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AHHoTanus. S3Bennsiit konut (1K) — 370 BocnmanuTeapbHOE NOpajkeHUE CIM3UCTON 000ZOUHON U MPSAMON KHUIIOK, Xa-
paKTepU3yIOIEeCs] XPOHUUYECKUM PELUAUBUPYIOIKUM WU HENIpepbIBHBIM TeueHueM. 1K cTpajgaoT npeumMyInecTBEeHHO MO-
JIO/IbI€ JIFO/IN TPYAOCIOCOOHOTO BO3pAcTa, YTO ONPeIelIsieT COUaIbHYI0 3HAaYNMOCTh 3a0oneBanns. KilmHu4eckas mpakTHKa
IporpaMM KJIETOYHON Tepaluy Ha OCHOBE ME3EHXHMAJBHBIX CTPOMAJBHBIX KJIETOK MO3BOJISAECT OTPAHUYUTH NMPHMEHEHHUE
TOPMOHAJIBHON MM UMMYHOCYTIPECCUBHON METUKAMEHTO3HOI Tepanuu y JaHHBIX MaIl[HEHTOB.

B craThe npencraBieH KIMHHYSCKUH CITydai JIeueH s TTalieHTa 52 JeT ¢ XpOHUYeCKoi HenpepeiBHOH (opmoit K ayTo-
JIOTUYHBIMH MYJIBTHIOTCHTHBIMUA ME3CHXUMAJIBGHBIMH CTPOMAJIBHBIMH KJIETKAaMHU MOCPEACTBOM HX BBEICHHUS B HIIKHIOIO
OppiKeednyto aprepuio. KOHTpos gedenus mpoBeieH uepes 43 cyT nocie npoueaypsl. [lonydeHs! ciaeayiomue pe3ynbTaThl:
CHMIKEHUE WHJIEKCa aKTUBHOCTH 3a00JeBaHusl ¢ TspKenol crenenu (DAl = 9) no nerkoit (DAl = 4), oTka3 OT rOpMOHaJIbHON
Tepanuy, y10BJIEeTBOPEHHOCTh MAllMEHTA 110 JaHHBIM ONPOCHUKA SF-36 U eKeIHeBHUKA.

KuioueBble cJ10Ba: SI3BEHHBIH KOIUT, KJIETOUHAS TEPAINs, ay TOJOTHUIHBIE MYJIBTUIIOTCHTHEIE ME3eHXIMAJIBHBIE CTPO-
MaJbHbIE KJIETKH, HUKHSS ME3eHTepUKOrpadus

Jast uutupoanus: KierouHast Tepanus XpOHHYECKONH HEMPEpbIBHOH (OpPMBI SI3BEHHOTO KOJIUTA TSIKEIOH CTEHNEeHU
AKTUBHOCTHU ayTOJOIMUHBIMU MYJIBTUIOTEHTHBIMY ME3€HXMMAJIBHBIMU CTPOMAJIbHBIMU KIETKAMU: aHAJIU3 KJIMHUYECKOIO
cayyasi / A. B. Bopobeii [u np.] / Bec. Han. akan. HaByk Bemapyci. Cep. men. HaByk. — 2020. — T. 17, Ne 4. — C. 391-400.
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CELL THERAPY OF A CHRONIC CONTINUOUS FORM OF ULCERATIVE COLITIS
WITH SEVERE ACTIVITY WITH AUTOLOGICAL MULTIPOTENT MESENCHYMAL STROMAL CELLS:
ANALYSIS OF THE CLINICAL CASE

Abstract. Ulcerative colitis is an inflammatory disease of the mucosa of the colon and rectum. The clinical practice
of cell therapy programs based on mesenchymal stem cells allows to limit patient data on the use of hormonal or immuno-
suppressive drug therapy.

The article presents a clinical case of 52 years man with ulcerative colitis, which was treated by autologous multipotent
mesenchymal stromal cells that pass through the inferior mesenteric artery. Treatment control was carried out 43 days
after the procedure. The following results were obtained: a decrease in the diseases activity index with a severe degree (DAl =9)
to mild (DAI = 4), refusal of steroid therapy, patient satisfaction according to SF-36 questionnaire and diary.

Keywords: ulcerative colitis, cell therapy, autologous multipotent mesenchymal stromal cells, inferior mesenterico-

graphy
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BBenenue. S3Bennswii xonut (SIK) — 3T0 XpoHHMYeckoe BOCHalWTeNbHOE 3a00JIEBaHHE TOJICTOM
KHUIIKH, XapaKTepU3yIolieecs peruIuBUPYIONINM U PEMUTHPYIONIUM TeueHneM. PacripocTpaneHHOCTD
SK B CeBepHoii AMepuke coctasisieT 286 uenosek Ha 100 000 (CLIA), 3a6oneBaeMocTh — 23 4yeJoBeKa
Ha 100 000 (Kanana), B EBporie — 505:100 000 (Hopserus) u 36,4:100 000 (dapepckue ocTpoBa) COOT-
BeTcTBEeHHO [1]. B GonpimuHCTBe TOmymsamuit ManudecTanus 3a00JIeBaHUS OTMEUACTCsl B BO3pPaCTe
20—40 u 50-70 net. C yyeToM TpyA0cnocoOHOro Bo3pacrta nanueHToB K sBiseTcs conuaibHO U IKO-
HOMHWYECKH 3HAUMMBIM 3a00JIeBaHUEM [2].

KoncepBaruHas Tepanust AK cocTouT B npreme npenapaToB S-aMUHOCATUIIIOBON KUCHOTHI (5-ACK)
U TIIIOKOKOPTUKOCTEepoua0B. OnHaKo TepaneBTHuYecKas 3(h(heKTHBHOCTD JaHHBIX MpenapaToB HAXOIUT-
cs B nuamnasone 40—60 % u aukoraa ve nocturaet 100 % [3, 4]. J{nuTensHas Tepanus UMA MOXKET MTPH-
BECTH K ATy CEPbE3HBIX MOOOYHBIX SIBJICHUH, TAKMX KaK apTepuanbHas runepTensus (Al), caxapHbrii
nuaber, HPEKIIHOHHBIE TIOPaKEHUsI MATKUX TKaHEH, 0cTeoHekpo3 u Ap. C BHeIpEeHUEM B KIMHUYE-
CKYIO MPAKTHKY JOCTHKCHHUI MOJIEKYJISPHOH M KJIETOYHOW OMOJIOTHH cTajla BO3MOXKHOW pa3paboTka
METOAOB KOHCEPBAaTHBHOHM TEpanuy Ha OCHOBE MYJBTHIIOTEHTHBIX ME3CHXHMAJBHBIX CTPOMATbHBIX
kietok (MMCK). x mpruMeHeH#e TTO3BOJISET TOCTHYh MOJOKUTEITHHON TUHAMUKY TTpH JedeHun SIK
0e3 yBeIMUCHUSI TOJIH TITIOKOKOPTHKOCTEPOHIOB [5].

Lenb paboThI — YMEHBIIUTH CTENIEHb AKTUBHOCTH SI3BEHHOI'0 KOJHUTA B MIPEACTABICHHOM KIMHHYE-
CKOM cJTydYae IMyTeM PerHOHapHOW TPAHCIUIAHTAINH 2y TOJOTHYHBIX MYJIBTUIIOTEHTHBIX ME3eHXHMAaJTh-
HBIX CTPOMAaJbHBIX KJIETOK Yepe3 HIKHIOI OpBDKEeuHYI0 apTepHI0 MpU MPOBEIEHNN HIDKHEH Me3eH-
TepUKOT pauH.

O0beKkTHl M MeTOABI HccaenoBanust. OOBEKTOM HCCIEIOBaHMS ObLT mamuedT P. 52 yet, mpoxo-
nuBmui neuenue K B otnenenun npokronorun Y3 « MuHCKast 001acTHas KIMHUYECKAsh OOJbHUIIA
(MOKB). Briepseie 0b11 rocnutanusuposas 13.12.2019 ¢ xanobamu Ha yacTelid (1o 12 pa3 B cyTKH)
KUJIKUH CTYI C IPUMECHI0 KPOBU U TEPHOANYECKHE 00N B OKOJIOMYOYHON 00J1acTH, OOIbIIE CIIeBa.
B 2018 r. mo MecTy *HUTeNIbCTBA BBINIOJHEHA reMOpporAdKToMus. K KOHIly yKa3aHHOTO roja 4acToTa
JKUJIKOTO CTyJa JocTurana 6—8 pa3 B cyTku (mpu HopMe 1-2 pasa Juist JaHHOTO maruenTa). [Ipu akre
nedekaun NanueHT NepUoMYeCKr OTMe all HaJIMYUe KPOBH MIIM KPOBSIHBIX MPOXKHUIIOK B Kale. B ce-
peaune 2019 1. OSBUIIMCH TEHE3MBI I OTMEYaJicsl JUCKOM(OPT B JIeBOH MOAB3A0IIHOM 00nacTi. C JaHHBIM
KOMIIJIEKCOM CHMITTOMOB IIPOXOAMII JIEYeHUE y TepareBTa U XUpypra Mo MecTy KuTeiabcTBa. U3 Bpen-
HBIX MPHUBBIUEK: KYpPHUJ C JETCTBA. YTBepkKaaeT, uTo Opocuisl KypuTh B 2019 r. OHKOIOTHYECKUMHU
1 UIMMYHHBIMH 3200JI€BaHUSIMH HU CaM MALUEHT, HU ero OJIM3Kue poACTBEHHUKH He Oonenu. C qaHHOM
MaTOJIOTHEH COCTOUT Ha IUCMAHCEPHOM y4eTe M0 MECTY JKUTeNnbcTBa. [larmenT mpomen obcnenoBanme
20.11.2019 B PHIIL] onkonoruu u Mmeauuuuckoi pagauonorun um. H. H. Anexcanaposa (PHIIL] OMP).
Pesynbrater o0cnenoBaHus:

1. Ilepecmotpena xommetoTepHass Tomorpadus Ne 105663 ot 05.11.2019. 3akmroucHue: MPU3HAKA
HOAYJSIPHBIX U3MEHEHHUH B JIETKHUX, HAJIMYUE BHYTPUIICTOYHBIX JIUM(OY3JI0B U ouaroB ¢Gudposa; npu-
3HAKW XPOHHUYECKOTO IMPOCTATHTA.

2. Pextocurmokononockomust Ne 28283 ot 05.11.2019: Buzyansno — kaptuHa SAK.

3. UmmyHnodepmenTHbiii anain3 Ne 51834 ot 05.11.2019: POA — 1,61 ar/miu, CA-19-9 — 3,81 E/mu.

4. 3axroueHue OHKOJIOTa 0 pe3ynbraraM oocnenoBanust Ne 1257313 ot 20.11.2019: nanHBIX 32 OHKO-
MATOJIOTMIO CO CTOPOHBI TOJICTOMN KUIITKH HE BBISIBJICHO.

®duszukanbHOe UccnenoBanue ot 13.12.2019: Temnepatypa tena 36,6 °C, Bec 60 kr, poct 164 cM,
HNMT 22.31. O60BeKTUBHO: 00IIIee COCTOSTHUE CPENHEH CcTeleH! TshKecTH. [Ipr ocMoTpe obmecomaTrnye-
CKOH MaTOJIOTMH HE BBISIBICHO. JKUBOT MSTKNM, OOJIC3HEHHBIH B TIOKOE M IIPY MAJIbIAIINH CJIEBA B ME30-
racTPHH U TIOAB3IONIHON 001acTH. AyCKYJIBTaTHBHO — EPUCTATBTHKA coXpaHeHa. CHMIITOMEBI pa3ipa-
JKEHH S OPIOIIMHBI OTCYTCTBYIOT.
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3a BpeMsi HaxOXKJCHUsI B CTAIlOHApe MAIMEHTY IPOBEICH pPsi JTa0OpaTOPHBIX HCCIICIOBAHMIM.
OO6muii ananu3 KpoBu nokazain noseimenue COD mo 28 mm/a (16.12.2019) u mocnenyrolnee ee MOHU-
xenue 10 8 mm/a (02.01.2020), yTo coorBeTcTBYeT HOpME. JlaHHBIE OMOXMMHYECKOTO aHAJIN3a KPOBH
ot 16.12.2019 B nuama3one HOpMBL: ypoBeHb C-peaktuBHOTO Oenka (C-Pb) — 2.,4; sxene3a — 11. Pesynb-
Tathl ipoBefeHHON 19.12.2019 nuarnoctuveckoit kosoHockomnuu (Ne 17746/1): B mpsiMOii U CUTMOBH/I-
HOW KWITKaX CIU3WCTAas 3€PHHUCTAs], OT€YHAs, C MHO)KECTBEHHBIMH TTOJIMTOHAIBHBIMU U3 BSI3BICHUSMH
¢ ¢ubpuHOM, NerkopanuMa. BrimomHeHa OUOTICHS € X CIM3UCTBIX. 3aKIIOUCHUE: XPOHUYECKUH SI3BEHHBIH
MPOKTOCUTMOHIUT BRIPAKEHHOHN CTENICHN aKTHBHOCTHU M KJIIMHUYECKH TSKEIBIM TeueHueM (Tadu. 1).

Tao6nuuma 1. Mugexe aktuBHoctu (DAI) si3BenHoro kosaura ot 19.12.2019
Table 1. Activity index (DAI) of ulcerative colitis from 19.12.2019

Iloka3zarenb DAI, 6amnnbt

Yacrora cryna 3

PexTanpHOE KpOBOTEUEHUE
OHI0CKONMYECKasl OL[EHKA CIM3UCTOM

Bpat{eGHas{ OI€CHKa aKTUBHOCTHU 3a00JIeBaHUS

O [N | W | —

CyMMapHbIi pe3yaprar

I'mcronornueckoe uccnenoBanue Ne 160421-4 ot 20.12.2019: 1) ygacTok CIM3UCTON CUTMOBH/IHOM
KHUIIIKHA — XPOHUYECKUW KOIUT B (pa3ze 000CTpEeHUs C HAIMYUEM KPHUIIT-a0CIeCCOB; 2) y4acTOK CIIH3U-
CTOW MPSIMOM KUIIKK — XPOHUYECKUN BBIPAXEHHBIH MPOKTHUT B (aze 00ocTpeHus. BricTaBieH KIMHU-
YECKUW JTMArHO3: SI3BEHHBIN KOIIUT, XPOHHYECKOE HETPEPHIBHOE TEUEHUE, MPOKTOCUTMOHINT, aKTHB-
HOCTb TSI’KEJION CTENEHHU.

B pamkax HUP «Pa3paboraTe W BHEAPUTH METOJ JEUSHUS S3BEHHOrO KonuTa u Ooyie3Hn KpoHa
Y B3pPOCIBIX MAIMEHTOB C UCIOJIb30BAHUEM ayTOJOTMYHBIX MYJIBTHIIOTEHTHBIX ME3€HXUMAJIbHBIX CTPO-
MaJIbHBIX KJIETOK» 26.12.2019 mocne 100poBOJIBHO NOANKUCAHHOTO HH()OPMHUPOBAHHOTO COTJIACHS BbI-
MOJIHEH 3a00p KPaCcHOI'0 KOCTHOI'O MO3ra M3 JICBOM IMOJB3IOMIHON KOCTH B 00beMe 710 50 MJI JJIs KyJib-
tuBupoBanuss MMCK. 3a BpeMsi HaX0KACHHS B OTAEICHUH TPOKTONOTMH MAlMEHT MOJIyYaj CIeAyolee
neuenue: 1) undpysuonHas repamnust; 2) Mmecakos 400 mr o 2 TabiaeTku 4 pa3a B CyTKH; 3) J€KCaMeTa30H
o 8 Mr B cyTku; 4) omenpaszoin 20 Mr Be4epoM NepopaIbHO.

[Ipu BeITIMCKE Ha aMOyJIaTOpPHOE JIGYEHHE YacTOTa CTyJa coctaBuia 8—10 pa3 B CyTKH, OTMEYaINCh
peIKHe MPOXKUIKU KPOBH B Kasie. PekoMeH10BaHO TPOIOIHKUTH TprueM Mecakoina 400 Mr o 2 TabneTku
4 pa3a B CyTKH.

ITauuent P. noBropHo rocnutanusuposan 30.03.2020 B otnenenue npokronoruu Y3 «MOKDB» ¢ xa-
mo0aMu Ha YaCTBIN KUAKHUH CTYI (0 12 pa3 B CyTKH) ¢ MPUMECHIO KPOBH, OOJIC3HEHHBIC TEHE3MBI, T1e-
pronnueckoe B3ayTHe KuBoTa. C ero cioB, yacToTa cTyjia 10 8—12 pa3 B CyTKH U IPUMECH B HEM KPOBH
COXPAaHSUTICH BCE BpeMs IOCIIe TIOCIeHeH rocuTanu3anu. [[puHruMan Mecakos B peKOMEH0BaHHOM
JTIO3UPOBKE.

Ou3uKaIBEHEIN 0CMOTp: TeMreparypa Tena 36,6 °C, Bec 66 kr, pocT 164 cm, UMT 24.54, gactora
neixanus (Y1) 16, AL 135/74 mm pt. c1. OOBEKTHBHO: 001Iee COCTOSHUE CPEJHEH CTENEeHH TSHKECTH.
IIpu ocMoTpe 00IIeCOMaTHYECKOM MATOJIOTHH HE BBISABIICHO. JKHBOT MATKHH, 00JE3HEHHBIA B ITOKOE
Y TP TaJblaliu B ME30TacTPUU U MOJB3A0IMIHON 001acTH clieBa. AYCKyJIbTaTHBHO — TIEPUCTAIBTHKA
coxpaneHa. CUMIITOMOB pa3apa)Xe¢HUsl OpPIOMHUHBI HE OTMEUeHO. J[aHHBIE TabOopaTOPHBIX HCCIEIO-
BaHUU 0€3 KJIMHUYECKH 3HAYMMBIX OTKJIOHEHWH. BbINoIHEeH UMMYyHO(EPMEHTHBIM aHalu3 Ha OHKO-
mapkepsl: CA-19-9, POA, TICA, Cyfra. Pe3ynbsrarsl ObUIH B [uana3oHe HOPMBL. AHAJIW3 Ha HAJIHMYHE
B kane Cl. Difficile moka3an oTpuUaTeNbHBIN pe3ybTat. BeIMOMHEH psii MHCTPYMEHTAJIBHBIX HCCe-
JIOBaHMIL:

1. Dnexrpokapauorpadus 30.03.2020: CHHYCOBBI PUTM, YACTOTA CEPIICUHBIX COKpaIlieHui — 69 yi1/MuH,
MPU3HAKH TUNIEPTPOPUU MUOKAP/Ia JIEBOTO MPEACEPANS H JIEBOTO KETyI0UKa.

2. Iunarnoctudeckas kosoHockomnus Ne 17746/2 ot 31.03.2020: moaB3momiHas 1 0000YHas KHIIKH
0e3 ocobeHHOCTEH. B mpsiMoil 1 HIDKHEW TPeTH CHUTMOBHIHOM KHWIITKH MPOCBET COXPAaHEH, CIM3HUCTAas
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Puc. 1. Kononockonust HUKHEH TpeTH CUTMBI (a) ¥ IpsIMOit KUIIKH (b): [ — OTe4HAs U TUTICPEMUPOBAHHAS CIIM3HCTAs,
2 — MIJIOCKHE N3BS3BICHUS CIN3UCTON C HE3HAUUTEIbHBIMHU O4araMy CIIOHTaHHOT'O KPOBOTEUCHHU S

Fig. 1. Colonoscopy of the lower third of sigmoid colon (@) and the rectum (b): / — edematous and hyperemic mucosa,
2 — flat ulceration of the mucosa with minor foci of spontaneous bleeding

OTeYHasi, THIEPEMUPOBAHHAS, C TUIOCKUMH H3bSI3BICHUSIMHU, OTMEYAETCSI KOHTAKTHOE W CIIOHTAHHOE
(He3HAYMTENBFHOE) KPOBOTEUCHHE, COCYAUCTHIN PUCYHOK HE BU3YaIU3UPYETCS. 3aKTIOUeHUE: XPOHUYE-
CKU#l A3BEHHBIN MPOKTOCHTMOUINUT BHIPAXKEHHOM CTEIICHN aKTUBHOCTH (pHC. 1).

Takum obpazom, 31.03.2020, kak u 19.12.2019, DA s:3BeHHOr0 KOTMTa cOcTaBuiI 9 0assioB (Tadi. 2).

Tab6nuna 2. Uagekc aktuBHocTH (DAI) si3BenHoro koauta ot 31.03.2020
Table 2. Activity index (DAI) of ulcerative colitis from 31.03.2020

Tloka3zarenb DAI, Gannet

Yacrora cTyna 3

PexranpHOC KPOBOTCUECHUEC

DHIOCKOIUYECKast OLEHKA CIU3UCTOI

BpaueOHas orieHKa aKTHBHOCTH 3a00JIeBaHU S

O [N |[W|—

CyMMapHbII pe3yIbTaT

3. I'uctonoruueckoe 3axiatoueHue Ne 43448-52 ot 01.04.2020: B cHrMOBUIHOW U MPSIMOM KUILIKaX XPO-
HUYECKUH KOJIUT ¢ 000CTPEHHEM — IJIa3MaITO3, CTPYKTYPHBIC HAPYIICHUS, KPUIITUT U KPUTIT-a0CIECChI.

4. Huxussa mezentepukorpadus ot 02.04.20: nox mectHoi anectesuelt (Solutio Novocaini 0,5 % —
10 mut) BBINOJTHEHA MYHKIMS MpaBoii oOmiel OenpeHHOW apTepuH, YCTAHOBJICH HHTpOAbIocep OF;
KaTeTepu3npoBaHa HWKHSS OpphkeeuHas aprepus (HBA), BemonHeHa BucHepaibHas apTepuorpadus
(HBA 6e3 BuaMMOro cTeHO3MpOBaHUs); OCIIE MPEBAPUTEIBHON MPOMBIBKH HHTPOABIOCEPa (PHU3MO0ITIOTH-
YEeCKUM PacTBOPOM IpH roMomy nHPy3omara B Teuerrne 6—7 MuH B HBA BBeneHo 20 M ¢pusnonornye-
cKoro pactBopa, coneprkaniuero 3-107 ayronornunsix MMCK kpacHOro KOCTHOro Mo3ra rnamueHra (puc. 2).

Jleuenue B mepuon rocnutanuzanuu: 1) nHPy3noHHAs Tepanus; 2) mecakon 400 mr mo 2 Tabner-
ki 4 paza B cyTkH; 3) nekcameta3oH no 8 mr B cyTku (ormenen 01.04.2020); 4) dbonueBas kuciota
mo 1 tabieTke 2 pa3za B CYTKH; 5) OHCONpPOIION 2,5 MT yTpoM; 6) TU3UHOIPUI 5 MT 2 pa3za B CyTKH;
7) omenpazon 20 Mr Be4epoM MepopajbHO.

[TanmenT BeIMUCaH w3 otAeneHus mpokrojoruu 10.04.2020 Ha amOynaTopHOE JeUeHUE 110 MECTY KH-
TenbeTBa. O01Iee cOCTOSHUE YA0BIETBOPUTEIILHOE, YaCTOTA CTYJIA — JI0 7 Pa3 B CYTKH, PEAKHE MIPOKUIKI
KpPOBH B KaJjie. PekoMeH0BaHO MPOAOIKUTE TipreM Mecakoia 400 mr o 2 TabneTrku 4 paza B CyTKU.

[Maruent Bb3Ban 14.05.2020 B Y3 « MOKbB» 115t KOHTpOIIsS 00IecoMaTuyeckoro coctosiuus. Ha mo-
MEHT SIBKH FIMEJTUCh CIIETYIOIIIE JKaI00bl: HAITMYUE TIOCTa0IeHHOr0 CTYa JIo 3 pa3 B CYTKH U IIepUOIne-
CKO€ B3JlyTHE )HUBOTA. 3a MPOILIEAIINE Ocie TpaHcmaanTauuu aytoaoruuubix MMCK 43 cyT nanuent
pUHUMAI ToJbKO Mecakon 400 Mr 1o 2 TabieTku 4 pa3a B CyTKU. DU3UKaIBHBIN OCMOTD: TEMIIEPATypa
tena 36,6 °C, Bec 64 kr, poct 164 cm, UMT 23,8, U1 17, AJ] 140/77 mMm pt. c1. OOBEKTHUBHO: 00IIIee CO-
CTOSTHUE OJNMIKE K YAOBIECTBOPUTENBHOMY. [Ipr ocMOTpe 00IiecoMaTHUeCcKOi aTOJIOTUN HE BBISIBICHO.
JKuBot msarkuii, quckoMdopT MpH MagblNayyd B JIEBOM IMOAB3/IOIIHON 00JacTH. AYCKYJIBTaTHBHO —
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Puc. 2. Huxusis mesentepuxorpadus ¢ nocnenyromum BeegearneM MMCK: 7 — HIKHSIS OpblKeedHast apTepust; 2 — JieBast
o0oyiouHas apTepust; 3 — CATMOBHIHBIC apTePHH; 4 — BEPXHsS MPSIMOKHUILICYHAS apTepusi; 5 — HHTPOABIOCED

Fig. 2. Inferior mesentericography for transfusion of MMSC: / — inferior mesenteric artery; 2 — the left colon artery;
3 —sigmoid colon arteries; 4 — upper rectal artery; 5 — introducer

Puc. 3. Kononockonus HIKHEH TPETH CUTMEI (@) B IpsIMOi KUIIKH (b): / — OTe4Has ¥ THIIEPEMUPOBAHHAS CITH3HUCTAS;
2 — «3epHHUCTOCTDY CIM3HUCTOMH

Fig. 3. Colonoscopy of the lower third of sigmoid colon (@) and the rectum (b): / — edematous and hyperemic mucosa;
2 — “granularity” of the mucosa

HEePUCTAIBTUKA coxpaHeHa. CUMITOMBI pa3apa)keHus OproIUHbL 0TCyTCTBOBaIU. [Ipn 1abopaTopHOM
ucciaenoBannu oTMedeHo noseimenne C-Pb 1o 7 mr/n. BeimonHena auarHoctndeckast KOJIOHOCKOIHS
Ne 17746/3: B npsAMoii KUIIKE U HUXKHEH TPETH CUTMBI IIPOCBET COXPAHEH, CIIM3HUCTAsl OTeYHa, TUIepe-
MHUpPOBaHHas, «3€pHUCTAs», HA CTEHKAaX — CJIN3b, COCYTUCTHIA PUCYHOK HE BU3YaJIU3UPYETCsl, OTMEUAIOT-
Csl €UHUYHBbIE KOHTAKTHBbIE KPOBOM3IUSAHMSA. B OCTambHBIX OTAENaxX — CIM3HUCTasl PO30Bas, COCYIU-
CTBIM PUCYHOK COXpaHEH. 3aKJIFOUEHHE: XPOHUUECKUI S3BEHHBIN IPOKTOCUTMONIUT YMEPEHHOM CTere-
HU akTuBHOCTHU (pHuc. 3). CymmapHsbiil pesynbrat DA/ coctaBui 4 Gania (aKTUBHOCTH OOJIE3HM JIETKOH
crereHn) (tadm. 3).

Tao6numa 3. Uugexc aktuBHocTH (DAI) si3BeHHOro kosaura ot 14.05.2020

Table 3. Activity index of ulcerative colitis from 14.05.2020

Iloka3areinn DAI, 6amnnst
Yacrora cryna 1
PekranpHOE KpOBOTEUCHUE 0
DHIOCKONUYECKasi OIICHKA CIM3UCTOM 2
BpaueOHas onieHKa aKTHBHOCTH 3a00JICBaHUS 1
CyMMapHBIii pe3ynbTar 4
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Pe3yabraTsl U ux oocy:kaenue. Knerounas repanust Ha ocHoBe MMCK sBisiercst nanbonee mep-
CIEKTHBHBIM MeToAOM JieueHus SIK, 4To 00bsICHAETCS TPOCTOTOM KyJIbTUBUPOBAHUS 1 IIUPOKHUM CIICK-
TpoM mudhHepeHITNPOBKE YKa3aHHONH ME3eHXMUMAaIbHON (paKkiuu CTBOJNIOBBHIX KieTok. MMCK, moy-
YEHHBIE U3 KPACHOI'O KOCTHOI'O MO3ra, TMIIOMMMYHHBI U HE IIOJBEPKEHbI OTTOP)KeHUI0. JloKa3aHo, 4To
UX MMMYHOMOAYIMPYIOIUNA U IPOTUBOBOCHAIUTEIBHBIH (PQPEKTHl OKa3bIBAIOT KaK MECTHOE, TaK
u cuctemHoe neiicteue. [Ipu momamanmu MMCK B 00iacTs BOCHalieHUs BBIACTSIIOTCS KOMIIOHEHTHI,
HHTHOUPYIONIHE TPONYKIHIO (PaKTOPOB BocHanieHus. BaxkHBIM KaueCcTBOM 3THX KJIETOK SIBJISICTCS yCHU-
JIeHHE pereHepaTopHBIX MPOIECCOB B o4arax AecTpyKUuH [5]. IMeroTcst naHHbIE O MOJOKHUTENbHbIX
pe3yabTaTax KIMHUYECKUX UccienoBaHuid, mpoBeaeHHbIX ¢ 2010 mo 2017 r. B 1Byx U3 HUX UHBEKIIUU
MMCK npoBoanin MECTHO, B TPEX — IIyTeM BHYTpHUBEHHOW nHQy3un [6]. Takum oOpazom, 000cHOBa-
HO MpUMeHeHHue TpaHcmanTauuu KynsTypsl MMCK nanuentam ¢ gpopmamu SK, He mognaronumucs
0a30BOIi Teparmu.

[IpuMeHeHne ayTONOTHYHOTO OMOJIOTHYECKOr0 MaTepHualia B HalleM KIMHMYECKOM HAOIIOAECHUU
00YCIIOBJICHO JIOCTaTOYHBIM TEXHUYECKMM OCHAIIICHHEM KJIMHUKH, OTCYTCTBHEM B MHPOBOH JIUTEpaType
JAaHHBIX 00 YOEIUTEIFHOM NPEUMYIIECTBE AJIJIOTEHHOTO MaTepraia Hal ay TOJIOTMYHBIM U JIMYHBIM BbIOO-
poM nanueHTa. [IockonbKy BEIOOp METO/Ia BBEACHUS CTBOJIOBBIX KJIETOK 00YCIIOBJIEH HEOOXOAMMOCTBIO
B NEPBYIO OYEpPE]b PErMOHAIBHO BO3/EHCTBOBATH HA OyYar BOCHAJIEHUS U MOBPEKJEHUS CIHU3HUCTOM,
BHyTpHUBEHHas HHQYy3us He aBisiercss npuoputetHoit [7]. [loacnusucteie nabekunn MMCK nocpen-
CTBOM KOJIOHOCKOITMH CIIOCOOCTBYIOT OOJIbIIEMY MOBPEKICHUIO BOCTIAJICHHOW CIIM3UCTON U HE obecre-
YUBAIOT J0CTATOYHOE PACIpEACICHUE KIETOK 0 BCeMY NOPAKEHHOMY y4acTKy. BBeneHnue sxe KynbTy-
PBI CTBOJIOBBIX KJIETOK Yepe3 OpbDKEETHBIC apTePHH TOKa3ajo CBOIO 3(PPEKTUBHOCTH U 0€301TaCHOCTh
B DKCIIEPUMEHTAX Ha JKMBOTHBIX M y MAIIMCHTOB B MCCIIEAOBATENbCKUX TeHTpax Kuras [8, 9]. Beioop
nH(py3nn MMCK uepe3 HBA B Hamem HaOmroieHUU ObLT 00YCIIOBIICH JIOKAJIU3aI[el MaToIoTuH B Jie-
BOM TMOJIOBMHE TOJICTOM KHIIKH, 8 TaK)e MOJYyYEHHBIMHU B XOJI€ BBITIOJHEHHS PaHIOMU3HPOBAHHOTO
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Puc. 4. lannsie exenneBuuka B nepuox ¢ 11.04.2020 no 13.05.2020: @ — wacToTa cTysIa (KOTHYECTBO B CYTKH); b — Hanu4Iue
kpoBH B cTyne (0 — HeT KpoBH, 1 — HE3HAYUTENHFHOE KOJTMYECTBO KPOBH B Kalie)

Fig. 4. Diary data from Apr 11, 2020 to May 13, 2020: a — stool frequency (amount per day); b — the presence of blood
in the stool (0 — no blood, 1 — a small amount of blood in the stool)
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Puc. 5. Kononockonus: a — no sBenenuss MMCK (ot 31.03.2020); b — xouTponsHas (0T 14.05.2020) (I — u3bA3BICHUS
CIIM3UCTON NPSAMOM KHIIKK CO CHOHTAHHBIMU OYaraMy KPOBOTEUCHHS; 2 — OT€UHAs U THIIEPEeMUPOBAaHHAs CIIM3UCTAs
MPSIMON KUIIKHU, 0€3 U3BA3BICHU)

Fig. 5. Colonoscopy: a — before the introduction of MMSC (from 31.03.2020); b — control (from 14.05.2020) (I — ulceration
of the rectal mucosa with spontaneous foci of bleeding;: 2 — edematous and hyperemic rectal mucosa, without ulceration)

9KCIEPUMEHTAJIBHOTO UCCIIEA0BAHMUS Ha )KMBOTHBIX pe3ynbTaraMi. Ilocie mpoBeaeHHoN KIeTOYHON Te-
panuu manueHT Ol Beinucad 10.04.2020 B y10BIETBOPUTEIBLHOM COCTOSIHUU Ha aMOyJIaTOpHOE Jieue-
Hue. B TeueHne nociaeayonero Mecsa oH Bell eXKeJHEBHUK.

[Manuent P. Ob1a BBI3BaH A1t 1a00PATOPHO-UHCTPYMEHTAIBHOM OLIGHKH Pe3yJIbTaTOB PErMOHAPHON
tpancrutantanun MMCK uepe3 HBA na 43-u cyTku nocne kiaeTouHol tepanuu. C ero cios, 4acToTa
CTyJIa cOCTaBuMJA JI0 3 pa3 B CYTKH, IPUMECh KPOBH OTCYTCTBOBaJIa, TeHE3MbI He Oecrokoniau. Ooiee
COCTOSIHHE OILIEHWBAJIOCH MAIMEHTOM KaK yIOBIeTBOpuTenbHOE. [IpoBefeH aHamu3 JaHHBIX €KETHEB-
HuKa (puc. 4).

[Ipu 1abopaTopHOM HCCIeIOBaHUH yCTaHOBJICHO noBbimeHue C-Pb mo 12,9 mr/n. [Ipyrue pe3ynbra-
Thl OMOXMMHYECKOTO M OOIIEro aHAIM30B KPOBH B JUAla30HE HOPMBI WU KIMHUYECKH HE3HAYHMBI.
[Ipu BBITIOIHEHUH KOHTPOJIBHOW TUATHOCTUYECKOH KOJIOHOCKOITUH M3BSI3BICHUS CIU3UCTON 000I0UKH
CUTMBI U MPSIMOM KUIIKH OTCYTCTBOBAJIHN, YMEHBIIUIACh KPOBOTOUMBOCTh, HO COXPAHMIINCH OTE€YHOCTh
u runepemus (puc. 5).

Wroroseiit DA SI3BEHHOTO KOJIUTAa HA MOMEHT 00CIIeIOBaHUS COCTaBHII 4 0OaJia, 9TO COOTBETCTBYET
AKTUBHOCTH JICTKOW CTereHH (Ta0. 4).

Tabnuma 4. lunaMuKa HHJIeKca AKTUBHOCTHU (DAI) A3BEHHOI0 KOJIMTA 32 BpeMs HA0/110/1eHU s

Table 4. Dynamics of the activity index (DAI) of ulcerative colitis during the observation

DAI, 6annsl
[oxasarens 19.12.2019 1o BeeseHnst MMCK uepes 42 cyt nocie Beaenns MMCK
(31.03.2020) (14.05.2020)
YacTora cTyna 3 3 1
PekranbHOE KpoBOTEUEHUE 1 1 0
DHJIOCKOMYECKast OLIEHKA CIM3HCTON 3 3 2
BpaueOHast orieHKka akTHBHOCTH 3a00JICBAHUS 2 2 1
CyMMapHBIH pe3ynpTart 9 9 4

3a BpeMs y4acTHsl B IIporpamMMe MpOBE/IeHAa OLEHKA KauyecTBa KU3HU MalMeHTa Mo Ikajie SF-36
no BBegeHuss MMCK u mocne (tadmn. 5). Ero pesynbrarbl OTpa)karoT MOJIOKUTEIBHYIO TUHAMHUKY
B MyHKTaX — COIMaJIbHOE (DyHKIIMOHUPOBaHME, 00Jb, 00IIee CaMOYyBCTBHE W JMHAMHKA OOIIErO CO-
CTOSIHUA. BBICOKMI IPOLIEHT KOppenupyeT ¢ Ooee 01aronoaydHbIM COCTOSTHUEM 310POBbSL.

AHanu3 IuTeparypbl, COAepKaIlel 0TUeThl, OLleHUBaoLIe 3(p(HEeKTHBHOCT U 6€3011aCHOCTH BBE/IE-
Huss MMCK B xo/ie ucclieIOBaHUH, TIO3BOJIAJ BBISIBUTH PSijI BO3MOXKHBIX HEOJIArOMPUSTHBIX TOCICICTBUH,
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Tab6numa 5. JIMHAMHKA Ka4eCcTBA JKM3HHU MAIHEHTA COIJacHo aHKkeTaM SF-36 10 u nocJie Jedenus, %o

Table 5. Dynamics of the quality of life of the patient according to the questionnaire SF-36
before and after treatment, %

KauecTBo xu3nn
Io3unus B SF-36
110 neuenus (01.04.2020) nocute siedenus (14.05.2020)
Ouznveckoe HyHKIHOHHPOBAHKE 60 60
DHeprus/ycTanocThb 65 65
DMOIHMOHAIEHOE OJIAT OOy ne 72 72
ConnasibHoe GYHKIIMOHUPOBAHUE 50 62,5
Bonb 45 55
OO0miee caMO4yBCTBHE 35 50
JlnHamuKka oOIIeTro COCTOSHUS 50 75

TAaKMX Kak ocTpas MH(Y3MOHHAs peakuMs, JUXOpasiKa, OCJIOKHEHUS CO CTOPOHBI OPIaHOB U CHCTEM,
HHQEKIUN Pa3IMYHON CTEHNEHU TSKECTH M OTHAJICHHBIC MOCICICTBHS (3JI0Ka4eCTBEHHBIE HOBOOOpa-
30BaHUs, CMepTh). TeM He MeHee MX KOJMYECTBO B CPABHEHWHU C TAKOBBIM B KOHTPOJIBHBIX TpyMIax
HE OTJIIMYAJIOCh UM OBLIIO HE3HAYMMBIM, YTO MOXET YKa3bIBaTh Ha O€30MMacCHOCTH TaKoi JiIeueOHO Mmpo-
uexaypst [10, 11]. Ha Bcex sTamax mpoBeneHus] OMUCAHHON CUCTEMHOU KJICTOYHOU TEpanuu y MalueH-
Ta P. OCIO)KHEHUH WM HEeKeNaTeNbHBIX SBICHUH HE OTMEUEHO, YTO MOXKET OBITh KJIaCCU(PHIIMPOBAHO
o cucreme Accordion (2009) kax xiacc 0. HabmoneHnue 3a naiiueHTOM IpOJ0KaeTCsl.

Takum oOpazom, JieueHre NalUeHTOB C 3BEHHBIM KOJIUTOM IIPEACTABISAET COOOH B HEKOTOPBIX CIy-
Yasx TPyAHYIO 3a7a4y. IT0 00yCIOBIEHO HEAOCTATOUHON 3()(hEKTHUBHOCTHIO KOHCEPBATUBHOMN TE€pauu
Ha ocHOBe TipernapatoB 5-ACK u TIIoKOKOpTUKOCTEpOU10B. [IoBbIIIIEHHE TO3UPOBKHU MOCIETHUX KOPpe-
JUPYET C BO3paCTaHUEM KOJMYECTBA OCIOKHEHHH. [103TOMy B OMMCaHHOM KIMHMYECKOM Ciydae Ia-
LHEHTY OBLIIO MPEAIOKEHO JIedeHne ayTonornaubimu MMCK.

BoiBoabI

1. [Ipumenenne aytonorugabix MMCK y maHHOTO marueHTa CHU3MIO aKTHBHOCTD SI3BEHHOTO KO-
JINTA C TSAKEION CTENEHHU A0 JIETKOM.

2. YyacTue B IporpaMme MO3BOJIUIO OTMEHUTD IPHUEM ITIOKOKOPTHKOCTEPOHI0B Ha CTAI[HOHAPHOM
JTare u Jjanee He MPUMEHITh X Ha aMOyJIaTOPHOM, He yBeTHuuBath 103y 5S-ACK 1 He Ha3Ha4YaTh JIs Jie-
YEHUS a3aTHONPHH.

3. Pernonapnoe BBezienne ayronornyusix MMCK nocpeacTBoM HUKHEH Me3eHTepUKOrpaduu He BbI-
SIBUJIO OCJIOXKHEHUH caMOli MaHMITYJISIUK U HEOJIAarONPUATHBIX MOCICACTBUN KJIETOYHON Tepanuu.

4. Pe3ynbTaTOM JIEUEHHUsI CTajla yAOBIETBOPEHHOCTh MAllUEHTa KAYECTBOM KH3HHU, YTO MOJATBEPIK-
JaeTcs JaHHBIMM €KEIHEBHUKA U aHKeT SF-36.
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BPOXKIAEHHBIE AHOMAJINU
HOACHUYHO-KPECTIHOBOI'O OTAEJIA IO3BOHOYHHUKA

Annotanus. Llens vuccnenoBaHust — IPOBECTH CPABHUTEIBHBIN aHAIN3 CTPOSHHS TIEPEXOAHOT0 MOSICHUYHO-KPECTI[OBOTO
MO3BOHKA, BBISIBIISIEMOT'0 C MTOMOIIBI0 KOMIBbIOTepHOH ToMorpadun (KT) i Ha aHaTOMHYIeCKUX Ipenaparax, a Takke 00CyTUTh
BO3MOXKHBIE TTATOMCHETHYECKUE MEXaHU3MBbl (POPMHUPOBAHMS ITOH aHOMAJIHM PAa3BUTH. B cTaThe MpeCcTaBICHO ONMUCAHKUE
MIEPEXOIHOT0 MOACHUYHO-KPECTIIOBOIO O3BOHKA, B TOM 4Hcie 6 ciaydaeB cakpanuzanuu LS u 3 cinyuas mrombanuzanuu Sl.

DopMHpOBaHUE MEPEXOJHOIO HOSICHUYHO-KPECTIIOBOTO MO3BOHKA JIETEPMUHHUPOBAHO I'€HETUYECKH. BONBIINHCTBO THIIOB
MOIOOHOI aHOMAJIMU Pa3BUTHUS yIAeTCs BRISBUTH TONBKO ¢ momomtbio KT. Caxpanuzamust mocineaHero NosiCHUYHOTO TI03BOHKA
HOBTOPSIET MPOLECC CIUSHHS KPECTLOBBIX TO3BOHKOB B €IMHYI0 KOCTh. HanpoTHB, HapyIIeHHEe KOHKPECLEHIIH ITONePEYHO-
peOepHBIX OTPOCTKOB 3aKJIaAKH TIEPBBIX KPECTIIOBBIX IIO3BOHKOB KaK HOPMAJILHOTO IIpoliecca ero MopdoreHesa UMeeT ciel-
cTBHEM Jtombanu3anuio S1.

KuroueBbIe c10Ba: KpecTell, IEPEeXOHBII MOSCHUYHO-KPECTIOBBII T03BOHOK, CAKPaIU3aIHsl, JJIOMOATN3aIIs
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CONGENITAL ANOMALIES OF THE LUMBOSACRAL SPINE

Abstract. The aim of the study is to compare the structure of the lumbosacral transitional vertebra, which were detected
by computed tomography (CT) and identified on dried human sacral, and to discuss possible pathogenetic mechanisms
of this congenital malformation. The article presents 9 cases of lumbosacral transitional vertebra, including 6 cases of L5
sacralization and 3 cases of S1 lumbarization.

The formation of the transitional lumbosacral vertebra is genetically determined. All types of such developmental anomaly
can be detected only on CT. L5 sacralization repeats the process of fusion of the sacral vertebra into a single bone. A lack
of the costotransverse bars of the first sacral vertebrae fusion results in the S1 lumbarization.

Keywords: sacrum, lumbosacral transitional vertebra, sacralization, lumbarization
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BBenenue. B HOpMe MOSICHUYHBIN OT/IEN TTO3BOHOYHOTO CTOJI0A YEeIIOBEKa MPEICTABIEH MATHIO KO-
CTSIMH, KOTOPBIC COCTUHEHBI MEX Ty COOOH CBSI3KaMH, MEKITO3BOHOYHBIMH JUCKAMH U JYTOOTPOCTIATHI-
MU cycTaBaMu. Kpecrell — KOCTh TPEyroJibHOW (hOPMBI, PACIIONOKEHHAS] BHU3Y TO3BOHOYHOI'O CTOJI0a
MEXAY Ta30BBIMU KOCTAMU. DOPMUPOBAHUE €IUHON KOCTHOU CTPYKTYPBI 3aBEPILIACTCS BO BTOPYIO JICKa-
Iy TIOCTHATaJILHOTO OHTOTEHE3a B Pe3yJIbTaTe OKOCTEHEHUSI MEKTIO3BOHOUHBIX JTUCKOB, a TAK)Ke CpacTa-
HUS YT U OTPOCTKOB ITSITH KPECTIIOBBIX MO3BOHKOB [1].

TTosicHUYHO-KPECTHOBBIN OTET MO3BOHOYHHKA SIBJISIETCS CAMBIM YaCThIM MECTOM JIOKATU3allUKA aHO-
Manui pa3Butus [2, 3]. COekTp 3TUX aHOMAJIUN BKJIIOYAET: TONOIHUTEIBHOE COUICHEHUE MONEPEYHBIX
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OTPOCTKOB IATOTO MOSICHUYHOT'O — MIEPBOTI'0 KPECTLOBOTO TTO3BOHKOB; OTHOCTOPOHHEE (JIBYXCTOPOHHEE)
ciusiHue LS u S1 nnu yactuuHOe (IOTHOE) pa3iesieHne By X BEpXHUX KPECTLOBBIX MTO3BOHKOB [4].

OnucaHpl ciyyau, KOrjjJa Ha KOCTHBIX aHaTOMHYECKHX IpernapaTax BBISBISETCS OAHOCTOPOHHEE
100 JBYXCTOPOHHEE, YACTHYHOE JINOO TMOJTHOE cpacTaHue Tell, IyT W/HIK OTPOCTKOB HOCIEIHEro Mosic-
HHUYHOTO U MEPBOro KPECTLOBOI0 MO3BOHKOB [5—8]. Takoii BapuaHT CTPOEHUs YacTO Ha3bIBAIOT Cakpa-
Tu3anuel mosiCHUYHOT O 1mo3BoHKa. BMmecte ¢ Tem N. K. Mahato [9] u R. G. Tague [10] ucrions3yroT 3TOT
TEPMHUH TOJIBKO ISl CIy4aeB KOHKPECLECHUUN WM (JOPMUPOBAHUS HEOAPTPO3a MEXY MONEPEUHBIM
OTPOCTKOM IIOCJIEHEr0 MOSCHUYHOI'O IT03BOHKA U KPECTLOBBIM KpbUIOM. [10100HBIN BapuaHT CTPOCHMUS,
o manubeiM R. G. Tague [10], B KOIIEKITUAX aHATOMHYECKHX TIPEnapaToB BCTpevaercs ¢ yactoToi 10,9 %.
KnuaumucTe! B cny4asx oobequnenus LS u S1 nmpeamnounTaroT UCHOIB30BaTh TEPMUH «IIEPEXOTHBIH
MOSICHUYHO-KPECTIIOBBIN TO3BOHOK». PEHTT€HOIOTNYeCKH TaKOM BAPHAHT CTPOCHUS MOYKET MPOSBIISATHCS
7100 OTHOCTOPOHHEH JUCIUIA3HeH ONEPEYHOro OTPOCTKA, KOTOPBIN CTAHOBUTCS LIMPHHON Ooree 19 MM
(tun la no knaccudukanuu A. E. Castellvi ¢ coanr. [11]), 1100 MOTHBIM By XCTOPOHHUM CIIASTHUEM T10-
nepedHoro orpoctka LS5 ¢ kpectuom (tun IIIb). UactoTa BCcTpedaeMocTH MEPEXOIHOrO MOSCHUYHO-
I'PYZHOI0 MO3BOHKA 3aBUCUT OT packl [0, 12, 13] u konebaercs B auanazone ot 4 % B KMUTANWCKON MOMy-
aauuu 10 35,9 % y xurteneit Typuuu.

YacTH4HOE WK NIOJIHOE Pa3[eieHne MONePEUHbIX OTPOCTKOB, TEJI U IyT JBYX BEPXHUX KPECTLIOBBIX
ITO3BOHKOB Ha3bIBacTCs JiromOanu3arueit S1. [l71s onpeeeHnst CTETICHN BRIPAXKEHHOCTH dTON aHOMa-
JIUU Pa3BUTHUS, TaK )K€ KaK U B CIIydae ¢ CaKpajM3alien MocaeHero MosICHUYHOTO TI03BOHKA, HCTIOb-
3yroT kinaccudukanuio A. E. Castellvi [11].

O06a BapuaHTa NEPEXOAHOTO TTOSICHUYHO-KPECTIIOBOTO MO3BOHKA BCTPEYAIOTCS C Pa3HOW 4acTOTOM.
[Ipu peTpocneKTHBHOM aHAJIN3€ PEHTIE€HOBCKUX CHUMKOB 3607 B3pocnsix moaeit D. Ucar ¢ coasT. [14]
JIMarHOCTUPOBAJIN CaKpaIU3aIHIo H JitomOanm3anuto B 17,2 u 1,7 % ciayyaeB cooTBeTcTBeHHO. V. A. Sharma
¢ coaBrT. [15] Ha BeIOOpKe 13 206 KpecTIOB 0OHAPY KUK MEPEXOTHBIN MOSCHUYHO-KPECTIIOBBIN MO3BO-
HOK B 38 (18,4 %) cnydasx: cakpanuzanuio — B 14,1 %, mombanu3anuio — B 4,3 % ciry4daes.

Ienp HacTOsAIIErO UCCIENOBAHUS — IPOBECTH CPABHUTENIBHBIN aHAIN3 CTPOEHUS IIEPEXOAHOTO 110-
SICHUYHO-KPECTI[OBOTO MMO3BOHKA, BRISIBIISIEMOTO C MOMOIIBIO KOMIIBIOTEPHON TOMOTrpaduu 1 Ha aHATO-
MHUYECKHX Iperaparax, a TakykKe 00CYIUTh BO3MOXKHBIE TATOreHETHUECKUE MEXaHU3MBbl (JOPMUPOBAHUS
3TOI aHOMAJIMU PA3BUTHSL.

Marepuaabsl U MeToAbI HccJenoBanus. O0a BapuaHTa MEPEXOAHOTO MOSCHUYHO-KPECTLOBOrO
03BOHKA (4 ciryuast cakpanm3anuu LS u 1 ciyyait mromOanu3anuu S1) ObLTH BISIBIICHBI Y MAIIUEHTOB
I'Y «PHIIL] TpaBMaTonoruy U OpTONEANH», KOTOPBIM B IIEPHOA ¢ MapTa 1o Hosiops 2019 . mpoBonu-
Jach peHTreHoBcKast koMnbtoTepHas Tomorpadus (KT). McecnenoBanne nposoamin Ha anmapare Siemens
Somatom Emotion 16, B ciupaiabHOM peXKuMe, ITpH ToMmuHe cpe3a 1,5 mwim 1 Mm. B padore ¢ mammen-
TaMU U [IPHU OATOTOBKE IMyOJNKALUK COOII0OAAINCH STUUECKUE IPUHLIUIIBI, IPEANNCAHHbIE XeIbCUHK-
ckoii aekmnapanueit Bcemupnoit menunuunckoit acconumanuu (World Medical Association Declaration
of Helsinki) mepecmorpa 2013 r.

Kpome Toro, 010 n3ydeno 19 kpecTOB B3pOCIBIX JIIOJEH, HE MACHTUPHUIMPOBAHHBIX IO TONY
1 BO3pAaCTy, U3 OCTEOJOIrMYECKON KOJIEKIMM beraopycckoro rocyaapcTBEHHOTO MEIUIIMHCKOTO YHU-
BEPCHUTETA, CPEAM KOTOPBIX OBLIN BBISBJICHBI OIMH CIy4ail cakpalu3alud MATOro MOSCHUYHOTO I0-
3BOHKA U J[Ba CIy4as yMEHBIICHHS KOJIMUYECTBA KPECTLOBBIX TO3BOHKOB.

Pesyasrarsl uccaenoBanus. Ha prc. 1 npencrasien la tun mepexomnoro mo3orka mo A. E. Castellvi.
Ilonepeunsle oTpocTku LS5 aHOManbHO paclIMpeHbl B KPAaHMO-KaylajbHOM HampaBieHuu (0osblie
cripaa). CousieHeHHE ¢ KPECTIIOM U C TO/IB3I0NTHON KOCTBIO OTCYTCTBYET. [lyrooTpocTyarsie CycTaBbl
UMEIOT IIPU3HAKHY apTPpo3a, AyTa MOCIEIHEr0 MOsICHUYHOT 0 MI03BOHKA U KPECTEIl CErMEHTHPOBAHBI.

[Tpu Tune Ila nepexoaHOro NosicHUYHO-KpecTioBoro no3ponka mo A. E. Castellvi (puc. 2, A) mmpo-
KM TonepeyHslid OTpocTOK LS cineBa oOpasyeT HE0apTpo3 ¢ KPECTLOBBIM KPBUIOM M IOJB3JOLIHOM
KOCTBI0. B 0011acTH monepeyHo-KpecTOBOTO COYICHEHHSI UMEIOTCS IPU3HAKH JIeTeHEPaTUBHO-TUCTPO-
(uvecKux N3MEHEHUH ¢ BaKyyM-()eHOMEHOM B MPOEKLMH CyCTaBHOW miesid. OTMeuyaeTcss HEpOBHOCTD
KpaeB KOHTAKTHBIX IMIOBEPXHOCTEN ¢ HEOONBIIMM KPAaeBbIM OCTEO(UTOM IO MOBEPXHOCTU. B cermenTe
L4-L5 nabaronarorcst HeOONbIIOE CHUKEHNUE BBICOTHI MEKIIO3BOHOYHOT'O IUCKA U €r0 He3HAUUTEIbHAS
JopcalibHasi IPOTPY3HsL.
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Puc. 1. Cakpamusamuu L5 (tun la mo Castellvi) y marmenta M. (82 roaa): 04HOCTOPOHHSIS TUCTLIA3Hs IPABOTO
MONIEPEYHOI'0 OTPOCTKA MOCIEIHEr0 MOSICHUYHOT'0 TI03BOHKA (/ — MOMEPEYHBIH OTPOCTOK; 2 — KPECTLOBOE KPBLJIO;
L5 — naThIi NOACHUYHBIN T03BOHOK). 3D-peKOHCTPYKLHSI NOACHUYHO-KPECTIIOBOIO OT/elIa T03BOHOYHUKA: A — BUJ
criepenu; B — BuJ c3aau

Fig. 1. Sacralizations L5 (Castellvi type Ia) at patient M. (82 years old): unilateral dysplasia of the right transverse
process of the last lumbar vertebra (/ — transverse process; 2 — sacral wing; L5 — fifth lumbar vertebra). 3D-reconstruction
of the lumbosacral spine: 4 — frontal view; B — back view

Puc. 2. Cakpanuzauuu L5 (tum 11 o Castellvi): y manmentku M. (31 rox) tum Ila — HEoapTpo3 MEX Y JICBBIM
MOTIEPEYHBIM OTPOCTKOM TTOCIICHET0 OSICHUYHOTO MO3BOHKA M KPECTLOBBIM KPbLUIOM (A4); y manuentku J1. (60 net)
tun [Ib — nBycTopoHHee 00pa3oBaHHe aHOMAJIbHBIX AUAPTPO30B NOMEPEUHBIX OTPOCTKOB L5 ¢ kpecTiom (B).

I — monepeuHbIil OTPOCTOK; 2 — KPeCcTLOBOE KPbLI0; LS — NATHIM NOACHUYHBIN T03BOHOK. 3D-peKOHCTpy KLU
MOSICHUYHO-KPECTI[OBOTO OT/eJIa T03BOHOYHUKA, BUJI CIIEPEIH

Fig. 2. Sacralizations of L5 (Castellvi type 11): at patient M. (31 years old) type Ila — neoarthrosis between the left transverse

process of the last lumbar vertebra at a sacral wing (4); at patient L. (60 years old) type IIb — bilateral formation of abnormal

diarthroses of L5 transverse processes with the sacrum (B). I — transverse process; 2 — sacral wing; LS — fifth lumbar vertebra.
3D-reconstruction of the lumbosacral spine, frontal view

[Tpu 1Ib Tune nepexonnoro no3sonka mo A. E. Castellvi (puc. 2, B) mupokue nonepeuHbie OTPOCTKH
MSTOTO MOSCHUYHOTO MO3BOHKA 00pa3yroT MOMEPEYHO-KPECTIIOBEIE HE0APTPO3bl C KPECTIIOBBIM KPbI-
JIOM ¢ 00enx CTOpoH. B o0macTi He0apTPO30B BBISABICHBI MPU3HAKH JIeT€HEPATHBHO-TUCTPOPHUECKUX
n3MeHeHn. MiMeeTtcs 4acTryHas occupUKaIus MOAB3IOMIHO-TIOSICHUYHOM CBSI3KH ¢ 00enx cTtopoH. Onpe-
JIEJISIIOTCS. YMEPEHHO BBIPAXKEHHBIE JETE€HEPAaTUBHbBIE N3MEHEHUS 3aMbIKaTeIbHBIX MiIacTUHOK L2—SI,
a TaK)Ke BU3YaIM3UPYIOTCS IPU3HAKH OCTEOXOHIPO3a, 1yrOOTPOCTYATOr0 apTpo3a Ha yPOBHE BhILIEIC-
JKAIIUX CETMEHTOB, IIPOTPY3Us MEKIIO3BOHOYHBIX JHCKOB, CyOXOHPAJIbHbIN CKIIEPO3 U KpaeBble OCTEO-
¢uTe Ha ypoBHe L3-L4, L4-LS5.
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Puc. 3. Cakpanuzanuu L5 y nauuentku 1. (24 roga): 4, B — tun I1Ib no Castellvi; C, D — anaToMU4ecKuii mpemnapar
(I — monepeuHslit 0TpocTOK L5; 2 — KpecToBoe KpblIo; 3 — 0CTaTOYHOE IIPOCTPAHCTBO; 4 — BEPXHUN CyCTaBHON
orpoctok L5; 5 — octucThIit 0TpocTok LS; LS — msAThIN MOSCHUYHBIN TO3BOHOK). 3D-peKOHCTPYKIIHSI HOSICHUYHO-
KpecTLOBOIo 0T/ea no3BoHounuka: 4, C — Bux cuepenu; B, D — Buj c3aqu

Fig. 3. Sacralization of L5 at patient Sh. (24 years old): 4, B — Castellvi type I1Ib; C, D — dried human sacrum (/ — transverse
process L5; 2 —sacral wing; 3 — residual space; 4 — superior articular process LS; 5 — spinous process L5; L5 — fifth lumbar
vertebra). 3D-reconstruction of the lumbosacral spine: A, C — frontal view; B, D — back view)

Ha puc. 3 npencrapnen I1Ib Tum nepexonHoro noscHUYHO-KpecToBoro mno3ponka mo A. E. Castellvi.
PacimnpeHHble nonepeyHble OTPOCTKH LS ¢ IBYX CTOPOH CIMBAOTCS C KPECTLOBBIM KPBLIOM U COUJIE-
HSIIOTCSL MIPEPBIBHO C MOAB3IOMIHBIMU KocTaAMH (puc. 3, 4). OTmeuaercss Takxke rumnormigasus L5—SI
MEXIO03BOHOUHOro aucka. B L5—S1 nyroorpoctuaTeix nuapTpo3ax cycTaBax IIENb Cy)K€Ha, OJHAKO
MIPOCIIEKUBACTCS HA BCeM MpoTskeHuu (puc. 3, B). Jlyra msaToro mosicHUYHOTrO MO3BOHKA U KPECTell
MTOJIHOCTBIO CETMEHTUPOBAHBI.

Ha puc. 3, C, D npencraBiieH KOCTHBIN npenapaT ¢ aCCUMUISLMEN MTOCIIEAHEro MOSCHUYHOTO TTO3BOH-
ka kpectioM. Ha rpanume mexay temamu LS u S1 T0O3BOHKOB COXpaHSAETCS OCTATOYHOE IIPOCTPAHCTRO.
Bwmecte ¢ TeM cycTaBbl MKy 3TUMH MTO3BOHKAMHU aHKHIJIO3UPOBAHBI, TyTH CHHOCTO3UPOBAHBI, @ OCTH-
CTBIM OTPOCTOK L5 BXOAUT B COCTaB CPEAMHHOTO KPECTIIOBOrO rpedHs. Ha BeHTpanbHO 1 1opcaibHOM
MTOBEPXHOCTH KOCTH UMEETCS MO MATHh KPECTIIOBBIX OTBEPCTHH.

Ha puc. 4, A npuBenen ciayuail yacTuuHoi arombanu3anuu Sl mo3BoHka. C J1eBOi CTOPOHBI y TIep-
BOT'O KPECTLOBOr0 MO3BOHKA MMeeTcss 000COOICHHBIH MONEepeYHblli OTPOCTOK, TOrAa KaK CIpasa 0Tpo-
CTOK BXOJIUT B COCTaB KPECTLOBOI'O KPbUIa U OIPaHUUYHUBAET CBEPXY MEPENHEE KPECTIIOBOE OTBEPCTHE.
Tema L5-S1, Tak ke Kak U Tesa ABYX BEPXHHUX KPECTIIOBBIX MO3BOHKOB, (HOPMUPYIOT IMTOJHBIA KOCTHBIN
Omok. Bmecte ¢ TeM B OyrooTpOCTYATHIX CycTaBax Mexay Sl u S2 mpHu3HaKOB aHKUIIO3MPOBAHUS
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Puc. 4. JTrombanu3anus Sl y nanuentku K. (34 rona): 4 — tumn I1la mo Castellvi (monepedHbiii OTPOCTOK MEPBOTO KPECTIIOBOTO
II03BOHKA CJIEBA OT/AEJICH OT KPECTIIOBOr0 Kpbljla; KOCTHBIHN 0510k Ten L5—S1; 3D-pekoHcTpyKLus HOSACHUYHO-KPECTLIOBOIO
OTJIeJ1a IO3BOHOYHMKA, BUJ ClIepen); B — KpecTel ¢ TpeMsl TapaMU KPECTLOBBIX OTBEPCTHUI (MaLlepUpOBaHHbBIN KOCTHBIN
npenapar, BUJ crepenu: / — monepeuHblil oTpocTok S1; 2 — KpecTLHoBOE KPbLIO; 3 — BEPXHUU CYyCTaBHOU OTPOCTOK S2;
4 —3aJHee KpecTIoBOe OTBepCcTHE; LS — mocnenHuii MOSCHIYHBIH MO3BOHOK; S1 — MepBhIid, S2 — BTOPOH KPECTIIOBBIN)

Fig. 4. S1 Lumbarization S1 at patient K. (34 years old): 4 — Castellvi type Illa (the transverse process of the first sacral
vertebra on the left is separated from the sacral wing; bony block of bodies L5-S1; 3D-reconstruction of the lumbosacral
spine; frontal view); B — sacrum with three pairs of sacral foramina. Dried human sacrum; frontal view: / — transverse
process S1; 2 — sacral wing; 3 — superior articular process S2; 4 — posterior sacral foramen; L5 — last lumbar vertebra;
S1 —first, S2 — second sacral vertebra)

U JereHepaTUBHO-IUCTPO(PUUECKUX U3MEHEHUH He HaOnrogaeTcsa. B mosCHUYHO-KpecTHOBOH 00JacTH
BBISIBJICH CIIOHIMJIOJIM3HBIN CIIOHAUIONUCTE3 LS, COmpOBOKIAIONTHIACS ereHepaTHBHO-TUCTPOhUIe-
CKMMH U3MEHEHUSMH MEKIIO3BOHOUHOTO JUCKA. DTH U3MEHEHHUS MPOSBIISIIOTCS BBIPAKEHHBIM CHUXKE-
HUEM BBICOTHI JIUCKA, CYOXOHIIPAIBHBIM CKIEPO30M U KPAaeBBIMH OCTEO(PHTAMH Ha TElax MO3BOHKOB.
BrbIsiBIIeHHBIC TATONOTMUECKUE U3MEHEHUSI HOCSIT HE BPOXKICHHBIH, a MPUOOPETEHHBIN XapaKTep.

B ocTeonornyeckoit KOJUIEKIIMH HaMU OBLIO OOHAPY’KEHO J1Ba KpEeCTLa, MMEBILUX 110 TP Mapbl KpecT-
LOBBIX OTBEPCTUH Ha Ta30BOH M BEHTPaJbHOH moBepxHOCTH (puc. 4, B). CornacHo KiaccUpUKAINH
A. E. Castellvi, nogobHas kapTuna, XxapaktepHa st TUoB | u 11 mepexomHoro nosCHUYHO-KPECTIIOBOTO
M03BOHKA. BBHy OTCYTCTBUS COOTBETCTBYIOIIETO MOSICHUYHOTO T03BOHKA YTOUHUTh THII JTIOMOaIn3a-
LU HE NPEACTABISAIOCh BO3ZMOXKHBIM.

Oocyxpaenue. [lo JaHHBIM TUTEPATYPHI, TEPEXOTHBIN MOSCHUIHO-KPECTLOBBIN MO3BOHOK — BPOXK-
JICHHAs aHOMAJIHsI Pa3BUTHSI, BOSHUKAIOIIAS B PE3yJIbTaTe HEMPaBHJILHOTO (POPMHUPOBAHHSI, MUTPALIUH,
IUpPepeHIIIPOBKH, CETMEHTALUN WM PECETMEHTALMN CKIEPOTOMOB coMHUTOB [13, 16]. I'mobanbsHoe
CTPYKTYPHPOBAHHE OCEBOTO CKEJIETa MJICKOMHUTAIOUIUX M €ro HOpMaJbHOE Pa3BUTHE 00ECleunBaloT
Hox rensl [17]. Y myTanTHBIX MbIIel 6e3 HoxPGlI reHa KpecTel OTCyTCTBYET, & OTACIbHBIC CErMEHTHI
B 9TOM OT/IeJIe TIO3BOHOYHHWKA BBITIISAIST KaK MOSACHUYHBIC TT03BOHKH [18]. Takol ¢heHOTHIT HATOMUHAET
JOMOaJIN3AMIO TTIOCTIEAHET0 MOSCHUYHOrO MT03BOHKA y YeNloBeKa. Y TPaHCI'€HHBIX SMOPHOHOB CO CBEPX-
akcripeccueit Hox tena (DIlI—Hoxall TpaHCTEHWK) HAOIIOZACTCS CIUSHUE TOMEPEYHBIX OTPOCTKOB
CMEXHBIX TOSICHUYHBIX TI0O3BOHKOB, KOTOPOE MHTEPIIPETUPYETCS KaK (PEHOTHUIT «cakpamu3arum» [19].

Jpyroii MOTEHIIMAIPHON MPUYWHON Ccakpanm3alud (B YACTHOCTH, CPACTAHHS TEJ, CYCTaBHBIX
OTPOCTKOB H JYT TIO3BOHKOB) CYUTACTCS OOBEIMHEHNUE BTOPUYHBIX LIEHTPOB OCCU(UKALUN CMEKHBIX
MMO3BOHKOB, KOTOPKIC MOSBIISIIOTCA YK€ B IOCTHATAILHOM OHTOTEHe3e [0, 15, 16].

PazBuTHE Bcex CTPYKTYPHBIX KOMIIOHEHTOB IIO3BOHOUHOTO CTOJIOA IPOXOAST TPHU CTaIuU: ME3CHXHM-
HY10, XPALIEBYI0 M KOCTHYI0. XOHApHU(HUKALUS KPECTLOBBIX MMO3BOHKOB HAYMHACTCS Y 7-HEACIBHBIX
3aponebinrei yenoseka [20]. Ilpu sToM natepanbHas 4acTh KpecTia MPeJCTaBIseT co00i MEeTOCTHYIO
XPALIEBYIO CTPYKTYPY, COCTUHSIONIYIO HEHpasIbHbIe TyT'H BEPXHUX KPECTLOBBIX [TO3BOHKOB, KOTOPbIE
y SMOpPHOHOB YEJIOBEKA MPEACTABISIOT co00i 000cobmeHHbIe 3akmaaku (puc. 5). Cauraercs, 94To Jia-
TepajbHbIE YacTH KpecTia (pOpMHUPYIOTCS 32 CYET KOHKPECHEHITNH PeOepHO-TIONEPEYHBIX OTPOCTKOB
TpeX BEpXHHUX KPECTIIOBBIX MO3BOHKOB, 00pa30BaHNE KOTOPHIX B CBOIO OUEPEIb SBISETCS PEe3yIbTaTOM
CIIMSIHUSI PYJIMMEHTOB pedpa U norepedHoro orpoctka [21]. B mporiecce uoreHesa MMEIOT MECTO PelyK-
U5 IOTIEPEYHOT0 OTPOCTKA MOSICHUYHBIX TTO3BOHKOB U €T0 CIUSIHUE ¢ peOpoM, HO MPH 3TOM pedepHo-
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TIOTIEPEYHBIC OTPOCTKH HE CIIMBAIOTCS MEKy cO00it [22].
B cBsi3u ¢ aTUM (hopMEpOBaHKE TIEPEXOAHOTO MMOSICHUYHO-
kpectroBoro rmo3ponka Illa u I1Ib tTunos no A. E. Castellvi
1 o0pa3oBaHUe JIaTepaJIbHOW YacTH KpecTIla Ha PaHHUX
CTaHsIX YMOPHOTEHE3a, BEPOSITHEE BCETO, IIPOUCXOIUT CXOI-
HBIM 00pa3oM, IETEPMUHUPOBAHO FEHETHYCCKU U MOKET
OBITh BU3YaJU3UPOBAHO 3aJI0JIT0 JI0 Ha4Yajia OKOCTCHEHUS —
ykKe Ha ME3EHXUMHOU cTajauu rucroreHesa. [1ogo0HbIM
00pa3oM MPOUCXOUT MOTHOE UITH YACTUYHOE CIIUSIHUE Pe-
Oep wim GopMupoBaHue OJIOKOB TEJ TPYIHBIX/IIEHHBIX
MTO3BOHKOB IIPH BPOXKJICHHBIX aHOMAJTUSAX Pa3BUTHSL.
Occudukanusi KpecTIOBBIX IT03BOHKOB CTapTyeT
Ha 10-12-if Hemenme BHYTpHyTpoOHOTO pa3BuThs [23].
CHauaJja UeHTPBI OKOCTEHEHHUS TIOSIBIISIFOTCS B TeJe (OMH)
U B HEHpaJIbHBIX OTPOCTKaX (J1Ba), a [031HEE — B 00JIaCTH
KaKJI0M JTaTepaTbHON YaCTH 3aKJIaIKU KpecTIa (1o TpHu J0-

Puc. 5. Ctpoenne 3aKi1alok KpeCTIIOBBIX TO3BOHKOB
11 TA30BO#i KOCTH 8-HEIENBHOTO 3apojibIla YenoBeka  TIOJTHUTENBHBIX IIEPBUYHBIX LIEHTPa OKocTeHeHus) [24]. ITo-

(Bup c3a/11): | — IyrOOTPOCTYATOE COUIICHEHNE; JIOOHO JIPYTHM CErMEHTaM MO03BOHOYHOTO CTOJI0A Ha MPO-

2~ ABC NONIOBUHEI HEHPANLHOM AyTH; 3 —KPBUIO  1gsenyy BCEro BHYTPHYTPOOHOrO MEpHONA Pa3BUTHS,
TIOAB3I0IITHOM KOCTH, 4— Jlar€palibHas 4aCThb KpeCTHa,

a TaK)e B MEPBbIC JCKAbl )KU3HH TENa JIYTU U CYCTaB-
S1 — 3aKjIaiKa Tejia I€pPBOro KpEeCTUOBOI'O ITO3BOHKA.
TIpocBeTIeHHBIi Mpenapar, OKpaleH bl anbimano- HBIE OTPOCTKU KPECTLOBBIX [IO3BOHKOB OCTAIOTCS 000€00-

BBIM CHHUM ¥ KPAaCHbIM ajiu3apuHom. x10 JICHHBIMH. CI/IHOCTOSI/IpOBaHI/Ie KpECTUOBBIX IO3BOHKOB,
Fig. 5. Structure of sacral vertebrae and hip bone MIPOUCXOAAIICE € BO3PACTOM, BEPOATHEE BCCIO, CBA3AHO
anlages 8-weeks old embryo (back view): C UX MMMOOWJIM3AIIMEeH 3a CYeT cpacTaHusi pedepHO-

I - zygapophyseal joint; 2 —two halves of the neural  popepeynsix oTpocTkoB MOA BO3/EHCTBHEM MeXaHHde-
arch; 3 — wing of Ilium; 4 ~lateral part of sacrum; iy Harpy3KH Ha KpecTell, 00yCIOBICHHON MPSIMOXOXKIe-
S1 — anlage of body of the first sacral vertebra. >
Whole-mount skeletal preparations, stained HHEM YeJIOBEKa. DTHM OOCTOSITEIBCTBOM MOXKHO OOBSICHUTD
with alcian blue and alizarin red. x10 pazHooOpa3zue MOp(HOJOrHUECKUX MPOSIBICHUHN CaKpain-
3al1 MOCJICAHCTO KPECTHOBOI'O MMO3BOHKA, BBIABIACMOC
IIpru PEHTTCHOJIOINYECKOM 06CJ'ICI[OBaHI/II/I TIO3BOHOYHHUKA Yy JKUBOT'O Y€JIOBEKA. HpI/I HU3YyUYCHUUN MalCpu-
POBaHHBIX aHATOMHYECKUX TIPEIapaToB OOHAPYKHUBACTCA, KaK MpaBmiIo, Toubko 11l Tum mepexomroro
MOSICHUYHO-KPECTIIOBOTO MO3BOHKA, KOrja (opMupyeTcss KOCTHOE CpalieHue MEXIY CMEXHBIMHU Cer-
MEHTaMH [I03BOHOYHOIO CTOJIOA.

HekoToprie UCCaeI0BATENN MOIATAIOT, YTO MOSCHUYHO-KPECTIIOBBIN MO3BOHOK 00pasyeTcst B pe-
3YyJbTAaTC HAPYUICHUA (l)OpMI/IpOBaHI/IH ICHTPOB OKOCTCHCHUSA B 3M6pI/IOHaHBHOM Nepruoac pa3BUTHUAL.
HpI/I BO3HUKHOBCHUH JIMIITHUX TOYCK OKOCTCHCHU A MPOUCXOAUT CaKpaIn3alus, IIpu HEAOCTATKE TaKUX
Touek — mrombanm3anus [25]. I[lomoObHOe 00BsICHEHNE BBITISAIUT MalloyOeIUTETbHBIM, TaK KaK IIEHTPBI
OCCI/I(I)I/IKaHI/II/I MOABJIAOTCA BHYTPH 000COOJICHHBIX XPAMIEBLIX MOHeHeﬁ Koctei. Heckonbko Takmx
LIEHTPOB MOTYT CIMBATHCI MEXITY COOOM TOIBKO B IIpeeiaX OHOHN 3aKIIaIKH.

3akJiouenue. PopMupoBaHUE NEPEXOIHOTO MOSICHUYHO-KPECTIIOBOrO MO3BOHKA JCTCPMHHHPOBA-
HO TEHETHYECKU. BONBIIMHCTBO THUIIOB TIO00HON aHOMAJIHK Pa3BUTHS MOYKHO BBISIBUTH TOJBKO C TI0-
motrpio KT. Cakpanuzamus mocaeaHero MosSCHUYHOTO TTO3BOHKA TIOBTOPSIET MPOIECC CIHUSHUS KPECT-
LOBBIX TIO3BOHKOB B €IMHYIO KOCThb. HampoTuB, HapylleHHe KOHKPECLUEHIIMH MONEepedHO-peOepHBIX
OTPOCTKOB 3aKJIaJOK NEPBLIX KPCCTHOBBIX IMO3BOHKOB KAaK HOPMAJBHOI'O IMpolecca €ro MOp(bOFCHeBa
HUMECT CICACTBHUEM J'IIOM6aJ'II/I3aI_II/IIO S1.
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INTERACTION OF LIVER ARGINASE AND L-ARGININE-NO SYSTEM
IN THE PROCESSES OF DETOXIFICATION, LIPID PEROXIDATION
AND THE FORMATION OF THE THYROID STATUS IN RATS
WITH CHRONIC ETHANOL INTOXICATION

Abstract. A sufficient number of facts testifying the importance of liver arginase and nitrogen monoxide in the life processes
in the normal and pathological conditions have been accumulated to date.

The aim of the study was to determine the significance of the relationship and interaction of liver arginase and L-arginine-NO
system in the processes of detoxification, lipid peroxidation and the formation of the thyroid status in rats with chronic ethanol
intoxication.

In rat experiments using the modern physiological, biochemical research methods and a pharmacological approach,
it was found that chronic ethanol intoxication leads to a decrease in the liver arginase activity and the triiodothyronine con-
centration. At the same time, the increase in the level of “average molecules”, NO,/NO,, the content of lipid peroxidation
products in the plasma, as well as the increase in the blood toxicity degree, the activity of alanine amino transferase, aspartate
amino transferase and the narcotic sleep duration were observed. Hyperthyroid rats demonstrated the increased liver arginase
activity, the processes of detoxification, lipid peroxidation and body temperature while rats with the experimental hypothy-
roidism showed the opposite results. The liver arginase depression caused by the injection of N°-hydroxy-nor-L-arginine
(Nor-NOHA), or L-valine into the body prevents the body temperature increase and the development of characteristic changes
in the detoxification and lipid peroxidation processes acted upon by exogenous triiodothyronine. Under the conditions of the liver
arginase inhibition by Nor-NOHA or L-valine, the ethanol action is accompanied by a more significant inhibition of the liver
detoxification function and an increase of NO,/NO, levels in blood plasma. The preliminary injection of an N®-nitro-L-arginine
methyl ester inhibitor of NO-synthase into the animal’s body weakens the toxic ethanol effect on the liver, as well as the development
of characteristic changes in the liver arginase activity, in the processes of detoxification and lipid peroxidation in rats with chronic
ethanol intoxication.

Apparently, the activity of liver arginase and L-arginine-NO system determines the severity of detoxification, lipid
peroxidation processes and the formation of the thyroid status in the conditions of chronic alcoholization, which is important
in the ethanol intoxication pathogenesis.
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B. B. Jlo6anoBa, ®. . BucmoHT

benopyccxuii cocyoapemeennulii meouyunckuil yHugepcumem, Munck, Pecnyonuxa beaapyco

B3AUMOJENCTBUE APTUHA3BI U L-APTUHUH-NO CUCTEMbBI IEYEHU
B IPOHECCAX JETOKCUKAIIUU, PASBBUTUSA OKCUIJATUBHOI'O CTPECCA U ®OPMUPOBAHUSA
THAPEOUJTHOI'O CTATYCA ¥V KPBIC TP XPOHUYECKOM 3TAHOJIOBON NHTOKCUKAIIUHA

AnHoTanus. K HacTos1IeMy BpEeMEHH HAKOITMIIOCH JJ0CTATOYHOE KOJHUYECTBO (DAaKTOB, CBUACTEILCTBYOIINUX O TOM, YTO
apruHasa IeYeH! 1 MOHOOKCH /T a30Ta UI'PAIOT 3HAYUTEIbHYIO POJIb B IPOLIECCAX KHU3HEICATEIBHOCTH B HOPME U IIPH MaTOJIOTHH.

Llenbro nccnenoBaHus ObIJIO BHISICHEHHE 3HAUMMOCTH B3aMMOCBSI3H U B3aUMOJieiicTBUS apruHassl u L-apruann-NO cu-
CTEMBI TIEYeHH B IPOIECCcax AETOKCHUKAIMH, Pa3BUTHS OKCHIATHBHOIO cTpecca M (OPMHUPOBAHHM THPEOHJHOIO CTaryca
Y KpbIC IPY XPOHUUECKON ITAHOJIOBOM HHTOKCUKAIIMH.

B ombITax Ha KphICaX C UCIIOJIB30BAHNEM COBPEMEHHBIX (PM3MOJIOTHYECKHX, OMOXMMHUYECKHX METOIOB HCCIICJOBAHUS
1 (papMaKOJIOTHYECKOT0 TTOIX0/1a OBLIO YCTAHOBIIEHO, UYTO XPOHUYIECKasl ATAHOIOBASI MHTOKCHKAIIHS TPUBOJIUT K CHIDKCHHIO
aKTHBHOCTH apPTHHA3BI IEYEHH, KOHIEHTPAINY TPUHONTHPOHNHA M K MOBBINICHHUIO YPOBHS «CPETHUX MONeKym», NO,/NO,,
copepkanust npoxyktos I10JI B mna3Me, cTemeHN TOKCHYHOCTH KPOBH, aKTUBHOCTH aJlaHMHAMUHOTpPaHCc(eppaskl U acmap-
TaTaMHHOTpaHChEPPasbl, MPOAOIKUTEIBHOCTH HAPKOTHUECKOTO CHA. Y THIEPTHPEOHAHBIX KPHIC MOBBIMIAETCS, a Y KPbIC
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C DKCHEPUMEHTAJIbHBIM THIIOTUPEO30M CHUXKAETCS aKTUBHOCTD apruHa3bl Ie4eHH, rpoueccos gerokcukanuu, [10JI u Temmne-
partypa Tena. Jlenpeccus apruHasbl IICUCHH, BbI3bIBacMast BBEICHHEM B opranusM N°-rupokcu-Hop-L-apruauaoM (Nor-NOHA),
a Takke L-BadmHa, MPENmATCTBYET MOBBIIICHUIO TEMIIEPATyPhI Tela U Pa3BUTHIO XapaKTEPHBIX M3MEHEHHUH MPOIECCoB Je-
tokcukanuu u [10JI Ha nelicTBUE SK30r€HHOr0 TpUHOATUPOHUHA. B ycioBusax yruerenus aprusassl neueHu kak Nor-NOHA,
TaK M L-BaJIMHOM JIeHCTBHE HTaHOJA COMPOBOXKAAETCS Ooee 3HAaYMMbIM YITHETCHHEM JETOKCHUKALMOHHON (QYHKIUH NeYeHH
u nosbimennem copepxkanus NO,/NO, B mnasme kposu. [IpenBapurensHoe BBEIEHUE B OPTAHU3M KUBOTHBIM HHTHOUTOPA
NO-cunTa3ssl MeTHI0BOr0 3dupa NS-HuTpo-L-apruHina ociaadisier TOKCHUeCKnil 3G deKxT ITaHOIA HA [IEYCHD, & TAKIKE pa3-
BUTHE XapaKTEPHBIX M3MEHEHUI aKTUBHOCTH apruHa3bl MeueHu, npoueccos Aetokcukanuu 1 [1OJI y kpbIc ¢ XpoHHUYeCKOi
9TAaHOJIOBOM HHTOKCUKALIMCH.

[lo-BuguMoOMy, OT aKTUBHOCTU apruHasbl U L-apruHuH-NO cuCTeMBl IEUCHH 3aBHCUT BBIPAKEHHOCTH IIPOLECCOB Jie-
tokcukauu, [10JI 1 popmupoBaHre TUPEONUTHOrO CTATyCa B YCIOBHIX XPOHUYECKON aJKOTOJIIN3ALMH, YTO UTPAeT 3HAUHU-
MYIO POJIb B TATOT€HE3€ ITAHOIOBON HHTOKCHKAIIHH.

KuroueBbie cji0Ba: XpoHUYecKas TaHONIOBAs MHTOKCHKALUs, IeTOKCUKALIMS, apruHa3a NeYeHU, IEPEKUCHOEe OKHUCIIe-
Hue unuaoB, L-aprunna-NO cucrema, KpbIChl

Juast unTupoBanus: Jlo6anosa, B. B. BzaumoneiictBue aprunassl u L-apruana-NO cUCTeMBI IEYeHH B ITpoLieccax ae-
TOKCHKAIUH, Pa3BUTHS OKCHJIATHBHOTO CTpecca U (GOpMHUPOBAHUS THPEOUTHOTO CTAaTyca Y KPBIC IIPH XPOHHUECKOH dTaHO-
noBoii nutokcukauu / B. B. Jlobanosa, @. 1. Bucmonrt / Bec. Hau. akaa. naByk benapyci. Cep. mex. HaByk. —2020. — T. 17,
Ne 4. — C. 409416 (na anen.). https://doi.org/10.29235/1814-6023-2020-17-4-409-416

Introduction. Modern medicine faces the problem of the steady growth of alcohol pathology leading
to a reduction in life expectancy and adversely affecting the state of health.

It is known that morbidity and mortality in case of regular consumption of alcohol is associated
with the toxic effects of ethanol on the most important human organs, and especially on the liver [1, 2].
In the mechanisms of the protective reactions development in conditions accompanied by toxinemia,
the activity of the liver detoxification function and the pituitary-thyroid system are important [3, 4].

Numerous experimental data indicate that toxic ethanol metabolites, activation of LPO processes,
and the development of oxidative stress make a significant contribution to liver damage caused
by ethanol [1, 5, 6].

Currently, a sufficient number of facts indicating the importance of liver arginase in the processes
of detoxification and vital functions of the body in normal and pathological conditions has accumulated
[7-9]. It has been shown that the activity of the metabolism of iodine-containing thyroid hormones [10],
that play an important role in detoxification processes, depends on the liver functional state [3].

A number of researchers found that a change in the blood level of thyroid hormones is closely correlated
with the production of nitrogen monoxide (NO) in the body [4] and arginase activity is important
for its formation [11]. Considering that liver arginase activity limits the availability of L-arginine
for inducible NO synthase [11, 12], it was reasoned that its activity will affect NO synthesis, that plays
an important role in detoxification mechanisms, lipid peroxidation, and thermoregulation [13, 14].
However, the participation of liver arginase and L-arginine-NO system, the significance of their inter-
action in the regulation of its detoxification function, LPO processes and the formation of thyroid status
in rats during chronic alcohol intoxication was not the subject of a special comprehensive study.

The aim of this study was to determine the significance of the relationship and interaction of liver
arginase and L-arginine-NO system in the detoxification processes, the development of oxidative stress
and the formation of thyroid status in rats with chronic ethanol intoxication.

Materials and research methods. The study was conducted on non-narcotic adult white male rats
weighing 180-220 g.

The experiments were carried out at a strictly defined time (8—12 hours in the morning). The ration
of rats consisted of the feed KK-92/PHC-5, the amount of which was determined by the Norms of feeding
laboratory animals [15]. Drinking mode adhered to the ad libitum principle.

Due to the fact that in the literature there is evidence that animals have significant fluctuations
in the level of a number of hormones and biogenic amines in the blood during the day, which are accom-
panied by changes in energy and plastic metabolism, the experiments were carried out at a strictly
defined time (8—12 hours in the morning).

An experimental model of chronic ethanol intoxication was reproduced in rats by daily intragastric
injection of 30 % ethanol solution to animals (based on 3.5 g of 92 % ethanol per kg of body weight)
for 60 days. Acute toxic liver damage was caused by the intragastric injection of a solution of carbon
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tetrachloride (CCl,) prepared using olive oil at a ratio of 1:1 at a rate of 5 ml/kg to the animals. The activity
of liver arginase was determined spectrophotometrically [16]. The production of nitric monoxide (NO)
was evaluated by the total level of nitrates/nitrites (NO,/NO,) in blood plasma [17]. The detoxification
function of the liver and the degree of endogenous intoxication were evaluated by the degree of blood
toxicity (DBT), the duration of narcotic sleep (DNS), as well as by the concentration of “medium mole-
cules” (MM) in the blood plasma. DNS (injection of hexenal at a dose of 100 mg/kg intraperitoneally)
was evaluated by the time the animals were in the side position [18]. The method of acid-ethanol depo-
sition [19] was used to determine the content of MM in the blood, and DBT was evaluated by the method
proposed by O. A. Radkova et al. [20]. The severity of liver damage was estimated by the activity
of aspartate aminotransferase (AsAT) and alanine aminotransferase (AIAT) in the blood serum. The de-
termination of the AsAT and AIAT activity in blood plasma was carried out using the colorimetric
dinitrophenylhydrazine method.

The activity of lipid peroxidation in the blood and liver was evaluated by the content of such products
as malondialdehyde (MDA), diene conjugates (DC), Schiff bases (SB). The concentration of MDA,
DC, and SB was determined by the spectrophotometric method of M. Mihara, M. Uchiyama [21],
V. A. Kostyuk [22] and B. L. Fletcher et al. [23], respectively.

Hypothyroidism in animals was reproduced using thyriostostatic mercazolilum (Ukrmedpreparaty,
Ukraine), that was injected to rats daily intragastrically at a dose of 25 mg/kg on 1 % starch solution
for 20 days. Experimental hyperthyroidism was reproduced using a synthetic preparation of triiodothyronine
hydrochloride (Liothyronin, Berlin Chemie, Germany), that was injected intragastrally daily to animals
at a dose of 30 pg/kg on 1 % starch solution for 20 days. The plasma level of triiodothyronine (T),)
and tetraiodothyronine (T,) was determined by the radioimmunoassay using the test kits of OCP IBOKh
NAS of Belarus. To determine the significance of liver arginase and NO in detoxification, thermoregulation
and thyroid status formation, the arginase inhibitor N°-hydroxy-nor-L-arginine (nor-NOHA) (Bachem AG,
Germany) and also L-valine (Carl Roth GmbH + Co0.KG, Germany) and a non-selective inhibitor
of NO synthase — methyl ester N®-nitro-L-arginine (L-NAME) (ACROS ORGANICS, USA). Nor-NOHA
at a dose of 10 mg/kg was injected to rats intraperitoneally daily for 7 days, and L-valine was injected
intraperitoneally at a dose of 100 mg/kg 30 min before the start of the experiment. L-NAME at a dose
of 25 mg/kg was injected to rats once intraperitoneally. Rectal temperature was measured with a TPEM-1
medical electrothermometer.

Blood and liver tissue for studies were taken for the minimum possible time after animal decapitation,
that was carried out one hour after the last injection of ethanol (in the experimental group) or physiological
solution (in the control group).

All experiments were carried out in accordance with the ethical standards for the handling of laboratory
animals, as well as the requirements of the Directive of the European Ethics Committee 86/609 / EEC
of 11.24.1986 [24] and the “European Convention for the Protection of Vertebrate Animals Used
in Experiments and Other Scientific Purposes” dated March 18, 1986 and TCH 125-2008 “Good labo-
ratory practice” approved by the resolution of the Ministry of Health of the Republic of Belarus No. 56
dated March 28, 2008 [25].

The received data were processed statistically using the software packages “Statsoft (USA) Statistica 8.0”,
“Microsoft Office Excell 20007, “Graph Pad Prism4”. An analysis of the differences between the two inde-
pendent groups by quantitative indicators, the distribution of which was not statistically significantly
different from the normal, was carried out using the Student #-test in Welch’s modification. Data
for quantitative indicators are presented as arithmetic mean and standard error of the mean (X =+ NIR
for qualitative indicators as percent. The differences between the experimental groups were considered
significant at p < 0.05.

The results of the study. In experiments on rats, it was found that intragastric daily injection
of 30 % aqueous ethanol solution to animals for 60 days leads to significant changes in arginase activity
and liver detoxification function, body temperature, levels of lipid peroxidation products, NO,/NO,,
tri- and tetraiodothyronine and plasma transaminase activity.

It was found that prolonged intragastric injection of ethanol leads to inhibition of the detoxification
function of the liver, which was manifested by an increase in the level of MM in blood plasma —



412 Proceedings of the National Academy of Sciences of Belarus. Medical series, 2020, vol. 17, no. 4, pp. 409-416

by 38.5 % (p < 0.05, n=10), DBT by 57.8 % (p <0 05, n = 10) and an increase in PNS by 24.5 % (p < 0.05,
n = 7). The content of MM in blood plasma, DBT and DNS in the control group (with daily intragastric
injection of a physiological solution for two months, 7 = 10) was 0.69 = 0.012 g/1, 1.3 = 0.11 units, respectively,
and 27.8 = 3.22 min. The liver arginase activity under the same conditions decreased by 54.7 % (p < 0.05,
n = 8) and was 2.5 + (.27 umol of urea/g of crude tissue per hour. The AsAT and AIAT activity as the most
important indicators of the severity of liver damage, in the blood of alcoholized animals in comparison
with the corresponding control increased by 196.3 % (p < 0.05, n = 8) and 488.5 % (p < 0.05, n = 8)
and amounted to 1.77 = 0.16 and 2.71 £ 0.13 pkat/l, respectively.

It was found that the effect of ethanol in the body of animals over 60 days is accompanied by an increase
in blood plasma levels of DC, MDA and SB by 39.3 % (p < 0.05, n = 7), 58.5 % (p < 0.05, n = 8)
and 50.8 % (p < 0.05, n = 7), respectively. The content of DC in the liver increased by 29.3 % (p <0.05,n="7),
MDA by 36.5 % (p <0.05, n="7) and SB by 23.3 % (p < 0.05, n = 7). In rats of the control group (saline
solution intragastrally daily for 60 days, n = 8), the content of DC, MDA, and SB in the blood plasma
was 0.59 £ 0.051 D, ./ml, 0.71 = 0.058 pmol/ml and 5.4 & 0.52 IU/ml, and in the liver 14.5 = 1.38 D, /g tissue,
17.1 £ 0.71 pmol/g of tissue and 136.4 + 13.5 U/g of tissue.

It was revealed that under conditions of chronic ethanol intoxication in animals, the concentration
of NO,/NO, — end products of NO degradation in the blood plasma changes [11, 16]. Intragastric injection
of ethanol after 60 days of alcoholization in rats (n = 8) resulted in an increase in plasma levels of NO,/NO,
by 79.1 % (p < 0.01) and which amounted to 11.02 £ 1.34 umol/L.

It was found that changes in thyroid status in rats occur as a result of chronic alcoholization. Prolonged
(for 60 days) daily intragastric injection of 30 % ethanol solution led to a 58.8 % (p < 0.05, n = 8) decrease
o fT, concentration in blood plasma. At the same time, T, concentration in comparison with the control
group (daily intragastric injection of a physiological solution for 60 days) did not significantly change.
The concentration of T, and T, in blood plasma in animals in the control group (n = 7) was 71.1 = 11.04
and 1.7 = 0.2 nMol/l, respectively.

It was found that 20 days after the daily intragastric injection of triiodothyronine hydrochloride (30 mg/kg),
detoxification processes in animals are activated, liver arginase activity increases (by 41.0 %, p < 0.05,
n =7) and body temperature rises (by 0.7 °C, p < 0.05, n = 8). The DNS in rats under these conditions
decreased by 27.2 % (p < 0.05, n = 7) and amounted to 20.9 + 2.3 min. The content of MM in the blood
plasma decreased by 23.5 % (p < 0.05, n="7), and the degree of its toxicity decreased by 19.2 % (p < 0.05,
n=T7). In this case, the plasma concentration of T, increased from 1.2 + 0.1 to 1.9 + 0.2 nMol/I (by 58.3 %,
p <0.05,n=8) and T, decreased from 44, 7 + 3.1 to 17.2 + 2.0 nMol/I (by 61.5 %, p < 0.05, n = 8).

Depression of the functional activity of the thyroid gland with mercazolyl led to a decrease in liver
arginase activity (by 25.6 %, p < 0.05, n = 7), inhibition of detoxification processes and a decrease in body
temperature. So, before the injection of mercazolate, the rectal temperature in the rats of the experimental
group (n = 10) was 37.3 = 0.10 °C, and after 20 days of its use decreased by 0.9 °C (p < 0.05). The concent-
ration of T, and T, in blood plasma in hypothyroid rats, compared with the control group (intragastric
administration of 1 % starch solution for 20 days) decreased by 2.5 times (p < 0.05) and 3.2 times (p < 0.05)
and amounted, respectively, to 0.54 = 0.07 nMol/l (n = 7) and 16.4 + 1.05 nMol/I (n = 7). The DNS in rats
under these conditions increased by 28.2% (p < 0.05, n = 7) and amounted to 31.6 & 2.85 min. The content
of MM in the blood plasma of hypothyroid rats increased by 17.4 % (p < 0.05, n = 7), and DBT increased
by 14.1 % (p < 0.05, n = 6).

It was revealed that in conditions of CCl, liver damage in rats, detoxification processes are inhibited,
body temperature, liver arginase activity and plasma concentration of T, and T, decrease. So, 12 and 24 hours
after the CCl, oil solution was injected into the stomach, the rectal temperature decreased, respectively,
by 1.2 £0.12 °C (p < 0.05, n = 12) and by 1.7 £ 0.13 °C (p < 0.05, n = 10). The activity of liver arginase
in rats (n = 7) under these conditions (in relation to animals in the control) decreased by 47.2 % (p < 0.05)
and 61.8 % (p < 0.05), respectively, and the content NO,/NO; increased by 31.5 % (p < 0.01) and 58.4 %
(p < 0.01), respectively. The activity of liver arginase in rats of the control groups (12 and 24 hours
after intragastric injection of 1% starch solution) was 3.6 + 0.30 (n = 7) and 3.8 = 0.33 (n = 7) pmol
of urea, respectively/g crude tissue per hour.
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Acute toxic liver damage by CCl, led to an increase in plasma levels of MM and DBT. The concentration
of MM after 12 and 24 hours from the time of seeding of animals CCl, increased by 28.2 % (p < 0.05,
n =7) and 39.1 % (p < 0.05, n = 7). Under these conditions, the DBT was higher in experimental rats
compared to that in the control by 48.1 % (p < 0.05, n = 6) and 70.1 % (p < 0.05, n = 7). DNS in rats
after 12 and 24 hours of CCl, injection increased compared to animals that received sunflower oil intra-
gastricaly by 22.3 % (p < 0.05, n = 8) and 25.8 % (p < 0.05, n =9), respectively. The duration of narcotic
sleep in animals (7 = 7) in the control group (12 and 24 hours after the injection of sunflower oil at a dose
of 5.0 ml/kg into the stomach) was 22.8 & 2.16 and 27.0 + 1.73 min, respectively.

It was found that the action of CC1, in the animal organism is accompanied by the activation of lipid
peroxidation processes in the blood and liver. So, 24 hours after the injection of CCI, oil solution into
the stomach, the level of DC, MDA, and SB increased in blood plasma by 22.3 % (p < 0.05, n = 7),
322 % (p < 0.05, n = 7) and 814 % (p < 0.05, n = 7). In the liver, the content of DC increased
by 20.5 % (p <0.05, n="7), MDA by 36.0 % (p <0.05, n="7), OR by 50.6 % (p < 0.05, n="7). The action
of CCl, in rats (n = 8) was accompanied by a decrease in the level of iodine-containing thyroid hormones
in the blood plasma. So, 24 hours after the injection of hepatotropic poison to animals, a decrease in plasma
levels of T, was observed — by 43.0 % (p < 0.05) and T, by 62.7 % (p < 0.05) compared with the control
(intragastric injection of sunflower oil). The activity of AIAT and AsAT in blood after 12 and 24 hours
after a single injection of CCl, oil solution (5.0 ml/kg) increased in experimental animals (compared
with the corresponding control, intragastric injection of sunflower oil), respectively, by 518.5 % (p < 0.05)
and 839.4 % (p < 0.05, n =6), 136.7 % (p < 0.05, n=7) and 204.5 % (p < 0.05, n = 6).

The results of the studies suggested that changes in body temperature and detoxification processes in rats
under conditions of toxic liver damage as well as the depression of liver arginase and the L-arginine-NO
system are mostly due to changes in the concentration of triiodothyronine in the blood plasma, which largely
determines the activity of thermogenesis and detoxification processes.

It was found that daily intraperitoneal injection of the arginase inhibitor N°-hydroxy-nor-L-arginine
(nor-NOHA) from BAChEM (Germany) to rats at a dose of 10 mg/kg [26] as well as a single intraperitoneal
injection of the arginase inhibitor L-valine [27] at a dose of 100 mg/kg did not statistically significantly
affect body temperature and led to a decrease in liver arginase activity by 70.8 and 78.6 % (p < 0.05, n =7),
respectively. In animals of the control group (n = 7), that received an intraperitoneal saline solution for a week,
the activity of liver arginase was 5.7 £ 0.51 uM mol of urea/g of crude tissue per hour, respectively.

Under conditions of liver arginase depression by nor-NOHA, the action of ethanol is accompanied
by a more significant inhibition of the liver detoxification function, an increase in plasma NO,/NO, level,
the content of lipid peroxidation products in the blood and liver, and a decrease in body temperature.
The body temperature in rats influenced by chronic ethanol intoxication decreased by 1.2 = 0.16 (p < 0.01,
n = 12), and under the conditions of action of nor-NOHA by 1.6 + 0.13 °C (p <0, 05, n = 8). The content
of NO,/NO,, DC and MDA in blood plasma in rats with chronic alcohol intoxication (n = 8) that got
nor-NOHA compared to the level in the control group of animals (alcoholization and intraperitoneal
injection of saline solution, n = 8) was higher by 47.1 % (p < 0.05), 35.1 % (p < 0.05) and 29.8 % (p < 0.05),
respectively.

Acute toxic liver damage, 12 and 24 hours after the intragastric injection of CCl, was accompanied
by a more significant decrease in body temperature and a significant increase in DNS toxicity of plasma
and the level of MM in it in animals (n = 7), that were injected intraperitoneally with L-valine (100 mg/kg)
daily for 7 days. Thus, the body temperature in rats of the control group, that were preliminarily injected
intraperitoneally with physiological saline solution during the week before the intragastric injection
of CCl, oily solution, decreased by 1.2 °C after 12 and 24 hours from the moment of hepatotropic poison
injection (p < 0.05, n = 10) and 1.5 °C (p < 0.05, n = 8), and in the experiment, under conditions
of preliminary intraperitoneal injection of L-valine, 12 hours and a day after the introduction of CCI1,,
decreased by 1.7 °C (p < 0.05, n ="7) and 2.0 °C (p < 0.05, n = 7), respectively.

It was revealed that the action of CCl, in rats under conditions of liver arginase depression by L-valine
is accompanied not only by a more significant inhibition of liver detoxification function, but also by more
pronounced changes in the activity of AIAT and AsAT in animal blood plasma. It was also found
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that the action of CCl, in the body, under the conditions of preliminary administration of L-valine
to animals during the week, does not cause a decrease in T, level and exacerbates a decrease in T, con-
centration in blood plasma.

It was found that the effect of CCl, in animals that previously received L-NAME was accompanied
by a less pronounced change in liver detoxification function. So, 24 hours after the injection of CCl,,
in conditions of depression of NO synthase by L-NAME, the content in the blood plasma of SM was lower
by 22.3 % (p < 0.05, n = 8), and its toxicity decreased by 17.6 % (p < 0.05, n = 8) compared with the corres-
ponding control (action only CCl,). PNS in rats that received CCl, under L-NAME exposure conditions
decreased by 29.0 % (p < 0.05, n = 10) after 24 hours intragastric injection of hepatotropic poison.
It was found that the infusion of CCl,, 24 hours after injection, in rats (previously treated intraperitoneally
with L-NAME) leads to a more significant decrease in plasma T, concentration (by 23.1 %, p <0.05, n=7)
and to a less pronounced (compared with animals that were injected with saline intraperitoneally and CCl,
solution intragastrically) increase in the activity of AIAT and AsAT in blood plasma — by 26.7 % (p < 0.05,
n = 8) and 24.0 % (p < 0.05, n = 7). Therefore, there was reason to believe that the thyroid status
of the organism and the activity of detoxification processes depend not only on functional state
of the pituitary-thyroid gland system, but also on the activity of arginase and L-arginine-NO of the liver
system.

To verify the validity of our assumption, it was of interest to find out how the body temperature
and activity of detoxification processes on the action of exogenous T, will change under conditions
of L-arginine-NO system depression in animals.

The experiments showed that preliminary (12 hours before the intragastric injection of T,) intrape-
ritoneal administration to rats (n = 8) of L-valine (100 mg/kg) prevents the increase in body temperature
induced by daily injection of T, (30 ug/kg) for 20 days.

In a special series of studies, it was found that the injection of exogenous T, to rats (n = 8) under conditions
of action of an NO synthase inhibitor in the body (L-NAME, 25 mg/kg, intraperitoneally 30 min
before the injection of triiodothyronine hydrochloride) does not lead to activation of detoxification
processes and increase in body temperature. In the control group of animals (received saline instead
of L-NAME, n = 8), an increase in body temperature was observed upon injection of T,. Thus, an intragastric
injection of triiodothyronine hydrochloride (30 pg/kg) to rats for 20 days, 30 min before the T, injection,
who received an intraperitoneal saline solution, led to an increase in the rectal temperature of 0.8 °C
in animals (p < 0.05, n = 8), and under the action of L-NAME (25 mg/kg), the action of T, in animals (n = 8)
did not cause significant changes in body temperature.

DNS (hexenal 100 mg/kg intraperitoneally) in rats of the experimental group that received T, for 20 days
under conditions of inhibition of the activity of NO synthase L-NAME increased 12 hours after the last
intragastric injection of the hormone by 28.7 % (p < 0.05, n = 7) compared with control animals.
The duration of narcotic sleep in control rats (intragastric injection of T, at a dose of 30 ng/kg for 20 days
and saline intraperitoneally 30 min before injection of the hormone) was 20.4 + 2.51 min (n = 7).

Along with an increase in DNS, hyperthyroid rats that preliminarily got L-NAME also showed
an increase of MM plasma level up to 22.7 % (p < 0.05, n = 7) compared with animals in the control group.
In experimental rats compared with those in the control DBT was higher by 24.3 % (p < 0.05, n = 6).

Therefore, under the conditions of action of the NO synthase inhibitor L-NAME in the body, triiodo-
thyronine does not exert its characteristic activating effect on the processes of detoxification and thermo-
genesis.

It was found that the action of ethanol in rats, under conditions of preliminary (30 min before intra-
gastrical injection of ethanol to animals for 60 days) injection of L-NAME into animals, as compared
with the control group of animals, leads to less pronounced inhibition of detoxification processes. PNS,
the level of SM in blood plasma and STK in experimental rats influenced by chronic alcoholization compared
with animals of the control group (intraperitoneal injection of saline solution and chronic alcoholization,
n = 8) were lower by 27.1 % (p < 0.05, n =9), 48.3 % (p < 0.05, n = 8) and 24.2 % (p < 0.05, n = 8),
respectively. The AIAT and AsAT activity in blood plasma in rats influenced by chronic alcoholization
under conditions of action of an NO synthase inhibitor in animals was lower by 37.5 % (p < 0.05, n =17)
and 48, respectively 8 % (p < 0.05, n = 7), and the content of NO,/NO,” by 39.1 % (p < 0.05, n = 7).
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It was revealed that chronic ethanol intoxication in rats (n = 9) that previously received L-NAME,
compared with animals of the control group, leads to a less significant increase in DC levels, namely,
a decrease of DC level in the liver by 39.2 % (p < 0.05), and in blood plasma by 28.6 % (p < 0.05).
The concentration of MDA in the liver under these conditions decreased by 27.6 % (p < 0.05), in plasma
by 30.3 % (p < 0.05). The level of OS decreased in the liver and in blood plasma, respectively, by 50.5 %
(p <0.05) and 36.7 % (p < 0.05).

The revealed features of changes in the liver detoxification function and lipid peroxidation processes
in the blood and liver, as well as the level of NO,/NO, in the blood plasma during chronic alcohol
intoxication both in conditions of depression of liver arginase and the activity of the L-arginine-NO
system, suggested that the activity of liver arginase and L-arginine-NO system determine the severity
of detoxification processes and oxidative stress in chronic alcohol intoxication.

Conclusion. Chronic ethanol intoxication in rats is accompanied by a decrease in body temperature,
blood T, level, liver arginase activity, an increase in DNS and in the content of lipid peroxidation products,
levels of NO,;/NO,, MM, DBT, as well as the activity of AIAT and AsAT in blood plasma. Liver arginase
and the L-arginine-NO system are involved in changes in the detoxification function of the liver, lipid
peroxidation processes, the thyroid status of the body, and body temperature induced by chronic ethanol
intoxication. The action of the NO-synthase blocker L-NAME in the body weakens, but the arginase
inhibitor nor-NOHA promotes the development of characteristic changes in the detoxification function
of the liver and body temperature in chronic alcohol intoxication.

Thus, the results of our studies suggest that the activity of liver arginase and L-arginine-NO system
determines the severity of detoxification processes, oxidative stress and the formation of thyroid status
in conditions of chronic alcoholization, which is important in the pathogenesis of ethanol intoxication.
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TEPAIIUSA XPOHUYECKHUX CTEHO30B TPAXEU U TOPTAHU
ME3BEHXUMAJIBHBIMH CTBOJIOBBIMU KJIETKAMM:
PE3YJIBTATHI ABYXJIETHEI'O HABJIIOAEHU A

AnHoTanus. XpoHudeckue cteHo3sl TopTanu u Tpaxen (XCI'T) SABISIOTCS TSHKEIBIM MATOJIOTHYECKUM COCTOSTHHEM,
KOTOpPOE€ MPUBOAMT K CY’KEHHIO JBIXaTENbHBIX MyTeH BCIEICTBHE MOBPEKCHUS CIU3UCTONH 00010uKN 1 (POPMUPOBAHHUS Ta-
TO(GU3NOIOTHIECKUX MEXaHU3MOB pereHepanu. [lepcneKTHBHEIM OMOMEINIIMTHCKUM KIIETOUHBIM IPOIYKTOM JUJIS JICUCHHU ST
XCI'T sBusiroTcst Mme3eHxuMalbHbie cTBosIoBbIe KieTkn (MCK), KoTopble, Kak H3BECTHO, CIIOCOOHBI MOAABIISATH BOCIIAIH-
TENBbHYIO PEAKIINIO U CTHUMYIHPOBATh PETCHEPAIHIO TKaHEH.

Llenb TaHHOTO MCCIEIOBAHUS — OLICHKA OE30IIACHOCTH, IEPEHOCUMOCTH M OTIAAJICHHONH KIMHUYECKOil 3 (eKTHBHOCTH
kyierouHoit Tepanuu XCI'T ¢ ucnons3oBanuem ayrosnoruunelx MCK o6onsrensHol BoicTHIKY (OB). B kinHnueckoe uccie-
JIOBaHHE OBLIM BKIIOYCHBI manueHThl ¢ auarno3oM XCI'T (J38.6 u J95.5 mo MKB-10) 6e3 HapymieHHs IETOCTHOCTH XPsIie-
BOTO KapKaca ¢ HaJIW4IHeM HIN 0e3 HaIudus TPaxeoCTOMBI/TapHHTOCTOMEI, B TOM YHCJIE MOCHIE XUPYPrUIeCKUX BMeIla-
TEJIbCTB 110 BOCCTAHOBJIEHHUIO IPOCBETA TOPTAHU U TPaXeH.

Knununuaeckoe uccnenosanue meroza yieuenus XCI'T ¢ ucnons3oBanuem aytonoruuabix MCK OB nokaszano 6e3zomac-
HOCTB U XOPOIIYIO MIEPEHOCHMOCTD KJIETOYHOH Teparnu, MO3BOJIIIO IPEIOTBPATUTE PECTEHO3UPOBaHNE U (HOPMHPOBAHUE
PyOIIOBO-TpaHYISLUOHHONW TKaHU B T€YECHHE 2 JIET HAOMIOACHUS Y BCEX MAIlMEHTOB, BKIIOYEHHBIX B HccaenoBanue (n = 7).
Boccranosaenue IJIoIaaA NpocBeTa ropTaHu U Tpaxeu, yJIydlICHUEe (byHKL[I/II/I JABbIXaHUSA W MOBBIIIEHUE TOJECPAHTHOCTHU
K (PM3HYECKOi Harpy3Kke OTMEUCHO y 6 MallUeHTOB, y KOTOPBIX OTCYTCTBOBAJIO HApYIIEHHE XPSIEBOro Kapkaca. [loimydeHHbIe
JTaHHBIE CBUIETEIBCTBYIOT O BEICOKOH KITHHHYECKOH 3 dexTuBHOCTH MeTozia KieTounoi Tepanuu XCI'T ¢ ncrons3oBanneM
aytonornuyHeix MCK OB.

Ki1roueBble €J10Ba: XpOHUYECKHE CTEHO3bl TOPTAHU M TPaxeH, KJIETOUHAs Tepanus, OMOMEeIUIIMHCKUN KJIETOYHBIH po-
JYKT, ME3eHXHMaJIbHbIE CTBOJIOBBIC KJIIETKH, 0OOHSTEIbHAS BHICTHIKA

Jas nutupoBanus: Tepanust XpOHHUECKUX CTEHO30B TPaXeW W FOPTaHU ME3EHXHMMAJIbHBIMH CTBOJIOBBIMHU KIETKAMU:
pesynbrarsl AByxjetHero Habmogenus / H. I. Antonesuu [u np.] / Bec. Han. akan. naByk benapyci. Cep. men. HaByK. —
2020. - T. 17, Ne 4. — C. 417-426. https://doi.org/10.29235/1814-6023-2020-17-4-417-426
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THERAPY OF CHRONIC STENOSIS OF LARYNGOTRACHEAL STENOSIS
WITH THE USE OF MESENCHYMAL STEM CELLS: TWO-YEAR OBSERVATION RESULTS

Abstract. Laryngotracheal stenosis is a serious pathological process that leads to the narrowing of the airways because
of damage of the mucous membrane and the formation of pathophysiological mechanisms of regeneration. Mesenchymal stem
cells (MSCs) are known to be able to suppress the inflammatory response and to stimulate tissue regeneration; that is why,
they are a promising biomedical cell product for treatment of laryngotracheal stenosis.

The aim of this study was to evaluate the safety, tolerability, and long-term clinical efficacy of cell therapy of laryngotracheal
stenosis using autologous MSCs of the olfactory lining (OL). The clinical study included patients with a diagnosis of laryngotracheal
stenosis (J38.6 and J95.5 according to ICD-10) without compromising the integrity of the cartilage frame with or without
a tracheostomy/laryngostomy, including patients after surgical interventions to restore the lumen of the larynx and trachea.

Clinical trials of laryngotracheal stenosis using autologous olfactory mucosa-derived mesenchymal stem cells were
carried out. Cell therapy was safe and well tolerated, and prevented the restenosis and formation of scar granulation tissue
during 2 years of observation in all patients included in the clinical study. The restoration of the larynx and trachea lumen,
the improved respiratory function and the increased exercise tolerance were observed in 6 patients who had no cartilage
disorder. The data obtained indicate the high clinical efficacy of the method of cell therapy of laryngotracheal stenosis using
autologous olfactory mucosa-derived mesenchymal stem cells.

Keywords: chronic laryngeal stenosis, cell therapy, biomedical cell product, mesenchymal stem cells, olfactory mucosa
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BBenenue. Xponnuecknii cteHo3 ropranu u Tpaxen (XCI'T) mocrarodno penkoe, HO TsHKeoe 3a-
OoneBanue, 00yCIIOBIICHHOE CYKEHHUEM JbIXaTEIbHBIX IyTEH, IPUYMHAMU KOTOPOro HauboJyee 4acTo
(moutu B 90 % ciy4aeB) SBIAIOTCS MEIUIIMHCKUE BMEIIATEIbCTBA, TAKHE KaK TPaXeoCTOMHUA, NHTyOa-
LU, JJIATENbHAS UCKYCCTBEHHAS! BEHTHIIALMS JieTKuX. [loBpexaeHne cau3ucToil 000I04KH, BO3HUKA-
oIlee BCIEICTBHE ITHX MEIUIMHCKIX MaHUIYISIUN, HHAIIMUPYET JIOKAJIBHOE BOCHAJICHHE, KOTOPOe
MOXET IPUBOIUTH K HAPYIIEHHIO €CTECTBEHHOrO Mpolecca SMUTeNn3annn, GopMupoBanuio natodu-
3WOJIOTMYECKIX MEXaHU3MOB PEeTeHepalni, KOTOPBIE CIIOCOOCTBYIOT M30BITOYHOMY POCTY HE3peINoi Irpa-
HYJISIHMOHHON TKaHM, BBI3BIBAIOIIEMY Cy’KeHUE TpocBeTa Tpaxeu u ropranu [1]. Tak, B oAHMX yyacTkax
CITU3HUCTON O0O0JIOUKN HAOTIOMAIOTCS SBJICHUS albTepaui, (PHOPHHO3HOTO BOCHAJICHUS, B IPYyTUX —
pa3BUTHE TPAHYISUOHHON TKaHH, B TPETHUX — (DOPMUPOBaHHE MPOAYKTHBHOTO BOCIAJICHHS C pa3BU-
treM (Gudpo3a M YACTUIHON penaparueii Ciu3ncToi. [IpuanHoit 3TOro MOXKET OBITH HEMTOIHOIICHHOCTh
CO3peBalolIeii COeTMHUTEILHON TKaHHU, KOTOPasi IOCTOSHHO MOJABEPraeTcs CTPYKTYPHBIM U MeTaO0u-
YECKUM U3MEHEHHSIM, CTIOCOOCTBYIOIINM Pa3BUTHIO XPOHHYECKOro BocnajeHus [2]. CTeHo3 IbIxareib-
HBIX ITyTeH (TOpTaHu W/WIH TPaxeH) BhI3bIBAET XPOHUUYECKYIO THIIOKCHIO, YTO B KOHEYHOM CUETe MpH-
BOJIUT K Pa3BUTHIO CEPIACYHO-IIETOYHON HEIOCTATOYHOCTH. Takke He0OXOIUMO OTMETUTD BBICOKYTO BOC-
MPUUMYNBOCTH TAKUX MALIUEHTOB K HH()DEKIIMOHHBIM 3200JICBAaHHSIM.

Tpanunuonnoe jeuenue XCI'T koMIekcHOe, BKIIOYask pa3IMuHbIe BUAbl XUPYPruueCKUX BMEIIa-
TENbCTB. B 3aBUCHMOCTH OT MOKa3aHUN TTPOBOAST JTUO0 PE3EKIUIO CYIKCHHBIX YUACTKOB AbIXaTEIbHBIX
myTeH ¢ mocienyonuM GopMUPOBAaHIEM aHACTOMO30B, JIM0O0 ITOITAITHOE PEKOHCTPYKTHBHO-BOCCTAHO-
BUTEJIBHOE JIEYEHHE C TPUMEHEHUEM pa3JIMUHBIX 10 KOHCTpYKIuu cteHToB [3]. HecMoTps Ha TO 4TO
MIPEATIOYTHTENFHBIM SBISICTCS PAANKAIBHBIN TIOIXOJ] C HCIIONb30BAHUEM PE3EKITMOHHBIX METO/IHK, CY-
HIECTBYET PsiJi OTpaHUYCHUH, HE MMO3BOJISIONIMX MPUMEHSITh UX K MAUEHTaM C JApUHTOTpaxeallbHbIMH
cteHo3amu. ClelyeT OTMETUTh, YTO B CIydae IMOITAITHOTO PEKOHCTPYHPOBAHUS HEBO3ZMOXKHO UCTIONb-
30BaTh OIMH U TOT K€ MOJXO JJIsI BCeX MAaIlMeHTOB. B 3aBUCMMOCTH OT MPOTSKEHHOCTH U XapakTepa
CTEHO3a WHIUBUYaIbHO MOJOUPAIOTCS THII CTEHTA, JUTUTEIIBHOCTh CTEHTHPOBAHMS, CPOKH HaOIIOIe-
HUS M0CTIE U3BJICYSHHS CTEHTA, Pa3MepPhI JAPUHTOTPAXEOCTOM M METO/IBI UX IJIACTUYECKOTO 3aKPBITHSL.
JUTeNpHOCTH JIEYeHUS MOYKET BapbUPOBATHCA OT HECKOIBKUX MECSIIEB 10 HECKOJIBKUX JIeT [4].

OcHOBHOI1 TPOOJIEMOI BOCCTAHOBJICHUS IPOCBETA TOPTAHU U TPAXCH SBIISIETCS PECTEHO3UPOBAHUE
¢ (opMUpOBaHHEM XPOHUYECKUX pPyOIIOBO-TPAHYJISAIHOHHBIX CTEHO30B, YTO 3HAYMTEIPHO CHIKACT
UTOTOBYIO 3PPEKTUBHOCTH ONEPATUBHOTO JICUCHHUSI JAHHOW KaTErOpUHU MAIMEHTOB U MOBBIIIACT CTOU-
MOCTb JieueHus [2].

Takum o6pazom, XCI'T siBrsieTcs TSKEIbIM MMaTOJOTHYECKUM COCTOSTHUEM, KOTOPOE 3HAUYUTEIHFHO
CHUKAET Ka4eCTBO JKU3HU U TPeOyeT JITUTEIHHOTO ATAITHOTO JICYEHHU S, B TOM YHUCIIC U TOBTOPHBIX XH-
PYPrHUECKUX BMEUIATENbCTB, a 3(h(HEKTUBHOCTD JICUSHHS 3aBUCHT OT TOT'O, YJACTCS JIU Pa3opBarh I0-
POYHBIN KPYT PECTEHO3UPOBAHUS B KaXKJIOM OTIEJIBHOM citydae. JJoOOUThCsl 3TOro MOKHO ITyTeM Hoja-
BJIEHUSI MECTHOTO BOCTIAJICHHSI M BOCCTAHOBIIEHUS TKAHEBOI'O TOMEOCTa3a, YTO BIIOCIEACTBUH obecre-
YUT HOPMAJIBHYIO SIUTENHU3ALMI0O U PEreHepannio 0apbepa CIU3UCTON 000s10uKH. [lepcrieKTHBHBIM
onomenuuUHCKUM KJIeTodHbIM TTpoayKToM (BMKII) nns nedenust XCI'T ABASIOTCS Me3eHXHUMaJbHbIE
ctBojioBble kKieTku (MCK), KoTopble, Kak M3BECTHO, CIIOCOOHBI MOJABIISTh BOCIATUTEIBHYIO PEaKLNIo
Y CTUMYJIMPOBATh perenepauio Tkane. Tak, yctanosmneHo, 4To MCK mposBiIsiiOT KOMIUIEKCHBIH MPo-
TEKTOPHBIN, TPOPUUECKUI 1 UMMYHOMOIYIUPY IO 3 GEKTH B OTHOLICHUH Pa3IUYHBIX TUIIOB KJIe-
TOK, 9TO TO3BOJISET CHU3UTHh WHTEHCHBHOCTH MECTHOTO BOCIAJIUTEIHHOTO IMpoIecca MpHU CTEHO3aX
1 00ecreunTh HOpMaIM3aliio MPOLECCOB SMUTENN3aunu TKaHu [5, 6]. Hamu panee mokaszaHo, 4To
in vitro MCK ob6onstensroi# BeicTIKH (MCK OB) omaBiisitoT MUTOTCH-HHIYITHPOBAHHYTO TTposude-
panuio T-muMpoInTOB, TUTOTOKCHYECKYIO aKTUBHOCTD €CTECTBEHHBIX KUJUIEPHBIX KJIETOK U IIUTOTOK-
CHYeCKUX T-TUMQOIUTOB, CTUMYIHPYIOT (POPMHUPOBAHNE PETYISTOPHOTO (PEHOTHIA Y JEHIPUTHBIX KJle-
TOK, B-kneTok, makpodaros [7-10].
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OOonsTenbHas BBICTUIIKA — OAWH M3 HanOosee NOCTYNHBIX TKaHeBbIX McTouHMKoB MCK BBHIY
MPOCTOTHI U O€30MaCHOCTH 3a00pa TKAaHEBOTO0 MaTepralia U3 HOCOBBIX X0J0B. [Ipenmymectsom MCK OB
kak ocHoBbl BMKII siBisieTcst Beicokast mponudepaTHBHAsI aKTHBHOCTD KJIETOK, a OJiarogapsi ONTUMHU-
3UpoBaHHbIM ycnoBHsaM npousBojacTBa BMKII Ha ocnoBe MCK OB B KOpOTKHE CPOKH BO3MOYKHO Ha-
KOILICHHE TePANleBTUUYCCKH 3HAYMMOT0 KOJIMYECTBa KJIETOUHOW OMOMACCHI JIsl OJlHOTO manueHTa [11, 12].

Uenp nccnenoBanus — OLEHUTH 0€30MaCHOCTb, IEPEHOCUMOCTH U OTAAJICHHYO KITIMHHYECKY 0 S ek-
TUBHOCTB KJIETOYHOMN Tepalny XpPOHUUYECKOr0 CTEHO3a FOPTaHU M TpaxeH € HCIIOJIb30BAHUEM ayTOJIO-
TUYHBIX ME3EHXHMaJIbHBIX CTBOJIOBBIX KJIETOK OOOHSATEIBHON BBICTUIIKH.

MarepuaJjbl 4 MeTOABI HccaeaoBanus. Omoop nayuenmos. B xmmHu4eckoe uccienoBanue OblIn
BKJTFOUeHBI manueHThl ¢ auaruo3oMm XCI'T (J38.6 u J95.5 mo MKB-10) Oe3 HapyiieHUs EIOCTHOCTH
XPSILIEBOTO Kapkaca (7 = 6), ¢ HaJIMYUeM WM 0e3 HaJIMYus TPaxeoCTOMBI/JTAPUHTOCTOMBI, B TOM YHCIIC
MocJie XUPYPru4eckiux BMEIIaTeIbCTB M0 BOCCTAHOBJIEHUIO NTPOCBETa FOPTAHU U Tpaxeu (IIporpaMma
KIMHUYeCKUX uccnenoannii yreepxaena PHIIL oropunonapunronoruu 15.03.2017, 3apeructpupoa-
Ha nox HomepoM NCTO03130374 B MexxaynapoaHoii 6a3e nanubix clinicaltrials.gov). B nnauBuayaib-
HOM IIOpsIJIKE IOCIE cornacoBaHus ¢ 3tudeckuM komurteroM PHIIL] oTopuHONIapUHIONOruu KieTou-
HYI0 Tepanuto nposenu 1 nanueHty (Ne 7), y KOTOpOTo MMeI0 MECTO HapylleHHe XPsIIeBOro Kapkaca
B BHJIC XOHJPUTA MOCIe KOMOMHUPOBAHHOTO JICYCHUS OPraHUYeCcKOro 3a00JIeBaHusl CPEAHEro OT/AeNa
ropranu. CpeqHuil Bo3pacT naueHToB coctaBui 56,1 + 12,6 roga. /laHHble nanueHToB, aHaMHe3 U Jie-
YeHHe, IPOBEICHHOE 71 BOCCTAHOBJICHHS IIPOCBETA TOPTaHU M PEBU3HH JIBIXaTEIBHOTO TPAKTA, PEe-
CTaBJICHBI B Ta0II. 1.

Tabnu ma 1. I[aHHLIe MAIUEHTOB, BKJIKWYECHHBIX B KIMHUY€CKOC HCCJICTOBAHHE

Table 1. Data of the patients included in the clinical trial

TTanuenTt

AnamHe3 3a00s1eBaHU U JIEYEHHE, [TOTYHYEHHOE /10 IPOBEICHU S KJIETOYHO Tepanuu
(mmoJ1, BO3pacT)

Ne 1 B 2010 r. ctpymakTomus, B 2016 T. 110 SKCTPEHHBIM OKa3aHUAM BBITIOJIHEHA TPAXECOCTOMHUSL.
(xeH., 51 rox) |B 20162017 rr. no mpumenenust MCK 7 rociuranusanuii, 5 onepaTuBHBIX BMEIIATEIbCTB MO HAPKO30M

Ne 2 B 2016 r. BeINOJIHEHA TPAXEOCTOMHUS 10 AKCTPEHHBIM NokazaHusM. B 2016-2017 rr. no npumenenus MCK
(My., 76 1eT) |3 rocnuTanu3anuy, 3 ONepaTHBHEIX BMEIIATEIHCTBA IT0]] HAPKO30M

Ne3 B 2010 r. HanoxeHa TpaxeocToma Mocje NoJaydeHus pe3anoi pansl meu. B 2015-2017 rr. 1o npumeHeHns
(xeH., 53 roga) | MCK 15 rocniutanuzanuii, 14 onepaTuBHBIX BMEIIATEIBCTB [10J] HAPKO30M

B 2016 . nnst mpoBeeHus: SHA0TPaxXeaJbHOro HapKo3a B CBA3U C HEBO3MOKHOCTBIO SHJIOTpaxeasbHOM
MHTYOanu (AaHATOMUYECKHEe 0COOCHHOCTH) HAJIOKEHA TPaXeoCTOMA.
B 20172018 rr. mo npumenernss MCK 4 rociuranu3anuy, 3 onepaTuBHBIX BMEIIATEIHCTBA

Ne 4
(keH., 61 rox)

B 2000-2002 rr. mosTamHoe Jie4eHue 110 BOCCTAHOBICHHIO IPOCBETa TOPTAHH M TPaXeH I0CIIe HHTYOaLuu
nocie UYMT. Vxynmenue coctosinus B 2018 r., 1o npumenenus MCK 5 rocniuranusaiui, 4 onepaTuBHBIX
BMEIIATEILCTBA

Ne'5
(Mmyx., 35 net)

B 1989 u 1991 rr. BelnonHEeHA yacTU4YHAs TupeongoTomus. B 1991 . B mocneonepalilnoHHOM IEpUOAE BO3-
Ne 6 HUK [1ape3 TOPTaHu, JIeUeHHe KOHCEPBATUBHOE U (hOHOIEeANYECKast KOPPEKIIUS.

(keH., 63 roga) |B 2017 r. HamoxeHa TpaxeocToMa IO 3KCTPEHHBIM mNokazaHusAM. B 2017-2018 rr. 3 rocnuranuszanum,

2 OII€paTUBHBIX BMCIIATEC/IBCTBA

B 2016 r. ycTaHOBJICHA TpaxeoTOMHYECKas TpyOKa IOCIe XHUPYPruuecKoro JCYCHHUs OPraHHYecKoro 3a-
6omneBanus ropranu. B 2017-2018 rr. no npumenenuss MCK 4 rocnuranu3anuu, 3 onepaTHBHBIX BMEIa-
TEJBCTBA 110J] HAPKO30M

Ne 7
(Myx., 54 rona)

[ManmenTsl MOAPOOHO M HA TOCTYITHOM YPOBHE ObLIM O3HAKOMJICHBI C LIEJIBIO M TEXHOJOTHEH Kile-
TOYHOH TEparuy 1 ¢ HEOOXOAMMOCTBIO BBITIOTHEHUS AOTIOTHUTEIBHBIX J1a00paTOPHO-THAr HOCTHYECKUX
npouenyp. C napopMupoBaHHOro corjacus y 7 MaUeHTOB Ipou3BeneH 3a0op Tkanu OB miis npowus-
BoactBa BMKII.

B rpynny cpaBHeHUs Ob17I0 BKITIOUEHO 12 marueHToB (6 My>»XYHH U 6 KEHIIMH, CPEIHUI BO3pacT —
56,5 + 4,5 rona) c aHAJIOTMYHBIM AMArHO30M (PETPOCIICKTUBHBIN M MPOCHIEKTUBHBIN aHanu3) (Tadm. 2).

Ipouszeoocmeo u konmpons kavecmea BMKII TlepBudHble KyJIbTYpbl MOTYYald METOAOM SKCILIAH-
ToB. KileTku nepeceBaiu B maccaxkax Mo cTaHJapTHOU MeTofuke ¢ ucnonb3oBanuem 0,01 % Tpuncuna
B pactBope Bepcena (0,02 % D/ITA B pocharHo-coneBom Oydepe) 1 KyasTuBupoBain B cpene DMEM/F12



420 Proceedings of the National Academy of Sciences of Belarus. Medical series, 2020, vol. 17, no. 4, pp. 417-426

Tabnunna 2. /lanHble NaIIHEHTOB I'PYNIbI CPABHEHHS

Table 2. Data of the patients in the comparison group

[Manuent

AHaMHe3 3a00J1eBaHUS U IOy YCHHOE JICUCHHE
(1071, BO3pact)

K1 C 2013 r. xpoHnueckuii cteHo3 ropranu. Hocurens T-o0pa3Hoii TpyOKH.
(Myx., 56 net) |B 2013-2019 rr. 18 rocnutanuzanuit
K2 C 2016 1. XpOHHYECKUH ABYCTOPOHHUH MapaluTHUeCKuil cTeHo3 ropranu Il crenenu. KanroneHocuTens.
(keH., 48 met) | B 20162018 rr. 2 rociutanuzanuu. [IpoBeaeHo AeKaHIOINPOBAHKE
K3 C 2016 1. creno3 ropranu. Kantonenocurens. B 20162017 rr. 2 rocnutanuzanuu
(myx., 63 Tona)
K4 C 2017 . creno3 ropranu. Kantonenocurens. B 2017-2018 rr. 1 rocnuranuzanus
(xeH., 56 ner)
K5 C 2017 1. uaAonaTHYECKU CTEHO3 BEpXHEU TpeTH Tpaxen. KaHIonmeHOCHTeNb.
(xeH., 50 net) |B 2017 r. 1 rocniuTanu3amus
K6 C 2012 r. XpoHHYECKUH ABYCTOPOHHUN MapaluTHYeCKUi cTeHo3 ropranu Il crenenu.
(xeH., 56 net) | B 2012-2018 rr. 5 rocnutanu3anuii. [IpoBeneHo HekaHIOIUPOBaHUE
K7 C 2016 1. cteno3 ropranu, tpaxer. C 2016 . 5 rocnuranu3anui
(Myx., 61 rox)
K8 C 2018 1. ctenos ropranu. B 2018 r. 2 rocniuranuzanuu
(Myx., 61 roxm)
K9 C 2018 r. xpoHuueckuil cpeauHHbId cTeHo3 roprany. C 2017 r. 6 rocnuTanu3anui
(xeH., 59 7er)
K10 C 2018 r. cTeno3 ropranu, Tpaxeu. Hocurens T-o6pasuoii Tpyoku. B 2017-2020 rr. 8 rocnuranu3amnuii
(Myx., 58 neT)
K11 C 2018 1. cTeHo3 ropranu, Tpaxeu. Kanronenocutens. B 2018 r. 1 rocnuranuzanus
(Myx., 57 net)
K12 C 2017 1. xpoHnyeckuit creno3 ropranu. Hocurens T-o0pa3Hoit TpyOKH.

(xeH., 53 roga) | C 2017 r. 15 rociuranuzanmii

¢ nobasnennem 10 % v/v smOpuoHanbHOM Tensubeit chiBOpoTKH B CO,-unKybarope (5 % CO,) npu Biaxk-
HocTH 95 % u Temneparype 37 °C. Ha arane nponssoactBa BMKII kineTkn nepeBoguIN B CyCIEH3HIO,
yIAJISUTH OCTaTKU TPUIICHHA U KYJIBTYPalbHOW Cpeabl myTeM HeHTpudyrupoBanus npu 200 g, a 3atem
erle 2 pa3a OTMBIBAJIU ¢ TIOMOIIIBIO HeHTpudyrupoBanus B 0,9 %-HOM BOJHOM pacTBOPE XJIOPHA Ha-
Tpus (puspactBop). Ilepen HemocpeaCTBEHHBIM BBEICHHEM MALMEHTaM KJIETKH PECYCIEeHIUpPOBAIH
B 10 %-HOM pacTBOpe YEIOBEYECKOr0 allbOyMUHa B KOHLIEHTpauu 10 MITH/MII U XpaHUIH He Oojee 8 u
npu +4 °C [10]. UMMyHO(MEHOTHTT B KU3ZHECTIOCOOHOCTh KIIETOK OIPEeIIsyIi C MOMOIIBIO CTaHIapT-
HbIX MeTon0B. KoHTponb OakTepranbHON U I'pHOKOBOM KOHTAMHMHALMU OCYILIECTBIISUIA IIyTEM BHECE-
Hus cycnensun MCK OB B npoOupku ¢ THOITIHKOJIEBOH cpenoil u cpenoii Calypo, a uepes 14 cyT Bu-
3yaJIbHO MTPOBOMIIN UX y4eT. KOHTpob KOHTaMUHAIIMY FepliecBUpyCcaMHu (BUPYCOM MTPOCTOro repreca
I-ro u 2-ro Tumna, Bupycom DmmrteliHa—bappa (BOb), mutomeranosupycom (LIMB), Bupycom reprme-
ca 6-ro Tuna (BI-6) ocymectsisiin metonom [11[P ¢ ncnonb3oBaHHEM KOMMEPUECKHUX TECT-CHCTEM.

Iposedenue knemounoi mepanuu. JIns nperoTBpaieHUs BOSMOXKHBIX aJlIEPrUYeCcKUX peaknii He-
MeJIeHHOTO THMa nepes nepsbiM npuMeHearneM MCK OB BbITTONHSAN KOXKHBIHN TECT, JIJIS 4eTo B 00J1acCTh
MEANAIBHON MOBEPXHOCTH MpeArieubs noakoxHo Beoauan 0,1 ma B3Becn kietok. Ilpm orcyTcTBHM
CHCTEMHBIX U MECTHBIX peakiuil uepe3 30 MUH Hcnoab30Basn ocTasurytocs B3seck MCK OB. Bo Bpems
OTIEepPaTHUBHOIO BMEIIATEIhCTBA MO0 BOCCTAHOBJIEHUIO MPOCBETA JBIXATENbHBIX MMYTEH MOCTe yAaJIeHUS
pyOLIOBOI U ITpaHy ILIMOHHON TKaHU TPaxen U/UJIM TOPTaHU 1O IEPUMETPY U 10 BCEH MJIOLIAN Ie3IU-
TEJIN3MPOBAHHOI0 YUaCTKa C MOMOIIBI0 MHCYJIMHOBOTO IINPHUIA EAMHUYHBIMA HHBEKIIMAMU OACTU3HU-
cto BBonmin 1o 100200 mku cycnien3nun MCK OB. Ha yuacTke mpOTsS:KeHHOCTHIO 1 CM HCTIONB30BaIH
10 mutH K7IETOK B 1 MII. B TTOCTeoneparimnoHHOM TIEPHOAE OCYIIECTBISLIH (PHOPOCKOMIMIECKUH KOHTPOJIh
BOCCTaHaBIMBAEMOI0 y4acTKa.

Oyenka konuvecmeenno2o cooepaicanus cyononynayuil iumpoyumos kposu (T-knetku, T-xenmnepst,
T-nurorokcuueckue kiaetku, EK- n EKT-kiietku, aktuBupoBaHHble T-kneTku, T-peryasTopHble KIETKH,
B-kneTkn) Ay KOHTPoJIst 0€30IaCHOCTH METOA.
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Cmamucmuueckuil ananus. CTaTHCTUYECKYIO0 00pabOTKY MMOTyYESHHBIX JTAHHBIX MTPOBOMIIN C UCTIOJb-
30BaHHMEM Iporpammel Statistica Bepcuu 12 (StatSoft, CILIA). 3HaueHus: mokazareseil MpeacTaBICHbI
B Busie Mean + StdDev u Me (25 %—75 %). Ucnonb3oBanu HermapameTpuiecKkue MeTosl. CTaTucTude-
CKYI0 3HAYUMOCTh Pa3INUMil MEX]y Ka4eCTBEHHBIMU XapaKTePUCTHUKAMH OIIEHWBAJH TMPH ITOMOIIH
KpuTepus y>. B kauecTBe KpUTEpHs JOCTOBEPHOCTH Pa3IHUUil MOKa3aTesieil MPHHUMAIH yPOBEHb 3Ha-
gumoctu p < 0,05.

PesyabTaThl M uX o0cy:xkaenue. [Ipoussoocmeo u xapakmepucmuxa BMKII Jlis obecnieueHus
ouobe3onacHocTH mpu npou3BoacTBe BMKII ocyiecTBsIN KOHTPOJIb KYJIBTYP Ha COOTBETCTBUE CJIe-
IYIOIIUM KPUTEpHIM: 1) BHEIIHUN BUJ KJIETOK MTPH POCTE B MOHOCJIOMHOM KyibType (pudpobdiacTono-
noOHast Mopdoorus); 2) moJIMHHOCTH KIeToK (6osee 90 % kietok sxcnpeccupyror CD90 u CDI05,
MmeHee 3 % kietok — CD31 u CD45); 3) xu3HecniocoOHOCTH KieTok (Oonee 90 %); 4) MukpoOuomornye-
cKast 0e30MacHOCTh (OTCYTCTBHE KOHTAMHIHAIIMN OaKTEPUSMH, JIPOKIKETIOMOOHBIMU TPUOAMH, TepIiec-
BUpycamu). ['epriecBupychl ObLIH BKIIIOYEHBI B MEPEUeHb aHAIN3UPYEMBIX NMATOre€HOB HA OCHOBAaHHUH
PE3YIIBTATOB MPEABIAYIIUX UCCIIETOBAaHNH, YKa3bIBAIONINX, YTO B OnonTaTel OB MOTyT OBITH KOHTAMU-
HUPOBaHBI TeHeTHYeCKUM MaTepuasiom LIMB, BI-6, BOb [18].

Ha npoTskeHnn BCeX CPOKOB KYJIBETUBUPOBAHMS KJIETKH COXpaHsuii (GruOpoodaacTonooonyo Mopdo-
JIOTHI0, UX KU3HECIIOCOOHOCTH cocTassiia 6onee 97 %, penorun kirerok — CD90*CD105"CD31-CD45-,
KOHTaMUHAIUHU KYJIBTYp MUKpOOpraHu3MaMu He BbIsiBieHO (puc. 1). Takum o6pazom, MCK OB ynos-
JICTBOPSUIA KPUTEPHUSAM MOATMHHOCTH, KU3HECTIOCOOHOCTH, MUKPOOHOJIOrHYeCKOl 0€30MacCHOCTH B COOT-
BeTCTBHH ¢ ocTaHoByeHneM CoBeta Munuctpos Pb ot 28.11.2014 1. Ne 1120 «O HekoTOpBIX Bompocax
TOCYAapCTBEHHOW PETUCTPAITUH OMOMETHITTHCKUX KJIETOYHBIX TTPOTYKTOBY.

IIpoBenena oreHka MpOTUPEPaTUBHON aKTUBHOCTH KIIETOK W CPOKOB (DOPMHUPOBAHUS TIEPBUYHBIX
KyasTyp. Cpoku (QOpMHpPOBAaHUS TMEPBUYHBIX T'E€TEPOTCHHBIX IO KJIETOYHOMY COCTaBY HEPBUYHBIX
kynbeTyp OB coctaBuiu 22 (21-28) cyt. Beicokas nponudepaTuBHas aKTUBHOCTh KJIETOK ITO3BOJIUIIA
K 4—6-My macca)ky HaKOMHUTh OMOMaccy KJETOK, HEOOXOAMMYIO ISl TIPOM3BOACTBA HE MECHEE OJHOM
ennanyHON 10361 BMKII (20 mnH knetok). Takum oOpas3om, ot 3abopa Ouonrtata OB nmo srama Ha-
KOTLJICHHSI TePaNeBTHUECKU 3HAYMMOT0 KOJIMYecTBa Onomaccel nmorpedoBanock 4—7 Heaenb. buomaccy
MCK OB Bcex manieHToB KpHOKOHCEPBUPOBAJIN € LEJbIO JUIUTEIBHOTO XPaHEHUs1, YTOOBI HMMETh BO3-
MoOKHOCTH Tipon3BoacTBa BMKII k cpokam mpoBefeHHs 3aIIaHUPOBAHHOTO XUPYPrUYECKOro BMeIa-
TerabcTBa. KpaTHOCTH BBEJICHHS 3aBHICEa OT MPOTSHKEHHOCTH CTeHO3a B pacdete 10 MITH KJeTok Ha 1 cM
MIPOTSHKEHHOCTH AePEeKTa CAUUCTON 0007109KH (TabI. 3).

Pesynemamot kiemounoii mepanuu XCI'T. Tlocnie BBITIONHEHNS OYEPEIHOTO 3TANa XUPYPIHIECKOTO
JIeYSHHU S, TI0 JAaHHBIM (PUOPOTAPUHTOTPAXEOCKOITUHU TPaxen 1 TOPTaHH, B MOCIICONEePAlnOHHOM MIEPUOJIe
0e3 nmpoBeieHNs KJIETOYHOM TepaIrny (CTaHIapTHBIA MPOTOKOJI JISYEHHST) B TEUSHUE MOCIeTYIOMUX 7 CYT
HaOIIOICHHS] OTMEYAINCh OTEK CIU3UCTON 000JI0YKH M POCT TPAHYIISIIUOHHON TKaHU, Ha TIOBEPXHOCTH
JnedeKTa CIM3UCTON BhISBIsLIACH PUOpUHOBAs TUIEHKA. M3-32 BIpa)KEHHOT'O pa3pacTaHusl y MAUCHTOB
COCAMHMUTENBHON TKaHU CIyCTsI 2—6 Mec. BO3HMKala HEOOXOAMMOCTb B MOBTOPHBIX XHPYPIHUECKUX
BMeIIaTeIbCTBaxX (cM. TaouI. 1).

MSC MSC MSC

4 -
0,20% 99,33% 1o 8

.
10 0,01% 0,02%

M1
97,37%

: 3
10”3 } 10§

2
10 o 10 o

CD105 PE
CD31 PerCP

10 7

=)

0,08% 0.39%
10 T T T 1

10 10

4
10

10 102
CD90 FITC CD45 APC
Puc. 1. UmmyHOQeHOTHIINUECKHH KOHTPOIb KyIbpTyp MCK

Fig. 1. Immunophenotypic control of MSC cultures
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Ta6numna3. [IpoBeneHne KIeTOUHOMH Tepanmuu

Table 3. Carrying out cell therapy

W nentuduxanuonnsiii | IIpoTskeHHOCTH Kpatocts sseeiis i 1036t BMKIT
HOMEDp ManueHTa CT€HO3a, CM

1 2 OpHOKpaTHO 20 MITH KIJIETOK
2 3 OnuokpatHO 30 MIIH KJICTOK
3 2 OnHokpaTHO 20 MIIH KJIETOK
4 2,5 JIByKpaTHO 110 25 MITH KJICTOK B OJIHH M TOT K€ YIaCTOK
5 6 OnHOKpaTHO 110 30 MIIH KJICTOK B pasHble y4aCTKH MPOTSHKCHHOCTHIO MO 3 CM, MO3TAITHO
6 2,5 OaHOKpATHO 25 MIIH KJIETOK™
7 6 OnHokpaTHO 60 MIIH KIIETOK

11 pumMeyaHHuCeC. * — KJIETKH BOCCTAHOBJICHBI U3 KPUOKOHCEpBALIUU.

[ocne mpoBeneHMst KJICTOUHOMN Tepanyy B paHHUN MOCTONEPAlMOHHBIN Neproj (5—7-e CyTKH) oTMeva-
JIUCh OTCYTCTBUE BOCTIATUTEIBHBIX MIPOSIBICHUN UIIM UHBIX JIOKATbHBIX U MECTHBIX PEAKIINM, HE3HAUNTEIIb-
HBII HaseT (ubprHa. B pesynbsrare ocMOTpa marueHToB yepe3 1-3 Mec. He BBISBICHO IIPU3HAKOB PECTEHO-
3UpOBaHUs (POCTA IPaHYJISIIMOHHON TKaHU, 00pa30BaHus pyOIOB, CY)KEHHS MPOCBETa ropTaHu) (puc. 2).

[ManuenTke Ne 4 motpedoBaniocs nosropHoe BBeaeHne BMKII, Tak kak Ha mepBoM dTarne KJIeTOUHOH
Tepanvy He Y/IaJI0Ch MIOJTHOCTHIO BOCCTAHOBUTH CIIM3UCTYIO 00OJIOUKY IO TIPUYMHE TUIOXON MTEPEHOCHMOCTH

Tpaxes 10 KJIETOYHOH Tepanuu Tpaxest mocie KIETOYHOU Teparuu

Toprans 10 K1€TOYHOM Tepanuu T'oprans nocie KI€TOYHON Tepanuu

Puc. 2. ®ubposnapuHroTpaxeocKonus Tpaxen u roptanu nauueHTKH Ne 1 perporpanso (o npumenenus bMKII
[IOCJIE BBITIOJIHEHU ST OUYEPEIHOr0 dTara XUPYPrudeckoro JICUSHHsI 10 BOCCTAHOBJICHHUIO TPOCBETA TOPTAHH, TPAXESH)
1 yepes3 2 Mec. 1ociie MPOBEACHNUS KIeTOYHOH Tepanuu. CTpelaKkaMy yKa3aHbl 30HBI pPOCTa IPAHYIISIINOHHOI TKaHU

Fig. 2. Retrograde fibrolaryngotracheoscopy of the trachea and larynx of patient No. 1 (before the BMCP use after the next
stage of surgical treatment to restore the lumen of the larynx, trachea) and in 2 months after cell therapy. The arrows indicate
the growth zones of granulation tissue
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NalMeHTKOW cTeHTa. B pe3ynbsraTe MOBTOPHOrO MPOBEACHUS KJICTOYHOH TEpamuu ynajoch TOOUTHCS
MPEKpAIIEHUs PECTEHO3NPOBAHMUS.

[TanmenTty Ne 5 mpoBenena kineToyHas Tepanus B J1Ba oTarna. Crnycts 1 mMec. mociie nmepBoro 3Tamna
tpancmantaund MCK OB y4acTok Ha ypoBHE TOpTaHU/BEPXHETO OT/IENa Tpaxen OblJ BOCCTAHOBJIEH,
a TIPU3HAKM PECTEHO3MpOBaHUs Ha HeM oTcyTcTBoBaiu. [loBropHoe BBenenne MCK OB morpeboBa-
JI0Ch B 00JIACTh COXPAHSIIOIIETO PECTEHO3UPOBAHN S — BEPXHUH UM CPEIHUI OTIE Tpaxeu (YaCTHUHO),
Kyna nepssiid pa3 BMKII ne BBonmn.

IIpumenenne BMKII na ocnoBe MCK OB 1npu 1no3tranHoMm jeuyeHUH M03BOJIUIIO BBIMOJIHUTH JEKa-
HIOJISILUIO BCEM MaUUeHTaM uepes 2—7 cyT nocie BBeaenuss BMKII B MmecTax yaneHHbIX IpaHyIsLUii.
VY 2 manueHToB TpaxeocToMa 3aKpbLIach CAaMOITPOM3BOJIBHO B Te4eHHE |1 Mec., 5 marueHTaM BhITIOJTHEHA
MJaCTUKA TPAXEOCTOMBI B TedeHHe 2—4 Mec. nocie TpaHcianTanuu aytonornuasix MCK OB. Yucno
TOCHUTAIM3ALMN NOCIIE IPUMEHEHUS CTBOJIOBBIX KJIETOK JIO MJIACTUKH TPaXeoCTOMBI COCTaBUIIO 1-2 CyT,
CpemHUI CPOK MPeOBIBAHUS B CTAIIOHAPE — 7 CYT.

B cBs3u ¢ Tem uTo y nauuenTa Ne 7 ©MEI0 MECTO HapyllIEHHE XPAIIeBOr0 Kapkaca BCIIEICTBUE Jie-
YeHHUsI OPraHUYeCKOro 3a00NeBaHus TOPTaHH, MJIOAAL IPOCBETa TOPTAHU U TpaxeH Mocie MpoBe/e-
HUs KJIETOYHOHN TEpaluy B aHATOMUYECKUX OPUEHTHPaX HE BOCCTAaHOBIEHA. BBUy HapacTaromeil 1bl-
XaTeJIbHOM HEJOCTAaTOUYHOCTHU Yepe3 3 MecC. IOcie KJIETOYHOM Tepanuy OblL1a MPOBEIECHA TPAXCOTOMHUS
Y YCTaHOBJIEH CTEHT, B TeueHue 20182020 IT. manueHT noaBepraics mpoleaype TpexXKparHo, B HaYaIe
anpens 2020 1. BBIIOTHEHA IJIACTHKA TPAaXeocTOMBI. BMecTe ¢ TeM, 1o JaHHBIM GUOPOTarMHrOTpaxeo-
CKOIINH, SIUTENNATIbHBIN CJIOH CIM3UCTON 000JIOUKH MOJTHOCTHEO BOCCTAHOBJIEH, POCT IPaHyJISLIUOH-
HOW TKaHW OTCYTCTBYET, IOBTOPHAsl YCTAHOBKA CTEHTA HE BBI3BIBAET PECTECHO3NPOBAHUS U ACIMUTEIH-
3anuu. OTCYTCTBHE BBIJEJIEHUS CIM3H U €€ 3aCTOsI B KPUNTAX IPaHyJIAIIMOHHON TKaHH, TPUBOASIIETO
K OakTepuaIbHOMY OOCEMEHEHHIO U MOAJACPKAHUIO XPOHMUYECKOI0 BOCHAIMTEIBHOrO Mpolecca, 3Ha-
YUTEJIBHO YJIYUIINUJIO KaueCTBO KU3HU MalueHTa. TakuM o0pa3oM, B pe3yibraTe KJISTOUHONW Tepanuu
Obly1a perieHa 3aj1a4a 1o BOCCTAHOBIICHUIO SMUTEINATBHOTO CJIOS M MPEAOTBPAIICHNUIO pa3BUTHUS M1ATO-
JIOTMYECKOH PyOLIOBO-TPaHy ISILIUOHHON TKaHHU.

Tabnuma 4. dppexTuBHocTs devenns nanueHToB ¢ XCI'T ocHoBHOIT rpynnbI M rPyNIbI CpaBHEHUS,
pe3yJabTaThl KPaTKOCPOYHOI0 Had wAeHus (2 roga)

Table 4. Efficiency of treatment of CSTL patients in the main and comparison groups,
the short-term observation results (2 years)

TTokazarens Ocuonz:«a:ﬂ;)pynna prnrz’e; c:plag)ueﬁnﬂ p (110 kpuTEpHIO ¥°)

OTtcyTcTBHE GOPMUPOBAHUS PYOIIOBO-TPAHYISIIUOHHON TKaHU 7/7 6/12 0,024

>90 9 i
Onutenuzanus >90 % nedexToB BHyTPEHHEN TOBEPXHOCTH TOpTaHH/ 77 212 0.0004
Tpaxeu
Viydmenue JeIXaHUS ¥ HOBBIIIEHHE TOJICPAHTHOCTH K (pr3ndecKon 6/7 212 0,003
Harpyske
BoccTaHoBeH e MIIOIIAAK TPOCBETA TOPTAHU U TPAaXeH B aHATOMHYECKUX 6/7 212 0,003
OpHEHTHPaX
OTCyTCTBHE PECTEHO3UPOBAHUS 7/7 2/12 0,0004

B Hacrosiiee BpeMs Bce MalueHThl HAOMI0at0TCst aMOyIaTopHo, Y 6 U3 HUX, TI0 JAHHBIM CITHPOMET-
pHUH, HET MPU3HAKOB HApaCTAIOIIEH ABIXaTeIbHOW HEAOCTATOYHOCTH, Y 7, IO JaHHBIM (prubpomapuHro-
TPaxEOCKOIHUH, OTCYTCTBYIOT IPU3HAKHU I'PAHYJIUPOBAHUS MU HHOTO PECTEHO3UPOBAHHUSL.

Ilony4deHHBIE pe3yJIbTaThl CBUAETENLCTBYIOT, UTO JAOIMOJHUTEIBHOE IPOBEICHHUE KIETOYHOU Tepa-
nun K ctaggaptHoMy Jedennto XCTI cratucTudecku JOCTOBEPHO YIydIIaeT BCE MOKA3aTENH, Xapak-
TEPU3YIOLINE BOCCTAHOBJICHHE MPOCBETA TPAXEH/TOPTAHU.

Ha ocHoBanum oOcrnemoBaHusi U U3y4YeHHS JIAOOPATOPHBIX TOKa3aTeNnel 7 MalneHToB J0 Hadala,
BO BpEM$ U I1OCJIe OKOHYAHHS TePANUU TIEPEHOCHMOCTH KJIETOYHOH Tepanuu 1 ee 0€301MacHOCTh OlleHe-
Ha KakK XOpollas — MNOCTUHBEKIMOHHBIC PEaKIUH H/HIIK M0OOYHBIE MECTHBIE M CHCTEMHBIC SIBICHHUS
(3yZ1, OTEYHOCTH/UHPHUIBTPALIUS MIPIIICKANIUX TKAHEW, OBBIIICHHE TEMIIEPATyphI Tea, aJuIePruIecKue
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peaxkuuun) OTCYyTCTBOBaNH. M3ydeHne MMMYHHOTO CTaTyca MalieHTOB MOKa3alo, YTO BCE MOKa3aTean
HAXOJSTCSl B IpeAesax HOPMBI, a MPU3HAKH UMMYHOCYIIPECCHH OTCYTCTBYIOT (HE BBISBIICHO CyIle-
CTBEHHOTO yBEJIMUCHUS coiepkanus T-perynsatopbix kietok (CD4'CD25MCDI127"), CHUKEeHHsI HHICK-
ca CD4/CD8 u np.).

[Ipu Hanuuum HapyIIEHUH XPSIIEBOro KapKaca IpOBEAECHNE KIETOYHON Tepanuu Mo3BOJISIET BOC-
CTaHOBHUTb SMUTEINATBHBIN CIION CIM3UCTONW 000OYKH U MPEAOTBPATUTh PECTEHO3UpOBaHue. B To xe
BpeMsl BOCCTAHOBJIEHHE XPSILEBOr0 Kapkaca TOPTaHM C MOMOILBIO JAHHOTO METO/a JISUeHUs He Ipe-
CTaBJIAETCS BO3MOXHBIM.

3axuodenne. [IpoBesieHbl KIIMHUYECKUE HccieoBaHus MeTosa kinetouHor Tepanuu XCI'T ¢ ucrons-
3oBaHnueM BMKII na ocnose MCK OB. IIpoTokon kieTouyHON Tepanuu BKJIIOYaJ OAHO- WU JBYKpaT-
Hoe BBeneHue cycnensnn MCK OB B pacuete 10 MITH KJI€TOK Ha | ¢M MPOTSKEHHOCTH Ae(eKTa CIN3HU-
CTOH 00OJIOUKH B JOTOJIHEHHE K CTAHIAPTHOMY XHUPYPru4ecKOMY JICUEHHIO.

Ha ocHOBaHMU KJIMHUKO-IA00PATOPHBIX IMOKA3aTeliel BCeX MAI[UeHTOB (1 = 7) MoKa3aHo, 4To mnepe-
HOCHUMOCTb U 0€30MacHOCTh METO/Ia KJIETOYHON Tepaluu 0 Hadaja, BO BpEMs U MOCJe €€ OKOHYaHMUSI
OLICHMBAETCA KaK XOpollasi — TOCTUHBEKIIMOHHBIE PEaKUU W/UIU MOOOYHBIE MECTHBIC M CUCTEMHBIC
SIBJICHMSI, B TOM YHUCJIE IPU3HAKH CUCTEMHON UMMYHOCYTIPECCHH, OTCYTCTBOBAJIH.

[IpoBeneHne KJIETOYHOM Tepanuy B JIOMOJHEHUE K CTaHAAPTHOMY Xupyprudeckomy jeuernnio XCI'T
CTaTHCTUYECKH JOCTOBEPHO YMEHBIIAET KOJIMYECTBO CIy4aeB PECTCHO3MPOBAHHS U (OPMUPOBAHUS
PyOLIOBO-TpaHYIISIIMOHHON TKaHH, TPUBOAMT K YBEIWYCHHIO TUIOMIAAH SIUTEIU3alnU ciu3ncToi (7 ma-
LIUEHTOB U3 7), yAy4lllaeT BOCCTAHOBJIEHHE TUIOIIAM IMPOCBETa TOPTAaHU B aHATOMHUYECKUX OPHUEHTH-
pax, IPUBOIUT K YIYUIICHHUIO TTOKa3aTeNeH JABIXaHUs W MOBBIIICHUIO TOJIEPAHTHOCTH K (PU3MUYECKOI
Harpys3Ke y MaleHToB OCHOBHOM rpynisl (y 6 yenoBek U3 7). B To jxe Bpems B IpyIie CpaBHEHUS 3TH
MOKAa3aTEeIN TOCTOBEPHO HIKE (Y 2 uenoBek u3 12).

B HacTosmiee Bpemsi MalMeHThl MOciie MPOBEACHUS KJISTOUHOW Tepaniy HaOI01al0Tesl aMOynaTop-
HO ¥ I10 JaHHBIM CIIUPOMETPHH HE MMEIOT MPU3HAKOB HAapaCTAIOIIEH IbIXaTeIbHON HEAOCTATOYHOCTH
(n = 6), a mo naHHBIM (HUOPOTAPHUHTOTPAXEOCKONTUH Y HUX OTCYTCTBYIOT MPHU3HAKHU I'PAHYJIUPOBAHUS
(1 UHOTO peCcTEeHO3UPOBaHUA) (1 = 7).

[onyuenHble pe3yabTaThl CBUAETENBCTBYIOT O O€30IaCHOCTH, XOPOIIIei MepeHOCUMOCTH U KIMHHYe-
ckoit 2 dextuBHOCTH MeToa KieTouHoM Tepanuu XCTT ¢ ucnonb3oBannem aytonoruunsix MCK OB.

KongaukT naTepecoB. ABTOpHI 3asBISIOT 00 OTCYTCTBUM KOH(IUKTA HHTEPECOB.
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12-51 20podckasn demckas kaunuueckas 6onvnuya, Munck, Pecnybauxa benapyco
?benopyccruii 2ocydapcmeenulii MeOuyunckuil yHueepcumem, Munck, Pecnyoauxa benapyce

PE3YJIBTATHI JAITAPOCKOIIAYECKOM SKCTPABE3UKAJIbHON ONEPAIIUH
P Y3BIPHO-MOYETOYHUKOBOM PE®JIIOKCE Y JIETEN

AnnoTtanus. Ilenp uccienoBanus — CPaBHUTH PE3YJIBTAThI JICUCHHs My3bIPHO-MOUETOYHHKOBOTO peduirokca (IIMP)
y ZIeTel, KOTOPBIM C UCIIOJIb30BaHUEM SKCTPABE3UKAJIBHOTO JaapOCKOMNYECKOro JOCTYIIA BHIIIOIHEHA ONepalts Kak Mo pas-
paboTaHHOIT aBTOpaMU METOAMKE, TaK M OOLIETIPUHATHIM METOJIOM.

TIpoBeneHO MPOCTIEKTUBHOE KIIMHHYECKOE HCCIICIOBAHUE, B KOTOpoe ObLIo BKIItoueHO 111 maruentos (34 (30,6 %) mainb-
uuka, 77 (69,4 %) neBouex), IepeHeCINX JanapoCKONNYECKYI0 9KCTPAaBE3NKATIbHYI0 aHTHPE(UIIOKCHYIO onepannio. Bo3pact
MaIMEeHTOB COCTaBMII OT 6 Mec. 110 17 net (Mexnana — 34,7 mec.). OnHocTopoHHUIT pedurtokc Habmronancs y 85 (76,6 %) nereii,
IBYCTOpPOHHHH — Yy 26 (23,4 %), o0Iee KOTHIecTBO MOYETOTHHKOB cOcTaBIIIO 137. Y Bcex ManneHToB ObLI THarHOCTHPOBAH
TIMP 111 (28,5 %) n IV (71,5 %) crenenn. B 38 (27,7 %) MoueTOYHNKAX HMENIOCH TTIOJTHOE yIBOCHHE, B 4 (2,9 %) ObLI THarHocTu-
pOBaH MapaypeTepanbHbIil AUBEPTHKYI. B 3aBUCHMOCTH OT METO/1a OIIEPAIH BCE MAIIMEHTHI OBLIN Pa3/elIeHbI Ha ABE TPYIIIHL.
B ocnoBuyl0 rpynmy Bomuin 73 manuenTa (91 MOYETOYHHUK), KOTOPHIM ObliIa BHITIONHEHA JAaapOCKONMMYEcKas Onepanus
¢ puKcanueil MOYETOUHHKA TI0 TPEAI0KEHHOMY HaAMHU CIOCO0y; B KOHTPOIbHYIO — 38 neteil (46 MOYETOUHHKOB), TIEpeHEC-
X OMEPAIHIO MO CTaHAAPTHONW METOMKE.

CpenHsis NpoAoJIKUTEIbHOCTD Ollepalliy COCTaBMIIa B OCHOBHOM rpymnmne 109,8 + 31,5 MuH 1151 0JHOCTOPOHHEH orepanuu
u 176 + 47,6 MuH 11151 IByCTOPOHHEH, B KOHTPOJIbHOM rpymme — 118,6 + 34,3 u 209,5 + 51,2 mun coorBeTcTBeHHO (p > 0,05).

OTnaneHHble pe3yIbTaThl IIPOCIEKEHB! 3a Mepros He MeHee 6 Mec. Penmaus pediiokca ¢ 0JHOH CTOPOHBI BBISBIICH
y 2 (2,7 %) nmanueHTOB 1ocie omneparun ¢ pukcanueil mouetounuka u'y 8 (21,1 %) neteit mocie cTaHIapTHOH ONepariy
(p = 0,002). DpdexTHBHOCTS XUPYPrHUSCKOTO JICUCHHS B ITUIAHE YCTPAHEHUS pedIIIoKca MO KOJINYECTBY IPOOIEPHPOBAH-
HBIX MOYETOYHHKOB COCTABHUIIAa B OCHOBHOI rpymme 97,8 %, B kKoHTpoabHOH — 82,6 % (p = 0,03).

YCTaHOBIICHO, UTO JIAMTAPOCKONNYECKask SKCTPaBe3UKaIbHAS aHTUPE(DITIOKCHAS OTIepanus SBIseTCs 0€30MacHBIM U dPpek-
THBHBIM BMELIATEeIbCTBOM. [IpuMeHeHne MonnupunpoBaHHOW METOANKH TO3BOJISIET YMEHBIITUTH YAaCTOTY peuuauBos [IMP
U IIPEeIyTPETUTh PA3BUTHE NTOCIECONEPAUOHHBIX OCIOKHEHUH.

KiroueBble cj10Ba: 1y3bIpHO-MOYETOUHUKOBBINH Pe(IlOKC, JT1anapoCcKOnus, aHTUPE(IIOKCHAs ONepalus, peUMIUIaHTa-
111 MOYETOYHHUKA, 1€TU

Jast uurupoBanus: [[yopos, B. 1. PedynsraTsl 1anapocKONMYecKoil SKCTpPaBe3MKaJIbHOIM ONepanuu Mpu My3bIpHO-
Mo4eTOuHHKOBOM pedurokce y neteii / B. . JIyopos, A. B. Ctpoukuii / Bec. Ham. akan. naByk benapyci. Cep. Men. HaByK. —
2020. - T. 17, Ne 4. — C. 427-436. https://doi.org/10.29235/1814-6023-2020-17-4-427-436

Vitaly I. Dubrov', Alexandr V. Strotsky?

2nd City Children Clinical Hospital, Minsk, Republic of Belarus
’Belarusian State Medical University, Minsk, Republic of Belarus

RESULTS OF LAPAROSCOPIC EXTRAVESICAL ANTIREFLUX OPERATION
IN VESICOURETERAL REFLUX IN CHILDREN

Abstract. The objective was to improve the results of surgical treatment of vesicoureteral reflux in children, using
laparoscopic access.

The prospective study was performed in 111 children (137 ureters) with the primary [II-1V grade vesicoureteral reflux.
The mean age was 34.7 months. The modified laparoscopic antireflux technique was performed on 73 children (91 ureters).
We compared the perioperative complications and the medium-term outcome with a group of 38 children (46 ureters) who
underwent classical laparoscopic extravesical reimplantation.

In the modified group, the mean surgery time was 109.8 + 31.5 minutes for unilateral cases and 176.5 + 47.6 minutes
for bilateral cases; in the classical group, it was 118.6 + 34.3 and 209.5 + 51.2 minutes respectively (p > 0.05). Postoperative
vesicoureteral reflux had 2 (2.7 %) patients in the main group and 8 (21.1 %) children in the control group (p = 0.002).
There was no ureteral obstruction in the both groups. The success rate for ureters was 97.8 % with modified technique versus
82.6 % after classical laparoscopic reimplantation (p = 0.003).
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Laparoscopic extravesical ureteral reimplantation is a safe and effective surgical procedure. The modified technique may
improve the surgical treatment results.

Keywords: vesicoureteral reflux, laparoscopy, antireflux surgery, ureteral replantation, children
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Beenenue. OTKpbITasi SKCTpaBe3nKalibHas aHTHPEQIIIOKCHAsI orepanus 0e3 OTceYeHUsT MOYeTOu-
HUKa U BCKPBITHS MOYEBOT0O My3bIpsi ObliIa onucana B Hadajie 1960-x rogos xupypramu W. Gregoir [1]
u R. Lich [2]. [To cpaBHeHHIO ¢ BHYTPUITY3BIPHON PEUMIUIAHTAIIMEH MOYETOUHMKA TaKOH MMOIXO0A HMEET
CYILLECTBEHHBIE MTPEUMYLIECTBA, KOTOPbIE 3aKIIOYAIOTCS B OTCYTCTBHM I'€MaTypHUHU, CHIKCHHH OoJie-
BBIX OIIYIICHHH, HETTPOJOIKUTEITHHOM JPSHIUPOBAHUY MOYEBOTO ITy3bIPs, MEHEE JTHUTEIBHON TOCIH-
TallM3aluy Ipyu onnHaKoBoi ddexTuBHOCTH (94 %). OmHAKO, HECMOTPS Ha BBHICOKYIO PE3yJbTaTHB-
HOCTh IIPUMEHEHHOT'0 aBTOPaMHU METO/Ia, OTIEpaIlrsi He TIOTYYHIIa IMHPOKOTO MPU3HAHUS B CBS3H C TEM,
9TO B OONBIIMHCTBE CIy4YaeB YacTOTa YCTPAHEHHUs My3bIPHO-MOYETOUYHHKOBOTO peduriokca ([IMP)
He npeBbIimrana 85 % [3].

B 1971 1. S. Daines u N. Hodgson [4] onrcann MoauguKauio BHEITY3bIPHOI orepaiium, a B 1987 1.
M. Zaontz ¢ coaBT. [5] eme B OOIBIIEH CTETICHN YCOBEPIICHCTBOBATIN METOIUKY, UTO MTO3BOJIMIIO TTOBBI-
cuthb 3 dexkTuBHOCTD JieueHust [IMP 10 93 %. OCHOBHOM NMPUHITKMIT MOIU(DUKAIIUN 3aKJIF0YANICS B BbI-
MOJTHEHUH JIETPY30POTOMHUH JUCTATbHEE YCThI MOYETOUHHKA C MOCIIEIYIOUIUM MepeMENIeHUeM YCThs
B Kay/1aJIbHOM HalPaBJICHUH U €0 (PUKCcael K JeTPy30pY B 30HE MOUEITY3BIPHOTO TPEYTOJIbHUKA, YTO
[I03BOJISIET HECKOJIBKO YBEIMYUTH JJIMHY MOJCIU3UCTOIO TOHHENS U MPENYIPEAUTh PETPAKIIUIO0 MOYe-
tounuka. [Ipensoxxennas aBTopaMu MOOU(PULIMPOBAHHAS TEXHUKA HAILJIAa ITUPOKOE MPUMEHEHHUE, B TOM
4uclie Kak aMOynaTopHas rnpoueaypa [6].

B 1994 r. R. M. Ehrlich ¢ coaBr. [7] BrepBble onucain gBa cilydasi YCIELIHOTO BBHIIIOJIHEHUS Jarna-
POCKONMYECKOH SKCTpaBe3nKanbHol anTupeduirokcHoi onepanuu (JISAO) no npunuumy Lich-Gregoir.
3a rmocrnenHee IeCATUIETHE OMTyOJINKOBAHO 3HAUNTEITHHOE KOJTMYECTBO padOT, MOCBAIICHHBIX 3TOMY Me-
TOJY, B TOM YHCIIE C UCTIOI30BaHUEM POOOTHYECKON TEXHHUKH, TIPH dTOM IOKa3aTenb d(h(hekTHBHOCTH
MIPOLIEAYPHI B Pa3IMYHBIX UCCIEAOBAaHUIX BapbupoBajcs oT 72 go 100 % [8—10].

JIDAO mpumeHsieTcs B Hallle KIMHUKE Ha MPOTSHKEHUH JUTHTEIBHOTO TIeproa BpeMeHH. B cBs3n
C TE€M YTO IIPH UCIIOJIB30BAHUH KIIACCHYECKON METOIMKH OTMEUYCHA BBICOKAs yacToTa penunusa [IMP,
HaMHU TpeJIokeHa MOAH(UKAIIHSI, KOTOPAs TI03BOJISIET MOBBICUTD 3P (PEKTHBHOCTH XHUPYPrUIECKOTO Jie-
yeHus. B manHoli ctarbe nposeneHo cpaBHeHue pe3ynsratoB JIDAO nipu neuernnu [IMP y nereit ¢ ncrnons-
30BaHHUEM KJIACCHYECKOH 1 MOIU(DHUIIUPOBAHHON METOIUK.

Lenp HACTOSAIIErO MCCIEIOBAHUS — YIYUYIIUTh PE3yJIbTaThl XUPYPruyecKoro JICUEHUs My3bIPHO-
MOYETOUYHHUKOBOTO peduItoKca y AeTel ¢ UCTIOb30BaHUEM JIAMIAPOCKOITMYECKOT0 IOCTYIIA.

MarepuaJjbl 1 MeTOAbI HccIeioBanns. [IpoBeieHO MPOCIEKTUBHOE KIIMHUYECKOE UCCIIE0BAHNE,
B KOoTOpOoe Obu10 BKIFoueHO 111 maruentos (34 (30,6 %) manbuuka, 77 (69,4 %) neBodeK), EPEHECIINX
JIDAO B nepuoa ¢ 2012 o 2019 1., Ha 6a3e yposorn4eckoro oTAeACHUs 2-i TOPOICKON IETCKOM KIMHU-
YyecKoi OONBHUITEI T. MUHCKA. Bo3pacT manueHToB coctaBui ot 6 Mec. o 17 net (meanana — 34,7 mec.,
HHTEPKBapTHIBHBIN nHTEepBal — 20,7—-65,0). OnHocTopoHHMi peduitoke HaOmonancs y 85 (76,6 %) nerei,
IBYCTOPOHHUH — y 26 (23,4 %), o01iee KOJIMYECTBO MOUYETOYHUKOB cocTaBuio 137. B cooTBeTcTBUM
¢ wiaccupukanuedn MexITyHapOaHOTO KOMHUTETa MO HM3yUeHHWIo pedIIrokca y BCeX MAlMeHTOB ObLI
muaraoctuposad [IMP -1V crenenu: I[IMP III crenenn — B 39 (28,5 %) moueTounukax, [V crenenn —
B 98 (71,5 %). B 38 (27,7 %) MoueTOUHHKAX UMEJIOCH TIOITHOE yaBOeHHE, B 4 (2,9 %) Obla tuarHocTupo-
BaH MapaypeTepasbHbIi NUBepTUKYIL. [IpeamecTByomas 3HI0CKONUYecKass KOppeKIus Oblia mpoBe-
neHa B 56 (40,9 %) ModueTOUHUKAX.

OOcrenoBanue MalUeHTOB BKIIOYAIO Ta0OpaTOPHBIE TECTHI, yIBTPA3BYKOBOE UCCIIEJOBAHUE, MUK-
[MUOHHYIO IUCTOYPETPOrpaduIo u cTaTuuecKyro HeppocuuHTurpaduto. Jletu, npuyueHHbIE K TyaleTy,
3aIoJHsIM JHEBHUK MoYerciyckanuii. [laruenTaM BBITIONHSIIACH TaKkKe YpodaoyMmeTpusi, Ipu HeoO-
XOIUMOCTH OHH ITPOXOIMJIH MOJTHOE yponuHamMuueckoe oOcienoBanue. [Ipy Hanuuuu TCyHKIUU MO-
YEBOTO ITy3bIPsl MPOBOIUIN KOHCEPBATUBHYIO TEPAIHIO, XUPYPTUUECKOE JICYCHHUE MPUMEH I TOJIBKO
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npu coxpanennu [IMP Ha done Hopmannzanuu GyHKINU HIDKHAX MOUYEBbIX Iy Tei. [lannenTos ¢ Helpo-
TEHHBIM MOYEBBIM MYy3bIPEM, OPraHWYECKOW HWH(pPaBE3MKAIBLHOW OOCTPYKIUEH, MPeIIIecTBY OIIUMHA
OTKPBITBIMU H JIAIIAPOCKOMUYECKUMU OTEPAIMSIMHU Ha TA30BBIX OPTaHaX B UCCIICIOBAHNE HE BKITIOYAITH.
Kpowme toro, mamu He npumMensutack JIDAO nipu nedennu [IMP V cTenenn n3-3a BEICOKOH BEPOSITHOCTH
coueTaHus pedaiokca U OOCTPYKIIMK ModeToyHWKa. [lo HameMy MHEHHWIO, JJIs Merayperepa, B TOM
yucie pedIroKCHpyIoIIero, 1eaecoo0pa3Ho MPUMEHSTh YPETEPOIMCTOHE0aHACTOMO3 C OTCEYEHHEM MO-
YEeTOYHHKA OT MOYEBOTO MY3bIPSL.

B 3aBucnMocTH OT METOa ONepaliy BCE MAMEHTHI ObLIN pa3AeieHbl Ha JBe Tpynmbl. OCHOBHYIO
rpynmny coctaBuin 73 mauueHTa (91 MO4ETOYHHMK), KOTOpHIM Oblia BeimonHeHa JIDAO ¢ dukcanuei
MOYETOYHHUKA MO MPEJIOKeHHOM HaMU MeToAuKe. B KOHTponbHYI0 Tpyniy OblIN BKIIOUYEHBI 38 neTei
(46 MOYETOYHHKOB), TIEPEHECIINX JIATAPOCKOITMYECKYIO OIepaInio o cTaHAapTHOW meToauke. [loka-
3aHUS K OTNEpaIy BKIFOYATH PElUINBHPYIONIYI0 HHPEKIIUI0 MOYEBBIX IyTEH M MPOrpeccupyoiiee
pyOlieBaHue MOYEK MO MaHHBIM HedpocruHTHTpaduu mpu HedPHEKTUBHOCTH WIIN IPEAIoIaracMoin
0 pe3yJbTaTaM UCTOCKONMUY Hed(pPekTuBHOCTH IHAOCKONIYeckoi koppekunn [IMP. XapakrepucTu-
Ka MalMeHTOoB, BKJIIOUYEHHBIX B CCIIEIOBaHUE, TIpeCcTaBIeHa B Tab. 1.

Tabnuna 1. XapakTepucTHKa NANMEHTOB OCHOBHOI W KOHTPOJILHOM Ipynmn

Table 1. Characteristics of patients in the main and control groups

Tloka3zarenb OcHoBHas rpyImna KoHTponbHas rpymma P

K-Bo manuenton 73 38 —
Bospacr, mec. (Me (LQ-UQ)) 34,7 (20,0—64,3) 36,0 (21,6-74,2) 0,587
Ton, n (%):

MaJIbYUKHU 26 (35,6) 8 (21,1) 0.115"

JIEBOYKH 47 (64,4) 30 (78.,9) ’
TIMP, n (%):

OJTHOCTOPOHHHI 55 (75,3) 30 (78,9) 0.850"

JIBYCTOPOHHHM 18 (24,7) 8 (21,1) ’
K-BO MOueTOUHUKOB 91 46 -
Crenens [IMP, k-Bo MoueTOUHHKOB (%):

111 24 (26,4) 15 (32,6) 0.446"

v 67 (73,6) 31 (67.4)
TlonHOE yABOCHHUE MOYCTOYHUKA, K-BO MOUCTOYHUKOB (%0) 23 (25,3) 15 (32,6) 0,366
TIpeamecTByomIas IHIOCKOMUIECKAsT KOPPEKIIHSI, K-BO 35 (38.5) 21 45.7) 0.419"
MOYEeTOYHHUKOB (%)
ITapaypeTepanbHblii TUBEPTUKYII, K-BO MOYCTOUHUKOB (%0) 2(2,2) 2(4,3) 0,602

IMMpumeuanmne *—U-rect ManHa—YuTHH; ** — KpuTepuii y; *** — TouHblil KpuTepuit Puinepa.

Texnuxa onepayuii. OTiepayiy TPOBOIIITH JIATAPOCKOIMIMISCKUM JOCTYTIOM, TI0J] 0OIITM 00e300711-
BaHUEM, B TMOJIOKEHUM TNALIMEHTa JIeKa Ha CHUHE. Y MalMeHTOB ¢ ABycTOpoHHUM I[IMP, He3aBucumo
OT KCIIOJIb30BAHHON TEXHUKH, OTICPAIIMIO BBITIOJIHSIIM CUMYJIBTaHHO C 00euX CTOpOoH. [IpemonepanoHHo
BBITIOJIHSIIU LIUCTOYPETPOCKOMHIO JISI OIICHKH COCTOSIHUS YPETPhl K MOUEBOTO MTY3bIPSI, JIOKAIH3ANI
MOUYETOYHUKOBBIX YCTHEB U BBISIBICHHUS COMYTCTBYIOLIMX aHOMAaJul MoueBBIBOAAIUX myTeil. [locne
3aBEpUICHUS] LIUCTOCKOIUY TPAHCYPETPANIbHO yCTaHaBIMBalu kaTteTep doiies BO3PaCTHOrO pa3Mepa,
K KOTOPOMY TIOAKJITF0YaTH HH(PY3NOHHYIO CUCTEMY JIJIs 3aII0JTHEHUS U OMTOPOIKHEHUS MOYEBOT'O MY 3bIPS
BO BpeMms omepanui. KapboneputoHeyM HakJIaJbpIBaId TIPHA TIOMOIIH U Bepera, B OprOMHYO T0-
JIOCTh YCTaHABIWBAIN TPH JAIapOCKONMMYECKUX Tpoakapa. B 3aBucumocTr oT Bo3pacTta pedeHka mpu-
MEHSUTH TPOaKapbl IS SHIOCKOIA U HHCTPYMEHTOB JuaMeTpoM 3 i 5 MM. Tpoakap IS Jramapocko-
T1a BBOJIMUIH TI0 KParo MyIKa, TPOAKaphI JJIs1 HHCTPYMEHTOB — C 00€HX CTOPOH IO TIepeIHEH OAMBIIICY-
HOM JTMHHUHM HEMHOTO HIJKE YpOBHS mymnka. Ha 3amHenaTepaibHOM MOBEPXHOCTU MOYEBOTO MY3HIpS,
JIUCTAJIbHEE CEMSIBBIHOCSIIETO MPOTOKA Y MAaJIbUMKOB WU KPYIJION CBSI3KM MAaTKU Y JCBOYEK, pacce-
KaJu OpromuHy. MO4YeBOU My3bIph OMOPOXKHSITH TOJTHOCTEIO, BBIACISIIN 3 THEOOKOBYIO CTEHKY MOYe-
BOTO ITY3bIPS U MOYETOYHHK B FOKCTaBE3UKAIBHOM OT/eNe. [ ynydileHus BU3yaau3aluu ypeTrepo-
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BE3MKAJIBHOI'O COYCTbS MOYEBOH My3bIph MOATATUBAIN K OPIOIIHON CTEHKE MPH MOMOLIM OJHOU WIIH
JIBYX HUTEH-JIEPKAIIOK, 1ocye yero 3armonHsmu 40—60 mMir (U3H0I0rnyeckoro pacTBopa. BeImomHsmu nie-
TPY30POTOMHIO JI0 CIIU3UCTON 000JIOUKH OT MECTa BXOXKACHHSI MOYETOYHHUKA B CTEHKY MOYEBOI'O ITy3bIPs
B IIPOKCHMaJIbHOM HalpaBjeHUH. B 3aBUCMMOCTH OT IIMPUHBI MOUYETOYHHMKA CO3/1aBAJIH MTOJCIU3UCThIN
OTJEJ JUIMHOM OT 3 10 5 ¢M, ¢ TaKMM PacdeToM, 4TOObI COOTHOLICHUE JUaMeTpa MOYETOUHUKA U JJINHBI
TOHHEIS cocTaBIsio 1:5. [Ipu MOBpekIeHUH CITU3UCTON 000JI0YKH MOYEBOTO TTY3bIPS €€ YIIMBAIHN y3J10-
BbIMH 1IBamMU (monuraukonuy 5/0). Cieayromuil sTan onepaniy 3aBUCeN OT MPUMEHSIEMOTr0 METO/a.
[Ipy BBINONHEHUH ONEPALMHU 110 CTAHAAPTHOM METOIMKE MOYETOYHHK MOOMIIM30BAJIH 0 MEcCTa mepe-
X0J1a B CITU3UCTYI0 000JI0UKY MOUYEBOTO ITy3BIPsI, IIPH STOM IMOJTHOCTBIO MIEPECEKaTd MBIIICYHbIE BOJIOKHA
MeXJy MOYETOYHUKOM U AeTpy30opoM. Ha 3Tom sTamne y manueHToB, NepeHeCHInX YHA0CKOMMYECKY IO
koppekuuto [IMP, ynansinu o0semoo0pasyromuii npenapar. [locie 3aBepiueHus 1eTPy30pOTOMUHU MO-
YETOUHHUK YKJIAABIBAJIN HA CIIM3UCTYIO 000JI0UYKY MOYEBOTO ITY3bIPs U HaJl HUM Y3JIOBBIMH LIBaMH (110-
nuraukonuy 4/0—3/0) ymuBanu paccedeHHBIH neTpy3op. Ha BXoe B mOACTU3UCTRII TOHHETH 1-2 y3710-
BBIMU IIBaMH (MOTUTIUKOIUA 5/0) BRITONHSIINA (PUKCAIIMIO MOYETOYHUKA K AeTpy30py. Ham MoueBbiM
ITy3bIPEM YIINBAJIH OPIOIINHY, TPOaKaphl U3BJIEKAIN U3 OPIOIIHOM IMOJIOCTH M HAKJIAJABIBAJIH IIIBBI HAa KOX-
HbIe pa3pe3bl. MoueBoi My3bIph IPEHUPOBAIN YpeTpaJbHbIM KaTeTepoM B TedeHue 1-2 cyT. Jpenax
B OpIONIHYIO MOJIOCTh YCTAHABIMBAIU Ha 1 CYT TOJIBKO MPU BCKPBITHH CIU3UCTOH 000JI0YKH MOYEBOTO
IIy3bIps, B 9TUX CIyYasiX JUIMTEIBHOCTh IEPUBALMN MOYH YPETPaAIbHBIM KaT€TEPOM COCTABIIsIIA 4 CyT.

[Ipu npuMeHeHnH pa3padOTaHHOTO CHOco0a OTIIMYHUE 3aKII0YaIOCh B TOM, UTO JIETPY30p pacceka-
JI TOJIBKO IO TIepeIHEeH MOBEPXHOCTH MOYETOYHHUKA 0 MPOKCUMAJIBHOTO yIjla YPETePOBE3NKAIBLHOTO
coycTbs. JlarepanbHee U TUCTaNbHEE YCThS MOUYETOUHHUKA JIETPY30POTOMHIO HE IPOBOAMIIM, TAKMM 00pa-
30M MOYETOYHHUK OCTaBajcs (PUKCHUPOBAHHBIM K JIETPY30py € Tpex cTopoH. Ilpu dhopmupoBanuu nox-
CIIM3UCTOTO TOHHENSI AUCTAIBHBIN IIIOB HAKJIAABIBAJIN B BUJIE TIONYKHCETA, C TPOIINBAHUEM JAETPy30pa
B 30HE OOKOBBIX CTEHOK pa3pe3a M MUCTAIBHEE yYCThS MOYCTOUYHHMKA (CM. PHUCYHOK). JTO TO3BOJISIO
MIPUKPENUTh YPETEPOBE3UKAIBHOE COYCThE K MOUEMY3bIPHOMY TPEYTOJbHUKY U MOTPY3UTh €0 B IO-
JIOCTh MOUYEBOTO My3bIps. JlanbHENINN X0/ ONepalliy He OTIIMYAJICS OT CTaHAAPTHOW METOIUKH.

[TapayperepanbHblii AUBEPTUKYI MTOJTHOCTBIO BBIJIENSIN Ha dTale JeTPy30pOTOMUU. B 3aBucuMocTH
OT Pa3MepoB AUBEPTHUKYJI JINOO YAAJISIIN C yIIMBaHUEM AedeKTa CIM3UCTON 000I0UKH, INOO morpyxKa-
JI1 B MOU€BOH Iy3bIps [11].

Uepe3 6—8 Mec. mocie omepamuy BCeM TaIlMeHTaM OBIIO MPOBEACHO KOHTPOIBHOE O0O0CiIemoBa-
HUe, BKJIIOYAIOLIEE YJIBTPa3BYKOBOE MCCIEIOBAHNE M MUKIMOHHYIO LUCTOypeTporpaduio. Xopomum

DTarnbl HaJOKEHUS (PUKCUPYIOLIETO IBa

Steps for applying the fixing stitch
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PE3yJIBTaTOM CUHTAIN OTCYTCTBHE WJIH MOJIOKHUTEIbHYIO0 TMHAMHUKY IUJIaTallH YalIeqHO-JIOXaHOYHOH
CHCTEMBI 1 MOYETOYHHMKA, 1oJiHoe ycTpaHenue [IMP. [IpoBoawin cpaBHeHne XapaKTEpUCTHK HallMeH-
TOB 00€uX I'pyII, JJINTEIBHOCTH ONEPALNH, IEPUONEPALIMOHHBIX OCIOKHEHUH U OTJAJICHHBIX Pe3yJib-
TaTOB JICYCHU .

Cmamucmuueckuii ananu3. J{as TpoBepKkH HOPMATBHOCTH paclpesieleHus OITYYeHHbBIX COBOKYITHO-
CTel KOJMIMYECTBEHHBIX MPU3HAKOB MpuMeHsuin kputepun Lllanupo—Yunka nu KoamoropoBa—CmupHOBa,
IIpU CPAaBHEHHMM UCHOJb30Baiu t-kputepuil Cteronenta u U-xputepuil Manna—Yutuu. s ananusa
KAUEeCTBCHHBIX TPU3HAKOB MPUMEHSIITH KOI(PPUIIMEHT COOTBETCTBUS ¥ U JIByCTOPOHHHUI BapHaHT TOU-
Horo kputepust Oummepa. OTHYUsA MEXIy TPyNIIAMH CYUTAIN CTATUCTHYECKH 3HAYMMBIMU TIPU BEPOSIT-
HOCTH 0€30IMO0YHOT0 MPOrHo3a He MeHee 95 % (p < 0,05). s craTucTHuueckoil 00paboTKH pe3yib-
TaTOB McCIeJ0BaHuUs Hcnoiab3oBain nporpammsl MS Excel u STATISTICA 13.

Pe3yabraThl HecseqoBanus. Y BceX MAUEHTOB ONepaliy OblIN 3aBEPILICHBI JIATAPOCKOIIMYECKH,
KOHBEpCHUH He Habmoaanock. HTpaonepanoHHbIe OCIOKHEHUS B BUE nepdopaly CIU3UCTONH MO-
4yeBOro my3bIps oTMeueHsl y 15 (20,5 %) mannenToB ocHOBHOU Tpynnsl Uy 13 (34,2 %) — KOHTPOIBHOM.
KpoBomoTepst Obliia KIMHAYECKH U J1a00paTopHO HE3HAYMMOH y BceX maueHToB. CpenHsist POA0IIKH-
TEJIBHOCTDH OINEPallMM COCTaBUiIa B OCHOBHOMW rpynmne 109,8 + 31,5 MuH AJ1s1 OJHOCTOPOHHEH Onepanuu
u 176,5 £ 47,6 MuH A5l ABYCTOPOHHEN, B KOHTPOJIbHOU rpymime — 118,6 + 34,3 u 209,5 + 51,2 Mu# coot-
BeTCTBEHHO (p > 0,05, U-tecT ManHa—YuTHN).

OcnoyxHEHHs B paHHEM TOCIIEOTIEPAMOHHOM TIepHoyIe HAOIIOIAUCh B 001Iel croykHOCTH Y 3 (2,7 %) ma-
[IUEHTOB, N3 HUX B OCHOBHOM rpymre —y 1 (1,4 %) pebenka, B KoHTponbHOM —y 2 (5,3 %) neteii (p = 0,269,
kputepuid Gumepa). MoueBoii 3aTek B OPIOLIHYIO MOJOCTh AUATHOCTUPOBAH y 2 eTel (o OIHOMY pe-
OcHKY B Kax a0 rpymnmne). B o0oux ciyuasx Obljia BBIIOJIHEHA AUATHOCTUYECKAs JaapoCKOIus ¢ Jipe-
HUPOBaHUEM OPIOLIHOHN MOJIOCTH M MOCJIEAYIOUIMM CTeHTHPOBAHUEM MOYETOYHHKOB. 3a/lepiKKa MOUe-
WCITYCKaHUS TOCIE yIaJeHus] ypeTpaJbHOro Karerepa OTMEUYEeHa y OJTHOTO IMalleHTa B KOHTPOJIBHOM
rpynme. ModencnyckaHue BOCCTaHOBUIIOCH TTOCIIE TIPOIJIEHHOM KaTeTepu3allii MOYEBOI0 My3bIps B Te-
yenue 7 cyT. Ilo mkane KnaBreHa—/lHAO OJTHO OCIOXKHEHHE OTHECEHO K CTENEHH I, 1Ba OCII0KHEHN
KJaccuuuupoBaHbl Kak creneHb 11106.

OTtaaneHHble pe3ysbTaThl MPOCIEKEHBI 3a epron oT 6 mec. 10 6 set. Peuaus IIMP ¢ ogHolt cTopo-
HBI 110 pe3yJbTaTaM KOHTPOJIbHOW MUKIIMOHHON ITUCTOypeTporpaduu BeIsiBIeH y 2 (2,7 %) manueHToB
nocJie oneparuu ¢ pukcaruend Mouetounnka u'y 8 (21,1 %) nereii nmocne cranaaptaoi oneparu (p = 0,002).
UYactoTa peuunusa [IMP mo konuyecTBy MOYETOUHUKOB cocTaBmia 2,2 % B ocHOBHOI rpymme u 17,4 %
B KOHTpOsbHOM (p = 0,003). CiyuaeB pa3BUTHA OOCTPYKLIMHA MOYETOUYHHKA B OTIAJICHHBIE CPOKH I10CTIE
ornepauuy He oTME4eHO. D(P(HEKTUBHOCTH XMPYPrHUECKOrO JICUCHHS MO MALMEHTaM IPU HCIHOIb30-
BaHUU IIPEIJIOKEHHOI'0 HAMU METOAa onepanuu cocrasuia 97,3 %, a npu NpuMEHEHUH CTaHAAPTHOH
Metonuku — 78,9 %, Mo KOJWYECTBY MPOOMEPUPOBAHHBIX MOUYETOUYHHUKOB — 97,8 u 82,6 % cooTseT-
CTBEHHO. HaMM He BBISIBIEHO CTAaTHUCTUYECKH 3HAUUMBIX pa3lW4yuil B pe3yJbTaTax JIeUeH!s B 3aBUCH-
MOCTH OT BO3pacTa M I0J1a MallueHTOB, CTENEeHU peduitoKkca, OIHOCTOPOHHEH MIH ABYCTOPOHHEH onepa-
LU, HAJIMYUS YABOCHHUS MOYETOUHHKA M PaHee MPOBEICHHOM 3HI0CKONMMUYECKON KoppeKIuH. Ociox-
HEHMsI 1 OTAAJICHHbIE PE3YJIbTaThl XUPYPIHUUECKOT'0 JICUCHU S IIPEICTABIIEHB! B Ta0I. 2.

Tab6nuna 2. OcloKHeHHUS, OTAAJEHHBIE Pe3YJbTAThl U 3(PpPeKTHBHOCTH XUPYPIrUYeCKOro JeueHns

Table 2. Complications, long-term results and effectiveness of surgical treatment

Toxasarenn OcHoBHas Tpynmna KonTposnbhas rpynna (tounii kpurepuii Duiepa)

MoueBoii 3aTek, K-Bo ciydaes (%) 1(1,4) 1(2,6) 0,269
Tpan3utopHas 3agep:kka MOUH, K-BO cirydae (%) 0 1(2,6) 0,342
Penunus IIMP:

k-BO ciy4aes (%) 22,7 8 (21.1) 0,002

K-BO MOYEeTOYHUKOB (%0) 2(2,2) 8 (17,4) 0,003
Yeneurnslit pe3ynprar:

K-BO ciryuaes (%) 71 (97,3) 30 (78,9) 0,002

K-BO MOYETOUHUKOB (%0) 89 (97,8) 38 (82,6) 0,003
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O6cyxaenune. JIDAO sBIsETCS CIONKHBIM MEIUIIMHCKUM BMEIIATEIHLCTBOM, OCOOCHHO TPYJI0EMKH
MaHUNYJSLIUN B YCIOBUSAX OTPaHUYEHHOTO MPOCTpaHCTBa Majoro tasza [12]. B cBsa3u ¢ TexHu4eckoi
CJIOKHOCTBIO OIEpalys HE MONYYHJIa UIMPOKOr0 PacHpoCTPaHEHHs (B JIUTEpaType UMEETCsl HeOOIb-
LI0€ KOJIMYECTBO COOOLICHU 00 UCTIONB30BaHUH MeTo/a). POOOTH3MpOBaHHAS TEXHUKA 00CCIIEUHBACT
IUTSL XUpypra HeOCHOpUMbIEe TPEUMYILECTBA, HOATOMY B OOJBIIMHCTBE UCCIICIOBAHNMN, MMOCBAIICHHBIX
JamapoCKONMUYEeCKOH KOpPpeKUUU pediiokca y AeTei, BMEIIaTeNIbCTBa BBIONHSIIN, UCIIONb3YSl MEIu-
LHUHCKOTO podoTa [9, 10, 13].

Kak n npu otkpsiToM nogxoae, JIDAO MoxkeT ObITh BBITIONIHEHA KaK MO KJIACCHUECKOW, TaK U 1O MO-
JUQUIMPOBAHHOW TEXHHKE. B nuTeparype omuMcaHo HECKOJIBKO BaPHAaHTOB JIUCTAIBHOIO MPOABHIKE-
HUS U QUKCAlMA MOYETOYHHUKA TPHU JIanapockonuueckoMm mnonaxone [14, 15]. Yamie Bcero mpuMeHsOT
JBE pas3auvHble MOAM(UKALNK: OMHCaHHYI0 M. Zaontz A OTKPHITOH ONepanuy U Tak HA3bIBAEMYIO
«TEPEBEPHYTYIO Y», IPU KOTOPOH MepeceKatoTcsi 00KOBBIE MyYKH JETPY30pa, HAYLINE K MOYETOUHHKY.
[Ipu 5TOM B 000MX CITyyasix HEOOXOIUMO MTPOBEACHHUE IETPY30POTOMHHU IUCTATIBHEE YCThSI MOUETOUHHUKA.

MonnpunupoBaHHbIE OTKPBITHIE ONEPALUU TIO3BOJISIOT YBEJIWYUTH 4acTOTy paspemenus: [IMP,
HO OCHOBHOH Mpo0IeMOi, BOZHUKABIICH MPU MX MPUMEHEHUH, OBIJIO pa3BUTHE Yy MALMEHTOB TPaH3U-
TOPHBIX HapyIIEHHH MOYEUCITYCKaHHUSI B PAHHEM IOCIICONIEPAIIIOHHOM MEePUO/IE TOCIIe JBYCTOPOHHEH
oneparuu [16, 17]. HacToTa Takoro ocioxkHeHHs cocTaBisia oT 8 10 20 %. Hapymenus mouencnycka-
HUS MOTYT OBITh Pa3HOH CTENEHU BBIPaKEHHOCTH, MPOSBISATHCS KaK OCTPOM, TaK U XPOHUYECKOW 3a-
JEepKKOH MOYH, OJTHAKO OHU HOCSIT 00paTUMBIN xapakTep. Kak mpaBmiio, caMOCTOSITEIbHOE MOYCHUCTTY-
CKaHUE BOCCTaHABJIMBACTCS B TeUEHHUE 2 HellesIb Ha (JOHE YCTaHOBKH MOCTOSHHOTO YPETPaIbHOIO KaTe-
Tepa UJIM YUCTOH NMepUOANYECKON KaTeTepu3ai MoueBoro my3sips [18].

CunraeTcs, YTO MPUYUHON 3aJCPKKN MOUH SIBIISICTCS TIOBPEXKICHHE BETOK Ta30BOTO HEPBHOT'O CILIIE-
tenus. J. Leissner ¢ coaBt. [19] M3yuniim aHATOMHIO CTBOJIOB TA30BOI'0 HEPBHOTO CIIJICTEHHUS Ha TPyIax
B3POCJIBIX H}Oﬂeﬁ JJIsl TIOHUMaHUg MEXaHu3Ma UX IMOBPEIKACHUA BO BpEMA BKCTpaBCSHKaHLHOﬁ aHTH-
pedurokcHol oneparuu. B manpheiimem S. Yucel u L. Baskin [20] yTouHHIN HEelpoaHATOMHIO JTUC-
TaJBHOTO OTJENIa MOYETOYHHKA U YPETEPOBE3UKAIBHOI'O COYCThSI C TIOMOIIBI0O UMMYHOTUCTOXUMHYE-
CKOTO aHaJn3a ¥ METOJO0B TPEXMEPHOW BHU3yaJM3allMH Y HOPMallbHBIX TUIOJIOB YElOBEKa B BO3pacTe
ot 21 1o 40 Henens GepeMeHHOCTH. B 000MX HccnenoBaHUsX ObLIO TIOKA3aHO, HEPBHBIE CTBOJIBI ITPOXO-
JIAT TIO JIOPCOMEINANIBHOM MOBEPXHOCTH JIMCTAILHOTO OT/IENIa MOUETOYHHKA 1o/l 000J10uK0i Banpaeiiepa,
B 00JIACTH yPeTEepPOBE3NKAIBHOTO COYCThSI OHH MEPEXO/ISIT B MBIIIICYHbIC BOJIOKHA MOYEITY3BIPHOTO TpE-
YIOoJIbHHKA. HpI/I BBITIOJTHCHUU ACTPY30POTOMHUMN JUCTAJBHEC YCThbA MOYCTOUHHUKA HCPBHLIC CTBOJIbBI
NIEPECEKAOTCS MU MTOBPEXKAAIOTCA AIEKTpoKoarynsinuel. I1pu nBycTOpOHHEH onepanyu MoBpexACHUE
HEPBHBIX CTBOJIOB NPHUBOJUT K Pa3BUTUIO Hap}/IHGHI/Iﬁ MOYCHUCITYCKaHU A B IIOCJICONCPAIIMOHHOM IICPUO-
Jie. bpl10 BBICKA3aHO MHEHUE, UTO JJIsl IPEAOTBPAILEHUS PA3BUTHUSL OCIOXKHEHUN NPU JBYCTOPOHHEM
[IMP koppekuuio 1enecoodpa3Ho MpOBOJUTE B ABa dTara.

Heckonpko KITMHUYECKUX HCCIIEIOBAaHUH C HCIIOIb30BaHneM Kiaccuueckoil JIDAO mpogeMoHCcTpu-
poBanu ycremnsie pe3ynbTarsl B 75—-100 % ciyuaes [12, 13, 21-25]. Ilpu sToM 3amepkka Mo4du Oblia
OTHOCHUTEIBHO PEIKHM OCIIOKHEHHUEM, KOTOPOE HAOII0IaIOCh P JIBYCTOPOHHUX OIEpaIUsIX C 4acTo-
Toit He Oomee 5 %. Omguako pabotsl, e dhdexTuBHOCTL HoctuTana 98—100 %, cmemxyer OleHUBATH
C OCTOPOXKXHOCTBIO, TaAK KaK Y MHOT'UX TTAIlUCHTOB peHTFeHOHOFI/I‘IeCKI/Iﬁ KOHTPOJIb HE ITPOBOJUIIN U PE-
3yJIbTAT OLIEHUBAJIN TOJBKO MO KIMHUYECKUM JaHHBIM [12, 24, 25].

[Ipennonaranock, 9To MogubUIHPOBaHHBIE METOAUKH JIDAQ MO3BOMIAT MOBBICUTH YaCTOTY YCTpa-
menus [IMP. Y. Kojima ¢ coaBr. [14] mpoBenn paHAOMHA3UPOBAHHOE HCCIICIOBAHIE, B KOTOPOM CpPaBHU-
11 pe3ynbTarsl JIDAO ¢ qUCTaTbHBIM IMPOABMKCHUEM U (DUKCAITHeHt MOYETOUHNKA U 0e3 Hero. Dddek-
THBHOCTH KJIaccuyeckoi crocoda coctasmuia 80 %, a pH MUCTIOIB30BAaHUN MOAU(PUKAIINN TI0 TTPHUHITH-
my M. Zaontz — 100 %. Hu B ogHOM ciydae He ObUIO 3a(pUKCHPOBAHO HApyIICHUH MOYEHCITYCKAHUS
B TIOCJICOTIEPAIIIOHHOM TIeproae. AHAJIOTHIHBIN pe3ynprar onucad Y. Lakshmanan, L. C. Fung [15]
MIPU IPUMEHEHN N MOIU(UKAITINH «TIepeBepHyTas Y).

B npyrux nccnenoBaHuAX pe3yabTaTHBHOCTE MonuduiupoBantoit JIDAO Ovlna ropasmo Hrke. Pe-
umauB [IMP BersiBisinicst y 2—18 % mannenToB, a KpoMe TOTo, Pe3K0o BO3pOocia 4acToTa MOCIIeonepaioH-
Ho#t 3amepkkn Mmoun (20-37 % cmygaes) [10, 26-28].
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Lenbio pa3paboTku Hameld MOIU(GHUKALUHU SBIAJIOCH YBEIMUYEHHE 4YacTOThl paspemenus [IMP
P MUHHUMAJIBHOM DPHCKE IOCJIEONEPALMOHHBIX OCIOKHEHUHN. ISl mpenynpeKaeHNs OBPEXKACHUS
BETOK Ta30BOT0 HEPBHOTO CILIETEHUSI H Pa3BUTHUS HAPYIIEHU MOYEHCITYCKaHHSI MBI OTKAa3aJIUCh OT pac-
CEYEHHs IeTPYy30pa AUCTAIBHEE YPETEPOBE3UKAIBHOIO COYCThA U MPUMEHEHHU S IPUEMa IIPOIABHIKEHUS
MouyeTOouHUKa. Pa3paboTanHast TEXHUKA HE TpeJIojiaraeT rnepeceueHuss OOKOBBIX MyYKOB JIETPy30pa,
UIYIUX K MOYETOYHUKY, AETPY30POTOMUS BBITIOIHSIETCS TOJIBKO IO TIepe/IHEe MOBEPXHOCTH MOYETOUHH-
Ka J0 MPOKCUMAaJIbHOIO YIJIa yPEeTepOBE3UKAIBHOI0 cOycThs. [Ipy HaIOKEeHUH AUCTAIBHOTO MOJTYKH-
CETHOr'0 IIBa YCThE MOYETOYHUKA MPUKPETIIISETCS K 30HE MOUEIY3bIPHOTO TPEYTOJbHUKA, YTO CHUKAET
BEPOATHOCTD BBICKAJIB3BIBAHUS MOYETOUHHMKA M3 MOACIU3UCTOro TOHHENA. Kpome Toro, yctee nmorpy-
’KAETCsI B [I0JIOCTh MOYEBOI'0 ITy3bIPs, YTO €Ilie B OOJIbIIEH CTENEH! YCUINBAET aHTUPE(IIIOKCHBIN MeXa-
HIBM. B pesynbrare npumeneHus Metona dp(eKTHBHOCTH onepaliu yBennamiack ot 83 1o 98 % (p = 0,003),
y 18 manienToB ¢ nByctoponHuM [IMP Hu B oHOM citydae He HabIII0AI0Ch 3a/IEP’KKU MOYH B ITOCTe-
OIeparMOHHOM MEPUOJIE.

B HeckonbKMX UCCIIEIOBAaHUAX OMUCAHO CEPHE3HOE MOCICONEPALMOHHOE OCIIOKHEHUE B BUJIE MOYE-
BOT'0 3aT€Ka B OPIOLIHYIO MOJIOCTH U 3a0PIOLIMHHOE TPOCTPaHCTBO B 2—6 % ciryuaes [10, 13, 15]. Tlocne
PETPOCHEKTHBHOTO MPOCMOTPA BUAEO3AMNACEN ITUX ONEPALMI aBTOPHI MPULUIN K 3aKIFOYCHHIO, UTO
MIPUYMHON OCIIOKHEHHH SBJISUIMCE arPECCUBHBIE MAaHUITYJIALMY B 30HE YPETEPOBE3UKAIBHOIO COCIUHE-
HUS 1 Ype3MEepHOE MTPUMEHEHHE AIEKTPOKOATYIISIIIUU, KOTOPbIE MOTJIM MPUBECTH K UILIEMHUH U TIOBPEK-
JEHHUI0O MOUETOYHHKA. Ha ocCHOBaHMHM ATOr0 aHanu3a ObLI MPEJIOKEH Pl peKOMEHAalui 1Jist mpodu-
JAKTUKH JAHHOTO OocliokHeHus. B Hamem nccnenoBanuu y 2 (1,8 %) manneHTOB BBISIBICH MOYEBOH 3a-
TEK, B 000X CIyuasx ObUIM BBIIIOJIHEHBI JUAarHOCTUYECKAs JIallapOCKOIHS C APEHUPOBAHUEM OPIOIIHOM
MOJIOCTH U CTEHTHPOBAHNWE MOUYETOYHUKOB. OTOaNeHHBINH Pe3ybTaT y 3THUX JeTel OBl XOPOIINH U J10-
MOJHUTEIBHBIX OIepalyil He moTpedoBanock. B HacTosee BpeMst MbI ClIelyeM OIMCAHHBIM B IPYTUX
WCCIIEZIOBAHUSIX PEKOMEHAIMAM 110 CHHKCHHIO TPaBMATHYHOCTH MaHUMyIsuid. Tak, mpu MoOuiIu-
3alMH JUCTAJIBHOTO OT/esIa MOYETOUHHKA M BHITIOJTHEHUH JIETPY30POTOMHUHU MBI HE 3aXBaThIBAEM MO-
YEeTOYHHUK B 3a)KHUM, a UCIOJIb3YEM PE3MHOBYIO METII0 B KAaUueCTBE JIEP)KAJKH, CTApAaeMCsl COXPAaHUTh
COCyZbl U aJIBEHTULINIO HETTOBPEXKJCHHBIMHU, PacCEUEHHE TKaHEeW MPOU3BOJUM OCTPHIM ITyTEM C MUHU-
MaJIbHBIM IIPUMEHEHUEM 3JeKTpoKoaryaanun. Kpome Toro, npuMeHseMoe HaMH OI'paHHUYEHHOE BbIJE-
JICHHE YPETEPOBE3UKAIBHOIO COYCThS TOJBKO IO MEPEIHEH MOBEPXHOCTH CHHMKAET BEPOSITHOCTH I1O-
BPEKICHUS MOYETOYHHUKA.

Hacrosmee uccienosanue, nocssiieHHoe JIDAQ, sBseTcss caMbIM OOJIBIIMM M3 OINMCAHHBIX B JIU-
TepaType Mo KOJIMYECTBY BKJIIOUEHHBIX B HETO MAaI[MeHTOB, IPOONEPHPOBAHHBIX B OAHOM LieHTpe. Bee
JETH IPOILIIH MOJTHOE 00CIeA0BaHHE B TOCICONEPALIIOHHOM MEPUOAE, YTO MO3BOJSET JOCTOBEPHO OLie-
HUTb PE3YJIbTAaThI JICUEHHUSI.

3akirouenue. Pazpaborannas meroxnka JIDAO sBnsercs 6e3omacHor U dhPeKTUBHON TIPOIEny-
poii. Bermenenne MOUeTOTHHKA TOJBKO TT0 TIEPEIHEH MOBEPXHOCTH C (hUKCAIeH ypeTPOBE3UKAIEHOTO
COYCTBSI ¥ TIOTPY’KEHHEM €Tr0 B MOYEBOH MYy3BIPh — MPOCTOM, TEXHUYECKH BBITIOJHUMBIN MTPHEM, MTO3BO-
JAIOUUN NOBBICUTH 4YacTOTy paspemeHus [IMP u npenynpenuTs pa3BUTHE IOCIEONEPALMOHHBIX
OCJIOKHEHUN.
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HOKA3ATEJIN 'YMOPAJIBHOI'O UMMYHUTETA Y HAOUEHTOB C COVID-19

AHHOTamus. B pabote npoananu3upoBaHbl JaHHBIE 0 YaCTOTe OOHapyskeHus Bupyccrnennpudeckux anruren (AT) y na-
nueHtoB ¢ COVID-19, cpokax ux MosBICHAS M KHHETHKE cepoKoHBepcHH. Tak, cymmapHbie AT k kopoHaBupycy SARS-CoV-2
ObLTH OOHapykeHbl y 55,7 % manuenTos, a IgG —y 74,7 % nun ¢ naboparopHo noarBepxacHHoN uHpekiueir COVID-19.
YactoTa nx BEISBICHHS ObLIa JOCTOBEPHO BHIIIE, YEM B APYTHX IPyMIax o0caeJOBaHHBIX. B TeueHne nmepBoIx 6 CyT KHHETH-
Ka CEepOKOHBEPCHUH XapakTepu3oBajiack nosisiienueM cymmapubix AT u IgG y 10,5 u 5,3 % nanuento ¢ COVID-19 cooTser-
CTBEHHO. Y OompurmHCcTBA 3a001eBmux (71,4 %) cepoxonsepcuro IgM u IgG peructpupoanu B nepuof ¢ 7-x mo 11-e cyTkw,
a k 22-m cytkam cymmapusie AT n IgG Obin o6Hapysxens! y 100 % manueHTos.

IIpencraBnenHbie B paboTe pe3yiabTaThl JOMOJTHSAIOT HAKOIJICHHBIC B Pa3HBIX CTpPaHAX MHpa JaHHBIC, KaCAIOMIMECs
(hopMUPOBaHHUS TYMOPaIbHOTO MMMYHHOTO oTBeTa mpu COVID-19.

Kirouesie ciioBa: COVID-19, koponasupyc SARS-CoV-2, rymopanbHbIii HMMYHHTET, QaHTHTEI0, UMMYHOTTIOOYyTHH M,
uMMyHornooynuH G
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INDICATORS OF HUMORAL IMMUNITY IN PATIENTS WITH COVID-19

Abstract. The presented work contains the analysis of a virus-specific antibody frequency in patients with COVID-19,
the timing of their appearance and the kinetics of seroconversion. It was found that total antibodies to SARS-CoV-2 coronavirus
were detected in 55.7 % and IgG — in 74.7 % of patients with laboratory-confirmed COVID-19 infection. Their frequency
was significantly higher than that in patients of the other examined groups. During the first 6 days, the kinetics of seroconversion
was characterized by the appearance of total antibodies and IgG in 10.5 and 5.3 % of patients with COVID-19, respectively.
In most patients (71.4 %), seroconversion of IgM and IgG was registered from 7 to 11 days and 100 % of patients had total
antibodies and IgG to SARS-CoV-2 after 22 days of disease.

The presented results complement the data accumulated in different countries of the world regarding the formation
of a humoral immune response in COVID-19.

Keywords: COVID-19, SARS-CoV-2 coronavirus, humoral immunity, antibody, immunoglobulin M, immunoglobulin G
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BBenenue. Ilannemusi, BI3BaHHAsI HOBBIM KopoHaBHpycoM SARS-CoV-2, sBumack caMoil cepbes-
HOM OMOJIOTUYECKOH yTpo30#, C KOTOPOW CTOIKHYJIOCH YEJIOBEYECTBO 3a MOCIeTHUE AecATuiIeTHs. Yucmo
3apa3uBIIMXCS KOPOHABHPYCOM B MUPE TIPEBLICKIIO 38 MITH, yMepiu Ooiee 1 MITH 4eJoBeK, PH 3TOM
YUCJIO HOBBIX 3a00JICBIITNX MPOIOIKACT paCcTU. B ATUX YCIOBUSAX MEPOMPUSITHUS, HATIPABJICHHBIC HA TPO-
(GHUITAKTUKY W CHIDKCHHE YHCIIa 3apaKeHHBIX, SBJISIOTCS MEPBOOUEPEIHON 3a1aueii MeTUIIMHCKOW Hay K1
U mpakTUKy. g pa3paOOTKH U OCYIIECTBICHUS TAKUX MEPONPHUSATUN KPUTHUYECKH Ba>KHO 00Nagarh
JOCTAaTOYHBIM 00beMOM MH(OpMAMK O OMOJIOTHYECKHX CBOMCTBaX HOBOI'O BUPYCAa U XapaKTEpPHCTHU-
Kax BBI3bIBAEMOI0 UM MH()EKLIMOHHOIO IIpolecca.
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Uzydenue ocoOeHHOCTEH I'yMOpPajJbHOTO MMMYHHOTO OTBETa OpraHu3Ma Ha WH(EKLHUIO, BHI3BaH-
Hy10 KopoHaBupycoM SARS-CoV-2, sBasercs ceronHs OAHUM U3 IPUOPUTETHHIX HANIPABICHUH Hcce-
JOBAaHUH NMPAKTUYECKH BO BCEX CTpaHax MHUpa. B Hacrosmiee BpeMs MHTEHCHBHO BEOYTCS PaOOTHI
10 CO3JIAHUIO PA3JIMYHBIX AUATHOCTUYECKUX HAOOPOB /IS BBISIBJICHUSI OCHOBHBIX KiaccoB aHTHTEN (AT)
K kopoHaBupycy SARS-CoV-2 1 MakcHMasbHO HIUPOKO MPOBOASATCSA UX UCIIBITAHMUS.

C yuerom Tekyiero momenta B PHIIL] snupemuonornn u MUKpoOHOJIOrUM B KpaT4allIe CPOKH
co3/laHa JTMHelKa HabOPOB peareHToB 1S BhIABIeHUS MMYyHOTIIoOynuHOB M (IgM) u G (IgG), a Takxe
cymmapubix AT (IgM, IgG, IgA) k kopoHoBUpyCcY SARS-CoV-2 nmmyHOopepMeHTHEIM MeTo0M (MIDA).
B ocHoBe co31aHHBIX AMATHOCTHYECKUX HAOOPOB JISKAT COBPEMEHHBIE OMOTEXHOJIOT MU, IO3BOJISIIOIINE
onepaTuBHO (B TeueHHe 3—4 4) oOHapyKuTh OCHOBHBIE Kyacchl AT, BeIpaOaThIBaeMBbIX B 3apa’KEHHOM
OpraHM3Me YeJIOBEKa U ONPEAEISIONINX €ro I'yMOpalbHbI UMMYHUTET. [ TaBHBIN KOMIIOHEHT HaOOpOB —
aHTHUTeH HOBOro kKopoHaBupyca SARS-CoV-2 — ObLT MoTydeH crennuaincTaMy IEHTPa TeHHO-NHKEHEPHBIM
IIyTEeM, YTO MO3BOJIMJIO 3HAYUTENIBHO CHU3UTD, 110 CPABHEHHUIO C UMIIOPTHBIMM aHAJIOraMH, UX KOHEY-
HYIO IIEHY U CTOUMOCTb CEPOJIOTUYECKOTO TECTUPOBAHUS B LICJIOM.

Ienb paboThl — yCTAaHOBUTH YAacTOTY OOHApy>KEHUsS BUpPycCHELN(UUECKUX AHTUTEN y HMAlMEHTOB
¢ COVID-19, cpoku uX TMOSBIICHUS U KHHETUKY CEPOKOHBEPCHH C ITOMOIIBI0 pa3pabOTaHHBIX HAMH
JUAarHOCTUYECKMX HaOOPOB, OCHOBHBIM KOMIIOHEHTOM KOTOPBIX SIBJISI€TCSI aHTUI'€H HOBOI'O KOPOHABU-
pyca SARS-CoV-2.

MarepuaJjbl 1 MeToAbI HccaenoBanus. Vcciaemoano 1105 mpob ceIBOpoTOK KpoBH OT 650 marueH-
TOB, B TOM yuciie 899 o0pa3noB oT 474 manueHToB ¢ MOATBEPKAeHHBIM Auarnozom COVID-19, naxo-
JIUBIINXCA HAa CcTallMOHapHOM JiedeHHH B Y3 «lopoackas mH(EKIMOHHAS KIMHUYECKast OOJHHHIIAY
. Muncka (rpymma 1), 69 mpo6 ot 62 KOHTaKTHBIX JIUIT TIEPBOTO YPOBHS (Tpymima 2), 35 obpasios oT 33 ma-
IMEHTOB C paHee MepeHeceHHbIMHU pecnupaTopHbiMU HHPekuusmu (OPU, OPBU) neycranoBieHHON
stuojioruu, y kotopeix PHK koponaBupyca SARS-CoV-2 He oOHapyxeHa ¢ momoiisio [P (rpymnma 3).
HUccnenoBano taxke 45 mpob oT 45 ycIOBHO 3/I0POBBIX JIHII, Y KOTOPBIX 3a MOCIelHee BpeMsi He ObLIO
PU3HAKOB pecnuparopHoi nHpekuun (rpynma 4).

Cymmapnsie AT, IgM u IgG x xoponaBupycy SARS-CoV-2 BbIgBIsIN ¢ ToMolIb0 MeTona DA,
ncnois3ys «HabGop pearentoB nis BeisBieHus cymmapubix AT (IgA, IgM, IgG) x xoponaBupycy
SARS-CoV-2 meronom nummynodepmertHoro ananmuza «SARS-CoV-2-pekUDA-AT», «Habop pearenToB
JUTSL BBISIBIICHUSI IMMYHOTII0OYIMHOB M K kKopoHaBupycy SARS-CoV-2 meTogomM mMMYHO(MEPMEHTHOTO
aHammza «SARS-CoV-2-NP-UDA-M» u «Habop peareHTOB AJisi BBISBICHUS UMMYHOIIIOOYIHMHOB G
k kopoHaBupycy SARS-CoV-2 meromom ummyHodepmernTHoro ananusza «SARS-CoV-2-NP-UDA-G»
(mpomsBoacta PHIIL] snunemuonorun u mukpoduonoruu, Pecriyonuka benapycs). [Ipu nmocraHoBke
peakuuu pyKOBOJACTBOBAJIUCH HHCTPYKLIUSIMU TPOU3BOAUTEIIS.

JloBepuTeIbHBIC HHTEPBAIIBI J0JICH PaCCUUTHIBAIM TI0 pacnpeaeneHuto [Tyaccona yepes x>

PesyabTaTsl n nx 00cy:kaenne. CorinacHo pe3yiabrataM MPOBEIEHHBIX CEPOJIOTHYECKUX HCCIIENO-
BaHuil MmetogoM VDA, HanipaBieHHbIX Ha BbIsiBIeHHE AT k kopoHaBupycy SARS-CoV-2 B chIBOpOTKE
KpOBH, 4acTOTa 0OOHApY>KEHHsI CyMMapHbIX UMMYHOrI00yanHoB M, G u A y nanuentos ¢ COVID-19
(rpynna 1) cocraBuna 55,7 % (95 % AN — 49,18; 62,84), y KOHTAaKTOB EpBOro ypoBHs (rpymnmna 2) —
8,3 (95 % AU — 2,71; 19,45), y nantuentoB ¢ OPU, OPBU HeycTaHOBIEHHOU ATHONOTUU (Tpynna 3) —
6,1 (95 % AN — 0,73; 21,89), y yclIOBHO 3[0pOBBIX JIHI 0€3 MPHU3HAKOB PECIUPATOPHON HH(EK-
nuu (rpymma 4) — 10,4 % (95 % AU — 3,38 %; 24,31 %) (puc. 1). Ilpu sTom wactora nerexuuu IgG
B rpymmax 1, 2, 3 okazanachk Ha ypoBHe 74,7 % (95 % AU — 61,48 %; 89,84 %), 13,3 % (95 % AU —
1,61 %; 48,16 %) u 23,5 % (95 % AU — 6,41 %; 60,24 %) coorBercTBeHHO. [IpOoBEeIeHHBIN CTATUCTHYE-
CKHI aHAJIM3 TIOKA3all, 9TO JIOJIS MAIMEHTOB ¢ oATBepkaeHHoi nHpekiueit COVID-19, B kpoBu KoTO-
peix obHapyxeHbsl cymmapHbie AT n/unn IgG k koponaBupycy SARS-CoV-2, mocToBepHO BEIIIE, YeM
B IpyruX Ipynmnax o0cienoBaHHbIX. YTO KacaeTcs MPOTUBOBUPYCHBIX IgM, TO B rpyImne NanueHToB
¢ COVID-19 mannsiit Mapkep coctaBui 29,3 % (95 % JAU — 21,31; 39,38); y KOHTaKTHBIX JUI[ IEPBOTO
ypoBHs —13,3 (95 % AU — 1,61; 48,16); y maumentoB ¢ OPH, OPBU HeycTaHOBIIEHHOW 3THOJIOTHU —
11,8 % (95 % AU — 1,42; 42,5). I1pnr 3TOM CTAaTUCTHYECKH TOCTOBEPHBIE PA3IHYHS 110 MPUCYTCTBUIO
anTuBupycHBIX IgM y manrenToB ¢ COVID-19 u manmeHToB ApYTHX IPYII OTCYTCTBOBAIIH.
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Puc. 1. Yacrora obHapyskeHns aHTHTEN K KopoHaBUpycy SARS-CoV-2 y manneHToB pasHbIX TPy

Fig. 1. Detection frequency of antibodies to coronavirus SARS-CoV-2 in patients of different groups

IIpu Goree meTanbHOM M3y4YEHHWH YaCcTOTHI BRISBICHHS pa3HBIX KiaccoB aHTUSARS-CoV-2 nmmy-
HOTJIOOYJIMHOB Y OHUX M Tex ke manueHToB ¢ COVID-19 (rpynma 1) gamie Bcero oOHapyKHBaIHCh
unu Toibko IgG (35,1 %), mmm 06a kmacca AT — IgM + IgG (20,4 %), nzonupoBanubie [gM BBIABISINCH
KpaiiHe penko — Bcero y 1,6 % manuenTtoB (puc. 2). Y 26,1 % o0OcnenoBaHHBIX CEPOKOHBEPCHS HE BbI-
asyieHa (Hu IgM, Hu IgG He oOHapysxensl). Y 14,3 % mauneHTOB 3TOH Ipyniibl OblI IOJIyYEH Heonpene-
JICHHBIN pe3yJbTaT 1o ogHOMY HIu o0onM kinaccaM AT (M, G), 9To MOTJIO CBHACTEITLCTBOBATH O CAMOM
Hadanie cepokoHBepcuu. llpm 3TOM B OgHWX ciy4asx y OOJBIIMHCTBA MAIMEHTOB BBIABIsICS IgG,
a pe3yibraTr Ha Hannuue IgM Obit HeompeneneHHBIM (4,9 %), B npyrux — npu nerexknnu 1gG pesynprar
Ob11 HEoTpeneneHHbIM, a IgM He oOHapyxuBaics (4,1 %).

Jist n3yueHusl KWHETUKHA CEPOKOHBEPCHU Pa3HBIX KIJIACCOB MPOTUBOBUPYCHBIX AT (CyMMapHBIX,
IgM, IgQG) ObuTH TpOBEAEHBI UCCIIETOBAHUS CHIBOPOTOK KpoBH OT 45 manmeHToB ¢ SARS-CoV-2 mHeB-
MOHHMEH, B3SIThIX B JIMHAMHUKE pa3BUTHs 3a0oieBanus Ha 0—6, 711, 12—15 u 16-22-e cyTku OT Hayaa
KJITMHAYECKUX CUMITOMOB (pHC. 3).

YcTaHOBIIEHO, YTO B MEPBBIC 6 CYT C MOMEHTA TIOSIBJICHUS CHMIITOMOB B JJAHHOH TpyTire oociey-
embIx (n = 45) IgM He BbIsBIsIUCH, Torna Kak IgG oOHapyxunuch y 5,3 %, a cymmapusie AT —
y 10,5 % manuenToB. B Teuenne nocnenyromux 7-11 cyt cepokonepcust IgM u IgG Obina 3apeructpu-
poBaHa y 71,4 % oOcnenoBaHHbIX, a cymMmmapHbie AT 0OHapyKHBaIKCh TOJBKO Y 56,3 % maiueHTOB.
HccrienoBanusi, npoBe/ieHHbIC B Mepuoa ¢ 12-x mo 15-¢ cyTku 3a0oJieBaHuUsI, MOKA3aIH JaJbHCH I
pOCT onu manueHToB ¢ cepokonBepeueit IgG u cymmapuabix AT — 10 92,9 u 83,8 % cOOTBETCTBEHHO.
IIpu 5TOM 107151 MALIMEHTOB, Y KOTOPBIX BBIABIINCH IgM, coctaBmia 53,8 %. B nepuon ¢ 16-x no 22-e cyTku
cepokonBepcust 1gG u cymmapubix AT 3apeructpupoBana y 100 % nmanueHTos, Torna kak [gM Obuin
0oOHapyKeHbI TOJIBKO y 62,5 % 00cieI0BaHHBIX.

Takum oOpazom, B rpynme nanueHToB ¢ SARS-CoV-2 nueBMonueii yactora BeisiBieHus: AT B mep-
BYIO HEJIIF0 ¢ MOMEHTA TIOSIBIICHUSI CUMIITOMOB Oblia Hu3ko# (5,3—10,5 %), cepokonBepcus IgM pe-
rucTpupoBaiack ogHoBpeMeHHO ¢ IgG u cymmapueiMu AT unm B Oosee mozgHue cpoku. Yacrora
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Fig. 2. Results of IgM/IgG detection in patients with COVID-19
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Fig. 3. Kinetics of seroconversion in patients with COVID-19
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Puc. 4. 3menenust ko3 hHIMEHTa TO3UTHBHOCTH PA3IHUHBIX KJIACCOB aHTUTE, OTPAXKAIONINE KUHETHKY CEPOKOHBEPCUH
y 4 nanuentos ¢ COVID-19

Fig. 4. Changes in the coefficient of positivity of various classes of antibodies, reflecting the kinetics of seroconversion
in 4 patients with COVID-19

BbIsIBIIeHUs [gM okazanack MeHbIIIe 10 cpaBHEHHIO ¢ TakoBoi IgG un cymmapusix AT u He nocTuramna
100 % maxke Ha 16—22-e CyTKHM OT Hauaja 3a00IeBaHUsI.

[lomy4yeHHble pe3yabTaThl COINACYIOTCA ¢ MMEIOIIMMHUCSA HA CErOAHSIIHUN JAeHb JaHHBIMU JUTeE-
patypel. Tak, mo pe3ynpraraM MeTa-aHajdu3a OOJBIIOrO KOJIHMYECTBA IPOBEACHHBIX HCCIEIOBaHUM,
npezacTaBieHHoro B KokpeltHoBCcKkoM 0030pe, yactoTa o0HapyxeHus ro0six kinaccoB AT (IgA, IgM, IgG)
B JOOBIX coueTaHusAx y nmauueHToB ¢ COVID-19 B Teyenue nepBeIX 7 CyT Mocie MOSBICHUS CUMIITO-
MoB He npesbimana 30,1 %, a yyBCTBUTENbHOCTD BbIsiBIIeHUA [gG Oblia MakCcUMaJIbHOM 10 CpaBHEHUIO
¢ npyrumu knaccamu AT [1].

B kauecTBe mpumepa pa3inyHON KUHETHKN CEPOKOHBEPCUH y 4 HaOJIIOJacMbIX HAMH IMAL[UCHTOB
¢ COVID-19 B nuHamuKe pa3BUTHs HHPEKIIMOHHOTO MpolLecca Ha puc. 4 MpUBeACHB! 3HaYeHUsT KOd(du-
[UEHTa MMO3UTHBHOCTH, OTPaXKAIOIIEro KOHLEHTpaluio Bupyccrnenupuueckux AT. YV omgHOro u3 HuX
(marteHT Ne 4) B mepBbIe 6 CyT MHPEKITNN OBLITH 00HApY keHBI IgG, KOHIIEHTpAIHs KOTOPBIX ITIOCTEIICHHO
yBenu4yuBaiachk k 12—15-m cytkam, Torma kak aist [gM ko3 punrieHT mo3uTHBHOCTH Tak U HE IPEBbI-
CHJI IOPOT'OBBIX 3HAUCHUH (ITOTyYeHbI IOBTOPHBIE OTPULIATEIbHBIE Pe3yJIbTaThl). Y BToporo namnuenta (Ne 1)
0 6-x cyTok mMaHudecTHOW MH(EKIHH ObUI IMOJNYYeH OTPHIATENBHBIA pe3ynbTar Kak no IgM, tak
u o IgG. B mepmon ¢ 7-x mo 11-e cyTku y Hero mpou3sonuia cepokonBepcus IgM u IgG, mocne dero
koHUeHTpauus AT coxpaHsiiack BBICOKOHM ¢ HE3HAYUTEIbHBIM pocToM IgG 1 He3HAUMTEIbHBIM CHUKE-
HueM IgM. V tpetbero manuenta (Ne 2) Takske HaOnoaanacs oqHOBpeMeHHas cepokonBepens IgM u IgG,
OJIHAKO B 3HAYUTEJIBHO OOJiee TO3IHUE CPOKHM — Ha 16—22-¢ cyTKH ¢ MOMEeHTa 3abojeBaHus. Uersep-
TBIY anueHT (Ne 3) mMen MoIoKUTEeNbHBIN pe3ynbTar 1mo IgG Ha 7-11-¢ CyTKH ¢ TOCTEIIeHHBIM Hapac-
TaHMEM UX KOHLIEHTpALUU, TOr/Ia KaK cepokoHBepcust IgM y Hero mpousonuia Tonbko Ha 16—22-e cyTku
3a00JIeBaHNU 4.

3akJ/rouenue. B HacTosmeil paboTe N3JI0KEHBI U TPOAHAIN3UPOBAHBI BIIEPBBIC MTOTyYSHHBIE B Ha-
HIel CTpaHe pe3yJbTaThl CEPOIOrNYECKUX UCCIEIOBAHNHN, IEMOHCTPUPYIOIINE 0COOEHHOCTH Pa3BUTHS
T'yMOpajgbHOI0 HUMMYHHOT'O O0TBeTa Ha KopoHaBupyc SARS-CoV-2.

YcTaHOBIIGHO, YTO Y JIUII ¢ JIabopaTOpHO moaTBepxkaeHHoi nHpeknueidn COVID-19 yacTora BhIsIB-
nerns cymmapubix AT u IgG x ee Bo3OyauTento coctaBuia 55,7 u 74,7 % cOOTBETCTBEHHO, YTO OBLIO
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JOCTOBEPHO BBIIIE, YEM Y MAIIMEHTOB ApyTrHux oocnenyeMbix rpyn. Ilo yactore odnapyxenus IgM ra-
KM€ JOCTOBEPHBIC PA3IMUNs OTCYTCTBOBAJIH.

KuneTtuka cepoxkoHBepcuu pas3Hbix kjgaccoB aHTH-SARS-CoV-2 nMMYHOTTIOO0YITMHOB y MAllEHTOB
¢ COVID-19 xapaktepuzoBanach nossienneM cymmapusix AT (y 10,5 %) u IgG (y 5,3 %) B Teue-
HUE TEPBBIX 6 CYT ¢ MOMEHTA PETHCTPALMK CUMIITOMOB 3a0osieBaHus. Y OONBIIMHCTBA 0OCIEeI0BaH-
HbIX (71,4 %) cepoxonBepcus IgM n IgG mpousoma ¢ 7-x mo 11-e cyTku, a kK 22-M cyTKaM CyMMapHEIe
AT u IgG Obutn o6Hapyxenst y 100 % nanueHTos.

AHanu3 Moy4YeHHBIX pe3yJbTaToOB M0Ka3al HeOOXOIUMOCTD yueTa 0cOOEHHOCTEH MHPEKITUOHHOTO
Tporiecca, Bbi3biBaeMoro koponaBupycoM SARS-CoV-2. Tak, ycranosneno, uto PHK Bo30yanTens MOxXHO
BBISIBUTH B 00pasiiax OMOJIOrMYecKoro MaTepraa B EPBBIE THH MTOCIIE 3apakeHNs, B TOM YHUCIIE 3a He-
CKOJIBKO JIHEH 10 TMOSIBICHUSI KIMHUYECKUX CUMITOMOB OOJIE3HU M BIUIOTH 70 14-X CyTOK ¢ MOMEHTa
ero nonajaanus B opranusM. Hauunas ¢ 3—4-x cyTok nocie nHQUIUPOBaHHUS MIPOUCXOIUT BBIPaOOTKa
cniequduyeckux NpoTuBoBUPYCHBIX AT, ypoBeHb KOTOPBIX B KPOBH CTAHOBUTCS IETEKTHPYEMbIM I10CTIE
5-8 cyT ¢ MOMeHTa TIOSIBJICHUsI CUMIITOMOB 3abosieBanus [2]. B nannbie cpoku aerekuusi PHK Bo30y-
nutens HanMeHee d(dexTrBHA. B 9THX yClIoBHAX M3yUeHHE MOKa3aTeseil TyMOpaIbHOrO IPOTHBOBU-
PYCHOTO HMMYHHUTETa HMEET 0CO00 BaXKHOE 3HAUEHHE AJIsl yCTAHOBJICHUS STHOJIOTUH 3a00JIeBaHUSL.

[IpencraBneHHble B pa0oTe pe3ysIbTaThl JOHOJIHSAIOT HAKOIJICHHBIC B pa3HbIX CTPaHaX MUpA JaHHBIE,
Kacatomuecs GopMupoBaHUs ryMOpabHOr0 IMMYHHOTO oTBeTa ITpu COVID-19. Tak, psaom uccneno-
BaTeJel MoKa3aHo, YTO MosABJIeHNE NPOTUBOBUPYCHBIX AT kimaccoB M u G mpoUCXOAUT MPaKTHUECKH
OIHOBPEMEHHO (paHee Takas k€ 0OCOOEHHOCTb CEpPOKOHBEPCHH OblIa yCTaHOBJIEHA IJIsI KOPOHABUpYCa
SARS-CoV) niu nmocnenoBarenbHo, ¢ HHTepBaioM B 2—3 aus [3]. [Ipu 3ToM y 0JHUX MallMeHTOB BHAYA-
ne nosBasAoTes IgM, a 'y apyrux — IgG, uto cornacyercs ¢ npeAcTaBIeHHBIMU B HACTOAIIEM HCCIEeNO-
BaHWU JaHHBIMU. [loyueHHBIE HaMU pe3yNbTaThl COBINAAAIOT Takke ¢ MHGopMauuen 3apyOeKHBIX
KOJUJIET, Kacaroleiicss KHHETUKU aHTUTEI000pa30BaHus U IOCTIDKeHU cepokoHBepeun y 100 % nauunen-
ToB ¢ COVID-19 Ha 16—22-e cyTKH, KOTOpasi IPOUCXOAUT Ha (oHe cHMxkeHus IgM [4].

O6c¢yx1ast TMarHoCTUYECKYI0 3HAYMMOCTh CEPOJIOTMUECKUX MOKa3aTeel, caeJyeT OTMETUTh, YTO
OOJBIIMHCTBOM HCcIenoBareneil pasaenpaoe onpenenenue IgM u IgG k koponasupycy SARS-CoV-2
MIPU3HAETCS CETOIHS MEHee ONPaBIaHHbBIM, TaK KaK Pe3yJbTaTUBHOCTD JAeTeKunnu cymmapubeix AT mpe-
BBIIIAET TAKOBYIO IIPU ONPEAEICHUHN OTACIBHBIX KIACCOB MPOTUBOBHPYCHBIX HMMYHOTIIOOYITHUHOB [5].
[Ipu aTOM 0OHapykeHUe U30IMPOBAaHHBIX [gM y manueHToB XapakTepusyercs 0oee HU3KOH 4yBCTBU-
TEIBHOCTHIO [6], @ TaKXKe MOXET MPUBOAUTH K TMOJYUCHUIO JIOKHOIIOIOKUTEIBHBIX PEe3yIbTaToB [7],
nocKoIbKy IgM o0naiaroT 1abMIbHOCTBIO M OTHOCHTENBHO 00Jiee HU3KOH CIIeIIM(UIHOCTBIO 110 CPaBHE-
HUIO C APYTHMH KJIACCAMH MPOTHBOBUPYCHBIX UMMYHOTI00yIHMHOB. [lomydyeHHbIE HAMH PE3yIbTaThI
COIJIACYIOTCSl C MHEHHEM BEAYLINX CIICLUAJINCTOB M YKa3bIBAIOT HA 00JIe€ BBICOKYIO AUATHOCTHYECKYIO
a¢pdexTuBHOCTD BIsiBIeHUS cyMMapHbIXx AT (IgM, IgG, IgA) n/umm IgG npu obcnenoBaHny manneH-
toB ¢ COVID-19 HaunHas ¢ 8—14-x cyTOK mociie NosiBJIeHU s KIMHUYECKUX CUMIITOMOB.

Kondaukt narepecos. ABTOPHI 3asBISIOT 00 OTCYTCTBUU KOH(PINKTA HHTEPECOB.
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MORPHOLOGICAL CHANGES IN PERIODONTAL TISSUES
IN LABORATORY ANIMALS USING MESENCHYMAL STEM CELLS

Abstract. The article presents the analysis of the morphological changes of the periodontal tissues of laboratory animals
using mesenchymal stem cells (MSCs).

The goal of the study is to create a model of experimental periodontitis and to identify the characteristics of morphological
changes in the periodontal tissues using a biomedical cell product based on the allogeneic adipose tissue of MSCs (AT MSCs).

The application of a mixture of AT MSCs and osteoinduced AT MSCs (in the ratio of 1:1) allows reducing the time
of bone defect regeneration in comparison to that of bone tissue regeneration when AT MSCs and osteoinduced AT MSCs
are used separately, which is expressed in the filling of the bone defect with a fibroreticular osteogenic tissue, as well
as with a muscle tissue one month after surgery.

In 2 months, in the defect area filled with a collagen membrane with a mixture of AT MSCs and osteoinduced AT MSCs,
the initial signs of the formation of trabecula of bones were detected, which is evident of a more comprehensive osteosynthesis
process compared to the blood clot use.

Keywords: mesenchymal stem cells, periodontitis, morphometry, fibroreticular tissue

For citation: Rubnikovich S. P., Sirak S. V., Denisova Yu. L., Andreeva V. A., Kuzmenko E. V., Vladimirskaya T. E.,
Khomich I. S., Volotovsky I. D. Morphological changes in periodontal tissues in laboratory animals using mesenchymal stem
cells. Vestsi Natsyyanal'nai akademii navuk Belarusi. Seriya meditsinskikh navuk = Proceedings of the National Academy
of Sciences of Belarus. Medical series, 2020, vol. 17, no. 4, pp. 444—451. https://doi.org/10.29235/1814-6023-2020-17-4-444-451

C. II. Pyouukosuu!, C. B. Cupak?, 10. JI. JlenncoBa', B. A. Anapeesa’, E. B. Ky3bmeHko?,
T. 9. Baagumupcekas’, . C. Xomuu®, U. /1. BosioToBckuiit

!Fenopyccruil 2ocyoapemeennuiil meduyunckuil ynueepcumem, Munck, Pecnyonuxa benapyce
2Cmasponoavckuil 20cyoapcemeennviil meouyunckuil ynusepcumenm, Cmagponois, Poccuiickas @edepayus
SBenopycckas meduyunckas akademus nocieOuniomHo2o oopaszoeanus, Munck, Pecnybnuka Beaapyce
‘Uncmumym 6uoguszuxu u kiemounou unacenepuu HAH Bearapycu, Munck, Pecnybauxa Beaapyce

MOP®OJIOTHUYECKHE UBMEHEHHNS B TKAHAX NEPUOJOHTA JIABOPATOPHBIX ’KUBOTHbBIX
IIPU MIPUMEHEHHNUN ME3EHXUMAJIBHBIX CTBOJIOBBIX KJIETOK

AHHOTanus. B crarbe mpuBeNEHBI Pe3yJbTaThl HCCIEA0BAHUS MOP(HOIOrHYECKUX U3MEHEHUH B TKAHSIX MEPUOJOHTA
11a00paTOPHBIX )KUBOTHBIX IIPU UCTIOIB30BAHNN ME3CHXUMAJIBHBIX CTBOJOBBIX KieTok (MCK).

Llenb uccneoBaHus — pa3padoTaTh MOJEIIb SKCIIEPUMEHTAIBHOTO IEPHOAOHTHTA H YCTAHOBUTE XapakTep Mop(doIoru-
YEeCKMX M3MEHEHUH B TKaHIX MEPHOOHTA IIPH NMPUMEHEHUN OMOMEAMIIMHCKOTO KJIETOYHOTO MPOAYKTA Ha OCHOBE aJlJIOTCH-
Hb1X MCK xuposoit Tkanu (MCK XKT).

IIpumenenue cmecu MCK KT u octeonnaynuposanueix MCK KT B nponopuuu 1:1 no3BoiseT COKpaTUTh CPOKU pere-
HepaLUH KOCTHOTO Ae(eKTa [0 CPABHEHHIO C JUTUTENIbHOCThIO BOCCTAHOBIICHHUS KOCTHOW TKaHu 1npu npuMenennn MCK XKT,
a Taxoke ocreonuaynuposanHeix MCK XKT, uTo BeIpaskaeTcs B 3aIIOJTHEHUH Je(eKTa KOCTHON TKAHU HAPSIy C MBIIICYHOH
(GuOPOPETHKYISIPHONH OCTEOreHHON TKaHBIO Yepe3 1 Mec. rmociie onepaTuBHOrO BMelIaTeabcTBa. Yepes 2 mec. B 30He Jedek-
Ta, 3aMI0JTHEHHOT0 KoJutareHoBoi MemOpanoii co cMecbio MCK XKT u octreonnnynuposanasix MCK XKT, BEIsIBII€HBI TpH3HA-
K1 Hayasia pOPMUPOBAHHS KOCTHBIX 0aJIOK, YTO CBUAETEIBCTBYET O 00JIee MOTHOLEHHOM OCTEOCHHTE3€, YeM IIPH 3aXKHBIIe-
HUU TIOJ KPOBSTHBIM CT'yCTKOM.

KioueBble cJI0Ba: Me3eHXMMaJbHbIE CTBOJIOBBIE KIIETKHU, IEPHOJTOHTHUT, MOpHOMeTpHsl, GHOPOpETHKYIISIpHAs TKAHb
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Introduction. Periodontal diseases are among the leading dental diseases across the world [1, 2].
The character of the inflammatory process during periodontal diseases, the disease progression and turning
chronic lead to significant pathological changes in the periodontal tissues, the loss of teeth and dysfunctions of
the dentition system as well as of various associated organs and systems of the human body [3]. Although
measures have been developed for prevention and treatment of this pathology, there is no obvious trend
towards the reduction of these diseases in patients of all age groups [2]. Therefore, the issues of efficacious
treatment of periodontal diseases and prevention of the associated complications remain relevant.

The inflammatory process in the periodontal tissues is destructive and accompanied by the resorption
of the bone tissues and the damage of the periodontium that supports and maintains the tooth [3]. Given
a weak reparative capacity of these structures, the restoration of the bone deficiency by means of physiological
regeneration takes a long time and can be complete in rare cases [4, 5]. Hence, one of the directions
for comprehensive treatment is to improve surgery approaches for eliminating infectious destructive
spots in the periodontium.

At present, the ability of periodontium tissues for regeneration by using different materials is actively
investigated. It has been demonstrated that the method based on the use of membranes that limit the access
to the regeneration space of the epithelial cells and connective tissue of the gum, not involved in the construction
of periodontal tissues, is very efficient [6]. However, although the membranes slow down the migration
of the epithelial cells, they do not facilitate repopulation of the periodontium space with progenitor cells
[7, 8]. In order to enhance the osteoinductive capacity, it is expedient to combine the use of membranes
with regeneration stimulating agents. The current investigations demonstrate a high ability of adipose tissue
mesenchymal stem cells (AT MSCs) to initiate and accelerate the regenerative processes in the periodontal
tissues, as well as to secrete the factors stimulating the resident progenitor cells [9], which enhances
the treatment efficacy significantly [8—10].

At present, investigations are conducted to identify the efficiency of application of cell technologies
in various fields of medicine, including periodontology [11-17]. The scientific sources include evidence
on the reduced propagation and intensity of the gingival recession [16, 18, 19] and on improvement
of periodontium microcirculation processes when MSCs are used [17, 20-35].

The above proves the expediency of experimental clinical studies to justify the use of MSCs in den-
tistry in order to regenerate bone tissue and, consequently, to increase the efficacy of treatment of pa-
tients with periodontal diseases.

The goal of this study was to identify the character of morphological changes using a biomedical cell
product based on adipose tissue mesenchymal stem cells.

Subjects and methods of study. This study was approved by the independent ethics committee
of the State health institution “Belarusian Medical Academy of Postgraduate Education” (BelMAPO).
The experimental part of the study was performed by the pathophysiological group of the BeIMAPO
Research Laboratory in vivarium conditions complying with the requirements specified by Technical Code
of Standard Practice 125-2008 “Good Laboratory Practice” and Sanitary Rules and Norms 2.1.2.12-18-2006
“Arrangement, Equipment and Maintenance of Experimental Biological Clinics (Vivaria)” [25].

Isolation and cultivation of allogenic AT MSCs from experimental animals (EAs), cell culture quality
control, including the counting of the number and the assessing of the vitality of MSCs, determination
of the cell phenotype using monoclonal antibodies, evaluation and control of contamination by micro-
organisms, as well as the induction of cell development in the osteogenic direction and evaluation
of differentiation and immobilization of cells on the medium were performed in laboratory conditions
in the state research institution “The Institute of Biophysics and Cell Engineering of the National Academy
of Sciences of Belarus”. A porous membrane based on type I bone collagen “Osteoplast” (produced
by the “Vitaform”, Russian Federation) was used as a biodegradable carrier for immobilization of MSCs.

Subjects of the study included 36 Chinchilla rabbits, both males and females, with the body weight
3.7 [3.5; 3.8] kg. The EAs were kept in conditions of vivarium according to the veterinary sanitary rules
approved in the Republic of Belarus [25]. Before the experiment, the EAs had been observed in quarantine
conditions in the vivarium for 2 weeks. The EAs were examined and weighed also on the day when
the experiment commenced. Taking into consideration the chronobiological dependence of most bio-
chemical processes in animals, the experiments were made at the same hours in the morning.
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The EAs were anesthetized using one intramuscular injection of the Ketamine solution (50 mg/ml),
1 mg/kg body weight. Then anaesthesia was enhanced and maintained as needed during the surgery
by means of a mixture of 0.05 Fentanyl solution and 0.25 % Droperidol solution (1:2). A cutter was used
to produce in the anesthetized animals bone defects (BDs), 2 mm wide and 5 mm deep, in the area
of the interradicular septum of the mandibular central incisors on the vestibular side.

The EAs were divided into 4 homogeneous groups: the control group (including 9 EAs) and 3 experimental
groups (each including 9 EAs) according to the planned method of treatment. In the control group
the artificial BD was filled with a blood clot; in group [ with a porous membrane based on bone collagen
with 50,000 allogenic AT MSCs immobilized on the membrane; in group II with a membrane
with 50,000 immobilized allogenic osteoinduced AT MSCs; and in group I1I with a membrane including
a mixture of 25,000 allogenic and 25,000 allogenic osteoinduced AT MSCs. After the BD was filled,
the surgical wounds were closed (stitched).

During the postsurgical period, the EAs were observed to monitor the body weight, the condition
of the visible mucous membranes, hair coat, motion activity, behaviour and the consumption of food
and water.

After the observation was over, the control and experimental group animals were brought out
from the experimental condition in compliance with the bioethical principles specified in the good
laboratory practice standards (GLP).

Samples of periodontal bone were taken from mandible of the EAs, containing teeth and periodontal
tissues.

The excised mandibular sections were fixed in 10 % neutral formalin for 48 hours. Decalcification
was made using formic and hydrochloric acids, including mandatory control of decalcification by means
of calcium oxalate. Then the mandibular sections were washed in a water stream for 24 hours and dewatered
in alcohol of ascending concentrations (70, 80, 96 and absolute alcohol). This material was treated
with alcohol-xylene, xylene, xylene-paraffin and poured into paraffin. The paraffin blocks were used to make
cuts 3—5 um thick, which were stained with haematoxylin and eosin according to Masson’s protocol.

Morphometric analysis of histologic specimens was made under x50 magnification. Each micro-
specimen was investigated in 5 random fields of vision. The area of the field of vision was constant,
making 4,561,048.00 um?. The area of fibroreticular tissue was determined. The obtained results were
presented as the ratio of the area of fibroreticular tissue to the total area of the field of vision, expressed
in percentage. The microspecimens were investigated and micro pictures were made by means
of the microscopes Axio Imager (Zeiss, Germany) and DMLS with the software (Leica, Germany).

The obtained data were statistically processed using Statistica and Excel. The type of quantitative
characteristics distribution was determined using the Shapiro-Wilk test. In order to describe the quantitative
characteristics with normal distribution, it was required to specify the mean value and the root-mean-square
deviation. The quantitative characteristics with the distribution different from the normal were described
using the median (Me), the lower 25" quintile (LQ) and the upper 75" quantile (UQ). The Mann—-Whitney
test was used for group comparison. The results were considered statistically significant at p < 0.05.

Results and discussions. The morphological pattern of bone tissue regeneration in the control
group. On day 14, in animals from the control group healing under blood clot, a triangular BD was observed,
separated from the maternal splenial bone by a thin strip of fibroreticular osteogenic tissue growing
focally into the splenial bone (BD encapsulation). Loose oedema connective tissue (CT), muscular
tissue (MT) and spots of granular tissue with local bleeding were observed in the BD lumen. Localized
fibroreticular osteogenic tissue was observed in the BD bottom area. Hyperaemia of haversian canal
vessels was observed in the splenial bone adjacent to the BD.

After 1 month, the BD retained the triangular shape with surface retraction and was separated
from the maternal splenial bone by a thin strip of fibroreticular osteogenic tissue. The BD lumen included
loose oedema CT with localized bleeding and cystic transformation. The surface section of the BD bottom
area included necrotic CT, loose CT and dilated blood vessels. Localized formation of fibroreticular osteogenic
tissue was observed. Hyperaemia of haversian canal vessels was seen in the splenial bone adjacent to the BD.

After 2 months, the BD had a circular wedge shape filled (two-thirds) with fibroreticular osteogenic
tissue. Multiple spots of extensive bleeding were observed in the DB area. Necrotic tissue sports were seen
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in the BD surface section. Focal aggregations of osteoblasts and fibroblasts were found in the BD bottom
area. The adjacent area of the maternal bone included ectasia of vascular bone channels with fragmen-
tation and elimination of their connective tissue component, and localized adipose transformation
of the trabecular tissue.

The morphological pattern of bone tissue regeneration in group I. On day 14, a baggy BD with surface
retraction filled with MT with dilated blood vessels and loose oedema CT were observed. Fragments
of the stratified CT strip, separating the defect from the matrix bone, were observed in the CT surface
section along the BD perimeter. Fragments collagen membrane, necrotic areas and a chondrification spot
were found in the CT surface section. Islets of fibroreticular osteogenic tissue were found in the BD surface
area. Constriction of the osteon channels and proliferation of the cell component were observed in the osseous
tissue of the matrix bone.

After 1 month, a baggy CD was found, separated along the entire edge from the compact bone
by an unevenly narrow strip of connective tissue. Muscular tissue with a small destruction spot
and lymphoid cell infiltration were observed in the defect lumen. Segments of loose fibrous, granulated
and compact fibroreticular tissue were observed in the bottom section. Localized hyperplasia of the tra-
becular CT was observed outside the BD area.

After 2 months, the BD was oval and surrounded unevenly by a narrow strip of connective tissue,
delaminated from the compact bone (Fig. 1). Collagen membrane fragments as well as necrosis areas,
as well as necrotic areas were identified in the BD surface section. Loose oedema CT and localized spots
of fibroreticular osteogenic tissue were seen in the BD bottom area. Ectasia and hyperaemia of osteon
channel vessels with loose perivascular tissue and hyperplasia of the cell component were observed
in the perifocal splenial bone tissue.

The morphological pattern of bone tissue regeneration in group II. On day 14, the BD was oval
and separated, along the edge, from the matrix bone by a thin strip of stratified loose fibrous or fibroreticular
tissue. Loose fibrous immature CT with diapedesis bleeding was identified in the BD bottom area.
The BD lumen was filled with MT and loose fibrous CT. Collagen membrane fragments were observed
in the BD surface section. Ectasia and hyperaemia of osteon channel vessels were observed in the perifocal
splenial bone tissue.

After 1 month, an oval BD, surrounded by a thin strip of stratified loose fibrous or fibroreticular tissue,
was observed. Loose fibrous immature CT with diapedesis bleeding was found in the BD bottom area.
The BD lumen was filled with MT and loose fibrous CT. Collagen membrane fragments were found
in the BD surface section. Ectasia and hyperaemia of osteon channel vessels were observed in the perifocal
splenial bone tissue.

After 2 months, the BS had an oval baggy shape and was separated from the matrix splenial bone
by a narrow strip of loose CT in the surface section and fibroreticular in the bottom section (Fig. 2).
The BD lumen was filled with oedema MT and had localized spots of bleeding. Fibroreticular osteogenic

» 4 L M vl . . ~ . 7 AN g
Fig. 1. The bone defect in 2 months. The collagen membrane  Fig. 2. The bone defect in 2 months. The collagen membrane

with AT MSCs. Staining with haematoxylin and eosin, x20 with osteoinduced AT MSCs. Staining with haematoxylin
and eosin, x20
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tissue and localized sports of bleeding were observed
in the bottom section. Osteogenic islets with rare
osteoblasts on their surface were observed in the area
of fibroreticular tissue. Some haversian channels
of the bone matrix were diluted, and the vessels were
hyperaemic.

The morphological pattern of bone tissue rege-
neration in group IIl. On day 14, a bag-shaped BD
was observed. The splenial bone tissue defect was sepa-
rated along the edge by a narrow strand of connective
tissue, segmentally stratified, inter alia, in the BD
bottom area. Small fragments of necrotic tissue were
seen in the CT surface section. The entire BD lumen
was filled with dystrophic muscle tissue, including
a focal necrosis. A crosswise narrow strand of con-
nective tissue with a focal necrosis and diapedesis
bleeding, separating the BD from the lower splenial
bone tissue, was found in the BD bottom area. The matrix bone included pyknotic osteocytes with spots
of their necrosis.

After 1 month, a strip of fibroreticular osteogenic tissue was observed along the edge of the splenial
bone tissue, separating the BD. The BD lumen included (in the surface section) fragments of small-cell
or acellular homogeneous tissue with focal small-cell transformation, localized atrophic lymphoid tissue
and, predominantly, areas of dystrophic muscular tissue with focal spots of necrosis. Spots of loose
small-cell fibrous tissue and fibroreticular osteogenic tissue, chondrification focus, were seen in the BD
bottom area. Extensive hyperaemia of the matrix bone haversian channels was observed.

After 2 months, a slightly slope and shallow BD was unevenly surrounded in some segments
by a thin small-cell strip of fibroreticular osteogenic tissue (Fig. 3). Areas of fibroreticular osteogenic
tissue with osteogenic islets and trabeculae of bone were observed in the BD lumen. Localized aggregations
of osteoblasts and their high density were observed. The bone matrix of the matrix bone had a regular
histologic structure, with wide hyperaemia of the matrix bone haversian channel vessels.

Morphometric investigation made it possible to identify that in experimental group 111, where the collagen
membrane mixture of AT MSCs and osteoinduced AT MSCs was used in the 1:1 ratio, the indicators
of fibroreticular tissue area were definitely higher than in groups I and II (p < 0.05) (see Table).
The maximum values of the osteogenic tissue area were identified in experimental group III throughout
the experiment (p < 0.05) (Fig. 4).

Fig. 3. The bone defect in 2 months. The collagen
membrane with a mixture of AT MSCs and osteoinduced
AT MSCs in the 1:1 ratio. Staining with haematoxylin
and eosin, x20.

Indices of fibroreticular tissue area (%) depending on the duration of the experiment

Periods of observation

Group

14 days

1 month

2 months

Control

1.65 (1.45; 1.82)

3.25(3.25; 3.53)

5.19 (5.00; 5.33)

1

1.50 (1.35; 1.60)

2.28 (2.18; 2.36)

3.51 (3.30; 3.79)

11

2.24 (2.14; 2.34)

245 (2.23;2.67)

170 (1.49; 1.92)

111

2.46 (2.30; 2.56)

6.10 (5.96; 6.30)

5.44 (5.12; 5.78)

Thus, the formation of the connective tissue capsule with areas of mature granulation tissue, fibroreticular
tissue and small necrosis focal spots (BD encapsulation) were observed along the BD perimeter in the animals
from the control and experimental groups. In the control group, the BD capsule comprised fibroreticular
osteogenic tissue at every stage of observation. In the experimental groups, fibroreticular tissue capsules
were observed in animals from groups II and III after 1 u 2 months of the experiment, and in animals
from group I only in the bottom section after 2 months. After 2 months, the BD was filled with fibroreticular
osteogenic tissue in animals from the control group and experimental group III; and osteogenic islets
or emerging small trabeculae with a high density of osteoblasts on their surface were found in the fibroreticular
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Fig. 4. The trends of the osteogenic tissue area indices, %. Left to right: control group, group I, group 11, groups I11; 14 days,
1 month, 2 months

tissue in animals from experimental group III in the BD bottom area. In animals from the control group,
no trabeculae or osteogenic islets were identified in the BD bottom area two months later.

Conclusion. The developed model of experimental periodontitis reproduces signs of bone tissue
pathology and shows that it can be used for evaluation of the regenerative processes.

The use of a collagen membrane with osteoinduced AT MSCs allows reducing the BD regeneration
period as compared to the bone tissue regeneration period using AT MSCs, which is demonstrated
by faster filling of the defect lumen, along with muscular tissue, by loose connective tissue with areas
of fibroreticular osteogenic tissue, and by the formation of granulation spots and obvious vessel response
of the bone defect tissue.

The use of a mixture of AT MSCs and osteoinduced AT MSCs in the 1:1 ratio reduces the time
of bone defect regeneration compared to the time of bone tissue regeneration using osteoinduced AT MSCs,
1. e., bone defect tissue was filled, along with muscular tissue, by fibroreticular osteogenic tissue one month
after the surgery intervention. After 2 months, the area of the defect, filled by a collagen membrane
with the mixture of AT MSCs and osteoinduced AT MSCs in the 1:1 ratio, demonstrated signs of generation
of the trabecula of bone, indicating a more comprehensive osteosynthesis than in the case of healing
under a blood clot.
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CUCTONMUYECKASA JUCOYHKIUA JIEBOI'O KEJYJAOUKA
Y IMAIOMEHTOB C KIMHUYECKH INOJO3PEBAEMBIM MUOKAPAUTOM

AnHoTanus. Llensio uccnenoBanus ObII0 H3yUYUTh 0OCOOEHHOCTH TEUEHUS KIMHUYECKH TI0JJ03PEBAEMOr0 MHOKapANTa,
OCJIOKHEHHOT'O Pa3BUTHEM CHCTONINYECKOi quchyHkunu gesoro xenynouka (JIXK). B uccnenoBanue Oblan BKITtOUeHb! 93 ma-
[UCHTA ¢ KIIMHUYCCKH MO03peBaeMbIM MuOKapauToM. Cpeanuit Bo3pact coctaBuia 36,63 = 1,15 rona. V 43,01 % obcneno-
BaHHBIX 3200JI€BaHUE CONPOBOXKIAIOCH CHIKEHNEM cHcTolnueckoil pyukiun JIXK. B rpynmne nanneHToB ¢ CHCTOIHYECKOH
muchyukiueit JIXK B cpaBHeHHH ¢ nHnamMu ¢ coxpaHHOW ¢paknmeil Beiopoca JIJK ObuT BBISABICH 3HAUNMO OoJiee HU3KHH
yaebHbIN Bec Myx)uuH (75 % npotus 81 % coorBeTcTBeHHO, ¥> = 9,3, p < 0,01) 1 GoJIee BBICOKHIi CPEAHETPYIIIOBOM MOKa3a-
Tens Bo3pacta (40,7 = 1,87 n 33,6 = 1,3 roma coorBercTBeHHO, p < 0,01). Teuenne 3a0oneBaHusI TP PA3BUTUU CHCTOIHIECKOH
nuchynaxun JIXK xapakTepn3oBanocs 6osee 9acThIM pa3BUTHEM HapymeHni putMa (65 % mpotus 43,3 % cOOTBETCTBEHHO,
¥ =43, p < 0,05 u Gosice BEICOKUM MOKA3aTEJIEM YaCTOTHI CEPACYHBIX COKpAICHUM npu noctymienuu (94,5 (75-100)
u 85 (70—89) ynapoB B MUHYTY c0OTBETCTBEHHO, p = 0,006). CTpyKTypHO-(DYHKINOHATIBFHOE COCTOSHHE CEPAIa M0 JaHHBIM
9XOoKaparorpaduu y NalMeHTOB CO CHIKeHHOH (pakuuneid Beiopoca JIXK B cpaBHEHMHM ¢ MALIMEHTAMM C OTCYTCTBHEM €€ CHU-
KEHHsI XapaKTepU30BaJIOCh OONBIIUMH pa3MepaMu KaMep cep/ua, 0ojee BbIpaKeHHBIMH HapyIICHUSMH JOKAJIbHON COKpa-
tumoct muokapaa JIXK, 6onee yacThIM BOBJICUCHHEM B MATOJOTHYECKHI MpoIecc mpaBoro xeaymouka (56,3 % mpoTus
22,2 % cooTBeTCTBEHHO, > = 6,4, p < 0,05). BbisiBiieHa B3aMMOCBsA3b MEK Y (Ppakiueil BIOpOca JIEBOTO JKENyI0UKa U BO3-
pactoM narueHTa (r =—0,36), yacTOTOI cepieuHBIX COKpaNeHni pH nocTymieHnH (r =—0,32), BEIpa)keHHOCTHIO CePACTHOH
HEI0CTAaTOYHOCTH IIPU MOCTYTICHUH, CTENICHBIO HapyIICHH s JIOKaJIbHOI cokpatnmocTH JIK, cCHIDKeHneM (yHKIUU ITPaBOTo
xenynouka (TAPSE, r = 0,58), pacupocrpanennocTsio pudpo3a MHOKapaa IO JAaHHBIM KapJHOBACKYJISIPHONH MarHUTHO-
pe3onancHoi Tomorpaduu (r =—0,32).

KiroueBble ¢10Ba: KIMHUYECKN MO03PEBAEMBIII MUOKAPIUT, CUCTONNYECKasT AUCYHKINS JIEBOTO JKEIy09Ka, HXO0-
Kapauorpadus, KapAuoBaCKyIspHAs MarHUTHO-PE30HAHCHASI TOMOT padus

Jas uuTupoBanusi: Cucronuueckast TUC(yHKIUS JIEBOTO JKEIyI09YKa Yy MALUEHTOB ¢ KIMHUYECKH IT0J03PEBAEMBIM
muokapautoMm / H. I1. MurtskoBckas [u ap.] / Bec. Hau. akaxa. naByk bemapyci. Cep. men. naByk. — 2020. — T. 17, Ne 4. —
C. 452—-460. https://doi.org/10.29235/1814-6023-2020-17-4-452-460

Natalya P. Mitkovskaya', Elena M. Balysh?, Tatsiana V. Statkevich?, Nina A. Ladygina3,
Ekaterina B. Petrova?, Natallia B. Kananchuk?, Alena M. Kiarko?

'Republican Scientific and Practical Centre “Cardiology”, Minsk, Republic of Belarus
’Belarusian State Medical University, Minsk, Republic of Belarus
SMinsk City Emergency Hospital, Minsk, Republic of Belarus

SYSTOLIC LEFT VENTRICULAR DYSFUNCTION
IN PATIENTS WITH CLINICALLY SUSPECTED MYOCARDITIS

Abstract. The aim of the study was to investigate the features of clinically suspected myocarditis complicated by the left
ventricular systolic dysfunction development. 93 patients with clinically suspected myocarditis were examined. The average
age was 36.63 & 1.15 years. In 43.01 % of patients the disease was accompanied by a decrease in left ventricular systolic function.
In the group of patients with left ventricular systolic dysfunction in comparison with those with preserved left ventricular
ejection fraction, a significantly lower proportion of men (75 % versus 81 %, respectively, y*> = 9.3, p <0.01) and a higher average
group age (40.7 = 1.87 versus 33.6 £ 1.3 years, respectively, p < 0.01) were revealed. The course of the disease in patients
with left ventricular systolic dysfunction was characterized by a more frequent development of rhythm disturbances (65 % versus
43.3 %, respectively, x> = 4.3, p < 0.05) and a higher heart rate at admission (94.5 (75-100) and 85 (70—-89) beats per minute,
respectively, p = 0.006). The structural and functional state of the heart according to echocardiography in patients with a reduced
left ventricular ejection fraction versus comparison group was characterized by larger heart chambers sizes, more pronounced
violations of local left ventricular contractility, more frequent involvement of the right ventricle in the pathological process
(56.3 % versus 22.2 %, respectively, 3> = 6.4, p < 0.05). The relationships between the left ventricular ejection fraction
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and the patient’s age (r = —0.36), the value of the heart rate at admission (r = —0.32), the severity of heart failure at admission,
the degree of impaired local contractility of the left ventricle, the degree of right ventricular function (TAPSE, r = 0.58),
the severity of myocardial fibrosis according to cardiovascular magnetic resonance imaging (r = —0.32) were revealed.

Keywords: clinically suspected myocarditis, left ventricular systolic dysfunction, echocardiography, cardiovascular
magnetic resonance imaging

For citation: Mitkovskaya N. P., Balysh E. M., Statkevich T. V., Ladygina N. A., Petrova E. B., Kananchuk N. B., Kiarko A. M.
Systolic left ventricular dysfunction in patients with clinically suspected myocarditis. Vestsi Natsyyanal 'nai akademii navuk
Belarusi. Seriya meditsinskikh navuk = Proceedings of the National Academy of Sciences of Belarus. Medical series, 2020,
vol. 17, no. 4, pp. 452—460 (in Russian). https://doi.org/10.29235/1814-6023-2020-17-4-452-460

Beenenue. CtatucTuka 1o ypoBHIO 3a0071€Ba€MOCTH MHOKapIUTaAMH BeChMa yCJIOBHA, TaK KaK 4acThb
CIIy4yaeB HE YUMTHIBACTCS B CBSI3U C OTCYTCTBHEM OOpallCHH 38 MEIUIIMHCKOHN [TOMOLIBIO TP OecCuM-
NTOMHOM MJIM MaJIOCHMIITOMHOM Te4eHuH 3a0omeBanus. C Ipyroil CTOPOHBI, B psJie cIy4yaeB 3a0oeBa-
HHUe MaHU(DECTHPYET B BUJE BHE3AITHON CEPIETHON CMEPTH. B cTpyKType MpUYINH BHE3AITHON cepaed-
HOW CMEPTH 110 JAaHHBIM ayTOICUU MUOKApAUT BBIABIISUICA B Auana3zoHe oT 2 10 42 % caydaes [1]. Tak,
M0 pe3yJbTaTaM M3y4eHUs JaHHBIX MMaTOJOTOAHATOMUYECKOTO HCCiIeoBaHus 453 ciaydaeB BHE3aITHOM
cepaedHoit cmeptu (278 myxunH (61,4 %) u 175 xenmun (38,6 %) B Bozpacte 15—81 rom) B mepuon
¢ 1994 mo 2003 1. ycTaHOBJICHO, 4TO B 8,6 % CllydyaeB MpUUYMHON CMEPTHU CTAJIO BOCHIATUTEIBHOE TIopa-
JKeHue Muokapna [2].

[TaTrorene3 MuokapauTa 10 KOHIA HESICEH, OJHAKO COTJIACHO JIAHHBIM, ITOJIY4YEHHBIM B dKCIIEPUMEH-
TaJbHBIX MOJEJISIX BUPYCHOTO MUOKAapANTa, B TEUEHUH OO0JIC3HN MOXKHO BBIICIUTH TPU (Da3bl: OCTPYIO,
MOOCTPYIO U XpoHHUecKyto. OcTpas ¢a3a cBsi3aHa ¢ MHBa3MeH BUpyca B KJIETKHM MHOKap/a, ero periu-
KaIluen, pa3pylieHneM KapAHOMHOLIUTOB U anuTes 1-3 gus. B pesynsrare HeKpo3a KapJHOMHOIINTOB
00Ha)KaIOTCSl BHYTPUKIICTOUHBIC OCIKH, KOTOPBIC BBI3BIBAIOT AKTUBALIMIO MMMYHHON CHCTEMBI MAaKpO-
opraHu3ma, pUBIeKast KJIETKH — HaTypaJbHbIe KWIJIJIEPhl M Makpodaru B ouar noppexaenus. [logocrpas
¢aza MHOKapAUTa, KOTOPAasi MOXKET MPOJOJIKATHCSI OT HECKOJIBKMX HEZEIb 10 HECKOJIBKMX MECSLIEB, Xa-
paKTepusyeTcs pa3BUTHEM ayTOMMMYHHBIX PEaKIMi M 3aKJII0YaeTCsl B aKTHBALMH BHpYCCIEIUpHY-
HBIX T-muMdonmToB. BeipaboTka IMTUTOKMHOB (MHTEPICHKUHOB 1 1 6, (hakTOpa HEKpOo3a OMyXOoJeH o 1 Jp.)
U MPOTHBOBUPYCHBIX W aHTHUMHOKAPAMAJIBHBIX aHTUTEN YBEIMYMBACT MOBPEXKICHHE MHOKapAa, YTo
MOYET MPHUBOANUTDH K HAPYIICHUIO €r0 KOHTPAKTHIIBHOW QYHKIIUU. B OONBIIMHCTBE ClTydaeB DIIMMUHA-
LUl BUpYCa COMPOBOXKAACTCSI CTUXaHUEM UMMYHHOTO OTBeTa U (D)YHKIMSI MHOKap/a MOCTEIIEHHO BOC-
craHaBiuBaeTcs. OnHaKo B psjie cydaeB ayTOMMMYHHOE BOCIIaJIeHHe MUOKap/ia IEpCUCTUPYET BHE 3a-
BUCHMOCTH OT HAJINYMSI BUPYCHOTO F'€HOMA B KapAMOMHOLIUTAX, B PE3yJbTAaTE YET0 MPOLECC IEPEXOAUT
B XPOHHUECKYIO (a3y, KOTOpas XapaKTepU3yeTcsi PEMOJICIIMPOBAHUEM CEPALIA U Pa3BUTHEM JTUJIaTallOH-
HoM kapauomuonatuu (JJKMII) [3].

[Iporuo3 npu MHOKapAUTE 3aBUCUT OT STUOJIOTHH, KIMHUYECKUX MPOSBICHUH B 1e0I0TE 1 BapHaH-
Ta TeueHus 3a0oneBanus. Y 50 % mamueHToB MUOKAPIUT pa3perraeTcs B TeueHue 2—4 Henenb, y 25 % —
COIIPOBOKJAETCS PA3BUTHEM IIEPCUCTUPYIOIICH MUOKapaAuanbHON n1uchYHKIUH, a'y 12-25 % — peskum
YXYIIIEHUEM COCTOSIHUS BIUIOTH JI0 JETAIBHOTO HUCXO0/1a HJIM TIporpeccupoBanueM A0 Tsokenoin JJKMII,
TpeOyromieii TpaHcianTauu cepana [1]. B omHonenTpoBsiii peructp (Charité, Department of Cardiology,
Berlin, Germany, 2015-2018) Ob110 BkJt04eHO 210 ManueHTOB ¢ THCTOIOTUYECKH BEpHU(PUIUPOBAHHBIM
MHOKapIUTOM, KOTOPBIM IO MOKa3aHUAM OblIa Ha3HAUCHA TEPaIlns XPOHUUYECKOH cepleuHol HeJocTa-
toyHocTH (XCH). Ilepuon nabironenus coctaBuia 2 rofa. [lpu onenke gppakuuu BeIOpoOca JIEBOTO Ke-
nynouka (OB JIXK) mocie ncreueHus mnepruoaa HaOMIOACHUSI TTOTYyYeHBI JaHHBIC, 9TO B 47 % ciydacB
OB JIXX He BoccTaHOBUIACh, TpUueM y 13 % 3TOT mokasarens He U3MeHuiIcd, a y 34 % ymydmuics,
HO HE JIOCTHT HOPMaJIbHBIX 3HaYeHUH. Y 53 % manueHToB ObLIa 3aperucTpUpOBaHa COXpaHHas CUCTO-
mnueckas pynkuus JIK, y 26 % nu3 nux ©B JIK BoccTanoBuacs.

[lo nanabiM McCarthy ¢ coaBt. [4], cpenu 147 manneHTOB ¢ THCTOJIOTMUYECKU BEPUPHIIMPOBAHHBIM
MHOKapAUTOM ((PyTbMUHAHTHBIM M OCTPHIM) YPOBEHb BBDKHBAEMOCTH 0€3 TpaHCIIAaHTAIlMHM Cepila
mocje 5,6 roga HaOmroaeHus coctaBmi 79 %.

JlmarsHocTrka MHOKapuTa MOKET OBITh 3aTPyAHEHA M3-32 MHOT000pa3nsl ¥ HECTIEITM(PHUIHOCTH KITU-
HUYECKHX NMPOSBICHUH. 3a001eBaHNe MOKET MAaHU(ECTUPOBATh C PA3BUTHUS HAPYLICHUH pUTMa U IPO-
BOJUMOCTH, CHMIITOMOB CEPJICUHON HEIOCTATOYHOCTH, CTCHOKApAHAIBHBIX KaJl00 MK MPOTEKaTh Oec-
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cuMITOMHO [1, 3, 5]. B CBsI3U ¢ 3TUM B HEMHBAa3UBHOM THAarHOCTHKE MUOKAPIUTa HEOOXOAMMO HCIOIb-
30BaTh KOMILIEKC KIIMHHYECKUX U JTA00PATOPHO-UHCTPYMEHTAIBHBIX MPU3HAKOB.

Paboueil rpynmnoii mo Oone3HaM nepukapAa U Muokapaa EBponeiickoro ofmiecTBa KapIuOJIOTOB
B 2013 r. OBbIITH IPENJIOKEHBI KPUTEPUHU KIMHIUYECKHU TI0I03PEBAEMOT0 MHOKAPANTA, KOTOPBIE TIO3BOJISIOT
MIPEATIONOXKHUTD AUarHo3 NPH U3YUYECHUH KIMHUYECKON KapTHHBI, aHAMHE3a 3a00JIeBaHus, JaHHBIX HHCTPY-
MEHTAJILHOT'O U JIAOopaTopHOro obcienoBanus (tadu. 1) [1].

Tabnu Ima 1. KpnTepnn KIMHUYECKHU MOA03pPpEBAECMOI0 MUOKApAUTA

Table 1. Criteria for clinically suspected myocarditis

Kpurepuu

Omnucanue KpUTEpUeB

Knunuueckue'

Octpas 601b B rpyau, HPOSIBICHHS NEPUKAPAUTA UM IICEBIOHIIEMUYe-
ckas 601b

[losiBnenue (0T HECKONBKHX JIHEH 10 3 MecC.) WJIM NMPOrpeccCUpOBaHUE
OZIBIIIKU B MOKOE MJIM NPH (U3NUECKON HArpy3Ke M/ yTOMIISIEMOCTH,
¢ niu 6e3 MPU3HAKOB JICBO- U/WIIH IIPABOXKEITYA0YKOBOH CepIeuHOM Hell0-
CTaTOYHOCTH

[MomocTpoe/xpoHnyeckoe Hadano (>3 MecC.) WM TPOTrPECCHPOBAHHE
OJBIIIKY B MTOKOE MU MpH (pu3ndeckol Harpys3Ke W/MIN yTOMIISEMOCTH,
¢ niu 6e3 NPU3HAKOB JIEBO- W/HJIN MTPABOKEIYJOUKOBOMH CEPIeYHON HeJ0-
CTaTOYHOCTH

CepnueOueHue u/uiny Ipyrue HeoObsICHUMbIC CHMITTOMBI apHTMHN, 0OMO-
POKH, BHE3aIHast CMEPTh

HeoObsICHUMBIH Kap/IMOreHHBIN LIOK

uacnocmuueckue:

1. OcobeHHOCTH IEKTPOKAPIUOT pAMMBI/
XOJITEPOBCKOTO MOHUTOPHPOBAHUST/
CTpEecC-TeCTOB

II. Mapkeps! IOBpex ACHUS MUOKapia
III. ®yHKIMOHAIBbHBIE U CTPYKTYPHbIE
aHOMAJINU MPH BU3YyaTH3alUU CepIa
(axokapauorpadus/anruorpadus/
MarHUTHO-pE30HaHCHAs TOMOTpadus)

HenaBHMe n3MEHEHMs O JaHHBIM 12-KaHAIBbHOH 3IeKTpoKkapauorpaduy,
XOJITEPOBCKOI'0 MOHUTOPUPOBAHHSI U/UIIU CTPECC-TECTOB: aTPUOBEHTPUKY-
nsipHble O1okanb! (AB-610Kkanb!) m1000i cTenenu, 6iiokaaa 1000l U3 HO-
xkek mydka ['mca, mamenenus cermenta ST unum 3y6ma T, cunyc-apecr,
JKEITyJOUKOBas TaXUKapAns W GUOPUILISALINS KEITYyT0UKOB, aCUCTONNS,
¢uOpHILISIIKS TpeAcepaui, yMEHbIIeHNEe aMIUIUTY 16l 3yOna R, Hapymre-
HUSI BHYTPHIKEITYIOYKOBOW IPOBOAMMOCTH, MAaTOJOTHYecKuil 3yoer Q,
HU3KHH BOJIBTaX 3XOKapanorpaduu, yacras IKCTPACHCTONNUS, HaJDKETy-
JIOYKOBAs TAXUKapIUs

[ToBsIenue ypoBHs Tpononuna T/1

HoBble, HEOOBSICHUMBIC U3BECTHBIMU IIPHYMHAMHE JIEBO- H/HJIH MTPABOXKE-
JIY/I04KOBBIE CTPYKTYpPHbIC ¥ (DYHKIIMOHAJIBHBIE OTKJIOHEHHUS (B TOM YHCIIE
cilydaiiHble HAXOAKH Y OECCHMITOMHBIX NMAIlMEHTOB): JIOKAJIbHOE Hapy-
IIEHNE COKPATHMMOCTH MUOKap/a, M3MEHEHHe TI00aIbHOW CHCTOIMYECKOt

W/WTH TUACTONMYCCKOW (YHKIMHU, C WM 0€3 MUJIaTallid JKEITYI0YKOB,
¢ win 0e3 yTONIIEHWS CTEHOK, C WM 0e3 NPH3HAKOB IEpUKAPANTA,
¢ uiu 6e3 BHY TPUIIOJIOCTHBIX TPOMOOB

IV. 3meHeHus o JaHHBIM KapAnoBacKysipHoi |OTeK W/MN KIacCHYeCKUH MaTTepH (Habop KPpUTEpUEeB) MHOKApAUTA
MarHUTHO-PE30HAHCHOI TOMOrpadun

[ITpumeuanune. Ilogo3peHne Ha MUOKapANUT BO3HUKAET B CIIydae, €CIH y MallMeHTa HabmogaeTcs >1 KIMHUYECcKoe
MIPOSIBJIEHUE U >1 AMAarHOCTHYECKUH KPUTEPUil U3 Pa3HBIX KaTerOphuil MPpHU OTCYTCTBHH: 1) aHTHOTPAaHUSCKUX MPH3HAKOB
MOpa)kKEHUs1 KOPOHAPHBIX apTepuil (CTEHO3 KOPOHAPHBIX apTepuil >50 %); 2) paHee BBISABICHHBIX CEPACYHO-COCYIUCTHIX 3a-
OoeBaHM MM SKCTPAaKAPAUATBHOH MaTOJIOTHH, KOTOPBIE MOTIIH ObI OOBSCHUTDH CYIMIECTBYIONIYIO CHMIITOMAaTUKY (HalpuMep,
TUTIEPTHPO3, TIOPOKHU CEPALIA U JIp.). BEPOSATHOCTH TEM BbIIIIE, YeM GOJIbIIE KPUTEPUEB BBIABJICHO y TIAIIMEHTA. * — [IPH OTCYT-
CTBHUH KJIMHUYECKUX CHMIITOMOB Yy IAallUEHTA IS TOCTAHOBKH JMArH03a HEOOXOANMO HaJIWYHE HE MEHEe ABYX JUarHOCTH-
YECKHX KPUTEPUECB.

VYABTpa3ByKOBOE HUCCIICOBAHKUE CEPJIIA SBISETCS OCTYITHBIM METOJOM OIIGHKU COCTOSIHHS (DyHK-
MW MUOKapAa, TI00ambHOI 1 JJOKAaJIBHOW COKPAaTUMOCTH, Pa3MEpPOB KaMep Cepala, TOIIUHBI MHOKap/Ia.
Pannee BbINOSMHEHNHE HCCICAOBAHUS Y MAIIUCHTOB C MOJO3PECHUEM HA MUOKAPIUT TMO3BOJISIET UCKIIIO-
YUTHh APYI'YyHO0 KapaAuaJIbHYIO IIaTOJIOTMIO, KOTOpass MOXKET O6yCJIOBJII/IBaTB KJIMHUYCCKYIO CUMIITOMA-
THKY, a TaKXKe J]aeT BO3MOXXHOCTh OIIEHUTH CTPYKTYPHO-(PYHKIIMOHAIBHOE COCTOSSHUE MHOKAap/a, 4TO
OTIpeeisIeT JATPHEHIITY 0 JISYeOHO-THAaTHOCTHYECKY IO TaKTUKY [1, 3]. B momomHeHne K BBITIICH3I0KEH-
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HOMY SXOKapIuorpadus Mo3BoJsieT OLUCHUTh HAIMYKE TIEPUKAPANAIBLHOIO BBIIIOTA U BHY TPUIIOIIOCTHOTO
TpomOo3a.

KapaunoBackynsipaas MmarHuTHO-pe3oHancHas Tomorpadus (KMPT) B HacTosimiee Bpemst sSBIIsIETCS
HanOoJiee MHPOPMATHBHBIM METOAOM HEHWHBA3WBHON JUAarHOCTUKU MuokapauTa [1, 3]. Kpome orenku
CTPYKTYPHO-(DYHKIIMOHATBHEIX TIOKa3aTeNIeH COCTOSHIS MHOKapaa 1o pe3yiabrataM KMPT Bo3moxHa
TaK)Ke OIIEHKa TKAHEBBIX XapaKTEPUCTHK MUOKAp/a, TAKMX KaK OTeK, runepemMust u ¢uodpo3. s BeI-
SBJICHUS YKA3aHHBIX U3MEHEHHI PEKOMEH]IOBaHO MpoBezeHue oleHkn T2- u T1-B3BemeHHbIX n300pa-
JKEHWH B PaHHIOIO W TMO3IHIOI (a3bl KOHTPACTHPOBAHMS MpernaparaMu rajgoiannus (kpurepun Lake-
Louise) [1]:

1) noxanbHbIN nau 1udPy3HbIH 0TEeK MUOKapaa Ha T2-B3BEIICHHBIX H300paKEHUSX;

2) paHHEee KOHTpPaCTUPOBaHHE, BU3yaausznpyemoe Ha T1-B3BEHICHHBIX N300paKeHUAX yepe3 | MUH
Toclie BHYTPUBEHHOTO BBEICHUS KOHTPACTHOTO TIpernapara (raI0InHIH);

3) oTCpoYeHHOE KOHTPACTHPOBAHME, BU3yaTn3upyeMoe Ha T1-B3BEMICHHBIX H300paKEHUIX Uepes
10—20 MuH mociie BBEJICHNSI KOHTPACTHOTO IperapaTa (TraJ0TuHNN).

B cinyuyae BoimonHenuss KMPT B Tpex pexkOMEHIYyeMBIX IOCIEI0BATEIbHOCTSAX IPU BBISBICHUU
JIByX 1 OoJiee U3 TPeX TKaHEBBIX KPUTEPUEB UYBCTBUTEIBHOCTH METO/Ia COCTABIISET OKOJIO 78 %, B CITy-
Yyae BBISIBJICHUSI H3MEHEHHH TOJBKO B a3y OTCPOYCHHOTO KOHTpacTHupoBaHus — 68 % [6].

[Ipu unTepnperaunu pesynsraroB MPT cepana BozMoxkHO nuddepeHInpoBaTh MIIEMHYECKYIO
Y HENLIEMUYECKYIO MPUPOLY KapAHOMHUONATHH Y alMEHTOB C YBEJTMYCHUEM Pa3MepoB U JUPPy3HBIM
runokuHe3oM JDK, mpenmnonoxkuTh crennruyecKyo 3THOJIOTHIO TTOPaKeHUsI MUOKap/a, a TaKXke olle-
HHUTH IIPOTHO3, HCXOS U3 00heMa HeOOpaTUMO MOBPEXKACHHOT0 MUOKapaa [7].

307I0TBIM CTAaHAAPTOM TUATHOCTUKU MUOKAPIHTA SIBISICTCS SHIOMUOKapananbHas ouorcus (OMBbB)
C MPOBEACHUEM THCTOIOTHYECKOTO, UMMYHOTHCTOXUMHUYECKOTO U MOJIEKYJISIPHO-TE€HETHYECKOTO MCCie-
JIOBaHHWI OWomNTara C LENbI0 OLEHKH HAJIWYWS BOCHMAJUTEIBHON WHOQUIBTPAMH MHUOKapia, 04aros
HeKkpo3a u GuOpo3a, a TakKe HAJTMYMsI BUPYCHBIX HYKJIEMHOBBIX KHCIOT B KapauomuonuTax [1, 3, 5].
Onnaxo nposeneHue OMb compskeHO ¢ HEBBHICOKOH JAOCTYMHOCTHIO JAaHHOTO METOJAa MCCIIEAOBAHUS
Y HaJIM4MEM pHCKa OCJIOKHEHUH. B CBSA3M ¢ BBIIIEU3I0KEHHBIM UCIIOJIB30BAHNE 3TOI0 METO/IA IUAarHO-
CTUKHU B HACTOSIIIIEE BpeMsl MMOKa3aHO B IMEPBYIO OYepellb NMPH T'eMOJAMHAMHYECKON HECTAaOUIBHOCTH
BCJIE/ICTBUE BBIPAKEHHON CUCTOIMYECKON TUCHYHKIINHA MHOKAP/A WU KUZHEYTPOKAIONIUX apUTMHUH,
a Tak)ke MPU OTCYTCTBHUH TOJIOKHUTEIFHOW THHaMUKN Ha (poHe HazHaueHus Tepannu XCH u momo3pe-
HHUW Ha HHQIIBTpAaTHBHOE MTOpakeHne MUoOKapaa [1].

IIporuo3 u puck HEOIATOMPHUATHBIX UCXO/IOB Y TTAIIMEHTOB C MHOKAPAUTOM M3YUaJINCh B PsAJIe HCCITe-
nosanuil. CornacHo nanubiM J. W. Lee ¢ coaBrT. [8], ocHOBaHHBIM Ha aHaiu3e 37 cillyyaeB OCTPOr0 MHO-
KapauTa, BbISIBJICHUEC U3MECHEHUH B (a3e mo3aHero KoHTpacTupoanus no naHasiM KMPT (nmpusnaku
¢ubpoza Muokapza) ObIJIO acCOLUUPOBAHO C OoJiee BHICOKUM yPOBHEM HEOIarompHUsiTHBIX COOBITHI
U yXYALICHWEM MPOrHo3a B OTHOIIEHUH BoccTanoBneHus ¢pynkuuu JOK B nepuog no 41 mec. Anaso-
TUYHBIC JaHHBIC OBLITH MOJYYSHBI B UCCIICOBAHNH, BKIIFOUaBIIeM 222 MalueHTa C TUCTOJIOTHYECKH Be-
PUPHUITTPOBAHHBIM BHPYCHBIM MHUOKapAWTOM. Hanwdume o4aroB HakoruieHWs B (pasze OTCpOYEHHOTO
KoHTpacTupoBanus o naHasiM KMPT 6b110 Hanbomee CUITBHBIM PEIUKTOPOM CMEPTH Y dTOH KaTe-
TOPUH MAITUCHTOB [9].

Lens uccnenoBaHus — H3y4YUTh OCOOCHHOCTH TEUEHUS KIMHIMYECKH IT0I03PEBAEMOTr0 MUOKapIUTa,
OCIIO)KHEHHOT'O PAa3BHUTHEM CHUCTOIMYECKON TUCHYHKITHH JIEBOTO KEIyI04YKa.

MarepuaJibl 1 MeTObI HccIenoBanus. B nccnenoBanne ObuH BKITFOYEHB! 93 TallMeHTa ¢ KIIMHUYe-
CKH MOoA03peBaeMbIM MuokapautoM. Cpennuit Bozpact coctaBui 36,63 = 1,15 roga. uarno3 kiuHu-
YeCKH MOJ03PEBAEMOI0 MUOKAP/INTA YCTAHABIIMBAIN Ha OCHOBAHUU KPUTEPHUEB, PEAJIOKEHHBIX IKCIIEP-
tamu PaGoueil rpymmbl o OONe3HSM Mepukapaa U Muokapaa EBporielickoro o0miecTBa KapIuoioros
B 2013 r. (Tabm. 1) [1].

JlOoTOTHUTETPHBIM CHMITTOMOM, TIOJJIEP’KABAIOIINM KIMHUYECKOE TI0I03PEHIEe MHUOKApIUTa, CUH-
Tanu Hanu4aue nuxopanku (7> 38 °C) B meproj KIMHAYECKUX MPOSIBICHUH 1100 MeHee deM 3a 30 qHei
JI0 HUX TIPH HAJTMYUH UM OTCYTCTBHH CUMIITOMOB OCTPOW PECIIMPaTOPHON BHPYCHON HHpEKIHH (03HOO,
00JIb B TOJIOBE MJIM MBIIIIAX, 00IIee HEJIOMOTaHUE) WIH KUIICYHOH WH(PEKIUN (CHUKCHUE alllleTUTa,
TOIIHOTA, PBOTA, IUAPES).
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B uccnenoBannu UCmonp30Baty KIMHUYECKHE, TaOOpaTOPHbIC, HHCTPYMEHTAJIBHBIC U CTaTUCTHYE-
ckre metonbl. [IpoBoaunm m3ydenune aHamHe3a 3a00JieBaHUs, KIMHUYECKHUX TMPOSIBJICHUN B JIEOIOTE,
IoKa3aresieil TeMOIMHaMUKH (cucTonudeckoe aprepuaibHoe nasinenue (CAJl), nuactomndeckoe apTe-
puanbpHoe masienue (JA/Jl), gactora cepaeunsix cokparenni (UCC) mpu moctyrieHnw). JlaboparopHbie
METOJIbI BKJIIOYAJIH UCCIIE0BaHNE OOIIET0 aHaln3a KPOBH, YpoBHs C-peakTHBHOTO Oefika, TPOTIOHIHA,
Mo3roBoro Harpuyperndeckoro nentuaa (MHVYII), nokazareneit ¢pynkuum mnoyek, nedenu. Mucrpy-
MEHTaJIbHbIE METO/IBI BKIIOUaNn BhinonHeHne DK, yIbTpa3ByKOBOIO HCCIIEIOBAHMS CEpAILla B MAKCH-
MajbHO paHHue cpoku, MPT cepaua, koponapoanruorpadpuu (KAI') npu HeoOXOAMMOCTH UCKITIOUE-
HUS KOPOHAPHOT'O aTepoCKIIepo3a.

J1s OLIeHKH JIOKaJIBHOWM COKPaTUMOCTH MHOKap/a COIIacHO PEKOMEHAAIMSIM AMEPHKAHCKOTo o0re-
CTBa KapJMOJIOTOB HCIIOJNH30BATH YCIOBHYIO 16-cerMeHTHYI0 Mojaenb. COKpaTUMOCTh KajKJIOTO Cer-
MEHTA OoIpesessany O6amnax: 1 — cokpaTuTeNbHas CIIOCOOHOCTh COXPaHEHa, 2 — TUIIOKWHE3, 3 — aKWHe3,
4 — nuckwHe3. Berancasanu wHaeke JokansHoi cokpatuMocTt (MJIC), mpencraBisronuii co00i OTHO-
HIeHre o0IIero yrucia 0amioB K KOJIMYECTBY BU3YaJTH3UPOBAHHBIX CEIMEHTOB, 1 CyMMAapHYIO COKpaTH-
MocTh nopakeHHbIX cermeHToB (CCIIC), mpeacTapistonlyo co0ol cymMmy 0aJlJIOB CErMEHTOB C Hapy-
LIEHHON COKPAaTUMOCTBIO.

O06paboTKy MONYYEHHBIX PE3YJIBTAaTOB MPOBOIWIHN C HUCIOJB30BAHUEM CTATHCTUYECKHX IMAKETOB
Excel, Statistica (Bepcus 10.0, StatSoft, Inc., CIIIA). [l1s1 onucaHus KOJIMYECTBEHHBIX TPU3HAKOB ObLIH
MpOaHaJIM3UPOBaHbl HapaMeTPhbl pacipenesieH s (COOTBETCTBHE BUAA paclpeeeHns 3HaUCHUH n3yya-
€MOro MPHU3HaKa 3aKOHY HOPMaIIbHOTO paclpesieieHns)) ¢ ucIoib3oBanueM kputepus Lllamupo—Ywiika.
B ciryuae HOpManpHOTO pacrpeneieHns Mpu3Haka JaHHbBIe MTPEICTABISINA B BUJIE CPETHETO 3HAUYCHUS
npu3Haka (M) ¥ 3HaYeHUS CTaHAApTHOW OMMOKU CpemHero 3HavueHHs (m). B ciaydae pacrpeneneHus
MpHU3HAKA, OTIMYHOTO OT HOPMAJLHOTO, JIaHHBIC TIPEACTABISIN B BUuJe Meauanbl (Me) u MHTepKBap-
TUJIBHOTO MHTEpBaja Mexay 25-M u 75-M npoueHTHisMH. CpaBHEHHE JIBYX HE3aBHCHUMBIX TPYTI
10 KOJIMYECTBEHHOMY MPU3HAKY B CIydae pachpeelieHHs 3HaYeHUH U3y4aeMoro pru3HaKa Mo 3aKoHy
HOPMAaJIBHOTO pachpeeNieHrsl OCYIECTBISIIN Ipy noMoiu t-kputepusi CteiomeHTa. st cpaBHEHUS
JBYX HE3aBUCHMBIX T'PYIII, HE COOTBETCTBYIOIIMX 3aKOHY HOPMAaJIbHOI'O PACHPEACIICHHS, UCTIOIb30BAIH
kputepuii ManHa—YuTHU. J{11s cCpaBHEHUS TPYII 10 KaYECTBEHHBIM IPU3HAKAM MPOBOJIMIINA aHAIIN3
4acTOTHI BCTPEYAEMOCTH MpU3HaKa. Pa3nmudus Mex 1y He3aBUCUMBIMH BRIOOPKAMU OIIEHUBAJIH I10 YacTO-
T€ MCCIelyeMOoTo IMMprU3HaKa Ha OCHOBE TOYHOTO KpuTepus Puriepa, Tecta x> Paznuyus B rpynmax cuu-
TaJli 3HAYUMBIMH TIPH BEPOSITHOCTH O6e301mnd09IHOT0 Iporao3a 95,5 % (p < 0,05) [10].

JList BBISIBIIGHUST B3aUMOCBSI3H MEXKY JBYMS TIPU3HAKAMH BBITIONHSITH KOPPEISIIUOHHBIA aHAN3.
B3anmocBs3b MeX1y HOpMallbHO pacrpeieIeHHbIMU KOJHUECTBEHHBIMU MTPU3HAKAMH OL[EHUBAJIH C T10-
MOUIBIO TAPAMETPUIECKOT0 KOPPEISIMOHHOTO aHanu3a [IupcoHa, B3auMOCBSI3b MEXKAY KOJIIMYECTBEH-
HBIMU TIPU3HAKaMH HE3aBHCHUMO OT BUJIA UX PACIIPE/ICIICHUS, a TAK)KE MKy KOJIMUSCTBEHHBIMU U Ka-
YECTBEHHBIMH MOPSAKOBBIMH MPU3HAKAMH — C MIOMOIBIO HEMapaMeTPHUECKOI0 METO/Ia KOPPEISLIUOH-
Horo aHanm3a CrimpmeHa. B 3aBucuMocTu oT 3HadeHHs Kod(ddummenta koppensuuu (r) onpeaesuim
cmry Koppensiiuu: [r| < 0,25 — cnabas; 0,25 < |r] < 0,75 — ymepennas; || = >0,75 — cunpnas [10].

Pe3yabTraThl 1 uX 00cyskaeHne. B BO3pacTHOM CTPYKType NallMEHTOB, BKIIOUEHHBIX B UCCIIEI0BA-
HHe, Tpeodtajaiy Jua MoJoforo Bo3pacra (64,5 %). CTpyKTypa ManueHToB B 3aBUCHMOCTH OT BO3-
pacTa mpejcTaBlieHa Ha PHCYHKE.

Cpenu o0cnenoBanHbIX Jull 74 (79,6 %) — myxkuunsl. Kypui 21 (22,6 %) nanuent, y 39 (41,9 %) BbI-
SIBJICHO yBEJIMUCHHE MHJEKca Macchl Tena oonee 25 kr/m?, 30 (32,3 %) uMenu ycTaHOBJICHHBIH THarHO3
apTepuasbHON rUIepTeH3UH, y 4 MAaUeHTOB 3apErUCTPUPOBAHbI HAPYILIEHHS YTIJIEBOAHOTO OOMEHa.

B uccnenyemoii koropre naMeHTOB H3MEHEHU I KOHEUHON YacTH KeTYJ0UYKOBOI'O KOMILIEKCa ObIITN
nipencrapinensl areBaruer cermenta ST (y 33 (35,5 %) yenosek), nenpeccueii cermenta ST (y 12 (12,9 %)),
naBepcueii 3yomna T (y 35 (37,6 %)).

VY 50 (53,8 %) marrenToB, BKIIOYEHHBIX B UCCIIEIOBaHNE, 3a00JI€BaHNE COMTPOBOXKIAIOCH Pa3BUTHEM
TaKUX HapyIIEHUH pUTMa, KaK HaKeITyaoukoBas (n = 29) u xemyaoukoBas (n = 26) SKCTpacUCTONHS,
CHUHYCOBast Opaaukapaus (n = 9), mapoKCHU3MaTbHasI HAJKEITyI0UKOBast Taxukapaus (1 = 11), mapoKCH3MBbI
bubpuIsIMu/TpeneTanus npeacepanit (n = 11), napokcu3ManbHas KenyA0uKoBas Taxukapaus (n = 7),
GUOPHIIALUS )KETYA0UKOB (11 = 4).
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BO3paCTHa${ CTPYKTYpa NallMCHTOB, BKJIFOYEHHBIX B UCCJICJOBAHUEC

Age structure of the patients included in the study

IIpu omeHke CTPYKTYpHO-(HYHKITHOHAIEHOTO COCTOSTHUS CEpAIIa METOIOM dXokapauorpadun (9x0-KI)
BBIsIBIIEHO, 4TO ¥ 40 (43,01 %) manrenToB 3a001eBaHHE COMPOBOK/IATIOCH CHIYKEHUEM CHCTOIMYECKOH
¢dyukun JIK (@B JIXK < 55 %), a'y 47 (50,5 %) — HapylIeHUEeM JIOKallbHOM COKpaTHTEIBHOM CrIoco0-
HOCTH MHOKap/a.

Cornacno nanabIM Ox0-KI, BoBjeueHne npaBoro keiay/104Ka B MaTOJOTHYECKUI TPOLECC BBIABIIS-
70ck B 22,2 Y% city4aeB, 4TO COMPOBOXK/1AJI0Ch CHUKEHUEM TOKa3aTelN sl CUCTOINYECKOH AKCKYPCHH ITJI0C-
kocTu TpukycnuaanbHoro koibia (TAPSE) — menee 17 mM. BoBiiedeHre B MaTOIOTUYECKUN TTPOIIECC
nepukapaa BeIsBIsI0Ch ¥y 18 (19,4 %) manuentos. @opmupoBanue Tpom6oB B nojoctu JOK Ha ¢one
MHOKapauTa perucTpuponaiocs y 5 (5,4 %) nauueHTos.

MPT cepmma Op110 BBITIONHEHO 65 maruenTaM. JloctaTounsiit Habop MPT-kpuTepreB s TUarHoCTH-
KU MHOKapauTa (HaJmaue IByX U 6osee nuarnoctuueckux MPT-kpurepueB muokapauta Lake-Louise)
nonyueH y 46 (70,8 %) mauuentoB. bosnee Bricokyto napopmaTuBHOCTE MPT-HicCieqoBanus B cpaBHe-
HUU C [PYTUMHU HEMHBA3UBHBIMU METOJIMKAMHU MOATBEPIKAACT TOT (aKT, YTO y 28 MAIIMEHTOB C JOCTa-
TOYHBIM HaOopoM MPT-kpurepueB MuokapanuTta (AByx u 0oJjiee) Mo JaHHBIM yJIbTPa3BYKOBOT'O HCCIIE-
JIOBaHUS CepAlla U3MEHEHUI HE BBISBIICHO.

B pamkax auddepeHnnanbHOi TMarHoCTUKH UIIEMHYECKOTO M BOCIIAIMTEIBHOIO IOPaXKEHUsT MUO-
kapaa 62 naruentaM BoinosiHeHa KAT. [lo pe3ynbraTaM npoBeACHHOI0 HCCIeA0BaHus y 43 MalueHToB
HE BBISIBIICHO MOPAXEHHSI KOPOHAPHBIX apTepuid, y 13 — 3aperucTpupoBaHbl reMOAMHAMIUYECKH He3Ha-
YUMBIE aTePOCKJIepOTHIECKHEe N3MeHeHn (cTeHo3 meree 50 %), y 5 — MHOKapauanbHble MOCTHKH, ¥ 1 —
MIPU3HAKH JUJIATAllM KOPOHAPHBIX apTepui, y 1 — KOpOHApHBIN aHTHOCTIa3M B OTCYTCTBHE aT€pPOCKJIe-
POTHYECKOT0 MOpPaKEeHUsI KOPOHAPHOT'O pycia.

C 1enblo BBISBICHHUS OCOOCHHOCTEH Te4deHUs 3a00ieBaHUs NPU PA3BUTHH CHCTOIUYECKOW JHC-
¢yuknun JOK nanuenTs! ObITH pa3esieHbl Ha ABE IPYIIIBL C pa3BUTHEM CHCTOINYECKOH qucyHKINN
JIK (@B JIK < 55 %, n = 40) u ¢ coxpannoit ®B JIXK (n = 53).

BrrsiBiieHO, 4TO B rpyIIne ManueHToB ¢ cucronnueckor quchynknuedt JOK ynenbHbIi Bec My X4uH
ObLII 3HAYMMO HIKE, YeM B rpyire cpaBHenus (75 % npotus 81 % coorBeTcTBeHHO, > = 9,3, p < 0,01),
a CpeJHeTpYIIOBOW TMOKa3aTelb Bo3pacTa Obli BhImie u coctami 40,7 £ 1,87 u 33,6 + 1,3 rona coot-
BeTCTBEeHHO (p < 0,01). Y mamueHToB ¢ mpu3HakKaMu BocaTuTeIbHoU Kapauomuonatnn (KMII) 3naqn-
MO Yallle pa3BUBAJINCH HAPYIIEHUI PUTMa, 9eM B rpyIie cpaBHeHus (65 % mpotus 43,3 % cooTBeT-
CTBEHHO, ¥* = 4,3, p < 0,05), npu4em Takoe )KU3HEYT'POXKAIOIIee HAPYIICHHE PUTMA, KaK (GHOPHILIAIIS
JKETYIOUKOB, PETUCTPUPOBAIIOCH TOJIBKO B T'PYIINE MAIIMEHTOB co cHuKeHHoM OB JIK.

IIpu onenke nokasaresneil reMOAMHAMUYECKOTO CTaTyca MPU MOCTYIIJIEHUH MOTYUYeHBl JaHHBIE, UTO
JUTSI IALIMEHTOB CO CHUYKEHHOM cuctonnyeckoi ¢ynxmueit JOK Obutn xapaktepHbl 0Oojiee BHICOKHE 3HAUC-
Hust YCC, uem s rpymnmsl cpaBaenus (94,5 (75-100) u 85 (70—89) yaapoB B MUHYTY COOTBETCTBEHHO,
p =0,006) (Tabm. 2).

[Ipn anamm3e pe3ynbTaToB JTabOPATOPHOTO NCCIEIOBAHNS B OCHOBHOW TPYTINIE B CPABHEHNUH C TPYTITION
narueHToB ¢ coxpanHoi @B JIK BbIsiBIeHBI 3HAUMMO 0oOJiee BHICOKHE CPEIHETPYNIOBbIE 3HAUYCHUS
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Tao6numa 2. Cpexnerpynnosbie noka3zareau CAJl, IA/l u UCC npu nmocTynjieHNd y NAIUEHTOB
€O CHHKCHHOM U COXPAHHOI ¢pakuueii BbIOPOCA JIEBOI0 KeJy109Ka

Table 2. Average group parameters of SBP, DBP and a heart rate at admission in patients

with reduced and intact left ventricular ejection fraction

I'pynma nammeHToB ¢ CHCTOIHYECKOH I'pynna cpaBuenus (OB JIXK > 55 %)
Tokasare, aucdy ket JOK (OB JIXK < 55 %) (n = 40) (n=53)
CA/Jl, MM pT. cT. (M £ m) 123,3 £3,15 121,4 + 1,96
JIAJL, Mm pr. ct. (Me (25 %75 %)) 80 (70-85) 80 (70—80)
UCC, ya/mun (Me (25 %75 %)) 94,5 (75-100)" 85 (70-89)

IpuMeugaHnue *— TOCTOBEPHOCTH paznuyus mokasarenein npu p < 0,05. @B JIXK — dpaknus BeIOpoca 1eBoro
xkenynouka, CAJ] — cucronmueckoe aprepuainpHoe nasineHue, JJAJ] — numacronnyeckoe aprepuanbHoe masieHue, YCC —
YacTOTa CepACUHBIX COKPAIICHUH.

KOJIMYECTBA JIEHKOIMTOB B mepudeprueckoit kposu (11,5 (8,2-13,9) u 9,1 (6,9-11,3)-10°/1 cooTBETCTBEHHO,
p <0,05), kornentpauuu J-mumepos (604 (179-1640) u 186,5 (102—522) ur/mi cooTBeTCTBEHHO, p < 0,05),
MHVTI (558,5 (91,9-1090) u 36,9 (12,5-103,5) nr/mu cootBercTBeHHO, p < 0,001), KpeaTHHUHA B ChI-
BopoTtke kposu (111,6 (88,4—141) u 86,5 (80,4—103,5) mxmonb/n coorBeTCTBeHHO, p < 0,001), 3Haue-
HUs cKopocTu KiyboukoBoi ¢ubrparuu (CK® — 68,9 + 4,7 u 92,02 + 2,58 mu/mun/1,73 m? cooTBeT-
cTBeHHO, p < 0,001).

CtpyKTypHO-(DyHKIIMOHATBFHOE COCTOSTHUE cep/lia Mo naHHBIM Dx0-KI' y manueHToB co CHUKEeH-
HOW cuctonudeckor ¢pynknuert JIXK B cpaBHeHuu ¢ nunamu ¢ HopManbHoi @B JIXK xapakrepuzosa-
JI0Ch OOJBIIMMHE pa3MepamMu KaMep cepina, 6oyee BRIpaXeHHBIMHA HAPYIICHUSIMH JIOKAJTbHON COKpaTH-
moctu JIK (Tabsm. 3), 6osee 4acTHIM BOBJICUCHHWEM B TMATOJIOTHYECKHUN IPOIIECC MPABOTO XKEITyT0UKa
(56,3 % tpoTtus 22,2 % coOTBETCTBEHHO, > = 6,4, p < 0,05).

Ta6nuna 3. Pe3yabraThbl yIbTPa3ByKOBOI'0 HCCJIECI0OBAHUS CEPALA Y NALUEHTOB UCCJIEYeMBbIX I'PYIIIT

Table 3. Echocardiography results in patients of the study groups

v e corannenolvednet | T e

JITL, oM (M + m) 3,950,110 3,52+ 0,05
K JDK, oM (M + m) 5,79 +0,15° 4,98 + 0,08
KCJTJIK, M (M + m) 4,53+0,19° 3,15 + 0,07
KJI0 JIK, w1 (M + m) 145,11 + 9,69° 100,2 £ 3,6
KCO JDK, mxt (Me (25 %75 %)) 72 (51-110) 36 (32-44)
YO JTIK, ma (Me (25 %75 %)) 53 (44-74) 63 (51-72)
WJIC (Me (25 %-T75 %)) 2 (1,44-2,28)" 1,06 (1-1,18)
CCIIC (Me (25 %75 %)) 32 (16-35)° 6 (4-8)
TIIL, oM (M + m) 440,14 3,58 £0,05
TI3PITK, om (M + m) 3,12+ 0,13 2,68 = 0,08
TAPSE, MM (M + m) 15,87 + 1,01° 23,3 +0,68

IIpumeuyanwue *— A0CTOBEPHOCTh paznuuus nokaszareneit npu p < 0,05. JIIT — nesoe npencepaue, KA JIK —
KOHEYHBIH AuacToIMuecKuil nuametp JieBoro xenyaouka, KCJ JIXK — koHeuHbIH CUCTONMYECKUN JUaMETp JI€BOr0 KeJy104-
ka, KJIO JI)K — koHeuHBI# quacTonndeckuil 00beM j1eBoro xenynouka, KCO JIXK — koHeqHBIH CHCTOMNYECKIiT 00beM JICBO-
ro xenynouka, YO JIXK — ynapustit 066em neBoro xenynouka, MJIC — mHIEKe T0KaTbHOH COKPATHMOCTH JIEBOTO JKEITy109Ka,
CCIIC — cymmapHasi COKpaTEMOCTB ITOPaKeHHEIX cerMeHToB, 111 —npaBoe npencepnue, [13PIIK — nepenne-3aguuii pasmep
npaBoro xenynodka, TAPSE — cucronnueckast 3KCKypCHs INIOCKOCTH TPUKYCIIHIATBHOTO KOJIbIIA.

[Ipu mpoBeneHNN KOPPEIAIHOHHOTO aHAIM3a TIOTYYeHBI JJaHHBIE 0 HAJTMYUU 00paTHOW yMepeHHOH
CHUJIBI CBsI3M MeX Ty TokazaresneMm @B JIXK u Bo3pactom naruenTa (r = —0,36), 3nagerunem YCC mpu mo-
crymiennd (r = —0,32), BBIpa)XKeHHOCTHIO CEPICYHON HEJOCTATOYHOCTH MPH MOCTYTUIEHUH (TT0 KIIACCH-
¢dukamuu Crpaxkecko—Bacunenko —r = —0,65; no knaccupukamnuu NYHA —r =—0,58). BeipakeHHOCTB
cucronnyeckor nuchynknnn JIXK koppenupoBana co CTENEeHbIO HAPYIICHHsI JIOKalbHOH COKPaTHMO-
ctu JOK (UJIC — r = -0,87; CCIIC — r = —0,87), cumxenureM ¢pyHKIuU npaBoro xenyaouka (TAPSE —
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r = 0,58), pasmepamu npasbix otaenos cepana (I1I1 — r = —-0,41; II3PIIK — r = —0,41), cuctonnyeckum
JaBJICHUEM B JICTOYHOH apTepuu 1o gaHHbIM Dx0-KI' (r = —0,54), Kkomn4ecTBOM CErMEHTOB € IIPU3HAKa-
Mmu ¢pubpo3a muokapaa no ganasiM KMPT (r = —-0,32).

3akirouenue. Y 43,01 % mamueHToB ¢ KIMHUYECKH TIOA03PEBAEMBIM MHUOKApAUTOM 3a00JIeBaHNe
COMPOBOXKIATIOCH CHIDKCHHEM CHCTOINYecKoi dyHkmuu JIDK. ¥V 3Toif kaTeropuu manueHToB B CpaBHE-
HUU ¢ Junamu ¢ coxpanHoit @B JIXK Obw1 3HaunMO HEKe yAenbHBIH Bec MyxuuH (75 % npotus 81 %
cooTBeTCTBEHHO, ¥> = 9,3, p < 0,01) u BBIIIE CpeAHErPYIIOBOM MOKa3aTenb Bo3pacrta (40,7 + 1,87
u 33,6 + 1,3 roga cootBetTcTBeHHO, p < 0,01). TeueHue 3a0oaeBaHUs IPU PA3BUTUU CUCTOIMYECKOM JTUC-
¢yuknun JDK xapakrepuszoBajoch 0ojiee 4acThIM pa3BUTHEM HapyleHuid putMma (65 % nportus 43,3 %
COOTBETCTBEHHO, * = 4,3, p < 0,05) u 60nee BoicokuM nokazarenem UCC npu noctymienuu (94,5 (75-100)
u 85 (70—89) ynapos B MHUHYTY cooTBeTCTBEHHO, p = 0,000). CTpyKTypHO-(pYyHKIIMOHAIBHOE COCTOSI-
Hue cepaua no aaHHeiM IOx0-KI' y manuenToB co cHmxenHod @B JIK B cpaBHeHUHU ¢ nMIAMHU € CO-
xpanHoit ®B JIDK xapakTepu3oBaioch OOIBIIMMH pa3MepaMu KaMep cepiia, 00jee BbIpaKeHHBIMH Ha-
PYIIEHUSIMH JIOKaJIbHOW cokpaTuMocTH Muokapaa JIJK, Gomee gacThiM BOBJIEUEHHEM B IAaTOJIOTHYE-
CKHMH TIpoIIecc mpaBoro kenynaouka (56,3 % mpotus 22,2 % cooTBETCTBEHHO, ¥ = 6,4, p < 0,05).

Kondaukr natepecoB. ABTOPHI 3asBISIOT 00 OTCYTCTBUU KOH(PIUKTA HHTEPECOB.
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5. . HoBorponckas, E. M. lopomenko, M. H. Kypoar

I'poonencrkuii cocyoapcmeernnviii meouyunckuil yrusepcumem, I poono, Pecnyboauxa benrapyce

U3MEHEHUE KOHIEHTPAIIUM CEPOCOJAEPXKAIIUX AMUHOKHCJIOT
B T'OJIOBHOM MO3T'E IOCJE METHOHUHOBOM HATPY3KH B DKCIIEPUMEHTE

AHHOTanMs. V3y4eHo BIUSHIE METHOHHHOBOM Harpy3KH Ha COCTOSIHUE IyJIa CEPOCOIePIKAIMX aMHUHOKUCIOT U HEKO-
TOPBIX META0OIMYECKH POJICTBEHHBIX UM COSIMHEHUHI B PA3IMYHBIX CTPYKTYPaxX IOJIOBHOI'O MO3ra KpbIC. JIaHHBIE COeIHE-
HUSI OTIPEIeNISIIA METOAOM 00paIeHHO-(a30Bol BEICOKOA(P(PEKTUBHOM KUAKOCTHOM Xpomarorpaduu. Bo Bcex nccnenoBaH-
HBIX PErHOHAX MO3ra Harpy3ka METHOHHHOM B CYyTOYHO# 03¢ 3 I/KI IPUBOAMIA K OJHOHANPABICHHOMY JUCOaIaHCy cepo-
COZIepIKAIUX COSTMHEHUIT — MOBBINICHUIO KOHLIEHTPAIM METHOHWHA U THITOTayprHa (Hanboiee BhIpaKEHHOE B CTPHATYMe),
[UCTaTHOHHWHA (HanboJiee BBIPaKeHHOE B OONBIINX MONYIIAPUSX). 3HAYMMOE MOBBIIIEHUE KOHIIEHTPAI[MY TaypHHA HaOJII0-
JIaJIoch JINIIb B THIIOTAJaMyce M cTpuaryMme. Bo Bcex oThenmax mMo3ra, KpomMe CTpHaryMa, OTMEeYaloch CHHIKEHUE yPOBHS
CepuHa — NPe/IIeCTBeHHUKA TpaHCcCyNb(ypupoBanus. B Mo3xkeuke, 0 cpaBHEHHIO C APYTUMH PETHOHAMH MO3ra, Habo1a-
JIOCh MOBBIIICHNE COJEPIKAHUS INCTEHHOBON KUCIIOTHI U CHHIKEHHE YPOBHS LIUCTEHCYIb(GHUHOBOIL, YTO yKa3bIBaeT Ha TO, YTO
CHHTE3 TaypHUHA OCYIECTBIISIETCS IPEUMYIIECTBEHHO 110 Y TH OKHUCICHUS MOCIEIHEH.

Kuio4eBble cJI0Ba: MCTHOHMHOBAS HArpy3Ka, MO3T, CEPOCOJICPIKAIINE AMHHOKHCIOTHI

Jois uutupoBanusi: Hosorpoackas, S1. V. MI3smeHneHne KOHIEHTpALUN CEPOCOAEPKAILIMX aMUHOKHUCIIOT B TOJIOBHOM MO3re
MOCJIe METHOHMHOBO# Harpy3ku B akcriepumente / 1. Y. HoBorponackast, E. M. lopomerko, M. H. Kyp6at // Bec. Har. akas.
HaByk benapyci. Cep. men. HaByk. — 2020. — T. 17, Ne 4. — C. 461-469. https://doi.org/10.29235/1814-6023-2020-17-4-461-469

Yana I. Novogrodskaya, Yevgeny M. Doroshenko, Mikhail N. Kurbat

Grodno State Medical University, Grodno, Republic of Belarus

CHANGES IN THE CONCENTRATION OF SULFUR-CONTAINING AMINO ACIDS
IN THE BRAIN AFTER METHIONINE LOAD IN THE EXPERIMENT

Abstract. The effect of methionine overload on the state of the pool of sulfur-containing amino acids and their metabolites
was studied in the various brain structures determined by reverse phase high performance liquid chromatography (HPLC).
In all regions of the brain studied, methionine led to a unidirectional imbalance of sulfur-containing compounds: there was
an increase in the concentrations of methionine, cystathionine and hypotaurine. The most pronounced increase in methionine
and hypotaurine levels was observed in the striatum, cystathionine in the hemispheres. A significant increase in taurine
concentration was observed only in the hypothalamus and striatum. In other parts of the brain a tendency to increase its level
was shown. In all brain regions studied except the striatum, serine levels were decreased. In the cerebellum, in comparison
with other regions, an increase in the level of cysteic acid and a decrease in the level of cysteinesulfinic acid were observed,
which indicates that taurine synthesis is occurred mainly through the cysteine sulfinate oxidation.

Keywords: methionine load, brain, sulfur-containing amino acids

For citation: Novogrodskaya Ya. I., Doroshenko Ye. M., Kurbat M. N. Changes in the concentration of sulfur-containing
amino acids in the brain after methionine load in the experiment. Vestsi Natsyyanal nai akademii navuk Belarusi. Seriya
meditsinskikh navuk = Proceedings of the National Academy of Sciences of Belarus. Medical series, 2020, vol. 17, no. 4,
pp. 461-469 (in Russian). https://doi.org/10.29235/1814-6023-2020-17-4-461-469

Beenenue. [ nnepromonucrenHeMusl, siBIsromasics (GakTopoM pUcKa HEBPOJIOTHUECKUX U TICHXUYe-
CKHX PacCTPOUCTB, MOXKET OBITh 00ycIIOBJIeHa AeuinToM (posIaTOB, IIUCTATHOHWH-[3-CHHTA3bl, BUTAMHU-
HOB B,,, B, B, 1111 3aMeHO#i HyK/ICOTH/IOB B reHax N°,N'-metunenterparuapodonarpenykrassl (T428C,
G458T, C459T, C677T, A1298C) [1, 2], penykTa3sl MeTHOHHHCUHTA3HI (AG6G) [3], METHOHMHCHHTA3BI
(A2756G) [4]. IIpogyKT TpaHCMETHUIMPOBAHUS MHOTOYHCICHHBIX CyOCcTpaToB — romoructenH (Hcey),
a B OOJIBIIICH CTETICHH MPOAYKT €0 OKUCIICHHS — ToMorucTenHoBas kuciora (HCA) obnamarot Helipo-
TOKCHYECKUM ﬂeﬁCTBHeM 1 4aCTUYHO OGYCHOBHI/IBaIOT Pa3BUTUC KOTHUTHUBHBIX HapymeHI/Iﬁ B pE3yJib-
TaTe pa3BUTHUS OKUCIUTEIBHOTO cTpecca [5, 6].

© Hosorpoackas 5. U., lopomenko E. M., Kyp6ar M. H., 2020



462 Proceedings of the National Academy of Sciences of Belarus. Medical series, 2020, vol. 17, no. 4, pp. 461-469

DKCHEepUMEHTHI i1 Vitro TIOKa3ald, 4TO HUTOTOKcHueckuil 3¢ dext Hey mposiBisieTcst TOIbKO B KOH-
LEHTpalusx cBbime 1 MMomb/m. Micxoast u3 3Toro, aBTopsl CUUTAIOT, 4TO Hey siisieTcs ciabbiM Hellpo-
TOKCUHOM [7]. A. A. BonaeipeB [8] B CBOMX UCCIENOBAHUSIX TAK)KEe OTMEUaN TOKcHueckoe BiausHue Hey
Ha KyJIbTYypy HEpBHBIX KJeToK. HCA sokanu3yeTcs B TIIHAIBHBIX KJIETKaX Mpe(pOHTAIBHOW KOPHI, TH-
rmoTajaMmyca, a ee BBIXOJl U3 aCTPOIIUTOB MMEET MECTO MPHU CTUMYJIHNPOBAHUH KaK MOHOTPOITHBIX, TaK
1 METa0OTPOMHBIX TIIyTaMaTHBIX penenTtopoB [9]. MHorne mccieaoBaTeNy OTMEYAIOT, YTO TOKCHYe-
ckoe neictBue Hecy m HCA nampasieno Ha rimytamaTHble perienitopsl NMDA-THa Ha HelipoHax, 4To
MPUBOJIUT K MPOHUKHOBCHUIO B HeWipoHbl Ca?’, BhI3bIBas HAKOILJICHHE CBOOOMHBIX paaukaios [8, 10—12].
AKTHBHBIE ()OPMBI KUCIIOPOAA PEAarupyloT ¢ HEHACHIIIEHHBIMU KUPHBIMU KUCIOTAMU MEMOpaHHBIX
JUMUJOB U 3aIyCKalOT peaklMM NMEePEKUCHOr0 OKUCIEHNUs. BenencTue yBennueHus NIpoHULIAeMOCTH
MeMOpaH JJIsi MOHOB BOJIOPOZA M KaJbIUs, Pa300IIeH s TPoleccoB GPochopruinpoBaHus U OKUCICHUS
B MUTOXOHJIPUSIX KJIETKa OKa3blBaeTcsl B ycioBuax Hegoctarka AT® [13]. merorcs nanHwle, cBUIE-
TEJIHCTBYIOIINE O TOM, YTO BBICOKHI ypoBeHb HCy B KpOBU CBsI3aH ¢ HAPYIIEHUSIMH TPOCTPAHCTBEHHOM
OpHEHTAITNH, KPaTKOBPEMEHHOM U JOJITOBPEMEHHOHN MaMITH Y )KUBOTHBIX [14], 00yCIIOBICHHBIMU pa3-
BHTHUEM OKHUCITUTEIHLHOTO cTpecca B mo3re [15, 16]. [Ipyrue ke aBTOpHI mmoyiararoT, 9To Hey MokeT oka-
3BIBaTh HEHPOTOKCHYECKOE NEUCTBHE, CXOAHOE C KCEHOOMOTHKAMHM, TAKUMHU KaK TOIyorl u 1,2-mume-
Tunruapasut [17].

S. A. Blaise [18], ocHOBBIBasich Ha pe3yJbTaTaX HMMYHOI'HCTOXUMUYECKOTO HCCICAOBAHUS aKTHB-
HOCTH S-a/IecHO3MJITOMOLMCTENH THAPOJIa3bl, IPEANOIOKHUI, UTO TUIIEPrOMOLIUCTENHEM U, BEI3BAHHAS
JIeUITUTOM BUTAMUHOB TpyIIbl B B miepnos; 6epeMeHHOCTH, MOXKET TPUBOAUTH K HEPABHOMEPHOMY
HakoruleHnio Hcy B TKaHSX MO3ra pa3BHBAIOMIETOCS TUIONA: B OONbBIIEH CTENEHW B 36PHUCTOM CIIOE
MoO3keuka, mupamugHoMm cioe CAl rummokamria, CTpuatyMe U CyOBEHTPHKYISIPHOH 30HE, BBICTHIIA-
To1ei OOKOBOII JKeITyI09eK MO3Ta KPBIC, T. €. B 00J1aCTsIX, OTBETCTBEHHBIX 32 ABUTATEIbHbIC (DyHKIINH,
oOydeHune u nmaMsTh. Hakorienne ero B HeHpOHAJIBHBIX KJIETKAaX U aCTPOIUTaX MPUBOIUT K allONTOTH-
yeckou rudenu kieTok [19].

K. Robert ¢ coaBr. [20] Ha 0OCHOBE UMMYHOTUCTOXMMHUYECKOTO METO/Ia BBISIBUIIH, YTO HA PAHHUX CTa-
JUSIX Pa3BUTHUS MO3Ta MBIIIM LUCTATHOHUH-[-CHHTa3a — (hepMeHT, OTBEUAIOLIUH 3a npeBpamenue Hey
B uucrarrnonuH (Ctn), SKCIIpeccUpyeTcsi MOBCEMECTHO, OTHAKO Ha MO3AHUX CTaJUsX €ro KCIPECCUs CTa-
HOBHTCS 00JIee TKaHeCTIeIIMPUIHON. Y B3POCIBIX 0CO0EH BEICOKHI yPOBEHB SKCITPECCHH ITUCTATHOHUH-
[-cuHTa3Bl HaOMIONAeTCs B KieTkax [lypkuHbe U HEelipoHaX TUIMTOKaMIIa, HU3KHUH — B KOPE TOJIOBHOTO
MO3ra, CTpUaTyMe, TajJlaMyce U cnuHHOM Mo3re [20]. OTMedeHo, 4To TPaHCCYIb(QypHPOBAHHE B MO3TE —
Ipoliecc He3aBEPIIEHHBIN 1 MOXET BBI3BIBATh HAKOIIJICHUE IUCTaTHOHWHA [21].

BMmecte ¢ Tem ocTaeTcst HEM3y4YEeHHBIM BIHSHUE JJIUTENbHOW METHOHWHOBON Harpy3Ky M BBI3BaH-
HOMW €10 TUIEeProMOIMCTEMHEMHUH Ha YPOBHM OCHOBHBIX KOMIIOHEHTOB IyJla HU3KOMOJIEKYJISPHBIX Ce-
pocoaepKalux COSAMHEHUH, a TAK)KEe METa0OIMUECKHU CBS3aHHBIX C HUMU KOMIIOHEHTOB I1yJia CBOOOI-
HBIX aMHHOKHCJIOT B CTPYKTYpPax TOJOBHOIO Mo3ra Kpbic. Takue AaHHBIC MO3BOJIMIH Obl O0Jiee TOUHO
OILICHUTH METa0OJINYECKHE COOTHOMICHUSI BHYTPH ITyJIa U MOJIOUTH K MOHUMAHHUIO MEXaHH3MOB HEHPO-
TOKCHYECKOT0 JIeHCTBUS N30bITKa Hey.

Lens paboThl — UCCIIeOBaHNE BIUSTHUS METHOHIMHOBOW HATrpy3KH Ha COCTOSTHUE ITyJla Cepoconep-
YKAIIX aMUHOKHUCIIOT ¥ POACTBEHHBIX UM COEAMHEHNH B (DYHKITMOHATBHO Pa3IUIHBIX CTPYKTYpax ro-
JIOBHOTO MO3Ta.

Marepuajasl 1 MeTOABI UccaeqoBaHus. B skcriepuMenTe ObLIO MCIONb30BaHO 18 Oenbix Gecro-
pOIHBIX KpbIc-camiioB Maccoi 200250 r. KpbIchl HaXOIMINCh B CTAaHAAPTHBIX YCIOBHSIX BHUBApHUS
C €CTECTBEHHBIM CBETOBBIM PEKXMMOM, MOJIy4Yaal BOLY U KOPM B JJOCTaTOYHOM KojinuecTBe. Monenu-
pOBaHHNE THIEPrOMOLUCTENHEMUN OCYIIECTBISAIN MMYyTEM BHYTPHIKEIYJOYHOIO BBEIEHUS CYCIEH3HU
L-metnonuna B 1 % xpaxmanasaoMm pactBope (Chem-Impex Int’l Inc., USA) B noze 1,5 r/kr aBaxasl
B cyTKH B TeueHue 21 cyT. KoHTposbHas rpyIia noirydala S5KBHOObeMHOe KoaudecTBo 1 % kKpaxmaib-
HOTO pacTBOpa B TOM K€ PEKHUME JO3UPOBAHUS [22]. DKCIIEPUMEHT BBITIOJTHEH C COOMIOACHUEM TTPHH-
IUTIOB XeThCHHKCKOW JEKIapanud O TYMaHHOM OOpAIleHWH C KUBOTHBIMU M ONOOpPEH KOMHUTETOM
o 6nomenumuHCcKo# 3TrKe YO «['pomHEHCKUH TOCYAapCTBEHHBIN METUITUHCKIN YHUBEPCUTETY.

JlexanuTanuio TpoOBOAIIN uepe3 12 9 mocie mocnenHero Beenenust Mmetnonnna (Met). [locne me-
KaIuTaI[iy Ha XOJIOJly U3BJICKAJIM FOJIOBHOUM MO3T, ipoMbiBaiiu ero 0,9 % NaCl u BbIIensIu OTACIIBI —
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TUNOTAJIaMyC, CPEIHUN MO3T, MO3KEUOK, OOJIbIINE TOMYLIapHs, CTpUaTyM. [ unoragamyc u cTpuaTym
M3BJICKAJIM MOJHOCTHIO, B CPEIHEM MO3re 3a0upanu (pOHTAJIBHBIA cpe3 Ha YPOBHE HM)KHUX OyrpoB
YETBEPOXOJIMHUSI, B KOTOPBIH YaCTUYHO BXOASAT PETUKYISIpHAs (hopMalusi, yepHasi CyOCTaHLMs, OKOJIO-
BOJOIPOBOJHOE CEPOE BEIIECTBO U CaMU OyTIphl, B MO3KEUKE BBIJICJISUIN JIEBOE Moylapue. PparmMeHt
JIOOHOM 70U C JIEBOH CTOPOHBI BBIIEJISUIN IIOCJIE U3BJICUEHUsS CTPHATyMa, KOTOPbII ONpPEAEssiiif BU-
3yaJIbHO TIOCTIe BXOXICHHS B TIOJIOCTH OOKOBOTO *enymouka [23]. KpoBs 3abupanu B mpoOHpPKH C remna-
pusoM. [1na3zmy kpoBu oTaensim nyteM nentpudyruposanus npu 3000 06/MuH B TeueHue 15 MuH.

OO0pa3iibsl TKkaHel Mo3ra romoreHusupoBaiu B 10 oobemax 0,2 M pacTBopa XJIOpHOW KUCIOTHI, CO-
nepxautero 0,2 MM nopeanuna (nVal), 50 mr/n OJITA, 50 mr/n metabucynbdura narpus (Na,S,0;).
[Ipo6s1 nentpudyruposanu npu 16 000 g B Teuenne 15 mun npu 4 °C, nmocine 4ero cynepHaTaHT HEMeEI-
JICHHO OTOMpAJIK U XpaHWJIHU J10 uccaenoBaHus npu —18 °C. B XJTOpHOKHUCIIBIX 3KCTpaKTax TKAaHU FOJIOB-
HOTO MO3ra OIpelessii KOHLEHTPAuu HUCTenHOBOM KUcHIoThl (CA), HUCTENHCYIb(PUHOBON KUCIIO-
161 (CSA), cepuna (Ser), rmunuHa (Gly), runmoraypuna (HpTau), taypuna (Tau), Met, Ctn, HCA Metomzom
oOpameHH0-(a30Boi BICOKOA(PHEKTUBHON KuaKkocTHONW XxpoMaTorpaduun (BOXKX) ¢ mpenkonoHoTHOM
JiepuBaTH3aUei 0-()hTaaeBbIM allbJICTHIOM U 3-MEPKaINTOMPOIMOHOBOM KHCIOTON H JICTEKTUPOBAHUEM
no (uryopecueHuuu [24]. PacTBopsl cTaHIapTOB, HCHOIB3yeMble /ISl KaTMOPOBKH XpOMaTOrpaduiecKoi
CUCTEMBI, 00pabaThIBaIM aHAJIOTHYHBIM CriocoboM. Mcnosnb3oanu kononky Zorbax Eclipse Plus C
¢ pa3MepoM yacTHll 3,5 MKM (pa3Mepbl KOJOHKH 2,1X150 MM) 1 3alOTHEHHYIO TaKHUM K€ COPOCHTOM
MPEIKOJIOHKY € pa3sMepoM YacTULl 5 MKM (pa3Mmepsl NpeakonoHku 2,1x12,5 mm). Ilogsuwxknas ¢aza:
0,1 M Na-anerarusiii 6ydep, pH 6,15, coneprkammuii 20 mr/n DJ{TA (A); aneronutpui/sona 7/3 (06/00) (B);
MeTaHoi/Bona 7/3 (06/06) (C); 0,1 M Na-anerarusiii 0ydep, pH 5,55, cogepxamuii 20 mr/nm DTA (D).
Pazgenenme — ¢ rpagueHTHBIM AmonpoBanueM oT 3,5 mo 100 % B, ¢ m3menennem cooTtHomenus B/C
n A/D B xone ananu3a, 3a 69,5 MuH (IIOJTHBIA ITUKJI 10 HaYala ASPUBATU3AINH CIETYIOMEH TPOOBI —
81 mun); Temnepatypa kosouku 35 °C [24].

Omnpenenenue Hey B mia3Me KpoBU MPOBOAMIIA METOIOM oOpaiieHHO-(a3oBoit BOXKX ¢ nerekTu-
poBaHueM 1o ¢GuryopeclueHInH. MeToa OCHOBAaH Ha MPEJKOJIOHOUYHON AepuBaTu3anuu SH-conepxkammx
COeIMHEHUH ¢ aMMOHUH-7-hTopOen3on-2-okco-1,3-nuazona-4-cynasponarom (SBD-F) [25]. IIpoOs! mas-
MBI cMemuBaiu ¢ pactBopoM N-auermnuucterna (0,5 MM) (BHyTpeHHUH CTaHAApT) U PacTBOPOM
Tpuc-(kapookcudTrm)pochuna (100 mr/mm) [26], 3arem nHKyOHpoBanu 30 MUH TP KOMHATHOW TEMTIIe-
parype. benku ocaxxnanu 10 % TpuXIIOpyKCyCHON KHCIOTOH U eHTpudyruposanu mpu 16 000 g B Te-
gerne 15 mun npu 4 °C. K 6e30e1K0BOMY CyTIepHATaHTY T00ABISIN CMECH IIJIS ACPUBATU3AINN, COCTO-
styto u3 1,55 M NaOH, 0,125 M Na-6opataoro 0ydepa, pH 9,5 u pactBopa SBD-F (1 mr/mi), KoTopyto
uHkyOuposanu 1 4 mpu 60 °C. B cuctemMy BBOIAMIN 5 MKJ peakIMOHHON cMecH. PacTBopsI cTaHapTOB,
UCTIOIb3yeMbIe JIJISI KaTUOPOBKU XpoMaTorpauiyeckol CHCTEMbI, 00padaThiBaJIi aHAJOTUYHBIM CITO-
cobom. Hcnonb3osanu kononky Zorbax Eclipse Plus SB C,; pasmepamu 2,1x150 mm. [Toxeuknas dasa:
0,1 M NaH,PO,, 17 MM H,PO,, 20 mr/n D/ITA (A); aneronutpun/sona 7/3 (06/06) (B); ckopocTs moTo-
ka 0,2 msi/MuH; Temneparypa kononku 29 °C; rpaguent B ot 0 10 12,7 % B Teuenue 15 mun [24]. Beuny
Pa3IMYHbBIX TPUHLIUIIOB IPOOONOArOTOBKH 00a METOAA HE MOTYT OBITh peaIM30BaHbl B OTHON U TOH ke
npobe omonorndeckoro mMatepuana. Omnpenaenuts ypoBHHu Cys 1 HCy B cTpyKTypax Mo3ra He IpeICcTaB-
JJI0Ch BO3MOXHBIM. B TO k€ Bpemsi M3BECTHO, YTO METHMOHMHOBAsI HAaI'Py3Ka BbI3bIBACT IOBBIIICHUE
ypoBHs Hey B mo3re [37].

[Ipu onpenenenusix ucnonb3opanu npudop BOXKX Agilent 1200 ¢ 4-kaHanbHOM cUCTEMO Mogavn
pacTBOpUTENS C BAKYyMHBIM JIETa3aTOPOM, TEPMOCTATUPYEMBIM aBTOCAMILIEPOM, TEPMOCTATOM KOJIO-
HOK, I€TEKTOpOoM (uryopecueHInH. s o0paboTKku XpoMaTorpaMM HCHOIb30BaIn Mporpammy Agilent
ChemStation C.01.05, st npUroTOBICHHUS MOABUKHBIX (a3 — PEaKTUBBI KBATU(PUKALIUU OC.H, TPHIKIbI
JMUCTUIUTMPOBAHHYIO BOAY, IPH MPOOOMoAroToBke — neHTpudyry Biofuge Primo R+, maGoparopryro
Oanto Daihan WiseBath WB-11.

CraTucTHYECKYI0 00pabOoTKy MaHHBIX MTPOBOIUIIN C IPUMEHEHHEM f-KpuTepus CThIOACHTA TSI He-
3aBHCHMBIX BEIOOPOK TOCIIE KOHTPOJISI HOPMAIILHOCTH € TIOMOIIbI0 Kputepust Komvoropoa—CmupHoBa
¢ nonpaBkoit JInmnmudopca u lanmupo—Yunka. [1pu oTKIOHEHUU pacnpeaeseHus OT HOPMAJIBLHOTO JI0-
CTOBEPHOCTH PA3IMYUNA MEXKY TPyHIIaMi MCHOJIb30BAJIM MEIUaHHbIN TecT MaHHa—YUTHH, pa3iuius
CUMTAJIM CTATUCTHYECKU TOCTOBEpHBIME TpH p < 0,05. B3auMocBs3u Mex 1y UcCiIeyeMbIMU MOKa3aTesi-
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MU BBISIBJISUIH C TIOMOIIBIO KOPPEJSIIIMOHHOTO aHaiu3a. Pe3ynsraTsl BbIpaXalld B BUJIE CPEIHErO U CTaH-
nmapTHO# ommOku (M + m) 171s TKaHel Mo3ra, MeIaHbl [HHKHEH; BepXHEH KBapTHIH] — 1Tt ypoBHS Hey
B IIJITa3M€ KPOBH U JJIsS TIOKa3aTesiell B TKAHW MO3Ta, JOCTOBEPHO PA3TUYAIOIINXCS MEXKIY T'pyINaMu
TOJIBKO 10 HeMapaMeTPUUYECKOMY TecTy. [IpuMEeHsIN maKeT cTaTUCTHYECKUX Iporpamm Statistica 10.0
(cepwmitabiii HoMep AXAR207F394425FA-Q).

Pe3yiabTaThl M UX o0cys:kaenue. JleTanrbHOCTh KUBOTHBIX OMBITHOW T'PYIIBI cocTaBuia 5,6 %.
YpoBenp Hey B mma3me KpoBH KPBIC OMBITHON T'PyMIbl cocTaBmia 36,28 [32,29; 226,60] MmkM mpoTus
9,48 [8,05; 10,80] MxM B KOHTpOJIE.

Harpyska MeTHOHWHOM TpuBea K AUCOAJIaHCYy CEPOCOAEPIKANINX aMHHOKHCIOT U UX IPOU3BOI-
HBIX B UCCJICIOBAHHBIX PETHOHAX MO3Ta KpbIC (Tadum. 1, 2).

Tab6nuuna l. KoHneHTpanuu HU3KOMOJIEKYJISIPHBIX CEPOCOAEPAKAINX U POACTBEHHBIX COeUHEHHI (HMOJIb/T)
B CpeJHeM MO3re, CTPHATyMe M THIOTajlaMyce KpbIC 10cJie MeTHOHMHOBOI HArpy3kH ((cpeaHee + cpeHsisl OINOKA)
M MeINAHA [HMKHSISI; BEPXHASA KBAPTHJIb|)

Table 1. Concentration of low-molecular weight sulfur-containing and related compounds (nmol/g) in midbrain,
striatum and hypothalamus of rats after methionine load ((mean = s. e. m.) and median [lower; upper quartiles])

CpenHuii MO3r Crpuarym T'unoranamyc
Hoxkasarens Konrpois MeTnoHuH Konrpois MeTHoHHH Konrpoins MeTHoHUH
(n=9) (n=8) (n=9) (n=8) (n=9) (n=3)

CA 1,2+0,14 1,6 +£ 0,21 1,7+ 0,33 1,1 £0,13 7,9 + 0,65 7,5+0,35
CSA 2,8+0,64 3,6 +0,27 1,18 [0,94; 1,32] 1,72 [1,50; 2,071 2,4+0,16 2,2+0,24
HCA 6,9 + 1,03 6,4+ 1,20 6,9 + 0,83 74 + 0,89 26,3 +2,31 27,2+ 0,76
Ser 443,4 £32,82 295,7 + 13,56" 712,6 £52,72 537,7 £ 48,96 340,4 £ 13,72 251,6 £ 17,0
Gly 2451,1 £190,3 | 2077,6 + 69,98 746,5 + 72,85 7375+ 51,77 2548,9 +241,4 | 2437,0+ 2174
HpTau 45,51 £ 17,79 381,3 + 74,26° 52,9+ 4,40 1189,4 + 189,3" 21,4 + 1,67 200,4 + 35,78"
Tau 2107,7+176,4 | 2501,8 +176,4 6149,8 + 374,1 84954 + 520,1" 1319,5+ 74,52 | 1703,5+ 73,6
Met 41,9+ 2,71 135,0 + 41,21 37,3 +2,63 155,8 +44,29" 29,98 £ 1,22 94,4 + 20,94
Ctn 91,71 +£ 8,191 489,5 + 144,7 53,1 +3,09 470,5 + 136,33" 104,3 £ 17,1 945,3 + 287,07

H p UMECYaHUEC. 3HCCB U B Ta6J'I‘ 2: * _ CTAaTUCTHUUYCCKHU L[OCTOBepHI;Ie NU3MCHCHUSA I10 CpaBHeHI/IIO C KOHTpOJ’IeM,
P <0,05.

Bo Bcex nccnenoBaHHbIX pernoHax Mo3ra Bo3pacTtalia KoHueHTpanus Met. HanGonee BolpaskeHHOE
ee TIOBBIIIICHUE HAOI0AaIOCh B CTpHATyMe — B 4,2 pasa 1o CpaBHEHHIO C KOHTpOJIeM. YpoBeHb Ctn Takxke
BO3pacTaj BO BCEX PErMOHaX, CTENEHb €ro MOBBIIIEHN YMEHbIIANach B psiAy OOJblINe NOoJTyInapus >
TUIOTAJIAMYC > CTPHATYM > MO3XKEUOK > CPEJHUN MO3T, YTO MOXKET CBUJETEIHCTBOBATH O COXPAHEH-
HOM aKTUBHOCTH LIMCTaTHOHHUH-P-CHHTa3bl. DTO NMPEAIOI0KEHHE IOATBEPKAAET OTPULIATEIbHAS KOppe-
JSUSL B TUNIOTaJaMyce U OOJBINUX MOJYyIapusx Mexay ypoBHsmMu Met u Ser (r = —0,81; r = —0,74),
B MOKEUKE U cpeHeM Mo3re Mexay ypoBHaMu Ser u Ctn (r =—0,73; r = —0,75) u nojoxxuTenabHas Koppe-
JSAUUSL B CPEAHEM MO3re, OOJIBLIMX MONYIIApUAX U cTpHatyMme Mexay ypoBHsamu Met u Ctn (r = 0,77;
r=0,92; r = 0,81). ImeroTcs manHble, yKa3bIBAIONINE Ha BEICOKYIO aKTHBHOCTH 3TOT0 (hepMEHTA B TKa-
HSIX MO3Ta )KUBOTHBIX U YeJIOBEKa B HOpME [27], B 4aCTHOCTH B MO3keuke u runmokamie [28]. [Toka3za-
HO, YTO JTUETa C BBICOKUM coJiepKaHreM Met BbI3bIBACT aKTUBALUIO TpaHCcCynb(ypupoBanus [28]. Be-
POSITHO, aKTUBHOCTH LIUCTaTHOHUH-P-CUHTA3bl B MO3I'€ KPBIC MOBBIMIACTCS MOCHIE JIUTEIbHON METHO-
HUHOBOW HAarpy3KH, OJHAKO CKOPOCTH MpoIlecca JUMUTHPYETCS NMEHHO Ha yPOBHE BTOPOW peaklnu
TpaHcCyab(ypHUPOBAHHUS, YTO COTIACYETCsl C JaHHBIMU paboThl [21].

VYposens HpTau craructudeck JOCTOBEPHO MOBBILIAJICS BO BeeX OTaeaax Mosra. [Ipu aTom ero ypos-
HU CHUKAJIMCh B PALY CTPHATYM > OOJIBLINE TOJIYLIAPHS > THIIOTAJIAMYC > CPEIHUIN MO3T > MO3KEUOK,
a ypoBeHb Tau MMeJ JUIIb TeHIEHIINIO K MOBBIIICHUIO, HO CTATUCTHYECKH 3HAYUMOE M3MEHEHHUE €ro
YPOBHS OTMEYAJIOCh JINIIb B rUINoTajgamyce u crpuaryme (B 1,3 u 1,4 pa3za coorBeTcTBEHHO). B cpennem
MO3re, THIIoTajlaMyce, OOIbIINX HOIYLIAPHIX U MO3KEUKE BBISBJICHO CHUKEHUE YPOBHS Ser IPUMEPHO
B 1,5 pa3a, B To BpeMsl Kak B CTpHaTyMe HabIoanach JUIIb TEHASHIUS K €0 CHHKEHHTO. B 0ombImx
MOJIYIAPUSIX CHHXKAJIUCh OHOBpeMeHHO ypoBHH Ser u Gly (tadi. 2).



Becui Hanprsinanbnait akanpmii HaByk benapyci. Cepbist meapinpiackix HaByk. 2020. T. 17, Ne 4. C. 461-469 465

Tab6nuna 2. KoHneHTpanuu HU3KOMOJIEKYISIPHBIX CEPOCOAEP KAINMX M POACTBEHHBIX COeTUHEHUI (HMOJIB/T)

B 00JIBIINX NOJIyMIAPUSX H MO3KeUKe KPbIC 0C/1¢ METHOHUHOBOMH HArPY3KH (cpeaHee £ cpeAHss oMIH0Ka)

Table 2. Concentration of low-molecular weight sulfur-containing and related compounds (nmol/g)
in hemispheres and cerebellum of rats after methionine load (mean = s. e. m.)

Bonpmue nonymapus Mo3ssxedok
Hoxasarens KonTtpons MeTnoHuH Konrpons MeTnoHHH
n=9) (n=28) n=9) (n=28)

CA 1,1£0,13 0,9 = 0,098 1,1 £0,13 1,7+0,22"
CSA 0,7+ 0,17 0,8+ 0,11 3,4+0,43 1,9 +£0,21°
HCA 101+ 1,72 7.0+ 038 7.0+ 039 83105
Ser 916,9 + 52,04 504,4 + 46,85 624,8 + 20,71 320,8 &= 25,35
Gly 912,97 + 57,39 7352 +£49.47° 638,9 + 46,47 699,2 + 93,48
HpTau 77,3 £ 15,06 1405,6 + 180,02° 24,2 +4,06 106,5 + 20,117
Tau 4860,3 + 182,66 5426,2 270,06 3495,0 + 123,05 3704,2 + 210,07
Met 38,4+ 2,61 118,2 + 29,25 201+ 1.33 99.6 + 30,14"
Ctn 26,6 +3.25 2723 £ 87.10° 647.8 = 34.97 5294.9 + 792.85'

Hcy noctymaer BO BHEKJIETOUHYIO CPEy € TIOMOIIBIO TpaHCHOPTHHIX cucteM (ASC (anaHuH, cepuH
u 1yuctenH), L-TpancnoprepoB (BajduH, M30JICHIUH, JEHIIMH, TUPO3UH, TpUNTOhaH U (QeHUTIaIaHUH),
X, ;-TPaHcrnopTepoB (rmyramar u acnaprar)) [29, 30], 4To MOKET OOBICHATH HECOBNAICHUE BbIPAKEH-
HOCTH HaOuoaBmuxcs 3QpQeKToB B pa3InyHbIX OTAEIAX MO3Ia C BBIPAXKEHHOCTHIO TIOBBILIEHUS yPOB-
Hs Met.

3HaunTenbHOE NOBBIIIEeHKE ypoBHS HpTau Bo Bcex oTnenax mosra Ha (hOHE HE3HAUUTENBHOTO T0-
BBILLICHUS yPOBHS Tau, BO3MOXHO, 00YCJIOBJIEHO TOPMOKEHHUEM TMIIOTAay PUHIACTUIPOTEHAa3bl U LIUCTe-
nHCynb(rHaTAEKapOokcuasbl. Bosmoxkno, Hey siBnsiercs nHrnouTopoM 3Tux peakuuil. [lomoxurens-
Has koppensauus Mexay ypoBHsaMu Ctn u HpTau (r = 0,92 B runoranamyce, r = 0,97 B cpeHeM Mo3re,
r = 0,74 B 6onpmmux nonymapusx, r = 0,89 B cTpuaTyme) CBUAETEIBCTBYET B MOJIb3Y 3TOrO IMPEATO-
JIOKEHUSI.

Cunre3 Tau B MO3KeuKe MPOUCXOIUT MPEUMYIIECTBEHHO 3a cueT okuciaenus CSA, Tak kak ee ypo-
BeHb nouu3uics B 1,8 paza, CA — noBeicuiics B 1,4 paza, a cunte3 Tau 3a cuet oxkucnenus HpTau, Be-
posiTHO, 3aTopMoXkeH (yposenb HpTau noBeicuiics B 4,4 pasza). C moMomibpio GpyyopeceHTHBIX METO/IOB
OBLIIO TTOKAa3aHO HEWpOTOKCHUecKoe neiicTBre Hey Ha HelpoHBI MO3KeuKa in vitro [31]. AmonToTude-
CKyI0 THOETb HEHPOHOB aBTOPBI CBSA3BIBAIU C YPE3MEPHBIM TMpoHUWKHOBeHHeM Ca’’ uepe3 KaHaJbI
NMDA-penentopoB, CiocoOHBIX aKTUBHpOBaThca Hey, 1 n3MeHeHneM MUTOXOHIpUaIbHOro MeMOpaH-
Horo noreHuana [31]. [logoOGHble n3MeHeHUs ObLIH BBISIBJICHBI U B OONBIINX MOTyHIaApUAX Kpbic [16].
Onnako B 60ibImIuX noymapusx Hey mpakTuueckn He OKa3bIBaJl TAKOTO BIMSHUSA i Vitro, a INIIb He-
3HAYUTEIBHO U3MEHST MUTOXOHIPHATIbHBIA MEMOpaHHBIN MTOTEHIIMAT, YTO CBSA3BIBAIOT C 0COOCHHOCTSI-
mu aktuBauuu Hey crpykrypubix noarunos NMDA-penentopos GluN1/GluN2B. NMDA-penentops
montunioB GIuN1/GluN2A paccmaTpuBaroTCs Kak Oojiee TMPEAMOYTUTEIbHBIC HEHpOHATbHBIE MUIIIC-
Hu Hey [32]. Hapsiny ¢ yMeHblIeHueM ypoBHS Ser MPOUCXOANIIO U cHUkeHue ypoBHs Gly B Goibmmx
NOJTyIapusax. DTO MOXKET OOBSCHITHCA TeM, 4TO Hcy yacTHUHO SIBIISIETCS arOHUCTOM IIIyTaMaTHBIX
CalTOB M YaCTUYHO — aHTarOHMCTOM CalTOB CBs3bIBaHMS ruimHa B NMDA-penientopax. S. A. Lipton
¢ coaBT. [33] B CBOMX HCCIIEIOBAHUSX MOKA3aJIH, YTO HelpoTokcuueckue a¢dexTsl Hey 3aBucar ot npu-
cyrctBus Gly. [locnenuuii HeoOxonum i BeiTecHeHUs: Hey U3 ero caiita CBs3bIBaHUSI, UTO SIBJISICTCS
OCHOBHBIM yCJIOBHEM Jiiist akTuBarun NMDA-kananos, onHako utorokendeckuit agdext Hey mpu atom
nmoBeIaeTcst. B Mo3keuke ke axcupeccupyroTcss NMDA-penentopsr moatumoB GluN2C u GluN2D,
KOTOpbIE, BEPOSITHO, He JieceHcuTH3npytoTcst Hey [34]. Bo3aM0XHO, 3TO 0OBACHSAET OTHOCHTEIBHO 00JTh-
IIYI0 yCTOWYMBOCTH OONBIIUX MOMTYIIApUil K HelipoTokcrueckomy aeiictuto Hey [35, 36].

3akJr0ueHue. Benenne METHOHNHA B CyMMAapHOW CyTOYHOM 03¢ 3 I/KT' B CyTKU MOXKET CUUTAThCS
aJIeKBaTHOM MOJIENIbIO TUIIEPIOMOIICTENHEMUHN M TPUBOJIUT K U3MEHEHHSIM B COJIEP’)KaHUH HU3KOMOJIe-
KYJISIPHBIX CEPOCOACPIKAIINX U HEKOTOPBIX META0O0IMUYECKU POJICTBEHHBIX UM COCIUHEHHI, BBIPaKEH-
HOCTb KOTOPBIX Pa3jIndHa, HO OJTHOHAIIPaBJIECHHA BO BCEX OTJEJIaxX MO3ra.
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HauGonee BbIpakeHHBIE CIBUTH HAOIFOIATUCH B MO3XKEUKE KpbIC. B cpeiHeM Mo3re BBIpaKEHHOCTh
HapylIeHUsT MeTabO0IM3Ma HU3KOMOJIEKYIISIPHBIX CEPOCOACPIKAITUX COSTMHEHHH ObllTa HECKOJIBKO HIKE,
HO BO BCEX OT/IEJaX MO3Ta MPOSIBIAIACH B TIOBBIIIEHUH CKOPOCTH TPAHCCYNb()ypHpOBaHUS U CHHTE3a
TUTIOTAypHHA.
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H. U. HEUMITYPEHKO, P. P. CHIOPOBHUY, U. JI. MTAIIKOBCKAAI,
A. 1. AXPEMYYK, T. A. IPOKOIITEHKO

Pecnybauxanckuil Hay4HO-npaxmu4eckuil yenmp HespoaIo2uu U Helipoxupypeuu,
Munck, Pecnybnuxa benapyce

KOPPEKIIMS METABOJIMYECKUX HAPYIIEHUM Y MAIITUEHTOB
C AHEBPUBMATHUYECKUMU BHYTPUUYEPEIITHBIMHU KPOBOU3JIUAHUAMU

AHHOTanus. B cTaTbe OIeHEHBI TAXKECTh KIMHHUECKOTO COCTOSIHUA U PsAJi OMOXUMHUECKUX MoKa3areneil 51 mamueHTa
C aHEBPU3MAaTUYECKUM BHYTpHUEpeNnHbIM KpoBousnusHueM (BUK) Ha MoMeHT rocnuTanus3anuy u mocjie npoBeieHus Helipo-
XUPYPTrUYecKOro JeUSHHs, BKJIIOYABIIEro HApsly CO CTaHAAPTHOH Tepamnueil ucrnoap3oBanue cyinbdara maruus. Tak, Ha Mo-
MEHT T'OCIHUTAIN3aNK y 75 % MarueHTOB KOHTPOJIBbHOU Ipynmbl 1y 50 % OCHOBHOIl yCTaHOBIIEH LiepeOpabHbINH COCy -
CTBI CIIa3M MO JaHHBIM TPAaHCKPAHHAJIBHOH Jonruieporpaduu, BISBICHB! aKTUBAIMS IIPOLIECCOB NEPEKUCHOTO0 OKUCICHHUS
JIUIHJIOB, CHIDKCHHE aKTUBHOCTH CYIEPOKCHINCMYTa3bl, YBEIHUCHHUE COEpXKaHMs (aKkTopa pocTa SHAOTEIHS COCYIO0B
1 BBICOKOUYBcTBUTENBHOTO C-peaktuBHOTO Oenka (CPB) npu ymeHbIIeHHH ypOBHS CTaOMIIBHBIX IIPOXYKTOB OOMEHA MOHO-
OKCHJa a30Ta. Y MaIMeHTOB OCHOBHOM I'PYTIIIHI ITOCIIE HEHPOXUPYPrUUeCKOro JeIeHUs H KyPCOBOTO IPUMEHEHUS cynbdara
Mar"us OTMEJaJIOCh CTATUCTHYECKH 3HAUMMOE yIydIIeHHe KINHUIECKOTO COCTOSHUS Mo mKaie Xanta—Xecca 1 Mogudu-
LHUPOBAaHHON mikane Pumrepa, a TakKe yBeIUYCHHE 0aJIOB MO MIKajde KOMBI [ 71a3ro mpu HOpMalu3aluy MoKa3aTeseH mpo-,
AQHTHOKCHIAHTHOTO COCTOSTHHS KPOBHU. B TO 5xe BpeMsl y MaIreHTOB 00enX TPy COXPAHSINCh BBICOKOE COIEPKAHHE BEICOKO-
qyBcTBUTENbHOIO CPB 1 HU3KUiT ypOBEHb HUTPATOB/HUTPUTOB B KpOoBH. Clie10BaTENbHO, UCTIOIb30BAHUE CYJIb(aTa MarHus
B JIOIIOJHEHHE K CTAHJAPTHOI Teparuy CIOCOOCTBYET yJIyUIICHHIO KIMHUYECKOro COCTOsHUA nanueHToB ¢ BUK u nossl-
IICHUIO0 aHTUOKCUAAHTHOrO MIOTEHLIMAaJIa KPOBH B IIOCJICONEPALIHOHHOM IIEPHOJIE.

KuroueBble ci10Ba: pa3opBaBIINECs apTepUalIbHBIC aHEBPU3MBI, COCYIUCTBIM CIla3M, CylIb(paT MarHus, NepekucHoe
OKHCJIEHUE JINTTUI0B, HUTPAThI/HUTPHUTHI, BHICOKOYYBCTBUTEIbHBII C-peakTUBHBIN Oel0K

Jas nutupoBanns: Koppekuus MeTaboin4ecknX HapyIIeHIH y MAaI[HeHTOB C aHEBPU3MaTHUECKHUMH BHY TPUYEPEITHEI-
mu kposomsnusHusMu / H. U. Heunmypenko [u np.] / Bec. Han. akan. naByk benapyci. Cep. mexn. HaByk. — 2020. — T. 17,
Ne 4. — C. 470—479. https://doi.org/10.29235/1814-6023-2020-17-4-470-479

Natalia I. Nechipurenko, Ryszard R. Sidorovich, Irina D. Pashkouskaya,
Anton I. Ahremchuk, Tatiana A. Prokopenko

Republican Research and Clinical Center of Neurology and Neurosurgery, Minsk, Republic of Belarus

CORRECTION OF METABOLIC DISORDERS IN PATIENTS
WITH ANEURYSMAL INTRACRANIAL HEMORRHAGES

Abstract. The article presents data assessment of the severity of the clinical condition and a number of biochemical
parameters in 51 patients with aneurysmal intracranial hemorrhage on the 10th day, on average, after the rupture of the arterial
aneurysm and after treatment with the additional use of magnesium sulfate to standard therapy in the postoperative period.
It is shown, that at the time of hospitalization, 75 % of patients in the control group and 50 % of patients in the main group
had cerebral vascular spasm according to transcranial dopplerography; activation of lipid peroxidation processes, a decrease
in superoxide dismutase activity, an increase in the content of vascular endothelial growth factor and highly sensitive C-reactive
protein (CRP) with a decrease in the level of stable nitrogen monoxide exchange products were detected. A statistically significant
improvement in the clinical condition of patients on the Hunt-Hess scale, the modified Fisher scale, and an increase in the score
on the Glasgow coma scale with normalization of pro- and antioxidant status of the blood were revealed in the main group
after neurosurgical treatment and course use of magnesium sulfate. At the same time, high levels of highly sensitive CRP and low
levels of nitrates/nitrites in the patients blood of both groups are maintained. Consequently, the additional use of magnesium
sulfate improves the clinical condition of patients with intracranial hemorrhage and increases the antioxidant potential of the blood
in the postoperative period.

Keywords: ruptured arterial aneurysms, vascular spasm, magnesium sulfate, lipid peroxidation, nitrates/nitrites, highly
sensitive C-reactive protein
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Beenenue. Buytpuuepennoe kposonsnusiaue (BUK) B HacTosiee BpeMsi CUNTACTCS OHUM U3 CaMBIX
Cepbe3HBIX 3a00JIeBaHUI NIEHTPATHHON HEPBHOW cucTeMbl. K 3TOH TskKenoi maTolorud MO3ra 4acTo
MIPUBOJAT OOJIE3HU apTepUil U BEH Pa3iIMYHOr0 KalnOpa, COCYyIUCThIE aHEBPU3MBI U MaJIb(DOpPMAIIHH,
aMUJIOWTHAS AHTHOTIATHUS y JIUII TIOXKUIIOTO BO3pacTa U pa3HOOOpa3HbIE HAPYIIEHUS CUCTEMBI TeMOCTa-
3a [1]. Bo3HUKHOBEHHE BHYTPUMO3TOBOTO U cyOapaxHouaaiasHoro kposousnusaus (CAK) BenencTBue
pas3pbeiBa apTepHATHLHON aHEBPU3MBI (A A) COMPSIKEHO C PE3KOH aKTHBAIMEH CUCTEMBI reMocTasa, (hu-
3MOJIOTHYECKUN CMBICIT KOTOPOH COCTOMT B OCTaHOBKE KpoBoTeueHus [2]. IloBpexxieHue remarosHiie-
(anuyeckoro 6aprepa ¢ GOPMUPOBAHUEM OTEKA BOKPYT IreMaTOMBbI BBI3BAHO IIPOPBHIBOM BO BHECOCY/IH-
CTOE MPOCTPAHCTBO TPOMOMHA, TeMOTI00MHA, HOHOB KeJie3a U3 Pa30opBaBILETOCs COCYAa H pa3BUTHEM
BOCIIAJIUTENILHOIO OTBETA HA JaHHbIE KOMIIOHEHTHI KPOBH [3].

Cocyauctsiii cnazm (CC) u cnexyromuil 3a HUIM OTCPOYCHHBIN MIIEMUYECKUI HEBPOIOTHYCCKHH
JNeUIUT SIBISIOTCS OCHOBHBIMH NTPHYMHAMH HEONArONMPHUSATHBIX TOCIEICTBUN Y MAIIMEHTOB C Pa3phl-
BamMu AA. B maToreHeTHYeCKUX MEXaHU3MaX COKpAIIEHUsI IiepeOpaTbHBIX apTePUil YCTAHOBJICHO yUa-
cthe Takux (akTopos, kak Ca?'-3aBHCHMOE COKpAIEHHE TIaJIKOMBIIIEYHBIX KIIETOK IepeOpaIbHBIX
apTepuii, 0O0yCIIOBIIEHHOE 3HAYUTENbHBIM IOBBIIICHHEM BHYTPHUYEPEITHOTO JIABICHUS, BO3JCHCTBHEM
OMOJIOTMYECKM aKTHBHBIX BEIECTB HA TPAHCMEMOpaHHBIC KaHAIbl, aKTHBAIMEH peakuil BOCTIAJICHHUS
U MIEPEKUCHOT0 OKUCICHUS TUNUAOB [2]. Tak, B 9KCIEPUMEHTAIBHBIX M KIIMHUYECKHUX HCCIEI0BAHUIX
OBUIO TIPOIEMOHCTPUPOBAHO, YTO 0OBEM KPOBU C MPOAYKTAMH pachajlia 3pUTPOLHUTOB U IeMOriIoOu-
Ha, n3nusiielicst npu CAK, urpaer cymecTBeHHYI0 poJib B PUCKE Pa3BUTHS Clia3Ma LepeOpaibHbIX CO-
cynoB [4, 5]. OKcHUTreMOorIIOOUH SBISETCS Ba30aKTHBHBIM BEIIECTBOM, U CHHIKEHHE €r0 KOHIICHTPAIHH
TIPH BO3pAaCcTaHUM YPOBHS AE30KCHTEMOTI00MHa B cinHHOMO3r0oBo#H )uakocty (CMK) mpu CAK xoppe-
JTUPYET ¢ pa3BUTHEM Ba3ocmnasma [6]. CBoOOTHBIC paauKabl, 00pa3yIOIIHeCs BCICACTBHE BO3ICHCTBIS
KPOBH M3 pa3opBaBIIeiCs aHEBPU3MBI U MIPOAYKTOB pacraza reMorio0nHa, JeHCTBYIOT KaK Ba30KOH-
CTPUKTOP M UTPAIOT 3HAYNMYIO POJIb B OTIOCPEIOBAHNH MHOTHX 3BeHbeB pa3BuTus CC [7]. Tak, moka-
3aHO, YTO KOHIICHTPALMS B TIa3Me THIPONIEPOKCHIOB CIIOKHBIX 3(DUPOB XoJecTeprHa, 00pa3yOIIHXCS
B IIpoILecce MEPEKUCHOTO OKHUCICHUS JTUIHI0B, Obla MOBBIIIEHA U JOCTUTAla TIMKa Yepe3 5 CyT mocie
passutuss CAK. Kpome Toro, Bozpocmne ux ypoBHU ObLIM CBS3aHBI C HOBBILIEHHOW CMEPTHOCTBHIO
Y PUCKOM Pa3BUTH Ba30ocCIa3Ma M KOPpEeIupoBaiy co HIKajon ucxonos I'masro [8].

DHIIOTEeNHANBHBIN peakcupytomuii GakTop, Takoil kak okcupa azora (NO), urpaet HeHTpalbHYIO
poib B oOecrieueHny BazoauIaTanuu mnpu crnasme cocynos [9]. I[lockombpky NO — sto nuddyHaupyro-
Ui CBOOOJHOPAAMKATIBHBIN Ta3 ¢ MIEPHOIOM TOJTypaciana B CeKyHJaX W Ha CETONHSIIHUNA JIeHb He
cymecTByeT 3(pPEKTUBHOTO METO/Ia /ISl TOYHOTO €r0 OOHAPYKEHUS U U3MEPEHUS i Vivo, MHOTHE UC-
CJIEJIOBATEIN COCPEAOTOUYMIIUCH Ha MOUCKE ero MeTabonuToB. B padore [10] ObLIO MOKa3aHO MOBBIIIIE-
Hue ypoBHs NOx B CMIXK B nepssie 24 u nociie CAK, KOTOpbIIl OCTENEHHO yMEHbBINIAJCS, a TaKxkKe
OBLIH BBISIBJICHBI KOPPEJISILIMOHHBIE CBS3H MEX]y 00Iel KOHIIEHTpalueil HUTPUTOB/HUTPATOB U yPOB-
Hem okcuremornoonna B CMXK. Ilpu paspeie AA ¢ pazsutuem CAK, CC u ¢popMupoBanuem o4aros
WIIIEMHH B YCIIOBHSIX aIli103a MPOUCXOIUT 00pa30oBaHUE U3 MOHOOKCHIa a30Ta MOBBIIIIEHHOTO KOJTHUYe-
CTBa aKTHUBHBIX (POPM KHCIOPOJa, B YACTHOCTH MEPOKCHHUTPUTA, KOTOPHIN MOBPEKIAeT KICTOUHBIC
MeMOpansl, JIHK u 61okupyeT TkaHeBOoe MUTOXOHApHaIbHOE nbixanue [11]. Hapsay ¢ atum mpu pas-
Butuu CC cumkaercs koHIeHTparus NO B HEHpOHAX W TIIaJKOMBIIICYHBIX KIETKaX IepeOpabHBIX
apTepuid, 9TO CBI3aHO C MaJICHUEM BHYTPUKIETOUHON KoHneHTparuu AT® u L-kapauTtnna [2].

KiroueBbIM peryisiTopoM aHTHOTeHe3a JUJIsl SHJOTEIHOIUTOB SIBIsieTCss (aKTOp pocTa dHIOTETHS
cocynoB (aren. Vascular endothelial growth factor-A, VEGF-A), koTopsliit MHAYIIUPYETCS B Makpoda-
rax, T-kneTkax, acTpoLuTax, IIaJKOMBIIICYHBIX KJIETKaX, KAPAUOMHUOLUTAX, SHAOTEINH, KEPATHHOLIU-
tax. OH OJIOKMPYET aronTo3 PHA0TETHAIBHBIX KJIETOK KPOBEHOCHBIX COCY/IOB, HHAYLUPYET MPOTEHHA3HI,
YCUIIMBAET MIPOHULIAEMOCTb cocy1oB. IHrnouposanue akrusHoctn VEGF-A 3anmyckaet arnonto3 sHao-
TEJTUOIUTOB, YTO CHHM)KAaeT 00pa30oBaHNE HOBBIX COCYIHCTBHIX KoJarepaliei, ycyryOouss mepedpais-
Hy¥to umemuio [12, 13]. B To e BpeMs U3BECTHO, YTO THIIOKCHS SBIISICTCS OJHOW W3 OCHOBHBIX TTPHIHH
aktuBaruu VEGF-A. B c¢Bsi3u ¢ aTuM HeoOxonumo nanbHeimee usyuenue ponu VEGF-A B Gpopmupo-
BaHWUU AA, a Tak)ke ero ydacTtus B pa3Butuu nepedpansrnoro CC npu aneBpu3marniyeckom BUK.

Bce Oombliee KOMTMYECTBO HAYYHBIX JJAHHBIX CBHJICTEILCTBYET O KIIFOUEBOM POJIHM BOCIIAJICHUS B I1a-
TOT€He3e BTOPUYHBIX HapyIlIeHui ronosHoro mosra rnpu CAK. [IpogemMoHcTpupoBaHo, 4To JEHKOIMTO3
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1 IUXopajKka cBs3aHbl ¢ Xyamumu ucxogamu npu CAK [14, 15]. Kpome toro, yposuu IL-6 n xemoTak-
cuueckoro 6enka-1 MmonouuToB B CMIK BhIlIe y ManMeHTOB, y KOTOPBIX pa3BUBAETCs BazocmnasMm [16].
W3mepeHns B xeayqouKax LMUCTEPHBI y HALIMEHTOB C Pa30PBAHHBIMHU U HEPa30PBABIIMMUCS aHEBPH3-
Mamu noka3zanu, uto IL-8 u E-cenexTun ABIsAIOTCA MapkepaMu BocrialieHus. BocnanuTenbHas peakius
nocie aneBpu3Matudeckoro CAK mocturaert muka Ha 5—7-¢ CYTKH ITOCIE pa3pbliBa U OCTACTCS B 3HAUU-
TeJIBHOM cTerneHn komrapTMeHTuposannoil B LIHC [17].

Jlo HacTosIIero BpeMEeH! BOIPOC O BO3MOKHOCTH MPUMEHEHHS MIPErapaToB MarHus B IpoQuIIak-
tuke u nedennn CC npu CAK ocraetcst nuckyradenbhbim [18, 19].

OKCIepUMEHTAIBHBIE HCCIEN0BAHMS M0Ka3at, 4To MgSO, HHrHOUPYET BHICBOOOK ICHHE BO30Y K-
JAIoIUX aMUHOKHCIIOT, OJ0KupyeT peuentopbl N-metuin-D-acnaprara (NMDA) n npenorsparaet mno-
CTyTUIeHUE Kaiblus B KIeTKy [20]. MarHuii Takxke yBenu4muBaeT J1e()OpMUPYyEMOCTb SPUTPOIIUTOB, YTO
MOXET YMEHBIINTh BO3HUKHOBEHHE LEPeOpaIbHOTO Ba30CNa3Ma U CHU3UTh HEHPOHAIBHOE MOBPEX JIe-
Hue [21, 22]. CnemoBarenbHO, H3yUCHUE BKJIaJa Pa3IMIHBIX META0OIHIECKUX MPOIIECCOB B TIaTOTEHE-
TUYECKYIO CTpYKTypy aneBpm3marndeckoro CAK u passutne CC, KoTOpBIN pazBuBaeTcs ot 3 1o 14 cyr
rocje pa3pbiBa AA 1 B IMOCIEONEPAIMOHHOM TEPHOE, TO3BOJIUT YCTAHOBUTH HEKOTOPHIE OMOXMMUYE-
CKH€ 3aKOHOMEPHOCTH 3TOTO CJIOKHOTO U MHOT'O3TAITHOT' O MaTOJIOTHYECKOI'0 COCTOSHHUSL.

Lens nccnenoBanus — U3yUYUTh y MALUEHTOB C aHEBPU3MATHUYECKUMH BHYTPHUYEPETHBIMU KPOBO-
U3IUSHUASIMHE WU3MEHEHUE psiaa OMOXMMHYECKHMX IOKa3aTeleld Ha MOMEHT TOCHHUTAJIM3AaLHMUA U TOCIe
MIPOBEICHHOT'0 JICYCHHU I, BKIIOYABILETO HApsAy CO CTAaHAAPTHOM Tepamnuel HCIoyIb30BaHue OJIoKaTopa
NMDA-penentopoB — cynbdara MarHusi.

MatrepuaJjbl 1 MeTOAbI HccJieoBaHus. B uccienoBanue Boies 51 MamueHT ¢ pa3opBaBIIUMUCS
AA B octpom riepuoge CAK (4—21-e cyTkn) B Bo3pacte 52,1 + 12,9 rona, moCcTyHUBIITHI B HEUPOXHPYP-
ruueckue otneneHus PHIIL] HeBposoruu u Helipoxupypruu. BeceM nanueHTaM BbINOJIHSIIM MUKPOXHU-
pyprudeckoe KJIUMUPOBAaHUE aHEBPU3MBI M ITPOBOUIIN CTAaHAAPTHOE JICUEHUE COTTIACHO KIIMHUYECKUM
MpOTOKOJaM «/JlMarHocTuka u jJedyeHue MalMeHTOB ¢ HeTpaBMaTHYECKUMHU BHYTPHYEPETHBIMU KPOBO-
H3JIUSTHUAMMY, yTBepk1eHHbIM [locTanoBnennemM M3 Pb ot 01.06.2017 1. Ne 55.

B 3aBHCHMMOCTH OT MOJYUYCHHOrO JeYeHUs CHOPMHUPOBAHBI JIBE TPYIIbI IAUEHTOB. B 0CHOBHYIO
rpyIiry Bouuin 27 maiueHToB B Bo3pacte 52,3 + 14,8 roga, u3 Hux 9 (33 %) myxuus u 18 (67 %) sxeH-
IIUH, oneprupoBaHHbIX Ha 10-e (6—12-¢) cyTku nocne paspeiBa AA. Pazmep AA cocrasmi 6,3 + 2,1 M.
[larueHTH OCHOBHOM TPYTIITHI IOTIOTHUTENIBHO K CTAaHJAPTHOMY JiedeHHuo | pa3 B CyTKH (6—9 WHBEKIHIA)
monyganu 10 ma 25 %-Horo p-pa cynbdara maraus, passeaeaHoro B 250 mi 0,9 %-Horo pactBopa XJo-
pua HaTpusl, BHYTPUBEHHO KaMeJbHO 101 KOHTposaeM A/l

KonTtponbsuyto rpymimy coctaBmiu 24 naruenta B Bozpacte 51,8 + 10,8 roma, u3 aux 10 (42 %) Myx4uH
u 14 (58 %) xenumuH, onepupoanHbix Ha 10-e (7—13-e) cyTku nocne paspsiBa AA u pa3sutus CAK.
o mannevM KT-anrnorpadun, MakcHMalbHBINA pa3Mep aHEBPU3MBI Y 3THX MalMEeHTOB COCTaBUI 7,3 + 2,1 MM.

W3HauanpHO ManueHTsl 00enx rpynmn He pasnnyanucs (p > 0,05) Mmexay coboii mo Bo3pacty, Moy,
pasMepy U JIOKaJIu3allui aHEBPU3M, a TaKXKe MO KOJUYECTBY JHEH, MPOLIEIIINX C MOMEHTA pa3pbiBa
AA 110 ee XUpYypPru4ecKoro JeUYCHHUS.

JUist cpaBHEHUSI ¢ HOPMaJIbHBIMH IIOKA3aTesIMU 00CIEIOBAHO TakKe 22 MPAaKTHUYECKU 3J0POBBIX
nmoOpoBobIia (5 My>k4uH U 17 )KEHITWH), CPEIHUI BO3pacT KOTOPHIX cocTaBmi 44,5 £ 12,3 roxa.

VY Bcex MaIMEeHTOB B JI0- M MOCJIEONEPAIlMOHHOM Tepro/ie OLEHMUBAIN HEBPOJIOTHYECKHI CTaTyc,
TskecTh CAK mo mkane Xanta—Xecca. J[51st OleHKM YrHETEHUSI YPOBHS CO3HAHMS MAI[MEHTOB IPH-
Mensuti mkany koMbl [asro (ILIKT), ans ouenku pucka pazsutus nepedpaisaoro CC nocie BUK
npu nepBuuHoil KT ronoBHoro mosra (nanHele aHaMHe3a) — MOAH(DUIMPOBAaHHYIO mKany Duiepa.

Jns onpeneneHus pa3MepoOB, JIOKAJIU3allMM aHEBPU3MBI U BHYTPHUMO3TOBBIX KPOBOM3IUSHHUM BbI-
MOJHSIM CHUPAJIbHYI0 KOMIBIOTEpHYI0 ToMorpaduueckyto anruorpaduio (CKT-AI') na anmapate
Discovery CT750HD.

Jist ouenku CC mpu NOCTYIUIEHUH B CTAllMOHAP M HA MOMEHT BBIITUCKH IIPOBOAUIIN HCCIIECAOBAHUS
JUHEWHBIX CKOPOCTEH KPOBOTOKA M paccuuThIBaH nHeKC JInameraapaa (MJI) ¢ moMombio yiisTpa3ByKo-
Boro gyriekcHoro ckanuposanus (Y3/IC) sxcTpakpaHuadIbHBIX OTJEIOB MarucTpajbHBIX apTepPUid TOJI0-
BBl M TPAHCKPAHUAJILHOTO TYIUIEKCHOTO CKaHUPOBaHMS Ha yibTpaszBykoBoM armapare HD 11 XE (Philips).
Jlerkyto creneHb BbIpakeHHOCTH LepedpaibHoro CC ycTaHaBIMBaIW IPU YBEITHUYCHUH TUKOBOM CHCTO-
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JIMYECKOH CKopocTH KpoBoToka (Vps) B M1 cermenTte cpenneii mosrosoii aprepun (CMA) o 130-160 cm/c
u NI menee 3. Yeenuuenue Vps ot 160 1o 240 cm/c, a NI ot 3 mo 6 cunranu ymepenasim CC, Gosee
240 cm/c u UJI cBbitie 6 — BEIPayKEHHBIM.

broxuMuueckue MCCieoBaHUs BKJIIOYATIU OINpe/eTIeHHe KOHLEHTPAIMi MPOAYKTOB, B3anMOJIEH-
CTByIOIUX ¢ THOOapouTypoBoii kucnoroit (TBK-IT) B ceiBopoTke, 0 MeTOIUKE, MOIUDHUITIPOBAHHOM
B. A. KocTiokom [23]. AKTHBHOCTH CYTIEPOKCHIUCMYTAa3bl B IETHHON KPOBH OMPEAEIISIIN M0 PEaKIInH
CYTIEPOKCHA3aBICUMOT0 OKHCIICHUSI KBEPIIETHHA [24], KOHIIEHTPAITHIO CTA0MIBHBIX MTPOIYKTOB OOMEHa
MOHOOKCH /1A a30Ta (HUTPAaTOB/HUTPUTOB) — C IOMOIIBIO peakTHBa [ prcca, KOHIEHTPaLUIO BHICOKOTYB-
crButensHOro C-peaktuHoro Oenka (BuCPB) — Ha Omoxmmmdeckom ananmsarope AU 400 dupmer
Olympus (SInonns—CLLA) ¢ ucnosib30BaHMEM peareHToB mpon3BoacTBa Olympus, KOHIEHTpauuio (hak-
TOpa pocTa YHAOTEIHS COCYJOB B CBIBOPOTKE KPOBH — METOJOM TBEPAO(Pa3HOI0 UMMYHO(PEPMEHTHOTO
ananu3a ELISA tect-nabopamu Fine Test mpousBoactsa Wuhan Fine Biotech Co., Ltd (KuTaii) Ha ummy-
HoepmeHTHOM aHanu3aTope BioTek.

Ilpu craructuyeckoii 00pabOTKE MOJYYCHHBIX JIAHHBIX MpPUMEHsUIH nporpammy Statistica 10.0.
[lpn HOpMaNBHOM paclpeieieHUH TaHHBIX BBIYUCISUIM CpefHee apu(METHYeCKOe M CTaHAapPTHOE
oTkionenue (M + SD), npu pacnpeneneHnu, OTIIMYHOM OT HOPMAJIBHOTO, — Meauany (Me) u mHTepBal
MeXx Iy 25-it u 75-i mpoueHTHIIME. CpaBHEHUS TTPOBOIMIIH C TIOMOIIEIO -KpuTeprs CThIOACHTA IS 3a-
BUCHMBIX M HE3aBUCHMBIX TPy, KpuTepus ManHa—YuUTHU 1160 kputepust Bunkokcona. CpaBHeHue
JIBYX HE3aBHCHMBIX I'PYIII [0 OHOMY Ka4eCTBEHHOMY MPH3HAKY BBIMOIHSIIN C TOMOIIBIO KPUTEPHS ¥
¢ nonpaekoit Merca. CTaTHCTHYECKH 3HAYMMBIMH SIBISTHCH PE3yIbTaTh IpH p < 0,05.

Pe3yasTaThl U ux odcy:xkaenue. B ocHoBHOU rpymme y OombmuHcTBa (15 (55 %)) mamueHTOB
TSOKECTh COCTOSIHHMSI 1O IIKajle XaHTa—Xecca NpU NOCTYIUIEHMH B cranuoHap Obuta Il cremenw,
y 8 (30 %) — III crenenu. [To nanaeiM CKT-AT" onpenesnieHa BepOITHOCTH Pa3BUTHS Ba3ocna3ma Mo Mo-
nuunrpoBaHHoil mkane dumepa y 22 manueHTOB OCHOBHOM TPYIIBI HA MOMEHT pa3pbiBa AA (naH-
HbBIe aHaMHe3a): y 8 (36 %) uenmoBek — II crenenn, y 8 (36 %) — 111, y 3 (14 %) — IV ctenenu. Jlo omnepa-
uuu (Ha 10-e (6—12-e) cyTku nocie paspeiBa AA) BepossTHOCTH pa3BuTus CC B TpyIie yMEHBIINIIACH:
y 7 (44 %) genosek — | crenenn, y 4 (25 %) — 11, y 3 (19 %) — 111, y 2 (12 %) mauuentoB — IV crenenu.

B KOHTpOIBHOI TrpyIiNe MarMeHToB MPU MOCTYIJIEHUH B CTAllMOHAP TAXKECTh cocTosiHUA I cTeneHun
1o mkaje XaHta—xecca ornpenensiachk y oompmuHcTBa (16 (67 %)) oo6cnenyembix. [lo nanasiv CKT-AT
YCTaHOBJICHA BEPOSITHOCTb PAa3BUTHS Ba3ocnasMa 1o MoauduuupoBaHHoii mkaie @umepa —y 17 ma-
LIUEHTOB KOHTPOJIbHOW TPYMIIBI HA MOMEHT pa3pbiBa AA (manHble aHamHe3a), y 10 (59 %) mauneHToB —
III crenenn, y 2 (12 %) — IV crenenu. [lo oneparuu (Ha 10-¢ (7—13-¢) cyTku nocie paspsiBa AA) ycTa-
HOBJIeHa BeposTHOCTH pa3Butus CC mo nanHoii mkane: y 8 (47 %) yenosek — | crenenu, y 3 (18 %) — 11,
y 529 %) -1,y 1 (6 %) nauuenta — IV cTenenn.

IIpu aHanu3e pe3ysbTaTOB IO IIKAJIaM TSKECTh KIIMHUYECKOTO0 COCTOSHUS MallUeHTOB B CPaBHUBA-
eMBIX TPYyNIax JI0 Havaja JICYCHUsI B OCHOBHOW W KOHTPOJBHOH rpymnmax He pasnmdanach (p > 0,05):
cpemHuii 0asu mo mkajge Xanra—xecca B OCHOBHOM Tpyte coctaBui 2,1 + 0,66, B KOHTPOIBHOM IpyTIIe —
2,3 £ 0,79; cpenunii 6amt o LLIKI — 14,4 = 0,67 u 14,5 £+ 0,76 cooTBeTCTBEHHO. MaCCHBHOCTH KPOBO-
M3IUSAHUA 10 MoIubUIUPOBaHHOM miKane duiiepa, OLeHUBaIOIIEH BEPOATHOCTD Pa3BUTHS CUMIITOMA-
truyeckoro CC, B OCHOBHOM rpyIne B cpeqHeM coctaBuia 1,92 + 1,0 6ania, B KOHTPOIBHOM Irpymime —
2,07 £ 1,1 6anna (B cpenuem II crenens — puck Bazocnaszma 15-33 %) (tadm. 1).

Tabnuna 1. banjibHasi OLleHKA COCTOSIHUSA MALMEHTOB 00€UX IPYIII 0 Pa3JIHYHBIM HIKAJIAM

Table 1. Score assessment of the both groups patients on various scales

OcHOBHas rpymna Kontposbhas rpynna
Knnnnueckas mxana V4 P
Jlo neuenus Ilocne neuenus Jlo neuenus Ilocne neuenus
Xanta—Xecca 2,1 £0,66 1,33+ 0,6 0,001 2,3+£0,79 1,9+ 1,1 0,29
Kowm Inasro 14,4 + 0,67 14,8 + 0,42 0,001 | 14,5+0,76 14,5 + 0,99 0,83
Ounrepa (MoxupHULIHPOBAHHAS) 1,92 + 1,0 1,46 £0,8 0,027 2,07+ 1,1 1,79 + 1,1 0,104

IIpumeuanue Jnd3aBUCHMBIX IPYII HUCHONB30BaH f-kputepuii CThIOAEHTA, p — CTATHCTUYECKAst 3HAUUMOCTh
pa3aNunil MEX Iy AAaHHBIMU JI0 U TTOCIIE JI€UEHHSI.
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Puc. 1. Lepeopansubiii CC y naneHTOB OCHOBHOHU I'PYHIIBI IO M TIOCIIE JIedeHus 1o faHHbM Y3JIC

Fig. 1. Cerebral SS in the main group patients before and after treatment according to UZDS

VY manueHTOB OCHOBHOW TPYyMIIBI, orepupoBaHHBIX Ha 10-e (6—12-e) cyTku mocne paspeiBa AA,
Ha MOMEHT BBIIIMCKH U3 CTALlMOHApa YCTAHOBJICHO CTATUCTHYECKU 3HAYMMOE YIIyUIlIeHUE KINHUYECKO-
I'0 COCTOSIHMS 10 U3y4eHHbIM 1KajaM. [loka3aHo cHukeHue 0aiioB 1o mkaje XaHTta—Xecca 1 MOIU-
(unmposanHo# mKane dumepa mocie MPOBEJSHHOIO COYETAHHOTO JICYEHNUS OTHOCHTENHFHO JTAHHBIX
no neuenus. Takke gocToBepHo yBennuminck 6amib o LK nocne npoBeaenHoro neuenus (tadai. 1).

VY nmanueHToB KOHTPOJIBHOM I'pynibl, onepupoBaHHbIX Ha 10-e (7-13-e) cyTku mocne pa3peiBa AA
u pazsutusi BUK, He ycTaHOBIEHO TOCTOBEPHOI pa3HUIIBI OAJIJIOB O BBILICYKA3aHHBIM IIKaJIaM MOcCe
MIPOBEICHHOT0 CTaHJapTHOrO JieueHus (Tadi. 1).

[To mannbim Y3/IC, B ocHoBHOII rpymme Ha 10-e (6—12-¢) cyTku nocne paspeiBa AA y 10 (50 %)
n3 20 oOcnemoBanHBIX BhIsBIeH CC Kak Ha CTOpOHE pa3pbhiBa AA, Tak U Ha KOHTPIATEPAIBHON CTO-
pore. U3 Hux y 4 (40 %) mauuentoB CC 0Ob11 snerkoit crenenn, y 3 (30 %) — ymepennoit, y 3 (30 %) —
BbIpaxkeHHOU. [Ipu BbIKMCKE K3 CTAlMOHApa IOCIE IIPOBEICHHOIO KOMIUIEKCHOTO JICYEHHsS TaKiKe
y 10 (50 %) y manueHToB OCHOBHOM I'pyIIIBI COXPAHSINCh MOBBIIIEHHBIMU 3HaueHus Vps mo CMA u 1JI
Ha CTOpOHE paspbeiBa AA M KOHTpJaTepasbHOW CTOPOHE OTHOCHTENIBHO aHAJOTMYHBIX TMOKa3aTesien
y 3m0poBeIX Il ¥ 8 (80 %) U3 HuX BeIsiBIeHA yMepenHas crenenb CC (x2= 3,23, p = 0,072) mo cpaBHe-
HUIO C JAaHHBIMU JI0 HEHPOXUPYpruveckoro jedeHus, y 2 (20 %) — BeipaxeHHBIH Ba3zocnasm (puc. 1).

[lo nanueiM Y3/IC, BeIOTHEHHON Yy 12 mMAanuMeHTOB KOHTPOJIBHOM rpynnsl Ha 10-e (7-13-e) cyTku
nocie paspeiBa AA, nepedpanbubiii CC Ha MOMEHT rOCIIUTAIN3ALUN HA CTOPOHE pas3pbiBa AA, 1100
Ha KOHTPJaTepaJbHONH CTOPOHE, J100 ¢ 00enx cTopoH BbIsABICH y 9 (75 %) nmanuenTtos: y 2 (22 %) —
nerkoii crernenu, y 5 (56 %) — ymepennoii, y 2 (22 %) — BeIpakeHHOW. Ha MOMEHT BBITTMCKH W3 CTAIlHO-
Hapa y MarMeHToB KOHTPOJIBHOM T'PYIIbI BhIsiBIIeHa HopMaiu3anuns WJI Ha koHTpratepaibHON CTOpOHE
MIPH COXPAHEHHUHM IMOBBIIIEHHBIX 3HaUeHUH Vps mo CMA Ha 3aMHTEpEecOBaHHOM W KOHTpJaTepabHON
CTOpOHAX U MOBBIIIEHHBIX 3HaueHni 1JI Ha cTropone pa3ppiBa AA 10 CpaBHEHHUIO C TAKOBBIMH Y 3/I0POBBIX
mun. [pu Beimucke u3 crarmonapa Y 3/IC npusnaku CC onpenenenst y 8 (67 %) mauuentos: y 1 (12,5 %) —
nerkow creneHu, y 6 (75 %) — ymepennoii (x> =0, p = 1,0), y 1 (12,5 %) — BoipakeHHoi#t (puc. 2).

CnenosarensHo, 1o qanHeIM Y 3JIC, B ocHOBHOM rpymne ao JeueHns CC nuarnoctuposaH y 50 % ma-
LIMEHTOB, MOCJEe MPOBEJCHHOIO JICUCHUSI C JIOMOJHUTENbHBIM IIPUMEHEHHEM cyibdara maraus CC —
y Takoro e koimdecTna (50 %) maruenToB. B korTponsHOit rpynmne CC 1o nedenus BBISBICH y 75 % ma-
LIUEHTOB, [10CJIE IPOBEICHHOr0 CTAaHAAPTHOTO JieueHUs —y 67 % MalueHToB.

PesynpraTel 6mOXUMHYECKOT0 HcciaeqoBanns manueHToB ¢ BUK ocHOBHO#N M KOHTPOIBHON Tpymi
JI0 HEPOXUPYPruvIecKoro JeUeHNs CBUIETENCTBYIOT O TOM, UTO B cpeiHeM Ha 10-e cyTKH mocie pa3pbia
AA y 3THX NaIlMeHTOB, B OTJIIMYKE OT 3/I0POBBIX JINII, Pa3BUBAETCS JUCOANIAHC MPO-, AHTHOKCHIAHTHOM
cucteM ¢ BozpactanueM koHueHtpauuu TBK-IT (p = 0,003 u p = 0,018) Ha QoHEe CHUIKEHHS AKTUBHO-
ctu CO/] B xpoBu (p = 0,05 u p = 0,004) (tabxn. 2). Hapacraromasi BocianuTenbHas peakius BCe-
CTBHE BBIPAXEHHOI'O T€MOPPArHUYECKOr0 HOBPEKACHUS TOJIOBHOTO MO3ra Y AIIMEHTOB XapaKTeprU30Ba-
Jach yBennmueHueM KoHUeHTpanuu BUCPB, koTopblil B 00enx rpynmax okas3ajcsi JOCTOBEPHO BBILIE
(p = 0,0004 u p = 0,009), yem y 370pOBBIX JHUIl. B TO e BpemMsi B KOHTPOJIBHOMN I'pyIIIe yCTaHOBIIE-
HO moctoBepHoe (p = 0,009) cHIKEHHE KOHIIEHTPAIIMHM CTaOWMIIBHBIX MPOAYKTOB MOHOOKCHA a30Ta
(mo 18,6 (15,8-23,8) MkmoJb/11 ipoTUB 25 (19,5-26) MKMOJIB/T Y 30POBBIX JIUII), 4TO, BEPOSTHO, CBUIC-
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Puc. 2. LiepeOpanpubiiit CC y manueHTOB KOHTPOJIBHOU TPYIIIIHI 10 U MOCIIE JIeUueHUs 1Mo qaHHbiM Y 3J1C

Fig. 2. Cerebral SS in the control group patients before and after treatment according to UZDS

Tabnu ma 2. buoxumMmyeckue nokasarean KpPOBH Yy NIALITUECHTOB obenx rpyni 1o 1 mocJjie JieHeHust
B CPAaBHCHHUHU C JaHHBIMHU 3/10POBBIX JINII, Me (KBapTl/l.ﬂl/l)

Table 2. Biochemical parameters in the blood of patients of both groups before and after treatment
in comparison with data from healthy individuals, Me (quartiles)

OcHoBHas rpynmna (n = 23) Koutponenas rpynna (n = 17)
Iokasarens 310poOBbIE KA
Jlo neyenus Tlocne neyenus Jlo neuenus Tlocne neyenus

TBK-II, MKMOJTB/1 1,7 (1,5-2.1) 2,3 (1,9-3,0) 19 (15-3.5) 2,4 (1,8-2.8) 2,5(2,2-3,2)

(n=122) p=0,003 2 29755 p=0,018 p=0,001
COJ, E/mn 105,3 (88,1-123) 89,9 (63-107,5) B 73,5 (61,7-87,8) _

=22 = 0,05 89,8 (72,3-126,5) | 20 0, 95,3 (76-106,3)
HuTparthl 1 HUTPUTSI, 250(195-260) |, (17.8-28) 16,1 (14,2-24,3) | 18,6 (15,8-23,8) | 19,5 (14-24)
MKMOJIB/JT n=22) ’ ’ ’ p=0,006 p=10,009 p=0,029
BaCPB, M/ 1,1 (0,5-2.1) 13,5(2,0-17,7) | 69(44-22,6) | 61(1,8274) | 14,7(6,2-24,5)

(n=22) p=0,0004 p=0,00009 p=0,009 p=0,001
VEGE-A, mr/mn 33,7 ((51’31256’3) 85,7 (31,3-585,4) | 54,9 (27,1-125,6) | 87,5 (31,3-113) | 62,2 (28,2-271,8)

11 puMeydaHUCEC p—CPaBHCHUC C JaHHBIMU 310POBLIX JIUI 1O U—KpI/ITepI/IIO Manna—YuTtHu.

TEIBCTBYET O HEIOCTATOYHOCTH CHHTE3a dHI0TennaIbHoro NO, orocpenyromiero pacciadieHne cocynu-
CTOM CTeHKH U criocoOcTBytomiero pa3sutuio CCy 75 % manueHToB 3TOH rpyMIbl.

B nurepatype nmeroTcs cBelieHUst 00 SKCIEPUMEHTANIBHBIX U pAHHUX KIMHUYECKUX MCCIICIOBAHMSIX,
KOTOpbIE COMIacyroTca ¢ BoBieueHHeM NO B pa3BUTHE OTCPOYCHHOI'O LEepeOpajbHOTO Bazocma3ma
nocne CAK. Tak, uzBectHo, uto aneBpuzMarnueckoe CAK HapymiaeT peryisiinnio MO3roBoro KpoBoTo-
Ka. OKCUTeMOrJIOOMH, MTOCTEIICHHO BBICBOOOXAASICH U3 CTYCTKOB KPOBH, OKPY>KaIOLUIMX MPOBOJSIINC
aptepuu, noraomaer NO u paspymaetr nNOS-conepkaiine HEHpPOHbL. ITO MPUBOAUT K CHUMKEHUIO
ypoBHst NO, BbI3bIBasi BA30OKOHCTPUKIINIO apTeprii, kotopas nauiuupyetr CC. CyxeHue apTepuii yBelu-
YUBAET HanpsiKeHue capura u ctuMmynupyer eNOS, 4To B HOpMaJIBHBIX YCJIOBUAX IIPUBEJIO Obl K yBe-
nudennio BeipaboTku NO u pacmmpennio aprepuid. OgHaKo 3TOro He TPOUCXOIUT U3-3a TPAH3UTOPHOM
qucynknun eNOS, BbI3BaHHOH MOBBIIICHHBIM YPOBHEM 3HJIOTeHHOro HHTHONTOpa NOS — acummer-
puusoro numetrunapruauaa (AJIMA). Ioseimenssiit yposens AJIIMA sBisieTcst pe3ysibTaTOM CHUKe-
HUS JIMMHHALMN BcleAcTBHEe MHruoupoBanus AJIMA-ruaponusyiomero GepMeHTa MeTaboIuTaMH
remMor;ioouHa u OMnupyOrH-OKUCICHHBIMU (pparmMeHTamu B apTepusix npu cnasme. Auchynxuus eNOS
MOAIEPKUBACT Ba30CNa3M JI0 TeX 1Op, IoKka ypoBeHb A/IMA He CHU3UTCS U HE BOCCTAHOBUTCS aKTHB-
HOCTb 3HAOTEIHANIbHBIX KJIETOK, reHepupyomux NO [25].

Pesynprater uccienoBanus VEGF-A B CBIBOpOTKE KPOBHM TOKa3aaH, UTO y TAITHECHTOB A0 Havaa
Helipoxupyprudeckoro jedenns (Ha 10-e cyTku nocne paspsia AA) B o6enx rpymmax yposeab VEGF-A
MMeJT TeHJICHIINIO K yBeandenuto 10 85,7 (31,3—585,4) u 87,5 (31,3—113) nr/mj1 COOTBETCTBEHHO OTHOCH-
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TEJIFHO TaKOBOI'O Y 340pOoBbIX JinI (53,7 (37,3—66,3) nr/mi1), 4To 00yCIOBICHO HAIPSHKEHHOCTBIO (pakTopa
AQHTHOreHe3a W MOBBIILICHHEM 00pa30BaHMs HOBBIX COCYAHMCTBIX KojuiaTepajeid. CoriacHo IuTeparyp-
HBIM JaHHBIM, HapacTaHue VEGF B KpoBM MOXHO CUMTATh CIEACTBHEM aKTUBALUU SHAOTEIHATBHBIX
nporeHuTopHbIX KieTok. VEGF, B3aumoneiicTByst ¢ HUMHU 4epe3 crnenn(puyeckue THPO3MHKUHA3HbIC
peLenTopsl, CTUMYJIHPYET 00pa3oBaHHe HOBBIX COCYJOB, YBEIMYHMBAET COCYIUCTYIO MPOHULAEMOCTb
1 aKTUBUPYET Ba30AMJIATAIIMIO TyTEM YCUJICHHSI CHHTE3a BEILECTB, BBI3BIBAIOIINX pacciabieHue Iial-
KOMBILIEYHBIX KJIETOK COCYIMCTBIX CTEHOK, B IepByto ouepenb NO [26] u npocTanukiuna [27].

Ha 10-e cyTku mocne paspsiBa AA y MaMEHTOB BBISBJICHBI JOCTOBEPHBIC OTPHULATEIbHbBIE KOppe-
nAuMOHHBIE CcBA3H Mexay Vps mo CMA u VEGF-A (r,= —0,73; p = 0,038) u mexay UJI u VEGF-A
(r,=-0,76; p = 0,027), 9TO CBUACTENBCTBYET O JMHEHHON 3aBUCHMOCTH CHHIKEHHSI CKOPOCTHBIX Xapak-
TEPUCTUK KPOBOTOKA IO LIepeOpaIbHBIM apTEPUSIM OT AKTUBALMHU (PaKTOpa poCTa SHIAOTEIHNSI COCYIOB.

Ha MOMEHT BBINKCKH U3 CTAllMOHApa y HallMEeHTOB 00enX I'pyIIl YCTaHOBJIEHa 00Jiee BHICOKas KOH-
nentpanus BYCPB (p = 0,00009 u p = 0,001), yem y 3m0poBbIX Jull. [locie mpoBeaeHHOr0 KOMILIEKCHO-
'O JICYEHUS IOKA3aTEIH [IPO- M AaHTUOKCUIAHTHON CHCTEM KPOBH Y IMALlUEHTOB OCHOBHOM I'PYIIIIBI HOP-
MaJM30BaJINCh. B KOHTPOJIBHOI Ipymnme Ha MOMEHT BBIIIMCKU U3 CTAllIOHAPa BBISBICHO IOBBILIEHUE
aktuBHOCTH COJ] mpm coxpaHeHun BrICOKOW kKoHTIeHTpannu TBK-I1. B ocHOBHO# TpyIiiie KOHIIEHTpa-
1wl CTaOMIIBHBIX MPOMYKTOB OOMEHA MOHOOKCHIA a30Ta IMocie JIedeHus coctaBuia 16,1 (14,2-24,3)
MkMone/n (p = 0,006), B kouTpombHOI rpynme — 19,5 (14-24) mxmons/n (p = 0,029), 9To, BeposTHO,
CBHUJICTEIILCTBYET O HEJOCTATOYHOCTH CHHTE3a dHA0TennanpHoro NO, onocpenyomiero pacciadienne
COCYAMCTOH CTEHKH 1 00ycioBiauBaeT noanepxkanne CC y marMeHToB B MOCIEONePaiuOHHOM NIEPUOIE.
Bo3MokHO, 4TO mocie HeWpOXHPYPrudecKkoro jiedeHns Huzkue ypoBHH NO MOTryT crocoOCTBOBATH
HE TOJIFKO HOPMAJIM3AI[UU OKUCIUTEIbHO-BOCCTAHOBUTENBHBIX MPOIIECCOB B MUTOXOHIPUSAX, ONITUMHU-
3Upys TPAHCHOPT 3JIEKTPOHOB U YCKOPSIsI TKAHEBOE JIbIXaHKE, HO U 00pa30BaHUIO CYIIEPOKCHI-aHHOHA,
4TO0 OBLJIO MOKa3aHo B padore [28].

3akarouenne. Takum 00pa3oM, aHaTN3 METabOIMYECKHX HapylieHui y naipento ¢ BUK nHa 10-e cyTku
rocje paspsiBa AA IPOAEMOHCTPUPOBAJ Pa3BUTUE Y HUX MPO-, aHTHOKCUJIAHTHOTO JucOaiaHca, Bbl-
paXXEHHBIX MPU3HAKOB CUCTEMHOT'0 BOCTIaJIEHUs B BU/JIE MOBBINIEHHOT0 ypoBHs BYCPb u HU3KO0E conep-
KaHue CTaOMIIBHBIX MPOAYKTOB OOMEHA MOHOOKCH/Ia 230Ta B KPOBH IO CPABHEHHIO C TAKOBBIMH Y 3710-
POBBIX JIUII, YTO XapakTepusyeT ocodennoctu pa3putust BUK B atu cpoku Habmonenus. BuyTpusen-
HOE BBEJICHHE pacTBOpa Cyab(ara MarHus Jisi KOPPEKLUU HEBPOJIOTHYECKUX HAPYUICHUH Y MAIUCHTOB
MPUBOANT HE TOJBKO K KIMHUYECKOMY YJIYUIICHHIO, HO U K HOPMaJlM3alliu MoKa3aTeseil mpo-, aHTu-
OKCHJIAHTHOM CHCTEM KPOBH, YTO CIIOCOOCTBYET B JajibHEHIIEM COXpaHCHHIO (YHKIUU TAaKHX OHOJIO-
rU4ecKux Makpomodnekydn, kak JJHK, Oenku, yrneBoasl, nunuasl. Benenue cynbdara Mmaraus no3Bo-
JsleT MUHUMH3UPOBATH MOCIEACTBUS TSKEIBIX KIMHUKO-METa0OIMUYECKUX HapyLICHUH, 00yCIOBJICH-
HbIX pa3suTueM BUK aneBpr3sMaTHueckoro rexesa.
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VITAMIN D RECEPTOR GENE POLYMORPHISM, BONE MINERAL DENSITY
AND 25(OH)D LEVEL IN WOMEN WITH OSTEOPOROSIS

Abstract. Vitamin D plays an important role in bone metabolism and pathology. Although the VDR gene is one of the most
studied determinants of bone mineral density (BMD) and osteoporosis (OP), its exact effects have yet to be established.
Prediction of OP and/or fracture risk, based on individual genetic profile, is of high importance. The aim of our study
was to develop prognostic model for postmenopausal OP individual risk evaluation in Belarusian women, based on the analysis
of VDR gene variants.

Case group included women with postmenopausal OP (n = 350), the control group comprised of women with normal
BMD and without previous fragility fractures (n = 243). VDR gene Apal rs7975232, Bsml rs1544410, Taql rs731236,
FokI rs2228570 and Cdx2 rs11568820 variants were determined using TagMan genotyping assays.

We revealed a significant association of single Apal A/A (p = 0.045), BsmI T/T (p = 0.015) and Taql G/G (p = 0.005) variants
and their A-T-G-haplotype (OR = 4.6, p = 0.003) with increased OP risk. Together with Cdx2 rs11568820, these variants
correlated with BMD (p < 0.05 in all cases). For the bearers of non-favorable alleles of VDR gene variants, the serum 25(OH)D
level was significantly increased. The constructed from informative VDR gene variants model of individual OP risk evaluation
possessed a good prognostic value (AUC = 0.79) with high sensitivity level (82.9 %) and average specificity (69.4 %). Our findings
highlight the importance of analyzed VDR gene variants for personalized OP risk prediction.
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CBs3b TIOJIUMOP®U3MA 'EHA PEHHEIITOPA BUTAMUHA D C IIOKA3ATEJISIMHU
MUHEPAJBHON MJIOTHOCTH KOCTHOM TKAHU U YPOBHEM 25(0H)D
Y XKEHIIUH C OCTEOIIOPO30M

AHHOTanus. Butamun D ABisieTCS C€KOCTEPOUTHBIM TOPMOHOM, KOTOPBIH peann3yeT CBOM MHOTOUNCIIEHHbIE KIIETOU-
Hble YQ(EKTHI, HHUIUHUPYST TPAHCKPHUIILUIO BUTAMHH D-3aBUCHMBIX TeHOB. HecMOTpsi Ha GOJIBIIOE KOJIMYECTBO IIPOBE/ICH-
HBIX UCCJIEIOBAaHHH, TOYHAS POJIb BApUAHTOB TeHa VDR ¢ ypoBHeM MuHepaiabHOI mtotHocTH KocTed (MIIK) n puckom octeo-
nopo3a (OIT) no cux mop He ycraHOBiIeHa. PazpaboTka 1 BHEpEeHHE METOUKHU IIPOTrHO3UPOBAHNS HHINBUIYATBHOTO PUCKA
OI1 n/nau KOCTHBIX TIEPEIOMOB Ha OCHOBAHHH F€HETHIECKOT0 TECTHPOBAHUS NMEET OOJIBIIOE 3HAUCHUE JIsT CBOCBPEMEHHOM
npouIaKkTUKK 3a0oneBanus. Llenbo HACTOAIIETO HCCIeIOBAHNUS SBISIACH pa3pabOTKa MPOTHOCTHIECKOH MOJEIH OICHKH
WHIUBUIyasbHOTO prcka pa3BuTus Ol y sxenmun benapycu, BkiItogaromeil anaau3 moruMop(HEIX BapuaHTOB TeHa VDR.

B nccnenoBanue ObIIM BKIIOUEHBI )KEHIIHMHBI B mocTMeHonay3e ¢ Ol (n = 350), KOHTPOABHYIO TPYIIY COCTaBUIIH KEH-
nHel ¢ HopmaiibHOU MIIK, 6e3 Hu3koTpaBMaTU4YecKuX rnepesomos (7 = 243). 'enoTunupoBanue BapuantoB Apal rs7975232,
Bsml rs1544410, Taql rs731236, FokI rs2228570 u Cdx2 rs11568820 rena VDR ocymiectBisiau metonom TP ¢ ncronb3opa-
HueM 1po6 TagMan.

ITo pesynpraTam uccienoBaHHs ObLIa BBISBICHA 3HauMMas acconuanus renotunoB Apal A/A (p = 0,045), Bsml T/T
(p =0,015) u Tagl G/G (p = 0,005), a Taxke ux ramnoruna A-T-G (OR =4,6; p = 0,003) ¢ noBsimeHHBIM prickoM OIl. Dtu xe



Becui Haupisinanbhait akapmii HaByk benapyci. Cepbist Meapinbiackix HaByk. 2020. T. 17, Ne 4. C. 480—-492 481

BapuaHThl, a Takke Cdx2 rs11568820 xoppenuposanu ¢ yposaem MIIK (p < 0,05 Bo Bcex cirydasx). [TokazaHno, 4yTo cpeau
HOCHTEJIeH HEeOMAaronpHusITHBIX aJuleiel HCCIeJOBaHHBIX BapHaHTOB reHa VDR ypoerb 25(OH)D B ceiBopoTke ObLI cytiie-
cTBeHHO noBbIeH (= 4,1; p = 0,007). [locTpoenHas n3 MHGOPMATHUBHBIX BAPHAHTOB reHa VDR MoIeb OLCHKH HHANBUIYalb-
Horo pucka OIT umerna xoporiyro nporaoctudeckyro neHHocTh (AUC = 0,79) ¢ BBICOKMM yPOBHEM 4yBCTBUTEIBHOCTH (82,9 %)
u cpenueil cnenupuuHocThiO (69,4 %). [lomydeHHbIe HAMU pe3yIbTAaTHl HOMYEPKUBAIOT BaKHOCTH IIPOAHAIN3APOBAHHBIX
BapHAHTOB reHa VDR 1t IpOrHO3MpOBaHUs HHANBUAYalpHOTO prucka OIl.

KaroueBble ciioBa: ButaMuH D, reHeTHUECKUIT PUCK, TIPOTHO3UPYIOIAsi MO/IENb, BADUAHTHI ['€HA, TaIJIOTHII, TOCTMEHO-
nay3ajbHbII 0CTEONOPO3

Jas uutupoBanusi: CBsa3p monumMopdusma reHa penentopa BUTaMuHa D ¢ MmokasaTensiMu MHHEPAIbHOH MIOTHOCTH
KOCTHOH TKauu U ypoBHeM 25(0OH)D y xenmun ¢ ocreonopozom / E. B. Pynenko [u ap.] / Bec. Hau. akan. naByk benapyci.
Cep. men. HaByk. — 2020. — T. 17, Ne 4. — C. 480—-492 (na anen.). https://doi.org/10.29235/1814-6023-2020-17-4-480-492

Introduction. Vitamin D is a secosteroid hormone that implements its numerous cellular effects
by initiating transcription of vitamin D-dependent genes. Studies of the last two decades have established
that diverse biological effects of the active metabolite of vitamin D-1.25-dihydroxyvitamin D (calcitriol)
are carried out by modulating the expression of genes that are mediated by interaction with the intracellular
vitamin D receptor (VDR) [1]. Activation of VDR through direct interaction with 1.25(OH),D causes fast
binding of the receptor to the regulatory regions of target genes, which initiates the transcription and synthesis
of new mRNA molecules, translation of mRNA, synthesis of new proteins and the implementation
of specific biological reactions. These reactions are specific to various tissues and range from very complex
mechanisms necessary for homeostatic control of mineral metabolism to focal effects that regulate
growth, differentiation, proliferation, apoptosis, adaptive and innate immune responses, and the functional
activity of many types of cells [2]. One of the main functions of vitamin D is the regulation of calcium-
phosphorus metabolism in the intestine and kidneys. Calcitriol promotes active cellular absorption
and transport of calcium in intestine, in renal tubules it controls its own homeostasis (suppression
of 1-a-hydroxylase and 24-hydroxylase stimulation), potentiates the effects of parathyroid hormone (PTH)
on calcium reabsorption, and induces trans epithelial calcium transfer [1]. By binding to VDR, which is present
in all types of bone cells — osteoblasts, osteocytes and osteoclasts, calcitriol has a direct effect on bone
metabolism [1].

VDR is the product of the corresponding gene, the VDR gene, which determines its structure
and functional activity. The human VDR gene is located on the 12th chromosome (12q12-14) and consists
of 14 exons spanning about 75 kb: eight protein-coding exons (2-9), six untranslated exons (1A-1F),
located on the non-coding 5° region, and several promoter regions — DNA sequences recognized
by RNA polymerase as a launching pad for the initiation of specific transcription [3]. Several substitutions
in the VDR gene were identified, which are single nucleotide variations (SNVs). Most variants
in the VDR gene are found in regulatory regions, such as the promoter region and the 3’-untranslated region.
Changes in the regulatory region of the gene can determine the amino acid sequence of the synthesized
protein and lead to functional effects such as a change in ligand affinity or DNA binding [3].

Cdx2 G-to-A (alternatively C/T, rs11568820) substitution is located in the promoter region
le of the VDR gene. It is suggested that this site plays an important role in the specific transcription
of the VDR gene in the intestine and determines the regulatory role of vitamin D in intestinal calcium absorption.
Some studies have demonstrated that A-allele has greater transcriptional activity than the G-allele [4].
Allele A causes increased intestinal expression of VDR and can increase the transcription of calcium-
transporting proteins, such as calbindin, channel-forming proteins of the transient receptor potential
(TRP) protein superfamily, the most selective for calcium — TRPVS, TRPV6 [5]. Thus, the presence
of A-allele contributes to increased absorption of calcium in the intestine and can contribute to gain in BMD.
The VDR Fokl variant (rs2228570, ¢.2T(A, f) > C(G, F), p.MetlArg) is located in the coding region
of the VDR gene (exon 2) and leads to an alternative transcription initiation site due to the replacement
of thymine (T) with cytosine (C) and affects the activity of the receptor, which depends on the length
of the amino acid sequence: the protein synthesized by the F allele (ACG variant) is three amino acids
shorter than the product of the f allele (ATG variant) and is 1.7 times more active [6]. It was found
that Caucasian postmenopausal women with FokI F/f-genotype demonstrated lower BMD compared
to bearers of F/F-homozygotes [7]. The VDR gene Bsml and Apal (in intron 8) and Taqgl (in exon 9) variants
are located at the 3"-untranslated end and are in close linkage disequilibrium (LD). These SN'Vs do not alter
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the amino acid sequence of the encoded protein but influence gene expression, regulating mRNA stability [8].
The Bsml (rs1544410, 1024+443C>T, alternatively b>B) and Taql (rs731236, c.1056A>@, alternatively
T>t) haplotype frequencies are associated with an increased level of VDR receptor. Apal (rs7975232,
¢.1025-49C>A, or a>A) variant has also been shown to be associated with the activity or expression of VDR.
Though the results of the multiple studies on VDR gene variants association with osteoporosis (OP) risk
are controversial, some studies on different populations revealed their association with BMD [9-15].

The results of the above studies indicate the important role of the vitamin D-endocrine system
in the regulation of bone metabolism, though many issues in this area are not fully understood. Determination
of VDR gene polymorphisms associated with low BMD will allow to identify individuals with high
hereditary risk of early reduction in BMD long before the development of OP, and thus to conduct timely
set of preventive measures in target risk groups, and also to evaluate effectiveness of therapy [16].

The aim of our study was to develop prognostic model for postmenopausal osteoporosis (PMO) risk
evaluation in Belarusian women, based on the analysis of VDR gene variants.

Materials and methods. This study was a cross-sectional cohort study, conducted at out-patient
department and inpatient clinic. Patients were recruited at Minsk City Center for Osteoporosis and Bone-
Muscular Diseases Prevention and rheumatologic department of 1% Minsk city clinic (Minsk, Belarus).
The study protocol was approved by the Local Research Ethics Committee of Belarusian Medical Academy
of Postgraduate Education. White Caucasian women were screened for participation. Inclusion criteria
were: wiliness to participate in the study, female sex, established diagnosis of OP according to WHO
Diagnostic Criteria [17]. Exclusion criteria: presence of other metabolic bone diseases (such as Paget’s
disease and osteomalacia), diseases, affecting bone metabolism (such as endocrine osteopathies, renal
failure, Cron’s disease, rheumatic diseases etc.), malignant tumors, using of medications likely to influence
BMD (except bisphosphonates, calcium and vitamin D supplementation). After assessing compliance
with inclusion and exclusion criteria all the enrolled women signed written informed consent for participation
in the study in accordance with the declaration of Helsinki (as revised in 2013). Participants of the study
have filled out questionnaires to identify risk factors for OP (age of menopause, history of fractures etc.).

BMD was evaluated by DEXA (GE Lunar, Madison, W1, USA). Calibration of the devise was performed
daily using a standard spine phantom provided by the manufacturer. Lumbar spine (LS, L1-L4) and femoral
neck (FN) BMD (g/cm?) was measured on the same machine. Diagnosis of OP was established on the basis
of T-criteria for Caucasian women [17].

Determination of serum total vitamin D (25(OH)D) concentration was performed by electrochemi-
luminescence immunoassay on the Cobas e411 analyzer (Roche Diagnostic), fasting blood samples
were obtained from the cubital vein in the morning, not earlier than 10—12 hours after the last meal,
into a sterile vacuum Vacutainer tube without additives. In accordance with international recommendations,
level of vitamin D was considered appropriate at 25(OH)D value > 30 ng/ml, deficiency was diagnosed
at rates of 20-30 ng/ml, 25(OH)D concentration less than 20 ng/ml was considered as vitamin D
deficiency [18-20].

For genetic analysis, venous blood samples were taken from the cubital vein using the Vacutainer
system with EDTA (Beckton-Dickinson, USA). DNA was isolated using the standard phenol-chloroform
extraction. The quantity of DNA samples was checked using Qubit 2 Fluorimeter (Thermo Scientific, USA),
the quality and purity were checked using NanoDrop 8000 spectrophotometer (Thermo Scientific, USA).
Information on VDR gene variants was obtained from Entrez Gene database (www.ncbi.nlm.nih.gov/gene).
SNVs were selected according to the following criteria: minor allele frequency (MAF) higher than 5 %;
and reported associations with BMD or BMD-related risk factors in previous studies. Selected variants
(Apal 157975232, Bsml rs1544410, Taql rs731236, FokI rs2228570 and Cdx2 rs11568820) were determined
using the quantitative polymerase chain reaction (PCR) with TagMan Probes (Thermo Fisher Scientific, USA)
in the CFX96™ Real-Time PCR Detection Systems (Bio-Rad©, USA) as previously described [21, 22].
The whole reacting volume in PCR tubes was 10 pL, including 5 pL iTaq™ Universal Probes Supermix
BioRad®©, 3.75 uL of mQ water, 0.25 pLx40 TagMan™ SNP Genotyping Assay, 1 L of genomic DNA (15 ng).
The reactions were performed with an initial denaturation at 95 °C for 10 min, followed by 40 cycles
of denaturation at 95 °C for 15 s, annealing and synthesis at 60 °C for 30 s. The final extension was performed
at 72 °C for 1 min. The genotypes were analyzed on the basis of the melting curve Negative and positive
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controls were randomly included across each PCR run, several samples were randomly re-genotyped
for quality control purposes.

Statistical analysis was performed using the programming language R. The data was presented
as median (25 %, 75 % interquartile range) and compared using Mann—Whitney U-test. The deviation
from Hardy-Weinberg equilibrium was assessed by the chi-square (y?) test. The genetic risk of OP
was estimated using odds ratios, with 95 % confidence intervals (CI) and calculated in comparison
to reference (major homozygous) genotype. Codominant model was defined and tested for all SN'Vs.
Logistic regression models were used to assess difference between the characteristics of analyzed groups
for categorical data and for comparison of genotype frequencies between these groups. Multivariate Linear
Regression model was used to adjust for confounding factors, such as age at menopause, weight, height,
BMI, BMD, and for analysis of genotypes association with quantitative traits. Beta () measures difference
in quantitative trait between genotypes. Pairwise linkage disequilibrium (LD) and haplotype analysis
were performed using the R-packages “haplo.stats” (v.1.7.9) and “SNPassoc” (v.1.9-2), the programs used
likelihood ratio tests in a generalized linear model and the expectation-maximization algorithm. The efficacy
of designed model for predicting risk of disease was analyzed using multivariate logistic regression with
the construction of ROC-curve (Receiver Operating Characteristics) using R-package “pROC” (v.1.16.2).
The differences between the groups were considered statistically significant at p < 0.05. p-values
corrected for multiple testing using the False Discovery Rate (FDR) with Benjamini and Hochberg
procedure (n = 5, multiple comparisons).

Results and discussion. Genomic DNA was extracted from blood samples of 350 patients with PMO
and 243 individuals from control group. The participants within both groups were matched for age and sex —
no statistically significant differences were found (Tab. 1).

Table 1. Clinical characteristics of study subjects

Clinical characteristic Patients with PMO Control p-value
Number (%) 350 (59.1) 243 (40.9) -
Age, years 62.8 (57.1; 69.4) 62.2 (58.2; 68.0) 0.61
Age at menopause, years 48.9 (47.0; 52.0) 50.3 (48.0; 53.0) 0.03
Weight, kg 66.4 (57.8; 74.0) 80.8 (72.0; 91.0) <0.0001
Height, cm 160.2 (155.0; 165.0) 161.5 (157.0; 166.0) 0.04
BMI 25.9(22.5;28.8) 31.1 (28.0; 34.5) <0.0001
Baseline LS BMD, g/cm? 0.87 (0.79; 0.94) 1.28 (0.17; 1.35) <0.0001
Baseline LS T-score -2.5(-3.2;-2.0) 0.7 (=0.2; 1.1) <0.0001
Baseline LS Z-score -1.1 (-1.7; -0.5) 1.38 (0.5; 2.1) <0.0001
Baseline FN BMD, g/cm? 0.79 (0.72; 0.87) 1.1 (0.99; 1.12) <0.0001
Baseline FN T-score -1.7 (-2.4;-1.1) 0.6 (—0.1; 1.0) <0.0001
Baseline FN Z-score —-0.7 (-1.2; -0.1) 1.1 (0.5; 1.7) <0.0001
Fractures in history 46 (13.1 %) 52.1 %) <0.0001
B-CrossLaps ($-CTx), ng/ml 2.6 (0.3; 0.5) 0.9 (0.2; 0.5) 0.009
Osteocalcin (BGLAP), ng/ml 26.0 (16.3; 28.8) 30.4 (19.3; 34.1) 0.46
Parathyroid hormone (PTH), pg/ml 54.5 (33.6; 69.0) 48.3 (32.9; 56.2) 0.63
25-hydroxyvitamin D (25(OH)D), ng/ml 29.8 (20.7; 36.8) 20.5 (15.4;25.2) 2.3-107

N o te. The data is presented as mean (25 %; 75 % interquartile range). LS, lumbar spine, FN, femoral neck, BMD, bone
mineral density, BMI, bone mass index.

The comparison of PMO group with control group using Mann—Whitney U-test revealed a slightly
significant difference in age at menopause (p = 0.03) and height (p = 0.04). A strong difference between
groups was revealed for weight, BMI, lumbar spine and femoral neck BMD, T- and Z-scores. These factors
were considered to potential confounding factors and were adjusted in association analysis. In the study
cohort, 46 patients had a fracture history (at least one), compared to 5 individuals from control group.
There was no statistically significant difference in osteocalcin and parathormone levels between analyzed
groups. However, we did find differences in f-CTx and 25(OH)D levels (Tab. 1).
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Five the most commonly analysed polymorphic loci of VDR gene were selected from key publications
and studied as candidate markers of PMO. These SNVs with previously established involvement
in vitamin D and bone tissue metabolisms were included to the study to validate their effect by analysis
of combinations of genetic variants on independent cohort. A detailed description of the VDR gene variants
and their frequencies in control population is presented in Tab. 2.

Table 2. SNV information of VDR gene in control population

. Heterozygosity HWE
SNV Placements GRCh38.p12 Minor allele MAF GnomAD MAF
observed predicted p-value

1s7975232 847845034 C 0.45 0.47 0.47 0.49 0.44

C>A
151544410 847846052 T 0.41 0.38 0.44 0.48 0.23

C>T

2.47844974

15731236 ASG G 0.40 0.38 0.44 0.48 0.14
1s2228570 gA787112 A 0.42 0.37 0.51 0.49 1

A>G
1511568820 g.47c9>0§762 T 0.19 0.18 0.29 0.31 0.5

N o te. MAF — minor allele frequency, HWE — Hardy-Weinberg equilibrium.

The genotype frequencies of all analyzed SN'Vs were not significantly different from Hardy-Weinberg
equilibrium at 5 % level in control group (Tab. 2) and in PMO patients (p > 0.05). MAF in control group
was calculated and were not significantly different from those taken from to GnomAD data (gnomad.
broadinstitute.org) and were close to those of Caucasian subjects reported meta-analysis [7].

All patients were genotyped in the study. The distribution of genotype frequencies of VDR gene
variants together with the p-values are shown in Tab. 3.

Table 3. The distribution of genotype frequencies of VDR gene variants in patients
with postmenopausal osteoporosis (PMO) and control (CON) groups

p-value
Gene variant Genotype PMO, % CON, % OR (95 % CI)
Raw’ FDR™
C/C 23.8 31.3 1
VDR Apal 157975232 C/A 45.1 46.9 1.3 (0.8-1.9) 0.027 0.045
A/A 311 21.8 1.9 (1.2-3.0)
C/C 233 37.0 1
VDR Bsml rs1544410 C/T 46.6 44.4 1.7 1.1-2.5) 0.006 0.015
T/T 30.1 18.5 2.6 (1.6-4.2)
A/A 244 37.9 1
VDR Taql rs731236 A/G 47.8 46.6 1.7 (1.2-2.5) 0.001 0.005
G/G 279 185 2.3 (1.5-3.7)
G/G 26.6 323 1
VDR Fokl rs2228570 A/G 49.7 50.8 4.5(2.4-8.7) 0.45 0.45
A/A 23.7 16.9 29.3 (3.6-241.0)
c/C 70.7 66.2 1
VDR Cdx2 rs11568820 CIT+T/T 293 33 08 (0.6-12) 0.3 0.375

Note. *—raw p-values; ** — p-values corrected for multiple testing using the False Discovery Rate (n = 5); *** — dominant
model of inheritance used due to low minor allele frequency. OR — odds ratio, CI — confidence interval.

The most frequent homozygous genotype was taken for reference. Comparing the genotype frequencies
between PMO and CON groups, statistically significant differences after FDR correction for multiple
testing were observed for Apal rs7975232, Bsml rs1544410 and Taql rs731236 variants of VDR gene.
The Bsml T/T genotype was significantly over-represented in PMO patients (30.1 %) compared to control
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Fig. 1. Significant distribution of specified genotypes of Apal, Bsml and Taql variants of VDR gene between women with
PMO and control group, adjusted by age at menopause, height, weight and (*) LS or (**) FN BMD. p-values corrected for
multiple testing using the FDR (n = 5, multiple comparisons)

group (18.5 %, OR = 2.6, 95 % CI 1.6-4.2, p_ . = 0.015). For the bearers of Taql rs731236 G/G homozygous
genotype, the risk of osteoporosis was increased (OR = 2.3, 95 % CI 1.5-3.7, p, . = 0.005). Increased
risk of PMO was also revealed for the bearers of heterozygous genotypes of VDR Bsml and Taqgl variants.
The PMO group individuals were more likely to carry VDR Apal A/A genotype (31.1 %), compared
to the CON group (21.8 %, OR = 1.9, 95 % CI 1.2-3.0, p, . = 0.045).

As mentioned above, between the study groups there were significant differences in some clinical
characteristics revealed, including age at menopause, height, weight, BMI, LS and FN BMD and others
(Tab. 1). To reduce the potential impact of these confounding factors on the results of the analysis,
we performed logistic analysis using codominant model of inheritance, adjusted by age at menopause,
height, weight, LS and FN BMD. Revealed significant association for adjusted analysis is presented
in a forest plot (Fig. 1).

When adjusted by confounding factors, the risk of PMO became much higher for the bearers
of Apal A/A (OR = 10.5, 95 % CI 2.1-511, p, . = 0.006), Bsml T/T (OR = 9.3, 95 % CI 1.7-52.2,
P = 0.013) and Tagl G/G (OR = 18.2, 95 % CI 3.2-105.1, p, . = 0.003) genotypes. In addition, increased
risk for PMO was also revealed for the bearers of heterozygous Apal C/A genotype, which was absent
in non-adjusted analysis.

There was no any statistically significant difference revealed in distribution of VDR FokI rs2228570
and Cdx2 rsl1568820 variants between PMO and CON groups. Since Cdx2 rs11568820 T-allele
frequency was very low, we used dominant model of inheritance and merged C/T+T/T genotypes.
Despite the absence of significant association, it can be noted that the frequency of Cdx2 A A-genotype
is significantly higher in the CON group (4.4 %) compared to PMO patients (1.1 %).

The sample size calculation for separately analyzed genotype frequencies was performed for a significance
level of 5 %, post-hoc power value, calculated for VDR Apal rs7975232, Bsml rs1544410, Taql rs731236,
FoklI rs2228570 and Cdx2 rs11568820, were 75.2, 82.3, 82.4, 58.3, 24.6 %, respectively.

In a further work, the pairwise linkage disequilibrium between the SN'Vs within VDR gene was estimated
in terms of D’ and r>. LD plot was constructed using combined genotype data from both groups
of individuals (Fig. 2).
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Fig. 2. Linkage disequilibrium plot for Apal
rs7975232, Bsml rs1544410, Taql rs731236, Fokl
1rs2228570 and Cdx2 rs11568820 of VDR gene.
LD is displayed as pairwise D’ values multiplied
by 100 and given for each SNV combination within
each cell. Red cells correspond to a very strong LD;

Apal, Bsml and Taql variants are in the same LD block

By the LD analysis, we identified one haplotype block,
composed of Apal, Bsml and Taql variants (the measure
D’ was very close to 1, p << 0.01). The positive coefficient
of correlation r* suggests that major alleles of VDR Apal,
Bsml and Taql gene variants are likely to be inherited
together, as well as minor alleles. No significant LD
was found for Cdx2 and FoklI variants. For further analysis,
based on LD data, we combined three VDR gene variants
Apal, Bsml, Taql and performed the haplotype analysis
(Tab. 4). FokI and Cdx2 variants were removed from further
analysis due to the absence of significant association.
Haplotypes were constructed from all possible allelic
combinations of three VDR markers and compared
between the PMO and CON groups, adjusted by age
at menopause, weight, height and LS BMD.

Six haplotypes (C-C-A, A-T-G, A-T-A, C-C-G, A-C-A,
A-C-G) of the possible eight combinations were inferred
at a frequency greater than 1 %. They were present
in 97.7 % of study participants. Statistically significant
differences between analyzed groups were revealed
in the global distribution of allelic combinations (global
p-value <0.0001), suggesting an association of analyzed
haplotypes with the risk of PMO. Statistically significant
difference was revealed in distribution of most frequent
C-C-A and A-T-G haplotypes between the PMO and control
groups even after FDR correction for multiple testing
(Tab. 4). The C-C-A haplotype, constructed from three

wild-type alleles, was the most frequent (total frequency 40.7 %). This haplotype frequency was signifi-
cantly higher among controls (46.8 %) than among cases (36.0 %, p, . = 0.049). The negative haplotype
score value of —3.39 suggested that this combination is associated with decreased risk of PMO. The total
frequency of A-T-G haplotype was 36.6 %, it was significantly under-represented in CON group (31.7 %)
compared to PMO group (40.0 %, p,. = 0.008), suggesting that this allelic combination might confers
a greater susceptibility to OP. Compared to the most frequent reference (wild-type) haplotype C-C-A,
for the bearers of A-T-G haplotype, the risk of PMO was significantly increased (OR = 4.6, 95 % CI 1.7-12.5,
p = 0.003, haplotype score 3.06). No significant association was found for other revealed haplotypes.
A similar picture was observed for FN BMD association with haplotypes (the data is not presented).

Table 4. Haplotype analysis of VDR gene Apal, Bsml and Taql variants in patients with postmenopausal
osteoporosis (PMO) and control (CON) groups, adjusted by age at menopause, weight, height and LS BMD

Frequency p-value Logistic regression
Haplo-type Haplotype score Global score test
PMO CON Raw FDR OR (95 % CI) p-value
C-C-A 36.0 46.8 0.0007 0.049 -3.39 1 — Global-stat = 18.75,
A-T-G 40.0 31.7 0.0022 0.008 3.06 4.6 (1.7-12.5) 0.003 df=7,p=0.009
A-T-A 10.5 8.2 0.42 0.74 0.81 1.9 (0.4-9.2) 0.44
C-C-G 7.1 9.1 0.89 0.89 1.06 1.8 (0.1-25.6) 0.68
A-C-A 3.8 1.9 0.67 0.78 —-1.47 1.9 (0.1-76.9) 0.75
A-C-G 1.6 1.2 0.55 0.77 —-0.59 0.4 (0.1-5.8) 0.49
rare 1.0 1.1 0.14 0.33 -0.43 2.81 (0.8-9.7) 0.54

A haplotype is an allelic combination of several gene variants, that are in a strong LD and inherited
together. Haplotypes distribution analysis is very important for investigating the genetic aspects of multi-
factorial diseases, when the power of separate gene analysis is very weak due to correction for multiple
testing. Thus, determination of association between genetic polymorphism and phenotype based on haplotype
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score seems more critical compared to genotypes and alleles analysis, as it helps to reduce the impact
of type I errors (false positive).

Previous studies on Caucasian women with PMO reported that Apal-Bsml-Taql A-T-G haplotype
was significantly associated with similarly increased risk of OP (OR =4.2, 95 % CI 2.2-8.1, p < 0.001) [23].
Very close haplotype frequency distribution was reported for Dutch [9] and Italian [14] women. However,
relatively few studies have been reported to date with significant association of VDR gene haplotypes
association with PMO risk in Caucasian women.

The analysis of genotype and haplotype distribution between patients with PMO and control group
allowed us to identify several informative markers within VDR gene, associated with the risk of pathology.
A huge interest presents analysis of association of VDR gene variants with the level of BMD in lumbar
spine and femoral neck, as fractures of this regions are the main clinical manifestation of osteoporosis.
The association analysis of quantitative data is usually more objective, will complement qualitative studies
and possibly provide with new informative genetic markers. The association analysis between Apal rs7975232,
Bsml rs1544410, Taqgl rs731236, FokI rs2228570 and Cdx2 rs11568820 variants of VDR gene and BMD
level was performed using linear regression on the combined PMO and control groups (Fig. 3).
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Fig. 3. Bone mineral density measured in lumbar spine (LS, 4) and femoral neck (FN, B) in relation to VDR gene variants.
p-values corrected for multiple testing using the FDR (n = 5, multiple comparisons)
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Linear regression analysis indicated that different genotypes of four VDR gene variants are significantly
associated with LS and FN BMD level (Fig. 3). The most significant association with BMD was revealed
for Tagl 731236 variant (p,,, = 0.0005 for LS and p_ . = 0.001 for FN). Interestingly, for Taql marker,
there is a gene/dose response: the highest level of LS and FN BMD was found for the bearers of homozygous
wild-type genotype A/A (1.04 + 0.02 and 0.92 + 0,01 g/cm?, respectively), intermediate BMD was found
in heterozygotes (0.95 + 0.02 and 0.84 + 0.01 g/cm?), and the lowest BMD was found in homozygous
for the minor alleles G/G genotype (0.92 = 0.02 and 0.82 + 0.02 g/cm?). Apal rs7975232 and Bsml rs1544410
variants were also associated with both LS and FN BMD, with highest BMD level in wild-type homozygotes
and lowest — in minor homozygotes (Apal C/C 1.05 + 0.02 vs. A/A 0.95 £ 0.02 g/cm?, BsmI C/C 1.06 & 0.02 vs.
0.97 £ 0.03 g/cm? (Fig. 3, 4); Apal C/C 0.91 + 0.02 vs. A/A 0.83 + 0.02 g/cm?, BsmI C/C 0.92 + 0.02 vs.
0.84 £ 0.02 g/cm? (Fig. 3, B).

Interestingly, in quantitative analysis of Cdx2 rs11568820 variant association with LS and FN BMD,
a statistically significant association was revealed. Substitution of C to T was associated with much higher
LS BMD level (B = 0.19, 95 % CI1 0.04-0.33, p, . = 0.044 (Fig. 3, 4), as well as higher FN BMD (3 = 0.18,
95 % C10.05-0.3, p, . = 0.026 (Fig. 3, B). This means that the substitution (T-allele) of Cdx2 rs11568820
has a protective effect (the only one from 5 markers, included in analysis). In previous comparison
of PMO patients and control group, no statistically significant association was found in genotypes
distribution (Tab. 3). As for group analysis, no significant association for Fokl rs2228570 was found
for both LS and FN BMD.

Since the first report, showing an association of VDR gene with BMD [24], several studies have been
performed to investigate the relationship of various VDR variants with BMD in various populations.
The widespread interest in the VDR gene may be explained by its main function to maintain the balance
of serum calcium and phosphates in the human body. In general, obtained results are comparable
with the results of other studies conducted on the European population [7]. However, in some studies,
inconsistent results were observed. In a study on Polish population, authors observed dose effect of a single
VDR Fokl variant on the LS BMD, which was not found in present study [10]. Such inconsistency,
observed in different populations, can be largely explained environmental factors and ethnicity, suggesting
the importance of research on various nations.
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Fig. 4. Serum level of 25-hydroxyvitamin D in bearers of different VDR Tagl genotypes (p,,, = 0.008). B — difference
in 25(OH)D levels between reference (G/G) and corresponding genotype, error bars represent 25 % and 75 % quartiles
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Of particular interest is the correlation analysis of the serum level of 25-hydroxyvitamin D
with VDR gene variants. This analysis was performed to explore weather VDR variants has any influence
on circulating 25(OH)D level. Multiple regression analysis indicated revealed association of 25(OH)D
serum level with VDR Taql 731236 genotypes (Fig. 4), but not with Apal rs7975232, Bsml rs1544410,
FoklI rs2228570 and Cdx2 rs11568820.

The genetic effects of VDR Taql on serum 25(OH)D were gene-dose dependent (Fig. 4): the lowest
level was found in reference homozygotes (22.34 + 1.07 ng/ml), intermediate — in heterozygotes
(27.04 £ 1.19 ng/ml) and the highest — in bearers of homozygous G/G genotypes (29.05 = 1.63 ng/ml,
DPine = 0.008). A tendency for a gene-dose response was found between circulating 25(OH)D
and VDR Bsml 151544410 (C/C 23.58 + 1.18 ng/ml, C/T 26.69 + 1.23 ng/ml, T/T 27.78 + 1.59 ng/ml,
B=421,95%C10.3-8.1, p,, = 0.088) and Cdx2 rs11568820 (C/C 26.85 + 0.92 ng/ml, C/T 23.15 + 1.38 ng/ml,
T/T 19.43 +2.34 ng/ml, B =-3.70, 95 % CI -7.08...-0.32, p_ . = 0.07). No association with 25(OH)D level
for Apal rs7975232 and FoklI rs2228570 was found. In order to increase the statistical power, we analyzed
association of serum 25(OH)D level with VDR Apal, Bsml, Taql and Cdx2 haplotypes (Tab. 5).

Table 5. Haplotype analysis of VDR gene Apal, Bsml, Taql and Cdx2 variants association
with serum 25(OH)D level

Linear regression

Haplotype Frequency 25(0OH)D, ng/ml (mean + SE) 895 % CD) o
C-C-A-C 394 23.38 £ 1.49 0 —
A-T-G-C 27.3 27.51+1.27 4.1 (1.6-6.5) 0.007
C-C-G-C 7.3 29.22 £2.50 6.3 (1.7-10.8) 0.02
A-T-G-T 6.9 20.76 £2.21 —2.5(-6.8...—1.8) 0.3
A-T-A-C 6.8 23.66 £2.57 0.0 (-4.7..—4.7) 1
C-C-A-T 6.5 20.33 £2.55 —3.9(-8.0...-1.9) 0.33
Rare 5.8 27.07 + 5.65 5.1(0.3-9.9) 0.07
Global haplotype association p-value 0.037

Statistically significant differences were revealed in the global haplotypes distribution (global
p-value = 0.037), suggesting an association of analyzed haplotypes with 25(OH)D. Interestingly, the highest
level of serum 25-hydroxyvitamin D was found in bearers of non-favorable alleles of VDR gene variants
(A-T-G-C), which reduce vitamin D receptor expression, suggesting that VDR gene variants are crucial
for circulating 25(OH)D level. For the bearers of A-T-G-C haplotype, 25(OH)D level was significantly
higher compared to reference haplotype (B = 4.1, 95 % CI 1.6-6.5, p, . = 0.007). The increased level
of circulating 25(OH)D level may be explained by the fact that most patients with osteoporosis performed
vitamin D supplementation, and in patients bearing unfavorable genotypes this vitamin was metabolized
less efficiently. This hypothesis is confirmed by the fact that the level of VDR mRNA was remarkably
reduced in bearers of Bsml T/T-genotype compared to individuals with C/C genotype [25]. Located
at 3"-end of the VDR gene, Apal, Bsml and Taql variants are associated with the different length poly-
adenylate sequence and affect the stability of mRNA, while Cdx2 variant could change the transcription
activity of the promoter region of the gene [26]. The FoklI variant, located in second exon, forms second
methionine start site, producing a shorter protein receptor, which displayed higher transcriptional
activity. 25(OH)D concentration was higher in bearers of the G/G-genotype compared to individuals
with A/A-genotype [27]. Thus, differential activity of the receptor could alter the pattern of vitamin D-
mediated gene activation, and thus impact on a wide range of enzymes involved in the production
and elimination of 25(OH)D.

The association of serum 25(OH)D with VDR variants, revealed in present study, corresponds
to previous research on vitamin D supplementation depending on VDR genotype [28], where various
degrees of metabolic improvements from vitamin D supplementation were observed due to VDR gene
variation, but the concentration of the active ligand 1.25(OH)D may be suboptimal. In the bearers
of non-favorable homozygous Apal A/A, Bsml T/T, Taql G/G, Fokl A/A genotypes, the baseline 25(OH)D
level was higher compared to reference (wild-type) homozygous genotypes. This tendency remained
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10 4 | and the difference even increased after vitamin D
" intervention of 2000IU per day for 12 months (except
for VDR FoklI variant) [28]. Our data is consistent
also with other prior reports [29], when higher
circulating 25(OH)D was found in volunteers,
carrying minor allele at a VDR Bsml rs1544410,
previously associated with reduced fracture risk.
It was hypothesized that the presence of Apal C-,
Bsml C-, Taql A- and Cdx2 C-alleles of VDR gene
provides higher expression level of vitamin D
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Fig. 5. Area under the receiver operating characteristic curve  of the distribution of VDR gene variants in patients

fora model of PMO risk evaluation with PMO and control group, as well as their asso-

ciation with clinical parameters, we have identified

four informative genetic markers. The integration of previously identified associations in the combined

cohort of both patients and controls allowed to increase the statistical power of the study, as well

as to identify a number of new associations, providing with new knowledge for understanding the molecular

pathogenesis of osteoporosis and vitamin D metabolism. But it is well known that simple measure of OR

association is not essential to reveal prognostic value of genetic variant [30]. To determine the diagnostic

and prognostic value of the developed complex clinical and genetic model for evaluation of individual

osteoporosis risk, we performed analysis of ROC-curve with area under the curve (AUC) calculation.

The AUC in interval of 0.6—0.7 indicate average, 0.7—0.8 — good, and 0.8—0.9 — very good diagnostic

level. The ROC analysis will help to separate individuals with high risk of PMO from those with low risk.

The results of the ROC-analysis performed for VDR Apal rs7975232, Bsml rs1544410, Taql rs731236,

FokI rs2228570 and Cdx2 rs11568820 variants is presented in Fig. 5.

The model of osteoporosis risk prediction possesses a good prognostic value, AUC = 0.79 (95 % CI
0.71-0.87 (Fig. 5). The model was characterized by high sensitivity level (82.9 %), with average specificity
(69.4 %) and good accuracy (77.3 %). Thus, PMO risk assessment model, constructed only from genetic
predictors, has shown good predictive value. Nevertheless, in present study we were unable to analyze
different genetic markers, associated with bone turnover. The inclusion of other genetic markers, as well
as clinical, biochemical, anthropometric, demographic, behavioral factors in this model will significantly
increase its prognostic value.

As vitamin D status is linked not only to osteoporosis, but also to many other conditions, understanding
the genetic variants that are responsible for vitamin variation is vital and may help us to better understand
complex relationship between genetic and environmental factors in multifactorial pathology.

Conclusion. The major finding of this study was the development of model for evaluation of osteoporosis
risk, constructed from informative genetic markers of VDR gene, which may have a prognostic
importance. Our results suggest that the VDR Apal rs7975232, Bsml rs1544410 and Taql rs731236 variants
and their haplotypes are associated with PMO risk in Belarusian women. Together with Cdx2 rs11568820,
these markers are associated with BMD variation, and their haplotypes — with serum 25(OH)D level.
We consider that revealed informative genetic markers have important clinical significance and our study
makes significant contribution to the establishment of the molecular pathogenesis of postmenopausal
osteoporosis.
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I. C. ManacoBa, H. B. Ilugenkyi, JI. B. Muux, 3. B. Uymak, H. B. Ky3smun

Odeccruil Hayuonanbhblil meduyunckull ynueepcumem, Odecca, Yxpauna

POJIb KAJBIIUTPUOJIA B MOJAVJISIUHU IJIAITEHTAPHOU TUCO®YHKIIUA
Y BEPEMEHHBIX C XPOHUYECKUMHU 3ABOJIEBAHUAMMU ITOYEK

Annoranus. [Tneiforponusie 3¢ dexTs BuTamMmuna D (VD), akTuBHast popma KOTOPOro CHHTE3UPYETCsI B IOUKAX, UT'PAIOT
OIIpEIeTICHHY IO POJIb B (JOPMUPOBAHHUN U (PyHKIIMOHNPOBAHNH (PETOIIAIIEHTAPHOH CHCTEMBI, B TOM YHCJIE IIPH PAa3INIHBIX
OCTIO’KHEHHSAX OCpPEeMEHHOCTH.

Iens paboTbl — oleHKa ypoBHs BUTaMuHa D y GepeMeHHBIX ¢ muianeHTapHoit auchynkiueit (I11) 1 XxpoHHYeCKUMHU
BOCIAJIUTENBHBIMHU 3a00JeBanusiMu nouek (XB3IT).

B teuenue 24-34 Henenb 0epeMeHHOCTH 00cienoBaHo 56 skenmuH ¢ [1/] (rpynmna I — ocHoBHas), 24 (42,85 %) u3 ko-
TOPBIX CTpajalii XpoHWYecKuM muenoneppurom (rpymma [A). Kortpomsryto rpynmy (rpynma II) cocraBuma 31 ycinoBHO
3710poBast OepeMeHHast )KEeHIINHA. YpoBeHb o0miero VD B kpoBu onpeznensnu MetogoM MDA ; B nononHeHue Kk o0memMy cTas-
JApTHOMY KJIMHUYECKOMY HCCIIEIOBAaHHIO OBLIIO BBIIIOJIHEHO TaKKe 0AKTEPHOJIOrNYecKOe HCCIIeIOBAHUE MOUH.

YcraHoBIICHO, UTO cpeaHuii ypoBerb VD y OepemeHHBIX ¢ [1J] 1 XpoHHYecKoil OOJIC3HBIO MOYEK OB 3HAYUTEIHHO
HUXKe, 4eM B KOHTposbHOU rpymre (31,08 £ 7,2 n 45,42 + 9,67 ur/ma (p < 0,01)). Ontumym VD BrisiBieH Tonbko y 33,33 % Ge-
pPEMEHHBIX JKEHIIUH B Tpymne [A, B KoHTponbHOU rpymmne —y 93,55 % (p < 0,01), y 17,86 % obcnenosanubIx B rpymme |
ny 8,33 % Oepemennbix B rpymnmne [A 6bu1 gedpunut VD (OR = 2,09; 1N 95 % — 1,8-2,42). Kenmun ¢ VD-nepuuutHbiM
CTaTycoM B KOHTPOJBHON rpymme He 0b110. Y 58,33 % xenmun B rpymnie IA Obut cy6onTuManeHblil ypoBeHb VD, B KOHT-
ponbHOH rpynme —y 6,45 % (OR = 3,57; 11 95 % — 1,62-7,88). bakrtepuypus IuarHoCTUPOBAaHA y BCEX OepeMEHHBIX
¢ VD-pepuuutHeIM 1M cyOonTHMaNbHEIM ypoBHeM. [Ipu ontumansHoM ypoBHe VD Gaktepuypus onpeaensiacs B 2 pasa
pexe (y* = 66,67; p<0,01). V nanuenTtos ¢ HeagekBaTHbIM ypoBHeM VD XB3II nquardoctuposainu B 3,8 pasa gamie (OR = 3,57,
JU 95 % — 1,62-7,88).

3HauNTENbHOE CHIKEHHE YPOBHS KaJIBIUTPHONIA y O€pEeMEHHBIX C AUC(HYHKIHEH MIAaleHThHI HO3BOJISAET MPEATIOI0KHUTS,
qTo lle(l)HuHT NI He}]OCTaTOquIﬁ YPOBEHBb VD u BocmanuTeabHbIE 3a00JI€BaHUsI MOYEK SBIISIOTCS B3aMMO3aBUCHMBIMH
MPOIIECCaMHt, KOTOPBIE HTPAIOT BAKHYIO POJIb B YOPMHUPOBAHUY TUTALICHTAPHON TUCHYHKITHH.

KuaroueBble ci10Ba: ButaMuH D, mnanenTapHas JucQyHKINs, 3a001€BaHUS MTOYEK

Jlast uuTHpoBanus: Ponb KameIUTPHONA B MOTYJISAIUY IJIAIIEHTapHOH TUCHYHKIINH y O€PEMEHHBIX C XPOHUYECKHMHU
3abosneBanusmu novek / I. C. Manacosa [u np.] / Bec. Hai. akan. naByk benapyci. Cep. men. naByk. — 2020. — T. 17, Ne 4. —
C. 493-4909. https://doi.org/10.29235/1814-6023-2020-17-4-493-499

Gulsym S. Manasova, Natalia V. Didenkul, Ljudmila V. Mnich, Zinaida V. Chumak, Natalia V. Kuzmin

Odessa National Medical University, Odessa, Ukraine

ROLE OF CALCITRIOL IN MODULATING OF PLACENTAL DYSFUNCTION
IN PREGNANT WOMEN WITH CHRONIC KIDNEY DISEASE

Abstract. The pleiotropic effects of vitamin D (VD), whose active form is synthesized in the kidneys, play a certain role
both in forming and functioning the feto-placental system, including various pregnancy complications.

The aim of the study was to evaluate the vitamin D status in pregnant women with placental dysfunction (PD) and chronic
inflammatory kidney disease (CIKD).

During 24-34 pregnancy weeks, 56 pregnant women with PD were examined (main group — I); 24 patients (42.85 %)
had chronic pyelonephritis (group IA). The control group (group II) had 31 conditionally healthy pregnant women. The total
VD level in the blood was determined by ELISA; in addition to the general clinical standard examination, the urine also
underwent bacteriological examination.

The VD mean level in pregnant women with PD and CIKD was significantly lower than that in the control group (31.08 = 7.2
and 45.42 + 9.67 ng/ml (p < 0.01)). Only 33.33 % of pregnant women in group IA had a VD optimum, as well as 93.55 %
(p <0.01) in the control group and 17.86 % in group 1. 8.33 % of pregnant women had a VD deficiency in group IA (RR =2.09;
CI 95 % — 1.8-2.42). The patients with a VD-deficiency were absent in the control group. 58.33 % of women in group IA had
a suboptimal VD level and 6.45% in the control group (RR =3.57; CI 95 % — 1.62-7.88). Bacteriuria was observed in all pregnant
women with a VD-deficient or suboptimal level. At the optimum VD level, bacteriuria was diagnosed twice less (y*>= 66.67,
p <0.01). In patients with an inadequate VD level, CIKD was diagnosed 3.8 times more (RR = 3.57; CI 95 % — 1.62-7.88).
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A significantly calcitriol reduction in pregnant women with placental dysfunction suggests that the deficiency or the suboptimal
level of vitamin D and inflammatory kidney diseases may be the interdependent processes that play a decisive role in the formation
of placental dysfunction.

Keywords: vitamin D, placental dysfunction, kidney disease

For citation: Manasova G. S., Didenkul N. V., Mnich L. V., Chumak Z. V., Kuzmin N. V. Role of calcitriol in modulating
of placental dysfunction in pregnant women with chronic kidney disease. Vestsi Natsyyanal nai akademii navuk Belarusi.
Seriya meditsinskikh navuk = Proceedings of the National Academy of Sciences of Belarus. Medical series, 2020, vol. 17,
no. 4, pp. 493—499 (in Russian). https://doi.org/10.29235/1814-6023-2020-17-4-493-499

BBenenune. XpoHHYECKHE BOCIIAMTEbHBIC 3a00eBanus nodek (XB3II) 3aaHnMaroT BTOPOE MECTO
CpeIy DKCTPAareHUTaILHOM MAaTOJIOTHH Y OepeMeHHBIX [1]. HacToTa XpoHHYeCKOTo mueoHedpuTa y oe-
PEMEHHBIX, [0 JaHHBIM Pa3HBIX aBTOPOB, cocTaBisieT oT 12 no 15 %. I'ectanmonHbIil uenoHeppuT —
OJJHa W3 OCHOBHBIX NMPUYHUH, NPUBOIAIINX K Pa3BUTHIO TSIKENBIX recTo3oB [2], a B 15-20 % cinyuaes
OH SIBJISICTCSl IPUYMHON HEBBIHAIINBaHUS OepemenHocTH [3]. YV 12-15 % nmereld, poXKICHHBIX OT Marte-
peii ¢ 3a0osieBaHUSIMU TTOUEK, HAOIIOAACTCS CHHIPOM 3aJIePKKH Pa3BUTHS miioaa [4].

Hecmotps va u3BecTHy10 posb XB3I1 B popmMupoBanuu natoiaoruu 6epeMeHHOCTH, TaTOreHeTHYe-
CKHE MEXaHU3MBbI Pa3BUTHS ATHX OCIOKHEHHI OCTAIOTCSl HEYyTOYHEHHBIMU M BEIOOp 3(h(heKTHBHBIX Me-
TOJIOB IPOQHIIAKTUKH OCIIOKHEHN OepeMeHHOCTH Ha oHe X B3I1 orpanuues.

Bnusinue XB3I1 Ha pa3BuTHE OCIOKHEHHUI IeCTAIIMIOHHOTO IPOIIEcca MOKET ObITh 00bsICHEHO (u-
3HOJIOTHYECKOM POJIBIO TIOYCK B aKTUBAITUU TOPMOHAIBHOHN cucTeMbl BUTaMuH D (VD)/penienitopsr VD:
AMEHHO B TTOYKAaX 3aBEPIIacTCs CHHTE3 akTHBHOU dopmbl VD — kambrutpuona (1a,25(0OH)D3). ITo qanHbBIM
JTUTEpaTyphl, B HacTosAIIee BpeMst VD-ropMOHY OTBOIUTCS ONpeiesieHHas poib B 00€CTIeYeHNH NMILIaH-
TAI[MOHHOTO OKHA W TIOCJIEAYIOIINX MePBOi ¥ BTOPOM BOJIH WHBa3uM Tpodobdiacta [5, 6]. Kampuurpuon
y4acTBYET TaK)Ke B PEryJIAIHI CHHTE3a U CEKPEI[UU MOJIOBBIX TOPMOHOB, CHHTE3UPYEMbIX KaK SUYHU-
KaMH, TaK U IU1aleHTol [7]. YcTaHoBlieHa onpeiesieHHast CBs3b MeXy ypoBHeM VD B kpoBu GepemeH-
HBIX KEHIIUH U YaCTOTOM, a TAKKe CTENEHbIO TSHKECTH Mpe3KiIaMIicuu [8].

Henocpenctsenno B moukax mox aeiicTBueM lo-ruapokcuiasbl HeakTuHbIN 25(0OH)D npesparaeT-
csi B D-ropmon — kanbuuTpuol [9]. B moukax Takke BbIpabaThiBacTCs PepMEHT 24-THAPOKCHIIa3a, KO-
TOpBI 00JaaeT MPOTHUBOMOJIOKHBIM JAEUCTBHEM M JIEAKTUBUPYET KaJIBIIUTPHUOJ B €0 HEAKTHBHYIO
thopmy — 24,25(0OH)D3 [10].

B psine nccnenoBannii moka3aHo, UTO Y TAITUSHTOB C 3a00JIeBaHUSIMU TIOUEK cpenHne ypoBHH VD mo-
CTOBEPHO HIKE, YEM Y 3JIOPOBBIX JIFOJIEH, a €ro HeJOCTATOYHBIN YPOBEHB (<25 HMOIIB/T) aCCOIUUPYETCS
¢ na(pexnueit MoueBbiBOASIINX TyTei [11, 12]. K Hanbonee 4acTo nmepcHCTUPYIOMIMM B MOYEBBIBOJISI-
IUX TyTSIX MUKPOOPTaHU3MaM OTHOCUTCS Esherichia coli, KOTOpoW OTBOAMTCS BeAyIas poib B 000-
CTPEHUH XPOHUYECKUX BOCHAJUTEIBHBIX 3a00JeBaHuUi modek Bo BpeMs OepemenHocTH [13]. TIpu te-
CTUPOBaHHH CIHOCOOHOCTH CBIBOPOTKH KPOBU O€PEMEHHBIX JKEHILWH C Pa3IMYHbIM ypoBHEM VD HHTH-
OupoBath pocT E. coli ycTaHOBJIEHO, YTO CHIBOPOTKH ¢ ypoBHeM VD Bbime 80 HMOJIB/I JOCTOBEPHO
yaie HHruouposanu poct E. coli, yem nipu yposae 50 amoub/n u Huxke (p < 0,05) [14].

Lens paboTsl — onpenenenne BuTaMuH D-craTyca y OepeMeHHBIX ¢ IUIalleHTapHOW AuC]yHKIHe
1 XpOHMYECKUMHU 3a00JI€BAaHUSIMHU TIOYEK.

Matepuajabl 1 MeToAbI HcciefoBanu. [locne nomyyenns HHGOPMUPOBAHHOTO COTIJIACHS TAIHEH-
TOB 00cIenoBaHo 87 OepeMeHHBIX B cpoke 24—34 Henenn 6epeMeHHOCTH. B ocHOBHYTO rpymry (rpyrma I)
BomH 56 6epemennbIx ¢ I1/] Ha Gone BepuduIpoBaHHOTO NEpUHATAIBHOTO HHGUIIpOoBaHUsL, 24 (42,85 %)
13 KOTOPBIX CTpaialii XpoHn4YeckuM nuenonedpurom (rpymnma [A). I'pynny xontpons (rpynna 1) co-
cTaBmiia 31 yCIOBHO 340pOBasi KCHIMHA C (PU3HOJIIOTHTYECKUM TeUCHHEM OEPEMEHHOCTH.

OOmekIMHNYEeCKHEe U ClielualbHble 00CIIEIOBaHMS TI0 OLIEHKE COCTOSHMS (PETOIUIALCHTAPHOTO
KpoBOOOpaIIeHNs y BHYTPHYTPOOHOTO MJI0Aa IPOBOAMIIN B COOTBETCTBHH C TPEOOBaHUSIMH HOPMAaTHB-
HBIX JOKYMEHTOB.

Juist BepudUKaMK MEPUHATAIBHOIO WHPHUIIMPOBAHMS HCIIONIB30BAIIM METO/IbI OaKTEPHOCKOIHIYe-
CKOro, 0akTepuosiornyeckoro u uMmmyHodepmerTHoro (MMDA) ananusza.

Jlmarxos ruranieHTapHoi AUCHYHKIIMH yCTaHABIMBAIN HA OCHOBAHUH COBOKYITHOCTH JIAHHBIX YIIBTpa-
3BYKOBOT'O OOCJIEIOBAHUS C IPOBEACHUEM (PETO- U TIalleHTOMETpuH, Doppler-omieHKn KpoBOTOKaA, Kap-
IuoToKorpaduu, oneHKkH Onodusmaeckoro mpoduis Mmioaa, UCCIeOBAHNS TOPMOHAITBHON (QYHKIINH
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MJIAICHTHl (XOPHOHMYeCKUi ToHagoTponuH denoBeka (XI'Y) u sctpuon). Yposernb XI'U u scTpuona
OIIpeesIsId METOIOM MMMYHO(epMeHTHOro aHanu3a Ha anmapare Cobas Integra 400 Plus (Roche
Diagnostics, [lIBefinapust). Y3U npoBoxmniu Ha annapare Samsung Medison UGEOWSS80A (Samsung
Medison CO, LTD, 2014r., Kopes), kapauoTokorpaduieckoe UccaeIoBaHNue TI0[a — C IIOMOIIBI0 (de-
TaJIBHBIX KapAUOMOHUTOPOB Sonicade ¢ cobmonenneM kputepues J{oyza—Penmana.

VYposens ceiBopoTrodnoro 25(0OH)D, KOTOpHIH SBIsSETCS OCHOBHBIM IIMPKYJIUPYIOIMIUM METa0ou-
ToM VD, omnpenernsyin mpy MoCTaHOBKE UArHo3a «IareHTapHas TucyHKINs» METOIOM TBepaodas-
Horo MDA, ocHOBaHHOrO Ha MPUHIMIE KOHKYPEHTHOTO CBs3bIBaHUs, Ha aHanu3arope Cobas Integra
400 Plus (Roche Diagnostics, I1IBeiapus).

VY Bcex ManMeHTOK MPOBOAMIIA OaKTEPHUOJOIMYECKOE MCCIEIOBAHUE MOYM C ONpEACICHUEM YyB-
CTBUTEJILHOCTH BBIJCICHHON (IIOPBI K aHTHOMOTHKAM.

CraTucTHYecKUil aHalIM3 OCYLIECTBISIM C IOMOLIBIO INPOrpaMMHOro obecredueHus Biostat,
Statistica 6.0 ¢upmer Install Shield Software Corporation (CLLIA). [ns pacueTa TOCTOBEPHOCTH TIO-
JIYYEHHBIX PE3yJbTaTOB HCIIOJIb30BAJIM HEMTApaMETPUUECKHUI KpuTepuii MaHHa—YUTHU.

Pe3yabTaThl 1 X 00cy:kAeHUe. [lanenThI Bcex rpymn OB COOCTaBUMBI 110 BO3PACTy B aHTPO-
MOMETPUYECKUM JTaHHBIM. Tak, MHJEKC MacChl Tesia B rpymnne KOHTpouss coctaBuia 22,8 + 1,93 ycnos-
Hble equHUIB (Y. €.) (p > 0,05), y manueHTok ocHOBHOMW Tpynmbl — 22,2 = 1,7 y. e. Cpegnuii Bozpact
B rpyI1re koHTpois coctasui 30,35 £ 3,12 rona, B ocHoBHOI rpyte — 29,21 = 4,3 roga (p > 0,05).

IlepBopoasiumu B ocHOBHOH rpymie 0butn 71,43 % narueHTos, B KoHTposbHOH — 55,00 % (p < 0,05),
MOBTOPHOPOIAIIUMH (2-¢ 1 3-1 poabl) — 28,57 u 45,00 % coorBercTBeHHO (p < 0,05).

OreHka COCTOSHHUS TEMOAMHAMMKHN B MaTOYHO-TIJIOI0BO-IUIALIEHTAPHOM KPOBOTOKE C IPUMEHEHHUEM
YIIBTPa3BYKOBOTO/JOMIIIIEPOMETPHYECKOTO MICCIeOBaHUS MToKa3ana, 94To y 62,50 % OepeMeHHBIX uMe-
JIOCh HapyMIEHNE TUIOIOBO-TIJIAIIEHTAPHOT0 KPOBOTOKA Ib cTenenn, 4To CBUAETENbCTBOBAJIO O HApyIIe-
HUSX TeMOJMHAMHUKH HETMOCPE/ICTBEHHO B MyrouHoi apTepuu; y 23,21 % — IA crenenu (HapyuieHue
KpOBOOOpAIICHUS B MaTOUHBIX apTepusix). ¥ 14,29 % HapyuieHuil reMOAMHAMUKY HU B apTEPHSIX ITy-
TIOBUHBI, HA B apTEPUSIX MaTKH He 0OHapyskeHo (puc. 1). CiiyyaeB HapymeHHs] KOHEYHOTO JUACTOINYE-
CKOr'0 KPOBOTOKA HE BBISIBIIEHO.

W3BecTHO, YTO OCHOBHBIM 3CTPOT€HHBIM TOPMOHOM, MO YPOBHIO KOTOPOT'O MOXHO OLICHUTBH COCTOS-
HUe (eTorIaleHTapHON CUCTEMBI, BJIAeTCS cBOOOMHAs Pppakuus scTpuodia. [lo pesynasratam uccieno-
BaHWi, y 35,71 % 6epemennsix ¢ [1/] ypoBens acTpuona Obut meree 1 Hr/mi (mpu HopMe 1,0-3,5 HI/™MI),
ay 7,14 % — 6omnee 3,5 ur/min. Y 57,14 % Oepemennsix ¢ 1] n HapymeHHUIMH TeMOAMHAMUKH YPOBEHD
3CTPHOJIA OMPEAEIISIICS B TIPeesiax HOPMAaTUBHBIX 3HAYCHHH.

DYHKIMOHAJIFHOE COCTOSIHIE MaTOYHO-TIOIOBO-TIALIEHTAPHOT'O KOMILJIEKCA OMPEAEIIETCS Pex e
BCEro TeéMOJMHAMHUYECKHUMH M3MEHEHUSMH, BBISABISEMBIMM NpPHU AONIUIEPOMETpUU. Tak, 1Mo JaHHBIM
JOMIIIIEPOMETPHH, HAPYILIEHUS] KPOBOOOpaleHHsI ObLIIH BBISIBIICHBI Y 85,71 % OepeMeHHBIX ¢ qUCQYHKIHCH
TUTALEHTHI, TOT/IA KaK HapyIlIeHHe TOPMOHAIBHOHN (DYHKLMH TUIALICHTHI — TOJIBKO Y 42,85 % xenmuH c [1/1.

[Ipu nccnenoBannu ypoHst VD B KpoBH OepeMEHHBIX YCTaHOBJIEHO, UTO CpeIHEE COACpKaHue oorie-
ro MeTaboJIuTa KaJdpIuTprona y nanueHTok ¢ [1/] n xporndeckum nuenonedputom (31,08 £ 7,2 Hr/mon)
JOCTOBEPHO HMIKE, YEM Yy 310POBBIX OCPEMEHHBIX C (PU3HOJIOTHYECKUM T€UEHUEM I'e€CTallMOHHOIO IIPO-
necca (45,42 + 9,67 ur/mi) (p < 0,01) (puc. 2).

14,29 % 23,21 %

N

Hapymenue ITITK1A
Hapywenue ITTK15
i IIIK /O

62,50 %

Puc. 1. YacToTa reMoguHAMUYECKUX HapyHIeHI/Iﬁ B CUCTEME€ MAaTOYHO-IIJIOAOBO-TLJIALICHTAPHOT'O Kp03006pa111eH1/I51

Fig. 1. Frequency of hemodynamic disorders in the utero-fetal-placental circulation system
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Puc. 2. Coneprxanue o0mero MeTaboauTa KaIbIIUTPHOIA y TAITUEHTOK C MIaneHTaprHoi aucdynkuneit (I1/1)
1 XpPOHHYECKUM NHenoHeGpuTom

Fig. 2. Indicator of total calcitriol metabolite in the patients with placental dysfunction and chronic pyelonephritis

Anamu3 VD craryca B rpynne 6epemenssix ¢ I1J] mokaszan, uto y 17,86 % u3 Hux umeercs aedu-
mut VD (<20 HI/MIT), TPH HATMYWHA XPOHMICCKIX BOCTIAIMTEILHEIX 3a00neBannii aeunut VD BeIsSBIICH
y 8,33 % xenmun stoit rpynmsl (RR =2,09; CI 95 % — 1,8-2,42). ITanmentok ¢ VD-nedunurasiv cta-
TYCOM B KOHTPOJIBHOM I'PYyTITe HE BHISBJICHO.

V 58,33 % Gepemennsbix ¢ [1] 1 XpOHUYECKUM MUEIOHEPPUTOM JUATHOCTUPOBAH CYyOOITHMAIBHBIN
ypoBerb VD (<30 ur/mi). B rpynne koHTposst cyOonTuMasbHbli ypoBerb VD 0wt mums y 6,45 % Oe-
pemennsbix (RR = 3,57; C1 95 % — 1,62—7,88) (puc. 3).

CornacHo «MeToauecKM PEKOMEHJalMsIM 10 JIeYeHUo 1 mpoduiakTuke aepunura VD y Hacene-
Hug ctpaH Llertpansroii EBporby (2013), B momomHUTEIEHOM Ha3HaYeHNHU TpenapaToB VD HyxaaroTcs
MALUEHTHI U ¢ CyOONTUMAJIbHBIM, U ¢ VD-1eduIUTHBIM CTaTyCOM.

OnTtuManbHbIi ypoBeHb VD BoIsBiIeH TobKO ¥ 33,33 % GepeMeHHBIX C XpOHHYECKUM TTHeNIoHed-
puTOM; B Tpymme KOHTposst —y 93,55 % (p < 0,01).

[Nomy4eHHbIe JaHHBIE TO3BOJISIOT MPEATIONIOKUTH, YTO KIMHHYECKOE 3HAYCHHE, TI0-BUIMMOMY, UMEET
cHikeHue VD B KpoBH JI0 CyOONTHMAIIBHBIX MOKa3aTesei. JlocToBepHO OoJiblliee KOJUYEeCTBO KEHIIHH
¢ cybontumanbHbiM ypoBHeM VD Ha GoHe xpoHudeckoro nuenonedpura u [1]] (58,33 %) no cpaBHeHUIO ¢
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Puc. 3. Xapakrepuctruka OepeMeHHBIX ¢ TUTaneHTapHoi nucyukuei (I11), XxpoHndeckuM nueIoHeYPUTOM U 3TOPOBBIX
OGepemenHBIX 10 VD-cTaTtycy

Fig. 3. VD status characterization of pregnant women with placental dysfunction and chronic pyelonephritis
and of healthy pregnant women
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KOJIMYECTBOM TaKMX OCpPEMEHHBIX U3 I'PYMIbI YCIOBHO 30POBBIX MAIMEHTOK (0,45 %) CBUACTENBCTBYET,
CKOpee BCEro, O JTUTEIHHOM TEPCHCTUPYIOIIEM BIHSHUU CHHJIPOMa CHCTEMHOTO BOCIIAJUTEIHEHOTO
rporiecca Ha (PyHKIUIO TIOYEK U 00 y4acTHHU TOCIeIHUX B CHHTe3e akTuBHOU Gopmbl VD. Ilpencras-
JISIETCS BIIOJTHE 3aKOHOMEPHBIM €T0 CHHIKEHHE B KPOBH OEPEeMEHHBIX.

BepositHO, Hapymienne cuHTe3a GpepMeHTa l1o-ruApOKCHIa3bl B IOYEYHOW TKaHH BCIIEACTBUE BOC-
NaJUTEIHFHOTO pollecca MOXKET UIpaTh KITIOUEBYIO POJIb B CHMIKCHHH KOJHMYECTBA KaJbIIUTPHONA
B KpoBH. C ApyTOi CTOPOHBI, yUUTHIBAsI 00CYKJAEMYIO B MOCIEIHIE OBl HHpOpMaIio 00 IMMYHO-
sorudeckoit poau VD u ero ydactuu B 00€CIieYeHUM UMMYHHOTO OTBeTa opraHusMma [15, 16], MoxHO
MPEIIONOKUTh, YTO €ro HEJOCTAaTOK, B CBOIO OYepe/lb, UTPACT ONPEACIICHHYIO POJIb B MEPCUCTEHIIMH
CHH/IPOMa BOCHAJIMTEIBHOTO OTBETa B MOUEBBIICIIUTEIBHON CHCTEME.

Pe3ynbrarhl 0aKTEPHOIOrHIECKOTO HCCIISIOBAHMSI IIOCEBOB MOYH Yy OEpPEMEHHBIX 00CIIEAYEMBIX I'PYTIIT
OIIEHWBAJIM B COOTBETCTBUU ¢ Pexomenmanmsamu EBpomneiickoro obmiectBa yposoros [17]. Mukpo6uo-
JIOTHYECKUM KpUTepHeM OakTepuypum Oblio e BoIsBicHUE (>10° KOE ypomaToreHoB OIHOTO BHIA)
B IBYX TIOCJICIOBATEIILHO COOPAHHBIX MPO0ax CPeaHEH TOPITUKA MOYH WIIM B OXHOU MpoOe, coOpaHHOM
nyTeM Karerepuzanuu. Kpome TOro, y4yuTblBalld, 4TO OCCCHMIITOMHAs OaKTEPUYpHUsl HUMEET MECTO
IpH HOPMAJIBHOM aHaJU3€ MOYM M MOXKET OTCYTCTBOBATH NMPH HAIMYUU KIMHUYECKUX MPOSBICHUH
Y JEUKOLUTYPHUH.

BakTepuypus BbIsSIBJICHA KaK y YCIOBHO 310pOBbIX OepemeHHBIX (18,70 %), Tak u y OepeMeHHBIX
¢ [T (66,07 %) (x> = 45,06; p < 0,001). [Ipx HATHYKE XPOHUUIECKOTO MHEIOHEDPUTA POCT OaKTEpUalIb-
HOW MUKPOQIIOPHI TIOTy4YeH B 75 % cilydaeB, y 4YeTBEPTH MAIIMEHTOK C 3a00JI€BaAHUSIMH ITOYEK TTOCEBBI
MOYH OBLIH CTEPUIBHBIMHU (pHC. 4).

VY yCIOBHO 3M0POBBIX OEpEMEHHBIX ¢ 0ECCHMIITOMHOM OaKTepuypHel KaKHe-THO0O KIMHUYSCKHE
MPOSIBJICHUS BOCTIAJTUTENILHOTO IPOIIEcca OTCYTCTBOBAIIH.

OCHOBHBIMH BO3OYAUTENSIMU MH(EKIIMI MOYEBBIX yTel Y OEpEeMEHHBIX ObLIN MPEJICTABUTENN KHU-
HICYHOH IpynIbl MUKpoopranu3MoB (Escherichia colli, Enterococcus faecalis), 4To cornacyeTcs ¢ 1aH-
HBIMH JUTepaTypsl. Kpome TOro, BHIOBOH cocTaB MHKPOQIOpPHl XapaKTEepHU30BajcCs BbIACICHUEM
Corynebacterium spp. v Enterobacter amnigeus y 6epeMeHHbIX ¢ muenonedputom (y> = 9,42; p < 0,05
u x> =5,13; p < 0,05). U3BecTHO, YTO IaHHAs TPpyINa MUKPOOPIraHU3MOB OTIIMYACTCS BBIPAXKECHHOM Ia-
TOT€HHOCTBIO M arPECCUBHOCTHIO. Y OepeMEeHHBIX OCHOBHOM I'pyibl E. coli BpiceBanach B 2 pa3a yalle,
4yeMm B rpymme koutposs (22,73 % npotus 11,11 %; x> = 4,39, p < 0,05). Y 310p0oBbIX OEpEeMEHHBIX Yac-
TOoTa HOcUTenbCTBa Staphylococcus epidermidis coctaBuna 22,22 % mpotus 9,09 % y GepeMeHHBIX
¢ XB3II (x*=6,45; p < 0,05).

[Ipu onpenenennu BO3MOXKHOW B3anMocBsi3n VD craTyca OepeMEHHBIX C YaCTOTOW OaKTepUypuu
YCTaHOBJICHO, YTO y BCEX JKEHIIWH ¢ ypoBHeM VD B kpoBu Menee 30 Hr/mil umenach 6akTepuypusi.
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Puc. 4. Yactora 6akTepuypun y 6epeMeHHBIX ¢ rmianeHTapaoi nucdyunkuueii (IT1/1), XxpoHndyeckum nuesioHeGppruTom
(M3 HUX) U Y YCIOBHO 37I0POBBIX O€PEMEHHBIX

Fig. 4. Bacteriuria frequency in pregnant women with placental dysfunction and chronic pyelonephritis and in conditionally
healthy pregnant women



498 Proceedings of the National Academy of Sciences of Belarus. Medical series, 2020, vol. 17, no. 4, pp. 493—499

[Ipy onTHManbHOH KOHLEHTPALUU KaJbLUTPHONIA OAKTEpUypUs IHArHOCTHPOBAJIACh B 2 pa3a peike
(x> = 66,67; p < 0,01). JlaHHBI pe3yJIbTaT MOKHO OOBSICHUTH HMMYHOJIOTHYECKUMU 3 dexTamu Kalib-
LUTPHOJIA, B YACTHOCTH €T0 yYacTUEM B PETYJISIIIUU aJallTUBHOTO ¥ BPOXKJIEHHOTO UMMYHHTETA, UMMY-
HOMoOnynsiuu 1 uMMmyHorenese [18]. [lo-BunnMomy, HemocTaTouHbli ypoBeHh VD B KpPOBH MOXKET
MPUBOJUTH NIEPBOHAYAIBHO K 0OCEMEHEHHUIO yCIIOBHO-TIATOTCHHON M MTATOr€HHON MHUKPO]IOpPOi ¢ 1mo-
clIeIyIonie peatu3aliell TaToreHHbIX BO3MOKHOCTEH 3TOH MUKPOQIIOPHI.

3akawuenue. Pesynsrarel uccnenoBanus VD-craryca y 6epemennsix ¢ 11/ u xporudeckumu 3a-
00JIeBaHUSIMHU TIOYEK TIOKA3aJIH CIIeAYIOIIee:

1) cpennnii yposenb VD y Gepemennsix ¢ [1/] u XxpoHndeckum nuenoHeppuToM J0CTOBEPHO HIKE,
4eM y YCIIOBHO 3710pOBbIX OepeMeHHbIX (31,08 + 7,2 u 45,42 £ 9,67 ur/mn coorBeTcTBeHHO (p < 0,01)).

2) y Bcex O6epemeHHBIX ¢ VD-neunuTHRIM Win cyOONITHMAIBHBIM €r0 YPOBHEM B KpoBH (<30 HI/M)
HaOmronanace 6akrepuypus. [Ipy onTHMaIbHON KOHIEHTPAUHU KaJIbIUTPHUOIA OaKTEPHYPHsI THArHO-
CTHpOBaack B 2 pasa pexe (> = 66,67; p < 0,01).

3) y HanMeHTOK C HEJIOCTATOYHBIM YPOBHEM KaJbIIUTPHONIA B KPOBH B 3,8 pa3za yaiie oTMeqaach
3a0o0sieBaeMoCTh XpoHrudeckuM nuesonedpurom (RR = 3,57; CI 95 % — 1,62-7,88).

VYuutbiBast QU3MOIOrHUECKUE MEXaHU3MbI CHHTE3a M METabOJIM3Ma KallbIIUTPUOJa C HErmocpel-
CTBEHHBIM YYacTHEM B 3THX IpoIeccax MOYeK, a Takke UMMYHOTponHbie 3 dexts VD, MokHO mpen-
MOJIOKHTh, YTO HeAocTaToK VD u BocnanuTtenabHble 3a00J€BaHMsI MOYEK MOTYT OBITH B3aHMMO3aBHCHU-
MBIMH [IPOLIECCaMU, KOTOPBIE ABISIOTCA (PAaKTOPOM PUCKA Pa3BUTHUSA IUTALIEHTAPHON JTUCYHKINH.
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COBPEMEHHBIE IPEJACTABJIEHUA Ob OCTEOI'EHHOM IIOTEHIIUAJIE
ME3EHXUMAJIBHBIX CTBOJIOBBIX KJIETOK U CO3JAHUMU
BUOMH)XEHEPHBIX KOHCTPYKIIMI JJI51 PETAPAIIMU KOCTHOM TKAHHA

AHHOTanMs. B crarbe CyMMHPYIOTCSI COBPEMEHHBIC MPEICTABICHHS 00 OCTEOreHHOM MOTEHIMAIEe ME3CHXUMAIbHBIX
cTBONIOBBIX KJIeTok (MCK) u onbITe mprMeHEeHHUs pa3IMYHEIX HOCUTEIICH JJIsT BOCCTAHOBICHUS KOCTHOI TkaHu. [lonnManme
peanuzanuu nporpamMmsl ocreorere3a B MCK cMOXeT CyIIeCTBEHHO pacIIMPUTh BO3MOXXHOCTH NPHMEHEHUS ITHX KIIETOK
B cOCTaBe OMOMHIKCHEPHBIX KOHCTPYKIHUil. Ha ceromusanii 1eHb HaKoIJIeH OOIbIIO0i 00BhEeM IKCIIEPUMEHTATBHBIX JTaHHBIX
10 M3yYeHHUIO MeXxaHu3Ma ocTeoreHHoi audpdepenunposkn MCK, nnaykropos Tpancdopmannn MCK B npeniiecTBeHHUKH
OCTEOreHe3a M CO3JJaHUI0 SKBUBAJIECHTOB KOCTHOH TKaHU OMOMH)XCHEPHBIM ITyTEM C IPUMEHEHHEM PA3JIMUHBIX HOCHTEICH.
Ocoboe BHUMaHHE yesseTcs: pa3paboTke MaTepHaIoB HOCUTENEH U UX TPOSKTHPOBAHUIO, METOAM IOy YCHHS KOHCTPYK-
Ui 1 B3aUMOJCHCTBUSAM MEX Ty CK3()(OoIIoM U KIIeTKaMH, TaK KaK 9TO HMeeT OOJIBIIoe 3HaYeHUE IS AabHEeHIero QyHk-
LIMOHUPOBAHNST OMOMH)KEHEPHO! TKaHH.
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Abstract. The following review summarizes the latest studies on in vitro osteogenic mesenchymal stem cell differentiation
and selection of scaffolds that can maintain the viability and functional activity of these cells for bone tissue repair. In the last
time, there have been investigated a lot of issues such as the stimulation and development osteogenic differentiation of MSCs,
the growth factors — inducers of osteogenesis in MSCs, the creation of 3D constructions of cells in different scaffolds.
A deeper understanding of the osteogenic differentiation mechanisms can result in the novel therapeutic opportunities of bone
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OcteorenHas quddepeHIIPOBKa ME3EHXUMAIIBHBIX CTBOJIOBEIX KieTok (MCK) BriepBbIie Oblia onu-
cana Friedenstein ¢ coaBt. B koH1e 1960-x — Hauane 1970-x romos. Tak kak nepbie MCK ObLH BBI/IETE-
HBI M3 KOCTHOT'O MO3Ta, TO €CTECTBEHHO HAJUYHE BBICOKOTO MOTEHNHANA TUPPEPEHIUPOBKH Y ITHUX
KJIETOK B OCTEOTCHHOM HaIlpaBJIeHHH. B Hacrosmee BpemMs u3BecTHO, uTo MCK 0065amaroT BBICOKOM
TJIACTHYHOCTHIO, HO BIIEPBEIC OblIa OMMCaHa MMEHHO OocTeoreHHas nudGepeHIpoBKa 3THX KIeTok [1-3].
IlepBoHavanbpHO TSI IOATBEPKIEHUS ToydeHus in vitro n3 MCK mpeniecTBeHHIKOB OCTEOIIMTOB
OLIEHMBAJIM CHHTE3 KJIETKaMHM LIeJO4HOM (ocdarasbl, mepexos mpokoiareHa | Tuna mox BIUsHUEM
ACKOpOWMHOBOI KHCIIOTHI B KOJJIareH | Tuma, ero JenoHupoBaHre BO BHEKJIETOYHOM MaTpUKCe, 00raTom
poctoBeiMU (hakTOpamu u potenHamu [1, 4]. [Tocieayromue uccaeioBaHus BHISIBIIIH U IPYTHE MapKe-
PBI OCTEOTeHE3a, TAKUE KaK OCTCOKAJBIIMH, OCTCONOHNH, OCTCOHEKTHH, a B HHAIBHOU (pa3e pa3BuTHS
0CTe00JIaCTOB — THAPOKCHANATHUT [1, 4].

B cocTaB BHEKIIETOYHOTO MaTPUKCa HATUBHON KOCTHOW TKaHU BXOJAT (GYHOPHIUISIPHBIE CTPYKTYPHI,
90 % W3 KOTOPBIX MPEACTABICHBI KoJTareHoM | Trma, a Takyke MHHOpHBIME KonmareHamu V u XI1I tuna.
OcHoBHas (hyHKITHS KOJIJIAT€HOB 3aKJII0YAETCs B TIO/AIEP)KaHuN aare3un, nponndepanun u nuddepen-
UPOBKH KJIETOK B OCTEOIMTHI, & KPOME TOT'0, OHU MPUJIAIOT IIPOYHOCTH M AIMACTUYHOCTH KOCTHOM TKa-
Hu. Komnaren V tuma cBsi3aH ¢ renapancyiabparcoiepKaidMi MPoTeOrIMKaHAMU, MOJIEKYJIaMH TPOM-
OOCIIOHIMHA U APYTUMHU OelikaMu MexKieTounoro marpukca. Komnaren XII Tuna B3aumoneicTByer
C XOHJPOTUHCYJb(]ATCONEPKANTUMHU TPOTEOrTIMKaHAMY, (PUOPOHEKTHHOM, a TAaK)Ke IMPUHUMAET yda-
CTHE B CBSI3BIBAHUU MEKKJIETOYHBIX CTPYKTYP C KJICTOYHBIMU JIEMEHTAMH KOCTH, BBICTYTIAsl TIOCPE]I-
HUKOM MEXIY KJIETKaMH M BOJIOKHAMH KOJUTareHoB | 1 V TuIla ¢ HEeKOJUIareHOBBIMU MTPOTEUHAMH [5].
HexonmareHoBbIf KOMIIOHEHT BHEKJIETOYHOT'O MaTPUKCa MIPEACTABIICH TIINKOPOTENHAMH (OCTEOHEKTHH,
(uOpOHEKTHH, JTaMUHNH), (pochompoTenHaMy (OCTEOTIOHTHH) B TIPOTEOTITNKaHAMHE (IEKOPHH), KOTOPHIC
BBITIOJTHSAIOT pa3inyHbie GyHKIHH. Tak, GUOPOHEKTHH, JAMUHUH, OCTCOHEKTHH SIBJISIOTCS aI¢3UBHbI-
Mmu Oenkamu. OCTEOKaNbIIMH — OCJIOK, CBS3bIBAIOIIMK U TPAHCIOPTUPYIOLIUIN KaJIbI[Ui, — IPOYHO B3au-
MOCBSI3aH € THApOKcHanaTuToM. OCTEONOHTHH U OCTEOHEKTHH YYacTBYIOT B MUHEpaN3aluy BHEKJIe-
TOYHOI'0 KOCTHOT'O MaTpukca [5].

B nauane npouecca ocreonudpdheperiupokr MCK in vitro BaxXxHBIM MOMEHTOM SIBIISIETCSI HAPAOOT-
Ka KJIETKaMU KoJijareHa | Tura u ero cekpeuusi BO BHEKJIETOYHBIN MaTPUKC, KOTOPBIH MaKCHMaIlIbHO
aKKyMYJIHpYyeTcs yKe mociie nmepBoi Hepenu nuddepenmporku [1, 6]. Co BTOpoi Hesen HaYnHAETCS
MHHEpaJIu3anusl BHeKIeTouHoro martpukca [4]. Tlocme dopmupoBaHus KOHMIIOIHTHOT'O MOHOCIOS
KJIETKH TIPHOOPETAIOT YYBCTBUTENBHOCTH K AU(M(HEepeHITNPOBOUYHBIM areHTaM, MO3TOMY 3Tall MPOIH-
Gdepanuu 10 Hayana MUHEPAIH3AIMH SBISETCS KPUTUYECKUM MOMEHTOM B IIaHE o0ObeMa Toiryda-
eMoii kocTHoM TKauu [1, 7, 8]. B cepuu uccnenoBanwuii in vitro ObLIO TOKA3aHO, YTO OCTEOTEHE3 MOXKET
OBITh MHAYLIUPOBAH MyTEM JI00ABJICHUS ITUTATEIBHBIX BEIIECTB U THIPOKOPTH30HA, JJOKA3aTEIILCTBOM
Yero CIy>KIJI CHHTE3 MIeJ0YHON Pocdaraspl, BHEKICTOYHOIO MAaTPUKCA U BHYTPUKIETOYHOTO ocdara
Kajpius [9].

OcTeoreHe3 SIBISETCS JTUHEHHO MOCIEAOBATEIBHBIM IIPOIIECCOM, KOHTPOJIHPYEMBIM CepHEl TeHOB,
MIPU KOTOPOM KJIETKH TIPOXOJSIT DTAITbl CO3PEBAHUS OT OCTEONPOTCHUTOPHBIX KIIETOK, IIpeocTeodma-
CTOB, 0OCTE00JIACTOB JI0 OCTEONHUTOB. [IpH ’TOM OCcTEeOTreHHbIe KJIETKH CHHTE3UPYIOT OeIKH, OPMUPYIO-
1€ BHEKJIETOYHBIA MAaTPUKC, B KOTOPOM 3aTeM JemoHupyeTcs ¢ocdar Kaiablus B popMe KPUCTAIIIOB
rujpokcuanaruTa. B Hadase octeoreHHON Au(QEPEeHIIUPOBKH BaXKHbIC U3MECHEHHSI MOKHO OTMETHUTD
B Mopdosioruun MCK. Tak, kiaeTku u3MeHs 0T hopMmy oT HruOpo06IacTOno00HO0M 10 OIM3KOM K IapOBU/I-
Ho# [10, 11]. CornacHo nuTepaTypHbIM JAaHHBIM, Ha ocTeonuddepennporky MCK BnusitoT aBa THIa
BO3JICHCTBHS — XUMUYECKUE CUTHAIBI U (PU3NYECKOE HAMIPSIKEHUE [IUTOCKEIEeTa KIETOK [S].

CTaOMIBbHOCTh KOCTHOW TKaHHM COXPAHSETCS U PETYIHPYETCS KOMILIEKCOM B3aMMOCBSI3EH MEXIY
ocTeo0yiacTaMu, OCTEOIUTaMH B ocTeokIacTaMu. OcTeo0IacThl MPUHUMAKOT YYaCcTHE B IPOTECHHOBOM
CUHTE3e, TOAAeP)KaHNH CEKPEIH MaTprUKca U (JOPMUPOBAHUH 3I0pPOBOM TKaHU. B mporecce MuHepa-
JU3aIAA HEKOTOPBIE 3peiible 0CTe00IaCThl BCTPAUBAIOTCS B OKPYKAIOMIMA WX MaTPUKC W CTAHOBATCS
OCHOBHBIMHM KOMIIOHCHTaMH 3PEJIOil KOCTHOH TKaHU — OCTECOI[UTAMHU, KOHTAKTUPYIOIIUMH APYT C APY-
T'OM ITOCPEJICTBOM OTPOCTKOB. OCTEOKIIACTHI, SBIISISICH CIICIIUATM3HPOBAHHBIMHI Makpodaramu, BeIpada-
THIBAIOT CHEKTP MPOTEOTUTUUYCCKHX (EPMEHTOB M OOECIICUHBAIOT PE30pOLIMI0 KOCTHOTO MaTpPHUKCA,
y4acTBys TaKuM 00pa30oM B OOHOBJICHUU KOCTHOM TKAaHH IPU PEMOJICITMPOBAHUN KOCTH. XOTS TOYHBIH
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MOJICKYJISIPHBIN MEXaHH3M HEU3BECTEH, OBIJIO MOKa3aHO, YTO OCTEOIUTHI MOT'YT MPSIMO HJIM OTIOCPEAO-
BaHHO (4epe3 Wnt CUTHATBHBIN Ty Th) PEryIUPOBATh AKTHBHOCTH OCTE00JIACTOB M OCTEOKIAcTOB [12].

Ha cerogusimnamii 1eHb NIPU3HAHO TPU TPAHCKPUIITALMOHHBIX (aKTOpa, KOTOPBIE OKAa3bIBAIOT HAU-
OoJpllice BIMSHHUE Ha peryisamuio octeoreHHo auddepenmupoBkn MCK: Runx2 (Runt-cBsi3aHHBIHM
TPaHCKPHUNTAIIHOHHEIH dakTop 2), Sp7 (mmm osterix (Osx)) u DIx5 (Distal-less homeobox 5) [12].

B 3aBucumoctr ot atana guddepeHunpoku Runx2 perynupyer u HHIyIUPYyeT SKCIPECCHIO OTpe-
JIEJIEHHBIX MOJIEKYJISIPHBIX MapkepoB. Tak, B Haualie pealn3aliy IporpaMMbl OCTEOT€He3a MOAIePKHU-
BaeTCs SKCIPECCHs TEHOB, OTBETCTBEHHBIX 3a MPONH(epannio, Iporpeccuio KJISTOYHOro UKIIA 1 OHO-
CHHTE3 BHEKJICTOUHOT0 MaTpukca. [lo3aHee reHbl, OTBETCTBEHHBIE 3a PO (EpaLnio, MOJaBISIIOTCS,
HO B TO K€ BPEMsI IPOUCXOANUT CTUMYIMPOBAHUE I'€HOB, KOHTPOJIHMPYIOIINX CO3PEBAaHUE U OpraHH3a-
LIMI0 BHEKJIETOYHOr0 MaTpukca [12—14].

[lepebie nanuble 0 ponu Runx2 B muddepentuporke MCK B octeobmacTsl Obiu morydeHs! B 1997 1. [12].
AKXTHBHOCTH RuUnx2 3aBUCHT OT ero KOHIICHTpaIuu u BpeMeHu nuddepennupoBku. B Hauane nudde-
PEHIIMPOBKH OTMEYAeTCs €ro BHICOKHH YPOBEHb, a HAa MO3AHUX CTAJUAX, HAUMHAS CO CTAJIUU 3PEIBIX
0cTe001acTOB, OH MOCTEIIEHHO CHUKAETCs JIO MOJHOTO OTCYTCTBHUS Ha CTaJAUU (PHMHAIBHBIX OCTEOIH-
ToB [12, 15]. Kpome Toro, Beicoknii ypoBeHb Runx2 Ha mo3nHux craausx auddepeHInpOBKH OKa3bl-
BaeT MHTUOUTOPHBIX 3P (eKT, pe3yabTaTOM Uero CTAaHOBUTCS peayKLUs KOCTHOM Macchl [12, 16].

Runx2 cTumMynupyer SKCHpPECCHIO T'€HOB, XapaKTEPHBIX JJIs KOCTHOM TKaHHU, TaKUX Kak (QaKTop
tparckpuniuu Osx, koyuareH tumna ol (Collal), OCTEOKaNbIIMH U KOCTHBIH cuanonporenH. Runx2, ALP,
Colll, Tpanchopmupyrommuii pakrop pocta B (TGFP1), ocTeoHEKTHH 1 KOCTHBIA MOP(OreHeTHUECKUA
oeox (BMP-2) siBisroTes paHHUMH MapkepaMmu ocTeoguddepeHInPOBKH, OCTEOKATBIINH U OCTEOIIOH-
THH 3KCIIPECCUPYIOTCS TIo3aHEe [6].

Nunyuunposanusie MCK askcripeccupyioT TpaHCKpunTannoHHbIE dakTopbl Sox9 n Runx2. Sox9
SIBIISIETCS] MPEUMYIIECTBEHHO MapKepoM XOHApOreHHoH auddepeHnnpoBkr, a Runx2 — ocTreoreHHoOM.
Sox9 Hanpsimyto BimsieT Ha Runx2 u nojaBisieT ero akTHBHOCTh, DKCIEPUMEHTAJILHO Ha MBIIIaX ObLIO
MOKa3aHo, YTO CHUKEHHE S0X9 ABISETCS TPUTTEPOM OCTEOreHe3a, Tak Kak KIeTKH U PepeHInpyIoTCs B
OCTEOreHHOM HalpaBJICHUHU TOTAA, Koraa Sox9 skcnpeccupyercs Ha 0ojiee HU3KOM ypoBHe, ueM Runx2.
Unruburtopusiit 3hdext Sox9 Ha cozpeBaHmre 0cTE00IACTOB Yepe3 nojgaBieHne Runx2 — 3To 0CHOBHOM
MEXaHH3M JIJIS OTIPeeNIEHUsI OCTEOXOHIPOIIPOTeHUTOPHON CyIb0BI KIIeToK [17-19].

Kpome Toro, cooTHOImEHNE SKCIPECCHN T€HOB Runx2/Sox9 MOXHO CUHTATh WHIMKATOPOM OCTEO-
TEeHHOW yBCTBUTEIHLHOCTH JIOHOPOB. BBIIO TIOKa3aHO, UTO BEICOKOE COOTHOIIEHUE Runx2/Sox9 Ha 7-i neHb
MPUBOJUT K BBICOKOH aKTHBHOCTH InenodHoi (ochorasel Ha 14-it menp, a “*Ca wmHKOpHOpaIuu —
Ha 28-i1 mensb [17].

Osx 011 uaeHTUUIIEPOoBaH 0koJio 10 et Hazax. CoriaacHO COBPEMEHHBIM HCCIICIOBAHUSAM, OH BO-
BIICUCH B MEPEKIIOYCHHE KJIETOK Ha OCTEOTCHHYI0 TUPPEPESHIIMPOBKY, UTPAET BAXKHYIO pOJIb B TOMEO-
cTa3e KOCTHOM TKaHH, HHIUOMPYET MO3AHHUE CTaAuM ocTeorenesa. Muruouropusiii adhdext Osx nomxo-
6en Runx2 [12, 20]. Sp7 ctumynupyeT 3KCOPecCHIo TeHOB Kojularena | Tuma, KOCTHOrO CHaJIoNpOTEH-
Ha, OCTCONIOHTHHA, OCTCOHEKTHHA, OCTEOKaJIbLHa [5].

Eme ogHUM TpaHCKpUNITAMOHHBIM (DAaKTOPOM, KOTOPbIH perynupyer auddepeHunpoBky ocreo-
0JIACTOB B OCTEOKJIACTHI, ABIsIeTCS DIXS — KiTi09eBOii O€II0K, PETryITHpPYIONTHii CO3pEeBaHIEe OCTEO0IaCTOB,
KOTOPBIiA JICHCTBYET HA paHHUX cTaausX octeonuddepeniposku [5]. DIXS aktuBupyercs BMP-2 [11, 21],
a 3ateM cam akTuBUpyeT Runx2 [22]. Kpome Toro, oH crocoOeH cTuMynupoBaTh dkcrpeccuio ALP
n octeokanpiuHa Runx2-nezaBucumbiM myTtem [23]. [loxg Binusinmem rena DIXS skcmpeccupyetcs
TaKxke Sp7.

MCK, momydeHHBIE U3 KOCTHOTO MO3ra, JeMOHCTPUPYIOT Oojee BBICOKHMM moTeHnuan auddepen-
LIUPOBKHU B OCTEOreHHOM HanpasiieHun, ueM MCK, nonyueHHble u3 ;xupoBoit Tkauu [9]. OcTeorennas
muddepermposka MCK in vitro nerko CTUMyITHpPyeTCs B MOHOCIOWHOM KYJBType KJETOK ITyTeM
nmobasienus B-rauniepondocdara, THAPOKOPTU30HA MIIH JEKCaMeTa30Ha M aCKOPOMHOBOW KHCIOTEHI.
B-rmunepondocdar BrIcTymaeT B poiau HCTOYHWKA (ocdaTa Ui MHUHEpATU3alMH KOCTHOH TKaHU
U WHJYIHUPYET SKCIPECCHI0 OCTEOTeHHBIX IeHoB [7]. JlekcameTa3oH — KIO4YeBOH (akTop, KOTOPBIH
UHAYIUPYET OCTEOreHHYI0 TUP(PEepPEHIIUPOBKY MyTEM PEryJIUpPOBaHHMsI SKCIPECCUU OCHOBHOTO (hakTopa
octeorenHoi nuddepenunposkr Runx?2 [7], a kpome Toro, oH 0dOecrneynBaeT MUHEpaIU3alumio in vitro [17].
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AckopOMHOBast KMCIOTa COCOOCTBYET aKTUBAIMK OCTEO0JIACTCICITUPHUISCKUX TCHOB U SIBJISICTCS HE-
00X0IMMBIM KOPAKTOPOM 151 PEPMEHTOB, KOTOPBIE TUIPOKCUINPYIOT ITPOJIMH U JIN3HUH B TIPOKOJIIATe-
He, obecrieunBast TakuM o0pazom cekperuto Colll Bo BHekieTouHBIH MaTpukc. [Ipu ee oTcyTcTBHM THAPO-
KCHJIMPOBAHUS MTPOJIMHA HE MIPOUCXOANT U IIETTN KOJUIareHa He CriocOOHBI c(hOPMHUPOBATH CBOWCTBEHHYO
UM CHUPATBHYIO0 CTPYKTYpPY [7]. IIpoTokonbr ocTeorenHoi nuddepeHITNPOBKH, BKIIOUAOIIHE TTPHME-
HEHHE JIeKcaMeTa30Ha, aCKOPOMHOBOW KHUCIOTHI U B-riniepondocdara, 4acTo MPUMEHSIOT B KCIIEPH-
MEHTAJIbHBIX TKAHEHHKCHEPHBIX METOAMKAX WJIU JUISI MOATBEep K AeHus mactuaHoctr MCK, nonyueH-
HBIX U3 PA3JIUYHBIX UCTOYHUKOB [7].

BMP — cemeiicTBO pOCTOBBIX (PaKTOPOB, JOKAJIMU30BAHHBIX B JICMHHEPATU30BAHHOM MaTPUKCE
KOCTHOMW TKaHHU, KOTOPbIE CTUMYIUPYIOT MU HEPSHITUPOBKY 0CTEOOIACTOB B OCTECOIUTHI K MOTYT OBITH
HCIOJIb30BaHbI IPU OCTEOMHAYKLHUH B UCCIEIOBAHUSIX 110 BOCCTAHOBJICHUIO KOCTHOU TKaHu [12]. BMP
Y4acTBYIOT B IByX pa0OTaOMNX CHHEPTUYHO CUTHATBHBIX My TAX MHAYKIIUHA SKCIIPECCHH TPAHCKPHII-
MHOHHBIX (pakTopoB Runx2, Osx m DIx5: 6emok CBSA3BIBACTCS C pEIENTOpaMHu Ha KJICTKaX-Tperie-
CTBEHHHITAX OCTEOOJIACTOB, UTO obecneunBacT GochoprinpoBanue O0eIKoB IUTOrIa3mMel Smad-1, Smad-5,
Smad-8, HHIYIUPYIOMKX IKCIPECCUIO TEHOB OCTEOreHe3a, BTOPOM MYTh — Yepe3 3alyCK CUCTEMBI T1e-
penaun cursana ot peuentopos BMP 1o kackaJHOMY IPUHLHIY aKTUBALMU IPOTEUHKNHA3 K TPAHC-
KpUIIIMOHHBIM (hakTopam, oTBeuaromnm 3a ocreorenes [5]. Ilpumenenne BMP B kauectBe dakTopa
TUPPEPSHIIMPOBKH YBEIIMYUBACT IKCIIPECCUIO KaK PAHHUX OCTE00IaCTCIEU(PHUSCKUX MAPKEPOB, TAKUX
Kak 1menovHas gocdarasa, Tak ¥ MO3THUX — OCTEOKAJIBI[MHA, OCTeONOHUHA [24-26]. Tem He MeHee psij
aBTOpOB noaTBepxkaatoT auddepeniiuporky MCK B ocTeoreHHOM HaIlpaBIeHUH U B OTCYTCTBUE TIPE]I-
craButeneit BMP-cemeiictBa [27-29].

WNunyxTopamu ocreoreneza B MCK MOTyT BRICTYTIaTh M IpyTHE POCTOBBIE (DaKTOPHI: TIPEACTaBUTE-
mu cynepcemerictBa TGFp, uncynunononoOusiii Tpancopmupytomuii gaxrop 1 (IGF-1), pocroBoii
¢dakrop ¢pudpodiacros (FGF), dakropsr pocra tpomboruToB (PDGF) u dakropsl pocta sHAOTETUS
cocynoB (VEGF) [12, 30].

PexoHCTpyKIIHsI OOIITUPHOIO y4acTKa KOCTHOM TKaHH TPeOyeT TKaHSHHKEHEPHOTO TOIX0/1a, T. €. CO-
3/1aHUs] KJIETOYHOM KOHCTPYKIIMHM HA OCHOBE HOCHTEIISI, IPH ATOM aKTyaJ bHBIM SIBIIICTCS COXPAaHCHHE
JKU3HECTIOCOOHOCTH ¥ (PYHKITMOHATFHON aKTUBHOCTH KJIETOK. Takum 00pa3om, Marepualt, BEIOpaHHBIH
B Ka4eCTBE MaTPHIIBI, UTPAET KIIOUEBYIO POJIb, TAK KaK SBISAETCA KapKacoM, Ha KOTOPOM Oy/IeT IIPOHCXO-
IIATH POCT U 00pa3oBaHWe KOCTHOW TKaHU. MmeanbHbId HOcuTenb it MCK moimkeH 00y1anath psaoM
XapaKTEPHUCTUK: CIIOCOOHOCTHIO K BHICOKOW KJIETOYHOH aJre3ud U K COXPAHEHHIO KJIETOK B MMILJIAHTAa-
T€; CITOCOOHOCTHIO K COXPAaHEHHIO TPoSn(epaTUBHOTO MOTEHIIHAIA; OMOCOBMECTUMOCTEIO, TIPEIOTBPa-
IIAIOIeH UMMYHHBIE PEaKIIUH y PEIUMIUCHTA TOCIe HMITJIAHTAIINHU; OCTEONHIYKTUBHOCTHIO; OHOIPO-
BOJIMMOCTBI0, 0OecreunBatoiiel CBo0oAHY0 U (y3HI0 TUTATEIBHBIX BEIICCTB M KUCIOPO/a; CTPYKTY-
POl U MEXaHUUYECKUMHU CBOHCTBAMU, CXOJJHBIMH C TAKOBBIMHU B HATMBHOUN KOCTHOH TkaHU. Kpome Toro,
OH JIOJDKEH 00J1aZiaTh CIIOCOOHOCTHIO TMOJJICPKUBATh BACKYJISIPU3AIMIO M CTEICHb Jerpajaliii HOCH-
TeJsl, COOTHOCUMYIO ¢ 00pa3oBaHUEM HOBOW KOCTHOM TkaHwU [9, 11, 31].

Taxum 00pa3om, BEIOOP KIETOYHOTO HOCUTEINS ISl CO3JJaHUs OMOTpaHCINIaHTaTa MMEET IMePBOCTE-
TIEHHOE 3HaUeHHUE B MCCIENOBAHUAX PA3IMYHBIX CKI(D(DOIIOB ¢ METbI0 X JabHEHIIeT0 TPUMEHEHU S
B KJIMHIMYECKOH MTPaKTHKE.

CeronHst HauboJlee YacTo MCHOIb3YIOTCsS (PUOPHUHOBBIN Telb, Kalblui Qocdar, albruHaT-THIPO-
reib, OeTa-TpuKaibiuiihocdat, THIPOKCHATIATUT, KOJIIAreH.

OuOpUH — 3TO HATypaibHbIH (UOPO3HBIN BHICOKOMONIEKYISIPHBIA TPOTEHH, BKIIOYEHHBIA B TIPO-
1ecc cBepThiBaHus KpoBu. OH nmonumMepusyercs u3 GUOpUHOreHa MO/ BO3/ICHCTBUEM (DePMEHTA TPOM-
OMHa B CETYATYIO CTPYKTYpPY U (POPMHUPYET réMOCTATHUECKHI CTYCTOK COBMECTHO C TPOMOOLUTAMHU
HaJl PaHEBOH MOBEPXHOCTHI0. DUOPHUHOBBIN MaTPHUKC CHOCOOCH MONJEPKUBATh KaK MPOTU(EpaIIHIo,
tak u nquddepeHupoBky BHeceHHBIX B Hero MCK. Kpome Toro, ero mpenMymecTBOM SBISIETCS CIIO-
COOHOCTBH c(hOpMHUPOBATH HEMPEPHIBHYIO TPAHUITY C KOCTHON TKaHBIO B MECTE UMILIaHTAHH [32].

Kanpiuit pocdar — oguH U3 HEOPraHWYECKNX MaTEPHaIoB, 0OHAPYKEHHBIX B KOCTHOM TKaHU U 00Ja-
JIAIOIIUX OMOCOBMECTUMOCTBIO M OCTCOMHIYKTHUBHOCTBIO [9]. YcTaHOBIIEHO, 4TO Kayblimii (hocdar
HE TOJIbKO siBNisieTcss Marpulieit 1yist MCK, HO MOXKET CTUMYJIMPOBAaTh OCTEOTCHHYIO Jau(depeHnpoB-
KY KJIETOK, a TAK)Ke COJICHCTBOBAaTh 00pa30BaHUIO KOCTHOM TKaHU in vivo [33].
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Cunrtetnueckuii Oeta-Tpukaibuuiipocdar — 3To 6e3BoaHBIN hocdar KaubLus, KOTOPBIH co3aaH
B Ka4eCTBE 3aMEHUTENS] KOCTHOM TKaHH JUIsl ycTpaHeHUs AepeKToB KocTH. Beicokast mopucTocTs Mate-
pHuasia criocoOCTBYET JIETKOMY HMPOHMKHOBEHHIO BHYTPb KJIETOK, HAHECEHHBIX Ha €ro IOBEPXHOCTD,
u xopomen aAupdy3un OHOIOrMUECKUX KUIKOCTEH. DTH XapaKTEPUCTUKU OIPENEIISIOT €ro NCI0Ib30Ba-
HUE B PA3JIMYHbIX UCCIECJOBAHUAX B KAYECTBE KJIETOYHOIO HOCUTEIIS IPU Perapauy KOCTHOH TKaHH.

ATNBrUHAT-TUAPOTENb — HATy PAJIbHBIN MOJIMMED, TToydaeMbIil 13 Oy pbIx Bogopociel. CymecTByeT
Croco0 JIOCTaBKU KJETOK B COCTAaBE aJIbIMHATHBIX MHUKPOIIAPHKOB M Kanbius (ocdara, KOTOPBIH
SIBIISIETCS] COCTABHOW YaCThIO HATUBHOM KOCTHOM TKaHU [32].

H. Yuan c coaBt. Obu1n mccnenoBanbl aBa Tuna Tpukaisiuii ¢pocpara — a-TCP u B-TCP. dan-
HbIE HOCUTENIM OBIIM MMIUIAHTUPOBAHBI B CIIMHHYIO MYCKyNaTypy coOak. ['mcTomoruueckuii aHanus
Ha 30, 45 n 150-e cyTKu BBIsSIBUII OOsiee BBICOKOE 3acesieHHue KiaeTkaMu BHyTpu nop B-TCP, uem npu mpu-
menernu o-T'CP. OTmedanock Takxe oOpa3oBaHUe KOCTHOM TKaHU Ha 45-¢ u 150-e CyTKH IpH NCTIOJb-
3oBannm B-TCP, gero ne Hadmronanock mpu ananuse o-1'CP. C npyToit cTOpoHBI, KOCTHAS TKaHb TPU TPH-
menennn B-TCP ma 150-¢ cyTkm mmena nerenepatuBHbie ipu3Haku [34]. J. Liu ¢ coaBt. [35] u3yqanu
Biusinue o-TCP Ha octeorennyto nudpdepeniupoky MCK y kpwic. MCK Kpbic B CHHTETHYECKOM
o-TCP mHKyOupoBail B OCTEOMHYKTUBHOM CpeJie ¢ MOCIEAYIOIUM aHAJIU30M YPOBHS IKCIPECCUU
reHoB ALP, Runx2, Colll w Sp7 I111P-meTonom. beuto ycranorieno, uto a-TCP umeeT xopoiiyw 6uo-
coBMecTUMOCTh ¢ MCK KpbIC ¥ B NPUCYTCTBUH OCTECOMHAYKIHMOHHOH Cpenbl CIOCOOCTBYET POCTY
ypoBaeit mMRNA ALP, Runx2, Colll n Sp7. llocne 21 nHs KyJIbTUBHPOBaHUs HaOI0manu oOpas3oBa-
HUE KaJbLUS.

I'unpoxcun hocdar kambius (THAPOKCHATIATHT) COCTaBIAET OKoio 50 % kocTHOM Tkauu. [losTomy
HCKYCCTBEHHO CO3JaHHbII ruapokcuanatut Hapsay ¢ B-TCP HaxonuT mupokoe IpuMEHEHHUE B pereHe-
paTHBHOM MEAWIIMHE W TPaBMATOJOTHH IS 3aMOTHEHUs KOCTHBIX nedexToB. H. Yuan ¢ coaBT. mmIuian-
TUPOBAJM B CIIUHHYIO MYCKYJIATypy cOOaK TMJIPOKCHANIATUT C KPYyITHBIMU TIOPaMHU, CTEHKH KOTOPBIX
MUMEJIM HEPOBHOCTH U cojep:kaiu MUKpornops! (S-HA), a Takke Apyroil BapuaHT ruJipoKcHanaTuTa —
C MIaJKUMH CTEHKaMH 1Op C PAaBHOMEPHO paclpeieIeHHbIMU B HUX KPUCTAJUTMUYECKUMHU 3€PHBIIIKAMH
(J-HA). Cnycts 3 u 6 Mec. nocse BBEACHUS IPOBOANIIN TMCTOIOTMYECKUH U MUKPOpaauorpaduaeckuii
ananus. [lpu ucnons3oBannu S-HA ormeuanoch (popMUpoOBaHHE KOCTHOW CTPYKTYPBI U HOCIEAYIOLICEe
ee yBeJIMYeHHe K 6-My Mmecsny. B To sxe Bpems npu ucnonb3oBanuu J-HA He BbIsiBIeHO (hopMupoBa-
HUSI KOCTHOH CTPYKTYpHI HH Ha 3-i, HU Ha 6-i Mecs1l HaOIroIeHN . DTO HCCIeIOBAHNE ITOKA3aII0, YTO
apXUTEKTypa 'uIPOKCHAIIaTUTA, UCIIOIb3yEMOI0 B KAUeCTBE HOCUTEIIS, BIIUAET HA OCTEOMHIyKTUBHbIE
CBOWCTBA, KOTOPBIE MOXKET Pa3BUTh JJAHHBII HOCUTEIND [36].

GOtz W. ¢ COaBT. UCCIIENOBAIH OCTEONHYKTUBHEIE CBOMCTBA KOMMEPUIECKOTo mpoaykTa NanoBone®,
MPEICTABIISIIONIET0 OO0 HAHOKPUCTAJUTMYECKUH THIPOKCHANIATUT, BCTPOSHHBIH B KBApLEBBINA T'ellb-
MaTpukc. JlaHHBIH HOCHUTENb OBUT MMITJIAHTHPOBAH TIOJKOKHO U BHYTPUMBILIEYHO B CIMHHYIO 00JIacTh
18 cBunok. Yepes 5 u 10 Henens, 4 u 8 Mec. HccieayemMble 001acTH ObLITM U3YUCHBI C TIOMOIBIO THCTO-
JIOTMYECKOTO U THCTOMOP(HOMETPHUYECKOro MeToAoB. [Ipu3Haku paHHero ocreoreHesa ¢ mociey oMM
€ro yCUJICHHEM BHYTPHU M BOKPYT I'paHyJ HAOIIOAAIUCh yiKe Yepe3 5 Heaemb, a YOpMUPOBaHUE KOCTHO-
MMOIMOOHBIX CTPYKTYP — HA MMO3THUX Cpokax [37].

Konnaren — otnuunblil kKauaugar aiig 3D-HocuTessi, HOCKOJIBbKY, IBJISASICh HATUBHBIM KOMIIOHEHTOM
KOCTHOW TKaHH, 00j1a/1aeT OHOCOBMECTUMOCTBIO, OHOACTPAMPYEMOCThIO, CIIOCOOHOCTHIO CTUMYJIMPO-
BaTh nposndepanuto u nupdpepenuporky MCK. Ho cnabbie MexaHndeckue CBOWCTBA HE TIO3BOJISIOT
HCIIOJIb30BaTh KOJIareH B KadecTBe 3D-HOCHTENs, MOITOMY €ro MOAH(DUUIUPYIOT yTeM J00aBICHUS
nosiMMepoB wiu apyrux ouomornexyi [38]. Tak, G. Calabrese ¢ coaBt. [39] mpogeMOHCTPUPOBAIIN BBICO-
K1l ocreoreHHbld noreHnuan MCK xupoBoii TKaHH B cOCTaBe HOCHTENSI U3 KOMOWHAIIMHU KoJljareHa
u Mg-npumMecHoro ruapokcuanarura. [Ipumeuarensno, uro MCK nuddepenunposanucs Bo B3pocible
0cTe001aCThI AaKe B OTCYTCTBHE ClIeM(PUUIECKIX MHIYKIIMOHHBIX ()aKTOPOB, a 100aBICHNUE POCTOBBIX
(hakTOpOB 3aMETHO YCKOpsJIO ocTteoreHHBIH mpormecc. J. . Dawson ¢ coapt. [40] mokaszanu, 9TO
MaTpHIla Ha OCHOBE KoylareHa | Tuma ¢ BKITIOUYEHHBIMH B €€ COCTaB KPUCTAJUIAMH THAPOKCHATIATHTA
crocoOHa mojaepkuBath octeoauddepennrporky MCK uenoBeka, 4To MOATBEPkKIaeT HHTCHCUBHBIN
CHHTE3 KJIETKaMH IIeJI04HON (PochaTasbl U BHEKJICTOYHOTO MATPUKCA C JIOKATM30BAHHBIMH y4aCTKaAMH
OCTEOKaJIbLIUHA.
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Takum 00pa3oM, HAKOIJICH OOJIBIION 00BEM JAHHBIX SKCIICPUMEHTATBHBIX HCCIICIOBAHUN 110 H3yUe-
HUI0 MeXaHU3MOB ocTeoreHHOU nupdeperiupoBkn MCK 1 HHAYKTOPOB UX TpaHC(HOpMAIUU B TIPEI-
NIECTBEHHUKH OCTEOTeHE3a M 10 CO3/IaHUI0 3KBUBAJCHTOB KOCTHOW TKaHW OMOMHI)KCHEPHBIM IMyTEM
C MPUMEHEHHEeM pPa3IuYHbIX HOocuTeseld. CerogHs ¢ y4acTHeM HeOOJBIIOro YKcia MalueHTOB IMPo-
BOJISITCSI MHOTOYHCIICHHBIC KIIMHMYECKHE MCCIIC0OBAHUS 110 U3YUYCHHIO pereHepalid KOCTHOW TKaHH,
U B ciiydae 3PEeKTUBHOCTH MPOBOJUMBIX UCCIICIOBAHUN TTOJYUCHHBIE PE3YJIbTAThl MOT'YT CTaTh OCHO-
BOW TSI pACIIIMPEHUST METOJIOB OKAa3aHUsI MIOMOIIM B TPABMATOJIOTHH U OPTOTCTUH.

Kondankr naTepecoB. ABTOp 3asBISET 00 OTCYTCTBUU KOH(DIUKTA HHTEPECOB.
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TOPUI0 MMMYHOJIOTMM JeTcKoro Bospacta MI'MM muaamum HaydHbIM cOTpyIHMKOM. Ha npotsike-
Huu 1986—1990 rr. 3aHMMaJICs BOIPOCAMH OPraHU3alMA KMMYHOJIOTMYECKOM CITY:KOBI B pecCItyOuKe,
HEOJTHOKPATHO BbIe3kKajd B paiioHbl MoruieBckol, ['oMenbckoil u npyrux oOnacteid s KIMHHKO-
MMMYHOJIOTHYECKOT0 00CIIeIOBaHUS M KOPPEKIMHM HapYIIEeHUH UIMMYHUTETA y MOCTPalaBIINX JIETeH;
MOJIYUMJI CTaTyC Y4aCTHUKA JUKBUAUUM nocnencTBuil aBapuu Ha YADC. B 1988 r. 3amuTun kauau-
JATCKYI0 JHccepTaluio Ha TeMy «lleHTpaiapHBIe XOTMHEPrUYecKue MEXaHU3MBI PETyIAIUH KUPHO-
KHUCIIOTHOTO COCTaBa W COMACP)KaHMS XOJIECTEPHHA JIMTIONPOTEH OB TUIa3Mbl KPOBH TP TUIIOTEPMHH
¥ SMOIIMOHATBHOM cTpeccey. B 1990—1995 rr. paboTtan accuctentom kadenps! papmakonornn MI'MU.

C momenTa opranmzanuu B 1995 . B HAH benapycu Otnenenusi Mennko-OHOJIOTMYECKUX HAYK
(manee — Otaenenue) u no 2003 r. paboTan ydeHbiM cekperapem OtaeneHus. Bmecre ¢ akaieMUKOM-
cekperapem Otnenenus akagemMukoM B. H. ['ypuHbIM (HayYHBIM PYKOBOAMTENIEM U HAYUYHBIM KOHCYJIb-
TAHTOM IO KaHJUAATCKON U TOoKTOpckoi nuccepranusm M. H. CemeHnenn) BHec 00mbIoi BKJIAJ B CTa-
HOBJIeHHE U pa3BuTHe OTnenenus. bour n3dpan npencenarenem npodroma annapata HAH benapycu.

B 1999 1. U. H. Cemenens ynocroen npemuun HAH benapycu 3a nuki Tpynos «Pa3paboTka sxcriepu-
MEHTAIFHBIX MOJIeTiel cyOdeOpruauTeTa 1 N3ydeHne MEXaHU3MOB TaKOTO HAPYIIEHUS TEPMOPETYIIAIIUN.
B 2000 r. emy mpucBoeHo yueHoe 3BaHWe morieHTa. B 2001 r. 3amuTHII TOKTOPCKYIO TUCCEPTAITHIO
Ha TeMy «TepMoperynsTopHbIE MPOIEcChl MPH dKCIepUMeHTaIbHOM cyOdebpumutetey, a B 2003 1.
eMy IPUCBOCHO yUeHOEe 3BaHHe podeccopa.

VYkazom [lpesunenrta PecnyOnuku Benapych ot 23 stuBapst 2003 1. Ne 32 U. H. CemeHeHst Ha3HA4YCH
TTIaBHBIM yUY€HBIM cekperapeM Briciieil artecTannonnoil komuccun Pecnyonuku benapych; sBusics
wieHoM [Ipesuanyma u xomterun BAK. Ykazom [Ipesunenta Pecnyonuku benapyck «O pabote ¢ pyko-
BOJISIIIIUMHY KaJpamMu B CUCTEME TOCYIaPCTBEHHBIX OPraHOB M MHBIX I'OCYIapCTBEHHBIX OpPraHU3aIfiiy
oT 26 utons 2005 . Ne 354 U. H. CemeHeHs BKJIIOYEH B KaJpOBbIi pe3epB [1aBbl rocynapcTsa Ha 3ame-
IeHHe JOJDKHOCTH mepBoro 3amectutens [pencenarens BAK. 3a Bpems padotsr B BAK B 2003-2006 rT.
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U. H. CemeHeHs TpUHS aKTHBHOE YYacTHE B COBEPIICHCTBOBAHMH pabOTHI 10 peaju3aluy rocyaap-
CTBCHHOM MOJMTHUKHU B O0JIACTH aTTECTAllMK HAYYHBIX KaAPOB BBICHICH KBaJIU(UKAINH, 00ECIICUCHUH
3¢ GEeKTUBHON MOATOTOBKY KaHIUJATOB H JOKTOPOB HAYK.

[ocne yxona u3 BAK B 2006 1. 1. H. Cemenens paboTan gekaHoM ¢GaxyIbTeTa MOBBILICHUS KBaJIU-
¢uKanuy pyKOBOIALINX PAOOTHHUKOB M CHELHAJIUCTOB YAaCTHOTO yupexkaeHus odpazoBanust «bUIT —
WHetutyT mpaBoBeneHus». Ipu ero akTMBHOM y4YacTHM OpPraHU30BaHBI HOBBIE KYpPCHl HOBBIIIEHUS
KBaH(UKaLKUK, B YaCTHOCTH, PAOOTHUKOB PUANITEPCKUX OpPraHM3alnii, BBEACHBI HOBBIE CIELUATIBHO-
CTH MIEPENOATOTOBKH, TOJIYYHJIO Pa3BUTHE AUCTAaHIIMOHHOE 00pa3oBaHue Ha (haKyIbTeTe.

B 2007 r. U1. H. CemeHens Bo3riaBuil OTAeN HayKu MUHHCTEpCTBa 3paBooxXpaneHus PecryOnnku
Benapyce. PykoBoast otaenom, oH cOCpeJOTOYNII BHUMaHUE Ha OpraHu3aluy pa3pad0TKH MPHOPUTET-
HBIX HaIpaBJICHUH pa3BUTHUS MEAMIIMHCKOW HAYKH, 0OCCIICUCHHH MEXBEJIOMCTBEHHOH M MEKIUCILIHU-
MJIMHAPHON MHTErpallii HAYYHBIX MCCIICAOBAHMH, MOBBIILICHUH d()(EKTUBHOCTH BHEIPEHUS Pe3yiIbTa-
TOB HAayYHBIX HUCCIECJOBAHUH U pa3pabOTOK B MPAKTHYECKOE 3APAaBOOXPAHEHHUE, OPraHU3aIMH PAOOTHI
YueHOro MeIMIIMHCKOrO coBeTa MHUHHCTEPCTBA 3/IpaBOOXpaHEHUsI, oOecrieueHUU 3PPEKTUBHOM MO~
TOTOBKHM Hay4YHBIX KaJpoB BbicuIel KBannpukanuu u ap. B To Bpems W. H. Cemenens sBusiics 4ieHOM
Komuccnn no obecrieueHn o oxpaHbl IPaB U IPOTHBOJICHCTBUIO HAPYIICHHUSIM B chepe WHTEIUICKTyallb-
Holi cooctBeHHOCTH 1pu CoBete Munuctpos Peciyonuku benapyce, unenoM padoueii rpymimsl [ocyaap-
CTBEHHOH KOMHUCCHH IO BOIPOCAM MEAHKO-OHOIOTMYECKOro 00ecedeHns rocy1apcTBeHHON Oe3omac-
HoctH nipu Coete bezomacnoctn Pecmyonuku benapych, riiaBHbIM peJakTOpOM HayYHO-TIPAKTHYECKOTO
exXerofHuka «JlocTHKeHUs: MEIUIIMHCKOM Hayku benapycu», HaydHbIM KOHCYJIBTaHTOM besopycckoit
SHIUKJIONEIUHN U JIp.

B 2008-2010 rr. M. H. Cemenens 3a04no oOyuasncst B THCTHTYTe TOCYAapCTBEHHOM CyKObI AKa-
nemun yrpasieHust npu I[Ipesungente PecnyOnuku Benapych Mo crnenuaibHOCTH «TOCYIapCTBEHHOE
yIpaBJeHHE HAI[MOHAJIBHONW IKOHOMMKOWY», KOTOPYIO OKOHYMJI C OTVINYKEM M OJarolapHOCThIO PyKO-
BOJICTBA By3a.

[Nocne yxona u3 Munuctepctsa 3apaBooxpanenus B 2011 r. M. H. Cemenens paboTai y4eHbIM ce-
KpetapeM PecriyOiIMKaHCKOT0 HayYHO-TIPAKTHYECKOT 0 [IEHTPa MCUXUYECKOT0 37I0pOBbi. B 3TOT nepuon
UM TOJIOTOBIICHBI MaTepUabl JIJIsl aKKPEIUTAIIUU IEHTPa KaK HAy4YHOW OopraHu3anuu, chopMupoBa-
HBI U corfacoBaHbl ¢ BAK HOKyMeHTHI AT OTKPBITUSA B IIEHTPE aCUPaHTYpPhI MO CHEIHATBHOCTAM
«TICUXHUATPUSY, KHAPKOJOTHUS» U «MEAUITUHCKAS TICHXOJIOTH .

B 2011 r. W. H. CemeHens neperiien Ha padoTy B JlemapTaMeHT 10 JIMKBUIAIIUHN TIOCIICICTBUIN KaTa-
ctpodbl Ha YADC MuHuCcTEpCTBA 10 Ype3BbIYaliHbIM cuTyanusM Peciyonuku benapych (I'ocuepHOObBIIE)
Ha JIOJDKHOCTH HAadaJIbHUKA OT/IeNIa HAYYHOro 00eCTieYeHUsT M MEXTyHapOTHOTO COTPYIHUYECTBA; SBIISIICS
gneHoM HammonanpHO# komuccuu bemapycn mo paauanuonHoi 3ammute npu CoBete Munuctpon Pec-
nyomuku benapyck u ap. JloopocosectHbiii u d3pdextrBHbli Tpya . H. CemeHeHH B pa3BUTHH MEXK Y-
HapOIHOI'0 COTPYAHMYECTBA B 00JIACTH MPEO0JICHMS mocencTuii apapuu Ha YADC orMedeH Omaro-
JTApCTBEHHBIMU NMHMChbMaMiu MUHHUCTpa WHOCTpaHHBIX Aen Pecrrybnuku benapycs B. B. Makes, npenacra-
Buteneil Opranuzanuu Mo 6e30MacHOCTH U cOTpyAHUYecTBY B EBpore, 3auncnennem M. H. Cemenenn
B pe3epB KaJpoB TJIABHOTO yIpaBJieHHs MHOrocTopoHHer auriomatuu MUJ[ PecnyOnnku benapych
Y HaTpaXKJICHUEM ero JABYMS MOYETHBIMU T'paMOoTaMu | ocuepHOOBLIS.

[locne yxoma B 0TCTaBKy ¢ rocyaapcTBeHHOU ciykO0bl B nekadpe 2017 . . H. Cemenens B sstHBape
2018 r. Ha3HaYeH AUPEKTOpoM MHCTUTYTa OMOXMMUM OHOJIOTHYECKU aKTUBHBIX coenquaennii HAH be-
napycu B T. ['pogHo (manee — MuctutyT). PaboTas B aToit nommkaoct, M. H. CemeneHs mpoBen OOJBITYO
OpPraHU3allMOHHYIO Pa0OTy MO co3naHuio B IHCTUTYTE TpeX OTpaciieBhIX JabopaTopruii U OCHAIIIEHUIO
X COBPEMEHHBIM HayTHBIM 000pyI0BaHHEM Ha cyMMy okoJo 1,5 muta gomtapoB CILIA u3 cpencTB mHHO-
BaoHHOTO (poHIa ['poMHEHCKOTO OOINCIOIKOMA, YTO TTO3BOJIMIIO 3HAYUTEIHFHO PACIINPUThH HAyUHEIE
1 NPUKJIaJaHbIe BO3MOXKHOCTH MHCTHUTYTA.

C nenpro MoBbIIIEHUS YPPEKTHBHOCTH HAYYHOH, HAy YHO-TEXHIYECKOH, MHHOBAITMOHHO-TTPOU3BO/I-
CTBEHHOH M HAyIHO-00pa30BaTeILHON AeSITEIIBHOCTH TIpH akTUBHOM yuactun . H. Cemenenn B 2018 .
co3maH o0pa3oBaTeNbHO-HAYUHBIA KiacTep ['pomHeHmuHBI, BKItodaromuii Mucturyt, I'pogHeHCcKmit
TOCYIapCTBEHHBIH MEAUITMHCKAH YHUBEPCUTET M 5 00JIACTHBIX YUPEIKICHUN 3MPaBOOXPAHCHHUSL.
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W. H. CemeHeneli MpoBOANTCS CUCTEMaTHUECKast padoTa MO0 YKPEIJICHHIO HayYHO-TEXHOJIOTHUECKHX
cBsi3eit THCTUTYTa ¢ MPOMBIIUICHHBIMU MPEANPUSTHSIMU [ POTHEHIINHBI ¥ APYTUX PETHOHOB PECITYOIHKH.

Pacmmpsiercst reorpadust MeXayHapOJHOTO COTPYIHUYECTBA, BBIMOIHSAIOTCS COBMECTHBIC TIPOCKTHI
¢ Kazaxcranom, Kuraiickoit Haponnoi#t Pecriy6nukoli, PecriyOmnukoit [lonbina, HanakuBaeTcs: B3aUMO-
neiictBue ¢ Y30ekuctanoM, [lakuctaHoM, IpyruMu CTpaHaAMH.

[ox pyxoBonctBoMm M. H. Cemenenu opranuzoBansl 1 mpoBenens! 11 benopycckuii Onoxummuueckuit
KoHrpecc «CoBpeMeHHBIE TPOOIeMbl OMOXMMHUH M MOJIEKYJIsipHO# Ouonorum» (2018), 1-1 benopyccko-
MOJBCKO-JTUTOBCKAsA Hay4yHasi KoHpepeHus «['panunbl Ononornyecknx Hayk. CUTHAJIUHT B MeTa0o-
mu3My, nocBsamennas 250-netuto A. Crserkoro (2018), MmexxyHapoaHast HAyYHO-ITPaKTHUECKask KOH-
¢depeHIUs «AKTyalbHbIE MEIUKO-OMOIIOTHYECKHE TIPOOIEMbI aJIKOTOJIBHON M IPYTHX XUMHUYECKUX 3a-
Bucumoctein» (2019).

1 HostOps 2019 1. Ha 3acenanuu bropo Ilpesnanyma HAH Benapycu U. H. Cemeneneit 6b11u 10310~
JKeHBI ONIDKalIie U OTAaJICHHBIE IEPCIIEKTUBBI pa3BuTHsl HCTUTYTa, BKIIOYAIOUIe 9 OCHOBHBIX Ha-
MpaBJICHUI: OMOXMMHMSI, MOJISKYJISIpHAs TeHETHKA U (papMaKoTepanus aJKoroJbHON 3aBUCUMOCTH; T10-
UCK M UCCIIeJOBaHUE OMOJIOTMYECKH aKTUBHBIX BEIECTB MPUPOIHOTO MPOUCXOKICHHS ISl CO3AAHUS
HOBBIX JIEKAPCTBEHHBIX CPEACTB M CTAaHAAPTHBIX 00pa3IloB; CO3JaHUE HOBBIX (DOPM JEKAPCTBEHHBIX
CPEICTB C MOBBIIICHHON OMONOCTYMHOCTBIO; M3YUYEHHE POJIM XMMHYECKHUX 3JEMEHTOB B Ipoleccax
JKU3HENIESI TeNbHOCTH, OLICHKA COJIEPyKaHHs HE3aMEHUMBIX (DaKTOPOB MUTAHMS B OPraHU3MeE U OKpYKa-
IoIel cpeze, pa3paboTKa TEXHOJIOTUH MPEAYNpEeKACHUS X HEeJO0CTAaTOYHOCTH; pa3paboTKa HOBBIX
TEXHOJIOTMI MPOTHO3UPOBAHMS, MPEAYNPEKACHUS U KOPPEKIMH HapyLIeHWH >KHU3HEIesTeNbHOCTH;
M3yYeHHE BIUSHUS ICUXUYECKUX COCTOSHUI YeloBeKa Ha SKCIPECCHIO TEHOB, PETYJIMPYIOMIUX PaboTy
OMOXMMHUECKUX U (PU3HUOIIOTHUECKUX CUCTEM OpraHn3Ma, pa3BUTHE 00JIe3HEH; KOMIUIEKCHOE H3y4YeHHUE
MIPOLIECCOB KU3HEESITENIBHOCTH B paMKax MOJHOT0 KM3HEHHOTO IIMKJIa Y TIOKOJIEHUH KUBOTHBIX, O0U-
Taomux Ha Tepputopuu llomecckoro rocynapcTBEHHOTO pagualiiOHHO-IKOJIOTHYECKOrO 3aM0BEIHU-
Ka C pa3HbIM YPOBHEM PaJHOAKTHUBHOTO 3arpSI3HEHUS; OLIEHKA COCTOSHHS OOIIECTBEHHOTO 30POBbS
M0 aHAJIM3Y COMACPKAHMSI ICUXOAKTHBHBIX BEIIECTB U MPOIYKTOB MeTabOIM3Ma YeloBeKa B OBITOBBIX
CTOYHBIX BOJIaX IIEHTPAJIU30BAaHHON KaHAIN3AIUH; Pa3BUTHE TPOU3BO/ICTBA.

Bce n3nosxenHblie HalpaBiIeHHs TOJIy4nsId ofo0penne Ha 3acenannu bropo Ilpesnnnyma HAH be-
JIapycH B CBSA3M C WX aKTYaJIbHOCTBIO. B TO e Bpems ObLIO MPEII0KEHO COCPEOTOUUTHCS B MEPBYIO
ouepeap Ha pemeHny (yHAaMEHTAIbHBIX U MPHUKIAIHBIX TPOOJIeM aJIKOrOJIbHONW 3aBHUCHMOCTH, YUU-
THIBasi €€ BBICOKYIO OOIIEMHUPOBYIO 3HAYMMOCTH U KOJIOCCANBHBIN yIIepO, KOTOPhIH HAHOCUT aJIKOTO-
JIU3M YEJIOBEYECTRY.

AxtuBHas nesrensHocTh M. H. Cemenenn Ha mocTy aupexkTopa MHCTHTYTa 103BOJHIIA TIOJHSATH 32 TO-
CIIJTHHE TPH rojia CpeHeMecsIuHy o 3apriaty B IHCTuTyTe Golee ueM B 2 pasa; perraeTcest BOpoc YKpyIl-
Henust UHcTUTYTa B QopmMe coznanust B T. [poiHO (minalna B BUJE HAyYHO-TIPOU3BOACTBEHHON 0a3bl.

B nacrosmee Bpemst rops Hukonaesuy sBisieTcs npeacesaTesieM COBETa MO 3alUTe AUCCEPTaLUi
1 01.30.01 (cnenmanbHOCTH 03.01.04 GHOXUMUS IO OMOIOTHYECKOH OTpaciu HaykH) npu MHCTUTYTE,
YJIEHOM YUYEHOTo MEIMIIMHCKOro coBeTa MUHHCTEpCTBa 3apaBooxpaneHus Pecryonuku bemapycs, dire-
HOM KOMHCCHH 10 TIPOBEJICHUIO BEIOMCTBEHHOHN HAYYHO-TEXHUYECKON SKCIIEPTU3BI IPOEKTOB (padoT, Me-
POTPUATHI), TPEICTABIAEMBIX /JIs1 ((MHAHCUPOBAHUS C TIPUBIICUCHHEM CPEJICTB HHHOBAIIMOHHOTO (hOHa
I'ponHeHcKoro 00MIMCIIONKOMA, TTPECcEeAaTeNIeM Hay YHO-PEIaKIIMOHHOTO COBETa Ky pHaja «OxpaHa Tpy/a.
Texuomornu 6€301TaCHOCTI» | IIP.

IIpodeccop 1. H. CemeHeHsT — N3BECTHBINM YUEHBIH B 00JIaCTH psla aKTYaJbHBIX MPOOIeM Qu3no-
JIOTMM U MEIULIMHBL, B TOM YHUCIIE aBTOP TPYIOB (punocodcko-mMeTononornieckoro xapakrepa. OcHoOB-
HBIE €ro paboThI IOCBALICHBI IIPOOJIEMaM TEPMOPETYIALIMY B HOPME U IIPHU NATOJIOTUU, U3YUCHUIO BIIU-
STHUS paJuaIiioHHOro ¢akTopa mocie aBapud Ha YADC Ha UMMYHHYIO CHCTEMY OpraHH3Ma JeTeH,
Pa3BUTHIO HOBOTO HAYYHO-NPAKTUYECKOTO HAIIPABJIEHUS B MEAMLIMHE — XPOHOXUPYpruu. Psa pabot
1. H. CeMeHeHH TIOCBSIIIIEH BOIIPOCAM COBEPIIICHCTBOBAHUS YIIPABICHUS MEIUIIMHCKON HAyKOM, pa3pa-
00TKe POo0IEM COLMATBHON KNOEPHETUKH, METOAOJIOTHYECKOMY 3HAYEHHIO IPAaBUiIa HCXOTHOIO COCTOS-
HUS B (DU3HOJOTUN W MEOUITMHE, 000CHOBAHUIO HOBBIX ()OpM PETYyIauu (YHKIIMA OpraHu3Ma, mpo-
OeMaM KOCMUYECKOM KOJIOTUH YeJIOBEKA, B3aMMOCBSI3H HAYKH U PEIUT U, IPOUCXOKACHUS U CMBICIIA
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KU3HU, pa3paboTKe TEOPUU HEHPOIICHXUUYECKOTO (IICHXOIHEPreTHUECKOr0) MOl KaK KBAHTOBOH OCHO-
BbI IIPOLIECCOB MBILICHUS, POJIM MICUXUKH B MEXaHU3MaXx 3J0POBbS U 0OJIE3HEH, BOIIpOcaM MaToreHe-
3a U Tepanuu HeHPOUH(EKIUH, N3yUeHNI0 HOBBIX 3P (PEKTOB 1 MEXaHU3MOB ICHCTBUS JEKAPCTBEHHBIX
CPeACTB U3 rpyI GudpaToB, THA30JUANHINOHOB U OUT'yaHNU OB, BIUSIOMINX HA YIJIEBOAHBIN U JIMNIN]-
HBI 0OMEH, B OTHOIIICHUH TIOAABJICHUS aJIKOTOIRHON MoTHBaIuu yepe3 PPAR-penenTopsl, akTuBUpPY-
rorue npoaudepanuio nepokcucom B I{THC, dapmakonoruueckoil Koppekiuun oOMeHa aMHUHOKHUCIOT
B OpraHu3Me Mpu CyOTOTaIbHOM HIIIEMUHU TOJIOBHOT'O MO3Ta, dTHOMATOTeHE3Y BTOPUYHBIX SPUTPOLIUTO-
30B, ()EHOMEHY CIIOHTAHHOH PErpeccHy 3J0KAUYECTBEHHBIX OMYXOJel, NU3yUYeHUIO BIUSHUS MPOTHUBO-
OITyXOJIEBBIX M TTPOTUBOAIMOPHOHAILHBIX AaHTUTEI Ha OIYyXOJIEBBIE KJIETKH, BBISICHEHHIO Y PEKTOB Jie-
KapCTBEHHBIX CPEACTB PACTUTEIBHOIO MPOUCXOKICHUS HA MUKPOLHUPKYIATOPHOE pyCio, mpolieme
OTPHULATEIBHOr0 TOOOUHOIO NEHCTBUSA JIEKApCTB, B TOM YHCJIE MX KaHLIEPOI'€HHON OMaCHOCTH, OLICHKE
BO3MOXKHOM OIACHOCTH amepHulusi-24] 4epHOOBIILCKOrO MPOUCXOXKACHUS, HCTOPUU OMOIOTHYECKOro
OpY’KHS U JIp.

. H. Cemenenst mmeeT OONBINOI OMBIT MeJaroruueckoi nesrensuoctu. Padboras 8 MI'MU, on mipe-
10/IaBall Ha YeThIpeX Kadeapax — HOpMaJIbHON (DPU3UOIOTHH, TATOJIOTHYecKor (hu3nosoruu, hapMako-
JIOTHH, MUKPOOHOJIOT MM C BUPYCOJIOTHEH 1 UMMYyHosoruei. [lo coBMecTuTenscTBY padoTan nmpodecco-
poM Kadenpsl GU3HOIOrUN U OMOXUMHH B BelopyccKoM rocy1apcTBEHHOM YHUBEPCUTETE (PU3MUECKOI
KYJBTYpBbI, mpodeccopom Kadenpsl ncuxonorun B MHcTuTyTe nipaBoBenenus. Ha mpoTspkeHuu psiga
aet U. H. CemeHeHs 10 COBMECTUTENBCTBY padoTall 3aBEYIOIINM J1a00opaTopueil MpuKiIagHon Gu3Hno-
noruu B Macturyte pusnonornn HAH benapycu u ap.

PesynbraTel Hay4HOH 1 HaydHO-TIOMYJsipHOH nestensHocTr M. H. CemeHeHn n3nokeHs! 6oee yem
B 680 mevyatHBIX paborax, 4 MoHorpadusx. OH — coaBTOp 3 U300PETEHUH, IO €T0 PYKOBOICTBOM ITOJI-
TOTOBJICHBI M 3aIIHINEHBI 3 KaHAUAATCKUE TUCCEPTAIIHH.

BuaHblil ydeHbIH ¢ IIUPOKON 3pyAULHAEH, TaJaHTINBBIM OPraHU3aToOp HAYKHU, IPEKPACHBIN Neaa-
ror u obasTenbHbIN yenoBek, rops Hukonaesuy CeMeHEHs CHHCKa TyOOKOE yBaKEHUE W 3aCITy-
JKCHHBIH aBTOPUTET CPEAM HAyYHOW M MEIMIMHCKOW OOIIECTBEHHOCTH HE TOJBKO Hallel pecrmyOnu-
KH, HO U 3a ee npenenaMu. B cBou 60 JeT oH coxpaHseT MopasuTelbHyI0 pad0TOCIOCOOHOCTD, OJIOH
TBOPUYECKUX UJIEH.

KomnextnB MHCTHTYTa OMOXUMUYM OHOIOTHYeCKH akTUBHBIX coennHeHnit HAH benapycu, yueHnku
1 KOJUIETH cepleyHo nmo3apasiisitoT Mrops HukonaeBuya ¢ roduiieeM, xKeaaroT eMy KPEIKOro 310pOBbs
Ha MHOTHE IOkl U OONBIINX TBOPUECKUX YCIIEXOB.



