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In previous investigations [1-3] we examined the ear ly postnatal  ontogenesis of higher nervous ac t iv i ty  in 
puppies irradiated an tena ta l ly  on the 13th, 20th, and 45th days of embryogenesis.  In the present investigation the 

objec t  was to determine  whether restoration of disturbed brain functions, noticed in ear ly postnatal  ontogenesis, 

takes place in adult dogs irradiated before birth. 

M E T H O D  

To ta l  i r radiat ion of the animals  with x-rays was given in utero as a single dose of 200 R at a dose rate of 

6 R/min  at different periods of an tena ta l  development :  on the 13th day (the beginning of organogenesis), the 20th 
clay (the period of complet ion  of organogenesis), and the 45th and 50th days (fe ta l  period). The conditions of ir- 

radia t ion  were: vol tage 190 kV: current 15 mA, filters 0.5 mm Cu and 0.5 mm A1. Observations were made on 
20 adult  dogs: 4 animals  were irradiated antenata l ly  at each of the t imes  mentioned above, and 4 were controls. 
The condi t ioned-ref lex  ac t iv i ty  was investigated by the c lass ica l  method of sal ivary reflexes condit ioned to food. 

R E S U L T S  

We began to try to form a system of positive conditioned reflexes and differentiat ion in the animals at the age 
of about 1-2 years. The results given in the table show that the food condit ioned reflexes and different ia t ion appeared 

and became  f i rmly established sooner in the animals  i r radiated on the 55th day than in a l l  the rest (at  almost the 

same t imes as in the control  animals),  

The most marked disturbances of the re f lex- forming  function of the cerebra l  cortex and of the processes of 
internal inhibit ion were observed in the dogs irradiated on the 13th day of embryogenesis.  In these animals  the 
condit ioned reflexes to both sound and light were formed with great diff iculty,  and stable different iat ion was not 
found even after 200 applicat ions,  The condi t ioned-ref lex  ac t iv i ty  was chaot ic  in character  and omission of re- 
flexes, refusal to eat  in the exper imenta l  room, and phasic states (balancing and paradoxical  phases) were frequently 

observed, 

In the animals  i rradiated on the 20th day of embryogenesis the greatest dif f icul ty  was observed during the 
format ion of the  condit ioned reflex to light.  Condit ioned reflexes to acoustic s t imuli  appeared compara t ive ly  ear ly  
in these animals ,  whereas the condit ioned reflex to light was formed later  than in the controls (see table) .  Com-  
parison of these animals  with the animals irradiated on the 45th day shows that there was hardly any difference in 
the t imes  of appearance and s tabi l iza t ion  of the condit ioned reflexes to acoust ic  st imuli ,  whereas the differences 
between the t imes  of appearance and s tabi l iza t ion  of the reflex to light were considerable (P45 < 0.001). This 
demonstrates that the disturbances taking place  in the animals irradiated on the 20th day of embryogenesis affected 

ma in ly  the functions of the optic analyzer .  
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Modif icat ion of the signal value of an associated pair of con.  
di t ioned s t imuli .  I) Control;  II) animals i rradiated on the 

20th day of embryogenesis;  III) on the  45th day; IV) on the 

55th day. A) Modif icat ion of the positive value of the st imu- 
lus to negat ive;  B) modif ica t ion  of the negat ive value of the 
stimulus to positive; a) modif ica t ion  registered; b) modif ica-  
tion comple ted .  

Another character is t ic  feature of a l l  the i r radiated dogs was the re la t ive ly  ear ly appearance of the condit ioned 

reflex (see table) ,  which was not accompanied  by a correspondingly ear ly  s tabi l izat ion,  indicat ing the absence of 
concentra t ion of the nervous processes in the i r radiated animals.  Whereas, for example ,  the condit ioned reflex to 
the ra t t le  appeared in the dogs irradiated on the 13th day of embryogenesis after 4.25 combinations,  compared to 
3.25 combinat ions in the controls (P < 0.05), it was s tabi l ized in the i r radiated animals  only after 22.5 combinat ions,  

compared with t0.5 combinations in the controls (P < 0.001). The same relationship was also observed in respect 
of the formation of the other reflexes. 

So far as different ia t ion is concerned,  in a l l  the irradiated animals  this appeared and became stabi l ized later 
than in the controls, and in the animals  i rradiated on the 13th day,  moreover,  in general  different iat ion was not 
s tabi l ized.  The s tabi l iza t ion  of different ia t ion was also diff icul t  to produce in the dogs irradiated on the 20th day.  

In order to ascertain the state of mobi l i ty  of the nervous processes in the animals after the establ ishment  of a 

constant background, a two-way modif ica t ion  of the signal  value  of  the associated pair of condit ioned st imuli  was 
carried out. This test could not be performed on the dogs irradiated on the 13th day. 

It follows from the results given in the figure that modif ica t ion  was most diff icult  to introduce in the case of 

the dogs irradiated on the 20th day of embryogenesis.  Modif ica t ion  of the positive stimulus into negat ive  was most 
diff icul t  for both the irradiated and the control  animals.  On the whole the irradiated animals  accomplished the 

modif ica t ion  much later  than the controls, reveal ing marked inert ia  of their nervous processes. The decrease in the 
mobi l i ty  of the nervous processes was also c lear ly  demonstrated in a special  test in which a stereotype (appl ied over 
100 t imes)  was replaced by one stimulus. The  reproduction of the complex stimulus was more comple te  than in the 
control  animals,  espec ia l ly  in dogs irradiated on the 13th and 20th days of an tenata l  development .  

Another test was carried out in which the animals were deprived of food for 24 h in order to study the strength 
of the process of s t imulat ion.  In the control  dogs the magni tude of the positive conditioned reflexes as a rule in- 
creased,  whereas in the irradiated animals it ei ther remained unchanged (55th day), fe l l  very sl ightly (45th day and, 
par t ia l ly ,  20th day),  or fe l l  considerably as far as the to ta l  d isappearance of the reflexes (13th day and, par t ia l ly ,  
20th day). The results of the fasting test demonstrate  the obvious weakness of the process of s t imulat ion in the ir- 
rad ia ted  animals ,  espec ia l ly  in those irradiated on the 13th and 20th day of embryogenesis.  
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In a further test, d i f ferent ia t ion was prolonged to 3 rain. In the control animals  the secret ion of saliva after 
appl ica t ion  of the d i f ferent ia l  stimulus for a period of 3 rain amounted to 5-9 drops, distributed re la t ive ly  evenly in 

t ime .  In the animals  irradiated on the 20th and 45th days, and to a lesser extent  on the 55th day of embryogenesis,  

de - inh ib i t ion  was more marked and was observed main ly  at the beginning of act ion of the s t imulus -dur ing  the first 

minute;  hardly any secret ion was produced during the next 2 rain. This indicates  that  in the  course of  the first minute  

cor t ica l  inhibit ion became  overstrained,  with the deve lopment  of l imi t ing  inhibit ion.  

In the animals  i rradiated on the 13th day of embryogenesis the to ta l  secretion was less than in the controls. 
I m m e d i a t e l y  after prolonged different iat ion,  disappearance of reflexes and refusal to eat  were observed in a l l  the 

dogs. Consequently, l imi t ing inhibit ion developed very ear ly  in the animals i r radiated on the 13th day of antenatal  

deve lopment ,  and was mainta ined  for a long t ime.  The results of the test of proIongation of different ia t ion indicate  
weakness of the processes of internal  inhibit ion in the irradiated animals.  

In a test in which excessively strong st imuli  (tone 600 with a strength of 110 dB) were used, the to ta l  disap- 
pearance  of a l l  the reflexes was observed on the day of the test and on the next day in the irradiated animals  (except  

those irradiated on the 55th day),  and on the following days the condi t ioned-ref lex  ac t iv i ty  of  most of them was 

within the l imits  of the or iginal  background, whereas in the control  animals the disturbances of the condit ioned- 
ref lex ac t iv i ty  after this test persisted for 4-8 days. The  reason for the short duration of the disturbances of con- 
d i t ioned- re f lex  ac t iv i ty  in the irradiated animals  may have been that  l imit ing,  protect ive inhibit ion developed in- 
stantaneously in them, protect ing their nervous system against the further injurious act ion of the stimulus. The 

disturbance of the ref lex-forming function of the cerebra l  cortex in animals  irradiated an tena ta l ly  is not, therefore,  

compensated with age,  but continues to be manifested in adult l ife.  
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