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Abstract. Relevance. Chronic wound healing currently remains a serious problem due to its frequency and associated
complications. Polydeoxyribonucleotide therapy, which promotes angiogenesis and tissue regeneration, offers a promising
treatment. Aim: to analyze the proliferative and apoptotic activity of regenerative wound surface cells in biopsy samples of
long-term non-healing postoperative skin defects at the stages of its healing during polydeoxyribonucleotide therapy. Materials
and Methods. We used 24 C57/B1 white mice aged 4—-6 months weight 32 + 0.01g, divided into control (n = 12) and main
(n = 12) groups. In the main group 0,38 ml of polydeoxyribonucleotide solution was injected into the bottom and around the
surgical ischemic skin defect. On days 4, 7, 10, and 12 after wound modeling, biopsies were embedded in paraffin, stained with
hematoxylin and eosin. Biopsy cells in a state of mitotic division, proapoptosis, and with expression of the anti-apoptotic Bcl-2
gene were identified immunohistochemically using primary antibodies Ki-67 (Monoclonal rabbit [SP6] Cell Marque, USA),
p53 (Polyclonal rabbit, (GTX50438) GeneTex Inc, USA) and Bcl-2 ([N1N2), (GTX100064) GeneTex Inc, USA), respectively.
Secondary antibodies (HiDef Detection™ HRP Polymer system, Cell Marque, USA) conjugated with horseradish peroxidase,
were used as secondary antibodies. To adequately represent the structure of the regeneration, the biopsy sections were additionally
stained with Mayer’s hematoxylin. The index of antigen-positive cells was determined by counting their number per 100 cells
at a microscope magnification x1350, followed by calculation of the index as a percentage. Statistical analysis included testing
for normal distribution using the Shapiro-Wilk test, the Mann-Whitney test for pairwise comparisons, and group data were
described using the median, first and third quartiles (interquartile range). Results and Discussion. By day 12 in the main group,
the granulation tissue of the biopsy specimens was at the beginning of the third stage of the wound process, while in the control
group the second stage of the wound process continued. A stable cell population was formed in the main group 2 days earlier
than in the control group. Conclusion. Polydeoxyribonucleotide therapy turned out to be safe and tolerable and accelerated the
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healing of long-term non-healing postoperative skin defects by 16,67+0,01% by stimulating the proliferative activity of dermal
fibroblasts, regulating the expression of the anti-apoptotic gene Bcl-2 and the proapoptotic gene p53 in fibroblast differon cells.
Keywords: polynucleotides, long-term non-healing postoperative skin defects, wound process, proliferation, apoptosis
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Introduction

One of the priority tasks of modern medicine is
the development of medical science and innovations in
the healthcare sector. It involves the development and
implementation of new effective technologies for the
treatment of socially significant diseases [1]. Chronic
wound healing currently remains a serious problem
due to its frequency and associated complications [2].
Chronic wounds, including long-term non-healing
postoperative skin defects, are also a severe
complication of many diseases associated with a local
decrease in blood flow in venous and arterial vessels
and microcirculation [2].

Advances in understanding the biology of chronic
ischemic wounds have led to the development of
small molecule nucleic acid nucleotide therapies
that stimulate angiogenic activity and modulate the
repair process with exciting potential for clinical
application [3]. Many literatures data report that

DERMATOLOGY

nucleotides secreted by cells into the extracellular
space in response to damage take part in all stages
of wound healing. They activate the corresponding
nucleotide receptors [4].

On this basis a new class of medicinal substances
has now emerged — polydeoxyribonucleotides (PDRN).
PDRN can be extracted from the sperm of salmon fish.
PDRN contains deoxyribonucleotide polymers with
50-2000 nitrogen base pairs [5].

It is known that PDRN is a combination of purine
and phosphodiester bonds forming a monometric unit
of pyrimidine nucleotides, which selectively bind the
A2 purinergic receptor. This complex promotes cell
growth of fibroblasts and epidermocytes, as well as
neogenesis [6]. Experimental study indicates an increase
in the mobility and proliferation of human fibroblasts
at the wound site, depending on the concentration of
PDRN [7].
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In the available literature, there is practically no
information about the proliferation of regenerative wound
surface cells and proapoptosis of the same cells in the wound
healing process of long-term non-healing postoperative
skin defects against the background of PDRN therapy. In
this regard, the purpose of the study was to analyze the
proliferative and apoptotic activity of regenerative wound
surface cells in biopsy samples of long-term non-healing
postoperative skin wound at the stages of its healing against
the background of PDRN administration.

The aim of this study: to analyze the proliferative
and apoptotic activity of regenerative wound surface
cells in biopsy samples of long-term non-healing
postoperative skin defects at the stages of its healing
during PDRN therapy.

Materials and methods

Animals for in vivo study

The study used 24 white male laboratory mice of the
C57/B1 line, 4-6 months old. The sample size (n = 72)
was calculated using the on-line Sample Size Calculator
at a given confidence level of 95% and a permissible
error of 4% by the formula

n=z2xpx(1—p)/e2,

where: z = 1.96 at a confidence level (a) of 95%,
p = proportion (expressed as a decimal fraction), e = error.
All animals were divided into control and main groups
(three mice for each studied day in each studied group).

The experiments were carried out in compliance
with all principles of humanity contained in the
European Community Directive (86/609/EC) and the
Declaration of Helsinki. The method of forming a model
wound is described in the work of Baranovsky Yu. G. et
al., 2016 [8]. In the MG, the model wound was injected
immediately after surgery with 0.38 ml of PDRN
“Plenhyage Medium” from I.R.A. Istituto Ricerche
Applicate Sri (Italy).

Morphological study
After 4, 7, 10 and 12 days, the recovering ischemic
skin defect was excised during repeated surgery under
anesthesia of a 2.5% avertin solution 0.3-0.4 ml
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intraperitoneal injection. The biopsy specimen was
placed in a 10% solution of buffered neutral formalin.
The surgical wound was sutured and the mice were
returned to the vivarium after healing.

According to the generally accepted method,
the material was impregnated with paraffin. Survey
staining of the sections was carried out with Mayer’s
hematoxylin and eosin.

Immunohistochemical study

Regenerative tissue cells in a state of mitotic
division were identified immunohistochemically using
primary monoclonal antibodies Ki-67 (Monoclonal
rabbit [SP6] “Cell Marque”, USA), which bind to
the nuclear antigen that functions in cells in a state
of proliferation. Cells in a state of proapoptosis
were identified based on the expression of the tumor
suppressor gene p53 in their nuclei using monoclonal
antibodies to p53 (Polyclonal rabbit, (GTX50438)
GeneTex Inc, USA). The anti-apoptotic protein Bcl-2,
which blocks apoptosis and prolongs cell life, was
identified by monoclonal antibodies to Bcl-2 [N1N2],
(GTX100064) GeneTex Inc, USA). This protein is
involved in maintaining the balance between cell
proliferation and differentiation.

Universal antibodies (HiDef Detection™
HRP Polymer system, Cell Marque, USA) were
used as secondary antibodies, allowing the
detection of rabbit primary antibodies conjugated
to an enzyme complex based on horseradish
peroxidase. Visualization was carried out in the
diaminobenzidine — hydrogen peroxide system.
To adequately represent the structure of tissue and
cell nuclei, biopsy sections of a healing ischemic
skin wound of mice were additionally stained
with Mayer’s hematoxylin for 3 minutes. For each
marker, control studies were performed to exclude
pseudopositive and pseudonegative results.

Quantitative analysis
The index of antigen-positive cells was determined
by counting their number per 100 cells at a magnification
of an Olympus %1350 light microscope. The percentage
of antibody positive cells were calculated as an average

LEPMATONOM 1A



Baranovskiy AG et al. RUDN Journal of Medicine. 2026;30(1)

based on the results of 30 studied visual fields of each
biopsy in the CG and MG.

Statistical analysis

The normality of data distribution was checked using
the Shapiro-Wilk test [9]. Pairwise comparisons were
made between the control and main groups of mice after
4,7, 10 and 12 days from the start of the model wound
healing. Because the distribution of the data was not
normal, the Mann-Whitney test was used for pairwise
comparisons, and group data were described using the
median, first and third quartiles (interquartile range) [9,
10]. All calculations were carried out in the statistical
environment R version 4.2.3 [11]. The data obtained were
visualized using the Ggplot2 package [12]. Significance of
differences was accepted at a significance level of P < 0.05.

Results and discussion

On day 4 after the wound modeling, the epidermis
in CG and MG mice is not determined, and the skin
defect is covered with a voluminous scab (Figure 1a).
The edges of the wound were limited by a stitched
silicone ring. Histological examination revealed that

the scab is formed by fibrin, which contains mostly
dead and destructured inflammatory cells. The scab is
more voluminous in the CG [13]. Directly under the
scab lies a thin layer of granulation tissue in the second
proliferative stage of the wound process with collagen
fibers and rare blood vessels. The rest of the defect is
filled with white adipocytes rising from the hypodermis.

In CG and MG cells in a state of proliferation
(Figure 1b) are scattered throughout the granulation
tissue and the interquartile range of the index of these
cells is 9.42—-11.52 and 17.28-21.12, respectively
(Table). Cells expressing the anti-apoptotic gene Bcl-2
are more numerous and have the same localization in the
granulation tissue of both groups. The interquartile range
of their index is 18.1-22.4 for the CG and 35.5-43.4
after the introduction of PDRN. The numerical value of
the median index of cells with expression of the anti-
apoptotic gene Bcl-2 in the MG is 48.99+0.01% greater
than that in the CG. Cells in a state of proapoptosis
are not detected. This ratio of the numerical value of
the median of proliferating cells and cells in a state of
proapoptosis in the regeneration of the CG and OG
allows us to classify this cell population as a growing
cell population [14].
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Fig. 1. Biopsy section of the MG on the day 4 after surgery to simulate an ischemic skin defect. Scab (1) and granulation
tissue (2). a — Hematoxylin and eosin staining. Magnification: x200. b — cells in a state of proliferation (3). Staining with
monoclonal antibodies to Ki-67. Visualization in the diaminobenzidine—hydrogen peroxide system, magn. x400
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Comparison of statistical samples of cell indices in the state of proliferation (Ki-67), proapoptosis (p53) rable
and arrest of apoptosis (Bcl-2) in biopsy samples of regenerating wounds of the control and main groups
Day Main grgupmedian (1-3 quartiles), Control group medi?n (1-3 quartiles), p-value _Stu'died
interquartile range interquartile range indices
4 19.20(17.28-21.12) 10.47 (9.42-11.52) <0.01 Ki-67
50.06 (45.05-55.07) 20.93(18.84-23.02) <0.01 Ki-67
10 63.34 (57.01-69.67) 51.95 (48.76-53.15) <0.01 Ki-67
12 71.27 (68.58-78.40) 64.22 (57.80-65.64) <0.05 Ki-67
4 39.42 (35.5-43.4) 20.11 (18.1-22.4) <0.01 Bcl-2
53.41 (48.1-58.8) 27.17 (24.4-29.9) <0.01 Bcl-2
10 30.55 (27.5-33.6) 57.73 (52.0-63.5) <0.01 Bcl-2
12 22.05(19.8-24.3) 60.27 (54.2-66.3) <0.01 Bcl-2
4 0.00 0.00 pS3
7 7.97 (7.17-9.71) 0.00 p53
10 42.19 (37.97-46.41) 0.00 pS3
12 69.52 (62.57-76.47) 3.3(2.97-3.63) p53

On day 7, the position of the restrictive silicone
ring around the wound did not change in both groups.
The surface of the wound is a scab. On microscopic
examinations the scab contains fibrin and a small
amount of cellular debris. At the studied stage of
regenerative tissue histogenesis, complete epithelization
of the skin defect in the MG was recorded, while in
the CG the central areas of the defect did not achieve
this result. After PDRN administration, the epidermis
is significantly thicker due to the appearance of
an additional third row of epidermocytes [13]. The
thickness of granulation tissue of biopsy specimens
also increased statistically significantly in both
groups. Active healing of an ischemic skin defect is
accompanied by an increase in the index of fibroblast
proliferating cells.

In the CG and MG, the interquartile range of the
index of Ki-67-positive cells was 20.93 (18.84-23.02)
and 50.06 (45.05-55.07) respectively (Table). As
a percentage, the numerical value of the median of
dividing cells in MG biopsy samples is 51.18% greater
than those in CG biopsies.

The interquartile range of the index of cells with
expression of the anti-apoptotic gene Bcl-2 is 27.17
(24.4-29.9) in the CG and 53.41 (48.1-58.8) in the
MG. As a percentage, the numerical value of the median
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of cells with the active Bcl-2 gene is 48.99% greater
during the administration of PDRN compared to that
in the CG (Table). At the same time among the cellular
elements of the MG regenerative tissue present cells
positive for apoptosis marker p53. The interquartile
range of the index of cells in a state of proapoptosis is
7.97 (7.17-9.71). The cell population of both groups
can still be classified as a growing cell population due
to the high numerical value of the median index of
proliferating cells, which is facilitated by the high
numerical value of the median index of cells expressing
the anti-apoptotic gene Bcl-2.

On the day 10.4 + 0.01 of the postoperative period,
spontaneous separation of the silicone ring from
the wound was observed in MG mice, while it was
present in CG mice. On day 10, the entire surface of
the wound in both groups is covered with regenerated
epidermis. After puncturing the PDRN wound (MG)
epidermis is noticeably thicker and has more pronounced
differentiation into layers of the forming stratified
squamous partially keratinized epithelium [13].
Fragmented scab remains above the epidermis in MG
(Figure 2a). The basis of biopsy specimens at this stage
of wound healing is granulation tissue, which appears
more differentiated in the MG.
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Fig.2. Biopsy section of the MG on day 10 after surgery to simulate an ischemic skin defect. Epidermis (1) and granulation
tissue (2). a — Hematoxylin and eosin staining. Magnification: 400. b — cells in a state of proapoptosis (3). Staining with
monoclonal antibodies to p-53. Visualization in the diaminobenzidine—hydrogen peroxide system, magn. x 200

Numerical value of the median of regenerative
tissue cells of all studied biopsy samples in a state
of proliferation continue to actively increase. In the
CG and MG, it increased compared to the previously
described period of wound healing by 59.71% and
20.97%, respectively (Table). In the MG, the median
of cells with the Ki-67 marker is 17.98 + 0.01% higher
compared to that in the CG. Against the background of
PDRN-puncture, the numerical value of the median of
apoptotic cells from days 7 to 10 increased by 81.51%
(Figure 2b). In the CG there are no cells with expression
of the proapoptosis gene p53 (Table).

The numerical value of the median index of cells
with expression of the anti-apoptotic gene Bcl-2 among
the population of biopsy cells from the CG increased
by 52.95% compared to the 7th day of regeneration.
At the same time in the MG the numerical value of
median Bcl-2-positive cells decreased by 42.80%, which
likely the regenerated cells actively participate in the
process of eliminating excess cellular elements. In the
CG, the numerical value of the median index of cells
with the Bcl-2 marker is 47.08% higher. Based on the
fact that the numerical value of the median index of
proliferating cells reliably exceeds the numerical value
of the median index of cells in a state of proapoptosis
(Table), the cell population in both groups on the day

DERMATOLOGY

10 of regenerative tissue histogenesis can be assessed
as a growing cell population.

On day 12, the ring around the model wound
was absent in mice of both groups. In biopsy sections
in the stratified squamous partially keratinized
epithelium of the epidermis the number of rows of
epidermocytes increased and differentiated into four
layers: basal, spinosum, granulosum and cornium. The
epidermis is widest and looks more differentiated after
PDRN- therapy (Figure 3a). Among the cells of the
stratum basale and stratum spinousum Ki-67-positive
proliferating cells, are well contoured. Under the
epidermis in the expanding, fibrosing and differentiating
granulation tissue, cellular elements with a positive
reaction to the Ki-67 marker are also present.

The numerical value of the median index of
Ki-67-positive cells increased by 11.13% compared
to day 10 of wound healing. In CG biopsies the
numerical median index value of proliferating
epidermis cells is noticeably thinner than in the MG
[13]. In granulation tissue it increased statistically
significantly by 19.11 + 0.01% over day 7 to day 10
(Figure 3b). However, when comparing the numerical
value of the median index of Ki-67-positive cells in the
structures of biopsy specimens from the CG and MG, it
statistically significantly 9.89 + 0.01% higher in mice
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Fig.3. Biopsy section of the MG on day 12 after surgery to simulate an ischemic skin defect. Epidermis (1) and granulation
tissue (2). a — Hematoxylin and eosin staining. Magnification: x200. b — cells in a state of proliferation (3). Staining with
monoclonal antibodies to Ki-67. Visualization in the diaminobenzidine—hydrogen peroxide system, magn. x200

of the MG. The numerical value of the median index
of cells with arrested apoptosis after PDRN therapy
decreased by 37.08% compared to the day 10 of the
model wound regeneration, allowing the elimination of
cells from the composition of the regenerative tissue.
Thus, the numerical value of the median index of
p53-positive cells over the same period increased by
37.87%. The depletion of granulation tissue in cellular
elements indicates the beginning of the process of
fibrosis [14].

In the CG, the numerical value of the median
index of cells with Bcl-2 gene expression continued
to increase, but the increase was 4.21%, which is
statistically insignificant. In this regard, on day 12
of the model skin defect healing cells with an active
apoptosis gene p53 were detected for the first time.
Their interquartile range is 3.3 (2.97-3.63) (Table).
A comparison of biopsy samples from the CG and MG
at this stage of regenerative tissue histogenesis revealed
that among the cellular elements, the numerical value of
the median index of cells with expression of the Bcl-2
gene is 63.40% higher in the CG than in the MG. The
numerical value of the median index of cells in the state
of proapoptosis — 95.25% higher in the MG (Table).
Based on the fact that in the cell population of MG
biopsies, the numerical value of the median index of
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cells in a state of proliferation statistically does not
differ from numerical values of the median index of
cells in a state of proapoptosis, such a cell population
can be classified as a stable cell population. The cell
population of CG biopsies continues to grow.

The stated research topic is practically not covered
in the domestic literature, probably due to the need for
a specialized sterile laboratory, highly qualified scientific
and support personnel who have undergone specialized
training, and the high cost of the pharmacological
preparation of polydeoxyribonucleotides, which is not
produced in the Russian Federation and is distributed
by network marketing as pharmacological preparation
for cosmetic correction of facial skin. A few works by
foreign authors [6, 15] reflect successful attempts to use
pharmacological preparations of PDRN (the range of
which is quite wide in the European and North American
pharmacological industry) in the clinical practice of
surgeons in the treatment of long-term non-healing
ischemic skin defects, which occur in 1-2% of the elderly
population and seriously worsening the working capacity
and quality of life of the population. At the same time, the
cellular mechanisms of healing of ischemic skin defects
after PDRN therapy remain unclear.

During all the days of healing of the ischemic
model wound we studied, the difference between the
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indicators of the MG and CG was significant. On days 4
and 7 the difference between the CG and MG was most
pronounced. Subsequently, the difference decreases,
nevertheless remaining statistically significant (Table).
The proliferative activity of regenerative tissue cells is
higher after PDRN therapy.

By the 12th day of healing of an ischemic model
wound, mice of both groups observed the absence
of a silicone ring limiting the wound and complete
epithelization of the wound. After puncturing an ischemic
skin defect with polydeoxyribonucleotides, it accelerates the
healing of the defect by 16.67 + 0.01%, which is ensured
by the active proliferation of fibroblast differon cells,
predominantly differentiated specialized fibroblasts (Table).
However, on day 12 of regenerative tissue histogenesis
in the MG granulation tissue is at the beginning of the
third stage of the wound process, while in the CG the
second stage of the wound process continues. A stable cell
population is formed in MG 2 days earlier than in the CG.

Our findings align with the results reported by
Azhikova et al. [16, 17], who demonstrated that tissue
repair stimulators (such as panthenol) enhance granulation
and epithelization without extensive scarring. This
supports the efficacy of the regenerative agents used in
our study in significantly reducing healing time.

The index of cells with expression of the anti-apoptotic
gene Bcl-2 in the CG is statistically significant and increases
up to day 12 of wound healing. In the MG it statistically
significantly decreases by day 12, which leads to a sharp
increase in the index of cells with p53 gene expression and
their elimination from the population by apoptosis. This
elimination is necessary for fibrosis of granulation tissue
in the third stage of wound healing process.

Conclusion

An injection of a PDRN solution into the edges and
bottom long-term non-healing ischemic skin defects
appears to be a strong candidate for the innovative
treatment of chronic ischemic skin defects and the
prevention of excessive scarring. PDRN therapy turned
out to be safe and tolerable and accelerates the healing
of long-term non-healing ischemic skin defects by
16.67+0.01% by stimulating the proliferative activity

DERMATOLOGY

of dermal differentiated specialized fibroblasts and
regulating the expression of the anti-apoptotic gene
Bcl-2 and the apoptosis gene p53 in the nuclei of
fibroblast differentiated cells.
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BnusaHue Tepanuu Nonnpae3oKCMPUOOHYKIEOTUAAMMU HA pereHepaLuio
ANUTENbHO He3a)XXUBAIOLWUX NOC/IeonepaLuOHHbIX Ae(EKTOB KOXXU

A.I. BapanoBckuii' ~, E.}FO. IllanoBanopa' ', FO.I'. BapaHoBckuii'
B./. Ky3smuuoB' ~, C.B. Xapuenko' ', L.A. JIyrun' =, JI.A. KyTy3oBa'

T.IL. CaraeBa' ~, C.B. ITonos® ', K.P. baxtusipos® ~, JI.FO. FOdepon®

IA. leMAIIKWH? >4

! KpeIMcKUii defiepanbHbli yHUBepcuteT uMeHn B.U. BepHajckoro, e. Cumcepononsb, Pocculickas ®edepayus
2 Poccuiickuii yHUBepcUTeT Apy»KObl HApofioB, 2. Mockea, Poccutickas ®edepayus
< dr.dga@mail.ru

AuHoTanus. AKmyanbHoCmb. JleueHre XpOHUUYECKUX PaH Ha CErof{HSIIHUN [IeHb 0CTAeTCsl Cepbe3HOM MPobieMoli BBU/Y UX
PacIipoCTPaHEHHOCTH U COIMYTCTBYIOLUX OC/I0KHEHUH. Teparivisi MoJu/ie30KCHPUOOHYK/Ie0THIAMMU, CIIOCOOCTBYOIIAst aHTHOTeHe3y
Y pereHepariy TKaHeM, sIB/ISeTCs TIepCrIeKTUBHBIM MeTo/joM jeueHus. lesb: aHanu3 nposudepaTUBHON 1 anonToTHye cKon
aKTUBHOCTH KJIETOK PereHepaTOpHOro TMCTUOHA B OMOMITaTax /I/IMTeTbHO He3a)KMBAKOLIMX TI0C/Ie0TepariioHHbIX Jie(eKTOB KOXKU
Ha 3Tarnax 3aXUBJ/IeHHs Ha (OHe Teparuu ToJ11e30KCHPHOOHYKIeoTHAaMU. Matepuasbl U MeToapbl. B paboTe ucnonb3oBanu
24 6enbix Mbiim muaun C57/Bl B Bo3pacte 4-6 mecsiieB u Becom 32 + 0,01 1, paszie/ieHHbIX Ha KOHTPOJTbHYIO (n = 12) ¥ OCHOBHYIO
(n = 12) rpynmel. B ocHoBHO# rpymiie 0,38 M1 pacTBOpa Mo/T|e30KCUPUO0HYK/IE0TH/I0B BBOV/IM B [THO U KPasi XUPYPriuyeCcKoro
WIIeMU3UpOBaHHOrO fedekTa koxku. Ha 4, 7, 10 u 12-e cyTKH 1oc/ie MO/ie/IMPOBaHMs paHbl OMONTAThI 3a/IMBad B rapaduH
Y OKpAIIMBA/M TeMaTOKCUIMHOM U 303UHOM. K/leTKu OHOTITaTOB B COCTOSITHUM MUTOTHUECKOTO JieJIeHUs], TPOariornTo3a u ¢
9KCIIpeccrell aHTUANONTOTUUEeCKOro reHa Bcl-2 BBISBIAIN UMMYHOTMCTOXMMAYECKH C UCMOIb30BaHUEM MEePBUYHbIX aHTUTE
Ki-67 (MoHok0HambHBIe Kposmubk [SP6] Cell Marque, CIITA), p53 (mosmknonanbHble Kpormrubd [GTX50438] GeneTex Inc,
CIIIA) u Bcl-2 ([N1N2], [GTX100064] GeneTex Inc, CIIIA) cooTBeTCTBeHHO. B KaueCTBe BTOPUUHBIX aHTUTE UCTIOIB30BaTH
cucremy HiDef Detection™ HRP Polymer (Cell Marque, CIIIA), KOHbIOTUPOBaHHYO C TIepPOKCH/Ia30M XpeHa. [1s afjeKBaTHON
BU3yaJIM3alvK CTPYKTYPbI pereHepara cpe3bl OMOMNTATOB Z0MOHUTETBHO A0KpalliBaid TeMaToKCUIMHOM Matiepa. VHzaekc
aHTHUTeH-TI0/I0KUTEe/IbHBIX K/IeTOK OIpezessuiv MyTeMm ux nogcyera Ha 100 K/1eToK Mpy yBe/rueHUU MUKpockora 1350 ¢
TIOC/IeYIOIMM pacueToM UH/IeKca B rporjeHTax. CTaTUCTUUeCKUl aHa/lu3 BK/IFOUasl IPOBEPKY Ha HOPMabHOCTh pacrpe/iesieHns
¢ oMo11bio Tecta Hlanupo—Yuka 1 UCMob30BaHWe KpUTepyust MaHHa—YUTHU [i/1s1 TIONapHbIX CpPaBHEHWH; JaHHble TPYIII
OTMCBIBAJTA C MTOMOIL[BI0 Me/JViaHbl, IEPBOTO U TPETHETO KBapTH/IeH (MeXXKBapPTUIBHBIN pa3Max). Pe3ynbrarel u 06cyxaeHue. K 12-m
CyTKaM B OCHOBHOM T'pyTIIie rpaHy/IsAIMOHHas TKaHb OMOINTATOB HAaXO/[U/1ach B Hauasie TpeThel (pa3bl paHeBOro mpoiecca, Toraa
KakK B KOHTPOJILHOM IpyTITie TIPOA0J/bKanachk Bropasi aza paHeBoro mpoijecca. CtabubHast KJIeTOUHas MOMYJISALUsS B 0CHOBHOM
rpymrie copMUpoBanach Ha 2 JiHs PaHbIIle, UeM B KOHTPOJIbHOM. Bbi6o0bl. Tepariust o/v/ie30KCUPUO0HYK/Ie0TH/IaMH 0Ka3aiach
6e301acHO ¥ XOPOILIO MTePeHOCUMOI; OHa YCKOPH/Ia 3a)KMBJIEHHE [JIUTETbHO He3a)XHBaKOLIHMX M0C/Ie0NepaiioHHbIX /1e(eKTOB
KOKH Ha 16,67 £ 0,01% 3a cueT CTUMYJIALIUU NPOMQepaTHBHON aKTUBHOCTH (hUOPOOJIACTOB Z€PMBI, PETY/ISIIKA SKCIIPECCUU
AHTHATIONTOTHYECKOTO TeHa Bcl-2 u nmpoanonToTuyeckoro reHa p53 B KiieTkax ¢pubpobnactiyeckoro gquddepoHa.

KitroueBble C/10Ba: TOMMHYKIEOTH/IBI, AJTUTETFHO He3a)KUBAKOIIIe TI0CIeorepalioHHbIe e(heKThI KOXKH, paHeBOH MpoLiecc,
riponudepariys, arorTo3

HNudopmanys o puHaHCHPOBAHUM. ABTODHI 3asIB/ISIIOT 00 OTCYTCTBUY (PMHAHCHUPOBAHMUS.

Bkap aBTopoB. ['A. [leMAIIKWH — KOHLeNUUs U Au3aiiH uccienoBanus. E.FO. [IlanoBasioBa — KOHLIENLUS U AU3alH
uccnenosanus. A.I. BapaHoBckuii — c6op 1 06paboTka JaHHbIX, HarMcaHue Tekcta. FO.I. BapaHoBckuii — c60p u 06paboTka
[laHHBIX, HarMcanue TekcTa. C.B. XapueHko — cOop 1 00paboTKa AaHHbIX, HarrcaHue Tekcta. VLA, Jlyrud — cbop v o6paboTka
[IAHHBIX, HarcaHue Tekcra. JI.A. KyTty3oBa — cbop 1 06paboTKa ilaHHbIX, HarrcaHue Tekcra. C.B. TToroB — c6op u 06paboTka
ZaHHBbIX, HarrcaHue Tekcra. T.IT. CaratieBa — cbop u 06paboTKa AaHHBIX, HarucaHue Tekcta. K.P. BaxTtuspos — cbop u
00paboTka JaHHbIX, Hanucanue Tekcra. [.FO. FOdepoB — cbop 1 06paboTka JaHHbIX, HAaTlMCAHUE TEKCTA.
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Nudopmanys o KOHQINKTe HHTEPeCcoB. ABTOPHI 3asIB/ISIIOT 00 OTCYTCTBUM KOH(IMKTA MHTEPECOB.

JTHuUecKoe yTBepxKAeHHe. Bce MaHUMTY/ISIINY TTPOBOUINCH B COOTBETCTBUH C «MeXXTyHapOAHBIMUA PeKOMeH IallusiMU
T10 TIPOBE/IEHUIO Me/JUKO-OHO/IOrUeCKUX UCCTIeJOBaHMI C UCTIONb30BaHHueM >KMBOTHbIX» (EDC, CrpacOypr, 1985 1) 1 XebCUHKCKOM
Jekaparueli BceMupHol MeMIIMHCKOM accorpanuu. MccnenoBanue oj00peHo JIOKaIbHBIM 3THUeCKUM KomuteToM PTAQY
BO «KpriMckuti desiepanbHbii yHuBepcuteT nMeHU B.W. BepHagckoro» (mpotokorn Ne 11 ot 05.12.2022 1.).
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