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Pesrome

AKTyaJbHOCTh: [IUrMEHTHBI PETUHUT TMpENCTaBIsieT CcOOOW TIpynmy HaclaeACTBEHHBIX
3a00JeBaHUN CETYATKH, XapaKTePU3YIOIUXCsl Mporpeccupyomeil ferenepanueit Gpotopenentopon
U MUTMEHTHOTO JMMTENUs. JTO NPUBOJUT K HEOOpAaTUMOW IMOTepe 3pEHHs, YTO CYIIECTBEHHO
CHID)KAET KauyeCTBO XU3HU NauueHTOB. COBPEMEHHBIE METOJBI JICUYEHMs], BKIIOYas BUTAMUHHYIO
Tepanuio, aHTUOKCUAAHTBI U UMIUIAHTALMIO AJIEKTPOHHBIX YCTPOMCTB, HE CIOCOOHBI OCTAHOBHUTH
nporpeccupoBaHue 3a00JieBaHMs, a JHUIIb YaCTUYHO KOMIIEHCHPYIOT €ro MmociencTBus. B cBs3u ¢
3TUM pa3paboTka A3P(HEKTUBHBIX METOOB JICUEHMsI, HAIPABJICHHBIX HA YCTPaHEHHUE MEPBONPUYNHBI
3a00JeBaHus, OCTAeTCs aKTyaIbHOH 3a7jaueil coBpeMeHHoM odranbMonorun. I'eHeTnyeckas Tepanus
C HCIIOJIb30BAHMEM BHUPYCHBIX BEKTOPOB OTKPBIBAET HOBBIE TEPCHEKTUBBI B JICUEHUU
HACJIe/ICTBEHHBIX JIeT€HEpaTUBHBIX 3aboneBaHuil ceryarku. Ileab wucceaenoBanmsa: OG630p
COBPEMEHHBIX IOAXO0/I0B K JIEUEHUIO MUTMEHTHOIO PETUHUTA C HCIOJIb30BAaHWEM TIE€HETHUECKON
Tepanuu, aHaiu3 3((EeKTUBHOCTH M 0€30MaCHOCTH JOCTABKH TEPareBTUUYECKUX T€HOB B KIIETKU
CeTYaTKH, a TaKXKe OIEHKa NEepCleKTUB MAaJbHEHIINX HCCIeA0BaHUNH B JaHHOW 0O0JacTu.
Marepuanbl u mMeroabl: [IpoBeneH aHanmu3 JaHHBIX HAYYHBIX HCCIIENOBAHUN M KIMHUYECKUX
UCIBITAaHNM, IOCBSILICHHBIX HCIOJIb30BAaHUIO aJ€HOACCOLMMPOBAHHBIX BHUPYCOB ISl JOCTaBKU
TeHETUYECKOr0 MaTepHasa B KIeTKH ceTdaTku. [IoMcK MICTOYHUKOB OCYIIECTBIISUICS B 6a3aX JaHHBIX
PELIEH3UPYEMOI JMTEpaTypsl MO KIIOYEBBIM CJIOBAM, CBSI3aHHBIM C TI'E€HETHUYECKOH Tepamnuen
MUTMEHTHOTO peTuHuTa. Pesyabrarbl: O¢G(EeKTUBHOCTh TE€HHOW TEpanuu P MUTMEHTHOM
pPETHHUTE 3aBUCUT OT cepoTuna AAV-BeKTopa, THNa KJIETKH-MHUIIEHH M crocoba BBeAEHUS.
HauGonee crabmnphyto skcnpeccuio reHoB RHO, RPGR, RP2, PDE6a w PDEGS obecrieunBaroT
cepotunisl AAV2/5 u AAVS npu cyOpeTrHaIbHOM BBeeHUH. J{i1st monaBienust mytantHoro RHO u
ero 3amenieHus 3¢ dexTuBHbI nBoMHBIE BekTOphl ¢ KIMPHK u pesucrenthoit k Hert k[AHK, a s
RPGR noka3aHa HEOGXOAMMOCTH KOJOH-omTHMH3amuu u3odopmbl RPGRORF B cmyuae RP2
MCIOJIb30BaHNE caMOKoMIuIeMeHTapHoro AAV obecnieunBaio skcrpeccuio B 90% doropenentopon
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O630p Xakumos AP, u dp. CospemeHHble docmudceHus 2eHHOU mepanuu ...
Review Khakimov AR, et al. Current advances in gene therapy ...

M BOCCTAHABJIMBAJIO CTPYKTYpPY HAPYXHOTO SJIEPHOTO CJIOSA, OJHAKO BBICOKAas 7032 BBI3bIBAJA
Tokcuueckuit 3ddekr. Ilpu Tepanuu PDE6o m PDEG6S mokazaHa 3((QEeKTHUBHOCTh HE TOJIBKO
BEKTOPHOH JOCTaBKM, HO U cucteM penaktupoBanuss CRISPR u mnpaiim-penakrtupoBaHus.
3akirouyenue: [‘eHernueckas Tepamnusi C MCIOJb30BAaHUEM a/IEHOACCOIMUPOBAHHBIX BHUPYCOB
SBIISICTCS TEPCHEKTHUBHBIM HAIPABICHUEM B JICUEHUHM HACIICACTBEHHBIX 3a00JICBaHUN CETYATKH.
OpaHako OCTalTCs HEPEIICHHbIE BOIPOCHI, CBSI3aHHBIE C JIIUTEIBHOCTHIO d(hdexTa, BOZMOKHOCTHIO
MMMYHHOTO OTBETa M OrPAaHMYEHHOH BMECTHMOCTBIO BHPYCHBIX BEKTOpOB. JlanbHelme
WCCIIEIOBaHMs HANpaBlieHbl Ha YJIYYIIEHHE METOJOB [OCTAaBKH, MOBbIINICHHE 3()PEeKTUBHOCTU
HKCIPECCHH TEPANeBTHYECKMX TE€HOB W pa3pabOTKy HOBBIX IOAXOJOB, MO3BOJISIONINX JICYUThH
HIUPOKUN CHEKTpP HACIEICTBEHHBIX PETUHOMATUH.

KiioueBble cjioBa: ceTyaTrka; MUTMEHTHBI PETHHUT; JETCHEpauus; TeHHas Tepamus;
a/IeHOaCCOLMUPOBAHHBIN BUPYC; BUPYCHBIN BEKTOP

s uutupoBanusi: Xakumo AP, Mycuna JIA, Jlebenesa AU, u np. CoBpeMeHHbIE TOCTHXECHUS
TE€HHOM Tepanuu MUTMEHTHOTO PETUHHUTA C MPUMEHEHHEM aJIEHOACCOILIMMPOBAHHOTO BUpYyca (0030D).
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Abstract

Background: Retinitis pigmentosa is a group of inherited retinal disorders characterized by
progressive degeneration of photoreceptors and the retinal pigment epithelium. This leads to
irreversible vision loss, significantly reducing patients' quality of life. Current treatment methods,
including vitamin therapy, antioxidants, and electronic implant devices, do not halt disease
progression but only partially compensate for its consequences. Therefore, developing effective
therapies targeting the underlying causes of the disease remains a pressing challenge in modern
ophthalmology. Gene therapy using viral vectors presents new opportunities for treating hereditary
degenerative retinal diseases. The aim of the study: To review current approaches to treating retinitis
pigmentosa through gene therapy, analyze the efficiency and safety of therapeutic gene delivery to
retinal cells, and assess future research prospects in this field. Materials and methods: A review of
scientific studies and clinical trials was conducted, focusing on the use of adeno-associated viruses
for delivering genetic material to retinal cells. Sources were selected from peer-reviewed literature
databases using keywords related to gene therapy for retinitis pigmentosa. Results: The effectiveness
of gene therapy for retinitis pigmentosa depends on the AAV vector serotype, the target cell type, and
the method of administration. The most stable gene expression for RHO, RPGR, RP2, PDE6a, and
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PDEG6p is achieved using AAV2/5 and AAVS8 serotypes with subretinal injection. For suppressing
mutant RHO and its replacement, dual vectors containing sShRNA and resistant cDNA are effective,
while codon optimization of the RPGRORF! isoform is necessary for RPGR. In the case of RP2, the
use of self-complementary AAV achieved expression in 90% of photoreceptors and restored the
structure of the outer nuclear layer; however, high doses led to toxic effects. For PDE6o. and PDE6f
therapy, not only viral vector delivery but also CRISPR and prime editing systems have shown
effectiveness. Conclusion: Gene therapy using adeno-associated viruses is a promising approach for
treating hereditary retinal diseases. However, challenges remain regarding the duration of therapeutic
effects, potential immune responses, and the limited carrying capacity of viral vectors. Future
research aims to enhance delivery methods, improve therapeutic gene expression efficiency, and
develop new strategies for treating a wide range of inherited retinopathies.

Keywords: retina; retinitis pigmentosa; degeneration; gene therapy; adeno-associated virus; viral
vector
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BBenenue. Bo3pacTHble U r€HETUYECKU
00yCIIOBJICHHbIE 3a00JIeBaHUSA CETYATKU —
OJHA W3 OCHOBHBIX TMPHYUH YXYALICHHUS
3peHus U caenotsl B Mupe [1, 2]. [TurmeHTHbIH
perunutr (RP) — Tskenoe 3aboseBaHue
CEeTUaTKH, nopaxaroliee Oozee
1,5 MMWJUTHOHOB ~ 4YEJIOBEK  €XKEromgHo |
3HAYUTENbHO CHUXKAIOLIEE KayecTBO HX
KU3HU. OTa QopmMa IUCTPOPUH CETUATKU
OTHOCHUTCS K HACJEJICTBEHHBIM reTepOr€HHbIM
PETHHOMATUSM U XapaKTepU3yeTcs THOEbIo
¢doropenenTopos U JiereHeparen
MUTMEHTHOTO SIUTEIUS, IPUBOS K KYPHHOM
CJIETIOTE U TYHHEJIBHOMY 3peHuto [3, 4, 5]. RP
MPOSIBIISIETCS. B TPEX THIIAX HACIICIOBaHUS:
ayTOCOMHO-JIOMUHAaHTHOM (ADRP),
ayTOCOMHO-PELIECCUBHOM (ARRP) "
X-cuernnenHom (XLRP). Breisiiaeno 0Oonee
60 reHoB, cBs3aHHBIX ¢ RP, HO TOYHEIE
MEXaHU3MBI JIeT€HEepalluy CeTYaTKH J0 KOHIa
HE U3y4eHHI [6].

TpaauumoHHBIE ~ METOIBI  JIEUEHUS,
BKIIIOYAss XHPYPTU0 U  (papMakoTepamnuio,
qare BCETO T 3aMeISIOT
IporpeccupoBanue OOJIE3HH, HE YCTPaHSs ee
npuunHy [7]. B ¢BA3H ¢ 9TUM reHHas Tepanus
CTaHOBHTCS TIEPCIIEKTUBHBIM HaIpaBlICHUEM
JUIL  JIEYeHUsT TEHETHYeCKHX 3abosieBaHUil
ceTvarku [8].

AneHoaccounnpoBaHHblii BUpyc (AAV)
3apEeKOMEHI0BaJI ce0sl, KaK OJIMH U3 Hanbolee
6e3omacHbIX U 3()(HEKTUBHBIX MHCTPYMEHTOB

JIOCTaBKM TE€HETUYECKOro  MaTepuaja B
KIETKU-MUIlIeHn [9]. DToT BuUpyc obnagaer
YHUKaJIbHBIMU XapaKTEPUCTUKAMU, TAKUMHU,
KaK HHU3Kass UMMYHOTE€HHOCTb, CIIOCOOHOCTH
K JIOJIFOCPOYHON 3KCIIPECCHM 1IEJIEBBIX I€HOB
U BO3MOXHOCTh  WH(QUIUPOBATH  Kak
JeJSIIIMecs], Tak U Henemsinmecs kietku [10].
Bosee Toro, MHOrouncieHHble MOAU(UKALIUT
AAV 103BONMIN 3HAYUTEIBHO YIYUILUTh UX
cneun(UIHOCTb, TPOMU3M U IPPEKTUBHOCTD
JOCTaBKM, YTO JeNaeT HuX BO MHOTOM
UJCAIBHBIM BEKTOPOM MJIsi T€HHOH Tepanuu
3abosneBanuii ceryatku [11, 12].

3a  mocieaHWe  roAsl  HAKOIUIEH
3HAYUTENbHBIN 00bEM JTaHHBIX O IPUMEHEHUH
AAV B Jle4eHMM MHOTHMX HAacIE€ACTBEHHBIX
3a0o0yieBaHUN, TakuWX, Kak jauctpodus
HITaprapara, BpoxJ1eHHbIH amaBpo3 JleOepa u
Ipyrux HapyLICHUH, CBSI3aHHBIX c
TFEHETUYECKUMU MyTauusMu. KiuHudeckue
HCCIIEIOBaHUS MIPOJIEMOHCTPUPOBAIIH
YCIELIHY0 JOCTaBKy TPAHCTE€HOB B KIIETKH
CETUaTKHU, BOCCTAHOBJIIEHHE WX (QYHKIHH
U 3HAYUTEIBbHOE YIJIy4YlIEHUE 3pEHus Yy
HEKOTOPBIX ManueHToB [13].

Mens uccaenopanus. [lenpo ganHOrO
o030pa sBJISETCS aHAIU3 COBPEMEHHBIX
MIOIXOJI0OB K TE€HHOW Tepanmuu IUTMEHTHOTrO
peTuHUTa c HCIIOJIb30BaHUEM
aIeHOACCOLIMMPOBAHHBIX BUPYCOB, OLIEHKA UX
s dexTuBHOCTH W OE30MaCHOCTH, a TaKKe
BBISIBJIEHHE TEPCHEKTUBHBIX HAINpaBICHUU
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JanbHeHmMX — uccinegoBaHui. B pabore RHO, RP2, RPGR, PDE6. B anamus
paccMaTpuBarOTCA MEXaHHU3MbI JIercTBUA BKIIIOYCHBI HAaYy4YHBIC CTaTbu B
Pa3IMYHBIX  TEPANEBTUYECKUX  CTPATETHH, pEeLEH3UPYEMBIX KypHalax, OyOJIMKOBaHHbIE

BKJTFOYAs ITOAABJICHUE DKCIIPECCUU MYTaHTHBIX
TCHOB, WX 3aMelleHue (yHKIMOHATbHBIMU
aHajioraMd ¥ peJaKTHpPOBaHHWE TEHOMA.
Ocoboe BHUMAaHHE yIensercs
CPaBHUTEIHLHOMY aHAJIN3Y BHPYCHBIX
BEKTOPOB, TPHMEHSEMBIX B KIMHUYECKUX
WCTIBITAHUSAX, a TaKKe OrPaHUYCHUSM,
CBSI3aHHBIM C WX YIIAKOBOYHOH EMKOCTBIO U
MMMYHHBIM OTBETOM OpPTaHHU3Ma.
Matepuanbl " METOAbI
uccaenoBanms. Hacrosmuit 0630p o6o01maer
pe3yJIbTAaThl HMCCICIOBAHUN W KIMHHYECKUX
IaHHBIX 110 HCIOJB30BaHHID AAV B reHHOH
tepaniuu  RP. PaccmarpuBaroTcsi MeTOJbI
ucnonp3oBauus AAV U1 [monaBiIeHUS U
PEIAKTHPOBAHUS TCHOB-MUIIICHEH, HAIIPSIMYIO
ACCOIIMMPOBAHHBIX C Pa3BUTHEM Pa3IUYHBIX
¢dbopM naHHOTO 3200JICBaHMS, 2 TAKKE HOBBIC
MOAXOAbl M pa3pabOTKU B ATOM OONACTH.
[Monck mnyOnukanuii mpoBoamics B 0Oase
JAHHBIX  AJICKTPOHHBIX  HMH(POPMAIIMOHHBIX
pecypcoB PubMed u Google Scholar mo
xiroueBbiM ciioBaM AAV, adeno-associated
virus, gene therapy, retinitis pigmentosa,

B nepuoa ¢ 1997 no 2025 roawsl. HuxHss
rpaHuLa BPEMEHHOIO MHTEpBaja
00yCIIOBJIEHA TE€M, UTO UIMEHHO B 3TOT IEPUOJ
ObUIM paHHUE TIOTMBITKA TEHHOW Teparuu
peTuHonaTui ¢ ucnojib3oBanueM AAV.

Kputepun orbopa craTell BKIIOYAIIN:
nyOJUKalMu B PELEH3UPYEMbIX HAay4HBIX
KypHaJIax; HaIu4yue OpPUTHHATBHBIX
IKCIIEPUMEHTAIBHBIX JAHHBIX IN VIVO; (okyc
Ha '€HHOM Tepanuu MUTMEHTHOTO PETUHHUTA C
ucrnonb3oBaHueM AAV-BEKTOPOB; YyKa3aHHE
Ha KOHKPETHBIC T€HBI-MUIIICHH.

Pe3yabTaThl 1 HX 00Cy:KIeHHE

Bektop AAV kak miaardgopma ais
AOCTABKHU TPAHCIeHA

Ha cerommsimmmii  nenp  Hambolee
YCHEIIHBIMA BUPYCHBIMU BEKTOpaMH B T€HHOM
TEparuu SIBJISIOTCS. PETPOBUPYCHI, JICHTUBUPYCHI
u anenosupychl (Tabn. 1). Muorue u3 HHX
HMEIOT PsiJi HEIOCTATKOB, TaKUX, KaK BBICOKUI
pPUCK HMMYHHOTO OTBETa M T'EHETHMYECKUX
MyTaimi. B aTom otHOmenun AAV cunraercs
camoil Oe3omacHoi aThopMoil Ui JOCTaBKU

TpaHCIreHoB iNn Vivo [14].

Tabnuya 1
CpaBHeHnune HanboJiee UCNOJIb3yeMbIX BUPYCHBIX BeKTOPOB [14, 15]
Table 1
Comparison of the most commonly used viral vectors [14, 15]
BupycHblii BeKTOp Aneﬂoacczlplll;l;EOBaHm)m AJleHOBHUpYC JleHTHBHpYC PerpoBupyc
Pa3zmep remoma 4 700 m.H. 36 000 m.H. 9 000 m.H. 8 500 m.H.
Pa3mep BupHOHa 20-26 um 70-90 um 80-100 um 80-100 um
IIponukaromas Bricokas Cpenuss Huskas Huskas
CITOCOOHOCTh
Tun HyKJIEHHOBOM JAHK JHK PHK PHK
KHUCJIOTBI
Tur kjeToK- Jensuecs u vepensimuecss | Jensiiuecs u Hensiuecs u Hensuecs
MHULICHEH HeJeJsIuecs HEeJeJsIuecs
Croco0 Crienudrrueckast HHTETpanus | DMACOMHAs [ceBnocienmdpuueck | Hecmeruduuecka
HMHTErpalyy reHa peTUIMKaLHs asi MHTerpauus s1 AHTETPaIs
Dkcnpeccus CrabuinbHast IIpexonsmas CrabunpHas IIpexoasmas wiu
9K30T€HHOI0 reHa cTaOuIbHAs
D¢ddexTuBHOCTH Cpeansist Bricokas Cpennsist Bericokas
TPAHCAYKLHHU IT'€HOB
VIMMYHOT€HHOCTb Huzkas Bericokas Cpennsis Cpennsis
Jwnanazon Cpeanuii, cuibHas Iupoxui, Tupoxwuii, cnadas V3kuii, cnadas
KIJIETOYHOM 3aBUCUMOCTD OT CEPOTHUTIA CWJIbHAS 3aBUCHUMOCTH OT 3aBUCUMOCTH OT
CrenuUIHOCTH U 3aBUCUMOCTB OT | CEpPOTHUIA cepoTuna
€r0 3aBHCUMOCTH OT cepoTuna
cepoTuna
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OnHOll W3 KIIIOYEBBIX OCOOEHHOCTEMN
AAV  saBugeTcs  ero  HEIaTOI'€HHOCTD,
CBSI3aHHAS C HECIIOCOOHOCTBIO K PETUIMKAIINN
B KJIETKe-X031uHe 0e3 BHpyca-caTeIIuTa,
Hanpumep, aJIcHOBUpYCa [16, 17].
HeussecTHrl mramMmMel AAV, caMOCTOSTEIIEHO
BBI3BIBAIONINE 3a00JIEBaHUS Yy 4YEJNOBEKa, H
Hay4yHOE COOOIIECTBO MPUIILJIO K KOHCEHCYCY
1o aToMy Bonpocy [17]. Onnako B 2023 roay
ObLTa OOHapyX)eHa CBs3b KomHpekuuu AAV?2
C TeMaToTPONHBIMU BHPYCAMU M TSDKEIBIM
TEYEHHEM OCTPOTO renaTuTa y neteil. ABTOpbl
MOAYEPKUBAIOT, YTO TpsiMas MPUUYUHHO-
CJICICTBEHHAs] CBsI3b HE MOJATBEpPXKIEHA, U
TpeOyroTcs AanpHeimme uccienopanus [17].

Bupycnas yactuna AAV nmMeer karcun
nuamerpom 20-26 HM, dYro oOjerdaer ee
MPOHUKHOBEHUE B KIIETKU-MUIIEHU. J{uKHii
it AAV cnocobeH UHTErpupoBaThCs B
reHoM kietkn B Jokyc AAVS1 19-i

XPOMOCOMBI Omarogaps CXOJICTBY
OCJIEOBATEIHHOCTEMN AAVS1 u
WHBEPTHPOBAHHBIX  KOHIICBBIX  IMTOBTOPOB

Bupyca. Ilocme wHbunupoBanus AAV
MEepeXoAUT B JaTEHTHOE cocTtosHue [18].
I'enom AAV conepuT 1Be OTKPBIThIE PAMKH
cunThIBaHUs, Koaupytonmme rensl REP u CAP.
I'en REP o6ecneunBaer cuHTE3 ueTBIPEX
OenkoB s perudkauuu Bupyca, a CAP
KOJIUPYeT Tpu cyObenuHuibl karmcuaa: VPI,
VP2 u VP3. B 3TOM %€ ydacTke, HO B Ipyroi
paMKe CUMTBIBaHUS, Koaupyercs 6enok AAP,
Y4acTBYIOUIMI B COOpKE BUPYCHBIX YacCTHII

o6eimok MAAP, o6ieryaromuii HHKaICY IS0
T€HETUYECKOro MaTepuaia B BUpUOH [19].
Pa3mep ognouenoueynoro resoma AAV
cocraBnger okono 4 700 mH. [16].
KommnaktHocTh  reHoma  oOecreyuBaeTcs
JIbTEPHATHBHBIM CIUTAliCHHTOM u
MEePEKPHIBAIOIIUMUCS PAMKaMU CUUTHIBAHHMS.
DTO orpaHMYMBaeT UcCHoyb3oBaHuEe AAV Kak
BEKTOpa, TaK KaKk Majasg eMKOCTh TI'eHOMa
TpeOyeT  TIIATEJBHOTO  MPOEKTUPOBAHUS
TpaHCTE€HAa M PEryJATOPHBIX SJIEMEHTOB, a
TaK)Ke JeNaeT HEBO3MOXHOM JTOCTaBKy I'€HOB
pasmepom Oosiee 4 800 m.H. B OJMHOYHOM
Bektope [10]. Pemennem mpoOiieMbl MOXKET
CTaTh pacierieHue KOAUPYIOIIeH
IIOCJIEIOBATEILHOCTH HA PA3IMYHbIE BEKTOPHI
AAV [4]. Ins 0AHOBPEMEHHOTO MOJIaBJICHUS
reHa W ero 3aMelleHHs TPaHCTEHOM
UCTIONB3YIOTCS JIBOMHBIE BEKTODBI,
yBEJIMYUBasl YNAKOBOUHbIM jaumutr 10 8 900
n.H. [20]. Ha naHHbIE MOMEHT OoJibIINE
ycrexu B reHHou Tepanuu RP kacaroTcs nuiib
redoB ¢ k/IHK, ne npesbruatomieit 4 700 m.H.
TkaneBas cnenuuyaoctp  AAV
3aBUCHUT OT €ro CepoTHNa, KOTOpbIi B
OoJbIel CTENeHU ornpezensercs
0COOEHHOCTSIMU MOJIEKYJISIPHOTO
B3aMMOJCHCTBHS KalcCHaa U PEIenTopoB
knetku-muiienn (Tabn. 2). Ha nanubIif
MOMEHT BBIJIENIEHO 13 MPUPOJHBIX CEPOTHUIIOB
C  pa3NMYHBIM  TKAHEBBIM  TPOMH3MOM.
BekTopel mpupomHsix cepotunoB AAV
o0anarot 0oJiee HU3KOM crien(PUUHOCTHIO IO

[15]. B 2019 roxy Obul maeHTUPUIMPOBAH cpaBHeHHIO ¢ TAAV [15].
Tabnuya 2
¢ PeKTHBHOCTH TPAHCAYKIUM PA3JIUYHBIX CEPOTUIIOB B 3aBUCHMOCTH
OT KJIETKH-MHUIIIEHHU CeTYATKHU y Mbleii [15]
Table 2
Transduction efficiency of various serotypes depending on the retinal target cell in mice [15]
Tun BekTOpa IIurmeHTOIMT ®oTopenentop l'anrino3Has KJeTka PapnanbHbli rIIHOIUT
AAV1 + — — +
AAV2 + + + + + +
AAV2/5 +++ +++ - +
AAV2/8 ++ +++ + +
AAV3 + + + +
AAV4 ++ — — +
AAV5 + + — +
AAV6 + + + ++ +
AAV7 + + + + + +
AAVSE + + + + + +
AAV9 — + + + + +

[TpumMeuanue: (—) — OTCYTCTBHE TpAaHCAYKUUH, (+, + +, + + +) — cTeneHu 3G HeKTUBHOCTH TPAHCIYKLIMU
Note: (-) — no transduction, (+, ++, +++) — levels of transduction efficiency
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biaronaps BBICOKOM TPOITHOCTH
HEKOTOPBIX CepoTUNOB (Hampumep, AAV2,
AAVS u AAVS) k KiIeTkaM HUTMEHTHOIrO
AIUTENUs u (doTopenentopam ux
UCIOJIb30BAHUE  IIO3BOJIIET  JIOCTaBIISITH
TPaHCTEHBl  HEMOCPEJACTBEHHO B  KJIETKH
ceruatku [12]. Pa3paboTka BeKTOpoB ¢
ONTUMU3UPOBAHHBIM TPOMHU3MOM, a TAKXKE UX
JIOCTaBKa MyTeM MHTPABUTPEATHHOTO WIH
CyOpeTHHaIbHOTO  BBEJCHHS,  OCTalOTCA
BA)KHBIMU acreKkTamMu KJIIMHUYECKHUX
UCCIEeIOBaHU B 00JIaCTH TEHHOI Tepamnuu
cetvarku [11].

B rennoit tepanum RP 3TamoHHBIMEH
BekTopamu cuurtarorcas AAVS u AAVS. B
JIBOMHBIX BeKTOpax B Kamcuabl AAVS wu
AAVS8, Kkak mpaBWiIO, WHKAICYJIUPYETCS
reHoM AAV2, aHaJOru4yHO CHENU(UUHBIN K
NUrMeHTHOMY snuTenuto. Kpome toro, AAV?2
— OJIMH U3 HauboJee N3YYEHHBIX BEKTOPOB IS
T€HHOM TEepanuu pPETHUHONATHH M JPYIruX
HaCJIeACTBEHHBIX 3a001eBanuii [21].

Bekrop AAVS nauboiiee reHeTnyecku
OTJIMYAeTCs OT BCEX JPYIHMX CEpOTHUIIOB,
MIOCKOJIbKY OB BBIIEJIEH HENOCPEICTBEHHO
13 KIMHUYECKUX 00pa3IoB uenoBeka. Kancua
AAVS5 B coueTaHMM C BEKTOPHBIM I'€HOMOM
AAV2 obecrnieunBaeT 3¢ (HeKTUBHYIO
TpaHCIyKLUMIO B Qoropeuentopax H
JOJTOBPEMEHHYIO JKCIPECCUI0O B TEUYCHHE
YKU3HEHHOTO UK KJIETKH [15].
BrinenenHslil U3 TKaHU Makak-pe3yca BEKTOp
AAVS8, HamnpoTuB, 00J1ajlaéT  BBICOKOU
CTENEHbIO TOMOJOTMYHOCTH C JPYTUMHU
CEpPOTUIIAaMH — K TPUMEPY, CTPYKTypHOE
CXOACTBO Mexay Kancugamu AAVE u AAV2
coctasiset 83% [14].

IoxasJienue 7]
pononcuna RHO

MyTanuu B reHe poJorNCHHa 4YeloBeKa
RHO siistroTcst mprauHON HaUOOIIBIIEH YacTh
HAacCJEeACTBEHHBIX JeTeHepaluil ceTyaTku [22].
Opnoit u3 Hanbonee yacTeix npuunH ADRP y
JOJIeH SIBNISIETCSA MYTallUs RHOP23H, [Ipu aTom
y TIAlIUEHTOB C OJHOW  TOH ke popmoit RP u
TE€HETUYECKOMN MyTaruen CKOPOCTb
MPOTPECCUPOBAHUS  3a00JE€BaHUS  MOJXKET
3HAUUTENBbHO pasnuuathes [4, 23]. Pasmepsl
kJIHK RHO 1o marabiM GenScript paBHsIOTCS
1400 n.n.

3aMeEHa reLa

[IepBble s3KCIEPUMEHTHI MO MOJIABJICHUIO
myTtanTHoro reHa RHO mnpoBomuiauce Ha
momenu  wmbrmeir  RHOP?H, Hns sroro
WCIIOJIB30BAJICS JIBOWHOW BekTop AAV2/S,
pmovaromuii  kKmPHK, 4ro ob6ecneunno
MOJIaBJIcHHEe MYTAHTHOTO reHa OoJyiee yeM Ha
85%. 3amemaromuiit RHO skcnpeccupoBancs
¢ wucnonszoBanueMm kJIHK, ycroitumBoi k
kmPHK [24]. Hecmotps Ha yBenuueHue
TOJNIIMHBl ~ HAPY>XKHOTO  SIIGPHOTO  CJIOA
cetuatku  (ONL), BoccraHoBieHuUE €€
GbyHKIMU HE OBUIO JOCTUTHYTO, YTO MOXHO
OOBSACHUTH HU3KOU 3KCIIpeccuen
3aMemaroniero  reHa.  boinee  mo3gHHe
HACCJIEIOBAHUS in  Vvivo  moaTBepaMIH
s dexTuBHOCTD Moaxoaa [25, 26].

CoBpeMeHHbIE HCCIe0OBaHUS
MOIU(ULIIUPYIOT  JABOWHBIE BEKTOPHI  JUIS
noBbimeHus ux 3¢dexrunBroctu. Pazpadboran
BekTop AAV-RS301, copepxkamuii x/HK
RHO u xmPHK mns nerpamanuu MyTaHTHOMN
MPHK RHO. DOkcnepumeHTsl Ha MbIIIax
RHOP?M nokasanu coxpanenue cTpyKTyphl 1
¢bynkiuu ceruatku [27]. Ha mogenu colak ¢
TOM K€ MyTalMed AaHAJIOTUYHBIA MOAXOJ C
ucrnonb3oBanueM  AAV2/5  mpuBen Kk
3HAYUTEIILHOMY TIOJABICHUI0 MYTAHTHOTO
reHa, cTaOunm3anuu (QOTOPELENnTOPOB H
BOCCTaHOBJICHUIO ux (GYHKIHH.
Honrocpounsiit 3¢ ekt moaTBepkIeH uepes 8
Mecstes [28].

HenasHo ObLT ipeiiokKeH My TaIlMOHHO-
HE3aBUCHUMBIH TIOJIXOJ K PEAAKTUPOBAHUIO
RHO c¢ wucnons3oBanuem AAV-Cas9 u
texunosmoruu Homology-Independent Targeted
Integration (HITI) [29]. B stom wMetoze
peIaKkTUpOBaHUE T€Ha OCYIIECTBISIETCS B 5'-
HeTpaHcnupyemoit  obmactu  RHO,  4ro
MO3BOJISIET n30exarh BIIUSTHUSA Ha
KOJMPYIOIIYIO MMOCJIE0BATEILHOCTD OelKa.

UccnenoBatenn  WCMONB30Badud  JIBE
runoBele PHK, mnanemennsle Ha Kozak-
IIOCJIEI0BATEIBHOCTD, U cucteMy SpCas9 mis
pEIaKTHUPOBAaHUSI TeHOMa (HOTOPEIETITOPOB.
Nuvekuu  nBoWiHBIX  AAV2/8-BeKTOpOB,
HECYIINX SpCas9 U JIOHOPHYIO
MOCJIeI0BATEIHLHOCTD, TIPUBEITH K
3¢ (heKTHBHON WHTETpaIli HOBOTO T'eHa B 5'-
HeTpaHcaupyeMoilt obnactu y 43% KIIETOK
CeTUATKU U 3HAYUTEIHHOMY  YIIYUIICHHUIO
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CTPYKTYpbl U (PyHKIHH (OTOPELENTOPOB Yy
Mbimeii  RHOPZEHWL 3PI"  pokasana

IMOBBIIICHUEC AaMIUIMTyAbl O- H B-BOJIH Ha

MO3HUX  CTaaAMsIX  JCTeHepaluu,  49TO
CBUJICTEIHCTBYET 0 COXpaHEHUU
(hOTOUYBCTBUTEIILHOCTH majgoyex.

Honrocpounsie Habmoneaus (mo P480)
MOJATBEPIUJIA  CTOMKHUWA  TEparneBTUYECKUI
ekt ¢ coxpanennem skcrpeccun RHO B
CeTyaTKe Jaxe chycTs 16 mecsueB mocie
BBegeHUs: BekTopa [29]. Takxoit mnoaxon
MTO3BOJISIET MOJIaBISTh HKCIIPECCUIO
mytantHoro RHO G6Ge3 pucka cuHTe3a
He(yHKIMOHANBEHOTO OejKa, YTO JelaeT ero
KpaliHe IIepCIEKTUBHOM CTparerues s
reaHoi Teparuu ADRP.

I'ennasn Tepanust RPGR-
accounuupoBaHnoro RP

Myranuu B reae RPGR (x/IHK 2 500
I.H.) SBJISAIOTCS nMpuunuHOi pa3Butus XLRP B
70-90% caygaeB u 10% Bcex ciay4aes
3aboneBanus [20]. benok RPGR cymectByer
B HeCcKONbKHX m3odopmax: RPGR,
KOTOPBIiA y4acTBYyeT B pa3BUTUU
doToperenTopos, u RPGRORFLS,
pacmpocTpaHeHHass B ceTdyatke ¢opma,
y4acTBYIOLIasl B MOJ/I€PKAHUU LIETOCTHOCTH U
CTaOUIIBHOCTU HApPY>KHBIX CETMEHTOB MaJl0UueK
u  kombouek. Myrammu B uzodopme
RPGRORFYS orperctBennsl 3a 80% ciydaes
pazutust XLRP [30].

[IepBsie uccnenoBaHus TeHHON Tepanuu
XLRP Ovumn mpoBenenst B 2012 romy c¢
ucnosib3oBaHueM Bekropa AAV2/5-hRPGR y
cobak ¢ momensamu 3aboieBanusd XLPRAI u
XLPRAZ2. TTocne cyOpeTnHaIbHOW UHBEKIIUH
BEKTOpa oOTMeuanach coxpaHHocte ONL,
(oTopenenTopHbIX CETMEHTOB u
HopMam3arus skcripeccur RPGR B manoukax
u xonboukax. ¥ monmenn XLPRAI1 ceruatka
J€MOHCTpHUpOBaJa OTHOCHUTEINIbHYIO
nenoctHocts, y XLPRA2 nereneparus Oblia
paBHOMEpHOW, HO OoJjiee BBIPAKECHHOW B
LEHTPAaNbHOM  ceTyaTKe. Y MEHbINAaIach
[JIMO3HAsE  peakuus, MPeI0TBPALIAINCH
W3MEHEHUS B HAPYXKHOM IUIEKCH(POPMHOM
CJ0€, XapaKTepHblE Uil TMO3AHUX CTaaui
3aboneBanus [31].

OmHoO¥l W3 KIIOYEBBIX NpoOieM B
paspaboTke renHoil Teparmuu aus RPGRORF

SIBJISICTCS ero CIIO’KHAs
MOCTTPAHCKPUITLIMOHHAS o0OpaboTKa,
BKJIFOYAIOIAsi MHOXKECTBEHHBIC BapUAHTBI
CIutaiicuHra.  OmucoMajbHble  TPAHCTEHBI
AAV, Kak npaBujio, JUIIEHbl UHTPOHOB, YTO
MOKET TMPHUBOJUTH K HENpeIHAMEPEHHOMY
CIUIAWCUHTY  HAa  YpPOBHE  IEPBUYHOTO
TPaHCKpUIITa PHK. JononHuTeIbHON
mpoOieMolt  sBJISIETCST  CyOTepamneBTHIeCKas
JKCIIpECCHs] TPAHCTEHOB IIOCJE JOCTAaBKH B
CeTYaTKy, 4YTO  MOXET  OTrpaHUYHUBATH
s dextuBHOCTh Tepanuu [32]. st pemeHus
3TUX TpoOiieM ObUla  ONTUMHU3HPOBAHA
KOAMPYIOIIast MOCIe0BATEIHLHOCTh
RPGRORFLS ¢ cosman  craOwibHBI — ©
3¢ (deKTHUBHBIA BEKTOp AJIs TEHHOH Tepamuu
XLRP. DOkcnepumeHThl In Vitro u in Vvivo
HNOJATBEPAUIIU,  4YTO  ONTHMHU3UPOBAHHBIM
BEKTOp 00ECHEUMBACT BBICOKYIO IKCIPECCHIO
RPGRORFIS Ge3 motepn (yHKIMOHATBHOCTH
6enka. TectupoBanme Ha Mbimax RPGR™ n
C57BL/6J™® MOKa3aJio 3HAYUTEITbHOEC
BOCCTaHOBJICHHE (PyHKIHMH (POTOpPEIENnTOPOB,
4YTO MoATBepkaaercs gaHHbIMU OPI'. Ananus
0e30macHOCTH MIPOJIEMOHCTPHPOBAIT
OTCYTCTBHE TOKCHMYeCKHX d(PexToB oT
WCIIOJIb30BAaHUS ONITUMHU3HPOBAHHOTO BEKTOPA
[32].

[IpakTudyeckn B TO K€ Bpems ObLI
uccienonan BekTop AAV2/5-GRK1-hRPGR ¢
npomoropom GRKI1, akTuBHBII Kak B
najoykax, Tak W B KoiOoukax. Bmenenue
BekTOopa cobakam ¢ mytanueid RPGR nHa 5-i u
12-i Hezene CIOCOOCTBOBANIO
JI0JTOBPEMEHHOMY COXPAHCHHIO
¢doroperenTopoB B TeueHHe Oosiee 2 JeT.
PesynbpraTel monTrBepawiM  00OJIee BBICOKYIO
3¢ (eKTHBHOCT,  OONBIIUX 703 BEKTOpA.
CpaBHeHUe  CTaOWIM3UPOBAHHON  BEpPCHH
hRPGRstb u  KOIOH-ONTHMH3UPOBAHHOM
Bepcun  hRPGRco mnokazano, uro o0a
BapHaHTa MPEeNOTBpAIlAIA  JeTeHEPAIHIO
cetuatku, Ho hRPGRco nmpoaemoncTpupoBan
HeOOoJbIII0e MPEUMYIIECTBO.
[ToaTBepxkneHnEM TOMY SIBIISICTCS
HOpMasbHas Mopdoorust (OTOPEIENTOPOB U
nokanm3amms RPGR B HapyXHBIX cermeHTax
nanoyek. Jloarocpounele HaONIONEHUS HE
BBISIBIUIM CEPhE3HBIX MOOOYHBIX d(PPEeKTOB, a
(GYyHKIMS ceT4aTKu coxpaHsuiachk Oonee 2 JerT,
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MOJTBEPXKAasi MepCcrneKTuBHOCTE  AAV2/5-
GRK1-hRPGR IUIA KJIIMHUYECKOI'O
npumeHerns npu RPGR-accouuupoBanHom
XLRP [33].

B Hacrosiee Bpemsi IpOBOAUTCS Cpasy

Sparoparvovec ¢ Bekropom AAV2/5-GRK1-

RPGRORFIS | conmepxammM — yKOpPOYEHHYIO
Bepcuto TpaHcreHa u npomorop GRKI. B
2020 roay MeiraGTx npeJcTaBuia

MIPOMEKYTOUHbIEe pe3yibTatsl (a3 I/1I (1a 6, 9

HECKOJIBKO KJIMHUYECKHUX WCIIBITaHUI u 12 wmecsnax). [lapamnensno 4D Molecular
pa3nuyHBIX BeKTOpoB s Tepanun RPGR Therapeutics B 2020 rogy 3amycTtuia
(Tabn. 3). B ddaze I xauHMYEcKOro ucneitanud a3 I/I1 st ouenku 6e3omacHocTu
ucTbITaHus,  crnoHcupyemoro  MeiraGTx, U IEPEHOCUMOCTH BeKTopa [34].
TECTUPYETCSA npenapar Botaretigene
Tabnuya 3
Knunnueckue ucciaenopanuss RPGR-accounupoBannoro XLRP [34, 35, 36]
Table 3
Clinical studies of RPGR-associated XLRP [34, 35, 36]
I'ennasi Tepanus | Ju3aiiH uccjegoBaHus ncio Ton nasana/ Cnoncop Homep NCT
YYaCTHHKOB OKOHYAHUSA
Cy6perunansioe | HepanmomusupoBanHoe, | ®a3a 1/2: 30 | Anpens 2018 / | Applied NCT03316560
BBEJICHUE OTKpPBITOE UCCIIEIOBAaHUE | y4acTHUKOB | ABryct 2026 Genetic
rAAV2tYF- daser 1/2 ¢ ypenuuennem | / ®@asza 2: 12 Technologie
GRK1- JI03BI, C Y4acCTHHUKOB s Corp.
CORPGRORFIS PaHIOMU3UPOBAHHBIM,
KOHTPOJIUPYEMBIM,
MaCKHPOBaHHBIM
pacIIUpEHHEM JI03BI B
(baze 2
rAAV2tYF- daza 2/3, 63 Asrycr 2021 /| Applied NCT04850118
GRK1-hRPGRcO | panmoMusupoBaHHOE, yJacTHUKA Mapr 2029 Genetic
(AGTC-501) KOHTPOJIUPYEMOE, Technologie
MacKUpPOBaHHOE, s Corp.
MHOTOLICHTPOBOE
HCCIICIOBAHUE
4D-125 OTkpbITOE HccnenoBanue | 43 Urons 2020 / Maii | 4D NCT04517149
¢aser 1/2 y4acTHHUKA 2029 Molecular
Therapeutics
AAV5-RPGR IMocnenyromiee 66 Mapt 2021 /| MeiraGTx NCT04794101
PaHAOMU3UPOBAHHOE, ydacTHUKOB | Uroms 2027 UK Il Ltd,
KOHTPOJIHPYEMOe Janssen
uccienoBanue hassr 3 Research &
Developmen
t, LLC
CybpernnansHoe | JlonrocpodHoe 440 Wwons 2018 /| NightstaRx NCT03584165
BBeZieHne AAVS8- | mocnenyromiee ydacTHUKOB | Mapt 2027 Ltd, Biogen
hRKcoRPGRORF! | pccnemosanue dassl 3 Inc.
5

JlonoaHUTENbHO pa3paboTaH  BEKTOP
AAV2/8-GRK1-coRPGRORFY coznannbrit
NightstaRx Therapeutics Ltd. (upiHe Biogen
Inc.) u Oxcdopackum yHuBepcurerom [35].
OH COJepX HUT ONTUMH3UPOBAHHYIO BEPCHIO
RPGRORF1S o konTpoem mpomoropa GRK 1
n ynakoBaH B Kamcug AAVS, d4ro
oOecnieunBaeTr ObICTPYI0O U 3I(P(PEKTUBHYIO
JKCHpeccHio B (oTopenentopax — Imocie
CyOpeTHHAIbHOTO BBEJICHUS. IlepBoe

KJIMHUYECKOE MCCIIEA0BAHNUE C 3TUM BEKTOPOM
Hayanock B 2017 roxy, a ero nepBoHavYaIbHbIC
pe3yabTaThl ObuTH omyoarKoBansl B 2020 roay
[35]. Knuanueckue uCIbITaHus HMETH BeChMa
BIIEUATJIAIOIINN pe3yJsbTar —
TepaneBTHYecKuil 3((EKT B BUE YIyUIICHUS
MIOJIS 3peHUsl HAOJI0IaJICs uepe3 Mecsll moce
BBeaeHUsT AAV8-coRPGR u coxpansiics Ha
npoTspKeHUH 6 Mecsnes. [lpu 6osee BHICOKUX
J103aX Y HEKOTOPBIX NAIMCHTOB BO3HHUKAIH



O630p HayuHble pesysabmamol 6uomMeduyuHcKux uccaedoganutl. 2026:12(1):5-23 13

Review

Research Results in Biomedicine. 2026:12(1):5-23

BOCHAJINTENIbHBIE PEAKLUU, pa3pellaBLIMECs
1ocje Kypca KopTukoctepou0B [34, 35].

Kommnanus Applied Genetic Tech Corp
pazpaboTalia TeHHO-TepaneBTUUYECKU BEKTOP
Ha OCHOBE ONTUMHU3UPOBAHHOTO KOJIOHAMM
YEJI0BEUECKOTO RPGRORFS, KOTOPBIN
JIEMOHCTPUPYET 99% UJCHTUYHOCTD
MOCJIE0BATEIbHOCTH, HCHONb3yeMoil Biogen
Inc. Ot0T ren 3kcnpeccupyercs noa KOHTPOJIEM
npomoTopa GRK1 u ynakoBbeIBaeTCsi B BApUaHT
kanicuga AAV2. Crpareruss ONTUMU3ALUU
KOJIOHOB o0ecrieurBaeT CTaOWIBHOCTh
I0CJIE0BATEIbHOCTU B xoze
MIPOM3BOACTBEHHOIO MpOIlecca, MpeaoTBpalas
BHECEHUE MyTalUil, KOTOpble MOITIM OBl
W3MEHUTh WM HapymUuTh (QYHKIUIO Oeska
RPGR [36]. Kpome Toro, Applied Genetic Tech
Corp pazpaboTanma yCOBEpPIICHCTBOBAHHBIMA
BekTop TAAV2tYF ¢ mMomuduimpoBaHHEIM
Karcuom, KOTOPBIN TMIOBBIIIACT
5 PEeKTHBHOCTD TPAHCITYKIINH.

IlepBbie momnbITKH Tepanuu RP2-
acconuupoBannoro RP

B 10-15% cny4aeB 3a paszsutue XLRP
orBedaroT mytaru B RP2 (x/IHK 1 050 m.H.).
I'en RP2 ydacTByeT B peryisiuu UIMapHOTO
TpaHcnopTa (hOTOpPELEenTOPOB, U €ro MyTalluu
IIPUBOJAT K pAaHHEMY AamoNTo3y MaJIO4YeK H
KOJIOOUEK, YTO BBI3BIBAET MPOTPECCUPYIOIIYIO
notepro 3peHus. RP2-accommumpoBannsii RP
MIPEUMYIIECTBEHHO TPOSBISIETCS B JIETCKOM
BO3pacTe W Xapakrepusyercs  ObICTpoit
JiereHepalel CeTYaTK, TOPaKEHUEM KEITOro
IIITHA U TTIOJIHOM NIOTEPEN TUTUIICOUI0B NAIOUEK
1 Kooouek [4, 21].

IlepBble paOOTHI, MOCBSIIEHHBIE TEHHON
teparmuu RP2-acconmmpoBannoro XLRP, Opum
OIyOJIMKOBaHbI OTHOCUTENILHO HeflaBHO. B 2015
rogy ObUI CO34aH CaMOKOMILJIEMEHTAPHBIH
BEKTOP AAV c KOAUPYIOLLEH
nociefoBarelbHOCTEIO  RP2  w  BmepBble
IIPOJIEMOHCTPUPOBAIIN CIOCOOHOCTh
WHIYITUPOBAThH IKCIPECCHIO RP2 B
¢oToperienTopax MbIIIE MOJIETN C HOKAyTOM
ueneBoro  rexHa.  CoxpaHeHue — (QYHKIUH
KOJOOYEK  JIOCTUIrajoch  IpU  LIMUPOKOM
Miarta3oHe 7103 B TeueHHne 18 Mecsies, 0 yeM
CBUETEILCTBYET doTonuyeckas OPT.
TepaneBtuueckuii 3pdexr Obul JOCTUTHYT
JaXXe y MBbIIIEH, MOIy4aBUIMX JICYEHHE Ha

Nno37Held cTaguu 3a0osieBaHMs. Y CTaHOBIICHO,
yto camas BbICOKas no3a AAV-RP2 1x10°
Vg/ria3 OKa3bIBa€T TOKCHYHBIA 3(PQeKkT Ha
CEeTYaTKy, 4TO XapaKTeprU30BaJIOCh
WCTOHYEHHEM WM TOJHBIM HCYE3HOBEHHEM
ONL [37].

JanbHetme HCCIICIOBAHUS
TIOJITBEPAMITH 3¢ (HEeKTUBHOCTD AAV-
OIIOCpe/IOBaHHOM TeHHOW Teparmu RP2. B
sKcriepuMenTe [38] Ha KyJlbTypax CTBOJIOBBIX
KJIETOK CeT4aTKu ¢ HokayToM RP2 mokasano,
410 BBEJICHUE AAV2/5-CAGp-RP2
uHIymmpyer okcrpeccuto  RP2 B 90%
(doropeuienTopoB,  BKJIOYAs ~ MAIOYKU |
KOJIOOUKU. VIMMYHOTMCTOXUMMYECKUN aHAIN3
HNOATBEPIMI  JIOKamu3aluioo  Oenmka  Ha
1a3mMaTudeckoi Memopane, a yposenb MPHK
RP2 yBenuuuBaics B 55 pa3 1o CpaBHEHUIO C
KOHTpoJieM. [ 'eHHas Tepanus Takke NpUBOAUIIA
K 3HauutenbHoMy yrommenuto ONL u
BOCCTAHOBJICHUIO 3KCIIPECCUU POJOIICHHA, YTO

COOTBETCTBYET COXPaHECHUIO byHKIMN
¢doropenenropoB. DpdexkruBHOCTE AAV2/S B
JIOCTaBKe RP2 B (dhoTopenenTopbl
COMPOBOXTAJIACh MHHHUMAJTbHBIM

IIPOHUKHOBCHUCM B IPYTUC CIIOU CCTUATKH.

Beenenne BEKTOpA o Haygaja
VCTOHYEHUS ONL MPEIOTBPAILAIIO
JCTCHEpaIi0  (POTOPEENTOPOB,  OIHAKO

OCTaeTCsl OTKPBITHIM BOIIPOC O HEOOXOAUMOCTH
skcipeccu RP2 B TMrMEHTHOM SIUTETHU.
Ecnmn B Xome [anbHEMIIMX HMCCIIEAOBaHUMI
BBISICHUTCH, 410 TUTSt JY9IIeTO
TepaneBTHUeckoro  a¢dexkra  HeoOXoauMa
skcipeccuss RP2 B murMeHTomuTax W
(oTtoperienTopax OJTHOBPEMEHHO, TO
BEKTOPHYIO KOHCTPYKITHIO HYKHO
MOJTU(PUIIMPOBATH TaK, YTOOBI 00ECIICUNBAIIAC
JKCIpeccusi B 00OMX  THINAax  KJIETOK.
Db dhexTHBHOCT Tepanuu RP2-
accorurpoBanHoro XLRP MoxeT moBeicHTh 1
ONTUMU3AIMS CTPATETUu JOCTaBKH, BKIIFOYAS
BBIOOP MPOMOTOpA M BPEMEHH BBEJICHHS, HO Ha
JTaHHBIA MOMEHT UCCIEJOBaHUS B OTOM
HaIpaBJICHUW KpalHEe MAaJOYHCICHHBI WIIH
OTCYTCTBYIOT BOBCE.

I'ennasn Tepanus PDEG6-
accounupoBanHoro RP

I'enst PDE60.n PDEG6f (pa3mepbl 000ux
k/IHK 2 600 n.H.) Ko1upyrT COOTBETCTBEHHO



O630p Xakumos AP, u dp. CospemeHHble docmudceHus 2eHHOU mepanuu ... 14

Review

Khakimov AR, et al. Current advances in gene therapy ...

a- ¥ B-cyobenuuuiel hochoaudcrepassl 6 —
KIIFOUEBOTO dbepmenTa
(GOTOTPAaHCAYKIIMOHHOTO KacKa/ia, KOTOPBIH
perynupyer yYpOBEHb UKITYECKOTO
ryaHosuHMoHodochaTa (uI'MD) B
dotopenentopax. MyTauuu NOpPUBOAAT K
HakoruieHnto il M® B ¢oTopenentopax, 4ro
MIPUBOJUT K MX MOCTENEHHOM JereHepanuu u
Pa3BUTHIO OJHOW M3 Hanbojiee arpecCUBHBIX
dhopm RP, Ha 107110 KOTOPOTO MPUXOAUTCS 10
5% Bcex cmydaeB 3aboneBanus [39, 40].
YcTaHoBneHo, yTo 00a reHa pepMeHTaTUBHO
SKBUBAJICHTHBI JIPYT JpPYyTy, a pe3yJbTaThl
MOCIEAHNX WCCIEAOBAaHUN TMOATBEPKAAIOT,
9TO OJUH T€H MOXET KOMIICHCHPOBATh
neuut apyroro [41].

PanHMe MONBITKY reHHOH Tepanuu ObUTH
HampaBJIeHbl Ha BOCCTAHOBJICHHE SKCIIPECCHH
PDEG6p. Tlocne uHTpaBUTPEATLHOTO BBEACHUS
AAV2-B-PDE 'y wbimeir wmomenu  rdl
HaOroAanach  MOBBIIICHHAST — AKCIPECCHS
MMMYHOPEaKTUBHOTO Oenka B
(bOoTOpenenTOpHBIX KIETKaX, JereHeparus
CETUaTKU JIMIIb HE3HAYUTEIbHO 3aMeITIIacCh
II0 CPAaBHEHUIO C KOHTPOJIBHOM TPYIIOM.
OCHOBHBIM  OTPaHWYEHHUEM HCCIIEIOBaAHUS
okazajics Hu3kuii TMTp AAV2 B Mopenu
OBICTPOITPOrpeCCUPYIOLIEH JiereHeparum
cetyarku [42].

JlanbHENIINI NIPOTpecc B HHKCHEPUHU
KallCUJIOB W METOJaX OYHUCTKH BEKTOPOB
MO3BOJIMII co3/1aTh AAV € BBICOKUM TUTPOM U

YIIYUYLIEHHOU TPAHCAYKIHUEH.
CyOpetuHaibHOe BBEJICHUE
ONTHMU3UPOBAHHBIX ~ BEKTOpoB  AAVS-

SMCBA-PDER npenoTBpaiaer aereHepamuo
ceTyaTku y Mmblmied wmozenu rdl0 wu
obecrnieurBaeT BBIKUBAEMOCTh
dbotopenienitopos [43]. Ho Hu ouH 13 paHHUX
moaxo/10B Tepanuu PDE6f-acconuupoBaHHOM
RP He mpuBen Kk ycrouMBOMy U
JONTOCPOYHOMY  COXPaHEHUI0  (PYHKIMH
CETYATKH y MBIIIMHBIX MOJIENeH, BKtouas rdl
1 rd10. OCHOBHBIM OTpaHUYECHHUEM B JaHHOM
KOHTEKCTE SIBJISICTCS KpaiiHe y3K0€
«TEpareBTUYECKOE OKHO», B paMKaX KOTOPOTO
HE00XO0aUMO JOOUTHECS JOCTATOYHO BBICOKOTO
YPOBHS JKCIPECCUU TpaHCTeHa B
(dboTopenienTopax, MPeXJae YeM IOCIEACTBUS
JIeTeHepaliy CTaHyT HeoOpaTuMbIMU [44].

bonee no3aHue mcciaenoBaHus TEpAUu
PDEG6f nokazanu BBICOKYIO 3((HEKTUBHOCTH
caMbIX pa3NUYHBIX BekTopoB — AAVS,
AAV2/8 u AAV2/5, AAV2/1 u AAV2 [43-
49]. Ho BbICOKasi CKOpPOCTb JEereHepanuu U
oOmiasi arpecCUBHOCTh 3a00JieBaHUSI JO CHUX
MOp HaKJIAJIbIBAET CEpPhE3HBIE OTPAHUYCHUS.
[ToTennuanbHy10 3 PeKTUBHOCTD
neMoHcTpupyeT reHHas Tepanusi HORA-
PDE6B ¢  wucnomp3oBanuem  AAV2/S,
necymero k/IHK genoBeueckoro PDE6f. Ha
JaHHBIH MOMEHT J3Ta Tepanus MPOXOIUT

KInHAYeckoe  wcnbitanue /I ¢assl,
IIPOMEXYTOUHBIE  pEe3yJbTaTbl  KOTOPOTO
CBUJICTEIIBCTBYIOT 0 peakTuBaLuu

(OTOTpaHCIYKIMM B Majo4Kax y MalUEHTOB,
IOJIyUMBIIUX BBICOKYIO /103y BekTopa [50].

B HCCIIEIOBAHU U [51]
IPOJEMOHCTPUPOBaHA BBICOKas
TepaneBTHUYecKas 3()(EeKTUBHOCTh BeKTOpa
rAAV8-PDE6a Ha mbimmHO#N Monenun RP43.
OOHapyXeHO, UTO BEKTOp IPUBOAUT K
CTaOWIIBHOW M BBICOKOH JKcrpeccuu Oenka B
[aJloyKax U CYIIECTBEHHOH BBDKHUBAEMOCTH
¢doTopenenTopoB B TEUEHHE HE MeHee 6
MecsiieB [51]. YacTuuHOe BOCCTAaHOBJICHUE
(yHKIMU MAI0YeK U COXpPaHEHHE CTPYKTYpPHI
ceTyaTku  HaOJIOfaIMCh HAa  MBIIIMHBIX
MOJIENSIX M cO0aKax ¢ pa3IMYHBbIX MyTallUSIMU
PDE6o. mnocne BBenenus rAAVE [52].
VYcranosneHna cBsi3b Mexay reHom NRL u
pasButueM PDEo6o-acconuupoBanHoro RP.
Ilocne wumaktuBammu NRL ¢ momomisro
KoHCTpyKunu AAV2-SaCas9 nabmonanocs
yJIydllleHuEe BBDKUBAEMOCTH (POTOpErenTOpoOB
U BOCCTaHOBJEHHE (QYHKIMM CETYATKU Yy
MbIiiei ¢ nepururom PDEG6Go. [53].

JlonomHuTENBHO MIEPCIEKTUBHOU
cTpareruerd Koppekumn mytauuiit B PDE6o
SBJIAETCS MCIIOJIb30BaHUE TEXHOJIOTMH
pEeAAKTHUPOBAHUS F€HOMA, TAaKUX, KaK MpaiM-
penaktupoBanue. B pabore [54] mnpaiim-
CHUCTeMa,  JIOCTaBJIEHHas C  IOMOIIbIO
nBoiiHoro  AAV,  npoaeMOHCTpUpoOBaia
BBICOKYIO TOYHOCTb u HEKOTOPYIO
3¢ EKTUBHOCTD B pENaKTUPOBAaHUU
naroreHHo mytanuu PDE6a B Monenu RP43.
Koppekuus Obu1a JIOCTUTHYTA C
s dexTuBHOCTHIO 9,4% €3 SIBHBIX MTOOOYHBIX
MyTallMi, 4YTO TO3BOJIWJIO BOCCTAaHOBHTD
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HKCIPECCHIO Oernka, COXpPaHUTh
¢dboTopenenTopsl U YaCTMYHO BOCCTAHOBUTH
3puTenbHyl0  QyHKIMIO. Hecmorps  Ha
HEOOJBbIION MPOIEHT YCHEIIHON KOPPEeKIUH
LIEJIEBOTO T€Ha, 110 HallleMy MHEHHUIO, MpaniM-
pEIaKTHPOBAHUE MMEET TMOTEHIMal Kak
aIbTepHATUBHBIA MeTo] Tepanuun PDE6a-
accouuupoBaHHoro RP BBHay oOTCyTCTBUS
HaO0JI0aeMBIX TOOOYHBIX 3P PEKTOB.
[TapannensHo paccMaTpuUBaeTCs HOBBIM
MOJXO0/I, OCHOBAHHLIHN Ha CRISPR-
OIOCPEIOBAaHHOW AKTHBALIMM TPAHCKPHUIILHIH.
B HeJaBHEM HUCCIIETOBAaHUH [41]
HCTOJIb30BAJIaCh cucrema CRISPR-
dCasMINI, nocraBasiemast ¢ momoIis AAV,
JUIsl aKTUBAIMU JKcrpeccuu reHa PDEGS ¢
Ienplo  KomrieHcanuu nedunura PDEG6Go 'y
MbIlIed. Y  JKUBOTHBIX  3a(pUKCUPOBAHO
COXpaHEHHUE  CTPYKTYphl  CETYaTKU |
yIIydllIeHHe 3pUTENBbHBIX GbyHKIHi.
3nauutenbHoe nosbiieHne MPHK u ypoBHs
skcnipeccun  PDE6S  Obuto  oOecnedeHo
ornrruMansHOU TuoBoit PHK. Takum o6pazom,
MyTauuMoHHO-He3aBucuMbli Metoq CRISPR-
OTOCPEOBAaHHOM  aKTUBAllMM  SIBJISIETCS
MHOT000EIIAIIINM TEepaneBTUYECKUM
neuennem PDEG-acconmupoBannoro RP.
Pa3paboTka HOBBIX TEXHOJIOTH
['enHpie  TepameBTUYECKHE  areHTHI
MOTYT BBOJUTHCS B TJia3 JIBYMS OCHOBHBIMU

croco0amu: cyOpeTHHaIbHOM W
MHTpaBUTpEAIbHOU UHBEKIUEH.
WNHuTpaBuTpeanbHas  UHBEKUUS  SBISETCS

MEHEee MHBAa3UBHOM ITPOLIEyPOH, IIPU KOTOPOU
BEKTOpP JIOCTABIJISIETCA B CTEKJIOBUAHOE TEJIO,
MPEUMYIIIECTBEHHO MHHUIMPYS T'aHTIIMO3HbIE
KJIETKU CETYaTKU. MeToa TeXHUUYECKU IpOoIe
U CONPSKEH C MEHBIIUMHU XUPYpPrUYECKHUMHU
pUCKaMH, HO  HMMEET  OrpPaHUYEHHYIO
3¢ (HEeKTUBHOCTH TPaHCAYKIUU
(boTOpenenTopoB U MOKET BBI3BbIBATH Ooliee
BBIDOKEHHBIH ~ MMMYHHBIM ~ OTBET  H3-3a
CUCTEMHOTI'0 PaclpOCTPAHEHUsI BEKTOPA.
CyOpeTnHanbHasi UHBEKLHUS T03BOJISIET
JIOCTaBUTh  BEKTOpP  HEMOCPEJICTBEHHO B
NUTMEHTHBIN 3nuTennii U (oToperenTopam,
o0ecrnieurBasl TOUYEYHYIO U JIOKAJTH30BAHHYIO
Tpa”caykuuto [16, 55, 56]. JlaHHbII MeTon
Oojee WMHBa3WBEH U TpeOyeT TINATEIbHOIO
KOHTPOJIS Hajl ¢dbopmupoBaHUEM

CyOpeTHHAIBHOTO Iy3BIpsi, YTOOBI M30eKaTh
TaKUX OCJIOKHEHUH, KaK OTCIIOEHUE CEeTYATKU
i GOPMHUPOBAHNE MAKYJISIPHBIX OTBEPCTHH.
[lepcnexkTuBHBIE pe3yJIbTAThI B
aBTOMATHU3aLUU MOJTOOHBIX ornepanuit
J€MOHCTPUPYIOT POOOTU3UPOBAHHAS CUCTEMA
IRISS, paspaborannas B Uncturyre xynca
Creitna n KanndopHHiICKOM YHUBEPCHUTETE, U
R2D2 Oxcdopackoro ynusepcutera [20, 57].

HecmoTtps Ha BBICOKYIO 3()(heKTUBHOCTH
CyOpeTHHATIbHBIX MHBEKUUH, TPaJUIIMOHHbIC
cepoturnbl AAV OrpaHHyYeHbI B CIIOCOOHOCTH
pacipoCTpaHAThCS JIaTepalibHO, U  KIIETKH,
HaxojduMecs 3a  Openenamu  001acTa
WHBEKLUH, TOIYYaloT JIMIIb HE3HAYUTEIbHOE
KOJINYECTBO BEKTOpA. 310 CO311aéT
HEO0OXOJIMMOCTh B CO3/JaHUU HOBBIX TAAV-
BEKTOPOB, O00ECHEUUBAIONIUX TPAHCIYKIHIO
OOLIMPHBIX YYaCTKOB CETYATKU M MPUTOJIHBIX
JUIl MEHEee WHBAa3UBHBIX METO/0B JOCTaBKH,
TaKUX KaK MHTpaBUTpeajbHas MHbeKuus [18,
58].

B mocnennue ronsr ObuTH pa3zpaboTaHbI
HOBBIE  HMHJ)KEHEpHbIE  CTpaTerud  JJs
ontuMm3zanuu rAAV ¢ 1Ienbi0 MOBBIINICHUS
3¢ (GEeKTUBHOCTH JOCTaBKM B CeTYaTKy. B
OJTHOM M3 TakuxX IOAXOJ0B COYeTallach
cuUcTeMHasl JocTaBka Oubmmuoreku AAV c
JIOKAJILHBIM BbIAeneHHEM AAV-TeHOMOB U3
KJIETOK-MMILIEHEN CETYATKHU, YTO ITO3BOJIMIIO
CO37aTh BBICOKMH CEJICKIIMOHHBIA MPECCHHT
[59]. B pe3ynbTare TpeX3TalHOIO CKPUHHUHIA
in vivo, mpoBeneHHbIX Ha Mbimiax C57BL6/J,
ObuUIM TIONyYeHBl JBa HOBBIX BapHaHTa
kancuaoB: AAV2.GL u AAV2.NN. Bekropsl
o0ecrneynBalOT  MIMPOKYI0  TPAHCIYKIIMIO
CceT4yaTKu nocie €TUMHCTBEHHOM
UHTPABUTPEATBbHOM UHBEKIINH,
JNEMOHCTPUPYIOT BBICOKYIO YCTOWYMBOCTH K
HEHUTPAIU3YIOLUIMM AHTUTEIaM B CBIBOPOTKE
yenoBeka M APQPEKTUBHO HUHYUIHUPYIOT
¢doropenenTopsl y  Mblmeid, cobak H
HEYeJI0BEeKOOOPa3HBIX MPUMATOB.
OKCIEpUMEHTBl HAa  MBIIIMHOW  MOJENH
aXpoMaTOTICUH CNGA3 ™~ MTOATBEPIUITN
TepaneBTHUYECKYI0 3()()EKTUBHOCTH BEKTOPOB
IIpM MHTPaBUTpPEaIbHOW JOCTAaBKE TIe€Ha B
KoJIOouKH [58].

Pa3paboran HOBbII cepotunt AAV44.9 u
ero MOJU(UIIMPOBAHHAS BEpCHs
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AAV44 9(E531D), JEMOHCTPUPYIOILINE
BBICOKYI0O  3((}EeKTHUBHOCTh  TPaHCAYKIHH
¢doropenentopoB. MccnenoBanusi mokasan,
YTO MoOcie CyOpeTHHaIbHOrO BBEACHHUSA 00a
BeKTOpa obecreunBaioT Oosee 3¢hhekTuBHYIO
TPAHCIYKUHUIO MO0 CPAaBHEHUIO C 3TAJOHHBIMU
Bektopamu AAVS5 u AAVS. Bgsenenue
AAV44.9(E531D) B ceTyaTKy Makak IPHBEIO
K TpaHcaykumu A0 98%  ¢doBeanbHBIX
K0JI004€eK, COXpaHUBILUXCS TPU 3a00JIEBaHUH,
a Takke d3(pdekTuBHOMY  3apaKEHHIO
napagoBeaIbHbIX u nepuoBeaTbHbIX
(dboTopenenTopos. Kpome TOTO,
MOAU(DUIIMPOBAHHBIA BEKTOp oObOecreynBal
Oonee HIUPOKOE JarepagbHOe
pacnpocTpaHEHHUE BEKTOPHOTO MaTrepHaa,
YTO MMO3BOJIMIIO PACIIUPUTH TEPATIEBTHUECKYTO
30Hy TMpU BBEACHUH. ODKCHEPUMEHTHI Ha
MOJICNIA JICTEHEPAllU CEeTYaTKH Yy MBIIIEH
noATBepanin crocooHocth AAV44.9(E531D)
BOCCTAaHABIIMBATh (PYHKINIO (POTOpEIEnTOPOB
[59], uTo pemaer ero NEPCHEKTUBHBIM
KaHIUJIATOM JUIS JICYCHUS! HACIIEIACTBEHHBIX
peTHHONaTui, TPeOYIOUMX TPaHCIYKIUU
00JIBIIOTO YKCTa KIETOK.

Kak yxe ObUIO yHOMSHYTO paHee,
3HAYUTENbHBIM OrpaHnueHueM AAV sBisercs
ero HeOOoJbIIas YNAKOBOYHAS €MKOCTb, YTO
Jienaer HEBO3MOKHOHN JIOCTaBKYy
MOJTHOPa3MEpHBIX ~ TEHOB,  TakKWUX,  Kak
RPGRORFIS pmm  kacceT penakTHpOBaHHMS
CRISPR/Cas [20]. [ns pemieHus dTou
npoOJIeMBl  HCCIIEAYIOTCS ~ BO3MOKHOCTH
paciIpeHust EeMKOCTH J0 TPOMHBIX BEKTOPOB €
MOTEeHIINAILHLEIM 00beMOoM 10 14 000 m.H. u
CO3JIaHMsI ~ YCEUEHHBIX  BEpPCHHA  T'€HOB,
KOJHMPYIOIIHX YKOpPOYCHHEIE, HO
¢bynkunonanbHbele  Oenku  [60].  laHHBIHA
MOJIX0/1 OBLT YCIICITHO PEean30BaH B TEPAITUU
MplieyHOH  guctpopum  [lomenna ¢
WCTIOJIb30BAaHUEM YCEUYEHHOTO IUCTpodmHHa,
KOTOpBIH, HECMOTpST Ha  YMEHBIIECHHBIN

pazmep, COXpaHseT YaCTUIHYIO
(YHKIIMOHATBHOCT U OCHAONSIET TSKECTh
3a0oyieBaHUsA.  AHAaJOTHYHBIE  CTpaTEruu
pas3pabarbIBarOTCA JUIs JeUeHUs

TUC(HEPIUHONIATAN M BPOKICHHOTO aMaBpo3a
Jlebepa [6]. OgHako yceueHue reHa TpeOyer
rI1yOOKOro MOHUMAaHUSI CTPYKTYPBI U PYHKIIMU
66.]11(21, YTO AcJacT 3TOT METO CHeLII/I(bI/I‘IHBIM

JUTSL KaXKJ0TO OTJEIBHOTO I'eHa U TPYJI0EMKUM
B UCIIOJIb30BaHUHU.

AJNbTepHATUBHBIN MOJIX0]I 3aKJIF0YACTCS
B HCIOJb30BaHUU JBYX AAV-BEKTOpOB,
HECYIIMX pa3HbIe MOJOBUHBI I'€HAa, KOTOPbIE
PEKOMOMHUPYIOT BHYTpU KIICTKH,
BOCCO3/1aBasi IOJIHYIO IIOCJIEI0BATEIbHOCTD.
Jlisg  ycuieHuss 93TOTO mpolecca MOTyT
HCIIOIb30BATHCS ONTUMHU3UPOBAHHbBIC
PEKOMOMHALIMOHHBIE  TOCIEA0BATEILHOCTH,
MEXaHU3MbI TPAHC-CIUIAMCUHTA, aHAJIOTUYHBIC
CITAWCHHTY MPHK. [lepcrieKTUBHBIM
HarpaBJIeHUEM SIBJISIETCS WHTEUH-
OTOCPEIOBAaHHBIA TpaHC-CIUIAHCUHT Oelika,
KOTOPBI TO3BOJIIET TOYHO COCAUHSTH [IBE
TIOJIOBMHBI OeKa Mocie dKCpeccuu. JlanHblii
METOJI MIPOJEMOHCTPUPOBAI CBOIO
3¢ (HEeKTUBHOCTH TUISE BOCCTAHOBJICHUS
nuctpodpuHa u foctaBku Cas9, Ho ocTaercs Ha
CTaJIMU JIOKJIMHUYECKUX HWCHbITaHUd [61].
Onrumuzanus PEKOMOMHAIIMOHHBIX
MoCIeI0BaTeIbHOCTEN u
YCOBEPILIEHCTBOBAHUE CILTUT-UHTEUHOB MOTYT
3HAYUTENBHO  TMOBBICUTH  3(PHEKTUBHOCTD
JAHHOTO  TOJXO0Jla ¢  PacCHIMPUTh  €ro
KJIIMHUYECKOE MPUMEHEHHE.

3akJ/oueHue. l'ennas Tepanus
MUTMEHTHOTO PETUHUTA C HCIOJIb30BAaHUEM
AAV-BekTOopoB, Takux kak AAV2/5 u AAVS,
JoKazana  KIUHUYECKYI0 3¢ (EeKTUBHOCTD,
0COOEHHO IUIS RPGR- u PDE®6-

acCOIIMMPOBAaHHBIX  (opM,  obecreuynBas
YCTONYHBYIO AKCIIPECCHIO TCHOB u
BOCCTaHOBJICHHE  3PUTENBHBIX  (YHKLHUH.
Texnonmorun  CRISPR/Cas u  mpaiim-
pEeAAKTUPOBaHUS, IIPUMEHSEMBIE B
JOKJIIMHUYECKUX U KIIMHUYECKHUX

HCCIIEIOBAHUSAX, OTKPBIBAIOT IEPCIEKTUBBI
JUISL ICYEHUS HACJIEICTBEHHBIX PETUHOIATHIA.
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Abstract

Background: Diabetic nephropathy is a microvascular complication that can occur in people type 2
diabetes nephropathy (T2DN). The aim of the study: To investigate the correlation between NFKB1
gene expression and NFKB1 (rs28362491) SNP with glycemic profile in Iragi patients with diabetic
nephropathy (T2DN). Materials and methods: For this study, 150 volunteers were split into three
groups: 50 in the control group, 50 in the T2DM group, and 50 in the T2DN group. According to the
kit's instructions, spectrophotometric analysis was used to determine the HbAlc (%) and FBG
(mg/dl), blood urea (UR) and creatinine (CR) (mg/dl) parameters. The ELIAS kit was used to
determine the fasting insulin (uu/ml). RT-gPCR was used for estimation of NFKB1 gene expression.
Using specific primer sequences and the polymerase chain reaction method known as restriction
fragment length polymorphism (PCR-RFLP), the NFKB1 (rs28362491) SNP was evaluated. Results:
When compared to controls, the T2DM and T2DN groups' HbA1c%, FBG (mg/dl), INS (pu/ml), and
HOMA-IR% indices of glycemic control were significantly higher (P-value<0.05), highest insulin
levels, blood urea, and serum creatinine levels (P-value<0.05). For NFKB1 (rs28362491) SNP, the
I/1 genotype was present in 11.0% of the Control group, 21.3% of the T2DM group, and 25.8% of the
T2DNP group. The p-value for this genotype was <0.001, indicating significant differences in its
distribution across the groups. The results of this study revealed that there is a significant difference
(P<0.001) in AFC (Average Fold Change) of NFKB1 gene expression were (1.0197+0.7),
(4.448+1.08), and (8.704+2.14) in control, T2DM, and T2DN, respectively. Conclusion: Differed
expression of NFKB1 between the control group and T2DN patients indicates functional
involvement of NF-«B signaling in the development of DN. These results suggest that the regulatory
role of NFKBL1 expression and the associated effect on inflammation and renal function of T2DM
need to be proven with further studies. Although this gene might serve as a potential biomarker
prospect in the future, larger-scale studies are necessary for the verification of predictive
susceptibility or guiding therapeutic treatments.

Keywords: NFKB1; gene expression; diabetic nephropathy; T2DM; rs28362491 SNP
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Introduction. A common and
dangerous side effect of diabetes mellitus is
diabetic nephropathy (DN), which is
characterized by increasing kidney
deterioration that eventually results in end-
stage renal disease (ESRD) [1]. Persistent
urinary protein (albumin excretion rate (AER)
> 300 mg/24 h) in diabetic patients without
other renal disease and urinary tract infection
is defined as DN [2]. Hyperglycemia is the
main cause of kidney damage in the complex
pathophysiology of diabetic kidney disease.
Therefore, it is still essential to comprehend
the underlying biological pathways in order to
create effective therapies, especially the
impact of inflammation and hereditary
variables [3]. Nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-«B) is
a transcription factor that plays a pivotal role
in regulating the immune response and
inflammation. The NFKB1 gene encodes the
p50 subunit of NF-kB, which is integral to the
formation of the active NF-«xB heterodimer. In
the context of DN, the activation of NF-xB
leads to the expression of pro-inflammatory
cytokines, chemokines, and adhesion
molecules, contributing to renal inflammation
and fibrosis [4].

In order to identify short-term diabetes
complications (diabetic ketoacidosis and
hyperglycemic hyperosmolar state),
intermediate-term  diabetes complications
(infections), and immediate complications of
glucose-lowering medications
(hypoglycemia), glucose control is essential
[5]. Insights into unique glucose patterns are
also provided by glucose monitoring, enabling
customized patient care [6]. Additionally, the
kidneys are in charge of insulin metabolism
and the excretion of numerous drugs that lower
blood sugar. With a tendency for both
hyperglycemia from decreased excretion and
consumption and fasting hypoglycemia from
decreased capacity for gluconeogenesis and
extended half-life of glucose-lowering

medications, the overall impact of this
interaction Dbetween the kidneys, glucose
metabolism, and medication clearance can
vary greatly amongst individual patients [7, 8].
Recent studies have demonstrated that
elevated levels of glucose can activate the NF-
kB signaling pathway, promoting an
inflammatory state within renal tissues. For
instance, hyperglycemia-induced oxidative
stress has been shown to enhance NFKB1
expression, further perpetuating inflammatory
responses and accelerating nephron damage
[9]. Furthermore, polymorphisms in the
NFKB1 gene have been associated with
susceptibility to DN, suggesting a genetic
predisposition that may exacerbate the renal
complications in diabetic patients [10].
Effective glycemic control is critical in
mitigating the risk of DN. Studies have shown
that maintaining optimal blood glucose levels
can significantly reduce the incidence and
progression of nephropathy among diabetic
patients. A study demonstrated that every 1%
reduction in HbAlc levels corresponds to a
37% reduction in the risk of microvascular
complications, including nephropathy [11].
Moreover, continuous glucose
monitoring and newer therapeutic modalities
such as sodium-glucose cotransporter 2
(SGLT2) inhibitors have emerged as
promising strategies. SGLT2 inhibitors not
only improve glycemic control but also exert
direct renal protective effects by reducing
hyperfiltration and promoting natriuresis [12].
Recent evidence suggests that these agents
may modulate inflammatory pathways,
including NF-xB, thereby further protecting
against DN  progression [13]. The
understanding of DN has evolved
significantly, with ongoing research focusing
on molecular targets and novel therapeutic
approaches. The development of agents that
specifically inhibit NF-xB signaling could
potentially provide a dual benefit: controlling
inflammation and protecting renal function.
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Additionally, therapies aimed at enhancing the
gut microbiomes and modulating systemic
inflammation are being explored as adjunctive
treatments for diabetic patients at risk of
nephropathy [14].

Furthermore, gene therapy approaches
targeting NFKB1 expression are being
investigated, which may offer a future avenue
for personalized medicine in DN management.
Given the strong association between genetic
predisposition, inflammation, and glycemic
control, a multidimensional approach that
encompasses pharmacological, lifestyle, and
genetic factors will likely yield the most
effective outcomes in combating diabetic
nephropathy [15]. The NFKB1 gene plays a
crucial role in mediating renal inflammation,
while glycemic management remains the
cornerstone of DN prevention and treatment
[16].

The aim of the study. The aim of this
research to investigation of the correlation
between NFKB1 gene expression and
glycemic profile in Iraqi patients with diabetic
nephropathy (T2DN).

Materials and methods

Study design

One hundred and fifty participants were
divided up into three groups for this study,
Control group (N=50), T2DM group (N=50),
and T2DN group (N=50). All subjects had
blood drawn for molecular and biochemical
examinations. With mean ages of 50.56+8.14
years for the Control group, 54.8+10.63 years
for the T2DM group, and 52.86+11.07 years
for the T2DNP group, the participants' ages
ranged from 25 to 70 years. 50 patients with
type 2 diabetes (T2DM), 50 patients with
diabetic nephropathy (T2DN), and 50
participants in good health were included in
this cross-sectional investigation.

The rs28362491 polymorphism in the
NFKB1 gene was selected for its known
functional significance and its association with
inflammatory and immune-related diseases.
This promoter polymorphism, which is a4 bp
ATTG indel, has been demonstrated to affect

NFKB1 gene transcriptional activity leading to
an impact on the NF-«xB signaling pathway as
a major pathway in inflammation, immunity,
and cellular stress responses [17]. The
associations of rs28362491 with over a dozen
types of diseases, such as cancer,
cardiovascular diseases, and autoimmune
diseases, have been reported in studies [18,
19]. Given the functional potential of this
variant and the multitude of associated
diseases, this SNP was chosen to be a
potentially representative and biologically
relevant genetic marker for an investigation of
contribution  to  susceptibility in the
phenotyped population.

Assessment of glycemic profile

HbAlc (%) and FBG (mg/dl) parameters
were assessed depending on kits instructions
by spectrophotometric analysis. Fasting
insulin (pu/ml) was assessed depending on
ELIAS kit depending on kit protocol.

HOMA-IR was calculated depending on
the formula includes fasting insulin (mU/L)
multiplied by fasting glucose (mg/dl) then
divided by 405.

Assessment of kidney markers

Blood Urea (UR) and Creatinine (CR)
(mg/dl) parameters were assessed depending
on Kits instructions by spectrophotometric
analysis.

Assessment of NFKB1 gene expression

The GoTaq 1-Step RT-gPCR System,
which combines GoScrip Reverse
Transcriptase and GoTag gPCR Master Mix in
a single-step real-time amplification reaction,
is optimized for RT-gPCR and includes a
proprietary fluorescent DNA binding dye
called Sybr Green Dye. According to the
GoTaq® 1-Step RT-gPCR component, total
RNA, primers, and Nuclease-free water were
all thawed on ice and each solution was
thoroughly mixed. The RT-qPCR reactions
were carried out using the cycling program
displayed in Table 1 [20, 21].

The NFKB1gene primers were used in
this study were provided by (Macrogen
Company, Korea) as shown in Table 2.
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Table 1
One-step RT-gPCR program
Steps Temp. (C°) Duration Cycles
Reverse transcription 37 15 min 1
RTinactivation/Hot-start Activation 95 10 min 1
Denaturation 95 10 sec
Annealing 58 30 sec 45
Extension 72 30 sec
Melting curve 60-95 3min 1
Table 2
The PCR Primers with their Sequence
Genes Primers Sequence
NFKB1 F: 5- TACCGACAGACAACCTCACC -3
R:5- CAGCTTGTCTCGGGTTTCTG-3'
GAPDH F. 5'-GATCATCAGCAATGCCTCCT-3’
R: 3'-GACTGTGGTCATGAGTCCTTC-5'
Absolute and relative quantification are treatment groups. As a result, relative

the two methods used to analyze gPCR results.
The input gene amount is determined by
absolute quantification using a standard curve
developed by Livak and Schmittgen [22]. The
relative quantification, on the other hand,
assesses variations in gene expression in
comparison to a reference gene sample. It is
also possible to prevent standard curve
creation errors brought on by standard
dilutions. Furthermore, precise DNA/RNA
molecular counts are not always as interesting
as the relative gene abundance between two

quantification is frequently used. The Pfaffl
equation was used to determine gene
expression, gene fold, or RQ (Relative
Quantification) value:

RQ - 2-(AACT)

For each triplicated sample, the gene fold
was first determined by obtaining the average
CT (CT-cycle threshold) value using a real-
time PC device. Next, the AT value was
computed for each sample in the manner
described below.:

A €T = CT (gene of interest) — CT (reference gene)

The difference between the CT values of
the reference gene and the gene of interest for
a particular sample is known as A°T.

Normalizing the gene of interest to a gene that
is unaffected by the experiment is crucial.

The following is the result of calculating
the AACT value:

AA CT _ A CT (treated sample) A CT (untreated sample (control))

After calculating AA ©T for all samples,
the final equation is taken to calculate the gene
expression (fold change) as follows:

Fold gene expression RQ = 2 (4ACD

NFKB1 (rs28362491) SNP analysis

The NFKB1 (rs28362491) SNP was
assessed by using the polymerase chain
reaction technique known as restriction
fragment length polymorphism (PCR-RFLP)
with specified primer sequences, as indicated
in Table 3.

Table 3
The primers sequence for PCR-RFLP of NFKB1 (rs28362491) SNP
NFKB1 SNP Primer 5'—3' length Tm GC%
(rs28362491 ) F: TGGGCACAAGTCGTTTATGA 20 59.1 45
R: TGGAGCCGGTAGGGAAG 17 63.2 64

The PCR product was digested using one
unit of the restriction enzyme PfIMI (10 U/uL)
in order to identify two distinct alleles: the 45

bp and 240 (I allele) and the 285 bp (D allele).
The PCR product-enzyme mixture was
incubated for the entire night at 37 °C before
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being electrophoresed for 45 minutes at 90 V
in a 2% agarose gel. Different lengths of
heterozygous DI (3 bands: 285 & 240 & 45
bp), homozygous 1l (2 bands: 45 & 240 bp),
and homozygous DD (1 band: 285 bp) were
used to represent the three DNA fragments.

NFKB1 gene expression analysis

By using quantitative RT-PCR analysis
and estimating the average fold change

[ ]

Fig. 1. NFKB1 mRNA and GAP
and melting curves (B) produced by the Mx3005P Stratagene system

Statistical Analysis

Statistical analysis will be conducted
utilizing the Graphpad Prism for Windows
statistical software, version 6.0. Data will be
presented as means = S.D. The impact of
treatments will be statistically assessed using
the one-way analysis of variance (one-way
ANOVA) followed by Turkey's post-hoc test
to adjust for multiple comparison treatments.
Statistical significance will be established at
the p<0.05 level.

DH gehe amplification plots (A)

expression (AFC) of this gene's expression
across all research groups, the current study
examined the expression of NFKB1 mRNA.
The results of the molecular analysis showed
that the amplification plot values of the target
gene, NFKB1 mRNA, and the house-keeping
gene, GAPDH, varied significantly, as shown
in Fig. 1.

B - - -

Results

Biochemical analysis

The HbA1c%, FBG (mg/dl), INS
(nu/ml), and HOMA-IR% indices of glycemic
control were significantly higher both in the
T2DM and T2DN groups compared with
controls, indicating poor glycemic control and
insulin resistance in diabetes individuals,
especially in the T2DN group with the highest
levels of insulin as shown in Table 4.

Table 4

Glycemic markers in studied groups

Parameter Control (n=50) | T2DM (n=50) T2DN (n=50) p_VSLu‘IEEZ(ISIC\)/rl])trOI p-V?/ISu'?'égcl)\lr;tml
HbAlc (%) 5.13+0.58 838+1.4 7.95+1.38 0.002* 0.003*
FBG (mg/dl) 97.4+7.72 226.91+41.45 | 221.82+31.09 | 0.001* 0.001*
INS (uu/ml) 6+2.78 27.53 + 4.94 29.28 + 6.7 0.001* 0.001*
HOMA-IR (%) | 1.05+0.12 16.07 = 4.02 19.96 + 4.14 0.001* 0.001*

Note: * p<0.05 indicates statistical significance.
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The results of present study shown no
significant differences in blood urea and serum
creatinine  when T2DM patients  with
nephropathy were compared with the T2DM
subjects without nephropathy (Table 5)
compares to the control group. The Control
group had UR levels of 26.16+0.73 mg/dl,
while the T2DM group had 32.53+4.71 mg/dl
and the T2DN group had 120.57+9.67 mg/dl.

For CR, the Control group showed 0.64+0.04
mg/dl, the T2DM group had 1+0.28 mg/dl, and
the T2DN group had 5.37+0.86 mg/dl. Both
UR and CR levels were significantly higher in
the T2DM and T2DN groups compared to the
Control group (p<0.001). The T2DN group
exhibited the highest levels of UR and CR,
indicating more pronounced renal impairment
in this group compared to the T2DM group.

Table 5
Kidney test markers in studied groups
_ _ _ p-value (Control | p-value (Control
Parameter Control (n=50) | T2DM (n=50) T2DN (n=50) vs T2DM) vs T2DN)
UR (mg/dl) 26.16 £0.73 32.53+£4.71 120.57 £9.67 0.001* 0.001*
CR (mg/dl) 0.64 +0.04 1+0.28 5.37+£0.86 0.001* 0.001*

Note: * p<0.05 indicates statistical significance.

NFKB1 (rs28362491) SNP analysis

Figure 2 and Table 6 presents the
genotype frequencies of the NFKB1
(rs28362491) gene polymorphism across the

three groups: Control (N=50), (T2DM, N=50),
and (T2DN, N=50). The analysis reveals
significant differences in the distribution of
genotypes and alleles among the groups.

7 8 9 1011 12 13 14 15 26 27 28 30 31 32 33 34 35

SR

285 bp

240bp

Fig. 2. Gel electrophoresis of amplified NFKB1 (rs28362491) SNP

\45 bp

Table 6

Genotype Frequencies of NFKB1 (rs28362491) SNP in the Studied Groups

Genotype | Control (n=50) | T2DM (n=50) | T2DN (n=50) p"’f}'s“%(g%“o' p"’?/'s“%g?\l';“‘"
I 8 (11.0%) 19 (21.3%) 24 (25.8%) 0.001* <0.001*
D 15 (20.5%) 20 (22.5%) 19 (20.4%) ns ns
DID 27 (31.0%) 11 (12.4%) 7 (1.5%) <0.001* <0.001*
Lallele (%) | 31 (3L.0%) 58 (72.5%) 67 (60.9%) <0.001% <0.001*
D allele (%) | 69 (69.0%) 22 (27.5%) 43 (39.1%) Ref. Ref.

Note: * p<0.05 indicates statistical significance; ns — not significant; Ref. — reference allele or genotype.
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The I/1 genotype was present in 11.0% of
the Control group, 21.3% of the T2DM group,
and 25.8% of the T2DNP group. The p-value
for this genotype was <0.001, indicating
significant differences in its distribution across
the groups. This suggests that the 1/1 genotype
is more prevalent in individuals with T2DM
and T2DN compared to the control group. In
contrast, the 1/D genotype was found in 20.5%
of the control group, 22.5% of the T2DM
group, and 20.4% of the T2DN group. The p-
value for this genotype did not indicate
significant differences, suggesting that the 1/D
genotype is similarly distributed across all
three groups. The D/D genotype was present in
37.0% of the control group, 12.4% of the
T2DM group, and 7.5% of the T2DNP group.

The p-value for this genotype was <0.001,
showing significant differences. This indicates
that the D/D genotype is more common in the
control group compared to the T2DM and
T2DN groups.

In terms of allele frequencies, the I allele
was significantly more frequent in the T2DM
group compared to the control group, with an
OR of 5.868 (95% CI: 3.068-11.223) and a p-
value of <0.001 (Table 7). Similarly, the I
allele was significantly more frequent in the
T2DN group compared to the control group,
with an OR of 3.468 (95% CI: 1.959-6.140)
and a p-value of <0.001. However, there was
no significant difference in the frequency of
the | allele between the T2DN and T2DM
groups, with a p-value of 0.098.

Table 7

Multinomial Regression Analysis of NFKB1 Gene Polymorphism Association with T2DM
and T2DN (Control as Reference)

Groups NFKB1/Genotype p-value OR 95% CI

T2DM/ Cont. @ I/ 0.001 5.83 1.973 17.225
1/D 0.017 3.28 1.241 8.628
I/1+1/D: D/D 0.001 4.12 1.744 9.935
DD Ref. 1

T2DN/ Cont. 2 I/ <0.001 11.56 3.650 36.685
1/D 0.004 4.89 1.672 14.273
I/1+1/D: D/D <0.001 7.21 2.724 19.087
DD Ref. 1

T2DN/T2DM P I/ 0.231 1.99 0.646 6.100
1/D 0.490 1.49 0.479 4.653
I/1+1/D/ D/ID 0.301 1.73 0.611 4.912
DD Ref. 1

Alleles Frequencies

T2DM/Cont. [ <0.001 5.87 3.068 11.223
D 1

T2DN/ Cont. 2 [ <0.001 3.47 1.959 6.140
D Ref. 1

T2DN/T2DM P [ 0.098 0.59 0.317 1.101
D Ref. 1

Note: The reference category is a: Control, b: T2DM. CI: 95% Confidence Interval. * p<0.05 indicates statistical
significance; ns — not significant; Ref. — reference allele or genotype.

Chi-square test for /1,

I/D, DI/D

comparison used 2 degrees of freedom.

Grouped genotype comparisons (I/1 + 1/D vs.
D/D) used 1 degree of freedom (Fig. 3).
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X2=-29.41

Frequencies

Groups

P<0.001*% B control

O12pMm
B 12DNP

DD LI+I:D/ D:D

NFKB1/ Genotypes
Fig. 3. Frequencies of NFKB1 genotypes in the studied groups (expressed as percentages)

NFKB1 gene expression analysis

The results of the current study
suggested that there is a significant difference
(P<0.001) in Average Fold Change (AFC)

between (NFKB1/CONT) group (1.0197+0.7)
(NFKB1,T2DM)(4.448+1.08, and
(NFKB1,T2DDN)(8.704+2.14 ), respectively,
as shown in Figure 4.

125
25

(A}

"
om

0

NFKB1/CONT

5.5280000000000005

NFKB1/DM

NFKB1/DN

Fig. 4. AFC in study groups at the end of experiment (indicated highly significant differences at
p<0.001)

The results shown the effects of NFKB1
rs28362491 genotypes (I/l, 1/D, DI/D) on
NFKBL1 gene expression in T2DN group. This
study shown significant statistical differences
(p-value<0.05) between I/l and I/D genotypes

and between D/D compare to I/D genotypes,
and this indicate that patients with 1/1 NFKB1
rs28362491 genotypes has more risk factor for
increase of the AFC of NFKBlgene
expression, as shown in Figure 5.
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Fig. 5. Effects of NFKBL1 rs28362491 genotypes (I/1, I/D, D/D) on the NFKB1 gene expression
in T2DN group

Discussion. This study indicates the
potential mechanistic link between NFKB1
gene expression and dysregulated glycemic
control, indicating that chronic
hyperglycaemia may be an upstream inducer
of NF-xB signalling. The NFKBL1 increase in
T2DN patients is very high which corroborates
the idea that the hyperglycemia-induced
oxidative stress and inflammation worsen
renal injury via transcriptional NFKB1
upregulation. These results are in line with
previous data related to increased renal NF-«B
activity in the diabetic situation, where it leads
to nephron inflammation and fibrosis. The
rs28362491 polymorphism in the promoter
region of NFKBL1 is particularly intriguing, as
it appears to modulate gene transcription.
While this investigation demonstrates a strong
correlation between the 1/l genotype and
increased NFKBL1 expression in T2DN cases,
there is a notable lack of power to generalize
the utility of interpopulation genotype
comparisons. However, based on the high
expression profile in subjects with the 1/l
genotype, a biological effect of this
polymorphism is indicated that may increase
promoter activity, resulting in an increase in
inflammatory responses.

One of the main causes of morbidity and
death among diabetic patients, diabetic
nephropathy (T2DN), has a significant
negative impact on both health and the
economy [23]. The prevalence of diabetic
nephropathy in DM patients has not been
thoroughly studied, despite the fact that the
number of people with DM in Iraq is rising
[24]. Thus, the purpose of this study was to
determine the prevalence and determinants of
DN in T2DM patients from Irag. The study
investigates the metabolic profiles of
individuals with T2DM and T2DN compared
to a healthy control group, focusing on key
parameters such as glycemic profile including
the fasting insulin, fasting blood glucose levels
and HOMA-IR. From a researcher's
perspective, these findings point out insulin
resistance as the fulcrum upon which the
development of diabetes mellitus and its
complications revolves. The higher HOMA-
IR% in the T2DN group probably points to
insulin  resistance being causative of
nephropathy, hence justifies further research in
specific therapies that will enhance insulin
sensitivity [25].

In one such study designed to explore
the association of NFKB1 expression and
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polymorphism and IL-17A polymorphism in
diabetic mellitus with or without renal disease,
the levels of HbA1c%, FBG, INS, and HOMA-
IR% were found to be significantly higher in
both T2DM and T2DNP groups than that in the
control group. Among diabetic patients, those
with nephropathy  presented  higher
inflammatory markers (e.g., IL-7, NF-xB),
which play an important role in the
pathogenesis of diabetic nephropathy [26]. The
results underline the interaction between
genetic predisposition, inflammation, and
metabolic parameters that occurs in the
development of diabetes and its complications
[27].

Growth factors and cytokines are among
the numerous genes whose expression is
regulated by the transcription factor nuclear
factor kappa B (NF-«xB). Consequently, NF-«xB
is essential for many biological functions, and
pathogenic processes would result from its
dysregulation [28]. Because they regulate the
expression of several pro-inflammatory genes,
NF-xB and its inhibitors may play a major role
in the pathophysiology of type 2 diabetes,
diabetic nephropathy, diabetic retinopathy, and
diabetic cardiomyopathy [29]. According to
Ziyadh et al., this study is valid with a p-value
of less than 0.05. The groups with diabetes
mellitus and diabetic nephropathy had
significantly greater FBG, PPBG, and HBA1C
than the control group. lipid profile for each of
the three groups [30].

The frequencies of NFKB1 gene
polymorphisms are displayed in Table 6. In the
control, T2DM, and diabetic nephropathy
groups, the insertion/insertion polymorphism
rates are 11%, 12.4%, and 25.8%, respectively.
In the control, T2DM, and T2DN groups, the
deletion/deletion polymorphisms are 37%,
12.4%, and 7.5%, respectively. In the control,
type 2 DM, and diabetic nephropathy groups,
the insertion/deletion polymorphisms are
2.5%, 22.5%, and 20.4%, respectively. The
relationship between oxidative stress and
inflammation biomarkers and the risk of
chronic kidney disease in people with Type 2
diabetes mellitus in the North Indian
population was investigated by Gautam, A. et
al. [31]. Using the PCR-RFLP technique,

Senol Tuncay et al. (2012) investigated the
detection of NFkappaBl and NF-kappaBlI
Alpha polymorphisms in a Turkish population
[32]. However, in genotype and allele
frequencies, no significant  differences
between T2DNP and T2DM were detected;
thus, the NFKB1 polymorphism cannot
differentiate  both  diabetic  conditions.
Therefore, it is speculated that, although the
NFKB1 polymorphisms increase the risk of
developing diabetes with its complications,
they are not specifically responsible for the
transition from T2DM to T2DN. This might
indicate to researchers that other genetic,
environmental, or metabolic factors could play
a more critical role in progression to
nephropathy and hence, are worth further
investigation.

Several studies have established clear
correlations between NFKB1 gene expression
and glycemic parameters in diabetic
conditions. Darwish et al. found a marked
positive correlation between NFKB1 gene
expression and both fasting blood glucose
(FBG) and glycated hemoglobin (HbA1c) in
type 2 diabetes (T2D) patients without
nephropathy. Additionally, in patients with
diabetic nephropathy (DN), HbAlc showed
positive correlations with all profibrotic genes,
including NFKB1 [33]. These findings suggest
that chronic hyperglycemia, as reflected by
HbA1c levels, may drive NFKB1 upregulation,
particularly in patients with nephropathy.

Accompanied by current results,
Mohamed et al. (2023) have reported that NF-
xkB1 DID genotyping frequency was higher in
the control group than T2DM without
nephropathy and T2DM with nephropathy,
accounting for 76% > 38% > 27%,
respectively, while for NFkp1 1/l genotyping,
it was higher among T2DM with nephropathy
than T2DM without nephropathy than the
control group, accounting for 70% and 49% >
24%, respectively [34]. They also stated that
regarding NF-«kB1 alleles, the frequency of the
(Deletion) allele was higher in the control
group compared to T2DM  without
nephropathy and T2DM with nephropathy,
while the (Insertion) allele took the opposite
pattern among the studied groups. This is also
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agreed with Behera et al. (2020) in the East
Indian population. Our study agreed with some
findings and disagreed in others with the
research of Gautam et al. (2017), who found in
control and T2DM  people  without
nephropathy, that the frequency distribution of
I/D was the highest followed by 1/I, with the
least frequency distribution of D/D in the same
subjects. The results listed in Table 7, the
individuals with diabetes who have the ins/ins
NFKB1 gene polymorphism are 3.4 times
more likely to develop diabetic nephropathy.
According to Gautam et al. (2017) individuals
with diabetes mellitus who have the ins/del
polymorphism have a 1.90 fold increased
chance of developing nephropathy, and
patients with type 2 diabetes who have the
ins/ins genotype similarly have a higher risk
[35]. Patients with diabetes who have a
deletion/deletion NFKB1 gene polymorphism
are 1.03 times more likely to develop diabetic
nephropathy.  Beyond  direct  glucose
parameters, NFKB1 expression has been
linked with inflammatory markers in diabetes.
Increased expressions of interleukin (IL)-1pB
and NFKBL1, along with enhanced macrophage
infiltration, have been observed in pancreatic
islets of T2DM patients. Patients with diabetes
who have an insertion/deletion polymorphism
in the NFKB1 gene are 0.6 times more likely
to develop diabetic nephropathy. The
favorable link between /D NFKB1
(rs28362491) SNP and other glycemic
markers, along with the higher levels of
NFKB1 gene expression fold, suggest that
these markers may be crucial for the early
diagnosis of T2DN. These results also
demonstrate that these indications are more
diagnostically valuable than microalbuminuria
in the early detection of T2DN [36, 37, 38].
Conclusion. According to the current
study's findings, patients with diabetes who
have the NFKB1 I/D SNP are more likely to
develop nephropathy (T2DN). This SNP can
be regarded as a genetic marker for T2DM
patients' propensity to develop nephropathy.
Consequently, more analysis with a large
sample size is required to search for the
potential of these polymorphisms as genetic
markers in the near future. This would make it

easier to find type 2 diabetic patients who
could be more susceptible to nephropathy.
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Pe3rome

AxTyanbHocTh: OOIMTEpPUPYIOLINI aTepockiepo3 cocyaoB HIbkHUX KoHeuHocTedl (OACHK)
MIpe/ICTaBIsieT cO00M OJHY M3 CaMbIX pacnpocTpaHEHHBIX (opM 3aboneBaHMM HepudepruuecKux
COCYJIOB HM)KHUX KOHeuHocTel. [IpuHuMas Bo BHUMaHME MOTEHIUAIBHOE y4yacTHe MOIMMOP(HBIX
BapHaHTOB IreHa, pealu3yeMoe Yepes3 peryIupoBaHue Ipoiudepaiu riagKoOMbIIIEYHbIX KJIETOK, 3TH
yuactkn JIHK Moryr paccMmarpuBaTbhCsi Kak TI'€HETHYECKHE MapKepbl MPEApacOIOKEHHOCTH K
atrepockiepo3y. IHeap  ucciaegoBanms:  M3yueHue  B3aMMOCBA3M  OJHOHYKJIEOTHIHBIX
nonumopdu3moB (SNP), acconnnpoBaHHBIX MO pe3yIbTaTaM NOJHOIT€HOMHOTO aHAJIN3a aCCOLMalui
(GWAS) ¢ puckoM pa3BuTHS HIIIEMHYECKOW OOJIE3HU Cep/Iia, ¢ mpeapacnoiokeHHocThio K OACHK.
Martepuanbl u MeToabI: B iccnenoBanue 0b110 BKITtoUeHO 1278 marnueHToB, Bkirodas 630 00IbHBIX
OACHK wu 648 ortHOcuTEnpHO 310poBbIX Jul. [IpoBeneHo reHotunupoBaHue 4versipex SNP
rs9818870, rs17087335, rs11556924 wu 1s9982601 ¢ wucnonn30BaHMEM T'€HOMHOI'O Macc-
cnektpomeTpa MassARRAY-4. Ananm3 accormaruu amuieneit u renotunos ¢ OACHK npoBoawics
¢ ucnonb3zoBanuem nporpammsl PLINK, v1.9. AanTuBHBIN IepMyTallMOHHBIN TECT UCIIOJIB30BAJICS
JUIs pacueTa YpPOBHS CTAaTUCTHYECKOM 3HaunMMocTd accorumanuii (Pperm). PesyabTrarhi:
YcranosiieHo, yto amwiens rsl1556924-T (OR=0,81 95%CI 0,69-0,95, Pperm=0,02) u reHoTHIl
rs11556924-T/T (OR=0,60 95%CI 0,43-0,82, Pperm=0,006) rena ZC3HC1l accouuupoBaHbl C
noHmxeHHbIM puckoM pa3Butist OACHK. Onnako, cTpaTuUIIMPOBaHHBIN 0 MOy aHAJTU3 [TOKa3al,
yt0 SNP 1511556924 accouunpoBaH ¢ noHMKeHHbIM puckoM pa3Butusi OACHK uckiatountensHo y
xeHmuH (OR=0,56 95% CI 0,39-0,81, Pperm=0,002). Taxxe ycranoBiaeHo, uro SNP rs11556924
aCCOLMMPOBAH C MOBBIIIEHUEM YpOBHEM TpuriuuepunoB kpoBu y OonbHbix OACHK (B=0,131
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Pperm=0,03). pyrue uccinenoBanusie SNP mnoxazanu acconumanuu ¢ tpuriunepunamu, JIITHII,
anruorpaduyeckumu nokazatessimu y 6oiapHbIXx OACHK. B wactHoCcTH, momumopdusm 1s9982601
rena MRPS6 accorumpoBaicsi ¢ mopakeHHeM aTepOCKICPOTHUECKUMH OJSIIKAMU TTOAB3AOIIHBIX
aprepuii (Pperm=0,001). 3aksouenue: Hacrosiiee wucciaegoBaHUE BIEPBBIC YCTaHOBHIIO, YTO
nomumoppmsm  rs11556924 rena ZC3HC1 sBusercss HOBBIM TI'€HETHYECKHM MapKepoM
MIPEIPacIoIOKEHHOCTH K OOIUTEPUPYIOIIEMY aTepOCKIEpO3y COCYAOB HIKHUX KOHEUHOCTEH U
XapaKTepu3yeTcss MPOTEKTUBHBIM A(PPEKTOM B OTHOIICHUU PUCKA Pa3BUTHS OOJIC3HU Y JKEHIIUH.
KutoueBble ci10Ba: 00IUTEpUPYIOLINI aTEPOCKIIEPO3; FTeHETHUECKHE OOMapKephl; CTENIEHb CTEHO3a
apTepuii; maToreHes; OAHOHYKICOTHUAHBIN TOTUMOphU3M

Hdas uutuposanusi: Kabun CH, Jlazapenxko BA, AszapoBa FOD, u np. MucceHc-BapuaHT
1511556924 B rene ZC3HC1 xapakTepusyeTcss IPOTEKTHBHBIM 3(P(GEKTOM B OTHOIIEHWU pPHUCKa
pa3BHUTHS OOJIUTEPUPYIOIIETO aTEPOCKIIEPO3a COCY0B HIKHUX KOHEYHOCTEH y skeHIH. HayuHbie
pe3ynbTaThl OMOMeIMIMHCKUX uccaenoBanmii. 2026;12(1):37-51. DOI: 10.18413/2658-6533-2026-
12-1-0-3

The missense variant rs11556924 in ZC3HC1
has a protective effect against the risk
of peripheral artery disease in women
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Abstract

Background: Peripheral artery disease (PAD) is one of the most common forms of diseases of the
peripheral vessels of the lower extremities. Taking into account the potential participation of
polymorphic variants of the ZC3HC1 gene in the atherosclerotic process, realized through the
regulation of smooth muscle cell proliferation, these DNA regions can be considered as genetic
markers of predisposition to atherosclerosis. The aim of the study: To examine the association
between single nucleotide polymorphisms (SNP) and the risk of coronary heart disease and
susceptibility to PAD according to the Genome-wide association studies (GWAS). Materials and
methods: The study involved 1278 subjects, including 630 patients with PAD and 648 healthy
controls. Four SNPs (rs9818870, rs17087335, rs11556924, and rs9982601) were genotyped using the
MassARRAY-4 system. Association analysis between PAD risk and SNPs was performed using an
open-source whole-genome association analysis toolset (PLINK program v1.9). An adaptive
permutation test (Pperm) was used to calculate the statistical significance of the associations. Results:
The allele rs11556924-T (OR=0.81, 95%CI 0.69-0.95, Pperm=0.02) and genotype rs11556924-T/T
(OR=0.60, 95%CI 0.43-0.82, Pperm=0,006) of ZC3HC1 were associated with a decreased risk of
PAD. However, sex-stratified analysis showed that SNP rs11556924 was associated with a decreased
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disease risk exclusively in women (OR=0.56, 95% CI 0.39-0.81, Pperm = 0.002). It was also found
that the SNP rs11556924 was associated with an increase in blood triglyceride levels in patients with
PAD ($=0.131, Pperm=0.03). Other SNPs studied were associated with laboratory and instrumental
parameters in patients (triglycerides, LDL, angiographic parameters). In particular, the rs9982601
polymorphism of MRPS6 was associated with atherosclerotic plaque formation in iliac arteries
(Pperm = 0.001). Conclusion: This study is the first to establish that the rs11556924 polymorphism
of the ZC3HC1 gene is a new genetic marker of susceptibility to peripheral artery disease and is
characterized by a protective effect on disease risk in women.

Keywords: peripheral arterial disease; genetics biomarkers; degree of arterial stenosis; pathogenesis;

single nucleotide polymorphism
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ZC3HC1 has a protective effect against the risk of peripheral artery disease in women. Research
Results in Biomedicine. 2026;12(1):37-51. Russian. DOI: 10.18413/2658-6533-2026-12-1-0-3

BBenenue. 3aboseBaHus
nepudepuyeckux aprepuii (3[1A) 3anumaroT
OIHO W3 JNUAMPYIOIIMX MECT B pPa3BUTUHU
3200JIeBa€MOCTH M CMEPTHOCTH OT CEp/CYHO-
COCYIUCTBIX MaTOJIOTH. 3I1A
XapaKTEepU3yIOTCS PAa3BUTHUEM CTEHO3a WIH
OKKJIIO3M JI000M JIOKalW3allMd Ha BCEM
MIPOTSKEHUU ydacTka oT aopTo-
MOJIB3JIOIITHOTO CErMEHTa J0 MOJOIIBEHHBIX
aprepuii. Cerogus 3IIA moaBepKeHbI OKOJIO
236 MUJUIMOHOB YENIOBEK, YTO CTABUT MX Ha
OJHY CTyHE€Hb C HWIIEMHYECKOW OO0JIE3HBIO
cepaua (MUBC) wu  nepeOpoBacKysIpHBIMU
3a00J€BaHMsAMHU U JaeT MpaBo Ha3biBaTh 3[IA
CaMOCTOSITENTbHBIM 3a00s1eBanueM [ 1, 2].

O6nuTepupyroHit aTepOCKIIEpO3
cocynoB HmxkHHX KoHeuHocTei (OACHK) —
BeaylIee o 3HaYMMOCTH "
pacnpoCTpaHEHHOCTH 3a0oJIeBaHHE apTepuid
HW)KHUX KOHEYHOCTEH, KOTOpO€ NMPUBOIUT K
pPa3sBUTHIO CHUHAPOMA XPOHUYECKOW HIIEMUU
[3, 4]. CymecTtByer psx HCCISIOBaHUM,
yKa3bIBAIOIMX Ha MYJbTH(PAKTOPHATIBHYIO
MIPUPOY OACHK, 4TO O3Ha4aer
BOBJICUEHHOCTb, KaK CpElOBBIX, TaK H
reHeTHYecKuX (PakTopoB B €ro pazButue 35, 6].
Hecmotpst Ha  mamHbli  ¢axt, 0asza
UCCIIEIOBATENIbCKUX ~ paboT,  pe3yJIbTaThl
KOTOPBIX JOKAa3bIBAlOT YETKYIO CBSI3b MEXIY
pasHbIMH BapHaHTaMUd TE€HOB M PHUCKOM
IIPOrPECCUPOBAHUS 00JIUTEPUPYIOIIETO
aTepoCKJIepo3a COCYI0B HIYKHIUX KOHEUHOCTEH,
MQJIOYMCIEHHA B CpPaBHEHUM C TOH, YTO
MOCBAIIEHA  M3YYEHHMIO  CBSI3U  MEXIYy
TEHETUYECKOM  IPEIpacHOOXKEHHOCTBIO K

Pa3BUTHIO aTepOCKIepo3a KOPOHAPHBIX U
1epeOpalIbHBIX apTEPHIL.

Pesynbratsl ISTH KPYIHBIX
UCCIICIOBAaHUM, ONMyOJMKOBAaHHBIX B 0ase
JIAHHBIX KaTajora MOJTHOT€HOMHBIX
acconuatuBHbeIX  mcciepoBannii  (GWAS,
genome-wide association study), BeistBrH 260
OJTHOHYKJICOTUAHBIX monmuMopduzmoB (SNP),
CBSI3aHHBIX C MOBBIIIEHHBIM PUCKOM Pa3BUTHS

3a0oneBaHuil  nepudepuuecKkux — apTepuii
[https://www.ebi.ac.uk/gwas/home]. B Ttoxe
caMo€ BpEMH, 3HAYUTCIIbHAs qacTb

MOCICAYOIINX HCCHCHOB&HHﬁ, BBITIOJITHCHHBIX
B HC3aBUCHMBIX IMONYJIALOWAX MHUpaA, IMOKa3sajia
OTHOCUTCJIBHO HU3KYH0 BOCHPOHU3BOAUMOCTDb

BBISBJICHHBIX B PE3yJIbTare GWAS
accoIaIyi OJTHOHYKJICOTHIHBIX
noMMop(HU3MOB (single nucleotide

polymorphisms, SNP) ¢ 3aboneBaHusiMH
nepudepuyeckux aprepuil. CorjaacHO JaHHBIM
HEJIaBHO OITyOJIMKOBAHHOTO MeTa-aHanmu3a, 112
cTaTew, OMUCHIBAIOIIAX 231 JIHK-
MOIUMOPQH3M, aCCOLIMMPOBAHHBIN c
3a00JIeBaHUAMH  TIEPUPEPUUECKUX  aPTEPHA,
YCTAaHOBJEHO JUIIb 19 accOMUpOBaHHBIX C
00JIe3HPIO  BapUaHTOB, KOTOpble  ObUIM
BOCIIPOM3BE/IEHBI B HECKOJIBKUX KPYMHBIX
KOTOpTax MarueHTos [7].

Onupasicb Ha TPUBEJCHHBIE BBIIIIE
(dakThl W Y4YUTBIBaS ~ MEXITHHUYECKYIO
TE€HETUYECKYIO TeTepOreHHOCTh u
TEPPUTOPUATBHBIE PA3IMYUs BO BIUSHUSIX
CpenoBbIX (haKTOpoB, TpeOyeTcs BalUAAlUs
pe3ynbTaroB GWAS B OTAETBHBIX TTOMYJISIHSIX
MHpa C IeTbl0 OTOOpa TEHETHYECKUX
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MapKepoB, KOTOPBIE MOTJIH ObI HCIIOJIb30BATHCS
JUIST MOJICKYJISIPHOM JTMarHOCTUKUA OOJIE3HU H
MEPCOHAIM3UPOBAHHBIX  MOJIXOJO0B K €€
JICYCHUIO U TTPO(PHIIAKTHKE.

Heanb ucciaenoBanus. B paMkax 3Toro
MPEIBAPUTEIILHOTO  WCCIIEOBaHUSA  ObLIa
IIOCTaBJIEHA I€Jb BBISIBUTH B3aWMOCBSI3HU
MEXIy  pa3HbIMH  BapuaHTaMH  T'CHOB,

0OHapyXEHHBIX B MCCIICIOBAHMSX
IIOJIHOT'CHOMHBIX aCCOI_[I/IaI_[I/Iﬁ C PUCKOM
HPOTPECCUPOBAHUS 00JIUTEPUPYIOIIETO

aTepoCKJIepo3a COCYI0B HIYKHIX KOHEUHOCTEH.
HccnenoBanne (GoKyCcHpOBAIOCh HA JKUTEISAX
LEeHTpanbHOM Poccuu.

MatepuaJjibl 1 MeTO/AbI UCCIeI0BAHMSA.
[Tpu mpoBeneHuy uccine0BaHus ObUTH YUTEHBI
OCHOBHBIE TPUHIIMITEI MEIWIIMHCKON JTUKU H
o01miue nonoxeHus XeabcUHCKoM Jlexkmapanuu
Bcemupnoit  MeauruHckol  AccolMaiiyu.
bbuto monydeHo ono0peHue peruoHaIbHOrO
3THUYECKOTO KOMHUTETa Kypckoro
rOCyJJapCTBEHHOTO MEIULUHCKOTO
yauepcurera (Ne9 ot 10.12.2019). Ilepen
Ha4yajioMm paboThI BCE TAIMEHTHI
WCCIIE/IOBAHHOM  TPYMIBI  MPEIOCTABUIH
MUChbMEHHOEe MH(GOPMHUPOBAHHOE corjacue Ha
JTOOPOBOJIbHOE y4YacTHE, a TaKKe MOHHUMaHHE
1IeJIeH U BCeX MPOBEIEHHBIX MPOIEAYD.

ITposenen coop KJIMHUYECKOTO
MaTepuaa, BKJTIOYAIOILIETO 1278
HEPOACTBCHHBIX JINAI] CJIaBAHCKOTI'O

MIPOUCXOKACHUSA, B ToM umcie 630 GOIbHBIX
OACHK u 648 OTHOCUTENBHO 3/10POBBIX JIUII,
C OTCYTCTBHUEM XPOHHYECKHX 3a00JICBaHUM.
BboinnHbIE OACHK MIPOXOAWIIN
CTallMOHApPHOE JIeYeHHE Ha 0a3e OTAETCHHS
cocyaucroit xupypruu Kypckoit obmacTHOM
kimHudecko OonbHUIbL. [Inarnoz OACHK
ObUI yCTAaHOBJIEH HA OCHOBE KPHUTEPHEB,
W3JI0’KEHHBIX B HarmonansHbix
PEKOMEHIANNAX IO JTUArHOCTUKE U JICYCHUIO
3a00JIeBaHUN apTepuil HIDKHUX KOHEYHOCTEH
(2019 r.). Ing OUEHKU CTENEHH MOPaKEeHUs
nepuepuyecKux apTepuil y TMalUeHTOB C

OACHK HUCHOJIb30BaJINUCh METOJbI
yJIBTPa3ByKOBOT'O AYILJIEKCHOTO CKaHUPOBAHUS
n anruorpapuu apTepuit HIDKHUX

KOHEUHOCTEH. DTH MeToabl 00EeCIeYnBAIOT
TOYHYIO BU3YAJIN3ALUI0 apTEPUN U TIO3BOJISIOT
ONPEJICTUTh HATUYUE U CTETICHb CY>KEHUS WIH

3aKyIOpPKHU COCYOB [8].

Kaxxnomy nanuenty ObUIO MpOU3BEIEHO
BBIYHCIICHUE JIOJIBDKEUHO-TIJICUEBOM  HMHJIEKC
(Ankle Brachial Index niu ABI) — mokasarers,
KOTOPBI OTPa)kaeT COCTOSIHUE KPOBOTOKA B
HIDKHUX KOHEYHOCTSIX. Kpurepusimu
BKIIFOYCHHS MAIMEHTOB B TPYIIY OOJBHBIX
OACHK  Opumm:  Hanuuue  KIMHUYECKH
3HaYMMOI'0 CTEHO3a O/IHOM Ui OoJiee apTepuii
HIDKHUX KOHEYHOCTEeH COIJIaCHO
knaccuukanuu OoHTEHA, a TAKXKE 3HAUCHUE
0,6 1 HIDKE JIOABDKEYHO-TNICYEBOTO HMHJCKCA.
CreneHnb aTepoCKIEPOTUUYECKOTO MOPAKEHUS
apTepuil 1Mo pe3ybTaTaM HUHCTPYMEHTAILHOTO
WCCIICJIOBaHMSI ~ BBIpOKAIM  3HAUYCHUSIMU:
1 (creno3<50%;), 2 (creno3 51-70%)
u 3 (creno3 =>71%). Bce yuacTHuKH
UCCIICIOBAaHMsI  MPOXOAWIN  aHKETHPOBAaHHE
OTHOCHUTENBHO (DaKTOpPOB pHCKa OOJE3HH C
UCTIOJIb30BaHUEM BaJIUIUPOBAHHOTO
OMPOCHHKA [9]. st MOJIEKYJISIPHO-
TEHETUYECKUX HCCIEOBAHUN Yy  KaXI0ro
yYaCTHHMKA HCCJEIOBaHUs MPOBOAMIICS 3a00p
/5 M BeHO3HOM KpoBH B Ipobupku ¢ 0,5M
STUJICHIUAMUHTETPAYKCYCHOM KHUCJIOTON
(OATA). T'enomnyro JHK wu3Bnekamun c
UCTONBb30BaHUEM  CTAaHAAPTHOTO  METO/a
(heHONTbHO-XTOPODOPMHON  IKCTPAKIMH €
NOCIEAYIOIEH IPELUIUTALUEA JTaHOJIOM.
s sToro wuccnenoBaHusi ObUIM  BBIOpPAHBI
YeTblpe OJHOHYKJICOTHIHBIX MOTUMOpQH3IMa
(SNP) u3 paznu4HbIX TE€HOB, paHEE CBSI3aHHBIX
c pUCKOM pa3BUTHS KOPOHApHOTO
aTepocKiepo3a B MTOJTHOTCHOMHBIX
accoratuBHbIX uccnenaoBanmsx (GWAS). [lns
uccienoBanus u3 karanora GWAS (GWAS
Catalog,  https://www.ebi.ac.uk/gwas/home)
ObTM  OTOOpaHBl  CIENYIONIHE  JIOKYCHI:
oITUMOppU3M rs9818870 resa B
3'-HerpaHciaupyeMoit oOmact TreHa MRAS
(muscle RAS oncogene homolog), rs17087335
B obOnactu unTpoHa reHa NOAL (nitric oxide
associated 1), rs11556924 B sk30He TeHa
ZC3HCL1 (zinc finger C3HC-type containing 1)
u rs9982601 B wuntpone rena MRPS6
(mitochondrial ribosomal protein S6). Jlanubie
M0 YHCIy YCIEUIHO MPOT€HOTHITMPOBAHHBIX
obpasnoB JIHK ydacTHUKOB wucchneaoBaHus
npecTaBieHbl B Tabmuie 1.
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Tabauya 1
JlaHHBIE M0 YHCJIY YCIEIIHO NporeHoTunupoBanubix o0pa3uos AHK yyacTHukoB
HCCJIeI0OBAHNS
Table 1
Data on the number of successfully genotyped DNA samples of study participants
I'en Kontpoubsnas OO0mwuii 06bem
(SNP ID) rpymia Boababie OACHK BEIGOPKH SNP call rate
MRAS
(rs9818870) 647 627 1274 99,7
NOA1 (rs17087335) 648 630 1278 100
ZC3HC1
(rs11556924) 633 621 1254 98,1
MRPS6 (rs9982601) 648 628 1276 99,8
Hacrosmee HCCIIEN0BaHUE ObLTO OACHK  (unumasblii  cocraB  KpOBH,
MIPOBEACHO B COOTBETCTBUU C PYKOBOIAIIUMU JIOJBIKEYHO-TUIEYEBOU WHJIEKC)
npuniunamu STregthening the REporting of UCIIOJTb30BAJICS METO/T JIMHEHHOTO
Genetic  Association Studies (STREGA). PErPECCHOHHOTO aHaJIM3a. YpoBeHb

CrarucTudueckas MOIIIHOCTH ObuIa OLICHCHa C
HCIIOJIB30BAHUCM  KAJIBKYJIAITOPpA MOIIHOCTU

HCCICA0OBaHUA TCHETHUYCCKUX accounaunﬁ
(GAS) (https://csg.sph.umich.edu/
abecasis/gas_power _calculator/).

AccoumatuBabii  aHamm3  (0=0,05) mo3BosmI
BBIIBUTH OTHOCHTEIIbHBIN puck reHoTumna (OR)
1,30-1,50 ¢ mommaOCTEIO 88-99% B 11IETIOM (630
6omsHbIx OACHK u 648 mnpencraBureneit
KOHTpOJIbHOH rpymiibl) 1 nokaszateneM OR 1,40-
1,7 ¢ momHocTet0 80-99%. B moarpynmnoBom
aHainm3e. B pamkax Halero McciieloBaHUs MbI
UCTIONb30BAJIM  CTAaTUCTUYECKHE METOAbI IS
aHaJIM3a acCOLAalii MEX/Ty BApUAHTAMU I'€HOB
U PUCKOM Pa3BUTHS  OOJMTEPUPYIOIIETO
aTepocKIiepo3a COCyI0B HIPKHUX KOHEYHOCTEH.
JInst OLIEHKH 4acTOT T€HOTHIIOB U ajljiesied MBI
IIPUMEHWIN TOYHBIA TecT Puiepa U KpUTepun
XU-KBaJ[paT, B COOTBETCTBUM C PaBHOBECHEM
Xapnu-Baitn6epra (HWE), cpaBHuBammich
pa3IMYHbIe YacTOTHI ajuleNieil ¥ TeHOTUIIOB B
UCCIIEAYyEeMBIX ~ TpyMIax, YTOObl  BBIIBUTH
MOTEHIMAIBHBIE ACCOLMALUN MEXIy HUMH U
PHUCKOM OACHK. HCIOJIb30BATIOCH
MIPOrpaMMHOE o0ecrieueHue SNPStats.
(https://www.snpstats.net/start.htm) u PLINK,
v1.9.

JInst OLIEHKM CWJIBI acCOIMalid MEXIY
TEHETUYECKUMH  BAapHaHTAMH W PUCKOM
pa3BUTHSA OACHK PacCUUTBHIBAIACH
nokasarenu oTHomeHus mancoB (OR) u ux 95-
NIPOLICHTHbIE  JOBEPUTEIbHbIE  MHTEPBAJIBI
(95%CIl). Tns  aHanm3a  B3aMMOCBSI3H
UCCIIEIOBAaHHBIX TMOJIMMOP(HBIX JIOKYCOB Ha
KOJIMYECTBEHHBIC TIOKa3aTeM MAlUeHTOB C

3HaYUMOCTU (Pperm) acconmanuii oneHuBamu ¢
[OMOILBIO  AJAalTUBHOTO HNEPMYTALMOHHOTO
TecTa ¢ ucrnosnb3oBanueM nporpammsl PLINK.
Jlns onenku Biaustaus JIHK momumopduszma Ha
KOJINYECTBEHHbIE I10KA3aTEeNIM HCIOJIb30BaIN
METOJl JIMHEMHOI0 PErpecCHOHHOrO aHallu3a,
KOTOpPBIA ~ NPEIyCMaTpUBAaeT  HOpPMAaJlbHbIC
pacripenienenus KOJINYECTBEHHBIX
NpEeIUKTOpoB. B cBA3M ¢ TeMmM, 4YTO BCe
KOJINYECTBEHHbBIC MOKa3aTelIn JIIIN,
JANUOHBIM  cocTaB, JaHHele Y3U wu
aHruorpadguu  mokasanu  pachpesereHue
OTJIIMYHOE oT HOPMAJIBHOTO (TecT
KonmoropoBa-CMupHOBa), JaHHBIE MPU3HAKU
ObUTH TpaHC(hOpMHUPOBAHBI METOAOM
0o0paTHOrO0  PAaHroBOTO  MpeoOpa3oBaHMSL.
YuuteiBag TO, 4YTO B  IOJHOTC€HOMHBIX
aCCOIMATUBHBIX MCCIEIOBAHUAX JUISI OLICHKH
accormanuii  JIHK-mapkepoB ¢ ¢enorunamu
TECTUPYETCs, KaK IpaBWIO, aJJUTHUBHAS
MOJIeNlb, BCE BBINOJIHEHHBIE HAMU PaCUEThI
MIPOBOJMJINCH ~ UCKJIIOUUTEIBHO B paMKax
JAHHOU I'eHETUYECKOU MOJIEH.
OyHKUINOHATbHAS aHHOTalUA
TEHETUYECKOTO BapuaHTa 1511556924,
cBsizaHHOTrO ¢ prckoM pa3Butust OCAHK, 6bu1a
IIPOBEZICHA c UCIOJIb30BaHUEM
O61OMH(pOPMATUUECKIX pecypcoB u
nHctpymeHToB Ensembl Genome Browser.
[https://mww.ensembl.org/index.html],
VannoPortal
[http://www.mulinlab.org/vportal/index.html],
QTLbase2 [http:/Amww.mulinlab.org/
gtlbase/index.ntml] wu  HaploReg v4.2
https://pubs.broadinstitute.org/mammals
/haploreg/haploreg.php].
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PesyabTarel m  uX  00cy:xIeHHe.
Pe3ynbpraThl KIMHUYECKUX W J1a0OPAaTOPHBIX
UCCIIC/IOBAaHUIM  yYaCTHMKOB  HCCJIEIOBaHUSA
ObulM  JeTajbHO  ONHCAaHbl B  HalleM
npeapiayieM ucciaegoBanun [S]. YacToTsl
TeHOTUIIOB U3y4aeMbIX MOTUMOP(HBIX
BapUaHTOB COOTBETCTBOBAJIM PaBHOBECHUIO
Xapau-Baita6epra (p>0,05), uTo yka3biBaeT Ha

OTCYTCTBHE OTKIOHEHUH OT  OXHIACMBIX
9acTOT T€HOTHUIIOB B TOIYJISAIUU. Pe3ymbTaThl
aHaJIN3a accoLMarui MEXTY STUMH
MOJUMOP(GHBIMU ~ BapUaHTAMH U PUCKOM
pa3BUTHS OOJIUTEPUPYIOLIETO aTePOCKIepo3a
COCY/I0OB HIDKHUX KOHEUHOCTEH MPEICTABICHBI
B Ta0muIiE 2.

Tabauya 2

Acconanuu noJMMop(QHBIX BAPUAHTOB I'€HOB ¢ Pa3BUTHEM 00JIUTEPUPYIOIIETO
aTepoCcKJIepo3a COCYyA0B HUKHUX KOHEYHOCTel

Table 2

Associations of polymorphic gene variants with the development of peripheral artery disease

Fen FenoTHn Yacrorbl reHoTHnos, N (%0)
(SNP D) R u ajuiesneii, % Pperm! OR (95% Cl)?
KonTpoabHas rpynna Boababie OACHK
CIC 473 (73,1) 461 (73,5)
MRAS CIT 162 (25,0) 145 (23,1) 0,55 1,08 (0,86-1,36)
(rs9818870) TIT 12 (1,9) 21 (3,3)
T 14,4 14,9 0,86 1,04 (0,84-1,30)
G/G 373 (57,6) 376 (59,7)
NOA1 GIT 243 (37,5 217 (34,4 0,86 0,98 (0,81-1,19)
(rs17087335) TIT 32 (4,9) 37(59)
T 23,7 23,1 0,75 0,97 (0,81-1,16)
CIC 251 (39,7) 268 (43,2)
ZC3HC1 CIT 271 (42,8) 283 (45,6) 0,02 0,82 (0,69-0,97)
(rs11556924) TT 111 (17,5) 70 (11,3)
T 38,9 34,1 0,02 0,81 (0,69-0,95)
CIC 456 (70,4) 453 (72,1)
MRPS6 CIT 186 (28,7) 163 (26,0) 0,86 1,03 (0,82-1,31)
(rs9982601) TT 6 (0,9) 12 (1,9)
T 15,3 14,9 0,86 0,97 (0,78-1,21)

IIpuMedanue: 1 YpoBeHb 3HAYMMOCTH acCONMAlMU aulens/reHotvna ¢ puckoM passutust OACHK (Ppem paccumTan
IOCPE/ICTBOM aIalITHBHOTO MEPMY TALMOHHOTO TeCcTa ¢ ToMotbio nporpammbl PLINK v1.9); 2 OtHommenue mancos 1 95%-
JIOBEPUTEIIHHBIN HHTEPBA aCCOIMAINY (aTMTUBHASI MOJIENb) ¢ prckoM passutist OACHK ¢ koppekiweit mo mosy, Bo3pacry,
VUMT, Hammumo KOMOPOWAHBIX CEpAEYHO-COCYIMCTBIX 3alboneBaHMil (MImeMHuYeckass OOJIe3Hb Ceplld, THIIePTOHWYECKas

0OJIE3HD).

Note: * Level of significance of the association of the allele/genotype with the risk of developing PAD (Pgerm Was calculated using
an adaptive permutation test using the PLINK v1.9 program); 2 Odds ratio and 95% confidence interval of association (additive
model) with the risk of developing PAD with correction by gender, age, BMI, the presence of comorbid cardiovascular diseases

(coronary heart disease, hypertension).

Tabnuma 2 COAEPKUT  CIEAYIOINIYIO
nHpopMaIuio: ajienb rs11556924-T
(OR=0,81 95%CI 0,69-0,95, Pperm=0,02) u
rerorun rs11556924-T/T (OR=0,60 95%CI
0,43-0,82, Pperm=0,006, peneccuBHas
MOJIETIb) ObLIH aCCOILMUPOBAHBI c
MOHW)XEHHBIM puckoMm pa3Butuss OACHK.
JInst  OCTaNbHBIX M3YYECHHBIX TE€HETHYECKHX
JIOKYCOB HE HaOII0Janoch CTaTHUCTUYECKU
3HAYMMBIX Pa3JIMYMid B YACTOTAaX aJUleNied |
TEeHOTUIIOB MEXIy TpylnamMHl MalMeHTOB C
OACHK wu 370poBbIMH JHIIAMHU. ITO

YKa3bIBAa€T Ha OTCYTCTBHE aCCOLUALIUN MEKITY
3TUMH JIOKycaMHt U puckoM passutuss OACHK
B HCCJIEJOBAaHHOMN MOITYJISILIUH.

[IpoBenen cTpaTu(UIMPOBAHHBIN
ananu3 accounanuii SNP ¢ puckom pa3Butus
OACHK pa3nenpHO y MyXYMH M KCHILIHH.
PesynbraThl aHaIM3a accouuanuu
MOJIMMOP(HBIX BapHUAHTOB T'€HOB C PHCKOM
pa3BUTHS OOJIMTEPUPYIOIIETO aTePOCKIEpo3a
cocynoB HmxHHX KoHeuHocTelr (OACHK)
y MYXYUH W OKCHIIMH MpPEJCTaBICHbI
B Ta0iMuax 3 u 4 COOTBETCTBEHHO.
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Tabauya 3

Acconuanuu noJMMop(QHHIX BADUAHTOB I'€HOB ¢ Pa3BUTHEM 00JIUTEPUPYIOLIET0

aTepoCKJIepo3a COCYA0B HUKHUX KOHEYHOCTel (MyKUYMHBbI)

Table 3

Associations of polymorphic gene variants with the development

of peripheral artery disease (men)

Yacrorhl renorunos, N (%)

T'en Tenorun, u annesei, % Porm® | OR (95% CI)?
(SNP D) aqaedt KouTpoJbHas rpynna Boababie OACHK
CIC 287 (73,0 405 (75,3)
MRAS CIT 97 (24,7) 113 (21,0) 0,64 0,97 (0,75-1,25)
(rs9818870) TIT 9(2,3) 20 (3,7)
T 14,6 14,2 0,69 0,97 (0,24-1,26)
G/G 233 (59,1) 325 (60,1)
NOAl GIT 142 (36,0) 182 (33,6) 0,99 1,02 (0,82-1,26)
(rs17087335) T/T 19 (4,8) 34 (6,3)
T 22,8 23,1 0,99 1,01 (0,82-1,26)
C/IC 155 (40,8) 225 (42,1)
ZC3HC1 CIT 168 (44,2) 243 (45,5) 0,34 0,92 (0,76-1,11)
(rs11556924) T/T 57 (15,0) 66 (12,4)
T 37,1 35,1 0,46 0,92 (0,76-11,11)
C/C 287 (72,8) 392 (72,7)
MRPS6 CIT 104 (26,4) 137 (25,4) 0,69 1,05 (0,80-1,38)
(rs9982601) T/T 3(0,8) 10 (1,9)
T 14,0 14,6 0,86 1,05 (0,81-1,37)

IIpuMedanue: 1 YpoBeHb 3HAYMMOCTH acCONMALMH avleisy/reHotnna ¢ puckoM pasButHsi OACHK (Ppem paccumTan
MOCPEACTBOM aJalTUBHOTO MEPMYTAIIMOHHOTO TecTa ¢ moMoIbio nmporpammsl PLINK v1.9); 2 B x0/1e HCCIIEI0BAHHS MBI
TIPOBEJIH CTATUCTUYECKUM aHAIIH3, JUTS OLIEHKH OTHOIIIEHHUS IIAHCOB U 95%-T0BepUTEIBHBII HHTEpPBAI aCCOIMALINH (3IAUTHBHAS
Moziesib) Mexay puckom OACHK u koppekuuei o HeckosibkuM (akropaM. B 4acTHOCTH, Mbl YYUTHIBAJIM BIIMSHHUE TI0J1a,
BO3pacTa, nHaekca Macchl Tea (MMT) i Hammumst KOMOPOUTHBIX CEpIIEUHO-COCY TUCTHIX 3a00JIEBaHNH, TAKUX KaK UIIIEMUIECKast
0oJ1e3Hb Ccep/lia ¥ IUIepTOHNYEcKast 0OJIe3Hb.
Note: *Level of significance of the association of the allele/genotype with the risk of developing PAD (Pperm Was calculated using
an adaptive permutation test using the PLINK v1.9 program); 2 Odds ratio and 95% confidence interval of association (additive
model) with the risk of developing PAD with correction by gender, age, BMI, the presence of comorbid cardiovascular diseases
(coronary heart disease, hypertension).

Tabauya 4 (nauano)

Acconuanyuyu NOJUMOP(HBIX BADHAHTOB I¢HOB C Pa3BUTHEM O00JTHTEPUPYIOLIErO

aTepoCKJIeP03a COCYA0B HUKHUX KOHEYHOCTel (KeHIIUHbI)
Beginning of Table 4

Associations of polymorphic gene variants with the development of peripheral artery

disease (women)

Fen DT YacroTsl reHoTHnos, N (%0)
’ u ajuteneit, % Pperm’ OR (95% Cl)?
(SNP ID) aJIeb
KonTpoasnas rpynmna Boababie OACHK
CIC 186 (73,2) 56 (62,9)
MRAS CIT 65 (25,6) 32 (36,0 0,12 1,52 (0,94-2,44)
(rs9818870) TIT 31,2 1(1,1)
T 14,0 19,1 0,09 1,45 (0,93-2,28)
G/G 140 (55,1) 51 (57,3)
NOA1 GIT 101 (39,8) 35(39,3) 0,78 0,89 (0,59-1,35)
(rs17087335) TIT 13 (5,1) 3(4)
T 25,0 23,0 0,55 0,90 (0,60-1,34)
ZC3HC1 CIC 96 (37,9) 43 (49,4)
(rs11556924) CIT 103 (40,7) 40 (46,0) 0,002 0,56 (0,39-0,81)




OpueuHaJZbHaﬂ cmamovi
Original article

JKabupn CH, u dp. Muccerc-eapuaum rs11556924 ¢ zene ZC3HCI ...

Zhabin SN, et al. The missense variant rs11556924 in ZC3HC1 ...

Tabnuya 4 (oxonuanue)
Acconuanyuu noJMMop(GHBIX BAPUAHTOB I'€HOB ¢ Pa3BUTHEM 00JIUTEPUPYIOIIETO
aTepoCKJIepPo3a COCYA0B HUKHUX KOHEYHOCTel (KEeHIINHBI)

End of Table 4

Associations of polymorphic gene variants with the development of peripheral artery

disease (women)

Fen Cenorim Yacrorhl renorunos, N (%)
(SNP ID) B ’ u ajienei, %o Pperm? OR (95% Cl)?
KouTpoJsbHasi rpynna Boasnbie OACHK

T/T 54 (21,3) 4 (4,6)

T 41,7 27,6 0,002 0,53 (0,37-0,78)
CiC 169 (66,5) 61 (68,5)

MRPS6 CIT 82 (32,3) 26 (29,2) 0,99 0,96 (0,60-1,56)

(rs9982601) T/T 3(1,2 2(2,2)
T 17,3 16,9 0,86 0,97 (0,61-1,52)

IIpuMedanue: 1 YpoBeHb 3HAYMMOCTH ACCONMALMH avleisy/reHotnna ¢ puckoMm pasButHsi OACHK (Ppem paccumTan
MOCPEACTBOM aIAlITUBHOTO MEPMYTAIIMOHHOTO TeCcTa ¢ moMoIbio nporpamMmsl PLINK v1.9); 2 OTHOLICHHE IAHCOB U 95%-
JIOBEPUTEIHHBI MHTEPBAJI aCCOIMAIINH (AINTHBHAS MoJieib) ¢ prickoM passutust OACHK ¢ xoppekmueti mo moity, Bo3pacry,
UMT, Haimuuio KOMOPOWIHBIX CEpIEeYHO-COCYIMCTBIX 3a00JeBaHMi (MIIeMHUuecKas OOJIe3Hb Ceplla, THIEPTOHHYEcKas

0OJIE3HD).

Note: * Level of significance of the association of the allele/genotype with the risk of developing PAD (Pperm Was calculated using
an adaptive permutation test using the PLINK v1.9 program); 2 Odds ratio and 95% confidence interval of association (additive
model) with the risk of developing PAD with correction by gender, age, BMI, the presence of comorbid cardiovascular diseases

(coronary heart disease, hypertension).

B xome wuccimemoBaHust He OBLIO
OOHapy»eHO  CTATUCTHYCCKH  3HAYMMBIX
accoluaiun MEXIY HCCIIeIOBAaHHBIMU

nokycamu 1 OACHK y myxunn. OniHako, npu
aHalM3e JAaHHBIX Y  JKEHIIMH  OBLIO
YCTAHOBJICHO, YTO TMOJUMOP(HBIM BapHaHT
rs11556924 rena ZC3HC1 umeer 3amuTHBII
addext, accoumupyscb € TOHMKCHHBIM
puckom pazsutuss OACHK. Drta Haxoaka
OyJleT UMETh NMPUHIUIUATIEHOE 3HAYCHUE IS

npodpunaktuke u  sedenunro  OACHK
y JKeHIIMH, yuuThiBas poib rena ZC3HC1
B PEryJsilMM  TPOIECCOB,  CBSI3aHHBIX
C pa3BUTHEM ITOTO 3a00JICBaHMS.

Ananus accouuarm,
CTpaTU(UIMPOBAHHBIA TI0 CTATYCy KypeHHS,
HE BBIBHJ  CTATHCTHYCCKH  3HAYUMBIX
pa3uuuii  BO B3aMMOCBSI3M  HCCIICIIyEeMBIX
MOJMMOP(HBIX BapUaHTOB T€HOB C PUCKOM
passutist OACHK (Ta6mnuma 5)/

pa3paboTku HOBBIX

IoaAX0J0B K

Tabauya 5 (nauano)
Kinnudeckue u 1a00paTopHbIe XapAKTEPUCTHKH M MOKA3aTeJIH YYACTHHKOB HCCICA0BAHUSA
Beginning of Table 5
Clinical and laboratory characteristics and parameters of study participants

3n0poBbie IMauueHTHI C
NpeACTABUTEH 3a00/1eBaHHEM P-value
XapakTepuCTHKH/TIOKA3aTeH N
KOHTPOJIbHOM IPyNIbI nepudepuIecKux (p-3HaueHue)
(N=648) aprepuii (N=630)

Bospacr, cpennee 3HaueHue 66,34+7,69 62,14+9,47 0,001
+CTaH1apTHOE OTKIOHEHHE
ox M, N (%) 394 (60,8) 540 (85,7) <0,0001

K, N (%) 254 (39,2) 90 (14,3) 0,12
UMT (kr/mM"2) 27,07 £ 4,54 26,59 +6,36 0,7
3HAa4YCHHE + CTaHIaPTHOE OTKIOHCHHE
Kypstme 2, N (%) 295 (45,5) 354 (56,2) -
UBC, N (%) - 193 (30,6) -
T'unepronus, N (%) - 371 (58,9) -
OXC (mmomp/m), Me (Q1; Q3) NA 5,07 (4,40, 5,60) -
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Tabauya 5 (oxonuanue)

Kiannudeckue u 1a0opaTopHble XapaKTEePUCTHKH M MOKA3aTeJIH YYACTHHKOB HCC/Ie0BAHUSA

End of Table 5

Clinical and laboratory characteristics and parameters of study participants

3nopoBbie IanueHTHI C
npeJcTaBUTeNH 3a00/1eBaHHeM P-value
XapaKkTepuCTHKH/MOKA3aTeJIH .
KOHTPOJIbHOM rpynnbl nepudepnueckux (p-3HaueHMe)
(N=648) aprepuii (N=630)

XC-JIITHIT (Mmomns/m), 3,20 (2,10; 4,50) -
Me (Q1; Q3)

XC-JIIBII (Mmoib/1), 1,18 (1,00; 1,57) -
Me (Q1; Q3)

TT" (Mmois/m), Me (Q1; Q3)

1,50 (1,11; 2,20) -

ITpumeuanue: ! UBC, 3abonesanus nepudepudeckux aprepuii; OXC, obmuii xonectepun; XC-JITTHII, xonectepun
JUNonpoTen 0B Hu3Koil mnotHocTH; X C-JITIBII, X0onecTepuH IMNIONpPOTEn 0B BEICOKOI moTHOCTH; TT, TpUrmMuepus:;
Kypsmme * y 18 mamueHTOB KOHTPOJIBHON TPYIIIBI OTCYTCTBOBAJIHM JaHHbIE O KypeHuH; CTaTUCTHYECKH 3HaYMMEbIE
3HAYEHHMs BbLACICHBI )KUPHBIM IprdToM. NA — TaHHBIE HE TOCTYIIHBI;

Note: ! IHD, peripheral arterial disease; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-
density lipoprotein cholesterol; TG, triglycerides; # 18 data on smoking status were not available from 18 subjects from

the control group; statistically significant p-values are bolded. NA — not available.

Uccnenosanbl accouualuu
MOJIMMOP(HBIX BApUAHTOB C J1aOOPATOPHBIMU
U UHCTPYMEHTAIBHBIMH  (YJIBTPa3BYKOBOE
UCCIIeIOBaHKE u a"ruorpadus
nepudepuIecKux apTepwHii) JTaHHBIMU
nameHToB ¢ OACHK. VYcranosneHo, 4ro
SNP rs11556924 ©Obu1  acconuupoBaH C
MOBBIIICHUEM  YPOBHEM  TPUIJIHIICPUIOB
kpoBu y OombHbix OCAHK (B=0,131
Pperm=0,03). ITonumopdusm rs9818870 rena
MRAS moka3an CTaTUCTUYECKH 3HAYMMBIC
accolMalMu C YCPEIHEHHBbIM IOKa3aTeleM
ABI nim noapnKeYHO-IIIIEYEBBIM HHIEKCOM
(B=-0,019 Pperm=0,04), ypoBuem JIITHII
(B=0,377  Pperm=0,05), TI' (p=-0,255
Pperm=0,02), a taxke c HalIW4YHMEeM CTEHO3a
A0PTO-TIOJIB3/IOIIIHOTO CerMeHTa cieBa
(Pperm=0,04). ITomumopduzm rs9982601 rena
MRPS6 ObuT accomMUpoBaH C IMOPaKESHUEM
aTePOCKIEPOTHUYECKUMU OnsAIIKaMu
MOAB3JIONIHBIX apPTepUid WM  CHHIPOMOM
Jlepuma (Pperm=0,001).

Taxum oOpa3om, He CMOTpPS Ha MOJIOBOM
auMopdu3M, HaMu  BIEPBBIE  BBISBICHA
accorarmsa 1511556924 rema ZC3HC1 ¢
IIPEAPACIIONOKEHHOCTBIO K OACHK.
Cornacno pe3yapTaTtaM KpyIHEHIIMX
MEXIYHApOAHBIX TEHOMHBIX HCCIIEIOBAaHUM,
amens  rs11556924-T rema  ZC3HC1
aCCOIIMUPOBAH C TOHMKEHHBIM  PHUCKOM
pa3BUTHS UIIEMUYECKO Oosie3nu cepama [11],

uHpapkra MuoOKapaa [12], TOJIOXKHUTETBHO
KOppEJIUpPYET ¢ ypOBHEM JelkouuToB [13] u
TpOMOOLIUTOB [ 14] ¥ OTpULIATENBEHO C YPOBHEM
remoriobuna kposu [13]. Kpome Toro, amiens
rs11556924-T acconuupoBaH CO CHHKCHHEM
YPOBHS IMAaCTOJUYECKOTO U CHCTOJINYECKOTO
aprepuanpHOTO JgaBieHus [9], a Takke
YBEJIMYEHUEM YPOBHS TECTOCTEPOHA KpPOBU
[15]. B koHnTekcre mosoBoro aumopdusma
BBISIBJIECHHOM HamM accoranuu rs11556924 ¢
OACHK y KEHIUH 3aCIIyKHUBAIOT
pe3yabTaThl KPYHMHOTO  HUCCJIENOBAHHUS Y
KEHIIUH €BPONEOUTHOIO IPOUCXOKACHUS
(N=189473), cBUI€TEILCTBYIOIINE O TOM, UTO
amnend rs11556924-T TecHO MONOKHUTENBHO
KOppelIupyeT ¢  ypOBHEM  TJ00yIuHa,
CBS3BIBAIOLLIETO U TPAHCIOPTUPYIOIIETO
MIOJIOBBIE TOPMOHBI [15, 16],
MPEUMYIIECTBEHHO TECTOCTEPOH u
JUTUAPOTECTOCTEPOH, U TOBBIIIEHUE YPOBHS
KOTOPBIX YBEIMYUBAET PUCK META0OINYECKUX
3a00JIeBaHUN y MYKYHH U CHIKAET UX PUCK Y
MY>KYHUH.

I'en ZC3HC1 xoaupyer BakHEHIIMH
KOMIIOHEHT JmrazHoro komruiekca E3 SCF-
tuna, SCF (NIPA), kommekca, KOTOpPBIii
KOHTPOJHMPYET BXOJl B MHTO3, OIOCPEIyS
yOUKBUTHHHPOBAaHWE U MOCJEIYIOILYIO
nerpanamnuto rmukiauHa B1 (CCNBI1). B coro
ouepenb, CCNB1 yuacTByeT B mposudepariu
[JIAJKOMBIIIEYHBIX ~ KJIETOK M, COIJIaCHO
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Silvestre-Roig C et al, 2013, cHmkeHue ero
9KCIIPECCUM U, KaK CJIEJICTBUE YMEHBIICHHE
BBIpa0OTKM 1ukIMHA Bl, mnpuBogutr K
YMEHBIICHUIO npoaudepanuu
IJIQJIKOMBIIICYHBIX KJIETOK M pa3pacTaHHIo
HEOUHTHUMBI. JlanHb1i1 MEXaHU3M
B3auMoeiicTBus npoaykroB rena ZCHC1 u
aTePOCKIEPOTUUECKUX MIPOLIECCOB
noaTBepxaaeTcs u B padore Linseman T et al.,
2017, HanpaBJICHHON Ha H3y4YEeHUE
aHTHaTeporeHHoro 3(dexra U3y4aeMoro
Hamu Trena [17, 18]. B naureparype
OITyOJIMKOBAaHBI ~ HMCCIENOBAHUSA,  KOTOpHIC
HaIpaBJIeHbl HA OILEHKY BIUSHUS SKCIPECCHH
rena ZC3HCl Ha wu3MeHeHHE KOMILIEKCa
uHTEMa-mMeaua. B pabdore Lopez-Mejias R et
al., 2013 MIPUBEICHBI JIaHHEBIE,

MOATBEPIKIAIONINE ACCOIUAINIO H3y4aeMOro
HaMH MOJIUMOPPHU3MA € CYOKIMHHYCCKHM
aTepOCKJIEpO30M y  JHI,  CTPaJAIoNINX
pPEeBMATOMIHBIM apTpuTOM. [lpu 3ToM B
KauecTBE OCHOBHOTO TIPHU3HAKA HAJTUYHS
aTePOCKJICPOTHYECKOTO MOPAXKCHHS,
acCOLUUPYEMOro C HOJIUMOPPHU3MOM,
SIBJIICTCS YBEJIMYCHHUE IMOKa3aTelsl KOMILICKCca
HHTUMAa-MEInWa, YTO TakKe  I03BOJISIET
YCTAHOBUTH CBSI3b MEXKIY MPOJYKTaMHU I'eHa
W aTepoCcKIepO30M Yepe3 BOBJICYCHHOCTH
B IPOIECCHl  KJIETOYHOH mposmeparyu
u aaTHorenesa [19].

B Tabnuie 6 mnpeacraBicHbl JaHHBIC
(YHKITMOHATTLHOTO AHHOTHUPOBAHHUS
rs11556924 rena ZC3HC1 ¢ ucmosyp3oBaHHEM
nanaeiX Ensembl Genome Browser.

Tabnuya 6

@OyHknnoHaabHoe aHHOTHPOoBaHue SNP rs11556924 rena ZC3HCL1 ¢ ucnoJib30BaHnemM
paHHbIX Ensembl Genome Browser

Table 6

Functional annotation of the SNP rs11556924 of the ZC3HC1 gene using Ensembl
Genome Browser data

I'en ToAHCKDHIIT Atesb Tun IHonoxke | AMHMHOKHCI
(Ensembl piz EHE) (B I HHUE B oTHast SIFT PolyPhen
gene ID) B TPAHCKPHUNITE) yran oesike 3aMeHa
ZC3HC1 ENST000003 [Mator | BepositHO
11873.9 (-) 342 R/H 3 y
(ENSGO000 SenoK- T (A) Muccenc (w3 481) | (Arg342His) €HHBIA | IaTOreHHBII
00091732) 5 g (0.05) | (0.981)
KOJUPYIOILIMHA
ZC3HC1 ENST000003 [ator | BepositHO
58303.9 (-) 363 R/H 3 y
(ENSGO000 ook T (A) Muccenc (w3 502) | (Arg363His) €HHBIA | IaTOreHHbII
00091732) 5 g (0.04) | (0.958)
KOJMPYIOLIMHA
ZC3HC1 ENST000004 ITator | BepositHO
81503.5 () 320 RIH 3 y
(ENSGO000 6eoK- T(A) Muccenc (w3 459) | (Arg320His) €HHBIA | MaTOreHHbIH
00091732) 5 g (0.05) | (0.958)
KOJMPYIOIIUHN
Hyxneotnanas 3aMeHa C>T Ha cTpyktypy Oenka ZC3HCI. CormacHo
(rs11556924)  ¢dakTruecku  TPEICTABISIET nanaeiM  QTLbase2 amnens r1s11556924-T
cob0Olf  MHCCEHC  MYyTalMio,  KOTOopas ACCOIIMMUPOBAH C BBIPAKEHHBIM CHUXEHUEM
COIIPOBOXKAAETCS HECMHOHUMUYHON skcnpeccun rena KLHDC10 B kpoBu (pa3mep
AMUHOKHMCIIOTHOM 3aMEHOW apruHUHAa Ha addekra -0,2188, P=3,9x10-13). KLHDC10
TUCTUIUH B OJTHOM u3 Tpex (kelch domain containing 10) - Oe’ok,

TpaHCKpuOUpyembIx BapuaHToB reHa ZC3HC1
(Arg342His, Arg363His wu Arg320His).
buoundopmarnyeckue uacrpymentsl SIFT u
PolyPhen mo3Bommnmu mpezackasarb, 4TO
TTaHHBIE AMHHOKHCIIOTHBIC 3aMeHBI
NPEJCTAaBISAIOT COOOW  IMATOreHHbIE MU
BEPOSITHO MATOT€HHbIE BAPUAHTHI, BIMSIOINE

SBJISFOLMICS YaCcThIO KOMILIEKCa YOUKBUTHH-
nporennnurassl E3 (CRL2) nytu DesCEND
(pa3pymieHue mocpeAcTBOM aerpoHoB Ha C-
KOHIIE), KOTOpbI pacno3Haer C-aerpos,
pacrioioxeHHblii  Ha  C-koHIlE  OEJKOB-
MUIICHEH, 4TO TPUBOJIUT K ux
yOUMKBUTHHUPOBaHWIO U jerpamamuu [20].
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KLHDC10 pacrnonoxeH B TOM K€ T€HOMOM
yuactke, uto 1 ZC3HCL. Ilo Bceli BUAMMOCTH,
YUUTHIBas TOT ()aKT, 9TO MHUCCEHC MYTAIHs

rs11556924 MOJKET COIIPOBOXKAATHCSA
HapyIICHHEM CTPYKTYpPBbI Ocika H,
CIeI0BaTEILHO, ero KoH(popmaruu
BCJICJCTBHEC ero HEIMPaBUILHOTO
CBOpauYMBaHMS, MOKHO 1oJjiarath
CYLLECTBOBAHUE MOTEHIHAIIBHOMN
B3auMocBs3u  KLHDC10 ¢ mnponeccamu
yOUKBUTUHUPOBAHUS 51 Jerpajganus

myTtantHOi (opmbr ZC3HCI1. Kpome Toro,
COMJIACHO JaHHBIM TopTayioB VannoPortal n
QTLbase2, SNP  rs11556924  moxer
HAXOJIUTHCS B HEPABHOBECHU TI0 CLICTUICHUIO C
mIQTL — yd4acTKOM CBSI3bIBAHHS IS
MukpoPHK hsa-miR-183-5p, YPOBEHb
JKCIIPECCUU KOTOPOW B KPOBH OTPHUIATEIHHO
KOPpEIUpPYET C  HOCHUTEIbCTBOM  aJlIelIs
rs11556924-T rena ZC3HC1l (pasmep
apdekra -0,8819. P=0,01). IIpumeuarencu
TOT (akT, YTO TOBBIIIECHHBI YPOBEHb
skcnpeccur B kpoBr MHKpoPHK hsa-miR-
183-5p SIBJISICTCS Ouomapkepom
aTepockiepo3a U pEryjJsiiud  pocra
[JIaJIKOMBIIIEYHBIX KJIETOK cocynoB [21, 22].
CornacHo nanHeiM HaploReg v4.2, nanublii
MoIMMOP(PH3M TaKKe MOXKET MPEICTaBISThH
cobou y4acTOK CBSI3bIBAHUS
TUCTOH/I€ALIETUIIA3bI 2 (HDAC2),
BOBJICUCHHOW B PETYJISALNIO TPAHCKPHUIIINH H
KJIETOYHOTO IHKIA. V3BECTHO, UTO JaHHBIHA
Kj1acc ()epMEHTOB HTPAET POJb B PETYISALUU
COCYJUCTOTO TOMeOcCTa3a M MOXKET HMETh
MATOTCHETHYECKOE 3HAYCHHWE IS Pa3BUTHS
atepockiiepo3a [13]. CormacHo JaHHBIM
VannoPortal, mnomumoppuzm  rs11556924
TaKXKe pacroiiaraercs B 00JacTi THCTOHOBOTO
Mapkepa H3K36me3, koTopsiii JEHCTBYET Kak
METKa JJIsl TUCTOH ICAIETHIIa3, CBA3BIBAIOIINX
U JICAlCTHIHPYIOIIUX THUCTOHBI, TEM CaMBIM

peoTBpalias HEKOHTPOJIUPYEMYIO
Tpanckpurmio  [23].  Takum  oOpazowm,
nonuMophuzm rs11556924,
ACCOLIMMPOBAHHBIA C PHUCKOM  pa3BUTHSA
OACHK, IpeJCTaBIsIeT coboit
(GYHKIIMOHAITEHO 3HAYHMBIH BapuaHT,

KOTOPBIH, XOTS U ABJISIETCS MUCCEHC-MYyTaLlHM,
o  Bceil  BHOAMMOCTH, HaXOJUTCI B
HEPAaBHOBECUM [0 CLEIUIEHUIO C JAPYTUMH

HEKOAUPYIOLIMMHU SNP, KOTOpBbIE
IPEACTABIISIOT co0oil  ydacTku JUTSL
SMUTEHETUYECKON  PEryJsiiuu  SKCIPECCUU
reHa. HanbHeimme (GyHKIIMOHATILHBIE
Hcchae0BaHus MO3BOJISIT PacKpbITh
MOJIEKYJIIPHBIE MEXaHU3Mbl, IOCPEICTBOM
KOTOpPBIX JaHHBIA TI'E€HETHUYECKUW BapUaHT
CBsI3aH ¢ (OPMHUPOBAHUEM OOJIUTEPUPYIOIIETO

aTepocKiepo3a apTepui HUKHUX
KOHEYHOCTEH.

3akJ/loueHue. ITo pe3yJibTaTaM
HACTOSIILIETO nccaea0BaHus BIIEPBbIE

YCTAHOBJICHO, YTO TOJUMOPQHBIA BapuUaHT
rs11556924 rema ZC3HC1  oGnapaer
POTEKTUBHBIM, AHTHATEPOTCHHBIM
NEICTBHEM B OTHOILIEHUHU OOJIUTEPUPYIOLIETO
aTepocKiIepo3a apTepui HIKHUX
KOHEYHOCTEIA. Manoe KOJIMYECTBO
(YHKIIMOHATBHBIX ~HCCIICIOBAHUN  JaHHOTO
BapuaHTa JIMIIb  YaCTUYHO  ITO3BOJISACT
OOBSICHUTH  MOJICKYJSIDHBIE ~ MEXaHHU3MBI,
MOCPEACTBOM KOTOPBIX MPOAYKTHI JTAHHOTO
reHa peaJin3yloT CBO€ AaHTHATEPOTCHHOE
TIEUCTBUE. Heo0xonnumsl najpHEenIne
WCCIICIOBAHMS M0 M3YYCHHIO BOBJICYCHHOCTH
rena ZC3HC1 B pazsutue OACHK, a takxke
aTepOCKJIep03a KOPOHAPHBIX U IepeOpaIbHBIX
apTepuii C OIIGHKOW BOBIIEYEHHOCTH B
maroreHe3 OOJIE3HM IIOKAa3aTeliell KIETOYHOM
nponudepanuu CTPYKTYPHBIX KOMIIOHEHTOB
COCYIMCTON CTEHKH. Pe3ymbTaThl Takux
WCCIICIOBAHUI ITO3BOJIT HE TOJBKO IOHSTH
NPUPOAY  BBISBICHHBIX  HaMHU  T€HHO-
(eHOTUNMHUYECKUX  B3aUMOCBsI3€H, HO W
OKa3aThCs BOCTPEOOBAaHHBIMU B KIIMHUYECKOM

IIPAKTUKE  AHTHOJIOTOB U COCYIHUCTBIX
XUPYProB B KAaueCTBE  TI'E€HETHYECKHUX
MIPEAUKTOPOB aTepOCKIIEpO3a

nepudepruyecKkux apTepuil U MapKepoB, Ha
OCHOBAaHMHM KOTOPBIX MOYKHO OCYLIECTBIISATH
WHIUBUAYaIbHOE MPOTHO3UPOBAHUE pUCKA
pa3BUTHS PECTEHO30B apTepuii M BbIOOpa
CIOCOO0B XUPYPTrUYeCKON peBacKyIsipU3aliu
KaKk  2JEMEHTOB  IEPCOHAIM3UPOBAHHOU
MEIUINHBI.

Nudpopmanus o puHAHCMPOBAHUU

Paboma evinonnena 3a cuem cpeocme
Kypckozo 2ocyoapcmeentozo meouyuncko2o
YHU6epcumema.
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Abstract

Background: Neisseria gonorrhoeae (N. gonorrhoeae) is a gram-negative bacterium with a
lipooligosaccharides (LOS)-based cell membrane. LOS is considered to supress HIV-1 replication by
downregulating NF-kB, IRF3, and IFN-B. The aim of the study: To explore the effect
of N. gonorrhoeae LOS on HIV replication in lymphocytes of naive HIV patients, as indicated by
NF-«B, IRF3, and IFN-B expressions. Materials and methods: Naive-HIV lymphocyte culture was
divided into 5 groups. The treatment groups were exposed to N. gonorrhoeae LOS with doses ranging
from 50 ng/ml, 100 ng/ml, and 200 ng/ml, respectively. The positive control group was exposed to
300 uM of tenofovir as the standard antiviral treatment, while the negative control group received
only standard medium. At 24 hours post-treatment, the level of HIV p24 was determined using ELISA
and the expressions of NF-«B, IRF3, and IFN-f3 was measured by flowcytometry. Results: The mean
expression of NF-kB and IRF3 were significantly different among groups (p=0.025; p=0.020), while
the expression of IFN-f and the level of p24 did not differ significantly (p=0.051; p=0.068). There
was a strong and significant positive correlation between LOS concentration and NF-kB and IRF3
expression (r=0.704, p=0.003; r=0.759, p=0.001;). Conclusion: Exposure of lymphocytes from a
naive HIV patient to N. gonorrhoeae LOS significantly affected the expression of NF-kB and IRF-3.
Keywords: Lipooligosaccharides; Nuclear factor-kappa beta; Interferon Regulatory Factor 3;
Interferon-B; Human immunodeficiency virus
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Introduction. Human
immunodeficiency virus (HIV) is a retrovirus
that infects, destroys, or impairs the function of
cells of the immune system. As the infection
progresses, the immune system weakens,
making patients more susceptible to other
infections [1]. As HIV progresses, the acquired
immunodeficiency syndrome (AIDS) may
develop within 5 to 10 years. The prevalence
of HIV/AIDs has increased in the last decade
and requires better methods to improve the
quality of life of people living with HIV-AIDS
by reducing the progression of the disease [2].
The United Nations Programme on HIV/AIDS
(UNAIDS) reported an estimated global
prevalence of 39 million, whereas it is
estimated that 570,000 adults and children in
Indonesia are living with HIV and AIDS [3, 4].

The WHO reported that HIV co-
infection with  Neisseria  gonorrhoeae
(N. gonorrhoeae) markedly deteriorated the
condition of HIV patients [5]. The
combination of HIV and other STIs has a
particularly negative impact on the health of
adolescent and young adult populations [6].
Those with sexually transmitted illnesses
(STDs) are generally at a higher risk of
developing HIV since an STD can cause a sore
or a breach in the skin, making it easier for HIV
to enter the body [7]. Interestingly, a cohort
study in Kenya reported that female sex
workers who contracted N. gonorrhoeae
shortly before or during HIV infection had
stronger and better HIV-specific immunity
than those who were not co-infected or
infected with other sexually transmitted
infections (STIs).This clinical observation
warrants a possible relationship
between N. gonorrhoeae infection and HIV
resistance [8].

Neisseria gonorrhoeae 1s a gram-
negative bacterium with a lipooligosaccharide

(LOS)-comprising cell membrane, which
ought to decrease HIV-1 replication in the
natural immunity [9]. N. gonorrhoeae outer
membrane LOSis composed of three
oligosaccharide chains connected to a lipid A
core, and because of the lack of a repeating
polysaccharide O-side chain, is structurally
unique from lipopolysaccharide of other
Gram-negative bacteria [10]. LOS induces
natural immunity through Toll Like Receptor-
4 (TLR4) on dendritic cells (DC) and
macrophages as well as non-immune cells,
such as fibroblasts and epithelial cells.
Stimulation of TLR4 by LOS induces the
release of proinflammatory cytokines to
activate the natural immune response,
particularly lymphocytes. TLR4 activates
Nuclear factor-kappa beta (NF-xB) after
recognizing pathogen infection or tissue
damage [11], which is required for expression
and subsequent signal transduction, and further
affects various cellular processes, including
the inhibition of HIV replication [12]. This
function is performed through the MyD88-
independent pathway associated with the
induction of dendritic cell maturation, and
activation and translocation of NF-xf
transcription factor into the nucleus [13].
Induction of TLR4 by LOS also activates
the recruitment of various TIR domain-
containing adaptor molecules and induce
particular immune responses to eliminate
invading pathogens. Several adaptors have
been identified in mammals, including TIR
domain-containing adaptor-inducing
interferon-f (TRIF) and TRIF-related adaptor
molecule (TRAM). TRIF is unique to TLR4-
mediated signalling pathways. It activates
Interferon Regulatory Factor 3 (IRF3) and NF-
kB and induces the production of type I IFN
and inflammatory cytokines, leading to direct
killing of invading pathogens [14]. IRF3 plays



Opueunanvhas cmanbvs
Original article

Budiarti N, et al. Neisseria gonorrhoeae LOS Decreased NF-kB ... 54

a major role in upregulating endogenous
SAMHDI1 expression, a type I interferon
inducible host innate immunity restriction
factor that inhibits the early steps of the viral
life cycle. SAMHD1 blocks the replication of
HIV-1 in myeloid lineage cells and functions
in hydrolyzing deoxynucleotide triphosphate
(ANTP) which further inhibits the reverse
transcriptase (RT) of HIV-1 [15].

Our preliminary in silico study showed
that N. gonorrhoeae LOS showed the strongest
binding affinity for TLR4 compared to E. coli
LPS and laminaran, an active compound of the
brown algae LPS. When viewed from the
attachment side, these three ligands were
found to bind to the same region as eritoran,
the control ligand. These results indicated that
N. gonorrhoeae LOS was capable of inducing
inflammation via TLR4, although its binding
was not as good as that of eritoran. In this
study, we aimed to explore the effect of N.
gonorrhoeae (ATCC 49226) LOS
administration toward HIV replication, as
indicated by IFN-B, IRF3, and NF-xB
expression, and HIV p24 level. These might
shed light into the interplay of HIV-STI and its
implication of future treatment strategies.

Methods

Study Design

This study was an experimental
laboratory study with a post-test only control
group design method. This study was
conducted to observe the effect of
N. gonorrhoeae (ATCC 49226) LOS in
suppressing HIV replication through the NF-
kP, IRF3, and IFN-f pathways in lymphocytes
of naive HIV patients. In this study, the
expression of IFN-B, NF-kB, and IRF3 was
measured using the flowcytometry. The level
of p24 HIV-1 virus was determined using
ELISA. This research protocol has been approved
by the Ethics Committee of dr. Saiful Anwar
Hospital, Malang, East Java, Indonesia, with ethics
number 400/024/K.3/302/2020 dated January 24",
2020.

Study Participants and Samples

Recruitment of study participants was
carried out by screening patients and providing
explanations. All participants filled out
informed consent forms. Demographic data

was collected by interviews to explore risk
factors for HIV infection. History taking,
physical examination, and laboratory tests
were performed to determine disease stage,
opportunistic infections, and other
comorbidities.

Blood samples from consenting naive
HIV patients, with confirmed diagnoses
according to the WHO criteria, were collected.
Twenty millilitres of venous blood were
collected in an EDTA vacutainer tube. The
tubes were labelled and processed immediately
for plasma and monocyte isolation.

Lymphocyte Isolation and Culture

A 15 ml centrifugal bottle (Terumo) was
prepared and filled with Ficoll-Hipaque
d=1.077 g/ml. The diluted blood sample was
carefully layered onto the Ficoll-Hipaque
media solution in a volume ratio of 1:1, then
centrifuged (Biosan LMC-3000) at room
temperature at 1000 rpm for 30 minutes. A
sterile pipette was used to remove the upper
layer of plasma and platelets, leaving the
mononuclear cell (PBMC) layer intact at the
interface. The PBMC ring was carefully
removed with a micropipette, placed in a new
15 mL centrifuge bottle, and rinsed with 10 ml
PBS, before being centrifuged at room
temperature for 10 minutes at 1200 rpm, which
was repeated twice. PBMC pellets were
resuspended with growth medium in a Petri
dish and incubated at 37.5% CO:2 for 2 hours.
Non-attached cells (lymphocytes) were
collected and resuspended in growth medium.

Flowcytometry Examination for the
Detection of Surface Markers and
Apoptotic Markers of Lymphocytes

Each lymphocyte sample received 20 pl
of BD CDA45+/CD3+/CD4+/CD8+ antibody
cocktail. To detect apoptosis, a solution of 5 pl
of FITC annexin V and 10 ul of propidium
iodide (PI) were combined with 400 pl of
binding buffer. Each of these suspensions was
then mixed with the antibody-treated cell
suspension and incubated for 20 minutes. The
cells were rinsed with 500 pl staining buffer
and centrifuged at 2500 rpm (350 g). The cell
pellet was mixed with 500 pl of fixation buffer,
incubated at 4°C for 20 minutes, and rinsed
with 500 pl staining buffer, followed by
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centrifugation at 2500 rpm (350 g). The pellet
was mixed with 500 pl of fixation buffer and
incubated at 4°C for 20 minutes. After
centrifugation at 2500 rpm, the pellet was
rinsed with 1 ml of staining buffer and re-
centrifuged. Finally, 300 pl of staining buffer
was added to the pellet and the suspension was
homogenized by vortexing before being
transferred to a 5 ml tube for analysis using BD
FACS Melody Flowcytometry.

Neisseria gonorrhoeae (ATCC 49226)
Bacterial Culture

Neisseria gonorrhoeae (ATCC 49226)
was obtained as a colony culture from BBLK
Surabaya. Gram staining and the oxidase test
were used to identify the bacteria, which were
subsequently cultivated on modified Thayer
Martin agar and incubated at 37°C for 48 hours
with 3-10% COa. Subcultures were performed
until a minimum volume of 500 ml was
attained, which was sufficient for LOS
extraction and purification.

LOS Extraction and Purification of
Neisseria gonorrhoeae

Lipooligosaccharide (LOS) was
extracted from N. gonorrhoeae (ATCC 49226)
using a modified hot-phenol water method.
The process involved centrifugating 500 ml of
bacterial culture at 15,000 g for 1 hour to
obtain pellets, which were then suspended in
10 ml of deionized water at 72-75°C. Hot
liquid phenol (88%) was added, and the
mixture was vortexed, incubated, and
centrifuged. After removing the protein
interface, the phenol layer was discarded, and
the aqueous layer was dialyzed to remove
residual phenol in 4°C water for 48 hours,
followed by overnight dialysis with Na-EDTA.
Finally, LOS was precipitated using 95%
ethanol and sodium acetate, left at -20°C
overnight, and centrifuged. The resulting
pellets were resuspended in 1 ml of water and
stored at -20°C.

Identification of
gonorrhoeae LOS

Western blotting was used to identify
LOS. For the SDS-PAGE, a 48%
polyacrylamide gel was prepared, and samples

Neisseria

with equal protein amounts were loaded into
the wells. Electrophoresis was run at 100 V for
1-2 hours. The gel was moistened with transfer
buffer and arranged in a transfer cassette for
protein transfer onto the nitrocellulose
membrane. The membrane was washed,
molecular weight bands were marked, and then
incubated in blocking solution for 1 hour at
room temperature. The membrane was then
incubated with primary antibody solution in 1x
TBST and 1% BSA for 1 hour at room
temperature, followed by three 10-minute
washes with 1x TBST. Next, the secondary
antibody solution in 1x TBST and 1% BSA
was added for 1 hour at room temperature,
followed by additional washes. For protein
detection, the membrane was incubated with
ECL substrate for 1-5 minutes, placed between
plastic layers, and exposed to autoradiographic
film. The film was then aligned over the blot to
visualize the molecular weight ladder (Fig. 1).

Exposure of Neisseria gonorrhoeae
LOS to Lymphocytes culture

The suspension of N. gonorrhoeae LOS
was produced in a 0.5% DMSO solvent at a
concentration of 1000 pM. Working
concentrations of 50, 100, and 200 ng/ml was
prepared using standard culture media (RPMI
1640, 10% FBS, 1% penicillin/streptomycin)
as diluent. The suspension of medium and
treatment agent was then introduced to the
lymphocyte culture.

The lymphocytes were divided into 3
treatment and 2 control groups. The treatment
groups, T1, T2, and T3, were exposed to LOS
N. gonorrhoeae at concentrations of 50 ng/ml,
100 ng/ml, and 200 ng/ml respectively. The
positive control (PC) group was exposed to the
standard HIV treatment of 300 uM tenofovir
disoproxil fumarate (tdf), while the negative
control group (NC) did not receive any
exposure.

The lymphocytes in all groups were
incubated in culture medium containing RPMI
1640, 10% FBS, 1% penicillin, and
streptomycin at 37°C for 24 hours, before
determining levels of p24, NF-xB, IRF3, and
IFN-B expression.
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Fig. 1. Western Blot Result for LOS N. gonorrhoeae (ATCC 49226) showed molecular
size under 10 kDa

Flowcytometry  Examination for
Determination of NF-kB, IRF3, and IFN-§
Expression

Cells from each well were harvested
separately and centrifuged at 220-350 g at 4°C
for 5 minutes. The pellets were washed with
sterile PBS and centrifuged at 13,000 rpm for
10-20 seconds. Next, they were resuspended in
PBS to achieve 10 x 1076 cells/ml, incubated
with a blocking reagent for 10 minutes, and
resuspended in 50 ml PBS to remove
antibodies. After centrifugation at 1,000 rpm
for 5 minutes, the pellets were resuspended in
FCM fixation buffer, incubated for 30 minutes
at room temperature, washed with PBS, and
centrifuged again. Cold FCM permeabilization
buffer was added, vortexed, incubated for
5 minutes, and centrifuged. Then, the pellets
were resuspended in FCM wash buffer to 10 x
1076 cells/ml, followed by the addition of 1 pg
antibodies per tube (100 ul of cell suspension).
After incubating for 15-30 minutes, excess
antibodies were washed off with PBS and
centrifuged. Cells were finally resuspended in
500 pl of 1% paraformaldehyde. The
suspension was stored in a dark room for 24
hours, then transferred to a 5 ml tube for
analysis by BD FACS Melody Flow
Cytometry.

ELISA Examination to Measure HIV
p24 Levels

Two-hundred microliters of each control
and specimens were added to the respective
wells and incubated at 37° C for 60 minutes.
After washing, 100 ul of streptavidin HRP
conjugate was added to each well and
incubated for 30 minutes at room temperature.
The conjugate was removed and washed,
followed by the addition of 100 pl of substrate
and incubated at room temperature for 30
minutes. The reaction was stopped by adding
100 ul of stop. The optical density was
immediately read at 450 nm using the
microplate reader.

Data Analysis

The data were analyzed using SPSS
version 24 for Windows, with a significance
level set at 0.05 and a 95% confidence level.
The comparative hypothesis testing steps
included the Kolmogorov-Smirnov normality
test and Levene's test for data homogeneity. As
the NF-kB and IRF3 levels were not
homogeneously  distributed, they were
analysed wusing the Kruskal-Wallis test,
followed by a post hoc analysis. The p24 and
IFN-B were analysed using One-way ANOVA
for the mean difference test.
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Results of cell surface markers was carried out using
Lymphocyte Surface Markers flowcytometry to ensure the availability of
After isolation of PBMC, the lymphocyte (CD45+/CD3+/CD4+/CD8+), as

lymphocytes were cultured. The identification shown in Fig. 2.
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Fig. 2. Flowcytometry Results for CD45/CD3/CD4/CDS cell surface markers.
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Effect of Neisseria gonorrhoeae 1L.OS
Exposure on Lymphocyte NF-kB
Expression

The expression of NF-kB in each
treatment group was examined using the
flowcytometry  after exposure to N.
gonorrhoeae LOS. The NF-kB expression in
the treatment group is shown in Fig. 3.

The treatment groups had considerably
decreased NF-«B expression compared to the
negative and positive control groups. The
mean expression of NF-kB among the groups
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had significant differences (p=0.025). The
Pearson correlation test showed a strong and
significant positive correlation between LOS
dose and NF-kB expression (r=0.704;
p=0.003)

Effect of Neisseria gonorrhoeae LOS
Exposure on Lymphocyte IRF3 Expression

Interferon Regulatory Factor 3 (IRF3)
expression in each treatment group was examined
using the flowcytometry after exposure to
N. gonorrhoeae LOS. The IRF3 expression in the
treatment group is shown in Fig. 3.

(b)

IRF3 Expression

L

- R

Mean IRF3 Expression [%)

(d)

P2d Levels

Maan p24 Levels (pgimi)

Fig. 3. (a) Histogram of Mean NF-«xf3 Expression in Each Treatment Group. (b) Histogram
of Mean IRF3 Expression in Each Treatment Group. (c) Histogram of Mean IFN- Expression
in Each Treatment Group. (d) Histogram of Mean p24 Level in Each Treatment Group

The IRF3 expression in all the treatment
groups was considerably lower compared to
negative and positive control groups, and there
was a significant difference in mean IRF3
expression between LOS dosages 100 and 200
ng/ml (p=0.020). The Pearson correlation test
showed a strong and significant positive
correlation between LOS dose and IRF3
expression (r=0.759; p=0.001).

Effect of Neisseria gonorrhoeae LOS
Exposure on Lymphocyte IFN-f§ Expression

IFN-B expression in each treatment
group was examined using the flow cytometry
method after exposure to N. gonorrhoeae LOS.
The mean of IFN- expression in the treatment
group is shown in Fig. 3.

Despite our premise that LOS would
enhance IFN-B expression, all treatment



Opueunanvhas cmanbvs
Original article

HayuHble pe3ys1bmambl 6uomMeduyuHCKUx uccaedoganutl. 2026:12(1):52-63

Research Results in Biomedicine. 2026:12(1):52-63 59

groups had lower IFN-B expression than the
negative control group, however the difference
was not significant (p = 0.051).

Effect of Neisseria gonorrhoeae LOS
Exposure on Lymphocyte p24 Level

The p24 level in each treatment group
was examined using the ELISA method after
exposure to N. gonorrhoeae LOS. The mean of
p24 level in the treatment group is shown in
Fig. 3.

It was found that the p24 level in all
treatment groups was lower compared to
negative control group, however the
differences among treatment groups were not
significant (p=0.068). The highest p24 level
was found in the negative control group, while
the lowest was found in treatment group 2 with
LOS dose of 100 ng/ml.

Discussion

Flowcytometry Results Lymphocyte
Surface Markers

The results of lymphocyte culture flow
cytometry showed that 99.95% of cells were
lymphocytes consisting of 0.51% CD3+,
77.22% CD8+, 13.06% CD4+ and 39.92%
CD45+ cells. Previous studies stated that
T lymphocytes in healthy people contain
approximately 65% CD4+ and 35% CDS8
T lymphocytes. During HIV infection, CD4+
T cells decline and malfunction, whereas CD8
T lymphocytes grow, resulting in a CD4+/CD8
imbalance. People living with HIV with a low
CD4/CD8 ratio show more inflammation and
immunosenescence. Several researches have
looked into whether the CD4/CDS§ ratio
predicts the risk of mortality in people living
with HIV. Some studies have identified a
substantial relationship between a low
CD4/CD8 ratio and an increased risk of
mortality [16].

Neisseria gonorrhoeae LOS strongly
reduced lymphocytes NF-kB expression of
naive HIV patients

A previous study stated that LOS
stimulation on monocyte-derived macrophage
(MDM) will activate several transcription
factors including NF-xkB and AP-1. These
active transcription factors will induce several
host factors such as proinflammatory
cytokines, chemokines and host cell protective

factors [17]. In this study LOS of
N. gonorrhoeae (ATCC 49226) strongly
reduce lymphocytes NF-kB expression,
potentially through several mechanisms such
as inhibiting kinase activity, preventing
nuclear translocation of p65, inhibiting nuclear
p65 activation, and  post-translational
modification. [18]. The reduction of NF-kB
expression was also identified in the positive
control group that treated with standard
therapy.

It is known that NF-kB acts as a major
inflammatory mediator in immune cells.
Regulation of NF-xB activation is vital in
various inflammatory diseases, therefore
approaches related to inhibition of NF-kB
signaling pathway have been widely
investigated as therapeutic targets by
inhibition of key components of the canonical
NF-kB pathway to block its downstream
targets or upstream stimulators Several
methods to inhibit NF-xkB have been proposed,
such as increasing the selective amount of IKK
inhibitors to prevent IkPo phosphorylation.
The therapeutic approaches targeting NF-«kB
signaling through various points involving the
receptor, IKK complex, gene transcription,
post-translation or at any steps in between.
This has been accomplished using small
molecules, peptides, oligonucleotides,
monoclonal antibodies (mAbs), proteasome
inhibitors, nuclear translocation inhibitors,
DNA binding inhibitors, and small interfering
RNA (siRNA) [19, 20].

Neisseria gonorrhoeae LOS reduced
lymphocytes IRF3 expression of naive HIV
patients

The activation of TLR4 is expected to
phosphorylate IRF3 which will in turn induce
the production of type I IFN. Therefore, in this
study the exposure to N. gonorrhoeae LOS in
the treatment group is expected to increase
IRF3 expression in lymphocytes, however the
result of this study showed the reduction of
IRF3 expression. The possible factor that
causes low IRF3 expression is the inactivation
of the IRF3 transcription factor due to
autoinhibition after exposure to
N. gonorrhoeae  LOS. Excessive IRF3
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activation causes hyperphosphorylation of
some serine in the signal response domain
(SRD) which causes autoinhibition [21].

Viral inflammation contributes to
pathogenesis and mortality during virus
infections. IRF3, a critical component of innate
antiviral immune responses, interacts with pro-
inflammatory transcription factor NF-kB, and
inhibits its activity [22]. Following viral
infection, the virion constituents, particularly
viral nucleic acids, are sensed by pathogen
recognition receptors (PRRs). These receptors
use adaptor proteins to stimulate a signal
transduction pathways that sequentially
triggers the next molecule downstream in the
pathway ultimately culminating in the
activation of IRF3 [23].

As the key component of antiviral
immunity, IRF3 activity must be carefully
regulated to ensure a strong immune response
to viral infection. However, IRF3 is implicated
in the generation of inflammatory cytokines,
which can be harmful to the host. As a result,
the ability to quickly activate and deactivate
IRF3 is critical to maintaining immunological
homeostasis. The body ensures that IRF3
activity returns to basal levels by degrading the
IRF3 protein, thereby avoiding severe
inflammation. A mechanism has been
documented whereby apoptotic caspases break
down IRF3, resulting in its destruction by the
proteasome [24].

This study predicted the role of the
MyD88 pathway in the low expression of IRF3
in the treatment group. TLR4 stimulation will
activate two downstream pathways, namely
the MyD88 dependent pathway mediated by
the TIRAP adapter protein which ultimately
activates NF-kp, as well as the independent
MyD88 pathway mediated by the TRAM
adapter protein which stimulates the factor
phosphorylation.  Transcription of IRF3
stimulates the production of type I IFN
sequentially [21]. In this study, the pathway
that is expected to be activated is the
independent MyD88 pathway which increases
the IRF3 phosphorylation.

Neisseria gonorrhoeae LOS did not
increase IFN-P expression in lymphocytes of
naive HIV patients

In contrast to IRF3, the IFN-B expression
in the treatment group did not differ from that
in the negative control group. It was possible
due to the use of purified LOS since whole-cell
bacterial challenge is more stimulatory than
challenge with purified LOS. The previous
study demonstrated that the carbohydrate
structures of LOS play an important role in
disease pathogenesis. Although alterations in
the carbohydrate moiety of LOS do not impact
the production of most cytokines by human
monocytes, modifications to the
oligosaccharide could alter gonococcal-host
cell interactions. This is because the lipid A
portion of the LOS 1is responsible for
immunological activation [25].

There is increasing evidence that the
overall outcome of IFN-B responses can be
advantageous or deleterious to the host,
depending on the timing, quantity, and source
of IFN-B production, as well as the unique
biological environment. Further research is
needed to understand the spatiotemporal
induction of the various type I IFN subtypes in
vivo, as well as the cell types responsible for
type I IFN production. A significant study has
created RNA-lipoplexes containing
neoantigens or endogenous self-antigens,
which resulted in rapid and robust IFN
production [26].

Neisseria gonorrhoeae LOS did not
reduce the level of p24 in supernatant of
lymphocytes culture of HIV-naive patients

This result differed from the earlier work
which used N. gonorrhoeae MS11-derived
strains that successfully suppresses HIV-1
replication [27]. It is important to consider that
the gonococci are unique as their biological
niche overlaps with the primary site of HIV
exposure in both the male and female
urogenital tracts. Taken together, the studies to
date suggest that N. gonorrhoeae stimulates
HIV-1 replication by upregulating host cellular
activation pathways that lead through NF-xB
in the infected CD4+ T cell, while
simultaneously stimulating anti-viral
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immunity by eliciting a potent IFN-o; the
cumulative result of these opposing effects will
ultimately determine the outcome in a co-
infected individual [28].

Conclusion. It could be concluded from
this study that exposure of LOS from N.
gonorrhoeae (ATCC 49226) to lymphocytes
of'naive HIV patients had significant effects on
reducing NF-xB and IRF3 expression, but had
no effect on IFN-f and p24 expression levels.
These findings may help to understand the
immunopathogenesis of HIV co-infections and
the use of LOS from a non-pathogen source as
a replacement to suppress inflammatory
signalling pathways, thereby preventing viral
inflammation.
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Abstract

Background: Chronic myeloid leukemia (CML) is a blood cancer driven by the BCR-ABLL1 fusion
protein, where current therapies face challenges like resistance and side effects. Olive leaves contain
phenolic compounds, which have shown anti-cancer potential. The aim of the study: To use
molecular docking analysis to compare the molecular interactions of selected phenolic compounds in
olive leaf extract and Imatinib with the active sites of the Breakpoint Cluster Region (BCR)-Abelson
(ABL) fusion protein to identify safer and cost-effective therapeutic candidates for Chronic Myeloid
Leukemia (CML). Materials and methods: In this work, we assessed the biological activity of the
test substances in silico using the PASS online server. ADME analysis was performed utilizing the
SwissADME free online web server, and a toxicology study was done using the AdmetSAR online
server. For the in silico molecular docking investigation, the protein structure of the BCR-ABL fusion
protein was obtained from the Protein Data Bank (PDB) website, while the ligand structures were
obtained from the PubChem website. The binding energy (kcal/mol) was determined using the
Autodock Vina software. The protein-ligand interactions were examined using the Discovery Studio
Visualizer. Results: In silico molecular docking experiments show that verbascoside, uvaol, loganic
acid, secologanin, and cinnamic acid have a high binding affinity to the BCR-ABL protein, with
binding energies of -9.2, -9.7, -8.7, -7.3, and -7.4, respectively, which are very close to the binding
affinity of the standard medication Imatinib, which has a binding energy of -10.3 Kcal/mol. ADMET
analysis and PASS prediction validate the following compounds drug-like properties, i.e., anti-
carcinogenic, anti-neoplastic, and anti-neoplastic, along with maintaining Lipinski’s rule of five.
Conclusion: The binding affinity of some test compounds compared to Imatinib, as well as their
interactions with amino acid residues at the active sites of the BCR-ABL fusion protein, suggest that
verbascoside, uvaol, loganic acid, secologanin, and cinnamic acid may bind selectively to CML cells,
inhibiting their proliferation and acting as a novel anti-CML agent.

Keywords: olive leaves; phenolic compound; chronic myeloid leukemia; PASS prediction;
SwissADME; molecular docking; Autodock Vina; verbascoside; uvaol; loganic acid; secologanin;
and cinnamic acid
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Introduction. Cancer is caused by
changes in the human genome that increase
cellular proliferation and disrupt normal routes
and systems. Cancer is the second-leading
cause of mortality globally [1]. One type of
cancer, leukemia, is a category of
hematological illnesses that cause the
unregulated and abnormal proliferation of
leukocytes [2].

Leukemia and the nervous system

Cancer is the leading cause of death in
males under the age of 40 and
women below the age of 20 [3]. In 2020,
approximately 60,530 new cases of leukemia
were diagnosed, and 23,100 people were
expected to die from this malignancy [4].
Chronic myeloid leukemia (CML), a kind of
leukemia, is one of the blood illnesses known
as "myeloproliferative syndromes.” It is
characterized by an increase in white blood
cell production in the bone marrow. Some of
these blood cells are abnormal; they are
immature, meaning they are not fully
developed when they reach the bloodstream.
With an estimated frequency of one to two
cases per 100,000 people, it accounts for
around 15% of newly diagnosed leukemia in
adults [5]. It was projected that over 9000 new
CML cases would be detected in the United
States in 2017, with approximately 1000
people dying from the disease [6]. The
incidence of CML in the United States has
risen from an estimated 25-30,000 cases in
2000 to a projected 80-100,000 cases in 2017
and will reach a peak of roughly 180,000 cases
by 2030 [7]. CML is caused by a reciprocal
translocation of chromosomes 9 and 22,
resulting in the Breakpoint Cluster Region
(BCR)-Abelson (ABL) oncogene, which
produces a BCR-ABL fusion protein when
translated [8, 9, 10]. The BCR-ABL chimeric
oncogenic protein activates tyrosine kinase,
causing leukemic cells to phosphorylate
downstream effector molecules like Grb2,
RAK, ROS, PI3K, JNK, STAT5, AKT, and
Myc. This leads to uncontrolled cell
proliferation via various signaling pathways
[11, 12, 13]. BCR-ABL, a 210-kD protein with
tyrosine kinase activity, is a possible target for
discovering new anti-CML medicines [10].

Imatinib, a small-molecule inhibitor, has been
effective in treating CML by targeting Abl
kinase. Imatinib is a first-generation type Il
Kinase inhibitor that targets the ATP-binding
region of Abl kinase to reduce its activity [14].
Imatinib is both efficacious and well tolerated
in patients with Ph+ CML. Imatinib
outperformed interferon-o with cytarabine in
stopping disease progression and obtaining
haematological and cytogenetic responses in
patients with newly diagnosed chronic-phase
CML. It is still an effective therapy for all
phases of the illness, particularly for newly
diagnosed Ph+ chronic-phase CML, and is
recommended as a first-line choice in
European and US treatment recommendations
[15]. But mutations in the Abl kinase domain
can hinder Imatinib therapy by preventing the
medication from binding to the binding site
over time [16, 17]. Also, chemotherapy side
effects and cancer cell resistance pose
challenges for cancer treatment [18].
Therefore, we used Imatinib as a standard and
designed the study for investigating potential
anti-cancer drugs from the medicinal plant.
Plants are an infinite supply of several
types of biologically active chemicals [19].
Phytochemicals like polyphenols, flavones,
phenols, and flavonoids have been shown to
have anti-cancer characteristics and can be
utilized to treat many cancer types [20].
Studies (human, animal, in vivo, and in vitro)
have indicated that phenolic compounds have
favorable effects on plasma lipoproteins,
oxidative damage, inflammatory indicators,
platelet and cellular function, antibacterial
activity, and bone health [21]. Olive tree (Olea
europaea) leaves have been used in folk
medicine to treat inflammation, allergies,
diarrhea, and diseases like Alzheimer's,
chronic fatigue syndrome, and osteoarthritis in
the European Mediterranean, India, the
Arabian Peninsula, and other tropical and
subtropical regions [22]. Olive leaf extract
(OLE) has unique phytocompounds that
improve health results compared to olive fruit
[23]. It has been proposed that the OLE plays
an important protective role in inhibiting the
proliferation of several cancer cell lines,
including  pancreatic, leukemia, breast,
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prostate, and colorectal [24]. Olive leaf
contains bioactive chemicals that have been
examined for their ability to suppress cancer
progression and development, making it a
promising target for future anticancer agents

[1].

Drug development is a time-consuming
and costly process with limited success and
high attrition rates [25]. In silico approaches,
such as structural bioinformatics, virtual
screening, molecular dynamics, molecular
docking, and comparative analysis of
compounds with confirmed inhibitory effects,
are highly cost-effective and versatile in drug
discovery and biological research [26, 27, 28].
Molecular docking is a time-saving drug
development approach that predicts ligand-
receptor binding affinity and optimal
orientation/pose  during stable complex
formation. Molecular docking can identify
active chemicals that do not fit well into
binding sites [29]. In this study, we utilized in-
silico approaches such as ()
pharmacoinformatics to predict the toxicity,
anticancer, and pharmacokinetic properties of
the selected phytocompounds and (ii)
molecular docking of 11 OLE phenolic
compounds selected from Qais et al. [1] to
identify promising candidates capable of
interacting with and potentially inhibiting the
activity of the BCR-ABL oncoprotein.

The aim of the study. This study aims
to identify the potential lead phytocompounds
from OLE to combat chronic myeloid
leukemia in the coming future.

Materials and methods

Computer Configuration

The PC utilized in the current study was
an Acer Aspire 7 laptop functioning Windows
11, with an AMD Ryzen 5 5500U CPU
running at 2.1 GHz and 8 gigabytes of random
access memory.

PASS Prediction

The anti-neoplastic, anti-carcinogenic,
and anti-leukemic capabilities of the obtained
phytocompounds were predicted using the
PASS online service
(https://www.way2drug.com/passonline/).
The PASS (Prediction of Activity Spectra for
Substances) algorithm assigns p values to

similarity measurements based on whether
anticancer activity is more or less likely [30].
With a false-positive rate of 0.05, it may
achieve up to 65% accuracy. We used the
PubChem website to obtain the canonical
SMILES of chemicals for our investigation.

ADMET Analysis

Analysis of ADMET (absorption,
distribution, metabolism, excretion, and
toxicology) characteristics plays a crucial role
in rational drug design and development.
These  parameters provide  valuable
information  about the toxicity and
effectiveness of drugs. An effective drug must
have appropriate solubility, permeability to the
tissue, and stability [31]. In silico methods are
less expensive and faster than experimental
methods for estimating ADMET values. We
used the SwissADME online server
(http://www.swissadme.ch/) to calculate the
needed criteria for the desired compounds in
ADME [32]. To examine the toxicological
features of chosen chemicals, we used the free
online  web  application  AdmetSAR
(http://Immd.ecust.edu.cn/admetsar2/) [33].

Protein preparation

The structure of the BCR-ABL (PDB ID:
5MO4) protein has been obtained from the
PDB (protein data bank) online website
(https://www.rcsb.org/) at a resolution of
2.17A. The protein's structure was available in
PDB format. The protein structure is translated
from PDB to PDBQT format using Autodock
tools (1.5.6). Before conversion, the water
molecules from the protein structure were
removed. We used polar hydrogen atoms and
repaired missing atoms. Kollman charges were
incorporated into the protein structure, and
they were dispersed evenly. The resulting
PDBQT structure was saved [34, 35].

Ligand preparation

Ligand structures consisting of 11
phenolic OLE compounds and the standard
anti-CML drug Imatinib have been obtained
from the PubChem online  website
(https://pubchem.ncbi.nlm.nih.gov/). The 3D
structures of the ligand include Verbascoside
(PubChem CID: 5281800); Uvaol (PubChem
CID: 92802); Loganic acid (PubChem CID:
89640);  Secologanin  (PubChem  CID:


https://www.way2drug.com/passonline/
http://www.swissadme.ch/
http://lmmd.ecust.edu.cn/admetsar2/
https://www.rcsb.org/
https://pubchem.ncbi.nlm.nih.gov/
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161276); Ferulic acid (PubChem CID:
445858); Hydroxytyrosol (PubChem CID:
82755); Gallic acid (PubChem CID: 370);
Coumaric acid (PubChem CID: 637542);
Homovanillyl alcohol (PubChem CID:
16928); Cinnamic acid (PubChem CID:
444539); Tyrosol (PubChem CID: 10393); and
Imatinib  (PubChem CID: 5291). The
structures of the ligands were in SDF format.
Using OpenBabel software, the SDF format
can be converted into the PDB format [36].
The PDB format of the ligand structures is
converted to the PDBQT format by using
Autodock tools (1 5.6) [4].

Molecular docking

In order to identify new potent inhibitors
of tyrosine kinase, docking simulation was
done, and the calculation of binding energies
was performed using Autodock Vina.
Autodock Vina is open-source software for
molecular docking in silico. Dr. Oleg Trott
from The Scripps Research Institute's
molecular graphics department conceived and
implemented the system [37]. This was done to
forecast the binding energy scores for the
interactions between the targeted protein
ligands. The Autodock Vina program now uses
the identified binding sites of amino acid
residues from specific proteins. The docked

confirmations with the highest fitness score
were used to analyze the binding mode. Firstly,
the grid box with the following dimensions
was set to cover the protein structure with the
following  dimensions in A:  center
(X = -33.722, Y = 19579, Z = -8.128),
dimension (X = 74, Y = 68, Z = 70) with an
exhaustiveness of 8. After running the
Autodock Vina software, binding energies
were measured, recorded, and displayed.
Finally, Discovery Studio Visualizer v21 was
used to analyze docking and generate images
of the protein-ligand complexes [38, 39].

Results

PASS Prediction

The PASS Online program was used to
identify probable cellular targets of OLE
phytocompounds before docking analysis.

We used PASS Online to predict
anticancer efficacy based on three primary
parameters: anti-carcinogenic, anti-neoplastic,
and anti-leukemic. The PASS Online server
predicts complex biological activities and
provides indicators of activity or inactivity
[30]. There is a probability of either biological
activity (Pa) or biological inactivity (Pi).
Table 1 shows the projected anticancer
characteristics of OLE compounds.

Beginning of Table 1

Anti-cancer predictions of the phytocompounds present in the olive leaf extract (OLE) using
Way2Drug (pass) server

Compound Name Parameters Pa Pi

Anti-carcinogenic 0.925 0.002

Verbascoside Anti-neoplastic 0.814 0.01
Anti-leukemic 0.483 0.016

Anti-carcinogenic 0.329 0.048

Uvaol Anti-neoplastic 0.907 0.005
Anti-leukemic 0.616 0.008

Anti-carcinogenic 0.515 0.018

Loganic acid Anti-neoplastic 0.817 0.01
Anti-leukemic 0.176 0.09

Anti-carcinogenic 0.409 0.029

Secologanin Anti-neoplastic 0.5 0.071
Anti-leukemic 0.127 0.125

Anti-carcinogenic 0.616 0.012

Ferulic acid Anti-neoplastic 0.601 0.045
Anti-leukemic 0.39 0.027

Hydroxytyrosol Anti-carcinogenic 0.361 0.038
Anti-carcinogenic 0.395 0.031

Gallic acid Anti-neoplastic 0.313 0.145
Anti-leukemic 0.168 0.095

Coumaric acid Anti-carcinogenic 0.559 0.015
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End of Table 1

Anti-cancer predictions of the phytocompounds present in the olive leaf extract (OLE) using
Way2Drug (pass) server

Compound Name Parameters Pa Pi
Anti-neoplastic 0.52 0.065
Anti-leukemic 0.261 0.056
Anti-carcinogenic 0.384 0.033
Homovanillyl alcohol Anti-neoplastic 0.321 0.14
Anti-leukemic 0.218 0.071
Anti-carcinogenic 0.459 0.023
Cinnamic acid Anti-neoplastic 0.455 0.085
Anti-leukemic 0.271 0.052
Tyrosol Anti-carcinogenic 0.347 0.042
Imatinib Anti_—neoplast_ic 0.52 0.066
Anti-leukemic 0.21 0.074

ADMET Analysis therapeutic applications. The ADME results

SwissADME estimates ADME and the
drugability potency of substances using
biological characteristics. The ADME
characteristics of the chosen compounds
indicated drug-like qualities and potential

are reported in Table 2. Based on their toxicity
characteristics, the investigated chemicals
were determined to be non-AMES harmful and
non-carcinogenic. Table 3 summarizes the
toxicological features of the identified
phytochemicals.

Table 2

Evaluation of the ADME properties of the phytocompounds present in the olive leaf extract
(OLE) using SwissADME web server

Compound Molecular Water Solubility Log Polw Gl _ BBB L_ipin_ski
weight (g/mol) (mg/ml) absorption | permeant | violation
Verbascoside 624.59 8.36e-01 3.00 Low No 3
Uvaol 442.72 2.84e-05 4.61 Low No 1
Loganic acid 376.36 5.54e+01 1.26 Low No 1
Secologanin 388.37 7.76e+01 1.61 Low No 0
Ferulic acid 194.18 1.49e+00 1.62 High Yes 0
Hydroxytyrosol 154.16 3.75e+01 1.28 High No 0
Gallic acid 170.12 3.90e+00 0.21 High No 0
Coumaric acid 164.16 1.58e+00 0.95 High Yes 0
Homovanillyl 168.19 7.50e+00 1.86 High Yes 0
alcohol
Cinnamic acid 148.16 6.29e-01 1.55 High Yes 0
Tyrosol 138.16 7.26e+00 1.40 High Yes 0

Note: Gl — gastrointestinal; BBB — blood brain barrier; Log Po/w — Lipophilicity; Lipinski violation: (Molecular weight
< 500; H-bond donors < 5; H-bond acceptor < 10).

Beginning of Table 3
Toxicity properties analysis of selected ligands compounds

Human Ether-a-go- Acute Rat Acute
AMES Carcin . . Toxicity
Compound . Biodegradation go-Related Gene Oral
toxicity ogens e L (LD50,
Inhibition Toxicity
mol/kg)
Verbascoside No No Not readily Weak 11 2.06
biodegradable
Uvaol No No Not readily Weak 11 1.73
biodegradable
Loganic acid Yes No Not readily Weak 11 2.75
biodegradable
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End of Table 3
Toxicity properties analysis of selected ligands compounds
Rat Acute
AMES Carcin . . Human Ether-a-go- Acute Toxicity
Compound - Biodegradation go-Related Gene Oral
toxicity ogens L L (LD50,
Inhibition Toxicity
mol/kg)
Secologanin No No Readily Weak 11 2.15
biodegradable
Ferulic acid No No Readily Weak v 1.43
biodegradable
Hydroxytyros No No Readily Weak Il 1.83
ol biodegradable
Gallic acid No No Readily degradable Weak 11 1.86
Coumaric No No Readily degradable Weak 11 1.36
acid
Homovanillyl No No Readily degradable Weak 11 1.76
alcohol
Cinnamic No No Readily degradable Weak 11 1.74
acid
Tyrosol No No Readily degradable Weak 11 2.00

Molecular Docking

In silico molecular docking experiments
demonstrate that verbascoside, uvaol, loganic
acid, secologanin, and cinnamic acid have a
high binding affinity to the BCR-ABL protein,
with binding energies of -9.2, -9.7, -8.7, -7.3,
and -7.4, respectively, which are extremely
near the binding affinity of the standard
medication Imatinib, which has a binding

energy of -10.3 Kcal/mol. The interactions
between the chemicals and the amino acid
residues are pretty interesting. Table 4 lists the
amino acid residues to which the compounds
bind, as well as the ligands' binding energies.
Figure 1 to Figure 12 demonstrate ligand-
protein and 2D interactions between the
BCR-ABL and desired compounds.

Table 4

The docking score and interaction of amino acid residue with test compounds and standard
compound against BCR-ABL fusion protein

Protein Ligand Docking Score Interacted amino acid residue
(Kcal per Mol)
Verbascoside -9.2 TYR 89, HIS 148, VAL 151, LEU 159, ASN 240,
THR 243, GLN 319, GLU 335, THR 364, GLN 365
Uvaol -9.7 LEU 159, ARG 239, ASN 240, TYR 361
Loganic acid -8.1 HIS 114, TRP 118, TYR 245, SER 248, TYR 251,
ASP 252, LYS 253, TRP 254, GLU 311
Secologanin -7.3 SER 248, ASN 250, TYR 251, ASP 252, TRP 254,
GLU 311
Ferulic acid -6.2 PHE 91, VAL 92, PRO 242, VAL 247, LEU 285
BCR-ABL Hydroxytyrosol -5.6 TYR 272, VAL 275, ALA 288, MET 337, LEU 389,
PHE 401
Gallic acid -6.4 ASN 113, HIS 114, ASN 115, TRP 118, ASP 252
Coumaric acid -6.4 VAL 244, VAL 247
Homovanillyl alcohol -5.8 HIS 114, ASN 115, TRP 118, SER 248, TRP 254
Cinnamic acid -7.4 TRY 272, VAL 275, ALA 288, LEU 389, PHE 401
Tyrosol -5.6 VAL 244, VAL 247, GLU 335
Imatinib -10.3 PHE 91, HIS 148, LYS 238, LYS 241, PRO 242, TMR
243, VAL 244, VAL 247, LEU 285, LEU 321, GLU
335, LEU 395
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Fig. 1. Ligand-protein complex and 2D representations of the interactions between
the BCR-ABL and cinnamic Acid
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Fig. 2. Ligand-protein complex and 2D representations of the interactions between
the BCR-ABL and coumaric acid
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Fig. 3. Ligand-protein complex and 2D representations of the interactions between
the BCR-ABL and ferulic acid
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Fig. 4. Ligand-protein complex and 2D representations of the interactions between
the BCR-ABL and gallic acid
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Fig. 5. Ligand-protein complex and 2D representations of the interactions between
the BCR-ABL and homovanillyl alcohol
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Fig. 6. Ligand-protein complex and 2D representations of the interactions between
the BCR-ABL and hydroxytyrosol
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Fig. 7. Ligand-protein complex and 2D representations of the interactions between
the BCR-ABL and loganic acid
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Fig. 8. Ligand-protein complex and 2D representations of the interactions between
the BCR-ABL and secologanin
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the BCR-ABL and imatinib
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Discussion.  Medicinal plants are
increasingly used to cure deadly illnesses due
to their high concentration of bioactive
phytochemicals and safety compared to
synthetic drugs. These active chemicals have
been shown to cure many infections and
illnesses, including cancer. Scientists are
exploring natural sources for active
compounds to treat cancer due to the
significant negative consequences of current
therapy choices [33]. Plants are a reliable
source of novel anticancer medications,
accounting for almost 60% of all currently
available treatments [40]. Large
pharmaceutical corporations invest heavily in
developing medications that target cancer
cells, as the demand for safer and more
effective chemotherapy medications stems
from serious side effects and resistance to
current treatments [41, 42]. Identifying natural
pharmacological compounds with target-
specific action is an effective technique for
developing novel drugs due to their minimal
toxicity [14]. When developing an active
component, it's vital to consider bioactivity,
pharmacokinetics, and toxicology. Many
medication candidates are unable to advance to
the final stage of drug design owing to failing
to fulfill certain requirements [43]. Computer-
aided drug design (CADD) is a widely used,
sophisticated technology for drug design that
may reduce prices and save time. Scientists use
pharmacokinetic analysis and molecular
docking to identify the most successful
medication candidates [44]. In silico analysis
is preferred over animal models for validating
drug candidates due to their high cost,
difficulty, and time commitment. In silico
investigation of pharmacokinetic
characteristics and toxicological parameters
may be completed quickly and accurately [45].
Thus, in this work, we employed in silico
molecular docking, ADME analysis, and
PASS prediction to identify drug-like natural
compounds for the treatment of chronic
myeloid leukemia.

We used PASS online to predict
anticancer activity, taking into account three
primary parameters: anti-carcinogenic, anti-
neoplastic, and anti-leukemic. All substances

had Pa values greater than Pi, indicating a
higher chance of biological activity than
inactivity. Interestingly, all the compounds
have significantly higher Pa values compared
to Pi values. This indicates that these
chemicals are more likely to inhibit the BCR-
ABL protein.

The SwissADME website predicts
ADME qualities for phytocompounds,
indicating relevant pharmacological properties
(see Table 2). To increase the quality of a
medicine, it must have good toxicological
properties, such as no AMES toxicity, non-
carcinogenicity, and mild hERG inhibitors [46,
47, 48]. The experimental compounds had
comparable findings, as shown in Table 3.
AMES toxicity evaluates the mutagenic
potential of substances [49]. Loganic acid was
the only investigated chemical that exhibited
AMES toxicity. The toxicological examination
of the chosen compounds suggests that the
majority of phytocompounds are not harmful.

A molecular docking study was
conducted to identify the optimal interaction
between the BCR-ABL protein and
phytocompounds. This study utilized the
Autodock Vina software to dock the chosen
OLE phenolic phytocompounds.

Docking using Autodock Vina yielded
nine optimal conformations, with the lowest
binding energy being selected. Table 3 shows
the binding energies and interacting amino
acid residues. Docking scores indicate binding
affinities. A pharmaceutical candidate with a
lower binding energy is always favored [50].
The free energy created during the formation
of the receptor-ligand complex indicates the
ligand's affinity for the receptor. A strong
affinity between a ligand and a receptor leads
to a lower free energy value and docking score.
If the affinity is small, the free energy value or
docking score rises [51]. The compounds have
high binding affinity for BCR-ABL, with
binding energies ranging from -5.6 to -10.3
kcal/mol.

Verbascoside, uvaol, loganic acid,
secologanin, and cinnamic acid were the top
five compounds discovered based on binding
energy, binding site, pharmacokinetics,
ADME characteristics, and  projected
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anticancer activity. The first three exhibited an
extremely close binding affinity to Imatinib.
Later two demonstrated medium proximity to
the binding affinity of Imatinib. Several
studies have also confirmed the anti-leukemic
and anti-cancer properties of verbascoside
[52], uvaol [53], loganic acid [54], and
cinnamic acid [55], which were discovered
through our current in silico investigations.
While these five compounds violated several
in silico drug development requirements, there
are other examples of similar infractions
among current medications [56]. After
reviewing all of the data, it is clear that certain
phenolic compounds from OLE are effective
anti-leukemic phytocompounds that can be
employed in future research to develop new
medications.

Future implication and limitations
of study

Our  findings  have interesting
implications for future in vivo and clinical
studies, potentially leading to the development
of new treatment drugs and combination
therapies for chronic myeloid leukemia
(CML). However, the study's in-silico nature
restricts its immediate usefulness, as the
effectiveness and safety of the phenolic
compounds must be verified in experimental
and clinical trials. Further studies might
include in vitro and in vivo studies to establish
the physiological consequences of these
findings.

Conclusion. The study aims to identify
the therapeutic potential of olive plant-based
phenolic compounds against chronic myeloid
leukemia. In silico data indicate that
verbascoside, uvaol, loganic acid, secologanin,
and cinnamic acid have significant anti-
cancerous action and therapeutic promise
against CML.

The findings suggest that
phytochemicals might be effective in the
discovery of potent anti-leukemic drugs.

Financial support
No financial support has been provided for this
work.

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

References

1. Qais FA, Alomar SY, Imran MA, et al.
In-Silico Analysis of Phytocompounds of Olea
europaea as Potential Anti-Cancer Agents to
Target PKM2 Protein. Molecules.
2022;27(18):5793. DOI:
https://doi.org/10.3390/molecules27185793

2. Chabot-Richards DS, George TI. White
blood cell counts. Clinics in Laboratory Medicine.
2015;35(1):11-24. DOL:
https://doi.org/10.1016/j.cl1.2014.10.007

3. Siegel RL, Miller KD, Jemal A. Cancer
statistics, 2018. Ca-A Cancer Journal for
Clinicians. 2018;68(1):7-30. DOL:
https://doi.org/10.3322/caac.21442

4. Mechchate H, Costa de Oliveira R, Es-
Safi |, et al. Antileukemic activity and molecular
docking study of a polyphenolic extract from
coriander seeds. Pharmaceuticals. 2021;14(8):770.
DOI: https://doi.org/10.3390/ph14080770

5.  Siyar H, Chefchaouni AC, Mamad H, et
al. Role of Derivatives Ciprofloxacin on Chronic
Myeloid Leukemia: In Silico Approach. Journal of
Pharmaceutical Negative Results.
2022;13(6):1568-1575. DOI:
https://doi.org/10.47750/pnr.2022.13.506.208

6. Amin MB, Edge SB, Greene FL, et al.
editors. AJCC Cancer Staging Manual. Springer
Cham; 2017.

7. Huang X, Cortes J, Kantarjian H.
Estimations of the increasing prevalence and
plateau prevalence of chronic myeloid leukemia in
the era of tyrosine kinase inhibitor therapy. Cancer.
2012;118(12):3123-3127. DOL:
https://doi.org/10.1002/cncr.26679

8. Metibemu DS, Akinloye OA, Akamo
AJ, et al. Exploring receptor tyrosine kinases-
inhibitors in Cancer treatments. Egyptian Journal
of Medical Human Genetics. 2019;20(1):35. DOI:
https://doi.org/10.1186/s43042-019-0035-0

9. Thomson RJ, Moshirfar M, Ronquillo
Y. Tyrosine kinase inhibitors. In: StatPearls.
Treasure Island (FL): StatPearls Publishing; 2025.

10. Jabbour E, Kantarjian H. Chronic
myeloid leukemia: 2020 update on diagnosis,
therapy and monitoring. American Journal of
Hematology. 2020;95(6):691-709. DOI:
https://doi.org/10.1002/ajh.25792

11. Million RP, Van Etten RA. The Grb2
binding site is required for the induction of chronic
myeloid leukemia-like disease in mice by the
Ber/Abl tyrosine kinase. Blood. 2000;96(2):664-
670. DOI:
https://doi.org/10.1182/blood.VV96.2.664



Opueuﬂaﬂbﬂaﬂ cmamovi
Original article

Hossain R, et al. Evaluation of efficacy of selective phenolic ... 78

12. Deininger MWN, Goldman JM, Melo
JV. The molecular biology of chronic myeloid
leukemia. Blood. 2000;96(10):3343-3356.

13. Meyn MA, Wilson MB, Abdi FA, et al.
Src family kinases phosphorylate the Bcr-Abl
SH3-SH2 region and modulate Bcr-Abl
transforming activity. Journal of Biological
Chemistry.  2006;281(41):30907-30916. DOI:
https://doi.org/10.1074/jbc.m605902200

14. Parcha P, Sarvagalla S, Madhuri B, et
al. Identification of natural inhibitors of Bcr-Abl
for the treatment of chronic myeloid leukemia.
Chemical Biology and Drug  Design.
2017;90(4):596-608. DOL:
https://doi.org/10.1111/cbdd.12983

15. Moen MD, McKeage K, Plosker GL, et
al. Imatinib: a review of its use in chronic myeloid
leukaemia. Drugs. 2007;67:299-320. DOI:
https://doi.org/10.2165/00003495-200767020-
00010

16. Quintas-Cardama A, Kantarjian HM,
Cortes JE. Mechanisms of primary and secondary
resistance to imatinib in chronic myeloid leukemia.
Cancer Control. 2009;16(2):122-131. DOI:
https://doi.org/10.1177/107327480901600204

17. Cowan-Jacob SW, Fendrich G,
Floersheimer A, et al. Structural biology
contributions to the discovery of drugs to treat
chronic myelogenous leukaemia. Acta
Crystallographica  Section  D:  Biological
Crystallography. 2007;63(1):80-93. DOl:
https://doi.org/10.1107/S0907444906047287

18. Zhong L, Li Y, Xiong L, et al. Small
molecules in targeted cancer therapy: advances,
challenges, and future perspectives. Signal
Transduction and Targeted Therapy.
2021;6(1):201. DOL:
https://doi.org/10.1038/s41392-021-00572-w

19. Mechchate H, Es-Safi |, Haddad H, et
al. Combination of Catechin, Epicatechin, and
Rutin:  Optimization of a novel complete
antidiabetic formulation using a mixture design
approach. Journal of Nutritional Biochemistry.
2021;88:108520. DOI:
https://doi.org/10.1016/j.jnutbio.2020.108520

20. Thomasset SC, Berry DP, Garcea G, et
al. Dietary polyphenolic phytochemicals—
promising cancer chemopreventive agents in
humans? A review of their clinical properties.
International Journal of Cancer. 2007;120(3):451-
458. DOI: https://doi.org/10.1002/ijc.22419

21. Cicerale S, Lucas L, Keast R.
Biological activities of phenolic compounds
present in virgin olive oil. International Journal of

Molecular Sciences. 2010;11(2):458-479. DOI:
https://doi.org/10.3390/ijms11020458

22. Talhaoui N, Taamalli A, GOmez-
Caravaca AM, et al. Phenolic compounds in olive
leaves: Analytical determination, biotic and abiotic
influence, and health benefits. Food Research
International. 2015;77:92-108. DOl:
https://doi.org/10.1016/j.foodres.2015.09.011

23. Mihailova A, Abbado D, Pedentchouk
N. Differences in n-alkane profiles between olives
and olive leaves as potential indicators for the
assessment of olive leaf presence in virgin olive
oils. European Journal of Lipid Science and
Technology.  2015;117(9):1480-1485.  DOI:
https://doi.org/10.1002/ejlt.201400406

24. Boss A, Bishop KS, Marlow G, et al.
Evidence to support the anti-cancer effect of olive
leaf extract and future directions. Nutrients.
2016;8(8):513. DOI:
https://doi.org/10.3390/nu8080513

25. Wu C, Gudivada RC, Aronow BJ, et al.
Computational  drug repositioning  through
heterogeneous network clustering. BMC Systems
Biology. 2013;7:S6. DOl:
https://doi.org/10.1186/1752-0509-7-S5-S6

26. Goumari MM, Farhani I, Nezafat N, et
al. Multi-epitope vaccines (MEVs), as a novel
strategy against infectious diseases. Current
Proteomics. 2020;17(5):354-364. DOI:
https://doi.org/10.2174/157016461766619091912
0140

27. Park H, Jeon TJ, Chien PN, et al.
Discovery of novel dusp4 inhibitors through the
virtual screening with docking simulations.
Bulletin of the Korean Chemical Society.
2014;35(9):2655-2659. DOI:
https://doi.org/10.5012/bkcs.2014.35.9.2655

28. Park H, Hong S, Kim J, et al. Discovery
of picomolar ABL kinase inhibitors equipotent for
wild type and T315] mutant via structure-based de
novo design. Journal of the American Chemical
Society. 2013;135(22):8227-82317. DOI:
https://doi.org/10.1021/ja311756u

29. Caballero J. The latest automated
docking technologies for novel drug discovery.
Expert  Opinion on  Drug  Discovery.
2021;16(6):625-645. DOI:
https://doi.org/10.1080/17460441.2021.1858793

30. Filimonov DA, Lagunin  AA,
Gloriozova TA, et al. Prediction of the biological
activity spectra of organic compounds using the
PASS online web resource. Chemistry of
Heterocyclic Compounds. 2014;50:444-457. DOI:
https://doi.org/10.1007/s10593-014-1496-1



Opueuﬂaﬂbﬂaﬂ cmamovi
Original article

HayuHvle pesysabmamol 6uomeduyuHcKux uccaedoganutl. 2026:12(1):64-80 79

Research Results in Biomedicine. 2026:12(1):64-80

31. Prasad P, Prashant S, Krishnan
Namboori PK, et al. In Silico Evaluation of
Kaempferol and Its Semisynthetic Derivative As
mTORC1 Inhibitor Against Hepatocellular
Carcinoma Using Molecular Docking and ADMET
Analysis  (January 30, 2020) [Internet].
Proceedings of International Conference on Drug
Discovery (ICDD); 2020 [cited 2024 July 17].
Available from:
https://ssrn.com/abstract=3528030

32. Barcellos MP, Santos CBR, Federico
LB, et al. Pharmacophore and structure-based drug
design, molecular dynamics and admet/tox studies
to design novel potential pad4 inhibitors. Journal of
Biomolecular ~ Structure  and Dynamics.
2019;37(4):966-981. DOI:
https://doi.org/10.1080/07391102.2018.1444511

33. Susmi TF, Khan MMR, Rahman A, et
al. In vitro antioxidant and cytotoxicity activities
and in silico anticancer property of methanolic leaf
extract of Leucas indica. Informatics in Medicine
Unlocked. 2022;31:100963. DOI:
https://doi.org/10.1016/j.imu.2022.100963

34. Makala H, Alexandar SP, Nagarajan D,
et al. Lead Generation for Human Mitotic Kinesin
Eg5 Using Structure-based Virtual Screening and
Validation by In-vitro and Cell-based Assays.
Current ~ Computer-Aided  Drug  Design.
2021;17(6):759-772. DOI:
https://doi.org/10.2174/157340991666620072214
1218

35. Rajendran N, Subramaniam S, Raja
MRC, et al. Design, synthesis and ‘in vitro’ anti-
leukemic evaluation of ferulic acid analogues as
BCR-AbI inhibitors. RSC Advances.
2016;6(74):70480-70484. DOI:
https://doi.org/10.1039/C6RA10106B

36. Li Q, Shah S. Structure-Based Virtual
Screening. In: Wu C, Arighi C, Ross K, editors.
Protein Bioinformatics. Methods in Molecular
Biology, vol 1558. New York: Humana Press;
2017. DOI: https://doi.org/10.1007/978-1-4939-
6783-4 5

37. Ravindranath PA, Forli S, Goodsell DS,
et al. AutoDockFR: advances in protein-ligand
docking with explicitly specified binding site
flexibility. PLoS Computational  Biology.
2015;11(12):€1004586. DOIl:
https://doi.org/10.1371/journal.pcbi.1004586

38. Trott O, Olson AJ. AutoDock Vina:
improving the speed and accuracy of docking with
a new scoring function, efficient optimization, and
multithreading.  Journal  of  Computational
Chemistry. 2010;31(2):455-461. DOI:

https://doi.org/10.1002/jcc.21334

39. Forli S, Huey R, Pique ME, et al.
Computational protein—ligand docking and virtual
drug screening with the AutoDock suite. Nature
Protocols. 2016;11(5):905-919. DOI:
https://doi.org/10.1038/nprot.2016.051

40. Kunnumakkara AB, Bordoloi D, Sailo
BL, et al. Cancer drug development: The missing
links. Experimental Biology and Medicine.
2019;244(8):663-689. DOL:
https://doi.org/10.1177/1535370219839163

41. Asano T. Drug resistance in cancer
therapy and the role of epigenetics. Journal of
Nippon Medical School. 2020;87(5):244-251.
DOI:
https://doi.org/10.1272/jnms.JNMS.2020_87-508

42. Gomari MM, Farsimadan M, Rostami
N, et al. CD44 polymorphisms and its variants, as
an inconsistent marker in cancer investigations.
Mutation Research - Reviews in Mutation
Research. 2021;787:108374. DOL:
https://doi.org/10.1016/j.mrrev.2021.108374

43. Zengin G, Mahomoodally MF, Sinan
KIl, et al. Evaluation of chemical constituents and
biological properties of two endemic Verbascum
species. Process Biochemistry. 2021;108:110-120.
DOI:
https://doi.org/10.1016/j.procbio.2021.06.007

44. Madhavi Sastry G, Adzhigirey M, Day
T, et al. Protein and ligand preparation: parameters,
protocols, and influence on virtual screening
enrichments.  Journal of  Computer-Aided
Molecular  Design. 2013;27:221-234. DOI:
https://doi.org/10.1007/s10822-013-9644-8

45. Zhou W, Wang Y, Lu A, et al. Systems
pharmacology in small molecular drug discovery.
International Journal of Molecular Sciences.
2016;17(2):246. DOl:
https://doi.org/10.3390/ijms17020246

46. Kalimuthu AK, Panneerselvam T,
Pavadai P, et al. Pharmacoinformatics-based
investigation of bioactive compounds of Rasam
(South Indian recipe) against human cancer.
Scientific Reports. 2021;11(1):21488. DOI:
https://doi.org/10.1038/s41598-021-01008-9

47. Garrido A, Lepailleur A, Mignani SM,
et al. hERG toxicity assessment: Useful guidelines
for drug design. European Journal of Medicinal
Chemistry. 2020;195:112290. DOIl:
https://doi.org/10.1016/j.ejmech.2020.112290

48. Han Y, Zhang J, Hu CQ, et al. In silico
ADME and toxicity prediction of ceftazidime and
its impurities. Frontiers in  Pharmacology.
2019;10:434. DOL:



Opueuﬂaﬂbﬂaﬂ cmamovi
Original article

Hossain R, et al. Evaluation of efficacy of selective phenolic ...

https://doi.org/10.3389/fphar.2019.00434

49. Xu C, Cheng F, Chen L, et al. In silico
prediction of chemical Ames mutagenicity. Journal
of Chemical Information and Modeling.
2012;52(11):2840-2847. DOI:
https://doi.org/10.1021/ci300400a

50. Nisha CM, Kumar A, Nair P, et al.
Molecular docking and in silico ADMET study
reveals acylguanidine 7a as a potential inhibitor of
B-secretase.  Advances in  Bioinformatics.
2016;2016:9258578. DOI:
https://doi.org/10.1155/2016/9258578

51. Pantsar T, Poso A. Binding affinity via
docking: fact and fiction.  Molecules.
2018;23(8):1899. DOI:
https://doi.org/10.3390/molecules23081899

52. Akgun-Cagliyan C, Cort-Donmez A,
Kilic-Toprak E, et al. Verbascoside potentiates the
effect of tyrosine kinase inhibitors on the induction
of apoptosis and oxidative stress via the Abl-
mediated MAPK signalling pathway in chronic
myeloid leukaemia. Experimental and Therapeutic
Medicine. 2022;24(2):514. DOI:
https://doi.org/10.3892/etm.2022.11441

53. Kazakova OB, Giniyatullina GV,
Tolstikov GA, et al. Synthesis and antitumor
activity of aminopropoxy derivatives of betulin,
erythrodiol, and uvaol. Russian Journal of
Bioorganic Chemistry. 2011;37:369-379. DOI:
https://doi.org/10.1134/S1068162011030101

54. Kim NY, Ha IJ, Um JY, et al. Loganic
acid regulates the transition between epithelial and
mesenchymal-like phenotypes by alleviating
MnSOD expression in hepatocellular carcinoma
cells. Life Sciences. 2023;317:121458.

55. Joshi H, Marulkar K, Gota V, et al.

Hydroxy Cinnamic Acid Derivatives as Partial
PPAR y Agonists: In silico Studies, Synthesis and
Biological Characterization Against Chronic
Myeloid Leukemia Cell Line (K562). Anti-Cancer
Agents in Medicinal Chemistry. 2017;17(4):524-
541. DOI:
https://doi.org/10.2174/187152061666616060701
0156

56. Tian S, Wang J, Li Y, et al. The
application of in silico drug-likeness predictions in
pharmaceutical research. Advanced Drug Delivery
Reviews. 2015;86:2-10. DOI:
https://doi.org/10.1016/j.addr.2015.01.009

Received 17 July 2024
Revised 26 February 2025
Accepted 12 March 2025

Information about the authors

Riaz Hossain, Student, International Islamic
University Chittagong, Chittagong, Bangladesh, E-
mail: riazhossain712@gmail.com, ORCID:
https://orcid.org/0009-0008-2425-1310.

Nishan Shorif, Student, International Islamic
University Chittagong, Chittagong, Bangladesh, E-
mail: nshorif.ns@gmail.com, ORCID:
https://orcid.org/0009-0004-5175-722X.

Sifat Foysal, Student, International Islamic
University Chittagong, Chittagong, Bangladesh, E-
mail: sifatfoysaliiuc@gmail.com, ORCID:
https://orcid.org/0009-0007-0917-2529.
Mohammad N. Islam, Assistant Professor at the
Department of Pharmacy, International Islamic
University Chittagong, Chittagong, Bangladesh, E-
mail: nazmul@iiuc.ac.bd, ORCID:
https://orcid.org/0000-0002-4021-106 X.



Opuzunanvras cmamos HayuHble pesyabmambl 6uomeduyuHckux uccaedosarnutl. 2026:12(1):81-99 81

Original article Research Results in Biomedicine. 2026:12(1):81-99
(ec) I
DOI: 10.18413/2658-6533-2026-12-1-0-6 YK 615

Mitigation of indomethacin-induced gastric
Inflammation in mice through the
administration of ethanol extract from
Hedyotis capitellata Wall. leaves

Tran T.P. Nhung @, Le P.T. Quoc

Industrial University of Ho Chi Minh City,
12 Nguyen Van Bao St., 700000, Vietnam
Corresponding author: Le P.T. Quoc (lephamtanquoc@iuh.edu.vn)

Abstract

Background: Gastritis, a prevalent global malady, stems from various factors such as unhealthy
lifestyles, bacterial infections, or non-steroidal anti-inflammatory drug usage. If untreated, it leads to
severe complications. Hedyotis capitellata Wall., recognized for its medicinal properties, is
traditionally acknowledged for its effectiveness in pain relief, neutralizing gastric acid, reducing acid
reflux, and promoting ulcer healing. The aim of the study: This study delves into exploring the
preventive and protective prowess of H. capitellata leaf ethanol extract (EEHC) against indomethacin
(IND)-induced gastric mucosal damage in mice. Materials and methods: EEHC administered at
300, 350, and 400 mg/kg doses, with omeprazole (OME) (20 mg/kg) as the reference standard,
EEHC's impact was assessed on gastric acid levels, mucosal damage, malondialdehyde (MDA)
content, antioxidant activity (catalase, myeloperoxidase, glutathione, total antioxidant capacity),
cytokine levels (TNF-a, IL-14, IL-6, IL-10), and histopathology. Results: EEHC, particularly at 400
mg/kg, exhibited maximal inhibition of total gastric acid (8.58 = 0.16 mEq/1), decreased MDA content
(5.29+0.15 nM/g tissue), and lowered pro-inflammatory cytokines (TNF-a: 224.04+17.56 pg/ml)
compared to IND-treated mice (p<0.05). Dose-dependent EEHC enhanced the antioxidant defense
system by reducing catalase and myeloperoxidase activity and increasing glutathione and total
antioxidant capacity levels (p<0.05). Mice treated with EEHC displayed significantly lower gastric
ulcer indices across all experimental models compared to the IND-treated group (p<0.05).
Histopathological examinations further affirmed EEHC's anti-inflammatory efficacy. Conclusion:
The study establishes that oral administration of EEHC exerts a positive protective influence on the
gastric mucosa, augmenting the antioxidant defense system and anti-inflammatory effects.
H. capitellata emerges as a promising resource for managing gastric inflammation due to its potent
antioxidant properties.

Keywords: acute gastric injury; antioxidant activity; indomethacin; mucosal protection; ulcer index
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mice through the administration of ethanol extract from Hedyotis capitellata Wall. leaves. Research
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Introduction. Gastric inflammation, population. It represents a significant health
known as gastritis, is a prevalent global disease issue that greatly impacts the quality of life for
affecting approximately 10% of the world’s millions  of individuals [1].  The
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pathophysiology of this digestive disorder is
characterized by an imbalance between
protective factors of the gastric mucosa, such
as bicarbonate, prostaglandins, peptides,
growth factors, gastric mucus, and the innate
immune response of mucosal cells, and
aggressive factors including acid, pepsin,
H. pylori, non-steroidal anti-inflammatory
drugs, tobacco, alcohol, trauma, shock, and
stress. The progression of this condition is
influenced by the dominance of disruptive
factors over defensive mechanisms [2]. Gastric
acid secretion is primarily regulated by
histamine 2 receptors (H2r) binding to
histamine, stimulating acid secretion into the
stomach, which is subsequently accelerated by
the cAMP/protein kinase A/proton pump
pathway. Therefore, most therapeutic
approaches for gastric inflammation involve
the use of histamine 2 receptor antagonists
(H2RAs) such as ranitidine and cimetidine, as
well as proton pump inhibitors (PPIs) like
pantoprazole and lansoprazole. Although these
medications have demonstrated clinically
acceptable efficacy, adverse effects such as
rash, itching, constipation, nausea, abdominal
pain, and diarrhea have been reported [3]. Due
to the potential side effects associated with
synthetic drugs, the development of natural
products for the treatment of gastric
inflammation, which offer minimal adverse
effects, is highly valued. Recent studies in the
field of gastrointestinal disorders have focused
on exploring the potential role of natural
remedies, utilizing readily available plant-
based medicines as primary sources for the
development of new drugs due to their safety,
minimal side effects, affordability,
effectiveness, and relatively low toxicity [4].
Hedyotis is a flowering plant genus in
the Rubiaceae family. It is widely distributed
in tropical and subtropical regions, comprising
approximately 500 species. Previous studies
have revealed the chemical diversity of
Hedyotis  plants, including  secondary
metabolite groups such as alkaloids,
anthraquinones, flavonoids, lignans, iridoids,
and triterpenoids. This chemical diversity has
provided various important pharmacological
activities, including antibacterial, anti-

diabetic, antioxidant, anti-inflammatory, and
anticancer effects [5]. Extracts from Hedyotis
species such as H. capitellata, H. dichotoma,
H. verticillata, H. herbacea, H. pinifolia,
H. corymbosa, and H. nudicaulis have
demonstrated  antioxidant, free radical
scavenging, anti-inflammatory, cytotoxic, and
antibacterial properties [6]. H. diffusa (a
species of Hedyotis) is commonly used in folk
medicine to treat lung heat, asthma, cough,
gastric inflammation, and improve colonic
mucosal damage [7]. H. corymbosa, a
traditional medicinal plant belonging to the
Hedyotis genus, contains compounds such as
alkaloids, anthraquinones, lignans, triterpenes,
flavonoids, and glycosides. It exhibits anti-
inflammatory, anticancer, hepatoprotective,
neuroprotective, gastric mucosal protective,
and cytotoxic properties [8]. In Vietnam,
Hedyotis capitellata Wall. (a species of
Hedyotis) is a traditional remedy used for
diuretic, detoxification, and anti-inflammatory
purposes for the stomach [5]. H. capitellata
contains alkaloids, saponins, tannins, and
anthraquinones. Its extract has been
demonstrated to possess effective antioxidant,
anti-inflammatory, and antibacterial activities
[9]. In traditional Vietnamese medicine,
H. capitellata is utilized to alleviate pain,
neutralize gastric acid, reduce acid reflux, and
heal ulcers [10]. However, the broad claims
about the health benefits of H. capitellata
primarily rely on observations and anecdotal
evidence rather than scientific substantiation.
Experimental evidence supporting the anti-
inflammatory effects of H. capitellata on
gastric inflammation is still lacking. Therefore,
the objective of our study is to evaluate the
anti-inflammatory activity of the ethanolic
extract of H. capitellata leaves by using an
indomethacin-induced gastric inflammation
mouse model and assess the effects of this
extract on oxidative stress parameters in the
mouse stomach tissue.

The aim of the study. To assess the
efficacy of H. capitellata leaf ethanol extract
(EEHC) in alleviating gastric mucosal damage.

Materials and Methods

Drugs and chemicals

Indomethacin (IND) and Omeprazole
(OME) were purchased from Pharmedic
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Pharmaceutical Company, Vietnam. All other
chemicals were analytical grade and obtained
from Sigma (St. Louis, MO, USA).

Plant material and preparation of the
extract

Collection of plant material: The leaves
of H. capitellata, belonging to the genus
Hedyotis and the family Rubiaceae, were
collected in Cam My district, Dong Nai
province, Vietnam in March 2023. The plant
specimen with the number HC140323VST
was deposited at the Plant Biotechnology
Laboratory, Institute of Biotechnology and
Food Technology, Ho Chi Minh City
University of Industry, Vietnam.

Preparation of the extract: The leaves
of H. capitellata (depicted in Fig. 1A)
underwent a meticulous cleansing process,
followed by air-drying in shaded conditions.

Fig. 1. Leaves of H. capitellata (A) and ethanol extract of H. capitellata leaves (B)

Phytochemical screening and
determination of total phenolic (TPC), total
flavonoid (TFC) content of extract

Screening of phytochemicals: The
ethanol extract derived from H. capitellata
leaves underwent a screening process to detect
the presence of alkaloids, tannins, steroids, and
saponins, as outlined by Muhamad et al. [11].
Qualitative assessments were conducted based
on the outcomes observed in each
experimental procedure.

For the alkaloid test, approximately 1 ml
of crude extract (at a concentration of 10
mg/ml) was combined with 160 pl of
Dragendorff's reagent, consisting of 12 ml of
1.33 M bismuth nitrate in 30% nitric acid and

Subsequently, the German-manufactured
Memmert UN110 drying oven was employed
to desiccate the leaves of H. capitellata at 60°C
until achieving a stable weight. The dry leaves,
possessing a moisture content of 5%,
underwent pulverization (180/125) using a
medicinal grinding machine (TMND-AO01,
Tan Minh Co. Ltd., Vietnam), and were after
that conserved in a refrigerator. Approximately
250 g of the leaf powder was immersed in 800
ml of 96% ethanol for 72 hours. Following this
maceration period, the mixture underwent
filtration utilizing Whatman No. 4 filter paper,
with the resultant upper layer being
concentrated through a rotary evaporator
(IKA, Werke GmbH & Co. KG, Germany) at
60°C. The resultant concentrated extract,
denoted as EEHC (Fig. 1B), was then stored at
4°C pending further analytical procedures.

&

50 ml of 3.26 M potassium iodide adjusted to
100 ml with distilled water. The identification
of alkaloids was benchmarked against the
standard compound, caffeine (10 mg/ml). The
steroid screening utilized the Salkowski test,
wherein 1 ml of crude extract (10 mg/ml) was
thoroughly mixed with 500 pl of chloroform.
Subsequently, 1 ml of concentrated sulfuric
acid was added to the mixture. The presence of
steroids was compared to the standard
compound, cholesterol.

The tannin test was determined by
introducing 90 pl of 1% w/v ferric chloride
solution to 10 mg of crude extract dissolved in
1 ml of methanol. The presence of tannins was
then compared to the standard compound,
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gallic acid. In addition, the determination of
saponin content involved mixing 90 ul of
dimethylsulfoxide (DMSO) and 5 ml of
distilled water with 10 mg of crude extract
dissolved in 1 ml of ethanol. The resulting
mixture was vigorously shaken, and the
presence of saponins was compared to the
standard compound, sodium dodecyl sulfate
(SDS).

Determination of total phenolic content
(TPC)

The assessment of phenolic compounds
in the extract followed a spectrophotometric
methodology as delineated by Mansoori et al.,
with slight modifications [12]. The preparation
of the crude extract solution involved
dissolving approximately 0.5 ml (1 mg/ml) of
the crude extract in 0.5 ml of methanol.
Subsequently, 100 ul of the resulting stock
sample was introduced to 500 pl of Folin-
Ciocalteau reagent, with thorough mixing for 1
minute. Following this, 2.5 ml of a 7.5%
Na>COs3 solution was incorporated into the
mixture, and the entire solution underwent
stirring to achieve homogeneity of the dilute
phase. Simultaneously, a blank sample was
prepared similarly, utilizing 0.5 ml of
methanol instead of the crude extract solution.
After subjecting the samples to incubation at
45°C for 45 minutes in darkness within a
thermostatic chamber, the absorbance was
measured at 730 nm using a
spectrophotometer. Three replicates were
conducted to determine the average sample
value. A gallic acid standard curve was
established within the range of 20-100 pg/ml.
Ultimately, the concentration of phenolic
compounds was expressed in terms of gallic
acid equivalents (mg GAE/g dw).

Determination of total flavonoid
content (TFC): The determination of total
flavonoid content (TFC) in the extract
followed the AICIs colorimetric method, as
outlined by Mansoori et al. with minor
adjustments [12]. The extract solution was
methanol-diluted to a concentration of 1
mg/ml, and a standard curve was established
using quercetin dissolved in methanol within
the range of 20-100 pg/ml. A solution
comprising. 2.0 ml of the diluted

extract/quercetin, AICI3z solution (0.1 ml of
10%, w/v), and CH3COOK (0.1 ml of 0.1 mM)
was prepared, and the entire solution was made
up of methanol. After incubating for 30
minutes at 25°C, the absorbance was measured
at 415 nm. Ultimately, the total flavonoid
content in the extract was quantified in terms
of milligrams of quercetin equivalents per
gram of the extract's dry weight (mg QE/g dw).

Experimental animals

Swiss albino mice with a weight range of
30-35 g were employed to assess the anti-
inflammatory activity induced by
indomethacin. These mice were sourced from
the Pasteur Institute in Ho Chi Minh City,
Vietnam. The animals were housed in standard
laboratory conditions within glass cages,
maintaining a 12-hour light/dark cycle,
controlled temperature (24+£2°C), and supplied
with a commercial pellet diet designed for
rodents, along with free access to water. To
acclimate the mice to the environment, a 7-day
adaptation period was observed before the
commencement of the experiment. The
handling and treatment of the animals adhered
to the general guidelines for research methods
and the evaluation of traditional medicine
established by the World Health Organization
in 2000 [13]. The experimental procedures
followed the principles outlined in the Helsinki
Declaration, emphasizing the protection of
vulnerable research participants [14]. All
interactions with experimental animals were
carried out by personnel well-versed in the
regulations for the use and care of laboratory
animals. All experimental procedures were
approved by the Ethics Committee for Animal
Research of the University and adhered to the
principles of care and use of laboratory
animals. The use of laboratory animals is
aligned with the National Guidelines on Ethics
in Biomedical Research, as outlined by the
Ministry of Health, Vietnam [15].

Experiment design

The experimental subjects were
allocated into six groups, each consisting of
five mice. The normal control group (DW
group) received distilled water (10 mg/ml).
The negative control group (IND group) was
administered indomethacin (45 mg/kg) to
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induce gastric inflammation. The positive
control group (IND+OME group) experienced
gastric damage due to indomethacin and
received omeprazole (20 mg/kg), a standard
drug utilized in the therapy of gastric
inflammation. The experimental groups,
characterized by indomethacin-induced gastric
lesions, were subjected to treatment with
EEHC at concentrations of 300, 350, and 400
mg/kg (IND+EEHC3z00, IND+EEHC3s0, and
IND+EEHC400 groups, respectively). The
mice underwent a 24-hour fasting period and
were orally administered indomethacin
(45 mg/kg) to induce gastric inflammation.
The standard drug and test compounds were
administered orally 30 minutes before the
administration of indomethacin. Forty-eight
hours post-induction of gastric inflammation,
the mice were treated once daily for 21 days
with either the vehicle (distilled water,
10 ml/kg), the standard drug omeprazole (20
mg/kg), or EEHC at doses of 300, 350, and 400
mg/kg. On the subsequent day, blood samples
were collected via cardiac puncture and stored
at 4°C for subsequent analysis. Following this,
the mice were anesthetized using a xylazine-
ketamine anesthesia mixture [ketamine (80
mg/kg) and xylazine (10 mg/kg, IP)] and
euthanized through CO: gas inhalation.
Surgery was conducted, and the stomach was
dissected and opened along the greater
curvature. After rinsing with sterile saline, the
stomach was macroscopically evaluated for
damage. The collected stomach samples were
preserved at -80°C for further analysis.

Stomach acidity assessment

The determination of gastric acid levels
followed the protocol outlined by Qureshi et al.
[2]. The stomach was meticulously excised,
maintaining closure at the lower end of the
esophagus, and subsequently dissected open
along the greater curvature to extract its
contents. The obtained gastric fluid underwent
collection, followed by centrifugation at 1000
rpm for 10 minutes. After centrifugation, the
samples were decanted, and the volume of the
gastric fluid was meticulously documented.

Gastric pH determination: A volume of
1 ml from the supernatant was diluted to 10 ml
with distilled water. The pH of the resulting
solution was measured using a digital pH
meter (HI8424, Hanna Instruments Co. Ltd.,
USA).

Estimation of free and total acidity
(TA): In a 100 ml conical flask, 1 ml of gastric
juice was carefully pipetted, and 2 or 3 drops
of Topfer reagent were introduced. The
solution underwent titration with 0.01 N
NaOH until the disappearance of all red color
spots, resulted in a light yellow hue. The
volume of alkali added during this phase was
meticulously documented, representing the
free acid content. Subsequently, 2 or 3 drops of
phenolphthalein solution were incorporated,
and the titration continued until a distinct pink
color manifested. Once again, the total volume
of alkali added was recorded (VnaoH),
corresponding to the total acid content. The
quantification of free and total acid was
computed using the formula below:

TA (M) = Ywaowx Mwaon o 10958 (Eq, 1)

L

0.1

L

Evaluation of gastric mucosal damage' (ulcer index and inhibition rate)

The stomachs of the experimental subjects were dissected along the greater curvature and
scrutinized under a microscope by two investigators to identify lesions in the glandular region. A
semi-quantitative scoring system, ranging from 0 to 4 (as detailed in Table 1), was established based
on the severity of congestion and hemorrhage. This scoring system adhered to the methodology
outlined by Tastekin et al. with slight modifications [16].

The gastric ulcer index (Ul) and ulcer inhibition percentage (PUI %) were calculated according
to the following formula:

Ul =
where n is the total number of mice in each group
PUI (%) — UIcontrol_UItreatment (Eq 3)

Ulcontrol

Ul +Uly+-+Ul,
n

(Eq. 2)
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Table 1

Classification of the severity of gastric mucosal ulceration according
to the Ebru scoring system

Characteristic Point
Normal colored stomach 0
Red coloration 0.5
Spot ulcer, the erosion depth or erosion length <1 mm 1
Hemorrhagic streak 1.5
Deep ulcers, the erosion length ranges from 1 to 2 mm 2
Perforation, the erosion length ranges from 2 to 3 mm 3
Perforation, the erosion length ranges from 3 to 4 mm 4

Hematology and
assessment

On the final day of the experiment, blood
samples were obtained from the animals
through cardiac puncture and stored at 4°C
until  further analysis. An automated
hematology analyzer, TC-Hemaxa 1000
(USA), was employed to quantify red blood
cells (RBCs), white blood cells (WBCs), and
various white blood cell types, including
lymphocytes (LYM), monocytes (MONO),
and granulocytes (GRA). The erythrocyte
sedimentation rate (ESR) was determined
using the Westergren pipette method. The
serum, obtained after blood clotting,
underwent centrifugation for 15 minutes at a
speed of 3000 rpm. The levels of C-reactive
protein (CRP) and alkaline phosphatase (ALP)
were then analyzed utilizing an automated
biochemical analyzer, TC-3300 Plus (USA).

Quantification of malondialdehyde
(MDA)

The assessment of lipid peroxidation was
conducted by evaluating the malondialdehyde
(MDA) formation, employing the
thiobarbituric acid method as detailed by Lim
et al. with slight modifications [17]. The
gastric mucosa layer was homogenized in a
10 ml solution of 100 g/l KCI. Subsequently,
500 pl of the homogenate was introduced into
a new tube containing a thiobarbituric acid
solution composed of 1.5 ml of 1 g/l 2-
thiobarbituric acid, 0.2 ml of 80 g/l SDS,
1.5 ml of 200 g/l acetic acid, and 0.3 ml of
distilled water. The mixture was heated at
98°C for 1 hour, allowed to cool to room
temperature, and then combined with 5 ml of
n-butanol: pyridine (15:1; Sigma-Aldrich).

biochemistry

Following centrifugation at 3000 x g for 30
minutes, the absorbance of the upper layer was
measured using a UV/Vis spectrophotometer
at a wavelength of 532 nm. A standard curve
was generated using 1,1,3,3-
tetramethoxypropane (Sigma-Aldrich), and
the results were expressed as nM MDA/g wet
tissue (nM/g tissue).

Antioxidant assessment

Catalase (CAT) activity measurement:
The determination of CAT activity in the tissue
followed the protocol established by Lim et al.
[17]. The gastric tissue  underwent
homogenization, with subsequent removal and
washing of the glandular portions using cold
physiological saline. Half of the gastric tissue
was homogenized in a chilled phosphate-
buffered saline solution (0.1 mol/l). The
resulting homogenates were subjected to
centrifugation at 4,500 rpm for 15 minutes at
4°C, yielding the supernatant representing the
homogenized gastric tissue solution. The
gastric ~ mucosal homogenates  were
appropriately diluted with a buffer solution and
then mixed with 1 ml of 30 mM H20,. The
absorbance was measured at a wavelength of
240 nm. CAT activity was expressed as mM
per minute per milligram of tissue.

Measurements of mucosal
myeloperoxydase (MPO) levels: The MPO
content was quantified utilizing the assay
method outlined by Araujo et al. with minor
adjustments [1]. Gastric tissue samples were
immersed in a Tris hydrochloric acid (HCI)
buffer solution at a ratio of 1.5 (w/v), pH = 7.4,
and minced with scissors for 15 seconds on a
chilled ice plate. Homogenates were prepared
in 0.5% hexadecyl trimethyl ammonium
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bromide (pH = 6.0), dianisidine
dihydrochloride staining solution, potassium
phosphate buffer solution (PBS), and 0.05%
hydrogen peroxide (1%). Subsequently, the
mixture underwent centrifugation (2000 x g
for 20 minutes at 4°C). The absorbance of the
samples was measured at a wavelength of 450
nm. The results were expressed as the quantity
of enzyme capable of degrading 1 umol/ml of
peroxide at 25°C and reported as MPO units
per gram of tissue (U/g tissue).

Estimation of glutathione (GSH)
content: The determination of GSH content
followed the method previously outlined by
Sedlak and Lindsay with slight adjustments
[18]. Gastric tissue was homogenized in 2 ml
of Tris-HCI buffer solution [50 mM Tris HCI,
0.2 mM sucrose, and 20 mM EDTA,; pH 7.5],
precipitated with 0.1 ml of 25% trichloroacetic
acid, and then subjected to centrifugation at
3500 x g for 40 minutes at 4°C to eliminate the
precipitate. The GSH content in the
supernatant was ascertained by measuring the
absorbance at 412 nm, and the results were
expressed as nM/mg of tissue.

Estimation of total antioxidant capacity
(TAC): The concentration of TAC was
determined using the method described by
Popovi¢ et al. [19]. The reaction mixture
contained 200 pl of reagent I (acetate buffer
CH3COONa/CH3COOH, 0.4 M, pH 5.8), 20 ul
of gastric tissue homogenate, and 20 pl of
reagent 1l (10 mM ABTS, 2 mM H20: in
acetate buffer (30 mM), pH 3.6). After 5 min,
the absorbance was measured at 660 nm using
a spectrophotometer, and the results were
expressed as nM/mg protein.

Measurement  of
markers and cytokines

The concentrations of cytokines TNF-q,
IL-18, IL-6, and IL-10 in gastric tissue were
determined utilizing a mouse ELISA Kit,
following the methodology outlined by
Danisman et al. [20]. The samples were
incubated at 37°C for 90 minutes upon
addition to the plates. After emptying the
wells, the biotin-conjugated detection antibody
working solution was introduced and
incubated for an additional 60 minutes. After
washing the plate, the horseradish peroxidase-

inflammatory

conjugated working solution was added and
incubated at 37°C for 30 minutes. Finally, the
substrate solution and stop solution were
sequentially added, and the absorbance was
measured at 570 nm using a Multiskan™ GO
Microplate spectrophotometer (USA).

Histopathology examination

After the evaluation period, samples of
gastric tissue were gathered. The gastric wall
tissue was preserved in a 10% formaldehyde
solution for 48 hours and subsequently
embedded in paraffin blocks. Sections with a
thickness of 4 um were obtained from each
paraffin block and subjected to staining with
hematoxylin and eosin (H&E) for histological
assessment. The designated sections were
scrutinized under a light microscope (Olympus
BX 51, Japan) as per the protocol described by
Danisman et al. [20].

Statistical analysis

The data were expressed as mean +
standard deviation and statistical comparisons
were conducted using Statgraphics Centurion
XIX (Statgraphics Technologies, Inc., USA)
employing one-way analysis of variance
(ANOVA), followed by Dunnett's post hoc
test. Statistical significance was established
when p-values were less than 0.05.

Results and Discussion

Phytochemical and quantification of
total phenolic content (TPC) and total
flavonoid content (TFC) in extract

The qualitative analysis of the chemical
constituents of the ethanol extract from H.
capitellata indicated the presence of tannins,
flavonoids, steroids, alkaloids, saponins, and
phenolics. The results, presented in Table 2,
employed a notation system where a (+)
symbol denoted the presence, while a (-)
symbol denoted the absence of specific plant
chemical compounds in H. capitellata.
Quantitatively, the EEHC exhibited a total
phenolic content of 67.85+4.29 mg GAE/g and
a total flavonoid content of 41.64+3.48 mg
QE/g, as outlined in Table 3. The results
indicate that the EEHC contains various
components that may be associated with anti-
inflammatory and anti-oxidative activities.
Among these components, the presence of
tannins, flavonoids, and phenolics, known for
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their antibacterial properties and anti-
inflammatory effects, suggests the potential
application of the extract in treating gastric
inflammation. Tannins may contribute to
protecting the gastric mucosa from damage
and exhibit anti-inflammatory  effects.
Flavonoids, as a type of compound with anti-

oxidative and anti-inflammatory properties,
could play a crucial role in reducing
inflammation and safeguarding the gastric
mucosa. Phenolic compounds are also
recognized for their antibacterial and anti-
inflammatory capabilities.

Table 2
Chemical compounds of the ethanol leaf extract of H. capitellata
Phytochemicals EEHC Test EEHC

Tannins + Alkaloids +

Flavonoids + Saponins +

Steroids + Phenolics +

Note: (+) — presence, (—) — absence of tested phytochemicals.

Table 3

The content of total phenolic (TPC) and total flavonoid (TFC)
in the ethanol leaf extract of H. capitellata

Sample Total phenolic content Total flavonoid content
(mg GAE/g) (mg QE/g)
EEHC 67.85 + 4.29 41,64+ 3.48

Note: GAE — gallic acid equivalent, QE — quercetin equivalents.

Plant chemical analysis of the ethanol
extract of H. capitellata leaves revealed the
presence of secondary metabolites previously
reported in other medicinal plants (Table 2).
To the best of our knowledge, this study is the
first to report the presence of tannins,
flavonoids, steroids, alkaloids, saponins, and
phenolics in H. capitellata. Alkaloids are the
end products of plant metabolism and serve as
a nitrogen reserve, an essential nutrient for
plant growth. These plant metabolites have
been  known to  possess  sedative,
cardiovascular protective, anti-inflammatory,
and antioxidant properties. Another secondary
metabolite identified in H. capitellata is
steroids. Plant sterols are essential for plant
growth, reproduction, and response to various
biotic and abiotic stresses. These potent
phytosterols have long been used as
cholesterol-lowering  agents and  have
immunosuppressive and anti-inflammatory
properties [11]. Steroids also act as electron
donors, neutralizing free radicals and
converting them into more stable compounds,
thus providing the final chain reaction [12].
The present study also found tannins in the
EEHC. These phytochemicals are crucial in
the chemical defense mechanism of plants

against pathogens and herbivores, as the bitter
taste of tannins is less preferred by herbivores
[11]. Tannins exhibit antioxidant properties,
functioning by donating hydrogens and
chelating metal ions such as Fe (I1), Zn (I1), Cu
(11), and intervening in Fenton reactions [12].
Saponins are plant chemical compounds that
exhibit soap-like characteristics and foam
formation when mixed with water. When
dissolved in water, saponins reduce the surface
tension of water, allowing the formation of
stable small bubbles. Due to their surfactant
activity, saponins are excellent foaming agents
(highly stable). In nature, plants rely on
saponins as a mechanism to defend against
parasites. Similarly, when consumed by
animals, saponins provide similar protective
abilities against harmful organisms [11].
Additionally, saponins are utilized by animals
as natural antioxidants and also stimulate
programmed cell death in tumor cell masses
[12].

Polyphenols and  flavonoids are
important antioxidants and constitute a
significant proportion in plants. The total
phenolic and flavonoid content of H.
capitellata is 67.85 mg GAE/g and 41.64 mg
QE/g, respectively. According to a study
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published by Kéhkonen et al. [21], plants with
a polyphenol content greater than 20 mg
GAE/g exhibit strong antioxidant activity.
Phenols are essential in plants for growth,
particularly in lignin and pigment synthesis.
They also provide structural integrity and
support for plant tissues. More importantly,
plant phenolic phytoalexins are secreted by
plants to repel or destroy microorganisms and
certain pathogens. Phenolic compounds are
widespread in plants, and when plant-based
foods are consumed, these plant chemicals
contribute to enhanced absorption of natural
antioxidants [11]. Flavonoids are plant
chemical compounds found in many plant
species and possess several medicinal benefits,
including anticancer, antioxidant, anti-
inflammatory,  antiviral, neuroprotective,
cognitive-enhancing effects during aging,
prevention of cardiovascular metabolic
disorders, anticancer, and anti-proliferative
properties. Extracts rich in flavonoids offer
numerous medicinal benefits [22].

Evaluation of gastric acid secretion
inhibition

Mice treated with indomethacin (IND
group) exhibited elevated gastric acidity, as
evidenced by a reduction in gastric pH, an
increase in free acid content, and total acid
levels compared to the distilled water group
(DW) (Table 4, p<0.05). Omeprazole
treatment significantly mitigated gastric
acidity compared to the IND group (p<0.05),
demonstrating the efficacy of omeprazole in
acid control. All three doses of the extract
(300, 350, and 400 mg/kg) markedly reduced
gastric acidity compared to the IND-only
group (p<0.05). Particularly noteworthy, in the
group treated with the highest dose of the
extract (400 mg/kg), the decrease in total acid
content was nearly equivalent to that of the
distilled  water group (p>0.05) and
significantly differed from the IND+OME
group  (p<0.05). Consequently, EEHC
demonstrated a positive impact in reducing
gastric acidity in mice, exhibiting efficacy
even surpassing that of omeprazole. These
results may provide support for further
research and the development of novel
approaches in the treatment of gastric acidity.

Table 4

Potential effect of the H. capitellata leaf extract article against the pH,
free and total acidities of gastric juice

Treatment pH Free acidity (mEqg/l) Total acidity (mEqg/l)
DW group 6.95+0.13¢ 4.8+0.162 7.66 +0.32
IND group 471 +0.162 12.52 + 0.26° 10.54+0.21°
IND+OME group 5.03 £0.14° 11.8+0.43¢ 9.94 + 0.36¢
IND+EEHC30 group 6.68+0.19° 5.56 £ 0.3° 8.08+0.27°
IND+EEHCs3s group 6.73 £0.18% 5.38 +£0.28% 7.92+£0.31%®
IND+EEHC 00 group 6.89 +0.13% 5.06 + 0.39% 7.82£0.31%®

Note: Values are expressed as Mean+SD, the letters (a, b, ¢, d, and e) represent significant differences between the groups

(p<0.05).

Most of the drugs currently used in the
treatment of gastric ulcers, such as
lansoprazole, pantoprazole, esomeprazole,
omeprazole, etc., work by reducing gastric
acid secretion. Acid suppression leads to an
increase in blood gastrin levels. However,
gastrin stimulates gastric acid secretion,
increases enterochromaffin and carcinoid cell
proliferation. Additionally, increased gastric
acid levels increase the risk of intestinal
infection and H. pylori infection. This creates
favorable conditions for the development of
gastric inflammation, gastric atrophy, and an

increased risk of glandular stomach cancer and
intestinal metaplasia. Moreover, increased
gastric acid also reduces calcium absorption in
the intestine, impairs vitamin Bi2 absorption,
and increases the risk of osteoporosis and
anemia [3]. The current study demonstrated
that the gastroprotective effect of the ethanol
leaf extract of H. capitellata did not
significantly increase gastric acidity, which
was significantly different from the effect of
omeprazole (p<0.05). The non-significant
increase in pH, free acid, and total acid in the
stomach caused by the extract may be
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attributed to the moderate inhibitory effect of
the extract components on gastric proton pump
and histidine decarboxylase [3]. This provides
an advantage for the extract over existing anti-
ulcer medications.

Determination of gastric mucosal
injury

The results presented in Fig. 2 reveal the
impact of EEHC on the ulcer index and the
percentage of ulcer inhibition. Indomethacin
induced a significant elevation in the ulcer
index (0.78+0.02) in mice. Notably, treatment
with the extract demonstrated a substantial
improvement in ulcer inhibition. EEHC at
doses of 300, 350, and 400 mg/kg exhibited

accompanied by ulcer indices (0.34+0.04,
0.32+0.03, and 0.28+0.02, respectively) that
were significantly different from the IND
group (0% ulcer inhibition, ulcer index
0.78+0.02) (p<0.05). The therapeutic effect of
EEHC on gastric ulcers proved to be
comparable to the effect of omeprazole
(58.93% ulcer inhibition, ulcer index
0.32+0.02) (p>0.05). These findings suggest
that the ulcer healing properties observed in
the ethanol leaf extract of H. capitellata
indicate its gastroprotective effects. The data
underscore the potential of EEHC as a
promising agent in mitigating indomethacin-
induced gastric ulcers and emphasize its

notable ulcer inhibition capacities (56.07%, comparable efficacy to the standard
58.93%, and  63.93%, respectively), medication, omeprazole.
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Fig. 2. Efficacy of H. capitellata leaf extract in lesional area and inhibition rate in a mouse model of
indomethacin-induced gastritis; A. Gastric ulcer index, B. Ulcer inhibition percentage. The letters
(a, b, c, and d) represent signsificant differences between the groups (p<0.05).

Gastric ulcer is a common digestive
disorder characterized by inflammatory lesions
or craters in the mucosal and submucosal
layers, resulting from an imbalance between

damaging factors such as acid, pepsin, H.
pylori, and defensive factors such as gastric
mucus, bicarbonate ions, and prostaglandins
along with the innate resistance of the mucosal
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cells [4]. Currently, NSAIDs are widely used
worldwide for their analgesic and anti-
inflammatory properties. Indomethacin (IND),
an NSAID, is widely used in clinical practice.
However, IND can cause severe ulceration and
erosion that extends to the gastric mucosa. IND
induces gastric mucosal damage by activating
inflammatory  cells, producing pro-
inflammatory  cytokines, and inducing
oxidative stress. The generation of free
radicals and lipid peroxides plays a crucial role
in the development of IND-induced gastric
mucosal injury [16]. The ulcer index and
percentage of ulcer inhibition data from this
study indicate that EEHC has potential anti-
inflammatory and antioxidant effects against
IND-induced gastric mucosal damage. Plant
components such as flavonoids, tannins, and
saponins have been reported in several ulcer-
protective studies and may contribute to gastric
mucosal protection. Flavonoids and tannins are
among the cell-protective agents that have
been widely acknowledged for their ulcer-
preventive efficacy. It is believed that these
compounds can stimulate the secretion of
mucus, bicarbonate, and prostaglandins, while
counteracting the deleterious effects of
oxidative substances in the gastrointestinal

tract. Tannins can inhibit the development of
ulcers through protein precipitation and their
vasoconstrictive effects. Their ulcer-sealing
effects may help in precipitating protein over
the ulcer site, thus forming a water-
impermeable layer on the mucosa, impeding
the secretion from the intestine, and protecting
the underlying mucosa from toxins and other
irritants [2].

Hematology and biochemistry

Table 5 provides a comprehensive
overview of the alterations in hematological
and biochemical parameters observed in mice
undergoing treatment for gastric inflammation
induced by IND. A significant increase in
WBC count was evident during the IND-
induced gastric ulceration process, displaying
a noteworthy difference compared to the DW
group (p<0.05). Conversely, the RBC count
demonstrated a significant decrease during
IND treatment (p<0.05). The counts of various
white blood cell types (LYM, MONO, and
GRA) exhibited significant variations in the
IND-treated groups compared to the DW
group (p<0.05). The levels of ALP, CRP, and
ESR significantly increased after mice were
treated with IND (p<0.05).

Table 5

Effect of ethanol extract of H. capitellata leaves on hematologiscal and serum biochemical
parameters of mice with indomethacin-induced gastritis

carameters | DW arous | IND arow IND+OME | IND+EEHCa0 | IND+EEHCa0 | IND+EEHCa00
9 P 9 p group group group

6
il?”cmn%w 68140120 | 4.06+0.11° | 6.16+ 0.02° 5384009 | 5.66+012° | 6.07+0.11¢

3
Xﬁ/fm%m 444+0.112 | 10.02+0.11F | 5.09+0.08° 6.21 +0.09¢ 5.77+0.11¢ 548 £0.11¢

3
ggull\fnm%m 25120112 | 541008 | 2.63+0.09° 3014007 | 29440120 | 2.84 % 0.09°
MONO
(x10° 1294009 | 2394007 | 1.55+0.09 18740090 | 1.7240.12° | 1.63 +0.08%
cell/mm?®)

3
CGeIﬁ‘;‘;nn%IO 12340065 | 221+0.07¢ | 1.01 < 0.06? 12340066 | 1.1£0.11° 1.501 £ 0.067
CRP (mg/L_| 03720.06° | 6.86 2007 | 2.58 % 0.05" 3021009 | 34640059 | 2.07%0.08

14772 < ]53099 = 31280+ 278.15 + 24172+

ALP(UL) | 1757 21.99" 203.21 1493 1 19 50 16.57¢ 20.69¢
(Enf’f; o 5455005 | 8.88=0.08" | 5.79+0.08" 6.81 <009 | 634+006° | 6.01+0.08

Note: Values are expressed as Mean+SD, the letters (a, b, c, d, e, and f) represent significant differences between the
groups (p<0.05). Red blood cells (RBC), White blood cells (WBC), Lymphocytes (LYM), Monocytes (MONO),
Granulocytes (GRA), C-reactive protein (CRP), Alkaline phosphatase (ALP), Erythrocyte sedimentation rate (ESR).
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The reversal of these adverse effects was
notable after treating the mice for gastric
ulceration with EEHC and OME. Specifically,
in the EEHCsp, EEHCs3s0, and EEHCago
groups, the WBC count, ALP, CRP, and ESR
levels demonstrated a significant decrease
compared to the IND group (p<0.05), while the
RBC count significantly increased (p<0.05).
These findings suggest that EEHC has a
potential protective effect on hematological
and biochemical parameters, counteracting the
IND-induced alterations. The observed
improvements in these parameters further
support the potential therapeutic benefits of
EEHC in the context of gastric ulceration.

The treatment of gastric ulcers in
animals depends on various factors, such as
age, overall health status, disease severity, and
drug absorption capacity. Physiological
studies have shown that stress from any source
can affect the endocrine, hematopoietic, and
immune systems. The white blood cell count
and neutrophil count increase, while
lymphocyte, eosinophil, and monocyte counts
decrease due to stress [23]. Red blood cells
(RBCs) are crucial in the ulcer healing process
as they are responsible for carrying oxygen to
the affected tissue. The availability of oxygen
affects all stages of the healing process,
making it essential for successful healing. A
decrease in RBC count due to aspirin use has
also been previously observed in gastric tissue
injury [24], which corresponds to the current
study where RBC count decreased in mice
treated with IND. In this study, the RBC count
increased in mice treated with EEHC and
OME, providing more oxygen for granulation
tissue formation and faster wound healing. The
body's cellular protective mechanisms are
mobilized through biological reactions in the
injured area, accompanied by vascular and
nervous reactions, which are necessary for
tissue repair. Previous studies have shown that
the natural healing process in mice requires an
enhanced immune response through increased
production of white blood cells [23]. The
current study observed an increase in WBC
count in mice after inducing ulceration with
IND, indicating an immune response in
animals with IND-induced inflammation.

Lymphocyte (LYM) and granulocyte (GRA)
counts are indicative of the inflammatory
status in animals. Recently, increased
lymphocyte and granulocyte counts have been
observed in inflammatory disorders such as
splenitis and colitis. An increase in
lymphocyte and granulocyte counts indicates a
more pronounced inflammatory condition,
while a decrease in these parameters indicates
reduced inflammation, leading to improved
healing ability [23]. In this study, as the
healing process progressed, the mice
maintained low lymphocyte and granulocyte
counts, indicating a faster healing process. C-
reactive  protein (CRP) and alkaline
phosphatase (ALP) play essential roles in
tissue necrosis, and their levels increase in
alcohol-induced, aspirin-induced, and IND-
induced tissue injury [25]. During the healing
process in the current study, the activities of
these parameters decreased in mice treated
with the extract. The observed reduction may
be a mechanism associated with enhanced
ulcer healing reported in previous studies [26].

Changes in malondialdehyde (MDA)
levels in gastric mucosa

The presented results in Fig. 3 highlight
the concentration of malondialdehyde (MDA)
in the gastric mucosa and its response to
different treatments. The concentration of
MDA in the distilled water (DW) group was
measured at 2.39+0.19 nM/g tissue,
establishing a baseline for comparison.
A substantial and statistically significant
increase in MDA concentration was observed
in the gastric mucosa of the IND group
(12.5440.23 nM/g tissue) compared to the DW
group (p<0.05). This elevation indicates
oxidative stress or lipid peroxidation in
response to IND-induced gastric
inflammation. Mice treated with EEHC at
doses of 300, 350, and 400 mg/kg showed
varying levels of MDA (7.72+0.13, 6.82+0.14,
and 5.2940.15 nM/g tissue, respectively).
Although EEHC at 300 and 350 mg/kg did not
significantly reduce MDA levels compared to
the IND group (p>0.05), treatment with EEHC
at 400 mg/kg resulted in a significant decrease
in MDA concentration, approaching the level
observed in the IND+OME group (p<0.05),
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suggesting a dose-dependent antioxidant
effect. This suggests a potential dose-
dependent response, with higher doses of
EEHC showing a trend toward mitigating the
elevated MDA levels induced by IND. The
ratios presented do not indicate a significant
overall improvement in MDA concentration in
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the gastric tissue of the EEHC-treated groups,
as mentioned in Fig. 3. So, while the lower
doses of EEHC did not show significant
improvement in MDA concentration, the
higher dose (400 mg/kg) demonstrated a trend
toward normalization, suggesting a potential
dose-dependent effect.
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Fig. 3. Effect of treatment with H. capitellata leaf extract on malondialdehyde (MDA) levels in a
mouse model of indomethacin-induced gastric ulcer. The letters (a, b, ¢, and d) represent significant
differences between the groups (p<0.05)

Oxidative damage becomes more
pronounced with the process of lipid
peroxidation, which is crucial in the
pathophysiology of gastric injury involving
cellular and membrane damage. In previous
studies, the amount of lipid peroxidation has
been shown to be associated with IND-induced
gastric mucosal damage [16]. The increase in
MDA levels is correlated with tissue damage
and is an important factor in NSAID-related
gastric injury [27]. The permeation of IND into
the subepithelial layer causes tension in the
gastric tissue, thus leading to gastric
ulceration. The production of ROS and
oxidative stress are the main causes of
increased lipid peroxidation (MDA). The
current study confirmed the findings of Abbas
and Sakr and Fahmy et al. in observing an
increase in the levels of the end products of
lipid peroxidation, malondialdehyde (MDA),
in gastric tissues after IND treatment [28, 29].
The level of MDA is believed to reflect cellular

membrane damage through the intermediate of
free radicals [29]. As demonstrated in the
results of the present study, the treatment
of gastric ulcers by EEHC and omeprazole
significantly reversed the changes induced by
IND in MDA levels, suggesting that the
mechanism of both the anti-inflammatory
effects of omeprazole and EEHC may involve
their antioxidant effects.

The activity of antioxidants in the
stomach

The results presented in Table 6 offer
insights into the impact of EEHC on
antioxidant enzymes in the context of gastric
mucosal response to IND. The activities of
CAT and MPO were significantly inhibited in
the gastric mucosa of animals exposed to IND,
indicating a reduction in antioxidant defenses
(p<0.05). The values for CAT (34.85+0.11
mM/min/mg of tissue) and MPO (9.18+0.11
mM/min/mg of tissue) in the IND group were
markedly higher compared to the intact gastric
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mucosa (CAT: 17.55+0.15, MPO:
2.52+0.12 mM/min/mg of tissue,
respectively). Pretreatment with EEHC
mitigated the decline in CAT and MPO
activities induced by IND, with the 400 mg/kg
EEHC group showing the most significant
improvement (CAT: 24.95+0.14 mM/min/mg
of tissue, MPO: 4.56+£0.12 mM/min/mg of
tissue) compared to the IND-only group
(p<0.05). IND led to a decrease in GSH
(2.57£0.09 nM/mg tissue) and TAC
(11.93£0.12 nM/mg protein) compared to the
control group (p<0.05). The control group had
higher GSH (5.32+0.11 nM/mg tissue) and
TAC (29.18+0.15 nM/mg protein) values.
Pretreatment with EEHC increased GSH and

TAC activities in the stomach, with the most
notable efficacy observed at a dose of 400
mg/kg (GSH: 4.51+£0.06 nM/mg protein, TAC:
22.82+0.07 nM/mg protein) (p<0.05).
Therefore, EEHC demonstrated a protective
effect on antioxidant enzymes, including CAT,
MPO, GSH, and TAC, in the gastric mucosa
exposed to IND-induced inflammation. The
most  pronounced  improvements  were
observed at the highest dose of EEHC (400
mg/kg), indicating a dose-dependent response.
These findings suggest that EEHC may play a
crucial role in preserving the antioxidant
balance in the gastric mucosa under
inflammatory conditions induced by IND.

Table 6
Effect of treatment with H. capitellata leaf extract on antioxidant activity
in a mouse model of indomethacin-induced gastric ulcer
CAT (mM/min/g MPO (mM/min/mg GSH (nM/mg TAC (nM/mg
Treatment . - . .
tissue) of tissue) tissue) protein)
DW group 17.55+0.152 2.52+0.122 532+0.11F 29.18 + 0.15f
IND group 34.85+0.11° 9.18+0.11f 2.57 £ 0.09° 11.93£0.12°
IND+OME group 21.93+0.13° 3.85+0.11° 4.76 + 0.08° 26.02 £0.12¢
IND+EEHCs0 group | 28.43 £0.11° 5.94+0.14° 3.79 £0.09° 15.88 +0.12°
IND+EEHC3s0 group | 25.35£0.11¢ 5.29+0.11¢ 4.18 £ 0.06° 18.81 & 0.09°
IND+EEHCa00 group | 24.95 £ 0.14° 4.56£0.12° 4.51 £0.06¢ 22.82 +0.07¢

Note: Values are expressed as Mean+SD (n=5), the letters (a, b, c, d, e, and f) represent significant differences between
the groups (p<0.05); Myeloperoxidase (MPQ), Catalase (CAT), Glutathione (GSH), Total antioxidant capacity (TAC).

Reactive oxygen species (ROS) are
generated during cellular metabolism under
both  physiological and  pathological
conditions. However, excessive ROS release is
evident in disease states [20]. Organisms
protect against the adverse effects of ROS
through specific antioxidant defense systems,
including enzymatic and  endogenous
scavenging systems. Specifically, catalase
(CAT) and myeloperoxidase (MPQO) are
characterized as the first line of defense against
oxidative stress. MPO can catalyze the
conversion of hydrogen peroxide (H20:) to
hypochlorous acid (HOCI) in the presence of
chloride ions, generating reactive oxygen
species (ROS) that directly damage pathogens.
CAT neutralizes the harmful effects of H.O:
by converting it into water. When excessive
ROS is released, these protective mechanisms
can become overwhelmed. IND has been
shown to decrease the activity of CAT and

MPO [30], which is also confirmed in the
present study. Furthermore, we demonstrated
that treatment with EEHC modulated the
increased levels of CAT and MPO in the IND-
induced gastric ulcer animal model. The
elevation of CAT and MPO activities will
prevent lipid peroxidation and tissue
destruction, thus promoting the recovery of
IND-induced gastric damage [20]. Glutathione
(GSH) and total antioxidant capacity (TAC)
protect cells against free radicals, peroxides,
and other harmful compounds. Reduced GSH
and TAC levels in the gastric mucosa can lead
to the accumulation of free radicals, which
may cause cellular membrane damage through
lipid peroxidation [29]. This is consistent with
our study, which reported a decrease in GSH
and TAC concentrations in the gastric tissue of
mice treated with IND. Gastric injury depletes
GSH and TAC, which serve as the first line of
defense for cells against oxidative damage.
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This can lead to more severe tissue damage
during gastric ulceration. Treatment with OME
and EEHC restored the levels of GSH and
TAC, indicating a potential protective effect
against oxidative damage.

Effect of EEHC on the release of
inflammatory cytokiness

The findings presented in Table 7
highlight the impact of H. capitellata leaf
extract on inflammatory markers in the context
of IND-induced inflammation. Administration
of IND significantly increased the expression
of inflammatory markers, including I1L-1/, IL-
6, and TNF-a (p<0.05). Additionally, there
was a significant reduction in the concentration
of anti-inflammatory cytokine I1L-10 compared
to the DW group (p<0.05). Treatment with H.
capitellata leaf extract at doses of 300, 350,
and 400 mg/kg resulted in a reversal of these
IND-induced  effects  (p<0.05). The
concentrations of 1L-14, IL-6, TNF-a, and IL-

10 were significantly decreased, indicating a
reduction in the inflammatory response
(p<0.05). Notably, the concentration of 1L-10
was significantly increased, suggesting an
enhancement of anti-inflammatory
mechanisms (p<0.05). These results suggest
that H. capitellata leaf extract possesses anti-
inflammatory properties, as evidenced by its
ability to modulate the expression of pro-
inflammatory cytokines (IL-18, IL-6, TNF-«)
and enhance the concentration of the anti-
inflammatory cytokine IL-10. The observed
effects at various doses of the extract indicate
a dose-dependent response, with higher doses
exhibiting more pronounced anti-
inflammatory effects. Overall, these findings
support the potential therapeutic use of
H. capitellata leaf extract in mitigating
inflammatory responses, providing a basis for
further exploration in the development of anti-
inflammatory interventions.

Table 7
Effect of treatment with H. capitellata leaf extract on antioxidant activity
in a mouse model of indomethacin-induced gastric ulcers
Treatment TNF-a (pg/ml) IL-1p (pg/ml) IL-6 (pg/ml) IL-10 (pg/ml)

DW group 154.72 + 14.09 258.09 + 14.52° 27.65 + 3.26° 164.85 + 5.85°
IND group 319.88 + 12.01° 601.31 + 16.497 70.21 + 5.09¢ 80.74 + 5.55°

IND+OME group 185.81 +11.33" 298.21 +12.59° 2547 +3.17° 157.61 +5.41¢
IND+EEHCa0 group | 290.74 + 12.01° 406.96 + 12.71¢ 36.07 +2.38° 112.87 £4.91°
IND+EEHC350 group | 257.89 +19.18¢ 370.97 + 14.98¢ 35.60 +2.32° 133.73 +3.81°
IND+EEHCaqo group | 224.04 + 17.56° 335.88 +17.18° 26.36 £ 3.39° 145.01 + 4.02¢

Note: Values are expressed as Mean+SD (n=5), the letters (a, b, c, d, e, and f) represent significant differences between

the groups (p<0.05).

In the pathogenesis of gastric ulcer,
mucosal damage plays a crucial role mediated
by certain pro-inflammatory  cytokines
synthesized in the gastric mucosa upon IND
administration. Some important cytokines
involved include TNF-«, IL-6, IL-1f, and IL-
10, released from macrophages during
inflammation [31]. Indomethacin induces
high-grade mucosal inflammation,
characterized by a significant increase in
infiltration of inflammatory cells in the gastric
mucosa, elevated levels of TNF-a, IL-15, IL-
6, and reduced levels of 1L-10 compared to the
DW group. Treatment with the plant extract at
all three doses inhibited infiltration of gastric
inflammatory cells, significantly decreased the
levels of TNF-a, IL-6, IL-14, and increased the
level of IL-10 in the serum. This indicates the

anti-inflammatory role of EEHC. IL-6
stimulates lymphocytes, macrophages, and
neutrophils at the site of inflammation, leading
to excessive production of ROS and lysosomal
enzymes, resulting in tissue damage in gastric
ulcers. TNF-a plays a crucial role in IND-
induced mucosal damage by reducing blood
flow to the gastric mucosa and upregulating
the expression of gastrin and vascular
endothelial growth factor in the gastric
mucosa, thereby hindering the ulcer healing
process. TNF-a also activates the NF-xB
pathway as an intermediate for the
transcription process of certain adhesion
molecules, leading to the infiltration of
inflammatory cells observed in mice treated
with IND [3]. IL-15 is a pro-inflammatory
cytokine produced during gastric inflammation
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and enhances the inflammatory response,
causing an imbalance between detrimental and
defensive  factors such as increased
angiogenesis, increased mucous membrane
permeability, and enhanced infiltration of
inflammatory cells. IL-10 is an anti-
inflammatory cytokine that can reduce the
inflammatory response, maintain a balance
between inflammation and anti-inflammation
by inhibiting the production of pro-
inflammatory cytokines. IL-10 helps reduce
mucosal damage, alleviate inflammation,
dampen excessive immune responses, and
inhibit the proliferation of inflammatory cells
[16]. In the present study, the decrease in
TNF-a, IL-1, IL-6 levels, and the significant
increase in IL-10 levels in serum indicate a
reduction in the oxidative and inflammatory
conditions. A previous study suggested that the
anti-inflammatory effects of the extract are
mediated through the downregulation of
cytokines such as TNF-«, IL-1, and IL-6 [32].
The authors explained that this improvement is
attributed to the polyphenolic content of the
extract, which possesses strong antioxidant,
anti-inflammatory, and  tissue-repairing
properties.

A
D W group

IND group

IND group

Macroscopic  and
evaluation

The visual observations presented in Fig.
4 provide valuable insights into the protective
effects of EEHC and OME against gastric
mucosal damage induced by IND. The distilled
water control group (Fig. 4Aa) did not exhibit
mucosal ulcerations or bleeding lesions,
indicating a healthy gastric mucosa. In
contrast, IND-treated mice displayed distinct
localized ulcerative and hemorrhagic lesions in
the gastric mucosa (Fig. 4Ab). This
observation aligns with the expected effects of
IND, causing visible damage to the gastric
lining. Mice treated with EEHC and OME
showed a marked inhibition of total gastric
lesions (Fig. 4Ac, 4Ad). The mucosal lesions
decreased in a dose-dependent manner,
suggesting a potential protective effect of both
EEHC and OME against IND-induced gastric
mucosal damage. The most pronounced
inhibitory effect on the increased area of
gastric mucosal lesions caused by IND was
observed in the EEHC-treated group at a dose
of 400 mg/kg (Fig. 4Ac).

histopathologic

IND+EEHC 4o, group

IND+OME group

IND+EEHC400 group IND+OME group

Flg 4. Efficacy of treatment with H. capltellata Ieaf extract on the morphology and pathology of
the stomach in a mouse model of indomethacin-induced gastric ulcer. A. Morphology of the gastric
mucosa, B. Gastric pathology (H&E staining, magnification 400x). Legend: Mucosal barrier (M),
chief cells (C), surface epithelial cells (S), muscularis mucosae (MM), lymphocytes (L), edematous
gastric mucosa (ED), erosion of the gastric mucosa (ER)
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This indicates a potential dose-
dependent response, with higher doses of
EEHC providing greater protection against
mucosal damage. Overall, these visual
observations corroborate the biochemical and
molecular findings, suggesting that EEHC has
a protective effect against IND-induced gastric
ulcerations and lesions. The dose-dependent
response and the comparative efficacy with
OME further support the potential therapeutic
value of EEHC in preventing or mitigating
gastric mucosal damage induced by
inflammatory agents such as IND.

The detailed histological observations in
Fig. 4B provide crucial insights into the
protective effects of H. capitellata leaf extract
(EEHC) against severe gastric mucosal
injuries induced by IND. Severe mucosal
edema and erosion, extensive localized surface
mucosal injury, infiltration of lymphocytes,
deep infiltration of inflammatory cells, erosion
of the muscular layer resulting in congestion or
hemorrhage, and necrotic ulcerative lesions in
the gastric glands were observed after IND
treatment (Fig. 4Bf). These findings illustrate
the damaging impact of IND on the gastric
mucosa. Treatment with H. capitellata leaf
extract (Fig. 4Bg) significantly suppressed the
IND-induced gastric mucosal injuries. Notable
observations include the process of surface
epithelial cell regeneration, a significant
reduction in the infiltration of inflammatory
cells, restoration of muscular layers, and the
absence of mucosal erosion. The mucosal
recovery expression in the IND+EEHC4q0
group (Fig. 4Bh) was comparable to the
IND+OME group. This suggests that EEHC,
particularly at a dose of 400 mg/kg, exhibited
a level of mucosal recovery comparable to the
standard medication omeprazole (OME). The
mucosal recovery in the IND+EEHC00 group
showed no significant difference compared to
the distilled water control group (Fig. 4Be).
This indicates that the protective effects of
EEHC were successful in mitigating the severe
mucosal injuries induced by IND, restoring the
gastric mucosa to a condition similar to the
untreated control group. So, these histological
observations provide compelling evidence of
the gastroprotective effects of H. capitellata

leaf extract against severe gastric mucosal
injuries induced by IND. The regenerative
processes and the absence of significant
differences compared to the control group
suggest that EEHC has the potential to aid in
the recovery and repair of gastric mucosa
subjected to inflammatory insults.

Histological observations demonstrated
the regeneration of gastric mucosal epithelium
in mice treated with EEHC and OME.
According to Ajayi et al., the regeneration of
ulcer bed mucosal epithelium is a crucial
process for healing gastrointestinal mucosal
injuries [23]. Without the restoration of a
continuous mucosal barrier, the mucosa
becomes susceptible to mechanical, chemical,
and infectious damage, thereby impeding the
ulcer healing process. Previous reports have
also shown that reducing the infiltration
of lymphocytes into ulcerated gastric tissues is
associated with promoting the healing of
chronic ulcers caused by IND in mice [33]. The
findings of the present study are consistent
with these previous findings.

Conclusions. This study validates the
efficacy of H. capitellata leaf ethanol extract
(EEHC) in alleviating gastric mucosal damage.
EEHC demonstrated a comprehensive impact,
including reduced ulcer index, decreased white
blood cell (WBC) count, lowered
malondialdehyde (MDA) concentration, and
modulation of oxidative enzymes
(myeloperoxidase and catalase). Significant
changes were also observed in pro-
inflammatory cytokines (TNF-a, IL-6, IL-15),
increased red blood cell (RBC) counts, and
enhanced endogenous antioxidants
(glutathione and total antioxidant capacity).
Notably, the anti-inflammatory cytokine IL-10
increased compared to the indomethacin-
treated group. Histological analysis revealed
gastric mucosal epithelial regeneration with
EEHC treatment. The study explored active
compounds, predicted targets, and
mechanisms of EEHC's anti-inflammatory
actions through pharmacological analysis.
These effects primarily involved reinforcing
the antioxidant defense system and modulating
inflammatory  markers.  In  conclusion,
H. capitellata leaf extract exhibits distinctive
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anti-inflammatory properties, showing
promise for novel plant-based therapeutic
strategies in  managing gastric ulcer
inflammation and serving as a potential source
of medicinal ingredients for further research.
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Pesrome

AKTyaJbHOCTB: AMHOAAPOH, aHTHapuTMuueckud mpemapar |l knmacca, mnokaszanm cBoro
3¢ (GEKTUBHOCTH B OTHOILICHUHU KETYJOUKOBBIX HAPYIICHUH PUTMA, MHAYLIMPOBAHHBIX aJJpEHAIMHOM
y MeTa00JInYeCKU-HEUTPaIbHBIX )KUBOTHBIX. OJIHAKO, €0 3()(PEKTUBHOCTH Ha MOJIENSX C CaXapHBIM
nrabeToM 70 cux mop He uzydeHa. llean nccaegoBanus: OneHnTs 3 GEKT aMuoJapOHa HAa TEUCHHE
aJipeHAIMH-UHAYLUPOBAHHBIX JKEITYJOYKOBBIX AapUTMHI y JKMBOTHBIX C 3KCIEpUMEHTAJIbHON
runeprivkeMuet (yclioBHO, caxapHblii guaGeT 1-ro THma) M COYETaHUEM THUIEPIIUKEeMHH C
runepxojecTepuHeMuei! (ycnoBHO, caxapHblil AuadeT 2-ro Tuna). MarepuaJabl 1 MeToAbI: JlaHHOE
HKCHEPUMEHTAIbHOE HCCIEI0OBaHUE MPOBEJCHO Ha OeNbIX HENMHEMHBIX Kpblcax-caMIlaX Maccou
180-220 rp. Caxapusiii Auader 1 THIa HHIYIUPOBAIN OJTHOKPATHHIM BHYTPUOPIONITHBIM BBEICHUEM
ajiokcaHa B go3e 135 mr/kr. CaxapHblii 1uaber 2 Tuna BOCHPOM3BOJIWIN ITyTEM OJIHOKPATHOTO
BHYTPUOPIOIIIHOTO BBEJEHUS alIOKcaHa B Jo03€ 135 MI/Kr ¢ MOCIEoyIOIHUM €XKeAHEBHBIM
BHYTPIIKEITYZOUYHBIM BBeleHUEM 1% MaciIsiHOro pacTBopa XosiecTepuHa B go03e 40 Mr/Kr/cyT B
teyenue 30 cyt. JKemynoukoBble apUTMHH MOJIETHUPOBAIN BHYTPUBEHHBIM BBEJACHHEM a/IpE€HAIIMHA
rugpoxjopusna 50 MI/KT BHYTPUBEHHO OJHOKpaTHO Ha 30-€ CyTKM 3KCIepHUMEHTAbHOTO
MozenupoBanus auadera. OuennBanu n3mMeHeHuss Ha ODKI' u meTanbHOCTH KUBOTHBIX B TEUCHHE
30 MUHYT; a TaKKe YPOBHH TJIIOKO3bI TUIa3Mbl M OOIIEro XoJecTepuHa B Ipymnmnax. Pe3yjabTarhl:
AmuonapoHa ruapoxyiopus (5 MI/KI BHYTPUBEHHO, 3a 1-2 MHHYTHI J0 BOCIPOU3BEACHUS
aJpEHAJIOBBIX AapUTMHUH) HE TOJABISUI JKEIYJOUYKOBYKO OKCTPACUCTOJMIO M JKEIYJOUYKOBYIO
TaxMKapJnio, MHAYLUPOBAHHBIE a[pEHATMHOM, Y KPBIC C CaxapHbIM 11abeToM 2 TUIla, HO MOIaBIIsI
eIy JOUKOBBIE apPUTMHUH Y KpPBIC ¢ caxapHbIM JuadeToM | THra, o CpaBHEHHIO ¢ METabOINYEeCKH -
HEUTpaJbHBIMU KpbicaMU. MBI MoyaraeMm, 4TO CHMKEHHE aHTHApUTMHUYECKON 3(ddekTuBHOCTH
aMHMO/apOHA MOXXET OBITh OOBSICHEHO YBEIMUYEHHEM €ro TOKCMYHOCTH Ha (poHE COmyTCTBYOIIEH
TUIEPXO0JIECTEPUHEMHH, a TaKXKe OTCPOUYECHHBIM HAYaJIOM JEWCTBUS aHTHAPUTMHUKA. 3aKJI0YeHHe:
BriepBble 1oKa3aHO CHIDKEHHE aHTHApUTMUYECKOH 3()()EeKTUBHOCTH aMUOJapOHA B OTHOILICHUU
aJipeHAIMH-UHAYLMPOBAHHBIX JKETYJOUYKOBBIX apUTMUN Yy KpPBIC C COYETAaHHWEM THUNEPIIMKEMHUH U
runepxoiecrepuHeMuu. HeoOxoaumbl JanpHeHme KIMHIYECKHe HCCIeI0BaHUs, YTOOBI TPOBEPUTH
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Abstract

Background: Amiodarone, a class III antiarrhythmic agent, has been shown to be effective against
epinephrine-induced ventricular arrhythmias in metabolically neutral animals. However, its
effectiveness in models of diabetes mellitus has not yet been studied. The aim of the study: To
evaluate the effect of amiodarone on the course of adrenaline-induced ventricular arrhythmias in
animals with experimental hyperglycemia (conditionally corresponding to type 1 diabetes) and a
combination of hyperglycemia with hypercholesterolemia (conditionally, type 2 diabetes). Materials
and methods: This experimental study was conducted on nonlinear male albino Wistar rats weighing
180-220 g. Type 1 diabetes was induced by a single intraperitoneal injection of alloxan at a dose of
135 mg/kg. Type 2 diabetes was reproduced by a single intraperitoneal administration of alloxan at a
dose of 135 mg/kg followed by daily intragastric administration of a 1% cholesterol oil solution at a
dose of 40 mg/kg/day for 30 days. Ventricular arrhythmias were modelled by a single intravenous
injection of adrenaline hydrochloride at a dose of 50 mg/kg on the 30" day of the experiment. Changes
in ECG and animal mortality within 30 minutes were assessed, as well as fasting plasma glucose and
total cholesterol levels in the groups. Results: Amiodarone hydrochloride (5 mg/kg intravenously, 1-
2 minutes prior to inducing epinephrine arrhythmias) did not suppress adrenaline-induced premature
ventricular contractions and ventricular tachycardia in rats with type 2 diabetes but did suppress these
ventricular arrhythmias in rats with type 1 diabetes, compared to metabolically neutral rats. We
hypothesize that the reduction in the antiarrhythmic efficacy of amiodarone may be explained by an
increase in its toxicity in the presence of concomitant hypercholesterolemia, as well as by a delayed
onset of the antiarrhythmic effect. Conclusion: We are the first to demonstrate a reduction in the
antiarrhythmic efficacy of amiodarone in relation to epinephrine-induced ventricular arrhythmias in
rats with a combination of hyperglycemia and hypercholesterolemia. Further clinical studies are
needed to verify these findings and to determine an effective and safe dose of amiodarone for patients
with diabetes mellitus.
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BBenenue. XKenynoukoBble HapylIeHUs
cepaeunoro putma (OKHP), cmocobOnbie
TpaHchopMHUpOBaThC B (HUOPMILIAIMIO
KEIMyJOYKOB W TPHUBECTH K BHE3AIHOM
cepaeunoit cmeptu (BCC), exxerogHo Bo BceM
MHUpE YHOCAT OKoJO 18  MHIUIMOHOB
genoBeueckux xusHel [1]. CaxapHbiii tuader
(CH) siBnsercs oOuienpu3HaHHBIM (HaKTOPOM
pHUCKa CeplIeYHO-COCYANCTHIX 3a00eBaHui [2 ]
u BCC [3]. [Ipu atom C]J] obnanaer puckom,
SKBHBAJIICHTHBIM  HIIEMUYECCKOH  OOJIe3HH
cepana, W OOBIYHO TMOpakaeT CepAle
MOCPEACTBOM  KAapIWAJIbHOM  aBTOHOMHOW
Hetriponaruun (KAJI), umemudeckoir 060s1e3HH
cepamua  (MBC) w/wm  nuabeTmyeckoi
kapauomuornaruu (JIKM) [4].

N xots 3a mocnenHue roabl TOCTUTHYT
3HAYUTENBHBINA MPOTPECC B UHTEPBEHIIMOHHOM
Tepanuu BCC, BKJTIOYAOTIICH
pPaMoYacTOTHYIO alNAlMI0 W ammapaTHyo
Tepanuo (AMILIAHTHPYEMbIE KapIHOBEPTEPHI-
nepuOpuiATOopsl), (papmMakorepanus A0 CHX
nop susercss ocHoBoi nedenus JKHP [5].
Cpenu  aHTHApUTMHUYECKUX  MpEmapaToB
aMUOJIapOH  SABJIAETCS  CaMbIM  4acTo
Ha3HayaeMbIM [6] U CaMbIM MOIIHBIM areHTOM
Il xmacca, »¢¢eKkTuBHBIM Kak  MpH
HaJpKenya1oukoBblX, Tak U JXKHP [7]. Ognako
Bc€ OoJible COOOIIEHUN CBUJIETENBCTBYIOT O
HuU3KkoM [8, 9] mnm orpuuarensHoM [10, 11]
BiussHUM amuonapona Ha BCC u/mmm o6uryto
CEp/ICYHYI0 CMEpPTHOCTh Yy TMAalMEHTOB CO
CTPYKTYpHBIMH  3a00JICBaHUSIMA  CEpJIIa,
BKuroyas manueHToB ¢ CJ[. Ecte ocHoBaHus
moyiaraTh, 4YTO CaxapHbId auabeT MOXKET

KOMIIPOMETHUPOBATh AHTUAPUTMHUYECKYIO
3¢ (HEKTUBHOCTH aMHUO/IapOHA | TOBHIIIATH €T0
KapauaabHYyIO TOKCUYHOCTb. B

IKCIIEPUMEHTAIILHOM  HcclieoBaHuu  [12]
MIOKa3aHO, YTO AJIJIOKCAHOBAsl TUIEPIIIMKEMHUS
CHIDKAeT aHTHapUTMHUYECKUM >PPeKxT Tpex
pa3HbIX KJIACCOB aHTHAPUTMHUKOB

in  Biomedicine. 2026;12(1):100-111. Russian.

(pnmexamnuma, E-4031 u Bepamamwuna) Ha
MOJIeI  aJPEHATIOBON apuTMHUHU y Kpbic. B
KIMHUYECKOM uccaeaoBanuu [13] mokasano,
YTO MAlMEHThl, UMEBIINE CaXapHbIA TuabeT u
MOJTyYaBIINE aMHUOJapoH nepen
UMIUIAHTAllMed  yCTPOMCTBA  MOAJEPKKH
¢bynkuuu nesoro sxenyngouka (LVAD) umenn
HEY/I0BJIETBOPUTEIbHBIC MoKa3aTenu
JIOJITOCPOYHOM BBIKUBAEMOCTH.

Ham He ymanock HaliTH HCCIETOBaHUIMA,
HanpsMYI0 OLIEHUBAOMUX 3(PPEKTUBHOCTD U
0€30MacHOCTh aMHOAAPOHA B OTHOIICHHUH
KETYIOYKOBBIX ~HApyIICHWH pHTMA TIpU
caxapHOM nuabere, MO3TOMY MBI
WHUIMAPOBAIH JIAHHOE AKCIIEPHUMEHTAIBHOE
HCCIIeIOBAHHUE.

enn HCCJIe0OBAHMS. OueHuTh
3pPEeKTUBHOCTh aMHOAAPOHA B OTHOIIEHUH
KEITYTOYKOBBIX HAPYIICHUH pUTMa Ha MOJICIH
aJIpeHaJoBOM apuTMHM Yy J1a0OpaTOpPHBIX
KUBOTHBIX c IKCTIEPUMEHTAITbHOM
runepriukemMuen (caxapHelii auaber 1-ro
TUNA) W COYETAHWEM THIIEPIIIMKEMUU C
ruInepxosiecTepuHeMueii (caxapHblil quader 2-
TO THUIIA).

Marepunajbl 4 MeTOAbI HCCJIEIOBAHUA

Jlabopamopuuwie yncusomuule

Bce mpoTOKONBI  AKCIIEPUMEHTOB  C
y4acTHeM JIaDOpaTOPHBIX >KUBOTHBIX OBUIH
07100pEeHBI JIOKAJIbHBIM ATUYECKUM KOMUTETOM
MI'Y um H.II. Orapéra (mpotokos Ne 102 ot
31.01.2022r). DxcriepuMeHTHl NPOBEACHBI Ha
92 OQenbIX HEJIWHEHHBIX KpbICcax-caMiax
Maccoi 180-220 rp., KOTOpbIE COEPKATUCH B
CTaHIAPTHBIX  YCJIOBUSIX  BUBApUS  IIPH
€CTECTBEHHOM  OCBELICHHH,  CBOOOIHOM
noctyne K Boxe u nume. [locne 1 Hemenn
KapaHTUHA KPBICHI OBLIH CITy4aifHBIM 00pa3oM
pacnpeznenensl Ha 3 rpynmnbl: (1) KOHTpoOs
(MeTabonuyecKu-HENTpaTbHBIE), (2)
THIEPIIIMKEMHAH, YCIIOBHO TPHHSATas Kak
caxapubii nmuaber 1 tuma (CI 1 Ttuma), (3)
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THIEPIIIUKEMUM W TUIEPXOJECTEPUHEMHUH,
YCIIOBHO TpPHHSTasl Kak caxapHbIi guaber 2
tuna (C/l 2 tuna).

Boccozoanue  IxkcnepumenmansHvix
HapyuwieHuii memabdonuma

CH 1 tuma y xpbIc ObUI MHIYIIMPOBAH
OHOKPAaTHBIM BHYTPHOPIOIIHBIM BBEICHUEM
ajuiokcana B jo3e 135 wmr/kr  (mocne
MpeABapUTENIbHON 24-4acoBOM JIeTIpUBALIUU
MUY IPU COXPaHEHHOM JIocTyIe K Bozae). C/I
2 TUIA BOCIIPOU3BOIUIICS yTeM
OJTHOKPATHOTO BHYTPUOPIOLUIHOTO BBEACHUS
aJJIOKcaHa B 03¢ 135 MI/KT ¢ mocieayonmm
€KeTHEBHBIM BBEJICHUEM MACIISTHOTO pacTBOpa
xoJnecTepuHa B 103¢ 40 MI/KT per oS B T€UeHHE
30 cyt, no metony O.B. AprembeBoii u A.B.
3oppkuHoil  (2005). I'pymnma  KoHTpousis
OJTHOKPAaTHO BHYTPHUOPIOIIMHHO TOJy4ala
SKBUBaJIEHTHBIH 00beM 0,9% p-p HaTpus
XJIOpUJa U 3aTeM - CTaHAApPTHBIA paluoH
BUBapHL.

buoxumuueckue uccneoosanus

Ha ytpo 30-X CyTOK 4YacThb >KMBOTHBIX
Kaxaou rpynnsl (o 10 u3 rpynmsl) 3a0uBaiu
THJILOTUHHBIM crocoOom (mocne
IpeBapUTEIbLHON HapKOTU3AILIH
STaMUHAJIOM HaTpusi B jgo3e 60 Mr/kr
BHYTPHOPIOMINHHO OZIHOKPATHO) JUIs
MOy YEHUS o0pas31oB KpOBH u3
JIeKalMTallMOHHON paHbl. B  momydeHHBIX
oOpa3uax KpOBH HCCIENOBIA  YPOBEHb
obmiero xonectepuna (OXC) mo merony Mnbka
U TIIOKO3bl IJIa3Mbl B PEAKIUH C OpTO-
TOJTYUAMHOM. bruoxumuueckue ucciaeqoBaHUs
MIPOBOAMIINCH Ha (HOTORIEKTPOKATIOPUMETPE
K®K-2MII u cnekrpodoromerpe CP-46.

Mooenuposanue aopenanoevix
apummuii
Ha  30-e cyrtkm  skcnepuMmeHTa

OCTaBIIMXCA KpPbIC KaKIOW TIpYMIbl CHadasia
HapKOTU3WPOBAIA  JTAaMHHAJIOM  HAaTpHs
(60 Mr/Kr BHYTpUOPIOIIMHHO OJHOKPATHO) M
mocyie MHTYyOaluu Tpaxeu OCYIIECTBISIIN
UBIJI ¢ 1% ¢toporanom B 100% kucnopoze.
[lonoBuHEe  KUBOTHBIX  KaXKIOM  IpyIIBI
BBOJIMJIM  HCCIEIYyEeMBbIi aHTHAPUTMHK —
amuozapoHa  ruapoxjgopun (5 Mr/kr
OHOKPAaTHO  BHYTPMBEHHO), a  BTOPOM
MIOJIOBUHE - DJKBUBAJIEHTHBIH 00beM 0,9%
pactBopa Harpus xyopuaa. M cmycrs

1-2 MuHYTBHI BBOAMJIM PacTBOp aJpeHaIMHa
ruapoxyopua B 103¢ 50 MI/Kr BHYTPUBEHHO
OJHOKpaTHO 11 MoaenupoBanus KHP.

Ouenka AHMUAPUMMUYECKO20
Ihhexma

Ha npotrskenun skcnepruMeEHTaIbHOTO
MOJICIIMPOBAHMSI KEITYAOUKOBBIX JU3PUTMUIMA
npoBoawn 3anuck JKI' Bo II cranmaptHOM
orBeleHUH. B Teuenue 30 MUHYT oLeHUBAIU
yacToTy cepaeunbix cokpamenuii (UCC),
4acTOTy JKEJIyJ04YKOBbIX 3KcTpacucton (2KJ),
HKEITYIOYKOBOM TaxuKapauu (KT),
¢ubpmsimuu  xenynoukoB (PXK), wacrory
HapyLIEHUH TPOBOJUMOCTH U JIETAJIbHOCTb.

Hccneoosanue ocmpoii moxcuunocmu
amuooapona

DKCIIEpUMEHTANIbHBIE UCCIIEIOBAHUS 110
ONPEIEICHUIO OCTpOH TOKCUYHOCTH
amuonapoHa mnpoBoawid Ha 120  Oembix
71a00paTOPHBIX MBIIIAX 000Ero Moja, Maccou
18-20 rpammoB. Hapymenus mertabonmusma
(ycnoeho CI I wu COA 2) vy
9KCHEPUMEHTAJIbHBIX TPy MOAEIUPOBAINCH
10 BBIIIEYKa3aHHBIM METOAMKaM. AMHOJApOH
BBOAMJICS BHYTpHOprommnHHO. [lokazarensb
octpoil TokcuuHocTH (LDsg) BBIUMCISIN TIO
Merony bepenca.

Cmamucmuueckasn
pe3ynomamos

JlaHHBIE TIpe/ICTaBIEHBI B BUIE TaOIUI] U
pucyHkoB. KareropuanbHble IepeMEHHbIE
IPEICTABJICHbl B BHUJIE YHCEI U IPOLEHTOB.
HenpepriBHble TIepeMeHHbIE OTOOpPaXKEHbI B
BUJE CPEAHET0 3HAYEHMsT M CTaHIapTHOU
OLINOKHU CpEIHEH. HopmanbsHocTh
pacrpeneneHusi OLIEHMBAIU C  IIOMOILBIO
kputepust Llanupo-Yunka. Craructuueckue
pasnuuus  MeX1y ~— JIBYMS  CPEIHUMH
3HAYEHUSIMU 3aBHCHUMBIX MIePEMEHHBIX
OLICHMBAJIM C TIOMOILBIO NIAPHOTO t-KpUTEPHUS
Creronenrta nim @puamana, B 3aBUCHMOCTH OT
HOPMaJIbHOCTU pacnpeaeneHus. Paznuuus B
HE3aBUCHMBIX HEMPEPBHIBHBIX IEPEMEHHBIX
MEX1y JAByMs TIpyNIaMH IPOBEPSINCH Ha
CTaTUCTUYECKYIO 3HAYMMOCTh c
HCIOJIb30BaHuEM t-kputepus CThIOAEHTA WIH
U-kputepus MaHHa-YUTHU, B 3aBUCUMOCTHU
OT paclnpefencHuss JaHHbIX. Pasznuuusd
B HE3aBUCHMBIX HEMPEPHIBHBIX MEPEMEHHBIX
MEXIy TpemMs W Ooinee  rpynmnamu

oopabomka
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c HEHOPMAaJIbHBIM pacnpeieacHueM
OLICHUBAJIUCh C HCIOJIB30BAaHUEM KpUTEPUS
Kpackana-Yoiunca ¢ mocienyrommumM TeCTOM
Hsromena-Keiinca. Paznuuus B
KaTerOpUaabHBIX TMEPEMEHHBIX IMPOBEPSIINCH
Ha CTAaTUCTHUYECKYIO 3HAYMMOCTh C IMTOMOIIBIO
TecTa ¥2. B ciydae, korma pasmMepsl BHIOOPKH
Obutn  HeOompmmMu  (<5%) TpH aHaIU3e
Ta0JIUIl COMPSKEHHOCTH ObLI HCHOJIB30BaH
TouHbIM TecT Puimiepa. Paznuuus cuutanu
CTaTUCTUYECKU JocToBepHbIMU mipu p<0,05.
Bcee CTaTUCTUYECKUE UCCJIEIOBAHUS

MpPOBOAMIM B Tporpamme Jamovi (Bepcus
2.5.3).

Pe3yabTarnl

1.  buoxumuyeckwue
»kuBOTHBIX ¢ CI[ 1 u CJI 2 Tuma.

Pa3BuTne XpoHUYECKOW TUITEPIITHKEMUAN
(Momens caxapHoro mumabera 1 Tuma) wu
COYETAaHHOTO HApYUICHUs MeTadoiIu3Ma —
XPOHUYECKOH TUTEPIITHKEMHAH C
THIIEPXOJIECTEPUHEMHUEH (MOJENb CaxapHOTro
nuabera 2 THIIA) MOATBEPKICHO JOCTOBEPHO
MOBBIIIIEHHBIMU YPOBHSIMHU TITFOKO3bI TIa3MBbI U
obmero xonecrepuna y kpoic (Taom. 1).

Tabnuya 1

IIoKasarTeiin

YpoBHHM IJ110K03bI I1a3MbI U 0011ero xoJecrepuna y kpbic CII 1 u C/I 2 Tuna
Ha 30-e CyTKH IKCIIEPUMEHTA

Table 1

Fasting plasma glucose and total cholesterol levels in type 1 and type 2 diabetes rats
on day 30 of the experiment

I'pynna noko03a mia3Mel, MMOJIb/JI OO0wmmii Xo1ecTepruH, MMOJIb/J1
Konrtposs, n=10 4,73+ 04 1,84+ 0,1
CA 1 tun, n=10 169+ 1,7 % 2,24+0,2
CJ 2 tun, n=10 17,6+ 1,8 % 2,81+0,1 18§

[Mpumeuanue: T — p<0,01 no cpaBHeHuIo ¢ rpynnoi koHTpoist; § — p<0,001 mo cpaBHEHHUIO ¢ TPYNIONH KOHTPOIS, § —

p<0,05 1o cpaBHenuto ¢ rpynmnoit CJI 1 tuma.

Note: T —p<0.01 compared to control rats; § — p<0.001 compared to control rats, § — p<0.05 compared to type 1 diabetes

rats.

K 30-M cyrtkaMm, cpenHuil ypOBEHb
DII0KO3bl  TasMbl  Kpeic ¢ CII 1 Obun
3HAUUTENIHO BBILIE YeM B TpYIE KOHTPOJISA
(16,9+1,7 u 4,73+0,4 MMOJIB/I,
cooTBeTcTBeHHO, p<0,01), Torna kak ypoBeHb
o0miero  XoJecTepuHa  JOCTOBEPHO  HE
pasnuyancs MeXIy JaHHBIMU TpyNIaMu
(2,24+0,2 u 1,8440,1 mmons/n, B rpynme CJI 1
U KOHTpons, coorBercTBeHHO, p=0,103).
Kusotueie ¢ CJI 2 wumenu JTOCTOBEPHO
MIOBBIIIEHHBIE YPOBHU KaK IJIIOKO3bI ILIa3MBbI
(17,6+£1,8 wmmomb/m), Tak W  0OIMIIEro
xonecrepura  (2,81+0,1  mmonp/m)  ToO
CpaBHEHHIO C Tpymmnoi koHtpons (4,73+0,4
MMOJIB/JT u 1,84+0,1 MMOJIB/II,
COOTBETCTBEHHO).

2. Antunapurmuueckas 3QpPeKTUBHOCTD
amMHoZapoHa Ha MOJIENIN aJJpEeHaIOBON
aputMun y kpbic ¢ CII1 u C/] 2 tuna.

Bce wuccnemyemblie rpynmbl KUBOTHBIX
HCXOJHO HMMEIN CONOCTaBUMBIE I10KA3aTENH
UCC gno Hayama HSKCHEPUMEHTAIHHOTO

MOJIETIMPOBAHUSl  AJIPEHAJIOBBIX  APUTMHUMU
(Tabn. 2). UYCC XuBOTHBIX BO BCEX TpeX
rpynmnax uepe3 | MHHYTY Mocie BBEACHUS
aMuolapoHa TaK K€  JIOCTOBEPHO HE
OTJIMYaJIach OT UCXOJHBIX 3HaueHui. Yepes 1
MHHYTY TOCJE€  BBEACHUS  aJapeHajJuHa
YKUBOTHBIM OTMEUEHO JOCTOBEPHOE CHUIKEHUE
UCC na 27% u 37%, 42% u 50%, 30% u 40%
B Tpynme KOHTPOJAS U MeTabOIu4ecKu-
HEUTpAJTbHBIX  JKUBOTHBIX,  TOJYYHBIINX
amuonapod, CJI 1 tuma u CJ 1 tumna,
nony4daBmux amuogapon, CJ[ 2 tuna u CJ] 2
THUIIA, MOy YaBIINX aMHUOJIapOH,
cooTBeTcTBeHHO. CTOMT OTMETUTH, uTo UCC
kpbic ¢ C/[ 1 Tuma, mosy4aBmIMX aMUOIAPOH,
yepe3 | MUHYTY MOCie BBEIAEHUS aJpEeHAINHA
OblTa  JOCTOBEPHO HUXKE aHAJIOTHYHOTO
rokasaress B rpyrire KoHTpoJs (Taom. 2).

Yactora  KEIyHOYKOBBIX  apUTMUH,
WHIyITAPOBAHHBIX BBEICHHEM aJpCHAIIMHA B
SKCIIEPUMEHTAJIbHBIX TPyNIax OTpa)KeHa Ha
pucyHke 1.
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Tabnuya 2

IKI'-xapakrepuctuku kpbic ¢ CJI 1 u C/1 2 Tuna npu MoaeJMPOBAHUM AIPEHATIOBbIX

KCJIYTOYKOBDBIX apI/ITMI/Iﬁ

Table 2
ECG characteristics in type 1 and type 2 diabetes rats during the modeling
of epinephrine-induced ventricular arrhythmias
MeTtaboanuyecku
Koutpoab | -HeliTpanabHbIe CI 1 tun CILT run + CA 2 tun CI 2 Tun +
I'pynna / noka3areinb _ _ aMHuOAaApPOH - aMHOAAPOH
(n=12) +aMHuoIapoH (n=10) (n=10) (n=10) (n=10)
(n=10)
YCC ucxogHast, yi/MuH 365+ 18 355+24 372 +21 382 +25 342 +£21 384 +18
HCC uepes T nocae 336 £27 366 +21 396 + 15
aMuoJIapoHa, YJI/MUH
HCCuepes 1w nocse | 5 oq o 224413 214+ 14° | 191+£8b% | 239+16> | 231+12°
aJipeHAINHA, YI/MUH

[Mpumeuanue: a — p<0,01 mo cpaBuenuto ¢ ucxoxnod YCC B nanHoit rpynme; b — p<0,001 mo cpaBHEHHIO ¢ UCXOTHOMN
YCC B pmanno# rpymnne; ¢ — p<0,05 mo cpaBHenuto ¢ UCC B rpymmne KOHTpoOis yepe3 1| MHHYTy MOCie BBEACHUS
aJipeHaIHa.

Note: a — p<0.01 compared to baseline heart rate in this group; b — p<0.001 compared to baseline heart rate in this group;

¢ — p<0.05 compared to heart rate in the control rats, 1 minute after the epinephrine administration.

o 2

70% g i

. R | \

40% * ‘\\ F _:”\:

30% % % E;\:

20% EEIN - %'\
10% = A ﬁ I*\ ﬁ = \
=\ =\ o =\

B KoHTponb - IHTaKTHble + aMMogapoH nCcairtun

—CO11tmn+ ammnopapoH v CO 2 1Kn @ACA2 tun + ammogapoH

ITpumeuanne: * — p<0,05 mo cpaBHeHUIO ¢ TPynmoi koHTpons; ** — p<0,01 Mo cpaBHEHHIO C IPYNIIOH KOHTPOMS; T —
p<0,05 1o cpaBHEHHWIO ¢ JaHHOW METa0OMMYEeCKOW TPyNmod, He ToiydaBined amuomapoH. KD — xemyaoukoBas
skcrpacucronus; KT — xenynoukoBas taxukapaus; @K — pubpumnsuns xemynoukos, HIT — HapymieHHsS TPOBOIUMOCTH.

Puc. 1. YacTora anpeHaIMH-UHIYIMPOBAHHBIX KEITYIO0YKOBBIX APUTMHUN U HAPYIIEHUI
MIPOBOAUMOCTH Y KHUBOTHBIX TPYIIIBI KOHTPOJIS, META00INYECKU-HEUTPAIbHBIX KUBOTHBIX,
MOJTyYaBIIUX aMHoAapoH (MHTakTHBIE + amuonapoH), CII 1 tuma, CJI 1 Tumna, mosydaBimmx

amuonapoH (CI 1 tun + amuonapon), CI 2 tuna u C/] 2 tuna, nonydaBumx amuonapos (C/1 2 tun
+ aMHOITapOH).
Note: * — p<0.05 compared to the control rats; ** — p<0.01 compared to the control rats; T — p<0.05 compared to same

metabolic model not receiving amiodarone. X3 — premature ventricular contractions; JXT — ventricular tachycardia;
®X — ventricular fibrillation, HIT — conduction disturbances.

Fig. 1. Incidence of epinephrine-induced ventricular arrhythmias and conduction disturbances in
animals of control group, metabolically neutral rats receiving amiodarone (intact + amiodarone),
type 1 diabetes rats, type 1 diabetes rats receiving amiodarone (type 1 diabetes + amiodarone), type
2 diabetes rats, and type 2 diabetes rats receiving amiodarone (type 2 diabetes + amiodarone).
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OpnHokpaTHOE€ BHYTPHUBEHHOE BBEJICHHE
amMHoZapoHa B J03€¢ S5 MI/KT mepen
MOJICTUPOBAHUEM  /IPEHAJIOBOM  apUTMUHU
KUBOTHBIM 0€3 MeTa0OIUUYEeCKUX HAPYLICHHM
MIPUBEJIO K JIOCTOBEPHOMY CHUYKEHHUIO YaCTOTHI

HKEITYTOUYKOBBIX ApUTMHUIA: XKD
3apeructpupoBanbl y 3 (30)%, a KTy 2 (20%)
MeTaboIMueCKU-HEeUTPaIbHBIX KpBIC,

MOJYYaBIIMX aMHOJIAPOH, MO CPaBHEHUIO C
11 (92%) u 8 (67%) kppicamMH, COOTBETCTBEHHO,
B TIpynme KOHTpois (HE  IMOMydYaBIIUX
amuonapoH) (Puc. 1). JleranbHOCTh B TpyIie
MeTaboIMYeCKU-HEUTPATbHBIX YKMBOTHBIX,
MOJTy4YaBIIMX aMUOAAPOH ObLIa JIOCTOBEPHO
HIDKe, yeM B rpyrme kKoatpostst (0; 0% u 5; 42%
JKHMBOTHBIX, COOTBETCTBEHHO, p=0,0396).
JIOCTOBEPHOM pa3sHUIIBI B 4AaCTOTE HApyIICHWH
IPOBOJMMOCTH ~ CpeId  MBOTHBIX  0e3
MeTabOIMYEeCKUX HApyIICHHUH, TOMYYaBIIUX U
HE MOJTyYaBLIMX aMHOJAPOH He 3a(hPUKCUPOBAHO
(Puc. 1).

B rpynne xwuotHeix ¢ CJI 1 Ttuma
BBEJICHHE amMHozIapoHa IIPUBEIIO K
JOCTOBEPHOMY YMEHBIIEHUIO YacToThl KD U
KT (Puc. 1). KD 3apeructpupoBaHbl TOJIBKO B
2 (20%) cayuasx no cpaBHeHuto ¢ 11 (92%) B
rpynne koHTposns u 9 (90%) — B rpymnme
#uBOTHBIX ¢ CJI 1 Tuma He monydaBHIMX
nccnenyemoro anrtuaputmuka. KT wumeno
muib oHO (10%) )KUBOTHOE O CPABHEHHUIO C
8 (67%) B rpymnme koHTpoisi u 6 (60%) B
rpynmne kpeic ¢ CJI 1 Tuma, He momyyaBIIUX
amuonapoHa. JleTalibHOCTh JKMBOTHBIX B
rpynmne CJ{ 1 tumna, moiyyaBIIMX aMHOJApOH
coctasuia 20% ¥ He OTIIMYaIach JOCTOBEPHO
oT rpynmnsl KoHTposs (42%) u C/1 1 tuna 6e3
BBeneHus amuonapona (40%, p=1,0). Yactora
HapyumeHui nposoxumoctu y kpbic ¢ CI 1

TUIA, TOJIYYaBIIMX  aMHUOLAPOH  TaKXke
JIOCTOBEPHO HE PA3JIMYaIUCh OT TPYIIIBI
koHTpoJs 1 C/] 1 Tumna 6e3 npeaBapuTeIbHOTO
BBenieHUs amuoaapoHa (Puc. 1).

B rpynne CJI 2 Ttuma, BBeacHHE
aMHOZlapOHa HE MPHUBEJIO K JOCTOBEPHOMY
cumxenuto vactotel JKHP (Puc. 1). XKD
peructpupoBaiuch y 9 (90%) xxuBotnbix ¢ CJ]
2 TUIIA, MIOJIyYaBIIUX aMHUOJIapOH,
B cpaBHeHuu ¢ 11 (92%) — B rpymnmne KOHTPOJIS
u 6 (60%) — B rpynne CJI 2 Tuna, He
nonydaBmux amuomapona. KT wumemm 5
(50%) >xuBOTHBIX 1O cpaBHEHHIO C § (67%) B
rpynne koutpois u 5 (50%) B rpynmne C/ 2
TUIIA, HE NOJy4yaBUIMX amuoaapoHa. Ilpu
atoM, y 2 (20%) xuBotHbix ¢ CJ| 2 Tumna,
IOJTy4aBIINX aMHOJapOH BO3HUKIIN
MApOKCU3Mbl  YCTOMUMBOW  KEJIyJOYKOBOM
TaxUKapJuu, KOTOPbIX HE OTMEYaloch B
OpYTUX  cepusx. ATPHOBEHTPHUKYISIPHBIC
Omokanpl 1-i1 u 2-i creneHn pa3BWINCH Yy 3
(30%) KMBOTHBIX; UX YAaCTOTa HE OTIIMYAIAChH
OT TakoBOH B Irpymnmne KoHTpois (n=3; 25%) u
C/I 2 Tuna, He MOTy4YaBIIMX aMUOapoHa (n=06;
60%). OnHako, HECMOTPSI HA COMOCTABUMYIO
4acToTy U «oTsaromeHHocTs» KHP B rpynme
kppic ¢ CJI 2, momyyaBHIMX aMHOAAPOH,
neranbHOCTh (n=1; 10%) mocTroBepHO HE
oTIMYanach OT TPynIbl KOHTpous (n=5; 42%)
u xuBOTHBIX ¢ CJ] 2 Tuma, He MOTydYaBIIUX
amuonapona (n=1; 10%).

3. HUccnenosanue oCTpoi
TOKCUYHOCTH aMUOJapoHa y >KUBOTHBIX ¢ CJ[
1 u CJI 2 tumna.

DKcnepuMeHT TpoBeieH Ha 120 6enbix
HEJIMHEHHBIX MbIaXx 000ero moia, Maccoi
18-20 rpammoB. [lomydeHHble pe3yabTaThl
OTpakeHbI B TabIuIe 3.

Tabnuya 3

JI150 amnogapona y xxuBoTHbIX ¢ CI[ 1 u C/I 2 Tuna

Table 3

LDso of amiodarone in type 1 and type 2 diabetes mice

IIpenapar Kountpoas (n=40)

CA 1 tun (n=40) CJ 2 tun (n=40)

AMHonapoH, MI/Kr 234,18 7,42

113,22 £ 5,13* 85,33 + 5,79*

[Mpumeuanue: * p<0,05 Mo cpaBHEHUIO € TPYIIION KOHTPOJIS.

Note. * p<0.05 compared to control mice.

IToka3amno, 9TO TOKCHYIHOCTH
aMuOJlapOHa  BO3pacTaja B  YCIOBHUSAX
Hapymenuii metabommzma (CI 1 u CI 2
TUIIA) 10  CPaBHEHHIO C  TIpynmnowu

KOHTPOJIS. [Tpuuewm, JIs0 ObL1a
HauMEHbLIeW B Tpymme  COYeTaHHs
THIEPIIIMKEMHA C THUIEPXOJIECTEPHHEMHUEH

(CH 2 Tuna).
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Oocyxnenne.  Caxapublii  1uaber
SIBIISIETCSI OJTHUM u3 Hanboee
pacrpocTpaHeHHbIX XPOHUYECKUX

3a00yIeBaHUI BO BCEM MUPE U B OOJILIINHCTBE
CIIy4aeB acCOLMUPYETCSI C  CEPbE3HBIMU
CEpIEUHO-COCYIUCTHIMU OCJIO’KHEHUSIMU,
Bmoyas  JKHP, koropele  3HAYMTENBHO
MOBBIIAIOT PHUCK CMEPTU Y TMAalUEHTOB C
1abeToM. N3-3a CIIO’KHOM u
MHOTO(aKTOPHOW  MPHUPOJBI  B3aUMOCBSI3b
Mexay C/I u cepiedHbIMU apUTMUSIMU €111E HE
10 KOHIIA MOHSITHA. OTkJ0oHEHUs,
Haomonaemeie Ha DK 1 B pabdore cepama y
MAMEHTOB C AMa0eTOM, B OCHOBHOM CBSI3aHBI
C U3MEHEHUSIMU B pa0OTE BOJIBTAXK-3aBUCUMBIX
MOHHBIX  KAaHAJlOB,  KOTOpPbHIE  SIBIIAIOTCA
KPUTHICCKUMU (PaKTOPAMH, ONIPEACIISIONTIMHU
MIPOAOIKUTENBHOCTh u MOp(hoIOTHIO
CepAeYHOro mnoTeHuuana neicrBus. Ha
kinetouHoM ypoBHe mnpu CJl ynnuHeHwue
[IOTEeHLIMaja JIEHCTBUS " e (EKThI
COKpaTHUTEIIbHON byHKIMH 0OBIYHO
BO3HHMKAIOT M3-32 COYCTAHUSI CHIXKEHUS TOKOB
K", usmenennsix TokoB Na™ u Ca®" mapsany ¢
HapyIICHHEM BHYTPHUKJIETOYHOTO
merabommsma  Ca’* B 1mabermueckmx
kapauomuonurax [14]. Mexanusmom, ¢
IIOMOIIIBIO KOTOPOTO TUIEePIITNKEMHUS
CIOCOOCTBYET AIIEKTPUUECKON
HECTaOMJIBHOCTH  MHOKapAa  JKeIyIO04YKOB,
MOXKET OBITh IIOBBIIICHUE CHUMIIATHYECKOM
aKTUBHOCTH, yBEIHYEHHE IUTO30/1bHOr0 Ca?’
KapJAUOMHUOLIUTOB WJIM COYETaHHE O0O0MX
MexaHn3MoB [ 15]. IIpu atom kpseics! kak ¢ C/I
1, Tak u CJ| 2 Tuma, mo-BHAMUMOMY, UMEIOT
CXOXXHE HapylieHuss B paboTe BOJIbTaX-
3aBUCHMBIX MOHHBIX KaHaJIOB
KapJIHOMHUOLIUTOB [14]. B HallleM
ncciaenoBanun 4dactora kak JKO, tak m KT
JOCTOBEpPHO  HE  OTIMYajJach  MEXAY
MeTa00JIMUYECKU-HEUTPATBbHBIMA  KPBICAMH,
Kpeicamu ¢ ycinoBHbIM C/I 1 m 2 tuma (He
nonydaBmux —amuopapos) (Puc. 1), wuro

INOTCHIIMAJIbHO CBUACTCIILCTBYCT 00
OTCYTCTBHUU 3HaAYUMBbIX pa3m/1q1/1171 B
3aHCﬁCTBOBaHHLIX MECXaHHU3Max

apuTMoreHes3a, OOYCJIOBIEHHBIX  paboToii

BOJIBTAXK-3aBUCUMBIX HOHHBIX KaHAJIOB.
TpanuimoHHO s Monu(pUKAIAN

dHOMAJIBHBIX HMOHHBIX TOKOB, U TEM CaMBbIM,

yCTpaHEHUA CEepACUHBIX apuTMHi,
UCIIONIB3YIOT ~ aHTHAPUTMHUKHA. AMHOIAPOH,
AHTHAPUTMUYCCKHI  Tpermapar  MIUPOKOro
CIIeKTpa JEHCTBUS, NpPU BHYTPUBCHHOM
BBEJICHUU OKAa3bIBa€T CBOM A(PQeKT 3a cyer

HECKOJIBKUX MEXaHH3MOB, BKJIIOYAS]
BBIDQKEHHOE  MHIHOUPOBAHUE  BXOISILINX
TokoB Na“" u Ca”", a  TaKxke

B-anpeHepruyecKkux perenTtopoB (B MEHbIICH
crenenu) [16]. 1 xoTsa maHHBIE MEXaHU3MBI
3¢ (dEKTUBHBI JJI TMOAABICHUS apEHATOBBIX
KEITyJOYKOBBIX apUTMHA Yy MeTaboIMuecKu
HEUTpambHBIX KUBOTHBIX [17, 18], wux
3¢ (hEeKTUBHOCTh npu COITYTCTBYIOLIUX
HapyIIEHUIX MeTabonu3ma U3yyeHa
HEJO0CTaTOYHO. B HacrosiieM wuccienroBaHUH
BIIEPBbIE IIOKAa3aH pa3jJU4HbI OTBET Ha
TEparui0 aMUOJAPOHOM MEXIY >KHUBOTHBIMH
C QJJIOKCAaHOBBIM JUA0ETOM M COYETAaHHEM
AJJTOKCAaHOBOTO nuabera C
TUIEPXO0JIECTEPUHEMUEH, MOJIBEPIIINXCS
aapeHanuH-uHynuposanHbiM JKHP. V kpeic ¢
QIJIOKCAaHOBBIM ~ JIMabeToM  HaOIIOanoch
3HAYUTENFHOE CHUKEHHUE YaCTOThI U TSHKECTU
JKHP nHa ¢one BBeneHuss amuogapoHa, 4TO
CBUJIETENILCTBYET O €ro 3(pQPeKTUBHOCTH
B »TOM Tpymnme. Jlanubiil 3¢pdEeKT MOKeT ObITh
00yCJIOBNIEH BBIPAXKEHHBIM HHTUOUPYIOIINM
BIMSHMEM aMuozapoHa Ha Ca’' kamamel m
KapauaabHYIO ABTOHOMHYIO HEPBHYIO
CHUCTEMY, 3a CYeT TMOBBILICHUS TOHYyCa
Oy K 1at0IIEro HepBa u CHUKEHUS
CUMIaTUYECKON MpEraHITIMOHAPHON
aktuBHocTH [19]. HampoTtuB, KpbIChl ¢
YCJIOBHBIM Ca 2 THANa HE
MPOJEMOHCTPUPOBAIIN aHAJOTUYHOTO
TEPareBTUYECKOTO OTBETA, YTO MOJYEPKUBAET
MOTEHIIUATIBHYIO PE3UCTEHTHOCTh W
CHIDKEHHE A(PPEKTUBHOCTH aMHUOJapOHa IpU
COYETaHUU nrabera C
runepxonecrepuemMuei. Ha Ham  B3maz,
pasiuuus B OTBETE Ha TEPANUI0 AMHUOAAPOHOM
MOTYT OBITH OOYCJIOBIICHBI PSIIOM (haKTOPOB.
Bo-niepBbIX, MBI BBISICHWIH, YTO Y
*uBOTHBIX ¢ CI 1 u C/] 2 Tuna, B cpaBHEHUHU
C KUBOTHBIMH 0€3 HapylIeHH MeTabonn3Ma
BO3pacTasa TOKCUYHOCTh ammuozapoHa
(Tabmn. 3). IIpu stom JI[Is0 amronapoHa Oblia
HaUMEHBIIE B TpPyHme C COYCTAHHBIM
HapylieHHeM MeTa0onu3Ma (TUIePIITNKEMUs-
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TUIEPXO0JIECTEPUHEMUS ), 4TO MOJKET
TMIIOTETUYECKH OO0BSCHUTh
KapJIHOJICIIPECCUBHBIA AP PEKT amMHOoIapOHa,
CrocoOCTBOBABLIMM HE  TOJIBKO ero
CHIDKEHHOH A(Q(QEKTUBHOCTH B OTHOILCHHUH
JKHP, HO ¥ TOSBICHUIO YCTOMYMBOU
KENyI04YKOBOM Taxukapauu y kpbic ¢ CI 2
TUIA.

B cBoio ouepenp Oonee 3HaYMMOE
cHwkenue JI/Iso aMmuomapoHa y >KMBOTHBIX C
Cd 2 tuna ™MoxeT OBITh pE3yJIbTATOM

MU3MEHEHHUS (apMaKOKMHETHKU u
(bapmMakoTMHAMHUKH aMHOapOHa,
00yCIIOBIEHHBIX JMCITATTUIEMHEH. B

HECKOJIbKMX J1abopatopubix [20, 21] wu
KJIMHUYECKUX HUCCIeAoBaHUAX [22] Mmoka3zaHo
U3MEHEHUe o0bema pacnpeneneHuu
aMHoZapoHa B TKAaHSIX B IMOJIb3y OOJBIIETO
3axBaTa TKAaHSAMM CEpJla, ONOCPEAOBAHHOTO
JUTNONPOTENHOBBIMUA ~ PELIENTOPaMHU,  4YTO
TEOPETUYECKH,  MOXKET  CIOCOOCTBOBATH
MOBBIIICHUIO  KapAUaIbHONH  TOKCHYHOCTH
amMHoZapoHa B YCIOBHUSIX  HapylIEHHUS
JUNHUIHOTO OOMEHa.

Eme ogHMM BO3MOXKHBIM OOBSICHEHHEM
CHIKEHHOM 3 QEKTUBHOCTH aMHOAapoOHa B
otHomenun JKHP npu CJI 2 tuma moxer
CIIy’)KMTb OTCPOYEHHOE Ha4ajlo JEHUCTBUSA
HACCIELYEMOTO AHTUAPUTMUKA. B
uccnenoBanuu [23] ObUIO TMOKa3aHO, dHYTO
aHTHapuTMU4eckue 3¢p¢eKkTbl aMHOAapOHA Y
nanueHToB ¢ C/] 2 Thna u HEeKOHTpOJIMpyeMOH
budpmAnen 1581071 TpeneTaHueM
npefcepAuii  ObUIM  OTCPOYEHHBIMH IO
CpaBHEHHUIO C Jjuiamu 6e3 nuadera (6,8+6,0
4acoB B IpyIIe KOHTpois npotuB 98+14,8
yacoB B rpynne CJI 2 tuna, p=0,0004).

3akirouenue. JlaHHOE HcClIeqOBaHHE
MO0Ka3ajo, 4To, XOTs aMUOJapOH 3PPEKTUBHO

mogaBmsier KO w KT, BbI3BaHHBIC
aJpEeHATTMHOM y MeTaboIMIeCKH
HEUTpaAJbHBIX  KUBOTHBIX M  KpbBIC C
aJUTOKCAHOBBIM nraberom, ero

TepaneBTudeckas 3PPEeKTUBHOCTh CHI)KEHA Y
KppIC € codeTaHWeM  gauabera U
TUIIEPX0JIECTEPUHEMHH. W3meHeHHBIH
MeTaboIu3M U (bapMaKOKHHETHKA
amMHMo/lapoHa, OOYCIIOBJICHHBIE COYETaHUEM
XPOHHYECKOH THITEPTITUKEMHAN c
TUCTUIMUAEMUEH  MOTYT  CHOCOOCTBOBAaThH

BapnabelnbHOMY  OTBETY Ha  TEpaIUio
amMuofapoHoM. MbI monaraem, 4To AUa0eT U
CBS3aHHBIE C HHUM HapylieHHs OOMEHa
BEIIECTB HEOOXOIMMO YUUTHIBATh IPU BEIOOPE
AHTHAPUTMUYECKOW Tepanuu. JlanbHenune
WCCIIEIOBAaHMSI HA TMOMYJSIUKM MAIUEHTOB C
caxapHbIM JUa0ETOM M COMYTCTBYIOIIMMH
HapyUIeHUSIMH MeTaboIM3Ma MOTYT IIOMOYb B
MPOBEPKE JAHHON TUIOTE3bl U OIPEICICHUH
s exTuBHOU u 0e30macHOM JT03bI
aMHUOJapOHa Y JBIHHBIX TAIIUCHTOB.
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Kapauorokorpadusa ¢ 3jieMeHTaMu
HCKYCCTBEHHOI'0 MHTEJLJIeKTa (0030p)
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Pesrome

AKTyaJbHOCTh: BHyTpuyTpoOHass THIOKCHS IUIofa — 53TO TAaTOJIOIMYECKOE COCTOSIHHE,
XapaKTepu3yollleecsi HeJAOCTaTOUYHbIM CHAOKEHHEM TKaHeW IUIoja KHUCIOPOAOM, HpU Jeduiure
MOCJIEJHETO HMEET MECTO KacKaJl IAaTOJIOIMUYECKHUX OCJIOKHEHUH, BKJIIOYas JAEKOMIIEHCAIUIO,
MeTa0OJMYECKUH anuao3 U, B HEKOTOPBIX ciaydasx, cMepTb. Ha ceroaHsmHuii JeHb
MHCTPYMEHTAJIbHBIM METOJIOM OLI€HKH COCTOSIHMS IJI0JIa M JUArHOCTHKHU (PeTaJbHOW T'MIIOKCHUU
ABNseTCd Kapauorokorpagus. B mocienHue roabl MOSIBHIIMCH IMyOJMKalMM, Kacarolluecs
HCKYCCTBEHHOTO HMHTEJUIEKTa B o0jacTu ¢eTaibHOro MoHuTopupoBaHus. Lleab mccienoBanus:
OLEHUTh poOJIb HUCKYCCTBEHHOTO MHTEIIEKTa B 00JacTh (PeTaJbHOIO MOHUTOPHHIA WM
KapAUOTOKOTrpapuu B JMArHOCTUKE TUIOKCHM WIM JUCTpecca Imiojga. MaTepuajbl M MeTOAbI:
BrimonHeH 0630p auTeparypsl, MOCBSILEHHBIH HCKYCCTBEHHOMY MHTEIUIEKTY B 00J1aCTH (DeTalbHOTO
MOHHUTOPHHIa B JUArHOCTHKE TMIIOKCHUU WM JUCTpecca IUloAa Mpu OEpeMEeHHOCTH U B pojiax, 1o
UCTOYHMKAM JUTeparypbl B 0Oa3ax naHHbix Pubmed, Elibrary, Scopus 3a mocnennue 35 ier.
PesyabraThl: AHanu3 JaHHBIX JIUTEpaTyphl I[OKa3ajl YJIy4ylIeHHEe KayecTBa JUArHOCTHKU
TMIIOKCHUYECKHUX COCTOSIHUM IUIOZAA MPH HCIIOJI30BAHUU 3JIEMEHTOB HCKYCCTBEHHOTO MHTEIUIEKTA B
obOnactu KapauoTokorpaguu. Mojaenu MalMHHOTO O00y4YeHHs] TOBBILAIT A(P(PEKTUBHOCTh
MIPOTHO3UPOBAHMS COCTOSHUSL IUIOJAa M HMMEIOT Oosiee BBICOKYIO TOYHOCTb JMArHOCTHKH IO
CpPaBHEHUIO C TPATUIMOHHBIMH MeToaamH, 96,8-98,0% wu 80,0-84,4% COOTBETCTBEHHO.
3akuri0ueHue: DJIEMEHTHl HCKYCCTBEHHOTO MHTEJUIEKTa B 00JacTh (eTaabHOr0 MOHUTOPUHTA WU
KapAHUOTOKOTrpauu MOKa3bIBAIOT YIyUIIEHHE KauecTBa JAUArHOCTUKH TUIOKCHYECKHX COCTOSIHHM
02 B AaHTEHATAJIbHOM IIEepHojAe W pojaax. Mojenu MamMHHOTO OOYYeHHS MOBBIIIAIOT
3¢ (HEeKTUBHOCTh MPOTHO3MPOBAHUS COCTOSIHMS II0/a, TOYHOCTh auarHoctuku cuctem KTI Ha
ocHoBe MM pocruraer 96,0-98,0%. CoBpeMeHHas IUArHOCTUYECKAsi TEXHOJIOTMS HAa OCHOBE
UCKyCCTBEHHOro uHTeiekta B ob6nactu KTIT MoxkeT sBIATbCA BHUPTYaJbHBIM LU(POBBIM
ITOMOLTHUKOM JUIsl Bpaueii-aKyllIepoB B IPUHITUHA MEAULIMHCKUX PEILICHUM.
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Artificial intelligence models
In cardiotocography (review)
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Abstract

Background: Fetal hypoxia is a pathological state characterized by insufficient oxygen supply to the
human fetal tissue. Oxygen deficiency causes a cascade of pathological complications, including
decompensation, metabolic acidosis, and, in some cases, fetal death. Cardiotocography (fetal
monitoring) is an instrumental method used to assess fetal well-being and screening for fetal distress.
Over the past few years, numerous publications on artificial intelligence (Al) in fetal monitoring have
appeared. The aim of the study: To evaluate the role of artificial intelligence in fetal monitoring or
cardiotocography (CTG) and screening for hypoxia or fetal distress. Materials and methods: A
literature review was conducted on the use of artificial intelligence for diagnosing foetal hypoxia or
distress during pregnancy and childbirth. Sources from the PubMed, eLIBRARY and Scopus
databases published over the past 35 years were used. Results: Analysis of literature data has revealed
improvements in the screening of fetal hypoxia using artificial intelligence models in
cardiotocography. Machine learning had high diagnostic accuracy compared to traditional methods,
ranging from 96.8% to 98.0% and from 80.0% to 84.4%, respectively. Conclusion: Artificial
intelligence in cardiotocography improves the screening of fetal hypoxia in the antenatal period and
labor. Diagnostic accuracy of artificial intelligence in cardiotocography in screening for hypoxia or
fetal distress can exceed 96.0%. Modern diagnostic models based on artificial intelligence in CTG
can serve as a virtual digital assistant for obstetricians in making medical decisions.

Keywords: fetal distress; cardiotocography; fetal electrocardiography

For citation: Konopleva VV, Shamarin SV. Artificial intelligence models in cardiotocography
(review). Research Results in Biomedicine. 2026;12(1):112-138. Russian. DOI: 10.18413/2658-
6533-2026-12-1-0-8

BBenenne. BHyTpuyTpoOHas TUMOKCHUS B 4YacTHOCTH TINIOKo30U. Ilpu oTcyrcTBumM
IJI0/1a — O3TO TMATOJOTHYECKOE COCTOSHUE, CBOEBPEMEHHOTO BOCCTaHOBJICHUS
XapaKTepU3yIoLeecs HEJIOCTaTOYHBIM aJICKBaTHOTO KHCJIOPOJHOTO OOecTeueHus
CHAOXXKCHHEM TKaHEW IJI0/Ia KHCIOPOJIOM H 3TOT nedunut BBI3BIBACT KacKaj

JKU3HCHHO BA’)KHBIMHW UCTOYHHUKAMH SHCPTHU, aTOJIOTUYCCKUX HOCHCHCTBHﬁ, BKJIrO4as


https://orcid.org/0000-0002-4380-3650

O630p
Review

Kownonnéea BB, u dp. Kapduomokozpagus ¢ anemeHmamu ...

114

Konopleva VV, et al. Artificial intelligence models in ...

JEKOMIIEHCALINIO, META0OIMYECKUH alu103 U,
B KOHEYHOM cuere, HeoOpaTuMbIe
MOBPEXKICHUS KIETOK [1].

l'unokcus miioaa mopaxkaeTr MPUMEPHO
10% Bcex OepemMeHHOCTEH U  SBISETCS
npuunHo 40% nepuHaTalIbHBIX IOTEPb,
MOAYEPKHUBAs €€ 3HAYUMOCTh B COBPEMEHHOM
akymepctee [1-6]. uctpecc moma —
[IaTOJIOTUYECKOE COCTOSIHUE, 00YCIIOBIEHHOE
BPEMEHHOM WJIM MOCTOSIHHOW KHCJIOPOIAHOMN
HEJ0CTaTOYHOCTBIO, M pa3BHUBaIOIIEecs B
ponax [1, 7-10].

Ha CErOMHSIITHUN JIIeHb
WHCTPYMEHTAJIBHBIM ~ METOJIOM  OLEHKHU
COCTOSIHUS TUTO/IA M TMATHOCTHKY (heTaITBHON
TUIOKCHH SIBJISIETCS KapAuoTokorpadus [1, 7,
11-15].

Kapanorokorpadus — onpenesienue,
KpaTKoe OnucaHue.

Kapaunorokorpadus (KTI') — Bexymuit
METO/]I OLIEHKH COCTOSIHUS IIJI0JIa YeJIoBeKa U
MaTOYHOM aKTUBHOCTHU (CXBATOK) Y KEHIIIKH.
JlaHHbII (YHKIIMOHATBHBIN METOJ
JUArHOCTHKU B aKYILIEPCTBE MPUMEHSETCS
JUTSI MOHUTOPHHTA COCTOSIHHS TUTO/Aa Kak Ha
MPOTSHKEHUH BCE OEpeMEHHOCTH, TaK U B
npouecce  pomoB. OTcyTcTBHE — MeTona
TOYHOT'O MPOTHO3UPOBAHUS TUIIOKCUU IJI0/1a
TUKTYET pa3BUTHE (DETATTLHOIO MOHUTOPUHTA

(amepukaHckoe Ha3BaHUE) W
KapauoTokorpaduu (eBponeickoe Ha3BaHUE)
[1,7,16,17].

AHTeHaTalbHasE  KapJauOTOKOTpadus
(petanpHbIit MOHHUTOPHHT) — 3TO
perucTpamnus U3MEHEHUH YaCTOTBI

CEpACYHBIX COKpAILlEHUH IUIoAa U MaTOYHOMN
AKTUBHOCTH 710 Hayaja poAoB. B xoxe ponos
CYLIECTBYIOT pa3jMyHble (aKTOpbl, KOTOpPhIE
MOTYT TMOBJIE€Yh 3a €000l BO3HUKHOBEHHE
acukcuu uam guctpecca rioaa. I[loaromy
4acTOTY CEpACUYHBIX COKpallleHuH Iuioja u
MAaTOYHYI) AKTUBHOCTb KOHTPOJIUPYIOT U B
mporecce  poxoB.  JlaHHag — MeTonMKa
Ha3bIBaeTCs HWHTpaHaTaIbHOU
kapauoTokorpadueii. CokpalleHus MaTKh
MOTYT yMEHBIIUTh MPUTOK KpPOBHU IO
ITYIIOBUHE K miony, qTo CHHMXXACT
noctryruieHne  kucinopoga. Kpome Toro,
SIIUAypalbHasa AaHECTE31sl, BBCICHUC
OKCHUTOLIMHA, apTepuajlbHas THUIECPTEH3US,

M3MEHEHHE I[BETa OKOJIOIJIOJHBIX BOJ WM
TUIEPTEPMHUST Y  POXKEHUIBI  TPeOyIoT
MIPOBE/ICHUS BBIIICHA3BAHHOT'O MOHUTOPHHTA.
DTO OCYHIECTBISIETCS ¢ MOMOIIBIO ammnapara
KapaAnoToKorpada, KOTOPBIH PEruCTpUpyeT
YacTOTy CepACUHBIX COKpAIIeHUH II0/a
(TaxorpamMMmy),  MaTOYHYIO  AKTHUBHOCTh
(TokorpamMmmMy) W IIEBEICHHS  IUIOJA
(axkTorpamMmy) Ha ~ Oymare B BHJE
KapauoTtokorpammsi [1, 7, 16, 17, 18].

Briensror 1Be TEXHOJIOTHH
peructpaun  UCC mioga ¢ LEJIbIO
CBOEBPEMEHHOTO BBISBICHUSI THIIOKCHH WA
IucTpecca mwioga  —  JJIEKTPOHHBIN
JIOTITUIEPOBCKUN (DeTabHBI MOHUTOPUHT H
anekTpokapauorpaduto wioga (OKI') mioxa.

[Ipn 27€KTPOHHOM JOMIIJIEPOBCKOM
(eTalbHOM MOHUTOPUHTE PErHCTPUPYETCS
MepBOHAYAIbHBIN AHAJIOTOBBII
JOTIIIJIEPOBCKUIA CUTHA TOHOB Cep/lia IMII0/a,
MOJTyYSHHBIH  yJIBTPa3BYKOBBIM ~ METOJIOM,
KOTOPBIH 1M03Ke OIU(POBHIBACTCS, a KaXKIBIN
KapauouHTepBain nepecuutbiBacTcss B YCC
ioja B yaapax B MuHyTy. B Poccun nanusie
3alMCH  OCYILECTBISIIOT Ha  (peTalbHBIX
Monutopax Poccuiickoro  ("YHUKOC",
Mocksa, "Conomen", Mocksa, "Wnudus",
MockBa, "MAK", YensaOuHCK), a TaKxke
uMmroptHoro  npousBozictea  ("Huntleig",
BenukoOpuranus, "GE" CIIA, "PHILLIPS",
EBpocoros u ap.).

Hpyraa texHonorus - Henpsmas OKI
miona. OHa mpoBOAMTCS Ha (PETAITBHBIX
MOHUTOPAX "Monica AN24"
(BenukoOpuTaHusi) ¢ MOMOIIBIO HAPYKHBIX
OKT' »51eKTpoioB, KOTOpBIE HAKJIaIbIBAIOTCS
Ha xuBOT Marepu. CHawama Ha OKID
¢unbTpyror R-3yOusl miaoga ot R-3y0ros
MaTepu, a 3areM TpUd  TOMOUIH
MaTEeMaTHYeCKOro  aliropuT™Ma  KaKObId
KapauouHTepBanl Mexay R-R - 3yOuamu
nepecunteiBaercs B YCC mona B yaapax B
MuHYTY. OJTHAKO JaHHAs METOAMKA HE HAllIa
HIMPOKOTO IpUMEHEHUS u3-3a
HEJI0CTaTOYHOM Ha/IeKHOCTU MO CPaBHEHUIO
C YJBTPa3BYKOBOH KapauOTOKorpadueir B
JIMarHOCTUKE THIIOKCHYECKUX  COCTOSHHIMA
1o/1a pu OepeMeHHOCTH U B poaax [16, 19].
Cymectyet npsmast OKI' mioga ¢ momombio
¢bukcanyu CIMPAJILHOTO ANEKTPOJa
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Goldtrace Fetal (FSE) Ha KOXe TOJOBKH
miona. OHa peagu3oBaHa B MOHHUTOpax
"Neoventa" (IlIBeuust), dYTO MO3BOJISIET
MOy4uTh Oo0Jiee KA4YeCTBEHHBIM CHUTHAJ
¢eranbubix R-3y0110B [20].

Hnst yIAy4lIeHUs (deTtanbHOTO
MOHUTOPHUHTA B TEYEHHUE POJIOB UCIIOJIb3YETCS
noabeM cerMenTa ST 1 n3mMeHeHus T-BOJIHBI
OKI' nnopa kak MapkepoB JucTpecca Iioja
[21]. Onnako »TOT NPHOOP HpPUMEHSETCS
TONBKO B  poJax, a B  CTPYKType
MepUHATAILHON CMEPTHOCTH BEIyIas POJb
MPUHAUICKAT  AHTCHATAIBHOW  THIIOKCUHU
wiona [22, 23].

Tpaguuuonnass KTI' ¢ Bu3yanbHbIM
aHAJIHN30M.

B OCHOBE YIBTPa3BYKOBOM
KapIMOTOKOrpaduu UMeeT MECTO Hapy>KHBbIH
beTanbHbIN MOHHUTOPHHT.

Kapnuorpaduuecknii nmatuuk ukcupyercs
Ha TepenHel OpIOIHOW CTeHKEe B 00JacTH
HaWJIYYIIero BBICIYIIMBAHUS  CEPACUYHBIX
TOHOB IUIOAA, @ TEH30METPHUYECKUH JaTUUK
JUISL 3aIUCH COKPATUTEIBHOU NEeSTETbHOCTH
MAaTKH - B obyiacTv ee aHa [1, 7, 18].

OCHOBHBIMU aHAITN3UPYEMBIMH
nmapametpamu KTI' Ha cerogHsAmIHWI J1I€HBb
ABIIIOTCSL 0a3ajibHasi 4acTOTa CepAECYHbIX
COKpaIlleHHI II0Ja (BUYCC),
BapHa0eNpbHOCTh pHUTMA (aMIUTUTYZAa W
qacTora OCLIMILIISIIIHI), aKuenepanu,
Jieriesiepalyy, YUCIIo MIEeBEIeHUH MI0/a B yac
¥ MaTOYHasi akTUBHOCTH [1, 7, 17].

CagenweBa [."M. c coaBTopamu (2022)
BBISIBJISIIOT HayaJlbHble MPU3HAKM THIIOKCUH
TUTO/1a, UCTIOJB3YI0 CIEAYIOIINE MapaMeTphI:
CHIDKEHHE BapHaOEbHOCTH  CEepACYHOTO
putMma, Taxukapauio (1o 180 ya/muH) wim
yMmepeHHyto Opamukapauio (10 100 ya/mun),
KpaTkoBpeMeHHYI0 (o 50%  3ammcwm)
MOHOTOHHOCTb PUTMA U OClIabJIeHUE peaKIH
Ha (QyHKUMOHaNbHbIE ™poObl [24]. Ilpu
BBIPQ)KEHHOM CTpaJlaHuu iosia
HaOroMaeTcsl  BBIpAKECHHAs — OpaauKapaus
(menee 100 ya/mun) win taxukapaus (6osee
180 yn/MuH), MOHOTOHHOCTh pUTMa (CBBIIIE
50% 3ammcu), mapagoKcadbHas peaKIus Ha
(GyHKIMOHATILHBIE poObI (mo3aHME
Jieriesiepallii B OTBET Ha ILEBEJIEHUE IUI0/A
IpH  HECTPECCOBOM TECTE) WM JKE ee
orcytcTBue [24].

Ananus KapJAHMOTOKOTPaMM B
aHTEHATaJbHOM MEPHUOJe U B POJaX HUMeEeT
HEKOTOpble pa3nuuusi. B ponax coriacHo
pEeKOMEHJalUSIM MexyHapoaHoi
(denepanuu TUHEKOJIOTMH M aKyIIepCTBa
(FIGO) 2015 roga Tumsl KapJIuOTOKOI'paMM
KJIacCU(PUIUPYIOT Ha HOpMaJlbHbIE,
COMHHUTEJIbHBIC (Moa03puUTENbHBIE) u
natojornyeckue [1, 7, 17]. HopmasbHblil TUII
KTT" xapakrepusyercs 0Oa3albHbIM PUTMOM
110-160 yI/MUH, BapuaOCIbHOCTHIO
5-25 yA/MUH ¥ OTCYTCTBHEM MOBTOPSIOIIUXCS
neuenepaunii. [ COMHUTENBHOrO THUIA
XapaKTepHO OTCYTCTBHE XOTsl OBl OJTHOTO W3
MIPU3HAKOB HOPMAJILHOTO U MATOJIOTHYECKOTO
TUIIOB KpUBOW. IlaToornueckuii Tun B CBOXO
ouepenb MPOSBISETCS 0Oa3albHBIM PHUTMOM
MeHee 100 yJI/MUH,; CHUKECHHOU
BapuaOeIbHOCThIO Oosiee 50 MuH. WM
MOBBILLIEHHOW BapuadenbHOCThI0 Oosiee 30
MUH. WIA CUHYCOUJAIBHBIM PUTMOM; KpOMe
TOTO,  TMOBTOPHBIMH  TO3JHUMH WU
MIPOJIOHTUPOBAHHBIMHU JIeLiesiepalusiMu Ooliee
30 muH. win 6ojnee 20 MHH., €ClIM CHHXKCHA
BapualelNbHOCTh; WM HAJIMYUEM OJHOMN
MIPOJIOHTUPOBAaHHOM  jeuenepauuun  Oosee
5 mum. [1].

Kpome OMMCaHHOU BBIIIIE
KIaccupuKauu HMHTpaHaTaIbHBIX
kapauotokorpamm 1o FIGO, cymectByer
CKPUHUHI aHTEHATaJIbHOTO COCTOSIHUSA IO
HaJIMYUIO0  aKmenepamnuii, 0o0yCIOBIEHHBIX
JIBUKEHHEM IIJI0JJa — HECTPECCOBBIM TecT
(HCT) [24]. Tect Ha3bIBaETCSl HECTPECCOBBIM,
TaK Kak BBIIOJHIETCS [0 Hadaja pPOJOB,
KOI'JIa HET PEryJsipHbIX CXBAaTOK U IUIOJA HE

MOJIBEpraeTcs «CTpeccy» MAaTOYHBIX
COKpAILECHH. Tect CUMTaeTCs
HOJIOKUTEILHBIM (peakTUBHEBIM,

HOPMaJIbHBIM), €ciau B TeueHue 20 MuH.
uccnenoanuss Ha KTI' peructpupyrorcs He
MeHee 2 akuenepaunit. Ecinu 2 akueneparuu
perucTpupyroTcs 3a 001ee KOPOTKUI Tepro.I
BpemeHH (Oosiee 10 MUH), TeCT MpeKpaIIaloT,
cyuTas €ro peakTUBHbIM. (OTMEYarOT, 4TO
JIOJDKHO OBITh 3apEeTUCTPUPOBAHO XOTS ObI
OJIHO IWIEBEJICHWE IUIoJa W OTCYTCTBHE
Jenernepalnu B TeueHue 3anucu. MHaue B
koHue mnposenenuss KTI' 3ammcu Tect
CUUTACTCS OTPHIATEIbHBIM (apeaKTHUBHBIM,
MaToJOTHYECKUM) [24].
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KJIaccupuKaIms THUIIOB HCT o pesyc-hakTopy  WIH

AHTECHATAJIbHOMN METOJUKE POAOCTUMYISLIUIO

KapIMOTOKOrpa(uu Ha OCHOBE BHU3YaJIbHOTO
aHaJli3a BKJIIOYAET TaKHE IapaMeTpbl, Kak
0a3aabHBIN pUTM, BapuadEIbHOCTbD,
nenernepannm, maible akienepauuud (1o 32
Hezledb recTaluy) U OOJIbIIME aKleJIepaliu
(B cpoke 32 Henmenu OEpEeMEHHOCTH U OoJiee).
Tunbl aHTeHaTaNbHBIX KapAMOTOKOIPaAMM
KJacCcu(UIUpPyOT Ha HOpMaJIbHbIE,
aTUIMYHbBIC U MaTojioruyeckue [17].

B kauecTBe MeToAa AMArHOCTUKH IPU
HEOCJIIO)KHEHHOM TEYeHUH OepeMEeHHOCTH
npoBoisaT KTI' ¢ 33 nenens 6epemenHocTH 1
pa3 B jaBe Hexenu. Ilpu  BbIsIBIEHUM
HapylLIeHMUs] CEpAEYHOro pUTMa IUIoJa B
pojax Ais MCKIIOYEHMs AMcTpecca Iioja
npoBoAT HenpepbiBHYI0 KTI' B Teuenne He
Menee 20 munyT. 3anuchk KTI' nmpoBoaures ¢
23-i HE/IeIH OepeMeHHOCTH npu
OCJIO)KHEHHOM TEUeHUM OEpeMEeHHOCTH, a
TaKK€ B CIydasxX BBICOKOTO 0a3alibHOIO
puTMa (BEpXHss TpaHUIA HOPMBbI), HU3KOM
BapuabeIbHOCTH, OTCYTCTBUS aKleJaepauni
WIM WX HU3KOM aMIUIMTYJbl, YacThIX
neuenepanuii [1, 7].

@deTanbHBIE MOHUTOPHUHI B poAax, a
UMEHHO B  aKkTUBHyI0  ¢a3zy  pojoB
OCYILIECTBISIETCS. MUHHMYM B TeueHue 20
MHH. KaXJbIi BTOpOM 4ac. /[omosHHUTEnsHO
peructpaumto KTI' crnenyer npousBonuts
IIpU ONPEENIEHHBIX CIydasiX — CIIOHTAaHHOM
OTXOXKICHUM OKOJIOIUIOAHBIX BOJX, IIOCIE
aMHUOTOMHH, TE€pea M IOCie NPUMEHEHUS
aNuAypalbHOM aHectesun. HemnpepbiBHas
peructpauuss YCC mnnona HauyMHAETCs €O
BTOPOT0 Ieprojaa poaos [7].

Meron KTI' B pomax moxkeT OBITh
MIEPUOJUYECKHI WIH HEMpepbIBHBIN.
[leprognueckyro perucrpanuio B poAax
MPUMEHSIOT Y JKEHIIMH 0e3 (haKTOpOB pHCKa
HapyluleHuil cocTosHud 1iona. B cBoro
Oouepelb  HENPEPHIBHYID  PETUCTPALMIO
MPOBOASAT TpPU OMNpENENIEHHBIX (haKTOpax
pucka. OHM BKIIOYAIOT B ce0sl MCXOJIHBIE
HapyLIeHUS COCTOSIHUSI mwioja,
MHOTOIUIOZHYI0 ~ O€peMEHHOCTh,  Ta30BOE
npeniexaHue IUIoja, 3amo3fajible  WIn
MIPEXIEBPEMEHHBIE POIbI, CaXapHbIN AHa0eT,

OKCHUTOIIMHOM,
o0e300yiMBaHMEe B poOJax, MHOTO- WU
MaJoBOJAME, IPEIKIAMIICHIO, 3a1€PKKY POCTa
miona (3PII), HapymieHue KpoBOTOKAa B
CUCTEME «MaTh - IUIALIEHTa - IUIO/AY,
aHOMAJIUU pOJI0BOM NesITeNIbHOCTH,
TUNIEPTEPMUIO B POJAX U MEKOHUAIbHYIO
OKpacKy OKOJIOIUIOAHBIX BoA [1, 7].

[IpeanoururensHee MIPOBOJIUTH
peructpanuio YCC moma nexxa Ha OOKy,
MOJIyJIeXka, JIydllle CUIs WiIu Jaxe cros [7].
Kpome Toro, eme oauH M3 aHaIU3UPYEMBIX
MoKaszarejae, Ha KOTOpPBIH HEOO0XOAMMO
oOparuth BHUMaHue — 310 YCC marepu u
mwioga. C OgHOW CTOPOHBI, BO3MOXHO
yyJalieHue YCC JKEHILIUHBI npu
TUTIEPTEPMUH, BO BPEMsI CXBATKH WJIM TTOTYTH
Y OHa MOXeT mpuonmxkaThes K eranbHoi. C
JIPYrol CTOPOHBI, MPU APUTMHUU ITUIOJA €T0
YCC MOXKET CHIXKAThCI U JOCTHUTaTh
3HaUeHUN MaTepuHCKOW. JlJis TOro, 4TOoOBI
YCC wmarepu u 1mioJa HE HAKJIAIbIBAIIUCH
Ipyr Ha Jpyra Ha KapAHOTOKOrpaMMe Ha
MpaKTUKE HCIIONB3YIOT qaue
MyJIHCOKCUMETPUIECKU T JATYHK,
MO3BOJISIIOIIMM MPAaBUIIBHO PETHCTPUPOBATH
UCC marepu [7].

Hcnone3ysa npu tpaguuuonHo KTT ¢
BU3yQJIbHBIM AHAIM30M CIEAYIOIINE MIECTh

napamerpoB —  OazampHyto UYCC u
BapHabeIbHOCTh PUTMA II0JA, aKLeJIepaluy,
Jenenepanuy, — MaTOYHYK)  aKTHUBHOCTB

(cxBaTkM), aKTOrpaMMy, aKyliepckas ciryx0a
IIPOBOAUT  CBOEBPEMEHHYIO  JAMATHOCTUKY
HapyuleHM  CcOCTOSHMSA  IUIojJa  1pu
O6epeMeHHOCTH U B pojax. OJHaKO TOYHOCTb
BBISIBIICHUSI BHYTPUYTPOOHOW THUIIOKCUHM U
oucTpecca miona cocrasisieT menee 80-90%
[19].

ABTOMaTH3MPOBaHHaA KTTI c
KOMIIbIOTEPHBIM AHAJTHU30M.

BusyanpHasi, TO ecTb CyOBEKTHUBHAs
ornenka kpuBbix KTI' moxer OvITH Maiio
JIOCTOBEpPHOM, Tak Kak Bpayd MOTYT
TPaKTOBaTh OJHY KapAWOTOKOIpaMMy IIO-
pazHomy. [loaTOMY B MEAUIIMHCKON IPAKTUKE
HayaJl  MCIMOJIb30BaThCsl  KOMITBIOTEPHBIN
aHaJIn3, KOTOpPBIN obecrieunBaeT
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HEMPOTUBOPEUYNBOCTH pe3yIbTaToOB u
MOBBIIIAET TOYHOCTh JUATHOCTUKHU [25, 26,
217].

B  Poccum  mepBeIM  NIPUMEHMIT
COOCTBEHHYIO METOUKY
aBTOMATHU3HPOBAHHOU aHTeHaTaJIbHOU

kapauorokorpaduu ¢ 1983r. lemunos B.H. ¢
coaBTopamu (1991, 2008) ¢ KOMIBIOTEPHBIM
pacuetom [ICII (mokazarenb COCTOSTHUSA
miona) [25, 26]. AHamuzaTtop COCTOSTHHS
mwioga «YHukoc» (MockBa) NPOU3BOAUT
MOMPaBKy Ha COH, ONPEEINSET JUINTEIbHOCTh
HCCJIEIOBAaHUSI U YYUTHIBAET JBUraTEJIbHYIO
aKTUBHOCTH IUI0Ja. B Hacrosimee Bpems
CYILECTBYET MHTpaHaTalbHas BEpCUs
MOHHUTOpa, KOTOpasi MPOBOAMT  OLIEHKY
pOJIOBOM  AESTENBHOCTH  (JUIMTEIbHOCTH
CXBAaTOK, BO3HUKHOBEHHWE THIIEPTOHYCA
MaTKd W aHOMaJIMM B  PETYJSIPHOCTH,
WHTEHCUBHOCTH M MPOJOJIKUTEIBLHOCTU
COKpAalIECHU MaTKu), ONpEeNessieT Bpems,
HeoOxoIuMoe TUISt 9KCTPEHHOTO
poJlopa3pelieHnsl B Cily4ae BO3HUKHOBEHUS
aucTpecca mwioaa (mpexneBpeMeHHas
OTCJIOWKa  IUIAIEHTbl, MCTUHHBIM  y3em
NyNoBUHBI). UyBCTBUTENBHOCTh JAHHOTO
asanu3za KTI' npu BBIABIEHHH THUIIOKCUH
wiona coctaBuina 77%, crneuupuuHOCT —
91,8% u cpemusist touHocts — 84,4% [28].

MHOroneTHul OIBIT NPUMEHEHUS B
POJIOBCIIOMOTaTENbHBIX YUPEXKIECHUSIX
Boponexckoit obmactu
ABTOMATU3UPOBaHHOM cucTeMbl aHanu3a KT
no B.H. JleMunoBy mnokasan J0CTaTOYHO
BBICOKYIO TOYHOCTb OLIEHKH COCTOSIHUSA I1J10/1a
(10 90%) [19].

Hpyrum crocobom OLICHKH
Kap/IMOTOKOTpaMM BO BpeMsi OepeMEeHHOCTH
SBIIAIOTCSL pa3MYHble IIKaJbl, KOTOpbIE
MIPEAIIOIAratoT 0abHYIO OLIEHKY
KapAMOTOKOTPaMM 10 CyMME U3MEHEHHBIX U
HOpMaJIbHBIX MapaMeTpoB (Pumep, Kpebde)
[19]. Cucrema GamnpHOM oreHku W.Fischer
Obuta mpennoxena B 1976 r. Kaxnomy u3
aHAIM3UPYEMBIX MapaMeTpoB (OaszaibHas
JacToTa CEpAEYHBIX COKpAalICHHH,
aMIUTATY 1A OCITMJIJISAIINM, JacToTa
OCUWUISLMM, aKieJepaluy, Iereleparim)
npucBauBaiock oT 0 10 2 6amios. [To cymme
0aJuIOB J1eNaeTcs 3aKII0OUYEHHE O COCTOSIHUU

wioaa: 8-10 6ayioB — OTCYTCTBUE THIIOKCHH
y wioja; 5-7 6ajuioB — yMEpEeHHbBIC TPU3HAKU
runokcuu; 4 6ajyia U MeHee - BBIPaXKEHHBIE
npu3Haku — runokcun. Cucrema  Oblia
Monudumponana B 1978 r. H. Krebs: ot 9 1o
12 6anioB - y10BJIETBOPUTEIHLHOE COCTOSHUE
IUI0J1a; OT 6 10 8§ 0ajIoB - TUIOKCHS IIOJA,
yrpo3bl rudenu B OnmKailliue CyTKU HET;
5 GamioB U MeHee — BBIpOKEHHAsi TUTIOKCHUS
I0Ja, yrpo3a BHYTPUYTPOOHOW TuOENH.
B nocnennue ronpl JaHHBIE Kbl Hadald
WCIIONIb30BaTh B (DeTaNbHBIX MOHHTOpax
c aBTOMAaTUYECKUM pacuerom,
MIPEUMYIIECTBEHHO KHTalCKOro
npousBojcTBa. OJHAKO TOYHOCTh OLEHKHU
COCTOSIHMSl IUIOJa TIO JAaHHBIM IIKajJaM
ocraercst Hu3kou (70,3%) [19].

Crnenyromas METOIUKA
ABTOMAaTUYECKOTO (KOMITBIOTEPHOT0)
anTeHaranpHoro ananmuza KT — kputepun
Dawes-Redman ([loy3a-Penmana). J{7s sToro
HCIOJIb3YIOT HEe 0Oojiee JecsiTH MapaMeTpoB
KTT — motepst curnana, neBelieHus MI0Aa B
Jac, yacTtoTa 0a3aJIbHOTO puTMa,
COKpallIeHHsl, akIienepanuu oomnee 15 ya/muH,
Manble akuenepanuu Oonee 10 yn/muH,
neuenepanuu 6onee 20 NOTEPSHHBIX yIapoOB,
3HaueHus kpatkoBpemeHnHoil — KBB (STV) u
JOJITOBPEMEHHOU — /IBB (LTV)
BapuabenbHocTH [29, 30, 31].

s pacuera mapamerpa STV (Short
Time Variation) — nmpou3BoauTcst pa3ouecHue
kpuBoii YCC Ha Tak Ha3bIBaeéMble SIOXH,
JIATEILHOCTRIO 3,75 ¢. JInsg xakgoit 3moxu
cuntaercsi cpenHee 3HaueHue UCC. 3arem
OTpe/IeNIsIeTCS CpeAHee 3HaueHue MOy
pazHoctu YCC nnsi COCeHUX 3MOX, YTO
cootBercTByeT BenuunHe STV. B Hopme
napametp STV cocraBnser 6osee UM paBHO
4 mc. Ecnu 3TOT mokasaTellb paBeH 3 MC
NPOrHo3 rubenu Immioga coctaBisieT 29%,
ecti STV wmenee 2,5 mMc — 72%
cootBetcTBeHHO. LTV (Long Time Variation)
— JOJITOBPEMEHHAS BapHuabeIbHOCTh,
ompejensercs  Kak  pa3sHUIa  MEexXay
MUHUMAaJIBHBIM 1 MAaKCUMAJIbHBIM 3HAUYCHHEM
YCC. Oror mapameTp TakXe Ha3bIBaeTCs
amruTynou ocumsinui [30, 31]. TounocTs
OLICHKH COCTOSIHMSI IUIOJIa IO KPUTEPHUSIM
Dawes-Redman B aHTeHaTanbHOM MEPHOE
cocrapisieT He 6ostee 91,0% [19].
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[TosiBunKcH  paboOTHI,  OCBELIAIOLIUE
aBTOMATUYECKUI aHaJIn3 TPYIHO
UHTEPIPETUPYEMBIX PUTMOB I101a. OJIMH U3
METOJIOB — CHEKTPaJIbHBIN aHanu3, KOTOPBIN
ObL1 Kiciosib30BaH B padote Ricardo S.C. et al
(2024) [32]. Mopnenu, B OCHOBE KOTOPBIX
JaHHBIA ~ METOA, CIHOCOOHBI  BBISBISTH
CUHYCOMJAJIbHBIA THI  KapJUOTOKOTpaMM
W TICEBJOCHHYCOMJAIIbHBIN, CBA3aHHBIA C
aprepakTaMu W TIOMEXaMH B XOJe
HUCCIIETOBAHUS. HawubOonee BaXKHOU
MEPEeMEHHON 7Sl KjacCU(PUKAIUM CUTHAJIOB
obuto 3nauenue PE (potential energy) B
4aCTOTHOM HWHTepBajie. 3HadeHue PE menee
0,2965 xknaccuUIMPOBAIO CHUTHAIBI Kak
HOpMallbHBbIC; 3HaueHue PE, nomaparomee B
HaIa3oH (0,2965-0,4792); u
KpaTKOBpPEMEHHas U3MEHYUBOCTb,
npesbimaromias 0,0992, knaccudunmpoBaan
CUTHQJIBI  KaK  IICEBJOCHMHYCOMIATbHEIE.
Curnanbl KJIaCCU(UITUPOBATHCH KaK
CHUHYCOHMIaJIbHBIC, €CIIH OHU YIOBIIETBOPSIU
J000My W3 CIEAYIOIUX  KPUTEPHUEB:
3Hauenue PE Gonpiie wnu paBuo 0,4792 win
3HaueHne B jauamazone (0,2965-0,4792) u
KpaTKOBPEMEHHas HW3MEHYMBOCTh MEHBIIIE
nwin paBHa 0,0992. Yactora oOHapykeHUs
CUHYCOMJIAJIbHOTO, TICEBJOCUHYCOUIATbHOTO
U HOpPMaJIbHOro puTMa coctaBmwia 92,3%,
88,8% u 97,3%, COOTBETCTBEHHO.
UyBCTBUTEIHHOCTH JTAHHOTO MeToa
cocTaBuja Uil CHHYCOMJAIBHOTO  WIU
NICEBJJOCUHYCOUJAIBHOTO ~ pUTMa  ILJIoJa
100%, a crierudpuanocts — 97,3% [32].

Giulio Steyde et al. (2024) raxxe
OMHUCHIBACT TMPUMEHEHHE CHEKTPAIHHOTO
Meroaa anammsa YCC mmoxa [33]. B pabdote
uccnenosanu 2178 3anuceit KTT y sxeHuuH B
cpokax recrauud or 32 no 38 Henenb
OCpEeMEHHOCTH C TECTAI[MOHHBIM CaXapHbIM
nuabeToM W 3a7epXkKKOM  pocTa  IUIoja.
Pe3ynbTaThl MOKa3bIBAIOT, YTO CIIEKTPATbHBIN
METO/T JTy4Iie nuddepermupyer
MaTOJOTUISCKUN pUTM mwioaa oT
HOPMAaJbHOTO TIO CPaBHEHUIO C APYTUMHU
MaTteMaTH4eCKuMH Metogamu [33].

Bce BblmienepeuncieHHble  MOJAETH
OCHOBaHbl Ha TMPUMEHEHUM KJIACCHUECKUX
METOJIOB ~ MAaTeMaTUKH, CTAaTUCTUKH C
HCIOJIb30BaHNEM Habopa U3 AECITH WIH YyTh
6onee mapamerpoB KTT.

HckyccTBeHHBbIM HHTEJJIEKT.
TepmunoJsiorusi. Knaccupukanms.

TepMUH «HMCKYCCTBEHHBIM HWHTEIICKT»
(M1) Obu1 BmepBbIe mpemioxkeH J>xoHOM
Makkaptu B «JlapTMyTCKOM  JIETHEM
HCCIIEA0BATEIbCKOM MIPOEKTE o
HCKYCCTBEHHOMY MHTEJUIEKTY» B 1955 rony.
OH onpenenui HHTEIUIEKTYaIbHYIO (PYHKITHIO
KaK  BBIYMCIUTENIBHYI0  COCTABJIAIOILYIO
cnocoOHOoCcTH — mocturare 1ener.  Camo
OIpE/ICNIEHUE HMCKYCCTBEHHOI'O WHTEIIEKTa
Maxkkaptu  0OBSICHWI, Kak HayKy u
TEXHOJIOTHIO CO3/IaHUs MHTEJUICKTYyaIbHBIX
KOMIIBIOTEPHBIX [TPOTrpamMM.

B nocnennune romst MU cranm mmpe
NPUMEHATHCSI B MEIULMHCKON IPAKTHKE.
AKyYIIEpCTBO M TIEPUHATOJIOTHUS HE CTaju

HUCKIIFOUYCHUEM, rJae nmn Hayva
HCIIOJIb30BAThHCS TUTST TIOBBIIICHUS
a¢ddexTuBHOCTH MepuHATATBLHOM
JTMArHOCTHKHU " CHYDKCHHUS pucka

NepuHaTaIbHON CMEpTHOCTH [34].

K ocuoBHeiM Hampasienusm WU
oTHOCAT MammHHOoe oOydenue (Machine
Learning — ML), 00paboTka eCTeCTBEHHOTO
si3pika (Natural Language Processing — NLP)
u poOoTu3upoBaHHas MeaunuHa [34].
Metoast ML (nmepeBo pemenuit — DT,
«ciyqaiiaelid 1ec» — RF, Merox omopHbIX
BEeKTOpoB — SVM u HauBHbII OaiiecoBckuit
KJ1accupuKarop) HEOO0XOINMBI I ¢
aBTOMATHU3MPOBAHHOTO CO3JAaHMsI MOJZEIEH,
MpeIHa3HAYEHHBIX JUIsl pPEelIeHUs] OOJIBIIOro

KOJINYECTBA 3az1ad, Harpumep,
KjaccupuKalys MalUeHTOB MO TpyIIaMm
pucka Ha OCHOBE aHanusa

CTpYKTypupoBaHHbIX JaHHbIX. DT wu RF
UCTOJNB3YIOTCA AN KJIacCUPUKAMU |
nporHosupoBannsd. RF — 310 Merog
aHCcaMOJIeBOTO o0yueHus JUTSt
kinaccupukauuu u perpeccud. Iloctpoun
MHOkecTBO DT M cymMmHpoBaB BBIXOJbI
Kaxgoro ciaboro otaenbHoro nepera, RF
UCHpaBisieT NpoOjeMy IMepeHanpsuKeHUsT B
DT [35]. Takoit meTon MU, kak mMammHHOE
o0yuyeHHe, aKTMBHO BHeIpsSeTcs M s
MIPOTHO3UPOBAHUSI MHOTHX MaTOJIOTHYECKHX
coctosiHuit [36]. Pa3paborano u rirybokoe
mammHHoe oOyuenue (DL) ©Ha ocHOBe
HelpoHHbIX ceTeil ANN. PacnipoctpaneHHble


https://www.researchgate.net/profile/Giulio_Steyde?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicHJldmlvdXNQYWdlIjoicHVibGljYXRpb24ifX0

0630p HayuHvle pesysibmameol 6

uomeduyuHcKux uccaedoganutl. 2026:12(1):112-138

Review Research Results in Biomedicine. 2026:12(1):112-138 LLs
pazHoBuaHoct DL — cBepTOYHAs HEMPOHHAs M.B.MoxkmanoBa  (2024)  “IIpumeHeHue
cetb (CNN), pexkyppeHTHas HEHpOHHas CeTh HWCKYCCTBEHHOIO HHTEIUIEKTa B aHAJINU3E
(RNN) u rmy6oxkas Heiiponnas cetb (DCNN). JTaHHBIX: 0030p  TEKYIIEro  COCTOSHUS
CNN, Hampumep, xopomio paboraer c u Oyaymux Hampasienuii” [38].
OOJIBIIIMM KOJIMYECTBOM OOBEKTOB W MpHU HckyccTBeHHBI ~ HMHTE/IEKT H
00paboTke n3obpaxeHuit [35]. 3HaunTeIbHAS KapauoTokorpadusi.
POJIb HEHPOHHBIX CETEN B CETOAHALIHEM MUPE Nurepnperatus  KTIT  nmo-npexxaemy
OoTpakeHa BO MHOTUX IyOnukamusx [37]. OCTaeTCsl  Cepbe3HOM  mpolOiieMor  HW3-3a
Jlpyroi noaBu MallMHHOTO 00yUYeHUs — BBICOKOM YaCTOTBI JIOKHOIIOJIOKUTEIBHBIX
NLP (Natural language processing). Ou B pe3yabTaTOB M HHU3KOHW YYBCTBHUTECILHOCTH.
CBOIO OYepeb I103BOJISICT U3BJIEYb 3HAYUMYIO IIpumenenne meronos MM B nepuHaronorun
nH(DOPMALIMI0O U3  HECTPYKTYPUPOBAHHBIX pacuMpsieT  BO3MOYKHOCTH  JIMarHOCTHKHU
KIIMHUYECKUX JTAHHBIX, TaKUX KaK TMIIOKCUYECKUX  cocTosHuM miuona. Ha
ANEKTPOHHBIE MEIUIMHCKHAE KapThbl, YTOOBI JAHHOM  3Tafe  Takue  HUCCIeAOBaHUs
JIOTIOJIHUTD UMU CTPYKTYpPUPOBaHHBIC MaJIOUYUCIICHHBI, €IMHUYHBI 110 UCTOYHHUKY U
nannslie. [Iporiecc NLP Bkimtouaer 06paboTky perpocniektuBHbl. Humxke Ha pucynke |1
TeKcTa W ero kinaccudukamuio  [35]. npencrasiera  (Ivshin - et al, 2020)
Hekortopeie meromnst UMW OGynyT ocBemieHbl KOHIIENTyaJbHas cxema PUMEHEHUs
HIDKE, a TaKXkKe IMepedyrciIeHsl B pabote metonioB MU B nepunaronoruu [35].
MawunHHoe obyyeHue Fny6okoe obyueHne rnyboKoe obyueHune

0O6paboTKa ecTeCTBEHHOTO0 A3bIKa

4

C6op gaHHbIX

npu3Hakos

KanHuueckne u
nabopaTopHble
AaHHble

Mpu3Haku
KAUMHUYECKUX
M3MepeHui

Mpu3Haku

U306paxkeHunn -
M306paXkeHuni

U3BneueHune

UHTepnpertauusa

PUCKK
BbIHaWMBaHNUA
nnoga

AnarHocTuKa,
KAUHUYECKHUE
Ha3Ha4YeHMA n
MapLIpyTHM3auma

Puc. 1. KonnenrtyansHas cxema npumeHnenns Mmetonos MU B nepunaTonorun

Fig. 1. Conceptual scheme demonstrating

Chen C. et al. (2023) ormeuaroT
BO3MOKHOCTh BHEApeHHs HampasieHun WU,
TakuxX Kak MamuaHoe oOydenue (ML) wu

IyOOKOe o0yueHue (DL), B
npodeccuoHanbHO  cdepe  aKymepos-
THUHEKOJIOTIOB u HNCITOJIB30BaAHUA B

KJIIMHUYECKOU npakTuke [39].
Kadarina TM. et al. (2023) B cBoeii
paboTe TaKke OTMEYalOT 3HAYMMYIO PpOJIb

the use of Al methods in perinatology

MalIMHHOTO 00y4YeHus B chepe aKymepcTa u
ruHekonoruu [40].

B nocnennee necsatuieTue 10CTyMHOCTD
OONBIINX KIMHHYECKUX 0a3 JAaHHBIX, a TAKKE
MOSIBJICHHE METOIOB MAITUHHOTO U TIIyOOKOTO
oOydYeHHs B 3JpPaBOOXPAHCHHWM TPHUBEIHA K
pPE3KOMYy PpOCTY 4YHCIIa HCCIEIOBaHUN C
MPUMEHCHHEM 3THX METOJIOB JUIS aHaIHu3a
CUTHAJIOB B KapauoTtokorpaduu [41]. Melaet
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R. et al. (2024) Taxxe ONMUCHIBAIOT 3HAYCHHE
monened Ha ocHoBe MU B BbIABICHUH
narosniorudyeckoro tuna KTT [42].

Jlanee OyayT OCBeIIEHBI IyOJMKAIUH,
nocesamenusie KTIT um  smementam HU,
MIpeICTaBISIONINE LEHHOCTh JULST
MPAKTUKYIONINX CIEIUAINCTOB B 00JacTH
aKyIIepcTBa U THHEKOJIOTHH.

B cBoem mccienosanuu Dlugatch R. et
al. (2024) paccmoTpenu  HUCIIOJNB30BaHUE
METO/la KapAHOTOKOTrpauu HA  OCHOBE
nckycctBeHHoro umHtemwiekta DSS (decision
support system) [43]. B pabGore Obun
MIPUBEACHBl HEKOTOPBIE YCIOBHS, KOTOPBIM
nomkHa coorBerctBoBath KTIT Ha ocHoBe
HCKYCCTBEHHOTr0 MHTeJuIekTa. K HUM oTHecu
TOYHOCTh U 3(P(PEKTUBHOCTH OLEHKH PHCKOB,
CIOCOOHOCT, K MEpPCOHAIM3AIHNH U
WHIBUIYATH3UPOBAHHOM MEHIINHE,
OTCYTCTBHE 3HAQUMMOCTH B OTHOIIEHUM THUIIA
YUpEeXKICHUS, pa3pabaThIBarOIIETOo
TEXHOJIOTHH, PO3PAYHOCTh nporecca
JTMArHOCTHKHU. B OCHOBE TaHHOM pa3paboTKH -
CUCTeMa MOJAJEPKKH MPUHATHS pPElIeHU Ha
OCHOBE MCKYCCTBEHHOTO MHTeIUIeKTa Al-DSS
(Oxcdopnackas  cucrema  OxSys). DIT10
WHTEJUICKTyallbHAs KOMITBIOTEPU3UPOBAHHAS
CUCTeMa, KOTopasi MOMOTaeT ClelnaIiucTaM B
MPUHATHU O0JIee Ha/IEKHBIX pellieHui 1 bonee
TOYHOM  JTMATHOCTHKE  MATOJIOTMYECKUX
cocTosHUM ioaa [43].

O'Sullivan ME. et al. (2021) ormeuaror,
9TO COBPEMEHHBIC KOMIBIOTEPHBIE CHCTEMBI,
ucrnoinb3ytomue 0oyiee MPOABUHYTHIE METOIbI
MalIMHHOTO OOYYCHWUs, 00JIaal0T aHATH30M
LIAPOKOTO nuara3oHa [44]. Cpenu
MPEUMYIIECTB — IMOCTOSIHHAS JOCTYITHOCTh H
OTCYTCTBHE BIIMSHUS Ha HUX YEJIOBEYECKUX
($akTopoB, TaKMX  KaK  PacCeTHHOCTb,
yCTanoCTh,  TPEIAB3SITOCTh,  KOTHHUTHBHAS
meperpy3ka W CTpaX NPUINHHTH  BpE.
CoBpemennass cucrema Omniview-SisPorto,
Bepcun 3.5 knaccuduuupyer KTI' Ha yeTsipe
KJlacca (HOpMasbHas, COMHHUTEJbHAS,
MaTojiorTdYeckass W TpeTepPMHHAIbHAS) Ha
ocHoBe pexkoMenaauuii FIGO. B ocHoBe ee
paboThI — TIIyOoKoe MamuHHOE 00y4ueHue DL,
a WMEHHO MHoromacmTabHas cBEpTOUHAsS
HeliponHas cetb — MCNN. JlanHas cucrema
MO3BOJISIET ONPEENIATh MO3THUE, ITUTEIbHBIC

W ITOBTOPSIOLLUECS Jereeparnmm,
CHIDKCHHYIO BapuabenbHOCTh. Pe3ynbTaThl
HCCIIEIOBAaHUI II0Ka3ajly, 4YTO COBIAJCHUE
MEXIy  3aKIIOYeHHMSIMH  4YelloBeKa U
KOMIIBIOTEPHOH ~ CHUCTeMOl  OOHapy>KeHUs
COKpAILlCHUH, akienepaluid u Aeueiaepanu
coctaBuiio 87, 71 u 68% cooTBeTcTBEHHO [44].

Spairani E. et al. (2023) mns ananusa
KapAMOTOKOTpaMM HayaJld  HCIO0JIb30BaTh
CUCTEMY, B OCHOBE KOTOpPOH  Jexar
Mapkosckue wmomenu — Hidden Markov
Models (HMM) [45]. Dro kiaccuueckas
MOJI€TIb MalIMHHOrO o0yueHus. JlaHHas
CUCTeMa aHaU3UPYeT KaXIblil OTPE30K
KapAMOTOKOTpaMMbl U U3BJIEKaeT HEOOJbIION
Ha0Op MPHU3HAKOB — MOKOW HWJIM aKTUBHOCTH
IUI0Aa, YTOOBl B JaJbHEHIIEM ONpPEICITUThH
cocrosiHue rioaa. [locne u3yueHus: curHanon
35 KapaIMOTOKOTpaMM, OTHOCSIIUXCSA K
pa3HbIM  cpokaMm OepeMeHHOCTH, ObuIH
MOJIyYEHbl ~aBTOMATHYECKHE 3aKJIIOUEHUS
cocrosiHus 1wioga. OOmiee COOTBETCTBUE
Mexay nporunozamu HMM u 3akimodenusimu
Bpaua coctaBuiio 90% [45].

Georgieva A. et al. (2022) ormeuaer
OJIHO U3 MIPEUMYILECTB BBIIIENEPEUNCIEHHBIX
cucteM, paboTa KOTOpbIX ocHOBaHa Ha MU -
UX BO3MOXHOCTb B XoAe 00pabOTKH
MEJIUIUHCKUX CUTHAJIOB OBITH YCTOWYHBBIMH
K BHEIIHUM apTedakraM (LIIyMy U IoMexam)
[46].

Kak muHorum usBectHo, KTI' 3auactyro
MMeEeT pelIarollee 3HaueHue Ui OLEHKU
COCTOSIHMSl IIIOJA, a AJI1 TOYHOM OILICHKHU
HeoOxoauM Xxopomui (6e3 apTedakToB WK
MIOMEeX) JONIUIEPOBCKUN CHTHaJl TOHOB
cepaua 1ioga. CoOBpPEeMEHHBIN alropuTM
pacdera 4acTOThl CEPICYHBIX COKpAIleHUN

(HCC) mwioja, OCHOBaHHBIH Ha
aBTOKOPPEISALIUU JOTITUIEPOBCKOTO
yIBTPa3ByKOBOTO CUTHAJIA, YAaCTO IPUBOJINT K
MEePUOINIECKUM cOosiM u3-3a ero

HECIOCOOHOCTH TOYHO AUPPepeHInpoBaTh
CUTHaJIbl TOHOB CEpAlla OT LIyMa U IOMEX.
[Mostomy Zeng R. et al. (2021) paspaboranu
KJaccu(uKkanuio JOTIIIIIEPOBCKUX
yJIbTPa3BYKOBbIX CHUTHAJIOB [0 THUIIAM Ha
ochoBe MWW [47]. B  wucciaegoBaHuu
WCIIOJIb30BAJIM  OJJHOMEPHYIO CBEPTOYHYIO
Helponnyo cetb (1D CNN) nns o6paboTku
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CUTHAJIOB, a HMEHHO CBEPTOYHBIE CIIOM
(convolutional layer, CNN). Knmaccudukarmms
BKJIIOYaJia B ce0s: 0AMHOYHOE cepaieOneHme
i0Ja, apTedakT, CUTHAJI HU3KOTO YPOBHS U
MHO>KECTBEHHBIE CEP/ECUHBbIE COKpAaILEHUSI.
Paznenenne ynbTpa3ByKOBBIX CHUTHAjIOB Ha
pa3auyYHbIE TUIBI ITIO3BOJSET OLIEHUBATH
napaMmeTpbl, HEAOCTYNHbIE NPU OOBIYHOM
MOHMUTOpHHIre IuioAa. Hampumep, paznuune
MEXIy YacTOTOM CEpACYHBIX COKpaIICHUI
MaTepu M 1I0Aa. TOYHOCTH pe3yibTaTOB
cocraBuna 79,6-80,9%. Tem He MecHee,
cucrema nn HE I103BOJIAET
knaccuunupoBats curHanel  co  100%
TOYHOCTBIO M BCE IXKE MOXKET IPUHATH
apredakT 3a cepanedueHue mioaa, moITOMy
HEOOXOAWMBI  JaNbHEWIINE WCCIEIOBAHHS
[47].

Zeng R. et al. (2021) roBoput o TOM,
YTO MOBBICUTH TOYHOCTb  JUArHOCTUKHU
MO>KHO ITyTEM JIONIOJIHEHMSI B aHAJIU3 CUTHAJIa
MAaTOYHBIX COKpaIllleHWH uiau cxBatok [47].
Hannas monens MW Gonee addexkTuBHA BO
BpeMsl POJOB. YuuThIBas 0ojee BBICOKYIO
BeposiTHOCTH morepu KTI' curnana B xoxne
pONIOB, HMHTETpalysi 3TOH MOJEIN MOKET
YIAYUIIUTh Ka4yecTBO aHaJM3a
KapAuoToKorpamm [47].

Hirono Y. et al. (2024) Taxxke
OTMEYAKT KJIMHUYECKYI0 LIEHHOCTH JAHHON
METOJIMKH, KOTOpasi 3aKJII0YaeTCcsi B TOM, YTO
OHa TIOTEHIMAIBHO TI03BOJIIET BBIABIATH
aHOMaJMM PAa3BUTHS IUIOZAa BO  BpeMs
MOHUTOPHUHTA. Hamnpuwmep, BO3MO>KHA
JUAarHOCTHKA apUTMHM IUloAa, KOTOpbIE
paHee BBIABISUINCH TOJBKO C ITOMOIIBIO
yJIbTPa3BYKOBBIX JUArHOCTHYECKHUX
YCTPOMCTB  WJIM  DJIEKTPOKAPIUOTPAMMBI
mioxda [48].

Gude V. et al. (2022) B cBoeM
UCCIIeIOBaHUH OTpa3uiIy, 4TO
KOMIIBIOTEepHBIN aHanu3 naHHbiX KTI' mpu
nomomm MM ymenblmraer cyOBEKTHBHOCTH
OLIEHKU cocTosiHus 1oaa [49]. ABTOpHI
pazpaboTaii  MHTETPATUBHYIO  MOJIEIIb,
KOTOpast UACHTU(DUIIUPYET 3aKOHOMEPHOCTH
B Takux mapamerpax, kak UYCC mioma u
COKpalleHHs] MAaTKH, a 3aTeéM C BBICOKOM
3¢ (HEeKTUBHOCTHIO IIPOTHO3ZUPYET
COOTBETCTBYIOIIME 3HAYEHUS C IIOMOIIBIO

MoJienud TIIyOOKOro oOyd4eHus, a HMEHHO
Pa3HOBUJHOCTH PEKYPPEHTHBIX HEMPOHHBIX
cereit — Long Short-Term Memory (LSTM),
c LETIBIO KJ1accupuKaluu u
IIPOrHO3UPOBAHUS BHYTPHYTPOOHOTO
COCTOAHMS  Iona. JlaHHble  3HA4YEHUS
BIIOCIIC/ICTBUM  KJIACCH(PMLIMPOBAINUCH  C
MOMOIIIbI0 aHcamOJIeBoro kiaccupukaropa,
KOTOpPBIN SBJISICTCS MPUKIATHBIM
Hanpasienuem WMHW. Ouenka cocTosHUs
IJIOJA TIPOBOJWIACH C  MCIOJIB30BAHUEM
HMCKYCCTBEHHBIX HEHPOHHBIX ceTelt (artificial
neural network — ANN). ITapamerpsr KTT
(UCC nmnmoma ¥ COKpallleHHs  MAaTKH)
oOpabaTelBAJINCh TPU  TOMOIIA  MOJIETH
rIyOOKOro oOy4eHHs, KOTOpas HU3BIEKaeT
HE00XO/IMMbIC TIPU3HAKU M KIacCU(UITUpPyeT
WX C TOMOINBIO auropurMa  CcOOpKH,
cocrosiero u3 «ciaydanoro seca» (RF) u
MeTOJla OMOPHBIX BeKTOpoB (SVM). B xone
WCCIICIOBAaHMs OBUIO BBISIBJICHO, YTO METOJ
ONOPHBIX BEKTOPOB M HEHPOHHAs CETh
o0nagaroT 0ojJee BBICOKOH TOYHOCTBIO,
YYBCTBUTEIHHOCTBHIO M CHEHU(PUYHOCTHIO B
JUArHOCTHKE TaTOJIOTUYECKOTO0 COCTOSHUS
IJ10/1a, YeM «CIy4YalHbId Jec». AITOpUTM
JAaHHOW KJacCU(PUKaUU TO0Ka3al TOYHOCTh
tecta — 85%. ABTOpBl COOOLIMIN, YTO
MIPOU3BOJIUTENBHOCT MOJIEIM MOXKET OBITh
ylydiieHa mMyTeM oOydeHus Ha OOIBIIOM
KoJImuecTBe HaOoaeHui [49].

Eme onun Heltpoknaccupukatop FCM-
ANFIS (ueiipo-HeueTKas cucreMa
norudeckoro BeiBoga ANFIS), omucanHbIi
Fei Y. et al. (2020) [50]. On oOBbenuHsACT B
ce0e TEOpUI0 HEUYETKUX MHOXKECTB U
HeHpoceTeBbIe TEXHOJIOTHH, a TAK)KE OCHOBaH
Ha kiacrepuszaumu  gaHHbeix  KTD  goas
aHTEHATaJbHOTO  MOHHMTOPHMHra  IUIOJA.
JlanHas Mojens obsajgaeT CnocOOHOCTRIO K
aJanTalMd B YCJOBMSIX CJOXHOCTU TIpU
nHrtepnperanuu anteHaraabHelx KTT. FCM-
ANFIS nokazana caMmyro BBICOKYIO TOYHOCTb,
CKOPOCTb 3aIlIOMUHAHUSI U YyBCTBUTEIBHOCTb.
Takxe B OTIWYME OT JAPYTUX MOJAENIEH
JAHHBIM HEHpOKIacCUPUKATOP UMENl CaMblii
HU3KUNA YPOBEHB OIMIMOOK B KJIIACCU(PUKAIINH U

CHIKAI BEpPOSITHOCTh HETMPaBUIIbHON
KJ1accuUKaluu, Harpumep,
«COMHHUTEIBHBIX» TUIIOB KTT "
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«HOpPMaJIbHBIX». B 3akiroueHue cueayer
OTMETUTH, u4T0 Moaens FCM-ANFISM
IIpEeB301ILIa TpaZULIUOHHbIE METO/IbI
MalIMHHOTO O0yUYeHUs IO MHEHHIO aBTOPOB B
narepnperamuu - KTI' ¢ nomomsro  HU.
Tounocts JTMarHOCTUKH
Helpokmaccudukaropom coctasuiaa 87,01%
[50].

B cBs13u ¢ TEM, YTO B HACTOSAILEE BPEMS
B KIMHMYECKOW mnpakTuke oueHka KTI B
OCHOBHOM IIPOBOAMTCSI IIyTEM BHU3YaJIbHOTO
aHaJln3a pe3yJbTaTOB 3a4acTyl0 BO3HUKAET
omMOOYHasi ~ MHTEpIpeTauus  pealbHOTO
cocTosHus 1uroxa. Spairani E. et al. (2022)
orMmedaroT, 4yto BHeapenue KTI-ananusa nHa
ocHoBe UMW cHu3mio Obl CyOBEKTUBHOCTh
uHTepnperauuu pesyiabtatoB KTI [51]. B
CBOEii paboTe aBTOPHI OKA3aJIH, YTO CUCTEMA
nn IIPOBOJUT JHUXOTOMUYECKYIO
KJIacCU(PUKALTHIO (HOpMasTBbHBIE u
narosnorudyeckue tunsl KTI) ¢ momorbio
THOPUAHON apXUTEKTYphl HEHPOHHOW CeTH,
COCTOSAIIEH U3 MHOTI'OCIOMHOTIO MEePCENTPOHA
(MLP) u cBepToyHOH HEHWPOHHOM CETH
(CNN). U3BecTHO, uTO KJIacCU(PUKAIIMOHHBIE
BO3MOXXHOCTH  METOJIOB  MCKYCCTBEHHOT'O
UHTEJJIEKTa JIy4lle BCEro NpOSBISIOTCS
TOJIBKO TpU paboTe ¢ OOJBIIMMU 00beMaMu
JAHHBIX, IO3TOMY JIJISl TAKOT'O MCCIIEI0BaHUs
ObLIO0 HE00X0/IUMO 3HAUYUTEIIbHOE
KOJMYECTBO  KapJAHOTOKOIPaMM,  4YTOOBI
MOBBICUTH  A(PPEKTUBHOCTh  PE3YJIHTATOB
pabotel. ABtopamu KTI' mpoBommmace ¢
MOMOIIBIO (peTambHbIX MOHUTOPOB Philips u
Corometrics, ocHaIlIEHHBIX YJIbTPa3BYKOBBIM
JaTYNKOM u TpaHcaOAOMUHATHHBIM
TOKOJAMHAMOMETpoM. VcxoaHble CHUTHaJbI
IepelaBajliCh JAaHHBIMU YCTPOWCTBAMHU B
nporpamMmmHoe obecriedenne 2CTG2, koTopoe
coxpansio naHHsle YCC mnona u MaTo4HoOn
AKTUBHOCTH C YaCTOTOM AUCKpeTr3anuu 2 ['1.
Kaxnoe wnccnenoanme KTI' mmunoce He
MeHee 60 MUHYT. 3aTeM MeIUIMHCKAas TpyIIa
KiIaccuuuupoBasia KKyl 3alHuch Ha
HOpPMaJIbHYIO M TaTOJOrHuecKyto. Pasnuunsie
YHCIIOBbIE KOJIbI OBLTU CBS3aHBI C PA3TUYHOM
BHYTpUYTPOOHOM [1aTOJIOTHEN, 4TO
yIpoInaio U3BJICYECHUE 3aMMCcen,
OTHOCSIIIIUXCS K PA3JIMYHBIM KaTEropHusiM W3
Bcell 0a3pl maHHbIX. HeiipoHHas ceTb

cocrosana w3  AByx  BerBen:  MML,
noJjyyJaroueid MaccuB u3 15 perpeccoposB, u
CNN, mnonyuwaromieir HaObOp H300paKeHUN
pasmepom 64 X 64. Ilocnennue ObUTH
MOJTYYEHBI nyTeM HECKOJbKHUX
npeoOpa3oBaHUil. Cpennsis TOYHOCTb,
nocturnytas oauum MLP B xome 30
TPEHUPOBOYHBIX  HcnbITaHud  Ha 2800
TECTOBBIX IpHUMEpax, cocraBmia 75,5%, T.e.
2115 nmpaBWIBHBIX KiacCU(HUKAIUNA MPOTHB
685 ommbouHbIX. B pesynbraTe 310N paboTHI
ObLTH momyueHsl 17483 3anuceit KTT — 7733
HOpMaJIbHBIX W 9750 marojmoruyeckux.
[TaTonmornyeckass rpymmna BkIodana B ceds
JAaHHBIE O TMAIMEHTKaX C Pa3IMYHbIMU
3a00JIeBaHUAMU KaK MaT€pUHCKOro, TakK U
BHYTPUYTPOOHOT'O MPOUCXOKICHUS, TAKUMHU
KaK caxapHbli quaber, MOPOKU pa3BUTHUA,
3agepxkka pocra twona (3PII) u  T.4.
[TockomnbKy 11e7h UCCIIeIOBaHMS 3aKITI0YAIACh
B pa3feleHud  3J0pOBBIX  IUIOJOB U
MATOJIOTUYECKUX, Kaxaas 3amuch B Habope
JIAHHBIX ObUIA pa3/ienieHa Ha JBE KaTeTOPHH.
3anucu, OTHOCSIIIHECS K rpynmne
¢$u3noIornuYecKon OepeMeHHOCTH
(HopmanbHble), ObTH  0003HaueHsl 0, a
3alMcH, OTHOCAIIMECS K MaTOJOIMYECKUM,
Obut  00O3HaueHbl cuMBOJIOM 1. 3atem
curdansl YCC moaa Opln npeoOpa3oBaHbl B
Habop u3oOpakenuit. CNN ananmmsupoBana
JByMEpHbIE 00BEKTHI (M300pakeHUsI) MyTeM
KOJIMPOBaHUs UH(OPMAIIOHHOTO
COJIEP’)KUMOT0 CUTHAJIa cepALeOnueHus mioaa
B 2D. To4yHOCTP NpennoKEeHHOW HEUPOHHON
cetu nocturiaa 80,1% [51].

Liang H. et al. (2022) ortob6pasuiu
COBpPEMEHHBIM  MeToJ]  KJacCHU(pUKaluH,
ucnons3zoBa wmozaenu 1D-CNN u GRU
(Gated Recurrent Unit), ans wu3BieueHuUs
a0CTpaKTHBIX XapaKTEPUCTUK cepAreOneHus
IJI0/1a ¥ CUTHAJIOB COKpaIleHus MaTtku [52].
J1J1s OLIeHKH BBIOpAIM HECKOIBKO OIEHOYHBIX
MoKa3aresei, TOUHOCTh KOTOPBIX COCTaBIIslia
96%, uyBcTBUTENBHOCTE — 95%, a
cnenuduanocTs — 96%. Cmbicn mogenmn GRU
3akirouaercss B a”Hanuze curHanoB YCC
II0Ja U BIIOCIEACTBUM KiacCU(UKALUU
cocrossHus TioAa. IlomydeHHblE CHUTHAIbI
obpabateBasiich mpu momortu 2D-CNN u
peoOpa3oBbIBAIN OJIHOMEPHYIO
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uH(OpPMALIMIO B  JIBYMEPHBIE YacCTOTHO-
BpeMeHHble u300pakeHus. Moxens GRU
oOmazaer Gojee MPOCTON CTPYKTYPOH CeTH U
MEHBIINM OOBEMOM BBIUMCICHHH, KpoMme
TOrO, €€ IMPOU3BOAMUTEIHLHOCTh AHAJIOTHMYHA
LSTM (paznoBugHoctb RNN). DkcnepumeHT
roKasa, 4TO JlaHHast pa3zpaboTka
3 dexTBHA M MOXKET O00eCnedYuTh Bpadam
Oomee  crabwibHy0, J((GEKTUBHYIO U
YAOOHYIO JUArHOCTHKY COCTOSHUSI ILUIOJA
[52].

Takue ke HampaBinenus HNU (CNN)
UCIIOJIb30BAJIMCh M B HcciienoBannu Aswathi
Mohan PP. et al. (2023) [53], a
MYJIbTUMOIAJIbHBIC CBEPTOYHBIC HEHPOHHBIC
ceru B pabore Petrozziello A. et al. (2019)
[54].

Nmeror Mecto paboThI, MOCBSIICHHBIE
TAaKOMY OCJIO)KHEHUIO, KaK TUCTPECC TUI0/a, a
HMMEHHO €r0 BO3MOXKHBIM IPETUKTOPAM.

Mendis L. et al. (2023) coobmaroT, 94TO
OHM TEPBBIMU OOOOIIMIN HHHOBAIMOHHBIE
meroasl ananusza KTT' B cBoem o030pe [55].
Nmu Obutn  omnucanbsl  (U3HONIOTHYECKUE
METOTbI KJIaCCU(UKAINH, KOTOpHBIC
WCIONIb30BAJICh B aBTOMATH3UPOBAHHBIX
(eTaNbHBIX MOHHUTOpPAX JIJIs  BBISBICHUS
HapylIEeHUH COCTOsSHMA Iojxa. JlaHHBIA
0030p aKTyaJieH, TaKk KaK TUCTpecc IUIoja -
3TO0 Hauboliee pacHpoCTpaHEHHas MPHYMHA
MEpPTBOPOXKICHHUS BO BceM Mupe. Ee
BO3HHUKHOBEHHE CBSI3aHO C OIPEAeTICHHBIM
MEXaHHYECKUM JIaBJICHUEM Ha IO BO BpEMs
pOIIOB,  4YTO  CHIKAeT  MOCTYIUICHHE
Kuciopona K 1ony. Hwuskuii  ypoBeHb
KHUCJIOPOJAA BEJET K MepecTpoike aspoOHOro
MeTabonn3Ma Ha aHadpoOHbIN. B pesynbrare
ATOrO0 HAKAIJIUBAeTCS KHUCIOTa, KOTopas
OKa3bIBACTCSI HETATUBHOE BIIMSHHUE HA KJICTKU
TOJIOBHOTO MO3Ta TUIoAa. OTO  MOXKET
MIPUBECTH K TPaBME FOJIOBHOTO MO3Ta U JaxKe
JETCKOMY LiepebpanbHOMy Tapanudy. Takum
o0pazoM, oHOBpeMeHHBIN MOHUTOpUHT YCC
IJI0J]a U COKpAIIeHHH MaTKA C IOMOIIBIO
KTI" MoxeT TOMOYSL KIWHUIUCTAM OIICHHTb,
KaK T€YEHHE POJOB, TaK U COCTOSIHHE TLIOJA.
ABTOpBI OTMEUAIOT, YTO JUISI TAKOTO aHATH3a
KTT u nna s¢ddekTuBHOrO MpOrHo3a oueHb
BaKHO Ka4decTBO BXOAHBIX curHaigos YCC
IIoga W COKpAlleHUH Martku. Mertonbl

rIyOOKOTo oOydeHus paborator
HEMOCPEICTBEHHO ¢ HeoOpabOTaHHBIMU

curHamamu  KTI.  [lamHbii  mporecc
HanpasJeH Ha U3BJICUCHHE
COOTBETCTBYIOILIEH uHpopMaun WIH

XapaKTePUCTUK U3 UCXOAHbIX curHanoB KTT.
JlaHHbIC BBIJICTICHHBIE MApPAMETPhI CIIyXaT
WHJMKATOpaMu COCTOSIHUS IUIOJA, MO3BOJISSA
MEIUIIUHCKUM paboTHHKaM W
COBPEMEHHBIM MOJIEISIM C nmn
KOHTPOJIUPOBAThH U OLICHUBATh KIMHUYECKYIO
CUTyalui0. ABTOpbBI yKa3blBalOT, 4YTO Ha
CerOJMHAIIHUNA  JI€Hb  MOJEIH  MOTYT
knaccuduupoBats Bxoanble curHansl YCC
IIJIOJIa U MaTOYHOU akTUBHOCTH. Kpome Toro,
pa3zpaboTaHbl HCKYCCTBEHHBIE HEHpPOHHBIE
CeTU. DTU OYE€Hb MOIIIHBIE MOJIETTH CIIOCOOHBI
M3y4yaTh CJIOKHBIE MATTEPHBI U B3aUMOCBS3U
B JIaHHBIX C TIOMOIILI0O HEUPOHHBIX CiIOEB. B
3TON obOnacT ObUIa MPOJIEMOHCTPUPOBAHA
a¢dexruBHOCTE 1D CNN. Ortor THm CNN
MOXKeT oOpabaThiBaTh BpPEMEHHBIE PSIbI

JTaHHBIX yCcC mIoza, H3BJICKAs
OIpeIeJICHHBIC TIPU3HAKH U KIACCUPHLIUPYSI
CHUTHAJIBI Ha HOpMaJIbHBIC 17001
natonorunyeckue.  Kpome  Ttoro, rmpu
pazpaboTke (GYHKIMOHATIBHBIX

BO3MOXkHOCTeH cuctem MU  Heobxomumo
YUUTHIBATh  3AlIYMJIEHHOCTh CHTHalla |
HU3KYI0 4YacTOTy JAUCKPETH3allMHM, YTO
o0OecreunBaeT MaKCUMaJIbHO BO3MOXKHYIO
toyHOCTh nojacyera YCC mnona [55].
Alotaibi D. et al. (2024) B cBoOMW
ouepeanb YIOMHUHAIOT IpUMEHEHNE
MallMHHOTO  INIyOOKoro  oOydeHus U
HEWpoOHHBIX cerer [56]. Huctpecc mioga —

3TO  TsDKenask  MAaToJIoTHs,  KOTOPYIO
HE00X0AUMO CBOEBPEMEHHO
JTUAarHOCTUPOBATh, YTOOBI CHU3HUTH

NepuHaTaJIbHbIE  OCJIOXHEHUs.  MeToabl
HETIPEPHIBHOTO MOHUTOPUHTA HEOOXOIUMBI
Ui HanOoJiee PaHHETO BBISBICHUS TaKOW
aTOJIOTHH. B JTAHHOM 0030pe
MOAYEPKUBAETCS BAXKHOCTh aHANIM3a JaHHBIX
KTI' ¢ ucnosip30BaHNEM PA3IMYHBIX METOJOB
nckyccrseHHoro mureiiekta MLT u DLL.
OHU TIO3BOJISIIN KJIAaCCHU(PUIIUPOBATH CIIydan
TUIIOKCUM  TUIOJAa  HAa  OCTPYH  WJH
xpoHunueckyro. bomee Toro, Gmaromapst MU
ObLTH MOCTaBJICHBI Oonee TOYHBIE
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3aKJIFOUYEHHUS u pa3paboTaHbl u3BnedeHue  GyHKIMH U JHMHEHHas
WHIUBUOYAJIIbHBIC CXEMbI JICUCHMUSL. B HUHTCPIOJIALMA. I[J'I}I YIy4IICHUA

HCCIIEI0OBaHUH HCII0JIb30BAJICS Habop
nmaHHbIX, cocTosmui u3 300 curaamos KTT,
3amuch KOTOpbIX jamwinack 20 MUHYT, ©
HCIIOJIb30BAHUEM IPOrPaMMHOTO
obecrieyenus s aHanmuza UYCC mnopa.
Mopens ANN  uneHtudumupoBana Tpu
COCTOSIHUSI 10/1a (HOpManbHOE,
COMHUTEIBHOE, ITaToJIOru4ecKoe) [56].

Francis F. et al. (2024) B cBoeii cTatbe
3aTparuBaet Takue ke HanpasieHus U [57],
kak u Harish S. et al. (2024) [58], a umeHHO
MalIMHHOE 00y4eHUe U ITy0OKOe MalTnHHOE
oOydeHue.

Temoii runokcus 1miojia 3anHTepecoBaH
u Tarvonen M. et al. (2024) [59]. B cBocii
pabore OH oOTOOpa)kaeT BO3MOXKHOCTH
BBISIBIICHUSI U OIEHKH TUIMIOKCHUU TIJI0JIa TIPH
MOMOIIN COBpEeMEHHBIX TexHojoruit WU.
Tak, HoBasg MeToauka ML SALKA ¢ BeICOKOM
YYBCTBUTEIBHOCTBIO U  CHEIU(PUIHOCTHIO
ompexaenser ocodenHoctn YCC mnoma Bo
BpeMs  POJOB. SALKA  pacnosnaer
MOTEHITUATTbHBIE paHHUe MIPU3HAKU
nuctpecca mioja. YyBCTBUTEIBHOCTh TECTa
SALKA cocraBuma 0,981, moka3arein
noJyiokutenabHoro nmporuosza — 0,822 (95%), a
MOKa3aTesb JIO’)KHOOTPUIIATEITEHOTO
pesynbrara — 0,01 (95%) [59].

Frasch MG. et al. (2023) ormeuaer, 4To
HUCKYCCTBEHHBIM  MHTEIUIEKT  MO3BOJSET
pa3paboTath ~ MHCTPYMEHTHI  TOJJIEPKKHU
NPUHATHS  KIMHUYECKUX  pEIIeHUud Tpu
BeneHun pomoB  [60].  AmnpobGamus u
BHEJIPEHUE TAKUX WHCTPYMEHTOB MOXKET
CHU3HTH YaCTOTY M TSKECTh MEPUHATATILHBIX
TpaBM  roysioBHoro  mosra.  CormacHo
HeJlaBHEMY OT4eTy HarmoHaibHOU CITyKObI
3npaBooxpaHeHus BemukoOpuranuu (NHS)
70% BHYTPUYTPOOHBIX TpaBM TOJIOBHOTO
MO3Ta MOXHO OBIJIO OBI IPEIOTBPATUTH, ECIIN
OBI CIICITMATMCTHI BOBPEMS OTPEarupoBajIu Ha
HapyllIeHUs B poJax, HallpuMep, Ha TUCTPECC
mroda [60].

M’Barek IB. et al. (2023) npencraBuin
DeepCTG 1.0 - MOJENb TUTS
MPOTHO3UPOBAHUS THUINOKCUU C TOMOIIBIO
KTIT [61]. B ee oOcHOBE  JEXHUT
npeaBapuTenbHas  00paboTKa — CHTHAJIOB,

IIPEIBAPUTEIILHON  O00pabOTKM  CHUTHAJIOB
ObUIO TPEUIOKEHO CHayalla OIpeaessaTh
YacTOTy CEpJCUHBIX COKpAIIeHWH MaTepH,
KOTOpasi MHOTJ]a OUIMO0YHO PETUCTPUPYETCS
MonutopoM BMmecto UCC mnona. Hecmotps
Ha 9T OTrPAaHUYEHHUS, ABTOPHl MPUILIA K
BBIBOJIY, YTO UX MOJIETb paboTaeT HECKOIBKO
Jydllle, YeM ApYyrue MO, OCHOBaHHbIE Ha
OTHOCHUTEJIBHO TPOCTHIX  CTaTUCTHYECKUX
Mozensix  (Jorucruueckas —perpeccus /
METOZBl OMOPHBIX BEKTOpoB). st pacuera
HEOOXOUMBIX  XapaKTEePUCTUK  HU3y4alld
KapJIMOTOKOTpaMMBI 3a mociiequue 30 MUHYT
nepen  poaopaspemeHueM. B paGote
uccnenoBanin 552 3amucu KTIT ¢
COOTBETCTBYIOIIMMHU JaHHBIMU O MaTepu U
o€ (Cpok 6EpeMEHHOCTH, BO3PACT MAaTePH,
MapuTeT poJoB) M cocTosHuu Mmiona (pH
KpOBH I1JIO/1a, OLIEHKa 110 IIKajie Anrap uepes
1 u 5 MunyT, Bec). Cnyyau ¢ mociaeayoumm
KECapeBbIM CEYEHHEM HE YYHTHIBAIUCH B
pabote. DTO CBSI3aHO C TEM, YTO MEXAY
okonuannem 3anmucu KTI' u MomeHTOM
OIIEPaTUBHOTO poopa3perieHus ObU1
JIOCTaTOYHBIA MPOMEXYTOK BpeMeHH. C
JPYroil CTOPOHBI, UCKITIOUEHUE ITUX CIIy4aeB
MOXKET TIPUBECTH K OYEHb CHJIHHOMY
UCKaQXXEHUIO  PEe3yslbTaToB  OTOOpa,  UTO
OTPULATENIHO CKaXkeTcsd Ha 3((HEeKTUBHOCTU
MOJIeIM  IpU €€  HCIOJIb30BAaHUM B
KJIMHMYECKOW mpaktuke. Mccnenosarenu
OTMEYaIT, 4YTO OTOT BOIPOC paHee He
paccmarpuBaics B JUTEparype, "
HEOO0XO/MMO MPOBECTH JONOJHUTEIbHbIE
WCCIIEIOBAaHMsI, YTOOBI yYeCTh POIBI ITyTeM
KecapeBa CEYeHMs NpU MOCTPOCHUU JTaHHOM
Mojenu. bonee TOro, BaXXHO yKa3bIBaTh
NPUYUHY, IO KOTOPOH OBLIO MPOBEAEHO
orepaTUBHOE poJiopa3pelieHue.
KoaddunmeHnt nonesHoro aeicTBus Moaenu
cocraBun 0,74. DTO MO3BOJIAET NOIYYUTh
ropaszio Ooiee HU3KYIO 4acToTy
JIOKHOTIOJIOKHUTEIBHBIX ~ PE3yJIBTATOB IO
CPaBHEHMIO C 3aKJIIOUYEHUSMH MEIMIIUHCKUX
cnenuanuctoB  (12%  mpotuB  25%).
JlanbHeiie uccieoBaHusl JOJKHBI OBITH
HaTpaBJICHbl HA ONTHMHU3AIUIO0 CHCTEMBI TSI
yIy4YIIEHUS! PAHHETO BBISBICHUS THIIOKCUH
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IJ10/1a, HApUMEpP, MYTEM HCIOIb30BaHUS
CUTHaja Ha paHHUX CTaJuAX POAOB IS
IIPOrHO3UPOBAHUS UCX0/1a poJoB [61].

Sajal B. (2021) obpamiact BHHMaHHE,
YTO OCHOBHOW MNPUYUHOW TME€PUHATAIBHOMN
CMEPTHOCTH CeroJiHs SIBIISTIOTCS
aHTEHaTaJbHbIe OcliokHeHus [62]. lanHyro
MATOJIOTUI0O MOKHO JIETKO BBIIBUTH IIpU
OepeMEHHOCTH C IMOMOUIBI0 HECTPECCOBOTO
tecta. Ho cerogHs Bce  OOJbIIYIO
aKTyaJbHOCTh npuodperaroT MOJIETHN
MalIMHHOTO O0yYeHUs, KOTOPHIC BBICTYIAIOT
B KQ4eCTBE CHUCTEMBI MOJICPKKH TPUHSATHUS
KIMHUYEeCKUX pemeHuit. OHM  CcrOCOOHBI
MOMOYb  CHEHUaNucTaM B IPUHATUU
CBOECBPEMEHHBIX M 0Ooliee O0O0OCHOBAaHHBIX
pemenuil. bwuio cobpano oxono 1800
sanuceir KTIT B TperbeM TpumecTpe
OepeMeHHOCTH.  OTH  JlaHHBIe  OBLIM
00paboTaHbl C TOMOIIBI0 AJITOPUTMA OTOOpa
MPU3HAKOB /I BBISIBICHHUS  BaXKHBIX
nepeMeHHbIX B Habope. Ilocie wero sToT
HaOoOp NaHHBIX OBUT CIy4allHBIM 00pa3zoMm
pasneneH Ha 2 He3aBUCHUMBbIE BbIOOpkH. B
KauecTBe aHayin3a ObUl BBIOpAaH aJIrOPUTM
«CImy4yallHOTO  Jieca», KOTOPBIH  TOYHO
KJIacCU(PUIIUPOBAT KapIUOTOKOTPaMMBI Ha
HOpMaJbHbIE, MOJI03pUTEIbHBIC WIH
natojorndyeckue. B pesynabrare  ObLIO
BBIJICJICHO HECKOJIbKO Kareropuil. M3 Hux
77,85% HOPMAJTbHBIX, 19,88%
MOAO3PUTENBHBIX U 8,28% MaTOIOTHYECKUX.
ABTOpBI yKa3bIBAIOT, 4YTO JaHHAs MOJEIb
MOXKET OBITh MCIOJIb30BaHA METUIIUHCKUMU
pabOTHHKAaMU ISl BBISBIICHUSI O€pEeMEHHBIX
KCHIIUH TPYNIbl  BBICOKOTO pHUCKA U
NPUHATHS ~ pelmieHuss O  TOM,  Kakas
MEIUIIMHCKAs TOMOIIh JOJDKHA OBITh UM
okazasa [62].

OTOT XKe MeTon Kiaccudukaruu C
MTOMOLUIBIO «CIy4yalHOTO neca»
MPOJEMOHCTPUPOBAH B HCCIIEIOBaHUU
Chen M. et al. (2022) [63]. Onu ynoMuHarT
anroput™ Apriori. OH OCHOBaH Ha TOHCKE
YaCTOTHBIX MHOXKECTB JJIEMEHTOB B Habope
JTAHHBIX W TIOCTPOCH Ha acCOIUalusIX |
KOppEeJSIUsIX MeXAy HabopamH 3JE€MEHTOB.
[Tocne 4ero yKe MIPOUCXOUT
knaccudukanus [63].

Bce  coBpeMeHHbIE — HalpaBICHUSA
HCKYCCTBEHHOI'O MHTEJUIEKTa MOTYT
UCIOJIb30BATHCS HE TOJIBKO I E:

CBOCBPEMEHHOTO  BBISIBJICHHUS  THUIIOKCUU
0438, HO W TPEAOTBpalleHus Oolee
TSOKEJIBIX ~ OCJIOKHEHUH, KOTOphle OyayT
YIOMSIHYTBI HUKE.

HecmoTtps Ha cyiiecTBoBaHHE MPSIMOit
CBSI3U MEX]y MaTOJOTHUYECKUMH KapTHUHAMHU
KTI' u BmocnmencTBuu HeOJIaronpusTHBIMU
HCXoJamMu OepeMEeHHOCTH, MHOT'HE
CHEIHAIMCThl HE B COCTOSHUM PAacCIO3HATh
cnoxubie narrepasl YCC miona U BBICOKHE
pucku, Takue kak acpukcus, 3PII (3agepxka
pocra 1ioaa) u MeprBopoxacaue. Jones GD.
et al. (2024) coobmman o pa3paboTke
MEPBOr0 AJITOPUTMA MAIIUHHOTO OOydYeHUs
JUISL BBISBIICHUS OepeMEHHOCTEH BBICOKOTO
pucka c COITYTCTBYIOIIIUMHU
HeOJIaronpusTHHIMU UCXOJaMH
(IpexxaeBpeMeHHbIE  POJbI), B  OCHOBE
KOTOPOTO JIEKUT MOHHUTOPHUHT CEPJICYHOTO
put™Ma mioga ¢ nomoibio MU [64]. B xone
pabotel ObuTM momydeHbl aanHeie o YCC
TJI0/1a C KCXOJaMU MPEXKIECBPEMEHHBIX POJIOB
u c BBISIBJICHHBIM BIIOCJIEAACTBUU
HEOIaronpusTHEIM COCTOSIHHEM
HOBOPOXKIEHHBIX. Mcnonb3ys KIMHUYECKU
MOATBEPKICHHBIN airoputM NI, aBTOpHI 13
KaKJI0M KapJMOTOKOTPaMMBbI BBIJICTHIIN CEMb
pa3IUYHBIX TATTEPHOB CEPIACYHOTO PHUTMA
1013, KOTOPBIE 3aTeM ObLTN OTGUIHTPOBAHBI
or apredakroB. lllectr  anropuTmoB
MalMHHOTO OOydeHuss Obuin OOydYeHBI C
HCIIOJIb30BAHNUEM ONPEJEIEHHOTO alropuT™Ma
(kmaccudukaTOp Ha OCHOBE «CIy4alHOTO
jeca»), 4ToObl MACHTHU(PUIUPOBATh KaXKAYIO
KTT xak HOpMalbHYIO WIH MAaTOJIOTHYECKYIO
C BEPOSITHOCTHIO TPEXKICBPEMEHHBIX POJIOB.
B xome wuccnemoBaHus OBUIO OIpeAenIeHO
4867 maToIOTMYECKHX KApAUOTOKOTpaMM C
HeOIaronpusATHBIM ucxonoM u 4014 3anuceit,
OTPAXAIOIIUX HOPMAIbHO MPOTEKAIOLIYIO
0epeMEeHHOCTb. Onu30/bl BBICOKOM
BaprualeIbHOCTH OBLIM BBINIE B TPyNIE C
HOpMaJIbHBIM Hcxo1oM (p<0,001), B To Bpems
KaKk »dMHu30/bl HHU3KOH  BapuaOeTbHOCTH
OKa3aJIUCh 3HAYUTENIBHO BBHIIIE B TPyHIe C
MPEXKACBPEMEHHBIM HEeOJIarONPHUSATHBIM
ucxonoM  (p<0,001). YyBCTBUTETBHOCTH
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cocraBuna 76,2%, cneuuduanocts 87,5%,
YTO YKa3blBaeT Ha BBICOKYIO CIIOCOOHOCTH
MIPOrHO3UPOBATh HMCXOABI  OCPEMEHHOCTH.
Takum o00pa3oMm, [JaHHOE HCCICIOBAHHE

YCIIELIHO IIPOJEMOHCTPUPOBAIIO, 4TO
JITOPUTMBI MAIIUHHOT'O 00Yy4EHUs CIOCOOHBI
BBISIBIISITh IPEKIEBPEMEHHBIE pOJIBI

BBICOKOTO PHCKa C  CONYTCTBYIOIIUMH
HEOJIaroNPUSATHBIMU MCXOJIaMHU TPU TTOMOIIN
MOHHUTOPHMHTA CEPICUHOTO PUTMA TUIOAA. DTH
pe3yIbTaThI MOKA3bIBAIOT BBICOKHIA
MOTEHIIMA]A  MAIIMHHOTO  OOydYeHHs B
MOBBIIIICHUN TOYHOCTH U 3(PPeKTUBHOCTH
JIOPOJOBOT0 MOHUTOPHHTA IO, OCOOEHHO
B CiIy4yasix BBICOKOTO pHCKa, Korja
CBOCBPEMEHHOE  BMEIIATEIBCTBO  HMMEET
peraroniee 3HaueHue [64].

B cBoem uccinenosanuu Frasch MG. et
al.  (2021) omuCHIBAaIOT  COBPEMEHHBIM
MEXaHM3M  TIIyOOKOro  oOydeHuss s
MPEAOTBPALEHUS  TSIKEIBIX  OCIOXKHEHHUI
cocTosiHUs Tuioza [65]. B ero ocHOBE JIEKUT
CBOEBpPEMEHHOE BBISIBIICHUE Ha
KapJIMOTOKOTpaMME KPUTHUYECKON TOUKH «A)»
Y IpeI0TBpaIlieHne Touku «By, uTo oTpaxaer
JNEKOMIICHCUPOBAaHHOE COCTOSIHUE  IIJI0Ja.
B Touky «A» OTHECIIM TaKue OKa3aTeNu, KaK

ITOABJICHUEC z[euenepaunﬁ, qpe3MECpHan
aKTHBHOCTh MaTtku W T.0. K Touke «B»
OTHCCJIN CHHUIKCHHUC BapI/Ia6eJ'ILHOCTI/I,

yyalleHue cepAleOueHus Mmiona M JpyrHe.
Cpenu  Mep, KOTOpble  Pa3pabOTUMKU
MpeIyIaraoT NPUHSTH B clTydae 0OHAPYKEHUS
TOYKH «A», HampuMep, YMEHBIICHHUE 03Bl
OKCHUTOIIMHA, OIICHKA BO3MOYKHOCTH
0e30MacHbIX BarMHAIBHBIX POAOB. B xome
WCCIIEIOBAHMSI MOJIENIb JIOCTUTIIA TOYHOCTH
93,6% [65].

Cpenu METOI0B MaITMHHOTO OOyYEHHS
MpeICTaBJICHbl M TakWe, Kak JIMHeWHas
WHTEPIIOJSIHS U PpaKkTaTbHBINA aHATN3.

HccnenoBanue, mnposeaeHHoe Zhong
M. et al. (2022) mocBsIIEHO OICHKE
cocrosiuus mioaa ¢ nomouiso MM (UNet —
ceTh raybokoro obyuenusi) [66]. B pabote
aBTOpPHl  YYHUTHIBATH  MOP(OIOTUYECKUE
XapaKTePUCTHKH CUTHAJIOB M HCIIOh30BAIN
TpaJAUIIMOHHBIC METO/IBI bunbpTpanumn
CUTHaJa OT apTedakToOB. AJTOPUTMBI JIIS
aBromaTusupoBanHoro ananuza UCC miona

BHayaje BBIUMCISIIN Oa3anbHblil putM YCC
1072, a 3aTeéM SIU30/bl aKleJepauuid u
neuenepaunii. MccnenoBanue mokasaio, 4To
€CJIi TOYHO paccuuTaTh Oa3ajbHBI PUTM
UCC, TO MOXHO  OIpENeIuTb  BCE
MaTOJIOTUYECKUE IMHU30/Ibl, 38 UCKIIOUEHUEM
CUHYCOMAANbHBIX mnarrepHoB. 3anucu KTT
ObUTH ceNaHbl Ha yCTpoiicTBax
npousBojactBa Lian-Med Technology Co.,
Ltd. (I'yamwxoy, Kwurait). Takke Obliu
HCII0JIb30BaHbI yJIbTPa3ByKOBOM
JOIIUIEPOBCKUI (eTaabHbIi MOHHTOpP Lian-
Med F3 (LM-F3), cucrema LEHTpaIbHOTO
aKymiepckoro Mouutopunra Lian-Med (LM-
ObVue) u cucrema ynpaBleHUs aKyIIEPCKOH
uapopmanueii  Lian-Med  (LM-OBIS).
Mounutop F3 ucnonb3oBaiics 1S NOJTy4eHUs
maaaeix KTI, ObVue ucnonw3oBajicd i
IIOMOILIY BpayaM B OINpPEAENICHUU COCTOSHUS
miona, a OBIS - mna cbopa m 3amucu
MH(OPMAIIUN U3 JIEKTPOHHBIX MEIUIIMHCKHX
KapT OepeMeHHBIX KeHIIHH. B xome paboTsl
HCCIIeIOBATENIN COOpaH B 0OIIEH CII0KHOCTH
43888 zanuceit KTI' B mepuop ¢ ssuBaps 2012
no nexkabps 2020 roma. Bce OepemeHHbIE
KEHIIUHBI ObUTH cTapiie 18 ner u poaunu
KMBBIX JIOHOIIEHHBIX jeTedd. Jlns Toro,
9TOOBl  MOJYYUTh  BBICOKOKAYECTBEHHBIC
curHanel YCC moga Obutd  cOOMIOAEHBI
CIIEyIOIINE IIpaBuIa: OJIHOILJIO/THAS
OepeMEeHHOCTh; 4YacToTa IOTEPU CUTHAJIOB
cocraisuia MeHee 10% 3a 10 MuHyT; ponsl B
cpoke 36-42 Henmenp recTanuu; oOIIas
npoaomkurenbHocTh 3anucu KT ot 60 no
90 munyT [66].

YerporicTBo Ha OCHOBE
uckycctBeHHoro  uHteimiekra — CTGNet
OTCIIEKUBAJIO HECKOJIBKO mapaMeTpoB. K Hum
otHocutcss YCC mona, CUTHATT COKPAILEHUS
MaTKd, Tpoduiab NBIKEHUN TMoAa W T.n.
3areM [aHHBIM anmapar Kiaccu(UIHUpoBal
curHanel YCC mioga W aBTOMAaTUYECKH
paccuuThiBasl OazajabHBIA puUTM. B nmaHHOM
ycTpoiicTBe Taxke ucnonb3yercs UNet — 1o
ceTh rIy00KOro 00y4YeHus, B OCHOBE KOTOPOM
HMEII0 MECTO CTPYKTypa KOJIUPOBaHUS-

JIEKOIMPOBAHUA. Kpome TOTO, st
YMEHBIIEHUs IIyMa B CUTHalaxX MPUMEHUIIU
JUHEHYIO HHTEPIOIALUIO.

Huddepenuupoars UYCC  mnoga  Ha
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MATOJIOTUYECKYI0 U HOPMAIIBHYIO TIOMOTaeT
Takke (ppakranbHbd aHanu3. OH uccieayer
OPUPOAY  JOINTOCPOYHBIX  KOPPENSIHA
CUTHaJja BapralOelbHOCTH CEeplIEYHOr0 pUTMa
mioda [66].

Takol >xe (pakTanbHBIA aHAIHU3 IS
onpeaenenuss YCC miona ObLT MCIOIB30BAH
B pabore Ponsiglione AM. et al. (2021) u
OTHECEH K HEeTPaJAUIIMOHOMY aHanu3y [67].

Hpyroii metron ouenkun YCC mnoma
FHR-LINet wucmonp3oBasics s OBICTPOTO
BBISIBJICHHSI HapyLIEHUH BHYTPUYTPOOHOTO
cocrosiuus mwioga. OH mpumepHo Ha 25%

YctpaHeHue WwymoB

¥ YacToTa cepAeuHEIX
COKpAIIeHIH 1101

»  IIpodune JRHTATeNLHOI
AKTHBHOCTH ILT0ZA

»  CokpallleHHd MaTKI

»  3ByK CepIeuHBIX COKpaIIeHIIt m1oga

[TpenBapuTeTnHAS

Jannsie KTT 00pa0oTKa JaHHBIX
1 MOJIEITHPOBAHHE
Samucu KTT O6pabotka curHanos

3¢ heKTHBHEE 110 CPABHEHHUIO C COBPEMEHHOU
MYJbTUMOJAIBHON CBEPTOYHONW HEHPOHHOM
cerblo. JlaHHAs JAMAarHOCTUYECKas CUCTEMa
nmo3Bosinjia  00eCrneYuTh  CBOEBPEMEHHOE
BEISIBJICHHE acTpecca wioaa u
MpeIOTBpAlllEHUE pHCKa MepUHATaIbHOU
cMepTHOCTH [65].

Hwxe Ha pucyHke 2 mnpeacTaBiieHa
(Frasch M.G. et al.,, 2021) Onok-cxema
aHaJlu3a CepAeYHOro pUTMa IJIoJa C
UCTIOJIb30BAHUEM UCKYCCTBEHHOTO

untemiekra CTGNet [65].

OrieHKa pe3yibTaToB

IAybokoe MaluMHHOEe 0byueHUe  BuiABAeHMe aKueAepauni

" peuenepaumii

)

KIMHAYECKWI TUATHO3

Puc. 2. brok-cxema aHanmm3a cepJIeYHOr0 puTMa T1oja ¢ ucnonb3oBanneM CTGNet
Fig. 2. A flowchart of fetal heart rate analysis using the proposed CTGNet

OpHuM u3 nokazareinei Hn,
OTpaXalIlMM TaKTUKy Bpauya akyliepa-
THHEKoJIora, siisiercs time to predict (TTP).
On omucan B cratbe Mendis L. et al. (2024) o
NPUMEHEHUH METOJa TIIyOOKOro oOydyeHHs
JUIS TIPEIOTBpaIlleHusl CyOBbEeKTUBHOM OLEHKU
cocrostHus mona [68]. Mcnonbe3ys B cBoei
paboTe JaHHBIN MMOKa3aTeib, aBTOPHI Ha 25%
COKpAIlalOT ~ BpeMs, HeoOXoaumoe  JJis
BBISIBJICHHSI [TATOJIOTUH T1JI0/1, 10 CPAaBHEHUIO
c COBPEMEHHOM MYJIbTUMOAJILHON
cBepTouHOi HeMpoHHoN ceTrbio (MCNN).
YyBCTBUTEIBHOCTD — 20%

JI0KHOMOJIOKHUTEIbHBIX Pe3yIbTATOB.
[IpenmymiecTBO [aHHOM AMArHOCTUYECKOMN
CHUCTEMBl B TOM, 4YTO OHa IOTEHIUAIBHO
obecrieunBaeT Oosee paHHEE BMEIIATEIHLCTBO
npu HapyIEeHUIX BHYTPHYTPOOHOTO
COCTOSIHUS TUTOJIa M YIIy4IIaeT KIMHUYECKHE
pe3ynbTatsl [68].

Sahin H. et al. (2020) oTmeuatot, uTO
pOJIb aJITOPUTMOB MAIIMHHOTO OOYyYeHHUS B
BBISIBJICHUM 3a00JICBaHUN CTAaHOBUTCSI BCE
Oojee BaxHOW B HacTosmiee Bpems [69].
PesynbraThl 5KCIIEPUMEHTOB TOKAa3ajH, YTO
KJaccupukarop c UCTIOJIb30BaHUEM
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YAOBIETBOPUTENIbHBIE pE3yNbTaThl, a NpU
HCIOJIb30BAHNUN «CIYyYalHOTO JIEca» HMel
Jy4dllde pe3yJbTaThl ¢ TOYHOCTBIO 99,2%
[69].

Cy1iecTByIOT U JApyrue MOJENU IS
OLIGCHKM cocTosiHus Iojga. Hampuwmep,
MoaudunupoBanHas Mozaenb GANomaly
Obuta coznmana Bertieaux J. et al. (2022) ans
oOHapyxeHus: aHomanuidi B curHamax KTI
IIPU TIOMOIIU CTPYKTYpPbI KOJEpP-AEKOAEp C
JUCKPUMHHATOPOM, YTO CBOJUT K MUHUMYMY
omn6Oku npu uzydyenuu curnaia KTT [70].

Eme OJIHA MOJEJIb CTGGAN
(Generative  Adversarial  Networks  —
MOPOXKJIAIOIIUE  COCTSA3aTENIbHbIE  CETH)
npeanoxena Zichang Yu et al. (2024),
KoTopas UCIIONB3YET TeHEepUPYIOLIUe
cocts3atensHble cetn (GANS) s aHanmmza
curHasioB YCC mioaa [71].

CCWGAN-GP-netiponnast CeTb,
paspaborannas Zhang Y. Et al. (2022), B
OCHOBE KOTOPOH JICKUT KJIACCH(PHUKATOP
COCTOSIHMSl IUI0JA, CIOcOoOeH paboTaTh C
JOCTaTOYHO  OOJBIION  BBIOOPKOM 1O
CPaBHEHHUIO C JPYTMMH CUCTEMaMHU, IIOATOMY
TOYHOCTh Ha 12% BBIIIE COOTBETCTBEHHO
[72].

JIpyTuM METOJIOM aHaJHM3a COCTOSHHS
ioJa SIBISIETCS aJlrOpPUTM KOMITBIOTEPHOU
JMarHoCTHKH anuzao3a mwiona (Hybrid-FHR),
omucanubii Zhao Z. et al. (2024), kotopsrit
MTOMOTaeT BpayaM IPUHUMATh CBOEBPEMEHHO
peueHust isl CHUXKEHUsI OCHOKHEeHHM [73].
st W3BIICUCHUS IPOCTPAHCTBEHHO-
BPEMEHHOTO  MPEJCTaBJICHHS  MPU3HAKOB
onnoMepHbix curHajgoB YCC mioma Oblia
pa3paboTana MarucTpaibHas MOJIETh
MHOTOMacIITaOHOH BPEMEHHOH CBEPTOYHOU
cetn cxatusi u Bo3OyxneHus: (SE-TCN) Ha
OCHOBE pacuIMpeHHON IIPUYUHHO-
cieAcTBeHHOW cBepTKH. OHa 3¢ (eKTUBHO
¢uKkcupoBasia JIOJITOCPOYHYIO 3aBHUCHUMOCTh
curHagoB UCC 3a cyeT pacmdpeHHs MMOs
BOCHPHUSTHS SA7pa CBEPTKH KaXKJIOTO YPOBHS
MIPH COXPaHEHUH OTHOCHTEIHHO HEOOBIIIOTO
pasmepa mapamerpa. Kpome Toro, Obu1
UCCIIEI0OBAaH  METOJ  KpOCC-MOJAIBHOIO
o0benunenus npuszHakoB (CMFF), koropsrit
WCIIOJIb30Ball MEXAaHHU3Mbl MHOTOTOJIOBOTO

MEXAy  pPa3IUYHBIMU  MOJAJbHOCTSAMHU,
MOTyYeHUS Oonee UH(OPMATUBHBIX
MIPE/ICTaBJICHUI MPU3HAKOB M TOBBIIICHUS
TOYHOCTH JTUATHOCTHKH. Mexanuzm
MHOTOr0JI0BOro BHUMaHus (anri. multi-head
attention mechanism) — »53t0 MexaHu3M
BHUMaHUSI C HECKOJbKMMH TOJIOBaMH,
KOTOPBIA TO3BOJIIET MOJACIH OJHOBPEMEHHO
MPUHUMATh BO BHMMaHHE HHGOpPMAIUIO U3
pa3HbIX MOJIITPOCTPAHCTB BEKTOPHBIX
MpeCTaBICHUA. ABTOpbl  yKa3ajld, 4YTO
JTAHHBIA METOJ MMPEBOCXOIUT TPAJUIIMOHHBIC
METO/IbI, KOTOpbIE MPUMEHSJINCH paHee, CO
cpenHei TOYHOCTBIO 96,8%,
cnenuUIHOCTHIO 97,5%,
YYBCTBUTEIBLHOCTBIO 96% [73].

Cao Z. et al. (2023) ommchBaOT

MYJIBTUMOJAIBHYIO CHCTEMY e
AQHTCHATAJILHOTO ~ MOHHMTOpPWHTa  IUIOAA,
CIIOCOOHYI0O ~ aBTOMATHYECKHM  H3BJIEKaTh

npusHaku KTI u kmaccudunupoBats ux [74].
B ee ocHOBe J1eXUT cBepTOYHAsT HEHPOHHAas
cetb (CNN). [IIpusznaku KTI' Obuin
W3BIICUYEHBI u3 IpeJIBAPUTENHHO
obpabotannbix curHaigoB KTI' ¢ momoripio
CNN. Taxxe Obul npumeneH LightGBM —
KJacCU(UKATOp TOBBIINICHUS TpaJdeHTa B
MaIIHHHOM o0ydeHuH, KOTOPBIH
WCIIONIb30BaJl  JPEBOBUIHBIE  ATOPUTMBI

o0OyueHusl. MMDLA CIocoOCTByET
peanu3aiuu UHTEJUIEKTYaJIbHOTO
MOHHUTOPUHTAa  COCTOSHUS  IUIoJa B

aHTeHaTaTbHOM Tiepuozae. JlaHHBI MeTox
gpoctur Touroctr 90,77% [74].

Black S. et al. (2024) B cBoem
WCCIICIOBAaHUY TIPEJIaraloT HOBOBBEJICHUE B
MPaKTUIECKOM MPUMEHEHUH — cuctembl ¢ MU
JUISE  JTUCTAHIIMOHHOTO  MOHHUTOPHUPOBAHUS
cocrossHust minona (NeuroFetalNet) [75]. B
OCHOBE palOTHl JAHHOW MOJETH OMATh KE
METOJl TIyOOKOTO MAIIMHHOTO OOY4YeHHs U
KJIacCU(pUKAKUSA  JaHHBIX C  TTOMOIIBIO
HauBHOTO OaliecoBCKOTo Kiaccu(ukaropa,
JIepeBa MPUHATUS PEUIEHU, MHOTOCIOMHOTO
MepCcenTpoHa ©  pagualibHON  Oa3ucHOU
GyHKIIMUA.  ABTOpPBI  YKa3bIBalOT,  4TO
BHEJPEHHE B CHUCTEMY 3/IpaBOOXpaHEHUS
TaKUX COBPEMEHHBIX CHCTEM MOTJIO OBl
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YJIy4YlIUuThb OXpaHy 3J0pPpOBbA MaATCpU U
pebenka [75].

3akii0ueHue. Taxkum o0Opazom,
HCCIICIOBAHMS, TIOCBSIIIICHHBIC
HUCKYCCTBEHHOMY WHTEIUICKTY B 00JacTh
beTanbHOTO MOHHUTOPHHTA WIn
KapAHUOTOKOTpaduH, MTOKA3bIBAIOT
yIIydIIeHUE KaJyecTBa JTMarHOCTUKU
TUTMIOKCHYECKUX  COCTOSIHMM  IJIojga B

aHTeHaTaJbHOM mepuoae u poxaax. OgHako
OHM HMMEIOT B HACTOSIIEE BpPEMS YpPOBEHD
pa3paboTOK U aHAIK3a JAaHHBIX.

Monenu MaIIMHHOIO o0y4eHHS
MTOBBIIIAOT 3¢ PeKTUBHOCTH
MPOTHO3UPOBAHUSA  COCTOSIHHMS  IJIoJa |
MO3BOJISIIOT CHU3UTh MEePUHATATIBHYIO
cmeptHOCcTh [76]. Cnenyer NOTYEpKHYTh
0ojee BBICOKYIO TOYHOCTh JTUATHOCTHKHU
cuctem KTI" Ha ocHoBe MM 1o cpaBHEHHIO C
TPaJUIIMOHHBIMU MeTojaMu, 96,8-99.2% wu
80,0-84,4% cootserctBenHo [19, 28, 69, 73].

CoBpemenHas JUarHOCTHYECKas
TEXHOJIOTHSI HAa OCHOBE MCKYCCTBEHHOTO
untemekta B oonactu KTT™ moxer sBnsiThCS
BHPTYaJTbHBIM ITU(POBBIM TOMOIIHUKOM JIJIsI
aKyImiepoB B  TPHUHITUA  MEAULHUHCKHUX
pemenut  [77]. Bce 3TO  OUKTYyeT
HE0OXOIMMOCTh JallbHEHIIINX HCCIeA0BaHUN
B obnactu KTI' u UN. Tlonydyennsle naHHbIE
MOTYT OBITh WCIIOJIb30BAHBI AJIS YIy4IIECHUs
MePUHATAIHLHBIX HCXOJIOB.
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AKTYyanbHOCTh: B CBs3u C yBelMYEHUEM JOJM MOXWIOIO HACEICHUS U HEPALMOHAIBHBIX
CTEPEOTUIIOB THTAHUSA TIOBBIINIAETCS PACHPOCTPAHEHHOCTh META00IMUECKU-aCCOLIMMPOBAHHON
xupoBoil 6one3nu neuenu (MAIXKBII), pasBuTue KOTOpOH MOXKET CHOCOOCTBOBATH yXYALICHHUIO
repuaTpuyeckoro craryca TakuxX manueHTtoB. OaHAako  BO3pacTHbIE  JUArHOCTHYECKHE
u nedunurapueie ocobenHoctn MAXDBII B Hacrosiiee BpeMs HEIOCTATOYHO H3YUYEHBI
u ipotuBopeurBhl. Lleab ncejienoBanus: AHamu3 BO3PACTHBIX JUATHOCTUUYECKHUX U IeDUITUTAPHBIX
ocobennocteil marnuentoB ¢ MAXBII. Martepuanabl u meroabl: B uccienoBanue BKIIOYEHO
25 nanuentoB ¢ MAXKBII B Bozpacte 45-59 net, 40 nanmentoB ¢ MAXEBII B Bo3pacte 60-74 et u
20 yenoBeK C TaKUM ke 3aboyieBaHUEM B Bo3pacTe 75 yer u ctapuie. Ilpu obcnenoBaHun Bcex
MAlMEHTOB  BBIMOJHSAJINCH  YJIBTPAa3BYKOBOE HCCIIEOBaHME, 330(aroracTpoayo/IeHOCKOIHS,
AMACTOMETPHUSl TMEYeHH M CeNe3éHKH, OMOXMMHUYEecKHil aHanu3 KpoBU. OleHKa nedUIMTapHOTO
cTaTyca BBINOJHEHA 10 criennaibHoi porpamme it DBM. PesyabraTsi: [Tokasansl HauOosbime
pasnuuus MeXAy MalMeHTaMU 3peNioro U MOXKWJIOTO BO3pacTa ¢ HauOONBIIUM M CTaTUCTHYECKH
3HAYUMBIM IMIPEBBILICHUEM BCEX apaMeTpoB y nanueHtoB 60-74 et ¢ MAXKBII otHOCcHTEIBHO M1
45-59 ner, 3a UCKIIFOUEHUEM YPOBHS TPOMOOIIMTOB B KPOBHU, COJIEP:KaHUE KOTOPBIX OBLIO HUXKE Y
nanuenToB 60-74 ner (182,6+8,1 x10%m), uem B 3pemom Bospacte — 205,4+7,3 x10%n (p<0,01).
Cpenu manveHToB MOKUIIOTO BO3pacTa B 3,6 pa3a BhILIE CTENIEHb BAPUKO3HOTO PACHIMPEHUS] BEH
numeBoaa, gocturatomas 1,8+0,1 mpotuB 0,5+0,2 (p<0,01), a Takke CYIIECTBEHHO BHIIIE
nokaszarenb kEctkoctu neueHn — 18,2421 k1A nmpotus 9,4+1,5 kIla (p<0,01). dedunurapHsiii
craryc naiueHToB ¢ MAXKBII noxunoro Bo3pacra xapakTepusyeTcsi CyOKITMHUYECKH BhIPAXKEHHOMN
nenpeccueii (9,2+0,2 6amioB), a TUI] CTAPUYECKOT0 BO3PACTa — KIMHUYECKHU BBIPAXKEHHOM Jlenpeccuen
(12,4+0,4 OamnoB) (p<0,05), yMEepeHHbIMH KOTHUTHBHBIMU HapyuieHusiMu (26,4+0,4 GainoB) u
nérkoii nemennueii (22,6+0,3 6amnos, p<0,05), cuaapomom crapueckoit mpeacternu B 12,5+£2,1% u
35,0£2,9% (p<0,001), capxomenueir B 22,5£1,8% wu 30,0£2,4% coorBerctBenHo (P<0,05).
3akiaouenue: BospactHeiMM  nuarHoctudeckumu  ocobeHHoctsmu  MAXKBII  sBasitorcs
MOBBILIEHHBIE MIOKA3aTeNIM CTETIEHN BApPUKO3HOTO PACIIMPEHUS BEH MUILEBO/IA, COJAEPKAHUSI B KPOBU
acmapraTaMHHOTpaHc(epasbl, KECTKOCTH MEYEHU U CHIDKEHHBIE YPOBHU TPOMOOIIUTOB B KPOBH.
[Tarmmentsr ctapueckoro Bo3pacta ¢ MAJKBII oTHOcHTENbHO TpymHIbl MOXKHIONO BO3pacTa
¢ MAXBII wumeror Oonee BBICOKHI ypOBEHb JENPECCUU, KOTHUTUBHBIX HAapyIICHUH
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U pacnpoCTpaHEHHOCTU CHUHApPOMAa CTAp4YECKOW MpeacTeHHM. JlaHHbIE MapamMeTpbl CIEIyeT
HCIIOJIb30BAaTh B KauecTBe BeAylnx auarHoctuyeckux kputepueB MAXKDBII y naiyieHToB moKuioro
U CTap4yecKOro BO3pacTa.
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Abstract

Background: Due to the growing elderly population and persistent nutritional misconceptions, the
prevalence of metabolic-associated fatty liver disease (MAFLD) is rising. This condition can further
worsen the geriatric health status of affected individuals. However, age-related diagnostic and
deficiency features of MAFLD are currently insufficiently studied and contradictory. The aim of the
study: An analysis of age-related diagnostic and deficiency features of patients with MAFLD.
Materials and methods: The clinical study included 25 patients with MAFLD aged 45-59 years, 40
patients with MAFLD aged 60-74 years, and 20 people with the same disease aged 75 years and older.
All patient age groups underwent a standardized evaluation protocol, including ultrasound
examination, esophagogastroduodenoscopy (EGD), liver and spleen elastometry, measurement of
serum alanine aminotransferase (ALT), aspartate aminotransferase (AST), and platelet levels,
assessment of esophageal varices severity, and calculation of body mass index (BMI).The assessment
of the deficiency status was performed using a special computer program with the identification of
anxiety syndromes, depression, sarcopenia, senile preasthenia and cognitive impairment. The
Statistica 10.0 program and the Correlation Analysis module were used for statistical processing.
Results: The greatest differences in the studied diagnostic parameters were shown between mature
and elderly patients, with the greatest and statistically significant excess of all parameters in patients
aged 60-74 years with MAFLD relative to individuals aged 45-59 years, with the exception of the
level of platelets in the blood, the content of which was lower in patients aged 60-74 years (182.6+8.1
x10%I) than in mature age — 205.4+7.3 x10%1 (p<0.01). Among elderly patients, the degree of
esophageal varices 1s 3.6 times higher, reaching 1.8+£0.1 versus 0.5+0.2 (p<0.01), and the liver
stiffness index is also significantly higher — 18.242.1 kPa versus 9.4+1.5 kPa (p<0.01), the aspartate
aminotransferase content in the blood is 89.3+4.0 U/l versus 56.9+2.7 U/l (p<0.01), respectively. Less
significant differences between these age groups were found in the spleen stiffness index and body
mass index. Between elderly and senile patients with MAFLD, the differences were less pronounced
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than between the previous groups, but, as between patients 45-59 years old and 60-74 years old, the
greatest differences were in the level of aspartate aminotransferase and esophageal varices. The
deficiency status of elderly patients with MAFLD is characterized by subclinical depression (9.2+0.2
points), and in elderly individuals by clinically expressed depression (12.4+0.4 points) (p<0.05),
moderate cognitive impairment (26.4+0.4 points) and mild dementia (22.6+0.3 points, p<0.05), senile
preasthenia syndrome in 12.5+42.1% and 35.0+2.9% (p<0.001), sarcopenia in 22.5+1.8% and
30.0£2.4%, respectively (p<0.05). Conclusion: The age-related features of CKD include increased
levels of esophageal varicose veins, blood levels of aspartate aminotransferase, liver stiffness, and
decreased levels of platelets in the blood. Senile patients with CKD have higher levels of depression,
cognitive impairment, and the prevalence of senile preasthenia gravis compared to the elderly group
with CKD. These parameters should be used as the leading diagnostic criteria for CKD in elderly and
senile patients.

Keywords: age-related features; deficiency profile; metabolic-associated fatty liver disease;
comprehensive geriatric assessment; diagnostic parameters; geriatric care
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BBenenmue. Merabonnueckn ¢ meueHbto coObiTmii  Tpu  MAJXKBII
aCCOLIMMPOBAHHAsA XKUPOBasi 00JE3Hb NEYECHU [5]. [Iporpeccupyromuit ~ Gubpo3,  TaKKe
(MAXGBII), unu HeanKkorojbHas >KUPOBas Ha3bIBaEMbIH KOMIIEHCUPOBAaHHBIM
o6omne3np meyenn (HAXBII) — saBusercs IIPOTPECCUPYIOIIUM XPOHUYECKUM

XpPOHUYECKUM 3a00JieBaHUEM, MPH KOTOPOM
MIPOUCXOUT HAKOIIJIEHHUE JINMUIO0B OoJiee YeM
B 5 % remaTouuToB (CTEAaTO3) B OTCYTCTBHUE
JIPYTUX ATHOJOTHMYECKHX (PaKTOPOB CTeaTo3a
(3noynotpebieHue AJIKOTOJIEM, pueM
HEKOTOPBIX JIEKapCTBEHHBIX CPEICTB,
rOJI0JJaHUEe, MOHOTEHHBIE 3a00JNeBaHUS W
TPYTHE) [1]. MAXBIIT OXBAaTBHIBAECT
MIATOJIOTUYECKUN  CHEKTp  OT  IPOCTOro
cTearo3a JI0 CTeaTorenarurta W LUppo3a
neyveHu [2].

MAXEBII B Hacrosiiiee Bpems sBiIeTCS
CaMbIM paclpOCTpaHEHHBIM 3a00JIeBaHHEM
MEYeHU B MHUpPE, NOpa)XKarollUM MPUMEPHO
30% mHacenmeHusi TIAHETBI M OCOOEHHO B
crapueckom Bozpacte [3]. MAXBII moxer
[IPOrpeccUpoBaTh € TEYEHHUEM BPEMEHU H
BO3pacTa, BbI3bIBAas BOCMAJCHHE B TKaHU
neyeHn (MeTaboNMYEeCKH acCOIMUPOBAHHBIM
cTearorenarur), @QuOpo3 TNe4YeHu U, B
KOHEYHOM cueTe, IUppo3 nedeHu [4]. Pannee
BeisiBieHne u Jsiedenne MAXKBIT wmoxer
MIOMOYb MPEJOTBPATUTH MPOrPECCUPOBAHUE B
6osee Tsxenbli puOpo3 MeyeHu u yaydyIlIuTh
obmiee coctosiHue mnedeHu. Pubpo3 mneueHu
SIBJISIETCSI HauOosee BOKHBIM
MPOTHOCTUYECKUM (PaKTOPOM JIJisi CBS3AHHBIX

3a00J€BaHUEM II€YEHH B COOTBETCTBUU C
MOCAeAHUM  KOHceHcycoM  Baveno  VII
SBIISICTCS HE3aBUCUMBIM (aKTOPOM pHCKa
pa3BUTHS Kak 3a00JE€BaHWM, CBSI3aHHBIX C
IIeUeHbI0, TaK M 3a00JIeBaHUI U cMepTel, He
CBSI3aHHBIX C MEYCHBIO [6].

Haubonee BaXHBIM bakTopoM,
OTIPENIENIAIONIUM OOIIUI TPOTHO3 M HCXOJBI,
CBSI3aHHBIE C TICUCHBIO, SIBJISETCS CTaIUs
¢bubpoza [7]. v MaIEeHTOB c
nporpeccupyommm Guodpo3oM B MOKHUIOM H
CTap4ecKOM BO3pacTe CMEPTHOCTh OT BCEX
npuuuH B 1,9-3,9 pasa Belle, 4eM B Ipyrux
Bo3pacTHbIX rpymnmnax [8]. Takum o0pazom,
BBISIBIIGHHME OSTOW MOJTPYIIBl IMAIMEHTOB
SBISIETCS.  KITFOYOM K ONTHMH3AIMH X

KJIMHUYECKOTO BEJICHUS, BKJTFOYAst
HaOJIrOIeHNE 3a pa3BUTHEM
renaToLeUTIOIPHON KapIUHOMBEI,
MePCOHAIM3UPOBAHHOE  CHU)KEHUE  Beca,
npouIaKkTUKy CEP/IEYHO-COCYTUCTHIX
3a00J1€BaHUN U PAaCCMOTPEHUE BO3MOKHOCTH
cnenupuYeckoro  JIEYEHUS B paMKax
KnuHUYeckuX wucneiTanuid [9, 10]. Ogaako
BO3pAaCTHBIE 0COOEHHOCTH MPOTEKAHUSA

MAXBIT nzyueHbl HEJOCTATOYHO, PABHO Kak
U AeQUIMTAPHBINA CTATYC TAKUX MAIUEHTOB.
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Mean HCCJIeTOBAHUS. Ananmms
BO3PAaCTHBIX JIUarHOCTHYECKUX u
NeUIUTAPHBIX OCOOCHHOCTEH MAIMEHTOB C
MAXBII.

MarepuaJsbl " MeTO/IbI
uccjaenoBanmus. B uccienoBanue BouUIU
85 B3pocneix mamueHtoB ¢ MAJXKBII,
MIPOXOIUBLINX OOCJIEIOBAaHHE U JICUEHUE HA
6a3e I'bY3 PK «CI'’Kb Ne7» ¢ nexabpst 2024 r.
no anpenb 2025 r. Ilo Bo3pacTHOMY COCTaBy
MAUEHThl  PacHpEeleNIUINCh  CIEIYIOIINUM
obpazom: 45-59 ner — 25 yenosek, 60-74 net —
40 yenosek, 75 u 6onee — 20 yenoBeK.

Bce  mammeHTHl  COOTBETCTBOBAIU
KPUTEpPHUSAM BKJIIOYEHUS B HUCCJICIOBAHHE I10
HoBoi HoMeHkJatype MAXBII, B Tom uucie
HaJUYHUIO CTEaTo3a IEYECHH, BBIABICHHOTO C
MIOMOIIBIO YIIBTPa3BYKOBOTO UCCIIEIOBAHUS, U
1o KpaiHeu Mepe OHOMY

KapAMOMETa00INYeCKOMY  KPUTEPHUIO IS
B3pocCibIX (ucnosib3oBanue 1mkaiasl SCORE?2)
(Tabm.1). Bcee HaIMEeHTHI IPOILILIH
KOMIUIEKCHOE OOCJIeI0OBaHUE IS BbISBICHUS
NPYTHX MPUYMH CTEATOrenaTuTa, B TOM YHCIIe
ompoc 00 ymoTpebiseHuru ankoroys (TecT

AUDIT) u TIOMCK JIEKapCTBEHHO-
WHAYLUHPOBAHHOTO crearosa IICYCHHU,
BUPYCHOT'O remnarura, ayTOUMMYHHOT'O
remnaTura, reMoxpomarosa, 0oJIe3HH
Bunbcona, IJIMKOI€HO03a, a TaK»Xe

XOJIECTATHYECKHUX U COCYAMCTHIX 3a00JIeBaHU I
neyeHu. IlanuenTsl ¢ Hpu3HAKaMU  APYrux
3a00JICBaHUN TIEYCHU WJIH C YPE3MEPHBIM
ynotpebienuem ankoroyst (=14 mopuuii B
HEJICIIO JUIs MY)KYUH U >7 TIOPIHNA B HEIEIIO
JJIA )KCHHII/IH) 6I>IJ'II/I HNCKIHOYCHBI nu3
WCCIICIOBAHMSL.

Tabnuya 1

KpnTeplm BKJJIIOYCHHUA U HCKJIIOYCHUSA MAIIMCHTOB M3 HCCJICTOBAHUA

Table 1

Inclusion and exclusion criteria for study participants

Kpurtepun

1. ndopmupoBaHHOE coriacue ManieHToB.
BKJIKOYEHU S B | 2. MAXGBII, Ha ocHOBe nuarHocTuueckux metabonundyeckux kpurepues (Y3U cocynoB miew,

HeBKJIO4YeHusi B | Buiscona-Konosaiosa,
HCcJIeI0BaHIe

TJIMKOT'CHO3bI, COCYIUCTHIC

Hccle10BaHue VMT, nucnaunuaeMusi, HHCYJIHHOPE3UCTEHTHOCTh, CaXxapHbIi nuabeT 2-ro THma, BRICOKHN U
OYCHb BBICOKHH CEpIICYHO-COCYAHMCTHIH PHUCK, M30BITOYHAS Macca Tena, oxupenue | m 11
CTETICHEH).
3. Bo3pacr 45-74 net, 75 net u crapuie.

Kpurepuu Osxupenne 11 creneHn, HeKOMITEHCHPOBaHHBIN 1uppo3 neuern kiacc C mo Y-II), GomezHs

reMOXpoMaTos,
CKJICPO3UPYIOIIMHA XOJAHTHT, NEPBHYHBIN OMINAPHBIX XOJAHTUT, XPOHHYECKHE BHPYCHBIC
rematutbl(B orcyrcTBum [IBT u YBO), medumur ambda-l-aHTUTpUIICHHA, MYKOBHUCIIHIO3,
3a0oneBanua mnedeHn (cuHapoM bamgma-Kwmapu u  1p.),
JICKapCTBEHHOE TIOPaKEHHE I€YEHH, IAlUCHTHI, JEKOMIICHCHPOBAHHBIE 10 KOMOPOHIHBIM
cocrosiHusM (CH2B-3, OHMK, OMM), Bo3pacT 10 45 set

ayTOMMMYHHBIH TenaTHT, TIepBUYHBIH

Bcem manumenTtam ObUIM  TIPOBENICHBI
OMOXMMHUYECKHE  MCCIEOBaHUS  KpPOBH,
OLIEHKa YPOBHS aJaHWHAMHHOTpPaHC(epasbl
(AJIT), acnapraramunotpancdepassl (ACT),

TPOMOOIIUTOB. s WHCTPYMEHTAIBHBIX
HCCIIEIOBAaHUH BBITIOJIHEHBI: YJIbTPa3ByKOBOE
UCCIIeIOBaHKE (Y31),

330(aroracTpoy0I€HOCKONHS,
AIIACTOMETPUS TICYCHH U CEIIC3CHKH.
buonornueckne  mokazarenu — ObUIH
MIPEJICTaBIICHBI B BHJIC MeTHaHbI
(uHTepKBapTHIILHBIA pa3zmax [IQR], 0-151)
HYJIEBOTO Kolu4yecTBa  JHEU noce
JNACTOMETPUU  TEYEHH U CEJIe3CHKH.
HccnenoBanre TpPOBOIMIOCH B CTPOrOM B

COOTBETCTBUU c MEXTyHapOTHBIMHU
STUYECKUMH PYKOBOJSIIUMH MPUHIUIIAMHU
Ui OMOMEIHMIIMHCKUX  HCCIEAOBaHUN ¢
yuactueMm 4yenoseka (CIOMS), XenbcuHckoi
JIEKJIapamnuu Bcemupnoi MEIUIIMHCKON
accouuanuu  (1964r. ¢ mnocnexyromMUMH
penakumsimu), [lpukazom  MunmCTEpCTBa
3apaBooxpaHeHuss P® Ne266 (19.06.2003),
«IIpaBmmamu  mpoBeNeHUS  Ka4eCTBEHHBIX
KJIMHUYECKUX UCIbITaHU B Poccuiickon
denepanumy».

Hccnenosanue OBLIIO 0100peHo
Kowmuccueii nmo stuke ucciaenosanui PI'AOY
BO «KpeiMckuii ¢enepainbHbIil yHUBEPCUTET
umedn  B.U. Bepnaackoroy, Opnena
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Tpynosoro Kpacnoro 3HamMeHu
Menuruackuii  uHcTUTYT uMenn — C.U.
I'eopruesckoro.

HewunBasupHas onenka ¢pubdpo3a neueHu
MPOBOJIMIIACHE C TIOMOIIBIO  AJIACTOMETPUHU
nedeHu. [loporoBeie 3HAYCHHS ITACTOMETPUU
neucHu 8 xIla u 9,6-20 klla ucmoap30BaIUCh
COOTBETCTBEHHO  JUIA  HCKIIIOYCHHUS  H
noaTBepxaAeHus Guodposa neuenn [11, 12].

W3mepeHne  KECTKOCTH  CEJIC3CHKH,
KECTKOCTH TI€YCHU HCIOIB30BAIOCHh TAKKE

JUIsl ~ HEUHBA3UBHOM  OLICHKH  HAJIWYUA
KJIMHUYECKU 3HAYUMOM MOPTaIbHON
TUNEPTEH3UU U TSOKECTH  MOPTAJIbHOU

THIIEPTEH3UH, a TAaK)KE PUCKA OCIOXHEHHUH,
CBSI3aHHBIX C TOPTAJIBbHOI THIEpPTEH3UEH, y
MAIEHTOB c XPOHUYECKHM
MPOrPEeCCUPYIOUM 3a00JIeBaHUEM TEYCHH.
Copepxanrie  TPOMOOIIMTOB B KPOBH
omnpezaensiock MeroaoM SLS (naTpuii naypun
cyibdar-meron) Ha aHanu3arope «KoneLaby.

Bo Bcex BbIIETEHHBIX BO3PACTHBIX
rpymnrax Mmo €AMHBIM METOAaM OIPEeISIIICh
yKa3aHHbIE MOKAa3aTeNM, a TaKKe BBIMOJTHEHA
OllIEHKa Je(UUUTapHpOro craryca. YpOBEHb
JIeTIpecCCud W TPEBOTM H3YYEH M0 IIKaje
HADS-D u HADS-A CcOOTBETCTBEHHO,
KOTHUTHBHBIC HapylieHus 1o Imkaize Mini-
Mental State Examination (MMSE), cunnpom
crapueckoil npeacrenuu no «IIporpamme s
OBM 1no onTuMH3anMKu yxoia B repuaTpuu B
3aBHCUMOCTH OT CTEIEHU CTapYECKOI aCTEeHUN
Ha OCHOBE IMPEJCTaBICHMSI PE3yJbTaTOB
CMEeLUATU3UPOBAHHOTO repuaTpuueckoro
ocmotpay [13]. CapkorneHHIO BBISBIISUIA IO
KPUTEPHUSIM CHM)KEHHOM MBIIIEYHON CHIIBI —
JUIST MY>)KUMH MeHee 23 Kr W i JKCHIIUH
MeHee 18 Kr, CHUKEeHHOM MBIIIIEUHOW MacChl —
OKpPYKHOCTH TosieHH — MeHee 31 cum [14].

IIpu craructuyeckoi o6paboTke 10
nporpamme «Statistica 10.0» paccYMTHIBAIUCEH
CpeAHue, MeAHuaJalbHble, MEXKKBapTUIIbHBIN
pa3Max, CTaHJapTHOE OTKIJIOHEHHE, OLINOKa
CpeAHUX BEJIMYMH, MIPUMEHSLIICS
KOPPEJIALIMOHHBIN aHAJIN3.

PesyabTrarhl HW  HMX 00CyXkaeHHe.
HccnenoBanue ¢ yyactueMm 85 MalMEHTOB C
MAJXXBII, xoTopbiM ObUIa HPOBEIEHUS
anactometpus cenezenku u D' JIC, mokazano
KOPPEISIIUI0 MEXIY CTEHEeHbIO BapUKO3HOTO

pacumupenusi Ben (BPB) nummeBoma wu

yBEJIMYCHUE  IIOKa3aTels  3JaCTOMETPHH
ceineszenkn >41-46 klla. Taxxe Opum
MOJIyYeHbl  PE3yJbTaThl  OMOXHMHUYECKHX

nokazareneit kposu (AJIT, ACT), cpennee
3HadueHue nokazarensts AJIT cocrasmno 69,1
(IQR, 31-123), cpeanee 3Ha4YCHUE TIOKA3ATEIISI
ACT cocrasuio 57,8 (IQR 2-108). IIpu sTom
y 20% mnanuentoB nokazatenu AJIT u ACT
COOTBETCTBOBAJIM pedepeHCHBIM 3HAYCHUSIM.
I[Ipyu  w3MepeHHH  KECTKOCTH  ICYCHH
oTcyTcTBHE (hrOpo3a ObLIO 3apPETUCTPUPOBAHO
y 3% manueHToB, a HAJIMYKUE [IUPPO3a MEUCHU
y 46,6% wu3 BbiOOpku. CpemHee 3HaYCHHE
KecTKocTu nedeHu cocrtaBmwio 12,6 klla (IQR,
5,2-21,6) B wusyuyeHHou BeIOOpke. Cpenu
UCCIIETyEeMbIX MaUeHTOB y 53,3% noka3arenb
KECTKOCTU cene3eHkn coctaBun >41 klla.
Cpennuii  ungekc waccel  Tenma  (MMT)
cocrasmn 30,6 kr/m? (IQR, 27,2-34,2). Y 60%
NAIMEeHTOB HAOMIONAIOCh OXHUpeHue 1 u 2-i
crenenel, onpenensiemoe no UMT > 30. ¥V
50% manunentoB otmevaniock BPB numesona
1 u 2 crenenu. Y 53,3% nanueHTOB YpOBEHb
TpoMGonuToB 6T MeHbIIe 150x10%71, mpm
9TOM CpeJHee 3HauyeHHEe TPOMOOIIUTOB B
BBIOOpKE 6B1T0 143,3%x10%1, (IQR 88-203).
[Ipu orieHke BO3pacTHBIX 0OCOOEHHOCTEM
BEIYIIMX I[apaMeTpoB, B TOM  YHUCIE
HEWHBa3uBHbIX, y mnanueHToB ¢ MAXKBII

YCTaHOBJICHBL CTaTUCTUYECCKHU 3HAYNUMBIC
pazinyus MEXTY BBIJICJICHHBIMU
BO3pAaCTHBIMH TpyHIIaMH 110 6OJ'II)HII/IHCTBy
nokaszarenen (Tabm. 2). Oco0enHo

CYIIIECTBEHHO TAIUEHTHI 3PEJIOTO U TTOXKHUIIOTO
Bo3pacta ¢ MAXBII ornuyanuce o creneHu
BPB mumesona, xéctkoctu neuern (LSM) u
conepxkanuto ACT B kpoBu. Tak, creneHb
BPB nuimieBoaa cpean ManueHTOB MOKHUIOTO
Bo3pacTa Obuta B 3,6 pa3a BBIpaXKEHHeEe
(BBILIE), YEM Yy TMALMEHTOB 3pPEJIOro BO3pacTa,
MOKa3aTeNb KECTKOCTU MeYeHu — BbIlie B 1,9
pasa, conepxxanne ACT — Boeime B 1,6 pasa
(p<0,01) coorBercTBeHHO. B  MeHbIei
CTENEHW TAIMEHTHl ATUX BO3PACTHBIX TPYIIII
pazMyainch MO COAEPXKAHUIO B KPOBU
tpombo1uToB, AJIT 1 mokazaTento KECTKOCTH
cene3éuku  (SSM), HO C JIOCTOBEpHBIM
pa3nu4ueM BO BCEX CiIydasX.
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Tabauya 2
Bo3pacTHble 0CO0EHHOCTH THATHOCTHYECKHX mapamMeTpoB namueHToB ¢ MAYKBII (M+SD)
Table 2
Age-related features of the diagnostics parameters of patients with CKD (M£SD)
Hcenenyempril mokasaTeis ITanueHTHI ITanueHTnI ITanmueHTHI
45-59 ger (1) 60-74 aet (2) 75 aet u Boime (3)
AJIT, En/n 68,6+2,9* 105,9+3,3** 127,4+3,6%
ACT, Ea/n 56,9+2,7* 89,3+4,0** 115,1£3,6%
XKéctrocTs neuenn, klla 9,4+1,5% 18,242, 1%* 24,542 3%
JKectkocTs cene3énku, klla 30,8+2,4* 42, 4+2,8*%* 46,7+3,1
UMT, Kkr/m? 27,5+1,4* 32,1+1,9%* 34,6+2,7
Crenersr BPB nmmesofa, abc. . 0,5+0,2* 1,84+0,1%** 2,3+0,4"
Tpom6onutsl, x10%/1 205,4+7,3* 182,6+8,1** 108,945, 7%

IIpumedanue: *P1-2<0,01, **p,.3<0,01, #p1-3<0,01.
Note: *p1.2<0.01, **p2.3<0.01, #p1.3<0.01.

[TarmenTter 75 ner w  crapiie
OTHOCHUTEJIbHO IPEICTAaBUTENEH IOKUIIOrO
BO3pacTa HUMEJIM MEHEee CYIIECTBEHHbIE
pasznuuus, 4YeM paHee PACCMOTPEHHBIE
BO3pacTHbIe rpynmnsl. [Ipu 3TOM, Kak 1 B paHee
PaccMOTPEHHBIX rpynmax, MEXITY
MalUEHTAMH  TOXUJIOTO M CTapUYECKOIo
BO3pacTa BbISABIEHBl HaWOOJBIIME pa3IUUUs
Mo mokazarento >kécTkoctu mnedeHun (B 1,3
paza, p<0,01), crenenu BPB numesona (8 1,3
paza, p<0,01). DOTo T™O3BONSIET CUYUTATH
MoKa3aTellb JKECTKOCTH NeUeHHU, cTenneHh BPB
nunieBoga u cogepxkanue ACT B kpou
Benyuumu Mapkepamu MAJKBII y nanmenTos
3penoro, MOKUJIOro ¥ CTApYECKOro BO3pacTa.

OpHako MakCUMalbHO JIaHHBIE JBE
BO3pacTHbIE TpyIIbI OTJINYAJIUCh
COJep’)KaHUEM B  KPOBH  TPOMOOIIMTOB,

50
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KOTOpPbIE OKa3aJINCh CHI)KEHHBIMU B 1,7 paza'y
Ju1 cTapueckoro Bo3pacta (p<0,01).

[Ipu aHanu3ze KOPpENsSsLIUOHHBIX CBs3EH
MEXIy WCCICIOBAaHHBIMUA IIapaMETPaMu B
pa3IUYHbIX BO3PACTHBIX rpymnnax
YCTAQHOBJICHBI OOpaTHBIE CBS3M MapaMETPOB
LSM u SSM c¢ coxaepxkaHueM B KpOBH
TPOMOOIIMUTOB, 2 UMEHHO B 3pPEJIOM BO3pPacCTe
r=-0,36 (p<0,05) u r = -0,42 (p<0,05),
B MOXWIOM Bo3pacte — I = -0,68 (p<0,01)
ur=-0,64 (p<0,01), B crapueckom Bo3pacte —
r =-0,76 (p<0,001) u r = -0,89 (p<0,001).
Koppensaus mexny LSM u conepxanuem
TpoMOoMTOB B KpoBH, SSM u ypoBHEM
TPOMOOIIUTOB B KpPOBH HalMEeHTOB
CTapyecKkoro BO3pacTa IMpeJCTaBlieHa Ha
pucyHke 1 u pucyHke 2.

150 200 250

IpuMeuanue: o ocu abCLICC MpeACTaBIeH ypoBeHb TpoMbonuTos (x10%11), 0 ocH OpAMHAT — yPOBEHb JKECTKOCTH

cenesenku (x[1a).

Note: platelet count (x10%1) is shown along the abscissa axis, and the spleen stiffness level (kPa) is shown along the

ordinate axis.

Puc. 1. KoppensiiimoHHbIE CBSA3H MEXAY )KECTKOCTBIO CEIe3€HKH U YPOBHEM TPOMOOILIUTOB
Fig. 1. Correlations between spleen stiffness and platelet count
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[IpuMedanue: 10 ocu abCuce TPEACTaBIEH YPOBEHs TpPOMOOIMTOB (x10%1), Mo OCH OpAMHAT — YpOBEHb KECTKOCTH

niedenn (kI1a).

Note: platelet count (x10%1) is shown along the abscissa axis, and the liver stiffness level (kPa) is shown along the ordinate

axis.

Puc. 2. KOppeJ'ISH_II/IOHHBIe CBA3U MCKAY KECTKOCTBIO IICYCHU U YPOBHEM TpOM6OLII/ITOB
Fig. 2. Correlations between liver stiffness and platelet count

[Ipuaumas BO BHUMaHHWE Hamboee
BBIPDQ)KCHHBIE H3MEHEHUs HCCIEJOBAaHHBIX
[IapaMeTpPoOB CPEAM MALUMEHTOB IMOXUIOTO U
crapyeckoro Bo3pacta ¢ MAXBII BbinosHeH
aHaym3 ux aedumnurapHoro craryca (Taom. 3).
[TonyueHHbIe pe3ynbTaThl CBUAETENBCTBYIOT O
HaJIMYUU y MAlMEHTOB MOXKUJIOIO BO3pacTa C

BBIDAKEHHOW Jenpeccud. Bmecre ¢ TeM,
HECMOTpS Ha JOCTOBEPHBIE Pa3IN4Msl YPOBHs
TPEBOrM B OOCYXJAaeMbIX TIpyIIax, OH
COOTBETCTBOBAJ CYOKIMHUYECKH
BBIDA)KEHHOU TpeBore. Ilo KOTHUTHBHOMY
CTaTyCy MalHUEHTHI MOXKWIOIO U CTapYECKOI0
BO3pacTa JOCTOBEPHO OTIMYAIUCH — Y ITEPBBIX

MAXBII CY6KJ'II/IHI/IIICCKI/I BLIpa)KeHHOﬁ 6BIJ'II/I YMEPCHHBIC KOTHUTHUBHBIC HAPYIICHUA,
JIETIPECCHUH, a Y MPECTABUTENIEH CTApUYECKOTO a'y BTOPBIX — JIETKast IEMEHIIHS.
Bo3pacta ¢ MAXBIlI — xinuHuuecku
Tabnuya 3
Hedpuuurapublii craryc nanuentoB ¢ MAJKBII B 3aBucumoctu ot Bo3pacta (£SD)
Table 3
Deficiency status of patients with CKD depending on age (£SD)
Hedpuunrapubiii ITauueHTHI MOKHJIOTO IanueHTHI CTAPYECKOTO P
CHHIPOM BO3pacTa BoO3pacra
JHemnpeccusi, 6anibt 9,2+0,2 12,4404 <0,05
TpeBora, OaynIbI 8,5+0,3 9,7+0,2 <0,05
KoruurusHsle Hapy1ieHus, 26,4+0,4 22,6+0,3 <0,05
OaJIBI
Cungpom cTapuyecKoit 12,5+£2,1 35,0+£2,9 <0,001
npeacTeHuu, %
Capkonenust, % 22,5+1,8 30,0+2,4 <0,05
CI/IHI[pOM CT&p‘-ICCKOﬁ npeacTCHuu U XapaKTCPU3yCTCA COUYCTAaHUEM CTCaro3a,

CapKOICHUU
3HaYMMO dYalle B
CTapyecKoro BO3pacTa.

BCTPEYAITUCH
KOropre

CTaTUCTHYCCKH
NanucHTOB

B Hacrosiiee BpEMs TUCTOJIOTHUYCCKAA

OllEHKa C
ocTaercs

HOMOIIBI0  OMoICcun
30JI0TBIM

IICYCHHU
CTaHAapTOM

AJId JUArHoCTUKU CTEATOoreraruTa, KOTopas

JOOYISIPHOTO HITH MTOPTATFHOTO BOCTIAJICHUS
rernaToleUTIOISIpHOro  OaJUIOHUPOBaHMS, a
TaKOKe HCHOJB3YeTCs sl ONpeeNCHHS
craqun  pubposa mewenu [15]. OxHako
OWOTICHS TIEYCHH UMEET CBOW OTPaHHUYCHHS, B
TOM YHCJI€ UHBa3UBHOCTh, PUCK OCIIOKHEHHUH,
BapUaTHBHOCTh 00Pa3LOB U IOTEHIMAIbHOE
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HEXeJIaHUue NAlMEeHTOB W3-32 WHBA3WBHOIO
xapakrepa npoueaypsl. Kpome Toro, aus
TOYHOM MOCTAHOBKH JUArH03a peKOMEHIyeTCs
MIPOBOIUTH OMOTICHIO JUTHHOM HE MEHEee 25 MM,
YTO HE BCETrJa BO3MOXKHO [16].

Pacrymas pacnpocTpaHEHHOCTh
MAXEBII u panee ynomsiHyTble OrpaHUYEHHUS
OWOINCHKM TICYEHU TPUBEIN K pa3paboTKe
HeunBa3uBHbIX TecToB (HUT) nnst tounoi
IIOCTAHOBKM  JIMarHO3a W ONpEAeNeHUs
CTEIIEHU pUCKa pa3BUTHUS OocioxkHeHuid. HUT
WCIIONB3YIOTCS JUIsl JUAarHOCTUKU CTearo3a,
cTeaTorenarvura W JJis TOCTAHOBKU JIMAarHo3a
«pubpo3  meuenuw»  [17]. HennBa3uBHbIC
TECTHI, KOTOpbIE M3HAYaJIbHO ObLTH
pazpaboTaHbl Il TIOCTAHOBKHM JHAarHo3a
«pubpo3», BCcE wHame WCHOIB3YIOTCS IS
ONpeleleHusT IMPOrHO3a, CBA3aHHOIO C
XpoHUYeCKUM 3abosieBanuem mnedenu. HUT-
TECTBl MOKHO pa3/ieiuTh HAa TPU OCHOBHBIE
KaTerOpUH: aHAJIM3bl CBIBOPOTKU KPOBH,
METO/Ibl BU3YaJIH3alud U KOMOMHUPOBAHHBIE
oreHku [18].

B OTJINYUE oT HAaCTOSIIETO
uccnenoBanuss Brodosi L. et al [19] me
YAQJIOCh BBIABUTh 3HAUYUMbIE COCTOSIHUS
TPEBOTH U JEMPECCHH, CBSI3aHHBIE UMEHHO C
HaJIn4ueM MAXBII B TIOIYJISALIUH,
MpoIIeael  CKpUHMHT  Ha  HaJIW4He
renaTole/UIIoNsAPHOrO  KHMpa, Kak  3TO
PEKOMEHI0BaHO PEKOMEHIalUsIMHU, y
MAIMEHTOB C MPU3HAKAMH METa0OINYEeCKOTO
cunapoma. [lo cpaBHeHUIO C ManueHTamMu 6e3
OMOXMMHYECKUX W BH3yalbHBIX MPU3HAKOB
MAXGBII, ux pe3ynbTaThl B BaIUIUPOBAHHBIX
ONPOCHUKAX JIETIPECCUU U TPEBOXKHOCTH HE
Xy)Xe€ TIOcie  KOPPeKIMH ¢  y4eTOM
CKOppPEKTUPOBaHHBIX (hakTopoB. Hambonee
BOKHBIMU (paKTOpaMH, MOBBIMIAIOIIMMH PUCK
pPa3BUTHUSL TPEBOTU U JCMPECCUM, OCTAIOTCA
TTOKMJION BO3PACT M )KEHCKUM TTOJT.

Cas3p Mexny MAXDBII u nenpeccueii B
o01ecTBe SABIACTCS MIPEAMETOM JUCKyCcChid. B
CUCTEeMaTUYeCKOM 0030pe M MeTaaHalu3e,
pxurroyarommx 6omnee 16 000 moKUIbIX JII0aei
(> 60 ner) B 19 wuccienoBaHusIX, HAIAYWC
M30BITOYHOTO BECa M OKUPEHHS ObLIO CBSI3aHO
c OoJee MOBBIIEHHBIMU IIAHCAMU JICTIPECCUU
[20]. OT1O, BEeposATHO, HE OTHOCUTCA K Oojee
MOJIOIBIM CYOBEKTaM. ABTOPHI TPUILIA K

BBIBOJly, 4YTO YBEJIMYEHUE OXKUPEHUS OT
JETCTBa K B3pOCIOMY BO3pacCTy, YYUTHIBAs
OompIoi Habop Beca ¢ 20 neT, ObUTO CBSI3aHO
C  TOBBIIICHHBIM  PHUCKOM  JICTIPECCHH,
OCOOCHHO Y EHIIHUH. DTO MOATBEPANIOCH B
yCIIOBUSIX, The Oojiee BBICOKHE Oalibl
Jenpeccuu, HaOIIo1aeMble y JIUI] B BO3pacTe
crapme 60 JeT MmO cpaBHEHUIO ¢ OoJee
MOJIO/IBIMU TallMEHTaMH, OBUTH B OCHOBHOM
00yCJIOBJICHBI pa3HUICH, HaOII0JaeMON Yy
KCHIIMH.

Orpunarensiyto cBa3b MAXKBII ¢
JETPECCUEH U JINYHOCTHOU TPEBOKHOCTHIO 110
cpaBHeHUIO ¢ rpynmnoi 6e3 MAXBII cienyer
MHTEPIPETUPOBATH C OCTOPOXKHOCTHIO. Kak
BUJHO, OSTO B 3HAYUTEIBHON CTENEeHH
00ycJIOBIeHO OoJsiee MOKWIBIM BO3PAacTOM H
Oonbied nonerd MyxuuH B rpyrmne MAXBII
(mBa QaxTopa, CBSA3aHHBIX CO CHUXCHHEM
pHCKa JENpeccuy), W 3Ta pa3HUla TepseT
CBOIO 3HAYUMOCTH TIOCJIE KOPPEKIUH C YIETOM
KOPPEKTUPYEMBIX (bakTopoB, BKJTIOUast
paznuuus B 0Opa3OBaHMM, B 3HAUYUTEIHHOMN
CTETeHH OTPAKAIOLIUECS HA PA3IIMYHBIX BUAX
JEeATEIbHOCTH. JIeHCTBUTENBHO, B JIPYTUX

MCCIIEI0BAHMSIX ObL1a OTMEYEHA
TOJIOKUTEIbHASL CBA3h MEXY JAeTnpeccuei u
TPEBOKHOCTHIO c HAXGBIL. B
PETPOCTIEKTUBHOM MOTIEPEUHOM

UCCIIEJOBaHUM C ydactueM 25 333 4yenoBek
HAXBII Opima 3HAYMTENBHO CBSI3aHA C
nenpeccueit (ckoppextupoBansblii OI1I, 1,43;
95% J1U, 1,14-1,80; P =0,002), B TO BpeMs Kak
Tsokenas  HAXBII  Oputa  cBsizaHa  C
COCTOSIHUEM M JIMYHOCTHOH TPEBOXKHOCTHIO
(cxoppextupoBanusiii OII, 1,84; 95% U,
1,01-3,37; P=0,047 m CKOppPEKTHPOBAHHBIN
ol 2,45; 95% AW, 1,08-4,85; P=0,018
COOTBETCTBEHHO) y okeHmuH [19, 20].
AHanoruyHpIM  00pa3oM, B TONEPEYHOM
HCCIIEIOBAHUU, TPOBEIECHHOM Ha 3327 numax
n3 HanmonanbHOTo 00CI€e10BaHus 310pPOBbs U
MUTaHUS, PACHPOCTPAHEHHOCTh JENpPECcCUH,
OLICHEHHAs C ITOMOIIBIO ONPOCHUKA 3/10POBbS
nanuenTa (PHQ-9), Oputa Beile cpeau aur ¢
MAXBII unu 3HaunTeNEHBIM GUOPO30M, UEM
cpenu Tex, y koro ero He O0b10 [21]. HAXKBII
Obula O0paTHO CBs3aHA C TPEBOXKHOCTHIO M
MOJIOKUTETIBHO  CBA3aHA C  JICTIPECCHEH.
Hakonen, B 10-meTHEM  JIOHTHTIOJTHOM
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HCCJIEIOBAHHH,
ManyreHTa c

CpaBHHUBABIIEM 19871

HAXBII c 19871
COOTBETCTBYIOIIUM KOHTPOJIbHBIM
CyOBEKTOM,  OTHONIEHHE  PHUCKOB IS
BO3HUKHOBEHHMsS Jieripeccuu cocrasmio 1,21
(P<0,001), a TUTSI BO3HHKHOBEHUS
TpeBoxHoctu — 1,23 (P<0,001) [21].

[IpumeuaTenbHO, dYTO B KOropTe
MaUEHTOB, He oTHOcsmuXxcst K MAXKBII, npu
AHKETUPOBAHUU Oblja BbISBIICHA HEOKUJAHHO
BBICOKAsl paclpoCTPaHEHHOCTh TPEBOKHO-
JENPECCUBHBIX PACCTPOMCTB, HECMOTpPS Ha
Oomee  HUBKHMIA  YpPOBEHb  OXXHPEHHUS.
[IpencraBiasioT 1M 3TU TAIMEHTHl C MEHee
TSOKENBIM TEYEHHEM 3a00JieBaHMsI KOTOPTY,
PENpPE3eHTATUBHYIO ISl HACENICHUS B IIEJIOM,
WM KOTOPTY, CHEHaIbHO 00pallaolyocs 3a
MEIUIIMHCKOW  TOMOINBIO O  TOBOAY
IICUXOCOMATUYECKOTO PacCTPOMCTBA, IOKa
HESICHO.

[Tokaszarenu CUTYyaTUBHOMN u
JTUYHOCTHOU TPEBOXKHOCTHU YaCTUYHO
paznuuanuch B ciydasx MAJXKBII u 0Oe3
MAXGHBII, qTO0 IIO3BOJISIET OLIEHUThH
MICUXOJIOTHYECKYIO PEaKTUBHOCTb,
HENOCPEACTBEHHO CBA3aHHYIO C KOHKPETHOM
CUTyalue U B KOHKPETHBI MOMEHT BPEMEHH.
B o6eunx koroprax ObIIM BBISBICHBI pa3Inyus
B 3aBUCUMOCTH OT Toja M BO3pacTa, HO
MOKa3aTeN JIMYHOCTHOM TPEeBOXKHOCTH OBbLTH
BbIIe y nauueHToB ¢ MAXKBII.

B 3TOM CJI0KHOM CLICHAapuH,
OTOCPEOBAaHHOM  OMOIICHUXOCOIMATBHBIMU
¢dakTopamM, cleayer  paccMOTPeTh  TpH
JIOTIOJIHUTEJIBHBIX KOMIIOHEHTa. Bo-nepBbix,
JIeUeHHE JICTIPECCUH caMo 1o ceOe, BEPOSTHO,
yBenM4YnBaeT maccy Ttena [18], TeM cambiMm
CIOCOOCTBYSl HAaKOIJICHHUIO JKUpa B TECUEHHU.
Bompoc  ymorpebneHuss ~ MCHXOTPOITHBIX
[IPENapaToB CUCTEMATUYECKH HE OLIEHUBAJICS
B  aHajM3e; JIMIA, HaNpaBJieHHbIE B
MEIULMHCKOE YUPEKICHUE, KU CBOOOHO,
U OrpaHUWYEHHbIE JaHHbIE, COOpaHHBIE BO
BpEMS MCCIIEA0BaHUs, HE MOAJIEPKUBAIOT ITY
BO3MOXXHOCTh. TeM He MeHee, 3TO OCTaeTcs
OTPaHMUYEHUEM  HUCCIIEIOBaHUS,  KOTOpOE
JOJKHO OBITH M3yueHO Oosiee mopoOHo. Bo-
BTOpPBIX, HE OOHApYXEHO CBA3M MEXIy
W3MEHEHHEM Beca U TPEBOKHBIMU WU
JENPECCUBHBIMU KaTErOpUsMU. 3HAUNTENIbHAS

MoTepst BECa ¥ CHIKEHHE aIMETUTa BKIIFOYCHBI
B KAuyeCcTBE JMArHOCTUYECKUX KPUTEPUEB
OOJIBIIION JCTIPECCHH.

Tem He MeHee cylIecTBYeT KOppemnsus
CBSI3b MEXJy IOJIHBIM CHEKTPOM COCTOSHHMA
MAXDBII ¥ KOTrHUTHUBHBIMH HapyIICHUSIMHU
[22], xOTs mpOCTOM cTEaTo3 MeueHu He BCeraa
CBSI3BIBAIOT C KOTHUTHBHOW JUCQYHKIIHEH,
¢ubpos, 10-BUANMOMY, YBEITUYHUBACT
BEPOATHOCTh ~ KOTHUTUBHBIX  HapyLICHMIA.
Tounble MEXaHU3MBI 0 KOHIIA HE U3YYEHBI, HO
Mpernoaraercs, 4TO HaAKOIUICHHE
BHYTPHUIIEYCHOUYHOTO KHpa TNPUBOIUT K
CEKpelHH MPOBOCHAIUTEIbHBIX HUTOKUHOB,
aKTUBAlMd  MHUKPOTJMH W TIOBBIIICHHIO
MIPOHUIIAEMOCTH  T'eMAaTOdHIEPATUIECKOTO
Oappepa. JTO MOXKET NPUBECTU K Ieperaye
MMMYHHBIX KIJIETOK U HEUPOTOKCUYECKUX
(aKTOPOB B MO3T, YBEITUYECHUIO 00pa30BaHHS
OeTa-aMIIIONJa M CHIDKEHUIO €ro KJIHUpEHca,
9TO B KOHEYHOM HTOTe MPHUBOAWT K
MOBPEXKICHHUIO HEHpoHOB min cmepTu. Kpome
toro, MAXBII u CJ| 2-ro Tunma uMeEIT
OoOIIylI0  WHCYJTMHOPE3UCTEHTHOCTh  Kak
KITIOYEBYIO naTo(U3NOIOTHIECKYIO
0COOEHHOCTh, KOTOpasi CHUXKAET HKCIPECCHIO
pElenToOpoB HMHCYJIMHA B MO3Te, HapylIas

TaKue  KPUTHYECKUE ¢byHKIMN, KaK
HeHpoHalbHasI IJIaCTUYHOCTh u
JHEPreTUYECKUM MeTa0OoIU3M.

JIMMOTOKCUYHOCTh ~ MOXeT emé OoJblie
yCYI'yOUTh KOTHUTHUBHYIO JUCQYHKIMIO 3a
CU4€T BBICBOOOXK/IEHUS CBOOOJHBIX KUPHBIX
KHUCIIOT u HOCJIEIYIOLIETO 3arycka
BOCHAJUTENBHBIX IporeccoB. Kpome Toro,
IUCOaKTepuo3  CBSI3aH C  IOBBILICHHOM
MPOHUIIAEMOCTHIO KHIIEYHUKA "
MIPOHUKHOBEHUEM MPOAYKTOB
KHU3HEEATSIFHOCTH OaKTepuii B KPOBOTOK,
qyro emE OoJblIe CIOCOOCTBYET CHHMXKEHHIO
KOTHUTHBHBIX (DYHKITHIA.

MAXGBII BKJIIOYAET B celst
MIPOrPeCCUpPYIOIU CHEeKTp 3a00yieBaHUNA OT
MIPOCTOTO CTEaTo3a 4epe3 HEaIKOTOJIbHBIN
crearorenatut (HACT'), ¢ pubpozom mim 6e3
Hero, 10  1uppo3a. B HeEKoTOphIX
WCCIIEIOBAHMSIX TPOCTOM CTEaTo3 TEYCHU He
ObUl CBSI3aH C KOTHUTHUBHOM JuCOYHKLKEH,
MOSTOMY Ui YBEJIWYCHHUS BEPOSTHOCTH
KOTHUTHUBHBIX ~ HapylIIeHMH  HEO0OXO0JMMO
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Hannuue pudposa. Heckonpko ucciieoBanmii
cesa3piBaloT  MAJKDBII ¢ KOrHUTHBHBIMH
HapyUICHUSIMH Jake 0e3 Hamuuus IHppo3a
neyeHn ¢Gubpo3 meueHu ObLT ObI aKTOpOM
pUCKa pa3BUTHS KOTHUTHUBHBIX HAPYIICHUH.
Mexaau3mel, cBa3eiBaronme MAJKBII ¢
KOTHUTHBHBIMU HAPYIICHUSMH, 0 KOHIA HE
u3yuennl. [lpenmomaraercs, 4to mo Mepe
MPOTPECCUPOBAHUS HAKOIUICHUS
BHYTPHUIICYCHOYHOTO JKHpPA TOBPEKICHHBIC
reIaTOLMThI CEKPETHPYIOT M30BITOK
MIPOBOCTIAJIUTEILHBIX IUTOKHHOB. DTO MOXKET
AKTUBHPOBATh MUKPOTJIMIO W  YBEIUYHTH
MTPOHUIIAEMOCTh reMaTodHIIe(PaTHIeCKOro
O0appepa, dYTO TPHUBOAUT K Iepenaye
HMMYHHBIX KJIETOK W HEHPOTOKCHUYECKHX
¢daktopoB B Mmo3r [23]. HeiipoBocnanenue
YBEJIUYHBAET 0Opa30BaHKUE OETa-aMUJIOUIHBIX
Omsmexk, a IUChYHKIUS TEYSHH CHUXKACT
KJIUpeHC OeTa-aMHJIONJa, YTO MPHUBOJHWT K
YBEIMYCHUIO OO0IIel KOHIEHTpaluu OeTa-
aMuiIon1a. OTH MEXaHU3Mbl MOTYT BBI3bIBATh
MOBPSKIACHAEC WU THOENh  HEHPOHHBIX
kietok. [lpenmonaraercs, uyro MAXKBII
MPUYMHHO YMEHBIIACT IO0ATBHYIO TLIOIA b
MOBEPXHOCTH U M3MEHEHHS B KOPKOBBIX
CTPYKTYpax HECKOJbKHUX W3BWJIMH MO3Ta.
HeiipoBocnanenue HE SIBIISIETCS
€IUHCTBEHHBIM MEXaHH3MOM, CBS3LIBAIOIIUM
MAXDBII ¥ KOTHUTHUBHBIE HapyLICHMS.
NHCcynmHOpE3UCTEHTHOCTD CHIDKAET
SKCIPECCUI0 HHCYJIMHOBBIX pELENTOPOB B
MO3re, 4YTO, B CBOIO O4Yepelb, YyXYyAIIaeT

HEVPOHAIBHYIO IJIACTUYHOCTb,
HEUPOMPOTEKIMI0, POCT  HEUPOHOB U
SHEPreTHUECKUid MeTabonn3M — KIFOUeBbIe

(GyHKIUH, KOTOpble  HHCYJIWH  OOBIYHO
MOJIIEP>)KUBAET B 3/I0POBBIX (PU3HOIOTUYECKUX
ycloBusIX. bosee TOro, JIMIIOTOKCHYHOCTS,
XapaKTepU3yIOIasCsl BPEJHBIM HAKOIIEHUEM
JUIHOB B HEXKUPOBBIX TKAHSIX, 0COOEHHO B
MIEYEeHH, BO3HMKAET W3-32 BBICBOOOXKIECHUS
CBOOOTHBIX KHUPHBIX KHCIIOT u3
WHCYJIMHOPE3UCTEHTHBIX aJMIIOIUTOB. ITOT
porece 3aIrycKaer BOCTIAJIUTEIIbHBIC
MPOIECChl, KIETOYHYIO AUCHYHKIUIO U
guroanonto3. B mo3re  HapyuieHwue
peryJisiiuy, BBI3BAHHOE JIMIIOTOKCHYHOCTHIO,
BIMSIET  HAa  OPEKCHH,  HEWpOIeNTH],
HEOOXOAUMBINA 11 KOTHUTUBHBIX (YHKIIHH,

UCTIOJHUTENBHBIX (QYHKUMH U O0y4YeHHS.
JlononHUTENbHBIM ~ TATO(U3HOIOTHYECKUM
¢akTopom pa3BUTHUSA KOTHUTHUBHBIX
HapyueHui, cBsizanHbix ¢ MAXKDBII, aBnsercs
U3MEHEHHE KHUILIEYHOI MUKPOOHOTHI,
M3BECTHOE Kak nucOakTepuos. JucOakrepnos
CBSA3aH C IIOBBILIEHHOM IPOHUIAEMOCTBIO
KHUIIEYHUKA JJI1 MOJIEKYJSPHBIX CTPYKTYP,
aCCOLIMMPOBAHHBIX C MATOI€HAMHU, TAKUX Kak
JUTOMOJINCAaXapU bl u Ipyrue
OaKkTepHaIbHBIE POTYKTHI.

BaxxHo ykazaTb Ha yCTaHOBJICHHYIO
HaMU [OBBIIIEHHYIO PacHpoCTPaHEHHOCTb
capkonenuu y naueHtoB ¢ MAXBII. Cas3b
Mexny MAJXKDBII u capkoneHuedn MOXKHO
aHAJIM3UPOBATH C PA3HBIX TOYEK 3PEHUs, O/IHA
U3 KOTOPBIX OblIa pacCMOTpEHa B HEJaBHEM
HCCIIeIOBaHUU [24], UCTIOIB30BABIIIKE JJAHHBIC
Tperbero HauMOHAIBLHOTO  OOCIEAOBAHUA
3nopoBbss u nurtanus (NHANES III) u
MOKa3ajgo, 4YTO Yy TMalHeHTOB C 000MMHU
3a00JIeBaHUSMU PUCK CMEPTHOCTH BBIIIIE, YEM
IIpU HX OTCYTCTBUHU. JIpyro BO3MOXKHBIN
aHanu3 — 3TO u3ydeHue 3(G(HEeKTOB BIUSIHUS
OJIHOM maTojioruu Ha Japyryio. IlamueHTsl
MAXBIT  umeror  OomnplIy0o  MOTEPIO
MBIILIEYHONH MAaccChl, YTO YBEJIUYUBAET PHUCK
pa3BuTHs capkoneHuu. B marodusmonorun
MAXBII moxHO HaOMIOAATH, KaK IMOKAa3aHO
BBIILIE, BA)KHOE BOCHAIMTEIBLHOE COCTOSHUE U
MHCYJIMHOPE3UCTEHTHOCTh, KOTOPbIE B 3TOM
CBSI3M INPUHUMAIOT TJABHYI pOJIb H3-3a MX
CIIOCOOHOCTH YCHJINBATh IPOTEOIIU3,
NEUCTBYsS HEMOCPEACTBEHHO Ha IOTEPIO
MBIILIEYHONH Macchl. AHaJOTUYHBIM 00pa3oMm,
JIOAM C CAapKOIIEHUEN CBA3aHbI C B TPU pa3a
6oJee BeIcOKUM puckoM pa3Butus MAXKBIIL, u
9T0 aenaer ¢ubpo3 remarurta emie Oolee
TSKEJIBIM Y MallMeHTOB, KOTOPBIE YK€ UMEIOT
9T0 3a005€eBanue. B 3TOM citydae 3TH COOBITHS
oOBsicHsItOTCA 3 dexTamMu  TOBBIIICHUS
MHCYJIMHOPE3UCTEHTHOCTU U3-32 CHUKECHMS
MBIIIEYHOH MAacChl; IOCJI€ TOTO, KaK Takas
TKaHb CTAHOBHUTCS OCHOBHBIM  (hoKycom
noTpedieHus TJIFOKO3BI, KOTOpOE
CTUMYJUPYETCSI HMHCYJIMHOM, 4YTO BCKOpE
CIOCOOCTBYET  CO3/IaHHMIO  OJAarONMpUATHON

Cpenbl JUTS pa3BUTHUA MAXBII,
SHEPreTHYECKUX u BOCHAJIUTEIbHBIX
paccTpoOMCTB.



OpueuHaJZbHaﬂ cmamovi
Original article

HayuHvle pesysabmamol 6uomeduyuHckux uccaedosanutl. 2026:12(1):139-153

Research Results in Biomedicine. 2026:12(1):139-153 149

Haxomnerr, B3alMOCBS3b MEKTY
MAXGBII 51 CapKOIEHUEH TaKXKe
MPEACTABISIET COOOM aCMeKT, KOTOPBIM MOKET
OBITh  WCIIOJI30BaH  JUISI  KIMHUYECKOTO
YIIyUIICHHUS, MTOCKOJIBKY MBIIICYHAS
peabunuTanuss W JUETOTEpanus  [pH
CapKOIEeHUHU MOTYT YBEJIUYUTH
BbDKHBaeMocTh manueHToB ¢ MAXKBII u
CHU3UTH Ipyrue OCJIO’KHEHUS u
comyTcTByomue 3adoneBanus [25]. BaxkHo
u3y4yaTrh 3Ty B3aMMOCBS3b, IOCKOJBbKY OHa
MOXKET TOBIHATH Ha pa3pabOTKy HOBBIX
crenu(puIecKuX METOAO0B JIedeHHUs 000uX
3a00JIeBaHUM, XOTSI ATOT CLIEHAPHIA JO CHX TTOP
MPEACTABIISIETCS HEAOCTATOYHO U3YUYEHHBIM.

MHoroueHTpoBoe KIIMHUYECKOE
UCCIIEIOBaHUE,  IPOBEIEHHOE B  CEMH
ooipHUIIAX Kutast, mpo1eMOHCTPUPOBAO, YTO
WHTEHCUBHOE BMEIIATEIHCTBO B 00pa3 KU3HHU,
KOTOpPOE BKJIFOYAET B CEOSI TUETHI C BHICOKUM
coJiep>kaHueM Oellka U HU3KUM COJIep KaHueM
yTJIEBOJIOB, a TaK¥kKe buznueckue
yOpaXHEHHUs,, CHOCOOHO  CIIOCOOCTBOBATH
yinydymieHussM B pamkax MAXBII, yxe
YKOPEHUBILIUXCS Y JIOJEH, U 3TU PE3yJIbTaThl
O6onee dS(QexTuBHB, UYeM Te, KOTOpHIE
MOJIy4EeHbI C TIOMOIIbIO COATaHCHPOBAHHBIX
JUET C  OTPAaHMYEHUEM  KAJIOPHUIHOCTH.
[TanineHTHl, BKJIIOYEHHBIE B HCCIIEIOBAHUE,
ObUIM  KJIACCU(UUMPOBAHbI KaK HMEIOIINe
M30BITOYHBIN BEC WM OKUPEHUE C TIOMOIIBIO
UMT u uchoblTaM CHHXKEHUE NapaMeTpOB
OKUpEHUS, YIy4dIlIeHUEe JIUIMUIHOTO OOMEHa U
TOBBIIICHUE YYBCTBUTEIHLHOCTH K MHCYJIHUHY,
BKJIIOYAs CHIDKEHHE TJIMKO3WJIMPOBAHHOTO
reMornobuna Alc, WHCylIMHAa HATOIIaK H
[JIFOKO3bI B KPOBU Hatomiak [20].

KoroptHoe uccnenoBanue ¢ ydactuem
MAlMEHTOB C TOJTBEPKIECHHBIM OUOTICHEH
MAJKBII 1 o11eHKO0M MacChl CKEIIETHBIX MBIIIIIT
JUTSt XapaKTEPUCTUKHU CapKONEHUU
00OHapy>KUIIO Oonee BBICOKYIO
pacpoCTpaHEHHOCTh CAPKOMEHWW Y JIHI[ C
MAXBII; capkonenus Takxe Obljia CBA3aHa C
WHIYKIUEeH BBICOKOW cTereHu (Puoposa
MEYEHHU, W OTOT PE3yNbTaT COXPAHSIICA
HE3aBHUCHUMO OT BOCTAJIUTEIHLHOTO COCTOSHUS
MalUeHTa, YyYBCTBUTEIBHOCTH K HHCYJIUHY U
oxupenus [23]. Kpome Toro, gpyroe

nornepedHoe uccnenoBanue u3 Kopeu taxxe
MOKa3aJI0, YTO TaKWe MU3MEHEHUs, BbI3BAaHHbIC
capkonenueit B ciayyasx MAXBII u ¢pubposa
MIEYEHH, IPOUCXOAT HE3ABUCUMO OT HATHYUS
WM OTCYTCTBHSI METaOOIMYECKOTO CHHAPOMA

NI OXXHUPECHU, qTo IMOATBEPKAACT
OIIMCAHHYIO KOPPECJIALHIO.
Honepeque HUCCiIcaJ0BaHUC,

nposeneHHoe B CIIIA ¢ yyacTueM MOXHUIIbIX
MalKUEeHTOB, I[I0Ka3ajo, YTO CYIIECTBYET
Ba)KHAs pa3HULA MEXKy POCTOM M BECOM IIpU
KOPPEKTUPOBKE HHJIEKCA CKEJIETHBIX MBIIII]
MalUEHTOB, IMOCKOJBKY IPU KOPPEKTUPOBKE
II0 POCTY TSDKEJIBIM I'enaTocTearo3 CBsA3aH C
0ojee HU3KHUM PHCKOM CapKOIIEHUH, B TO
BpeMsi KaK KOPPEKTUPOBKA Beca
MOAPa3yMeBaET MOBHIIICHHBIM PUCK B TOM K€
OTHOIIICHUH, 4TO yKa3bIBaeT Ha
HEOOXOIUMOCTh  JaJbHEHIIEr0  U3Y4YEHHUs
[0Ka3aresei, KoTopble OyyT UCII0Ib30BaThCs
JUIS  JUAarHOCTUKM O3TUX 3a0oleBaHUil y
MOXKUJIBIX nanuenTos [17, 18].

3akioueHue. Bo3spactabsiMu
0COOEHHOCTSIMH MAXGBII SIBJISIFOTCS
MOBBILICHHBIE TOKa3zarenu creneHu BPB
MULIEBOJIA, coJiepKaHus B KpOBU
acmapraTaMHUHOTpaHc(epassbl, KECTKOCTH
MEYeHH U CHIDKEHHBIE YPOBHHU TPOMOOIIUTOB B
KpoBu.  JlaHHBIE  mapaMeTpbl  CIEIyeT
HCIIOJIb30BaTh B KAuyeCcTBE  BEAYLIUX
auarHoctuueckux — kpurepues MAJKDBII
y TalUeHTOB TOXKUJIOTO M CTAPYECKOIO
BO3pacTa. Mexny COZIepKAaHUEM
TPOMOOIIUTOB B KPOBU U TMapaMeTpaMu
JKECTKOCTH TIEYEHU U KECTKOCTH CEIIE3EHKU
BBISIBJICHBI oOpaTHbIE JIOCTOBEPHBIE
KOppEJIALNH, npuyéM Yy  TALKUEHTOB
CTapyecKoro Bo3pacTa 0ojiee BBIPAKEHHbBIE U
COOTBETCTBYIOLIHE oOpatHoi CUJIBHOU
KOPPEJISIIUOHHOW CBA3M B O0OMX CIydasXx.
[TanmenTs! crapueckoro Bozpacta ¢ MAXBII
OTHOCUTEIIbHO TPYNIIBI MOXKUIOTO BO3pacTa ¢
MAXBII umeror Oosiee BBICOKHI YpPOBEHB
JETPECCUH (p<0,05), KOTHUTHUBHBIX
Hapymenuit (p<0,05) u pacnpocTpaHEHHOCTH
CHHpOMA CTap4yecKou MpEacTeHNH,
CapKOIEeHUH, 4TO yKa3bIBaeT Ha
HE00X0IMMOCTb KOPPEKINH ux
repUaTpUyYECKOro craryca.
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Baguausanus pyccKoOsA3bIYHOU BEPCUU
mkaJabl Recovery Assessment Scale — Domains
and Stages (RAS-DS) nias onenkn
BOCCTAHOBJICHUA IOCJIC IIEPBOIO
IMCUXOTHYECKOI0 3IU30/1a

B.A. UYunapes'? ©, E.B. Maaununa® @, ML.JI. O6yxoBal

! ®enepanpHoe TocynapcTBeHHOE G10KETHOE 00PA30BATEILHOE YUPEXKIEHHE BHICIIENO
obpazoBanus «HOxHO-YpanbCKuii roCy1apCTBEHHBIA METUIIMTHCKHI YHUBEPCUTETY,
yi1. BopoBckoro, a. 64, r. Yensounck, 454000, Poccuiickas denepanus
2TocyapcTBEHHOE OIOKETHOE YUPEK/ICHHE 31paBooXpaHenus «O0IacTHAS KINHIIECKas
CHelralu3upoBaHHas ICUXOHEBpoIoruyeckas 6oapHUIa Nely,
yi. Ky3unenosa, a. 2A, r. Yensounck, 454028, Poccuiickas deneparnus
Aemop onsn nepenucku: B.A. Yunapes (va.chinarev@bk.ru)

Pesrome

AKTyaJIbHOCTh: 3HAYUMOCTb JaHHOW HAay4HOU cTaThu 00yCIIOBIEHA OTCYTCTBUEM PYCCKOSI3bIUHBIX
MICUXOMETPUUYECKHX IIKaI, 00bEKTHBHO OLIEHUBAIOIINX apaMeTPhl INYHOCTHOTO BOCCTAHOBIICHUS B
pamMKax KOHIIENIMU «recovery». B ycnoBusax pacTyliero MHTepeca K peabuiIMTaluy NalUueHTOB ¢
MICUXUYECKUMHU PacCcTpOCTBaMU U HEOOXOAUMOCTH CO3/1aHUs APPEKTUBHBIX PECYPCHBIX CUCTEM IS
OKa3aHUs TIOMOIIM JIIOASIM, MEPEKUBIIUM TEPBbI ICUXOTUYECKUIN SIH307, BaTUAU3ALMSL
PYCCKOsA3bIUHON Bepcuu mikaibl Recovery Assessment Scale — Domains and Stages (RAS-DS)
OTKpBIBAET HOBBIE T'OPU30HTHI JUISl KIMHUYECKOM IMPaKTUKW M HaydHbIX HcciaeaoBaHuid. Ileab
HCCIeOBAHMA: AJanTanuss W BaIWAU3alMA  PYCCKOS3BIYHOW BEPCHM  IIKAIbl  OLEHKHU
BOCCTaHOBJICHUS — IOMEHBI U cTaguu Recovery Assessment Scale — Domains and Stages mo Hukona
Xoukok (RAS-DS). MaTtepuansl u MeToabl: B uccienoBaniu npuHsui yyactue 129 manueHToB
OTJIEJIEHUS TIEPBOI0 MCUXOTUYECKOT0 3MK30/1a B Bozpacte oT 16 g0 50 ner (31+7,9 net), npomenmmx
KOMIUIEKCHYIO MPOrpaMMy peadMIMTallMi CPOKOM JI0 IBYX JIET OT Havyasa rocnutanu3anuu. Cpenu
Y4aCTHUKOB IIpeobaganu My 4unsl (79,1%, n=102), 11MTenpHOCTh TOCIUTATN3AIUN COCTaBUIa OT
24 no 88 cyTok (42+13,8 nusi). B kauecTBe METOAOB OLIEHKH CTETIEHN TMYHOCTHO-OPUEHTUPOBAHHOTO
BOCCTaHOBJICHUS wucroab3oBanuchk mmkamel: PANSS, PSP, SFS, BHS, GAF, RAS-DS. [lusa
OIpeJieNIeHUs] BHYTPEHHEH HaAEKHOCTH CTPYKTYPhl ICUXOMETPUUYECKON IIKaJIbl ObUT MCIOIb30BaH
koa¢pdunmenta a-Kponbdaxa. /{71 olleHKH CTPYyKTYphI ONTPOCHUKA ObLT TPUMEHEH (PaKTOPHBIN aHATN3
[0 METOJy TJIABHBIX KOMIIOHEHT. [IJi1 cpaBHEHHsS KOJMUYECTBEHHBIX MOKa3aTeled pa3HbIX TIpyMIl
MICUXOMETPUYECKUX JAHHBIX TPU HOPMAJIbHOM pPACHpPEICIICHUN MEPEMEHHBIX HCIOIb30BANICA
t-xpurepuit CthrofenTa. lJis onucaHus CBA3M MEXIY IIKaJaMH MCHOJIb30BAICS KOPPEISIIUOHHBINA
ananu3. Pesyabtarbi: Kooddumments! a-Kponbaxa ayis Bcex mkain u o0miero nmokasarens mo RAS-
DS npessimanu 31auenue 0,90, xapakTepuszyemblil Kak OTIMYHBIN Ui BHYTpEHHEH HaJeKHOCTU
JMarHOCTHMYECKU MHCTPYMEHT. JlaHHas Mozelb IpOAEMOHCTpUpOBaJia OTIMYHOE COOTBETCTBUE
JAHHBIX ¢ Y4ETOM PUMEHEHUS B pacu€Tax CpeIHEKBaApaTUYHOM omnOku anmpokcumaimu RMSEA
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(RMSEA=0,0474, p<0,001); cpaBuutensnoro unaekca coorserctBus CFI (CFI=0,969); unaekca
Takepa-JIpronca TLI (TLI=0,945). Ilpu npoBeaeHun aHaM3a KOHBEPTCHTHOW BAJMTHOCTH OblLiia
BBISIBJIEHA BBICOKas MpsAMas Koppesauus ¢ ncuxomerpudeckumu mkanamu GAF (r=0,93, p<0,001),
SFS (r=0,91, p<0,001), PSP (1=0,84, p<0,001) u oOpatHas koppensuus ¢ onpocHukamu PANSS
(r=-0,71, p<0,001) u BHS (r=-0,83, p<0,001), 9yTO HOATBEpPKIACT BAJIMIHOCTH M HAJAEKHOCTD
HCCIIEyeMOr0 METOJ]a OLEHKH KOMIUIEKCHOTO BOCCTAHOBIICHHUS. 3akiiloueHHe: Pycckos3branas
Bepcusi mkanel RAS-DS Oputa ycmemmHso agantupoBaHa Ha BbIOOpKE MAIMEHTOB, MEPEHECHIMX
MePBBIN ICUXOTUYECKUHN SMTU30/, TPOXOAUBIINX KOMIUIEKCHYIO IPOrpaMMy peaOMIMTALIUIO U MOKET
OBITh PEKOMEH/IOBaHA B KAueCTBE WHCTPYMEHTa M CKPUHUHIAa BOCCTAHOBJICHHUS ITALIUEHTOB Y
PYCCKOSI3BIYHBIX PECIIOHICHTOB.

KiroueBble cjioBa: MepBblil ICUXOTHYECKUI SMU30/1; peaObuiInTaus MaieHToB; BHI3OPOBJICHNUE;
PANSS; PSP; SFS; BHS; GAF; RAS-DS

Jas uurupoBanusi: Yunapes BA, Manununa EB, O6yxoa M/I. Banunuzanusi pyccKosI3bIYHOM
Bepcun ImKajgbl Recovery Assessment Scale — Domains and Stages (RAS-DS) mis omueHku

BOCCTAHOBJICHUS I10CJIE IIEPBOI0 ICUXOTUYECKOI0 3nu30/1a. HayuHble pe3ynbTaThl OMOMEAMIIMHCKUX
uccnenosanmii. 2026;12(1):154-171. DOI: 10.18413/2658-6533-2026-12-1-1-0

Validation of the Russian version
of the Recovery Assessment Scale — Domains
and Stages (RAS-DS) to assess recovery after
the first psychotic episode

Vitaly A. Chinarev?®, Elena V. Malininal ©, Maria D. Obukhovat

1 South Ural State Medical University,
64 Vorovsky St., Chelyabinsk, 454092, Russia
2 Regional Clinical Specialized Neuropsychiatric Hospital No.1,
2A Kuznetsov St., Chelyabinsk, 454087, Russia
Corresponding author: Vitaly A.Chinarev (va.chinarev@bk.ru)

Abstract

Background: This scientific article is significant due to the lack of Russian-language psychometric
scales that can objectively assess the parameters of personal recovery within the broader concept of
'recovery'. In the context of growing interest in the rehabilitation of patients with mental disorders
and the need to create effective resource systems to help people who have experienced the first
psychotic episode, the validation of the Russian version of the Recovery Assessment Scale — Domains
and Stages (RAS-DS) opens up new horizons for clinical practice and scientific research. The aim
of the study: To adapt and validate the Russian version of the recovery assessment Scale — Domains
and stages Recovery Assessment Scale — Domains and Stages by Nicola Hancock (RAS-DS).
Materials and methods: The study involved 129 patients with a first psychotic episode, aged 16-50
years (mean age 31 years, SD 7.9 years), who underwent a comprehensive rehabilitation programme
lasting up to two years from the start of hospitalisation. The majority of participants were men (79.1%,
n = 102), and the length of hospitalisation ranged from 24 to 88 days (mean = 42 days, SD = 13.8).
PANS, PSP, SFS, BS, GIF, RUS-DS were used as methods for determining the degree of recovery
of patients. The a-Kronbach coefficient was used to determine the internal reliability of the structure
of the psychometric scale. To assess the structure of the questionnaire, factor analysis using the
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principal component method was applied. The Student's t-test was used to compare quantitative
indicators of different groups of psychometric data with a normal distribution of variables.
Correlation analysis was used to describe the relationship between the scales. Results: The
a-Kronbach coefficients for all scales and the overall RAS-DS index exceeded the value of 0.90,
defined as excellent for the internal reliability of the diagnostic tool. This model demonstrated
excellent data consistency, taking into account the use in calculations of the RMS approximation error
RMSEA (RMSEA=0.0474, p<0.001); comparative compliance index CFI (CFI=0.969); Tucker—
Lewis index TLI (TLI=0.945). During the analysis of convergent validity, a high direct correlation
was revealed with the psychometric scales GAF (r=0.93, p<0.001), SFS (r=0.91, p<0.001), PSP
(r=0.84, p<0.001) and inverse correlation with the PANSS questionnaires (r=-0.71, p<0.001) and
BHS (r=-0.83, p<0.001), which confirms the validity and reliability of the investigated method for
assessing complex recovery. Conclusion: The Russian-language version of the RAS-DS scale was
successfully adapted on a sample of patients after the first psychotic episode who underwent a
comprehensive rehabilitation program and can be recommended as a tool and screening for the
recovery of patients after PPE in Russian-speaking respondents.

Keywords: the first psychotic episode; rehabilitation of patients; recovery; PANSS; PSP; SFS; BHS;
GAF; RAS-DS

For citation: Chinarev VA, Malinina EV, Obukhova MD. Validation of the Russian version of the
Recovery Assessment Scale — Domains and Stages (RAS-DS) to assess recovery after the first
psychotic episode. Research Results in Biomedicine. 2026;12(1):154-171. Russian. DOI:
10.18413/2658-6533-2026-12-1-1-0

Brenenne. Panee quarnos paccTpoicTs
mu30(ppeHnYecKoro CIeKTpa (PCII)
CTAaHOBMUJICSI ~ OYKBAJIbHO  TOXXU3HEHHBIM
MIPUTOBOPOM M KJIIEMMOM, MPEMSTCTBYIOIIUM
COLIMAIIBHOW MHTETpaluy MalueHTa U emeé
CUJIbHEE TMOorpyXas B ayTu3anuio. Bemymiue
OCHOBOIIOJIOKHUKH IICUXUATPUH, Takue Kak E.
Bleuler, u BoBce oTpHLanu CyLIECTBOBAHUS
W3NeYeHUsT OT MMHU30pPEeHUN, YyKas3biBas B
CBOMX TpyJdax Ha TOT (HaKT, YTO JIMIIb
HEHaJUIeKAIUA ~ OCMOTp  MalMeHTa U
HEKOMIIETEHTHOCTD rcuxuarpa MOTYT
MOCITYXUTh (H)aKTOPOM TPUHATHUS MHHUMOTO
Osaromnonyuusi 3a BeAoposienue [1, 2]. Co
BTOpOi moOjoBUHBI 20 Beka NpUMEHSETCA
MOAXOJ, OPWUEHTHPOBAHHBIM Ha JMYHOCTH
MalMeHTa M €ro COLMAJbHYI0 aJanTaluio
rnocie IIEPEHECEHHOIO IIepBOro
ncuxotuueckoro  anuzona  (IMID)  [3].
UccnenoBanusi mocineaHUX JI€T TMPUBEIH K
(OpMUPOBAHUIO TIOHATHS - BOCCTAHOBJICHHE
«recovery», BKJIIOYAIONIEro B ce0sl HE TOIBKO

KyIIUpOBaHWE  CUMIOTOMATHKHA, HO U
¢dbopMupoBaHue ONTUMHUCTUYHOTO
CaMOBOCIIPUATHUSA MalMEHTA, KOTOpOe

oOecreynBaeT BO3MOKHOCTH HOJ'IHOIIGHHOI\/II
ajanranuum " conuaiv3anid B YCIOBHAX

6one3uu [4]. Boccranosnenue nocine [1I1D He
SIBJIICTCS  OJHOHAIPABJIICHHBIM  JITHHCHHBIM
MPOIECCOM, M TPYIHO MPEANOIOKUTh, UTO
KIET TAIlMeHTa M Bpada Ha TOCIETYIOIINX
sTanax OOJIe3HH U KOT/Ia UMEHHO HACTYMHT
BBI3JIOPOBJICHHE.

Konnenmus «recovery» MHOTOTpaHHA U
BKJIIOYaeT B ce0s KOMIUJIEKC OCHOBHBIX
aCTMEeKTOB B BOCCTAHOBJICHHMH, BKIIFOUAIOIIUX
KIIMHUYIECKOE (CHMIITOMAaTHYECKOE),
(GyHKIIMOHATTEHOE (cormanbHOE) u
JUYHOCTHOE (JIMYHOCTHO-OPUEHTHPOBAHHOE)
[5]. CoBpeMeHHbIE MOAXOJbl K JEUYEHHUIO U
peadmIuTaIn MalMeHTOB c s
MpPeAroiIaratoT pa3BuUTHE porpamm,
HaIpaBJICHHBIX HA CHIDKEHUE CTUTMATH3aIUH,
MOAJEPKKY  COIMAILHOM  aKTUBHOCTH H
BKJIFOUCHHE TIAI[ICHTOB B OOIIECCTBECHHYIO
KU3Hb. AKIICHT Ha WHIUBUAYATH3UPOBAHHBIHA
MOAXO, a TaK¥Ke MIPUMCHCHHE
MEXIUCIUTITMHAPHBIX aCTMEeKTOB B TEparuw,
TaKUX KaK MCHUXOTEPAITHs, METUKAMEHTO3HOE
JeYeHWe W COIMallbHasg  TOJIEPIKKa,
CIOCOOCTBYET YJYUIIEHHUIO KayecTBa >KU3HU
MAaIMEeHTOB, TTOBBIIIAS ux YpOBEHb
(OYHKITMOHUPOBAHUS U YMCHbBINAS CHMITTOMBI
paccTpoucTBa.
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3a cuér MHOTOT'PaHHOCTHU u
CYObEKTUBHOCTH  TOHATHS  JINYHOCTHOTO
BOCCTAHOBIICHHUS nepen BpayaMu-

MICUXHATPaMH BCETia CTOUT HE MEHEE BayKHBIH
BOIIPOC TIOMCKAa HOBBIX CHOCOOOB OLIEHKH
JTUYHOCTHO-OPUEHTUPOBAHHOTO

BOCCTAHOBJICHHUSI. [Tpumepom TaKoro
MICUXOMETPUUECKOT0 HHCTPYMEHTA SIBJISETCS
1IKaJla OIEHKH BOCCTAaHOBJICHHUSI — JJOMEHBI U
cranuu: Recovery Assessment Scale -
Domains and Stages (RAS-DS),
pazpaborannas B 2015 rogy ABCTpainiicCKuMu
yuénbiMu  (Xoukok, H., Ckannan, JIx.H.,
banmu, A.C. u Xanu, A.). B nocneqnue roapt
3TOT OMPOCHHUK CTall MPEIMETOM BHHMAHHUS
TICUXHATPOB CO BCErO MUpa U ObLI MepeBeAcH
Ha 18 S3bIKOB M BaJIMIM3UPOBAH B 26 CTpaHax,
3apeKOMEH/IOBaB ce0sl Kak OBICTPBIA U
HaA&XKHbIM  uHCTpymMeHT [6, 7]. MU3-3a
OTCYTCTBHS PYCCKOSI3BIYHBIX
TICUXOMETPUUECKHUX IKad, KOTOpBIC
OOBEKTUBHO MOTYT OIICHUTH IapaMeTphl
JUYHOCTHOTO BOCCTAHOBIICHUS («IECOVery»),
aKTyallbHOM  sBISeTCS  ajanTtauus |
Banuauzanus RAS-DS nis pycckoroBopsimmx
pecnionieHToB. [lIkasia cCOCTOUT U3 pa3IUYHbBIX
JIOMEHOB, KaXIbIiI M3 KOTOPBIX OTpPaKaeT

KIIIOYECBbIC KOMITIOHCHTBI mnmpounecca
BOCCTaHOBJICHHA. I[OMGHI)I BKJIIOYAIOT:
JIUYHOC CaMOCO3HaHHEC n ITOHMMaHHEC
IICUXUYCCKOI'O COCTOSIHHA, OINYIICHHE

HaJeXJAbl U YBEPEHHOCTH B Oyayiem;
COLIMAJIbHBIE CBSI3M U MOJJEPKKA CO CTOPOHBI
OKPY’KalOIINX; YPOBEHb BOBJIEYEHHOCTH B
KHU3Hb M aKTHMBHOE y4YacTHe B COOOIIECTBax.
Banunuzanus u agantanys JaHHOW LIKaJIbl HE
TOJIBKO CIOCOOCTBYET pAa3BUTHIO HAYYHBIX
3HaHUN B OOJACTH TICHUXWYECKOTO 37I0POBBSI,
HO W  pacmmpsieT BO3MOXHOCTH  JJIA
MEePCOHATU3NPOBAHHOM peadmHTaIy,
CIIOCOOCTBYSI ~ TIPEOJIOJICHHIO  OOJE3HH U
YCIIENTHOW HHTETPAIiy B 00IIECTBO.
ABtopamu maHHON crtaThu (UuHapeB
B.A., Mamnuna E.B., O6yxoBa M./,
Poccust) ocymecTBnén nepeBoa OMpOCHUKA Ha
PYCCKUN $3BIK, CO3JaB €r0 PYCCKOS3bIYHYIO
BEpCUI0, AHAJOTMYHYI0  OpUTMHAIy  Ha
anrnuiickom. Ilpu 5ToM ObUIM  yuYTEHBI
STHOJIMHTBUCTHYECKHE 0COOEHHOCTH
JIOKAJBHON TOMYJISIIIUNA, YTO COOTBETCTBYET
MPUHIIAIIAM  JTOKA3aTeIbHOM MEIHWINHBI U
tpeboBanusiM Good Clinical Practice (Puc. 1).

Jlo HacTosiero BpeMeHu Baduau3anus
PYCCKOSI3BIYHOM  BEpPCHUU  OMNPOCHUKA  HE
IIPOBOJIUJIACK.

Heap wucciaegoBaHus. Apanrtamus H
BAJIUU3ALNS PYCCKOSI3BIYHON BEPCUU Kb
OLICHKH BOCCTAHOBJICHUS - JOMEHBI U CTaUU
Recovery Assessment Scale - Domains and
Stages mo Hwuxoma Xsukok (RAS-DS) nHa
BBIOOPKE TMAlMEHTOB, TEPEHECIINX IEePBhIA
MCUXOTUYECKUN  3MU30[,  MPOXOIUBIIUX
KOMIUICKCHYIO TPOrpaMMy pPeaOWIHTAllUU B
KJIIMHUYECKOM OT/IeJICHUU MepBOTo
ncuxoruyeckoro smu3ona 'bY3 «Oobnacraas
KJIMHAYECKAs CIelMaJIu3upOBaHHAs
NCUXOHEBpoJjoruueckass  OonbHuna  Ne 1»
r. UensiOnHcKa.

MarepuaJni | MeETOABI. B
WCCJICIOBAHUM TPUHSUIM Y4YacTHE TMAalUCHTHI
MOCJIE€ TEPBOro TCUXOTUYECKOTO 33074,
MIPOXOJMBIIHNE JICUCHUE W PEAOUTUTAIIMIO B
MEPBUYHOM KJIIMHUYECKOM OT/ICJICHUU.
Kpurepusamu BKIIIOYEHUSI PECIOHIIEHTOB B
BBIOOPKY CTaJH: HaJIn4ue IIEPBOTO
NCUXOTUYECKOTO  3Mu3ofa  (IJIUTEeNbHOCTD
3a0oneBanus He Oosiee 5 JeT, KOJIUYECTBO
rocrnuTan3anui He 6osee 3); ICUXOTHYECKOe
paccTpoicTBO COOTBETCTBYET KpuTepusam F20,
F23.0, F25, F23.1 mno MexnyHapomaHoii
kiaccudukanuu 6omnesHeit 10-ro nepecmorpa
(MKB-10); Hanuuume HHPOPMHPOBAHHOTO
TOOpPOBOJIBHOTO COTJIacHsi Ha ydYacThe B
Hay4yHO-HcCcIeoBaTeNbeckoid  pabote. B
UCCJIEIOBAHUM HE TPUHUMAIM  ydacTue
NAIMEHTHI, ICUXOTUYECKUN 3MU30[ KOTOPBIX

BO3HHK BCJIICACTBHEC ynOTpe6HeHI/I${
IICUXOAKTUBHBLIX BCIICCTB, B TOM YHCIIC
AJIKOI'OJIA. HpOBe,Z[eHHOG HUCCICIOBAaHUC

COOTBETCTBOBAJIO TMOJIOKEHUAM XEINbCUHCKON
neknapamnuu 1964 r., nepecmotperHoi B 1975-
2013 rr, u o100peHO 3acelaHueM JIOKaJIbHOTO
stnyeckoro komurera Ne06 ot 09.10.2024 r.
OI'bOY BO OYI'MY Munsapasa Poccun.
brun coOpaHbl COLIMAJIbHO-
neMorpaguueckue  JaHHblE O  KaXJA0M
PECHOHJIEHTE, a PYCCKOS3bIYHAs BEpCHs
LIKaJIbl OLIEHKH BOCCTAHOBJIEHUS — IOMEHBI U
cranun  (Recovery Assessment Scale -
Domains and Stages mo Hukoma X3HKOK —
RAS-DS, c¢M. mnpwiokeHue) W Jpyrue
MICUXOMETPUYECKHUE HIKAJIbI OBUIM 3aITOTHEHbI
BpauoOM-TICUXHATpPOM, a TakXke CaMUM
MALMEHTOM 10 BpEMSI HHTEPBbIOMPOBAHUS.
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BAIIE UM

Ixaja oneHKH BOCCTAHOBJICHHS — JIOMEHbI H CTa/IHI
RAS-DS (Recovery Assessment Scale — Domains and Stages)
(110 Huxoiia X9HKOK)
Hucrpykunsi: B 1aHHOM TecTe MpecTaBlIeH CIIHCOK YTBEPIKICHUI, OTPaXKaroIMX pa3JIndHbIe YyBCTBAa U BOCIIPUATHE
JKU3HU Jojie. [loxkairyiicTa, BBIOTHUTE CIIeYIOIIHE [IarH:
BHuMaTe1bHO 03HaKOMBTECh ¢ KaXIBIM yTBepkIaeHHeM. [locTapaiiTech MOHATH €ro CyTh M OLEHUTH, HACKOIBKO OHO
COOTBETCTBYET BalllUM TEKYIIUM OLIyIIeHHsM. OOBeuTe Kpy»KKOM HOMep, KOTOPbIH HanOosee TOYHO ONUCHIBAeT Ballle
COCTOSIHHE B JaHHBIH MoMeHT. OOpaTHTe BHHMaHHE, YTO HEOOXOIMMO OOBECTH TOJHKO OJUH HOMEp U KaKIOoro
yTBepkaeHus. He mpomyckaiite HH oHO yTBepxaeHHe. OTBETbTe Ha BCe ITYHKTBHI, YTOOBI TecT OB MaKCHMAaJbHO

HH(OPMATHBHBIM.
JEJIAIO TO, YTO IEHIO
Hepepio Ckopee Ckopee Bk
HeBEPHO BepHO
1 Mue BaskHO 110J1y4aTh YJ0BOJILCTBHE OT YEro-nbo 1 2 3 4
2 MHe Ba)KHO HMETb 3/I0POBBIC IIPUBBIYKH 1 2 3 4
3 S enaro To, YTO UMEET JUISL MCHS 3HAYCHHC 1 2 3 4
4 Y MCHSI NOSIBJISIFOTCS] HOBbIC HHTCPECHI 1 2 3 -+
) Sl ienato To, UTO MOJIC3HO H IICHHO JUIS IPYTHX 1 2 3 4
6 | 51 memaio To, 4TO NPHHOCUT MHE OOJIBIIOE YIOBOILCTBHE | 2 3 4
K4y C HETEPIEHUEM
7 | Sl cupaBioch, eciu cHOBa 3a60l1el0 1 2 3 4
8 S Mory nomoub cebe cTaTh Jydlle 1 2 3 4
9 'V MeHd ecTb JKellaHHe J0CTUYh ycIexa 1 2 3 4
10 | ¥V MeHS ecTh LIeNH B KU3HU, KOTOPHIX Sl XO4Y JTOCTHYb 1 2 3 4
11 51 BepIo, 4YTO CMOT'Y IOCTHYb CBOMX JIMYHBIX LeTel 1 2 3 4
12 | 51 Mory cIpaBUTBCS € TeM, YTO IPOHCXOJUT B MOeH JKU3HU 1 2 3 4
13 | s cebGe HpaBIIOCH 1 2 3 4
14 | V MeHS ecTbh LieTb B KH3HU 1 2 3 4
15 | Ecnu Gbl JIF0H AeHCTBUTEIBHO MEHS 3HAIH, 51 ObI UM HOHPABHIICS 1 2 3 4
16 | Eciu st IpoIoJbKy cTapaThesl, s Oyay CTAHOBUTBCS JTydIle 1 2 3 4
17 | ¥V MeHs ecTh IIpeICTaBICHHE O TOM, K€M S X0dy CTaTh 1 2 3 4
18 | Yto-TO XOpoliee B KOHIIC KOHIIOB IIPOH30MICT 1 2 3 4
19 | 51 yenoBek, KOTOPHIiT HeceT OONBIITYIO OTBCTCTBCHHOCTD 3@ 1 5 3 4
coOCTBEHHOE COBEpILICHCTBOBAHHE )
20 | 51 1n0J0H HaJIeXK/L OTHOCHTEJILHO CBOETrO Oy 1yIiero 1 2 3 4
21 51 3na10, Korjia 06paTUTHCS 33 TIOMOIIBIO 1 2 3 4
22 | Sl mpomry o MOMOIIH, KOrJia B Hell Hy)KIaloch 1 2 3 4
23 | Sl 3Halo, 4TO IOMOTAET MHE CTATh JIy4llle 1 2 3 4
24 | SIMory y4uThcs Ha CBOUX OMIMOKAX 1 2 3 4
IPEOJOJIEBAIO CBOIO BOJIE3Hb
25 | Sl Mory pacnio3HaTh paHHHC IPU3HAKH NIPOSIBICHHS OOJIC3HH 1 2 3 4
26 | Y MeHs ecTb CBOU COOCTBEHHBIE IUIAHBI OTHOCUTEIBLHO TOT0, KaK 1 5 3 4
COXPaHHTh MIIH YIy4IIHTh CBOE CAMOTyBCTBHE
27 | Ectb Bemy, KOTOpEIE 1 MOTY CZleTaTh, YTOOBI HOMOYE cede 1 5 3 4
CIIPABHUTHCS C HEKENIATeIbHBIMUA CHMITOMaMH
28 | 51 3Hao, 4TO CYIIECTBYIOT CITyKObI OXPaHbI ICUXHYECKOTO 310POBbS, 1 2 3 4
KOTOPBIC MOTYT MHC IIOMOYb
29 | XoTS MOH CHMIITOMBI MOTYT YXYAIIHTECS, S YBEPEH, 4TO CMOTY C 1 2 3 4
HHMH CIPaBUTBCS
30 | Mou CHMITOMBI BCE MCHBIIIC H MCHBIIIC MCIIIAOT Moeit 1 5 3 4
OBCE/IHCBHOM JKH3HU
31 | Mou CHMIITOMBI JUISITCSI MCHBIIIE BPEMEHH C KaXK/IbIM Pa3oM, Korjia 1 2 3 4
OHH BO3HHKAIOT
BbITb YACTbIO COOBILECTBA
32 | V MeHS ecTb JII0JIH, Ha KOTOPLIX Sl MOT'Y MOJIOKHThCS 1 2 3 4
33 | Jlaxe KoIjia i HE BEPIO B CBOM CHJIBL, JIPYTHC JIIO/IH BEPAT B MCHSI 1 2 3 4
34 | MHe BakHO, YTOOBI Y MeHs OBUIH JIpY3bsl 1 2 3 4
35 | Vmens €CTb JIY3bsl, KOTOpbIE TOXKe 60pOITHCH ¢ ICHXUYECKHMHU 1 2 3 4
paccTpoiicTBaMI
36 | Y MeHS ecTh Opy3bs, Y KOTOPBIX HET ICHXHYECKHX PacCTPOICTB 1 2 3 4
37 | V MeHA ecTb Jpy3bsl, KOTOPBIE MOT'YT MOJIOKUTHCA HAa MEHs 1 2 3 4
38 | S HopMaIbHO OTHOINIYChH K CBOEMY CeMEHHOMY MOJIOKCHHIO 1 2 3 4
Recovery Assessment Scale — Domains and Stages (RAS-DS — Research Version 3). (nicola.hancock@sydney.edu.au)
©2015 Nicola Hancock and The University of Sydney. Not to be copied or used for any other purpose without written permission from the author
BJIAT'OJJAPHM BAC 3A YYACTHE!

Puc. 1. IlIkana oneHku BoccTaHOBIeHMs — noMeHbl 1 cragun RAS-DS (Recovery Assessment Scale
— Domains and Stages) (o Hukosa X3HKOK)
Fig. 1. Recovery Assessment Scale — Domains and Stages of RAS-DS (by Nicola Hancock)
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VYyactue B uccieoBaHuy npuHsum 129
MAUEHTOB OTJICICHHUSI MIepBOro
MICUXOTUYECKOTO0 3MK130/1a B Bo3pacTe ot 16 10
50 ger (31£7,9 g;er), mpomeamux
KOMIUIEKCHYIO ~MPOrpamMMy  peabuIuTalnuu
CPOKOM 10 JBYX JieT OT Hayaia
TOCIUTAIA3ALUH. Cpenu Y4aCTHUKOB
npeobnaganu  myxuussl  (79,1%, n=102),
OoripIIas  4acTh ~ WMeENa  IIM30MIHBINA
npemopbun B anamuese (72,09%, n=93),

y mnonoBuHbl (49,61%, n=64) ormeuanack
HaCJIeICTBEHHAs OTATOLIEHHOCTD o
MICUXUYECKUM 3a00JICBAaHUSM, a ITTUTSIILHOCTD
roCnuTagn3aluu coctaBmia ot 24 1o 88 cyTok
(42+13,8 ans). Ha MOMEHT rocnuTanu3anuu
Obut  TpynoycTpoeHsl 53,49% manueHTOB
(n=69), umenu cBoro cembto sumb 20,16%
(n=26). Kinanko-pyHKInoHanpHas
XapaKTepUCTHKa Npe/cTaBieHa B Tabmuie 1.

Tabauya 1

Kinunuko-QgyHKIIMOHAILHAS XapaAKTEPUCTUKA NAIUEHTOB

Table 1

Clinical and functional characteristics of patients

XapakTepucTHKA M(SD) nin % (n)

Myxunnsl, % (n) 79,1% (102)
ITon

Kenmunsr, % (n) 20,9% (27)
Bospact, M(SD) 31 (#7,9)
IIcuXomaToJ0rHYeCKH OTSrONEHHAS HACACICTBCHHOCTh, Y0 (n) 49,61% (64)
Hanuuue mm3onaHoro npeMopOuaa B anamuese, % (n) 72,09% (93)
Cpoxk rocniuranuzanuy npu II13 B nusax, M(SD) 42 (+13,8)
TpynoycTpoicTBO MM MHasl 3aHATOCTh HA MOMEHT rociuTainu3anuu, % (n) 53,49% (69)

Hanmume coOCcTBEeHHON ceMbH Ha MOMEHT rocnuraiusanuu, % (n)

20,16% (26)

IMpumeuanue: M — cpeanee; SD — craHmapTHOE OTKJIOHEHHE; % —MPOLEHT PECIOHICHTOB OT OOIIeH BBHIOOPKM; N —

KOJIMYECTBO PCCIIOHICHTOB.

Note: M is the average; SD is the standard deviation; % is the percentage of respondents from the total sample; n is the

number of respondents.

IIpoepamma peabunumayuu u
80CCMAHOGICHUSL. Kommuiekc
MICUXOCOLIMAJILHOW  peaOuIuTaIuu OBLIT

COCTABJIIEH HWHIWMBHUAYAJIbHO JUISI KaXJI0TrO
MalMeHTa W HAYMHAJICA CO BTOPOW HEAeNIu
CTallMOHUPOBAHMSL. Meponpustus
MPOJIOJKAITUCH mnocJie BBITTUCKH B
amMOyJIaTOPHOM TOPSIIKE U JUIMIUCH HE MEHEe
1,5 ner. Kaxxnpli manmueHT B 00s13aTE€NLHOM
MOpsiAKE TPOLIEN  MCHUXOTEparneBTUUYECKUE
WHJIMBHIYyAIbHBIE CECCHM U  TPYMIOBBIC
3aHATUS C KIMHUYECKUM IICUXO0JIOTOM HE pexke
2 pa3 B Henenio [8, 9], 3aHATHSI TTO COTTHATBHON
aJlanTaiun u oOyueHue HaBBbIKaM
caMOYTIpaBJieHUs HE pexe | paza B HeJeNlro
[10], CEMEHYI0 TEPaIuLo c
MCUX000pa30BaTEIbHBIMI  CECCHUSIMUA TS
YJIEHOB €r0 CEMbU HE pexe 2 pa3 B mecsi [11].

B xauecTBe NCMXOMETPUYECKON OLIEHKHU
CTENEHU BBI3JIOPOBIICHUS] TIOCIE MEPBOTO
AMU30/Ia TICUX03a TMPUMEHSUIUCH CIIEIYIONINe
IIKaJIbl: IlKajga OIEHKH TO3UTUBHBIX U
HeraTuBHbIX  cumnToMoB  (Positive  and

Negative Syndrome Scale — PANSS), mkana
JUYHOCTHOTO u COLIMAJIBHOTO
¢ynkuuonupoBanus (Personal and Social
Performance scale — PSP), mkana
couuanbHoro (QyHkunonuponBanus (Social
Functioning  Scale - SFS), mikana
oesnanéxuoctn bexa (Beck Hopelessness
Scale - BHS), mkama rI06aTEHOTO
¢ynkumonupoBanus (Global Assessment of
Functioning - GAF), mkana oOleHKH
BOCCTAaHOBJICHUSA - JTOMCHBI u craagnu
(Recovery Assessment Scale - Domains and
Stages — RAS-DS).

[Ilkama  OIEHKHM  TMO3UTHUBHBIX U
HEraTWBHBIX cHUMOTOMOB — Positive and
Negative Syndrome Scale (PANSS) [12, 13] —
SIBIISIETCS. HanOoJIee MUPOKO HCIIONB3YEMBIM
WHCTPYMEHTOM JUJIsl OLIEHKH 3(P(PEKTUBHOCTH
TEPANCBTUYCCKUX IMOAXOAO0B Yy MAaUCHTOB C
NCUXOTUYECKMMH  paccTpoiicTBamu.  OHa
MO3BOJIIET  MOJYYUTh  HMHPOPMALUIO O
KIIMHUYeCKOM  mpoduiie  MalueHTOB |
OTCICKUBATh JTUHAMHUKY WX  COCTOSHHUSL.
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PANSS Bxmouaer B cebs 33 mnpusHaka,
KOKIbIA M3 KOTOPBIX OLEHUBAETCS IO
ceMHOaJUIbHOM WIKaje, U MpEeAHa3HaueH i
BBISIBJICHHSI YPOBHS  BBIPQXCHHOCTH  Kak
MPOAYKTUBHOM, TaK 51 HETaTUBHOMN
CUMITOMATUKHU, a Takxke sl (OPMUPOBAHUS
KOMIIO3UTHOTO MHJEKCAa U OLEHKU JIPYTuX
MICUXUYECKUX HapyIIeHUH B paMKax oOuiei
MICUXONAaTOJOTUUeCcKon oreHku [ 14, 15, 16].

[lkana JTUYHOCTHOTO U COIHAIBHOTO
¢yukmonuposanuss — Personal and Social
Performance scale (PSP) [17, 18, 19]
paccMOTpeHa B acClEeKTe€  OIpeleIeHUs
HapyUICHUH COLIMATBLHOTO B3aMMOJCHCTBUS,
4TO CcyuTaercs LIEHTPaJIbHOU
XapaKTePUCTHUKON MpPH HEMPEpPhIBHOM THIIE
teuenus PIIC. PSP npaér B03MOXHOCTH
OOBEKTUBHOM OLIEHKH CTENEHU 3aTPyIHECHHIA,
KOTOpbIE UCIBITHIBACT MAUEHT 3a
MOCIICAHIOI0 HENENI0 B YETHIPEX OCHOBHBIX
00JIaCTSIX COLMANBHOTO (PYHKIIMOHUPOBAHHMS:
COLIMAJIbHO-TIOJIe3HAS NeSITeNIbHOCTbD,
OTHOWICHUS C ONU3KUMU U OOIIECTBOM,
camMoo0cIy’>KMBaHUE, a TaKXKe Hapyllarolee
CIIOKOWCTBHE OKPYXAlOIIMX U arpeccUBHOE
noBefeHue. bambl BBICTABISAIOTCS MO ILIKaJe
or 1 mo 100, paznenenHoit Ha 10 paBHBIX
HMHTEPBAJIOB, rae KaKIBIN
HHTEpBaJl COOTBETCTBYET orpezeeHHOM
CTENEHU  3aTPyJHEHUH B  COLUAIBHOM
¢bynkuuonuposanuu [20, 21, 22].

lkana COLIMAIBHOTO
¢byukuuonupoBanuss — Social Functioning
Scale (SFS) [23, 24], BnepBbie Oblna
pazpaboTaHa ¢ LENbI0 OLIEHKH aJanTaluu
MAlUMeHTOB, CTpajalonux IMmu3odpeHuci.
DTOT WHCTPYMEHT BKJIOYaeT 79 MyHKTOB,
OXBAaTBIBAIOIINX pazuyHbIe aCIEKThI
COLIMAJIbHOTO (PYHKIIMOHUPOBAHUS, TAKUE KaK
collMaibHasl  M3OJSLHUS, MEXKINYHOCTHbBIE
CBSI3M, YPOBEHb COLMAIN3AINH, HAaBBIKU
CaMOCTOSITEIILHOU JKU3HH, aJIeKBaTHOE
COLIMAJIbHOE  TOBEJEHHE U  3aHATOCTbD.
OcHOBHOE BHHMMAaHHE B OLEHKE [0 JaHHOU
IKane yaenseTcs XapaKTepUCTUKaM
COLIMAJIBHOTO OKPY>KEHHUsI, a TAK)KE HaBbIKaM U
KOMIIETEHIMIM HHAUBUAOB. SFS MoxeT
HCIOJIb30BATHCS KaK B (hopMaTe CaMOOLIEHKH,
TaKk U 3aloJHATHCS CIEHUATNCTOM B XOJE
O6ecenpl ¢ manueHtoMm. Ilo pesynbraTam

IOCICAHUX HCCHeHOBaHHﬁ, JaHHas IIKalla

PEKOMCHAYETCA JJISL 6630H3CHOF0
HCIIOJB30BAaHUSI B Hay‘IHbIX HCCIICAOBAHUAX
[25, 26].

[Ikana Oe3nanéxuoctu beka — Beck
Hopelessness Scale (BHS) [27, 28, 29]
MPEJICTABISET CAMOOTIPOCHUK, COCTOSIIHNNA U3
20 BompocoB. Illkana HampaBieHa Ha
U3MepeHue  TPEX  OCHOBHBIX  ACICKTOB

0e3HAJAEKHOCTH:  YYBCTBA IO  IIOBOJY
Oyayiero, MOTepy MOTUBAIIMU U OKUIAHHIA
[30, 31, 32]

IIkama r100aJILHOTO

dbyukimonuposanust — Global Assessment of
Functioning (GAF) [33] SBJISICTCS
WHCTPYMEHTOM MJiIi CYOBEKTHUBHOW OILIEHKH
[ICUXO0JIOrMYECKOTr 0, COLIMAJILHOTO U
npodeccrnoHalbHOTO GyHKIIMOHUPOBAHUS
MAIMEeHTAa, KCIIOJIb3yeMast 110 OOJIbIIEH YacTH B
MPaKTUKE 3alajJHbIX Bpauyei-ICUXUATPOB H
ncuxosnoroB.  OneHuBaeTcs — JHMana3oHOM
6amnoB ot 1 mo 100, roe Hamboee BBEICOKHE
OasIbl YKa3bIBalOT Ha Tyulee
¢byHkuuonupoBanue. B mocneaHue Tojbl
mkana GAF  BbI3bIBaeT  onpeseniéHHbIE
OTIaCeHMsI OTHOCUTENIBHO €€ CyObEeKTUBHOCTH,
YTO CBSI3aHO C OTCYTCTBUEM SICHBIX KPUTEPHEB
JUIs  HauucieHuss OamioB. OTO  MOXET
HETaTUBHO IOBIUATH HAa €€ HAAEKHOCTb U
BAJIMJHOCTb IIPU OLEHKE IICUXUYECKOIrO
COCTOSIHUSI M BBIOOpE AajbHEHIIed TaKTUKU
nedenus [34].

RAS-DS MpEJICTaBIISIET co0oii
MICUXOMETPUUYECKUN MHCTPYMEHT, COCTOSIIMN
n3 38 MyHKTOB, U MIPEIHA3HAYEH JJIsi OI[CHKU
YPOBHS  BOCCTAHOBJICHHMS  IAallUEHTOB B
YeThIpeX KIIYeBbIX obmactsax [35, 36]:
(yHKIMOHATIBHBIE, colajbHbIE u
NICUXOJOTMYECKHE  acMeKThl, a  TaKxke
ymnpaBieHue cumnToMamu Ooneznu [37].
OneHka B KaX/JI0M MyHKTE MPOU3BOJUTCS IO
4yeThlpéX OanbHOM miKkane (1 — HeBepHO; 2 —
CKOpee HEBEpHO; 3 cKopee BepHO; 4 —
BepHO). MHTepnpeTanus pe3yabTaToB LIKAJIbI

IIpe1yCMaTpUBaET MTOJTY4YEHUS JBYX
BapMAaHTOB HWTOTOBBIX 3HAUEHWil: OaibHas
cucTema OCHOBaHa Ha CII0’)KE€HUH

BBICTABJICHHBIX OAJUIOB MO KAXIOMY MyHKTY
KAl ¥ MOACYET MTOTOBOM CYMMBI OQJIJIOB
(min=38, max=152). IlpomneHTHas cucrema
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OCHOBaHa Ha BBIYUCIICHUU TPOIICHTA CTETICHU
COOTBETCTBHUSl JIAaHHBIX KaXKJAOMY JOMEHY,
MO3BOJISIOMIAs CHavasa OIICHUTH
BBI3JIOPOBJICHUE TI0 KAXAOMY pazjieny, a
1ocje pPacCcuuTaTh WTOTOBOE 3HAYCHUE [T
BCel MIKajbl B COBOKyHmHOCTH (min=25%,

max=100%).  [loBbllieHWE  MPOLICHTHOM
COCTAaBIISIIONICH B TPOIECCE TEpaluu H
peadunuTanuu TPaKTyeTCs KaK

MIOJIOKUTEIbHAS JUHAMUKA BbI3JIOPOBIICHMSL.

Jlost MIPOBECHUS RAS-DS HE
TpeOyercss  cHeuuanbHOro oO0y4yeHus, a
PYKOBOJCTBO I0JIb30BaTeNsl JOCTYIIHO Ha
ounmansHOM UHTEpHET-pecypce
paspabotunkoB [38]. IlpumeHeHue naHHOM
IIKaJIbl BO3MOXKHO, KaK BO BpEMsI MHTEPBBIO,
TaKk u IIPUMEHEHNE B KauecTBe
camoorpocHuka. Kak mokasbiBaeT MpaKTHKa
CHEIHAJIUCTOB, KOTOpbIE YK€ MPUMEHSIOT
JAHHYI0 METOJMKY, 3allOJHEHUE OIPOCHHUKA
3aHUMaeT A0 15 MuHyT, fenas ero yJoOHbIM B
PYTUHHOM MIPaKTHUKE. RAS-DS
IIPOJEMOHCTPHUPOBAIIA XOPOILYIO HAJEKHOCTD,
BAJIMJHOCTh M YYBCTBUTEIBHOCTh K
m3MeneHusM [39, 40, 41].

IIcuxomerpuueckue IIKaJIbI
MPUMEHSUINCH [Tl BIMIM3ALMY U aJlalTaluu
pycckosi3plyHOM Bepcuu mikaibl RAS-SD no
TpEM OCHOBHBIM HaIpPaBJIEHUSAM
BOCCTAHOBJICHMsSI NAUUEHTOB. J[lig oLeHkH
KJIMHHYECKOTO (cUMIITOMAaTHYECKOTO)
BOCCTAHOBJICHMSI ~ HCIIOJB30Bajach  MIKaja
PANSS, nans onenku (QyHKIIMOHAIBHOTO
BoccranoBiaenuss — GAF, PSP, SFS, nmnsa
OLICHKH JIMYHOCTHOTO BOCCTAHOBJIEHUS —
BHS.

Banuguszanmsa LIKAJIBI RAS-DS
OCYIIECTBISIACH B~ COOTBETCTBUU €
MEXAyHapOAHBIMU cTaHnapTamu [42, 43] u
MIPOXOJMJIa 4Yepe3 HECKOJIbKO KIIFOUEBBIX
JTaroB:

1. Jna omnpeneneHuss HaAECKHOCTH U
BHYTpPEHHEN COTJIACOBAaHHOCTHU
ucnoib30Bajcs kodpduiueHt a-Kponbdaxa.

2. KoHcTpykTnBHAs BAJIMIHOCTh
ONPOCHHMKA OIICHMBAJIACh C IPUMEHEHHUEM
JIBYXypOBHEBOTO (DaKTOPHOIO aHanu3a Ha
OCHOBE  METOJa TIJIaBHBIX  KOMIIOHEHT,
KOTOPBIM BKJIFOYAJI KaK SKCIUIOPATOPHBIM, TaKk
1 KOH(pUPMATOPHBIN aHATH3 (PAKTOPOB.

3. Jlna omnpeneneHus KpUTepUaibHOU
BaJIMJIHOCTH u MOJITBEPKICHUS
KoppesiuonHoil cBsizu RAS-DS ¢ yxke
BaJIMIU3UPOBAHHBIMU  [ICUXOMETPHUUYECKUMHU
MHCTPYMEHTaMU ObLI IpOBEAECH
KOPPEJSIMOHHBIN aHaIN3 CXOKUX KOHCTPYKT
C 5-TM TICUXOMETPUYECKHMH  IIKaJaMH:
PANSS, GAF, PSP, SFS, BHS.

Cmamucmuyeckas 06pabomka OAHHbIX.
Jlis onpeneneHuss BHYTpEeHHEW HaAE&KHOCTH
CTPYKTYpPBI TICUXOMETPHUYECKOW HIKAJIbI OBLI
HCIoNb30BaH  kodhduimenta o-Kponbaxa.
Bce TecTpl ObUIM ABYCTOPOHHUMH, Pa3IHUUs
MEXJy CpPaBHHUBAEMBIMH TPYIIIaMU CUHUTAJIH
craTucTudeckn 3HauumbiMu 1ipu  p<0,001.
AHanu3  BAMSHHUS ~ TeHAEPHO-BO3PACTHBIX
XapaKTepUCTHK YYaCTHUKOB HA IOJyYEHHBIE
pe3ynbTaTthl  MPOBOJIWICS  MOCPEICTBOM
NPUMEHEHHST Z-KpUTEpUsl ISl CpPaBHEHUS
ko3 durnmenToB a-Kponbaxa B BbIIECIECHHBIX
noarpymmax. Jus  OUEHKH  CTPYKTYpHI
ONpPOCHMKA ObUT TNPUMEHEH  (PAKTOPHBIIA
aHaM3 1O METOJY TJaBHBIX KOMIIOHEHT.
dakTopuzalus TMPOBEACHA B JBa JTama,
BKIIIOYAIOIIMX B  €e0SI  IKCIUIOPATOPHBIN
(bakTOpHBII aHaJIN3 (DDA) U
KOH(UpMaTOpHBIN (GakTOpHBII  aHaNIM3
(K®DA). 151 conocTaBieHns: KOTMYECTBEHHBIX
BEJIMYUH pa3IMYHBIX rpymmn
NICUXOMETPUUYECKUX JIaHHBIX, HpPU YCIOBUHU
HOpPMAJILHOTO pacIpe/ieiecHus] TIePEeMEHHBIX,
npumensuics t-xkputepuit  Ctbrogenta. s
OTICaHHS CBSI3U MEXTY [IKaJIAMH
UCIOJIb30BATM  KOPPEALMOHHBIA  aHau3.
KoppensimonHas cBs3b paccMaTpuBallach Kak

cnabas mnpu r<0,3, ymMmepeHHas — IIpH
0,3<r<0,7, BeicoKast — ipu 1t >0,7.
PesyibTarhl

Ananusz  wnaoéocnocmu. HanexHocTb
OTpakaeT CHOCOOHOCTh MeETOJa J1aBaTh
MMOCTOSIHHBIE W TOYHBIC PE3yNbTaThl IPH
HEU3MEHHOCTH HCXOJHBIX TapameTpoB. B
Tabmuax 2 uw 3 mpeacTaBieHa CTPYKTypa
mkanel RAS-DS ¢ yuérom o006006meHus
pe3yJNIbTaTOB 10  KaXJIOMY JIOMCHY B
MPOICHTHOM  COOTHOIIIGHUW H  BapHaHT
MPEACTABICHHS JaHHBIX 10 KaKIOMY MYHKTY
OTIENbHO B  mepecuére Ha  Oaibl.
Koadpdumment o-Kponbaxa [44, 45] nns
o0miero mokasareisi MO IIKaJle COCTaBHII
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3"Hauenue 0,90, 4yTo TpakTyeTcs Kak OTIMYHAs kodpdunuenta a-Kponbaxa, uro maér
BHYTPCHHSA Haﬂé)KHOCTI) pYCCKOﬂ?)BI‘IHOﬁ OCHOBAaHHUE [JIs1 aHaJIu3a HpeﬂCTaBHeHHOﬁ
Bepcun mkaisl RAS-DS. Tlpu uckmouenun IIKaJIbl KakK €IWHOr0 MAacCuMBa JIaHHBIX B
OTACIIBHBIX ITYHKTOB IIKAJIBI W nepepacqéTa HCXOI[HOﬁ CTPYKTYpE HU KOMIIOHOBKE IIO
AOCTOBCPHOCTHU OTME€YaJIOCh CHUXKCHUC JOMCHaM.
Tabnuya 2
OnucartesibHas CTATHCTHKA U HATEKHOCTH pyccKosi3bIuHO# Bepcun RAS-DS
Table 2
Descriptive statistics and reliability of the Russian version of RS-DS
IMepecuér mKaAbI B HPOLEHTHYIO cucTeMy (max=100%0)
Jomen M (%) SD (%) a
1 JTenaro TO, 4TO IICHIO 87,50% +10,70% 0,90
11 XKy ¢ HeTeprieHueM 87,50% +8,78% 0,89
III [IpeogoneBaro cBOIO O0IEC3Hb 82,14% +9,68% 0,90
IV BrITh YacThIO COOOIIECTBA 89,29% +10,63% 0,90
Uroro 86,84% +9,47% 0,90

[Mpumeuanue: M — cpennee; SD — crangapTHoe oTKIIOHEeHHUE; o — KoddduimenT a-Kponbaxa asist o01ero nokasaress o
IIKaJI€ ITpU UCKITIOYCHUN OTACIBbHBIX ITYHKTOB UJIU TOMCHOB.

Note: M is the average; SD is the standard deviation; « is the a-Kronbach coefficient for the overall indicator on the scale,
excluding individual points or domains.

Tabnuya 3
OnucaresbHas CTATUCTHUKA, HAIEKHOCTD, (aKTOPHAs HAIPy3Ka
pycckosizbiuHoi Bepcun RAS-DS
Table 3
Descriptive statistics, reliability, factor load of the Russian version of RAS-DS
IlepecuéT mKaabl B 02JbHYI0 daxkTopHas IepecuéT mkaapl B 0aJIbHYI0 daxkTopHas
cuctemy (max=152 6ana) HArpy3ka cuctemy (max=152 dauna) HArpy3Ka
ol M | sD | e | 2@a | koa |TYMIRAST M s | o | D@A | KeA

[ynxr 01 3,00 | £0,48 | 0,89 0,69 0,57 [ynxkT 20 4,00 +0,00 | 0,89 | 0,75 0,72
[ynkr 02 3,00 | £0,55 | 0,88 0,73 0,68 [ynkT 21 4,00 +0,43 0,88 | 0,84 0,80
[ynxT 03 4,00 | 0,50 | 0,88 0,69 0,62 [ynxTt 22 3,00 +0,54 10,89 | 0,87 0,82
[yskr 04 4,00 | +0,45 | 0,89 0,81 0,77 [ynkT 23 3,00 +0,48 0,89 | 0,85 0,81
[yskr 05 3,00 | £0,54 | 0,89 0,87 0,82 [ynxT 24 4,00 +0,89 |0,90| 0,85 0,82
[Iyskr 06 4,00 | +0,53 | 0,89 0,84 0,80 [ynkT 25 4,00 +0,38 | 0,90 | 0,69 0,72
[yakr 07 3,00 | £0,47 | 0,90 0,73 0,71 [IyHkT 26 3,00 +0,42 0,89 | 0,83 0,85
[yskr 08 3,00 | +£0,49 | 0,88 0,85 0,83 [ynxr 27 3,00 +0,54 10,88 | 0,82 0,80
[yskr 09 3,00 | £0,46 | 0,89 0,73 0,65 [IynxT 28 4,00 +0,50 | 0,89 | 0,84 0,80
[ynkr 10 3,00 | 0,56 | 0,89 0,85 0,81 [TynkT 29 3,00 | +0,48 [ 0,90 | 0,84 0,83
Iynkr 11 3,00 | 0,45 | 0,90 0,69 0,63 [ynxT 30 3,00 +0,54 0,89 | 0,73 0,73
[ynkr 12 3,00 | +0,56 | 0,89 0,69 0,65 [ynxkt 31 3,00 +0,46 |0,88| 0,77 0,75
Iynkr 13 3,00 | +0,54 | 0,89 0,69 0,57 [ynxT 32 3,00 +0,55 0,89 | 0,73 0,72
[yskr 14 3,00 | +0,52 | 0,89 0,73 0,70 [ynkT 33 4,00 +0,50 | 0,90| 0,81 0,78
[yskr 15 4,00 | +0,35 | 0,89 0,74 0,72 [Iynxkr 34 4,00 +0,45 0,89 | 0,87 0,82
[ynkr 16 4,00 | £+0,49 | 0,89 0,81 0,77 [TynkT 35 4,00 | 0,54 [ 0,89 | 0,69 0,57
ynkr 17 4,00 | £0,00 | 0,90 0,84 0,81 [Tynkr 36 3,00 | 0,53 [0,89| 0,81 0,76
[ynkr 18 4,00 | +0,48 | 0,88 0,87 0,80 [Mynkr 37 4,00 | +0,47 [0,89| 0,79 0,80
[ynkr 19 4,00 | £0,12 | 0,89 0,84 0,83 [TynkT 38 3,00 | +0,49 [0,90| 0,81 0,82
[Mpumeuanue: M — cpennee; SD — crangapTHoe oTKIIOHEHHE; 00 — KoadduimenT a-Kponbaxa st o0miero nokasaTesst o
IIKaje IPH MCKIIOYEHUH OT/AENBHBIX IMyHKTOB WJIM JIOMEHOB. D®PA — 3KCIUIOPATOpPHBIN (akTopHbIA aHamn3. KPA —
KOH(HUPMATOPHBINA (DaKTOPHBII aHAIN3.

Note: M is the average; SD is the standard deviation; « is the a-Kronbach coefficient for the overall indicator on the scale,
excluding individual points or domains. D@4 is an exploratory factor analysis. K®A is a confirmatory factor analysis.
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Hns OLICHKH MOTEHIMATIBLHON
CTaTHUCTUYECKOM 3aBHCUMOCTH pPE3yJbTaTOB
WCCIICIOBAHMSI OT TIOJIOBBIX W BO3PACTHBIX
XapaKTepUCTUK YYaCTHUKOB OblLila MPOBEICHA
cepusi Z-TECTOB s  KOX(PPHUIMEHTOB O-
Kponbaxa, paccUMTaHHBIX 1O JIaHHBIM
OTIENBHBIX MOATPYI. AHAIU3 MOKa3aj, 4To
BO BCEX ClIydasix aOCOIOTHOE 3HAYCHHE |Z| HE
MIPEBBIIANI0O KPUTHYECKUN YPOBEHB (BIHSIHHE
nona: |z]=1,64, p=0,05; BausHUE BO3pacra:
|z]=1,31, p=0,05), yTO TO3BOJSIET CYaUTH 00
OTCYTCTBHHM 3HAQUUMBIX Da3IUYUil  MEXKIY
pe3yabTaTaMu TECTUPOBAHUS,
00yCIIOBJIIEHHBIX TeHIEPHBIMU WIn
BO3PACTHBIMH OCOOCHHOCTSMHU HCCIIeLyEeMOM
BBIOOPKH.

AHanuz KOHCMPYKMUBHOU BANUOHOCHIU.
dakTopu3zalus pycckosa3bluHON Bepcun RAS-
DS 6b1a mpoBeieHa B jBa Tara, BKIFOYAOIINX
B ce0s1 DDA u KDA, dakropHble Harpy3Ku
npuBesieHsl B Tabnuue 3.

Ha wnavanpHOM »STame wuccieaoBaHus
JaHHble ~ OBUTM  TPOAHAIM3HPOBAHBI  C
nomouipio Metoga DDA, mo pesyiabTaTam
KOTOPOTO ObLIa oOHapykeHa
4eThIPEX(PAKTOPHAS MOJIENb, OOBICHSIIOMIAS
51,2% nucnepcun  (3HAU€HHE KpUTEPHUS
BbIOOPOYHOH a/IeKBaTHOCTHU Kaiizepa-
Metiepa-Onkuna PaBHSIOCH 0,926;
nokasareib cepuuHoct baptinerra ObLT
cTatucThyecku 3HauumblM, p<0,001). B
€IUHBIN (PaKTOp MEnpeccuy BOLLIM MYHKTHI C
¢aktopHbIMU Harpy3kamu ot 0,69 1o 0,87.

Ilocne nmocroBepHOW  (akTOpHU3aLUU
aganTupoBaHHoi 1kaael RAS-DS  Owuia
IIPOBE/IEHA OLIEHKA CTPYKTYpPbI C TOMOIIBIO
K®A. YersipéxpaxkTopHas MoAenb MoKa3ana
OTJIMYHOE  COOTBETCTBHE 10  MHJEKCaM

anmpokcuManuu RMSEA=0,0474, p<0,001;
CPaBHUTEIbHBIA  HMHJAEKC COOTBETCTBHS
CFI=0,969; HHCKC Takepa-JIstonca
TLI=0,945. IlyHkThl BXOmWJIM B OOUIUI
dakTop  mempeccuu  C (haKTOpHBIMU
Harpy3kamu ot 0,57 o 0,82.

[Io pesynbraram SKCILUIOPATOPHOTO U
KOH(UPMATOPHOTO  (PAKTOPHBIX  AHAJIM30B
ObLIa MOATBEPKICHA BaJIMTHOCTh
PYCCKOSA3BIYHOW BEpCHUU  LIKaJbl  OICHKU
BOCCTAHOBJICHHS - JOMEHBI ¥ cTaauu RAS-DS.

AHnanuz KpumepuarbHou BaIUOHOCMU.
JI1st moaTBEpKACHUS KOPPEISUUOHHON CBSI3H
RAS-DS ¢ yxe Baluau3UPOBAHHBIMU
MICUXOMETPUUECKUMU  MUHCTPYMEHTAMH U
MOBBIILICHUST HAAEKHOCTA OBLT  TPOBEAEH
AQHaIM3 CXO0XKMX KOHCTPYKT. B cBsa3m ¢
KOMIIJICKCHOM OLIEHKON BOCCTAHOBJIEHHS I1O
MOJICTIH «TeCOVery» B aHaJIU3 ObLIN BKIIFOUCHBI
5 mKam:  Ani OUEHKH — KIMHHYECKOTO
BOCCTAaHOBJIEHHUA Hcmojb3oBajack PANSS,
TUTST OLICHKH (GyHKIIMOHATIEHOTO
BocctanoBiueuuss — GAF, PSP, SFS, s
OLICHKH JIMYHOCTHOTO BOCCTAHOBIICHUS —
BHS. bruta chopmupoBana rumoreza 00
00paTHO-MPONOPIIMOHATIBHOW ~ KOPPEISIIIU
PANSST® BHS 1o mnpuuumHe oOIeHKH
HETaTUBHBIX CUMITOMOB B MPEJCTaBICHHBIX
1IKanax, mpoTUBoOpeyst (hakTy BOCCTAHOBIICHUS
nauventa. OcraBlIMecs MIKAJIbl  IPSIMO-
MPOTIOPIIMOHAIBHO KOppenupyroTcs ¢ RAS-
DS. B kadecTBe TecTa Ha 3HAYUMOCTH OBLI
WCIIOJIb30BaH t-kputepui CrproieHTa,
CTaTUCTUYECKHU 3HauYUMast KOPpesIus
onpenensuiace npu  p<0,001, moporosoe
3”auenue p<0,05. Koppemnsiuus onpexnensnach
KakK BBICOKasI npu r>|0,7|.lannbie
KOHBEPTre€HTHOMN BAJIUJIHOCTH NPEJCTaBICHBI B

CpeaHEKBaIPaTUYHON OILIIMOKH Tabmunie 4.
Tabauya 4
KOHBepFeHTHaH BaJIUJHOCTD
Table 4
Convergent validity
IIcuxomerpuueckue Koppeasinus TpaxkToBKka t-xpurepuii P
IIKAJIBI ¢ RAS-DS (1) KOppesiiuu CtbloJIeHTa
PANSS -0,71 OrpunarenpHast 11,43 p<0,01
BHS -0,83 OtpuiiarenpHas 16,79 p<0,01
SFS 0,91 TTosoxuTenbpHas 48,97 p<0,01
GAF 0,93 ITosoxurenbpHas 8,40 p<0,01
PSP 0,84 ITosoxurenbpHas 17,60 p<0,01




OpueuHaJZbHaﬂ cmamovi
Original article

YuHapes BA, u dp. Baauduzayus pycckos3vlvHOU eepcull ... 164
Chinarev VA, et al. Validation of the russian version of the ...

IIo wmroram mnpocyéra KOHBEPrE€HTHOU
BAJIMIHOCTH Obla MOJATBEpPXKJEHA THIIOTe3a
OOpaTHON  KOpPPENSIIMOHHOW  CBSI3U  CO
LIKaJIaMM, ONPEACIAIOIUMUA  CYMMapHYHO
OLICHKY HeraTuBHbIX nposiBaeHuit PCII, u
BBICOKYIO KOPPEJSILIIO c
BAJIMAU3UPOBAHHBIMU  [ICUXOMETPUYECKUMHU
mkanamu. Bo Bcex ciydasx koppensiuus Obuia
cratuctudecku 3Haunmon (p<0,01).

Orpanundenus HaCTOALIETO
HCCIIEIOBaHMSL: a) U3y4YeHHE
IICUXOMETPUUYECKUX XapaKTEPUCTUK ILIKAJIBI B
YCIIOBUSIX MOMYJISIUUM SBJISETCS Ba)KHBIM, HO
HEJ0CTaTOYHBIM OCHOBaHUEM JUISL
JIOCTOBEPHBIX BBIBOJIOB O €€ MPUMEHUMOCTH B

KIMHUYEeCKOW  mpakTtuke, ©0)  Oyaymiee
TICUXOMETPHUYECKUX HCIBITaHUH
PYCCKOS3BIYHOM BEpCUU RAS-DS

3aKiovaeTcs B HeoOxoaumoctu e
KIMHUYECKOW BalMJIM3allMd Ha BbIOOpKaX
MAMEHTOB C Ppa3IUYHBIMU IICUXUYECKUMHU
paccTpoiicTBaMM; B) HCCIEAOBaHHE OBLIO
MIPOBEJIEHO Ha  CHELMATbHOM  BBIOOpKE
MaIUEHTOB, MepPEeHeCHINX MepBBIN
TICUXOTHYECKUH AMU30/; T) 3anojiHeHne RAS-
DS HOCHT caMOOTYETHBIN XapakTep, MO3TOMY
CTENEeHb  JIMYHOCTHOIO  BOCCTaHOBJICHUS
OLIEHUBAETCs CyObEKTUBHO U HE MOXET OBbITh
OTPOBEPrHYTa WM MOATBEPXkACHA TaHHBIMU
MEIULMHCKUX HAOII0IeHUH 1 00CIe10BaHHH.

OO0cy:xaenmue. PesynbTatom
IIPOBEJIEHHOTO VICCIIEZIOBAHNUS CTaJIo
3aKJIIOYEHHE O TOM, YTO PYCCKOS3bIYHAS
Bepecus mkansl RAS-DS npezncrasisier coboit
HaJIEXKHBIM W BAIWJHBIA MHCTPYMEHT JUIA
OLICHKH YpPOBHSI BOCCTAHOBJICHMSI IIAL[UEHTOB
[ocJie MEepPBOro MCUXOTHUYECKOTO AMH30/a B
pamkax KOHIIETILIUU JMYHOCTHO-
OpPUEHTHUPOBAHHOTO BOCCTAHOBJICHHSI
(recovery). Koaddunuentsr a-Kponbaxa mis
BCeX IIKaJ U obmiero mokaszarens mo RAS-DS
MPEBBIIIATIN 3HAUCHHUE 0,90, YTO
XapakTepu3yercss Kak  OTJIMYHBIM  JUId
BHYTPEHHEH HAJEKHOCTH JAMArHOCTHYECKUM
uactpymentom [46]. Ilpu mnpoBeneHun z-
TECTUPOBAHUS HE ObLI0 BBISIBIICHO
CTaTHUCTUYECKU 3HAUYUMBIX DPA3IUYUN MEXKIY
pe3yiabTaTaMd TECTOB IO BO3PAaCTHBIM U
TeHJIEPHBIM XapaKTEePUCTUKAM y YYaCTHHUKOB
uccnenoBanus. [lomyueHHble 3HauUeHUs OBLTH

HWKe KpuTHueckoro ypoBHs (|z| = 1,64 nipu p
=0,05 g reanepau |z| = 1,31 mpu p=0,05 st
BO3pacTa), 4YTO IIO3BOJUJIO  OTKJIOHHUTH
THIOTE3y O BIMSHUM JTHX (DaKTOpOB Ha
uzydyaemble  mapamerpel.  I[lo  wuroram
KOHpHUpPMATOpHOTO  (hakTOpHOTO  aHaIM3a
Obula TOATBEP)KICHA  YeTHIpEX(aKTOpHAS

CTPYKTypa LIKAJIbI, OLICHUBAOIIAS
(yHKIIMOHATILHBIE, COLlMAJIbHBIE,
IICUXOJIOTUYECKUE AaCIEeKThl W YNPABIICHUE
CHMIITOMaMH. Jannas MOJIENIb
MPOJIEMOHCTPUPOBAJIA OTJINYHOE

COOTBETCTBHUE JAHHBIX C YIETOM MPUMCHCHHUS
B pacu€rax CpeIHEKBAAPATUYHON OMIMOKH
annpokcuMaiiuu RMSEA (RMSEA=0,0474,
p<0,001); CPaBHUTEIHLHOIO MHJIeKCa
cootrBerctBusi CFI (CFI=0,969); wunnekca
Takepa—JIprouca TLI (TLI=0,945). Bo Bpems
aHaJIM3a KOHBEPIeHTHON BaJMIHOCTH ObLIa
BBISIBJICHA BBICOKAs MpsiMas KOPPESIus C
ncuxomeTrpuueckumu mkaiamu GAF (r=0,93,
p<0,001), SFS (r=0,91, p<0,001), PSP (r=0,84,
p<0,001) u oOpatHas KOPPEsIus
¢ onpocuukamu PANSS (r=-0,71, p<0,001) u
BHS (r=-0,83, p<0,001), uro moaTBepKaaeT
BAJIUIHOCTh U HAAEKHOCTh HCCIEITyeMOTo
MeToJ1a OIICHKHU KOMIUIEKCHOTO
BOCCTAHOBJICHHSI.

3ak/rouenune. Pycckosi3pluHas Bepcus
mkansl  RAS-DS  O6puta sddexTuBHO
QIalTHPOBaHa HAa BBHIOOPKE TMAIUEHTOB,
MEepeHecHInX TMepBbld  AMU30J  IICHUX03a,
MPOXOJUBIINX KOMIUIEKCHYIO — TIPOTpamMmy
TICUXOCOIHMANBbHON peabunurtanuu. HecMmoTpst
Ha HEOOXOJIUMOCTh MTPOBEICHUS JATbHEUIITUX
TICUXOMETPUUECKUX UCCIIeTOBaHUM,
HaIPaBJICHHBIX HA PACITUPEHUE MATCPUAIIOB
METOJIOB JIJISl BaJIMIU3AlMU alallTUPOBAHHOM
mKaabl, €€ MOXHO PEKOMEHJIOBaTh Kak
WHCTPYMEHT [UIsl CKpUHUHTA JIMYHOCTHO-
OPUEHTUPOBAHHOTO BOCCTAHOBJICHUS TIOCIIE
[T cpenu pyCcCKOS3BIYHBIX PECTIOHIEHTOB.

[IpuMeHeHne ananTUpPOBaHHON BEPCUH
RAS-DS oTkpsiBaeT HOBbIE BO3MOXKHOCTH IS
yTayOJIeHHOTO aHaTn3a (PaKTOPOB, BIUSFOIINX
Ha TIPOIECC BOCCTAHOBJICHHUS, a TaKXKe
TTOMOYXET B CO3JTaHAN
WHIUBUAYaTH3UPOBAHHBIX MporpaMm
TICUXOCOIMAIbHON peaOuIuTaIuy. Y YUThIBaAs
CIIOXKHYIO IPUPOY mporecca
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BOCCTaHOBJICHUS npu MICUXHYECKUX
paccTpoiicTBax, 1aHHOE UCCIIEI0BAHUE MOKET
3QJI0)KUTh ~ OCHOBY IS JajdbHEHIINX
UCCIIEIOBaHUI B 3TOW 00JIacTH, paclIUpAs
IIpe/ICTaBICHHE 0 KOHIICTILINI
BOCCTAHOBJICHUSI — «Tr€COVery» W YJyuIias
TEparneBTUYECKUE MOJXO0Jbl K JICYCHUIO Kak
JUIS TAIIUEHTOB, MEPEKUBIIUX ICUXOTHUECKUIA
SMU30Jl, Tak H i1 JUIl C JPYyTUMHU
MICUXUYECKUMU 3a00JI€BaHUSMHU.
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