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Effects of neuropeptides on behavior 
of rats in open field test 
and experimentally induced 
social stress

A b s t r a c t  — The experiment is devoted to the study of 
the effect of neuropeptides on the psychoemotional state 
of rats exposed to experimental social stress. In the process 
of modeling social stress, inter-male confrontations were 
observed, as a result of which groups of animals with 
aggressive and submissive types of behavior were formed. 
The psychoemotional state of animals which were injected 
with the registered neuropeptides Semax (Met-Glu-His-Phe-
Pro-Gly-Pro) and Selank (Thr-Lys-Pro-Arg-Pro-Gly-Pro), as 
well as new synthetic compounds of neuropeptide structure 
— His-Phe-Arg-Trp-Pro-Gly-Pro, Pro-Gly-Pro and Pro-Gly-
Pro-Leu were assessed with the help of open field test based 
on the results of behavioral responses. It was found that the 
studied neuropeptides (Semax, Selank, His-Phe-Arg-Trp-
Pro-Gly-Pro, Pro-Gly-Pro and Pro-Gly-Pro-Leu) exhibited a 
psychomodulatory effect and relieved symptoms of anxiety-
depressive disorders caused by exposure to social stress.

K e y w o r d s  — experimental social stress, neuropeptides, 
Semax, Selank, psychomodulatory effect.
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I n t r o d u c t i o n
Despite a significant number of experiments and 

publications devoted to various aspects of the problem 
of stress, the assessment of the level of human stress 
resistance, especially its behavior under exposure to 
stress is becoming increasingly important and requires 
detailed study [1, 2].

One of the main aspects of considering stress is 
the fact that stress is a complex of psychological and 
behavioral responses that reflect a state of inner anxiety 
or suppression. The behavioral response, being the 
most flexible and diverse in form, serves as one of the 
mechanisms for protecting the body from the action 
of various stress factors. According to a number of 
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researchers its elements are present at all stages of the 
adaptation process, they are especially pronounced at 
the stage of disadaptation [3, 4].

Currently, researchers pay great attention not only 
to the study of the factors that cause stress-induced 
states, but also the way to eliminate them [5, 6, 7]. 
In this connection a promising option for stress-
protective agents has been suggested by a group of 
neuropeptides, which are endogenous, playing a role in 
the formation of compensatory-adaptive forces of the 
body and regulating important homeostatic functions 
[8, 9, 10, 11, 12, 13, 14]. The study of the functions 
of neuropeptides demonstrates their ability to regu-
late learning, attention and behavior, and to exhibit 
neuroprotective, neuroregenerative and other types 
of activity [15, 16, 17, 18]. Semax (Met-Glu-His-Phe-
Pro-Gly-Pro) and Selank (Thr-Lys-Pro-Arg-Pro-Gly-
Pro) are registered representatives of neuropeptides 
which were developed at the Institute of Molecular 
Genetics of the Russian Academy of Sciences and used 
in clinical practice. Along with the already registered 
drugs new synthetic compounds of neuropeptide 
structure - His-Phe-Arg-Trp-Pro-Gly-Pro, Pro-Gly-Pro 
and Pro-Gly-Pro-Leu are of significant interest from 
the standpoint of the prospects for practical imple-
mentation in clinical pharmacology. 

The aim of research: to study the effect of neu-
ropeptides on the psychoemotional state of laboratory 
animals exposed to a model of social stress.

Material and methods. The study was carried out 
on 130 white male rats. The animals were divided into 
groups (n = 10): group 1 - intact animals (control); 
group 2 - rats exposed to social stress for 20 days and 
5 groups of experimental animals exposed to social 
stress and receiving neuropeptides at doses of 100 μg 
/ kg per day intraperitoneally for 20 days: registered 
drugs Semax (Met-Glu-His-Phe-Pro-Gly-Pro) and 
Selank (Thr-Lys-Pro-Arg-Pro-Gly-Pro), as well as new 
compounds His-Phe-Arg-Trp-Pro-Gly-Pro, Pro-Gly-
Pro and Pro-Gly-Pro-Leu.

In our experimental model of social stress rats 
were paired-housed in cages separated by a transparent 
partition with holes, which enabled rats to see, hear 
and smell each other, but at the same time prevented 
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physical interaction. The septum was removed for 10 
minutes every day, resulting in inter-male confronta-
tion. As a result, groups of animals with aggressive and 
submissive behaviors were formed.

The psychoemotional state of the animals was 
assessed by the results of studying behavior in the open 
field test.

The experiment results were statistically processed 
using the following programs: Microsoft Office Excel 
2007 (Microsoft, USA), BIOSTAT 2008 Professional 
5.1.3.1. To process the obtained results, a parametric 
method was used with the Student t-test with the Bon-
ferroni correction. Statistically significant differences 
were considered at p˂0.05.

R e s u l t s
The results of the study of the effect of neuropep-

tides on the psychoemotional state of laboratory 
animals under experimental social stress are presented 
in the table. 

Table. �The effect of neuropeptides on the emotional state of rats under conditions of social stress

Experimental groups of
animals

Behavioral indicators (M ± m)
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Control 61,67 ±5,8 18,37±1,6 9,3±0,8 2,3±0,2 1,12±0,1 1,17±0,2
Animals with an aggressive type of behavior
“Social” stress 37,0±3,0** 12,75±1,16* 6,2±0,5** 1,5±0,1** 2,0±0,23* 2,33±0,25**
“Social” stress + Semax 51,11±4,14# 17,87±1,52# 8,81±0,64## 2,1±0,19# 1,21±0,17# 1,33±0,1##
“Social” stress + Selank 46,83±3,72# 15,29±1,21 7,67±0,62 1,67±0,14 1,33±0,1# 1,57±0,11#
“Social” stress + His-Phe-Arg-Trp-Pro-Gly-Pro 47,2±4,04# 16,33±1,36# 8,29±0,73# 2,0±0,18# 1,2±0,1## 1,63±0,14#
“Social” stress + Pro-Gly-Pro 51,2±4,73# 17,43±1,81# 8,75±0,62## 2,4±0,21## 1,25±0,11# 1,6±0,18#
“Social” stress + Pro-Gly-Pro-Leu 48,57±4,65# 15,33±1,36 9,25±0,82## 2,0±0,15# 1,5±0,14 1,67±0,15#
Animals with a submissive type of behavior
“Social” stress 33,0±3,03** 10,25±0,82** 5,67±0,45** 1,33±0,1** 2,83±0,37*** 1,8±0,15**
“Social” stress + Semax 45,21±3,88# 13,63±1,0# 7,83±0,58# 2,2±0,17### 1,24±0,12### 1,18±0,1##
“Social” stress + Selank 44,2±4,11# 14,0±1,24# 7,25±0,58# 1,5±0,14 1,67±0,14# 1,5±0,14
“Social” stress + His-Phe-Arg-Trp-Pro-Gly-Pro 43,33±4,19# 13,33±0,93# 8,4±0,93# 1,67±0,15 1,78±0,14# 1,27±0,1#
“Social” stress + Pro-Gly-Pro 49,17±4,37## 14,71±1,21## 8,5±0,6## 2,0±0,18## 1,5±0,11## 1,17±0,1##
“Social” stress + Pro-Gly-Pro-Leu 42,75±3,72# 11,83±0,82 8,25±1,06# 1,5±0,11 2,0±0,18# 1,44±0,11

Note: �* — p<0,05; ** — p<0,01;*** — p<0,001 — comparing with control; # — p<0,05; ## — p<0,01; ### — p<0,001 — comparing with stress (Student’s 
t-test with Bonferroni amendment for multiple comparisons).

Analysis of the obtained data showed that the for-
mation of social stress led to the development of a state 
of increased anxiety in rats. So in animals with aggres-
sive behavior we registered a decrease of horizontal and 
vertical motor, specific hole activity by 40% (p1<0.01), 
30% (p1<0,05) and 35 % (p1<0,01) respectively and 
transitions through the сentral zone of the test is 35% 
(p1<0,01) in comparison with the control group of ani-
mals. The intensification of short-term grooming and 
the increase in the number of fecal boluses of almost 
1.8 (p1<0.05) and 2 (p1<0,01) times respectively were 
additionally noted. These changes were also observed 
in animals with submissive behavior: a decrease in 
horizontal motor, vertical motor, specific hole activity 
by almost 50% (p1<0.01) and transitions through the 
central zone of the test by 45% (p1<0.01) as well as 
increased grooming and an increase in the number of 
fecal boluses by 2.5 (p1<0.05) and 1.5 (p1<0.01) times 
respectively in relation to the control.

E x pe  r i m e n t a l 
P h a r m a c o l o g y



27|  a r c h i v  e u r o m e d i c a  |  2 0 2 0  |  v o l .  1 0  |  n u m .  3  |

When introducing neuropeptides, results 
were obtained indicating their ability to eliminate 
depressive-like disorders in animals developing under 
induced social stress, both in animals with aggressive 
and submissive behavior. It was found that in animals 
with an aggressive type of behavior the administra-
tion of Semax and Pro-Gly-Pro contributed to an 
increase in horizontal motor activity by an average of 
40% (p2<0.05), Selank, His-Phe-Arg-Trp-Pro-Gly-Pro 
and Pro-Gly-Pro-Leu — on average by 30% (p2<0.05) 
in comparison with the stressed group of animals. 
The vertical locomotor activity of rats also increased 
under the influence of neuropeptides: administration 
of Semax and Pro-Gly-Pro — by an average of 40% 
(p2 <0.05); His-Phe-Arg-Trp-Pro-Gly-Pro — almost 
30% (p2 <0.05); Selank and Pro-Gly-Pro-Leu — by 
20% however these changes were not statistically 
significant. It should be noted that in animals with 
the submissive type, the same tendencies in changes 
in behavioral parameters were observed: the introduc-
tion of Pro-Gly-Pro promoted an increase in hori-
zontal motor activity by almost 50% (p2 <0.01), the 
introduction of other neuropeptides (Semax, Selank, 
His-Phe-Arg-Trp-Pro-Gly-Pro and Pro-Gly-Pro-Leu) 
— on average by 35% (p2 <0.05) in comparison with 
the stressed group of animals. The vertical locomotor 
activity of rats increased under the influence of Semax, 
Selank and His-Phe-Arg-Trp-Pro-Gly-Pro by an aver-
age of 35% (p2<0.05); Pro-Gly-Pro — by almost 45% 
(p2 <0.01); Pro-Gly-Pro-Leu — by 15% (p2>0.05).

The specific hole activity under the stress and the 
influence of neuropeptides also increased in compari-
son with the stressed group of animals. It was found 
that animals with an aggressive type of behavior under 
the influence of Semax, Pro-Gly-Pro and Pro-Gly-Pro-
Leu showed an increase in this activity by an average of 
45% (p2 <0.01), His-Phe-Arg-Trp -Pro-Gly-Pro — by 
more than 30% (p2 <0.05), Selank — by more than 
20% (p2>0.05), in animals with a submissive type 
under the influence of Selank, an increase in activity 
by almost 30% (p2<0.05), under the influence of the 
rest of the studied neuropeptides by an average of 45% 
(p2<0.05).

Against the background of the introduction of 
the studied compounds under stress conditions in 
animals with an aggressive type of behavior an increase 
in the number of transitions through the central zone 
was noted: Semax, His-Phe-Arg-Trp-Pro-Gly-Pro and 
Pro-Gly-Pro-Leu increased this indicator in on average 
by 35% (p2 <0.05); Pro-Gly-Pro — by 60% (p2<0.01); 
under the influence of Selank there was a tendency to 
increase (p2>0.05). When studying changes in this in-
dicator in animals with a submissive type of behavior, 
the same changes were observed but less pronounced.

When assessing the intensity of short-term 
grooming and the number of fecal boluses under 
conditions of administration of neuropeptides against 
the background of social stress in animals with both 
aggressive and submissive types of behavior, there were 
changes in the direction of a decrease in these indica-
tors relative to the stressed group by an average of 40% 
and 30%, respectively. 

C o n c l u s i o n
Thus, the results obtained confirm the ability of 

the studied neuropeptides (Semax, Selank, His-Phe-
Arg-Trp-Pro-Gly-Pro, Pro-Gly-Pro and Pro-Gly-Pro-
Leu) to exhibit a psychomodulatory effect correcting 
symptoms of anxiety and depression arising under 
induced social stress.
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