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Aim. The work aimed to study the nature of changes in endocrine signals (insulin and cortisol) and bioactive
molecules that control inflammation and activation of process synthesis (interleukin-2 (IL-2), interleukin-8 (IL-8),
vascular endothelial growth factor (VEGF), amino-terminal propeptide of type Ill procollagen (PIIINP)), at the
initial stage of the formation of chronic wounds in the experiment.

Materials and methods. The study was conducted in 2 groups of Wistar rats. The first group is represented
by intact animals. Animals of the second group were modeled chronic wounds. On the 3 day of the experi-
ment, all animals were euthanized. The concentration of studied bioactive molecules was measured in blood
serum by enzyme immunoassay. Selected areas of the wound were subjected to histological examination.

Results. The levels of cortisol, insulin, VEGF, IL-2, and PIIINP in animals with chronic wounds at the stage of in-
flammation were significantly higher compared to intact animals. A tendency towards a decrease in the expression
of IL-8 was shown. Relationships between the levels of bioactive molecules in animals of different groups were
studied. According to the results of studies a correlation between the concentrations of IL-8 and cortisol in rats of
the intact group was established. In the group of rats on the 3" day after wound induction, a positive correlation was
noted between the levels of IL-8 and IL-2. Wound defects healed under the scab. Microscopic analysis showed that
the histoarchitectonics of tissues in the area of damage on the 3rd day corresponded to the classic manifestations
of the process of healing wounds at this stage. The main part of the wound was filled with fibrin strands with a
predominantly inflammatory cellular component. In some areas, signs of growth and development of young gran-
ulation tissue were noted. In the marginal sections, signs of re-epithelialization of the wound defect were observed.

Conclusions. Even though in our study, the histoarchitectonics of tissues in the area of damage correspond-
ed to the classical manifestations of the wound healing process at the stage of inflammation, the obtained
changes and the relationship between endocrine and immune factors may be harbingers of the formation of
the chronic wound in the future.
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XapakTtep 3MiH eHOOKPUHHUX Ta iMyHHUX thaKTopiB
Ha noyaTtKkoBoMmy eTani hopMyBaHHS XPOHIYHUX paH

C. Bb.Naenog, T. |. Tamm, T. €. Komicosa, H. M. BabeHko, M. B. Kymeuko, O. b. JlitBiHoBa

MeTta po60TH — BUBYEHHS XapaKTepy 3MiH EHAOKPUHHUX CUrHaniB (iHCYNiHy i kopTu3ony) Ta BioakTUBHUX MO-
NeKyn, WO KOHTPOIIOKTb 3ananeHHs Ta akTueaLlilo NpoLeciB CuHTesy (iHTepnelikiny-2 (IL-2), iHTepnenkiHy-8
(IL-8), dpakTopa pocty eHgotenito cyanH (VEGF), amiHokiHueBoro nponentuaa npokonareny I tuny (PIINP)),
Ha NoYaTKOBI CTagii (hOpMyBaHHS XPOHIYHNX PaH B EKCNEPUMEHTI.

Marepianu Ta metoau. locnigxeHHs 3aincHUnu B 2 rpynax Lwypis Bictap: neplua — iHTakTHa; y TBapuH Apyroi
rpynu MoZentoBanu XpoHiyHi paHu. Ha 3 aeHb ekcnepuMeHTY BCiX TBAapUH BUBEMMW 3 EKCNIEPUMEHTY LUMSIXOM
eBTaHa3ii. Y cupoBaTtLi KpoBi KOHLEHTpaLii 6i0akTUBHWUX MONeEKyI, L0 BUBYAMNM, BUMIpOBaNy iMyHO(EepPMEHT-
HUM MeToZoM. BuaineHi insiHku paHu 4ocnigunm ricTonorivyxo.

Pesynkratu. PisHi koptusony, iHcyniHy, VEGF, IL-2 Ta PIIINP y TBapuH i3 xpoHiuHMU paHamu Ha cTagii 3ana-
NeHHs JOCTOBIPHO BULL NOPIBHAHO 3 IHTAKTHUMMU LLypamun. Buseunu TeHAeHLito [0 3HWKeHHs ekcnpecii IL-8.
BrBunnn 38’a3ku Mix piBHAMM 6i0aKTMBHUX MOMNEKYN y TBAPWH Pi3HUX rpyn. 3a pesynsratamu AOCTiLKEHb,
Y LLypiB iHTAKTHOI rpynu BCTAHOBNEHO KOpensLito Mix KOHUeHTpauiamu IL -8 i kopTuaony. Y rpyni wypis Ha 3
£00y nicns iHAYKUiT paHu BUSBUNN NO3UTUBHY KopensLito Mix piBHsMu IL-8 i IL-2. 3aroeHHs paHoBux fedekTis
Binbysanocs nig ctpynom. MikpockoniuHe JOCRimKeHHs nokasano, WO ricToapXiTEKTOHIKA TKaHWH Y insHUj
NoLLKOKeHHs Ha 3 oDy BignoBifana knacuyHUM ySIBMEHHSM LLOAO NPOLIECY 3aroeHHs paH Ha LiboMy eTarni.
OcHoBHa YacTWHa paHu 3anoBHEHa HUTKaMu (hiGpUHY 3 NEPeBaXHO 3ananbHUM KIiTUHHUM KOMMOHEHTOM. Ha
OKPEMMX AiNsHKax BUSIBUNN 03HaKM POCTY 11 pO3BUTKY MONOAOI rpaHynaLiHOT TKaHWHW; Y KpaoBuX Biadinax
— 03Haku peeniTeniadii paHoBOro AedekTy.
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BucHoBku. He3paxaroum Ha Te, L0 B HALIOMY LOCHILKEHHI FICTOAPXITEKTOHIKA TKAHUH Y AiNSHL YLIKOMKEHHS
BignoBiAana KnacuyHMM nNposiBaMm MpoLeCy 3aroeHHs paHn Ha CTajii 3ananeHHs, BUSBMEH 3MiHM Ta B3ae-
MO3B’SI30K EHJOKPUHHMX Ta iMyHHUX (DaKTOPIB MOXYTb ByTU NepeaBiCHUKaMM hOPMYBaHHS! XPOHIYHOT paHu

B MalbyTHLOMY.

CyuacHi meguuHi TexHonorii. 2023. Ne 2(57). C. 34-39

The skin is a complex organ that has many strategies to
protect the body from external influences. It contains a highly
specialized network of immune cells critical for defense and
repair and maintaining tissue homeostasis [ 1]. Trauma sets off
a cascade of events designed to rapidly restore skin integrity.
Inflammation, a typical pathological process, is necessary to
combat the attack of invading pathogens and to remove dead
tissue from the site of damage. The initial stage is the same
for both acute and chronic inflammation. But if in the case of
acute inflammation, there is a completion of the stages, which
pass one into another, then in the case of chronic inflammation
due to, for example, the impossibility of removing the altering
factor, the process becomes chronic in the future.

The dynamics, quantitative and qualitative characteristics
of reparative processes are strictly coordinated and regulated
by many factors, among which inflammation regulators (in-
terleukins) and growth factors are of great importance [2].
Growth factors and cytokines allow the formation of positive
and negative feedback loops to control the ability to inhibit or
initiate recovery processes [3]. Clinically, chronic wounds are
those wounds that cannot be healed through orderly healing
phases but linger in a stage of self-perpetuating inflammation
[1]. The other extreme in inflammatory processes is associated
with fibrosing activity, as measured by collagen synthesis and
degradation [4]. Understanding the mechanisms governing the
inflammatory response and its resolution is an important task.

Research is currently mainly focused on elucidating
wound healing factors, gene expression networks, and signa-
ling pathways directly involved in tissue repair. Less studied,
but important factors are endocrine signals, whose role in
the formation of chronic wounds is of particular importance.
Through the activation of their respective receptors, they can
exert pleiotropic effects on many processes by altering the
signaling of localized cellular processes that determine the
rate or quality of tissue regeneration [5].

Aim

The work aimed to study the nature of changes in endo-
crine signals (insulin and cortisol) and bioactive molecules
that control inflammation and activation of process synthesis
(interleukin-2, interleukin-8, vascular endothelial growth
factor, amino-terminal propeptide of type III procollagen),
at the initial stage of the formation of chronic wounds in the
experiment.

Materials and methods

The study was carried out on 12 Wistar rats, weighing
220-250 g. The experiments were carried out by the Princi-
ples of the European Convention for the Protection of Verte-

brate Animals (Strasbourg, 1986), the EU Council Directive
of September 22, 2010 “On the protection of animals used
in scientific purposes” and were approved by the Bioethics
Committee of Kharkiv National Medical University.

Animals were divided into 2 groups. The first control
group (Int) is represented by 6 intact animals. Animals of
the second experimental group (Exp) were modeled chronic
wounds [6]. In our study, a model of a chronic wound was
chosen with the reproduction of conditions of local hypoxia
and microcirculation disorders, since it is known that ischemia
and circulatory disorders are the main causes of delayed heal-
ing of trophic wounds [7]. For anesthesia, an intramuscular
injection of zoletil (tiletamine hydrochloride and zolazepam
hydrochloride) (Virbac, France) at a concentration of 10 mg/kg
body weight was used. After 3 days, the animals were eutha-
nized by inhalation of chloroform in a confined space. Blood
was obtained by open heart puncture. The concentrations
of the studied bioactive molecules in the blood serum were
determined by enzyme immunoassay in accordance with the
manufacturer’s instructions for the reagent kits. Vector-Best
kits (Ukraine) were used to determine interleukin-2 (IL-2),
interleukin-8 (IL-8), vascular endothelial growth factor
(VEGF), insulin, and cortisol levels. Amino-terminal pro-
peptide of type III procollagen (PIIINP) concentrations were
obtained using the eBioscience kit (USA).

A section of the wound for histological examination,
including all its departments (central, main, edge) was cut
out after euthanasia. The samples were fixed in 10 % neutral
formalin solution and dehydrated in alcohols of increasing
concentration (50°, 70°, twice 96°). The material was passed
through alcohol-chloroform and chloroform and embedded in
paraffin. The prepared sections, 5—7 pum thick, were stained
with hematoxylin and eosin, as well as picrofuchsin according
to van Gieson following the standard method. The prepara-
tions were analyzed and photographed using a PrimoStar
microscope (Zeiss) and a Microocular digital camera.

Statistical analysis was performed using Statistica soft-
ware v. 12.0 (StatSoft, USA). The significance of the differ-
ences between groups was evaluated using the non-parametric
Kruskal—Wallis test for independent samples (p < 0.05). The
results are expressed as the means + standard error of the
mean (SE). The relationship between the levels of the studied
bioactive molecules was evaluated according to Spearman’s
rank correlation coefficient (R). GraphPad Prism 7 package
(GraphPad Software, USA) was used for plotting.

Results

The concentrations of insulin, cortisol, interleukins,
VEGEF, and PIIINP in the blood serum of animals are pre-
sented in Fig. 1.
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Fig. 1. Changing the levels of the studied indicators in the blood serum of animals (*p < 0.05). The error bars represent the standard error
of the arithmetic mean for each indicator (n = 6).

Fig. 2. Areas of the wound cavity of animals after 3 days. A: the upper layer of the wound (1), consisting of fibrin and inflammatory
infiltrate, the lower one — young granulation tissue (2) with fibroblasts, collagen fibers, and newly formed vessels, scale bar 200 um;
B: polymorphonuclear leukocytes (3) and fibrin fibers of the main part of the defect (4); C: young granulation tissue with fibroblasts (5),
collagen fibers (6) and capillaries (7) at the bottom of the wound; D: proliferation and initiation of migration of cells of the integumentary
epithelium at the edge of the wound (8); B-D: scale bar 50 pm, van Gieson’s stain.
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Macroscopically, the wound area in animals was covered
with a dense scab 3 days after surgical modeling. Micro-
scopic examination showed features of histoarchitectonics
in different parts of the wound cavity (Fig. 2). There was a
layer of leukocytes (mainly neutrophilic granulocytes) con-
sisting of fibrin deposits and destroyed cells under the scab.
The main part of the wound was filled with fibrin threads,
polymorphonuclear leukocytes, and macrophages. In the
areas of the bottom and along the edges of the wound, the
inflammatory cellular component of the young granulation
tissue was supplemented by fibroblasts, and the intercellular
substance was supplemented by chaotically located single thin
collagen fibers. Newly formed capillaries of various diame-
ters were also observed here. Along the edges of the wound,
signs of proliferation of the basal cells of the epidermis, and
germination of the epithelial layer under the scab were noted.

Relationships between the levels of bioactive molecules
in animals of different groups were studied. According to
the results of studies in rats of the intact group, a negative
correlation was established between the concentrations of
IL-8 and cortisol (R =-0.907, p <0.05). A positive correlation
was noted between the levels of IL-8 and IL-2 (R = 0.855,
p <0.05) on day 3 after wound induction in the rat group.

Discussion

In our study, the level of serum cortisol was increased
in the animals of the experimental group. Apparently, this
effect was caused by the high invasiveness of surgical inter-
vention in the formation of a chronic wound, which led to a
high degree of surgical stress response, including neuroen-
docrine-metabolic and inflammatory-immune reactions [8].
Neuroendocrine effects are induced by changes in the hy-
pothalamic-pituitary-adrenal and sympathetic-adrenal-brain
axis. Thus, it showed that plasma cortisol levels were
significantly elevated in rats subjected to chronic repetitive
immobilization stress for 14 days [9].

It is known that the main glucocorticoid in primates is
cortisol, while in rodents it is corticosterone due to inhibition
ofthe CYP21P enzyme, which is responsible for the synthesis
of cortisol [10]. However, mouse serum cortisol and corticos-
terone have been shown to be closely correlated in dynamics
under various physiological or stress conditions, with corti-
costerone being a more adaptation-related biomarker than
cortisol under chronic stress conditions [11].

In our work, the levels of the pro-inflammatory cytokine
IL-8 tended to decrease. CXCLS is the most potent chemokine
that attracts human neutrophils and plays a critical role in the
response to infection and tissue damage [12]. The correlation
between IL-8 and cortisol levels observed in our work in
intact animals was absent after wound induction. Apparently,
the activation of endocrine and immune mechanisms at the
initial stage of the formation of chronic wounds was carried
out by different regulatory pathways.

After wound induction, our work showed an increase
in the expression of the pro-inflammatory cytokine IL-2 at
the stage of inflammation. This appears to be because early

in the wound healing process, IL-2 signaling may play an
important role in recruiting immune mediators to initiate the
healing process and prevent microbial colonization of the
wound site. This cytokine can also promote the proliferation
of skin cells and blood vessels. Later, a decrease in IL-2 levels
may help resolve inflammation by recruiting and expanding
regulatory immune cells [13]. In the experimental group of
rats on day 3 after wound induction, a positive correlation
was noted between the levels of IL-8 and IL-2. Thus, IL-2
and IL-8 induced modulated inflammatory processes after
wound induction.

It was found an increase in the level of insulin after the
induction of an experimental complicated wound. There was
aviolation of the adaptive-compensatory metabolic reactions
at the stage of inflammation after the operation. Insulin is the
only hypoglycemic agent in the body. In addition, insulin
also regulates the body’s physiological metabolism, mainly
through the receptor tyrosine kinase mechanism, to promote
the body’s glycogen, fat, and protein synthesis and regulate
energy metabolism [14]. The results obtained in our study
also are consistent with the literature data, which show an
increase in insulin levels on the third day of the postoperative
period [15].

Insulin has previously been shown to induce the expres-
sion of growth factors such as VEGF and promote healing
primarily by increasing blood flow [16]. In our study, we also
observed an increased expression of VEGF associated with
the activation of this factor during tissue damage. VEGF is
an important cytokine that leads to endothelial migration,
production of chemotactic agents, proliferation, granulation
tissue formation, and angiogenesis [17].

The secretion of pro-inflammatory cytokines, along with
the above factors, affects the migration of fibroblasts that
promote the deposition of collagen, epithelial and endothelial
cells [18]. For example, IL-2 appears to act as a signal for
fibroblast growth in a mechanism involving autophagy [19].
In our work, an increase in the concentration of PIIINP in the
blood serum of animals with induced chronic wounds was
observed. Serum PIIINP is associated with fibrillogenesis and
thus is most commonly used as a marker of type III collagen
synthesis during early wound healing [20]. Our results are
consistent with the literature data, which show that an injury
leads to an increase in the metabolism of type III collagen
[21]. In severely injured patients, i. e., at high risk of chronic
wound formation, elevated serum levels of procollagen type
III propeptide were observed [22]. The histological studies
carried out confirm the presence of collagen fibers in the
wound samples.

Conclusions

At an early stage of chronic wound formation (inflam-
mation stage):

1. A significant reaction of the endocrine system to da-
mage was revealed — a statistically significant increase in the
level of insulin and cortisol was found. Probably, the degree
of involvement of the endocrine mechanisms of regulation
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of metabolic processes is determined by the massiveness
of the damage, and, along with other factors, can serve as a
predictor of the chronicity of the process.

2. An increase in the level of IL-2 was found, which
corresponds to the activation of inflammatory processes;
the downward trend in IL-8 levels in animals with chronic
wounds may seem to reflect a disruption in the mechanisms
governing the inflammatory response; an increase in the levels
of VEGF and PIIINP indicates the simultaneous activation
of synthesis processes already at this stage.

3. A change in the relationship between the regulation of
the neurohumoral and immune systems was found. So, in
intact animals, there was a correlation between the concentra-
tions of IL-8 and cortisol, and after the induction of wounds,
it was absent. Instead, a correlation was observed between
IL-8 and IL-2 levels. That is, the activation of endocrine and
immune mechanisms at the initial stage of the formation of

chronic wounds is probably carried out through different
regulatory pathways.

4. Even though in our study, the histoarchitectonics of
tissues in the area of damage on the 3" day corresponded to
the classical manifestations of the wound healing process at
this stage, the obtained changes and the relationship between
endocrine and immune factors may be precursors of the
formation of the chronic wound in the future.

Prospects for further research. Currently, the formation of
chronic wounds in patients with endocrine diseases is being
studied. Primarily diabetes. However, in individuals without
endocrine disease, wound-induced changes are possible and
may be significant risk factors. The study of the relationship
between endocrine and immune regulation is relevant for the
development of new complex methods for the prevention and
treatment of chronic wounds.
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