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A study was made of the behavior of month-old ra ts  exposed in the antenatal period to the action of 
myleran  and vitamin A in doses much smal ler  than those producing deformit ies  of the head and brain in 
fetuses.  The ra ts  which were born were indistinguishable f rom the controls in external charac te r i s t i cs .  
However, at the age of one month they differed sharply f rom the controls  in their motor  activity, agg re s -  
sive response,  response  of choosing a path to avoid an electr ic  shock, and the speed of formation of 
defensive conditioned reflexes.  

The degree of teratogenicity of chemical compounds is usually judged nowadays from the mortal i ty  
of embryos  and the incidence of malformations among fetuses.  

The object of this investigation was to detect disturbances in the behavior of ra ts  exposed in the 
antenatal period of development to the action of myleran  and vitamin A in doses producing no visible ex-  
ternal  signs of developmental disturbance.  Myleran is capable of producing deformities of fetuses both in 
animals [5, 9, 10] and in man [6, 7], and hypervi taminosis  A has the same effect [4, 8]. 

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

Experiments  were ca r r i ed  out on noninbred albino ra ts  weighing 150-200 g. Myle ran  dissolved in 
peach oil was injected on the 9th day of pregnancy, corresponding to the t ime of laying down of the p r imi -  
tive central  nervous system during organogenesis  of ra ts .  To enable the resul ts  to be compared with those 
obtained by other workers ,  the myleran  was injected intraperi toneally under identical conditions. Vitamin 
A was administered by mouth at the same time during pregnancy.  

Motor activity of the ra ts  was determined in an experimental  chamber by recording the number of 
shor t -c i rcu i t s  between discs in the floor.  These resul ts ,  demonstrat ing movements  of the animal in a 
horizontal direction (runs), were recorded  every 10 rain for 1 h [3]" The aggress ive  response was recorded  
by the method described by Kudrin and Polev [1]. The number of sites and the occur rence  of a squeak in 
response to electr ical  stimulation were recorded.  

Defensive conditioned reflexes were studied in a chamber  divided into two compar tments .  The ra t s  
were stimulated by an electr ic  current  applied f rom the chamber  floor~ The number  of combinations 
neces sa ry  to produce the f i r s t  spontaneous conditioned-reflex response  (moving into the other compar t -  
ment) and the number of combinations required to produce three success ive  responses  were determined.  
The response of choosing the path to avoid an electr ic  shock was also assessed  [2]. 

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

In the experiments  of ser ies  I, in which pregnant ra ts  received myleran  in a dose of 5 mg/kg,  when 
the rats  were autopsied on the 18th day of pregnancy,113 fetuses were obtained, 76 with developmental 
defects, including cerebra l  hernias  in 27% of cases.  When myleran was injected in a dose of 2.5 mg/kg,  no 
external abnormali t ies  of fetal development were observed.  After administrat ion of vitamin A in a dose of 
300,000 i.u~ per  rat ,  cerebra l  hernias  were obtained in 30% of cases .  
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Fig. 1. Motor activity (number of sho r t -  
c i rcui ts  between discs in the f loor during 
movements  of rat  in chamber) .  I) Control 
month-old ra t s ;  II) ra ts  exposed in utero to 
the action of myleran;  III) ra ts  exposed in 
utero to the action of vitamin A. 
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Fig. 3. Defensive conditioned ref lexes.  1) 
Rate of format ion of reflex (unshaded columns); 
2) ra te  of stabilization of ref lex (shaded 
columns). Remainder  of legend as in Fig.  2. 

A B C 

) 
/ 2 I 2 1 2 

Fig. 2. Aggressive response (magnitude 
relative to control, taken as 100%). F i rs t  
group of columns (A} represen t s  control 
month-old ra ts ;  second group of columns 
(B) represen t s  ra ts  exposed in utero to 
action of myleran;  third group of columns 
(C) represen ts  ra ts  exposed in utero to 
action of vitamin A. 1) Frequency of 
"squeak" response  (unshaded columns); 
2) number of sites (shaded columns). Ab- 
solute values given at foot of columns. 

In the experiments  of ser ies  II, when myleran 
was injected in a dose of 1 mg/kg  and vitamin A given 
in a dose of 150,000 iou. per  rat ,  the fetuses were in- 
distinguishable f romthe  controls  in weight, in the mean 
number of ra ts  per  l i t ter,  and in external c h a r a c t e r -  
i s t ics .  When these young ra t s  reached the age of 1 
month (343 animals), their behavior was compared 
with that of control ra ts  born from females receiving 
intraperi toneal  injection of peach oil only (62 animals).  

Data reflect ing the motor  activity of the rats  are  
given in Fig. 1 (220 experiments) .  Spontaneous motor  
activity, judged f rom movements  toward the end of 1 
h, were 1o6 t imes less  in ra ts  exposed to myleran,  

and 1.8 t imes less  than in those exposed to vitamin A, than in the controls~ The orienting reaction,  con-  
ventionally regarded  as the excess of maximum motor  activity at the beginning of observat ion over that 
af ter  the end of 1 h, was substantially lower than in the controls only in ra ts  exposed to vitamin A. 

The resul t s  given in Fig. 2 show that in ra ts  exposed to teratogenic action (myleran, vitamin A), the 
number of sites (shaded columns) was 3 and 2 t imes fewer, and the squeak response  (unshaded columns) 
observed 5 and 1.6 t imes less  frequently, respectively,  than in the controls .  It may be objected that the 
squeak is not only a manifestation of a pass ive-defens ive  response,  but also indicates sensitivity to s t imula-  
tion. A decrease  in the number of sites in groups exposed to teratogenic action may depend both on a 
decrease  in aggress iveness  of the animals,  but also on a decrease  in their  sensit ivity.  Whereas both these 
indices were reduced by approximately the same amount in ra ts  receiving vitamin A, in those receiving 
myleran,  in which, general ly speaking, agg re s s ivenes swas  more  inhibited, the number of squeak responses  
was reduced to a grea ter  degree than the number of si tes.  This suggests that the decrease  in number of 
sites in the ra t s  exposed to myleran  was due principally to a decrease  in sensit ivity.  

The resul ts  of a study of defensive conditioned reflexes are  given in Fig. 3. The total number  of 
experiments  was 343~ The rate  of conditioning was defined as the quotient obtained by dividing 100 by the 
number of combinations needed to produce the condit ioned-reflex response.  In ra ts  exposed to myleran  the 
ra te  of conditioning (unshaded columns) was 1.9 t imes less ,  and the rate  of stabilization of the reflex 
(shaded columns) 2~ t imes less  than in the control group. In animals exposed to the action of vitamin A, 
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TABLE 1. Indices Showing Differences  in Response of Choice to 
Avoid E lec t r i c  Shock in Rats  of Different  Groups 

Rats  

Control 
Receiving my le ran  in dose of 
1 mg /kg  
Receiving v i tamin  A in dose of 
150,000 i.u. pe r  r a t  

Rate of leaving 
bottom f loor  

9.6 ~-0,62 (4.0) 
4.8 =~ 0.12 (0.8) 

5.5 ~- 0.34 (1.3) 

Number  of in -  
c o r r e c t  a t tempts  
when moving into 
side compar tmen t  
of chamber  (in %) 

0.2 
0.6 

0.5 

Note. Rate de te rmined  by dividing 100 by t ime  (in sec) taken to 
leave bot tom f loor ,  

these  d i f ferences  we re  1.6 and 1,5 t i m e s , r e s p e c t i v e l y .  A differential  s t imulus  was applied immedia te ly  
a f te r  the f i r s t  spontaneous condi t ioned-ref lex  r e sponse  and again a f te r  i ts  s tabi l izat ion.  The f requency of 
c o r r e c t  r e s p o n s e s  was de te rmined  for  each group of animals .  The values for  the control  r a t s  were  34 and 
58%, for  r a t s  exposed to m yIe r an  25 and 31%, and for  those exposed to v i tamin  A 14 and 9%, respec t ive ly .  

Resul ts  of a study of the ability of r a t s  to choose the c o r r e c t  way out when avoiding an e lec t r ic  shock 
a re  given in Table  1. The total  number  of exper iments  was 87. The ra t e  of depar tu re  was de te rmined  by 
dividing 100 by the t ime  taken to leave  the bottom floor (T) in sec.  The ra te  of depar tu re  f~om the bottom 
floor  in r a t s  exposed to the te ra togenic  action of my le r an  was 2 t imes ,  and in those exposed to the action 
of v i tamin  A 1.7 t imes  lower than in control  an imals .  The number  of mis taken  a t tempts  to go into the side 
compar tmen t  of the chamber  was 3 and 2.5 t imes  g rea t e r ,  r e spec t ive ly ,  for  the " teratogenic~ r a t s  than for  
the cont ro ls .  

Adminis t ra t ion  of m y l e r a n  or  v i tamin  A to female  r a t s  on the 9th day of pregnancy thus leads to the 
appearance  of ma rked  di f ferences  in behavior  between the i r  offspr ing and intact  an imals ,  despite  the fact  
that  no d i f ferences  could be found in external  appearance ,  body weight, and the t ime  when the an imals  
acquired  vis ion.  Macroscopic  examination,  weighing of var ious  pa r t s  of the bra in  separa te ly ,  and 
histological  studies of all pa r t s  of the brain  of these ra t s ,  using sect ions stained with hematoxy l in -eos in  
and by N i s s l ' s  method, failed to revea l  any pathological  changes.  These  findings indicate the exis tence 
of a latent  bra in  defect  in the exper imenta l  r a t s .  

The general  level  of the obse rved  d is turbances  was  about the same  af ter  adminis t ra t ion  of my le r an  
and vi tamin A, despite  the fact  that  m y l e r an  in the exper imen t s  of s e r i e s  II was  injected in a dose equal to 
one fifth, and v i tamin  A was given in a dose equal to one half of the doses  producing vis ib le  ma l fo rma t ions  
of the head and bra in .  
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