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FUNCTIONAL CHANGES IN SKIN MAST CELLS DURING SURGICAL WOUND HEALING
IN RATS AFTER THE INFLUENCE OF CHRONIC SOCIAL STRESS

Actuality. The problem of social stress, as well as the epidemiology of injuries, is currently the most pressing in the world, while the
skin, as an external protective layer, is the first to respond to their effects by disrupting structural homeostasis. At the same time, there
is evidence that mast cells, as resident, are a local link in the interaction between the neuroendocrine and immune systems of regulation
of tissues of the internal environment of the body in normal and pathological conditions. The role of mast cells in control and regulation
of internal environment tissues is intensively researched. The question of stressful conditions’impact on mast cells remains relevant.

The purpose of the work was to characterize changes of functional parameters of mast cells during reparative processes under the
influence of chronic social stress: the degree of degranulation and cell size.

Material and methods. Study involved 50 Wistar male rats. Control group comprised 20 rats. We modeled chronic social stress
on animals of the 2nd group, which were more susceptible to stress biologically active substancesed on the open-field test results,
(n=30) by the three-week social isolation and prolonged psychoemotional impact. Stress was confirmed in an open field test, which
was performed to all animals before and after modeling of chronic social stress. On the day of injury and on days 1, 3, 7, 14, and 30
of wound healing, a skin flap sized 1*1 cm was removed from the interscapular area. Samples were excised so that both the wound
healing site and undamaged tissue were in them. Mast cells’size and degranulation degree were counted in sections, selectively stained
with toluidine blue.

Research results. The process of wound healing in the rat skin was characterized by certain homeostatic and reparative features
of the dynamics of the ratio of degranulation types of mast cells and their sizes as physiological regulators. In the control, we noted the
maximum degranulation during inflammation and the absence of degranulation in the remodeling stage. In the experiment, even before
the injury, a significant increase in the number of mast cells and their significant degranulation according to type 2 was noted, while
the decrease in the number of mast cells during the stages of inflammation and proliferation was compensated by their high functional
activity.: an increase in degranulation mainly according to type 3 and an increase in their size, - in the process of prolonging the stages
wound healing, which was accompanied by an increase in the number of mast cells and their functional activity for 30 days.

Conclusion. Chronic social stress disrupted the normal course of the wound process, contributing to its chronicity, in which
cellular events characteristic of each stage of reparative regeneration were cross-observed in the wound healing process. Received
data gives the prospect for therapeutic modification of the wound process with a targeted effect on the mast cells’ activity.

Key words: chronic social stress, cutaneous wound healing, types of mast cells degranulation, quantitative and functional dynamics
of mast cells in remodulation, stages of reparative regeneration.
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OYHKIIOHAJIBHI 3SMIHU TYYHUX KJIITHH HIKIPU I YAC 3AT'OCHHS XIPYPI'TYHUX
PAH IIYPIB IIICJIA BINIUBY XPOHIYHOT'O COLIAJIBHOI'O CTPECY

Axmyansnicms. IIpobnema coyianvinozo cmpecy, AK i enioemionozii mpasmamusmy, Hapasi € HAUAKMYarbHIWOW Yy c8imi, a wKipa,
AK 306HIWHIN 3AXUCHULL WAp, NEPUIOT0 peazye HA IX 6NaUE NOPYuleHHAM CMPYKmypHo2o 2omeocmasy. Boonouac € oani, wjo myuni
KIIMUHU, 5K PE3UOCHMHI, € JIOKALIbHOIO JAHKOI Y 83AEMO0II HEeUPOEHOOKPUHHOL ma iMYHHOI cucmem nio uac pecyisiyii mKaHuH 6Hy-
MPIWHBLO20 CepedoUd OP2AHIZMY 6 HOpMI Ul Y paszi namono2ii. Huni iHmeHcusHo 00CaiodNcyeEmves poib MyUHUX KIiMuH Y KOHMpPOai
ma pe2ynayii mKauun 6HYmpiuHb020 cepedosuula. AKmyanbnum 3a1umacmscs NUMants npo 6NaU8 CIMpecosux Gakmopie Ha myuni
KAITMUHU.

Mema docnidcennsn — oxapaxmepuszygamu 3minu GYHKYIOHATbHUX NAPAMEMPIE MYUHUX KATMUH Ni0 4ac penapamugnux npoyecie
10 8NIUBOM XPOHIUHO20 COYIANLHO2O CINPeECy: CIYNeHA 0e2paHyiayii ma posmipy KaimuH.

Mamepian i memoou. Y oocriodicenni 63suu yuacmo 50 camyie wypie Bicmap. Koumponony epyny cmanosunu 20 wypie. Xpo-
HIYHULL coyianbHull cmpec MoOentogany Ha meapunax 2-i epynu (n=30), axi Oyau Oinbw CRPULHAMAUSUMU 00 CIPECOBUX GNIUGIE 3a
pe3yibmamamu mecmy «GioKpume noiey» WiAXoM mpumudicnesoi coyianbroi izonayii ma ncuxoemoyitinozo énaugy. Cmpec 6ys nio-
meepodicenuil y mecmi 6i0OKpUMOo20 noas, Wo npo8ooUsU 6CiM MEAPUHAM 00 MA NICHA MOOENO8AHHA XPOHIUHO20 COYIANLHO20 Cpecy.
YV 0env nanecennsn panu it na 1, 3, 7, 14, 30-y 006y 3acoennsn panu 3 Midcionamkogoi OisAHKY BUCIKAU WKIPHUL KIANOMb PO3MIDOM
1*] cm. 3pasku eupizanu max, wob y HuUX nompanisano Ak Micye 3a20€HHA panu, Max i Henowkoodcena mrkanuna. Posmip myunux kii-
mun i cmyninb 0ecpanyisayii niopaxoeyeau 6 3pizax, CeleKmueHo 3a0apeiienux moayiouHoOSUM CUHIM.

Pesynomamu 0ocnioxcenna. Ilpoyec 3a20€nHs pan wKipu wjypie Xapakmepusyeascs NeGHUMU OMEeOCMAMUYHUMU 1l penapamue-
HUMU OCOONUBOCMAMY OUHAMIKU CNIBGIOHOUEHHA 0eSPAHYIAYILIHUX MUNIE MYUHUX KIIMUH 1 ix po3mipie Ax ¢izionoziunux pezynamopis.
YV kommponi mu 6i03HaAUANIU MAKCUMATLHY Oe2PanyIAYIIo Ni0 Yac 3anaileHHs ma I0CYMHICIb 0ecpanyiayii 6 cmaodii pemooento8anHsL.
B excnepumenmi we 0o mpaemu 3a3HaueHo 00CMOGipHe 30LIbUeH s KITbKOCMT MYUHUX KIIMUHK 1 iX 3HAUHY 0eSpaHyiayil 3a opyeum
MUNOM, mooi AK 3MEHUWEHHS KITbKOCMI MYYHUX KITMUH Ha cCMadisax 3anaients ma npoaigepayii KoMnencyeanocs ix 6ucokor @yHkyio-
HAIbHOIO AKMUGHICIIO. NOCULEHHAM 0eSPaHYIAYIL nepesaddcHo 3a munom 3 ma 30i1bueHHIM X pO3MIPIE — y npoyeci nposoHeayii emanie
3A20€HHS PAH, WO CYNPOBOOACYBANIOCS 30LNbUICHHAM KIIbKOCIE MYUHUX KIIMuH I ix yyHKyionanvrol akmusnocmi npomsizcom 30 OHis.

Bucnoeok. Xponiunuii coyiansnuii cmpec nopyutyeas HopmaibHull hepebie panogo2o npoyecy, Cnpusiodu o020 xponizayii, 3a aKoi
KAIMUHKI nOOIl, XapakmepHi 015l KOJICHO20 emany penapamuenoi pecenepayii, nepexpecio cnocmepieanics 6 npoyeci 3a20€HHs panu.
Ompumani oani € nepcnekmugnumuy 0151 mepanesmudnoi moougikayii panosozo npoyecy i3 YineCnpamosaHum 6NIAUBOM HA AKIMUG-
HICTb MYYHUX KAIMUH.

Knwouosi crnosa: xponiunuii coyianoHuil cmpec, 3a20€HHsL PaH WKIPU, 0eSParyIsAYIUHT MUnu ny4yHux KIimuH, KITbKIiCHA 1 (OYHKYIO-
HAIbHA OUHAMIKA MYYHUX KITMUH Yy pemooynayii, cmadii penapamueroi pecenepayii.

Introduction. It has been shown that chronic stress onic sympathetic nerve fibers stimulate mast cell degran-
affects cutaneous wound healing through the overstimula- ulation, which promotes an early anti-inflammatory
tion of mast cells and post-ganglionic sympathetic nerve response, compromising the inflammation and the skin
fiber interaction. Catecholamines released by post-gangli- healing process (Romana-Souza, 2023, p. 578104).
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Modern interest in the structural and functional studies of
mast cells is intensively increasing due to the recent expan-
sion of new experimental data obtained about their excep-
tional multifunctionality (Komi et al., 2020, p. 298-312;
Theoharides, 2020, p. 388-392). Although mast cells are of
myeloid origin, related to granular leu migrate (Trautmann
et al., 2000, p. 100-106) and are resi kocytes, they do not
dent in tissues with a pronounced organ specificity. They are
located in groups around blood capillaries, lymphoid capil-
laries, nerve trunks in the loose connective tissue, therefore
they are ubiquitous, but with a predominant location in the
dermis of the skin and in the lamina propria of the mucous
membranes, i.e. in organs in contact with the external envi-
ronment. Mast cells constantly synthesize and accumulate
in granules various biologically active substances that reg-
ulate the homeostasis of surrounding tissues by constantly
releasing specific mediators under physiological conditions
or by simultaneous degranulation to varying degrees in
case of destructive or receptor disorders in tissues (Bhuiyan
etal., 2021, p. 2184-2197; Li et al., 2022, p. 2105152).

Based on the diversity of synthesized biologically
active substances and the compact arrangement of cells
in loose connective tissue, where their number normally
takes up to 10%, as well as taking into account their organ
specificity, these islets of mast cells are rightly consid-
ered relatively autonomous peripheral sections of the
endocrine system. This opinion is confirmed by a num-
ber of studies on direct and reverse reactions to changes
in the synthesis of mast cells’ biologically active sub-
stances mediators in the central organs of the endocrine
system (Gupta & Gupta, 2017, p. 103-251; Olejniczak
et al., 2022, p. 153—-163; Theoharis, 2017, p. 751-759;
Watson et al., 2016, p. 134).

As cells of the innate immune system, mast cells
through various mediators affect the functional activ-
ity of cells in tissues, including immunocompetent
cells of innate and adaptive immunity (Oskeritzian,
2012, p. 23-28; Theoharides, 2020, p. 388-392).

Taking into account the data that mast cells, being
resident, are a local link in the interaction between the
neuroendocrine and immune systems of tissue regula-
tion of the body’s internal environment in normal and
pathological conditions, the purpose of our research was
to describe the impact of chronic social stressful situa-
tions on them.

The specific purpose of this study was to character-
ize changes of functional parameters of mast cells dur-
ing reparative processes under the influence of chronic
social stress: the degree of degranulation and cell size.

Material and methods. Manipulations with animals
were performed in compliance with regulated norms and
rules for the treatment of laboratory animals: principles
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of bioethics, legislation and requirements in accordance
with the provisions of the European Convention for the
Protection of Vertebrate Animals Used for Research and
Scientific Purposes (Strasbourg, France, 1986), The Law
of Ukraine “On protection of animals from cruel treat-
ment”. All procedures performed were approved by the
Bioethics committee of Zaporizhzhia State Medical and
Pharmaceutical University.

The research was performed on 50 white male Wistar
rats, aged 12—13 months, weighting 390—430 g at the
time of picking, and they were divided into 2 groups.
The st group, control, comprised 20 rats (4 rats for each
time point of wound healing). We modeled chronic social
stress on animals of the 2nd group, which were more
susceptible to stress biologically active substancesed on
the open-field test results, n=30, (6 rats for each time
point of wound healing) by the three-week social isola-
tion and prolonged psychoemotional impact. Stress was
confirmed in an open field test, which was performed to
all animals before and after modeling of chronic social
stress. For morphological assessment of the skin, a
skin flap on the back in the interscapular region about
Iecm*1cm in size was excised on the day of wounding
and on days 1, 3, 7, 14, 30 of wound healing. Samples
were excised so that both the wound healing site and
undamaged tissue were in them.

Skin samples including the boundaries of the wound
surface were fixed in 10% neutral formalin solution and
followed standard histological methods. Serial sections
(5 pm thick) were made using a Thermo Scientific HM
325 microtome (Thermo Fisher Scientific, USA) and
selectively stained by acidified toluidine blue. Cyto-
morphometric studies were performed directly on his-
tological specimens using a Carl Zeiss Primo Star iLED
(ZEISS, Germany) microscope. We prepared micropho-
tographs by Carl Zeiss Primo Star iLED microscope
and an Axio CamERcS5s camera (ZEISS, Germany),
that were analyzed by the ZEISS ZEN 2011 (ZEISS,
Germany) microscopy program (calculation of the cells
size). Cell size was expressed in um. The degree of mast
cells’ degranulation was studied by the ratio of mast
cells’ types with subsequent calculation of the degran-
ulation index (DI).

The following types of mast cells have been iden-
tified: 1) with dense and diffuse arrangement of gran-
ules in the cytoplasm of the cell; 2) — partially degran-
ulated cells with signs of violation of the integrity of
the plasmalemma (blebbing); 3) — deformed, having
the appearance of bluish spots, completely degranu-
lated cells, often with the absence of a nucleus or its
remnants (fig. 1).
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Fig. 1. Degranulation types 1(a), 2(b), 3(c) of mast cells: fibroblast (1),
mast cells without degranulation (2), mast cells with partial degranulation (3),
granules in extracellular substance (4), degranulated, deformed mast cells (5)

DI was calculated by the formula:

DI mast cells=D/(ND+D)*100%, where

D — number of degranulated cells in the sum of 2nd
and 3rd mast cells types,

ND — number of non-derganulated cells-type 1 mast
cells.

Statistical analysis and presentation of experimen-
tal results were performed using the standard package
of statistical programs IBM SPSS Statistics version 26
(IBM corp., Armonk, NY, USA). Normality of quanti-
tative indicators’ distribution was checked by Kolmog-
orov-Smirnov single-sample test. Mann-Whitney test
for independent samples with normal distribution was
used for the open-field data. Each value is expressed as
mean + standard error of the mean. One-way ANOVA

MC
80,00 * type

T type 1
T type 2
T type 3

60,00
40,00

20,00

Mean amount of mast cells. %

000

Wounding  Day 1 Day 3 Day 7 Day 14 Day 30

Day of wound healing

was used to test for overall differences in the extent
of days of wound healing process; where appropriate.
Correlation analysis of the dependence of cell size on
their degranulation type and their significance for each
study period was calculated according to Pearson and
expressed as mean =+ standard deviation. A difference
considered statistically significant at P<0.05.

Results. In intact, before wounding, histological skin
samples of control animals, the amount of type 1 mast
cells was in the majority (93.3%), and type 2 mast cells
(fig. 2) was in the minimum values (6.7%). During the
inflammatory phase, there was a functional redistribu-
tion of mast cells. Thus, on the 1st day of wound healing,
the number of type 1 mast cells significantly decreased,
with a corresponding increase in type 2 cells with

mMC
type

100,00
I type 1
T type2
T type 3
80,00

6000

4000

Mean amount of mast cells. % -

20,00

Wounding  Day 1 Day 3 Day 7 Day 14 Day 30

Day of wound healing

Fig. 2. The ratio of mast cell types (1, 2, 3) in the skin of rats during the healing of a surgical wound
in control animals and after exposure to chronic social stress, %
* — differences compared to previous day of wound healing are significant at P<0.05.
** — differences compared to previous day of wound healing are significant at P<0.01.
*#% _ differences compared to previous day of wound healing are significant at P<0.001.
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the appearance of the majority of type 3 cells. By the
3rd day of healing, the activity of mast cells’ degranula-
tion decreased: cells of type 1 and 2 already accounted
for 50% with the absence of type 3 mast cells. In the
proliferative phase, there was a continuing dynamic of
the decrease in degranulation activity. So, on the 7th day
of wound healing, 81.8% (P<0.001) of mast cells were
already type 1, and just 18.2% (P<0.01) were type 2. On
day 14, all observed mast cells were type 1 (P<0.05). At
the remodeling stage (day 30) all mast cells were type 1.

In the histological preparations of the experimental
group of animals, the functional parameters of the mast
cells were contrastingly different from the control. Thus,
even in intact skin samples, the proportion of type 2
mast cells increased compared to control and amounted
to 36.4%. Inflammatory and proliferative phases of
wound healing were accompanied by contrasting func-
tional degranulation shifts, different from control. So, on
the st and 3rd days, the number of mast cells of the
2nd type was — 9.1% and 15.1%, respectively, and the
3rd type was 63.6% and 72.3%, respectively, which sig-
nificantly differed from values in similar preparations
from control animals. Mast cells’ degranulation during
the proliferative phase somewhat decreased, but it still
remained above the control values. So, on the 7th day,
the number of type 2 mast cells 34.8%, type 3 — 30.4%,
and on the 14th day, all 66.7% of degranulating mast
cells were only type 2. At the remodeling stage degran-
ulation of the majority of mast cells by type 2 was still
observed (53.9%); the remaining were 1 type.

The functional activity of mast cells was also
expressed by us in the form of a degranulation index.
The dynamics of the degranulation index of mast cells is
shown in fig. 3, from which it follows that the initial val-
ues in the control group of animals of this indicator are
minimal, and the highest — on the first day at the stage
of inflammation after wounding. Further, the degranu-
lation index rapidly decreased and reaching zero val-
ues, already at day 14 since all mast cells in this period
belonged to type 1.

In the experimental group of animals, degranula-
tion index before wounding was already significant,
amounting to 36.4 = 0.81 % and reached high values on
days 1 and 3 of the inflammatory stage. In the prolifera-
tion stage, degranulation index decreased, but remained
at a high level, on the 7th and 14th days of observation.
At the stage of remodeling, degranulation index contin-
ued to decrease, but remained high.

Variations in the size of mast cells in the animals of
this experiment are presented in fig. 4. The average size
of mast cells of type 1 in intact rat skin samples was
5.1 £ 0.30 pm, while their partial degranulation and
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transformation into cells of type 2 was accompanied by
a decrease in their size to 3.5 £ 0.09 um. At the stages
of the reparative process in the control group of animals,
the size of type 1 mast cells for the most part varied in
the initial sizes (5.1-6.6 pm), but with a pronounced dip
t0 3.9 = 0.60 um (P < 0.001) at the end of proliferation
(day 14). Type 2 cells at these stages showed similar
variation with type 1 cells with a demonstrative decrease
in size of up to 4.4 + 0.1 um, but already at the beginning
of the proliferation stage.

Group

[ Control
I Chronic social stress

100,00

80,00

60,00

Degranulation index

4000

20,00

Wounding  Day 1 Day 3 Day 7 Day 14 Day 30

Day of wound healing

Fig. 3. The index of mast cell degranulation
in the skin of rats during the healing of a surgical
wound in control animals and after exposure
to chronic social stress, %
* — differences compared to previous day of wound
healing are significant at P<0.05.
** _ differences compared to previous day of wound
healing are significant at P<0.01.
*#%* _ differences compared to previous day of wound
healing are significant at P<0.001.

In control animals, completely degranulated,
type 3 mast cells were observed only in the form of
bluish spots only on the first day of the acute phase of
inflammation, the cell size of which increased on average
to 10.2 £ 0.1 pm, but without gross deformation of the
cell and often with the presence of nuclear remnants.

The average size of mast cells in the experimental ani-
mals was mostly larger than in the control. Thus, type 1 mast
cells in intact (initial) skin samples were 7.5 &+ 0.57 pm,
while 5.1 £0.32 pum in the control (P<0.01), with a signifi-
cantdecrease onthefirstday ofinflammation (6.8+0.72 um,
P<0.05) and with a gradual downward trend towards the
end of the inflammation stage (5.7 +0.47 um) with a sharp
drop to the beginning of the proliferative stage (7 days) to
4.5 +0.51 (P<0.05) and then with a sharp rise towards its
end (14 day) — up to 7.9 = 0.83 um (P<0.01) and with a
return to most of the average sizes for type 1 mast cells by
day 30— 5.9 +£0.96 (P<0.01) pm.
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Group

1 Contral
I Chronic social stress
ook

10,000

8,000

6,000

4000

Size of type 1 mast cells, pm
Size of type 2 mast cells, pm
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0,000

Wounding  Day 1 Day 3 Day 7

Day of wound healing

30,00

20,00

Size of type 3 mast cells, ym

10,00
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L Cantral
I Experiment
Pt

10,00

0,00

Day 14 Day 20 Wounding  Day1 Day 3 Day 7 Day 14 Day 30
Day of wound healing
Group
I Control
I Experiment
Wounding  Day 1 Day 3 Day 7 Day 14 Day 30

Day of wound healing

Fig. 4. Sizes of mast cells by days of the reparative process and types of degranulation (1, 2, 3)
in the control and experimental groups in the skin of rats, pm
* — differences compared to previous day of wound healing are significant at P<0.05.
** — differences compared to previous day of wound healing are significant at P<(.01.
*#% _ differences compared to previous day of wound healing are significant at P<0.001.
# — differences compared to control group are significant at P<0.05.
### — differences compared to control group are significant at P<0.001.

Partially degranulated mast cells of the 2nd type were
even larger before injury — 7.9 + 0.08 pm, as well as the
entire period of inflammation — 9.1 £ 0.22 um and 7.5
+ 0.11 um per 1 and 3 days, respectively (P<0.01), with
a sharp decrease in the index to 3.1 + 0.08 um (P<0.01)
at the beginning of the proliferative stage (7th day) fol-
lowed by an equally sharp increase in size (8.2 = 0.07
and 8.5 = 0.05 um, P<0.01) in the subsequent stages of
regeneration (14 and 30 days).

The sizes of type 3 mast cells were typically large,
significantly exceeding those in the control at all stages
of detection, but the largest were at the end of inflamma-
tion (day 3) and at the beginning of the proliferative stage
(day 7): 17.2+1.31 pm and 24.1 + 3.57 pm respectively
(P<0.01). Their general morphology was typical — in the
form of bluish spots, often with a rough deformation of
the edges of the cell.

®diroTepanis. Yaconuc

When studying variations in the mast cells’ size, their
average values in intact histological samples of control
animals before injury were taken as the initial ones,
since it was assumed that they correspond to their phys-
iological homeostatic state.

As can be seen from fig. 4, mast cells of 2 type of
were detected in control animals on the day of injury,
most of which were cells of type 1 (93.4%), the size of
which was 5.1 = 0.31 pm, mast cells type 2 was 6.7%,
partial degranulation of which was accompanied by a
decrease in size to 3.5 = 0.09 pm.

Analysis of the results of fig. 4 shows that an increase
in the functional activity of mast cells during reparative
processes is usually accompanied by an increase in their
size. This is typical for both control and experimen-
tal groups of animals. It should be noted that the trend
towards an increase in the size of the mast cells during
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their functional load was contrastingly expressed in the
experimental group of animals. In animals of this group,
the size of mast cells of the 1st and 2nd types before injury
exceeded those in intact histological preparations. Atten-
tion is drawn to the appearance of type 3 mast cells with
the greatest violation of structural homeostasis — inflam-
mation, accompanied by huge cell sizes, which continues
even in the proliferative period of wound healing.

An analysis of the sizes of mast cells types at the
stages of reparative regeneration revealed its different
direction and amplitude of changes in both experimen-
tal and control groups of animals. Thus, in individual
phases, maximum and minimum values of the size of
the mast cells were observed (for example, the minimum
values of the mast cells of the 1st type on the 14th day
in the control — 3.9 £ 0.67 um and on the 7th day of the
2nd type in control, and 3.1 £ 0.08 pm in experiment).
The sizes of cells of types 1 and 2 with the amplitude of
fluctuations are within the range of histological values
for immunological cells of innate immunity, while type
3 mast cells significantly exceed these limits and have a
size of 24.1 £ 3.52 um, as on the 7th day in the experi-
mental group of animals.

The functional dependence of the size of the mast
cells, depending on their belonging to the types of
degranulation (1, 2, 3) is presented in table 1. So, before
wounding (intact period), the coefficient of correlation
between the analyzed values was negative and amounted
to -0.98 (P<0.001), while on the first day of the inflam-
matory process this indicator changed sign to positive,
remaining high r=0.91 (P<0.001), but by the end of this
period (day 3), there was a tendency to change the direc-
tion of the relationship r=-0.18, which reached signifi-
cant values by the beginning of the proliferative stage
(r=-0.85, P<0.05). At the remaining observation periods
(days 14 and 30), no correlation analysis was performed,
since all mast cells were of type 1.

In experimental animals, the direction of the relation-
ship between the size of the mast cells and their types
was only positive, and already in the initial histolog-
ical sections of the skin it was average and amounted

to 0.54. At the inflammation stage (days 1 and 3), the
relationship was high, approaching functional (0.98 and
0.92, respectively, P<0.01). In the proliferative stage of
wound healing, the analyzed indicator remained high
0.82 (P<0.01), but by its end (day 14) it dropped sharply
to 0.31, going beyond the significance limits, however,
at the remodeling stage, the relationship increased again,
approaching to functional (0.93, P<0.01).

Discussion. The results obtained convincingly con-
firm the literature data on the main function of mast cells
in the loose connective tissue and their relationship with
the main regulatory system — the neuro-immuno-endo-
crine system (Bhuiyan et al., 2021, p. 2184-2197). It
is on their functional state that the metabolism of cells,
tissues, organs and their systems depends due to the
circulation of the humoral internal environment: blood
plasma — tissue fluid — lymph.

At the same time, an adequate explanation of the
dynamics of the obtained results can be logically made
only with a comprehensive assessment of the histological
dynamics of mast cells in loose connective tissue. Thus, in
loose connective tissue, mast cells’ precursors constantly
repopulate from the bone marrow, differentiating into the
corresponding autonomous type of mast cells, where they
perform a set of functions and end their cell cycle with
apoptosis (Yukihiko et al., 2006, p. 387—405). At the same
time, the quantitative shifts of mast cells in the process of
healing of surgical wounds were closely related to their
functional values: synthesis and constant release of bio-
logically active substances by degranulation.

In this regard, the physiological processes of mast cells
in the control of this study can be logically represented by
the following interpretation. So, in our previous studies in
the same experiment, in control animals, the initial (before
wounding) amount of mast cells was found to be 0.95 +
0.09 per 0.01 mm? (Makyeyeva et al., 2021, p. 34-41),
which corresponded to the data of other authors (Bayat
et al., 2008, p. 931-938). As shown in Figure 2, most of
them belonged to type 1 and had an average size of 5.1 +
0.30 wm, which we took as the initial size for mast cells as
cells of this histological series. A small amount of type 2

Table 1

Correlation relationship between sizes of mast cells (um) and their degranulation types (1, 2, 3)
in the control and experimental groups of animals, r = SD

Days of experiment
Group 0 1 3 7 14 30
Control (n=20) -0.98 + 0.0001*** | 0.91 + 0.0034*** | -0.18 = 0.0201 | -0.85 +0.0974* - -
Experiment (n=30) | 0.57 £0.0103*** | 0.98 +0.0001** |0.92 £ 0.0031** | 0,82 = 0.0052** 8321 lil 0.93 +0.0033**

* — differences are significant at P<0.05

** — differences are significant at P<0.01.
*** _ differences are significant at P<0.001.
— all mast cells were typel.
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mast cells with partial degranulation appear, probably,
for local non-extreme physiological needs, without addi-
tional synthesis of biologically active substances. There-
fore, their size decreased to 3.5 + 0.09 pm.

Analysis of the results of Figure 4 shows that wound-
ing, as a source of structural homeostasis disturbance,
led to an increase in the functional activity of mast cells,
aimed at reparative regeneration. In control animals, this
activation was characterized by a moderate increase in
the amount of mast cells (Figure 3) and their degran-
ulation (fig. 2), which was especially pronounced in
the acute phase of inflammation with the appearance
of type 2 mast cells (19.1%), and on the first day,
even type 3 mast cells up to 55,2%.

Continued further significant increase in the amount
of mast cells in the proliferative phase (on days 7 and
14) up to 4.38 = 0.20 per 0.01 mm? and 4.61 + 0.07
per 0.01 mm?, respectively, occurred with simultane-
ous decrease in degranulation activity, which can be
explained as a change in reparative tasks. So, only at
the beginning of the proliferative period, a low (18.2%)
degranulation type 2 mast cells was recorded, while
by its end (on the 14th day) and during the reparation
period on the 30th day, all mast cells were of type 1.
According to the amplitude of the indicators, during this
period (30 days), the main reparative regenerative pro-
cesses at the site of the surgical wound have biologically
active substancesically ended. It can be considered that
the drainage and anti-infective function of mast cells in
the inflammatory phase, which requires an increased and
rapid functional stress of these cells, has changed to a
reconstructive repair function in the remaining periods
of wound healing, which requires a strictly dosed and
qualitatively diverse other type of biologically active
substances, functionally different from those in inflam-
matory stage (Bayat et al., 2008, p. 34—41).

It should be noted that during these periods, granula-
tion tissue is formed in the area of the wound, its revas-
cularization, re-epithelialization and scarring which
require fine correction of stradiospecific and differenti-
ating tissue histogenesis in loose connective tissue by
immune factors, which will be the subject of our future
research. The functioning of mast cells at all stages of
the study of the wound process in the control occurred
in physiological dimensional parameters of 5.1-6.6 pm.
This also indicates that type 2 mast cells degranulation
was accompanied by additional adequate synthesis of
biologically active substances and their exocytosis with
preservation of all cytoskeletal structures.

The probable reasons for the detection of mast cells’
sizes on average 3.9 £ 0.60 um on the 14th day of obser-
vation will be discussed below.

®diroTepanis. Yaconuc

In the control group of animals during cytomor-
phometric studies, the exception is type 3 mast cells,
which occurred on the 1st day of the inflammatory reac-
tion after wounding, their size reached 10.2 £ 0.11 um
After complete degranulation and disorganization of the
cytoskeleton, they were probably subject to apoptosis.

Social stress, like its other variants, is a damaging
factor that, through the hypothalamic-pituitary-adre-
nal (adrenocorticotropic) axis, strains the regulation of
the functioning of both systemic structures (neuro-im-
mune-endocrine) and local regulatory ones, including
the mast cells (Bhuiyan et al., 2021, p. 2184-2197). Neg-
ative stress factors are manifested through hormone-like
mediators, for example, cortisol, various chemokines
and other humoral factors, primarily by changing the
migration orientation of the cells of the tissues of the
internal environment, which include Mast cells, and with
an increase in their dose-dependent effects, negative fac-
tors, in the future, appear modulation of the proliferative
activity of their precursors, up to apoptosis. From these
positions it is possible to explain the contrasting quan-
titative and functional shifts in the parameters of mast
cells in the group of experimental animals.

So, already in intact skin samples (before wound-
ing), a multiple increase in quantity of mast cells was
observed in the experimental group of animals, which,
on average, amounted to 9.47 + 0.23 per 0.01 mm?
and 0.95 + 0.03 per 0.01 mm? in the control (p<0.001)
(Makyeyeva et al., 2021, p. 34—41), a significant number
of which (36.4%) (fig. 2) belonged to the 2nd type, also
with a significant increase in size in on average up to
7.9 £ 0.08 um (fig. 4) probably due to compensatory
synthesis of biologically active substances and activa-
tion of mast cells in general.

If we take into account that mature mast cells do not
proliferate in loose connective tissues (Yukihiko et al.,
2006, pp. 387-405) then the multiple increase in the
number of mast cells after exposure to chronic social
stress before wounding can only be explained by their
migration from other organs, as well as the migration of
their precursors from the bone marrow. At the same time,
scientists consider the migratory redistribution of cells
between tissues under stress as an important component
of the stress stage of the general adaptation syndrome
according to Selye (Stefanski et al., 2003, p. 17-24).

Associated with general and regional disorders in
the body of experimental animals under the influence of
chronic social stress, the application of a surgical wound
is also a stress factor that together with the first one
additively negatively affected the entire course of the
reparative process. Thus, the maximum degranulation
according to type 3 up to the 7th day of observation with
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the phenomena of karyorrhexis, disorganization of the
form as morphological signs of the beginning of apopto-
sis testifies to the increased tension of the functioning of
the mast cells. At the same time, an excessive increase
in size to 24.1 £+ 3.54 um on the 3rd day of the experi-
ment probably occurred due to the disorganization of the
cytoskeleton.

During these observation periods (days 1-7) and in the
subsequent ones (days 14-30), the proportions of type 2
mast cells were recorded in an adequate percentage and,
for the most part, they were increased in size compared to
control values. This fact convincingly testifies to intense
synthesis of biologically active substances in mast cells. In
this regard, the decrease in the amount of mast cells from
their control values (Makyeyeva et al, 2021, p. 34-41) can
be explained by their increased consumption for the res-
toration of the loose connective tissues structure, that is,
with their increased utilization in the inflammatory and
proliferative phases of the wound process, which was
accompanied by stressful disorganization of migratory
and proliferative reactions. At the same time, a multiple
increase in mast cells on the 30th day after the surgical
wound (5.68 = 0.76 per 0.01 mm?), more than half of
which belonged to type 2, is probably already an evidence
of compensatory reparative reactions to the chronic pro-
longation of regenerative processes.

It can be considered that this increase in the functional
activity of mast cells occurred along with the stage of
resolution of the stress reaction of the general adaptation
syndrome of the body according to Selye. In the effect
of inhibition of mast cells’ migration at this stage, their
biologically active substances as well as cytokines of
their microcellular environment, primarily macrophages
and fibroblasts with their subsequent transforming forms
— myofibroblasts can also take part. Thus, it was found
that the mediator of mast cells protease4 (chymase) pro-
motes the recruitment of circulating leukocytes, including
mast cells and, probably, their precursors to the site of the
wound process (Gupta & Gupta, 2017, p. 103-251).

As a conclusion of this section, it can be considered
that chronic social stress disrupted the normal course
of the wound process, contributing to its chronicity,
in which cellular events characteristic of each stage
of reparative regeneration were cross-observed in the
wound healing process.

The formulated conclusion is confirmed by the data of
the analysis of the degranulation index (fig. 3). So, if in the
control the degranulation index had background values
(6.66 £ 0.11%), then in the inflammatory stage (1, 3 days)
its level was very high and medium (74.3 + 1.33% and
50.0 = 0.62%, respectively), but already at the beginning
at the proliferative stage (on the 7th day), the degranu-
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lation index was already minimal (18.2 + 0.25%), and
on the 14th day it was 0. This dynamics also confirms
our conclusion about the paradigm shift of cellular and
humoral processes in the wound, which we described
above: drainage prevailed and preparatory regeneration
processes in the inflammatory stage, and reconstructive,
remodulative processes prevailed in the proliferative one.

Continuing the analysis of the data, it should be
noted that in the experimental group the normal course
of the wound healing process was sharply disrupted,
which was already taking place under the influence of
stress damage to skin tissues, as evidenced by signifi-
cant levels of degranulation index (36.4 + 0.81) before
the wound was applied. Degranulation index, remain-
ing high throughout the experiment, makes it possible
to draw a convincing conclusion about the chronicity of
reparative processes in the experimental group.

This conclusion is also confirmed by the data of the
correlation analysis of the mast cells’ size and their belong-
ing to the degranulation type (table). So, in the control, the
relationship between these indicators was high, but neg-
ative or absent in its majority. And only on the first day
of the inflammatory process was highly positive. From
this dynamics it follows that normally in the experimen-
tal group, both physiological and reparative processes of
homeostasis occur mainly with the participation of type 1
mast cells, the consumption of which was continuously
replenished from the bone marrow by their predecessors.
And only stress loads on the recovery processes on the 1st day
of healing induced their degranulation activity, which ulti-
mately led to a high positive correlation coefficient.

Other values of correlation coefficient were between
the type of cells and their size in the experimental group
of animals. In contrast to controls, correlation coefficient
was mostly positive with a tendency to reach significance
(on days 1 and 7) or was high reaching functional values.
Therefore, the data of the correlation analysis once again
argue for the high intension of the mast cells, leading to
the prolongation of the recovery processes in the sur-
gical wound in the experimental group of animals. The
high synthetic activity of mast cells in the experiment
explains the failure to achieve the level of significance of
correlation coefficient on the above days of observation,
since the sizes of type 1 cells were high, leveling out the
desired dependence (7.5 + 0,56 um and 7.9 £ 0.87 pm on
the 1st and 14th days, respectively).

We have demonstrated the informativeness of the
cytomorphometric method of mast cells analysis by ana-
lyzing the amplitude values along the course of repara-
tive processes. Thus, regular amplitude dips in the size
of the mast cells were found at different stages of obser-
vation. In the control, we noted this decrease of mast
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cells at the beginning of the proliferative phase (4.4 +
0.19 pum), and an even greater decrease in the size of
mast cells was at its end — on day 14 to 3.9 £ 0.62 um. In
the experimental group, the beginning of the formation
of dimensional dips shifted to the inflammatory phase:
on the 3rd day for type 1 mast cells — 5.7 £ 0.43 pum, for
type 2 mast cells 7.5 + 0.17 um, and reached its maxi-
mum depth on the 7th day after surgery 4.5 + 0.51 and
3.1 £ 0.08 pm for mast cells type 1 and 2, respectively.
It is noteworthy that these cytomorphometric changes
in the control coincided with a decrease in degranulation
activity at the border between the phases of proliferation
and remodeling, and in the experiment — by the end of
the inflammatory phase and the beginning of the prolif-
erative phase. As we noted above, during these periods
of the wound process, there was a change in the func-
tional tasks of the mast cells and their cellular environ-
ment. In the literature available to us, we did not find
similar cytomorphometric studies of mast cells during
the wound process. In this regard, in the absence of other
comparative provisions, it is possible to logically explain
the detected cytomorphometric failures of mast cells at
these stages of the wound process only from the position
of migration of new postproliferative precursors from
the bone marrow into the wound area. These post-prolif-
erative cells have minimal size (3.1-3.5 pm), since they
are just beginning their synthetic activity and further dif-
ferentiation. Cytologists know that the stem cells of their
post-proliferative ool have a minimum size in the histo-
logical series equal to 3—5 microns (Hirofumi & Schnitt-
ger, 2010, p. 66—74). The reasons for the decrease in size
are that rapidly occurring successive mitoses (3—10 or
more times) the cytoplasm does not have time to recover
to its tissue level, which the cell reaches with further dif-
ferentiation. We have also documented this in a number

of publications. So, in recent publications, we analyzed
the dynamics of cytomorphometric parameters in the
blood of rats against the background of fecal peritoni-
tis (Frolov et al., 2021, p. 365-375). We found a sharp
decrease in peripheral blood recirculation of precisely
small classes of lymphocytes, which were deposited in
the lesions of mucous membranes.

Conclusion. Mast cells are a key regulatory factor in
the wound healing process. Degranulation of mast cells
for subsequent stimulation of inflammatory and repara-
tion processes by released biologically active substances
is an integral part of the compensatory-adaptive reac-
tion of tissues during the wound process. During nor-
mal wound healing, on the 1st day mast cells degranu-
late predominantly to type 3, in the acute inflammatory
period to type 2, and at the stages of proliferation and
remodeling, type 1 mast cells predominate.

Chronic social stress alters the dynamics and func-
tional activity of mast cells during surgical wound heal-
ing. The number of mast cells, their size and degree of
degranulation increases to type 3 during the 1st week
after trauma and to type 2 from the 7th to the 30th day.

Thus, the number and functional activity (degran-
ulation and size) of mast cells can serve as a marker
of the intensity of inflammatory and regenerative pro-
cesses, as well as the degree of repair efficiency in wound
remodeling.

Further fundamental research is needed on the reg-
ulatory properties of the mast cell secretome during
wound healing under conditions of the relevance of
social stress and the frequency of skin trauma for fur-
ther analysis of the molecular mechanisms of regener-
ative processes that ensure the completeness of tissue
remodeling through the search for appropriate phar-
macological agents.
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