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Evaluation of the effect of the PIR-12 
compound on anxiety and locomotor 
activity in experimental global 
cerebral ischemia in rats

A b s t r a c t  — A study was carried out to assess the effect of 
a new pyrimidine derivative (PIR-12 50 mg/kg) on anxiety 
and locomotor activity under conditions of global cerebral 
ischemia in rats. It was confirmed that the investigated 
compound PIR-12 helps to reduce the degree of anxiety, 
which is manifested in an increase in the indicators "Time at 
the central site" and "Time in the open arms of the maze" in 
3,2 (p<0,05) and 3,1% (p<0,05). "Time in the closed arms of 
the labyrinth" and "the number of grooming acts" decreased 
against the background of the introduction of PIR-12 by 
28,9% (p<0,05) and 4,1 times (p<0,05) compared with the 
control group animals, which surpasses the effect of the 
reference drug Cavinton. In addition, PIR-12 promotes an 
increase in the motor activity of ischemic rats: the number 
of hanging and standing rats was 7,4 times higher (p<0,05), 
4,2 times (p<0,05), relative to the NC rat group, and the 
effect is comparable to the group of animals that received 
Cavinton.
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derivatives on neurological deficits resulting from 
impaired cerebral hemodynamics was proved [4], as a 
result of which it becomes expedient to further study 
pyrimidine derivatives as agents with neuroprotective 
effects.

Objective:
To evaluate the effect of the PIR-12 compound on 
anxiety and motor activity in experimental global 
ischemia of the rat brain.

M a t e r i a l s  a n d  m e t h o d s
The study was conducted in accordance with 

the "Guidelines for Preclinical Trials of Drug Prod-
ucts" ed. by A.N. Mironov (a 2012 edition.) [5]. The 
animals were maintained in compliance with current 
best practices and standards of care in laboratory 
animals. The experiment was performed on 40 male 
Wistar rats m=220–240 g, divided into 4 groups 
(n=10). Rats were kept on a standard vivarium diet, 
with a natural succession of light and darkness. The 
first group was represented by falsely operated rats 
(FO), the second one — by negative control animals 
(NC). The both groups received an intraperitoneal 
suspension of Tween-80 in purified water. The third 
and fourth groups received reference drugs: Cavinton 
(3,2 mg/kg, LLC Gedeon Richter Pharma)[6]. The 
fourth group was administered the pyrimidine deriva-
tive PIR-12 (50 mg/kg), synthesized at the depart-
ment of organic chemistry of the Pyatigorsk Medical 
and Pharmaceutical Institute (Pyatigorsk, Russia) 
— branch of Volgograd State Medical University[7]. 
All objects were injected intraperitoneally for ten days 
before the operation. In the second and subsequent 
groups global brain ischemia was simulated by bilat-
eral occlusion of the common carotid arteries (under 
chloral hydrate anesthesia 350 mg/kg) [8, 9]. A day 
after the reproduction of ischemia, the behavioral 
activity of the animals was assessed in the "Elevated 
plus maze" (EPM) test. The Elevated plus maze is a be-
havioral test to study the activity, emotional state and 
level of anxiety in laboratory animals [10]. Animal 
behavior is recorded within 3 minutes. The indica-
tors of anxiety were considered — the time spent on 
the central site (CS), the time in the open arms of the 

I n t r o d uc  t i o n
Vascular diseases of the brain continue to be one 

of the most important problems in modern health 
care, since the incidence, disability and mortality 
from this nosology remain at a high level throughout 
the world [1]. Ischemia-induced disorders of cerebral 
circulation, pathophysiological and pathobiochemical 
processes in brain tissue, lead to a deficit of neurologi-
cal and cognitive functions, which in turn correlate 
with the severity of brain damage [2]. In this connec-
tion, the need to include drugs with psycho- and neu-
roprotective effects in the therapy of acute cerebrov-
ascular accidents is obvious and beyond doubt [3]. In 
experiments on rats, the positive effect of pyrimidine 
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maze (OA), the time in the enclosed arms of the maze 
(EA), the number of grooming acts. Changes in mo-
tor activity were judged by indicators — the number 
of transitions between arms (vertical activity), stance, 
hanging (horizontal activity). All findings were 
processed by means of variation statistics methods 
using the STATISTICA 6.0 software. The normal-
ity of distribution was assessed by the Shapiro-Wilk 
test. In the case of a normal distribution of the data, a 
parametric t-test was applied. In the case of abnormal 
distribution of the data, the statistical processing was 
performed using the Mann-Whitney U-test. The dif-
ference was considered significant at the significance 
level of more than 95% (p<0,05).

R e s u l t s
Under conditions of experimentally simulated 

cerebral ischemia in rats, an increase in the degree 
of anxiety was observed, which was manifested in 
a decrease in the time spent on the central site by 
74,3% (p<0,05) and the time in the open arms of the 
maze by 71,2% (p <0,05), as well as an increase in 
the time in the enclosed arms of the maze by 55,4% 
(p<0,05) and the number of grooming acts by 3 
times (p<0.05) compared with the initial indicators 
(CS — 28,4±1,8 sec., OA — 49,7±3,9 sec., EA — 
101,9±5,3 sec., Grooming — 3,2±0,5 acts). Relative 
to the FO group of animals in negative control rats, 
the time in the center and in the open arms was 
significantly lower by 73,4% (p<0,05) and 72,3% 
(p<0,05), the time in the enclosed arms and grooming 
was higher by 57% (p<0,05) and 2,9 times (p<0,05), 
respectively. Under conditions of prophylactic admin-
istration of Cavinton, the time at the central site by 
135,6% (p<0,05) and open sleeves was 93,7% (p<0,05) 
higher, the time in enclosed arms and grooming acts 
by 14,7% (p<0,05) and 3,4 times (p<0,05), respective-
ly, were lower in relation to the analogous data of the 
NC group of animals, which may indicate a decrease 
in the level of anxiety in individuals. In the setting of 
intraperitoneal administration of the PIR-12 com-
pound, the time in the center and in the open arms 
was 3,2 (p<0,05) and 3,1% (p<0,05) times higher, and 
the presence in the enclosed arms and the number 
of acts grooming is lower by 28,9% (p<0,05) and 4,1 
times (p<0,05), respectively, compared with rats in the 
negative control group. In comparison with the group 
of rats treated with Cavinton, CS and OA in animals 
that were injected with PIR-12 was statistically signifi-
cantly higher by 34,3% (p<0,05) and 59,6% (p<0,05), 
respectively. The time in the enclosed arms of the 
labyrinth, on the contrary, significantly decreased by 
16,6% (p<0,05) in rats receiving PIR-12 relative to the 
reference drug Cavinton.

In addition to changes in the degree of anxiety in 
conditions of irreversible ligation of the carotid arter-
ies, there is a decrease in horizontal and vertical motor 
activity. Thus, in animals of the NC group, a decrease 
in the number of transitions between the arms of the 
maze by 74% (p<0,05), hanging by 94% (p<0,05) and 
stands by 90,9% (p<0,05) compared with indicators 
before the reproduction of ischemia (transitions – 
7,7±0,8, hanging — 8,4±1,1, stands — 14,3±1,8). In 
comparison with falsely operated rats, similar indica-
tors in this group were also significantly lower: the 
number of transitions by 74,4% (p<0,05), hanging 
— by 94% (p<0,05), stands — by 90,6% (p<0,05). 
Against the background of taking the reference drug 
Cavinton, compared with untreated individuals, there 
was a significant change in the number of hanging (it 
was 6,6 times higher (p<0,05)) and stands (it was 2,7 
times higher (p<0,05)) in there were no significant 
differences in the "number of transitions " indicator. 
The use of the test substance PIR-12 led to an increase 
in motor activity, so the number of hanging was 7,4 
times higher (p<0,05), and the number of racks was 
4,2 times higher (p<0,05) in relation to untreated rats. 
There were no statistically significant differences in 
the indicators characterizing the level of locomotor 
activity between the groups of rats treated with com-
pound PIR-12 and the reference drug Cavinton.

C o n c l u s i o n
 In the experimentally simulated cerebrovascular 

insufficiency, the pyrimidine derivative under the 
laboratory code PIR-12 made it possible to reduce the 
degree of anxiety and increase the locomotor activity 
and showed an effect that was superior in strength to 
the comparison drug Cavinton.
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Table 1. �Assessment of the changes in the level of anxiety in the “Elevated plus maze” test against the background of the administration of the PIR-12 
compound and Cavinton in experimental cerebral ischemia in rats

Note: �FO — false-operated rats; NC — negative control rats; Cavinton — a group rats treated with Cavinton; PIR-12 — a group of rats treated with PIR-12; # — 
statistically significant as compared to the FO rats (p<0,05); * — statistically significant as compared to the NC rats (p<0,05); Δ — statistically significant as compared 
to rats treated with Cavinton (p<0,05).

Fig. 1. �Assessment of locomotor activity in the Elevated plus maze” test against the 
background of the administration of the PIR-12 compound and Cavinton in experimental 
cerebral ischemia in rats

Note: �FO — false-operated rats; NC — negative control rats; Cavinton — a group rats treated with 
Cavinton; PIR-12 — a group of rats treated with PIR-12; # — statistically significant as compared 
to the FO rats (p<0,05); * — statistically significant as compared to the NC rats (p<0,05);Δ — 
statistically significant as compared to rats treated with Cavinton (p<0,05).
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