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An important method of investigation of tera togenesis  is by modifying morphogenesis ,  which may be 
done by disturbing the specific biochemical  p rocesses  in ear ly  embryogenesis  with the aid of antagonists 
of metabolism, i.e., of chemical  teratogens [1, 2, 4]. 

The object of the present  investigation was to study the teratogenic react ions of the chick embryo 
by using aminopterin and 5-fluorouracil ,  the mechanism of whose teratogenic action has been adequately 
explained as by depressing the synthesis of nucleic acids [5-10]. 

EXPERIMENTAL METHOD 

Experiments  were car r ied  out on 1- or  2-day chick embryos  (4-23 pai rs  of somites).  P ieces  of ash-  
f ree  fi l ter  paper  measur ing  1 • 1 mm were soaked in solutions of aminopterin (0.032%) or 5-f luorouraci l  
(0.1%) and applied for  10 rain to the postsomite a reas  of the embryos.  After  this t rea tment  the eggs were 
again incubated until the end of 7 days. All the developmental anomalies observable visually in the surv iv-  
ing embryos  and also in those dying on the 5th-7th days of incubation were recorded.  

EXPERIMENTAL RESULTS 

Aminopterin and 5-fluorouracil produced various developmental anomalies in the embryos, the prin- 

cipal of which were mierophthalmia and malformations of the trunk and limbs (Table i). 

In some cases the developmental anomalies of the eyes took the form of a moderately severe micro- 
phthalmia, i.e., the eyes were simply reduced in size but were correctly subdivided into their component 
parts. In other cases, besides a decrease in the size of the eyes, their structure was grossly disturbed. 

On visual inspection these eyes had the appearance of a small formation bounded by rudimentary eyelids, 

TABLE 1. Teratogenic Action of Aminopterin 
(AM) and 5-f luorouraci l  (FU) on Chick Embryos  
of 4-23 Somites (results obtained at end of 7th 
day of incubation) 

Substance 

Total 

With malformations 
(m %) 

of the head 
(mielophthalmia) 

ot the eyes (micro- 
(micrdphthalmia) 

of the trunk and tail 
of wings, lower limb 

Embryos 
4-13 somites 

Abl FU 

21 26 

67--+10,2 81-+7,7 

33-+ 10,2 38-+ 9,5 

57_+_ 10,8 64-+9,5 
52-- + t0,9 50-+9,8 
38_+ t0,6 46----..9,8 
43+10,8 32+ 9,1 

14-23 somites 
i 

AM FU 

51 94 

43_+_ 7,0 56_+ 5,2 

10• 7• 

27• 25• 
30-- + 6,4 56• 5,2 
30-+6,4 15-+3,6 
27_+5,2 31_+4,8 

in the depth of which could be seen a pigmented lump 
(Fig. la). On section the rudimentary s t ructure  of the 
eye could be seen (Fig. lb). The optic vesicle ceased 
to develop, evidently, soon after  application of the sub- 
stance, and its anterior segment invaginated only par- 
tially or not at all. The cavity of the optic vesicle com- 
municated with the cavity of the brain; in the 7-day em- 
bryos the cells of the optic vesicle contained pigment. 
The lens, most frequently appearing as an irregular 
vesicle, lay in a small cavity separately from the optic 
vesicle. The gross disturbances of development of the 
optic vesicle and lens did not, however, prevent the for- 
mation of the eyelids and the convexity of the anterior 
part of the rudimentary eye. Such eyes may be classes 
on the whole as "rudimentary". Following the applica- 
tion of aminopterin mainly a moderately severe micro- 
phthalmia developed, while fluorouracil caused the form- 
ation mainly of "rudimentary" eyes. 
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Fig .  1. A 7 - d a y  c h i c k  e m b r y o  a f t e r  t r e a t m e n t  wi th  a m i n o p t e r i n .  
a - -  G e n e r a l  a p p e a r a n c e .  4 .5•  b - -  s e c t i o n  a t  the  l e v e l  of the  " r u d i -  
m e n t a r y "  e y e s :  1) r u d i m e n t s  of l ids ;  2) p i g m e n t e d  w a l l  of the  op t i c  
v e s i c l e ;  3) l e n s .  F i x a t i o n  in B o u i n ' s  f lu id .  H e m a t o x y l i n - e o s i n .  35x .  
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F ig .  2. C o m p a r i s o n  of m a l f o r m a t i o n s  a r i s i n g  b y  the  7th day  
of incuba t ion  fo l lowing  a p p l i c a t i o n  of 5 - f l u o r o u r a e i I  (b-d) and 
a m i n o p t e r i n  (e-h) to e h i e k  e m b r y o s  at  the  s t a g e  of 4-23 s o -  
m i t e s ,  a - -  c o n t r o l .  Drawn f r o m  p h o t o g r a p h s .  E x p l a n a t i o n  
in t ex t .  

In the  e x p e r i m e n t s  wi th  a m J n o p t e r i n  the t r u n k  was  n e a r l y  a l w a y s  c o m p l e t e l y  f o r m e d  as  f a r  a s  the  
t ip  of the  t a f t  (Fig .  2e-h) ,  but  of ten i t  was  s h o r t e n e d ,  cu rved ,  c o v e r e d  wi th  t u b e r c l e s  o r  s w e l l i n g s ;  o c c a -  
s i o n a l l y  d e v e l o p m e n t a l  de f ec t s  of the  t a i l  w e r e  p r e s e n t .  A f t e r  t r e a t m e n t  wi th  5 - f l u o r o u r a c i l  the  m a l f o r m -  
a t i o n s  of the  t r u n k  w e r e  m o r e  s e v e r e  than  in the  e x p e r i m e n t s  wi th  a m i n o p t e r i n  and w e r e  c h a r a c t e r i z e d  r e -  
duc t ion  of i t s  c auda l  p a r t :  in r e l a t i v e l y  m i l d  c a s e s  the  t ip  of the  t a i l  was  absen t ,  bu t  in m o r e  s e v e r e  c a s e s  
the  ta f t  w a s  r u d i m e n t a r y  up to the  l e v e l  of the  l o w e r  l i m b s  (Fig .  2b, c), and in the  s e v e r e s t  c a s e s  the  t r u n k  
failed completely to develop below a level a little behind the Mar region (Fig. 2d). 

Following treatment with aminopterin and malformations of the limbs were the most severe and ob- 
vious defects. The wings and legs consisted of short, pointed projections or very thin threads, and often 
they were absent altogether (Fig. la and Fig. 2e-h). In contrast to the changes observed after application 
of aminopterin, the developmental disturbanees of the limbs caused by 5-fluorouracil, although frequently 
seen, were much milder and were always combined with severe developmental disturbances of the trunk 
(which failed to develop from a level Corresponding to the rostral border of the rudimentary hind limbs). 
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In these cases  the hind l imbs  were  usually absent,  but if they did develop they differed ve ry  li t t le in s ize 
and shape f r o m  the control ,  and the i r  only developmental  defects  we re  mino r  anomal ies  in the i r  dis ta l  
p a r t s :  impe r f ec t  fo rmat ion  of the digits,  i r r e g u l a r l y  indented edges, and other  defects .  The deve lopmen-  
ta l  d i s tu rbances  of the wings were  confined ent i re ly  to defects  of the i r  dis ta l  pa r t s .  

This  investigation of the action of aminopter in  and 5- f luorourac i l  on the chick embryo  also showed 
that the sensi t ivi ty  of the embryos  to these  subs tances  depends, as is r epor ted  in the l i t e r a tu re  in the case  
of other  harmful  agents  [3], on the stage of development  at the momen t  of application: the younger  e m -  
b ryos  a re  always m o r e  sensi t ive  (see Table 1). The tera togenic  action of the agents used is  cer ta in ly  con- 
nected with the nature  of the i r  b iochemical  action: aminopterin,  by dis turbing the convers ion  of folic acid 
into its reduced f o r m s  essent ia l  for  nucleic acid synthesis  indirect ly d e p r e s s e s  the synthes is  of DNA [9], 
while 5- f luorouraci l ,  which blocks thymidylate  synthetase,  d e p r e s s e s  DNA synthes is  d i rec t ly  [6]. How- 
ever ,  these p r o p e r t i e s  alone cannot explain the different  reac t ions  of the embryos .  Why, it m a y  be asked, 
when embryos  are  t r ea t ed  at the same  per iods  of development,  should the l imbs  be mainly  affected in one 
case  (aminopterin) and the caudal segments  of the t runk in the other  (5-f luorouraei l)?  This se lec t ive  sen-  
s i t ivi ty is evidently connected not only with the b iochemica l  action of these  substances ,  but also with the m 
morphologica l  and physiological  f ea tu res  dist inguishing the development of these analgen in the different  
per iods  of embryogenes i s .  
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