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The United S t a t e s  s p a c e  e f f o r t  h a s  had a l o n g ,  though n o t  a lways  well 

known, h i s t o r y  o f  L i f e  S c i e n c e  expe r imen ta t ion .  Long b e f o r e  t h e  b i r t h  o f  t h e  

N a t i o n ~ l  A e ~ o n a u t i c  and Space Admin i s t r a t ion  b i o l o g i c a l  pay loads  were be ing  

launched.  The first documented f l i g h t  c a r r y i n g  a l i v i n g  payload  was a V-2 

r o c k e t  i n  1948. The c a p t u r e d  r o c k e t  c a r r i e d  a p r i n a t e ,  A l b e r t ,  i n  a s p e c i a l l y  

des igned  nosecone. The Navy was r e s p o n s i b l e  f o r  t h i s  f l i g h t ,  and as time 

progres sed ,  t h e  Army became invo ived .  

The Army used a b a l l i s t i c  r o c k e t  as t h e  means o f  c a r r y i n g  t h e  

exper iments .  A f t e r  s e v e r a l  u n s u c c e s s f u l  and semi-successfu l  f l i gh t .3 ,  t h e  

h i s t o r i c  Abel and Baker f l i g h t  was accompl ished .  The two p r i m a t e s  c a r r i e d  on 

t h e  f l i g h t  were r e t u r n e d  a l i v e  and w e l l .  From t h i s  p o i n t  o n ,  more and more 

L i f e  Sc ience  expe r imen t s  were r e t u r n e d  a l i v e .  

With t h e  beginning  o f  NASA,  t h e  m i l i t a r y  su r r ende red  s o l e  r i g h t s  t o  

f l i g h t  studies. The agency s t a r t e d  its L i f e  S c i e n c e s  program w i t h  chimpanzee 

f l i g h t s  i n  p r e p a r a t i o n  f o r  P r o j e c t  Mercury. From t h e  s p a c e  e x p e r i e n c e  w i t h  

Ham and Enos, t h e  chimps,  it was deemed t h a t  t h e  s p a c e  environment was s a f e  

f o r  man, and Alan Shepard and John Glenn were launched i n t o  t h e  r e l a t i v e  

unknown . 

The e a r l y  Mercury f l i g h t s  marked t h e  beginning  o f  i n f l i g h t  b iomedica l  

expe r imen ta t ion  on humans. During a l l  o f  t h e  manned s p a c e f l i g h t  programs,  a 

l a r g e  number o f  expe r imen t s  have been conducted  on t h e  f l i g h t  crews.  There  

have been numerous b i o l o g i c a l  s t u d i e s  i n  t h e  s p a c e  e n v i r o m e n t  r ang ing  from 

h i g h  energy  p a r t i c l e  e f f e c t s  on c e l l u l a r  organisiiis t o  f u l l y  i n s t r u m e n t i n g  and 

f l y i n g  a monkey. S a t e l l i t e s  have been s o l e l y  devoted  t o  b i o l c g  c a l  

i n v e s t i g a t i o n s ,  such  a s  t h e  B i o s a t e l l i t e  series and t h e  j o i n t  P S. - U.S.S.R. 

K3SMOS 782 miss ion .  

The fo l lowing  document is  a compenditm o f  L i f e  S c i e n c e  i n v e s t i g a t i o n s  

t h a t  have taken  p l a c e  on U.S. s p a c e c r a f t .  P r e v i o u s l y ,  t h e r e  had been no 

complete compi l a t ion  o f  t h e  expe r imen t s ,  making i t  d i f f i c u l t  t o  de t e rmine  what 

h a s  been a t t empted  and accomplished i n  s p a c e  L i f e  Sc iences .  It is d i v i d e d  



i n t o  c h a p t e r s  f o r  human, an ima l ,  p l a n t  and microorganism specimen t y p e s .  Each 

c h a p t e r  is i n  o r d e r  a l p h a b e t i c a l l y  by P r i n c i p a l  I n v e s t i g a t o r .  

Subsequent  t o  its i n i t i a l  p u b l i c a t i o n ,  BIOSPEX was d i s t r i b u t e d  t o  

P r i n c i p a l  I n v e s t i g a t o r s  o f  each  exper iment  and o t h e r  L i f e  S c i e n t i s t s  f o r  

r ev iew and comment. An e v a l u a t i o n  form was i n c l u d e d  r e q u e s t i n g  s u g g e s t i o n s  

f;r changes t h e y  would l i k e  t o  see i n  t h e  r e v i s e d  e d i t i o n .  I n  r e s p o n s e  t o  

t n e s e  h e l p f u l  and much a p p r e c i a t e d  s u g g e s t i o n s ,  more c o n c i s e  d e s c r i p t i o n s  o f  

t h e  exper iments  were made. A s e p a r a t e  b i b l i o g r a p h y ,  a n  i n d e x ,  and a n  

i n v e s t i g a t o r  a d d r e s s  list have a l s o  been added t o  t h i s  v e r s i o n .  It is  

a n t i c i p a t e d  c h a t  t h i s  document w i l l  be updated and r e i s s u e d  as  new i n f o r m a t i o n  

is o b t a i n e d  d u l n g  t h e  upcoming S h u t t l e  e r a .  
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Mission 

Blossom 3 

Blossom 4 

Blossom 5 

Blossom 6 

Blossom 7 

Aerobee 1 

Aerobee 2 

Aerobee 3 

Mouse-In-Able 1 4/23/58 

Mouse-In-Able 2 7/9/58 

Duration 

N A 

N A 

N A 

N A 

N A 

N A 

N A 

N A 

20m 

20m 

Comments 

Carried a Rhesus monkey ("Albertn) 
as  f i r s t  biological rocket 
payload; monkey not recovered. 

Carried a Rhesus monkey, paia- 
chute fa i lu re  and monkey not 
recovered. 

Carried a Cynomolgus monkey; para- 
chute fa i lu re  and monkey not 
recovered. 

Carried a Cynomolgus monkey; para- 
chute fa i lu re  and monkey not 
recovered. 

Last V-2 f l igh t ;  carried a mouse; 
parachute fa i lu re  and mouse not 
recovered. 

Carried a Capuchin monkey into  
sub-orbital f l i gh t ;  not recovered. 

Carried a Rhesus monkey and 11 
mice; animais landed a l ive ,  but 
monkey died a t  recovery s i t e  due 
to heat. 

Two Capuchin monkeys ("Mike" and 
"Patr ic ian)  and 2 mice flown; a l l  
recovered a l ive ,  showed no ill 
ef fec t s  from f l igh t .  

Carried mouse ( nWickiell) in to  
sub-orbital f l i gh t  in a Thor-Able 
nosecone ; neit.her mouse nor 
nosecone were recovered. 

Carried mouse ( I1LaskaV ) in to  
3ub-orbital f l i g h t ,  monitoring 
heart r a t e ;  mouse not recovered. 



Nisaion 

Mouse-In-Able 3 

AH 113 (Ammy Medical 
sounding rocket) 

L i t t l e  Joe 3 
(Mercury) 

L i t t l e  Joe 4 

Discoverer X V I I  

Discoverer XVIII 

Discoverer X X X I I  

NERV 1 

Mercury 2 (MR-2) 

Mercury 3 iMR-3; 
(Alan B. Shepard, 
J r . )  

Mercury 4 IMR-4)  
(Virgil I. Grissom) 

Mercury 5 (MA-5) 

Carried mouse ( "Benjin: i n to  
sub-orbital f l i g h t ,  monitoring 
heart r a tz ;  mouse not recovered. 

Carried Squirrel monkey ( "Old 
Reliablen) and ~ F O S D ~  spcres; 

not recovered. 

Carried Rhesus and Squirrel 
monkeys ("Ablen and "Bakern) and 
biological specimens; pa r t i a l ly  
successful . 
Carried various biological 
specimens inPl.ud.ing sea urchin 
eggs; not recovered. 

Carried Rhesus monkey ( "Samn). 
High a l t i tude  abort t e s t .  

Carried Rhesus monkey ("Miss 
Samn). Evaluated launch and abort 
systems. 

Investigated the space envirorment 
using a number of c e l l  types. 

Investigated the space 
environmentusing a number of c e l l  
types. 

Investigated HZE par t ic les  using 
corn seeds. 

Carried B e u r o w  QW. 

Carried chimpanzee ( "Hamt1) ; 
booster oversyed. 

Fi rs t  American i n  space. 

Suborbital. 

Carried chimpanzee ( "Enostt ) 
( 3  rev) 



Mission m 
Mercury 6 (MA-6) 2/20/62 

(John Glenn) 

Mercury 7 (MA-7) 5/24/62 
( S c o t t  Carpenter)  

Mercury 8 (MA-8) 10/3/62 
(Walter  M. S h i r r a  
2r.I 

Mercury 9 (MA-9) 5/ 1 5/63 
(L.  Gordon Cooper) 

Gemini I11 3/23/65 
( V i r g i l  I. Grissom, 
John W. Young) 

Gemini I V  6/3-7/65 
(James A. McDivitt , 
Edward H. White) 

Gemini V 8/2 1 -2 9/ 
(L. Gordon Cooper, 65 
Char les  Conrad, Jr . ) 

Gemini V I I  12/4-18/ 
( Frank Borman , 65 
J a s e s  A. Love l l ,  
Jr. ) 

I2!xaum 

4h, 55m 
( 3  r e v )  

4h, 56m 
( 3  r e v )  

9h,  13m 
( 6  r e v )  

34h, 20m 
(22 r e v )  

4h, 53m 
( 3  r e v )  

97h, 40m 
(62 r e v )  

190h, 56m 
(120 r e v )  

33Oh ,35m 
(206 r e v )  

Gemini V I - A  12/15-16/ 25h,51m 
(Walter  M. S q h i r r a ,  65 (15 r e v )  
;r . , Thomas P. 
S t a f f o r d )  

Gemini VIII 3/16-17/ 10h,42m 
(Nei l  A.  Armstrong, 66 (7  r e v )  
David R .  S c o t t )  

OVl-4 (U.S. Air Force) 3/30/66 720h 

!2Qlmmi 

F i r s t  manned o r b i t t l  f l i g h t .  

Yaw e r r o r  caused l a n d i n g  250 m i .  
downrange - recovery i n  3 h r s .  

F i r s t  2-man space  f l i g h t ;  s e a  
u rch in  experiment f a i l e d .  

F i r s t  Extra-Vehicular  A c t i v i t y  
(EVA) 22 min. 

Demonstrated p h y s i o l o g i c a l  f e a s i -  
b i l i t y  of l u n a r  n i s s i o n .  

Extension o f  phys io log ica l  t e s t -  
ing .  Evaluated l igh t -we igh t  
p r e s s u r e  s u i t .  

Condxted  rendezvous wi th  Gemini 
VII. 

Rendezvous anu dock wi th  Agena 
t a r g e t  v e h i c l e .  

Non-recoverable s a t e l l i t e  
c o n t a i n i n g  S ~ i r o d e l b  & 
C h l o r e l l a ;  C h l o r e l l a  experiment 
f a i l e d  i n f l i g h t .  

Gemini I X  Not launched.  



Gemini I X - A  6 0 - 6 / 6 6  72h, 21m 
(Thomas P . S t a f  f o r d ,  (44 r e v )  
Eugene A. Cernan) 

EVA of 2h, 2m; c a r r i e d  
microorganisms 

Gemini X 
(John W. Young, 
Michael C o l l i n s )  

7/  18-2 1/ 7Oh, 47m 
66 (43 r e v )  

EVA o f  45m ( t e rmina ted  due t o  
fumes) ; umbi l i ca l  EVA o f  27 min. 

Gemini X I  
(Char l e s  Conrad, 
Richard F. Gordon, 
J r . )  

9/12-15/ 71h,17m 
66 (44 rev:  

EVA o f  2h,  55m; u m b i l i c a l  EVA o f  
44m. Reached record  a l t i t u d e  of 
about 1400 km (870 mi) ;  c a r r i e d  
NeurOSDOracrassa. 

Gemini X I 1  
(James A. Love l l ,  
Jr., Edwin E. 
Aldr in  , Jr . ) 

EVA o f  5h,  37m; las t  Gemini 
miss ion;  c a r r i e d  f r o g  eggs  and 
microorganisms. 

(59 r e v )  

2 d 

460s 

26Oh, 10m 

B i o s a t e l l i t e  I S p a c e c r a f t  d i d  no t  r e e n t e r  on 
command and burned on subsequent  
r e e n t r y  a f t e r  60 days  i n  o r b i t .  

B i o s a t e l l i t e  I1 Returned 1 day e a r l i e r  t h a n  
scheduled;  c a r r i e d  1 3  b i o l o g i c a l  
exper iments .  

Aerobee 150A I n v e s t i g a t e d  g r a v i t y  p r e f e r e n c e  o f  
a whi te  r a t .  

Apo1.10 I (AS2041 
( V i r g i l  I. Grissom, 
Edward H. White, 
Roger B. Chaffee) 

F l i g h t  t e s t ;  f l a s h  f i r e  i n  space- 
c r a f t  k i l l e d  3 a s t r o n a u t s ;  in-  
f l i g h t  medical  exper iments  pro- 
gram was c a n c e l l e d .  

Apallo V I I  
(Walter  M. S h i r r a ,  

Ast ronauts  developed c o l d s  i n  
o r b i t .  

Jr., DOM F. ~ i s e l e ,  
Walter  Cunningham) 

Ap0110 VIII 12/21-27/ 147h,lm 
(Frank Borman, 68 (10 l u n a r  
James A. Love l l ,  o r b i t s )  
J r .  William A. 
Anders) 

F i r s t  l u n a r  o r b i t a l  miss ion.  

Ap0110 I X  3/3-13/ 241h, 1m 
(James McDivitt , 69 
David S c o t t ,  
Russe l l  Schweickar t )  

F i r s t  f l i g h t  manned l u n a r  hard- 
ware i n  e a r t h  o r b i t ;  E V A  o f  37m. 

vii 



Apollo X 5/18-26/ 192h, 3m F i r s t  l u n a r  o r b i t a l  miss ion w i t h  
(Eugene A Cernan, 69 complete Apollo s p a c e c r a f t .  
John W. Young, 
Thomas P. S t a f f o r d )  

B i o s a t e l l i t e  I11 6/29/69- 8 1/2d Carr ied  p i g - t a i l e d  monkey; d e t e r -  
7/7/69 i o r a t i n g  phys io log ica l  c o n d i t i o n  

r e q u i r e d  e a r l y  call-down. 

Apollo X I  7/16-24/ 195h, 18m F i r s t  manned Lunar l a n d i n g ;  t ime 
(Ne i l  A.  Armstrong, 69 on t h e  moon = 21h ,20m. 
Michael C o l l i n s  
Edwin E. Aldr in ,  
Jr. 1 

Apollo X I 1  11/14-24/ 244h,36m Second l u n a r  l and ing ;  EVA o f  15h, 
(Char les  Conrad, 69 36m 30m; t ime on t h e  moon = 31h,31m. 
J r  . , Richard P. 
Gordon, J r . ,  
~ l a n  i. Bean) 

Apcllo X I 1 1  1 - 7  142h,54m Third  l u n a r  l and ing  miss ion abor- 
i Jxnes  A. Love l l ,  70 t e d  a f t e r  55h, GET due t o  l o s s  o f  
Fred ',, . Haise ,  Jr., p r e s s u r e  i n  LOX i n  S e r v i c e  Module 
John L. Swigert  , and f a i l u r e  of f u e l  c e l l s  1 & 3;  
J r . )  LM provided power and l i f e  support 

u n t i l  t r a n s f e r  t o  CM f o r  r e e n t r y .  

A p d l o  X I V  1/31/70- 2:6h,02m Third l u n a r  l a n d i n g ;  t ime on t h e  
moon = 33h ,3Om. 

(Alxa P. SLepard 2/9/71 
S t d a r t  A. Boosa 
Edgar D. M i t c h e l l )  

Apollo XV 7/26/71- 295h,11m FVA o f  18h, 34m; f o u r t h  l u n a r  
(David R.  S c o t t ,  8/7/71 l and ing ;  t ime on t h e  moon = 

A 1  fra?d M. Worden, 66h, 55m. 
James B. I rwin)  

Apollo X V I  4/16-27/ 265h,51a F i f t h  l u n a r  l and ing ;  EVA o f  20h, 
(John W .  Young, 7 2 l4m; t o t a l  l u n a r  s t a y  = 71h, 
Thouas K .  Mat t ingly ,  02m; l u n a r  r o v e r  d r iven  26.7 km. 
11, Char les  M.  
Duke) 

Apollo X V I I  12/7-19/ 301h,51m S i x t h  l u n a r  l and ing ;  l a s t  Apollo 
(Eugene A .  Cernam, 72 miss ion;  EVA o f  22h, !)a; t o t a l  
Ronald E .  Evans, l u n a r  ~ t a y  = 74h ,59m; l u n a r  
Harrison H. Schmit t )  rover  d r i v e n  35 km. 

v i i i  



Missian WtQ Duration Comment2 

OFO-1 ( A )  11/9-151 144h S t u d i e d  v e s t i b u l a r  ne rve  a c t i v i t y  
70 and a d a p t a t i o n  o f  t h e  o t o l i t h  

system i n  two b u l l  f r o g s .  

Sky lab  2 5/25/73- 162h, 493 Conducted medica l  expe r imen t s  ; 
( C h a r l e s  Conrad, 6/22/73 ( 2 8 4 )  r e p a i r e d  Skylab  p a r a s o l .  
Jr . , Joseph P. 
Kerwin, Paul  J. 
Wei tz)  

i 
1 Skylab  3 7/28/73- 1427h,O9m T o t a l  EVA o f  27h, 26m; c a r r i e d  two 

(Alan L. Bean, 9/25/73 (59+d) s p i d e r s  and k i l l i f i s h .  ? 
Owen K. Garriott, 
Jack  R. Lousma) 

Skylab  4 11/16/73- 2017h,15m Obtained med ica l  d a t a  on crew; 
(Gera ld  Carr , 2/8/74 (84+d) t o t a l  EVA df 44h, 40m; obse rved  
Edward Gibson,  comet Kohoutek. 
Willi:.m Pogue) 

Apollo-Soyuz T e s t  7/15-24/ 21711,28m F i r s t  manned j o i n t  US-USSR Space 
P r o j e c t  7 5 (9d e f f o r t ;  c a r r i e d  k i ; l i f i s h .  

(Donald K. S l a y t o n ,  
Thomas P. S t a f f o r d ,  
Vance D. Brand, 
Alexei  A. Leonov, 
Valeri N.  Kubasov) 



L.  F i s c h e r  

$;. 
, v T I T L E / N U M B E R :  C l i n i c a l  Biochemistry 
k. 

5' 

:I B R O G ~ M Z S S I O ~ :  Apollo 

CLASSIFICATION: Hman 

, DISCIPLINE(S): Environmental h e a l t h ,  Hematology 

QBJECTIVES: To provide  r o u t i n e  c l i n i c a l  d a t a  f o r  assessmen.  of  p r e f l i g h t  crew 
phys ica l  s t a t u s  and f o r  p o s t f l i g h t  compari:;c.,s; t o  d e t e c t  c l i n i c a l  o r  
pa tho log ica l  abnormal i t i e s  which might havt r equ i red  remedial  a c t i o n  
p r e f l i g h t ;  t o  d i scover  a s  e a r l y  as p o s s i b l e  any i n f e c t i o u s  d i s e a s e  process  
dur ing  t h e  p o s t f l i g h t  quaran t ine  pe r iods  fo l lowing c e r t a i n  miss ions ;  and t o  
o b t a i n  fundamental medical knowledge r e l a t i v e  t u  man's adjus tment  t o  and 
r e t u r n  from t h e  space f l i g h t  environment. 

PROTOCOL: Blood samples were ob ta ined ,  f rozen and t r a n s p o r t e d  f o r  a n a l y s i s .  
C r i t i c a l  ana lyses  were done be fo re  f r e e z i n g .  There was withdrawal o f  20 m l  o f  
venous blood 3 t imes  be fo re  f l i g h t  (F-30 days ,  F-15, and F-5), &nd b ~ o o a  taken 
a t  R+2hr, H+1 day, R+6 days ,  and R+13 days.  Urine samples were taken a t  t h e  
same t i s e  a s  t h e  blood. A g e n e r a l  exposure h i s t o r y  was t aken ,  and ground 
c o n t r o l s  were u t i l i z e d .  

EQUIPMENT: Blood and u r i n e  c c l l e c t i o n  dev ices  and assay equipment. 

RESULTS: There were no v s l u e s  o u t  of t h e  normal range,  bu t  t h e r e  were changes 
between pre- and p o s t f l i g h t  l e v e l s .  In  t h e  blood serum a s  we l l  a s  i n  t h e  
blood c o n s t i t u e n t s ,  t h e r e  was a dec rease  i n  pctass ium,  magnesium, l a c t i c  
dehydrogenase, c r e a t i n e  phosphokinase, albumir,, u r i c  a c i d ,  t r i g l y c e r i d e s ,  and 
c h o l e s t e r o l .  There was an i n c r e a s e  i n  c r e a t i n e ,  t o t a l  p r o t e i n ,  BUN, and 
glucose .  I n  t h e  u r i n e  samples,  t h e r e  was an i n c r e a s e  i n  e l e c t r o l y t e  r e t e n t i o n  
wi th  a co inc iden t  decrease  i n  t h e  volume and hypwosmola l i ty  ( r e e s t a b l i s h i n g  
t h e  f l u i d  and e l e c t r o l y t e  ba lance) .  A dec rease  i n  t h e  excre ted  u r i c  a c i d  was 
a l s o  found. 

QJNCLUSIONS: The accumulated d a t a  suggest  t h a t  t h e  o b j e c t i v e s  were met by t h e  
program. A l l  changes a s c r i b e d  t o  t h e  space f l i g h t  environment were s u b t l e ,  
whereas c l i n i c a l l y  s i g n i f i c a n t  changes were c o n s i s t e n t  wi th  i n f r e q u e n t  
i l l n e s s e s  unre la ted  t o  t h e  space f l i g h t  exposure.  

PUBLICATIONS: 8 



PRINCIPAL INVESTICATQR(S): R .  E. Al len ,  G. H. Barlow, Milan B i e r ,  P. E. 
Bigazzi ,  R. J. Knox, F. J. E i c a l e ,  G. V .  P. 
Seiunan, J. W. Vanderhoff, C .  J. Van O s s ,  W. J. 
P a t t e r s o n ,  F. E. S c o t t ,  P. H. Rhodes, B. H.  
Nerren,  and R .  J. Harwell 

EXPERIMENTJ.TLE/NmE: E l e c t r o p h o r e s i s  Technology, MA-0 1 1 

CLASSIFICATION: Human, Animal 

Test  P r o j e c t  

r 
? 
r DIS-: C e l l  b io logy 
i 

QBJECTIVES: To conduct engineer ing and o p e r a t i o n a l  t e s t s  c," a space- ra ted  
s t a t i c  e l e c t r o p h o r e s i s  s e p a r a t i o n  appara tus  and t o  f u r t h e r  c u r r e n t  r e s e a r c h  
e f f o r t s  through s e p a r a t i o n  of  s i m i l a r  c e l l u l a r  s p e c i e s .  

P R O T O U :  An e l e c t r o p h o r e s i s  o r  i s o t a c h o p h c r e s i s  column was removed from its 
s t o r a g e  loca'cion and i n s t a i l e d  i n  t h e  e l e c t r o p h o r e - i s  u n i t  i n  space .  Fluid 
coua l ings  t e r e  secured t o  each e l e c t r o d e  chamber o f  t h e  e l e c t r o p h o r e s i s  
c o l m n s  only.  The s l i d e  con ta in ing  a s p e c i f i c  f rozen  sample was removed from 
the  cryoge LC f r e e z e r  and i n s e r t e d  i n t o  t h e  column. [r camera mountsd on t h e  
e l e c t r o p h o r e s i s  u n i t  cover photographed c r i t i c a l  c o n t r o l  p o s i t i o n s  and d i g i t a l  
r eadou t s  dulling each column o p e r a t i c n .  Following each e lec t ropho:*es is  
s e p a r a t i o c ,  t h e  e l e c t r o p h o r e s i s  columns were f rozen  by t h e  t h e r r ~ o e l x t r i c  
module and then removed from t h e  c r a d l e ;  The crewman removed each e l e c t r o d e  
chamber from t h e  columns and placed t h e  column i n  t h e  cryogenic  f r e e z e r  f o r  
r a t u r n  t o  Eart.h. The i so tachophores i s  columns were nei ther*  :rozen nor  
r e t u r n e d ,  but  on ly  photographed i n  o r b i t  dur ing  t h e i r  ope?zLion. 

EQUIPMENT: An e l e c t r o p h o r o s i s  u n i t ,  a cryogenic  f r e e z e r ,  e i g h t  experiment 
columns ( s i x  e l e c t r o p h o r e s i s ,  two i s o t a c h o p h o r e s i s ) ,  and e i g h t  sample 
i n s e r t i o n  s l i d e s .  

-: Separa t ion  of  human, r a b b i t  and horse  erythrocykes  was accomplished. 
Human kidney c e l l s  could be concentra ted  i n t o  urokinaee (UK), human 
granu locy te  cond i t ion ing  f a c t o r  (HGCF) and e r y t h r o p o i e t i q  f r a c t i o n s .  Human 
lymphocytes were inconc lus ive .  For t h e  i so tachophores i s  p a r t  o f  t h e  
experiment,  s e p a r a t i o n  o f  human e r y t h r o c y t e s  from hemoglobin o r  dyes was 
achieved.  Separa t ion  of human and r a b b i t  e r y t h r o c y t e s  o r  r a b b i t  and sheep 
e r y t h r o c y t e s  was not a( hieved.  

CONCJ.USIOE: With t h e  success  o f  s e p a r a t i o n  o f  t h e  s t andard  p a r t i c l e s ,  it was 
shown t h a t  e l e c t r o p h o r e s i s  can be performed under zero-g c o n d i t i o n s .  The 
absence of s i g n i f i c a n t  e lec t ro-osmosis ,  t h e  l r ~ s d i n g  and r e t n r i n g  o f  a s t e r i l e  
system, t h e  c a 2 t u r e  o f  t h e  r e s u l t i n g  s e p a r a t i o n ,  and t h e  p r e s e r v 3 t l c n  of  



;he v i a b l e  c e l l s  i n  o r b i t  and dur ing t h e  subsequent r e t u r n  r e p r e s e n t s  many 
' , f i r s t s n  f o r  space.  The newer methods of  s e p a r a t i o n  by i s o t a c h o p h o r e s i s  
>roved the  f e a s i b i l i t y  o f  conducting l a r g e - p a r t i c l e  p rocess ing  by t h i s  method. 
Gnfortunately,  t h e  experiment was not  t o t a l l y  s u c c e s s f u l  because t h e  f l u i d  
l i n e s  i n  some of  t h e  columns were blocked. 

-: 10, 11, 12, 25, 82, 93,  463 



J. Vernon Bai ley  

=TITLE/NUMBER: In - f l  i g h t  Radia t ion De tec t ion  

eROGRAM/MISSION: Apollo-Soyuz Tes t  P r o j e c t  

-: Human 

-: Environmental h e a l t h ,  Radiobiology 

OBJECT=: To determine i n f l i q h t  r a d i a t i o n  exposure.  

-: Radiat ion dos imete r s  were worn i n  pockets  oZ i n f l i g h t  c o v e r a l l s .  

P m :  Personal  Radia t ion Dosimeter (PRD), Pass ive  Dosimeter (PD). 

-: Five of  t h e  s i x  dosimeters  opera ted  s a t i s f a c t o r i l y  
througnout t h e  miss ion.  C r e w  exposure v a r i e d  from 10 t o  15 mrad/day which 
approached t h e  minimum response  s e n s i t i v i t y  o f  t h e  PRD's. T h i s  was among t h e  
lowest  exposure repor ted  f o r  any Apollo miss ion.  

CONCIJJSIOE: The t o t a l  space  r a d i a t i o n  exposure o f  t h e  AST? crewmen was n o t  
s i g n i f i c a n t  . 



, t 
E J. Vernon B a i l e y  

Zi 
i --: Apollo 

' 1 -: Human 
f 

+ DISCIPLINE(S): Radiobio logy,  Environmental  h e a l t h  

m m :  To s t u d y  n a t u r a l  and man-made r a d i a t i o n  i n  s p a c e  and t o  l i m i t  
t a s t r o i i a u t  exposure.  

Pil(>=: Dositrleters were p laced  a t  v a r i o u s  l o c a t i o n s  i n  garments  worn by t h e  
crew th roughout  t h e  mis s ion  t o  de t e rmine  a c c u r a t e  r a d i a t i o n  d o s e s  f o r  
d i f f e r e n t  p a r t s  o f  t h e  body. 

E P V m :  Van Al len  belt; d o s i m e t e r ,  n u c l e a r  p a r t i c l e  d e t e c t i o n  sys tem,  
neu t ron  r e s i s t a n t  f o i l ,  b m s o n a l  r a d i a t i o n  dos ime te r .  

RESULTS: Persona l  p a s s i v e  d o s i m e t e r s  d e t e c t e d  0.16 t o  0.55 r a d d m i s s i o n  on 
Apollo mis s ions .  An e x c e p t i o n  was on Apol lo  14 when t h ~  crew was exposed t o  
1.14 r ad .  

-: Radiat ior!  was n o t  an o p e r a t i o n a l  p rob len  durrlng t h e  Apol lo  
Program. Dcses r e c e i v e d  by t h e  crewmen o f  Apol lo  m i s s i o n s  7 through 17 were 
small because no major  s o l a r - p a r t i c l e  e v e n t s  oc?l:rred d u r i n g  t h o s e  mis s ions .  
S o l a r - p a r t i c l e  releases a r e  random e v e n t s ,  and it is p o s s i b l e  t h a t  f l a r e s ,  
w i t h  t h e  accompanying e n e r g e t i c  n u c l e a r  p a r t i c l e s  might  b i n d e r  f u t u r e  f l i g h t s  
beyond t h e  magnet.osphere o f  t h e  Ea r th .  



lNV-(S): J. Vernon Ba i l ey ,  Rudolph A .  Hoffman, and Robert 
A. Engl ish  

p: Radio log ica l  P r o t e c t i o n  and Medical Dosimetry f o r  
t h e  Skylab Crewman ,, 

-: Human 

-: Radiobiology,  Environmental h e a l t h  

QBJECTIVES: To s tudy  r a d i a t i o n  exposure i n  space .  

lJjlTOCOL: Each crewman wore a pass ive  dosimeter  s t r apped  on a n k l e  o r  wrist. 
Pass ive  dosimeters  were placed i n  t h e  O r b i t a l  Workshop f i l m  s t o r a g e  v a u l t .  
Crewmen repor ted  dosime5er r ead ings  d a i l y .  

EQUIP=: Pass ive  dosimeters .  

m: Personal  p a s s i v e  dosimeters  d e t e c t e d  1.98 t o  7.61 r a d h i s s i o n .  
Skin ,  ?ye l e n s  and blood forming organ doses  were computed from Van Allen B e l t  
dos imeter  and elect ron-proton spect rometer .  Dose was r e l a t e d  t o  l ev lg th  o f  
mission:  

Skin:  3.44 t o  16.04 rem 
Lens: 2.72 t o  11.83 rem 
Blood forming organs:  1.68 t o  7.32 rem. 

CONCLUSIbK: Dose e q u i v a l e n t s  f o r  each crewman were we l l  below t h e  t h r e s h o l d  
o f  s i g n i f i c a n t  c l i n i c a l  e f f e c t .  A SL c r e m a n  could f l y  a miss ion comparable 
t o  one 84-day SL4 miss ion per  year  f o r  50 y e a r s  be fc re  exceeding c a r e e r  l i m i t s  
f o r  r a d i a t i o n  exposure.  



PRIN(=ilPAL Joseph T. Baker,  Arnsuld E. Nicogoss ian ,  G. 
Wyckl i f fe  H o f f l e r ,  Yobert L. Johnson,  and J e r r y  R .  
Hordinsky 

P' EXRLJPIMGNT: Changes i n  t h e  A c h i l l e ~  Tendon R e f l e x e s  Fol lowing 
Skylab  Miss ions  

i ? iCIPLINE(S): H u s c u l o s k e l e t a l ,  Neurosensory i 

Pi-: To assess p o s s i b l e  neuromuscular  a l t e r a t i o n s  f o l l o w i n g  ex tended  
s ~ a c e f l i g h t  by conduc t ing  measurements o f  t h e  A c h i l l e s  tendon r e f l e x  d u r a t i o n  
mil its a s s o c i a t e d  muscle p o t e n t i a l .  

i"=: Each o f  t h e  crewmembers p a r t i c i p a t e d  i n  3 p r e f l i g h t  and s i x  
po t f l i g h t  tests.  The crewmember p o s i t i o n e d  h i s  r i g h t  knee on a firm s u p p o r t ,  
i l i ,  h a d d i t i o n a l  s u p p o r t  as n e c e s s a r y  t o  a c h i e v e  r e l a x a t i o n  o f  t h e  
g a . t r o c n e m i u s  muscle. A r e l a t i v e  d i sp l acemen t  t r a n s d u c e r  was a t t a c h e d  t o  t h e  
p l a n t a r  b e a r i n g  s u r f a c e .  Muscle p o t e n t i a l s  were t aken .  The A c h i l l e s  tendon 
was s t r u c k  s e v e r a l  times as a werm up. To e i i c i t  r e p r o d u c i b l e  and well 
i w x r i b e d  tendon r e f l e x e s ,  t h e  A c h i l l e s  tendon was s t r u c k  e v e r y  two seconds  
f o r  t h i r t y  seconds  w i t h  a p e r c u s s i o n  hammer. No r e in fo rcemen t  maneuver was 
used t o  augment t h e  r e f l e x .  

: R e l a t i v e  d i sp l acemen t  t r a n s d u c s r ,  s i l v e r  e l e c t r o d e s ,  FM magnet ic  
t ape .  

.ilE;S;ULTS: Crewmenbers o f  Skylab  3 and 4 e x h i b i t e d  a s i g n i f i c a n t l y  s!.ortened 
, e f l e x  i n  t h e  i m e d i a t e  p o s t f l i g h t  p e r i o d .  A eompcnsatory p r o l o n g a t i o n  ~f t h e  

i e f l e x  d u r a t i o n  was e x h i b i t e d  between 4 and 12 days  a f te r  r ecove ry  fo l lowed by 
E grw!ual r e t u n  t o  t h e  p r e f l i g h t  v a l u e s .  I n  g e n e r a l ,  t h e  muscle p o t e n t i a l  
i n t e r v a l  c o r r c  iponded wi th  t h e  i n c r e a s e  and d e c r e a s e  i n  t h e  r e f l e x  d u r a t i o n .  

J;aG&sIONs: The changes i n  r e f l e x  d u r a t i o n  may be due  t o  t h e  se rvo feedback  
sys tem o f  t h e  p o s t u r a l  muscles  i n  which t h e y  must sudden ly  resume u p r i g h t  
s u p p w t  o f  t h e  body i n  a one-g environment af ter  weeks o f  i n a c t i v i t y .  An 
a t t e n d e n t  s t r a i n  and s t r e t c h  i n  t h e s e  muscles  r e s u l t s  i n  an  o v e r s t i m u l a t t o n  o f  
t h e  n,surolpusc?;lar system c a u s i n g  i n i t i a l  d e c r e s s e  i n  r e f l e x  d u r a t i o n .  As ; t e  
muusles r e g a i n  s t r e r ,g th  and mass, t h e r e  occurs an overcompensat ion r e f l e c t e d  
by incrc!ased re)'? .?x d l i r a t ion .  When a normal neuromuscular  s t a t e  is reach d , 
t h e  r e f  I ex d w e t l o n  r e t u r n s  t o  b a s e l i n e  v a l u e .  



U-R(S): Michael  A .  Bender, F r e d e r i c k  J. d e s e r r e s ,  P. 
Carolyn Gooch, I. R .  Miller, D. B. Smith and S o h e i  
Kondo 

p: R a d i a t i o n  and Zero-Gravity E f f e c t s  on Human 
Leukocytes and &u.ro.s~ora crassa, SO04 

PROGRAM/MISSIOK: Gemini 3, 1 1 

CLASSIFICATION: Human, Microorganism 

DISCIPLINE(S): Radiobio logy,  Hematology, Cell Biology,  G e n e t i c s  

m: To de te rmine  i f  t h e r e  is any synergism between r a d i a t i o n  and 
space  f l i g h t  i n  wh i t e  b l o o ~  c e l l s ,  and i n  Neur- crassa, and if t h e r e  are 
any l a r g e  r a d i o b i o l o g i c a l  e f f e c t s  f o l l o w i n g  space  f l i g h t .  

: uho le  human blood and N e u r o s ~ o r a  c r a s s a  s p o r e s  were i r r i d i a t e d  w i t h  
e y s  d u r i n g  o r b i t .  I r r a d i a t i o n  was accomplished by i d e n t i c a l  
expe r imen ta l  d e v i c e s ,  one on t h e  r i g h t h a n d  h a t c h  o f  t h e  s p a c e c r a f t ,  and one on 
t h e  ground. Upon comple t ion ,  a c y t o g e n e t i c  a n a l y s i s  was made o f  each  b lood 
sample,  and t h e  f r e q u e n c i e s  o f  chromosome a b e r r a t i o n  de termined.  Y i e l d s  o f  
bo th  s i n g l e  and m u l t i p l e  break  a b e r r a t i o n s  were c a l c u l a t e d  f o r  t h e  f l i g h t  and 
ground-cont ro l  samples.  S u r v i v a l  o f  t h e  s p o r e s  and m u t a b i l i t y  o f  two 
d i f f e r e n t  genes  were s t u d i e d  f o r  f r e q u e n c i e s  o f  chromosome b reakags  and o f  
gene muta t ion .  Spore  samples were i r r t d i a t e d  on t h e  s u r f a c e  o f  f i l t e r s  and i n  
suspens ion  form. Gemini 3 c a r r i e d  o n l y  human blood w h i l e  Gemini 11 c a r r i e d  
both  s2ecimens.  

J5PUIPMENX: 3 2 ~  s o u r c e ,  aluminum blood-sample h o l d e r ,  d o s i m e t e r  r o d s .  

HESULTS: A synergism between r a d i a t i o n  and some s p a c e  f l i ~ h t  pa rame te r s  
appeared  t o  e x i s t  f o r  human chromosome a b e r r a t i o n  p roduc t ion  on t h e  Gemini 3 
f l i g h t .  It seems l i k e l y  t h a t  t h i s  e f f e c t  is on t h e  normal r e s t i t u t i o n  o f  
chromosome b reaks .  Both t h e  Gemini 11 blood exper iment  and t h e  N , J ! l  
c r a s a  experiment  f a i l e d  t o  r e s u l t  i n  d a t a  conf i rma to ry  o f  t h e  a p p a r e n t  
synergism observed OP t h e  Gemini 3 miss ion .  

CONCL[LSIONS: The two p a r t s  o f  t h i s  experiment  have shown t h a t  n e i t h e r  o r b i t a l  
space  f l i g h t  no; any o f  t h e  s t r e s s e s  connected  w i t h  i t  produced s i g n i f i c a n t ,  
unpred ic t ed  g e n e t i c  damage, a t  least  i n s o f a r  as chromosomal a b e r r a t i o n  
p roduc t ion  is a v a l i d  measure o f  t h i y  g e r ~ e r a i  t y p e  o f  e f f e c t .  

PUBLICATIONS: 30, 31, 32, 33,  34, 145, 149, 152 



4 
i 
! 

D A L  INVESTICATOR(SL; S t u a r t  A.  Bergman, G. Wyckliffe H o f f l e r ,  and 

i Robert L. Johnson 
I !  

E X P E R I M E N T N U M B E R :  Evaluat ion of  t h e  Elect romechanical  P r o p e r t i e s  o f  
t h e  Cardiovascular  System A f t e r  Prolonged 
Weight lessnes :~  . 

PROS-: Skylab 2 ,  3,  4 

CLASSIFICATION: Human 

DISCIPLINE(S): Cardiovascular  

OBJECTIVE: To e v a l u a t e  t h e  e lec t rcmechan ica l  p r o p e r t i e s  o f  t h e  
ca rd iovascu la r  system. 

PROTOCOL: Cardiovascular  e lec t romechanical  measurements were c o l l e c t e d  on a l l  
r e t u r n i n g  Skylab crewmen at  r e s t  ana dur ing  both lower body nega t ive  p r e s s u r e  
and e x e r c i s e  s t r e s s  t e s t i n g .  These d a t a  were compared wi th  averaged respol.ses 
from m u l t i p l e  p r e f l i g h t  t e s t s .  S y s t o l i c  timc i n t e r v a l s  and first h e a r t  sound 
amplitude changes were measured. C l i n i c a l  c :ardiovascular  examinat ions  
includea phonocardiograms, apexcardiograms, pneumograms, and c a r o t i d  p u l s e  
ana lyses .  

EQUIPMENT: Lower body nega t ive  p r e s s u r e  dev ice ,  phonocardiographic system, 
vec to rca rd iograph ,  s t r a i n  gage,  displacement t r a n s d u c e r .  

RESULTS: I n  a l l  crewmen, t h e r e  were s i g n i f i c a n t  p o s t f l i g h t  changes i c  
e j e c t i o n  t ime index,  p re -e jec t ion  pe r iod ,  and i n  t h e  r a t i c  o f  t h e  tug .  A l l  
s y s t o l i c  time i n t e r v a l s  r e t u r n e d  t o  p r e f l i g h t  va lues  ~ i t h i n  one month. There 
were dec reases  i n  first h e a r t  sound amplitude responses  t o  lower body nega t ive  
p ressure .  The s y s t o l i c  t ime i n t e r v a l  d a t a  were c o n s i s t e n t  wi th  a reduced 
s t r o k e  volume. There was a marked reduc t ion  i n  a l l  h e a r t  sounds,  p r e c o r d i a l  
movement, and a r t e r i a l  p u l s a t i o n s .  

CONCLUSIONS: The r e s u l t s  suggest  t h a t  t h e r e  is a f i lnc t iona l  impairment t o  
venous r e t u r n  and perhaps a myocardial f a c t o r  i n  t h e  o v e r a l l  decreased 
t o l e r a n c e  t o  s t r e s s  i n  t h e  p o s t f l i g h t  per iod.  A l l  changes noted r e t u r n e d  t o  
normal w i t h i n  30 days p o s t f l i g h t .  Therefore ,  t h e  p rocesses  seem t r a n s i e n t  and 
s e l f - l i m i t e d .  The ca rd iovascu la r  s y s t e a  seems t o  adapt  t o  0-g, and is capable  
of r eadap t ion  t o  one-g a f t e r  long d u r a t i o n  space f l i g h t .  Repeated exposures  
t o  0-g a l s o  appear t o  have no d e t r i m e n t a l  e f f e c t s  on t h e  c a r d i o v a s c u l a r  
system. 



-INVESTICATQR(S): J e r i  W. Brown 

w m - :  Crew Height Measurement 

PROGRAM/MISSION: Apollo-Soyuz Test. P r o j e c t  

-: Human 

D_ISCIPLINE(S): Musculoskele ta l  

QBJZCTlVEs: To q u a n t i f y  t h e  e f f e c t s  o f  zero-g on crewman h e i g h t  and t o  
determine t h e  change as a f u n c t i o n  of  t ime over  a miss ion l e n g t h  comparable t o  
t h e  p ro jec ted  i n i t i a l  Space S h u t t l e  f l i g h t s .  

PROTOC&: S i t t i n g  he igh t  and eye- level  h e i g h t  were measured p r e f l i g h t ,  
i n f l i g h t  and p o s t f l i g h t .  

WJPENT: Tape measure. 

JESULU: Inc reased  s t a t u r e  was noted.  Th i s  i n c r e a s e  occurred a s  a two-step 
"growthn. Only a smal l  change (1.3 cm average)  m c u r r e d  betw.:en launch and 
miss ien  day 6. The major change, as much as 6.6 cm t o t a l ,  occurred between 
miss ion days 6 and 9. 

mCLL'SIOIQ: The smal le r  i n i t i a l  change may r e s u l t  from removing g-loads on 
t h e  body and thus  p e r m i t t i n g  l o s s  o f  s p i n a l  cu rva tu re .  A s i m i l a r  expansion is 
observed on Ear th  when s t a h r e  is compared between s t a n d i n g  and sup ine  body 
p o s i t i o n s .  The second l a r g e r  wgrowthn may be accounted f o r  from t h e  expansion 
o f  t h e  now unloaded i n t e r v e r t e b r a l  d i s k s .  Th i s  expansion may Le f u r t h e r  
a f f e c t e d  by t h e  body f l u i d  s h i f t s  i n  zero-g. 



PRLNC,IPAL INV- Lee R.  Brown, William J.  Frome, Sandra  Handler ,  
Merrill G. Wheatcrof t ,  and Linda J. Rider  

1 -: Skylab Ora l  Heal th  S t u d i e s  

1 PBOGRAM/MISSION: Skylab 2 ,  3, 4 
. i 

! -: Human, Microorganism 

3 I DISCIPLINE(S): Environmental h e a l  t b  

QBJECTIVES: To main ta in  o r a l  h s e l t h .  

PROTD(;QL: During a l l  miss ions ,  p r o v i s i o n  was made f o r  an  e x t e n s i o n  o f  t h e  
cmwnenrs  home c a r e  program and equipment. T ra in ing  was provided t o  a l l  
a s t r o n a u t s  f o r  s e l f - t r e a t m e n t  i n f l i g h t  shcu ld  t h e  need arise. 

1 EQUIPMENT: I n f l i g h t  Medical Support  System Denta l  K i t .  

RESUtTS: Eva lua t ion  o f  Skylab crewmembers f o r  miss ion- re la t ed  e f f e c t s  on v r a l  
h e a l t h  i n  r e l a t i o n  t o  p o s s i b l e  d e n t a l  i n j u r i e s  provided t h e  fo l lowing  
d i s t i n c t i v e  changes: ( 1 )  fincreased coun t s  o f  s p e c i f i c  anae rob ic  and 
s t r e p t o c o c c a l  components; (2) e l s v a t i o n s  i n  l e v e l s  o f  set!-etory IgA concur ren t  
wi th  d iminu t ions  o f  s a l i v a r y  lysozyme, and ( 3 )  i n c r e a s e s  i n  d e n t a l  c a l c u l u s  
and g i n g i v a l  i n f  lamnat ions  . 
n-: The most s i g n i f i c a n t  f i c d i n g  from i n v e s t i g a t i o n s  was t h e  
r e l a t i v e  nonexis tence  o f  h e a l t h  hazardous i n t r a o r a l  changes. The c l i n i c a l  
changes are considered t o  be more in f luenced  by t h e  p r e e x i s t i n g  s t ~ t e  o f  
d e n t a l  h e a l t h  than  by any miss ion- re la t ed  e f f e c t s .  



T. F. Budinger, Cornel ius  A.  Tobias ,  E. 
Schopper, J. U. S c h ~ t t ,  R .  H.  Huesman, F. 
T.Upham, and T. F. Weiskamp 

BXPERWNT TITLFYNUWB: Light  Flash  Observat ions ,  MA-106 

P-Tm: Apollo-Soyuz Tes t  P r o j e c t  
; 

CJIASSmATION: Human 

I-. IP-!: Radiobiology 

Qm: To a s c e r t a i n  q u a n t i t a t i v e l y  t h e  f requency,  c h a r a c t e r ,  l a t i t u d i n a l  
dependence, and i d e n t i t y  of  cosmic p a r t i c l e s  t h a t  cause  l i g h t  f l a s h  phenomena. 
The u l t i m a t e  o b j e c t i v e  was the assessment o f  r a d i a t i o n  haza rds  f o r  long-term 
Ear th -o rb i t ing  and i n t e r p l ~ n e t a r y  miss ions .  

PROTOCOL: Two r e v o l u t i o n s  were devoted t o  t h i s  experiment.  During r e v o l u t i o n  
110, t h e  s i l i c o n  te lescope-spect rometer  was deployed f o r  t h e  measurement o f  
t h e  t r a j e c t o r y ,  atomic charge 2, and v e l o c i t y  o f  cosmic p a r t i c l e s  wi th  z 
s topp ing  power o f  10 keV/micrmeter  o r  g r e a t e r .  During r e v o l u t i o n  111, t h e  
Apollo commander and t h e  Command Module p i l o t  made cont inuous  o b s e r v a t i o n s  o f  
v i s u a l  s e n s a t i o n s  while dark  adapted.  The Docking Module p i l o t  operated t h e  
experiment c o n t r o l  u n i t ,  which rece ived  d a t a  from t h e  s i l i c o n  d e t e c t o r s  a s  
we l l  a s  from s i l v e r  c h l o r i d e  c r y s t a l s  t h a t  were used t o  r e g i s t e r  p a r t i c l e  
t r a c k s  ?n f o u r  s e c t o r s  of  t h e  o r b i t  corresponding t o  c o r t h e r n  l a t i t u d e s ,  
e q u a t o r i a l  l a t i t u d e s ,  t h e  South A t l a n t i c  Anoacaly (9AA) , and sou the rn  
l a t i t u d e s .  

EQUIPMENT: Two dark  a d a p t a t i o n  masks, two pushbuti;ons, tia c ~ s m i c - p a r t i c l e  
d e t e c t o r  boxes, and a c o n t r o l  and power u n i t  t h a t  housed a d a t a  t a p e .  

RESULTS: A t o t a l  of  82 e v e n t s  was repor ted  by t h e  two a s t r o n a u t s .  No 
increased a c t i v i t y  i n  t h e  S A A  and 20 g ray ing  o f  t h e  darkened v i s u a l  f i e l d s  
occurred.  The abundance o f  i o n s  t h a t  caused t h e  l i g h t  f l a s h  phenomena is 
minimal between l a t i t u d e s  30 degrees  N and 30 degrees  S .  The frequency o f  
l i g h t  f l a s h  even t s  between l a t i t u d e s  30 degrees  N and 50 a c g r e e s  h and 30 
degrees  S and 50 degrees  S is 25 t imes  t h a t  noted i n  e q u a t o r i a l  i a l i t u d e s .  
Th i s  d i s t r i b u t i o n  of  f l a s h e s  is c o r r e l a t e d  wi th  t h e  d i s t r i b u t i o n  o f  cosmic 
p a r t i c l e s  wi th  s topp ing  power g r e a t e r  than 15 keV/micrometer i n  t h e  eye .  

CONCLUSIONS: The frequency o f  r epor ted  l i g h t  f l a s h  e v e n t s  is s t r o n g l y  
dependent on l a t i t u d e .  There was an inc reased  r a t e  o f  v i s u a l  e v e n t s  near  t h e  
sou th  geomagnetic pole  which can be expla ined by da rk  a d a p t a t i o n  o f  t h e  
crewmembers. There were no r e p o r t s  o f  high frequency throughout t h e  S A A  a s  
was expected from a previous  Skylab 4 r e p o r t .  The f l u x  o f  protons  was 23 
times g r e a t e r  f o r  Skylab a t  a  443 km a l t i t u d e  than f o r  Apollo-Soyuz a t  225 icm. 
The Apollo Command M o d ~ l e  had g r e a t e r  r a d i a t i o n  s h i e l d i n g  than Skylab which 
allowed fewer even t s .  



: Eduard C. Burchard, and Arnauld E. Nicogossian 

f PAOCRAM/MISSION: Apollo-Soyuz Tes t  P r o j e c t  
' 1  

, CLASSIFICATION: Human 
I 

4 PISCIPLINE_CST: Musculoskele ta l ,  Neurosensory 

t QBJEuTIVFS n : To measure t h e  Ach i l l e s  tendon r e f l e x  i n  o r d e r  t o  d e t e c t  changes 
! i n  neuromuscular f'unc t ion .  
i 

P R L c . ~ :  The measurement was performed dur ing  t h e  phys ica l  examination on 
: a l l  t h r e e  a s t r o n a u t s  on days F-30, F-15, and on R+O. A p h o t o e l e c t r i c  c e l l  was 

employed t o  t ime t h e  A c h i l l e s  tendon r e f l e x  by measuring t h e  d isplacement  o f  
: t h e  foo t .  A t a p  on t h e  A c a i l l e s  tendon wi th  a pe rcuss ion  hammer caused t h e  2 

f o o t  t o  move i n  t h e  l i g h t  beam and g e n e r a t e  a change i n  p ~ l o t o a e l l  vo l t age .  
Tt,e changes were recorded on e lec t roca rd iograph  paper t o  g i v e  a t ime-posi t ion 
p l o t  o f  r e f l e x  a c t i o n .  Measurements were made from t h e  beginning o f  t h e  
hannner t a p  t o  m e - h a l f  t h e  r e l a x a t i o n  per iod.  

BESULTS: The ACDR and t h e  DMP e x h i b i t e d  a shor ten ing  i n  t h e  r e f l e x  d u r a t i o n  
t ime, whereas t h e  CMB showed an inc reased  r e f l e x  t ime. I n  a d d i t i o n ,  a l l  
crewmembers showed s i g n i f i c a n t  f i n e  t remor ,  as documented by t r a c i n g s  which 
could r e f l e c t  t h e  e f f e c t s  of t h e  inha led  vapor o f  n i t r o g e n  t e t r o x i d e .  Th i s  
tremor which was recorded on t h e  b a s e l i n e  t r a c i n g s  o f  t h e  A c h i l l e s  tendon 
r e f l a x  was a l s o  c l i n i c a l l y  observed i n  t h e  f i n g e r s  f o r  a s h o r t  t ime on R+O. 

CONCLUSIONS: The d a t a  show t h e  p red ic ted  p o s t f l i g h t  ckange i n  t h e  A c h i l l e s  
teadon r e f l e x  time. For the  first time s i n c e  t h e  tendon r e f l e x  measurement 
was in t roduced ,  p o s t f l i g h t  tremor was documected. 



AL INVESTICATOR(S): B. Sue Cr i swe l l  

p: C e l l u l a r  Immune Response 

PROGRAM/MISSION: Apollo-Soyuz Tes' P r o j e c t  

-: Human 

DISCIPLINE(S): Hematology, C e l l  b io logy,  Immunology 

OBJECTIVES: To s tudy  t h e  e f f e c t s  of  spsce:'ljght parameters on c e l l u l a r  i m u n e  
response .  

3 p B e T m :  Eamples o f  hepar in ized  p e r i p h e r a l  venous blood (10 cm ) were 
obta ined and processed w i t h i n  one t o  24 hours  a f t e r  c o l l e c t i o n .  Before 
s e p a r a t i o n ,  mtal  l eukocy te  (WBC) counts  were performed us ing a heaacytometer 
and/or a Coul ter  coun te r ,  and d i f f e r e n t i a l  coun t s  were d e t r  wined  us ing  s l i d e  
p r e p a r a t i o n s  s t a i n e d  wi th  Wright 's  s t a i n .  Parameters s t u d i e d  were WBC 
c o n c e n t r a t i o n s ,  lymphocyte numbers, B- and T-lymphocyte d j  s t r i b u t i o n s  i n  
p e r i p h e r a l  blood,  and lymphocyte responsiveness  t o  phytonemagglutinin (PHA) , 
pokeweed mitogen (PWM), Concanavalin A (ConA), and i n f l u e n z a  v i r u s  a n t i g e n .  

EQUIPMENT: Venous blood c o l l e c t i o n  equipment and blood s t o r a g e  equipment. 

BESULTS: Red~qed  human lymphocyte response  (uptake of 3~ thymidir.2) t o  
phytohemagglutinin (PHA) was found on R+O and R+l bu t  was w i t h i n  normal range 
R+8. There were v a r i e d  responses  t o  pokeweed and Concanavalin A mitogens.  No 
q c a n t i t a t i v e  T-ce l l ,  B-cell popu la t ion  changes were found. One o f  t h e  3 
crewmen respcr.ded t o  i n f l u e n z a  v i r u s  ( t y p e  A )  a n t i g e n  p o s t f l i g h t .  The e n t i r e  
crew responded t o  England s t r a i n  p r e f l i g h t .  

CONCL,USiQ&: Although t h e  crewmen appeared t o  have no o v e r t  d i s e a s e  p rocess  
upon r e t u r n ,  they  d i d  appear  t o  experiel lce a s t r e s s  phenomenon s i m i l a r  t o  a 
d i s e a s e  s t a . t e  which may have c r e a t e d  t h e  observed d e p r e s s i o t ~  i n  l p p h x y t e s .  
Because no i n f l i g h t  blood sampled were analyzed f o r  lynphocy t i c  
responsiveness ,  i t  is not  known i f  t h e  suppress ion  begins  immediate1:r a f t e r  a 
9-dab s t a y  i n  space  o r  is a r e s u l t  of splashdown s t r e L  e s .  Because c o r t i s o l ,  
i n  high doses ,  j s  known t o  coqtrcll t h e  immune response ,  t h e  depress ions  i n  
lyu~phocyt ic  responsiveness  i n  + h i s  i n s t a n c e  may be r e l a t e d  t o  t h e  
a d m i n i s t r a t i o n  o f  c o r t i s o l  on R+O. 



BRINCIP.4L I N V E S l i U O R ( S )  ; Lawrence F. D i e t l e i n  , and E l l i o t t  S. H a r r i s  

EXPER--: Bioassay  o f  Body F l u i d s  - M O O 5  

P-: Gemini 7 ,  8 ,  9 

S;kASSIFICATIOfil: Human 

-: Hematology, Endocr inology 

OBJECTIVES: To de t e rmine  t h e  metabolic c o s t  o f  manned s p a c e f l i g h t  and t o  u s e  
t h e  r e s u l t s  t o  i n d i c a t e  t h e  p h y s i d o g i c a l  s t a t u s  o f  t h e  crewmembers. 

PROTOCOJL: S m p l e s  t aken  p re -  and p o s t f l i g h t  o f  plasma/serum were a s sayed  f o r  
17-hydroxycorticostoroids,  p r o t e i n s ,  a n t i d i u r e t i c  hormone, h y d r o x y p r o l i n e ,  
e l e c t o l y t e s ,  b i l i r u b i n ,  and u r i c  a c i d .  Pre-,  pos t - ,  and i n f l i g h k  samples  o f  
u r i n e  were a s scyed  f o r  volume, s p e c i f i c  g r a v i t y ,  o s m c l a l i t y ,  pH, 
57-hydroxycorticosterlods, electrolytes, c ,~ 'cecholamines ,  n i t r o g e n o u s  
compounds, a n t i d i u r e t i c  hormone and a l d o s t e r o n e .  Plasma was t a k e n  immedia te ly  
a f t e r  recovery ,  and a t  R+6, 24,  and 72 hour s .  Ur ine  was c o l l e c t e d  
c o n t i n u o u s l y  f o r  48 hour s  a f t e r  f l i g h t .  

EQUIPMENT: Assay equipment  and u r i n e  c o l l e c t i o n  d e v i c e .  

PES'JLPS: E1ectropho.-et ic  p a t t e r n s  were normal .  There  was a n  i n c r e a s e  i n  
17-hydroxycor t icos teroids  immedia te ly  a f t e r  r e c o v e r y ,  which r e t u r n e d  t o  normal 
w i t h i n  6 h o u r s .  There was a  d rop  i n  plasma !!?ic w i d ,  which may have been 
causod by lcx p u r i n e  i n t a k e .  There was marked wai,er r e t e n t i o n  immedia te ly  
p o s t f l i g h t  and r e t e n t i o n  o f  e l e c t o l y t e s .  T h i s  is c o n s i s t e n t  w i t h  t h e  
h y p o t h c s i s  t h a t  a t r i a l  and t h o r a c i c  s t r e t c h  r e c e p t o r s  a r e  o f  p h y s i o l o g i c a l  
impor tance  i n  g r a v i t y  change.  

CONCLUSIONS: E l e c t r o l y t e  and w a t e r  r e t e n t i o n  obse rved  immedia te ly  p o s t f l i g h t  
are c o n s i s t e n t  w i th  t h e  assumpt ion  t h a t  t h e  Gauer-Henry a t r i a l  r e f l e x  was 
r e s p o n s i v e  t o  a change from t h e  w e i g h t l e s s  t o  t h e  one-g envi ronment .  
A l t e r a t i o n s  i n  e l e c t r o l y t e  and w a t e r  d i s t r i b u t i o n  d u r i n g  t h e  f l i g h t  may have  
been c o n t r i b u t o r y .  Immedia te ly  p o s t f l i g h t ,  plasma 17-hyd~~~xyaorticosteroid 
l e v e l s  were e l e v a t e d .  Plasma u r i c  a c i d  was reduced .  The cause  o f  t h e  
r e d u c t i o n  is unknown, bu t  is presumed t o  be d i e t a r y .  

PUBLICATIONS: 154, 155, 163, 249 



mPALY.!. Lawrence F. D i e t l e t n ,  and William V.  Judy 

W-: C a r d i o v a x u l a r  C m C i t i o n i  ng , MOO 1 

CLASSIFICATIQN: Human 

R,lSCIPLINE(S): Cardiovascular  

Q&&CTIVES: To prevent  ca rd iovascu la r  decond i t ion ing .  

P,fjQTOCOL: Pneumatic c y c l i n g  systom a l t e r n a t e l y  i n f l a t e d  and d e f l a t e d  l e g  
c c f f o  a t t a c h e d  t o  p i l o t ' s  t h i g h s .  P r i o r  t b  t h e  miss ion ,  each crewmember was 
given a s e r i e s  o f  t i l t - t a b l e  t e s ' x  as a c o n t r o l .  

EQUIPMGU: Pressur ized  s t o r a g e  v e s s e l  charged wi th  0-ygen t o  3,5CO p s i g ,  a  
penumatx c o n t r o l  system f o r  m n i t o r i n g  t h e  pressurize,' s t o r a g e  v ? s s e l ,  a 
pneumati3 o s c i l l a t o r  system for p e r i o d i c a l l y  i n f l a t i n g  v d  d e f l k t i n g  t h e  l e g  
c u f f s .  

.-: P r e f l i g h t  t ilt (70' u p r i g h t )  showed inc reased  h e a r t  r a t e ,  d i a s t o l i c  
p r e s s u r e ,  and l e g  volume. P o s t f l i g h t  tilt (R+O) showed l a r g e  i n c r e x j e s  i n  
h e a r t  r a t e ,  l e g  voliune, dec reases  i n  s y s t o l i c ,  d i r 3 t o l i c  and p u l s e  p r e s s u r e s .  
E f f e c t s  wert? l e s s  pronounced h+l and R+3. f r e t i l t  leg volume a t  R+3 was s t i l l  
e l e v a t e d .  

CONCLUSIONS: Venous l e g  c u f f s  were not  e f f e c t i v e  i n  reducing p o s t f l i g h t  
o r t h o s t a t i c  i l l to le rance  f o r  t h e  crewmen who wore them i n f l i g h t .  The p u l s a t i l e  
c u f f s  s p p e a r e i  t o  be - f f e c t i v e  i n  l e s s e n i n g  t h e  degree  of p o s t f l i g h t  pool ing 
of  blood i n  t h s  lower e x t r e m i t i e s  a s  judged by t h e  s t r a i n  gage technique.  

PUBLICATIONS: 156, 157, 160, 169, 460 



jTtIN_CIPAL IpVEST1;GATQRO: Lawrence F. D i e t l e i n ,  and  Rita M. Rapp 

SPERIMENT TITLE/NCMBEE: I n f l i g h t  E x e r c i s e  and Work T o l e r a n c e ,  MOO3 

PROGRAM/MISSU: Gemini 4 ,  5,  7 

CLASSLEICATION: Human 

DISCIPJ.INE(S): C a r d i o v a s c u l a r ,  R e s p i r a t o r y ,  E e h a v i o r a l  s c i e n c e  

QBJECTIVU: The dsy-to-day e v a l u a t i o n  o f  t h e  g e n e r a l  p h y s i c a l  c o n d i t i o n  o f  
t h e  crewmembers d u r i n g  l o n g - d u r a t i o n  saace f l i g h t .  The b a s i s  o f  t h i s  
e v a l u a t i o n  was t h e  r e s p o n s e  o f  t h e  c a r d i o v a s c u l a r  s y s t e m  t o  a c a l i b r a t e d  
workload.  

PROTOCOL: Z x e r c i s e  methods w i t h  t h e  e x e r c i s e  d e v i c e  l a s t e d  f o r  30 s e c o n d s  
d u r i n g  which t i m f  t h e  a s t r o n a u t  s t r e t c h e d  t h e  bungee c o r d s  t h r o u g h  a f u l l  
e x t e n s i o n  once  ?er second .  E x e r c i s e  p e r i o d s  were s c h e d u l e d  twice d a i l y  f o r  
each  crewmember. Blood p r e s s u r e  measurements  were o b t a i n e d  b e f o r e  and a f t e r  
each  e x e r c i s e  p e r i o d .  

EQUI?iENT: A p a i r  o f  r u b b e r  bungee c o r d s  a t t a c h e d  t o  a n y l o n  h a n d l e  a t  o n e  
end and GO a n y l o n  f o o t  s t r a p  a t  t h e  o t h e r ,  m a g n e t i c  t a p e  r e c o r d e r ,  and 
p h o n o c a r d i o g r z p h i c  sys tem.  

RESULTS: i n f l i g h t  and p o s t f l i g h t  measurements  were n o t  s i g n i f i c a n t l y  
d i f f e r e n t .  P o s t f l i g h t  e v a l u a t i o n  showed oxygen c ~ n s u m p t  i o n  and s y s t o l i c  Ll x - 2  
p r e s s u r e  reduced .  D i a s t o l i c  b lood  p r x s u r e  and p u l s e  p r e s s u r e  were i n c r e a s e d .  
L i t t l e  change i n  h e a r t  A-a te  r e s p o n s e  was found.  

CONCLUSTONS: The r e s p o n s ?  o f  t n e  c a r d i o v a s c u i a r  s y s t e m  t o  a c a l i b r a t e d  
workioad -s r e l a t i v e l y  c o n s t a n t  f o r  a n  i n d i v i d u a l  d u r i n g  f l i g h t .  Thp 
ere-members  a r e  a b l e  t o  p e r f o m  mi ld- to -modera te  a m o m t s  o f  work u n d e r  t h e  
c o n d i t i o n s  o f  s p a c e  f l i g h t .  No decrement  i n  t h ~  p h y s i c a l  c o n d i t i o n  o f  t h e  
crew was a p p a r e n t .  

PUBLICATIONS: 16 1 ,  164,  165, 460 



PRINCIPAL-(S): Lawrence F. D i e t l e i n ,  and C a r l o s  Val lbona  

p: I n f l i g h t  Phonocardiogram, MOO4 

PROGRAM/HISSION: Gemini 4, 5 

-: Human 

DISCIPLINE(S): C a r d i o v a s c u l a r  

QBJECTIVES: To measure and correlate t h e  v a r i o u s  phaaes  af e l e c t r i c a l  and 
mechanica l  a c t i v i t y  o f  t h e  cardiac c y c l e  i n  o r d e r  to  g a i n  i n s i g h t  i n t a  t h e  
c a r d i a c  f u n c t i o n a l  s t a t u s  o f  crewmembers d u r i n g  p ~ o l o n g e d  s p a c e f l i g h t .  

B V ' :  An e l e c t r o c a r d i o g r a m  and phonocardiogram o f  each  creumember were 
recorded th roughou t  t h e  miss ion .  Recording o c c u r r e d  i n  two p e r i o d s .  The 
i n i t i a l  p e r i o d  was con t inuous  f o r  9 minu te s ,  s t a r t i n g  a t  1 minute  b e f o r e  
l i f t o f f  u n t i l  o r b i t a l  i n s e r t i o n .  The f i n a l  p e r i o d  was c o n t i r ~ u o u s  from 5 
minu te s  b e f o r e  r e e n t r y  u11ti1 splashdown. Also,  1 minute  r e c o r d s  were made a t  
h o u r l y  i n t e r v a l s ,  for t h e  first 24 h o u r s  and at  4 h o i t  i n t e r v a l s  f o r  t h e  
remainder o f  t h e  m i s s i o n  u n t i l  5 minu te s  b e f o r e  r e e n t r y .  

-: Phonocardiographic  t r a n s d u c e r ,  a n  e l e c t r o c a r d i o g r a p h i c  s l g n a l  
t r a n s d u c e r  and onboard b icmedica l  t a p e  r e c o r d e r .  

E m :  I n f l i g h t  rare premature  a t r i a l  and v e n t r i c u l a r  co ln t rac t ior l s  were 
found. F l u c t u a t i o n s  c f  e l ec t romechan ica l  s y s t o l e  d u r a t i o n  c o r r e l a t e d  w i t h  
h e a r t  rate. There  were s t a b l e  v a l u e s  f o r  e l e c t r o m e c h a n i c a l  de l ay .  Peak h e a r t  
rates occur red  d u r i n g  l aunch  and r e e n t r y .  They were lower  and s t a b l e  i n f l i g h t .  
The p o s t f l i g h t  r a t e  was 18-622 h i g h e r  t h a n  p r e f l i g h t .  

n -: Wide f l i i c t u a t i o n s  i n  t h e  d u r a t i o n  o f  c a r d i a c  c y c l e  were no ted  
throughout  t h e  mis s ions .  F l u c t u a t i o n s  i n  t h e  d u r a t i o n  o f  e l e c t r o m e c h a n i z a l  
s y s t o l e  t h a t  c o r r e l a t e d  wi th  changes  i n  h e a r t  rate and s t a b l e  v a l u e s  f o r  
e l e c t r o n e c h a n i c a l  d e l a y  were observed .  There  was ev idence  o f  a d r e n e r g i c  
r e a c t i o n  at  l i f t - o f f ,  d u r i n g  e n t r y ,  and i n  t h e  few hour s  t h a t  preceded e n t r y .  



-INVEST1GATOB(S); James K .  F e r g u s o n ,  Gary W .  McCollum, and  Benjamin 
.I L. P o r t n o y  

p: A c a l y s i s  o f  t h e  S k y l a b  F l i g h t  Crew H e a l t h  
S t a b i l i z a t i o n  P r o g r a n  

PROGRAH/MISS;CQbL: S k y l a b  2 ,  3,  4 

DISCIPLINE(S): En; i r o n m e n t a l  h e a l t h  

m: To r e d u c e  t h e  p r o b a b i l i t y  t h a t  a crewman would come i n t o  c o n t a c t  
w i t h  a n  i n f e c t i o u s  d i s e a s e  a g e n t  d u r i n g  t h e  c r i t i c a l  time p e r i o d s  o f  e a c h  
m i s s i o n .  

PROTOCOL: l s o l a t i o n  p e r i o d s  were e s t a b l i s h e d  p r i o r  t o  l a u n c h ,  as w e l l  a s  
p o s t f l i g h t ,  i n  o r d e r  t o  r e d u c e  t h e  number o f  i n f e c t i c u s  i l i n e s s  c o n t a c t s  
between crewmen. The number o f  p e r s o n a l  c o n t a c t s  w i t h  t h e  crewmen was 
l i m i t e d ,  and ill p e r s o n s  were n o t  p e r m i t t e d  t o  e n t e r  p r i m a r y  work a r e a s .  
I n i t i a l l y ,  a l l  p e r s o n s  who r e q u i r e d  c o n t a c t  w i t h  t h e  f l i g h t  crewmen d u r i n g  a 
21-day p e r i o d  b e f o r e  f l i g h t .  were i d e n t i f i e d .  P h y s i c a l  examinat ion:  a n d  
i m m u n i z a t i o n s  were g i v e n  t o  t h e  i d e n t i f i e d  p e r s o n n e l .  V o l u n t a r y  rspot? . ing and  
a c t i v e  s u r v e i l l a n c e  were u s e d  to d e t e c t  i l l n e s s  o c c u r r e n c e s  and e x p o s u r e s  t o  
i l l n e s s  among t h e  p r i m a r y  c o n t a c t  p e r s o n n e l .  A 7-day p o s t f l i g h t  i c o l a t i o n  
p e r i o d  was added t o  p r o t e c t  t h e  crewmen f rom any  i n c r e a s e d  s u s c e p t i b i l i t y  t o  
i n f e c t i o u s  d i s e a s e s .  

EQUIPMENT: None i d e n t i f i e d  . 
WILTS: The most f r e q u e n t l y  r e p o r t e d  i l l n e s s  c o n t a c t s  were u p p e r  r e s p i r a t o r y  
i n f e c t i o n s .  E n t e r i c  i l l n e s s e s  were t h e  n e x t  most common i l l n e s s ,  b u t  t h e s e  
were r e l a t i v e l y  r a r e  compared t o  u p p e r  r e s p i r a t o r y  i n f e c t i o f i s .  The r e s u l t s  
i n d i c a t e  t h a t  t h e  F l i g h t  Crew H e a l t h  S t a b i l i z a t i o n  Program s u c c e s s f u l l y  
a c c o m p l i s h e d  its g o a l  i n  r e d u c i n g  t h e  number o f  i l l n e s s  e x p o s u r e s  t o  f l i g h t  
c r e w e n .  

--: The e f f o r t  made t o  r e d u c ~  r he number cf p r i m a r y  c o n t a c t s  was o f  
g r e a t e s t  i m p o r t a n c e  t o  t h c  g o a l s  a f  t h e  program.  L i m i t i n g  crew c o n t a c t  t o  a  
d e f i n e d  and m e d i c a l l ]  c o n t r o l l e d  p o p u l a t i o n  o f  p r i m a r y  c o n t a c t s  s h o u l d  b e  
con t i ? x d  i n  f u t u r e  p rograms .  



PRINCIPAL. James K. Ferguson 

-: F l i g h t  C r e w  Health S t a b i l i z a t i o n  P r ~ ~ r a m  

F: Apollo-Soyuz T e s t  P r o j e c t  

-: Human 

-: Environmental h e a l t h  

OBJECTIVES: To reduce t h e  p r o b a b i l i t y  c f  i l l n e s s  i~ f l i g h t  crewmen. 

pBoTOCQ&: Prime and backup crewmen were h e l d  under c o n d i t i o n s  o f  
semi - i so la t ion  from 21 days be fo re  f l i g h t  u n t i l  launch.  An i d e n t i f i c a t i o n  
list o f  primary c o n t a c t s  was a v a i l a b l e  t o  t h e  Medical S u r v e i l l a n c e  O f f i c e  90 
days be fo re  l i f t - o f f .  

-: None i d e n t i f i e d .  

RESULTS: The r a t e  o f  i l l n e s s e s  r e p o r t e d  by t h e  primary c o n t a c t s  was 12.4 
i l l n e s s e s  p e r  1000 persons  p e r  week. The r a t e  o f  c o n t a c t s  t o  i l l n e m  r e p o r t e d  
was 3 p e r  1000 pe r sons  p e r  week. No i n f e c t i o u s  i l l n e s s  occurred i n  any of t h e  
c r e m e n  d u r i n g  t h e  per iod o f  t ime they were covered by t h e  program. 

m: The r a t e  o f  primary c o n t a c t  r e p a r t i n g  o f  i l h e s i t e s  appeared t o  
be improved over  p a s t  miss ions .  



INVESTICATOR(S James K. Ferguson,  Gera ld  R .  T a y l o r ,  and Bernard 
J. Mieszkuc 

p: M i c r o b i o l o g i c a l  I n v e s t i g a t i o n s  

-(S : Environuiental h e a l t h  

--: To detect .  ? o t e n t i a l i j  pa tnogen ic  microorganisms s o  t h a t  
a s s o c i a t e d  medica l  problems c o u l d  be identi. ' ied e a r l y  and p r e v e n t i v e  nressures 
e s t a b l i s h e d ,  t v  i d e n t i f l  m e d i c a l l y  impor t an t  microorganisms reccv--red hsJ ' I '  

crewmen to  s i d  i n  d i a g n o s i s  and t r e a t m e n t ,  t o  c o l l e c t  m i c r o b i o i o g i c a l  d a t a  
t h a t  w c d d  a i d  i n  e l u ~ i d a t i n g  t h e  r e sponse  o f  crew m i c r o b i a l  - . ; tof lora t o  t h e  
s p a c e  f l j . & h t  environment,  and t o  e v a l u a t e  t h e  r e s u l t a n t  e f f e c t  on t h e  
cremeinbe!'. 

PFIOT(iC3L: Back-up and f l i g h t  crehs were sampled on F-30, F-14, F-0, R+O days .  
Samples were t aken  from seven body s u r f a c e  sites, nose ,  t h r o a t  and month, 
u r i n e  and f e c e s .  They were maint::ined a t  !I d e g r e e s  C d u r i n g  t r a n s p o r t .  TSB 
( T r y p t i c a s e  soy  b r o t h )  was used f o r  a e r o b i c  a n a l y s i s  and VIB ( v e a l  i n f u s i o n  
b r o t h )  f o r  a n e r o b i c  a n a l y s i s .  The s p a c e c r a f t  was a l s o  ana lyzed  pre-  and 
p o s t f l i g h t .  Swab samples were t aken  from t h e  mouthpiece o f  t h e  d r i n k  gun,  
p i s t o l  g r i p s  o f  t h e  CMP maneuver c o n t r o l l e r ,  head s t r u t s ,  f l o o r  c m e a t h  t h e  
fooc  o f  t h e  c e n t e r  couch u s i n g  Ca a l g i n a t e  swabs. The samples  were vor te-ed  
and s e r i a l l y  d i l u t e d ,  p i a t e d ,  and incuba ted  a t  35 d e g r e e s  C.  

EQL'IPMENT: C u l t u r i n g  m a t e r i a l ,  swabs. 

RESULTS: Approximately 4,000 m i c r o b i a l  i s o l a t i o n s  were o b t a i n e d ,  i d e n t i f i e d ,  
and c h a r a c t e r i z e d .  V a r i a t i o n  o c c u x e d  i n  m i c r o b i a l  r e sponse  because  of 
e c o l o g i c a l  r e l a t i o n s h i p s  ( e .g . , f u n g i  c o n t r o l l i n g  Qndj& albicans dec reased  
i n f l i g h t ) ,  h o s t  s u s c e p t i b i l i t y ,  and e x t e r n a l  envi ronmenta l  f a c t o r s .  Spread o f  
pa thogens  between crewmen was common. P r e f l i g h t  Command Module microorganisms 
were r ep laced  by crew microorganisms d u r i n g  f l i g h t .  

-: S p a c e c r a f t  environment d i d  n o t  p r e d i s p o s e  crew t o  v i r a l  o r  
nycoplasma induced i l l n e s s .  



PRINCIPAL INYE- Jimmie L. Flume 

EXPERIME;NTTIITLE/NUME3ER: E f f e c t  of  Space F l i g h t  on t h e  in vitro Combining 
Capaci ty  o f  Antigea and A n t i b r l y  

P R O G R A M / U ; $ :  Discoverer  X V I I  

U m I X K :  Human, Animal 

IPmm: C e l l  b iology,  Hematology, Radiobiology 

m C T I V r ; S :  To determine t h e  s p e c i f i c  r e a c t i v i t y  between a n t i g e n s  arid 
an t ibod i  e s  dur ing  s p s c e f l i g h t  . 
PROTOCOL: Samples o f  human gamma g l o b u l i n  and r a b b i t  ant iserum s p e c i f i c  f o r  
h m a  t~,zma g l o b u l i n  s s r e  d r i e d  on smal l  squares  o f  f i l t e r  paper and mounted 
on both emulsion s u r f a c e s  2f n u c l z a r  t r a c k  p l a t e s .  The s q u a r e s  were 
i m o b l l i z e d  by means o f  a t h i n  L u c i t e   late and t h e  e n t i r e  package wrapped i n  
b lack covzr ing.  On recovery,  m a t e r i a i s  u e r e  e l u t e d  from t h e  paper  i n  s a l i n e  
and r e a c t i v i t y  was determined by means o f  pass ive  hemagglut inat ion.  

Epu.?.pMENT: M i l l i p o r e  f i l t e r  paper ,  n c - l e a r  emulsion t r a c k i n g  p l a t e s ,  b lack  
wrapping, t h i n  Luc i t e  p l a t e s ,  chemical dos imete r s ,  a l a n i n e ,  albumin, s i l v e r  
phosphate g l a s s  r o d s ,  x u t r o n  s e n s i t i v e  f i l m ,  ar;timony f o i l .  

RESULTS: The only  e f f e c t  observed was d i c c r e a s e  i n  r e a c t i v i t y  i n  both -. 
m t i g e n  and ant ibody i n  t h e  f l i g h t  package. 

CONCLUSIONS: The occurrence  o f  g r e a t e r  r e a c t i v i t y  is not  unders tood,  b u t  i t  
may be t h a t  sub- inh ib i to ry  c o n c e n t r a t i o n s  o f  cosmic r a d i a t i o n  nay have a 
s t i m u l a t o r y  e f f e c t  on p r o t e i n  r e a c t i v i t y .  



: 3 

- ,  INVESTIGATOR(S): James D. F r o s t ,  William H. Shumate, Jzseph G. 
Salamy, and C l e t i s  R. Booher 

EXPERIMENT: S l e e p  Monitoring on Skylab,  MI33 

PB-: Skylab 2 ,  3, 4 

-: Human 

-: Neurosensory , Behaviora l  s c i e n c e  

OBJECTIVES: To o b t a i n  t h e  f i r s t  o b j e c t i v e  e v a l u a t i o n  o f  manls a b i l i t j  t o  
s l e e p  dur ing  extended space  t r a v e l .  

ERQTOCOL: One of  t h e  a s t r o n a u t s  from each miss ion wore a f i t t e d  cap dur  :ng 
h i s  s l e e p  pe r iods  c o n t a i n i n g  e l e c t r ~ d e s  f o r  EEG measurements o f  b r a i n  wavss, 
acce le romete r s  t o  r ecord  motions o f  t h e  head,  and wi th  e l e c t r o d e s  neaf  one eye 
t o  sense  REM s l e e p .  S i g n a l s  from t h e s e  s e n s o r s ,  r e c ~ r d e d  on magnetic t a p e  and 3 

analyzed a f t e r  r e t u r n  t o  E a r t h ,  pe rmi t t ed  conc lus ions  regardirig t h e  dep th  and 
l e n g t h  of t h e  s l e e p  s t a g e s .  The d a t a  c o l l e c t e d  were p r e f l i g h t  EEG and EOG 
d a t a  of t h e  c r e m a n  f o r  t h r e e  consecu t ive  n i g h t s  o f  s l e e p ,  p e r i o d i c a l  i n f l i g h t  
EEG and EOG d a t a  throughout t h e  crewman's s l e e p  p e r i o d ,  and p o s t f l i g h t  s l e e p  
EEG1s and EOG's on approximately t h e  l s t ,  3 rd ,  and 5 t h  day a f t e r  recovery.  

EQUI!.BNT: Elect roencephalographic  equipment, e l ec t ro -ocu lograph ic  equipment, 
e l a s t i c  r ecord ing  cap.  

RESULTS: Analysis  of  FXG, EOG, and head movement showed uo major changes i n  
s l e e p  c h a r a c t e r i s t i c s .  None of  t h e  crewmen complained e x c e s s i v e l y  o f  s l e e p i n g  
d i f f i c u l t i e s .  

-: These f i n d i n g s  sugges t  t h a t  men a r e  a b l e  t o  o b t a i n  adequate  
s l e e p  i n  r e g u l a r i y  scheduled 8-hour r e s t  p e r i o d s  dur ing  extended space  
f l i g h t s .  The a l t e r a t i o n s  i n  s l e e p  p a t t e r n s  which were observed dur ing  t h e s e  
miss ions  were not  o f  t h e  t y p e ,  nor of s u f f i c i e n t  magnitude (wi th  t h e  p o s s i b l e  
except ion c f  t h e  i n i t i a l  p o r t i o n  o f  t h e  84-day miss ion) ,  t o  r e s u l t  i n  
s i g n i f i c a n t  degradat ion of performance c a p a b i l i t y .  A l t e r a t i o n s  s e e n  
p o s t f l i g h t  were those  o f  s l e e p  q u a l i t y  and no t  q u a n t i t y .  



PRINCIPALu Owen K. G a r r i o t t ,  and Gary L. Dcei-re 

p: Crew Ef f i c iency  on F i r s t  Exposure t o  Zero-Gravity 

USIFICATION:  Human 

-: Sehav io ra l  s c i e n c e  

PBJECTIVE: To determine t h e  e f f e c t s  o f  zero-g on crew e f f i c i e n c y .  

PROTOCOL: The many work t a s k s  accomplished by each o f  t h e  t h r e e  Skylab crews 
i n  t h e i r  e a r l y  a c t i v a t i o n  phase were i d e n t i f i e d  and t h e i r  r e s p e c t i v e  
p e r f o r m a n ~ e  t imes  es t ima ted .  These work performances were compared wi th  
p r e f l i g h t  e s t i m a t e s  o f  t h e  r a t e  a t  which work would be done, wi th  crew output, 
l a t e r  i n  t h e  miss lor  hen a d a p t a t i o n  was complete,  and when t h e  srewmember~ 
were experienced i n  zero-g: cond i t ions .  The very  s u b s t a n t i a l  amount of  wovk 
devoted t o  r e p a i r  t a s k s  dur ing  t h e  e a r l y  miss ion days wa? a l s o  included.  

EpuIPt-E.llX: None i d e n t i f i e d  . 
U S U L E :  It was found t h a t  on on ly  "Yo o f  of  t h e  n ine  f u l l  o r  p a r t i a l  
a c t i v a t i o n  days was t h e  crew o u t p u t  s i g n i f i c a n t l y  reduced. On t h e  day o f  
lowest  e f f i c i e n c y ,  miss ion day 2 o f  t h e  Skylab 3 miss ion ,  it  appeared t h a t  t h e  
crewmen were working at about  75% of  t h e i r  wnormaln e f f i c i e n c y  and may have 
l o s t  about 7 man-hours o f  work. O v e r a l l ,  a  n e a r l y  c c n s t a n t  l e v e l  o f  work was 
achieved on t h e s e  a c t i v a t i o n  days. However, a s  crew p r o f i c i e n c y  improved 
l a t e r  i n  t h e  miss ions ,  t h e  d a i l y  crew work o u t p u t  inc reased  from a 26 
man-hour/day t o  a t  l e a s t  a  34 man-hour/day. 

C0NCLUSU.U: A r e l a t i v e l y  modest amount of  crew t ime  may have been l o s t  due 
t o  motion s i c k n e s s  on Skylab miss ions  3 and 4 but  each crew's  perfortcance was 
never s u b t a n t i a l l y  impaired f o r  more than one day. During t h e  t h r e e  
3ctFvat ion i n t e r v a l s ,  l e s s  than 12 man-hours were l o s t  t o  reduced e f f i c i e n c y  
.;bile almost  200 man-hours o f  p roduc t ive  work were d e l i v e r e d .  Work r a t e  
improved f o r  t a s k s  i n  which s i m u l a t i o c  and t r a i n i n g  t ime were e x t e n s i v e  and 
f o r  t a s k s  which allowed ze rc -g rav i ty  o p e r a t i o n s  t o  be optimized.  



R(S;; Ashton M. Graybiel, and Earl 9. Miller 

EXPSRIMENT TIT-: Human Otolith Function, MOO9 

-: Gemini 5, 7 

-: Human 

( S 1 : Neurosensory 

DBJECTIVES: To obtain information concerning human . i t h  function in  
conjunction w i t h  exposure t o  o rb i t a l  space f l i gh t .  

PRO_TOCOL: There was prefl ight  tes t ing of ocular counterrolling (CR) and 
egocentric visual localizat ion of the horizontal (EVLH) a t  19 and 6 weeks 
before f l i gh t .  Both were tested in f l igh t .  During the t e s t s ,  readings of 
blood pressure, pulse ra te ,  and electrocardiogram were made. 

m: Onboard vision t e s t e r  (a  binocular instrument w i t h  an adjustable 
interpupil lary distance wi th  no focusing adjustment). 

BESULU: There were insignificant  negative deviations of 10 degrees to  30 
degrees from absolute horizontal for  EVLH measurements. There was no change 
in  oculsr counterrolling pre- t o  postf l ight  wi th  body tilt from -50 degrees to 
+ 50 degrees. 

U C L U S m :  There is no significant  change in o to l i th  sens i t iv i ty  as  a  
resul t  of space f l i gh t .  A coordinate space sense ex i s t s  even i n  
weightlessness i f  contact cues cre adequate. 



PRINCIPAL IN'JESTIGATOR(S): Ashton M. Grayb te l ,  E a r l  F. M i l l e r ,  and Je r r ;  L. 
Homick 

EXPERIMENT TITLE/NUPim: Human Ves t ibu ia r  Funct ion,  MI31 

-!JEKU: Human 

DISCIPLINE(S): Neurosensory 

OBJECTIVES: The t h r e e  p a r t s  o f  t h i s  experiment were designed t o  determine 
s u s c e p t i b i l i t y  t o  motion s i c k n e s s ,  t h r e s h o l d s  f o r  pe rcep t ion  of  a n g u l a r  
a c c e l e r a t i o n  a s  r evea led  by t h e  ocu logyra l  i l l u s i o n ,  and t h e  perceived 
d i r e c t i o n  of  i n t e r n a l  and e x t e r n a l  space .  

PEOTOCOL: The t e s t  parameters  on t h e  r o t a t i n g  l i t t e r  c h a i r  were: 
1)  0 rpm o r  cons tan t  rpm a t  v a r i e d  r a t e s  (10-30 rpm) 
2 )  Clockwise, counterc lockwise  
3 )  F ron t ,  back, r i g h t  and l e f t  head movements 
4) S e l e c t e d  miss ion days beginning day 5, 6 o r  7 
5 )  Eyes c losed 

For ocu logyra l  i l l u s i o n  ( r o t a t i n g  l i t t e r  c h a i r  and v i s u a l  t r a c k i n g  o f  a l i n e  
t a r g e t  wi th in  goggles)  t h e  parameters  were: 

0 2 0 2 
1 )  S t e p s  o f  const3:it a r ~ g u i a r  a c c e l e r a t i o n  from 0.02 /S t o  3.0 /S 
2 )  S t e p s  o f  cons tan t  v e l o c i t y  

The s t a t i o n a r y  l i t t e r  c h a i r  and goggles  were used f o r  p i t c h  and r o l l  
parameters.  Measurement o f  p o s t u r a l  equ i l ib r ium was determined by s t a n d i n g  on 
r a i l s  of  random width dur ing  p r e f l i g h t  and p o s t f l i g h t  t e s t s .  

EQUIPMENT: Rota t ing  l i t t e r  c h a i r ,  d r i v e  motor f o r  c h a i r  r o t a t i o n ,  c o n t r o l  
conso le ,  o t o l i t h  t e s t  goggle ,  custom b i t e  boards,  r9eference  sphere  and 
magnetic p o i n t e r  with readout  dev ice ,  balance r a i l s .  

RESULTS: During r o t a t i o n  on l i t t e r  c h a i r ,  moderate t o  s e v e r e  mala i se  (nausea)  
was observed p r e f l i g h t  and p o s t f l i g h t  f o r  s p e c i f i c  parameter combinations.  
Modest mala ise  ( e p i g a s t r i c  d i scomfor t ,  p a l l o r )  was observed i n f l i g h t  on t h e  
crewmen o f  Skylab 2 ,  d i sappear ing  immediately a f t e r  t h e  t e s t .  S l i g h t  ma la i se  
(headache,  f l u s h i n g ,  d i z z i n e s s )  was observed i n f l i g h t  SL-3 (on 2 of  3 crewmen) 
d i sappear ing  inmedia te ly  a f t e r  t e s t .  No symptomology was observed on Skylab 
4.  No s i g n i f i c a n t  changes p r e f l i g h t . ,  i n f l i g h t ,  and p o s t f l i g h t  were found i n  
percept ion o f  oculogyral  i l l u s i o n .  Crewmen exper ienced drowsiness i n f l i g h t ,  
but  not  p r e f l i g h t  o r  p o s t f l i g h t .  No s i g n i f i c a n t  changes wwe found p r e f l i g h t ,  
i n f l i g h t ,  and p o s t f l i g h t  i n  pe rcep t ion  of p i t c h  and r o l l .  When t e s t i n g  f o r  
p o s t u r a l  equ i l ib r ium with  eyes  open, t h e r e  was moderate p o s t f l i g h t  decrement 
i n  3 crewmen. For eyes  c l o s e d ,  a l l  crewmen showed p o s t f l i g h t  decrement,  most 
marked R+1. Recovery was e s s e n t i a l l y  complete by R+1!. 



: From the  standpoint of ves t ibu lar  organs, t h e  l1basicW f =ity t o  motion s ickness  is lower i n  weightlessness than under 
L 

t 
I t e r r e s t r i a l  conditions.  Prevention of motion yickness i n  any s t r e s s f u l  motion 
h environment involves s e l ec t ion ,  adaptat ion,  and the use of drugs. There 

appeared t o  be no i n f l i g h t  i nh ib i to ry  inf luences reducing the  e f f e c t i v e  
1 " s e n s i t i v i t y u  of the semicircular  canals .  
a 
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9 K .  Hanning, and H. Wirth 

r TI-: Elec t rophores i s  Experiment, MA-014 

PROGRLM/MISSION: Apollb- Soyuz Tes t  P r o j e c t  

-: Human, Animal 

PJSCIPLINE(S): C e l l  Biology 

OBJECTIVm: To i n v e s t i g a t e  and e v a l u a t e  t h e  i n c r e a s e  i n  sample f l o r ~  r a t e  and 
sample r e s o l u t i o n  ach ievab le  i n  space .  

mOTOC&: The apparat-AS func t ioned  a u t o m a t i c a l l y ,  r e q 7 ~ i r i n g  minimal crew 
i n t e r v e n t i o n .  Samples o f  r a t  bone marrow c e l l s ,  s p l e e n  c e l l s ,  lymph node 
c e i i s  witk t h e  a d d i t i o n  o f  human e r y t h r o c y t e s  a s  markers and s mixture  o f  
human and r a b b i t  e r y t h r o c y t e s  were s t u d i e d .  It was not  necessary  t o  c o l l e c t  
t h e  separa ted  b iomate r i a l  f r a c t i o n s .  An o p t o e l e c t r o n i c  a n a l y s i s  o f  t h e  
s e p a r a t i o n  was performed. A p r e p a r a t i v e  s e p h r a t i o n  was no t  used. A 
q l - a l i t a t i v e  e v a l u a t i o n  (by use o f  an o p t i ? a l  system) was s u f f i c i e n t  t o  
determine t h e  a p p l i c i b i l i t y  of  t h e  method and t o  s tudy  t h e  sha rpness  o f  
s e p a r a t i o n .  

EQUIPMENT* Separa t ion  chagber c o n s i s t i n g  o f  two coo l ing  p l a t e s .  E lec t rodes  
provided t h e  e l e c t r i c  f i e l d  . 
RESULTS: The experiment l a s t e d  f o r  one Ear th  o r b i t .  The o p t i c a l  system 
produced a l i g h t  ,,hat was t o o  b r i g h t  t o  d i s c e r n  t r u e  c e l l  d i s t r i b u t i o n s ,  but  
f i n a l  a n a l y s i s  o f  s c i e n t i f i c  d a t a  by computer p rocess ing  showed t h e  expected 
d i s t r i b u t . i o n  of separa ted  c e l l s .  

CONCLUSIONS: The a p p l i c a b i l i t y  o f  free-flow e l e c t r o p h o r e s i s  ucder zero-g 
c o n d i t i o n s  was confirmed. The t e c h n i c s 1  problems a r i s i n g  from t h e  s p e c i a l  
environmental  c o n d i t i o n s  i n  a Spacelab can be c o n t r o l l e d .  It was demonstrated 
t h a t  t h e  b u f f e r  f low systems opera ted d e s p i t e  t h e  more d i f f i c u l t  c o n d i t i o n s  
imposed by a c losed system. The e f f e c t i v e  removal o f  g a s e s  from t h e  electrode 
b u f f e r  by t h e  mea.3ures used was a necessary  p a r t  of  t h e  experiment.  The 
p o s s i b i l i t y  o f  s e p a r a t i n g  l i v i n g  c e l l s  under zero-g c o n d i t i o n s  was 
demonstrated.  The c e l l  aggrega t ions  t h a t  formed i.n t h e  c e l l  suspensions  need 
not  correspond t o  a dec rease  i n  v i a b i l i t y .  



f 
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PRINCIPAL): W .  Poyce Hawkins, and John F. Ziez lschmid  

EXPERIMENT: C l i n i c a l  Aspec t s  o f  Crew Hca l th  

PROGRAM/MISSION: Apol lo  

W w :  Human 

DISCIPLINE(S1: E n v i r ~ r ~ m e n t a l  h e a l t h  

DBJECTIYES: To insur-.  crew s a f e t y  from a med ica l  s t a n d p o i n t ,  i n s u r z  
s u f f i c i e n t  medica l  i : iformation f o r  ssnagoment  d e c i s i o n s ,  p r e v e n t  
back-contaminat ion f rsz t h e  l u n w  s u r f a c e ,  and f . m t h e r  t h e  u n d e r j t a n d i n g  o f  
b iomedica l  changes i n c i d e n t  t o  s p a c e  f l i g h t .  

PROTOCOL: P r e f l i g h t  med ica l  s c r e e n i n &  and e x u l n a t i o n ,  h e a l t h  s t a b i l i z a t i o n ,  
d rug  s e n s i t i v i t y  t e s t i n g ,  med i sa l  t r b i n i n g ,  i n f l i g h t  b io t e l emc t rh - ,  d i a g n o s i s  
and t r e a t m e n t ,  and p o s t - f l i g h t  p h y s i c a l  examina t ions  were performed.  

&QUIPMENT: B iosenso r  h a r n e s s ,  Bi.obelt assembl y ,  EKG,  ca rd io tdchomet .e r  , 
impedance pneumograph , medica l  k i t .  

RESULTS: Apol lo  c rews  r e p o r t e d  cepha lad  f l u i d  s h i f t s ,  s u y e r e s s  o f  back 
musc les ,  Insomnia,  and mot ion  s i c k n e s s .  P o s t f l i g h t  r e s t i n g  and s t r e s s e d  h e a r t  
r a t e s  were e l e v a t e d  i n  a lmos t  a l l  crewmen, h e a r t  s i z e  was d x r e a s e d  
app rox ima te ly  f i v e  p e r c e n t ,  and t h e r e  was some d e g r e e  o f  c : i rd iovascular  
d e c o n d i t i o n i n g ,  r e d u c t i o n  o f  r e d  blood c e l l  mass,  and m u s ( ~ u l c s k c l e t a 1  
d e t e r i o r a t i o n .  

CONCLUSIW: The Apollo a s t r o n a u t s  d i d  n o t  e n c o u n t e r  any  major  medica l  
problems.  Those p h y s i o l o g i c a l  changes  which d i d  o x u r  were dll r e v e r s a b l e  
w i t h i n  a two t o  t h r e e  day p e r i o d  p o s t f l i g h t  w i th  ;be e x c e p t i o n  o f  t h e  A p o ~ l o  
15 crew. It took  two weeks f o r  them t o  comple t e ly  r e t u r n  t.o p r l e f l i g h t  
b a s e l i n e s .  A sound medica l  b a s i s  e x i s t e d  f o r  c ~ m m i t t i n g  man t o  t h e  pro longed  
s p a c e  f l i g h t  exposure  t o  Sky lab .  

. PUBLICATIONS: 82, 25 1 ,  460 



I!jUNCIPL INVESTIGATOR(S): Walter L .  Henry, Stephen E. E p s t e i n ,  James E .  
Cir i f f i th ,  Robert 6. Golds te in ,  and David R .  
Redwood 

EXPERIWT TITLE/NUMBER: Ef fec t  of Prolonged Space F l i g h t  on Cardiac  F u n c t i m  
and Dimensions 

PIIOGRAM/MIS$U: Skylah 4 

-(x: Cardiovascular  

9BJECTIVF': To determine t t - 2  e f f e c t  of  prolonged s p a c e f l i g h t  on c a r d i a c  
functiotl  and dimension. 

PROT0COZ1: The T-scan techniqixe was used t o  measure t h i c k l e s s  c,: t h e  
v e n t r i c u l a r  system and pos te robasa l  l e f t  v e n t r i c u l a r  w a l l .  Stroke volume was 
c a l c u l a t e d  by s u b t r a c t i n g  t h e  end-sys to l i c  volume f r c ~  t h e  e n d - d i a s t o l i c  
volume whi le  e j e c t i o n  f r a c t i o n  was determined by d i v i d i n g  s t r o k e  volume by 
ex! -d ias to i i c  volume. Measuremeni;;: were performed 'I3 days be fo re  l aunch ,  on 
recovery day and 1 ,  2 ,  4 ,  1 1 ,  31 and 08 2ays p o s t f l i g h t ,  They were made i n  
con junction with t h z  lcwer Scdy neg%ive p r e s s u r e  p ro toco l .  

RESULTS: Small but  s . ,g l . i f icant  dec reases  i n  Z k i v ~ e  volume occur!*ed i n  two of 
t h e  t h r e e  a s t r o n a u t s .  Nc s i g n i f i c a n t  d i t e r a t i o n  i n  c a r d i a c  f u n c t i o n  occurred 
i n  any a s t r o n a u t .  The s m i . 1 1  dec rzases  i n  l e f t  v e n t r i c u l a r  end-d-as tol ic  
volume, s t r o k e  v c l w e  and ; e f t  ven t r i cu l . a r  nass were r e v e r s i b l e  p o s t f l i g h t  
w e r  a  30-day pe r iod .  

4 
CONCLUSONS: There das no d e t o r i o r a t i o n  i n  c a r d i a c  func t ion .  TLiz --- 
cardiovascula i .  syetcm adzp t s  we l l  t o  prolonged weight.lessn.xm and,  t h e r e f o r e ,  
a l t e r a t i o n 2  i n  cardzac  dimension3 and f u n c t i o n  a r e  u n l i k e l y  t o  l i m i t  man's 
f u t u r e  i n  space .  



PB/NCIPA'INVESTIGATOR(Sk P e t e r  W. H i g g i n s ,  J o s e p h  C. L i l l ,  and  Timothy T. 
Whi te  

=.._TITLE/NOMBEH: R a d i a t i m  h v i r o n m e n t  a t  High O r b i t a l  A l t i t u d e s  

-: Human 

- N u :  R a d i o b i o l o g y  

QBJ-: To measure  t h e  r a d i a t i o n  e n v i r o n m e n t  a n d  its e f f e c t s  i n  t h e  S o u t h  
A t l a n t i c  Anomaly (SAA). 

m Q L :  R a d i a t i o n  d o s e  c a l c u l a t i o n s  were made by d e t e m n i n i n g  t h e  r a d i a t i o n  
env i ronment  w i t h i n  t h e  s p a c e c r a f t  and its effects o n  t h e  c r e w  u s i n g  a  
: a d i a t i o n  m o n i t o r i n g  s y s t e m  and p a x i l v e  d o s i m e t e r s .  

EQUIPMENT: R a d i a t i o n  m o n i t o r i n g  s y s t e m ,  p a s s i v e  d o s i s e t e r s .  

RESULTS: An i n c r e a s e  i n  d o s e  was found  i n  Gemini 10 h i g h - a l t i t u d e  p a s s e s  
t h r o u g h  t h e  SAA w i t h  n e g l i g i b l e  d o s e s  r e c e i v e d  o n  Gemini 1 1  a f te r  a  much 
h i g h e r  a l t i t u d e  f l i g h t  o p p d s i t e  t h e  SAA. 

.. - , u: Manned s p a c e f l i g h t  a t  h i g h e r  a l t i t u d e s  - ras  p o s s i b l e  w i t h  a 
minimum o f  r a d i a t i o n  d o s e .  T h i s  was dde  t o  t h e  c o n f i r m e d  c o n t i n u i n g  d e c a y  o f  
t h e  a r t i l i c i a l l y  i n j e c t e d  e l e c t r o n s  and t o  c a r e f u l  p l a n n i n g  o f  t h e  t r a j e c t o r y .  



PRINCIPALINVFSTIGATOR(S): G .  W j c k l i f f e  H o f f l e r ,  and Rober t  L. Johnson 

EI(PERIHENT: Apollo F l i g h t  Crew C a r d i o v a s c u l a r  E v a l u a t i o n s  

-: Human 

-: C a r d i o v a s c u l a r  

QbWXUES: To de t e rmine  t h e  r e sponse  o f  t h e  c a r d i o v a s c u l a r  sys t em t o  
w e i g h t l e s s n e s s .  

PROTOCOL: Lower body n e g a t i v e  p r e s s u r e  (LBNP) was used ,  w i t h  5 n i n u t s s  rest, 
15 m i n u t e s  reduced pTessure ,  and 5 m i n u t s s  r e c o v e r y ,  u s i n g  3 d i l ' f e r e n t  
p r e s s u r e  l e v e l s .  There  was a l s o  a p a s s i v e  test o f  5 minu te s  restirlg s u p i n e  
and 5 m i n u t e s  p a s s i v e  s t a n d i n g .  Ambient tem:.erature and o r a l  t e m p e r a t u r e  were 
r w o r d e d  pre-  and p o s t f l i g h t  f o r  o r t h o s t a t i c  e v a l u a t i o n s .  P h y s i o l o g i c a l  
measurements were reco rded  I n  r e a l  time Dn s t r i p  c h a r t  r e c o r d i n g ,  and FH 
magnet ic  t a p e .  

-: LBNP d e v i c e ,  a n t i h y p o t e n s i o n  garment ,  e l e c t r a c a r d i o g r a p h ,  
thermometers ,  physi~10r;:cal senso-s  . 
RESULTS: The r e s t i n g  s u p i n e  h e a r t  rate was e l e v a t e d  s i g n i f i c a n t l j  i n  54% o f  
t h e  w e w e n  on  t h e  f irst  day p - s t f l i g h t .  A p p l i c a t i o n  o f  -50mm Hg LBNP 
e l e v a t e d  t h e  rate i n  82%. Ti;c Apol lo  15 LHP e x p e r i e n c e d  presyncope  d u r i n g  t h e  
Isst second o f  -40nm Hg, whi l e  t h e  Apo l lo  8 CMP and LMP, Apol lo  9 LWP, Apol lo  
16 LIIP and  CHP a l l  deve loped  presyncope  d u r i n g  t h e  -50- Hg l e v e l  o f  LBNP. 
The p a s s i v e  s t a n d i n g  t e s t  had t h e  same e l e v a t e d  h e a r t  r a t e  r e s u l t s .  There  was 
a l s o  z s i g n i f i c a n t  d e c r e a s e  i n  t h e  s y s t o l i c  and p u l s e  p r e s s u r e  d u r i n g  LBNP i n  
t h e  first p o s t f l i g h t  e v a l u a t i o n .  There was a s i g n i f i c a n t  d e c r e a s e  i n  we igh t  
p o s t f l i g h t .  

-: P o s t f l i g h t  o r t h o s t a t i c  e v a l u a t i o n s  d u r f  nq t h e  Apol lo  program 
i n d i c a t e d  t h a t  r e d u c t i o n  i n  o r t l i o s t a t i c  to ] -e rance  is a consequence o f  s p a c e  
f l i g h t  exposu re .  Heart r a t e ,  t h e  most r e l i a b l e  i ndex ,  was i n c r e a s e d ,  w h i l e  
s y s t o l i c  and p u l s e  p r e s s u r e s  were dec reased  d u r i n g  i t m e d i a t e  p o s t f l i g h t  
e v a l u a t i o n s  u s i n g  lower body n e g a t i v e  p r e s s u r e  and p a s s i v e  s t .anding a s  t h e  
o r t h o s t a t i c  s t r e s s .  P o s t f l i g h t  changes  i n  l e g  volume d u r i n g  LBNP were e q u a l  t o  
o r  less than  t h o s e  s e e n  d u r i n g  p r e f l i g h t  t ~ a s e l i n s  e v a l u a t i o n s .  b d y  wz igh t ,  
r e s t i n g  c a l f  g i r t h ,  s u p i n e  l e g  volume, a n J  c a r d i o t h o r a c i ?  r a t i o s  were a l l  
d imin i shed  imaiediately p o s t f l i g h t ,  and r e t u r n  t o  p r e f l i g h t  v a l u e s  was n o t  
comple te  w i t h i n  t h e  p o s t f l i g h t  t e s t i n g  time frame.  The n e a r i n g  o f  a lower  
body p . . t i v e  p r e s s u r e  g a w e n t  d u r i n g  t h e  r e e n t r y  and immediate p o s t f l i g h t  
p e r i o d  o f f e r e d  some p r o t e c t i v e  b e n e f i t  by way o f  r educ ing  lower body p o o l i n g  
o f  f l u i d .  



G .  Uyckliffe Hol ?r, Arnol~ld E. Nicogossian, 
Stuart A. Bergmar,, and Robert; L. Johnson 

H@,WWT TI-: Cardiovascular Evaluations 

PROGRQH/HISSION: Apollo-Soyuz Test Project 

DISCIPLINE(S): Cardiovascular 

OBJECTIVES: To determine the response of tbe cardiovascular system t o  
weight! cuscess . 
f i r m :  Preflight: or thosta t ic  tolerance t e s t  by LBNP, heart s ize  
mf2asurement by chest X-rays, resting leg volume measurement, echocardiogram. 
Postflight: LBNP, chest X-rays, ieg volume. 

PQUIPHENT: Echocardi .,raph, LBEiP d ~ v i c e ,  vectorcardiograph, X-rays. 

BES'JLTS: No resul ts  could be considered unusually aberrant; only a singie 
episode of presyncope occurred. Because LBNP recordings made immediatoly 
a f t e r  f l igh t  were deleted, ilo useful infarmation was obtained from systol ic  

I timz intervals,  vectwcardiograms, or echocardiograms. 
P 

CONCLUSIONS' Findings did not d i f fe r  from those result ing from ~ r e v i o u s  U. S. 
manned space missions: a modest postflight decrement in or thosta t ic  tolerance 
without operational significance was demonstrated. The inf l igbt  ieg volume 
data augment those f r w  the Skylab 4 mission and elaborate further on the 
early inf l ight  period. 



8 G. Wqickliffe H o f f l e r ,  S t u a r t  A.  Bergman, and 
Arnauld E. Nicogoss ian  

.. p: I n - F l i g h t  Lower Limb Volume Measurement 

-: Apollo-Soyuz T e s t  P r o j e c t  

DISCIPLINE(S): H u s c u l o s k e l e t a l  

OBJECTIVES: To s u b s t a n t i a t e  w i t h  f u r t h e r  d a t a ,  t h e  volume decrement t h a t  
o c c u r s  i n f l i g h t ,  to o b t h i n  earlier i n f l i g h t  volume d e t e r m i n a t i o n s  and t o  
document t h e  time c o u r s e  o f  headward f l u i d  s h i f t s  by f r e q u e n t  se r ia l  l e g  
volume measurements. 

MTOCQL: During the p e r i o d  from day F-45 t o  day  F-1, f i v e  independen t  
d e t e r m i n a t i o n s  o f  t h e  l e f t  l e g  volume were made. Crewmembers were i n s t r u c t e d  
and t r a i n e d  i n  t h e  p rocedure  and a c t u a l l y  conducted t h e  F-1 measurements on  
themselves  t o  e n s g r e  adequa te  f a m i l i a r i z a t i o n  f o r  t h e i r  seven  i n f l i g h t  
measurement s e s s i o n s .  Right  l e g  measurements were o b t a i n e d  t h r e e  t imos  b e f o r e  
f l i g h t  and once on r ecove ry  day  (R+O)  by medica l  team p e r s o n n e l .  B e c a ~ s e  o f  
c i r c u m s t a n c e s  a s s o c i a t e d  w i t h  t h e  t o x i c  ni:rogen t e t r o x i d e  g a s  e v e n t  d u r i n g  
t h e  r ecove ry  ~ e r i o d ,  l e g  vclumes were n o t  o b t a i n e d  beyond t h e  f o u r t h  
p o s t f l i g h t  day (R+4) .  

-N?:: Limb Volume Measuring K i t .  

E m :  Decreas ing  l e g  s i z e  as t h e  l aunch  p e r i o d  apprcached is i n  acco rdance  
w i t h  p r e f l i g h t  f i n d i n g s  from p r e v i o u s  f l i g h t  crews. A l l  i n f l i g h t  volumes 
dropped below t h e  lower 95% c o n f i d e n c e  l i m i t  e s t a b l i s h e d  by p r e f l i g h t  v o l u s e s .  
E a r l i e s h  p o s 2 f l i g h t  d e t e r m i n a t i o n s  were t aken  between 1.5 and 2 h o u r s  a f te r  
splashdown. Leg volumes on a l l  t h r e e  crewmen i n c r e a s e d  well above t h e i r  last  
i n f l i g h t  v a l u e s .  Second measurements on r ecove ry  day ,  some 2 t o  5 hour s  a f t e r  
splashdown, showed even g rea t . e r  l e g  volumes i n  acco rdance  w i t h  t h e  r e v e r s i n g  
e f f e c t s  o f  r eadap l i c i i  i n  normal g r a v i t y .  

-: S e v e r a l  o f  t h e  o s c i l l a t o r y  v a r i a t i o n s  observed  i n  ASTB f l i g h t  
crewmembers may be judged t c  be a c t u a l  p h y s i o l o g i c  damping r e s2onses .  With a 
s i n g l e  datum f o r  i n f e r e n c e ,  it a p p e a r e s  t h z t  t h e  major  s k i f t  o f  f l u i d  volume 
f 3m t h e  l e g s  does  n o t  o c c u r  i n  t h e  first few h o u r s  of o r b i t a l  exposure .  The 
c o u r s e  szems motae l i k e l y  tc assume an  e x p o n e n t i a l  form w i t h  aax ima l  rate o f  
decrement w i t h i n  t h e  f i r s t  24 hovrs .  h d i s t i n c t  ~ l a t e a u  is e v i d e n t  by 3 t o  5 
days  wi th  l i t t l e  s i g n i f i c a n t  a d d i t i o n a l  d e c r e a s e  o c c u r r i n g  af ter  t h e  f i r s t  
week i n  w e i g h t l e s s n e s s .  These f l u i d  volume s h i f t s  c o i n c i d e  w i t h  t h e  
o c c u r r e n c e  o f  major  crew symptomatology and t h e  p l a t e a u  w i t h  r e l a t i v e  a d a p t i v e  
s t a b i l i t r .  

PUBLICATIONS: 273 



2 - ; G .  Wycliffe Hoffler, Robert L .  Johnson, Arnauld E.  
\ Nicogossian, Stuart A .  Fergman, and Margaret k. 

Jackson 

: -LE/NUMBER: Vectoraardiographic Results f ros  M092 

-: Human 

7 m: To determine the degree and the time course of cardiovascular 
adaptation under zero-gravity condition,. 

w -: Vectorcardiograms were reccrded via a modified Frank lead system on 
a l l  crewmen of the th-ee Skvlab missions in conjunction w i t h  t h 2  Lower Body 
Negative Pressure experiment. Data were analyzed by a special ly developed 
computer program (VECTAN).  Design of the t e s t  seqsences allowed d i rec t  
romperisons of supine rest ing,  Earth based (reference) vectorcardicgrams with 
those taken during lower body negative pressure s t r e s s  and those obtained a t  
r es t  i n  o rb i t ,  as well as comb~nations of these conditions. 

E;PUIPm: Lower Body Negative Pressure Device, vectorcardicgraph. 

BF;SILL;CS-: No adverse vectorcardiographic changes occurred during f l i gh t .  
Analysis of in i l lgh t  measurements showed s ignif icant ly  increased PA in terval ,  
QT in terval ,  QRS maximum vector magnitude, QRS-Eigenloop veclor magnitude,and 
QRS-T angl'. Recovery measurements iR+O) showed significantiy elevated vector 
magnitudes for QHS maximum, QRS-Eigenloop and T.  Other parameters measured 
(QRS duration, QT interval ,  P maximum vector magnttude, ST maximum vector 
magnitude, ST slope! were not s ignif icant ly  changed in f l igh t  or postf l ight .  

( ; O N C L m :  Vec t~ rc~pdiograms  have shown several consistent changes 
apparently related to  space f l i gh t .  There were changes in temporal in tervals ,  
vector magnitudes and thei r  orientat ions,  and certain derived parameters, 
presumably 2s a consequence of al tered autonomic neural i n p u t s  upon the 
myocardial conduction system and/or of major f luid s h i f t s  known to  have 
occurred in f l ign i .  :.11 observed measurements were well w i t h i n  accepted normal 
l imi ts  and are considered to represent adaptive phenomena rather than 
pat.hologica1 aondit ions. 



PRINCIPW. Rudolph A.  Hoffman, Lawrence S. Pinsky,  W. Zach 
Osborne, and J. Vernon Ba i l ey  

p: Visual  Light  F lash  Observat ions  an  Skylab 4 

-: Radiobiology 

m: To i n v e s t i g a t e  t h e  frequency and c h a r a c t e r  o f  v i s u a l  l i g n t  
f l s s h e s  i n  nea r  Ear th  o r b i t  as t h e  Skylab t r a j e c t o r y  passed from nor the rn  t o  
souzhern l a t i t u d e s .  Because t h e  t r a j e c t o r y  p e r i o d i c a l l y  passed through the  
South A t l a n t i c  Anomaly (SAA), ano the r  o b j e c t i v e  was t h e  i n v e s t i g a t i o n  o f  
p o s s i b l e  v i s u a l  f l a s h e s  dur ing  passage through t h i s  r eg ion .  

PROTOCOL: Two s e p a r a t e  l i g h t  f l a s h  obse rva t ion  s u s s i o n s  w r e  performed on 
miss ion days 74 and 81 by t h e  p i l o t .  The first s e s s i o n  occurred d u r i n g  an 
o r b i t  t h a t  allowed obse rva t ions  from high geomagnetic l a t i t u d e s .  The o r b i t  
f o r  t h e  o t h e r  s e s s i o n  passed through t h e  c e n t e r  of t h e  SAA. The p i l o t  g o t  i n t o  
h i s  s l e e p  r e s t r a i n t ,  set a t imer  f o r  e i t h e r  55 o r  70 minutes ,  donned a 
b l i n d f o l d  and recorded h i s  o b s e r v a t i o n s  o f  f l a s h e s  on t h e  vo ice  r e c o r d e r .  Ten 
minutes were allowed f o r  dark  a d a p t a t i o n .  

-: Voice r e c o r d e r ,  b l i n d f o l d .  

-: A t o t a l  of 168 f l a s h e s  was repor ted :  24 d u r m g  t h e  first s e s s i o n  
and 144 dur ing  t h e  second. Three t o  n i n e  f l a s h e s h i n u t e  were observed.  The 
frequency was r e l a t e d  t o  l a t i t u d e ,  t h e  h i g h e s t  being i n  t h e  SAA and t h e  lowest  
over  t h e  poles .  

-: There is a s t r o n g  c o r r e l a t i o n  o f  very  h i g h  f l a s h  r a t e s  wi th  
passage through t h e  S A A ,  a?d from phys i2a l  arguments and even t  d e s c r i p t i o n s  i t  
appears  c e r t a i n  t h a t  t h e s e  f l a s h e s  a r e  due t o  t rapped r a d i a t i o n .  There is 
evidence f o r  t h e  p red ic ted  l a t i t u d e  e f f e c t ,  a l though e x i s t i n g  d a t a  a r e  
i n s u f f i c i e n t  f o r  a thorough s t a t i s t i c a l  e v a l u a t i o n .  A g r e a t e r  p a r t i c l e  f i u x  
i n  t h e  t r a j e c t o r y  through t h e  SAA probably e x p l a i n s  t h e  increeved number o f  
f l a s h e s  observed a t  t h a t  time, but t h e r e  were a l s o  more f l a s h e s  observed 
o u t s i d e  t h e  anomaly d u r i n g  t h e  second pe r iod  where t h e  c c m i c  p a r t i c l e  
environment should have been comparable. Th i s  v a r i a t i o n  remains unexplained.  
There may be p a r t i c l e s  heav ie r  than p ro tons  i n  t h e  i e n e r  b e l t  o f  t r apped  
r a d i a t i o n  o f  t h e  SAA. 



JY-STIGATOR J e r r y  L. Homick, and E a r l  I?. Miller 

w -: Apollo F l i g h t  Crew V e s t i b u l a r  Assessment 

PROGRAM/MISSIOL: Apollo 

-: Human 

-: Neurosensory , 6 e h a . r i o r a l  s c i e n c e  

P m: To obse rve  t h e  e f f e c t s  o f  s p a c e  f l i g h t  on  t h e  human v e s t i b v l a r  
sys tem.  

WTOCOL: Motion s i c k n e s s  h i s t o r y  f i l e s  were compiled on each  a s t r o n a u t .  No 
s y s t e m a t i c  program t o  q u a n t i t a t i v e l y  a s s e s s  t h e  e f f e c t s  o f  s p a c e  f l i g h t  on 
c rew v e s t i b u l a r  f u n c t i o n  was pursued  p r i o r  t o  Apo l lo  16. Fo r  t h e  l as t  t ~ o  
Apollo m i s s i a n s ,  p o s t u r a l  e q u i l i b r i u m  was t e s t e d  by a mod i f i ed  s t a n d a r d  l a b  
method wi th  crewmen b a l a n c i n g  on f o u r  r a i l s  o f  d i f f e r e n t  w i d t h s  p l u s  t h e  
f l o o r .  There was a t a p e  f o r  f o o t  a l i gnmen t  on t h e  f l o o r .  Time, t h e  
performance measure o f  b a l a n c e ,  began when t h e  crewmen, w h i l e  s t a n d i n g  on t h e  
p r e s c r i b e d  s u p p o r t  w i th  h i s  f e e t  i n  a tandem hee l - to - toe  a r r angemen t ,  f o l d e d  
h i s  arms. The t e s t  was made wi th  e y e s  open ,  t h e n  c l o s e d .  Nystagmus was 
measured wi th  t h e  a i d  o f  r e c o r d i n g  e l e c t r o d e s  p l a c e e  around t h e  e v e s .  C a l o r i c  
i r r i g a t i o n  complemented tests o f  b a l a c c e  by m o n i t o r m g  change i n  s e m i c i r c u l a r  
c a n a l  a c t i v i t y .  I r r i g a t i n g  t e m p e r a t u r w  were 34.0 d e g r e e s  C and 35.5 d e g r e e s  
C.  T e s t s  were t a k e n  f o r  Apol lo  16 on F-30, R+3, and R+7, and f o r  Apol io  17 on 
F-30 and F-15 and none p o s t f l i g h t .  

EQUIPMENT: Elec t ronys tagmograph,  p o s t u r a l  e q u i l i b r i u m  r a i l s .  

RESULTS: Eleven o f  t h e  33 i n d i v i d u a l s  who have f lown on Apol lo  f l i g h t s  have 
expe r i enced  a p p a r e n t  v e s t i b u l a r  d i f f i c u 1 t . e ~ .  O f  t h e s e  e l e v e n ,  n i n e  had 
p o s i t i v e  motion s i c k n e s s  h i s t o r i e s .  Converse ly ,  18 o f  57 i n d i v i d x a l s  w i t h  
p o s i t i v e  h i s t . o r i e s  had no i n f l i g h t  symptoaa to logy .  S i x  o f  t h e  e l e v e n  crewmen 
wi th  i n f l i g h t  problems expe r i enced  minor symptoms, two expe r i enced  modera te  
symptoms, and t h r e e  had s e v e r e  symptomatology. It is q u e s t i o n e b l e  whether  t h e  
vomi t ing  expe r i enced  by one o f  t h e s e  l a t t e r  i n d i v i d u a l s  was v e s t i b u l a r  i n  
c - i g i n  o r  due p r i m a r i l y  t o  g a s t r o e n t e r i t i s ,  S i x  (40  p e r c e n t )  o f  t h e  15 
i n d i v i d u a l s  making t h e i r  first space  f l i g h t  developed i n f l i g h t  symptoms. O f  
t h e  18 v e t e r a n  p i l o t s ,  o n l y  f i v e  ( app rox ima te ly  28 p e r c e n t )  experienc;d 
symptoms. 

Fo r  t h e  Apollo 16 crew, d u r i n g  t h e  first ( R + 3 )  and second (R+7) p o s t f l i g h t  
test  p e r i o d s ,  p o s t u r a l  e q u i l i b r i u m  wi th  e y e s  open was n e a r l y  i d e n t i c a l  t o  
p r e f l i g h t  per formance  f o r  a l l  crewmen. The CDR a c t u a l l y  demonst ra ted  a s l i g h t  
p r o g r e s s i v e  improvement on t h i s  t a s k  w i t h  t ime.  A t  R+3, however, t h e  CDR and 
t h e  CMP e x h i b i t e d  a marked d e c r e h s e  i n  p o s t t r a l  s t a b i l i t y  when d e p r i v e d  o f  a l l  
v i s u a l  s e n s o r y  cues .  When t h e s e  two i n d i v i d u a l s  were t e s t e d  a g a i n  a t  R+7, 
t h e r e  was a d e f i n i t e  improvement i n  p o s t u r a l  s t a b i l i t y  w i t h  e y e s  c l o s e d  



compcred t o  t h e i r  R+3 performance.  The CMP improved h i s  p r e f l i g h t ,  
eyes-c loscd  s c o r e s ,  whereas t h e  performance of t h e  CDR was approx ima te ly  
midway between h i s  two p r e v i o u s  s c o r e s .  The c a l o r i c  i r r i g a t i o n  t e s t  r e v e a l e d  
i n c r e a s e d  nystagmus a c t i v i t y  on R+3 i n  t h e  CDR and t o  a l e s s e r  e x t e n t  i n  t h e  
CMP. Pesponses  on bo th  tests were n e a r  b a s e l i n e  v a l u e s  by R+7. 

mGr-'i: Inc reased  m o b i l i t y  and t h u s  i n c r e a s e d  head movements as  a f f o r d e d  
5: t h e  l a r g e r  volume o f  t h e  Apo71o CM/LM, r e s u l t e d  i n  a h i g h e r  i n c i d e n c e  o f  
v e s t i b u l a r  d i s t u r b a n c e s  i n  t h e  Apol lo  Program t h a n  i n  p r e v i o u s  p-ograms. I n  
most c a s e s  i n  which symptoms d i d  o c c u r ,  t h e y  were mi ld  t o  modera te  and cou ld  
be c o n t r o l l e d  by l i m i t i n g  head movements t h e  first few d a y s  i n  f l i g h t .  
Adapta t ion  o f  t h e  v e s t i b u l a r  r e c e p t o r s  t o  t h e  w e i g h t l e s s  environment 
a p p a r e n t l y  occu r red  w i t h i n  t h e  first s e v e r a l  days  o f  f l i g h t  f o r  most 
i n d i v i d u a l s .  E x t r a v e h i c u l a r  a c t i v i t y  i n  one-s ix th-g  on t h e  l u n a r  s u r f a c e  
r e s u l t e d  in no d i s o r i e n t a t i o n  0:' v e s t i b u l a r  d i s t u r b a n c e s .  Apparen t ly ,  
one-sixth-g is an  adequa te  s t i m u l u s  f o r  t h e  o t o l i t h  o rgans  t o  p r o v i d e  s e n s o r y  
in fo rma t ion  r e g a r d i n g  g r a v i t a t i o n a l  u p r i g h t  and ,  hence ,  main tenance  o f  
p o s t u r e .  With an  impor t an t  e x c e p t i o n  of t h e  Apollo 15 m i s s i o n ,  no crewmen 
expe r i enced  pronounced v e s t i b u l a r  d i s t u r b a n c e s  a f t e r  r e t u r n i n g  from s p a c e  
f l i g h t .  T h i s  f i n d i n g  s u g g e s t s  t h a t  a d a p t i v e  p r o c e s s e s  t h a t  occu r  d u r i n g  
w e i g h t l e s s  space  f l i g h t  m i s s i o n s  o f  up t o  two weeks i n  d u r a t i o n  do  n o t  r e n d e r  
t h e  v e s t i b u l a r  sys tem s i g n i f i c a n t l y  h y p o s e n s i t i v e  or  h y p e r s e n s i t i v e  f o l l o w i n g  
sudden r e t u r n  t o  a one-g envi ronment .  V e s t i b u l a r  problems cannot  be p r e d i c t e d  
r e l i a b l y  from p r e v i o u s  h i s t o r y  o f  motion s i c k n e s s .  However, a s t r o n a u t s  making 
t h e i r  first space  f l i g h t  appea r  t o  be s l i g h t l y  more s u s c e p t i b l e  t o  t h e  
development o f  i n f l i g h t  symptoms t h a n  a r e  expe r i enced  a s t r o n a u t s .  

PUBLICATIONS: 276 



PRINCIPAt INVESTIGATOR(S): J e r r y  5 .  Homick, M i l l a r d  F. Reschke, and E a r l  F. 
Miller 

E-JT TIT-IER: The E f f e c t s  o f  Prolonged Exposure t o  Weigh t l e s sness  
on P o s t u r a l  Equ i l ib r ium 

w: Human 

m , :  Neuroaensory , Behavioral s c i e n c e  

OBJECTIYES: To assess t h e  p o s t u r a l  e q u i l i b r i u m  o f  t h e  Skylab  a s t r o n a u t s  
f o l l o w i n g  t h e i r  r e t u r n  t o  a 1-g environment and t o  s u g g e s t  p o s s i b l e  mechanisms 
invo lved  i n  any measured changes .  

PROTOCOL: P o s t u r a l  e q u i l i b r i u m  was e v a l u a t e d  u s i n g  a modif ied  v e r s i o n  o f  a 
q u a n t i t a t i v e  a t a x i a  test  developed by Grayb ie l  and F reg ley .  The t e s t  employed 
a series o f  narrow metal r a i l s  o f  v a r y i n g  wid ths  on which t h e  crewman was 
r e q u i r e d  t o  m a i n t a i n  an u p r i g h t  p o s i t i o n  w i t h  h i s  f e e t  tandemly a l i g n e d  and 
arms f o l d e d  a c r o s s  h i s  c h e s t .  Performance f o r  t h i s  t e s t  was measured under  
two c o n d i t i o n s .  I n  t h e  f i r s t  t es t ,  t h e  crewman k e p t  h i s  e y e s  open,  and i n  t h e  
second,  he t r i e d  t o  ba l ance  wi th  h i s  e y e s  c l o s e d .  I n  bo th  c a s e s ,  performance 
was s c o r e d  i n  te rms o f  time on t h e  r a i l  b e f o r e  l o s i n g  ba l ance .  P r e f l i g h t  
b a s e l i n e  d a t a  were o b t a i n e d  on t h r e e  s e p a r a t e  o c c a s i o n s  f o r  each  o f  t h e  
crewmen. 

EQUlPMENX: P o s t u r a l  test  r a i l s .  

-: There was a moderate p o s t f l i g h t  decrement i n  crewmen f o r  t h e  e y e s  
open test .  The p o s t f l i g h t  decrement was c o n s i d e r a b l e  f o r  t h e  e y e s  c l o s e d  tes t  
which was most marked a t  R+1. Recovery was e s s e n t i a l l y  comple te  a t  R+11. 

CONCLUSIONS: The d a t a  a rgue  f o r  an environment-dependent  memory s t o r e  o f  
f r e q u e n t l y  r e p e a t e d  s e n s o r y  i n p u t s  t h a t  is under  t h e  guidance  o f  a combined 
o t o l i t h ,  k i n e s t h e t i c ,  and touch  system. It r e g i s t e r s  t h e  a c t u d l  movement and 
a l l o w s  f o r  a n t i c i p a t i o n  and compensat ion o f  each  movement as it o c c u r s .  Being 
env i ronmen ta l ly  dependent ,  such  a mechanism could  accoun t  f o r  t h e  b u i l d u p  o f  
p o s t u r a l  r e s p o n s e s  i n  zero-g t h a t  dould be i n a p p r o p r i a t e  upon r e t u r n  t o  one-g 
r e f e r e n c e .  A mechanism o f  t h i s  t y p e  cou ld  be a p p l i e d  t o  accoun t  f o r  s e n s o r y  
p h y s i o l o g i c a l  h a b i t u a t i o n  i n  a v s r i e t y  o f  s i t u a t i o n s .  I n  p a r t i c u l a r ,  such  a 
mechanism could  p rov ide  an adequa te  b a s i s  f o r  change when t h e  a c q u i r e d  
r e sponse  p a t t e r n s  we no l o n g e r  congruent  w i t h  t h e  environment.  



PRINCIPAL J e r r y  R. Hordinsky 

p: Skylab Crew Heal th  - Crew Surgeons '  Reports  

CLASSIFICATION: Human 

DISCIPLINE(S): Environmental h e a l t h  

BJECTpVEs: The crew surgeon was r e s p o n s i b l e  f o r  t h e  h e a l t h  o f  t h e  Skylab 
crewmembers and t h e i r  f a m i l i e s ,  t h e  development anc  use  o f  t h e  i n f l i g h t  
medical  suppor t  system, t h e  p r e f l i g h t  medical  examination and arrangement of 
a l l  crew medical - re la ted  a c t i v i t i e s ,  and t h e  p o s t f l i g h t  c o o r d i n a t i o n  o f  
medical  a c t i v i t y .  

PROTOCOL: The c rev  surgeon r e l i e d  on t h e  d a i l y  p r i v a t e  medical  conference  
wi th  t h e  crews over  an air- to-ground loop from t h e  NASA Mission Control  Center 
t o  monitor crew h e a l t h .  For cont inuous  c l i n i c a l  e v a l u a t i o n  o f  t h e  crew, t h e  
crew surgeon had a c c e s s  t o  medical  parameters  de r ived  from t h e  experiment 
d a t a .  

EQUIPMENT: None i d e n t i f i e d .  

MULTS: The cremembers  rr:mained i n  e x c e l l e n t  h e a l t h  except  f o r  a few minor 
c l  :.nical p-obXems . 

U O N :  rrb;. :! inical  p o i n t  o f  view, a l l  t h e  p h y s i o l o g i c a l  and 
psychological  r c : -  : --.es noted i n  t h e  Skylab miss ions  were e i t h e r  s e l f - l i m j t i n g  
o r  represe1:ted work-around problems r e q u i r i n g  minimal coun te rac t ion .  A s  such ,  
t h e s e  changes do not  preciude a t e n d i n g  man's d u r a t i o n  i n  zero-gravi ty  f o r  
longer  p e r i o d s  of  t ime.  



p: U t o r  Ss?s;rry Performance, ED4 1 

-: Human 

a m :  Behavioral science, hleurosensory 

OBJECTIVES: To measure potential degradation of man's motor-sensory s k i l l s  i n  
tha space environment. 

PBOTOCQL: Using a visual maze w i t h  119 holes connected by s t ra igh t  l i ne s ,  
crewmen inserted a probe i n  each hole in sequence following the maze pattern. 
Visual perception and motor response were measured quanti tat ively by recording 
bath t o t a l  time required t o  transverse the en t i r e  maze and time required t o  
move the probe from hole to  hole. 

WL'IPMENT: A standard eye-hand coordination t e s t  apparatus (developed by the 
Dept. of Industr ial  EngLneering a t  the U. of Michigan); audio tape recorder, 
t o  record data as  well a s  milli-second time marks; s ty lus ,  5 in .  long and 2 mm 
diameter. 

-: Comparisons o f  pref l ight ,  i n f l i gh t ,  and postf l ight  data revealed no 
s ieni f icant  charqes occ;urred in the eye-hand coordination of crewmembers. 

I 

CONCLUSIONS: Skylab astronauts were capable of normal motor-sensory 
ac t i v i t i e s  during f l igh t .  None of the crewmen experienced an> ao t i c eab ;~  
deterioration throughout the mission srforming tasks that  required them to  
hanrile experiments and controls. 



PRlNCIIAL INYESTIGBTOR(S) ; P h i l i p  C. Johnson,  Theda B. D r i s c o l l  , 2nd Adr ian  
D. LeBlanc 

EXPERIMENT TITLE/NUMBEB: Blood Volume Changes, MI13 

CLA:jSIFICATX:: Human 

~ P E  1 :  Hematology - 
GPiECYIVES: To de t e rmine  t h e  e f z e c t s  o f  w e i g h t l e s s n e s s  on t h e  blood plasma -- 
v d m e  and t h e  r e d  blood c e l l  p o p u l a t i o n ,  w i th  p a r t i c u l a r  a t t e n t i o n  p a i d  
t o  changes  i n  t h e  t o t a l  mass of r e d  c e l l s ,  r e d  c e l l  d e s t r a c t i o n ,  r e d  c e l l  l i f e  
s p a n ,  and r e d  ?e l l  p r -  i u c t i o n  r a t e .  

PR0TC)m: The r e d  c e l l  mass d e t e r m i n a t i o n  was o b t a i n e d  b;- d v e r a g i n g  t h e  r e d  - 
c e l l  r a d i o a c t i v j & y  o f  a 30- and 31- minu te  blood sample.  T h i r t y  days  p r i o r  t o  
l a u n c h ,  50 U C i  C-glycine were i n j t c t e d  i n t r a v e n o u s l y  f o r  a r e d  c e l l  l i f e  
span  s t u d y .  A t  r e c o v e r y ,  2  C i  o f  Fe c i t r a t e  were i n j e c t e d  f o r  c a l c u l a t i o n  
o f  i r o n  t u r n o v e r  u s i n g  t h e  35-, 31- minute  samples  and a sample drawn 2  t o  3  
hou r s  i a i a - .  R e t i c u l o c y t ~ ~ c o u n t s  were o b t a i n e d  weekly prefl. ; .ght and 
p o s t f l i g h t .  A c t i v i t y  o f  C r  r ed  c e l l s  was measured t o  e s t i m a t e  ~ i $  c e l l  
chromium h a l f l i f e .  Plasma v o l m e  was measured by i n j e c t i n g  2 v C i  I human 
serum albmiuin each  t i m e  t h e  r e d  c e l l  mass was d e t e r n i n e d .  

EQUIPMENT: I n f l i g h t  b i m d  c o l l e c t i o n  sys tem.  

SESULTS: The mean v a l u e  o f  r e d  c e l l  mass of crewmembers showed a d e c r e a s e  o f  
5- 12% th rough  t h e  f i r s t  weeks i n f l i g h t .  The mean r a t i o  o f  m i l l i l i t e r s / k i l o g r a m  
body weight  a l s o  d e c r e a s e o .  Red c s f l  mass r egene ra fhon  d i d  n o t  o c c u r  u n t i l  
R+14. There was no d i f f e r e n c e  i n  C r  T1/2 o r  t h e  C g l y c i x  r e d  c e l l  mean 
l i f e  span pre-  and p o s t f l i g i i t .  There was no change i n  t h e  r a t e  of' 
e r y t h r o p o i e s i s .  R e t i c u l o c y t ~ a  c o u n t s  were low a t  r e c o v e r y .  

CONCLUSIONS: A d e c r e a s e  i c  r e ?  c e l l  u a s s  is a  c o c s t a n t  o c c u r r e n c e  i n  s p a c e  
f l i g h t ,  and t h e  d e c r e a s e  does  no? seem t o  be caused  by i n t r a v a c u l a r  
hemolys is .  S p l e n i c  t r a p p i n g  of r1el c e l l s  is a  p l a u s i b l e  bu t  u n t e s t e d  
q x p l a n a t i o n  f o r  t h e  l o s s .  After t h e  i n i t i a l  l o s s ,  t h e r e  is a t  l e a s t  a  30-day 
d e l a y  b e f o r e  t h e  r ed  c e l l  aass b e g i n s  t o  r e c o n s t i t r ~ t i  i t s e l f  i n d i c a t i n g  bone 
marrow i n h i b i t i o n .  Two u n r e l a t e d  b i o l o g i c a l  changes  may have been t h e  c a u s e  
of bone marrow i n h i b i t i o n .  F i r s t ,  t .ht  plasma volume dec reased  c a u s i n g  t i s s u e s  
s z n s i t i v e  t o  p e r i p h e r a l  h e s a t o c r i t  changes  t o  n o t  r e c o g n i z e  t h e  d e c r e a s e  i n  
r e d  c e l l  mass. L a t e r ,  serum phosphorus r o s e  c a u s i n g  inc reabeu  r e d  c e l l  
r e l e a s e  of oxygen. The oxygen- sens i t i ve  k idney  would c o u n t e r  t h i s  by 
d e c r e a s i n g  e r y t n r o p o i e t i n  p r o d u c t i o n  T h i s  c o m b i n ~ t i o n  o f  e v e n t s  p robab ly  
e x p l a i n s  t h e  obse lved  d e c r e a s e  i n  r e t i c u l o c y t e  c o u n t s .  

PUBLICATIONS: 291, 292, 293, 296 



. . 
P R I I G A T O S T ( A T O ) :  Robert L .  Johnson, G .  Wyckliffe Hoff ler ,  Arnauld 

E. Nicogossian, S tuar t  A .  Bergman, and Margaret M ,  
Jackson , 

UPERIwNT TIT-: Lower Body Negative P res swe ,  M092 

CLASS==: Human 

CIPLIWa: Cardiovascular 

W I V E S :  To determine the extent  and time course of changes i n  o r t h o s t a t i c  
to1 erance during the weightlessness of space f l i s h t  and t o  determine 'nether 
inf:IghL Ssta  from the experiment would be useful i n  pred ic t ing  pos t f l i gh t  
s t a t u s  of or thostat , ic  tolerance.  

PROTOCOL: Basic measurements Curing a l l  p r e f l i g h t ,  i n f l i q h t ,  and pos t f l i gh t  
t e s t i n g  included blood pressure a t  30-second i n t e r v a l s  from a a ~ t c m a t i c  
system which detectsd and andlyzed Korotkoff sounds, hear t  r a t e  monitored 
continuously from one component of a Frank lead ~ e c ~ c r c a r d i o g r a m ,  and 
percentage change i n  c a l f  volume monitored c o n t i n o ~ ~ s l y  from capac i t ive  
plethysmographic band- encircling the, l egs .  Pr ior  t o  LBNr t e s t s ,  lower limb 
voiume was estimated from g i r t h  measur-3zants taka1 a i  3 cm i n t e r v a l s  between 
ankles and upper thighs.  

EQUIPMENT: Lower Body Negative Pressure device. 

RESULTS: A t  resL, i n f l i g h t  mean r e s t ing  heart  r a t e s ,  s y s t o l i c  blood 
pressures ,  and pulse pressures  were typ ica l ly  increased whiie d i a s t o l i c  and 
m a n  a r t e r i a l  pressures decreased compared t o  p re f l i gh t  values.  Differences 
i n  i n f i i g h t  respmses  t c  LBNT s t r e s s  from p re f l i gh t  responses included g rea t e r  
heart  r a t e  and leg volume liqcreases in  c11 crewmen and, i n  most, higher 
d i a s t o l i c  pressures and mean a r t e r i a l  pressures  and lower s y s t o l i c  blood 
pressures and pulse pressures.  

CONCLUSIONS: I n f l i g h t  data  confirmed t h a t  lower body negative p re s swe  in  
~ e i g t l t l e v s r ~ e s s  imposed a g rea t e r  st;-ess upon the  carCicvascular system than i n  
Earth 's  g rav i ty .  Chznged re la t ionships  in  the anatomical discr ibut , icn of 
blood volume and exLravascular f ' luids ,  a l t e r ed  patberns ~ > f  blood flow, and 
reduced t o t a l  c i r cu l a t ing  blood v o l u ~ e  ind.uced by the  weightless environment 
a r e  offered as p a r t i a l  explanations for  the changes. Tne exagg~,rated i n f l i g h  t 
responses t o  lower body negative pressure general ly  2;peared t~ decl ine a f t e r  
the f i r s t  30-50 days of f l i g h t .  I n f l i g h t  data  served a s  a fa'rly accurate  
predict ion of the i n i t i a l  pos:flight s t a t u s  of orth0staLi.c cglerance. 

PUBLICATIONS: 26, 27, 42, 21 1 ,  298, 299, 300, 301, 329, 576 



-INVESTICATOR(S): A l l a n  A.  Katzberg 

T I T L E / N U w :  The E f f e c t  o f  Space F l i g h t s  or? Liv!.ng Human Cells 

-: Discove re r  X V I I  

7 LFICATIOK: Human 

-1NE(S): C e l l  b io logy ,  Behav io ra l  s c i a n c e  

QBJFXTIVG: To s t u d y  t r a u m a t i c  e f f e c t 3  o f  s p a c e f l i g h t  on l i v i n g  human cel' 3 .  

T O :  Rose chambers were seeded wi th  abou t  100,000 c e l l s  o f  t o t h  
c o n j u n c t i v a l  and s y n o v i a l  c e l l s .  The m e d i m  c r n s i s t e d  o f  2cc  s a l t  s o l u t i o n  
and 10% h o r s e  serumo Ground and l a b o r a t o r y  c o n t r o l s  were s e t  up. Tweive days  
a f t e r  p r e p a r a t i o n ,  t h e  c u l t c r e s  were f lown,  and were yeturned  t o  t h e  l a b  16 
days  a f t e r  p r e p a r a t i o n  f o r  d n a l y s i s .  

GOUIPMENT: Rose chambers, 10% h o r s e  serum, k ' e f r ige ra t ion  u n i t s ,  s a l t  
s o l u t i o n ,  chemical  d o s i m e t e r s ,  a l a n i n e ,  albumin,  silver-activated phosphaie  
glass r o d s ,  neu t ron  s e n s i t i v e  f i l m ,  Ansco 552 f i l m ,  n u c l e a r  t ~ a c k .  

RESULTS: P r e l i m i n a r y  o b s e r v a t i o n  i n d i c a t e d  t h a t  t h e  c e l l s  wera i n  an  advanced 
state of degene ra t ion .  On t h e  12 th  day,  t h e r e  were sigr.s o f  s u r v i v a l ,  and 8 
days  l a t e r ,  t h e r e  was new growth in t h e  f l i g h t  c u l t u r e s .  The m o r t a l i t y  r a t e  
was t h e  same i n  c o n t r o l  and f l i g h t  samples.  

CCdCLUSIONS: The d e g e n e r a t i o n  of t h e  c e l l s  was p robab ly  due t o  e x h a u s t i o n  of 
t h e  n u t r i e n t  media. S ince  t h e  m o r t a l i t y  r a t s  was t h e  same i n f l i g h t  .id t h e  
gro :nd  c o n t r o l s ,  r a d i a t i o n  a l o n e  cannot  be h e l d  s o l e l y  r e s p o n s i b l e  f o r  t n e  
c e l l u l a r  dea th  and d m q g e  t h a t  occu r red .  



EXPERIMENTA'U&!i: The Effec ts  of Space F l ights  on Living Human Cel ls  

-: Discoverer X V I I I  

CLASS-; Human 

QJSCIPUE(S): Cell  biology, Eehaviwal scicnce 

=:=: To study traumatic e f f e c t s  of spacef l igh t  on l i v ing  human c e l l s .  

D O C O L :  Seven human c e l l  l i n e s  were ussd. The types of ectodermal c e l l s  
flown were: amnion and conjunct ival ,  the mesoderm c e l l s  were: s t e r n a l  mwrow, 
synovial,  monocytic leukemia and he la ,  and the endodermal c e l l s  were f r m  the  
embryonic 1ur.d. A population of 50 J00 c e l l s  of each type wap suspended i n  3cc 
sedium and sealed i n  g l a s s  ampules which a l so  contained a  small g l a s s  
covers1 i p  . 
SQUIPMENX: Glass ampules, s a l t  so lu t ion ,  10% horse serum, r e f r ige ra t ion  
un i t s ,  neutron film pack, chemical dosimeters,  gold f o i l ,  g l a s s  needle s e t s ,  
552 film s t l - i p s ,  polyethylene f ~ a s  ( f o r  packing), a lan lne  packets,  1 s t e p  
p la te  and film i in  a l l  three plafies) , nuclear t rack p l a t e s .  

RESLTS: The cu l t a r e s  were in  good condition when returned on the 12th day 
following preparation, w i t h  a  high l eve l  of v i a b i l i t y .  Pos t f l i gh t ,  the c e l l s  
showed no s igni f icant  biochemical, cy to logica l ,  o r  gene t ic  changes. 

CONCLUSIONS: None, due t o  l e s s  than idea l  experimental condi t ions.  



P-1: Petcr  Kellawzy, and Robert L .  Maulsby 

p: Analysis of In f l i gh t  Sleep, MOOG 

-: Gemini 7 

P v: Neurosensory , Behavioral science 

DBJECTIVES: To obtain an objec t ive  evaluation of the p i l o t ' s  s leep  pa t te rn  in  
order t o  discover any deviat ion from pa t te rns  rccorded on e a r t h ,  t o  a s s i s t  i n  
r e v e a l i r i  f ac to r s  which may i n t e r f e r e  with s leep  in  o r b i t ,  and tr determine 
the e f f e c t s  of weightlessness on the e l e c t r i c a l  a c t i v i t y  of the  brain.  

B: Two channels of EEC data  were recorded on a  tape r e c ~ r d e r  from 
2lectrodes attached t o  the scalp.  Transis tor ized s igna l  conditioners were 
worn in pcckets of the as t ronaut ' s  underwear. 

m: EE2 e l ec t r cdes ,  recordirig system cons is t ing  of two miniature 
t r ans i s to r i zed  a a p l i f i e r s ,  atid a  small magneliic tape recorder .  

-: Normal s leep p t t e r n s  changed, mainly as  a  r e s u l t  of staggered s leep 
period>, a l t e r a t i o n s  from p r t f l ' g h t  d iurna l  cyc les ,  a.id cyc l i ca l  cabin co ise .  
The f i r s t  s leep period was inadequaLe in terms of length and depth of s leep .  
The second wa? adequate b u t  may hzve been so because of fa t igue  from s l eep  
loss  in the f i r s t  periad. 

-: This experiment demonstrzted the f e a s i b i l i t y  of mor~itoring an 
EEC during spacef l igh t .  I t  &:as of good qual i ty  and was recorded fo r  a  
r e l a t i v e l y  long p e r i d  of time. No a b n o r m l i t i e s  were revealed 3nd there  were 
no obvious changes a t t r ibucabi  ? t o  weightlessness.  Orbi tal  f l i g h t  appears t o  
have no deleter iova e f f ec t  on ;he a c t i v i t y  of the brain.  



P-A!. IKV-TORE) : S t e p h e n  L .  K ~ s z e y ,  and P h i l i p  C.  J o h n s o n  

EXPERIMENTm: H e m a t o l u g i c a l  and Immunolog ica l  S t u d i e s  

P: Apoll9-Soyuz T e s t  P r o j e c t  

DISCIPL1NE:S): Hematology, I m u n o l o g y  

QE,@CTI1fES: To p r o v i d e  h e m a t o l o g i c  and immunol>gic  d a t a  t o  t h e  Apol lo-Soycz 
T e s t  P r o j e c t  (ASTP) crew s u r g e n n  t h a t  was n e c e s s a r y  f o r  t h e  o b j e c t i v e  
a s s e s s m e n t  s f  t h e  c r e w ' s  h e a l t h  s t a t u s  b e f o r e  l a u n c h  and d u r i n g  t h e  p e r i o d  
i m e d i a t e l y  a f t e r  f l i g h t  and t o  e v a l u a t e  t h e  i n f l u e n c e  o f  s p a c e  f l i g h t  on t h e  
c i r c u l a t i n g  b lood  volume. 

". ROlOC&: Blood s a m p l e s  were c o l l e c t e d  by v e n i p u n c t u r e  p r e f l i g h t  o n  d a y s  
F-30, F-15, and F-5 and f o r  4 weeks p o s t f l i g h t .  R a d i o i s o t o p e  s t u d i e s  w e r e  
c!onducted on d a y s  F-15, R+0, and R+29. 

EQUIPMENT: Blood c o l l e c t  i o n  d e v i c e .  

aSULTS:  Rzd c e l l  mass was r e d u c e d  95 a t  R+O and remained  bela;: normal  
th rough  R+28. HCT and Hb were s l i g h t l y  r e d u c e d  ac  R+O and were r e d u c e d  10-151 
a t  R+8. S l i g h t  p o s t f l i g h t ,  r e d u c t i o n  i n  RBC c o u n t  was f o u n d .  T h e r e  was a  
p o s t f l i g h t  e l e v a t i o n  i n  WBC c o u n t  ( N e u t r o p h i l ~ ) .  A s i g n i f i c a n t  s h i f t  o c c u r r e d  
i n  t h e  r e d  c e l l  s h a p e  c l a s s i f i c a t i o n  a f L e r  f l i g h t .  An e l e v a t i o a  i n  
methemoglobin o c c u r r e d  a t  R+O. I n d i v i d u a l s  showed v a r i e d  i m m ~ n o l o g i c  
r e s p o n s e s .  No s i g n i f i c a n t  plasma p r o t e i n  a b n o r m a l i t i e s  were found  p r e f l i g h t  
o r  p o s t f l i g h t .  C c n s t i t u e n t s  s t u d i e d  were: t o t a l  p r o t e i n ,  &lbuiniti ,  & l o b u l i n s  
a2-macro, a 1  , a 2 ,  B ,  Y ,  C ,  M ,  D ,  A ,  h a p t o g l o b i n ,  1 - g l y c o p r o t e i n ,  1 - a n t i t r y p s i n ,  
C3, c e r u l o p l a s m i n ,  LDH 1-5, l i p o p r o t e i n s  3, B ,  pre-8  . 
mCLUSIONS'  Most o f  t h o  c h a n g e s  o b s e r v e d  i n  t h e  h e m a t o l o k i c  and immunologic  
f u n c t i o n s  o f  t h e  4STP crewmen a s  a r e s u l t  o f  t h e i r  e x p o s u r e  t o  s p a c e  f l i g h t  
were s u b t l e  a n d / o r  t r a n s i e n t .  The c h a n g e s  i n  RBC, Hb, and HCT were t h e  resL~l t  
o f  s h i f t s  i n  plasma volume d u r i n g  t h e  f l i g h t  and i m m e d i a t e l y  a f t e r  f l i g h t .  
The e x p o s u r e  o f  t h e  c rew t o  a t o x i c  g a s  d u r i n g  r e e n t r y  c o m p l i c a t e d  t h e  
i n t e r p r e t a t i o n  o f  t h o s e  c h z n g e s  a b s e i v e d .  T h i r  - x p o s Q x e  may have  p a r t i c u l a r  
s i g n i f i c a n c e  w i t h  r e s p e c t  t o  t h e  a l t e r e d  r e d  c e l l  s h a p e  p r s f i l e  a f t e r  f l i g h t  
and its s l o w  r a t e  o f  r e c o v e r y .  
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7: Hematology and Immunology S t u d i e s  

PROCRAM/HISSION: Apol lo  

-: Hematology, Immunology 

QBJECTIVES: To a c q u i r e  s p e c i f i c  l a b o r a t o r y  d a t a  r e l a t i v e  t o  t h e  a s ses smen t  o f  
t h e  h e a l t h  s t a t u s  o f  t h e  a s t r o n a u t s  p r i o r  t o  t h e i r  c o m i t m e n t  t o  s p a c e  f l i g h t ,  
t o  d e t e c t  and i d e n t i f y  any a l t e r a t i o n s  i n  t h e  normal f u n c t i o n s  o f  t h e  
imunohemato log ic  sys tems which cou ld  be a t t r i b u t e d  t o  s p a c e  f l i g h t  exposu re ,  
and t o  e v a l u a t e  t h e  s i g n i f i c a n c e  o f  t h e s e  changes  r e l a t i v e  t o  man's c o n t i n u i n g  
p a r t . i c i p a t  i o n  i n  s p a c e  f l i g h t  miss io t l s .  

m T 3 C Q J :  Rout ine  biood procedrules were r e d  blood ce l l  c o u n t ,  r e t i c u l o c y t e  
c o u r t ,  hemogiobin, h e m a t o c r i t ,  red  c e l l  i n d i c e s ,  whi t2  blood c e l l  c o u n t ,  w h i t e  
c e l l  d i f f e r e n t i a l  c o u n t ,  p l a t e l e t  coun t ,  and t o t a l  e o s i n o p h i l  coun t .  There  
were some s p e c i a l  heeo to logy  p rocedures ,  such  as blood volume, RBC metabol i sm,  
and c e l l u l a r  a m l y s i s .  Samples were o b t a i n e d  by ven ipunc tu re  or1 F-30, R+3 
hr.., and f o r  2 weeks p o s t f l i g h t .  Three ground c o n t r o l s  were used .  

For  t h e  c q t o g e n e t i c  s t u d i e s ,  p e r i p h e r a l  blood s m p l e s  were c o l l e c t e d  and 
h e p a r i n i z e d .  After c e n t r i f u g a t i o n ,  t h e  buff'y c o a t  was p re se rved  f o r  
chromosome c u l t u r e s  and t h e  serum and e r y t h r o c y t e s  u e r e  used f o r  o t h e r  
l a b o r g t o r y  expe r imen t s .  The c u l t u r e s  were h a r v e s t e d  a f te r  66 hour s  i n c u b a t i o n  
a t  37 C.  S l i d e s  were p repa red  and t h e  c e l l s  s t a i n e d .  P r e f l i g h t  blood samples  
were c o i l e c t e d  from 30 days  t3 one day p r i o r  t o  l i f t - o f f .  P o s t f l i g h t  samples  
were drawn on t h e  day o f  r ecove ry  o r  w i t h i n  f o u r  days .  200 t o  1000 metaphase 
c e l l s  were sco red  f o r  each  i n d i v i d u a l .  

For t h e  immunology s t u d i e s ,  t h e  serum p r o t e i n s  were as sayed  s e r i a l l y  b e f o r e  
f l i g h t ,  i m e d i a t e l y  a i t e r  r ecove ry ,  and f o r  va ry ing  p e r i o d s  o f  time (up  t o  two 
weeks) af ter  f l i g h t .  Serum p r o t e i n  e l e c t r o p h o r e t i c  p a t t e r n s  were o b t a i n e d  by 
c e l l u l o s e  a c e t a t e  e l e c t r o p h o r e s i s ,  from w9ich alburnin ,a -g lobu l in  and Y - 
g l o b u l i n  f r a c t i o n s  were compcted . I n d i v i d u a l  serum p ro$e ins  were q u a n t i t a t e d  
by r a d i a l  i m u n o d i f f u s l o n  (RID), u s ing  s p e c i f i c  a n t i s e r a .  P r o t e i n s  a s sayed  by 
R I D  i n c l u d e  immunoglobulins G ,  A ,  and M ( I  G ,  I A ,  I M I ,  t h e  t h i r d  component 
o f  complement ( C 3 ) ,  t h e  c a r r i e r  p r o t e i n s  t k a n s f g r r i n f  hap tog lob in  and 
ce ru lop la smin ,  the - . l+ , ipro teases ,  a , - a n t i t r y p s i n ,  and a*-macroglobulin,  and 
a -ac id  g l y c o p r o t e i n .  

1 



Lymphocytes were s e p a r a t e d  from h e  a r i n i z e d  venq s b l o o d  by a n y l o n  r e t i c d u r n  9 column,  c u l t u r e d ,  and p u l s e d  w i t h  8 - u r i d i n e  o r  'H-thymidine. T h i s  was 
; measured by l i q u r d  s c i n t  i l L t + p n  s p e c t r o m e t r y  f o r  R N A  and  DNA s y n t h e s i s .  Red 

cell mass was measured u s i n g  Cr .  

m: Blood c o l l e c t i o n  d e v i c e  and a s s a y  e q u i p m e n t .  

-: P o s t f l i g h t  r e d u c t i o n  i n  RBC -l.fld r e t i c u l o c y t e  c o u n t s  were f o u n d .  WBC 
and p l a t e l e t  c o u n t s  were  s l i g h t l y  e l e v a i ~ a  i n  t h e  i n i t i a l  p o s t f l i g h t  (R+O) 
test . 

CI 7 
Humai lymphocyte  r e s p o t w e  ( u p t a k e  o f  'H u r i d i n e  o r  ' H  t h y m i d i n e )  t o  phytohem- 
a g g l u t i n i n  was w i t h i n  normal  l i m i t s .  A 2-101 d e c r e a s e  i n  r e d  ce l l  mass  was 
n o t e d .  The HCT was unchanged i n i t i a l l y  b u t  r e d u c e d  a t  R+7. Hb was e l e v a t e d  
s l i g h t l y  a t  R+O, and reduced  a t  R+7. ! C H C  was e l e v a t e d  t h r o u g h  t h e  f i r s t .  
week, p o s t f l i g h t .  RBC T 1/2 remained  m c h a n g e d .  

R s i g n i f i c a n t  i n c r e a s e  o f  e c h i n o c y t e  p o p u l a t i o n  (R-2h) was n c t e d  w i t h  
immediate  p o s t f l i g h t  r e v e r s a l  (H+Oj. O t h e r  m o r p h o l o g i c a l  t y p e s  ( d i s c o c y t e ,  
l e p t o c y t e ,  c o d o c y t e ,  s t o m a t o c y t e ,  k n i z c c y t e )  remained  unchanged.  I n f l i g h t  
d i s t r i b u t i o n  of t y u e s  v a r i e d ,  b u t  n o t  s i g n i f i c a n t l y .  The number o f  
e c h i n o c y t e s  was p o s s i b l y  r e l a t e d  t o  t h e  l e n g t h  o f  f l i g h t .  

The immunology s t u d i e s  shoved  t h a t  t h e  c o n c e n t r a t i o n  o f  serum p r o t e i n s  was 
i n c r e a s e d  a f t e r  f l i g h t .  T h e r e  was no i n c r e a s e  i n  R N A  o r  D N A  s y n t h e s i s .  No 
s i g n i f i c a n t  a b n o r m a l i t i e s  were d e m o n s t r a t e d  p r e f l i g h t  o r  p o s t f l i g h t .  

The chromosome a n a l y s i s  s u g g e s t e d  p o s t l i g h t  a b e r r a t i o n s  were a p p r o x i m a t e l y  
d o u b l e  p r e f l i g h t  v a l u e s .  T h e r e  was a r a t h e r  c o n s t a n t  p o s t f l i g h t  a b e r r a t i o n  
y i e l d  which seemed t o  be d e p e n d e n t  on t h e  d u r a t i o n  o f  t h e  f l i g h t ,  and b a s e l i n e  
o r  p r e f l i g h t  v a l u e s  i n  e x p e r i e n c e d  a s t r o n a u t s  a p p e a r e d  t o  b e  h i s h e r  t h a n  i n  
t h e  o t h e r  crewmen. 

~ ~ U S I O ~ :  Although  t h e r e  were s u b t l e  a l t e r a t i o n s  f o r  some a s p e c t s  o f  
e r y t h r o c y t e  f u n c t i o n ,  plasma p r o t e i n  p r o f i l e s ,  lymphocyte  r e s p o n s e  p a t t e r n s ,  
and chromosome a b e r r a t i o n s ,  none o f  t h e s e  c h a n g e s  compromise m a l ' s  perfoi-manc. 
c a p a c i t y  w h i l e  i n  s p a c e  o r  s h o u l d  l i m i t  h i s  s t a y  i n  s p a c e .  While  q u e s t i o n s  
remain  unanswered ,  e s p e c i a l l y  w i t h  r e s p e c t  t o  l o n g e r  d u r a t i o n  m i s s i o n s ,  no 
d r a s t i c  a l t e r a t i o n s  were o b s e r v e d  d ~ r i n g  t h e  A ~ o l l o  program f o r  t h e  
h e m a t o l o g i c a l  and immunolog jca l  s y s t e m s  which would c a u s e  s e r i o u s  c o n c e r n  f o r  
t n e  h e a l t h  and s a f e t y  o f  t h e  crewmen on l o n g e r  s p a c e  journeyrs .  

PUBLICATIONS: 193, 134,  195,  297 ,  315 



TOR($): S t e p h e n  L .  Kimzey 

E X P E R T I T L E / N O M B E R :  Hematology and  I m m ~ n o l o g y  S t u d i e s ,  MI15 

PROGRAM/-: S k y l a b  2 ,  3 ,  4 

I :  Henratology, Immunology 

PBJECTIVD: To examine c r i t i c a l  p h y s i o l o g i c a l  b l o o d  p a r a m e t e r s  r e i a t i . ~ e  t o  a  
s t a b l e  s t a t e  o f  e q b i l i b r i u m  between c e r t a i n  b lood  components  and  e v a l u a t e  t h e  
e f f e c t s  o f  w e i g h t l e s s n e s s  upon t h e s e  p a r a m e t e r s ,  and  t o  p r o v i d e  o t h e r  d a t a  o n  
blood and b lood  c i r c u l a t i o n  which w i l l  a s s i s t  i n  t h e  i n t e r p r e t a t i o n  o f  
hemato logy  and immunity ,  n u t r i t i o n  and m u s c u l o s k e l e t a l  f u z e t i o n  e x p e r i m e q t s .  

PROTOCOL: Blocd s a m p l e s  were c o l l e c t e d  by v e n i p u n c t u r e  f rom t h e  crev and  
g r o u n d - c o n t r o l  s u b j e c t s  p e r i o d i c a l l y  d u r i n g  t h e  p r e f l i g h t ,  i n f l i g h t ,  and  
p o s t f l i g h t  p h a s e s  o f  e a c h  m i s s i o n .  Depending o n  t h e  a s s a y  t o  be c o n d u c t e d ,  
d i f f e r e n t  a n t i c o a g u l e n t s  were u s e d .  A l l  s a m p l e s  were p r o c e s s e d  o r  s t a b i l i z e d  
w i t h i n  m i n u t e s  o: c o l l e c t i o n .  I n f l i g h t  s a m p l e s  were c o l l e c t e d  i n  Na2 EDTA and 
i m m e d i a t e l y  s e p a r a t e d  by c e n t r i f u g a t i o n  i n t o  p lasma and c e l l u l a r  p h a s e s .  The 
i n f l i g h t  s a m p l e s  were f r o z e n  a t  -20 d e g r e e s  C and s t o r e d  o n b o a r d  u n t i l  
r e c o v e r y ,  whereby t h e  specimens were t h e n  t r a n s f e r r e d  t r  t h e  i a b  f o r  a n a l y s i s .  

EQUIPMENT: Blood c o l l e c t i o n  d e v i c e .  

RESULTS: Nc s i g n i r i c a n k  c h a n g e s  i n  t h e  p lasma p r o t e i n  p r o f i l e s  were found  i n  
t h e  immunolagy s t u d i e s .  gn i n s i g n i f i c a n t  r e d u c e d  human lymphocyte  r e s p o n s e  
( u p t a k e  o f  'H u r i d i n e  o r  H t h y m i d i n e )  t o  phytohemagg;ut inin  on R+O was n o t e d .  
It was w i t h i n  normal  r a n g e  on d a y s  R+3-7. S u p p r e s s i o n  o f  T - c e l l  numbers  ( b y  
Z - r o s e t t e ) ,  a n  e l e v a t i o r  o f  B - c e l l  numbers ,  and normal  t o t a l  lympr ,ocy tes  were 
found .  

RBC c o u n t  was unchanged a t  R+O, b u t  s l i g h t l y  r e d u c e d  by R + 7 .  WBC was e l e v a t e d  
a t  R+O and r e t i c u l o c y t e  c o u n t  was d e c r e a s e d  a t  R+O, b u t  e l e v a t e d  a t  R+7. 

A l o s s  o f  r e d  c e l l  mass and p iasma volume and r e d u c t i o n  i n  hemoglob in  
c o n c e n t ~ a t i o n  were f o u n d .  There  was a  s h i f t  i n  t h e  s p e c i f i c  g r a v i t y  i n  t '  , 

r e d  c e i l  p o p u l a t i o n .  K c o n t e n t  o f  t h e  r e d  c e l l s  remained  unchanged .  The., 
was a  s i g n i f i c a n t  v a r i a t i o n  i n  t h e  d i s t r i b u t i o n  o f  c e l l  t y p e s  i n f l i g h t .  b.. 
i n c r e a s e  i n  e c h i n o c y t e s  was found  in l ' l  i g h t  w i t k  immedia te  p o s t f l ~ g h t  r e v e r s a l  
O t h e r  t y p e s  were unchanged.  

CONCLUSlOu: The i n c r e a s e d  amount o f  p h y s i c a l  e x e r c i s e  i n  t h e  l a t e r  S k y l a b  
m i s s i o n s  may have r e s u i t e d  i n  a  p r e v e n t i o f i  o f  a l t 2 r a t i o n . s  i n  p l a s a a  p r o t e i n  
p r o f i l e s .  The e x a c t  c a u s e  and impac t  o f  t h e  r e d u c e d  lymphocyte  r e s p o n s i v e n e s s  



was not determined. The change in speci f ic  gr'avity may represent an 
a l t e ra t ion  of red c e l l  l ip id  cont.ent, c e i l  water content, c e l l  e lec t rolyte  
concentration, or a combination of the t-hree. Most changes i t 1  red c e l l  shape 
induced by in t r ins ic  factors ?nd those related to  aged ~ e d  c e l l s  a re  not 
readily reversible.  This obstrvation would support the concept of a change in 
one of the plasma constituent: and its uptake by the c e l l  membrane as  belng 
the primary cause of the shape changes. The significance of the observed red 
ce l l  shape transformation is not readily apparent. 
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p: Task and Work Pe r fwmance  on Skylab  Missionft 2 ,  3,  
and 4 ,  MI51 

-: Human 

m S ) :  Nourosensory,  Behav io ra l  s c i e n c e  

OBJECTIYES: To obse rve  a s t r o n a u t s  i n  mot ion ,  cor,$are t h e i r  m o b i l i t y  and 
d e x t e r i t y  i n  v a r i o u s  a c t i v i t i e s  under w e i g h t l e s s n e s s  w i t h  similar a c t i v i t i e s  
under E a r t h  c o n d i t i o n s ,  and t o  e v a l u a t e  t h e i r  z e r o - g r a v i t y  behav io r  f o r  
d e s i g n s  and work programs o f  f u t u r e  s p a c e c r a f t .  

PROTO(;DL: The f o l l o w i n g  t a s k s  were s e l e c t e d  f o r  o b s e r v a t i o n :  locomotion o f  
crewmen as t h e y  moved i n  zero-g environment w i t h  and w i t h ~ u t  l o a d s ,  f i n e  and 
g r o s s  motor a c t i v i t i e s  o f  creme11 i n  p e r f o r m i r q  o p e r a t i o n s  w i t h  and w i t h o u t  
t h e  use  o f  r e s t r a i n t s ,  t a s k s  which requi-ed v i s u 6 1 ,  t a c t i l e ,  o r  a u d i t o r y  
feedback,  o r  combinat ions  o f  f eedbacks ,  i n t r a v e h i c u l a r  and e x t r a v e h ; c u l a r  
a c t i v i t l e ? ,  and r e p e a t e d  a c t i v i t i e s  performed e a r l y ,  midway, and l a  . i n  t h e  
m i s s i o n s  showing a d a p t a t i o n  t o  t h e  zero-g environment.  F i lms  were made w i t h  
v e r b a l  i n f o r m a t i o n  by t h e  a s t r o n a u t s .  

EQUIPMENT: 16mm movie camera,  p o r t a b l e  h i g h  i n t e n s i t y  pho tog raph ic  !.amp, t a p e  
r e c o r d e r .  

RESULTS: There was u n i f o r m i t y  o f  crew performance ov=r  t h e  m i s s i o n s .  I n i t i a l  
change from p r e f l i g h t  t o  i n f l i g h t  environment was accompanied by an  i n c r e a s e  
i n  performance time f o r  t h e  m a j o r i t y  o f  work t a s k  a c t i v i t i e s  s t u d i e s .  By t h e  
end o f  t h e  second i n f l i g h t  t r i a l ,  morc than h a l f  o f  t h e  a c t i v i t i e s  were 
performed as e f f i c i e n t l y  a s  on t h e  l a s t  p r e f l i g h t  t r i a l .  Performance 
p r o f i c i e n c y  i n c r e a s e d  d u r i n g  each  Skylab  m i s s i o n  wi th  crewmen a d j u s t i n g  
r a p i d l y  t o  t h e  w e i g h t l e s s  environment and becoming p r o f i c i e n t  i n  d e v e l o p i n g  
t e c h n i q u e s  t o  o p t i m i z e  t a s k  performance.  

-: There was no ev idence  o f  performance d e t e r i o r a t i o n  t h a t  cou ld  be 
a t t r i b u t e d  t o  t h e  e f f e c t s  o f  l o n g  d u r a t i o n  exposu re  t o  t h e  Skylab  environment.  
Performance a d a p t a t i o n  was v e r y  r a p i d .  By t h e  end o f  t h e  second perfo!*mancc 
t r i a l .  abou t  50% of a l l  t a s k  e l emen t s  were completed w i t h i n  t h e  t ime observed  
f o r  t h e  las t  p r e f l i g h t  t r i a l .  



-1: Ea-1 V. LaFevers, Arnauld E. Nicogossian, Willim 
N .  Hursta, and Joseph T. Baker 

p: Electr~myographic Analysis of Skeletal Muscle 

EB!XMMuU: Apollo-Soyuz Test Projecl; 

DISCIPLINE(Sr: Musculoskeletal, Neurosensory 

QBJEC-: To investigate changes in skele ta l  muscle e l e c t r i c a l  ac t iv i ty  
that  occur a f t e r  exposure to short-term weightlessness. 

PROTOCOL: Ddta were obtained on days F-45, F-30, and F-15. Surface 
electrodes were placed on the lower leg muscles (gastrocnemius and soleus) and 
on the a m  muscles (biceps brachii and brachioradial is) .  Seated in the muscle 
s t r e s s  apparatus, the crewman was instructed t o  exert a se r ies  of graded 
e f fo r t s .  

EQUIPMENT: A skeletal  muscsle s t r e s s  apparatus, electromyogram. 

-: Skeletal muscle disuse a t t r ibutable  t o  9 days of space f l i gh t  
weightlessness resulted i n  increased exc i tab i l i ty  of the instrumented muscles. 

The ra t ios  of integrated electromyogram (IEMS) to force for both the 
gastrocnemius and brachioradialis muscles showed a decrezsed level  of 
e lec t r i ca l  efficiency as  a resul t  of the 9 days i c  weightlessness. The data 
for the biceps and brachioradialis muscles show a tendency for increased 
e lec t r i ca l  efficiency. 

S i g n i f i c ~ n t  shi f t ing of the power spectra in to  iower frequencies was 
consider:! evidence of nluscle fa t igab i l i ty .  I n  the leg muscle, there was a 
significant  difference between prefl ight  an@ postf l ight  spectral  power levels .  
The ~ ~ o s t f l i g h t  data showed a s ignif icant ly  greater  progressive power s t i f t  
in to  tne lower frequencies as  a resul t  of the 1-minute isometric s t r e s s .  The 
arm vuscles d i d  not exhibit s ignificant  differences between conditions. 

CONCLUSIONS: Both upper and lower extremity muscles showed changes in 
exc i t ab i l i ty  which suggest that  skele ta l  muscles are susceptible to  functional 
changes zssociated w i t h  the reduced muscle ac t iv i ty  i n  weightlessness. Since 
a l l  changes shoked increased sens i t iv i ty ,  the probable s i t e  for  t h i s  e f fect  is 
the muscle f ibe rs ,  for  the following reassn: Previous c l i n i ca l  s tudies have 
shown that  random loss or  reduced ac t iv i ty  i n  m~sc i e  f ibe rs ,  as i n  myopathy, 
r esu l t  i n  higher f i r ing  frequencies of the musc!e, whereas dysfuncticns of 
neural loc i  resul t  in lower f i r i ng  frequencies . 
Short-term exposure t o  weightlessness heightens fa t igab i l i ty  in skele ta l  
muscle. Greater amounts of spectral  power were observed i n  the lower 



frequenciev after weightlessness than before in response to the fatigue- 
induciri stress. The disuse associated wi th  whole body weightlessness 
temporarily facilitated zertain muscle conditions. 

PUBLICATIONS: 327, 328 



- : Carolyn S. Leach, and Paul  C. Hambaut 

m-L&E&UlwZI-; Biochemical  Responses o f  t h e  Skylab  Crewmen, M073 

LF(OGRBM/MZSSIC\P- Skylab  2, 3, 4 

-NE(S): Enaocr inology,  Environmental  h e a l t h  

A -IVES: To assess tilt? effect o f  s p a c e  i1igLL ~n endoc r ine  and m e t a b o l i c  
f u n c t i o n s  i m l u d i n g  f l u i d  and e l e c t r o l y t e  c o n t r o l  medhanisms. 

pBpTQC;QL: Metabol ic  mon i to r ing  began on day F-21 and con t inued  th rough  day  
R+17. Blood and u r i n e  samples were c o l l e c t e d  p r e f l i g h t ,  i n f l i g h t ,  and 
p o s t f l i g h t .  For t h e  blood samples ,  Na2 EDTA was used a s  an  a n t i c o a g u l a n t .  
Radioassay ,  f l u o r o m e t r i c  and g a s  chromatographic  t e c h n i q u e s  were used f o r  most 
hormonal a n a l y s e s .  Rsdionucl ide  body compartment s t u d i e s  u c r e  conducted  
p r e f l i g h t  and p o s t f l i g h t .  These 'nc luded d i l u t i o n  s t u d i e s  of,&otal body water 3 + ( t r i t i u m ) ,  e x t ~ a c e l l u l a r ~ ~ l u i d  ( s u l p h a t e ) ,  plasma volume ( I - p r o t e i n )  and 
exchangeable potass ium ( K and 4 3 ~ )  

m: Blood c o l l s c t i o n  d e v i c e ,  u r i n e  c o l l e c t i m  d e v i c e .  

J_EsICLTs: I n  t h e  blood samples ,  e l e v a t i o r s  were found i n  Ca and PO4 i n f l i g h t  
and remained h lgh  f o r  s e v e r a l  days  p o s t f l i g h t .  C o r t i s o l  and a n g i o t e n s i n  I 
were g e n e r a l l y  e l e v a t e d .  K and c r e a t i n i n e  i n c r e a s e d  i n f l i g h t  and remained 
h igh  i m e d i a t e l y  after recovery .  Plasma a l d o s t e r m e ,  t o t a l  p r o t e i n ,  carbon 
d i o x i d e ,  t h y r c i d  s t i m ~ l a t i n g  hormone, and t h y r o x i n e  were i n c r e a s e d  p o s t f l i g h t .  
Reduction was noted  i n  k, C 1 ,  o s m o l a l i t y  and ACTH i n f l i g h t  and p c s t f l i g h t .  
There were p o s t f l i g h t  d e c r e a s e s  i n  c h o l e s t e r o l ,  u r i c  a c i d ,  magnesium, l a c t i c  
dahydrogenase,  and t o t a l  b i l i r u b i n .  BUN and albumin were unchmged a t  A+O,  
bu t  dec reased  R+3 and R+14. A l l  e l e c t r o l y t e s  i n  t h e  2 b h o u r  x i n e  samples  
wore i c z r e a s e d  i n f l i g h t  a long  w i t h  a l d o s t e r o n e ,  c o r t i s o l ,  and t o t a l  
17-ketost .eroids.  P o s t f l i g h t  i n c r e a s e s  were seen  i n  e p i n e p h r i n e ,  
no rep inephr ine ,  a l d o s t e r o n e ,  and c o r t i s o l .  There were t raends  towzrd i n f l i g h t  
d e c r e a s e s  i n  ADH, e p i n e p h r i n e ,  n o r e p i n e p h r i n e ,  and u r i c  a c i d -  Decreases  were 
noLed p o s t f l i g h t  i n  Na, K .  C1, o s m o l a l i t y ,  PO4, magnesium, u r i c  a c i d ,  nDH, an6 
t o t a i  17-hydroxycorticosteroids. 

~~: S i g n i f i c a n t  b iochemical  2hanges were cbse rved ,  v a r y i n g  i n  
magnit.ude and d i r e c t i o n ,  b u t  a l l  d i sappea red  s h o r t l y  a f t e r  r e t u r n  t o  E a r t h .  
These changes a r e  an  i n d i c a t i o n  o f  s u c c e s s f u l  a d a p t a t i o n  o f  ;e body t o  t h e  
combined stresses of  w e i g h t l e s s n e s s .  The t r a n s i e n t  n a t u r e  o f  some o f  t h e s e  
changes ,  p a r t i c u l a r l y  i n  f l u i d  and e l e c t r o l y t e  metabolism, t end  t o  s u p p o r t  t h e  
conc lus ion  t h a t  a  new and s t a b l e  c o n d i t i o n  of homeos ta s i s  had been ach ieved .  



l0.UI-G) : Carolyn S. Leach 

EXPERIMENT&: Biocbemistrv and E n d o c r i n ~ ~ ~ g y  R e s u l t s  

PA-: Apollo-Soyuz Tes t  P r o j e c t  

-&u: Endocrinology, Envirormental  h e a l t h  

QBJECTIVES: To provide  d a t a  which would permit  an o b j e c t i v e  assessment of t h e  
i n d i v i d u a l  c r e m a n ' s  h e a l t h .  The d a t a  c o l l e c t e d  dur ing  p r e f l i g h t  provided 
b a s e l i n e  informat ion f o r  d e t e c t i n g  and i d e n t i f y i n g  p o s t f l i g h t  p h y s i o l o g i c a l  
changes which may have r e s u l t e d  from exposure t o  t h e  space  f l i g h t  environment. 

J'ROTOCQL: Analyses were performed on venous blood on days F-30, F-15, and 
F-5. P o s t f l i g h t  blood was drawn a s  soon as p o s s i b l e  a f t e ?  rczavery  and R+28. 
A l l  p r e f l i g h t  blood samples were obta ined a f t e r  f a s t i n g .  On t h e  same day t h a t  
blood was drawn, 24-hour u r i n e  samples were c o l l e c t e d  from each crewman. 

-2: Blood c ~ l l e c t i o r ~  dev ice ,  u r i n e  c o l l e c t i o n  device .  

m T 3 :  BUN, c r e a t i n i n e ,  and SGPT were e l e v a t e d  p o s t f l i g h t .  A dec rease  was 
seen in  CPK, u r i c  a c i d ,  c h o l e s t e r o l ,  and t r i g l y c e r i d e s .  A p o s t f l i g h t  dec rease  
i n  u r i n e  volume, Na, R, C 1 ,  and PO4, a!!d an i n c r e a s e  i n  Ca e x c r e t i o n  weme 
found. C o r t i s o l ,  a l d o s t e r o n e ,  and a n g i o t e n s i n  were e l e v a t e d  a t  R+O. ADH and 
norepinephrine were decreased at  R+O. A l l  were decreased R+28. 

CfJNCLUSIO&: Tb.e t.est r e s u l t s  o f  U.  S. c r e m e n  on t h e  +day ASTP f l i g h t  were 
similar t o  t h e  f i n d i n g s  on recovery o f  previous  space  f l i g h t  crews from 
miss ions  o f  comparable d u r a t i o n .  



W ' A L  INVESTIWQU): C a r a l y n  S. Leach ,  W. C a r t e r  A l e x a n d e r ,  arid P h i l i p  
C. Cohnson 

E;rDmTITLE/NUMBER: E n d o c r i n e ,  E l e c t r o l y t e ,  and  F l u i d  Volume Changes 
A s b o c i a t e d  w i t h  Apol! o  M i s s i o n s  

fBC)GRAM/NISSION: A p o l l o  

(JLASSIFlCATION: Human 

-: E n d o c r i n o l o g y ,  Environmenta;  h e a l t h  

OBJECTIVES: To e v a l u a t e  t h e  b i o c h e m i c a l  c h a n g e s  i n  A p o l l o  crewmembers. The 
areas s t u d i e d  were b a l a n c e  o f  f l u i d s  and e l e o t r o l . y t e s ,  r e g u l a t i o n  o f  c a l c i u m  
m e t a b o l i s m ,  a d a p t a t i o n  t o  t h e  e n v i r o n m e n t ,  and r e g u l a t i o n  o f  m e t a b o l i c  
p r o c e s s e s .  

PROTOCOL,: The same p r o t , o c o l  was used  fo.- a l l  t h e  A p o l l o  m i s s i o n s  e x c e p t  1 1 ,  
1 2 ,  and 1 4 ,  which wer! i n  t h e  l u n a r  q u a r a n t i n e  program.  45 m l  o f  venous  b l o o d  
was drawn 3 times b e f o r e  f l i g h t .  24 h o u r  u r i n e  s a m p l e s  were c o l l e c t e d  p r e -  
and p o s t f l i g h t  a t  t h e  ssmo time. There  was a  g round  c o n t r o l  t o  d e t e r m i n e  
t z a n s p c r t  e c f e c t s  on t h e  s a m p l e s .  Blood was a n a l y z e d  f o r  o s m o l a l i t y ,  Na, K ,  
C 1 ,  ACTH, a n g i o t e n s i n  I ,  c w t i s o l ,  HGH,  i n s u l i n ,  p a r a t h o r m o n e ,  t h y ; 8 0 x i n e ,  and  
t r i i a d o t h y r o n i n e .  U r i n e  ~ ? s  a n a l y z e d  f o r  e l e c t r o l y t e s ,  o s m o l a l i t y ,  volume,  
a l d o s t c r o n e ,  c o r t i s o l ,  A D H ,  k e t o s t e r o i d s ,  and a a i n o  a c i d s .  R a d i o n u c l i d e  
s t u d i e s  b!ere u s e d .  

EQUIPMENT: Blood and u r i n e  n o l l e c t i ~ n  d e v i c e s ,  b i o a s s a y  e q u i p m e n t .  

RESULTS: T o t a l  body w a t e r , .  imd e x t r a -  and i n L ~ * a c e l l l ; l a r  f l u i d s  d e c r e a s e d  2%.  
P lasma volumt? was r e d u c e d  4%.  T h e r e  was a p o s t f l i g h t  d e c r e a s e  i n  w i n e  
vclume,  and i n c r e a s e  i n  o s m o l a l i t y .  Na, K ,  C1, and Mg d e c r e a s e d .  A t  R+O, 
c o r t i s o l ,  a l d o s t e r o n e ,  H G 3 ,  A D H ,  p r c g n a n e d i o l  were e l e v a t e d .  E p i n e p h r i n e ,  
17-hydroxycorticosteroi~s, ;r . ir-onterone, e t i o c k o l a n o l o n e  d e c r e a s e d .  A t  R+O, 
t h e  amino a c i d s  t a u r i n e ,  s a r c c d n e ,  and B-a lan ine  were  e l e v a t e d ,  w h e r e a s ,  
g l y c i n e ,  a l a m i n e ,  and t y r o s i m !  were r e d u c e d .  

aNcLusIoMs: The f o l l o w i n g  h j p o t h e s i s  is p r e s e n t e d  t o  e x p l a i n  t h e  mechanisms 
u n d e r l y i n g  t h e  o b s e r v e d  e l e c t t m o l y t e  and f l u i d  cospar tmene.  c h a n g e s :  I n  a  
w e i g h t l e s s  e n v i r o n m s n t ,  t h e r e  is a t e n d e n c y  f o r  plasma v o l m e  t o  be 
d i s t r i b b t e d  more e v e n l y  w i t h i n  t h e  v a s c u l a r  s y s t m  and a k a y  from t h e  g r a v i t y -  
d e p e n d e n t  e x t r e m i t i e s .  T h i s  s h i f t  is i n t e c ~ i - e t e d  toy rt. - .n t ,ors ,  p r o b a b l y  i n  
t h e  r i g h t  a t rLum, t o  be an  i n c r e a s e  i n  v a s c u l a r  volume. The i n c r e a s e  i n  
v a s c u l a r  vol-ume is c o u n t e r a c t e d  by an increased v a t a r  l o s s ,  f o l i o w e d  by a 
compenae tory ,  adrenal-pit~l;.tary-mediated r e t e n t i o n  o f  w a t e r  and s ~ d i u m  and  by 
a  c o n t i n u e d  l o s s  o f  p o t a s s i u m .  O t h e r  hormone c h a n g e s  o b s e r v e d  a r e  t e n t a t i v e l y  
a s c r i b e d  tc! t h e  s t r e s s e s  a s s o c i a t e d  w i t h  t h e  c o n d i t i o n  o f  t h e  A p o l l o  s p a c e  
f l i g h t s ,  t o  t h e  w e l l  known c o n s e q u e n c e s  o f  h y p o k i n e s i s ,  and t o  t h e  m e t n b o l i c  
effects a f  h y p o c a l o r i c  n u t r i t i o n 2 1  i n t a k e .  



AL INVmG&'m) : L i l l i a n  H . T,ockh.art 

8 -?LE/NUMBEE: Cytogenet ic  StuCies o f  Blood, MI? 1 

SSIFICATIO&: Human 

Q&J&TIVES: To a ~ l s l y z e  t h e  chromosome p a t t e r n s  o f  a s t r o n a u t s  p r e f l i g h t  and 
~ o s t f l i g h t  g i v i n g  s p e c i a l  a t t e n t i o n  t o  f i n d i n g s  m g g e s t i v e  of  expcEure t o  
i o n i z i n g  i r r a d i a t i o n .  

BjQTOCOL: Blood lymphocyte s t u d i e s  were performed 5 t imes  ; r e f l i g h t  and 6 
t imes p o s t f l i g h t .  A t o t a l  o f  77 spec laens  were c u l t u r e d  a d  processed.  The 
c u l t u r e s  were incubated f o r  60 t o  75 hcurs and processed by t r ea tment  wi th  
Colnezid fur. 2 nours.  The c e l l  suspens io~ ;  vas  then t r e e t e d  wi th  a hypotonic 
scrlution and f ixed  with methanol and a c e t i c  &?id .  S l i d e s  were pp.,osred by 
flame drying.  Af te r  Wright ' s  s t a i n i n g ,  approxirmtely  125 c ~ l l l s  \ 2 exanined 
from each c u l t u r e  f o r  minor s t r u c t u r a l  d e f e c t s  and I-earrant;ements. Each c e l l  
with numerical  o r  s t r . x t u r a 1  def 'ects  w2s photographza 2nd karayotyped t c  
determine t h e  chromosomes invelved i n  t h e  a b e r r a t i o n s .  

EQUIPMNT: Blvod c o l l e c t i o n  device .  

RESULTS,: Cytogsnet ic  a a a l y s i s  of lymphocytes f o r  f ragments ,  d e l e t i o n s ,  
d i c e n t r i c s ,  r i n g s ,  exchange f i g u r e s ,  t rans ;ocat ions ,  and inversions shoxed 
minor s t r u c t u r a l  d e f e c t s  wi th ln  n o m a l  range bu t  n a j o r  rearr;;. !dements wene 
inc reased .  It seems unrela+,ed t o  f l i g h t  a s  l t  a l s o  occurred i n  t h e  groul?d 
c c n t r o i .  The e t i o l o g y  is uni<nown. 

SQNCLUSIONS: I+ is impossikle  t o  s p e c u l a t e  a s  t o  t h e  e f f e c t s  o f  h igh al t , j tucle 
f l y i n g  and weight lessnese  on t h e  chromosome s t r u c t u r e  o f  man. It would 
appear ,  hawwer ,  t h a t  t h e  f l i g h t s  were not  a s i g n i f i c a n t  f a c t o r  i n  
con ty ibu t ing  t o  t h e  i n c r e a s e  i n  minor chromosomal a b e r r a t i o n s  o r  t h e  
appearance o f  chromosomal rearrangements.  



a INVESTICATOR(S1: Pauline B. Mack, Geor4:e P. Vose Fred B. Vogt , and 
Paul A .  LaChaxe 

w-,.: Bone Lenineralization, !I006 

?ROGBAM/MZ,SSION: Gemini 4, 5, 7 

CLAS-: Human 

-: Musculoskeletal 

CTIVBS . To find the effect  upon the human skele ta l  system of prolongeo 
weightlessness and inmobilization associated with confinement f z r  a period of 
days in the Gemini spacecraft. 

PROTOCOL: The measurements of 5one demineralization were made using 
radiographi? bone densitometry. Radicgraphs were made prefl ight  and 
postflight of the l e f t  foot in l a t e r a l  projection and the l e f t  hand in  
posterior-anterior projection. They were taken a t  F-10 days and F-3 days, 
a t  R+O, R+24 hours, R + l  1 Gays. and R+47 days. Sections of the os ca lc i s ,  
talus and hand phalanges were eva?ueted f o r  cta?.,~es i n  ske ,e ta l  
mineralization. 

E Q U I P m :  Analog computer and X-ray uni t .  

RESULTS: Postflight; X-ray densitometry stowed uecreases in bone mass. How- 
ever, rapid gains were found during the f i r s t  12 ho~lrs  a f t e r  recovery. The 
losses i n  the crewmen cf Gemini ': tended to be l t  wer in a l l  anztomical 
sections than those i n  the Gemil.i 4 and 5 crewneb who consmed about 1/3 a s  
much calcium inf l ight .  

'I USIONS: The level of food intake undoubtedly has been one of the major 
pzimneters accountable for the differences i r r  levels  on mineral loss  by the 
astronauts. The Gemini 7 astronauts engaged in isotonic and i s o m e t r i ~  
exerci-ses and slept  for longer periods than Gemini 4 and 5 sstrcnauts which 
may also explain the differences. The findings of t h i s  study show that  time 
is c9t the chiel' factor responsible for  skele ta l  loss  during space f l i gh t .  
Skeletal losses were replxed w i t h i n  short period a f t e r  recovery. 



-1: R u s s e l l  R .  P h r t i n ,  Clenr? A .  War- M a r g a r e t  J .  
Putman, Diane H.  K e n t o r ,  and Cat ~ l i n d a  L .  Hol' reman 

p: P o l y m o r p h o n u c l e a r  L e u k o c y t e  Response  

-: Apollo-Soyuz T e s t  P r o j e c t  , MA032 

R: tiuman 

DISCIPLINS(S): Hematology,  C e l l  b i o l o g y ,  B e h a v i o r a l  s c i e n c e  

OaJECTIYES: To i d e n t i f y  any  m e a s u r a b l e  pc.lyioo,-phonuclear l e u k o c y t e  ( P H N I  
a l t e r a t i o n s  t h a t  migh t  be s i g n f f i c a n t  i n  p l a n n i n g  f u t u r e ,  l o n g e r  d u r a t i o n  
s p a c e  m i s s i o n s .  

P R O T U :  Blood s a m p i e s  were , , t s i n e d  p e r i o d i c a l l y  f rom t h e  crewmen between 
F-30 t o  R+3O. The back-up c r e u  were s t u d i e d  d u r i n g  t h e  p r e f l i g h t  p e r i o d  and 
s e r v e d  as a  normal c o n t r o l  p o p u l a t i o n .  T e s t s  pe r formed  i n c l u d e d  t o t a l  
l e u k o c y t e  c o u n t ,  d i f f e r e n t i a l  c o u n t ,  measurement  o f  l e u k o c y t e  a d h e s i o n ,  
e v a l u a t i o n  o f  l e u k o c y t e  m i g r a t i o n  and  c h e m o t a x i s ,  a s s e s s m e n t  o f  p h a g o c y t i c  
a b i l i t y ,  and t e s t i n g  f o r  c y t o p l a s m i c  g r a n u l e s  t h a t  s t a i n e d  f o r  l e u k o c y t e  a c i d  
and a l k a l i n e  p h o s p h a t a s e .  

RESULTS: In vitro r e s p o n s e s  showed no a b n o r m ~ l i t y  R+O t o  R+3O. L e u k o c y t e  
a c i d  a c d  a l k a l i n e  phospbscaue  h i s t o c h e m i s t r y  was unchanged.  

r \ .  -. The GozencP o f  any ~ u b s t a n t i a l  change  i n  t h e  f u n c t i o n  : ~ t u d i e s  
per formed  s u g g e s t s  t h a t  a  +day s p a c e  m i s s i o n  d o e s  n o t  i s p a i r  P M N  f u n c t l u . .  t o  
m y  s i g n i f i c a n t  e x t e n t .  The crewmembers r e t u r n i n g  from s p a c e  f l i g h t  h a v e  n,>t 
e x h i b i t e d  i n c r e a s e d  c l i n i c a l  s u s c e p t i b i l i t y  t o  i n f e c t i o n .  



w I N Y E S T I G A T O R ( S ) :  Todd F!eister 

p: Immunology, ED32 

-: S k y l a b  3 

-: H m a n  

-: Immunology 

OBJECTIVES: To o b s c r v e  vitro t h e  e f f e c t s  o f  zero g r a v i t y  on a  
p r e c i p i t i n - t y p e  a n t i g e n - a n t i b o d y  r e a c t i o n .  

W T O C Q L :  Measured amounts  o f  human a n t i g e n  were u s e d  t o  i n o c u l a t e  j p l a t e s  
c o n t a i n i n g  a g a r  and a n t i b o d i e s ,  p r o v i d i n g  e a c h  p l a t e  w i t h  a  d i f f e r e n t  
c o m b i n a t i o n  o f  a n t i g e n / ~ c t i b o d y .  The p l a t e s  were s t o r e d  a t  S k y l a b  a m b i e n t  
t e m p e r a t u r e  ( a p p r o x .  77 F) f o r  2 d a y s .  S t a r t i n g  24 h o u r s  a f t e r  i n o c u l a t i o n ,  
p h o t o g r a p h s  were t a k e n  e v e r y  5 h o u r s .  Growth r a t e s  o f  t h e  p r r c i p i t i n  r i n g s  
,ere compared w i t h  t h o s e  o f  t h e  c o n t r c l  c x p e r i m e n t  o n  e a r t h .  

E m :  3 r a d i a l  ~ m m u n o d i f f u s i o n  p i a L e s ,  1 t h e r m o s  b o t t l e - t y p e  c o o l e r ,  3 
Haml l toc  s y r i n g e s .  

wI ;LTS:  S m a l l  r i n g s  k h i c h  gre;r  d u r i n g  t h e  48-hour p e r i o d  were v i s i b l e  i n  
scine o f  t h e  chambers .  Mu,;, o t  t h e  a g a r  became d r i e d  and c r a c k e d  a f t e r  2 3  
h o u r s  9 f  i n c u b a t i o n .  Nine o f  18 chambers  had formed p r e c i p i t i n  r i n g s  a t  
a p p r o x i m a t e l y  t h e  same growth  r a t e s  and w i t h  s i m i l a r  i n t e n s i t i e s  a s  e a r t h  
c o n t r o l s .  

-: Those r e a c t i o n s  which o e c ~ r r e d  p r o v i d e d  i ~ ~ i d e n c e  t h a t  t h e  immune 
r e a c t i o n  s y s t e m  f u n c t i o n 4  n o m a l l y  i n  t h e  s p a c e  e n v i r o r a e n t .  

PUBLICATIONS: 197, 3 7 7 ,  393, 500 



PAL lNVESTIGATOR(S\: C h a r l e s  E. Mengel 

EXPERIMENT-: Red C e l l  M e t a b o l i s m  S t u d i e s  o n  S k y l a b  

OBJECTIVES: To s t u d y  t h e  effects  o f  g r a v i t y  o n  t h e  membrane a n d  t h e  
metabolism o f  t h e  human r e d  b l o o d  c e l l ,  a n d  to  d e t e r m i n e  w h ~ t n e r  a n y  m e t a b o l i c  
c h a n g e s  o r  membrane m o d i f i c a t i o n s  o c c u r r e d  as a r e s u l t  c f  e x p o s u r e  t o  t h e  
s p a c e  f l i g h t  e n v i r o n m e n t .  

W m :  Blood  sam~les  o f  e a c h  crewman were t ~ k e n  o n  d a y s  F-21, F-7, a n d  
F - I ,  4 times d u r i n g  t h e  f i r s t  a n d  8 times d u r i n g  t h e  s e c o n d  a n d  t h i r d  
m l s s i z n s ,  a n d  on d a y s  R c O ,  R+1, a n d  R+14. B lood  was  a n a l y z e d  for  
u . e themoglob in ,  g l u c o s e - & p h o s p h a t e  d e h y d r o g e n a s e ,  p h o s p h o g l y c e r i c  k i n a s e ,  
l i p i d  p e r o x i d e s ,  r e d u c e d  g l u t h a t h i o n e ,  a d e n o s i n e  t r i p h o s p h a t e ,  g l y c e r a l d e h y d e  
p h o s p h a t e  d e h y d r o g e n a s e ,  p y r u v a t e  k i n a s e ,  a c e t y l c h o l i n e s t e r a s e ,  phospho-  
f r u c t o k i n a s e ,  2 ,  3 - d i p h o s p h o g l y c e r i z  a c i d ,  a n d  h e x o k i n a s e .  i n f l i g h t  s a m p l e s  
w e r e  f r o z e n  and  r e t u r o e d  to  E a r t h  f o r  p o s t f l i g h t  a n a l y s i s .  

E S U I P i E U :  l n f l i g h t  Blood C o l l e c t i o n  S y s t e m .  

RESULTS: I n f l  i g h t  i n c r e a s e s  o f  h e x o k i n a s e  , p y r u v ?  t e  k i n a s e  , a : ~ d  
g l y c e r a l d e h y d e  p h o s p i l a t e  d e h y d r o g e n a s e  were f c s n d .  C h a n g e s  or'  a d e n o s i n e  
t r i p h o s p h a t e  a n d  2 ,  3 - d i p h o s p h o g l y c e r i c  a c i d  were n o t  s i g n i f i c a n t .  T h e r e  was 
a  s i g n i f i c a n t  p o s t f l i g n t  d e c r e a s e  o f  p h o s p h o f r u c t o k i n a s e .  S i g n i f i c a n t  
d e c r e a s e s  i n f l i g h t  o f  p h o s p h o g l y c e r i 2  k i n a s e  a n d  a c e t y l c h o l i n e s t e r a c e  a n d  
i ~ c t - e a s e s  of p y r u v z t e  k i n a s e  were f o u n d .  

I;QCLI;LUSlOu: I t  is p o s s i b l e  t o  c o n c l u d e  t h a t  t h e r e  a re  no  evident-s of l i p i d  
p e r d x i d a t i o n  i t h a r ;  t ; s c h e m i z a l  e f f e c t  known t,o b e  a s s o c i a t e d  w i t h  i r r e v e r s i b l e  
r e d  c e l l  d a m a g e ) .  The < - h ~ n g e s  o b s e r v e d  i n  g l y c o l y t  i c  i n \  : e d i a t e s  a n d  
eczyrnes c a n n o t  b t  d i r e c t l y  imp1 i c a t e d  a s  i n d i z a t  i n g  ev ldc of  r e d  c e l l  
'image. 



-1: Edward L. Miche?, John A .  Rummel, Charles F .  
& w i n ,  Melvin C. Buderei*, and John D. Lem 

v: Metabolic Act ivi ty ,  HI71 

-: Human 

-: Respiratary.  Behaviors1 science 

t - -: To determine whether man's metabolic ef fectiveiiess while 
performing mechani-.al work is p:ogressively a l t e r e d  by exposure t o  the  space 
environment and t o  evaluate  t : ~ e  MI71 bicycle ergometer a s  sn i n f l i g h t  crew 
personal exerc iser .  

PROTOCOL: Exercise y.otoco1 on the bicycle  ergometer was 5 min. r e s t ,  5 min. 
a t  25% max. VO , J min. a t  50% max. V02, 5 min. a t  75% max. VG , and 5 min. 
recovery. f i ~ ~ h f  basel ine t e s t s  were conducted by the crew. h f l i g h t  t e s t i n g  
occurred z'mut every 6 days. There were e ight  modified t e s t s  pos t f l i gh t .  Far 
Skylab 4 .  the p re f l i gh t  and pos t f l i gh t  t e s t s  included both upright and supine 
ergomet-y. Data was co l lec ted  on ergometer work r a t e ,  ergometer RPM, oxygen 
uptak::, carbon dioxide output ,  minute volume, v i t a l  capaci ty,  r e sp i r a to ry  
quo' lent ,  heart r a t e ,  blood pressure,  vectorcardiogram, body weight, body 
t ePdperat ure , and Sky l ab  environmental parameters. 

T-: Ergmeter ,  blood pressure measuring system, vectorcardiogrlaph/ 
heart  r a t e  system, metabolic analyzer cons is t ing  of a spirorneter, a mass 
spectrometer, arid an analog computer. 

: Ir?f l ight  exercise  w a s  char:-cterized by signi: 'icantly reduced oxygen 
consumption and d i a s t o l i c  bl.ood pressure.  Other re.ryonses were within normal 
p re f l i gh t  limits. 

Pos t f l igh t  ( R + O )  t e s t s  showed s i g n l f  ican t ly  decreased cardiac output ( -30%) 
and increased t o t a l  systemic peripheral  vascular r e s i s t ance .  HeatBt r a t e  was 
elevated while mean s troke volume decreased 45%. Mean a r t e r i a l  pllessure and 
oxygen consmpt ion were unchanged. Return to  norms1 pref 1 ight  values occurred 
tj Rc2b-31. 

k'light durat?.on d i d  riot s ign i f i can t ly  inl'luenc'c the rn.qnitutlc 31' changes or  
t.:me for  return to  normal. Skylab 2 rcached pref l igh t  c x ~ r c i s ?  response by 
R+L 1 ,  unereas Skylab 3 and 4 rrached pref 1 ight  exercise  response by R+4-5. 

v: I t  nppea1.s that t h e  ooserved responses were a r c su l t  of a 
decreased venous return caused by an a l t e r e d  f l u i d  balntrcc/blood volume s t a t e  
coupled w i t h  possible  reductions in vascular tone of the venous systerri. 
Exercise c;pacj t y inf 1 ight  w 3 s  not 2ompromiscd. 



PRINCIPA' INVESTIGATOB(S1: P h i l i p  OtB. Montgomery, J. 2. Cook, R.  C. 
Reynolds,  J. S. P a u l ,  L .  H a y f l i c k ,  D. S t o c k ,  W. W. 
S c h u l z ,  S t ephen  L. Kimzey, Rober t  G. T h i r o l f ,  
Thomas D. Rogers, and J. M u r r e l l  

EXPERIMENT: The Response o f  S i n g l e  Human C e l l s  t o  Zero Grnavi ty ,  
SO15 

-AM/MISSION: S k y l a b  3 

Uc-: Human 

EISCIPLINE(S): C e l l  b io logy  

S m :  To d e t e c t  t h e  e r f e c t s  o f  z e r o - g r a v i t y  on c e l l  g rowth  r a t e s  and 
c e l l  s t r u c t u r e  and f u n c t i o n .  

PROTOCOL: A s t r a i n  o f  d i p l 3 i d  human embryonic ce l l s  (WI-38) was used  f o r  t h i s  
s t u d y .  C e l l  growth rates were observed  by l i g h t  microscopy,  t r a n a m i s b i o n  and 
scann ing  e l e c t r o n  microscopy,  and h i s t o c h e ~ i s t r y .  S t u d i e s  o f  t h e  c e l l  
f u n c t i o n  and ce l l  c y c l e  wr re  performed by time l a p s e  mot ion  p i c t u r e  photo-  
graphy and microspec t rophotometry .  S tudy  o f  r e t u r n e d  l i v i n g  ce l l s  i n c l u d e d  
k a r o t y p i n g ,  G- and C-banding, and a n a l y s e s  o f  t h e  c u l t u r e  media.  Ground 
c o n t r o l  u n i t s  were used f o r  comparison o f  r e s u l t s .  

EQUIPMENT: Woodlawn Wanderer 9 w i th  a camera-microscope  sys tem,  specimen 
chambers,  and a growth c u r v e  module. 

AESULTS: Human embryonic l u n g  c e l l s  showed normal  g rowth ,  c e i l  c y c ; ~  t i m e s ,  
G-  and C- c3romosome banding and r ea r r angemen t ,  DNA,  and m i t o t i c  index .  Phase,  
e l e c t r o n  and s c a n n i n g  microscopy showed no d i f f e r n e c e s .  

CONCLUSIONS: Within t h e  l i m i t s  o f  t h e  expe r imen ta l  d e s i m ,  it was found t h a t  
& z e r o - g r a v i t y  environment  produced on d e t e c t a b l e  e f f e c t s  on human embryonic 
l u n g  c e l l s  i n  t i s s u e  c u l t u r e .  



: Arnauld E. Nicc ;53ssian,  C h a r l e s  K .  L a P i n t a ,  Eduard 
C. Burchard ,  G. Wyckl i f f e  H o f f l e r ,  9nd P e t e r  J.  
B a r t a l l o n i  

-- 
p: Crew H e a l t h  

-: Apollo-Soyuz T e s t  P r o j e c t  

CLASSIFICATION: Human 

DISCIPLINE(S): Environmenta l  h e a l t h  

PBJECTIVES: To i n s u r e  t h e  h e a l t h  and s a f e t y  o f  crewmember3. 

PROTOCOL: P h y s i c a l  examina t ion ,  i n f l i g h t  b iomed ica l  i n s t r u m e n t a t i o n ,  

m: B i o i n s t r m e n t a t i o n  e l e c t r o d e s .  

E m :  A l l  t h r e e  crewmembers expe r i enced  t h e  now classical f u l l n e s s - o i - t h e -  
head s e n s a t i o n  i n m c d i a t e l y  a f t e r  E a r t h - o r b i t a l  i n s e r t i o n .  T h i s  symptom was 
mi ld  and d i d  n o t  i n t e r f e r e  w i t h  t h e  c rew's  performance.  

The U .  S. crew wss exposed t o  t o x i c  g a s e s ,  mos t ly  n i t r o g e n  t e t r o x i d e  IN204), 
from i n a d v e r t e n t  r e a c t i o n  c o n t r o l  sys tem (RCS) f i r i n g s  d u r i n g  t h e  d e s c e n t  
phase ,  30 seconds  a f t e r  drogue deployment .  The N20,, e n t e r e d  t h e  CM th rough  
t h e  c a b i n  p r e s s u r e  r e l i e f  v a l v e ,  which was opened d u r i n g  t h e  l a n d i n g  sequence .  

The c h i e f  compla in t s  c o n s i s t e d  o f  b u r n i n g  o f  t h e  e y e s  w i th  p r o f u s e  t e a r i n g ,  
bu rn ing  s e n s a t i o n  and i t c h i n g  o f  t h e  exposed s k i n  s u r f a c e s  which m b s i d e d  
s h o r t l y  a f t e r  t hey  l e f t  t h e  s p a c e c r a f t ,  t i g h t n e s s  o f  t h e  c h e s t ,  r e t n o s t e r n a l  
bu rn ing  s e n s a t i o n ,  and i n a b i l i t y  t o  i n h a l e  d e e p l y  which l e d  t o  a  nonnroduc t ive  
and nonspasmodic cough. The rev iew o f  sys t ems  was n o n c o n t r i b u t o r y .  The t h r e e  
a s t r o n a u t s  were i n  no a c u t e  d i s t r e s s  and a l l  were o r i e n t e d  t o  t i m e ,  p e r s o n ,  
and p l a c e .  

w m :  Follow-up d e t a i l e d  medica l  e v a l u a t i o n s  were performed 4 weeks 
a f t e r  t h e  i n i t i a l  exposure  t o  N o4 vapor s .  It was e s t a b l i s h e d  t h a t  t h e r e  were 
no obv ious  r e s i d u a l  af ter  e f f e c f s  from t h e  exposu re  t o  t o x i c  fumes. 



PRINCIPAL INuSTJCATOR(S1: Arnauld E. N icogoss i an ,  C. Wyckl i f f e  H c f f l e r ,  
Robert  L. Johnson,  and Richard  J .  Cowen 

EXPERIMENT T U L E / N U m :  De te rmina t ion  o f  C a r d i a c  S i z e  From Ches t  
Roentgenograms Fol lowing  Sky lab  M i s s i o n s  

PROGRAM/hISSION - : Sky lab  2 ,  3 .  4 

D I S C I P U E ( S  : C a r d i o v a s c u l a r  

U T I V E :  To measure and e v a l u a t e  changes  i n  c a r d i a c  s i z e .  

PROJOCOL: S t anda rd  p o s t e r o a n t e r i o r  c h e s t  f i l m s  i n  s y s t o i e  and d i a s t o l e  were -. 

o b t a i n e d  p r e f l i d h t  and w i t h i n  a few hour s  a f t e r  r e c o v e r y  on each  o f  t h e  Sky lab  
a s t r r  n a u t s  . P o s t f l i g h t  c h e s t  X-rays were v i s u a l l y  compared t o  t h e  p r e f l i g h t  
roentgenograms f c r  p o s s i b l z  changes  i n  pulmonary v a s c u l a t u r e ,  l u n g  parenchyma, 
and bony o r  scft  t j  s s u e  s t r u c t u r e s .  From t h e s e  roentgenograf i s  t h e  fo l iowi ' l g  
measurements were o b t a i n e d :  c s . rd i ac  and t h o r a c i c  t r a n s v e r s e  d i a m e t e r s ,  
c a r d i o t h o r a c i c  t r a n s v e r s e  d i a m e t e r  r a t i o ,  c a r d i a c  a r e a  from t h e  p roduc t  o f  
bo th  d i a g o n a l  d i a m e t e r s ,  c a r d i a c  s i l h o u e t t e  a r e a  by p l a n i m e t r y ,  t h o r a c i c  cage  
a r e a  and, c a r d i o t h o r a c i c  a r e a  r a t i o  

EQUIPMENT: X-ray equipment .  

U S :  There  were s i g n i f i c a n t l y  d e c r e a s e d  c h r d i a c  s i l o u e t t e  areas, and 
c a r d i o t h o r a c i c  t r a n s v e r s e  d i a m e t e r  r a t i o s  p o s t f l i g h t .  No c o r r e l a t i s n  was 
found between l e n g t h  o f  mi s s ion  and change i n  s i z e .  Norma l i za t ion  o c c u r r e d  by 
R+5. P o s t f l i g h t  e c h o c a r d i o g r a p h i c  a n a l y s i s  showed v e n t r i c u l a r  d imens ions  
unchanged on Sky lab  4 .  

-: The observed  p o s t f l i g h t  d e c r e a s e  i n  fror!  a 1  p l a n e  c a r C i a c  
s i l h o u e t t a  s i z e  cou ld  be a t t r i b u t e d  t o  a d e c r e a s e  i n  myocard ia l  t i s s u e  mass 
and /o r  i n t r achamber  blood c o n t e n t ,  a n a t a m i c a l  r e o r i e n t a t i o q ,  o r  a combina t ion  
o f  t h e s e  f a c t o r s .  Caudad d i sp l acemen t  of  blood and o t h e r  f l u i d s  t o g e t h e r  w i t h  
an  a b s o l u t e  d e c r e a s e  i n  t h e  c i r c u l a t i n g  blood volume cou ld  accoun t  f o r  t h e  
obszrved  d e c r e a s e s  i n  t h e  c a r d i a c  s i l h o u e t t e  s i z e .  A s m a l l  d i a s t o i i c  s i z e  
might more ? l e a r i y  d e l i n e a t e  a d e f i c i t  i n  blood r e t u r n  and chamber f i l l i n g  
r a t h e r  t h a n  l o s s  o f  myocard ia l  mass. 



INVESTLGATORG.): Arnau ld  E .  N i c o g o s s i a n ,  C h a r l e s  F. Sawin ,  and  
P e t e r  J .  B a r t e l l o n i  

-: R e s u l t s  o f  Pulmon; lr R l n c t i o n  T e s t s  

E p O C R A M / ~ :  Apollo-Soyllz T e s t  P r o j e c t  

-: Human 

DISCIPLINE(S): R e s p i r a t o r y  

QBJECTIYES: To measure  pulmonary f u n c t i c n  i n  w e i g h t l e s s n e s s .  

PROTOCOL: P r e f l i g h t  pulmonary f u n c t i o n  t es t s  were  p e r f o r m e d  i n  c o n j u n c t i o n  
w i t h  o t h e r  m e d i c a l  e v a l u a t i o n s  on d a y s  F-45, F-33, end  F-15. B e c a u s e  o f  
h a r d w a r e  m a l f u n c t i o n  on day  F-45, d a t a  were n o t  amenable  t o  a n a l y s i s  and  o n l y  
two sets o f  d a t a  were u s e d  f o r  b a s e l i n e  p u r p o s e s .  F o l l o w i n g  e x p o s u r e  t o  
n i t r o g e n  t e t r o x i d e  and  10 m i n u t e s  p r e b r e a t h i n g  o f  100% oxygen ,  pulmonary 
f u n c t i o n  s c r e e n i n g  tests were o b t a i u e d  on a l l  t h r e e  crewmembers on r e c o v e r y  
day a b o a r d  t h e  p r ime  r e c o v e r y  v e s s e l .  

&QUIPMEU: Pulmonary f u n c t i o n  t e s t  e q u i p m e n t .  

mum: P o s t f l i g h t  pulmonary f u n c t i o n  a s s e s s m e n t  was c o m p l i c a t e d  by n i t r o g e n  
t e t r o x i d e  i n h a l a t i o n  d u r i n g  r e c o v e r y .  D i s c o m f o r t  a s s o c i a t e d  w i t h  d e e p  
i n s p i r a t i o n  and b r e a t h  h o l d i n g  was n o t e d  R+l and R+2. P a r a m e t e r s  measured  
were: c a p a c i t i e s  ( t o t a l  l u n g ,  r e s i d u a l ,  v i t a l ,  f o r c e d  v i t a l ) ,  f l o w  r a t e s  
(maxjm~!m e x p i r a t o r y ,  maximum m i d e x p i r a t o r y ,  e x p i r a t o r y  i n  1  S) , c l o s i n g  
volume,  c l o s i n g  c a p a c i t y ,  s i n g l e  b r e a t h  c a b r o n  monoxide d i f f u s i n g  c a p a c i t y .  
Decreased  d i f f u s i n g  c a p a c i t y  o c c u r r e d  u n t i l  R+13 (50% i n  o n e  crewman).  

-: No s i g n i f i c a n t  p o s t f l i g h t  c h a n g e s  were o b s e r v e d  when compared t o  
t h e  p r e f l i g h t  means. The R+29 d a t a  o b t a i n e d  f r o a  t h e  t h r e e  crewmemhers showed 
t h a t  t h e  measured pulmonary f u n c t i o n  p a r a m e t e r s ,  i n c l u d i n g  DLCOSB and r e p e a t  
b lood  g a s  d e t e r m i n a t i o n s  ( b r e a t h i n g  room a i r  and  100% o x y g e n ) ,  were  w i t h i n  
normal  l i m i t s .  



\- , -1: W. Zachary Osborne,  Lawrence S. P insky ,  and J .  
Veranoa B a i l e y  

EXPERIMENT: Apol lo  L i g h t  F l a s h  I n v e s t i g a t i o n s  

-: Human 

DISCIPLLNE(S): Radiobiology 

QBJECTIVES: To i n v e s t i g a t e  t h e  l i g h t  f l a s h  phenomenon, and t o  o b t a i n  a d i r e c t  
p h y s i c a l  r eco rd  o f  i n c i d e n t  cosmic r a y  p a r t i c l e s .  

: There were 3 one-hour o b s e r v a t i o n  s e s s i o n s  f o r  l i g h t  f l a s h e s  on 
Apol lo  15, and 2 one-hour s e s s i o n s  on Apol lo  16 and 17. On Apollo 16 and 17,  
t h e  a s t r o n a u t s  wore t h e  ALFMED d e v i c e  d u r i n g  t h e  mis s ion  w h i l e  o b s e r v i n g  l i g h t  
f l a s h e s .  P o s t f l i g h t  a n a l y s i s  i n c l u d e d :  l o c a t i o n  s c a n ,  t r a j e c t o r y  measurement, 
t r a n s l a t i o . 1  scacl c o r r e l a t i o n  between o b s e r v a n ~ : ~  and t r a c k s ,  and c h a r g e  and 
energy  measurements. 

-: The ALFMEO was a n  e l e c t r o m e c h a n i c a l  he lme t - l i ke  d e v i c e  t h a t  
suppor t ed  cosmic r a d i a t i o n - s e n s i t i v e  emuls ions .  A d i r e c t  p h y s i c a l  r e c o r d  was 
made o f  cosmic r a y  p a r t i c l e s  t h a t  pas sed  th rough  t h e  emcis ion  p l a t e s  and t h e  
s u b j e c t ' s  head. 

8-: On Apollo 7-10, no l i g h t  f l a s h e s  were d e t e c t e d .  On Apol lo  1 I ,  d a r k  
adapted  crewmen "sawt1 l i g h t  f l a s h e s  w i t h  e y e s  open o r  c l o s e d .  S u b j e c t i v e  
e x p e r i e n c e  vas  66% s p o t ,  25% s t r e a k ,  and 82 c loud  t y p e  f l a s h .  ALFMED r e s u l t  
i n d i c a t e d  cosmic r a d i a t i o n  i n t e r a c t i o n  w i t h  r e t i n a .  Apo1.10 12-14 con t inued  
o b s e r v a t i o n s  by a l l  crewmen o f  l i g h t  f l a s h e s .  There was a c o r r e l a t i o n  o f  
l i g h t  f l a s h e s  w i t h  cosmic r a d i a t i o n  o f  50-300 MeV/nucleon. 

CONCLUSIONS: E v i d e x e  shah-j t h a t ,  a t  least  i n  p a r t ,  t h e  f l a s h e s  seen  by 
a s t r o n a u t s  a r e  c o r r e l a t e d  w i t h  charged  p a r t i c l e s  t r a n s v e r s i n g  t h e  r e t i n ? .  
F u r t h e r ,  s i n c e  t h e  f l u x  o f  t h e s e  p a r t i c l e s  Is s u f f i c i e n t  t o  e x p l a i n  t h o  e n t i r e  
phenomenon, it is 1i .kely t h a t  a l l  o f  t h e  f l a s h e s  o r i g i n a t e  i n  t h i s  manner. 
The ALFMED t e c h n i q u e  h a s  been demonst ra ted  t o  be e f f e c t i v e  a s  a  p rocedur s  f o r  
s tudy  o f  t h e  l i g h t  fLash phenomenon. 



AL INV-1: P a u l  C. Rambaut, Malcom C. S m i t h ,  and  H a r r y  0 .  
I Wheeler  
t 
1 

H D T  TITLE/NUMBEH: N u t r i t i o n a l  S t u d i e s  

-MISSION: A p o l l o  

U ~ I C A ~ :  Human 

USCIPLINE_(S): E n v i r o n m e n t a l  h e a l t h  

QBJECTIVU:  To s t u d y  m u s c u l o s k e l e t a l  z h a n g e s ,  c l i n i c a l  d i s o r d e r s  j n  s p a c e  d u e  
t o  i m b a l a n c e  between bone f o r m a t i o n  and r e s o r p t i o n ,  i n f l i g h t  w e j g h t  l o s s ,  a n d  
i n f l i g h t  c a l o r i c  i n t a k e .  

PROTOCOL: The a e n u  and c a l o r i c  i n t a k e  o f  t h e  a s t r o n a u t s  were c a r e f u l l y  
m o n i t o r e d .  Food was a n a l y z e d  f o r  N ,  f a t ,  c a r b o h y d r a t e ,  c r u d e  f i b e r ,  Ca, P,  
F e ,  Na, K ,  and Mg. Body volume was measured by s t e r e o p h o t o g r a m m e t r y ,  a n d  
t o t a l  body w a t e r  was c a l c u l a t e d  by K-42 dilution. A n a l y s i s  was made o f  u r i n e ,  
b l o o d ,  and f e c a l  s a m p l e s  t o  s t u d y  m e t a b o l i c  b a l a n c e .  

EQUIPMENT: S t e r e o p h o t o g r a m n e t r y  a p p a r a t u s .  

RESULTS: I n t a k e  o f  p o t a s s i u m  was m o n i t o r e d  i n  A p o l l o  f o r  i n p u t  and  o u t p u t .  
L e s s  K was l o s t  a u r i n g  f l i g h t  t h a n  p r e f l i g h t .  I n  A p o l l o  17 ,  w a t e r  c o r ~ s u m p t i o n  
was l o w e r  d u r i n g  f l i g h t  and  u r i n e  o u t p u t  wds l o w e r .  The i n s e n s i b l e  l o s s  was 
9CO-1200 c c / d a y ,  t h e  same a s  p r e f l i g h t .  T h e r e  was a n e g a t i v e  b a l a n c e  i n  
p h o s p h o r u s ,  and  n i t r o g e n  d u r i n g  f l i g h t .  A d i m i n i s h e d  n i t r o g e n  r e t e n t i o n  
i n d i c a t e d  a g e n e r a l  m ~ s c ~ ~ l o s k e l e t a l  d e t e r i o r a t j o n .  P o t a s s i u m  r e t e n t i o n  
i n f l i g h t  was l ess  t h % n  t h a t  e s t a b l i s h e d  d u r i n g  t h e  c o n t r o l  s t u d y .  T h e r e  was a 
mean body w e i g h t  l o s s  o f  5 . 9  k g ,  and w a t e r  l o s s  o f  1.77 i i ters.  It was found  
t h a t  f a t  l o s s  o c c u r r e d  r a t h e r  Lt:l.!? l e a n  body l o s s .  I n  A p o l l o  15, t h e r e  were 
pronounced e l e c t r o l  yti: a n o m a l i e i  . Tr,oy may have  been a s s o c i a t e d  w i t h  i n f l i g h t  
c a r d i a c  a r r h y t h u i a s  and p o s t f l i g h t  c h a n g e s  i n  e x e r c i s e  ~ e r f o r r n a i i c e  and  
c a r d i o v a s c u l a r  r e s p o n s e s .  

CONCLUSIONJ: E s t i m a t e s  o f  body c o m p o s i t i o n  c h a n g e s  f rom m e t a b o l i c  b a l a n c e  
d a t a  p r o v i d e  no e v i d e n c e  f o r  d i m i n i s h e d  c a l o r i c  r e q u i r e m e n t s  d u r i n g  a f l i g h t .  
Measurements  or" bone d e n s i t y  and m e t a b o l i c  b a l a n c e  c o n f i r m  a t e n d e n c y  toward  
l o s s  o f  s k e l e t a l  t i s s u e  i n  w e i g h t l e s s n e s s .  No e v i d e n c e  e x i s t s  t h a t  a n y  
i n f l i g h t  m e t a b o l i c  anomaly ,  i n c l u d i n g  h y p o k a l e m i a ,  was i n d u c e d  by m a r g i n a l  o r  
d e f i c i e n t  n u t r i e n t  i n t a k e s .  I n  g e n e r a l ,  t h e  A p o l l o  crewmen were w e l l  
n o u r i s h e d  and e x h i b i t e a  normal  g a s t r o e n t e r o l o g i c a l  f u n c t i o n s ,  a l t h o u g h  
a p p e t i t e  was somewhat d i m i n i s h e d  and t h e  o r g a n o l e p t i c  r e s p o n s e  t o  food  was 
somewhat m o d i f i e d .  



l3LkU.W INVESTIGATOR(S1: Paul C.  Rambaut , Malcolm C .  Smith, Paal ine E. 
Mack, and John M. Vogel 

m-: Skeletal Response 

uOGRAM/M'&m: Apollo 14, 15, 16 

m,L;INE(S;-: Musculoskeletal 

OBJEC-: To determine e f fec t s  of weightlessness on bone during proionged 
space f 1 ight 

PROTO&&: 1 scan was made,$. the cor~figuration of the her?. pg ca lc ia  ar.d arm 
(radius and ulna) using a I source. It was made i n  3 directions with a 
t o t a l  of 4096 data points taken. Scans were made a t  F-1 month, F-2 weeks, F-1 
week, and R+4. The bone scans were made using photon absorptiometry. 

EpUIPMENT: Rectilinear bone mineral scanner, 1 2 5 ~  source, NaI s c i n t i l l a t o r .  

BE-: Nc mineral losses were ohserved in  - j  c d c b ,  radius, or ulna in  
Apollo 14. (There were significant  increases in  f a t  on the plantar side of' 
the os ca lc is  i n  the Command Module Pilot  of Apollo 14 .  ) In 6pollo 15, there 
was some minerai loss  in the bone, b u t  none i n  Apollo 16. I n  a l l  gissions 
there was greater variation in  mineral loss  i n  the ulca. A s ignif icant  change 
in ,he sof t  t issue composition of the Command Module Pi lo t  in  Apollo 1 4  was 
found, b u t  none in Apollo 15 or 16. 

CONCLUSIONS: L,oss oE mineral from bone incident t o  period: of weightlessness 
was comparable to that  observed i n  bed res t  subjects b u t  the magnitude was not 
as severe. If  these losses were allowed to  continue unabated for a prolonged 
period of time, the consequences might be more serious since the losses were 
probably not co~ f ined  to the bones dsscribed. Because of e i the r  bLological 
yar iabi l i ty  between subjects or factors not yet ident i f ied ,  not a l l  crewmen 
were slmil.arly affected during the 10- to  12-day missions. These studies can 
be used to ccnstruct a time-effect curve that  can be compared w i t h  the bed 
res t  data,  t3us pe.'mitting a reasons.ble degree of prediction for  longer space 
f l i gh t  miss iot :~  



W A L  INVESTIGAm):  Wayiand J .  Rippstci!., and Howard J .  Schneidtr 

E- TIT-: 'Ioxicological Aspects of Skylab Program 

W C R :  Skylab 2 ,  3, 4 

S;LASSZEICATu: human 

DISCIPLINE(S): Environmental heal th  

WCTIVES: To ensure a s a f e ,  habi table  spacecraf t  environment fo r  the  
crewmen . 
PROTOCOL: A nonmetallic mater ia l s  screening program was designed t o  elj-minate 
those mater ia l s  t h a t  wcjlld cause problems from t h e i r  outgassed products. The 
screening program was based on aeasuring the amounts of carbon monoxide and 
t o t a l  organics outgsssed per un i t  weight of eacn candidate mater ia l .  Levels 
of a c c e p t c x e  were establ ished fo r  bcth carbon monoxide and t o t a l  o r g m i c s  
based on the spacscraf t  habi table  volume, the  t r a c e  gas removal r a t e  by the  
environmental control  l i f e  support systems, and the cabin leak r a t e .  

UUIpMENT: Gas sanpli.rp equtpment , ma3s spectrometer,  gas chromatoy;*aph. 

RESULTS: Results of analyses indicated the presence of appn?siaately 300 
compounds in  the Orbi tal  Workshop atmosphere. 197 of these ccmpo~dnds were 
iden t i f i ed .  

- 
CONCLUSIONS: The crew was provided w i t h  -it: sa fe  an envi roment  a s  zould be 
a t ta ined  csing the cur ren t  s ta te-of- the-ar t  t r ace  gas r e m c r ~ l  t echn~ logy .  The 
knowledge gained in  solving the t r ace  coctaminant problems encountered in  the  
Skylab P!.ogram w i l l  g rea t ly  aid i n  prcviding s a f e ,  habi table  spacecraf t  
environnents fo r  the fu ture  missions of mzn i n  space. 



n -JNVESTIGATOR(S) : John A .  Rumsl ,  Charles F'. Sawin, and Edward L.  
Michel 

MBEB: Exercise Response 

USCIPMNE(S): CarGiovascular, Respiratol-y, Behavioral ,.,trice 

9BJCCTIVU: To evaluate  the physiological response t o  exercise  pre- and 
pos t f l i gh t  i n  order  t o  assure the  success of *unar  surface e x t r a ~ e h i c u l a r  
a c t i v i t y  ( E V A ) .  i h i s  was not. measured in  spsc? due t o  the redirectzd Apollo 
prcg-am a f t e r  the Apollo f i r e .  

PROTOCOL: A bicycle  ergometsr and g r a d 4  s t~sss  protocol were u t i l i ~ e d  w i t h  
hsar t  r a t e  determinin, s t r e s s  l eve l s .  The prof )col  was comprise.! of exerc ise  
~ a v e l s  a t  heart  r a t e s  of 120 (6  nin.  1, 140 ( 3   in. ) , and 16C ( 3  m i a .  ) . The 
t e s t s  were condccced three  times w i t h i r !  F-30 days, pild a t  R+24 hours, and R+36 
hours. l'hf! workloadr heart  r a t e ,  blood pressure,  anc resp i ra tory  gas zxchange 
wei-e heasured every minute. 

ECYIP-: Eicycle ergorueter, graded s t r e s s  equipment., [ ,KG, resp i ra tory  gas 
exchange syytem. 

RESULTS: Heart r a t e  was increased i n  the immediate pos t f l i gh t  t e s t  an avorage 
of 16 b e a t h i n . ,  but was not s ign i f i can t ly  elevated a t  the second t e s t .  The 
re la t ionship  between heart  r a t e  and oxygen sonsump~ion was signif-?anLly 
a l t e r ed  a t  a l l  hsar t  r a t e  l e v e l s  pos t f l i gh t .  The blood pressure decreased 
pos t f l i gh t  (both s y s t o l i c  and d i a s t o l i c )  a t  the same hear t  r a t e .  There s a s  a 
decrease i n  cardiac outpct  ( s t roke  volume) a t  the r a t e  of 160 b e a t h i n .  

SO?JL'i=: l ' lere was a decrease in  s t roke volume, which coulti have been 
caused by changes i n  c i r cu l a t ing  blood vo lwe  ?nd/or r ed i s t r i bu t ion  of blood 
volume to  lower extremit ies .  There were c~ s i g r ~ i f i c m t  changes i n  mechanical 
o r  resp i ra tory  e f f i c i enc i e s .  The ileayt r a t e  was s igni f ica i i t ly  elevated f o r  
the Sam2 oxygec c~nsumption. T h i s ,  i n  cu?juncticn w i t h  t h e  reduced s t roke  
volume, maintained thc same cardiac output/oxygen consumption relat iocqhir ,  . 



PRINUPAI. IINVESTIGATO,S(S) : Ct .>r les  F .  S a w i n ,  Arnauid E. N i c o g o s s i a n ,  A .  P a u l  
S c h a c h t e r ,  J ~ h u  A .  R u m e l ,  and Edward L.  Miche l  

E X P E R U E U  T I T L E / N U m :  Pulrnr;.~ary F ~ n c t i o n  E v a l u a t i o n  D u r i n g  and F o l l o w i n g  
S k y l a b  Syacp F l i g h t s  

CLASSIFICATIW: Human 

DISCIPLINE(S): R e s p i r a t o r y  

OBJECTIVES: To ev.z,uate t h e  e f f e c t s  o f  s p a c e  f ? i g h t  on pu1mc:lary f u n c t i o n .  

PROTOC3L: Forced  v i t a l  c z n a c i t y  dss measured A y - r i n g  t h e  p r e f  i i g h t  and  
p o s t f l i g h t  p e r i o d s  ,>f t h e  S k y l a t  2 m i s s i o n .  I n i t i a l  i n f l i g h t  measurements  o f  
v i t a i  c a p a c i t y  were o b t a i n e d  d u r i n g  t h e  l a s t  two weeks o f  t h e  second  manned 
m i s s i o n .  C o ~ ~ p r e h e n s i v e  pulmon2:y f u n c t i o n  s c r e e n i n g  was a c c m p l  i s h e d  d u r i n g  
t h e  S k y l a S  4 a ' - s i o n .  The p t i m a r y  a e a s u r e n e n t s  made d u r i n g  S k y l a b  4 t e s t i n g  
i n c l u d e d  r e s i d u a l  volume d c ~ e r r c i . ~ a t i o n ,  c l o s i n g  volume,  v i t a l  c a p a c i t y  and 
f o r c e d  v i t a l  czpac: y  and i ts  d e r i v a t i v e s .  I n  a d d i t i o n ,  c o m p r e h e n s i v e  
i n f l i g h t  v i t a l  c a p a c i t y  measurements  were made d c r i r i g  S k y l a b  4 .  

EQUIPEN:: Ana;sg t a p e  r ~ c o r i i e r ,  d i f f e r e n t i a t o - ,  s t r i p - c h a . t  r e c o r d e r ,  
d i g i t i l  r o l t m e t e r  f o r  g i t r o g e n  p r o d u c t i o n ,  r e s s i r a t o r y  mass s p e c r t o m e t e r ,  
Zkylab m e t a b o l i c  a n a l y z e r ,  XY p l o t t e r .  

RESULTS: Pulmonary f l lnc t  i o r ~  a?se?sment  shcwed no change  - - t  R+24h. P a r a m e t e r s  
measured were: c a p a c i c - a s  ( t o t a l  I v n g ,  r e s i d u a l ,  v i t a ; ,  f o r c e d  v i t a : ) ;  f l o w  
r a t e s  (maxim- e x p i r a t > r y ,  maximuu m i d e x p i r a t o r y ,  e x p i r a t o r y  i n  1 s ) ;  c l o s i n g  
c a p a c r t y ,  ar c ls  ,in& volume. I l l f l i g h t  v i t a l  c a p a c i t y  was s l i g h t l y  r e d u c e d .  

COflCLUaTONS: Tne v i t a l  c y p a c i t y  c h a n g e s  o b s e r v e d  i n f i i g h t  may be p a r t i a l l y  
e x p l a i n e d  a s  a respo..se t o  5 p s i a  a m b i e n t  p r e s s u r e .  However, t h e  p r o p o r t i o n  
c f  ~ i t a l  c a p a c i t y  d e c r e a s e s  d i r e c t i y  a t t r i b u t a b l e  t o  o t h e r  f a c t o r s  s u c h  a s  
body b l u i d  sbi; -s acd a  c e p h a l a d  s h i f t  of t h e  d iaphragm c a n n o t  be d e t e r m i n e d  

a f rcm the p r e s e n t  d a t a .  a e g a r d l e s s  o f  t h e  c a g s e ( s )  o f  d e c r e a s e d  i n f l i g h t  v i t a l  
c a p s c i t i e s ,  a r i v i e w  of p 3 s t f l i g h t  d a t a  -hers t h a t  t h e s e  c h a n g e s  ? e v e r t  t o  
normal k ; t h i n  two h o u r s  f o l l o w i n g  r e c o v e r y  w i t h o u t  s i g n i f . - c a n t  i m p a c t  on c rew 

i h e a l t h  s t a t u s .  



-1: Malcolm C. Smith and Rita H. Rapp 

p: Food and N u t r i t i o n  

-: Apollo-Soyuz T e s t  P r o j e c t  

-: Human 

-: Environmenta l  h e a l t h  

CBJECTIVES: To dete.mrine n u t r i e n t  energy  r e q ~ i r ~ e n t s .  

I lUQGQL: C e r t a i n  n u t r i e n t s ,  i n  p a r t i c u l a r  Na and K ,  were c o n c e c t r a t e d  i n  
t h o s e  foods  f o r  which t h e  c.xw d i s p l a y e d  t h e  h i g h e s t  p r z f e r e n c e  and which were 
deemed ms: l i k e l v  t o  be consumed. A s  much as p o s s i b l e  o f  t h e  m i n i a m  
n i t r i e n t  r e q u i r e m e n t s  were tnc luded  i n  a  b a s i c  d i e t  o f  app rox ima te ly  1800-2000 
k i l o c a l o r i e s  ( & a l l .  P r e f l i g h t  ican body mass was de te rmined  by m c i  surement  
o f  t o t a l  body K i n  t h e  low-background r a d i a t i o n  c o u n t i n g  f a c i l i t y  a t  t h e  
NASA Lyndon B. Johnson Space  Cen te r .  On t h e  b a s i s  o f  SkylaD ene rgy  
c o n s m p t i o n  d a t a  and ASTP t o t a l  body K measu renen t s ,  t h e  ene rgy  r e q u i r e d  t o  
m a i n t a i n  LBn d u r i n g  t h e  ASTP m i s s i o n  u a s  p r e d i c t e d .  

-: None i d e n t i f i e d .  

-: E s t i m a t e s  o f  i n - f l i g h t  food consumption based on d a i l y  r e p o r t s  
i n d i c a t e  t h a t  a v e r a g e s  o f  2930, 3000, and 2867 k c a l / d a y  were consumed by t h e  
ACDR, t h e  CHP, and t h e  DMP, r e s p e c t i v e l y .  No g a s t r o i n t e s t i n a l  problems were 
encountered  d u r i n g  t h e  m i s s i o n .  A p p e t i t e s  d u r i n g  f l i g h t  were r e p o r t e d  t o  be  
t h e  same as d u r i n g  t h e  p r e f l i g h t  p e r i o d .  The G4P r e p o r t e d  changes  i n  t h e  
t a s t e  o f  foods  d u r i n g  f l i g h t  and i n d i c a t e d  thst t j l t y  foods t a s t e d  b e s t  t o  
him. A s  on p r e v i o u s  Apol lo  m i s s i o n s ,  t h e  crew r e p o r t e d  g a s  i n  t h e  h o t  water 
supp ly  which i n t e r f e r e d  wi th  comple te  r e h y c k a t i o n  of t h e  food .  Throughout t h e  
m j s s l o n ,  h i g h - p r i o r i t y  a c t i v i t i - e a  and worK s c h e d u l e s  f r e q u e n t l y  p rec luded  
ad&qu&te time f o r  meal p r e p a r a t i o n  and foad  c o n s m p t i o n .  

m-: I n  g e n e r a l ,  t h e  crew was s a t i s f i e d  w i th  t h e  q u a l i t y  and q u a n t i t y  
o f  f l i g h t  food p r o v i ~ e d .  



m U I N w )  : : a p a a t l  F. Smith, K e v i n  S t  a n t o t i ,  Dav id  S t o o p ,  
Donald  Ewwn,  Y s l t e r  J a n u s z ,  a n d  P a u l  K i n g  

W H T  f 1-: V e c t a r c a r d  l o q r n p h i z  C h a n g e s  D u r i n g  Ex t e n d e d  S p 3 2 e  
Fl l g h t  , HCQ! 

. . 
-: Human 

-: TJ m e a s u r e  e l e , - t r c . ? n r d l o g r a p h : c  s i g n . 1 1 ~  d u r i n g  sT:i;e f l i g h t ,  t o  
c i u e l d a t e  t h e  e l c c t m p . t l y s l o l o g ~ c ~ 1  b a s i s  f o r  t b z  1-hanges o b s e r v e d ,  a:ld t o  
a s s e s s  t h e  e f f e c t  o f  t h e  c h a n g e  a n  t h e  human c a r d i o v a s c u l a r  s y s t e m .  

P,P3T3L'OL: ~~~~~~~~~ardlograms uct ' r~  t a k e n  a t  I -cs t ,  d u r i n g  a n d  a f t e r  exe rL . i se  I n  
e a c h  ?re\lrman i n  t h e  p r e f l  l g h t  . i n f  1 i g h t  . a n d  post f; l g h t  p h a s e s .  The P r e u  
e x e r c i s e d  c n  t h e  b i q z l e  e r k c x n e t c r  a t  n  work l o a d  o f  150 u a t t s  f o r  2 m i n ,  a n d  
t h e n  v e c t o r c a r d i o g r a m s  u e r e  o b t a i n e d  f o r  10 min .  

m: V e c ; a r c a r d i o g r ~ p h ,  b i c y c l e  e r g o m e t e r .  

w: T h e r e  u a s  a  s t a t  1st l ~ n l i y  s ign i t ' l h : . i n t  inc.rea.c.- I n  QRS v e c t o r  - m n g n i t  ude. T maximum v e c t  ;: m a g n i t u d e ,  a n d  rest i n g  PA i n t e r v a l  . P u r i n g  
e x e r c l s c ,  t h e  PR i n t e r v a l  d ~ d  n o t  d i f f e r  f rom p r e f l i g h t .  E x e r c i s e  h e a r t  r a t e s  
i n f l i g h t  u e r e  t h e  same a s  p r r f l i g h t .  b u t  i n c r e a s e d  i n  t h e  i n m e d i a t e  p o s t f l i g h t  
per i  ' d .  No m a j o r  c h a n g ~ s  i n  QRS, T. o r  ST v e c t o r  d i r e c t i o n  o c c u r r e d .  D u r i n g  
t h e  t h r e e  f 1 i g h t s  c a r d i a c  a r r y t h m i a s  u e r e  o c c 3 s i o n a l l y  o b s e r v e d .  

CON CLli -. . With  t h e  e x c e p t i o n  o f  :he x r t h t n m i a s ,  no  n d v e r s p  2 l e c t r o c a r d i a -  
g r a p h i c  c h a n g e s  u e r e  o b s e r v 4  d u r i n g  t h e  Sky l r ib  m i s s i o n s .  The i n c r e a s e  i n  QRS 
a n d  T  m a g n i t u d e  r e s e m b l e s  t h e  e l e c t r o c a r d i o g r a p h i c  c h m g e s  a s s o c i a t e d  w i t h  
a t , h l e t i c  c m b i r i o n i n g  a n d  n a y  be r e l a t e d  t o  i n c r e a s e d  v e n t r i c u l a r  vo lume  
s e c o n d a r y  t o  c e n t r i p e t a l  s h i f t s  o f  f l u i d  a n d / o r  t h e  i n f l i g h t  i s c t o n i ?  e x e r c i s e  
prog.-am. F r a l o n g a t i u n  o f  t h e  PA i n t e r v a i  a t  rest w i t h  n o r m a l i z a t i o n  by 
e x e r c i s e  s u g g e s t s  t h a t  t h e r e  u a s  inc ' t -eased  v a g a l  tor& i n  t h o s e  crewmen 
e x h i b i t i n g  t h i s  r e s C o n s e .  



- -.E/tiUmf!: YMicai Hicrobiological A n l y s i s  of U. S. 
Crewmembers 

PRf?SRbn/HISSIOI: Apol lo-Soyuz Test Project 

S :  Human, Hicroorganism 

U C - w :  Env i ronsenta l  heal t h 

m: To identify and t r a c t  a l l  microorganisms of po ten t ia l  medical 
importance. 

i%?lE&: Nine s e t s  of s p e c i ~ e n s  were co1:ected fiaom the three  prime Apello 
crewmembers on days F-45, F-30. F-15, and F-7, and on launch day; once during 
f l i g h t ;  on recovery days R+O, R+15, and R + j O .  I n f l i gh t  samples w?rr obtained 
from a l l  f i ve  f l i g h t  :remembers on both spacecraf t .  Durina each p re f l i gh t  
and pos t f l igh t  sample period, microbial specimens were co l lec ted  from 10 
saapl inp s i t e s  on each cremember. Calcium a lg ina t e  swabs wetted in  0.3mH 
phosphate buffer uere ~ s c d  t o  sample each of tile seven body sur face  a reas .  
Gry ca!?ium a id ina te  swabs werc used t o  sample the surfaces of the t o n s i l s  an0 
?he poster ior  pha yngeal vaul t  befare so l l ec t lon  of the gargle  specimen. 

-: Microbial samp!c co l lec t  ion device. 

-.: Although several  po ten t ia l  pathogens "ere  recovered from each of the 
f l i g h t  and backup crewmeabers before and a f t e r  f l i g h t ,  no disease events  uere 
reported. &- and StaPhv:ococcus u w  were shown t o  have been 
t r . \nsferred from one ~?rewmember to another during f l i g h t .  

, .  . -: Thcre were nc, medically s i g n i f i c a n t  changes in the microbial 
pcpz lz t i c? ,  ?er uere zny lcng-term hazards noted. 



-1NVESTIGATOS(S): Gerald R .  Taylor, Kathryn D .  Krcpp, P!ry R .  
Henney, Suzanne S. Ekblad, Anuar A .  Baky, Theron 
0. Groves, Thomas C. Holina, Jean C. Decelie,  
Carolyn F. Carmichael, Nina J .  Gehring, C.  Laadrum 
Young, 1. L. Shannon, William J .  Frome, and N .  3.  
Funderburk 

um-: Microbial Exchange, AR-002 

P ' w m :  Apollo-Soyuz Test ? r c w t  

-: Human. Microorganism 

-: Snvironmental beal t h  

QeJECTIVES: To evaluate components of the infec t ious  dlsease process in space 
f l i g h t  by measuring a1 t e r a t  ions in tbe canposit  ion of ihe microbial 
populations inhabi t ing the crewmcmbers and spacecraf l ,  the a b i l i t y  of' each 
crewember's defense zechanism t o  r e s i s t  i n f ec t ion .  znd the a b l l i t y  ~f zc r t a in  
microorganisms to  o r ig ina t e  infec t   ion^. 

PROTOCOL: Sample specimens were co l lec ted  from i O  s i t e s  on the Ap-110 and 
Soyuz crewmembers and from 15 areas  on the in3er sur faces  of each s p a c e c r ~ f t  
a t  s p e c i f i c  times pre-, i n f l i g h t ,  and -0s t f1 ight .  Salrva and blccd ssmples 
were a l so  col lected pre- and post f l i g h t .  Analyses included d l  lut l x  2nd 
p la t ing  of spesiaen materii i ls,  i so l a t ion  of' microbial ca lonies ,  sr.2 e v a l u h * ~ o n  
of growth proper t ies  on the i n i t i a l  isoldt iot i  media. 

E p l r I P m :  Microbial c o l l e c t  ian and s tc rage  device. 

-: A var ie ty  of po ten t ia l  pathogens uaa recovered t'rom each of the 
sreuaemtcrs pre- and pos t f l i gh t .  However, no disease events were reported.  
Candlda : U c a n a  arid StaPhvlococcuq aureus were shown t o  be t ransfer red  fram 
one creuriemt.er to  another during f l i g h t .  No othcr  medically s i g n i f i c a n t  
changes \rere observed. 

(;ONCLUSIJ&: The proposed s i s p l  i f  i c a t  ion of Sne populae ion cf aedica l ly  
important microargar~isms, and the theorized posti'iig!.t mizrobial s h o ? k  zould 
not be s1:pport A by the r e s u l t s  of t h i s  study. 



Gerald R .  Taylor,  Royce M. Brockett ,  James K .  
Ferguson, Richard C. Graves, and Bernard 3. 
Hieszkuc 

V N U W A :  Skylab Environmental and Crew Microbiology Studies  

p: Human, Microorganism 

PISCIPlJl&&l: Environmen: . heal th  

m: To de tec t  the presence of po ten t i a l l y  pathogenic microorganisms 
on the cremembers and t h e i r  spacecraf t  and t o  cb ta in  data  which would 
cont r ibu te  t o  an understanding of the response of the crew's microbial f l o r a  
t o  the space environment. 

PfWTOCOL: Microbial f l o ra  samples were co l lec ted  from se lec ted  s i t e s  in  
l k b i t  t i  Ucrkshoy, Cornand Hodu:-, on crew boCy sur faces  and from urine and 
f eces ,  p re f l i gh t  , i n f l i g h t ,  and post f l i g h t .  

EQUIPHEW: Calcium a lg ina t e  swabs. 

m: Approximately :d,00@ mlzrobial i so l a t ions  were obtained,  i den t i f i ed  
and character ized.  Variation occurred in  microbial response because of 
ecological  r e l a t i onsh ips ,  host s u s c e p t i b i l i t y  and exterfial environment?? 
fac tors .  Spread of pathogens between creumen was commm. While the t o t a l  
number of aerobes was found to  increase. the species  and nmber of ;i~iaerc!bes 
decreased. 

CONCLUSIONS: Data showed t h a t ,  uh i le  gross  contamination of the Skylab 
environment was demonstrated and there  werc several  i n f l i g h t  disease events ,  
such events a r e  not l imi t ing  hazards fo r  long term manned space f l i g h t s .  
Intercrew t r ans fe r  of pathogens was demonstrated, although evidence of 
pos t f l i gh t  microbial shock was not found. 

PUBLICATIONS .- : 68, 517 



-1: W i l l i a m  E. Thornton ,  C. Wycklit'fe H o f f l e r ,  and 
John A.  Rumel 

.p -: A n t n r o p m e t r i c  Changes and F l u i d  S h i f t s  

aPLIIE(S1: Card iovascu la r  

-!: To o b t a i n  a camprehensive and c o h e r e n t  p i c t u r e  of changes  i n  
s ize ,  shape, 3nd c o a p o s i t i o n  o f  t h e  h u m  body i n  w e i g h t l e s s n e s s .  

PROTOCOL: Nine m t h r o p m e t r f c  measurements were made a t  v a r i o u s  body 
l o c a t i o n s  p r e f l i g h t ,  and p o s t f l i g h t .  A series o f  p r e f l i g h t ,  , n f i i g h t ,  and 
p o s t f l i g h t  photographs  were made w i t h  t h e  creumen i n  s t a n d a r d  ana tomica l  
p o s i t i o n .  An i n f a r e d  s e n s i t i v e  c o l o r  f i l m  was used ?o s b w  superficial vsnous  
blood d i s t r i b a t i o n .  Cen te r  o f  mass and c e n t e r  o f  g r a v i t y  measurements were 
made t o  i n d i c a t e  f l u i d  s h i f t s .  

-: C a l i b r a t e d  t a p e  jig, i n f a r e d  f i l m  (35 tm), camera,  center-of-niass  
measuresent  dev ice .  

Jj-: I n f l i g h t ,  t h e  s p i n a l  column was f l e x e d  w i t h  i o s s  o f  t h e  
thoraczdumbar c u r v e  b u t  r e t e n t i o n  o f  c e r v i c a l  c u r v a t u r e ,  s o  t h a t  t h e  head was 
t h r u s t  forward.  P o s t f l i g h t ,  1itt.le change was found from p r e f l i g h t  p o s t u r e .  
T h t r e  wau a n  i n f l i g h t  i n c r e a s e  i n  h e i g h t ,  a l o s s  o f  abdominal g i r t h ,  and a 
l a r g e  and r h p i d  f l u i d  s h i f t  from t h e  lower t o  upper  body. The c e n t e r  o f  mass 
s h i f t e d  cephalad  more than  cou ld  be accounted  f o r  by t h e  h e i g h t  i n c r e a s e .  
Photographs p rcv ided  ev idence  f o r  i n c r e a s e d  f l u i d  i n  t h e  head and neck r e g i o n .  
The f l u i d  s h i f t s  r e v e r s e d  q u i c k l y  a f t e r  r ecove ry .  

CONCLUSIONS: It is hypo thes i zed  t h a t  t h e  d r i v i n g  t m c e  f o r  t h e  f l u i d  s h i f t  is 
t h e  i n t r i n s i c  and unopposed lower l imb e l a s t i c i t y  t h a t  f o r c e s  vecous blood and 
then  o t h e r  f l u i d  l epha lad .  T h i s  s h i f t  may be t h e  d r i v r n g  f o r c e  f o r  a number 
of o t h e r  phenorrenh i n c l u d i n g  blood volume l o s s ,  changes  i n  l e g  hemodynamics, 
and v e s t i b u l a r  d y s f u n c t i o n .  



L p w I N Y E S T I C A T O R i S ) :  W i L l i a m  E. T h o r n t o n ,  and G. W y c k l i f f e  H o f f l e r  

-: Hernodynamic S t u d i e s  o f  t h e  Legs  Undsr Y e i g h t l e s s n e s s  

-: P k y l a b  3 ,  4 

P -: C a r d i o v a s c u l a r  

O&IECTIVES: To i n v e s t i g a t e  t h e  hernodynamic mechanisms i n v o l v e d  i n  t h e  
a l t e r a t i o n s  i n  t h e  r e t u r n  o f  b lood  from t h e  l e g s  a f t e r  w e i g h t l e s s n e s s  which  
p l a y  a c r u c i a l  r o l e  i n  o r t h o s t a t i c  t o l e r a n c e .  

W T O C Q L :  Venous r l o m p l ~ a n c e  and a r t e r i a l  b lood  f l o w  were d e t e n n i c e d  by 
o c c l u d i n g  venous f l o w  w i t h  a p r e s s u r e  c u f f  a b o v e  t h e  knee  and  r e c o r d i n g  t h e  
r e s u l t i n g  change  i n  volume from a m i d c u f f  segment .  H u s c l e  pumping a c t i o i l  was 
s t u d i e d  by p l a c i n g  t h e  s u b j e c t  i n  l o w e r  body n e g a t i v e  p r e s s u r e  a t  -30 mmHg and 
r e c o r d i r 4  vclume change  from a c a l f  s e g m e n t .  The s t u d i e s  were p e r f o r m e d  3 
t i l e s  p r e f i i g h t ,  7 time- i r f l i g h t ,  and 3 c jmes  w s t f l i g h t .  

E-: C a p a c i t a ~ z e  volume t r a n s d u c e r ,  Lower bcdy n e g a t i v e  p r e s s u r e  
d e v i c e .  

w: T h e r e  was a n  i n c r e a s e  i n  b lood  f l o w  i n  a l l  creumen i n f l i g h t ,  b u t  
t h e r e  were no a p p a r e n t  t r e n d s .  After f l i g h t  t h e r e  was a n  immedia te  s h a r p  
r e d u c t i c . , ,  a l m o s t  t o  p r e f l i g h t  v a l u e s .  Venom c o m p l i a n c e  showed a g r a d u a l  
i n c r e a s e  which r e a c h e d  a f a c t o r  o f  f i v e  i n  i o f  t h e  3 crewmen by m i s s i o n  d a y  
15. a s l c w l y  d e c r e a s i n g  t r e n d  i n  311 t h r e e  crewmen a f t e r  misc io r i  d a y  40, and  a 
s h a r p  d;.,p t o  less t h a n  P I - e f l i g h t  v a l u e s  a t  r e c o v e r y .  A f t e r  m u s c l e  pmping 
u n d e r  negative p r e s s u r e ,  t h e  r e l a t i v e  amognt o f  b l o o d  r e m a i n i n g  i n  l e g  v e i n s  
u?s  a b o u t  t h e  saae d u r i n g  f l i g h t  a s  b e f o r e  fright, b u t  t h e  a b s o l u t e  amount 
c o l l e c t e d  and r e m a i n i n g  was i n c r e a s e d  s e v e r a l  times. 

-: The most  l i k e l y  c a u s e  g f  i n c r e a s e d  b lood  f l o w  k.as a n  i n c r e a s e  i n  
t h e  c a r d i a c  o u t p u t  s e c o n d a r y  t o  i n c r e a s i n g  c e ~ t r a l  venous  p r e s s u r e  c a u s e d  by 
b lood  r e d i s t  r i b u t i o n .  Changes i n  t h e  v s c o u s  c o m p l i a n c e  a r e  t h o l ~ h t  be be 
p r i m a r i l y  c h & , g e s  i n  t h e  s o m a t i c  musculat ,ure  which is p o s t u l a t e d  t o  p r i m a r i l y  
d e t e r m i n e  venous  c o m p l i a n c e  o f  t h e  l e g s .  T h i s  was a l s o  t h o u g h t  t o  be demon- 
s t r a t e d  by t h e  c h a n g e s  i n  mus2 le  pumping. It is t h o u g h t  t h a t  t h e s e  
c o m p l i a n c e  c h a n g e s ,  when t a k e n  w i t h  t h e  d e c r e a s e d  b lood  volume,  p r o v i d e  a 
b a s i s  f o r  t h e  c h a n g e s  s e e n  i n  o r t h o s t a t i c  t o l e r a n c e ,  work c a p a c i t y ,  and l o w e r  
body n e g a t i v e  p r e s s u r e  r e s p o n s e .  



-INVESTIGBTOR(S): William E. Thornton, and Jnhr! 4.  RWC? 

p: Muscular Deconditioning and its Prevention i n  Space 
Fl ight 

-: Human 

7 -: Huscuioskele t a l  

P&)ECTIVES: To prevent muscular deconditioning i n  space. 

ENTOCQL: Atrcnhy of weight-bearing muscular groups was measured w i t h  a 
constant speed dynamometer. Ten maximum e f fo r t ,  full-range f lexions/ex~en- 
siorls of the arm a t  the elbow and of the hip and knee a t  45 degrees/second 
were recorded and evaluated for each crewman pre- and postf l ight .  Anthropo- 
metric measurements allowed computation cf volume changes i n  l imb segments. A 
bicycle ergometer and an isometric exercise device were used througho~t the 
missions for exercise, a s  well a s  a simulated treadmill which provided 170 
pounds equivalent weight. 

m: Constant speed dynamometer, bicycle e rn - -e te r ,  isometric device, 
treadmill (consisting of a Teflon walking surface, a harness, and e l a s t i c  
bungees), m i n i  gym. 

-: The f l igh t  crew returned i n  good condition. Slight losses I n  muscle 
function of a m s  or legs were seasured. 

-: Muscle i.7 space is no different  from muscle on Eartk,. If it is 
properly nourishea and exe13cised a t  reasonable load levels ,  i i  w ' l l  maintain 
its function. Future research e f fo r t s  should focus on optimum ~ e t h o d s  of 
exercise w i t h  respect to crew time and crew acceptance, interrelat ionship of 
musculoskeletal f i tness  w i t h  cardiovascular f i t ne s s ,  and design of pract ica l ,  
e f f i c ien t ,  to ta l  body ex-rcises. 



-1 : William E.  T h o e n t o n ,  and J o h n  W .  Ord 

m-: P h y s i o l o g i c a l  ! l ass  Measurements  i n  S k y l a b  

PROGRAM/MX=: S k y l a b  2 ,  3, 4 

CLASSIFICATION: Human 

DISCIPLINE(S): M u s c u l o s k e l e t a l  

m: To d e t e r m i n e  t h e  c a u s e  and  time c o u r s e  o f  w e i g h t  l o s s  by making 
c o n t r o l l e d  d a i l y  i n t a k e / o u t p u t  mass measurements  i n f l i g h t .  

PROTO(&: The Body Mass Measurement D c v i c e  (BMMD), w i t h  a c a p a c i t y  of 100 
k i l u g r a m s ,  was u s t  t o  make a  b a s a l  body mass  measurement  on e a c h  crewman 
e v e r y  morning i n f l i g h t .  The Specimen Mass Measurement D e v i c e  (SMMD), w i t h  a 
r a n g e  o f  50-1000 g r a m s ,  was used  t o  measure  t h e  mass  o f  food  r e s i d u e ,  feces, 
and  v o m i t u s .  T h e s e  d e v i c e s  u t i l i z e d  t h e  i n e r t i a l  p r o p e r t y  o f  mass r a t h e r  t h a n  
g r a v i t a t i o n a l  f o r c e  t o  d e t e r m i n e  mass. 

-: Body Mass Measurement Device  (BMMD), Specimen Mass Measurement 
Device  ( S m D )  . 
R E S U U :  Two g e n e r a l  p a t t e r n s  o f  body mass l o s s  were a p p a r e n t .  T h e r e  was a  
c o n t i n u o u s  l o s s  b e g i n n i n g  p r e f l i g h t  w i t h  a n  i n c r e a s e  i n  r a t e  cf l o s s  i n f l i g h t .  
A second  is i n d i c a t e d  by r e l a t i v e  s t a b i l i t y  e x c e p t  f o r  a  s m a l l  l o s s  d u r i n g  t h e  
first d a y s  o f  w e i g h t l e s s n e s s  w i t h  a r e c i p r o c a l  g a i n  d u r i n g  t h e  first f s w  d a y s  
p o s t f l i g h t .  A s u r p r i s i n g l y  h i g h  m e t a b o l i c  l o s s  was p r e s e n t  i n  a l l  crewmen 
e x c e p t  one, and 3 s m a l l  f l u i d  ~ O S S  ( o n  t h e  o r d e r  o f  a l i t e r ) ,  a p p e a r e d  t o  
o c c u r  d u r i n g  t h e  i n i t i a l  few d a y s  o f  w e i g h t l e s s n e s s  f o l l o w e d  by a  r e 2 i p r o c a l  
change  o n  r e t u r n .  T h i s  l o s s  was small and s e l f - l i m i t e d ,  and a p p e a r c d  t o  b e  
t h e  o n l y  o b l i g a t o r y  l o s s ,  t h e  o t h e r  l o s s e s  b e i n g  p r i m a r i l y  m e t a b o l i c .  

CONCLUSION: T h i s  e x p e r i m e n t  d e m o n s t r a t e d  a  new i n s t r u m e n t  f o r  i n f l i g h t  s p a c e  
c p e r a t i o n s  and r e s e a r c h .  P r e v i o u s l y  u n p r a v e n  mechanisms o f  w e i g h t  l o s s  u n d e r  
w e i g h t l e s s n e s s  were d e m o n s t r a t e d .  The human body p r o p e r l y  f e d  c a n  be 
s u s t a i n e d  t h r o u g h  m i s s i o n s  o f  l o n g  d u r a t i o n  w i t h o u t  s i g n i f i c a n t  o b l i g a t o r y  
l o s s  o f  mass .  



-1: John M. Vogel, Michael  ti. W h i t t l e ,  Pa lcolm C .  
Smi th ,  and Paul  C. Rambaut 

-TITLE/NUHBER: Bone Minera l  Measurement, ~ 0 7 8  

DISCIPLINE(S); Musculoskele ta l  

OBJECTW: To asdess t h e  e f f e c t s  o f  t h e  s p a c e f l i g h t  environment on t h e  
occurrlancs and deg ree  of bone minera l  changes .  

PROTOCQL: The photon a b s o r p t i o m e t r i c  t echn ique  was used  t o  de t e rmine  bone 
m i n e r a l  c o n t e n t  i n  t h e  c e n t r a l  l e f t  m && and t h e  r i g h t  d i s i a l  radiua,?g;  
u l n a .  An e s s e n t i a l l y  monoenerget ic  photon s o w c e ,  t h e  27.5 KeV X-ray o f  t 

and a sodium i o d i d e  c r y s t a l  s c i n t i l l a t i o n  d e t e c t o r  were used.  They were 
mounted on a s c a n n e r  yoke which scanned t h e  l imb p laced  between t h e  s o u r c e  and 
d e t e c t o r .  

-: A scann ing  a p p a r a t u s ,  gamma r a y  d e t e c t o r ,  mu l t i channe l  a n a l y z e r .  

RESULTS: No s i g n i f i c a n t  m i n e r a l  l o s s e s  were observed  i n  any o f  t h e  Sky lab  2 
crew. Only t h e  S c i e n t i s t  P i l o t  o f  Skylab  3 and 4 ,  and t h e  P i l o t  o f  Sky lab  4 
had s i g n i f i c a n t  m i n e r a l  l o s s e s  i n  t h e  p~ m. Ho l o s s e s  i n  t h e  r a d i u s  a ~ d  
u l n a  were seen .  The l o s s e s  observed  g e n e r a l l y  fo l lowed t h e  l o s s  p a t t e r n  
observed  i n  a he terogeneous  group o f  b e d r e s t  s u b j e c t s .  

CONCLUSIONS: Minera l  i o s s e s  from t h e  bones o f  the lower ext .remit . ies  occurred 
d u r i n g  m i s s i o n s  o f  up t o  84  days  and t h e y  fo l lowed t h e  l o s s  p a t t e r n s  o f  
b e d r e s t  s i t u a t i o n s .  The l e v e l s  of l o s s  observed  i n  t h e  Skylzb  crews were o f  
no c l i n i c a l  concern .  



INVW:ICATOR(S): James M. Waligora, and David J .  Horrigan 

LE/NUMSEB: Metabolic Cost of Extravehicular Ac t iv i t i e s  

wwu: Cardiovascular, Behavioral szience 

WJ-VES: To measure metabolic r a t e s  during extravehicular  a c t i v i t i e r .  

EBOTCCQL: Using a 'ihermoregulatory mathematical model and e a p i r i c a l  data  on 
the liquid-cooled garment, a re la t ionship  was defined between liquid-cooled 
gament  heat removal and metabolic r a t e  f o r  each I iquid-cooled garment i n l e t  
temperature. Correlacizns betueen hear t  r a t e  and metabolic r a t e  dsre obtained 
f o r  each individual  from a s e r i e s  of p re f l i gh t  exerc ise  resporse t e s t s  on the 
ergometer. The heart  r a t e  method was used only a s  a r e l a t i v e  measurement 
because of i t s  ;.noun s e n s i t i v i t y  t o  psychol-ogical and environmental f a c t o r s .  

E Q I I I P W :  Life support equipment.. 

AESULTS: The metabolic r a t e s  were simila: t o  those on the  Apollo 1/6-g 
extravehicular  a c t i v i t i e s .  The highest metabolic r a t e ,  500 kca l /h ,  was 
reached while the Commander on Skylab 2 was t ry ing  t o  c ~ t  a s t r a p  t h a t  was 
keeping the so l a r  panels frolo deployment. The lowest r a t e s  were ros t ing  r a t e s  
and these were reached severa l  times during the extravehicular  a c t i v i t i e s ,  
pa r t i cu l a r ly  a t  the times when there  was riot enough l i g h t  t o  contirlue an 
ongoing a c t i v i t y  during a night yhss. Crew comments dwing  extravehicular  
a c t i v i t i e s  indicated t h a t  i t  was e a s i e r  t o  maneuver themselve3 and t h e i r  
eauipment i n  zero-g than in  water tank s imulat ions,  but t h a t  adequate 
.*es t ra in ts  r e r e  more important. 

U C L U S I O M :  Wi th  aaequate l i f e  xppok-t equip men^ anc' = r e s t r a inLs ,  
the c a p a b ~ l i t y  was demonstrated t o  perform varied a ~ i '  r : e x t ~ ~ a v e h i c u l a r  
a c t i v i t y  tasks  in zero-g w i t h  co?lsiderabie re3i- '  i n ?  f'; t- y 

The capabili5y t o  work a t  re iac ive ly  bigh l e v e l s ,  up t o  509 ?,en 
required,  was demonstrated wj thout physiologic prcblema p r , ~  5 . i f e  
support capabi l j  t.y i s  adequ?.t.e. 

The 2verage energy c ~ s t  0:' long extravehicular  a c i i v i t i e s  was nmarkabiy 
consis teni  a t  about 200 t o  250 kcal /h ,  a?d appeared t o  be a function of the 
crew pacing Its a c t i v i t y  ra ther  than t o  the e f f o r t  involved in  performing 
individual  t a sks .  



INVU7.1GATOPfi) :: James M. Waligora, and Pnvfd J .  Horraigan 

wJl!ll%T TITLE/!-:  i iecabolisr~ and Heat Dissipat ion During Apollo E V A  
Periods 

-: Human 

-: Cardiovascular, Behavioral science 

r ;LJE(IU&: To determine the  supr + requirements during extravehicular 
a c t i v i t y  : E V k  '. 
PROTOCOL: Metabolic r a t e  war determined bv ;;easuting heart  r a t e ,  oxygen 
usage, and coolant water teuipcrature change. These, a s  well a s  body heat and 
other  physiological parameters were measure1: a s  the as t ronauts  par t ic ipa ted  
in  these four types of E V A :  ovei :cad a c t i v .  .ips, deploying Apollo lunar  
surface experiment packages, makin; v o l ,  -,.cal surveys, and r id ing  in  t h e  
lunar  roving vehicle .  

m: Pressure s u i t ,  l i qu id  cooling garment ( L C G ) .  

RESULTS: Metabolic r a t e s  were lower than expected Por ApolJo E V A .  Overhead 
a c t i v i t i e s  were the most energy consuming tasks  performed. The hjgbest 
metabolic r z t e  was in  the Apollo 11 LMP, who bas very ac t ive  in  eva lus t ing  
modes of locomotion. The lowest metabolic r a t e s  x c u r r e d  while a s t ro?au t s  
drove and rode jn the lunar  roving vehicle .  Data from Apollo 1'4  showd poor 
l o r r e l a t ion  between lunar  walking speed and metabolic r a t e .  Resu1t.s :ram 
observations of Apollo ;5 and 16 time and motion s tud ie s  indicated t h a t  t a sks  
were completed mo?e rap id ly  a t  one-g wearing the space s u i t  than a t  1/6-g, but 
a t  a higher metabolic r a t e .  

CLUSIOU: The crewden weie ab le  t o  perform EVA and t o  e x t ~ n d  them t o  t s e  
maximim time without a,edical problems. ~ ~ e t a b o l i c  r a t e s  were lower than 
predicted. The l iqu id  cooling garment was e f f ec t ive ly  used. 

WLICATIONS: 82, 460, 551, 554, 555 



ER'INCIPAL Z m O R ( S ) :  G .  Donald Wrdon, Leo Lutwak, William P. Nedman, 
and Paul A .  LaChance 

E R I N  . ,7 7 - ,  

LA. ' : Calcium ard Nitrogen Baiance, 11007 

GJJSSIFI C A T a :  Human 

CTT\'ES: To co l l ec t  data  m the e f f e c t s  of a  l b d a y  spa(? f l i g h t ,  c, . two of 
t h e  l a rges t  metabolically ac t ive  t i s s u e  masses of the human body, the bones 
and the musc l c s  . 
PROTOCOL: By use of the metabolic-balance sethod,  which involved precise  
control  of d i e t a -  - intake and co l lec t ion  2.9d ana lys is  of a l l  excre ta ,  i t  ~ J a s  
possi3le t o  o b t a l ~ l  a  quan t i t a t i ve  de~erminat ion  of ti,; extent of change i n  the 
pr inc ipa l  inorganic cc st i -cents o f  the sko le t z l  and muscular1 systs.ns . Tne 
extent  of l o s s  of ~ n o r g a n i c  cons t i tuents  ger.srally was p r o p r t i o ~ ~ a l  t o  the 
extent of funct ional  de t e r i c r a t ion .  Complete metabolic balance s tud ie s  were 
made measuring intake and excret! on of calcium, mwnesium, phosphate, 
sulphate ,  ni t rogen,  sodium, potassjum a?l chlolvi2e. 

EQUIPMENT: J r i n e  co l lec t ion  device. 

RESULTS: Urinary phosphate excre t icn   increase^ s u b s t a ~ t i a l l y  i r f l i g h t  desp i te  
a  r e d u c t i o ~  of phosphate in take .  Urinary nitrogen and s u l f a t e  excrel--ion +Q- 
crsased i n f l i g h t  it to  a  l e s s e r  ext,ent th;n would be ex?ected from the 
reduction in  intake.  Pa t te rns  of exn-etio- of magnesium, sodiuni, potassium, 
and chloride were d i f f e r en t  fo r  each subjecc,  and in  $ a r t ,  coiild b~ cor re la ted  
v,th changes in  adrenocurt ical  s t e ro id  production. TtiL p r ihc ipa l  hcrmonai 
change was a  s t r i k i n g  decrease during f l i g h t  in  the urinary excret ion of i 7 -  
h: woxycort icosteroids  Der~.iai losses  of calcium, magnes ib~,  s u l f a t e ,  
ni t rogen,  and phosphate were in s ign i f i can t  during a l l  th ree  phases. 

",ON';I,USIONS: The changes in  calcium metabolism and in other f a c t o r s  were 
mode,,ate enough to  support (from the metabolic viewpoint) the decision t h a t  a  
voyage 50 and from ,he Moon would be s a f e  medically, Decause thc time invoLved 
would be 30 more ( i n  f a c t ,  l e s s )  than was involved or, the Gcmitli VlI niss ion .  
However, for  assezsment of the physiological s a fe ty  and perfcrmance of 
a s t r o n a i l ~ s  on fu ture  r71ch longer fl.i.ghts, the  necessi ty  is evidefit f o r  
addi t ional  i n f l i g h t  metabolic observations.  These observations mh;t be 
planned with be t t e r  con t ro l ,  desp i te  cpera t iona l  cons t r e in t s .  Such a tudies  
w i l l  r e s u l t  i n  more r e l i a b l e  information fo r  accurate  prediction of the ex ~ e n t  
of mine;-a1 and other  met:hclic char-e;3 to  be expected in  loyig-duration space 
f l i g h t  and w i l l  r e s u l t  i n  the establishment of a  basis  for  judgmer.t of the 
necessity :'or development and assessment of correc Ive or  ~ r o t e c ' i i v e  measures. 



-INVESTTGATQR(S) : G. Donald Uhedon, Leo Lutwak, Paul C. Rambaut , 
Michael W. Whi t t l e ,  Malcolm C. Smith, Jeanne Reid, 
Carolyn S. Leach, Connie R. S t a d l e r ,  and Deanna D. 
Sanford 

EXPERIMENT: Mineral  and Nitrogen Metabolic S t u d i e s ,  M071 

Q D d E f ~ r ~ t  To determine major changes i n  t h e  chemical  s t a t e  o f  t h e  muscular 
and z z l e t a i  systems under space  f l i g h t  cond i t ions .  

PROTOW: The s tudy  requ i red  c o n s t a n t  d i e t a r y  i n t a k e ,  cont inuous  24-hour 
- : , h e  and t o t a l  f e c a l  c o l l e c t i o n  f o r  21 t o  31 days p r e f l i g h t ,  i n f l i g h t ,  and 
through R+17-18. 

ECIUIPMENT: Urine measurement and c o l l e c t i o n  system, f e c a l  c o i l e c t i o n  system, 
Specimen Mass Meavurement Device ( SMlD ) . 
-: The average 24-hour u r i n a r y  c r e a t i n i n e  e x c r e t i o n  wzs not  changed by 
space f l i g h t .  Inc reases  i n  u r i n a r y  calcium were s i m i l a r  t o  t h o s e  i n  b e d r e s t  
s t u d i e s .  Increased e x c r e t i o n  o f  n i t r o g e n  and phosphoru3 r e f l e c t e d  s u b s t a n t i a l  
l o s s  of  muscle t i s s u e .  Both muscle and minera l  l o s s  occurred d e s p i t e  a n  
e x e r c i s e  regimen on a l l  f l i g h t s .  

m C L U S I w :  Unless p r o t e c t i v e  measures can be developed,  capable  musculo- 
s k e l e t a l  func t ion  is  l i k e l y  t o  be impaired i n  space  f l i g h t s  u l t i m a t e l y  t o  be 
conducted t o  Mars, o f  one and one-half  t o  t h r e e  y e a r s  d u r a t i o n .  

CATIONS: 561, 563, 564, 565, 566, 567, 568 



PAL INVESTIGATOR(S1: Michael  W. W h i t t l e ,  Robin E. Herron,  and Jaime 9. 
Cuzzi  

p: B i o s t e r e o m e t r i c  Ana lys i s  o f  Body Form 

PROCRAWMI-: Sky lab  2, 

CLASSIFICATION: Hum~,i 

P m :  Cardiovascu ~ l a r  , Muscu loske le t a l  

QBJECTIVE: To measure t h e  e f f e c t s  o f  s p a c e  f l i g h t  on body form. 

PROTOCOL: The s u b j e c t s  were photographed s i m u l t a n e o u s l y  by two cameras i n  
f r o n t  and two behind.  A s t r o b e  p r o j e c t o r  p r o j e c t e d  a p a t t e r n  o f  l i n e s  on t h e  
s u b j e c t ' s  s k i n .  A f t e r  develcpment,  pho tog raph ic  p l a t e s  were analyzed  on a 
s t e r e o p l o t t e r ,  which d e r i v e d  t h e  three-d imensional  c o o r d i n a t e s  o f  t hovsands  o f  
p o i n t s  on t h e  body s u r f a c e ,  punching them on IBM c a r d s  f o r  subsequen t  computer 
a n a l y s i s .  Tiie complrter program d e r i v e d  area, s h a p e ,  and p e r i m e t e r  o f  between 
80 t o  100 s e c t i o n s  o f  d i f f e r e r i t  p a r t ?  z: t h e  body, and volume o f  any segment 
o f  t h e  body, and o f  t h e  body a s  a whole. 

EQUIPHENT: Four Hasse lb l a~d  cameras ,  s t e r e o p i o t t e r ,  s t r o b e  p r o j e c t o r .  

JE$UL;1IS: There was no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  i n  mean arm volume 
between p r e f l i g h t  and p o s t f l i g h t  measurements. Mean l o s s e s  o f  volume o f  1.2 
l i t e r s  i n  t h e  head and t r u n k ,  and 1.3 l i t e r s  i n  t h e  l e g s  were found. Pos t -  
f l i g h t  change i n  volume was p r o p o r t i o n a t e l y  much g r e a t e r  i n  t h e  l e g s  t h a n  i n  
t h e  head and t r u n k .  Marked l o s s  o f  volume was s e e n  i n  t h e  abdomen, b u t t o c k s ,  
and c a l v e s ,  and a less s t r i k i n g  l o s s  i n  t h e  t h i g h s .  

WNCLUSIO~: During f l i g h t  t h e r e  was a r e d u c t i o n  i n  body f l u i d ,  a p a r t i a l  
muscle a s tophy ,  p a r t i c u l a r l y  i n  t h e  l e g s ,  and i n  a l l  bu t  two o f  t h e  crewmen, a  
l o s s  of body f a t .  The par t i .21  muscle a t r c p h y  probably  r e s u l t e d  from r e l a t i v e  
d i s u s e  ic  t h e  absence  o f  g r s v i t y  and war l e s s e n e d  t o  some e x t e n t  by t h e  
i n f l i g h t  e x e r c i s e  p rog r  m .  



fROGRAM/HISSION: Nercury 3, MR-3 

-: Human 

-: Environmental  h e a l t h  

OBJBCTIVES: To f a m i l i a r i z e  man w i t h  a b r i e f  b u t  complete s p a c e  f l i g h t  
e x p e r i e n c e ,  t o  e v a l u a t e  man's a b i l i t y  t o  perform as a f u n c t i o n a l  u n i t  d u r i n g  
s p a c e f l i g h t ,  and t o  s t u d y  man's p h y s i o l o g i c a l  r e a c t i o n s .  

PROTaCOL: A pre-  and p o s t f l i g h t  p h y s i c a l  examinat ion  was performed,  which 
inc luded  a p s y c h i a t r i c  i n t e r v i e w .  Rout ine  blood and u r i n e  s t u d i e s  were 
performed a t  F-3 h o u r s ,  and R+45 m i n .  Micromethods were u t i l i z e d  wnen 
p o s s i b l e  t o  a n a l y z e  t h e  samples.  Parameters  measured i n f l i g h t  were h e a r t  ra te ,  
body t empera tu re ,  and r e s p i r a t i o n .  

-: L i n e a r  p o t e n t i o m e t e r  w i t h  carbon-impregnated rubbe r  ( i n d i r e c t  
r e s p i r a t i o n  measurement) ,  r e c t a l  t h e r m i s t e r  (bady t e m p e r a t u r e ) ,  EKG w i t h  low 
impedence e l e c t r o d e s  ( f o r  h e a r t  r a t e ) ,  camera ( t o  f i l m  e s t r o n a u t ) .  

RESULTS: No d i s t u r b i n g  s e n s a t i o n s  were noted  d u r i n g  w e i g h t l e s s n e s s  and 
a s t r o n a u t  p h y s i o l o g i c a l  f u n c t i o n  appeared  i n  no way t o  be impa i r ed -  
Acce le ra t ion  launch and r e - e n t r y  g - fo rces  produced s t r e s s  magni tudes  
c o n s i s t e n t  w i th  t h o s e  encountered  d u r i n g  t n e  t r a i n i n g  programs. 

:ONCLUSIOm: P h y s i o l o g i c a l  r e s p o n s e s  were c o n s i s t e n t  w i t h  i n t a c t  c o n s c i c u s  
p e r f o r m a c ~ e  d u r i n g  a l l  phases  o f  f l i g h t .  Respcnses t o  5 n i n u t e s  o f  
w e i g h t l e s s n e s s  were u n e v e n t f u l .  Tht r e l a t i v e  change i n  p u l s e  r a t e  i n  g o i n g  
from w e j g h t l e s s n e s s  t o  r e - e n t r y  a c c e l e r a t i o n  was comparable t o  t h a t  i n  g o i n g  
from 1-g t o  r e - en t ry  a c c e l e r a t i o n  on t h e  c e n t r i f u g e .  V i s ion ,  s e m i c i r c u l a r  
c a n a l  f u n c t i o n ,  and h e a r i n g  appeared  i n t a c t  t h roughou t  t h e  f l i g h t .  



EXPERIMENT: 

-: Mercury 4 ,  MR-4 

CLASSIFICATION: Human 

-: Environmental  h e a l t h  

pBJECTIVEs: To f a m i l i a r i z e  man w i t h  a b r i e f  b u t  complete s p a c e  f l i g h t  
e x p e r i e n c e ,  t o  e v a l u a t e  man's a b i l i t y  t o  perrorm as a f u n c t i o n a l  u n i t  d u r i n g  
space  f l i g h t ,  and t o  s t u d y  man's physiologi,?a!, r e a c t i o n s .  

PROTOCOL: As t ronau t  was g i v e n  a complete p h y s i c a l  examinat ion  on F-10 and 
F-3, and a b r i e f  e x m i n a t i o n  on t h e  day o f  t h e  f l i g h t .  An examinat ion  was 
a l s o  g i v e n  on recovery .  S e v e r a l  pa rame te r s  were moni tored  i n f l i g h t ,  i n c l u d i n g  
h e a r t  ra te ,  body t empera tu re ,  and r e s p i r a t i o n .  Ur ine  was c o l l e c t e d  f o r  p o s t -  
f l i g h t  a n a l y s i s .  One week p r e f l i g h t ,  t h e  a s t r o n a u t  was p l a c e d  on a c o n t r o l l e d  
d i e t  and on F-3 was p lhced  on a  low r e s i d u e  d i e t .  A con t inuous  r e c o r d  was 
made o f  what t h e  a s t r o n a u t  was do ing  d u r i n g  t h e  f l i g h t .  

EQUIPMENT: L inea r  p o t e n t i o m e t e r  w i t h  carbon impregnated r u b b e r  ( i n d i r e c t  
r e s p i r a t i o n  measurement) ,  r e c t a l  t h e r m i s t o r  (body t e m p e r a t u r e ) ,  EKG w i t h  low 
impedence e l e c t r o d e s  ( f o r  h e a r t  r a t e ) .  No measurement was made of blood 
p r e s s u r e  o r  o f  r a d i a t i o n  exposu re  s i n c e  t h e  s p a c e c r a f t  was go ing  below t h e  Van 
Al len  be1 ts . 
RESULTS: A l l  p h y s i c l o g i c a l  r e a d i n g s  were normal. Peak r e s p o n s e s  were 
ma in ta ined  a t  c r i t ica l  i n f l i g t t  e v e n t s .  There was no ev idence  of motion 
s i c k n e s s ,  and no i n d i c a t i o n  of body system d y s f u n c t i o n .  

CONCLl!XOE: There were no a d v e r s e  p h y s i o l o g i c a l  e f f e c t s  a s s o c i a t e d  w i t h  
spaca  f l i g h t ,  b u t  f u t h e r  i n v e s t i g a t i o n s  zre needed. 



-: Mercury 6, HA-6 

CLASSIFICATION: Human 

DISCIPLINE(S): Environmental h e a l t h  

Q&IISCTIVES: To e v a l u a t e  t h e  performance o f  a  man-spacecraft system i n  a  
three-pass  o r b i t a l  miss ion,  t o  e v a l u a t e  t h e  e f f e c t s  o f  space  f l i g h t  on t h e  
a s t r o n a u t ,  and t o  o b t a i n  t h e  a s t r o n a u t ' s  e v a l u a t i o n  o f  t h e  o p e r a t i o n a l  
s u i t a b i l i t y  o f  t h e  s p a c e c r a f t  and suppor t ing  systems f o r  manned space  f l i g h t .  

PROTOCOL: Pro- and p o s t f l i g h t  phys ica l  examinations were pe r fo r sed  i n c l u d i n g  
a  balance  t e s ' ,  c a l o r i c  i r r i g a t i o n  t o  f i n d  t h e  t h r e s h o l d  temperature  f o r  
nystagmus, ana a  p s y c h i a t r i c  in te rv iew.  Routine blood and u r i n e  t e s t s  were 
made. G a s t r o i n t e s t i n a l  func t ion  was measured by x y l o s e  a b s o r p t i o n .  

EQUIPMENT: Linear  potent iometer  wi th  carbon-impregnated rubber  ( i n d i r e c t  
r e s p i r a t i o n  measurement), r e c t a l  t h e r m i s t o r  (body t empera tu re ) ,  EKG with  low 
impedance e l e c t r o d e s  ( h e a r t  r a t e ) ,  blood p r e s s u r e  measuring system, i n f l i g h t  
u r i n e  c o l l e c t i o n  dev ices .  

P.ESULTS: No g a s t r o i n t e s t i n a l ,  v e s t i b u l a r ,  o r  d i s o r i e n t a t i o n  symptoma were 
noted dur ing  we igh t l e ssness .  There were no adverse  e f f e c t s  from i s o l a t i o n  o r  
confinement. No s i g n i f i c a n t  changes from t h e  p i l o t s  p r e f l i g h t  c o n d i t i o n  were 
revealed.  A mild dehydrat ion was observed.  

COWCLUSIONS: The phys io log ica l  r e sponses  observed were a l l  c o n s i s t e n t  wi th  
i n t a c t  systems and normal body f u n c t i o n s .  This  exposure t o  we igh t l e ssness  was 
o f  s u f f i c i e n t  d u r a t i o n  t o  permit  p h y s i o l o g i c a l  responses  t o  r each  a r e l a t i v e l y  
s t eady  s t a t e .  Accelera t ion-weight lessness  t r a n s i t i o n  p e r i o d s  d i d  no t  produce 
any recognized phys io log ica l  d e t e r i o r a t i o n .  The environmental  c o n t r o l  system 
e f f e c t i v e l y  supported t h e  p i l o t  throughout t h e  miss ion.  



EXPERIMENT: 
$ 

-: Mercury 7 ,  MA-7 

CLASSIFICATION: Human 

-: Environmental h e a l t h  

OBJECTIVES: To e v a l u a t e  t h e  performance o f  t h e  man-spacecraft system i n  ti 

th ree -pass  orbital miss ion,  t o  e v a l u a t e  t h e  e f f e c t s  of  space  f l i g h t  on t h e  
a s t r o n a u t ,  and t o  o b t a i n  t r ~ e  a s t r o n a u t ' s  op in ions  on t h e  o p e r a t i o n a l  
s u i t a b i l i t y  o f  t h e  s p a c e c r a f t  systems. 

EBOTOCOL: Pre- and p o s t f l i g h t  p h y s i c a l  examinations were performed which 
included r o u t i n e  and s p e c i a l  l a b o r a t o r y  t e s t s ,  X-rays, r e t i n a l  photography, 
e l ec t roca rd iography ,  e iec t roencephalography,  and s p e c i a l  t e s t s  o f  t h e  body's 
balancing mechanism. A xyloee  t o l e r a n c e  test was performed i n f l i g h t .  

EQUIPMENT: Two s e t s  o f  EKG l e a d s ,  r e c t a l  temperature  t h e r m i s t o r ,  r e s p i r a t i o n  
r a t e  t h e r m i s t o r ,  blood p r e s s u r e  measuring system, i n f l i g h t  u r i n e  c o l l e c t i o n  
device .  

RESULTS: No pulmonary a t e l e c t a s i s ,  no cosmic r a y  damage, nor any p s y c h i a t r i c  
a b n o r m a l i t i e s  were found. There were no abnormal v e s t i b u l a r  o r  r e i a t e d  gas- 
t r o i n t e s t i n a l  symptoms. Biochemical a n a l y s i s  confirmed t h e  occurrence  o f  a 
moderate d i u r e s i s  . 
CONCLUSIONS: A l l  f l i g h t  responses  were considered t o  be w i t h i n  a c c e p t a b l e  
phys io log ica l  ranges.  No d i s t u r b i n g  body s e n s a t i o n s  were repor ted  a s  a r e s u l t  
o f  we igh t l e ssness .  



PROGRBM/HISSION: Mercury 8, MA-8 i 

CLASSIFICATION: Human 

DISCIPLINE(S): Environmental health 

m: To evaluate the performance of the man-spacecraft aystem in  a 
six-pass o rb i ta l  missicn, to  evaluate the effects  of an extended orb i ta l  space 
f l i gh t  on the astronaut and to  compare t h i s  analysis wi th  those of previous 
missions and astronaut-simulator programs and to obtain additional astronaut 
evaluation of the operational su i t ab i l i t y  of the spacecraft and support 
systems. 

PROTOW: Pre- and postfl ight  physical examinations were performed which 
included routine and special laboratory t e s t s ,  X-rays, electrocardiography, 
electroencepha3ography, the modified caloric t e s t ,  radiation dosimetry, 
re t ina l  photography, biochemical and plasma enzyme stadies.  

EQUIPMENT: Two se t s  of EKC leads,  rec ta l  temperature therais tor ,  impedance 
pneumograph, blood pressure measuring system, inf l ight  urine collection 
device. 

BESULTS: An orthostat ic r i s c  in heart r a te ,  f a l l  in  sys tol ic  blood pressure, 
and maintenance of the dias tol ic  pressure was noted during R+24 hour 
examinations. Lability of ifistantaneous heart raLe was found and was not. 
associated w i t h  respiration or other known pnysical ac t iv i ty .  Radiation 
exposure was minimal and p.osed no hazard t o  f l i gh t .  The in f l igh t  orientation 
t e s t  demonstrated no impairment of performance. 

CONCLUSIOHS: There was no evidence of disorientation o r  related uncoward 
symptoms. There were no significant  aedical abnormaliiies nor medical 
contraindications to  embarking on a longer mission. 

PUBLICATIONS: 43 ,  351 



EXPERIMENT-: 

-: Mercury 9,  MA-9 

m: Human 

USCIPLINE(S): Environmental h e a l t h  

OBJECTIVES: To e v a l u a t e  t h e  e f f e c t s  on t h e  a s t r o n a u t  o f  approximately one day 
of  o r b i t a l  f l i g h t ,  t o  v e r i f y  t h a t  man can f u n c t i o n  f o r  an  extended pe r iod  i n  
space  a s  a primary o p e r a t i n g  system o f  t h e  s p a c e c r a f t ,  and t o  e v a l u a t e  t h c  
combined performance o f  t h e  a s t r o n a u t  and a Mercury s p a c e c r a f t  s p e c i f i c a l l y  
modified f o r  t h e  miss ion.  

PROTOCOL: Pre- and p o s t f l i g h t  p h y s i c a l  examinat ions  were performed which 
included r o u t i n e  and s p e c i a l  l a b o r a t o r y  tests, X-rays, e l e c t r o c a r d i o g r a p h y ,  
e lec t roencephalography,  t h e  modified c a l o r i c  t e s t ,  r a d i a t i o n  dosimetry ,  
r e t i n a l  photography, biochemical  and plasma enzyme s t u d i e s .  

-I=: Two s e t s  o f  EKG l e a d s ,  r e c t a l  temperature  t h e r m i s t o r ,  impedance 
pneum~graph,  blood p r e s s a r e  moni tor ing system, i n f l i g h t  u r i n e  c o l l e c t i o n  
dev ice .  

USULTS: There was no evidence of  degrada t ion  i n  t h e  f u n c t i o n a l  i n t e g r i t y  o f  
t h e  crewmember as a p i l o t .  O r t h o s t a t i c  hypotension accompanied by a n  
a c c e l e r a t e d  p u l s e  response  and dehydrat ion were found p o s t f l i g h t .  A r e v e r s a l  
of  t h e  r a t i o  between n e u t r o p h i l e s  and lymphocytes was noted i n  t h e  p e r i p h e r a l  
blood a t  R+4 and cont inued u n t i l  R+14. 

C L U I O :  The medical  s t a t u s  of  t h e  p i l o t  was e s s e n t i a l l y  unchanged 
between p r e f l i g h t  and p o s t f l i g h t  examinations.  No evidence o f  abnormal 
sensory ,  p s y c h i a t r i c ,  o r  psychoPogical response  t o  o r b i t a l  space  f l i g h t  was 
found. 



PRINCIPAL Im&&!BJSj: John H. Able, David W. Haack, and Richard W .  P r i c e  

EXPERIMENT TITLE/NUMBER: E f f e c t s  o f  Weightlessness on t h e  N u t r i t i o n  and 
Growth of Pelomvxa c a r o l i n e n s i g ,  P-1055 

fJfOGRAM/MISSU: B i o s a t e l l i t e  I1 

JLASSIFICATION : Animal - Amoeba (Pelomvxa c a r o l i n e n s i s  ) 

DISCIPLINEm: C e l l  b io logy 

OBJECTII&&: To survey t h e  f i n e  s t r u c t u r e  and d i s t r i b u t i m  c f  mi tochondr ia ,  
n u c l e i ,  n d c l e o l i ,  Golgi  appara tus ,  and endoplasmic re t i cu lum f o r  changes t h a t  
may have been induced by weight:essness, and t o  determine i f  t h e r e  iJere normal 
growth p a t t e r n s  o r  normal p rogress ion  of food vacuole  d i g e s t i o n  i? amoebae 
sub jec ted  t o  a we igh t l e ss  environment. 

PROTOCOL: The amoebae were c u l t u r e d  and subcu l tu red ,  placed i n  a b u f f e r  and 
fed paramecium. Five  complete u n i t s  of 24 chambers were assembled 2 days  
be fo re  launch. The organisms were loaded a t  F-18.3 h r .  The amoebae were 
screened and counted a s  they we:>e s e l e c t e d  f o r  t h e  chambers. Af te r  t h e  
amoebae and psramecium were loaded,  t h e  chambers were f i l l e d  wi th  TBAM g l y c y l  
g l y c i n e  b u f f e r ,  wi th  a smal l  a i r s p a c e  l e f t .  The f i x a t i o n s  were a c t u a t e d  5 
t imes  i n f l i g h t .  A t  recovery,  t h e  organisms were counted,  examined f o r  m i t o t i c  
forms, food vacuoles  counted and t h e  g r o s s  morphology desc r ibed .  

EQUIPMENT: Experiment packags wi th  24 chambers, each d iv ided  i n t o  t h r e e  5-ml - 
compartments con ta in ing  e i 5 h e r  amoebae, paramecium o r  f i x i t i v e .  The chambers 
were mounted on magnesium p l a t e s .  Four of  t h e  chambers conta ined t h e r m i s t o r s .  

RESULTS: The amoebae fed  normally whi le  i n  o r b i t ,  and specimens f i x e d  ia 
o r b i t  r e t a i n e d  t h e  o r d i n a r y  heteropodal  shape. Growth r a t e s  of  o r b i t e d  
amoebae, both fed  and s t a r v e d ,  were slower than c o n t r o l s  fo l lowing r e e n t r y  and 
recovery procedures.  I n  continuous-fed organisms t h e r e  was l i t t l e  o r  no 
e f f e c t  of f l i g h t  d e t e c t a b l e  i n  growth r a t e  o r  a c t u a l  number o f  d i v i s i o n s .  
E lec t ron  micrographs showed no a b n o r m a l i t i e s  and few d i f f e r e n c e s  between 
f l i g h t  and c o n t r o l  organisms. 

CONC1,USIONS: The we igh t l e ss  environment d i d  no t  produce any g r o s s  
i r r e v e r s i b l e  a l t e r a t i o n s  i n  t h e  normal phys io loq ic  p r o c w s e s  o f  t h e  amoebae. 

PUBLICATIONS : 1 ,  43 1 



-T.IGATDR(S) : W. Ross Adey, and P.  M. Hahn 

p: B i o s a t e l l i t e  I11 R e s u l t s  

&&$SI.FICATIQN: Animal - P i g - t a i l e d  monkey (Mecaca n e m e s t r i m )  

pISCIPLINE(S): Neurosensory, Behaviora l  s c i e n c e ,  Musculuskele ta l ,  Urogen i t a l ,  
Chronobiology 

QHJECTIVES: To c r e a t e  a  smal l  l a b o r a t o r y  wi th  a s i n g l e  environmental  s h i f t  
which cannot be d u p l i c a t e J  on e a r t h  (we igh t l e ssness )  and observe  t h e  
phys io log ica l  e f f e c t s  on a  p i g - t a i l e d  monkey. 

PROTOCOL: The animal was s u r g i c a l l y  implanted wi th  deep-brain e l e c t r o d e s  and 
t h e r m i s t e r s ,  two a r t e r i a l  and two venous v a s c u l a r  c a t h e t e r s  and a  sup-apubic 
u r e t h r a l  c a t h e t e r  i n  o r d e r  t o  o b t a i n  neurophys io log ica l ,  cavd iovascu la r ,  and 
r e n a l  f u n c t i o n  d a t a .  Subcutaneous e l e c t r o d e s  were used t o  o b t a i n  ECG and ZPN 
d a t a .  The animal was a l s o  t r a i n e d  t o  perform a  s e r i e s  o f  psychomoter 
performance t a s k s  dur ing t h e  f l i g h t .  Addi t iona l  p r e f l i g h t  and p o s t f l i g h t  
s t u d i e s  included a ~ s e s s m e n t s  o f  body composit ion,  s k e l e t a l  minera l  and 
hematological  e f f e c t s  of  long-durat ion space f l i g h t .  

EQUIPMENT: Bipolar  e lec t roencephalograph e l e c t r o d e s ,  e l e c t r o o c u l o g r a p h i c  
s e n s o r s ,  electromyographic l e a d s ,  h e a r t  f u n c t i o n  and r e s p i r a t i o n  s e n s o r s ,  
vascu ld r  c a t h e t e r s ,  temperature s e n s o r s  i n  b r a i n  and p e r i t o n e a l  c a v i t y ,  
u r i n a r y  c a t h e t e r ,  t r a n s d u c e r s ,  l i f e  suppor t  system, visuomotor and delayed 
matching t a s k  equipment. 

D L , = :  The mission was terminated on t h e  n i n t h  miss ion day a f t e r  
t e l emets red  d a t a  i n d i c a t e d  s i g n i f i c a n t  phys ica l  d e t e r i o r a t i o n  of t h e  animal .  
The animal d ied  approximately 8 hours  a f t e r  recovery.  The a c u t e  cause  of  
death  was v e n t r i c u l a r  f i b r i l l a t i o n .  Data te lemetered dur ing  t h e  f l i g h t  
i n d i c a t e d  s i g n i f i c a n t  (2-3 cm H203 e l e v a t i o n s  i n  c e n t r a l  venous p r e s s u r e  
coupled with normal a r t e r i a l  p r e s s u r e s  and 3 e a r t  r a t e s .  EEG d a t a  showed a  
p rogress ive  d e t e r i o r a t i o n  i n  c o r t i c a l  f u n c t i o n  through t h e  l a t t e r  h a l f  o f  t h e  
f l i g h t .  Temperature, h e a r t  r a t e  and r e s p i r a t i o n  d a t a  showed a desyncronosis  
with p e r i o d s  of  g r e a t e r  than 24 hqurs.  Blood p ressure  rhythms were not  l a r g e r  
than 24 hours.  Autopsy (10 hours  a f t e r  dea th )  showed a  b ru i sed  s p o t  on t h e  
h e a r t ,  p e t e c h i a l  hemorrhages i n  t h e  i leum,  congest ion and edema of  t h e  lungs ,  
and thrombi i n  t h e  c i r c u l a t c r y  system. 

C O N :  It was surmised t h a t  t h e  d e t e r i o r a t i o n  i n  t h e  p h y s i c a l  c o n d i t i o n  
of  t h e  animal p r i o r  t o  recovery was due t o  d e h y d r a t i o ~  and an a s s o c i a t e d  
e l e c t r o l y t e  imbalance. 



-ESTIGAIOR(S1 m : R.  E. A l l e n ,  G .  H.  Bai1low, Ivlilan B i e r ,  P. E. 
B i g a z z i ,  R .  J. Knox, F. J. Micale ,  C. V .  F. 
Seaman, J .  id .  Vanderhoff ,  C.  J .  Van Oss, W. J.  
P a t t e r s o n ,  F. E. S c o t t ,  P.  H .  Hhodes, B. H .  
Ner ren ,  and R .  I .  Harwel l  

p,: E l e c t r o p h o r e s i s  Technology,  MA-011 

PROGRAM/MISSION: Apollo-Soyuz T e s t  P r o j e c t  

-: Hunan, Animal 

D I S C I P W ( S ) :  Cell b io logy  

QBJEC-: To conduct  e n g i n e e r i n g  and o p e r a t i o n a l  ' e s t s  o f  a  s p a c e - r a t e d  
s t a t i c  e l e c t r o p h o r e s i s  s e p a r a t i o n  a p p a r a t u s  and t o  f u r t h e r  c u r r e n t  r e s e a r c h  
e f f o r t s  t h rough  s e p a r a t i o n  o f  s imiJ .ar  c e l l u l a r  s p e c i e s .  

PROTOCOL: An c l ecLrophoresFs  o r  i s o t a c h o p h o r e s i s  column was removed from i t s  
s t o r a g e  l o c a t l o n  and i n s t a l l e d  i n  t h e  e l e c t r o p h o r e s i s  u n i t  i n  space .  F l u i d  
c o u p l i n g s  were s ecu red  t o  each  e l e c t r o d e  chamber o f  t h e  e l e c t r o p h o r e s i s  
columns on ly .  The s l i d e  c o n t a i n i n g  a s p e c i f i c  f r o z e n  sample was n e x t  removed 
from t h e  c r y o g e n i c  f r e e z e r  and i n s e r t e d  i n t o  t h e  column. A camera mounted on 
t h e  e l e c t r o p h o r e s i s  u n i t  cove r  photographed  c m i t i c a l  c o n t r o l  p o s i t i o n s  and 
d i g i t a l  r e a d o u t s  d u r i n g  each  column o p e r a t i r ~ n .  Fol lowing  each  e l e c t r o p h o r e s i s  
s e p a r a t i o n ,  t h e  e l e c t r o p h o r e s i s  columns were f r o z e n  by t h e  t h e r m o e l e c t r i c  
module and t h e n  removed from t h e  c r a d l e .  The crewman t h e n  removed e a c h  
e l e c t r o d e  chamber from t h e  columns and p l a c e d  t h e  column j.n t h e  c r y o g e n i c  
f r e e z e r  f o r  r e t u r n  t o  E a r t h .  The i s o t a c h o p h o r e s i s  columns were n e i t h e r  f r o z e n  
 lor r e t u r n e d ,  bu t  o n l y  photographed i n  o r b i t  d u r i n g  t h e i r  o p e r a t i o n .  

EQUI?MENT: An e l e c t r o p h o r e s i s  u n i t ,  a  c r y o g e n i c  f r e e z e r ,  e i g h t  expe r imen t  
columns ( s i x  e l e c t r o p h o r e s i s ,  two i s o t - c h o p h o r n e s i s )  , and e i g h t  sample 
i n s e r t i o n  s l i d e s .  

m: S e p a r a t i o n  o f  human, r a b b i t  and h o r s e  e r y t h r o c y t e s  was accompl ished .  
Human k idney  c e l l s  could  be c o n c e n t r a t e d  i n t o  u r o k i n a s e  (UK), human 
g r a n u l o c y t e  c o n d i t i o n i n g  f a c t o r  (HGCF) and e r y t h r o p o i e t i n  f r a c t i o n s .  Human 
lymphocytes were i n c o n c l u s i v e .  For  t h e  i so t achop l?o re s i s  p a r t  o f  t h e  
expe r imen t ,  s e p a r a t i o n  o f  humar~ e r y t h r o c y t e s  f r o u  hemoglobin o r  dyes  was 
ach ieved .  S e p a r a t i o n  o f  human and r a b b i t  e r y t h r o c y t e s  o r  r a b b i t  and s h e e p  
e r y t h r o c y t e s  was n o t  ach i eved .  

CONCLUSIONS: With t h e  s u c c e s s  o f  s e p a r a t i o n  o f  t h e  s t a n d a r d  p a r t i c l e s ,  i t  was 
shown that;  e l e c t r c ~ h o r e s i s  can  be performed under  zero-g c o n d i t i o n s .  The 
absence  o f  s i g n i f i c a n t  e l e c t r o - o s m o s i s ,  t h e  l o a d i n g  and r e t u r i n g  o f  a  s t e r i l e  
sys tem,  t h e  c a p t u r e  o f  t h e  r e s u l t i n g  s e p a r a t i o n ,  and t h e  p r e s e r v a t i o n  o f  



the viable c e l l s  in  orbit and during the subsequent. return represents many 
"f irstsn for space. The newer methods of separation by isotachophoresis 
proved the feas ibi l i ty  of conducting large-particle precessing by th i s  method. 
Unfcrtunately, the experiment was not total ly  success:ul because the fluid 
l ines  in some of the columns were blocked. 



A, INVESTIGATOR(S1: E. R .  B a l l i n g e r ,  and James P. Henry 
t 
4 

EXPERIMENT-: 

PBOGRAM/MISSION: Aerobee 2 

CLASSIFICnTIm: Animal - Rhesus nonkey (am), Mice 

mPLINE(S).: Behavioral  s c i e n c e ,  Environmental h e a l t h  

-: To s tudy  t h e  p h y s i o l o g i c a l  e f f c  -s cf weigh t l essness .  
- 

DOTOCOL: The monkey was a n e s t h e t i z e d  whi le  t h e  mice were n o t .  They were 
t s h n  t o  a he igh t  of 236,000 f t .  Heart  r a t e ,  r e s p i r a t i o n ,  a r t e r i a l  and 
c e n t r a l  venous p r e s s u r e s  were measured. Nine mice were placed i n  a s e p a r a t c  
compartment t o  s tudy  e f f e c t s  of  cosmic r a d i a t i . m .  Two mice were placed i n  a 
s e p a r a t e  drum r o t a t i n g  a t  12 rpm. One mouse was normal and one was 
labryinthectomized.  The mice haC t o  cl imb over  a smal l  paddle whi le  
performance was recorded on f i l m  . 
-: ECG e l e c t r o d e s ,  smal l  polyethylene c a t h e t e r s  connected t o  s ta tham 
pressure  t r a n s d u c e r s  ( f l u s h e d  by 2 automat ic  s y r i n g e s  a t  4 ml/hr wi th  
hepar in ized s a l i n e ) ,  photography equipment, r o t a t i n g  drum. 

RESULTS: I n  t h e  o r i e n t a t i o n  experiment,  t h e  l a b y r i n t h i n s - d e f e c t i v e  animal d i d  
not  become d i s o r i e n t e d  d a r i n g  we igh t l e ssness ,  whi le  t h e  normal animal had 
o r i e n t a t i o n  d i f f i c u l t y .  There was a de lay  i n  r e t r i e v i n g  t h e  capeu le ,  and t h e  
monkey died.  

COI.JLUSIONS: During zero-g, t h e  t:ormal animal f e i l e d  t o  use  h i s  v i s i o n  and 
touch sense  t o  supplement miss ing balance  cues .  



-1 : Richai-d E. B e l l e v i l l e  

PROGRAM/MISSION: Aerobee 150A 

CLASSIFICATION: Animal - Rat 

C v :  Behav io rz l  s c i e n c o ,  ~ inv i ronmen ta l  i1c3lth 

OBJECTIVES: To d e t e r i m i n e  t h e  g r a v i t y  p r e f e r e n c e  of a s ~ 1 1  animal when 
s u b j e c t e d  t o  a n  a r t i f i c i a l  g r a v i t y  f i e l d .  

EBQTWL:  The whi te  r a t s  (2) were p laced  i n  a  sounding  r o c k e t  f o r  
approximate ly  8 minutes .  They were p l aced  i n  a cage  where t h e  r . ~ i m a l s  cou ld  
make a c h o i c e  of g r a v i t y  f i e l d s  from - 3 5  t o  i.60 "g ' s"  d u r i n g  approx ima te ly  
f i v e  minutes  of  z e r o - g r a v i t y  t r a j e c t o r y .  

: Tke animal  envi ronmenta l  chambers were compmed o f  two h inged 
t r a z k s ,  deployed du r ing  f l i g h t  ta 15 d e g r e e s  from v e r t i c a l  s p i n  a x i s ,  
a s s o c i a t e d  in s t rumen ta t i c f i  and environmenLa1 c o n t r o l  equipment.  

RESULTS: '3e r a t  s p e n t  t h e  m a j o r i t y  o f  t h e  time i n  .8g.  

UUCLUSIONS: S i n c e  t h e  time o f  w e i g h t l e s s n e s s  and a r t i f i c i a l  g r a v i t y  was 
l i m i t e d ,  t h e s e  r e s u l t s  a r e  n o t  c o n c l u s i v e .  



-1 : L u c l i n  S. Browning 

p: Gene t i c  E f f e c t s  o f  . the  Space Environ;nent on t h e  
Reproduct ive  C e l l s  o f  Drosouhila AduPts and Pupae, 
P- 1159 

-: B i o s a t e l l i t e  I1 

-: Animal - F r u i t  f l y  ( D r o s w  melanonaster) 

-: Radiobiology , G e n e t i c s ,  Eehav io ra l  s c i e n c e  

OBJECTIYES: To s t u d y  p o s s i b l e  t r a n s m i s s i b l e  g e n e t i c  damage i n  t h e  f r u i t  f l y  
caused by exposure  t o  t h e  c o n d i t i o n s  o f  s p a c e f l i g h t  combined w i t h  c o n t i n u o u s  
i o n i z i n g  r a d i a t i o n .  

8 5 -: I r r a d i a t e d  ( S r :  1200-1500r) and n o n i r r a d i a t e d  female a d u 1 . t ~  and 
l a r v a e  were compdred wi th  ground c o n t r o l s .  Recess ive  l e t h a l ,  v i s i b l e  
mu ta t ions  a t  s p e c i f i c  l o c i ,  t r a n s l o c s t i o n s ,  l o s s  o f  dominant Y marker,  
c ross-over  i n  males, and n o n d i ~ j u n c t i o n  were s t u d i e d .  

m: Experiment package,  8 5 ~ r  source .  

RESULTS: I n c r e a s e s  i n  r e c e s s i v e  l e t h a l  f r equenzy  i n  mature  sperm, 
t r a n s l o c a t i o n s  and l o s s e s  o f  dominant markers  Y and B from t h e  Y chromosome 
i n  pupal  s t a g e  were f o u n ~  i n  t h e  i r r a d i a t e d  f l i g h t  specimens.  

:ONCLUSIONS: The changes cau ld  be a t t r i b u t e d  t o  v i b r a t i o n ,  a c c e l e r a t i o n ,  o r  
con tamina t ion  o f  t h e  napsu le  atmosphere wi th  formaidehyde,  g l u t a r a l d e h y d e ,  and 
e t h y l e n e .  T h e r e f o r e ,  t h e r e  is  no ev idence  t h a t  w e i g h t l e s s n e s s ,  a c t i n g  e i t h e r  
a l o n e  o r  i n  combinat ion ,  can produce g e n e t i c  e f f e z t s ,  b u t  n e i t h e r  can  i t  be 
excluded as an i n t e r a c t i n g  a g e n t  w i c h  o t h e r  f a c t o r s .  



: Brenda Buckhold, John V. P l a t e r ,  I. L. S i l v e r ,  
Tracy C. H. Yang, and C. A .  Thomas 

EXPERIHENf: Some E f f e c t s  o f  S p a c e f l i g h t  on t h e  F l o w  B e e t l e ,  
DUQUUB m, P-1039 

PRQGBAWMISSION: B i o s a t e l l i t e  I1 

-: Animal - Flour  b e e t l e  (1- confusum) 

-: Radiobiology , Gene t ics ,  Rehaviora l  s c i e n c e  

OBJECTIVES: To s t u d y  t h e  e f f e c t  o f  we igh t l e ssness  and t h e  combined e f f e c t s  of  
ganma r a d i a t i o n  and we igh t l e ssness  3n somat ic  wing development, germ c e l l s ,  
and t h e  pupal per iod i n  t h e  f l o u r  b e e t l e .  

-: 720 wm pupae between 19 and 27 h r s  o l d  were o r b i t e d ,  h a l f  i n  
t h e  presence o f  S r  and h a l f  s h i e l d e d  from it. Two-thirds o f  each pupae 
group had rece ived  a p r e r a d i a t i o n  dose  (1350r; o f  180 keV 8-rays.  I d e n t i c a l  
E a r t h  c o n t r o l s  were maintained.  A l l  were maintained a t  85 F. Upon r e t u r n ,  
pupal  pe r iod ,  wing a b n o m a l i t t e s ,  and g e n e t i c  damage was determined by mat ing 
experiment beetlc.s wi th  t h e  c o n t r o l s .  

m: Thrr e housing compartments, LiF d i s c  dos imete r s ,  8 5 ~ r  source .  

RESULTS: Pupal pe r iod ,  wing a b n o r m a l i t i e s ,  and dominant l e t h a l i t y  were 
s i g n i f i c a n t l y  inc reased .  " S p l i t n  mutat ion inc reased  from ground v a l u e s  of 30% 
t o  45%. 

(;ONCLUSIONS: Some f a c t o r  i n  space  f l i g h t ,  probably  ireightl  s s n e s s ,  e i t h e r  
f a c i l i t a t e d  t h e  development o f  r a d i a t i o n  inducer', chromosome ) reaks  and/or  DNA 
damage i n  t h e  meio t i c  c e l l s  ( o o c y t e s )  o r  h i r 4 e r e d  t h e  normal c o r r e c t i o n  o f  
such e r r o r s .  Another p o s s i b l e  expl.anatian i s  a temperature  drop o f  t h e  f l i g h t  
samples t h a t  occurred between 

-: 101, 102, 503, 

s e p a r a t i o n  and 

104, 105, 479, 

r e t r i e v a l  o f  t h e  f l i g h t  capsu le .  

480, 48 1 ,  546 



PRINCIPAL): Donald R .  Ekberg, E l a i n e  C. S i l v e r ,  J u d i t h  L. 
Buuhnay, and Eduard W. D a n i e l s  

p: Nuclear  and C e l l u l a r  D i v i s i o n  i n  
carolinensis Duping Weigh t l e s sness ,  P-1035 

-: B i o s a t e l l i t e  I1 

-: Animal - Amoeba (- -1 

-: Cell b io logy  

v m: To s t u d y  t h e  e f f e c t s  o f  w e i g h t l e s s n e s s  on n u c l e a r  and c e l l u l a r  
d i v i s i o n  i n  a s i n g l e  c e l l ,  u s i r g  t h e  g i a n t  m u l t i n u o l e a t e  amoeba Pelomvxa 
_carolincnsis. 

PROTQCOL: The anoebae were c u l t u r e <  and s u b c u l t u r e d ,  p l aced  i n  a b u f f e r  and 
f e d  paramecium. F i v e  comple te  u n i t s  o f  24 chambers were assembled 2 d a y s  
b e f o r e  launch.  The organisms were loaded  a t  F-18.5 h r s .  The amoebae were 
sc reened  and ccunted  as t h e y  were s e l e c t e d  f o r  t h e  chambers. After t h e  
amoebae and paramecium were loaded ,  t h e  chambers were f i l l e d  w i t h  TH.W g l y c y l  
g l y c i n e  b u f f e r ,  w i t h  a small a i r s p a c e  l e f t .  The f i x a t i o n s  were a c t u a t e d  5 
times i n f l i g h t .  A t  r ecove ry ,  t h e  organisms were coun-ed,  examined ?or  m i t o t i c  
forms,  food v a c u o l e s  coun ted ,  and t h e  g r o s s  morphology d e s c r i b e d .  

-: h p e r i m e n t  p a c k a ~ e  w i t h  24 chambers, each  d i v i d e d  i n t o  t h r e e  5 m l  
compartments c o n t a i n i n g  e i t h e r  amoebae, paramecium o r  f i x i t i v e .  The chambers 
were mounted on magnesium p l a t e s .  Four o f  t h e  chambers c o n t a i n e d  t h e r m i s t o r s .  

RESULTS: There were no s i g n i f i c a n t  d i f f e r e n c e s  i n  d i v i s i o c  r a t e s  between 
f l i g h t  and c o n t r o l  g roups .  There  was a t r e n d  toWard a h i g h e r  d i v i s i o n  rate i n  
well f e d  &- d u r i n g  w e i g h t l e s s n e s s .  Nuclear  d i v i s i o n  d u r i n g  
w e i g h t l e s s n e s s  was synchronous ,  as i n  t h e  c o n t r o i z .  No d i f f e r e n c e  was 
a p p a r e n t  i n  t h e  p o s t f l i g h t  c e l l  d i v i s i o n  r a t e s  of t h e  f l i g h t  g r o c p  when 
compared t o  t h e  c o n t r o l s .  

CONCLUSIONS: S l i g h t  v i b r a t i o n  and a c c e l e r a t i o n  had no o b s e r v a b l e  e f f e c t  upon 
n u c l e a r  o r  c e l l u l a r  d i v i s i o n  o f  amoebae. 



p: E f f e c t  o f  Space F l i g h t  on t h e  in- Combining 
Capac i ty  o f  Ant igen  and Rntibody 

-: Discove re r  XVII 

-: Human, Animal 

U % I & L Y E ( S ) :  Cell b io logy ,  Hematology, Radiobio logy 

OBJECTIVES: To de te rmine  t h e  s p e c i f i c  r e a c t i v i t y  between a n t i g e n s  and 
a n t i b o d i e s  d u r i n g  s p a c e f l i g h t .  

PROTOCOL: Samples o f  human gamma g l o b u l i n  and r a b b i t  a n t i s e r u m  s p e c i f i c  f o r  
human ganma g l o b u l i n  were d r i e d  on small s q u a r e s  o f  f i l t e r  pape r  and mounted 
on bo th  emulsion s u r f a c e s  of n u c l e a r  t r a c k  p l a t e s .  The s q u a r e s  were 
imnob i l i zed  by means o f  a t h i n  L u c i t e  p l a t e  and t h e  e n t i r e  package wrapped i n  
b l ack  cove r ing .  On r ecove ry ,  materials were e l u t e d  frcm t h e  pape r  i n  s a l i n e ,  
and r e a c t i v i t y  was determined by means o f  p a s s i v e  hemagg lu t ina t ion .  

-: M i l l i p o r e  f i l t e r  pape r ,  n u c l e a r  emulsion t r a c k i n g  p l a t e s ,  b l a c k  
wrapping,  t h i n  i u c i t e  p l a t e s ,  chemica l  d o s i m e t e r s ,  a l a n i n e ,  a lbumin,  s i l v e r  
phosphate  g l a s s  r o d s ,  n e u t r o n  s e n s i t i v e  f i l m ,  ant imony f o i l .  

-: The o n l y  e f f e c t  observed  was i n  i n c r e a s e  i n  r e a c t i v i t y  i n  bo th  
a n t i g e n  and a n t i b o d y  i n  t h e  f l i g h t  package. 

= T n u :  The occu r rence  of g r e a t e r  r e a c t i v i t y  is n o t  unde r s tood ,  b u t  i t  
may bc %;hat s u b - i n h i b i t o r y  c o n c e n t r a t i o n s  o f  cosmic r a d i a t i o n  may have a 
s t i rnu la to ry  e f f e c t  on p r o t e i n  r e a c t i v i t y .  



= I N V E S T I G A T O R & . ) :  O t t o  H .  Gauer ,  and David Simmonds 

-: Blossom 3 

-. A r i i m a l  - Rhesus monkey (- mulatta) 

P .  -. Behav io ra l  s c i e n c e ,  Envi ronmenta l  h e a l t h  

m: To t e s t  t h e  p h y s i o l o g i c a l  e f f e c t s  o f  r o c k e t  f l i g h t .  

m T O C O L :  The monkey was k e p t  a t  t h e  Aero Medical  L a b o r a t o r y  u n t i l  f l i g h t  
t ime.  A t  F-45 m i n u t e s ,  t h e  monkey was g i v e n  a n e s t h e s i a ,  e l e c t r o d e s  were 
imp lan ted  i n  its s k i n ,  and it was p l a c e d  i n  t h e  c a p s u l e .  The c a p s u l e  was 
mounted on t h e  V-2 a t  F-30 min. 

EQyUBXL: V-2 nosecone r e d e s i g n e d  as an an ima l  c a p s u l e ,  e l e c t r o d e s ,  EKG, 
oxygen c y l i n d e r ,  a u d i o  a m p l i f i e r .  

RESULTS: The r o c k e t  reached  a speed  o f  3,000 m i l e s  p e r  hour .  The p a r a c h u t e  
deployed ,  bu t  d i d  n o t  open ,  w i t h  t h e  monkey d y i n g  on impact .  No i n f o r m a t i o n  
was r ecove red  o r  t e l e m e t e r e d .  

: T h i s  f l i g h t  p o i n t e d  o u t  some o f  t h e  problems o f  r e l i a b l e  
i r  s t r u m e n t s t i o n .  



PRINCIPAL -: Clo id  D. Green 

PROGRAM/MISSIOK: L i t t l e  J o e  3 

v: Animal - Rhesus monkey (Muaa mulatta) 

DISCTPLINE(S): B e h a v i o r a l  s c i e n c e ,  Envi ronmenta l  h e a l t h  

OBJECTIVES: To o b s e r v e  t h e  p h y s i o l o g i c a l  e f f e c t s  o f  a c c e l e r a t i o n  on a s m a l l  
p r i m a t e  and check  t h e  s a f e t y  o f  t h e  P r o j e c t  Mercury f l i g h t  equipment ,  
e s p e c i a l l y  t h e  l aunch  a b o r t  s y s  tern. 

PROTOCOJL: A performance t e s t  t h a t  i nvo lved  t a p p i n g  a t e l e g r a p h  key - l i ke  
s w i t c h  each  time a r e d  l i g h t  f l a s h e d  i n  t h e  c a p s u l e  was i n c l u d e d .  

-: Rhesus monkey c o n t a i n e r  ( b i o p a c k )  . 
RESULTS: The monkey was s e n t  t o  an  a l t i t u d e  o f  84,000 m.  The per formance  
test  was a s u c c e s s .  There  were no o t h e r  f i n d i n g s  o f  n o t e .  

~ 1 , U S I O N S :  T h i s  exper iment  v e r i f i e d  t h e  adequacy o f  f l i g h t  equipment  t o  be  
used i n  P r o j e c t  Mercury, and showed t h e  b iomedica l  e f f e c t s  o f  a c c e l e r a t i o n  
expe r i enced  d u r i n g  t h e  a b o r t  o f  a Mercury f l i g h t  a f t e r  l i f t o f f  n o t  t o  be  
a d v e r s e .  



P R T N C I P A L . 1 :  Cloid D. Green 

- EXPERIMENTTITLE/NUMBER: 

PROGRAM/MISSIOH: L i t t l e  J o e  4 

n CLAS3IFICATION: Animal - Rhesus monkey (Macaca m) 
-(S_r: Behavioral  s c i e n c e ,  Environmental h e a l t h  

OBJECTIVES: To observe  t h e  p h y s i o l o g i c a l  e f f e c t s  o f  a c c e l e r a t i o n  on a small 
pr imate ,  p a r t i c u l a r l y  I n  t h e  a r e a s  applying t o  t h e  e f f e c t s  o f  t h e  r a p i d  o n s e t  
o f  r e v e r s e  a c c e l e r a t i o n  d u r i n g  a b o r t  a t  maximum dynamic p r e s s u r e .  

a: A performance t e s t  t h a t  involved t a p p i r q  a t e l e g r a p h  key-l ike 
swi tch  each t ime a red  l i g h t  f l a s h e d  i n  t h e  c a p s u l e  was i n c l u d e d 3  

urn: Rhesus monkey c o n t a i n e r  (b iopack)  . 
RESULTS: The monkey was s e n t  t o  a n  a l t i t u d e  o f  14,700 m. The per;'ormance 
test was a success .  There were no o t h e r  f i n d i n g s  o f  no te .  

-: I h i s  txperfment v e r i f i e d  t h e  adequacy o f  f l i g h t  equipment t o  be 
used i n  P r o j e c t  Mercury and SI >..ed t h e  biomedical  e f f e c t s  o f  a c c e l e r a t i o n  
experienced dur ing  t h e  a b o r t  o f  Mercury f l i g h t  a f t e r  l i f t o f f  no t  t o  be 
advc 3e. 

PUBLICATIONS: 351, 477 



PRINCIPAL) : Torquato  G u a l t i e r o t t i ,  F. B r a c c h i ,  and E .  b n n a  

T TI-: O r b i t i n g  Frog O t o l i t h  Experiment  (OF01 

CLASSIFICATION: Animal - B u l l f r o g  (Bans ca;lestiaI!a) 

-: Neurosensory ,  B e h a v i o r a l  s c i e n c e  

Q 9 J . J . :  To o b t a i n  i n f o r m a t i o n  conce rn ing  t h e  r e s p o n s e  o f  t h e  b a s i c  
a c c e l e r a t i o n  s e n s o r  mechanism ( h a i r  c e l l s  o f  t h e  o t o l i t h  o rgan )  t o  
w e i g h t l e s s n e s s .  

PBQTOCOL: Two b u l l  f r o g s  were comple t e ly  immersed i n  w a t e r .  Ac t ion  
p o t e n t i a l s  were r eco rded  from f o u r  v e s t i b u l a r  ne rvo  f i b e r s  c o r r e s p o n d i n g  t o  
t h e  g r 9 a v i t y  s e n s o r s  o f  t h e  i n n e r  e a r .  A c e n t r i  uge b u i l t  i n t o  t h e  e x p e r i s e n t  - 5 c a p s u l e  s u b j e c t e d  t h e  s e n s o r s  t o  a r a n g e  of  10 g d u r i n g  w e i g h t l e s s n e s s  and 
p e r i o d i c a l l y  up t o  0 .6g  o f  s t i m u l a t i o n .  

EQUIPMENT: Neutral-buoyancy electr:.:;- ECG e l e c t r o d e s ,  Frog O t o l i t h  
Equipment Package ( c o n s i s t i n g  o p  s ? i ~  motor ,  a n i t - v i b r a t i o n  moants ,  m u l t i p a s s  
g a s  exchange r ,  e v a p o r a t o r ,  t h e r m o s h t i z  v a l v e ,  w a t w  s u p p l y ,  oxygen r e s e r v o i r ,  
C02 a b s o r b e r ,  a m p l i f i e r s ,  and s p a c e m a f t  d a t a  h a n d l i n g  sys t em) .  

RESULTS: During t h e  f irst  few days  o f  w e i g h t l e s s n e s s ,  t h e  o t o l i t h  showed 
1 )  f l u c t u a t . i o n  cf t h e  a c t i v i t y  a t  r e s t  up t o  20  t i m e s  l a r g e r  t h a n  on t h e  
g ~ o u n d ,  2 )  a change of g a i n  and mode o f  t h e  r e s p o n s e s  t o  t h e  c e n t r i f u g e  s p i n  
c y c l e s ;  t h e  mode changed from t o n i c  t o  p h a s i c  and v i c e  v e r s a .  The chango 
1 )  g r a d u a l l y  d i s a p p e a r e d  i n  4-5 d a y s ,  t h e  a c t i v i t y  a t  r e s t  r e t u r n i n g  t o  
normal .  The change 2 )  was ma in t a ined  th roughou t  t h e  f l i g h t  n o t  showing t r e n d  
t o  n o r m a l i z a t i o ~ .  

CONCLUSTONS: Shows an i n d i c a t i o n  of an  o n l y  p a r t i a l  a d a p t a t i o n  o f  a b a s i c  
n e u r a l  c o n t r o l  p r o c e s s  t o  w e i g h t l e s s n e s s  w h i l e  some a l t e r a t i o n  r ema ins .  
(Revea led  p a r t i a l  a d a p t a t i o n  p r o c e s s  a t  t h e  b a s i c  r e c e p t o r  l e v e l  o f  l i v i n g  
organisms t o  w e i g h t l e s s n e s s ) .  



PRINCIPB'mESTIGATOR(S1: P .  M. Hahn, Takashi Hoshizaki,  and W .  Ross Adey 

6 p: Circadian Rhythms o f  t h e  Macaca nemestrina Monkey i n  
R i o s a t e l l i t e  I11 

-": B i o s a t e l l i t e  I11 

v: Animal - P i g - t a i l e d  monkey (Macaca nemestriDaj 

-: Chronobiology 

OBJECTIYES: To s t u d y  t h e  e f f e c t  o f  we igh t l e ssness  on c i r c a d i a n  rhythms. 

PBPTOU: P l o t t i n g  t echn iqcos  were used t o  e s t i m a t e  p e r i o d i c i t y .  7.5 c y c l e s  
f o r  24-hr. p e r i o d s  were used. Day m e r a g i n g  was t h e  most common method used. 
Data obta ined dur ing  t h e  f l i g h t  were i n t e r p o l a t e d  t o  f i x e d  1.5 hour i n t e r v a l s .  

EQUIPMENT: On-board f l i g h t  r e c o r d e r ,  camera, magnetic t ape .  

RESULTS: pCGZ (measurement o f  mey.abolism and r e s p i r a t i o n )  had a p e r i o d i c i t y  
o f  g r e a t e r  than  25 hours  as d i d  t h e  s u b j e c t ' s  temperature  and h e a r t  r a t e .  The 
blood p ressure  rhythms were no t  l a r g e r  than 24 hours.  The 4 c o n t r o l  animals  
had rhythms of 24 hours .  

:ONCLIL'iIONS: I n t e r n a l  desynz t ronos i s  of  temperature ,  c a r d i a c  an? r e s p i r a t o r y  
c y c l e s  from t h e  blood p r e s s u r e  and t h e  e x t e r c a l  desynchronosis from t h e  
i.np0Se.d 24 hour d a i l y  r o u t i n e  may have been d e t r i m e n t a l  t o  t h e  well being o f  
t h e  f l i g h t  s u b j e c t .  The derangement of t h e  ca rd iovascu la r  system suggested a s  
a concomitant of space f l i g h t ,  and t h e  desynchronosis  folmd i n  t h e  f l i g h t  
s u b j e c t  may we l l  have a c t e d  s y n e r g i s t i c a l l y  t o  b r i n g  about i t s  r a p i d  
d e t e r i o r a t i o n .  There was no evidence o f  t h i s  desynchronosis  i n  t h e  ground 
c o n t r o l s .  This  l e a d s  t o  t h e  p o s s i b i l i t y  of t h e  e x i s t e n c e  o f  a g r a v i t y  
dependent mechanism i n  t h e  c o n t r o l  of  c i r c a d i a n  rhythm. 

PUBLICATIONS: 239, 285 



PRINCIPkL) : J. Hanley,  and W .  Ross Adey 

EXPERIMENT-: S l e e p  and Wake S t a t e s  i n  t h e  B i o s a t e l l i t e  I11 
Monkey: V i s u a l  and Computar A n a l y s i s  o f  Te l eme tc r ed  
E l e c t r o e n c e p h a l o g r a p h i c  Data  from E a r t h  O r b i t a l  
F l i g h t  

PROGRAM/MISSION: B i o s a t e l l i t e  111 

CLASSIFICATION: Animai - P i g - t a i l e d  monkey (- 

-(S): Chronobio logy ,  Neurosensory  

B J E C T I V U :  To s t u d y  +.he s i e e p  and wake s t a t e s  i n  a complex mammalian sys tem 
i n  a w e i g h t l e s s  envi ronment .  

PROTOCOL: Ten EEG, two EOG and  two EMG c h a n n e l s  were mon i to r ed .  Data  was 
t e l e m e t e r e d  t o  e a r t h  t r a c k i n g  s t a t i o n s  a t  t h e  r a t e  o i  22.4 k i l o b i t s / s e c . ,  and 
c o l l e c t e d  e v e r y  97 minu te s .  The monkey was a c c l i m a t e d  t o  12  h o w  day  and 12 
hour  n i g h t  c y c l e  i n  t h e  c a p s u l e .  

e: EEG, E@G and EMG, e l e c t r o d e s .  

E m :  There Here r a p i d  t r a n s i t i o n s  i n  s t a t e ,  b r e v i t y  o f  s t a t e ,  and unusua l  
t r a n s i t i o n s  from one s t a t e  t o  a n o t h e r .  The monkey n e v e r  a c h i e v e d  i ts  normal  
t e r r e s t r i a l  c y c l e .  There  was a d r a m a t i c  r e d u c t i o n  i n  REM and S t 2 g e  4 s l e e p .  
Eye movements: no rma l ly  s e e n  o n l y  i n  REM, were  obse rved  d u r i n g  State I1 and I V  
s l e e p .  Eye movements d e c r e a s e d  w i t h  i n c r e a s i n g  f l i g h t  time, and c e a s e d  by 
o r b i t  126,  accompanied by a change  i n  EEG. None o f  t h e  c o 9 t r o l s  d i s p l a y e d  
t h i s  phenomenon. 

CONCLUSIONS: The b i o l o g i c a l  s i g n a l s  s t u d i e a  f o r  c o r r e l e a t e s  o f  t h e  s l e e p  and 
wake s t a t e s  o f  t h e  p r ima te  were d r a s t i c a l l y  a f f e c t e d  by t h e  w e i g h t l e s s  s t a t e .  
EEG, EOG, and EkG were a l l  markedly  d i s r u p t e d  by t h e  z e r o  g r a v i t y  c o n d i t i o n s .  
Moreover,  t h e  changes  began c o n c u r r e n t l y  w i t h  t h e  o n s e t  o f  w e i g h t l e s s n e s s  and 
were n o t  s econda ry  t o  a l t e r e d  f l u i d  b a l a n c e  o r  body t e m p e r a t u r e .  The re  was a 
complex r e s p o n s e  t o  t h e  i ndependen t  v a r i a b l e  o f  w e i g h t l e s s n e s s ,  w i t h  a  sudden  
d e c l i n e  on day 8 a t t r i b u t a b l e  t o  f l u i d  l o s s  a?d r e d i s t r i b u t i o n  o f  b lood  i n  t h e  
t h o r a x  consequent  t o  t h e  z e r o  g r a v i t y  s t a t e .  



-&I: K .  Hanning, and H .  Wirth 

W E R I M E N T :  E l e c t r o p h o r e s i s  Faperiment  , M A 4 1  4 

-: Apollo-Soyuz T e s t  P r o j e c t  

T 'I -: Humati, Animal 

-: C e l l  b io logy  

OBJECTIVES: To i n v e s t i g a t e  and e v a l u a t e  t h e  i n c r e a s e  i n  sample f l o w  rate and 
sample r e s o l u t i o n  a c h i e v a b l e  i n  space .  

-: The a p p a r a t u s  f u n c t i o n e d  a u t o m a t i c a l l y ,  r e q u i r i n g  minimal crew 
i n t e r v e n t i o n .  Samples o f  r a t  bone marrow c e l l s ,  s p l e e n  c e l l s ,  l y ~ p h  node 
c e l l s  w i t h  t h e  a d d i t i o n  o f  human e r y t h r o c y t e s  as markers  and a mix tu re  o f  
human and r a b b i t  e r y t h r o c y t e s  were s t u d i e d .  It was n o t  n e c e s s a r y  t o  c o l l e c t  
t h e  s e p a r a t e d  b i o m a t e r i a l  f r a c t i o n s .  An o p t o e l e c t r o n i c  a n a l y s i s  o f  t h e  
s e p a r a t i o n  was p e r f o m e d .  A p r e p a r a t i v e  s e p a r a t i o n  was n o t  used.  R 
q u a l i t a t i v e  e v a l u a t i o n  ( b y  u s e  o f  a n  o p t i c a l  sys tem)  was s u f f i c i e n t  t o  
de t e rmine  t h e  a p p l i c i b i l t t y  o f  t h e  method and t o  scudy t h e  s h a r p n e s s  o f  
s e p a r a t i o n .  

lUU3W.Z: S e p a r a t i o n  chamber c o n s i s t i n g  o f  two c o o l i n g  p l a t e s .  E l e c t r o d e s  
provided t h e  e l e z t r i c  f i e l d .  

RESOLTS: The exper iment  l a s t e d  f o r  one E a r t h  o r b i t .  The o p t i c a l  system 
produced a l i g h t  t h a t  was t o o  b r i g h t  t o  d i s c e r n  t r u e  c e l l  d i s t r i b u t i o n s ,  b u t  
f i n a l  a n a l y s i s  o f  s c i e n t i f i c  d a t a  by computer p r o c e s s i n g  showed t h e  expec ted  
d i s t r i b u t i o n  o f  s e p a r a t e d  c e l l s .  

-: The a p p l i c a b i l i t y  o f  f r e e - f l o w  e l e c t r o p h o r e s i s  under  zero-g 
c o n d i t i o n s  was confirmed.  The t e c h n i c a l  problems a r i s i n g  from t h e  s p e c i a l  
envi ronmenta l  c o n d i t i o n s  i n  a Space lab  can  be c o n t r o l l e d .  It waa demonst ra ted  
t h a t  b u f f e r  f low sys tems o p e r a t e d  d e s p i t e  t h e  more d i f f i , , l t  c o n d i t i o n s  
imposed by a c l o s e d  system. The e f f e c t i v e  removal o f  g a s e s  f r o n  t h e  e l e c t r o d e  
b u f f e r  by t h e  measures used was a n e c e s s a r y  p a r t  o f  t h e  exper iment .  The 
p o s s i b i l i t y  o f  s e p a r a t i n g  l i v i n g  c e l l s  under zero-g c o n d i t i o n s  was demon- 
s t r a t e d .  The c e l l  a g g r e g a t i o n s  t h a t  formed i n  t h e  c e l l  s u s p e n s i o n s  need n o t  
cor respond t o  a d e c r e a s e  i n  v i a b i l i t y .  



fi- I N V E S ~ U & & )  : Webb Hayna~er, Bonne C.  Look, a n d  Eugene V .  Ben ton  

TITLE/NUMBER: P o c k e t  Mousz Expe.-iment (BIOCORE), MI21 

w A S S I : : : I C A T I O N :  Animal - P o c k e t  Mouse (pero- w e m b r i s )  

I2ISCIPLINE(S): R a d i o b i o l o g y  

OBJECTIVES: To d e t e r m i n e  whec!ler a  s p e c i f i c  p o r t i o n  o f  t h e  h i g h  Z-high e n e r g y  
(HZE) g a l a c t i c  cosmic  r a y  p a r t i c l e  s p e c t r u m ,  e s p e c i a l l y  p a r t i c l e s  w i t h  Z n o  
less t h a n  6 ,  c a n  p r o d u c e  m i c r ~ o s c o p i c a l l y  v i s i b l e  i n j u r y  o f  b r a i n ,  e y e  and  
o t h e r  t i ~ s u e s .  

-: F i q s  p o c k e t  mice  w i t h  p l a s f i c  d o s i m e t e r s  i m p l a n t e d  b e n e a t h  t h e  
s c a l p  underwent  e x t e n s i v e  gi30und t e s t i n g  f o r  s p a c e  f l i g n t  e n v i r o n m e n t a l  
f a c t o r s .  Two c a n n i s t e r s  were p r e p a r e d  o f  f i v e  mice  e a c h ,  o n e  f l i g h t ,  o n e  
back-up t o  be used  a s  a  c o n t r o l ,  u n d e r g o i n g  t h e  same stresses a s  t h e  f l i g h t  
mice. Upon r e t u r n ,  t h e  mice  wera s a c r i f i c e d  a n d  f i x e d  w i t h  FAM. The a n i m a l s '  
h e a d s  were f i x e d  and s l i c e d  i n t o  160G s e c t i o n s  e a c h ,  and compared w i t h  t h e  
h e a d s  o f  t h e  s a c r i f i c e d  c o n t r o l  mice  ( w h i c h  had had p a p e r  s i m e t e r s  p l a c e d  o n  
t h e i r  h e a d s ,  and h o l e s  d r i l l e d  t o  s i m u l a t e  t h e  HZE p a r t i c l t  p a t h s  t h a t  were  
e n c o u n t e r e d  by t h e  f l i g h t  m i c e ) .  

W I P M E U :  Pouse  f l i g h t  c a c n i s t e r ,  l i f c  s u p p o r t  s y s t e m ,  d o s i m e t e r s .  

RESUJZ:  Four  bf t h e  f i v e  f l i g h t  mice r e t u r n e d  a l i v e ;  two i n  a c t i v e  and  
e x c e l l e n t  c o n d i t i o n ;  two d o c i l e  and  hunched up.  The f e m a l e  was most  subdued  
and u n c o o r d i n a t e d  on w a l k i n g .  E i g h t y  cosmic  r a y  p a r t i c l e s  were r e c o r d e d  i n  
t h e  f i v e  d o s i m e t e r s  which p r o b a b l y  r e c o r d e d  50% o f  t h e  h i t s  t h r o u g h  t h e  b r a i n .  
The body t i s s u e s  o f  t h e  f o b r  l i v e  m i c e  showed no change  d u e  t o  HZE. The 
o l f a c t o r y  e p i t h e l e u n  was s e v e r e l y  damaged i n  f o u r  o f  t h e  m i c e ,  less  s e v e r e l y  
i n  one .  I n  t h e  f l i g h t  and back-up m i c e ,  t h e r e  was hemmorhage i n  t h e  m i d d l e  
e a r  c a v i t y  b i l a t e r a l l y  ( r e c o v e r y  c o n d i t i o n  d i r e c t l y  r e l a t e d  t o  t h e  amount)  . 
T h e r e  were 13 t i n y  l e s i o n s  i n  t h e  s c a l p s  o f  t h r e e  f l i g h t  mice .  F i v e  p a r t i c l e s  
x e r e  r e c o r d e d  t h r o ! g h  t h e  e y e s .  No r e t i n a l  l e s i o n s  were f o u n d .  T h e r e  were  no 
p a t h o l o g i c a l  c h a n g e s  t o  t h e  ! v a i n  menninges  o r  c a l v a r i u n  r e l a t e d  t o  f l i g h t .  

W J S I O N S :  Al though  d e t a i l e d  s t u s i e s  were p e r f o r m e d  i n  a n  e f f o r t  t o  answer  
t h e  q u e s t i o n  w h e t h e r  H Z E  cosmic  r a y  p a r t i c l e s  a r e  i n i t i r i o u s  t o  b r a i n  and o t h e r  
t i s s u e ,  i t  s h o u l d  be n c t e d  t h a t  t h e  l a c k  o f  d e m o n s t r a b l e  l e s i o n s  d o e s  n o t  
n e g a t e  t h i s  p o s s i b i l i t y .  S u b s t a n t i a l l y  less s h i e l d e d  e x p o s u r e s  t o  cosmic  r a y  
p a r t i c l e s  a r e  needed  i f  t h e  e f f e c t s  ( o r  l a c k  o f  e f f e c t s )  o f  t h e  p a r t i c l e s  on 
b r a i n  t i s s u e  and o t h e r  t a r g e t  s t r u c t u r e s  a r e  t o  be z s t a b l i s h e d .  



INVESTICATOR(S1: James P . Penry  

EXPERIMENT: 

-: Aerobes 3 

&-: Animal - Capuchin monkey (Cebus albifrons) , mice 

m a :  Behsv io ra l  s c i e n c e ,  Environmental  h e a l t h  

OBJECTIYES: To s t u d y  t1.e e f f e c t s  o f  w f g h t l e s s n e s s  on both o r i e n t a t i o n  a n a  
t h e  phys io logy o f  t h e  s u b j e c t .  

PB-: The two monkeys were s e a t e d ,  a n e s t h e t i z e d ,  and one  p l aced  t o  
r e c e i v e  +G and t h e  o t h e r  p laced  t o  r e c e i v e  +Cx. ECG wa: taken  from b o t h  
an ima l s .  Bt tempts  were made t o  measure a r te r ia l  and venour p r e s s u r e s .  Two 
mice ,  one normal and one l a b r y r i n t h e c t o m i z e d ,  were ?lac,d i n  a r o t a t i n g  drum 
( 4  rpn) and photographed.  

ZQUEMlW: R o t a t i n g  mouse drum (wi 'h s p e c i a l  s h e l f  on one  s i d e ) ,  camera 

n m :  Roth monkeys and mice s u r v i v e d  t h e  f l i g h t  w i thou t  demonst rable  ill 
e f f e c t s .  The measuremerzts o f  a r te r ia l  and venous p r e s s w e 3  f a i l e d .  The 
l a b r y n t h i n e - d e f e c t i v e  mouse d i d  w e l l ,  i f  g i v e n  a f o o t h o l d  i n  t h e  r o t a t i n g  drcm 
whi l e  t h e  normal mouse clawed t h e  a i r  t l - r i n g  t o  g e t  h i s  ba l ance .  

-: These wre  tP.e first l i v i n g  c r e a t u r e s  t o  s u r v i v e  s p a c e f l i g h t  
c o n d i t i o n s .  Minimum uncoord ina t ion  and d i s o r i e n t a t i o n  is  expe r i enced  as l o n g  
a s  t h e  s u b i e c t  r e t a i n s  t a c : i l e  and h a s  v i s u a l  r e f e r e n c e s .  

.- 
I.. 



f-INYESTIGATORiS) : James P.  Henry 

PROGRAM/MISSION: Blossom 5 

-&: Animal - Cynomolgus monkey (Bacaca-) 

IZISCIPLINE(S): Behavioral  s c i e n c e ,  Environmental h e a l t h  

OBJECTIYES: To s tudy a c c e l e r a t i o n  e f f e c t s  on a monkey. 

WTOCQL: The monkey was kept  a t  t h e  Aero Medical Laboratory u n t i l  f l i g h t  
t ime.  A t  45 minutes be fo re  f l i g h t ,  t h e  monkey was g iven  a n e s t h e s i a ,  
e l e c t r o d e s  c t  i n  i ts  s k i n ,  and placed i n  t h e  capsu le .  The capsu le  was placed 
on t h e  V-2 rocke t  a t  30 minutes be fo re  f l i g h t .  

-: Telemetry dev ices  f o r  h e n t  bea t  and r e s p i r a t i o n ,  V-2 nosecone 
redesigned as an animal c a p s u l e ,  e l e c t r o d e s ,  EKG, oxyean c y l i n d e r ,  aud io  
a m n l i f i e r  . 
m: The rocke t  reached a speed o f  3,000 mi les  pe r  hour.  The parachute  
degloyed, but  d i d  not  o?en, wi th  t h e  monkey dying o? impact.  Some in fo rmat ion  
was t e l emete red ,  showing normal r e s p i r a t i o n  and h e a r t  rate. 

CONCLi;SIC".S: Space f l i g h t  seemed t o  have no advs r se  e f f e c t  on t h e  physiology 
o f  t h e  monkey. 

<.. -2- . - r . .  , 4 r i  



-: Blossom 6 

v: Animal - Cynomolgus monkey (Hacaca 

IZISCIYLINE(S): Behav io ra l  s c i e n c e ,  Environmentai  h e a l t h  

OBJECTUIES: To s t u d y  t h e  e f f e c t s  o f  r o c k e t  f l i g h t  on  a l i v i n g  s u b j e c t .  

. . PROTC,IL. The monkey was kep t  a t  t h e  Aero Medical  Lzbora to ry  u n t i l  f l i g h t  
t ime.  A t  45 minu te s  b e f o r e  f l i g h t ,  t h e  monkey was g i v e n  a n e s t h e s i a ,  
e l e c t r o d e s  implanted  i n  i ts s k i n ,  and p l aced  i n  t h e  c a p s u l e .  The c a p s u l e  
was mounted on t h e  V-2 r o c k e t  a t  30 minu te s  b e f o r e  f l i g h t .  

: Telemetry d e v i c e s  f o r  h e a r t  b e a t  and r e s p i r . t i o n ,  V-2 nosecone 
r edes igned  as an ..mima1 c a p s u l e ,  e l e c t r o d e s ,  EPC, oxygen c y l i n d e r ,  a u d i o  
amp1 i f  i e r  . 

RESULTS: The r o c k e t  r eached  a speed  o f  3,000 miles p e r  hour .  The p a r a c h u t e  
deployed ,  b u t  d i d  no t  ope:1, w i th  t h e  monkey d y i n g  on impact .  Some i n f o m a t i o n  
was t e l e m e t e r e d ,  showing normal r e s p i r a t i o n  and h e a r t  r a t e .  

m!J&SlQ&S: Space f l i g h t  seemed t o  have no a d v e r s e  e f f e c t  on t h e  phys io logy  
o f  t h e  monkey. 



f%l-INVESTIGATQRCS): James P.  h e n r y  

E.".OGRAY/MISSION: Blossom 7 

w: Annia l  - Mouse 

prS!XEXINE(S) : B e h a v i o r a l  s c i e n c e ,  Envi ronmenta l  h e a l t h  

Qf3JECTIVQ: To s t u d y  t h e  effects  o f  z e r o  g r a v i t y  on  a n i m a l  b e h a v i o r .  

BOTOCOL: The mouse was p l a c e d  i n  t h e  clear c o n t a i n e r  m a n e s L h e t i z e d ,  and  
photographed  a t  s h o r t  i n t e r v a l s  o f  1 s econd  d u r a t i o n  a t  4 s e c o ~ i d  i n ~ e r v a l s .  

m: P h o t o g r a p h i c  equ ipmen t ,  pie-wedge-shaped mouse chamber o f  
P l e x i g i a s s ,  an  a c c e l e r o m e t e r .  

B S U L E :  The p a r a c h u t e  dep loyed ,  b u t  f a i l e d  t o  open  and  t h e  mouse was k i l l e d  
on I s p a c t ,  b u t  t h e  f i l m  was r e c o v e r e d .  The p i c t u r e s  showed t h e  mouse f l o a t i n g  
a r o u n d ,  w i t h  t a c t i l e  and  v i s u a l  s e n s e s  a l l o w i n g  o r i e n t a t i o n  d u r i n g  a b r i e f  
p e r i o d  o f  weigh t lessne .3 .  

aNCLUSIQU: T h i s  expe r imen t  c o n t r a d i c t e d  t h e  p o p u l a r  t h e o r y  t h a t  ze ro-g  
would c a u s e  d i s o r i e n t a t i o c .  



-1 : James P .  Henry 

-: Mercury 2 (MR2)  

w: Animal - Chimpanzee (lan tronlodk'tes) 

DISCIPL:NE(S): B e h a b i o r a l  s c i e n c e ,  E n v i r o n m e n t a l  h e a l t h  

-: To d e t e r m i n e  t h e  s a f e t y  o f  t h e  Mercury s p a c e c r a f t  f o r  s u b o r b i t a l  
manned f l i g h t .  

EROTQCOL: The chimp,  "Ham" was t r a i n e d  f o r  219 h r s .  o v e r  a 15 mo. p e r i o d ,  and 
was s u c c e s s f u l l y  l a u n c h e d  and r e c o v e r e d .  Two psychomotor  t a s k s  were c o n d u c t e d  
i n  f l i g h t .  After r e c o v e r y ,  t h e  chimp was examined f o r  p h y s i o l o g i c a l  
a b n o r m a l i t i e s .  

IUWMWC: ECG e l e c t r o d e s  o f  s t a i n l e s s  s t e e l  w i r e s  t h r e a d e d  s u b c u t a n e c u s l y ,  
pneumograph, r e c t a l  t h e r m i s t o r ,  chimp couch  s y s t e m ,  p h o t o g r a p h i c  e q u i p m e n t .  

RESULTS: P u l s e ,  r e s p i r a t i o n ,  a n d  b l o o d  p r e r s u r e  were normal .  P e r f o r m a n c e  o f  
tests was u n a f f e c t e d  by w e i g h t l e s s n e s s .  The chimp r e a c h e d  a speecr o f  5 , 8 3 0  
mph and  a n  a l t i t u d e  o f  15b m i .  o v e r  a ra.,&e o f  414 m i .  

-: T h i s  e x p e r i m e n t  d e m o n s t r a t e d  t h e  v a l i d i t y  o f  Kercury  s p a c e c r a f t .  
W e i g h t l e s s n e s s  l e f t  v i s u a l  and  t a c t i l e  r e f e r e n c e s  u n i m p a i r e d  and  showed t h a t  
p h y s i c a l  and  m e n t a l  demands were n o t  e x c e s s i v e .  



I . .  

CLASSIFICATION: Animal - Chimpanzee (&n ~ o d v t ~ )  

-: Behavioral  s c i e n c e ,  Environmental h e a l t h  

PBJ,r:&&VE;S: To e v a l u a t e  t h e   safe^, of' ths Mercury s p a c e c r a f t  f o r  manned 
o r b L t z l  f l i g h t  and determine t h e  p h y s i o l o ~ i c a l  eff?,:?.-tj .7:' ue igh t l t ; .  

&&&QQ&: The chimp, "EnosV was t r a i n e d  f o r  1263 h r s .  dur ing  a 16-mo. p e r i o d ,  
m d  \{as s u c c e s s f u l l y  launched i n  a Mercury capsu le  and recovered.  Data f r o n  
f l i g h t  (which was not  t e l emete red)  was then  analyzed.  

EQUIEMENT: ECG e l e c t r o d e s  o f  s t a i n l e s s  s t e e l  wi res  threaded s:lbcutaneously, 
pneumograph, r e c t a l  t h e r m i s t o r , ~ p s y c h o m o t o r  t e s t i n g  equipment, Fcley c a t h e t e r  
( t o  c o l l e c t  u r i n e ) ,  i n t r a v a s c u l a r  c a t h e t e r s  ( f o r  a r t e r i a l  and venous p r e s s u r e s  
recorded i n f l i g h t  bu t  not  t e l e m e t e r e d ) ,  5-g food and water d i s p e n s e r s ,  chimp 
couch system, and photography equipment. 

RESULTS: Blood p r e s s u r e  was high and c a r d i a c  rhythms were i r r e g u l a r  because 
o f  an  ins t rumenta t ion  probiem. The chimpanzee s u c c e s s f u l l y  p e r i m n e d  complex 
m u l t i p l e  operan t  t a s k s  and r e t u r n e d  i n  good phys io log ica l  cond i t ion .  

CONCLUSIONS: This  e x p e r i a e n t  demonstrated t h e  v a l i d i t y  o f  t h e  capsu le  
environment c o n t r o l  system f o r  subsequent use wi th  man. I t  showed t h a t  t h e  
v e h i c l e s  could be s u c c e s s f u l l y  recovered,  and t h a t  short- term weigh t l e ssness  
had no adverse  phys io log ica l  e f f e c t s .  

PUBLICATIONS: 89,  262, 264, 351, 388, 451, 477, 558 



-1: J o h n  E. Hewitt 

p: R a d i a t i o n  E x p o s u r e s  Dur ing  t h e  B i o s a t e l l i t e  I1 
F l i g h t  

PROCRAM/MISSION: B i o s a t e l l i t e  I1 

-: Animal ,  P l a n t ,  Microorgan ism 

DISCLPLINE(S): R a d i o b i o l o g y  

m: To d e t e r m i n n  t h e  combined effects  o f  r a d i a t i o n  and w e i g h t l p s s n e s s  
on l e t h a l i t y  and  m u t a g e n e s i s  i n  a v a r i e t y  o f  l i v i n g  s y s t e m s .  

PROTOCOL: The b i o l o g i c  material from e a c h  e x p e r i m e n t  was d i v i d e d  i n t o  f o u r  
g r o u p s ;  f l i g h t  g r o u p s  i r r a d i a t e d  nd n o n - i r r a d i a t e d ,  and E a r t h  c o n t r o l  g r o u p s  
i r r a d i a t e d  and n o n - i r r a d i a t e d .  89Sr was rlsed as t h e  r a d i a t i m  s o u r c e  and 
L i t h i u m  f l u o r i d e  ( L i F )  t h e r m o l u n i n e s c e n t  p o w ~ e r  was s e l e c t e d  a s  t h e  p r i m a r y  
d o s i m e t e r .  The p a c k a g e s  were p l a c e d  i n  t h e  c a p s u l e  a t  d i f f e r e n t  d i s t a n c e s  
f rom t h e  s o u r c e  s o  t h a t  e a c h  would r e c e i v e  i ts c a r r e c t  e x p o s L r e .  

w: C a p s u l e ,  e x p e r i m e n t  p a c k a g e s ,  n u c l e a  e m u l s i o n  p a c k a g e ,  
85 b a c k s c a t t e r  s h i e l d ,  h e a t  s h i e l d ,  s o u r c e  h o l d e r ,  St* s o u r c e ,  L i F  powder 

d o s i m e t e r s ,  CaF2 d o s i m e t e r s .  

E m :  The r a d i a t i o n  e x p o s u r e s  i n  t h e  c o n t r o l  a r e a s  were q u i t e  low. Few 
w e r e  a b o v e  0.5 R .  From n u c l e a r  e m u l s i o n  measurements ,  a n  u p p e r  liqit d o s e  d u e  
t o  p r o t o n s  was 40 m3 f o r  t h e  m i s s i o n .  T h e r e  were 10.1 t r a v e r s a l s  o f  a t o m i c  
n u c l e i  o f  Z 2 23icm d u r i n g  t h e  m i s s i o n .  

CONCLUSIONS: N u c l e a r  e m u l s i o n s  measurements  v e r i f i e d  t h a t  r a d i a t i o n  d o s e s  d u e  
t o  s p a c e  r a d i a t i o n s  are v e r y  low i n  o r b i t s  s i - ' l a ?  tc t h a t  o f  B i o s a t e l l i t e  11. 
It is h i g h l y  u n l i k e l y  t h a t  a n y  d i f f e r e n c e  found  between t h e  b i o l o g i c  r e s p o n s e s  
o f  t h e  same e x p e r i m e n t  i n  t h e  f l i g h t  and E a r t h  c o n t r o l  c a p s u l e s  c o u l d  be 
a t t r i b u t e d  t o  r a d i a t i o n  e x p o s u r e  d i f f e r e n c e s ,  n o r  c o u l d  a n y  u n u s u a l  r e s u l t s  be  
a t t r i b u t e d  t o  t h e  p r e s e n c e  i n  t h e  c a p s u l e s  o f  a  l a r g e  component o f  low-energy 
r a d i a t i o n  p roduced  by m u l t i p l e  s c a t t e r i n g .  



-): Takash i  Hosh izak i ,  Ross Durham, and W .  Ross Adey 

*.I EXPERIMENT.: Sleep/Wake A c t i v i t y  P a t t e r n s  of a  M a c a c a n e m e s t r m  
Monkey During Nine Days o f  W e i g h t l e s s n e s s  

PROGRAM/MISSION: B i o s a t e l l i t e  I11 

v: Animal - P i g - t a i l e d  monkey (- m s t r i n a )  

-: Chronobiology 

OBJECTIVES: To s t u d y  t h e  p o s s i b l e  e f f e c t s  o f  s p a c e  environment  on t h e  
s leep/awake  c y c l e  o f  a p i g - t a i l e d  monkey. 

PROTOCOJ,: Time-lapse pho tog raph ic  r e c o r d s  o f  t h e  f l i g h t  and c o n t r o l  a n i s a l s  
were t aken  i n  c o n j u n c t i o n  w i t h  o t h e r  p h y s i o l o g i c a l  d a t a .  P i c t u r e s  ware t a k e n  
e v e r y  20 minutes .  The p i c t u r e s  were a n a l y s e d  f o r  t h e  c y c ? c  w i t h  t h e  s t a t u s  o f  
t h e  e y e s ,  i . e .  c i o s e d ,  open ,  n o t  d i s c e r n i b l e .  

E O U l N T :  16mm movie c m e r a s ,  24 hour  c l o c k s .  

&?SULTs: Tne s u b j e c t  was e n t r a i n e d  t o  24 hour  c y c l e  b u t  w i t h  a  s h i f t  o f  2 
hour s  s l e e p  1400-0200 C T ,  wake 0200 t o  1400 CT. With t h e  e x c e p t i o n  o f  t h e  
l a s t  two d a y s ,  t h e  s u b j e c t  tended  t o  remain on a c o n s i s t e n t  s c h e d u l e  r e g a r d i n g  
o n s e t  o f  "n igh t "  s l e e p .  He remained a s l e e p  f o r  l o n g e r  p e r i o d s  o f  t ime  as t h e  
f l i g h t  p rog re s sed .  Wakefulness a p p a r e n t l y  neve r  i n c r e a s e d  i n  t h e  " n i g h t "  
mode, b u t  i n c r e a s e d  d c r i n g  "dayn w d e  on days  7 .  8 ,  and 9 .  

CONCLUSIONS: "Bonny" changed r a p i d l y  back and f o r t h  from t h e  s l e e p  t o  wake 
s t a t u s .  From t h e  f i n d i n g s  on a 24-hour rhythm i n  blood p r e s s u r e ,  a  26-hour 
rhythm i n  t h e  h e a r t  r a t e ,  body and b r a i n  t e m p e r a t u r e  and pC02, and t h e  24-hr .  
rhythm i n  t h e  s l eep /wake  a c t i v i t y ,  i t  is  concluded  t h a t  i n t e r n a l  desynchro-  
n o s i s  occu r r ed  i n  t h e  f l i g h t  s u b j e c t .  Desynchronos is  may have c o n t r i b u t e d  t o  
t t e  p h y s i o l o g i d a l  pa tho logy  t h a t  prompted t h e  t e x i n a t i o n  o f  t h e  f l i g h t .  Such 
a d e s y n c h r o n a s i s  was n a t  obse rved  i n  c o n t r o l  s u b j e c t s .  



& 

'7 PRINCIPAL) : Allan A.  Katzberg 

, EXPERIMENT: The E f f e c t s  of  Space F l i g h t  on I i v i n g  Human C e l l s  
Aboard t h e  Discoverer  Vehicle 

PROGRAM/MISSION: Discoverer X V I I I  

v: Animal - Chicken embryo t i s s u e  

DISCIPLINE(S): C e l l  b iology,  Behaviora l  s c i e n c e  

Q.B.JECT1VF.S: To s tudy  t ~ a u m a t i c  e f f e c t s  of space  f l i g h t ,  us ing  c e l l  c u l t u r e s ,  
s i n c e  c e l l s  a r e  very  s e n s i t i v e  t o  a l t e r a t i o n s  i n  environment. The e f f e c t  can 
be morphological o r  physio1ogica1,  and may be permanent, temporary, o r  l e t h a l .  

n: A populat ion o f  50,000 c e l l s  was suspended i n  3cc  medium and s e a l e d  
i n  g l a s s  ampules which a l s o  con ta ined  a  smal l  g l a s s  c o v e r s l i p .  These c e l l s  
were a s t r o c y t i c  and o l igodendrog ia l  d e r i v a t i v e s  c u l t u r e d  from t h e  corpus  
callosum of  t h e  b r a i n  o f  a  10-day-old ch ick  embryo. 

m: Glass  ampules, s a l t  s o l u t i o n ,  10% horse  serum, r e f r i g e r a t i o n  
u n i t s ,  neutrcn f i l m  pack, chcm c a l  dos imete r s ,  go ld  f o i l ,  g l a s s  need le  s e t s ,  
552 f i l m  s t r i p s ,  polyethelyene foam ( f o r  packing) ,  a l a n i n e  packe t s ,  1  s t e p  
p i a t e  and f i l m  ( i n  a l l  t h ~ e e  p l a n e s ) ,  nuc lea r  t r a c k  p l a t e s .  

mULTS: The c u l t u r e  was i n  good c o n d i t i o n  on t h e  12 th  day fo l lowing  
p r e p a r a t i o n ,  wi th  a  h igh l e v e l  o f  v i a b i l i t y .  There was some i n h i b i t i o n  o f  
growth i n i t i a t i o n ,  b u t  it  was i n s i g n i f i c a n t .  P o s t f l i g h t ,  t h e  c e l l s  showed no 
s i g n i f i c a n t  biochemical ,  c y t o l o g i c a l ,  o r  g e n e t i c  changes.  

CONCLUSIONS: Not conc lus ive ,  due t o  t h e  l e s s  than  i d e a l  f l i g h t  c o n d i t i o n s .  



PRINCIPAL INVESTIGATOR(S1: Paul ine  B. Mack 

p: Bone Densi ty  Changes i n  a Macaca nemestrina Monkey 
nur ing  t h e  B i o s a t e l l i t e  I11 P r o j e c t  

-: B i o s a t e l l i t e  I11 

U9sIFIcATIoN: Aniual - Pi;;- tai led moneky (Mcacq -) 

&-: Muscuioskele t a l  

OBJECTIVES: To f i n d  changes i n  bcne d e n s i t y  dur ing  we igh t l e ssness  by t h e  
x-ray rad iograph ic  method. 

PBOTOCQL: P r e f l i g h t ,  s e v e r a l  s e r i e s  o f  bone rad iographs  were t aken  t o  
a s c e r t a i n  i n i t i a l  s k e l e t a l  d e n s i t y  i n  seventeen anatomic s i t e s .  The v a l u e s  
obta ined from scanning s e c t i o n s  o f  bones were equated i n  terms o f  mass o f  
calcium hydroxyapa t i t e ,  t h e  major minera l  component o f  bone. P o s t f l i g h t  
r ad iographs  were taken a f t e r  recovery.  

EQUIPMENT: Bone dens i tomete r ,  d i g i t a l - a n a l o g  computer. 

RESULTS: P o s t f l i g h t  bone d e c s i t y  l o s s e s  a t  t h e  s i t e s  analyzed ranged from 
-1.71 t o  -17.521 compai-ed t o  -0.12 t o  -10.72% f o r  ground c o n t r o l s .  

CONCLUSIONS: Immobilization of  f l i g h t  has  been found d e f i n i t e l y  t o  be 
a s s o c i a t e d  with dec rease  i n  s k e l e t a l  d e n s i t y  i n  human s u b j e c t s  i n  p r i o r  
s t u d i e s .  The bone d e n s i t y  l o s s e s  i n  t h e  f l i g h t  animal were considered t o  be 
due t o  i m o b i l i z a t i o n  coupled wi th  t h e  aggrega te  s t r e s s e s  o f  t h e  f l i g h t  
environment. 

PUBLICATIONS: 369 



* 

, J 3 l W U L  INVESTIGaTOR(S1: P. J. F ~ h e r ,  and James P.  Henry 
? 
I 

-: Aerobee 1 

CLASSIEICATION: Animal - Capuchin mopkey (I;ebus O i f r m )  

UsCIpLINl: Behav io ra l  s c i e n c e ,  Environmental  h e a l t h  

C T I V U :  To obse rve  some p h y s i o l o g i c a l  e f f e c t s  o f  s p a c e  f l i g h t .  

-: EKG and r e s p i r a t l s ?  measured. The monkey waa a n e s t h e s i z e d .  

EQUIPMENT: EKG e l e c t r o d ~ s .  

RESULTS: Animal no t  r ecove red  due t o  pa rachu te  f a i l u r e .  

MCLUSrPbIS: I n c o n c l u s i v e .  

m N S :  25'3, 262, 374, 477 



' I  -1: P.  J. Maher, and O t t o  H .  Gauer 

-: Blossom 4 

m , T I Q N :  Animal - Rhesus monkey (- lW) 

mm: Behaviora l  s c i e n c e ,  Environmental h e a l t h  

QBJECTIVES: To s tudy  a c c e l e r a t i o n  e f f e c t s  on a monkey. 

PROTOCOL: The monkey was kep t  a t  t h e  Aero Medical Labora tory  u n t i l  f l i g h t  
time. A t  45 n i n u t e s  be fo re  f l i g h t ,  t h e  monkey was g iven  a n e s t h e s i a ,  
e l e c t r o d e s  set i n  i t s  s k i n ,  and placed i n  t h e  c a p s u l e .  The c a p s u l e  was placed 
on t h e  V-2 rocke t  a t  30 minutes  be fo re  f l i g h t .  

EQUIPMENT: Telemetry d e v i c e s  f o r  h e a r t  b e a t  and r e s p i r a t i o n ,  V-2 nosesone 
redes igned a s  an  animal capsu te ,  e l e c t r o d e s ,  EKG, oxygen c y l i n d e r ,  aud io  
a m p l i f i e r  . 
RESULTS: The r o c k e t  reached a speed of 3,000 miles p e r  hour. The ~ a r a c h u t e  
deployed,  bu t  d i d  no t  open,  w i t h  t h e  monkey dying on impact .  Some in fo rmat ion  
was t e l emete red ,  showing normal r e s p i r a t i o n  and h e a r t  r a t e .  

~ J J S I O N 3 :  It was no t  known i f  space  f l i g h t ,  i n j u r e d  t h e  animal o r  n o t .  



-INYESTIGATOR(S) : .John P.  Meehzn, and Roland D.  Rader 

/NUMB%& C a r d i o v a s c u l a r  O b s e r v a t i o n s  o f  t h e  Macaca ~ m e s t r a  
Monkey i n  B i o s a t e l l i t e  111 

-: B i o s a t e l l i t s  111 

CLASSIFICATION: Animal - P i g - t a i l e d  monkey (Macaca @!.!:-W) 

-: C a r d i o v a s c u l a r  

9BJECTIV& To determirle  t h e  p h y s i o l o g i c a l  e f f e c t s  o f  E a r t h  o?bi '  on no~human  
p r i m a t e s ,  t o  p rov ide  i n s i g h t s  i n t o  p o s s i t l n  h a z a r d s  a s s o c i a t e d  wi th  lon,g-terz 
s p a c e  f l i g h t s ,  and t o  acquiine i n f o r m a t i o ; i  on b a s i c  phys io l .og ica1  zd.j:stments 
t o  extended w e i g h t l e s s n e s s ,  p a r t i c u 1 a r a l . y  conce rn ing  t h e  c a r d i o v a s c u l a r  
system. 

PROTOCOL: I n f l i g h t  v a s c u l a r  pressure:, were o b t a i n e d  by c a t h e t e r i z a t i o n  
t e c h n i q u e s  and r eco rded  w i t h o u t  a m p l i r i c a t i o n  on an  o r b i t a l  ga lvanome5r ic  
o a c i l l o g r a p h .  One p a i r  o f  e l e c t r o d e s  p rov ided  e l e c t r o c a r d i o g r a p h i c  2nd 
r e s p i r a t o r y  i n f o r m a t i o n .  Four i n d k 2 l l F n g  c ~ ~ h e t e r s ,  two venous a n d  two 
a r t e r i a l . ,  y i e l d e d  r edundan t  p r e s s _ r e  measurements .  Hepar in  pumps were used t o  
keep t h e  c a t h e t e r s  : l e a r .  There wsre f o u r  ground c o n t r o l  monkeys, ? l u s  
b a s e l i n e  d a t a  from t h e  f l i g h t  mo,lkey f o r  compara t ive  a r a l y s i s .  

E m :  C a t h e t e r s ,  o r b i t a l  g a l v a n o m e t r i c  o s c i l l o g r a p h ,  ECG e l e c t r o d e s .  

RESULTS: The f l i g h t  s u b j e c t  expe r i enced  an  immediate  s u s t a i n e d  i n c r e a s e  i n  
c e n t r a l  .dnous  p r e s s u r e  r e s u l t i n g  from a c e n t r a l  p o o l i n g  o f  blood volume. 
T h i s  s h i f t  i n  blood volume is  though t  t o  have i n i t i a t e d  the  Gauer-Henry 
mechanism vhereby u r i n e  vo!.ims: was i n i t i a l l y  ma in t a ined  a t  a h i g h  l e v e l .  T h i s  
coupled  wi th  a h igh  e v a p o r a t i v e  f l u i d  l o s s ,  produced an  e a r l y  d e h y d r a t i o n  
probably  a s s o c i a t e d  wi th  e l e c t r o l y t e  imbalance .  Venous p r e s s u r e  s t a r t e d  t o  
f a l l  on Day 5 ,  wh i l e  a r t e r i a i  p r e s s u r e  and h e a r t  r a t e  were w i t h i n  
p h y s i o l o g i c a l  l i m i t s  u n t i l  Lay 8 ,  i . e . ,  r ~ e a r  t h e  t e r m i n a t i o n  o f  t h e  f l i g h t .  

m I I S I Q M S :  There was a s h i f t  o f  blood voiume toward t.he h e a r t .  The 
observed  i n c r e a s e  i n  a t r i a i  p r e s s u r e  of 2-3 cm H 0 was l a r g e  enough t o  p r o v i d e  
a  s t i m u l u s  f o r  t h e  l o s s  o f  body f l u i d  d e s c r i b e d  gy Cauar and Henry. 
We igh t l e s snes s  and hypothermi-  a c t e d  t o  s h i f t  blood volume c e n t r a l l y .  T h i s  
provided  a s t r o n g  d r i v e  f o r  t n e  r e d u c t i o n  o f  b lood  volume. R e s t r a i n t ,  unusua l  
v e s t i b u l a r  s e n s a t i o n s ,  and t h e  c o n t i n u i n g  p o l y d i p s i a  a l l  a c t e d  t o  d i s t u r b  t h e  
c e n t r a l  mechanisms which might have a c t e d  t o  r e s t o r e  normal c o n t r o l  and 
r e g u l a t i o n  o f  s a l t  and w a t s r  metabol i sm.  There  were a  nuLber o f  f a c t o r s  a l l  
a c t i n g  i n  c o n c e r t  which may have p r e v s n t e d  t h e  e f f e c t i v e  a d a p t a t i o n  o f  t h e  
monkey t o  t h e  envi ronment .  



PRINCIPALTm): J u d i t n  Mi l e s  

EXPERIMENT TIT-: Web Format ion ,  ED52 

-: Animal - Cross  s p i d e r  iAraneous 

Ill-: Behav io ra l  s c i e n c e ,  Neurosensory 

OBJECT=: Tc compare t h e  d e t a i l e d  str z t u r e  o f  webs b u i l t  by s p i d e r s  i n  
n u l l  g r a v i t y  wi th  t h o s e  b u i l t  i n  a one-g environment  t o  de t e rmine  how 
w e l g ~ i i l e s s n e s s  a f f e c t s  t h e  c e n t r a l  ne rvous  system. 

PROTOCOL: The crewmen deployed  t h e  s p i d e r  cage  and a n  a u t o m a t i c  16-mm 
photography sys tem,  r e l e a s e d  t h e  s p l d e r  i n  t h e  cage ,  t ook  354111 pho tog raphs ,  * 

and o b t a i n e d  t e l e v i s i o n  coverage  o f  t h e  s p i d e r s  and webs. 

EQUIPMENT: S p i d e r  c a g e ,  pho tog raph ic  equipment .  

RESULTS: Returned web samples  showed l ' i n e r  t h r e a d s  were csdd i n  f l i g h t  t h a n  
i n  g round-bu i l t  webs. A n i t a ' s  d e a t h  was r e p o r t e d  on t h e  5 1 3 t  day o f  t h e  
m i s s i o n  and A r a b e l l a ' s  d e a t h  was discovei*ed on r e t u r n  t o  e a r t h .  Both s p i d e r s  
a 2 p a r e n t l y  d i e d  o f  d e h y d r a t i o n  and a r e  p r e s e r v e d  a t  t h a  Smi thsonian  I n s t i t u t e .  

CONCLUSIONS:  There is p o s i t i v e  e v i d e n c e  t h a t  t h e  s p i d e r  u t i l i z e d  a 
g r a v i t y - s e n s i n g  o rgan  t o  s i z e  h e r  t h r e a d .  



INVESTIGATOR(S1: I rwin  I. O s t e r  
v' 

-: Genet ic  I m p l i c a t i o n s  of  Space F l i g h t ,  P-1160 

PROCRAM/MISSION: B i o s a t e l l i t e  I1 

-: Animal - F r u i t  f l  y ( D r o s o ~  -ster) 

DISCIPLINE(Sr: Radiobioiogy,  Gene t i c s ,  Behaviora l  s c i c  nce 

OBJECTIVES: To determine t o  what e x t e n t  we igh t l e ssness  c ~ y  a f f e c t  t h e  
respc:ises of somat ic  c e l l s  tc  i o n i z i r g  gamma r a d i a t i o n ,  us ing  immature s t a g e s  
( i n s t a r  pupal skages)  of Dros- -. 

Eggs were c o l l e c t e d  us ing t h e  Sonnenblick method. S l x t y  is+, t n s t a r  
l a r v a e  placed i n  each module ( t h e  package had 8 moduleu) . Ten 1 st i n s t ; w  
l a r v a e  w/ring chromosomes were s e l e c t e d  f o r  c y t o l o g i c  p reparae ions .  
Addi t ional  l a r v a e  were added t o  b r ing  count t o  290. Af te r  t h e  f l - d h t ,  t?..e 
l a r v a e  were examined f o r  v i s u a l  chromosome changes and some were al lowed t o  

velop and breed. The l a r v a e  were exposed t o  a dose  o f  1200 t o  1500r o f  
"Sr . One u n i t  was sh ie lded .  A s i m i l a r  c o n f i g u r s t i m  was w e d  on an 
Earth-based c o n t r o l .  Three a d d i t i o n a l  c o n t r o l s  were mainta ined.  O,~timum 
cond i t ions  of humidity,  t e m p e r ~ t u r e ,  and focd were maintained.  

T: Dhila f l i g h t  package c o n s i s t i  o f  e i g h t  l a r v a e  moduLes 
w ~ ~ O ~ ~ s i m e t e r s  and t h e r m i s t o r s ,  m @Sr source ,  and LiF r a d i a t i o n  

d e t e c t o r s .  

RESULTS: Higher m o r t a l i t y  01' o r b i t e d  l a r v a e  than  F a r t h  radia t ion-exposed 
l a r v a e  was noted wi th  no d e t e c t a b l e  e f f e c t  on d e v e l o p e n t a l  time. Chromosomes 
flown and i r r a d i a t e d  showed a s t a t i s t i c a l l y  s i g n i f i c a n t  i n c r e a s e  i n  chrcaosome 
change over Ear th  c o n - r o l s .  The n o n i r r a d i a t e d  flown m a t e r i a l  d i d  no t  appear  
d i f f e r e n t  f r  a t h e  E a r t h  c o n t r o l .  F l i g h t  and f l i g h t  i r r a d i a t e d  chromosomes 
showzd w i d e n c e  o f  chromosome nond i s junc t ions  . 
CONCLUSIONS: Aadiation i n t e r a c t s  wi th  we igh t l e ssness  t o  induce mcre premature 
aginq and chrmosome damage i n  a c t i v e l y  growing and metabo l i z ing  agecimens 
than i n  those  i r r a d i a t e d  a t  Ear th  l e v e l .  P o s s i b l y  some r a c t o r ,  tucre than 
l i k e l y  we igh t l e ssness ,  is capable  of  causing improper chromosome .t i t im  
and t h e  formation o f  chromosome t r a n s l a t i o n s .  



PIIINCIeA' INVESTIGATOA(S) : W a l t e r  R u e t h e r ,  E. H .  G r a u l ,  H.  F l a n e l ,  J .  P. 
Z d l e i l h a v o u p ,  H o r s t  B u e c k e r ,  R .  Kaiser, J .  P .  
Massue,  R. P f o h l ,  W. Enge,  0 .  C.  L l l k o f e r ,  K .  
S a r t h o l o m a e ,  H. B e a u j e a n ,  W.  H e i n r i c h ,  K. F u k u i ,  
Eugene V .  R e n t o n ,  E. S c h o p p e r ,  G.  Hen ig ,  J. U. 
S c h o t t ,  H .  F r a n c o i s ,  a d  G.  P o r t a l  

TI7JJYNUFlIjE.E: BIOSTACK I ,  I1 

PROGRAM/MISSION: A p o l l o  1 0 ,  1'7 

--: Animal - B r i n e  s h r i m p  e g g s  ( A r t e m h  salina) 

-: R a d i o b i o l o g y ,  S e n e t i c s ,  C e l l  b i o l 3 g y  

m: To s t u d y  t h e  b i o l o g i c a l  e f f e c t s  o f  i n d i v i d u a l  heavy  n u c l e i  w i t h  
h i g h  e n e r g y  l o s s  (HZE), t o  o b t a i n  as much i n f c r m s t i o n  as p o s s i b l e  on  t h e  
mechanisms o f  b i o l o g i c a l  damage by HZE p a r t i c l e s ,  t o  m e a s u r e  t W  c h a r g e  a n d  
e n e r g y  s p e c t r a  o f  cosmic  r s d i a t i o n  w i t h i n  t h z  A p o l l o  Command Module,  a n d  t o  
p r o v i d e  d a t a  t3 a l l o w  a n  e s t i m a t e  o f  t h e  h a z a r d  t o  man from s p a c e  r a d i a t i o n .  

EEOTOCOL: B a c t e r i a l  s p o r e s ,  prc;t.ozoan c y s t s ,  p l ~ r l t  s e e d s ,  s h r i m p  e g g s  and  
i n s e c t  e g g s  were  s t u d i 2 d  f o r  i n h i b i t i o n  o f  g e r m i n a t i o n ,  i n h i b i t i o n  o f  c e l l  
g r o w t h ,  i n h i b i t i c c  o f  o r g a n  d e v e l o p m e n t ,  d c v e h p m e n t a l  a n o m a l i e s  i n  v a r i o u s  
stages of  g r o w t h ,  and m u t a t i o n  i n d u c t i o n  u s i n g  s e v e r a l  p h y s i c a l  r a d i a t i o n  
d e t e c t o r s .  The BIOSTACK u n i t  was f l o w n  i n  t h e  Command Mcdule where  s h i e l d i n g  
t o  a m b i e n t  c o m i c  r a d i a t i o n  was m i n i m a l .  A f t e r  t h e  f l ; g h t ,  t h e  g round  
c o n t r o l s  and t h e  f l i g h t  p a c k a g s  were  d i s a s s e m b l e d  and  p a r t i c l e  h i t s  were  
g r a p h e a .  

l%Ul.LmDL: H e r m e t i c a l ' l y  s e a l e d  aluminum c o n t a i n e r ,  c c n t a i n i n g  a series o f  
s e l e c t  b i o l o g i c  m a t e r i a l  e a c h  sandwiched  between s e v e r a l  t y p e s  o f  d o s i m e t e r s  
! n  Lex  e r n u l s i o n t ,  c e l l u l o s e  n i t r z t e ,  p o l y c a r b o n a t e ,  L i F ) ,  a r d  t h e r m i s t o r s .  

mu: The s h r i m p  e g g s  were  e x t r e m e l y  s e n s i t i v e  t o  HZE. 105 o f  f l i g h t  HZE 
h i t  e g g s  d e v e l o p e d  t 9  swimming l a r v a e .  L a r v a e  had h i g h  m o r t a l i t y ,  few r e a c h e d  
r r a t i l r i t y ,  none were  normal  i n  g r o w t h  a n d  b e h a v i o r .  Time t o  d e p o s i t  o f  e g g s  
afLer m a t i n g  d o u b l e d .  F1 p r o g e n y  were  r e d u c e a  i n  number a n d  m a l f o r m a t i o n s  
i r i c r e a s e d  1 0 - f o l d .  

-: The d a t a  c o n f i r m s  t h e  a s s u m p t i o n  t h a t  HZE p z r t i c l e - i n d u c e d  
damage m i g h t  b e c o ~ e  m a n i f e s t  i f  a s i g n i f i c a n t  number o f  n ~ n r e p l a c e a b L e  c e l l s  
a r e  d e s t r o y e d .  



INV-1: Walter Ruether, Hor'st Bueckor, R .  Kaiser,  J .  P. 
Massue, R .  Pfonl,  W .  Enge, 0 .  C.  Ailkofer,  K .  

I 
P Bartholomae, R .  Beaujean, U. Heinrich, K ,  Fukui, 

Eugene Y. Bcnton, E. Schopper, C. Henig, J .  U. 
Schott ,  H. Francois,  and C. Portal  

p: BIOSTACK I1 

P R O ( ; R m :  Apollo 17 

v: Animal - Grasshopper eggs (- -1 

-: Radiobiology, Genetics,  Cell biology 

m: To study, i n  a d i r e c t  manner, the b io logica l  e f f e c t s  of 
individual  heavy nucle i  with high energy l o s s  ( H Z E ) ,  t o  obtain a s  much 
information a s  possible  on the mechanisms of biological  damage by HZE 
p a r t i c l e s ,  t o  measure the charge and energy spec t ra  c? cosmic rad ia t ion  within 
the Apollo Command Module, and t o  provide data  t o  allow an est imate of the 
hazard t o  man from space rad ia t ion .  

PROTOCOL: Ekcter ia l  spores ,  protozoan cys t s ,  plant  seeds,  shrimp eggs and 
insec t  eggs were s tudied f a r  i nh ib i t i on  of germination, i nh ib i t i on  of c e l l  
growth, i nh ib i t i on  of organ development, d e v e l o p e n t a l  anomalies in  vari.ous 
s tages  3f growth and mutation induction u s i ~ g  sever21 physicdl rad ia t ion  
de tec tors .  The BI3STACK unit  was flown i n  the Command Module where sh ie ld ing  
t o  affibient cosmic rad ia t ion  was minimal. After the f l i g h t ,  the ground 
cont ro ls  and the f l i g h t  package were disassembled and p a r t i c l e  h i t s  w?re 
graphed. 

urn: Hermetically sealed aluminum conta iaer ,  containing a s e r i e s  of 
s e l e c t  biologic mater ia l ,  each sandwiched between several  types of' dosimeters 
(nuclear  emulsions, ce l lu lose  n i t r a t e ,  polycarbonate, L i F ) ,  and thermistors .  

-: The grasshopper eggs were s e n s i t i v e  t o  HZE. Hatching of H Z E  h i t  
eggs was reduced and mortal i ty  increased. Malformations (fused segments, 
short  l egs)  increased from c o n t r ~ l  1.5% t o  23%. 

-: The experiment confirms the assumption tha t  HZE particle-lnduced 
damage might become manifest i f  a significant number ~f nonreplaceable c e l l s  
a r e  dest  .-oyed . 



-1: Walter R u e t h e r ,  H o r s t  Buecker ,  R .  K a i s e r ,  J. P. 
Massue,  R .  P f o h l ,  W. Enge, 0. C. A l l k o f e r ,  K .  
B a r t h o l o m a e ,  R .  B e a u j e a n ,  W. H e i n r i c h ,  #. F u k u i ,  
Eugene V. Ben ton ,  E. S c h o p p e r ,  G.  Henig ,  J .  U .  
S c h o t t ,  H .  F r a a c o i s ,  and G.  P o r t a l  

-T T I T U N :  BIOSTACK 11 

-: A p o l l o  17 

w: Animal - F l o u r  b e e t l e  egg  

-: R a d i o b i o l o g y ,  G e n e t i c s ,  C e l l  b i o l o g y  

QBJECTIV&: To s t u d y  t h e  b i o l o g i c a l  e f fects  o f  i n d i v i d u a l  h e a v y  n u c l e i  w i t h  
h i g h  e n e r g y  l o s s  (HZE), t o  o b t a i n  as much i n r c r m a t i o n  a s  p o s s i b l e  o n  t h e  
mechanisms o f  b i o l o g i c a l  damage by HZE p a r t i c l e s ,  t o  m e a s u r e  t h e  c h a - g e  and  
e n e r g y  s p e c t r a  o f  cosmic  r a d i a t i o n  w i t h i n  t h e  A p o l l o  Command Module,  and  t o  
y r o v i d e  d a t a  t o  a l l o w  a n  e s t i ~ a t e  of  t h e  h a z a r d  t o  man f rom s p a c e  r a d i a t i o n .  

PR0TQI;a: B a c t e r i a l  s p o r e s ,  p r o t o z o a n  c y s t s ,  p l a n t  s e e d s ,  s h r i m p  e g g s  a n d  
i n s e c t  e g g s  were s t u d i e d  f o r  i n h i b i t i o n  o f  g e r m i n a t i o n ,  i n h i b i t i o n  o f  c e l l  
g r o w t h ,  i n h i b i t i o n  o f  o r g a n  d e v e l o p m e n t ,  d e v e l o p m e n t a l  a n o m a l i e s  i n  v a r i o u s  
s t a g e s  o f  g r o w t h ,  a n 3  m u t a t i o n  i n d u c t i o n  u s i n g  s e v e r a l  p h y s i c a l  r a d i a t i o n  
d e t e c t o r s .  The BIOSTACK u n i t  was f lown i n  t i e  Command M o d d e  where s h i e l d i n g  
t o  a m b i e n t  cosmic  r a d i a t i o n  was min imal .  After t h e  f l i g h t ,  t h e  g r o u n d  
c o n t r o l s  and t h e  f l i g h t  p a c k a g e  were d i s a s s e m b l e d  and jx r t i c le  h i t s  were 
g r a p h e d .  

-: E e r m e t i c a l i y  s e a l e d  aluminum c o n t a i n e r ,  c o n t a i n i n g  a  series o f  
select  b i o l o g i c  m a t e r i a l  e a c h  sandwiched  Detween s e v e r a l  t y p e s  o f  d o s i m e t e r s  
( n u e l e a r  e m u l s i o n s ,  c e l l u l o s e  n i t r a t e ,  p o l y c a r b o n a t e ,  L i F ) ,  and  t h e r m i s t o r s .  

E m :  The f l o u r  b e e t l e  e g g s  were ex t rememely  s e n s i t i v e  t o  H2E. H a t c h i n g  
f r e q u e n c y  was s i g n i f i c a n t l y  r e d u c e d  w i t h  h i g h  m o r t a l i t y  a f te r  h a t c h i n g .  
A b n o r m a l i t i e s  ( c u r v e d  abdomen, f u s e d  s e g i n e n t s ,  s p l i t  o r  s h o r t e n e d  e l y t r a )  
i n c r e a s e d  frou! c o n t r o l  2 .5% t o  48%. 

-: Thc dzta c o n f i r m s  t h e  a s s u m p t i o n  t h a t  HZE p a r t i c l + i n d u c e d  
damage n i g h t  become m a n i f e s t  i f  a  s i g n i f i c a n t  number o f  n o n r e p l a c e a b l e  c e l l s  
a r e  d e s t r o y e d .  



: Walter R u e t h e r ,  E. H.  G r a u l ,  W. H e i n r i c h ,  H. 

+ P l a n e l ,  H o r s t  Bueckor ,  M. De lpoux ,  S. F o g e l ,  M. F r e e l i l l g ,  G. Horceck ,  A .  
R .  Kranz ,  U. Sche idemann ,  C. Thomas, C. A .  T o b i a s ,  B. T o t h ,  T. Yang, !I. 
C. A l l k o f e r ,  R.  B e a u j e a n ,  E. V.  B e n t t n ,  W. Enge,  R .  F a c i u s ,  H.  F r a n c o i s ,  
D. H i l d e b r a n d ,  C. J a c q u o t ,  R .  Kaiser, 2.  P. Massue, E. O b s t ,  D. D. 
P e t e r s o n ,  R .  P f o h l ,  G. P o r t a l ,  G. R e i t z ,  E. S c h o p p e r ,  M. S c h a e f e r ,  J .  
U. S c h o t t ,  a n d  G.  Siegmon 

-. EXPER.IMENT: BIOSTACK 111 

-: Apollo-Soyu? T e s t  P r o j e c t  

w: Animal - B r i n e  s h r i m p  eggs, (- -1, F l o u r  b e e t l e  
e g g s  (m -), L r a s s h o p p e r  e g g s  
(Carausius;aorosus! 

DISCIPLINE(S): R a d i o b i o i o g y ,  C e l l  S i o l o g y ,  B e h a v i o r a l  s c i e n c e  

-: To s t u d y  t h e  i n f l u e n c e  o f  HZE p a : - t i c l e s  or1 d e v e l o p m e n t ,  
m o r p h o g e n e s i s ,  a n d  h i s t o l o g y .  

m -: The BIOSTACK f l i g h t  e x p e r i m e n t  was s t o r e d  i n  t h e  R-1 compartment  i n  
t h e  A p o l l o  c a p s u l e  where  t h e r e  was t h e  leas t  s h i e l d i n g  from a m b i e n t  r a d i a t i o n .  
The loec imens  were a r r a n g e d  i n  m o n o l a y e r s  and  imbedded i r  p o l y v i n y l  a l c o h o l  
(PVA), and  s t a c k e d  between t r a c k  d e t e c t o r  s h a e t s  s o  p a r t i c l e  t r a c l r s  c o u l d  b e  
l o c a t e d  i n  r e l a t i o n  t o  b i o l o g i c a l  o b j e c t s  and  t h e  p h y s i c a l  q u a n t i t i e s  o f  t h e s e  
p a r t i c l e s  c o u l d  be d e t e r m i n e d .  

e: The b i o l o g i c a l  spec i inens  were imbedded i n  PYA. T h e r e  were  2 
c y l i n d r i c a l  aluminum c o n t a i n e r s  which e n c l o s e d  a s t a c k  o f  b i o l o g i c a l  s p e c i m e n s  
and  d o s i m e t e r s .  K2 n u c l e a r  e m u l s i o n  p l a t e s  were u s e d  as d o s i m e t e r s  f o r  t h e s e  
s p e c i m e n s .  

-J,S: The t o t a l  d o s e  a v e r a g e  was 1.21 &/Kg a n d  t h e  d o s e  r a t e  a v e r a g e  was 
5 .04 J / k g - h .  For  p a r t i c l e s  Z = 1 ,  Z = 2 ,  t h e  t o t a l  d o s e  was 0.014 mJ/Kg; Z > 
2 t o t a l  d o s e  was 0 .015  &/Kg. P r o t o n s  o f  e n e r g i e s  < 28 MeV, a l b n a  p a r t i c l e s  
o f  e n e r g i e s  < 200 MeV/nucleon and p a r t i c l e s  o f  Z 1. 4 a t  a l l  e n e r g i e s  were  
d e t e c t e d .  Most o f  t h e  a n i m a l  e g g s  h i t  by a n  HZE p a r t i c l e  showed s e r i o u s  
damage d u r i n g  deve lopment .  I n  A&y& e g g s ,  t h e  h a t c h i n g  rate was 
s i g n i . l c a n t l y  r e d u c e d  and  d e v e l o p n e n t  a n o ~ a l i e s  were  f r e . . ~ e n t l y  o b s e r v e d .  
H i s t o l o g i c a l  s t u d i e s  on anomalous  l a r v a e  showed c e l l u l a r  and t i s s u e  daj lage 
p r i m a r i l y  a t  t h e  e x t r e m i t i e s  and  t h e  abdomen. 

-: These  c!ianges may be d u e  t o  t h e  d i f f e r e n t i a t e d  dynamic8 o f  t h e  
d e v e l o p m e n t a l  p r o c e s s e s  o f  t h e  e g g .  The o b s e r v a t i o n s  g e n e r a l l y  c o n f i r m e d  t h e  
r e s u l t s  o f  t h e  p r e v i o u s  BIOSTACK e x p e r i m e n t s .  HZE-par t i c le - induced  damage 
migh t  become m a n i f e s t  i f  n o n r e p l a c e a b l e  ce l l s  a r e  d e s t r o y e d .  I n  manned s p a c e  
f l i g h t ,  t h e  p r i m a r y  c o n c e r n  would be t h e  n e r v o u s  s y s t e m .  However, t h e  r i s k  t o  
man from HZE p a r t i c l e  d u r i n g  s p a c e  f l i g h t  c a n  be s u f f i c i e n t l y  l o w e r e d  i f  t h e  
maximum p o s s i b l e  s h i e l d i n g  a g a i n s t  HZE p a r t i c l e  bombardment i s  e n s u r ~ d  i n  t h e  
d e s i g n  and  c o n s t r u c t i o n  o f  f u t u r e  s p a c e  v e h i c l e s .  



P R I N C I P A ' I N Y E ) :  H e r b e r t  W. S c h e l d ,  Anwar A .  Baky, J o h n  F. Boyd, 
Victor B. E i c h l e r ,  P. M. F u l l e r ,  Ronald B. 
Hofiman,  J. H. Keefe, K .  P. Kuchnow, J. M. 
Oppenheimer ,  G l o r i a  A .  S a l i n a s ,  and  R .  J .  
von Baurngarten 

TI-: K i i l i f i s h  H a t c h i n g  and O r i e n t a t i o n ,  MA-161 

-: Apollo-Soyuz T e s t  P r o j e c t  

-Qbl: Animal - K i l l i f i s h  (Fundulus - rocl i tus)  

-'a: C e l l  b i o l o g y ,  B e h a v i o r a l  s c i e n c e ,  N e u r o s e n s o r y  

U T I v E S :  To e v a l u a t e  t h e  h a z a r d s  i n h e r e n t  i n  t h e  e x p o s u r e  o f  l i v i n g  
o r g a n i s m s  t o  t h e  s p a c e  e n v i r o n m e n t  J u r i n g  c r i t i c a l  p o r t i o n s  o f  t h e  l j f e  c y c l e s  
o r  f o r  e x t e n d e d  p e r i o d s .  The p o i n t s  o f  p r i m a r y  e m p h a s i s  were t h e  ' u n c t i o n  and 
deve lopment  o f  t h e  v e s t i b u l a r  s y s t e m  and  c a l c i u m  d e p o s i t i o n ,  ~ a r . i ; ' - > ~ l a r l j r  a s  
i t  r e l a t e s  t o  o t o l i t h  d e v e l o p m e n t .  

YROTOCUL: The e x p e r i m e n t  p a c k a g e  c o n s i s t e d  o f  two p a r t s :  A ser ies  o f  s t a g e d  
embryos i n  f i v e  i n d i v i d u a l  compar tments  o f  a  p o l y e t h y l e n e  bag and a  s e r i e s  o f  
p r e c o n d i t i o n e d  j u v e n i l e  f i s h  i n  a s i m i l a r  bag.  Embryos a t  32 ,  6 6 ,  128, 2 1 6 ,  
and 336 h o u r s  were u s e d .  D e v e l o p s e n t  o c c u r r e d  a t  a  c o n s t a n t  t e m p e r a t u r e  o f  
295-K. Exper iment  p a c k a g e s  were mounted on t h e  Docking Module w a l l  and  
p h o t o g r a p h e d  p e r i o d i c a l l y  d u r i n g  t h e  m i s s i o n .  A t  s p l a s h d o w n ,  v e s t i b u l a r  
s e n s i t i v i t y  was t e s t e d  i n  d r ~ t a t i n g ,  s t r i p e d  drum. S u b s e q u e n t l y ,  a d d i t i o n a l  
v e s t i b u l a r  o r i e n t a t i o n  tes ts  were p e r f o r m e d .  Some o f  t h e  k i l l i f i s h  were f i x e d  
f o r  m i c r o s c o p i c  e x a n i n a t i o n .  

JUUWiU: T r a n s p o r t  c m t r o l  p a c k a g e  
drum, pho tography  e q u i p m e n t .  

hlSJ&S: P o C c f l i g h t  t es t s  w i t h  r o t a t  

, e x p e r i m e n t a l  ? a c k a g e ,  r o t a t i n g  s t r i p e d  

i n g  s t r i p e d  drwn,  l i g h t  o r i e n t a t i o n ,  
g e o t a x i s ,  p a r a b o l i c  t r a j e c t o r y  on f r y ,  h a t c h l i n g s ,  m a t u r e  (R+0.5 y r )  were n o t  
s i g n i f i c a n t l y  d i f f e r e c t .  I n f l i g h t  v i s u a l  c o n d i t i o n i n y  was n o t  s i g n i f i c a n t .  
J u v e n i l e  f i s h  e x h i b i t e d  l ~ o p i n g  s w i m i n g  a c t i v i t y .  H a t c h l i n g s  f rom 336 h r  egg  
s t a g e  a l s o  l o o p e d .  Normal v e s t i b u l a r  b e h a v i o r  was s u g g e s t e d  by MD-9. No 
growth  a b n o r m a l i t i e s  were o b ~ e r v e d  i l l  embryos t h a t  d e v e l o p e d  i n f l i g h t .  Normal 
d i v i n g  r e s p o n s e  resumed by R+3. J u v e n i l e  swimming p a t t e r n s  i n d i c a t e d  a b n o r s a l  
s w i m  b l a d d e r s .  

=I-: T h e r e  a p p e a r e d  t o  be n? s i g n i f i c a n t  e f f e c t  o f  s p a c e  f l i g h t  on 
v e s t i b u l a r  s e n s e s  and  embryonic  d e v e i c p m e n t .  



PRINClPAIJd! f lEUWQ&&):  Gerald R. Taylor, R. A .  Long, and Walter L .  E l l i s  
a 

> 
-3 p: Microbial Response + J  Space Environment 

-: Apollo 16 

~ C A T Z o N :  Animal - Nematode larvae a) 

DI[SCIPLINEo: Radiobiology, Genetics, C $11 biology 

OBJECTIVES: To evaluate the ef fect  of r, par t icular  space f l i gh t  on the 
survival r a te  of d i f ferent  species. 

a: Each microbial sample containing 100 t o  1 million l i v e  c e l l s ,  was 
housed in chambers dr cuvettes for  f l i gh t  and g rou~d  controls. Microbes could 
be suspended in 5 0 ~ 1  of f lu id  or  dried on a ca r r i e r ,  and exposed to vacuum of 
space or retained a t  1 atm. An opt ica l  f i l t e r i n g  system controlled t e t o t a l  
radiant energy reaming e x p o ~ e d ~ t e s t  syssems from a minimum of 4 x 10 

9 
ergs/cm2 to  a maximum of 8 x 10 ergs/cm . 
WILIPMENT: Microbial ecology evaluation device (MEED) containing 798 
cuvettes, 140 neutral density f i l t e r s ,  28 bandpass f i l t e r s ,  8 recording 
thermometers, one high-ecergy multicharged par t ic le  dosimeter, 04 potassium 
ferrioxalate actin0metr.y cuvettes, 44 photographic film cuvettes, and 18 
thermoluminescent dosic:;cer cuvettes. 

2 
-: Solar u l t raviole t  i r radia t ion a t  254 !a ( 2  x lo5 ergs/cm ) inhibited 
growth to  mature worms, and postf l ight  infection of murine hcst.  
Nonirradiated larvae showed no change i n  survival r a t e ,  infec l 1 r i t v ,  
development t o  adults  or t he i r  egg production. The egg v iab i l i ty  was 
s ignif icant ly  decreased. 

-: No s t a t i s t i c a l l y  valid differences could be detected in the 
survivai of f l i gh t  samples when compared t o  corresponding ground-b:,sed 
controls. 

PUBLICATIONS: 354, 503, 504, 505, 513, 514, 515 



PRINCIPAL-) : R .  J .  von Baumgarten, Richard  C.  Simmonds, John F. 
Boyd, and Owen K. G a r r i o t t  

E + Y T I T L E / N U M B E R :  E f f e c t s  o f  Pro longed  W e i g h t l e s s n e s s  on t h e  Swimming 
P a t t e r n  o f  F i s h  Aboard Sky lab  3,  SDlO 

LlLX.UIINE(S): B e h a v i o r a l  s c i e n c e ,  Neurosenscry 

-ES: To de t e rmine  whether  t h e  v e s t i b u l a r  behav io r  o f  f i s h  would show 
any d i s b l ~ r b a n c e  d u r i n g  t h e  f i rs t  few d a y s  i n  s p a c e ,  ~ h e t h e r  t h e  p e c u l i a r  
" loop ing  behavior"  o f  f i s h  observed  d u r i n g  p a r a b o l i c  f l i g h t  would c o n t i n u e  
d u r i n g  pro longed  s p a c e f l i g h t ,  and whether  f i s h  embryos would d e v e l e p ,  h a t c h ,  
and s w i m  cormal ly  i n  w e i g h t l e s s n e s s .  

UOTOCOL: Two s i g h t e d  f i n g e r l i n g  f i s h  and 50  embryonated f i s h  eggs  were f lown 
i n  a  p o l y e t h y l e n a  l taquarium." The bag c o a t a i c i n g  t h e  f i s h  and e g g s  was s e a l e d  
i n  a  t i n  can a t  1  atm p r e s s u r e .  k d u p l i c a t e  bag o f  f i s h  and e g g s  s e r v e d  a s  a 
ground c o n t r o l .  I n f l i g h t ,  t h e  can was opened and t h e  bag t aped  t o  a  wall f o r  
o b s e r v a t " o n  w i t h  p i c t u r e s  be ing  t a k e n  on d a y s  3 and  21 .  The eggs  were 
f e r t i l i z . e d  a t  F-96 h r s .  

EQUIPM";NT: P o l y e t h y l e n e  bag,  tran5por-t c a n i s t e r ,  p h o t g r a p h i c  equipment  

R E :  The two f i n g e r l i n g s  swam i n  t i g h t  c i r c l e s  i n f l i g h t ,  l o o p i n g  s ideways  
mcst of t h e  t i m e ,  w i t h  t h e w  backs  d i r e c t e d  towards  t h e  l i g h t  s o u r c e .  The 
f requency  o f  t h e  l o o p i n g  e p i s o d e s  d imin i shed  s l o w l y  a f t e r  t h e  t h i r d  day u n t i l  
normal swimming was ~ r e v a l e n t .  Development o f  embryonic s t a g e s  ( 3 2 ,  66 ,  128,  
216, 336h) con t inued  i n f l i g h t .  Microscopy o f  f r y  and h a t c h l i n g  showed CNS, 
c a l - d i o v a s c u l a r ,  o p t i c ,  v e s t i b u l a r  sys t ems  norffial. J u v e n i l e  swimming p a t t e r n  
p o s t i l i g h t  sugges t ed  abnormal  s w i m  b l a d d e r s .  

CONCLUSIONS: W e i g h t l e s s n e s s  a c t s  a s  a permanent v e s t i b u l a r  s t i m u l u s  u n t i l  
long-term h a b i t u a t i o n  o c c u r s .   his a p p e a r s  t o  be t h e  r e s u l t  o f  a  c e n t r a l  
a c t i v e  i n h i b i t o r y  p r o c e s s  and n o t  o f  f a t i g u e  o r  r e c e p t o r  a d a p t a t i o n  a l o n e .  
The s w i m i n g  anomaly cou ld  be due  t o  ( 1 )  absence  o f  ccmt inuous  betiding o f  
s e n s e  h a i r s  t o  a  c e r t a i n  e x t e n t  by g r a v i t y ,  c a u s i n g  t h e  f i s h  t o  t i l t  forward  
i n  an a t t e m p t  t o  i n c r e a s e  l e v e r a g e  on t h e  h a i r s ;  o r  ( 2 )  an  a t t e m p t  by t h e  f i s h  
t o  c r e a t e  a  g r a v i t o i n e r t i a l  s t i m u l u s  by " c e n t r i f u g i n g "  i ts  o t o l i t h s  by 
loop ing .  



-INYESTIGATOR(S): R .  C.  von B o r s t e l ,  R .  H. Smi th ,  Anna R .  Whit ing,  
and D. S. Grosch 

p: Muta t iona l  and P h y s i o l o g i c  Responses o f  HabrPbracon 
i n  B i o s a t e l l i t e  11, P-1079 

PROGRAM/MISSION: B i o s a t e l l i t e  I1 

v: Animal, Microorganism - P a r a s i t i c  wasp (- 
-1, Brine  shrimp c y s t s  (- -1, 
Microorganisn  ( w o m v u  cerev-) 

-: Radiobio logy,  G e n e t i c s ,  Behav io ra l  s c i e n c e  

11BJECTIYES: To su:-vey mature  s p e r u  and a l l  d i f f e r e n t  s t a g e s  o f  o o g e n e s i s  f o r  
m u t a t i o n s  ( p a r t i c u l a r l y  dominant l e t h a l i t y ) ,  r e c e s s i v e  l e t h a l  and v i s i b l e  
miitat.;m f r e q u e n c i e s ,  and i n h e r i t e d  p a r t i a l  s t e r i l i t y  under  t h e  combined 
c c n d i t i o n s  o f  r a d i a t i o n  and w e i g h t l e s s n c - s .  

HQTQCPL: Mg&e and female wasps were i r r a d i a t e d  p r e f l i g h t ,  i n f l i g h t ,  o r  n o t  
at, a l l  w i t h  S r  a t  4000 R ,  2000 R ,  1000 R ,  500 R o r  0  R .  T h i r t y  p a r a m e t e r s  
o f  g e n e t i c ,  m u t a t i o n a l ,  biochemYca1, b e h a v i o r a l ,  and p h y s i o l o g i c a l  c h a r a c t e r  
qe re  measured. Artemla c y s t s  were used s i r lce  t h e y  are s e n s i t i v e  t o  
v i b r a t i o n .  -sere- were used t o  d e t e c t  s c a t t e r e d  r a d i a t i o n .  

85 m: ~~ f l i g h t  c o n t a i n e r s ,  S r  source, LiF powder, g l a s s  r o d  
dos ime te r s .  

RESULTS: S p a c e f l i g h t  e f f e c t s  were enhancement o f  f e c u n d i t y  and h a t 2 h a b i I i t y  
o f  primitive and t r a n s i t i o n a l  oogonia ,  d i s o r i e n t a t i o n  o f  male mat ing  be, ,avior ,  
i n c r e a s e d  l i f e  span  o f  f ema les  and dec reased  x a n t h i n e  dehydrogenase a c t i v i t y  
i n  males.  The e f f e c t s  o f  r a d i a t i o n  were dec reased  hat,::-.ability ?rid m h a n c e d  
f e c u n d i t y  o f  eggs .  The o n l y  mutagenic  e f f e c t  found was a t h r e e f o l d  
enhancement o f  t h e  r e c e s s i v e  l e t h a l  mu ta t ion  f r equency  i n  t h e  n o n i r r a d i a t e d  
sperm i n  t h e  o r b i t e d  males. No d i f f e r e n c e  was found i n  i n t r a g e n i c  o r  
i n t e r g e n i c  r e c o m b i n a t i m  e n d p o i n t s  comparing f l i g h t  and ground c o n t r o l  

n h n r m ~ .  The M a  c y s t s  were n o t  i n f l u e n c e d  by s p a c e f l i g h t  o r  gamma 
r a d i a t i o n  r e c e i v e d  i n f l i g ! ~ t .  

-: The enhancement o f  spontaneous  r e c e s s i v e  l e t h a l  f r equency  i n  
sperm was induced by some f a c t o r  o f  t h e  f l i g h t  p r o f i l e  ~ t h e r  t h a n  
w e i g h t l e s s n e s s .  The e x c e s s  o f  d e a t h s  found among t h e  o f f s p r i n g  from fema les  
flo-XI might  have been from a  m i x t u r e  o f  chromosome imbaiance phenomena and 
r e c e s s i v e  l e t h a l  mu ta t ions  induced by t h e  s p a c e f l i g h t  c o n d i t i o n s .  The 
i n c r e a s e d  f e r t i l i z i n g  c a p s c i t y  appeared  t o  be an  enhancing  e f f e c t  o f  r a d i a t i o n  
combined wi th  w e i g h t l e s s n e s s .  The s t r o n g  t r e n d  f o r  enhanced emergence from 
Artemia c y k t s  n i g h t  have been caused by v i b r a t i o n .  



-!INYESTIGATOR(S): D.  0 .  W a l t e r ,  J .  I. Berkhout ,  R .  Buchness,  E. 
Kram, L. Rovner, and W. Ross Aaey 

EXPERIMENT TI-: D i g i t a l  Computer A n a l y s i s  o f  Neurophysiolo.gica1 Data 
from B i o s a t e l l l i t e  I11 

PROGRAM/MISSION: B i o s a t e l l i t e  111 

CLASSIFICATION: Animal - P i g - t a i l e d  monkey (Macaca n a u e s t r i S a )  

-: Neurosensory 

OBJECTIVES: To p t r f o r m  a  sho r t - t e rm a n a l y s i s  t o  a s s i s t  i n  an ima l  mon i to r ing  
and m i s s i o n  a b o r t  d e c i s i o n s ,  and a  long- te rm a n a l y s i s  t.o s u p p o r t  g e n e r a l  
p h y s i o l o g i c a l  s t u d i e s ,  i n c l u d i n g  c i r c a d i a n  s t ~ d i e s .  

PROTOCOL: Data f o r  t h e  sho r t - t e rm a n a l y s i s  were a v a i l a b l e  from t e l e n e t r y  
c a p t u r e s  a t  pr ime s t a t i o n s :  Q u i t o ,  Ecuador;  Lima, Peru ;  S a n t i p g o ,  C h i l e  and 
F o r t  Myers, F l o r i d a .  Long-term d a t a  were a v a i l a b l e  from t h e  prime s t a t i o n s  
and p o s t f l i g h t  a n a l y s e s .  

@UUMEN'l: EEG, D i g i t a l  magnet ic  t a p e s .  

BE$-: The l aunch  was a m i l d l y  t r a u m a t i c  e v e n t  f o r  "Bonny.ll The an ima l  was 
a roused  th roughou t  t h e  t a s k  p r e s e n t a t i o n s  on Days 2 ,  3 ,  4 ,  and 5 ,  even though 
t h e  l e v e l  o f  performance was q u i t e  low. Therv? were s t r o n g l y  c i r c a d i a n  
f l u c t u a t i o n s  o f  b r a i n  t e m p e r a t u r e  which may be r e l a t e d  t o  i n t e n s i t y  peaks  o f  
t h e  EEG. F l i g h t  induced  pa tho logy  was first  n o t e d  i n  c o r t i c a l  s p e c t r l a  e a r l y  
i n  Day 7 .  During Day 8 and t h e  f irst  h a l f  o f  Day 9  t h e  c o r t i c a l  s p e c t r a  were 
s t a b l e ,  a l t h o u g h  abnormal ly  iow i n  power. On Day 9 ,  t h e  mi s s ion  was 
t e rmjna t ed  when t h e r e  w a s  a  f u r t h e r  d e c l i n e  i n  p a r i e t a l  i n t e n s i t y .  Death 
o c c u r r e d  R+8 h r s ,  t h e  s c u t e  c a u s e  be ing  v e n t r i c u l a r  f i - b r i l l a t i o n .  

SIONS: The an imal  a p p e a r s  t o  have had a  f u n c t i o n a l l y  i n t a c t  c o r t e x  
u n t i i  nzy 6 ,  and t o  have had a f u n c t i o n a l  c o r t i c a l  impairment  on Days 7 and 8 ,  
which was compa t ib l e  w i t h  a minimal  r e s p o n s e  t o  a l t e r a t i o n s  o f  l i g h t  v e r s u s  
d a r k  and w i t h  a  m a i n t m a n c e  o f  normal s u b c o r t i c a l  e l e c t r i c a l  a c t i v i - y .  The 
an imal  became g r o s s l y  p a t h o l o g i c a l  and un re spons ive  on Day 9 .  C o n s i d e r a b l e  
f l u c t u a t i o n s  i n  s p e c t r a l  I n t e n s i t y  p e r s i s t e d  w i t h i n  c e r t a i n  frequency bands.  
T h i s  p a t h o l o g i c a l  s t a t e  resemb!-dl b u t  was n ~ t  i d e n t i c a l  w i t h ,  a s t a t e  o f  
a c u t e  hypothermia under  anesthesia. 



AL INVEST1GATOR(.C_): Richard  S. Young, John  W. Tremor, Richard  
Willoughby , Robert  L .  CorLet t  , Kenneth A .  Souza , 
and Pau l  D .  S e b e s t a  

EXPERIMENT: The E f f e c t  o f  W e i g h t l e s s n e s s  on t h e  D iv id ing  Eggs o f  
&= m, P-1C47 

F: Animal - B u l l f r o g  e g g s  (?m W u !  

DISCTPLINE(S): G e n e t i c s ,  Cell b i o l o g y  

OBJECTIVES: To de t e rmine  i f  w e i g h t l e s s n e s s  a f f e c t s  t h e  a b i l i t y  o f  t h e  
f e r t i l i z e d  f r o g  egg t o  d ~ v i d e ,  d i f f e r e n t i a t e  and deve lop  n c r m a l l y .  

PROTOCOL: On day F-3, 60 feicrale f r o g s  were i n j e c t . e d  w i th  gonado t roph in  t o  
i nduce  o v u l a t i o n .  A t  F-12.5 h r . ,  s t r i p p e d  egg8 were f e r t i l i z e d  and d i v i d e d  
i n t o  c l u s t e r s  o f  5. They were t h e n  k e p t  a t  43 F t o  p r e v e n t  d i v i s i o n .  The 
eggs  were p l aced  i n  g roups  o f  10 i n  t h e  f i r s t  e i g h t  modules t o  be f i x e d ,  and 
i n  g r o u p  of  5 f o r  t h e  remainder .  The exper iment  c a l l e d  Cor f i x a t i o n  a t  F-0, 
F+1 h r ,  F+2, F+3, F+32; F+40, F+68 h r s .  The las t  module p a i r  w 2 s  t o  r e t u r n  
w i t h  l i v e  embryos. Three  hardware packhges were p re7a red ;  one  f o r  f l i g h t ,  one 
f o r  Lackup, and one f c r  c u , ~ t r o l .  

UUIPW: 'The paclzrqt . >.;?,ained 16 a c r y l i c  modcles  d i v i d e d  i n t o  2 chambers,  
a  10 m l  egg chalrbsr  -,- :; 3 1 - f i x a t i v e  chamber,  a c o o l a n t  l i n e  a round t h e  
yzckage t o  m a i n t a i n  it  a t  4 2 . 5 ' ~  on t h e  pad ,  t h e r m i s t o r s  t o  e a c h  o f  4 modules,  

0 a  f i f t h  t h e r m i s t o r  a s  a  s u i t c h  t o  4-.;2nge th:. t e m p e r a t u r e  t o  70 F a t  l a u n c h .  

JIESUJrTS: The f i r s t  c l ~ a v a g e ,  t h e  most s e n s i t i v e  t o  g r a v i t y ,  o c c u r r e d  b e f o r e  
l a u n c h ,  due t o  a 3 h r .  d e l a y .  No d i f f e r e x e s  were obse rved  i n  a b n o r m a l i t i e s  
between f l i g h t  ana  E a r t h  c m t r o l  eggs ;  t l iey a l l  f e i l  w e l l  w i t h i n  t h e  r ange  o f  
e x p e c t ~ d  abnormal  development .  No differences i n  development o f  t h e  f r o g  e g g s  
c o u l d  be d e t e c t e d .  

C O N C L U S I W :  The f e r t i l i z e d  e g g s  d i v i d e d ,  d i f f e r e n t i a t e d ,  and developed  
normal ly  i n  two days  cf w e i g h t l e s s n e s s  d e s p i t e  i n i t i a t i o n  o f  exposu re  a t  t n e  
middle  o f  t h e  two-ce l l  s t a g e .  



* ,  -1: Richard S. Young, and John W. Tremor 

m T  TITLE/NUMBER: F ~g Egg Growth, SO03 

- C1 
-Tud: Animal - Bul l f rog  eggs  (Bans Q i Q k L I d  

-: C e l l  b iology,  Gene t i c s  

D J E C T W :  To determirx  t h e  e f f e c t  o f  we igh t l e ssness  on t h e  a b i l i t y  o f  a 
f e r t i l i z ~ d  f r o g  egg t o  d i v i d e  normally and t o  d i f f e r e n t i a t e  and form a normal. 
embryo. 

UuTCCOL:  Eggs were obta ined from female f r o g s  a f t e r  they  were i n j e c t e d  ) , ~ r n  
p i t u i t a r y  g l a i ~ d  e x t r a c t  a t  F-48 h r s .  The eggs were f e r t i l i z e d  and p l a c e s  i n  
10 c c  o f  ~ p r i n g  water  i n  f o u r  chambers, wi th  f i v e  eggs  p e r  nhamber st 43 F. 
Two s e t s  ?f ground'controlsowere u e d ,  one s imul taneous  and one wi th  a two h r  8 de lay .  A temperature  of 66 t o  74 F was maintained i n f l i g h t .  Two chambers 
were f i x e d  wi th  formal in  a f t e r  41 h r s  o f  f l i g h t ,  one was f i x e d  a f t e r  8 5  h r s  
and one chamber was unf ixed wi th  embryos being recovered a l i v e .  

m: Experiment package wi th  f o u r  chambers, a temperature  c o n t r o l  
system a::& two handles  f o r  f i . ua t ive  a c t i v a t i o n .  

-: On Gemini 8 ,  ~ a r l y  c leavage was achieved Gut t h e  f l i g h t  was t o o  
;hart t o  achieve l a t e r  developmental s t a g e s .  On t h e  Gemini 12 z x p e r i m e ~ t ,  t e n  
embryos i n  41 h r .  f i x a t i o n  ; - :orphological ly  normal when conjared t o  
c o n t r o l s .  Ehbryos a t  85 h r .  r l x a t i o n  were w e l l  developed an? morphological ly  
normal t adpo les .  Five unfixed embryos were ive  swimir iq  cadpoles.  Three o f  
t h e s q  were morphologically normal, two ware abnolmal, but  c o n s i s t e n t  wi th  
ground c o n t r o l s .  These l i v e  t adpo les  d i e d  f o r  unknown reasons  s e v e r a l  hours  
a f t e r  recovery.  

CONCLUSIONS: A g r a v i t a t i o n a l  f i e l d  i s  not necessa ry  f o r  f r o g  eggs t o  d i v i d e  
normally,  nor is it necessary  f o r  d i f f e r e n t i a t i u n  and morphological  changes i n  
l a t e r  s t a g e s  of  embryonic development. 

PUBLICATIONS: 529, 530, 580, 581 



E U U . l 2 A L . _ I N V ) :  Richard  S. Young, and John W .  Tremor 

/NUMBER: Sea Urchin Egg F e r t i l i z a t i o n  and Development, SCOZ 

PROGRAM/-: Gemini 3 

C L A S S 1 E m :  Animal - S e a  u r c h i n  eggs  ( A r b a c b  p u n c t u l a t a )  

C ' 7  , -: C e l l  b i o l o c y ,  G e n e t i c s  

QBJECTIVES: To i n v e s t i g a t e  t h e  e f f e c t s  o f  s u b g r a v i t y  on f ' t r t i l i z a t i o n ,  c e l l  
d i v i s i o n ,  d i f f e r e n t i a t i o n ,  and growth o f  a  r e l a t i v e l y  s i m p l e  b i o l z g i c a l  
sys tem.  

YROTOCCL: The specimen3 i n  4 chambers were f d r t i l i z e d  p r e f l i g h t .  The o t h e r  
specimens were f e r t i l i z e d  s h o r t l y  a f t e r  o r b i t a l  i n s e r t i - o n .  G r o r t h  o f  
specimens i n  each  group o f  f e r t i ' i z e d  eggs  was i n h i b i t e d  a t  d i f f e r e n t  s t a g e s  
o f  development by t h e  a d d i t i o n  ~f f i x a t i v e  s o l u t i o n .  A ground c o n t r o l  package 
L a s  t r e a t e d  i d e n t i c a l l y .  

EaUIPMENT: A c y l i n d e r  o f  e i g h t  specimen chambers,  eaoh d i v i d e d  i n t o  3 
compartments s o  t h a t  t h e  sperm, ova ,  and f i x a t i v e  s o l u t i o n s  were ~ e p a r a t o d .  
R o t a t i o n  o f  a  hand le  a c t u a t e d  e i t h e r  f e r t i l i z a t i o n  cr f i x a t i o n .  

RESULTS: The exper iment  was f lown and r ecove red  a s  s chedu led .  However, t h e  
exper iment  o b j e c t i v e s  were n o t  a c h i e v e d ,  p r i m a r i l y  f o r  mechanica l  r e a s o n s .  
The o p e r a t i n g  mechanism f o r  t h e  package f a i l e d ,  and t h e  hand le  d i d  n o t  a c i u a t e  
t h e  d e ~ i c e .  There  a l s o  may have  been l e a k a g e  i n  t h e  f o r m a l i n  ( f i x a t i v e )  
zhamber s u f f i c i e n t  t o  damage t h e  eggs .  

I I n s u f f i c i e n t  d a t a  - i n c o t x l u s i v e .  



m _ - T Q R ( S )  : Herbe r t  M.  Conrad 

EXPERIMENT T W l W :  A Study o f  t h e  E f f e c t  o f  W e i g h t l e s s n e s s  on t h e  
Biochemica l  Response o f  a ~4snoco ty l edonous  S e e d l i n g ,  
P-1138 

eBBGliHMIfl!JSUU: B i o s a t e l l i t a  I1 

CLAS;IFICAm: P l z n t  - Wheat s e e d l i n g s  ( J r i t i u  JLUK~JX) 

-1: Behavioral s c i e n c e ,  C e l l  b i o l o g y  

OBJRCTIYB: To c o r r e l a t e  changes  i n  metabolism and e n e r g e t i c s  w i t h  t h e  r e -  
o r i e n t a t i o n  o f  p l a n t  o r g a n s  d u r i n g  w e i g h t l e s s n e s s  and t o  s t u d y  t h e  key enzymes 
a s s o c i a t e d  wi th  t h e s e  p r o c e s s e s .  

-kWJIE&: Seven ty -e igh t  wheat s e e d s  weighing 38-39 mg were used  i n  bo th  t h e  
f l i g h t  p a ~ l : ~ ~ ; ~  and E a r t h  c o n t r o l s .  The s e e d s  were s u r g a c e - s t e r i l i z e d  i n  0.05% 
Hg C 1  and s l a k e d  f o r  3 h o u r s  i n  d i s t i l l e d  water a t  95 F. The s e e d l i n g s  were 

i n  po lyca rbona te  s t a l k s  c o n t a i n i n g  wet v e r m i c u l i t ~ .  Gas samples  were 
t aken  and t h e  l i d s  s e a l e d .  To de t e rmine  t h e  e x t e n t  of r o o t  d i sp l acemen t  and 
c o l e o p t i l e  ~ ~ r v a t u r e ,  p i c tu l ' e s  were t a k e n  p o s t f l i g h t  b e f o r e  t h e  s e e d l i n g s  were 
d i v i d e d  f o r  a n a l y s i s .  T l s s u e  s l i c e s  were ana lyzed  f o r  s i x  enzymes, p r o t e i n  
c i ~ n +  s n t  , oxygen consumption,  amino a c i d s ,  and e t h y i e n e  p r o d u c t i o n .  

JQU1PMU.L ' .  . Experiment  package ,  cy tospec t ropho tome te r .  

BESILLTS: I n c r e a s e d  GLU-6-P L'ehydrogenase , GLY-3-P dehydrogenase  , and 
p e r o x i d a s e  was no ted .  No change was found i n  m a l i c  a c i d  dehydrogenase ,  
t r ansaminase ,  o r  cytochrome C r e d u c t a s e .  Enzyme k i n e t i c s  and d i s t r i b u t i o n  
were normal .  

GQNCLUSIOU: The growth of wheat. s e e d l i n g s  i n  s p a c e  appea red  normal .  The 
growth on t h e  c l i n o s t a t  s i m u l a t e d  growth i n  a w e i g h t l e s s  envi ronment .  
However, o n l y  auxin-mediated r e a c t i o n s  were s i m l a t e d  by growth on t k e  
h q r i z o n t a l  c l i n o s t a t .  The i n c ~ e a s e d  enzyme a c t i v i t y  was found t o  be 
p h y s i o l o g i c  and n o t  due t o  51,. x t , u r a l  changes  i n  enzymes wh i i e  i n  zhe weight-  
l e s s  s t a t e .  The k i n e t i c  s t u d i e s  i n d i c a t e d  t h a t  s p a c e  f l i g h t  does  n o t  a f f e c t  
t h e  a f f 5 n i t y  of an  enzyme f o r  i t s  s u b s t r a t e .  



AL INVWGI\TOR(S): Wouard J .  Cur tis, an1 d Harold H .  Smi 

i 
EXPERIMENTmm: Effect  of HZE P a r . ~ i c l e s  02 Corn Seeds 

PB-: Discoverer X X X I I  

Tlant - Corn seeds (&a EUS) 

lLXU%?TSm: Radiobiology 

OBJECTIYES: To ver i fy  predicted radiobiologic  e f f e z t s  of heavy cosmic ra.1 
primary p a r t i c l e s  (HZE p a r t i c l e s )  on aors seeds. 

mm&: The corn seed2 (o f  a spec i a l  gene t ic  s tock f o r  co lora t ion  change 
from grsen t o  yellow) were flown i n  the Discoverer spazecraf t ,  recovered, and 
examined f o r  genet ic  defects .  A cont ro l  packags was kept under s imi l a r  
conditions.  

EQU&ji$U: Container f o r  corn seeds. 

-: There were 20 di f fe rences  between the  f l i g h t  samples and cmt :*o l  
samples. 

CONCLUSIONS: The impact of HZE on genes i n  corn i s  minimal. N3 genet ic  
de e c t s  were observed. 

. . *.- I,, .. .* '.:q . r :  



OR&): M. De lpow,  i iors t  Buecker, S. Fogel ,  M. F r e e l i n g ,  
E. H. Graul ,  G. H o r n x k ,  A .  R. Kranz, H. P i a n e l ,  
W .  Ruether,  U.  Scheidemann, C. Thomas, C.  A .  
Tobias ,  B. Toth,  T. Yang, 0.  C. A l l k o f e r ,  R .  
Beaujean, E. V .  Benton, W. Enge, R .  Fac ivs ,  H.  
F r a ~ c o i s ,  W. Heinr ich ,  D. Hildebrand,  C. Zacquot,  
R .  Ka i se r ,  J. P. Massue, E. Obst ,  D.  D. Pe te r son ,  
R. P foh l ,  G. P o r t a l ,  G.  R e i t z ,  E. Schopper, M.  
Schaefe r ,  J. 2 .  Sitiiott,  and G. Siegmon 

EXPEhIrlENT: BIOSTACK I11 

- CI -: Apolh-Soyuz Tes t  P r o j e c t  

I;LP_SSIFICATION: P l a n t  - Tobacco s e e d s  (m _tabaccum) 

-: Radiobiology, Cell b iology,  Beiiavioral s c i e n c e  

Q U C T I V U :  Tc s tudy  t h e  i n f l u e n c e  of  HZE p a r t i c l e s  on ge rmina t ion ,  growth 
and development, and mutation induc t ion .  

PROTOCOL: The BIOSThCK f l i g h t  experiment was s t o r e d  i n  t h e  R-1 compartment o f  
t h e  Apollo capsu le  where t h e r e  was t h e  l e a s t  s h i e l d i n g  from ambient r a d i a t i o n .  
The specimens wsre ar ranged i n  monolayers, imbedded i n  po lyv iny l  a l c o h o l ,  and 
s tacked between t r a c k  d e t e c t o r  s h e e t s .  P a r t i s l e  t r a c k s  were l o c a t e d  i n  
r e i a t i o n  t o  b i o l o g i c a l  o b j e c t s  and t h e  phys ica l  q u a n t i t i e s  o f  t h e s e  p a r t i c l e s  
were de te ra ined .  

BQUIPtEU.: Two c y l i n d r i c a l  aluminum c o n t a i n e r s  which enclosed a s t a c k  of 
b i o l c q i c a l  specimens and dosimeters .  

: Resu l t s  were un;lv;!ilable (presumably no e f f e c t ) .  78 HZE h i t s  sco. ?d 
2,328 seeds .  

CON-: HZE-pxticle-inducec' damage might become mani fes t  i f  
r~onrep laceab le  c e l l s  were des t royed.  I n  manned space  f l i g h t ,  t h e  primary 
concern was t h e  nervous syterh. However, t h e  r i s k  t o  man from FZE p a r t i c l e s  
a u r i n g  space f l i g h t  can be s u f f i c i e n L l y  lowered i f '  t h e  rnaximur; p o s s i b l e  
s h i e l d i n g  a g a i n s t  HZE p a r t i c ' o  bombardment is ensured i n  t k  des ign  and 
c o n s t r u c t i o n  of f u t u r e  space vehic l -es .  



n -INVESTIGATQB(S): Stephen W. Gray, and Betty F. Edwards 

p: The Effect of Weightlessness on the Growth and 
Orientaticn of Roots and Shoots of Monocotyledonous 
Seedlings, P-1020 

% .  -: Biosate l l i te  I1 

v: Plant - Wheat seedlings (m 
n T S C l p L I N E 0 :  hhaviora l  scienca, Ceil biology -- 

m: To determine a l tera t ions  i n  t h e  position of s t a t o l i t h  starch 
grains, the pattern of mitosis and c e l l  elongation, and the biochemistry of 
the seedlings in,.&w?ightIess environment, and to  determine i f  weightlessness 
is ajequately simulated by the c l inosta t .  

-: Seventy-eight wheat seeds weighing 38-39 mg were used i ~ >  both the 
f l i gh t  package and Earth controls. The seeds were susface-steriliz<\d i n  0.05% 
XgC1, and soaked for 3 hours in d-.stilled water a t  35 F. The seedlings wzre 
plac6d i n  ploycarbonate s t a lks  containing wet vermiculite. Gas samples were 
taken and the l i d s  were sealed. A l l  growth took place i n  darkness. 

EOUIPMENT: Experircect package. 

R w :  ln f l igh t  germination was unaffected. Coleo?tilte heidht was greater 
a f t e r  56 and 05 hours than control. S ta to l i th  starch granules were randomly 
distr ibuted.  Interphase nuclear volume was greater  w i t h  fewer ear ly  prophase 
ce l l s .  Root c e l l s  were longer and random orientat ion of root: and shoots was 
noted. 

CONCLUSIONS: Short periods of space f l i gh t  do not disorganize the normal 
processes of the growing wheat seedling. Only small deviations from normal 
physiology or behavior xere &served, most of them returning t o  normal a f t e r  
several hours. The Earth bound c l i nos t l t  may be a tool for  predicting some of 
the responses to  weightlessness i n  su i table  organisms. 



PRINCIPAL) : John E. H e w i  t t 

EXPERIHENT.: Radiat ion Exposures During t h e  B i o s a t e l l i t e  I1 
F l i g h t  

PROCRAM/MZSSION: B i o s a t e l l i t e  I1 

B: Animal, P l a n t ,  Microorganism 

rISCIPLINE(S): Radiobi clogy 

OBJECTIVES: To determine t h e  combined e f f e c t s  o f  r a d i a t i o n  and we igh t l e ssness  
on l e t h a l i t y  and mutagenesis i n  a v a r i e t y  o f  l i v i n g  systems.  

PROTOCOL: The b i o l o g i c  material from each experiment was d i v i d e d  i n t o  four  
groups; f l i g h t  groups i r r ad ia ted85nd  non- i r rad ia ted ,  and Ear th  c o n t r o l  groups  
i r r a d i a t e d  and non- i r radia ted .  S r  was used as t h e  r a d i a t i o n  source  and 
Lithium f l u o r i d e  (LiF) thermoluminescent powder was s e l e c t e d  as t h e  primary 
dosimeter.  The packages were p laced i n  t h e  c a p s u l e  a t  d i f f e r e n t  d i s t a n c e s  
from t h e  source  s o  t h a t  each would r e c e i v e  its c o r r e c t  exposure.  

-: Capsule,  experiment packages,  n ~ c l e a ~ ~ e m u l s i o n  package, 
backsca t t e r  s h i e l d ,  hea t  s h i e l d ,  source  ho'der. Sr source ,  LiF powder 
dosimeters ,  CaF2 dosimeters .  

-: The r a d i a t i o n  exposures  i n  t h e  c o n t r o l  a r e a s  were q u i t e  low. Few 
were above 0.5 R.  From nuc lea r  emulsion measurements, an  -1pper l i m i t  dose  due 
t o  protons  was 40 f o r  t h e  mission.  There were 10.1 t r a v e r s a l s  o f  atomic 
n u c l e i  o f  Z 2 2 0 1 ~ ~ 1  d u r i n g  t h e  miss ion.  

CONCLUSIONS: Nuciear emulsion measurements v e r i f i e d  t h a t  r a d i a t i o n  doses  due 
t o  3pace r a d i a t i o n s  a r e  very  low i n  o r b i t s  s i m i l a r  t o  t h a t  o f  B i o s a t e l l i t e  11. 
It is h igh ly  u n l i k e l y  t h a t  any d i f f e r e n c e  found between t h e  b i o l o g i c  r esponses  
of t h e  s m e  experiment i n  t h e  f l i g h t  and Ear th  c o n t r o l  c a p s u l e s  could be 
a t t r i b u t e d  t o  r a d i a t i o n  exposure d i f f e r e n c e s ,  nor  could any unusual  r e s u l t s  be 
a t t r i b u t e d  t o  t h e  presence i n  t h e  capsu les  of  a l a r g e  component o f  low-energy 
r a d i a t i o n  produce by mu1 t i p l e  s c a t t e r i n g .  

PUBLICATIONS: 268 



-1 : Samuel  P . J o h n s o a  

EXP-: B i o c h e m i c a l  Changes i n  t h e  Endosperm o f  Wheat 
S e e d l i n g s  i n  t h e  W e i g h t l e s s  S t a t e ,  P-1138 

PROGRAM/MISSION: B i o s a t e l l i t e  I1 

v: P l a n t  - What s e e d l i n g s  (w yulgax) 

-: B e h a v i o r a l  s c i e n c a ,  C e l l  b i o l o g y  

QBJECTIVES: To d e t e r m i n e  i f  w e i g h t l e s s n e s s  r e t a r d s  t h e  g r o w t h  of t h e  r o o t  a n d  
s h o o t  b e c a u s e  o f  a m o d i f i c a t i o n  o f  p r o t e i n  s y n t h e s i s  a n d  t h e  i x o r p o r a t i o n  o f  
c a r b o h y d t - q t e s  i n t o  ce l l  wall c o n s t i t u e n t s  o f  t h e  endosperm o f  t h e  whea t  
s e e d l i n g .  

-: S e v e n t y - e i g h t  wheat  s e e d s  w e i g h i n g  38-39 ag were  u s e d  i n  b o t h  t h e  
f l i g h t  package  and E a r t h  c o n t r o l s .  The s e e d s  were s u l ; f _ a c e - s t e r i l i z e d  i n  0.05% 
HgCIZ and  soaked  f o r  3 h o u r s  i n  d i s t i l l e d  w a t e r  a t  95 k. The s e e d l i n g s  w e r e  
p l a c e d  i n  p o l y c a r b o n a t e  s t a l k s  c o n t a i n i n g  wet v e r m i c u l i t e .  Gas s a m p l e s  w e r e  
t a k e n  and  t h e  l i d s  were s e a l e d .  A l l  g r o w t h  t o o k  p l a c e  i n  t h e  d a r k .  

EC1UI;PMENT: Exper iment  package .  

I-: No s i g n i f i c a n t  d i f f e r e n c e s  were found  i n  c a r b o h y d r a t e  d i s t r i b u t i o n .  
s t a r c h ,  s u c r o s e ,  g l u c o s e ,  t o t a l  o r  p r o t e i n  n i t r o g e n  compar icg  endosperms  o f  
t h e  c o n t r o l  and  f l i g h c  s e e d l i n g s .  

-: The b i o c h e m i c a l  a n a l y s e s  o f  wheat  s e e d l i n g  endosperms  d i d  n o t  
r e v e a l  a n y  d i f f e r e n c e s  i n  the c o n c e n t r a t i o n s  o f  c a r b o h y d r a t e s ,  amino ac ids ,  
and n i t r o g e n  f r a c t i o n s  i n  t h e  c o n t r o l  a n d  f l i g h t  s a m p l e s .  I t  was p o s t u l a t e d  
t h a t  t h e  o r b i t a l  f l i g h t  was n o t  o f  s u f f i c i e n t  d u r a t i ~ n  ta e l i c i t  a r e s p o n s e .  



l?UGUL INV-1: Samuel P .  Johnson,  and T. W. T i b b i t t s  

p: The Liminal  Angle o f  P l a g i o g e o t r o p i c  Organ Under 
W e i g h t l e s s n e s s ,  P-10 17 

m-: B i o s a t e l l i t t  .'1 

-: P l a n t  - Pepper  p l a n t  (- annuurn) 

-: Behav io ra l  s c i e n c e ,  Cell b io logy  

OBJECTIVES: To d e t e r m i n e  i f  a w e i g h t l e s s  envi ronment  wou I d  produce  r e s u  
p l a n t s  s i m i l a r  t o  t h o s e  no ted  i n  r e s p o n s e  ts r o t a t i o n  on a h o r i z o n t a l  
c l i n o s t a t ,  i . e . ,  t h e  l i m i n a l  a r g l e  w i l l  be d e c r e a s e d ,  accompanied by a 
d i f f e r e n t i a l  m o b i l i z a t i o n  of c a r b o h y d r a t e s  and amino a c i d s .  

PROTOCOL: Four 3 5  day o l d  p l a n t s  were flown and photographed  a t  ten-minute  
i n t e r v a l s  d u r i n g  o r b i t .  F i v e  a u x i l i a r y  25 day o l d  p l a n t s  were p l a c e d  i n s i d e  
t h e  u n i t  f o r  c a r b o h y d r a t e ,  amino a c i d  and  n i t r o g e n  a n a l y s e s .  Two c o n t r o l  
g roups  o f  p l a n t s  were s u b j e c t e d  t o  t o r i z o n a l  and v e r t i c a l  r o t a t i o n  on t h e  
c l i n o s t a t  and one c o n t r o l  g roup  s e r v e d  as a r a d i a t i o n  mockup. The samples  
p repa red  f o r  chemica l  a n a l y s e s  were composed o f :  (1; l e a v e s  from l a r g e  o r  
pr ime p l a n t s ,  ( 2 )  l e a v e s  from small o r  a u x i l i a r y  p l a n t s ,  ( 3 )  stems from small 
p l a n t s ,  and ( 4 )  growing t i p s  from s m a l l  p l a n t s .  S e v e r a l  v i b r a t i o n  tests were 
conducted  t o  de t e rmine  t h e  e f f e c t  o f  t h e  f l i g h t  l aunch  v i b r a t i o n  p r o f i l e .  The 
p l a n t s  were a l s o  s u b j e c t e d  t o  a c o u s t i c  l e v e l s  t h a t  s i m u l a t e d  t h e  l aunch  and  
r e c o v e r y  f l i g h t  envi ronments .  

-: F l i g h t  package w i t h  a camera p o s i t i o n e d  i n  t h e  c e n t e r  o f  f o u r  
p l a n t s  which, t h r o a h  a t h r e e - m i r r o r  o p t i c a l  sys tem,  photographed  t h e  f o u r  
p l a n t s  from t h e  s i d e  and t o p .  I l l u m i n a t i o n  was p rov ided  by 15-watt  incandes-  
cen t  lamps ,  p roduc ing  200 f o o t - c a n d l e s  o f  l i g h t  f o r  5 s e c .  e v e r y  10 min. The 
u n i t  :qeighed 12 pounds.  

RESULTS: A r e d u c t i o n  i n  t h e  l i m i n a l  a n g l e  o f  t h e  p e t i o l e  w i t h  t h e  stem was 
found and was s i m i l a r  t o  t h a t  produced i n  t h e  l a b o r a t o r y  u s i n g  t h e  h o r i z o n t a l  
c l i n o s t a t .  The c a r b o h y d r a t e s  were similar i n  c o n c e n t r a t i o n  i n  t h e  c o n t r o l  and 
o r b i t a l  p l a n t s ,  b u t  t h e  amino a c i d  change was g r e a t e r  i n  t h e  o r b i t a l  p l a n t s .  

-: Carbohydr? tes  and ,  t o  some e x t e n t ,  amino a c i d s  p l a y  a d i r e c t  
r o l e  i n  t h e  r e sponsc  o f  p l a n t s  t o  g e o i n d u c t i o n .  The c a r b o h y d r a t e s  presumably 
p rov ided  ene rgy  fsr t h e  a c c e l e r a t e d  growth  a n d / o r  e l o n g a t i o n  o f  t h e  c e i l s  
a l o n s  t h e  convex c u r v a t u r e  o f  t h e  p l a g i o g e o t r o p i c  o rgan ,  t h e r e b y  r e s u l t i n g  i n  
a d e c r e a s e  i n  t h e  l i m i n a l  a n g l e .  

. .-- , -,,.a** 6 3 .  W i r .  * . ... I.. 



-E4TOR(S): A .  R .  Kranz ,  U. Scheidemann,  C.  Thomas, H o r s t  
B u e c k e r ,  M. Delpoux,  S. F o g e l ,  M. F r e e l i n g ,  E. H .  
G r a u l ,  C. Horneck,  H.  P l a n e l ,  ri. R u e t h e r ,  C. A .  
T o b i a s ,  B. T o t h ,  T. Yang, 0. C. A l l k o f e r ,  R .  
B e a u j e a n ,  E. V .  B e n t o n ,  W. Enge,  R .  F a c i u s ,  H. 
F r a n c o i s ,  W. H e i n r i c h ,  D. H i l d e b r a n d ,  C.  J a c q u o t ,  
R .  K a i s e r ,  J. P. Massue,  E. O b s t ,  D. D. P e t e r s o n ,  
R .  P f o h l ,  G. P o r t a l ,  G. Reitz,  E. S c h o p p e r ,  M.  
S c h a e f e r ,  J. U. S c h o t t ,  and  G. Siegmon 

p: BIOSTACK I11 

PROGRAM/MISSION: Apollo-Soyuz T e s t  P r o j e c t  

w: r l a n t  - European w a t e r c r e s s  s e e d s  (Arabidoasis thaliana) 

-: R a d i o b i o l o g y ,  C e l l  b i o l o g y ,  B e h a v i o r a l  s c i e n c e  

QBJECTIVES: To o b s e r v e  t h e  i n f l u e n c e  o f  HZE p a r t i c l e s  on g e r m i n a t i o n ,  p l a n t  
d e v e l o p m e n t ,  and  m u t a t i o n  i n d u c t i o n .  

T -: The BIOSTdCK f l i g h t  e x p e r i m e n t  was s t o r e d  i n  t h e  R-1 compar tment  on 
t h e  A p o l l o  c a p s u l e  where  t h e r e  was t h e  l e a s t  s h i e l d i n g  f rom a m b i e n t  r a d i a t i o n .  
i h e  s p e c i m e n s  were  a r r a n g e d  i n  m o n o l a y e r s ,  imbedded i n  p o l y v i n y l  a l c o h o l ,  and  
s t a c k e d  between t r a c k  d e t e c t o r  s h e e t s .  P a r c i c l e  t r a c k s  were l o c a t e d  i n  
r e l a t i o n  t o  b i o l o g i c a l  o b j e c t s  and  t h e  ~ h y s i c a l  q u a n t i t i e s  o f  t h e s e  p a r t i c l e s  
were d e t e r m i n e d .  

m: Tw@ c y l : . n d r i c a l  a lurnin~un c o n t a i n e r s  which e n c l c s c d  a s t a c k  o f  
b i o l o g i c a l  s p e c i m e n s  and d o s i m e t e r s .  

a-: T h e r e  was n o  s i g n i f i c a n t  d i f f e r e n c e  between HZE h i t  p l a n t s  a n d  
c o n t r o l s .  

-: HZE-par t i c le - induced  damage migh t  become m a n i f e s t  i f  
n o n r e p l a c e a b l e  c e l l s  a r e  d e s t r o y e d .  I n  manned s p a c e  f l i g n t ,  t h e  p r j m a r y  
c o n c e r n  would b e  t h e  n e r v o u s  s y s t e m .  However, t h e  r i s k  t o  man from HZE 
p a r t i c l e s  d u r i n g  s p a c e  f l i g h t  c a n  be s u f f i c i e n t l y  l o w e r e d  i f  t h e  maximum 
p o s s i b l e  s h i e l d i n g  a g a i n s t  HZE p a r t i c l e  bombardment is e n s u r e d  i~ t h e  d e s i g n  
and  c o n s t r u c t i o n  o f  f u t u r e  s p a c e  v e h i c l e s .  



-.XNYESTIGATOR(S) : Char les  J. Lyon 

-. EXPERIMENT: Growth Physiology o f  t h e  Wheat Seed l ing  i n  Space,  
P-1096 

PROGRAM/MISSION: B i o s a t e l l i t e  I1 

CLASSIFICATION: P l a n t  - Wheat s e e d l i n g s  y~:inare) 

DISCIPLINE(S): Behavioral  s c i e n c e ,  C e l l  b io logy 

OBJECTIVES: To determine whether s e e d s  would produce normal s e e d l i n g s ,  change 
o r i e n t a t i o n ,  r a t e  o f  growth, o r  germinat ion i n  we igh t l e ssness .  

PRgTOCa: Seventy-eight  wheat s e e d s  weighing 38-39 mg were used i n  both t h e  
f l i g h t  package and Ear th  c o n t r o i s .  The s e e d s  were s u s f a c e - s t e r i l i z e d  i n  0.05% 
HgC12 and soaked f o r  3 hours  i n  d i s t i l l e d  water  a t  95 I?. The s e e d l i n g s  were 
placed i n  polycarbonate s t a l k s  con ta in ing  wet v e r m i c c l i t e .  Gas samples were 
taken and t h e  l i d s  were s e a l e d .  A l l  growth took p l a c e  i n  t h e  dark .  Angle 
measurements were made t o  record r o o t  o r i e n t a t i o n .  

EQUIPMENT: Experiment package, photographic equipment. 

RESULTS: Growth physiology o f  wheat saed germinat ion and t h e  d e v e l o p m ~ n t  o f  
wheat s e e d l i n g s  i n  t h e i r  e a r l y  s t a g e s  were no t  d i s t u r b e d  s u f f i c i e n t l y  by t h e  
absence o f  g r a v i t y  t o  be r e f l e c t c d  i n  growth r a t e s  o r  e x t e r n a l  morphology o f  
r o o t s  and c o l e o p t i l e s .  

;QNCLUSIONS: The apparen t  l a c k  o f  d i s t u r b a n c e  o f  t h e  b a s i c  metabol ic  
processes  which supply t h e  energy f o r  normal growth i n d i c a t e s  t h e  independewe  
from g r a v i t a t i o n a l  f o r c e  of  c e r t a i n  o r g a n e l l e s  which c a r r y  key enzymes t o  t h e  
s i t e s  o f  energy r e l e a s e  and use.  Weight lessness  had no measurable e f f e c t s  on 
t h e  endagenous mechanisms f o r  product ion and d i s t r i b u t i o n  o f  t h e  growth 
hormone, auxin .  



-1: Cheryl P e l t z  

p: Cytoplasmic Streaming,  ED63 

PROGRAM/MISSION: Skylab 3 ,  4 

-: P l a n t  - Water weed (Elodd 

DISCIPLINE(S): Cell biology 

mT-: To i n v e s t i g a t e  t h e  e f f e c t s  o f  r ~ u l l  g r a v i t y  on t h e  cytoplasmic  
s t r e a n i n g  o f  t h e  Elodea p l a n t .  

PROTOCOL: For each miss ion,  v i a l s  c o n t a i n i n g  Elodea s p r i g s  suspended i n  a 
n u t r i e n t  agar s o l u t i o n  were prepared f o r  f l i g h t  and ground c o n t r o l .  The 
f l i g h t  v i a l s  were s e a l e d  a t  5 p s i a  i n  an  a l t i t u d e  chamber. P r e f l i g h t  t e s t s  
were conducted t o  determine t h e  optimum n u t r i e n t  c o n s t i t u e n t s ,  and t h e  e f f e c t  
o f  l i g h t ,  da rkness ,  tempeiaature and v i b r a t i o n  of3 t h e  v i a b i l i t y  o f  &&&a. The 
bas ic  r e s u l t s  were t h a t  temperatures  between 18 C and 34 C ,  l i g h t  l e v e l s  of  15 
t o  25 f o o t  cand les ,  and s i x  days o r  l e s s  o f  da rkness ,  fol lawed by exposure t o  
l i g h t  wo'uld have no d e l e t e r i o u s  e f f e c t s  on w. 
m: V i a l s ,  microscope s l i d e s ,  cover  s l i p s ,  tweezers ,  microscope,  
microscope-camera a d a p t e r ,  1 6 m  motion p i c t u r e  camera. 

RESULTS: The p l a n t s  flown on Skylab 3 d ied  be fo re  photographs could  be 
obtained a f t e r  15 days of f l i g h t ,  probably because o f  2 unscheduled days  o f  
darkness due t o  experiment schedul ing d i f f i c u l t i e s .  The c o n t r o l  p l a n t s  having 
an i d e r t i c a l  schedule  were a l s o  dead. The experiment was reflown on Skylab 4. 
On t h e  11th day of  t h a t  miss ion,  cytoplasmic  s t reaming was observsd.  By t h e  
18th  day, t h e s e  p l a n t s  had a l s o  d i e d .  Microscopic photography was n o t  
s u c c e s s f u l  due t o  t h e  removal o f  a 10-power microscope eye p i e c e  and improper 
exposure o f  t h e  f i lm.  

CONCLUSIONS: I n  a d d i t i o n  t o  t h e  problems o f  excess ive  dark  p e r i o d s ,  it may 
have been d i f f i c s l t  f o r  t h e  p l a n t ' s  waste products  t o  d i f f u s e  away from t h e  
l e a f  s u r f a c e  i n  ze ro  g r a v i t y .  They may have "smothered" i n  oxygen, unable t o  
o b t a i n  the  necessary  carbon d iox ide  f o r  photosynthes is .  It was suggested t h a t  
f o r  f u t u r e  experiments with a q u a t i c  p l a n t s ,  a water environment be used. 

PUBLICATIONS: 197, 377, 500 



PRINCIPAL_ INV-1: E. Reinholz,  Hors t  Buecker, R .  Ka i se r ,  J. P. 
Massue, R .  P foh l ,  W .  Enge, 0. C. A l l k o f e r ,  K .  
Bartholomae, R .  Beaujean,  W. He in r i ch ,  K.  Fukui, 
Eugene V. Benton, E. Schopper, G.  Henig, J. U .  
S c h o t t ,  H. Franco i s ,  and G.  P o r t a l  

p: BIOSTACK I ,  I1 

v: P l a n t  - European wa te r  c r e s s  seeds ,  

-m: Radiobiology, Genet i l :~ ,  :el!. b iology 

QBJECTIyEs: To s tudy  t h e  b i o l o g i c a i  e f fe : t s  o f  i n d i v i d u a l  heavy n u c l e i i  wi th  
h igh energy 103s ( H I E ) ;  t o  o b t a i n  as much inr'ormation as p o s s i b l e  on t h e  
mechanisms o f  b t o l o g i c a l  damage by HZE p a l - t i c l e s ;  t o  measure t h e  charge  and 
energy s p e c t r a  o f  cosmic r a d i a t i o n  w i t h i n  t h e  Apollo Command Module; and t o  
provide  d a t a  t o  a l low an e s t i m a t e  o f  t h e  hazard t o  man from space  r a d i a t i o n .  

EBPTOCOL: B a c t e r i a l  s p o r e s ,  protozoan c y s t s ,  p l a n t  seeds ,  s h ~ i m p  eggs ,  and 
i n s e c t  eggs  were s t u d i e d  f o r  i n h i b i t i o n  o f  germinat ion,  i n h i b i t i o n  o f  c e l l  
growth, i n h i b i t i o n  of  organ development, developmental a:~omalies i a  v a r i o u s  
s t a g e s  o f  growth, and mutat ion i n d u c t i o n  us ing  s e v e r a l  phys ica l  radinLion 
d e t e c t o r s .  The BIOSTACK u n i t  was flown i n  t h e  Command Module where s k i e l d i n g  
t o  ambient cosmic r a d i a t i o n  was minimal. P o s t f l i g h t ,  t h e  ground c o n t r o l s  and 
t h c  f l i g h t  package were disassembled and p a r t i c l e  h i t s  were graphed.  

I&lUf2@l$E: Hermet ica l ly  s e a l e d  aluminum c o n t a i n e r ,  c o n t a i n i n g  a s e r i e s  o f  
s e l e c t  b i o l o g i c  m a t e r i a l  each sandwiched between s e v e r a l  t y p e s  o f  dos tmete r s  
( n u c l e a r  emulsions,  c e i l u l o s e  n i t r a t e ,  polycarbonate ,  L i F ) ,  and t h e m i s t o r s .  

BESUd'G_S: The p l a n t  germinated wi th  t h e  same frequency a s  t h e  Ear th -con t ro l s  
( 8 4 % ) .  However, t h e  frequency of  mul t i cau lous  p l a n t s  grown from h i t 4 s e e d s  was 
much h igher  than t h e  c o n t r o l s .  There were 18 HZE h i t s  scored/2  X 10 seeds .  

CONCLUSIONS: The experiment. conf i rms t h e  assumption t h a t  HZE par t i c l e - induced  
damage might become mani fes t  i f  a s i g n i f i c a n t  number of  nonreplaceable  c e l l s  
a r e  des t royed.  



PRINCuAL INVETIGATOR(S>: W .  Scheuermann, Horst Buecker, R. Kaiser,  J. P. 
L 

Massue, R .  Pfohl,  W. Enge, 0. C. Allkofer ,  K .  

> i  $ Bartholomae, R .  Beaujean, W. Heinrich, K .  Fukui, 
I' Eugene V. Benton, E. Schopper, G.  Henig, J. U .  
1 Schot t ,  H.  Francois,  and G .  Po r t a l  
[ 

--E;B: BIOSTACK I 

" PROGRAM/MISSION: Apollo 16 
? . v: '- Plant  - Bean embryos (Yicia faha) 

f DISCIPLINE(S): Radiobiology, Genetics, Cel l  biology 

: Q l 3 J E C r n :  To study the b io logica l  e f f e c t s  of individual  heavy nucle i  w i t h  
high energy l o s s  (MZE),  t o  ~ b t a i n  a s  much information a s  possible  on the  

' mechanisms of biological  damage by HZE p a r t i c l e s ,  t o  measure the  charge and 
energy spec t ra  of cosmic rad ia t ion  within the  Apollo Command Module, a n i  t o  
provide da ta  t o  allow an est imate of the  hazard t o  man from space r ad ia t ion .  

PBOTOCQL: Bacter ia l  spores ,  protozoan c y s t s ,  p lan t  seeds, shrimp eggs and 
in sec t  eggs were s tudied f o r  i nh ib i t i on  of germination, i nh ib i t i on  of  c e l l  
growth, i nh ib i t i on  of oTqan developmznt, developmental anomalies i n  var ious 
s tages  of growth, and mutation induction using severa l  physicai r ad i a t ion  
de tec tors .  The BIOSTACK u n i t  was flown i n  t he  Command Module where sh ie ld ing  
t o  ambient cosmic rad ia t ion  was minimal. After the  f l i g h t ,  the  ground 
cont ro ls  and the f l i g h t  package were disassembled and p a r t i c l e  h i t s  were 
graphed. 

EQUIPMENT: Hermetically sealed aluminum conta iner ,  containing a s e r i e s  of 
s e l e c t  biologic  mater ia l ,  each sandwiched between severa l  types of dosimeters 
(nuclear  emulsions - K2,and K5, ce l lu lose  n i t r a t e ,  polycarbonate, L iF) ,  and 
thermistors .  

E m :  Embryos showed r.s growth d i f fe rences .  There were no HZE influencee 
on nuclear mater ia l .  No e f f e c t  was found on achromasia or  DNA r epa i r .  

-: Biological mater ial  was not harmed by HZE r ad i a t ion .  I f  any 
des t ruc t ion  occurred, i t  is  l i k e l y  t h a t  surrounding i n t a c t  c e l l s  replaced 
destroyed c e l l s .  



INVWUGALm): Arnold H.  Sparrow, Lloyd A .  S c h a i r e r ,  and 
Kodumundi M. Marimuthu 

m: Radiobio log ica l  S t u d i e s  o f  Trade-ia P l a n t s  
Orbi ted  i n  B i o s a t e l l i t e  11, P-1123 

PROGRAM/MISSU: B i o s a t e l l i t e  I1 

-: Radiobiology, Gene t i c s ,  Behavioral  s c i e n c e ,  C e l l  b io logy 

QBJECTIVU:  To determine t h e  e f f e c t  o f  we igh t l e ssness  and o t h e r  s p a c e c r a f t  
environmental  c o n d i t i o n s  on spo~!taneous and radia t ion- induced somat ic  mutat ion 
r a c e s  and on s e l e c t e d  c y t o l o g i c  changes. 

FROTOCOL: Data obta ined from irradiated and n o n i r r a d i a t e d  f l i g h t  p l a n t s  were 
compared wi th  d a t a  from n o n f l i g h t  i r r a d i a t e d  and n o n i r r a d i a t e d  c o n t r o l  p l a n t s .  
Thirty-two p l a n t s  were flown i n  a  pickage i n  t h e  s p a c e c r a f t  behind t h e  
r ~ d i a t l o n  s h i e l d ,  and i d e n t i c a l  nonfLight c o n t r o l  packages ( w i t h  and wi thout  
i r r a d i a t i o n )  were mainta ined a t  t h e  launch s i t e .  A l l  t h e s e  p i a n t s  were 
observed a f t e r  t h e  f l i g h t  f o r :  ( 1 )  s o n a t i c  mutation ( b l u e  t o  p ink o r  
c o l o r l e s s  c e l l s ) ;  (2 )  c e l l  s i z e  ( g i a n t  and dwarf c o n d i t i o n s ) ;  (3)  l o s s  o f  
r ep roduc t ive  i n t e g r i t y  ( c e l l  death  and ~ t u n t i n g  i n  stamen h a i r  growth);  ( 4 )  
po l l en  g r a i n  m o r t a l i t y  ( e a r l y  and l a t e  s t a g e s )  ; ( 5 )  megaspore development; (6  
normal c e l l  d i v i s i o n s ;  and ( 7 )  chromosome a b e r r a t i o n s .  

EQUIPMENT: Experimental  packages c o n s t r u c t e d  of  polypropylene p l a s t i c ,  each 
designed t o  hold 32 p l a n t s  wi th  r o o t s  s e a l e d  i n  a tube  f i l l e d  wi th  n u t r i e n t  
s o l u t i o n ,  t h e r m i s t o r ,  dos imete r s  (LiF) . 
RESULE: ~ r r a d i a t e d  and n o n i r r a d i a t e d  f l i g h t  p l a n t s  were compared wi th  
comparable c o n t r o l s .  Bud b l a s t i n g  wi th  f lower  opening was noted R+8. No 
d i f f e r e n c z s  i n  e e l 1  s i z e ,  chromosome a b e r r a t i o n  o r  somat ic  mutation wore 
found. I r r a d i a t e d  f l i g h t  p l a n t s  showed inc reased  p o l l e n  a b o r t i o n ,  p o l i e n  
micronucje i  and stamen h a i r  s t u n t i n g .  Dis turbed s p i n d l e  f u n c t i o n  o f  r o o t  t i p s  
was observed. The Ear th  i i l r ad ia ted  had h igher  mutation r a t e  than f l i g h t .  
Mutation r a t e s  were equa l  f o r  n o n i r r a d i a t e d  m a t e r i a l .  I n f l i g h t  dosimetry  t o  
r o o t  zone was 125-285r, 218-225r i n  bud zone. 

CONCLUSIONS: Clea r ly  d i f f e r e n c e s  e x i s t  betueen f i i o h t  and n o n f l i g h t  m a t e r i a l  
and t h e  s i g n i f i c a n c e  and p o s s i b l e  mechanisms f o r  t h e s e  e f f e c t s  a r e  being 
s t u d i e d  i n  con t inu ing  n o n f i i g h t  t e s t s  i n  an  e f f o r t  t o  b e t t e r  a s s e s s  t h e  
p o s s i b l e  hazards  t o  l i v i n g  systems o f  t h e  s t r e s s e s  encountered dur ing  o r b i t a l  
f l i g h t .  

PUBLICATIONS: 375, 376, 468, 494,  495, 496, 497 



INVE-I"OR(S): Corne l ius  A.  Tobias ,  Tracy C. H. Yang, M. 
F r e e l i n g ,  S. Fogel, Horst  Buecker, M. Delpoux, E. 
H .  Grau l ,  G. Horncck, A .  R .  Kranz, H.  P l a n e l ,  W. 
Ruether,  U.  Scheidemann, C.Thomas, B. Toth,  0.  C .  
A l l k o f e r ,  R .  Beaujean, E. V. Benton, W. Enge, R .  
F a c i a s ,  H. F ranco i s ,  W. Heinr ich ,  D. Hi ldebrand,  
C .  J acquo t ,  R .  Ka i se r ,  J. P. Massue, E. Obst ,  D. 
D. Pe te r son ,  R .  P foh l ,  G. P o r t a l ,  G .  R e i t z ,  E. 
Schopper, M. S c h a e f f e r ,  J .  U.  S c h o t t ,  and G .  
Siegmon 

~ ~ L ! :  BIOSTACK I11 

-.I/MISSION: Apollo-Soyuz Tes t  P r o j e c t  

!JJ.t,SIFICATION: P l a n t  - Corn s e e d s  (m 

3ISCIPLINE(S): Radiobiology, C e l l  b io logy,  Behaviora l  s c i e n c e  

: To s tudy  t h e  i n f l u e n c e  o f  HZE p a r t i c l e s  on growth,  d i f f e r e n -  
t i a t i o n  and morphogenesis, and mutation induc t ion .  

P-: The BIOSTACK f l i g h t  experiment was s t o r e d  i n  t h e  R-1 compartment on 
t h e  Apollo capsu le  where t h e r e  was t h e  l e a s t  s h i e l d i n g  from ambient r a d i a t i o n .  
The specimens were ar ranged i n  monolayers, imbedded i n  polyvinyl  a l c o h o l ,  and 
s tacked between t r a c k  d e t e c t o r  s h e e t s .  P a r t i c l e  t r a c k s  were l o c a t e d  i n  
r e l a t i o n  t o  b i o l o g i c a l  o b j e c t s  and t h e  phys ica l  q u a n t i t i e s  o f  t h e s e  p a r t i c l e s  
were determined.  

E P V m :  Two c y l i ~ d r i c a l  aluminum c o n t a i n e r s  which each enclosed a s t a c k  o f  
b i o l o g i c a l  specimens and dos imete r s .  

m u :  Growth and development of  some seeds  h i t  by HZE was r e t a r d e d ,  bu t  i t  
was not  s i g n i f i c a n t .  R e s u l t s  a r e  incomplete.  Of 160 seeds ,  90 were h i t .  

m-: HZE-particle-induced damage might become manifes t  i f  nonreplace- 
a b l e  c e l l s  a r e  des t royed.  I n  manned s p a c s  f l i g h t ,  t h e  primary concern would 
be t h e  nervous system. However, t h e  r i s k  t o  man f r m  HZE p a r t i c l e s  dur ing 
space f l i g h t  can be s u f f i c i e n t l y  lowered i f  t h e  maximum p o s s i b l e  s h i e l d i n g  
a g a i n s t  HZE p a r t i c l e  bombardment is ensured i n  t h e  des ign  and c o n s t r u c t i o n  o f  
f u t u r e  space v e h i c l e s .  

PUBLICATIONS: 28, 39, 116, 121, 122, 124, 185, 186, 188, 212, 419, 420 



PRINCIPA' INVESIIIGATDR(S1: J o e l  G.  Wordekemper, and Donald W. Schlack 

EXPERIMENT: P l a n t  Growth - P l a n t  Phototropism, ED61/62 

?-: Skylab 3 

CLASSIFICATION: P l a n t  - Rice s e e d l i n g s  

DISCIPLINE(S): Behavioral  s c i e n c e ,  C e l l  b io logy 1 

OBJECTIVES: To compare r o o t  and stem growth and o r i e n t s t i o n  i n  n u l l  g r a v i t y  
with growth and o r i e n t a t i o n  on Ear th  and t o  d e t e r n i n e  i f  v i s i b l e  l i g h t  (phcto- 
tropism) i n  n u l l  g r a v i t y  can s u b s t T t u t e  f o r  geotropism ( g r a v i t a t i o n a l  e f f e c t . ) .  

DROTOCOL .. : Twenty-four seeds  were grown i n  a c o n t a m e r  wi th  e i g h t  c e l l s ,  each 
having two windows. One window was covered wi th  a n e u t r a l  ~ j e n s i t y  f i l t e r ,  a r 3  
one with a removzble opaque cover .  Removal o f  t h e  opaque covers  permit ted  
observat ion and photography o f  p l a n t  growth. Each o f  t b a  ~ i g h t  c e l l s  h ~ d  a 
d i f f e r e n t  f i l t e r  ranging from a t r a n s m i t t a n c e  o f  1 ( c l e a r )  t o  0 (opaque).  
Each c e l l  was f i l l e d  wi th  a s t e r i l e  n u t r i e n t  a g a r .  A mechanical s c e d e r  w6.a 
b u i l t  t o  implant  t h r e e  seeds  i n  each c e l l  whi le  i n  o r b i t  wi:.h a m i n i ~ m  
removal of  a g a r .  A s p e c i a l  camera b racke t  held  t h e  camera a t  t h e  Dro,7er 
d i s t a n c e  from t h e  p l a n t s  d u r i a g  photography o f  seed development 

EQUIPMENT: Experiment package, camera. 

RESULTS: The d i r e c t i o n  o f  growth was ext remely i r r e g u l a r  wi th  stems making 
180-degree t u r n s  away from t h e  l i g h t  and macy p l a n t  t i p s  demonstrated c u r l e d  
p a t t e r n s .  The :items seeued t a  e x h i b i t  no r,hotot,ropic e f f e c t .  Some grew 
toward t h e  l i g h t ,  soye away from i t .  The i l l u m i n a t i o n  l e v e l  d i d  not  appear  t o  
be a contributing f a c t o r  t o  t h e  growth r a t e s  cf t h e  smal l  sample o f  seeds .  

CONCLUSIQNS: The proposed exp lana t ion  f o r  t 5 c  l a c k  o f  any p h o t o t r o p i c  e f f e c t  
by t h e  r i c e  s ~ e d s  i s  t h a t  t h e  auxin  d i s t r i b u t i o n  system of  t h e  p l a n t  r e l i e s  
upon g r a v i t y .  Auxins a r e  p l a n t  growth hormones t h a t  cause  c e l l s  t o  e l o n g a t e  
o r  grow. lhey  a r e  produced i n  t h e  t i p s  3f both t h e  stems and t h e  r o o t s  and 
a r e  d i ~ t r ~ b u t e d  away from t h e  t i p  i n t o  t h e  " a r e a  o f  e longa t ion . "  Without 
g r a v i t y :  t h e  aux ins  may have been d i s t r i b u t e d  unevenly, wi th  pockets  
col lec t+-ng somewhat randomly, callsin& i r r e ~ u l a r  stem and r o o t  growth. I t  i s  
a l s o  p w s l b l e  t h a t  t h e  l i g h t  sens ing  mechanlss i n  t h e  stem t i p  tha: t r i g g e r s  
t h e  a t ~ x i n  d i s t r i b u t i o n  r e a c t e d  d i f f e r e n t l y  i n  ze ro -grav i ty  but  t h i s  mechanism 
is  n ~ t  understood we l l  enough t o  3ypothes ize  i ts  r e a c t i o n  t o  ze ro -grav i ty .  
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, AL INV- ,-I : M'chael A.  Bender, Frederick J.  deSerres,  P. - Carolyn Gooch, I. R .  Mi l le r ,  D. B. S d t h  and Sohei 
I , Kondo 

: Radiation and Zero-GrS.vity Effec ts  on Human 
L'eukocytes and B l l  crassa_, SO04 

)-I: Gemini 3 ,  11 

-: Human, Ml.croorganism 

I UPLINE(S):  Radiobiology, Hematology, Cell  biology, Zenetics 

Q&,WCTIVQ: To determine i f '  there  is any synergism between rad ia t ion  and 
space f l i g h t  i n  white blood c e l l s ,  and i n  J e u r o s ~ o r a  c rassa ,  a:ld i f  there  a r e  
any l a rge  radiobiological  e f f e c t s  foilowing space f l i g h t .  

: Whole human blood and N ra c r  sgores uere irric ted with 
E y s  during o r b i t .  Irradiatz:;:: accozi;fshed by iden t i ca l  
experimental devices,  one on the rightnand hatch of the spacecraf t ,  and one on 
the ground. 'Jpon completion, a cytogenetic i x a l y s i s  wss made of each bloo,: 
sample, and the f r e q ~ e n c i e s  of chromosome aber ra t ian  determiced. Yieids n,, 
both s i ~ l g l e  and ~ n u l t i p l e  break aber ra t ions  were calculated f c r  t h ?  f l i g h t  and 
ground-coctrol sasples  . Survival of the spores and mutabi l i ty  0:' two 
d i f f e ren t  genes were s tudied f o r  frequencies of n,hromosome breacage and of 
gene mutation. Spore samples were i r r ad i a t ed  on the sur face  of f i l t e r s  ana in 
suspension form. Gemini 3 r a r r i cd  only human blond while Gemjnj 1 1  car r ied  
both specimens. 

EQUIPMENT: 3 2 ~  source, aluminum biood-sample holder,  dosimeter rods. 

RESULTS: A synergj-sm betweeri rad ia t ion  and some space f1ig:lt parameters 
qppeared t o  e x i s t  f o r  human chromosome aber ra t ion  production on the Gemini 3 
f l i g h t .  It seems l i k e l y  t h a t  t h i s  e f f e c t  i s  on the normal r e s t i t u t i o n  of 
chromosome breaks. Both the Gemini 11 blood experiment ;na the  Neuros~or?  
-a experiment f a i l ed  t o  r e s u l t  i n  data  confirmatory of the apparent 
synergism observed on the Gemixii 3 mission. 

CONCLUSIONS: The two p a r t s  of t h i s  experiuent have shown t h a t  , ]e i ther  o r b i t a l  
space f l i g h t  nor any of the s t r e s s e s  coiinected with it produced s i g n i f i c a n t ,  
unpredicted genet ic  damage, a t  l e a s t  insofar  a s  chronosomal aber rd t icn  
production is a val id  messure of t h i s  general type of e f f e c t .  

PUBLICATIONS: 30, 31,  32, 33, 34, 145, 149,  152 



PRINCIPAL INVESTlGATOR(S): Lee R.  Brown, William J .  Frome, Sandra  Handler ,  
M e r r i l i  G .  Wheatcrof t ,  and l i n d a  J .  Rider  

EXPERIMENT TITLWNUMBER: Skylab  Ora l  Health S t u d i e s  

CLASSlFICATION: Human, Microorganism 

DISCIPLINE(S): Environmental  h e a l t h  

OBJECTIVES: To m a i n t a i n  o r ~ l  h e a l t h .  

?ROTGCOL: During a l l  mis s ions ,  p r o v i s i o n  was made f o r  an  e x t e n s i o n  o f  t h e  - 
c r e w e n ' s  home c a r e  program and equipment.  T r a i n i n g  was provided  t o  a l l  
a s t r o n a u t s  f o r  s e l f - t r e a t m e n t  i n f l i g h t  shou ld  t h e  need w i s e .  

ECUIPMENT: I n f l i g h t  Medical  Support  Sjstem Den ta l  K i t .  

RESULTS: Eva luz t ion  o f  Skylab crewmembers f o r  mi s s ion  r e l a t e d  o f f e c t s  on o r a l  
h e a l t h  i n  r e l a t i a c  t o  p o s s i b l e  d e n t a l  i n j u r i e s  provided  t h e  f o l l o w i n g  
d i s t i n c t i v e  changes:  ( l j  i n c r e a s e d  c o u n t s  o f  s p e c i f i c  a n a e r o b i c  znd 
s t t - e p t o c o c c a l  components; (2) o l e ~ a t i o n s  i n  l e v e l s  o f  s e c r e t o r y  IgA c o n c u r r e n t  
w i t h  d i m i n a t i o n s  of s a l i v a r y  lysozyme, and (3)  i n c r e a s e s  i n  d e n t a l  c a l c u l u s  
and g i n g i v a l  i n f l amnac icns  . 
CONCLUSIClt4S : 'he most s i g n i f i c a n t  f i n d i n g  from t h e s e  i n v e s t i g a t i o n s  das t h e  - 
r e l s t i v e  nonexi  ;en,e o f  h e a l t h  hazardous  i n t r a o r a l  changes .  The c l i n i c a l  
changes are cons ide red  t o  be more in f luenced  by t h e  p r e e x i s t i n g  s t a t e  o f  
d e n t a l  h e a l t h  than  by any mis s ion  r e l a t e d  e f f e c t s .  



INVt'ST&ATUR(S) : l r v  itlg Davis 

-T T l T U / N U  m: Radiobiology Experinents i n  Discoverer Sat e l l  itt-c. 
11. I ; l s s t r ld ia  Spore Labi l izat ion:  A BioIoqi2al 
System t o  Quant i ta te  Raciation 

fROGRAf+I/MISSIW: Discoverer X V 1 1 ,  X U 1  11 

D I S C I P l m :  Cell biology, Radiobiology 

OBJECTlVES: To provide a means of quant i ta t ing  and co r re l a t ing  space 
rad ia t ions  with microbiological a c t i v i t y .  

P R 9 V L :  Aliguots of c e l l  suspensians of 4 x 1 ~ '  ce l l lml  wers del ivered t o  - 
2.0 m l  ampules and heat sealed.  A l l  cu l tu re s  were s tored a t  5 C u n t i l  used. 
Caramelized glucose, pH 7.5, has used a s  the medium t o  t e s t  f o r  l ab i l  i z a t  ion 
for  the spores.  Pos t f l i gh t ,  t h c  v i a l s  were opened, and analyzed for  growth. 

EQUIPhNT: Caramelized glucose, g l a s s  ampules, r e f r ige ra t ion  u n i t s  f o r  the 
ground, tk r rmis tors ,  track p l a t e s ,  chemical dosimeters, needle s e t s .  

RZS'JLX: The probable dose received on D i s c o ~ ~ r c r  X V l l  was 40-50 :-ad w i t h  71% 
inhib i t ion  ro t rd  pos t f l i gh t .  On Discoverer XVIl1, the probablz dose was l e s s  
than 0 . 1  rad  with 12% inh ib i t ion  clf pos t f l igh t  growth. 

L'ONCLLIS;ON$: Laboratory s tud ie s  have shown t hnt when s imi la r  spores a r e  
exposed to  rad ia t ion  2nd subsequently t rea ted  with caramelized glucose, the 
l a b l l i z a t i o n  e f f ec t  is quant i ta t ive ly  inh ib i ted .  The same e f f e c t  was observed 
in the f l i g h t  s a m ~ i e f  . ? h i s  c.xperiment shows the usefulness of u o s t t ' i d i a  f o r  
study of space r a d i s t  ion hazards. 



p: Gene t i c  Experiments  on NERV 

PRGCRAM/MISSION: NERV 1 

-: Microorganism - ( W s ~ o r a  -1 

DISCIpLINE(s): C e l l  b io logy ,  G e n e t i c s  , Radiobio logy 

OBJECTIVES: To s t u d y  t h e  i n n e r  Van Al l en  r a d i a t i o n  b e l t  u s i n g  a n u c l e a r  
e m i i l ~ i o n ,  and t o  s t u d y  some b i o l o g i c a l  e f f e c t s  o f  n e a r  z e r o  g r a v i t y .  

PROTOCOL: Cells wre  exposed t o  f l i g h t  c o n d i t i o n s  i n  t h e  lower  Fan Al l en  b e l t  
f o r  abou t  26 minu te s  a t  a n  a l t i t u d e  o f  about  1,200 miles. Two c a p s u l e s  
zon ta ined  material des igned t o  be a s sayed  by means o f  t h e  back muta t ion  t e s c .  
The t h i r d  c a p s u l e  was des igned t o  be a s sayed  by t h e  forward muta t ion  tes t .  
Three sets o f  c o n t r o l s  were p repa red .  

EQUIPMENT: E x p r i m e n t  c a p s u l e s .  

RESUD:  The c e l l  d e s i ~ r i a t e d  f o r  t h e  back muta t ion  t e s t  were l o s t  due t o  
con tamina t ion .  The forward muta t ion  sample had i n j u r e d  c e l l s .  A 50% i n c r e a s e  
i n  muta t ion  f r equency  was found. There  was approx ima te ly  a 1004 i n c r e a s e  i n  
p h y s i o l o g i c a l l y  i n j u r e d  ce!'s i n  t h e  f l i g h t  sample.  

CONCLUSU: k ' i t h  t h e  d a t a ,  t h e r e  i s  no way t o  compare t h e  i n c r e a s e  i n  
m u t a t i m  wi th  a ki;ow~ q u a n t i t y  o f  r a d i a t i o n .  The experiment, was no t  des igned  
t o  d e t e c t  " p h y s i c l o g i c a l  damage," bu t  o b s e r v a t i o n  o f  t h i s  phenomena came as a 
by-product.  Some o f  t h e  damaged c e l l s  were n o t  a b l e  t o  i n i t i a t e  t h e  erowth  
p r o c e s s ,  bu t  r ecove red  i f  g i v e n  a complex n u t r i e n t .  The r ecove red  c e l l s  were 
normal. Th i s  would appea r  t o  be a c a s e  o f  temporary c e l l  damage caused  by 
some a g e n t  o r  c o n d i t i o n  o f  f l i g h t .  

PUBLICATIONS: 143, 144 



FRINCIr'AL-as): A. Gi:, DeBusk 
t 

p: P r e l i m i n a r y  Report  
XVIII 

fROGRAM/MISU: Di scove re r  XVIII 

US.I;TFICATIOti: Microorganism - ( N e u r o s ~ o r a  

o f  S e n e t i c  S t ~ d i e s  on  D i s c o v e r e r  

c r a s s a  

UX.IPLINE.(S): C e l l  b io logy ,  Radiobio logy,  G e n e t i c s  

- 
GEJKCTIVES: To c o r r e l a t e  t r a v e r s a l  o f  pr imary  cosmic r a y s  w i t h  a n  i n c r e a s e  i n  
mu ta t ion  i n  a p o p u l a t i o n  o f  ce l l s  l y i n g  a l o n g  t h e  t r a c k  p a t h .  

BO'I'OCOL: A d o u b l e  mutant  o f  Neur- was used ( a d e n i n e l e s s  and 
i n o s i t o l l e s s  c o l o n i a l ) .  75 m i l l p o r e  f l l t e r s  had 10 ml a l i q u o t s  o f  11.75 x 10 3 

- 1 o l a c e d  on them, were d r i e d  o v e r  CaC1, nountod on o r i e n t a t i o n  r a c k s ,  
and p l a c e d  on foug  t r a c k  p l a t e s .  Each p l a t e  was wrapped i n  p o l y e t h e l y e n e  and 
were s t c r e d  a t  27 C.  Two p l a t e s  were ground c o n t r o l ,  and two were f l i g h t  
exper iment  p l a t e s .  The p l a t e s  were a i r  mai led  t o  SAM and s u b s e q u e n t l y  f lown.  

E Q I P N :  B i o l o g i c a l  t r a c k  p l a t e ,  m i l l i p o r e  f i l t e r s ,  pho tog raph ic  emuls ion  
on a 2" x 2" s h e e t  o f  g l a s s ,  w i t h  N e u r o s ~ o r a  covered  f i l t e r s  on t o p ,  n e u t r o n  
s e n s i t v e  f i l m ,  Ansco 552 f i l m ,  ant imony f o i l ,  a l a n i n e ,  and albumin.  

RZSULTS: The emulsis i i  was t ' au i ty  w i t 5  no c o r r e l a t i o n  o f  cosmic r a y  p a t h  and - 
. z 4 .  No forward o r  back mu ta t ion  were observed .  -.- 

CONCLUSIONS: No r e v e r s e  mu ta t ion  was observed  a t  t h e  i n o s k t 3 1  l o z u s  i n  e i t h e r  
t h e  expe r imen ta l  o r  c o n t r o l  pop i l l a t i on  examined (5.25 x 10 ccr.',rol and 2 .b  x 
10 e x p e r i m e n t a l ) .  The phenomena o f  p h y s i o l o g i c a l  ce l l  i n j u r y  obse rved  i n  
NERV I was n o t  observed  i n  t h e  c e l l s  i n  D i s c o v e r e r  XVIII. No s i g n i f i c a n t  
i n c r e a s e  i n  forward mu ta t ion  was observed  i n  t h e  e x p e r i m e n t a l  c  ' ?c?pulation 
examined. 



BINCIPAL INVWGATOR (S) : F r e d e r i c k  J.  d e S e r r e s  

D W N T  TITLE/-: Mutagen ic  E f f e c t i v e n e s s  o f  Known Dmes o f  R a d i a t i o n  
i n  Combina t ion  w i t h  Z e r o  G r a v i t y  o n  J e u r o s ~ m  
c r a a ,  P-1037 

PROGRAM/MISSION: E i o s a t e l l  i:e 11 

CLASSIFICATION: Microorgan ism - ( N e u r o s ~ o r a  c r a s s a )  

DISCIPJtINE(S~: R a d i o b i o l o g y ,  G e n e t i c s ,  C e l l  b i o l o g y  

PBJECTIVES: To s t u d y  t h e  g e n e t i c  effects o f  s p a c e f l i g h t  a l o n e  and i n  
c o m b i n a t i o n  w i t h  known d o s e s  o f  r a d i a t i o n .  

PROTOCOL: A g e n e t i c a l  l y  marked two-component h e t e r o k a r y o n ,  h e t e r o z y g o u s  f o r  
two d i f f e r e n t  g e n e s  t h a t  c o n t r o l  s e q u e n t i a l  s t e p s  i n  p u r i n e  b i o s y n t h e s i s ,  was 
u s e d .  The f r e q u e n c y  o f  r a d i a t i o n - i n d u c e d  r e c e s s i v e  l e t h a l  m u t a t i o n s ,  
chromosome d e l e t i o n s  and c v e r a l l  s u r v i v a l  were  s t u d i e d .  A r a n g e  o f  r a d i a t i o n  
e x p o s u r e s  was g i v e n  t o  d e t e r m i n e  d o s e - r e s p o n s e  c u r v e s .  

EQUIPMENT: M i l l i p o r e  f i l t e r s ,  L i F  d i s k  d o s h ~ e t e r ,  p o r o u s  r e t s i n i n g  r i n g s  
( s a m p l e  h o l - d e r ) ,  module  o f  sample  h o l d e r s ,  S r  s o u r c e ,  t h e r m i s t o r .  

RESULTS: T h e r e  was no  d i f f e r e n c e  between : h e  f l i g h t  and E a r t h  c o n t r o l  s a a p l e s  
f o r  s u r v i v a l ,  t h e  o v e r a l l  i n d u c t i o n  o f  a - 3  m u t a t i o n s ,  o r  f o r  p o i n t  m u c a t i o n s  
o r  chromosome d e l e t i o n s .  

CONCLUSIOG: The ef fects  o f  w e i g h t l e s s n e s s  on r a d i a t i o n - i n d u c e d  g e n e t i c  
d m a g e  a r e  complex. Both a n t a g o n i s t i c  a r ~ d  s y n e r g i s t i c  e f fec t s  o f  r a d i a t i o n  
h a v e  been found.  The r e s u l t s  depend on t h e  a s s a y  s y s t e m .  I n  most  c a s e s ,  
hcwever ,  t h e  e f f e c t s  a r e  s m a l l ,  t w o f o l d  t o  f i v e f o l d  d i f f e r e n c e s  b e i n g  t h e  
u s u a l  o r d e r  o f  m a g n i t u d e .  

PUBLICATIONS: 145 ,  140, 147 ,  148 ,  150,  151,  152,  153 



PRINCIPA' INVESTIGATOR($): R .  F a c i u s ,  D. H i l d e b r a n d ,  G. H o e l t z ,  G. Horneck ,  
M. S c h a e f e r ,  B. T o t h ,  Horst F u e c k e r ,  M. Delpoux ,  
S .  F o g e l ,  M. P r e e l i n g ,  E. H.  G r a u l ,  A .  R .  Kranz ,  
H. P l a n e l ,  W. R u e t h e r ,  U. Scheidemann,  C. Thomas, 
C.  A. T o b i a s ,  T. Yang, 0. C. A l l k o f e r ,  R .  
B e a u j e a n ,  E. V .  Ben:on, W. Enge, H.  F r a n c o i s ,  W .  
H e i n r i c h ,  C. J a c q u o t ,  R .  Kaiser, J. P. Massue,  E.  
O b s t ,  D. D. P e t e r s o n ,  R.  P f o h l ,  G. P o r t a l ,  G .  
R e i t z ,  E. S c h o p p e r ,  J. U. S c h o t t ,  and  G. Siegmon 

BIOST ACK 

PROGRAM/MISSJON: Apollo-Soyuz T e s t  P r o j e c t  

C L A S S I F I C A m :  Microorgan ism - S p o r e s  (Bacillus 

Q J S C I P m ( S ) :  Cell b i o l o g y ,  R a d i o b i o l o g y ,  G e n e t i c s  

OBJECTIVES: To s t u d y  HZE p a r t i c l e  r a d i a t i o n  on s p o r e  o u t g r o w t h ,  c e l l  
d e v e l o p m e n t ,  c o l o n y  f o r m a t i o n ,  and m u t a t i o n  i n d u c t i o n .  

PROTOCOL: The BIOSTACK f l i g h t  e x p e r i m e n t  was s t o r e d  i n  t h e  R - i  c o m p a r t m o ~ t  i n  
t h e  A p o l l o  c a p s u l e  where t h e r e  was t h e  leas t  s h i e l d i n g  from a m b i e n t  r s d i a t i o n .  
The s p e c i m e n s  were a r r a n g e d  i n  m o n o l a y e r s  and imbedded i n  p o l y v i n y l  a l c o h o l ,  
and s t a c k e d  between t r a c k  d e c e c t o r  s h e e t s  s o  p a r t i c l e  t r a c k s  c o u l d  b e  
l o c a t e d  i n  r e l a t i o n  t o  b i o l o g i c a l  o b j e c t s  and t h e  p h y s i c a l  q u a n t i t i e s  o f  t h e s e  
p a r t i c l e s  c o u l d  be d e t e r m i n e d .  

EQUIPMENT: T h e r e  Mere 2 c y l i n d r i c a l  aluminum c o n t a i n e r s  which e n c l o s e d  a 
s t a c k  o f  b i o l o g i c a l  s p e c i m e n s  and d o s i m e t e r s .  

RESULTS: Growth was s i g n i f i c a n t l y  r e d u c e d  i n  s p o r e s  o f  < 4 m.  T h i s  
r e s u l t  is s u r p r i s i n g ,  b u t  i m p o r t a n t  b e c a u s e  d o s i m e t r i c  c a l c u l a t i o n s  f o r  t h e  

- e l e c t r o n s  p r e d i c t e d  0.5 m f o r  t h i s  r e d u c e d  s u r v i v a l .  F u r t h e r  
d e v i a t i o n s   fro^ normal  development  were a l s o  o b s e r v e d ,  s u c h  as s w e l l i n g  o f  t h e  
first v e g e t a t i v e  c e l l ,  which d i d  n o t  d i v i d e .  

QINCLUSIONS: HZE-part i c l e - i n d u c e d  damage m i g h t  become m a n i f e s t  if 
n o n r e p l a c e a b l e  ce l l s  a r e  d e s t r o y e d .  I n  manned s p a c e  f l i g h t ,  t h e  p r i m a r y  
c o n c e r n  would be t h e  n e r v o u s  s y s t e m .  However, t h e  r i s k  t o  man from HZE 
p a r t i c l e s  d u r i n g  s p a c e  f l i g h t  c a n  b e  s u f f i c i e n t l y  l o w e r e d  i f  t h e  maximum 
p o s s i b l e  s h i e l d i n g  a g a i n s t  HZE p a r t i c l e  bombardment is e n s u r e d  i n  Lhe d e s i g n  
and c o n s t r u c t i o n  o f  f u t u r e  s p a c e  v e h i c l e s .  



INVESTlliATUB(S1: James K. Fergusoc ,  Gera ld  R.  Tay lo r ,  and Bernard 
J. Mieszkuc 

I * cLE/NUMBER: M i c r o b i o l o g i c a l  I n v e s t i g a t i o n s  

~Arl/PIISSION.: Apol lo  

CLASSIFICATION: Human, Microorganism 

gBJECTIW:  To d e t e c t  p o t e n t i a l l y  pathogeni:  n i c roo rgan i sms  s o  t h a t  
a s s o c i a t e d  medica l  problems cou ld  be i d e n t i f i e d  e a r l y  and p r e v e n t i v e  measures  
e s t a b l i s h e d ,  t o  i d e n t i f y  m e d i c a l l y  i ~ p o r t a n t  microorganisms r e c i v e r e d  from ill 
c r e m e n  t o  a i d  i n  d i a g n o s i s  and t r e a t m e n t ,  t o  c o l l e c t  m i c r o b i o l o g i c a l  d a t a  
t h a t  would a i d  i n  e l u c i d a t i n g  t h e  r e sponse  o f  crew m i c r o b i a l  a u t o f l o r a  t o  t h e  
s p a c e  f l i g h t  envi ronment ,  and t o  e v a l u a t e  t h e  r e s u l t a n t  e f f e c t  on t h e  
crewmember. 

PROTOCOL: Back-up and f l i g h t  c rew were sampled o f  F-jJ, E'-14, F-G, R+O days .  
Samples were t aken  from seven body s u r f a c e  sites, nose ,  throaL and mouth, 
u r i n e  and f e c e s .  They were mainta ined  a t  4 d e g r e e s  C d u r i n g  t r a n s p o r t .  TSB 
( T r y p t i c a s e  soy  b r o t h )  was used f o r  a e r o b i c  a n l y s i s  and VIB ( v e a l  i n f u s i o n  
b r o t h )  f o r  a n e r o b i c  a n a l y s i s .  The s p a c e c r a f t  ,was a l s o  analyzed  pre-  and 
p o s t f l i g h t .  Swab samples were taken  from t h e  mouthpiece o f  t h e  d r i n k  gun,  
p i s t o l  g r i p s  of t h e  C!P maneuver c o n t r o l l e r ,  head s t r u t s ,  f l o o r  beneath  t h e  
f o o t  o f  t h e  c e n t e r  counch u s i n g  Ca a l g i n a t e  swabs. The samples  were vo r t exed  
and s e r i a l l y  d i l u t e d ,  p l a t e d ,  and incuba ted  a t  35 d e g r e e s  C. 

EQUIPMTNT: C u l t u r i n g  n a t e r i a l ,  swabs. 

RESULTS: Approximately hi000 m i c r o b i a l  i s o l a t i o n s  were o b t a i n e d ,  i d e n t i f i e d ,  
and c h a r a c t e r i z e d .  V a r i a t i o n  occu r red  i n  m i c r o b i a l  r e sponse  because  o f  
e c o l o g i c a l  r e l a t i o n s h i p s  ( e . g . ,  f u n g i  c o n t r o l l i n g  Candida a l b i c a n s  dec reased  
i n f l i g h t ) ,  h o s t  s u s c e p t i b i l i t y ,  and e x t e r n a l  envi ronmenta l  f a c t o r s .  Spread o f  
pa thogens  between crewmen was common. P r e f l i g h t  Command Module microorganisms 
were r e p l a c e d  by crew microorganisms d u r i n g  f l i g h t .  

CONCLUSIONS: S p a c e c r a f t  environment d i d  n o t  p r e d i s p o s e  crew t o  v i r a l  o r  
mycoplasma induced i l l n e s s .  



AL INVESTIGATOR(S) : John E. Hewitt 

r- p: Radia t lnr .  Exposures  During t h e  B i o s a t e l 1 i t . e  I1 
F l i g h t  

f-m: B i o s a t e l l i t e  I1 

UE- :  Animal, P l a n t ,  Microorganism 

DISCIPLINE(S: Radiobio logy 

m: To de t e rmine  t h e  combined e f f e c t s  o f  r a d i a t i o n  and w e j g h t l e s s n e s s  
on l e t h a l i t y  and mu tagenes i s  i n  a v a r i e t y  o f  l i v i n g  sys t ems .  

-: The b i o l o g i c  m a t e r i a l  from e a c h  expe r imen t  was d i v i d e d  i n t o  f o u r  
g roups ;  f l i g h t  g roups  i r r ? d i a t e d @ n d  non-irradiated, and E a r t h  c o n t r o l  g r o u p s  
i r r a d i a t e d  and n o n - i r r a d i a t e d .  S r  was used as t h e  r a d i a t i o n  s o u r c e  and 
Li th ium f l u o r i d e  (L iF )  thermoluminescent  powder was s e l e c t e d  as t h e  pr imary  
dos ime te r .  The packages were p l aced  i n  t h e  c a p s u l e  a t  d i f f e r e n t  d i s t a n c e s  
from t h e  s o u r c e  s o  t h a t  each  ~ o u l d  r e c e i v e  i ts c o r r e c t  exposu re .  

EQUIPMENT: Capsule ,  expe r imen t  packages ,  n u d e s 5  emuls ion  package,  
b a c k s c a t t e r  s h i e l d ,  h e a t  s h i e l d ,  s o u r c e  h o l d e r  S r  s o u r c e ,  LiF pcwder 
d o s i m e t e r s ,  CaF2 d c s i m e t e r s .  

RESULTS: The r a d i a t i o n  exFosu re s  i n  t h e  c o n t r o l  a r e a s  u e r e  q u i t e  low. Few 
were above 0.5 R.  From n u c l e a r  emuls ion  measurements ,  an upper  l i m i t  d o s e  due  
t o  p r o t o n s  was 40 m g  f o r  t h e  m i s s i o n .  There  were 10.1 t r a v e r s a l s  o f  a tomic  
n u c l e i  o f  Z 2 2 0 / ~ m  d u r i n g  t h e  m i s s i o n .  

CONCLUSIONS: Nc:lear emul s ions  measurements  v e r i f i e d  t h a t  r a d i a t i o n  d o s e s  due 
t o  s p a c e  r a d i a t i o n s  a r e  v e r y  low i n  o r b i t s  s i m i l a r  t o  tha '  o f  B i o s a t e l l i t e  11. 
It is high.ly u n l i k e l y  t h a t  any  d i f f e r e n c e  found between t h e  b i o l o g i c  r e s p o n s e s  
o f  t h e  same exper iment  i n  t h e  f l i g h t  and E a r t h  c o n t r o l  c a p s u l e s  c o u l d  be 
a t t r i b u t e d  t o  r a d i a t i o n  exposure  d i f f e r e n c e s ,  n o r  c o u l d  any u n m u a l  r e s u l t s  be 
a t t r i b u t e d  t o  t h e  p re sence  i n  t h e  c a p s u l e s  o f  a  l a r g e  component o f  low-energy 
r a d i a t i o n  produced by m u l t i p l e  s c a t t e r i n g .  

PUBLICATIONS: 268 



~ I p A L ~ V E S T I G A T O R @ ) :  G. Horneck, Horst Buecker, R .  Kaiser, J .  P. 
Massue, R .  Pfohl, W .  Enge, 0. C.  Allkofer, Y. 
Barkholomae, R .  Beaujean, W .  Heinrich, K. Fukui , 
Eugene V. Benton, E. Schopper, G. Henig, J. U .  
Schott,  H. Francois, and G .  Portal 

PROGRAM/MISSU: Apollo 16, 17 

CLASSIFICATION: Microorganism - Spores ( b i l l u s  m b t i l h )  

DISCIPLINE(3): Radiobiology, Genetics, Yell biology 

OBJECTIVES: To study the biological e f fec t s  of individual heavy nuclei w i t h  
high energy loss  ( H Z E ) ,  to  obtain as  much information as  possible on the 
mechanisms of biological damage by HZE ppr t ic les ,  t o  measure the charge and 
energy spectra of cosmic radiation withi.1 the Apollo Coamand Module, and to  
provide data t o  allow an estimate of the hazard t o  man from space radiat ion.  

PFOTOCOL: Bacterial spores, protozoan cysts ,  plant seeds, shrimp eggs and 
insect eggs were studied using several physical radiation detectors. The 
BIOSTACK unit  was flown in the Command Module where shielding t o  ambient 
cosmic radiation was minimal. After f l i g h t ,  the ground controls and the 
f l i gh t  package were disassembled and the par t ic le  h i t s  were graphed. 

EQUIPMENT: Hermetically sealed aluminum container, containing a se r ies  of 
se lect  biologic material,  each sandwiched he2aeen several types of dosimeters 
(nuclear emulsions, cel lulose nitr3.t . , polycarbcnate, LiF) , and thermf s t o r s  . 
RESULTS.: The geminating fraction of the spores h i t  was mcre than 90% in  the 
BIOSTACK I experiment and reached nearly 100% i n  the BIOSTACK I1 experiment. 
This fract ion did not d i f f e r  s ignif icant ly  from tha t  of the controls, 
indicating a high resistance t.o HZE-particle bombardment. Pseudogermination 
was not observed on the spore h i t s .  

CONCLUSIONS: The Bacillus s u b t i l i s  spores were not influenced by the unusual 
environmental parameters and factors of spaceflight. 

PUBLICATIONS: 113, 1i4, 115, 116, 117,  118, 119, 120, 125, 126, 165, 213, 283 



PRINCIPAL INVESTIGATC:(S): R .  H .  T.  Mattoni, E.  C .  Kel ler ,  William T .  
Ebersold, F. A. E i se r l i ng ,  and W .  R .  Romig 

EXP_FRIMENTE/NUMBEB: Induction of Lysogenic Bacter ia  i n  the  Space 
Environment, P-1135 

EROGRAM/MISSION: Biosa te l l  i t e  11 

CLASSIFICATION: Microorganism - (Salmonella t v ~ h i m u r i u ~ ,  Escherichia u) 
DISCIPLINE (Sl: Radiobiology, Genetics, Cell biology 

OEJEClIVES: To t e s t  the hypotheses t h a t  weightlessness both w i t h  and without 
gac.qa i r r a d i a t i o n  would not a f f e c t  bac t e r i a l  c e l l  growth o r  induction of  
bac t e r i a l  prophage P-22. 

PROTOCOL: The bac ter ia  were used t o  study the induction of lysogeny, a  
b io logica l  process exaemely sens i t i ve  t o  a  va r i e ty  of environmental f a c t o r s  
such a s  v ibra t ion  and rad ia t ion .  Free phage and bac t e r i a l  densi ty  were a l s o  
s tudied.  Nine s e t s  of c u l t u r e s ,  each cons is t ing  of  r e p l i c a t e  chambers of 1 . 4  
+ 0.3-rnl capaci ty,  were prepared t o  tes$  the  e f f e c t s  of (1 )  space f l i gh t ,  - 
( 2 )  t h r ee  chronic gamma-irriadiation dose l e v e l s  and (3: temperature. Each 
chamber ~ d s  inoculated w i t h  A i q u o t s  of a  suspension of bac t e r i a  adjusted t o  
give mean v iab le  densi ty  of about 100 ce l l s /ml .  

EQUIPMENT: Four experiment packages, 8 5 ~ r  source. 

RESULTS: The data  on bac t e r i a l  growth led t o  r e j ec t ion  of the hypotheses: 
space f l i g h t  produced both increased densi ty  of Salmonella tv~himurium when 
grown i n  l i qu id  medium and in t e rac t ion  t o  g ive  g rea t e r  r e s i s t ance  t o  gamma 
i r r ad i a t ion  a t  l e v e l s  between 265 and 1648 R t o t a l  dose ( 1 7  and 103 R per 
average c e l l  generat ion) .  Tests of o ther  var iab les  eliminated a l l  but 
weightlessness i n  accounting fo the  d i f fe rence .  On the  bas i s  of the  T t e s t s  
there was no d i f fe rence  i n  the f r e e  phage per bacterium produced under 
condit ions of c o n t r ~ l  and those of f l i g h t .  The induced bacteriophage per 
v iab le  bacterium showed s ign i f i can t  d i f f s r ences  between f l i g h t  and control  a t  
two rad ia t ion  l e v e l s  (265 and 645 F ) .  The f l ighk  s e t  >?d cons is ten t ly  lower 
y i e lds  a t  a l l  l e v e l s  of rad ia t ion .  The Escherichia ~ : o l i  experiment was 
incomplete s ince  the growth phase haci not reached mai.num because of ea r ly  
~d.1-down of B i o s a t e l l i t e  11. 

CONCLUSIONS: The growth r a t e  of Salmonella tv~himurium appeared t o  be more 
rapid during spacef l igh t  than in  the Earth cont ro ls .  The f r e e  phege inductior. 
was cons is ten t ly  lower in  tbc f l i g h t  p o p ~ l a t i o n  versus the Earth cont ro ls .  
The g rea t e r  bac t e r i a l  dens i t ' x s  (maximu:. population) a r e  believed t o  be a  
function of random c e l l  d i s t r ibu%ion in the l i q u i d  medium under reduced 
gravi ty  condit ions.  

PUBLICATION:: 38 1 , 382 



PRINCIPAL INVESTWOR (8 )  : Jesse N.  P h i l l i p s  

EXPERIMENT TITLE/NUMBER: Experiments with Photo-Synthetic Organisms i n  
Discoverer Vehicles 

JROGRAM/MISSIm: Discoverer X V I I  

CLASSIFTCATIOY: Microorganism - Algae ( m o r e l &  e l l i ~ s o i d e a )  

DISCIPLINEtS): Cell  biology 

OBJECTIVES: To help provide rudimentary knowledge of b io logica l  responses t o  
space environments. 

PROTOCOL: Two m l  of c e l l  suspension from a healthy Chlorel la  cu l tu re  were 
pipet ted i n t o  g l a s s  v i a l s  which were heat sealed.  Ground cont ro ls  were a l s o  
made. Vials were shipped t o  launch s i t e  under r e f r ige ra t ion .  Radiation 
dosimetry was provided i n f l i g h t .  On recovery, dens i ty  was determined by using 
a photoelectr ic  colorimeter.  Growth r a t e  was a l s o  ca lcu la ted .  The samples 
were a l so  tes ted  f o r  biochemical mutants, morphological abnormali t ies ,  and 
pigment changes. 

EQUIPMENT: Glass v i a l s ,  c n m i c a l  dosimeters,  modified Kra t z l s  medium (D-17), 
Evelyn photoelectr ic  colorimeter,  a lan ine ,  albumin, s i lver -ac t iva ted  phosphate 
g l a s s  rods,  Ansco 522 f i lm ,  neutron s e n s i t i v e  f i l u ,  antimony f o i l ,  nuclear 
t rack  p l a t e s .  

RESULTS: Laboratory and f l i g h t  samples respondeu in  i den t i ca l  fashion. both 
samples showed tne s m e  auxotrophic mutants. There were no anomalies i n  
growth, pa t te rn  of g.-mxn, shade of co lor  o r  uniformity of pigment. There 
were no anomalies i n  p~gment n r  morphology i n  the samples ob:;e?ved. Celi 
counts on f l i g h t  samplos, ground cont ro ls  and laboratory cont ro ls  corresponded 
c lose ly .  

CONCLUSIONS: These photosynthetic organisms a r e  cdpable of l i v i n g  and 
r e t a in ing  v i a b i l i t y  i n  a space environment. None of  a n i abe r  of pkiysiological 
responses evaluated had been detectably harmed by exposure t o  space 
environment. It appears the a lgae ,  Chlore l la  e l l i m o i d e a  could survive and 
function a s  a par t  of a l i f e  support system when exposed t o  rad ia t ion  l e v e l s  
f o r  the o r b i t a l  time neriod of Discoverer XVII s a t e l l i t e .  

PUBLICATIONS: 422, 423 



i PRINCIPAL INVEST- 
\ 

: H. P l a n e l ,  J. P. S o l e i l h a v o u p ,  Hors t  Buecker,  R. 
K a i s e r ,  J .  P. Massue, R.  P f o h l ,  W. Enge, 0. C. 
A l l k o f e r ,  K.  Bartholomae,  R .  Beaujean,  W. 
Hein r i ch ,  %. Fukui ,  Eugene V. Benton, E. Schoppor,  
G. Henig, J.  U. S c h o t t ,  H. F r a n c o i s ,  and G. P o r t a l  

-: BIOSTACK I1 

-: Apollo 17 
! 

CLASSIFICATION: Microorganism - Protozoan c y s t s  (ColPoda ~ J Q J ~ . U S )  

-: Radiobiology , G e n e t i c s ,  C e l l  b i o l o g y  

m_(rECTIVES: To s t u d y  t h e  b i o l o g i c a l  e f f e c t s  o f  i n d i v i d u a l  heavy r u c l e i  w i ~ h  
h i g h  energy  loss (HZE), t o  o b t a i n  as much i n f o r m a t i o n  as  p o s s i b l e  on t h e  
mechanisms o f  b i o l o g i c a l  damage by HZE p a r t i c l e s ,  t o  measur t  t h e  cha rge  and 
energy s p e c t r a  o f  cosmic r a d i a t i o n  w i t h i n  t h e  Apollo Command Module, and t o  
p rov ide  d a t a  t o  a l l o w  a n  e s t i m a t e  o f  t h e  haza rd  t o  man from s p a c e  r a d i a t - o n .  

S R O T O U :  B a c t e r i a l  s p o r e s ,  pro tozoan c y s t s ,  p l a n t  s e e d s ,  shr imp e g g s  and 
i n s e c t  eggs  were s t u d i e d  f o r  i n h i b i t i o n  o f  g e r m i n a t i o n ,  i n h i b i t i o n  o f  ce l l  
g m w t h ,  i n h i b i t i o n  o f  organ  development,  developmsnta l  anomal i e s  i n  v a r i o u s  
s t a g e s  o f  growth ,  and muta t ion  i n d u c t i o n  u s i n g  s e - ~ e r ~ . l  p h y s i c a l  r a d i a t i o n  
d e t e c t o r , ? .  The "UGSTXK unit,  was f lown i n  t h e  Command Module where s h i e l d i n g  
t o  ambierrt cosmic r a d i a t i o n  ms minimal.  After the  f l i g h t ,  t h e  ground 
c o n t r o l s  and t h e  f l i g h t  package were d i sa s semoled  and p a r t i c l e  h i t s  were 
graphed.  

EQUIPMENX: H e r m e t i c a l l y  s e a l e d  aluminum c o n t a i n e r ,  c o n t a i n i n g  a s e r i e s  o f  
s e l e c t  b i o l o g i c  m a t e r i a l  each  sandwiched between severa.! t y p e s  o f  d o s i m e t e r s  
( n u c l e a r  emul s ions ,  c e l l u l o s e  n i t r a t e ,  po lyca rbona te  , L ~ F )  , and t h e r z i r  trips. 

M u :  None i c i en t i f  i e d  . 
CONCI.USIO@: None i d e n t i f i e d  . 



P A I N C l P A L  IN\ESTIGATOR(S): Thomas D. Fiogers, Yargaret E. Brower, and Gerald - 
R .  Taylor 

EXPERIMENT TITLWNUMBER: Zone-Forming Fungi, MA- 147  

PROGRAM/MISS:ON: Apollo-Soyuz Test Project  

CLASSIFICATION: Microor.ganism - Fungi (Streljtomvces l e v o r i d  

DISCIPL:NE(S): Cell  biology, Chronobiology 

OBJECTIYES To study a l t e r n a t i n g  vegetat ive ~ y c e l i a l  a ~ d  spore r ing  
per iodic i ty  durlng space f l i g h t .  

PROTOCOL: Cultures ~ c . r e  i n i t i a t e d  by s i n g l e  point inoculat ion of spores on an 
agar-based medium i n  60 by 5-mm p e t r i  dishes F-6. Phasink was accomplished i n  
both the U.S. and U.S.S.R. by using a  12-hour l ight-dark period (100 t o  200 
l u x ) .  Cultures were se lec ted  and placed in  space f l i g h t  devices F-2 f o r  U.S. 
samples a n f l a y  of launch f o r  U.S.S.R. samples. Two cu l tu re s  wero flown and 
two were used a s  ground cont ro ls .  Cultures were maintained a t  3b0K i n  an 
incubator during the e n t i r e  experiment. Spore r ing  morphology was 
periodical ly  documented by i n f l i g h t  photography. 

EQUIPMENT: Radiation de tec tors  of Lexan and ce l lu lose  a c e t a t e ,  p e t r i  d i shes ,  
incubator,  camera. 

RESULTS: A decreased growth-rate pe r iod ic i ty  was observed i n f i i g h t .  One of 
the fcur cu l tu re s  grown i n  the reduced temperature environment c f  the Apollo 
spacecraf t  had a  growth r a t e  more rapid than ground cont ro ls .  Three of the  
space f l i gh t  cu l tu re s  developed double spore r ings  duricg the period 
immediately a f t e r  f l i g h t .  An absence of spores ill port ions of one rib?;; was 
noted. No v i s i b l e  evidmce of wedges in  the  cu l tu re s  t h a t  would suggest 
occurring or  radiation induced mutagenic a l t e r a t i o n  was observed. 

CONCLUSIONS: Space f l i g h t  did not a f f e ? t  the  biorhythm of  S t re~tomvces  
l evo r i s  negative and spore phases. However, the  extent  t o  which these 
cu l tures  were a f fec ted  carmot be accurately determined because of the ac t ion  
of such varliables a s  temperature, n u t r i t i o n a l  medium, and the physi 31 force 
f ac to r s  asso2iated with the launch and recovery process. 
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PRINCIPAL INVESTIbATOR(S): R o b e r t  S t a e h l e  

EXPERIMENT TIWNUMBEB: B a c t e r i a  and S p o r e s ,  ED3 1 

=3AM!MISSIOY: S k y l a b  2 ,  4 

OIFICB~'ZON: Microorgan ism - s t i b t i l i a ,  E s c l h e r i e h i a  u), 
( B a c i l l u s  m v c o l d e d  

m&UEf&L: C e l i  b i o l o g y  

QBJECTIVES: To o b s e r v e  and  p h o t o g r a p h  b a c t e r i a l  c o - o n i ~ s  t o  d e t e r m i n e  i f  n u l l  
g r a v i t y  h a s  any  e f f e c t  on s u r v i v a l ,  g r o w t h  r a t e ,  m u t a t i o n s  and  mcrphology .  

PRO-: The b a c t e r i a  were s u s p e n d e d  i n  a  w a t ~ r  s o l u t i o n  o f  p c l y v i n y l  - 
a l c o h o l  (PVA) and were p l a c e d  on L d i s k  o f  flitsr p p e r  F i f t e e n  p e t r i  d l s h e s  
c o n t a i . , i n g  n u t r i e n t  a g a r ,  t r g e t h e r  w i t h  o n e  p e t r i  d i c h  c o n t a i n i n g  15 f i l t e r  
d i s k s  o f  b a c t e r i a  were  f lown.  I n f l i g h t ,  a  s i r g l e  k l c t e r i s  and s p o r e  
i m g r e g n a t e d  d i s k  was p l a c e j  i n  e a c h  a g a r - " L e d  p e t r i  d ' @ h  and i n c u t a t e a  a t  
77 F f o r  68 h o u r s  on S k y l a b  2 and  88 h o u r s  on S k y l a b  4 B a c i l l u s  s u b t i l i s  a d  
E s c h e r i c h i q u  were f lown on S k y l a b  2.  B a c i l l u s  s u b t i l i s  .nd B a c i l l u s  
mvcoideg  were used  f o r  t h e  S k y l a b  4 e x p e r i m e n t .  C o l o r  p h o t o g r a p h s  were  made 
p e r i o d i c a l l y  t h r o u g h o u t  i n c u b a t i o n .  

EQUIFrlENT: P e t r i  d i s h e s  and c o n t a i n e r * ,  i n c u o a t o r ,  c m e r a .  

RESULTS: N e i t h e r  B a c i l l u s  mvcoides  n o r  E s c h e r i c h i z  sm d e v e l o p e d  d u r i n g  
i n c u b a t i o n ,  b u t  a small p o r t l o n  o f  B a c i l l u g  s c b t i l & .  d e v e l o p e d  on b o t t  
m i s s i o n s .  Fewer c o l c n i c s  d e v e l o p e d  i n f l i g h t  t h a n  i n  t h e  c o n t r o l s ,  and  t h o s e  
t h a t  d e v e l o p e d  were ~ ~ s u a L l y  l a r g e r ,  g rew f a s t e r ,  u i s p l a y e d  gram s t r a i n  
v a r i a n c e  and m r r p h o l ~ g y  change .  Funga l  c o n t a m i n a t i o n  was r e p o r t e d .  2 . e  
i n f l i g h t  c o l o n i e s  e x h i t i t e d  more pronounced t o p o g r a p h y  and were more s e ~ s i t i v e  
t o  s e v e r a l  a n t i b o t i c s  d u r i n g  p o s t f l i g h t  t e s t i n g .  

CONCLUSiONS: R e a l - t i a e  o b s e r v a t i o n  o f  b a c t e r i a l  g rowth  nas shown d e f i n i t e  
c h a n g e s  i n  b e h a v i o r  i n d u c e d  Sy g r o w t h  i n  t h e  S k y l ~ b  a l v i r o n s e n t .  These  
c h a n g e s  may be e i t h e r  s r v i r o n m e n t a l  o r  g e n e t i c  i n  n a t u r e ,  o r  b o t h .  York 
c o n t i n u e s  to b e t t e r  d e f i n e  t h e s e  c h a n g e s  and  t o  i d e n t i f y  t h e i r  c a u s e s .  
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PRINCIPAL INVESTIGATCR(S): Gerald R .  Taylor 

EXPEKIMENT TITLE/NUMBER: Medical Yicrobiological Analysis of U. S. 
Crewmemt a r s  

P m :  Apollo-Soyuz Test Project 

CLASSIFICATION.: Human, Microorganiss - 

DISCIPLINE L'3: Environmenta? health 

OBJECTIVES: To identifq and trace a l l  microorganisms of potential meiicai 
importance. 

PROTOCOL: Nine s e t s  of specimens were collected from tne three ? r i s e  Apollo - 
crewembers on davs F-05, F-30, F-15, and Y-7, and on launch day; once during 
f l ight  on rdcovery days R+O, h+15. and R+30. ln f l igh t  samples were obtained 
from a l l  f lve fligllt  crtwmembers on both spa-ecraft. Lk~ring each prefl ight  
and postfl: { h t  samplo period, microbiai specimens were collected from 10 
sampling s i t e s  on each crewrcember. Calcium aiginate svabs wetted i n  0.3mM 
phosphate Su1:'er were used to  sample each of the seven body surface areas.  
Dry calcium algipate swiibs were used to  sample the surfaces cP the tons i l s  and 
the posterior pharyngeal vault belbre collt-ction or the gargle specimen. 

EQUJPXNT:  Microbial sample collection device. 

RESULTS : Af t r  -ugh several potential pat  hogens r c - I -  2 recovered from each of t h ~  
f l ight  and b-2kvp crememoers befcr and a f t e r  f l e h t ,  no disease events we?€ 
rc,ortec. Cdndida d b i c m s  and Sta~hvlococcus aureus were shown to have been 
tran-f f r m  one creumemb~r to another during f l i gh t .  

CONCLUSIONL: There uerc no sedically significant  changes i n  the microbial 
population, nor sere any long-term hazards noted. 



: G e r a l d  R .  T a y l o r ,  Ka thryn  D. Kropp, k r y  R .  
Henney, Suzanne  S. Ekblad ,  Anwar A .  Baky, Theron 
0. C r c v e s ,  Thomas C. Mol ina ,  J e a n  C. Decelle, 
Carolyr,  F. C a r m i c h a e l ,  Nina J. G e h r i n g ,  E. Landrum 
Young, 1. L. Shannon,  William J .  Frome, a n d  N.  H. 
Funderburk  

m-: M i c r o b i a l  Exchange, AR -002 

ERO(;RAM/HiS=: Apollo-Soyuz T e a t  P r o j e c t  

CLASSIFICATION: H m a n ,  H i c r o o r  -*anism 

-5': E n v i r o n m e n t a l  h e a l t h  

P&IGCTIVES: To e v a l u a t e  components  3 f  t h e  i n f ' e c t i o u s  d i s e a s e  p r o c e s s  i n  s p a c e  
f l i g h t  by m e a s u r i n g  a l t e r a t i o n s  i n  t h e  c o m p o s i t i o n  c f  t h e  m i c r o b i a l  
p o p u l a t i o n s  i n h a b i t i n g  t h e  crewmembers and  s p a c e c r a f t ,  t h e  a b i l i t y  o f  e a c h  
c r e m e m b e r ' s  d e f e n s e  mechanism t o  resist i n f e c t i o n ,  and t h e  a b i l i t y  o f  c e r t a i n  
m i c r o o r g a n i m s  to o r i g i n a t e  i n f e c t  i o n s .  

-: Sample s p e c i m e n s  were c o l l e c t e d  f rom 10 s i t e s  on t h e  Apollt> and 
Soyuz c r e m e c ~ b e r s  and  from 15 areas o n  t h e  i n n e r  s u r f n c c s  01' each s p a c e c r a f t  
&t s p e c i f i c  times pre - ,  i n f l i g h t ,  and p o s t f l i g h t .  S a l i v a  and  b lood  s a m p l e s  
were a l s o  c o l l e c t e d  p r e -  and p o s t f l i g h t .  A n a l y s e s  i n c l u d e d  d l l u t i o n  and 
:lati- of' s ~ e c i m r n  m a t e r i a l s ,  i s o l a t i o n  o f  m i c r o b i a l  c o l o n i e s ,  and c v a l u a t i o n  
OS growth  p r o p e r t i e s  on t P e  i n i t i a l  i s o l a t i o n  media .  

-: H l c r o b i a l  c o l l e c t i o n  and s t o r a g e  d e v i c e .  

: A v a r i e t y  o f  p o t e n t i a l  p a t h o g e n s  was recovered from e a c h  o f  t h e  
cmuuember's p r e -  and p o s t  f A l g h t  . However, n c  d i s e a s e  e v e n t s  were r e p o r t e d .  
.adpipa aibicans and 3- were shown t o  bc t r a n s f e r r e d  f rom 
o n e  c r e m e m b e r  t o  a n o t h e r  durin+g f l i g h t .  No o t h e r  m e d i c a l l y  ~ i g n i t ' i c a n t  
c h a n g e s  were o b s e r v e d .  

WUW. The proposed  simp1 i l ' i c a t  i o n  o f  t h e  p o p u l a t i o n  o f  mz,!i,-.~l ly 
i m p o r t a n t  n i c ' r o o r g a n i s m s  a n 1  t h e  t . h e o r i z e d  p o s t f l i g h t  m i c r o b i a l  shock  21- ~ l d  
n o t  be s u p p o r t e d  by t h e  r e s u l t s  o f  t h i s  s t u d y .  



D W P A L  lNVESTL.ATOR(S): G e r a l d  R .  T a y l o r ,  R o n a l d  T .  k r e n n ,  Yalter L. 
E l l i s ,  R i c h a r d  C. Simmonds,  A .  M. He impe l ,  R .  A .  
Long,  B. I;. F o s t w ,  D. O. L o v e t t ,  J .  S p i z i z e n ,  J .  
E. I s h e r w o o d ,  Horst B u e c k e r ,  G .  H o r n e c k ,  H .  
W o l l e n h a u p t ,  P. A. Volz, 1. C.  k s u ,  D. E. J e r k e r ,  
J .  L. Hiser, 2. M. V e s e l e n a k ,  Eugene  V .  b e n t o n ,  M. 
6. P a r s o n ,  J .  Vernon  B b i l e y ,  R o b e r t  A .  E n g l i s h ,  
b e n n i e  C. C o o l e y ,  a n d  C h a r l e s  E. C h a s s a y  

EXPERIFANT T I T L E / u - a :  M i , - r o b i a l  R e s p o n s e  to  Spa??  E t lv i ronmen t  

CLASSIFICATION: h i c r o o r g a n i s m  - ( 6 a c i ; l u s  t h u r i n a i c n s i s ,  Aeromonas  
p r o t e o l v t i c a ,  B a c i l l u s  s u b t i l l i s ,  s t r a i n s  HA 
131 ( 5 9 ) ,  h. 101 (59)F, a n d  1 0 6 ,  k s c h e r i c h i a  
c u  T-7 ~ h a g e ,  m e t o m U  
T r i c h o ~ h v t o q  Jerrestre, R h o d o t c r u l a  r u b r a ,  
$ a c c h a r ~ n v c e ~  cerovi-) 

DISCIPLINECS~:  R a d i o b i a l o g y  , G e n e t i c s  , C e l i  b i o l o g y  

ObJlXTICcS: T r  z i r a l u a t e  t h e  e f f e c t  o f  a p a r t i c u l a r  s p a c e  f l l g h t  c,, t h e  
s u r v i v r i l  r a t e  o f  d i f f e r e n t  m i c r o b i a l  s p e c i e s .  

PROTOCOL: Each  m i c r o b i a l  s a m p l e  c o n t a i n i n g  130 t o  1 m i l i l o n  l i v e  c e l l s ,  l i a s  
ho3st.d i n  c t?ambers  o r  2 u v e t t e s  f o r  f l i g h t  a n d  g r d u n d  ; o r , t r o l s .  M i c r c h e s  c o u l d  
bi s u s p e n d e d  i n  5 0 ~ 1  o f  f l d r d  o r  dri-:d .?n 3 c a r r i e r ,  e x p o s e d  t o  vacuum a f  
s p a c e  z r  r e t a i n e d  a t  1 a t n .  An o p t l c a l  f i l i e r l n g  s y s t e m  c o n t r o l l e d  tqe t o t a l  
I - a d i a n t - e n e r g y  r e a c h i n g  e x p o s e d  .LC:: s y s s e m s  f rom a minimum o t  4 x 1 0 '  

b 
ergs/cmL t o  a maximum cf d x 10 E r g s ,  cm'. 

EWIPKENT: H ~ c r o b i a l  e c o i o g y  e v a l u a t i o n  d e v i c e  (MLEP) c o n t a i n i n g  746  
? ~ v c ' , t e s ,  140 n e u t r a l  d e n s i t y  ~ ' i l t e r s ,  2d bandpas f .  f i l t m s ,  d r e c o r d i n g  
t h e r m o m e t e r s ,  o n e  h i ~ h - c n ~ r ~ y  . n u l t i s h a r g c d  p a r t i c i c  d c s i r n s t c r ,  0 4  p o t a s s l u m  
f e i - r i o x a l a t e  a c t i n o ~ n t r j  c u v e t  t e s ,  Q4  p h o t o g r a p h i c  f i l m  cuvc ~ t e s ,  a ~ d  16 
t h e r f f i o l u m i n e s c e n t  d o s i m e t e r  c u v e t t e s .  

RESULTS: U=cillus i h u r i r , q i e n s i s  showed n a  c h a n g e  i n  s u r v i v a l  :-dre a r ' i e r  
e x p a s u r e  t o  s o l a r  u l t r a v i a l e t  i r r d i a t i o n  a t  2 5 4 ,  :03, >OL' nm. S i g n i l ' j , : a n t  
d e c r e a s e  i n  s u r v i v a l  r a t e  a f t e r  e x p o s u r e  t o  f u l l  s u n l i g h t  was o b s e r v e d  b u t  is 
n o t  c o n s i d e r e d  a n a m & l ~ u s  S c h a v i ~ r .  

i i e r ~ ) w > n a a  p r o t e o i v t i u  z e i i s  were e v 3 l u a t e d  f o r  s t i r v i v a ?  ar,d q ~ n n t i t . 3 :  i v t :  Y 
t e s t e d  f o r  a l t e r a t i o n s  i n  t o x i n  p r o d ~ c t i o r : .  P o s t f l i g h t ,  t h e r e  was no  
significant d i f f - r e n c e  b e t u e e n  t h e  s u r v i v a l  r a t e s  o f  i n f l i g h t  a n d  g r o u n d  
z s a t  r o l s  . 



The le thal  e f fec t s  of i r radia t ion cn Bacillus HP. 101 (59) s t r a i n s  a t  
peak wavelengths of 254 and 280 nm were greater  for  drLed spores than those i n  
water suspensions. The F s t r a i n  was more sensi t ive  a t  both wavelengths. 
Greater loss i n  v iab i l i ty  was found when spores o f  Bacillus 168 were 
exposed to space vacuum and solar  UV i r radia t ion a t  254 nm. No change in  
survival w l t h  vacuum alone was noted. 

Escherichia T-7 bacteriophage was res i s t an t  to  space vacuum. There was 
some sens i t iv i ty  to solar  UV i r radia t ion a t  254 nn!. The dose response curve 
had the same shape as  the ground controls. 

t e r r e s t w  and SaccharomYces ~ e r i v -  showed an insignificant  
decrease in v iab i l i ty  t o  solar  UV i r radia t ion.  C h a e t e  and 
-tort& rubra demonstrateJ no significant  change in survival r a te .  

The resu l t s  of the dosimetry erperiments indicated that  the optical  f i l t e r  
components of the HEED performed i n  a manner which allowed c r i t i c a l  evaluation 
of exposed biological t e s t  systems. 

COHCLUSIQNS: No s t a t i s t i c a l l y  valid differenccs could be detected in  the 
survival of f l i kh t  samples when compared to  corresponding ground controls. I n  
general, these evaluations were based on multiple observations of from 10 t o  
30 replicates of up to  one million c e l l s  each. While the resu l t s  ~f t h i s  
experiment confl ict  w i t h  those of cer ta in  other space f l i gh t  investigations, 
i t  must be observed that the conditions of a part icular  space f l igh t  cannot be 
exactly duplicated, and therefcre resu l t s  from dif ferent  f l i gh t s  a re  not 
d i rect ly  comparable. 



1NVESTII;ATURlS); G e r a l d  R. T a y l o r ,  Royce Y. B r o c k e t t ,  James K .  
F e r g u s o n ,  R i c h a r d  C. G r a v e s ,  and k r n a r d  J .  
Mieszkuc 

EXPERlMEEtT TIT-: S k y l a b  E n v i r o n m e n t a l  and Crew IYicrobiology S t u d i e s  

C L A S S I F I W :  Human, Microorgan ism 

DlSCIPLlNE(S1: E n v i r o r m e n t a l  h e a l t h  

OBJECTIVES: 1'0 d e t e c t  t h e  p r e s e n c e  o f  p o t e n t i a l l y  p a t h o g e n i c  m i c r o o r g a n i s m s  
on t h e  cre:fincmbers and t h z i r  s p a c e c r a f t  and t o  o b t a i n  d a t a  which would 
c o n t r i b u t e  t o  a n  u n d e r s t a n d i n g  o f  t h e  r e s p o n s e  cf t h e  c r e w ' s  m i c r o b i a l  f l o r a  
t o  t he  s p a c e  env i ronment . 
PfiOTlJCUL: M i c r o b i a l  f l o r a  s a m p l e s  were c o l l e c t e d  from s e l e c ~ e d  s i t e s  i n  
~ k b i t a l  Workshop, Command Hoduie ,  on creK body s u r f a c e s  and from u r i n e  and 
f e c e s ,  p r e f l i g h t ,  i n f l i g h t ,  and p o s t  f l i g h t  . 

EQUlPMENT: Caicium a l g i n a t e  swabs .  

RESULTS: Approx imate ly  10,000 m i c r o b i a l  i s o l a L i o n s  were o b t a i n e d ,  i d e n t i t ' i e d  
~ n d  c h a r a c t e r i z e d .  V a r i a t i o n  o c c u r r e d  i n  m i c r o b i a l  r e s p o n s e  b e c a u s e  of 
c s o l o g i c a l  r e l n t  i o n s h i p s ,  h o s t  susct-pt i b i  1 l t y  and  e x t e r n a l  e n v i r o n m e n t a l  
t'act ~ r s .  S p r e a d  L.!' ;7t hogens  bet  w w n  crt wmen u n s  common. While  ths- t o t a l  
numbcr of' 3rr'ckt:~ was I;,unl! t o  inc rec l sp ,  t h e  s p e c i a s  and n ~ m b c t '  ot' an.jer-obcs 
Li tx-rcased.  

CONCLUSlONS: D.?cn showed t h a t  , li!.~le gvss conta rn ina t  i o n  o f  t n c  Skyla r ,  
cnv i ronment  h .~m cit~mot;s>r;i: ed and t  h c r e  were s e v e r a l  i n f  1 i g h t  ~i i s e a w  e v e n t s ,  
s u c h  e v e n t s  .,re mt 1 i m i t  irlg t ~ a z s r d s  for. l o n g  tt.t.rn rnanncd s p n c c  1'1 ight::. 
I n t c r c r e w  t ... rrisfer- of' pnt.hosens WAS dcrncnst r a t c d ,  n l t  houph evidenct-  a1' 
p o s t  f 1 i q h t  microh i r i l  shock  was n ~ 7 t  t'ound. 



-1: R .  C. von brstel, R. H. S m i t h ,  Anna A .  k h i t i n g ,  
and D. S. Z r o s c h  

v m :  H u t a t i o n a l  a n d  P h y s i o l o g i c  R e s p o n s e s  o f  ~ O ~ ~ ~ C Q I I  

i n  B i o s a t e l l i t e  11, P-1079 

P R O C R A H / H m :  B i o s a t e l l i t e  I1 

-: Animal ,  Microorgan ism - P a r a s i t i c  wasp ( b a b r o b r a c o q  
Mu), B r i n e  s h r i m p  c y s t s  ( A r t e m i a  s&Ug) , 
Microorgan ism (- c e r e v l s i a e  . . 1 

-: R a d i o b i o l o g y  , G e n e t i c s  , B e h a v i o r a l  s c i e n c e  

QBJECU!&: To s u r v e y  m a t u r e  sperm and  a l l  d i f f e r e n t  stages o f  o o g e n e s i s  fo.* 
n i i t a t i o n s  ( p a r t i c u l a r l y  dominant  l e t h a l i t y ) ,  r e c e s s i v e  l e t h a l  a n d  v i s i b l e  
r n u t a t i o n  f r e q u e n c i e s ,  and i n h e r i t e d  p a r t i a l  s t e r i l i t y  u n d e r  t h e  combined 
c o n d i t i o n s  o f  r a d i a c i o n  and  w c i g I l c l e s s n e s s .  

PROTOCOL: q f e  and f e m a l e  wasps w e r e  i r r a d i a t e d  p r e f l i g h t ,  i n f l i g h t ,  or  n o t  
a t  a l l  w i t h  Sr at  4000 R ,  2000 R ,  i O O O  E, 500  R o r  0 R .  T h i r t y  p a r a m e t e r s  
of g e n e t i c ,  m u t a t i o n a l ,  b ioc , i emica l  , b e h a v i o r a l ,  a n d  p h y s i o l o g i c a l  c h a r a c t e r ,  
were m e a s u r e d .  Artemis salina c y s t s  were  used  s i n c e  t h e y  are s e n s i t i v e  t o  
v i b r a t i o n .  ~ c c h a r o m v c e s  s r e v i s i a e  v e r e  u s e d  t o  d e t e c t  s c a t t e r e d  r a d i a t i o n .  

EQUIPMEN'1:: IJabrobracoq f l i g h t  c o n t a i n e r s ,  "5, s o u r c e ,  L i F  p o w l e r  , g l a s s  r o d  
d o s i m e t e r s .  

HESULTS: S p a c e f l i g h t  effects were enhancement  o f  f e c u n d i t y  and  h a t c h a b i l i t y  
o f  prim.i t i v e  and t r a n s i t i o n a l  o o g o n i a ,  d i s o r i e n t a t i o n  o f  male mat i i lg  S e h 3 v i o r ,  
i r ~ c r e a s e d  l i f e  s p a n  of f e m a l e s  and d e c r e a s e d  x a n t h i n e  d e h y d r o g e n a s e  a c t i v i t y  
i n  males. The e f f e c t s  o f  r a d i a t i o n  w e r e  d e c r e a s e d  h a t c h a b i l i t y  and enhanced  
f e c u n d i t y  of eggs. The o n l y  m u t a g e n i c  e f f e c t  found was a  t h r e e f o l d  
e n h a n c e n e n t  of t h e  r e c e s s i v e  l e t h a l  muta t io , ;  f r e q u e n n y  i n  t h e  n o n i r r a d i a t e d  
sperm i n  t h e  o r b i t e d  m a l e s .  No d i f f e r e n c e  was found  i n  J n t r a g e n i c  o r  
i n t e r g e n i c  r e c o m b i n a t i o n  e n d p i n t s  compar ing  f l i g h t  and ground  c o n t r o i  
S a c c h a r o m v c e ~ .  The Artemia c y s t s  were o t  i n f l u e n c e d  by s p a c e f l i g h t  o r  gamma 
r a d i a t i o n  r e z e i v e d  i n f l i g h t .  

f .  LUSIONq.: The enhancement  o f  s p o n t a n e o u s  r e c e s s i v e  l e t h a l  f r e q u e n c y  i n  
sperm was ~nducled by some f a c t o r  o f  t h e  f l i g h t ,  p r o f i l e  o t h e r  t h a n  
w e i g h t l e s m e s s .  The e x c e s s  o f  d e a t h s  found  among t h e  o f  f ' s p r i n g  from f e m a l c s  
f lown mighL have been from a m i x t u r e  o f  chromosome i m b a l a n c e  phenomm? and 
r e c e s s i v e  l e t h a l  m u t a t i o n s  induced  by t h e  s p a c e f l i g h t  c o n d i t i o n s .  The 
i n c r e a s e d  f e r t i l i z i n g  c a p a c i t y  appearaed  + o  be a n  e n h a n c i n g  e f f e c t  o f  r t d i a t i o n  
c o s b i n e d  wi th  ~ e i g h t i e s s n e s s .  The s t r o n k  t r e n d  f o r  ennanced emergence f rom 
Artemu c y s t 3  m i g h t  have  beer. c a u s e d  by v i b r a t i o n .  
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