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A new pyrido[1,2-a]pyrimidine derivative causes psychostimulation in albino rats ex- 
pressed in accelerated learning during the elaboration of the avoidance reaction in a 
shuttle box. It is also shown that on a model of  acute emotional stress induced by a 
disturbance of  the unambiguity of cause-effect relationships in the experimental set- 
ting this compound exhibits a stress-protecting effect which is comparable to the ef- 
fect of piracetam. 
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As we showed previously, the new pyrido[1,2- 
a]pyrimidine (PP) derivatives synthesized at the 
Research Institute of Pharmacology, Russian Acad- 
emy of Medical Sciences, offer a spectrum of use- 
ful psychotropic properties. As quaternary salts of  
pyridopyrimidine with relatively simple substitu- 
tes (methyls, phenyls, and oxy groups) in a basic 
bicyclic structure, these compounds exert mar- 
ked psychostimulatory and antidepressive effects 
in experiments comparable in efficacy to the 
known antidepressants and psychostimulators with 
nootropic action. 

The aim of the present investigation was to 
correlate the psychostimulatory effect of one of the 
promising compounds of the PP group - perchlo- 
rate-2,4-dimethylpyrido[1,2-a]pyrimidine (PION-6) 
with the properties of the known psychostimulator 
piracetam from the group of nootropics. 
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Laboratory of Evolution of Memory Mechanisms, Department 
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MATERIALS AND METHODS 

The methods used for the study were the elabora- 
tion of the avoidance reaction (AIR) and reversible 
functional failure of the AR, which has shown its 
efficacy in the study of psychopharmacological cor- 
rection of behavior impaired by stress [4,5,7]. 

The study was carried out on male outbred rats 
weighing 180-220 g, divided into 3 groups. The rats 
of the fwst group (n=8) were injected with piracetam 
(300 mg/kg), animals of group 2 (n=6) were given 
physiological saline, and rats of group 3 (n=10) 
received PP derivative (20 mg/kg). The substances 
and physiological saline were administered intraperi- 
toneally in a volume of 0.4-0.5 ml throughout the 
course of conditioning 30 min prior to each test. 

In all animals the AR was learned in the 
course of 7 days by 25 presentations per test in a 
shuttle box. The conditioned stimulus was a sound 
(10 sec) and electric current served as the uncon- 
ditioned stimulus (10 sec). The movement of the 
animal from one half of  the box to the other half 
switched off both stimuli. 

With AR formation completed, the malfunction 
of the reaction was performed as described previ- 
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Fig. 1. Effect  of P I O N - 6  and  p i r ace t am on fo rmat ion  of AR (a) and  inter t r ia l  reac t ions  (b). I) control;  2) p i race tam,  3 
P ION--6 .  "p<O.05, " p < 0 . 0 l ,  "--p<0.001 compared  with the  control.  

ously [4]. According to this method,  the react ion 
of  animals did not  lead to switching off  o f  the 
stimuli and the rats were shocked unexpectedly,  
this being repeated on three runs. The current  was 
switched off  immediately after the 3rd run, but the 
sound was discontinued only 2 see later. After that 
on the same day the AR level was tested (20 pre- 
sentations) unde r  routine experimental conditions. 

The experimental  data were processed statisti- 
cal ly by  Wi lcoxon  and Ko lmogorov -Smi rnov ' s  
nonparametfic  tests. 

RESULTS 
As is clear f rom the data in Fig. 1, AR forma- 
tion is improved against the background of  the test 
PP derivative as compared to the control. It should 
be noted that  the test compound  induced a more 
rapid relative increase of  the number  of  intertrial 
reactions, which sharply decreased after the 5th day. 
According to the Pavlovian school of  thought such 
a dynamics o f  intertfial reactions attests to speedier 
processes o f  generalization and specialization of  a 
condi t ioned reflex. This general  regularity, when  
applied to the condit ioned defense reflexes, is ex- 

pressed in a proportional rise of  intertrial reactions 
and reactions of  avoidance and escape at the ini- 
tial stage [2,3,9]. In accordance with the mentioned 
theoretical considerations, the data obtained on the 
dynamics of  intertrial reactions against the back- 
ground of  the test compound yield additional infor- 
marion concerning its stimulatory action. 

It is also known that  an increase of  intertfial 
reactions attests to activation o f  the motivational 
componen t  o f  the condi t ioned reflex and to an 
increase o f  the adaptive reserve of  the organism 
[6]. The effect of  the compound  on the emotional  
sphere m a y  be judged  by  the increase  in the  
amount  o f  fecal pellets. 

On the last experimental day AR attained 80% 
of  the level o f  learning in all animals, so that the 
AR values did not differ significantly among the 
tested groups (Fig. 1, a). The failure o f  AR was 
tested against this background. The data obtained 
are  given in Table 1. The  values o f  AR a n d  
intertrial reactions before and after malfunction are 
expressed in percent of  the number  of  presenta-  
tions. Since disturbances are mostly manifes ted 
immediately after malfunct ion and then the con-  
ditioned reaction is normalized [4], the entire test 

TAB1_F 1. Effect of Piracetam and  P I O N - 6  on the AR Malfunct ion (in % of N u m b e r  of Presentat ions ,  M+_-m) 

N o t e .  * deno t e s  rel iabi l i ty  (p<0.05) of differences as compared  to the  control .  



M. Jq. Kozlovskaya, A. N. lnozemtsev, et o2. 203 

period is divided into shorter intervals and all the 
values are given for a block of the last 5 presen- 
tations prior to malfunction and for blocks 1-5, 6- 
10, and so on after malfunction. As is evident 
from Table 1, the malfunction resulted in a reli- 
able disturbance of the AR formed in the control 
animals. The number of intertrial reactions increased 
simultaneously, pointing to an increase of pragmatic 
indeterminacy and an increase of emotional stress 
[8]. This is in agreement with previous data, accord- 
ing to which a disturbance of the unambiguity of 
cause-effect relationships (the foundation of the 
present techniques) results in malfunction of higher 
nervous activity and in impaired elaboration and res- 
toration of  th AR [1,4,9]. Therefore, the findings 
attest to the development of acute emotional stress, 
creating appropriate conditions for a study of the 
adaptogenic action of psychotropic drugs. 

The malfunction-induced destruction of  AR 
restoration was less pronounced against the back- 
ground of piracetam and the test compound then 
in control animals. The differences in AR resto- 
ration after malfunction in experimental animals 
and control rats became significant (Table 1). The 
restoration of the AR against the background of the 
test compound was higher then in control animals 
over the course of the test period. 

It is shown that the test PP derivative exerts 
a psychostimulatory effect expressed in speedier 
learning during AR formation in a shuttle box. 
This compound exhibits an adaptogenic action 
comparable to the effect of piracetam on the model 
of acute emotional stress induced by disturbance of 
the unambiguity of  cause-effect relationships. 

The data obtained hold promise for the search 
and further experimental study of pyridopyrimidines 
as new psychotropic drugs with stimulatory action. 
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