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The behavior of month-old rats  was studied following administrat ion of pyrimethamine (1 
mg/kg) and vitamin A (150,000 i.u.) to their mothers  during pregnancy in doses much less 
than those causing malformations of the fetal brain. Although in their outward appearance 
the ra ts  were  indistinguishable f rom the controls ,  their  motor  activity was lower and their  
aggress ive  response  weaker than with normal  rats  of the same age. They differed sharply 
f rom intact animals also in their rate of defensive conditioning and in the rate of their  r e -  
sponse of choosing the cor rec t  path of avoidance. 

Evidence has been obtained that the intrauterine action of radiation or  of chemical agents may not 
only lead to malformat ions ,  but may also disturb the behavioral  responses  of outwardly normal  animals 
after  birth. The W.H.O. experts  have recommended the t e rm "functional" to describe defects of this type. 
After  exposure to pyrimethamine in utero,  malformations of the fetus have been found [1, 2]. Comparat ive-  
ly little is known of the teratogenie action of pyrimethamine on the human fetus, but f rom the few repor ts  
which have been published, such an effect seems likely [8, 12]. The teratogenic action of hypervi taminosis  
A is welt known [5, 9, 11]. 

The object of this investigation was to look for disturbances of behavior in ra ts  exposed antenatally 
to pyr imethamine and vi tamin A in doses too small  to produce externally visible developmental d is tur-  
b an ce s. 

EXPERIMENTAL METHOD 

Noninbred albino rats weighing 160-220 g were used. Pyrimethamine, dissolved in poach oil, was in- 

jected intraperitoneally in a single dose on the 9th day of pregnancy, the time of maximum teratogenie ac- 

tivity of the compound [3], and the time of first appearance of the primitive central nervous system [i0]. 

A concentrated oily solution of vitamin A was given by mouth at the same time of pregnancy. 

The motor activity of the rats was studied in a chamber by recording the number of short-circuits 

between contacts in the floor during running. Records of movements of the animal in the horizontal plane 

were taken every I0 rain for i h [7]. The aggressive response was recorded by the method of Kudrin and 
Polevoi [4]. The number of sites and the presence of a squeak in response to electrical stimulation were 
recorded. 

Conditioned defensive reflexes were studied in a chamber divided into two compartments. The rats 

were stimulated by an electric current through the floor. The number of combinations necessary for the 
first spontaneous conditioned-reflex response (going into the other compartment) and the number of combi- 

nations necessary for 3 correct consecutive responses, considered to indicate a stabilized conditioned re- 
flex, were determined. The response of choosing the path of avoidance during electrical stimulation was 
assessed [6]. 
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Fig .  1. Motor ac t iv i ty  (number of shor t  
c i r cu i t s  of f loor  contacts  as r a t s  moved 
about in chamber ;  ordinate) of control  
month-old  r a t s  (1) and of r a t s  exposed 
antenata l ly  to p y r i m e ~ a m i n e ( I I )  and v i -  
tamin A (III). 
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Fig.  2. A g g r e s s i v e  r e sponse  ( re l -  
a t ive to control ,  taken as 100%) of 
month-old  control  r a t s  (A) and of 
r a t s  exposed antenata l ly  to p y r i -  
methamine  (B) and v i tamin  A (C): 
1) f requency of squeak r e sponse ;  
2) number  of s i t e s .  

EXPERIMENTAL RESULTS AND DISCUSSION 

In the e x p e r i m e n t s  of s e r i e s  I, py r ime thamine  was injected into pregnant  f emales  in a dose of 8 r ag /  
kg. At autopsy on the 18th day of pregnancy,  210 fe tuses  were  found, of which 117 had deve lopmenta l  de-: 
f ec t s ,  notably meningoce le  in 32% and anencephaly in 14% of ca se s .  Following admin i s t r a t i on  of v i tamin  A 
in a dose of 300,000 i .u.  pe r  r a t ,  meningoee les  were  found in 30% of ca se s .  

In the expe r imen t s  of s e r i e s  II, a f te r  admin i s t r a t ion  of py r ime thamine  in a dose of 1 mg /kg  and of 
v i t amin  A in a dose of 150,000 i.u. pe r  ra t ,  the progeny  was indis t inguishable  f rom the control  in weight,  in 
ex te rna l  appearance ,  and in the mean number  of young r a t s  in the l i t t e r .  When the r a t s  at tained the age of 
1 month (428 animals)  the i r  behavior  was compared  with the behavior  of control  r a t s  (96) whose mothers  
had r ece ived  peach oil  by i n t r a p e r i t o n e a l  inject ion during pregnancy.  

The motor  act ivi ty  of the young r a t s  whose mothers  had r ece ived  pyr ime thamine  and v i tamin  A dur -  
ing pregnancy  was much less  marked  than that of the cont ro ls  (Fig.  1). The a gg r e s s i ve  r e sponse  of the ex-  
p e r i m e n t a l  young ra t s  was much weaker  (Fig~ 2). 

The r a t e  of defensive conditioning was de t e rmined  in expe r imen t s  on 26 9 an imals  as the quotient ob- 
tained by dividing 100 by the number  of combinat ions needed to produce the cond i t ioned- re f lex  r e sponse .  
In r a t s  exposed antenata l ly  to py r ime thamine ,  the r a t e  of condit ioning was 2.1 :~ 1.4 (control 6.2 • 1.9), and 
the ra te  of s t ab i l i za t ion  3.2 + 1.6 (control  8.8 J: 2.4). The co r re spond ing  f igures  for  r a t s  exposed to v i tamin  
A were  2.8 • 1.2 and 4.2 • 1.4. The d i f fe ren t ia l  s t imulus  was applied af ter  the r e in fo rced  cond i t ioned- re -  
f lex r e sponse .  The number  of c o r r e c t  r e s p o n s e s  was counted for  each group of r a t s .  The r e s u l t  of this in-  
ves t iga t ion  was 68% for  the cont ro l  an imals ,  11% for  r a t s  exposed to py r ime thamine ,  and 24% for  r a t s  ex-  
posed to v i tamin  A. 

In expe r imen t s  on 217 r a t s  the abi l i ty  of the an imals  to find the c o r r e c t  choice of path to avoid e l e c -  
t r i c a l  s t imula t ion  was de t e rmined .  The t ime taken by the r a t s  to leave the bottom f loor  of the chamber ,  in 
seconds  (t), was converted into a r a t e  (100/t). The ra te  of leaving the bottom f loor  of the chamber  was 3.4 
• 0.17 for  r a t s  exposed antenata l ly  to py r ime thamine ,  7.8 + 0.1 for  r a t s  exposed t o v i t a m i n A ,  and 12.2 ~= 0.2 
for  intact  r a t s .  The " t e r a togen i c "  r a t s  made 4 and 2.6 t imes  r e s p e c t i v e l y  more  mis t akes  when going into 
the side compar tmen t  of the chamber  than the control  r a t s .  

Nei ther  m a c r o s c o p i c  examinat ion  nor h i s to log ica l  study of al l  pa r t s  of the bra in  of these an imals ,  
with sec t ions  s ta ined with hema toxy l in -eos in  and by N i s s l ' s  method,  r evea l ed  any abnormal i ty ,  so that the 
b ra in  defect  in these r a t s  was evident ly  la tent  in c h a r a c t e r .  

Another  impor tan t  fact  is  that during the inves t igat ion of py r i m e t ha m i ne  and v i tamin  A the genera l  
level  of abno rma l i t i e s  in the behav io ra l  r e s p o n s e s  of the r a t s  was about equal ,  although the dose of p y r i -  
methamine  given in the expe r imen t s  of s e r i e s  I was 8 t imes  s m a l l e r ,  and the dose of v i tamin  A was 2 
t imes  s m a l l e r  than doses  capable of producing e x t e r n a l l y  v i s ib le  maf format ions  of the fe ta l  head and bra in .  
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