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PE3IOME

Llesb MccieioBaHus: B X0/I€ KCIEPHMEHTalIbHOI PabOTbl BbIIBUTb XapakTep PyOLIOBbIX M3MEHEHMIH 0CIIe PerIaHTaLMN KOHEYHOCTH U 13y -
4KTb BO3MOXKHOCTD NpenynpesxaeHust ¢ruoposa ¢ MOMOLLbIO aIOreHHOro GroMarepuana.

Marepuan u MeTonbl: 9KCIepUMeEHT NpoBeseH Ha 48 Kpbicax-camuax (o 24 B KOHTPOJIbHOM M OMbITHOM rpynnax). Onepavust 3akjodanach
B KPYrOBOM paspese MsI'KMX TKaHeil B CpefHeil TpeTu Genpa ¢ MocaeayiouimM MUKPOXHPYPrudeckiM CLIMBAHHEM COCYZOB, HEPBOB, MBbILLIL
¥ KOXU. B OmbITHOI rpynne Ha paHeBble MOBEPXHOCTH Mepes CLIMBAHWEM HAHOCHIIM aJIoreHHblii A1cCreprupoBaHHblii 6romarepuan (AIB),
TIPEenCTaBSIOLNiA COO0# CTEPUIIbHBIIT TOPOLLOK, TPUTOTOBJIEHHBII 13 IELEIITIONSPU3NPOBAHHON COENMHUTENbHOI TKaHH. JKHBOTHBIX BBIBOLH-
7u 13 onbita yepes 7, 14, 30 1 90 cyT nocne onepatyn. OOpasLibl TKaHelt M3 30HbI ONepaLni MOABeprasy rMCTONIOrMYeCKOMY M IMMYHOTHCTO-
XMMWYECKOMY MCCIIeZIoBaHHIO: OLIeHMBaJI 3KCIpeccuto TpaHchopmupytollero dpakropa pocra (TGF-1), pakropa Hekposa omyxonu (TNF-a),
aHTHMTeHa I71aBHOro Komruiekca rucrocomectumoctu (HLA-DR), mapkepa muocatemnuronutos (MyoD).

Pe3yinbTaThl HCCIen0BaHus: B KOHTPOJIbHOI rpyrre depe3 90 cyT nocne ornepaLii BOKPYT COCYLOB 1 HEPBOB 0GHApYskMBAMCh GpHOPO3HbIE
My}l @ TakKe odarn ¢prubpo3a Mexay CLUIMTBIMU MBILLILIAMH, T. €. CKJIa[blBanach THUIMYHASI KAPTHHA aCeNTHYeCKOro BoCManeHus. Yka3aHHbIit
npoLiecc conpososkaancs Bbicokoi axcnpeccueit TGF-B1 n HLA-DR npu nuskoii skcnipeccun TNF-ou. B onbiTHOJ rpynne yactuup AJIB nogsep-
ranuch 6rozerpanauuyi Makpodaramu 1 pesopOuru. Borpyr clumTbix cocynos 1 HepBoB GprOpo3HbIe 060II0UKM COCTOSITN 13 GOJIEe TOHKKX, YeM
B rpyIe KOHTPOJIst, Ty4KOB KOJIJIareHOBbIX BOJIOKOH. B MecTax cluuBaHus Mbilill pyOLIOBbIe M3MEHEeHHs He omperensumc. B Gonee nosauue
cpoku (uepes 30 1 90 cyT) cocyzbl 1 HepBbl ObLTH OKPYSKEHbI TOHKMMH ITy4KaMi1 KOJUTareHOBbIX BOOKOH. Jkcnpeccust TNF-a 3Hau1mo npesoc-
XOJMJ1a TaKOBYIO B KOHTPOJIbHO! rpynne, Toraa kak akcnpeccust TGF-B 11 HLA-DR ocraBanach Ha HuskoM yposHe. Co BpemeHeM (uepes 90 cyT)
NPOMCXOAMIIO 3aKMBJIEHNE IedeKTa 1 0OHAPYSKMUBANOCh CHIKEHHME IKCIPECCHH YKa3aHHbIX LIMTOKMHOB B 00eKX Irpymmnax. Y SKMBOTHBIX OIIbIT-
HO¥ IpyNIbl HauKMHasi ¢ 14 cyT sKcrepruMeHTa BbisBIsiMCh MyoD*-MuocaTennuToLMTbl, UTO YKa3blBasio Ha pereHepaLiio MbILeUYHbIX BOJIOKOH.
Y 5XMBOTHbIX KOHTPOJIbHOI IPYIIIbl B TeUeHKe sKcreprmenTa MyoD*-K/eTKM He BbISIBJISUINCD.

3akmoueHue: NpoBeieHHOe KCIepuMeHTaslbHOe HCCTleJOBaHKe MOKa3aso, UTo MpHY PerlaHTalii KOHeYHOCTH BO3HUKAeT acenTHyeckoe Boc-
naseHue, B ponMdepaTmBHOii pase KOTOporo GopMUpYIOTCsS GrHOPO3HBIE My T BOKPYT BOCCOEAMHEHHBIX COCYZOB M HEPBOB, a TaKKe Ova-
roBblit Gprbpo3 Mexay pparMeHTaMn CLIMTBIX MblLLLL, C BbicOKo# akcrnpeccueit TGF-B1 u HLA-DR. Ucnonb3osatne AJIB nosBossieT M3MEHUTb
TeUeHHe PaHeBOro MPOLIECca 3a CYET aKTUBALIMKM MaKpOQaros MPOBOCMAINTENLHOTO (PEHOTHUIIA, UTO MPOSIBIISIETCS 3HAUNTENBHO 60TIee BbICOKOI
akcnpeccueit TNF-o, koppenupytotteit ¢ Huskoii akcnpeccueit TGF-B1 u HLA-DR. B aTux ycnoBusix mponcxoant uHriubuposaxmie Gprubposa
BOKDYT COCY/IOB 1 HEPBOB 1 pereHepaLlyisi OBPEXKIEHHDIX MBILLEUHbIX BOJIOKOH. Takim 06pasoM, npumeHenre AJIB npu pennaHTaumy KOHeu-
HOCTH CIIOCOOCTBYeT npeaynpeskaeHnto ¢pruéposa BOKPYr COCYAOB M HEPBOB 1 CTUMYJIMPYET MPOreHUTOPHbIE MBILLEUHbIE KIIETKH.
KJTFOYEBBIE CJIOBA: pennaHrauus, BocrnaseHne, Gpubpos, amnoreHHslit 6Gnomarepuan, Makpodaru, TGF-B1, TNF-o, HLA-DR, muocarenm-
tounTel, MyoD.
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ABSTRACT

Aim: during research study, to identify the nature of cicatricial changes after limb replantation and to study the possibility of preventing
fibrosis using an allogeneic biomaterial.

Materials and Methods: the research was conducted on 48 male rats (24 each in the control and experimental groups). The operation consisted
of a circular incision of soft tissues in the middle third thigh, followed by microvascular stitches of blood vessels, nerves, muscles and skin. In
the experimental group, a dispersed allogeneic biomaterial (DAB), which is a sterile powder prepared from decellularized connective tissue, was
applied to wound surfaces before stitching. The subjects were withdrawn from the study 7, 14, 30 and 90 days after surgery. Tissue samples
from the surgical area were subjected to histology and immunohistochemistry: the expression of transforming growth factor (TGF-$1), tumor
necrosis factor (TNF-a.), antigen of the main histocompatibility complex (HLA-DR), myosatellitocyte marker (MyoD) was evaluated.
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Results: in the control group 90 days after surgery, fibroblastic sleeve was found around the vessels and nerves, as well as fibroblast foci
between the stitched muscles, therefore, a typical picture of aseptic inflammation. This process was accompanied by high TGF-f1 and HLA-DR
expression with low TNF-a. expression. In the experimental group, DAB particles were biodegraded by macrophages and resorption. Fibrous
membranes around the stitched vessels and nerves consisted of collagen fibers thinner than in the control group. Cicatricial changes were
not detected at the sites of muscle stitching. At a later date (30 and 90 days), the vessels and nerves were surrounded by thin collagen fibers.
TNF-a expression significantly exceeded that in the control group, while the TGF-p1 and HLA-DR expression remained at a low level. Given
time (90 days), a defect cicatrization and a decrease in these cytokines expression were detected in both groups. Starting from the 14™ day of
the study, MyoD+myosatellitocytes were detected in the subjects of the experimental group, which indicated the muscle fiber regeneration.
No MyoD+cells were detected in the subjects of the control group during the study.

Conclusion: conducted study showed that aseptic inflammation occured during limb replantation, in the proliferative phase of which
fibroblastic sleeve formed around stitched vessels and nerves, as well as fibroblast foci between fragments of stitched muscles, accompanied
by high TGF-B1 and HLA-DR expression. The DAB allows to change the wound process course due to the macrophages activation of the
proinflammatory phenotype, which is manifested by a significantly higher TNF-a. expression, correlating with low TGF-B1 and HLA-DR
expression. Under these conditions, vascular fibrosis is inhibited and damaged muscle fibers are regenerated. Thus, the DAB use in limb
replantation helps to prevent vascular fibrosis and stimulate progenitor muscle cells.

KEYWORDS: replantation, inflammation, fibrosis, allogeneic biomaterial, macrophages, TGF-$1, TNF-a, HLA-DR, myosatellitocytes, MyoD.
FOR CITATION: Muslimov S.A., Ibragimov RK., Lebedeva A.l. Dispersed allogeneic biomaterials for the prevention of cicatricial
complications during limb replantation (research study ). Russian Medical Inquiry. 2024;8(4):201—-207 (in Russ.). DOI: 10.32364 /2587 -
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BBENEHUE

JlOBOJIbHO ~ pacnpoCTpaHEHHO!  MeOUKO-COLMaTIbHOM
npo6yieMoit B HacTosilllee BPeMsl SIBJISIETCS TPaBMaTH3M, ua-
CTOTa KOTOPOTO PacTeT B CBSI3W C LUIMPOKUM MCIOJIb30BAHU-
€M pesKyLIMX HHCTPYMEHTOB B POM3BOACTBEHHBIX TPOLIECCAX
1 B ObiTy. Hanbosnee CloXKHBIMM [ XMPYPruyeckoro jeve-
HUS SIBJISIFOTCS! CJ1y4au TPaBMaTHMUECKOTO OTWIeHEeHHs] KOHeu-
HOCTeld, HO C MIOMOLLbIO OMepallOHHOr0 MUKPOCKONA U MU-
KPOXHPYPru4ecKoro MHCTPYMEHTapHsl yAaeTCsl BOCCTAHOBUTD
MX aHaTOMMYECKYIO LieJIOCTHOCTb. B GonblIMHCTBE Ciy4aeB
MaLMeHTbl OTMEYAlOT [MOJHYI CYObEKTHUBHYIO YIOBJIETBO-
PEHHOCTb pe3yJbTaTOM OMNepaLyy, OOHAKO NMpu 00cenoBa-
HUM B OTAAJIEHHblE CPOKM MOCJIe PelUIaHTALMK BbISIBIISIETCS]
HernonHoe QYHKLMOHANbHOe BoccTaHoBneHue [1, 2]. OnHum
13 (HaKTOpOB, CHIKAOUWIMX 3PPEKTUBHOCTb XUPYPruiecKo-
ro JleyeHHs! pY TpaBMax C MOBPEXJEHUEM MblLL, COCY[0B
¥ HEPBOB KOHEUHOCTEIA, CUMTAETCsl PyOLIOBO-CHaeUHbIi MPO-
1lecc, pasBUTHE KOTOPOrO BbIHYKJAeT XUPYProB MPOBOANTD
MOBTOPHblEe BMeLIATeNbCTBa [3, 4] M yAnMHSET nepuon pea-
ounmtauuu [5]. EcrecTBeHHO monarate, 4TO NMPH peryiaHTalunmu
KOHEYHOCTell CO CLUMBAHWEM COCYLOB, HEPBOB U MbILIL Pa3-
BMBAIOLLIMIACS B TOM WJIM MHOM cTeneHn prubpo3 JOMKeH BIH-
STb HAa pe3yJbTaT Olepaluy, OCOOEHHO MNPOSBISIOLINIACS
B oTnaseHHble cpoku. OTclofia BbITEKaeT 3aziaya BbISICHEHMS
xapaktepa (UOPO3HbIX M3MEHEHWil Mocye perlaHTaLuHy,
a Takke pa3paboOTKX METONOB WX mpenynpeskaenus. Onuca-
HO TNpHUMEHEHNE B 3KCMEPUMEHTE KOJJlareHoBOi MeMOpaHbl
¥ ayTOBEHbI 1J1s CHUKeHMsl pUOPO3HBIX M3MEHEHHIA MPH CLUK-
BaHUM HEpPBA, OJHAKO TMCTOJIOTMYECKUl aHalu3 He BbISIBUJ
CYLIECTBEHHOTO yMEHbLIEHUS] 9KCTPAaHEBPAJIbHON WM HH-
TpaHeBpasbHOII pybLI0BO# TKaHM [6]. Bonee addekTrBHBIMU
I71sl KOPPEKLMK U TpeaynpexaeHust Gpubposa 3apekoMeHzo-
Bany cebst ajuloreHHble GroMaTepuabl, KOTOpble MPUMEHS-
I0TCS KaK CTUMYJISITOPbI pereHepalyy Npy 3aMeLleHny pas-
JnuHbIX JedekTos [7, 8].

Llenb uccnenoBaHus: B X01ie 9KCIEPUMEHTANbHOI paboTbl
BBISIBUTb XapaKTep pyOLIOBbIX M3MEHEHHI! 0CIe perlaHTaLuu
KOHEUHOCTH M M3YUUTb BO3MOXHOCTb NpenynpesxaeHnst ¢pu-
Opo3a Cc MOMOLLbIO aJlIOreHHOTro O1omarepuana.

MATEPUANT U METO/IbI

IKCrepyMeHT TpoBefleH Ha 48 MOJ0BO3pENbIX Kpbl-
cax-camuax nopozbl Bucrap (1o 24 skuBOTHbIX B KOHTPOJIbHOIA
U OmbITHO! rpynnax). TexHuka onepauny 3aksouasnach B Kpy-
rOBOM pa3pese MArKKMX TKaHeii B CpenHeii Tpeti Geapa 6es mo-
BpeXJieHsl OelpeHHON KOCTM C MOCIeNyIOUM MUKPOXH-
PYPrUuecKuMM CLUMBAHWEM COCYIOB, HEPBOB, MBILIL U KOXH.
B omnbiTHO! rpynne Ha paHeBble NOBEPXHOCTHU Ieper CLIMBA-
HMEM HAaHOCWJIM aJlJIOTeHHBIN IMCIeprupoBaHHbIil Gromare-
puan (AIIB), npencrapnsioLmii CO00# CTEPUIIbHBIN MOPOLIOK
13 M3MeJIb4eHHO! COeNMHUTENbHON TKaHHM, MpelBapUTeNbHO
npotuenLiei GprUaNKo-XMMHUUECKyi0 00pabOoTKY C LIebIO feLen-
monspusaumnm (texHonorus Annomnant® [9], paspaboranHas
BO BcepoccuiickoM LieHTpe I71a3Hoii U MJIaCTUYECKOi XUPYPruu
@®IrbOY BO BI'MY Munzapasa Poccum.

IKCMepUMeHT NPOBOAWIN C COOIOAEHNEM MPaBUI paboTbl
¢ 1a60paTOpPHBIMK IPbI3yHAMK M KPOJIMKaMK® COITIACHO MpH-
kasy Munsznpasa Poccui®. Onepauny npoBogusu Moy onepa-
1roHHbIM MukpockonoM Takagi OM-10 (Takagi, fAnonus). Ins
MCCIeoBaHNs IUHAMUKY MOPOJIOrMYEeCKUX M3MEHEHUi XKu-
BOTHbIX BbIBOAMIM M3 onbita uepe3 7, 14, 30 u 90 cyt nocne
onepauuu. l'mcronornyeckue cpesbl okpaimBany no Ban 'n-
30HY, a TaKe reMaTOKCMJIMHOM M 3031MHOM. MccnenoBanue
¥ MHUKpPO(OTOCHEMKY MpenapaToB OCYLIECTBISUIM C MOMO-
wpio Mukpockona Leica DM 2500 (Leica, l'epmanus) ¢ npo-
rpaMMHbIM O0OecreveHreM 3axBara M aHann3a M300paskeHHil.
JInsi MMMYHOTMCTOXMMMWYECKOTO MCC/IeIOBAHUST TTPUMEHSIIU
HeNpsIMyl0  CTPENTaBUAMH-OMOTHHOBYIO CUCTEMY JeTeKLMUH
Leica BOND (Novocastra™, [epmanust) C MCIIOJIb30BAaHNEM UM -
MyHorucrocreiiHepa Leica Microsystems Bond™ (Tepmannst).
[lpumensinu cnenyrotne aututena (AT): AT k tpanchopmu-
pytotemy ¢akropy pocra (TGF-f1) B passenennn 1:300, AT
K ¢paxropy Hekpo3sa onyxosu (TNF-o) B passenenun 1:300, AT
K aHTWreHy I71aBHOrO Komruiekca rucrocoBmectumoctu (HLA-
DR) B passenennu 1:300, AT k Mapkepy MUOCaTeIUTOLUTOB
(MyoD) B passenennu 1:50 (Santa Cruz Biotechnology, CLLIA).

Crnieun$uYHOCTb peakLyy OLeHUBAJIM Ha Cpe3ax, OKpalleH-
Hbix 6e3 mepBuuHbix AT. [lopcuer knerok npoussogunn B 20
TOJISIX 3pEHNst Kaskoro obpasua.

! PerucrpaunonHoe ynocrosepenne Ha Meauuutckoe nsnenve GCP 2011/12012 TY 9398-001-04537642-2011 ot 03.02.2015.
2 TOCT 33216-2014 «PyKOBOZACTBO 110 COZIEPIKAHMIO U YXOAy 3a 1aG0PaTOPHBIMHM KMBOTHBIMHK. [paBitia coiepskaHmst M yXozia 3a 1abopaTopHbIMU 'PhI3YHAMM 1 KPOJIMKAMM».
% Tlpukas Munsapasa Poceni or 01.04.2016 Ne 1991 «OG yTBepskaeHnu npasi Haanexaileii 1abopaTopHoii MpakTHKM».
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Jns cratucTryeckoit 06paboTKMU JaHHbIX ObLT MCMOJIb30BaH
naker nporpamm Statistica 10,0. 13-3a ocobeHHoOCTelt Hcxoz-
HBIX JIAHHBIX HCIIOJIb30BAJIM HerapameTpuueckue MeTonbl —
PaHroBblil JUCMepCUOHHDII aHanu3 no Kpackeny — Yonnucy
v KpuTepuii MaHHa — YUTHU 1J1s1 CDABHEHUSI Pe3YJIbTaTOB OT-
IeNbHbIX CPOKOB HAOJIOZieH!s] BHYTPY OZHOI CEpHH OIbITOB
WM MEXXAY HUMU. Pas3nnuust cuuTanmch CTaTUCTUUECKH 3Hauu-
MmbiMu ipu p<0,05.

PE3Y/bTATBI UCCIIENIOBAHMS

B KOHTpOJIBHOI1 rpymine B HAYasIbHble CPOKM IKCIIEPUMEHTa
(uepe3 7 cyT) B 30He OIepaLuy OTMeyasnach THIMYHAS KapTH-
Ha aJIbTEPALMOHHOM (asbl aCeNTUUECKOro BOCMajeHUs B BUIE
MHQUIbTPALMKY MONMMOPQHOSIIEPHBIMK  JIEMKOLIUTAMH, Ma-
Kpodaramu 1 ¢pubpobnacramu. Onpenensmch NprUsHaKky OTe-
Ka M IJIa3MaTUYeCKOro MpONMTbIBaHMS TKaHeil. Yepes 14 cyt
OT MOMEHTa ONepaLMK Y JKUBOTHBIX MOSIBIISUTUCh MOPgOIOoriye-
CKMe NPU3HaKK NponudepaTiBHOI (asbl BocnaneHus: 00pazo-
BaHMe IPaHYJISILMOHHONM TKAHU C BbIPaKEHHON MHUIbTpaLMei
¢ubpobnactamu M MpU3HAKaMKU MHTEHCHMBHOTO KOJUIareHore-

ol -~

He3a. HoBooOpasoBaHHble KOJIIareHoBbie BOJIOKHA (OPMHpPO-
BaJIM MyUYKM BOKPYT CLUMTBIX COCYZIOB M HEPBOB, a TaKXKe MeXIy
(parMeHTamMn MOBPEXKJEHHbIX MbILLIEYHbIX BOJOKOH. B Gornee
nosznHue cpoku (depe3 30 cyT) oOHapyKMBanach TeHZAEHLMsI
K YTOJILLEHHIO MyYKOB KOJIIareHOBbIX BOJIOKOH BOKPYT COCYZOB
1 HepBoB. Takske HabJIOANOCh YTOMLIEHKE MYYKOB KOJIIareHo-
BBIX BOJIOKOH, 00pa3yIoLLMX NepUMHU3HIi M SHAOMHU3MIL B cTpyk-
Type NMepuMHU3Hsl MOKHO ObUIO BUZIETb KPOBEHOCHBIE COCYIbI,
HO B 9HIOMM3UM OHM He OOHApPYKMBAIMCb. B KOHEUHbI CPOK
akcriepumenTa (depe3 90 cyT) Habmomamicb CBOeoOpasHbie
¢$nbpo3HbIe MyPTHI BOKPYT COCYLOB M HEPBOB, @ TAKKE OYark
¢$nbpo3a Meskay CLUMTBIMK MbiLLAMHU. [IpU3HaKK pereHepaumu
NOBPEXEHHbIX MbILLIEYHbIX BOJIOKOH HE O6H3py>KI/IBaJII/le B Te-
ueHue BCEro 3KCIepUMeHTa, O YeM CBUIETeJIbCTBYeT OTpULa-
TeJbHbII Pe3ynbTaT MMMYHOrMCTOXMMUYECKOro UCCTIeJoBaHMs!
no BbisiBIeHUI0 MyoD*-kiietok. JlnHaMuka MoOp¢Onornyeckux
VI3MEHEHWI1 B 30HE ONepaLyK Y SKUBOTHbIX KOHTPOJIbHOM TPYIIITb
TpezCTaB/IeHa Ha pUCYHKe 1.

B onbITHOI% rpyne )KMBOTHBIX Yepe3 7 CyT NocJie onepaLum
HabJI0NaNIMCh Te Ke MPU3HAKM HauasIbHOM (pasbl aCeNTHYeCKO-
'O BOCIAJIEHHs], YTO ¥ B KOHTPOJIbHO TPYIITE, HO B KJIETOUHOM

N = RSN R Rt 200 L)

Puc. 1. OuHamnka Mophonornyeckmx M3MeHeHWIN B 30He orepawum y XXMBOTHbIX KOHTPOMbHOM rpynnbl. Okpacka no BaH MM3oHy.
A— oépasoBaHMe Iy paHyﬂﬂL{MOHHOVI TKaHu, NPpu3HaKku KosislareHoreHe3a BOKPYr CLUNTbIX COCY[OB U HEPBOB Yepe3 14 CyT C MOMeHTa oriepaynu; B— yrornweHne
y4KOB KOJ1/1areHoBbIX BOJIOKOH BOKPYI cocynoB v HepBoB (Yepe3 30 cyT); C — BbipaXeHHbIi onbpo3 BOKpyr cocynos Yepes 90 cyT rnocre pennaHtaymm, BugHa
Aegopmaums npocseta aprepmm; D — ¢pnubposHbivi pybeL| B MecTe cLumBaHmsi MbiLLL Yepe3 90 cyT nocne pennaHTaumm

Fig. 1. Morphological changes in the surgical area in the control group subjects. Van Gieson's stain.
A. Granulation tissue presence, signs of collagenogenesis around the stitched vessels and nerves for 14 days after surgery. B. Collagen fibers thickening around blood
vessels and nerves (30 days). C. Marked vascular fibrosis 90 days after replantation, visible luminal deformity. D. Fibrotic scar at the site of muscle suturing 90 days

after replantation
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MHOUIbTpaTe MOXHO ObIO HAOJIOAATh OTHOCHTENbHOE Tpe-
obnazmanre MakpogaroB, KOTOpble KOHLEHTPUPOBAIUCh BO-
KpYT 4YacTuL BBeZleHHoro 6uomarepuana. Yepes 14 cyt B 3oHe
OMepaTMBHOTO BMeLIATeNIbCTBa YaCTULbl GroMarepuana yxe
He onpenensuiMcb, HO MakpodaranbHasi MHGUIbTPALHUS CO-
xpausiiacb. Cnabo BblpaskeHHble $HUOpO3HbIE 000JI0YKK BO-
KPYT CLUMTBIX COCYZOB M HEPBOB COCTOSUIM M3 OOJiee TOHKMX,
ueM B KOHTPOJIbHOI TPYIINe, My4KOB KOJJIareHOBbIX BOJIOKOH.
B Mecrax cluvBaHus Mblilil| pyOLOBble M3MEHEHUs! He Orpe-
nensnich. [lepuMuanii ¥ 9HZOMM3MIL ObUIM XOPOLUO BackKy-
nspusoBanbl. B Gosnee nosnuue cpoku (uepes 30 u 90 cyr)
BACKyJIIpM3aLysl COXpaHsiacb, a OOOJIOUKM BOKPYT COCY-
OB 1 HEPBOB 6bIJ'lI/I npencraBjieHbl OTHOCUTEJIbHO TOHKHMH,
PBIXJIO PaCMONIOKEHHbIMU My4YKaMK KOJIJIareHOBbIX BOJIOKOH.
VIMMYHOTMCTOXMMHUYECKOe OKpallMBaHWe JUIsl  BblSBIEHUS
MyoD*-k7eTok (M1OCaTesIMTOLMTbI) MOKa3ao, YTO Y SKUBOT-
HBbIX OMBITHOM rpynnbel MyoD*-KneTkM HauvHanmM BbISBJISTb-
csi uepes 14 cyT skcnepuMenTa, a yepe3 30 CyT UX KOJIMYECTBO

yBeNMUMBanocb. MuocaresmMToLuTbl (GOPMUPOBATNA  TSKH
TIPOTEHUTOPHBIX MBIILEYHBIX KJIETOK, BbICTPaUBAIOILMXCSI KO-
Hell-B-KOHel| C MOoCJenyolUM (GOPMUPOBaHUEM MHUOTYO,
4TO CBUZETENbCTBOBAJIO O pereHepalyy MbILIEYHbIX BOJIOKOH
B MecTe NoBpexxzeHus (puc. 2).

VIMMyHOTMCTOXMMUYECKOE  UCCIENOBaHUE JMHAMUKU
akcnpeccun TGF-B1 BbisiBUIIO, yuTO Haubosee 3HauMMble
nokasareinu (Hajanune/OTCYTCTBUE) OOHAPYKUBAJINCh B Ile-
puon no 30 cyT, KoTopblit coBnanaer ¢ ¢pasoit nponudepa-
uuu. Y KMBOTHBIX KOHTPOJIbHO TPYNMbl KOJMYECTBO KJle-
TOK, 3Kkcnpeccupytonx TGF-B1, nocroBepHo npeobnanano
10 CPAaBHEHUIO C OMbITHO/ Ipynmnoii. B HavyasnbHble U KOHeY-
Hble CPOKM BHYTPHU- M MEXTPYIIIOBble JaHHble 3HAYMMO
He oTanyanuch (puc. 3).

Ilpu onpenenennn TNF-o BbisIBJIEHO, UTO B HadasibHble
CPOKM HaOJofieHN sl 3KCIPEeccHsl NAHHOTO LIMTOKWHA Y K-
BOTHBIX ONBbITHOM TPyMMbl 3HaUMMO TNPEBOCXOAMIA TaKO-
BYIO B KOHTpOJbHOI rpynne. [lo mMepe mporpeccupoBaHus

Puc. 2. [luHamunka Mophonorn4eckmx M3MeHEHWI B 30He onepaumm y XMBOTHbIX OMbITHOM rpynnbl. Okpacka no BaH MM3oHy.

A — MakpodgparanbHasi uHgmnbTpaums Bokpyr Y4actvy ALB (1) yepe3 7 cyT akcnepuMeHTa; B — pbixrias BO/IOKHUCTas COEAUHUTENIbHAST TKaHb BOKPYI KPOBEHOCHBIX
cocynoB 1 Mesknx HepBoB Yeped 30 cyT rocrne pennaHTaumm; C — MUKPOCTPYKTYpa apTepum 1 HepBa B 30He cLuMBaHms Yepe3 90 cyT nocne pennaHtaymm.
A#BeHTULMSI apTEPUM 1 SMMHEBPUI MPEACTAaBIeHbI OTHOCUTE/TbHO TOHKMMM My4KaMu KOJIIareHoBbIX BOSIOKOH. [pocseT apTepum He fegopmuposaH; D — MyoD*-
muocatennutoumnTsl (1) B peakTmBHOV 30He Yepe3 30 cyT (HernpsiMori UMMYHOMNEPOKCUAAasHbIi MeTos BbisiBrieHns: MyoD+ ¢ LOKpackovi reMaToKCUIIMHOM)

Fig. 2. Morphological changes of the surgical area in the experimental group subjects. Van Gieson's stain.

A. Macrophage infiltration around DAB particles (1) on day 7 of the study. B. Loose fibrous connective tissue around blood vessels and small nerves 30 days after
replantation. C. Artery and nerve microstructure in the stitching area for 90 days after replantation. The adventitia of the artery and epineurium are represented by
relatively thin collagen fibers. Arterial lumen is not deformed. D. MyoD+*-myosatellitocytes (1) in the reactive zone after 30 days (an indirect imnmunoperoxidase method

for detecting MyoD* with hematoxylin staining)
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Puc. 3. OuHamuka akcnpeccumn TGF-1*-KNeTok B peakTuB-
HOW 30HeE.
3neck n Ha puc. 4, 5: KI' — koHTpornbHas rpynna, O — onbiTHas rpynna

Fig. 3. Changes of TGF-p1+ cell expression in the reactive
zone.
Here and on fig 4, 5: CG — control group, EG — experimental group

BOCMajeHus1 U nepexoja B nponudepaTtuBHyo $asy 4MUCIO
TNF-a*-knetok B 06enx rpynnax yBeJan41Banoch U npeobia-
nano B onbiTHO! rpynmne. Co BpemeHeM (uepe3 90 cyt) mpo-
MCXOOMIIO 3aXuBJleHne fiedeKkTa U 0OHAPYKMBAJIOCh CHIUKE-
HK€ YNCIIEHHOCTH JaHHbIX KJIETOK B 00€eKX rpymnmnax (puc. 4).

Mccnenosanne skcripeccun HLA-DR nokasano, uro B Ha-
yanbHble Cpokn Habmonenus (14 cyT) BHyTpUrpymnnoBble AaH-
Hbl€ YMCJIEHHOCTH KJIeTOK 3HaYMMO He pas3fMyajiich, 4TO MO-
KeT ObITb CBSI3aHO C Pa3BUTHEM CTaiMMW ajbTepalyy Moce
TIOBPEXIeHUs MblLeuHON TKaHu. Yepes 30 cyT B KONMYeCTBeH-
HoM otTHoweHnun HLA-DR*-kneTkn KpaTHO yBenmuuBasnmchb
B KOHTPOJIbHOW TpyMIe MO CPaBHEHWIO C OMbITHOW TPYMIOWH
(p<0,05). B koneutbie cpoku (uepe3 90 cyT) HabMmOReHMs YnC-
JIEHHOCTb IaHHBIX KJIETOK PE3KO COKpalliaiach B COOTBETCTBUU
C 3aTyxaHMeM pernapaTuBHOro oTeeTa (puc. 5).

OBCYXXIEHUE

[lpoBenenHoe uccnenoBanye MOKasauo, 4TO JMHAMH-
Ka MOpPQOJIOrMYECKUX HM3MEHEHHWi Y SKMBOTHbIX KOHTPOJIb-
HOJl TpYNMbl MpeACTaBisieT co00ii CTepeOTHIHBINA MpoLece
acenTM4ecKoro BOCMAaJeHHs], pa3BUBAIOLIErocsl KaK peakLus
Ha onepauuoHnHyto Tpasmy [10]. Kak npasuno, nponudepa-
THBHasl $asa NOCTTPAaBMaTMUYECKOro BOCMAJIeHMs 3aKaHUMBa-
ercs obpasoBaHnem ¢pubposHoro pybua [11]. CobcTBeHHO,
ubpOo3HBIit pybeLl SBNISIETCS CIIEACTBUEM CHHTE3a KOJllareHa
¢dubpobnacramu [12]. PakTopom, CTUMYIMPYIOLIMM TPOJIH-
depaTHBHYIO aKTMBHOCTb pUOPOOGIACTOB M CHHTE3 KOJIIAareHa,
sBnsgercst UMTokMH TGF-B1, noBblleHHast 3KCNpeccust KOTo-
poro oTMeuaeTcs B nponudepaTuBHO ¢pase BocraneHus [13].
BbllensnoxkenHoe onucaHne MONTBEPXKAAIOT U PEe3yJIbTaThbl
NPOBEJIeHHOr0 HaMW HMMMYHOTMCTOXMMWUYECKOro MCCefo-
BaHus: akcnpeccust TGF-B1 y KMBOTHBIX KOHTPOJIbHO! TpyII-
Mbl OblJIa OTHOCHTEJIbHO BBICOKOI M JOCTUrasna MUKOBBIX 3Ha-
yennit yepe3 30 cyt nocne pemnaHTauMu. OCOOEHHOCTbIO
BBISIBJIEHHBIX HaMKU (UOpPO3HbIX M3MEHEHWIl MpY peruiaHTa-
LMY KOHEYHOCTH SIBJISIETCSI TO, YTO Yy SKMBOTHBIX KOHTPOJIb-
HOI1 Tpymmbl py6ell JIOKAIM30BajiCs He TOJNbKO B MeCTax

Pwuc. 4. InHamuka akcnpeccun TNF-of-KneTok B peakTUBHON
30He

Fig. 4. Changes of TGF-a* cell expression in the reactive
zone
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Pwuc. 5. InHamuka skcnpeccun HLA-DR*-KneToK B peakTus-
HOW 30He

Fig. 5. Changes of HLA-DR* cell expression in the reactive
zone

CLUMBAHMS MBbILIL, HO U BOKPYT CLUIMTBIX COCYZIOB Y HEpBOB.
Tak KaK CBOMCTBOM pyOLIOBOI TKaHM SIBJISIETCS] KOHTPAKLMs,
MO3KHO MPEZNOJIOKUTb, 4TO GprUOpo3HbIe MydThl, 00pasyoLLIM-
€cst BOKPYT COCYZIOB M HEPBOB, OyAYT MPUBOAUTb K CYKEHHIO
TNPOCBETA COCYZIOB M CHABJIEHUIO HEPBOB U, CJELJOBATEJbHO,
K YXYZILIEHUIO KPOBOCHAOXKEHMsI ¥ MHHEPBALMK MPULINTOrO
cerMeHTa KOHeYHOCTU. KIMHUYeCKH 3TO MOXKET MpOSIBIISITbCS
B BUJE Xaj00 ONMepupoBaHHbIX MALMEHTOB HA MJIOXYIO Mepe-
HOCUMOCTb Xosoza [14, 15]. Mexay clumTbiMu dparMeHTa-
MU MBILIL, HAMM TaKke BbIsIBIEHb yuacTku ¢pubposa, npu-
YMHOI KOTOPOro MOxKeT ObITb Bbicokasi akcnpeccust TGF-f1.
YcTaHOBJIEHO, YTO MpU MOBPEXAEHMH CKeJIeTHbIX MBbILLIL
BO B3pocnoM opranusme TGF-f3 HeraThBHO BMsIeT HAa UX pe-
reHepauMmio, NojaaJss nponandepanyuo MUOCaTeNTUTOLUTOB,
cnusiHie MUOGUOPUIN M 3KCIPECCHI0 HEKOTOPBIX CreLy-
¢buuHbIX A5t MbILL reHoB [16]. Bonee Toro, TGF-B1 unnyuu-
pyeT TpaHCOpMalnio MUOTEHHBIX KIETOK B hrOposHbie [17].
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dakropom, nHrnbupyrowmmM skcnpeccuto TGF-B1, sBnsercs
TNF-a [18], KoTOpbIit B OCHOBHOM BBICBOOOKIAETCS U3 CTH-
MYJIMPOBaHHBIX MOHOLMTOB U Makpodaros [19]. B nannom
IKCIepuMeHTe Takoe rnozgasnenue axcrpeccun TGF-B1 nposs-
nsutoch yepe3 14—30 cyT nocne penaHTaLmu.

OnpeneneHHblii BRIz B 3aXUBJIeHWE paHbl ¢ 00pa3oBa-
HueMm ¢pubposHoro pybua, no-suaumomy, BHocut 1 HLA-DR,
CPaBHUTEJIbHO BbICOKAsI SKCIPECCHsl KOTOPOro Y SKMBOTHbIX
KOHTPOJIbHO! Tpymnnbl HabMoanach Ha MPOTSKEHNH BCEro
skcnepumenTta. OTMeueHa TecHast KOppemsuus MexXay 9KC-
npeccueit HLA-DR 1 ¢pubposom [20]. BeisiBneHHble pasnuuust
B IMHAMMKe 3KCIPeCCUM YKa3aHHbIX LIMTOKUHOB Y KUBOTHbIX
KOHTPOJIbHO1 1 OMBITHOI IPYII, MO-BUANMOMY, 00YCIIOBJIEHbI
HannureM AJIB, yacTuLbl KOTOPOro SIBJISIIOTCS! aTTPAKTAHTA-
MU 11 MaKpogaroBs ¢ NPOBOCHANUTENbHBIM dpeHoTunoM M1,
skcnpeccupytowuM TNF-o. [21]. 3BecTHO, uTo Makpodaru —
3TO reTeporeHHble KJIEeTKM U OHW MOTYT MPOSIBISTL MOJISIP-
HoCTb. Makpogaru cuctembl M1 — Kj1eTKM C TPOBOCHANTENb-
HOIi HaNpaBJIEHHOCTbIO, cekpeTupytoT TNF-a, nHTepneiikuHbl
116 (IL-1 1 6), 0OTBE4AIOT 32 AHTUMUKPOOHYIO JIESTENIbHOCTD,
XxeMoTakcuc (arolUTapHbIX KJIETOK, CTUMYJISLNI0 HMMYHOTe-
Hesa, aHruoreHes [22]. Makpodaru npoTHBOBOCNATUTENbHOM
cucteMbl aktuBauun M2 cekperupytor TGF-f3, IL-10 u sBns-
I0TCS poMOTOpOM ¢$ubpo3a M UMMyHOcynpeccopoM [23].
[lpoBocnanuresnibHasi peakuus, Bbl3BaHHAsI BBeIEHWEM al-
JIoreHHOro Ouomartepuana, MPUBOAUT K €ro Jerpaiauuu
1 BBICBOOOXJIEHNIO OMOAKTHBHBIX KOMITOHEHTOB, CBSI3aHHBIX
C MaTPUKCOM, KOTOpble JeiCTBYIOT KaK CUIHaJlbl 1711 MUTrpa-
unu, nponudepanun u 1upepeHLMpOBKH KJIETOK, TEM CAMbIM
obecreunBasi ONTHMabHble YCIOBKS ISl pereHepauuu [24].
Ha nosanux cranusx nposocnanuTesibHble KJIETKU NCYe3al0T
U MOSIBJISIIOTCS TIPOTUBOBOCAIUTENbHbIE KJIETKH, UTO BKJIIO-
yaer nossipusaumio Makpogaros f10 ¢eroruna M2 [25]. Pe-
3y7bTaThl MMMYHOTMCTOXMMHYECKOrO MCCIIeJOBaHMS MOKa-
3aiu, YTO MPH MCIMOJIb30BAHMM aJUIOTeHHOro GuomMarepuana
YATMHSIeTCs nepuoz akTuBHOCTM M1 Makpodaros 1 nonzep-
kuBaercst 6onee Bbicokas akcnpeccust TNF-o, uro 3amen-
nser npouecc ¢ubpo3a BOKPYr BOCCOENMHEHHBIX COCYZOB
1 HEPBOB M CIIOCOOCTBYET pereHepaLyy MblLLIEUHbIX BOJIOKOH,
0 ueM CBUZETEeNIbCTBYIOT akTuBauusi MyoD*-muocarennuro-
unToB [26] 1 nx AMddepeHLMaLns B MUOCUMILIACTI.

3AKJIIOYEHUE

[lpoBeneHHoe 3KcreprMeHTabHOE UCCIIeAOBaHNE MOKa-
3a710, YTO MPU PEerIaHTauMu KOHEYHOCTH BO3HUKAET aCenTh-
yeckoe BoOCManeHue, B nponudepaTuBHOil $ase KOTOPOro
dopmupytotcst Gprbpo3Hble MydTbl BOKPYT BOCCOEAMHEHHBIX
COCYZIOB 1 HEPBOB, a Takke 04aroBblii GprOpPo3 Mexay ¢par-
MeHTaMM CLIMTbIX Mbliill. OnucaHHble MoOpQonoruyeckue
M3MeHEeHUs] KOPPeNUpYIOT C BbICOKOi aKkcrpeccueit TGF-B1
u HLA-DR. Mcnonb3oBanue npy AaHHO# onepaLuu AUCIepru-
poBaHHOro GroMarepuarna no3BoJsieT U3BMEHUTDb TeueHHe pa-
HeBOTO MpoLecca 3a CYeT akTUBALMKA MakpogaroBs MpoBOCNa-
JIUTENBHOTO (PEHOTHIIA, UTO MPOSIBIISIETCS 3HAUUTENbHO OoJtee
BbICOKOI 3kcnpeccueit TNF-a, xoppenupyroLeii ¢ HU3KO
skcnpeccueit TGF-B1 n HLA-DR. B atux ycnoBusix He pa3Bu-
BaeTcst $prOPO3 BOKPYT COCYAOB 1 HEPBOB M HAbI0AAEeTCs pe-
reHepauys MOBPeXJEHHbIX MbILIEYHbIX BOJIOKOH, O YeM CBU-
AeTenbcTByeT oOHapyskeHre MyoD*-M10CaTeUITOLUTOB.

Takum 06pa3oM, MpUMEHeHKe NPY PeriaHTaLi KOHEUHO-
cr AIB crioco6ctByeT MHrOMpoBaHuio Gpudpo3a u CTUMYJIs-
LMK NPOTEHUTOPHbIX MbIILIEYHbIX KJIETOK.

Jlumepamypa / References

1. Mattiassich G., Rittenschober F., Dorninger L. et al. Long-term outcome
following upper extremity replantation after major traumatic amputation.
BMC Musculoskelet Disord. 2017;18(1):77. DOI: 10.1186/s12891-017-1442-3.
2. Noh K., Hacquebord J.H. 50+ years of replantation surgery experience:
are we progressing or regressing? Plast Aesthet Res. 2020;7:50. DOL
10.20517/2347-9264,2020.49.

3. Sabapathy S.R., Chen J.T., Afifi AM. et al. Secondary Procedures
in Replantation. In: Salyapongse A., Poore S., Afifi A., Bentz M., eds.
Extremity Replantation. Boston: Springer; 2015:171-190. DOI: 10.1007/978-
1-4899-7516-4_14.

4. Wang C., Askari M., Zhang F. et al. Long-Term Outcomes of Arm
Replantation. Ann  Plast  Surg.  2020;84(3):151-157. DOL  10.1097/
SAP.0000000000002283.

5. Tunpmyrauuosa JLT., Mapunosa 3.111. ITpuMeHeHMe KOMIIZIEKCHOTO /ie-
YeHIA IPU TPaBMaX KOHEUHOCTEN, 0CTI0)KHEHHBIX IOBPEXXIeHIEM HePBOB.
Jlazepras meduyuna. 2007;11(2):7-13.

Gilmutdinova L.T., Sharipova E.Sh. Complex treatment of extremities'
traumas complicated by nerve damage. Laser Medicine. 2007;11(2):7-13
(in Russ.).

6. Mathieu L., Adam C., Legagneux J. et al. Reduction of neural scarring
after peripheral nerve suture: an experimental study about collagen
membrane and autologous vein wrapping. Chir Main. 2012;31(6):311-317.
DOI: 10.1016/j.main.2012.10.167.

7. Pereneparusnas mepuuusa. Alloplant®. Ilox pen. Mynpauresa 3.P.
Vipa; 2014.

Regenerative medicine. Alloplant®. Muldashev E.R., ed. Ufa; 2014 (in Russ.).
8. Jlebenesa AL, Tapees E.M., Adanacves C.A. u fgp. AJIOreHHbIII
buomarepran — wuHrHO6UTOp (uOpo3a B MUIEMMYECKN IOBPEXHEH-
HOM Muokappe. Meduyunckas ummynonoeus. 2023;25(2):301-308. DOL:
10.15789/10.15789/1563-0625-ABA-2359.

Lebedeva A.L, Gareev E.M., Afanasiev S.A. et al. Allogeneic biomaterial: a
fibrosis inhibitor in ischemic myocardial damage. Medical Immunology.
2023;25(2):301-308 (in Russ.). DOI: 10.15789/10.15789/1563-0625-ABA-2359.
9. Mynpames 3.P., Mycnumos C.A., Bankos B.A. u 1p. buomarepuan An-
JMOTITAHT A7 pereHepaTuBHol xupypruu. [Tarent RU2189257C1. Omy6i.
20.09.2002.

Muldashev E.R., Muslimov S.A., Vyalkov V.A. et al. Alloplant biomaterial
for regenerative surgery. Patent RU2189257C1. Publ. 09.20.2002.

10. Kohl B.A.,, Deutschman C.S. The inflammatory response to surgery
and trauma. Curr Opin Crit Care. 2006;12(4):325-332. DOI: 10.1097/01.
¢cx.0000235210.85073.fc.

11. Broughton G. 2nd, Janis J.E., Attinger C.E. The basic science of wound
healing. Plast Reconstr Surg. 2006;117(7):125-34S. DOI: 10.1097/01.
prs.0000225430.42531.c2.

12. Karsdal M.A., Nielsen S.H., Leeming D.J. et al. The good and the bad
collagens of fibrosis — Their role in signaling and organ function. Adv
Drug Deliv Rev. 2017;121:43-56. DOI: 10.1016/j.addr.2017.07.014.

13. Kim K.K., Sheppard D., Chapman H.A. TGF-f1 Signaling and Tissue
Fibrosis. Cold Spring Harb Perspect Biol. 2018;10(4):a022293. DOI: 10.1101/
cshperspect.a022293.

14. Walaszek 1., Zyluk A. Long term follow-up after finger replantation.
J Hand Surg Eur Vol. 2008;33(1):59-64. DOI: 10.1177/1753193407088499.
15. Rosberg H.E., Dahlin L.B., Carlsson LK. A qualitative study of the
long-term consequences and adaptation in daily life after replantation
surgery at a young age. Hand Ther. 2022;27(4):112-122. DOL
10.1177/17589983221118399.

16. Allen RE., Boxhorn LK. Inhibition of skeletal muscle satellite
cell differentiation by transforming growth factor-beta. J Cell Physiol.
1987;133:567-572. DOI: 10.1002/jcp.1041330319.

17. Li Y., Foster W., Deasy B.M. et al. Transforming growth factor-
betal induces the differentiation of myogenic cells into fibrotic cells in
injured skeletal muscle: a key event in muscle fibrogenesis. Am ] Pathol.
2004;164:1007-1019. DOI: 10.1016/50002-9440(10)63188-4.

18. Abraham D.J., Shiwen X., Black C.M. et al. Tumor necrosis factor alpha
suppresses the induction of connective tissue growth factor by transforming
growth factor-beta in normal and scleroderma fibroblasts. ] Biol Chem.
2000;275(20):15220-15225. DOI: 10.1074/jbc.275.20.15220.

19. Horiuchi T., Mitoma H., Harashima Sh. et al. Transmembrane
TNF-alpha: structure, function and interaction with anti-TNF agents.
Rheumatology. 2010;49(7):1215-1228. DOI: 10.1093/rheumatology/keq031.

PMX. MeauumnHckoe o603peHune. 1.8, N24, 2024 / Russian Medical Inquiry. Vol.8, N24, 2024

206




OpwuruHaAbHble ctatbu / Original Research
|

Xunpyprus / Surgery

20. McCarty S.M., Syed F., Bayat A. Influence of the human leukocyte
antigen complex on the development of cutaneous fibrosis: an
immunogenetic perspective. Acta Derm Venereol. 2010;90(6):563-574.
DOI: 10.2340/00015555-0975.

21. Jle6enesa A.J., Mycmumos C.A., Tapees E.M. u gp. Mopdonorndeckue
0c06eHHOCTI MaKpO(aros 1 X LUTOKNHOBOTO IPOQIIISL B pereHeparLimu
CKeJIeTHOI MBIIIeYHOI TKaH! IIPY I/IACTUKE a//IOTeHHBIM I'y0yaTsiM 610-
marepuanom. Lumoxunot u socnanenue. 2015;14(1):27-33.

Lebedeva A.L, Muslimov S.A., Gareev E.M. et al. Morphological
characteristics of macrophages and their cytokine profile in the regeneration
of skeletal muscular tissue in case of plasty with the spongiform biomaterial.
Cytokines and Inflammation. 2015;14(1):27-33 (in Russ.).

22. Smigiel K.S., Parks W.C. Macrophages, Wound Healing, and Fibrosis:
Recent Insights. Curr Rheumatol Rep. 2018;20(4):17. DOI: 10.1007/s11926-
018-0725-5.

23. Wang H., Melton DW., Porter L. et al. Altered macrophage
phenotype transition impairs skeletal muscle regeneration. Am J Pathol.
2014;184(4):1167-1184. DOI: 10.1016/j.ajpath.2013,12.020.

24. Qu F, Pintauro M.P,, Haughan J.E. et al. Repair of dense connective tis-
sues via biomaterial-mediated matrix reprogramming of the wound inter-
face. Biomaterials. 2015;39:85-94. DOI: 10.1016/j.biomaterials.2014.10.067.
25. Xu M., Su T, Jin X. et al. Inflammation-mediated matrix remodeling
of extracellular matrix-mimicking biomaterials in tissue engineering
and regenerative medicine. Acta Biomaterialia. 2022;151:106-117. DOIL:
10.1016/j.actbio.2022.08.015.

26. Battistelli C., Garbo S., Maione R. MyoD-induced trans-differentiation:
a paradigm for dissecting the molecular mechanisms of cell commitment,
differentiation and reprogramming. Cells. 2022;31;11(21):3435. DOI:
10.3390/cells11213435.

CBEJEHUS OB ABTOPAX:

MycnumoB Carut AcraxoBud — 0.M.H., 8e0ywjuli HayHblli co-
mpyoHuk MHcmumyma pyroamenmanvHoli meouyursl IOy
BO BI'MY Munzdpasa Poccuu; 450075, Poccus, 2. Y¢a, ya. Pu-
xapoa 3opee, 0. 67/1; ORCID iD 0000-0002-9076-0251.
Hoparumos Pycnan KaGupoBua — k.m.H., Ooyenm kageopsl
pakyrvmemckoi xupypeuu PrsOY BO BI'MY Mun3opasa
Poccuu; 450075, Poccus, 2. Ygpa, yn. Puxapoa 3opee, 0. 67/1;
epay-xupype, naacmuyeckuii xupype 00O «Macmepckas
kpacomwl +»; 450075, Poccus, e. Y¢pa, yn. Canasama, 0. 17;
ORCID iD 0009-0005-3518-0675.

Jlebenesa Auna WBanoBHa — 0.0.H., 3a8edyiowjas Hay4-
HO-uccie0osamenvckum omoenom mopgonozuu Bcepoc-
Culicko2o yeHmpa 2aa3HOU U NJACMUYecKol Xxupypauu
®Ir60Y BO BIMY MuHnzopasa Poccuu; 450075, Poccus,
2. Yepa, yn. Puxapoa 3opze, 0. 67/1; ORCID iD 0000-0002-
9170-2600.

KonrakTthas undopmanusi: Mycaumos Cazum Acxamosud,
e-mail: msagit@mail.ru.

[po3pauHoCcTb GPUHAHCOBOIT AeSATENBHOCTH: HUKMO U3 A8MO-
po6 He umeem QUHAHCOBOU 3AUHMEPECOBAHHOCMU 6 Npeo-
CMABNEHHbIX MAMEPUANAx Ul Memooax.

Kondnukr uarepecos omcymcmesyem.

CraTbs nocrynuna 27.02.2024.

Tlocmynuna nocne peuensuposanus 21.03.2024.

[punsTa B nevatsb 15.04.2024.

ABOUT THE AUTHORS:

Sagit A. Muslimov — Dr. Sc. (Med.), Leading Researcher at
the Institute of Fundamental Medicine, Bashkir State Medical
University; 67/1, Richard Sorge str., Ufa, 450075, Russian
Federation; ORCID iD 0000-0002-9076-0251.

Ruslan K. Ibragimov — C. Sc. (Med.), Associate Professor of
the Department of Surgery, Bashkir State Medical University;
67/1, Richard Sorge str., Ufa, 450075, Russian Federation;
surgeon, plastic surgeon, "Masterskaya Krasoty +" LLC; 17,
Salavat str., Ufa, 450075, Russian Federation;, ORCID iD
0009-0005-3518-0675.

Anna 1. Lebedeva — Dr. Sc. (Bio.), Head of the Research
Department of Morphology, All-Russian Center for Ocular
and Plastic Surgery, Bashkir State Medical University; 67/1,
Richard Sorge str., Ufa, 450075, Russian Federation; ORCID
iD 0000-0002-9170-2600.

Contact information: Sagit A. Muslimov, e-mail: msagit@
mail.ru.

Financial Disclosure: no authors have a financial or property
interest in any material or method mentioned.

There is no conflict of interest.

Received 27.02.2024.

Revised 21.03.2024.

Accepted 15.04.2024.

207/

PMX. MeauumnHckoe o603peHune. 1.8, N24, 2024 / Russian Medical Inquiry. Vol.8, N24, 2024




