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The s e x  r a t i o  w a s  s t ud i ed  in h u m a n  e m b r y o s  by i d e n t i f i c a t i o n  of  the s e x  c h r o m a t i n  and by  
k a r y o t y p e  a n a l y s i s  in c u l t u r e s  of  e m b r y o n i c  f i b r o b l a s t s .  I n v e s t i g a t i o n  of 2000 e m b r y o s  ob:- 
r a ined  by  m e d i c a l  a b o r t i o n  showed a s e x  r a t i o  of  104.9 d :  1009,  wh ich  c o r r e s p o n d s  to  a 
r a t i o  of  1 : 1 and to the  s e c o n d a r y  s e x  r a t i o  wi th  a 5% l eve l  of  s i g n i f i c a n c e .  The r a t e  of  in -  
c i d e n c e  of  c e l l s  wi th  s e x  c h r o m a t i n  in m a l e  e m b r y o s  was  0 and in f e m a l e  i t  v a r i e d  f r o m  14 
to 52%. The  d i s t r i b u t i o n  of s e x  c h r o m a t i n  in the c e l l s  of  f e m a l e  e m b r y o s  i s  r e p r e s e n t e d  
by  a c u r v e  wi th  p o s i t i v e  a s y m m e t r y .  

The v iew w a s  he ld  un t i l  r e c e n t l y  tha t  m a l e  e m b r y o s  d ie  in l a r g e  n u m b e r s  f r o m  s e x - l i n k e d  l e t h a l  
m u t a t i o n s .  The e x i s t e n c e  of  a p r e p o n d e r a n c e  of  m a l e  e m b r y o s  h a s  been  r e p o r t e d  in s e v e r a l  i n v e s t i g a t i o n s  
conduc ted  b y  d i f f e r e n t  m e t h o d s  on m a t e r i a l  ob ta ined  a f t e r  s p o n t a n e o u s  and t h e r a p e u t i c  a b o r t i o n  [4, 6, 7]. 
H o w e v e r ,  in a r e c e n t  d e t e r m i n a t i o n  o f  the  s e x  r a t i o  by  a m o r e  r e f i n e d  t e c h n i q u e ,  the  a u t h o r  [1] and a l s o  
Kukha renko  [5], have  shown tha t  the  r a t i o  d o e s  no t  d i f f e r  f r o m  1 : 1. The l i m i t s  of  v a r i a t i o n s  of  the  s e x  
r a t i o  among  e m b r y o s  c a l c u l a t e d  in a p r e v i o u s  p a p e r  [4] w e r e  100-108 b o y s  to 100 g i r l s .  

The  o b j e c t  of t h i s  i n v e s t i g a t i o n  w a s  to  v e r i f y  t h e s e  c a l c u l a t i o n s  e x p e r i m e n t a l l y  and to d e t e r m i n e  the  
s e x  r a t i o  in man  in the  e m b r y o n i c  p e r i o d  m o r e  e x a c t l y .  

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

The sex  r a t i o  w a s  d e t e r m i n e d  by d e t e c t i o n  of s e x  c h r o m a t i n  and by k a r y o t y p e  a n a l y s i s .  E m b r y o n i c  
t i s s u e s  w e r e  c u l t i v a t e d  f o r  t h i s  p u r p o s e .  

T A B L E  1. R e s u l t s  of A n a l y s i s  of 
Sex Ra t io  in Human E m b r y o s  
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46 

P i e c e s  of sk in  m u s c l e s  wi th  a t o t a l  v o l u m e  of about  2 c m  3, o b -  
t a i n e d  a f t e r  t h e r a p e u t i c  a b o r t i o n  f r o m  h e a l t h y  w o m e n  be tw e e n  the 
6th and 12th w e e k s  of p r e g n a n c y ,  w e r e  t aken  f r o m  the m a t e r n i t y  
h o m e s  to  the  l a b o r a t o r y  in p e n i c i l l i n  f l a s k s  con ta in ing  H a n k s ' s  s o l u -  
t ion .  F r o m  4 - 6  h a f t e r  the  m a t e r i a l  w a s  ob t a ined  the  e m b r y o n i c  t i s -  
sue w a s  cut  up in the s a m e  f l a s k s  wi th  s c i s s o r s  to a s i z e  of 1-2 
m m  3. The  m i n c e d  m a s s  w a s  c o v e r e d  wi th  a m i x t u r e  of t r y p s i n  and 
v e r s e n e  (3 : 1) equa l  to  f ive  t i m e s  i t s  v o l u m e  and incuba ted  f o r  15-  
20 ra in .  The m i x t u r e  w a s  then  r e m o v e d  and 6-8  m l  of a c u l t u r e  
f lu id  c o n s i s t i n g  of m e d i u m  No. 199 (80%), bovine  s e r u m  (20%), and 
p e n i c i l l i n  (300 un i t s  p e r  ml  me d ium)  w a s  added  to each  f l a sk .  The 
r e s u l t i n g  s u s p e n s i o n  f r o m  each  e m b r y o  was  p o u r e d  into two p e n i c i l -  
l in  f l a s k s  wi th  c o v e r s l i p s  in the  bo t t om.  

The c e l l s  w e r e  c u l t i va t e d  at  37~ f o r  48-50  h. If  the  s p e c i m e n s  
w e r e  to be p r e p a r e d  f o r  e x a m i n a t i o n  fo r  s e x  e h r o m a t i n ,  the  n u t r i e n t  
m e d i u m  w a s  p o u r e d  off and 3 -4  m l  of  a m i x t u r e  of e thano l  with a c e -  
t i c  ac id  (3 : 1) was  added  to each  f l a s k .  
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Sex chromatin 
D i s t r i b u t i o n  c u r v e  of f r e q u e n c y  

of  c e l l s  wi th  s e x  c h r o m a t i n  among  
f e m a l e  e m b r y o s .  A b s c i s s a  - p e r c e n t  of 
c e l l s  con ta in ing  s e x  c h r o m a t i n ;  o r d i -  
na te  - n u m b e r  of f e m a l e  e m b r y o s ;  c o n -  
t inuous  l i ne  - n o r m a l  c u r v e ;  do t s  d e -  
note  v a l u e s  a c t u a l l y  o b s e r v e d  ( a r i t h -  
m e t i c  m e a n  x = 25.21,  d i s p e r s i o n  S 2 = 
38.44).  

In  the  c a s e  of k a r y o t y p e  a n a l y s i s ,  4 h b e f o r e  f ixa t ion  

0.2 ml  of c o l c h i n c i n e  so lu t i on  (final  c o n c e n t r a t i o n  10 -G) w a s  
added .  The n u t r i e n t  m e d i u m  w a s  w i t h d r a w n  f r o m  the f l a s k s  
a f t e r  48-50  h and 5 ml  of a 0.55% so lu t ion  of the  p o t a s s i u m  
c h l o r i d e  w a s  added  fo r  15-18 min .  A f t e r  r e m o v a l  of the  s o l u -  
t ion  the c o v e r s l i p s  w e r e  f ixed  in the  s a m e  w a y  a s  f o r  the  d e -  
t e c t i o n  of s e x  c h r o m a t i n .  

The s p e c i m e n s  w e r e  s t a i n e d  wi th  2% o r c e i n  a c e t a t e  fo r  
10 m i n ,  d e h y d r a t e d  in a l c o h o l s ,  c l e a r e d  in xy lo l ,  and moun ted  
in b a l s a m .  

Sex c h r o m a t i n  w a s  d e t e r m i n e d  in ova l  n u c l e i  of  a v e r a g e  
s i z e  wi th  a f i ne ly  g r a n u l a r  s t r u c t u r e .  An i n t e n s e l y  s t a i n e d  
ova l  p a r t i c l e  l y ing  a t  the  edge  of  the  n u c l e a r  m e m b r a n e  w a s  
t a k e n  a s  s e x  c h r o m a t i n .  To e s t i m a t e  the  i n c i d e n c e  of c e l l s  
wi th  s e x  c h r o m a t i n ,  50-100 c e l l s  w e r e  s t u d i e d  f r o m  each  e m -  
b r y o .  

M e t a p h a s e s  s a t i s f y i n g  a l l  the  r e q u i r e m e n t s  fo r  t h i s  p u r -  
p o s e  w e r e  c h o s e n  fo r  k a r y o t y p e  a n a l y s i s  [3]. At  l e a s t  f ive  
c e l l s  f r o m  each  e m b r y o  w e r e  a n a l y s e d ,  so tha t  the  s ex  could  
be r e l i a b l y  d e t e r m i n e d  f r o m  the c h r o m o s o m e s .  

EXPERIMENTAL RESULTS 

Altogether 2000 embryos were studied for sex chroma- 

tin. The incidence of cells with sex chromatin in some embryos 

was 0, while in the others it varied from 14 to 52%. Absence of sex chromatin characteristic of male in- 

dividuals can thus be clearly demonstrated after cultivation of embryonic tissues. Because of the high per- 
centage of cells with sex ehromatin in the female embryos, the sex ratio can be studied satisfactorily by 

this method. 

The distribution of female embryos by the percentage of embryonic fibroblasts in the culture con- 

taining sex chromatin is shown in Fig. I. 

The resulting curve was an almost normal distribution but showed positive asymmetry. Its charac- 

teristics were as follows: ~ = 25.21; S = 6.20; S 2 = 38.44; A = 0.666 ~- 0.231; E = 0.306 4- 0.775. The pre- 

sence of asymmetry suggests a significant gap between the percentage of sex chromatin in the male and 

female embryos. The absence of an excess in the distribution of the sex chromatin level among the female 

embryos evidently means that the distribution was not random and was independent of various influences. 

The validity of sex determination in embryos by counting sex chromatin in cultures of fibroblasts 
was also confirmed by sex determination from chromosomes in 268 embryos. In every case the results of 

sex determination by detection of sex ehromatin agreed with those obtained by karyotype analysis. 

The results obtained for the sex ratio in chronological order for each I00 embryos are given in 

Table I in order to show the range of variation with small samples. 

The ratio between male and female embryos in absolute figures was 10240" : 9769 or 104.9o" : 1009, 

respectively. The results do not differ significantly from the ratio 1 : 1 or from the secondary sex ratio 

for Moscow [2] with a 5~ level of significance. They also lie within the range of variation of the sex ratio 
determined previously in embryos by other methods [i]. 

It can accordingly be concluded from this investigation that the sex ratio in human embryos is close 
or equal to the secondary sex ratio of 105-106 boys to i00 girls. 

The author is grateful to N. P. Bochkov, A. N. Chebotarev, and K. N. Yakovenko for their help with 
the work and for taking part in the discussion. 
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