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Inhib i t ion  of S p o n t a n e o u s  and Induced  O v u l a t i o n  in Rats  by N o n - S t e r o i d a l  A g e n t s  ~ 

Ovula t ion  induced in juvenile  ra ts  by  PMS is of ten  
used ins tead of the  spon taneous  ovula t ion  in adul t  ra ts  as 
an exper imenta l  model  for physiological  and pha rmaco-  
logical studies2. The ques t ion  should be asked, whe the r  
it is correct  to regard the  two  models  as equivalent ,  e.g. 
in the  assessment  of the  ovula t ion  inh ib i to ry  po tency  of 
non-s te ro ida l  drugs. BROWN a repor ted  t h a t  me thyse rg ide  
and LSD,  two po t en t  serotonin  antagonis ts ,  are ve ry  
a~ctive in inhib i t ing  PMS induced ovula t ion  in juvenile  
mice bu t  qui te  inact ive  as inh ib i tors  of spon taneous  
oyula t ion  in adul t  mice. HOXFELT and  F u x E  4 descr ibed 
t h a t  2-Br-c~-ergokryptine (CB 154) and ergocornine 
inhibi t  induced ovula t ion  in juveni le  rats.  These two 
compounds  are widely  used as exper imenta l  tools to  
inhibi t  pro lac t in  secretion. Ergocornine  has been known 
also to inhibi t  spon taneous  ovula t ion  in adul t  ra ts  ~, bu t  
for CB 154 given to  adul t  ra t s  we observed in unpubl i shed  
exper imen t s  t h a t  the  ovula t ion  inh ib i to ry  act ion only 
occurs a t  doses higher  t h a n  those  used by  H~JKFELT and  
FuxE.  The two ovu la to ry  models  do no t  seem to produce  
comparab le  resul ts  and  it seemed therefore  necessary  to 
compare  the  two models  in a q u a n t i t a t i v e  way  by  using 
drugs of d i f ferent  chemical  classes, t h a t  are known to  
in terfere  w i th  the  processes of gonadot rop ic  hormone  
release in rats .  

Malec~ial and melhods. Adul t  female ra ts  (200-250 g) of 
the  Ivanovas -Wis t a r  s t ra in  (Kisslegg, Wes t  Germany)  
were used in our exper iments .  The animals  were kep t  
under  s t anda rd  condi t ions :  14 h l ight  (from 04.00 to  
18.00); 24~ 55-60% rel. h u m i d i t y ;  food and  wa te r  ad 
l ibi tum.  Animals  w i th  regular  4-day cycles were in jec ted  
s.c. in proes t rus  a t  noon wi th  ch lo rp romaz ine-hydro-  
chloride (CPZ), phenoba rb i t a l -Na  (Phen), ergocornine-  
me thanesu l fona te  (ECO), or 2-Br-~-ergokrypt ine-mesi la te  
(CB 154). Controls  were in jec ted  wi th  solvent .  In  oest rus  
at  09.00 h the  animals  were killed, the  t ubae  dissected 
free and the  ova counted  wi th  the  aid of a dissect ing 
microscope.  

juven i l e  24-day-old ra ts  of the  same s t ra in  were in jec ted  
wi th  15 IU  or w i th  5 IU  PMS (pregnant  mare  serum, 
Organon) and 51 h la ter  wi th  ei ther  of the  4 subs tances  
men t ioned  above. Controls  received solvent.  On the  follow- 
ing morn ing  at  09.00 h the  animals  were killed, dissected 
and the  ova counted  as m e n t i o n e d  for the  adults .  

For  the  evalua t ion  of the  expe r imen t s  the  ovula t ion  
ra te  in an expe r imen ta l  group was used, ovula t ion  being 
considered as hav ing  occurred if one or more  eggs were 
counted  and  ovula t ion  was considered to be inh ib i ted  
only  if no egg was found.  EDs0 values  for suppression 
of ovula t ion  were calcula ted using the  me t h o d  of 
LITCHFIELD and V~TILCOXON 6. 

In  order  to acquire some in format ion  on the  hormona l  
s i tua t ion  of the  two exper imenta l  models  se rum L H  and  
prolac t in  values were measured  also in some of the  exper-  
iments .  L H  was measured  by  a r ad io immunoassay  
descr ibed elsewhereL For  pro lac t in  measu remen t s  an 
assay sys t em similar  in sens i t iv i ty  and specif ici ty to the  
N I H - r a d i o i m m u n o a s s a y  ki t  was used. Resul ts  are express-  
ed in L H - N I H - R P 1  and pro lac t in  NIH-RP18 .  In  all 
exper iments  blood was collected by  decapi ta t ion .  

1 A preliminary report of this study was presented to the IX. Acta 
Endocrinologiea Congress, Oslo, June 1973. 
F. PIVA, N. SCER~SCU, 3/[. ZAmSI and L. MARTINI, Bull. Wld. 
Hlth. Org. 47, 275 (1969). 
P. S. BROWVr, J. Endocr. 37, 327 (1967). 

4 T. H(JKFELT and K. FUXE, Brain-Endocrine Interaction, Int. 
Syrup. Munich 1971 (Karger, Basel 1972), p. 181. 

5 p. F. I{RAICER and J. F. STRAUSS, Acta endoer., Copenh. 65, 698 
(1970). 
J. T. LITCHFIELD and F. WILCOXON, J. Pharm. 96, 99 (1949). 
F. B. ANDERSON and J. E. O'GRADY and W. NIEDERER, Biochem. 
Soc. Transact. 1,496 (1973). 

8 We thank Dr. W. NIEDERER for performing the assays. 
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Table I. Effect of different doses of PIVfS on ovulation in immature  rats in comparison to spontaneously ovulating adult  rats 
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Number of ova/ovulating rat Ovulation rate 
(means =~ SEM) (range) 

Spontaneous ovulation (adults) 13.5 :~2 0.8 10-18 10/10 

Induced ovulation (juveniles) 

PMS, 15 U 28.4 z[: 3.74 3 46 13/15 

PMS, 5 U 10.6 -4- 1.37 4 18 9/14 

Treatment  schedules. Adults:  proestrus noon: 0.9% NaC1 s.c.; estrus, 09.00 h killed. Juveniles: day 24, 09.00 h PMS s.c., day 26, noon 
0.9% NaC1 s.c.; day 27, 09.00 h killed. 

Table II. Serum-LB- and prolactin in juvenile and adult rats (means -4- SEM) 

Serum LH (ng/ml) Serum prolactin (ng/ml) 

Adult (n = 5) Proestrus Estrus Proestrus Estrus 
18.00 h 09.00 h 18.00 h 09.00 h 
934 -t- 114 33.6 -4- 1.56 ~ 102.6 • 25.2 12.7 q- 2.4i ~ 

Juveniie PMS 15 U, 495 4- 184 308 J= 106 27.5 ~ 7.59 39.5 ~ 6.0 
day 24 (n = 10) n.s. n.s. 

Juvenile PMS 5 U 209 -4- 60 25.8 d: 0.69 ~ 36.6 i 17.7 52.0 • 16.4 
day 24 (n = 10) n.s. 

ms., p > 0.05; �9 p < 0.01 (difference between 18.00 h and 09.00 h). For juvenile rats:  proestrus 18.00 h ~ day 26, 18.00 h; estrus 09.00 h 
day 27, 09.00 h. 

Results.  A d m i n i s t r a t i o n  of 15 U of  P M S  to  j u v e n i l e  r a t s  
c a u s e d  s u p e r o v u l a t i o n  in  c o m p a r i s o n  to  t h e  n u m b e r  o f  
o v a  s h e d  b y  s p o n t a n e o u s l y  o v u l a t i n g  a d u l t  r a t s .  I n j e c t i o n  
of  5 U P M S  i n d u c e d  r e l ea se  of  n e a r l y  a n o r m a l  n m n b e r  o f  
o v a  c o u n t e d  in  t h e  o v i d u c t  of  r a t s  w h i c h  o v u l a t e d ,  
a l t h o u g h  t h e  o v u l a t i o n  r a t e  in  t h e s e  a n i m a l s  w a s  l ower  
t h a n  in  t h e  a d u l t  o n e s  (T ab l e  I).  I n  b o t h  j u v e n i l e  g r o u p s  
t h e r e  is  m o r e  v a r i a t i o n  in  t h e  n u m b e r  o f  o v a  p e r  r a t  t h a n  
in  t h e  a d u l t  g r o u p .  

A f t e r  t r e a t i n g  i m m a t u r e  r a t s  w i t h  5 U or  15 U P M S  o n  
t h e  2 4 t h  d a y  of  age  we  m e a s u r e d  t h e  s e r u m  L H  a n d  p r o -  
l a c t i n  l eve l s  51 or  72 h l a t e r ,  t i m e s  w h i c h  c o r r e s p o n d  to  
18.00 h p r o e s t r u s  a n d  09.00 h o e s t r u s  in  a d u l t  r a t s .  T h e s e  
r e s u l t s  a r e  p r e s e n t e d  in  T a b l e  I I .  W h i l e  h i g h  v a l u e s  of  
s e r u m  L H  a n d  p r o l a c t i n  c o u l d  be  f o u n d  in  t h e  a d u l t  r a t s  
on  t h e  p r o e s t r u s  a f t e r n o o n ,  no  s u c h  e l e v a t e d  v a l u e s  for  
p r o l a c t i n  w e r e  o b s e r v e d  in  t h e  j u v e n i l e  r a t s  a t  t h e  co r res -  

Table III. Inhibition of the ovulatory process in rats 

Ovulation inhibition 
Adult, Juvenile, 
spontaneous PMS induced 
(EDso) (EDso) 

Ergocornine 1.7 3.2 
(1.2-2.4) (2.2-7.0) 

Chlorpromazine 1.5 3.0 
(1.1-2.1) (2.2 4.1) 

CB 154 20 1.5 
(13.7-29.0) (0.5-5.9) 

Phenobarbital 14 3.8 
(2.9-21.1) (2.2-6.4) 

p o n d i n g  h o u r s .  A f t e r  15 U P M S  we  f o u n d  u n e x p e c t e d  
h i g h  L H - l e v e l s  on  t h e  m o r n i n g  f o l l o w i n g  o v u l a t i o n .  

I n  T a b l e  I I I ,  t h e  E D s 0 - v a l u e s  c a l c u l a t e d  f r o m  t h e  
d o s e - r e s p o n s e  s t u d i e s  w i t h  4 d i f f e r e n t  d r u g s  a r e  p r e s e n t e d .  
E C O  a n d  C P Z  a re  s i m i l a r l y  a c t i v e  in  b o t h  m o d e l s ,  w h e r e a s  
t h e  E D s 0 - v a l u e s  of  C B  154 a n d  P h e n  a r e  e a c h  c l e a r l y  
d i f f e r e n t  for  t h e  t w o  m o d e l s .  T h e i r  a c t i v i t i e s  in  i n h i b i t i n g  
o v u l a t i o n  a r e  s e v e r a l  t i m e s  w e a k e r  in  t h e  a d u l t  t h a n  i n  t h e  
j u v e n i l e  r a t s .  C o m p a r i n g  t h e  d o s e - r e s p o n s e  c u r v e s  of  t h e  
F i g u r e ,  i t  c a n  be  s e e n  t h a t  t h e  s l o p e s  for  E C O  a n d  C P Z  
a r e  s i m i l a r  in  b o t h  m o d e l s ,  in  c o n t r a s t  t h e  d o s e - r e s p o n s e  
c u r v e s  for  C B  154 a n d  P h e n  d i f f e r  in  t h e  j u v e n i l e  a n d  
a d u l t  m o d e l .  

I n  T a b l e  IV ,  s e r u m  L H  a n d  p r o l a c t i n  l eve l s  o f  a d u l t  
c o n t r o l  a n i m a l s  a n d  C B  154 t r e a t e d  a d u l t  r a t s  a r e  s h o w n .  
P r o l a c t i n  b u t  n o t  L H  is g r e a t l y  r e d u c e d  a f t e r  a 1.5 m g / k g  
d o s e  in  c o m p a r i s o n  t o  t h e  c o n t r o l s .  I n  T a b l e  V, t h e  r e s u l t s  
of  a s i m i l a r  e x p e r i m e n t  in  j u v e n i l e  r a t s  a r e  s h o w n :  L H  a n d  
p ro lac t in ,  w e r e  f o u n d  s i g n i f i c a n t l y  r e d u c e d  a f t e r  1.5 r ag /  
k g  C B  154. 

Discussion.  WILSON e t  al. ~ h a v e  p u b l i s h e d  a n  e x c e l l e n t  
a n a l y s i s  of  t h e  h o r m o n a l  s i t u a t i o n  of  t h e  3 0 - d a y - o l d  
P M S - t r e a t e d  W i s t a r  r a t ,  s h o w i n g  t h a t  t h e i r  L H  l eve l s  
a r o u n d  t h e  t i m e  of  o v u l a t i o n  a r e  v e r y  s i m i l a r  t o  t h o s e  in  
a d u l t  r a t s .  O u r  r e s u l t s  i n d i c a t e  t h a t  b o t h  in  p h y s i o -  
log ica l  a s p e c t s  a n d  a s  a p h a r m a c o l o g i c a l  m o d e l  t h e  24- 
d a y - o l d  P M S - t r e a t e d  r a t  is d i f f e r e n t  f r o m  t h e  a d u l t  r a t  
o f  t h e  s a m e  s t r a i n .  W e  o b s e r v e d  t h a t  a t  18.00 h in  t h e  
e v e n i n g  b e f o r e  o v u l a t i o n  t h e  s e r u m  L H  l e v e l s  a r e  m u c t l  
l ower  in  t h e  P M S - t r e a t e d  j u v e n i l e  r a t s  t h a n  i n  t h e  a d u l t  
r a t s .  A l so  t h e  v a r i a b i l i t y  of  t h e  n u m b e r  of  o v a  s h e d  d u r i n g  
t h a t  n i g h t  is e n o r m o u s .  A l t h o u g h  5 U P M S  i n s t e a d  of  15 U 
P M S  wil l  p r o d u c e  n u m b e r s  o f  o v a  s i m i l a r  t o  t h e  n u m b e r  in  

9 C. A. WILSON, C. E. HORTH, C. A. ENDERSBY and P. G. McDosALD, 
{ ), 95% confidence limits; EDso mg/kg s.c. ~ PMS, 15 I.U. per rat. J. Endocr. 60, 293 (1974). 
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Table IV. Serum LH and prolaetin in adult rats on proestrus day at 18.00 h treated with CB 154 at noon 

EXPERIENTIA 30/10 

CB 154 (mg/kg s.c.) 

0 1.5 10 20 100 

LH (ng/ml) 1098 4.4- 84 1020 4. 279 267 -4- 87 b 225 q- 124 b 371 -t- 180 �9 
n.s. 

Prolaetin (ng/ml) 114 4.4- 11 9.0 4- 2.4 b 2.9 4. 0.41 b 2.8 4. 0.28 b 3.0 4. 0.22 b 

(means 4. SEM, n = 10) n.s. p > 0.05; ~ p < 0.05; b p < 0.001. 

Table V. Serum LH and prolactin in juvenile rats 

CB 154 (mg/kg s.c.) 

0 1.5 5 10 

LH (ng/ml) 209 • 60 34 4. 0.98 ~ 31 -- 0.91a 32 -4- 1.29 �9 

Prolactin (ng/ml) 36.6 4- 7.6 7.1 -[- 1.64 ~ 4.6 -4- 0.5 b 3.0 -- 0.44 b 

Treatment schedule. Day 24, 09.00 h: PMS 5 U ,  s . c . ;  day 26, noon: CB 154; day 26, 18.00 h: killed. Means 4. SEM, n = 10.  �9 p < 0.01; 
b p < 0.001. 

adults ,  the  n u m b e r  of animals  ovula t ing  is reduced.  
F u r t h e r m o r e  we could no t  f ind the  expec ted  increased 
p reovu la to ry  pro lac t in  level in the  P M S - t r e a t e d  juveni le  
ra t s ;  ins tead we observed r a the r  h igher  levels in the  mor-  
n ing af ter  ovula t ion  t h a n  in the  adul t  rats.: Therefore,  the  
juveni le  ra t s  t r ea ted  on day  24 wi th  PMS seem to be in a 
d i f ferent  hormona l  s i tua t ion  t h a n  t h e  spon taneous ly  
ovula t ing  adul t  rat .  

The  difference in the  hormona l  s i tua t ion  be tween  the  
two groups of ra t s  m a y  mani fes t  i tself also func t iona l ly  
when  such animals  are used for pharmacologica l  man ipu-  
la t ion of the  ovu la to ry  process.  Such drugs e i ther  ac t  
qua l i ta t ive ly  and  quan t i t a t i ve ly  s imilar  in bo th  models,  
i.e. ECO and  CPZ or t h e y  produce  s t r ik ingly  di f ferent  
results,  i.e. CB 154 and  phenobarb i t a l .  

I t  is these  two  compounds  t h a t  br ing  to  l ight  the  
d i f ferent  s i tua t ion  exis t ing in the  juveni le  PMS- t r ea t ed  
ra ts  and  the  adul t  ra t s  as to  the  ovu la to ry  mechanisms.  
For  phenoba rb i t a l  which  is said to interfere  w i t t h  s teroid 
synthes is  10 one migh t  specula te  t h a t  a difference in cen- 
t ra l  sens i t iv i ty  for s teroid feed-back n in the  adul t  and  the  
juvenile  ra t s  br ing  abou t  the  grea ter  ovula t ion  inh ib i to ry  
ac t iv i ty  of phenoba rb i t a l  in t he  la t t e r  model.  

For  CB 154 we are no t  aware of enough in fo rmat ion  
e lements  to  produce  a good hypothes i s .  The difference in 
sens i t iv i ty  of adul t  and  juveni le  ra ts  to  CB 154 is clearly 
one of the  L H  secre tory  mechan i sm bu t  no t  of the  
pro lac t in  secretion. I t  has  recent ly  been  shown 1~ t h a t  
5 mg/kg  s.c. CB 154 only  par t i a l ly  suppressed  L H  
release induced  by  L H - R F  in 8-week-old' ra ts  spayed  a t  
the  age of 4 weeks and  p re t r ea t ed  3 days  before the  experi-  
m e n t  w i th  oest radiol  plus progesterone.  This f inding 
shows t h a t  in ra t s  which  have  been exposed to ovar ian  
s teroids CB 154 exer ts  only a weak L t I  release inh ib i tory  
effect. Thus  one could specula te  t h a t  t he  difference in 
ac t iv i ty  of CB 154 as an ovula t ion  inhibi tor  in adul t  and 
juveni le  ra ts  could be t r aced  back  to  a difference in the  
hormona l  c l imate  exis t ing in the  two  age groups. 

As men t ioned  in the  in t roduct ion ,  BROWN a observed 
t h a t  me thyse rg ide  and  LSD inhib i ted  ovula t ion  in PMS-  
t r ea ted  juveni le  bu t  no t  in adul t  mice. Because BROWN 

used 2 d i f ferent  s t ra ins  of mice for the  two  ovula t ion  
models  it  canno t  be decided w h e t h e r  the  difference in 
ac t iv i ty  of the  2 alkaloids is due to the  s t ra in  difference or 
is ano the r  example  of the  p h e n o m e n o n  observed in ra t s  
wi th  P h e n  and wi th  CB 154. 

The ques t ion  asked in the  in t roduc t ion ,  whe the r  t he  
ovula t ion  processes in P M S - p r e t r e a t e d  juveni le  and  in 
adul t  ra ts  are two  equiva len t  models  for t he  assessment  of 
po ten t i a l ly  ovu la t ion  inh ib i to ry  non-s tero id  drugs m u s t  
be answered in the  negat ive.  Typica l ly  CB 154 which  in 
juveni le  PMS- t r ea t ed  ra ts  suppresses  p reovu la to ry  L H  in 
the  same doses t h a t  are necessary  to  suppress  p ro lac t in  is 
successfully used clinically for the  t r e a t m e n t  of galac- 
t o r rhoea -amenor rhoea  ill w o m e n  and  for ga lac tor rhoea-  
h y p o g o n a d i s m  in male pa t i en t s  18. Also i t  has  been found 
t h a t  the  cont inuous  t r e a t m e n t  of female volunteers  w i th  
CB 154 fails to inf luence the  mid-cycle  L H  peak la. 

Zusammen/assung. Die be iden  h~iufig als gleichwert ig 
b e t r a c h t e t e n  Ovulat ionsmodel le ,  die PMS induzier te  
Ovula t ion  juveni ler  R a t t e n  und  die spon tane  Ovula t ion  
adul te r  Ra t t en ,  wurden  nach  phys io logischen und  phar -  
mako]ogischen Kr i te r ien  mi t e inande r  vergl ichen.  Es  
wird nachgewiesen,  dass die be iden  Modelle physiologisch 
n ich t  gleichart ige endokr ine  Bed ingungen  widerspiegeln  
und dass sie pharmakolog i sch  unterschiedl iche  Aussagen 
ergeben. 
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