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B l o c k a d e  of O v u l a t i o n  A f t e r  A t r o p i n e  I m p l a n t s  in  

I t  is k n o w n  t h a t  a t rop ine  b locks  s p o n t a n e o u s  a n d  
ref lex ovu l a t i on  b y  ac t ing  on  t he  neu ra l  p h a s e  of lu te in  
h o r m o n e  (LH) secre t ion  1. A t r o p i n e  also inh ib i t s  ma le  
and  female  sexual  b e h a v i o r  in  r a t s  of b o t h  sexes ~-~ 
These  f ind ings  sugges t  t h a t  p a r a s y m p a t h e t i c  m e c h a n i s m s  
are i nvo lved  in t he  ne r vous  con t ro l  of g o n a d o t r o p h i c  
secre t ion  a n d  r ep roduc t i ve  b e h a v i o r  ~. 

Some a u t h o r s  6, 7 h a v e  s h o w n  i n  r a t s  t he  ex is tence  of a 
cho l inerg ic  s y s t e m  wh ich  arises f rom t he  an t e r i o r  
m e s e n c e p h a l o n  a n d  runs  ros t r a l ly  to  basa l  subcor t i ca l  
zones, r each ing  t h e  h y p o t h a l a m i c  areas.  LEONARDELLI s 
showed  sub t l e  changes  of t he  ace ty lcho l ines te rase  a c t i v i t y  
in t he  l a t e ra l  a n d  dorsa l  h y p o t h a l a m i c  cells of cats ,  
guinea-pigs  and  rats .  These  changes  were  r e l a t ed  to t h e  
d i f fe rent  seasons  of t h e  year ,  t he  es t raI  cycle, and  cas t ra -  
t ion.  Since large  doses of p a r e n t e r a l l y  a d m i n i s t e r e d  
a t rop ine  are necessa ry  to b lock  o v u l a t i o n  in t he  ra t ,  wh ich  
m a k e s  i ts  specif ic i ty  con t rover t ib le ,  we decided to micro-  
i m p l a n t  t he  d rug  in t h e  an t e r i o r  l a t e ra l  h y p o t h a l a m u s  
a n d  to  s t u d y  t h e  changes  in e s t r a l  cycles and  sexua l  
organs.  

The  e x p e r i m e n t s  were car r ied  ou t  on  a lb ino  r a t s  of our  
s t ra in ,  weighing  150-200 g and  h a v i n g  h a d  a t  leas t  3 
regular  4 -5  days  es t ra l  cycles. T h e  an i m a l s  were k e p t  on  a 
14 h l igh t  - 10 h d a r k  schedule ,  a n d  w a t e r  a n d  food were  
ava i l ab le  ad  l ib i t im.  A t r o p i n e  s u l p h a t e  (150-250 ~g) was 
t a m p e d  in to  cap i l l a ry  t ubes  (OD 300 ~, I D  150 ~g), a n d  
t he  t ips  of t he  t u b e s  were sealed w i th  a t h i n  layer  of 
sucrose. The  an ima l s  were a n e s t h e t i z e d  w i t h  sod ium 
p e n t o b a r b i t a l  (30 mg/kg) ,  a n d  t he  t ubes  were i m p l a n t e d  
s te reo tax ica l ly ,  accord ing  to  t he  DE GROOT a t las  for t he  
r a t  b r a i n  9, in  t he  a n t e r i o r  la te ra l  and  pos te r ior  hypo-  
t h a l a m u s  a n d  in t he  an t e r i o r  a m y g d a l o i d  area.  T he  t ubes  
were secured  to  t he  skul l  surface w i t h  d e n t a l  acrylic. 

I n  a con t ro l  group,  t u b e s  c o n t a i n i n g  pa ra f f in  were 
i m p l a n t e d  in t he  an t e r i o r  l a te ra l  h y p o t h a l a m u s .  Da i ly  
vag ina l  smears  were t a k e n  in t he  pos t -ope ra t i ve  period.  
A t  t he  end  of t he  e x p e r i m e n t  t i le an ima l s  were kil led 
u n d e r  e t h e r  a n d  t he  ovar ies ,  uter i ,  adrena ls ,  t h y r o i d s  and  
p i t u i t a r i e s  were  ca re iu l ly  d issected  ou t  a n d  weighed  on  a 
to r s ion  ba lance .  His to logica l  sect ions  of ovar ies  a n d  u te r i  
were per formed.  Tile b ra ins  were f ixed in 10% fo rmal in  
so lu t ion  and  serial  sect ions  were m a d e  and  e x a m i n e d  to 
d e t e r m i n e  t he  precise loca t ion  of t he  imp lan t s .  

T rans f ix ion  of t he  u t e r ine  h o r n s  was pe r fo rmed  on  t he  
f o u r t h  day  of t h e  pos t - ope r a t i ve  d ies t rous  to  e luc ida te  
t he  f o r m a t i o n  of dec iduoma.  

A t o t a l  of 34 ou t  of 37 r a t s  w i t h  a t rop ine  i m p l a n t s  in  
t he  an t e r i o r  la te ra l  h y p o t h a l a m u s  (Figure) h a d  d i s t u r b e d  
cycles, w i t h  p ro longed  d ies t rous  up  to  12 days,  absence  
of dec iduoma,  a n d  a d i m i n u t i o n  of o v a r i a n  weight .  Tile 
h i s to logy  of t he  ovar ies  a f t e r  t h i s  long  d ies t rous  showed  
lack  of y o u n g  co rpo ra  l u t e a  a n d  a n  increased  n u m b e r  of 
growing follicles. I n  40% of t h e  i m p l a n t e d  an i m a l s  t h e r e  
was a c h a n g e  in t h e  s p o n t a n e o u s  b e h a v i o r  wh ich  l a s t ed  
for 5-6  days  a n d  was cha rac t e r i zed  b y  rest lessness,  
aggress ivi ty ,  a n d  d i s r u p t i o n  of t h e  s leep-wakefulness  
cycle 1% 

Seven  o u t  of a con t ro l  g roup  of 16 an i m a l s  i m p l a n t e d  
w i t h  pa ra f f in  in  t he  an t e r i o r  l a t e ra l  a rea  showed  d i s t u r b e d  
es t ra l  cycles. Only  1 of t h e  10 r a t s  i m p l a n t e d  wi t t l  
a t rop ine  in t h e  a n t e r i o r  a m y g d a l o i d  a rea  (Figure)  showed  
a p ro longed  dies t rous .  

I t  is conc luded  t h a t  a t rop ine  i m p l a n t s  cause  p ro longed  
d ies t rous  a n d  i n h i b i t  ovu l a t i on  b y  d i s r u p t i n g  t he  n e u r a l  
phase  of t he  o v u l a t o r y  h o r m o n e  (OH) secret ion.  Tile 
absence  of u t e r i ne  d e c i d u o m a  d u r i n g  t h e  ea r ly  d ies t rous ,  
t h e  decrease  of o v a r i a n  we igh t  a n d  t he  absence  of 

the  L a t e r a l  H y p o t h a l a m u s  of t h e  R a t  

m a m m a r y  h y p e r t r o p h y ,  all  i nd i ca t e  t h a t  t he re  is no  
p seudop regnancy .  

P ro longed  d ies t rous  w i t h o u t  t r a u m a t i c  d e c i d u o m a  has  
been  found  a f t e r  h y p o t h a l a m i c  lesions of t he  med ia l  
eminence  n o t  i n t e r r u p t i n g  t i le  p o r t a l  s y s t e m  n ,  a n d  also 
a f te r  lesions of t h e  mesencepha l i c  r e t i cu la r  f o r m a t i o n  a t  
t he  level  of t h e  v e n t r a l  t e g m e n t a l  s y s t e m  1~. Tile l a t t e r  
sys t em be longs  to t he  cauda l  pole  of t he  chol inergic  
s y s t e m  descr ibed b y  SHUTE a n d  LEwIsT. 

The  r eappea rance ,  a f t e r  30 days,  of n o r m a l  cycles in 
animals-  ~mplan ted  w i t h  a t r o p i n e  in t h e  l a t e r a l  hypo-  
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Transversal section of the rat hypothalamus (A 7.4, I)E GROOT2). 
A, area where atropine implants inhibit ovulation; O, area where 
atropine implants were negative. 
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t h a l a m u s ,  as well  as t h e  absence  of response  in those  
i m p l a n t e d  in t h e  a n t e r i o r  a m y g d a l o i d  a rea  a n d  pos te r io r  
h y p o t h a l a m u s  suggests  t h a t  t h e  d rug  ha s  a specific a n d  
sho r t - l a s t i ng  effect  b y  b lock ing  t he  chol inergic  m e c h a n i s m s  
re l a t ed  to t he  release of t he  o v u l a t o r y  q u o t a  of gonado-  
t roph ins .  T h e  decrease  of t he  o v a r i a n  we igh t  as well  as 
t he  i n h i b i t i o n  of c o m p e n s a t o r y  h y p e r t r o p h y  a f t e r  
un i l a t e r a l  c a s t r a t i o n  b y  h y p o t h a l a m i c  i m p l a n t s  of 
a t r o p i n e  (unpub l i shed  observa t ions )  would  sugges t  t he  
b lockade  of t h e  fo l l icu lo t rophic  h o r m o n e s  as a whole  
( F S H - L H ) .  

Rdsumd. Des i m p l a n t a t i o n s  d ' a t r o p i n e  dans  l ' hypo-  
t h a l a m u s  an t6 r i eu r  et  l a t6ra l  de la r a t e  p r o v o q u e n t  u n  
d ies t rus  pro long6 e t  une  d i m i n u t i o n  du  poids  de l ' ova i re  
sans  r @ o n s e  u t6 r ine  au  d6c iduome t r a u m a t i q u e .  On 

conc lu t  que  1 'a t ropine  ag i t  sur  des votes co l in6rg iques  en 
r e l a t ion  avec  la  s6cr6t ion des gonado t roph ines .  
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Do the Products of Messenger RNA Hydrolysis Cause 'Cloudy Swelling' ? 
The  a c c u m u l a t i o n  of in t ra -ce l lu la r  w a t e r  b y  cells 

sub jec t ed  to  tox ic  s t resses  was f i rs t  n o t e d  b y  VIRC~OW 1 
who t e r m e d  t h e  process  ' c loudy  swell ing '  a n d  be l ieved  i t  
to  be  one of t h e  p r i m a r y  causes of cell dea th .  I t s  p a t h o -  
genesis is s t i l l  n o t  ful ly  u n d e r s t o o d  2. However ,  i t  is c lear  
t h a t  i t  invo lves  a fa i lure  of t h e  cel lular  osmot ic  con t ro l  
m e c h a n i s m s  a. D u r i n g  r e c e n t  e x p e r i m e n t s  on  R N A  
s t ab i l i t y  in  Tetrahymena we no t i ced  t h a t  these  c i l ia ted 
p ro tozoons  were subj  ect  to  s l ight  h y d r o p i c  changes  d u r i n g  
per iods  of increased  R N A  hydro lys i s  caused  b y  syn-  
ch ron iz ing  hea t - sh i f t s .  These  cells are qu i t e  v iab le  a t  
s y n c h r o n i z i n g  t e m p e r a t u r e s  p r o v i d e d  t he  d u r a t i o n  of 
exposure  is l im i t ed  4. I f  A c t i n o m y c i n  D (ActD) is added  
to  t h e  m e d i u m  d u r i n g  these  t e m p e r a t u r e  shi f t s  a more  
pe rcep t ib l e  increase  in cell size is cons i s t en t l y  noted .  W e  
h a v e  e x a m i n e d  th i s  swell ing p h e n o m e n o n  in some detai l .  
The  resu l t s  sugges t  t h a t  i t  is a resu l t  of net hydro lys i s  of 
u n s t a b l e  RNA.  If  t he  hydro lys i s  is a l lowed to p roceed  a t  a 
r ap id  r a t e  a n d  to  a suff ic ient  degree t h e  cells will die of 
severe  h y d r o p i c  degenera t ion .  T he  cyto logica l  changes  
seen in such  cells are  v i r t u a l l y  iden t i ca l  to  those  found  in 
classical  ' c loudy  swell ing' .  Since t h e  effects of A c t D  and  
t e m p e r a t u r e  are  synerg i s t i c  a n d  b o t h  are k n o w n  to induce  
ne t  R N A  d e g r a d a t i o n  i t  appea r s  t h a t  t h e  e d e m a  m a y  be  
i n i t i a t e d  b y  t he  R N A  hydro lys i s  p roduc t s .  

Material and method. To follow t h e  r a t e  of d e g r a d a t i o n  
of u n s t a b l e  RNA,  t he  cells were s ynch r on i zed  a n d  re- 
su spended  in inorgan ic  m ed i um .  Th i s  fac i l i t a tes  r ap id  
R N A  labe l ing  a n d  ha s  no  effect  on  e i the r  cell v i ab i l i t y  or 
cell d iv i s ion  5. A t  t h e  b e g i n n i n g  of t h e  e x p e r i m e n t  100 ~c 
of H a u r id ine  was  a d d e d  to  t i le  m e d i u m  a n d  t h e  cells 
were labe led  for  20 rain.  A c t D  (50 ~xg/ml) was  t h e n  a d d e d  
a n d  t he  cu l tu re  d iv ided  in to  3 pa r t s .  One p o r t i o n  was  
i n c u b a t e d  a t  29~ ( the o p t i m u m  g r o w t h  t e m p e r a t u r e ) ,  
one  a t  34~ a n d  one a t  37~ 6. T he  r a t e  of decay  of pre-  
labe led  R N A  was  fol lowed us ing  t h e  d i rec t  f i l ter  p a p e r  
disc p rocedure  ~. Af te r  60 m i n a  smal l  s ample  was r e m o v e d  
f rom each  cul ture ,  f ixed  w i t h  s a t u r a t e d  HgC12, a n d  p h o t o -  
g raphed .  Con t ro l  samples  l ack ing  A c t D  were also incu-  
b a t e d  a t  each  of t he  3 t e m p e r a t u r e s .  P rev ious  e x p e r i m e n t s  
h a v e  s h o w n  t h a t  t h e  u p t a k e  of exogenous  u r id ine  ceases 
a t  34 ~ ~. This  i n h i b i t i o n  of u r id ine  u p t a k e  is p r e s u m a b l y  
due  to  t h e  e x p a n s i o n  of in t r a -ce l lu la r  nuc leo t ide  pools  s. 

Results and discussion. T he  effect  of a d d i n g  A c t D  to  
t h e  m e d i u m  a f t e r  pulse  l abe l ing  w i t h  u r id ine  is seen in 
F igu re  1. A t  29 ~ t h e  u p t a k e  of labe l  slows a n d  decay  be-  
gins a f t e r  a s h o r t  delay.  A t  34 and" 37 ~ decay  beg ins  

a l m o s t  i m m e d i a t e l y  a n d  proceeds  a t  r a t e s  r ough ly  
p r o p o r t i o n a l  to  t h e  degree of t e m p e r a t u r e  e leva t ion:  The  
effects on  cel lular  m o r p h o l o g y  are seen in F igure  2. These  
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Fig. 1. Effect of temperature variation of the rate of decay of 
prelabeled RNA. Synchronized Tetrahymena pyri]ormis GL were 
labeled with H a uridine for 20 min as described in the text. Actino- 
mycin D was then added (50 txg/ml) and the culture divided into 
3 parts and incubated at the temperatures indicated. The rate of 
decay is roughly proportional to the temperature for values above 
the optimum growth temperature (29 ~ 
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