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Expe r imen t s  were  c a r r i e d  out on pregnant  noninbred ra t s .  The animals  were  ova r i ec tomized  
on the 8th day of pregnancy ,  continuation of which was ensu red  by injection of the pr inc ipa l  
ova r i an  hormones :  e s t r ad io l  dipropionate ,  follieulin,  e s t r io l ,  and p roges t e rone  in var ious  
combina t ions .  The an imals  were  ki l led on the 21st day of pregnancy,  and the fe tuses  were  r e -  
moved  and inspected ex te rna l ly .  The r e su l t s  showed that  ovar iec tomy,  c a r r i e d  out on the 8th 
day of pregnancy ,  in te r rup ted  i ts  cou r se .  N o r m a l  e m b r y o g e n e s i s  took place only a f t e r  in-  
ject ion of all  the p r inc ipa l  ovar ian  ho rmones .  
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The va r ious  ovar ian  ho rmones  - e s t r o g e n s  and p roges t e rone  - p e r f o r m  different  ro les  in the r egu la -  
t ion of the reproduc t ive  function [3, 5] and a s t r i c t ly  definite combinat ion of these  hormones  mainta ins  the 
n o r m a l  cou r se  of p regnancy  and fetal  development .  If  this  combinat ion is d is turbed,  pregnancy  is i n t e r -  
rupted o r  va r ious  m a l fo rm a t i ons  ensue [1, 6, 7, 9]. 

The w r i t e r s  showed p rev ious ly  that  e s t r a d i o l  dipropionate and p roges t e rone ,  if admin i s t e red  to o v a r -  
i ec tomized  pregnant  r a t s  s e p a r a t e l y  o r  in combinat ion,  did not p revent  the in ter rupt ion  of pregnancy  and 
led to death of the e m b r y o s  o r  to the fo rmat ion  of de fo rmi t i e s  [2]. 

In the p re sen t  invest igat ion an a t tempt  was made  to find a combinat ion of the pr incipal  ovar ian  h o r -  
mones  which, when admin i s t e r ed  to pregnant  ova r i ec tomized  ra t s ,  would ensure  no rma l  e m b r y o g e n e s i s .  

E X P E R I M E N T A L  M E T H O D  

Pregnant  noninbred r a t s  weighing 160-180 g were  used.  The ra t s  were  ovar i ec tomized  on the 8th 
day of pregnancy  to exclude the act ion of ovar ian  ho rmones .  The 8th day of pregnancy  was chosen for  the 
opera t ion  so that  changes in e m b r y o g e n e s i s  could be studied f rom the e a r l y  pos t implanta t ion  per iod.  The 
an imals  were  divided into ten s e r i e s .  

In s e r i e s  I (control),  9 r a t s  were  subjected to ova r i ec tomy  only; in s e r i e s  II, 15 ova r i ec tomized  p r e g -  
nant r a t s  r ece ived  1 ~g e s t r ad io l  dipropionate , 2 #g folliculin, and 2 mg  p roges t e rone /100  g body weight 
f rom the day of the operat ion;  in s e r i e s  HI, 14 r a t s  r ece ived  the following hormones :  1 pg e s t r ad io l  d iprop-  
ionate,  2 #g folliculin, 10 #g e s t r io l ,  and 2 m g  p roges t e rone /100  g body weight; in s e r i e s  IV, 13 animals  
r ece ived  1 #g e s t r a d i o l  dipropionate ,  2 gg folliculin, 10 pg e s t r i o l ,  and 2 mg  p roges t e rone /100  g body 
weight; in s e r i e s  V, 14 r a t s  r ece ived  1 pg e s t r a d i o l  dipropionate ,  2 pg folliculin, 5 ~g es t r io l ,  and 1 mg 
p roges t e rone ;  in s e r i e s  VI, 10 r a t s  r ece ived  1 ~g e s t r ad io l  dipropionate ,  1 #g folliculin, 20 #g es t r io l ,  and 
1 mg  p roges t e rone ;  in s e r i e s  VII, 9 r a t s  r ece ived  1 #g e s t r ad io l  dipropionate ,  2 #g folliculin, and 20 ~g 
e s t r io l ;  in s e r i e s  VIII, 9 r a t s  r ece ived  2 ~g follinulin, 20 ~g e s t r i o l ,  and 2 m g  p roges te rone ;  in s e r i e s  IX, 

L a b o r a t o r y  of Human Morphology and Embryogenes i s ,  N. F. Zhordania  Sc i en t i f i c -Resea rch  Insti tute 
of Human Genera t ive  Function, Minis t ry  of Health of the Georg ian  SSR, Tbi l i s i .  (Presented  by Academi -  
cian of the Academy of Medical  Sciences of the USSR N. A. Yudaev.) T rans l a t ed  f rom Byul le ten '  ]~ksperi-  
men ta l ' no i  Biologii  i Meditsiny,  Vol.  78, No. 11, pp. 108-110, November ,  1974. Original  a r t ic le  submit ted  
D e c e m b e r  9, 1973. 

�9 19 75 Plenum Publishing Corporation, 22 7 West 17th Street, New York, N.Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $15.00. 

1326 



TABLE 1. Number of Normal  Fetuses  on 21st Day of Development af ter  Adminis t rat ion of Various 
Combinations Of Ovarian Hormones  to Ovar iec tomized  Pregnant  Rats 

Series of exper iments  

I. Pregnant  ra ts  ovar iec tomized  on 
8th day of pregnancy (control) 

II. Ovar iec tomy+ es t radio l  dipropion- 
ate 1 ~g, folliculin 2 pg, p r o g e s t e r -  
one 1 mg 

HI. Ovar iec tomy + es t radio l  d iprop-  
ionate I ~g, follieulin 2 ~g, e s t r io l  
20 /~g, proges terone  2 mg 

IV. Ovar iec tomy + es t radio l  diprop-  
ionate 1 pg, folltculin 2 #g, e s t r io l  
10 pg, proges terone 2 mg 

V. Ovar iec tomy + es t rad io l  diprop-  
ionate 1 pg, folliculin 2 #g, e s t r io l  
5 #g, p roges te rone  2 mg 

VI. Ovar iec tomy + es t radio l  diprop-  
ionate 1 pg, folliculin 2 pg, e s t r io l  
20 ~g, proges terone  1 mg 

VII. Ovar iec tomy + es t radio l  d iprop-  
ionate 1 pg, folliculin 2 ~g, es t r io l  
20 #g 

VIII. Ovar iec tomy + folliculin 2 pg, 
e s t r io l  20 ug, proges te rone  2 mg 

IX. Ovar iec tomy + es t radio l  d iprop-  
ionate 1 pg, es t r io l  2 pg, p roges t -  
erone 2 mg 

X. Ovar iec tomy + es t r io l  20 ~g, 
proges te rone  2 mg 

Number  of 
animals 

9 

15 

14 

13 

14 

10 

8 

7 

Number of implanted 
embryos  at t ime of 
operat ion 

97 

99 

102 

103 

III 

83 

72 

69 

69 

62 

Normal  embryos 

absolute 
number  

65 

98 

80 

69 

45 

12 

23 

42 

percent of number 
of implanted 
embryos  

65.7~:4.7 

94.1 ~: 2.3 

70.0 ~-4.5 

62.1 • 4.6 

53.0:~5.5 

16.6 ~:4.2 

33.3 :e 5.7 

63.7~5.8 

8 rats  received 1 pg es t rad io l  dipropionate, 20 #g es t r io l ,  and 2 mg proges terone;  in s e r i e s X ,  7 rats  r e -  
ceived 20 ~g es t r io l  and 2 mg proges te rone .  

The choice of doses in these exper iments  was based on the fact that during pregnancy the excret ion 
of es t rogens  r i ses  par t icu lar ly  sharply,  chiefly on account of es t r to l  [4, 5, 8]. 

The injections of the es t rogens  and proges terone in all the exper imenta l  groups were alternated: 
es t rogens  were given on even days and proges terone  on odd days.  

The rats  were killed on the 21st day of pregnancy.  Some animals f rom each se r ies  were kept in 
o rde r  to study the fert i l i ty of the progeny; the fetuses were removed from the remaining animals and in- 
spected external ly .  

As an index to assess  the effect of t rea tment , the  number  of no rma l  embryos  was expressed  as a 
percentage of the total  number  of implanted embryos .  The numer ica l  resul ts  were subjected to s tat is t ical  
analysis .  To calculate the mean e r r o r  the equation for  al ternative variat ion was used: 

m = +  V P(100--P) 
- -  n - - ]  

where P denotes the percentage obtained from the experiment  and n is the number  of fetuses o r  implanta-  
t ions studied, 

E X P E R I M E N T A L  R E S U L T S  

The exper imenta l  resu l t s  are given in Table 1. 
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In the e x p e r i m e n t s  of s e r i e s  I, o v a r i e c t o m y  in te r rup ted  the pregnancy  in all  the an imals .  In s e r i e s  
II, n o r m a l  e m b r y o g e n e s i s  was obs e rved  in 65.7 ~-4.7%of ca se s ,  but developmenta l  anomal ies  o r  death of the 
fe tuses  in 34.3%of c a s e s .  In s e r i e s I H ,  5 of the 102 e m b r y o s  had anomal ies  and one was dead, but the r e -  
maining 96 e m b r y o s  (94.1 ~-2.3%) were  no rma l ly  developed.  In s e r i e s  IV, the  number  of n o r m a l  e m b r y o s  
was somewhat  lower  than in the p reced ing  s e r i e s  (70.0 ~4.3%) on account of an inc rease  in the number  of 
abnorma l  e m b r y o s  (30). In s e r i e s  V, n o r m a l  e m b r y o g e n e s i s  occu r r ed  in 62.1 ~-4.6%of ca se s  and the r e -  
maining e m b r y o s  were  damaged (anomalies ,  death, de fo rmi t i e s  in 3 e m b r y o s ) .  In the an imals  of s e r i e s  
VI the re  were  53.0 ~ 5.5%of n o r m a l  e m b r y o s .  The percen tage  of n o r m a l  e m b r y o s  was much lower  in the 
an imals  of s e r i e s  VH, for  which 83.4 •  the e m b r y o s  were  damaged.  In s e r i e s  VRI, 23 of the 69 i m -  
planted e m b r y o s  (33.3 �9 5.7%) were  no rma l .  In s e r i e s  IX, n o r m a l  e m b r y o g e n e s i s  took place in 63.7 ~- 5.8 % 
of c a s e s .  In s e r i e s  X, pregnaney  was in te r rup ted  in all  7 ova r i ec tomized  pregnant  r a t s .  

The invest igat ions showed that  the opera t ion  of ova r i ec tomy ,  when c a r r i e d  out on the 8th day of p r e g -  
nancy, caused  in ter rupt ion  of p regnancy  in al l  the r a t s .  This  conf i rmed  the necess i ty  for  ovar ian  hormones  
for  no rma l  e m b r y o g e n e s i s .  In the e x p e r i m e n t s  of s e r i e s  II 34.3%of the e m b r y o s  were  damaged.  This  
fact can be explained by the absence  of e s t r io l ,  which is mainly  respons ib le  for  maintaining the no rma l  
course  of p regnancy .  A fall  in the e s t r i o l  t i t e r  is known to lead to ea r l y  abor t ion [5]. 

To examine  the role of e s t r i o l  in the maintenance of pregnancy,  in the next s e r i e s  e s t r i o l  was added 
to the combinat ion of ho rmones  in va r ious  doses  (Table 1). The e x p e r i m e n t s  of s e r i e s  III, in which a high 
p ropor t ion  of n o r m a l  e m b r y o s  (94.1%) was obtained, a re  in te res t ing .  When the dose of e s t r i o l  was reduced,  
the n u m b e r  of n o r m a l  e m b r y o s  dec rea sed .  The reduced  dose of e s t r i o l  was thus insufficient for  the m a i n -  
tenance of n o r m a l  e m b r y o g e n e s i s .  The combinat ion of ho rmones  given in s e r i e s  III was the mos t  f avo r -  
able for  the n o r m a l  course  of p regnancy .  

A dec r ea se  in the dose of p roges t e rone  in s e r i e s  VI led to d is turbance  of the n o r m a l  course  of p r eg -  
nancy but in s e r i e s  VII, when p roges t e rone  was left  out and the an imals  were  given e s t rogens  only, the 
number  of n o r m a l  e m b r y o s  fell  sharp ly .  I t  was thus conf i rmed that  p roges t e rone  is an impor tant  hormone 
of p regnancy  and is e s sen t i a l  for  n o r m a l  e m b r y o g e n e s i s .  

Analys is  of the r e su l t s  of s e r i e s  VIII,  IX, and X showed that  the p re sence  of all  th ree  f rac t ions  of 
e s t rogens  is e s s e n t i a l  for  n o r m a l  e m b r y o g e n e s i s .  However ,  the obse rva t ions  show that  a s t r i c t ly  definite 
quanti tat ive combinat ion of e s t r o g e n s  and p roges t e rone  is impor tan t  for  the maintenance of pregnancy and 
n o r m a l  e m b r y o g e n e s i s  in ova r i ec t om i zed  r a t s ,  and that  a leading role  cannot be a sc r ibed  to any one of 
t hem.  
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