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ABSTRACT

Aim. To study the efficacy of dermal hydrogel application in the experimental treatment of superficial scarified
woundsin rats.

Materials and methods. The hydrogel was obtained from porcine dermis by alkaline hydrolysis. The DNA
concentration was determined using the Nano Drop ND-1000 spectrophotometer. The study included 30 male
Sphinx rats. Scarified wounds were created on the rat skin, then the rats were divided into two groups: group 1 —
rats without treatment, or control group (» = 15), group 2 — rats with wound treatment with the dermal hydrogel
for 5 days, or experimental group (» = 15). On day 3, 7, and 14 of the experiment, we explanted skin samples from
the wound area and performed routine H& E staining.

Results. On day 3 of the experiment, moderate inflammation, edema, and collagen fiber disorganization were
revealed in the experimental group, and pronounced inflammation with purulent exudate was found in the control
group. On day 7 of the experiment, inflammation and foci of stratified epithelium were detected in the control
group. The histologic analysis of the skin samples from the experimental group showed pronounced plethora of
the vessels, necratic changes of the dermis, and edema. The total thickness of the epidermis and the thickness of
its stratum corneum were greater than in the control group samples. On day 14, the differences between the groups
were minimal and the epidermis was thickened in the experimental group animals.

Conclusion. The study examined the effects of the dermal hydrogel on scarified wounds in rats. We found faster
skin regeneration (by 1.5-2 days) in the experimental group compared to the controls. Besides, the rats of the
experimental group were characterized by an increase in the number of fibroblasts in the dermis and thickened
epidermis in the affected area.
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ANA 3KCNepUMEHTaNIbHOIO JleYeHUA NOBEPXHOCTHbIX PaH
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PE3IOME

Hens — n3ydenne 3pPeKTHBHOCTU UCIIOIB30BAHMS JEPMAIBEHOTO THIPOTENs IIPH SKCIIEPUMEHTAIBHOM JICUSHIH
MOBEPXHOCTHBIX CKapU(HUIIPOBAHHBIX PaH Y KPBIC.

MaTepuaJbl 1 MeTOABL. ['UIpOreh MOMyYaa U3 CBUHOM IEPMbI XUMHYECKHM METOJIOM C TIPUMEHEHUEM I11eI0Y-
HOTO THJpoIH3a. B mony4yeHHbIx o6pa3nax ruzgporens onpeneisiiu coaepxxanue JJHK ¢ momonipio criekrpodoro-
Mmetpa Nano Drop ND-1000. MccrenoBanue npoBeaeHo Ha 30 camuax KpbIC mopoasl cuHke. Kppicam HaHOCHITH
CKapu(UIMPOBaHHbIC PaHbI, 3aTEM YXUBOTHbIE ObUIH pa3[eseHbl Ha JBE IPYMIIBL: rpynmna 1 — 0e3 jedeHus, niu
KOHTpOJIbHast rpymma (n = 15), rpynma 2 — jieueHne pansl JepMajibHBIM THApOreieM B TedeHue 5 ¢yt (n = 15). Ha
3-u, 7-e u 14-e CyT 3KCIUTaHTHPOBAIUCH 00OPA3Lbl KOXXU U3 O0JIACTH PaHBI, KOTOPHIE TTOABEPTaCh THCTOIOTHYE-
CKOMY HCCIIEZIOBAHHUIO.

PesyabTatel. Ha 3-u cyT skcriepuMmenTa B 00pa3lax KOJKU )KUBOTHBIX IPYMIIBl 2 0OTMEYAJIOCh YMEPEHHOE BOCIIA-
JICHHE C TIOBEPXHOCTHBIM OTEKOM U AUCKOMIUIEKCAlMEell KOJLIareHOBBIX BOJIOKOH, & KOHTPOJIbHON IPYIIIbI — BBIpa-
’KEHHOE BOCHaJIeHHE C THOMHBIM dKccyaaTtoM. Ha 7-e cyT skcreprMeHTa y KpbIC KOHTPOJIBHOM IPYIIIbl HAOII0 1311
BOCIaJICHHE, OIHAKO OTMEYaJIN 04ary npoudepanuy MHOIOCIOMHOro snuTenus. [ McToIornueckuil anamms Koxu
JKUBOTHBIX TPYIIIBI 2 MPOAEMOHCTPUPOBAJ 00Jiee BBIPaKEHHOE MOJIHOKPOBHE COCY/I0B, HEKPOTHYECKHE H3MEHE-
HUS IepMBI ¥ ee oTeK. OO1as ToJIMHA STIHIePMICa U TOJIIMHA €r0 POroBoro ciios Obuia Goublie, 4eM B 00pasiax
KOHTpPOJIbHOH rpynmsl. Ha 14-e cyT skcniepyMeHTa pa3nudus Mexy U3y4aeMbIMU IpyNaMy OblIIM MUHUMAJIbHBI,
OTMeYal{ YTOJNIIEHUE SIHJIEPMICa Y )KUBOTHBIX I'PYIIIBI 2 110 CPABHEHUIO C KOHTPOJIBHON TPYIIIOH.

3axinoyenne. B mpoBeeHHOM HCClIe0BAaHUU NIPOAEMOHCTPHPOBAHO, YTO IIPH UCIIOJIB30BAHUY THIPOrelis Ha OC-
HOBE JIEPMBI CBUHBH JUTSl JICUSHUSI CKapH(DUIIMPOBAHHBIX PaH KPBIC TIOJIHOE BOCCTAHOBICHUE KOXKH B TOPAKEHHON
obyracty HacTynano Ha 1,5-2 cyT GvICcTpee, 4eM B KOHTPOJIEHOH rpymite. [ToMrMo 3Toro ObII0 3aperuCTPHPOBAHO
yBEIHIEeHHEe KOJINYecTBa (UOPOOIACTOB B IepMe H YTOJIIEHNUE SUAEPMICa OTHOCHTEIIBHO aHAJIOTUIHOTO MOKa-
3aTelis y KpbIC KOHTPOJIBHOM IPYIIIBL.

KiroueBble cj10Ba: aepMaibHBIA THAPOTENb, CKapupHLUUPOBaHHAs paHa, MOP(HOJIOrHIeCKUil aHaIN3, BHEKJIETOY-
HBIA MaTpUKC

KOHq).]Il/lKT HHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SAIBHBIX U INOTCHIUAJIBHBIX KOHq)III/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6JII/IKaIII/IeI71 HaCTOS{H.[efI CTaTbHu.

Hcrounnk ¢puHaHCHpPOBaHUS. ABTODHI 3asBISIOT 00 OTCYTCTBUM (PMHAHCHPOBAHMS IPH MPOBEICHUH HCCIIE0-
BaHMSI.

CooTBeTCTBHE NPUHIMIAM 3THKH. VccienoBanue 6bU10 000pSHO JIOKATbHBIM HE3aBUCHMBIM STHYECKUM KOMHU-
teroM ®PI'BOY BO Ky6I'MY Munzapasa Poccun (mpotokon Ne 102 ot 01.10.2021).

Jast uutupoBanms: MenkonsH K.M., Ko3wmaii S.A., Pycunosa T.B., Uynpsun I'.I1., Kapramesckas M.U., Kap-
tammesckuit U.U., Cropoxyk C.B., Ceneznea U.U., I'ypesnu K.I'. [IpuMeHeHne ruaporess Ha OCHOBE I€PMBI CBU-
HBH JJTsI OKCIIEPUMEHTAIBHOTO JICUSHHUsI TOBEPXHOCTHBIX paH. broinemens cubupckotl meduyunsl. 2023;22(3):54—
60. https://doi.org/10.20538/1682-0363-2023-3-54-60.
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INTRODUCTION

Hydrogel dressingsarethe most promising material
for the treatment of superficial wounds, as they prevent
the formation of adhesions in the adjacent tissues,
exert an analgesic effect, and have a positive effect on
wound healing dueto the contained biologically active
components. Hydrogel dressings are semi-permeable
to promote wound hydration, eschar rehydration, and
autolytic wound debridement [1].

Hydrogels based on natural biologically active
polymers(collagen, hyaluronicacid, chitosan, alginate,
etc.) are biocompatible and biodegradable, have
low cytotoxicity, and regulate the proliferation and
functioning of fibroblasts, keratinocytes, macrophages,
and endothelial cells [2]. These biomaterials can
acquire anti-inflammatory and antibacterial properties
when growth factors and bioactive peptides are added.

A promising material for biopolymer-based
hydrogels is the extracellular matrix (ECM), which
consists of collagen, elastin, glycosaminoglycan, and
other biologically active molecules [3]. The source of
ECM in most casesareanimal tissues, in particular, the
dermis of pigs and cattle, however, the technologies
for their processing are quite expensive and time-
consuming [4]. Recently, there has been an increased
interest in the development of an optimal method for
obtaining hydrogels based on ECM of animal tissues.
The aim of this study was to evaluate the developed
hydrogel based on porcine dermal ECM as a wound
dressing for the experimental treatment of superficial
wounds in laboratory animals.

MATERIALS AND METHODS

The research was carried out in compliance with
the principles of humanity set out in the directives
of the European Community (86/609/EEC) and the
requirements of the Declaration of Helsinki, revision
2013. All manipulations met the requirements of the
Order No. 708n of the Ministry of Health of Russia of
23.08.2010 “On Approval of the Rules of Laboratory
Practice”, the Bioethics Committee, and the Federal
Law of the Russian Federation on the Protection
of Animals (Article 4 of the Law of the Russian
Federation “On the Protection of Animals from
Cruelty” of 01.12. 1999).

Thematerial for the creation of the dermal hydrogel
wasthe skin of the Landrace pig (male, aged 2 months)
weighing 13.4 kg. The animal was anesthetized with
solutions of Zoletil (1 mg / kg; Zoletil 100, Virbac,
France) and Xylazine (4 ml / kg; Rometar, Spofa,
Czech Republic). Dermal samples with athickness of

0.5 £ 0.05 mm were obtained from the lateral surface
of the body after preliminary mechanical removal of
the epithelial layer with an electrodermatome (disk
knife diameter 100 mm) under sterile conditions.
The collected dermis was stored for 1-6 months at
—80 °C for preliminary cryodestruction of the cellular
elementsin the dermis.The porcine skin samples were
chemically decellularized, in particular treated with
5% agueous NaOH solution, at a sample weight per
solution volumeratio of 1:5 for 22.5 hours. After that,
the samples were washed with deionized water until
a stable neutral pH was reached. DNA content was
determined in the dermal hydrogel samples with the
Nano Drop-1000 spectrophotometer (Thermo Fisher
Scientific Inc., USA) using the reagent kit (General
DNA Quantification Kit, Abcam, UK) according
to the manufacturer’s protocol.The efficiency of the
obtained derma hydrogel was studied on 30 mae
Sphinx rats (weight 160-200 g, age 3-4 months),
kept in a vivarium with a balanced diet and natural
light. The rats were divided into two groups. group
1 —rats without dermal hydrogel treatment or control
group (n = 15), group 2 — rats with dermal hydrogel
treatment (n = 15). Under general gaseous anesthesia
with Isoflurane (induction 2-5%, flow 0.25-4%;
Laboratorios Karizoo, Spain), scarified wounds 30 x
20 x 2 mm in size were created in the rats in the area
of the withers along the marked surface. The wounds
intherats of group 2 weretreated daily for 5 dayswith
0.5 g dermal hydrogel. After the surgery, al animals
wereinjected with the analgesic drug Ketoprofen 10%
(5 mg / kg; Nita-Pharm, Russia) and the antibiotic
Convenia (4 mg / kg; Convention, Zoetis, USA). On
day 3, 7, and 14 of the experiment, the skin samples
(8 mm in diameter) were explanted in adjacent native
tissues using a skin biopsy device (Medax, Italy);
then these samples were histologically stained with
hematoxylin and eosin.

Statistical processing of the obtained results on the
content of DNA and morphometric datawas carried out
using the Graph Pad Prism version 6.04 and Microsoft
Excel 2016 software. The results were presented as
M + S, where M is the arithmetic mean, and S is the
standard deviation. The differences were considered
significant at p < 0.05, the significance of differences
was calculated according to the Mann — Whitney test.
To quantify histologic changes in the porcine dermis,
computer morphometry was used by the Imagel
program (National Institution of Health, USA) and the
IHC metrics plugin. Epidermal changesin the samples
were evaluated using the Freehand Selection Tool.
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RESULTS

The porcine skin samples after chemical
decdllularization acquired a gel-like structure after 22.5
hours (Fig. 1). The dermal hydrogel was clear, dense,
and homogeneous. The finished dermal hydrogel
contained a 1% solution of an antimycotic antibiotic
(Gibco, Thermo Fisher Scientific, USA) and was stored
under sterile conditions at atemperature of +4 °C.

The hydrogel based on the porcine dermis was
an oxyphilic structure, which was predominantly
homogeneous due to pronounced swelling of the
polymers (Fig. 2, b).

The comparative quantitative analysis of the
DNA content in the derma hydrogel and native

dermal samples showed that the amount of DNA in
the dermal hydrogel decreased to 33.19 ng / mg of
dry matter, p < 0.05 (17.43%) relative to the DNA
content in the native dermis (190 .45 (100%) ng /
mg of dry matter). The data obtained corresponded
to the quality criterion for decellularized tissues —
no more than 50 ng of DNA per 1 mg of dry tissue
mass [5].The results of the study of dermal hydrogel
showed that it has a fairly pronounced reparative
effect and accelerates the process of wound healing
in comparison with the animals in the control group.
Thus, onday 9 of the study, theratsof group 2 showed
no visual signs of inflammation, tissue necrosis, or
scarring (Fig. 3).

Fig. 2. Morphological analysis of the hydrogel: a — native porcine dermis, 5 —dermis after 5 hours of treatment, ¢ — dermis after
22.5 hours of the treatment

'..

Fig. 3. The animals after the creation of a superficial scarified wound: a, b —the control group, no treatment; ¢, d —the
experimental group, treatment with dermal hydrogel; a, ¢ —right after the surgery; b, d — day 9 of the experiment
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In the skin samples of untreated rats obtained on
day 3 of the experiment, pronounced necrotic changes
were observed, as well as obvious signs of inflammation
and fibrinous purulent exudate (Fig. 4, a). On day 3 of
the experimenta treatment, the wounds treated with

dermal hydrogel had moderately pronounced signs
of inflammation. However, structural changes in this
case were manifested through a pronounced edema of
the wound surface with collagen fiber disorganization

(Fig. 4, d).

R el o s
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Fig. 4. Porcine skin from the wound area with adjacent tissues: @, b, ¢ —the control group, no treatment; d, e, f— group 2, treatment
with dermal hydrogel. a, d —day 3; b, e —day 7; ¢, f— day 14 of the experiment. Hematoxylin — eosin staining, x 100 magnification

On day 7, signs of inflammation were observed
in the skin samples of the control rats, in particular,
moderately pronounced infiltration. Against the
background of resolving inflammation, signs of
epidermal regeneration were noted in the form of foci
of stratified epithelium proliferation (Fig. 4, b). The
analysis of the skin samples of the animals of group
2 on day 7 showed more pronounced plethora of the
microvasculature, necrotic changesin the dermis, and
its edema (Fig. 4, e). Thickness of the epidermisin the
rats of group 1 was 64.09 [52.82; 71.40] um, which
is less than that in the control animals (23.10 [16.56;
33.17] um. The thickness of the stratum corneum
in the epidermis of the control rats was aso less
(p <0.05).

In the study of the porcine skin samples obtained
14 days after the gel was applied, the differences in
the groups of animalswere minimal: there was adight
difference in the thickness of the epidermis between
the animals of group 2 (183.25 [155.07; 202.20]
um) and control rats (168.11 [144.26; 190.01] pm;
p <0.05; Fig. 4 ¢, /).

DISCUSSION

The most promising material for treatment of
wounds are hydrogel dressings, whaose high therapeu-

tic efficacy as wound healing agents is proved by
positive results of many studies [6]. It is known that
hydrogels play a key role in the delivery of bioactive
molecules and cdlular products to the damaged
area, unlike other types of modern wound dressings.
Biological hydrogels promote autolysis of necrotic
tissues, and their main property is a high degree of
hydration to ensure a bactericidal effect and create
optimal conditions for healing [7, 8].

Currently, an active search is underway for
the most “perfect” collagen-containing hydrogel.
There are numerous studies and developments for
obtaining hydrogels from various tissues. The closest
to our proposed method of processing the dermis to
obtain a hydrogel is the method proposed by N.V.
Kalmykova et al. [9]. The author obtained an ECM
from the dermis of cattle in several ways— by treating
with a IM NaOH solution and a NaOH solution at a
lower concentration with the addition of Na,SO, and
H.BO, solutions and subsequent lyophilization of the
obtained material. As aresult of the processing of the
dermis, they received a lyophilized ECM with a high
content of collagen, but an additional processing step
was necessary to obtain its hydrogel form.

In another study, F.T. Rodrigez et al. [10]
developed a wound healing material based on the
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porcine dermis treated with solutions of concentrated
alkali and akaline earth metal salts. The resulting
material wasfurther treated with across-linking agent,
glutaraldehyde. However, the addition of crosslinkers
can affect the toxicity and immunogenicity of the
resulting material. Q.W. Tan et al. [11] obtained
a hydrogel from porcine adipose tissue, which
was decdlularized using solutions of sodium
dodecyl sulfate, pepsin, and hydrochloric acid,
which are quite expensive. The dermal hydrogel
proposed by us was obtained on the basis of porcine
dermis, which is a less immunogenic biological
material than synthetic materials or materials
obtained using synthetic detergents. In addition,
in our proposed method, there is no additional
lyophilization step.

In the study, when using dermal hydrogel for the
treatment of scarified wounds, on day 14, complete
restoration of the skin in the affected area, a large
number of fibroblasts, and thickening of the epidermis
were noted compared to the animals in the control
group. This is also confirmed by the data of other
researchers, for example, H. Fujisaki et al. [12] noted
that collagen hydrogels containing mainly typelV and
| collagens support adhesion, proliferation, and growth
of fibroblasts. It is known that collagen has a positive
effect on early stages of wound healing, as it promotes
platelet aggregation, stimulates the formation of
granulation tissue, etc. Collagen lysis contributes to
the enrichment of the wound with amino acids, which
leads to the activation of protein biosynthesis in skin
cells. Thus, in a study by T. M. Cherdantsevaetal. [13],
there was a lower increase in the area of granulation
tissue, a slower decrease in the number of mast
cells, and a decrease in their area and degranulation
coefficient compared to animals in the control group.
The author noted that in other studies on the effect of
collagen-containing wound dressings, the ability of
collagen to reversibly bind growth factors, protecting
them from proteolysis, was revealed, which explains
slower formation of granulation tissue in the group of
rats whose burn wound was treated with a collagen
matrix. Thus, due to its bioactive properties, the
dermal hydrogel obtained by us promotes accelerated
healing of scarified wounds, which correlates with
the data of other researchers on the study of collagen-
containing wound dressings. The simplicity and low
cost of the technology for obtaining hydrogel from
porcine dermis make it a potentialy promising and
competitive domestic biological material for wound
healing.

CONCLUSION

The study demonstrated the effectiveness of using
adermal hydrogel based on the porcine dermal ECM
in the experimental treatment of superficial scarified
wounds. The use of the dermal hydrogel on scarified
animal woundsledto earlier full recovery of theskinin
the affected area, a greater number of fibroblasts, and
more significant thickening of the epidermis compared
to the control animals. The devel oped dermal hydrogel
makes it possible to effectively protect the wound
from bacterial microflora, accelerate wound healing,
and create optimal conditions for active regeneration
in the affected area. Further research on the use of
dermal hydrogel as a therapeutic drug for wounds of
various types will alow for the creation of a highly
effective wound healing agent that has significant
advantages among existing wound dressings.
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