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T-AUMPOLUTBI U MOPPOAOTUSA PETEHEPATA ULLEMU3UPOBAHHOM
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The problem of healing long-term skin defects, complicated by venous insufficiency, remains a problem despite many
known treatments. The article researches immunological compatibility and efficiency of the use of collagen sponges with
skin allogeneic fibroblasts for stimulation of wound healing. Sixteen mature C57/B1 mice were divided into two equal groups:
control and experimental. In the 10th-day dynamic, the stimulation method was found to be highly effective by associating
the collagen sponge with the allofibroblasts, which allows a significant improvement in the morphological characteristics of
the sample biopsy and does not cause an autoimmune response to the transplant.
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Mpob6nema 3axuBNeHUs AANTENbHO CYLLECTBYOLWMNX AedeKTOB KOXHbIX MOKPOBOB, OCIOXHEHHbIX BEHO3HOW HepocTa-
TOYHOCTbIO, HE TEPSIET CBOEN aKkTyasllbHOCTU, HECMOTPS Ha MaccCy NpenjoXeHHbIX cnocoboB neyveHns. Beino nposeneHo
nccnefoBaHne UMMYHOIOMMYECKOM COBMECTUMOCTU U 9P EKTUBHOCTU MPUMEHEHUS KONINAreHOBOW ryokun ¢ AepManbHbIMU
annoreHHoiMn dnbpobnactam ans CTUMynaUMn paHosaxunsneHus. LLlecTHaauaTb NonoBo3pesnbix Mblwer nnHum C57/B1
OblM pasfenieHbl Ha ABE PaBHO3HAYHbIE FPYNMbl: KOHTPONS 1 9KCNEePUMeEHTanbHyto. B auHamuke k 10-m cyTkam BbisiBieHa
BblcOKasi 3 OEKTUBHOCTb MeTo4a CTUMYNSALMN accoumvaLneit KoanareHoBol ryokn ¢ annodumnbpobnactamm, No3BONASOLWENO
CYLLLECTBEHHO YNYHLWNTb MOPGDONOrMYecKkne xapakTepucTki G1MonTaToB 1 He Bbi3blBAIOLLEr0 ayTOMMMYHHOW peakumu Ha
TpaHcnnaHTar.
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plicated by venous insufficiency, remains actu-

al despite a large number of known methods of
treatment, application of various dressings, and dy-
namically developing methods of tissue therapy [1].
Fibroblasts, mainly composed of collagen fibers and
having the property to synthesize actively intercellu-
lar substances, are known to be the essential cells

The tricky of healing persistent skin defects com-

efficient in the formation of granulated tissue with
subsequent ulcer cicatrization [2]. It is a known fact
that fibroblasts and collagen fibers actively react and
work with each other [3]. Fibroblasts can slide along
self-synthesized collagen fibers, which makes them
an excellent matrix or scaffold for tissue engineering
construction [4]. Collagen is produced by extrac-
tion from the connective tissue of mammals (rats or
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cattle) [5], birds (duck legs) [6], and fish [7]. A col-
lagen sponge results from restoring collagen fibers
using a solution [8]. The collagen sponge produced
by the pharmaceutical industry is an excellent matrix
for linking with skin fibroblasts [9] and subsequent
transplantation into a persistent ulcer, even compli-
cated by exudation. However, there is no record of
tissue regeneration, including neoangiogenesis, in
the second stage of the wound process.

The purpose of the study was the morphological
analysis of tissue regeneration and angiogenesis in the
presence of T-lymphocytes on the 10th day of ischemic
skin healing of wounds after the transplantation of a
collagen sponge with allogenous dermal fibroblasts.

Material and Methods. The researchers used
4-6 month laboratory white mice of line C57/B1 divided
into experimental and control groups, each containing
8 mice. Simulation persistent ischemic cutaneous wound
technique was described in Baranovsky Yu. G. etal., 2016
[10]. Dermal fibroblast production and growing technique
by an enzymatic method are present in the article [11].
A collagen biodegradable sponge was manufactured by
LLC «Luzhsky Zavod Belkozin» (Luga, Leningrad region,
Russia) using collagen solution. It contains boric acid
and furacillin. A sponge is made as a dry yellow porous
membrane possessing the power of high adhesion to the
wound surface. Being dropped in the wound, the sponge
gradually undergoes degradation [12]. The sponge with
1-1.5 million dermal all fibroblasts of 2-3 passage in al-
pha-MEM (Lonza) growth medium was transplanted into
a simulation wound in mice. The wound was covered with
Voskopran (Biotekpharm, Russia) sterile dressing and
sutured to a silicone ring to hold the wound edges [13].

The healing sample from the wound biopsy was re-
moved on the 10th day after the surgery. For morpho-
metric and immunohistochemistry studies, we have
prepared paraffin sections of the bioptic and have ten-
ded to stain them with hematoxylin and eosin in a proper
sequence. We measured the thickness of the epidermis,
collagen fibers, and microcirculation vessels area using
«Image J» (NIH Image, USA) under a total magnification
400, 50 measurements per 1 section. According to an im-
munohistochemical method, T-lymphocytes were coun-
terstained in paraffin sections with diaminobenzidine.
CD3 [SP7] primary antibodies (ab16669) (Abcam, UK) at
the ratio of 1:100 were used. T-lymphocyte number was
determined by counting the amount of CD3-positive cells
per 100 cells with subsequent ratings on a percentage
base.

The obtained data were processed with the pac-
kage STATISTICA 10.0 (StatSoft Inc., USA). We used the
Mann — Whitney test with a p=0.05 significance level. The
comparison of T-lymphocyte number, average thickness
of the epidermis, collagen fibers, and microcirculation
vessels area in the granulation tissue in experimental bi-
opsies was carried out on a percentage base against the
control group.

Results and Discussion. On day 10, after modeling
a persistent ischemic skin wound and closing it with a col-
lagen sponge with allogenic skin fibroblasts, the wound
process is at the stage of proliferation with the formation
of granulation tissue. In the control group, the wound’s
surface is covered with a thick crust consisting of fibrin
and dead cells (Fig. 1). Beneath it, there is a thin layer of
developing epidermis made of 3-4 raw cells. Nominally
they can be divided into basal and spinous layers. The ave-
rage thickness of the epidermis is 39.73+0.12 mic-
rons (Table). In the centermost portions of the wound
bounded with inserted silicone rings, the epithelium is
absent. Under the surface epithelium, granulation tissue
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is well developed. Collagen fibers are thin and short, lie
randomly, and intersect. In between, fibroblast cells are
typically active specialized fibroblasts with rounded or
oval nuclei. Weak leukocyte infiltration is only present in
deep biopsies. CD-3 positive cells, or T-lymphocytes,
were not found among them. Granulation tissue is well
vascularized. Blood capillaries are numerous, compre-
hensive, and partly filled with blood.

Fig. 1. Bioptate of mouse skin in control group: 1 — crust;
2 — epidermis; 3 — blood capillary; 4 — collagen fibers.
Stained by hematoxylin and eosin. Magnification: 400

Table
Quantitive caracteristics of bioptate components
of control and experimental groups

Thickness : Collagen
Biopta- of D%%m;ﬁczgea 5:;2?; fiber area
tes epidermis ] 0 in dermis
(microns) (microns) area (%) (%)
Control |39,73+0,12 [43355,47+1,20{0,52+0,01|21,68+0,12
group
Experi- |49,85+0,15 [56054,14+1,05/0,96+0,02|34,21£0,12
mental
group

Experimental group biopsies do notshowthe presence
of collagen sponge, which has wholly resorbed. The
thickness of the crust is visibly decreased. In contrast to
the control group, the epidermis is thicker, 20.30+0.11 %.
The number of cell raws increased up to 5-6, and there
appeared signs of granular layer formation (Fig. 2).
On the surface of the epidermis, there were traces of
cells with basophilic granules. The total surface of the
wound is covered with epithelium. Within the granulation
tissue, collagen fiber area increases by 36.63+0.12 % in
contrast to the control group. Thickened oxyphilic fibers
became more ordered - they lie parallel to each other
and to the epidermis, which can be understood as the
signs of the initial stage of cicatrix formation. Functional
fibroblasts lie between collagen fibers and have an
oblong shape with elongated nuclei. Blood vessel area
decreased by 54.17+0.2 %. However, single veins in
deep layers of the bioptic are widened and filled with
blood. They are surrounded by leucocytes, among which
there are T-lymphocytes (CD-3+ cells) in a negligible
quantity. Their index is 4.68+0.01 %.

A three-dimensional hybrid matrix derived from
a collagen-resorbable sponge and cultured dermal
allogenic fibroblasts can be considered an effective skin
substitute for ischemic skin wounds. It is known that
the breakdown products of collagen due to the specific
interaction of collagen with fibroblasts by feedback
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mechanism stimulate the proliferation of fibroblasts and
the biosynthesis of the native collagen, i.e., regeneration
of the connective tissue [11]. By the 10th day of
regeneration, the wound process in an experimental
group had made significant progress compared to the
control one. Itis probably caused by more fibroblasts and
extracellular matrix in the form of collagen, which doesn’t
result in potent T-lymphocyte input.
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Fig. 2. Bioptate of mouse skin in experimental group:
1 — crust; 2 — epidermis; 3 — collagen fibers; 4 — blood capillary;
5 — leucocytes infiltration. Stained by hematoxylin and eosin.
Magnification: 400

Conclusion. By the 10th day, since the simulation of
a persistent ischemic cutaneous wound and its closure
by collagen sponge with allogenic dermal fibroblasts,
it was shown a vast improvement to morphological
characteristics of the wound process second stage.
Bioptate granulation tissue is 36.63%x0.12 % high in
collagen fibers and 54.17£0.2 % low in blood vessels in
contrast to the control group, with the signs of fibrotic
scarring being absent in the control group, indicating the
cicatrization onset. Epidermis is 20.3£0.11 % thicker in
contrasttothe controlgroup. Bythen, the collagen sponge
has been wholly resorbed without potent T-Lymphocyte
input with a CD3+ cell index of 4.68+0.01 %.

Informed consent. The study was approved by
the Local Ethics Committee of V. I. Vernadsky Crimean
Federal University. The basic rules for the maintenance
and care of experimental animals corresponded to the
standards given in the Order of the Ministry of Health
of the Russian Federation Ne 708n of 23.08.2010
«On Approval of the Rules of Laboratory Practice in the
Russian Federation», the ethical principles established by
the European Convention for the Protection of Vertebrates
Used for Experimental and Other Scientific Purposes
(adopted in Strasbourg on 18.03.1986 and confirmed
in Strasbourg on 15.06.2006). Also, the experiment was
carried out in compliance with all principles of humanity
contained in the directive of the European Community
(86/609/EC).
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DYNAMICS OF INDICATORS OF THE PROOXIDANT-ANTIOXIDANT SYSTEM
IN THE BLOOD AND EXUDATE UNDER THE TREATMENT OF PURULENT
WOUNDS WITH NEGATIVE PRESSURE AND SILVER NANOPARTICLES

Malyshko V. V.1, Basov A. A. !, Dorohova A. A. 2, Moiseev A. V. 3,
Dyakov O. V. !, Pavlyuchenko I. I. !, Storozhuk A. P. !

! Kuban State Medical University, Krasnodar, Russian Federation
2 Kuban State University, Krasnodar, Russian Federation
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AWHAMUKA NOKA3ATEAEN MPOOKCUAAHTHO-AHTUOKCUAAHTHON
CUCTEMbI B KPOBU U DKCCYAATE MPU AEYEHUU THOWHDIX PAH
OTPULLATEAbHbIM AABAEHUEM U HAHOYACTULLAMU CEPEBPA

B. B. Maabiiko ', A. A. Bacos !, A. A. Aopoxosa 2, A. B. Moucees 3,
O. B. Abskos !, U. U. MasaloveHko !, A. M. CTopoxyk '

1 Ky6aHCKHUI roCy AQPCTBEHHbIN MEAULLMHCKUIA YHUBEpCcUuTeT, KpacHoaap,
Poccunckas Peaepaums
2 Ky6aHCKHI FOCYACQPCTBEHHbIN YHUuBepcuTeT, KpacHoaap, Poccuitckas Peaepaums
3 Ky6aHCKuI1 roCyAQpPCTBEHHbIN ArpapHblit yHusepcuteT, KpacHoaap,
Poccunckas Peaepaums

The study determined the effect of silver nanoparticles (AgNPs) in the treatment of purulent wounds with negative
pressure instillations (NPWTi) on the parameters of the antioxidant system of blood and exudate. The study was conducted
on 72 laboratory animals, which were divided into four equal groups. In contrast, in 3 groups, it was performed by modeling
a purulent wound with its further treatment in various ways. In group 1, the traditional treatment method was used under
a bandage with a levomekol; in group 2, wound treatment was carried out using a preparation with AgNPs; in group 3, the
NPWTi method was used. In group 4 (control), modeling of a purulent wound was not performed. During the experiment,
a study was made of the parameters of the enzyme link of antioxidant protection (catalase and superoxide dismutase), as
well as the total antioxidant activity due to the content of low molecular weight substrates. It should be noted that only in
animals of group 3, the indicator of antioxidant activity of the blood reached the values of the control group on the 12th
day. In contrast, in group 2 it remained significantly reduced by 13.2 %. The data obtained indicate the ability of AQNPs to
increase the prooxidant load in the wound area mainly in the first six days, with the development of an imbalance in the work
of enzymes of the 1st and 2nd lines of antioxidant protection. This may indicate the advisability of the combined use of ANPs
and NPWTi in treating the first phase of the wound process.

Keywords: wound process, silver nanoparticles, negative pressure instillations, wound treatment, oxidative stress,
catalase, superoxide dismutase

B nccnepoBaHnn onpenensanock BNMsHMe HaHovdactuy, cepebpa (AgNPs) B nedeHnmn rHoiHbIX paH oTpuuaTeNibHbIM JaB-
neHnem ¢ nHetunnaumamm (NPWTI) Ha nokazaTtenm aHTMOKCUAAHTHOM CUCTEMbI KPOBU U aKccyaaTa. MiccnepgosaHue npo-
BELEHO Ha 72 NabopaToOpPHbIX XXMBOTHbIX, KOTOPbIE ObINM pa3aeneHsl Ha 4 paBHbIe FPYNMbl, MPY 3TOM B 3 rpynnax BbIMOJHSA-
I0Cb MOAENNPOBAHNE FTHONHOW paHbl C AaNbHENLLNM €€ NeYeHneM pasnnyHbiMu cnocobamu. B rpynne 1 ncnonb3osanu
TPaANLNOHHBIA METO, IeYeHNs MO, NOBA3KOM C Ma3blo, COAEPXKALLEN NEBOMEKOSb; B rpynne 2 1e4eHne paH OCyLLeCTBASIN
C NMOMOLLbIO NpenapaTa ¢ HaHovyacTuuamm cepebpa; B rpynne 3 npumenanu metog NPWTI. B rpynne 4 (KOHTPOJIbHOM) Moae-
NIMPOBaHME FHOMHOM paHbl HE BhIMOJIHANOCL. B xo4e akcnepuMeHTa Oblsio NpoBeaeHo nlydeHne nokasateneint QepMeHTHOro
3BEHA aHTMOKCUAAHTHOM 3alnThl (KaTanasdbl U CynepoKCcUaancMyTasbl), a Takke obLenn aHTUMOKCUOAHTHOW akTUBHOCTMU,
00YyCNOBNEHHOW coaep)KaHNeM HU3KOMOJIEKYNSIPHbLIX CyOCcTpaToB. CnenyeT OTMETUTD, YTO TONBLKO Y XKUBOTHBIX FPynnbl 3 no-
KasaTenb aHTMOKCUOAHTHOM aKTMBHOCTU KPOBU AOCTUIra 3HAYEHUIA KOHTPOILHOW Fpynnbl HA 12 CyTkK, TOrA4a Kak B rpynne
2 OH OCTaBasICa LOCTOBEPHO CHUXEHHBIM Ha 13,2 %. Mony4yeHHble AaHHbIE CBUAETENLCTBYIOT O cnocobHocTn AgGNPs yBenn-
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