OPUTMHAIBHBIE MICCITEJOBAHNMA

© Koniaeva A.D., Varakuta E.Y., Leiman A.E., Bolbasov E.N., Stankevich K.S., 2022
DOI: 10.31088/CEM2022.11.1.50-61

Changes in the cellular composition of the inflammatory infiltrate
and connective tissue of the oral mucosa in rats during wound
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Abstract. Introduction. Wound healing is a process based on a complex mechanism of intercellular interac-
tion. The aim was to study changes in the oral mucosa cellular composition during wound healing with and
without a protective piezoelectric coating.

Materials and methods. The study was carried out on 50 Wistar rats divided into four groups: one control
group of intact rats and experimental groups 1, 2, and 3. The rats of the experimental groups were subjected
to excision of a lip mucous membrane flap with wound formation. In the animals of experimental group 1,
the defect was open. In group 2, we used a polymer membrane with copper modification, and in group 3, the
membrane was without copper modification. The animals were sacrificed on days 3, 7, and 12 of the study.
We used light and electron microscopy to study the qualitative and quantitative changes in the composition
of cell populations at the site of the defect.

Results. On day 3, there prevailed neutrophilic infiltration in all groups. In groups 2 and 3, we observed a
large number of macrophages and fibroblasts that indicated the transition to the next phase of wound heal-
ing. On day 7, in group 1, there persisted extensive neutrophilic and macrophage infiltration, whereas, in
groups 2 and 3, the signs of inflammation decreased, and wound healing was active. On day 12, in group 1,
all values were significantly higher than in the control group and there was damage to the ultrastructure; in
groups 2 and 3, all the studied parameters reached the control values.

Conclusion. We revealed the patterns of changes in the cellular composition of a wound during its heal-
ing. The use of the coating contributed to accelerated wound healing, which was found during the analysis
of changes in the composition of cell populations. The closure of the oral mucosa wounds with polymer
piezoelectric membranes was proven to have a good effect on tissue repair and was supposed to reduce the
risk of postoperative complications.
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JI3MeHeHN S KTeTOYHOTO COCTaBa BOCIATNTEThHOTO I/IH(l)I/UIbTPaTa n COCHI/IHI/ITCJIbHOﬁ TKAaHN
CIM3UCTON 000TOYKM IOTOCTI PTa KpbIC IpU pereHepanu paHbl € UCIIO/Ib30OBAHNEM 3AIIMUTHOTO
NMbE30INTEKTPUICCKOTO INOKPBITUA
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Bseoenue. 3axxuBnenue paHeBoro aedexra — KOMIUIEKCHBIH IPoIiecc, B OCHOBE KOTOPOTO JISKHT CIIOXKHBII
MEXaHN3M MEKKJIETOUHOT0 B3auMoeHcTBH. Llenbio nccnenoBanus SBISAIOCH H3yUeHUE H3MEHEHHS KIIeTOY-

KIMHWYECKAS V1 OKCITEPUMEHTAIBHASL MOP®OJIOTVIA / CLINICAL AND EXPERIMENTAL MORPHOLOGY  Tom 11 Nel 2022



Introduction

OPUTMHAJIDHBIE UICCITEJOBAHNMA

HOTO COCTaBa CIIM3UCTON OOOIOYKH ITOJIOCTH PTa B XOJI€ pETEHEPAIIH PAHEBOTO Ae(eKTa IPH HCIIONb30BaAHUH
3aIIUTHOTO IHE303IEKTPHUYECKOTO IMTOKPHITHS U 03 HEeTo.

Mamepuanvr u memoost. ccnenoBanue Obu10 ipoBeaeHo Ha S0 Kpbicax JIMHUU Buctap, pa3eieHHbIX Ha
YeThIpe TPYIIIBI: KOHTPOIbHAS — HHTAKTHBIE YKHUBOTHEIE, |- SKCIIEpUMEHTAaIbHAS — )KUBOTHBIE C OTKPHITHIM
paHeBbIM 1e(heKTOM, 2-5 U 3-5 SKCIIEPUMEHTaIbHbIC — JKUBOTHBIE C PAHEBBIM Je(EKTOM, TIEPEKPHITHIM T10-
JUMEpHOH MeMOpaHoii 6e3 MOmu(UKAIIMK U ¢ METHBIM HAITBUIEHHEM, COOTBETCTBEHHO. 3a00p Marepuaina
JUTsI CBETOBOM M DJIEKTPOHHON MUKPOCKOIIUY TPOBOAWIIN Ha 3-H, 7-¢ u 12-e cyTku uccnenopanus. M3yuamm
KaueCTBEHHbIC M KOJIMYECTBEHHBIE N3MEHEHHS COCTAaBa KIETOUHBIX MMOMYJISILKiT HAa MecTe eeKTa.
Peszynomamur. Ha 3-u cyTKu Uccie0BaHust BO BCEX rpyIax npeodnanana HeTpouiibHas HHOHIBTPALHS.
Bo 2-i1 1 3-i 9KCHIepIMEeHTAIBHBIX TPYIIax HaOI0aI0Ch OOIIBIIOE KOJHYECTBO MaKpodaros u ¢hudpodac-
TOB, CBUICTEIBCTBYIOIINX O IIEPEX0/Ie Ha CIEAYIONIYIO CTAIUI0 pereHepanuu paHsl. Ha 7-e cyTku B 1-it
IPyIIe COXPAHINCh OOMUpHAas HeWTpouiIbHasS U MakpodaranbHas HHOHUIBTPALKs, BO 2-1 1 3-i rpymmax
MIPU3HAKH BOCTIAJIEHUS CHIIKAIMCh, aKTUBHO TIPOUCXOAMIIA perenepanus panbl. Ha 12-e cyTku Bo 2-# 1 3-it
9KCHEPUMEHTAIBHBIX TPYIINaX BCE UCCIIEAYEeMbIE MTOKA3aTeIH JOCTUTaTH KOHTPOJIBHBIX 3HaYCHUH, B 1-i
rpymIie Bce 3HaYeHNs OBUIH JOCTOBEPHO BHIIIE KOHTPOIBHBIX, IMEJIICh HAPYIIEHHS YIBTPACTPYKTYPHOTO
CTPOCHHS KIIETOK.

3aknrouenue. B xone uccie1oBaHus BEIABICHBI 3aKOHOMEPHOCTH H3MEHEHUS KJIETOYHOTO COCTaBa PAHEBOTO
nedexTa Ipu ero pereHepanuu. Vcmonb30BaHIE TOKPBITHS CIIOCOOCTBOBANIO YCKOPEHHOMY 3aKHBIICHHIO
paHsl, 9TO OBLIO BBISICHEHO B XOZE aHAIN3a M3MEHEHUS COCTaBa KIETOYHBIX MOMysinuid. JlokasaHo, 9To
3aKpBITHE PAH CIM3UCTON OOOJIOYKH MOJIOCTH PTa MOJUMEPHBIMH MBE30IEKTPUIECKUMU MeMOpaHaMu
OJaroNpHATHO BIMSUIO HA BOCCTAHOBIICHHUE IIEIOCTHOCTH TKaHEH M, IMPEANION0KHUTEIHHO, CHIKAJIO PUCK
BO3HHUKHOBEHUS ITOCJICOTIEPALIMOHHBIX OCIOKHEHHH.

KaioueBble ciioBa: paneBoi gedekT, ciusurctas 000I04Ka, [OJI0CTh PTa, TbE30IEKTPUKH, BOCIIAJICHHUE,
pereHepariys, ckapQoiibl, CTOMATOIOTHS
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including 15 rats. The study was approved by the local

Wound healing is a complex process that includes sev-
eral stages: inflammation, regeneration, and reorganization
of the scar [1]. The inflammatory process during wound
healing is more pronounced with an open wound, in con-
trast to the situation when the defect is covered by a protec-
tive membrane [2]. This is due to the fact that the wounds
of the oral cavity are constantly exposed to aggressive ef-
fects from mechanical, physical, chemical, and microbial
factors, from which the wound covering protects [3, 4]. At
the same time, the presence of piezoelectric properties in
membranes favorably affects the prognosis of the regenera-
tion process [5]. We suggested that the cellular composition
in the wound defect area at various stages of healing differs
depending on the method of injury management. The aim of
this research was to study changes in the cellular composi-
tion of the oral mucosa during wound regeneration with
and without a protective piezoelectric coating.

Materials and methods

The study was carried out on 50 Wistar rats divided
into four groups: the control group of intact rats (n=>5)
and three experimental groups 1, 2, and 3, each group
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ethics committee of the Siberian State Medical University
(No. 7693/1 from 26.8.2019). The study was carried out
in compliance with the principles of humanity set out in
the Council Directive (86/609/EEC) and the Declaration
of Helsinki. The rats from the experimental groups were
subjected to excision of a lip mucous membrane flap with
the formation of a wound being 7x4 mm. In the animals
of experimental group 1, the defect was open, which cor-
responded to the traditional method of treating wound
surfaces in the oral cavity. In animals of experimental
groups 2 and 3, the wound defect was coated with a poly-
mer membrane, fixed along the edges of the wound with
simple interrupted sutures (Fig. 1). In the rats of experi-
mental group 3, we used a polymer membrane modified
with copper the side with sputtering being on the wound.
Surgical intervention was performed under intramuscular
sedation with “Zoletil.”

The animals were sacrificed on days 3, 7, and 12 of the
study by introducing them into hypoxia in a CO, chamber.
We carried out a visual assessment and a photo protocol
of the wound with a macroscope. Then, soft tissues were
excised from the area of the formed defect to manufacture
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Fig. 1. Surgical intervention: excision of the lip mucous
membrane and subsequent coating of the wound with
a polymer membrane

Puc. 1. OnepaTuBHOE BMEIIATEIbCTBO — HCCEUEHHE CIIU3UCTON
000JI0YKH T'yOBI C 3aKPHITHEM PaHEBOTO JedekTa
HOJIMMEPHOH MeMOpaHoi

histological specimens. Material for semi- and ultra-thin
sections was taken from the distal part of the wound relative
to the central incisors. After that, the material was placed
on blocks and marked to define the topography of histo-
logical materials.

The materials were placed in a 2.5% glutaraldehyde
solution in 0.2 M cacodylate buffer (1:9) for fixation and
postfixed in a 1% OsO, solution for 4 hours in a refrigera-
tor. Dehydration was carried out in ethanol with ascending
concentration: the specimens were held in 70% ethanol
overnight, then brought to 96% ethanol, and kept twice in
acetone for 15 minutes. After dehydration, the specimens
were poured into a mixture of epon and araldite M.

Semi- and ultra-thin sections were prepared on an
LKB-4 ultratome (LKB Vertriebs GmbH, Sweden). The
former were colored with toluidine blue and examined
under an optical microscope; the latter sections were con-
trasted with uranyl acetate and lead citrate and studied us-
ing a JEM-1400 electron microscope (JEOL, Japan).

We performed qualitative and quantitative histologi-
cal assessments and determined the number density (ND)
of macrophages (MPs), neutrophils (NPs), fibroblasts
(FBs), lymphocytes (LC), plasma cells (PCs), mast cells
(MCs), and eosinophils (EPs) per 1 mm? of section. For
each histological specimen, we analyzed 50 fields of view
(x900). The indicators were calculated using the Image J
program. We verified the normal distribution hypothesis
using the Kolmogorov—Smirnov test. Since the distribution
of the values of all quantitative traits did not correspond to
the normality tests, we used the Kruskal-Wallis one-way
analysis of variance with the median test to compare in-
dependent samples and the Wilcoxon signed-rank test for
paired comparisons. The results were considered statisti-
cally significant at p<0.05.
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Results

On day 3, we visualized wound defects in all experi-
mental groups with a macroscope. In experimental group
1, the defects were 21.34+2.3 mm? large. Visual examination
showed asymmetry of the face with buccal region edema
on the side of the wound. The surface of the wound was
covered with a loose yellowish plaque. After debridement of
the wound with a cotton swab moistened with a 0.05% solu-
tion of chlorhexidine, we observed bleeding and exposure
of the wound surface. The mucous membrane surrounding
the wound defect was hyperemic and edematous (Fig. 2A).

In rats of experimental groups 2 and 3, facial asym-
metry was not expressed and swelling of the buccal re-
gion was not visualized. When we removed the membrane
from the wound, we observed defects of 17.8+3.1 mm? and
16.2+£2.2 mm? in the animals of groups 2 and 3, respec-
tively. In both groups, there was a fibrinous plaque in the
center of the wound and a smooth glossy bright pink tissue
along the periphery. The plaque was easily removed from
the surface of the wound after debridement with a cotton
swab moistened with 0.05% chlorhexidine solution; there
was no bleeding. Hyperemia and swelling were less pro-
nounced than in group 1 (Fig. 2B).

Histologically, we observed extensive cellular infiltra-
tion in the defect areas in all experimental groups on day
3. It was represented by NP (1), MP (2), FB (3), MC (4),
PC(5), LC (6), and EP (7). At wound edges, we determined
necrotic debris containing fiber fragments and cells (CF) of
connective tissue, rod-shaped and spherical bacterial cells
(BCs) [Fig. 3A, Fig. 4A, Fig. 4B].

In experimental group 1, ND of NPs reached 2911.5
(2865.0; 2956.0) per 1 mm? of the section, which was 1.65
and 2.15 times significantly more than in experimental
groups 2 and 3 (p=0.047), respectively, and 242 times sig-
nificantly more than in the control group (p=0.045) (Table).

In the wound area, mature NPs predominated, which
is evidenced by a clearly segmented nucleus (N) with pe-
ripherally condensed heterochromatin (HH); nucleoli were
absent. Mature NPs were surrounded by fiber and cell frag-
ments (CFs) of connective tissue and bacterial cells (BCs).
The NP ultrastructure indicated their high phagocytic activ-
ity: multiple granules (Gr), glycogen clumps (Gl), phago-
lysosomes, and residual bodies (RB) were visualized in the
cytoplasm, the cell membrane formed outgrowths (*). At
the same time, such organelles as the Golgi complex, rough
endoplasmic reticulum, mitochondria (M) were expressed
weakly and almost not visualized (Fig. 4B).

In experimental group 1, the ND of MPs was 772.5
(750.2; 788.0) per 1 mm? of the section, which was
4.7 times higher than in the control group and 1.65 and
2.3 times lower than in experimental groups 2 and 3, re-
spectively (p=0.039) (Table).

On ultramicroscopic examination, MP, as well as NP
(Fig. 4C) showed signs of high phagocytic activity: mul-
tiple outgrowths (*) formed by the cell membrane, a large
number of lysosomes (L), phagolysosomes, and residual
bodies (RBs) were visualized in the cytoplasm. We ob-
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Fig. 2.

Puc. 2.
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Macrophotographs of the wound defect. A — the wound defect in the buccal area with a hyperemic mucous membrane along the
periphery and a fibrinous plaque in the center. Experimental group 1. Day 3. B — the wound defect in the cheek area with a fibrinous
plaque in the center. Macroscopic appearance, typical for groups with wound coverage. Experimental group 2. Day 3. C — the wound
defect in the buccal area with hyperemic mucous membrane along the periphery and fibrinous plaque in the center. Experimental
group 1. Day 7. D — the wound defect in the buccal area with a fibrinous coating in the center. Macroscopic appearance, typical

of groups with wound coverage. Experimental group 3. Day 7. E — the scar at the site of a wound defect in the buccal mucosa.
Decreased soft tissue volume. Experimental group 1. Day 12. F — the regenerated buccal mucosa at the site of a wound defect.
Slight cicatricial deformity, unexpressed decrease in soft tissue volume. Macroscopic appearance, typical of groups with wound
coverage. Experimental group 3. Day 12

Maxkpodororpadun paneBoro gedexra. A — paHeBOH Ae(eKT B 00IaCTH ILEKU KPHICHI ¢ THIIEPEMUPOBAHHOM CIU3UCTON 000JIOUKOM
1o nepudepnn 1 GHOPHHO3HBIM HATETOM B IIEHTPE. 1-51 SKCIIepUMEHTaNIbHAs TPyMITa. 3-1 CYTKH HCCIeIoBaHMs. B — paneBoit

nedeKT B 00/1aCTH MIEKH KPBICHI C (PUOPUHO3HBIM HAJIETOM B LIEHTpe. MakpOCKOIMYecKas KapTHHA, XapaKTepHast 1Sl TPy

C PaHEBBIM ITOKPBITHEM. 2-51 SKCIIEPUMEHTAIbHAS IPYIIIa. 3-1 CyTKH HccienoBanus. C — paHeBo# 1e()eKT B 00IACTH LICKH KPBICHI

C THIEPEMUPOBAHHOM CIIM3HUCTOMN 000104KO# 110 nieprdepuy 1 GUOPHHOZHBIM HAJIETOM B IIEHTpE. |- SKCIIepUMEHTANIbHAsI TPYIIIIa.
7-e cyTku uccienoBanus. D — paHeBoit 1eekT B 001acTy eKH KPbIChl ¢ GHOPUHO3HBIM HAIETOM B LIeHTpe. MakpocKonuueckas
KapTUHa, XapaKTepHasi JULsL TPYIIIT C PAHEBBIM MOKPHITHEM. 3-51 SKCIIEpUMEHTaJIbHAs IPyIIa. 7-¢ CyTKU uccnenoBanus. E — pyoert

Ha MECTe PaHEeBOTO Je(heKTa CITM3HCTON 000IOYKH 1IeKH KpbIchl. CHIDKeHHE 00beMa MITKUX TKaHeH. |- SKCIiepMMeHTalIbHasI TPYIIIa.
12-e cyTku uccnenopanus. F — pereHepupoBaBiias ciu3ucTast 000JI04Ka IIEKU KPBICHI HA MecTe paHeBoro aedexra. HeznaunrenpHast
pyOroBas aedopMaris, HEBBIPAXKEHHOE CHIDKCHHE 00beMa MSTKHX TKaHeH. MaKpOCKOIIYecKast KapTHHA, XapaKTepHast ISt TPYIII

C PaHEBBIM MOKPBITHEM. 3-51 SKCIIEPUMEHTAJIbHAS IPYIIa. 12-€ CyTKU HCCIICA0BaHS
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Fig. 3.

Puc. 3.
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The mucous membrane of a rat lip during healing of a wound
defect. A — predominance of inflammatory cells in the wound
defect area on day 3. Histological picture characteristic of

all experimental groups. Experimental group 1. B — cells of
the inflammatory infiltrate and actively degranulating mast
cells surrounded by separate connective tissue fibers on

day 7. Experimental group 1. C — formed connective tissue
with a predominance of fibroblasts on day 7. Histological
picture characteristic of the groups with wound dressing.
Experimental group 3. D — area of the wound defect on

day 12 in the group without wound dressing with formed
connective tissue, persistent inflammatory infiltration

and degranulation of mast cells. Experimental group 1.

E — formed connective tissue with single fibroblasts and
macrophages on day 12. Histological picture characteristic
of the groups with wound dressing. Experimental group 2.
Toluidine blue, x900. 1 — neutrophils (NP), 2 — macrophages
(MP), 3 — fibroblasts (FB), 4 — mast cells (MC), 5 — plasma
cells (PC), 6 — lymphocytes (LC), 7 — eosinophils (EP)
Cizucras 0001104Ka I'yObl KPBICHI B X0/I€ 32)KHBJICHHS PaHEBOTO Aedekra. A — peodialaHue KIETOK BOCIAIUTEILHOTO
uHbUIBTpaTa B 007aCTH paHeBoro nedekTa Ha 3-M CyTKU UCCieNoBaHus. [McToornyeckas KapTiHa, XapakTepHast s

BCEX HKCMIEPUMEHTANIBHBIX TPYIIL. 1-51 SKCIIEpUMEHTaNIbHAS Ipynna. B — KIIeTKH BOCIAIMTENBHOTO HHUIBTpaTa 1 aKTHBHO
JICTPaHYJIMPYIOLIIE TYYHBIC KJICTKU B OKPY)KCHUH OTICIIBHBIX COCIMHUTEILHOTKAHHBIX BOJIOKOH Ha 7-€ CYTKH HUCCIICIOBAHHS.
1-s1 sxciepuMenTanpHas rpymmna. C — copMUpoBaHHAS COSANHUTEIBHAS TKaHb C IIPeo0IagaHieM KIETOK puOpPOOIacTHIECKOrO
psna Ha 7-e cyTku. ['cTonorndeckas KapTHHA, XapakTepHast Ays 2-i U 3-# SKCIiepUMEHTalIbHBIX TPYMIL. 3-5 SKCIIEpUMEHTaIbHAs
rpymma. D — o6macts paneBoro nedekra Ha 12-e CyTKH HCCIeI0BaHUs cO ChOPMHUPOBAHHOI COSANHNUTEIBHOMN TKAHEIO,
COXPAaHSOLICHCs BOCMAIUTENbHOI HHPWIBTPALUel U JerpaHysiyell TYYHbIX KIETOK. |-51 SKCIIieprUMeHTabHas TPyIIa.

E — chopmupoBaHHas coeJMHUTEIbHAS TKaHb C SAMHIMYHBIME (GHOpobIacTaMu U Makpodaramu Ha 12-¢ CyTKH HCCIICIOBAHMSL.
T'ucronoruyeckas KapTHHA, XapakTepHasi 11 2-0i 1 3-eil SKCIIEpUMEHTANIBHBIX TPYIIL. 3-51 SKCIIEPUMEHTAIbHAS TPYIIIIA.
TonmynauuoBsIH cunuit, X900 1 — HO, 2 - M®, 3 — b, 4 — TK, 5 — 111, 6 — JIL, 7 — DD
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Table | Tabnuya
The number density of cellular components in the wound defect area of the oral mucosa (per 1 mm? of section) |

YucaeHHAasi II0THOCTD KJIETOYHBIX 3JIEMEHTOB B 00J1aCTH PaHeBOro qedeKTa CIM3HCTOI 000,104KH motocTH pra (B 1 Mm? cpe3sa)

ND of NP | ND of MP | ND of FB | NDofMC| NDofPC| NDofLC| ND ofEP|
YIll H® Yll Mo Yll ®b YIl TK YIT ITIX YI1 JII 4l1 30
Control | 12.0 163.0 (158.0; 380.0 45.00 176.0 12.0 10.0
Kontpomns (10.0; 17.7) 165.0) (376.0; 391.7) (43.0;46.0)  (173.2; 17.7) (0; 14.0) (0; 20.0)
Day 3 | 3-u cytkn
Group 1 | 2911.5*% 772.5% 3782.0%* 12.0* 197.0 161.0* 75.0 *
l-arpymma  (2865.0; 2956.0)  (750.2; 788.0)  (3721.0;3849.5)  (12.0; 13.0) (9.0; 10.7)  (159.0; 164.0) (73.0; 77.7)
Group 2 | 1765.0%# 1274.0*# 4464.0* 17.0* 192.0 147.5% 55.0%*
2-srpymma  (1745.7;1793.7) (1251.7; 1294.0) (4418.5;4505.5) (16.0; 19.0) (89.0;94.0)  (144.0; 149.7) (52.0; 56.0)
Group 3 | 1355.5%# 1750.0 *# 5378.5%# 17.0%* 192.0 149.0* 47.0*
3-arpymma  (1294.0; 1366.5) (1735.2; 1785.5) (5346.2;5465.7)  (16.0; 20.0) (88.0;94.0)  (145.0; 152.7) (45.0; 50.0)
Day 7 | 7-e cytkn
Group 1 | 1148.0* 1846.0%* 4530.5* 127.0%* 73.5% 323.0* 71.0%
l-ssrpymma  (1128.5; 1171.2) (1831.2; 1869.0) (4472.5;4579.7) (125.0;131.0)  (71.2;77.7)  (319.0;327.0) (67.2;72.7)
Group 2 | 855.5% 1470.5* 5436.0* 224.5*# 98.0*# 548.0%# 42.0%#
2-s1 TpymIa (791.7,919.7)  (1435.2; 1488.7) (5372.7;5512.2) (220.2;321.0) (95.2;102.1) (544.5;563.0) (38.0;44.7)
Group 3 | 581.0%# 1128.0%# 6136.0%# 321.0%# 127.0# 629.0*# 29.0*#
3arpymma  (569.7;585.7)  (1118.5;1145.7) (6126.0;6145.0) (319.0;327.0) (122.0; 131.0) (627.2; 635.0) (25.2; 32.0)
Day 12 | 12-e cyTku
Group 1 | 457.0* 971.0%* 2746.5* 130.0%* 100.0* 226.0* 18.0*
1-st rpymma (452.0; 465.0)  (947.0; 1138.2)  (2639.0;2906.0) (125.2;132.0) (95.0; 102.0)  (223.0;229.0) (16.0;19.0)
Group 2 | 99.5%# 159.0# 397.0# 45.0# 151.0# 109.0*# 10#
2-51 rpymma (95.0; 102.0) (157.2;163.7) (392.2; 400.7) (43.2;46.0)  (145.2;155.0) (108.0;113.5)  (0; 10.0)
Group 3 | 12# 147,5# 397.5# 45.0# 175.0# 935*# 10#
3-s1 Tpymma (12.0; 13.0) (143.0; 149.7)  (395.0; 402.0) (43.0;46.0)  (173.0; 177.0)  (91.0;95.0)  (10.0; 17.0)

* — significant differences compared to the control group (p<0.05); # — significant differences compared to group 1 (p<0.05)
ND — numeric density, NP — neutrophils, MP — macrophages, FB — fibroblasts, MC — mast cells, PC — plasma cells, LC — lymphocytes,

EP — eosinophils

* — TOCTOBEPHBIE PAa3IMYHs 110 CPABHEHUIO ¢ KOHTPONBHOI rpymmoit (p<0,05); # — mocTOBepHbIE pa3INdus 0 CPaBHEHHIO C 1-i rpymmoit

(p<0,05)

YII — yucnennas miotHOCTh, H® — Hefitpodunsl, MO — makpodaru, @b — pudbpodnacter, TK — Tyunsie xnerku, [11] — mmazmanuTsl,

JIL — mum¢onuts, DD — 303MHOPUITBI

served a large number of mitochondria (M) with clearly
structured crypts, as well as an extensive rough endoplas-
mic reticulum (RER) and the Golgi complex (GC).

In experimental group 1, the ND of granular MCs de-
creased to 17.0 (16.0; 19.0) per | mm? of section, which
did not differ from that in experimental groups 2 and 3
(p=0.065) (Table).

ND of EPs did not significantly differ between the ex-
perimental groups (p=0.089) and reached 75.0 (73.0; 77.7)
per 1 mm? of section for group 1, which was 7.5 times
greater than in the control group (p=0.029) (Table).

In all experimental groups, ND of PCs did not signifi-
cantly differ from that in the control group being 176.0
(173.2; 178.7) per 1 mm? of section (p=0.087) (Table).

In experimental group 1, ND of LCs was 161.0 (159.0;
164.0) per 1 mm? of section and did not differ significantly
from that in other experimental groups (p=0.085) but it was
13.4 times higher than in the control group (p=0.036) (Table).
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In experimental group 3, ND of FBs reached 5378.5
(5346.2; 5465.7) per | mm? of section which was 1.4 times
higher than in groups 1 and 2, and 14 times higher than in
the control group (p=0.041) (Table).

In all groups, there prevailed young fusiform FBs with
moderately developed synthesis organelles: rough endo-
plasmic reticulum (RER) and the Golgi complex (GC). In
the nuclei with small invaginations, HH condensed along
the periphery as osmiophilic lumps, and decondensed chro-
matin was distributed in the central part of the nuclei. Large
mitochondria (M) with complexly structured crypts were
visualized inside the cytoplasm. Vesicles (V) with suspected
procollagen molecules were observed near the cell mem-
brane (PM). On the periphery of the FBs, there were signs
of extracellular edema and collagen protofibrils (Fig. 4D).

In animals of group 1, on day 7, there was no facial
asymmetry and swelling of the buccal region on the side
of the surgical intervention. The wound was 8.2+2.1 mm?,

Tom 11 Nel 2022 55



OPUTMHAIBHBIE MICCITEJOBAHNMA

in the center of which there was a loose fibrinous plaque,
which was easily removed after the wound was debrided
with a cotton swab moistened with 0.05% chlorhexidine
solution. Bleeding from the wound was insignificant. Along
the edge of the regenerating surface, we observed a rough
matte pink tissue, sharply limited from the normal mu-
cous membrane, which, in turn, was slightly hyperemic
and edematous along the edges of the defect. There was a
decrease in the soft tissue volume in the wound area which

Fig. 4. Electron micrographs of cells from the wound defect area.

is supposed to follow a consequence of cicatricial deformity
of the wound (Fig. 2C).

In groups 2 and 3, there was no facial asymmetry; the
wound under the membrane was clean and without plaque.
The size of the defect was 4.8+2.1 mm?, which is not sig-
nificantly different (p=0.065). The mucous membrane
around the wound defect was pale pink and nonedematous.
Regeneration occurred with sufficient restoration of soft
tissue volume (Fig. 2D).

A — accumulation of inflammatory cells with predominance of polymorphonuclear leukocytes on day 3, x5000. B — neutrophil
from the wound defect area with outgrowths of plasma membrane and phagolysosomes indicating high phagocytic activity

on day 3, x20000. C — macrophage with multiple pronounced synthesis organelles, outgrowths of plasma membrane,
phagolysosomes and residual bodies inside the cell on day 3, x20000. D — young fibroblast with signs of increasing synthetic
activity: a large number of mitochondria and pronounced rough endoplasmatic reticulum, cytoplasmic outgrowths on day 3,
x20000. E — degranulating mast cell with low synthetic activity on day 7, x20000. F — mature fibroblasts with signs of high
synthetic activity surrounded by formed collagen networks in groups with wound covering on day 7, x20000.

G — formed connective tissue with fibrinoid areas at the wound defect site with cells of the fibroblastic and macrophage series

on day 12, x5000.

N — nucleus, HH — heterochromatin, EU — euchromatin, RER — rough endoplasmic reticulum, GC — Golgi complex, M — mitochondria,
R —ribosome, PM — plasma membrane, NM — nuclear membrane, L — lysosome, RB — residual bodies, V — vacuole, Vez — vesicle, Gr — granule.
Gl — glycogen, FF — fragments of fibers, CF — fragments of cells, FC — fibers of collagen, , FIB — fibrinoid, BC — basal cell of epithelium,

* — outgrowths of the cytoplasm

Puc. 4. Dnexrponnsie MUKpodoTorpaduu KIeTok u3 odnacti paHeBoro aedexra.
A — CKOILIEHUE KJICTOK BOCHAJIMTENHHOI0 HH(MIBTpaTa ¢ peodiiaaHueM IOIUMOP(GHOSIEPHBIX JIEHKOIUTOB Ha 3-U CyTKH
nuccnenosanus, X5000. B — nefirpodm u3 obmact paneBoro aeexra Ha 3-U CyTKH HCCIISJOBAHUS C BEIPOCTAMH
IIa3MaTHIecKOi MeMOpaHbI U (paronn3ocoMamMu, CBUACTENBCTBYIOIIMU O BEICOKOH (haronmTapHoi aktuBHOCTH, X20 000.
C — makpodar ¢ MHOXKECTBEHHBIMH BBIPQ)KCHHBIMH OpTaHEIIaMU CHHTE3a, BEIPOCTAMH IIa3MaTHUECKONH MEMOpaHBI,
(aronu3ocoMaMu U pe3nIyanbHBIMU TENblIaMH BHYTPH KJIETKU Ha 3-U cyTkH uccienoBanus, x20 000. D — ronsrii pudpodnact
C NPU3HAKAMHU HApaCTaOIIeH CHHTETHYECKOH aKTHBHOCTH — OOJIBIIIMM KOJIM4E€CTBOM MUTOXOHAPHIT U BhIpaxeHHOH rOI1P,
BBIPOCTaMH LIMTOIUIa3MbI Ha 3-u cyTku uccnenoBanus, x20 000. E — nerpanynupytomias Ty4qHast KJIeTKa ¢ HU3KOH CUHTETHYECKOI
aKTUBHOCTBIO Ha 7-¢ cyTku uccnegoBanust, x20 000. F — 3pensie ¢pudpobracTs! ¢ npu3HaKaMu BHICOKOH CHHTETHYECKOH
AKTUBHOCTH B OKPY>KEHHH c()OPMHUPOBAHHBIX KOJUTATEHOBBIX BOJIOKOH BO 2-# U 3-if SKCIIEpHMEHTAIBHBIX TPYMIIax Ha 7-€ CYyTKH
uccienosanus, x20 000. G — copmMupoBaHHas] COETUHUTENbHASI TKAHb C yIacTKaMu (HOPHHOUIA HAa MECTe PaHEeBOTo AedekTa
¢ KieTkaMu GudpobIacTHIECKoro 1 MakpogaraibHOro psifa Ha 12-e cyTku uccienoBanus, X5000
N —sapo, HH — rerepoxpomarun, EU — syxpomarus, RER — rpanysnstpHslii sH1011a3MaTyeckuit petukyiayM, GC — kommuieke Tonbmxku,
M — mutoxouapus, R — pubocoma, PM — mmasmarnueckas Mmembpana, NM — sinepHast MemOpana, L — mu3ocoma, RB — pe3nnyanbHble Tenbna,

V — Bakyouns, Vez — Be3ukyna, Gr — rpanyna. Gl — nmuxores, FF — o6nomxku BonoxoH, FC — o6momku kinerok, FC — komtareHoBbIe BOJIOKHA,

Fib— ¢pubpunonn, BC — 6azanbHas kieTka, * — BBIPOCTHI IUTOIIA3MbI
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Fig. 4. (end)
N — nucleus, HH — heterochromatin, EU — euchromatin,
RER - rough endoplasmic reticulum, GC — Golgi complex,
M — mitochondria, R — ribosome, PM — plasma membrane,

NM - nuclear membrane, L — lysosome, RB — residual bodies,
V —vacuole, Vez — vesicle, Gr — granule. Gl — glycogen,
FF — fragments of fibers, CF — fragments of cells, FC — fibers
of collagen, , FIB — fibrinoid, BC — basal cell of epithelium,
* — outgrowths of the cytoplasm

Puc. 4. (oxonuanue)
N —anpo, HH — rerepoxpomarun, EU — syxpomarus,
RER — rpanynspHblil 3HI0IUIa3MaTHYECKUHA PETUKYITYM,
GC — xommekc Tonpmxu, M — mutoxouapusi, R — pubocoma,
PM — mna3marudeckast MemOpana, NM — snepHast MeMOpaHa,
L — mu3ocoma, RB — pesunyansubie Tenbua, V — Bakyossb,
Vez — Besukyna, Gr — rpanyna. Gl — mukoren, FF — o6momku
BosiokoH, FC — o6imomku kietok, FC — KoJiiareHoBbIe BOJIOKHA,
Fib— ¢pudpunonn, BC — 6a3anbHas kinerka, ¥ — BEIPOCTHI
I[UTOILIA3MBI
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On day 7, there preserved cellular composition of the
infiltrate (Fig. 3B, C), while the ND of cell populations
changed.

We studied ND of NPs in all groups and compared the
data to those of day 3. We detected a 2.3-fold decrease in
groups 1 and 3 and a 2-fold decrease in group 2 (p=0.042).

In groups 1 and 2, the ND of MPs did not differ signifi-
cantly and increased 2.4 and 1.3 times, respectively, com-
pared to the figures of day 3 (p=0.033). In group 3 and the
control group, this indicator was 1.6 and 11.1 times lower,
respectively, than in groups 1 and 2 (p=0.035) (Table).

ND of PCs and LCs changed as well. ND of PCs de-
creased by 2.7, 1.9, and 1.5 times in experimental groups
1,2, and 3, respectively (p=0.043). It was 2.4 times lower
in group 1 and 1.8 times lower in groups 2 and 3 than in
the control group (p=0.034). On the contrary, ND of LCs
increased significantly 2, 3.7, and 4.2 times in experimental
groups 1, 2, and 3, respectively (p=0.04). It was 27 times
higher in group 1 and 52 times greater in groups 2 and 3
than in the control group (p=0.04) (Table).

ND of EPs decreased significantly only in experimental
group 3 and was 29.0 (25.2; 32.0) per 1 mm? of section,
which was 1.6 times lower compared to that on day 3, but
2.9 times higher than that in the control group (p=0.029)
(Table). In experimental groups 1 and 2, there were no
significant differences in comparison with day 3 (p=0.079).

ND of granulated MCs increased 10.6, 13.2, and 18.4
times in groups 1, 2, and 3, respectively, compared to that
on day 3 (p=0.022). It was 2.7, 5, and 7.1 times higher in
experimental groups 1, 2, and 3, respectively, than in the
control group (p=0.033) (Table).

MCs were located mainly near the vessels. Inside the
cells, we observed numerous granules of different electron
densities, which were partially released into the surround-
ing tissue by exocytosis. In the cytoplasm, we detected
only RER and well visualized mitochondria (M). The nu-
clei (N) were with a moderate amount of heterochromatin
(HC) (Fig. 4E).

ND of FBs was 1.2 times higher compared to that in all
experimental groups (p=0.045) on day 3. We observed a
12-fold, 14-fold, and 16-fold increase in FBs in groups 1,
2, and 3, respectively, compared to that in the control group
(p=0.047) (Table). At the same time, this indicator in group
3 was 1.35 times higher (p=0.039), whereas the indicator
in group 2 did not differ from the group without wound
dressing.

In the groups with coating, the branched FBs had a
high synthetic activity: euchromatin (Eu) occupied almost
the entire area of the nucleus (N). In the cytoplasm, there
visualized well-developed RER with dilated cisterns and
homogeneous content of average electron density, free pol-
ysomes (P) and hypertrophied GC. Micropinocytic vesicles
(Vez) migrated from RER and GC, which contained mol-
ecules procollagen. The plasma membrane (PM) formed
numerous outgrowths (*) for exocytosis. In the surrounding
tissues, we found clearly structured collagen fibers (CF)
located in different planes (Fig. 4F). In the uncoated group,
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young fibroblasts still predominated; their ultrastructure
remained practically unchanged in comparison with that
on day 3.

On day 12, there was no facial asymmetry in all experi-
mental groups. At the site of the wound defect, we observed
a scar 4.5+0.3 mm long in group 1 and 1.5+£0.2 mm and
1.4+0.2 mm long in groups 2 and 3, respectively. The mu-
cous membrane around the scar was pale pink and noned-
ematous. In group 1, there was a decrease in the soft tissue
volume at the site of the wound defect. In groups 2 and
3, we visualized regeneration with full restoration of soft
tissues (Fig. 3E, Fig. 3F).

On day 12, ND of MCs in groups 2 and 3 did not dif-
fer significantly from that in the control group and was
2.9 times higher than in group 1 (p=0.025). ND of FBs in
the same groups reached control values and was 6.9 times
greater than in the uncoated group (p=0.021) (Table). In
groups 2 and 3, the cells were elongated and narrow. Het-
erochromatin (HH) was detected in the nuclei, indicating a
decrease in the functional activity of cells. The organelles
were well defined; the cisterns of the GC and RER were
not dilated. We did not detect extracellular edema around
the cells, but observed clearly organized collagen fibers,
among which there were complexes of myelin-free nerve
fibers united by Schwann cells (A) (Fig. 4F).

On day 12, neutrophilic infiltration was still preserved
in experimental group 1 (Fig. 3E). Their ND was 4.6 times
higher than in group 2 and 38 times higher than in group
3 and the control group (p=0.012). In groups 2 and 3, this
indicator reached the control values (Table).

In groups 2 and 3, ND of MPs reached the control group
values of 159.0 (157.2; 163.7) and 147.5 (143.0; 49.7),
respectively, which was 6 times lower than in group 1
(p=0.022) (Table).

In the uncoated group, we detected macrophages (MPs)
with signs of dysfunction: the nuclei contained fragmented
heterochromatin (HH); organelles inside the cells were
not expressed; GC and RER lay as separate cisterns; and
there was a large number of phagolysosomes and residual
bodies in the cytoplasm. MPs were located near clusters
of fibrinoid (Fib) and surrounded by osmiphilic granules
(presumably by mast cells and neutrophils) and in the
lamina propria near the basal layer (BC) of the epithelium
(Fig. 3G). The fibrinoid formed a coach for the migration
of epithelial cells during re-epithelialization of the wound,
which would subsequently undergo phagocytosis by mac-
rophages. At the same time, their phagocytic activity de-
creased: invaginations and outgrowths of the cytoplasm
decreased in size and there were practically no digestive
vacuoles inside the cells.

ND of PCs in the coated groups did not significantly
differ from that in the control group but was 1.75 times
higher than in group 1 (p=0.038). Compared to the data
obtained on day 7, ND of LCs decreased by 1.42 times
in group 1, 5 times in group 2, and 6.7 times in group 3,
respectively (p=0.045). However ND of LCs did not reach
the control values (Table).
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In groups 2 and 3, ND of EPs reached the control values
and was 1.8 times greater than in group 1 (p=0.038) (Table).

Thus, on day 12, almost all the studied parameters
reached the control values in groups with wound dress-
ing, except for ND of NPs and LCs for group 2 and ND of
LCs for group 3. In the group with no wound dressing, no
indicators reached the control values.

Discussion

During the regeneration of the oral mucosa wound de-
fect, there occured a complex of intercellular interactions,
the mechanism of which is still to be fully understood.
These interactions aim at restoring the integrity of the tis-
sue and protecting it from aggressive influence [6]. The
defect restoration was carried out as a result of the coor-
dinated activity of FBs, MPs, MCs, agranulocytes, and
granulocytes [7].

The 1* stage of wound healing proceeded with a pre-
dominance of the inflammatory reaction for the first three
days. It was aimed at limiting the defect containing ne-
crotic tissues, microorganisms and elements of primary
contamination from healthy tissues by removal of these
pathological products and elimination of the consequences
of damage [8].

Primarily, the main role in inflammation belonged to
NPs, the ND of which increased significantly in all experi-
mental groups. They alomost did not occur in the intact
mucous membrane. NPs cleaned the wound defect from
tissue dendrite and microorganisms and secreted biologi-
cally active substances necessary for the migration of other
cellular elements into the wound [6]. Electron microscopy
showed an increase in their phagocytic activity.

According to modern concepts of the inflammatory pro-
cess, neutrophilic infiltration was replaced by macrophage
for the implementation of phagocytosis [6]. Releasing bio-
logically active substances, MPs influenced the prolifera-
tion of FBs. In addition, they synthesized the extracellular
matrix independently [9, 10].

When using a polymer membrane, especially in the
group with copper spraying membrane, we observed a more
active change from neutrophilic to macrophage infiltration,
which can indicate a more rapid abatement of the inflamma-
tion phase. In addition to the active phagocytic processes,
MPs had the ultrastructure signs indicating a high level
of synthetic processes associated with the formation of
biologically active substances determining inflammatory
and regenerative processes [11].

A decrease in ND of MCs occurred as a result of their
degranulation, during which biologically active substances
were released to regulate the vascular wall tone and the
migration of other cells to the inflammation focus [12, 13].
MPs were predominantly located near the lumen of the
vessels with interstitial edema.

In all experimental groups, an increase in the NDs of
PCs, LCs, and EPs was due to tissue metabolism and acid-
base balance was disturbed as a result of edema, which led
to the activation of these cell populations in the wound.
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They participated in the destruction of microorganisms
and due to the release of biologically active substances at-
tracted cells of the inflammatory infiltrate into the wound.
The role of EPs is not fully understood, but they are sup-
posed to play a role in the anti-infectious protection of the
wound [14-16].

Simultaneously with the inflammation phase, there oc-
curred the formation of granulation tissue at the wound
defect site. In this process, FBs produced the components
of the intercellular substance. In this regard, their ND in-
creased.

On day 7, the cellular composition of the infiltrate was
preserved.

The leading role in the inflammatory process was passed
to MPs, which became the dominant population in com-
parison with NPs. This was due to the fact that, in addition
to the immune function, including phagocytosis of dead
NPs [17], MPs influenced the proliferation of FBs, play-
ing an important role in the development of connective
tissue [18, 19].

At this stage, an increase in the ND of MCs was a result
of their migration to the wound defect zone. Active migra-
tion of MCs into the wound was probably facilitated by
the piezoelectric properties of the protective membrane;
therefore, the cells of this population were more abundantly
present in experimental groups 2 and 3 compared to those
in the group group without coating. The appearance of MCs
at the wound defect site in this phase was most likely due to
the fact that they played a significant role in the formation
of loose connective tissue [20].

On day 7, proliferation became the dominant process. In
the groups where polymer membranes were used to protect
the wound defect, the number of FBs increased in com-
parison with that in the group group with the conventional
treatment, where the formation of loose fibrous connective
tissue was violated by constant trauma because of chemical
and mechanical irritators.

The next stage of wound regeneration occurring on
day 12 was scar reorganization, where the interaction be-
tween MCs and FBs was of primary importance. With an
increased content of the former, a pronounced formation
of fibrous tissue and keloid scars were observed, which
we detected in the group without wound defect protection
[21]. The persistence of macrophage infiltration and their
ultrastructural abnormalities in the uncoated group were a
poor prognostic sign because they were prerequisites for
the development of cicatricle changes [22]. LCs took part
in the restructuring of the scar as well, releasing biologi-
cally active substances that affected the termination of the
proliferation of FBs, that is why their ND increased in all
experimental groups [23].

In all experimental groups, the wound healing process
was based on a complex interaction of cell populations at
the defect site, which determined the speed and quality
of wound healing. Knowledge of these mechanisms and
the ability to modulate them can optimize the process
of wound management [4, 24, 25]. The present research
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demonstrated that the use of polymer membranes, es-
pecially with copper deposition, contributed to a more
physiological change from one cell population to another
and their cascade interaction during wond healing.

Conclusion

We identified the patterns of changes in the cellular
composition of a wound defect during regeneration. The
use of wound dressing contributed to reduced regeneration
time, which was observed during the analysis of changes
in cell populations at different stages of healing. For ex-
ample, in groups with wound dressing, the replacement
of neutrophilic with macrophage infiltration was more in-
tensive, and this indicated a decrease in the inflammation.
When the wound defect was closed, the proliferation was
more active, which can be argued based on changes in
the number density of fibroblasts and their ultrastructural
structure. Moreover, in the groups with wound dressing,
on day 12, the numeral density of macrophages reached
control values in contrast to the group without it. It was a
marker of scar tissue formation in experimental group 1.
Lymphocytes and plasma cells were active in groups with
coating; they also participated in the reorganization of the
scar at the final stages of wound healing.

Thus, the closure of the oral mucosa wounds with poly-
mer piezoelectric membranes had a positive effect on the
restoration of the qualitative and quantitative cellular com-
position of the tissue, and, supposedly, reduced the risk of
postoperative complications.
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Mudopmanus 06 aBTopax

Amnacracus JlenucoBHa KoHsieBa — accucTeHT Kadeapbl aHATOMHMH 4eJI0BeKa ¢ KypcoM Tororpaduueckoi aHaTOMHMH U OTI€paTHBHOM XUPYPrUu
CubHpCcKOro rocyJapcTBEHHOr0 MEAUIIMHCKOTO YHUBEPCUTETA.

Enena FOpreBHa BapakyTa — JOKTOp MEAMIIMHCKUX HayK, 3aBeytolias kKadeapoit aHaTOMHUH YesioBeKa ¢ KypcoM Tonorpagpuyeckoil aHaTOMHUN
1 oniepaTtiuBHON Xupypriuu CHOMPCKOTO TOCy1apCTBEHHOTO MEIUIIMHCKOTO YHUBEPCUTETA.

Apuna EsrenbeBHa Jleiiman — cTyaeHTKa 4-ro Kypea JieueOHoro ¢pakynbrera CHOMPCKOTO roCy1apCTBEHHOTO MEAUIIMHCKOTO YHHBEPCUTETA.

Esrenuit Huxonaesuu bonb6acoB — kaHIUIAT TEXHUYECKUX HAYK, CTAPLINI HAyYHbIH COTPYIHUK JJaOOpaTopuy THOPUIHBIX OHOMaTepuanoB
HanumonansHoro nccnenoparenbckoro ToMCKOTo MOIUTEXHUYECKOTO YHUBEPCHTETA.
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