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PE3IOME

CoBpemMeHHasi cucTeMa BbICLLIErO MeAULIMHCKOrO 0bpasoBaHusi NpeabsiBhsieT BbICOKMEe TpeboBaHust K
ajanTauMoHHBIM BO3MOXHOCTSIM CTYAEHTOB, CTaskvBalOLWMXCA C ANUTENbHbIM BO3AEWCTBMEM aKageMUYecKoro
cTpecca. XpOHUYECKUI CTPEeCC NPUBOAUT K HAPYLLEHUIO (OU3NOSIOTUHECKMX N KOTHUTUBHBIX (DYHKLIMIA, MOBbLILLAS PUCK
nesapantauuu. Llenbto gaHHOro nccnegoBaHus 6bino u3yyeHne aEKTUBHOCTU HOPMOGapUYECKON MHTEPBAIbHOM
rnokcuyeckon Tpennpokn (HUIT) kak MeToaa NOBbILEHUS CTPECCOYCTOMYMBOCTM U aAanTauMoHHOTO pesepsa Y
CTYAEHTOB-MEAMKOB B YCIOBUSX MOAENMPYEMOro akagemuyeckoro ctpecca. Marepuan n metoasl. B nccnegosanunm
npuHsAnu yyactme 80 CTyQeHTOB, PaHOOMMU3MPOBAHHbBIX HA OCHOBHYHK U KOHTPOIMbHYO rpynnbl. B TeyeHne 10 gHen
obe rpynnbl NoaBepranvcb OAMHAKOBOW CTpecc-Harpyske, BKIIHOYaloLLel TEOpeTUYeckne U npakTuyeckne Moaynu.
OcHoBHasi rpynna npoxoguna kypc HWIT, BkntoyaBwwuii 20 npouenyp Yepeayowerocst AblXaHUs MNOKCUYECKUM
(11,0% O,) »n Hopmokcuyeckum Bo3gyxom (20,9% O,). OueHka 9ddDEKTUBHOCTM BKMoYana BUOXMMUYECKUI
(ypoBHu TTT, T3, T4, koptusona, nakrata, JIAl, ypoBHs rmoko3bl, HIF-1a B kpoBu), remaTonornyeckuin (konm4ecTso
apuUTPOLMTOB, remornobuHa, rematokputa, MCV, MCHC, uBeTOBOM mnoka3aTtenb) U MNCUXOU3NONOTMYECKINI
MOHUTOPUHI (BapuabenbHOCTb cepaeyHoro putma, Tect Ctpyna u wkany PSS-10) go v nocne runokcuyeckom
TpeHupoBku. Pesynetatel. OTMeYanocb [OCTOBEPHOE CHWXEHWE YPOBHS KOpTU30Ma, YnyylleHue TUPeouaHoro
npoduns, akTMBaumsa rMNOKCMYECKUX curHanbHbix nyten (HIF-1a, apuTponoaTuH), pocT konmuyecTsa SpUTPOLNTOB,
reMornobuHa M remMatokputa, a Takke Hopmanu3auusi BeretaTMBHoro 6anaHca. [Mcuxodwmsvonormyeckme TecTbl
NPOAEMOHCTPUPOBanN yrnyylleHne KOrHUTMBHBIX (PYHKLUMA U CHUXEHUe CyObeKTMBHOro cTpecca. 3akmoyeHue.
MonyyeHHble AaHHble noaTBepXaatoT adpdekTnBHOCTb HUTT Kak dor3nonornyeckoro n KOrHUTUBHO-MCUXONOrM4eCKOro
mMeToAa ajantauuu. [aHHasi MeTogvka SIBNSETCA NepcrneKkTVBHBIM METOAOM Ans NpodUnakTVkM akagemmyeckoro
cTpecca 1 NoBbILEHUS aAanTauyoHHOro NoTeHumana opraHmama CTyAeHTOB MEAULIMHCKNX BY30B.

KniouyeBble cnopa: HOpMOﬁaplA‘-IECKaﬂ UHTepBaNibHad rMNokcun4yeckKkasas TpeHUpoBKa, CTpeccC,
agantauusa, ouarHoCctu4eckue Mmapkepbl.

DIAGNOSTIC MARKERS OF ADAPTATION TO INTERVAL HYPOXIA
OF SENIOR STUDENT UNDER ACADEMIC STRESS

Borukaeva I. Kh., Kipkeeva T. B., Shokueva A. G., Abazova Z. Kh., Shkhagumov K. Y.,
Molov A. A., Shavaeva F. V., Sherhov Z. Kh.

Kabardino-Balkar State University named after H.M. Berbekova, Nalchik, Russia

SUMMARY

The modern system of higher medical education imposes high demands on students’ adaptive capacities, as they
are exposed to prolonged academic stress. Chronic stress leads to disruptions in physiological and cognitive functions,
increasing the risk of maladaptation. The aim of this study was to evaluate the effectiveness of normobaric interval
hypoxic training (NIHT) as a method for enhancing stress resilience and adaptive reserves in medical students under
simulated academic stress conditions. Material and methods. The study involved 80 medical students, randomized into
a main group (receiving NIHT) and a control group. Both groups were subjected to identical stress loads over 10 days,
including theoretical and practical modules. The main group underwent a course of NIHT consisting of 20 sessions of
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alternating breathing with hypoxic (11.0% O,) and normoxic (20.9% O,) air. The effectiveness of the intervention was
assessed via biochemical markers (TSH, T3, T4, cortisol, lactate, LDH, glucose, HIF-1a), hematological parameters
(red blood cell count, hemoglobin, hematocrit, MCV, MCHC, color index), and psychophysiological monitoring (heart
rate variability, Stroop test, and PSS-10 scale) before and after the intervention. Results. Statistically significant reduc-
tions in cortisol levels, improvement of thyroid hormone profiles, activation of hypoxic signaling pathways (HIF-1a,
erythropoietin), increases in red blood cell count, hemoglobin, and hematocrit, and normalization of autonomic nervous
system balance were observed. Psychophysiological testing revealed improved cognitive function and decreased sub-
jective stress levels. Conclusion. The findings confirm the effectiveness of NIHT as both a physiological and cognitive-
psychological adaptive intervention. This method shows promise as a preventive strategy against academic stress and

for enhancing the adaptive capacity of medical students.

Key words: normobaric interval hypoxic training, stress, adaptation, diagnostic markers.

CoBpeMeHHass MOZIENIb CUCTEMBI BBICIIETO Me-
JTUIITHCKOTO 00pa30BaHUs, Ha CETOMHSAITHUN JICHb,
MPEIbSIBISIET BRICOKHAE TPEOOBAaHUS K aJanTaluoH-
HBIM BO3MOKHOCTSIM CTYJCHTOB-MEIUKOB, CTAJIKHU-
BAIOIIUXCS, JJTUTEIBHOE BPEMsI C MHOTO(aKTOPHBIM
aKaJeMUYeCKUM CTPECCOM, SIBISIOIIMMCS MOJiepa-
TOPOM JTONITOBPEMEHHOTO TTCUXO(PU3NOIOTHIECKOTO
HaIpsHKEHUS, IPUOOPETAIOIIETO XPOHUYECKYIO op-
My. Ctpecc-hakTopbl MPUBOIAT K HCTOLICHUIO KOM-
MIEHCATOPHBIX MEXaHN3MOB OpraHu3Ma, yBeJIU4NBas
PUCK pa3BUTHS A€3alalTallld, HApyIIEHUs B paboTe
CepJIeYHO-COCYJAUCTOM, JbIXaTeIbHOU, UMMYHHOM,
SHIOKPUHHOHN CUCTEM, yXyIIIeHHE KOTHUTHBHBIX
(hyHkumii Mo3ra. B cBeTe 3TOr0, aKTyaabHbl METO/IbI
TMIOBBIIIEHHUS] CTPECCOYCTOMYMBOCTH U ONTUMHU3ALINN
aanTalMOHHBIX POIIECCOB.

Nnes o cBsA3W ajmanTaluu U CTPECCOYCTOUUUBO-
CTH, 00CYX/Iallach B HAyYHBIX TPyJAaX MHOTHX HC-
cienoBarenei, B Tom uncie Adadkosa B.A., oOpa-
THUBIIUX BHUMAaHHE HA 3TOT HAy4yHbIN acnekT [1]. B
cepenuue npornwioro cronerus, Cuporunsim H.H.
OBIT MPEUIOKEH CTYIEHYAThI METO]T BEICOKOTOP-
HOM ajmanTaIuy IS TOBBITICHNS PE3UCTEHTHOCTH
opranusma K runokcuu [2]. B uccnenopanuu me-
XaHU3MOB aJalTallud U J1€3aJanTalliu YyeloBeKa
oco0oe BHIUMAaHHE yACINSETCs YK30TC€HHON TUIOK-
CUU Kak HanOoJiee 3HaYNMOMY (PaKTOpy BHEIIHEH
cpenpl. TeMa MapKepoB YCTOMYHUBOCTH YeJIOBEKa K
TUTIOKCUH OCTaeTCs OTKPBITOM U PEryIsIpHO OCBe-
aeMoil B (pU3HOIOTHUECKHUX U MAaTO(U3UOIOTHYEC-
ckux paborax [3]. OmHUM U3 NEPCIEeKTUBHBIX Ha-
MIPaBICHUH B MEAHUIINHE, CITY>)KUT HOpMOOapriecKas
WHTEpBalIbHAS TUTIOKcHYecKas TpeHupoBka (HUI'T),
OCHOBaHHAsI Ha YEPEIOBAHHUH JIBIXaHUS BO3yXa CO
CHIDKEHHBIM COJIEpIKaHUEeM KUCIIOPOJa U OOBIYHBIM
BO3/YXOM, YTO YBEIMUYMBACT (DYHKIIMOHAIBHBIC Pe-
3epBBI OPTAHU3MAa U €T0 CTPECCOYCTOMUMUBOCTH [4].
JlaHHBII METO/I aKTUBUPYET T'€HETUUECKH 3aJI0KEH-
Hble MEXaHW3MBbI aJanTalliy, BKIIOYas YCUJIECHUE
AHTUOKCUIAHTHOW 3alUTHI, CTUMYJISIIUI0 MUTOXOH-
JIpUaIbHOTrO OMOTeHe3a U MoBkINIeHNE 3P PeKTUBHO-
CTH KHCIOPOJATPAHCIOPTHON CHCTEMBI.

B ocHoBe METOIMKM «J103UPOBAHHON HOPMO-
OapuIeCKON THITOKCHICCKON CTUMYIISIIHI JTCKUT
COYeTaHne TpeX BaXKHBIX U d((HEKTUBHBIX peadbHIH-

TallMOHHBIX KOMIIOHEHTOB: 1) MHTEpPBaIbHOE 103U-
poBanue — obecrieunBaet 3QHEKT TPEHUPYEMOCTH;
2) cobcTBenHoe Bo3nelicTBue — mpu HUI'T aktuBh-
pyercs cuctemMa JJOCTaBKH KHCIOPOAA, TIOBBIIIASTCS
YPOBEHb reMOITIO0NHA B KPOBH, YBEIIMYHBACTCS €TO
CBSI3BIBAIOIIAS U TPAHCIIOPTHAS CIIOCOOHOCTBD, YIy4-
[IaeTCsl AUCCOIMAIINSI OKCUTEMOIIO0NHA, a TaKKe
BO3PACTaeT YMCIIO KaMUIAPOB Ha €NHUIYY 00beMa
TKaHU; 3) CAaHOTCHETHYCCKUN d(PPEKT - OpraHu3M
MIPUCTIOCA0INBACTCS K HOBBIM YCIIOBUSM U OBICTPO
KOMIICHCUPYET HapylLICHHs Ha BCEX YPOBHAX, YTO
MIPUBOJUT K OBICTPOMY BOCCTAHOBJICHHUIO M YBEJIH-
YEHUIO0 YCTOWIUBOCTH Opranm3ma [5].

Pa3paboTka cucTeMbl AMarHOCTHYECKUX MapKe-
pOB, 0000mAaMNX PU3HOIOTHIECKHE, OMOXUMU-
YyeckHe U ncuxuueckue napamerps! B xoge HUI'T
[03BOJIUT BBISIBUTh WHJMBUJYaJIbHbIC MaTTEPHBI
aJanTaluy " Je3aJalTalud U ONPEIeIUTh JIUMHU-
HaJIbHBIE 3HAYCHHUS CTPECCOBOI HArpy3KH, ITPH KOTO-
PBIX THIIOKCHYECKHE TPEHUPOBKHU JEMOHCTPHPYIOT
MaKCHMaJIbHYIO 3((PEKTUBHOCTb.

MATEPUAJ U METOABI

B uccnenoannn npunsin yuactue 80 cTyneH-
TOB-MEIUKOB MEIHMITMHCKOM akamemun Kabapmu-
HO-bankapckoro rocymapcTBEHHOTO YHHBEPCUTETA,
cpeanuit Bo3pact coctaBui 22,37+0,42 roga. Ot-
00p MPOM3BOAMIICS MO CIEAYIOMUM KPUTECPHUSIM:
OTCYTCTBHE OCTPBIX MH()EKIIMOHHBIX 3a00JICBaHUA,
COMAaTHYECKHX 3a00JIeBaHUI B OCTPOH (haze, TICHUXU-
YeCKUX 3a00JIeBaHNM, WHIUBHyabHON HEMEPEHO-
CUMOCTHU KHCJIOPOIHOM HEAOCTAaTOUHOCTH.

YyacTHUKHM OBLIM PaHAOMH3HPOBAHBI Ha J[BE
rpymnmnsl: ocHOBHYIO (n=40), MpoXoauBIIYIO0 Kypc
HUI'T u xouTponbHyto (n=40), KOTOpasi HE MPOXO0-
JIUJIa TUTIOKCHYECKYI0 TPEHUPOBKY. | pymisl Obuin
COTIOCTABHMBI 110 BO3PACTY, MOy M IOKa3aTesIM
3110poBbsi. O0e TPyl YYACTHUKOB UCCIICTOBAHYS,
IIOMUMO €CTECTBEHHOW aKaJeMHYECKOU cTpecc-
Harpy3K#, ObUTH TTOABEPTHYTHl KOHTPOIUPYEMOMY
JIOTIOTHUTEIIFHO CMOJEINPOBAHHOMY y4eOHOMY
CTpeccy, BKIOYAONMEMY TEOPETHUCCKUN U MpaK-
TUYECKUM MOAYNb. TeopeTuuecKuil MOayib UMUTHU-
pOBaJI 3K3aMEHAIIMOHHYIO CECCHIO, C NMPOBEICHUEM
KOHTPOJIbHOM paboTHI ¢ orpannyerreM Bpemenn (90
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BorpocoB Ha 60 munyT). IlpakTnueckuit Momynb
BKJIFOYAJ pabOTy B CUMYISIIMOHHOM MEIUIIMHCKOM
LIEHTPE, C BHE3AITHBIM YXYAIIEHHEM COCTOSHUS «T1a-
[IMeHTa» Ha TpeHaxepe (Hampumep, najgeHue AJl ¢
OCTaHOBKOH cep/la) U UCIOIb30BaHUEM CBETOBBIX
U LIIYMOBBIX pa3fpakuTeseil. BeinonHenue 3ajaHui
TEOPETHUYECKOTO U MPAKTHYECKOTO MOAYJEH BBITION-
HSJIOCH TOCTIeIOBATENBHO, €KEAHEBHO B TedeHne 10
JIHEH, ¢ U”3MEHEHUEM U YCIOKHEHUEM 3aJaHUi Ha
MIPOTSKEHUH HCCIIEIOBAHUS.

Ilepen HauaoOM M MOCI]IE€ TUIIOKCUTPEHUPOBKH Y
BCEX YYACTHUKOB OCHOBHOM M KOHTPOJIBHOU I'PYIII
OBUT TIPOBEICH OMOXMMHUUYECKUN aHAN3 KPOBU C
onpenenenueM yposHed TTT, T3, T4, kopTuzoua,
nakrara, JIJIT, ypoBHS IJIOKO3bI B KPOBU C UCIIOJNb-
30BaHMEM MOAYJIBHOU MIaTGOPMBI KIMHHUYECKON
onoxumun 1 uMMmyHoxumun Cobas 8000. YpoBeHb
HIF-1a ompexnensuicst metonom MDA B «ceHIBHI»
CHUCTEMe, COJepIKaHNE SPUTPOTIOITHHA C TIOMOIIHIO
ABTOMAaTUYECKOTO UMMYHOXHMHYECKOTO aHaln3a-
topa IUMMULITE 2000 XPi. I'emaronoruyeckoe
HCCIIeI0BaHNE, BKIIIOUAIOIEE OLIEHKY KOJINYEeCTBa
SPUTPOIUTOB, TeMOrIoouHa, rematokputa, MCV,
MCHC, LIIT 06110 BBIITOJIHEHO C TTOMOIIBIO TeMaTo-
JIOTHYECKOro aHanuzaropa «Sysmex XN-9000».

Bravane uccieoBaHus JuiiaM OCHOBHOW I'pyTI-
bl OblJIa MpOBEAeHa TMIOKCHUYecKast mpola ams
OTIpe/eNICHUs] MHANBUIYaJIbHONW YYBCTBUTEJIHHO-
CTH K KHCIIOPOHOW HEIOCTATOYHOCTH C TIOMOIIBIO
runokcukaropa «OXYTERRA. [Ipob6a Bkirouana
MOATAITHOE CHIDKCHHE KOHIIEHTPAIUHA KHUCIOpOaa
C MOHUTOPUHTOM (PU3UOJOTUYECKUX MapaMeTPOB
(YCC, carypanus). ['unokcukaTtop aBTOMaTHYECKU
PacCUUTHIBAI PEKOMEHIYEMYIO KOHIIEHTPAIHIO KHC-
snopona s kypca HUI'T, yuutsiBast 3aBUCUMOCTh
«1103a-3QPEKT» MPU COCTABICHHUH TNIaHA TPEHHUPO-
BOYHOMU ceccuu [6].

o u nocine uccnenoBaHus IPOBOAUIICS MOHHU-
TOPUHT (DU3HOIIOTHUYECKHUX ITOKa3aTesei, BKIoUa-
OIMMX BapuabenbHOCTh cepaeunoro putma (BCP).
OlieHKa CTaHapTHBIX OTKJIIOHEHUH HHTEepBaioB R—R
(SDNN) ocymiecTBisIach ¢ UCTIOIB30BaHUEM allla-
parHo-niporpammuoro kommiekca « BHCh-Crnexrp»
JUISL aHAJIU3a BEre€TaTUBHOW peryisauuu. JononHu-
TEIbHO M3MEPSUTHCH TMOKa3aTelN apTeprualIbHOTO
JaBJICHHs ¢ TTOMoIbio ToHOMeTpa Picooc X1 Pro,
a TaKKe carypanus aprepuanbHoii kposu (SpO,) n
4acTOTa CepJIEUYHBIX COKpPAIEHUH ¢ TPUMEHEHHEM
mynscokcnmetpa B. Well Med-325. Drot moaxoz co-
rnacyercs ¢ pesynsraramu T. B. Cepedpockoii u B.
b. [aruno, mokazaBmmmu 3)(HEeKTHBHOCTH MaJIOUH-
Ba3MBHOTO METO/Ia CIIeKTpaibHOro ananuza BCP na
OIIEHKHM BKJIaJla CHMIIaTUYECKOT0 U MapacuMIaruye-
CKOTO OT/EJIOB BEreTaTUBHOM HEPBHOW CUCTEMBI B
paboTy cep/ra B yCIOBHIX TUIOKCHH [7]. Ommpasich
Ha 9TH JaHHBIC U OOILIMPHYIO HAyYHYI0 HHPOpPMa-
L0, MBI NCIIOIB30BAJIN aHAJIOTUYHBIH MOIXO0/, UTO

OPUTI'MHAJIBHBIE CTATBbU

MTO3BOJIJIO OLIEHUTh HHTETpaTUBHBIE pEeaKIiy Opra-
HH3Ma Ha THIOKCHUIO B YCJIOBUSX KOMOMHUPOBAHHO-
To cTpecca.

Or1eHKa TICUXOJIOTHYECKUX TTOKa3aTeneil cyob-
EKTHBHOTO CTpecca U KOTHUTHBHBIX (DYHKIHMHA Obl1a
MpoBe/ieHa ¢ Ucnojb3oBaHueM tecta CTpyna B
obeux rpymmax jo u nociie kypca HUI'T. [lanubrii
TECT OIICHMBAET BHUMaHUE, THOKOCTh MBIIUICHUS
U TOPMOXKEHHUE, MPOTUBOIOCTABIAS CI0Ba, 000-
3HAYAOLIME [[BETA U LBET YEPHUI, KOTOPHIMH OHU
Hanucanbl. MccnenyeMbpIM npeaiaraioch BEIOpaTh
OTBET B COOTBETCTBHUM CO CMBICIIOM CJIOBa (CJIOBa,
HamMcaHHbIe YePHBIMH YEPHHUIIAMH), 3aTEM B COOT-
BETCTBHUH C IIBETOM CJIOBA (9KBUBAJEHTHBIE LIBET U
CMBICIT), ¥, HAKOHELl, B COOTBETCTBUH C IIBETOM CJIO-
Ba, HE COOTBETCTBYIOIIUM €r0 CMBICITY (Hampumep,
CIIOBO «KPaCHBIN», HATIMCAHHOE 3€JICHBIM I[BETOM),
nojaBJisisi moMexu rnpu ureHuu (3pdexr Crpymna) [8].
Yy9acTHUKHY UCCIETOBaHMs MTPOIUIN TECT HA OIEHKY
cTpeccoycToiunBocTH no mkaie PSS-10, cocros-
et u3 10 BonpocoB, HaNpaBiICHHBIX Ha ONpeeIie-
HHUE CyOBEeKTUBHOTO CTpecca 3a MPEbLLy U MECSI,
BKJIIOYAst YyBCTBO IOTEPH KOHTPOJISL M YPOBEHDb 3MO-
LMOHAIbHOW HAIPSHKEHHOCTH.

I'nnokcudeckas TPEHUPOBKA MPOBOJAUIIACH HA
ycraHoBke «OXYTERRA» B HUKIMUECKOM PEXKHU-
Me€ MOoAa4YM BO3AyXa: 5 MUHYT JIbIXaHUS BO31yXOM,
obenHeHHBIM KucaoponoM (11, 0%) ¢ uepenoBanu-
em Hopmokcuu (O, — 20,9%) B TeueHHne 5 MUHYT.
Kontposne caTypanuu npoBOAHIICS MOCTOSHHO BO
BpeMs TPEeHUPOBKU. [IpofoKUTEeIbHOCTE OAHOTO
ceanca coctanisuia 40 MuHyT. JTUTEIHHOCTD Kypca
coctanisuta 20 Iporeayp, YTO SIBISICTCSI MUHUMAITh-
HBIM KOJIMYECTBOM JUIsl JOCTHKEHUSI 10CTOBEPHBIX
adpexro HUI'T [9].

Bce nccnenosanus npoBOAWINCH UCKIIIOUUTEb-
HO IOCJI€ TIOJIY4€HHUs JINYHOTO COTJIaCHUsl CTYAEHTOB,
B COOTBETCTBUU C ATHYECKHMH HOPMaMH, YCTaHOB-
JICHHbIMM XeJIbCUHKCKOM Jiekiapaneit BcemupHoi
MEAMLMHCKON accouuanuu. Bee ydacTHuku nepen
HayaJloM HMCCIEAOBaHMs ObUIM MOAPOOHO MPOMH-
(hOopMHUPOBAaHBI O METOJMKE HOPMOOApHUECKON HH-
TepBaJbHOM runokcuTepanuu. Mcenenosanue ObL10
000PEHO JTOKATBLHBIM 3THIECKUM KomuTeToM KBI'Y
(mpotoxkosr Ne7/11 ot 20.02.2025 1.).

CraTuCcTUUECKHI aHAIN3 PE3yJIbTaTOB IPOBOIUII-
cs ¢ ucnonbp3oBaHueM nporpamMm Microsoft Office
Excel m ANOVA B nporpamme SPSS 26,0. Ha na-
YalbHOM 3Tare 00pabOTKU JaHHBIX BapHAIMOHHBIE
PSLABI IPOBEPSUINCH HA COOTBETCTBHE HOPMAJIBHOMY
pacripeiesIeHuIo ¢ ncnosb3oBanueM Tecta Llamnmpo-
VYunka (p>0,05). Ananu3z pacnpeneneHus 3HaYCHUN
MOKa3aJjl, YTO UCCIIelyeMble BBIOOPKH MTPUHAAJIECKAT
reHepaJIbHBIM COBOKYITHOCTSIM C HOPMaJIbHBIM pac-
npeneneHueM. llpu cpaBHEHUHU CBSI3aHHBIX BBIOO-
POK (0 M TOCIIe JIGYEHUST) UCIOTb30BANICS MTAPHBIN
t-kpurepuii CteroneHTa. Mcecnenosanuce n3MeHeHNs
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B MTOKA3aTeJIsAIX CTY/IEHTOB JI0 M TOCJe BO3AEHCTBUS
HOPMOOAapHUYECKON MHTEPBAIBHON THITOKCUU B yC-
JOBUSIX cTpecca. JlaHHBINH MeTo/ MO3BOJISET OIpe-
JICJIATh CTATUCTHYECKN 3HAUUMBIE PAa3IINUHS MEXKTY
STUMH JIByMS] BDEMEHHBIMU TOUKAMH, YTO BasKHO JUISI
O1IeHKH 3()()EKTUBHOCTH BMEIIATEIILCTRA.

Ananu3 Bapuannu ANOVA Obul HCTIONB30BaH
JUTsl CPAaBHEHH 3HAYEHUH HE3aBUCUMBIX IPYIIIL, YTO
MTO3BOJISUTO BBISIBUTD PA3iIM4YUs MEXK1y HUMH U OIIpe-
JIJINTh KaKUE U3 HUX CTAaTUCTHYECKU 3HaYUMBI. [1o-
Jy4eHHBIE Pe3yJIbTaThl ObUIH MPEACTABICHBI B BUIC
NPOCTOM cpeiHelt apuMEeTHYECKON U CTaHIaPTHON

omuOKY cpeiHero M+m. Pa3nuuust cuuTanuck cra-
TUCTUYECKH 3HAYUMBIMH Tipu P<0,05.

PE3YJIBTATbBI

HccnenoBanne Mo3BOJIMIIO BBIIBUTH KITIOUEBBIE
JIMarHOCTUYECKHE CTpecc-MapKephl ajanTaluu K
UHTEPBAIILHON THIIOKCUYECKOM TPEHUPOBKE Y CTY-
JIEHTOB, HAXOJIAIINXCS B YCIOBHSX aKaIEMHUYECKOTO
cTpecca. Pe3ynbTarsl JEMOHCTPUPYIOT, 4TO KypCo-
Boe npumenenne HUI'T cmocoOGCcTBYeT KOMILTEKC-
HOM (PM3HMOTOTHYECKON U MCUXOJIOTUYECKON ajar-
tauu (Tadm. 1).

Taonuna 1. /lunamuka OMOXHMHYECKHX MAPKEPOB Y CTYICHTOB CTAPIIMX KYPCOB /0 U MOCJIe HHTePBAJIbHOI
THNIOKCHYeCKOH TPeHUPOBKH.
Table 1. Dynamics of biochemical markers in senior students before and after interval hypoxic training.

OcHoBHas TpyTmima Kontponbnast rpynmna

[Toka3zarenn p-value

110/ mocie no/mocie
Kopmuson (saoms/x) 185,36+16,44 125.27+11,64 p.<0,01
P 120.2715.08 130,47+8,46 p>0,05
220,4816,73 225382012 p <0,05
JIAL (Ex/m 280,55+18.57 230,74+16,72 p.>0,05
2,2840,17 1,940,07 p <0,05
TTT (MEx/m) 1.8620.12 176:0.14 p.>0,05
4,470,25 43920,16 p <0,05
T3 (mvoms/m) 5254021 4.37+0.24 p.>0,05
14,53+1,22 15374112 p <0,05
T4 (moms/m) 18364123 15624131 p.>0,05

Ipumeyanue: p, — TOCTOBEPHOCTD PA3JIMYMI MEK]Ty MTOKA3aTENIIMU OCHOBHOM IPYIIIBI; P, — JOCTOBEPHOCTh
pasnuumid y KOHTPONBHOW rpymnimsl; Jakrataeruaporenasa (JIAI); Tupeorponnsiii ropmon (TTI); Tpuiion-

tuponuH (T3); Tupoxcun (T4).

Note: p, - significance of differences between the main group indicators; p, — significance of differences
in the control group; lactatedehydrogenase (LDH); thyroid-stimulating hormone (TSH); triiodothyronine

(T3); thyroxine (T4).

Cuuxenue nakrara ¢ 3,33+0,18 MMmous/n mo
1,5740,11 mmonb/a (p<0,001) u crabunuzamus
YPOBHSI TITHOKO3bI KpoBH ¢ 5,85+0,12 MMoub/i1 110
4,7240,14 mmonn/n (p<0,05) cBuperenbcTBOBaIA
00 ONTHUMH3AINH SHEPTETHIECKOTO0 METa0oIM3Ma B
YCIOBHSIX THIIOKCHH (Ta0II. 2).

Hopmanu3zanus ypoBus koptuzona, TTI u T3, T4
MOJITBEP K 1aJla CHUKEHUE CTPECCOBOM HArpy3KH Ha
SHJIOKPUHHYIO CUCTEMY Y CTYICHTOB, MPOIIEAIINX
KyPCHI THIIOKCUTPEHUPOBOK. YMEPEHHOE TIOBBIIIIC-
Hue JIZII' Morto ObITh CBSI3aHO C ajanTaluei Kie-
TOYHOTO JIbIXaHUS K TUITIOKCUYECKUM YCIIOBUSIM.

buoxumuyeckue u remMaToIOTHUYECKUE AaHHBIE
yKa3bIBaIOT O 3HaUMMOM NoBbIieHnH ypoBHa HIF-1a
Y 3pUTPOIIOATHHA B OCHOBHOM rpynne nocine HUI'T,
YTO CBHUJETEIHCTBOBAIIO 00 aKTHUBAIMH THITOKCHYE-
CKHMX CUTHAJIBHBIX IyTEH U YCUIECHUH 3PUTPOII0I3a,
0e3 3HAYMMBIX U3MEHEHHU B KOHTPOJIBHOHN IpyTIIIe.
KunroueByto posib B MHIYKLIHUU 3PUTPOIIOI3a, AHTHO-

reHes3a u mmkonm3a urpaet 6einox HIF-1, aktusupy-
IOLIUICS TPU TUIIOKCUH, YCHJINBAsI TPAHCKPHIILIUIO
ICHOB APUTPOIOATHHA, (PAKTOPOB POCTA COCYHOB,
(hepMEHTOB TIIMKOJIN3a, BBI3BIBAsI KOMITJICKCHBINA OT-
BET Ha J0iroBpeMeHHyto runokcuio [10]. Oto xop-
peTupyeT C yBeNWYEeHUEM KOJIUYECTBA DPUTPOIHU-
TOB, T€MOINIOOMHA U TeMAaTOKPUTA, YTO yKa3bIBaeT
Ha YJIy4lleHHE KUCIOPOATPAaHCIOPTHON (yHKIHN
KpPOBH Y JINI] OCHOBHOW T'PYTIIIBI.

Ilepen HawganoMm Mccie0BaHUS YYaCTHUKHU OC-
HOBHOM M KOHTPOJIBHOM I'PyII [TOKA3aJId IIPU3HAKU
BEereTaTHBHOTO aucOananca. AHaIu3 BapuaOeIbHO-
ctu cepaeunoro putMma (BCP) mociie HUI'T BeisiBin
yBenunueHne SDNN nHa 15-20% u 3HauuTenbHOE
ymensiienne npupocta YCC B 0CHOBHOI rpyme,
TOT/Ia KaK M3HauaJIbHbIE JaHHbIE YKa3bIBaJIN Ha CHU-
skeaue SDNN (70-90 Mc); TaxuKapIuto JeTKO# cTe-
rieru (UCC 87-90 yn/muH) 6e3 KITMHUYECKH 3HAYH-
MBIX HApYILICHUH CEpIEeYHOr0 PUTMa; IOTPAHUYHOE
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Tabauua 2. JlunaMuKa reMaTo1oru4eckux U GU3nOI0rnyecKuX MapKepoB y CTYI€HTOB CTAPIIMX KYPCOB /10 U
NnocJie UHTePBAJbHONH TMIIOKCUYEeCKOH TPEHMPOBKH.
Table 2. Dynamics of haematological and physiological markers in senior students before and after interval
hypoxic training.

OcHoBHas Tpy1Ia Kontponbnas rpynmna

p-value

7o/ mocie Jo/moce
824 +1,05 8.06+ 0,32 p,<0,05
HIF-1a (/v 13,02 +1,82 832 + 0.35 p.>0,05
10,5141,12 10,3241,04 p,<0.01
Opurpomnostud (MME/min) 15.5341.27 10.81<1.01 p;>0,05
4524011 4.67+021 0,05
spurpowuTst (<10 1) 4.95+0.12 478031 00,05

b 2 b 2 2 2

135,51=2,13 134,34+4,62 p,<0,05
Hb (/) 143,36+3.26 136,42+5.33 p.>0,05
%) 42234121 41,83:2,21 p,<0,05
° 46,62+1,16 42,36+1,22 p,>0,05
- 0,89-0,01 0,89+0,12 p,<0,05
0,95:0,03 0.9140,15 p.>0,05
90,3642,11 87,7343 36 p,<0,05
MEV () 84.26+125 87.36:+2.44 p.>0.05
34374131 33,51+1,54 p,<0,05
MCHC (rp/an) 37.95+1,09 34374273 p.>0,05

IIpumeyanue: p, — JOCTOBEPHOCTh PA3JIMYUI MEXKTY MOKA3ATEAMU OCHOBHOM IPYIIIIbL; P, — T0OCTOBEPHOCTH
pasnunil y KOHTPOIBbHOW Tpynibl; Gpakrop, nHxynnpyemMslid runokcueit (HIF-1a).

Note: p, —significance of differences between the main group indices; p, — significance of differences in the

control group; hypoxia-inducible factor (HIF-1a).

noBermienne AJl (CH - 128-135 mm.pr.ct., /1 - 85-
90 mm.pr.cT); SpO, - 96-98%.

3asepmenue kypca HUI'T compoBoxaanocs
yCHJICHHEM BarycHol akTuBHOCTH. CTaOuin3anus
roKa3aTesieil apTepuaJbHOrO JaBJIEHUS B YCIOBUAX
THITOKCHYECKON HATrPy3KH MTOATBEPKIAET POCT aiall-
TALOHHOT'O Pe3epBa CepAECUHO-COCYIUCTON CUCTE-
MBI K CTPECCOBBIM BO3JCHCTBUSIM.

[IpuMeHeHHEe MHTEPBAJbHBIX THIOKCUYECKHX
TPEHUPOBOK NPHUBEJIO K CTATUCTHUYECKU 3HAYMMO-
My YIYYIICHHIO TICUXOJIOTHYECKON U KOTHUTUBHOM
YCTOMYMBOCTH y CTYJAEHTOB-MEIUKOB B OCHOBHOM
rpymre. Jlo HUI'T tect Ctpyna y cTyneHToB 00enx
IPYIII MOKa3ajl OTHOCUTEIBHO HU3KYIO 3¢ eKTnB-
HOCTh KOTHUTHUBHBIX (DYHKIHH, YTO BBIPaXKasloCh
B CHIIKCHHUHU CKOPOCTH 00paboTKu HH(POpPMAIUU U
BHuMaHus. Tect PSS-10 no Hauana uccienoBanus
BBISIBUJI CPEIHUM PE3YJIBTAT, YTO yKa3bIBAJIO HA BbI-
COKHI ypOBEHb CTpPECCA, YyBCTBO IMOTEPU KOHTPOJIS
1 AMOIIMOHAIBHOE HalpsiKEeHNUe.

Pe3ynpTaThl KOJTUYECTBEHHON AUHAMUKHU TICH-
X0(pU3MOTOTHUECKUX MapKEPOB aKaIeMUYECKOTO
cTpecca y CTy[JEHTOB - MEIUKOB IPEICTABICHbI B
tabiuue 3. [Toce 3aBepIIeHus NCCIIEA0BaHUS TIPO-
Bepka ¢ ucnosb3zoBaHueM CTpyI-TecTa Imokasaia

yAydlIeHHe KOTHUTUBHBIX QyHKumi. Ecnu nepen
HayajoM HCCIIIOBAaHMs Ha BBHITOJHEHHE 3aIaHUH y
CTyZIEeHTOB o0enx rpym yxonuio 450,41+24,21 mc,
TO TOCJIE 3aBEPLICHUN MCCIETOBAHNUS OTMEUYaI0Ch
COKpallleHHEe BPEMEHHU BBINTOJIHEHUS 3aJaHus B OC-
HOBHOM T'pyIITIE, 4TO CBUIETEIHCTBOBAJIO O IMTOBBIIIIE-
HUM BHUMaHWUsI, THOKOCTH MBIIICHHUS U CIIOCOOHO-
CTH K TOPMOKEHHI0. BpeMs Ha BbITIOJIHEHKE 3aJaHU I
cokparusioch 10 380,46+23,38 Mc, UTO TOBOPUIIO O
MOBBILICHHE CKOPOCTU 00paboTKU MH(pOpPMALUU U
CIOCOOHOCTH K KOTHUTUBHOMY TopMokeHHmto. [11ka-
na PSS-10 mpogemoncTpupoBaia CHH)KEHHUE CyOb-
eKTUBHOMW OIeHKH cTpecca Ha 25-30% B OCHOBHOU
rpymnie, MOATBEePXk/as MOBBIILICHUE CTPECCOYCTOM-
yuBocTU. Pesynbrarsl mkansr PSS-10 Ha MoMeHT
oxonyanust HUI'T nokasanu cHIKeHHE CyOBEKTHB-
HOU OIeHKH cTpecca Ha 4,5 6amna, (pe3yabTaT 1o
22,52+1,06 6amnoB), Toraa Kak B KOHTPOJIBHOM Ha-
Oironanach HE3HAUUTEbHAS JUHAMUKA TTOBBILICHUS
crpecca: no 21,85+1,09 6amnos nocne 22,17+1,63
0asoB. lI3MeHeHus B OCHOBHOM IpyIIIie KOPpEIUpy-
10T C HOpMaJn3aliei BereTaTUBHBIX U OMOXUMHUYe-
CKHX MapKepoB, TOTYEPKIBAst B3AUMOCBS3b (hPH3HO-
JIOTUYECKHUX, TICUXOJIOTHYECKUX U aJlalTallMOHHbIX
MEXaHHU3MOB.
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Tabauua 3. JlunaMmuka ncuxo(pu3noJ0ruiecKuX MapKepoB y CTYIeHTOB CTAPLINX KYPCOB 10 U 110cJie MHTep-
BaJIbHOI T'HIIOKCHMYeCKON TPEHUPOBKH.
Table 3. Dynamics of psychophysiological markers in senior students before and after interval hypoxic

training.
OcHoBHas rpymnmna KonTtponbHas rpynna
[Tokazarenu p-value
no/mocine no/mocie
Tect Ctpyna, Bpems 450,41+24,62 440,37+28,05 p,<0,05
peakuuu (Mc) 380,46+23,38 435,44+27,56 p,>0,05
Tousocts pemerit (%) 65,53+3,27 68,42+4,32 p,<0,05
P ° 78,44+3,61 70,47+4,33 p,>0,05
22,52+1,06 21,85+1,09 p,<0,05
bawit PSS-10 18,07+1,32 22.17+1.63 p.>0,05

l'[pnMeanne: p1 — AOCTOBCPHOCTDH pa3m/1q1/1ﬁ MCIKAY IMOKa3aTC/IAMn OCHOBHOM TpYIIIBL; p2 — J0CTOBCPHOCTH

pa3inyuil y KOHTPOJIBHOU IPYIIIIb

OBCYKJIEHUE

IlonydeHHble B HCClIENOBAHUU JaHHbBIC CBUEC-
TEJIBCTBYIOT O BBICOKOH 3(PPEKTUBHOCTH HOPMOOa-
pUYECKON HHTEPBAJIBHOM I'MIIOKCUYECKON TPEHUPOB-
ku (HUI'T) kak MeTOIa OBBITIICHISI aqaTallnOHHO-
ro NOTEHIHMaja U CTPECCOYCTOMUYNBOCTU CTYEHTOB-
MEIMKOB B YCJIOBUSIX HUHTCHCUBHOM akaJieMUUYECKOM
Harpy3KHu.

ITocne amanranuu K THIIOKCHHA OTMEYAJIOCh CTa-
THCTUYECKH 3HAYMMOE CHIKCHHE YPOBHS KOPTH30-
J1a, OTPAXKAIOUIEE YMEHBIICHUE AKTUBHOCTHU FMIIOTa-
naMo-Tunou3apHO-HAAITOYSTHUKOBOW OCH U, COOT-
BETCTBEHHO, CHUKEHNE XPOHUYECKOTO CTPECCOBOTO
orBeTa. OJTHOBPEMEHHO OTMEYAIOCh YITyUIlIeHHE Na-
pametpos tTupeouanoro npopuis (TTT, T3, T4), uto
yYKa3bIBacT Ha CTAOMIM3ANNI0 (DYHKIIMA YHIOKPHUH-
HOU cucTteMbl. [IoBBIlLIEHHE aKTUBHOCTH JIAKTAT/IE-
THIPOTEHA3bl B KPOBU MOXKET OBITh HHTEPIPETUPO-
BaHO KaK IMPOSIBIICHNE KOMIICHCATOPHOU aKTUBAIIUU
a’poOHOro MeTabomM3Ma B OTBET HA THIIOKCHYECKYFO
CTUMYJISIITATO.

AHanu3 reMaToJOTHYECKUX MOKa3aTeael moj-
TBEPAUJI YIyUYLIEHUE KUCIOPOATPAHCIOPTHOU
(hyHKIIMU KPOBU: HAOIONIAIOCH MOBBIIICHHE YPOBHS
3PUTPOIIUTOB, TEMOTIIOOWHA, TEMaTOKPUTA U IIBETO-
BOTO ITOKA3aTeJIsl, a TAKKe TOCTOBEPHOE YBEINUICHNE
yposHeit HIF-1a 1 sputponoatuna, 4ro cornacyercs
C U3BECTHBIMU MOJICKYISIPHBIMU MEXaHU3MaMH OT-
BeTa Ha runokcuio [11]. DTu u3MeHeHus: oTpaxaroT
aKTHUBAaLMI0 CUCTEMHOW alaTallMOHHOW pEeakUHH,
HaIMpaBICHHOW HA ONMTUMUBAINIO TOCTABKU KUCJIO-
poJa TKaHIM.

DusnomorNvecKre Mmoka3aTeiau BapuadberbHO-
ctu cepaeunoro purma (BCP) u aprepuansHoro
JABJICHUS TIOKAa3aJIl HOPMAJIU3AIUI0 BEreTaTUBHOTO
OanaHca ¢ TOMHUHHPOBAHUEM ITapaCUMITaTHYECKON
AKTHBHOCTH, YTO MOYXHO PACIICHUBATh KaKk MapKep
BOCCTaHOBJICHHS] TOMEOCTa3a B YCJIOBUSAX XPOHUYE-
CKOT0 cTpecca.

10

[Icuxoduznonornueckasi OleHKa KOTHUTHBHON
YCTOMYHUBOCTH M YPOBHS CyOBEKTHBHOTO CTpecca
MTOKa3aJa CTATUCTHYECKN 3HAYMMOE YITy4IIeHUE I10-
kazareneil CTpymn-TecTa (YMEHbIICHHE BPEMEHH pe-
AKUUHU U MOBBIIICHNE TOYHOCTH OTBETOB), @ TAKKE
cHikeHue 0amoB no mxkane PSS-10, uto yka3siBaet
Ha POCT CIIOCOOHOCTH K IMTPOM3BOJILHOMY BHIMAHHIO,
KOTHUTHBHOMY TOPMOKEHHUIO U OOIIYIO aalTaInio
K cTpeccy. [lomydeHHbIe pe3ynbTaTel TOATBEPKAA-
11, uto HUI'T 3¢ppexTrBHA HE TONBKO B KauecTBe
(PU3MOIOTHUECKOTO BO3IEHCTBUSL, HO M KaK CPEIICTBO
KOTHUTHBHO-TICHXOJIOTHYECKON KOPPEKIIUH.

ITonyueHHbIe pe3ynbTaThl B OCHOBHOM IpyIlIe
MTOATBEPKAAIOT BBIBOABI, IPEICTABICHHEIE B Psfc
OTEUYECTBEHHBIX U 3apyO0eKHBIX HayuHBIX PaloT.
Panee ObUTO yCTaHOBJIEHO, YTO THIIOKCHYECKOE BO3-
JeiicTBUe BbI3bIBaeT nosbiieHue yposHs HIF-1a
- KITFOYEBOT0 MapKepa aKTUBAllMK aJanTaIllMOHHbIX
peaknuii opranu3ma [12]. Monekymsipabie U Kiie-
TOYHBIC MEXAaHU3MBI TaHHOTO MpoLEecca MOAPOOHO
ONHCaHbl B HAYYHOH JuTeparype. B wactHocTH, 110-
Ka3aHo, YTO THUIOKCHS HHUIMUPYET (POPMHUPOBAHHE
TPAHCKPUIIIUOHHOIO KoMIuiekca ¢ yyactuem HIF-
10, HaKaTUTMBAIOIIETOCS TIPY CHIYKEHUH KHCIOPO/a
1 UHAYLHPYIOMIETO CHHTE3 SPUTPONOITHHA. DTOT
MEXaHN3M aKTHBHO MCCIICIyeTCsI KaK B 3apyOeKHBIX,
TaK M B poccuiickux padorax [13, 14].

Hamm naHHbIe TOTHOCTBIO COTVIACYIOTCS C ITH-
MH pe3yibTaramu. lloBBIIIEHNE KOHIIEHTpPAIUH
SPUTPONIOITUHA CONMPOBOXKAATIOCH OIOKHUTEIBEHON
JUHAMUKON FeéMaTOJIOTHYECKUX apaMeTPOB: YBEIIH-
YEHUEM YHUCIIa SPUTPOLIUTOB, YPOBHEH reMOIIO0HHA
1 TeMaTOKPHUTA, YTO MOATBEPKIAET aKTHBHU3ALIUIO
npoleccoB kpoBeTBopeHus B ycnoBusx HAIL'T.

Kypc runokcuueckoid TpEHUPOBKU MPOJIEMOH-
CTPUPOBAJI YMEPEHHOE CHUKEHHE YPOBHS TIIIOKO-
36l U B KOHTPOJIBHOHN TI'pyIIIE, YTO COOTBETCTBYET
pe3yabpraraM, paHee MOITYYeHHBIM B HCCIEI0BaHUU
T. C. 3anerosoii, C. A. JlepOeHéBoli U COaBT., rue
HUI'T mpumensach Kak METOJ peabMITUTAIINH T1a-
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UUEHTOB Tmocie uHcynbta [15]. [IpumedarensHo,
YTO CHI)KCHHE YPOBHSI TITIOKO3bI HAOIIONAI0Ch KaK
Y 3IOPOBBIX JOOPOBOIBIIEB, TAK U Y JIUI] C Pa3IAy-
HBIMU 3a00JI€BaHUSMH, YTO CBUETEIHCTBOBAIO O
cucteMHOM MetabonanueckoM 3¢pdexre HUT'T. Dto
noA4EépKUBACT YHUBEPCAIBHOCTh METOA, TIpUMe-
HHUMOTO KaK B paMKax MPO(HIAKTUKH CTPECCOBBIX
COCTOSIHUH, TaK U B KIIMHUYECKOU MPAKTUKE MPHU pe-
aOUITUTAINY TIAIIHEHTOB.

CoBpeMeHHbIE UCCIEI0BAHUS MTOATBEPKIAIOT
3HAYUMOCTh KOMITJICKCHOU OLIEHKH a1allTalliOHHOTO
OTBETa, BKIIIOYAOIIEH OMOXUMUYCCKUE, BEreTaTHB-
HBIE, TEMATOJIOTHUECKAE U KOTHUTUBHBIC MapKEPHI
[16]. X muHaMuKa IO BO3IECHCTBHEM MHTEPBAIIb-
HOM THITOKCHUYECKOW TPEHUPOBKH TTIO3BOJISIET CYUTh
O TMOBBIIIEHUH CTPECCOYCTOMUMBOCTH, YTO HAIPSI-
MYIO CBSI3aHO C YCICIITHOCTBIO yUeOHOH JIEeATEIIbHO-
CTH U NPO(EeCCHOHATBHON MOATOTOBKONH MEIUITMH-
CKUX KaJIpOB.

HUI'T oka3zain KOMILJIEKCHOE CUCTEMHOE J€EM-
CTBUE, OXBAThIBAIOIIEE IHAOKPUHHYIO, T€MATOJIO-
TUYECKYI0, BEr€TaTUBHYIO U KOTHUTHUBHYIO C(ephl,
4TO JenaeT €€ MePCIEKTUBHBIM U HAYYHO 000CHO-
BaHHBIM METOIOM ISl TPOMUITAKTUKHA J1e3a/IarTaIi-
OHHBIX COCTOSIHUH Y JIUII, HAXOASIIIUXCS B yCIOBHSIX
XPOHHYECKOTO CTpecca.

3AK/IIOYEHUE

PesynbTarsl Heciie0BaHUs IEMOHCTPUPYIOT, 4TO
HOpMOOapuuecKass HHTepBaJlbHAsl TMIIOKCHYECKas
TPEHUPOBKA 001a1aeT BEIPaKEHHBIM 1alITOTCHHBIM
3¢ PeKToM NpH BO3ICHCTBUN XPOHUYECKOTO aKaze-
muueckoro crpecca. Bkimouenne HUI'T B cucremy
NpOPUIAKTUYECKUX H O03OPOBHUTEIBHBIX MEPO-
HNPUATUN Y CTYIEHTOB MEJUIIMHCKUX BY30B MOXKET
ctaTh 3(Q(HEKTUBHBIM HHCTPYMEHTOM COXPaHEHUS
MCUX0(U3UOTOTUIECKOTO 3A0POBBS, MOBBIILICHUS
CTPECCOYCTOMYMBOCTH U YCTOMYMBOCTH K UHTEI-
JIEKTyaJIbHBIM Harpyskam. /lansHeiiiume uccienosa-
HUS, HAIIPABJICHHbIC HA N3YYECHNE HHINBULYAJIbHbBIX
aJanTaMOHHBIX MATTEPHOB M ONTUMH3ALMIO MIPO-
tokosioB HUI'T, npeacTaBisioT BaxHyI0 3aJa4y CO-
BpPEMEHHOH MPEBEHTUBHON MEANIIMHBI.

BnaronapHocTh: aBTOPBI BeIpakaloT Ojarojap-
HOCTh CTY/ICHTAM — BOJIOHTEPAM CTapIINX KypCcOB
meauuuHckor akagemuu KBI'Y 3a ydactue B uc-
CJIeIOBATENILCKOI padoTe.
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3KCNPECCUSA FTEHOB AHTUOKUCINUTEJIbHOW 3ALLMTbLI B YCITIOBUAX
AOMNONMHUTENBHOIO PECNMUPATOPHOI'O COIMNMPOTUBIEHUA

Bbsanosckuii 10. 10., Pakutuna U. C., Adanenuxuna FO. B., Illyabkun A. B.
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PE3IOME

OfHVM 13 BaXHbIX DAKTOPOB, CBSI3aHHbLIX C PE3VUCTUBHBLIM [bIXaHUEM, SIBNSIETCA BbICOKasi NPOAYKLMSA aKTUBHbIX
dopm kucropoga. OcHoBHas yHKUMS sigepHOro dakTopa 3pUTPOMAHOrO popacTBeHHoro daktopa 2 (Nrf2)
3aKIMI0YaEeTCH B aKTUBaLMM KIMETOYHOrO aHTUOKCUAAHTHOMO OTBETa MyTeM UHAYKLUM TPaHCKPUMLMM LUMPOKOrO CnekTpa
reHoB, KoTopble MOryT 60poTbCsi C BpeaHbIM BO3AEWCTBMEM Takux (DaKTOPOB, Kak OKUCNUTENbHbIA cTpecc. Llenb
[aHHOro UCCIeAoBaHNs - OLleHKa 3KCrpeccun reHoB aHTuokcuaaHToB GPX1 n SOD1, aktuBupyembix Nrf2 Ha dpoHe
[OMONHUTENBHOrO pecnupaTtopHoro conpotusnexus (OPC). Matepuan u mMetogbl. B uccnenoBaHum yyactBoBanm
25 npakTnyecku 300poBbIX UCTLITYEMBIX (13 MY>XUMH U 12 KEHLMH), KOTopble NocrnefoBaTernbHO Ablany nubo 6e3
[OPC (HesaTpyaHeHHOe ApixaHue), nubo c ucnonb3oBaHvem [JPC BenuuuHoi 40% n 60%Pmmax, npeabsBnsembix
Ha npoTtskeHun 20 muHyT. [MpoBoaunack oueHka (YHKUMU BHELUHEro AbIXaHus, nokasaTeniel 3KCnpeccun reHos
Cu/Zn-SOD, GPX1 n naMeHeHuin akTUBHOCTM CynepokcuamcmyTasbl U rryTaTUoH-nepokcuaasbl. Pesyneratbl. Ha
oHe 20-MUHYTHOrO pe3ncTuBHOro AbixaHusa Ha [JPC 60%Pmmax oTMe4eHO LOCTOBEPHOE CHWKEHUE aKTUBHOCTU
cynepokcuamcmyTasbl U rnmyTaTuoH-nepokengasbl (p<0,05), npm atom JPC 40%Pmmax He BNuAno Ha akTMBHOCTb
AaHHbIX bepmeHToB. PeancTuBHble Harpyskn 40%Pmmax, n 60%Pmmax He namensnu akcnpeccuto reHos Cu/Zn-SOD
1 GPX1 OTHOCUTENbHO MCXOAHOrO AOHArpy304Horo 3HaveHns. Obeyxaenne. MNpu HanMunM yToMNeHns AbixaTesnlbHON
MYyCKynaTypbl Mpu Pe3nCTUBHOM [AbIXaHuW, M3ObITOYHAA akTMBauMsa AOblXxaTenbHOro metabopedriekca npUBOAUT
K [OMOSHUTENbHON TUNepakT!BauMM CYMNaToapeHanoBoi CUCTEMbl U PEeHUH-aHMMOTEH3UH-anbA0CTEPOHOBOM
CUCTEMBI N YCUMEHWUIO OKUCIMTENbHOrO cTpecca. 3akmodeHune. PeanctusHble Harpyskn 40%Pmmax, n 60%Pmmax
He n3MeHsnu akcnpeccuio reHoB Cu/Zn-SOD n GPX1 OTHOCUTENBHO MCXOAHOTO AOHArpy304HOrO 3HaYeHus. Takum
obpasom, nevikoumtapHas Nrf2 B ycroBusix OKMCnUTENbHOro crpecca, uHayumposaHHoro [PC, He obecneuvBaet
3KCMPECCHI0 FEHOB aHTUOKCUAAHTHON 3awwuThl. MNpegnonaraercs, 4To n3bbITo4HasA paboTa AblXxaTenbHON MycKynaTypsbl
dopmurpyeT meTabopedneKkc CO CTOPOHbI AbIXaTeNbHbIX MbILLLL, 3anyCKatoLLMIA OKUCTIUTENbHBIV CTPECC U BOCnaneHue
Ha ypOBHE CKENeTHOW MyCKynaTypbl.

KntoueBble cnoBa: JONONHUTENIbHOE pecnupaTopHOe CONnpoTUBIIeHMe, 3Kcnpeccus reHoB Cu/Zn-
SOD, GPX1, akTMBHOCTb CynepoKkcuancMyTasbl U FnyTaTUOH-NepoKcuaasbl.

EXPRESSION OF ANTIOXIDANT DEFENSE GENES UNDER
CONDITIONS OF ADDITIONAL RESPIRATORY RESISTANCE

Byalovsky Yu. Yu., Rakitina I. S., Abalenikhina Yu. V., Shchulkin A. V.
Ryazan State Medical University, Ryazan, Russia

SUMMARY

One of the important factors associated with resistive breathing is high production of reactive oxygen species. The
main function of nuclear factor erythroid-related factor 2 (Nrf2) is to activate the cellular antioxidant response by induc-
ing transcription of a wide range of genes that can combat the harmful effects of factors such as oxidative stress. The
aim of this study was to evaluate the expression of the antioxidant genes GPX1 and SOD1 activated by Nrf2 against the
background of additional respiratory resistance (ARR). Material and methods. The study involved 25 practically healthy
subjects (13 men and 12 women), who sequentially breathed either without ARR (unlabored breathing) or using ARR
of 40% and 60% Pmmax, presented for 20 minutes. The function of external respiration, expression of the Cu/Zn-SOD,
GPX1 genes, and changes in the activity of superoxide dismutase and glutathione peroxidase were assessed. Results.
Against the background of 20-minute resistive breathing at ARR 60% Pmmax, a reliable decrease in the activity of su-
peroxide dismutase and glutathione peroxidase was noted (p < 0.05), while ARR 40% Pmmax did not affect the activity
of these enzymes. Resistive loads 40% Pmmax, and 60% Pmmax did not change the expression of the Cu / Zn-SOD
and GPX1 genes relative to the initial pre-load value. Discussion. In the presence of respiratory muscle fatigue dur-
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ing resistive breathing, excessive activation of the respiratory metaboreflex leads to additional hyperactivation of the
sympathoadrenal system and the renin-angiotensin-aldosterone system and increased oxidative stress. Conclusion.
Resistive loads of 40% Pmmax and 60% Pmmax did not change the expression of the Cu/Zn-SOD and GPX1 genes
relative to the initial pre-load value. Thus, leukocyte Nrf2 under conditions of oxidative stress induced by ARR does
not provide expression of antioxidant defense genes. It is assumed that excessive work of the respiratory muscles
forms a metaboreflex on the part of the respiratory muscles, triggering oxidative stress and inflammation at the level

of skeletal muscles.

Key words: additional respiratory resistance, expression of the Cu / Zn-SOD, GPX1 genes,
superoxide dismutase and glutathione peroxidase activity.

JlomonHUTENEHOE PECTTMPATOPHOE COTIPOTHBIIE-
aue ([IPC) BeI3BIBacT aucOanaHc MEXKIy OKHCITH-
TEeNFHON HArpy3KOW W aHTHOKCHUIAHTHOM CITOCO0-
HOCTBIO B JIBIXaTeNbHBIX MBIIIIAX, YTO MPUBOIUT K
OKHUCIIUTEJIBHOMY CTPECCY, BOCIIAJIEHUIO U allONTO3Y
kietok [ 1; 2]. Tlo pesynbraTam uccieaoBaHus TS
CO00IIAI0Ch, YTO OPOHXOOOCTPYKIINS YBEITHMUNBAJIA
skcripeccuto MPHK Nrf2 u cBsI3aHHBIX C HUM T€HOB,
Bkitoyast GPX1 u SOD1 B 6poHXuanbHOM SMUTENNN
[3], mpu 3Tom 3kcripeccust MPHK Nrf2 u cBsizaHHBIX
C HUM I'€HOB Oblj1a YBEJIMYEHA Y MallMEHTOB C JIETKOU
¢dopmoii XOBJI [4; 5]. HarpoTtus, apyrue uccieno-
BaHUS COOOIIMIIN, UYTO dKcIpeccus Oenka Nrf2 u
MPHK 0b11a cHMKeHa B allbBEOIISIPHBIX Makpodarax
y narueHToB ¢ XOBJI [5; 6]. OTu npoTuBOpeunBLIC
JIaHHBIE, IEMOHCTPUPYIOIINE KaK IMOBBIIIEHNE, TaK
U TIOHMKeHue dkcrpeccuu Nrf2, Op11u cocpenoro-
YeHBI B OCHOBHOM Ha aHAJH3€ DKCIPECCHH T€HOB;
nHpOpMAIH 00 IKCIIPECcCHH OeJKa ¥ IO CIeAyIoen
(YHKIIMOHATEHON aKTHBHOCTU MeHblIe. TakuM 00-
pasowm, neiictBue J[PC 3amyckaeT MeXaHU3MBI OKHC-
JIUTENBHOTO CTpecca W BOCHAJICHHUS, YTO ABISETCS
BaXHBIM (pakTopom maroreHeza XOBJI.

OHUM W3 KIFOYEBBIX BOIPOCOB YMEHBIICHUS
OKHUCIUTEIBHOTO CTPecca NpU PE3UCTUBHOM JIbIXa-
HUH, SBJSIETCS COCTOSIHUE COOCTBEHHBIX aHTHOKHC-
JIUTENbHBIX MeXaHU3MOB. [loBbIlIeHHAs TeHeparus
akTuBHBIX (hopm kuciopona (ADPK) moxer moma-
BIISITH DKCTIPECCHIO TEHOB, KOAUPYIOIINX KOMITOHEH-
THI ABIXAaTEIHHON [IETH, HO TaKXKe MOXKET JeHCTBO-
BaTh KaK CTUMYJI, aKTUBUPYIOIINH IPOBOCIAIUTEIb-
HYIO Tiepeziady curnaion Oeikamu Nrf2., dakrop 2,
CBSI3aHHBIN C SPUTPOUIHBIM SIACPHBIM (PaKTOPOM — 2
(Nrf2, NFE2L2), siBisieTcs OCHOBHBIM BHYTPCHHIM
PETYIATOPOM IIUTOIIPOTEKTOPHBIX PEAKIIHIA Ha OKHC-
nuTenbHble cTpecchl [7]. JelcTBys Kak TiIaBHBIN
(akTOp TPAHCKPHIIHMH, OH PEryIHpyeT dKCIpec-
CHIO pa3IMYHBIX aHTHOKCH/IAHTHBIX T€HOB, BKJIIOYAs
HAJI(®)H-nerunporenasy (xunon 1) (NQO1), rem-
okcurenaszy (HO)-1 (HMOXT1), THOpeToKCHHPETYK-
tazy 1 (TXNRD1), myrarnonnepokcunasy (GPX1)
u cynepokcuaaucmytasy 1 (SOD1) uepes curnanb-
HBII TyTh 2JIEMEHTA aHTHUOKCHUJAHTHOTO OTBETA
(ARE) [8]. OTn aHTHOKCHAAHTHBIE (PEPMEHTHI HEH-
TPANMHU3YIOT 10 MUJIJTMOHA CBOOOIHBIX PAJMKAIOB B
CeKyHAy. 210 3P )eKTUBHBIN MOAXO ISl CHUKSHUS

14

OKHCIIUTENBHOTO CTpecca, BOCTIAIINTEIBbHON peak-
LM, HEKPO3a, aronTo3a, PepponTosa, alKaIunTo3a
u kiokodaruu. benok-penpeccop Kelch-momo0Hbii
ECH-accommupoBannsii 6emox 1 (Keap-1) 6moku-
pyet 3aBucumyto oT Nrf2 TpaHckpunuuio B 6a3aib-
HBIX ycl0BUAX. OKHCIUTENbHBIA CTPECC BBI3BIBAET
sIIEpHYI0 TpaHcyokanuio Nrf2, Tem caMbIM peryiu-
pys dKcmpeccuro 1enneBoro rena [9]. UccnenoBanus
Ha JKMBOTHBIX | JTIOAAX Moka3anu, uto Nrf2/ Keap-1
1 UX LIeJIeBbIe T'€HbI 3alUIIAI0T OT BOCHAJICHUS U
OKHCIUTENILHOTO CTpecca, BBI3BAHHOTO OPOHX000-
CTpyKUHUEH, mpu 3ToM Hapyuenue Nrf2 y mbiei
OPUBOJIUT K YBEIUYCHUIO CTEICHH OOCTPYKIIUU
oponxos [10].

Nrf2 sBisieTCSsl KPUTHUECKUM PELOKC-1yBCTBU-
TeJIBHBIM (PaKTOpOM TpaHCcKpunuuu. OH aKTUBUPY-
eTCs ISl YITYUIIECHUS! COCTOSHUSI OKUCIUTEIBHOTO
cTpecca B OpraHU3Me, COJIEHCTBUSI BBDKHBAHHIO
KJIETOK M MOJIJICPKaHMsI OKUCITUTEIbHO-BOCCTAHOBH-
TEJIbHOI'O TOMEOCTa3a KJIETOK ITyTeM PeryIMpOBaHUs
WHAYLUPOBAHHON AKCIPECCUU IE€TOKCU(DHULIUPYIO-
mmx GepmenToB ¢assbl 11 1 anTHOKCHIAHTHBIX (ep-
menToB [11]. Benok Nrf2 skcnpeccupyercs B pas-
JIMYHBIX TKAHIX OpraHu3Ma (TaKUX Kak MeYeHb, oY-
KM, CEJIe3€HKa U CEPALE) U CONCPKHUT CEMb CTPYK-
TypHbIX 1oMeHOB (Neh1-Neh7). Kelch-mogoOHsrit
ECH-accouuunpoBanusiii 6enok-1 (Keapl) nmeer
JIBa XapaKTEPHBIX JJOMEHA, 8 IMEHHO JTUMEPH30BaH-
HBI{ JIOMECH HIMPOKOTO KOoMILIeKca-tramtrack-bric-
abrac m ABOWHOHN TIIMIIMHOBBIA MOBTOP. AccoIua-
nusg mexay Nrf2 u Keapl peanmusyercs gepes ero
N-konneBo# qomer Neh2, KoTopblii B3aUMOIEHCTBY -
et ¢ DGR u orpunarensHo perynmupyet QyHKIUIO
Nrf2. Korza kineTku nmofBepraoTcs arake akTHBHBIX
dhopm kuciopona (ADK) wiu snexrpoduinos, Nrf2
nuccomuupyet or Keapl u OBICTpO mepeHOCHTCS
B s1apo. ®ocdopunupoBannsiii Nrf2 oOpasyer re-
tepoaumep ¢ OenkoMm Maf, a 3aTrem coeguHsieTcs
C dJeMEeHTaMu aHTHOKcuAaHnTHoOro orBeta (ARE),
KOTOPbIC aKTUBUPYIOT SKCIIPECCHIO TeMOKCHTEHA3bI
1 (HO-1) [12]. Kpome ToTO, pazmudHbIe MPOTCHH-
KHHAa3bl, TAKNE KaK MUTOI'€H-aKTHUBHPYEMBbIE IIPO-
tennknHa3sl (MAPK), nporennkunaza C (PKC) u
(dochounoszurua-3-kunasza (PI3K), yuactByior B
PeryJSIliMKM TPAHCKPHUIIIIMOHHON akTUBHOCTH Nrf2,
naaynupys pochopunmpoanne Nrf2.
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Panee MBI moyunnu pe3yabTaThl, CBUICTEIIb-
CTBYIOIIIME O TOM, YTO B YCIIOBUSX NECUCTBHS pe-
3UCTHBHBIX HArpy30K y 3J0POBBIX IOJEH, ypo-
BeHb Nrf2 moctoBepHo He Mmensiercs [13]. [lpu
9TOM Ha (DOHE JCWCTBUS COMPOTHBIICHUS JABIXaHUIO
60%Pmmax, MbI 0OTMeUaIl JOCTOBEPHOE CHUKCHUE
AKTUBHOCTH aHTHOKCHJIAHTHBIX (DEPMEHTOB CyIie-
POKCHUAMUCMYTA3HI M TIIyTaTHOH-TICPOKCHIA3HI [ 14].
Llenpro JaHHOTO HWCCIEAOBaHUS ObIIa OI[EHKA DKC-
npeccuu renoB antuokcugantoB GPX1 u SOD1 Ha
(hoHE pa3HBIX BEIMYUH JIOTIOJIHUTEIILHOTO PECIHpa-
TOPHOTO COIIPOTUBIICHUSI.

MATEPHUAJI U METO/IbI

B uccnenoanuu yyactBoBanu 25 NpakKTUUECKU
310pPOBBIX UCHBITYeMbIX (13 MyxuuH u 12 xeH-
LIMH), BCE YYACTHUKHU NMPEIOCTABUIN MUCHMEH-
Hoe MH(pOpMUpOBaHHOE coriiacue. BospacTHoi

OPUTI'MHAJIBHBIE CTATBbU

JIHana3oH HCIBITYEeMBIX cocTaBisn 19-24 rona.
Mpb1 HamepeHHO BBIOpanu Takoi y3KHH BO3pact-
HOW amana3oH ucneiTyeMbix. [Ipexe Bcero — s
CTaHJIapTU3AIUN KPUTEPHEB COOTBETCTBHS HC-
MOJTB3YeMOU BBIOOPKH — yBEIWUYCHUS KPUTEPHUEB
BKJIFOYCHUSI U CHUXKCHUSI KPUTEPUEB HEBKIIIOUCHUS
U UCKIIOUCHUS. BO-BTOPBIX, IPU yMEPEHHBIX 3HA-
YEHUSIX BRIOOPKH, B KAYECTBE CTCTICHU JUCIICPCUU
BBIOOPOYHOTO pacrpeieieH s BOKPYT €To CpeTHe-
ro 3Ha4eHus, OoJee 1ernecoo0pa3Ho UCTIOIB30BaTh
omnOKy cpexnedt (m) [15]. [Ipu 3Tom ¢ moMoIibio
M TIOBBIIIAETCS OI[EHKA TOYHOCTH BBIOOPOUYHOTO
CpeIHero 3HAUCHUs, B TO BPEeMs KaK CTaHIapTHOE
orkioneHue (SD) cpegnero 3nadeHuss — B 0OJb-
el cTeneHu o0ecliednBaeT ONMMCaHue pazdpoca
naHHbIX. B Tabnume 1. mpencTaBieHB HEKOTO-
pble (PU3HOIOTUYECKHE TTOKA3aTeNIH YYaCTHUKOB
(M=£m).

Tabauna 1. BecopocToBble JaHHbIE U peCTUPATOPHBIE MOKAa3aTeJ M HCHbITYyeMbIX (M2m).
Table 1. Weight-height data and respiratory parameters of subjects (M+m).

ITokaszarenu / Indicators Myxurabl/ Men Kennuae/ Women p
Bospacr, et/ Age, years 22,5+2,8 22,8+2,5 0,44
Pocrt, cm / Height, cm 175,445,3 163,5+4,2 0,032
Macca rena, x/ Body 78 445, 64,5:4.7 0,023
weight, kg
®XKEJL, 1/ FVC, 1 5,12+0,81 4,23+0,85 0,081
OXEJI, % momkuoro/
FVC. % required 102,6+4,6 108,2+6,8 0,15
O®B , /cex/ FEVI, I/sec 4,19+0,81 3,39+0,74 0,082
ODB,, % nomxuoro/
FEVII, % predicted 99,4+11,5 105,3+12,7 0,19
ODB /OXKEJ, %/ FEV1/
! FVC, %/ 78,4+5,1 82,4+3,79 0,43
O®B /DXEJL % momx-
noro/ FEV1/FVC, % 96,3+7,1 98,2+5,8 0,41
predicted

Ipumeyannsi: ®KEJI - popecupopannas xu3HEHHas eMKOCTD Jierkux; OPB, - 06bem (popcuposanHOro
Bbioxa 3a 1 c. FVC - forced vital capacity; FEV1 - forced expiratory volume in 1 sec.

Kak cnenyer n3 naHHbBIX, IPUBEACHHBIX B Ta0JH-
ue 1, ucronb3yemasi BBIOOpKa HCIBITYEMBIX Obliia
OIHOPOJTHOM, TeHJICPHBIC Pa3JINYIMs KaCaJIHCh TOJIBKO
rmokasareJjeit Beca u pocta. OTO0p U paHIOMH3AITUS
YYACTHUKOB TPOXOJIUI € MOMOIIBIO TAOIHIIBI CITY-
YaiiHBIX yKcel. Bee uenpiTyemble 3aromHsIIN aHaM-
HECTHYECKYIO aHKETy JJIsl ONPeACIICHUs] KPUTEPHUEB
cooTBeTCcTBUS. KpuTepusiMm BKIIOUYCHHSI COOTBET-
CTBOBAJIH JIFOIM 000€TO T0JIa B Bo3pacte oT 19 1o 24
JIET, MOJIUCABIINE TOOPOBOIbHOE HH(OPMHUPOBAH-
HOE corviacue Ha y4acTHe B UccileioBaHuM. B kpute-
PHUH HEBKJIIOUCHUS TTOTIaJalId HCIIBITYEMbBIE MOJIOKE
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18 neT; KypuIIBIIIUKY B HACTOSIIEM WX B TIPOIILIIOM;
HMMEIOIIUE OCTPhIC WM XPOHUYECKUE 3a00JIeBaHuUs
OPTaHOB JILIXaHUsI, KPOBOOOPAIICHIS, SHIOKPUHHYTO
1aTOJIOTHIO. B KpUTEpHy NCKITIOUCHUST BXOIUIIH CTY-
JIEHTHI, OTKA3aBIITUECS OT YYacTHs B CCIIEIOBAHIH
WM TJI0XO MEPEHOCAIINE PE3UCTUBHOE JIbIXaHUE.
JlanHoe uccienoBanue ObUIO 0I00PEHO JIOKATbHBIM
stuyeckuM KomuteToM @I'EOY BO Psa3I'MY Muns-
npasa Poccun (ipotoxort Ne 9 ot 5 mronst 2023 roma).

HccenemoBanne mpoxoauio B 1ab0paTopyu maro-
¢uznonoruu aeixanusg @I'bOY BO Ps3I'MY Mun3-
npasa Poccuu B mepuon ¢ centsiops 2023 t. mo ne-
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kabpb 2024 r. PexxuM ncTBITaHUH TIpeycMaTprBail
YETBIPEXKPATHOE HMCCIIEIOBAHUE C MHTEPBAJIOM 2
JTHSL M@Ky OTIEIbHBIMH TecTaMu. [1epBrIii BU3UT B
n1ab0paToOpHIO MIPeTyCMaTprBajl OIIEHKY BECOPOCTO-
BBIX, BEHTHJISIUOHHBIX MOKa3aTee 1 MaKCUMallb-
HOTO BHYTPHPOTOBOTO JaBieHus (Pmmax), B aToT
K€ JIeHb MCIIBITYeMbl€ 3HAKOMUJINCH C aJITOPUTMOM
MOJIETTUPOBAHNS PE3UCTUBHOTO AbIXaHUSA. Bo BTO-
POM, TPEThEM U YETBEPTOM TECTOBBIX BH3UTaX HC-
MBITYEMbIX, IPOBOJIHIIOCH MOJICIIUPOBAHHUE PE3H-
CTHBHOTO JIBIXaHMS, [IPH 3TOM YYACTHUKH JbILIATN
6o 0e3 JIPC (He3aTpyaHeHHOE JpIXxaHue), 100,
¢ ucnonb3oBanuem J[PC (pe3ncTuBHBIE HArPy3KH
BenmanHoi 40% n 60%Pmmax npenbsaBisuucs Ha
npoTspkeHuH 20 MUHYT) € OIEHKON (PyHKITUN BHEI-
HEro JbIXaHud, MoKa3zaTejell dKCIPECCUH I'€HOB
Cu/Zn-SOD, GPX1 u n3MeHeHUs] aKTUBHOCTH CY-
MEPOKCHINCMYTAa3bl U TIIyTaTHOH-TIEPOKCHAa3bl. B
9TOT TIEPHUO/, UCTIBITYEMbIE B CITy9ailHOM ITOPSI/IKE
MOJTyYalid OJIMH HATPY30YHBIN TeCT (PE3UCTUBHYIO
Harpy3ky 40% nim 60%Pmmax, mu6o 0%Pmmax -
He3aTpyAHEHHOE AbIXaHue). JIBaauaTuMUHyTHas
NPOJIOJDKUTEIBHOCTD PE3UCTUBHOIO JIBIXaHHUs ObLIa
HCITOJIb30BaHa B CBSI3U C TEM, UTO IO JAHHBIM [16],
9Ta BeauuuHa Bpemenu nevicteus JIPC npuBoaur
YTOMIICHUIO JIBIXaTEeIbHBIX MBIIIII.

OO0pasipl KpoBH IS ONpeaesIeHUs CUTHAIBHOTO
oenka Nrf 2, skcripeccun renoB Cu/Zn-SOD, GPX1
1 JIEHKOLIUTAPHOM CYNIEPOKCUINCMYTa3bl U [Ty TaTh-
OH-TIEPOKCH1a3bl B KoaudecTBe 10 MII ¢ MOMOIIBIO
KaTeTepa KyOMTaIbHON BEHBI 3a0UPAITUCh 32 5 MHU-
HyT 210 BKitoueHus [IPC u cpasy nocie 3aBeplieHus
20 MUHYT pe3UCTUBHOTO AbIXaHus. OHOBPEMEHHO,
B yKa3aHHbIE BPEMEHHBIE IPOMEKYTKH U3MEPSIINCH
pecrHpaTopHbIe TIOKa3aTeN! U CTETIEHb 3aTPyTHEHS
JIBIXaHHSI C TIOMOIIBI0 MOAM(DHUIIMPOBAHHON IIKAIIBI
bopra [17] ansg oueHkH ycuiauil IbIXaTelbHON My-
CKyJaTypsl B xoje npeogonenus JPC.

Brinenenue toransHoit PHK npoBoaunu Ha-
o6opom HiPure Total RNA kit (Magen, Kurait) co-
TJIACHO MPOTOKOJIA MPOW3BOANUTENS Ha KOJIOHKAX C
cuiKareneBoii MeMOpanoii. K ocanaky neiikoruTos
no6asisin 350 Mkt RTL Lysis Buffer (;iuzuchoro
Oydepa), comepxkamiero 2% 2-MepKanTodITaHOJIA,
THIATENBHO pecycnenuauposanu. Llearpudyrupo-
Basu npu 14000 g B TeueHue 3 MUH IPU KOMHATHOMN
TeMIleparype, CylepHaTaHT MepeHOCHIN B YUCTYIO
1,5 mut mpo6upky. o6apnsum 350 mxin RNA Binding
Buffer (cBsi3biBaromiero 0ydepa). [lepenocunu mo-
nydeHHyo cMmech (700 Mki1) Ha KOMOHKH. LleHTpu-
dyruposanu npu 12000 g B Teuenne | MuUH TIpHU
KOMHAaTHO# Temrieparype. [lomydennsrit GpuibTpar
ynamsii. Ha konmonky mo6asisuun 700 Mkn Oydepa
RWI1. Uenrpudyruposanu npu 12000 g B Teuenue 1
MUHYT IPU KOMHAaTHOHN Temneparype. ITomydeHHbli
(unsTpar ymansum. Ha kononky mo6asmsumm 500 MK
oypepa RW2. Llentpudyruposanu npu 12000 g B
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TeueHHe | MUHYT pu KOMHATHOM Temnepatype. I1o-
Ty4eHHBIN (GUIBTpAT yaansuin. JJaHHBIH TOBTOPSIIH
IBakAbl. J7s ynaneHust ocratkoB Oydepa KOIOHKY
neHtpudyruposanu rnpu 12000 g B TeueHHe 2 MUHYT
IIpu KOMHaTHOH Temmeparype. KoigoHky nepenocu-
i B 1,5 MJI CTEpHIIBHYIO HEHTPUDYKHYIO TIPOOHP-
Ky (6e3 JIHKa3a u PHKa3). Dmtonuo BHITOTHSIIH
crnenyronmm oopazom. Jlobasmsm 30 Mk RNAase
Free Water Ha neHTp cuiiMkareneBoli MeMOpaHbl
KOJIOHKH. OCTaBIISIIN HA 2 MUHYTHI IIPH KOMHATHON
temmeparype. Llearpudyruposanu mpu 12000 g B
TeueHre | MMHYT IIpH KOMHaTHOM Temmeparype.
OueHKy KonuuecTBa U KayecTBa BoiaenaeHHo PHK
poBoAWIH Ha criekTpodoromeTpe NanoPhotometer
N60 (Implen, ['epmanust).

Amnmudukanuio oOpa3moB MPOBOAMIN B aM-
mmdukrarope QuantStudio 5 Real-Time PCR
(TermoFisher Scientific, CILIA), ucrions3ys Habop
U aMITMQUKAIUN ¢ MHTEPKAJIMPYIOLIMM KpacH-
teiaem SYBR Green «buoMactep OT-ITL[P SYBR
Blue (2x)» (buonabmukce, Poccus). ITLP-PB mpo-
BOJWJIN B PEAKIIMOHHOW cMecH 00BeMOM 25 MKII,
cogepxaeit 12,5 mkn 2x cmecu ans OT-TILP
SYBR, o 1 Mk npsiMmoro u odpatrHoro npaiMepa
(0.4 mxM) (buonadbmukc, Poccust), 1 Mk MaTpuirst
kJIHK, 8,5 Mk menoHu3npoBaHHON, CBOOOTHON OT
HykJjea3 Bojsl. [IIP npoBoauiu npu clieayrouux
ycroBHsX: oOparHas TpaHckpurius npu 45°C B Te-
yenue 20 MuH, ipeABapuTeNbHas AeHaTypanus 95°C
B TeueHue 5 MUH, 3areM 50 HUKIIOB: AeHATypalus
(95°C, 10 ¢), oxur (53°C, 15 ¢), anonranust (72°C,
30 c). Jns xaxmoi mapsl mpaitMepoB MPUMEHSIIN
OTpUIIATENIbHBIM KOHTPOJb — rocTtaHoBka [P B oT-
cyrcrue Matpuibl KIHK. Mcnons3oBanuce crneny-
rouue npaiimeps! (buonadmuke, Poccus):

GAPDH oIpsaMOIH
5’-GTCCCTCTGACTTCAACAGCG-3’; obparHbIit
5’-ACCACCCTGTTGCTGTAGCCAA-3’;

Cu/Zn-S0OD npsasMoin
GAAGGTGTGGGGAAGCATTA; oOpaTHbIit
CCACCGTGTTTTCTGGATAGAGG;

GPX1 — npsimoii
ACTACACCCAGATGAACGAGC; obpatHblit
CCCACCAGGAACTTCTCAAA.

Pacuer ypoBHs skcripeccun Cu/Zn-SOD, GPX1
OTHOCHTEIBHO peepeHCHOro TeHa ObLT OCyIIecT-
BJIEH C MOMOIIBIO MPOTPaMMHOTO obOecreueHus
LinRegPCR v.11.0 (Heart failure research center,
Hunepmanmer).

AKTHUBHOCTH IJIyTaTHOHIIEPOKCUAA3bl OLCHUBA-
Jach MyTeM CHEKTPO(POTOMETPHUUECKON perucTpa-
MU ONMTHYECKOW ToTHOCTH [18] ¢ mcmonap3oBa-
HueM crekrpoporomerpa BioRad SmartSpec Plus
(«BioRady, CILIA).

AKTHUBHOCTB CYNEPOKCUIIUCMYTAa3bl ONPENesi-
Jach KBEPIUTHHOBBIM METO/IOM. V3MeHeHne onTH-
YECKOM IJIOTHOCTU PEAKILMOHHON CPelbl, KOTOpas
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ornpenessuiach POTOMETPUIECCKH, ObLIA IPOTIOPIIAO-
HaJbHA CTCTICHN aKTUBHOCTH (epmenta [19].

s mpoBeieHNs CTaTUCTHYECKOTO aHaIn3a UC-
TTOJI30BAJICS MTAKET CTATHUCTHYECKOTO IPOTPaMMHOTO
obecnieuenus (SPSS v.22.0, CILIA). [Inst moaTBepx-
JIEHUSI HOPMAJIBHOTO paclpeiefieHHs] HCCIeyeMbIX
JaHHBIX, TpuMensics TecT [anupo-Yuika, mo pe-
3yabTaTaM OIEHKH KOTOPOTO, HCIIOIB30BAINCH Tapa-
METPHUYECKHE METOJIbI CTaTHCTUYECKOH 00pabOTKH.
Ji1st IpOBEPKU OTHOPOTHOCTH JUCIIEPCHH UCTIONb-
3oBaics F-tect JleBena. [IBycTopoHHUI AUCTIEpCH-
onHbIi ananu3 (ANOVA) ucronbs3oBasics JUIs orpe-
JIeJIEHUs] CTaTUCTUYECKON 3HAaYMMOCTH pa3iuuuit
MEX]ly TPYIIIaMH [T CPAaBHEHHUS (PU3HOIOTHUECKIX
MapaMeTpoB B YCIOBUAX IEHCTBHS Pa3HBIX BEINIHH
JAPC. [lns onpenenenys pa3inyuil mokasarenei npu

|
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CynepokcuaaucmyTasa/Superoxide

dismutase

0O 0%Pmmax

8 40%Pmmax

OPUTI'MHAJIBHBIE CTATBbU

PE3UCTHBHOM JIBIXaHUU MPUMEHSIICS 0JJHO(AKTOP-
Hb1i aHann3 ANOVA no kpurteputo F-ctatuctuku.
[IpuBogMMBIC MaHHBIC TIPEACTABICHBI KaK CpeaHEe
3HaUCHHE + CTAHIAPTHOE OTKIIOHEHHUE MPU YPOBHE
craTucTideckor 3HaguMocTH 0<0,05.

PE3YJIBTATbBI

Ha pucynke 1 npencraBneHbsl U3MEHEHHS TTOKa-
3aTesiel aKTUBHOCTH JIEHKOIUTAPHBIX CYNEPOKCH/I-
JICMYTAa3bl ¥ Iy TATHOH-TIEPOKCHAA3HI 10 TIPEbSIB-
JIEHUSI PE3UCTUBHBIX HArpy30K U mociue 20-MUHyT-
Horo pe3uctuBHoro npixanus Ha JJPC 40%Pmmax
u 60%Pmmax. C yuyeToM OBBIIIEHHOTO pa3dpoca
JAHHBIX, N3MEHEHHUS OLIEHKH CpelHeH aKTHBHOCTH
AHTHOKHCIUTENBHBIX ()EPMEHTOB MBI IIPOBOIIIIN C
Y4eTOM CTaHIapTHOTO OTKIOHEeHUs (M+SD).

|

InyTaTMoHnepokcnaasa/Glutathione
peroxidase

B 60%Pmmax

Puc. 1. U3mMeHeHNsI AKTUBHOCTH JICHKONMTAPHBIX CYNEPOKCHAIMCMYTAa3bl H IIIyTATHOH-NIepokcuaa3bl (M£SD)
J0 NpebsBJICHAS Pe3NCTUBHBIX HATPY30K (0% Pmmax), nociie 20-MMHYTHOTO Pe3MCTHUBHOIO AbIXaHHUA HA
JPC 40%Pmmax u 60%Pmmax.

Fig. 1. Changes in the activity of leukocyte superoxide dismutase and glutathione peroxidase (M+SD) before
resistive loads (0% Pmmax), after 20 minutes of resistive breathing at ARR 40% Pmmax and 60% Pmmax.

Kak crenyer naHHbBIX, MIPUBEICHHBIX HA pPUC.1,
AKTHBHOCTbH CYTEPOKCHIIUCMYTa3bl OTHECCHHAS K
YPOBHIO UCXOAHOTO (He3aTpyaHeHHOTo - 0%Pmmax)
neixaans (100%), B ycnoBHsIX ABaIIaTUMHUHYTHOTO
neixanns Ha JIPC 40%Pmmax camxkanack Ha 7,3%
(p>0,05), T.e. nIeMOHCTpUPOBAIa TEHACHIUIO K CHU-
JKEHUI0 aHTUOKUCIUTEILHOM aKTUBHOCTHU. JIBajma-
tuMuHyTHOE Abixanue Ha JJPC 60%Pmmax cymie-
CTBEHHO OOJIBIIIE CHIYKAIIO aKTHBHOCTH CYTIEPOKCH/I-
nucemyTassl — Ha 18,2% (p<0,05). Ioxoxyto quna-
MHKY JAEMOHCTPUPOBAJIAa TIIyTaTHOH-TIEPOKCUIA3a:
[IpH JBAIATUMUHYTHOM PE3UCTHBHOM JIbIXaHUU HA
JPC 40% Pmmax, aHTHOKHCIIUTEIbHASI aKTHBHOCTh
CHIDKaJIach BechMa ymepeHHo — Ha 7,3% (p>0,05),
YTO OTPaKajo TEHACHINIO K YMEHBIIICHUIO aKTHB-
HOCTU aHTUOKcuaaHTa. [Ipu stom 20 MUHYT pe3u-
cTuBHOrO abixanus Ha BenuunHe JIPC 60%Pmmax
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CYLIECTBEHHO M JOCTOBEPHO CHU)KAJIM aKTHBHOCTh
[Ty TaTHOH-TIEpOKcHAa3bl — Ha 16,8% OTHOCUTENBHO
He3arpyaHeHHoro aeixanus (p<0,05).

s moaTBepkaeHus 0TCyTCTBUA d(Ppdexra akTH-
BallMM CUTHAJIbHBIX OEJIKOB, Mbl HCIIOJIB30BAIU BbI-
pakeHHyI0 criocoOHOCTh Nrf2 perynupoBarhb Kiie-
TOYHYIO AHTHOKCHAHTHYIO 3alUTY IIyTEM JKCIIpec-
CHH T€HOB OCHOBHBIX aHTHOKCH/IAHTHBIX ()ePMEHTOB
CYTIEPOKCHITUCMYTAa3bl U TIIyTaTHOHTIEPOKCUIA3BI.
B kaudectBe skcrnipeccupyemoit PHK uccnenyembix
¢dbepmenTtoB ucronb3oanu Cu/Zn-SOD n GPX1, a
KOHTPOJIbHBIM npaiimepoM cirykuin GAPDH. TTomy-
YEeHHBIE pe3yJbTaThl IPEeCTaBIeHbI Ha PUCYHKE 2.

Kax cienyer 3 JaHHBIX, MPEACTABICHHBIX Ha
pUCYHKE 2, aHaJIM3 3KCHPECCHUU I'€HOB IOKa3all,
yTo ctyneH4yaroe ypenuuenue [IPC kak Ha ypoB-
He 40%Pmmax, tak u 60%Pmmax, ntocToBepHo He
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Puc. 2. kcnpeccust renos Cu/Zn-SOD, GPX1 B aeiikonurax (M+SD) no npeabsiBieHus pe3HCTUBHBIX HATPY-
30k (0% Pmmax), nocjie 20-MuHyTHOTO pe3ucTuBHOro Abixanus Ha IPC 40%Pmmax u 60%Pmmax.
Fig. 2. Expression of Cu/Zn-SOD, GPX1 genes in leukocytes (M+SD) before resistive loads (0% Pmmax), after
20-minute resistive breathing at ARR 40%Pmmax and 60%Pmmax.

u3MeHseT skcnpeccuto reaoB Cu/Zn-SOD u GPX1
OTHOCHUTEIBHO MCXOJHOTO JOHATPy304HOTO 3HAYe-
HUS. DTOT pe3yJbTaT CBUICTEIBCTBYET O TOM, YTO
CHIDKEHUE aKTUBHOCTH CYNEpPOKCHIIUCMYTa3bl U
[y TaTUOHIIEPOKCHIAa3bl CBSA3aHO C PACXO0BAaHUEM
AHTHUOKCHJAHTHBIX (PEPMEHTOB B yCIOBUSX OKHC-
JUTEIBHOTO cTpecca 0e3 BOCIOMHEHUS 32 CUeT JKC-
MIPECCUU JIEHKOIIUTAPHBIX TeHOB. TakuM o0pa3om,
neiikonutapaast Nrf2 B yCIOBHSIX OKHCIUTEIHEHOTO
cTpecca, uayuuposansoro JIPC, e obecneunBaer
9KCIPECCHIO TEHOB aHTHOKCHUJIAHTHOM 3aIINUTHI.

OBCYXKJIEHUE

Hecmotpst Ha To, uTo Nrf2 SBIsSETCS TPUTTEPHBIM
MEXaHHU3MOM [Tl 3aITyCKa SKCIPECCUU TE€HOB (ep-
MEHTOB aHTHOKHCIIUTEIBHOU 3aIlUTHI B YCIOBUSIX
OKHUCIIUTEJILHOTO cTpecca [20], HaMu ObUTH TIOTyYe-
HBI BECKHE JIOKA3aTEJILCTBA TOTO, YTO aHTHOKCHJIAHT-
HBIE ITyTH, CBsi3aHHbIe ¢ Nrf2, ObUIM HEaKTUBHBI B OT-
HomeHuH Kcnpeccuu reHoB Cu/Zn-SOD u GPX1.
DT0 00CTOSATENHCTBO, MO-BUIMMOMY, YKa3bIBACT HA
BTOPHYHBIN XapaKTep MEXaHU3MOB OKUCIIUTEIIEHOTO
crpecca B ycnoBusix JIPC. Ilpu 3Tom coOcTBEHHBIS
AHTHOKHCIIUTEITLHBIC MEXaHU3MBbI HE YCIIEBAIOT KOM-
MIEHCHPOBATH MTPOOKCUAAHTHBIC A (HEKTHI, BO3HUKA-
IOIHE B YCIOBUSX PE3UCTHBHOTO JbIXaHUs. OCHOB-
HBIM UCTOYHUKOM JJAHHBIX 3()(EKTOB, I10-BUAUMOMY,
sBysieTcst PeHOMEH, BIepBbIe UccienoBaHHbI C.A.
Harms u coaBt. B 1997 ., H3BECTHBIN KaKk MeTa00-
pednexc Baoxa [21]. Llenpio qanHOTO pediekca sB-
JSETCS MOJIepKaHNE JOCTaTOYHON TOCTaBKH KHUC-
JIOpoJia K JIbIXaTeIbHBIM MBIIIIAM TSI COXPaHCHHSI
aJICKBATHOTO YPOBHS JISTOUYHOW BEHTUJISIIIUM M KUC-
JIOTHO-OCHOBHOTO TOMEOCTa3a.

buonorndeckuii cMbpIcT MeTabopedIeKca MOKET
UMETh CBOEH OCHOBHOW IIENBIO 3AIUTY JI0CTaBKU
KHCIIOPOJIa K JIBIXaTEeIbHBIM MBIIIIAM, TeM CaMbIM
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obecrieunBasi ClIOCOOHOCTh MOAICPKUBATH JIETOY-
HYI0 BEHTHISIUIO, HAJJISKAIIYIO PETYIISIUI0 Ta30B
aprepuanbHOil KpoBu, pH 1 001IMii OpraHM3MEeHHBIN
romeoctas. [IpenonoKuTeNbHO, KaK «OKU3HCHHO
Ba)XHBIM OpTraH», OTBETCTBEHHBIN 3a MOJJIEPIKKY Jie-
ro4HOH (hyHKIMH, epdy3ust IbIXaTeIbHBIX MBIIIII,
O0COOCHHO BO BpeMsl (PU3NOJIOTUIECKUX COCTOSHUIM,
B KOTOPBIX CYILIECTBYET KOHKYPEHIIUS 3a CEpIeUHbII
BBIOPOC, TAKMX KaK PE3UCTHUBHOE JIbIXaHHUE, HMEET
MIPUOPHUTET HAJ] JOKOMOTOPHBIMH MBIIIIamMu. B Ha-
CToOsIlIee BpeMs OTCYTCTBYIOT Hay4YHBIE JTaHHBIE,
MTO3BOJISFOIINE ONPEACIUTh KOHKPETHBIM BUJ Me-
Ta0OJIUTa, KOTOPBIH aKTUBUPYET MBIIICUYHBIN MeTa-
oopediiexc [22]. Tem He MeHee, Kaauil, MOJIOUHAs
KHUCJIOTA, aZIcHO3WH, JUIPOTOHUPOBAHHEINA docdar,
apaxuI0HOBAas KMCIIOTA, MPOCTATIaHNHbI, Karca-
WIIMH U CEPOTOHWH OBLIU MPEJIOKESHBI B Ka4eCTBE
BO3MOKHBIX CITEHU(UIECKUX METAaOOINTOB, KOTO-
pble aKTUBUPYIOT MbIIICUHBINH MeTabopediekc [23].
DT MeTa0OINIECKUE CTUMYJIBI, BEI3BAHHBIE COKpa-
[IEHUEM JBIXaTeIbHBIX MBIIII, aKTHBUPYIOT MOJIe-
KYIISIPHBIE PEIENITOPHI, PACIIONIOKEHHBIC Ha TePMHU-
HaJIbHOM KOHIIE HEMHUCIIMHU3UPOBAHHBIX HEPBHBIX
BOJIOKOH, TAKUX KaK BOJIOKHA rpynmsl IV, koTopbie
B OCHOBHOM SIBJISTIOTCS MeTa00UyBCTBUTEIHHBIMHU.
CremoBaTensHO, CIIOHTAHHBIN pa3psn apdepeHTHBIX
MBIIIIEYHBIX BOJIOKOH MTPOCIIUPYETCS Yepe3 BXOTHOM
3aJHUH KOPEIIOK CIMHHOTO MO3Ta M PacpOCTpaHs-
eTCsl Ha 3a/IHUE POra pa3jIMyHBIX CETMEHTOB CITHH-
HOTO MO3Ta. BX0/IbI MBIIIIEUHBIX BOJIOKOH JIOCTHTAlOT
Pa3TUYHBIX yPOBHEH MHTETpanuu. JTH peQIIeKcHl,
MO-BUJINMOMY, HE HYXJAIOTCA B aKTHBHOCTHU PO-
CTPaJLHOTO MO3Ta, XOTS BO3MOYKHA CYIPACIIHHAIb-
Has uHTerpanus. Kpome Toro, mpogonroBaTeiii MO3r
CUMTAeTCs 30HOM KOHTPOJI CepeUyHO-COCYAUCThIX
peakuuii mpyu akKTHBAINK MEXaHOMeTabopedIIekCoB
[24].
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[lpu Hanmuuum ytomieHus auadparMaibHON
MYCKYJIaTyphl IIPH PE3UCTUBHOM JIBIXaHUU, U30bI-
TOYHAs aKTHBAITUS IBIXaTeILHOTO MeTabopediekca
MIPUBOIUT K JOMOJTHUTEILHON TMIIEPAKTUBALINN CUM-
11aTOa/IPEHAIOBON CUCTEMBI M PEHUH-AaHTMOTEH3UH-
aJbJ0CTEPOHOBOM CHCTEMBI, TaK KaK YBEJIIMYEHUE
KpOBOTOKa K AuadparMe 3a cueT yBEJTHUCHUS cep-
JIEYHOTO BBIOpPOCA HEBO3MOXKHO MJIM HEIOCTATOUHO.
AKTHBalLUs CUMIIATOAIPEHATIOBOM U PEHUH-AHTHO-
TEH3UH-aJIbJJOCTEPOHOBON CUCTEMBI U3MEHSET BIIH-
stuue Nrf2 Ha 9KCpeccrio aHTHOKCUIAHTHBIX TeHOB.
B 6a30BbIX yCIOBUSX, B JJOTIOJHEHNE K KOMITJIEKCY
Keap-1/Nrf2, aktuBamust aHTHOKCHIAHTHBIX TEHOB
Takxke perynupyercs uepe3 ARE TpaHCKpunimoH-
HbIM peripeccopoM Bachl [9]. Bachl konkypupyet
¢ Nrf2 B perymsaunu ARE. 13-3a Hannuus y 3HxaH-
cepa ARE caliToB cBsI3bIBaHUS C MPOJAYKTaMHU Me-
TaboIM3Ma aHTMOTEH3UHA-2 Ha Pa3HbIX AaHTHOKCH-
JAHTHBIX N€Hax, JMHAMHUYECKOe B3aHMOJACICTBHE
mexay Bachl u Nrf2 Moxer BBI3bIBaTh Pa3InyHyIO
PeryasTOpHY!o dKcnpeccuto [25].

3AK/IIOYEHHUE

PesuctuBubie Harpy3kum 40%Pmmax, wu
60%Pmmax He n3mensm sKcpeccuto renos Cu/Zn-
SOD u GPX1 oTHOCUTENBHO UCXOAHOTO JOHATPY-
304HOTO 3Ha4eHUs1. TakuM 00pazoM, JICHKOIIUTapHAS
Nrf2 B yClaoBHSX OKHUCIUTEIBHOTO CTpecca, HHIY-
nupoBanHoro JIPC, He obecnieunBaeT IKCIPECCHIO
T€HOB aHTHMOKCHIAaHTHOM 3aiuThl. [Ipeanonaraercs,
YTO U30BITOUHAS PA0OTa JABIXaTEITbHON MYCKYIIATyPhI
(hopmupyet meTabopedieke Co CTOPOHBI IbIXaTeIh-
HBIX MBI, 3aITyCKALIUNA OKUCIUTEIIbHBIA CTPECC
1 BOCIIAJICHUE HA YPOBHE CKEJICTHOM MYCKYJIATyPBhl.
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PE3IOME

BonesHb lMeripoHn xapakTepuayetcs nokanu3oBaHHbIM obpasoBaHnem ubpoTuydecknx bnswek B 6enoyvHon
o6onoyke NonoBoro YneHa ¢ pacnpocTpaHeHHocTbio oT 0,3% A0 20 %. XoTtsa atuonorusi Gonesuu MepoHn octaéres He
[0 KOHLa U3y4YeHHoW, Hambonee Npu3HaHHOWM Teopuen SBMSAETCS rmnoTesa O NOBTOPSILLENCS MUKPOTpaBMaTm3aLumnm
©6eno4Hon 060M04KN, BO3HMKAIOLLEN NPU HEQOCTAaTOYHOW PUrMOHOCTU 3peKkummn. B nonbiTke M3yuntb natodumanonormo
6onesnn [erpoHn n paspaboTaTb HOBble METOAbl fleYeHUss ObinMu Co3daHbl AKCNepUMeHTanbHble MOAENW,
BOCMpoun3BoasdLme 3abonesaHve y XUBOTHbIX. NS usyveHns 6onesHu MerpoHn in vivo ncnonb3yTcs mMogenu Ha
MblILLIAXx, Kpbicax u Kponukax. Llenb nccnepoBaHus: oueHka mMopdonornyecknx ocobeHHocTen 6enovHor 060omnoyku
MOMOBOrO YfieHa B 3KCMepuMeHTanbHOW Mopenun GonesHu lMerlpoHn C NpYMEHEHWEM MHOTOKPAaTHbIX WMHBEKLWN
xnoprekcnavH ataHona (XIF9). Matepman n metoabl. B nccnenosanum ncnonbsosanu 15 kpbic nopoasl Wistar (n=15,
maccown ot 260+20 r.), pasgeneHHbix Ha ABe rpynmbl: rpynna 1, KOHTponb (N=5) — Npon3BOANNY NATUKPATHYIO MHBEKLINIO
pactBopa NaCl 0,9% c nHTepsanom B 1 Hegento; rpynna 2 (n=10) — npou3BoAMNM NATUKPATHYIO MHCTUNNsumo X9
100 mkn (0,1% xnoprekcuauH rrtokoHaT + 15% aTaHon, pacTBOPEHHbIN B hU3MONOrMYeCcKoOM pacTBOpE) AN UHAYKUNN
punbposa GenovHo OBOMNOYKM MOMOBOrO YneHa C uHTepBanoMm B 1 Hegeno. Metog — OGLUMIA MMCTONOrMYECKUNA.
Pesynbrathl. Y BCex B rpynne 1 Makpockonuyecke U3MeHeH st MoNoBOro YreHa NnpakTuieckyn oTCyTCTBOBanu. Tonbko
y 1 (20%) xwuBoTHOro B rpynne 1 onpenensnocb UCKpUBMEHWE NOMoBOro YneHa Ha 9°. Y BCeX XUBOTHbIX B rpynne
2 oTMeyeHa OOCTOBEPHO BblpaxeHHas Aedopmauunsa nonosoro YneHa (p<0,05) ¢ Hanuyvem pubposHom GnsLLKm,
MeavaHHbIN nokasaTens yrna uckpyeneHus coctaemn 38,5° (95% AW: 26,9-48,4). HanmeHbLUasi CTeneHb NCKPUBMEHNS
cocTaBuna 17°, a Hambonbluas — 65°. 3aknioyeHve. B gaHHOM MccnefoBaHuM co3faHa aKkcnepumeHTanbHas Moaernb
6onesHu MNerpoHn NyTeM MHOrOKPaTHOroO BBEAEHUS pacTBOpa XMoprekcuamHa n cnupTta B 6enoyHyo 060MoyKy, Y4To
UMUTUPYET MPOLIeCC BO3HUKHOBEHWS 3aboneBaHVs Yepe3 MOBTOPSIOLLMECH MWKPOTPaBMbl. Y MOAOMbBITHLIX KPbIC
Habnoganocb BbIpaXXeHHOE VCKPUBIIEHWE MONOBOrO uneHa, dopmupoBaHne ¢ubpo3HbIX bnswek B 6GenoyHown
obonoyke, paspyLleHne aNacTMHOBBIX BOMIOKOH. [laHHas Moaernb OTKpbIBAEeT HOBblE BO3MOXHOCTU ANS AanbHENLLEro
U3yYeHVs MexaHW3MoB pa3BUTUA GonesHn MerpoHn n noncka apdeKTUBHLIX METOLOB NEeYEHUSs.

KntoueBbie cnoBa: BonesHb MepoHn, nonosown YneH, uckpusneHune, onbpos, ructonorus.
MORPHOLOGICAL CHARACTERISTIC OF THE PEYRONIE DISEASE MODEL
Epifanova M. V., Demyashkin G. A."%, Artemenko S. A.!, Epifanov A. A.}

'RUDN University, Moscow, Russia
“National Medical Research Radiological Centre, Moscow, Russia
SFSBEI HE «kROSUNIMED» OF MOH OF RUSSIA, Moscow, Russia

SUMMARY

Peyronie’s disease is characterized by localized formation of fibromatous plaques in the tunica albuginea of the
penis with a prevalence ranging from 0.3% to 20%. Although the etiology of Peyronie’s disease has not been fully
studied, the most recognized theory is the hypothesis of a recurrent microchromatosis of the white coat resulting from
insufficient erection rigidity. To study the pathophysiology of Peyronie’s disease and develop new treatment methods,
experimental models have been created that reproduce disease in animals. The study of Peyronie’s disease in vivo
involves using models of mice, rats, and rabbits. Aim: evaluation of the morphological features of the tunica albuginea
of the penis in an experimental model of Peyronie’s disease using multiple injections of chlorhexidine ethanol (ChE).
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Material and methods. The study used 15 rats of the breed Wistar (n=15, weight from 260+20 g.), divided into two
groups: group 1, control (n=5) - produced a five-fold injection of solution NaCl 0,9% with an interval of 1 week; group
2 (n=10) - produced five-fold ChE 100 mk (0.1% chlorhexidine gluconate + 15% ethanol dissolved in saline solution)
for induction of albumin fibrosis of the penis shell with an interval of 1 week. Method — general histological. Results. All
in 1 group had almost no macroscopic changes of the penis. Only 1 (20%) animal in group 1 had a penile curvature
of 9°. In all animals in group 2, there was a reliably expressed deformation of the penis (p<0.05) with the presence
of fibrous plaque, the median index of curvature was 38.5° (95%). The lowest degree of curvature was 17°, and the
highest was 65°. Conclusion. In this exploration, an experimental model of Peyroni’s disease was created by multiple
administration of a solution of chlorhexidine and alcohol into a tunica albuginea, which imitates the process of occur-
rence of the disease through repeated microtraumas. The experimental rats showed a pronounced curvature of the
penis, the formation of fibrous plaques in the tunica albuginea, the destruction of elastin fibers. This model opens new
opportunities for further explorations, the mechanisms of Peyronie’s disease development and the search for effective

treatment methods.

Key words: Peyronie’s disease, penis, fibrosis, penile curvature, histology.

Bbonesns [leiiponu (BIT) xapakrepusyeTcs jgoka-
JM30BaHHBIM 00Opa3zoBaHueM (puOpoTnyeckux Os-
ek B OenmoyHoi obomouke nonoBoro wieHa (I14) ¢
pacmpoctpaneHHocTsio oT 0,3% mo 20 % [1; 2]. BII
npotekaet B aBe (asbl. [lepBas — octpas ¢asa, ko-
TOpasi MOXKET COTIPOBOXKAATHCS OOJIEBBIMH OITYIIE-
HUSMH TIPU 3PEKIHUHA U XapaKTepu3yeTcs mporpec-
CHUPYIOIINM pPa3BUTHEM (PUOPOTUUYECKOUN OJSAIIKH.
3arem cnenyeT XxpoHuueckas (aza, KoTopas cTadu-
nusupyercs uepe3 12—18 mecsiieB mocie nosBaeHus
MEePBBIX CUMIITOMOB, IIPH 3TOM OOJIEBOI CHHIPOM
YMEHBINIAETCs, a OJSAIIKA ¥ MUCKPHUBIIEHHE TI0JIOBOTO
YJieHa TPUOOPETAr0T CTa0MITBHBIN XapakTep. [locto-
STHHOE UCKPHBIICHHE WJTU WHAYPALUs OJISIIKU MOTYT
MPHUBOJIUTH K CEPBEZHBIM MOCIEICTBHUIM, BKIFOYAs
HEBO3MOXXHOCTH BBEJICHHSI TIOJIOBOTO 4WJIEHA BO BJIa-
TaJInIIe, B HEKOTOPBIX CIydasx dPEKTHIbHYIO JHC-
¢yskmmro (J]1), a Takke 3HAYUTETHHOE YXY/IIIICHNES
KauecTBa XU3HH [3; 4].

Xots atuonorus 6onesnu [lefiponu ocraéres He
JI0 KOHIIa U3yYCHHOH, HanboJjiee MPU3HAHHON TeO-
puei ABIsSIeTCS TUIOTE3a O TOBTOPSIOIIEHCS MUKPO-
TpaBMaru3anuu 6emounoi ooomouku (bO), Bo3HU-
KaroIel pH HeJI0CTaTOYHOW PUTHTHOCTH SPEKITHH.
3TO NPUBOAUT K BOCTIAIUTENLHOMN peakiuu, KoTopast
3aIycKaeT aHOMaJIbHBIH MPOLIECC 3a)KUBJICHUS PaH U
M30BITOYHOE OTIIOKEHUE U JIE30PTaHU3aInI0 KOMIIO-
HEHTOB BHEKJIeTOUHOTO Marpukca (BKM), mpenmy-
IIECTBEHHO KOJIJIareHa | AIIacTHHA. B XpoHHUueckon
(haze 3T0 MOXKET NPUBECTH JaKe K KaJlbLUPHKALUH
onsiiku [S]. Kpome Toro, npejnonaraeTcst Haiuuue
FEHETUYECKON MPEIpacloNOKEHHOCTH, CBI3aHHON
¢ npyruMHu GUOPOTHICCKUMHU 3a00JICBAaHUSIMH, Ta-
KHMH KaK KOHTpakTypa JfomronuTpeHa, a Takxe BbI-
SIBJICHA OJTHOHYKJICOTH THAS ITOIUMOP(hHAS My TaIHs
(G915C) B rene tpanchopmupymliero gakropa
pocra 6era-1 (TGF-B1) [4; 6]. HezaBucumo ot npu-
YUHBI, 00IMMM MPU3HAKOM BceX (UOPOTHUECKHX
3a0oisieBanmii, Bkarovas BIl, siBiseTcst akTuBamus
MuopuodpodiractoB, nponynupyonmx BKM u sB-
JISTFOLIMXCS KIIIOYEBBIMU MEIUATOPaMU PEMOJEIIH-
poBanust GuOpo3HOH TKauw [7].

B nomeiTke n3yunts natodusnomnoruro bII u pas-
paboTaTh HOBBIE METO/MBI JICYCHUS OBLTH CO3aHBI
JKCIIEPUMEHTATBHBIE MOENH, BOCIIPOU3BOISAIINE

23

3a0oseBaHue y )KUBOTHBIX. Jlis usyuenus BIT in
VIVO UCTIONB3YIOTCSl MOJICNIA Ha MBIIIAX, KpbIcax U
kponmkax [8]. B 6ompmmmHCTBE MOMEICH HHIAYKITUS
¢ubpo3a BO ocymecTBuseTcs MyTEM TOBBIIICHUS
sxcupeccun TGF-f1 B Tkanu 6enodHoit 0605109KH
WM XUPYPTrUYECKON TpaBMaTHU3aALHKU OOOJOYKH.
EnuHCTBEHHON TeHETHYECKOM MOJIEIbI0 3a001eBa-
Hust siBisieTest mogens Tight-skin 1 (Tsk), mpu xo-
Topo#t Gpudpo3, cxoxuii ¢ bIl, pa3BuBaeTcs CroH-
taHHo [9]. Kpome Toro, npuMeHeHue UHBEKIUM
T®P skcriepuMeHTaIbHO HE TTO3BOJIMIO JJOOUTHCS
3HAUUTEIBHBIX AeQopMaluii 1 UCKPUBICHHUH MO0~
BOM 4JieHa y KpbIC Ha MO3AHUX cTaausx. [loatomy B
JTAHHOM HCCJIEIOBAHNN MBI aKIIEHTHPYEM CBOE BHU-
MaHWe Ha aJIbTePHATUBHON MOJEIH C MHOTOKpAT-
HBIM IIPUMEHEHUEM UHBEKIUN CIIUPTOBOTO PACTBO-
pa xJoprexkcuanHa. Mbl peAnonaraeM, 4to JaHHas
MOJIeTh 00IalaeT PsiIoM MPEUMYIIECTB, CPEIU KO-
TOPBIX — O0JIee KOMIIEKCHOE U3yUeHHE MEXaHN3MOB
MaToreHesa, JIeeBU3Ha | TPOCTOTa B UCTIONHEHUH.
Hailinena equncTBeHHas pabora Jiang H. u coasrt.,
rae ouneHwm 3(Q(OEKTUBHOCTh HHTPAKABEPHO3HOM
nabekiuu 100 Mk xjgoprexkcuau stanona (XI'9)
(0,1% xmoprekcuaus rmokoHar + 15% atanou, pac-
TBOPEHHBINA B (PU3HOJIOTHIECKOM pacTBope) oT 1 10
5 pa3 [10]

Lenb ucciienoBanus — oleHKa MOP(OIOTHUSCKUX
ocoOeHHOCTEH 06eT0YHOM 000JI0UKH MTOJIOBOTO YJICHA
B DKCIIEpUMEHTAIILHON Mozenu 6osne3nu [leliponu ¢
MIPUMEHEHHEM MHOTOKPATHBIX HHBEKIIMH XJIOPTeK-
CHUJIMH DTaHOJIA.

MATEPHUAJI U METO/IbI

B nccnenoBannu uconb3oBaiu 15 KpbIc TOPOJIBI
Wistar (n=15, maccoit ot 260420 1), pa3acIeHHBIX
Ha JIBe TpymIbl: rpymmna 1, KoHTpoib (n=5) — mpo-
M3BOJMIIN MATUKPATHYIO HHBEKIMIO pacTBopa NaCl
0,9% c uarepsanom B 1 Henemto; rpynmna 2 (n=10) —
MPOU3BOJUIN MATUKPATHYIO MHCTHIIANMIO XD
100 Mk (B clenyromuX KOHEYHBIX KOHIICHTPAIU-
sx: 0,1% xmoprexcuauH DrokoHar + 15% sTaHo,
PacTBOpEHHBIH B (PM3UOIOTHIECKOM PACTBOPE) IS
uHAYyKOuH Gubpo3a OesoyHOi 000I0UKH MOJIOBOTO
4lieHa ¢ nHTepBajoM B | Hexemo. Bee Manumynsiyn
MIPOBOJIMIIN B COOTBETCTBHH € «MeX1yHapOIHBIMU
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pEKOMEHAAIMSIMHA 110 OMOMEAMIIMHCKUM HCCIIE]0-
BaHmsIM Ha kuBOTHBIX» (EEC, CtpacOypr, 1985 1)
1 XeJIbCUHKCKOHN Aekiapaiueit BcemupHoit menu-
IMUHCKOW acconmanuu. VcciepoBanue oqo0peHo
JloxanbapiM 3THUYEcKUM KomuTtetoM ®TAOY BO
[IepBbiit MI'MYVY um. 1. M. CeuenoBa Mun3zapasa
Poccun (CeuenoBckuii yHuBepcHuTeT) (poTokos Ne
25 0t1 13.05.2024 1).

WNubexnun B O6emounyto obomouky [1Y mpous-
BOJIMJIUCH C MPUMEHEHUEM aHECTE3UU U MUOPETIaK-
caHTta. B xauecTBe aHecTeTHKa BHIOpaH PacTBOP Ke-
tamMuHa (75 MI/KT HHTpaAIepUTOHEATBHO) U MUOPE-
nakcanT (Kceumazua 10 Mr/Kr HHTparnepuToOHEaIbHO ).
[Tocne ananpre3nu B 0€I0YHYO 000I0YKY ITOJIOBOTO
4JIeHa B CPEJHEW TPETH C MPaBOil CTOPOHBI BHITION-
HSUTA UHBEKIIUIO ¢ moMOIIbio uribl 30G mox yriaoM
75 rpaaycoB, ObUIO UCKJIFOYEHO HETIOCPEICTBEHHOE
MOBPEXKICHUS KaBEPHO3HBIX TEI.

Ha 40-if nenp mocie mocienHet MHHEKIUN TIpe-
MapaToB OCYIIECTBIISIIACH UCKYCCTBEHHAS PEKIIUS
¢ nmoMo1ubo uHbekuuu 0,6 Mi GpU3HONIOrHYecKoro
pactBopa B niemiepuctoe Teno. JKUBoTHbIE ObLIH IB-
TaHa3MpPOBAHBI ITyTEM BBEACHUS BBICOKHX 03 aHe-
CTETHKA C MOCIeNyIoUel aMmnyTanuei mojoBOro
YJIeHa ¥ HaIpaBJIEHHEM MaTepHuaia Ha THCTONOTH-
YECKOE UCCIIEI0BAaHUE

Hns onpenenenus ymia uckpusiienus 114 uc-
M0JIB30BaJIM U(PPOBOH TpaHCHOPTHP. Marepuai
(hukcupoBayics B HEHTparbHOM 3a0ydepHOM pac-
TBOpe (popmanmHa (00BEMHOE COOTHOIIIEHNE MaTe-
puana k ¢popmanuHy cocrasisiuio 1:40), mpoBoamiu

1o Oarapee CIHUPTOB BOCXOJSIICH KOHIEHTPAIHH
(70%, 80%, 96% u 100%), 3anuBanu B napaduH,
TOTOBMJIM CPE3bl TONIHMHON 3 MKM, JenapaduHu-
pOBaNI KCHIJIOJIOM H PETHJIPATUPOBANIN C TIOMOIIBIO
Oarapeu CIMPTOB HUCXOAIIEH KOHIIeHTpannH (96%,
80%, 70% u 60%), OKpaIMBa i TeMaTOKCHINHOM 1
9031HOM. [IpOBOAMIM THCTONOTHYECKYIO OLIEHKY Oe-
JI04HON 0007104KH Ha Hann4YKre GUOPO3HBIX OMSIIEK.

CTaTuCTUYeCKUA aHATN3.

Bce mannbie mpeicTaBIeHbI B BUIE CPETHUX 3HA-
yeHwuii + ctannaptHoe otkionenue (SD). Craructu-
YECKUH aHallu3 MPOBOJUIHN C UCTIOJIb30BAHUEM HE-
3aBucUMOro t-recta CTbloieHTa U 0THO()AKTOPHOTO
mucnepcronHoro ananuza (ANOVA) B nporpamm-
HOoM obecmieaennu SPSS 16.0 u GraphPad. 3nauenue
p<0.05 cunuTanoce CTaTUCTUYECKHU 3HAUUMBIM.

PE3VYJIBTATBI

VY Bcex rpynme 1 MakpoCKOMHUYECKUE H3MEHE-
HUS TIOJIOBOTO YJICHA MPAKTHICCKH OTCYTCTBOBAIIH.
Tonpeko y 1 sxuBoTHOTO (20%) B rpynme 1 ompene-
JS10Ch UCKPUBIICHUE MTOJIOBOH uiieHa Ha 9°. Y Bcex
JKUBOTHBIX B TPYyIIIE 2 OTMEUEHA JIOCTOBEPHO BhI-
paxenHas nedopmarius moiosoro wieHa (p<0,05)
¢ HanuureM (GUOPO3HOM OJISIIIKK, MEIUAHHBIHN 110-
KazaTenp yria UCKpuBiIeHus coctaBui 38,5° (95%
JU: 26,9-48,4). HanmenpIast CTenieHb HCKPUBIICHHS
cocraBuia 17°, a HanOoabIIas — 65°

B oOpasnax moioBoro wieHa rpynmsl 1 y Bcex
JKUBOTHBIX 00OHAPYKUJIM HOPMAJIbHOE THCTOIOTHYE-
ckoe crpoenue (Puc. 1).

Puc. 1. [To10B0i1 41eH KPBIChI, KOHTPO/IbHAas rpynna. OKkpamuBaHie reMATOKCHJIMHOM H 303HHOM. YBeJIn4e-

HHe: cjieBa — X5 u cnpaBa — x20.

— Oes10uHas 000J104YKA.

Fig. 1. Penis of a rat, control group. Hematoxylin and eosin staining. Magnification: left — X5 and right — x20.
*— tunica albuginea.

[TarorHoMuuyHBIM TIpu3HaKoM Oose3nu [lelipo-
HU, BBISBIISIEMBIM MPU OI[CHKE MHUKPOIPEIapaToB
MOJIOBOTO WJICHA KMBOTHBIX TPYIIIBI 2, SBJISET-
Cs — 3HAUUMOC YTOJIIIEHUE OSITOUHONH 000JIOUKH C
(huOpo3HBIMU ONAMIKAMU, TIOSABICHHE SUHUIHBIX
XOHPOTEHHBIX KJIETOK U ()OKYCOB KaIbIIH(DUKAIIH
co caboi KJIIETOYHOH BOCHATUTEIHHON peakuuei
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B MecTe nHbeKUuui. Takxe 3aduxcupoBana ¢ppar-
MEHTAaIMs KOJUIAreHOBBIX M DJIaCTHUYECKUX BOJIO-
KOH TI0 CpaBHEHHIO ¢ oOpasiamu rpynmnsl 1, rae
OHHM OBIITH YIUTMHEHHbIE W (pOPMHUPOBAIIN MyUKH.
BocnanurensHblii nHGUIBTPAT OBIT MpEACTaBICH
MIPEUMYIIECTBEHHO TUM(OIUTAMH U €TUHUYHBIMU
makpodaramu (Puc. 2).
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Puc. 2. IToyioBo¥i 4i1eH KPBICHI, OIILITHAaS rpymnia. OKpamnBa}me reMaTOKCHJIMHOM U 303UHOM. YBeJIMueHne:

ciaeBa — x10 u cipaBa — x20.

— yToJimeHue 0eJ104Hoi 000104KHU ¢ PUOPO3ZHBIMH OJISIIIKAMU, NOSIBJIEHUE

eTMHUYHBIX XOH/IPOT€HHBIX KJIeTOK U (OKYyCcOB KaabuupuKaIM.
Fig. 2. Penis of a rat, experimental group. Hematoxylin and eosin staining. Magnification: left — x10 and right
- x20. * — thickening of the tunica albuginea with fibrous plaques, appearance of isolated chondrogenic cells
and foci of calcification.

OBCYXKJAEHUE

Bonesns Ileiiponn — 3T0 3aboneBanue, xapak-
Tepusymwliieecs GuOpo3oM OeOYHOU 000JI0YKHU
MOJIOBOTO YWICHA M/MIM KaBepHO3HBIX Tel. OCHOB-
HBIMHU TIpUYMHAMA (PUOPO3HOTO MOPAKEHUS TKAaHEH
SIBIISTEOTCSI TIOBTOPHBIE TPABMbI U JUTUTEILHBIA BOC-
najguTeNbHbIN npouecc. Co3aHue HaJeAKHON dKC-
nepuMmeHTanbHOM Monenu bII kpaitHe BaxkHO 1yst
IIyOOKOTO M3y4YEeHHS MEXaHW3MOB 3a00JICBaHMS U
MOCJIEAYIONICH OleHKH d3PPEKTUBHOCTH U Oe301mac-
HOCTH HOBBIX METOJIOB JICUCHUSI.

B nannom uccnenoBanuu Obliia IpOBEICHA CPaB-
HUTEJbHAS OLICHKA BIUSHUS MIATUKPATHOTO XUMUYE-
CKOTO MTOBPEXIeHHs OeTT0UHOM 0001049KH Ha (HhopMU-
poBaHue GUOPO3HBIX U3MCHEHUI.

Brlio ycTaHOBIEHO, YTO MPH MHOTOKPATHBIX
nHBEKIMAX XD Habmona nCh:

— JIOKaJIbHOE OTJIOKEHHE KOoJJlareHa B OeIOYHOM
obomouke u (hopmupoBaHue HUOPO3HBIX ONSIICK;

— MCKpHBIICHHE U JeopMalivsi TI0JIOBOTO YIICHA.

TakuMm 00pazoM, Mbl TOATBEP/IHIIH, YTO TIOBTOP-
HbIE MUKPOTPaBMbI, BBI3BAHHBIC TISITHKPATHHIM BBE-
neaneM XI'D B GenouHyio 000JI0YKY, TTO3BOJISIOT
ycremHo MoaeanpoBarhb bI1 y ;kHBOTHBIX.

Panee ObUIH MpENIIOKECHBI Pa3InIHbIE MOJEIN
BIl. El-Sakka A.l. u coaBT. iepBbIMU pa3paboTanu
Monens myTéM mHbekinn Cytomodulin (Monexyma
¢ npeiictBuem, ananorudabiM TGF-B) B 6emounyto
000JI04KY, UTO IPUBOAMIIO K €€ YTOJIICHHUIO, YBe-
JIMYEHUIO KOJJIareHa U Pa3pyIeHHIO 3JaCTHHOBBIX
BoJIOKOH [ 11]. Nehra A. u coast. (1999) u Bivalacqua
T.J. n coasnr. (2000) BBomumu TGF-B1 B Oenounyro
000JI0YKY KPOJIIMKOB M KPBIC COOTBETCTBEHHO U TaK-
e BBIIBIIIN (prOpo3uble u3menenus [12; 13]. B mo-
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MBITKE T0OUTHCS cTabuiIbHOM akcnpeccunt TGF-P1,
Ryu J. K. u coaBr. [14] co3nanu Moaenb, TpaHChu-
nuposas kinetkn 3T3 B renom TGF-B1 u BBeas ux
B 0e7104Hy10 000JI04UKY, YTO IIPHUBEIO K (OPMUPOBA-
HUO GUOPO3HBIX Onsiiek, cHmwkeHno [CP/MAP u
Pa3BUTHIO YMEPEHHOH dPEKTUIILHON TUCHYHKIHH.

Piao S. u coaBr. [15] ucnosp30Baiiu aJeHOBUPYC-
Hyto Tpancdexmio TGF-B1 1 moBTOpHBIE HHBEKITNH
B 0€JI04YHYI0 000JI0UKY; OHH 3a(DUKCHPOBAIH aHAJIO-
TMYHbIE THCTOJIOTMYECKHE U3MEHEHNUS, HO HCKPHBJIE-
HUE MOJIOBOTO WICHA MOSBUIOCH TOJIBKO B TPYIIIE C
BBICOKOH /10301 M MCU€3aJI0 Yepe3 KOPOTKOE BpeMs.
B macrosimee Bpemst Hanboee pacipoCcTpaHeHHON
sBisiercst moaenb uabeknuii TGF-B1 B Oenounyro
000JI04UKY, OIHAKO OHA HE MO3BOJISIET U3YUHUTH IIPO-
uecc pasButus bI1 oT MUKpOTpaBMBI 10 MOBBIIIE-
Hust yposust TGF-B1 u He Bcerna BOCIIpOU3BOAUT
WCKPUBIIEHHE TTOJIOBOTO YWIEHA, YTO OTPAHUYHBAET
e€ McCIeI0BaTeNbCKYIO IIEHHOCTb.

Hekotopele uccnenoBarenn MbITaINCh HHYIIH-
poBatb BII y kpbIc ¢ mOMOIIBIO TEHHOW MyTaIuu.
Lucattelli M. u coaBr. [9] Habntonanu pazsutue Qpu-
Opo3a, cxoxero ¢ BI1, y kpeic C57B1/6] ¢ myTanueit
(bubpummmHa depe3 12 MecsIeB mocie poxIcHus,
OJTHAKO M3-32 TeHEepaIN30BaHHOTO PrOpO3a BO BCEM
OpTaHu3Me M JUTUTEJILHOTO epruoaa GopMUpOBaHUS
WCTIOJIb30BAHUE STOH MOJIENIN OTPAaHUYCHO.

B 2014 rony Ferretti L. u coaBt. [16] npemio-
ua moaens bII Ha oCcHOBE ayIOTpaHCIIAHTALUT
6enouHol 00004KH. B 3T0i MOMEnn HabIIOMAI0Ch
BBIP2XCHHOE YIJIOTHEHHE TKaHeH, KaJbIH(UKAIHs
U gaxe occuuKanus OIAIIeK, a UCKPUBICHHE TOJIO-
BOTO WICHA MpeBbIIano 25°. OgHaKo u3-3a BHICOKOH
CIIO)KHOCTH XHPYPTHUECKOTO BMEIIATENbCTBA U Ba-
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puabenbHOCTH pa3MepoB MEePeCaKEHHBIX YUaCTKOB
€€ UCI0JIb30BaHNE OTPAHUYEHO.

Hpyrue nomneiTku co3aarb mojiens bIT ocHoBbIBa-
JMCh HA MEXaHUYECKUX TpaBMax 0el1049HO0# 000I104-
k. B 1990-x romax El-Sakka A.l. 1 coaBT. IbITAIUCh
CO3J1aTh MOJIENb MyTEM YaCTUYHOTO HCCEUeHUs Oe-
JIOYHOM 000JIOUKH KPBICHI, HO 3TO TIPUBOJIMIIO JIUIIIb
K OCTPOMY BOCHAJIEHHIO, TIOCJIE KOTOPOTO TKaHb BOC-
cranapnuBanack [17]. Acikgoz A. u coast. (2011)
u Zargooshi J. Taxke 1mokaszayiu, 4To OJJHOKpaTHas
TpaBMa OenoyHOl 00o00ukH He BbI3biBaeT BIT [18;
19].

MHoTOUNCIEeHHBIE UCCIEOBAHMS TOKAa3bIBAIOT,
YTO MPU OJHOKPATHON WIJIM HE3HAUYUTEIIHLHOU TpaB-
Me TKaHb BOCCTAHABIMBAETCS O€3 ITOCIIEACTBUH, B TO
BpEMsl KaK IMOBTOPHBIE HIIH TKENTbIC TOBPEKACHUS
npuBoIAT K pubpo3y [20]. [Ipu TpaBMe K MOBpEX-
JNEHHOMY YYacTKy MPUKPEIUISIIOTCS TPOMOOIUTBI,
YTO 3aIyCKaeT KacKaj CBEPTHIBAHUSA KPOBU U BHI-
CBOOOKICHHE XeMOTAaKCHIECKUX (haKTOPOB (HarpH-
mep, 1L-1, IL-6), npuBiIeKarOIUX BOCIATUTEIbHBIC
kietku [21; 22]. BocmanurenabHbie KIETKH, B CBOIO
o4epeib, BBIIEISIOT IUTOKUHEI (Harpumep, TGF-B1,
TNF), aktuBupytromue GudpoodIacTsl 1 IpeBpaa-
oImnre uX B MEOPUOpOoOIacThl. ITH KIETKU TMPO-
oyuupyrot koiared 1 BKM s BoccranoBnenust
NOBPEKAEHHBIX TKaHEH, a TAKKe CIIOCOOCTBYIOT 3a-
JKUBJICHUIO 32 CUET COKpaIeHus pansl [23].

OpHako MpU MOBTOPHBIX TPaBMaxX BOCIHAINUTENb-
HBIN TIPOIECC 3aTATUBACTCS, aKTUBUPYIOTCS BCE HO-
BbIe (PUOPOOIACTHI, YTO MPUBOJUT K HAKOIIJICHUIO
KoJUIareHa u opMHpOBaHUIO PUOPO3HBIX ONsAIIEK
[24]. BonbIMIMHCTBO UCCIENOBATENCH CUUTAIOT, YTO
MMEHHO MTOBTOPHBIE MUKPOTPaBMBI BO BPEMS T10JIO-
BOI'O aKTa ABJISIFOTCSI OCHOBHOM MPUYMHOMN pa3BUTHS
BIl. B xpoHnueckoii cTaanu n30bITOYHOE OTIIOXKE-
HUE KoJIJIareHa ¥ pa3pyLIeHHUE JIACTHHOBBIX BOJIO-
KOH MPUBOAAT K (POPMUPOBAHUIO TUIOTHBIX OJISILICK,
CHIDKCHHUIO JIAaCTUYHOCTH 0€JIOUHOM 000JI0YKH, Be-
HO3HOH HEJOCTATOYHOCTH KaBEePHO3HBIX TEJ U IPEK-
TUIBHOU nuchyHKImH [25].

[IpennoxxeHHass MOJIENb PEBOCXOAUT MPEIbIILY-
mye pa3paboTku Oiaronaps IErKOCTH peanu3annui 1
CHIDKEHHBIM 3aTpaTaM Ha e€ IpUMEHEHNe.

EnuncTBEeHHOE MCCeI0BaHNE, TPOBEACHHOE B
2018 1., mokasaso, 4To Kak pa3 MHOTOKpaTHbIE UHb-
ek XI'D npuBOJAT K YBEIUUEHUIO CTEIIEHU UC-
KPHUBJICHUS MTOJIOBOTO WieHa, (GPUOPO3HBIM ONSAIIKN
B 0e1o4HO# 000704YKe W/WITH KaBEPHO3HBIX TeJlax,
pa3pylieHue 31acTHYHBIX BOJOKOH, HEOOIBIIOMY
CHIDKEHHIO DPEKTHIFHON (DYHKITMH U TTOBBIIIEHUIO
skcipeccunt TGF-B1 u aSMA, 4to cooTHOCUTCS ¢
coOcTBeHHBIMHU pe3yabraraMu [10].

be3yciaoBHBIMM HETOCTaTKaMU HAIIEro UCCIe10-
BaHUSI SIBISIIOTCS 00BbEM BBIOOPKH, OTCYTCTBHE HM-
MyHoQIIoOpecIieHTHOTO ananu3a, NI'X.

26

3AK/IIOYEHUE

B nanHOM HccieoBaHMM CO3/1aHa IKCIIEPUMEH-
tanbpHas moaens Oonesnu Ilediponn (BII) mytem
MHOTOKPATHOTO BBEJICHUS PACTBOPA XJIOPTEKCHJIH-
Ha ¥ CTIHPTa B OCTOTHYIO0 000I0YKY, YTO UMHTHPYET
Ipolecc BOSHUKHOBEHUS 3a00JIeBaHMsI Yepe3 Io-
BTOPSIOLINECS MUKPOTPABMBI. Y TMOJOBITHBIX KPBIC
HaOII0AATI0Ch BBIPaKEHHOE HCKPHUBIICHNE ITOJIOBOTO
yiieHa, popMupoBanue GUOPO3HBIX OJISIICK B O€I109-
HOM 000J104Ke, pa3pyLeHNE JTaCTHHOBBIX BOJIOKOH.
JlanHast MOZENb OTKPHIBACT HOBBIE BO3MOXHOCTH
JUIsl JaJbHEHIIIEro N3yuYeHHs MEXaHU3MOB Pa3BUTHS
BIT u moncka 3¢y (heKTHBHBIX METOAOB JICUCHHSI.
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PE3IOME

Llenb uccnepoBaHusA: onpefdeneHne rpaHul, HOpPMarbHOW aHaTOMWUYECKOW W3MEHYMBOCTU MPOKCUMAanbHOrO,
CPEeAMHHOTO W AWUCTanbHOrO CEerMeHTOB MyMOBWHbI [JOHOLUEHHBIX HOBOPOXAEHHbIX. MaTtepuan u meTodbl. B
nccneposaHum nynosuH (n=30) ncnons3oBanu okpacky no Mannopu (Buosutpym, P®) n Belirepty (BrioButpym, PP).
MopdomeTpryeckme napameTpbl 3amepeHbl B nporpamme QuPath v 0.5.1. Pesynstathl. Viccnegyemble nynosuHbI
cofepxanv ABe apTepun U BeHy C pasnnyHbIM Tonorpacmyeckmm pacrnosioxeHmemM cocyaoB No cermeHTam. BeHa
MMena OKpYrbIi UMM OBasbHbIA MPOCBET, apTepun - LWeneBuaHbIn. BHyTpeHHAs obonoyka cocydoB BbICTNaHa
aHpoTenuem. B psge npenapatoB B NynovHoW BeHe obHapyxeHa anacTtuyeckas membpaHa, pacrnonaratoljasicsi B
cybaHaoTennansHoM crnoe. MbileyHast obonoyka BeHbl COCTOANa NPeVMYLLECTBEHHO U3 LIMPKYNSPHBIX BOSOKOH,
apTepwuii - U3 ABYX CIOEB rMaAKOMbILLEYHbIX KNeTok. CTEHKM COCYA0B MIOTHO CBA3aHbI C BAPTOHOBbLIM CTYAHEM, KOTOPbIN
B NapaBa3arbHol 30He hOpMUPYET aABEHTULMIO. B pasnmyHbix 30Hax SMOpMOHaNbHOW CIIN3NCTOWN COEANHUTENbHOWM
TKaHW BU3yanuanpyeTtcsi 30Ha TkaHeBbIX Lenei. Mnolane nonepevyHoro ceveHns apTepui, BeHbl B TpeX CermeHTax
MYNOBWHbI HE MMEIOT CTAaTUCTUYECKU 3HAYMMBbIX OTNMYMIA 1 B 10 pas ycTynaeT aeHTUYHOMY noka3aTesio BapTOHOBA
cTyaHs. [locToBepHbIE OTNMYKSA 0BHaPYXeHbI B OOLLEN NNOLWAAN NOMNEPEYHOrO CEYEHUS NYMNOBUHBI B TPEX CErMEHTax.
3akntoveHve. Tonorpaduyeckoe pacronoXeHne cocyAoB M MOPOMETpUYeckue nokasaTenn B TPex CermeHTax
MyNoOBWHbI MPOSABASIOT (PEHOTUMMYECKYI0 W3MEHYMBOCTb B Mpeaenax ¢u3nonornyeckon Hopmbl. B pesynbrarte
Hallero uccnegoBaHus MyrnoBUH HOBOPOXAEHHBIX, POAMBLLNXCS Yepe3 eCTECTBEHHblE poAoBble MyTW 6e3 NpusHakoB
natonorun, BbiBedeHbl (hr3nonornyeckne napameTpbl U3MEHYMBOCTU ANVHBI, NNOWAAen MonepeyHbiX CeveHns
nnoLyazgen nynoBuHbI, MyMOYHbIX COCYA0B, SMOPUOHANBHON CM3NCTON COEQNHUTENBHON TKaHW. PacxoxaeHust mexay
HabnogaemMbiMy 3HAYEHUAMW Y HOPMATMBHBIMW MOKa3aTensMU MOTYT CNYXUTb MHOMKATOPaMU NaTONOrMyeckux
COCTOAHUN. [JaHHbIN hakT MOXET NOCNYXNTb OCHOBaHWEM AN NPoBeAeHUs Yriyb6neHHoM ANarHOCTUKN 1 YCUIIEHHOTOo
MOHUTOPUHra EeTanbHOrO COCTOSHMA. [lyMOYHbIM KaHaTMK — 3TO CIOXHas UMPKYNATOpHas cuctema, TeCHO
WHTErpMpOBaHHas C 30HOM TKaHEBbIX LUeneyn nnaueHTbl. 3Ta 30Ha opMMUpyeT NyTU YNbTPaLUMPKYNAUUM TKaHEBOW
XUOKOCTW, rae NponcxoanaT KrntoveBble npoLeccsl obMeHa BellecTs, obecneynsatolme passuTme nNnoaa.

KnioyeBble cnoBa: mopdonorus NyNnOBUHBbI, rucrtoronorpadusa nyno4HbIX coCyaAoB, BApPpTOHOB
CTyAEHb.

SEGMENTAL MORPHOLOGY OF THE UMBILICAL CORD OF FULL-
TERM NEWBORNS: LIMITS OF ANATOMICAL VARIABILITY

Klyavlina M. Yu., Nigmatullin R. T., Shchekin V. S., Khannanova G. R.

Bashkir State Medical University, Ufa, Russia

SUMMARY

The aim of the study was to determine the boundaries of normal anatomical variability of the proximal, median, and
distal umbilical cord segments in full-term newborns. Material and methods. In the study of umbilical cords (n=30), Mal-
lory (Biovitrum, Russian Federation) and Weigert (Biovitrum, Russian Federation) staining was used. Morphometric
parameters were measured using QuPath v 0.5.1 software. Results. The studied umbilical cords contained two arteries
and a vein, with different topographic arrangement of vessels by segments. The vein had a round or oval lumen, the
arteries had a slit-like lumen. The inner lining of the vessels is lined with endothelium. In a number of preparations, an
elastic membrane located in the subendothelial layer was found in the umbilical vein. The muscular layer of the vein
consisted mainly of circular fibers, and the arteries consisted of two layers of smooth muscle cells. The vessel walls are
tightly connected with Wharton’s jelly, which forms adventitia in the paravasal zone. In different zones of the embryonic
mucous connective tissue, a zone of tissue gaps is visualized. The cross-sectional area of the arteries and veins in
three segments of the umbilical cord do not have statistically significant differences and are 10 times inferior to the
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identical indicator of Wharton'’s jelly. Reliable differences were found in the total cross-sectional area of the umbilical
cord in three segments. Conclusion. The topographic location of the vessels and morphometric parameters in three
segments of the umbilical cord exhibit phenotypic variability within the physiological norm. As a result of our study of
the umbilical cords of newborns born through the natural birth canal without signs of pathology, physiological param-
eters of variability in length, cross-sectional areas of the umbilical cord, umbilical vessels, and embryonic mucous
connective tissue were derived. Discrepancies between the observed values and normative indicators can serve as
indicators of pathological conditions. This fact can serve as a basis for conducting in-depth diagnostics and enhanced
monitoring of the fetal condition. The umbilical cord is a complex circulatory system, closely integrated with the area
of tissue clefts of the placenta. This area forms the pathways of tissue fluid ultracirculation, where key metabolic pro-

cesses occur, ensuring fetal development.

Key words: umbilical cord morphology, histotopography of umbilical vessels, Wharton’s jelly.

[IynoBuHa 4yenoBeKa — 3TO COCYAUCTO-ME3CHXH-
MaJbHBIA OpraH, KOTOPBIA oOecrnednBaeT ¢erorna-
LEHTapHOE KPOBOOOpaIlleHNEe MEKAY IUIALEHTON U
wioaoM [ 1; 2]. KimroueByto poib B pean3aiiy 1aH-
HoO# pyHKIIMK BrpaeT ceparie woza [ 1]. OmHako ero
MHUOKap] HE MOXKET TIOJTHOCTHI0 00eCTIeduTh (hyHK-
LUOHAJIBHYIO HarPY3KY BO BpeMsl BHYTPHYTPOOHOTO
pa3BUTHsI, KOTOpasi BKIIOYAeT B ceOsl: UPKYISILINIO
KPOBH 4Yepe3 JUTMHHBIE COCYAUCTBIE MAaruCTPaIIH ITy-
MOBUHBI, Iep(y3UI0 KPOBH Yepe3 CETh MUKPOLIUP-
KYJSITOPHOTO pycila IUIALeHThl. YUNThIBAsI, UTO ITy-
MOBHHA 00J1aJaeT COOCTBEHHOM NEPUCTAIBTUIECKON
AKTUBHOCTBIO, YacTh (PyHKUMOHAJIBHON HArpy3KU
nepexoauT Ha Hee [1]. BeaencTBue sToro, Kak B my-
MOYHOU BEHE, TaK U B apTEPHUSIX XOPOIIO Pa3BUTHI
IJIaIKOMBIIIIEYHbIE CJIOU M JIACTUYECKHE BOJIOKHA
[1]. OTHOCUTENBEHO MOP(OIOTUYECKON KapTHHBI B
JUTEpaType UMEIOTCS pa3jinyHble JaHHBIE B OTHO-
LICHUH NACTUYECKUX MEMOpPaH U aIBEHTUIHATbHON
000JI0YKH Myno4YHBIX cocynoB [3-8]. Takum obpa-
30M, JaHHAs TeMa [IPEJCTaBIAET COOOH aKTyallbHYIO
o0acTh IS JaNbHEHTIINX UCCIIeI0OBaHNN, 00y CIIOB-
JICHHYIO IPOTUBOPEUYMSAMH B CYLIECTBYIOLICH HAyd-
HOW Mapagurme 1 BBITOJHEHUEM )KU3HEHHO BaKHOU
GyHKIUM IS TUI0AA.

B HacTosiiiee Bpemst 0ocoboe BHUMaHUE YJIels-
€TCsl MaTOJIOrMYECKUM COCTOSHMSM IIJIALEHTHl U
Myno4Horo kanaruka [9-12]. Benyrcs uccinenona-
HUS HA TEMY MUKPOMaKpOaHATOMUH ITyTIOBUHBI TPU
OEepEeMEHHOCTH B pe3ylibTaTe dKCTPAKOPIIOPATIEHOTO
omonoTBopenus [13]. Taxxe, psx aBTOPOB OTMe-
4aeT, 4To MopdoMeTprudecKre NOKa3aTey MIynoBH-
HBI U IJTALIEHTHl CYUTAIOTCS MapKepaMy HapyILeHUH
BHYTpUYyTpoOHOTO pa3Butus. Hampumep, npu yse-
JMYEHUU JUIMHBI MYTIOBUHBI CHIKAETCSI PUCK pas-
BUTHSI HEOHATAILHOHN JKENTYXU M YBEIUUHBACTCS
PHCK Pa3BUTHS BHYTPUYTPOOHOH TMIIOKCUU IUIOJA,
0OBUTHS IyIIOBUHBI BOKPYT LU IJI0AA, U3MEHEHUH
CO CTOPOHBI TOJIOBHOTO MO3ra M HEBPOJIOTHYECKHX
oTKJIOHeHuH B Oynymem. KopoTkas mynoBuHa Mo-
KeT ObITh MPUYNHON MPEKIECBPEMEHHON OTCIONKH
rareHTs [14; 15]. OgHako B IepByro odepes He-
00X0IMMO [TOHUMATh I'PaHMLIbl HOPMaJIbHON aHaTo-
MHYECKOH M3MEHUYHMBOCTHU ITYHOBUHBI.

29

ens uccnemnoBanus: ONpeaeICHIE TPAHUI] HOP-
MaJIbHOW aHATOMHUYECKON M3MEHYMBOCTH MPOKCHU-
MaJbHOTO, CPEIMHHOTO M AUCTAIBHOTO CETMEHTOB
MIyIOBUHBI JOHOIICHHBIX HOBOPOXKICHHBIX.

MATEPHUAJI 1 METO/JbI

B xone nacrosmiero uccienoBaHus OblIO U3TO-
TOBJIEHO 90 THCTOIOTHUECKHUX OJTIOKOB Pa3TUIHBIX
TonorpaUueCKUX CEerMEHTOB MyMOBHHBI. KpuTte-
pUSMHU BKIIIOUEHUS CO CTOPOHBI IJI0/Ia B UCCIIEOBA-
HHE MOCITY>KWI JOHOLIEHHBI T€CTAllMOHHBINA CPOK,
POX/IeHNE 1012 Ha CeMb 0AJIIIOB M BBIIIE TTO IIIKAJIE
Arrap gepe3 ecTeCTBEHHBIC PoaoBbIe myTH. Co CTO-
POHBI MaTepH OTCYTCTBHE OCIOKHEHUH OepeMeHHO-
cTH, MH()EKIIMOHHBIX 32a00JICBAaHMIA U TSHKEIION coMa-
TUYECKOW MaTOJOTUuH. JIOKAJIbHO 3TUUYECKUI KOMHU-
ter ®I'BOY BO «bamkupckoro rocy1apcTBEHHOTO
MEJIUIIMHCKOTO YHUBepcUuTeTay Munsziapasa Poccun
oT 23.10.2024 3akyrounii, 4YTO NPOBOAUMOE HayU-
HOE€ UCCJIEJIOBaHNE COOTBETCTBYET OOLIETIPUHSATHIM
HOpMaM Mopaiiu, TpeOOBaHUAM COONFOICHUS TIPAB,
HWHTEPECOB M JINYHOTO JOCTOMHCTBA, IPUHUMAIO-
X ydactue B ucciegosannu cornacuo «I'OCT P
52379-2005. HanmonanbHbIi cTannapt Poccuiickoit
Oeneparn. Haamexkaras KITMHAYECKas TPAKTAKAY.

HUccnenoBanue nmpoBoauiiock Ha 0aze xadenpsl
AHATOMUU YEJIOBEKA U MOP(OIOrHUYSCKOM Jadoparo-
pun ®I'bOY BO «bamkupckoro rocyaapcTBEHHOTO
MEJIUIIMHCKOTO yHUBepcuTeTay Munsnpasa Poccun.
[TomyueHHBIH OMOTOTHYECKH MaTepHall IIpe/IBapH-
TEIbHO OBLI pa3lielicH Ha TPU CETMEHTa: MPOKCH-
MaJIbHbIN, CPEIUHHBIA U IUCTAIBHBIN. 3aTeM ObLiIa
BBITIOJIHEHA CTaHJapTHas THCTOJOTHYecKast oopa-
0oTka B m3omnponmioBoM criupte (buosutpym, PD),
3anuBKa B mapaduH «ructoMukey (buosurpym, PO)
U IPUTOTOBJICHUE CPE30B TONLIMHON 4 MKM. J1J151 BBI-
SIBJICHUS] KOMIIOHEHTOB COCIMHUTENbHON TKaHU HC-
MOJIB30BAJIN OKpacKy o merony Mastopu (bruosu-
TpyM, PD), 1115 BBISBIEHNS IaCTHYECKIX BOJIOKOH
o Beitrepry (buosurpym, PD).

Crexionpenaparsl ObUTH ONU(PPOBAHEI HA CKa-
HUPYIOIIEM MUKpockore panoramic 250 ¢upmsl
3dhisttech (Benrpust). Mopdomerpuyeckue napa-
METPBI TIOMIAAN MTOTIEPEYHOTO CEUSHHS! MTyTTOBUHEI,
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MYMOYHBIX COCY/I0B M AYMOPHOHATBHON CIU3UCTON
COEJIMHUTENIbHON TKaHU (BapTOHOB CTYICHb) OIpe-
NeIISIIACH ¢ ToMoIbio mporpamMmbl QuPath 0.5.1
(CIIA) (Bankhead, P. et al. QuPath: Open source
software for digital pathology image analysis.
Scientific Reports (2017)).

Crartuctryeckas 00pab0TKa JaHHBIX BBITIOJHEHA
B mporpamme Statistica 10.

PE3YJIBTATBI

B namem uccnegoBanuu Bce ITYDNOBUHBI 11O KOJIN-
YCCTBY COCYyNOB UMEJIM HOPMAJIbHOC aHATOMHNYCCKOC

CTpOEHHE: JIBE apTepuu U BeHy. Tomorpadudeckoe
pacrosyioykeHue MyMOYHBIX COCY0B U3MEHSAJIOCH Ha
Tpex CerMeHTax B MpelesiaXx OJHOM IyIOBHHBI. A
HMEHHO - cocybl (POPMHUPOBAIH TPEYTOJIbHUK C pa3-
JUYHBIMU YITIaMH, MEHSUIN CBOE PACIOJIOKEHUE Ha
MPOTSKEHUH BCEH ITMHBI YTTOBUHBI WIIN pacrioyiara-
JMCH 110 TipsiMoit TuHUK. Ha pucynke 1 nzo0pakeHsl
IOCIIEI0BATENbHBIE CETMEHTHI ITYTTOBHHBI, TIOKA3bIBa-
IOIE N3MEHEHHSI B PACIIONIOKEHUH COCYIOB BJIOJb
€€ JUTUHBIL.

PucyHnok 2 neMoHCTpHpYeT pa3IudHOEe FUCTOTO-
norpauyecKoe pacnoiIoKeHHe COCYIOB MYTOBHHBI

Puc. 1. I'ncroTonorpadguueckue npenaparbl cerMeHToB MynoBuHbI. Oxpacka no MaJuiopu x 150. A - npokceu-
MAaJIbHBII CErMeHT MyNOBUHbI, b — cpeMHHBII cerMeHT, B — TUCTa/ILHBIN CerMeHT.
Fig. 1. Histotopographic preparations of umbilical cord segments. Mallory staining x 150. A - proximal
umbilical cord segment, B - median segment, C - distal segment.

cpeauHHOrO cermenta. Ha pucynke 2A nocnenosa-
TEIILHOCTb CBEPXY BHU3 CKJIA/(BIBAETCS CJIETYIOLINM
oOpa3oM: BeHa, aptepusi, aprepusi. Ha pucynxke 2 b:
aprepusi, BeHa, aprepus. Y B mepBoM, 1 BO BTOPOM
cllydae, TUCTOTONOrpauuecKoe pacroyioKEeHUE My-

MIOYHBIX COCY/IOB SIBJIIETCS] BApPUAHTOM HOPMBI U OT-
paxkaeT (PeHOTHIINYECKYIO H3MEHUYUBOCTb.
Onucanue CTPYKTYpbl TUCTOTONOTpaHUECKHX
MIpeNaparoB: IPOCBET BEHBI B OCHOBHOM MMeEIl OKPY-
IJIYI0 WK OBaJIbHYIO popmy. Ee BHYyTpeHH:Is1 cTeHKa

B

Puc.2. Pazauunoe rucroronorpaguyeckoe pacnosoxkeHue cocy10B IyINOBUHBI B NIpe/iesiax 0JHOI0 CerMeHTa.
Oxpacka no Mamiopu x 150.
Fig. 2. Different histotopographical arrangement of umbilical cord vessels within one segment. Mallory x 150
staining.

BBICTJIaHA 3HJOTENuEM. B OonbIINHCTBE CiiydaeB
oOHapy>keHa 31acTuieckas MeMOpaHa, pacrosara-
omascss B Cy0dHI0TeNHaIbHOM cioe. OT4ETINBO
BbIpa)KEHHas a/IBEHTUINS HE BU3yaJIU3UpOBajach.

MpimieuHast 000JI04Ka MTyTIOYHBIX BEH MPECTaB-
JIeHa B OCHOBHOM BOJIOKHAMH, PAcIOIararoluMHCs
B UMPKyIsspHOM HampasieHuu (puc. 3). Tommuna
CTEHKH IyNOYHOW BEHbl HEPABHOMEPHA, B HEKOTO-
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Puc.3. Cocynucrasi creHka nynouHoii Benbl. Oxpa-
cka no Masiopu x 200.
Fig. 3. Vascular wall of the umbilical vein. Mallory
stain x 200.

PBIX ydacTKax mMmeeTcsi Oojiee TyCToe CKOTUICHHE
MBIIIEYHBIX KIETOK.

BHyTpeHHIOI0 MOBEPXHOCTh apTEPUN BBICTH-
naet sHporenui. [Ipocser aprepuii, kKak IpaBuIIo,
LICNIEBUAHBIHN, a COCYIMCTas CTCHKA, HA ()OHE KOH-
CTPUKIINH, UMEET HEPaBHOMEPHYIO TOJIIHUHY. Xa-
PaKTEpHOI YepTOM SBIISIETCS HAJIMUUE B IIPOCBETE
apTepuil BEICTYIIOB, H3BECTHBIX B JINTEpaType Kak
y371bl X00okeHa. MpleyHasi 000704Ka, COCTaBIISA-
I0111asi OCHOBHYIO YacTh COCYAUCTON CTEHKH, Mpe-
CTaBJIeHa IIaIKOMBIIIEUHBIMHU KJIETKaMH, OpTaHU-
30BaHHBIMH B JIBA CJIOSI: BHYTPEHHUH, I7I€ KIETKH
pacrookeHbl 0ojee CBOOOTHO, M HAPYKHBIH, C
LUPKYIAPHBIM PACIION0KEHHEM ITIaAKOMBIIIEYHBIX
BOJIOKOH. MeK/ly MBIIICUHBIMH KJIETKAaMHU 00Hapy-
YKEHbI ZIMHUYHBIE 271aCTUYECKUE BOJIOKHA, KOTOpBIE
He 00pasyroT HenpepbIBHYIO MeMOpaHny. K MbIiey-
HO¥M 000JI0YKE TIJIOTHO MpPHUJIeTaeT KOMIAKTHBIN
cioi BapToHOBa cTyaHs (puc.4). Ero BOTOKHUCTHIN
BHEKJIETOUHBII MaTPUKC LUPKYISIPHO OXBaThIBAET
aprepuu. JlaHHBIN €0 BapTOHOBA CTYIHS BBICTY-
[1aeT KaK aJABEHTHLMS apTepuid. B yacTu rucrono-
THYECKUX MPEIrapaToB ONHChIBaeMas aIBEHTHIIH-
anbHast 000JI0UKA AByX apTepHUil TECHO KOHTAKTHU-
pyeT Mexay coOOl M MepexoquT B aHAJIOTHYHYIO
o0onouky mymnoyHoli Bensl (puc.2b.). I[lono6Hoe
CTPYKTYpHOE B3aMMOJIEHCTBHE COCYIHUCTBIX KOM-
MTOHEHTOB MyTOYHOTO KaHAaTHUKa MO3BOJISET MpeJ-
MIOJIOKUTH UX (PYHKIIMOHAJIBHYIO KOOIIEPALUIO AJIs
oOecrieueHus perorianeHTapHOro KpoBoToKa. [1pu
9TOM MYJIbCALIMOHHAs AKTUBHOCTh apTEPUN MOXKET
repenaBaTbCs Ha BEHO3HYIO CTEHKY.

B paznuuHbIX 30HaX IMOPUOHAIBEHON CITM3UCTON
COCIMHUTEIBHON TKaHU BU3YyAIN3UPYETCS 30HA TKa-
HeBbIX 1ene. B 90% ciaydaeB nogoOHbIe s;ueUCThIC
pacMpeHus JOKAIU3YIOTCA B nepudepuydeckon
30He. BeposiTHO, M0 HUM TPOUCXOAUT OTTOK UHTEP-
CTUIIMAJIBHOM KHUJIKOCTU. B CTpyKType BapTOHOBa
CTY/IHSI OTMeUYaeTcs TPaJueHT TIOTHOCTH BHEKJIe-
TOYHOI'O MaTpHKca OT NIEPUBACKYIIIPHOM 001acTH K
nepudepun. binxe K mynoyHsIM cocyaam 3MOpH-
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Puc.4. Cocynucrasi creHKa NynoYHOIi apTepuu.
Oxpacka no MaJsutopu x 200.
Fig. 4. Vascular wall of the umbilical artery. Mallory
stain x 200.

OHaJIbHAs COJMHNUTEIbHAS CIU3MCTAs TKaHb Oosee
IJIOTHAs ¥ OpPraHW30BaHHAas, TOTAA Kak Ha mepude-
puu oHa Ooinee peixias. Taxxke uaeHTHPHIUPYETCS
Cy0aMHHOTHYECKHH CIION PBIXJION COCTMHUTENBHON
TKaHH. B nenom, npeacTaBieHHbIE 30HBI BAPTOHO-
Ba CTYJHS TKaHEBBIX IIEJeH U CyOaMHUOTHYECKOTO
CJIOSI TOCTATOYHO YEeTKO M PepeHIUPYIOTCS OT Ta-
paBa3aIbHON YacTH AYMOPHOHATHHONW COCTUHUTEITb-
HOH CIIM3UCTON TKaHH TaK)Ke HA3BIBAEMOTO a/IBCH-
TUIMATBbHON 000710uKOi. CTPYKTYpa aABEeHTHLIAIb-
HOTO CJIOSl OTJIMYAeTCs] KaK MPaBUiIo IMUPKYISIPHOM
OJTHOHAIPAaBJICHHON OpHEHTAIMeN KOJIJIareHOBBIX
(hUOPMILT 1 X KOMITAKTHBIM pacrojiokeHueM. B ma-
paBazainbHOW 30HE BAPTOHOBA CTYIHS BCTPEUYAIOTCS
€IMHUYHBIE 2TACTUYECKHE BOJIOKHA.

MHoro4ucieHHbIe JIaKyHbl B 30HAaX TKaHEBBIX
esnei MecTaMi JTOCTUTAIOT HApY>KHON 000JI0YKH
MMyNOBUHBI. B Hamem mcciienoBaHUN UX THAMET]P
Kkosaeonercs oT 20 mxm 10 270 MKM, HanbOoJI€€ YacTO
BCTpevaroTces JakyHsl pazmMepamu 100-150 mxm. [1o-
NOOHBIE TKAHEBBIC IIEJIN B COSTUHUTEIBHON TKaH!
MIPUHSTO ONpeaensTs TepMuHoM npenumdaruk (FO.
W. boponun — 2015). Ilo HameMy MHEHHIO, 30HY
TKaHEBBIX MIEJIeH MyNOYHOTO KaHaTHKa MOKHO pac-
CMaTpHBaTh KaK CTPYKTYPHBIA SKBUBAJICHT ITyTEH
YABTPALUPKYISALUN HHTEPCTUIHATIBLHOMN KUIKOCTH.

MenuaHna AJIWHBI MYNOBUHBI cocTaBmia 56,5
[44,3; 75,8] cm. MopdomeTpudeckre mokasareain
MPOKCUMATBHOTO, CPEAMHHOTO ¥ JIUCTAJIHHOTO Cer-
MEHTOB ITyIIOBUHBI TIPEJICTABIICHBI B TaOIHIIE.

Kak cienyer u3 npuBeaeHHON TAOMUIBI, IJI0-
1aJ1b SMOPHOHAIBHON COSIIMHUTEIILHOU CIIU3UCTOM
TKaHu B 10 pa3 npeBbIcHIIa COCYANCTHIM KOMITIOHEHT.
ITo kpureputo @pujamMaHa oAb OMEPEUHOTO
CEYeHHS apTepHil, BEHBI Ha TPEX CErMEHTaX ITyIo-
BUHBI HE UMEIOT CTATUCTUYECKU 3HAYMMBbIX OTIINYNN
(p>0,05). [Ipenmnonaraem, 4To ATO CBA3AHO C OTHOCH-
TEJIHHO MAJIBIMU Pa3MepaMHt IaHHBIX CTPYKTYp B He-
(DYHKIIMOHUPYIOMIEM COCTOSHUU. JIJIs NCKITIOUEeHNUS
MOTPENTHOCTH, CBA3aHHOH C eAMHUTIAME U3MEpPEHHUs,
cTarucTudeckas o0paboTka Takxke OblIa MPOBEACHA
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Tabauua. [lnomaau nonepeyHoOro ceyeHusi MyMOBUHbBI, NYNOYHBIX COCY10B, IMOPUOHAIbHOMN CJAM3UCTOM CO-
enMHUTEeIbHOM TKaHu (Me [5;95])
Table. Cross-sectional areas of the umbilical cord, umbilical vessels, embryonic mucous connective tissue (Me

[5;95D)
[IpoxcumainbHblii cer- . .
[Tapametp CpennHHbIN CerMeHT JlucTanpHbIA CErMEeHT
MEHT IyTIOBUHBI Me . .
(em.M3MepeHHsT) [5:95] mynoBuHbI Me [5;95] mynoBuHBI Me [5;95]
[Tnomaaer monepeyHoro 1, 14 1, 14 1,13
CEUYCHHS ITYIIOBUHBI (CM?) [1,12; 1,37] [1,12; 1,25] [1,1; 1,19]
[Tnomaas monepeyHoro 0,03 0,02 0,04
ceueHus aprepuit (cm?) [0,002; 0,13] [0,001; 0,12] [0,001; 0,1]
[Tnomaas monepeuyHoro 0,06 0,05 0,06
cedyeHus BeHsl (cM?) [0,02; 0,09] [0,02; 0,07] [0,02; 0,07]
[Inoniaas nonepeyHoro
CeYeHUs SMOPHUOHATILHON 1,07 1,06 1,06
CITU3HUCTON COCAUHUTEIT- [0,9; 1,9] [1,0; 1,2] [0,9; 1,1]
HOM TKaHH (CM?)

CO 3HAYCHUSAMU B MKMZ. CraTucTHYECKH 3HAYNMBIE
otiuyus 1Mo kputeputo @punmana (p <0,05) oOHa-
PY’KEHBI B IUIOIIAAN TYTOBUHBI HA TPEX CETMEHTAX.
OTMeyaeTcs yBeJIWYeHHUE IIOIIAN MTOMEPEIHOrO
CEUCHUS B MPOKCUMAJIHHOM CETMEHTE.

OBCYXJIEHUE

B HacTosimee BpemMsi OCHOBHAsI IMCKYCCUS B JIH-
Teparype Mo MoBoAy MOP(OJIOTUH ITyTIOBHHBI 3aKJIFO-
YyaeTcsl B HAJMYMM WM OTCYTCTBHUHU DJIACTUUECKON
MeMOpaHbl U aJIBEHTHLUHU. PsiJi aBTOpPOB onuchIBa-
€T B COCTaBE COCYAUCTON CTEHKH IIyIIOUHON BEHBI
JIACTUYECKYI0 MEMOpaHy, KOTOpas pacroJiaraercs
HEMOCPEICTBEHHO NoJ sHAoTenueM [3; 8]. [oBopka
3. (1970) B cBOeit MOHOTpaduu yKa3bIBaJ JIOKAJIH3a-
IIUIO 3JIaCTUYECKON MEMOpPaHbI B apTepHsIX MyIIOBH-
HBI MEX/Ty BHYTPEHHUM U Hapy>KHBIM MBIIIEUHBIMU
CJIOSIMH, @ B IIyIIOYHON BEHE HETIOCPEICTBEHHO 10J
sHpoTenueM. JlaHHoe CTpOeHHE OH ONHUCHIBA Kak
€AMHCTBEHHYIO H OYEHb Ba)XKHYIO OTIMYMTEIBHYIO
0COOCHHOCTh MEX]y apTepUsIMU U BEHaMH IyTO-
BUHBIL. P51 IpyTHX aBTOPOB OMUCHIBAET MBIIIEUHYIO
CTEHKY apTepHuil KaKk JBYXCIIOiHYI0, 6e3 amacTude-
CKOW MeMOpaHbl, UMEIOLIYIO JBa OTINYUTEIbHBIX
CJIOS TJIAJIKUX MBI BHYTPEHHHUH C10#, cBOOOJHO
pacnoyioKeHHbIE KJIETKHA ¢ OOUIBHBIM OCHOBHBIM
BELIECTBOM M BHEIIHUW CIIOM, HUPKYJISIPHO pac-
nosiokeHHbIe KieTku [6]. I1o pesynbraram Hamero
UCCJICIOBAHUS, MIacCTHUECKasi MeMOpaHa 4eTKO He
BU3YaJU3UPYETCsI B COCTABE COCYIUCTOM CTCHKH
MYTIOYHBIX apTepui.

B HacTosee BpeMs psJl aBTOPOB ONUCHIBAET B
CTPYKType MyTOBUHBI aiBeHTHIIHIO [5]. B T0 %ke Bpe-
Ml OHM OTMEYalOT, YTO OHA HE UMEET YETKUX KOH-
TypoB [6; 7]. CormacHo Zawisch (1954), BapToHOB
CTYICHB ABJISICTCS aABCHTHLMEH MYTIOYHBIX COCYI0B
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[3]. AaBeHTHIIMS — 3TO BHEIIHUN CIIOM COCYIUCTOM
CTEHKH, CoJep Kallluii MHOKECTBO KJIETOK, TaKHX
Kak GuOpoOIaCThl U HMMMYHHBIC KJIETKH, a TAKKe
vasa vasorum. B oTBET Ha COCYAUCTBIN CTpecc Uiu
MTOBPEXKICHNE KIIETKU aIBEHTHIINH MEPBBIMHE TIpe-
TEPIEBAIOT aKTUBAIMIO U (DEHOTUITUYECKHUE U3ME-
HEHUS, U TIOMUMO 3TOTO, aJIBEHTUIIMS BBHITIOJIHICT
3aUTHYI0 QYHKIHIO JUIst cocyioB [16]. Yuurteias
JaHHBIE (DAKTBI M OTCYTCTBUE YETKO BBIPAKECHHOU
aJIBEHTUITMAIBHOIN 000JI0YKH B HAIITUX ITperaparax,
MOYKEM TIPETIONIOKHUTh, YTO POJIb aJIBEHTHIINN OepeT
Ha ce0sl BAPTOHOB CTYJIEHb, TAK KAK UMCHHO OH BbI-
MIOJTHSICT BhIIIENIepeuncaeHHbIe GyHKIuu [17].

3AKJIIOYEHUE

Tomorpaduueckoe pacmolioKeHHEe COCYIIOB U
MOP(POMETPUYCCKHE MTOKA3aTEIU Ha TPEX CErMCH-
Tax MYNOBUHBI MPOSIBISIIOT ()EHOTHUITUYECCKYIO U3-
MEHYUBOCTH B Mpeaenax Gu3noI0TuiecKoil HOPMBI.
IIynouyHnble cocynbl MOTYT pacrojaraTbCsi B BUJIE
Pa3HOCTOPOHHEIO TPEYTOJbHUKA WU IO IPSAMOM JIH-
HUU B Mpe/iesiaX OHOU MynoBUHBI. PazHOOOpa3Hast
Tornorpadusi cCoCyJ0B U SMOPHOHAILHON CIM3UCTON
COCTMHUTEITFHON TKaHU 00CCIICUNBACT YCIOBUS IS
aJIeKBaTHOTO (ETOTIIAIEHTAPHOTO KPOBOOOpare-
Hud. B pe3ynbrare Halero ucciaea0BaHus MyIOBUH
HOBOPOKICHHBIX, POJUBIINXCS YEPE3 ECTECTBEHHBIC
pooBble ImyTH 0e3 MPU3HAKOB MATOJIOTHH, BhIBE]IC-
HbI (PU3UOJIOrMUECKHE TapaMeTPbl H3MEHYUBOCTHU
JUTHHBI, TIOMAACH TTOTIEPEYHBIX CEUSHNUS TUTOTIA ISk
ITyTTOBUHBI, TyTIOYHBIX COCYIIOB, SMOPHOHAIHHOM
CIU3UCTON COCANHUTEIbHON TKaHU. Pacxoxxnenus
MEXy HaOJIr01aeMbIMU 3HAYCHUSIMUA U HOPMATHB-
HBIMH TTOKA3aTeJISIMU MOTYT CITY>KUTh UHIUKATOPaMU
[aTOJIOTHYECKUX COCTOSIHUN. JlaHHBIN (hakT MOXKeT
TTOCITY)KUTh OCHOBaHUEM JIJIsI IPOBEICHNS YTITyOeH-
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HOU JIMarHOCTUKH ¥ MOHUTOPHUHTra (peTasbHOro co-
cTosiHus. [IynoyHbIil KAHATUK — 3TO CIIOKHASL LIUPKY-
JIATOpHAs CHCTEMa, TECHO MHTEIPUPOBAHHAS C 30HOH
TKaHEBBIX IIeJeH TUIaleHThl. JTa 30Ha (OpMUpPYET
MyTH YJIBTPAIUPKYISIUN TKAHEBOH KHUIKOCTH, TIC
MIPOMCXOIST KIIIOUEBBIE MTPOIIECChl 0OMEHa BELIECTB,
o0ecrieunBaroIye pa3BUTHE TUIOAA.

KoHdaukT nHTEpecoB. ABTOPHI 3asABIISIIOT 00
OTCYTCTBUHW KOH()INKTa HHTEPECOB.

Conflict of interest. The authors have no conflict
of interests to declare.

JIMTEPATYPA

1. Hapnees A. I1., llIxypynuii B. A., Mapunkux
. O. IleueHp u mialieHTa B Nepu-U MOCTHATAIBHBIN
MEePUOJIbI TIPH MATOJIOTUU: KIMHUKO-IKCIIEPUMECH-
TanbHOe uccnenosanue. H.: Hayka; 2014.

2. IIpoxopos B. H., IIpoxoposa O. B., Mense-
nesa C. 0. Mopdomorust TkaHel TyITOBUHBI YeJI0-
BEKa MPU HEKOTOPBIX MATOJIOTHUYECKUX COCTOSHUSIX
OepeMEeHHBIX. YpaJbCKUI MEIUIIMHCKUH KypHaI.
2014;04(118):30-33.

3. ToBopka 3. [lnanenTa yenoseka. Bapiasa:
[Tonbckoe rocynapcTBEHHOE MEJIHMIIMHCKOE M3J1a-
TeabCeTBO; 1970.

4. Stehbens W. E., et al. Histopathology and
ultrastructure of human umbilical blood vessels.
Fetal and pediatric pathology. 2005;6(24):297-315.

5. LateefR. H. Morphological and histological
study of umbilical cord at delivery. College of Science
for Women - Babylon University. University of Kufa.
2013:1-8. doi:10.36321/KINS.VI20111.2391.

6. Kato Y. Mechanical environment in the
human umbilical cord and its contribution to the fetal
circulation. Maternal and child health. IntechOpen.
2022:1-14. doi.org/10.5772/intechopen.106565.

7. Sexton A. J, Turmaine M., Cai W. Q.,
Burnstock G. A study of the ultrastructure of
developing human umbilical vessels. Journal of
Anatomy. 1996;188:75-88.

8. dopmupoBaHWE U MATOJOTHUS TJIALEHTHI.
[Ton pen. Kpacnononsckoro B. Y. M.: MI3narenbctBo
«Memurunay; 2007.

9. Hussesa H. B. 'uctonornyeckue kputepuu
BOCHAIUTEIBHBIX H3MEHEHHH TUTOJHBIX 000JI0YeK
TUTALEHTHI M ITyTIOBUHBI. MeXTyHApOIHBIH JKypHAIT
MPUKIAJHBIX U (YHIAMEHTANTBHBIX UCCIICTOBAHUH.
2018;3:180-188. doi:10.17513/mjpfi.12172.

10. TIlomosa WU. I, IIponenko E. B., CutHuko-
Ba O. I',, Hazapos C. b., Ky3smenko I'. H., Xapmna-
MoBa H. B. I[Taromopdonorndeckne u OnoxuMmude-
CKHE 0COOCHHOCTH DHJIOTENHS COCY/IOB MyMOBUHBI
pu OEPEeMEHHOCTH, OCJIIOKHEHHOU TPEIKIAMIICH-
eit. [IpoGunemsl penponykuuu. 2022;28(6):44 52.
doi:10.17116/repro20222806144.

11. Omaros E. 1O., Kypmanbaes T. E., I'anu-
moBa U. P., XaeptaunoB A. T., Myxamerosa P. P.,

33

OPUTI'MHAJIBHBIE CTATBbU

Mupomo6oB A. JI., Abmaesa /1. H., Xpomora A. M.,
TumepsssaoB M. U., JleonoBa M. [I. Tpom603 co-
CYZIOB IyTOBHHBL: 0030p JIUTEPATyphl U ONMHUCAHUE
JIBYX KIMHHYECKHUX HAOMIOACHUH. AKYyIIEpCTBO,
I'maexonorus u Penpoxyxkmus. 2022;16(1):81-89.
doi:10.17749/2313-7347/0b.gyn.rep.2021.260.

12. BonkoB A. E. [IpenaranbHasi 1uarHoCTUKA
MaToJIOTUH MyOBUHBI. MenuunHCcKuii BecTHUK FOra
Poccun. 2011;(2):38-45.

13. Murpodanosa U. B., Jlynaii E. JI. Bapu-
aHTBI MAKPOMHUKPOAHATOMHUH MyTIOBUHBI TIpn Oepe-
MEHHOCTH TI0CIIe SKCTPAKOPIIOPATHHOTO OTLIONOT-
BopeHUsi. OpeHOyprcKuil MEIUIIMHCKUN BECTHUK.
2023;3(43):54-59.

14. JIsBoBa A. A., OpneBkuH K. H., MocToBoit
A. B., Epmmina E. B., I'pomoBa H. 1., boponuna A.
B., Kanunuua JI. H. JluarHoctTuyeckasi 1 mporHo-
CTHUYECKasl IICHHOCTh MOP(OMETPUUYECKHX ITOKa3a-
TeJIel MyMOBUHBI U IJIALEHTHI B TPAKTUKE HEOHATO-
nora. HeoHaronorusi: HOBOCTH, MHEHUSI, O0yUCHHE.
2014;(3):91-97.

15. Sadler T. W. Langman’s Medical
Embryology. E.: Lippincott Williams & Wilkins;
2010.

16. Stenmark K. R., Yeager M. E., Kasmi K.
C., Nozik-Grayck E., Gerasimovskaya E. V., Li M.,
Riddle S. R., Frid M. G. The adventitia: essential
regulator of vascular wall structure and function.
Annu Rev Physiol. 2013;75:23-47. doi:10.1146/
annurev-physiol-030212-183802.

17. Ycmanosa H. K., Apteixoa H. I1. B3aumoc-
BSI3b CXOJOB POJOB U MOP(DOIOTHIECKUX 0COOCH-
HOCTel mynoBuHbL. HayuHO-MeAMIIMHCKUHN KypHAI
«BectHrk ABuiieHHB Ta/PKUKCKOTO TOCYIapCTBEH-
HOTO MEIMLMHCKOI'O YHHMBepcuTeTa M. AOyanu
nbun Cuno. 2009;3:142-143.

REFERENCES

1. Nadeev A. P., Shkurupiy V. A., Marinkin L. O.
Liver and placenta in the peri- and postnatal periods
in pathology: a clinical and experimental study.
Novosibirsk: Nauka; 2014. (In Russ.).

2. Prokhorov B. N., Prokhorova O. V., Medvedeva
S. Yu. Morphology of human umbilical cord tissues
in some pathological conditions of pregnant women.
Ural Medical Journal. 2014;04(118):30-33. (In
Russ.).

3. Govorka E. Human placenta. Warsaw: Polish
State Medical Publishing House; 1970. (In Russ.).

4. Stehbens W. E., et al. Histopathology and
ultrastructure of human umbilical blood vessels.
Fetal and pediatric pathology. 2005;6(24):297-315.

5. Lateef R. H. Morphological and histological
study of umbilical cord at delivery. College of Science
for Women - Babylon University. University of Kufa.
2013:1-8. doi:10.36321/KIJNS.VI20111.2391.



2025, 1. 15, Ne 3

KPBIMCKHI )KYPHAJI SKCITEPUMEHTAJIbHOM M KJIMHUYECKOW MEIUIIAHBI

6. Kato Y. Mechanical environment in the human
umbilical cord and its contribution to the fetal
circulation. Maternal and child health. IntechOpen.
2022: 1-14. doi:10.5772/intechopen.106565.

7. Sexton A. J., Turmaine M., Cai W. Q., Burnstock
G. A study of the ultrastructure of developing human
umbilical vessels. Journal of Anatomy. 1996;188:75-
88.

8. Formation and pathology of the placenta. Ed.
Krasnopolsky V.I. Moscow: Medicine Publishing
House; 2007. (In Russ.).

9. Nizyaeva N. V. Histological criteria for
inflammatory changes in the fetal membranes of the
placenta and umbilical cord. International Journal
of Applied and Fundamental Research. 2018;3:180-
188. (In Russ.). doi:10.17513/mjpfi.12172.

10. Popova 1. G., Protsenko E. V., Sitnikova O.
G., Nazarov S. B., Kuzmenko G. N., Kharlamova
N. V. Pathomorphological and biochemical
features of the umbilical cord vascular endothelium
during pregnancy complicated by preeclampsia.
Reproduction Problems. 2022;28(6):44-52. (In
Russ.). doi:10.17116/repro20222806144.

11. Yupatov E. Yu., Kurmanbaev T. E., Galimova
I. R., Khaertdinov A. T., Mukhametova R. R.,
Mirolyubov A. L., Ablaeva D. N., Khromova A.
M., Timerzyanov M. 1., Leonova M. D. Umbilical
cord vascular thrombosis: a literature review and
description of two clinical observations. Obstetrics,
Gynecology and Reproduction. 2022;16(1):81-

34

89. (In Russ.). doi:10.17749/2313-7347/ob.gyn.
rep.2021.260.

12. Volkov A. E. Prenatal diagnostics of umbilical
cord pathology. Medical Bulletin of the South of
Russia. 2011;(2): 38-45. (In Russ.).

13. Mitrofanova 1. V., Lutsay E. D. Variants
of umbilical cord macromicroanatomy during
pregnancy after in vitro fertilization. Orenburg
Medical Bulletin. 2023;3(43):54-59. (In Russ.).

14. Lvova A. A., Oryevkin K. N., Mostovoy A.
V., Ershina E. V., Gromova N. I., Borodina A. V.,
Kalipina L. N. Diagnostic and prognostic value
of morphometric parameters of the umbilical cord
and placenta in the practice of a neonatologist.
Neonatology: news, opinions, training. 2014;(3):91-
97. (In Russ.).

15. Sadler T. W. Langman’s Medical Embryology.
E.: Lippincott Williams & Wilkins; 2010.

16. Stenmark K. R., Yeager M. E., Kasmi K. C.,
Nozik-Grayck E., Gerasimovskaya E. V., Li M.,
Riddle S. R., Frid M. G. The adventitia: essential
regulator of vascular wall structure and function.
Annu Rev Physiol. 2013; 75: 23-47. doi:10.1146/
annurev-physiol-030212-183802.

17. Usmanova N. K., Artykova N. P. Relationship
between birth outcomes and morphological features
of the umbilical cord. Scientific and medical journal
«Avicenna Bulletin» of the Tajik State Medical
University named after Avicenna. 2009;3:142-143.
(In Russ.).



2025, 1. 15, Ne 3 OPUTI'MHAJIBHBIE CTATBbU

YK 616-007.43:57.085.23 DOI: 10.29039/2224-6444-2025-15-3-35-45

NCCNEOOBAHUE KNETOK ®UBPOBJIACTUYECKOIO AUPPEPOHA MNMPU
WMNNAHTALUKU MOOUDPULIMPOBAHHOIO FTEPHUOMNPOTE3A B SKCMNMEPUMEHTE

Jlazapenko B. A., Ymianos A. A., UBanos U. C., Mumnna E. C.

®I'BOY BO «Kypckuii rocynapcTBeHHBIN MeAMIMHCKUH yHUBepcuTeT» Mun3apasa Poccun (PI'BOY BO «KI'MVYy),
305041, yn. Kapna Mapxkca, a. 3, Kypck, Poccus

Juis KkoppecnonieHuuu: YilaHoB Ajekcanap AJieKCaHApOBHY, aCIUPAHT, Kadeapa Xupypruueckux 6onesneit Nel,
OI'BOY BO «KI'MVY», e-mail: ushanovaa@kursksmu.net

For correspondence: Alexander A. Ushanov, l1()ost1g21raduate student, Department of Surgical Diseases No.1, Kursk
State Medical University, e-mail: ushanovaa@kursksmu.net.

Information about authors:

Lazarenko V. A., https://orcid.org/0000-0002-2069-7701
Ushanov A. A, https://orcid.org/0000-0003-0876-0656
Ivanov I. S., https://orcid.org/0000-0003-4408-961X
Mishina E. S., https://orcid.org/0000-0003-3835-0594

PE3IOME

lpbbkM nepedHel OpIOWIHOW CTEHKM OCTalOTCH OJHOM W3 CaMblX PacnpOCTPaHeHHbIX —MaToMoruin.
OKoHYaTenbHOro U 3MMEKTVBHOIO MeToAa IeveHVs M NPoUNaKTUKM MOCrNeonepaLnoHHbIX OCMOXHEHUNA He
cywectsyet. OQHOM U3 METOAMK YCOBEPLLEHCTBOBAHWSA OnepaLuy repHUONpoTe3MpoBaHns SBMSETCS UMMNaHTauus
MOANGULIMPOBaHHbBIX NPOTE30B C HaHEeCEeHHOW KynbTypoln cmbpobnactos. Lenb nccneposaHus. KonnmuectBeHHas
oueHka ubpobnactuyeckoro audppepoHa nNpu  UMMAAAHTaUUM  MOAUULMPOBAHHOIO CeTYaToro npote3a B
CpaBHEHWUM C CepuiHO Bbinyckawowmmucs. Matepuan n metogbl. Ha moguduumpoBaHHble ¢ MOMOLLLIO pacTBopa
ronmkanponakToHa No OpUrMHanbHOM MeToAMKE repHNONpPoTe3bl «ACuUn CTaHAAPTHBINY U «YHUNEKC CTaHAaPTHbIAY
HaHocunacb KynbTypa HaTuBHbIX ubpobnactoB. [epHMONpoTE3bl MMMMAHTUPOBANUCL B CMOAENUPOBAHHbBIV
rpbbkeBovi AedekT nabopatopHon Kpbickl. Ha cpokax 7, 10, 14, 21, 28 cyTok nabopatopHble KpbICbl YCbINNANUCH
nepefo3npPoOBKON WMHransLMOHHOTO aHecTeTuka, C Lenbilo MMCTOMOrMYeckoro UCCreaoBaHust BbINOMHSANCS 3abop
y4yacTka nepefHelnt OpIOLIHOM CTEHKM C nocnegyloliel OKpacKoM reMOTOKCUMMH+303VMH AN MMCTONOrm4eckoro
ncecnegosanus. OueHnBanacb Mopdonormyeckas KapTvHa, NpousBoauncs nogcyeTt gubpobnactoB n pmbpoLmnToB.
Pesynetathl. [Mpy n3yveHnn mopdonorniyeckon kapTuHbl 0BHapyXeHo, YTOo B rpynne ¢ HaHECEHHOW Ha NOBEPXHOCTb
repHuonpoTtesa KynesTypol nubpobnactoB WX KOMMYECTBO C TEYEHWEM BPEMEHWU MITaHOMEPHO YBENUYMBAETCH.
CoegnHuTenbHas TkaHb, OKpyXatoLlasi MpoTes, B 3TOW rpynne co3peBaeT paHblue, Hexenun B Apyrux. Konunyectso
mbpouuToB ObiNo Gonbliue B rpynnax ¢ NPUMEHeHneM repHuonpoTtesa Jcdun CTaHAAPTHBIN, TOrAa Kak B rpynnax
C MpUMeHeHVeM repHuonpoTesa YHudnekc craHpapTHbii 6e3 moaudwvkauum obecreyvna nydliee HakonneHve
¢pubpobnactoB B paHe. O6cyxaeHue. onyyeHHble AaHHble CBUAETENbCTBYT 006 3hdeKkTMBHOCTM MpoLenypbl
MoandUKaLMM repHMoNpOTE30B C MOMOLLbIO BeLLeCTBa NONvKanponakTtoHa ¢ NocneayowmnM HaHeCeHNEM KynbTypbl
dnbpobnacTos. BeiBogbl. HaHeceHue nonukanponakToHa Ha CEPUMHBIA CeTYaTbI repH1onpoTe3 apdeKTUBHO Ans
nocTtaBku onbpobnacToB B onepaumoHHyto paHy. MNpu HaHeceHnn mbpobnacToB Ha repHMONPOTE3 U NocneayLemM
BHECEHWMN KX B paHy dasa nponvdepauum BocnanMTenbHOro npoLuecca HacTynaeT paHblle OTHOCUTENbHO rpynmbl C
MCMonb3oBaHNeM HemoandLMPOBaHHOIO NpoTe3a.

KnioueBble crnoBa: BeHTparnbHas rpbixa, d)VIGpOﬁHaCTbI, NOJNINKaANpPOJIaKTOH, ceTyaTtbIn npores,
MoAenb rpbiku.

STUDY OF FIBROBLASTIC DIFFERON CELLS DURING IMPLANTATION
OF A MODIFIED HERNIOPROSTHESIS IN AN EXPERIMENT

Lazarenko V. A., Ushanov A. A., Ivanov 1. S., Mishina E. S.

Kursk State Medical University, Kursk, Russia

SUMMARY

Hernias of the anterior abdominal wall continue to be one of the most common surgical conditions. There is still
no definitive or effective method for treating or preventing postoperative complications. However, one technique that
has been proposed to improve hernioplasty outcomes is the implantation of modified prosthetic materials with applied
fibroblast cultures. The aim of this study is to evaluate the fibroblastic differentiation process during the implantation of
a customized mesh prosthesis compared to commercially available prostheses. Material and methods. A culture of na-
tive fibroblasts was used to coat the Esfil and Uniflex hernioprostheses, which were modified with a polycaprolactone
(PCL) solution according to the original technique. The hernioprostheses were then implanted into a simulated hernia
defect in a laboratory rat model. On days 7, 10, 14, 21, and 28, days, laboratory rats were euthanized with an overdose
of inhaled anesthetic, and a section of the anterior abdominal wall was sampled for histological examination, followed
by hemotoxylin+eosin staining for histological examination. The morphology of the tissue was characterized, and the
number of fibroblast and fibrocyte cells was estimated. Results. When analyzing the morphological data, we found that
in the group where fibroblast culture was applied to the surface of the herniaprosthesis, the number of cells steadily
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increased over time. Connective tissue surrounding the prosthesis matured earlier in this group compared to other
groups. The number of fibrocytes was higher in groups using the standard Esfil herniaprosthesis, while in groups using
Uniflex without modification, there was a better accumulation of fibroblasts at the wound site. Discussion. Our findings
suggest the effectiveness of the procedure for modifying the herniaprosthesis with a polycaprolactone substance and
then applying a fibroblast culture. Conclusions. The use of polycaprolactone in a serial mesh hernia prosthesis is ef-
fective in delivering fibroblasts to the surgical site. When fibroblast cells are applied to the prosthesis and subsequently
inserted into the wound site, the proliferation phase of the inflammatory response occurs earlier compared to that of

an unmodified prosthetic device.

Key words: ventral hernia, fibroblasts, polycaprolactone, mesh prosthesis, hernia model.

I'pbokK mepenHeit OPIONIHON CTEHKH 3aHUMAIOT
BEIYyIEee MECTO B CTPYKTYPE XUPYPTrUUECKOM maTo-
norun. COTJIacCHO CTaTUCTUYECKUM JTaHHBIM, BCTpPE-
4aeMOCTh JTAHHOW 0O0JIE3HHU cocTaBisieT oT 3% 10
20,9% cpeau nui crapire 18 net B o01el qemorpa-
¢uueckoii rpynre [1]. B ocoObix rpynmnax Hacele-
HUS C MHOYKECTBEHHBIMH COITYyTCTBYIOLIUMHU 3a00J1e-
BaHUAMHU 4aCTOTA BEIABICHNAS MOXKET mocturars 60%
[2]. CortacHO aKkTyajabHbIM HayYHBIM TUIIOTE3aM, 3Ta
HO30JIOTHSI UMEET CJIOKHBIH MHOTOCTYTIEHYATHIN T1a-
TOTeHE3, 3BEHBbSIMH KOTOPOTO SIBIISFOTCS KaK 3a00J1e-
BaHUsl, CBA3aHHBIC C TIOBBIIIICHUEM BHYTPUOPIOIIHO-
TO JIaBJICHUS, TaK U CHCTEMHBIC TUCKOJIIIareHO3HbIE
COCTOSIHHS, OJTHAKO BEAYyIIash POIb TeX WM HMHBIX
MNPUYMH OCTAETCA MPEAMETOM IUCKyccull [3; 4].

B nacrosiiiee BpeMs 3010ThIM CTaHJAPTOM Jieue-
HUsL OOJIBIIMHCTBA BEHTPAJIBHBIX TPBIK CUMTACTCS
TEPHUOIHIONPOTEIUPOBAHUE C HCIOIB30BAHUEM
ceTdaroro uMmIntanTara [5; 6]. OmgHako momo0HbIE
oTIepaIiui HEPEKO MPUBOAAT K pa3IMdHbIM HeOma-
TONPUATHBIM TTOCJIESIICTBUSM, BKITIOYast: HHPHUIIUPO-
BaHUE OTICPALIMOHHOM 30HbI, CMEIICHUE YHAOMPOTE-
3a, 00pa3oBaHKE CEpOM B 30HE BMEIIATEILCTBA, pa3-
BHUTHE XPOHUYIECKOTO OOJIEBOTO CHHIPOMA U TPOUHE.
Cy1miecTByeT MHOXKECTBO NMPUYWH, BIHSAIONUX Ha
BO3HUKHOBEHHUE ITHX OCIIOKHEHUH, TpUIEM HE BCE
Y3 HUX MOAJAI0TCA IIPEIBAPUTEIILHON TUarHOCTHKE.
TpanuiinoHHBIE METOBI JICUCHUS HE BCETA MO3BO-
JISTIOT M30€XKaTh MOTOO0HBIX OCIIOKHEHUH [7].

OcHoBHBIC MTPOPUITAKTHIESCKIE MEPHI IMPOTHB
(hopMHUPOBAHUS TTOCIEONEPAITUOHHBIX BEHTPAIBHBIX
TPBIXK 3aKJIaJbIBAIOTCSI HETIOCPEACTBEHHO BO BpEeMs
XUPYPru4YeCcKOTro BMEIIATEIbCTBA. Bpau criocodeH
BIUATH Ha TIOCIEAYIOMNN X0 PAaHEBOIO MpoIiecca
PasTUYHBIMA METOJAMH, YTO MO3BOJISIET YCKOPUTH
MPOIIECCHl BOCCTAHOBIICHUSI M CBOEBPEMEHHO I10-
JIABUTh BOCITIAJTUTEIbHBIC PEAKIIMH B 001aCTH PaHBI.
OCc0OCHHO NIEPCIICKTUBHOM MPECTABISCTCS IIeJICHA-
MpaBJICHHAs KOPPEeKIUs (pa3 paHeBOro mporecca npu
yCTaHOBKe repHuomnpore3oB. IlyTreMm Bo3znelcTBUs
Ha OTIpe/IeTICHHBIE MEXaHU3MBI PETeHEPAIINA MOYKHO
3HAYUTENIBHO YCKOPUTH ()OPMUPOBAHKE HAIC)KHON
COCIMHUTENBHON TKaHU U COKPATUTH JJIUTEILHOCTh
BOCIANTUTENBHOTO Tieproaa [8; 9].

[TockonbKy paHeBOl MpoLecc NOCiIe FePHUOIH-
JIOTIPOTE3NPOBAHMS PA3BUBACTCS COTIIACHO OOIINM
3aKOHOMEPHOCTSIM PaHEBOTO MpoIiecca, 0c000e BHU-
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MaHUe CIIelyeT yIeIsITh MOMEHTY Mepexo/ia IepBOi
(hasbl BocmiasieHus BO BTOpyto. JlaHHBIN mepros xa-
pakTepusyercs, Mpexkae BCero, HakOIJIEHHEM B paHe
(hubpoOIACTOB, KOTOPHIC BHIPA0ATHIBAIOT KOJIJIATCH
1 YYacTBYIOT B CO3/IaHUM BHEKJIETOYHOTO MaTpPHKCa,
HE00X0IuMOro 1711 00pa30BaHMs TPAHYISIIIHOHHON
Tkanu [10]. brnaromapst OTHOCUTEIBHON MPOCTOTE
METOJIOB KYJIbTHBUPOBAHUS MO CPABHEHUIO C JIPY-
UMM THIIAMH KJIETOK, pUOpoOIacTsl mpeacTaBis-
10T co00# HanboJsee ynoOHbIN KIECTOYHBII MaTepu-
aj 1Js BBEACHUS B JIAMapoTOMHYI0 pany [11; 12].
[IpumeHeHne Takoro Moaxoja MOo3BOJISET JOCTHYD
Oonee 3P PEKTUBHBIX PE3YJIBTATOB MPHU T'PHIKEBON
IJIACTUKE TI0 CPABHEHUIO ¢ OOBIYHBIMU METOJAMU
[IPOTE3UPOBAHUS, UCTIOIB3YIOIIUMHU TOCTYITHbIC Ha
pBIHKE ceTdaThle MMIUTaHThL. OTHUM W3 TyTeil BHe-
CEHUS KJIETOYHOTO MaTepuaia B PaHy SBISIETCS €T0
3aBEJIOMOE PACIONIOKECHUE Ha WUMILUIAHTUPYEMOM
marepuane. Ha prIHKE B HACTOAIIEE BPEMS MPE.-
CTaBIICHO OOJIBIIOE KOJIMYECTBO CETUATHIX TePHHO-
MIPOTE30B KakK 3apy0eKHOT0, TaK U OT€YECTBEHHOTO
npousBoacTBa. OIHAKO OCHOBHOM 3aiadyell mpu ux
IIPOU3BOJICTBE SIBJISLIOCH, SIBIISIETCSL U OyAET SBISTh-
cs1 00JIErYCHHE UX MACChI, YIYUIICHHE MACTHUSCKUX
XapaKTEPUCTHUK MPH YBEIMUCHUH POYHOCTH. Bax-
HBIM aCTeKTOM IPH MPOU3BOJCTBE TAKUX MPOTE30B
SBIISIETCST MaTepHAIl TJIETEHUS, U3TOTABIMBAEMBIH
13 COOOpaKEHUH aCeNTUKUA — UX IMOBEPXHOCTH 00-
JalaeT MUHIUMAJIbHBIM KOJIMYE€CTBOM HEPOBHOCTEHA,
YTO MPEMATCTBYET KOJIOHU3AIMH KJICTKAMH U OaKTe-
PpHUSMH, YTO HE TACT BO3MOKHOCTH KOJIOHU3UPOBATh
ux pudpodiacramu. C 3TOH HETBI0 3aKOHOMEPHBIM
BBITJISIIUT YIIYUIICHHE CEPUITHO BBIMYCKAFOIIMXCS
CETYaTHIX MPOTE30B C LIETbI0 UX MOTUPUKAIIIH KJIe-
TOYHOM KynbTypoi [13; 14].

Ienpio rccnenoBaHMs SBISCTCS OTICHKA CTPYKTY-
puI hubpodacTraeckoro quddepoHa Mpu UMILIAH-
Tanud MOIU(GUIIMPOBAHHOIO CETYATOTO MPOTE3a B
CPaBHEHUU C CEPUITHO BBIITYCKAFOIIUMUCS.

MATEPHUAJI 1 METOJbI

[IpoBeneHne aHHOTO SKCHEPUMEHTa OL0OPEHO
peruoHagbHbIM 3THUeCKUM KomuteToM @I'BOY BO
«Kypckuii rocygapcTBEHHbIH MEAUIUHCKUI YHU-
BepcuteT» Munsapasa Poccun (mporokorn Ne 3 ot
17 oxtsi6pst 2022 1.). Cepun SKCIIEPUMEHTOB, MPO-
BEJICHHBIE Ha JKHUBOTHBIX, COOTBETCTBOBAJIM TIPHH-
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nunam CtpacOyprckoil KOHBEHIIUH 110 3aIUTe TPaB
#KUBOTHBIX (Ppannus, 1986) u [OCTy 33044-2014
«ITpuHITUTIEI HaITIeXKAIel TabopaTOPHONU TTPAKTH-
km» (IIpukasz Nel700-ct ot 01.08.2015), B cooTBeT-
cteum ¢ EBpomneiickoii KonBeniueit o 3amure mo-
3BOHOYHBIX JKMBOTHBIX, UCIIOIB3YEMBIX JJISI DKCIIe-
PUMEHTOB WJIM B MHBIX Hay4dHBIX 1esax (CtpacOypr,
18 mapra 1986 ) ETS N123.

Moaudukamnus ceT4aToro MpoTe3a BHIMOIHSIACH
10 MEeTOoAMKe, NpeanoxeHHou bepemenko B.B. [15]
B aBTOPCKO# MonuduKanuu.

Uccnenosanue BeimonHsuioch Ha 6aze ®I'bOY
BO «Kypckuii rocynapCTBEHHBIN MEIUITUHCKHI
yHusepcureT», HUU skcniepuMeHTanbHOR XUpyp-
TUH, UCTIBITATEILHOW JTa00paTOPUU MEIUIIMHCKUX
U3IeIHi, J1abopaTopuu MOP(OIOTHH U KIIETOYHOM
TEXHOJIOTHH, JJA0OPATOPUU SKCIICPUMEHTAIILHON XH-
PYPTHH ¥ OHKOJIOTHH.

OPUTI'MHAJIBHBIE CTATBbU

Ceryarble TepHHONPOTE3BI «DCcHUII CTaHAAPT-
HBl» 1 « YHIIeke cTanaaptabeiiny (OO0 «JIun-
Tekcey, T. Cankr-IletepOypr, Poccust) pacmonaranm
B CTeKIsiHHOM yamke [leTpu, mocnie yero Ha HEro ¢
MTOMOIIIBIO JIAOOPATOPHON MUKPOITUTIETKH HAHO CHJIH
10% p-p monukanponakToHa B xjaopodopme B 00b-
eme 20 Mk Ha 1 cM?. 3arem B wamky IleTpu BiuBa-
1 96% pacTBop 3TaHOMNA C dKcmo3uImel B 30 MuH.
CeruaTblii TEpHHONPOTE3 OTCIAUBAIHN OT CTEKIISTH-
HOU MOBEPXHOCTH CAMOCTOATENILHO WIH MIPU TOMO-
my aexkantupoBanus. [locne mpoTe3sbl n3BIeKaIn
W3 YallK{ W MPOCYIINBAIH JIAMUHAPHBIM TIOTOKOM
Bo3myxa B TeueHre 30 MUH.

Moaudukanmst TepHHOTIPOTE30B TPOBOMIACEH B
HECKOJIbKO TIOCIIEIOBaTEIbHBIX ATANoB (Tadmuna 1).

Baxxnoe ycnoBue Bcero mpoiecca Moguduka-
UM - CTPOTOE COONIOZICHUE ACENTUUECKUX YCIIOBHI,
YTO 00ECTIeYNBaIO COXPaHEHNE CTEPUILHOCTH TIPO-

Tab6auua 1. dranHocTh MOAUPUKANMU TePHUONPOTE3A.
Table 1. The stage of modification of hernioprosthesis.

rarm YT0 BBITOIHSIIN

XapakTepucTuka 3Tamna

O0paboTKa HU3KOTEMIIEPaTyPHOM M1a3MOi

. Hacrora 5 kl'1;

. Hanpsixkennocts umnyinbca: 10 kB;
. [InmotHOCTE MOMHOCTH: 2 B1/cM?;

. Bpems sxcno3uiuu: 5 MUHYT.

O0paboTKa pEHTTEHOBCKUM H3JIy4YCHUEM

. MomnuocTts: 150 xB;
. Bpems skcno3uuuu: 5 MUHYT.

Hanecenwue ¢pubpodacTo

1
2
3
4
1
2
1

. crouHuk kieTok: nepmaiibHble ayTouopooi1acTsl,
MIOJTyYE€HHBIE METOIOM TEIUIOrO TPHUIICHHA M3 KOXKH
71a00PaTOPHOTO KUBOTHOTO;

2. KynsrusanuonHas cpefaa: DMEM ¢ no6aBneHueM
MEHUIIWIUTMHA U L-TmyTamara;

3. KoHIEeHTpanus KieTok: 1,5 x 10° kirertok;

4. mepuos MHKYOaIuu: 5 THEH.

TE30B Ha Bcex 3Tanax oopadoTku. Ouenka s dek-
TUBHOCTH MPHUKperieHus GuopoOIacToB K MOBEpX-
HOCTH IIPOTE3a MPOBOIUIIACH METOIOM DJICKTPOHHON
MHKpockoruu [16].

Takast MHOrO3TanHasi MOAU(UKALMS HAIIpaBIeHA
Ha yny4lleHre OMOCOBMECTUMOCTH M PErCHEPATHB-
HBIX CBOWCTB I'€pHUONPOTE30B, YTO NOTECHIHAILHO
MOJKET MOBBICHTB 3(h(HEKTUBHOCTH XUPYPTrUUECKOTO
JICYCHHUS] BEHTPAIBHBIX TPBIK.

[Tocne BBINONHEHUSI BCEX 3TANOB MOAUDUKALIMN
[IPOTE3 UMILJIAHTUPOBAJIH B MEPEIHIOI OPIOMIHYIO
CTEHKY CaMOK JJabOpaTOpHBIX KpbIC JIMHUK Buctap,
maccoit ot 150 no 200 rp. Bce Mmanunynsuuu npo-
BOJIMJTM B COOTBETCTBHHU € «MexkyHApOTHBIMH pe-
KOMEHJALUsIMH 110 OMOMEIUIIMHCKUM HCCIIEA0Ba-
HusM Ha )kuBOTHRIX» (EEC, CtpacOypr, 1985 ) n
XenbCUHKCKOU nekiapanueit BcemupHoit meaunun-
CKOH acconManuu. BBIMOTHSIOCH MOEIUPOBAaHNE
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MIJIACTUKH TTOCIIEONEePAlHOHHON IPhDKU TIepeTHen
OpromrHOH cTeHkH. OnepaTUBHOE BMENIATEIbCTBO
BBITIOJIHSTIOCH MO/l MHTAJSIITIOHHBIM HAPKO30M H30-
(iropaHOM B JI03MPOBKE, MUHUMAJILHO HEOOXOIH-
MOU IIJISl TOCTIDKEHUS aHaJIbIe3Un. beuto chopmu-
POBAaHO 6 3KCIEPUMEHTANbHBIX I'PyNI U 3 cepuu
skcniepumenTa (Tabmuma 2). BriBeneHne KUBOTHBIX
U3 DKCIIEpUMEHTA BhIMONHsIOCh Ha 7, 10, 14, 21 u
28 CyTKH.

[Tocne BBIBECHUS KUBOTHBIX U3 DKCTICPUMEHTA
C MOMOIIBI0 HAPKO3HOM KaMephl ¢ epea03UPOBKOU
WMHTAIISIIMOHHOTO aHECTETHKA BBITIONHSIACH ayTOTI-
CHsl TIepellHeH OPIOIIHOM CTCHKH C MU3TOTOBJICHUEM
CPE30B, OKPACKON X TeMaTOKCHUIUHOM+I03UHOM,
BBITIOJTHEHUEM THCTOJIOTHYECKOTO HCCICIOBAHMS
npenapaToB. OIeHNBAIN KOJTUISCTBEHHYIO XapaKTe-
puctuky Gpudpo0acToB 1 GUOPOIIUTOB, a TAKIKE 00-
LIYI0 TUCTOJIOTUYECKYIO KapTuHy. CTatucTuyeckas
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00paboTKa BBHIMIOJHSIACH C UCIIOJIb30BAHUEM IIPO-
rpammel Statistica 13 (mpousBoautens Dell Software
Company, Round Rock, Texas, United States of
America). JI751 OLIEHKH 0CTOBEPHOCTH UCIOIb30-
BaJIM HEMIapaMeTpHuecKuil kputepuit MaHHa- YUTHH
(U-xputepuit).

PE3YJIBTATbBI

[Ipn M3ydeHnr r'UCTOJIOTHYECKUX IPEernapaToB
1 cepun Ha 7 CyTKH DKCIEPUMEHTA BOKPYT HUTEH
TepHUOIIPOTE3a 0OHAPYKEHBI AUPPY3HO pacmlono-
JKEHHBIC COCAMHHUTEIbHOTKAHHBIC BOJOKHA KaK B
rpynne A, (puc. 1), Tak u B B, mpu 3T0M B rpymme
B1 BonokHa ObIIM YHOPSIIOUYCHHBIMU € 00JIE€e KOM-
MaKTHBIM PACIOJIOKEHUEM.

Ha 10 cyTku skcnepuMeHTa BOKPYT HUTEH rep-
HuorpoTe3a GopMupyercst ohoOpMIICHHAS COSTUHU-
TeJbHAS TKaHb, KJICTOUYHBIH JIEMEHT Mpeodiiazaet
HaJl TKAaHEBBIM B 00€UX IPyIIax.

Ha 14 ctyxu B 000MX SKCIIEpUMEHTAIBHBIX TPYTI-
nax repHHONPOTE3 OKPYKEH KarCyJIOH, COCTOSIINX
U3 TOHKUX yTOPSI0YCHHBIX KOJUIATCHOBBIX BOJIIOKOH.
KneTo4yHslii KOMIIOHEHT B OCHOBHOM IPEACTABIIEH
COOCTBEHHBIMH KJIETKAMHU COEANHUTENILHOM TKaHU —
(hubpormramu u pudpodmacramu (puc. 2).

Ha 21 cyTku skcriepuMeHTa JOCTOBEPHBIX OTIIH-
YHSX C TIPEIbIIYIIEM CPOKOM HEe 0OHAPYKEHO.

K oxoHuaHu10 SKCIIepUMeHTa — Ha 28 JICHb Karcy-
Jla BOKPYT UMIUIAHTOB, COCTOUT U3 TOJICTBIX 3PEJIbIX
KOJIJIAT€HOBBIX BOJIOKOH. OTpeNeitoTCsl KIIETOUHBIE
OPU3HAKU MEPECTPONKN COCTUHUTEIHHON TKAaHU
(mamdo-mnazmonurapHas uHGUIbTpanms (puc. 3).

B 1e110M, MOYKHO OTMETHTh TEHICHIIUIO K CHIKE-
HUIO KoJndecTBa (uOpobiacToB B 00enx rpymnmnax
1o 21 cyrok (24,5 — 14,5 — 15,5 — 12,0) uccne-
JIOBaHUS C UX BO3pAcCTaHMEM K 28 CyTKam IpU MO-
mudukanun nporesa «chum» (16,0). OnHoBpeMeH-
HO C 3TUM, NIPH MOTU(PHUKALIUK MPOTe3a « YHUDIEKC
HaOII0aeTCsl yCTOMYMBBIA OTPUIATEILHBIA TPEHT
(26 — 22 — 18 — 19,5 — 13,5). Ilpu oneHke nu-
HaMMKH HaKOIUICHUS! (PUOPOLIUTOB B MEPBOM CEpUU
JKCIIEPUMEHTA OTMEYaeTcsi CTaOUIBHBIA POCT MX
MPOLEHTHOTO OTHOIICHUS KaK B Ipynime «Dchuin
(6,8 > 12 — 16,8 — 27 — 29), Tak u B rpyImme

T e e e A

Puc. 1. Mukpodortorpapust mopho10ruyecKux m3-
MeHeHMil TKaHell Ha 7 CyTKHU B 3KCIIePHMMEHTAIbHOMI
rpynmne A . Okp. I'-9, yg. x100.

Fig. 1. Micrograph of morphological tissue changes
on day 7 in experimental group A,. Ocd. G-E,
magnification —100.

Puc. 2. Muxkpodortorpadus mopdosornyeckux us-
MeHeHM# TkaHell Ha 14 CyTKM B IKCIepHMEHTAJIBHOM
rpynmne B,. Oxp. I'-3, ys. x100.

Fig. 2. Micrograph of morphological tissue changes
on day 14 in experimental group B,. Ocd. G-E,
magnification —100.

«Yaudmeke» (4,5 — 21,5 — 25,5 — 30,5 — 47.5)
(Tabmuma 2).

Ta0nnua 2. Tun UMILIAHTHPYEMOT0 NPOTE3a B 3aBHCHMOCTH OT IKCIIEPUMEHTAIbHOM I'PyNIIbI.
Table 2. Type of implantable prosthesis depending on the experimental group.

Cepust SKCHIepUMEHTa

OupomnpoTe3 «Achui cranaapTHbI» (A)

OHponpoTe3 « YHUGIIEKC CTAaHAAPTHBIN

®)

1 cepus A — HeMOIM(pUIIMPOBAHHBINA NPOTE3 B, — HeMonu(HIMPOBaHHBIH IPOTE3
2 cepusi A, —TpOTe3 C HAHECEHHBIM Ha €10 MOBEPX- | B, —IpoTE3 ¢ HaHECEHHBIM Ha €10 MOBEpPX-
P HOCTBIO PACTBOPOM TOJIMKAMIPOJIAKTOHA | HOCTBIO PACTBOPOM MONUKAIPOIAKTOHA
A, — TIPOTE3 ¢ HAHECEHHBIM Ha €ro mo- | B, — mpoTe3 ¢ HaHECEHHBIM HA €ro Mo-
3 cepus BEPXHOCTb PACTBOPOM IOJIMKAIPOJIAKTOHA | BEpXHOCTH PACTBOPOM MOJIUKANPOIAKTOHA

Y KJIETOYHOM KyJIBTYpoit pubpobdiacTos

Y KJIETOYHOM KyJIBTYpoit pubpodiacTos
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[Ipu u3y4yeHun npenaparoB 2 CEpUH IKCIEPH-
MEHTa Ha 7 CyTKH HUTEN T€pHUOIIPOTE3A JOCTATOYHO
BBIpakeHHas AU y3HAST MOHOIIUTapHO-Makpoda-
rajpHas peakuusi ¢ 00pa30BaHUEM I'MTAaHTCKUX KJIe-
ToK. B rpynne B, 6onee BbIpakeH KOJIareHOreHE3
(puc. 4)

Ha 10 cyTku skcrieprMeHTa BOKPYT Te€pHHUIIPO-
TE30B OOHAPY)KMUBACTCA MOSIBICHNUE KAaICYJbl U3 CO-
CIMHUTEIBHON TKaHU, OIHAKO BOCIIAJIUTENIbHAS Pe-
aKuus ¢ mpeodiiajaHueM KJIETOYHOTO KOMIIOHEHTA
OCTAETCs BBICOKOM.

Ha 14 nenp Bokpyr repHuOnpore3a GopMupyeTcs
PBIXJIBIM COEIMHUTEIBHOTKAHHBIN ciloi. B cocrase
npeo01afaroT TOHKHE KOJUIAr€HOBBbIE BOJIOKHA U
KIeTKn pudbpodnactuueckoro auddepona (puc. 5).

K 21 nmHio kamncyna craHoBHTCSl Ooee KOMIAKT-
HOW ¢ HE3HAYUTEILHBIMHU KOJIMYECTBOM aMOp(HOTO
BEIIEeCTBA.

[Ipouecc nocTeneHHoro co3peBaHus HaboOAa-
ercs Ha 28 cyTku skcnepuMenTa. [Ipomomxaercs
MEPECTPOKa CTPYKTYPBI COETUHUTEILHON TKaHH, B
€€ CTPYKType npeo0IiajjaroT TOHKHE MyYKH.

MOXHO 3aKJIIOYNUTh, YTO B TPYIIE ¢ MOIUDHU-
KaIue repauonporesa «Ichuim U3MEHEHHE KO-
nryecTBa (puOpoOIacTOB UMEET OTPUIIATEIBHYTO
JUHAMUKY 710 28 CYTOK, KOrna HaOJomaeTcs Ux
poct (21,5 — 19,5 — 16,5— 15 — 20); obmas
TEH/ICHIIUSI N3MEHECHUSI KOJTMUECTBA KIETOK OJIHM3Ka
K TakoBOii B 1 cepun. B rpyrmrie ¢ repHuONpOTE30M
«YHudexc» U3MEHEHUsI HE HOCAT SIPKO BBIPa)KEH-
HBIN XapakTep, HO, B OTInYuu oT 1 cepun, ¢ 21 k 28
CyTKaMm OTMEYaeTcsi pOCT KonuuecTBa pudpodna-
ctoB (22 — 20 — 21— 19,4 — 22,5). lunamu-
Ka pocTa KoJm4ecTBa (GUOPOIUTOB CYIIECTBEHHO
MEXITy TPYIIIIaMu He oTirgaetcs: «dchum» (2,8 —
6,9 — 13,8— 19 — 23) u «Yaudueke» (3,5 — 7,8
— 13,5 — 20,6 — 25,5) UMEIOT CXO0KYI0 TUHAMUKY
HAKOIUICHHUS KJIETOK (PUOPOLIMTOB C YBEINIUCHUEM C
10 k 14 cytkam (Tabmura 3).

[Ipu mop¢onornyeckomM n3ydeHue npenapaTon
13 3 cepuu 3KCIEPUMEHTa Ha 7 CYTKH BOKDPYT BO-
JIOKOH T€PHUONPOTE30B MOKHO OOHAPYXKHUTH (POPMU-
pOBaHUE COCAMHUTEILHOTKAHHON KarlCyJbl, COCTO-
SIEH U3 TOHKUX, KOMIIAKTHO Pacloj0KEHHBIX BO-
JIOKOH KoJutareHa. dudpoOmacTsl IPEeNMYIIECTBEHHO
OTHOTHITHBIMHE CO CJTIa000a30(HUITHbHOMN IUTOTIA3MO
1 YETKO CTPYKTYPUPOBAHHBIMH YMEPEHHOH IIIOTHO-
CTH sIIPaMU, COJICPKALIMMHU MEJIKHE IIBIOKH XpoMa-
TuHa (puc. 6).

Ha 10 cyTku skcriepiMeHTa KIeTOYHOCTh Karcy-
JIbl YMEHBIIAETCs] B 000MX IpymIax.

Ha 14 cytku ¢popmupyeTcs 3penast TpaHyIsSIHOH-
Hast TKanb. [Ipy 5TOM B rpymme A, ToNMHa KarcyJibl
ropaszio 60JIbIIe B CPAaBHEHHH C TPYTINOH B, B KOTO-
poli TakXke BU3yaJIU3UPyeTCsi OObIIOE KOITUYECTBO
BEPTUKAJILHO HAIIPABJIEHHBIX KPOBEHOCHBIX COCYOB

(puc. 7).

OPUTI'MHAJIBHBIE CTATBbU

Puc. 3. Mukpodortorpapust Mopphoaornuyeckux m3-
MeHeHN# TKkaHel Ha 28 cyTKH B IKCIePUMEHTAIbHOM
rpynmne A,. Okp. I'-9, yg. x 100.

Fig. 3. Micrograph of morphological tissue changes
on day 28 in the experimental group A,. Ocd. G-E,
magnification —100.
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Puc. 4. Mukpodortorpadus mopdoorndecKux us-
MEHEeHHI TKaHell Ha 7 CyTKH B KCIIEPUMEHTAJIbHO
rpynne B,. Okp. I'-9, yB. x100.

Fig. 4. Micrography of morphological tissue changes
on day 7 in the experimental group B,. Ocd. G-E,
magnification —100.

Puc. 5. Mukpodororpadpus moppo1oruueckKux ms3-
MeHeHHn# TkaHell Ha 14 cyTKH B IKCIIePUMEHTAIbHOM
rpynmne A,. Okp. I'-9, yg. x200.

Fig. 5. Micrography of morphological tissue changes
on day 14 in the experimental group A,. Ocd. G-E,
magnification —200.

Ha 21 cyTku npoucxoauT yIJIOTHEHUE U CO3pe-
BaHUE COEAMHUTEIbHON TKaHU. [ epHHONIPOTE3 NPO-
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Tabauua 3. Xapaktepuctuka puopodaacruueckoro auddepona B 1 cepun 3kcnepuMenTa (cpeaHss,
Q25-Q75).
Table 3. Characteristics of fibroblastic differon in the 1 series of the experiment (average, Q25-Q75).

Cytku Knertku OudpobIacTel OubpounTHI
Yuudnekc 26,00 4,50

- (24,00/29,00) (3,80/6,100)
Dol 24,50 6,80

(23,00/27,40) (5,20/8,40)

Vimdexc 22,00 21,50

10 (19,00/28,00) (17,00/26,30)
Sedun 14,50 12,00

(13,00/15,00) (9,80/16,30)
Vimdexc 18,00 25,50

14 (14,00/23,60) (21,00/29,60)
Sedun 15,50 16,80

(13,00/20,00) (12,20/19,60)
Vimdiexc 19,50 30,50

9 (13,00/25,00) (26,00/35,00)
e 12,00 27,00

(9,00/19,00) (21,00/27,00)
Vimdiexc 13,50 47,5

-8 (9,00/18,00) (42,00/51,00)
Do 16,00 29,00

(12,00/19,00) (22,00/34,00)

Puc. 6. Mukpodotorpadust mopdoIornueckux us3-
MEHEeHHH TKaHel Ha 7 CYyTKH B 3KCIIEPHUMEHTAJIbHOMI
rpynmne A3. Okp. I'-9, yB. x200.

Fig. 6. Micrography of morphological tissue changes
on day 7 in the experimental group A3. Ocd. G-E,
magnification —200.

pactaeT KOoJUIareHOBBIMU BOJIOKHAMH.

Ha 28 cyTku skcnepumeHTa BOKPYT F€pHUONIPO-
TE30B B 00euX TPYyIIax ONpenemsieTcsl TOHKas 3pe-
Jast COeIMHUTEIILHOTKAHHAS Karcya, COCTOSIIAs U3
KOJIJIATEHOBBIX BOJIOKOH C BBICOKON aHU30TPONUEN
(puc. 8).

IIpu oreHKe KOTUYECTBEHHOTO cocTaBa (Gpudpo-
OmactoB kak B rpynne «Ochum» (18,5 — 23,5 —
29,4 — 25 — 29,1), Tak u B rpynne « YHUQIEKC»
(19 — 25 - 30 — 27,4 — 30,2) ormeuaeTcs BbI-
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Puc. 7. Muxkpogortorpadgus mop¢osorudeckKux us-
MeHeHU# TKkaHel Ha 14 cyTKH B 3KCIIePUMEHTAIbHOIM
rpynne B3. Okp. I'-3, yB. x200.

Fig. 7. Micrography of morphological tissue changes
on day 14 in the experimental group B3. Ocd. G-E,
magnification —200.

COKOE KOJIMYECTBO KJICTOK, JIOCTUTAIOIIEe MaKCH-
MaJILHOTO YpOBHSA yke K 14 cytkam. [Ipn orenke
KOIIM4ecTBa GUOPOITMTOB B 0OOMX TPYIIIAx EMOH-
CTPUPYETCSl yCTOMYUBBIA TPEHI Ha POCT CPEIHETrO
KonM4uecTBa KieTok: «dchum» (15,8 — 19,9 — 26
— 27 — 30) u «Yaudueke» (16,5 — 20,8 — 27,5
— 30,6 — 31,6).

CratucTrueckue ToKa3aTely MOJIHOCThIO OTpa-
JKeHBI B Tabnumax 3,4 u 5, rpadukax 1, 2, 3 u 4 (puc.
9, 10, 11, 12 COOTBETCTBEHHO).
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Tabauua 4. Xapakrepuctuka puodpodaacTtuueckoro auddepona Bo 2-if cepum 3KcnepuMeHTa (cpeaHss,

Q25-Q75).
Table 4. Characteristics of fibroblastic differon in the 2 series of the experiment (average, Q25-Q75).
Cytku Knerku DubpodmacTel DudpounTH
Vemdrex 22,00 3,50
: ere (21,00/25,00) (2,40/5,100)
Sodmr 21,50 2,80
(19,00/27,20) (5,20/8,40)
Yuudnexc 20,00 7,80
10 (17,00/23,00) (5,00/9,60)
Do 19,50 6,90
(16,00/22,00) (4,80/16,30)
Vimdexc 21,00 13,50
14 (17,00/25,60) (11,00/18,60)
Do 16,50 13,80
(13,00/20,00) (12,20/19,60)
Vimduiexe 19,40 20,60
a1 (16,00/25,00) (17,30/22,00)
Do 15,00 19,00
(13,00/19,00) (17,00/22,00)
YHudnexc 22,50 25,5
58 (19,00/26,00) (20,00/29,00)
Sedun 20,00 23,00

(18,00/23,00)

(21,00/26,70)

Taoauuna 5. Xapaktepuctuka ¢pudpodaactuueckoro quddepona B 3 cepuu IKcnepuMenTa (cpeaHss,

Q25-Q75).
Table 5. Characteristics of fibroblastic differon in 3 experimental series (average, Q25-Q75).
CyTtku Kitetkn OubpobdaacTbl DOUOPOLUTHI
Vimdrexc 19,00 16,50
7 (17,00/22,00) (10,40/15,200)
e 18,50 15,80
(15,00/22,50) (11,20/11,40)
Vemdrexc 25,00 20,80
10 (17,00/23,00) (5,00/9,60)
S 23,50 19,90
(20,00/25,00) (16,80/22,30)
Vemdrexc 30,00 27,50
14 (27,00/32,60) (24,20/29,60)
Do 29,40 26,00
(27,00/32,00) (22,20/29,60)
Venduexc 27,40 30,60
91 (23,00/25,00) (27,30/32,00)
Do 25,00 27,00
(23,00/29,00) (25,00/32,00)
Vemduexc 30,20 31,60
28 (28,00/33,70) (27,80/34,00)
Do 29,10 30,00
(26,00/32,90) (28,00/32,60)
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Puc. 8. Mukpodortorpadus mopdoorndecKux us-
MeHeHMil TKaHeil Ha 28 CYyTKM B 3KCIIePUMEHTAJIbHOMI
rpynne B3. Okp. I'-3, yB. x200.

Fig. 8. Micrography of morphological tissue changes
on day 28 in the experimental group B3. Ocd. G-E,
magnification —200.

25
20

15

e

10 cyThn

10

7 oyTku 14 cyTim 21 cymrn 28 cyTHu

e CEPUA 1 e CEPMA 2 Cepun 3

Puc. 9. I'papuk Nel. lunamuka HakomieHus ¢puodpo-

0J1aCTOB B cepHsX IKCIEPUMEHTA NPH MoAH(pUKAMH

npore3a «Ichui». [lpumeuanue: p<0,01 xas 3 cepun
N0 CPaBHEHUIO ¢ cepusamu 1 u 2.

Fig. 9. Graph No.1. Dynamics of fibroblast
accumulation in experimental series during
modification of the «Esfil» prosthesis. Note: p<0.01
for Series 3 compared to Series 1 and 2.

7 cyTkn 10 cyTkn 14 cyTki 21 cyTru 28 cyTkM

—a—Cepunl === Cepia 2 Cepun 3

Puc. 10. I'padgux Ne2. luHaMuKa HaKkonJeHus ¢pu-
0po0.1acTOB B cepusiX IKCIIEPUMEHTA NpH MoaupuKa-
M npore3a «YuugJexe». Ilpumevanue: p<0,01 puas

3 cepuu no cpaBHeHH1o ¢ cepusimu 1 u 2.

Fig. 10. Graph No.2. Dynamics of fibroblast
accumulation in experimental series during
modification of the «Uniflex» prosthesis. Note: p<0.01
for series 3 compared to series 1 and 2.
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/

7 cymhi 10 cymhn 14 cyTkm 21 cyThu 28 cyThi

=8 CepUA 1 === Cepin 2 Cepun 3

Puc 11. I'padux Ne3. lunamuka Hakorsienus Gudpo-
LHUTOB B CepPHAX IKCNEPUMEHTA NPU MOAMPUKALIMHT
npote3a «Ichuwi». [lpumeuanne: p<0,01 xas 3 cepun
N0 CPaBHEHUIO ¢ cepusimu 1 u 2.

Figure 11. Graph No.3. Dynamics of fibrocyte
accumulation in experimental series during
modification of the «Esfil» prosthesis. Note: p<0.01
for series 3 compared to series 1 and 2.

7 cyTen 10 cymkn 14 cyTkn 21 cymku 28 cymkn

b Copyi 1 e CapitA 2 Cepun 3

Puc. 12. I'padux Ne4. [lunamMuka HAKOIIeHUsI (pu-
OpouLUTOB B cepusiX IKCIIepUMeHTa Npu MoauduKa-
nuu npore3a « Yuuduexce». [lpumevanne: p<0,01 pias
3 cepuu no cpaBHeHH10 ¢ cepusimu 1 u 2.

Fig. 12. Schedule No.4. Dynamics of fibrocyte
accumulation in experimental series during
modification of the «Uniflex» prosthesis. Note: p<0.01
for series 3 compared to series 1 and 2.

OBCYXJIEHHUE

[Tony4yeHHbIC B X0/l UCCIIEIOBAHUS PE3YJIbTATHI
CBHJICTEIIBCTBYIOT O CKOPEHIIIEM CO3PEBAHUH COCITHU-
HUTEJIBHOW TKaHW B 9KCIIEPHUMEHTAJIBHBIX TPYIIIaxX
¢ HaHeceHneM (hnOpPoOITACTOB Ha TEPHUOIIPOTES OT-
HOCHUTENBHO Tpynn 0e3 Takoil mogudukanuu. Of-
HOBPEMEHHO C 3THM HaHECEHHE Ha FepHUOIPOTE3
pacTBopa MOJUKAIIPOJIAKTOHA IPUBOJMT K XY/ILIEMY
€ro NMpOopacTaHMIO BOJIOKHAMH KoiutareHa. [Tomo-
KUTEIbHAs TUHAMHUKA YBEIMYEHUS KICTOUYHOCTH
B DKCIIEPUMEHTANIbHBIX rpynnax A u B ormeuaer-
cs1 yke B uatepsai 7-10-14 cyTok, e KoJIu4ecTBo
pubpobnactos pocno: A, 24,5 — 14,5 — 15,5, A,
21,5—19,5—16,5;A, 18,5 — 23,5 — 29,4, B, 26
— 22— 18;B,22 — 20 — 21; B, 19 — 25 — 30.
CTOUT OTMETHUTH U3HAYAIBHO MEHBLIEE KOJIMYECTBO
¢pubpobnacros B rpynmax A, u B,. TIpesanuposanue
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MonoAbIX Gopm pubdpodrnactuyeckoro auddepona
y’Ke B paHHHE CPOKH UMILIAHTAIUA TePHUOTIPOTE3a
CBUJIETEIBCTBYET O CKOPEHIIeM HACTYIUICHUH BTO-
poii, TpoayKTUBHOH (ha3bl BOCHAJIEHUS, YTO SIBIISI-
€TCsl CBU/ICTENILCTBOM CIIBUTA €CTECTBEHHOTO X012
OTBETHOM peakii B CTOPOHY yCKOpEeHUs (POpMHpO-
BaHUs COCAUHUTENbHOM Tkanu. KonmnyaectBo hudpo-
LIUTOB POCJIO C TEYCHUEM BPEMEHH B 00CHX I'PyIIIax,
oxHako B rpynme B, ¢ 21 x 28 cyTkam ormeyaercs
3HAUUTEIIBHBIA POCT, IPEBOCXOSIIUI APYTHE IPYII-
nel. OTMEUEHHBIE HAMU U3MEHEHHS B IPyMIax OKa-
3QJIMCh CTATUCTHYECKH J0cTOBepHBbIMU (p<0,05 B B,
1o cpaBHEHMIO ¢ rpynnoii B, u B; A, k A, u A))
OTne’abHO CTOUT OTMETUTH TO, YTO B TEUCHHUE HC-
crienoBanus B rpynnax A, u B, He oTMeueHo 0cok-
HEHHI CO CTOPOHBI PaHbl — PAHBI 32KUBAJIN [IEPBUY-
HBIM HaTSDKCHHEM Ha 3-4 CyTKH, JOTIOJHUTEILHON
JKCCylalluu, CEpOM, HATHOCHMSI paH WM o01acTu
[IPOTE3UPOBAHNS HE HAONIOAANOCH; B IPyIIax e
A, u A u B, oTMeYanuch ciyyau naparnpoTe3Horo
abcueaupoBanus — 1 U 2 u 2 ciay4asi COOTBETCTBECH-
HO. JKMBOTHBIE TIPH 3TOM OBLITH UCKITFOYCHBI U3 JKC-
MEPUMEHTA, POy OITUPOBAHBI.

OpHako caM HOCHTEIb KJIETOYHOI'O Marepuasna
TpeOyeT JanpHelero usydenus. B nmpouecce uc-
cienoBaHus HabIroganach BeIpaKEHHAs BOCIIAH-
TeJIbHas peakius B OTBET HA MCIOJIb30BaHME pac-
TBOpA IMOJIMKAIIPOJIAKTOHA. B KauecTBe MHBIX Ma-
TEpUaJIoB A MOAU(DUKALIUN IPOTE30B BO3MOKHO
paccMOTpeHHe KaK paccachlBAIOLINXCS OTHMEPOB
CHUHTETHYECKOrO, TAK U €CTECTBEHHOTO MPOMCXOXK-
neHus (KapOOKCHMETHIIIIEIUTION03a, KEJTaTHH U ero
MIPOM3BOMIHBIE, U TIpouee). Tem He MeHee, MOTeHIH-
ann u chepa UX IPUMEHEHUS TAKXKE SIBISAETCS Ipe-
METOM JTUCKYCCHH IO MPUYMHE UX PEaKTOTeHHOCTH
[17].

OTnenbHO CTOUT OTMETUTH PabOThI, B KOTOPBIX
OTMEYAIOTCS MOJIOKUTENBHBIE CTOPOHBI IPUMEHEHUS
(haxtopoB murparuu GudpodacToB B pany. Hecmo-
TPsI Ha BCE MOJIOKUTENIbHBIE CTOPOHBI TAKOTO CIIOCO-
0a, MoguduKanys MpoTe3a TAaKUM IyTEM JOBOJIBHO
JOPOTOCTOSIIAs 32 CUET BBICOKOH CTOMMOCTH 3THX
BemecTs [18].

[TpuHuMas BO BHUMaHHE H3JI0KECHHOE, JTAIbHEH-
IITHEe WCCIICIOBAaHMS B 00J1acTH MOTU(DUKAIINN Tep-
HHOIPOTE30B C MOMOIIBI0 GUOPOOIACTOB MOKHO
MIPU3HATH aKTyaJbHBIMH.

BbIBO/IbI

1. Hanecenue nonukanpoiaakToHa Ha CEpUMHBIN
CeTYaThIii TepHUONPOTE3 PPEKTHBHO IS TOCTABKH
(ubpobIacTOB B ONEPALOHHYIO PaHy.

2. [Ipu nanecennun pudpoOIACTOB HA TEPHUOTIPO-
TE3 U MOCIeyIoeM BHECEHHH HX B paHy (a3za mpo-
nmudepanuu BOCIAINTEILHOTO Mpoliecca HacTymaeT
paHbIIIe OTHOCHTEIFHO TPYIIIEI C UCTIOIB30BAaHHEM
HEMOM(UIIMPOBAHHOTO TIPOTE3a.
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PE3IOME

OcTpas KuLeYHast HenMpoxoAMMOCTb CONMPOBOXAAETCHA KONMMYECTBEHHBIM 1 KAYECTBEHHbIM M3MEHeHeM 6enKoBoro
cocTtaBa kpoBW. KnuHoBuAaHas Aernapartaums n3yvaeT CTPYKTYPY BbICOXLLEN Karnnv CbIBOPOTKY KpoBM (dhaLmm), koTopast
no CBOEMY XapakTepy SIBMSiETCS KpucTannonpotreoMon. Llenbio nccnenosaHuns 6bino onpeneneHve ocobeHHocTewn
CTPOEHUS BLICOXLLEN Kanmun CbIBOPOTKM KPOBM MPY SKCMEPUMEHTanbHOM 06CTPYKLMK KMLLeYHMKa y Kpbic. MaTepuan u
meToabl. MiccnepoBaHme nposenu Ha 75 kpbicax nopoael “Wistar” (37 camuos n 38 camok) Becom 220-260 r., KoTopble
ObINY paHAOMHO pacnpegerneHbl Ha YeTblpe CepUn — KOHTPOIbHYO CEPUID U OCHOBHbIE cepun: S1 — «nanapoToMusy,
S2 — «KOMMNEeHCMPOBaHHAs KULLEYHas HENPOXOANMOCTb», S3 — « 4EKOMMEHCUMPOBAHHAsA KMLLEYHAs HEMPOXOAMMOCTbY.
OBGCTPYKUMIO KULIeYHUKa co3faBany nyTéMm GaHAaXupoBaHWs CUTMOBMAHOW KuULKM. Paumio CbIBOPOTKM KPOBM
npurotoenanu no B. H. LWabanuny, C. H. LLaToxunHow. CTpoeHune dauum ndyyanu npy NOMOLLM CBETOBLIX MUKPOCKOMOB
YM-401M1, MBU-1. Yepes okynsp MUKpockona Aenanu CHUMKU kamepamu cmaptdoHa “Samsung Galaxy A25 5G.”
PesynbraThl. ¥ KpbIC C AEKOMMEHCUPOBAHHOW KMLLEYHON HEMPOXOAMMOCTbIO Kpaesas 30Ha daumm bbina 3anonHeHa
TEMHbIM BeLlecTBOM. PaLum CbIBOPOTKM KPOBU UHTAKTHBIX XXUBOTHbLIX MMENW CBETNYIO KpaeByto 30HY B Buae benoro
KonbLa, TEMHOe BeLeCTBO HakannmBanochb B LiEeHTpanbHOW 30He dhauuv, B KpaeBoOW — OTCYyTCTBOBamo. Y KpbiC C
KOMMNEHCMPOBAHHOM KMULLIEYHON HEMPOXOAMMOCTLIO TEMHOE BELLLECTBO HAXOAWMOCh B LIEHTPanbHOM 1 MPOMEXYTOYHON
30Hax pauun, CBETNOe KOMbLo MO nepudepum COXpaHaNocb, HO ObINO yxe, 4yem B pauMsax CbIBOPOTKM KpPOBU
WHTaKTHbIX XXMBOTHbIX. 3aknoveHne. ®auum cbiIBOPOTKMN KPOBM MPY SKCMEPUMEHTaNbHON KULLEYHON HEMPOXOAUMOCTY
XapakTepu3oBanvcb HakomnieHmemM TEMHOTO BeLLeCTBa B KPaeBOWM U NPOMEXYTOYHOM 30HaX. MNpu KOMNEHCpPOBaHHOW
HEeMNpPOXoAMMOCTMN COXPaHSANOCh CBETMOE KOMbLO No nepudepum dauum, npyu 4EKOMNEHCUPOBAHHOWM — OHO UcYe3aro.

KnioueBble crioBa: aKCnepuMMeHTanbHasA KuleYyHasi HeNMPoXoAMMOCTb, 3HAOTOKCUKO3, thauus
CbIBOPOTKU KPOBM, KpaeBasi 30Ha (hauum, TEMHOe BellecTBO.

THE RATS SERUM FACIES CHANGES IN EXPERIMENTAL INTESTINE OBSTRUCTION

Linyov K. A., Tananakina T. P., Parinov R. A., Zamurueva E. A.
Saint Luka State Medical University, Lugansk, Russia

SUMMARY

Introduction: experimental intestinal obstruction is accompanied by quantitative and qualitative changes in blood
protein composition. Wedge-shaped dehydration studies the structure of a dried drop of blood serum (facies), which
by its nature is a crystalloproteome. The aim of the study was to determine the structural features of a blood serum
dried drop in rats’ experimental intestine obstruction. Material and methods. The study was conducted on 75 “Wistar”
rats (37 males and 38 females) weighing 220-260 g, which were randomly divided into four series — the control series
and the main series: S1 — «laparotomy», S2 — «compensated intestinal obstruction», S3 — «decompensated intestinal
obstruction». Intestinal obstruction was simulated by bandage of the sigmoid colon. The facies of blood serum were
prepared according to V. N. Shabalin and S. N. Shatokhina. The structure of the facies was studied using an UM-401P
light microscope, and photographs were taken with an “Olympus” camera through the eyepiece of the microscope. Re-
sults. In rats with decompensated intestinal obstruction, the facies marginal zone was filled with dark substance. The
serum facies of intact animals had a light marginal zone in the form of a white ring, and dark substance accumulated
in the central zone of the facies, but was absent in the marginal zone. In rats with compensated intestinal obstruction,
dark substance was present in the central and intermediate zones of the facies, and the light ring on the periphery
was preserved, but was narrower than in the intact animals serum facies. Conclusions. Serum facies in experimental
intestinal obstruction were characterized by the accumulation of dark matter in the marginal and intermediate zones.
With compensated obstruction, a light ring remained along the periphery of the facies, and with decompensated ob-
struction, it disappeared.

Key words: experimental intestinal obstruction, endotoxicosis, blood serum facies, marginal facies
zone, dark substance.
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Octpas xumeunas HenpoxoaumocTts (OKH) -
YacTO BCTPEYAIOIIMICS CHHIPOM Pa3IMYHBIX 110
CBOEMY IPOUCXOXKIICHUIO 3a00JIeBaHUM, TPEOYIO-
IIMI HEOIIepaTHBHOTO JICYCHHsSI C BEICOKOHW BEPOSIT-
HOCTBIO HEOOXOANMOCTH XUPYPTrUUECKOTO JICUCHUS
[1]. CrabunbabiM manmentam ¢ OKH 6e3 npu3HakoB
KHIIICYHON UIIIEMUU U IEPUTOHUTA XUPYPTrUUICCKOMY
JICYEHUIO 0053aTeNIbHO TPEAIIECTBYET HeoepaTHB-
HOE JIeueHUE, KOTOPOE MOpa3yMeBaeT KOPPEKIHIO
BOJIEMUYECKHX U AJIEKTPOIUTHBIX HAPYIICHUH, T10-
MBITKY KOHCEPBATHBHOTO Pa3pEIICHUS KUIICYHOM
Hernpoxoaumoctu [2]. [lokazanust K CpOUHOMY OTIe-
patuBHOoMy neuennio OKH omnpenemnsrorcst e€ pas-
HOBHJTHOCTBIO (CTPaHTY/SAIIMOHHAS-00TYpalliOHHAs,
TOHKO-TOJICTOKHIIIEYHAs], HEOITyX0JIeBas-OIyX0JIe-
Basl) UMEIOT Heu€TKui obmuii xapakrep. CornacHo
KJIMHHYECKUM PEKOMEHJAIHUsIM JICUEHUSI OCTPOU
HEOITyXO0JIeBOW KHIIEUHOH HerpoxoaumocTu (2024)
«TIpY TIOSIBJIEHUH WJIM HapacTaHWH OPTaHHOW H¥C-
(hyHKIMH, MHTEHCUBHOCTH OOJIEBOTO CHHIPOMA U
CHUHIPOMA CUCTEMHOM BOCTIAJIMTEIbHON peaKkiuy Ha
(hoHE COXpaHSIOIIEHCS KUIIICYHON HEMPOXOIUMOCTH
peKoMeHayeTcs NMpeKpalieHrne HeoepaTuBHOTO Jie-
YeHUS W BBRIIOTHEHHUE onepanumy» [2]. Tyt ke mpu-
BOAMTCS ¥ TMIPOTHBOTIONIOKHAS KOHIISTIIUS: «H3-3a
HEBO3MOXXHOCTH TOYHOHN JMArHOCTUKH KUIICYHOU
WIIEMUH HEONIEPATUBHOE JIeUCHHE CUCTEMAaTHIECKU
OIMOOYHO TIPUMEHSIETCSl Y MAlUEHTOB, TPEOYIO-
[IMX paHHEH OIepaIyy, TOITOMY BCEM MaIlHEHTaM,
MTO/IBEPTHYTHIM HEOTIEPATHBHOMY JICUCHHIO, PEKO-
MEHJIyeTCs THIAaTeIbHOE IMOCTOSIHHOE HAOIIOICHHE
C KOHTPOJIEM KJIMHUYECKHX, JIA0OPATOPHBIX U HH-
CTPYMEHTAJIbHBIX JaHHBIX JJISI KaK MOYKHO paHHETro
BBISIBJICHUS KUIIICUHOW UIIIEMUH U ICPUTOHUTAY [2].

JlabopaTopHBIif METO OTIPEICIICHHS TSKECTH JH-
JIOTOKCUKO3a, 3aBUCSIIIETO OT CTENICHH HIIEMHYECKO-
'O OBPEKACHUS KUIIKU U JUTUTEBHOCTH 3a00J1eBa-
HUSI, UIMEET NMOTEHIMATBHO OOJIbILIOE MTPAKTHIECKOE
3HAYeHHE JUIsI ONPeeNIeHNs JeueOHOH TaKTUKU B
KOHKpETHOM ciaydae [3].

Hapsny ¢ mopcuérom neiikonuTapHOi (GOpMyITBI
MPOCTHIM J1a00PATOPHBIM METOJIOM PETUCTPALHH
SH/IOTCHHOW WHTOKCUKAIIMH SIBJISICTCS KJIMHOBUIHAS
neruaparanus [4]. KnunoBuanas neruapaTtamus
o MOP(OIOTUU CYXOr0 OCTaTKa BBICOXIICH Karl-
JI1 OTICHUBAET CBOMCTBA MCXOAHON OMOJIOTHYECKOMH
KUIKOCTH [5]. OCOOEHHOCTH CTPOEHUS MOJEKYI
Oenka ONMpeAeIsAIOT XapakTep TpeluuH (Gauun ero
pacTBopa [6]. Ha u3meHeHne cTpyKTypbl BHICOXILIEH
KaIlJId CHIBOPOTKH KPOBH, MPEXKJE BCETO, BIHUSET
COOTHOIICHNE KOJTMYECTBA MOJIEKYN allbOyMHHA C
HOpPMAaJIbHOM W HApYLIEHHOM CTPYKTYpOH, a Takxke
anbOyMHUH-TTI00yTMHOBBINH KO3 uuneHT [7]. Han-
Hasi 3aKOHOMEPHOCTb OCHOBBIBAETCSI HA CBOWCTBE
OerKa IpHu MaToJIOTUH U3MEHSTH CBOIO TPETHUHYIO
1 9YCTBEPTUIHYIO CTPYKTYPY [8]. Ilpn aTOM M3MeHs1-
eTCsI THAPOQIITEHOCTH MOJIEKYITBI, €€ CITOCOOHOCTH K
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MIPEITUITUTAIIAN B 00pa30BaHNIO0 KOHTIIOMEPATOB [9].
DTO B CBOIO 0UEpPEIh ONPEIEIISET CKOPOCTh (Pa30BO-
IO Mepexoia 13 reeo0pasHoro COCTOSHUS B TBEPIOC
MIPY BBICBIXaHUM Karlelib, a 3HAUUT, BIUsICT Ha (op-
MHUpOBaHUe CTPYKTYp ¢aruu [6; 7]. HacTb cTpyKTyp
(harum OBUTH TIPU3HAHHBIMHU OOIITUMH, 9aCTh — Xa-
PaKTepHBIMHU /IS ONPENeIEHHBIX MAaTOJIOTHIECKUX
cocrosiuui [4-7].

OKH siBnsieTcst maTtoaoruei, J1erko BOCIPOU3BO-
JIUMOM Ha MEJIKMX KCIICPUMEHTAJIbHBIX YKUBOTHBIX
[10]. IToaTOMy TeOpETHICCKH HHTEPECHBIM SBIISICTCS
BOIPOC O HAJIMYNW MU3MEHEHUH (pannu ChIBOPOTKH
kpoBu (PCK) npu sxcnepumentansuoir OKH, a
TaKke 00 ycyryOJaeHUH 3TUX WU3MEHEHUH MpH Mpo-
rpeccupoBannn OKH. Ilpu noarsepxaennn aHano-
rugaablx m3MeHennit ®CK y 6ompabix OKH, Meton
KJIIMHOBUTHOM JeTHApaTaliii MO3BOJIUI OBl BbIJIE-
JIUTH TPYIITY MAIllUEHTOB C JIEKOMIIEHCUPOBAHHOM
KHUIIIEYHOW HEMPOXOJUMOCTBIO, & TAKKe OOJIbHBIX
OKH c BbIpaXCHHBIM SHIOTOKCUKO30M, YTO U3MEHU-
710 OBI TAKTUKY WX JICUCHHUS B TIOJB3Y OIEPATHBHOTO
JIedeHMs], BO3MOXKHOTO COKpaIeHus: 00bEéMa omepa-
LMY ¥ YCUJICHUS] HHTEHCUBHON TEepaIHH.

Lenbpro uccnenoBanus ObLIO OMPEICICHUE U3Me-
HeHus (paruu CHIBOPOTKU KPOBU TPU IKCIICPUMEH-
TaJIbHOW OOCTPYKIIUH KUIICUHUKA Y KPBIC, & TAKIKE
M3MeHEeHUs (aluu CHIBOPOTKH KPOBH Ha Pa3HBIX
CTaIUAX HKCTIEPUMEHTAIBHON KHAIIIEYHOW HETIPOXO-
JTUMOCTH.

MATEPHUAJI 1 METO/bI

HccnenoBanue BBIMOJIHEHO Ha 75 mMoJ0BO3pe-
JBIX KpbIcax “Wistar” Becom 220-260 1 (37 cam1ioB
n 38 camok). Kpeicel conepxkanuch B BuBapuu Jly-
TFaHCKOT'O TOCYJapCTBEHHOIO0 MEAUIMHCKOTO YHHU-
BepcureTa npu remneparype 20-22°C, OTHOCHTEIb-
Ho#t BiiaxkHOoCTH 50£10%, B CyTOYHOM PUTME CBET/
temHoTa 12/12 9acoB co CBOOOMHBIM JOCTYIIOM K
CTaH/IapTHOMY KOPMY U BOZIE€ B XOPOIIIO BEHTHIIUPY-
€MBIX U YUCTBIX BoJbepax. [lepen skcriepumeHTOM
KpbICHI HAXO/IMJINCh B BUBAPUH B YKa3aHHBIX yCIIO-
BMSIX KaK MUHUMYM B TedeHue Heaenu. Hactosmmii
9KCIIEPUMEHT OBLT YTBEPKAEH JTOKATBHBIM dTHYE-
CKHM KOMHTETOM JIyraHCKOTO TOoCyaapCTBEHHOTO
MEIUIMHCKOTo yHUBepcuTeTa (mpotokoa Ne 1 ot
09.04.25).

OKcnepruMeHTalbHbIE KUBOTHBIE PAHJAOMHO
OBLTH pacIipe/ieIeHbl Ha YeThIPEe CEPUH — KOHTPOIb-
HYIO ceputo (26 KpbIC) ¥ OCHOBHBIE cepun: S1 — «J1a-
napotoMus» (9 Kpeic), S2 — «KOMIIEHCUPOBAaHHAs
KHIIIEUHAs! HEPOXoAUMOCTh» (16 kphIc), S3 — «1e-
KOMIIEHCUPOBAaHHAs KUIIEYHasl HEMPOXOAUMOCTb
(24 xpeicer). M3 uccneoBaHus UCKITIOYEHBI 8 KH-
BOTHBIX, KOTOPBIE TIOTHONN B pE3yJIbTaTe YyTHETCHUS
JBIXaTEeIFHOTO IIEHTPA B MEPBbIE Yachl MOCIE OTle-
paumu, 9to 0OBSCHSET COKpaIleHUE MOArpybl S2
1o 16 ocobei.
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BwmemrareabcTBO BBIMOIHAIN Ha HAPKOTH3UPO-
BaHHOM KHBOTHOM TOCJIE JOCTHKEHUS XHPYypIrude-
CKO¥ cTajguu Hapko3a. C 1eIpi0 HapKo3a BBOAWIN
BHYTPUOPIOMIMHHO | MT THOTIEHTaJIa HATPUS OTHO-
kpatHo. Kpbsicam cepun S1 B aceNTHUHBIX yCIOBUAX
BBITIOJTHSUIACH HIDKHE-CPEMHHAS JTanapoToMust 0e3
BMEIIATeIbCTBA HA KUIIIEUYHUKE, a 3aTeM OIepaliy-
OHHAs paHa yIIMBAajach HAIITyXO 4Yepe3 BCE CJIOM.
Yepes 6 qHel KUBOTHBIE cepuH S| BBIBOIUIUCH U3
JKCIEPUMEHTA BBEJICHUEM 3 MTI' THOIIEHTAJIA HATPHS
BHYTPHOPIOLIMHHO C LEJBIO B3STHS KPOBHU U TOCIIE-
JIYIOLLIEH 3BTaHa3UM.

Kpsicam cepmii S2 n S3 co3naBanu sKCriepuMeH-
TaJIbHYIO TOJICTOKHUIIEYHYIO HEIPOXOJUMOCTH TI0
meronuke Jiali Mo et al., 2020 [10] u pa3gemnsum
cepun S2 u S3 1Mo aHanNOrUU C KIIaCCH(PUKALIHCH,
paspaborannoit B HUU kononpoxronoruu PAMH,
MOJIPaA3JIEIAIONMEeH OCTPYIO TOJICTOKUIIEYHYIO HE-
MIPOXOANMOCTDH Ha KOMITEHCHPOBAHHYTO, CyOKOMITEH-
CHUPOBaHHYIO U JIEKOMIICHCUPOBaHHY!O cTerneHu [ 11].
[lepen BMemaTebCTBOM KHBOTHBIM HE JIaBAJIA KOPM
12 yacoB 6e3 3ampenieHust goctyna k soze. [locne
HapKOTH3AI[MHU KUBOTHOTO BBIMOJIHSIIN JIAIApPOTO-
MUIO ¥ OaHJa)KUPOBAJIM CUTMOBHU/IHYIO KHIIKY C IT0-
MOIIBI0 TPYOKH U3 MEAMIIMHCKOTO TIOJIMXJIOPBHHNIIA
JuHOH 1 cM. TpyOKM M3TrOTOBIISIIN U3 CHCTEM JJIst
nepeaBaHus KPOBU. BHYTpeHHUI nuameTp TpyOKu
cocraBisieT 3 MM, BHemtHuN — 4 MM. TpyOKky pas-
pe3aiy BAOINb, IIOMEIIATH YepPe3 OKOIIKO OpBIKEHKH
TaKkuM 00pa3oM, 9TOOBI OHA OOKUMajla CHTMOBH/I-
HYIO KHIIKY U (QUKCHPOBAIH CHAPYKU HUTHIO «Ka-
npoH Ne 4». [TocneonepaiioHHy0 paHy yIIHUBaJIH.
JKWBOTHBIX cozmeprkaiu fanee B MpeXHEM pexuMe,
HE OrpaHUYMBas AOCTYII K BOJE M KOPMY.

6 KpBIC BBIBETN W3 DKCIIEpPUMEHTa Ha 3-6-¢ CyT-
KH TIOCJIE OTIepaIliy, KOT/la TIOBEICHUE YXHUBOTHBIX
emé ObUTO akKTUBHBIM. OHHM COCTaBHIM CepHio S2 —
«KOMIIEHCHPOBaHHAas! KUILIEUHas HEITPOXOJUMOCTEY.
Ha 7-10-e cyTku mocleonepanuoHHOTO Mepuoa
JKUBOTHBIE JIENIATHCh MAJIONOABIKHBIMH, OBLIH BbI-
BEJICHBI U3 DKCIIEPUMEHTA KUBOTHbBIE cepuu S3.

3a00p KpOBH MPOBOWIN Y HAPKOTH3UPOBAHHBIX
JKUBOTHBIX (3 MI' THOTICHTAJIa HATPUsI BHYTPUOPIO-
[ITUHHO) U3 MEPECEUYCHHON aOpPTHI TIOCIIE pelanapo-
TOMHH, KPOBb CTE€Kaja B MPOOUPKY B KOJINYECTBE
1-2 mu1. YkazaHHas J103a THOTIEHTAJIa HATPHUSI TIOCIIEe
B3SITHS KPOBH IIPUBOAMIIA K 3BTaHA3UH JKUBOTHOTO.

KontponsHyto cepuro cocTaBuiIn 26 HHTaKTHBIX
KPBIC, KOTOPHIM YKa3aHHBIM CIIOCOOOM Opaju KpoBb
JUIs IOJTyueHHst paruu ¢ mociey et SBTaHa3uei.

VX011, MAaHUITYIISALINH, YBTAaHA3MUS KUBOTHBIX BbI-
MOJHSJIMCH COITIACHO MoJiokeHusAM EBporneiickoit
KonBeHIuu 0 3amiuTe mpaB MO3BOHOYHBIX KUBOT-
HBIX, UCIIOJIb3YEMbIX JIJISl OKCIICPUMEHTAIIbHBIX WU
B MHBIX Hay4HBIX Hessix (ETS Nel123 0118.03.1986 1)
[12], mupextuBam 2010/63/EU EBpomneiickoro map-
namenTa u Coseta EBporneiickoro Coro3a ot 22 ceH-
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Ts10pst 2010 T. 110 OXpaHe KUBOTHBIX, UCTIOTb3YEMbIX
B Hay4HbIX 1emsix [13].

KpoBb xuBOTHOTO HEeHTpU(]YTHpOBaIN Ha Jia-
Ooparopuoii neatpudyre 250g B Teuenue 10 MuH
JUTSL TIOJTYY€HHUS CHIBOPOTKH (HAA0CATOYHOM K-
kocTH). CRIBOPOTKY HaOMpa I HOBOM JabopaTop-
HOHW NMUTETKON U HAHOCHUIIM Ha HOBOE MPEIMETHOE
CTEKJIO, KOTOPO€ BBICYIIMBAJIN Ha TOPU30HTAIb-
HOHM MOBEPXHOCTH MpPH TeMIleparype Bo3ayxa 22-
26°C, oTHOCcHUTeNbHOM BiaxkHocTu 50-70% 0e3
BBIPQKEHHBIX BO3JYIIHBIX TTOTOKOB B T€UEHHE 3
yacoB g nonydeHus Qanuu. CtpoeHue Qanuu
H3ydalyd IpU MOMOIIU CBETOBBIX MHKPOCKOIOB
YM-40111, MBU-1. Yepes okyasp MUKpOCKOIa
Jiealli CHUMKH KaMmepamu cmaprdona “Samsung
Galaxy. CpaBHUTEIbHBIH aHAIHN3 MOJYUYCHHBIX
(harnmii TPOBOAMIN 1O TPOSIBICHUIO KadyeCTBEH-
HOTO MPHU3HAKA - PACTIONIOKEHUSI TEMHOTO Bellle-
CTBa B LIEHTPAJIBHOM, IPOMEKYTOYHON U KPAaeBOU
30Hax Qanuu. JJoCTOBEpHOCTH OTINYHUS YaCTOTHI
BCTPEYAEMOCTH yKa3aHHOTO MpHU3HAaKa B TPYyIIax
OLICHWJIH TIPU TTOMOIIN KPUTEPHS %> C MOMPaBKOii
Weiirca.

PE3YJIBTATBI

OCK mn3yuyaeMbIx cepuil 3KCIIepUMEHTaIbHBIX
JKUBOTHBIX OTJIUYAJIUCH 10 PACTIONIOKEHUIO TEMHO-
r0O BellecTBa Marpukca Qamuu. B 3aBUCHMOCTH OT
pacrnosoXeHust TEMHOTO BEILECTBA BbIACIISUIN «LIEH-
TpaJbHBIA TUID (Paluy - TEMHOE BEILECTBO B IICH-
TpaJIbHOW 30HE, «IIPOMEKYTOUHBIM THID» (anuu —
TEMHOE BEIIECTBO JIOKAIU3YETCs B LIEHTPAJIbHON U
MIPOMEXYTOUHOHN 30HAX, U «KpaeBou TUI» (hauuu,
IIPY KOTOPOM TEMHOE BEILIECTBO PACIOJIOKEHO B
KpaeBoil 30He, IPU 3TOM LIEHTpaJIbHAs 30Ha JIMLICHA
TEMHOTO BellecTBa. MHOra BCTpeyancss «ToTalb-
HBIW TUI (Qanuu, Ipu KOTOPOM TEMHOE BELIECTBO
OBLIO PABHOMEPHO Pa30pOCAHO MO BCEM TPEM 30HAM.
M3obpakenns @CK paccMaTpuBaeMbIX THITOB TIPH-
BelIeHbI Ha puc. 1.

Haubonpumme no pazmepy OTAeNbHOCTH Pacio-
Jarajuch B IPOMEXYTOYHOH M KpaeBol 30Hax da-
uuu. TEMHOE BEIECTBO MOIJIO pacroyiaraTrbCs BHE
HanmOOJBIINX OTAEIHLHOCTEH — 3TO «IIEHTPATLHBIN
tumy Qaruu (puc. 1A), B IeHTpadbHOU (Hampas-
JICHHOW K LEHTPY (auun) 4acTh 3TUX OTIAEIBHO-
CTEH — ATO IPOMEXYTOUYHBIH TUID (auuu (puc.
1B), 3amonHsITh MOJHOCTHIO BCe HAMOONbBIINE OT-
JETBHOCTH — 3TO «KpaeBoi tum» (puc. 117), Haxo-
JUTHCS 110 UX Nepudepun — 3T0 «TOTAIbHBINA THUID
(puc. 1B).

OCK «UeHTpalbHOTO THIA» XapaKTepU30Ba-
Jach pacIojoKeHHEM TEMHOIO BEIECTBA B LIE€H-
TpanbHOU 30HE (amuu, TP ITOM STYEHKH KpaeBOU
30HBI (pamuy OBLIHM JTUIICHB TEMHOTO BEIISCTBA
(puc. 1A). [IpomexyTouHast u KpaeBast 30HBI 00-
Pa30BBIBAIM CBETJIOE KOJIBIIO BOKPYT (anuu 6e3
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TéMHOTO BemecTBa (puc. 2). Y BceX KpbIC KOH- OCK cepuu S1 (;1anapoToMust) BKIIOUAIH (Baruu
TpoJibHO# cepun orMmedaiuch @CK «ueHTpalib-  «IEHTPAJILHOIO THIIAa» Y 6 0COOCH 1 «ITPOMEKYTOU-
HOTO THIIa. HOTO THTa» - B 3 ciyyasx.

e e T S e R e T e ]

yB.X80. IIpumeuanns: A. «llenrpanbnbiii THI» TéMHOe BemecTBo yka3ano crpenkamu. b. «IIpomexyTounblii
Tum». B. «Toranbubiii THI I. «KpaeBoi Tum».
Fig. 1. Separation of blood serum facies according to the location of the dark matter matrix. Natively,
magnification - 80. Notes: A. “Central type”. b. “Intermediate type”. B. “Total type”. I. “Marginal type”.

[Ipu KOMIEHCHPOBAaHHOI HENPOXOAUMOCTH y  (auuu Ha3Baidu GauusMu «TOTAJIbHOTO THIA», 00a
KUBOTHBIX CepUH S2 mpeodianal «IpoOMEXKyTou- — ciydas IpeAcTaBieHbl Ha puc. 1B.
HBIA TUT Qanuu, Ipu KOTOPOM TEMHOE BELIECTBO @OCK cepun S3 (1ekoMIEeHCHPOBAaHHAS KHILIEY-
3aHMMAaeT LIEHTPAIbHYIO U IPOMEKYTOUHYIO 30HbI,  Hasg HEMPOXOJUMOCTh) OTIINYAIIUCh TEM, UTO TEMHOE
a 110J10ca KPaeBOH 30HbI, JIUIIEHHASI TEMHOIO BEIlle-  BELIECTBO ObLIO PACIIOIOKEHO IPEUMYIIECTBEHHO B
ctBa - y3kag (puc. 1b). ®CK «11pomMexyTodHOTO  KpaeBou 30HE dariu, 00pasyst TEMHOE KOIBITO (pHC.
TUIA» OTIMYAJINCH OT «IEHTPAJIBHBIX» TeM, 4To B 1I") B IpOTHBONONIOKHOCTD KOJIbIlYy CBETJIOMY B (ha-
«TPOMEKYTOUHBIX» MPOMEKYTOUHAs 30HA (AalMU  [HAX MHTAKTHBIX )KUBOTHBIX. [Ipu 3TOM 1meHTpasb-
ObL1a 3aHsTa TEMHBIM BELICCTBOM, KOTOPOE JOXOAU-  HblE SYEHKH, HAIIPOTUB, ObUIM JTUIICHBI TEMHOTO
10 1o 1/3-1/2 wactu HanbonpIuX sueek npomexxy-  BemiecTBa (puc. 1I'). Bo Bcex danmsax «kpaeBoro

TOYHOM-KpacBoit 30HHI (puc. 1b). THTIa» OTCYTCTBOBAIH apKOOOPA3HBIC TPEIUHBI, OT-
B nByX ciydasx y *KUBOTHBIX CepHH S2 OTME-  MEYalMCh MOJUTOHANBHBIE OTaenbHOCTH (puc. 11).
qaiuch (panuu ¢ OTIOKEHUEM TEMHOTO BELIECTBA W3 Tabauiel ciaeayeT, YTo B KOHTPOJIBHOM IrpyIi-

B siueiKax Kakao 30HbI (puc. 1B). B aToM ciydyae  me (MHTaKTHBIE )KUBOTHBIE) Bee (Dariy ObLIH «IICH-
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Tab6auua. Pacnpenenenue Tunos crpoeHusi ®CK B 3aBMCHMOCTH OT JIOKAJM3ALMH TEMHOI0 BelIeCTBA y KPbIC
H3yYaeMbIX CepHii.

Tabl. Distribution of the blood serum facies types structure depending on the dark matter localization in rats
of the studied series.

Tum Gt no Kourponbnas 2 ¢ TIONpaBKoii
JIOKaJIN3aIu ce H; (n=26) Cepus S1 Cepust S2 Cepus S3 X ﬁeﬁfea
TEMHOTO Bellle- P o > | (n=9), abc. (%) | (n=16), adc. (%) [ (n=24), abc. (%)
aoce. (%) p
CTBa
LlenTpanbHbIHA 26(100%) 6 (66,6%) - -
¥2(S1-S2)=2,6
p=0,1
[TpomerxyTouHbII - 3 (33,3%) 12 (75,0%) 8 (33,3%) 12(S2-S3)
=5,1402
p=0,02
ToranpHBII - - 2 (12,5%) -
. ) ) o o %2=9,2971
Kpaesoit 2 (12,5%) 16 (66,6%) =0.002
Hroro 26 9 16 24

Puc. 2. ®parment ®CK «uienTpansHoro tunay». Ha-

THBHO, YB.X80. CTpekoii yka3aHO CBeTJIOe KOJIbIIO

no nepudepuu paunu, KOTOPoe COCTOUT U3 OTAEIb-
HOCTell, JINIIEHHBIX Y¢PHOI0 BellecTBa.

Fig. 2. Fragment of the blood serum facia of the
«central type». Natively, magnification - 80. The
arrow indicates a light ring along the periphery of
the facies, which consists of separations devoid of
black matter.

TPaJIbHOTO THUIIa», 3TOT TUI TaKXe Ipeodsanan B
cepun Sl («wranaporomusi»). B cepun S2 (xommen-
CHUpPOBaHHAasi KUIIEYHAsi HEMPOXOAUMOCTH) MpeoO-
Janan «IpoMeKyTOYHBIH THID daiuu, B cepun S3

(mexoMITeHCHpOBaHHAS KHAIIICUHAS HEITPOXOIMMOCTB)
npeoOmanamy Gauu «KPaeBoro THIIAY.

OBCYKJIEHUE

OcHOBHBIE 3aKOHOMEPHOCTH 00pa30BaHUs Ma-
KpormopTpera Qanuil GMOIOTHYEeCKUX KUIKOCTEN
HCCJIEZIOBAIIUCH MTyTEM BBICYIIMBAHUSA MOJIEJIBHBIX
0enkoBO-CcoIeBBIX pacTBOpoB [9]. [Ipu HEOOMBITIOM
KOJIMYECTBE COJM M BHICOKOM COZAEpKaHHU Oelika,
KaK B Clly4ae ChIBOPOTKH KPOBH, IPOUCXOUT pa3-
JiesieHre (aluy Ha TPU 30HBI — KPAaeBYyIO, IPOMe-
KYTOUHYIO W TEHTpanbHyIo [5; 9]. ®amusa nmeet
¢dopmy Omroaua. MakcumanbHOE BO3BBILIEHHE CYyXO-
IO BELIECTBA — OCIKOBBII BaJIMK — PACIOJIOKEH IO
nepudepun pamum, cocTaBisgeT e€ KpaeByro U mpo-
MEXYyTOUHYIO 30HBI, COCTOHUT U3 arperaTtoB KPyIMHbIX
MOJIEKYJI, OTJIOKEHHBIX B PE3yJbTaTe MaccorepeHoca
MpY BbICBIXaHUU Karuu [ 14].

benku, Giarogapss 0COOGHHOCTH CBOETO CTPO-
€HUSI, SIBJIAIOTCS JIOBYIIKOW aKTUBHBIX ()OPM KHUC-
nopoaa. B cuny aToro m3aMeHeHue CTPYKTYypHOU
OpraHu3aIy OEITKOBBIX MOJIEKYJ CIEIYeT CUUTATh
OJTHUM U3 PaHHHMX MHIUKaTOPOB MHTOKCUKALMH [4;
6]. [Ipu maneiimem HapyIIEHUN CTPYKTYpPHI OEIKOB
U3-3a PA3IUYHBIX (PAKTOPOB (OKUCIUTEIBHBIX, TOK-
CHYHBIX) U3MEHSETCS THIpaTHas 000I04Ka OENKOB
U YCKOPSIOTCS TPOIIECCHI arperanuy Moiexym [7].
OCOOEHHOCTH CTPOCHUS MOJICKYJ O€lTKa OIpeaes-
0T XapakTep TpenwH daruu [4; 6].

[Ipu nermapaTanuu Karmid pacTBop Oenka 00-
pasyet aBe (a3bl — ¢ MOHMKEHHOH M TMOBBIICHHON
ONTUYECKOH INIOTHOCTBIO.

@daza HU3KOM ONTUYECKOH IIJIOTHOCTHU B IPOXOJISI-
LIeM CBeTe Mpo3pavyHa u ogHoponHa. OHa sBisieTcs
HOPMOI, ¥ COCTOHUT U3 MOHOMEpOB OesikoB. B HOpMe
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OCHOBHAsI Macca albOyMHHa SIBJISIETCS MOHOMEPaMHU
[15]. Y KUBOTHBIX KOHTPOJIBHOW IpymIibl 0e3 SHAO-
TEHHOW MHTOKCHKALIMU BCSI IPOMEXYTOUHAs U Kpa-
eBast 30HbI ObUIN MPEICTABICHBI IPO3PAUYHBIM KOJIb-
oM (puc. 2), umena Mecto (arus «IeHTPATLHOTO
tunay» (puc. 1A).

BeliecTBO NOBBIIIEHHON ONITUYECKON INIOTHOCTH
COCTOUT U3 arperupOBaHHBIX MOJICKYJI OeJIKa, U3 AU-
MEpOB, TPUMEPOB, NMOJIUMEPOB U KPYIIHBIX arpera-
TOB. B ero 00pazoBaHuM NPUHUMAIOT Y4aCTUE BBICO-
KOMOJIEKYJIsipHBIe Oeku (HGuOpHH) 1 TIOOYIspHEIE,
KOTOpBIE MOABEPIIIUCH ACHATYpAIMHU C pa3pylIeHHEM
HUX TPETUYHON M YETBEPTUYHOU CTPYKTYphl. B mpo-
XOIAIIEM CBeTe (pa3a BRICOKOH ONMTHYECKOH ILIOT-
HOCTHU U3 JICHATyPUPOBAHHOIO OEJKa MPECTaBIsIeT
co0oii TEMHOE BEIIeCTBO, a Mo BhIpakeHHI0 Kpaeso-
ro C. A, KonroBoro H. A. — «KOpUYHEBBII 0CaTOK»
[7]. Uem Oouibliie (a3bl BHICOKOH IIOTHOCTH, TEM B
OOJIBITICH CTETICHH Y KUBOTHOTO OBLITH HAPYIIICHUS B
cTpykType OenkoB. IIpeobnananue TéMHOrO Bele-
CTBa B KpaeBoil 30He O0bUI0 XapakrepHo ansi OCK
[IpU JIEKOMIIEHCUPOBAHHOW KUIIEYHONU HEIIPOXOIU-
moctu (puc. 1I'). IIpu KoMIIeHCHPOBAHHON KHUIIIEY-
HOMW HEIPOXOAMMOCTH IO Kparo (paruu ocraBanachk
y3Kasi 1I0JI0Ca U3 CBETJIOr0 BEILECTBA HOPMAJIBHOTO
HEU3MEHEHHOTO anbOymuHa (puc. 1B).

WHTEHCHBHOCTH MHTOKCHKALIUH TIPH MIPOYUX PaAB-
HBIX YCJIOBHSX HAXOAUTCS B MPSMOI 3aBUCUMOCTH
OT CTETICHN Pa3BUTHSI HEKPOOMOTUYECKUX M3MEHE-
auid. [Ipu OKH criBopoTodHBIC OSITKH TIpeTepIieBa-
10T U3MEHEeHus, Ha3BaHHble FO. M. JlenepepoM «mpu-
KU3HEHHOH AeHaTtypauueil». [Ipu 3toM coneprkanue
0CJIKOB IJIa3Mbl 324aCTYI0 HAXOIUTCS B HOPMaJIbHBIX
TpejieNax, HO KaYeCTBEHHbIE N3MEHEHHS ITOKa3bIBa-
10T 3HAYUTEJIbHYIO CTENeHb AeHaTypauuu. [locnen-
Hs1s ObljIa MPONOPLUHOHAIBHA CPOKAM U TSIKECTH 3a-
OoneBanus [3; 16].

KnunoBunHas nerujnparanusi CbIBOPOTKH KPOBH
SIBIISIETCSL OBICTPBIM, TIPOCTBIM, JCIIEBEIM METOIOM,
JOJDKHA IIPOUTH KIIMHUYECKYIO alpoOalyio Ha Mpea-
MET BO3MO)KHOCTU AUArHOCTUKH TSKECTH SHIOTOKCH-
ko3a npu OKH, 4To Mo3BOMUT BBIICAUTH MALUEHTOB
C JIEKOMIIEHCUPOBAaHHON KHUIIIEYHON HETPOXOIUMO-
CTBIO, BBIPQKEHHBIM 3HIO0TOKCHKO30M U HEOJIaronpu-
SITHBIM TPOTHO30M. YKa3aHHbIe (PaKTOPhI YKaKYT He-
00XOIMMOCTb CPOYHOT'O OIIEPATUBHOIO JICYEHUS], CO-
KpatieHus: o0béMa orepauy no npuHuuIny damage
control ¥ yCUJICHUSI ”HTCHCUBHOM TEPAITHH.

BbIBO/IbI

1. @anuu cHIBOPOTKH KPOBH MPHU IKCIIEPUMEH-
TaJbHOM KUIIEYHON HEMPOXOIUMOCTH XapaKTepr30-
BaJIMCh HAKOIUIEHHEM TEMHOIO BEIECTBA B KPAeBOU
1 IIPOMEXYTOUHOH 30HAX.

2. Ilpu xoMHIeHCHPOBAHHOW HETIPOXOJUMOCTH
COXPAaHsUIOCH CBETIIOE KOJBIIO 10 mepudepun da-
LIH, TP IEKOMIIEHCUPOBAHHOM — OHO MCYE3alI0.
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PE3IOME

Llenb: paspaboTka Noaxo4oB K AMArHOCTUKE U ABUraTENbHOW peabunutauum 4eTen co cnacTUYeckon aunnernen
B YCIOBUSIX CNeLmMann3MpoBaHHOro caHaTopus Co BTOPUYHOW capkoneHnen. Matepuan v metoabl. Y 45 getent ¢ AL
BbiSiBNeHbl naTonornyeckme N3MeHeHNs, XxapakTepuayoLmne N3MEHEHNS MbILLEYHOWN CTPYKTYpbl B BUAE YBENUYEHUS
COeAVNHUTENbHOTKAHHbIX 3MEMEHTOB, XXUPOBOW TkaHW. [lonyyeHHble [aHHble KOppenupoBanu C pesynsratamu
yNbTPas3ByKOBOrO UccneaoBaHnsa n buonmneaaHcometpum, M. [NaumeHTam, y KOTOPbIX BbIABNEHb! SBMEHWSA BTOPUYHOW
capkoneHun Obino HasHaveHo AnddepPeHUMPOBaHHOE NIeYeHne B YCIOBUSIX CMeLnanuampoBaHHOro caHatopus. B
Xo[e NpoBeAeHHOro aHanu3a bbina BelgeneHa uenesas rpynna (LM ns 13 geteit, KoTopbiM BbINOMHUIM MUHUMATBHO
VHBA3MBHYIO Onepauuio ¢ nocneaytLlen peabunuraumoHHon nporpammont. CpasHuTensHas rpynna (FC) sknoyana
20 peten, B Ux peabunutaumio BXoAWUMN NpoLeaypbl MHOrOKaHanbHOM CTUMYNSALMM MyCKynaTypbl Ta3oBow obnactu n
HWXHMX KOHeYHocTen. KoHTponbHas rpynna (KIM) coctoana ns 12 nauneHToB, NpoLUeaLmnx Kypc CaHaTOpHO-KypOPTHOMO
neyenus (CKY). PesynbraTbl. B pesynstate npoBedeHHOro neyeHnst oTMedeHa nonoxurensHas amHamuka B [C. Y
60nbHbIX AL ¢ ABNeHMAMN BTOPUYHON capKoneHUn UKCUPYETCS CHKEHVE aMITUTYAHO-4aCcTOTHbBIX XapakTepucTuK
OMIT npu MakcvmManbHOM COKpaleHWM MblllL U3-3a HapyLlleHWsi LeHTpanbHOro obecrnevyeHus opraHM4eckoro
reHesa. [lvHamvka B nokasatensx GuoummegaHcomeTpuy Obina cTaTucTMyeckn goctoeepHoi B [C. BkniodeHune
npoueayp akTVBUSMPYIOLLMX MbILIEYHYIO OEeATEeNbHOCTb OKa3blBaeT MOMOXUTENbHOE BMUSHWE Ha AEesTeNbHOCTb
pebeHka, 4To noaTBepxAaeTcs AaHHbiMM OMI-uccnepoBaHusi. KoHTponbHOe ynbTpa3ByKOBOE WUcCredoBaHue
CKeneTHbIX MbILL, Y BCeX 0O6CNefoBaHHbIX NUL, He Nokasano CyLEeCTBEHHbIX W3MEHEHWUI B CTPYKTYpe MbILLEeYHbIX
BOJTOKOH nocne 3aBeplieHus Tepanum (p>0,05). OTcyTcTBME Nporpecca unm perpecca B Mopdpornormyeckon KapTnHe
MbILLL, NOATBEPXAAETCS CTATUCTUYECKW, ykasblBas Ha TO, YTO Habnojaemble BapuauMu HaxoA4sTCcs B npedenax
Cny4YanHomn norpeLHocTu. MNonyyeHHble AaHHble CBMAETENLCTBYIOT 06 OTCYTCTBUM 3HAYMMOTO BNUSIHUSI NPOBEAEHHOro
NEeYEHNs1 Ha COCTOSIHME MbILLEYHOW TKaHW Ha MOMEHT MOBTOpPHOro obcrnenoBaHus. Pesynbratbl GrovMnegaHcHoro
ncenegoBaHUs KOHCTATMPOBanM OOCTOBEPHYHO NonoxutenbHyo auHamuky B 'C (p<0,05) B nokasatensix: ¢a3oBbin
yron (PY), ckeneTtHo-MbiweyHas macca (CMM). MiameHeHne AaHHbIX nokasaTtenen CBMAETENbCTBYET O HapacTaHun
MbILLEYHOW Maccbl B opraHuame. 3akntoveHue. BTopuyHas capkonenus y getew ¢ [LIMN Ttpebyetr dopmmpoBaHns
nporpammbl peabunuraumn. Moaxoapl K HA3HAYEHNI0 MYOPENaKCaHTOB, XMPYPr4ECKOro NeYeHUst AOMKHbI Y4YUTbIBaTL
mopdonormyeckoe obecneveHre QYHKLUMOHANbHOM aKTUBHOCTY Mbllwlpbl. PuanoTepaneBTMHeckne npoleayphbl
[OIMKHBI @aKTUBM3MPOBaTb POPMUPOBAHNE HOBBIX MbILLIEYHbIX BOMTOKOH, CTUMYNPOBaTh rMnepTpoduto AeNCTBYHOLLMX.
Hanbonee «BbICTpbIN» PYHKUMOHAMNbHBIA 3MEKT AaeT MHOroKaHarbHbIs CTUMYTALWS, OOAHAKO NPOSIOrMpoBaHHbIV
pereHepaTopHbIi 3¢ ekT BbI3bIBAOT MHBA3UBHbIE hM3nMoTepaneBTn4eckne MeToabl.

KnioueBble crnoBa: AeTCKUMN uepe6paanblﬁ napanuy, MHorokaHanbHasa cTuMynauuma Mblilll,
MarnioMHBa3uBHasa hacLMOMUOTOMMUA, CAaHATOPHO-KYPOPTHOE Jie4eHUe, BTOPUYHAs CapKONeHus.

SECONDARY SARCOPENIA IN CHILDREN WITH CEREBRAL PALSY:
MODERN METHODS OF DIAGNOSIS AND MEDICAL REHABILITATION

Osmanov E. A.

Research institute of children’s balneology, physiotherapy and medical rehabilitation, Evpatoria, Russia

SUMMARY

Goal: to develop approaches to diagnostics and motor rehabilitation of children with spastic diplegia in a special-
ized sanatorium with secondary sarcopenia. Material and methods. Pathological changes characterizing the reor-
ganization of the muscle structure in the form of an increase in connective tissue elements and adipose tissue were
revealed in 45 children with cerebral palsy. The obtained data correlated with the results of ultrasound examination and
bioimpedancemetry, EMG. Patients with secondary sarcopenia were prescribed differentiated treatment in a special-
ized sanatorium. The analysis identified a target group (TG) of 13 children who underwent minimally invasive surgery
followed by a rehabilitation program. The comparative group (GS) included 20 children, whose rehabilitation included
procedures for multi-channel stimulation of the muscles of the pelvic region and lower extremities. The control group
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(CG) consisted of 12 patients who underwent a course of sanatorium-resort treatment. Results. In patients with cere-
bral palsy with secondary sarcopenia, a decrease in the amplitude-frequency characteristics of the EMG is recorded
during maximum muscle contraction due to a violation of the central regulation of organic genesis. The dynamics in
the bioimpedance measurements was statistically significant in the GS. Thus, the inclusion of procedures activating
muscle activity in the treatment has a positive effect on the child’s activity, which is confirmed by the EMG study data.
Control ultrasound examination of skeletal muscles in all examined individuals showed no significant changes in the
structure of muscle fibers after completion of therapy (p > 0.05). The absence of progress or regression in the mor-
phological picture of the muscles is confirmed statistically, indicating that the observed variations are within a random
margin of error. The data obtained indicate that there was no significant effect of the treatment on the condition of the
muscle tissue at the time of the repeated examination. The results of the bioimpedance study stated reliable positive
dynamics in the GS (p<0.05) in the following indicators: phase angle (PA), skeletal muscle mass (SMM). Changes in
these indicators indicate an increase in muscle mass in the body. Conclusion. Secondary sarcopenia in children with
cerebral palsy requires the formation of a special rehabilitation program. Approaches to the appointment of muscle
relaxants, surgical treatment should take into account the morphological support of the functional activity of the muscle.
Physiotherapeutic procedures should activate the formation of new muscle fibers, stimulate hypertrophy of the existing
ones. The most «fast» functional effect is provided by multichannel stimulation, however, a prolonged regenerative
effect is caused by invasive physiotherapeutic methods.

Key words: cerebral palsy, multichannel muscle stimulation, minimally invasive fasciomyotomy,

spa treatment, secondary sarcopenia.

[Mocnennue necsaTh JIeT CTaliu MEePHOIOM HUHTCH-
CHUBHBIX HCCIICIOBAHUN JUCTOPUUCCKUX U3MCHE-
HUW B MBIIIIAX ACTCH ¢ IepeOpaIbHBIM IMapaTniaoM
(L), BeI3BaHHBIX BHEIAPEHHEM HOBBIX METO/IOB
JIBUTATEIIbHON peadMInTalud, B YaCTHOCTH POOO-
ToTexHU4ecKux [2; 3; 9]. Hapacraroiiee Mpiiieunoe
HAaIpsDKEHKUE B 00J1aCTH TYJIOBHUIIA POBOLIUPYET pa3-
BUTHE BTOPUYHBIX MATOJIOTMYCCKUX N3MECHEHUU Ha
ypoBHe MrOGUOpHILL. B pesynsrare, MpliedHbIe BO-
JIOKHA YTPaYMBAIOT CBOIO pabOTOCIIOCOOHOCTH, MO~
BEpraroTcst arpo(uu 1 3aMeIIarTCs JKUPOBOU U COe-
TUHUTENbHOM TKaHklo [1; 4; 7-10]. Ha cerogusmnmii
JICHb HE CYIIECTBYET KOMIUIEKCHBIX METOZIOB BOCCTA-
HOBUTENbHOTO JedeHus aeren ¢ JIII u cmactuye-
CKOW JHIUIErHel, KoTopble MOTin Obl 3 (EeKTUBHO
JUKBUUPOBATH CTOMKUE OTPAaHHYCHHUSI JIBUKCHUH B
KOHEYHOCTSIX, BOCCTAHOBUTH MBIIIICUHYIO CTPYKTYPY
U PaCKPBITh BECh JIBUTATEIIbHBIN MTOTEHIHAT PEOCHKA
[2; 5; 6]. B cBs13m ¢ 3TUM, aKTyaJlbHBIM CTaHOBHT-
Csl N3yYeHUE BIUSHUS Pa3HBIX PeaOMIUTAIMOHHBIX
METOMK Ha CTPYKTYPHO-(YHKIIMOHAIBHYIO aKTHB-
HOCTbH MBIIIII] HIYKHUX KOHEYHOCTEH Yy MallueHTOB C
JLII, a Takxe Ha pa3BUTHE JBUTATEIBHBIX CIIOCO0-
HOCTEMN JieTell ¢ cnacTuueckor nuruieruei. Takoe
HCCIICTOBAaHHUE ITO3BOJIUT TIOBBICUTE d(P(PEKTUBHOCTH
peaduiHTanuy AeTei ¢ IeTCKUM liepeOpaIbHbIM Ia-
pairyuoM, CTPaAOIINX BBIPAKCHHBIMH JBUTATEIIb-
HBIMU HapyIICHUSIMHU.

Lesb: U3y4UTh MPEACTABICHHOCTh BTOPUYHOM
CapKOTICHUH y JIETeH ¢ AETCKUM IepeOpaTbHbIM Ta-
panuaom, pa3zpaboTarh MOIXOMbI K JUATHOCTUKE U
MEIUIUHCKON peaOuIINTaIIH.

MATEPHUAJ 1 METOJbI

JlarHOE BccnenoBaHue MpeACTaBIIsIeT coO00i mpo-
CIIEKTHBHOE, OTKPBITOE KOTOPTHOE HCCIIEI0OBAHUE C
paHaoMHU3alUKeil U KOHTpoiIbHOH rpymnmnoi. IIpose-
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JieHne paboThbl OCYLIECTBIAIOCH B CTPOTOM COOTBET-
CTBHU C IPUHIMIIAMH XEJIbCUHKCKON ICKJIApaIiH, a
TaKXKe IeHCTBYIOIMMH 3aKOHOJaTeIbHBIMU 1 3THYe-
ckumu Hopmamu Poccuiickoit denepanuy U NpuH-
numax GCP. Imeercst omoOpeHre KOMUCCHH TT0 OO~
stuke HayuHo-uccae10BaTenbCckoro HHCTUTYTA 1ET-
CKOH KypOpTOJIOTHH, (PU3HOTEpAui 1 MEAULIUHCKON
peabumuranmu (3aknoderue Ne 1 ot 09.02.2020). B
UCCIIeIOBAaHUY MIPUHSIIM yyacTue 45 aeteit (Mab-
YUKW U AeBouku) ¢ aumarHozom JIIII, crmactuue-
ckas guruierus (cormacaHo MKbB-10). Bo3pact ma-
LIMEHTOB BapbUpoBalics oT 8 o 14 et (B cpeaHem
11,4+1,9 net). B monoBom u BO3pacTHOM acmeKTax
HCCIIE/I0BATEIbCKHIE KOJIJIEKTUBBI IEMOHCTPUPOBAIIN
cxoacTBO. OT Bcex poauTenelt uiu ohUIHaIbHbIX
OIIEKYHOB ObUIO MOJY4YEHO 3aBEPEHHOE JOKYMEH-
TaJbHO COIVIacHe Ha y4yacTue B HccieqoBaHuu. Bee
MIPUHUMAIOLINE YUACTHE B HCCIICAOBAHNH ObUIH pa3-
JIeJIeHBI Ha TpH Ipynnbl: ocHoBHas rpymnmna (OI) (13
JIeTeil) — mepeHecIn MaJOMHBAa3UBHOE XUPyprude-
CKO€ BMEIIATeNbCTBO € MOCJIEAyIoIel peadunura-
nmeit; rpymnmna cpapaenus (I'C) (20 nereit) — peadbu-
JUTALMS] BKIIOYAIa MHOTOKAHAIBHYIO CTHMYJISILIUIO
MBIIII] Ta3a ¥ HUKHUX KOHEYHOCTEH; KOHTPOJIbHAS
rpymmna (KI') (12 nereit) — caHaTOpHO-KYpOpPTHOE Jie-
geHue. 111 OlleHKH OMOAIeKTPUUIECKON aKTUBHOCTH
MBILIL ¥ HEPBOB IPUMEHUIACh MHTEPhEPEHLIUOHHAS
anexTponeripomuorpadus (MOHMI') Ha Kommiekce
«Heiipo-MBII» («Hedpocodt», iBanoBo). Ananu-
3UpPOBAIUCH U3MEHEHUS ITPOBOIMMOCTH MBITIIEUHBIX
BOJIOKOH HWKHUX KOHEYHOCTEH B CHMMETPHYHBIX
obmactsx. laraasie ”DHMI 00pabaTbiBaInCch aBTO-
MaTHYECKH C HCIIOJIb30BAHMEM TYPH/aMILTUTYIHOTO
ananusa (TAA), onpeaenstomero COOTHOIICHUE
yyclia TOBOPOTOB HA MUOTpaMMe K UX CpeiHel aM-
wmtyae (Atyp), HCKITIO4Yasi TIOBOPOTHI C aMIUIHUTY-
noi menee 100 mxB.
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buoumnenancomeTpusi BBHITIOTHATIACH HA arma-
pate ABC-01 «MEJJACC» (OOO HTL Menacc) ¢
OTICHKOH MuHAMUKH (ha3oBoro yriia (DY), ckeneTHo-
MbImedHor Macchl (CMM) 1 sxupoBoii maccer (JKM)
TI0]] BIIMSIHUEM JICUCHUSI.

751 OLEHKU COCTOSIHUS MOIMEePEYHOIOIO0CATOMN
MBIIICYHOM TKAaHHU IPUMEHSITUCH JINHEHHbBIE YIbTpa-
3BYKOBBIC gatuukw (5-7,5 MI'm). C momompro mpo-
rpaMmMHOTO obOecniedeHus Y3 BRIYHCTISIICS WHACKC
(CCXW), oTpakarouyii CTeNeHb COXPAaHHOCTH TO-
MIEPEYHON UCYSPUCHHOCTH (B YCIOBHBIX SIMHUIIAX).
WHnekc paccuyuThIBAICS IMTyTEM CPaBHEHUS YIbTPa-

OPUTI'MHAJIBHBIE CTATBbU

COHOTpaMMBI ManuenTa ¢ 6a3oi ganubsix Y3U 310-
POBBIX JIUII.

CraTHCcTHYeCKUIl aHaIN3 TPOBOAMIICS C UCIIOIb-
3oBanneM mmakera STATISTICA v.6.0 (StatSoft Inc.,
USA). ns ananu3a He3aBUCHUMBIX TPYIIT UCIIOb30-
Bascs t-rect Cthrogenta. Paznuuust mexxay rpymmna-
MU TPU3HABAIUCH CTATHCTHUECKU 3HAYUMBIMH TIPH
ypoBHe p-3Hauenus menee 0,05.

PE3YJIBTATbBI

Pesynbrarel HaYATBHOTO HHCTPYMEHTAIBHOTO OC-
MOTpa CBeJieHbI B Tabnuiie 1.

Tabauua 1. U3meHeHne (PyHKUMOHAJIBHOM AKTUBHOCTH MbIII y nauueHToB ¢ ATl 10 u nocie kypca Jieue-
HHSI, COIVIACHO JAHHBIM TYPH-aMILINTYIHOI'0 AHAIN3a MOBEPXHOCTHOI 3J1eKTpoMuorpaduu, (M+m).
Table 1. Changes in the functional activity of muscles in patients with cerebral palsy before and after the
course of treatment, according to the turn-amplitude analysis of surface electromyography, (M+m).

ML JlarepanpHas ToIOBKa UKPOHOKHON MBIIIIEI Toern (JIMM)
IIoKa3zarejin
OI'(n=13) I'C(n=20) KT (n=12)
Yryp (1/cex) 230,68+0,96 238,59+0,45 234,04+0,52
P 281,3243,7 A 276,02+4,6 A * 242,38+2,80
Atyp (MKB) 285,63+3,1 277,59+4,3 294,78+4.21
yp 297,55+5,3 A 301,9845,8 A * 306,0043,16
ITepenusis OGonprredeprioBas mbiia ronesu (I[I6M)
Uryp (1/cex) 186,70+0,78 179,24+0,63 182,44+0,87
P 199,64+4,1 A * 194,8543 3 A * 186,36+1,09
Atyp (MKB) 282,75+4,7 296,49+5,8 287,62+4,1
yp 310,13+5,7 A 31422471 A * 289,29+3,83

IIpumeyanue: 31ech 1 B Tabauuax 2,3 B UUCIUTENIEC IEPBUYHBIC IOKA3aTEeNH /10 JCUCHUS, B 3HAMEHATeIe —
nocJje jgeyeHust. JJocToBepHOCTh OTANYMIA 10 U TIOCIIe NpOoBeACHHOrO JeueHus: A - p <0,05; B cpaBHeHuu O
¢ ananornyHbIMU nokazarensimu KI™ mocne newenns: *- p <0,05; OI' ¢ mokazarensmu ['C moce ieueHus:

m - p <0,05; I'C u KI" mocne neuenns °- p <0,05.

Bce conorpaduueckue 1aHHbIC TAIUEHTOB C JET-
CKHMM IIepeOpanbHBIM MapaJudoM U CIaCTHIECKON
JMIUTIETHEH ObUTH TIOIBEPTHYTHI AHAIN3Y C UCIIOJb-

30BaHHEM CIEIUATHU3NPOBAHHOTO TIPOTPAMMHOTO
obecrieuenus (Tabmuna 2). Pesynprarel Onoumie-
JTaHCOMETPHUH IPEICTABICHbI B Ta0IHIIE 3.

Tabéauua 2. U3meHneHust yJbTPa3ByKOBBIX MOKa3aTeJieil, Ha0/I01aeMble B Pa3JIHYHbIX KIMHHYECKUX IPynnax
nocJjie 3aBepuieHust Kypca Jjiedenusi (M+m).
Table 2. Changes in ultrasound parameters observed in various clinical groups after completion of the course

of treatment (M+m).

VipTpa3ByKOBbIE Bonbusie I

nuaekcer, CCXU (ycm.
en) OI'(n=13) I'C(n=20) KI' (n=12)

f}i‘fﬁiﬁ:jﬁ o 534,30+2,77 533,37+2,51 535,62+2,61

P H 533,9542,46 530,78+2,57 533,82+2,35

rosienu (JIMM)
JlnmvHHAsT pUBOSIIAs 642,68+3,61 641,05+3,34 639,62+2,97
meImma 6enpa (AI1M) 639,52+2 94 639,95+3,36 641,24+1,85
OBCYKIEHUE capkonenun y gereit ¢ JIII. Ipeobnananune coenn-

breuio BBIABJICHO, YTO MHCTPYMCHTAJIbHBIC HUC-
CJIeA0BaHUsA YKa3bIBAOT HA HAJIMYUC BTOpH‘IHOﬁ
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HUTEIBHON TKaHU HaJ MBILICYHONW MOXKET ObITH 00-
YCJIOBJIEHO KaK Pa3pacTaHUEM COCIUHUTEIbHOTKAH-
HBIX DJIEMEHTOB, TaK ¥ aTpo(ueii MbIIIEYHOH TKaHU.
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Tabauua 3. [lunamuka nokasareJieil, B pa3HbIX KJIMHUYECKHUX FPyNAX MocJ/ie MPOoBeJIeHHOr0 Je4eHUs pu
NMpoBeAeHNH OMOUMITeTAaHCHOTO HccaenoBanus, (M£m).
Table 3. Dynamics of indicators in different clinical groups after treatment during bioimpedance research,

(M=m).
JUIT (n=45)
Ilokazarenb

OIl'(n=13) I'C(n=20) KT (n=12)

KM 17,51£1,58 18,55+0,77 17,79+2,85
17,51£1,58 17,51£1,58 17,51£1,58

CMM 11,87 £0,37 12,94+0,49 12,92+0,49
13,36 £0,26 22,87 £0,37 A*° 12,87 +£0,37

oY 5,72+0,05 5,31+0,12 5,67+0,11
6,31+0,12 8,31+0,12 A*° 6,31+0,12

Oro 3arpynHseT GopMUPOBaHUE JABUTaTEIbHBIX Ha-
BBIKOB M3-32 HEJI0CTATOYHOTO 00BeMa MbIIIII, 00e-
CIIEYMBAIOMINX ABIDKEHMS. OTpaHUYeHNs IBUKESHNAN
B KOHEYHOCTSX 3a9acTyIO HE CBSA3aHBI CO CITaCTHY-
HOCTBIO, IO3TOMY NPUMEHEHHE MUOPEJIAKCAaHTOB
Hed(D(HEeKTHBHO M MOXKET BBI3BATh 00IIce CHIKCHUE
MBIIIEYHOH CUIIBI. XUPYPru4eCcKoe yJUIMHEHUE CyX0-
JKHITUH, HAITPaBJICHHOE Ha yCTPaHEHHE KOHTPAKTYD,
MPUBOJINT K YBEIWYEHUIO JUIMHBI MBIIIIBI U €IIe
OoIbIIeMy CHIDKCHHIO €€ CHJIbl U JTUHAMHUYECKOU
GbyHKIUH.

[IpennoxeHHbIe METOJBI JICUCHUSI, TAKUE KaK
3aKpbITasi CEJIEKTUBHAS (PACIMOMUOTOMHUS, CTUMY-
JTUPYIOT MHOCATEIUTUTOIUTEI H POCT HOBBIX MHO-
(hubpw. MHOTOKaHAbHAS CTUMYJISIUS CIIOCO0-
CTBYET (PM3HOIOTHUECKON THIIEPTPOPUH CYIIECTBY-
IOLIMX BOJOKOH. IIpeanonaraercs, 4To HOCTUTHY-
ThIC PE3yIbTAaThl 00YCIOBIEHBI BOCCTAHOBICHUEM
MPaBUIBHBIX aHATOMO-(yHKIIHOHAJIBHBIX B3aHU-
MOCBSI3€H B MEPUAPTUKYISIPHBIX TKAHAX 32 CUET
OPUMCHEHHSI JIEKTPOCTUMYIISIIUN B COYCTAHUH C
neyeOHO (PUBKYIBTYPOH, UTO CIIOCOOCTBYET YITy4-
HICHUIO B3aWMOJICHCTBUSL MBINII-aHTATOHHCTOB.
3TO CBS3aHO C HOpMAM3aIMel MBIIIIEYHOTO TOHYCa
¥ YMEHBIIICHHEM Tlape3a MbIIII-aHTarOHUCTOB O1a-
rojapsi CO3aHUI0 MPaBHIBHBIX aHATOMO-(YHKITH-
OHAJILHBIX B3aMMOOTHOIICHHH EPUAPTUKYISPHBIX
TKaHed Ha QOoHE DIEKTPOCTUMYJISIIIM | JICUeOHOH
rumHacTuku. Kontponsnoe OMI uccienoBanue B
KOHTPOJIbHOW T'pyTIie HE MOKa3aJo 3HAYUMMOM Mo-
JIOKUTEIFHOW JMHAMHUKH, YTO MOXKET OBITH CBSI3aHO
C KpaTKOBPEMEHHOCTBIO MPEOBIBAHUS B CAHATOPUHU
Y OJTHOBPEMEHHBIM BO3/ICHCTBUEM KIMMAaTO-0allb-
HEOJOTHUECKHUX NPOIEyp U UCKYCCTBEHHBIX (hak-
TOPOB, IPUBOAIINM K JIEKOMIICHCAIINH PETYISATOP-
HBIX MEXaHH3MOB U 00OCTPEHHUIO COMyTCTBYIOIIEH
MATOJIOTHH.

V3U mblieuHOM TKAaHU HE BBISIBIIIO U3MEHEHHUI B
MOP(OJIOTHH MBIIIEYHOTO BOJIOKHA MOCTIE JICYCHUSI.
OpHako OMOMMIIETAHCHBIN aHAIN3 TIOKA3aJT TIOJIOXKH-
TeNBbHYIO TMHAMUKY B IIIAaBHOU rpyTIie 1Mo (ha30BoMy
YTIIy ¥ CKEJIETHO-MBIIIIEYHOW Macce, YTO CBUICTEIh-
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CTBYET O POCTE MbIIICUHON Macchl. OTCYTCTBHE TO-
JIOXKUTEILHOW IMHAMUKY B JIPYTHX TPyIIax CBs3a-
HO C OTCYTCTBHUEM HCJ’ICHaHpaBHeHHOI\/'I CTUMYJIALIUA
TUIEPTPOPUUECKON pereHepaiuu. 3aKpbiTasi CeleK-
THBHAS (PACITMOMHOTOMHUS CTUMYIIHPYET 00Opa3oBa-
HUE HOBBIX MBIIIICUHBIX BOJIOKOH, HO KIIMHHYECKHE U
WHCTPYMEHTaJIbHbBIE PE3yIbTaThl MOTYT TPOSIBUTHCS
noxe. [Jis CHCTEMHOTO BO3JICHCTBHSI HEOOXOIUMO
couyeTaHue (PU3MOTEPANEBTUYCCKUX MPOLIEAYP, aK-
TUBU3NPYIOMHNX (POPMUPOBAHNE HOBBIX M THIIEPTPO-
(U0 CyIECTBYIOIUX BOJIOKOH.

3AK/IIOYEHUE

Bropuunas capkonenus y nereit ¢ JJLIT Tpedy-
eT pa3pabOTKH CIEeIHaTU3NPOBAHHON POrpaMMBbl
peabunutanuy. [logxonel K MUOpeNaKCaHTaM U XH-
PYPTUYECKOMY JICUCHUIO TOJDKHBI YYUTHIBATH MOP-
¢ornornueckoe cocTosiHue MbIIL. OU3nOTEpaneBTH-
YecKue MpoLelyphl TOJHKHBI CTHMYIUPOBATh (op-
MHPOBaHHE HOBBIX ¥ TUTIEPTPOQUIO CYIIECTBYIOITHX
MBIIIEYHBIX BOJIOKOH. MHOTrOKaHaIbHAsl CTUMYJISLMSA
JaeT HanoOoIee OBICTPBIN (PYHKITMOHATBHBIN AP EKT,
a MHBAa3MBHBIE METO/IbI 00ECIICUYMBAIOT ITPOJIOHTHPO-
BaHHBII pereHepaTopHbIi 3 deKT.
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PE3IOME

Mpobnema 3axuUBMNEHNS KOXHbIX paH ABNSETCA OAHOW U3 Haubonee akTyanbHbIX B KNETOYHOW 6uonorun u
KNUHUYeCcKon meauumHe. OddEKTVBHOCTL penapaTuBHOM pereHepaumn TpebyeT paspaboTkv HOBbIX MOAXOMOB,
CMNOCOGHbIX YCKOPWTb MPOLECChbl 3aXMBIMEHUS W OMPEAEnuUTb YCMELWHOCTb PEeMOAENUPOBAHUS  MOSTHOLIEHHOTO
pereHepaTta CO BCEMMU NPOM3BOAHBIMW, YTO OMpefensieT MepcrnekTMBHOCTb AanbHenLnx nouckos. PenapaTtuBHas
pereHepauus KOXu BKMIo4aeT has3oByo aKTUBALMIO TYYHbIX KIETOK, UIPatoLLMX KIMHOYEBYHO POSib B PerynsiLyum MecTHoro
romecrasa. Llenb: npoBecT MmopcomeTpnyecknin aHanua nnoLagen KoxXHbIX paH B XPOHOAUHAMYKE 3KCNepyMeHTa
C OLEHKOW YUCMEHHOCTU TYYHOKMETOYHOW MOMyNAUMM U COOTHOLUEHUS UX MOPMOdYHKLMOHAMNbHBLIX TWUMOB,
3KBMBANEHTHO hasHO XxapakTepucTuke penapaTMBHOro npouecca. Matepuan n MeTofbl. SKCNEepUMEHT NPOBEAEH Ha
135 kpbicax-camuax nuHum Buctap maccown 180-200 r, koTopble 6bIny pasgeneHbl Ha NATb rPYNM: OAHa KOHTPOrbHas
N 4YeTblpe 3KcnepumeHTanbHble. [ocrne opmupoBaHust paH nnowanbo 0,79 Mm? cnocobom naHy-6uoncuu,
KpbICbl UCMbITbIBANN €XeAHEBHOE BO3AENCTBNE DMOCTUMYNATOPOB PaHO3AXMBIEHWNSA B KOMOMHALMN U pa3fenbHo:
PEKOMOUHAHTHbIN YernoBeYecKnin annaepMarnbHbIi hakTop pocTa, knobeTa3ona NponmnoHart, KonnareHoBbIV refb U nX
KoMBuHauus. 3aTeM B XPOMOAMHAMUKE 3KCMEPUMEHTA COOTBETCTBEHHO CPOKaM nepep B3siTUEM TMCTONOrMYeCcKoro
matepuana npoBOAUIU NIaHUMETPUYECKWI aHann3 NnoLaam paH. Ty4Hble KNeTKy BbIBNANN MMMYHOTVCTOXMMUYECKN
Ha TpunTasy C MnocreaylwmuMm nopgcyeToMm mx obliero yucna u uHaekca AderpaHynauun. Pesynbratbl. Oddekt
BO3[eNCTBUA KOMOVHMPOBAHHOIO NPUMEHEHMS BUOTPOMHBLIX NPenapaToB noka3an MonHy anuTenuaauunio paH Ha 15
CYTKW, a Npu pasgernibHoOM NPUMEHEHUU 1 B KOHTpone — Ha 20-e CyTku C MposiBneHveM n3bupatenbHoin ¢ha3osomn
aKTUBHOCTW TY4HbIX KneTok. [MornyyeHHble AaHHble noATBepAunM haso3aBUCMMYI0 AMHAMWYHOCTb TYYHbBIX KIETOK
B npouecce pereHepauuv, npefonpenenss n cMmelas hasHoCTb NPoLEcCoB Ha (hOHE KOHTPOSbHBIX Moka3aTenen.
BakntoyeHve. KombuHnpoBaHHOe NpyMeHeHve G1OTPOMHbLIX NpenapaToB ONpeaenuno paHHUIA NpoLecc penapaum ¢
MONHOW anNuTenusaumen, KOHCTaTupys adpdeKT cnuHepruama.

KnioueBble croBa: penapaTuBHasi pereHepauusa KoXu; TYYHble KNeTKW; TpUnTasa; MHAEKC
AerpaHynsaumMm; 6MoCTUMYNATOPbI.

EVALUATION OF THE HEALING DYNAMICS OF FULL-THICKNESS SKIN WOUNDS
UNDER COMBINED AND INDIVIDUAL APPLICATION OF TROPIC BIOSTIMULATORS

Parkhomenko N. V., Vorontsova Z. A.
Voronezh State Medical University named after N. N. Burdenko, Voronezh. Russia

SUMMARY

The problem of skin wound healing remains one of the most pressing issues in cellular biology and clinical medi-
cine. The effectiveness of reparative regeneration requires the development of new approaches that can accelerate
the healing process and ensure the successful remodeling of a fully functional regenerate with all its derivatives,
which highlights the relevance of further research in this area. Reparative skin regeneration involves phase-specific
activation of mast cells, which play a key role in regulating local homeostasis. Objective. To perform a morphometric
analysis of wound surface areas over the chronodynamics of the experiment, with an assessment of the total number
of mast cells and the ratio of their morphofunctional types, corresponding to the phase characteristics of the reparative
process. Material and methods. The experiment was conducted on 135 male Wistar rats weighing 180-200 g, divided
into five groups: one control and four experimental. After creating full-thickness wounds of 0.79 mm? using punch
biopsy, the rats received daily applications of wound healing biostimulants—both in combination and separately: re-
combinant human epidermal growth factor, clobetasol propionate, collagen gel, and their combinations. In accordance
with the time points of the experiment, planimetric analysis of wound areas was performed. Mast cells were identified
by immunohistochemical staining for tryptase, followed by quantification and calculation of the degranulation index.
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Results. The combined application of biotropic agents resulted in complete wound epithelialization by day 15. In con-
trast, separate applications and the control group showed complete healing only by day 20, accompanied by selective
phase-specific mast cell activity. The data confirmed the phase-dependent dynamics of mast cells during regeneration,
indicating a shift in the reparative phases compared to controls. Conclusion. The combined use of biotropic agents led
to early reparative processes with full epithelialization, demonstrating a synergistic effect.

Key words: reparative skin regeneration; mast cells; tryptase; degranulation index; biostimulants.

CoBpeMeHHBIE YCIOBHUS, C YI€TOM BOCHHBIX KOH-
(DIUKTHBIX CUTYyaruii, OBITOBOTO TpaBMaTU3Ma, pac-
MIPOCTPAaHEHHOCTBIO XUPYPTUYECKUX U KOCMETOJIO-
TMYECKHUX BMELIATEIbCTB ACNAI0T IPOOIeMy 3aXKHB-
JICHHSI KOKHBIX paH OJJHOM 13 HanboJjee aKTyalbHBIX
B KJIETOYHOI OMONOTHH M KIMHUYECKON MEANIINHE
[1-3]. D PexTHBHOCTH MOIXOIOB, OMPEICIITIOIINX
BOCCTaHOBHTEJIBHBIE TIPOIIECCHI TP PerlapaTUBHON
pereHepany, 3aciIy>KuBaeT 0co00ro BHUMaHMsI ¥ Ha
COBPEMEHHOM YPOBHE 3aKJII0YAETCs HE TOJIBKO B Pa3-
paboTKe MEXaHU3MOB, YCKOPSIONIUX TUTEIH3AIHIIO
[4], HO M B XapakTepe PeMOICITHPOBAHUS TepMaThb-
HOTO MaTpHUKca ¢ OTCYTCTBUEM THIIEPTPOPUIECKOTO
pyOlieBaHUsT U BOCHATUTEIBHBIX OCIOXKHEHUH [5;
6]. PermameHTHPOBaHHBIN 1 (a3HBII penapaTuBHBIN
rporiecc TpeOyeT TOHKOTO IMOIX0/1a B Pa3BUTHU TIEP-
CIIEKTUB JUJIsl TaJbHEHIINX UCCIEA0BaHUN B TOUCKE
YHUBEpCaIbHBIX pazpadorok [7]. KiroueBas poib,
OTIpENeNAIoNIasl MECTHBIE PETYIISTOPHBIE MpOLEC-
ChI, MPUHAJJICKUT TYYHBIM KJIETKAM, CIIOCOOHBIM
TPaHCIIOPTUPOBATHCS M (PYHKIMOHAIBLHO pearupo-
BaTh B OTBET HAa BO3HMKINVE TKaHEBbIC MTOPAKEHMUS,
KaK MapKephl, pelas cyap0y ToMeocTasa orocpeio-
BAaHHO uepe3 aerpanyisiuuto [8]. x yuactue oxsa-
ThIBaeT BCe (ha3bl penapaiiu, HauuHasi C MHULUAIH
BOCTIAJIMTEIHHON PEaKIINN, MOAYIISAINH aHTHOTeHe3a
Y 3aKaHYMBas PEMOJEIMPOBAHNEM BHEKIETOYHOTO
Matpukca [9]. McciaenoBanus ykas3pIBaloT, 9TO (ak-
TOPBI POCTA, TIPENapaThl TPYIITHI TITFOKOKOPTHKOHIOB

1 KOJUTar€HCO/IePIKaIlNX CPEICTB, 00JIaJatoT OTEH-
[MAJIOM K B3aMMOJIOTIOHSIOIIEMY JEHCTBHIO, OXBa-
THIBAIOIIEMY KaK BOCIHAJHUTEIbHYIO, TAaK U MPOJIH-
(eparuBHYIO (pa3bl 3aKHUBIEHUS KOKHBIX paH [10].
[enbto nccnenoBanus ABISIETCS YCTaHOBIEHHUE B3a-
MMOCBSI3U MEXy TUHAMHUKON U3MEHEHUS TUIOIAAN
ACENTUYECKUX MOJTHOCIOMHBIX KOKHBIX PaH TIPH HX
3KUBJICHUH U MOP(PODYHKIIMOHAIIBHOW aKTUBHO-
CTBIO TYYHBIX KJIETOK B YCJIOBMSIX Pa3leIbHOTO U
KOMOMHHPOBAaHHOTO BO3JCHCTBUS TPOITHBIX Mpera-
paToB B 3KCIIEPUMEHTE.

MATEPHUAJI 1 METO/bI

OKCHEpUMEHT BBINONHEH Ha 135-TH monoBo3pe-
JBIX OeNBIX KphIcax-caMmlax JMHUU Bucrap B BO3-
pacte uetbipex mecsueB U Maccoi 180-200 r, co-
JIepKAIIUXCsl B CTAHJAPTHBIX YCIOBUSX BHBAPHSI.
Ha Be16puTOIf KOXKE B 00JIACTH XOIKH (POPMUPOBATTH
OKPYTJIBIE TIOJTHOCIIOMHBIE KOKHBIE PaHBI TIOMIA B0
0,79 MM2 MeTOIOM TTaHY-OMOTICUU TI0]T XJIOPAJITH-
IpaTHOM aHecTe3nel B aCeNTHYECKHUX YCIOBUSX.
Kpsbichl Ob1IM paHJOMU3UPOBAHBI HA 5 TPYIII: KOH-
TpoabHyIo (n=15, Mo 3 B Kax/10i1) 1 4YeThIpe KCIIe-
pumeHTanbHble (n=30, M0 6 B Ka)KJIOW), UCIIBITAB-
IIMX pa3ellbHOe 1 KOMOMHHUPOBAHHOTO BO3/ICHCTBHE
TPOIHBIX MIPENapaToB: peKOMOMHAHTHOTO YeJIOBeye-
CKOT'0 3MHUJIepPMaIBHOTO (pakTopa pocTa, KiiodeTa3o-
JIa IpOTMMoHarTa 1 KojutareHoBoro refs (Tadmuma 1).
ATTUIMKANINIO TIPETIapaToB MPOBOINIH €KETHEBHO.

Taonuna 1. Mogeas pacnpeejieHHsI KPbIC 10 TPYNIIaM B YCJI0BHAX IKCIIEPUMEHTA.
Table.1. Model of rat distribution by groups under experimental conditions.

I'pynmer KonTpons

OKCIIepUMEHT

Cpoxku

K PUDDP

KII PUDOP+KII+KT

3cyT 6

6

7 cyt

10 cyt

15 cyt

WlW|lW|Ww|Ww
(o3 Ho 3 Ho | Ho)

20 cyT

||| |
|||

—_
V)]

Bcero no rpyn-
nam

Bcero

135

[pumeuanue. Yenosusie o603HaueHust: K — kontpons, PHIDP — pekoMOMHaHTHBIH YenoBe4ecKui SIuaep-
ManbHbIH Qakrop pocra, KII — knoberazona nponnonart, KI' — koyutareHOBBII Teb.

Note. Legend: C — Control, rhEGF — Recombinant human epidermal growth factor, CP — Clobetasol

propionate, CG — Collagen gel.
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DKCHepUMEeHTaNBHBIA IPOTOKOI IO BEIOOPY, CO-
JIep>KaHUIO U BBIBEJICHHIO )KUBOTHBIX M3 OIIBITA CIIO-
c0o00OM JeKanmuTaIliy 1O HapKO30M OB MTPOBEIICH,
COOTBETCTBEHHO IIPUHIMIIAM OMO3TUKH U [IPaBUIIAM
nabopaTOpHON MPAKTHUKH, MIPEICTABICHHBIX B «Py-
KOBOJICTBE IO COAEP)KAHUIO U MCIIOIB30BaHHIO JIa-
6opaTopHbIX KUBOTHBIX» (1996) u npukaze M3 PO
Ne 267 ot 19.06.2003 T «O0 yTBEpKIECHNUN TTPABHIT
1a00paTOPHOH MPAKTHUKI, & TAKIKE C COOTIOIEHUEM
rymaHHbIx mnpaBmil Report of the AVMA Panel on
Euthanasia JAVMA, 2001 u ogoOpeH 3TH4eCcKUM
komutetoM BI'MY um. H.H. bypaenko (3asiBka ot
10.01.2022).

BriBeneHune KpbIC U3 3KCIEPUMEHTA OCYIIECT-
BJSUIN TIEPEAO3UPOBKON MHTAISALMOHHOTO aHECTe-
THKa B XPOHOJIMHAMHUKE IKCIIEpUMEHTA. JJuHAMHKY
3a)KUBJICHUS OLEHUBAIN 110 U3MEHEHUIO MJIOLIaan
PaHbI, KOTOPYIO €XKeTHEBHO (PUKCHPOBAIHU C UCTIONb-
30BaHUEM LU(POBON MAaKPOCHEMKU U NMPOTpPaMMe
ImitoMeasure (Imito AG, [lIBeliniapus), pacCUUTHI-
Basi B aOCONIOTHBIX (MM?) M OTHOCHUTENIBHBIX 3HAYe-
Husx (%).

WzmepeHust paH IpOU3BOIMIIN B THU BBIBEICHHUS
KpBIC U3 DKCIIEpUMEHTA Tepesl B3ITHEM MaTepHaa.
[Mocre n3BieveHust KOKHBIX parMeHTOB POBOIMIH
(ukcaruto B 10% nHelTpanmsHOM (popmamHe, CTaH-
JAPTHYIO TPOBOJIKY W 3aJIMBKY B MapaduH IJs U3-
TOTOBJIEHUS CPE30B TOJIINHONW 5 MKM Ha MUKPOTOME
Rotary HM325. TyuHble KJIETKH KJIaCCUPHULIUPOBAIN
Ha HeJlerpaHyIuPOBaHHbIE — B COCTOSTHUH MOKOS C
IJIOTHO YITAKOBAHHBIMHU TPAHyJIaMH B IIUTOIIIA3Me, 1
JIeTpaHyIupOBaHHbIE — QYHKIIMOHAILHO aKTHBHEIE,
C PBIXJIO PACIOJIOKEHHBIMH IPaHyIaMU, KOHCTaTH-
pyIoLIHe BEICBOOOXKAeHHE OMOTOTHIEeCKH aKTUBHBIX
BEIIECTB, ONPEACIAIONIUX MECTHBIE PETYIATOPHBIE
nporecchl. MHaeKe aerpaHynsamuu ObUT BRIYUCICH
B IIPOLIEHTHOM cooTHomeHnu o Gopmyne: AI'TK
/ OUTK % 100%, roe AI' TK — nerpanynupoBaHHbIE
ty4nble kieTkd, OYTK — obmiee yrcao Ty4HbIX Kiie-
Tok [11]. KomnuecTBeHHbIN aHamn3 MopdopyHKIH-
OHAJIBHBIX THUIIOB TYYHBIX KJIETOK M3 pacuera Ha 10
rosieit 3penus (puc. 1) ObUT MPOBEIEH ¢ UCIOIB30-
BaHueM OnHoOKysipHOTO MUKpockora OPTIK A Serie
DM-15/20.

Puc. 1. a. Mukponpenapar Ko:KHOTO perenepara Kpbicbl. Okpacka — MMMYHOTHCTOXHMHESI € AeTeKIMei Ha
Tpunrasy. Crpeskoii 0003Ha4eHbI Ty4YHbIe KJIeTKH. YBeaundeHue x100. 6. PacnipeneneHue Ty4HbIX KJI1€TOK HA
0/1HO noJie 3peHus. CTpeskoi 0003HaYeHbI TyYHbIe KIeTKH. YBeanuenue x400.

Fig.1. a. Histological section of rat skin regenerating tissue. Staining — immunohistochemistry with tryptase
detection. Arrows indicate mast cells. Magnification x100. b. Distribution of mast cells within a single field of
view. Arrows indicate mast cells. Magnification x400.

MeTtoponorndeckn padboTa MpeAcTaBIseT CO00M
MPOCTIEKTUBHOE KOHTPOJUPYEMOE IKCIICPUMECH-
TaJIbHOC UCCJICA0OBAHUEC HA )KUBOTHBIX. I[J'ISI cTaru-
CTHYECKOTO aHalln3a MCIOJIb30BAH TPOTPAMMHOE
obecrreuenwne Statistica 10.0. PacuéT cpemnux 3Hade-
HUH, CTAaHAAPTHBIX OTKIOHEHHWH M CTAaTHCTUYECKas
3HAYUMOCTb Pa3IUUMi MEXKy TPYIIIaMH TIPOBEICHA
¢ npuMenenueM t-kputepus Ctoronenta. CTaTuctu-
yecKkas 3HAaUMMOCTh ompeaensiachk npu p < 0,05.
KoppensimoHHbIit aHaTu3 ¢ UCIOIE30BaHUEM KO (-
(unmenTa [lupcoHa OBIT MPOBEIEH MEXKITYy HUCCIIE-
JIyeMBIMH TTapaMeTpaMu: IJIOMAJbI0 PaH, OOIIIM
YUCIIOM TYYHBIX KJIETOK ¥ UHJICKCOM JISTPaHYJISIIH.
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B xome mpoBenéHHOro uccieqoBaHUS OBLIH
MIpOaHAIM3UPOBAHBI MOP(OIOTHYECKUE KPUTEPHH,
OTIpEIeIIAIOINE perapaTUBHbIE TPOIECCH MIPH 3a-
JKUBJICHUH KOXKHBIX paH y Ja00paTOpHbBIX KPbIC HA
(hoHe pazneaIpHOro 1 KOMOMHHUPOBAHHOTO TIPUMEHE-
HUS TPOITHBIX IMPEIaparoB, C aKIEHTOM Ha y4acTHe
TYYHBIX KJIeTOK. [lofyueHHbIe pe3yabTaThl KOHCTA-
THUPOBAJIM M3MEHEHHUE IIJIoaIel paHeBoil moBepx-
HOCTH B XPOHOJIMHAMUKE IKCTIICPHUMEHTA.

B xoze skcriepuMeHTa B KOHTPOJBbHOU T'pyrie
(K) Ha 3; 7; 10 m 15 cyTku pa3Mepsl paHbl cOCTa-
B 0,76 mm?; 0,65 mm?; 0,31 mm? 1 0,20 MM?, co-
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OTBETCTBEHHO. B XpoMoiMHaMUKe SKCIIEPUMEHTA B
rpynne PUD®P ¢ ncnonb3oBanneM peKOMOUHAHT-
HOTO YEJIOBEUECKOTo AIUJIepMalIbHOTO (akTopa
pocta (PUYDDP) na 3; 7; 10 u 15 cyTrku pa3smepsl
pansl coctasuwiu 0,76 mm?; 0,55 mm?; 0,23 Mm? u
0,15 mm?, cootBeTcTBeHHO. B rpymnme KII ¢ npume-
HeHue kioberaszona nponuonara (KII) wa 3; 7; 10 u
15 cyTtku pasmeps! pansl cocraBum 0,75 mm?; 0,60
mm?; 0,25 mm? 1 0,17 MM?, cooTBeTCTBEHHO. B rpyTI-

OPUTI'MHAJIBHBIE CTATBbU

ne KI' ¢ mpumenenue komarenosoro renst (KI') va
3;7; 10 m 15 cytku pa3zmepsl pansl coctamiu 0,78
Mm?; 0,67 MM?; 0,30 MM? 1 0,19 MM2, COOTBETCTBEH-
HO. [Ipy KOMOWHUPOBAaHHOM BO3JICHCTBHH B TPYTIIE
PUDOP+KII+KI Ha 3; 7; 10 cyTku pa3mepsl paHsbl
cocrasuinu 0,75 mm?; 0,49 mm?; 0,23 MM2, COOTBET-
cTBeHHO. Ha 15 cyTku 6pU10 0TMEUeHO MOIHOE 3a-
JKUBJICHUE paHeBo# moBepxHocTH (p < 0,05), a mpu
pasgensHOM — Ha 20 cyTku (puc. 2, 3).

Puc. 2. XpoHonnHaMnka H3MeHEHH ILIOIAN PAH B YCJIOBHSAX dKcniepuMenTa. OCh OpANHAT — 1HAMETP paH
(MM2). Ochb abcnuce — cpoku HabI0aeHus. YeaoBHbIe 0003HaYeHus: K — kouTpoab, PUIDP — pekoMOUHAHT-
HBIi YesioBevYecKHii InuaepMabHblii pakTop pocra, KII — kiadera3ona nponuonar, KI' — ko/utareHoBblii
rejb.

Fig. 2. Chronodynamic changes in wound area under experimental conditions. Y-axis — wound area (mm?).
X-axis — observation time points. Legend: C — control, rhEGF — recombinant human epidermal growth factor,
CP - clobetasol propionate, CG — collagen gel.

F.

PUIDP+KN+HT (

s
y PUIDP

KI K

Puc. 3. [IpouenT pano3axkupiieHust Ha 15 cyTku Ha (oHe MpuMeHeHns1 GHOCTUMYJIATOPOB. OCh OpAUHAT —
npoueHT (%) 3a:KNBJeHUs PaHbl B TPyNNax. Yca0oBHbIe 0003HaYeHHs: K — koHTpOoab, PUDDP — pexomou-
HAHTHBIH YeJI0BeYeCKHUil dnuaepManbHblil (paktop pocra, KII — knoberaszona nponuonar, KI' — kosnareno-
BbIil reJib.
Fig. 3. Wound healing percentage on day 15 under the influence of biostimulators. Axis — percentage (%) of
wound closure in each group. Legend: C — control, rhEGF — recombinant human epidermal growth factor,
CP - clobetasol propionate, CG — collagen gel.
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VYunteiBas (pa3HOCTH MPOLIECCOB pEreHepalnH,
Ob11M paccMmoTpensl Tyunblie kineTku (TK) otHOCH-
TEJIBHO KOHTPOJIBHBIX ITOKa3aTeiell 1 UX AUHAMUKH
Ha (oHe BO3AeHCTBUS OMOCTUMYISATOPOB pernapa-
LM

B KOHTpOJIBHOH IpyIIIIE KPBIC B YCIOBUSX Pe-
MapaTUBHOM pereHepanuy Ha TPETbH CYTKH o0Iee
gucio TydHbIX kK1eTok (OUTK) u ux mophodyHKIm-
OHaJIbHbIEC THIIBI B IepME KOKU OTpa3wiin (ha3oBylo
JUHAMMKY 3aKUBJICHHS paH B HopMme. llokaszarenn
OUYTK cocrasumnu 3,8 + 0,4, npu uHIEKCE AETPaHy-
nmsiuu (MJ1) 68,4% wu TomorpadudeckiuM npenmy-
IIECTBOM HX paclpe/ie]IieHns B lapaBa3ajbHON 30HE
OJIrDKe K TpaHWIIe paHBI ¢ IPeobOIalaHueM JIeTpa-
HynupoBaHHBIX TyuHbIX KiieTok ([II'TK) Ha done
HenerpanyinpoBaHHbIX TyuHbIx kietok (HAI'TK),
YTO ABJISUIOCH TMATHOCTUYECKUM KPUTEPHUEM s
(azel BocniasnieHus. B skcriepuMenTe npu arruimka-
ITMOHHOM TIpUMEHEHUH Ha paHbl PUDDP oTrmedeHb
NPU3HAKKA aKTUBU3ALUH PEreHepaTUBHOTO MpoLec-
ca Mpu HEU3MEHHOH IJIOIAAU paH Ha TPEThU CYyT-
ku ¢ Bo3pacrannem OUTK — 4,2+ 0,5 (p <0,05),
N — 72,5% oTHOCHTENHEHO KOHTPOJISI, 0OCOOCHHO B
obacTu KpaéB paH U IEPUBACKYISIPHOH 30HEI. [Ipe-
obnamanue JII'TK xoHcTarupoBasiio nHTEHCH(HKA-
o (a3sl BocnasieHus: Ha QoHEe MOAYIUPYIOLIETO
neictus PUDOP. B skcniepumeHTanbHOM Tpymme ¢
npumenenuem KII, BeIsiBeHa 3akoHOMEpHasi UMMY-
HOCYTIpECCHS BOCHAIUTENHFHOTO OTBETa HA TPEThU
cytku (OUYTK — 2,7 +0,3; U — 49,2%). beiio or-
meueHo camwkenne JI'TK (p < 0,05) orHocurensHO
KoHTpouist pu Bo3pactanuu yrcnaa HJI'TK, noxanu-
30BaBILUXCS TPEUMYIIECTBEHHO B TITyOOKHX CIIOSIX
Jepmbl. Takas peakiyst CBUIETETLCTBOBANIA O XapaK-
TEPHOM BO3IEHCTBUU IPUMEHIEMOTO [NIIOKOKOPTH-
xoctepougHoro npenapara (KII), nokansao nona-
BJISIFOLLIETO BocTasieHue. [1pu pazaensHOM UCTIONb30-
Banue KI' He 0OHapy»eHO CTaTUCTUUECKH 3HAYUMBIX
nzmenenuit B muaamuke OUTK, ux mopdodyHKIm-
OHAJIbHBIX TUIIOB M TONOIpapuuecKol MO3ULIHUU Ha
tpethu cyTku (OUTK — 3,9 +0,4; U/l — 66,7%). B
rpynne ¢ npumenennemM PYO®P + KII + KI" na tpe-
ThU cyTkH nokazarenu OYTK Obun caMbIMK BBICO-
KHMH IO OTHOILIEHUIO K KOHTPOJIIO U OTHOCUTEIHHO
(bakTOpoB, IPUMEHIEMBIX pa3/ieIbHbBIX, COCTABHIH
4,7+0,5 (p <0,05); U1 — 78,6%. OT™MedeHBI rutiep-
tpoupoBanusie TK BOMM3M KpaeB paHbl B 00IACTH
nuMponTHON HHOUIBTPALHH.

Ha cenpMble cyTkH perapaTuBHOIO Ipolecca y
KOHTPOJBHBIX KPBIC B JIepME KOXKH OBLTH OTMEUEHBI
nrkoBbIe 3HaueHnst OUTK — 5,2 + 0,6; U] — 54,1%.
Yacte TK coxpaHuna gerpanynsmnuio ¢ mpeoodia-
nanuem HJI'TK. boina ormeuena murpanus TK B
30HY Pa3BUBAIOLIECHCS IPaHYJIALMOHHON TKAHU Ha
(hoHe aKTHBH3AIMH aHTHOTeHEe3a. B XxpoHoaMHAMHKE
JKCIIEPHMEHTA Ha CEIbMbIE CYTKH IIPH allUIMKALM-
OHHOM TIpuMeHeHuH Ha panbl YPODP nokazarenu
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OUTK cocraBuau 5,0 = 0,6; ]I — 60,2%. Tormo-
rpaduyeckn TK BusyanmsupoBanucey B 00IacTy aH-
rHOreHe3a U aKTUBHOTO KJIETOYHOTO mposrdepara
($hubpobIaACTHUECKOTO psijia KIETOK ¢ mpeobnaja-
HueMm JI'TK. IIpumenenue KII Ha cenpMble CyTKH
KOHCTaTHPOBAJIO M3MEHEHNE TUHAMHKH CHIDKEHHEM
nokazareneit OUTK mo 3,2+ 0,4 (p <0,05) u UJ]
10 44,6% otHocutenbHO KoHTposs. TK coxpansnu
TornorpauuecKyro NO3ULHUI0 U SAMHUIHO ObUIH 00-
Hapy’KeHBI B 30HE TPaHYIAIIMOHHOTO MaTprukca. Ha
celbMble cyTku nocie npumenenusa KI' uccnenye-
MBbIe TToKa3aresu OblIi Ha ypoBHE KoHTpoisi: OUTK
-5,1+0,6 mpu UM — 53,4%. TK rpynnuposanuce
BOJIM3M HOBOOOPA30BaHHBIX COCY/IOB M B CYO3ITHTE-
JUANIbHOM 30HE, He OTpaXkas KOJMYECTBEHHOTO JTUC-
bananca mexnay coornomenuem AI'TK mw HIITK.
brim oTMeueH MaTpUKC-MOAYIUPYIOMIUH 3P peKT
KT, GmaronpusTCTBYIONINI KIETOYHON MHTpAIIHH,
npeanonarasi UHAYIUPOBAHHBIN BOCHIATUTEIbHBIN
orBeT. KOMOMHMPOBaHHBIH TPEXKOMIOHEHTHBIN (-
(dexr npumenenust PUDOP + KIT + KI™ Ha ceapMmbie
CYTKH KOHCTaTHpPOBAJ MaKCHMaJIbHBIEC TIOKAa3aTeNN
OUTK -6,0+ 0,6 (p <0,05); U — 64,2% oTtHOCH-
TenbHO KoHTpods. Tonorpaduuecku TK dpopmupo-
BaJIM CKOIUIEHHUS B 30HaX MHTEHCHBHOTO aHTHOTeHe-
3a, o0ecreunBasi paBHOMEPHOE 3aIloJTHEHHE eeKTa
TpaHyIAIMOHHON TKaHBIO Ha (OHE MpeoOIa aHus
AI'TK (p < 0,05).

B koHTponbHON rpynmne KpbIc Ha JECATHIE CYT-
k1 ucciepoanus nokaszarenn OUTK cocraBunn
43+0,4; U1 — 39,5%. Tonorpadus TK xapaxre-
pY30Basach CyOdIMHUTENNAIBLHBIM pacipeeIeHueM
BJIOJIb HOBOOOPA30BaHHBIX COCYIOB Ha (hoHE CHU-
sxkenust [II'TK, oTpaxkast mpouecc snuTenu3aluu u
CO3peBaHus I'PaHYISILUOHHOW TKaHU. Bo3aeiicTBue
PUD®P na necsiThie CyTKH OMPEICSTIIO CHIKEHNE
OUYTK mo 4,0 £0,4 mu ]| mo 37,8%. TK pacnomna-
raJuch B 30HAX PEMOJIETUPYIOMIETOCS MaTPUKCa U
1o/ POPMHUPYIOIIUMCS SITUTENIEM Ha OHE CHIKE-
aus AI'TK. Tomorpaduueckas IIIOTHOCTh UX pac-
npeaeneHns npernonaraia CHIKEHNEe aKTHBHOCTH
nporieccoB nponudepanuu. Ha necsteie CyTKH 10-
cie BoznercTBus KII Obi10 0TMEUeHO CHUKEHUE
OUTK mo 3,0+ 0,3 u U/ no 31,8% OTHOCHTEIBHO
koHTpOJs ¢ npeobnagannem HAI'TK (p < 0,05),
TOPMO3SIINX CTUMYJAIUI0 BOCCTAHOBUTEIBHBIX
nporeccoB Ha JlaHHOM 3tane. [Ipu Bo3neticteuu KI'
Ha gecsaTble cyTkHu nokazarenn OUTK cocraBunn
4,2 + 0,4, 4TO COOTBETCTBOBAJIO YPOBHIO KOHTPOJIS,
onHako MJI 6v11 camker o 36,2%. TK coxpans-
JIMCh B 30HE PEMOJICIUPOBAHMSI MaTPUKCa, OIHMKE K
cocynuctoit cetu. Pois JII'TK B »TOT mepuox Boc-
MPUHUMANACh KaK CTAOMIM3HUPYIOIIasi, ONpeesisa
YCIIOBHS IS 3aBepIIeHus (a30BOro mepexona oT
BOCHAJICHUS K CO3PEBAHUIO 00Pa3yIOIINXCS TKAHEH.
O¢pdexr PUDDP + KII + KI' Ha necsarbie CyTKH npH-
Bea K moBbieHuto OUTK g0 5,2 £ 0,5; M1 —42,9%.
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TK KOHIIEHTPUPOBAIUCH MO BOCCTAHABIUBAIOIINM-
CsI DIIUTEIINEM M MEXIY COCYIHCTBIMHU TETIISIMU C
npeobdmanaauem JII'TK (p < 0,05) u coxpanernem
AKTUBHOCTH MPH CHIDKEHUHU YPOBHS OCTPOTO BOC-
MaJeHusl.

Ha 15 cytku noka3zarenu OUTK KoHTpoOJBHBIX
kpeic coctaBuwm 3,0 + 0,4; U — 21,4% c mpeobia-
nmanueM nuddysno pacronoxenasx HAI'TK B o0ma-
CTH COEIMHUTEILHOTKAHHON OCHOBBI, YTO KOHCTATH-
PpoBaJio epexo K POPMUPOBAHUIO 3pEIIoN PyOIIOBOI
tkanu. [Tocne Bo3aeiictBust PUDDP na 15 cyTku no-
kazarenu OUYTK cocraBuim 2,8 = 0,3; U — 20,7%
¢ Toriorpadueii B IryboKoH AepMe, OTpeeIsroIee
CTaOMITU3AITNIO COCYIUCTON CETH M TPAHYIISITHOHHOMN
Tkauu. Ha 15 cytku nocne Bo3neiicteus KII noka-
3arenu OUTK 6butu cHrkens! g0 2,1 + 0,3; U no
16,4% otHOCuTenbHO kKOHTpOIst. Konnentparus TK
B pereHepare Obu1a MUHUMabHA. [lociie mpumene-
aust KI™ ma 15 cytkm OUTK cocrasmio 2,9 + 0,3;
U —20,4%. Habmroganace Tonorpaguueckas pas-
po3rernnocth TK ¢ npeodnaganuem menkux HJII'TK
(p <0,05) B cpeaHux 1 TITyOOKHX y4acTKax ACPMbI
C Pa3HOI1 CTereH  3peoCTH Oe3 MPU3HAKOB CKOILIe-
Hust. D¢pdexr PUDOP + KII + KI' Ha 15 cyTku ompe-
nemmn: OUTK — 3,6 = 0,4 (p <0,05); U — 26,8%,
YTO OTPa3UJIO Mepexo K (ha3e TKaHeBOW OpraHH3a-
1Y,

B xonTponbHO# rpynne kpeic Ha 20 cyTKH TO-
kazareau OUYTK cocrapumm 1,8 +0,3; U — 12,1%.
EnuHuYHBIE KIIETKH COXPAHSUIMCh B COCTaBE 3pEJIOH,
MJIOTHO-HEO(OPMIIEHHON COEIMHHUTEIIBHON TKaHH
nepmel. Ilocne BoznelictBus PUDDP nokazarenu
OUTK na 20 cytku 6ptmu 1,7 £ 0,2; U — 10,4%.
JAT'TK Obutn enuHrYHBI HA (JOHE HE3HAYUTEITBHOTO
yucna ymioieHHbx TK ¢ miIoTHON 1uTonaa3mMoi.
Oddexr KII ma 20 cyTku onpeaesnnsi mokazareib
OUTK u cocrtaBun 1,2+ 0; U — 9,1%. Ormeue-
HbI euHuYHble TK 0e3 mpu3HaKoB JerpaHylIsiuu
(p <0,05) mo oTHOMIEHUIO K KOHTpOIO. [Ipu BO3-
nevicteun KI' mokaszarenn OUYTK ma 20 cyTku co-
craBuiu 1,6 = 0,3; 1J1 — 10,7%, 9T0 COOTBETCTBOBA-
JIO 3aBEPIICHUIO UX AKTUBHOTO YYaCTHS B TIPOIECCE
sakuBneHus. Dppexkr PUDDP + KII + KI" na 20
cytku onpenenmi nmokazarenu OUTK, cocraBusime
2,1 +0,3; UJ — 13,7%, u xoHCTaTUPOBAJl HE3HAUHU-
tenapHOE KommuectBo HIT'TK (p < 0,05), pactipene-
JISHHBIX BJIOJIb 3PEIIBIX COCYJIOB M ITYYKOB KoJIjIare-
HOBBIX BOJIOKOH.

IIpoBeneHHBIN KOPPENALUOHHBINA aHAIU3 I10-
Ka3ajl CTaTUCTUYECKU 3HaYMMble CBA3U Mexy WJ]
u OUTK B xouTpone (r =0,77), 4T0 mogIEpKUBALCT
X (QYHKIHOHAIBHYIO COMPSIKEHHOCTD MPHU €CTe-
CTBEHHOM 3aKMBJEHUU. ['pynna ¢ mpuMeHeHueM
KII, HecMOTps Ha UMMYHOCYIIPECCUBHBIN AP PeKT
npenapara, MNpoAEeMOHCTPHUpPOBaja CTaTHUCTHYE-
CKH 3HaUYNMYyI0 Koppemsanuio Mexay OUTK u U]
(r=0,99), 9TO OmpenenuIIo MPAMYIO 3aBUCUMOCTh
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NI or OUTK. CunbHas xoppensius BO3HHKaja
mexay OUTK u U] (r= 0,89 u 0,92 coorBeTcTBEH-
HO), KOHCTaTupys peryaupyrouryr poiab KII dass
Bocnanienus. [Ipumenenne KI" koncraruposasio cra-
TUCTHYECKHU 3HAUNMYT0 Koppesnus Mexry OUTK u
momansio pad (r = 0,98), a Takxe ¢ U/ (r = 0,97).
DTO CBUIETEILCTBYET 00 y9acTHUH KOJUIareHa B pe-
MOJICIUPOBAHUM BHEKJIETOUHOTO MaTpukca. [lpu
ucnonb3oBanuu PUDDP BrisiBIeHa CTAaTUCTHUECKU
3HauUMMas Koppessiiusa mexay Y1 u miomaasio pan
(r=0,98), cBUACTEILCTBYIOMICH 00 HHTEHCUBHOM
nerpanynasiuun TK; mexny mnonansto pad u OUTK
(r=10,94); mexny OUYTK u UJ] (r = 0,89), onpene-
JIsisl KOMIUICKCHBIN oTBeT. [I[puMeHeHne koMOuHa-
nuu PUDOP+KII+KI mokaszamno cTaTUCTUYECKH
3HAYUMOE B3aNMOJCUCTBUE MEXKIY TUIOIIAAbIO paH
u UM (r=0,98), momuepkuBas MpOrHOCTUYECKYIO
3HauuMOCTh 3 Pekra nerpanyisuun TK. Koppe-
nsuroHHas cBs3b Mexay OUTK u UJ] Obuta yme-
pennoii (r = 0,78), neMOHCTpHUPYs 0oJiee CIOKHBIMH,
(bazozaBucumebIii MexanusM ydactus TK. B memom,
YUIUTBIBAS MTOKa3aTeIl Ko GOUIINEHTa KOPPEIISIIHH,
MOXKHO OTMETUTbh IPOrHOCTHUYECKYIO 3HAaYHMOCTb B
OIleHKH 3P PEKTUBHOCTH TIpoliecca penapaTuBHON
pereHepanuu.

OBCY/KJAEHUE

PesynbraTsl MpOBEAEHHOTO MCCIEIOBAaHUS TTOA-
TBepAWIH (a3ozaBucuMyto aktuBHocTh TK B pemna-
paluy acenTUUEeCKUX MOITHOCIOWHBIX KOKHBIX paH
[2; 3]. BoIsiBII€HBI CHIIBHBIE KOPPEISAILUN MEXIY JTU-
Hamukoi momanu pad, OUTK u U/, orpaxaromne
COIPSKEHHOCTD KJIETOUHOM aKTUBHOCTH C (azaMu
BOCHAJICHUSI, TPOJH(Epai U PEMOACITUPOBAHNS.
B xoHTpoOnbHOH rpymnne 3aKUBJIEHHE TPOUCXOANIIO
Ha (hone nocrenenHoro cHkenus M/ u OUTK. An-
MKannoHHbIH 3 dexr PUDDP ciocoberBoBaio
YCKOPEHHOMY 3aKUBJICHUIO ¢ Bo3pacTanuem MJI u
JAI'TK, ocobeHHO B paHHUE CPOKH, YTO TTOATBEPIK-
JlaeT JIaHHBbIe O MUTOTEHHOM 3]dekre (hakTopoB
pocta Ha komnoHeHTHI Kok [ 10]. [Ipumenenue KII
KaK TIIIOKOKOPTUKOCTEPOUIA, YMEHBIIIAIO BOCTIAJIH-
TeTBHYI0 peaknuio Ha (hoHe cHkeHus gucia I TK,
OJTHAKO 3MUTEJIM3alMs 10 CPOKaM OCTaBajach Ha
ypoBHE KOHTpoJis. [Ipy ncnonb30BaHUM KOJUIareHa
He HaOIonaI0Cch U3MEHEHUH B IMHAMUKE paHO3a-
JKUBJIEHUS, [T0KA3aTeIN COOTBETCTBOBAIN YPOBHIO
koHTpoIst. KomOuHMpoBanHkIii 3(h(hekT BpI3BaI MOJI-
HYIO IUTENN3aLNI0 Ha |5 CyTKM pU MakCUMab-
HBIX 3HaYeHusX nokaszareneit OUTK u U/, xax 3¢-
(exT cuHepru3Ma, OnpeAeNAIOINd TPOIHYIO H30u-
paTeNbHOCTD JUISl KaXKJ0Tr0, PEMOJISIIUPYST MaTPUKC
u npenonpenerss cmemenne ¢as [10]. Cratuctudae-
CKHU 3HaYMMasi KOPPEJLILHs MEXIY MIIOLIAIbI0 paH
n nokazarensiMu TK moguépkuBaer BO3MOKHOCTh
ncnons3oBanud UJI n OYTK kak nporHoctudyeckux
MapkepoB 3P GEKTHBHOCTU penapalmu.
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PE3IOME

BepemeHHOCTb CBsid3aHa C TpPeBOroW, 4TO MPVMBOAUT K HebnaronpuaTHbIM MepuHaTanbHbIM Mcxodam. Pomb
NCMXO3MOLMOHANBHOIO CTpecca B reHe3e aKyLIepCKuUX OCNOXHEHWA HeofHo3HauvHa. Llenb: n3yunTb ocobeHHocTn
HeMpOoropMoHarnbHOro cratyca, MaTo4YHO-NaLeHTapHOro KPOBOTOKA Y NepBOBepeMeHHbIX XEHLLUMH C MOBbILLEHHbIMW
YPOBHAMU TpeBoXHOCTW. Matepuan n metoabl. 131 nepobepemMeHHyto cTpaTuduumpoBanu Ha rpynnbl: 1 rpynna
(n=68) — NOBLILEHHbIA YPOBEHb TPEBOXHOCTU C OCIIOXHEHHbIM TeueHueM OGepemeHHocTu; 2 rpynna (n=32) -
MOBbLILLEHHBIN YPOBEHb TPEBOXHOCTU C husnonormyeckum tedeHnem bepemenHocty; 3 rpynna (n=31) — HU3KUN
YPOBEHb TPEBOXHOCTMN C (PU3NONOrM4ecKuM TeyeHneM bepeMeHHOCTH (KOHTporb). Onpeaensanu ypoBHU CUTyaTUBHOMN
M TNMYHOCTHOM TpeBoXHocTel no Cnunbeprepy - XaHuHy; KOHLEHTpauuu nporectepoHa, obuiero kopTtusona,
afpeHanviHa, HopagpeHanvHa, Ba3oMHTECTUHANBLHOrO NenTuaa, NnaueHTapHoro nakroreHa, cBo6oAHOMO KOpTU3ona;
nynbCauMOHHbIN MHAeKe. CTatuctnyeckas obpaboTka npoBefeHa C UcMonb3oBaHueM nporpamm Statistica 10,0 n
Excel. Pesynbrathl. Y nepBo6epeMeHHbIX KEHLLMH C MOBbILLEHHbIM YPOBHEM TPEBOXHOCTU U OCITOXHEHHbLIM TEHYEHNEM
6epeMeHHOCTV B AMHAaMUKe rectauun oTMevasnoch MoBbILLEHVE YPOBHEN MporectepoHa, cBOGOAHOrO kopTusona u
agpeHanvHa, a B 31-32 Hegenu 6epeMeHHOCTU - CHYDKEHWE KOHLIeHTpaummn nraueHTapHoro nakroreHa (p<0,05). B
19-20 Hegenb 1 31-32 Hegenw rectauny oTMeYanoch nosbliweHne Pl MaTodHbIX apTepuii, apTepun NynoBuHbI, aopTbl
nnoga n cpeaHemosrosomn aptepun. ObcyxaeHne. XpOHNYECKUIA NMCUXOMOrMYECKNA CTPECC MOXET Bbl3BaTb TPaBMy
MaTo4HO-MnaleHTapHoro komnnekca. [opaxeHne nocnegHero NPOUCXoAuT BCNEACTBNE cOMaTM3aLmm cTpecca, CpbiBa
afjanTauMoHHbIX MEXaHW3MOB U Pa3BUTUSA MNaLeHTapHOW HedoCTaToOuHOCTU. 3aknioveHre. Y nepBobepeMeHHbIX C
NOBbILLEHHBLIM YPOBHEM TPEBOXHOCTM N OCIIOXHEHHbBIM TeHeHNEeM recTaLmm UMetoTcsl HebnaronpuaTHbIe ANHaMUYeckne
KonebaHusi mokasartenev HeMPOropMOHaNbHOTO MPOMUNA U HapyLLEHNe MaTOYHON nepdy3nn, YTO MOXET SBMNATHCA
OOHWM 13 KIto4eBbIX (DakTOpoB HEBNaronpUATHLIX NepUHaTanbHbIX MCXOAO0B.

KniouyeBbie croBa: NCUXOreHHbIN CTPeCC, TPEBOXHOCTbL, NepBOGepeMeHHbIe

STRESS-INDUCED FEATURES OF THE FUNCTIONING OF THE UTERO-PLACENTAL
COMPLEX IN FIRST-TIMING PREGNANT WOMEN WITH HIGH LEVELS OF ANXIETY

Chebotareva Yu. Yu., Arndt I. G., Kotieva 1. M., Petrov Yu. A.

Rostov State Medical University, Rostov-on-Don, Russia

SUMMARY

Pregnancy is associated with anxiety, which leads to unfavorable perinatal outcomes. The role of psychoemotional
stress in the genesis of obstetric complications is ambiguous. Objective: to study the features of neurohormonal status,
uteroplacental blood flow in pre-pregnant women with increased levels of anxiety. Material and methods. 31 pregnant
women were stratified into groups: group 1 (n=68) — increased anxiety with complicated pregnancy; group 2 (n=32) -
increased anxiety with the physiological course of pregnancy; group 3 (n=31) — low anxiety with the physiological
course of pregnancy (control). The levels of situational and personal anxiety according to Spielberger-Khanin were de-
termined; concentrations of progesterone, total cortisol, adrenaline, norepinephrine, vasointestinal peptide, placental
lactogen, free cortisol; pulsation index. Statistical processing was performed using Statistica 10.0 and Excel programs.
Results. In pre-pregnant women with increased anxiety and complicated pregnancy, increased levels of progesterone,
free cortisol, and adrenaline were noted during gestation, and at 31-32 weeks of pregnancy, a decrease in placental
lactogen concentration (p<0.05). At 19-20 weeks and 31-32 weeks of gestation, an increase in the Rl of the uterine ar-
teries, umbilical cord artery, fetal aorta, and medullary the arteries. Discussion. Chronic psychological stress can cause
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injury to the uteroplacental complex. The latter is caused by the somatization of stress, the disruption of adaptation
mechanisms, and the development of placental insufficiency. Conclusion. First-time pregnant women with increased
anxiety and complicated gestation have unfavorable dynamic fluctuations in neurohormonal profile parameters and
impaired uterine perfusion, which may be a key factor in adverse perinatal outcomes.

Key words: psychogenic stress, anxiety, pre-pregnancy

bepemMeHHOCTH yacTo mpoTekaeT Ha (hoHe Tpe-
BOTH U cTpecca. PaKkTOpoOM pHUCKa SBISETCS OTCYT-
CTBHUE SMOIMOHAIILHOM afanTtauu. TpeBora — ncu-
X0(H3MOIOTNUECKOE COMPOBOXKICHNE 3MOLIUIA, Hera-
THUBHO BJIMSIET HA POCT U pPa3BUTHE IJI0/1a, MOBBIIIAS
HeOaronpusTHbIE MepruHaTadbHble Hexoasl [1-3].
Postb ICHX0AIMOIIMOHAIBPHOTO (CHH. TICHXOTEHHOTO)
cTpecca B TeHe3e OOJBINX aKyIIePCKUX CHHIPOMOB
1 HeOJIaroNpHUATHBIX MTEPUHATALHBIX HCXO/I0B He-
onHo3HauHa [4].

Bo Bpewms recranuu, poaoB, My3plepuu mpo-
HCXOJUT TOCJe0BaTeIbHAsl CMEHa MEXaHHU3MOB
aJanTauy Ha Pa3sHbIX YPOBHAX: (DyHKIIMOHAIHHOM,
TOPMOHAJIPHOM U MOJUICKYISPHO-T€HETHUECKOM.
Opnako He U3y4eHa B3aMMOCBS3b psJia MIALEHTO-
Crie(pUIHBIX TOPMOHAJIBHBIX TIOKa3areneil u GpyHk-
[IUOHMPOBAHUS CUCTEMBI «MaTh-TIAIICHTA-TUION, C
Y4eTOM POJIM CHMITaTOAAPEHANIOBOM cUcTeMbl. Cun-
TafOT, YTO U3MEHEHHS KOHIICHTPAIIMH I'eCTareHOB,
UMEIOIINX OMOJIOTHYECKYI0 aKTUBHOCTH IIpOrecTe-
poOHa, He BJIMAIOT HA HEMpOHAIbHBIE PEaKIUH, OJI-
HAaKO KOHKYPHPYIOT ¢ HEMPOHAIBHBIMU 3P PeKTaMu
3CTPOTreHOB, BKITIOUast 3cTpaauon [5]. Panee momara-
JIM, 9YTO T€CTareHbl KOHKYPEHTHO 3aMeIal0T perien-
TOPBI MUHEPAIOKOPTUKOUIOB, CHUXKAsl aKTUBAIIUIO
PEHHMH-aHTHOTEH3UH-aJIbI0CTEPOHOBOIN CHUCTEMBI,
IIPU 3TOM Pean3yeTCsl TKAHEBOU U LIEHTPabHbII
AHTUCTPECCOBBIC MEXaHU3MEI [6]. OmHAKO AJIS MTO/-
TBEPIKJEHUS TOCIEHEr0 HeOOXOIUMBI JIOTIOIHH-
TeJIbHbIC UcclieoBanus [7].

IIponomKUTENBHBINA ICUXOJIOTHYECKUH CTpecC y
OepeMeHHBIX MOXKET BBI3BATH HapylleHUs QyHKIIH-
OHUPOBAHMS MAaTOYHO-TIALIEHTAPHOTO KOMIIJIEKCa
(MIIK) [4]. [TopaxxeHHEe TTOCIEIHETO MPOUCKXOTUT
MIPH COMATU3aIlNU CTpecca, T.e. MPoIecca dUreHe-
TUYECKOW TUCPETY/SHMH U CPbIBA aJaNTallMOHHbIX
MexaHu3MoB [8]. Huszkue ypoBHU ajantanuu K Oe-
PEMEHHOCTH M CTPECCOYCTOMYNBOCTH, HE PACIO3-
HaHHBIC HETaTUBHBIE CTPECCOBBIE Pa3IpPaKUTETH B
Hayayie 0epeMEHHOCTH M OTCYTCTBHE dJIEMEHTAPHBIX
METOJ/IOB TECTUPOBAHUS B PyKax Bpaua aKyIliepa-ri-
HEKOJIOTa CO3AaI0T yCIOBUS AJIsl HeOIaronpusITHBIX
MepUHATAIBHBIX UCXO/I0B.

Ha ¢doHe neiicTBUS MCUXOTEHHBIX CTPECCOPOB
aKTUBHPYETCS] CHMITaTOAIpeHaIoOBast CUCTeMa, To-
BBIIIAETCS YPOBEHh MOHOAMHHOB, B TUIAIICHTAPHON
TKaHU BO3HHMKAECT MUKPOLMPKYISALIUOHHBIN CIIa3M,
UIIEeMUS, TUTIOKCUSI U aHAdPOOHBII KaTaboJIn3M.
O0pa3zyroTcst IPOMEKYTOUHBIE TTPOYKTH METa00-
JM3Ma — JHJAOTOKCHHBI, YTO MTPUBOIUT K PA3BUTHIO
SHAOTOKCHKO3a y Marepu u mioaa [9]. Kpome Toro,
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(hopMHpyeTCs «ITOPOYHBIN KPYT», KOT/Ia TIOBBIIICHHUE
CTPECCOPHBIX TOPMOHOB BEAET K ICUXOCOMATHUKE.
OpHaxo BOMPOCH! BIUSHUS IICUXO3MOIIMOHAIILHOTO
cTpecca Ha OCIIOKHEHHOE TedeHUe OepeMEHHOCTH 1
Hapywenust MIIK octaroTcst He40CTaTOuYHO U3YYEH-
HBIMH.

Cuwurarot, uyto mianeHrapusie Hapyenus (ITH)
CBSI3aHBI C TIOBBIIIEHHEM KOHIEHTPAIIUN KOPTH30J1a
y 6epemennoi [4]. [Ipu GU3HOIOTHIECKOM TCUCHUH
recTallii MaTepUHCKUI KOPTHU30J1 ypaBHOBEIINBALT-
cs pepmenToM 11-B-rTHAPOKCUCTEPOUIIECTHAPOTEH
azoit 2 tuna (11-B-HSD2), npu sTOM moHmkaeTcs
KOHIIEHTpalMs IJIAIEHTAPHBIX TIIIOKOKOPTUKOMUIOB.
IIpeHaTanbHbBIM CTpECC CHUMKAET KOHIIEHTPAIUIO
11-B-HSD2 u Ha o, BKITIOYAast €T0 HEPBHYIO CHCTE-
MY, BO3JICHCTBYIOT BBICOKHE YPOBHH MAaTEPHHCKOTO
koptu3ona. CHwkenue mwianeHtapioro 11-f-HSD2
CBsI3aHA C 3aJIeP’KKON pocTa IMJI0Aa, HU3KUM BECOM
HOBOpOXKaeHHOTO [10].

Kpome Toro, Ha myiogoBbld HEWpPOreHe3, BIUS-
€T TUIANEHTAPHBIH KOPTUKOTPOITUH-PHIN3HHT-TOP-
moH (KPT'). MHTEpecHO, YTO MOBBINIEHNE YPOBHS
KPI" Bo Bpems recranuu UMeeT MECTO Y JKEHIIHH,
C KOTOPBIMH KECTOKO oOparainuch B nerctee [11].
[IcuxoTrpaBmMa B aHamMHE3€ MOTEHIUPYET BIUSHUE
XPOHHYECKOTO CTpecca Ha MaTh, TUIOJ, TUTAIICHTY |
IICUXUYECKOE 310pPOBbE MOTOMCTBA [12].

OO1u1enpu3HaHHo, YTO IICUXOT€HHBIHN cTpecc BIU-
sIeT Ha BHYTPUYTPOOHOE pa3BUTHE TUIONA, CHUKAS
€ro aJanTaluoHHbIe BOZMOXKHOCTH [4]. Y 1iona ot-
MeJaeTcsl BRICOKasi pacClpOCTPaHEHHOCTh BHYTPH-
YTPOOHOU TUTIOKCHH. Y HOBOPOXACHHBIX - HU3KAS
Macca Tefia. bonbloi TpoUeHT MpekIeBPEMEHHBIX
ponos. [Taropusnonornueckuii mexanusm [1H u 3a-
nepxku pocrta mwioza (3PIN) Ha done ncuxoamoru-
OHATBHBIX HapymIeHuH He sceH [4]. [loatomy mpo-
Onmema, HocAIIas MEXIUCITUIUIMHAPHBIA XapaKkTep,
HE pelleHa MPaKTHYECKU.

Lenp nccnenoBaHusi: U3y4UTh OCOOCHHOCTH
HEHpPOropMOHAJILHOTO CTaTyCca, MaTOYHO-TIalleH-
TapHOTO KPOBOTOKA B TMHAMHUKE T€CTALlUHU Y TIEPBO-
OepeMEeHHBIX JKEHIIIWH C TTOBBIIIIEHHBIMHA YPOBHSAMHI
CUTYaTWBHOH W TMYHOCTHOH TPEBOKHOCTH.

MATEPHUAJI U METO/bI

Ha xadenpax naronornyeckoii Gu3nonoruu (3as.
kadenpoit — a.M.H., ipod. .M. KoTtuera), akyrep-
cTBa 1 THHEKONOruu Ne2 (3aB. kadeapoit — 1.M.H.,
pod. FO.A. [Terpor) ®T'BOY BO PoctI MY Mun3-
npaBa Poccun, akymepckom otnenenuu ['OY PO
«l'oponckas 6ompHua Ne 6» B mepuon 2022-2024
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IT.. MPOBEACHO PaHIOMHU3UPOBAHHOE MPOCIEKTHB-
HOE, «CIIy4ai-KOHTPOINIb» nccienoBanue. 131 mep-
BOOCPEMEHHYIO CTPATU(OHUIIMPOBAIIH Ha CIICTYIONINE
rpynmsl: 1 rpynma (n=68) — MOBBIIIIEHHBI YPOBEHb
tpeBokHoCTH (ITYT) ¢ ocnoxxHEHHBIM TeueHHEeM Oe-
pemenHoctu (OI); 2 rpynmna (n=32) - [IYT ¢ ¢puzno-
nornyeckuM TeueHreM oepemennoctH (OI); 3 rpyn-
ma (n=31) — au3Kuil ypoBeHb TpeBokHOCTH (HYT)
¢ hmsnonornvecknm TedeHneM oepemeHHOCTH (DI')
(KoHTpOIIB).

Kputepuu BkItOUeHUs B UccieaoBanue: 1 rpyn-
T1a - TIepBasi OJHOIIOAHAsE OEPEMEHHOCTh, OBBIIICH-
HBIH YPOBEHb TPEBOKHOCTH I10 IIKAJIE CAMOOIICHKH
Y.J. Cinunoeprepa u ¥0.J1. Xanuna (1uCX>31), BbI-
SIBJICHHBIN 110 12 Henenb OepeMEeHHOCTH, TeCTallu-
OHHBIE OCIIOKHEHUSI, BKIIFOYAs TUIAIICHTAPHbBIE HAPY-
meHwus, 3aaepxxky pocra mioaa (3PII); 2 rpynma —
rnepBas OMHOIIIOAHAs OepeMeHHOCTh, TCX>31,
BBISBIICHHBIN 110 12 Hemenb rectamuu, GU3HOIOTH-
yeckas rectaius; 3 rpynma - nepBas OIHOILIOAHAS
O0epeMeHHOCTH, ICX<30 0aIoB, BHISBICHHBIN 110
12 Henenb recranuu, PU3NOIOTHYECKas TeCTaIusl.

Kpurepuu neBxirouenus B 1, 2 rpynmax: pesyc-
KOH(JIMKTHAS TeCTaIs, YKCTpareHUTaIbHAs T1aTo-
sorust (McuXuaTpudeckue 3adoneBanus, NHPEKINH,
SHJIOKPUHOIIATHH, TEHETUYECKUE MTPOOJIEMbI, HAJIH-
yue aHTH(OCHOIHUITUTHOTO CUHIAPOMA, CUCTEMHYIO
KpacHyI0 BOJYAHKY), MHOTOIUIONHYIO OepeMeH-
HOCTb, BPOXKJICHHBIC TIOPOKH Pa3BUTHS Y TUIO/A.

Kpurtepun ucxirouenus: 6epeMeHHbIe, KOTOpPhIE
MIPOITYCTHIIA XOTSI ObI OZTHO W3 00CIe0BaHUN U HE
MIPe0CTaBUIM HH(OOPMUPOBAHHOE COTVIACUE HA y4a-
CTHE B MCCIIeIOBaHUY; B | U 2 rpymnmax, eciiu 0aiibl
o mC-X cHmkanuch Menee 31 Oamna B AMHAMUKe
OCpEeMEHHOCTH, JKEHIITMHA UCKITI0YaIach U3 obcie-
noBaHus; B 3 rpynme — ecii 6amisl mo mC-X mo-
BhIIIanuch Oonee 30 OayIoB B AMHAMUKE OepeMeH-
HOCTH, XCHIIMHA HCKIII0Yanach U3 00CIeI0BaHusl.

Omnpenensiy ypoBHU CUTYaTHBHOM (CHH. peak-
THBHOW) W JTMIHOCTHOW TpeBOKHOCTEH mo mCX
[13, 14]. CymMapHBIl moOKa3aTedb MO KaXA0OU U3
JByX LIKaJl Haxoawics B mapameTrpax oT 20 no 80
OayoB. OlleHKa ypOBHS TpeBOKHOCTH: 10 30 Oas-
JI0B — HM3Kasl, 31 — 44 Gamna — ymepeHHas; 45 u
OoIee — BBICOKaSI.

B 12-13 mexens, 20-22 nenenn, 31-32 Hemenn re-
CTaIlUU OTIPENIEISLTH B CBIBOPOTKE KPOBU KOHIIEHTPa-
LMY [TPOTeCTEPOHA, OOIIEro KOPTU30J1a, aipeHaTNHA
(A), nopaapenanuna (HA), Ba30MHTECTHHAIBHOTO
nentuaa (BUIL), mranentapuoro makrorena (I1JI)
myteM uMMyHHO(MepMeHTHOTo aHanm3a (MDA) c
rcnoinb3oBanueM tect-cucteM MDA «Bekrop-bect-
IOr», DRG International, Inc., IBL (HAMBURG),
3A0 «buoXumMak». Koptuzon B citone onpese-
JISUTA TIPY TIOMOIITH 3JIEKTPOXEMIITIOMUHECIIEHTHOTO
nvvyHoaHamsa (ECLIA). B Te e cpoku 6epeMeH-
HOCTH U3MEPSUTN MyIbCAITMOHHBIA MHIEKC TIJIAIeH-
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TapHOTO KPOBOTOKA C MCIIOJIb30BAHMEM alllapara
JUTS yIBTpa3BYKOBBIX HccaenoBanuil «PyCkan 65M»
C MYJIBTUYaCTOTHBIM KOHBEKCHBIM TpaHCa0aOMH-
HanpHBIM (1,8-5,0 MI') maTyukoMm.

HUccnenoBanue 0100peHO JTOKATBHO-ITHYECKUM
komuteToM ®I'EOY BO PoctI'MY Munsapasa Poc-
cun (ipotokorn Ne 19/22 ot 01. 12. 2022).

Cratuctuueckas oOpaboTka MpoBeAcHa C UC-
noJsib30BaHueM mporpamm Statistica 10,0 u Excel.
Banonusiu Valid N (uucno ciygaer), Mean (cpe-
Hee), m (ommOKy cpemnero), Mcmons3ys Tect Koi-
Moroposa-CMHUPHOBA, yCTaHABINBAIN COOTBETCTBHE
BBIOOPKH HOpMaJIbHOMY pacnpezaeneHuto. [Ipume-
Hsu Kputepuil CThIOAGHTA B CIy4ae HOPMaIbHOTO
pacnpenenesus, a Kpurepuii Yutau-ManHa — npu
HEHOpPMAJIBHOM. /J[JIs1 OIEHKH CHJIBI B3aUMOCBSI3H
MEXAY NOKA3aTeJIIMH IPUMEHSITH KOPPEJISLIMOHHbINA
aHaJM3, C OIIEHKOH Kod(duimeHTa Koppensuu (T)
[Tupcona. Pe3yneraTsl cunTany CTaTUCTUIECKH 3Ha-
gyuMbIMH TTpH p<0,05.

PE3YJIBTATbI

B Tabmume 1 mpencraBieHbl cpeHUE YPOBHU
ropmMonoB, MonoamuuoB u BUII B 11-12 nexens
0epeMEeHHOCTH B 3aBUCHUMOCTH OT YPOBHS TPEBOXK-
HOCTH.

[IpencraBneHHbIe TaHHBIE CBUICTENHLCTBYIOT, UTO
y nepBoOepemMeHHbIX sxeHuH ¢ [IYT+OI 1 rpyn-
IBl, IO CPAaBHEHUIO C OepeMeHHBIMU 2 U 3 TPy,
OTMeYajKCh MOBBIIICHHBIE YPOBHHU MTPOrecTepoHa,
cBOOOJIHOTO KOPTHU30Ja B CIIOHE BEYEPOM, aJipeHa-
JTUHA, CHIDKEHHBIE - O0IIET0 KOPTH30i1a, HOpaapeHa-
nuHa, BUIIL. YcranoieHa npsamasi KOppessiiiuoHHas
B3aUMOCBS3b MEX/Ty KOHIICHTPAIMSIMU CBOOOTHO-
ro Koptuzona u nporecrepona (r = 0,72; p<0,05);
cBoOomaHOTO KOpTH30Ma U A (r=0,67; p<0,05), cBO-
6oxnoro kopruszona u BUIT (r=0,59; p<0,05) u 06-
paTtHas - MeXIy KOHIICHTPAIFsIMH ITPOTeCTepOHa 1
obmiero xopruzona (r = - 0,89; p<0,05); cBodbomHOTO
koptu3zoia u HA (r=- 0,66; p<0,05).

B Tabnune 2 nokazaHbl XapakTepHbIE 0COOCHHO-
CTH HellporopMoHanbHOTO cTaryca B 16-17 Hexens
OEpEeMEHHOCTH.

B 16-17 Henens recranuu y nepBoOEpEMEHHBIX C
[IYT+OI, B cpaBHEHNH C JKEHILMHAMU 2 U 3 TpymIl,
MmoKasarenu oO0Iero KOpTH30Jia, HOpajpeHaanHa
n BUII 6b11u 1oCTOBEPHO HUXKE, IPH 3TOM OTMeE-
4aJ0Cch MOBBIIIEHHE YPOBHEW MPOreCTEPOHa, CBO-
00IHOTO KOPTH30Ja U aJpeHaTHa. YCTAaHOBICHBI
CIeIYIONINE KOPPETSAIUU: TIOTOKUTEThHAS - MEXK-
Ny KOHLIEHTpauusiMu nporectepona u A (r=0,68;
p<0,05); mporecrepoHa U cBOOOJHOTO KOPTHU30Ja
(r=0,88; p<0,05); oTpumarensHas - MEXIy KOHIICH-
TpaIUsIMH IPOTECTEpOHA U O0IIEeTo KOpTH30ia (1= -
0,54; p<0,05); nporectepona u BUII (r= - 0,60;
p<0,05); nporecrepona u HA (r=-0,53; p<0,05).
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Ta0nnna 1. Cpeqnne KOHIEHTPALMU FTOPMOHOB M HeiipoMennaTopoB B 11-12 Hegenbs 0epeMeHHOCTH y NEPBO-
O0epeMeHHBIX 1, 2 1 3 rpynn KJIMHAYECKOT0 HCcJIeA0BaHusA, MEm.
Table 1. Average concentrations of hormones and neurotransmitters at 11-12 weeks of pregnancy in the first-
time pregnant women of the 1st, 2nd and 3rd groups of the clinical trial, M+m.

1 rpynna 2 rpynna 3 rpymnna
I n=38 n=32 n=31 P
OPMOHbL Iy T+OT Y T+®OT HYT+®T
mCX >31 mCX <31 mCX >31
P*4=0,0360
[IporectepoH, HMOJIB/JT 64,7+9,2 30,0+4,7 37,9+6,3 P*5=0,0011
P+=0,101
P*4=0,0440
OO1Mii KOPTH30J1, HMOJIB/JT 125,4+12,1 356,4+60,1 376,4+32,1 P35=0,060
P+5=0,05
. P*4=0,0311
KopTuzon cBoOoHbIH B 22,642.8 7.6+1,1 6,6x1,3 P=0,0410
CIIFOHE BEYePOM, HMOJIB/IT 2,7-17,8 as
P+5=0,05
P*4=0,032
AJpeHajMH, MKI/J1 106,4+28.0 77,2+11,2 55,2482 P*5=0,001
P+5=0.43
P*4=0,001
Hopaapenanun, MK/ 39,8+5,5 85,6+8,9 89,8+9,7 P3*=0,006
P+5=0,11
P34=0,01
BUII, ur/ma 8,4+0,6 23,2429 21,2420 P*5=0,018
P+5=0,44

Tadnuua 2. Cpennue KOHIIEHTPAIIMYA TOPMOHOB U HeifipomenuaTtopoB B 16-17 Hexens 6epemenHocT B 16-17
HeleJb OepeMeHHOCTH, M £ m.
Table 2. Average concentrations of hormones and neurotransmitters at 16-17 weeks of pregnancy, M + m.

1 rpymnma 2 rpymma 3 rpymma
TobMo n=38 n=32 n=31 P
PMOHBL MY T+OT Y T+®T HYT+®T
mCX >31 mCX <31 mCX >31
P*4=0,0480
ITporecTepoH, HMOJIL/JI 98,2+11,6 76,249,1 59,2+9.6 P35=0,047
P+3=0,051
P*4=0,0311
OO1mit KOPTHU30J1, HMOJIB/ T 250,7+46,1 497,8+40,1 445,8+36,1 P*5=0,0410
P+5=0,0600
Kopru3zoin cBoOOgHbIHA B P*=0,0111
CﬂfopHe ;‘;qec (;’M OEMOHB 0 16,4+1,3 7,8+1,0 54403 P35=0,0310
pom, P+3=0,0510
P*4=0,0031
AnpeHauH, MKI/JT 126,1£11,0 78,1+8,1 75,4+7,0 P*5=0,0065
P+5=0,1114
P*=0,011
Hopanpenanus, MKI/J1 98,8+9,1 144,8+11,0 166,9+12,4 P35=0,026
P+=0,311
P4=0,014
BUII, ur/ma 8,1+0,5 22,6£1,0 23,1+0,8 P*5=0,026
P+5=0,311
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B tabmnurie 3 nmokaszaHbl XapaKTepHbIe 0COOCHHO-
CTH HelporopMoHaJbHOTO cTaryca B 31-32 Henenu
OCpEMEHHOCTH.

OPUTI'MHAJIBHBIE CTATBbU

HpeI[CTaBHCHHI)IC PE3YIbTAThI CBUACTCIILCTBYIOT
0 TOM, 4TO0 Ha 31-32 HeAeNmsIX TecTaun y mepBooepe-
MeHHBIX ¢ [TYT+OT, B cpaBHEHNH ¢ TIEpBOOEpEMEH-

Taoauna 3. CpenHue KOHIEHTPAaLUM TOPMOHOB U HelipoMeIHaTOpPOB y nepBodepeMeHHbIX 1, 2 1 3 rpynn Kiu-
HU4YecKoro Haoroaenust B 31-32 vemxean, M = m
Table 3. Average concentrations of hormones and neurotransmitters in pre-pregnant women in groups 1, 2
and 3 of clinical observation at 31-32 weeks, M =+ m

1 rpymma 2 rpymmna 3 rpynma
TooMo n=38 n=32 n=31 P
PMOHBL MY T+OT Y T+®T HYT+®T
mCX >31 mCX <31 mCX >31
P34=0,0420
ITporecTepoH, HMOJIB/JI 194,9+38,6* 118,9£31,6 120,7+33,6 P*3=0,042
P+=0,071
P*4=0,0431
OO0muit KOPTH30J1, HMOJIB/JT 207,9+63,4 534,2+33,1 587,2+54, 5 P35=0,0232
P+3=0,0767
Koptu3zon cBoOOIHEIN B P*=0,0012
Cm‘:)pHe ;quc (:’M OEMOHB 0 21,4+1,8 7,140,06 6,440,5 P$=0,0310
POM P+=0,0633
P+4=0,0111
TLT, wir/ 2,6+ 0,05 5,8+0,7 6,5:0,7 P¥5=0,0132
P+3=0,0887
P4=0,0012
AJpeHaNuH, MKT/J 111,2+12,9 60,3+5.3 61,7+6,9 P*3=0,0154
P+=0,0753
P*4=0,0010
Hopanpenanus, MKr/i 90,3+13,0 174,1+£37,1 170,3+£27,0 P*5=0,0100
P+5=0,0653
P*4=0,0022
BMUII, ur/mi 8,2+0,1 20,2+0,6 18,9+0,6 P33=0,0053
P+=0,0753

HBIMHU 2 ¥ 3 TpyMII, yPOBHU IIPOrecTepoHa U apeHa-
JIMHA OBLIN 3HAYMMO BBIIIE, TIPU CHUKCHUH OOIIETO
KOPTH30J1a, IJIAIleHTApHOTO JIAKTOTeHa, HOpaJpeHa-
JIMHA W Ba3oWHTeCTHHanbHOTO mentuaa (p<0,05).
YCTaHOBIEHBI MONOKUTEIbHBIE KOPPEISIIUOHHbBIC
B3aMMOCBSI3U MEXKy KOHIIEHTPAIHSIMU MPOTECTe-
poHa u cBobomHOTro KopTH3oiaa (r=0,89; p<0,05);
cBoOomHOTO KOopTH3oia u A (r=0,66; p<0,05) u ot-
puLarenbHas - KOHLEeHTpauuu koptusona u BUII
(r=-0,78; p<0,05).

B Tabnuuie 4 ipuBeicH MyJIbCAllMOHHBIN WHICKC
(PD) B 19-20 Henenb OepeMEeHHOCTH recTaluu y mep-
BoOepeMeHHbIX 1, 2, 3 Tpymm.

[IpencraBneHHBIC PE3YABTATHI IEMOHCTPHUPYIOT,
yro y nepodepemennsix ¢ [IYT+OI, B cpaBHeHnn
C JKCHIIMHAMU JIPYTUX T'PYNH KIXHUYECKOIO UC-
cleIoBaHUsI, UMeeT MecTo nmoBbeimenune Pl maTou-
HBIX apTepuid, apTePHUH MyTOBUHBI, A0PTHI TUIOAA U
CpPEeAHEMO3IOBOM apTepuu. BrisiBiIeHa OJIOKUTEb-
Hasl B3aUMOCBSI3b MeX 1y 3HaueHussMH Pl MaTogHbIX
apTepuil U ypoBHsaMu anpeHanuna (1=0,53, p<0,05),

cBoOoaHOTO KopTusona (r=0,56, p<0,05); orpuia-
tenpHas - BUII (1= - 0,49, p<0,05).

B Tab6nune 5 npencrasnen PI B 31-32 nenenu re-
CTaIlMH y TepBOOEPEMEHHBIX KIIMHUYECKHUX TPYIIIL.

VY nepsobepemennsbix ¢ IIYT+OI, B cpaBHeHUN
C JKEHIIMHAMU JIPYTUX TPYII KIMHUYECKOTO HCCe-
JIOBaHUs, YCTAHOBJIEHO NOBbIIeHUE Pl MaTOuHbBIX
apTepuil u aprepun nynoBuHsl. PI aoprel mnona u
CpPEeTHEMO3TOBOW apTepuu OBIITH B HOPMAaTHBHOM
npenene. BIABIICHBI MONOKHUTENbHAS KOPPEISIHS
Mmexay Pl mynoBuHHOM apTepuu 1 ypoBHEM CBOOOA-
Horo koptusona (r=0,84, p<0,05), koHIIeHTpaIuen
angpenanuHa (1=0,66, p<0,05), orpunarensuas - PI B
ITyIIOBUHHOM apTepuu u KoHeHtparueir BUIT (r=-
0,58, p<0,05).

OBCYXJAEHUE

B Hacrosmiee Bpemst Hepesko 3auarue, bepemMeH-
HOCTB M POJIBI IPOUCXOMAIT Ha (POHE TICMXOTEHHOTO
cTpecca, pu 3ToM y 1/3 GepeMeHHBIX JKEHIIINH eCTh
ero KJIMHUYeckue npuszHaku [4]. ['ecraunoHHBII
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Tabauua 4. 3HaueHue NyJbCAUMOHHOIO HHAeKcAa B 19-20 Hexe1b recTauuu
Table 4. The value of the pulsation index at 19-20 weeks of gestation

1 rpymma 2 rpyrma 3 rpymnma
TFobMo n=38 n=32 n=31 P
PMOHBL Y T+OT Y T+®T HYT+®I
mCX >31 mCX <31 mCX >31
P3-4=0,041
PI marounbIx aprepuit 1,88+0,02 0,90+0,04 0,8540,02 P35=0,040
P+5=0,100
P*4=0,032
PI aprepwuii mymoBUHBI 0,85+0,01 0,7140,01 0,65+0,03 P*5=0,011
P+5=0,112
P3-4=0,022
PI aopTtsI mioga 1,58+0,02 1,70+0,05 1,69+0,04 P*=0,0131
P+5=0,10
P3*4=0,042
PI cpennemo3roBoii aprepun 1,91£0,03 2,124+0,07 2,10£0,01 P*3=0,044
P+5=0,211
Taéauua 5. MMoka3zarenu PI B 31-32 Heaeu recranuu
Table 5. PI values at 31-32 weeks of gestation
1 rpymma 2 rpymma 3 rpymma
TonMo n=38 n=32 n=31 p
PMOHBT Y T+OT Y T+®T HYT+®T
mCX >31 mCX <31 mCX >31
P3-4=0,041
PI marounbIx aprepuit 0,984+0,01 0,62+0,02 0,61%0,02 P3*3=0,048
P+=0,101
P*4=0,032
PI aprepwuii mymoBHHBI 0,79+0,08 0,63%0,05 0,60+0,01 P*3=0,011
P+5=0,192
P3-4=0,022
PI aopte! mmona 1,76+0,01 1,83+0,02 1,81£0,02 P35=0,0111
P+=0,10
P*4=0,049
PI cpeaneMo3roBoi aprepun 1,8740,03 2,11+0,01 2,10+0,03 P33=0,045
P+5=0,219

TICUXOJIOTUICCKUH CTPECC BBI3BIBACT OCIIOKHCHHS
0epeMEeHHOCTH, Pa3BUTHE DKCTPAreHUTaIbHOM MaTo-
JIOTUH, HEOIAroNpUsITHBIC ITIEPUHATATIFHBIC HCXOJIBI
[4].

CHUMITOMBI TPEBOTH MOBBIMIAIOT IEPUHATATBHBIH
puck, Bkitodas HepsiHamuBanue u 3PI1 [15]. Onna-
KO CBSI3b MEX/Ty TICUXOIMOIIMOHAIEHBIM CTPECCOM U
OCJIO)KHEHHBIM TE€UCHHUEM TeCTaIlii HeOTHO3HAYHA.

B opranusme OepeMEeHHOH KEHIIIMHBI HUMEIOTCS
aJanTUBHBIC MEXaHU3MbI, COXPAHSIONINE TOMEOCTa3
MIPU HETaTUBHOM BO3CHCTBHUY BHEIITHUX U BHYTPEH-
HUX (paKTOpOB, (GU3UIECKUX, META0OTNICCKHIX HII,
KaK B HallleM Cllydae, ICUX0Joruyeckux [4]. daxro-
POM pHUCKa SIBIISICTCS] OTCYTCTBHE Y JKEHIIIMHBI IICUXO-
COIIMAIbHON U SMOLMOHANIBHON aJanTaluH.

OnHako, eciy UMEET MECTO XPOHUYECKHI TICH-
XOJIOTHUYECKHUI cTpece, TO ero n30bITOYHOE 110 CUIIe
WJIM MIPOAOJDKUTENBHOE 110 BPEMEHHU BO3/EHCTBHE
MoxeT BbI3BaTh TpaBMy MIIK. TlonuepkuBaror crien-
npUKY OMOJIOTHYECKOTO 1 IICUXOJIOTHYECKOTO CTPEC-
ca BO BpeMs OEpEMEHHOCTH, IIPU ITOM PACCMOTPEHA
KOHIIETIINS TIEPUHATAIIBHOTO CTpecca Kak 00IIero
CHHIPOMA, a TaKOKe IIpodieMa MaTepuHCKOTO CTpec-
ca Kak OJHOTO M3 YAaCTHBIX MPOSBICHUI cTpecca B
nepuox oepemeHHocTH [16].

Huskue ypoBHU ajmantanuu K OEpeMEHHOCTH
U CTPECCOyCTOMYMBOCTH, HE PACIO3HAHHBIC Hera-
THUBHBIE CTPECCOBBIEC Pa3ApaXUTEIu B Hadaye Oe-
PEMEHHOCTH U OTCYTCTBHE 3JIEMEHTAPHBIX METO0B
TECTHPOBAHMS B PyKax Bpaua aKyllepa-rHHEKOIora
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CO3JAIOT YCIIOBUS Il HEOIAroNpUsTHBIX MEpHUHA-
TaJbHBIX UCXON0B. Bee BhIenepeuncienHoe CBy-
JETEIbCTBYET O MHOTOTPAaHHOCTH U aKTyaJIbHOCTH
IPOOIEMBI H3yUEHHUS MEXaHU3MOB Pa3BUTHUS OCIIOXK-
HEHHOTO TEUEHUS T'eCTallH Y NepBOOCPEMEHHBIX C
MTOBBILIEHHBIM YPOBHEM TPEBOKHOCTH.

XoTenoch Obl OTMETHTB, YTO MIPU IICUXOIMOIIH-
OHAJIBHOM CTPECCE pa3BUBAETCs OOIIMIl ajanTanu-
OHHBIM CHHIPOM, IIPH 3TOM AaHHOE COCTOSHHE HE
3aBHCHUT OT CIICLU(PUIHOCTH CTPECCOPA, a 3aKII0Ua-
€TCsl B CUMIIaTOAAPEHAIOBON aKTHUBALIMH, BKIIOYas
nepudpepuuecKuil aHTHOCa3M, UIIEMUIO, THITOK-
cuto MIIK [16]. Bce BrimenepedncieHHOe MOXKET
MIPUBECTH K aHADPOOHOMY KaTabOIM3My U TOSIBIIE-
HUIO 3HIOTOKCHHOB B HIIEMHU3UPOBAHHBIX OPraHax,
BKJTIOUAs [JIALICHTY.

B mpaktuyeckoii paboTe Bpava akyliepa-ruHe-
KOJIOTa HEJOCTAaTOYHO HCIOJIB3YIOTCS JIEMEHTHI
nepuHaTaIbHON 1cuxosioruu [17]. HeobxomuMocTs
IICUXOJIOTHYECKOT0 TECTUPOBAHUS BO BpeMs Oepe-
MEHHOCTH U MOCIEPOIOBOM MEPUOJE HEOOXOTUMBI
13-32 BBICOKOH YaCTOTBI ICHXOJIOTUUECKUX MPOOIIeM,
BKJTIOUasi TIOCIIEPOIOBYIO JIETIPECCHIO, TTOCIEPOI0BOE
CTPECCOPHOE TPAaBMAaTHUECKOE PacCTPOICTBO, 1O-
CJIEPOIOBBIM NCUX03 M CYULUIAIBHYIO ONACHOCTb.

PaccrpoiictBo dynkimonupoBanust MIIK, cBs-
3aHHBIE C HapyLIEHUSIMU HEHPOTOPMOHAIBHOIO
cTaryca ¥ MaTOYHO-IIJIAIIEHTapHOTO KpoBooOpailie-
HUSI, BBISIBJICHHBIE KOPPEISLIHUHA MEXKIY YPOBHEM
IIPOrecTepoHa U OOIIEro KOPTHU30I1a, IPOrecTepo-
Ha U CBOOOAHOTO KOPTHU30J1a, YPOBHEM CBOOOAHOTO
KOPTH30J1a U 3HAYEHHEM IIyJIbCAllHOHHOTO MHAEKCa
MaTOUHBIX apTEPUii, BOBMOYKHO, JIE)KAaT B OCHOBE Me-
XaHMU3MOB, IPUBOJAIINX K PA3BUTHIO IJIAIIEHTAPHOM
HenocrarouHoctu u 3PIL

3AK/IIOYEHUE

VY nepBoOEPEMEHHBIX C IMOBBIIICHHBIM YPOBHEM
TPEBOYKHOCTH U OCJIOKHEHHBIM TEUCHUEM IeCTallH
MMEIOTCSl HeOIaronpusATHRIE JMHAMUYECKHE KOje-
OaHUs TIOKa3areleld HeHPOropMOHAIBLHOTO PO H-
JI ¥ HApyIICHHe MaTOYHOW Nep(y3uu, 4TO MOKET
SIBIIATHCSL OJTHUM U3 KJIFOUEBBIX (PAKTOPOB HeOJaro-
MPUSITHBIX TIEPUHATAIILHBIX UCXOJIOB.
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PE3IOME

Llenb: ouerHnTb achheKTUBHOCTb BKITIOYEHUS FTMAPOANHAMUYECKON NNaHLIETHON Tepanun 1 nHTepdepeHuTepannm
B KOMIMIIEKCHOM CaHaTOPHO-KyPOPTHOM NeYeHnn y AeTen ¢ AeTckum LepebpanbHelv napanuyom (ALIM). Matepuan
1 metoabl. B uccneposaHue BknoveHo 63 pebénka ¢ ALIM B dopme cnactuyeckon gunnernm B Bo3pacte OT 7
no 14 net ¢ yposHem ApuratenbHbix HapyweHnun |-l no wkane GMFCS. lMauneHTbl Gbinn cryyYanHbiM 06pa3om
pacnpegeneHbl Ha ocHoBHyto rpynny (Ol n = 33), nony4aBllyl0 CaHaTOPHO-KYPOPTHOE NeYeHMe C BKIOYEHNEM
rMOpONNaHLWETHOW Tepanuu 1 uHTepdepeHuTepanuun, n koHTponbHyto rpynny (KM, n = 30), nonyyasLuyto TONbKO
CTaHAapTHbIA KoMNiekc npoueayp. o n nocne nevyeHnss NpoBOAUNIAChH KIIMHUYECKas OLEHKa, OLeHKa MbILLEYHOro
TOHyca Mo MOAMMULMPOBaHHOW LiKane ALIBOPT, 3MeKTPOMUOrpadus MbillL, HKHUX KOHEYHOCTEeN W OLeHKa
no kareropusm MexayHapofgHon knaccudpukaumm dyHkumoHnpoanus (MK®). Pesynbtatel. B o6eux rpynnax
oTMevanach nonoxuTenHasa agnHamuka, 6onee BoipaxeHHas B O B Ol 3acdukcupoBaHO [OCTOBEPHOE CHUXEHME
MbILLEYHOrO TOHYCa W ynyylleHne amnnuTyaHbIX xapaktepuctnk OMIT (Hambonee 3HadmMmoe no m. gastrocnemius
caput mediale cnpaga: p < 0,001). lNo wkane MK® B Ol BbISIBIEHO CTAaTUCTUYECKN 3HAYMMOE YrTy4LleHWe No JOMeHaM
b730 (mbiweyHas cuna) n b735 (MbiweYHbIi TOHYC), Yero He Habnopanock B Kl O6cyxaeHune. [MonyyeHHble
pe3ynbsTatbl AEMOHCTPUPYIOT MPEenMyLLEeCTBO KOMOUHMPOBAHHOTO MHOrOaKTOPHOTO BO3AEWCTBUSA C BKIOYEHVWEM
akBaTepanun 1 MUOCTUMYMSALMN B BOCCTaHOBNEHUW ABUraTenbHON OYHKLUMN Y AeTel CO CnacTUYecKon Avnnerven.
Mcnonb3osaHne MK® nossonseT KonmM4eCcTBEHHO OTPa3nTb ANHAMUKY (PYHKLMOHAMBHOIO COCTOAHUS, a meTogsl AMI
cnyxaTt 06bekTMBHBIMU Mapkepamu addekTuBHOCTH. 3akntoveHre. CaHaTOPHO-KYPOPTHOE feveHne C BKIOYEHEM
rMOPONNAaHIWETHOW U UHTepdepeHuTepanMnm NpUBOAUT K YMyYLIEHUIO [OBUraTenbHOM aKTUBHOCTU W CHIDKEHUIO
cnactnyHocTn y geten ¢ ALMM.

KnroueBble cnoBa: AeTCKUI LepebpanbHbIA Napanuy, akBaTepanus, rmgponsiaHweTHasa Tepanus,
umHTepdepeHuTepanusa, peabunutauma

CLINICAL EFFICACY OF HYDRODYNAMIC TABLET THERAPY IN
COMBINATION WITH INTERFERENCE THERAPY IN COMPREHENSIVE
SANATORIUM REHABILITATION OF CHILDREN WITH CEREBRAL PALSY

Shcherbinina T. N.

Research institute of children’s balneology, physiotherapy and medical rehabilitation, Evpatoria, Russia

SUMMARY

Objective. To evaluate the effectiveness of including hydrodynamic therapy and interferential therapy into the
sanatorium rehabilitation program for children with cerebral palsy (CP). Material and methods. The study included
63 children aged 7 to 14 years diagnosed with spastic diplegia and classified as GMFCS levels II-lll. Patients were
randomly assigned to the intervention group (IG, n = 33), which received standard sanatorium treatment combined
with hydrodynamic tablet therapy and interferential therapy, and the control group (CG, n = 30), which received stan-
dard procedures only. Before and after the treatment course, all patients underwent clinical evaluation, assessment
of muscle tone using the Modified Ashworth Scale, surface electromyography (EMG) of the lower limb muscles, and
functional evaluation based on the International Classification of Functioning, Disability and Health (ICF). Results.
Both groups demonstrated positive clinical dynamics, with more pronounced improvement observed in the IG. The IG
showed a statistically significant reduction in muscle tone and improved EMG amplitude characteristics (most notably
in the right gastrocnemius muscle, p < 0.001). According to ICF analysis, the IG exhibited significant improvement in
domains b730 (muscle power) and b735 (muscle tone), which was not observed in the CG. Discussion. The findings
demonstrate the advantage of a multimodal rehabilitation approach involving aquatic therapy and myostimulation in
restoring motor function in children with spastic diplegia. The use of ICF enables quantitative tracking of functional im-
provements, while EMG serves as an objective tool for assessing treatment outcomes. Conclusion. Sanatorium based
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rehabilitation incorporating hydrodynamic tablet therapy and interferential therapy leads to improved motor activity and

reduced spasticity in children with cerebral palsy.

Key words: cerebral palsy, aquatic therapy, hydrodynamic therapy, interferential therapy,

rehabilitation.

Herckuit nepedpanbubiii mapanud (ILIT) octa-
ércs Benyuied NpUYMHON JEeTCKOW MHBAIUIU3ALNI
¢ (GopMUpOBaHUEM YCTOHUYMBBHIX ABUIATEIIbHBIX,
pacmpocTpaHEHHOCTh TaHHOTO 3a00JeBaHUS CO-
CTaBJISICT 1O Pa3HBIM JaHHBIM OT 1,6 10 2,5 ciiydyaeB
Ha 1000 xuBopoka€HHBIX [ 1]. OTpaHUYECHNE aKTUB-
noctu ipu JLIIT popmupyercs, B TOM gucie, 3a CUeT
(hopMHUPOBaHMS BTOPUYHBIX OCIIOKHEHHUH: ClIaCTHY-
HOCTH, HApYyIIEHUs MOCTYPaJbHOI'O MBILICYHOTO
KOHTPOJISI U KOOPAMHAIIMH, OBICTPO MBILICUHON
yTOMJISIEMOCTH [2-4].

CanaTtopHO-KypopTHas peabunuranus B Poccun
TPaAMLMOHHO BKJIIOYACT MCIIOJIb30BAHUE Pa3Iny-
HBIX JIeYeOHBIX PU3NYECKUX (PAKTOPOB, TAKUX KaK
KJIMMaTOJIeUueHNe, MeJIJIONI0Tepanus,BOAHbIE MPO-
Leypbl, MATHUTOTEPANUS U APYTHE [T KOPPEKIIUU
MOpPOMIHBIX U3MEHEHUU. Paziamdnble mporeayps
BKJTIOYAIOT 3aHATHSA B OacceiiHe, KymaHusI B MOPCKOI
BOJIC, @ TAK)KE MCIOIb30BaHUE PA3THMYHBIX METOIUK
THIpOMAccaa, TAKUX KaK HUPKYISIPHBIA Tyl U TH-
JpoTIaHIIeTHAs Tepanus. AKBarepanus Onarogaps
YHUKQJIBHBIM (PU3UYECKUM CBOHCTBAM BOJIbI, CHH-
JKAET CTATUKO-IMHAMHYECKYIO0 HArpy3Ky Ha OIop-
HO-/IBUr'aTEeJIbHBIN allapar U yCUJIMBACT MPOLECCHI
(YHKIMOHAIBHON IEPECTPORKH HEPBHOH CUCTEMBI,
a Tarxke CocoOCTBYET YMEHBILICHHUIO CTACTUYHOCTH
[5; 6].

I'magponmnamMudeckas TIaHIIETHAs Tepamus
MIPEICTaBIACT COOOM METOH JTOKAaJIbHOTO BO3MICH-
CTBHS, OCHOBAHHBIH Ha MCIIOJb30BAHUU HaIlpaB-
JIEHHBIX TOHKHUX CTPYH BOJIbI IO KOHTPOJIUPYEMBIM
nasnenueM [7]. brnaromaps coueTaHHOMY MeXaHU-
KO-TEPMUYECKOMY JIEMCTBUIO BOAHBIX UMITYJIHCOB
JOCTUraeTcs NIyOoKast CTUMYJISIINS MATKAX TKaHEeH
0e3 meperpy3Ku OIopHO-IABUIaTEILHOIO amlapara,
YTO CIOCOOCTBYET YITYULICHUIO TPOYUKU U MUKPO-
HUPKYJIALHUNA U CHUKEHHUIO MBIIIEYHOTO HaIpsixkKe-
HUs. TOrNa Kak uHTepdepeHnrepanus odimagaet
MHOCTHMYJIUPYIOLEM JEHCTBUEM U CIOCOOCTBYET
(hopMHpPOBaHWIO HOBBIX JABUTATEIbHBIX CBA3EH [6;
8-10]. Coueranue ruApoONIaHIIETHON Tepanuu u
uHTep(EepEHIMOHHON Tepanuy NpeCTaBIsIeT COO0H
MATOreHETUYECKH 000CHOBAaHHBIN MOJX0/] K peadu-
JUTAIAN JIETeH C IeTCKUM IepeOpaIbHBIM Mapaliu-
YOM, HalpaBJICHHbII Ha OMHOBPEMEHHOE yIIyullIeHHE
TpoQUKHM TKAaHEH M MPONPUOLETIINH, a TAKXKE Ha
CHUYKEHHUE MBILIIEYHOTO TOHYCA M yJIy4dllIeHHE MO-
TOpHOH QyHKINU.

Lens nccnenoBanrs — OUEHUTH 3(PPEKTHUBHOCTD
CaHATOPHO-KYyPOPTHOTO JICUYCHHUSI C BKIFOUCHUEM T'H-
JIPOIIAHILIETHON Tepanuu U uHTepdepeHuTepanun
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y AeTel ¢ IeTCKUM LepeOpabHbIM MapajnioM Mo
nuHaMuke OMI, MOTOpHOH (YHKIUH, MBIILIEYHOTO
TOHYCa U IMOoKa3aresiel MeX/TyHapoIHO! KiIacCu(u-
Kauy (PyHKIIMOHUPOBAHUSL.

MATEPHUAJI U METO/JbI

IIpoBeneHO OTKPBITOE MPOCTIEKTUBHOE PAHAOMHU-
3upoBaHHOe uccienopanue Ha 6a3e ['bY PK cana-
TOpUM 15 neteit u nereit ¢ ponutensimu «Mckpay»
B niepuon ¢ 2023 no 2025 roa. UccnenoBanue npo-
BOJIMJIOCH COOTBETCTBOBAJIO ATUYECKUM HOpMaM U
0100peHO KOMUTETOM MO OMO3THKE. 3aKiIoueHue
komuccuu o ouostrke ['6Y3 PK «Hayuno-uccie-
JIOBAaTEJIbCKUIl MHCTUTYT JETCKOM KypOPTOJIOIUH,
(busmoTepanuy U MEIUITMHCKON peaOMIIMTAIIIIY
ot 14.12.2022, nporokon Ne 7. B ucciaegoBanue
BKJIIOUEHO 63 peO&Hka B Bo3pacte oT 7 10 14 ner,
CTPaAIOUINX JCTCKUM IIepeOpaIbHBIM MapaanyuoM,
KIMHHYECKas opma — CriacTHUecKas JUIUIETHS U
cooTBeTcTByIOMUX ypoBHsIM II-III mo kmaccuduka-
nnu GMFCS.

Kpurepusamu BKIIOUEHUS SIBISIUCH: KIMHUYE-
CKM TOATBEPkAEHHBIN nuarno3 JLII, nanuuue
JIBUTATENBbHBIX HAPYUICHUH B IIpejiesiaX YKa3aHHbBIX
YPOBHEH TKECTH, OTCYTCTBHE BBIPAYKEHHBIX KOTHH-
THUBHBIX HapyIICHUH, 00€CIIeUnBAOIINX COTPYIHH-
YECTBO IPH BHITIOJHEHUU JIBUTATEILHBIX 3aaHM.
Kpurtepun nckimtoueHns: MalueHThl ¢ OCTPBIMU pe-
CIIUPATOPHBIMKH BUPYCHBIMU HH(EKIIUSIMHU Ha MO-
MEHT 00cieZoBaHus, C IeKOMIIEHCANeH COMaTH-
YeCKUX 3a00JIeBaHNN, YCTAHOBICHHON SITHIICTICHEH
WJIA WH/IUBHTyaTbHON HETIEPEHOCUMOCTHIO BOJHBIX
U 3JIeKTpHUecKuX npouenyp. [lauuenTsr Obmy ciy-
YaifHBIM 00pa30M pacrpe/eNieHbl B IBE TPYIIIbL: OC-
HoBHY10 (OI') 1 kouTponsHyto (KI') MeTomom crienoit
BBIOOPKH TPYTITHI OBLITH COMTOCTABUMBI ITO OCHOBHBIM
ToKa3aTessiM (BO3PaCTHO-TIONOBBIE XapaKTePUCTHKH
IpyII NpeacTaBieHsl B Tabnuue 1).

KI' (n=30) monyyana cTaHgapTHOE CaHATOPHO-
KypOpTHOE JIeUeHHe, BKIIOYarollee KIuMaroTepa-
MU0, JIedeOHyI0 QU3KYIBTYPY, Maccax ¢ go0aBie-
HHEM MEJIOUAO0TEPANNN Ha HUKHUE KOHeYHOCTH. O
(n=33) noiy4ana uACHTUIHBIH 0230BBI KOMITJIEKC,
JOTIOTHUTENBHO BKJIIOYABIINI KypC THAPOIUHAMU-
YECKOM TUIAHIIETHOW Teparnvu U HHTepQepeHIITepa-
nuu. [Tpyu npoBeneHnH r’UAPOIUIAHILETHON Tepanuu
BO37ICMCTBHE TIPOBOMIIOCH HA HH)KHAE KOHEYHOCTH
yepe3 JeHb, TPOJOIDKUTEIBHOCTh OJHOW MpoIie-
Iypsl cocTaBisiia 15 MunyT, kype — 10 mpoueanyp.
Temneparypa Bozsl cocTaBisiina 36-38°C, naBieHue
CTpy# mondupanoch HHANBUIYAIbHO, HE Oonee 2
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Tabauua 1. XapakTepucTHKH Ucc/IeAyeMbIX IPYIIIL.
Table 1. Characteristics of the study groups.

or KT
KommaecTro (gen.) 30
[Ton
Myxkckon 11
Kenckuii 19
Bospacr
Cpennnii (rona) 10,52 +£0,56 9,7+0,68

armocdep. MuTepdepennTepanus BHIIOIHATIACH HA
anmapare «Marepaun 1079M» Ha 00JaCTh HIKHUX
koHeuHocTel. YacTtoTa Toka BapsupoBana oT 20 1o
50 I'm. JImATensHOCTE IPOIIEAYP COCTABIISIIA OT 5-7
MHHYT B Hadajie Kypca JIE4eHHS C MOCTEIeHHBIM
YBEIUUYECHUEM JIUTENBbHOCTU A0 15-20 MUHYT, B 3a-
BHUCUMOCTH OT IEPEHOCHUMOCTH. Beero Ha Kype npu-
xoauiock 12-14 mpoueayp.

B Hauase 1 B KOHIIE Kypca Teparuy poBOJIHIach
KIIMHUYECKAas OIIEHKA COCTOSHUS MallMeHTOB, KOTO-
pasi BKITFouasia HeBpOJIOTHUECKUH U OPTOTICIUECKUI
OCMOTp, IPOBEJCHNE CyMMapHOH HHTEp(EpEHIINOH-
Holi AnexTponelipomuorpaduu (OMI') Ha anmapare
Neuropack «MEB-3102» (Smonus), a Taxke OEHKY
T10 TIIKaJiaM: Monu(puIIpoBaHHas MKama Atdopra,
JUTSL OTICHKW CTETICHH CIIAaCTUYHOCTH W OIICHKA JI0-
MEHOB MexayHapoIHO! Kiaccu(UKauu QyHKIH-
onupoBanus (ICF) — b730 «DyHKIHMN MBIIICYHOI
critbl), b735 «Mpimeunstii Tonyc», b710 «TonBuxk-
HOCTH CycTaBoB», d410 «M3MeHEeHNE MOTOKCHUS
tenay, d415 «llomnepxaHue MOMOKESHUS TEIIA.

Juist aHanu3a JaHHBIX UCIIOJE30BAIUCh METOIBI
omHcaTeNbHON U HemapaMeTPHUUYEeCKOH CTaTHUCTH-
ku. [IpoBepka Ha HOPMATBHOCTH paclpeaeiieHus
MPOBOJIMIIACH C MCITONb30BaHueM Kpurepus [lanu-

po—Yunka. CpaBHeHHUE MOKa3aTeled MeKIYy IpyIl-
[IaMHU OCYIIECTBIISIIOCH C IPUMEHEHUEM KPUTEpUs
ManHa—YUTHH, BHYTPH IPYMII — C UCTIOJIBb30BaHUEM
napHoro kpurepus Bunkokcona. KareropuansHeie
JaHHBIE AHATM3UPOBAIINCH TPHU TTOMOIITH KPUTEPUS
y?. Craructuyeckas 3HaY4MMOCTh Pa3IMuuid IPUHHU-
Manack npu p < 0,05.

PE3YJIBTATBI

B pesynbrare mpoBeAEHHOTO JEUCHUS B 00eHX
TpyTIax OTMEYCHBI OJIOKUTENTbHBIE H3MEHEHHUS T10-
Kazartenel aMmmuTyqHo OMI' MBI HUKHHUX KO-
HeuHocTel. OHaKo BhIpaXeHHOCTH 3(dekra u ero
CTAaTUCTHYECKAsl 3HAYUMOCTh Pa3JInYaINCh MEXIY
rpyImamMu.

B ocnoBHoti rpymme (n = 33), TIe K CTaHaapTHOMY
CaHATOPHO-KypOPTHOMY JICUCHHUIO ObliIa o0aBIeHA
THJIPOTUIAHIIIETHAS Teparus U uHTepdepeHrepanus,
JIOCTOBEPHOE YAyYIlIeHHE 3aUKCHPOBAHO 110 BCEM
KCCIIe/IOBaHHBIM MbIliiaM. Haubosee BoipakeHHAS
TWHAMHUKa BBISIBIICHA IO M. gastrocnemius, caput
mediale cripaBa: cpemusis ammmutyna OMI yBenmau-
mack ¢ 264,3 £ 23,7 mxB 10 332,4 £24,0 MxB (p =
0,0008). Takxke CTaTUCTHYESCKH 3HAYMMbIC N3MECHEHUS
HaAOJTFOAJIKCh U B IPYTUX MBIIIIAxX (cM.Tabmuia 2).

Taonunua 2. lunaMmuka nokasareseil GyHKIMOHAJIBHON MbIIIeYHON AaKTHBHOCTH M0 JAHHBIM TYPH-
AMILIMTYIHOIO AHAJIN3Aa HHTep(epeHnoHHOii d1ekTpoHeiipomuorpaguu (M=m) 10 U nocJe Je4eHus B 0C-
HOBHO¥ rpymie.

Table 2. Indicators of functional muscle activity in patients with cerebral palsy in control group according to
turn-amplitude analysis of surface EMG (M+m)

Ho neuenus [Tocne neuyenus
Memma M +m M +m
m. tibialis anterior cripaBa 4270+ 32,6 463,5+329 *
m. tibialis anterior cieBa 236,9 £ 24,5 266,9 +23,9%*
m. gastrocnemius, caput mediale 2643 + 23.7 3304 4 04,0 **
cIipaBa ’ ’ ’ ’
m. gastrocnemius, caput mediale 207.0 = 20.7 23194211 *
clieBa ’ ’ ’ ’

[pumeuanue. J[ocTOBEpHOCTh OTAMYUH ¢ TIOKA3aTEISIMU B TPYIIIAxX 10 U mocie jJedeHus: * - p<0,05; ** -

p<0,01, 31ech u B Tabmwmie 3.
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B xontponsHO# rpynmne (n = 30), nomydaBiien
TOJIBKO CTaHJIaPTHOE CaHATOPHO-KYpPOPTHOE Jieue-
HUE, JOCTOBEPHBIC M3MCHEHUS aMILTUTYIBI OMI BBI-
SIBIICHBI TOJIBKO 110 MEIUATBHOMN TOJIOBKE MKPOHOXK-

HO¥ MBIIIIIIE CJIEBA: CPEJIHEE 3HAUCHUE YBEINYHIIOCH
¢ 290,0 = 23,3 no 327,2 £24,2 mxB (p = 0,0002).
W3MeHeHus o JpyruM MBIIIAM He JOCTUTIIN CTa-
TUCTHYECKOW 3HaunMocTH (p > 0,05).

Tabauua 3. luHamuka nokasaresieid GQyHKIMOHAJIbHON MbILIEYHOH AKTUBHOCTH 0 JAHHBIM TyPH-
aMILUIMTYAHOI0 aHAJIu3a HHTepdepeHIMOHHOM 1eKkTpoHelpoMuorpaduu (M£m) 10 1 nocJie jJJe4eHUusi B KOH-
TPOJIBHOI rpynme.

Table 3. Indicators of functional muscle activity in patients with cerebral palsy in control group according to
turn-amplitude analysis of surface EMG (M+m).

M Jlo neyeHust Ilocne neuenus
BIIIIA M +m M 4m
m. tibialis anterior cripaBa 395,6 +£33,2 443,0+43,0
m. tibialis anterior cieBa 368,8 £26,8 398,0 + 34,8
m. gastrocnemius, caput mediale
cnpasa 317,5+21,3 310,8 £ 21,5
m. gastrocnemius, caput mediale 290.0 + 23.3 3279 4 24.0%
clieBa ’ ’ ’ ’

Taxke B 00eHX TpyIIax OTMEUYEHO CHIKEHUE
BBIPaKCHHOCTH MBIILIEYHOI'O TOHYCA 110 MOAUULIU-
POBaHHOM mIKasie Amdopra, YTo OTPAKAET IOJIOKH-
TEJIHYIO TUHAMHUKY B paMKax peaOuiInTalMOHHOTO
Kypca. OnHaKko, B OCHOBHOH Tpyte 3QpQeKT ObL1
OoJee BBHIpaKEHHBIM: €CJIM B KOHTPOJIBHOM TpyTi-
e J0J1s NalUeHTOB C JIETKOW WJIM OTCYTCTBYIOIIEH
CIACTHYHOCTHIO yBenmnumiack ¢ 16,6% mo 25%, To
B 0CHOBHOM rpynme — ¢ 20,7% no 32,5%. Cpennee

3HaueHue 1o mikaie Auidopra B OCHOBHOU IpyIl-
e causmiock Ha 0,7 6amra (p<0,05), B KOHTPOIIb-
Hoit — Ha 0,2 6amra (p > 0,05).

Takum 00pa3oM, KOMIUIEKCHOE JIUEHUE C BKITIO-
YEHUEM TUJPOILIAHIICTHON Tepanuu u uHtepde-
PEHICTUMYIISIIIMY TI0Ka3ajio 0oJiee BhIPaXKCHHBIN U
JIOCTOBEPHBIN 3P QEKT B yIyUIICHUH OHOJIEKTpHYE-
CKOM aKTMBHOCTH MBIIII HUKHUX KOHEYHOCTEH IO
CPaBHEHUIO C 0a30BBIM JICUCHHEM.

Tabauua 4. Ilokazarenu 10 u mocJie JieyeHUs B 3aBUCUMOCTH OT cTelleHH HapymeHusi foMeHa 1o MK® (B %).
Table 4. Indicators before and after treatment depending on the degree of impairment in the ICF domain (%).

Kareropust MK® I'pynma Mo neqz}l{;d A (M| Tlocne ie;SHHﬂ M p-3HaueHue
b730 OynkumEn KT’ 50,5+1,0 49,7+ 1,1 0,216
MBIILIEYHON CHUIJIBI or 51,7+0,9 420+1,0 <0,001
b735 MbliIeuHbIit KI' 46,9 + 1,1 458+1,2 0,138
TOHYC or 47,6 1,0 36,9+ 0,9 <0,001
b710 [TOABMKHOCTS KT 432+1,2 425+1,3 0,298
CyCTaBoOB or 44,0+ 1,1 40,1 +1,2 0,061
d410 Usmenenme KI' 51,4+ 1,2 499+ 14 0,154
TOJIOXKCHMS TCJI1a or 523+1,1 46,7+ 1,2 0,071
d415 Honnepxanue KT’ 478 +1,3 46,2+ 1,5 0,244
IIOJIOKEHUS TeJIa or 48,5+ 1,2 43,6 +1,3 0,069

OBCYXJEHUE MU HaOnroganuch B JoMeHax b730 «DyHKIMN MbI-

OrneHka TUHAMUKYA HapyUICHUN IO KaTErOPHUsIM
MesxyHapoaHOH KiaccupuKai GyHKIIHOHHPO-
BaHus (MK®) mo3Bosmia KOTHIECTBEHHO OTPa3UTh
M3MeHeHUs (PYHKIIMOHAJIHHOTO COCTOSHUS MaIlUeH-
toB ¢ JLII B pe3ynapraTre NMpoOBENEHHOIO JIEYEHHUS.
HauGonee BbipaXeHHbBIE Pa3IMuus MKy rpyIia-

IeYHON cuiib» U b735 «Mpblimieunsiii TOHYC». Bo
BTOPOH TpynIe, MOJy4daBlIeil KOMIIJIEKCHYO aKBa-
TEpanuio ¢ UCIONb30BaHUEM IMAPOIUIAHIIETHON H
uHTEepdEepeHITEpaNN, OTMEUEHO T0CTOBEPHOE CHU-
JKEHUe cTeneHy Hapyuenus no b730 ¢ 51,7 £ 0,9%
10 42,0 = 1,0% (<0,001), u mo b735 - c 47,6 = 1,0%
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10 36,9 = 0,9% (<0,001), Torna kak B KOHTPOJIbHON
TpyTINe CTAaTUCTUYECKU 3HAYUMBIX I3MEHEHHH HE 3a-
(huKCcHpoBaHO.

Kpowme Toro, monoxxuTenbHas, XoTsS U CTaTUCTH-
YECKHU He3HauMMasl IMHAMHMKA OTMEUYEeHa O KaTero-
pusim b710 (moaBuxHOCTH cycTaBoB), d410 (u3me-
HEHUe noyiokeHus Tena) u d415 (moxneprxanue mo-
JIOKEHUS Tea). DTH JOMEHBI OTPaKaIOT AKTHBHOCTD
pebEHKa 1 ero yJacTre B MMOBCEIHEBHOW KU3HU, U
WX yIy4dIlleHUE JaKe MPH OTCYTCTBHUHU ITOJHOM CTa-
TUCTUUYECKOW 3HAUMMOCTH UMEET KIMHUYECKOE 3Ha-
YeHHe. JTH Pe3yibTaThl MOTYePKUBAIOT IPEUMyIIIe-
CTBO MPUMEHEHHS MHOTO(AKTOPHOTO (HPU3HUECKOTO
BO3JICHCTBUS B peaOMIUTALINH ACTCH C IBUTATEIb-
HBIMHU HapyIICHUSIMHA Ha JOHE CTIACTUYECKOMN JTUTLIIE-
run (GMFCS II-III). DT pe3ynbraTsl CONIacyrTCs
C TaHHBIMHU O BO3MOXKHOCTSIX aKTHUBAIMH HPOIPUO-
LENTUBHBIX M HOLMIICTITUBHBIX ap))ePEHTOB IIPH CO-
YeTaHHOM BO3JeHCTBUH hu3ndeckux (hakropos [11].

[To pe3ynbraTam srekTpoMHOTrpadudecKoro 0o-
cleZIoBaHuUs y OOJBIIMHCTBA AETEH C IETCKUM Lie-
pebpanbabiM napanudom (97.4%) ObLIU BBISIBICHBI
[PU3HAKU HApYyLICHUH LEHTPaIbHOU perynsinuu
MBIIIIEYHOTO TOHYCa. DTO MPOSABISIIOCH B BHJIE TI0-
BBIIIIEHHON OMOAIEKTPUYECKOW aKTHBHOCTH MBITIIII
B TIOKO€ U JIMCKOOPJIMHAIIMN MEXIY arOHUCTaMU U
AHTArOHUCTAMHU MPU BBIMOJHEHUHN aKTUBHBIX MPO-
H3BOJIBHBIX JIBHKEHUH. FIMEHHO II03TOMY NP KJIU-
HHUYECKOM OCMOTpE y HMCCIEAYEMBIX MaIlMeHTOB
BBISIBJICHBI Pa3jIMYHbIE TI0 CTETIEHN BBIPAKEHHOCTH
HapylIeHUs IBUTATEIBHOTO MMaTTEPHA, YTO OICHH-
BaJOCh B paMKax JOMEHOB: X0/Jb0a, MmoaaepKanmue
1 U3MEHEHHE TOJIOKEHUs Tesla. DTU JTaHHbIE MOJ-
TBEPIKIAIOT HAIMYHE CYTIpacerMEeHTapHON TUCyHK-
LIMH, XapaKTepHOU JJIsSI CIIACTUYECKON JIUTIETUH, U
OTpaXKarOT HE TOJIBKO CTPYKTYPHBIE, HO ¥ (DYHKIIH-
OHAJIbHbIE HAPYUIECHUS] B CUCTEME JBUTATEIbHOTO
koHTpoud [12]. [locne kypca eueHns B OCHOBHOU
rpyrmnre Ha0loasach HOpMau3aus pacrpesene-
HUS aKTUBHOCTH MEXAY CHHEPTUCTAMH U aHTaro-
HUCTaMH, 9TO YKa3bIBa€T HA aKTUBAIUIO PETYISTOP-
HBIX MEXaHW3MOB U BOCCTAHOBJICHHE KOOPIUHAINH
JBIDKCHUIM.

3AKJIIOYEHUE

Taxkum oOpazom, peaOHIUTAITHOHHBIN dhPeKT
aKBaTepanuy ¢ NPUMEHEHUEM TUAPOIUHAMUYECKOM
IJIAHIIETHOW Tepanuu U WHTEp(EepPEHIIMOHHOH Te-
panuu peaausyeTcs 4epe3 MHOTOKOMITOHEHTHOE BO3-
JieiicTBUC HAa QYHKIIMHU TeJla, aKTHBHOCTD M Y9acTHE,
TTOJITBEPIKAAS 11eTIeCO00Pa3HOCTh MPUMEHEHUS JJaH-
HOU METOIMKHU B CAHATOPHO-KYPOPTHOM MpaKTUKE
npu JUII. OTnensHOE 3HAUEHHE UMEET UHTEPIIpe-
Talus pe3ynsTaroB yepes npusmMy MK®, nockoiabky
MI03BOJISIET OMHUCHIBATh KIMHHUYECKHNE U3MEHEHUS C
MTO3UIINHA KOMIJICKCHOHN OIIEHKH (HDYHKITMOHHUPOBA-
HUSL.
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BITUAHUE KOHTPOJA NMUKUPOBAHHOIO FrEMOIMOBUHA U NNNONPOTEUHOB
HU3KOU NITIOTHOCTU HA YPOBEHD JIUINMOMNOJIMCAXAPUA-CBA3bIBAIOLLUX
CUCTEM Y NAUUMEHTOB C CAXAPHbIM OAUABETOM 1-I0 TUMNA
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PE3IOME

CaxapHbin gnabet 1-ro Tuna (CO1) xapaktepusyeTcs ayTOMMMYHHbIM paspyLUeHneM [-KNeTok nomKenygovHon
enesbl, NPUBOASALLMM K abCONMOTHOMY AePULMTY MHCYMMHA U XPOHUYECKOW runeprnnkeMmn. MomMmnmo krnaccuyeckmx
OCMNOXHEHWUI, TAKMX Kak peTuHonaTtusi, HedponaTusa 1 HerponaTus, y naumeHToB ¢ C[1 HabntogaeTcsl NOBbILLEHHbIN
PUCK CUCTEMHOIO BOCMaNeHusl 1 3HAOTENNaNbHON ANCHYHKLN, YTO CBSA3bIBAIOT C SHAOTOKCUHEMUEN — MOBbILLEHHBLIM
ypoBHem nunononucaxapuaa (NMC) B kposu. Lienb. OueHUTb BAUSIHWUSA KOHTPONS MMMKEMUX U NUNMOHOTO npoduns
Ha YPOBHM OCHOBHbIX NMMNOMNONMCaxapua-CBA3bIBAOWMX CUCTEM, @ WMMEHHO mUMNononMcaxapya-CBs3blBatoLLEro
6enka (JICB) n baktepuumngHoro 6enka, nosbilwatowiero npoHvyaemocts (BPI) y nauweHntoB ¢ CO1. Matepuan un
meTogbl. B nccnegosaHve BkntoyeHo 92 nauymeHTa ¢ BepudunumpoBaHHbiM anarHo3oM CO1 (45 My»XumH, 47 XEHLUWH,
cpefHun Bo3pacT — 34 + 8 nerT), HaxoAMBLUMECS HA CTALMOHAPHOM JIeHYeHUN B SHOOKPUHOMOTMYECKOM OTAENeHUN
'BY3 PK «PecnybnukaHckas 6onbHuua nmenn H.A. Cemawuko». OueHky ypoBHs JICB n BPI npoBogunu ¢ nomoLubio
nmmyHopepmeHTHoro aHanuaa (MPA) c ncnonssosaHmem Habopos anst UPA (Cloud Clone Corp; Kutai). ins oueHku
BINUSIHWS KOHTPONS IMMKO3UNMpoBaHHOro remornobuna u JIMHI (nMnonpoTenHoB HU3KOW NNOTHOCTH) Ha ypoBHK JICHB
1 BPI npumeHeH MHorogakTopHbin gucnepcuoHHbin aHanua (ANOVA) ¢ pacyeTom n? (aons o6bsaCHEHHOM Aucnepcun).
Cratuctuyeckast 3Ha4MMocTb ycTaHoerneHa npu p<0,05. PeaynbraTtbl. MHOroakTopHbIi ANCNEPCUOHHBIA aHanm3
BbISIBUIT CTATUCTUYECKM 3HAYMMOE BIIUSTHUE KOHTPOIS MMMKO3MITMPOBAHHOIO reMornobuHa Ha ypoBHu JICB (n?=10.3%,
p=0.008) n BPI (n?=37,1%, p<0,001). KoHTpons JIMHI Takke npoaemoHCcTpuposan 3Ha4dmmyo cesAsb ¢ JICH (n?=8,2%,
p=0,019) n BPI (n?=35,2%, p<0,001). BaaumopeiictBue cdaktopoB obbsicHsAno 9,9-34,8% aucnepcuu nokasaTenen.
3akntoyeHne. lMomnyyeHHble AaHHble MOATBEPXAAIT, YTO [OCTMXKEHWE LeNeBblX 3HAYEeHWN MUKO3UIIMPOBaHHOMO
remorno6uHa u JIMHMN ycunueaeT akTMBHOCTb NUMOMNONUcaxapua-CcBsi3bliBaloLLMX CUCTEM, YTO MOXET CHUXaTb PUCK
3HAOTOKCUHEMMU U CUCTEMHOIO BocnaneHusl. PesynsraTtbl NOAYepKUBaOT HEO6XOAMMOCTb KOMMIEKCHOTO YNpaBreHns
C[1 c akueHTOM Ha KOPPEKLMIO TMNeprivkemMmni n QUCAMnuaeMun.

KnioueBble crioBa: caxapHbI guabeT 1-ro TMna, rMUKO3uNMpoBaHHbIN reMorfo6uH, MMNONPOTENHbI
HU3KOW MMOTHOCTU, NMnononucaxapua, 3HA0TOKCUHEMUSA, NUNononMcaxapua-cBa3biBaloWmUn
Oernok.

EFFECT OF HBA1C AND LDL CONTROL ON THE LEVEL OF LIPOPOLYSACCHARIDE-
BINDING SYSTEMS IN PATIENTS WITH TYPE 1 DIABETES MELLITUS

Yatskov 1. A., Beloglazov V. A., Ageeva E. S., Kumelsky E. D., Repinskaya I. N., Sadikov A. R.
Medical Institute named after S. 1. Georgievsky of Vernadsky CFU, Simferopol, Russia

SUMMARY

Type 1 diabetes mellitus (DM1) is characterized by autoimmune destruction of pancreatic B-cells leading to ab-
solute insulin deficiency and chronic hyperglycemia. In addition to classical complications, patients with DM1 have an
increased risk of systemic inflammation and endothelial dysfunction, which is attributed to endotoxemia - increased
levels of lipopolysaccharide (LPS) in the blood. The aim. To evaluate the effects of glycemic control and lipid profile
on the lipopolysaccharide-binding protein (LBP) and bactericidal permeability-increasing protein (BPI) levels in DM1
patients. Material and Methods. The study included 92 patients with verified diagnosis of DM1 (45 men, 47 women,
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mean age - 34 + 8 years), who were hospitalized in the endocrinology department of the Republican Hospital named
after N.A. Semashko. The levels of LBP and BP| were assessed by enzyme-linked immunosorbent assay kits (Cloud
Clone Corp; China). Multivariate analysis with calculation of n? (proportion of variance explained) was used to evalu-
ate the effect of glycosylated hemoglobin and LDL (low density lipoproteins) control on LBP and BPI levels. Results.
Multivariate analysis revealed a statistically significant effect of glycosylated hemoglobin control on levels of LBP
(n*>=10.3%, p=0.008) and BPI (n?=37.1%, p<0.001). LDL control showed a significant association with LBP (n?=8.2%,
p=0.019) and BPI (n*=35.2%, p<0.001). Factor interactions explained 9.9-34.8% of the variance in the indices. Conclu-
sion. Achieving target values of glycosylated hemoglobin and LDL enhances the activity of LPS-binding systems, which
may reduce the risk of endotoxemia and systemic inflammation. The results emphasize the need for comprehensive
management of DM1 with a focus on correction of hyperglycemia and dyslipidemia.

Key words: type 1 diabetes mellitus, glycosylated hemoglobin, low density lypoproteins,
lipopolysaccharide, endotoxemia, lipopolysaccharide-binding protein.

Caxapwnsrii nuadet 1-ro tuma (CII1) xapakTepu3sy-
€TCSl Ay TOMMMYHHBIM Pa3pyIlIeHueM B-KIIETOK TOA-
KETYJOUHOH KeJe3bl, MPUBOISIIUM K a0COIIOTHOMY
JNe(UUIUTY UHCYIMHA U XPOHUYECCKOW TUIICPIIIHKE-
mun [1]. [TomuMo Ki1accuuecKuX OCIOKHEHUH, Ta-
KHX KaK pETHHOTATHS, He(hpoTaTus 1 HeHpomnaTus, y
mareHToB ¢ CJ[1 HaOmromaeTcs MOBBIMIEHHBIA PHCK
CHUCTEMHOTO BOCIIAJICHUS W DHJIOTEIHAILHON JTHC-
(YHKUMH, YTO CBA3BIBAIOT C SHJOTOKCHHEMHUEH —
MOBBIIICHHBIM YpoBHEM numnonoaucaxapuaa (JIIIC)
B KpoBH [2; 3]. JIIIC, KOMIOHEHT KJIETOYHOW CTEHKH
IrpaMOTPHUIATEIIHLHBIX OAKTEPHil, aKTUBUPYET BPOXK-
JIEHHBI UMMYHHBIA OTBeT 4epe3 Toll-mogoOnbie
peuentopsl (TLR4), uto cnocobcTByeT BhIpaboTKE
MIPOBOCHAINTENBHBIX IUTOKUHOB ¥ OKCHJIATUBHOMY
ctpeccy [4; 5].

Y mamuentoB ¢ CJI1 Hapymenue 0apbepHOM
(DYHKIIMM KUTIEYHUKA W TICYCHH TIPUBOTUT K TTOBBI-
menHol Tpanciaokauuu JIIIC B cucTeMHBINH KpoOBO-
TOK [6]. IIpn 3TOM KIIIOUEBYIO POJIb B HEWTpanu3a-
uuu JITIC urpatot aumonoaucaxapua-CB3bIBAIONTHI
oemok (JICB) u GakTepuIiuaHbIid OSIOK, TTOBHITIIAIO-
mruit mpornmaemMocts (BPI). JICh cessbeiBaet JIIIC,
oOyeruas ero mepeHoc K pernenTopaM UMMYHHBIX
kieTok, a BPI oOnagaetr npsMoii aHTUMUKPOOHOH
aKTUBHOCTHIO [3]. OqHAKO XpOHUUYECKAs THUIICPIIHU-
KeMHs U AucIunuaeMus, xapakrepusie ans C/1,
MOTYT HapymaTh (GYHKIIHHA 3THX OEIKOB, yCHINBAs
SHJIOTOKCMHEMHUIO U €€ TTOCIeACTBUA [7; 8].

Lenpro AaHHOTO HMCCIETOBAHUS SIBHJIACH OLIEHKA
BJIIMSIHUAS JOCTHIKEHHUS LieseBbIX 3HaueHuil HbAlc
(TTMKO3MIMPOBAHHOTO T€MOTTI00MHA) U JIUTIOPO-
TenHOB HU3KOH roTHOCTH (JITTHIT) Ha moka3zarenun
JICB u BPI y naunuenTos ¢ C/I1.

MATEPHUAJI 1 METO/IbI

B uccnenoBanue BkitoueHo 92 manueHTa c Be-
pudunmposannsiM auaraozom C/1 (45 myxunn, 47
JKSHIIIUH, CPeTHUI Bo3pacT — 34 + § neT), HaXouB-
IMecs Ha CTAllMOHAPHOM JICUEHHH B SHJOKPHHOJIO-
ruyeckoM otaenennn ['BY3 PK «Pecnyonukanckas
6onpuuna umenn H. A. Cemamko». Kpurepuu uc-
KITFOUEHUS: OCTpPble HHPEKINH, 0epeMEHHOCTh, XPO-
HHUYeCKas modedHas HepocTaTogHoCcTh (CKD < 60
Mi1/MuH/ 1,73 M?), OHKOJIOTHYECKHE 3a00ICBaHUS.
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UccnenoBanns mpoBOAWINCH C COOMIONEHUEM
NPUHIMIIOB XelbCUHCKOH Aekiapanun 1975 roaa,
niepecMoTpennoii B 2013 romy. Mccrmenoanme omo-
openo JlokanpHbIM dTHYECKUM KOMUTETOM PTAOY
BO «KpbiMckuii henepanbHblil YHUBEPCUTET UME-
uu B.W. Bepuanckoro», r. CumQeporions, mpoTo-
ko Nel0 ot 10 oxts6pst 2024 r. [IpenBapurtenbHO
03HAKOMHMBIIIKCH C XOJIOM MCCIIEIOBAaHUS U M3yUUB
rH(MOPMAIIHIO O HEM, BCE TTAIIMEHTHI TIOAITMCAIH UH-
(hopmMupoBaHHOE TOOPOBOIBHOE COTIIACHE.

Ouenky ypoBus JICh u BPI npoBonunu ¢ momo-
b0 IMMyHOQepMeHTHOro ananuza (MMDA) Ha 6aze
[EHTpa KOJUIEKTUBHOTO TIOIb30BaHMs HAyYHOTO 000-
pynoBanus «MonekymsapHas ouonorusiy GIAOY BO
«K®Y um. B.1. Bepnaackoro», OCHaILIEHHOTO NpU-
00pOM AJIsi TPOBEACHUS BHICOKOUYBCTBUTEIBHOTIO
HMMYHO(GEPMEHTHOTO aHallu3a C UCIOJIb30BaHHEM
tecta UDA (Cloud Clone Corp; YxaHb, IpOBHHIIUS
Xy0oii, Kutaif). Cratuctudeckas o0padboTka 1mo-
Jy4eHHBIX Pe3yJIbTaTOB MPOBOAIIIACH C TIOMOIIBIO
JUIEH3UPOBAHHOTO MPOTPAMMHOTO 0OECIIeUSHHUS
IBM SPSS Statistics 27. [y OIICHKH BIUSHUS KOH-
tposst HbA ¢ u JITTHII na yposuu JICh u BPI npu-
MeHEH MHOTO()aKTOPHBINA TUCIIEPCUOHHBIN aHalu3
(ANOVA) ¢ pacuetom 1? (105151 0OBSICHEHHON HC-
niepcun). CTaTucTudeckas 3HaYMMOCTh YCTaHOBIIEHA
npu p<0,05. XapaxrepucTHka MalueHTOB NPeCTaB-
jieHa B Taoimue 1.

PE3YJIBTATBI

W3 92 manmeHToB ILIENEBBIX 3HAYEHUI HbAlc
(<7%) nmocturnu 16 (18%), a JIIIHII (<2,6
Mmoib/n) — 20 (21,7%). Kak BugHO M3 MaHHBIX,
MpencTaBIeHHBIX B Tabnuue 2, koutposib HbAlc
acconuupoBaH ¢ moBblmieHHeM ypoBHs JICH
(n*=10,3%, p=0,008). Koutpons JIIHII Takxe
3HaunuMo Bausa Ha JICB, HO B MeHbIIEH cTeneHU
(m*=8,2%, p=0,019). B3zaumoneiicrBue GpakTopoB
(HbAlc x JIIIHIT) o6wscHsmo 9,9% nucnepcuun
(p=0,010) (Puc. 1). Kourponr HbA c oxa3sbiBan
HanOompinee Brusane Ha BPI (*=37,1%, p<0,001).
Koutpons JIITHII Takke 3Ha4UMO KOppETUPOBal ¢
BPI (n*=35,2%, p<0,001). B3aumopneiicrBue ¢axro-
poB 00wsicHs10 34,8% mucnepcun (p<0,001) (Puc.
2).



2025, 1. 15, Ne 3

OPUTI'MHAJIBHBIE CTATBbU

Tabauua 1. XapakTepucTuka nalueHToB, BKJIIOYEHHbIX B HCCJIeJOBAHME
Table 1. Characteristics of the patients included in the study

C/1
[Ipu3nHaku (n=92)
1
ag?;‘;/') 45 (48,91)
[Ton

ach_eg% | 47 (51,09)
Bospacr, noiHbIX et 34,5 (23,0;47,0)
Me (Q1:Q3)
UMT, kr/m? 23,0 (21,0;26,7)
Me (Q1;Q3)
Joctmxenne nenessix nudp HbAlc, ade. (%) 16 (18,0)
Hoctumxenune nenessix uudp JIIMHIL, ade. (%) 20 (21,7)
WBC: crenokapaus HanpspxeHust, adc. (%) 6 (6,52)
AHTHOTIATUS HIDKHUX KOHEUHOoCTeH, abc. (%) 38 (41,3)
AT, a6ce. (%) 32 (34,78)
Hedpomarus, ade. (%) 73 (79,3)
Perunomnarus, ade. (%) 68 (73,9)
[onuneiiponarus, ade. (%) 66 (71,7)
Crax 3a0oneBanusi, moiHbIX J1eT Me (Q1;Q3) 9,0 (4,0;19,0)
[Tpuem craruHOB, abc. (%) 3(3,3)
[Tpuem UHrHOUTOPOB aHTHMOTEH3UHITPEeBpalatoero Gepmenta, aoe. (%) 15 (16,3)
[Tpuem aHTaroHUCTOB KaibIwys, adc. (%) 7 (7,6)
[Tpuem auypetndeckux npenaparos, adc. (%) 11 (12,0)
[Tpuem Gera-6moxaropos, adce. (%) 7(7,6)

Ipumeuyanue: UMT — unznexc maccol tena, MbC — nmemudeckas 6one3Hb cepama, AT — aprepuanbHas
runeprensus, JINHIIT — nunonporenasl HU3KOH TIOTHOCTH.

Taonuuna 2. Binsanue paxkropos Ha 3nadenns JICh u BPIL.
Table 2. Influence of factors on the values of LBP and BPI.

Onenka Biusiaus (pakropos Ha JICH Onenka prnusiHus hakropoB Ha BPI
®DakTophl
W, % p W, % p
KonTtposs JITTHIT 8,2 0,019* 35,2 <0,001%*
Kontpone HbAlc 10,3 0,008* 37,1 <0,001*
B3aumocBsi3b (ak- 9.9 0,010% 34.8 <0,001*
TOPOB

Hpumeuanne: JIITHIT — iunonporenas! HU3Ko# minotHOocTH; HbA ¢ — IIMKO3MIMPOBaHHBIN TreMOrmoOonH
* - pusanue akropa Ha 3HaueHus JICh craructuyecku 3Haunmsl (p<0,05)

OBCYX/JEHUE

[TonyuyeHHbIe pe3yabTaThl JEeMOHCTPUPYIOT, UYTO
IOCTHXKeHHe 1eneBbix 3HaueHnit HbAlc (<7%) u
JITTHIT (<2,6 MMOIB/1T) 3HAYUMO aCCOIMUPOBAHO
C MOBBIIICHUEM aKTUBHOCTH JIMTIOTIOJIHACAXAPH/I-
cesasbiBaromux cucreMm (JICh u BPI) y manuentos
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¢ C/I1. Otu naHHbBIE cOIMIACYIOTCS C COBPEMEHHBI-
MU TPEJCTABICHUSIMUA O PO METabOIMUECKOro
KOHTPOJIS B MOAYISIITUN CUCTEMHOTO BOCIAJICHUS
1 SHAOTOKCMHEMHHM npu nuadere. Kak mokaszaHo B
nccienoBanuu, kKoHTpoib HbAlc o0bsicaser 10,3%
mucnepcun yposHs JICh u 37,1% — BPI, uto noa-
TBEpXkKAAeT KIIOUEBYIO pPOJIb THIEPIIIMKEMUH B Ha-
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OueHUBaeMble MapruHansHbie cpeaHue ana JICE (mrin)

20,000

15,000

10,000

KonTpons HbA1c

. LIENIEBBIE 3HAYEHUA HE
AOCTUTHYTBI

e LIENIEBBIE 3HAYEHUA
AOCTUTHYTBI

OueHeHHbIe MaprMHankHele cpeaHne

5,000

6,591

LleneBble 3HaYEHUA He
AOCTUTHYTEI

LeneBbie 3HaYeHUA OCTUTHYTHI

KonTpone NMHMA

Puc. 1. Bimmsinue ¢pakTopoB Ha 3HAYECHHS JIMIIONOJHCAXapHI-cBsA3bIBalonero Oenka (JICH).
Fig.1. Effect of factors on lipopolysaccharide-binding protein (LBP) values.

OueHnBaeMble MapruHanbHbie cpegnue ans BPI (nr/mwn)

1000,000

800,000

600,000

400,000

200,000
50,40

OueHeHHBb e MaprvHanbHble cpeaHue

KoHTpons HbAlc
e LIENEBBIE 3HAMEHUA HE
AOCTUTHYTHI

e LIENEBIE 3HENEHMA
AOCTUTHYTHI

-

=

0000

LleneBbie 3HaueHA He
AOCTUHYTEI

Llenesele 3HayYeHHA AOCTHHYTEI

KoHTpons JINMHM

Puc. 2. Binsinue (pakTopoB Ha 3HAYeHHUs 0AKTEPULIMIHOIO 0e/1Kka, MOBbINIAIONIero npouunaeMocts (BPI).
Fig. 2. Effect of factors on bactericidal permeability-increasing protein (BPI) values.

pymennu GyHKuni 6enkoB, HelTpanmmsyromux JITC
[8]. MI3BecTHO, 4TO XpOHUUYECKAsA TUIEPIIIUKEMUS
MOBPEKAAET SHJOTEINH M YCUIUBACT OKUCINUTEb-
HBIN CTPECC, YTO CIIOCOOCTBYET TPAHCIOKAIIUY OaK-
TEepUAJbHBIX YHJIOTOKCUHOB Yepe3 KHUIICYHbIN Oa-
pwep [9]. Cumxenne HbA lc, BeposiTHO, yimyudraer
IIETTOCTHOCTh OapbepoB n ycunuBaeT cuate3 JICH
u BPI, uro nmoareepkaaeTcs 3HaUMMbIM B3aUMO-
neiicreueM akropos (HbAlc x JIITHIT) B namem
ananmse (1?=9,9-34,8%, p<0,05). Mexanu3m MOxeT
OBITH CBS3aH ¢ nojasienueM aktubaiuu TLR4, xo-
TOpBIE, KaK MIOKa3aHO B UCCIIEIOBAHUAK, CTUMYIIHPY-
FOTCSI THTIEPIIIHKEMHEH depe3 o0pa3oBaHNe KOHEU-
HBIX TTpoAykToB rukupoBanus (AGEs) [4]. D10, B
CBOIO OYEpPE/lb, CHIDKACT MPOAYKIUIO MPOBOCIATU-
TEJIbHBIX IIUTOKMHOB, TakuX Kak IL-6 u TNF-a, uto
KocBeHHO noaepxkuBaet pynkmmio JICh n BPI [2].

KonTpons JIITHIT Takxe npoaeMoHCTpUPOBAI
3HAYMMOE BIIMSHUE Ha HCCIEIyeMble MoKa3are-
mu (m*=8,2-35,2%), 4TO MOAYEepPKUBACT BAXKHOCTH
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koppeknuu nucaununemuun. JIITHII, ocobenno B
YCIIOBHUSAX X M30BITKA, MOTYT YCHJIMBAThH BOCIIAJe-
Hue yepe3 akTuBauuo TLR4-3aBUCUMBIX IyTel U
Mo/IaBlIeHUEe aHTUMUKPOOHBIX OeskoB [7]. DTo co-
racyercs ¢ JaHHBIMU O TOM, YTO CTaTHHBI, CHUXa-
rowue JIITHIT, yMeHbIIatoT CUCTEMHOE BOCIIAJIEHUE
1 DHIAOTOKCHHEMHUIO y MAIMEHTOB ¢ quadeToM [8].
OjHaKO B HAIIEM MCCIEIOBAHUH JUIIb 3,3% maru-
€HTOB MOJIy4aJii CTaTUHBI, YTO OTPAHUYHMBAET OLICH-
Ky UX BKJIaja. TeM He MeHee, TOCTH)KEHUE LIEIEBBIX
sgauenuii JITTHII HezaBucuMO OT MEIUKAMEHTO3HOU
Tepanuu cBA3aHo ¢ ymydmenneM ¢yHkuuii JICh u
BPI, aT0 MOXkeT OBITH 00yCITOBICHO CHHXECHHEM
OKCHIATHUBHOTO CTpecca U BOCCTAHOBIEHHEM HM-
MyHHOro oTBeTa [3]. IHTepecHo, 4TO B HCCen0Ba-
Huu Aravindhan et al. (2015) 6b110 MOKa3aHO, YTO
naxe ymepenHoe caxkenne JIITHIT Ha 1 MMoib/n
MIPUBOANT K yMeHbIenuto yposas JIIIC B kpoBu Ha
15%, 94TO KOCBEHHO MOATBEPKAAET HAILY THIIOTE3Y
[3]. Kpome Toro, okcuauposaunnsie JIITHII, xapak-
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TEpHBIC JUIsl JUCTUIUICMUH, CIIOCOOHBI HAMPSIMYIO
nnarubuposars csazpiBanue JICh c¢ JIIIC, uro 00b-
SICHSICT HaOmonaemMyro koppessuto [10].

Knmandeckast 3Ha9NMOCTH pabOThI 3aKITF0YaeTCS
B 000CHOBaHMH HEOOXOAMMOCTH KOMILIEKCHOTO MOA-
xozaa k ynpasnenuto CII1, coueraromniero KOHTPOIb
IIMKEMUU ¥ JIUMUIHOTO Tpoduiis. PekomeHnarmm no
CTPOTOMY METabOIMYECKOMY KOHTPOJIIO, TIPECTAB-
JICHHBIE B QITOPUTMaX CHEeIHaTU3NPOBAaHHON ITOMO-
iy [1], moday4yaoT JONOJHUTENBHOE MOATBEPKIC-
HUE B KOHTEKCTE MPOQPHUIAKTUKH SHAOTOKCHUHEMHH.
VYeunenune aktuBHOCTH JITIC-CBA3BIBAIOIINX CUCTEM
MOXXET CHI)XaTh PUCK CEPAEYHO-COCYIUCTHIX OC-
JIO)KHEHUH, KOTOPBIE OCTAIOTCS BEAYIEH MPUUUHON
cmeprHocty ipu CII1 [1, 8]. D10 momuepkuBaeT mo-
TEHIMAJIBHYIO poib KoHTposss HbAlc u JITHII ne
TOJIBKO B YIIPABJICHUU 1Ua0ETOM, HO U B TpO(dHIIaK-
THKE €T0 CUCTEMHBIX OCIIOKHEHUH.

OrpaHnyeHreM UCCIIeAOBaHUS SBIISETCS OTHOCH-
TEJBHO HEOOJIBINOH pa3mep BIOOpkH (n=92) u mpe-
o0naiaHue MaUeHTOB C JUINTEIbHBIM CTaXeM 3a00-
neBaHus (MeanaHa — 9 JieT), 4To MOXKET BIUATH Ha
00001maemMocTh pe3yasraroB. Hampumep, y nanueH-
TOB ¢ panHuMU ctanusmu CJ]1 MmeTabomuaeckue Ha-
PYIIEHHSI MOTYT OBITh MEHEE BHIPAYKESHBI, & BIUSHUE
koHTpoJst inkeMuu Ha JICh — Gornee 3HaYMMO, 9TO
TpebyeT oTaensHOro uzyueHus [14]. Kpome Ttoro,
HU3Kasl JIOJIS MAllMeHTOB, TOCTUTTIINX 1IE€JEeBBIX 3HA-
yennit HbAlc (18%) u JITTHIT (21,7%), yka3biBaet
Ha HeOOXOAMMOCTh ONITUMHU3AIINH TEPATIEBTHUECKUX
CTpaTeruil B peajabHOU KIMHUYEeCKoU mpakTuke. Co-
[JIaCHO JTAaHHBIM MEXIyHAPOIHBIX PETHCTPOB, TAKHE
[0Ka3aTeIn COOTBETCTBYIOT CPEAHEMHUPOBBIM 3Ha-
YEHUSM, YTO TTOJICPKUBACT TIIOOATBHYIO TPOOIEMY
HEJI0CTAaTOYHOTO KOHTpos auabdera [10]. s mon-
TBEPKICHHS BBIBOJIOB TPEOYIOTCS MHOTOLIEHTPOBBIC
HCCIIEIOBaHNS C BKIIIOYEHNEM MAIIMEHTOB Ha paHHUX
cragusax C/1, a Taxxke onenkoit guHnamuku JICh u
BPI na ¢oHe MHTEHCUBHOM Teparu.

Eme onquum orpaHWYeHUEM SBISIETCS OTCYT-
CTBHE JTAHHBIX O COCTaBE MUKPOOHOTHI KUIIICYHHKA,
KOTOpasi HTPaeT KIFOUEBYIO POJIb B TPAHCIOKAIHH
JITIC [6]. U3BecTHO, 4TO AUCOMO3 yCYyTryOJIsieT 3H-
norokcuHemuro ipu C/11, a npoOuoTHKN MOTYT Ya-
CTUYHO BOCCTAaHOBHUTH OaprepHyto ¢pyHKImio [11].
Bxorouenne Takux mapamMeTpoB B OyayIiue uccie-
JIOBaHUS TIO3BOJIUT YTOUHUTHh MEXaHU3MbI HAOIFO-
naemMbIX 3QQexToB. TakxKe CTOUT OTMETUTH, YTO B
paboTe He YUYUTHIBAIHCH TUETHYECKHE (PaKTOPHI,
XOTsI TOKa3aHO, YTO OTPEOIEHUE KUPOB U YIJIEBO-
JoB BiusieT Ha ypoBens JITTHIT u noctnpananais-
HYIO DIMKeMUIo [9].

Hecmortps Ha ykazanHble orpannyeHus, padbora
BHOCHT BKJa/ B TIOHUMaHUE B3aUMOCBS3H MEXKIY
METa00JIIMIECKUM KOHTPOJIEM B BPOKJICHHBIM UMMY-
auteroM pu C/11, moguepkuBas BaYKHOCTh MHOTO-
(hakTOpHOTO MOIX0Aa B IPO(DHIAKTHKE CHCTEMHOTO
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BOCHAJICHUS U €0 OCIOKHEHUH. [lonydeHHbIe naH-
HBIE COTJIACYIOTCS ¢ KOHLENIHNEH «MeTab0InuecKon
MaMsATH», CONNIACHO KOTOPOH JUIUTENbHAs THIIEPTIIH-
KeMUs POrpaMMHPYET YCTONYNBBIE BOCTAINTENb-
HbIe PEaKINH JJa)Ke MOCJIe HOPMaJM3alNH yPOBHA
DTIOKO3HI [ 12]. DTO MoATBEpKIaeT HEOOXOAMMOCTh
paHHero u arpeccuBHOT0 KoHTpoist HbAlc, ocoben-
HO y MOJIOJBIX ManueHToB. KpoMe Toro, BBISBICH-
Has cBa3b mexay JIITHIT u BPI orkpsiBaeT HOBbIE
MIEPCTIEKTUBBI [T MCIIOJIb30BAaHUS THUIIOIUITHIEMH-
YEeCKOM Tepaluy B KaueCTBE aJbIOBAHTHOTO METONA
CHMYKCHUS HIOTOKCHHEMHUH.

3AK/IIOYEHUE

Jocrtmxenne neneBbix 3HadeHuin HbAlc u
JIITHIT 3naumMo ymyumaeT mokazarenu JIIIC-
CBSI3BIBAIOIIMX CUCTEM Y mauueHToB ¢ C/I1, uro mo-
KET CHWKATh PUCK SHIAOTOKCUHEMHH U CHCTEMHOTO
BocnaneHus. [lomydeHHble pe3yasTarsl MOAUYepKUBa-
IOT B&XHOCTh CTPOTOTO KOHTPOJIS TIIMKEMHUH U JIH-
MUTHOTO TIPO(MIIS B paMKax KOMITIEKCHOTO BEJICHHUS
marnuenToB ¢ CII1.
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BAPCYKOB HUKONAW NMETPOBUY

(K 85-JIETUIO CO AHA POXXIAEHM )

B aBrycte 2025 romga ucmonHseTcs 85 et BUI-
HOMY Y4Y€HOMY, JOKTOPY MEAMLUHCKUX HAYK, IPO-
(eccopy kadenpsl ructonoruu u smopuonoruun Op-
nena Tpynosoro Kpacroro 3namenn MeauumHCcKoro
nHctutyTa uM. C. . I'eopruesckoro KOY nm. B. U.
Bepnanckoro bapcykoBy Hukonato ITerposuuy.

Cpean MHOTHX Y4E€HBIX MeIUIIMHCKOTO MHCTUTY-
ta umM. C. 1. I'eopruesckoro, a Takxke Kpemckoro ro-
CYJIapCTBEHHOTO CEIbCKOXO35IICTBEHHOTO MHCTUTYTA
nMenu M. U. Kanununa, Kak B COBETCKOE BpeMsI, TaK
Y Ha COBPEMEHHOM 3Talle pa3BUTHS MEIUIINHCKON
u BeTepuHapHoil Hayku Hukomnaii [lerpoBuu bapcy-
KOB SIBJISICTCS] OAHUM M3 CaMbIX YHUKAJIbHBIX HPEA-
craBuTesieit KpbIMckoii SMOPHOIOrnueCcKO KO,
CO3/IaHHOM MOKOJIEHUSIMU COBETCKHUX TMCTOJIOTOB,
KOTOPBIN TaJaHTIMBO MPOIOJIKAET HAyUHbIE HCCTe-
JIOBaHUS, PyKOBOZS U HAIIPABJIsis MOJIOBIX YUEHBIX U
CTYAEHTOB B I'MCTOJIOTHUECKUX UCCIIEJOBaHUAX MOP-
(onoruu yenoBeka U MIEKONMUTAOMMX. OTBITHBIN
niefaror Buiciiei mkousl mpodeccop H. I1. Bapcey-
KOB yBJIEKaeT TMCTOJIOTHEH BCE OOIbIIee YHCIIO CTy-
JIEHTOB | 3TO MO3BOJISIET €MY BBISBIATH CPEIU HUX
HanboJiee CIIOCOOHBIX M TBOPUYCCKHUX MPEIACTABUTE-
JIeH MOJIOJIOTO TOKOJICHHUS ¥ TNTAHOMEPHO BECTH MX
K HayYHBIM OTKPBITHSIM, CIIOCOOHBIX K HAITMCAHUIO
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TE3HMCOB JIOKJIA/I0B U CTaTei U MPEeACTaBIATh X Ha
Bceepoccuiicknx HaydHBIX KOHPEPEHIINAX U Che3ax.
Huxkomnaii ITerpoBuy ponuics 9-ro asrycra 1940
rozaa B cene [logocunoBka HoBoxonépckoro paitona
Bopounexckoit oonactu. C 1948-ro o 1953 rozst
oOyuancst B [1oJJoCHHOBCKOI HETMOJIHOW cpeqHel
mKoie, a ¢ 1953 roga B CBs3M C IEPEE3I0M CEMbBH
B KpeIMckyto obmacts — B KombuyruHCKOM cpemHeit
LIKOJIE, 0 OKOHYaHUU KoTopoil B 1958 romgy mocty-
U1 ¥ ycnemHo 3akoHumwl B 1960 rogy SAntunckoe
MEIMLMHCKOE YUMIIMIIE MO CTIeHHUAIbHOCTH ITOMOLI-
HUK npoBu3opa. [locne ciyx0b1 B CoBeTckoit ApMun
(1960-1963) moctymun B KpeiMckuii TocymapcTBeH-
HbI METULMHCKUNA UHCTUTYT, KOTOPbIA OKOHYMII B
1969 rony ¢ oTnuuMeM U ObLJT PEKOMEHAOBAH IS
MOCTYIUICHHS B aCTUPAHTYPY NPH Kadeape rMCToo-
ruu ¥ 3mMopuosioruu (1969-1972), npoaomkus pado-
Ty Ha 3TOH Kadeape B kauecTBe accucTerTa mo 1988
roa. B 1973 rogy ycnenHo 3aiiuTii KaHAUIATCKY10
JHCCepTalMIO Ha TeMy: «Pa3BUTHE CTEHKH KeITyIKa
YeJloBeKa B IPEHATAIbHOM NIEPHO/IE OHTOTEHE3a.
Vxe Torna B ganekue 70-e Toabl 0OPMHIOCH
OCHOBHO€ Hay4HOE€ HaIlpaBIICHHE HMCCIIeT0BaHUN
Huxonas [Terpouua bapcykoBa — 3aKOHOMEPHOCTH
THCTO- U OPraHOI'€HEe3a YeJIOBEKa 1 )KUBOTHBIX. bap-
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cykoBbIM H. I1. coBmecTHO ¢ npodeccopom Ilamosa-
noBbM FO. H. BriepBbie B MUpe n3yueHa MOpQOIOTHs
17-cyTO4HOTrO 3apopliiia 4eJI0BEKa C NCIIOIb30BaHU-
€M KOMIUIEKCA TUCTOJIOINYECKHUX, IUTOXUMHYECKIX
1 MOP(HOMETPUUECKUX METOJIOB UCCIIEIOBAHUS.

B 1988 roxy Huxonaii [lerpoBuy 0611 n30paH no
KOHKYPCY Ha JOJDKHOCThH JIOIICHTa KadeIpbl aHaTO-
MUH, THCTOJIOTUH U (HPU3UOJOTUN (PaKyabTeTa BETE-
pUHApHOIN MEAWIIMHBI, CO3/IaHHOTO Ha 0a3e Kprim-
CKOT'O TOCYIaPCTBEHHOTO CEIbCKOXO3SHCTBEHHOTO
uHcTuTyTa UM. M. . Kanuauna. Pabotas B aTo#
JOJDKHOCTH, OPTaHW30Ball YY4eOHBIN Mpolece 1Mo
qucruiuinae «LluTonorus, rucTonorus u aMOpuo-
JIOTHUs», Y4acTBOBaJ B CO3aHUU MaTepUalIbHON U
Hay4HOU 0a3bl kadenpsl u (hakyabTeTa.

[TapaniensHo ¢ 3TUM OH coBMelnai paboTy Ha
Ka(eape rUCTONIOTUU U SMOPUOJIOTHH B MEIUIIMH-
CKOM MHCTHUTYTE, IPOJIOJIKasi Hay4YHbIe M3bICKaHUS,
HUTOTOM KOTOPBIX cTayia 3ammuTa B 1996 romy muc-
CepTalyM Ha CTENEeHb JJOKTOPAa MEAULIUHCKUX HayK
Ha TeMy «/HAMBUAYyalbHAsE 1 OHTOT€HETHYECKas
M3MEHUYNBOCTh F'MCTO- U OPTAaHOT'€HE30B C YUETOM
001X 3aKOHOMEPHOCTEHN MpeHaTaIbHOro Meproia
Pa3BUTHUS YEIOBEKAY.

3aKOHOMEPHO € 3TUMH nporieccamu B 1990 rony
Huxkonaro IlerpoBuuy bapcykoBy nprcBoeHO yuéHoe
3BaHUe JoieHTta, a B 2000 roxy — 3BaHue npodec-
copa. B 1997 r. u30paH NeWCTBUTEIBHBIM YJICHOM
VYKpauHCKOM akaJeMHHU HayK HAllMOHAJIBHOIO IIPO-
rpecca. Ha npotsxkennn MHOrux jet npodeccop
H. II. bapcykoB akKTUBHO COTPYJHUYAET C YUEHbI-
MU APYTHX MOP(HOJIOTrHUECKUX M KIMHUYECKUX Ka-
(denp: HOpMaIbHOW M MATOJIOTHMYECKOW aHATOMUH,
(hapMakoOoTHH, XUPYPrUH, KOKHBIX OOJE3HEH U
Ip., pacUIMpsisd MEXIUCLHUIUINHAPHBIC CBSI3U MOP-
(donorunueckoit Hayku. OTHOBpEMEHHO Ipodeccop
H. II. bapcykoB ocemaeTr ucropuro KpsiMckoit
9MOPHONOTHYECKON LIKOJIBI, CO3JaHHON mpodec-
copom b. II. XBaroBeiM u ero yuenukamu — E. 1O.
[TarroBanoBsiM, B. A. KoponeseiM, b. B. Tporenxko,
A. . bpycunosckuM. B coaBropcTBe € ApyTrUMHU CO-
TpyAHUKaMH Kadeapbl o 3ToMy Boripocy Hukomaem
[leTpoBuyem omyOnuKoBaH ps pador.

C 1996-ro roga Hukonaii [lerpoBuy padotan B
TIOIDKHOCTH TIpodeccopa kadeapsl aHaTOMUH, THCTO-
noruu 1 ¢pusnonorun KpeMckoro rocynapcTBeHHO-
IO arpOTEXHOJIOTHYECKOTO YHUBEPCUTETA, & C CEH-
Ts10pst 1997 rona no nexadbpe 2015 rona 3aBenoBa
kadenpoil oxpaHsl Tpyaa 1 0€30MacHOCTH KHU3HEIe-
ATEJIILHOCTH C KypCaMH I'MCTOJIOTUU ¥ PaiioOroII0-
run KpeIMCKOro rocynapcTBEHHOTO arpOTeXHOJIOTH-
YECKOr0 YHUBEPCHUTETA.

B suBape 2016 rona B cBsI3M ¢ peopraHu3anueil
Kaeap ero nepeBoAsAT Ha JOIKHOCTH Mpodecco-
pa xadenpsl aHATOMHHA U (U3UOJIOTUH KUBOTHBIX
AxaneMun 6MOPECYpPCOB U IIPUPOIOIIOIb30BAHUS, &
¢ okTs0ps 2019 roma — mpodeccopa kadheapsl TH-
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CTOJIOTMH U SMOPHOJIOTMH HHCTUTYTa MennHCKas
akagemust uM. C. U. I'eopruesckoro (cTpyKTypHbIE
nonpazaenenus KOY um. B. U. BepHaackoro).

W3obperarenbubiii ym npodeccopa H. I1. Bap-
CyKOBa TPUBJIEKAET K HAyYHBIM HCCIEIOBAHHSIM
HOBBIE I'PYIIIEI O0YHYAIOIIMXCS U IPEAIAracT UM aK-
TyaJbHbBIC TEMbI UCCIICAOBAHUS, HAIIPUMED, U3yUe-
HUE BUJOBBIX 0COOCHHOCTSIX CTPOCHHSI CIM3UCTON
000JI0YKH MOYEBOTO ITy3bIPS YEJIOBEKA U HEKOTOPHIX
JIOMAITHUX KUBOTHBIX. JIOKJIal TPYIBI CTYIEHTOB
10 ATOU TeMe Ha MeXIyHapOIHOM HayIHOM (Bopy-
Me MOJIOZIBIX YUE€HBIX (T. Boponex, 2025) ormMeueH
quriomoM [lepBoii cTenenn.

Cgoii 100uneii npodeccop Huxonaii [lerpoBuy
BapcykoB BcTpedaeT ¢ HOBBIMU Hay4YHBIMHU pa3pa-
00TKaMU U UAESIMH, KOTOPBIM HaBEPHSKA CYKIACHO
JlaTh HA4yaJI0 HOBBIM Hay4YHBIM HalpaBJeHUsIM paldo-
ThI KpbhIMCKOH ASMOPHOIOTHYECKOM IKOIIBI, YTO OT-
pakaeTcs B OUEPEIHBIX HAYYHBIX CTATHSIX.

MOKHO € TOPAOCTBIO OTMETHTD, YTO Mpodeccop
H. I1. bapcyxoB siBisieTcst aBTOPOM B COaBTOPOM 00-
nee 300 myOmukanuii, cpear KOTOPHIX 8 yIeOHBIX
roco6wuit (5 n3 Hux ¢ rpudom MunAIIK Ykpaunsr),
JBYX PECITyOIMKaHCKUX YYEOHBIX TPOrpamMm, 4-x aB-
TOPCKHX CBHUJCTENBCTB HAa N300pETCHUSI.

Ipodeccop H. I1. BapcykoB — HeoHOKpATHBIH
YUYaCTHHK pAla Bcecoro3HbIX che3/10B aHaTOMOB, I'-
CTOJIOTOB ¥ SMOPHOJIOrOB, MEKAYHApOoHbIX (Yexoc-
noBakust, Pymbraus, bonrapus, CLLA) Hay4sbIx ¢o-
PYMOB ¥ KoH(epeHIIH cTpaH ONMKHETO 3apyOeKbs
(Kazaxcran, JIuta, Monnosa, Dcrouus). Ero nayd-
HBIE TOCTH)KEHHSI B 00JIaCTH SMOPHOJIOTHH SIBIISTFOTCS
00IIenpU3HAHHBIME, BKJIFOUEHBI B PsIT MOHOTpad it
1 PYKOBOJICTB, B TOM YHUCJIC HHOCTPaHHBIX. MHOTHE
Hay4HbIe Pa3pa0dOTKu U OTKPBITHS mpodeccopa H.
I1. BapcykoBa BKkItOUEHBI B yueOHUK «[ ucTonorus,
LUTOJIOT U, SMOPHOIIOTHS ITIs1 MEIUITUHCKHX By30B
(Mockaa, 1983; 1989; 2000, 2021 / pen. 0. . Ada-
HackeB, H. A. IOpuna).

B 2021 romy BBIIUIO B CBET 7-€ U3JJaHUE 3TOTO
y4eOHHKa IS CTYICHTOB MEAULIMHCKUX BY30B, CO-
aBTOPOM M OJIHUM U3 HAYYHBIX PEIaKTOPOB KOTOPOTO
sersieTcst mpodeccop H. I1. bapcyko. 3TOT yaeOHUK
YCIIELIHO UCHOJIB3YETCS U IJIsl TOATOTOBKHU CIEIH-
QJIMCTOB M BETEPUHAPHOU METUIIMHBIL.

B 2022 roay 7-e u3gaHue 3TOro yueOHUKA BbI-
IIJIO B CBET Ha aHIIHMICKOM s3bike. B 2025 rony B
n3narenscTBe JIaHb BBINIUIO 7-€ W3MaHue yaeOHOTO
nocobus «Lluronorus, rTuCTONOrHsL, SMOPHOIOT U,
aBTOPOM KOoTOporo siBisiercs mpodeccop H. I1. bap-
CYKOB.

Crnenyet ormetutb, uto npopeccop H. I1. Bap-
CyKOB, pa3pabaTriBasg y4deOHbBIE MaTepuaibl s
YIEOHBIX TTOCOOW W YISOHUKOB 110 TUCTOJIOTHH U
SMOPHOJIOTHH CO3/1aJl YHUKAIbHBIE CTPYKTYPHBIE
CXEMBI OTHOM M3 KOTOPBIX SIBIISIETCSI CXEMa CTPOe-
HUS TUIALCHT Pa3IUYHBIX MOP(OTOrHYECKUX THUIIOB.
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3apHCOBKY M KOHCTPYHPOBaHUE TAKUX CXEM IpO-
(eccop MPOBOIUT JIMYHO, HUCTIOIB3YSI COOCTBEHHBIE
XyJI0’)KECTBEHHBIE M aHATUTHUYECKIE CIIOCOOHOCTH,
YTO MPUAAET OPUTHHAIHHOCTh €T0 YU4eOHBIM MaTe-
pHuaiaM ¥ BBICOKO IIEHUTCS O0Y4arOIUMHUCS.

Bbapcyko H. I1. noarorous 4-x KaHIUAAaTOB HAayK.
B nacrosmee BpeMs ABJIsIeTCS HayYHBIM KOHCYJIBTaH-
TOM IO JTOKTOPCKOH JNUCCEPTAIY U HAyYHBIM PYKO-
BOJIUTEJIEM IO KaHAUJATCKOM JUCCEPTALIUN.

Hapsany ¢ nayunoit nestensnoctoto H. I1. Bap-
CYKOB — aKTUBHBIH y4acTHUK OOIIECTBEHHOM )KU3HU
BYy30B 1 ropona Cumpeponons. B pasubie rogsl on
SBIISUICS TIPE/IceaTelIeM CTyIeHUeCKoro npodroma
Y WIEHOM MapTUHHOTro koMuTeTa KpbIMcKOro Meau-
LMHCKOTO MHCTUTYTA, CEKpeTapéM MapTUUHOU Op-
raau3aiuy GaxKyabTeTa BETEPUHAPHONW MEIULIIHBI
KpbIiMcKkoro cenbCckoXxo3siiCTBEHHOTO MHCTUTYTA,
qwieHoM KpbIMCKOTO 00JaCTHOTO KOMHTETa MpPO-
(hcoroza MEIUITMHCKUX PaOOTHUKOB, WICHOM KpbIm-
ckoro PecryOimkaHCKOTO coBeTa 1Mo 0e30macHOCTH
JKU3HU U JEATEIbHOCTH HACEICHUS U Upe3BblUaii-
HBIM CUTYalLlUsIM, YJIE€HOM PeAaKIIMOHHON KOJJIETHH
Hay4YHBIX U3gaHuil KpbIMCKOro METUIIMHCKOTO HH-
CTUTYTA U 10 BeTepuHapHOU MmeaunuHe KpbiMcko-

IOBMJIEU

IO arpoTEXHOJOTNYECKOT0 YHUBEPCUTETA, PENAKTO-
poM xypHana «CTylneHueCKU BECTHUK arpapHbIX
Hayk». MHorue roasl npodeccop H. I1. Bapcykos
pelaKTUpyeT Hay4YHBIE CTAThH, KypHAJbI, y4eo-
HUKHM U B 3TOH paboTe Bceraa OTINYACTCs BHICO-
KUM NPpoQeCcCHOHATU3MOM, TPUHLIUIHAIBHOCTBIO,
BBIBEPSIsl U MCHPABIISis OMIMOKH MOJIOABIX aBTOPOB
1 HampaBsis UX K 3TaJJOHaM COBPEMEHHOM Hayd-
HOM MEeIMIIMHCKON HOMEHKIIATypsl, opporpadun u
IrPaMMAaTHKE PYCCKOTO SI3bIKa.

Ceromus nmpodeccop H. I1. bapcykoB siBisieTcs
WIEHOM CIIEHHATU3UPOBAHHOIO YUYEHOTO COBETA IO
3alUTe KaHIUAATCKUX U TOKTOPCKUX JUCCEepTaIuii
Opnena Tpynosoro Kpacuoro 3namenu Menuiua-
ckoro mHCTUTYTa M. C. 1. I'eoprueBckoro. Emy
[IPUCBOCHO MOYETHOE 3BaHUE «3aCIIyKEHHBIH IIPO-
(deccop» u Betepan Tpyna Kpsimckoro deaepanbHo-
ro yauBepcurera uM. B. U. Bepnanckoro. OH Ha-
rPpKAEH ABYMS IOYETHBIMU I'paMoTaMu MuHucTep-
CTBa arpoNpOMBIIUIEHHOTO KOMITJIEKCa YKpauHBbI,
rpamotamu KpeimMckoro ookoma mpodcoro3os, 11K
BJIKCM, LIK JIKCMY, MHOTOYHCIIEHHBIMU FPaMO-
TaMH BY30B, B KOTOPBIX OH IUIOIOTBOPHO TPYAMICS U
MPOJOJKAeT padoTaTh B HACTOSIIECE BPEMSI.

Konnexmuswl kagedp eucmonozuu u smopuonocuu Opoena Tpyoosozo Kpacrnoeo 3namenu Meouyuncko-
20 uncmumyma um. C. U. I'eopeuesckoeo (3as. kageopou npogheccop llanosanosa E. FO.), anamomuu u
usuonozuu xcusommulx Aepomexnonozuyeckoll akademuu (3a6. kageopoii npogeccop Jlemewenrxo B. B.),
3acayscenHvlll pabomuux Hayku u mexruku Pecnyonuku Kpvim, npogheccop kagheopvl namonoeuueckoul ghu-
suonocuu Xapuenxo B.3., cmyodenmsi, yuénvie u compyonuxu @IAO BO «Kpvimckuii ghedepanvrvlii ynusep-
cumem um. B. U. Bepnaockozo» om éceii dywiu nosopasisirom npogheccopa Huxonas [lemposuua Bapcykosa
¢ 100UNElHOU 0amOotl, JHCenaom emy Kpenko2o 300p06bsi, Q0N20aemus U OANbHEUUUX MEOPUECKUX YCNeXO08.
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