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Abstract ___________________________________________________________________________________________________ 

Introduction. The increase in the incidence of cancer in recent decades requires the 
development of new drugs and methods of influencing tumor cells, as well as the 
intensification of chemotherapy regimens. Despite the successes achieved in the 
treatment of tumor diseases, the toxicity of treatment remains a serious problem. In the 
modern global world, the number of types and types of exposure to carcinogenic 
substances is increasing. This leads to an increase in the incidence of malignant tumors 
among the population.
Materials and methods. The experiments were conducted on 201 white mongrel 
female rats in vivarium conditions. Six-month-old rats participated in the experiments. 
The  experiments were conducted in compliance with ethical requirements for the 
use of animals. The  rats were divided into 5  groups (n=201): control group  1 (n=40); 
Groups 2–5 (n=161) – experimental animals were exposed to the carcinogenic 
agent 7,12-dimethylbenzanthracene in order to induce mammary gland cancer in 
the experimental groups at the age of 6 months. The  success rate was 68.9%, i.e. 
111  rats developed mammary cancer after subcutaneous injection of the carcinogen 
7,12-dimethylbenzanthracene into the mammary glands of 161 female rats at a dose 
of 0.1 mg. Then we divided 111 outbred albino female rats with mammary cancer into  
4 more groups.
Results. In a group of 6-month-old rats with mammary gland cancer, the introduction 
of paclitaxel at a dose of 0.2  mg/kg and pomegranate seed oil in a volume of 0.7  ml 
intragastrically through a metal gastric tube for 21 days, as well as thymalin at a dose of 
0.01 mg per day intramuscularly for 7 days visually no differences were found between 
the skin of rats in the 2nd group of the experiment, however, the organometric indicators 
significantly positively changed compared to the values of the skin parameters of 
experimental animals in groups 2, 3, 4. 
Conclusion. During the experiment, it was noted that the use of biocorrection in patients 
undergoing chemotherapy for breast cancer led to a decrease in the thickness of the 
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epidermis (18.04%) compared to the control group, but an increase in the thickness of the 
dermis (12.84%) and the number of immune cells (macrophages by 2 times, lymphocytes 
by 5 times, mast cells by 37.83% and neutrophils by 53.9%).
Keywords: cancer, amino acid, carcinogen, DMBA, chemotherapy, use in sarcoma
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Резюме ___________________________________________________________________________________________________ 

Введение. Рост заболеваемости онкологическими заболеваниями в последние де-
сятилетия требует разработки новых лекарственных препаратов и методов воздей-
ствия на опухолевые клетки, а также интенсификации схем химиотерапии. Несмотря 
на достигнутые успехи в лечении опухолевых заболеваний, токсичность лечения 
остается серьезной проблемой. В современном глобальном мире увеличивается ко-
личество видов и типов воздействия канцерогенных веществ. Это приводит к росту 
заболеваемости злокачественными новообразованиями среди населения.
Материалы и методы. Эксперименты проведены на 201 белой беспородной кры-
се-самке в условиях вивария. В экспериментах участвовали шестимесячные крысы. 
Эксперименты проводились с соблюдением этических требований к использованию 
животных. Крысы были разделены на 5 групп (n=201): контрольная группа 1 (n=40); 
группы 2–5 (n=161) – экспериментальные животные подвергались воздействию кан-
церогена 7,12-диметилбензантрацена с целью индукции рака молочной железы у 
подопытных в возрасте 6 месяцев. Успешность составила 68,9%, то есть у 111 крыс 
развился рак молочной железы после подкожного введения канцерогена 7,12-диме-
тилбензантрацена в молочные железы 161 самки в дозе 0,1 мг. Далее 111 беспород-
ных белых крыс-самок с раком молочной железы были разделены еще на 4 группы.
Результаты. В группе 6-месячных крыс с раком молочной железы введение пакли-
таксела в дозе 0,2 мг/кг и масла косточек граната в объеме 0,7 мл внутрижелудочно 
через металлический желудочный зонд в течение 21 дня, а также тималина в дозе 
0,01  мг в сутки внутримышечно в течение 7  дней визуально не выявило различий 
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между состоянием кожи крыс 2-й группы эксперимента, однако органометрические 
показатели достоверно положительно изменились по сравнению со значениями па-
раметров кожи опытных животных 2, 3, 4-й групп. 
Заключение. В ходе эксперимента было отмечено, что применение биокоррекции 
у крыс, проходящих химиотерапию по поводу рака молочной железы, приводило к 
уменьшению толщины эпидермиса (18,04%) по сравнению с контрольной группой, 
но увеличению толщины дермы (12,84%) и количества иммунокомпетентных клеток 
(макрофагов в 2 раза, лимфоцитов в 5 раз, тучных клеток на 37,83% и нейтрофилов 
на 53,9%).
Ключевые слова: рак, аминокислота, канцероген, ДМБА, химиотерапия, примене-
ние при саркоме

	� INTRODUCTION
The increase in the incidence of cancer in recent decades requires the development 

of new drugs and methods of influencing tumor cells, as well as the intensification of 
chemotherapy regimens  [1]. Despite the successes achieved in the treatment of tumor 
diseases, the toxicity of treatment remains a serious problem. Skin lesions in cancer 
patients can lead to a change or increase in the concentration of drugs, which increases 
their toxicity, prolongs hospital stay and increases mortality [2].

In the modern global world, the number of types and types of exposure to carcinogenic 
substances is increasing. This leads to an increase in the incidence of malignant tumors 
among the population [3].

Information on the anatomical features of the skin of white rats can be obtained from 
the works of many authors in experimental modeling of pathological skin conditions. 
According to them, the skin of humans and these laboratory animals has more similarities 
than differences [4, 5].

However, the literature does not contain sufficiently detailed information on the 
unique structure of the skin of this species of animals. In any case, the morphological data 
presented by the authors raise many questions that cannot be ignored when planning 
studies aimed at identifying the clinical aspects of pathological processes occurring 
in the corresponding areas of human skin. In  other words, without this morphological 
information, we cannot be sure of the validity of extrapolating the results of experimental 
modeling to humans in our work [6, 7].

The epidermal layer of the skin performs a barrier function due to the protein-lipid layer 
as a result of keratinocyte differentiation. This prevents the destruction of keratinocytes 
under the influence of environmental factors, reduces water evaporation and ensures the 
structural integrity of the skin [8, 9]. The stratum corneum reflects keratohyalin grains, and 
melanin (skin pigment) absorbs a wide spectrum of visible light and also protects against 
the harmful effects of ultraviolet rays [10]. 

Prevention of microorganism penetration into the body through the skin is achieved 
by the disinfectant properties of the secretion of the sebaceous and sweat glands, 
the antagonistic properties of the normal microflora of the skin, and the activity of 
immunocytes in the epidermis and dermis [11, 12]. The receptor function of the skin is 
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carried out by its extensive network of sensory receptors that provide the perception of 
temperature and pain [13]. 

The thermoregulatory function of the skin maintains a balance between heat 
production and heat transfer. Body temperature is maintained by radiation and 
evaporation using cold and heat receptors, as well as by conduction and convection with 
the participation of the circulatory system and sweat glands [14, 15]. 

The secretory function of the skin is performed by the sebaceous and sweat glands, 
on the surface of the skin they form a water-fat mixture from a mixture of fat and sweat 
that has active antibacterial, fungicidal and antiviral properties  [16]. The excretory 
function of the skin is directly related to the secretion of sebum and sweat, as well as the 
transepidermal excretion of various toxic substances, metabolites, excess physiological 
substances (hormones, carbohydrates, enzymes, etc.) and some drugs. The  respiratory 
function of the skin is carried out by the intake of oxygen into the body and the release of 
carbon dioxide [17, 18]. 

	� MATERIALS AND METHODS
The experiments were conducted on 201 white mongrel female rats in vivarium 

conditions. Six-month-old rats participated in the experiments. The  experiments were 
conducted in compliance with ethical requirements for the use of animals. Before the 
experiments, all sexually mature rats were quarantined for a week and after excluding 
somatic and infectious diseases, they were transferred to the vivarium regime with 
standard conditions. During the experiment, the behavior and physiological state of the 
animals in the control and experimental groups were observed. The rats were divided into 
5  groups (n=201): control group 1 (n=40); Groups 2–5 (n=161) – experimental animals 
were exposed to the carcinogenic agent 7,12-dimethylbenzanthracene in order to induce 
mammary gland cancer in the experimental groups at the age of 6 months. The success 
rate was 68.9%, i.e. 111 rats developed mammary cancer after subcutaneous injection of 
the carcinogen 7,12-dimethylbenzanthracene into the mammary glands of 161 female 
rats at a dose of 0.1 mg. Then we divided 111 outbred albino female rats with mammary 
cancer into 4 more groups. Group 2 (n=28) rats with mammary cancer were administered 
paclitaxel intravenously at a dose of 0.2 mg/kg and 0.7 ml of distilled water intragastrically 
through a metal gastric tube for 21  days; Group  3 (n=28) rats with mammary cancer 
received paclitaxel intravenously at a dose of 0.2 mg/kg and thymalin intramuscularly at 
a dose of 0.01 mg per day for 7 days; Group 4 (n=28) experimental rats with mammary 
gland cancer were administered paclitaxel intravenously at a dose of 0.2  mg/kg and 
pomegranate seed oil intragastrically through a metal gastric tube in a volume of 0.7 ml 
for 21 days; Group 5 (n=27) – rats with cancer were administered paclitaxel intravenously 
at a dose of 0.2 mg/kg and pomegranate seed oil intragastrically through a metal gastric 
tube in a volume of 0.7 ml for 21 days, as well as thymalin intramuscularly at a dose of 
0.01 mg per day for 7 days.

A total of 201 rats were used in the experiments, of which only 3 died during the 
experiments, which led to the development of mammary gland cancer in the experimental 
animals.

The research methods included organometric, histological, microscopic and statistical 
methods.
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Depending on the content of the experiment, the second stage is the distribution of animals into groups
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ps The essence of the experiment Experimental 
animals age

General 
animals  
the number

I Control group 6 months 
21 days old 40

II
Paclitaxel was administered intravenously at a dose of 0.2 mg/kg  
and 0.7 ml of distilled water was administered intragastrically 
through a gastric metal tube for 21 days

6 months 
21 days old 28 (2)

III
Paclitaxel was administered intravenously at a dose of 0.2 mg/kg  
and the usual conservative treatment after chemotherapy was 
performed for 21 days

6 months 
21 days old 28 (1)

IV Intravenous paclitaxel at a dose of 0.2 mg/kg and 0.7 ml of 
pomegranate seed oil were administered for 21 days

6 months 
21 days old 28

V

Paclitaxel was administered intravenously at a dose of 0.2 mg/kg  
and 0.7 ml of pomegranate seed oil was administered 
intragastrically through a metal gastric tube for 21 days, 
simultaneously with standard conservative treatment after 
chemotherapy

6 months 
21 days old 27

Note: the number of rats that died during the experiment is given in parentheses.

Using organometric, histological and microscopic methods, the indices of skin 
morphology at different levels of its structure (organ, tissue and cellular) were studied 
in white rats of different ages. Statistical (methodological) data were used to process the 
research results.

After removing the skin, they were cleaned, weighed with an accuracy of 0.25 mg on 
a VLR-200 laboratory scale and the thickness was measured with an accuracy of 0.05 mm 
using a caliper. Information on the obtained results was recorded in the protocols for 
selecting materials.

After organometry, the skin was preserved in a 10% solution of neutral formalin. After 
fixation, the preparations were washed in running water for one hour. The materials were 
poured into paraffin blocks using a standard technique, including dehydration with a 
highly concentrated alcohol solution.

	� RESULTS AND DISCUSSION
In a group of 6-month-old rats with mammary gland cancer, the introduction 

of paclitaxel at a dose of 0.2  mg/kg and pomegranate seed oil in a volume of 0.7  ml 
intragastrically through a metal gastric tube for 21 days, as well as thymalin at a dose of 
0.01 mg per day intramuscularly for 7 days visually no differences were found between 
the skin of rats in the 2nd group of the experiment, however, the organometric indicators 
significantly positively changed compared to the values of the skin parameters of 
experimental animals in groups 2, 3, 4. 

When a group of rats with mammary gland cancer were administered paclitaxel at a 
dose of 0.2 mg/kg, as well as pomegranate seed oil intragastrically through a metal gastric 
tube for 21 days at 0.7 ml and thymalin at a dose of 0.01 mg per day intramuscularly for 
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7 days, the body weight of the rats increased from 239.35 g to 245.32 g, on average to 
242.86±1.37  g, which is 2.32% less than in the 1st  group of the experiment, as well as 
7.88%, 5.45% and 2.63% more than in the 2nd, 3rd and 4th groups (Fig. 1).

When paclitaxel was administered at a dose of 0.2 mg/kg to a group of rats with 
mammary gland cancer, as well as pomegranate seed oil intragastrically through a 
metal gastric tube for 21 days at 0.7 ml and Thymalin at a dose of 0.01 mg per day for 
7 days in the form of an intramuscular injection, a reliable decrease in acute and chronic 
inflammatory changes in the structure of the rats’ skin and the absence of disturbances 
in the architectonics of the skin layers were noted. The number of skin keratinocytes 
increased, and the immune cell composition was represented mainly by lymphocytes, 
macrophages and neutrophils. In  the control group, a sharp increase in the number 
of mast cells was noted compared to the experimental animals. Biocorrection 
reduced damage to the histological structures of the skin of experimental animals 
and is consistent with modern literature data on reducing the inflammatory effect of 
biocorrection on the skin. 

When a group of rats with experimental breast cancer were administered paclitaxel 
at a dose of 0.2 mg/kg, as well as pomegranate seed oil intragastrically through a metal 
gastric tube for 21  days and thymalin at a dose of 0.01  mg per day for 7  days as an 
intramuscular injection, the rat skin consisted of epidermis and a well-developed dermis 
layer containing connective tissue with a basal membrane. Under it is the hypodermis –  
a layer of subcutaneous fat from fibrous connective tissue and numerous fat cells. 
The  basal, spinous, granular and horny layers of the epidermis showed a decrease in 
thickness compared to the epidermal layer in rats of the 1st  group, but an increase 
compared to the epidermal layer in experimental animals of the 2nd, 3rd and 4th 
groups. Chemotherapy in experimental animals of the 5th group after biocorrection and 
immunotherapy focal changes in the epidermis of the rat skin were eliminated, which 
led to relatively positive shifts.

When paclitaxel was administered at a dose of 0.2 mg/kg to a group of rats with 
mammary gland cancer, as well as intragastric administration of pomegranate seed 
oil in a volume of 0.7  ml through a metal gastric tube for 21  days and intramuscular 

Fig. 1. Dynamics of changes in body weight of experimental animals during the study (gr)
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administration of thymalin at a dose of 0.01 mg per day for 7 days, the total thickness of 
the epidermal layer of the rats’ skin fluctuated from 59.63 μm to 65.38 μm, an average of 
62.74±2.09 μm, which is 0.73% less than in the 1st group of the experiment, and 17.44%, 
11.22% and 2% more than in the 2nd, 3rd and 4th groups of the experiment. The thickness 
of the basal layer of the skin varied from 6.81 μm to 7.32 μm, on average 7.05±1.42 μm, 
which is 2.08% less than in the 1st experimental group, and also 27.66%, 12.06% and 6.7% 
more than in the 2nd, 3rd and 4th experimental groups. The thickness of the spinous layer 
of the skin varied from 18.13 μm to 20.29 μm, on average 19.11±2.26 μm, which is 0.98% 
less than in the 1st experimental group, and also 14.7%, 7.9% and 1.05% more than in 
the 2nd, 3rd and 4th experimental groups. The thickness of the granular layer of the skin 
varied from 8.46 μm to 10.76 μm, an average of 9.37±1.24 μm, which is 2.9% less than in 
the 1st experimental group, and 13.55%, 5.02% and 4.27% more than in the 2nd, 3rd and 
4th experimental groups. The thickness of the stratum corneum varied from 23.79 μm to 
27.68 μm, an average of 25.83±2.19 μm, which is 3.98% less than in the 1st experimental 
group, and 28.38%, 15.6% and 3.6% more than in the 2nd, 3rd and 4th experimental 
groups (Fig. 2). 

Keratinocytes at different stages of development in different layers of the epidermis 
showed healing of epidermal lesions. The  spinous layer consists of polygonal cells  
in 2–4 rows. It  is flattened towards the granular layer and is located relatively orderly. 
Cellular spines – cytoplasmic outgrowths formed connections with the cells of the basal 
layer. The  granular layer consists of 2–3 rows of relatively flat cells, in the cytoplasm 
of which keratohyalin granules are visible, which indicates the normalization of 
the keratinization process. The  loss of water from the epidermis due to damage to 
glycolipids and free lipid bilayers of membranes under the action of hydrolytic enzymes 
was significantly reduced in the experimental animals of the 2nd, 3rd and 4th groups 
compared to the control animals (Fig. 2).

Fig. 2. Skin microscopy in rats with mammary gland cancer in the experiment. Hematoxilin-eosin 
staining. OK 10 × OB 40. 1 – basal layer, 2 – stratum corneum, 3 – granular layer, 4 – spinous layer,  
5 – dermis layer
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In the experiment after biocorrection and immunotherapy, the hair follicles and 
sebaceous glands in the deep layers of the dermis of the rat skin showed positive 
morphological changes. After biocorrection of mammary gland cancer in rats, the 
number of hair follicles increased compared to the experimental animals of the 2nd, 
3rd and 4th groups, but the number of damaged hair follicles decreased compared to 
the experimental animals of the 1st group. In the experimental rats, no swelling of the 
inner membrane of the hair follicle and no atrophy of the hair follicle or thickening of its 
membranes was observed. 

Keratinization of skin keratinocytes in the main typical cells of the epidermis was 
reduced compared to the skin of rats of groups 2, 3 and  4. Due to a decrease in the 
production of cytokines by monocytes and macrophages. With inflammation of the skin, 
inflammation in keratinocytes decreases, their participation in the elimination of bacterial 
factors and other products increases, and the immunocompetent properties of cells 
are additionally activated. Cellular cytokines of keratinocytes act on immunocytes and 
endothelial cells, significantly increasing tissue resistance to the inflammatory reaction.

In an experiment in a group of rats with mammary gland cancer, the introduction of 
paclitaxel at a dose of 0.2 mg/kg, as well as pomegranate seed oil intragastrically through 
a metal gastric tube for 21 days at 0.7 ml and thymalin at a dose of 0.01 mg per day for 
7 days as an intramuscular injection in the skin of rats increased the number of immune 
cells, the cellular composition of which mainly consisted of lymphocytes, macrophages 
and single neutrophils.

Migrating cells move through the blood into the dermis. These include macrophages, 
mast cells, neutrophils and lymphocytes. 

Groups of rats with mammary gland cancer were administered paclitaxel at a dose of 
0.2 mg/kg, as well as pomegranate seed oil intragastrically through a metal gastric tube 
for 21 days at 0.7 ml and thymalin at a dose of 0.01 mg per day intramuscularly for 7 days, 
the number of macrophages in the skin of rats fluctuated from 25.47 pcs to 31.29 pcs, an 
average of 8.17±2.53 pcs, which is 3 times more than in the 1st group of the experiment, 
and also 34.47% more compared to the indicators of the experimental animals of the 
2nd group, 24.56% more than compared to the indicators of the experimental animals of 
the 3rd group and 9.8% more than compared to the indicators of the experimental animals 
of the 4th  group. Macrophages are the most numerous immune and are considered 
secondary cells of the dermis. They are mainly formed in the red bone marrow and then 
migrate from the blood vessels to the dermal layer of the skin. They participate in non-
specific immunity and perform a wide range of functions to cleanse damaged tissues.

The number of mast cells varies from 24.03 to 27.14 pcs, an average of 25.34±2.83 pcs, 
which is 2.5 times more than in the 1st group, 42.82% more than in the 2nd group, 32.52% 
more than in the 3rd group and 12.63% more than in the 4th experimental group. Mast 
cells directly phagocytose inflammatory mediators and prevent the inflammatory process 
(Fig. 3).

Normally, lymphoid cells of the skin are descendants of T-lymphocytes. T-lymphocytes 
of the skin have the ability to transform into cytotoxic cells and memory cells. During 
the study, the number of lymphocytes among the cellular elements in the skin of rats 
receiving biocorrection and immunotherapy after chemotherapy for breast cancer ranged 
from 18.47 to 24.36, with an average of 21.06±1.29, which is 9  times more than in the 
1st group, 2 times more than in the 2nd group, 1.6 times more than in the 3rd group and 
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Fig. 3. Dynamics of the number of immune cells in experimental animals during the study (number per 
1000 cells)

13.4% more than in the 4th group of the experiment. B-lymphocytes and plasma cells are 
usually located perivascularly in small quantities in the dermis. 

A group of rats with mammary gland cancer was administered paclitaxel at a dose of 
0.2 mg/kg, as well as 0.7 ml of pomegranate seed oil intragastrically for 21 days through 
a metal gastric tube and intramuscularly thymalin at a dose of 0.01 mg per day for 7 days, 
the number of neutrophils among the cellular elements of the rats’ skin fluctuated from 
8.51 pcs to 14.38 pcs, an average of 11.84±2.76 pcs, which is 4  times more than in the 
1st group, 2 times more than in the 2nd group, 33.02% more than in the 3rd group and 
15.71% more than in the 4th group. Neutrophils are normally present in the skin in small 
quantities, but their number increases significantly during inflammatory processes. 
Neutrophils activate regeneration and stimulate the production of growth factors by 
fibroblasts and lymphocytes in the skin. 

When paclitaxel was administered at a dose of 0.2 mg/kg to a group of rats with 
experimental mammary gland cancer, as well as pomegranate seed oil intragastrically 
through a metal gastric tube for 21 days at 0.7 ml and thymalin at a dose of 0.01 mg per 
day intramuscularly for 7 days, a reliable increase in the number of cellular elements in the 
connective tissue between the basement membrane on the surface of the 5th group was 
noted by 15 and 19%, respectively.

In our experiment, the total thickness of the dermis fluctuates from 55.31 μm to 56.35 μm,  
an average of 54.57±1.36 μm, which is 0.13% more than in the 1st  group of the 
experiment, and also 11.27%, 8.75% and 2.05% less than in the 2nd, 3rd and 4th groups of 
the experiment. The thickness of the papillary dermis varies from 37.74 μm to 41.91 μm,  
with an average of 39.05±0.33 μm, which is 1.66% more than in the 1st experimental 
group, and 15.84%, 5.9% and 1.09% less than in the 2nd, 3rd and 4th experimental groups. 
The thickness of the reticular layer varies from 5.64 μm to 6.07 μm, an average of 5.72±1.48 μm,  
which is 3.85% more than in the 1st experimental group, and 32.7%, 19.44% and 4.35% 
less than in the 2nd, 3rd and 4th experimental groups. During chemotherapy, interstitial 
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Fig. 4. Skin microscopy in rats with mammary gland cancer in an experiment. Van Gieson staining.  
OK 10 × OB 40. Increased number of collagen fibers

edema is more pronounced in the dermis of rat skin, since blood circulation and nutrition 
of the epidermis are carried out through the dermis. In the experimental animals of the 
5th group of our experiment, when examining histological preparations, a decrease in the 
fragmentation of collagen fibers and their appearance in a swollen state was noted.

	� CONCLUSION
During the experiment, it was noted that the use of biocorrection in patients 

undergoing chemotherapy for breast cancer led to a decrease in the thickness of the 
epidermis (18.04%) compared to the control group, but an increase in the thickness of the 
dermis (12.84%) and the number of immune cells (macrophages by 2 times, lymphocytes 
by 5 times, mast cells by 37.83% and neutrophils by 53.9%). When pomegranate seed oil 
and thymalin were used together in chemotherapy for breast cancer, the thickness of the 
epidermal layers of the skin of experimental animals (basal layer 27.66%, spinous layer 
14.7%, granular layer 13.55% and stratum corneum 28.38%) and the number of immune 
cells in the skin tissue (macrophages 34.47%, lymphocytes 2 times, mast cells 42.82% and 
neutrophils 2  times) increased, but the total thickness of the dermis (11.27%) and the 
thickness of its layers (papillary layer 15.84% and reticular layer 32.7%) decreased.
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