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Lienb: usyyeHne moppodusnonorniecknx ocobeHHoCTel 3axKMBNEHUA OXKOTOBOM PaHbl y KPbIC NMPY NPUMEHEHWUW NOAUCaXapULHON renesoii Gopmbl
Ha OCHOBE NEeKTWHa U Noancaxapuaa U3 abpuKocoBoi Kameam ¢ MHKAMNCyIMPOBaHHbIM MacioM obnenuxu.

Matepuan u meTogpl: MccnefoBaHUe 6blI0 NPOBEAEHO Ha ABYX rpynnax 1abopaTopHbIX Kpbic, No 18 ocobeii B Kaxaol rpynne. KUBOTHbIM 06eunx
rPYNN HAHOCW/ICA OXOT Ha KOXY npu Temnepatype 150°C B TeyeHue 5 ceK. B OCHOBHOM rpynne, ¢ Le/blo yyyLWEeHUs pereHepaLum, Ucrnonb3oBaHa
HOBan renesas Gopma Ha OCHOBE NONNCAXapPWUAHOTO KOMMO3UTA C MHKAMNCYy/IMPOBaHHbIM Maciom obnenuxu. B rpynne KOHTpons npoLecc BoccTa-
HOBNEHUA KOXKM NpoXoaus 6e3 NpuMeHeHus resis, Npu 3TOM NOBEPXHOCTb pPaH opoLanach 3% pacTBOPOM nepekncy Bofoposa. Koxa, NofKoXKHas
KNeTYaTKa M MbILLLLbI HA MeCTe PaHbl Pa3MepPOoM 2X2 CM CAYXKUAN MaTepUanom ana mopdosornyeckoro ucciefoBaHmA. TKAHW MCCEKANUCh B Mpesenax
MaKpPOCKOMUYECKN HEU3MEHEHHOM KOXM U 06pabaTbiBannCh AN TMCTONOTMYECKOTO UCCeA0BaHMA. MCTONOTMYECKME CPe3bl, OKPALLEHHbIE reMaToK-
CWIMHOM UM 303MHOM, NPOCMAaTPUBANUCL B MUKpocKone Axiostar PLUS (Carl Zeiss, Germany).

Pe3ynbTathbl: B KOHTPONBLHOW Fpynne NPoUCXoauI0 ectecTBeHHoe (G13nonornieckoe) 3axkmBieHne, COOTBETCTBYIOLLEE HEMONHOMY BOCCTaHOB/IEHUIO
(penapaTuBHoO pereHepaLmu) n GopMnpoBaHuto pybLOBOI TKaHW. [py NPUMEHEHUM NOMCaxapUAHOTO reifl B OCHOBHOW rpynne Habntoaanock ycko-
peHue GopMUPOBAHUA FPAHYNALMOHHOMN TKaHU B Npeaenax anMaAepmunca, Lepmbl U NOAKOKHO-KMPOBON KneTyaTku. OTMeUYeHo, YTO UCMO/Ib30BaHUe
NpPeANoKEHHOTO eIl OrPaHUYMBaN0 AECTPYKTUBHbIE U3MEHEHUA, CNOCOBCTBOBANO PaBHOMEPHOMY CO3PEBAHUIO MOIOAON COEAMHUTENbHOM TKaHMK,
obecneunBas NPoLEecc ANUTEM3aLMM U MOHOIO 3aKpbITUA AedeKTa.

3akntoueHue: paspaboTaHHas noavcaxapuaHas renesas Gopma ¢ MHKaNCyIMPOBaHHbIM MacioM 061eNMXM MMeeT 60N1bLLIOI NOTEHLMAN NPUMEHEHNSA
B KauecTBe NOBA3KM HA OXKOroBble paHbl 419 YCKOPEHUA UX 3aXKUBNEHUA.

KntoueBble cnoBa: 0#0208a4 paHa, 3axusneHUe paHbl, NOAUCAXapUOHbIl 2enb, nekmuH, abpukocosas Kamedb, obnenuxosoe macno (Hippophae
rhamnoides).

Ana untuposanua: Onumos MA, Lapodosa MY, Xogskaesa @M, Xonbekos ALl, BobokanoHos AT. In vivo uccnefoBaHWe PaHO3aXKMBAAIOLLENH aKTUBHO-
CTW MOIUCaxapuUAHOrO rens C MHKancynMpoBaHHbIM 06ienuxosbiM maciom (Hippophae rhamnoides). BecmHuk AsuyeHHel. 2023;25(1):84-93. https://doi.
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Objective: To study the morphophysiological features of burn wound healing in rats using a polysaccharide gel form based on pectin and polysaccharide
from apricot gum with encapsulated sea buckthorn oil.

Methods: The study was carried out on two groups of laboratory rats with 18 animals in each group. A skin burn injury was inflicted in both groups (for
5 seconds at a temperature of 150°C). In the main group, in order to facilitate regeneration, a new gel form based on a polysaccharide composite with
encapsulated sea buckthorn oil was applied to the burn site. In the control group, instead of the gel, a 3% hydrogen peroxide solution was applied to
the surface of the wound. The skin, subcutaneous tissue, and muscles were sampled for morphological studies, sample size being 2x2 cm. The tissue
was sampled within unchanged skin and processed for histological examination. Histological slides were stained with hematoxylin-eosin and viewed
under Axiostar PLUS microscope (Carl Zeiss, Germany).
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Results: In the control group, physiological wound healing took place which corresponds to incomplete healing (reparative regeneration) and the
formation of scars. In the main group after the gel treatment, the formation of granulation tissue within the epidermis, dermis, and subcutaneous
fat was accelerated. It was noted that the use of the proposed gel limited destructive changes, and contributed to the steady maturation of young
connective tissue, ensuring the process of re-epithelialization and complete closure of the defect.

Conclusion: The proposed polysaccharide gel with encapsulated sea buckthorn oil has great potential for use as a dressing for burn wounds to expedite

their healing.

Keywords: Burn wound, wound healing, polysaccharide gel, pectin, apricot gum, sea buckthorn oil (Hippophae rhamnoides)
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BBEAEHMUE

Mpu noBpexAeHUN TKaHel, TO eCTb BO3HWKHOBEHUWM paHe-
BOr0 MpPOLECca, B OpraHM3Me MNPOTEKAET KOMMIEKCHas OTBeTHas
peakumsa. C nosuvuuu oblein natodusmnonorm 3axkMBieHWE paH
pa3HOM 3TMONOMMKN 0ObEeAMHEHO OAHMM CBOMCTBOM — BOCMA/fEHU-
eMm. [JaHHbI NPoLecc MHOrOCTyNeHYaTbi U UMeeT Noc/iefoBaTeb-
HOCTb COOTBETCTBYIOLLMX Peakumii U cTaguii. BocctaHoBneHue paH
Pa3NNYHOTO NMPOUCXOKAEHMA NPOTEKAET N0 MexaHW3My obLMX Nna-
TOOU3NONOTMYECKUX NEPUOAOB, TaKMX Kak: ¢asa remocTasa, dasa
BOCMNaNeHNs, (BbIXOA KNETOK BOCMANEHUS U XKUAKOM YacTM KPOBU 3a
npeaenbl COCYAMCTOro pycna), BO306HOBNEHME yTPayYeHHbIX TKaHel
(nponudepauma) n dasa pemomsenmpoBaHua NyTém obpasoBaHUA
py6ua [1, 2]. CoBpeMeHHbI NoAX0A K TEpanMmM OXKOroB U paH cyLue-
CTBEHHO OT/IMYAETCA OT O6LLENPUHATON TAKTUKM NPeablayLmx geca-
TUNETUI. HblHeWHMe MeToAbl M TaKTUKA IeYEHMA OCHOBbIBAOTCA Ha
[LOCTUKEHUAX U3YYEHMA NaToreHe3a 0XKoroBol 60s1e3HU, a TakKe eé
OCNIOXKHEHWIA. B 3aBUCHMOCTM OT 3TUONIOTUK, TAKECTU TPABM U OXKO-
OB NMPUMEHAOTCA Pa3INYHbIE a/IbTEPHATUBHbLIE METOAbI Tepanum (2,
3]. B nocneaHee BpemMs MHOTME UCCeA0BaTeNIN COCPELOTOUEHb! HA
NPOV3BOACTBE HOBbLIX NEPEBA3OYHbIX MATEPUANOB AR paH NyTEM
CMHTE3a UAN MmoandMKaLmMm BUOCOBMECTUMBIX MaTepuanos [3-9].

JocTynHbl TakKe pasHble cnocobbl 3aMeHbl KOXKMU U KOCMEeTOo-
NOTMYECKME NpoLeaypbl ANA YCTPAHEHUA BO3HMKLWMX AedeKToB. 3a
nocnegHve EecATUNETUA B YacTU Pa3paboTKM 3aMeHUTENEN KOXKU
HabtoAaoTCA CTPeMUTENbHbIE ycnexn. OfHaKO HY OAMH AOCTYNHbIN
3aMEHUTENb KOXKM HE COOTBETCTBYET KPUTEPUAM MAEANbHOM 3ame-
Hbl NoBpPEXAEHHOTO eé yyacTKa [5, 6]. CywwecTBeHHOe BO3aeicTeNe
MCMONb3yeMbIX MAaTEPUANOB A/1A NepPeBA30K Habaogaetca npu 3a-
KUBJIEHWUW PaH, NOMOXKUTENbHO BO3AENCTBYS HA KAYECTBO NIeYEHNA
N YCKOPAA NPOLLECC 3aKPbITUA PAaHEBO NOBEPXHOCTU. B nutepatype
TaKXKe MMETCA AaHHble O LWMPOKOM MCMNOAb30BaHUM MaTepuanos
NPUPOLHOrO MPOUCXOXKAEHWUA, TaKUX KaK, Hanpumep, HeKoTopble
NIeKapPCTBEHHbIE PACTEHUA, AJ/IA IEYEHWUS OXKOTOBbIX MOBPEXAEHWUN
Koxu [7, 8].

TeKkywme CTpaTerMn Tak»Ke yKasblBalOT HA YCKOPEHWE 3aXKMB-
JIeHUA paH MpY UCMOb30BaHUK CreLmanbHo pa3paboTaHHbIX nepe-
BA30YHbIX MaTepuanos. B 3Tom naaHe H6OAbLINHCTBO ycnanii bbino
HanpaBAEHO Ha 3KCMEPUMEHTA/IbHOE U KAMHWUYECKOE MPUMEHEHUE
MaTepuranoB 6MONOrMYECKOrO MPOUCXOKAEHMA, TAKMUX KaK KONNAreH,
XUTWH, XUTO3aH U T.A4., KOTOPble CMOCOBHbI YCKOPATbL NMpoLecchl 3a-
KMUBJIEHMA Ha MOJIEKYNAPHOM, KNETOYHOM U CUCTEMHOM YPOBHSX U
MCMONb3YIOTCA B Ka4eCcTBe MaTepPUanoB As NPou3BOACTBA PaHEBbIX
nosA3okK [7].

B HacTosLLee Bpems, NPy NEYEHUM PaH M OXKOTOB, NPONEKHEN,
XPOHUYECKMX 3B U NPOUMX AePEKTOB KOXKM PasIMYHON STMONOTNY,

INTRODUCTION

Tissue injuries trigger a wound-healing process that initiates
a complex response in the whole body. From the pathophysiolog-
ical prospect, the healing of wounds of various etiologies is ac-
companied by a universal reaction of inflammation. This process
is multi-staged and includes a sequence of corresponding reac-
tions and phases. Healing of wounds of various origins progresses
through the following phases: hemostasis, inflammation (exu-
dation of the inflammatory cells and plasma through the vessel
wall), and renewal of lost tissues (proliferation) and remodelling
through scar formation [1, 2]. The modern approach to the treat-
ment of burns and wounds differs significantly from the generally
accepted tactics of previous decades. Current methods and tac-
tics of treatment are based on the achievements in the under-
standing of the pathogenesis of burn disease, as well as its com-
plications. Depending on the etiology and severity of injuries and
burns, various alternative methods of therapy are being used [2,
3]. Recently, many researchers have focused on the production of
new wound dressings by synthesizing or modifying biocompatible
materials [3-9].

Various skin replacement methods and cosmetic proce-
dures are also available to eliminate the defects that have aris-
en. Over the past decades, rapid progress has been observed
in the development of skin substitutes. However, none of the
available skin substitutes meets the criteria for an ideal replace-
ment of a damaged skin area [5, 6]. A significant effect of the
materials used for dressings is observed in wound healing, pos-
itively affecting the quality of treatment and accelerating the
process of closing the wound surface. Many papers describe the
widespread use of materials of natural origin, such as, for exam-
ple, some medicinal plants, for the treatment of burn injuries to
the skin [7, 8].

Current strategies also point to accelerated wound healing
when specially designed dressings are used. In this regard, most
efforts have been directed to the experimental and clinical use of
materials of biological origin, such as collagen, chitin, chitosan,
etc., which are able to accelerate healing processes at the molec-
ular, cellular and systemic levels and are used as materials for the
production of wound dressings. [7].

Currently, in the treatment of wounds and burns, bedsores,
chronic ulcers, and other skin defects of various etiologies, a
wide variety of wound dressings are used [3, 4]. The ideal wound
dressing is designed to prevent dehydration of the wound and to
maintain its gas permeability. In addition, it should prevent the
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npumeHsietcs 6onblioe pasHoobpasue paHeBbiXx NoBA30K [3, 4].
MaeanbHasa paHeBas NoBA3Ka NpefHa3HayeHa 4aa npegoTspalle-
HUA 06Ee3BOXKMBAHWMA PaH M COXPaHEHMA eé rasonpoHMLLAEMOCTH.
Kpome TOro, oHa foNKHa NPenATCTBOBAaTb MPOHUKHOBEHMIO Mblan
U MUKPOOPraHW3MOB, He MPUAUMATb K paHe W JIerko yAanATbes
6e3 HaHeceHusa AOMNOMHUTENbHOM TPaBMbl. PaHeBble MOBA3KK, crno-
COOCTBYIOLLME 3aKMBNEHUIO PaH, KaK MPaBWIO, M3roTaBAMBAOTCA
U3 NIErKoZOCTYMHbIX BMoMaTepuanos, TPEOYOLWMX MUHUMANLHOW
06paboTkK, 06134a0LWMX HETOKCUYHBIMU, HE aNNepreHHbIMU U aH-
TUMMUKPOOHBIMUM CBOWCTBAMM. 10 UTOram COBPEMEHHbIX UCCNea0Ba-
HWI, B paboTax MHOTMX YYEHDbIX, HabntogaeTca TeHAEHUMA CO34aHNA
HOBbIX MOAMPULMPOBAHHBIX, BUOCOBMECTUMbIX NEPEBA30YHbIX Ma-
Tepuanos ana paH [9-19].

Mcnonb3oBaHHasA HamMK B KauyecTBe KOXXHOTO MOKPOBa, Camo-
OUKCHPYIOLLAACA M COXPAHAIOLLAA BAXKHYIO cpeay MMApPOKoNIoua-
Has NOBA3KA, COAEPKUT NONYNPOHULLAEMbIV BEPXHUI CNOW, NPenaT-
CTBYIOLUMIA MOMAZaHUIO B paHy BOAbl U MUKPOOpraHM3mos. Kpome
TOTO, MPU KOHTAKTE C PaHOM rMAPOKOANOMAbI (Noavcaxapuabl U ux
KOMMNO3UTbI ¢ 6elKamK) 3aXBaTbIBAKOT IKCCYAAT PaHbl, B pesy/ibrate
yero obpasyeTca resib, KOTOPbI 06ecneynBaeT BAAXKHYO cpeay ans
3axusnexus [10].

M3-3a [OBOMBHO MNOTHOW KOHCUCTEHLUMM TUAPOTENN TaKKe
MOXXHO HAHOCUTb Ha paHbl WM Ha Apyrue NpobnemHble y4acTKu
KOXM. KOMMEpPYECKM A0CTYNHble MOBA3KM HAa OCHOBE rMaporenen,
M3-3a afresnBHbIX CBOWCTB M CMOCOOHOCTM MOMIOWATH KUAKOCTb,
MCMONb3YIOTCA ANA 3KCCYAATUBHBIX PaH, NPONEXHEN UMW OXOFOB.
[LobaBneHne BeLeCTB C aHTUBAKTEPUabHBIMM CBOMCTBAMM A0OMNON-
HUTEIbHO MOMET Y/IY4YLIUTb MPUMEHEHME NOBA30K Ha OCHOBE rMApPO-
renev [11].

CucTemMbl OCTaBKM /IEKAPCTBEHHBIX BELLECTB MOTYT COAen-
CTBOBATb NPEOAONEHMUIO pALa NPENATCTBUM, BKAKOYAA HU3KYO 6uo-
[OCTYMHOCTb AKTWMBHbIX areHTOB, CMOCOOCTBYA KOHTPOAMPYEMOMY
BbICBOOOXKAEHUIO NeKapcTB, obecneynBas MOBbILWEHHYO CTabunb-
HOCTb MpenapaTa, yMeHblUuas NoboyHble 3GPeKTbl M YacToTy L03M-
POBaHMA, YTO, B KOHEYHOM WTOTe, YAYULIWUT TepaneBTUYECKY 3¢-
¢dekTMBHOCTb [12-20]. Bonee TOro, C aHTUYHbIX BPEMEH A1 NedYeHun
0)KOroB OTZA3BaNOCh NPEANOYTEHNE UMEHHO TPAAULMOHHBIM Cpea-
CTBaM, NOCKO/IbKY OHW 3HauMTENbHO 3G dEeKTUBHEE, bonee brogKeT-
Hble, UMEeIOT LWMPOKUIA AMana3oH AEWCTBUA U MeHblue NOBOYHbIX
adpdekToB.

CucTembl Ha OCHOBE ruaporenei, bnarogaps cBoMm 6BUOXMMK-
YECKMM U MeXaHWUYeCKUM CBOICTBAM, NPOAEMOHCTPMPOBANUN NpPeu-
MyLLecTBa B 061acTh gecmyprun. B HeaasHMX 0630pax anTepaTtypbl
0606LLLaeTca NPOLLECC 3aKMBIEHMA KOXKHbIX PaH M COOTHOCATCA na-
pameTpbl OLEHKW. 3aTEM PaCcCMaTPMBAKOTCA, KaaccubuumpyroTca u
obcyKpatoTcA paclumMpeHHble GyHKLMU TMApOreneBbix NoBA30K, Ta-
KMe KaK: aHTUMMKPOOHbIe CBOMCTBA, aAre3ns u remoctas, NpoTUBo-
BOCMANUTENIbHOE M aHTUOKCUAAHTHOE AeNCTBMA, 4OCTaBKa BELLECTB,
CaMO3aXKMBNEHWNE, PEAKLUMA Ha CTUMYA, NPOBOAMMOCTb, @ TaKKe
CTPaTErnMn, NPUHATbIE ANA JOCTUNKEHWUA 3TUX GYHKUMIA. Kpome Toro,
0bCYyKaaeTca NpYMEHeHWe TMAPOoreneBbiXx MOBA30OK ANA JeYeHus
Pa3/IMYHbIX TUMOB PaH, TaKMX KaK pe3aHble U UCCEYEHHbIE paHbl [4,
15-19].

B npouecce 3axMBAEHUA paH MOTYT ObITb MCNONBb30BaHbI ApPY-
TMe TPynnbl aKTUBHbLIX COEAUHEHWI, BUTAMMHbI U MUHEpasbHble
fo6aBku [21, 22], B Tom uncne BuTamuHbl A, C 1 E, a TaKKe UMHK
N meab. NMpu NoBpeXAEHUN KNETOK 006pasytoTca akTUBHbIE GOPMbI
kncnopoga (A®K), KoTopble ABAAIOTCA AOCTAaTOMHO CUMAbHbLIMU BMO-
OKCUAQHTAMM U NPOABAAIOT BbIPAXKEHHYHO LLUTOTOKCUYECKYHO aKTUB-
HOCTb MO OTHOLLEHUIO K 3yKapuoTam [1]. AnA ycTpaHeHUs faHHOro
aevctena AOK ncnonb3oBannch pasivyHble aHTUOKCMAAHTLI, Takue
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penetration of dust and microorganisms, not stick to the wound,
and be easily removed without causing additional injury. Wound
dressings that promote wound healing are typically made from
readily available biomaterials that require minimal processing,
with non-toxic, non-allergenic, and antimicrobial properties. Ac-
cording to the results of modern research, there is a trend of de-
velopment of new modified, biocompatible dressing materials for
wounds [9-19].

The self-fixing and moisture-preserving hydrocolloid dress-
ing used by us as a skin cover contains a semi-permeable top
layer that prevents water and microorganisms from entering the
wound. In addition, upon contact with the wound, hydrocolloids
(polysaccharides and their compounds with proteins) capture the
wound exudate, resulting in the formation of a gel that provides a
moist environment for healing [10].

Due to their rather thick consistency, hydrogels can also be
applied to wounds or other skin injuries. Commercially available
dressings based on hydrogels, due to their adhesive properties
and ability to absorb liquid, are used for exudative wounds, pres-
sure ulcers, or burns. The addition of substances with antibacteri-
al properties can additionally optimize the use of hydrogel dress-
ings [11].

Drug delivery systems can help overcome a number of
obstacles, including low bioavailability of active agents, pro-
moting controlled drug release, providing increased drug sta-
bility, and reducing side effects and dosing frequency, which
will ultimately increase therapeutic efficacy [12-20]. More-
over, since ancient times, traditional remedies have been pre-
ferred for the treatment of burns, since they are much more
effective, low cost, have a wide range of actions, and show
fewer side effects.

Hydrogel-based systems, due to their biochemical and me-
chanical properties, have shown advantages in bandaging. Recent
literature reviews summarize information on skin wound healing
and correlate evaluation parameters. The advanced features of
hydrogel dressings are reviewed, classified, and discussed, such
as: antimicrobial properties, adhesion, hemostasis, anti-inflam-
matory and antioxidant actions, substance delivery, self-healing,
stimulus-response, conductivity, as well as the strategies aimed
to achieve them. In addition, the use of hydrogel dressings for
the treatment of various types of wounds, such as incised and
excised wounds, is discussed [4, 15-19].

In the process of wound healing, other groups of active
compounds, vitamins and mineral supplements can be used
[21, 22], including vitamins A, C and E, as well as zinc and cop-
per. When cells are damaged, reactive oxygen species (ROS) are
formed, which are strong bio-oxidants and exhibit pronounced
cytotoxic activity against eukaryotes [1]. To eliminate this effect
of ROS, various antioxidants have been used, such as vitamin E,
a fat-soluble antioxidant, and vitamin C, which, in addition to its
antioxidant effect, help to “regenerate” vitamin E after “fighting”
free radicals.

PURPOSE OF THE STUDY

Study of the morphophysiological features of burn wound
healing in rats using a polysaccharide gel form based on pectin
and a polysaccharide extracted from apricot gum with encapsu-
lated sea buckthorn oil.



Oaumos MA c coasm. PaHOSa)KI/IBA}IIOU_U/Ie CBOJICTBA I10AMCaxXapmMAHOTIO reAas

BECTHMK ABUMILIEHHEI
Tom 25 * No 1 %2023

KaK BUTaMMH E — MPOPacTBOPUMbIA aHTUOKCMAAHT, BuTamMuH C,
KOTOPbIA, MOMMUMO CBOErO aHTUOKCUAAHTHOrO AeMCTBUA, MOMOraeT
«pereHepmpoBaTb» BUTaMMUH E nocne «6opbbbi» cO CBOBOAHBIMU
paguKanamu.

LLENb UCCNEQOBAHUA

M3yueHne mopdoduranonormyeckux ocobeHHoCTelN 3axmBre-
HUWA OOTOBOW paHbl Y KPbIC NPY NPUMEHEHWUM NOAMCAXaPULHOM re-
nesolt GopMbl Ha OCHOBE NEKTUHA M MOAUCaxapuaa U3 abpuKocoBow
KaMeAu C MHKancyMpoBaHHbIM Maciom obnenuxy.

MATEPUAN U METOAbI

MccneposaHue 6bi10 NpoBeaeHO B ABYX rPynnax NofonbITHbIX
KpbIC IMHMKM Buctap maccoit 180-220 r B Konmuectse no 18 ocobeit
B Kaxzow rpynne. YcnoBua COAepKaHUA }KUBOTHbLIX B BUBapUX da-
KynbTeTa 61onornm TaaKMKCKOrO HaLMOHAIbHOTO YHUBEPCUTETA CO-
0TBETCTBOBAIO «MHCTPYKLMM MO YXOAY U COAEPHKAHUIO MUBOTHBIXY,
YTBEPKAEHHOW AeKkaHOM Buonoruyeckoro dakynbTeta M ogobpeH-
Hoi KomuTteTom no aTuke npu HauuoHanbHOM akagemuu Hayk Taa-
MKncTaHa (npoTokon Ne 5 ot 18.05.22 r.). Kpbicam BHYTpMEpIOLL-
MHHO BBOAMAUCH 2% KeunasuH (10 mr/kr) u ketammu 10% (90 mr/kr)
[NA aHecTe3uu, 3aTem BOJIOCAHOM NOKPOB Ha CUHE YAANANCA BPYY-
HYI0, @ KOXXa 06pabaTbiBasacb BaTHbIMM NMas04KaMM, NPOMMUTAHHbI-
MU 75% 3TaHONOM. OXOT Y KpbIC BbI3bIBA/ICA 31EKTPONAANbHUKOM (C
peryimpyemoi TemnepaTypo) ¢ AMaMeTpOM HaKOHeYHKKa 15 mm v
TemnepaTypoi 150°C B TeueHue 5 cekyHa,

MonucaxapuaHas renesas Gopma Ha OCHOBE NeKTUHA U Noau-
caxapuaa u3 abpuKocoBoi Kameam € MHKANCyIMPOBaHHbIM Mac/ oM
obnenuxu Bbina NnpUMeHeHa Ana pereHepaLyn 0BOMXKEHHbIX paH B
OCHOBHOIA rpynne, B rpynne KOHTPOAA BOCCTAHOB/IEHUE PaH MPOXO-
AWN0 NYTEM OpOLIEHUA NMOBEPXHOCTH PaH 3% pacTBOPOM Mepekncu
BOAOPOZA.

IKCTPAKT roToBU/ICA U3 abPMKOCOBOI KaMeaW METOAOM MaLie-
paumn 80% (06./06.) sTaHoNOM B TeueHue 6 aHeil. COOTHOLEHKE
Kamegy K 3KCTparupyowein mugroctm coctasuno 8:100 (macca/
06bEM), a NONyYeHHbI SKCTPAKT Kamean LeHTpudyrnposanca npu
5000 06/muH. 1 mn 0bnenuxoBoro macna nepemewwnsanca ¢ 10 mn
3KCTpaKTa Kameam npu 12000 06/MUH romoreHM3aTopoM B TedeHue
5 MUH. U36bITOK pacTBOpWUTENA YAANANCA NEPErOHKOW MpW MOHU-
YKEHHOM JaBeHuu. fnaporenu rotoBUANCL NYTEM HEMOCPeaCTBEH-
Horo f,06aBieHMA 5 MA refeobpasytoLLero areHTa (HU3KOMeTUINPO-
BaHHbI A6104HbIA NnekTnH 0,5 mac.%) npu pH 6,0-6,5 B pactBope
HaHO3MY/NIbCUI SKCTPaKTa Kameau ¢ obnenuxoBbim maciaom. Mony-
UEHHasn renesas KOMMNO3ULMA UCNONb30BANACh ANA HECEHWS HA MNO-
BEPXHOCTM OXKOTrOBbIX PaH YKMBOTHbIX OCHOBHOW Fpynnbl.

Ha 7-i, 14-i n 21-i AHM NO 6 KMBOTHbIX U3 KaXJOW rpynnbl
nofBeprasncb 3BTaHa3nM MHTaNALMeN AMOKCMAR Yraepoaa B cneuy-
a/bHOMN YCTaHOBKe ANA 3BTaHa3uuW. [na nocnefytowero U3yyeHua
npoLeccoB pereHepauuu, NyTéM npenapupoBaHUsA, BblPe3anuchb
TKaHW Ha MecTe HaHeCceHUA TePMMUYECKOM annauKauumM pasmepom
2x2 cM (KoXKa, MOAKOMKHAA KnetdyaTka, mblwupl). O6pasLbl KOXM,
BK/II04AA 30HY 3/0POBOM TKaHW, duKcMpoBanuch B 10% HelTpasb-
Hom pacTBope dopmanunHa, 06€3BOXKMBANUCL B CMMPTaX BO3pac-
Talolel KoHueHTpauun (70°, 80°, 96° u 100°), npocsetnanuch B
xnopodopme, obpabatbiBanncb cmecblo xnopodopm-napadvH u
3annBanucb B napaduH. [luctonornyeckme cpesbl H6biaK caenaHbl
C NPUMEHEHMEM CaHHOTO MUKpoToma MC-2 (Partnermed, Poccus)
C nocnepytoLleit OKPackon remaToKCUAMHOM-303UHOM. OKpalleH-
Hble GyKceNMHOM Npenapatbl 6blav UCNONb30BaHbl ANA BblABNEHUA

METHODS

The study was conducted in two groups of Wistar male rats
weighing 180-220 g with 18 animals per group. Rats were kept
in the animal house of the Faculty of Biology of the Tajik Nation-
al University in conditions meeting the requirements of the “In-
structions for the Care and Maintenance of Animals”, approved
by the Dean of the Faculty of Biology and the Ethics Committee
at the National Academy of Sciences of Tajikistan (protocol No. 5
dated 18.05.22). The burns were inflicted by an electric soldering
iron (temperature controlled) with a 15 mm tip diameter and a
temperature of 150°C for 5 seconds after i.p. anesthesia using a
2% solution of xylazine (10 mg/kg) and 10% ketamine (90 mg/kg).
The skin of the back of the animals was shaved and wiped with
75% ethanol swabs.

A polysaccharide gel form based on pectin and polysaccha-
ride from apricot gum with encapsulated sea buckthorn oil was
used for the regeneration of burns in the main group; while in the
control group, the wound surface was irrigated with a 3% hydro-
gen peroxide solution.

The extract was prepared from apricot gum (gummi arme-
niacae) by maceration with 80% (volume/volume) ethanol for
6 days. The ratio of gum to extracting liquid was 8:100 (weight/
volume); the obtained extract was centrifuged at 5000 rpm.
Thereafter 1 ml of sea buckthorn oil was mixed with 10 ml of gum
extract at 12,000 rpm using a homogenizer for 5 minutes. The ex-
cess solvent was removed by distillation under reduced pressure.
Hydrogels were prepared by direct adding 5 ml of a gel-forming
agent (low methylated apple pectin 0.5 weight%) at pH 6.0-6.5 in
a solution of nanoemulsion of gum extract with sea buckthorn oil.
The obtained gel composition was applied to the surface of the
burn wounds of animals of the main group.

On the 7%, 14%, and 21 day of the experiment, 6 animals
from both groups were euthanized by inhalation of the carbon
dioxide in a special device. For the subsequent study of regen-
eration processes, skin at the wound site was sampled within
the healthy skin, with sample size 2x2 cm, fixed in 10% neutral
formalin solution, dehydrated in alcohols of increasing concentra-
tion (70°, 80°, 96° and absolute alcohol), cleared in chloroform,
processed through the mixture of chloroform-paraffin, and em-
bedded in paraffin. Histological slides 8-10 mcm thick were cut
using MS-2 sledge microtome (Partnermed, Russia) with sub-
sequent hematoxylin-eosin staining. Resorcin-fuchsin-stained
preparations were used to detect elastic fibers (Weigert method).
Van Gieson method followed by counterstaining was used to dif-
ferentiate the components of the connective tissue. Histological
slides were viewed under Axiostar PLUS microscope (Carl Zeiss,
Germany). Magnification was selected according to the purpose
of the study. The dimensions of the wound were determined
using Werckmann callipers. The area of the wounds was mea-
sured on their digital photographs using Imagel) v1.54b software
(National Institutes of Health, USA). The share of the unhealed
wound surface was calculated using the formula:

Initial area Final area

Unhealed area — of thewound — of the wound « 100

of wound (%) Initial area of the wound

The obtained data were processed statistically using Origin-
Pro 2023 10.0.0.154 software. The normality of the distribution
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3/1aCTUYECKMX BONOKOH (meTog, Beitrepta). Mo metoay BaH-MM30Ha
C nocnesywwWmMm [JOKpalWwuBaHMem nposefeHbl aAnddepeHLMpoB-
Ka 1 onpefeneHne CoeanHUTEIbHOTKAHHbIX CTPYKTYp. Mccnenosa-
HWUA MUKPOCKOMUYECKMX NpenapaToB NpPoBeAeHbl Ha MUKpOCKone
Axiostar PLUS (Carl Zeiss, Germany). B cOOTBETCTBUM C NOCTaBIEH-
HOW Lenbto Noabupanoch yBenmyeHue.

Pasmepbl paH U3MepAUCh C NOMOLLBIO LdPOBOro LUTaHIEH-
umpkyna Werckmann. [nq 3Toro pagom ¢ Kaxaon paHoii ycTaHasAw-
BaNNCb FyOKU WTAHTEHLUMPKYAA ANA HAPYKHbIX M3MEPEHUI, U paHa
¢doTorpadpmposanace. Potorpadum 06pabaTbiBaAMUCh Ha KOMMbIO-
Tepe ¢ nomoLbto nporpammel Image) v1.54b (National Institutes of
Health, USA) ans BbluMcaeHnsa naowagmn paHbl. NpoueHTHoe cooT-
HOLUEHWE NIOLLAAM HE3AKMBLLIMX YHACTKOB PaH K MCXOLHOMY pa3me-
Py paHeBOM NOBEPXHOCTU PACCUUTBLIBANOCHL NO popmyne:

KoHeyHasn
~  naowagab paHbl

HauanbHasn
naowaab paHbl
HavanbHasa naowaab paHbl

HesaxusLimnm — x 100

y4acToK (%)

Cratuctnyeckas obpaboTka BbinonHaAnack Ha MK ¢ nporpam-
moi OriginPro 2023 10.0.0.154. HopmanbHOCTb pacnpeneneHus
npu3Hakos onpefensanacb no Kputeputo LLanupo-Yunka. Pesynb-
TaTbl NOKAa3anu, YTo pacnpegeneHne AaHHbIX COOTBETCTBYET rayc-
COBCKOM KpunBoi. C:aTue AaHHbIX NpeacTasneHo B suae M1SD, roe
M — cpeaHee apudmeTtnyeckoe, SD — cTaHAAPTHOE OTKIOHEHME.
CpaBHeHWe [aHHbIX MeXay rpynnamu npoBOAMIOCH C MOMOLLbIO
t-kputepua CTblofieHTa AN He3aBUCMMbIX BbIOOPOK. [uHamuKa
3a)KMBJIEHME PaH OLEHMBANACh C NOMOLLbI0 0AHOMAKTOPHOrO AMc-
NepCUOHHOrO aHaNM3a Ana ceAsaHHbIX BbiIbopok (ANOVA) ¢ nosTo-
pAWMMKUCA U3MEPeHUAMN. 1A aHanu3a pasnnmumna faHHbIX cTaTu-
CTUYECKM 3HAYMMbIM cYMTaNoch 3HaveHue p<0,05.

PE3YNbLTATbI U UX OBCYXOEHUE

Bo Bcex HabNtoAeHUAX Ha 7-ble CYTKM NOCNE HAHECEHUA OXOora,
B KOHTPO/IbHOM TPynne XMBOTHbIX B 30HE HAaHECEHHOTO Tepmuye-
CKOro 0XK0ra OTCYTCTBOBA/ NAOCKMIA MHOTOCNOWMHbIN sanutennii. Cnou
OTAE/IbHbIX OCTPOBKOB 3NMUAepMMca BOAM3M YCTbEB COXPaHEHHbIX
BOIOCAHbIX $ONNMKYN0B 6blAn He auddepeHuMpoBaHbl. O6Hapy-
MBANNUCb ABHbIE AereHepaTUBHbIE BUAOU3IMEHEHHbIE KNeTKu. Ha-
6/11043aNMCb BbIPANKEHHbIE M3MEHEHMA LECTPYKTMBHOMO XapaKkTepa
B NOA/IEXKALLMX TKAHAX AEPMbI, TMNOAEPMbl M MbIWEYHOrO CNoA
(puc. 1). OTmeyanacb NeiKkouMTapHas MHGUALTPALMKU TPAHYAALM-
OHHO-/IEMKOLMTAPHOrO Bafa, KOTOPbIA PacnonoXeH rybxe cob-
CTBEHHOM MbILWLbI KOXM M OFPaHUYMBAET HEKPOTUYECKME YYACTKU.
BblnK BUAHbI OTTPAHUYEHMA 30HbI HEKPO3a OT NOANENKALUMX TKaHeW
Ha AHe U B KpasAX paHbl 30HOM AeMapKaLMOHHOIO BOCMaeHUs ¢ OTé-
KOM TKaHel 1 3aN0/IHEHHBIMU KPOBbIO cocyaamu. B rnybokmx cnosx
NOAKOKHOM KNeTYaTKM BblI0 MHOMO PacLUMpPEHHbIX, 3anOJAHEHHbIX
KPOBbIO COCYL0B.

30Hbl NOBPEXAEHMA Ha 14-ble CYTKM IKCNepumeHTa Bbiaun no-
KpbITbl CTPYNoM. Mo, HEKPOTUYECKMMM YY4aCTKaMM NO Kpaam aedek-
Ta NPOUCXOAMNO0 NoApacTaHue anuaepmanbHoro naacta. Cocyaamu

Puc. 1 30Ha omepaHUYeHus Ha 2paHuue ¢ 30Hol HeKpPOo3a, 8bIPAMHEH-
Hoe 0eMapKayUoOHHOE 8ocnaseHue, 0MéEk mKaHel U NOAHOKPOoBUE Co-
cy0o08. OKPACKA: 2eMaMOKCUAUH U 303UH. ¥8. x100

Fig. 1 Demarcation zone on the border with the necrosis zone,
pronounced demarcation inflammation, tissue edema and vascular
plethora.  Staining: hematoxylin and eosin. Microphotograph,
magnification x100
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was determined using Shapiro-Wilk test. The results showed
that the distribution follows a Gaussian curve. The results were
presented as M1SD, where M is a mean value, SD is a standard
deviation. Comparison of data between groups was carried out
using Student's t-test for independent samples. Wound healing
progress was assessed using one-way ANOVA with repeated mea-
sures. The difference was considered statistically significant when
p<0.05.

RESULTS AND DISCUSSION

In all observations, on the 7t day after burn injury inflic-
tion, in the control group of animals, the epidermis in the area
of the applied thermal burn was absent. Layers in the single epi-
dermal islets near the ostia of preserved hair follicles were not
differentiated. Cells displayed degenerative features. Pronounced
destructive changes were observed in the underlying dermis, hy-
podermis, and muscle layer (Fig. 1). Deep to the proper muscle of
the skin demarcation of the necrotic tissue was seen with leuco-
cytic infiltration. Demarcation of the necrotic areas from the un-
derlying tissues was seen at the bottom and at the edges of the
wound with edema and vascular plethora. In the deep layers of
the subcutaneous tissue, there were many dilated vessels filled
with blood.

On the 14 day of the experiment zones of burn injury were
covered with a scab. Under the necrotic areas along the edges of
the defect, the epidermal layer started emerging. Granulation tis-
sue was diffusely infiltrated by lymphocytes and contained blood
capillaries and an abundance of mast cells and macrophages. The
increasing number of the fuchsinophilic bundles of connective
tissue fibers was observed (Fig. 2).

The structure of the dermis was preserved, and cell prolif-
eration was observed in the hair follicle sheaths. In one of the
observations, partial formation of pus and phagocytosed free
colonies of bacteria were observed on the surface of the wound.
There was a pronounced leukocyte infiltration under the granula-
tion tissue.

By the 21 day of the experiment, in all cases, epithelization
was observed on the surface of the burn injury zone, but in the
central part of these areas, the epithelium was missing and the
surface was covered with a fibrin scab. Skin appendages in the re-
generation zone were not visualized. Under the scab and epithe-
lium there was an uneven layer of maturating connective tissue;
underneath fuchsinophilic collagen fibers predominated, running
parallel to the skin surface (Fig. 3).
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KanuANAPHOro TMna, 06MaMem TyYHbIX KNEeTOK U Makpodaros bbina
npeacTasneHa rpaHyNAUMOHHAA TKaHb, anddy3Ho MHOUABTPUpPO-
BaHHaA numooumtamun. Habaoganocb HapacTaHue copepsKaHus
CKNaabIBAOLLMXCA B GPYKCUHODUBHBIE MYYKU COEAMHUTENBHOTKAH-
HbIX BOJIOKOH (puc. 2).

CTpyKTypa Aepmbl Bblia coxpaHeHa, U B CTEHKaX BOMOCAHbIX
Bnaranuwy, Habnoganack npoaudepaums KNeTok. B ogHOM U3 Ha-
6ntofieHNIt Ha MOBEPXHOCTM Mpenapata MPOC/IEKUBANOCh YacTHy-
Hoe 06pa3oBaHue rHOS U $aroLMTUPOBaHHbIE CBOBOAHbIE KONOHUM
6akTepuid. Mog, rpaHyNALMOHHON TKaHBbIO UMENa MECTO BbIPaXKEH-
Has NeKouMTapHas MHOUALTPaLMS.

K 21-bim cyTKam onbiTa BO BCeX C/y4asx Habatoganach anute-
/IX3aLMA Ha NOBEPXHOCTU 30HbI TEPMUYECKOTO BO3LEICTBUA, HO B
LIEHTPaNbHOM YacTU 3TUX Y4aCTKOB Ha ONpeAesEHHOM MPOTAKEHUN
Habnoganacb BbICTUAKA 6e3 3anuTenus, NokpbiTas GUBPUHOBLIM
cTpynom. MpuaaTKM KOXKM B 30He pereHepaTa He BM3yasn3npoBa-
Anck. Mog CTPYNOM M 3NUTENMEM PAcroNarancs HepaBHOMEPHbIN
MAacT CO3pPEBAOWEN COeAMHUTENbHOW TKaHW. B HUKenexalimx
oTaenax npeobnaganu GyKCMHOPUAbHbIE KONNAreHOBbLIE BONOKHA,
OPWEHTUPOBAHHbIE NapaesbHO MOBEPXHOCTM KOXM (puc. 3).

B OCHOBHOIA rpynne KMBOTHbIX Ha CeAbMble CyTKM 3KCnepu-
MEHTA, NOZ, COXPaHEHHbBIM KPaem 0XOroBOM paHbl Ha NOBEPXHOCTU
04aroB TEPMMUYECKOTO BO3AENCTBMA (0XKOra), MECTaMU 3NUAEPMUC
BW3YaNN3MPOBAJICA B BUZE OCTPOBKOB, JIOKASIM3UPOBAHHbIX B NEPH-
depuueckux otgenax v B6IM3M YCTbEB Pa3pyLUEHHbIX BONOCAHbIX
donnukynos. Mo coxpaHEHHBIM MO KPato 0XOroBOW pPaHbl B MHOTO-
C/IOHOM NNIOCKOM 3NWUTENUMU PACMONAraaucb FOMOreHHO OKpaLLeH-
Hble 6a3a/ibHble KNETKU POCTKOBOTO C/105, KOTOPbIE HE UMENU AApa.
Moa annaepmmncom 6e3 andpdepeHLMpPOBKM Ha CETYATbINA U COCOYKO-
BbIV C/10V OblNa BUAHA OMEPTBEBLUAA (HEKPOTU3MPOBaHHaA) Aepma.
O6nacTb Hekposa bblna NPeACTaBAeHa CKAEEHHbIMM 0BpbIBKaMM
BOJIOKHUCTbIX CTPYKTYP, GYKCMHOGUABHBIM U 303MHOGUIBHBIM Je-
TPUTOM, OTFPaHWYEHHbIMU OT MOANENKALLMX TKaHeW. Mpocmatpu-
BaNacb He3penas rpaHyNALMOHHAA TKaHb, KOTOpas mMecTamu Obina
pbIXJI0/ U HEMHOTO OTEYHOM. OfHAKO 06HApYKMBANACh O4EBUAHAA
«KNETOYHOCTbY FPaHyNALUMM. TKaHb, MPUKPbITAsA CTPYNOM, 0COBEHHO
B HE 3MUTENU3UPOBAHHbIX 30HaX, 6bl1a 06MILHO BbICTNAHA MONOAbI-
Mu pubpobnactamu, pubpoumntamu 1 rmcToumTamu (puc. 4).

MbilleyHble BONOKHA 6blAv dparmMeHTUPOBaHbI, OKPYMKEHbI
KPYIMIOKNETOYHbIM  MHOUABTPATOM, Habioaanocb NOMHOKpoBUE

Puc. 2 [paHynayuoHHas MKaHs npedcmassneHa cocyoamu Kanunnsp-
HO20 muna, QU@ @Y3HO UHPUALMPUPOBAHA AUMPOUUMamu. OKPACKa:
2eMAMOKCUSUH U 303UH. Y8. x100

Fig. 2 Granulation tissue is diffusely infiltrated by lymphocytes and
contains numerous capillaries. Staining: hematoxylin and eosin.
Microphotograph, magnification x100

In the main group of animals on the seventh day of the ex-
periment, in some places at the periphery of the burn the islets
of epidermis were visualized near the neck of the destroyed hair
follicles. At the edge of the wound in the epidermis, there were
homogeneously stained basal cells of the germ layer without nu-
clei. Under the epidermis necrotic dermis was seen without dif-
ferentiation into the reticular and papillary layers. The area of ne-
crosis was represented by fragments of fused destroyed fibrous
structures, fuchsinophilic and eosinophilic debris demarcated
from the underlying tissues. Immature granulation tissue was vis-
ible, which was loose and slightly edematous in places. However,
"cellularity" of the granulation tissue was obvious. The tissue cov-
ered with a scab, especially in non-epithelialized areas, and was
abundantly infiltrated with young fibroblasts, fibrocytes, and his-
tiocytes (Fig. 4).

Muscle fibers were fragmented, surrounded by a round cell
infiltrate, and plethora was observed. In the deep layers of the
subcutaneous tissue, there were many congested, dilated, blood-
filled vessels with a perivascular arrangement of mast cells.

On the 14™ day of the experiment in the area of thermal
burns skin was covered with scabs of varying thickness (Fig. 5).
Under the scab, a demarcated area of fibrinoid necrosis and a fo-
cus of the emerging granulation tissue was seen in the form of an
extensive sheath.

In the central area of the sheath numerous capillaries could
be seen. The number of cells and blood vessels decreased to-
wards the bottom of the wound, while the number of the con-
nective tissue fibers bundles increased (Fig. 5). Along the edges
of the regenerating tissue, under the scab, the epidermis was
emerging, with foci of cell hyperplasia up to 6-8 rows.

By the 21 day of this experiment, the peripheral parts of
the wound were replenished with the epidermis. The central part
was covered with a fibrin scab, containing polymorphonuclear
cells and fragments of necrotic fibrous structures. The regenerate
had an uneven distribution of blood vessels in the central region
(Fig. 6).

Compared with the previous period, the number of blood
vessels was slightly reduced. Along the periphery the regenerate
was lined with bundles of fuchsinophilic collagen fibers running

Puc. 3 HepasHomepHeili nnacm co3pesaroujeli coeduHumesnsHol mxa-
Hu. OKpacka: 2eMamoKCUUH U 303uH. Y8. x100

Fig. 3 An uneven layer of maturating connective tissue. Staining:
hematoxylin and eosin. Microphotograph, magnification x100
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Puc. 4 He3penas 2paHynayuoHHaA MKaHb, KOMopaa MECMAMU PbIXAaA
U HeMH020 omeé4HaA. OKPacKka: 2eMamOoKCUAUH U 303UH. Y8. x100

Fig. 4 Immature granulation tissue, which is loose and slightly
edematous in places. Staining: hematoxylin and eosin. Microphotograph,
magnification x100

cocyzi0B. B rnyBoKMX cnoAx NOAKONKHOMN KNeTYaTKM MMENoCb MHOFO
3aCTOWHbIX, PACLUMPEHHDIX, 3aMO/IHEHHbIX KPOBbLIO COCYA0B C Nepu-
BACKY/NIAPHbIM PACMONOMKEHUEM TYYHBIX KNETOK.

Ha 14-ble CyTKM 3KCMepUMEHTaNbHbIX UCCNef0BaHuii B 0bna-
CTW TEPMMYECKOTO OXOTa B NpenapaTax Koxu bl BUAHbI UMeto-
LWMe HEPaBHOMEPHYIO TOALLMHY MOKPbLITUA cTpynom (puc. 5). Mog,
CTPYNOM ONpefenanca orpaHWYeHHbl cnoi GUOPUHOUAHOMO He-
Kpo3a 1 oyar pereHepaTta ¢opmMuUpyIoLLEenca rpaHyNALMOHHOM TKaHK
B BUAe 06LWMPHOro naacra.

B LeHTpanbHbIX OTAENaX NAACcTa ONpeAensnoch MHOXKECTBO Ka-
MUANAPHbIX cocyoB. CofepaHne KNeTOYHbIX 3N1eMEHTOB M COCYA0B
YMEHBLLANOCh MO HAMPaBAEHUIO KO AHY paHbl, HO HApPaCcTano Koau-
4EeCTBO COEAMHUTENIbHOTKAHHbIX BOJIOKOH B BUAE Ny4Kos (puc. 5). Mo
KpaAm pereHepata, nog cTpynom, Habntoganocb HapacTaHue snu-
Aepmuca, UMeBLUero Ao 6-8 pAJ0B KAeTOK 04aroBoi rmnepnaasuu.

K 21-biM cyTKam [aHHOMO 3KcnepumeHTa nepudepuyeckue
4acTu pereHepata 6blM BOCNONHeHb! sNUAepMUcoMm. LieHTpanbHan
Ke 4acTb bblna NOKPbITa CTPYNOM U3 GUOPUHA, CErMEHTUPOBAHHbI-
MU NeiKoLMTamMmM U 06pbIBKaMM HEKPOTU3UPOBAHHbIX BOJIOKHUCTbIX
CTPYKTYp. PereHepaT umen HepaBHOMeEpPHOE PaCrMoONOXKEHUe COoCy-
[10B B LeHTpanbHoW obnactv (puc. 6).

Mo cpaBHEeHWIO € NpeapbIayLMM CPOKOM KOIMYECTBO COCYA0B
HeCcKoNbKo yMeHbLueHOo. PereHepat no nepudepum BbicTnaH cobpaH-
HbIMM B GYKCMHODUABHBIE MYYKU KONNAreHOBbIMU BOJIOKHAMM, KO-
Topble pasmelleHbl K NOBEPXHOCTU KOXKM NapannenbHo. B 3oHe pe-
reHepaTa NPUAATKU KOXU He ONpeaensioTcs.

Pe3ynbTaTbl AVMHAMUKM 33XKMBNEHWA PaH NOCIe TEPMUYECKOTO
0)KOra Y KpbIC 0b6eunx nccnefoBaHHbIX FPynn npuBeaeHbl B Tab/.

B guMHaMuKe 3aXMBREHWA paH, Ha 21 aeHb AnameTp paHeBoW
NOBEPXHOCTH Y KPbIC OCHOBHOM rPynMbl COKPALLAACA A0 MUHUMAb-
Horo pa3smepa (5,7+1,8%) oT nepBOHa4asbHOrO pasmepa OXora no
CPaBHEHUIO C KOHTPO/bHOW rpynnoii (34,5+4,9%). CnepoBaTtenbHo,
NpYMEHeHWe NOANCAXapUAHOrO rens cnocobCcTBOBaNO YCKOPEHMIO
bopMMpPOBaHUA TPAHYNALMOHHOM TKaHM B Npeaenax anuaepmMuca,
[epPMbl U NMOJKOMKHO KUPOBOM KIETYaTKM, YTO NPUBOAMIO K COKpa-
LLLEHWIO pa3mepa 0ora U BbICTPOMY BOCCTaHOBNEHMIO MOBEPXHOCTH
paH.

Macno Hippophae rhamnoides copepXuT Takue 6uonoruye-
CKUe aKTWMBHble KOMMOHEeHTbI, Kak ¢aaBoHoumAbl, AybunbHble Belle-
CTBa, BuTamuHbl (C, E, K), ruuepupl, ) UpHble KUCNOTbI (ManbMuTy-
HOBas, TPUTEPNEHOBas, CTEAPUHOBAS, ONIEMHOBAA) M AMUHOKMUC/IOTbI
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Puc. 5 ObwupHeIli nnacm gopmupyroulelica epaHynayUoOHHOU MKAHU.
OKpacka: 2eMamoKcUsUH U 303uH. Y8. x100

Fig. 5 An extensive sheath of emerging granulation tissue. Staining:
hematoxylin and eosin. Microphotograph, magnification x100

parallel to the skin surface. Skin appendages were not detected in
the regenerate zone.

In the dynamics of wound healing, on day 21, the diameter
of the wound surface in rats of the main group decreased to the
minimum value — 5.711.8% of the initial burn size compared to
the control group (34.5+4.9%). Therefore, the use of a polysac-
charide gel contributed to the acceleration of the formation of
granulation tissue within the epidermis, dermis and subcutane-
ous fat, which led to a reduction in the size of the burn area and a
rapid recovery of the wound surface.

Hippophae rhamnoides oil contains biologically active com-
ponents, such as flavonoids, tannins, vitamins (C, E, K), glycerides,
fatty acids (palmitic, triterpene, stearic, oleic) and amino acids
[22]. Due to their antioxidant and anti-inflammatory properties,
these components help to expedite wound re-epithelization, in-
crease the content of hydroxyproline in the wound and the pres-
ence of proteins, and also contribute to the process of skin regen-
eration [22, 23].

CONCLUSION

Thus, the developed polysaccharide gel form with encap-
sulated sea buckthorn oil in the main showed greater efficiency

Puc. 6 HepasHomepHoe pacnonoxeHue cocyoos 8 ueHmpanbHol Ya-
cmu pezeHepama. OKpacka: 2eMamoKCUAUH U 303UH. Y8. x100

Fig. 6 Distribution of blood vessels in the central part of the regenerate.
Staining: hematoxylin and eosin. Microphotograph, magnification x100
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Tabauya MNpoyeHmHoe coomHouweHue naouadu He 3axuswux ysacmeos  Table The percentage of the area of non-healed wound areas to initial

PaH K UcxoOHOMY pasmepy paHesol nogepxHocmu 8 duHamuke (M+SD)

size of the wound surface in dynamics (M+SD)

| Coewanoneouors aw /Tmeatterum days o,

3
KoHTponbHas, n=18

+
Control, n=18 90.345.9
OcHoBHas, n=18

+
Main, n=18 77.619.1
P, =0.031

7 14 21 (df=3)
70.18.9 50.845.1 34.544.9 <0.001
53.246.5 27.5:9.2 5.7+1.8 <0.001

=0.007 <0.001 <0.001

MpnmeyaHna: p, — CTaTUCTMYECKaR 3HAYNMOCTb PasNNumii MoKasaTenel Mexay rpynnamu (o t-kputepuio CTblofieHTa ANA He3aBUCUMBIX BLIBOPOK); p, — CTaTUCTUYECKaA
3H3aUMMOCTb Pa3IMYMIA AUHAMMUKM NO BCEM AHAM (0LHOPAKTOPHbIN AMCNEPCUOHHBIN aHanu3 (ANOVA) ¢ NOBTOPAIOLMMUCA U3MEPEHUAMM)

Notes: p, —statistical significance of differences in indicators between groups (according to Student's t-test for independent samples); p, — statistical significance of differences
in dynamics for all days (one-way analysis of variance (ANOVA) with repeated measurements)

[22]. Bnarosaps aHTMOKCMAAHTHBIM WM NPOTMBOBOCMAIUTENbHBIM
CBOMCTBAM 3TW KOMMOHEHTbl CMOCOBCTBYIOT YCKOPEHUIO CPOKOB
3NUTENN3aLMM PaHbl, NOBbIIAIOT COAEPMKAHME TMAPOKCUNPONNHA
B paHe U npucyTcTBme BenKoBbIX BELLECTB, @ Takke cnocobcTaytoT
npoueccy pereHepaLum Koxu [22, 23].

3AKNIOYEHUE

Takum obpasom, paspaboTaHHas nosucaxapuiHas renesas
dopma ¢ MHKancyNMpoBaHHbIM Mac/om 061eNnUXM B OCHOBHOM rpyn-
re nokasana 60abLwyto 3¢PeKTUBHOCTL NO CPAaBHEHMIO C PU3NONOTU-
YECKMM BOCCTaHOB/IEHWEM OXOFOBOW paHbl B KOHTPO/IbHOM rpynne
YKMBOTHBIX, YTO NMO3BONAET NPEAJ/IOKMUTb pa3paboTaHHOEe CPeacTso B
COCTaBe MOBA3KM Ha OXXOTOBble PaHbl /1A YCKOPEHUA WX 3auBIIe-
Hus.

compared to the physiological recovery of a burn wound in the
control group of animals, which allows us to propose the devel-
oped agent as part of a dressing for burn wounds to accelerate
their healing.
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