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PE3IOME

OpnHOl U3 aKTyaJbHBIX 3a1a4 XUPYPIHH SBISETCS KOPPEKLUUS [UINTENBHO HE3aXHBAIOLINX, XPOHUYECKUX
pan. lloaTBepkaeHue 3¢Q(QEeKTUBHOCTH pa3pabaTbIBA€MbIX IPENapaToB M MEAWLIUHCKUX W3IEJINH
HEOOXOIUMO Ul MX BHEAPEHHS B MPAaKTH4eCKyro MeauiuHy. C 3Toi Lenbio pa3pabOoTaHO MHOKECTBO
MoJeleil paHeBOro Mpolecca Ha )KUBOTHBIX, B TOM YHCJIE HAa MEJIKHUX TPBI3yHAX, KOTOPBIE, OJJHAKO, UMEIOT
0COOEHHOCTH CTPOCHHSI KOXKM U pEreHepalud MITKMX TKaHed. B maHHOM 0030pe mpencTaBiieHBI
CPaBHUTEJbHbBIC XaPAKTEPUCTUKN OCHOBHBIX IKCIIEPUMEHTAIBHBIX MOJEIEH paH, BKIIOYasi XPOHUUYECKHUE,
a TaKk)Ke OMMCaHbl UX MPEUMYIIECTBA U HEIOCTATKH.

B skcnepuMeHTaIbHBIX UCCIIEAOBAHMUSX Yallle BCETO MCHOJb3YIOT MBIIIEH, KPbIC U KPOJIIMKOB B CBSI3U C HX
OTHOCUTENIFHO HEBBICOKOM CTOMMOCTBIO M JIOCTYIMHOCTBIO coaepkanusa. Hambonee pacmpocTpaHEHHBIM
BapHaHT MOJICIUPOBAHUS paH — (OPMUPOBAHUE IKCIM3UOHHOTO KOXKHOTO Aedekra (¢ MoaubHKausaMu
U 0e3) Ha CIHMHE Yy IPBI3YHOB. DTa MOJENb IMPOCTa B BBINOJHECHHH M JAET BO3MOXHOCTb YaCTHYHO
BOCIIPOM3BOIUTH Pa3IMYHbIC MATOJIOTHYECKUE cOCTOsiHUA. HecMoTps Ha TO, YTO HM OAHA U3 MOJENEH B
MIOJIHOM Mepe HEe BOCIPOM3BOIUT XPOHMUYECKHM MPOLECC 3aKMUBJICHUS PaH, MOJCIUPOBAHME HA MEJIKHX
IpbI3yHax (MBbIIIAX, KPbICaX) U KPOJIHMKAX OCTAETCS OCHOBHBIM METOJOM M3YUCHHs PEreHEPaLli U OL[CHKH
3¢ eKTUBHOCTH pa3pabaThbIBAEMOro JeYeHHs. DKCLU3HOHHbIE M HWHIM3MOHHBIE MOJEJIM PaH Ha CIIMHE
IPBI3YHOB IIMPOKO HCHOJNB3YIOTCS H3-32 IPOCTOTBI M BOCHPOM3BOAMMOCTU. OnIHAKO BaKHBIM
OrpaHUYEHHEM 3THX MOJENEH SBIsieTCs OBICTPOE 3aKUBJICHHE MYTEM KOHTPAKLUH, YTO HE XapaKTEPHO
U 4eroBeka. Moaenu XpOHWYECKHX paH (IIMHUPOBaHME, paHbl Ha XBOCTE MBIIIM MM yX€ KPOJIMKA,
THIEPIIIMKEMUST U Apyrue) Oojiee TOYHO BOCHPOM3BOAAT MPOLECC 3a)KMBJICHUS M NPUOIIDKAIOT €ro K
KJIMHAYECKUM CUTyalusiM. BbIOOp KOHKPETHOW MOJIETIH 3aBUCHUT OT LieJICH MCCIIEA0BaHNS U OCOOCHHOCTEH
BUJa JIa0OPAaTOPHBIX >KUBOTHBIX. KpoMme TOro, KOpOTKUI Meproj 3a’KUBJICHHUS 3a4acTYIO0 HE IO3BOJISET
oueHUTH 3¢ GeKTUBHOCTh Tepanuu. COBEPIICHCTBOBAHUE M YHU(HKALUS CYIIECTBYIOIINX MOAEIEH paH, a
TaKke pa3paboTKa HOBBIX JSKCHEPUMEHTAIBHBIX IOAXOJOB OCTAlOTCS BAKHBIMH 3ajadyamMH st
pereHepaTuBHON MEIUIIMHBI M XUPYPTUH.
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ABSTRACT

One of the urgent tasks of surgery is the correction of long-term non-healing, chronic wounds.
Confirmation of the effectiveness of the developed drugs and medical devices is necessary for their further
use in practical medicine. For this purpose, many models of wound processes in animals have been
developed, including small rodents, which have features of the skin structure and soft tissue regeneration.
Comparative characteristics of experimental animals and wound models, including chronic ones, with a
description of their advantages and disadvantages.

Mice, rats and rabbits are most often used in experiments due to their low cost and ease of maintenance.
The formation of an excisional skin defect, with or without modifications, on the back of rodents is most
common due to the ease of creation and the possibility of partially reproducing various pathological
conditions. However, none of the models fully corresponds to the chronic wound healing process.
Modeling wounds in small rodents (mice, rats, and rabbits) is the main method for studying regeneration
and evaluating the effectiveness of the treatment being developed. Excisional and incisional models on the
back of rodents are widely used due to their simplicity and reproducibility, but their limitation is rapid
healing by contraction, unlike in humans. Chronic wound models (splinting, mouse tail defects, rabbit ear
defects, hyperglycemia, and others) bring healing conditions closer to clinical situations. The choice of
model depends on the objectives of the study and the characteristics of the animals. The main problem is
the short healing time, which is insufficient for evaluating therapy. Improvement and unification of wound
models, development of new approaches remain important tasks for regenerative medicine and surgery.
Keywords: chronic wounds; animal models; skin defects.
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BBEAEHWUE

XpoHHUYECKHUE, JUIUTEIIEHO HE3)KUBAIONINE PaHbl, BKIIOYas TPOPUUSCKHE S3BBI, OOIIUPHBIC OXKOTH,
WU3MCHEHUS KOXH TPH CHHIPOME JIHUa0ETHYECKON CTOIBI W JpYyrue, IMPEACTaBISIFOT COOOW OIHY H3
CepbE3HBIX  MpoOJNeM  XUpYypruM U 31apaBooxpaHeHus.  COTJIaCHO  UMCHOIIMMCS  JaHHBIM
SMUJICMUOJIOTUYCCKUX HCCIICIOBAHUN, PaCIpPOCTPaHEHHOCTh XPOHUYECKUX paH cocTaBiseT 1-2 %
HaceneHuss Bo BcéM wmupe [1]. XpoHuwdeckue paHbl SIBISIOTCS MPUYMHOW JUIUTENBHOTO OOJIEBOTO
CUHJIpDOMA M MOTYT OCJOXHSATBCS cercucoM. [Ipu caxapHOM ama0eTe XpOHUYECKHE NS(EKThI KOXKU U
MSATKUX TKaHEW CTOI (CHHIPOM AMA0CTHUYSCKOM CTOIBI) HEPEAKO MPUBOIAT K HEOOXOAUMOCTH aMITyTallul
KOHe4YHOCTH. HecMOTpsi Ha OOJIBIIOE KOJMYECTBA MOIXOJIOB K TEPANICBTHYCCKOW KOPPEKIMH MOA00HBIX
paH y ManueHToB, pa3padoTka A3pGEKTUBHOTO JICUSHHUS MO-NPSKHEMY OCTaéTCs aKTyaabHOU 3amadet [2].
st MozienupoBaHus OCTPBIX U XPOHUYECKUX PAaH B YCIOBHSX SKCIICPHMEHTA Yallle BCErO HCIIOJIB3YIOT
MBIIIEH, KPBIC M KPOJIMKOB. MOXHO BBIICTUTh HECKOJBKO OCHOBHBIX NPHUHIUNHAILHO Pa3IUYHBIX
MOJIXO/IOB K (hOPMUPOBAHHIO IKCIIEPUMEHTANBHBIX PaH. 3KCIU3HOHHBIE (MCCEUCHHE yd4acTKa TKaHei) u
MPOJOJIbHBIE WHIU3UOHHBIC (pacCeUeHUEe TKaHEH) pa3pesbl, OKOTU, HWCIOJIh30BaHHE KIICHKUX JICHT
(TEHIoRB), BO3ACHCTBUE PEHTIEHOBCKOTO M3JIyueHUs. OCTaJIbHbIC BApUAHTHI SBJISIOTCS MOIUPUKAITUIMU
MIEPEYUCIICHHBIX OCHOBHBIX METOJIOB.

BblBOP BUAA JIABOPATOPHbBIX XKUBOTHbIX

Bb160p BH/Ia )KUBOTHBIX — BaXKHBIH ATall [UIAHUPOBAHUSI AKCIICPUMEHTA, KOTOPBIi JOJKEH OCHOBBIBATHCS
KaK Ha OOIIKX acleKTaX, BKIKYas aHaTOMO-(DU3HOIOrHIeCKue 0OCOOCHHOCTH KOHKPETHOTO BH/IA, TaK U Ha
HPAKTHYECKUX (aKTOpaX — CTOUMOCTb, JOCTYHHOCTb M YCIOBUS cojepkaHus. CTpOCHHE KOXH Y
IPHI3YHOB M KPOJIMKOB 3HAYMTEIBHO OTIMYACTCS OT ueloBeka (Tabn. 1): koxka TOHKash W IMOJBHXKHA
OTHOCHUTEIIPHO HIDKENEeKAIINX CIIOEB, HA TYJOBHIIE OTCYTCTBYIOT IOTOBBIC JKENIE3bl, a PAaHbI 3a)KHBAIOT
nyTéM KOHTPAKIMU Oyaromapsi HaJIMYMIO TMOAKOXKHOM MbImel (M. panniculus carnosus). Kpome Toro,
KOXa YKUBOTHBIX XapaKTEPU3YeTCsl BHICOKOW IUIOTHOCTBIO BOJIOCSHBIX (DOJUIMKYIIOB, @ HEKOTOPBIC BHJIBI
IPBI3YHOB CIHOCOOHBI K JHIOTCHHOMY CHHTe3y BuUTamuHa C, KOTOpBIH CIOCOOCTBYeT 0Opa30BaHHUIO
kosuareHa [3—6]. CpaBHHUTEIbHBIC XapaKTEPHUCTUKU HEKOTOPBIX BHIOB KCIICPUMEHTAJIBHBIX KHUBOTHBIX
MIPEJICTaBIEHBI B Ta0M. 1 m 2.

MOAENN OCTPbIX PAH

Jdns popmupoBaHUS KOXHBIX PaH HCIOJIB3YIOTCS Pa3IMYHBIE METOAMKH, OCHOBHBIE XapaKTEPUCTHUKU
KOTOPBIX CyMMHpOBaHbI B Ta0. 3. Hanbosnee 9acTo CpaBHUTENBHYIO TUHAMHKY 3)KUBJICHHS OIICHHBAIOT
Ha MOJINIM AKCIM3HOHHBIX PaH Ha CIOUHE Tpbi3yHOB [7—9]. OmyOnMKOBaHHBIE SKCIIEPUMEHTAIBHBIC
IPOTOKOJIBI OYCHb BapuaOeNIbHBl — Pa3IMYaOTCs pa3Mepbl paH W WX KOJMYECTBO, A TAKKE METOIIbI
ouenku 3axusienns [10, 11]. M3BecTHO, 4TO Ha CKOPOCTh 3aKUBJICHHS BIUSET (a3a [HKIa pPocTa BOJIOC,
IIOCKOJIBKY ~ PEreHepaTUBHBIE IPOIECCHl M  POCT BOJOC YAaCTUYHO PETYJIUPYIOTCS — OOLIMMHU
BHYTPHKICTOUHbIMKA curHanbHbiMu mnyTsimu — FGF  (fibroblast growth factor), VEGF (vascular
endothelial growth factor), TGF-B (transforming growth factor beta) [12]. B sroii cBsi3u HEKOTOpBIE
aBTOPbI PEKOMEH/IYIOT UCIIOIB30BaTh )KUBOTHBIX B (hase MO3AHEero karareHa uiu tenorena [13].

Jlpyroif momxon K CO3IAHUIO SKCIIEPUMEHTAJIBHBIX paH 3aKI0YaeTcsi B (POPMUPOBAHHU MPOJOIBHOTO
(MHIIM3MOHHOTO) KOXKHOTO pa3pe3a Ha CIIMHE JKUBOTHBIX C IIOMOINBIO OCTPBHIX HMHCTPYMEHTOB —
ckaipnenss wid HoxHun [14, 15]. Tlpouecc 3aXHBICHMSI TaKMX PaH MOXHO KJIAacCU(UIMPOBATh Ha
NEePBUYHBIA U BTOPUYHBIN, B 3aBHCUMOCTH OT cI0c00a 3akpbITus aedexra. [leppudnoe 3a)uBICHUE, IPU
CIIVBAHUM KpaéB paHBbI, TIO3BOJISICT OLIEHUBATH DIIUTEIN3AIMIO, TECTUPOBATh XUPYPIUIECKUE MaTepUalIbl
Y, B MEHBIIEH CTENIEHH — H3-32 OTPaHUYEHHOT0 00BbEMa MOBPEXAEHHON TKaHU — U3ydaTh MEXaHH3MBI
3aKUBJICHHSI. BTOpHYHOE 3a)XKMBJIEHHE BOCIIPOU3BOAUTCS B YCIOBHSIX, KOTJa paHa OCTA&TCsl OTKPBITOH, U
N03BOJISIET MCCIIEIOBATh pyOIieBaHKe, BKIFoUas (hOpMHUPOBaHUE THHIEPTpOopuIecKux pyouos [14].
O’KOroBBIE MOBPEKACHUS, HAHOCHMBIE C TIOMOIIBIO Pa30rpeThIX NPEAMETOB, TOpsYeil BOIBI H, PEXKe,
SIIEKTPUYECTBA, TaKXKe SBISIOTCS CHOco0OM (OPMHPOBAaHUS OCTPHIX paH. TepMHUYEecKHE TpaBMBI
NOJXOJAT JUIS OLIEHKHM 3MUTEIH3alnd, 00pa3oBaHUs IPaHyJIIIUOHHON TKaHW, HEOAHTHOTeHe3a U JIPYTHX
NPOLIECCOB pereHepany TKaHed. B 3aBHcHMOCTH OT menel SKCIEpUMEHTa W MPEIoIaraéMbIX CPOKOB
HaOJIIONeHNs, IUIOMIagb TEPMHUYECKOTO TMOPAKEHUS MOXET OBbITh pa3HOH, YTO TMO3BOJIAET IpH
HEOOXOIUMOCTH PACHIMPUTL BPEMEHHON HHTEpBaJ AJIs NeTeKIMU 3P QeKTa IKCIIepUMEHTaIbHBIX METOIOB
nedenus [16-19].
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Hcnonp3oBanue ajre3WBHBIX JIEHT s (OPMHPOBAHMS paH SBISETCS HAMMEHEe PaclpOoCTPaHEHHBIM
MOJIXOJIOM. DTa MOJIENb TPEANoaracT YacCTHIHOE MOBPEKIACHUE KOXKH, POTOBOTO CJIOS dIHIEPMHUCA, U
OPUCHTUPOBaHA HA H3YYCHHE TMPOIECCOB SIUTEIH3AlMU TMPH OCTPOH TpaBMe, a TaKkKe XOpOIIo
aJIanTUPOBaHa JUIs ONCHKH HapylIeHW# OaphepHOW (YHKIMH KOXHOTO MOKpoBa. OMHAKO YACTHYHOE
TPaBMUPOBAHHE SMUICPMHUCA HE MO3BOJISIET HMCCIICAOBATH TPOIECCH MOBPEKICHUS W pEreHepau mpu
Oonee TOyOOKMX KOXHBIX JedeKkTax, a OCOOCHHOCTH METO/Ja HAaHEeCEHUS TPaBMBl 3aTPYIHSIOT
crangapTuzanuio [9].

MOOENN XPOHUYECKUX PAH

B oTnmune oT OCTphIX paH, KOTOpBIE XapaKTEpU3YIOTCS CMEHAEMOCTBIO (a3 B MpOLEcCEe 3a’KUBICHUS
(koarymsuysi, BOCHAJCHUWE, MUrpalus-ponudepannss W PEMOJACIUPOBAHHE), a TaKKE HUMEIOT
OTHOCUTENIFHO TMIpeJicKa3yeMble BpPEMEHHBIE DPaMKH, XPOHHUYECKHE paHbl He OO0JIafaloT MOJ0OHBIMH
(azoBo-BpeMeHHBIMU XapakTepucTukamu [20]. 3ameaeHue 3a)KUBICHUSI XPOHUUECKHUX paH 00YCIIOBICHO
KaK JeHCTBHEM OTIENbHBIX (JaKTOPOB, TaK M MX COYETaHHBIM BiIusHHEM. K uumciy Takux (akTopos
OTHOCSITCSI TIOBPEXACHUSI KOMIIOHEHTOB MHUKPOLMPKYJSITOPHOIO pyclia M MHHEpBalMu (MU caXxapHOM
nuabere), IOKaIbHOE CABICHUE TKaHel (TIpH OTEKE) U EPCUCTHUPYIOIIEE CKOTUICHHE MMMYHHBIX KJICTOK.
OfHUM H3 OCHOBHBIX JIMMUTHPYIOMIUX (DaKTOPOB MpU MOAETHPOBAHUHN XPOHUYECKUX PaH Y TPHI3YHOB H
KPOJIMKOB SIBJSIETCSI UX CIOCOOHOCTh K OBICTPOMY 3aKMBIICHHIO. B 3TOW CBSI3HM, U MCKYCCTBEHHOTO
YBEITMUEHHUSI CPOKOB pereHepalry KOXH, HCCIEAOBAaTeI MOJACIUPYIOT YCJIOBHS, WMHTHUDPYIOIIUE
MATOJIOTUYECKHUE MPOIIECChI, XapaKTEPHBIE JIJIsl YeTIOBEKa.

Tak, TeXHWKa UIMHUPOBAHUS 3aKIIOYacTCs B MMIUIAHTAMM B Kpas paHbl INWH, 4Yalle BCEro
NPEACTABISIONINX CcOOOM CHIMKOHOBBIE KOJbLA, KOTOpble (U3UYECKH OTPaHUYMBAIOT COKpaIleHUE
MOJAKOXKHOM MbIIIIbl. Takod NOAXOJ CMEMIAET MPOUECC 3AKHUBJICHUS C KOHTPAKLHMH B CTOPOHY
(bopMHUpOBaHUsI TPaHYJISIIMOHHON U SMIUTENNAIbHON TKaHU, TEM CaAMbIM YBETUUMBAs TPOIOIDKUTENTLHOCTD
perenepanuu koxu [21-23]. OtnenbHO ciieayeT BBIACTUTh OIX0, U3BecTHbBIN Kak «skin fold chambery.
B sToM cnywae ¢dopmupoBaHHE KOXHOTO Je(eKTa MPOM3BOAMTCS 32 CUET aNlUTMKAIlMKd YCTPOWCTBA,
32)KMMAIOIIETO KOXKHBIM JIOCKYT ¥ HM3HA4YaJbHO OPHUEHTUPOBAHO HAa HM3YYCHHWE MUKPOLUUPKYISTOPHOTO
pycna invivo, a He Ha OLEHKY JAWHAMHUKH pereHepaimu. OJHAKO 3Ta MOJEIb TaKkKe MO3BOJSET
BU3YaJIU3MPOBATh MEJIKKE COCY/IbI B MIPOIIECCE IEPBUYHOTO M BTOPUYHOTO 3a)KUBJICHUS paH [24, 25].
OnwucaHHble BBIIIE MOJCTH OCTPOM TpaBMBI, JOMOJHEHHBIE HEKOTOPHIMH (pakTopamu, MOTYT B
ompeieIEHHON CTENeHH BOCTIPOU3BOJAUTH MATOJIOTHUECKUE TMPOLECCHI, XapaKTepHbIE IJIsi pereHepaluu
XpoHHUYEeCKUX paH. OMHUM U3 TaKuX (HAKTOPOB SIBISICTCS] MHAYKIMS runepriunkemun [26—29]. JKuBoTHbIx
C caxapHbIM JIUabeTOM TONy4aroT ¢ MOMOIIbI0 XUMHYECKOTO WM XHUPYpPTUYECKOr0 BMENIATENbCTBA, a
TaKXke MyTEM BBEIEHHsI CHEeNMaIbHON JueThl. KpoMme TOoro, CyliecTBYIOT TPaHCT€HHBbIE JIMHUW MBIIICH,
takre kak db/db (cmonTanubiii nuabGer 2 tuma) u Ob/ob (oxwupenue) [30]. BBenenue Xumudeckux
BEIIECTB, TAKUX KaK CTPENTO30TOLUH MU aJUIOKCAaH, UCIOIb3YeTCs KaK OBICTPBIA M JOCTYNHBIH METOA
MOJICIIMPOBAHUSl THIEPIIIMKEMHUH, OJHAKO OH HE OTpPaKaeT eCTECTBEHHOE TeueHHe 3a00JIeBaHUsI.
TpaHCTeHHbIE JIMHUM >KUBOTHBIX JIMIIEHBI 3THX HEJIOCTATKOB, HO HMX HCIOJNB30BaHHE CYIIECTBEHHO
MOBBINIAET CTOUMOCTD UCCIIEIOBAHUSI.

OrpaHuveHusi, CBSI3aHHbIE C TNPUMEHEHHEM MOJICNIM CcaxapHOro jauabeTa W TPAHCTEHHBIX JIMHUM
JKUBOTHBIX, 00YCIIOBHIIM HEOOXOJUMOCTh Pa3pabOTKH HOBBIX ITOAXOJOB JUIsl CO3/IaHMsI KOXKHBIX Je(eKTOB
C JIIUTEIBHBIM CPOKOM 3axxuBiieHHA. OJHOW M3 TaKUX pa3paboOTOK CTaja MOJENb PaHeBOro Jaedekra Ha
xBocTe Mblmu [31]. DkcrusuoHHbI pa3pe3 pasmepoMm 0,5x1,0 cM  BbINONIHAETCS Ha JOPCATbHOU
noBepxHocTH xBocta Ha 0,5-1,0 cM mucranbHee TyjnoBUINA. B OTIMYME OT 3KCIM3MOHHBIX Je(EKTOB
CTaHJAPTHOTO pa3Mepa Ha KOXKe CITMHBI MBI U KpbIC, IaHHAS MOJIeNb 3aKUBacT B Teuenue 18-25 nuei,
YTO O0ECIeYnBACT JOCTATOYHO NPOJMOJDKUTENBHBIN TMEepHON JJisi HMCCIEJOBaHUs TepaneBTHYCCKOTO
a¢dexTa JekapcTBeHHbIX cpeicTB. CxoHass METOIMKA MpejnonaraeT GopMupoBanue nedeKTa Ha CTore
rpeizyHOB [32, 33]. TIpsMOyrojbHBIE paHBI pPa3MEpPOM MPHUMEPHO 2X5 MM CO3JAlOTCS Ha 3ajJHEH
KOHEYHOCTH KpBIC C IIeJbI0 HW3y4YeHHs BOCHAIICHWS, KOHTPAaKIMU W SIUTeIH3anud. B 1mojo0HbIe
UCCIIEIOBAHUSI MOTYT OBITh BKIIFOUEHBI )KHBOTHBIC C HHIYIIUPOBAHHBIM CaXapHBIM JHA0CTOM.

B cuiny ocobeHHOCTEl cTpoeHHs KOKH (IUNTIOTHOE COSJMHEHHE C XPAIIOM) paHbl HA YIIHOH pPakOBHHE
KPOJIMKOB MPEUMYIIECTBEHHO 3)KUBAIOT IMyTEM JMUTENU3AIMYA U 00pa30BaHUs TPAHYISIIMOHHON TKaHH,
YTO COOTBETCTBYET MO3AHUM (pa3am pereHepariuu paH y desioBeka [34, 35]. JlononHUTENbHBIC YCIOBHS,
HETaTHBHO BJIHSIONINE Ha BOCCTAHOBICHHE IIEJIOCTHOCTH KOXH B OTOM MOJENH, BKJIHOYAIOT
THIIEPTIMKEMHIO, & TAKKE UIIEMHIO U JICHEPBAIIUIO TT0CTIe IEPECEUSHUs COCYTUCTO-HEPBHBIX My4KOB [36].
XuMmuuecKas WM XUpyprudeckas JIeHepBalusl JPYrUX Y4YacTKOB KOXKHBIX TIOKPOBOB MOXET OBIThH
UCIIOJIb30BaHa JUTS U3YYCHHs POJIM HEPBHOM CHCTEMBI B perenepanuu koxu [37—40].
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[Ipucoenuuenne MHPEKIHOHHOTO TPOIECCa K HApYIICHHOMY 3aKHBIICHHS Ie()EKTOB KOKH y UYeIOBEKa
TpebyeT pa3padOTKH HOBBIX METOJIOB JICUCHHUS M CO3JaHUS MOJIENICH Ha )KUBOTHBIX JJISI HX TECTUPOBAHHS.
Jns mMonmenupoBaHUs WHOUIMPOBAHHBIX paH HCCIEAOBATENN HCHOJNB3YIOT Pa3IM4YHBIE BUABI OCTPHIX
HOBPEIK/ICHUI B COYCTAHUH C MATOTCHHBIMA MHUKPOOPTaHU3MaMH M WHOPOAHBIMHU TpeaMeramu [41-43].
Ha pany, chopmupoBaHHy!0 Ha JOpCajJbHON WM BEHTPAIBHOH IMMOBEPXHOCTH TYJIOBHUINA YXHBOTHOTO,
HAHOCHUTCS B3BECh IMATOTeHHBIX MuKpoopranusmor (S.aureus, P.aeruginosa, C. albicans u apyrux),
BBI3BIBAIOIINX PAa3BUTHE MH(EKIIMOHHOTO, YaCTO THOMHOTO, TIporiecca. JTa MOJEIb ITO3BOJISET OLICHUBATh
(bapMakoIMHAMHUKY METUIIMHCKHUX U3/IEIHH 1 JICKAPCTBEHHBIX CPE/ICTB C aHTUMHUKPOOHBIM JICHCTBHEM.
JlyueBass Tepamus, MpUMEHseMasl MPH JICYCHUH OHKOJOTHYECKHX 3a00JICBAHUM, MOXKET OCIOXKHSITHCS
HNOBPEXICHUSIMA  KOXKH, IIPOIECCHl pereHepalmuy B KOTOPBIX CYIIECTBEHHO 3aMEUICHBL. JTO
00CTOATENBCTBO 00YCIIOBIIIO HEOOXOIUMOCTD CO3JAaHUS MOJICNH JIy4EBBIX IOBPEKACHUN Ha )KUBOTHBIX,
KOTOpasi UCTIONB3YeTCsl KaK Ul M3YYEHHs OCIOKHEHHWH JIydeBOil Tepamuu, Tak W s (GopMHpoBaHUS
XpoHH4YecknX paH B menoMm. Co3maHue KOKHOTO JedeKTa MPOUCXOIUT MyTEM OOJNydEeHHUsS KOXKHOTO
MOKpPOBA Ha CIHMHE WM KOHEYHOCTSX TPBI3YHOB B PA3IMYHBIX 033X C IOCIEAYIOIINM HCCEYCHHEM
KOYKHOTO JIOCKyTa B 00ayu€HHOW obnactu [44—47]. TlpuMeHeHHE BBICOKUX JI03 H3JTyYCHHUS MO3BOJISIET
MOOWTBCST OTCPOUEHHOTO 3aKMBIIEHHS, OJHAKO caM TMOAXOA TpeOdyeT HaBBIKOB paboTBl  co
CIIEeIHATN3NPOBAHHBIM 000OpPYJOBAaHHEM M SKPAaHHPOBAHUS OCTAJIBHBIX YYacTKOB Tejla >KUBOTHBIX IS
NpEeTOTBPAIICHHS BBICOKOH JIETAIEHOCTH.

Co3nmanne Mozenu «MEPTBOTO IMPOCTPAHCTBA» 3aKJIIOYACTCS B TOAKOXKHOH WIM BHYTPUMBIIICYHON
UMIUTAaHTAI[MH HHOPOIHBIX IPEIMETOB, HAIIPUMED, MOIHUIIPONMICHOBBIX TPYOOK, ¢ IeIbi0 (opMHUpOBaHUS
HOJIOCTH, CXOMHOH C TOH, YTO BO3HHMKAET Yy YeJOBEKa ITOCIE SKCIM3UU MITKHX TKaHEH M YIIUBaHUS
MOCIIEONIePaIMOHHOTO AedekTa. Mojens 0OBIYHO BEITIONHIETCS Ha KPOJIMKaX, OHa yA00Ha 1 3P peKTHBHA
JUIS OLICHKHM pEakIMii Ha MMIUIAHTAaThl, NMpeAHa3HAYEeHHbIC JUII KOPPEKIUH JaHHOTO COCTOSHHSA. JTOT
HOAXOJ T03BOJSIET (POPMUPOBATH HECKOIBKO «MEPTBBIX IPOCTPAHCTBY» Y OJHOTO XHBOTHOTO, pa3Mepbl
nedexra pereBaHTHBI KIMHUYECKUM CITydasM, a JIs (PUKCaluy pe3yIbTaTOB IOAXOMAAT JIFOOBIE METOJBI,
BKJTFOUAst JTaOOpaTOpHbIC M HHCTPYMEHTAIbHbBIE UccienoBanus [48].

BoccTanoBieHne KpOBOTOKA ITOCJIE HIIEMHH, BBI3BAHHOW JUIMTEIHHBIM CHABICHHEM, MMEET CXOJCTBO C
MATOJIOTHIECKAMHU TPOIECCaMU, TTPOUCXOMAIINME TpU TponexHsx [49]. MMioianTanys MarHUTOB O
KOXKY C MEPHOJANYECKIM €€ CIaBICHHEM BTOPBHIM MAarHUTOM ITO3BOJIICT HIMHUTHUPOBATH MOJIO00HBIE YCIOBHUS
[50]. dannast mMozenp ObLTa YCIENIHO BOCHPOU3BEICHA HAa MbIMAX W Kpbicax. ClaBieHHE MarHHUTaMU
NPUBOAN K 3HAYUTEIHHOMY CHIDKCHHIO KPOBOCHAOKECHHSI Y4acTKa KOXKH, YMEHBIICHHIO KOJIMYECTBA
Tpohrueckux (GakTOPOB W YBETHYEHHIO 00bEMa dSKccynarta. boimee TOro, B 3aBHCHMOCTH OT Ielei
IKCIIEPUMEHTA CTETIeHb MOBPEX/CHUSI MOKHO BapbHPOBATh, N3MEHSS MTPOIOJDKUTEILHOCTD CABICHUS, a
TaKkKe YUCIO IUKIOB wumemun/penepdysun [51-53]. [lnurenpHOe chaBieHHWe KOXHOW CKIAAKH 0e3
MHBA3UH MarHUTOB TaKXKe CIIOCOOHO BBI3BIBATH HIIEMUYECKHE SI3BBI.

3AKITIOYEHUE

B HacTosiiee BpeMsi B JIMTEpaType OMHCAHO OONBIIOE KOJNMYECTBO MOJXOJIOB K MOJICITHUPOBAHUIO PaH Y
JKMBOTHBIX, KOTOpPBLIC B TOM WM WHOM CTEIEeHH BOCITPOU3BOJAT IATOJIOTMYCCKUEC TIPOICCCHI,
HabromaeMele y denoBeka [54]. Yarie Bcero B MOAOOHBIX HCCIEIOBAHUAX MCIIONB3YIOT MBIIIEH, KPBIC
KPOJIMKOB I1I0 HNPHUYUHE HUX OTHOCUTCIBHO HU3KOM CTOMMOCTH U JOCTYIIHOCTU COJCpIKaHUA. CaMbIM
pacrpocTpaHEHHBIM METOAOM SIBJISIETCS (DOPMUPOBAHUE IKCIIM3HOHHOTO KOXKHOTO JIe)eKTa Ha CIIUHE Yy
TPBI3YHOB, 3a CYET XOPOIIEH BOCIPOWU3BOJMMOCTH M TPOCTOTHI BHITIONHEHUs. Kpome ompenenéHHBIX
OCOOCHHOCTEH CTPOCHMSI KOXKH Y TPhI3YHOB, IIPU BEIOOPE MOJIEIH CIICYET YUYUTHIBATH 1SN UCCIISIOBAHUS
1 BO3MOXXHOCTH CO31aHUA yc.HOBPIfI, MaKCHUMAaJIBbHO HpI/I6J'II/I)KeHHBIX K KJIMHUYECKON CUTyaluu. OCHOBHBIM
JUMHUTHPYIOIUM (DaKTOPOB BCEX OIMUCAHHBIX MOJIENICH OCTaéTCs CPOK 3a)KMBJICHHS KOXKHBIX Je()EeKTOB:
BO-TIEPBBIX, OH HE COMOCTABHM C PEATbHBIMU CPOKAMH BOCCTAHOBIICHHSI [IEIOCTHOCTH KOXKH Y YellOBEKa, a
BO-BTOPBIX, YaCTO OKa3bIBACTCAd HEAOCTATOYHBIM [JId OILCHKHU q)apMaKOJ];I/IHaMI/IKI/I HCCIICAYEMBIX
mpenaparoB. B cBs3m ¢ 3THM OBIIM  pa3paboTaHBl W BaJIMAMPOBAHBI TIOIXOJBI, ITO3BOJISIOIIHE
MOACIIUPOBATE XPOHUYCCKUC paHbl, BKIIFOYAasA SKCIIU3UOHHBIC KOKHBIC l];e(beKTBI Ha XBOCTE€ MbIIIN WJINX Ha
YIHHOI>'I PaKOBHUHE KPOJIMKA, a TAKKE HUCIIOJIb30BAHUC TPAHCTCHHBIX JIMHUH KMBOTHBIX, HAIIPUMED MBIIIEN C
caxapHbIM auabetom [55].

BbIBOAbI

I/IMCIOH_[I/IGCH PaHCBBIC MOJCIN HC B IIOJIHOH MEpPEC BOCIIPOU3ZBOIAAT 38.60J'ICBaHI/I$I, BCTpPCHANOIUECCA B
MC}II/IL{I/IHCKOﬁ MPAKTHUKC W XaPAKTCPUIYIOLIUCCA IUTCIbHBIM XPOHHUYCCKHUM TCUCHUCM 3a’KUBJICHUA
KOXXHBIX ,I[e(i)eKTOB. OHH NMHUIIb YaCTUIHO OTpaXxaroT HaTOq)I/I3I/IOJ'IOFI/I"ICCKI/Ie IponcCChl, MPOTCKAOIINEC Y
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YeJioBeKa IpY caxapHOM Jauadere, XpOHMYECKOW WIIEeMHUH KOHEYHOCTEH, JTy4eBOM MOPaKEHUU U APYTUX.
Bonee Toro, pe3ymbTaThl MpPUMEHEHHUS OJHUX M TEX >X€ MOZENeHl pa3HBIMH HCCIEIOBATEISIMH 4YacTo
OKa3bIBAIOTCS HEOTHOPOTHBIMU M HE MOTYT OBITh BOCTIPOM3BeNEHBl. HecMOTpsT Ha aKTHBHYIO pa3padOTKy
HOBBIX CPEJCTB TEpaluyd paH, B TOM YHCIIE HAMpPaBIEHHBIX HAa KOPPEKIHI0O XPOHUYECKOTO MpOIiecca,
ocTaéTcsi aKTyanbHOW 3a/lava CO3[aHWs, BaTUAANMA W BHEAPEHUS YHU(UIIMPOBAHHBIX MPOTOKOIOB
MOJICTIMPOBAHHS OCTPBIX M XPOHHYECKHX paH. Takwe MpOTOKONBI JOJDKHBI 00ecrednBaTh BBICOKYIO
BOCTIPOM3BOJIMMOCTh M MaKCHMaJIbHOE COOTBETCTBHE IMATOJOTHYECKHM IIpoIleccaM, XapaKTePHBIM s
KOHKPETHBIX KIMHIHYECKUX CUTYaIHH.

AOMNOJNIHUTENIbHAA NHOOPMALIUA

Bruag aBropos. E.Jl. KonbuioB — 0030p IuTeparypsl, aHadu3 U CUCTEMATH3allsl JaHHBIX, HAIIHCAaHUE
Tekcta crarbu; E.B. IlpecHskoB — aHanu3 myOnuKanuii, peleH3UpOBaHUE M PEJAKTHPOBAHUE CTaTbU;
M.B. Toarckuii — cbop W aHamu3 JIUTEpaTypbl, peaaktupoBanue Tekcta; A.H. AnapeeBa — cOop u
aHalM3 JIMTEpaTypHBIX HCTOYHWUKOB, HamucaHue Tekcra crath; H.A. ComoB — cOop u anHanmms
JUTEPaTyphl, peAakTUpOBaHUE cTaThH, (opmarupoBanue; M.B. PeBkoBa — pemakTHpoBaHHE CTaTbH,
(dhopMaTHpoBaHUe, MOArOTOBKA cTaThu K myoOnukaiuu; M.51. Bo3o — 0030p pa0oThl, BHECEHUE MPABOK,
MOJATOTOBKA K myOnukaiuu. Bce aBTOphl 000pWiIM PYKOMHUCH (BEPCUIO JIs IMyOJNMKalMM), a TaKKe
COTJIACHJTUCH HECTH OTBETCTBEHHOCTbH 32 BCE aCMEKTHI pabOThI, TapaHTHPYs HalIekKallee pacCMOTPEHUE U
peleHne BOIIPOCOB, CBA3aHHBIX C TOYHOCTBIO M JOOPOCOBECTHOCTHIO JTI000M €€ YacTH.

Hcrounuku puHaHcupoBanusi. ABTOpPHI 3asBIISIIOT 00 OTCYTCTBUHM BHEUIHETO (pMHAHCHPOBaHHA TNPH
IIPOBEICHUH UCCIIEOBAHHUS.

PackpbiTHe HHTEpPecOB. ABTOPHI 3asBISIOT 00 OTCYTCTBUU OTHOIICHH, AEATEILHOCTH U UHTEPECOB 3a
MIOCJIeTHHUE TPH TOJ1a, CBA3aHHBIX C TPETHUMH JIMIAMHU (KOMMEPYECKUMH H HEKOMMEPYECKUMH ), HHTEPECHI
KOTOPBIX MOTYT OBITh 3aTPOHYTHI COICPKAHUEM CTAThH.

ADDITIONAL INFO

Author contributions: E.D. Kopylov — literature review, data analysis and systematization, writing the
article; E.V. Presnyakov — publication analysis, reviewing and editing the article; M.V.Tolgsky —
collection and analysis of literature, text editing; A.N. Andreeva — collection and analysis of literature
sources, writing the article; N.A. Somov — collection and analysis of literature, article editing, formatting;
M.V. Revkova — article editing, formatting, preparing the article for publication; I.Ya. Bozo — general
review of the work, making edits, preparing the work for publication. All authors have approved the
manuscript (the version to be published) and have agreed to be accountable for all aspects of the work to
ensure that issues relating to the accuracy or integrity of any part of the work are appropriately
investigated and resolved.

Funding sources: This study was not supported by any external sources of funding.

Disclosure of interests: The authors have no relationships, activities or interests for the last three years
related with for-profit or not-for-profit third parties whose interests may be affected by the content of the
article.

CNMUCOK JINTEPATYPbI | REFERENCES

1. Martinengo L, Olsson M, Bajpai R, et al. Prevalence of chronic wounds in the general population: systematic review and
meta-analysis of observational studies. Ann Epidemiol. 2019;29:8-15. doi: 10.1016/j.annepidem.2018.10.005
EDN: OEYDZX

2. Kathawala MH, Ng WL, Liu D, et al. Healing of Chronic Wounds: An Update of Recent Developments and Future
Possibilities. Tissue Eng Part B Rev. 2019;25(5):429-444. doi: 10.1089/ten. TEB.2019.0019

3. Grada A, Mervis J, Falanga V. Research techniques made simple: Animal models of wound healing. J Invest Dermatol.
2018;138(10):2095-2105.¢1. doi: 10.1016/j.jid.2018.08.005

4. Mustoe TA, O'Shaughnessy K, Kloeters O. Chronic wound pathogenesis and current treatment strategies: a unifying
hypothesis. Plast Reconstr Surg. 2006;117(7 Suppl):355-41S. doi: 10.1097/01.prs.0000225431.63010.1b

5. Wang X, Ge J, Tredget EE, Wu Y. The mouse excisional wound splinting model, including applications for stem cell
transplantation. Nat Protoc. 2013;8(2):302-309. doi: 10.1038/nprot.2013.002

6. Choudhary V, Choudhary M, Bollag WB. Exploring skin wound healing models and the impact of natural lipids on the
healing process. Int J Mol Sci. 2024;25(7):3790. doi: 10.3390/ijms25073790 EDN: VSLJSZ

7. Rhea L, Dunnwald M. Murine Excisional Wound Healing Model and Histological Morphometric Wound Analysis. J Vis
Exp. 2020;(162):10.3791/61616. doi: 10.3791/61616 EDN: WTKIEH


https://elibrary.ru/oeydzx
https://elibrary.ru/vsljsz
https://elibrary.ru/wtkieh

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Mopdoorus / Morphology
Hayunsie 0630ps1 / Scientific reviews
DOI: https://doi.org/10.17816/morph.646869

Cogan NG, Mellers AP, Patel BN, et al. A mathematical model for the determination of mouse excisional wound healing
parameters from photographic data. Wound Repair Regen. 2018;26(2):136-143. doi: 10.1111/wrr.12634

Sami DG, Heiba HH, Abdellatif A. Wound healing models: A systematic review of animal and non-animal models. Wound
Medicine. 2019;24(1):8-17. doi: 10.1016/j.wndm.2018.12.001

Lou D, Luo Y, Pang Q, et al. Gene-activated dermal equivalents to accelerate healing of diabetic chronic wounds by
regulating inflammation and promoting angiogenesis. Bioact Mater. 2020;5(3):667-679.
doi: 10.1016/j.bioactmat.2020.04.018 EDN: HNHUCN

Cogan NG, Mellers AP, Patel BN, et al. A mathematical model for the determination of mouse excisional wound healing
parameters from photographic data. Wound Repair Regen. 2018;26(2):136-143. doi: 10.1111/wrr.12634

Shestakova VG. Stimulated angiogenesis and its role in reparative skin regeneration. Journal of Anatomy and
Histopathology. 2018;7(3):117-124. (In Russ.) doi: 10.18499/2225-7357-2018-7-3-117-124 EDN: VCIVFR

Ansell DM, Kloepper JE, Thomason HA, et al. Exploring the "hair growth-wound healing connection™: anagen phase
promotes wound re-epithelialization. J Invest Dermatol. 2011;131(2):518-528. doi: 10.1038/jid.2010.291 EDN: OASNWH

Ansell DM, Campbell L, Thomason HA, et al. A statistical analysis of murine incisional and excisional acute wound
models. Wound Repair Regen. 2014;22(2):281-287. doi: 10.1111/wrr.12148

Gamelli RL, He LK. Incisional wound healing. Model and analysis of wound breaking strength. Methods Mol Med.
2003;78:37-54. doi: 10.1385/1-59259-332-1:037

Blaise O, Duchesne C, Banzet S, et al. A murine model of a burn wound reconstructed with an allogeneic skin graft. J Vis
Exp. 2020;(162):10.3791/61339. doi: 10.3791/61339 EDN: CXPOMY

Calum H, Heiby N, Moser C. Burn mouse models. Methods Mol Biol. 2014;1149:793-802. doi: 10.1007/978-1-4939-0473-
0_60

Blaise O, Duchesne C, Banzet S, et al. A murine model of a burn wound reconstructed with an allogeneic skin graft. J Vis
Exp. 2020;(162):10.3791/61339. doi: 10.3791/61339 EDN: CXPOMY

Ulkiir E, Onciil O, Karagéz H, et al. Comparison of silver-coated dressing (Acticoat), chlorhexidine acetate 0.5%
(Bactigrass), and silver sulfadiazine 1% (Silverdin) for topical antibacterial effect in Pseudomonas aeruginosa-
contaminated, full-skin  thickness burn wounds in rats. JBurn Care Rehabil. 2005;26(5):430-433.
doi: 10.1097/01.bcr.0000176879.27535.09

Anichkov NN, Volkova KG, Garshin VG. Morphology of wound healing. Moscow: Medgiz; 1951. (In Russ.)

Wang X, Ge J, Tredget EE, Wu Y. The mouse excisional wound splinting model, including applications for stem cell
transplantation. Nat Protoc. 2013;8(2):302-309. doi: 10.1038/nprot.2013.002

Arkhipova AY, Kulikov DA, Moisenovich AM, et al. Fibroin-Gelatin composite stimulates the regeneration of a splinted
Full-Thickness skin wound in mice. Bull Exp Biol Med. 2019;168(1):95-98. doi: 10.1007/s10517-019-04656-0
EDN: TVCUVJ

Park SA, Teixeira LB, Raghunathan VK, et al. Full-thickness splinted skin wound healing models in db/db and
heterozygous mice: implications for wound healing impairment. Wound Repair Regen. 2014;22(3):368-380.
doi: 10.1111/wrr.12172

Laschke MW, Menger MD. The dorsal skinfold chamber: A versatile tool for preclinical research in tissue engineering and
regenerative medicine. Eur Cell Mater. 2016;32:202-215. doi: 10.22203/eCM.v032a13

Grambow E, Sorg H, Sorg CGG, Striider D. Experimental models to study skin wound healing with a focus on
angiogenesis. Med Sci (Basel). 2021;9(3):55. doi: 10.3390/medsci9030055 EDN: ESFBYU

Furman BL. Streptozotocin-induced diabetic models in mice and rats. Curr Protoc. 2021;1(4):e78. doi: 10.1002/cpz1.78
EDN: ZEUGEE

Kottaisamy CPD, Raj DS, Prasanth Kumar V, Sankaran U. Experimental animal models for diabetes and its related
complications-a review. Lab Anim Res. 2021;37(1):23. doi: 10.1186/s42826-021-00101-4 EDN: KUPVAF

Campos LF, Tagliari E, Casagrande TAC, et al. Effects of probiotics supplementation on skin wound healing in diabetic
rats. Arq Bras Cir Dig. 2020;33(1):e1498. doi: 10.1590/0102-672020190001e1498 EDN: BXFJVX

Nayaka SS, Krishna V, Narayana J, et al Diabetic wound healing activity of Elaesagnus conferta Roxb. leaf ethanol extract.
Res J Biotech. 2023;18(11):154-164. doi: 10.25303/1811rjbt01540164 EDN: QCFQGA

Michaels J 5th, Churgin SS, Blechman KM, et al. db/db mice exhibit severe wound-healing impairments compared with
other murine diabetic strains in a silicone-splinted excisional wound model. Wound Repair Regen. 2007;15(5):665-670.
doi: 10.1111/j.1524-475X.2007.00273.x

Falanga V, Schrayer D, Cha J, et al. Full-thickness wounding of the mouse tail as a model for delayed wound healing:
accelerated wound closure in Smad3 knock-out mice. Wound Repair Regen. 2004;12(3):320-326. doi: 10.1111/j.1067-
1927.2004.012316.x EDN: FPBHQP

Du Y, Wang J, Fan W, et al. Preclinical study of diabetic foot ulcers: From pathogenesis to vivo/vitro models and clinical
therapeutic transformation. Int Wound J. 2023;20(10):4394-4409. doi:10.1111/iwj.14311

Yu CO, Leung KS, Fung KP, et al. The characterization of a full-thickness excision open foot wound model in n5-
streptozotocin (STZ)-induced type 2 diabetic rats that mimics diabetic foot ulcer in terms of reduced blood circulation,
higher C-reactive protein, elevated inflammation, and reduced cell proliferation. Exp Anim. 2017;66(3):259-2609.



https://elibrary.ru/hnhucn
https://doi.org/10.18499/2225-7357-2018-7-3-117-124
https://elibrary.ru/vcjvfr
https://elibrary.ru/oasnwh
https://elibrary.ru/cxpomy
https://elibrary.ru/cxpomy
https://elibrary.ru/tvcuvj
https://elibrary.ru/zeugee
https://elibrary.ru/kupvaf
https://elibrary.ru/bxfjvx
https://elibrary.ru/qcfqga
https://elibrary.ru/fpbhqp

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Mopdoorus / Morphology
Hayunsie 0630ps1 / Scientific reviews
DOI: https://doi.org/10.17816/morph.646869

doi: 10.1538/expanim.17-0016

Chang L, Xu Y, Wu Z, et al. Hyaluronic acid methacrylate/laponite hydrogel loaded with BMP4 and maintaining its
bioactivity for scar-free  wound healing. Regen Biomater. 2023;10:rbad023. Published 2023 Mar 22.
doi:10.1093/rb/rbad023

Hu CH, Tseng YW, Chiou CY, et al. Bone marrow concentrate-induced mesenchymal stem cell conditioned medium
facilitates wound healing and prevents hypertrophic scar formation in a rabbit ear model. Stem Cell Res Ther.
2019;10(1):275. doi: 10.1186/s13287-019-1383-x EDN: CXWTQV

Alapure BV, Lu Y, Peng H, Hong S. Surgical denervation of specific cutaneous nerves impedes excisional wound healing
of small animal ear pinnae. Mol Neurobiol. 2018;55(2):1236-1243. doi: 10.1007/s12035-017-0390-0 EDN: LPHUCL

Trujillo AN, Kesl SL, Sherwood J, et al. Demonstration of the rat ischemic skin wound model. JVis Exp.
2015;(98):52637. doi: 10.3791/52637

Lovasova V, Bem R, Chlupac J, et al. Animal experimental models of ischemic wounds - A review of literature. Wound
Repair Regen. 2022;30(2):268—281. doi: 10.1111/wrr.12996 EDN: CNRNVQ

Souza BR, Cardoso JF, Amadeu TP, et al. Sympathetic denervation accelerates wound contraction but delays
reepithelialization in rats. Wound Repair Regen. 2005;13(5):498-505. doi: 10.1111/j.1067-1927.2005.00070.x

Shu B, Xie JL, Xu YB, et al. Effects of skin-derived precursors on wound healing of denervated skin in a nude mouse
model. Int J Clin Exp Pathol. 2015;8(3):2660-2669.

Yarboro SR, Baum EJ, Dahners LE. Locally administered antibiotics for prophylaxis against surgical wound infection. An
in vivo study. J Bone Joint Surg Am. 2007;89(5):929-933. doi: 10.2106/JBJS.F.00919

Kugelberg E, Norstrom T, Petersen TK, et al. Establishment of a superficial skin infection model in mice by using
Staphylococcus aureus and Streptococcus pyogenes. Antimicrob Agents Chemother. 2005;49(8):3435-3441.
doi: 10.1128/AAC.49.8.3435-3441.2005

Dai T, Kharkwal GB, Tanaka M, et al. Animal models of external traumatic wound infections. Virulence. 2011;2(4):296-
315. doi: 10.4161/viru.2.4.16840 EDN: PHRCXZ

Fujita K, Nishimoto S, Fujiwara T, et al. A new rabbit model of impaired wound healing in an X-ray-irradiated field. PLoS
One. 2017;12(9):e0184534. doi: 10.1371/journal.pone.0184534

Lee J, Jang H, Park S, et al. Platelet-rich plasma activates AKT signaling to promote wound healing in a mouse model of
radiation-induced skin injury. J Transl Med. 2019;17(1):295. doi: 10.1186/s12967-019-2044-7

Huang SP, Huang CH, Shyu JF, et al. Promotion of wound healing using adipose-derived stem cells in radiation ulcer of a
rat model. J Biomed Sci. 2013;20(1):51. doi: 10.1186/1423-0127-20-51 EDN: GKYZIM

Deshevoy YuB, Nasonova TA, Dobrynina OA, et al. Experimental conditions for the use of syngeneic multipotent
mesenchymal stem cells (MMSCs) from adipose tissue for the treatment of severe radiation-induced skin lesions. Genes &
Cells. 2019;14(3):77. (In Russ.) doi: 10.23868/gc122470 EDN: OTWUTF

Oliver RA, Lovric V, Yu Y, et al. Development of a novel model for the assessment of Dead-Space management in soft
tissue. PL0S One. 2015;10(8):20136514. doi: 10.1371/journal.pone.0136514

Peirce SM, Skalak TC, Rodeheaver GT. Ischemia-reperfusion injury in chronic pressure ulcer formation: a skin model in
the rat. Wound Repair Regen. 2000;8(1):68-76. doi: 10.1046/j.1524-475x.2000.00068.x

Takeuchi Y, Ueno K, Mizoguchi T, et al. Development of novel mouse model of ulcers induced by implantation of
magnets. Sci Rep. 2017;7(1):4843. doi: 10.1038/s41598-017-05250-y EDN: ZWSLMN

Stekelenburg A, Oomens C, Bader D. Compression-induced tissue damage: animal models. In: Bader DL, Bouten CV,
Colin D, Oomens CW, editors. Pressure ulcer research. Berlin: Springer; 2005. P:187-204. doi: 10.1007/3-540-28804-
x_12

Stadler I, Zhang RY, Oskoui P, et al. Development of a simple, noninvasive, clinically relevant model of pressure ulcers in
the mouse. J Invest Surg. 2004;17(4):221-227. doi: 10.1080/08941930490472046

Wassermann E, van Griensven M, Gstaltner K, et al. A chronic pressure ulcer model in the nude mouse. Wound Repair
Regen. 2009;17(4):480-484. doi: 10.1111/j.1524-475x.2009.00502.x

Masson-Meyers DS, Andrade TAM, Caetano GF, et al. Experimental models and methods for cutaneous wound healing
assessment. Int J Exp Pathol. 2020;101(1-2):21-37. doi: 10.1111/iep.12346 EDN: XASXEL

Nunan R, Harding KG, Martin P. Clinical challenges of chronic wounds: searching for an optimal animal model to
recapitulate their complexity. Dis Model Mech. 2014;7(11):1205-1213. doi: 10.1242/dmm.016782


https://elibrary.ru/cxwtqv
https://elibrary.ru/lphucl
https://elibrary.ru/cnrnvq
https://elibrary.ru/phrcxz
https://elibrary.ru/gkyzim
https://elibrary.ru/otwutf
https://elibrary.ru/zwslmn
https://elibrary.ru/xasxel

Mopdoorus / Morphology
Hayunsie 0630ps1 / Scientific reviews
DOI: https://doi.org/10.17816/morph.646869

MHPOPMALIUA OB ABTOPAX

AUTHORS INFO

ABTOp, OTBETCTBEHHBIH 33 IEPEIUCKY:

*KonbL1oB EBrennii /IMuTpueBny;

aapec: Poccus, 117418, Mocksa, yu. Lropytsr,
n3;

ORCID: 0009-0008-9927-5608;

eLibrary SPIN: 1118-4358;

e-mail: zhenya.lopylov@mail.ru

*Evgeniy D. Kopylov;

address: 3 Tsyurupy st, 117418, Moscow, Russia;
ORCID: 0009-0008-9927-5608;

eLibrary SPIN: 1118-4358;

e-mail: zhenya.lopylov@mail.ru

CoaBTOpHI:

IIpecusikoB EBrennii BajsepbeBny,
ORCID: 0000-0003-1546-5129;
eLibrary SPIN: 4001-4715;

e-mail: uvpres@gmail.com

Evgeniy V. Presnyako;
ORCID: 0000-0003-1546-5129;
eLibrary SPIN: 4001-4715;
e-mail: uvpres@gmail.com

Toarcknii Muxauna BacuiabeBuu,
ORCID: 0000-0003-2884-0565;
eLibrary SPIN: 2066-9164;

e-mail: MVTolgskiy@yandex.ru

Mikhail V. Tolgsky;
ORCID:0000-0003-2884-0565;
eLibrary SPIN: 2066-9164;
e-mail: MVTolgskiy@yandex.ru

AnnpeeBa Anacracust HukoJiaeBHa;
ORCID: 0000-0002-8871-3317;
eLibrary SPIN: 5608-0036;

e-mail: Mmm.andreeva7728@gmail.com

Anastasia N. Andreeva;

ORCID: 0000-0002-8871-3317;
eLibrary SPIN: 5608-0036;

e-mail: Mmm.andreeva7728@gmail.com

ComoB Huxkura AnapeeBny;
ORCID: 0000-0002-1514-589X;
eLibrary SPIN: 2582-1365;
e-mail: Workszgmu@mail.ru

Nikita A. Somov;

ORCID: 0000-0002-1514-589X;
eLibrary SPIN: 2582-1365;
e-mail: Workszgmu@mail.ru

PeBkoBa Mapusi BacuiibeBHa;
ORCID: 0009-0002-9012-2492;
eLibrary SPIN: 2335-6969;
e-mail: lame_horsel5@mail.ru

Maria V. Revkova;

ORCID: 0009-0002-9012-2492;
eLibrary SPIN: 2335-6969;
e-mail: lame_horsel5@mail.ru

bo3o Unbsa AaurepoBuy, KaHj. MeJ. HAyK;
ORCID: 0000-0002-0138-5614;

eLibrary SPIN: 9083-5715;

e-mail: ilya-bozo-1989@yandex.ru

llya Ya. Bozo, Cand. Sci. (Medicine);
ORCID: 0000-0002-0138-5614;
eLibrary SPIN: 9083-5715;

e-mail: ilya-bozo-1989@yandex.ru




TABJINLUDbI

Mopdoorus / Morphology

Hayunsie 0630ps1 / Scientific reviews
DOI: https://doi.org/10.17816/morph.646869

Ta6bnuua 1. CTpoeHMe KOXW 3KCNepnMeHTaribHbIX XXMBOTHbIX U YenoBeKa

Table 1. Structure of the skin of experimental animals and humans

IMapamerp Yenosek Mpib Kpsica K&gg\/“;eg}gﬁg?a
ToJmuHa KOKH, MM 2,0-3,0 0,4-1,0 1,0-2,0 1,8-2,0
[ToTHOCTH pacmpeneneHus 20-50 (remo) 658 289 80
BOJIOC, IIT./CM 500-1000 (BYT)
Hanuuue S5KKpHHOBBIX Ia Ja (Ha momyrieykax Ia (ua j1a10HHOIM Her
IMOTOBBIX KEIIE3 MIEPEIHUX U 3aJHUX TTOBEPXHOCTH
iar) TICPETHUX U 33]THUX
Jam)

Ilo OCTh OTHOCHUTEIHHO

ABHIHOCTS OTHOCHTEIBH Her (xpome mien) Ha Ja Ja
HIDKEJICKAIINX TKaHEeH
DHIOTCHHBIA CUHTE3

H
putamuHa C er Jla Ha Ha
MexaHu3M TIEPBHYHOTO
Pesnurenuzanmst KonTpakuus KonTpakuus KonTpakuus

3AXKUBJICHUSA

Ipumeuyanue. BUI' — BosocucTas 4acTh rojioBbl.

Tabnuua 2. CpaBHUTeNbHasA XxapaKTepucTuka nabopaTopHbIX XKUBOTHbIX, UCMONb3yeMbIX ANIA MOAENMPOBaHWsA paH

Table 2. Comparative characteristics of animals used to model wounds

MopaeabHoe JKHBOTHOE

IIpeumymecTBa

HenocraTku

MbImb

Kpeica

Kponuk

Hebounbimoii pazmep;

yIoOCTBO CO/IEpIKaHNS,

MHOT'O TPaHCT€HHbIX JINHUIA;

00JIBIIION BBIOOP BHIOCIICHN(UIHBIX aHTHTEI,;
MO/IeJIb PaHbl HA XBOCTE CUMTACTCS
XPOHHYECKOH paHoi [3]

OTHOCHTEITFHO HEAOPOTHE;

yI0OCTBO CO/ICPIKAHUS;

KPYIIHEE MBIIIEH, YTO TO3BOJISIET YBEIUIUTD
pa3mep pasx;

MIUPOKO HCTIOJIB3YIOTCS

JIOCTYITHBI ¥ ITUPOKO UCTIONIB3YIOTCS;

GoubIast oAk GOPMUPOBAHHUS paH,;
HPOLIECCHI 3aKUBJICHUS PAHBI YIITHON PAKOBHHBI
CXOJIHBI C YEJIOBEKOM

Koska MbIIIIeH OTJIMYAeTCsl OT KOXKU YEIIOBEKa;
HE XapaKTePHbI JUNTEIbHBIC HE3aKHBAIOIIHE
paHsI;

paHbI 32)KUBAIOT MyTEM KOHTPAKIIHH;
HEO0XOIMMO MOTU(HUKAIIS MOJEIESH IS
IUTUTEIILHOTO 3a3KMBIICHUS

Takue xe, Kak y MbIIeH

Jloposke, 4eM MBIIIN U KPBICHI;

MO/IeJIb MIIEMHU3UPOBAHHOTO yXa JJOCTaTOYHO
IUI0XO BOCIIPOU3BOJUTCS;

ureMust oopatuma
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Tabnuua 3. kcnepumeHTanbHble MOAENMN OCTPbIX pPaH

Table 3. Experimental models of acute wounds

Moaean

Onucanue

IIpeumyiecTBa

Henocratku

3KCL[I/I3I/IOHH3$I MOJIECIIb

WNHnm3noHHas Moeib

Osk0roBast MOJICIIb

HcnonpzoBanue
KJICHKUX JICHT (TEHUIIOB)

DOpMHUPOBAHHE PAHBI
PAa3IHYIHOTO IHaMeTpa Ha BCIO
TOJIILIMHY KOXKHU CITHHBI C
BOBJIeYeHHEM M. panniculus
carnosus

[IpononpHblil pa3pes Ha criuHE
Ha BCIO TONIIUHY KOXH

Oxor popmupyeTcs ¢
HCIIOJIb30BAaHUEM:
® HarpeToil MPOBOJIOKH;
® TOpsiYei BOABI,
e mmapa,
® JIEKTPUYECTBA

MHOTroKpaTHOE MPUKPEIIEHUE
U y/laJIeHUE a/[T'€3UBHBIX JIEHT
Ha CIIUHE TPBI3YHOB

OzHa U3 OCHOBHBIX MOJIEJICH !
MIPOCTOTA B BBIMONHEHHH;
(hopmMHpOBaHHE paH
Pa3IMYHOTO pa3Mepa,
BO3MOXHO (hOpMHPOBATH
HECKOJIBKO paH Y OJHOTO
*UBOTHOrO [7, 8, 9]

OJ1Ha U3 OCHOBHBIX MO/JICTICH:
MIPOCTOTA B BHINOJIHECHUH;
XOpoIas
BOCIPOHU3BOIUMOCTb;
MO3BOJISIET UCCIIEI0BATh
(dopmupoBaHue pyOLIOB U
3a)KUBJICHHE
MOCJICOTIePALUOHHBIX paH

Mopens npocra B
BBIMIOTHEHUH

Mopensb npocra B
BBINIOJTHEHUH;

HEWHBa3WBHAs;

MPAaKTUYECKH 0e300e3HCHHAs
JUIS JKUBOTHBIX;
BOCIPOU3BOJIUT CTaHIO
SMUTENN3AINH y YeI0OBeKa

3aXUBICHUE TyTEM
KOHTpaKIINH;

HE BOCIPOU3BOIUT
XPOHUYECKHUE MIPOLIECCHI

Taxue xe, Kak y
SKCIM3MOHHOW MOJENn

BricTpoe 3axuBieHue 3a cuér
KOHTpaKIINH;

MOJIENb HE BOCITPOU3BOJIUT
MaTO(U3NOTOTHIECKIEC
TIPOLIECCHI TP 3aKUBICHUT
07KOTOB Yy UeNIOBEKa

[o3BomsteT popMupoBath
TOJIBKO ITOBEPXHOCTHBIC PAHbI
(medekt poroBoro ciost
SMHICPMHCA);

HE BOCIIPOU3BOJIUT
XPOHUYECKUH Ipoliecc;
HH3Kasi BOCIIPOU3BOAUMOCTh
13-32 HEBO3MOXKHOCTH TOYHO
KOHTPOJINPOBATh CHITY
TIPUKPEIICHUS JICHTBI,
CKOPOCTB U yTOJl OTPBIBA




