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The effect of PIR-9 compound on markers 
of apoptosis in experimental focal cerebral 
ischemia in rats

A b s t r a c t  — A study to assess the effect of a new 
pyrimidine derivative (PIR-9 at a dose of 50 mg/kg) on 
apoptosis markers in experimental focal cerebral ischemia 
of the rat brain. It has been confirmed that the investigated 
compound PIR-9 contributes to a decrease in the 
concentration of TNFα by 34,36% (p<0,05) as compared 
to that in rats treated with a reference drug Cavinton 
(3,2 mg/kg) and has an effect comparable in effect to 
Gliatilin (60 mg/kg). The concentration of AIF in rats that 
received compound PIR-9 was 29,99% (p<0,05) less than the 
group of negative control rats.

I n t r o d u c t i o n
It is known that cerebral ischemia triggers apop-

tosis — regulated neuronal death, the mechanisms of 
action of which are currently well studied [1]. Tumor 
necrosis factor — a pro-inflammatory cytokine that 
activates the extrinsic (caspase-dependent) pathways of 
apoptosis, AIF-a protein that triggers the mitochondrial 
(caspase-independent) pathways of apoptosis, blocking 
the main proapoptotic pathways, can be promoted by 
cerebroprotection [2, 3]. A potential cerebroprotective 
activity of pyrimidine derivatives has been confirmed 
earlier [4], therefore the problem of the effect of these 
compounds on apoptosis markers is of great interest.

Objective
To study the effect of PIR-9 compound on mark-

ers of apoptosis in experimental focal cerebral ischemia 
in rats.

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 
experiment was performed on 30 male Wistar rats 
m=220–240 g, divided into 5 groups (n=6). Rats 
were kept on a standard vivarium diet, with a natural 
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succession of light and darkness. The first group was 
represented by falsely operated rats (FO), the sec-
ond 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) 
and Gliatilin (60 mg/kg), respectively [6, 7]. The fifth 
group received the investigational pyrimidine deriva-
tive PIR-9 (50 mg/kg) [8]. The second and subsequent 
groups modeled focal cerebral ischemia, by occlusion 
of the left middle cerebral artery (under chloral hy-
drate anesthesia, 350 mg/kg) [9, 10]. All objects were 
injected intraperitoneally immediately after the surgery 
and then once daily for three days. The concentration 
of tumor necrosis factor (TNFα) and apoptosis-in-
ducing factor (AIF) was determined by enzyme-linked 
immunosorbent assay in brain homogenate using a 
Tecan Infinite F50 microplate reader. 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  a n d  d i s c u s s i o n
The concentration of TNFα in falsely op-

erated animals was 19,62±0,51 pg/ml (Fig. 1), 
while in rats with focal cerebral ischemia not sub-
jected to pharmacotherapy, this indicator reached 
67,13±1,70 pg/ml, which, in turn, exceeded the 
value of the FO group by 3,42 times (p<0,05). In the 
group of rats that were injected with cavinton, the 
level of TNFα was significantly reduced by 45,11% 
(p<0,05), compared with intraperitoneal adminis-
tration of gliatilin, the identical value was 57,47% 
(p<0,05) less in the negative control animals group. 
At the same time, statistically significant differences 
in this indicator between groups of rats treated with 
Cavinton and Gliatilin were noted. A tendency to a 
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decrease in the concentration of tumor necrosis factor 
was also observed during the administration of the 
experimental compound PIR-9. The concentration 
of TNFα in the group of animals treated with PIR-9 
was 24,19±1,22 pg/ml, which is 63,97% (p<0,05) and 
34,36% (p<0.05) was less values of rats not subject to 
therapy and treated with Cavinton, respectively.

In the group of FO rats, the AIF content was 
4,08±0,24 ng/ml. Occlusion of the left middle cerebral 
artery contributed to an increase in AIF concentration 
by 1,98 times (p <0,05) (Fig. 2) in comparison with 
sham-operated animals and, as a result, activated AIF-
mediated cell death [3]. Intraperitoneal administration 
of the comparing drugs Cavinton and Gliatilin led to 
a decrease in the concentration of the factor inducing 
apoptosis in relatively untreated animals by 35,19% 
(p<0,05) and 38,41% (p<0,05). A similar change was 
noted with the introduction of the experimental sub-
stance, for example, in individuals that were injected 
with compound PIR-9, the AIF concentration was 
29,99% (p <0,05) less relative to the group of untreated 
animals.
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Fig. 1. �Assessment of the effect of PIR-9 compound and the reference drugs on the 
concentration of tumor necrosis factor under conditions of focal cerebral ischemia 
in rats
Note: �FO — false-operated rats ; NC — negative control rats; Cavinton — a group rats 
treated with Cavinton; Gliatilin — a group of rats receiving Gliatilin; PIR-9 — a group of 
rats treated with PIR-9; # — 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. 2. �Assessment of the effect of PIR-9 compound and the reference drugs on the 
concentration of apoptosis-inducing factor under conditions of focal cerebral ischemia 
in rats
Note: �FO — false-operated rats; NC — negative control rats; Cavinton — a group rats treated 
with Cavinton; Gliatilin — a group of rats receiving Gliatilin; PIR-9 — a group of rats treated 
with PIR-9; # — statistically significant as compared to the FO rats (p<0,05); * — statistically 
significant as compared to the NC rats (p<0,05).

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

insufficiency, a pyrimidine derivative (known under 
laboratory code PIR-9 reduced the concentration 
of apoptosis markers (TNFα and AIF) in animals, it 
is also essential that the effect was not inferior in its 
power to the comparison drug Gliatilin and superior 
to Cavinton.
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