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Very little information has been obtained concerning the participation of immunologic factors in the 
etiology and pathogenesis of developmental anomalies in mammals. Women with chronic thyroiditis, for 
instance, have been found to give birth to children without a thyroid gland [7], although the participation of 
autoantibodies against the thyroid in this pathological process developing in the fetus,have not been demon- 
strated experimentally [5, I0, 16]. When female mice are immunized with homologous brain tissue, 8-9% 
of the embryos develop anomalies of the nervous system [Ii]. Malformations have been observed in 
fetuses of rats and mice,if the mothers received injections of nephrotoxic serum during pregnancy [8, 9, 
13]. However, the action of this cytotoxic serum had not been investigated throughout pregnancy, and the 
samples of sera used differed in their activity. 

The object of this investigation was to study the pathogenic and keratogenic action of a nephrocyto- 
toxic serum (NCTS) on the various stages of embryogenesis of albino rats and to compare the sensitivity 
of the embryos to nephrotoxin and to other pathogenic agents. 

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

To p r e p a r e  the cytotoxic serum, r abb i t s  were  immunized  with a homogenate  of the c o r r e s pond ing  
organ of an adult  r a t  mixed with F reund t s  adjuvant .  The organ was f i r s t  r i n sed  f ree  f rom blood in si tu.  
The cycle  of immuniza t ion  cons is ted  of th ree  weekly  i n t r a m u s c u l a r  in jec t ions  of a mix ture  of homogenate 
and adjuvant  in the r a t i o  1 . 1  in a dose  of 2 ml p e r  inject ion.  The p r e p a r e d  s e r u m  was heated to 
56 ~ for  30 rain and kept at  4 ~ . The p r e s e n c e  of ant ibodies  was de t e r m i ne d  by the complement  
f ixat ion r eac t i on  one week a f t e r  the end of the cyc le  of immuniza t ion .  In p r e l i m i n a r y  expe r imen t s  
s e v e r a l  s a m p l e s  of kidney a n t i s e r u m  and b r a i n  an t i se rum,  and a lso  no rma l  blood serum,  w e r e  
t e s ted .  These  t e s t s  showed that  the kidney a n t i s e r u m  was pathogenic and t e ra togen ic  aga ins t  albino r a t  
e m b r y o s  when in jec ted  into the f emales  on the 8th, 9th, and 10th days of pregnancy.  The b ra in  a n t i s e r u m  
and the no rma l  rabbi t  s e r u m  had no such act ion.  Of the three  methods of in jec t ion  s t u d i e d - i n t r a v e n o u s ,  
i n t r ape r i t onea l ,  and s u b c u t a n e o u s - t h e  las t  proved ineffect ive.  The r e s u l t s  of the in t ravenous  and i n t r a -  
pe r i tonea l  methods of in jec t ion  of the s e r a  were  indis t inguishable  [3]. 

In the p re sen t  inves t iga t ion  a mix ture  of nine kidney a n t i s e r a  was used,  so that a p r e p a r a t i o n  of uni-  
fo rm ac t iv i ty  at a l l  t imes  of i ts  a d m i n i s t r a t i o n  could be obtained.  The expe r imen ta l  female  r a t s  r e c e i v e d  
i n t r ape r i t onea l  and in t ravenous  in jec t ions  of the mix ture  in a dose of 1 ml/100 g body weight at a p p r o x i -  
ma te ly  the s ame  t ime  of day. The control  an ima l s  r ece ived  norma l  rabbi t  s e r u m  in the s ame  dose.  

The e x p e r i m e n t s  were  c a r r i e d  out on noninbred albino r a t s  weighing 120-200 g. The f i r s t  day of 
p regnancy  was taken to be the day when s p e r m a t o z o a  were  found in the morning vaginal  s m e a r .  The r e -  
su l t s  of the t r e a t m e n t  were  de t e rmined  when the an ima l s  were  autops ied  on the 17th-18th day  of pregnancy .  
The s i t e s  of implanta t ion  in the u te r ine  cornua and the l iving and abso rbed  e m b r y o s  were  noted. The pos t -  
implanta t ion  m o r t a l i t y  was ca lcula ted  f rom the d i f fe rence  between the number  of implanta t ion  s i t e s  and 
the number  of l iving e m b r y o s .  The e m b r y o s  were  s tudied under  the b inocular  loupe to d i s c o v e r  m a l f o r m a -  
t ions.  The r e s u l t s  were  analyzed by s t a t i s t i c a l  methods.  

EXPERIMENTAL RESULTS 

In the experimental group, 528 living embryos were obtained from i01 females, and 130 of them 
were malformed. In the control group, 294 normal embryos were obtained from 44 females. In the various 
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L e t h a l  and T e r a t o g e n i e  Act ion  of NCTS on E m b r y o n i c  D e v e l o p m e n t  
of Alb ino  R a t s  (Au tops i ed  on 17th-18th  Day  of P regnancy )  
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D e v e l o p m e n t a l  a n o m a l i e s  of r a t  e m b r y o s  fo l lowing  i n j e c t i o n  of NCTS on the 9th day  
of p r e g n a n c y .  A u t o p s i e d  on the  18th day .  l) Meningoce le ,  a n o p h t h a l m i a ;  2) e n e n c e -  
pha ly ,  a n o p h t h a l m i a ;  3) e x e n c e p h a l y ,  h a i r  l ip ,  b i l a t e r a l  a n o p h t h a l m i a ;  4) m e n i n g o -  
ce le ,  h a i r  l ip ,  b i l a t e r a l  a n o p h t h a l m i a ;  5) con t ro l  e m b r y o  on 18th day  of d e v e l o p m e n t .  

e x p e r i m e n t a l  g roups  46 f e m a l e s  d i ed  a few h o u r s  a f t e r  r e c e i v i n g  the i n j e c t i o n  of NCTS, and dea th  was  not 
r e l a t e d  to the  t ime  of p r egnancy ,  but to the  me thod  of i n j e c t i o n  of the p r e p a r a t i o n .  As a r u l e  the  a n i m a l s  
d i ed  a f t e r  i n t r a p e r i t o n e a l  i n j e c t i o n  of NCTS.  Dea th  of  the  f e m a l e s  a f t e r  i n j e c t i o n  of n o r m a l  r a b b i t  s e r u m  
was  not  o b s e r v e d .  

The  m o r t a l i t y  a m o n g  the e m b r y o s  fo l lowing  i n j ec t i on  of  NCTS on the 2nd and 4th days  of p r e g n a n c y  
was  2-3%, i . e . ,  the s a m e  as  the  m o r t a l i t y  in  the  c o n t r o l  g roup  ( see  t ab le ) .  When  NCTS was  i n j e c t e d  at  
l a t e r  s t a g e s  the  m o r t a l i t y  in the  e x p e r i m e n t a l  g roup  r o s e  s h a r p l y .  

The  t e r a t o g e n i c  a c t i o n  of  the p r e p a r a t i o n  was  f i r s t  m a n i f e s t e d  on the 6th day  of p r e g n a n c y  ( s ee  t ab le ) .  
When i n j e c t e d  on the l l t h ,  12th, and 13th d a y s  of p r e g n a n c y  no m a l f o r m e d  e m b r y o s  w e r e  found. H e m a -  
t o m a s  and a r e a s  of e d e m a  w e r e  found in the  e m b r y o s  a f t e r  t r e a t m e n t  wi th  NCT8 f r o m  the 4th to the 13th 
d a y s  of p r e g n a n c y  i n c l u s i v e .  The  p r e d o m i n a n t  m a l f o r m a t i o n s  w e r e  d e v e l o p m e n t a l  a n o m a l i e s  of the  e y e s ,  
m o s t  f r e q u e n t l y  a n o p h t h a l m i a .  D e v e l o p m e n t a l  d i s t u r b a n c e s  of  the b r a i n  ( anencepha ly ,  m i c r o c e p h a l y ,  
m e n i n g o c e l e ) , w e r e f o u n d w h e n  the  NCTS was  i n j e c t e d  on the 7th, 9th, and 10th d a y s .  D e v e l o p m e n t a l  a n o -  
m a l i e s  (ofthe f a c i a l  sku l l  hypogna thus  f a i l u r e  of fus ion  of the  m a x i l l a r y  p r o c e s s e s )  w e r e  o b s e r v e d  in  a few 
c a s e s  when the p r e p a r a t i o n  was  g iven  on the  6th, 7th, 8th, and 9th days  of p r e g n a n c y .  H e r n i a s  of the  l i v e r  
w e r e  s e e n  only in  e m b r y o s  of f e m a l e s  t r e a t e d  with  NCTS on the 10th day  of p r e g n a n c y  ( see  f i g u r e ) .  

I t  fo l lows f r o m  t h e s e  r e s u l t s  that  the s e n s i t i v i t y  of a lb ino  r a t s  e m b r y o s  to NCTS d i f f e r s  a t  d i f f e r e n t  
s t a g e s  of e m b r y o n i c  d e v e l o p m e n t .  The  e m b r y o s  Were  not  i n j u r e d  when NCTS was  i n j e c t e d  on the 2nd and 
4th d a y s  of p r e g n a n c y ,  i . e . ,  when  the d iv id ing  cocy te  was  s t i l l  in the  f a l l o p i a n  tube and m a x i m a l l y  s e n s i t i v e  
to the  a c t i o n  of a g e n t s  such  as  x - r a y s  and r a d i o m i m e t i c  s u b s t a n c e s  ( p y r i m e t h a m i n e ,  Myleran)  [1, 2, 4]. 
The  s e n s i t i v i t y  of  the  e m b r y o s  to NCTS r o s e  s h a r p l y  when the b l a s t o c y s t  e n t e r e d  the u t e r i n e  cav i ty ,  i . e . ,  
on the 5th day  of p r e g n a n c y .  The  peak  of  i n c r e a s e d  s e n s i t i v i t y  to the  a c t i o n  of  agen t s  such  a s  m a t e r n a l  
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hyperthermia and ether anesthesia is on the 4th day of pregnancy [4]. The first peak of increased sensitiv- 
ity of albino rat embryos to NCTS was on the 5th day of pregnancy. In the implantation period (6th and 
7th days of pregnancy), the sensitivity of the embryos to NCTS fell sharply, but in the period of placenta- 
tion it rose again and reached a second maximum on the 10th day of pregnancy. On the llth day and later 

the sensitivity of the embryos to NCTS fell. 

Nephrotoxin shows certain special features of its teratogenic action. For instance, malformations 
appear when the preparation is injected after the 6th day of pregnancy, i.e., before the beginning of the 
period of organogenesis. The curve of teratogenic activity includes the 6th, 7th, 8th, 9th, and 10th days 
of pregnancy, without forming a statistically significant peak. When NCTS was injected on the llth, 12th, 
and 13th days of pregnancy no malformations appeared, i.e., the teratogenic activity of the preparation 
had ceased, at a time when other teratogenic agents still continue to form developmental anomalies. 

A differential sensitivity of embryos at the various stages of embryogenesis thus exists toward the 
injection of kidney antibodies into the mother, and is shown by two peaks of increase of embryonic mor- 
tality, on the 5th and 10th days of pregnancy. During the analysis of the teratogenic action two facts stand 
out: the earlier onset of teratogenic activity and the comparative uniformity of the observed develop- 
mental anomalies. When these findings are discussed, the mechanism of action of NCTS must be borne in 
mind. Is the observed teratogenie defect connected with the immediate action of the injected antibodies or 
with chronic effects from the injured mother, or on the other hand, are these effects the result of the dir- 
ect action of antibodies on the embryonic cells or the result of physiological changes in the mother as the 
result of the injected NCTS ? That this last suggestion is possible is shown by the high mortality among 
the females from the dose of the nephrotoxin used. 

Reports in the literature suggest that the antibodies have a direct action on the embryonic cells im- 
mediately after injection of NCTS. According to Brent [8], compression of the vessels of one cornu of the 
uterus for 30 rain at the moment of injection of the antiserum protects the embryos in that eornu from 
injury. Determination of the circulation time of the kidney antibodies in the blood stream showed that the 
antibodies disappeared from the blood 40 rain after injection of NCTS [15]. The kidney antibodies consist 
of two components, the concentration of the first of which falls in the blood by half within 4 rain, and of the 
second, within 80 rain after injection [14]. It is also known that nephritis among female sheep [17] and 
female rats [12] does not cause developmental anomalies in the embryos. These results, and also the dif- 
ferential sensitivity of the embryos at different stages of embryogenesis to administration of NCT~ favor 
the view that the teratogenic action of NCT8 is due to its direct action on the embryonic cells. However, 
special investigations are needed before this problem can be finally solved. 
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