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The morphological features of the skin of rats under the stress exposure, such as burn injury and against the background of the correction 
by the drugs of the peptide structure, have been studied.
The aim of the study was to investigate the regulatory effect of the neuropeptide drugs Semax (Met-Glu-His-Phe-Pro-Gly-Pro) and Selank 
(Thr-Lys-Pro-Arg-Pro-Gly-Pro) under the conditions of thermal burn exposure.
Materials and methods. The object of the study was integumentary tissues (skin, subcutaneous tissue) of laboratory non-linear male rats 
(n = 36) excised from the thermal injury zone. A thermal burn of the skin had been caused by the application of a copper object in the 
interscapular in the interscapular dorsal area. Starting from the first day after the injury, neuropeptide drugs Semax (Met-Glu-His-Phe-Pro-
Gly-Pro) and Selank (Thr-Lys-Pro-Arg-Pro-Gly-Pro) had been administered intraperitoneally at the doses of 100 μg/kg daily during the entire 
period of the experiment. To assess the condition of the skin tissues, histological sections 5–6 μm thick were prepareв, stained afterwards 
with hematoxylin and eosin. The consistency of the systemic effect of the neuropeptide drugs was estimated by a change in some indicators 
of the immune system.
Results. The thermal exposure led to the development of significant degenerative and dystrophic changes in the skin. The recovery of the 
burn wounds on rats’ skins proceeded according to the type of the delayed partial reparative regeneration, accompanied by destructive 
phenomena and the formation of the scar tissue.
Under the influence of the drugs based on the regulatory peptides of Semax (Met-Glu-His-Phe-Pro-Gly-Pro) and Selank (Thr-Lys-Pro-Arg-Pro-
Gly-Pro), the recovery of burn wounds in rats proceeded more intensively, compared with the animals from the group without any correc-
tion. This fact was confirmed by the earlier signs of the beginning of the reparative skin regeneration: the restriction of destructive processes 
within the epidermis and dermis, the absence of purulent-necrotic complications, the initial phases of granulation and epithelization, an 
early scab rejection and a partial closure of the defect.
Conclusion. The use of the neuropeptide drugs Semax and Selank as systemic remedies for the correction of wound skin defects in experi-
mental animals proves their polypotent effectiveness, expands the therapeutic possibilities and opens up new prospects for their use.
Keywords: burn wound, structural transformations, neuropeptide regulation, Semax, Selank

СТРУКТУРНЫЕ ПРЕОБРАЗОВАНИЯ ТЕРМИЧЕСКОЙ  
ОЖОГОВОЙ РАНЫ У КРЫС В УСЛОВИЯХ ВОЗДЕЙСТВИЯ  
НЕЙРОПЕПТИДОВ СЕМАКС И СЕЛАНК
А.К. Ажикова1, Б.В. Фельдман1, Л.А. Андреева2, Д.Д. Теплый3, М.А. Самотруева1, Н.Ф. Мясоедов2

1 Федеральное государственное бюджетное образовательное учреждение высшего образования 
«Астраханский государственный медицинский университет»   
Министерства здравоохранения Российской Федерации 
414000, Россия, г. Астрахань, ул. Бакинская, д. 121

2 Федеральное государственное бюджетное учреждение науки Институт  
молекулярной генетики Российской академии наук 
123182, Россия, г. Москва, пл. акад. Курчатова, 2

DOI: 10.19163/2307-9266-2019-7-6-321-331



322

RESEARCH ARTICLE

ISSN 2307-9266   e-ISSN 2413-2241

Volume VII, Issue 6, 2019

INTRODUCTION
In recent years, the study of pathogenesis of ther-

mal skin injuries  has been aimed at identifying the pecu-
liarities of the response of immune, nervous and endo-
crine systems which provide mechanisms for activating 
regenerative processes. This study has also been aimed 
at searching for new means of correcting intersystem 
interactions in pathological changes [1–4]. Numerous 
studies consider complex relationships through which 
reactions of neurogenic and immunologically induced 
inflammation, are carried out under the conditions of 
skin damage [5–8].

Against the background of thermal stressful effects, 
alongside with destructive, dystrophic [9–13] and infec-
tious manifestations in the skins, Imbalance, dysfunction 
of immunocompetent cells, insufficient local resistance 
[14–17], disorganization in the emotional zones of the 
brain [17–20], formation and triggering of stress-adap-
tive and / or stress-maladaptive reactions take place 
[22–26]. Currently, peptide drugs that act as regulators 
of the intersystem interaction, are actively used as ef-
fective remedies for the correction of stress-induced 
disorders of homeostasis in the clinical practice. In this 
regard, neuropeptide drugs with a nootropic, neuromet-
abolic, immunomodulating effect, in particular, an ad-
renocorticotropic hormone analogue, Semax (Met-Glu-
His-Phe-Pro-Gly-Pro) and a Tuftsin derivative, Selank 
(Thr-Lys- Pro-Arg-Pro-Gly-Pro), are of great interest [27, 

28]. The use of synthesized peptide preparations in-
creases the adaptive abilities of the body under stress-
ful conditions, helps restore the structures of the cen-
tral nervous system, and corrects immune and humoral 
disorders. In addition, under the stress exposure, these 
drugs have a corrective effect on somatic disorders, re-
storing adequate motivational activity and activating 
adaptive behavior [27–29]. Experimental and clinical 
data also confirm anxiolytic, antidepressant, psychoac-
tivating, stress-protective, vegetotropic effects of these 
drugs [32–34]. However, the results of recent studies do 
not give a complete picture of the reparative potential 
of these drugs and the mechanisms of their stimulating 
dermatropic action.

Nowadays, the stimulation of the skin’s regenerative 
potential is reduced to the use of the agents that com-
prehensively correct violations of neuroimmune endo-
crine interactions and the skin [35, 36]. One of the types 
of the systemic treatment is a neuropeptide correction. 
So, in the study on the immunotropic, antioxidant ef-
fects of a new thymogen analog H2N-L-Glu-L-Trp-D-Ala-
COOH, modified with the D-alanine from the C-terminus 
of the peptide under the conditions of skin wounds, the 
reparative properties of the neuropeptide have also 
been established [37].

An experimental study of the peptide preparations 
Gly-His-Lys, dalargin and thymogen, revealed their par-
ticipation in the reparative regeneration of the skin, ex-
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В работе изучены морфологические особенности кожи крыс при стрессорном воздействии – ожоговой травме и на фоне коррекции 
лекарственными средствами пептидной структуры.
Цель исследования – изучение регулирующего влияния нейропептидных лекарственных средств Семакса (Met-Glu-His-Phe-Pro-Gly-
Pro) и Селанка (Thr-Lys-Pro-Arg-Pro-Gly-Pro) в условиях термического ожогового воздействия. 
Материалы и методы. Объектом исследования служили покровные ткани (кожа, подкожная клетчатка) лабораторных животных-не-
линейных крыс-самцов (n=36), иссеченные из зоны термической травмы. Термический ожог кожи вызывали наложением медного 
предмета в межлопаточной области спины крыс. Начиная c первых суток после травмы внутрибрюшинно вводили нейропептидные 
лекарственные средства Семакс (Met-Glu-His-Phe-Pro-Gly-Pro) и Селанк (Thr-Lys-Pro-Arg-Pro-Gly-Pro) в дозах 100 мкг/кг ежедневно в 
течение всего периода эксперимента. Для оценки состояния тканей кожи изготавливали гистологические срезы толщиной 5–6 мкм, 
которые окрашивали гематоксилином и эозином. Состоятельность системного влияния нейропептидных препаратов оценивали по 
изменению некоторых показателей иммунной системы. 
Результаты. Термическое воздействие вело к развитию значительных дегенеративных и дистрофических изменений в коже. Вос-
становление ожоговой раны кожи крыс протекало по типу замедленной частичной репаративной регенерации, сопровождающей-
ся деструктивными явлениями и формированием рубцовой ткани. Под влиянием лекарственных средств на основе регуляторных 
пептидов Семакса (Met-Glu-His-Phe-Pro-Gly-Pro) и Селанка (Thr-Lys-Pro-Arg-Pro-Gly-Pro) восстановление ожоговых ран у крыс проте-
кало интенсивнее, по сравнению с животными из группы без коррекции, что подтверждалось более ранними признаками начала 
репаративной регенерации кожи: ограничением деструктивных процессов в пределах эпидермиса и дермы, отсутствием гнойно-не-
кротических осложнений, начальными фазами грануляции и эпителизации, ранним отторжением струпа и частичным закрытием 
дефекта. 
Заключение. Применение нейропептидных лекарственных средств Семакса и Селанка в качестве системных средств коррекции 
раневых дефектов кожи экспериментальных животных доказывает их полипотентную эффективность, расширяет терапевтические 
возможности и раскрывает новые перспективы их применения.
Ключевые слова: ожоговая рана, структурные преобразования, нейропептидная регуляция, Семакс, Селанк
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pressed by the activation of reparative processes and 
stimulation of healing skin wounds [38]. A significant im-
provement in the course of psoriasis treatment has been 
proven: a decrease in the activity of the inflammatory 
process and a decrease in the area of psoriasis-affected 
skin in the patients taking Semax as a part of the com-
plex therapy. 

The results of the study describing a combined treat-
ment of acne with the Semax neuropeptide drug and a 
supravenous laser blood irradiation, showed a decrease 
in skin manifestations and a change in personality self-es-
teem among alexithymic patients [39]. The use of Semax 
in the complex treatment of acne patients, contributed to 
an increase in the clinical efficacy of the therapy.

An important role of regulatory peptides in the cor-
rection of physiological stress-limiting mechanisms, is 
evidenced by the Semax correction as a part of the com-
plex therapy of atopic dermatitis [40]. It has been found 
out that the use of heptapeptide has a beneficial effect 
on the   reduction of itching, sleep quality and dynamics 
of the dermatological indices against the background of 
the absence of the side effects characteristic of a gluco-
corticoid hormone therapy.

The obtained results substantiate the position of a 
close structural and functional specific interaction of the 
neuroendocrine, immune systems and skin, both under 
physiological conditions and in the development of cer-
tain skin pathologies. 

The research data on the detection of the healing neu-
ropeptides effects, have determined the scientific interest 
and significance of studying the neuropeptide regulation of 
reparation under the conditions of burn exposure.

THE AIM of the study was to investigate the regula-
tory effect of the neuropeptide drugs Semax (Met-Glu-
His-Phe-Pro-Gly-Pro) and Selank (Thr-Lys-Pro-Arg-Pro-
Gly-Pro) under the conditions of thermal burn exposure.

MATERIALS AND METHODS
Laboratory research
The experiment was carried out on 36 non-linear white 

male rats, aged 7 months, weighing 200–230 g, provided by 
the Federal State Budget Educational Institution of Higher 
Education “Astrakhan State University” (Astrakhan). The 
animals were kept under standard vivarium conditions 
(natural light conditions, at the air temperature of 22–24°C 
and the humidity of 60±5%) at the Department of Pharma-
cognosy, Pharmaceutical Technology and Biotechnology 
(FSBEI HE Astrakhan State Medical University, Ministry of 
Health of Russia), in individual cages with a sawdust litter 
and a free access to water and food.

The animals were divided into 4 groups depending 
on the type of the exposure and correction:

Group I – the animals not exposed to burn effects – 
intact (n = 8);

Group II – the animals exposed to burn effects and 
not receiving correction remedies (control, n = 8);

Group III – the animals exposed to burn effects 

and receiving a daily intraperitoneal administration of  
100 mg/kg Semax peptide dissolved in water (n = 10);

Group IV – the animals exposed to burn effects and re-
ceiving a daily intraperitoneal administration of Selank pep-
tide dissolved in water at the dose of 100 μg/kg (n = 10). 

During the experiment, the general condition of the 
laboratory animals was estimated. All manipulations with 
animals were carried out in accordance with the provi-
sions of the European Convention for the Protection of 
Vertebrate Animals used for experimental and other 
scientific purposes (Strasbourg, 1986), the Helsinki Dec-
laration adopted by the General Assembly of the World 
Medical Association (1964–2013), Order No. 199n of the 
Ministry of Health of Russia dated April 1 2016 “On the 
approval of the rules of good laboratory practice”.

Burn injury model
The burn wounds on the rats’ skins, were modeled 

in the depilated zone of the interscapular dorsal area 
with the help of a copper object with the diameter of 
1.5 сm, heated in boiling water to the temperature of 
100° C, under the conditions of weak ether anesthesia. 
The exposure duration was 5 seconds.

In the animals of the control group, the reparation 
of the skin defect took place naturally. Starting from the 
first day after the thermal exposure, the individuals of 
experimental groups III and IV were administrated intra-
peritoneally with Semax and Selank peptides dissolved 
in water, respectively (Peptogen Innovation Research 
and Production Center, Russian Federation, Institute of 
Molecular Genetics, Russian Academy of Sciences, Rus-
sia), at the dose of 100 mcg/kg a day for 10 days daily, 
throughout the whole period of the experiment. 

During the experiment, the general condition of the 
animals was observed [41], the appearance and size of 
the burn wounds, the nature of the discharge and the tim-
ing of the scab discharge were evaluated, photographings 
surveys of the wound surfaces were carried out.

The complex effect of neuropeptide drugs was es-
timated by a change in some indicators of the immune 
system. The functional activity and adaptability of the 
immune system were estimated by the following tests 
– determining the total number of leukocytes, assessing 
the leukocyte formula and leukocyte coefficient, and de-
termining the mass of immunocompetent organs.

The degree of reparation of the skin defect was es-
timated planimetrically. To do this, a transparent film 
coating was applied to the wound with the borders of 
the wound marked. The size and area of the wounds 
were measured immediately after the simulation of 
burn wounds and then daily till the end of the exper-
iment. During the experiment, the wound surface was 
determined according to the method developed by V.Ya. 
Vasyukov, N.V. Protsenko (1993). The area of the wound 
surface corresponded to the area of the circle: S = π×R2, 
where R is the distance from the center of the wound to 
its periphery.

DOI: 10.19163/2307-9266-2019-7-6-321-331
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Based on the parameter of “the wound area”, the 
percentage reduction of the wound area from the initial 
size was calculated, which served as a criterion for the 
rate of epithelization of the damaged skin. The degree of 
healing of a burn wound, or the rate of epithelialization 
(∆S), was calculated as a percentage of a change in the 
area relative to the original group, according to L.N. Pop-
ova’ formula (1942): ΔS = ((S – Sn)/S × t) × 100, where: 
S is the size of the wound area in the first measurement 
(cm2), Sn is the value of the area of the wound on the 
day of the subsequent measurement (cm2), t is the num-
ber of the days between measurements.

Sampling and preparation of biomaterial
Skin tissues were a biological material in the study. 

The material was sampled on the 10th day after the start 
of the experiment. The animals were taken out of the ex-
periment under anesthesia by decapitation using sodium 
etaminal. For the morphological study of the skin, the 
tissues (epidermis, dermis, subcutaneous tissue) excised 
from the zone of the thermal damage in the interscapular 
dorsal area of the rats of all studied groups, were used.

The skin samples were fixed in 10% neutral buff-
ered formalin (Biovitrum LLC, Russia). The material was 
washed, carried out on solutions of alcohols of various 
concentrations, solutions of xylene, then it was embed-
ded in paraffin, and sections 5–6 μm thick were made. 
To assess the general morphological state of the skin lay-
ers, they were stained with hematoxylin and eosin.

Microscopic observations of histological preparations 
were carried out in transmitted light at 100x magnification 
(10x lens, WF-10x/18 eyepiece) of the Altami BIO 8 digi-
tal biological trinocular microscope (Altami LLC, Russia). 
Microphotography was carried out using a 3 megapixel 
camera and Altami Studio 3.4x64/Ink software.

Methods of statistical processing of results
Statistical processing of the results was carried out 

using the Excel 2000 program by methods of variation 
statistics, including the calculation of average values 
(M), standard errors of average values (± m). To assess 
the reliability (significance) of differences between the 
two average values, Student t-test with Bonferroni cor-
rection was used. The differences were considered sig-
nificant at p≤0.05.

RESULTS
As a result of the experimental study it was estab-

lished that a thermal burn on the skin of the rats caused 
not only local reactions, but also led to changes in the 
general condition of the body – there was “fading” and 
loss of hair, disorganized movements of the animals along 
the cage and a decrease in the dynamics of weight gain.

A microscopic analysis of histological skin tissue 
sections of the rats’ burn wounds of all experimental 
groups, showed the presence of structural changes in 
the skin compared with the intact animals (group I – 

control) (Fig. 1). The epidermis of the interscapular area 
of the intact rats is represented by stratified squamous 
keratinizing epithelium. The stratum corneum is repre-
sented by a uniform layer. In the prickly layer, there are 
up to 2 rows of keratinocytes, in the granular layer there 
are 2–3 rows of nuclear-free cells. At the level of the ger-
minal or malpighian layer, epithelial cells are visible. The 
cells of the basement membrane are arranged in a sin-
gle row. On the level of the dermis, there are sebaceous 
glands and hair follicles, vessels of the microvasculature.

Along with the signs of the general behavioral dis-
organization, in the animals of the second group, pro-
nounced destructive changes capturing the epidermis, 
dermis and hypodermis were observed. In this case, in-
flammation phenomena prevailed over reparative ones. 
In the area of the burn surface, a purulent inflammatory 
reaction was observed macroscopically, in some animals 
a hemorrhagic scab of a gray-brown color was observed. 
By the 10th day, there was a sucrose discharge in the ani-
mals, the wound cavity was covered with a necrotic mass. 

It was microscopically revealed that the heat affected 
zone was devoid of stratified squamous epithelium, and in 
some places, necrotic elements in the form of folds were 
observed. The hyperemic dermis looked edematous due 
to the serous inflammation, a large amount of exudate 
and cellular elements; there was no pronounced differen-
tiation into papillary and reticular layers. The papillary lay-
er of the epidermis was disrupted.  In the reticular layer, 
intercellular swelling and infiltration by macrophages and 
lymphocytes were observed. The basal membrane could 
not be clearly determined (Fig. 2).

Against the background of the thermal injury cor-
rection of the rats’ skins with preparations of a neuro-
peptide nature, the animals of groups III and IV showed 
signs of improvement in the general condition, activity 
restoration and positive weight dynamics.

One of the stages of the work was the study of the 
rats’ immune state in conditions of a “burn” stress and 
its correction. 

As a result of the research of Semax and Selank effect 
on the total number of leukocytes and leukocyte counts 
under thermal burn conditions, it was established that 
these peptide preparations activated the leukocyte re-
action: the total number of leukocytes increased; among 
them lymphocytes, eosinophils, monocytes, segmented 
neutrophils were restored to normal values.

The administration of neuropeptides led to a de-
crease in stab forms of neutrophils by more than 50% 
(p<0.001), to a normalization of the number of segment-
ed neutrophils by 50% (p<0.001). (Tab. 1). An increase 
in the level of the Garkavi index under the conditions of 
thermal burns, can be interpreted as the degree of the 
response to the stress state, the so-called “reactivation” 
of the body in the conditions of an active inflammatory 
process. The use of Semax and Selank contributed to the 
restoration of the index to normal values, and the activa-
tion of adaptation reactions.
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А                                                                          В
Figure 1 – Micrograph of a skin flap excised in intact rats on day 10

Note: stained with hematoxylin and eosin (UV. X100, vol. 10x (A). UV. X 400, vol. 40x (B), approx. WF-10x / 18)

А                                                                                  В
Figure 2 – Micrograph of a skin flap excised in the wound 10 days after the burn exposure  

in the rats not treated with correction remedies
Note: stained with hematoxylin and eosin (UV. X100, vol. 10x (A). UV. X 400, vol. 40x (B), approx. WF-10x / 18)

A – The edge of the burn wound. At the level of the epidermis and dermis, there is a pronounced coagulation necrosis and 
inflammatory infiltration; in the underlying fatty tissue there is lymphoid infiltration (hyperplasia of lymphoid follicles).  

B – Necrotic changes in violation of the structure of tissues

Table 1 – The effect of Semax and Selank neuropeptides on the functional activity of the immune system

 Experimental groups
(n = 10)

Indices (M ± m)

Group I Intact 
Group

Group II Control 
Group

Group III (animals
treated with Semax)

Group IV (animals
treated with Selank)

Total number of leukocytes, x109/l 27.7±0.4 84.5±4.5* 103.3±0.2### 99.3±0.6##
Eosinophils, % 5.7±0.2 4.3±0.2*** 6.7±0.2### 6.3±0.2###
Stab neutrophils, % 12.0±0.4 26.5±0.6* 14.2±0.2### 14.9±0.4###
Segmentonuclear neutrophils, % 19.3±0.2 13.9±0.4*** 20.8±0.2### 19.7±0.4###
Lymphocytes, % 61±0.6 53.7±1.1* 56.3±0.4## 57.3±0.6#
Monocytes, % 2.0±0.2 1.6±0.2* 2.0±0.1## 1.8±0.2##
Leukocytal coefficient 3.1±0.4 3.9±0.4* 2.7±0.2## 2.9±0.4##
Thymus mass, mg 51±0.4 31±5.4** 73±6.0## 68±0.4##
Spleen mass, mg 352.3±0.6 456±10.3** 572±39.6## 583±31.4##

Note: * – p <0.05; ** – p <0.01; *** – p <0.001 – relative to the intact group; # – p <0.05; ## –p <0.01; ### – p <0.001 - relative 
to the control group; Student t-test with Bonferroni correction for multiple comparisons.

DOI: 10.19163/2307-9266-2019-7-6-321-331
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The study has also established that thermal burns 
provoked involution of immunocompetent organs: the 
spleen – by more than 60% (p <0.01), the thymus – by 
more than 40% (p <0.01). The studied drugs contributed 
to an increase in the mass of the spleen by an average of 
40% (p <0.01), as well as the mass of the thymus by more 
than 50% (p <0.01), compared with the control group.

In the course of macroscopic observations it was 
found out, that the use of Semax and Selank neuropep-
tides at the dose of 100 μg/kg a day under the condi-
tions of thermal burn exposure leveled the development 
of the inflammatory process, helped to tighten the edg-
es of the wound and, as a result, reduce its size on the 
4th day. As the data in Tables 2 and 3 show, a decrease 
in the area of the burn wound by more than 60% (p 
<0.01) in the experimental groups on the 10th day of the 
post-burn process was observed. It corresponded to the 
acceleration of wound recovery by 30% (p <0.05), com-
pared with the control group (Tab. 4, 5).

In Group III of the animals exposed to burn effects 
and treated with Semax, the wound surface was weakly 
edematous in the center, and along its edges there were 
growing hair shafts. There were inflammatory manifes-
tations of the surrounding tissues in the form of a mild 
swelling. The boundaries of the wound narrowed signifi-
cantly. Under a partially detached scab, an increase in 
granulation tissue was manifested. From the edges of 
the wound, there was also an epithelium growth. 

A microscopic analysis of the skin fragments ex-
cised on the 10th day of the experiment in the area of 
the thermal injury, showed slightly destroyed epidermal 
layers and a partial necrosis of the stratified squamous 
epithelium. The epidermis was represented by a dark 
plate, sometimes exfoliated from the papillary dermis. 
Under the scab, the regenerate zone was determined in 
the form of a wide layer of newly formed granulation 
tissue (Fig. 3).

The papillary layer looked edematous, without con-
tours of connective tissue fibers, but dark nuclei of con-
nective tissue cells were identified. The papillary layer 
retained uneven edges. The reticular layer appeared to 
be broad, mildly swolen; dark nuclei of connective tissue 
cells were observed. The lower part of the mesh layer 
was infiltrated by lymphocytes. Hair follicles made of ne-
crotically altered collagen fibers, were found out; single 
cells with light nuclei were found in hair sheaths. Mild 
neoangiogenesis was observed.

A macroscopic analysis of burn animal the IV groups 
wounds showed that on the 10th day after the burn ex-
posure and Semax correction, a slightly swollen and hy-
peremic wound with uneven outlines, without purulent 
exudate and necrotic elements, was observed on the 
rats’ skin. The inflammation of the tissue surrounding 
the wound, was moderate. The process of the periph-
eral wound epithelization was visualized. There was an 

increase in granulation tissue from the bottom of the 
wound. Under a partially detached scab, skin append-
ages appeared.

A morphological picture in the area of the burn 
wound of the skin excised on the 10th day after the 
burn exposure and Selank correction (Group IV) (Fig. 4), 
is comparable with the visualization of Semax activity. 
During this time period, activation of vascular neoplasm, 
hypertrophy of the border zone of the epidermis were 
established, and proliferating cells were noticeable. The 
upper layers of the epidermis were exfoliated. In their 
place, dark layers were found out. They had exfoliated 
from the basement membrane. The basal membrane 
itself was represented by a wide dark-colored plate on 
the papillary layer. The papillary layer was characterized 
by a small width and a wavy shape. In the upper part of 
it, there was a partial necrosis. The reticular layer was 
wide, its upper part was saturated with the nuclei of 
connective tissue cells. Necrotic changes were observed 
in the lower part of the reticular layer, although lympho-
cyte infiltration occurred in most fields of view. Hair fol-
licles consisting of necrotic altered collagen fibers, were 
established. In the lower parts of the hair sheaths, sepa-
rate epithelial light cells with rounded nuclei were deter-
mined. Around the hair follicles, lymphocyte infiltration 
was notified.

DISCUSSION
The problem of post-burn skin regeneration is of 

great medical and social importance due to the signifi-
cant prevalence of burn injuries, the complexity of the 
pathogenesis of burn injuries, disability, features of so-
cial disadaptation, and a high mortality rate [42]. The 
causes of mortality are microvascular and membrane 
lesions, burn sepsis, metabolic and hormonal changes, 
profound systemic disorders and the development of 
multiple organ failure syndrome [33]. Despite the ex-
perience gained in the treatment of burn diseases, the 
matter of morphogenetic changes during the thermal in-
jury to the skin, remains poorly studied and determines 
the relevance of the problem.

During the experimental study it was established 
that under the conditions of the thermal injury to the 
skin during the first three days, not only local skin in-
flammatory reactions but also a change in the general 
condition of the body are observed: “fading” and hair 
loss, disorganized movement of animals along the cage, 
lethargy, lack of dynamism, a decrease in the dynamics 
of weight gain. Based on the results of a morphologi-
cal study of fixed skin tissues, significant degenerative 
changes in the damaged skin and inhibition of repara-
tive processes have been revealed. Recovery of a burn 
wound of the skin in the animals of the control group 
proceeded physiologically, accompanied by destructive 
phenomena and the formation of scar tissue.
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Table 2 – Dynamics of changes in the areas of burn wounds in rats under conditions  
of thermal injury to the skin and against the background of exposure to Semax and Selank

Observation time (days)/Wound square area, сm2
Group № 1 3 5 7 10

Control
group

1 1.76 1.76 1.63 1.50 1.42
2 1.76 1.76 1.63 1.51 1.41
3 1.76 1.76 1.62 1.54 1.39
4 1.76 1.75 1.62 1.52 1.42
5 1.76 1.75 1.62 1.57 1.39
6 1.76 1.76 1.63 1.52 1.41
7 1.76 1.76 1.63 1.54 1.42
8 1.76 1.75 1.61 1.53 1.34

Group III (animals  
treated with Semax)

1 1.76 1.54 1.34 1.14 0.78
2 1.76 1.58 1.37 1.19 0.74
3 1.76 1.55 1.35 1.18 0.77
4 1.76 1.53 1.32 1.19 0.79
5 1.76 1.57 1.34 1.13 0.76
6 1.76 1.58 1.35 1.18 0.69
7 1.76 1.58 1.39 1.19 0.78
8 1.76 1.59 1.35 1.17 0.77
9 1.76 1.59 1.36 1.18 0.78

10 1.76 1.55 1.31 1.16 0.77

Group IV (animals 
treated with Selank)

1 1.76 1.59 1.33 1.19 0.74
2 1.76 1.58 1.32 1.22 0.80
3 1.76 1.59 1.31 1.24 0.77
4 1.76 1.53 1.34 1.28 0.79
5 1.76 1.58 1.33 1.24 0.77
6 1.76 1.58 1.33 1.29 0.78
7 1.76 1.58 1.32 1.25 0.79
8 1.76 1.59 1.35 1.27 0.81
9 1.76 1.57 1.28 1.24 0.79

10 1.76 1.57 1.33 1.29 0.81

Table 3 – Planimetric indicators of the wound surface in rats under conditions  
of thermal injury to the skin and against the background of exposure to Semax and Selank

Groups of animals
Wound square area, сm2

Day Day 3 Day 5 Day 7 Day 10
Group II (Control) 1.76 1.76±0.01 1.62±0.01 1.53±0.01 1.4±0.01
Group III (animals treated with Semax) 1.76 1.56±0.01*** 1.35±0.01*** 1.17±0.01*** 0.76±0.01*
Group IV (animals treated with Selank) 1.76 1.58±0.01*** 1.32±0.01*** 1.25±0.01*** 0.79±0.01*

Note: * – p <0.05; ** – p <0.01; *** – p <0.001 – relative to the control group (Student t-test with Bonferroni correction for 
multiple comparisons).

А                                                                                  В
Figure 3 – Micrograph of a skin flap excised in the wound area on day 10 after  

the burn exposure in rats treated with Semax
Note: stained with hematoxylin and eosin (UV. X100, vol. 10x (A). UV. X 400, vol. 40x (B), approx. WF-10x / 18); A – Mild swelling  
of the tissues. Moderate leukocyte infiltration in the underlying fibrous and adipose tissue. B – Full-blood vessels and moderate 

leukocyte infiltration (individual sections of leukocyte diapedesis through the capillary wall into the tissue)
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А                                                                                  В
Figure 4 – Micrograph of a skin flap excised in the wound area  

on day 10 after burn exposure in rats treated with Selank
Note: stained with hematoxylin-eosin (UV. X100, vol. 10x (A). UV. X 400, vol. 40x (B), approx. WF-10x / 18)

A – A fragment of the skin with underlying tissues. In the underlying tissues, there is a moderate diffuse leukocyte infiltration. 
B – A fragment of skin with underlying tissues. At the level of the dermis, there is swelling; in the underlying fibrous tissue, 

there are foci of a moderate leukocyte infiltration reaching the dermis

Table 4 – Dynamics of burn wounds recovery in rats under conditions of thermal injury  
to the skin and against the background of exposure to Semax and Selank

Observation time (days)/ Recovery rate (%)
Group № 1 3 5 7 10

Control group

1 0.00 0.00 7.39 14.77 19.32
2 0.00 0.00 7.38 14.20 19.89
3 0.00 0.00 7.95 12.50 21.02
4 0.00 0.56 7.95 13.64 19.32
5 0.00 0.56 7.95 10.79 21.02
6 0.00 0.00 7.39 13.64 19.89
7 0.00 0.00 7.39 12.50 19.32
8 0.00 0.56 8.52 13.07 23.86

Group III (animals  
treated with Semax)

1 0.00 12.5 23.9 35.2 55.7
2 0.00 10.2 22.2 32.4 57.9
3 0.00 11.9 23.3 32.9 56.3
4 0.00 13.1 25.0 32.4 55.1
5 0.00 10.8 23.9 35.8 56.8
6 0.00 10.2 23.3 32.9 60.8
7 0.00 10.2 21.0 32.4 55.7
8 0.00 9.7 23.3 33.5 56.3
9 0.00 9.7 22.7 32.9 55.7

10 0.00 11.9 25.6 34.1 56.3

Group IV (animals  
treated with Selank)

1 0.00 9.7 24.4 32.4 57.9
2 0.00 10.2 25.0 30.7 54.5
3 0.00 09.7 25.6 29.5 56.3
4 0.00 13.1 23.9 27.3 55.1
5 0.00 10.2 24.4 29.5 56.3
6 0.00 10.2 24.4 26.7 55.7
7 0.00 10.2 25.0 28.9 55.1
8 0.00 9.7 23.3 27.8 54.1
9 0.00 10.8 27.3 29.5 55.1

10 0.00 10.8 24.4 26.7 54.1

Table 5 – Epithelization rate of burn wounds in rats under conditions of thermal injury  
to the skin and against the background of exposure to Semax and Selank (M ± m)

Groups of animals
Epithelization rate (%)

1 Day Day 3 Day 5 Day 7 Day 10
Group II (Control) 0.00 0.21±0.24 7.74±0.35 13.14±1.04 20.46±1.31
Group III (animals. treated with Semax) 0.00 11.02±0.41*** 23.42±0.55* 33.45±0.40** 56.66±0.68*
Group IV (animals treated with  Selank) 0.00 10.46±0.44*** 24.77±0.48* 28.9±0.68** 55.42±0.45*

Note: * – p <0.05; ** – p <0.01; *** – p <0.001 – relative to the control group (Student’s t test with Bonferroni correction for 
multiple comparisons). 
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At present, the search and development of effective 
means of correcting skin lesions, as well as determining 
the role of pathogenetic links of complex systemic ho-
meostasis disorders of the body, are of great interest in 
reparating skin wounds of various origins, stimulating 
tissue reparation. Taking into account a close relation-
ship between the skin, immune, nervous and endocrine 
systems, in the study of the pathogenesis of skin wounds 
and its regenerative potential, special attention is paid to 
studying the regulation of these processes by the тeuro-
immunoendocrine interactions and their disorders.

Today, regulatory peptides are increasingly being 
used as effective remedies for correcting homeostasis 
disorders under the conditions of stress, in particular, 
the adrenocorticotropic hormone analogue Semax (Met-
Glu-His-Phe-Pro-Gly-Pro) and a tuftsin derivative Selank 
(Thr-Lys-Pro-Arg-Pro-Gly-Pro). The use of synthesized 
peptide preparations increases the adaptive capabilities 
of the body under stressful conditions, helps restore the 
structures of the central nervous system, and corrects 
immune and humoral disorders.

However, the results of recent studies do not give a com-
plete picture of the reparative potential of these drugs and 
the mechanisms of their stimulating dermatropic action.

The carried out study on the assessment of morpho-
logical characteristics of the rats’ skins under the condi-
tions of thermal injury to the skin in the animals treated 
with Semax and Selank, established mild degenerative 
and dystrophic changes in the burn wounds by stimulat-
ing start adaptive reparative processes in the skin and a 
systemic regulation of reparations.

A microscopic analysis of the structural features of the 
skin layers in the rats treated with neuropeptide prepara-
tions Semax and Selank intraperitoneally, confirmed the 

earlier onset of skin regenerative regeneration processes. 
That phenomenon manifested itself in the decrease of the 
destructive phenomena in the wound and leveling of in-
flammatory reactions, as well as the signs of early scab ex-
foliation, the formation of granulation tissue and accelerat-
ed epithelization of burn wounds. In the course of studying 
the systemic effect of Semax and Selank under the condi-
tions of thermal exposure, it has been found out that these 
neuropeptide preparations have regulatory, stress-adap-
tive and immunocorrection properties. They reparate the 
leukocyte formula, leukocyte coefficient and weight of 
immunocompetent organs (the thymus and spleen). Such 
positive results prove the viability of systemic coordination 
in stimulating the regenerative potential of damaged skin 
and other pathological processes in the body.

CONCLUSION
Up-to-date understanding of the molecular mech-

anisms of the complex regulation of the skin patho-
physiological processes, Is at the heart of the systemic 
approach in. It proves their polypotent effectiveness, 
expands the therapeutic possibilities and opens up new 
prospects for their application.

The results of the experimental study make it pos-
sible to suggest the following qualities of neuropeptide 
drugs Semax and Selank: they contributes to the regu-
lation and stimulation of reparative processes, which 
gives grounds to consider them as correction remedies 
for skin wounds with local and systemic effects, realized 
through neuroimmune endocrine mechanisms. The 
above determines the importance and necessity of the 
next stages of research in this direction.

The above analysis determines the importance and 
necessity of the next stages of research in this direction.
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