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Ha mMonenu TepMuyeckoro oxora KOXXHbIX TOKPOBOB JJaOOPaTOPHBIX KPBIC MMOKAa3aHO, YTO Tociie 4-Kpar-
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IUIOTHOCTB TToTOoKa MourHocTH (ITIIM) 140 BT/cM?) yBeMUMBaeTCsl CKOPOCTh 3aKMBJICHUS PaH 3a CUeT
YCKOPEHHOT0 00pa30oBaHus rPaHyISILIMOHHON TKAHU U YMEHbILIEHUS TOJIIUHBI CTPYyIIa, YTO 00ecreunuBaeT
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ITo manueiM Mun3snpasa B Poccuiickoit @enepa-
LM YPOBEHB OXKOTOBBIX TPaBM CpeIX B3pOCJIOrO Hace-
JieHus1 cocTapiisieT B cpenHeM S0 cimydaeB Ha 100 Thicsd
yenoBek, cpenu aereit — 80 Ha 100 Teicstu. Tepmuue-
CKME OXOTY 3aHMMAaIOT TPEThe MECTO Cpeau MPOUYMNX
TPpaBM U BBIIICJICHBI B OTAEIBHYIO PYyOPUKY B MEXIY-
HapomHoii Kiaccudukanum 6one3Heit mo MKbB-10
(AnekceeB u ap., 2016). Ilmyboxue 1 0OLIMPHEIE OKO-
T MOTYT IIPUBOJIMUTH K CEPHE3HBIM OCJIOXKHECHUSIM,
TaKMM Kak cerncuc (¢ pa3BuTueM 0aKTepruaabHON MH-
deximmn), oK (BbI3BaHHBIN TMIIOBOJIEMUEN ), a TaK-
JKe cokpallleHre pyO110BOii TKaHU Mocjie HenpaBUlb-
Horo 3axuBieHus paHbl (Shpichka ef al., 2019).

B 30He 0X0roBoit TpaBMbl HEU30EXKHO BO3HUKAIOT
WHOUITMPOBAaHYE U BOCTIAJICHIE, TMEET MeCTO TT0Te-
psI GEIKOB, 3JIEKTPOJIUTOB, BOIBI, TUIA3MbI U IpyTUe
BapHWaHTHI ITaTOJIOIrNYCCKOro pearmpoBaHusd. B cBa3u
C OTUM OBICTPOE BOCCTAHOBJICHHE ITOBPEXKICHHOTO
KOXKHOTO Gaphbepa SIBJISIETCSI OCHOBHBIM HallpaBJieHUEM
JieueHUs1 oxoroBoit atosnioruu (Shpichka et al., 2019).
ITockoNbKy cTaHTapTHAsI METOIWKA ayTOTPAHCIIIAH -

531

TalliM KOXM MMEET CYIICCTBEHHbIC OrpaHNYCHUS U
SBIISIETCST MOporocTosei mpoueaypoii (Wood ef al.,
2006; Atiyeh, Costagliola, 2007), B mociaegHue roabl
MPEAPUHSTHI IOIBITKA pa3pabOTKM HOBBIX CITOCOOOB
pereHepaly OXXOroOBbIX TPaBM, K KOTOPBIM MOXET OT-
HOCUTBCSI METO KOPPEKLIMY UMITYTbCHBIM MUKPOBOJI-
HOBBIM M3JIydeHreM. B HaydHOM cOOOIIeCTBE UCITOIb-
30BaHME TEX WIM MHBIX BUAOB JIEKTPOMAarHUTHOTO 13-
aydyeHuss (DMU) B KoppeKIIMU U JEUEHUU KOXKHBIX
TpaBM BEI3BIBAET psij IpoTuBopedunii. Tem He MeHee,
WMEIOTCS OaHHBbIE O IIPUMEHEHMM, B YaCTHOCTH,
BJIEKTPOHHBIX TTYYKOB JJII CTEPUIN3ALMNN aJIOTeH-
HBIX KOXHBIX TpaHCIUIAaHTaTOB uejioBeKa (Labus ef al.,
2022), 0 paHO3aXKUBISIONIEM OCWCTBUM Jla3epoTepa-
muu (Rodrigo ef al., 2009) u pereHepaTUBHOM BJIMSTHUM
WMITYJIbCHBIX PaanodyacTOTHBIX u3imydeHuit (lamees,
Yemepuc, 2007; Athanasiou ef al., 2007; Strauch et al.,
2009; I'aniees, 2012). B 3ToM 1U1aHE TIEPCIIEKTUBHBIM
MIpPEACTaBIISIETCS MCIIONIb30BaHME HAHOCEKYHIHOTO
UMITYJIbCHO-TIEPUOINYECKOIO MUKPOBOJIHOBOIO M3-
ayyenuss (MIIMMN), njist KoToporo ye ycTaHOBJIeHa
CITOCOOHOCTb CTUMYIHUPOBATh perapaTUBHYIO pere-
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Hepalumo TTOTHOCIOMHON KOXHOI paHBI y adbopa-
TopHbIX MbIlel (Kuszesa u ap., 2011). Kpome Toro,
Ha MpenBapuTeIbHOM 3Tare UCCaea0BaHus JaHHOTO
¢dakTOopa HaMM OBLIIO TTOKA3aHO, YTO HAHOCEKYHIHOE
MIIMU (10 I'Tu, mmmtenabHOCTh UMITYIbcOB 100 HC,
yacToTa MoBTOpeHUsT UMINyJibcoB 8 Ii1, nITIIM 140 u
1500 Bt/cM?) yCKOPSIET MPOLIECCH] PAHO3aKUBJIEHUS
(Samoylova et al., 2020; TI'octioxuHa u ap., 2022).
Okazajioch, uto Hanbonee 3PGEKTUBHBIM C TOUYKU
3peHUsT CKOPOCTH 3a>KMBJICHUST paH sIBJISIETCSl 00y-
YyeHHe ¢ UHTeHCUBHOCTBIO — 140 Br/cm? (TocTioxnHa
u ap., 2022). DTo npeacTapisieT UHTEPEC AJIs1 IpUMe-
HEHUs TaHHOTO (haKTOpa B MEAULIMHCKON MPaKTUKE,
MOCKOJIbKY YKa3aHHbII PeXXUM He MPEeBbILIAeT TUTHU -
€HUYECKUX YpOBHEN 0e301MacHOT0 BO3IEUCTBUSI Ha
opranusM (CaulluH 2.2.4/2.1.8.055-96., 1996). Takum
00pa3oM, ToTydeHHbIE Pe3y/IbTaThl UCCACIOBAHUS T~
HaMMKU 325KUBJIEHUST OXKOTOBBIX paH IOC/e TepMuye-
CKUX TIOBPEXIECHUN U KOPPEKIIMHU HAHOCEKYHIHBIM
MNITIMMU y 1abopaTOpHBIX KPbIC TPEOOBAJIM T'MCTOJIO-
TMYECKOTO MOATBEPXKACHUSI.

Llenp HacTOsIIIEH pabOTBI — MPOBECTH THCTOJIO-
TUYECKYIO OILIEHKY COCTOSTHUSI KOXH JabopaTOPHBIX
KpbIC MOCJIe TEPMUUYECKUX MOBPEXICHUN U UX KOpP-
PEeKIIMM HAHOCEKYHIHBIMA MUKDPOBOJTHOBBIMU WM-
nyiascamu ¢ nl1IIM 140 Br/cm? 1 yacToToii MoBTOpE-
HUS UMITYIbCOB 8 ITI.

MATEPHAJIbI 1 METO/bI

DKCIepUMEHTaIbHOE UCC/IeIOBAaHNE BBITTOIHSIOCH
Ha 20 TIOJI0BO3pENbIX caMKax KpbIic cToka “Wistar”
maccoii 230—250 r. ZKuBoTHEIE coaepXKalnch B CTaAH-
JIAapTHBIX YCIIOBUSIX BUBAPUS IIPU €CTECTBEHHOM CBe-
TOBOM peXMMe 1 Ha CTaHJApTHOM palloHe CO CBO-
OOIHEBIM JOCTYIIOM K Boje U nuiie. Bee mpouenypsl ¢
KMBOTHBIMU BBITIOJIHSUIMCH B OTHO U TO K€ BpeMs (C
9:00 oo 11:00). MccnemoBaHue MPOBOAIOCH B COOTBET-
CTBUU C 3TUYECKMMHU HOpPMaMM pabOTHI ¢ 1aboparop-
HbIMU >KUBOTHBIMU (ETS Ne 123) 1 caHuTapHBIMU Mpa-
BUJIAMH I10 YCTPOMCTBY, 000PYIOBAHUIO U COIEPKAHUIO
BKCIepUMEHTaIbHO-0MoI0orndecKmx KimHukK (IIpaBu-
Jia jabopaTtopHoii TpakTukKu B Poccuiickoii @enepa-
un). Ha nmpoBeneHme ncciaenoBaHys MOJIydeHO pa3pe-
meHue Komuccuu o 6umoatruke bruonornyeckoro nH-
ctutyra HU TT'Y (tmporokon Ne 15 ot 14.06.2019 1.).

DKcrnepuMeHTaTbHbBIC XKUBOTHBIC CTydJalfHBIM 00-
pa3oM pasnelsIuch Ha aBe rpymnnbl no 10 ocobeii B
KaKIOoO:

1. KonrpoabHas rpynmna (n = 10) — KpbIChI, KOTO-
pble TIOCJie MOJCIMPOBAHUSI TEPMHYECKOrO OXOora
COIEPKAJINCh B CTAHOAPTHBIX YCIIOBUSIX BUBapUsl U
He moaBepraiuch Bosneiicteuio UTITMU;

2. OnpiTHas rpynma (n = 10) — KpbIChl, KOTOPHIE
Mocjie MOAEJIUPOBAHUSI TEPMUUYECKOTO OXKOra MOoJI-
BEprajiicb OMHOKPATHO B TEUEHUE YEThIPEX THEM JTO-
KaJbHOMY BO31eicTBUIO HaHOCeKYHIHBIM UITMMU ¢
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nl1IIM 140 Bt/cM? ¢ 4aCTOTOI MOBTOPEHUS UMITYJIb-
coB 8 I1I.

MoaeiMpoBanue TePMHUYECKHX O0XKOTOB. 3a CYTKU
JI0 MOJEIUPOBAHUSI OXKOTa Ha JOPCaIbHOI MOBEPXHO-
CTU Tejda KPBICHI OCYIIECTBIISUIA NETIAISLIMIO y4acTKa
KOXM MyTeM BBIOpMBAHUS DJIEKTPUUYECKON BETEPU-
HapHOf MalIMHOU. BpUThe U MoeTMPOBaHUE OXKOTa
npoBoaunu noa CO, Hapko3oM. TepMUUecKyro paHy
co3maBaiy IIpUKiIagbiBaHueM 0e3 ycmiansg Ha 30 c,
paszorperoro n0 100°C MeTaJNIMYEeCKOro CTEPXKHS
JIUAMETPOM 2 CM K MOBEPXHOCTU KOXHU B MeXJIoIa-
TouHO#1 oOyactu. Ilmomanps moBpeXaeHUST B KOH-
TPOJILHOM W OIIBITHOM IpyIax COCTaBjisljla B Cpell-
HeM 340 £ 18 MM2, yTO cOOTBETCTBYET 8—9% OT IIJI0-
1IaIU TTOBEPXHOCTHU Tea.

B TeyeHue Bcero akcnepruMeHTa KpbIChl COAepkKa-
JIUCH TIO JIB€ OCOOM B CTEIIUAIBbHBIX KJIETKaX, pa3zie-
JIEHHBIX MEXIy COOOU TpOo3payHoOil Ieperopoakoin
JUTSI UCKJTIOUEHUsI KOHTaKTa XWBOTHBIX IPYT C ApPY-
TOM 1 B3aUMHOTO BJIMSIHMS Ha MPOLECC 3aXKMUBJIECHUS
0XOToBOW paHbl. HabGnioneHue 3a mpoieccom 3a-
JKUBJIEHUSI paH mocje 4-KpaTHOro obJiydeHus ocy-
LLIECTBJISIIA B IMHAMUKE Y KOHTPOJIBHBIX U OMBITHBIX
KpPBIC BIUIOTh A0 0Opa3oBaHUs KEJOUIHOIO pyoLa.

JvHaMUKy 3axKUBJICHUSI TEPMUUYECKUX OXKOTOB
OLIEHMBAJIX C TOMOIIbIO 3JEKTPOHHOIO IITaHTeH-
LIUPKYJISt IO YMEHBIIIEHUIO IJIOIIAAN y4acTKa MOBpe-
xmeHHoi Koxxu (KnsizeBa u np., 2011; ['octioxuna u nip.,
2022) n ¢ukcupoBanu ¢orokamepoit Sony-DSC-
F717 ({InoHust) ¢ mocienyomuM aHaJIu3oM (HoTo-
rpaduii.

O0.ryyeHne TepMUYECKHX 0K0roB. Yepes 5 4 mmocte
GopMHUpPOBAHUS OXOTa €KEeITHEBHO B TeUeHUE 4 T10-
CJIeNYIOIIMX THE OXOroBbIe paHBI J1a0OPATOPHBIX
KpPHIC TTI0ABEprajii OMHOKPAaTHOMY BO3IEiICTBIIO HAHO-
cekyHIHbIM UTIMU (4000 uMITyIbCOB 32 ceaHC/IeHb,
nl1TIM 140 Bt/cMm?, yacToTa NOBTOPEHUS UMITYJILCOB
8 T1). 111 ToKaJIbHOTO BO3IEHCTBUSI HA TEPMUUYECKYIO
paHy W yCTpaHEHHs BO3MOXKHOCTH OOJIYYEHMSI BCETO
OpraHu3Ma OCTajJbHasl YacTh TeJla XKMBOTHBIX YKPbhIBa-
Jlach paauoriomionamiuuM MatepuaioM. [Ipomon-
XKUTENbHOCTh OJHOKPATHOIO OOJIydeHUSI C yKa3aH-
HBIMU TTapaMeTpaMy BO3AEHCTBUS COCTABIISLIA 8 M-
HyT. B kauectBe nmcrouHuka DMMU ucnonab3oBascs
UMITYJIbCHBIN JTabopaTopHEIii CBY-reHepaTop (He-
cymag yacrorta 10 I'Tin, imnTeIbHOCTh UMITYJIBCOB Ha
noJjryBeicoTe 100 He). Bo BpeMst Bo3aeiicTBUIA (KUBOT-
HBIE B CHEUMaJbHBIX IUIACTMKOBBLIX KOHTEHepax
muametpom 10 cm m gmmHOoM 30 cM IToMeIaim Ha pac-
crosiHuM 20 cM OT pyIopa aHTEHHBI reHeparopa, B
30He copmupoBasiieiics BoHsl MTIMU. I1pu pa-
JIMOYACTOTHOM 3JIEKTPOMAarHUTHOM BO3IEHCTBUM BO3-
MOEH HarpeB TKaHell U, COOTBETCTBEHHO, MOBBIIIIE-
HYE TeMIIepaTyphbl OOJIydaeMOi TKaHU, II03TOMY BO
BpeMsI BO3IEUCTBUS C IIOMOILBIO BOJIOKOHHO-ONTHYE-
ckoro Tepmometrpa MT-4MO-1 (Poccust) ocyiiiecTisi-
JI TeMITepaTypHBII KOHTPOJIb. [Ipu ucroib30BaH-
Hoit mHTeHcuBHOCTH MTTMMU TeMmriepaTypa Harpesa
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I'MCTOJIOTUYECKAA OUEHKA KOXHBIX [TOKPOBOB

TKaHel B obyiactu paHbl He npesbiuaia 0.05°C. Boi-
0Oop pexxrMa BO3IeUCTBUS (IIUTeIbHOCTD, ITIITTIM, ya-
CTOTa MOBTOPEHUST) OCHOBAH Ha pe3yJIbTaTaX IPeIbILy-
IIMX MCClIeNoBaHni, KaK Hanooiee 3(pOEKTUBHO BT~
SIOIIET0 Ha CKOPOCTh pPeIapaTUBHONM pereHepaluu
IMOJTHOCJIOMHBIX KOXHBIX U TepMudyecKux paH (KHs-
3eBa u ap., 2011; l'octioxuHa u gp., 2022).

Iucronormueckmii anaims. Ha 30 neHp nmocie mMo-
JIETMPOBaHUSI TEPMUYECKOIO OXKOra KMBOTHBIX BBI-
BOOWIM W3 DKCIEPUMMEHTA IIyTeM II€PeIO3UPOBKU
CO,-Hapko3a. s npoBeneHust TUCTOJIOTMYECKOTO
aHajqM3a BbIpe3aiM YYaCTOK KOXHW, BKIIIOYAIONIWi
MOPaXXEHHYIO 1 COCEIHIO MHTAKTHYIO obactu. [1-
CTOJIOTMYECKYI0 00pabOTKy MaTepuajia IMpOBOIUIHN
craHgapTHeiIMM MeTonukamu (Kopxesckuii, 2010;
Exbrayat, 2013; Apues, 2019). [Tocne dukcanuu B
10% pactBope 3a6ydepeHHOro hopMaiHa 00pasibl
KOXH1 00€3BOKMBAJIM B paCTBOpax 3TaHoOJIa BO3pacTa-
foreit kpertoctu (70, 95, 98%), mpocBe TSN B OyTa-
HoJie W 3anuBaiu B mnapacduH. Cpe3bl TOJIIIUMHOMN
5 MKM HU3roTaBJIMBaIi HA POTALlMOHHOM MUKPOTOME
RMD-3000 (“MTPoint”, Poccust) u mepeHocIn Ha
MpeaIMETHbIC CTeKJIa C O€JIOK-TTTMIIEPUHOBBIM MOKPHI-
teM. OKpacKy MOJy4eHHBIX CPE30B OCYIIECTBIISIIIN I'e -
MaTOKCHJIMHOM Maitepa—303MHOM U MOIN(UITUPO-
BaHHBIM a3aHOBBIM METOIOM. Bcero ObLI0 MOJIydeHO
60 MuKporpernapaToB. MUKpPOCKOITHIO TIPeNaparos,
W3TOTOBJIEHNE CHUMKOB BBIOPAHHBIX IT0Ka3aTelb-
HbIX 00pPa3lIoB, a TAaKKe U3MEPEHUST OCYIIECTBIISLIU C
MMOMOIIIbI0O MUKpockona AxiolLab Al, kamepsl Axio-
CamERc 5s u nporpammer ZEN 2 (“CarlZeissMi-
croscop”, I'epmanus).

Ha mukpodoTocHUMKax U3MepPSIIU OBIIYIO TI0-
maae uccaenyemoro gpparmenra (MM, Mxm?), mio-
wanb rpadyasuronHoi Tkanu (II'T, Mkm?), pa3psl-
BOB B ucciaenyeMoM dparmente (ITP, Mkm?), TOIIM-
HY HOBOOOpa3oBaHHOTo anuaepmuca (THD, MKM) uinu
IUIMHY paHbl — PAacCTOSHHE MEXAY KpasMH paHbl
(AP, MKM) — [JIST paH C HETIOJHOUN BIUTeIn3alueit.
Ha ocHoOBe TepBUYHBIX U3MEPEHUI pacCUMTHIBAIU
OTHOCUTENIbHYIO IUIOLIAAb TPaHYISLIMOHHON TKaHU
(OIII'T):

OTITT = II'T x 100/TId — TP (%). (1)

st cpaBHEHMsI SKCIIEPUMEHTAJILHBIX T'PYIII KC-
noJb30oBanu nmokasarenau 13, AP, OIII'T.

Cratucrnueckasi 00pabdorka gannbix. B xone cra-
TUCTUYECKOM 00pabOTKM Pe3yIbTaTOB I'MCTOJIOTHYEC-
CKOTO aHajuW3a pacCUYMTBHIBAJIM: CpemHee 3HauyeHUE
(X), MuUHUMYM (Min) 1 MaKCUMyM (max), cTaHIapT-
HO€ OTKJIOHeHHE (O), CTaHIapTHYIO OLIMOKY Cpel-
Hell (my), koadduuuent Bapuauuu (Cv), ypoBeHb
3HaYUMOCTH (p). J1sT olleHKU XapakTepa pacrpeae-
JIEHUSI UcTojib3oBaiu Kpurtepuii Kpackemna—Yoium-
ca. I cpaBHEHUSI pe3yJabTaTOB I'PYIIT HPUMEHSUIN
TouHbI KpuTepuit ®uinepa u tect CthioaeHTa. [Tpu
IIPOBEPKE CTAaTUCTUYECKUX THUIIOTE3 IOCTOBECPHBIM
CUMTAJIA YPOBEHb 3HaUNMOCTH MeHee 5% (p < 0.05).
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PE3VJIIbTATbBI UCCIEAOBAHUA

I'mcronornmyeckmit aHaiIM3 IToKa3aj, 4ro Ha 30-e
CYTKU 9KCHEPUMEHTA TTOC/Ie MOJEINPOBAHUS OKOTOB 1
4x-KpaTHOTO 00JTydeHUsI HaHoceKyHaHbIM MTITMMU ¢
nlIIIM 140 Bt/cM?, ¢ 4acTOTOii IIOBTOPEHUS UM-
nyiabcoB 8 [11 TepMUUECKUE paHbl y BCEX MCCIIENO-
BaHHBIX TPYIIN KUBOTHBIX HAXOAUJIUCH B (hase pere-
Hepauuu (puc. 1).

B KoHTpoJIbHOI rpyrMiIie MoJjiHasl 3MUTeaU3alus
paH Obla BeIsIBJIeHA B 33% ciydaeB. OTHOCUTEIbHAS
IIolaab TPaHYISILUOHHON TKaHu (f-test: t = —2.2,
p > 0.05) 1 TonmrHa HOBOOOPA30BAaHHOIO AIMALCP-
muca (z-test: = 1.4, p >0.05) y KpbICc TaHHO IPYIIIbI
¢ He3aBepIIeHHOM sanuTenu3anueii pax (67%) He oT-
JIMYAIMCH OT TAKOBBIX C TIOJIHOM STIUTEIN3ALIUEN.

YV 0061y4yeHHBIX XUBOTHBIX (OMbITHasI Tpyrra) B
67% cnyd4aeB ycTaHOBJIEHA TTOJHAs SITUTETU3AIINS
OXOTOBbIX paH. B maHHOI rpyrine KpbIchbl ¢ HE3aBEP-
IIEHHOI 3MUTeM3alMeil paH CTaTUCTUYECKU OTIMYa-
JIUCh OT TAKOBBIX C MOTHOCTBIO SIUTEIU3UPOBAHHBIMU
paHaMu 1O TOJIIIMHE HOBOOOPA30BaHHOTO AMUIEP-
muca (t-test: = 1.21, p <0.05). DTOT Nokaszareyb OKa-
3ajics B 3.88 pa3a MeHblle TOJIMHbBI Y )KUBOTHBIX C
He3aBeplLIeHHON anuTeau3anuei patsl (Tadm. 1).

CpaBHeHUMe noKa3aTtesieil OIBITHBIX U KOHTPOJIbHBIX
TPYIIT XXUBOTHBIX C HE TTOJTHOCTBIO SIUTEIN3UPOBAH-
HBIMU paHaMU TTPOJIEMOHCTPUPOBATIO CTATUCTUYECKU
3HAYMMBbIE Pa3INYMSI TI0 BEIWYMHE OTHOCUTEILHOM
IUTOIIAIM TPAHYJISIIIMOHHOM TKaHu (f-test: ¢t = —2.37,
p < 0.05), B TO Bpems Kak T10 TOJIIIIMHE SIUIepMUca
paznuuus orcyTcTBoBanu (¢-test: 1 = —1.87, p >0.05).
ITocie obydyenust panbl nMeln B 4.22 pa3a 0OIbIIyIO
OTHOCHUTENILHYIO TUJIOIIAb TPaHYJISIIUOHHONW TKaHU
IO CPABHEHUIO C TAKOBBIMU Y KOHTPOJBHBIX XXUBOT-
HBIX (Tabm. 1).

B cnyyae ¢ nmosHo# anuTenn3aleit paH XXUBOT-
HbIe ONBITHOM M KOHTPOJBHOM TPYIIT OTJINYAIUCH
TOJIBKO TI0 TUIOIIAAY TPAHYISILIMOHHOM TKaHM (7-test:
t=-3.83, p <0.05), koropas 6bu1a B 5.66 pa3 0oJIbliIe
Y XUBOTHBIX ITocjie o0mydeHus (Tadir. 1).

OBCYXIEHMUE PE3VYJIILTATOB

PesynbTaTtel pabOTHI IIOATBEPAWIN paHEe IIONIY-
YyeHHbIE JaHHbBIE O TOM, YTO BO3ACHCTBME HaHOCE-
KyHaHbIM MUTIMMU ¢ unteHCcuBHOCTBIO 140 Br/cMm? €
YacTOTOM IMMOBTOPEHUST UMITYIbCOB 8 'l crTocoOCTBY-
eT YCKOPEHMIO Mpollecca pereHepaliy OXKOTOBBIX
paH (I'octioxuna m gp., 2022). 1o pe3yapraTam ru-
CTOJIOTUYECKOTO aHajin3a ObLJIO YCTaHOBJIEHO, YTO
KMBOTHBIC, TEPMUYECKIE TPAaBMbI KOTOPBIX IOIBEPra-
JIMCH OOJIy9eHUIO, UMEJIN 0oJiee BRIPAXKEHHYIO CTETIEHb
snuTeNau3aluuu paH. Ilpu 3ToM, BHE 3aBUCMMOCTU OT
CTENCHU SIUTEIN3ALNN Y KPBIC TTOCTIe OOIyYeHUS Ha-
omonmaynicst OOMBIIMIT pa3Mep OO0JACTH TPAHYIISIIIUOH-
HOM TKaQHU MO OTHOLLEHUWIO K KOHTPOJbHO IpyMniIie.

M3 nutepaTypHBIX UCTOYHUKOB CJIEAYyET, UYTO 3a-
KUBJICHUE KOXHBIX paH IPeIcTaBlIsieT COO0M CIIOX-
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IF'OCTIOXUHA wu np.

Puc. 1. [TonepeuHble cpe3bl LEHTPATBLHONM 00JIACTU OKOTOBBIX PaH KOXHBIX TOKPOBOB KPHIC KOHTPOJILHOM (a, B) M OMBITHOM
(6, T) rpynm Ha 30-e cyTku 3axkuBiaeHust. OKkpacka MoauGUIIMPOBAHHBIM a3aHOBBIM MeTo1oM HD — HOBOOGpa30BaHHBIH AU~
nepmuc, I'T — rpanynsiinonHast TkaHb, CCJl — ceTyartslil CJIOi JepMBI.

Ta6muua 1. [TokaszaTeau MOBPEXIEHHOTO YYaCcTKa KOXHbBIX MOKPOBOB KpbIC Ha 30-€ CyTKU 3KCIIEpUMEHTA MOC/Ie MOJie-
JIMPOBaHUSI OXKOTOBOI TPaBMEI 1 4-KpaTHOTO BO3IeCTBUS HaHOCeKYHIHbIM MTITMIU

ITapamerp

OTHOCHUTECIbHAsA Iiomagb

TOJIIIMHA HOBOO 6pa3OBaHHOFO

WHA paHbl, MM
Tpynna IPaHYJISILUOHHOM TKAHU, MM> SMUAECPMHUCA, MKM ot p
X t my X+ my X+ my
KpBICHI ¢ HE TTOJTHOCTBIO SMTUTEIN3NPOBAHHBIMU paHAMM TTOCIIE OXKOTOBOI TpaBMBI
KontponbsHEIe 0.50 +0.20 49.22 + 21.15 2.19+£0.70
OnBITHBIE 2.39 £ 1.86 37.71 + 53.32 4.85+5.07
KPBICHI € TTOTHOCTHIO 3MUTEIN3NPOBAHHBIMY PaHAMM TIOCIIE OXXOTOBOM TPaBMBbI

KoHTponbHbIe 0.27 £0.03 65.21 = 10.31

OmnbITHBIE 1.53 £ 1.05 146.33 + 116.99
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HO€ B3aUMMOJENCTBYE MEXIY Pa3HbIMU TUITAMU KJle-
TOK, LUMTOKMHAMM M HEMPOCOCYAUCTON CUCTEMOM
(Fox et al., 2008). Mcnonb3oBaHre HOBBIX TEXHOJIO-
Ml pereHepaly TKaHU CIOCOOHO 3aMETHO YiIyd-
IIaTh BOCCTAHOBJIEHWE KOXM, B YACTHOCTH, TTOCPE/I-
CTBOM pE3IUASPMU3aNN, AaHTMOTeHe3a 1 3aCeJICHUS
rurepTpodudeckux pyoioB u Keaxounos (Sakallioglu
et al., 2006). MzBecTtHO, yT0 DMMU pasHBIX 1Hana3o-
HOB M MHTEHCHUBHOCTEI TaKXe CIIOCOOHO CTUMYJIM-
poBaTh penapaTUBHYIO pereHepaluio B MOBPEXKICH-
HBIX TKaHIX (becconoB u ap., 2000; JIyIIHUKOB U 1Ip.,
2003; Rodrigo et al., 2009; Strauch et al., 2009) 3a
CUET yCUJIEHUS KaJIblINi-KaJIbMOIYJIMHOBOTO CBSI3bI-
BaHU B KieTkax v aktuBaumum NO-cunTeTtassl (Pilla,
2008; Strauch et al., 2009). IToaToMy, He UCKIIIOUEHO,
yro HaHocekyHmHoe MIIMMWM oGnamaetr aHajmormd-
HBIM OMOJIOTUYECKUM 3(PPEKTOM.

VYBenuueHue TOJIIUHBI HOBOOOPAa30BaHHOTO 3IH-
JIepMIuca II0cjie O0IydeHMsI YKa3bIBaeT Ha TO, YTO BO3-
MOXHBIN 3 dexT Bo3aeiictBust MTTMMU cBsi3aH ¢ ak-
TUBaLuei ¢puodpobdiaactoB. PudpoOAACTHI, SBISSCH
OCHOBHBIMM KJIETKaMM AEPMBI, IIPOAYLMPYIOT KOJUla-
T€H, 2JIaCTVMH 1 IPOTEOIIMKAHBI, BaXKHBIE KOMIIOHEHTBI
MEKKJIETOYHOTO BEIIECTBA, a TAKXKE CEKPETUPYIOT pas-
muunble daktopel pocta (TGF-f) M UMTOKMHBI
(TNF-0) (Bainbridge, 2013; Tracy et al., 2016). Ta-
KOl MOTEHUMAIbHbIA HA0Op MUILIEHE BIMSET HE
TOJIBKO Ha 3JIEMEHTBI AEPMBI, HO 1 Ha IIpoJrdepailmio
u auddepeHIMpPoBKY KepatuHouuToB (Wang ef al.,
2007). Tlomumo 3Toro, ¢GpuOPOOIACTHI SIBASIOTCS
Ba>KHBIM KOMIIOHEHTOM IIPOLIECCa PAHO3AXXUBJICHUS,
MMOCKOJIbKY YYaCTBYIOT B 00pa30BaHUU U YBEJIUYECHU N
pa3MepoB TPaHYJISILIMOHHONW TKaHM, YTO TPOAEMOH-
CTPUPOBAHO B XOJI¢ TMCTOJOTMYECKOTO MCCIICIOBAHMSI.
He wuckmoueno, uro yuyactue MUIIMUM B aktmBanmm
GubpPoOJIACTOB MOXET OBITh BaXKHEHIIIMM BapUaHTOM
YCIIEIIHOTO PaHO3aXXNBJICHMUS.

Takum oOpa3oM, IMOIyYEeHHASI TMCTOJIOTMYECKas
KapTHUHA pereHepalum KOXHbBIX ITIOKPOBOB KPbIC MO~
cJie MOJIeIMPOBaHUSI TEPMUYECKOTO ITOBPEXACHUS U
JIOKaJIBHOTO 00Jy4eHns HaHoceKyHmHbiM MITMU
TO3BOJISIET YTBEPXKAAaTh, YTO UCITOJIb30BaHUE JAHHO-
0 DHEPreTUYSCKOTO BO3AECHCTBUS TSI 3a3KUBJICHUS
paH IIpeAcCTaBIIsIeT IIePCHEeKTUBHOE HATIPaBISHUE IS
pa3paboOTKM HOBBIX TEXHOJIOTU B 00JIACTU KOCMETO-
JIOTUM U KOMOyCTeonoruu. st uX yCOeluHoro mpo-
IBIDKEHUSI B MIPaKTMYECKOEe MCIIOJIb30BaHUE TPeOy-
I0TCSI COOTBETCTBYIOIINE AOKJIMHUYECKNE U KIUHM-
YyeCKHe UCCIIeIOBaHUS.

CITMCOK JIUTEPATYPHI

Anexceee A.A., bobposnukos A.D., Maromuna H.b. Dkc-
TpEHHasl U HEOTJIOXKHASI MEAUIIMHCKAS TTOMOIIb IOCIe
OXKOTOBO# TpaBMBbI // MenunmHckui andasut. 2016.
T. 2. Ne 15(278). C. 6—12.

becconos A.E., Yemepuc H. K., lanees A.b. PenapatuBHast
pereHepalys TKaHel Moa BO3AeCTBUEM 3JIEKTpoMar-
HUTHBIX BOJIH MWIJIMMETPOBOTO, WH(ppaKpacHOTO U

MN3BECTHUA PAH. CEPUA BUOJIOTUYECKAA  Ne 5

4YacTu BUAMMOTO JMAarna3oHOB, T€HEPUPYEMbBIX Tepa-
neBTuYecKUM arnmnapatoMm “Munutar” HUP HHUM
“JIN0” // Pus.-XuM. OCHOBBI MTHOOPM. METUIIVHBI.
MBK PAH. ITymwmxo. 2000. C. 18.

lanees A.b., Yemepuc H.K. MexaHu3Mbl OMOJIOTUYECKOTO
NEUCTBUS 3JEKTPOMArHUTHOIO W3JIYyYeHUS KpaiHe
BBICOKUX YacTOT Ha YpOBHe opraHusma // buomenu-
LIMHCKas paanoasiekTpoHuka. 2007. Ne 8—9. C. 30—46.

lTanees A.b. MexaHn3Mbl TIPOTHUBOBOCHAJINTEIBHOIO U
MPOTUBOOMYXOJIEBOTO AEUCTBUS HU3KOMHTEHCHUBHOIO
3JIEKTPOMATHUTHOTO U3JIyYeHUS KpaifHe BEICOKMX Ya-
CcTOT // MUJIZTMMETPOBBIC BOJIHBI B OMOJIOTUY Y MEIU -
nuHe. 2012. Ne 3. C. 3.

Tocmroxuna A.A, Camoiinoéa A.B, boavwaroe M.A., Moua-
n06a B.M., 3aiiyes K. B., Kymeukoe O.11., Pocmoé B.B.
CTUMYyJISILIS 3a3KUBJICHUS OXKOTOBBIX paH Y KPbIC Ha-
HOCEKYHIHBIM MMIYJIbCHO-TIEPUOINYECKUM MUKPO-
BonHOBLIM manyueHueM // UsBectuss PAH. Cepus
ouosornueckas. 2022. Ne 5. C. 530—537.
https://doi.org/10.31857/S1026347022050080

Kuszesa H.P, Medsedes M.A., 2Kaproesa JII1., [ocmioxuna A.A.,
Kymenkoe O.I1., Pocmoeé B.B., boavuwaxoe M.A. [eii-
CTBHE HAHOCEKYHJIHOTO UMITYJIbCHO TTePUOANYECKOTO
MUKPOBOJIHOBOIO U3/IyYEHUS Ha IIPOLIECCHI pereHepa-

uu // biomrereHb cubupckoit MeguiHbl. 2011. No 6.
C. 109—113.

Kopacesckuii /1.2. OCHOBBI TMCTOJIOTUYECKON TEXHUKMU.
Cankr-Ilerepoypr: CrerJIut, 2010. 95 c.

URL: http://sun.tsu.ru/limit/2016/000550786,/000550786.pdf.

Jlywnukoe K.B., lanees A.b., Illymuruna FO.B. CHXeHue
MHTEHCUBHOCTU KJIETOYHOIO MMMYHHOIO OTBETa U He-
crielnUIeCKOro BoCHajieH sl TIPU IEACTBUN SJIEKTPO-
MAarHMTHOIO M3JIy4eHUsI KpaiiHe BBICOKMX 4acToT //
buoduzuka. 2003. T. 38. Ne 5. C. 918—925.

Apuee B.B. OCHOBBI TUCTOJIOTUYECKOM TEXHUKM IJISI 300-
JIOTOB: Y4eOHO-METOANYECKOEe Iocodue aJisl OMOJIOTH-
YECKUX CITeIIMaIbHOCTE! BYy30B [UIST CTYIEHTOB, 00y-
yaronuxcst mo HampasieHuo 06.04.01 buonorust /
aBT.-COCT.|. M-Bo HayKu 1 BhICII. oOpa3oBaHusi, Hair.
ucciaen. Tom.roc. yH-T. Tomck: M3natenbckuii JJom
ToMckoro rocygapcTBeHHOro yHuBepcutera, 2019.
84 c.

URL: http://vital.lib.tsu.ru/vital/access/manager/Reposi-
tory/vtls:000660316.

Athanasiou A., Karkambounas S., Batistatou A. The effect of
pulsed electromagnetic fields on secondary skin wound
healing: an experimental study // Bioelectromagnetics.
2007.V. 28. P. 362—368.

Atiyeh B.S, Costagliola M. Cultured epithelial autograft
(CEA) in burn treatment: three decades later // Burns.
2007. V. 33. P. 405—413.

Bainbridge P. Wound healing and the role of fibroblasts //J.
Wound Care. 2013. V. 22. Ne 8. P. 407—412.

Exbrayar J.M. Classical methods of visualization. Histo-
chemical and cytochemical methods of visualization /
Boca Raton, London, N.Y.: CRC Press Taylor and
Francis Group, 2013. 367 p.

Fox A., Smythe J., Fisher N., Tyler M.P.H., Mcgrouther D.A.,
Watt S.M., Harris A. L. Mobilization of endothelial pro-
genitor cells into the circulation in burned patients // Br
J Surg. 2008. V. 95. P. 244-251.

2023



536 T'OCTIOXUHA u ap.

Labus W.,, Kitala D., Klama-Baryla A., Szapski M., Kraut M.,
Smetek W., Glik J., Kucharzewski M., Rojczyk E., Utra-
ta-Wesolek A., Trzebicka B., Szeluga U., Sobota M., Po-
loczek R., Kamiriski A. Influence of electron beam irra-
diation on extracellular matrix of the human allogeneic
skin grafts J Biomed Mater Res B Appl Biomater. 2022.
V. 110(3). P. 547—563.
https://doi.org/10.1002/jbm.b.34934

Pilla A. Proposed electrochemical mechanism of EMF
modulation of tissue repair // Thebioelectromagnetic
society 30th annual meeting abstract collection, San
Diego, California. 2008. P. 147.

Rodrigo S.M., Cunha A., Pozza D.H., Blaya D.S., Moraes J.F,
Blessmann J.B. Weber, Oliveira M.G. Analysis of the
systemic effect of red and infrared laser therapy on
wound repair // Photomed Laser Surg. 2009. V. 27(6).
P. 929-935.
https://doi.org/10.1089/pho.2008.2306

Sakallioglu E.A., Basaran O., Ozdemir B.H., Arat Z., Yucel M.,
Haberal M. Local and systemic interactions related to
serum transforming growth factor- b levels in burn
wounds of various depths // Burns. 2006. V. 32. P. 980—
985.

Samoylova A.V., Gostyukhina A.A., Rostov V.V, Bolshakov M.A.,
Zaitsev K.V, Kutenkov O.P. Dynamics of Burn Wound

Healing in Rats Irradiated by Nanosecond Microwave
Pulses // Biomedical J. Scientific and Technical Re-
search. 2020. V. 32. Ne 2. P. 24791-24792.

Shpichka A., Butnaru D., Bezrukov E.A., Sukhanov R.B.,
Atal A., Burdukovskii V., Zhang Yu., Timashev P. Skin
tissue regeneration for burn injury // Stem Cell Re-
search & Therapy. 2019. V. 10. Ne 94.
https://doi.org/10.1186/s13287-019-1203-3

Strauch B., Herman C., Dabb R., Ignarro L.J., Pilla A.A. Ev-
idence-based use of pulsed electromagnetic field thera-
py in clinical plastic surgery // Aesthet. Surg. J. 2009.
Ne 29(2). P. 135—143.
https://doi.org/10.1016/j.asj.2009.02.001

Tracy L.E., Minasia R.A., Caterson E.J. Extracellular matrix
and dermal fibroblast function in the healing wound //
Adv Wound Care. 2016. V. 5. P. 119—136.

Wang J.H.C., Thampatty B.P, Lin J.S., Im H.J. Mechano-
regulation of gene expression in fibroblasts. Gene.
2007. V. 391. P. 1—-15.

Wood EM., Kolybaba M.L., Allen P. The use of cultured ep-
ithelial autograft in the treatment of major burn inju-
ries: a critical review of the literature // Burns. 2006.
V. 32. P. 395—-401.

Histological Assessment of the Laboratory Rats Skin after Thermal Damages Treated
with Nanosecond Microwave Pulses

A. A. Gostyukhina'-2-3-# V.V, Yartsev? 34, A. V. Samoylova'- 34, M. A. Bolshakov'-3, S. S. Evseeva >3,
V. M. Mochalova?, K. V. Zaitsev?, O. P. Kutenkov'!, and V. V. Rostov!
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The effect of nanosecond repetitively pulsed microwave radiation (RPMR, 10 GHz, 100 ns pulse duration,
8 Hz pulse repetition rate, 140 W/cm? peak power flux density (pPFD)) on the treatment of a model thermal
burn of the skin of laboratory rats was investigated. It is established that after 4-fold local irradiation, the rate
of wound healing increases; it is due to the accelerated formation of granulation tissue and a decrease in the

thickness of the scab, which ensures scarless healing.

Keywords: burn wound, nanosecond pulses, microwave radiation, histology, rats
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