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Investigations conducted in recent  years have indica ted  that the ac t iv i ty  of the brain, which provides for the 

formation of condit ioned reflexes and the establishment of e lementary  forms of memory,  based on the condit ioned 
reflex mechanism, depends to a high degree on the nucle ic  acid and the protein metabol ism [5,10-12,1G16].  The 

facts obtained in these investigations may be evaluated  either from the standpoint of the hypothesis of the role of 
nucle ic  acids and proteins in the in t race l lu lar  coding of st imuli  of the external  environment [15], or on the basis of 
the representat ion that nucle ic  acid  and protein synthesis is essential for the growth of the processes of the neurons 
and the establ ishment  of new intemeuron synaptic  connections. These hypotheses include a definite general  factor, 
consisting of the fact that  in the formation of a condit ioned reflex and strong reca l l ,  the increased function of the 
neurons of a defini te  functional  constel la t ion act ivates  the genet ic  apparatus of these neurons, and this ac t ivat ion is 
expressed in the synthesis of a certain amount of RNA. Actual ly ,  independent of whether RNA synthesis is necessary 
for the growth and establ ishment  of interneuron connections, or whether i t  is needed for the newly synthesized RNA 
to be able to code the frequency characterist ics  of the incoming impulses,  the process of formation of new portions 
of RNA on the existing DNA i tself  should be a v i ta l  l ink in the mechanism of the formation of conditioned refIexes 
and strong reca l l ,  if  one of the above mentioned hypotheses is correct .  

On the basis of these considerations, in this work we studied the influence of a factor that se lec t ive ly  blocks 
the DNA-dependent  synthesis of RNA, ac t inomycin  2703, on the process of formation of new condit ioned reflexes 
and on the s tab i l iza t ion  of strong, previous ly  developed condit ioned reflexes. 

I N V E S T I G A T I O N  P R O C E D U R E  

The experiments were conducted according to a modified motor-food method [4] o n m a l e  rats of the Wistar 
l ine,  weighing about 200 g. A tota l  of four series of experiments were conducted (five rats in each). In series I, a 
condit ioned reflex to l ight  was pre l iminar i ly  developed in the rats, and against a background of injections of ac t ino-  
mycin,  a reflex to the tone 400 cps was developed.  In the animals of series II, a conditioned reflex to the tone 400 
cps was pre l iminar i ly  developed,  and against  a background of inject ions of ac t inomycin ,  a condit ioned reflex to red 
l ight  was developed.  In series III, the inf luence of ac t inomycin  on the development  of condit ioned reflexes was in-  
vest igated in rats in which condit ioned reflexes had not been developed before this. The animals of series IV, which 
rece ived  inject ions only of the solvent (aqueous a lcohol  mixture), served as the con t ro l  

In the study of the process of establ ishment  of a condit ioned reflex,  we determined two indices: the appear-  
anee of the reflex and its s tabi l izat ion.  The appearance  of the reflex was considered to be the appearance of a 
posit ive react ion to the condit ioned stimulus, while s tabi l iza t ion was considered t 9 be the appearance of the ref lex 
ten t imes in a row. In the experiments ,  we used the Soviet preparat iom ac t inomyein  2703, produced at the 
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Dynamics of the formation of a conditioned reflex 
to sound in control animals (1) and in animals that 
received act inomycin 2703 (2). Along Y axis, 
presence of conditioned reflex reaction (in percent 
of total number of presentations of the conditioned 
stimulus); along X axis, t ime from the beginning 
of the experiment (in days). The arrows indicate 
the beginning and cessation of administration of 
the preparation. 

Laboratory of Natural Compounds of the Institute of Experi- 
mental Oncology, Academy of Medical Sciences USSR. 
This preparation represents a mixture of act inomycin D and 
other actinomycins. Special biochemical  investigations in- 
dicated that in vitro it selectively and entirely inhibits RNA 
synthesis on the structural genes of the DNA of animal cells 
[1,2,9], while in vivo it inhibits the activation of nucleic 
acid synthesis, growth and division of differentiated cells of 
the internal organs of mammals, with compensatory hyper- 
function of these cells [8]. Actinomycin 2703 was adminis- 
tered subcutaneously in aqueous alcohol solution, in a dose 
of 10/lg of the preparation per 100 g of weight of the animal. 
Injections of act inomycin 2703 were administered daily at 
the same time over a period of 7 days. The development of 
a conditioned reflex in nonirradiated rats (series III) and of 
a new conditioned reflex in animals with a developed con- 
ditioned reflex (series I and II) was begun after three injec-  
tions of the preParation i .e. ,  72 h after the beginning of its 
administration. 

R E S U L T S  OF T H E  I N V E S T I G A T I O N  AND T H E I R  D I S C U S S I O N  

The sum total of our experiments consists of the fact  that actinomycin 2703 does not exert any significant 
effect upon the previously developed motor-food conditioned reflexes to sound and light at the dose.s used and indi- 
cated duration of its administration, and at the same t ime sharply inhibits the development" of new motor-food con- 
ditioned reflexes to these stimuli, entirely eliminating their stabilization. 

The most indicative axe the results of experimental series I, in which a conditioned reflex to sound was de- 
veloped in the animals with previously developed strong conditioned reflexes to light against the background of ad- 
ministration of act inomycin 2703 (see table). 

From the table it is evident that changes in the developed conditioned reflexes to light were observed only 
after five to six injections of the preparation. After the injections of act inomycin 2703 was stopped, a rapid restora- 
tion of the original quantitative characteristics of the indicated reflex set in. 

In the rats of this series, a new conditioned reflex (to sound) arose at the second to third combination, but it 
was not stabilized against a background of administration of actinomycin 2703, in spite of 30-35 combinations. 
Strengthening of the reflex was noted only after 10 to 15 combinations after administration of the preparation had 
ceased. In the control animals, which did not receive the preparation, stabilization of this reflex usually occurred 
after five to eight combinations (see figure). 

Thus, the administration of actinomycin 2703, while not exerting any significant influence on previously de- 
veloped conditioned reflexes to light, excluded stabilization of a newly developed conditioned reflex to a stronger 
stimulus, sound. 

Analogous results were obtained in the animals of series II; in the animals of series III, which had no previously 
developed conditioned reflexes, the new conditioned reflex also was not developed; in series IV (control), the admini- 
stration of the solvent to the animals exerted no effect upon the existing and newly,developed reflexes. 

The data that we obtained show that the disturbance of the process of formation of conditioned reflexes induced 
by act inomycin 2703 cannot be explained by phenomena of general intoxication and by a corresponding decrease in 
the motor activity and food excitability. More evidence against such an explanation is the conservation of previously 
developed conditioned reflexes, the substantial magnitude of the reactions between signals, the distinct expression of 
the orientative reflex, and the relative conservation of appetite in animals that received actinomycin. 

Since act inomycin blocks the DNA-dependent RNA synthesis, the results obtained mean that RNA synthesis on 
the DNA templates is vital to the process of stabilization of new conditioned reflexes; old, previously formed 

1348 



c o  
ED 

C'q 

m 

E 
O 

O 

O 

r~ 

N 
t~3 

o 

N 
�9 

O 

O 
O 

0) 
C~ 

o 

O 
> 
O c~ 

N 
O 

O 

oO 

o 

O 
O 

oO 
r  

+1 
oD 

~D 
oD 

o ~ 
+l  
r 

O 
o o  

cO 

of 
+1 

c o  

o ~ 
+1 

O 
o o  

O 
oO 

O 

of 

+1 
kO 

r 

+1 
cO 
cxl 

O 
o o  

O 
~O 

0 
~0 
Cq 

+1 
t O  c ' l  

r  

+1 
Cq 
O~ 

t O  
O~ 

6x~ 

o~ 
+l  +l  

t'-.- 
t O  

t'-- 

O 
O +l 

r  

t O  

+1 
c q  

O 
O 

r  

+I 
O~ 

o ~ 
+1 

O 
O 

r.O 

,-2 

+1 
O 
O 
oD 

oO 
O 
O 

+1 
o o  
r  

oD 
cO 

O 
O 

0 

+1 +1 
oO 
c o  

oD 

L'q t - -  

o +1 -t-I 
O0 

OD 
t O  

== - oa-> ~= 
~-, ~ ~ ' ~  

conditioned reflexes, on the contrary, can function ~uninter- 
ruptedly ~ for a rather long time when the DNA-dependent RNA 
synthesis is inhibited. This fact, as was indicated above, may 
be satisfactorily explained from the standpoint of the two basic 
hypotheses on the role of the synthesis of nucleic acids and pro- 
teins in the mechanism of conditioned reflexes and memory. 
However, these hypotheses themselves are far from equally sub- 
stantiated, since there are a number of facts contradicting the 
hypothesis of intracellular coding of the impulses arising to the 
neuron in the nucleic acid molecules and indicating that the 
growth and change of interneuron connections are a more prob- 
able basis for the stabilization of conditioned reflexes and 
memory. In view of this, it should be kept in mind that the 
neuron, just like any other differentiated cell ,  is characterized 
by a bilateral reiationship between the function and the genetic 
apparatus. The direct relationship consists of the fact that the 
genetic apparatus based on scheme DNA ~ RNA--, protein 
guarantees the appearance, and then the constant renewal of 
all the cellular structures, in particular structures that perform 
a specific physiological function i .e. ,  the generation and trans- 
mission of excitation. Feedback represents information directed 
from the cytoplasm to the nuclens and indicating the level  of 
physiological function of the c e l l  Regulating the activity of 
the genetic apparatus in accord with the level  of function, this 
line of communication prevents the wearing out of celtular 
structures. 

Cytophysiological investigations [18] have shown that the 
essentially physiological hyperfunction of the intact neuron very 
rapidly results in a considerable increase in the decomposition 
and synthesis of RNA and protein; if hyperfunction is sufficiently 
prolonged and intense, such activation of the genetic apparatus 
becomes the basis of growth of the neuron and its processes [3,8, 
14]. This means that an important feature of the organization 
of the neuron under the conditions of the intact organism is the 
prompt and intensive realization of feedback, existing between 
its function and the genetic apparatus, the possibility of rapid 
and extensive mobilization of the genetic apparatus when func- 
tion is increased. Since the process of development of a con- 
ditioned reflex is provided for by intensive functioning of a 
definite combination of neurons, it may be assumed that, 
occurring originally in the form of a circulation of excitation 
in the reverberating network or in any other form, such physio- 
logical hyperfunetion activates the genetic apparatus and leads 
to growth or reorganization of the processes of the neurons and 
synaptie structures. As a result of this, the primarily functional 
process receives a plastic, structural supply and becomes a re- 
sistant and economical  basis for the establishment of conditioned 
reflexes and memory. 

Leaving aside a number of aspects of this premise, let us 
emphasize its main factor: that the realization of the intra- 
neuron interrelationship between the functions and genetic ap- 
paratus of the cell  plays the basic role in the formation of inter- 
neuron synaptic connections and the formation of multineuron 
systems comprising the structural basis of the stabilization of 
conditioned reflexes and memory. 
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Al l  a b b r e v i a t i o n s  of p e r i o d i c a l s  in the  a b o v e  b ib l iography  are l e t t er -by- l e t t er  t rans l i t er -  
a t i o n s  of  the  a b b r e v i a t i o n s  a s  g iven  in the or ig ina l  R u s s i a n  journal.  Some or all o f  th is  peri-  

od i ca l  l i t e ra ture  may  wel l  be  ava i l ab l e  in Eng l i sh  translat ion.  A c o m p l e t e  l i s t  of  the c o v e r - t o -  
c o v e r  E n g l i s h  t r a n s l a t i o n s  appears  at the  back  of  th is  i s s u e .  
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