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H y p e r g r a v i t y :  I ts  e f fect  on  the  e s t r o u s  c y c l e  of  r a t s  

E. Megory,  F. Konikoff ,  J. I s h a y  a n d  L. B a r r - N e a  1 
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Summary. H y p e r g r a v i t y  affects  t h e  es t rous  cycle of ra ts .  I t  is p ro longed  b y  a force of 1.39 G-1 .65  G, and  shows ir- 
regular i t i es  b e t w e e n  1.02 and  1.19 G. R a t s  cen t r i fuged  for 40 days  a n d  r e t u r n e d  to n o r m a t  g r a v i t y  p re sen ted  a n o r m a l  
es t rous  p a t t e r n .  

Var ious  pa tho log i ca l  changes  h a v e  b e e n  r e p o r t e d  to  occur  
in  an ima l s  k e p t  u n d e r  p e r s i s t e n t  cen t r i fuga t ion ,  i.e. h y p e r -  
g r a v i t y K  I s h a y  a n d  B a r r - N e a  3 s tud ied  t h e  effects of 
r e l a t ive ly  m o d e r a t e  h y p e r g r a v i t y  on fer t i l i ty ,  de l ive ry  
a n d  Surviva l  of ra ts .  T he  es t rous  cycle of r a t s  ha s  been  
s h o w n  to  b e c o m e  d e s y n c h r o n i z e d  b y  s t ress  i n d u c e d  v i a  
e lec t r ica l  shock  ~. T h e  p r e s e n t  s t u d y  descr ibes  t h e  effects  
of g r a v i t a t i o n a l  forces r a n g i n g  f rom 1.0 G to  1.65 G on  
t h e  es t rous  cycle (EC) of ra ts .  These  forces are well  
w i t h i n  t h e  r a n g e  of t h e  phys io log ica l  a d a p t a t i o n  of r a t s  s. 
Test design. A specia l  4 -a rmed  cen t r i fuge  was  used to  
p rov ide  t h e  a d d e d  g r a v i t a t i o n a l  force. T he  r a t s  were  k e p t  
in  pa i r s  in  o r d i n a r y  b r e e d i n g  cages t h a t  were  p laced  a t  
va r ious  d i s t ances  a long  t h e  a r m s  of t h e  cent r i fuge ,  so as 
to  be  exposed  to  d i f fe ren t  g r a v i t a t i o n a l  forces. T he  cages 
were t i l t ed  a t  a n  angle  ca l cu la t ed  to  ensure  t h a t  t h e  
r e s u l t a n t  g r a v i t a t i o n a l  force was  ac t ing  p e r p e n d i c u l a r l y  
on  t h e  floor of e ach  cage. I n  t h i s  m a n n e r  a d d i t i o n a l  s t ress  
due  to  u n c o m f o r t a b l e  pos i t ion  of t he  r a t s  was  avo ided .  
T h e  r e s u l t a n t  forces,  w i t h  a r o t a t i o n  f r e q u e n c y  of 28 r p m ,  
were  as desc r ibed  in t h e  t ab le .  

Group No. Distance from Gravitational force (F) 
of rats the center (r) in G 

in em 

The  r a t s  used were 3 -4  m o n t h s  old v i rg in  Char les  R ive r s  
ra ts .  T h e y  were k e p t  a t  a c o n s t a n t  t e m p e r a t u r e  of 25 ~ 
u n d e r  a u t o m a t i c a l l y  con t ro l l ed  f luorescen t  i l l u m i n a t i o n  
(period of l igh t s :  5 .00-19.00 h), and  fed on P u r i n a  chow 
a n d  w a t e r  ad  lib. The  s tage  of t h e i r  e s t rous  cycle was 
d e t e r m i n e d  b y  da i ly  vag ina l  smears% Once dai ly ,  b u t  a t  
d i f fe ren t  t imes  (be tween  15.00 and  22.00 h), t he  cen t r i fuge  
was s t opped  for 20 m i n  in o rder  to  t a k e  t he  v a g i n a l  
smears ,  s u p p l y  food and  Water, c lean t he  cages and  service 
t he  mach ine .  
E x p e r i m e n t  1: All  r a t s  were k e p t  for a p p r o x i m a t e l y  
2 EC ' s  (10 days)  ou ts ide  t he  cen t r i fuge  to  d e t e r m i n e  t h e i r  
n o r m a l  es t rous  cycle a n d  to  a c c u s t o m  t h e m  to  t h e  pro-  
cedures.  T h e n  20 of t he  r a t s  were p laced  on  t he  cent r i fuge ,  
as descr ibed,  for  a p p r o x i m a t e l y  4 EC ' s  (20 days),  a n d  6 
were  k e p t  as s t a t i o n a r y  cont ro l s  u n d e r  t he  cent r i fuge .  
E x p e r i m e n t  2 : A s t u d y  of t h e  a f t e r  effect  of h y p e r g r a v i t y :  
A g roup  of 8 r a t s  was  k e p t  r o t a t i n g  for a b o u t  8 EC ' s  
(40 days)  a t  1.65 G, i.e. t h e  h ighes t  g r a v i t y  t es ted .  Th i s  
was  done  in  t h e  s ame  cond i t i ons  as  desc r ibed  in  exper i -  
m e n t  1, a n d  da i ly  vag ina l  smears  were  t a k e n  a n d  e x a m -  
ined.  Af te r  sp inn ing ,  t h e  r a t s  were r e t u r n e d  to  n o r m a l  
g r a v i t y  (1 .00G),  whi le  st i l l  in  t he i r  or ig inal  cages, a n d  
t h e i r  es t rous  cycles were r ecorded  ove r  t h e  n e x t  30 days.  
Results. T h e  f igure  p r e sen t s  t h e  t yp i ca l  p a t t e r n  of es t rous  
cycles in  each  g roup  of ra ts .  A t  1.65 G (group 1) t h e  spun  
r a t s  showed  a t e n d e n c y  to  r e m a i n  in  d ie s t rus  for a b o u t  

1 4 150 1.65 
2 4 132 1.53 
3 6 110 1.39 
4 2 74 1.19 
5 4 20 1.02 (rotating control) 
6 6 - 1.00 (stationary 

control) 

The force was calculated according to the formula F = G x 
V (2~ 0 4 

1 + - ~ - -  x r 2, where G = rag, m = mass, g = gravity constant, 

f = rotation frequency. 
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Representative patterns of the estrous cycles in 
groups of rats before and during exposure to 
different degrees of hypergravity. Spinning was 
started on the evening of the 10th day. Groups 
1-3 show a prolonged diestrus during the first 
days of rotation and then revert to normal. 
Group 4 and the rotating control group 5 show 
only slight changes in their cycles. Group 6 is 
the stationary control. 
L, diestrus; C, estrus; N, proestrus; * number 
of rats showing the representative pattern; -% 
start of spinning for groups 1-5. 
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10 days,  b u t  t h e r e a f t e r  r e v e r t e d  to  n o r m a l  cycle whi le  
st i l l  sp inn ing .  Th i s  cha rac t e r i s t i c  p a t t e r n  was r epea t ed  in 
3 r a t s  ou t  of 4. I n  g roup  2 (1 .53G) t he  t e n d e n c y  was 
s imi la r  b u t  t h e  d i e s t ru s  was s o m e w h a t  shor te r .  Aga in  t he  
p a t t e r n  was r epea t ed  in 3 o u t  of 4 ra ts .  T he  same  p a t t e r n  
was sti l l  e v i d e n t  in  g roup  3 (1.39 G) in  5 ou t  of 6 ra ts ,  
b u t  a t  a g r a v i t a t i o n  of 1.19 G or  less (groups 4 a n d  5) t h e  
d ies t rus  was n o t  pro longed,  a n d  the re  was on ly  a s l igh t  
i r r egu la r i t y  of t h e  es t rous  cycles as c o m p a r e d  to  t he  
s t a t i o n a r y  con t ro l  (group 6). I n  e x p e r i m e n t  2 t he  8 r a t s  
t h a t  were s p u n  for  40 d a y s  a t  1.65 G showed  d u r i n g  t i le  
l a s t  10 days  on  t h e  cen t r i fuge  n o r m a l  es t rous  cycles. 
U p o n  r e t u r n  to o r d i n a r y  g rav i ty ,  t hese  r a t s  n o t  on ly  per-  
s i s ted  in h a v i n g  n o r m a l  es t rous  cycles bu t ,  f rom t he  s ta r t ,  
t h e  cycles were h i g h l y  r egu la r  a n d  in 5 o u t  of t h e  8 r a t s  
t h e y  were even  synchronous .  R e g u l a r i t y  of t h e  cycles in 
t he  e x p e r i m e n t a l  g roup  was  in f ac t  more  precise t h a n  in 
t h e  con t ro l  g r o u p  t h a t  h a d  n e v e r  been  exposed  to  cen-  
t r i fuga t ion .  
Discussion. These  e x p e r i m e n t s  show t h a t  r a t s  sub j ec t ed  
to  p e r s i s t e n t  m o d e r a t e  h y p e r g r a v i t y  e n t e r  a p h a s e  of 
p ro longed  dies t rus .  W i t h i n  t h e  r ange  of 1.39-1.65 G, t h e  
l e n g t h  of t he  d ies t rus  is pos i t i ve ly  cor re la ted  w i t h  t h e  
s t r e n g t h  of t h e  g r a v i t a t i o n a l  force b u t  a t  a g r a v i t y  of 
1.19 G or  less, t h e r e  is on ly  a Might i r r egu la r i t y  of t he  
cycle a n d  no  p r o l o n g a t i o n  of t h e  diest rus .  W e  bel ieve  t h a t  
t h i s  p r o l o n g a t i o n  effect  is p u r e l y  due  to h y p e r g r a v i t y ,  

because  o t h e r  k inds  of stress,  l ike food a n d  w a t e r  depr i -  
va t ion ,  i m m o b i l i z a t i o n  or change  of e n v i r o n m e n t  h a v e  
been  shown  to  p roduce  effects  of a d i f fe ren t  c h a r a c t e r  
a n d  d u r a t i o n  7-10. Moreover ,  o t h e r  fo rms  of s t ress  would  
h a v e  h a d  an  equa l  effect  on  all  t h e  r a t s  regard less  of t h e i r  
pos i t ion  on  t he  cent r i fuge ,  a n d  th i s  was  n o t  t h e  case. Our  
f ind ings  are cons i s t en t  w i t h  t he  changes  obse rved  in  
p r e g n a n t  r a t s  u n d e r  s imi la r  cond i t ions  8, a n d  also con f i rm  
t h a t  t he re  is a phys io logica l  a d a p t a t i o n  w i t h  t i m e  in t he  
g r a v i t y  r a n g e  used 5. Resu l t s  of t he  second e x p e r i m e n t  
are  p a r t i c u l a r l y  i n t e r e s t i n g  in t h a t  t h e y  seem to show 
t h a t  a g r a v i t a t i o n a l  force of 1.65 G has  a s tab i l i z ing  a n d  
s y n c h r o n i z i n g  effect  on  t h e  es t rous  cycle of ra ts .  Since 
th i s  was  t h e  on ly  h y p e r g r a v i t y  t es ted ,  i t  is n o t  ye t  c lear  
w h a t  is t he  m i n i m a l  a d d i t i o n a l  g r a v i t y  a n d  d u r a t i o n  
needed  to i nduce  t he  s tab i l i z ing  a n d  s y n c h r o n i z i n g  effects.  
F u r t h e r  s tud ies  are  now in progress  conce rn ing  h o r m o n a l  
changes  in  r a t s  u n d e r  cond i t ions  of h y p e r g r a v i t y  n .  
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Test icu lar  b lood f l o w  and o x y g e n  tens ion in uni lateral ly  orchidectornized rats  1 
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Summary. Tes t i cu la r  b lood  f low was m e a s u r e d  b y  m e a n s  of Xenon-133  c learance  a n d  oxygen  t ens ion  was m e a s u r e d  
po l a rog raph ica l l y  in  r a t s  3 weeks a f t e r  un i l a t e r a l  o rch idec tomy .  The re  was no  dif ference be tween  e x p e r i m e n t a l  a n d  
con t ro l  g roups  for  a n y  of the  two pa r am e t e r s .  

W e  h a v e  r e c e n t l y  s h o w n  t h a t  endoc r ine  c o m p e n s a t i o n  in 
u n i l a t e r a l l y  o rch idec tomized  r a t s  (UOR) occurs  w i t h i n  3 
weeks  of t h e  o p e r a t i o n  3. Th i s  c o m p e n s a t i o n  is n o t  r e l a t ed  
to  c o m p e n s a t o r y  t e s t i cu l a r  h y p e r t r o p h y  (CTH), since C T H  
seems to  be  a r e su l t  of t h e  t r o p h i c  ac t ion  of F S H ,  r a t h e r  
t h a n  LH,  on  t he  semin i fe rous  t ubu l e s  3. W u r t m a n  4 ha s  
s h o w n  t h a t  L H  increases  o v a r i a n  b lood  f low a n d  in 1950 
H a r t m a n  e t  al. 5 deve loped  a p r e g n a n c y  t e s t  based  on  t h e  
v a s o d i l a t a t i o n  response  of r a t  t e s tes  to  HCG. F u r t h e r m o r e  
i t  h a s  been  s h o w n  t h a t  t he re  is a r e l a t i ons h i p  b e t w e e n  t he  
a r t e r i a l  b lood  f low to  t h e  tes t i s  and  i ts  ab i l i t y  to  secre te  
t e s t o s t e r o n e  u n d e r  t he  inf luence  of H C G  s. W e  h a v e  

m e a s u r e d  cap i l l a ry  b lood f low in t h e  r e m a i n i n g  tes t i s  of 
U O R  b y  m e a n s  of Xenon-133  w a s h o u t  t e c h n i q u e  in  o rder  
to  e s t ab l i sh  if t h e  obse rved  endoc r ine  c o m p e n s a t i o n  m a y  
b e d u e  to  increased  b lood f low as a r e su l t  of e l eva ted  L H  
c o n c e n t r a t i o n s  ~. 
Cross and  Si lver  s used po l a rog raph ica l l y  m e a s u r e d  oxygen  
t en s ion  to  s t u d y  local  a n d  sys t emic  m e c h a n i s m s  t h a t  
a p p e a r  to  exercise a r e g u l a t o r y  in f luence  on  t e s t i cu l a r  
c i rcula t ion .  T h e y  s t a t e d  t h a t  t i s sue  oxygen  t en s ion  is 
l a rge ly  d e t e r m i n e d  b y  cap i l l a ry  b lood  flow. I n  t he  p r e s e n t  
s tudy ,  we h a v e  m e a s u r e d  t e s t i cu la r  oxygen  t ens ion  to  
e s t ab l i sh  if t h e r e  are a n y  m a j o r  m e t a b o l i c  changes  in  t h e  

Testieular blood flow and oxygen tension in uniIaterally orchidee- 
tomized and control rats 

Method Unilateral Controls, Significance 
orchidectomy, ~ 4- SEM (n) according to 

4- SEM (n) Wileoxon's two- 
sample t-test 
based on range 

Xenon-133 clearance 17.0 4- 1.2 17.1 4- 1.2 n.s. 
(ml/min 100 g) (10) (10) 
Oxygen tension 21.6 4- 4.0 17.4 4- 2.1 n.s. 
(pO 2 mm Hg) (7) (8) 
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