravity affects the development of starch and what implications this has for the food value of
plants.

Publications, Presentations, and Other Accomplishments:

Katembe, W.J., C.A. Makaroff, J.Z. Kiss "Identification of integrins in plant cells (abstract),”
American Society of Plant Physiologists, Charlotte, NC. Plant Physiology, 108(S), 92 (1995).

Kiss, J.Z. "The response to gravity is correlated with the number of statoliths in Chara rhizoids."
Plant Physiology, 105, 937-940 (1994).

Kiss, J.Z., M.M. Guisinger, A.J. Miller, J.B. Wright “The response to gravity is correlated to the
amount of starch in Arabidopsis intermediate-starch mutants (abstract)." American Society for
Gravitational and Space Biology, Bulletin 9, 38 (1995).

Kiss, J.Z., T. Caspar, J.B. Wright, A.J. Miller “Gravitropism in roots of intermediate-starch mutants
of Arabidopsis (Abstract)", American Society of Plant Physiologists, Charlotte, NC. Plant
Physiology, 108(S), 24 (1995).

Wang-Cahill, F., ].Z. Kiss "The statolith compartment in Chara rhizoids contains carbohydrate and
protein.” American Journal of Botany, 82, 220-229 (1995).
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Mechanisms of Gravity Sensing and Response in Hematopoietic Cells

Principal Investigator:

Marian L. Lewis, Ph.D. Phone: (205) 895-6553
University of Alabama, Huntsville Fax: (205) 895-6376

360 Wilson Hall E-mail: lewisml@email.uah.edu
Huntsville, AL 35899 Congressional District: AL-4

Co-Investigators:

Dr. Didier A. Schmitt, M.D. Laboratoire d'Immunologie
Funding:
Project Identification: Solicitation: 93 OLMSA-07
Initial Funding Date: 1/95 Expiration: 5/97
FY 1995 Funding: $125,000 Students Funded Under Research: 2

Joint Participation: ESA

Flight Information:
Flight Assignment: Biorack, S/MM-03, STS-76, 3/96
Responsible NASA Center: Ames Research Center
Flight Hardware Required: Biorack Cytokines H/'W

Task Description:

The overall objective of this proposal is to investigate the role of the cytoskeleton in gravity
(microgravity) “sensing” and signal transduction in single cells (lymphocytes). Specific aims are to
evaluate 1) cytoskeletal morphology; 2) signal transduction; and 3) expression of genes regulating
cytoskeletal and related proteins and cytokines. Justification: Membrane-cytoskeletal interactions are
involved in second messenger transduction by a signal amplification mechanism; intact microtubules
are required. Our results show altered actin morphology in mouse and Xenopus cells flown on STS-52
and 56 and HL 60 cells flown on STS67 and STS-69. The effect of altered cytoskeletal morphology on
signal transduction is unknown and will be investigated by probing for gene products by RT-PCR after
growth stimulating cells in microgravity. The proteins gelsolin and proftlin regulate actin
polymerization and filament formation in cardiac myocytea. Function of these proteins is modulated
by inositol diphosphate hydrolysis at the inner membrane. The effect of space flight on expression of
genes for these regulatory proteins is not known. The role of antigen presenting accessory cells is
controversial. Although an objective of the original proposal, the research to evaluate dendritic/T cell
interaction during lymphocyte activation will be conducted on a different payload. Instead, the S/MM-
03 research will concentrate on the RT-PCR evaluation of mRNA for a number of genes and the
morphological alterations of the cytoskeleton. Signal transduction evaluation will include
visualization of translocation of protein kinase C (PKC) from cytosolic stores to membrane sites after

stimulation of Jurkat cells with serum, rather than with specific mitogens, in microgravity .
First year activities to verify procedures and expand ground-based data are to: 1) develop primers to

Graduate mRNA gene transcripts by RT-PCR for the lymphocyte activation model proposed; 2) test
cytoskeleton /PKC interactions by immunofluorescence to evaluate early signal transduction events; 3)
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conduct an Experiment Sequence Test at NASA KSC to ensure cell survival and appropriateness of all
procedures. Second year activities include flying the first experiment to evaluate these parameters in
microgravity.

The most significant change in direction of this research is that, on this one flight opportunity, I
cannot fly the primary human T lymphocytes exposed to Con A and anti-CD3 as | originally proposed.
Hopefully some of the original objectives using T cells can still be met through my collaboration
(which was formalized in FY95) with Co-investigator, Dr. Didier Schtnitt. I have omitted testing
dendritic and T cell interaction and will plan this for a different payload.

As stated in the Task Abstract, the objectives for the first year included verifying procedures and
expanding ground-based data, developing the prisners to evaluate mRNA gene transcription products by
RT-PCR, testing cytoskeletosl/protein kinase C (PKC) interactions by immunofluorescence,
familiarization with the Biorack hardware and conducting the Experiment Sequence Test (EST) at KSC.
All of these tasks were accomplished. Specific achievements for the first year involved set up of the
project and included hiring a molecular biologist and a tissue culture technician, and purchasing a
Genequant, a thermocyder, and a gel electrophoresis system for the RTPCR assays. Scientific
achievements included verification of techniques for RNA extraction, cytoskeletal morphology
visualization and focalization of PKC in activated versus non-activated cells. One of the planned
original activities (evaluating dendritic T cell interaction by flow cytometry ) and one technique (use of
western blotting to evaluate early signal transduction events) were dropped from the study because we
chose to fly Jurkat cells rather than primary human lymphocytes. Jurkat cells were chosen for the
SIMM-03 opportunity as a systematic approach using a fail-safe model cell type in lieu of the less
reactively stable primary lymphocytes. I also chose to fly six replicate wells of Jurkat cells per
hardware unit, per time point, for each of two preservation methods, rather than to fly two cell types
and risk not having adequate replicates for the new RNA evaluations key to the main objective of this
flight opportunity. Our original plan was to fly primary lymphocytes on the second and third Biorack
opportunities; however, our renewal proposal was not selected for further funding after S'MM-03.

During FY95, we provided documentation including the Ground Support Requirements Document,
fluids lists, laboratory procedures for Hangar L activities, and other documentation developed in
cooperation with the ESA and NASA/Ames mission management team. We performed hardware check
out and functional verification, purchased parts including a pipetor and other materials for flight and
ground-based control tests. Other accomplishments included travel to Noeordwijk in December 1994 for
training on the Biorack "Cytolcines" and other hardware and a one week RT-PCR training session in
Dr. Millie Hughes-Fulford's laboratory to become familiar with current technology.

We have demonstrated that the Biorack hardware is an excellent choice for the TCELL experiment. Do
the throat cells grow and remain viable during the 48 hour ten plus pre-launch time? Our ground-based
tests showed that cell counts and viabilities for Jurkat cells held in the hardware were within the ranges
existed. Can we get good replication of counts, viabilities and RNA from cells grown in the Biorack
hardware? Results from the EST at KSC in October, 1995 showed good well-to-well replicability for
cell counted glucose levels and RNA extraction.

Immunofluorescence microscopy procedures have been refined to show actin and tubulin cytoskeleton
and nuclear morphology in cells grown in the Biorack hardware. The RNA extraction procedure details
are defined and were verified on the EST cells. We have shown migration of PKC from the cytosol to
the cell membrane in activated cells. Are hardware preparation procedures verified? Procedures and
questions of hardware sterilization and cell handling during loading and unloading and storage have been
answered. Which gene products will be evaluated? We have selected primers to evaluate by RT-PCR the
following: beta actin, constitutive and inducible heat shod proteins, several cytoskeletal associated
proteins, cyclophilin, c-fos and c-myc.
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What additional primers will be selected for analysis? We will determine this after evaluating RNA
from the EST cells by RT-PCR. What are the minimal G levels that affect cytoskeletal assembly and
morphology? We continue to show on other payloads that cytoskeletal morphology in flown cells is
altered. Why should low-g affect the coalescence or polymerization of the actin and tubulin filaments?
How does this alteration affect the transduction of signals from membrane to nucleus and back? Which
genes are affected? How are the MAP kinases involved or is phosphorylation of MAP kinase cascade
affected in low-g?

This year's progress has been extremely significant considering that the lab was not staffed and no
equipment for RT-PCR was in place. We have now developed a full laboratory capability to test any
number of gene products from RNA extracted from flown or ground cells. This is, after all, the point of
cellular control basic to all cellular function. The effect on future work on this taste is that we are now
set up to perform these assays for our own research and can perform gene product assays for co-
investigators and other investigation. The possibility of answering the new questions generated by this
research is critical to the continuity of NASA's gain from initial funding to this project and will
provide significant information from future flight and ground research.

Information over the past twenty years of manned space flight consistently indicates a reduced response
of human T lymphocytes to mitogenic challenge during, and for several days after flight. Why this
occurs has not been clearly defined. The number of in-flight illnesses reported over the years indicates a
high probability that susceptibility to ilness can be a problem during long-term space flight. In 1992.
Taylor, et al. compiled data to confirm a significant inflight reduction in the cellular immune response
of astronauts during space flight, and there is evidence that stress (Earth and/or space flight) and other
factors, such as the increased growth rate of bacteria in microgravity, may increase the chance of
infections. Thus, space flight-induced immunocompetence could present a serious problem for long-
term human space exploration. On Earth, similar illnesses result from compromised immune cell
function in immune deficiency diseases. ‘

Clearly, information gained on the mechanisms involved in reduced human cellular immunity during
space flight is applicable to space- and Earth-bound medicine and biotechnology since an understanding
of mechanisms guides drug design and countermeasures and has ramifications for treatment of immune
system disorders including AIDS and cancer.

The two basic biological molecular level processes for which understanding can be gained from this
research are the role of the cytoskeleton in gravity “sensing” and the mechanism by which gravity
affects the expression of specific genes in the differentiation and growth of cells. My colleagues and 1
clearly demonstrated in experiments flown on STS-52 and STS-56 with mouse osteoblasts and xenopus
myocytes, that actin cytoskeletal morphology in flown cells is significantly altered compared to that of
ground control cells held in the same hardware at the same temperature and using the same timeline as
the flight experiment. We showed low-g effect on the cytoskeleton again on STio7 and STS-69 with
HL-60 cells. The cytoskeleton does not polymerize elements to the same extent in flight as in ground
cultured cells. Cells are also consistently growth retarded and utilize less glucose during space flight.

This research investigates regulation of specific genes, namely those involved with cytoskeletal
assembly and function in an effort to learn how the cytoskeleton is involved in gravity "sensing”.
Information resulting from this research will absolutely advance the understanding of cell-level gravity
“sensing” by defining the measurable effects on the cytoskeleton and related signal transduction
pathways and evaluation of the mRNA of significant and specific growth and function regulatory genes.

This research, directly probing gene expression and regulation in the cells involved with cellular
immunity, is focused on the very basic molecular mechanisms of cytoskeleton related signal
transduction and gene expression. The short term problems encountered by humans in space flight have
similarities to illnesses on Earth for which no effective treatments have been developed (AIDS and
some forms of cancer).
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Gene therapy and control of cell growth at the gene and molecular level is already being tested
clinically. The results of our research can advance understanding of basic regulatory mechanisms

understanding of the regulatory processes of cell growth and differentiation, specifically lymphocytes,
can facilitate rational design of drugs and development of therapeutic procedures for improving human
health.

Potential for production of cytokines in low-g and potential for development of new drugs based on
information gained from this research are significant benefits from this research,

Publications, Presentations, and Other Accomplishments:

Hughes-Fulford, M. and Lewis M.L. "Effects of Microgravity on osteoblast growth activation,”
Submitted and accepted experimental Cell Research, 1995,
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Modification of Radiogenic Damage by Microgravity

Princlpal Investigator:

Gregory A. Nelson, Ph.D. Phone:

Space Biological Sciences Congressional District: CA-27
Mail Stop 89-2

Jet Propulsion Laboratory

4800 Oak Grove Drive

Pasadena, CA 91109
Co-Investigators:

No Co-I's Assigned to this Task

Funding:
Project Identification: Solicitation: 93-OLMSA-07
Initial Funding Date: Expiration:
FY 1995 Funding: $ Students Funded Under Research: 0

Flight Information:
Flight Assignment: Biorack ,$/MM-03, STS-76, 3/96
Responsible NASA Center: Ames Research Center

Task Description:

The purpose of the proposed experiment is to measure the dose versus response relationships for
radiation-induced mutation and chromosome aberration in vivo in an animal in the presence and absence
of gravity to determine whether gravity unloading results in dose modification. If dose modification
occurs it means that risk assessments for astronauts exposed to radiation in space may need to be
revised and/or that spacecraft shielding designs may need to be modified to accommodate potential
reduced or enhanced radiosensitivity.

The first year's work will involve development of an inflight irradiator based on a Strontium-90
radioisotope source and calibration of dose versus response relationships for existing mutation and
chromosome aberration assays to this typg of radiation in containers equivalent to flight hardware. The
nematode C. elegans will be used to measure forward autosomal recessive lethal mutation using a
balancer chromosome technique and stable anaphase bridges in intestinal cells will be scored
histologically to quantify chromosome aberration. Continuing into year two, these calibrations will
measure effects of temperature variation and timing to provide a measure of variance under operational
conditions so the detection limits for differences due to gravity can be established in flight.

No additional data was provided by the investigator for this research.
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Bacterial Growth on Surfaces in Microgravity and on Earth

Principal Investigator:

Barry H. Pyle, Ph.D. Phone: (406) 994-3041

Microbiology Department Fax: (406) 994-4926

Montana State University E-mail: umbbp@msu.oscs.montana.edu
109 Lewis Hall Congressional District: MT-1

Bozeman, MT 59717
Co-Investigators:

Gordon A. McFeters, Ph.D. Montana State University
Funding:
Project Identification: Solicitation: 94 OLMSA-03
Initial Funding Date: 7/95 Expiration: 6/98
FY 1995 Funding: $73,185 Students Funded Under Research: 2

Flight Information:
Flight Assignment: Biorack ,S/MM-05, STS-81, 12/96, Euro-Mir
Responsible NASA Center: Ames Research Center
Flight Hardware Required: ESTEC

Task Description:

In the context of human life support in space flight, there is clearly a need for the highest possible
bacterial water quality to limit the risks of infections in human occupants and minimize water system
deterioration. Biofouling bacteria such as Burkholderia (Pseudomonas) cepacia are among the most
common organisms isolated from Space Shuttle water systems. We have developed approaches on
earth which are useful for investigating biofilms in the spacecraft environment. We propose to
determine the effects of space flight and microgravity on the formation of biofilms by bacteria.
Procedures for preparation and storage of bacterial cells, growth media, physiological indicators, and
fixation will be developed and evaluated. We will also evaluate techniques to be used to examine post-
flight samples, including physiological assays and physical methods such as scanning confocal laser
microscopy with image analysis. Our overall goal will be to establish experimental protocols for
Biorack experiments to determine the effects of space flight and microgravity on biofilm formation by
water-borne bacteria, and their control. The information obtained will improve our understanding of
bacterial biofilms and their control both in spacecraft and on earth. The date obtained may be used in
the design of biological waste treatment systems for future use in spacecraft. It will also be important
in the development of microbial systems for the commercial production of novel compounds in
microgravity.

In July, the PI traveled to Toulouse, France, for familiarization with the Phorbol Type I containers

selected for use with this experiment, returning with two containers on loan. Samples of the
polycarbonate container material and other components were also obtained.
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Biocompatibility experiments were performed to determine if the container materials or lubricant
(silicone grease), had any effect on the growth of the organism Burkholderia cepacia. This extremely
oligotrophic (low-nutrient) organism was cultured in sterile reagent grade water (Milli-Q) and incubated
with the components singly and in combination. No inhibition or stimulation of growth was detected.

In early November, the PI traveled to NASA's Kennedy Space Center for briefing with ESTEC and
NASA ARC staff involved in the project, and reported on the initial biocompatibility experiments.

Two undergraduate students were selected from among eight qualified applicants to assist with the
project. They are both juniors majoring in microbiology at Montana State University. Carla Johnsrud
is enrolled in the Medical Technology option, while Ryan Storfa is in the Environmental Health
option. The PI began briefing them at the end of the Fall semester in December in preparation for their

active involvement from the beginning of the Spring semester, 1996. Both are intending to continue
on the project until their graduation at the end of the Spring 1997 semester.

There are no distinct earth benefits from the work done from July through December 1995, as all of the
work has been ground-based and is preparatory to the proposeg experiment.
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Gravitropism and Autotropism in Cress Roots

Principal Investigator:

Fred D. Sack, Ph.D. (Co-Investigator) Phone: (614) 292-0896
Department of Plant Biology Fax: (614) 292-6345

Ohio State University E-mail: sack.1@osu.edu
1735 Neil Avenue Congressional District: OH-5

Columbus, OH 30303
Co-Investigators:
Dietr Volkmann (Principal Investigator)

Funding:
Project Identification; Solicitation: NRA 94-OLMSA-03
Initial Funding Date: Expiration:
FY 1995 Funding: $ Students Funded Under Research: 1

Joint Participation: ESA
Flight Information:
Flight Assignment: Biorack
Responsible NASA Center: Ames Research Center

Flight Hardware Required: Biorack, photobox

Task Description:

The phenomenon of autotropic growth in cress roots has been observed in previous experiments under
microgravity. We propose to investigate and quantify the interrelation between gravitropic curvature
and autotropic straightening. By lateral stimulation, different gravitational stimuli - varying stimulus
intensity and stimulation time - will be applied to cress seedlings (Lepidium sativum). Flight
centrifugation will apply g, 0.1g, and 1g for 3-60 minutes to roots that have been germinated for 26
hours. Under microgravity conditions, the long-term behavior of roots following actual g-induced
curvature will be documented using time-lapse image capture,

Root growth analysis should enable us to determine the relative strengths of response to a limited dose
(g-stimulus) following withdrawal of that stimulus, and some “memorized” previous angle of
equilibrium growth. It will also be determined whether autotropic straightening results only from new
growth (in which case a record of older curvature should be maintained), or whether regions that curved
previously later straighten. It will also be possible to determine whether the extent of straightening is
affected by the intensity of the previous lateral centrifugation. Differential growth occurs through
changes in the shape of cells (length to width ratios or form factors). The form factor of cells in
curving and straightening regions will be determined to establish the basis for the tropic response.
This will be correlated with changes in the distribution of various cytoskeletal components (F-actin,
@-and y-tubulin, tho, myosin, profilin, etc) both in the loci of curvature and in the rootcap.
Differences between ground and microgravity controls will help establish the extent of interaction
between g-forces, cytoskeletal proteins, and organelles such as amyloplasts.
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Bratislav Stankovic started as a postdoc on the project on November 1, 1995. The timeline of the
flight experiment has been revised, in consultation with Dieter Volkmann and European Space Agency
(ESA) personnel. Procedures for ground-based controls are being developed e.g. clinostats are being
assembled. A method for visualizing the cytoskeleton in fixed, embedded (in Staedtmann’s wax) and
sectioned cress roots has been worked out. Critical cytoskeletal antibodies have been located. An
important antibody now available to us is against plant rho proteins, a possible organizer of F-actin.
Immunofluorescence trials using this antibody are in progress. The Columbus-based team has begun
to gain familiarity with Biorack and NIZEMI hardware specific to this experiment. The literature on
plant autotropism has been reviewed (in house) to startto place flight data in a wider intellectual and
evidential context.

This research is in fundamental plant root biology and does not address disease or therapeutics, nor is it
likely to have any foreseeable direct impact on the common man or in new technologies. It does,
however, address basic biological questions of widespread interest, i.e. "how do plants’ roots grow
down?" The basic question is whether there is some sort of "memory" in the root gravitational
response following conflicting and successive reorientations or g-excursions. We are also addressing
questions about threshold effects that can only be answered in space. Itis conceivable that this
information will be valuable in optimizing the growth of crops for prolonged flight missions with
humans.

Publications, Presentations, and Other Accomplishments:

Sack, E.D. "Cell biology of plant gravity sensing. Advances Space Research”, Vol 14, no 8, 117-119
(1994).

Sack, F.D., D. Kim and B. Stein "Organelle sedimentation in gravitropic roots of Limnobium is
restricted to the elongation zone." Annals Botany, vol 74, 35-42 (1994).

Schwuchow, J.M. and F.D. Sack "Microtubules restrict plastid sedimentation in protonemata of the
moss Ceratodon.” Cell Motility and Cytosksleton, Vol 29, 366-374 (1994).

Schwuchow, J.M., D. Kim and F.D. Sack “Caulonemal gravitropism and amyloplast sedimentation in
the moss Funaria." Canadian Journal Botany, vol 73, 1029-1035 (1995).

Walker, L.M. and E.D. Sack "Microfilament distribution in protonemata of the moss Ceratodon."
Protoplasma, vol 189, 229-237 (1995).

Walker, L.M. and F.D. Sack "An ultrastructural analysis of cell component distribution in apical cells
of Ceratodon protonemata.” Protoplasma, vol 189, 238-248 (1995).
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Effects of Microgravity on Lymphocyte Activation: Cell-Cell Interaction and Signaling

Principal Investigator:

Clarence F. Sams, Ph.D. Phone: (713) 483-7160
Biomedical Operations and Research Branch Fax: (713) 483-6227

Mail Code SD-4 E-mail: sams@sdmail.jsc.nasa.gov
NASA Johnson Space Center Congressional District: TX-22

2101 NASA Road 1
Houston, TX 77058

Co-Investigators:

B. Behnam Hashemi, Ph.D. NASA Johnson Space Center
Joseph E. Penkala, Ph.D. NASA Johnson Space Center
Funding:
Project Identification: 79 US - AGGS Solicitation: 94 OLMSA-03
Initial Funding Date: 10/95 Expiration: 9/96
FY 1995 Funding: $75,000 Students Funded Under Research: 2

Flight Information:
Flight Assignment: Biorack ,S/MM-05,-06; STS-81, 12/96; STS-84, 6/97
Responsible NASA Center: Ames Research Center

Task Description:

Lymphocyte activation involves a complex sequence of molecular events, including intercellular and
intracellular signaling. A number of studies, both during space flight and ground-based, show in vitro
lymphocyte activation is inhibited in altered gravity conditions. The majority of these experiments
have assessed activation based on radiolabeled.thymidine incorporation at 72 hours post-activation as a
marker of DNA synthesis. However, a temporal and mechanistic understanding of the inhibition is
still lacking. Our laboratory has investigated the inhibition of lymphocyte activation under simulated
hypogravity conditions (clinostat) by examining several temporal and functional points along the
activation pathway. We have found that activation of lymphocytes by mitogenic lectins or antibodies
exhibits a block very early at the transition from the GO to the G1 stage of the cell cycle. If phorbol
ester and calcium ionophore pairs are used for activation, this GO/G1 block is passed, but a later block
at or near the G1/S cell cycle transition is noted.

Our hypothesis is that hypogravity inhibits lymphocyte activation by altering cellular signaling
required for activation. This effect results from changes in intercellular biophysical interactions.
Attempts to understand lymphocyte inhibition in microgravity must, therefore, consider both
intercellular monocyte-lymphocyte interactions as well as the resulting intercellular signaling events.
Specific tests described in this proposal will include the microscopic measure 1) the formation of
intercellular signaling complexes, 2) cytoskeletal transitions in response to these events. Experiments
testing the resulting intracellular signaling will be addressed in a separate Biorack Flight Opportunity
proposal "Effects of Microgravity on Lymphocyte Activation: T Cell Receptor-Mediated Signal
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Transduction and Cell Cycle Regulation". Together, these experiments will provide insights into the
potential biophysical mechanisms involved in the inhibitory effects of gravity on cells and tissues.

This effort is a new start which was formally initiated in FY 96. Preliminary studies were performed
in FY 95 to verify the technical feasibility of experimentation in the AGGREGATE hardware. In
addition, detailed biocompatibility studies were performed using the hardware components and
materials. A need for modification of the hardware was identified during this testing.

The Cell Biology Discipline Working Group has identified several high priority areas for investigation
under the Space Biology Program. These include signal transduction systems, cell-cell interaction, and
cytoskeletal structure. The experiments in this investigation will include elements of each of these
research areas and will improve the understanding of environmental and gravitational influences on cells
in culture.

The elucidation of factors regulating entry and progression through the cell cycle is currently of extreme
interest to oncology, immunology, and developmental biology. Recently, a number of disciplines
have converged in establishing a model for cell cycle regulation that accommodates the deregulated cell
division in cancer, cell cycle delay in response to radiation, and the eventual failure and arrest of the cell
cycle during aging. The system of hypogravity-mediated cell cycle arrest provides a unique
experimental system to examine the tents of this regulatory model. The ability to uncouple signal
transduction systems through the use of hypogravity culture without the use of chemical agents or
metabolic poisons provides the unique potential to investigate the details of these integrated elements
in a more natural or physiological state.
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Microgravity and Signal Transduction Pathways in Sperm

Principal Investigator:

Joseph S. Tash, Ph.D. Phone: (913) 588-7421
Department of Physiology Fax: (913) 588-5677
School of Medicine E-mail: jtash@kumc.edy
University of Kansas Medical Center Congressional District: KS-3

3901 Rainbow Boulevard
Kansas City, KS 66160-7401

Co-Investigators:

Geracimo E. Bracho, Ph.D. Kansas University Medical Center
Funding:

Project Identification: Solicitation: 94 OLMSA-03

Initial Funding Date: 9/95 Expiration: 8/96

FY 1995 Funding: $93 568 Students Funded Under Research: 1

Flight Information:
Flight Assignment: Biorack S/MM-05, -06; STS-81, 12/96; STS-84, 6/97
Responsible NASA Center: Ames Research Center

Task Description:

in sperm. Motility in these experiments was not determined. In this connection, sperm able to swim
against a 1g force were found to contain higher levels of ATP. Since ATP is critical to the
maintenance of sperm motility, it is likely that microgravity may produce changes in sperm motility.
Sperm motility is regulated by the content of CAMBP, calcium (Ca?), and the state of protein
phosphorylation modulated by these second messengers. Whether these components are altered during
changes in gravitational forces are not known. The present study will examine, using ESA Biorack
Hardware, changes in ATP, ADP, cAMP, cGMP, and protein phosphorylation in sea urchin and mouse
sperm under a variety of physiological and gravitational conditions, including those which, in ENG,
promote oocyte fertilization. The research project comprises 4 specific aims: Aim 1: Determine
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yield information regarding biochemical mechanisms underlying the alterations in movement produced
by alterations in gravity. Results from these experiments will greatly expand previous data regarding
the effects of altered gravity on sperm function. These studies will yield information regarding
biochemical mechanisms underlying the alterations in movement produced by alterations in gravity.
Results from these experiments will greatly expand previous data regarding the effects of altered gravity
on sperm function. These studies will yield information relevant to plans for habitation and survival
during long-term space flight.

The plan for the first year will be 1) Prepare first set of sperm samples and set up the methods for
transport and incubation of sperm samples, 2) Assure biocompatibility of Biorack hardware for planned
experiments, 3) Plan fine details of the conduct of the experiments to ensure matched protocols and
identical treatment of samples for both SPFE and ENG experiments, 4) perform technician and flight
crew training, and 5) conduct simulations and first set of flight experiments and ground controls.

Progress towards making the proposed experiments ready for flight has been proceeding extremely well.
Biocompatibility studies have been successfully completed for the sea urchin sperm that will be used
for both SS/M-05 and SS/M-06. Our tests demonstrated that the sperm will survive in the Biorack
H/W extremely well under launch scrub conditions as long as 72 hr with no significant deterioration in
cell viability, and as long as 96 hr with only a slight reduction in viability. The initial timeline
discussions indicated that the experiment will be conducted at ~30 hr £ 12 EMT which is well within
the limits of optimal cell viability. The results of these experiments were presented at the IWG at
ESTEC in January, 1996 and crew procedure development was initiated with the BGT. Draft GSRD
and EPPs for SS/M-05 have been submitted to allow preparations to proceed for the EST scheduled for
May. Ground support personnel have been hired and are now under training. Preliminary experiments
on data analysis have been initiated. In conclusion, the progress of this year's tasks has been excellent
and should provide NASA and ESA personnel with sufficient support to allow our planned experiments
to be ready for EST, crew training, and flight.

In order for fertilization to occur, sperm must become motile and undergo a process termed capacitation
prior to being able to fertilize the egg. Some male factors are correlated with a lower ability to undergo
changes in sperm motility associated with capacitation. This area of sperm function has been studied
for a long time under Earth gravity conditions and is of particular relevance to male infertility. The
planning for long term space habitation raises the question of whether the normal fertilization produces
might be altered under microgravity conditions. Earlier unmanned microgravity experiments, in fact,
demonstrated that motility of bull sperm is altered significantly in microgravity. Our area of focus, in
ground-based experiments, has been to study the role that second messenger pathways play in
regulating the initiation and modulation of sperm motility. In this regard, changes in second
messengers and protein phosphorylation are critical components of the regulation of sperm motility.
Our microgravity experiments will expand these studies to determine whether the reported changes in
sperm motility under microgravity are correlated with alterations in the intracellular messenger
pathways and protein phosphorylation targets that regulate motility. Since sperm expend considerable
levels of the biochemical energy supply to produce motility, these studies are also relevant to
bioenergetics under microgravity conditions. Results of these experiments will not only expand our
knowledge of the basic biological process of sperm function, but also address and area of biology
relevant to extended habitation in microgravity.

Publications, Presentations, and Other Accomplishments:

Ahmad, K., G.E. Bracho, D.P. Wolf and J.S. Tash "Regulation of human sperm motility and
hyperactivation component by Ca®™, calmodulin, and phosphoprotein phosphatases.” Arch. Androl.,
vol 35, 187-208 (1995).

Bracho, G.E. and .S. Tash " Assaying protein phosphatases in sperm and flagella.” Methods. Cell.
Biol., vol 47, 447-458 (1995).

46



II._Program Tasks — Flight Research Discipline: Biospecimen Sharing

Biochemical Assessment of Stress in Cardiac Tissue

Principal Investigator:
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No additional data was provided by the investigator for this research.
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No additional data was provided by the investigator for this research.
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Effect of Space Flight on Adrenal Medullary Functions
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Solicitation: 93-OLMSA-02
Expiration: 12/95
Students Funded Under Research: 2

Task Description:

It is well known that microgravity conditions during space flight affect endocrine responses causing
alterations in hormone levels, e.g., in the adrenal, pituitary, thyroid, and pineal glands. Thus,
microgravity-induced changes in blood- and urinary-catecholamine (CA) levels have been observed, yet
the cellular/molecular mechanisms leading to these changes are not known. We hypothesize that space
flight might alter the expression and specific activities of the adrenal medullary CA synthesizing
enzymes. Using a previous tissue sharing program we obtained evidence for a microgravity-induced
decrease in the expression and specific activity of rat adrenal medullary tyrosine hydroxylase, the rate
limiting enzyme of CA synthesis. We now propose to confirm and extend our findings on the effects

of microgravity on the CA synthesizing system by usin
in some previous and future Space Shuttle missions.

g additional adrenal glands from animals flown

Specifically, we propose to 1) determine total CA contents, in particular assessing the ratios of
epinephrine/norepinephrine in intact adrenal glands, using reversed phase HPLC with electrochemical
detection; 2) measure the specific activities of three of the major CA synthesizing enzymes, tyrosine
hydroxylase, dopamine-beta-hydroxylase, and phenylethanolamine-N-methyltransferase using
radioenzymatic/colorimetric assays; 3) assess the amount of immunoreactive CA synthesizing
enzymes by quantitative Western blotting; and 4) evaluate the differential gene expression of CA
synthesizing enzymes by using semi-quantitative PCR and slot blot technology.

Our initial findings of a significant microgravity-induced decrease of tyrosine hydroxylase expression

and specific activity are exciting by themselves from the

basic science point of view. Moreover they

might be consequential for space flight in general. However, before any definitive conclusions can be
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drawn, our observations need to be verified and extended using a larger sample size and more elaborate
controls. The present NASA Research Announcement provides the prospect for a timely, thorough
follow-up to our initial studies.

In view of the extended delay of over two years, there has been no progress achieved so far on this
project. The tissues themselves arrived in December 1995. However, with the tissues now in place,
we intend to carry out the analyses as planned. We will investigate the effects of space flight on
adrenal medullary function by analyzing tissue catecholamine contents by HPLC with electrochemical
detection. We will analyze the expression/activity of catecholamine synthesizing enzymes and finally,
we will check expression of the same enzymes by immunohistochemistry. Due to the long delay
between writing the grant, obtaining the tissues and receiving all the funding in the near future, the
team that originally was supposed to work on this project has dispersed. At this point the principal
investigator is retraining two students in the lab to carry out the above analyses. The training will
occupy much of the first three months of this year. In those three months, two students will be trained
in analyzing catecholamines and assaying catecholamine synthesizing enzymes as well as in
immunohistochemistry. Thereafter, we anticipate spending the remaining nine months on carrying out
the experiments as described in the proposal. ‘

Since this is a strictly physiological/medical study on animals flown in space there is no direct Earth
benefit. On the other hand, our initial results published in FASEB J. suggested for the first time a
decrease in catecholamine levels in rats that were directly exposed to space flight. More recently,
published reports on human astronauts seem to confirm our experimental data. Therefore, the
continued broadening of our studies will be of enormous importance for understanding in detail the
mechanism of how and why catecholamine synthesis and secretion is decreased in vertebrates exposed to
microgravity in space.
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Mitochondrial Changes in Muscle Following Space Flight
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No additional data was provided by the investigator for this research.
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Glial Cell Reaction from Space Flight
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No additional data was provided by the investigator for this research.
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Vitamin D Endocrine System After Short-term Space Flight
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Flight Information:

Responsible NASA Center: Ames Research Center

Task Description:

We used immunohistochemical, biochemical and molecular approaches to analyze the expression of
calbindin-D,y, and calbindin-Dy, in kidneys, intestine, and pancreas of rats flown for 10 days aboard the
Spacelab 3 mission. We compared the effects of microgravity on calbindins in rats in space vs.
"grounded” animals (synchronous Animal Enclosure Module controls and tail suspension controls).
Exposure to microgravity resulted in a significant decrease in calbindin-D,4, content in kidneys and
calbindin-Dy, in intestine of flight and suspended animals, as measured by enzyme-linked
immunosorbent assay (ELISA). Immunohistochemical results demonstrated similar changes in
calbindins in some animals. These findings suggest that a decreased expression of calbindins after short-
term exposure to microgravity and modelled weightlessness may affect cellular Ca** homeostasis and
contribute to Ca** and bone metabolism disorders induced by space flight.

Two species of rat calbindins, calbindin-D,q and calbindin-Dy,, were measured using enzyme-linked
immunosorbent assay (ELISA) with monoclonal anti-calbindin-D,,, antibodies and antiserum against
calbindin-Dy,. Significant decreases in levels of renal calbindin-D,,, and intestinal calbindin-D,, were
found in flight and suspended animals. The level of renal calbindin-Dy, was very low and did not change
significantly.

In situ levels of calbindins on fixed tissues were evaluated using described above primary antibodies
and biotin-streptavidin techniques. Immunohistochemical results demonstrated are similar to those
obtained with ELISA, changes in calbindins in some animals, especially in tail suspension groups.

In summary, the results obtained suggest that a decreased expression of calbindins after a short-term
exposure to microgravity and modelled weightlessness, may affect cellular Ca>* homeostasis and
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contribute to Ca** and bone metabolism disorders induced by space flight. Decreased levels of intestinal
and renal calbindins during a long-term space flight may significantly contribute to the development of
disorders in Ca®* and bone metabolism; however, whether this is the case remains to be answered.

The exposure of the body to microgravity during space flight causes a series of well-documented
changes in Ca?* metabolism, yet the cellular/molecular mechanisms leading to these changes are poorly
understood. There is some evidence for microgravity-induced alterations in the vitamin D endocrine
system, which is known to be primarily involved in the regulation of Ca’** metabolism. Vitamin D-
dependent Ca®” binding proteins, or calbindins, are believed to have a significant role in maintaining
cellular Ca?* homeostasis.

The results of this study contribute to our understanding of the genesis of microgravity-induced
disorders of calcium metabolism. Understanding of the mechanisms underlying those disorders arc
important to the development of pharmacologic and dietetic therapeutic strategies to prevent bone and
calcium metabolic diseases in space and on Earth.
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The Effect of Space Flight on Rodent Ocular Tissues
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No additional data was provided by the investigator for this research.

55




I1. Program Tasks — Flight Research Discipline: Cosmos 2229

The Effects of Space Flight on Bone Strength and Intracellular Calcium in the Rhesus Monkey by Non-
invasive Techniques

Principal Investigator:

Sara B. Arnaud, M.D. Phone: (415) 604-6561

Mail Stop SLR 239-11 Fax: (415) 604-3954

NASA Ames Research Center E-mail: sara_amaud @qmgate.arc.nasa.gov
Moffett Field, CA 94035-1000 Congressional District: CA-14

Co-Investigators:

Teresa Hutchinson, M.A., NASA Ames Research Center
Meena Navidi, Ph.D. San Jose State University
Thomas J. Wronski, Ph.D. University of Florida, College of Veterinary Medicine
V. E. Korolkkov, Ph.D. Institute for Biomedical Problems, Moscow, Russia
R. Dotsenko, Ph.D. Institute for Biomedical Problems, Moscow, Russia
A. Bakulin, Ph.D. Institute for Biomedical Problems, Moscow, Russia
A. Rakhmanov, Ph.D. Institute for Biomedical Problems, Moscow, Russia
C. Steele, Ph.D. Stanford University

Funding:
Project Identification: 26-12-02 and 30-43-04 Solicitation: AO/Cosmos Program
Initial Funding Date: 1992 Expiration: 1995
FY 1995 Funding: $28,000 Students Funded Under Research: 4

Flight Information:

Responsible NASA Center: Ames Research Center

Task Description:

The purpose of this flight project was to apply noninvasive techniques for estimating bone function
and calcium metabolism in individuals exposed to space flight through the Cosmos program. 1) The
non-invasive technique that estimates bone function is an analysis of the response to a vibratory
stimulus. This test uses a new instrument called the Mechanical Response Tissue Analyzer (MRTA)
that originated at ARC through NASA basic research support. 2) The non-invasive technique that
estimates intracellular calcium (ICCA) is an innovative test developed by a small company in the Bay
Area. The test uses x-ray micro-analysis to determine the mineral and electrolyte content of sublingual
cells that are fixed on special slides after they are obtained by gently scraping the surface of the oral
mucosa. We had obtained sufficient preliminary data for both tests in ground based human experiments
to justify their use in the non-human primates that were scheduled for the Cosmos 2229 mission.

The experimental design of the space flight project was to acquire measurements that used both tests,
the MRTA and the ICCA at 3 or 2 time points in 2 monkeys pre-flight and post-flight. We treated the
monkeys as single case reports whose pre- and post-flight measurements were evaluated against a
background of normative data acquired in the Rhesus monkeys that grew up in the vivarium in
Moscow. We had also acquired longitudinal data in a pilot study for this space flight beginning 2 years
prior to the flight in order to determine whether chair restraint per se caused changes in the test results.
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An additional consideration in this project was the need to evaluate the nutritional status of vitamin D
in Rhesus monkeys at ARC and in Moscow. Vitamin D metabolism in this species is different from
the human with respect to the circulating levels of the vitamin D hormone, 1,25-dihydroxyvitamin D.
We measured the hormone and its substrate in the blood of ARC animals fed commercial diets heavily
supplemented with vitamin D and in Russian IMBP monkeys fed natural food without supplements.

The non-invasive test of cross-sectional bending stiffness with the MRTA has proven to be a valid
biological direct measure of the biomechanical properties of the tibia. Current practice is to determine
the functional integrity of bone by quantifying the mineral content, an essential component to the
strength of the bone. The non-invasive MRTA test result may be a more complete measure of the
functional integrity of a long bone and avoids exposure to radiation. Additionally, we found reduced
bending stiffness in the tibias of monkeys who were restrained in chairs only 2 weeks. To document
significant changes in a biomechanical property of bone after so short a time interval was unexpected
and emphasizes the dynamic nature of bone. The space flight results differed from chair restraint on the
ground in that post flight values in 2 animals who lost weight did not change more than 2 weeks after
landing. Our findings suggest that depressed bending stiffness so soon after chairing on the ground is
more likely related to metabolic than structural elements affecting mechanical properties in bone.

Comparison of sublingual cell concentrations in 2 groups of non-human primates with different diets
revealed little connection between the intracellular ion level and the level of ion in the diet except for
potassium whose concentration more or less paralleled the dietary intake of the ion. In chaired
monkeys, there were increases in the levels of the ions normally in the bone, Ca, Pi and K, an
indication of the effect of chair-restraint on the transport of ions. Ion levels after space flight were
similar to those in chair restrained animals suggesting that restraint and inactivity, rather than
microgravity accounted for the changes in ion levels.

The Mechanical Response Tissue Analyzer (MRTA) represents advanced technology that has
application not only to loss of bone during space flight but also to any situation or condition in which
the functional integrity of bone (i.e., its strength and mechanical properties) is in doubt. Currently,
physicians use bone scans by densitometers to determine bone mass recognizing that the lower the
mineral content, the more fragile the bone. In recent years, the failure of bone mass measures to
predict fractures has given rise to an interest in techniques that would permit some evaluation of bone
structure as well as mineral. The MRTA, quantifies bending stiffness or the intrinsic rigidity of the
bone, a function of both its mineral content and its structure (geometry). This information can be of
value especially in the practice of medicine to the Orthopedist, the Rheumatologist and most
importantly to the internist to detect and monitor patients with osteoporosis as a consequence of age or
menopause or both. The MRTA has the advantage of detecting the response of bone at its natural
frequency with an instrument that is of low cost, small size and easy transportability. The instrument
is currently available for research studies involving the human ulna, but analysis of the human tibia
remains experimental.

Publications, Presentations, and Other Accomplishments:

Arnaud, S.B., Dotsenko, R., Fung, P., Navidi, M., and Silver, B. "Space flight effects on intracellular
ions in sublingual cells of non-human primates.” Aviation, Space, and Environmental Medicine, 65,
469, 1994.

Arnaud, S.B., Wronski, J.J., Korolkov, V.I., Dotsenko, R., Navidi, M., Fung, P. "Structural Studies,
Molecular Endocrinology and Clinical Applications.” Edited by: A.W.Norman, R.Boullion,
M.Thomassett Walter de Gruyter, Berlin & New York, pp 785-6, 1994.

Roberts, S.G., Hutchinson, T.M., Steele, C.R., Kiratli, B.J., Martin, B., Arnaud, S.B. "Validation of

non-invasive mechanical measurement in vivo of bone properties.” Int'l Biomech., Amsterdam, July
15, 1994,
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Smith, S.R., Hutchinson, T.M., Burshell, A., Amaud, S$.B. "A direct non-invasive measure of bone
mechanical properties in patients with fragile bones.” Application of Space Life Sciences, Today's
Imperative: Bringing Space Benefits Down to Earth, Houston TX, April 1995.

58



II._Program Tasks — Flight Research Discipline: Euro-Mir

Effects of Microgravity on Quail Eye Development

Principatl Investigator:

Gary W. Conrad, Ph.D. Phone: (913) 532-6662
Division of Biology Fax: (913) 532-6653

Kansas State University E-mail: gwconrad @ksu.ksu.edu
Ackert Hall Congressional District: KS-1

Manhattan, KS 66506-4901
Co-Investigators:
No Co-I's Assigned to this Task

Funding:
Project Identification: Solicitation: 93-OLMSA-06
Initial Funding Date: 5/95 Expiration: 4/96
FY 1995 Funding: $60,219 Students Funded Under Research: 2

Flight Information:

Flight Assignment: Euro-Mir
Responsible NASA Center: Ames Research Center

Task Description:

During embryonic development, the most exposed tissue of the eye, the cornea, becomes differentially
bulged outward because of constant intraocular pressure (IOP). The component cells of the cornea
secrete a unique, paracrystalline extracellular matrix (the stroma) composed of orthogonal plies of
collagen fibrils and proteoglycans. The cornea remains avascular, becomes transparent, and becomes
more densely innervated than any other region on the surface of the body. Corneas from chicken
embryos that flew on STS-47 contain many more cellular processes in the outermost region of the
stroma (Bowman's Layer) than any corresponding region of control corneas. These processes appear to
be cross-sections of cytoplasmic extensions of cells and are found in that region of Bowman's Layer
immediately beneath the basal lamina of the corneal epithelium. Here, we propose to compare corneas
of quail that flew in space on Mir-1 with those of ground controls to determine if the same unusual
cellular processes are seen as in the space-flown chicken corneas. In the central regions of such space-
flown corneas, the processes appear to be either portions of basal epithelial cells whose pseudopodial
extensions have migrated down through their own basal lamina into the stroma, or corneal nerves that
have innervated the corneal stroma in an unusual manner. Eyeballs of embryos fixed on Mir-1, control
embryos fixed at KSC and clinostated embryos fixed at KSU, will provide corneas for this study.
Electron microscopy will be used to assess the distribution of the cellular processes in Bowman's Layer
in the central region of each cornea. Attempts also will be made to determine the relative
glycosaminoglycan distributions in the corneal stromas by indirect immunofluorescence and to record
whole-mount staining patterns of the corneal nerves.

On two separate flights to the Mir space station on which quail eggs were incubated in a Flight

incubator (Mir-18/STS-71 and Mir-19/STS-74), virtually all of the embryos died after 4-5 days of
incubation. Because the same pattern of early mortality was observed when quail embryos from the
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same batch of eggs were incubated in an identical flight-model incubator on Earth, and yet because
embryos from the same batch of eggs developed normally when incubated in a standard laboratory-
model incubator, it appears that the design of the flight-model incubator must be changed before the
flight experiment can really be performed.

Despite this disappointment with the equipment, some information has been obtained. Quail embryos,
particularly from the breed developed by the Russian space agency, appear to be quite hardy, able to
withstand the stresses of transport to the launch pad, the launch itself, and incubation on Mir. In
addition, it appears that the cosmonauts did an excellent job of transferring the quail eggs from the
incubator to the ziplock bags of fixative solution and breaking the shells gently to allow fixative
penetration, all without release of fixative solution into the cabin. Return of the fixed eggs from Mir
to the U.S.-Shuttle, and from the U.S. landing site to NASA-Ames Research Center, all occurred as
planned, as did matching fixations performed on Earth on the two control groups of embryos - those
incubated in the Flight-model incubator and in the laboratory-model incubator.

In our own work, we have determined that the corneas of embryos stored for at least 4 wks at room
temperature in the same type of 4% paraformaldehyde solution as used on the Flight and control
embryos, when followed by further fixation in glutaraldehyde and osmium tetroxide, show excellent
preservation of ultrastructure in the extracellular matrix and intracellularly. Thus, we are confident that
we will be able to compare the ultrastructure of corneas from flight, synchronous ground controls
(flight-model incubator), and ground (laboratory-model incubator) controls.

In addition to recording eyeball weight, volume, and diameter and cornea diameter, transparency, and
ultrastructure, we appear to be close to having an operational method that will allow us to perform
whole-mount immunostaining of the nerve patterns of corneas, even after long-term storage at room
temperature in paraformaldehyde.

Several questions have been answered, such as: the flight-model incubator hardware is not designed
optimally, quail embryos are excellent models for this experiment, Russian and U.S. flight and ground
personnel can perform all operations as planned, both in flight and on the ground, fixation protocol
produces eye tissues fixed acceptably for our analyses, an alternative fixative solution (85%
ethanol/15% glycerol) was tested on flight and control embryos and shown to give tissue fixation that
was very poor, in comparison with fixation by 4% paraformaldehyde.

Could an already-Flight-tested type of avian egg incubator be substituted for the current Flight-model
incubator on the Mir station? For example, such an incubator is available from SHOT, Inc. (Space
Hardware Optimization Technology, Inc./P.O. Box 351, Floyd Knobs, IN 47119/Vice- President: John
C. Vellinger/Tel: (812)-923-9591/FAX (812)-923-9598). This model incubator was used successfully
for incubating chicken eggs on STS-29, and chicken eggs are much larger, and encased in more brittle
shells than those of quail. Retrofitting this incubator for incubating quail eggs would not be difficult
mechanically. Whether it could fit into the space currently occupied by the quail egg incubator on Mir,
and operate on the electrical power source available there, would have to be discussed by Russian and
U.S. engineers.

A method is needed for providing a continuous, reliable recording and print-out of incubator temperature
and relative humidity during the entire incubation period in the flight incubator, and in both types of
control incubators on Earth as well. A comparable system also should be devised for monitoring
temperature and relative humidity during prelaunch storage and transport, as well as during egg storage
during launch and transport to Mir.

We would like to devise a technique for monitoring the intraocular pressure of embryonic quail eyes
during incubation in microgravity, in comparison with incubation on Earth.
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We will not be able to perform this experiment unless a Flight-model incubator, suitable for use on
Mir, can be designed quickly and be demonstrated to provide as optimal an environment for incubating
quail eggs as provided by currently available laboratory-model incubators. Such comparisons should be
done first on Earth, repeatedly, to demonstrate the long-term reliability of the new Flight-model
hardware. For comparison, it is worth noting that many developmental biologists have simple,
laboratory-model avian egg incubators that have been running continuously in their labs for periods
exceeding 25 yrs, serviced only by a monthly drop of oil! Such incubators can be used for incubating
chick and quail eggs simultaneously.

Until new Flight-model incubator hardware is assembled and tested successfully on Earth, justifying
further attempted incubations on Mir, we will use the time and resources available to try to increase the
amount of information that we will be able to obtain from eyes of quail embryos stored in
paraformaldehyde fixative solutions at room temperature. For example, these efforts have already
provided us with an exciting new method for visualizing the whole-mount nerve patterns of entire quail
corneas. Corneas are the most highly innervated structures on the surfaces of vertebrate bodies, so
being able to visualize their nerve patterns easily in heavily- fixed tissue is a major accomplishment.

The eye is dynamic in at least two respects. First, the eyeball itself develops during embryogenesis
much like a balloon or and automobile tire inner tube in that it inflates/enlarges under pressure from
within itself. Second, again like a balloon or a tire, it maintains its structure during adulthood by
continuous maintenance of pressure within itself; it does not just inflate itself once and simply become
rigid. The fact that the cornea of the eye bulges outward more acutely than the curvature of the rest of
the eyeball offers yet another analogy: to that of a defective automobile tire or inner tube in which a
weak spot in one wall leads to the formation of an acute bulge. In fact, the cornea develops its
differentially acute curvature during embryogenesis specifically because of intraocular pressure and
maintains normal structure only so long as that internal pressure is maintained.

When we lean over and put our head between our legs, a lot of fluid shifts from the middle of our body
to our head, including the region around the eyes, essentially squeezing the eyeballs from outside, and
raising intraocular pressure to an average of 30% above resting levels within 20 sec, rising to levels
that significantly overlap those associated with clinical symptoms of glaucoma. When pilots go into
microgravity for periods of ~ 20 sec during parabolic flight, a similar shift of fluid occurs from the
lower body toward the head and results in an increase in intraocular pressure averaging 50%; this
increase occurs each time microgravity is encountered during a linked series of parabolic maneuvers.

No data have been published yet about the degree to which the intraccular pressure of astronaut eyes
increases in response to entering an environment of microgravity, e.g., on the U.S. Shuttle or on Mir,
nor whether the initial, expected increase in that pressure is maintained for long periods of time. If
such high intraocular pressures are maintained in astronaut eyes, the chances of developing glaucoma
during long missions in space might be substantial. In addition, because the normal embryonic
development of the eyeball and cornea depend on the formation of certain levels of intraocular pressures,
it will be important to determine whether these structures will be able to develop normally at all in
sustained microgravity. If quail are to be used as a renewable food source for long space missions (e.g.,
Mars), it will be important to determine whether eye and cornea development will be compromised if
quail embryos undergo all development in microgravity, as on the Mir station. Our experiments will
determine the extent to which the major steps in the embryogenesis of the eyeball in general, and the
cornea in particular, can occur normaily in microgravity.

On Earth, it is important to learn more about the basic mechanisms of eye development. To be able to

study how the developing eye and cornea respond to a new type of physical environment offers a rich
array of opportunities for learning more about the eye, those of humans as well as those of quail.
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535 East 70th Street
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Congressional District: NY-14
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Expiration: 5/97
Students Funded Under Research: 1

Flight Information:
Flight Assignment: Euro-Mir
Responsible NASA Center: Ames Research Center

Task Description:

The mammalian musculoskeletal system is very sensitive to mechanical loading and weight bearing.
We have found in adult male rats that space flight can reduce the rate of new bone formation, alter the
muscle-tendon junctional complex, and affect the vasculature within the weight bearing diaphyseal
bone. However the relative importance of mechanical loading during embryogenesis or during limb
development in immature animals is largely unknown. This proposed flight of Mir-1 offers
exceptional possibilities because of the long duration of the flight, because tissues will be collected and
chemically preserved during the flight, and because enough quail samples will be provided to show
statistical significance for any changes which might occur.

Our objectives and methods of study are as follows: (1) To determine the stage of limb development
among quail embryos and hatchlings subjected to space flight relative to age matched controls. This
can be achieved grossly by a detailed Faxitron or x-ray analysis of limbs and comparison to controls, as
shown for developing rat tibias. (2) To use histochemistry, immunocytochemistry, morphometry and
electron microscopy, as appropriate, to further describe any changes in limb development as a result of
space flight. This will provide a more detailed study, at the cellular and tissue level, of any gross
changes described in objective #1. (3) To compare development of the long bones, which proceed
through a cartilage anlage stage before transforming into bone, to the development of the mandible,
which forms bone by a more direct conversion of mesenchymal cells into bone forming cells. This
study will also distinguish between space flight effects on cartilage versus bone during the limb
development process. (4) To analyze for mineral content of bone and calcifying cartilage using electron
microscopy and x-ray microanalysis. This will be augmented with Fourier Transform Infrared
microscopy (FT - IR) analysis which will determine any change in mineral crystal size and changes in
the organic component of bone.
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The long duration of this flight, the comparison of embryonic and hatchling skeletal samples, and the
comparison of different cartilage and bone developing systems within the same animal, offer many
unique opportunities for improving our understanding of gravitational effects on musculoskeletal
development.

Project funding began in May 1995 and the first samples from Mir were received and dissected at Ames
Research Center (ARC) in July 1995. We have had a subsequent dissection from a second flight,
which also occurred at ARC in December 1995. Four different development periods were studied at
embryonic ages 7, 10, 14 and 16. Unfortunately in both Mir flights there was a malfunction of the
egg incubator resulting in limited viability of these embryos. We collected samples from the flight,
synchronous controls and lab controls. We are in the process of studying these samples using light and
electron microscopy, histochemistry and immunocytochemistry as outlined in our original proposal.
Because of the relatively short period of time between the collections and the present report, we do not
have any conclusions about the study at this time.

One of the best documented effects of space flight is the reduction of the musculoskeletal tissues, in
mass and mechanical integrity, as a result of non-weight bearing. The loss of bone mass appears to be
a problem due to the reduction of new bone formation. This problem will also exist during
embryogenesis and is one reason for studying limb development in the quail during space flight. The
mechanisms behind this problem may shed new information on human diseases which also suffer from
reduced bone formation, such as occurs during aging and in osteoporosis. In addition, the associated
muscle and connective tissues which help regulate limb development function in an unknown capacity
relative to bone maintenance. By studying these associated tissues during development in space, where
there are reduced mechanical forces being applied to the skeleton, we may better understand the normal
human physiology and the role played by all these tissues during the aging process or as a result of
connective tissue disease.
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Effect of Microgravity on Afferent Innervation
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Funding:
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Flight Assignment: Euro-Mir
Responsible NASA Center: Ames Research Center

Task Description:

This proposal will test the hypothesis that microgravity affects the connectivity of afferent neurons and
hair cells in the inner ear, and vestibular nuclei neurons in the brain stem of the quail (Coturnix
coturnix japonica) raised in space. One ear of birds available through this NRA will be used to: I
determine, with light and electron microscopy, the branching pattern of afferent terminals contacting
hair cells. Specifically we ask: 1) Do chalice, dimorphic and bouton terminals seen in mammalian
vestibular organs also exist in birds? 2) Is the ratio of these terminals the same before (E6-E7)1 and
after (E10-E12) synaptic-genesis in ground controls? 3) Is the ratio of terminals obtained in ground
controls altered in birds produced in microgravity? 4) Is the average number of mature synapses the
same in ground and control birds? II. On the opposite ear and brain stem of each animal (ground or
flight) the neurofilament protein (NF), the S-1008 protein, and the synthesizing and degrading enzymes
for the neurotransmitters gamma-amino-butyric acid (GABA) and acetylcholine (ACh) will be
demonstrated immunohistochemically. NF will facilitate observing the branching pattern of afferents
inside the epithelia, whereas S-1008 will show regional variation of ganglion neurons nuclei
expressing it in parallel with myelination of axons. A change in the staining pattern of GABA
enzymes will reflect changes in the afferent system, whereas a change in ACh enzymes will suggest
changes of the efferent system. For light microscopy immunohistochemistry, tissues are embedded in
paraffin and cut at 8 - 10 um. Each section is saved on a manila folder and inner ear structures of each
embryo are identified. Sections are then floated in a water bath and affixed to polylysine coated slides
and processed in groups. For electron microscopy of synaptic density of afferent fibers inside epithelia
of the equilibrium organs, one ear will be dissected under the microscope after primary fixation with
formalin, the utricle-lateral canal ampulla (ULC) separated postfixed and embedded in epoxy. The
average number of afferent terminals with structurally mature synapses, in randomly chosen 100 pim?
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areas (n=50) at each age will be calculated. Knowing if differences in the innervation patterns of inner
ear afferents exist between space and ground controls is important, because the inner ear contains the
organ of balance and equilibrium responsible for motion sickness in space.

Specimens available for morphological analysis to date were not sufficient for comparisons.

It appears that specimens exposed to microgravity may suffer alteration in the geometry of the posterior
and horizontal semicircular canal topography. This observation, if validated by examination of
synchronous and normal ground controls, would be significant because endolymphatic flow will be
altered with a net effect on the stimulation of the hair cells in the cristae of these canals. Electron
microscopy analysis of specimens is still in progress. Immunohistochemical analysis of specimens is
still in progress.

The research proposed in this application does not seek to develop new therapeutic treatments for use at
the 1.0G earth environment. The research will,however, provide invaluable information for better
understanding the functioning of the vestibular (balancing & equilibrium) system in vertebrates. Even
today, after decades of space exploration, astronauts suffer vestibular disturbances in microgravity
despite intense and sophisticated training before space flights. The main reason for this is that at 1.0G
certain conditions of the space environment can not be replicated for long time. Only long time
adaptation to microgravity would provide the necessary training to diminish vestibular ocular conflicts
that lead to motion sickness. Long duration exposure to microgravity is only possible during space
flights.

The results obtained will tell us whether microgravity affects the progression of normal development of
processes that at 1.0G are known to depend stimulation aided by the force of the gravity vector. There
is sufficient data published in peer-reviewed journals to indicate that otoconia found in the inner ear of
vertebrates may influence the bearing load upon hair cells that lead to their depolarization and initiation
of vestibular stimulus. However, we know nothing about the effect that microgravity may play in the
development of otoconia when the animal is permitted to develop in microgravity from the time of
conception.

The expected results may also help humans, because motion sickness caused by variables other than
lack of gravity, afflicts millions in the 1.0G environment of the Earth.

a) Can vertebrates developed in space without otoconia and function normaily at 1.0G when returning
to Earth?

b) Are the afferent fibers that convey otolith inputs to the brain affected?

¢) Are behavioral vestibular deficits induced by microgravity in space accompanied by reversible
changes of the rewiring that induce the changes reversible?

d) Are the changes compensated for in a time frame that permits functional readaptation in different
environments?

In this project proving or disproving the hypothesis is significant for the future of space exploration.
A true hypothesis will alert humans to the effect of microgravity in the embryonic development of the
inner ear vestibular apparatus. A false hypothesis will suggest that variables other than reduced gravity
contribute to the development of motion sickness.

Publications, Presentations, and Other Accomplishments:

Domingue, G.J., G.M. Ghoniem, K.L. Bost, C.D. Fermin, L.G. Human "Dormant microbes in
interstitial cystitis.” Journal of Urology, 153, 1321-1326, 1995.
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Task Description:

This experiment addresses the question of whether gravity is essential for the normal development of
connections between the gravistatic ear and the brain in quail. Previous work suggests that chicken
raised in microgravity have difficulties orienting in space and this up to a point where they may not be
viable. We suspect that this is due to abnormal formation of connections between the developing ear
and the developing brain. This experiment will test the outcome of a long-term exposure to
microgravity on the development of inner ear connections in quail embryos. The data are valuable
extensions of previous work on developing rat fetuses for which it is difficult to obtain such a long
term exposure.

An integral part of our project is the successful incubation of embryos from a stage before the inner ear
fibers are growing into the brain (e.g., approximately 3 days of incubation) to a time prior to hatching
(about 14 and 16 days of incubation), a task very difficult for the alternate model, the rats. Thus far,
two missions were flown successfully for the appropriate time. However, none of these missions has
provided material for us owing to mishaps during incubation of the quail eggs. It appears now that the
redesigning of the incubator has been completed for the eggs and we are looking forward to obtaining
microgravity-exposed quails.

Thus far, we have fine-tuned our application of the tracers to the ear of control animals. In the process
of doing this we have obtained valuable insights into a long-neglected issue of inner ear connections,
collateral fibers interconnecting between different sensory epithelia. We hope to complete this set of
information later this year and publish it. If we can obtain equally well-preserved flight quails, we can
certainly obtain the requested information for our project. We are very much looking forward to our
next landing of samples, our major task for the near future.
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This research deals with a basic biological question. In conjunction with ongoing research in rats
exposed during development to microgravity, this research could lead to a description of a critical phase
during which the developing connections between the ear and the brain need a gravity stimulus to
mature properly. This information could be crucial for any multi-generation space flight.

Publications, Presentations, and Other Accomplishments:
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Bruce, L.L., and Neary, T.J "Afferent projections to the lateral and dorsomedial hypothalamus in the
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Bruce, L.L., and Neary, T.J. "Olfactory projections in the Tokay gecko." Soc. Neurosci. Abstr., 21,
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Task Description:

Quail eggs of the hypodynamic strain were imported from Moscow and are currently incubating in
quarantine. Hatchlings will remain in quarantine for 30 days post hatch and at that time released by
USDA if proven to be disease free. The hatchlings will be grown to adulthood. Fertile eggs of the
hypodynamic strain will be express mailed to Kennedy Space Center to be flown on STS-76. The
shuttle will link with Mir where eggs will be transferred to the Russian egg incubator for development.

It was originally intended to test this hypothesis using egg incubation hardware similar to that used on
Mir. However, due to the lack of availability of Russian hardware for ground based studies thus far,
experiments were conducted using a laboratory incubator. Quail eggs turned 0, 1, 2, 3, and 4 times
daily showed hatchability percentages of 63, 66, 69, 75, and 76%, respectively. Results of this first
experiment indicate that quail eggs should be turned at least three times daily to improve the rate of
hatch. Chickens eggs were also‘included in the study and their hatchabilities were 26, 49, 56, 58, and
64% for 0, 1, 2, 3, and 4 rotations per day. These results indicate that chick embryos are more
adversely affected by lack of turning than quail eggs and that they need to be turned at least 4 times
daily or more for improved rate of hatch.

Results indicate that microgravity may be needed for the earliest stages of embryogenesis. However,
more reliable egg incubation hardware is needed with a centrifuge before this hypothesis can be
adequately tested. Preliminary results indicate no adverse effects of vibration and g force (launch profile
of the shuttle) on avian development. Only five quail embryos have survived microgravity and only
one of these embryos survived to the latter stages of development (15 days of incubation). Therefore,
interpretation of results on utilization of minerals from the shell will be difficult. Analysis of shells is
currently in progress.
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Research will help to elucidate the role of microgravity in the development of the avian embryo.
Results of flight experiments indicate that gravity may be needed during the earliest stages of avian
embryogenesis, but is not important for the latter stages of development. An egg incubator with
centrifuge on the International Space Station or the shuttle will determine if lack of gravity is the
reason for the death of young avian embryos in space.
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Effect of Microgravity on Osteoblast Gene Expression
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Mail Code 151F, Building 1, Room 110-114 E-mail: milliehf@aol.com
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Initial Funding Date: 1995 Expiration: 1999
FY 1995 Funding: $193,000 Students Funded Under Research: 2

Flight Information:
Flight Assignment: Euro-Mir
Responsible NASA Center: Ames Research Center

Task Description:

The unique environment of microgravity can place unusual stress on, and cause many physiological
changes in organisms that evolved in a 1-g environment. Some of the basic physiological changes
include loss of fluids and electrolytes, muscle atrophy, space motion sickness, anemia, reduced immune
response, and loss of calcium and mineralized bone. The bone loss that accompanies space flight is one
of the most serious health hazards associated with, and impediments to, long-term manned missions.
Biomedical studies of manned space flight have consistently indicated a continuous and progressive loss
of calcium and weight bearing skeletal bone. Several lines of evidence, from both human and animal
studies, have demonstrated that the bone loss occurring in space flight is due to a decrease in bone
formation. The decrease in bone formation and osteoblast growth is likely due to both direct and
indirect effects of microgravity.

This flight proposal aims to analyze how microgravity effects bone loss by investigating alterations in
select gene expression patterns. Biomedical studies show that humans and animals exposed to
microgravity have continuous and progressive loss of calcium and weight bearing skeletal bone due to
lack of bone formation. The decrease in bone formation is related to the downregulation of gene
activation of important growth regulatory elements in the cells. Previous studies have not been able to
isolate ground effects from microgravity conditions. In this study, we will measure the activation of
immediate early genes in quiescent bone osteoblasts by adding 10% fetal calf serum (FCS) media to
quiescent cells to activate genes and cell growth in the presence of microgravity and onboard 1-g
controls. Mechanical stress used as a countermeasure for bone loss has been demonstrated to cause
release of prostaglandin E, (PGE,) from osteoblasts. PGE, can increase trabecular bone formation in
rats. The lack of PGE, synthesis occurring in space may be a critical factor responsible for the bone

72



II._Program Tasks — Flight Research Discipline: Euro-Mir

loss that occurs in astronauts. PGE, down regulation is likely a key component in the mechanism of
bone loss that occurs in astronauts We will look at key genes responsible for osteoblast growth and
homeostasis. These include the gene expression patterns of the elements responsible for PGE,
synthesis and action; c-PLA, (cytosolic phospholipase A, COX-I and COX-2 (cyclo-oxygenases), and
the PGE, receptors EP,, EP,, and EP;. Expression patterns will be analyzed in osteoblasts exposed to
microgravity using ntPCR technology. These studies will identify the genes that are activated with and
without gravity and will help us to determine the factors which regulate bone growth in space flight
and which factors are directly due to microgravity.

Preliminary testing and an activity plan for Biorack for first year (Jan 1995-December 1995) have been
completed.

1. Biocompatibility testing in modules Test for viability under conditions for all material types to find
best combination

A. Media: Keep media interface for specified times and then add to growing cells to test for toxicity
by measuring viability of cells at RT for 12, 24 and 36 hours and compatibility with various materials
for 12, 24, 36,48, 3, 4, 6, and 8 days by the methods below:
RESULTS: No Toxicity '

B. Cells: Keep cells in modules for specified times and test for toxicity by measuring viability of
cells at RT for 12, 24 and 36 hours.
RESULTS: No Toxicity

C. Fixative I: Leave fixative on modules with cells for specified times, freeze and test for recovery of
RNA in samples using extraction and verification of purity by agarose gel.
1)Recovery of samples after frozen for 1, 2, 4, 6, and 8 days.
2)Compatibility of fixative with module materials for 12, 24, 36, 48, 3, 4, 6, and 8 days (will
compound damage unit material and/or is it still effective). ‘
RESULTS: RNA recovered from cells grown in plunger modules.

D. Fixative II: Leave fixative on modules with cells for specified times, freeze and test for fixation in
samples by visualization of actin and surface receptors
1) Recovery of samples for 1, 2, 4, 6, and 8 days.
2)Compatibility of fixative with module materials for 12, 24, 36, 48, 3, 4, 6, and 8 days.
RESULTS: Lexan material of plunger is slightly discolored, but RNA OK.

2. Loading and Launch Delays Experiment Start-time Delays

A. Test for recovery of cell growth in 0.5% sera after delays of 12, 24, 36, 48, 72 and 96 hours. test
for viability by measuring viability of cells Using
1) cell count and
2)bromophenol blue exclusion and glucose utilization using aMEM, and aMEM with Hepes
RESULTS: Cells are activated and start new growth at appropriate time period.

B. Test for recovery of gene expression in cells activated with 10% FCS in sera after being in 0.5%
sera after delays of 12, 24, 36, 48, 72 and 96 hours using rtPCR. Genes tested, c-fos, COX-2, actin and
cyclophilin.

RESULTS: Cells are activated and start new growth at appropriate time period, RNA is being analyzed.
3. Crew procedures must be developed, verified and written COMPLETED.

4. Launch profile G forces effects on gene expression:
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A. Using facilities at AMES, we will take the cells in the modules through launch profile with 'ground
control' and then test for changes in gene expression. This data will tell us if the forces of launch will
cause any activation of gene expression, if so, activation will be delayed in orbit.

RESULTS: Initial studies revealed problems in activation spring, problem was resolved and testing is
planned in early 1996.

5. EST simulation at KSC, get first ground base results on

1) cell growth

2) mRNA expression during experimental protocol on c-fos, cyclophilin, COX | and 2, cPLA,,
statin, PCNA and EP,, EP,, and EP; receptors.

3) photography of cells fixed in formaldehyde using actin, Hoescht dye.

Osteoporosis is a generic term used to describe various bone diseases that are manifested by resulting in
fractures of the vertebrae, wrist, hip, humerus, and tibia. Osteoporosis is common in older adults, in
the presence of glucocorticoid excess as in Cushings syndrome and in people treated for asthma with
steroids. Osteoporosis has also been noted in healthy astronauts that are in microgravity for extended
duration. Our studies are concentrated on the basic mechanisms that regulate new bone growth and the
relationship of growth to drugs and environment. In our flight studies we will find the basic signals
which will increase bone growth and formation and compare the gene expression and cell morphology
in microgravity and 1-g environment on Biorack .

Asthma patients, Cushing patents, and astronauts that have osteoporosis have one thing in common,
an increase in glucocorticoids. After analysis of Skylab data, we have reported that the glucocorticoids
are increased on a daily average in astronauts. We followed up that discovery with studies on the
ground where we used comparable amounts of glucocorticoids found in astronauts and patients and
published data showing that the glucocorticoids decrease new bone growth by 50%. This growth is
partially to fully reversed by addition of exogenous PGE,. We have also found in our flight experiment
on STS-56 that microgravity interferes with normal bone cell growth activation and causes reduced
PGE, synthesis, that observation is in press in Experimental Cell Research. In addition, in recent
studies we have also noted that glucocorticoids reduce induction of early immediate genes by blocking
the cyclo-oxygenase pathway. The effects can be reversed by addition of exogenous PGE,. We are
currently investigating the basic molecular mechanisms that control gene expression at the promoter
region of the key oncogenes like fos and cyclo-oxygenase-2 that are needed for normal bone growth.

The lack of gravity in space flight also adds to the effects on bone loss since the necessary mechanical
strain is missing in 0-g. Recent experiments have shown that mechanical strain of confluent
osteoblasts results with a release of PGE, from the bone cells which is followed by elevated gene
expression of cyclo-oxygenase which is needed for bone growth. This is probably the major
mechanism by which exercise augments bone growth (manuscript in preparation).

The new technology made possible by our NASA grant have allowed us to make headway in our
studies of colorectal and prostate cancer. We have found that certain tumors (e.g. colorectal and prostate
cancers) have altered expression of cyclo-oxygenase-2 which is a primary cause of unregulated growth
in some of these tumors and may be the basis of aspirin protection from mortality in colorectal cancer
patients.

Publications, Presentations, and Other Accomplishments:

Hughes-Fulford M "Gl cell cycle arrest by dmPGA1: Up-regulation of c-fos and c-myc oncogene
expression without transition into S-Phase." J.Cell Biochem., 54, 265-272 (1994).

Hughes-Fulford M “Growth regulation and gene expression in osteoblasts by prostaglandins.”

Proceedings of the Int. Conference on Eicosanoids and other Bioactive Lipids in Cancer, Inflammation
and Radiation Injury (In Press 1995).
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Hughes-Fulford, M. International Conference on Eicosanoids and other Bioactive Lipids in Cancer,
Hong Kong, 1995.

Hughes-Fulford, M. UCSF Spore Group on Mammary Carcinoma, 1995.
Lewis, ML and Hughes-Fulford, M "Textbook for the International Space University (Chapter 3,

Cellular responses to microgravity)." Edited by: Suzanne Churchill Harvard University, 1995 (In
Press).
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Task Description:

The initiation and maturation of the vasculature is an essential process during embryonic development.
Previous studies have shown that birds which, as embryos, were exposed to microgravity during space
flight, exhibit developmental anomalies which might be related to (or caused by) delayed or improper
vascular development. For example, the area vasculosa, the region of blood island formation and the
forerunner of the chorioallantoic membrane, was reportedly deformed in some quail embryos that had
developed during space. Also, other studies have shown that specific cellular events which may be key
to neovascularization, such as directed cell migration, homing, intracellular signal transduction,
enzymatic activities and the metabolism of extracellular matrix proteins seem to be affected by
microgravity.

Based on these studies, we hypothesize that the developmental anomalies observed in the past might be
related to or caused by delayed or improper vascular development. Specifically, we hypothesize that, at
a given developmental stage, such vascular abnormalities will be manifested by altered capillary density
and changes in the expression of subendothelial extracellular matrix (ECM) proteins. In testing this
hypothesis, we will analyze quail chorioallantoic membrane (CAM) and adrenals at various stages of
development. We propose these particular tissues as specific locations at which two different modes of
vascular development occur: vasculogenesis in the adrenal, i.e., the in situ development of blood
vessels from local mesenchymal vascular precursor cells, and angiogenesis in the CAM, i.e.,
development of new blood vessels by endothelial cell migration from pre-existing vessels.
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The specific aim of this proposal is to test our hypothesis. The methodological approach is dictated by
the constraints of the tissue preservation method used in space. We propose to first semi-quantitatively
assess, whether there is indeed a change in the pattern of vascularization during and after exposure to
microgravity in space. If indeed this is the case, we propose to proceed beyond the mere descriptive
phase and to address a mechanistic question, by analyzing the temporal and spatial expression of
angiogenic growth factors and their receptors.

Specifically, we will initially count, in histological preparations, vessels and immunostain endothelial
cells with specific antibodies (anti- vVWF and QH1). The extent of ECM protein deposition will be
assessed by immunohistochemistry and correlated with the degree of vascularization, using computer-
based image analysis. Also, the cellular source for ECM proteins will be assessed by in situ
hybridization. If indeed we find significant differences in the pattern of neovascularization between
ground and space animals, we hypothesize that such differences might be related to altered expression of
angiogenic/vasculogenic growth factors (e.g. FGF or VEGF) and/or their receptors. If the first
hypothesis is verified, we will use the available tissues to probe, by immunohistochemical and
molecular biological means, for the expression of aFGF, bFGF, VEGF and their respective receptors.
As controls we will use the matched time delayed and synchronous animals, as provided by the
US/Russian team.

This study is, to the best of our knowledge, the first one which specifically proposes to analyze the
effects of microgravity on avian vascular development. Since this study is the first of its kind, we
believe that the outcome (whatever the results may be) will significantly contribute to our scant
understanding of the effects of microgravity and space flight on embryonic vascular development.

According to the award letter the grant is active as of Sept 1, 1995. Nevertheless, we have carried out
in 1995, at our own expenses, significant studies both with ground-based controls as well as with
samples returned from MIR 18. At this point in time we've evaluated only some of the ground based
controls. The following progress has been achieved so far: 1) We have optimized the fixation
techniques for quail embryos by introducing multiple hairline fractures in the egg shell which permit
rapid penetration of the fixative. These techniques can also be implemented during flight and the crew
for MIR 19 was instructed in these techniques. 2) We have successfully immunostained blood vessels
(endothelial cells) in chorioallantoic membranes (CAMs) isolated from quail eggs after 2-4 months
fixation, thus providing evidence that long-term fixation under conditions encountered aboard the MIR
space station will not necessarily abolish antigenicity. However, we found that, depending on the
antigen studied, immunoreactivity is partially impaired, thus requiring laborious optimization of the
staining procedure for each individual antigen. 3) By using eggs (courtesy of Dr. P. Hester, Purdue
University) from the same hypodynamic strain that is used in the flight experiments, we have
established important baseline values for evaluating angiogenesis during the development of the
vasculature in the quail CAM. In addition to the immunological procedures detailed in the proposal we
developed novel fluorescent techniques to visualize blood vessels in whole mounts of long-term fixed
tissues. The latter procedure allows us to carry out complex, computer-aided morphometric analyses.
To the best of our knowledge, such elaborate studies have not been carried out before in quail CAMs.
The results from this study, currently being compiled for publication in a peer-reviewed journal, will
serve as ubiquitous comparators for assessing the effects of space flight on vascular development. We
validated the usefulness of our "gold-standard" data by comparing them to the normal laboratory
controls for the MIR 18 experiments: The vascular development, as assessed in terms of blood vessel
density, branching, etc., was identical for eggs incubated both here and in Moscow.

We participated in the dissection of the eggs returned from MIR 18 and, most recently, also from MIR
19. To study the effects of space flight on embryonic/fetal development, the investigators' group
decided to have the eggs fixed at days 7, 10, 14, and 16. Disappointingly, none of the flight eggs
showed significant embryonic development. Moreover, many of the synchronous controls, in
particular, those of the MIR 19 experiments, were "underdeveloped" or had died prematurely.
Preliminary data can be summarized as follows: a) In both experiments, the state of tissue preservation
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(fixation) was not always adequate. The problem of appropriate fixation needs further attention. b) To
date we have evaluated in part the returned CAM:s and adrenals from the laboratory and synchronous
controls of MIR 18. As indicated above, the laboratory controls developed normally. By contrast, we
detect developmental anomalies in the vasculature of all usable CAMs, i.e. those that seemingly
developed to term (days 7-16). Surprisingly, even in those CAMs, we see a lack of normal vascular
development. These preliminary data suggest that during the launch and/or subsequent incubation, the
eggs must have experienced certain, as yet, unknown conditions, which thwarted normal development.
One preliminary conclusion is that in early embryonic development the establishment of the
extraembryonic vasculature is prone to damage by adverse environmental constraints such as
launch/incubation conditions. The investigators' group is currently discussing how to remedy some of
the potential problems in the upcoming flights.

The goal of this research is to understand the effects of microgravity on vascular development. As such,
our studies are not primarily aimed at understanding specific diseases. However, as with all types of
microgravity research, the effect of gravity on a particular phenomenon can only be assessed in the
absence of this force. If, as we hypothesize, microgravity impairs vascular development, our research
might ultimately disclose mechanisms involved in vascular diseases.

The goals and methodologies employed in this research are designed to contribute to our understanding
of basic scientific processes in "space biology”. Specifically, we propose to investigate the effects of
space flight on cellular and molecular mechanisms, factors and their cognate receptors which are
involved in the early development of blood vessels. Since all embryonic/fetal development as well as
the well being of adult organisms is dependent on proper functioning of the vasculature, the studics are
of fundamental interest both from the basic science vantage point as well as for space physiology.
Specifically, our studies could have far-reaching implications for the prospects for "normal” embryonic
development in space.
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The purpose of the proposed research is to investigate the fundamental effects of gravity deprivation on
the visuo-vestibular system of birds. In particular, the distributions of various neurochemicals during
development will be analyzed by using immunohistochemical techniques. Brain tissues from quail
which are developed in space will be used.

Visual information plays an important role for the vestibular functions. In normal settings,
movements of the visual field or the body induce compensatory movements of the eyes and/or the head
in order to stabilize the retinal image. In the situation of no gravity, however, the visual motion is
irrelevant information to the vestibular functions. Little is known about the influence of gravity on
the neural development of the visuo-vestibular system. Is gravity a critical stimulus for the normal
development of the neural structures of the system? There are at least five major structures involved in
the visuo-vestibular interactions: 1) optic tectum, 2) accessory optic system, 3) pretectum, 4)
vestibular nuclei, and 5) vestibulo-cerebellum. Previous studies suggest that at least the following
neurochemicals exist in the visuo-vestibular structures: two types of neurotransmitters - serotonin and
gamma-aminobutyric acid; three types of enzymes - tyrosine hydroxylase, dopamine beta hydroxylase,
and choline acetyltransferase; three types of peptides - substance P, neuropeptide Y, and
cholecystokinin; and two types of calcium binding proteins - parvalbumin and calbindin. In the
proposed study, the distributions of these 10 neurochemicals in the five visuo-vestibular structures will
be studied in quail.

Because of the time and spatial limitations as well as the safety precautions in Mir, the procedures for
tissue fixation will not be ideal for histological studies. However, preliminary studies indicated that
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the fixation under such conditions produces reasonable staining results. Furthermore, in order to share
the limited number of specimens with the other principal investigators of Russia and the U.S., after the
tissues are brought back to Earth, the brains will be dissected into small pieces which will be processed
separately. This project will thus concentrate on the analysis of the forebrain whereas the lower part of
the brain will be analyzed by other principal investigators.

Two flight experiments were completed in 1995 (Mir 18 and 19). Because of technical problems with
the incubator in Mir, only a few quail embryos have been recovered from the flight experiments.
Nevertheless, data from control groups and a limited number of data from the experimental groups have
indicated that an immunohistochemical analysis can be successfully done using the brain tissues that
were fixed in space.

Twenty-seven tissue samples have been received from the lab control groups, 6 from the synchronous
controls, and 4 from the flight groups. Among them, some tissues were not well fixed at all and thus
could not be processed for a histochemical analysis. Tissues which were well fixed have been analyzed
histochemically. We have completed the analysis of 8 tissue samples, including 1 tissue sample from
the synchronous control group and 1 tissue sample from the flight group. The results of the analysis
indicate that these tissues can be stained with many neurochemicals despite the not-ideal fixation
procedures in space. In particular, calcium-binding proteins (i.e., parvalbumin, calbindin, calretinin)
were most clearly detected in all the tissues. Since these chemicals are important neuroanatomical
markers, they will be useful for detecting morphological and chemical changes in the development of
the neural system in space. The staining processes using antibodies against several calcium-binding
proteins worked very well in the tissue samples. These chemicals are closely associated with the
development of the avian neural system. Are other antibodies which are associated with neural
development also good markers? Tests will be conducted using additional antibodies (e.g., calmodulin
and neurophysician) to further the goals of the study. The results have thus far supported the use of the
tissue fixation procedures and have identified some neurochemicals which are ideal for an
immunohistochemical analysis under such procedures.

Visual deprivation may cause defective growth or development of neurons in the visual pathways and
the cortex in terms of cell morphology. connections, and chemistry, Little is known, however, about
how vestibular deprivation affects the fundamental nature of the development of the neural mechanism.
Without the experience of normal gravity, are the neural structures of the visuo-vestibular interactions
able to develop normally? Are particular cell groups more susceptible to the deprivation of gravity?
An examination of the distribution of a variety of neurochemicals during development (of both in-space
and on-Earth samples) will give an important answer to these questions.
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We hypothesized that a regenerative life support system can be provided in the "Spacelab Mir-1" for the
Japanese quail. We proposed to test this hypothesis with three objectives designed to determine the
effect of microgravity on 1) embryonic development initiated after the launch; 2) the fecundity of adult
quail during orbit and the assessment of their hormones and reproductive tissues after orbit; and 3) the
regeneration potential of quail in microgravity based on primordial germ cell migration and
differentiation, gametogenesis, ovulation, fertilization, embryonic development, and hatching.

The experiment proposed will provide substantial basic information about the effects of microgravity
on embryonic differentiation and development, as well as important information about adult quail
endocrinology and physiology. Many aspects of the proposed work will focus on reproduction since
this is the only path for successful animal bioregeneration in space.

A substantial amount of work was accomplished in 1995 toward Objective #1. The Mir-19 and 19
flights demonstrated adequate procedure for the delivery of fertile egg to the Mir Space Lab. Crew
tasking for incubator monitoring, embryo fixation and return of the fixed eggs by either Soyuz or
