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Journal of Siberian Medical Sciences siBsieTcst mpeeMHUKOM KypHaia « Meaununa u obpazoBanue B Cubupu» (roz usma-
HUs 2006). Perennem npesuguyma BAK PO jxypHas BKJIIOUEH B I€peYeHb [IEPUOIUIECKUX UBJaHUH, PEKOMEH/I0BAHHBIX
JUIS TyOsinKanuu paboT concKaTesiel yUeHbIX CTeleHeH.

JKypnau 3aperucrpupoBat B ®eziepanbHoi ciy»k0e 1o Hagzopy B cdepe CBA3H, HHPOPMAIMOHHBIX TEXHOJIOTHH U MACCOBBIX
koMMmyHuKaIui (PockomHai30p). PerucrparpionHoe csujereaberBo [T Ne @C 77-72398 ot 28 deBpast 2018 .

Kypuain unnekcupyercs B PUHII, 3aperucrpuposas B CrossRef ¢ 2018 1., Bce cTaThy HHAEKCUPYIOTCS € TOMOIIBIO IIUMPO-
Boro naeHTuduxaropa DOL.

Pepakuus xxypHaia co6II0/1aeT IPUHITUIIBI MEK/YHAPOAHOU opranu3anuu « Komurer o uszmarenbekoit atuke» (Committee
On Publication Ethics — COPE).

Cratby, Ipe/iCTaB/IeHHbIE K IIyOJIUKAIUY B JKypHaJle, IPOXOAAT He3aBUCHMOE PelleH3UPOBAHUE U IPOBEPAIOTCA HA OPUTH-
HasbHOCTH. [IpHu mepeneyaTke MatepuaioB u3 skypHaia Journal of Siberian Medical Sciences ccpiika Ha HCTOYHHK 065132~
TeJIbHA.

2Kypnan pacnpocrpansercs 6ecruiaTHo. Teppuropus pacnpocrpaHenus: PO, crpanst CHI, 3apyOeskHbIe CTpaHBI. JJIEK-
TpPOHHas Bepcusi (AHHOTHPOBAaHHOE COZIEPIKAHKE) TOCTYIIHA [0 afpecam: http://jsms.ngmu.ru, https://elibrary.ru
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Bozxutestb ®TBHY «®eiepaibHbIN UCCIE0BATEIBCKUE IeHTD GyHIa-
MEHTaJIbHOM U TPaHCJIANMOHHON MeuIuHbl» (HOBOCHOUPCK)
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3.1. KIMHUYECKAS MEOULIMHA

Abpamosuu C.I'., i-p Mefi. HayK, mpod., 3aB. Ka-
denpoii pusrorepanvy v KypopTosioruy, IpyT-
CKasi rOCy/IapCTBEHHAS MEUIIMHCKASA aKaIeMUs
MOCTAUIUIOMHOTO 00pasoBanusi — dpuman Poc-
CHICKOM METUITMTHCKOM aKa/IeMUHU HEIIPEPHIBHO-
ro npoceccroHabHOro 06pazoBansi (IPKyTCK)
bummep H., 1-p MeUIUHEL, IPod. AenapTa-
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Escmponos A.H., i-p MeJl. HayK, npod., 3aB.
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BOCHOUPCK)

Kapbvuuesa H.B., 1-p MeJi. HayK, npod., 3aB.
xadenpoit nHGEKIIMOHHBIX 60Ie3HEH ¢ KypcoM
JIII0, AntalicKuii rocyapCTBEeHHBIN Me/IUIIH-
ckuii yausepcureT (BapHaysr)

Kosanenxo A.B., i-p MeJi. HayK, Ipo@., 3aB. Ka-
(enpoit HEBpOIOTHH, HEUPOXUPYPTHH, MEIH-
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Taruu, KeMepoBCKU rocyiapcTBeHHBIN MeZIy-
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Kynewos B.M., i-p MmeJ1. HayK, npod. kadenppl
aKyIIepcTBa U ruHeKkosoruu, HoBocubupekuit
TOCYyZIapCTBEHHBIA MEUIIUHCKUAN YHUBEPCUTET
(HoBocubupck)

Kypywuna O.B., i-p MeJi. HayK, 1pod., 3aBe-
nytouuii kadenpoii HeBposioruu, Bosrorpasi-
CKUM TOCY/IAPCTBEHHBIN MEUITUTHCKIH YHUBEP-
curet (Bosrorpay)

Moauanosa E.E., i-p MeJl. HayK, IOLEHT Kade-
JIpbI GaKyJIbTETCKOU U IOJTMKINHUIECKOH Te-
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ckas akagemus (biarosereHck)

Momom A.IL., n-p Mez. HayK, npod. kadeaps
CEeCTPUHCKOTO JieJia, AJITaliCKHiA TOCy/IapCTBEH-
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Mopovik A.B., 1-p Men. HayK, mpod., 3aB. Ka-
denpoit prusmaTpuu, MyJILMOHOJIOTHN U UH-
dexnnoHHbIX 6ose3HeN, OMCKHUI TOCyAap-
CTBEHHBIH MeANIIMHCKUY yHUBepcUTeT (OMCK)
Huawvcon I1., ni-p MeUIHEL, Ipod. AenapTra-
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HBII HAYYHBIH COTPYHUK J1aG0PaTOPUH SH/I0-
kpuHosioruu, OesiepaybHbII UCCIIEA0BATENb-
CKUU IeHTp GyHAaMeHTATIbHON U TPAHCIIALU-
oHHOU MenuuHbI (HOBOCHOMPCK)
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Tpodumenxo HU.H., 1-p Mej. HAYK, JOIEHT,
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ro o6pasoBanus — ¢puinan Poccuiickoi Meau-
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denpoit prusuaTpun u mysapbMoHosoruu, Cu-
OUPCKUU TOCylapCTBEHHBINH MeIUI[UHCKUI
yausepcurter (Tomck)

Xapoukosa C.A., 1-p Me[. HayK, mpod., 3aB.
Kadesipoii lepMaTOBEHEPOIOTHH U KOCMETO-
soruu, CHOUPCKUH rocyapCTBEeHHBIH MeIu-
nuHcKui yausepeureT (ToMck)

Xoxnosa 3.A., 1-p MeA1. HayK, npod., 3aB. kKade-
Jipoit HH(EKIMOHHBIX 60s1e3Hel, HOBOKy3HeI KA
TOCYIapPCTBEHHBIN HHCTUTYT YCOBEPIIIEHCTBOBA-
Hus Bpauel — drman ®I'BOY JIT10 «Poccuiickas
MEUIIMHCKAS aKaIeMUsI HEIIPEPHIBHOTO IPO-
(eccronanpHOrO 06pazoBanus» (HOBOKy3HEIK)
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CKUH rocy/1apCTBEHHBIN MEIUIIUTHCKUN YHUBED-
curet (HoBocubupck)

I[xait B.b., i-p MeJ. HayK, npod., 3aB. Ka-
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(HoBocubupck)
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Kasaukos E.JI., i-p MeJ. HayK, Ipod., 3aB. Ka-
denpoit naTosornyeckuit aHATOMUU U Cyied-
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IUHCKUN yHUBepcuTeT (YenssOuHCK)

Jlozeunos C.B., 1-p Me[l. HayK, pod., 3aB. Ka-
(erpoii rucToI0ruu, SMOPHUOJIOTHH U IIUTOJIO-
run, CHOUPCKUIA rocyJapCTBEHHBIN MeIUIIUH-
ckuii yausepcureT (ToMck)

Hadees A.Il., n-p Mef. HayK, Ipod., 3aB. Kade-
JIPO¥ TaToJI0ru4ecKuii anatomun, HoBocubup-
CKUU rOCyIapCTBEHHBIN MEUIIMHCKIH YHUBED-
curet (HoBocubupck)

Ilempex M., n-p MeUIMHBL, TPOd., PyKOBOU-
TeJIb JierapTaMeHTa [IaToJI0rnIecKor (hrusnoso-
run Yuusepeurera [Tosarikoro (Yexwist, Osiomoytr)

Caguenxo C.B., n-p MeJ. Hayk, npod. kade-
ZIpbI cynebHoi MenunuHbl, HoBOCHOUPCKUIL
TOCYIapCTBEHHBIN MeIUIIMHCKUN YHUBEPCH-
teT (HoBOCHOMPCK)

Casonosa E.H., 1-p Mel. HayK, Ipod., 3aB. Ka-
dbepoit HOpMaATBPHOHN U NATOJIOTUYECKOH bu-
3HMOJIOTUH, IIPOPEKTOP IO HAYYHOU paborTe,
J1aIbHEBOCTOYHBIHN TOCY/IapPCTBEHHBIM M-
LIUHCKUU yHUBepcuTeT (XabapoBck)

IIlegena A.H., n-p MeJi. HayK, Ipod., 3aMeCTH-
TeJIb IMPEKTOPA 10 HaydyHOU paboTe, THCTUTYT
XUMHYECKOU 6UosIoTuu 1 PpyHaMeHTaTbHOU
veaunpabl CO PAH (HoBocrbupek)

3.4. DAPMALEEBTUYECKUE HAYKU

Benoycos M.B., n-p dapm. HayK, TOIEHT, 3aB.
xadenpoit papmManeBTUIECKOTO aHAIMU3A,
CubHUpPCKU TOCy/IapCTBEHHBIA MeUIIUHCKUN
yuausepcuret (TomMck)

Kapuxos A.FO., i-p GHOJIL. HayK, IOLEHT, 3aB. Ka-
denpoit papmakosoruu um. nmpod. B.M. Bpro-
XaHOBA, IIPOPEKTOP 10 HAy4YHOU paboTe U UH-
HOBAIMAM, AJITAWCKUI TOCY/IapCTBEHHBIH Me-
JMIUHCKUH yHUBepcuTeT (BapHayo)
Kapaxynoea E.B., n-p dapm. HayK, npod. Ka-
epsl yIpaBieHUsA U SKOHOMUKH (papMarnuu,
CubHpPCKH TOCYIapCTBEHHBIA MeUIIUHCKUI
yausepcurtet (Tomck)

Jlagpenmvesa JI.H., i-p dapM. HayK, IOIEHT,
3aB. KadeZ[poii yIpaBJieHus 1 9KOHOMUKH dap-
MaIuy, 1ekad ¢papMaleBTUIecKoro GpaxysbTe-
Ta, ApOCIaBCKUI TOCY/IapCTBEHHBIN MeUITIH-
ckul yHuBepcuTeT (Spociasib)

Madomnos IL.I., i-p MeA. HayK, mpod., 3aB. Ka-
denpoii bapmakosioruy, KIMHHYECKOU hapma-
KOJIOTHH U I0Ka3aTeIbHOM Meaununsl, HoBo-
CHOUPCKUU TOCYIapCTBEHHBIN MEIUITUHCKUI
yausepcurer (HoBocubupck)

Domumnvix C.I., i-p MeJ. HayK, JOLEHT, 3aB.
kadepoii hapMaKoJIoTuH, KINHUYeCKoU dap-
Makosioruu, OMCKUN rOCyapCTBEHHBIH MeIH-
nuHCKUU yHuBepcuTeT (OMCK)

Illepmaesa K./1., n-p dapm. HayK, pod., 3aB.
kadepoii OpraHu3aryy 1 ynpasiaeHus papma-
eBTHYecKoro sesa, lOxxuo-KazaxcraHckas me-
nunuHckasn akagemus ([IIsivkent, Kazaxceran)

TloamnucaHo B mevats 25.03.2024.
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Opranuzanusa npoIaKTHKUA HaApYIIEeHU N PENPOXYKTHBHOTO
310POBbA I€BOYECK U AEBYIIECK-IIOAPOCTKOB

O.B. Jlykamesa, 11.0. Mapunkus, K.}0. Makapos, B.A. bopiios

@I'BOY BO «Hosocubupckuil 2ocydapcmeetHbiil meduyuHckuil yHusepcumems» Munzdpasa Poccuu, Hosocubupck, Poccus

AHHOTAIIUA

BBeneHnue. OcHOBHBlE JleMorpaduyecKkue IOKA3aTeJH B CTPAHE 3aBUCAT OT OCOOEHHOCTEH PEerpOAyKTUBHOTO
[TOBEZIEHUsI HBIHENTHUX JIeTell U HOAPOCTKOB. 110710Boe BocuTaHUE, OOBIYHO OCYIIECTBIISIONIEECS B CEMbE, UTPAET BEAy-
IIyI0 POJib B GOPMUPOBAHUH PEIPOYKTUBHOTO [TOBEZIEHU U JIOJIXKHO OBITH HE TOJIBKO CBOEBPEMEHHBIM, HO B HH(MOpMa-
TUBHBIM, YTO HEBO3MOKHO PEaTM30BaTh 0€3 MOAIEPIKKU CUCTEMBI 3/IPaBOOXPAHEHHS.

Il e n». Oupenenurh TEHAECHIMH PENPOAYKTHBHOTO IOBEIEHUS JIEBYIIEK-TIOAPOCTKOB M CTEIEHb BOBJIEYEHHOCTH
MEJUIUHCKUAX PAOOTHUKOB B IIPOIIECC II0JIOBOTO BOCIIUTAHUS JIEBOYEK U JIEBYIIEK-TIOAPOCTKOB.

MaTtTepuaas U MeTOJB5bl . IIpoBeileH aHOHUMHBIN COLIMOJIOTHYECKHUH OIIPOC 400 JIEBYIIIEK B BO3PACTe OT 15
1o 18 stet (cpenHU Bo3pact — 16.3 roja), kotopbie obpatuiuck B 'BY3 HCO «KiIIMHUYECKUH IEHTP OXPAHBI 3/I0POBbS
CeMbU U PENPOAYKINH», U 34 Bpauel — aKyIIePOB-THHEKOJIOTOB, OKa3bIBAIOIIHX IIOMOII[b HECOBEPIIEHHOIETHUM.
PesyapTartsbl. CormacHO pe3ylbraTaM OIpOCa JUI COXPAHEHUs PENPOAYKTUBHOTO M CEKCYaJIbHOTO 3/10POBBS
JIEBYIIIKAM-IIOJIPOCTKAM He0OX0AUMbI MHGOPMAIUA U KOMIUIEKCHOe NMpodUIaKTUUeCKoe 0Opa3oBaHUE IO BOIMPOCAM
PEIPOAYKTUBHOTO 3/10POBbsI, KOTOPOE JIACT UM 3HAHHUS U HABBIKU JIJIS OIIPEJIEIEHIs CBOETO MOBeieHus. 110 oreHKe Bpa-
Yyel — aKyIIepOB-THHEKOJIOTOB MOILY/IsIPEH 3aIIPOC Ha TUCTAHIMOHHOE KOHCYIBTHPOBAHUE POJUTENIEH IEBOYEK H [IEBYILIEK
IIOZIPOCTKOB II0 BOIIPOCAM PENPOAYKTHUBHOTO 3/{0POBbs U [IOBE/IEHNUsI, O/THAKO Y Bpaueil He BCET/ja €CTh BO3MOKHOCTb OCY-
IIIECTBUTD JIAHHBIHA BUJl KOHCYJIbTUPOBAHUsA, XOTS OHU U CUUTAIOT 3T MEPhI OJTHUM H3 CII0COOOB YKPEILJIEHUs PEIPOJIYK-
THUBHOTO 3/10POBbs JIETEl U MOIPOCTKOB.

3akunioueHue. Co3manue 2JIeKTPOHHOTO pecypca, CoZiepKaInero HHGOpMaIHio NpodIIaKTHIeCcKOH HalpaByIeH-
HOCTH I10 BOIIPOCAM PEIPOIYKTHBHOTO IIOBEIEHUS U 3/I0POBbsI, ONTUMU3UPYET NPOGUIAKTHUECKYIO pabOTy C JeBOYKAMHU
U JIEBYIIIKAMHU-IIOIPOCTKAMH, A TAKIKE MO3BOJIUT C/I€/IaTh CUCTEMY OXPAHBI 3ZJ0POBBS [TOAPOCTKOB MaKCUMAIBHO 3ddek-
THUBHOU U JIOCTYITHOU, UTO ITO3BOJIUT CHOPMHUPOBATH MOJIEJI HOPMATIBHOTO PENPOAYKTHBHOTO MOBE/IEHU JieTel U IO/ -
POCTKOB U, TAKMM 06pa30oM, COXpPAaHUTh PEIPOIYKTUBHBIH IOTEHIINAT HACEIEH .

Knaroueenvle cro8a: penpoiyKTUBHOE 3/10POBbEe, OXpaHa PEIPOIYKTUBHOTO 3/10POBbs IeTEH U NOAPOCTKOB, PETIPOIYK-
THUBHOE MTOBeJIEHIE, IT0JIOBOE BOCIIUTAHUE, aKyIIEP-THHEKOJIOT, IETH, TIOPOCTKH.

O0pasen nmurupoBaHus#A: Jlykamesa O.B., Mapunukun 1.0., Makapos K.IO., Bopios B.A. Opranusanus mpo-
pUIaKTUKN HApYIIEeHUH PEMPOAYKTUBHOTO 37I0POBbsSI IEBOYEK U IEBYIIEK-TOAPOCTKOB // Journal of Siberian Medical
Sciences. 2024;8(1):7-17. DOI: 10.31549/2542-1174-2024-8-1-7-17

Organization of prevention of reproductive health disorders
in girls and adolescent girls

0.V. Lukasheva, I.0. Marinkin, K.Yu. Makarov, V.A. Bortsov

Novosibirsk State Medical University, Novosibirsk, Russia

ABSTRACT
Introduction. The main demographicindicators in the country depend on the characteristics of the reproduc-
tive behavior of today’s children and adolescents. Sex education, usually realized in the family, plays a key role in the for-
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mation of reproductive behavior, and should not only be timely but also informative, which cannot be achieved without the
health care system support.

A im . To determine trends in the reproductive behavior of adolescent girls and the degree of involvement of medical
professionals in the process of sex education for girls and adolescent girls.

Materials and methods. Ananonymous survey was conducted among 400 girls aged 15 to 18 years
(average age 16.3 years) who had applied to the Clinical Center for Family Health and Reproduction, and of 34 obstetrician-
gynecologists providing care to minors.

R e sults. According to the survey results, to maintain reproductive and sexual health, adolescent girls need informa-
tion and comprehensive preventive education on reproductive health issues which will give them the knowledge and skills
to determine their behavior. According to estimates of obstetrician-gynecologists, there is a popular request for online
consultation of parents of girls and adolescent girls on issues of reproductive health and behavior, but doctors do not
always have the opportunity to render this type of consultation, although they consider these measures one of the ways for
the reproductive health promotion of children and adolescents.

Conclusion. Thedevelopment of an electronic resource containing prevention-focused information on reproduc-
tive behavior and health issues will optimize preventive work with girls and adolescent girls, and will also make the adoles-
cent health care system as effective and available as possible, thus allowing the formation of models of normal reproductive
behavior of children and adolescents and preserving the reproductive potential of the population.

Keywords: reproductive health, reproductive health protection of children and adolescents, reproductive behavior, sex
education, obstetrician-gynecologist, children, adolescents.
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BBEJAEHUE

K 2023 r. B Poccun komu4yecTBO HOAPOCTKOB B
BO3pacTe OT 10 JI0 19 JIET COCTaBJISIO OoJee 13 MJIH,
9TO JlecATas YacTh Bcero HaceyieHus crpadsl. B HoBo-
cUOUPCKOM 06J1aCTH IMHAMHUKA YHUCJIEHHOCTH JIeTeH
Y TIOJIPOCTKOB COTIOCTABHUMa € 0OIIEPOCCUICKOM TEH-
JleHIed. BaKHO yIUTHIBATh, UTO OCHOBHBIE JIEMO-
rpaduUecKrie MOKa3aTeJIN B CTPaHe 3aBUCAT OT OCO-
OEHHOCTEN PENpPOYKTUBHOTO IIOBEJIEHUs] HBIHEIII-
HUX JleTeld ¥ moApocTKoB[1, 2]. TlosoBoe BocmuTa-
HUe, 0OBIYHO OCYIIECTBJISIOIIEECS B CEMbe, UTPAET
BEJIYIIYIO POJIb B GOPMHUPOBAHUH PEMPOYKTHBHOTO
MOBeIEHUsI U JIOJKHO OBITh HE TOJBKO CBOe-
BpPEMEHHBIM, HO W WH(POPMATUBHBIM, UTO HEBO3-
MOKHO PeTU30BaTh O€3 MO/IJIEPKKH CUCTEMBI 3/Ipa-

BOOXPAaHEHUS.
PaccmarpuBas mpobiieMy COXpaHEHHUs PeIpo-
OYKTHBHOTO  3/I0POBbs  HECOBEPIIEHHOJIETHUX,

BOKHO HE TOJIbKO MPOAHATU3UPOBATH CYIIECTBYIO-
e IIOBEJ€HYECKHE ITaTTePHbI COBPEMEHHBIX ﬂeTeﬁ
" IIOAPOCTKOB, HO U OIIPEAE/TIUTh YPOBEHDb BOBJIEYUE-
HUS Bpauell aKyIIepOB-THHEKOJIOTOB B IPOIlECC
I10JIOBOT'O BOCHUTAHUA [3—6].

IIEJIb UCCJIE/IOBAHUA

OrnpeziesuTh TEHAEHIIUN PENIPOAYKTUBHOTO MOBe-
JIEHUs IEBYIIIEK-TIOIPOCTKOB U CTEIIEHb BOBJIEYEHHO-
CTH MEJUITUHCKUX paOOTHUKOB B IPOIECC TIOJIOBOTO
BOCITUTAHUS IEBOYEK U JIEBYIIIEK-TIOPOCTKOB.

INTRODUCTION

By 2023, in Russia the number of adolescents aged
10 to 19 years made up more than 13 mln (a tenth of the
country’s total population). In the Novosibirsk region,
the number of children and adolescents is comparable
to the all-Russian trend. It is important to take into
account that the main demographic indicators in the
country depend on the patterns of reproductive behav-
ior of current children and adolescents [1, 2]. Sex edu-
cation, usually realized in the family, plays a key role in
the formation of reproductive behavior and should not
only be timely, but also informative, which cannot be
achieved without the support of the health care system.
When considering the problem of preserving the repro-
ductive health of minors, it is important not only to
analyze the current behavioral patterns of modern chil-
dren and adolescents, but also to determine the level of
involvement of obstetrician-gynecologists in the pro-
cess of sex education [3—6].

AIM OF THE RESEARCH

To determine trends in the reproductive behavior
of adolescent girls, and the level of medical staff
involvement in the process of sex education for girls
and adolescent girls.

MATERIALS AND METHODS

To determine the key points for the system of
prevention of reproductive health disorders in
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MATEPUAJIBI 1 METO/bI

Jl1s1 onpeniesieHUsT KIIOYEBBIX TOUEK OpPraHu3a-
OU¥ TPOPUIAKTHKY HAPYIIEHUN PEITPOIYKTHBHOTO
37I0POBBA B ZIETCKOM H ITOIPOCTKOBOM BO3PACTe IIPO-
BeJleH aHOHUMHBIA COIIMOJIOTUYECKHUH OIpoc 400
JIEBYIIIEK B BO3pacTe OT 15 /10 18 Jier (cpeaHuii Bo3-
pact — 16.3 rozaa), KoTopsle obpaTwiauch B I'BY3
HCO «KiuHnyeckuid IEeHTP OXpaHbl 370POBbA
CEMbU U PEMPOAYKINU», U 34 Bpayel — aKyIlIepoB-
TUHEKO0JI0TOB (cpeHui mpodeCcCHOHAIBHBIN CTaXK —
23 ro/1a; 18 OIMpPOIIEHHBIX CIEIUAIUCTOB OTMETHIIH
CBOMIM OCHOBHBIM MECTOM Pa0OThI TOCY/ITAPCTBEHHBIE
MeJUIIMHCKYUE YyUupexJeHUs, 16 4eyl. — YacTHbIE
MEIUIIMHCKAE  YUPEXK/IeHH), OKAa3bIBAIOIIUX
IIOMOIIlb HECOBEPIIEHHOJIETHUM.

PE3YJIBTATDBI 1 OBCYXKJIEHHNE

OmnpenesieHne  «pPEMPOJYKTUBHOE  3/I0POBHE»
60.3 + 2.4 % PeCrnoHeHTOB (QOPMYJIUPYIOT HE
TOJIPKO KaK COCTOSTHHE MCUXUUYECKOTO U COMAaTHhue-
CKOTO 37I0POBbSI, HO U TaPMOHHYHOTO IICUXOCOIIH-
aJIbHOTO U (pr3nueckoro pa3putud. OTMedaroT 3aBU-
CUMOCTh CIOCOOHOCTH K BOCIIPOH3BOJICTBY IOTOM-
CTBa OT PENpPOAYKTUBHOTO 37I0POBbsA 17.3 + 1.9 %
OIPOIIIEHHBIX; 3/TOPOBBE KAK COCTABJIAIOIIYIO YaCTh
CEKCyaJIbHOU JKU3HU BBIJIEJIAIOT 2.3 £ 0.7 % Ompo-
[IEeHHBIX; 7.3 + 1.3 % 3aTpyJHWINCH cPOpMyIHUpO-
BaTh OTIpe/ieJIeHNEe PENPOAYKTUBHOTO 3/I0POBbSI.

B ciygae mosiBJIeHHA 3aTPYAHEHUN WJIH BOIIPO-
COB II0 TEME PENPOIYKTUBHOTO 3/I0POBbS UJIU ITOBE-
JIEHUs B IIEPBYIO OUEPeib MOIPOCTKH O3KUAAIOT MO/~
JEPIKKY pomuTesel — 58.5 + 2.5 %; OTHOBPEMEHHO C
3TUM TpeTh (29.8 + 2.3 %) pPECHOHAEHTOB OOCYXK-
JJAIOT  JaHHBIE BOIPOCHL CO  CBEPCTHUKAMU;
6.8 + 1.3 % — ¢ WieHaMU CeMbU WJIH JPYTUMH POJI-
CTBEHHUKaMHU (MCKJIIOUAsi POJTUTENIEN); K Ie/JarOTH-
YecKUM pabOTHHUKAM 3a pas3bsSCHEHHWEM BOIIPOCOB
PeIpOyKTUBHOTO 37I0POBbsI U IOBeIeHUs obpara-
10TCsl He OoJIbllle 2 + 0.7 % ompolieHHbIX. CaenoBa-
TeJIbHO, OOJIBIIMHCTBO JIEBYIIEK-TIOIPOCTKOB IIpe-
JKJIe BCero MPUOErHyT K MOMOIIU POJUTENIEH U JIPY-
T'UX YJIEHOB CEMbU IIPU IOSBJIEHUU MPOOJIeM, Kaca-
IOIUXCS PEPOAYKTUBHOTO 37I0pOBbA. Takke omHa
U3 TMISTU OIPOIIEHHBIX JIEBYIIEK 3a5ABJISIET, UTO HU C
KEM He TOBOPHUT Ha YKa3aHHBIE TEMBI.

ITo maHHBIM JTUTEPATYPHI HHTUMHBIE OTHOIIEHUS
IIOIPOCTKOB XapaKTEPU3YIOTCS KaK PUCKOBAHHBIE
[7, 8]. B cBA3M ¢ 3TUM Ba)KHO IPOAHAIM3UPOBATH
YPOBEHD OCBEIOMJIEHHOCTH IOJ[POCTKOB B KJIFOUEBBIX
Bompocax: 00 HH(PEKIUAX, IepeIaBaeMbIX II0JIOBBIM
myrem (MIIIIII), koHTpalenmuu, o6 OTHOIIEHUH K
OepeMeHHOCTH U abopTaM. Y OIPOIIEHHBIX HAMH
JIEBYIIIEK OTMEUYAeTCs] BBICOKASA OCBEIOMJIEHHOCTD
otHocuTesibHO BUY-undeknuu (97.5 + 0.8 %),

childhood and adolescence, an anonymous survey
was conducted for 400 girls aged 15 to 18 years
(average age: 16.3 years), who sought medical
attention at the Clinical Center for Family Health
Care and Reproduction, and of 34 obstetrician-
gynecologists (average work experience: 23 years;
18 interviewed specialists specified state medical
institutions as their main place of work, 16 peo-
ple — private medical institutions) providing care
to minors.

RESULTS AND DISCUSSION

The definition of “reproductive health” is formu-
lated by 60.3 + 2.4% of respondents not only as a
state of mental and somatic health, but also of har-
monious psychosocial and physical development.
The dependence of fertility on reproductive health
was noted by 17.3 + 1.9% of respondents; health is
identified as an integral part of sexual life by
2.3 + 0.7% of respondents; 7.3 + 1.3% found it diffi-
cult to formulate a definition of reproductive health.

In case of difficulties or questions on the topic of
reproductive health or behavior, adolescents first of
all expect their parents’ support — 58.5 + 2.5%; at the
same time, a third (29.8 + 2.3%) of respondents dis-
cuss these issues with peers; 6.8 + 1.3% — with family
members or other relatives (excluding parents); no
more than 2 + 0.7% of respondents turned to teach-
ing staff for clarification on issues of reproductive
health and behavior. Consequently, most adolescent
girls will firstly call in the aid of parents and other
family members when reproductive health problems
arise. Also, one of five girls surveyed states that they
do not talk to anyone about these topics.

According to the literature, sexual behavior
among adolescents are characterized as risky [7, 8].
In this regard, it is important to analyze the level of
awareness of adolescents on key issues: sexually
transmitted infections (STIs), contraception, atti-
tudes towards pregnancy and abortion. The girls we
surveyed showed high awareness of HIV infection
(97.5 £ 0.8%), syphilis (85.5 + 1.8%) and hepatitis B
and C (59.8 = 2.5%). The majority (53.3 + 2.5%)
know about Chlamydia infection, comparable pro-
portion (51.5 + 2.5%) know about genital herpes.
Only 33.3 + 2.4% of respondents are informed about
gonorrhea, and least of all (17.8 + 1.9%) — about
trichomoniasis. The opinion of adolescent girls about
the probable ways of contracting STIs deserves spe-
cial attention: first of all, unprotected sexual inter-
courses, infection through blood transfusion and
other medical procedures are noted (86.8 + 1.7 and
60.8 + 2.4%, respectively). Every second adolescent
girl rightly notes the vertical transmission of infec-
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cudpmwmca (85.5 + 1. 8 %) u rematutoB B u C
(59.8 + 2.5 %). BospinHCTBO (53.3 + 2.5 %) 3HAIOT O
XJIAMHUZIN03€, COMTOCTaBUMO (51.5 + 2.5 %) — O TeHU-
TaJIbHOM repuece. MHdopMmarnueil o roHopee Bja-
JIeI0T TOJIBKO 33.3 + 2.4 % OIpPOLIEHHBIX, U MeHee
Bcero (17.8 + 1.9 %) — o Tpuxomonuase. OT/1eJIbHOTO
BHUMAHUA  3aCJIy:KUBaeT MHEHUe JIeByIIeK-
IIO/IPOCTKOB O BEPOATHBIX CIHOCO0AaX 3aparkKeHUs
WIIIIII: B mepByIO Oouepenb OTMeUaloT He3aluIleH-
HbI€ I10JI0Bble KOHTAKTBI, 3apakeHue IIPU epesIuBa-
HUU KPOBU U JIPYTUX MEJUIIUHCKUX MaHUITYJIAIUAX
(86.8 + 1.7 1 60.8 + 2.4 % coorBercTBeHHO). Kaxkmasa
BTOpas JieByIIKa CIIPaBEJJINBO OTMeYaeT BepTU-
KaJIBHBIN IyTh Ilepesiaun HHPEKUN — 47.5 £ 2.5 %.
B xo7ie vicciieoBaHUsA Mbl BBIABIJIN 3a0JTyKIeHNUS,
CBOHCTBEHHBIE IIOJPOCTKAM, B BOIIpOcax Iepesiadyu
WIIIIII: HexkOoTOpBble PECIOHAEHTHl CUUTAIOT BO3-
MOXKHBIM TIepeJlauy TPH IOCENeHU OaH!/cayHbI
WIN KyllaHuu B Oacceiine (12.3 + 1.6 1 10.3 £ 1.5 %
COOTBETCTBEHHO); BO3MOXKHOCTD 3apaskeHust NTIIIII
IIpU TOIeJIye WU Yepe3 YKYC HaCeKOMBIX/IoMalll-
HUX KUBOTHBIX IIPEIIOIAraloT 9.3 + 1.4 1 4.5+ 1%
OIIPOIIEHHBIX COOTBETCTBEHHO; Ha JI0JII0 PYKOIIOXKa-
tuA B nepegade NI npuxoguresa 1.5 + 0.6 %.

B xoHTekcre omacHoctu nepepauun WMIITIIT mbr
BBIACHWIN IIPEATIO0JIOKEeHH A JeBYIIeK-I10POCTKOB O
crocobax TpenoTBpaiieHuss UHQPEKIUNA: B IEPBYIO
ouepeb PECIIOH/IEHTHI BBIZIEJISIOT OapbepHbIE Cpe-
cTBa — 91.5 * 1.4 %, BO BTOPYIO — BO3/iep:KaHUE OT
CEeKCyasIbHBIX KOHTAKTOB (57.5 + 2.5 %); TOPMOHAJIb-
HyI0 KOHTPAIeNINI0 KaK METOJ IpeOTBpAalleHUs
WIITIIT oTmMeTHin 13.0 + 1.7 % AeBYIIEK-TIOPOCTKOB;
BHYTPUMATOYHBI KOHTpAIeNTUB (COUpaap) —
7.3 + 1.3 %; cCUpHUHIlEBaHUE IIOCJIe II0JIOBOTO aKTa
g 3amuThl ot WIIIIII roToBBI MCIOJIB30BaTh
2.0 + 0.7 % neyiiek. O6 OTCYTCTBUU 3HAHUU O TIpe-
JotBpamieHun  3apaxkenusa  UIIIIII  3agBuium
4.0 £ 1 % OIpOIIEHHBIX. YUHUTHIBAsA OUINOOYHBIE
cy»xzeHus o crocobax nepenauu UIITIIT u meTomax
3aIUTHI, OKU/IAEMO, YTO OIPOIIEHHbIE JIeBYIIKU-
TIOJIPOCTKY B 60.3 + 2.4 % cJIydaeB onacawTcs 3apas-
urbca MIIIII wunm cxkopee omacamoTcsd, 4yeM HeT
(22.0 £ 2.1 %).

CBoeBpeMeHHOe BbIABJIEHUE U JIeYeHUE [T0JI0OBBIX
UHOEKIUN TO3BOJISIET COXPAHUTH PENPOyKTUBHOE
3710pOBbE IAIIMEHTOB, II03TOMY Ba’KHBIM MOKHO
CUuTaTh HaMepeHUe OIIPOIIEHHBIX JIeByIIeK-
ITO/IPOCTKOB MPEK/Ie BCETO OOPATUTHCA K Bpady IPHU
nozo3penuu Ha 3apaxkenue UIIIIII — 83.0 + 1.9 %;
TPETh MOAPOCTKOB MOZEIUTCA HHOpManmen c
ponutensamu (31.0 £ 2.3 % ); 11.5 + 1.6 % pecroH/IeH-
TOB OyayT uckath nHdopmanuio B MuTepHere. Ilo
JIAHHBIM OIIpOCA YacTOTa IIOCEl[eHWH Bpaya —
aKyIlepa-rTUHEKOJIOTa  IMOJIPOCTKAMU  COCTABJIAET

tions — 47.5 + 2.5%. During the study, we identified
misconceptions typical of adolescents regarding
STIs: some respondents believe that transmission is
possible when visiting a bathhouse/sauna or at a
swimming pool (12.3 + 1.6 and 10.3 + 1.5%, respec-
tively); the possibility of STIs via a kiss or an insect/
pet bite was suggested by 9.3 + 1.4 and 4.5 + 1% of
respondents, respectively; and handshakes account
for 1.5 £ 0.6% of STIs transmission.

In the context of the danger of transmission of
STIs, we found out the assumptions of adolescent
girls about ways to prevent infections: first of all,
respondents highlight barrier methods — 91.5 + 1.4%,
secondly — abstention (57.5 + 2.5%); hormonal con-
traception as a method of preventing STIs was noted
by 13.0 + 1.7% of adolescent girls; use of intrauterine
device — 7.3 + 1.3%; 2.0 £ 0.7% of girls are willing to
use vaginal douching after intercourse to protect
against STIs. Lack of knowledge about preventing
STIs was reported by 4.0 + 1% of respondents. Tak-
ing into account misperceptions the ways of STIs
transmission and methods of protection, it is
expected that the surveyed adolescent girls in
60.3 + 2.4% of cases are afraid of becoming infected
with STIs or are more likely to be afraid than not
(22.0 £ 2.1%).

The timely detection and treatment of STTs allow
preserving the reproductive health of patients, so the
intention of the surveyed adolescent girls to firstly
seek medical attention if they suspect infection with
STIs can be considered important — 83.0 + 1.9%; a
third of adolescent girls will share information with
their parents (31.0 + 2.3%); 11.5 + 1.6% of respon-
dents will search for information on the Internet.
According to the survey results, the frequency of vis-
its to an obstetrician-gynecologist by adolescent girls
once a year makes up 46.5 + 2.5%; every six months —
26.8 + 2.2%; once in 2 years and less often —
13.8 £ 1.7%; 3.5 £ 0.9% of respondents have never
visited a gynecologist. The main reason for visiting
an obstetrician-gynecologist is the need for an exam-
ination in 54.3 + 2.5%; every third adolescent girl
have complaints — 34.0 + 2.4%; 27.5 + 2.2% of
respondents seek gynecologist’s advice on contra-
ception, hygiene or disease prevention; 5.0 + 1.1% of
respondents try not to see a doctor.

The key issue in realizing reproductive potential
is women’s attitude towards family and marriage.
During the survey, we found that the respondents
were loyal of premarital, including non-monoga-
mous, relationships (positive — 45 + 2.5%; indiffe-
rent — 38 + 2.4%). More than half (53.3 + 2.5%) of
the survey participants are sexually active since the
age of 15.9 and have 1.7 partners on average. Among
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1 pa3 B rof — 46.5 + 2.5 %; Kaxk/ble IOJIroAa KOH-
CYJIBTUPYIOTCA 26.8 + 2.2 % JieBylliek; 1 pa3 B 2 rojia
u pexxe — 13.8 + 1.7 %; HUKOI/Ia He MTOCeNau THHe-
KoJIOTa 3.5 £ 0.9 % OIpOIIeHHbIX. Bexymum MoTH-
BOM IIOCEIIEHUs] Bpadya — akKyllepa-THHeKoJiora
SIBJISIETCSI  HEOOXOAMMOCTh  IPO(PUIAKTUIECKOTO
ocMoTpa — 54.3 + 2.5 %; Kaxzgasd 3-g1 JeByIlIKa-
ITOIPOCTOK OOpaIaercs ¢ JkajnobamMu — 34.0 + 2.4 %;
JUTsI KOHCYJIbTAIlUY 110 KOHTPAIIETIUY, TUTHEHE WU
npodwiakTuke 3a607eBaHUN K THHEKOJIOTY obOpa-
ATCA 27.5 + 2.2 % ONPOIIEHHBIX; CTapalOTCsA HE
obparaThecs K Bpauy 5.0 + 1.1 % PeCIIOH/IEHTOB.

KitroueBbIM BOIIPOCOM B pPeaTH3aIUU PEIPOAYK-
THBHOTO TIOTEHIUAJIA SIBJIIETCA OTHOIIEHHE >KEH-
IIUH K ceMbe U Opaky. B xozme uccieoBaHUS MbI
BBISICHIJIN, YTO OIIPOIIEHHbIE MAIUEHTKHU JIOSJIBHO
OTHOCSITCS K JIOOpAaYHbIM, B TOM YHCJIE HE MOHOTAM-
HBIM, OTHOIIIEHUAM (IIOJIOXKUTETBHO — 45 + 2.5 %;
Oe3paziuuHo — 38 + 2.4 %). Bosiee MOIOBUHBI
(53.3 £ 2.5 %) y4aCTHUII UCCIIEIOBAHUS KUBYT IT0JIO-
BOH JKM3HBIO C 15.9 TOZla U UMEIOT 1.7 MapTHepa B
cpenneM. Cpeny TOOYAUTETBHBIX IPUYUH ITOJIOBOTO
JebI0Ta  JIMUPYIOT «9YBCTBO  BJIIOOJIEHHOCTH»
(46,5 + 2.5 %) u «uHTEpec/TIOOOIBITCTBO»
(11.0 £ 1.6 %).

«3aIlUIeHHbBIM» YUYaCTHUIIBI OITPOCa HA3hIBAIOT
TOT CEKC, IPU KOTOPOM HCIIOIb30BAINCH GapbepHbIE
CpeJicCTBA KOHTPAIIEIIINH, a TAKXKE KOHTAKT ¢ 00cyte-
goBanHbIM Ha UIIIIII 1moJIOBBIM  mapTHepOM
(87.0 £ 1.7 1 51.3 + 2.5 % COOTBETCTBEHHO); HATUYLE
IIOCTOSTHHOTO TI0JIOBOTO MTAPTHEPA U UCIIOIH30BAHIE
TOPMOHAJIbHBIX KOHTPAIENITUBOB KaK BapUaHT 6€30-
MTACHBIX MTOJIOBBIX KOHTAKTOB OTMETHIIH 45.5 + 2.5 U
25.0 £ 2.2 % JIeBYIIEK-TI0/IPOCTKOB COOTBETCTBEHHO.
CTOHUT OTMETHUTD, YTO METO/I IPEPBAHHOTO ITOJIOBOTO
aKTa B KauecTBe 6€30I1aCHOTO BBIZEIAOT 2.3 + 0.7 %
MTOZIPOCTKOB; 2.8 + 0.8 % OIpOIIIeHHBIX 3asIBJISIOT 00
OTCYTCTBHH 3HAHUU II0 JIAaHHOMY Borpocy. CaMbIi
pacmpocTpaHEeHHBI B KCIOJIB30BAHUU W3 BCEX
WU3BECTHBIX IIOPOCTKAM METOZOB KOHTPAIEIIIIHH
sIBJIsIETCSA OapbepHBIH (47.0 £ 2.5 %). «[IpepBaHHBIN
[IOJIOBOM aKT» sIBJIAETCA METOIOM BhIOOpa JJist
11.7 + 2.2 % peCHnOH/IEHTOB, XOTsA OOJIBITUHCTBO W3
HUX HE CUUTAIOT €ro HaJIe’KHbIM. He HCIOoJIB3yIoT
CpeJicTBa KOHTPAIENI[UK IIPU KOHTaKTaxX 7.0 + 1.7 %
JIEBYIIIEK-TIOAPOCTKOB. B TOTE OCBETOMIIEHHOCTH 110
BoIpocaM KOoHTparneniuu u npodmiakruku UIITTT
He SIBJISIETCs JOCTAaTOYHBIM CTHMYJIOM K PeryJisip-
HOMY HCHOJIb30BaHUIO 3(POEKTUBHBIX CPEZICTB
3aIHUTHI TOAPOCTKAMH.

Muenue 06 omacHocTu abopTa AJisi KEHIIUHBI
BBICKA3bIBAIOT OOJIBIITUHCTBO OIPOIIEHHBIX («Bpe-
JleH» — 45.0 + 2.5 %; «ckopee BpeJleH» —
32.8 + 2.3 %). Bmecre ¢ Tem 37.8 + 2.4 % yuacTHUI|

the motives for sexual onset, the leading ones are
“feeling of falling in love” (46.5 + 2.5%) and “inter-
est/curiosity” (11.0 + 1.6%).

The survey participants call a sexual inter-
course protected when it involves the use of bar-
rier contraceptives, as well as an intercourse with a
partner negatively tested for STIs (87.0 + 1.7 and
51.3 + 2.5%, respectively); the presence of a regu-
lar sexual partner and the use of hormonal contra-
ceptives as an option for safe sexual intercourses
was noted by 45.5 + 2.5 and 25.0 + 2.2% of adoles-
cent girls, respectively. It is worth noting that
coitus interruptus (withdrawal) is considered safe
by 2.3 £ 0.7% of adolescent girls; 2.8 + 0.8% of
respondents declare lack of knowledge on this
issue. The most commonly used contraceptive
method of all known to adolescents is barrier
(47.0 £ 2.5%). Coitus interruptus is the method of
choice for 11.7 £+ 2.2% of respondents, although
most of them do not consider it reliable. 7.0 + 1.7%
of adolescent girls do not use any method of con-
traception. As a result, awareness of contraception
and STIs prevention is not a sufficient incentive
for adolescents to regularly use effective measures
of protection.

The majority of respondents express an opinion
about the danger of abortion for a woman (“harm-
ful” — 45.0 £ 2.5%; “rather harmful” — 32.8 + 2.3%).
At the same time, 37.8 + 2.4% of the survey partici-
pants will resort to termination of pregnancy if it
occurs earlier than they planned. Basically, adoles-
cent girls are ready to give birth to children at the age
of 20—25(46.0 + 2.5%) or 26—30 years (32.0 + 2.3%).
After the age of 30, 6.5 + 1.2% of respondents plan
their first pregnancy, and 1.5 + 0.6% of adolescent
girls are ready for pregnancy before the age of 20. It
is important to note that 4.5 + 1% of the survey par-
ticipants stated that they had no plans for pregnancy
during their lifetime.

The aim of the anonymous survey of obstetrician-
gynecologists working with children and adolescents
was to identify the attitude of specialists to the cur-
rent system of reproductive health care and ways to
improve it, as well as to determine the contribution
of doctors to the implementation of sex education for
children and adolescents.

According to opinion of the majority of obstetri-
cian-gynecologists, a potential for improving the sys-
tem of health care and reproduction of girls in child-
hood and adolescence exists and rather exists
(58.8 £ 11.9% and 23.5 + 10.3%, respectively);
11.8 + 7.8% of respondents believe that there is cur-
rently no such need or rather not than there is. The
surveyed doctors (64.7 + 11.6%) see the goal of
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ompoca MpUOErHyT K MpephIBAHUI0 O€pEeMEHHOCTH,
eCIM OHAa HACTYIHUT paHee 3aIJIAHUPOBAHHOTO UMH
BO3PACTHOTO TIepHo/la. B OCHOBHOM JIeBYIIKH
TOTOBBI PEAIM30BBIBATh PEIPOYKTUBHBIE IIJIAHBI B
Bo3pacte 20—25 (46.0 + 2.5 %) win 26—30 JeT
(32.0 + 2.3 %). [Tocse 30 JieT MJIAHUPYIOT MIEPBYIO
OepeMeHHOCTD 6.5 + 1.2 % pPeCIoHEHTOB, a K bepe-
MEHHOCTH JI0 20 JIeT TOTOBHI 1.5 + 0.6 % JeByIeK-
MIO/IPOCTKOB. BaKHO OTMETHUTH, UTO 4.5 + 1 % ydacrt-
HUI[ AHKETUPOBAHHUSA 3a5BJIAIOT 00 OTCYTCTBHUH ILjIa-
HOB Ha OEpeMEeHHOCTD B TEUEHUE JKU3HHU.

[{es1pI0 aHOHMMHOTO OIIPOCA Bpauel — akyIIepoB-
THHEKOJIOTOB, paboTaloux € JETbMH U ITOAPOCT-
KaMH, ObLJIO BBISIBJIEHHUE OTHOIIEHUS CIEI[UATHUCTOB
K CYIIECTBYIOIIEH cHCTeMe OXPaHbl PENpPOJyKTHB-
HOTO 3/I0POBbSI U CIoco0aM ee COBEPIIIEHCTBOBAHMUS,
a TaKKe OIpe/ieJIeHUE BKJIaJIa Bpadyed B peayin3a-
MO TI0JIOBOT'O BOCIUTAHUSA JIeTeN U TMTOAPOCTKOB.

[To MHeHUIO OOJIBIIIMHCTBA Bpauel — aKyIlepoB-
TUHEKOJIOTOB, B HACTOSAIIEE BPEMS CYIIIECTBYET WJIH
ckopee cyiectByeT (58.8 + 11.9 % u 23.5 + 10.3 %
COOTBETCTBEHHO) TIOTEHIIUAJ YCOBEPIIIEHCTBOBAHUS
CHCTEMBI OXPaHBI 3/IOPOBbA U PEMPOAYKIIUU JEBO-
YeK B JIETCKOM U IOJPOCTKOBOM BO3PAacCTe;
11.8 + 7.8 % PpecCroH/EHTOB CYUTAIOT, YTO TAKOU
HEOOXOIMMOCTH B HACTOSIIEE BPEMS HET UJIH CKOPee
HeT, 4YeM ecTb. 1lesIbl0 COBEPIIEHCTBOBAHUSA OIPO-
IeHHbIe Bpauu (64.7 + 11.6 %) BUAAT MOBBIIIIEHHE
VPOBHS 37I0POBbBS JIETEN U TIOJIPOCTKOB.

Jna peanusanuu CBOEBPEMEHHON mpoduiak-
TUKU HapylleHUU PpenpoAyKTUBHOU cdepsl Heco-
BEPIIIEHHOJIETHUX OIPOIIEHHbIE THHEKOJIOTH yda-
CTBYIOT B TAKMX MEPOIPUITHUAX, KaK TPOPUIAKTH-
YecKHU OCMOTp — 76.5 + 10.3 %; IpOBeIeHNE AVC-
TAHIMOHHBIX JIEKIUHU JJIsI POAUTENENR U IOJPOCT-
KOB — 5.9 £ 5.7 %; IpOBeJleHNe OYHBIX JIEKITUN JIJIsI
MMaIMEeHTOB U posiuTesied — 11.8 + 7.8 %; mpoBeieHne
WHIUBHUIYaJIbHOTO KOHCYJIBTUPOBAHUS POTUTENIEN 1
noapoctkoB — 58.8 + 11.9 %. BaxxHO 3asABieHUe
OIIPOIIIEHHBIX O HEJIOCTATOYHOCTH MEKTUCITUILIH-
HapHBIX B3aUMOJIEUCTBHUH CIIEIHAJIUCTOB 10 BOIIPO-
caM PemnpoAyKTUBHOTO 3I0POBbs M (GOPMHUPOBAHUS
HOPMAaJIbHOTO PENPOJIyKTUBHOTO TOBEAEHUS JIeTeH
U IMOJIPOCTKOB B IIpoIllecce IMPOBeAeHUusI 0O0pa3oBa-
TEJIbHBIX MEPONPUATUN (JIEKIINH, KPYTJIbIX CTOJIOB
M T.I1.).

Bpaun — akymiepbI-THHEKOJIOTH OTMEYAIOT, UTO
ponutenu (WIK PyTHe 3aKOHHBIE IPEICTABUTEIIHN)
MAIlMEHTOB €XKeTHEBHO WJIN HECKOJIBKO pa3 B
Hegeno (110 11.8 + 7.8 % cooTBeTCTBEHHO) ObOparia-
I0TCA € 3aIIPOCOM Ha KOHCYJIBTHPOBAaHUE IO BOIPO-
caM penpOAYKTUBHOTO IMTOBEIEHUS U TTOJIOBOTO BOC-
MUTaHUSA; He O0Jiee 1 pa3a B HeIeNIo — 23.5 + 10.3 %;
1-3 pasza B Mmecsan — 11.8 + 7.8 %; obpamaroorcs

advancement as an improving the level of health of
children and adolescents.

To implement timely prevention of reproductive
disorders in minors, surveyed gynecologists partici-
pate in such activities as a preventive examination —
76.5 + 10.3%; delivering lectures for parents and
adolescent online — 5.9 + 5.7%; face-to-face lectures
for patients and parents — 11.8 + 7.8%; individual
counseling for parents and adolescents -
58.8 + 11.9%. Of importance is the statement of the
respondents about the insufficiency of interdisciplin-
ary interactions between experts on the reproductive
health issues and formation of normal reproductive
behavior of children and adolescents in the course of
educational events (lectures, roundtable discus-
sions, etc.).

Obstetrician-gynecologists claim that parents (or
other legal representatives) of patients daily or sev-
eral times a week (both categories accounted for
11.8 + 7.8%, respectively) request counseling on
reproductive behavior and sex education; no more
than once a week — 23.5 + 10.3%; 1—3 times a
month — 11.8 + 7.8%; rarely reguest — 5.9 + 5.7%; do
not reguest — 17.6 + 9.2%. Specialists encounter a
more intense reguest from adolescent girls them-
selves: they seek gynecologist’s attention for issues of
reproductive behavior (including preventive coun-
seling on STIs, contraception, etc.) daily -
23.5 + 10.3% or several times a week — 29.4 + 11.1%.

Almost unanimously, obstetrician-gynecologists
declare the possibility of preserving the reproductive
health of women by carrying out timely preventive
work with girls since birth and their parents, to form
appropriate reproductive behavior (answer types:
“yes” — 82.4 % 9.2%; “more yes than no” -
17.6 + 9.2%). The majority (41.2 + 11.9%) of obstetri-
cian-gynecologists have enough time during face-to-
face attendance to provide preventive measures
(conversations) on topics of reproductive health and
behavior for minors and their parents or other legal
representatives. By 23.5 + 10.3% respondents,
respectively, characterized the possibilities for carry-
ing out preventive measures (conversations) as
“enough, but not always” and “always not enough.”
The majority of  obstetrician-gynecologists
(58.8 + 11.9%) discuss prevention issues at every
attendance; a question put by a patient or parent
gives start to discussion is the cause for conducting a
conversation in 17.6 + 9.2% of cases; in 23.5 + 10.3%
of cases, specialists do not talk on prevention. Typi-
cally, obstetrician-gynecologists carve out 5 min or
more (41.2 = 11.9%) for preventive conversations
with minors and their legal representatives (parents)
on issues of reproductive health and behavior; make
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penKo — 5.9 + 5.7 %; He obpamawTes — 17.6 £ 9.2 %.
Bonee MHTEHCUBHBIN 3aIlpOC CIEIUATIUCTBI BCTpe-
YaIoT CO CTOPOHBI CAMUX JIEBYIIEK-TIOPOCTKOB: OHU
obparmraTcs K THHEKOJIOTaM IO BOIIPOCAM PEIpo-
JIYKTHUBHOTO IOBeJleHUs (BKJIOYAsA MPOodUIaKTHYe-
CKOe KOHCyJIbTHpOoBaHue 110 Bonpocam WIIIIII, xon-
TpaIennuy U T.11.) eKeTHEBHO — 23.5 + 10.3 % Win
HECKOJIBKO Pa3 B HEJIENI0 — 20.4 + 11.1 %.

[IpakTUYecKyd eIMHOTIIACHO Bpayu — aKyllepbl-
TUHEKOJIOTU 3aABJIAIOT O BO3MOKHOCTU COXPaHEHUA
PeIpolyKTUBHOTO 37I0POBbSI »KEHII[UH ITyTeM IIPOBe-
JIeHUs CBOEBPEMEHHOU PO IIAKTHIECKOH PabOTHI
C IEBOYKAMU C POXKAEHUSA U UX POAUTEAMU I
(opMupoBaHUA TPUEMIIEMOTO PEIPOIYKTHBHOTO
moBezieHus (BapUAHThI OTBETOB: «/1a» — 82.4 + 9.2 %;
«boJblIre fa, ueM HeT» — 17.6 + 9.2 %). Y GOJIbIITHH-
cTBa(41.2 £11.9 %) Bpauel — aKyIepoB-THHEKOJIOTOB
JIOCTATOYHO BpEMEHU Ha OYHOM IIpHUEMe JIJISI TIPOBe-
JleHus1 TpodIaKTHUECKUX Meponpusatuii (6ecem)
Ha TeMBbI PENPOAYKTUBHOTO 3/I0POBbS U ITOBEJEHUS
JUTsl HECOBEPIIIEHHOJIETHUX MTAIIUEHTOK U UX POJUTE-
Jlell WIN APYIuX 3aKOHHBIX npezacraButesiei. Ilo
23.5 + 10.3 % COOTBETCTBEHHO XapaKTepHU30BaIU
BO3MOXKHOCTH JIJIs1 TPOBEAEHUS MTPOPUIAKTHIECKUX
MeponpuaTuii (becex) Kak «JOCTATOYHO, HO HeE
Bceryila» U «BCETZa HeZ0CTATOYHO». BOJIBIIMHCTBO
Bpayell — akyliepoB-TuHeKos0roB (58.8 + 11.9 %)
IPOBOJAT MpodIIaKTHUYecKe Gecelbl HA KaXKIOM
IprueMe; IOCTYIUIEHHE BOIIpoca OT MAI[HeHTa WJIN
pOAUTEIS SIBJISIETCSI MOTHBOM K ITPOBEIEHUIO Oeceibl
B 17.6 £ 9.2 % ciyyasix; B 23.5 + 10.3 % ciydasx cre-
OUTACTHI He MPOBOJAT NPODUIAKTHUECKIE
6ecenpl. OOBIYHO AKYIIEPHI-THHEKOJIOTH BBIAEJISIOT
5 MUH U 6ojee (41.2 + 11.9 %) Ha npoduIaKkTHUe-
ckue OeceZlbl ¢ HECOBEPIIEHHOJIETHUMH ITAI[EHT-
KaMU ¥ UX 3aKOHHBIMH IIPE/ICTaBUTEIAMU (pouTe-
JISIMH) TIO BOIIPOCAM PEMPOIYKTHUBHOTO 370POBbsS U
moBezieHusI; 6osiee 2, HO MeHee 5 MUH — 29.4 + 11.1 %;
He BBIJIEJIAIOT, B CBA3U C HEJIOCTATKOM BPEMEHU —
11.8 £ 7.8 %; He BBIEJISIIOT, TAK KAK HE CUUTAIOT 3TO
cBOel 005I3aHHOCTBIO — 5.9 = 57 % OIPOIIEHHBIX
Bpauen.

OCHOBHBIMH TeMaMU MPODUIAKTUUECKUX Oeces
C ZIEBOYKAMU /10 3 JIET U UX POJUTEIISIMU SIBIIAIOTCS
Bompockl TurueHbl — 88.2 + 7.8 % u 0coGeHHOCTH
a"HaToMuu 1 GpU3N0JIOTUHU PEIIPOAYKTUBHOI chepbl —
41.2 + 11.9 %. B nepuop ¢ 3 710 10 JIET TO-TIPEKHEMY
aKTyaIbHBI BOITPOCHI TIMYHOHN TUTHEHBI (70.6 + 11.1 %)
Y aHATOMUU U GUBNOJIOTUU PEIPOAYKTUBHOU cephl
(47.1 £ 12.1 %), TakKke 3aKOHOMEPHO YCUJIMBAETCS
UHTEPEC [IeJIEBON ayIUTOPUU K BOIIPOCAM IIOJIOBOTO
co3peBaHus (41.2 + 11.9 %). [IoApOCTKOBHIHI BO3paCT
(¢ 10 ;o 18 j1eT) MOKHO CUMTATh CAMbIM HACBIIIEH-
HBIM U Pa3HOOOPa3HBIM IO KOJIMYECTBY MPODUIaK-

more than 2, but less than 5 min — 29.4 + 11.1%; do
not carve out time for it due to lack of time —
11.8 + 7.8%; do not carve out time for it because they
do not consider it to be their responsibility —
5.9 £ 57% of surveyed doctors.

The main topics of preventive conversations with
girls under 3 years and their parents are issues of
hygiene — 88.2 + 7.8%, and features of the anatomy
and physiology of the reproductive system -
41.2 £+ 11.9%. In the period from 3 to 10 years, issues
of personal hygiene (70.6 + 11.1%), and anatomy and
physiology of the reproductive system (47.1 + 12.1%)
are still relevant; the interest of the target audience
in issues of puberty is also expected increasing
(41.2 + 11.9%). Adolescence (from 10 to 18 years) can
be considered the richest and diverse in the number
of preventive topics for discussion that are offered
for patients and their parents: issues of personal
hygiene and prevention of STIs, including HIV infec-
tion — 82.4 + 9.2% each; questions of anatomy and
physiology of the reproductive system remain rele-
vant (76.5 + 10.3%); also 76.5 + 10.3% of conversa-
tions are dedicated to the topic of family planning
and contraception; features of puberty are discussed
in 70.6 + 11.1% of cases.

Parents of girls and adolescent girls and the latter
themselves rarely request online consultation on
prevention issues (29.4 + 11.1%) or do not request at
all (41.2 + 11.9% — parents; 52.9 + 12.1% — adolescent
girls); parents seek medical advice several times a
week — 11.8 + 7.8%; adolescent girls — 5.9 + 5.7%; no
more than once a week or several times a month —
11.8 + 7.8%. The surveyed specialists noted that in
5.9 + 5.7% of cases they consult their acquaintances.
It is expected that consultations are carried out
rarely — 23.5 + 10.3%, no more than once a week —
11.8 + 7.8%; several times a week — 5.9 + 5.7%; in
58.8 + 11.9% of cases, online consultation is given,
i.e. the demand for consultations exceeds the exist-
ing supply. At the same time, the surveyed obstetri-
cian-gynecologists believe that to improve the health
of children and adolescents, it is advisable to use the
possibilities of online consultation of parents —
76.5 + 10.3%.

Providing the population with access to high-
quality and reliable information on issues of repro-
ductive health and behavior via internet resources,
according to the majority of surveyed obstetrician-
gynecologists, is not only advisable as a method of
carrying out preventive work (“yes” — 70.5 + 11.1%;
“rather advisable, than no” — 11.8 + 7.8%), but also in
general optimizes the reproductive health care sys-
tem for children and adolescents — 41.2 + 11.9%
(“more yes than no” — 35.3 + 11.6%). 11.8 + 7.8% of
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THYECKUX TEM JIJISI OOCYKIEHUsI, KOTOPBIE IIpeJiiara-
FOTCs TTAIEHTKAM M UX POJUTEJISM: BOIIPOCHI JTHU-
HOoU rurueHs! u npodmiaakrtuku UIIIII, BrIOuas
BUY-undeknuo — no 82.4 + 9.2 %; COXpaHSIOT
aKTyaJIbHOCTh BOMPOCHI aHATOMHUU U (HUBHOJIOTHU
PEeNpOAYKTUBHOU CHUCTEMBI (76.5 + 10.3 %); Takxke
76.5 £ 10.3 % Gecesl IPOBOJUTCS HA TEMY IJIAHUPO-
BaHUs CEMbU U KOHTPAIEMI[UK; 0COOEHHOCTH I0JIO-
BOro co3peBaHus oOCyKJalT B 70.6 + 11.1 %
CJIy4aeB.

Ponutenu neBOUeK U JI€BYIIEK-TIOJIPOCTKOB U
caMH JIeBYIIKU-TIOJIPOCTKH C 3aIIPOCAMHU HA JIUCTaH-
IIMOHHOE KOHCYJIFTHPOBAHHUE 10 BOIIpOCaM IpOodu-
JIAKTUKHU 00pamniamTes peako (29.4 + 11.1 %) win He
obOparmatoress coBeeM (41.2 + 11.9 % — pOAUTENH;
52.9 = 12.1 % — JEBYIIKU-TIOJPOCTKH); HECKOJIBKO
pas B HeJlesTio obparamTes poauTean — 11.8 + 7.8 %,
JIEBYIIIKU-TIOPOCTKHU — 5.9 + 5.7 %; He OoJiee 1 pasa
B HeJIeJTI0 WX HeCKOJIBKO pa3 B MecsIl — 11.8 + 7.8 %.
OmpollleHHbIE CIIENUATUCTHI  OTMETHJIM, YTO B
5.9 £ 5.7 % ciy4yaeB KOHCYJIBTUPYIOT CBOUX 3HAKO-
MbIX. OKH/Ta€MO, UTO KOHCYJIBTAIIUU IIPOBOJATCS
peako — 23.5 + 10.3 %, He Gosiee 1 pa3a B HEIEIO —
11.8 £ 7.8 %; HECKOJIBKO pa3 B HEJIENIO — 5.9 + 5.7 %;
B 58.8 £ 11.9 % ciiy4yaeB JUCTAHIIMOHHOE KOHCYJIBTHU-
pOBaHUe He MPOBOJUTCH, T.€. CIIPOC HA KOHCYJIbTa-
OUH TIPEBBIIIAET CYIIECTBYIOIEE IIPeIIOKEHHE.
BMmecre ¢ TeM oOmIpOIEHHbIE Bpayd — aKyIIephI-
TUHEKOJIOTU CUUTAIOT, UTO JJI1 YKPEIUIEHHU 3/I0PO-
BbsI ZIETEH U MOAPOCTKOB I€71eCO00PA3HO UCIIOIH30-
BaTh BO3MOIKHOCTH JIUCTAHITMOHHOTO KOHCYJIBTUPO-
BaHUs pojiuTesed — 76.5 + 10.3 %.

IIpenocraBiieHne [OCTyIla HAaceJeHUIO K Kade-
CTBEHHOH U JIOCTOBEPHOU WH(OPMAIIUU 10 BOIIPO-
caM peInpolyKTUBHOTO 3/I0POBbsI U TOBEIEHUs Uepe3
WHTEPHET-PECYPChI, IO MHEHHI0 OOJIBIITUHCTBA
OITPOIIIEHHBIX AKYIIIEPOB-THHEKOJIOTOB, HE IIPOCTO
1esiecoo6pa3Ho B KauyecTBE METOJIa IIPOBEIEHUS
npodwIakTudeckor pabotsl («aa» — 70.5 £ 11.1 %;
«CKOpee I1ejiecoobpa3Ho, yeM HeT» — 11.8 + 7.8 %),
HO ¥ ONITUMUBHUPYET CUCTEMY OXPaHbI PEITPOIYKTHUB-
HOTO 3/I0POBBsSI JIeTedl M IOJIPDOCTKOB B IIEJIOM —
41.2 £ 11.9 % («0OoJIbIIE A2, YeM HET» — 35.3 + 11.6 %).
CBOIO TOTOBHOCThH yUaCTBOBATh B pa3pabOTKe dJIeK-
TPOHHBIX MAaTEPHUAJIOB IO BOIPOCAM PENPOAYKTHB-
HOTO TIOBEJIEHUS JIEBOUEK W JIEBYIIEK-IIOJPOCTKOB
JUIsL pa3MellleHus Ha 3JIEKTPOHHOM pecypce OTMe-
Tin 11.8 + 7.8 % ygacTHHKOB ompoca. B ocHOBHOM
(58.8 + 11.9 %) ompoIeHHbIE Bpa4l HE TOTOBBI K
Tako#u paboTe, UTO OOBIACHAIOT HEAOCTATOYHOCTHIO
BPEMEHH JIJIS Hee.

B pesysnbraTe aHasM3a IMOJIYYEHHBIX JAHHBIX
OTMEYaloTCs TEeHAEHIMU B MOBEJEHUU JIEBYIIEK-
IIOJIPOCTKOB: BOIPOCHI, Kacaloluecs pPernpoayK-

surveyed specialists noted their readiness to partici-
pate in the development of electronic materials on
issues of reproductive behavior of girls and adoles-
cent girls for posting on an electronic resource.
Mostly (58.8 + 11.9%) the surveyed doctors are not
ready for such work, which they explain by lack of
time for it.

As a result of the analysis of the data obtained,
trends in the behavior of adolescent girls are noted:
adolescent girls predominantly prefer to resolve
reproductive health issues in the family circle, but
every fifth girl does not discuss issues of reproductive
health and behavior with anyone. Given the poor
awareness of STIs, ways of infection and methods of
their prevention, adolescent girls are mostly afraid of
contracting STIs. The intention of adolescent girls to
see a doctor first if they suspect a reproductive dis-
ease can be considered a positive trend. Most often,
adolescent girls visit an obstetrician-gynecologist
once a year, which meets modern requirements, and
the leading cause for visiting is prevention. Adoles-
cent girls are predominantly loyal of premarital and
polygamous relationships. The main motives for
early sexual onset are feeling of falling in love and
interest or curiosity. Safe satisfying such interest by
providing timely and reliable information can be
considered as a way to modify the reproductive
behavior of adolescents. Every second adolescent girl
ignores reliable methods of contraception and pro-
tection against STIs. The intention to terminate a
pregnancy was revealed if it occurs earlier than
planned. There is a tendency to implement repro-
ductive life plans at a later age, and some respon-
dents also state that they do not want to have a preg-
nancy during their life.

Obstetrician-gynecologists working with girls and
adolescent girls note the high interest of both par-
ents of girls and adolescent girls and the patients
themselves, in preventive counseling on the forma-
tion of an appropriate reproductive behavior. Obste-
tricians and gynecologists confidently state that
maintaining reproductive health is possible with
timely and high-quality preventive work with minors
and their parents (or other legal representatives) on
the topic of reproductive behavior. Specialists note
that they have the opportunity to deal with preven-
tion issues during an attendance from 2 to 5 min or
more. However, some obstetrician-gynecologists do
not carve out time for preventive consultation, as
they do not consider it their responsibility. The sur-
veyed doctors are involved in conducting preventive
routine checkups of the population and front-line
work with patients and their legal representatives
(including parents) and rarely allocate time for orga-
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THUBHOI'O 3/J0POBbS, EBYIIKU-TIOAPOCTKU IIPEUMY-
L[eCTBEHHO IIPeIIOYUTAIOT PelIaTh B KPYTy CeMbH,
HO Ka’K7as MATas AeBYyIIKa HU ¢ KeM He 00CyK1aeT
BOIIPOCHI PENPOAYKTUBHOTO 3/I0pPOBBS U IOBeJe-
HUA. YUYWUTBIBasg HEJOCTAaTOUYHYI0 OCBEeJOMJIEH-
HocTh 06 WIIIIII, myTsax 3apakeHus U crocobax
ero NpodUIAKTUKHY, TEBYIIKU-TIOJPOCTKU B OCHOB-
HOM ormacaroTcs 3apasutbes UIIIIII. ITo3uTuBHOU
TeHJIeHIIMeH MOXKHO CYUTATh HAMEPEHUE JIEBYIIIEK-
IIOAAPOCTKOB OOpaTHUThCA B IEPBYI0 OYEpesb K
Bpauy IIpU IIOJI03PEHNU Ha Hajim4yue 3a60JIeBaHUsA
penpoayKTuBHOU cdepbl. Yalie BCero JeBYIIKHU-
MOAPOCTKU IIOCEIIAI0T Bpaua akyliepa-ruHeKosora
1 pa3 B TOJ, YTO COOTBETCTBYET COBPEMEeHHBIM Tpe-
OOBaHUAM, IPUUEM BEAYIINH MOTUB MTOCEIEHUS —
npoduiakTuueckuil. [leByUIKU-TIOIPOCTKU Ipeu-
MYIIECTBEHHO JIOSAIBHBI K JOOPAYHBIM U TOJIUTAM-
HBIM OTHOIIEeHUSAM. OCHOBHBIE MOTHUBBI paHHErO
IIOJIOBOTO febioTa — YyBCTBO BJIIOOJIEHHOCTH U
HWHTEpec UIu JI000NbITCTBO. be3omacHoe yioBieT-
BOpeHUe TaKOU 3aMHTEPEeCOBAHHOCTHU IIyTEM IIpe-
JIOCTaBJIEHUsS CBOEBPEMEHHOM U J10CTOBEpHOU
nHOpManuu MOKHO PaccCMaTpPUBaTh KaK CIOCO0
MOAMGPUKAIIUN  PENPOAYKTUBHOTO  TOBEJEHUA
nojipoctkoB. Kakzasa BTOpasd [eByIIKa UTHOPU-
pyeT HazmexXHble CHOCOObI KOHTpAamlenuuu u
damutrel ot WIIIIII. BrifBiieHO HaMepeHHUe IIpe-
pBaTh OepeMEHHOCTh IIPHU €€ HACTYILJIEHUU paHee
3alJIaHUPOBAHHOTrO BpeMeHU. Habioaercs TeH-
JIEHIIV A K peau3aliy peIPOAYKTUBHBIX IJIAHOB B
OoJiee TO37HEM BO3pacTe, TaK)Ke YaCTh PECIIOH-
JIEHTOB 3aABJIAIOT O HEXKeJIaHUM UMeETb OepeMeH-
HOCTH B Te€UEHHUE KUZHH.

Bpauu — akymepbI-ruHeKoI0TH, paboTaromue ¢
JIeBOYKAMH U JIEBYIIKAMH, OTMEYAIOT BBICOKHUI
HHTepeCc Kak pojAuTesiell JeBOUYeK U JIeBYyIIeK-
MIOZIPOCTKOB, TaK U CaMHUX HAIMEHTOK K IpoduIak-
TUYEeCKOMY KOHCYJIbTUPOBAHUIO 110 Bolpocam dop-
MHPOBAHUA MPABUJIBHOTO PEMPOAYKTUBHOIO IOBE-
JleHusA. AKylepbI-T'HHEKOJIOTH YBEPEHHO 3aABJIAIOT,
YTO COXpaHEHHe PEeNpOAYKTUBHOIO 37I0POBbS BO3-
MOKHO IIPU CBOEBPEMEHHON U KauyeCTBEHHOU IpOo-
(rrakTraeckoi paboTe ¢ HECOBEPIIIEHHOJETHUMU U
ux poputensaMu (WiIu APYTUMH 3aKOHHBIMU IIPeZ-
CTaBUTEJIIMU) HA TEMY PEMPOIYKTUBHOTO IOBE/Ee-
HuA. CoenuaancTbl OTMEYAIOT, YTO UMEIOT BO3MOXK-
HOCTb Ha IIpUeMe 3aHUMaTbhcA BOIIpocaMu IIpodu-
JIAKTHKH OT 2 10 5 MUH U 60siee. OJTHAKO HEKOTOPBIE
aKyILIepbI-THHEKOJIOTH He BBIJIEJIAIOT BpeMs JJid
NpO(UIAKTUYECKOTO KOHCYJIBTUPOBAHUA, TaK Kak
He CYHUTAIOT 3TO cBoed 0bOs3aHHOCTHIO. OMpOIIeH-
Hble Bpayl y4acTBYIOT B IIPOBeJIeHUU TPOGUIAKTH-
YeCKHX OCMOTPOB HaceJIeHUsI U HeIOoCPeICTBEHHOMH
pabore c manueHTaMu U UX 3aKOHHBIMU IIPEJICTaBU-

nizing and conducting informational conversations
and lectures offline or online for patients and par-
ents, as well as training events for colleagues in allied
health professions on the issue of reproductive health
and behavior.

CONCLUSION

According to the survey results, to maintain
reproductive and sexual health, adolescent girls need
information and comprehensive preventive educa-
tion on reproductive health issues which will give
them the knowledge and skills to determine their
behavior. Currently, according to assessment of the
obstetrician-gynecologists, the request for online
counseling of parents of girls and adolescent girls on
issues of reproductive health and behavior is popu-
lar, however, doctors do not always have the oppor-
tunity to carry out this type of counseling, although
they assume that these measures can be one of the
ways to reproductive health promotion of children
and adolescents. According to the majority of experts
surveyed, providing information to the population
on reproductive health and reproductive behavior
via the Internet can be considered as an effective and
convenient way for the target audience to carry out
preventive work in the system of reproductive health
care of girls and adolescents. This approach makes it
possible to effectively and timely ensure the preser-
vation of the reproductive health of children and
adolescents, thereby increasing the demographic
potential of the country.
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TeJIsIMU (B TOM UYHICJIE POJUTESAMU) U PEJIKO BbIJIE-
JITIOT BpPeMs JIUISI OpPTaHU3alii U IPOBEAEHUS
nHPOpMaANMOHHBIX Oecel W JIEKIHHA OYHO WJIN
OHJIAUH 7|71 TAIMEHTOB U POJUTEIIEN, a TAK:Ke 00y-
YaIoIUX MEPONPHUATHH 7SI KOJIJIET CMEXKHBIX CITe-
[IUAJIBHOCTEN 1O BOIPOCAM PEMPOAYKTUBHOTO 3]10-
POBBA U TIOBE/IEHUS.

3AK/IOYEHUE

CorytacHO pe3ysabTaTaM OIpoca JJisg COXPaHEHMUs
PEIPOIYKTUBHOTO ¥ CEKCYaJIbHOTO  3/I0POBbsI
JIEBYIIIKaM-IIOIPOCTKAaM HeoOX0uMbl HH(MOPMAIIH
U KOMIUIEKCHOE IPO(UIaKTHIECKOoe oOpa3oBaHUe
10 BOIIPOCAM PEIPOAYKTUBHOIO 3/I0POBBSI, KOTOPOE
JlacT UM 3HAHUS U HABBIKU JIJIs OTIPEZIeIEHUsI CBOETO
moBeZieHUs1. B HacTosIee BpeMs, IO OIIEHKE Bpa-
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yell — aKyIIepOB-THHEKOJIOTOB, IOIYJISIPEH 3aIIpoC
Ha JUCTAaHIIMOHHOE KOHCYJBTUPOBAHUE POJUTEIEH
JIeBOUeK U JIeBYIIEK-IIOJPOCTKOB II0 BOIIpOcam
PeIpoOlyKTUBHOTO 37I0POBBS U IOBEJEHN S, OJTHAKO Y
Bpadell He Bcerja ecTh BO3MOXKHOCTH OCYIIECTBUTH
JIAaHHBIN BUJ, KOHCYJIbTUPOBAHUSA, XOTS OHU U IIpeJ-
[10JIaTaI0T, YTO 3TU MEPHI MOTYT OBITH OTHUM U3 CIIO-
CcO0OOB YKpEIUIEHUS] PENPOAYKTUBHOTO 3[0POBbSI
ZeTell U MOAPOCTKOB. Ilo MHEHMIO OOJIBITMHCTBA
OIPOIIEHHBIX  CIIENUAJIUCTOB, IIPEJIOCTABJIEHIE
nHOOpMAIUN HACEJIEHUIO 110 BOIIPOCaM PENpOAyK-
TUBHOT'O 37/I0POBbsI U PENPOAYKTUBHOTO IOBEAEHUA
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ITanmueHT ¢ apTepuaIbHOU r'UIepTeH3uen B MOJTUKINHUKE:
KaK UCIOJIb30BaTh NPOMMIaKTHIECKUN HHCTPYMEHTApU

H.B. Kopneesa, E.C. 'aBpwios, A.JI. FOraii, C.I1. ITaBsioBa, T.B. Moruia, B.B. /lyoununa, 1.B. JIu

@OI'BY BO «/IanvHesocmouHblil 20cy0apcmeeHHblil meduyuHckuill yHugepcumem» Munsdpasa Poccuu, Xabaposck,
Poccusn

AHHOTAITUA

BBeeHue. BpauaM mepBUYHOrO 3BE€HA 37[PaBOOXPAHEHMUS CJIOKHO IOJIB30BATHCS B YCIOBUAX OIPAHHYEHHOTO
BPEMEHH IIprieMa MHOTOCTPAaHWYHBIMHU IIPHKa3aMU 10 NPOGIJIAKTUKE U JUCIAHCEPHOMY HAOJIIOZEHUI0, KINHUYe-
CKUMH PEKOMEH/IAUAMU 110 apTepUaNbHOM rutiepreH3uu (Al') y B3pocsibix. B To ke BpeMs co6JIioieHre OCHOBHBIX Bpe-
MEHHbIX XapaKTEPUCTUK MPUKA30B U KJINHUUECKUX PEKOMEHAAIUN SIBJIAETCA BaXKHBIM /s 3QOEKTUBHON paboThI ¢
nanueHTtaMmu c Al

Ilenps mcciuepgoBaHuA. VByduTb HEKOTOPBIE aCIIEKTHI pabOTHI Bpauei-TepaneBTOB YIACTKOBBIX B Pealb-
HOH NOJUKJINHUYECKON IIPaKTHUKeE 110 CKPUHUHTY U Ha0JII0/IeHUIO ITaneHToB ¢ Al' 1 IpeJICTaBUTD IIPOCThIe AJITOPUTMBI
MapUIPYTU3AIUK TAKUX MAIIMEHTOB, SBJAIOIINECS CUHTE30M KJIMHUYECKUX peKoMeHjanuil mo Al ¥ OCHOBHBIX NpH-
Ka30B.

MaTtepuanb W MeTOo bl . OXHOMOMEHTHO, OMHOKPATHO B TPeX MOJIUKINHUKAX I'. XabapoBCKa IPOBEIEHO
aHKETHPOBaHUE MAIMEHTOB, OJKU/IAIOIIUX TPHEMA K TepareBTy. B aHKkeTHpoBaHUe ObLIN BKIIOUEHbI BCe TAI[HEHTHI, HAXO0-
JiAIMecs: HA MOMEHT HCC/Ie/IOBAHUS B OUEPEH, BHE 3aBUCUMOCTH OT I10J1a, BO3PACTa U IeJIM BU3UTA. AHKETa CofieprKaa
5 BOIIPOCOB: O HAJIMYHMH apTepuaabHOro AasiaeHus (A/l) 140/90 MM PT. CT. ¥ BbIIIIE; yCTAHOBJIEHHOM inarHo3e Al'; mpuHH-
MaeMBbIX JIEKAPCTBEHHBIX IIpernaparax (0e3 KOHKpeTH3aluK KaKue U CKOJIBKO) JUJIA KOPPEKIINHU BBICOKOTO All; y Kakoro
Bpaya Habro/1aeTcs ¢ Anaruo3oM Al U 11e1b HACTOSIIIEro BUBUTA B MOTUKINHUKY. VI3 aMOyIaTOPHBIX KapPT OMPOIIEHHBIX
MAIMEeHTOB YTOUHIWIN HHMOpMaIuio 06 usmepenun A/l B 3TOT ZieHb Ha MIpUEMe; HAJIMYUU paHee YCTAHOBJIEHHOTO Jva-
rHo3a AT'; BHecernuu A" B CTPYKTYpPY IMarHO3Aa B 9TOT ZIeHb; HA3HAUEHHOM paHee jieueHun Al'; TocTrKeHNH KOHTPOs A/l;
cobutioZieHNy cTanaapTa obcsenosanus no Al'; aTe mocseiHero rnocemieHus no npuurge ATl

PesynbTartsn . IlpoaHaTu3WpoOBaHBl OTBETHI 149 manueHTOB. COOTHOIIEHHWE MY)KUMHBI/XKEHIIUHBI — 1:4
(31:118 uei.), cpemHUii Bo3pact 64.4 + 1.3 roga. Y 77.2 % (115 uen.) A/l koraa-yiu6o MoBbIIIAIoCh 0 140/90 MM PT. CT. U
BBIIIIe, U3 HUX Auarto3 Al' ycraHoBiieH y 103 (69 %) onpomenHsx. Habionarores y Bpada 87 (84.5 %) manueHToB ¢ ycTa-
HOBJIEHHBIM AuarHozoM AI'. A/l Ha TepalleBTUYeCKOM IIpHeMe OBLJIO U3MEPEHO y 95 4Uesl. u3 149 (63.8 %) u'y 74 uer.
(71.8 %) u3 103, umeromux quarHo3 Al'. B nenp obparenusa Al B CTpyKTypy AHarHo3a OblIa BHECEHA JIUIID ¥ 42.7 % ¢ Aua-
rHo3oM AT. B 39 % ciydaeB BBIABWJIN HeCOOJIO/IEHNE MHUHHUMAJIbHOU HEOOXOJUMOH KPAaTHOCTH IOCEN[eHUsI, KOTOpas
COCTaBWJIA MeHee 1 pasa B rOf.

3aKJ04YeHHUe . BOUKHBIM B IOCTHKEHUH LIeJIEBBIX IT0Ka3aTesiell KOHTposiA Al ABysieTcst cobIioieHr e BDEMEHHbIX
MHTEPBAJIOB PabOTHI ¢ manueHTamu ¢ Al': ycTaHOBJIEHHE TUArHO3a, UCKIII0UeHHe BTOpuyHOU AL, B3sATHE O, JUCTIaHCED-
HOe HaOJIIo/ieHue, NOCTIKeHHe KOHTposisi All, cCBoeBpeMeHHOe HaIlpaBJIeHHe Ha KOHCYJIbTAlUI0 Kapzauosora. I1pemsio-
>KeHHBIEe QJITOPUTMBI JIEHCTBUH Bpada-TepareBTa yIacTKOBOIO IIOMOTYT 00eCIIeINTh IPABIJIBHYI0 MapIIPYTU3AIUIO a1~
eHTOB ¢ AT, cobiiofieHre CTaHjapTa BeZleHUA TaKUX OOJIBHBIX, IOCTI)KeHHe KOHTPOA Al U CHUXKeHHe PUCKOB Pa3BUTHUA
U IIPOTPECCUPOBAHMUSI CEP/IETHO-COCYUCTHIX 3a00IeBaHUH.

Oo6pasen mutupoBaHuna: Kopueesa H.B., TaBpuios E.C., FOrait A.JIL., ITaBnosa C.I1., Morwia T.B., lyounu-
Ha B.B., JIu U.B. IlanueHT ¢ apTepraIbHON TUIIEPTEH3UEN B MOJUKINHUKE: KaK UCIIOJIb30BAaTh MPOMUIAKTUYECKUI
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A patient with arterial hypertension in an outpatient clinic:
how to use preventive tools

N.V. Korneeva, E.S. Gavrilov, A.L. Yugai, S.P. Pavlova, T.V. Mogila, V.V. Dubinina, I.V. Li

Far Eastern State Medical University, Khabarovsk, Russia

ABSTRACT

Introduction. Itisdifficult for primary care physicians to use, under conditions of limited consultation time,
multi-page orders for prevention and outpatient follow-up, clinical guidelines on arterial hypertension (AH) in adults. At
the same time, compliance with the basic time characteristics of orders and clinical guidelines is important for effective
management of hypertension patients.

A im . Tostudy some aspects of the work of a general practioner in real life outpatient practice in screening and follow-
ing-up of patients with hypertension and to present simple algorithms for routing such patients, which are a synthesis of
clinical guidelines for hypertension and basic orders.

Materials and methods. Asurvey of patients waiting for an attendance of a general practioner was
performed simultaneously, once in three outpatient clinics of Khabarovsk. The survey included all patients waiting for an
appointment at the time of the study, regardless of gender, age and purpose of the visit. A questionnaire contained 5 ques-
tions: about the presence of blood pressure (BP) up to 140/90 mm Hg and higher; established diagnosis of AH; adminis-
tered medications (without specifying which ones and their dosage) to correct high BP; by which specialist he is followed-up
with the diagnosis of AH, and what the purpose of this visit to the outpatient clinic is. From the outpatient records of the
interviewed patients, information about BP measurement that day at the attendance was obtained; presence of a previously
established diagnosis of AH; adding AH to the diagnosis structure that day; previously prescribed treatment for AH; achiev-
ing BP targets; compliance with the standard of examination for AH; date of last visit due to hypertension.

R esults. Theresponses of 149 patients were analyzed. A male/female ratio was 1:4 (31:118 people), average age was
64.4 + 1.3 years. In 77.2% (115 people), BP had ever increased to 140/90 mm Hg and higher, of which the diagnosis of
hypertension was established in 103 (69%) respondents. 87 (84.5%) patients diagnosed AH are followed-up by a doctor. At
the doctor’s appointment, BP was measured in 95 people out of 149 (63.8%), and in 74 people (71.8%) out of 103 diagnosed
with AH. On the appointment day, AH was included in the diagnosis structure only in 42.7% patients with an already estab-
lished diagnosis of AH. In 39% of cases, non-compliance with the minimum required frequency of visiting a doctor for AH
was revealed, which was less than once a year.

Conclusion. Toachieve the target BP level in AH management is important to comply with the time intervals
while working with AH patients: establishing a diagnosis, excluding secondary AH, initiating the outpatient follow-up,
achieving the BP targets and timely referral to a cardiologist. The algorithms proposed for a general practitioner will help
ensure the correct routing of patients with AH, compliance with the standard of management of such patients, achieving
BP control and reducing the risks of development and progression of cardiovascular diseases.

Keywords: arterial hypertension, outpatient clinic, preventive medical examinations (check-ups), outpatient screening,
outpatient follow-up, algorithms.
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BBEJAEHUE

AprepuasnbHas runieprensus (Al') sByiseTcs Hau-
OoJiee 3HAUUTETHLHBIM (pakTopoM pucka (OP) pasBu-
TUS W TPOTPECCUPOBAHUS CEPAETHO-COCYAUCTHIX
3a007IeBaHUNl W WX OCJIOXKHeHWH (mHpapkTa u
HMHCYJIbTa). B oT/imume oT mpekpareHus KypeHus 1
HOpMaJIM3aIUH TT0Ka3aTesen JIMITUHOTO TPOPUIIS,
SIBJISIIOIUMUCS CJIEAYIOITUMH TI0 3HAYUMOCTH TJIO-
O6anpHBIMU PP, MOCTIDKEHUE TIEIEN PU KOPPEKITUH
AT BO3MOKHO MaKCUMAaJILHO OBICTPO U 3G (PEKTUBHO
IIPU BBICOKOM KOMILJIA€HCE U OTCYTCTBUM KJIMTHUYE-
CKOU WHepTHOCTH Bpada [1]. [TosTomMy Tak BaskKHO

INTRODUCTION

Arterial hypertension (AH) is the most significant
risk factor (RF) for the development and progression
of cardiovascular diseases and their complications
(myocardial infarction and stroke). In contrast to
smoking cessation and lipid profile normalization,
which are the next most important global risk fac-
tors, achieving BP targets is as quickly and effectively
as possible in high compliance and the absence of
clinical inertia of a doctor [1]. Therefore, it is so
important to pay special attention to early diagnosis
and effective control of AH. For this purpose, doctors
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yAeJATh 0c000e BHUMAaHUE PAaHHEW JIMAaTHOCTUKE U
3¢ deKTUBHOMY KOHTpOJII0 uMeHHO Al'. J{yis1 5TOTO B
pacrops»KeHUU Bpadyeldl MMEIOTCS aJITOPUTMBI THa-
THOCTUKHY, KJIWHUYECKHEe DEKOMeHJAIlUd U CTaH-
JlapThl MeJUIIMHCKOM MMOMOIIU B3pOCbIM Iipu Al
CymiecTByeT OOJBIIIOE KOJMYECTBO JIOCTYIIHBIX U
5¢dGEKTUBHBIX JIEKAPCTBEHHBIX CPEJCTB C Pa3yiny-
HBIMU MeXaHU3MaMHU AeHCcTBUA I 3G GEKTHBHOTO
CHIDKEHUST apTepuasbHoro masienus (AJ]). Mac-
mTabbl 3a607€Ba€MOCTH U MPOCTOTA JUATHOCTHUKH
000CHOBBIBAIOT KJIIOUEBYIO POJIb B BOIIPOCAX BBIAB-
JeHusa u JyiedeHus: Al' Bpauell MepBUYHOrO 3BEHA
37[paBoOXpaHeHus. [[Jis 3TOro B IOJIMKJIMHHUKAX
UMEETCS IEJTbIH CHEKTP MPOPUIAKTHIECKUX MEPO-
MPUATUH: OT TPOPUIAKTHIECKUX OCMOTPOB U JUC-
MaHCEPU3alUK OIpeJieJIeHHBIX TPYHII B3POCJIOTO
HaceseHusd B paMmkax IIpukaza Munsgpasa Poccuu
OT 27.04.2021 N2 404H 70 JUCIIAHCEPHOTO HAOJIIO-
JleHusd 3a B3pocablMU B pamikax IIpukaza Mun-
3apaBa Poccun or 15.03.2022 NO 168H, KOTOpbIE
BpadY HNEPBUYHOrO 3BEHA JIOJKEH aKTUBHO HCIIOJIb-
30BaTh /IS JOCTHXKEHUS TJI00AIBHOMU [IeJIH 3/TPaBO-
OXpaHEHUs — CHIDKEHHS Ha 1/3 IoKazaTesis Ipe-
JKJIEBPEMEHHOU CMEPTHOCTH OT OCHOBHBIX HEWH-
(ekoHHBIX 3a001€BaHUH [2].

Bpauam mepBHYHOTO 3BEHA, IMOMUMO TPaMOT-
HOT'O MCIOJIb30BaHUA TPOGUIAKTHIECKOTO HHCTPY-
MeHTapusi, HeOOXOAMMO TPUMEHSITH IIPOCThIE aJITO-
PUTMBI AMATHOCTUKHU W HAOJIOZIEHUs 3a IMalfueH-
Tamu ¢ Al, akleHTUpys BHHMaHUE Ha KJIIOYEBBIX
BPEMEHHbIX MTOKa3aTesaX 3)HEKTUBHOCTH pabOThHI ¢
takuMu 60sbHBIMHA. COBpEMEHHBIM BpauaM, Iepe-
skuBnM nangemuio COVID-19, korzia n3-3a 3Ha4U-
TeJIbHBIX IIEPETPY30K B IEPBUYHOM 3BEHE 37[PaBOOX-
paHeHUA B 2020, 2021, ¢heBpasie 2022 T. OBLIN IPU-
OCTaHOBJIEHHI PODIIAKTUUECKIE U CKDUHIHTOBbIE
MIPOTPaMMBbI, CJI0KHO BHOBb HAUYaTh HCIIOJIH30BATh
UX B CBOeH MOBceHEBHON paboTe, TeM OoJiee UTO 3a
9TO BpeMs B OTPACJIb IPHUIIIM MOJIO/IbIE CIIEIUAIIH-
CTBI — BBIITYCKHUKH BY30B, KOTOPBIE OBLIM OPHEHTH-
pOBaHBI B OCHOBHOM Ha OCTPYI0 HH(DEKIIMOHHOIO
[IaTOJIOTUI0 U He HMeJH HaBbIKOB TI'PAaMOTHOTO
HCIIOJIb30BAHUS ATUX MPOTPAMM B CBOEH IPaKTHKE
[3-5]. MosoapIM CIlemUaINCTaM CJIOKHO TIOHATD,
KaK 3TH MPOrpaMMBbl COOTHOCATCS ¢ KIUHUYECKUMHU
peKOMeH/IaIuAMH.

ITEJIb UCCJIEJIOBAHUSA

V3yueHre HEKOTOPBIX ACIEKTOB PabOTHI ydacT-
KOBBIX TE€pPAIEBTOB B PEATIBHOU IMOJTUKIMHUYECKON
MIPAKTHKE 110 CKPUHUHTY U HaOJIIO/IEHHUIO TIAI[UEHTOB
¢ AT u ipezicTaBJIEHUE [TPOCTHIX AJITOPUTMOB MapIIl-
pYTH3alMH TaKUX MAIUEHTOB, SIBJIAIOIINXCS CUHTE-
30M KJIMHUYECKUX PEKOMEHAIUHA U OCHOBHBIX IIPH-
Ka30B.

have at their disposal diagnostic algorithms, clinical
guidelines and standards of medical care for adults
with AH. There are a number of available and effica-
cious drugs with different mechanisms of action to
effectively lower blood pressure (BP). The high inci-
dence and ease of diagnosis justify the key role of pri-
mary care physicians in diagnosis and treatment of
AH. For this purpose, outpatient clinics have a wide
range of preventive measures: from preventive
examinations and screening for certain groups of the
adult population in the frame of Order of the Minis-
try of Health of Russia dated April 27, 2021 No. 404n
to the outpatient follow-up of adults in the frame of
Order of the Ministry of Health of Russia dated
March 15, 2022 No. 168n, which the primary care
physician should actively use to achieve the global
health goal of reducing premature mortality due to
main non-communicable diseases by 1/3 [2].

Primary care physicians, in addition to the com-
petent use of preventive tools, need to use simple
algorithms for diagnosis and follow-up of patients
with AH, focusing on key time indicators of the effec-
tiveness of working with such patients. For modern
doctors who have survived the COVID-19 pandemic,
when preventive and screening programs were sus-
pended due to significant overloads in primary health
care in 2020, 2021, and February 2022, it is difficult
to start using them again in their daily work, more-
over, during that time young specialists came into
office — the university graduates who were mainly
focused on acute infectious pathology and did not
have skills to competently use these programs in
their practice [3—5]. It is difficult for young special-
ists to understand how these programs relate to cli-
nical guidelines.

AIM OF THE RESEARCH

The study of some aspects of the local general
practioners’ work in real life outpatient practice for
screening and following-up patients with AH, and
the presentation of simple algorithms for routing
such patients, which are a synthesis of clinical guide-
lines and basic orders.

MATERIALS AND METHODS

Simultaneously, once in three outpatient clinics
of Khabarovsk which are the clinical bases of the
Department of Faculty and Outpatient Therapy with
a Course of Endocrinology at the Far Eastern State
Medical University a survey was performed for
patients waiting for an appointment to the general
practioner. The survey included all patients waiting
for an appointment at the time of the study, regard-
less of gender, age and purpose of the visit. The ques-
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MATEPUAJIBI 1 METO/IbI

OHOMOMEHTHO, OZTHOKPATHO B TPEX MOJTUKIHHU-
Kax T. XabapoBCKa, SBJISIIONIUAXCA KIMHUYECKUMH
bazamu kadenapnl QaKyJIHTETCKON W MOJIUKJIMHUYE-
CKOU Teparuy ¢ KypcoM SHOKPUHOJIOTHH JlaTbHEBO-
CTOYHOTO TrOCYZIaPCTBEHHOTO METUIIMTHCKOTO YHUBEP-
cuteTa, OBLIO MIPOBEIEHO aHKETUPOBAHHE IalueH-
TOB, O>KHJIAMOIIKX IIPUEMA K TepareBTy. B aHkeTupo-
BaHHEe ObLIM BKJIIOUEHBI BCE IMAIMEHTHI, HAXO/AII-
ecs1 Ha MOMEHT HCCJIEZIOBAaHUs B OUEpeH, BHE 3aBHU-
CHMOCTH OT T10J1a, BO3pacTa U IeJii BU3UTA. AHKeTa
cojieprKajia 5 BOIIPOCOB: TPU € BapHaHTaMH OTBETOB
na/uer (Iloseimaeresa s y Bac A/l 10 140/90 MM
PT. CT. ¥ BbIlIe? BBl JI paHee BaM ITIOCTAaHOBJIEH /INa-
rHo3 AI'? [IpyHHUMAaeT Jiu JIEKAPCTBEHHBIE ITPEapaThl
(6e3 KOHKpeTH3AIUU KaKHe U CKOJIbKO) JIJISI KOpPEK-
H BhIcOKoro AJ[?) 1 /iBa OTKPBITHIX (Y KAKOTO Bpaya
BBl HabOsozaerech ¢ guartHosoMm AI'? Ilesbp HacTosI-
II[€T0 BU3UTA B MTOJTUKIUHUKY?).

Jasee w3 amOyJaTOPHBIX KapT OIPOIIEHHBIX
MMaIeHTOB YTOUHUIA HH(GOPMAITUIO O TOM, OBLIO JIK
usMepeHo A/l Ha IpreMe B 3TOT JieHb; ObLI JIU paHee
MMOCTaHOBJIEH AuarHo3 Al' JaHHOMY ITaITHEHTY; eCJTH
umesia mecto AT, To OpUIa ST OHA BHECEHA B CTPYK-
Typy JIMarHO3a B ATOT /IeHb; HA3HAUYEHO JIU JIEUeHNe
AT paHnee; 6bLI JIU JJOCTUTHYT KOHTPOJIb AJl; BBITIOJ-
HEeH JIn craHzapT obciemoBaHuss mpu Al mata
IOCJIETHETO TTOCEIeHU 1o TpuurHe Al

PE3YJ/IBTATDBI

ITpoaHaTM3UPOBAHBI OTBETHl 149 TMAI[HEHTOB,
KOTOpble O0OpaTWINCh Ha TMpUeM K Bpadam-
teparreBTaM. COOTHOIIIEHHE MYKYUH W KEHIIUH
coctaBwio 1:4 (31:118 wuesn.), cpemHUH BO3pacT
64.4 + 1.3 roma. ¥ 77.2 % (115 uein.) AJl koraa-au6o
MOBBIIIATIOCH 10 140/90 MM PT. CT. U BBIIIIe, U3 HUX
nuarHo3 Al' yeraHoByieH y 103 (69 %) OIpOIIIeHHBIX.
AHTUTHIIEpTEH3UBHAsL Tepamnus ObLla Ha3HaYeHa
102 nanuenTam us 103 (99 %), Ipu 5TOM PeryJIsIPHO
MIPUHUMAIOT Mpenapartsl 89 ues. u3 102 (87.3 %). 13
sut ¢ quarao3om Al (103 gesn.) HaGIr0a0Tes Y Bpa-
Jel 1o JaHHoMmy noBoxay 87 (84.5 %), u3 HUX 60J1b-
IIMHCTBO y TepamneBTa — 67 (77 %) 4es., y Kapiuo-
sora — 18 (20.7 %) u 2 (2.3 %) 4es1. — OTHOBPEMEHHO
y Te€pameBTa U KapAuoJIora.

Bosbiiasi yacTh ManyeHToB — 140 4Yesl. U3 149 — B
JIeHb AaHKETHPOBAHUS OOPATHIUCH B MOJUKIHHUKY
II0 TTOBO/Iy Pa3INYHBIX TEPATIEBTUUECKUX CUTYAIIHH,
He CBfA3aHHBIX ¢ Al. AprepuasibHOe JlaBjieHUE Ha
TepareBTHYECKOM IIprieMe GbLIO U3MEPEHO y 95 Uel.
(63.8 %) 13 149 u'y 74 uen. (71.8 %) u3 103, UMer0-
mux auarao3 Al B menp obpamienuss Al B CTpyK-
TYpY AnarHo3a OblIa BHECEHA JIUIID Y 44 TAIUEHTOB
U3 103, WMEIIIUX YCTAHOBJIEHHBIH MATHO3

tionnaire contained 5 questions: three with yes/no
answer options (Does your BP rise to 140/90 mm Hg
or higher? Have you previously been diagnosed with
AH? Are you taking medications (without specifying
which ones and their dosage) for BP control?) and
two open ones (Which a specialist are you being fol-
lowed-up with diagnosis of hypertension? What is
the purpose of that visit to the outpatient clinic?).

Next, from the outpatient records of the inter-
viewed patients, we obtained information about
whether BP was measured at the appointment that
day; whether this patient was previously diagnosed
with AH; if AH occurred, was it included in the diag-
nosis structure on that day; whether treatment for
AH has been prescribed previously; whether BP tar-
gets were achieved; whether the standard of exami-
nation for AH has been met; what was the date of the
last visit the general practitioner due to AH.

RESULTS

The answers of 149 patients who sought general
practitioners attention were analyzed. A male/female
ratio was 1:4 (31:118 people), average age was
64.4 + 1.3 years. In 77.2% (115 people), BP had ever
increased to 140/90 mm Hg and higher, of which
hypertension diagnosis was established in 103 (69%)
respondents. Antihypertensive therapy was pre-
scribed to 102 out of 103 patients (99%); at this time,
89 patients out of 102 (87.3%) are taking medica-
tions regularly. Of those diagnosed with AH (103 peo-
ple), 87 (84.5%) are followed up by doctors for this
reason, the majority of them are followed up by a
general practitioner — 67 (77%) people, by a cardiolo-
gist — 18 (20.7%), and 2 (2.3%) people — by a general
practitioner and a cardiologist simultaneously.

Most of the patients — 140 out of 149 — on the day
of the survey came to the outpatient clinic for various
reasons not related to AH. BP during the visit was
measured in 95 people (63.8%) out of 149, and in
74 people (71.8%) of 103 with already diagnosed AH.
On the visit day, AH was included in the diagnosis
structure only in 44 patients out of 103 with already
established diagnosis (42.7%), while 97 people out of
103 patients (94.2%) with previously diagnosed AH
were already on the outpatient medical record. Of
those who had a diagnosis of AH in their outpatient
records (97 people), treatment was prescribed to
91 patients (93%), BP control was achieved in
60 patients (65.9%), while the standard examination
was maintained in only 61%.

In the outpatient records, the last visit due to AH
was revealed 2 weeks ago in 2 people; 2 months ago
in 34; 6 months ago in 27; 1 year ago in 19; 2 years

Journal homepage: http://jsms.ngmu.ru

21



Kopheesa H.B. u dp. / Journal of Siberian Medical Sciences T. 8, N° 1 (2024)

(42.7 %), Ipu 5TOM paHee YCTAHOBJIEHHBIH IMATHO3
AT B aMOyJIaTODHOU KapTe UMEJICA Y 97 YeJl. U3 103
nanueHToB (94.2 %). V3 Tex, y Koro B aMOy1aTOPHOM
kKapte umesics auaruos Al (97 deit.), JeueHre ObLIIO
HazHa4YeHO 91 nmanueHTy (93 %), KOHTPOJIb JIOCTHUT-
HYTy 60 yes. (65.9 %), mpu 3TOM CTaHapT 06CcIeno-
BaHUS BBITIOJIHEH TOJIBKO ¥ 61 %.

[Tocnemnuii Bu3uT no npudune Al' B ambysatop-
HOM Kapre ObL71 3aPUKCUPOBaH 2 HeJ| Ha3a| y 2 Yel.,
2 Mec Hazaj — y 34, 6 Mec Hazaj — y 27, 1 TOJ] Ha3a | —
v 19, 2 Tofia Ha3aza — y 10, 3 rojia Ha3aza — y 2, 4 rojia
Hazag —y 6 17, 9 U 10 JIeT Ha3aJ[ — 10 OJTHOMY YeJIo-
BEKY COOTBETCTBEHHO.

OBCYXKJIEHUNE

Jl1s1 paHHETO BBISIBJIEHNsI IOBBIIIEHHOTO A/l B T1ep-
BUYHOM 3B€HE 3/[PABOOXPAHEHMUS ITPOBOZATCS IIPOdU-
JIAKTUYECKHE MEJUITMHCKIE OCMOTPBI U IUCIaHCEPH-
3aIysA OT/IeJIBHBIX TPYIII B3pOCIoro HacesneHus. Ilo
JIaHHBIM XabapoBCKOTO KpaeBoro (GoHaa 00s3aTesTb-
HOT'O METUIIMHCKOTO CTPAXOBAHUA B 2022 T. IVCIIAHCe-
pusariueii 6pLTH OXBaYeHbl 57 % (1-# aTam) u 63 % (2-i
9Tam) HaceJIeHUsA, MPOMIAKTUIECKUMU MeJOCMO-
Tpamu — 60 %'. Macurtabp! MPOQIUIAKTHYIECKIX MEPO-
IPUATUN U MPOCTOTA JUArHOCTHUKU Al' IO3BOJIAIOT
BBISIBJIATD €€ HA PAHHUX CTa/IHSIX.

OnHAKO OCHOBHBIE IIPHUKA3bl, PETJIAMEHTHPYIO-
e nNpoduwiakTUiecKre MepONIpUATHs B IepBUY-
HOM 3BeHE 3/I[PaBOOXPAHEHUs, TIPEICTABIISIOT COO0
MHOTOCTPAHUYHbIe JOKyMeHThI: [Ipukas NO 404H
«06 yrBepxkaenun Ilopsnka mpoBenieHHsA Mpodu-
JIAKTUYECKOTO MEIUITUHCKOTO OCMOTPA U TUCIIaHCe-
pU3anuy OT/EJIbHBIX TPYIII B3POCJIOTO HACEJIEHUS»
u3jJ0KeH Ha 34 crpaHunax. [Ipukaz N° 168
«O0 yTBep:KJIeHUU TOPsIKA MPOBEAEHUS JIUCIIAH-
cepHOro HabJIIO/IeHU 32 B3POCIBIMU» — HA 56 cTpa-
HUIIAX; KPOMe TOTO, ero TeKCT ITOCTOSSHHO OTChITIaeT
Bpaua K KJIMHUYECKUM DPEKOMEHAAIUAM «ApTepH-
aJIbHAs TUIMEPTEH3Us Y B3POC/IBIX» U PACCIYUTAH HA
UX TIIATeJbHYI0 NMpopaboTKy. TekcT caMux peko-
MEeHJIallNi «ApTepuayibHas THIEPTEH3Us Y B3POC-
JIBIX» B PeJAKIIUU 2020 T. U3JI0JKeH Ha 136 CTpaHU-
nax. MacmtabGHOCT, IIPUBEJEHHBIX JIOKYMEHTOB
3aTpyAHAET paboTy C HUMH, JieaeT HEBO3MOXKHBIM
OBICTDBIA IIOMCK HEOOXOAMMOW WH(GOpMAIUH B
YCJIOBUSIX OTPAHUYEHHOTO BDEMEHH aMOyJIaTOPHOTO
npuiemMa u, 6e3ycJI0BHO, TPeOYyeT CUHTE3a U YIIPOIIle-
HudA 11 3GGEKTUBHOTO TPUMEHEHUsSI B IIPAKTUKE
BpauaMu IIepBUYHOTO 3B€HA 3/[PAaBOOXPAHEHU.

! [Tucpmo XabapoBCKOTO KpaeBoro GoHAa 0013aTesTb-
HOTO MEZMIIMHCKOTO CTPAaXOBaHHWS OT 19.01.2023
N@ 10-142/3 «O MoHUTOpUHTE TPODUTAKTUUECKUX OCMO-
TPOB U IUCIIAHCEPU3AIU B3POCIOTO HACETIEHUS».

ago in 10; 3 years ago in 2; 4 years ago in 6; while 7,
9 and 10 years ago by one person, respectively.

DISCUSSION

For early detection of elevated BP, preventive
medical examinations and outpatient screening of
certain groups of the adult population are carried out
in the primary health care setting. According to the
Khabarovsk Regional Compulsory Medical Insur-
ance Fund, in 2022, 57% (1st stage) and 63% (2nd
stage) of the population underwent outpatient
screening, and 60%— preventive medical check-ups *.
The coverage of preventive measures and the ease of
AH diagnosis make it possible to detect it at the early
stages.

However, the main orders regulating preventive
measures in primary health care are multi-page doc-
uments: Order No. 404n “On approval of the Proce-
dure for preventive medical examination and outpa-
tient screening of certain groups of the adult popula-
tion” is set out on 34 pages. Order No. 168n “On
approval of the procedure for outpatient follow-up of
adults” — on 56 pages; in addition, its text constantly
refers a doctor to the clinical guidelines “Arterial
hypertension in adults”, which are designed for their
careful study. The text of the latter amended in 2020
is set out on 136 pages. The scale of these documents
makes it difficult to work with them, renders it
impossible to quickly search for the necessary infor-
mation, given the limited time of an outpatient fol-
low-up visit, so, their synthesis and simplification
are certainly required for the effective use by primary
care practitioners.

Each patient’s visit to an outpatient clinic for
any health-related reason should be aimed at
detecting elevated BP as the most significant modi-
fiable RF. In our study, out of 115 people who indi-
cated an increase in BP to 140/90 mm Hg and
higher, only 103 patients were diagnosed with AH.
This discrepancy may be due to the fact that BP is
not measured in everyone at the consultation:
according to our study data, only in 63.8% of the
total number of those who sought medical atten-
tion. So, there is a need to increase efforts to screen
for AH in outpatient settings. Moreover, BP was not
measured in all hypertensive patients (71.8%), i.e.
the implementation of outpatient screening pro-
grams also requires constant monitoring by the
management of outpatient facilities.

* The letter of the Khabarovsk Regional Compulsory
Medical Insurance Fund dated 19/10/2023 No. 10-142/3
“About monitoring of preventive examination and outpa-
tient screening of adults.”
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KaskzpIii BUBWUT TalMeHTa B IOJHUKIUHUKY TI0
JII000MY TeparneBTUYECKOMY TOBOJTy JOJDKEH IIpe-
cJIe0BaTh IEeJIb BhIABJIEHUs ITOBBIIIEHHOTO A/l, KaK
Hanbosee 3HAaUMMOro Moauduiupyemoro @P.
B namem ucciefjoBaHuM u3 115 4es., KOTOPbIE yKa-
3ay1 Ha ToBbIeHre AJl 0 140/90 MM PT. CT. U
BBIIIEe, AuarHo3 Al OBLI IIOCTAHOBJIEH TOJIBKO 103
nmamyeHTaM. Takoe HECOOTBETCTBHE MOYKET OBITh
obyciioByieHO TeM, 4To AJ] Ha TepameBTHYECKOM
pueMe U3MepsieTcsl He y BCeX: 0 JJAHHBIM HAIllero
HCCIIEZIOBAHUA — TOJIBKO ¥ 63.8 % oT ob1iero umcia
0oOpaTHBIINXCSA 32 MEQUIIMHCKON IOMOIIbBIO, T.€.
CYIIIECTBYET HeOOXOIUMOCTb HapAIllUBAHUS YCUIUH
110 ckpuHUHTY Al" B aMOy/1aTOPHBIX YCIOBUSX. bostee
Toro, A/l 6BUIO M3MEpPEHO He y BCEX MAIUEHTOB, Y
KOTOpPBIX uMeJicst quaruo3 AT (71.8 %), T.e. peanuza-
¥ IPOTPaMM JIMCIIAaHCEPHOTO HAOJIIOIEHUS TaK:Ke
HY)K/Ia€TCsI B IMOCTOSTHHOM KOHTPOJIE CO CTOPOHBI
PYKOBO/ICTBA TTOJTUKJINHUK.

Pe3yspTaThl Halllero MCCIeIOBAHUSA MOKAa3aau U
JIPyTHUE aCIIeKThl, TPeOYIoIue YCUIEHUs Mep IHC-
ImaHcepHoro Habso/ieHns 3a nanueHTamu ¢ Al. He
BCe IMAIlMEHTHI C YCTAHOBJIEHHBIM JBarHo3oM Al
HabonaroTes y Bpaua (84.5 %): mon HabI0ieHIeEM
HAXOJIUTCA MEHbIllee KOJHMUYECTBO IIAIUEHTOB, UeM
yCTaHOBJIEHO B HopMmaruBax (corracHo IIpukasy
N° 168H moymkeH OBITH OOecIiedeH «OXBaT AMCIIaH-
CEepHBIM HAOJIFOJIEGHUEM JIHI] CTapIlle TPYy/IOCIOCO0-
HOTO0 BO3pacTa, U3 YHCJIa MOJJIesKalUX eMy, HE MeHee
90 %»). B 39 % ciyuaeB BBISIBUJIM HECOOJTIO/IEHME
MHUHUMAaJIbHOU HeOOXOAUMON KpPaTHOCTH IIOcelle-
HUA Bpaya no nosojty Al', KoTopasi cocTaBuia MeHee
1 pasa B roji. HamoMHNM, YTO MUHUMAJIBHOE KOJIYe-
CTBO BU3UTOB B FOJI IIPH TUCTIAHCEPHOM HAOTIOZIEHUH
nipu Al" 1—3-1 cTeleHH JIOJKHO OBITH He MeHee 2 [6].
[Tpu oTcyTcTBUM KOHTPOJIS A/l KOJIMYECTBO BU3UTOB
yBenuuuBaeTcsa. JlucmaHcepHoe HaOJIOeHHe Mpu
ATl', mo manmHbIM HallMOHAJIBLHOTO HCCIIEA0BATEIb-
CKOT'O I[eHTpa TepPANUH ¥ TPOPIIAKTUIECKON MeTH-
nuabl Mwunzapasa Poccum, ero AjauTesIbHOCTh U
KpPaTHOCTh BU3UTOB IOJIOKUTEJIBHO KOPPEJIUPYET C
JIOCTUKEHHEM IIeJIeBbIX noKkazaTesei A/l [7].

HeBHecenue B (poHOBBIN muarHo3 Al mpu o6pa-
[eHUH MaIMEeHTOB II0 JIIOOOMY COIYTCTBYIOIEMY
MIOBOZly MPUBOAUT K «IIOTE€PE» TAKOTO MallMeHTa U
HEBKJIIOUEHUIO €T0 B MPOTPaMMBbI TPOGUIAKTUKN U
JIUCITaHCEPHOTO HabioieHus. [1o JaHHBIM HAIIero
HCC/IeTOBAaHUA B JleHb oOpaienus Al' 6plia BHECEHA
B IMATHO3 JIUIIb V 42.7 % obpaTtupiuxcs. OTpaske-
Hue Al B cTpykType pyOpHUpUITIPOBAHHOTO KJIUHH-
YEeCKOTO JAUArHO3a II03BOJIAET KOMILJIEKCHO OIeHU-
BaTh PUCKU IAIIMEHTA, TOA0UPATh JIEYeHHE OCTPOTO
WK 00OCTPEHHsI XPOHUUYECKOro 3abosieBaHUs
HUCXOJA W3 3HAHUA MEXKJIEKAPCTBEHHOTO B3aWMO-

The results of our study showed other aspects
that require strengthening measures for outpatient
follow-up of AH patients. Not all patients with diag-
nosis of AH are followed-up by a doctor (84.5%): a
smaller number of patients are follow-up by a doctor
than established by the standards (according to
Order No. 168, the coverage of outpatient monitor-
ing of hypertensive patients over working age ought
to be at least 90%). In 39% of cases, non-compliance
with the minimum interval between check-up visits
to a doctor for AH was revealed, which was more
than 1 year. We have to remind that the minimum
number of visits per year under outpatient follow-up
for patients with AH of I-IIT degree should be at
least 2 times [6]. In the absence of BP control, the
number of visits increases. Outpatient follow-up for
AH, according to the National Research Center for
Therapy and Preventive Medicine of the Russian
Ministry of Health, the duration and frequency of
visits positively correlates with the achievement of
BP target [7].

If AH is not included in the background diagnosis,
when patients seek medical attention for any health-
related reason it leads to the “loss” of such patient and
his/her non-inclusion in prevention and screening
programs. According to our study, on the day of the
appointment, AH was included in the diagnosis in
only 42.7% of visitors. Including AH in the structure
of a clinical diagnosis allows for a comprehensive
assessment of the patient’s risks, prescribe treatment
for acute or exacerbation of chronic disease based on
the knowledge of drug interactions with antihyperten-
sive drugs, and monitoring of BP and laboratory
parameters based on the existing comorbidity.

According to the Ministry of Health of the Rus-
sian Federation, men are 2 times less likely to seek
medical attention [8], and our results confirmed
these trends: among the respondents, there were
4 times more women, although the prevalence of AH
among males in the Russian Federation is higher:
48.1% compared to 40.7% in women, according to
the ESSE-RF study [9]. At the same time, adherence
to antihypertensive therapy, treatment effectiveness
and achievement of BP targets among men, accord-
ing to ESSE-RF, were lower compared to women.
Thus, the active involvement of males in prevention
and screening programs is a priority, and will allow
us to identify new hypertension cases among the
population.

According to our study, 86.4% of respondents
received treatment regularly. It is possible to increase
adherence to treatment and its effectiveness with reg-
ular monitoring, which becomes possible with the cor-
rect formulation of AH diagnosis and allows not to
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JIeCTBUSA C AHTUTUIIEPTEH3UBHBIMU JIEKapPCTBEH-
HBIMHU CP€JICTBAMH M KOHTPOJMPOBATH IapaMeTPhI
AJl u mabopaTopHbIe MOKa3aTETHN UCXO/IS U3 UMEI0-
el cst KOMOPOUTHOCTH.

IIo pmamapiM Mun3zapaBa Poccun My>X4uHBI B
2 pasa peske 00paIarTcs 3a METUITUHCKON TIOMOIIIHIO
[8], u HaIM pe3ysIbTaThl MOATBEPAWIN 3TH 3aKOHO-
MEDHOCTH: CpE€IH OIIPOIIEHHBIX KEHIUH ObLUIO B
4 pasa 60J1blIIe, XOTS pacipocTpaHeHHOCTh Al MMeHHO
Cpenu JIUI, MY»KCKOTO 1moJia B P® Brime: 48.1 % 1o
CPaBHEHUIO C 40.7 % Yy JKEHIIUH, 10 Pe3yJIbTaTaMm
nccnenoBanus DCCE-PD [9]. IIpu sTOM npHBep:KeH-
HOCTb AHTUTUIEPTEH3UBHOU Tepanuy, 3(deKTus-
HOCTbB JIEUEeHUsI U JIOCTIKEHHE KOHTPOJIBHBIX ITOKa3a-
Testel cpeau My»kuuH, 1o JaHHeIM DCCE-P®, 6putu
00slee HU3KVMHU B CPAaBHEHHH C JKeHIMUHAMU. Takum
o0pa3oM, aKTHBHOE IIPHBJIEUEHHE K IMPOrpaMMaM
MpOoUIIAKTUKN U CKPUHHHTA UMEHHO JIUI MY>KCKOTO
ToJ1a SIBJISIETCS] IPUOPUTETHON 33/[aduell W ITO3BOJIUT
BBIABUTH HOBBIE crydan Al" cpe/ii HacesIeHus .

[Io maHHBPIM HAIIETO WCCIENOBAHUSA PErYJIAPHO
nostydasiu JjiedeHue 86.4 % onpoieHHbIX. I10BBICHTH
MIPUBEPKEHHOCTh ¥ 3(P@EKTUBHOCTh HA3HAYEHHOU
TepaUK MOKHO IIPU PETYJIAPHOM KOHTPOJIE, KOTOPBIN

lose sight of patients with AH. According to V.N. Lar-
ina et al. [10], 68.8% of patients took medications
regularly; the higher values in our study may be due to
patients’ interpretation of the term “regularly.”

Compliance with the examination standard for
only 61% of patients suffering from AH also indicates
the need for being more attentive towards patients
under outpatient follow-up.

In summary, the results of our study showed non-
compliance with the main time intervals for follow-
ing-up patients with AH. According to clinical guide-
lines, the simplest algorithm when working with a
patient whose BP is 140/90 mm Hg and higher, looks
like this: 1st visit — within 1 week, 2nd visit — exclu-
sion of secondary AH, within 2 weeks — achieving
BP control within 3 months — lifelong outpatient
follow-up. We would like to once again draw the
attention of general practioners to the timely referral
to a cardiologist for consultation in the absence of
AH control for 3 months [6]. We present the result of
synthesis of prevention and follow-up programs car-
ried out by a general practioner into this simple
scheme for four most common clinical situations in
the outpatient practice (Fig. 1—4).

ACHMITOMHBIN MAIHEHT
Asymptomatic patient

Otzaenenue mpoduiIaKTUKH
Prevention Department

I[IMO/ (ITpuka3z Ne 404w)
"1 PME/OS (Order No. 404n)

AJl 140/90 MM pT. CT. M BbILIE
BP 140/90 mm Hg and higher N

< | HerAT/NoAH |

¢ v

®-30/F-30 [€——

A

Y4yacTKOBbIH TepanesT,
AUCIAHCEePHOe
Ha0/1101eHne
(ITpuka3 Ne 168u)

OcMOTp y4aCTKOBOIO
TepaneBTa
(yTOuHEeHHe TUarHo3a,
IPYIIbl AMCIIAHCEPHOTO | |
HaOIIOICHUS,
TUIaH 00CIIeIOBAHMS)

Examination by a local

Otnenenne NpopHIAKTHKI
(2-1 oTan [1, ynry6ineHHOE
PO UIAKTUIECKOE
KOHCYJIBTHPOBAaHHUE)

Prevention Department
(2nd stage of OS, in-depth
preventive counseling)

* 1 pa3 B rog [IMO

1 pa3 B 3 roga /1 1o 39 ner

* 1 pa3 B rox /] mo 40 ner u crapue
(ITpuka3 Ne 404n)

* PME once a year

* OS once every 3 years until age 39

* OS once a year up to 40 years
and older (Order No. 404n)

general practitioner
(diagnosis specification,
follow-up group,
examination plan)

Local general practitio-
ner, outpatient follow-up
(Order No. 168n)

Y

JledeHue + MOHUTOPHHT
Treatment + monitoring

Y

Joctuxenue koutpoust A/l uepes 3 mec
Achieving BP control after 3 months

Puc. 1. AJITOpUTM /I€HiCTBUI Bpaya MEPBUYHOTO 3BEHA I10 BBIABJIEHUIO ApTEPHAIBHOMN IMIIEPTEH3UN IIPU paboTe
C ACHMIITOMHBIM IAI[HEHTOM C UCIIOJIb30BaHueM podriaktuueckoro uaerpymenrapust (IIMO — npodriakTuaeckui
MeIUIUHCKIH ocMOoTp; [ — aucnancepusanust; Al — aprepuaibHoe 1aBienue; Al — aprepuaibHas TUIIEPTEeH3Us;
®-30 — ®opma N@ 030/y — «KoHTposIbHASI KapTa IUCIIAHCEPHOTO HABJTIOIEHUS» )
Fig. 1. The algorithm of actions of a primary care physician to detect arterial hypertension in an asymptomatic patient
with the use of preventive tools (PMO — preventive medical examination; OS — outpatient screening; BP — blood pressure;
AH - arterial hypertension; F-30 — Form No. 030/u, Outpatient Screening Checklist
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CTAHOBHTCSI BOBMOXKHBIM ITPH MPABIJILHON (hOPMYJTH-
POBKe MarHo3a, TO3BOJIAIONIEH HE TepATh U3 BUIY
marenToB ¢ AT ITo ganueiv B.H. JlapuHOo¥ 1 coaBTO-
POB [10], JIeKapCTBEHHBIE CPEICTBA ITIOCTOSIHHO ITPHUHU-
Maau 68.8 % marnueHToB, OoJiee BBICOKME 3HAUEHUS B
HAIIIEM CJTydae MOTYT ObITh 0OYCJIOBJIEHBI MHTEPITPETA-
[Mel MaeHTaMHU TEPMUHA «PETYJISIPHO».
BeimostHeHHe cTaHzapTa 00CIeIOBaHUS TOJIBKO
Uit 61 % manueHToB, cTpazaoux Al', Tak:Ke CBU-
JIETEJIBCTBYET O HEOOXOUMOCTH 0O0Jiee BHUMATEIb-
HOT'O OTHOIIIEHHS K B3ATHIM Ha KypaIlHIo ITalfHeHTaM.
TakuMm o0pa3oM, pe3yJIbTaThl HAIIIETO HCCIIENO0-
BaHUSA TOKA3aI1 HECOOJTIO/IEHIE OCHOBHBIX BpEMEH-
HbIX HHTEPBAJIOB HAOIIOIeHN 3a maruenTamu ¢ AT
CorylacHO KJIMHUYECKUM PEKOMEHJAIUSIM CaMBbIi
IMPOCTOH AJITOPUTM HpU paboTe ¢ MAIUEeHTOM, Y
Kotoporo 3adukcupoBano AJl 140/90 MM PT. CT. U
BBIIIIE, BBIMJIAAUT CJAEAYIONAM obpa3om: 1-H
BU3UT — B TEUEHHUE 1 HEJ, 2-1 BUBUT — UCKJIIOUEHNE
BTOpHUYHOU A" B TeueHue 2 Hefl — JIOCTHKEHHE KOH-
TPOJISL B TEUEHUE 3 MeC — JUCIIaHCepHOe HabJ e
HHE MMOKU3HEHHO. X0UeTcs elne pa3 00paTuTh BHU-

CONCLUSION

General practitioners are key figures in the early
detection, treatment and control of AH, managing,
with the appropriate use of prevention and screening
programs, this major risk factor for premature car-
diovascular and overall mortality.

To achieve the BP targets in the management of
AH, it is important to comply with the time intervals
for working with an AH patient: establishing a diag-
nosis of AH, excluding secondary AH, initiation of
outpatient follow-up, achieving BP control, and
timely referral to a cardiologist.

The proposed four algorithms for the actions of a
local general practioner will help ensure the appro-
priate routing of patients with AH, compliance with
the standard of management of such patients, achiev-
ing BP control and reducing the risks of development
and progression of cardiovascular diseases.

Conflict of interest. The authors declare no
conflict of interest.

IMauuent ¢ AI" (;kas100b1 o AI)
Patient with AH

LGP

YuyacTroBblii Tepanest, BOII

VTodHEHHE TPYIIIIEI JUCTTAHCEPHOTO yIeTa
o 3abonesanuto (ITpukaz Ne 168H)

(complaints of AH symptoms)

Clarification of the outpatient
follow-up group (Order No. 168n)

\ 4

OO0caemoBanue M0 KIMHHYECKUM

KouncyabTanus kapauoJiora
Cardiologist consultation

peKoMeHAaMM (UCKITIOYEeHUE
propu4Hoit A" B TeueHue 2 Hen)
Examination according

Y

PesucrentHas/ncesnopesucrentaas Al
Resistant/pseudo-resistant AH

A

to clinical guidelines
(exclusion of secondary AH for 2 weeks)

A
Hasnauenue neuenust + Koppexkuus

KonTpons ver / No AH control |<—

Joctmwkenns koutpons A/l gepes 3 mec P
BP control achieved within 3 months |

neueHus 1 pas B 2—4 Hen
Administration of treatment +
treatment correction

\ 4

once every 2—4 weeks

| Kounrtpoas ects / AH control

\ 4

Y

TIMO/J] (ITpuxaz Ne 4041)
PME/OS (Order No. 404n)

JucnancepHoe HaOmoneHIE
(ITpnka3z Ne 168H) — 2 pa3za B rox
Outpatient follow-up
(Order No. 168n — twice a year)

Puc. 2. Aroput™ JIedicTBU# Bpaua epBUYHOTO 3B€HA PH paboTe ¢ HAIMEHTOM C apTEPUATbHON THIePTEeH3Hel ¢
KCII0JIb30BAaHUEM PO IIIaKTHUECKOro nHeTpymenTtapusi (Al — aprepuanbHas runeprensusi; BOII — Bpau o01ieii mpak-
tuky; [ — nqucnancepusanust; AJl — aprepuanbroe gasienue; [IMO — mpopUIaKTUYeCK il MEAUIMHCKUH OCMOTD)
Fig. 2. The algorithm of actions for a primary care physician for a patient with arterial hypertension with the use of
preventive tools (AH — arterial hypertension; LGP — local general practitioner; OS — outpatient screening; BP — blood
pressure; PMO — preventive medical examination)
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OGpauenne K TepanesTy | Usmepenue AJl Ha npueme Briepseie 140/90 MM PT. CT. 1 BbIIIE
¢ 1100bIM 3200/1eBAaHHEM ”| BP measurement at a checkup "1 Incidentally 140/90 mm Hg and higher

Seeking help from a local general
practioner for any desease

O6CJ'ICHOB8.HI/IC 110 KIIMHUYE€CKUM

A

JleueHne 0CHOBHOTO 3a00/1eBaHus +
NMOBTOpPHOE H3MepeHue A/l
B TeyeHue 7 qHel

peKkoMeHIauAM (MCKIIFOUEHUE .
gropuunoii AT" B Teuenue 2 HeJ) P AJ1 140/90 MM PT. CT. U BBIIIE COXPAHSETCS . Treatment of t.he u_nderlymg
Examination according to clinical BP 140/90 and higher persists £ disease + BP monitoring for 7 days

guidelines (exclusion of secondary
hypertension for 2 weeks)

v

Hasnauenue nedeHus + KOPPEKLH

v

Crabunnzanus 1mo
OCHOBHOMY 3a00JICBaHHIO

v

Stable underlying disease
neyeHus 1 pa3 B 2—4 Hen Koncynbranus kapauosora
Administration of treatment + correction Cardiologist consultation ¢
of treatment once every 2—4 weeks A

AJl —unopma / Normal BP

Jocrmxenus koutponst AJl yepes 3 mec PesucrentHas/ncesnopesucrentaas Al
Achievement of BP control after 3 months Resistant/pseudo-resistant AH

¢ A

KonTtpoas ects / AH control | —>| Kourposs ner /

No AH control

A\ 4 Y
TIIMO/J JlncrancepHoe HaOmoIeHNE
(ITpuxa3 Ne 404n) (ITpuka3 Ne 168H) — 2 pa3a B rog
PME/OS Outpatient follow-up
(Order No. 404n) (Order No. 168n — twice a year)

Puc. 3. Airopurm AeicTBUI Bpada MEPBIYHOIO 3BeHA P PabOTe ¢ MAI[HEHTOM C PA3JIMYHBIMU TEPAIEBTUYECKUMU
CUTYalMsIMHU 110 BBIIBJIEHUIO aPTEPUATIBHON TMITEPTEH3UH C UCIIOJIb30BAHUEM NTPOGMUIAKTHUECKOTO HHCTPYMEHTapHs
(Al — aprepuanbHoe naBienue; Al — aprepuaibHasi TUIIEPTEH3U;

IIMO — npoduIakTUUEeCKUH METUIIMHCKUN 0CMOTP; [T — IucIaHcepu3arius)

Fig. 3. The algorithm of actions for a primary care physician when working with patient with various therapeutic
situations to detect arterial hypertension using preventive tools (BP — blood pressure; AH — arterial hypertension;
PME - preventive medical examination; OS — outpatient screening)

MAaHUE YJIACTKOBBIX TEPAIIEBTOB Ha CBOEBPEMEHHOE
HazHaYeHNe KOHCYJIbTAIIUK Kap/[10JIora IMPU OTCYT-
CTBUM KOHTPOJISI THIIEPTEH3UH B TeueHue 3 Mec [6].
WaTerpanus mporpaMM mpoQUIaKTHKA U JUCIaH-
CEpPHOTO HAOJIIOIEHUsI, OCYIIECTBIAEMBIX YUaCTKO-
BBIM TEPAIIEBTOM B 3Ty IIPOCTYI) CXEMY, IIPe/ICTaB-
JIeHAa HaMU ISl YEeThIPEeX YacTO BCTPEYAOIIUXCA B
aMOyJIaTOPHOM TMpPaKTUKE KJIHHHUYECKUX CUTYaI[UH

(puc. 1—4).

3AK/IIOYEHUE

Bpauu mepBHYHOIO 3BEHA ABJIAIOTCA KIIOYe-
BBIMU (pUTYPAMU B paHHEM BBIABJIEHUU, JIEUEHUU U
koHTpOJie Al', yipaBiiss Ipyu rpaMOTHOM HCIIOJIb30-
BaHUU IMporpaMM MNPOPWIAKTUKU U CKPUHUHTA
9TUM OCHOBHBIM ®P mperksieBpeMeHHOU cepieuHo-
COCY/THCTOH U OOIIEN CMEPTHOCTH.

Ba)XHBIM B JOCTHKEHHHU II€JIEBBIX ITOKa3aTesIer
koHTpoJisi Al sBJseTcsa cobJIIO/ieHre BPEMEHHBIX
WHTEPBAJIOB paboThI ¢ marueHToM ¢ Al': ycraHOBIIe-
HH€E JUarHo3a, UCKJIYeHne BTOpuYHou Al', B3siTHE
07 AUCIIaHCEpHOEe HAOII0IEHNE, TOCTHKEHNE KOH-
Tposisi AJl, cBoeBpeMeHHOe HAallpaBJIEeHWE Ha KOH-
CYJIbTAINI0 Kap/IH0JIOoTa.

IIpenokeHHbIE YeThIpe aJITOPUTMa JIEHCTBUH
Bpada-TepareBTa y4acTKOBOTO IOMOTYT 00eCIIeunTh
MPAaBWJIbHYI0 MAapIIPYTU3AMMIO MarueHToB ¢ AT,
coOJII0/IeHre CTaHaapTa BeJIEHUsI TaKUX OOJIbHBIX,
JIOCTIKEHHE KOHTPOJIs A/l v CHIPKeHUEe PUCKOB pas-
BUTHS U MPOTPECCUPOBAHUS CEPAETHO-COCYTUCTHIX
3a00J1€eBaHU.

KoH}auKkT nHTEpPECOB. ABTOPHI 3a5BJIAIOT 00
OTCYTCTBUU KOH(JIMKTA UHTEPECOB.
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IMonumopouanblii nanuent (AI'/UBC/CA/XBII)

Wzmepenne A/l Ha mpueme

Ha npueMe y J11000ro Bpaua
TepaneBTHYECKOI CIeNaIbHOCTH
Multimorbid patient (AH/CHD/DM/CKD)
at an appointment with any physician
of a therapeutic specialty

JucmancepHoe HaOIoneHme
(ITpuxa3 Ne 168H) — 2 pa3a B rox
Outpatient follow-up
(Order No. 168n) — twice a year

BP measurement at the attendance

v

KoncyabTanus kapauoJiora
(ITpuka3 Ne 168n)
Consultation with a cardiologist
(Order No. 168n)

\ 4

Jleuenue 3aboneBaHuUs
Treatment of the disease

\ 4
KonTpons gepes 3 mec

Control after 3 months

Puc. 4. AIropuTm JIeACTBUI Bpaya MIEPBUYHOTO 3B€HA IIPU PaboTe ¢ MOJTMMOPOUTHBIM MMAIIMEHTOM C UCIIOJIb30BAHUEM

npodunakTueckoro uHerpymenrtapus (Al — aprepuanbias runeprensus; UBC — uinemuyeckas 601e3Hb CEPIIA;
CJI — caxapubiii iuabet; XBII — xpoHuueckas 601e3Hb mouek; A/l — aprepuasbHOe JaBieHne)
Fig. 4. The algorithm of actions of a primary care physician for a multimorbid patient with the use of preventive tools
(AH - arterial hypertension; CHD — coronary heart disease; DM — diabetes mellitus; CKD — chronic kidney disease; BP —
blood pressure)
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AHHOTAIIUA

BBepneHwue. 3anociaeaHue 10 JET B MUPe OTMeYaeTcs pocT ycronunBocTy BUU-1 K aHTUPETPOBUPYCHBIM IIpenapa-
taM. Bosbable BUY-uHbeKIuel ¢ HU3KUM YPOBHEM IIPUBEPKEHHOCTH K aHTHUPETPOBUPYCHOH Tepanuu (APT) Haubosee
YacTo MO/[BEPIKEHBI PUCKY PA3BUTHUS IPUOOPETEHHOH pe3rcTeHTHOCTH BUIU-1. YeTaHOBIIEHUE KITIOUEBBIX (GAKTOPOB, BIIU-
SIIOIIMX HA CTENEeHb IPUBEPKEHHOCTH, II03BOJIUT CBOEBPEMEHHO BBIABJIATH OOJIBHBIX C BBICOKUM PHCKOM «OTPBIBa» OT
JleyeHUs U pa3paboTaTh WHAUBUYAJIbHYIO TAKTHKY BEJIEHUS TAKUX HAI[UEHTOB /IS CHHUKEHUs pucka (popMUpOBaHUA
PEe3UCTEeHTHOCTH.

IT e 1 b . WByunThb GaKkTOPHI, BIUAIONIHE HA TPUBEPKEHHOCTH K APT y 60JIbHBIX C BUPYCOJIOTHUECKOH HeyAauel, U BIIH-
sIHME TIPUBEP’KEHHOCTH HA PUCK Pa3BUTHUsA MPUOOPETEHHOH ycToiunBocTr BITY-1 K aHTHPETPOBUPYCHBIM IIpernapatam
[IePBOY JIMHUU.

MaTtepuanans U MeTOoO/bl. I[IpoBereHo o6ciaenoBanue 271 60JIBHOTO C YCTAHOBJIEHHBIM AHarHo30M « BUU-
nHQEKIUA», ¢ PA3HBIMHU CTAAUAMHU 3200JI€BaHUA, B BO3pacTe OT 21 JI0 59 JIeT, HaO/II0[aBIIUXCS B IIEPHOJ, ¢ MapTa 2018 T.
0 aBrycT 2022 T. B LleHTpe mo mpodunaktuke u 60pboe co CITU] I'BY3 HCO «T'opoackast nHpeKIUMOHHAsA KINHUTYECKas
6opHUIA N 1» T. HoBocubupcka u noayuasimux APT. Kputepuii BKIIOUeHHs TAIIMEHTOB B UCC/IEIOBAHUE: BUPYCOIOTH-
JecKuil MpophIB HA GoHe paHee npoBoguMol addextuBHoi APT nmpenaparamu nepBoi JIMHUM (KOT/Ia B TeueHue 3—6 Mec
PETHCTPHUPOBAJICA HEOIIpeiesisieMbll ypOBeHb BUPYCHOH Harpy3ku PHK BMY). IIpoBoamics peTPOCIEKTHBHBIN aHATIN3
cTernieHu npuBep:keHHocTH K APT 06c¢seioBaHHBIX anueHToB ¢ BUY-nHbeKIuel 1 BUPYCOJIOTUUECKUM IIPOPBIBOM C y4e-
TOM PasJINYHBIX (aKTOPOB. VcemenoBaHue Ha JJeKapCTBEHHYI0 ycTounBocTh BITY-1 BeimosiHsA0ch Ha 6aze ®PEYH Tocy-
JlapCTBEHHBIN HayYHBIN LIEHTP BUPYCOJIOTHHU U OUOTEXHOJIOTHH « BeKTop».

PesyanbTartbl . Cpeau obcaeq0oBaHHbIX MAIUEHTOB ITpeobiajain My KYUHbI — 56.4 % (n = 153). CpeaHuii Bo3pact
cocTaBu 35.4 + 2.85 roza. JJoMIHUPOBAJI MTOJIOBON reTEPOCEKCYaAIbHBIN MyTh epenauun BY-undexnuu — 64.8 %. Ha
JIOJIIO TTAPEHTEPAIIBHOTO IMyTH MHUIUPOBaHUs (BHYTPHUBEHHOE BBeJleHE HAPKOTUKOB) MIPUILIOCH 31.5 % ciydaes. I1o
pe3yJsibTaTaM PETPOCIIEKTUBHOIO aHAIN3a CTelleHU TpuBep:keHHOCTH K APT ycraHoBieHo, yTo y 48.3 % (131 13 271) 60J1b-
HBIX IMeJIUCh IIPOILYCKY [IpHeMa [IPenapaToB, B TOM YHc/Ie HU3KasA IPUBEPKEHHOCTh OTMedeHa y 31.7 % (86 u3 271) 60716~
HBIX; CpeJHAd — Y 16.6 % manueHToB (45 u3 271). Haubosee yacto HapyueHUs IPHUBEPKEHHOCTH PETHCTPUPOBAIIICE Y
JIVII C TapEeHTePaTbHBIM ITyTeM nepeaaun BUY — 75.3 % 1Mo cpaBHEHHIO C TIOJIOBBIM — 36 % (p < 0.001) U y JKUTEJIEH Celb-
CKOHM MeCTHOCTH — 62.5 % 10 CPABHEHHIO C TOPOJCKUMU JKUTEJIMHU — 34.1 % (p < 0.001). Cpeut My»KIHH HAPYIIEHUs TPH-
BePXKEHHOCTH BBIABJISUINCH Yallle, UeM Y JKEHIIUH — 57.5 U 36.4 % COOTBETCTBEHHO (p < 0.001). Tak:ke 3HAYUMBIM (BaKTO-
POM SIBIJIOCH OTCYTCTBHE ITIOCTOSTHHOTO TPYAOYCTPOUCTBA — HAPYIIIEHNE IPUBEPIKEHHOCTH OTMEYAIOCh ¥ 69.5 % OOJIBHBIX
3TOU TPYIIIBI TI0 CPABHEHUIO C MAIlMEHTaMHU, UMEIOIUMH IIOCTOSTHHOE MecTO paboThl — 26.3 % (p < 0.05). Hamporus,
BBICOKAs IPUBEP;KEHHOCTD Yallle OTMeuasach y O0JIbHBIX KEHCKOT0 I10J1a — 63.6 % 110 CPAaBHEHUIO C My>KUYUHAMU — 42.5 %;
[IpYU HUIMYHUHU [TOCTOSTHHOTO TPY/IOYCTPOMCTBA — 73.7 % IO CPaBHEHHUIO € 30.5 % IIPU €r0 OTCYTCTBUH; IIPH IIOJIOBOM IIyTH
nepeziayul — 64.0 % 10 CPAaBHEHUIO € TAPEHTEPAJIBHBIM IIyTEM IIepefiauil — 24.7 %; Y TOPOJICKUX KUTeJel — 65.9 % IpoTUB
37.5 % y cenbckux (p < 0.05).
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ITo COBOKYITHOCTH BCeX 3aperHCTPUPOBAHHBIX MyTallUi Pe3UCTeHTHbIe BApUaHThl BUIY BhIABIEHBI Y 54.6 % 00cieoBaH-
HBIX OOJIBHBIX ¢ BUpycosorudeckoi Heynaueir APT (148 uz 271). 3 uncia 148 pe3ucTeHTHBIX BapranToB BITY-1 yartie
JIPYTHX BBISBJISIZIOCH COUETAHUE MyTAIlMH YCTOMUMBOCTU K IperapaTaM U3 TPYIIbl HyKJIE03UIHBIX MHTUOUTOPOB 00par-
HOH TpaHckpuntassl (HVOT) 1 HeHyKI€03UAHBIX HHIHOUTOPOB 00patHO# TpaHckpuntasdsl (HHMOT) — B 60.1 % (89)
cityyaeB. MzommpoBanuble mytanuu kK HUOT Berpevasnucs B 15.5 % (23) ciaydae; Kk HHUOT — B 12.2 % (18). Coueranue
mytanui peducteHTHOCTH K HUOT + muru6uropam unrterpassl (1) yeraHoBiieHO Y 4.1 % (6) 60/1bHBIX. JI0JIs1 TAITUEHTOB
c ycrortunBocThio K HUOT u MUIT (uarnburopam mporeassl) coctasuia 2 % (3); k HUMOT + U — 1.4 % (2). Kombunamus
MyTalMi cpasy K TpeM KjiaccaM IpernapaToB BblABIeHA y 6 6osmpHbix: HUOT + HHUOT + UU - 2.7 % (4) u HUOT +
HHUOT + UII —y 1.4 % (2). Y ogHoro nanuenTa (0.6 %) 3aperucTpupoBaHa H30IMpoBaHHas MyTanus Kk M.
3axkiunwueHHUe . [IpoBeeHHBIN aHAIHN3 IOKA3aJT, YTO HAPYIIEHNE TPUBEPIKEHHOCTH OTMEYAJIOCh Y 3BHAUUTEIbHOM
zosiu 60JIBHBIX — 48.3 % (Huskas — 31.7 %, cpeHsas — 16.6 %). PakropaMu, CrIoCOOCTBYIOIIMME HAPYIIEHHUIO IIPUBEPKEH-
HOoCTH K APT, AIBJISTMCH: TAapeHTePATIbHBIH ITyTh iepegauu BUY (y 75.3 % 11y ¢ HapylieHrueM IPUBEPKEHHOCTH); IPOIKHU-
BaHUE B CEJIBCKON MecTHOCTH (Y 62.5 %); OTCYyTCTBUE IIOCTOSIHHOTO TPyAoycTpocTsa (y 69.5 %); myskckoit 1o (y 57.5 %).
Cpernu OOJIBHBIX C BBISIBJIEHHOW JIEKAPCTBEHHOH ycToiunBocThio BUY (n = 148) npeobiazanu una ¢ HapylleHHeM Ipu-
BEPIKEHHOCTH (770.9 %) 110 CpaBHEHUIO C ITAllHEHTAMHU, Y KOTOPBIX HE BbIsABIEHA pe3ucTeHTHOCTE BUY (23.6 %) (p < 0.001).
VuuThIBas NOJyYeHHBIE TAHHBIE, IPU BbIOOpe cTapTOBO# cxeMbl APT HEOOXOAMMO MPOBOAUTH aHATU3 CTEIIEHH PHCKA
HapyIIeHHUs] IPUBEPKEHHOCTH B 3aBUCHMOCTH OT COIIMAJIBHBIX M JPYTUX (AKTOPOB. YCTAHOBJIEHHAs HA TEPPUTOPUHU
HoBocubupckoii 061aCTH BBICOKAs YaCTOTA PETHCTPALIMHI MyTallii pe3ucTeHTHOCTH BITY nukTyeT He06X0IMMOCTh CBOE-
BpeMeHHOro 00cIeZloBaHNs Ha pe3ucTeHTHOCTh BUY y manueHToB ¢ BUpycosiorudeckoil Heynadeld Ha ¢done APT u BHe-
JIPEHUsI CKPUHUHTA TEPBUYHON JIEKAPCTBEHHONW YCTOHYMBOCTH y GOJBHBIX U3 TPYIIBI PUCKA IO HAPYIIIEHUIO MPUBEP-
JKEHHOCTH.

Kmuoueente croea: BUU-undexnusa, BUY-1, npuBep:KeHHOCTD K TepaIliy, pe3UCTEHTHOCTD, aHTUPETPOBUPYCHASA TePa-
YIS, MyTAIIH.

Oo6pasen murtupoBaHusna: Kanycrun /1.B., Kpacuosa E.U., XoximoBa H.U., Hamumosa T.M., Kpuxnusas H.IL.,
XamukoB M.P., Tormenun A.B., Tordpux JI.T., FamaukoBa M.II., TammaukoBa H.M., Kysuenosa B.T., Ilo3mHsAKO0-
Ba JIJI., Konmmakosa T.A., [Toany6uas JI.B. V3y4ueHre IpUBEP>KEHHOCTH K aHTUPETPOBUPYCHOU TEPATIUY U €€ BIIUSTHUS
Ha PHCK Pa3BUTHs pe3rucTeHTHOCTH BUY-1 y G0IbHBIX ¢ BUpycoaorundeckoi Heyznauel // Journal of Siberian Medical
Sciences. 2024;8(1):29-41. DOI: 10.31549/2542-1174-2024-8-1-29-41

A study of adherence to antiretroviral therapy and its effect
on the risk of HIV-1 resistance in patients with virological failure

D.V. Kapustin®2, E.I. Krasnova® 2, N.I. Khokhlova®2, T.M. Nalimovas3, N.P. Kriklivaya3, M.R.
Khalikov3, A.V. Totmenin3, L.G. Gotfrid3, M.P. Gashnikova3, N.M. Gashnikova3, V.G. Kuznetsova',
L.L. Pozdnyakova?, T.A. Kolpakova?, L.V. Poddubnaya*

Novosibirsk State Medical University, Novosibirsk, Russia
2City Infectious Diseases Clinical Hospital No. 1, Novosibirsk, Russia

3State Research Center of Virology and Biotechnology VECTOR, Koltsovo, Novosibirsk region, Russia

ABSTRACT

Introduction. Overthe past 10 years, there has been an increase in HIV-1 resistance to antiretroviral drugs
worldwide. HIV infection patients with low adherence to antiretroviral therapy (ART) are most often at risk of developing
acquired HIV-1 resistance. The identification of key factors affecting the degree of adherence will allow timely detection of
patients with a high risk of poor adherence to ART and treatment defaulting, and develop individual management tactics
for such patients to reduce the risk of resistance development.

A im . To study the factors influencing adherence to ART in patients with virological failure and the effect of adherence
on the risk of developing acquired HIV-1 resistance to first-line antiretroviral drugs.

Materials and methods. Two hundred and seventy one patients with an confirmed diagnosis of HIV
infection, with different stages of the disease, aged 21 to 59 years, who were followed-up from March 2018 to August 2022
at the Center for the Prevention and Control of AIDS (City Infectious Clinical Hospital No. 1, Novosibirsk) and received
ART, were enrolled in a study. The criterion to include patients in the study was a virological breakthrough during previ-
ously effective ART with first-line drugs (when an undetectable level of HIV RNA load was recorded for 3—6 months).
A retrospective analysis of the degree of adherence to ART of the studied patients with HIV infection and virological break-
through was performed, considering various factors. The HIV-1 drug resistance testing was carried out based on the State
Research Center of Virology and Biotechnology VECTOR.
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Results. Menpredominated among the patients — 56.4% (n = 153). The average age was 35.4 + 2.85 years. Hetero-
sexual transmission of HIV was dominant — 64.8%. Parenteral transmission of HIV (intravenous drug abuse) accounted
for 31.5% of cases. According to the results of the retrospective analysis of the degree of adherence to ART, it was found that
48.3% (131 out of 271) of patients had missed medications, including low adherence in 31.7% (86 out of 2771) patients; aver-
age —in 16.6% of patients (45 out of 271). Most often, poor adherence was reported in people with parenteral HIV transmis-
sion— 75.3% compared with sexual transmission — 36% (p < 0.001), and in rural residents — 62.5% compared with urban
residents — 34.1% (p < 0.001). Among men, missed medication was detected more often than in women — 57.5 and 36.4%,
respectively (p < 0.001). Also, a significant factor was the lack of permanent employment — poor adherence was in 69.5%
of patients in this group compared with patients having permanent employment — 26.3% (p < 0.05). On the contrary, high
adherence was more often observed in female patients — 63.6% compared with male ones — 42.5%; in the presence of per-
manent employment — 73.7% compared with 30.5% in it’s absence; in the case of sexual transmission — 64.0% compared
with parenteral transmission — 24.7%; in urban residents — 65.9% versus 37.5% in rural residents (p < 0.05).

According to the totality of all mutations revealed, HIV drug-resistant variants were found in 54.6% of the patients with
virological ART failure (148 out of 271). Of the 148 HIV-1 drug-resistant variants, a combination of drug resistance muta-
tions from the group of nucleoside reverse transcriptase inhibitors (NRTIs) was most often detected and non-nucleoside
reverse transcriptase inhibitors (NNRTIs) — in 60.1% (89 cases). Isolated mutations to NRTIs were found in 15.5% (23)
cases, for NNRTIs — in 12.2% (18). A combination of mutations of resistance to NRTIs + integrase inhibitors (IIs) was
found in 4.1% (6) patients. The proportion of patients with resistance to NRTIs and PIs (protease inhibitors) was 2% (3);
to NRTTIs + IIs — 1.4% (2). A combination of mutations to three classes of drugs at once was detected in 6 patients: NRTIs
+ NNRTIs + IIs — 2.7% (4) and NRTIs + NNRTIs + PIs — 1.4% (2). An isolated mutation to IIs was in one patient (0.6%).
Conclusion. The analysis showed that non-adherence was reported in a significant part of patients — 48.3%
(low — 31.7%, moderate — 16.6%). Factors contributing to poor adherence to ART were: parenteral transmission of HIV (in
75.3% of people with poor adherence); living in rural areas (in 62.5%); lack of permanent employment (in 69.5%); male sex
(in 57.5%). Among patients with detected HIV drug resistance (n = 148), individuals with poor adherence prevailed (70.9%)
compared with patients who did not have HIV drug resistance (23.6%) (p < 0.001). Taking into account the data obtained,
when choosing the initial ART regimen, it is necessary to analyze the degree of risk of non-adherence depending on social
and other factors. The high frequency of registration of HIV drug-resistant mutations found in the Novosibirsk Region
necessitates timely testing for drug-resistant HIV patients with virological ART failure and the introduction of screening
for primary drug resistance in patients at risk of poor adherence.

Keywords: HIV infection, HIV-1, adherence to therapy, resistance, antiretroviral therapy, mutations.
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BBEJAEHHNE INTRODUCTION

Pacmupenne oxBara mnamueHToB ¢ BUY-
nHQeKIel aHTUPeTPOBUPYCcHOH Tepanuel (APT) u
93¢ (PeKTUBHBIMU CpeZICTBAMU MIPOQPUIAKTUKY ABJIA-
eTcsi OCHOBHOHM CTpaTeruedl 1o IPOTHBOEHCTBUIO
pacmpocTpaHeHUI0 JAaHHOTO 3a00JIeBaHUs BO MHO-
TUX cTpaHax mupa [1]. B wacTHOoCTH, ¢ MOMOIIBIO
BBICOKOA((PEeKTUBHBIX aHTUPETPOBUPYCHBIX Mpera-
paroB (APII), HampaB/IeHHbIX Ha WHTUOUPOBaHUE
pasyuuHbIX (EpMEHTOB BHUpPYCa, yAaeTcss OBICTPO
NO/ABUTh periukanuio BUY u yjaydmuTs KauecTBO
JKU3HU TAlMEeHTOB, OJTHAKO OBICTpasi CIOCOOHOCTD
BHUpyca ajantupoBaTbcad K AedictBuio APII u ero
CJIOKHAsI CTPYKTYpHAasi OpraHU3anus MPUBOAAT K
(GopMUpPOBAHUIO PE3UCTEHTHOCTU. 3a IOCIIETHUE
10 JieT oTMeuaercs pocT ycroduwBoctu BUY-1 k
xuMuonpenaparam [2, 3]. [loMmumo JiekapcTBEHHON
YCTOMYUBOCTHU CYIIECTBYET PSiZl APYTUX MOTEHIHATH-

Extending the coverage of HIV-infected patients
with antiretroviral therapy (ART) and effective mea-
sures of prevention is the dominant strategy in coun-
teracting the spread of this disease in many countries
of the world [1]. In particular, owing to highly effective
antiretroviral drugs (ARD) inhibiting various viral
enzymes, it is possible to suppress HIV replication
rapidly and improve the quality of life of patients,
however, the rapid ability of the virus to adapt to ARD
action and its complex structural organization lead to
the development of resistance. Over the past 10 years,
there has been an increase in HIV-1 resistance to che-
motherapeutics [2, 3]. In addition to drug resistance,
there are several other potential causes of virological
failure of the ART regimen — undesirable drug inter-
actions and impaired absorption of the drug [4]. One
of the key points in effective ART is the degree of
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HBIX IIPUYUH BUPyCO0rudeckoi HeaHeKTUBHOCTU
npoBoauMoro pexkuma APT — HexkelaTesTbHbIE MeXK-
JIeKapCTBEHHbIE B3aUMOJENUCTBUSA U HaPYIIEHUA
BcacbiBaHUs mpemnapara [4]. OZHUM U3 KJIIOUEBBIX
MOMEHTOB B 3¢ ¢eKTUBHO mpoBogumont APT saBis-
eTcs cTelleHb IpUBep:KEHHOCTHU manueHToB Kk APT,
KOTOpas MOXKeT 3aBUCETh OT MHOXKecCTBa (aKTOPOB,
cpeu KOTOPBIX BEAYIIUMH SBJISAIOTCA: MYTh Iepe-
nmaun BUY, moJt, coruaabHbIN CTaTyC, MECTO IIPOIKU-
BaHUs, a TAK)Ke [IePeHOCUMOCTD U HaJINYNe HexeJla-
TenbHbIX sABjeHur APT [5]. BoabHble BUWY-
nHbeKeld ¢ HUBKUM yPOBHEM IPHUBEPKEHHOCTH
HanboJIee YacTo MOIBEPIKEHBI PUCKY PA3BUTHS IIPH-
obpereHHO# pesucreHTHOCTH BUY-1 K APII [6].
YcraHOBJIEHNE KII0UEBBIX (PAKTOPOB, BIAUAIOININX
Ha CTelleHb NPUBEP>KEHHOCTU, IO3BOJIUT CBOEBpe-
MEHHO BBISIBJIATh OOJIBHBIX C BBICOKHM PHCKOM
OTphIBA OT JIeUeHHUsI U pa3paboTaTh WHIUBUAYAIIb-
HYIO TaKTUKY BeJlleHUS TaKUX IaIlMeHTOB I CHU-
JKeHUs pucka GOPMUPOBAHUS PE3UCTEHTHOCTH.

ITEJIb NCCJIEJOBAHUA

W3ydeHue MpuBepKeHHOCTU K aHTUPETPOBUPYC-
HOU Tepamnuu y OOJIbHBIX C BUPYCOJIOTUYECKOU Hey-
Jlauell Tepamyy U BJIUsSHUE IIPHUBEPKEHHOCTH Ha
pUCK Ppa3BUTHUS TNPUOOPETEHHOH YCTOMUMBOCTHU
BNY-1 k aHTUPETPOBUPYCHBIM IIpeIiapaTam IepBou
JIMHUU.

MATEPUAJIBI 1 METO/IbI

[IpoBeseHo 0OcCIemoBanMe 271 GOJIBHOIO C yCTa-
HOBJIEHHBIM AuarHo3oM « BMIY-undekiusa», ¢ pas-
HBIMH CTUAMU 3a00JIeBaHUs, B BO3PACTE OT 21 JI0
59 JieT, HAOJIIOAABIINXCSA B IIEPHOJ ¢ MapTa 2018 T.
II0 aBTyCT 2022 T. B lleHTpe 1o mpoduiakTuke U
60opbbe co CITN/T I'BY3 HCO «I'opojickast nHGEKITH-
OHHAas KInHIYecKas 6oapHNIIA NO 1» T. HoBOoCcHOUD-
cka u nosyudaBmux APT. Kputepuem BKIIOUEHUS
MaleHTOB B UCCJIeJIOBaHUE ObLT BBIIBJIEHHBIH
BHUPYCOJIOTHYECKU IPOPHIB HA (hOHE paHee IPOBO-
numoit adpdexruBaoit APT mpenaparamu mnepBOu
suHuY (KOT/ia B TeueHue 3—6 MecsIleB PeruCTPUPO-
BJICA  HEOIpeAeIsieMbId  YPOBEHb  BUPYCHOM
Harpysku PHK BUY). Ot kaxka0oro 60715HOTO OBLIO
MOJIy4eHO MHUChbMEHHOe WH(POPMHPOBAHHOE COTJIa-
cue Ha yJacTue B HCCJIEOBAHUU, C COOJIO/IEHIEM
ZI0OPOBOJIBHOCTH 00CJIEIOBAHUSA B COOTBETCTBHUH C
®enepasbHBIM 3aKOHOM P® «OG6 OCHOBax OXpaHBI
3710pOBbsI TpakiaH B Poccuiickoit ®eneparium».

[TpoBoauicsa aHAINU3 CTEIIEHU NIPUBEPKEHHOCTU
K APT o6ciesfoBaHHBIX TanueHTOB ¢ BIUY-uHdek-
Ouedl W BUPYCOJIOTUUECKHM IIPOPHIBOM C yYETOM
clenyomux (GpakTopoB: CONMAIBHBIN craTyc (pabo-
TaroIuKi, 6e3paboTHBIN); IMOJI; MECTO >KUTEJThCTBA

patients’ adherence to ART, which may depend on
many factors, among which the leading ones are: the
route of HIV transmission, gender, social status, place
of residence, as well as the tolerance and presence of
adverse events of ART [5]. HIV-infected patients with
alow level of adherence are most often at risk of devel-
oping acquired HIV-1 drug resistance [6].

Identifying key factors affecting the degree of
adherence will allow timely identification of patients
with a high risk of poor adherence, and develop indi-
vidual management tactics for such patients to
reduce the risk of resistance development.

AIM OF THE RESEARCH

To study adherence to antiretroviral therapy in
patients with virological failure and the effect of
adherence on the risk of developing acquired HIV-1
resistance to first-line antiretroviral drugs.

MATERIALS AND METHODS

Two hundred and seventy one patients with an
established diagnosis of HIV infection, with different
stages of the disease, aged 21 to 59 years, who were
followed-up from March 2018 to August 2022 at the
Center for the Prevention and Control of AIDS (City
Infectious Clinical Hospital No. 1, Novosibirsk) and
received ART, were enrolled in a study. The criterion
for inclusion of patients in the study was virological
breakthrough during previously effective first-line
ART (when an undetectable level of HIV RNA load
was recorded for 3—6 months). Written informed
consent was received from each patient to partici-
pate in the study, in compliance with the voluntary
nature of the study under the Federal Law of the
Russian Federation “On the Basics of protecting the
Health of Citizens in the Russian Federation.”

The analysis of the degree of adherence to ART in
patients with HIV infection and virological break-
through was carried out, considering the following
factors: social status (employed, unemployed); gen-
der; place of residence (urban or rural); route of infec-
tion (sexual or parenteral). The following criteria for
the degree of adherence to ART were determined: no
medication missed — high adherence; single missed
medication — moderate one; interruption of the treat-
ment regimen for over than 7 days — low one.

At the State Research Center of Virology and Bio-
technology VECTOR, HIV-1 RNA was isolated from
250 ul of blood plasma using a RealBest Deltamag
HBV/HCV/HIV kit (JSC Vector-Best, Russia) in
accordance with the manufacturer’s instructions. To
obtain a virus-specific fragment encoding the viral
protease-revertase region (PR-RT, with a length of
1300 base pairs), a nested polymerase chain reaction
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(ropoAcKO# TN CEeTBCKUM JKUTEIh); MyTh NHQPUIIH-
poBaHus (IIOJIOBOW WJIM MapeHTepPaIbHBIN). Bhutn
OTIpeJIeJIEHbI CIIEAYIONINEe KPUTEPUHU CTEIEHU IPHU-
BeprkeHHOCTH K APT: oTcyTCcTBHE IPOITyCKOB B IIpU-
eMe IIpernapaTa — BBICOKAs CTeIleHb IIPUBEPKEHHO-
CTH; OTHOKPATHbBIE MPOIYCKU — CPEIHIs; IPEPhIBa-
HHE CXeMBbI JieueHus Oojiee ueM Ha 7 Hel — HU3Kasd.

Ha 6aze ®BYH TocysmapcTBeHHBIA HayYHBIH
LIEHTP BUPYCOJIOTUM U OMOTEXHOJIOTUU «BekTop» y
MallMeHTOB  OCYyIeCTBJAIOCh BbiZlesieHne PHK
BNY-1 u3 250 MKJI ILUIa3Mbl KPOBU C HUCIIOJIb30Ba-
HueMm Habopa «Peasnbecr [lenpraMar BI'B/BI'C/
BUY» (AO «Bekrtop-Bect», Poccust) B COOTBETCTBUU
C MHCTPYKIIMeH NOpousBoAuTesNs. /A mosmydeHus
BUpYyC-crienupuIecKoro pparmeHnTa, KOAUPYOIIETO
obacTh mpoTeassl-peBepTassl Bupyca (PR-RT, mpo-
TSOKEHHOCTBIO 1300 Iap HyKJIEOTUOB), TPUMEHIN
cXeMy THE3JIOBOH MOJIMMEPA3HON IEMHON peakIuu
(ITIIP) ¢ ucnosib3oBaHKEM J1aOOPAaTOPHOTO Habopa
npaiiMepoB. [1epBbIl payH/ aMIUTH(GUKAIUH IIPOBO-
IWIA C TpUMeHeHUeM JHO(PUIN3UPOBAHHOTO
Habopa «Peanbect Macrep muke OT» (AO «BekTop-
Becr», Poccust), a BTopoii — ¢ Habopom «BbroMactep
HS-Taq ITI[P-Color» (OO0 «buoJlabMuxc», Poc-
cus). ITocen0BaTeIbHOCTh HYKJIEOTU/IOB IIOJTYUIEH-
HbIX pparmenToB BUY ormpenesnsin MeToIOM Ipsi-
MOTO CEKBEHUPOBAHUSI IO 00EUM IIETSIM C IIOMOIIIBIO
ABTOMATHUUYECKOT'O TeHETUUECKOro aHanuszaropa ABI
PRISM 3130x] (Applied Biosystems, CIITA). Pac-
mudpoBaHHbIE HYKJIEOTHUIHBIE IOCIEA0BATEIHHO-
ctu BUY cobupaiu ¥ pelakTUPOBaIX B POrpaMMe
Sequencher 4.1 Software (Gene Codes Corporation,
AnnArbor, M1, USA) u cpaBHHBAJIN C COOTBETCTBYIO-
muMu pedepeHc-TIoCIe0BaTETbHOCTSIME  Pa3Ind-
HBIX CyOTHIIOB B peKOMOHMHAHTHBIX (hopm BUY-1 uz
MeKyHapoaHou 6a3sl maHHBIX (Los Alamos HIV-1
database) ¢ mpumenenmem nporpamm ClustalW u
BioEdit 7.2.5. ®uioreHeTHYECKUI aHAJIU3 BBIIIOJI-
Hanu ¢ nomoibio MEGA 6.0.6, UCIIOb3ysd MEeTO/T
oObemHeHHsT Onmkadmux —cocemed  (neighbor
joining method, NJ) Ha ocHOBe AByXIIapaMeTpuye-
ckoit mogenu Kumypsl.

CTaTuCTUYECKYI0 3HAYMMOCTD TOIIOJIOTUN (PUIIO-
TeHETHYECKOTO JlepeBa OIIEHWBAIN Yepe3 aHaIu3
6ytcrpenos. C HCIIOIB30BaHUEM MHTEPHET-Pecypca
jpHMM (http://jphmm.gobics.de/submission_hiv.
html) ucesiemoBasbl BO3MOMXHBIE MO3aUYHBIE IIOCTIE-
JTOBATEJIbHOCTH U BBISIBJIEHBI YHUKAJIbHbIE PEKOMOU -
mantabele (URF) Bupycel. AHAIU3 HAJTUYUA MyTa-
[WH, CBA3AHHBIX C JIEKAPCTBEHHOU YCTOUUHBOCTHIO
BUY, nmpoBoauiu ¢ NOMOIIBIO CHENUATN3UPOBAH-
Horo wuHTepHeT-pecypca HIV Drug Resistance
Database (https://hivdb.stanford.edu). Ananus
MyTaIllui, CBSA3AHHBIX C Pe3UCTEHTHOCThI0O BUNY k

(PCR) scheme using a laboratory set of primers was
used. The first round of amplification was performed
using a RealBest Master Mix OT kit (JSC Vector-
Best, Russia), and the second — with a BioMaster HS-
Taq PCR-Colorkit (LLC BioLabMix, Russia). The
nucleotide sequence of the obtained HIV fragments
was determined by direct sequencing along both
chains using an ABI PRISM 3130xl genetic analyzer
(Applied Biosystems, USA). The decoded HIV nucle-
otide sequences were collected and edited using
Sequencher 4.1 Software (Gene Codes Corporation,
AnnArbor, MI, USA) and compared with the corre-
sponding reference sequences of various subtypes
and recombinant forms of HIV-1 from the interna-
tional database (Los Alamos HIV Sequence Data-
base) using ClustalW and BioEdit 7.2. softwares.
Phylogenetic analysis was performed using MEGA
6.0.6 and the neighbor joining method (NJ) based
on the Kimura two-parameter model.

The statistical significance of the phylogenetic
tree topology was assessed using bootstrap-based
analysis. Using the jpHMM webserver (http://
jphmm.gobics.de/submission_hiv.html)  possible
mosaic sequences have been investigated and unique
recombinant form (URF) of viruses have been identi-
fied. The analysis of mutations associated with HIV
drug resistance was carried out using the Stanford
University HIV Drug Resistance Database (https://
hivdb.stanford.edu). The analysis of mutations asso-
ciated with HIV drug resistance was carried out
based on WHO recommendations on the surveil-
lance of the drug resistance mutations list.

Statistical analysis of the data was carried out
using STATISTICA 10 software. The differences in
the frequency characteristics of qualitative variables
were evaluated using the Pearson’s y? criterion. Dif-
ferences in the average values of quantitative vari-
ables were determined using the Mann-Whitney cri-
terion. The differences were considered significant at
p < 0.05.

RESULTS AND DISCUSSION

Men predominated among the 271 patients —
56.4% (n = 153). The age of the patients ranged from
18 to 59 years and averaged 35.4 + 2.85 years. Accord-
ing to the results of the contact tracing, it was revealed
that in the cohort of patients (n = 2771), heterosexual
transmission of HIV was dominant — 64.8%. Paren-
teral transmission (intravenous drug abuse) accounted
for 31.5% of cases, sexual transmission — 0.4%, the
unspecified transmission route — 3.3% (Fig. 1). Paren-
teral HIV transmission was more often registered in
men — in 50.9% of cases ( 78 out of 153) versus 25.4%
(30 out of 118) in women (p < 0.05).
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JIeKapCTBEHHBIM IIpeliaparaM, OCYyILIeCTBJIAJIN Ha
ocHOBe pekoMmeHzanuii BO3 mo smuaHAA30py 3a
IlepevyHeM MyTaIui JIeKapCTBEHHOH yCTOMYHUBOCTH.

CraTucTUUeCKUU aHaINU3 JAHHBIX IIPOBOJUIICA C
nomoisio nporpammbl STATISTICA 10. Paznuuus
YACTOTHBIX XapPaKTEPUCTUK KaYeCTBEHHBIX Ilepe-
MEHHBIX OIIEHUBAJIU C HCIOJIb30BAaHUEM KPUTEPUA
¥ [lupcona. Paznuuus cpe/lHUX 3HAYEHUH KOJIAde-
CTBEHHBIX IIOKa3aTeJIed OIpeJIeIsiId C IMOMOIIBIO
kputepus MaHHa — YUTHHU. 3HAUUMBIMU CUUTAIN
pazauuus npu p < 0.05.

PE3YJ/IBTATBI 1 OBCYKIEHUE

Cpenu 271 06cIe/TOBAHHOTO MaIeHTa mpeobia-
JlJTH MYKYUHBI — 56.4 % (n = 153). Bo3pact 601b-
HBIX BapBUPOBAJI OT 18 /10 59 JIET U B CPETHEM COCTA-
BWI 35.4 + 2.85 roza. [1o pe3ysibraTam SIUAEMUOJIO-
TUYECKOTO PACCJIe/IOBAHUS BBISBJIEHO, YTO B OOIIEH
rpymie GOJIbHBIX (N = 271) JOMUHUPOBAJI IOJIOBOM
reTepoceKkcyaJbHbIM IyTh Iepefauun BUY-uudek-
uuu — 64.8 %. Ha fono mapeHTepasbHOTO IIyTU
nHGUITUPOBaHUs (BHYTPUBEHHOE BBEJEHUE HAPKO-
TUKOB) IIPUILIOCH 31.5 % C/Iy4aeB, ITOJIOBOTO TOMO-
CEKCYaIbHOTO IMyTU — 0.4 %, HEYTOYHEHHOTO IIyTH —
3.3 % (puc. 1). Y My»X4UH dYallle PETUCTPUPOBAICS
MapeHTepaJIbHBIN MyTh Nepesiaun BUY-undexknuu —
B 50.9 % (78 u3 153) ciy4yaeB nIpoTuB 25.4 % (30 u3
118) y skeHmuH (p < 0.05).

Ilo pesysbTaTaM peTPOCIEKTHBHOTO aHaM3a
creneHu mpuBep:keHHoctu kK APT ycranomieno,
uTo ¥ 48.3 % (131 3 271) 60JIbHBIX UMETUCH MIPOITY-
CKU B IpHeMe IpenapaToB, B TOM YHCJIe HHU3Kas
IIpUBEPIKEHHOCTh OTMeueHa y 31.7 % (86 u3 271)
GOJIBHBIX; CpemHsAs — ¥ 16.6 % (45 u3 271) naiueH-

0.4%

According to the results of a retrospective analy-
sis of the degree of adherence to ART, it was found
that 48.3% (131 out of 2771) patients had missed med-
ications, with low adherence in 31.7% (86 out of 271)
of patients; moderate — in 16.6% (45 out of 271) of
patients. An analysis of the relationship between the
degree of adherence to ART in HIV-infected patients
and various social, gender and epidemiological fac-
tors was carried out (Fig. 2).

It was established that most often poor adherence
was registered in people with parenteral HIV trans-
mission — 75.3%, compared with sexual one — 36%
(p < 0.001), and in rural residents — 62.5%, com-
pared with urban ones — 34.1% (p < 0.001). Among
men, poor adherence was found more often than in
women — 57.5 and 36.4%, respectively (p < 0.001).
Also, a significant factor was the lack of permanent
employment — poor adherence was registered in
69.5% of patients in this group compared with
patients having permanent employment — 26.3%
(p < 0.05). On the contrary, high adherence was
more often observed in female patients — 63.6%,
compared with male ones — 42.5%; in the presence of
permanent employment — 73.7%, compared with
30.5% in it’s absence; in the case of sexual transmis-
sion — 64.0%, compared with parenteral transmis-
sion — 24.7%; in urban residents — 65.9% versus
37.5% in rural residents (p < 0.05).

The patients received different ART regimens. An
analysis of the degree of adherence in different treat-
ment regimens was carried out (Fig. 3).

A significant part of patients (102 out of 271)
received the following regimen as first-line therapy:
tenofovir 300 mg once a day + lamivudine 300 mg

[losioBO# reTepoceKcyaJbHbIN
Heterosexual

[lapeHTepasbHBIN
Parenteral

HeyTouHeHHBIH
Unspecified

HE B 0 BN

[Ton0BOY roMmoceKcyabHbIN
Homosexual

Puc. 1. Pacripesiesienrie 60JIbHBIX MO TMyTAM mepenaun BUY-unbekuuu (n = 271)
Fig. 1. Distribution of patients by HIV transmission routes (n = 271)
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Kenmunuer / Women

CeJIbCKUH XKUTEb
Rural resident

Topojackoi kuTesb
City resident

HapkoTuky BHYTpUBEHHO
Intravenous drug abuse

M Bricokasi IPpUBEPKEHHOCTb
High adherence

[] Huskast npuBepKEHHOCTD

Low adherence
MyK4UHBI

Men [ CpeaHsst npUBEPIKEHHOCTD

Moderate adherence

Pa6oTatomuii
Employed

Be3paboTHBIN
Unemployed

[TosioBo# myTh / Sexual transmission

Puc. 2. Pacnipe/iesiennie 60IbHBIX 10 CTENIEHH IIPUBEPKEHHOCTH K AHTUPETPOBUPYCHOM TEPATIUH
B 3aBHCHUMOCTH OT HU3y4JaeMbIX GaKToOpoB, % (n = 271)
Fig. 2. Distribution of patients by the degree of adherence to antiretroviral therapy, depending
on the factors studied, % (n = 271)

TOB. IIpoBejieH aHaJIN3 B3aUMOCBS3HU CTEIIEHU IIPU-
BepakeHHOCTH K APT y o6cieloBaHHBIX OOJIBHBIX
BUY-undexnueil ¢ pa3IudHBIMU COIHATBHBIMH,
TeH/JIEPHBIMU UM 30HUAeMUuoJIoTnYecKuMHu  (GaKTo-
pamu (puc. 2).

YceraHnoBieHo, uTo HanboJiee YACTO HAPYIIEHUS
TIPUBEPKEHHOCTH PETUCTPUPOBAJIUCH Y JIUI] C TapeH-
TepaJbHBIM HOyTeM nepeziauu BUY — 75.3 %, 1o
CPaBHEHMIO C TIOJIOBBIM — 36 % (p < 0.001) U y :KUTe-
JIEW CEeJIbCKOH MECTHOCTH — 62.5 %, 110 CPaBHEHHUIO C
TOPOJICKUMU JKUTEJIIMHU — 34.1 % (p < 0.001). Cpenu
My>KYUH HapylIeHUs I[IPUBEP>KEHHOCTH BBIABJIIA-
JIVCh Yallle, YeM y KeHIIUH — 57.5 U 36.4 % COOTBeT-
cTBeHHO (p < 0.001). Takxe 3HAUUMBIM (HAKTOPOM
SIBUWIOCh OTCYTCTBHE IIOCTOSSHHOTO TPY/IOYCTPOH-
CTBa — HapyllleHUe IPUBEPKEHHOCTU OTMEYaJIOCh Y
69.5 % OOJIBHBIX DTOH TPYIIBI [0 CPABHEHUIO C
ManeHTaMy, WMEOIUMU IIOCTOSSHHOE  MeCTO
paboter — 26.3 % (p < 0.05). HanpoTtus, BbICOKas
MIPUBEPKEHHOCTh Yallle OTMeuvasach y OOJIbHBIX
JKEHCKOTO 1oj1a — 63.6 %, IO CPaBHEHUIO C MY>KUH-
HaMU — 42.5 %; OIpU HaJIUYUU TIOCTOSTHHOTO TPYAO0-
ycTpoiicTBa — 73.7 %, 0 CpaBHEHUIO ¢ 30.5 % mpu
€ro OTCYTCTBUH; IIDHU IIOJIOBOM IIyTH Ilepefjauud —
64.0 %, IO CPaBHEHUIO C MMapeHTEPAJIbHBIM IyTeM
nepefaun — 24.7 %; y TOpoJICKUX Kuteaen — 65.9 %
MPOTHUB 37.5 % Yy cesbcKux (p < 0.05).

once a day + efavirenz 600 mg once a day (TDF +
3TC + EFV) — 37.6%. The proportion of patients with
a high degree of adherence to this ART regimen was
40.2%; with moderate one — 16.7% and with low
one — 43.1%.

Another regimen: abacavir 600 mg once a day +
lamivudine 300 mg once a day + efavirenz 600 mg
once a day (ABC + 3TC + EFV) received 21.7% of
patients (59 out of 2771), of which 45.7% turned out to
have high adherence; moderate one — 16.9% and low
one — 37.4% of patients.

The next regimen: tenofovir 300 mg once a day +
lamivudine 300 mg once a day + dolutegravir 50 mg
once a day (TDF + 3TC + DTG) was received by 17.7%
of patients (48 out of 2771). The proportion of patients
with high adherence was 85.4%; moderate one —
8.3% and low one — 6.3%.

The regimen with the inclusion of protease inhib-
itors, lopinavir/ritonavir: tenofovir 300 mg once a
day + lamivudine 300 mg once a day + lopinavir/rit-
navir 200 + 50 mg 2 tab. twice a day (TDF + 3TC +
LPV/r) received 15.1% of patients (41 out of 271),
among whom 31.7% were with high adherence; with
moderate one — 29.3% and low one — 39%.

The proportion of patients receiving the ART
regimen: tenofovir 300 mg once a day + lamivudine
300 mg once a day + elsulfavirine 20 mg once a day
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80 ]
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10 6.3 83

100.0

80.0

39.0

29.331'7

13.3

{

TDF + 3TC + EFV | TDF + 3TC + DTG| ABC + 3TC + EFV | TDF + 3TC + LPV/r| TDF + 3TC + ESV

AnbTepHaTHBHbIE
CXeMbl
Alternative regimens

M Huszkas 44 3 22
Low

16 1 0

[ Cpepusas 17 4 10
Moderate

12 2 0

[ Bricokas 41 41 27
High

13 12 6

Puc. 3. Pactipenienenue 6opHbIX BUY-nH(DeKnMEH ¢ pa3HO NPUBEPIKEHHOCTHIO ¢ yueToM pexxuma APT (n = 271)
Fig. 3. Distribution of HIV-infected patients with different adherence to antiretroviral therapy,
taking into account the ART regimen (n = 271)

OO6cnenoBaHHbIE TAIMEHTHI IOJIyYal pasHbIe
cxembl APT. IIpoBejieH aHaIN3 CTeleHU IPUBEPKEH-
HOCTH TIPU PA3IMYHBIX PEKUMAaX Tepanuu (puc. 3).

3HauuTe/IbHASA YaCTh IaleHTOB (102 U3 271) B
KauyecTBe TepaIuy MEPBOU JIMHUHU TOJIyJaTH CXEMY:
TeHODOBUP 300 MTI 1 pa3d B CYTKU + JIAMHUBYIUH
300 MT 1 pa3 B CyTKH + 3daBupeH3 600 MT 1 pa3 B
cytku (TDF + 3TC + EFV) — 37.6 %. [loss nanueH-
TOB C BBICOKOH CTENEHbIO MPHUBEPKEHHOCTH Ha STOMH
cxeme APT cocraBuia 40.2 %; cpenHed — 16.7 % u
HUBKOH — 43.1 %.

JleueHue mo cxeme: abakaBUp 600 MI' 1 pa3 B
CYTKH + JIAMHUBYJIUH 300 MT 1 pa3 B CyTKH + 3(aBu-
peH3 600 mr 1 pa3 B cytku (ABC + 3TC + EFV) —
MoJIyJaau 21.7 % marnueHToB (59 U3 271), U3 KOTO-
PBIX C BBICOKMM YPOBHEM IIPHUBEPIKEHHOCTH OKaza-
JIOCh 45.7 %, cpelHUM — 16.9 % U HU3KUM — 37.4 %
GOJIbHBIX.

JledeHue 1Mo cxeMe: TeHODOBUP 300 MT 1 pa3 B
CYTKH + JIJAMUBYIHH 300 MT 1 pa3 B CyTKHU + JIOJIyTe-
rpaBup 50 mr 1 pa3 B cytku (TDF + 3TC + DTG)
mostydasu 17.7 % 60abHbIX (48 u3 271). loas 601b-
HBIX C BBICOKOH CTEIeHbI0 IPUBEPIKEHHOCTH COCTa-
BwiIa 85.4 %; cpenHei — 8.3 % u HU3KOU — 6.3 %.

JledeHue MO cxeMe ¢ BKJIIOUEHHEM WHTUOUTOpa
MpoTeasbl  JIONWHABHUDP/PUTOHABHUP: TEHOMOBUP

(TDF + 3TC + ESV) was 5.5% (15 out of 271 patients).
High adherence for patients treated with the
TDF + 3TC + ESV regimen was revealed in 80%; mod-
erate one — in 13.3% and low one — in 6.7% of patients.

Some patients received the first-line alternative
regimen (2.4%): TDF + 3TC + RAL (ralteglavir)
(2 people); TDF + 3TC + DRV/r (darunavir/ritona-
vir) (3 people) and Ph-AZT (phosphazide) + 3TC +
RAL (1 person) with high adherence (Fig. 3).

It has been established that patients receiving the
TDF + 3TC + DTG regimen were more likely to have a
high degree of adherence (85.4%), compared with
patients treated with the TDF + 3TC + EFV and TDF +
3TC + LPV/r regimens (40.2% and 31.7%, respec-
tively) (p < 0.001). On the contrary, low adherence
was most often recorded in treatment with the follow-
ing regimens: TDF + 3TC + EFV (43.1%), ABC + 3TC +
EFV (37.4%), and TDF + 3TC + LPV/r (39%), com-
pared to patients treated with the TDF + 3TC + DTG
(6.3%) and TDF + 3TC + ESV (6.7%) regimens
(p < 0.001). According to the totality of all mutations
detected, HIV drug-resistant variants were found in
54.6% of examined patients with virological failure
(148 out of 2771). Of the 148 HIV-1 drug-resistant vari-
ants, a combination of drug resistance mutations to
nucleoside reverse transcriptase inhibitors (NRTIs)
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300 MT 1 pa3 B CyTKH + JIAMHUBYJUH 300 MT 1 pa3 B
CYTKH + JIONMMHABUP / PUTOHABUP 200 + 50 MT II0
2 tab. 2 pasa B cytku (TDF + 3TC + LPV/r) mosy-
qatu 15.1 % nanueHToB (41 U3 271), cpeayd KOTOPhIX
C BBICOKOU IIPUBEPIKEHHOCTHIO OKa3aIoch 31.7 %;
cpenmHer — 29.3 % ¥ HU3KOU — 39 %.

oyl manueHTOB, IOJYYaBIIHUX TEPAIHUI0 II0
cxeme: TeHOGMOBUP 300 MT 1 pa3 B CYyTKH + JIAMHUBY-
JIH 300 MT 1 pa3 B CYTKH + 3JICYIb(PaBUPUH 20 MT
1 pa3 B cytku (TDF + 3TC + ESV) cocrasuia 5.5 %
(15 u3 271 abc¢). BbicoKast cTeneHb MPUBEPKEHHOCTH
Ha cxeme TDF + 3TC + ESV BreisiBsiena y 80 %; cpen-
HsA — V 13.3 % 1 HU3KasA — y 6.7 % OOJIbHBIX.

YacTh MaleHToB MMOJIyYalIn IpernapaTsl IePBOM
JIMHUU aJIbTEPHATUBHOTO psazxa (2.4 %) — TDF +
3TC + RAL (panrernmaBup) (2 uen.); TDF + 3TC +
DRV/r (napynaBup/putonasup) (3 uesn.) u Ph-AZT
(dbocdasum) + 3TC + RAL (1 ges.) ¢ BBICOKOH crerne-
HbBIO IPUBEPKEHHOCTH (CM. pHC. 3).

YcTaHOBIEHO, YTO TAIUEHTHI, IOJIy4YaBIINeE
cxemy TDF + 3TC + DTG, uame umeau BBICOKYIO
cTeleHb NpuBep:keHHocTH (85.4 %), 110 cpaBHEHUIO
¢ GOJIBHBIMH, MOJIYYABIIUMHU JIEUEHHE IO CXEeMaM
TDF + 3TC + EFV u TDF + 3TC + LPV/r (40.2 % u
31.7 % cooTBercTBEHHO) (p < 0.001). Hampotus,
HU3Kas MPUBEPKEHHOCTh HauboJiee 4acTo peru-
CTpUpOBAJIaCh NpPH  JIEYEHWH [0  CXeMaM
TDF + 3TC + EFV — 43.1 %, ABC + 3TC + EFV —
37.4 % u TDF + 3TC + LPV/r — 39 %, 110 cpaBHEHUIO
¢ GOJIBHBIMH, TTOJIYYAIOIINMU TEPAIHIO 110 CXEMaM
TDF + 3TC + DTG - 6.3 % u TDF + 3TC + ESV —
6.7 % (p < 0.001).

ITo COBOKYIHOCTH BCEX 3apETHCTPUPOBAHHBIX
MyTalluiid pe3ucTeHTHble BapuaHThl BMY BbIAB-
JIEHBI Y 54.6 % 06ce/[0BaHHBIX OOJIBHBIX C BUPYCO-
gorndeckor Heymaued APT (148 wus 271). Us
148 pe3ucTeHTHBIX BapuaHToB BUY-1 uaiie gpyrux
BBISIBJISITIOCH COUETAHUE MYTAIlUH YCTOMYMBOCTH K
IpernapaTaM U3 TPYIIbl HYKJI€03U/THbIX HHTHOUTO-
poB obpatHo# TpanckpunTasbl (HUOT) u HeHyKIE-
O3UIHBIX UHTUOUTOPOB 00paTHOM TPAHCKPHUIITAZHI
(HHUOT) - B 60.1 % (89). 3o/1mpoBaHHbIE MyTa-
nuu Kk HUOT Berpeuanuch B 15.5 % (23) ciayuaes; K
HHUWOT - B 12.2 % (18). CoueTanue MyTamnui pe3u-
creutHocT K HUOT + mHrmburopaM WHTerpasbl
() BoIsiBNIEHO Y 4.1 % (6) 60BHBIX. J{0J1 TTATU-
eHTOB ¢ ycrouumBoctbio Kk HUOT u UII (uHTH-
OuTOpHl TpoTeasbl) cocTaBmwiaa 2 % (3); K
HHUOT + U —y 1.4 % (2). KombuHaIus MyTamun
cpa3y K TpeM KjaccaM IIperapaToB BBIABJIEHA Y
6 6ospubIx: HUOT + HHUOT + UU — 2.7 % (4) u
HUOT + HHUOT + UII — 1.4 % (2). Y ogHOro namu-
eHta (0.6 %) 3aperucTpupoBaHa HU30JUPOBAHHAS
myTtanus k UU (puc. 4).

was most often detected and non-nucleoside reverse
transcriptase inhibitors (NNRTIs) — in 60.1% (89)
patients. Isolated mutations to NRTIs were found in
15.5% of cases (23); to NNRTIs — in 12.2% (18)
patients. A combination of drug-resistant mutations
to NRTIs + integrase inhibitors (IIs) was in 4.1% (6)
patients. The proportion of patients with resistance to
NRTIs and PIs (protease inhibitors) was 2% (3)
patients; to NNRTIs + IIs — in 1.4% (2) patients.
A combination of mutations to three classes of drugs
simultaneously was detected in 6 patients: NRTIs +
NNRTIs + IIs — 2.7% (4) and NRTIs + NNRTIs +
PsI — 1.4% (2). An isolated mutation to IIs was in one
patient (0.6%) (Fig. 4).

It is interesting to note that among patients with
detected drug resistance (n = 148), the proportion of
patients who missed medications was the highest
and amounted to 70.9% (low — 52% (777); moderate —
18.9% (28)), which is significantly higher than among
those who did not have HIV-1 drug resistance
(n =123) — 23.6 % (moderate — 4.1 % (5 out of 123);
low — 19.5 % (24 out of 123); p < 0.001).

CONCLUSION

The analysis we carried out in the group of HIV-
infected patients with virological failure during pre-
viously effective ART (n = 271) showed that non-
adherence to ART was registered in a significant pro-
portion of patients — 48.3% (low — 31.7%, mode-
rate — 16.6%). It was found that the factors contri-
buting to poor adherence to ART were: parenteral
HIV transmission (in 75.3%); living in rural areas (in
62.5%); lack of permanent employment (in 69.5%);
male gender (in 57.5%). Patients treated with the
TDF + 3TC + DTG regimen were more likely to have
a high degree of adherence (85.4%), compared with
patients treated with the TDF + 3TC + EFV and
TDF + 3TC + LPV/r regimens (40.2 and 31.7%,
respectively) (p < 0.001). In contrast, low adherence
was most often recorded in the TDF +3TC + EFV
(43.1%), ABC + 3TC + EFV (37.4%) and TDF + 3TC +
LPV/r (39.0%) regimens compared with patients
treated with the TDF + 3TC + DTG (6.3%) and TDF +
3TC + ESV (6.7%) regimens (p < 0.001). Low adher-
ence to treatment regimens, including efavirenz and
lopinavir/ritonavir, is most likely due to the high fre-
quency of adverse events when taking these drugs (in
accordance with the package Ileaflets). Among
patients with detected HIV drug resistance (n = 148),
individuals with poor adherence prevailed (70.9%)
compared with patients who did not have HIV drug
resistance, where the proportion of people with
impaired adherence was only 23.6% (p < 0.001). This
indicates the relationship between poor adherence to
ART and the development of HIV drug resistance.
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60.1%

W HUOT / NRTIs
HUOT + HHUOT / NRTIs + NNRTIs
B HHUOT / NNRTIs
™ HUOT + MU / NRTIs + s
M HUOT + UIT / NRTIs + Pls
HHHOT + UIT / NNRTIs + Pls
W1 / 1ls

HUOT + HHUOT + UU
NRTIs + NNRTIs + IIs

B HUOT + HHUOT + UIT
NRTIs + NNRTIs + PIs

Puc. 4. Pacupeznesnenre pe3ucTeHTHBIX BapuanToB BIY-1 1o kaccam mpenaparos (n = 148)
(HUOT - nykseo3uiable THTHOUTOPHI 06paTHOU TpaHckpuntassl; HHUOT — HeHyKJ1€03UIHbIE UTHTUOUTOPBI 00paTHOU
TpaHckpunrasbl; U — uarubutopsl unarerpassl; U1 — HHrHOUTOPHI [IPOTEABHI)
Fig. 4. Distribution of HIV-1 drug-resistant variants by drug classes (n = 148)
(NRTIs — nucleoside reverse transcriptase inhibitors; NNRTIs — non-nucleoside reverse transcriptase inhibitors;
IIs — integrase inhibitors; PIs — protease inhibitors)

MHTEPECHO OTMETUTDH, YTO CPEJH IAIUEHTOB C
BBISIBJIGHHOU  JIEKAPDCTBEHHOHW  YCTOMYHBOCTHIO
(n = 148) nosna GOJBHBIX C HAPYUIEHWEM IIPUBEP-
JKEHHOCTH OKaszajlach HanboJjiee BBICOKOM UM COCTa-
BUJa 70.9 % (uuskast — 52 % (77); cpenusas — 18.9 %
(28)), uTO OCTOBEPHO BHINIE, YEM CPEIU JIHI, Y
KOTOPBIX HE BbIABJIEHA pe3UCTeHTHOCTh BHNY-1
(n=123) — 23.6 % (cpemusisa — 4.1 % (5 U3 123); HU3-
Kast — 19.5 % (24 u3 123); p < 0.001).

3AKJIIOYEHUE

IIpoBeneHHBIH aHAIN3 B Tpynie 60gbHBIX BITY-
uHdeknyell ¢ pasBUBIIENCA BUPYCOJIOTHUECKOU
Heymayell Ha ¢doHe panee 3dbdekTuBHONH APT
(n = 271) nokazaj, 4yTo HapyllleHe TPUBEPKEHHO-
ctu K APT oTMeuasioch y 3HaUUTETHbHOU 1011 60JTh-
HBIX — 48.3 % (Hu3kas — 31.7 %, cpenussa — 16.6 %).
YcraHoBseHO, 9TO (pakTOpaMu, CIOCOOCTBYIOIIUMU
HapylIeHUI0 NpuBep:keHHOCTH K APT, ABiAINCH:
mapeHTepaJbHbIN MyTh nepenaun BUY (y 75.3 %);
MPOJKUBAaHUE B CeJIbCKOU MecTHOCTUH (Y 62.5 %);
OTCyTCTBUE IIOCTOSHHOTO TPYZIOyCTPOUCTBA
(y 69.5 %); myxkckol o (y 57.5 %). IlanpeHTsI,
nosygasiive jedenue no cxeme TDF + 3TC + DTG,
yaile MMeJId BBICOKYIO CTelleHb IPUBEP:KEHHOCTHU
(85.4 %), Mo cpaBHEHUIO C OOJILHBIMH, JIEUHBIIIH-
mucs o cxemam TDF + 3TC + EFV u TDF + 3TC +

Considering the data obtained, when choosing
the starting ART regimen, it is necessary to analyze
the degree of risk of poor adherence depending on
social and other factors. Patients with a predicted
low level of adherence should be prescribed ART reg-
imens comprising drugs with a high genetic barrier
of resistance and minimal risk of adverse events,
such as the integrase inhibitor, dolutegravir; prote-
ase inhibitor, darunavir; NNRTIs, etravirine and
doravirine.

The revealed high frequency of registration of
HIV-1 drug resistance mutations both in the Novosi-
birsk region (54.6%) and in other regions and districts
of the Russian Federation (Ural Federal District —
62.8%, Volga Federal District — 64% [7, 8]) necessi-
tates timely testing for HIV drug resistance in patients
with virological failure during ART and introduction
of screening for primary drug resistance in patients at
risk of poor adherence to treatment.

The study was carried out within the framework
of the state assignment of the State Research Center
of Virology and Biotechnology VECTOR, Koltsovo,
Novosibirsk region.

Conflict of interest. The authors declare no
conflict of interest.
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LPV/r (40.2 1 31.7 % cooTBeTCTBEHHO) (p < 0.001).
HanpoTuB, HH3Kas MPUBEP:KEHHOCTh Haunbosee
4acTO perucTpupoBajgach Inpu pexumax TDF +
3TC + EFV (43.1 %), ABC + 3TC + EFV (37.4 %) u
TDF + 3TC + LPV/r (39.0 %) 110 cpaBHEHHUIO ¢ 60JIb-
HBIMH, TIOJyYaBIIUMU JIeYeHHE TII0 CXeMaM
TDF + 3TC + DTG (6.3 %) u TDF + 3TC + ESV (6.7 %)
(p < 0.001). Huskas nmpuBep:KEHHOCTDb IIPHU CXEMaX
JIedeHus, BKJIIOUABIINX 3(aBUpPEH3 U JIOMHUHABUD/
pUTOHABUD, BepoOsiTHee BCETro, OOYCJIOBJIEHA BBICO-
KOU YaCTOTOHN HeKeJIaTeJIbHbIX SIBJIEHUU IPU IPHU-
eMe JTaHHBIX JIEKAaPCTBEHHBIX IIPENapaToB (B COOT-
BETCTBUHU C WHCTPYKIMEH K NpuMeHeHHU0). Cpenu
OOJIbHBIX C BBISIBJIEHHOM JIEKAPCTBEHHOW YCTONYU-
BocThio BUY (n = 148) mpeobiiafanu una ¢ Hapy-
[IIeHUEM ITPUBEPIKEHHOCTH (770.9 %) 110 CPaBHEHUIO
C TIaI[eHTaMH, Y KOTOPhIX He BbIABJIEHA PE3UCTEHT-
Hocth BUY, r7ie mosd jur ¢ HapylleHueM IIpuBep-
JKEHHOCTH COCTaBHIA JIUIIH 23.6 % (p < 0.001). ATO
CBUJIETEIBCTBYET B ITIOJIb3Y B3aMMOCBI3U Hapylie-
HuA npuBep:keHHocTH K APT u dopmupoBanusa
JIeKapCTBEHHOU ycToiunBocTy BIY.

YuuteiBas mOJIyUYeHHbIE JaHHBIE, TPH BHIOOPE
cTapToBo# cxeMbl APT He06X0 MO ITPOBOIUTH aHA-
JIN3 CTENEeH! PUCKA HApPYIIEeHUs IPUBEPKEHHOCTH B
3aBUCHUMOCTHU OT COIIMAJIbHBIX U JIPYTHX (HAKTOPOB.
[TanpieHTaM ¢ MPOTHO3UPYEMBIM HU3KHM yYPOBHEM
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MIPUBEPKEHHOCTH HEOOXOAWMO HAa3HAYATh CXEMBI
APT c BkJIIOUEHHEM B HUX IPENapaTroB C BHICOKUM
reHETHYEeCKUM OaphepoM YCTOMUYMBOCTH U MHUHU-
MaJIbHBIM PHUCKOM He)KeJaTeJbHBIX ABJIEHUU —
TaKye KaKk UWHTUOUTOpP MHTETpasbl — JOJIyTerPaBUp;
WHrubUTOp mWpoTeaspl — jaapyHaBup; HHUOT -
5TPAaBUPHUH U JJOPABUPHUH.

BrisiBneHHasA BBICOKAasg YacTOTa perucTpanuu
MyTanui pesucrteHTHOCTH BMY-1 kak Ha TeppuTO-
pun HoBocubupckoii obsactu (54.6 %), Tak u Ha
TEpPUTOPHUMU JPYIUX PETHMOHOB U OKpyros P®
(Ypasbckuii dbenepanibHbIil OKpyr — 62.8 %, Ilpu-
BOJIKCKUH (befepasbHbIN OKPYT — 64 % [7, 8]) nuxk-
TyeT HeOOXOJIUMOCTh CBOEBPEMEHHOTO 00OcCie/I0Ba-
HUA Ha pe3ucTeHTHOCTh BUUY y nanueHTOB ¢ BUPYyCO-
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HccnemoBanue 6bLIO BHIIOJTHEHO B PaMKaXx TOCy-
nmapcrBerHoro 3amanusa OBYH TocymapcTBeHHBIN
HAYYHBIA [EHTP BUPYCOJIOTUU U OUOTEXHOJIOTUH
«BexTop» PocniorpebHanzopa.

KoHdmKkT nHTEPECOB. ABTOPHI 3asBJISIOT 00
OTCYTCTBUU KOH(JIMKTA HHTEPECOB.
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IToaxoa kK craHAapTU3allii TPAaBbl HOHEH PYCCKOM
(Nonea rossica Steven)

B.B. Benuuxo, /I.C. Kpyrsios, M.E. Kapramosa

®I'BOY BO «Hogocubupckuil 2ocydapcmeettblil meduyuHekuil ynugepcumem» Muxadpasa Poccuu, Hosocubupck,
Poccus

AHHOTAIIHUA

BBegeHUe. BocupousBoguMocTs AelicTBUA J1I000T0 pUTONIPenapaTa Wik ero 3¢deKTHBHOCTH 3aBUCUT OT KOJINYe-
CTBEHHOH BapMATUBHOCTU XUMUYECKOTO COCTABA JIEKAPCTBEHHOT'O PACTUTEILHOTO ChIPbS.

Il e 1 b . HcciaemoBaHue WHAUBUAYATHHOU U3MEHUMBOCTA OUOJIOTUYECKU aKTUBHBIX coennHennil (BAC) dbeHombHOTO
KOMILTIEKCa TpaBbl HOHeH pycckoit (Nonea (N.) rossica Steven) u onpe/ieJieHe CTaTUCTUYECKH 000CHOBAHHBIX KPUTEPUER
kauecrtsa JIPC.

MaTtepuanbs u MeToOJBb . O6beKTaMU HUCCIIENOBAHUS CIIYKUIN 00pasusl TpaBel N. rossica Steven, 3aro-
TOBJICHHBIE OT PACTEHUH, COOPaHHBIX B PA3HBIX TOUKAX apeasia B TUIIMYHBIX MeCTaXx OOUTaHUs B IEPHOJ, IIBETEHU B 2017—
2022 rozax. Copepxanre BAC-MapkepoB — (y1aBOHONI0B, KOPUYHBIX KUCJIOT ¥ JIAKTOHHBIX COEeIMHEHUH — ONIPeZieIsIoch
METOZIOM CIIEKTPO(OTOMETPHH.

PesyanbTarTbl . Bpesynbrare ananusa cogepkanus BAC-MmapkepoB 12 pacTeHUH, MPOU3PACTAIOIIUX B OTHON IIPO-
MBICJIOBOU 3apOCJIH, OBLJIO YCTAHOBJIEHO, UTO KOA(MQUIIMEHT BapHalliy He IPEBHIIaeT 24 % U ucciaeayeMasi BBIOOpKa
onHOpozHAass. OZHOPOAHOCTh BBIOOPKU ITO3BOJIIET CTATHUCTUYECKU KOPPEKTHO OOBEAVMHUTH HHIUBHUIYAJIbHBIE YK3EM-
IUISIPBI ¥ cPOPMHUPOBATH OOBEITMHEHHYIO BBIOOPKY /IJIsl PACTEHHH, COOpPAHHBIX B IIpeziesiaX MPOMBICJIOBOH 3apocyiu. AHa-
au3 copepkanusa BAC-MapKkepoB B ChIpbe, 3aTOTOBJIEHHOM B PAa3JIMYHBIX TOUKax apeasa (00beAuHEHHBIe IIPOOBI), TOKa-
3aJ1, YTO K03 GUIMEHT BapHAIUN BHIPOC HE3HAUUTEIHLHO U HE TIPEBBICHIJI KPUTUYECKOTO 3HaueHus 33 %. B aToM cayuae
paccMarpuBaeMble 00beIMHEHHBIE BBIOOPKH TOKE OHOPOHBI, UTO ITO3BOJISET OMPEIETUTh IOBEPUTETHHbIE HHTEPBAJIBI
BapbUpOBaHUA coziep:kaHusa BAC-mapkepos.

3akKJJH4YeHUe. YCTAHOBJIEHb KDUTEPHH KAUeCTBA CHIPhs: coziep:kaHue (GJIaBOHOUAOB B IlepecueTe Ha PYTHH
JIOJZKHO OBITH He MeHee 0.68 %, KOPUYHBIX KUCJIOT B Ilepecuere Ha KOQEUHYI0 KUCJIOTY — He MeHee 1.9 %, JIAKTOHOB B
IepecyeTe Ha 2-TUAPOKCUKOPUYHYIO KUCJIOTY — HE MeHee 0.25 %.

Knaioueenle cn0o6a: U3MEHYNBOCTb, XUMUUYECKHUI COCTaB, CTAaH/IAPTU3AIMA ChIpbsd, Kodddunuent Bapuanuu, Nonea
rossica Steven.

OoO0pasen murupoBaHusa: Beanuko B.B., Kpyrios /I.C., Kapramosa M.E. I[Toaxos K cTaH/1apTU3aIuU TPaBbl
HOHeH pycckoii (Nonea rossica Steven) // Journal of Siberian Medical Sciences. 2024;8(1):42-50. DOI: 10.31549/2542-
1174-2024-8-1-42-50

An approach to standardization of Nonea rossica Steven herb
V.V. Velichko, D.S. Kruglov, M.E. Kartashova

Novosibirsk State Medical University, Novosibirsk, Russia
ABSTRACT

Introduction. Thereproducibility of the effect of any herbal medicinal product or its effectiveness depends on
the quantitative variability of the chemical composition of medicinal plant raw materials (MPRM).
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A i m . Astudy of the individual variability of biologically active compounds (BAC) of the phenolic complex of Nonea (N.)
rossica Steven herb and the determination of statistically valid quality criteria for MPRM.

Materials and methods. Theobjects of the study were specimens of N. rossica Steven herb obtained
from plants collected at different points of the range in its typical habitats during the flowering phase in 2017-2022. The
content of BAC markers — flavonoids, cinnamic acids and lactone compounds was determined by spectrophotometry.
Results. Asaresult of the analysis of the content of BAC markers of 12 plants growing in one cropping area, it was
found that the coefficient of variation does not exceed 24%, so, the studied sample is uniformed. The homogeneity of the
sample makes it possible to statistically correctly combine individual specimens and form a combined sample for plants
collected within the cropping area. An analysis of the content of BAC markers in raw materials collected at various points
of the range (combined samples) showed that the coefficient of variation increased slightly and did not exceed the critical
value of 33%. Here, the combined samples under consideration are also homogeneous, which makes it possible to deter-

mine confidence intervals for varying the content of BAC markers.

Conclusion.

The criteria for the quality of raw materials have been established: the content of flavonoids in terms

of rutin should be at least 0.68%, cinnamic acids in terms of caffeic acid — at least 1.9%, lactones in terms of 2-hydroxycin-

namic acid — at least 0.25%.

Keywords: variability, chemical composition, standardization of raw materials, coefficient of variation, Nonea rossica

Steven.

Citation example: Velichko V.V.,, Kruglov D.S., Kartashova M.E. An approach to standardization
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BBEJAEHUE

dapmakosiornueckast akTUBHOCTB JIFOOOTO JieKap-
ctBeHHOrO cpezctBa (JIC) ompezesnseTcss B3amMO-
JleficTBEM XUMHMYEeCKUX KOMIIOHEHTOB B €ro
COCTaBe, HA3BIBAEMBIX OHMOJIOTUYECKU AKTUBHBIMU
coequnenusmu (BAC), ¢ kjeTrkamMu ¥ TKaHIMU
JKMBOTO opraHusMa. Pusnosioruyeckue IpOIecchl
JKUBHEZEATEbHOCTH PACTUTEJIBHOTO OpraHu3Ma
PeryIupyIoTCs XUMUYEeCKIMU COeIUHEeHUAMH, 0Opa-
3yIOIUMUCA B Iporecce Metabosmama. C GuoreHe-
TUYECKUX IO3UIIMH Bce MeTaOOJIUTHI AeJIATCS Ha
BEI[eCTBA OCHOBHOTO, BHIOCHENU(PUIHOTO U a30T-
Horo MeTabosuama. [Ipu atom popmupyercs cyry6o
WHAUBUIYAJIbHBIA XUMUYECKUN COCTaB KaK pacTe-
HUS B II€JIOM, TaK U €T0 OTZEJIbHBIX OpPraHoB. B mpo-
mecce U3TOTOBJIeHUs ¢Quronpenapata BAC u3s
cocTaBa JIEKAPCTBEHHOTO PACTUTEJIBHOTO CHIPbS
(JIPC) nepexonAar B cyMMapHO€E H3BJIEUYEHHE, KOTO-
poe GyzieT UMeTh YHUKAJIBbHBINA cocTaB (papmMakoH),
OTIpeJIeIAIONUH crienupuIeckuit papMakoJorude-
ckuil 3(peKT OT MpUMeHEHUsI JIEKAPCTBEHHOTO pac-
tutesbHOro mpemnapara (JIPIT). Ciemyer 3aMeTUTbD,
uro hapmakosorudeckui s ekt hapmMakoHa 3aBU-
CUT HE TOJIBKO OT KAUECTBEHHOT'O COCTaBa, HO U OT
KOJINUECTBEHHOTO COZIeP:KaHUA KOMIIOHEHTOB.

[ToHuMaHMe BO3MOKHOU KOJIMUECTBEHHOU Bapu-
aTUBHOCTH XUMHYECKOTO COCTaBa JIEKAPCTBEHHOTO
pacTUTEJIBHOTO ChIPhSI IIOMOTAeT IIPOU3BOJUTH
JIeKapCTBEHHbIE pacTUTEeJIbHBbIE IpernapaTrhl ¢ BOC-
IIPOU3BOJUMBIM COCTaBOM (hapMaKoHa, obecrevu-

INTRODUCTION

The pharmacological activity of any medicinal
product (MP) is determined by the interaction of
chemical components called biologically active com-
pounds (BAC) in its composition with cells and tissues
of a living organism. The physiological processes of
the life activity of a plant organism are regulated by
chemical compounds formed during metabolism.
From the point of view of biogenetics, all metabolites
are divided into substances of basic, species-specific
and nitrogen metabolism. Thus, purely individual
chemical composition of both the plant as a whole and
its individual organs is formed. During manufacturing
amedicinal herbal product, BAC from medicinal plant
raw materials (MPRM) are transferred to the total
extraction, which will have a unique composition
(pharmacon) that determines specific pharmacologi-
cal effect of medical herbal product (MHP). It should
be noted that the pharmacological effect of a pharma-
con depends not only on the qualitative composition,
but also on the quantitative one.

Understanding possible quantitative variability of
the chemical composition of medicinal plant raw
materials helps to produce medicinal products with a
reproducible pharmacon composition, providing an
deterministic pharmacological effect. The most inter-
esting in this regard are secondary metabolites, as
substances having a certain species-specific value. It is
customary to use flavonoids as a marker of biochemi-
cal variability [1], since they are widespread in the
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BAIOIUM JIETEPMHUHUPOBAHHBIN (papMaKoIoTHye-
ckuil addext. HauboapImii nHTEpeC B 3TOM IIaHe
MIPECTABJISIIOT BTOPUYHBIE MeTa00JIUTHI, KaK Belle-
CTBa, UMEOIINE OIpeEeIEHHOE BUJIOCTIENH(PUIHOE
3HaueHne. B KkauecTBe Mapkepa OHOXMMUYECKOM
W3MEHUYNBOCTU IPUHATO WCIIOJIB30BaTh (HJIABOHO-
UJipl [1], Tak KaK 71 HUX XapaKTePHBI IIITPOKOE pac-
MpOCTPaHEHUE B PACTUTEILHOM MHUpPeE, 3HAUUTEIb-
HOe CTPYKTypHOe pa3HooOpasue, XUMUYECKas
YCTOWYHBOCTb, ITPOCTOTA BBIJIEJIEHUS U3 PACTUTEIb-
HOTO CHIPbsI M BO3MOXKHOCTH JJOCTATOUHO JIETKOH H
ObicTpoli uaeHTuduUKanuu. Kpome Toro, ¢paBoHO-
UJIbl MPUBJIEKAIOT BHUMAHHUE HCCIIE0BATENIEd TEM,
YTO OHH B OOJIBIIIMHCTBE CIYyUaeB OMPEAesISoT (ap-
MAaKOJIOTHYECKYIO aKTUBHOCTD JIEKAPCTBEHHOTO pac-
THTEJILHOTO CBhIPbs, Haubojiee YacTO OHHU IIPOsIB-
JISIIOT TPOTUBOBOCIATTUTEILHYI0, MOUETOHHYIO, JKeJI-
YEroHHYI0, BEHOTPOIIHYIO U JIPYTHE BUJIBI AaKTUBHO-
ctH [1, 2]. B TO ke BpeMs y4eT U3MEHYUBOCTHU COZIEP-
JKaHUs OJHUX TOJBKO (hJIABOHOUIOB SIBJISIETCS HE
COBCEM KOPPEKTHBIM, ITOCKOJIbKY Ha (hapMaKOJIOTH-
YECKYI0 aKTHBHOCTh MOTYT BJIUATh U OHOTeHETHYe-
CKHe TpeIIecTBEHHUKH (hIaBOHOUIOB — (DeHUI-
MIPOTIAHOU/IBI, B YACTHOCTU KOPWYHBIE KHUCJIOTHI,
TaKkue Kak KodelHas KHUCJIOTa, 00J1ajafoias aHTH-
MHUKPOOHOH! aKTUBHOCTHIO, U JIEPUBATHI (hEHUIIIIPO-
MIEHOBBIX KHUCJIOT — JIAKTOHHBIE COEUHEHUs (WIN
KyMapHHOIIOI00HbIE), 00JaJjafole CBOUCTBAMHU
AHTHUKOATYJISTHTOB HENIPSIMOTO AeicTBus [3].

Panee HaMu OBLIIO YCTAHOBJIEHO HAJIUYKE B TPaBe
HOHEH PYCCKOH (hJIAaBOHOHUIOB U JIJAKTOHHBIX COEJIH-
HeHUI [4], a TakKe BBIZEIEHO HOBOE COeqUHEHHEe —
HOHea3uy, MpeACTaBJsoIee cobor adup Kodei-
HOU KHUCJIOTHI U ¢J1aBoHA [5], YTO O3BOJISAET TIPE-
[0JIaTaTh HAJIMYKeE IIPOTUBOBOCIIAINTENIBHBIX ((ia-
BOHOU/IBI), aHTUMUKPOOHBIX (KodelHasA KUCIOTa) U
AHTUKOATYJITHTHBIX ~ CBOHCTB  (pUTOIpPENapaToB,
MTOJIyYaeMBIX U3 TPABBI HOHEU PYCCKOH.

ITEJIb UCCJIEJIOBAHUSA

HcenenoBanve MHAUBUAYATBHON H3MEHUHBOCTH
OUOJIOTUYECKH aKTUBHBIX COeIUHEHUH (HEeHOTbHOTO
KOMILJIEKCA TPaBbl HOHEU PYCCKOW U OMpefiesieHue
CTAaTUCTUYECKU OOOCHOBAHHBIX KPUTEPHUEB KAUECTBA
JIEKAPCTBEHHOT'O PACTUTEIBLHOTO CHIPhS.

MATEPUAJIBI 1 METO/IbI

OObeKTaMu HCCIIEZIOBAHUS CIIYKUIU 00Pa3IIhI
TpaBbl HOHEU PYCCKOH [6], 3aTOTOBJIEHHBIE OT pacTe-
HUH, COOpaHHBIX B Pa3HBIX TOYKaX apeasa (Tabii. 1) B
TUMAYHBIX MecTax obuTaHus (OCTENHEHHBIE JIyTa,
BBICOKHE KaMeHHCThble Oepera pex u T.I.) B IIEPUO/T
[BETEHHUS B 2017—2022 Tofax. A ompeeaeHust
BapHUaIlly 3JIEMEHTHOTO COCTaBa PACTEHUS B IIpeJie-

plant kingdom and characterized by significant struc-
tural diversity, chemical stability, ease of isolation
from plant raw materials and the possibility of fairly
easy and fast identification. In addition, flavonoids
attract the researchers’ attention of because in most
cases they determine the pharmacological activity of
medicinal plant raw materials, most often they exhibit
anti-inflammatory, diuretic, choleretic, venotonic and
other activities [1, 2]. At the same time, taking into
account the variability of the content of flavonoids
alone is not correct, since the pharmacological activity
can also be influenced by the biogenetic precursors of
flavonoids — phenylpropanoids, in particular cin-
namic acids, such as caffeic acid, which has antimicro-
bial activity, and derivatives of phenylpropion acids —
lactone compounds (or coumarin-like), which have
the properties of indirect anticoagulants [3].

Previously, we have found flavonoids and lactone
compounds [4] in Nonea rossica Steven herb; as well
as a new compound — noneazide, an ester of caffeic
acid and a flavone [5] was isolated, which suggests
the presence of anti-inflammatory (flavonoids), anti-
microbial (caffeic acid) and anticoagulant properties
of phytopreparations obtained from Nonea rossica
Steven herb.

AIM OF THE RESEARCH

Study of the individual variability of biologically
active compounds of the phenolic complex of Nonea
rossica Steven herb and determination of statisti-
cally valid quality criteria for medicinal plant raw
materials.

MATERIALS AND METHODS

The object of the study were specimens of Nonea
rossica Steven herb [6] from plants collected at dif-
ferent points of the range (Table. 1) in the typical
habitats (steppe meadows, high rocky riverbanks,
etc.) during the flowering phase in 2017-2022. To
determine variation of the elemental composition of
the plant within the cropping area, 12 specimens of
plants growing in several places of the area were col-
lected. The sampling was carried out randomly. For
the remaining collection points, 15—20 plants were
selected, from which a combined sample was formed.
After collecting, the raw materials were brought to an
air-dry state (humidity ~8%) under natural condi-
tions and crushed to particles passing through a
sieve with a 2-mm mesh size.

Extracts were obtained from raw material sam-
ples using ethyl alcohol of various concentrations as
a solvent — 40% (for the study of cinnamic acids),
70% (for the study of flavonoids) and 95% (for the
analysis of coumarin-like compounds, the sum of
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Ta6auna 1. 06 beKThI McCIeI0BaHUS
Table 1. Objects of study

Ne o6bekTa Tloa c6opa

Object
number

Year of
collection

MecTo c60pa
Place of collection

KoopauHaTsl
Coordinates

H1poTa
latitude

JAoJIroTa
longitude

1

2022

1 kM Ha 3anaf oT J. Bopo6breBo KosbiBaHcKoro paliona HoBocru6upckoit
obJstactu
1 km west of the village Vorobyovo, Kolyvan district, Novosibirsk region

55°19'

82°33'

2022

3 KM Ha BOCTOK OT 1oc. PouHckuii UcKUTHUMCKOTo palioHa
HoBocu6upckoit o61actu

3 km east of the village Roshchinsky Iskitimsky district, Novosibirsk
region

54°35'

83°14'

2021

1.5 KM Ha ceBepo-BOCTOK OT C. JlekapcTBeHHOe Tory4yrMHCKOro paioHa
HoBocubupckoit o61actu
1.5 km north-east of the village Lekarstvennoe Toguchinsky district,

55°01"

83°41'

Novosibirsk region

9 2020
Kpast

3 KM Ha CeBepo-BOCTOK OT ¢. YkcyHa# Torysbckoro paiioHa AnTalckoro

55°30' 86°03'

3 km north-east of the village Uksunai, Togul district, Altai territory

4 2019
obJlacTu

5 kM Ha 1oro-3anaf ot c. TypyaTaeBo Tomckoro paiiona Tomckoi

56°36' 85°58'

5 km south-west of the village Turuntaevo, Tomsk district, Tomsk region

6 2018
Bypsartus

6 KM Ha 3ana/, ot ¢. bopro# /pxkuanHcKoro paiioHa Pecny6inku

50°46' 105°44'

6 km west of the village Borgoi, Dzhidinsky district, Republic of Buryatia

7 2018
WpkyTcko# o6acTu

2 KM Ha CeBepo-BOCTOK OT . bosbuioit YnyH Kauyrckoro paiiona

54°13' 106°26'

2 km nort-heast of the village Bolshoy Oolong, Kachugsky district,

Irkutsk region

8 2018
KemepoBckoii o61acTu

3.5 kM Ha ceBepo-3anaz ot noc. [aBpuioBka HoBoky3Herckoro paioHa

53°25' 87°05'

3.5 km north-west of the village Gavrilovka, Novokuznetsk district,

Kemerovo region

5 2017

7 kM Ha 1or oT c. [llupa lllupunckoro paitona Pecny6inku Xakaccust

54°26' 89°57"

7 km south of the village Shira, Shirinsky district, Republic of Khakassia

10 2017
ob6J1acTu

4 xM Ha ceBepo-3anaf ot c. [lerpoBka OMckoro paiiona OMckoi

55°08' 74°42'

4 km north-west of the village Petrovka, Omsk district, Omsk region

anMe‘{aHHe. A. — AepeBH; IIOC. — IIOCEJIOK; C. — CeJIo.

JaXx TIPOMBICJIOBOM 3apociu  ObUTH  cOOpaHbI
12 5K3eMIUIAPOB PACTEHUH, MPOU3PACTAIOIINX B
pasyImyHbIX MecTtax MaccuBa. OT6op 006pasIoB ocy-
IIECTBJISIIA CJIyYalHBIM 00pa3oM. JIJisi OCTaIbHbIX
TOUeK cOopa MPOBOAUIICA OTOOP 15—20 pacTeHuH, U3
KOTOPBIX (GOPMUPOBATIN OOBEAUHEHHYIO IIPOOY.
ITocste c60pa ChIpbe JOBOAUIH 10 BO3YIITHO-CYXOTO
coCTOSTHUS (BJIAXKHOCTH ~8 %) B €CTECTBEHHBIX yCJI0-
BUSIX ¥ U3MEJIbYAIIU JI0 YACTHUII, IPOXOSAIINX CKBO3h
CHUTO C Pa3MEPOM sSTUEHKH 2 MM.

N3 o6pasiioB ChIpbsi OBLIN TMOJyUYEHbI U3BJIEUE-
HUSI C HCIIOJIb30BAHMEM B KAdecTBE SJKCTpareHTa
CIHpTA STWIOBOTO PA3JIUYHBIX KOHI[EHTPAIUH —
40 % (s uccef0BaHUsA KOPUUIHBIX KUCIIOT), 70 %
(m1st mceeroBanust GIaBOHOUIOB) U 95 % (17151 aHA-
Jiu3a KyMapUHOIOJOOHBIX COEJUHEHHH — CYyMMBbI
JIAKTOHOB OKCHUKOPUYHBIX KHCJIOT). TOuHbIE HaBe-

lactones of hydroxycinnamic acids). Accurately
weighed quantities of the crushed raw materials were
placed in a flask and poured with a solvent in a ratio
of 1:50. Flasks were heated under reflux in a boiling
water bath for 20 min. After cooling, extractions
were centrifuged at 8000 rpm for 15 min to remove
fine impurities. A supernatant fluid was drained and
finished filtrates were obtained.

The content of the studied BAC groups was deter-
mined using spectrophotometry. Quantification of
cinnamic acids was carried out by direct spectropho-
tometry in terms of caffeic acid by the absorbance at
A = 324 nm (a characteristic maximum for caffeic
acid) and the known extinction coefficient
(A = 910%™ - ecm™) [7]. For quantification of flavo-
noids, the method of differential spectrophotometry
was used, based on the determination of the absor-
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CKH HM3MeJIUEHHOTO ChIPbsS MOMEIAJI B KOJIOY U
3aJIUBIM HKCTPAT€HTOM B COOTHOIIEHUHU 1:50.
Kosibpl ¢ mpucoeuHEHHBIMH OOPATHBIMU XOJIO-
IJIBHUKAMU BBIIEP?KUBATN HA KUIIAIIEH BOASHON
OaHe B TeueHue 20 MuH. [Tociie oxJIak/IeHNUs U3BJIe-
yeHUs EHTPUPYTUPOBAIH CO CKOPOCTHI0 8000 06./
MUH B TeUeHUEe 15 MUH JJI1 YAUIEHUS MeTKOIU-
CHepcHBIX mpuMecell. HasocamouHyo KUIKOCTh
CJTUBAJIU U TIOJIyYaJId TOTOBbIE (DUJIBTPATHI.

OmnpernesieHne COAEP:KAHUS UCCIELyeMbIX TPYIIIL
BAC npoBoaMIIu ¢ UCIOJIb30BAaHUEM METO/A CIIEK-
tpodoToMerpun. KomuuecTBeHHOE coOfep:KaHUe
KOPUYHBIX KHUCJIOT OIPEEIIsTH METOIOM IIPSIMOM
crieKTpoOTOMETPUU B IepecueTe Ha KODEHHYI0
KHUCJIOTY 110 BEJIMYHHE ONTUYECKOHN IUIOTHOCTHU TIPHU
A = 324 HM (XapakTepHBIH MaKCUMyM 11 Kodew-
HOU KHUCJIOTHI) ¥ MU3BECTHOMY KO3(hQHUITUEHTY DKC-
TUHKIUH (A = 910 %7 - cm™) [7]. 11 KOJIMyecTBeH-
HOTO ompejieyieHus: (PIaBOHOUIOB HCIIOJIb30BAIH
MeToy, uddepeHITUATLHON CIIEKTPOOOTOMETPUH,
OCHOBAHHBIH Ha ONPE/IeJIEHUH ONITHUECKOU ILJIOTHO-
CTH XPOMOTE€HHOTO KOMILIEKCa, 00pa3yIoIerocs
[IpY B3aUMO/IEICTBUH U3BJIEUEHUSI € 2% CITUPTOBBIM
pacrBopom amtomunusa (III) xyopuza npu inHe
BOJIHBI 410 HM (pacTBOPOM CpPaBHEHHS CIIYKUJIO
u3Bjedenne 0e3 100aBIIEHUA AlCls) U 110 U3BECT-
HOMY  KO3(OdUIMEHTY  OKCTUHKIMM  pPyTHHA
(A=249%"-cm?) [8].

Jl7151 ompeiesieHus cofieprKaHus JJaKTOHOB (KyMa-
PUHOIIOMOOHBIX  COEIMHEHUN)  AHATUTUUYECKYIO
HABECKY CBIPBbsI IIOMeEIaad B KOJIOY ¢ OOpaTHBIM
XOJIOWJIBHUKOM, 700aBJIsJIN B KauecTBe SJKCTpa-
reHTa 95% CIUPT STUJIOBBIH (COOTHOIIIEHUE ChIPHS U
SKCTpareHTa 1:50), KOJIOY BBIIEPKUBAIM HA KHIIs-
men BoAssHOU 6aHe 20 MUH. K mmosryueHHOMY TTocie
oXJIaKIeHUs GUIBTPATY IPUIMBAIN PABHBIM 00HEM
5% CHUPTOBOTO PACTBOpA Kajus THIPOOKCHIA U
cjIerkKa mozorpeBany. PacTBop ¢ obpasoBaBIINMCS
0CaJIKOM TeHTPU(GYTUPOBATIU CO CKOPOCTHI0 8000
00./MUH B Te4eHUE 10 MUH, OCAJI0K BBICYIIIHBAIIA U
B3BemuBaIu. [IoJydeHHBIN OCaJIOK PacTBODPSIU B
20 MJI BOZI[bI OUHIIEHHOH U OTIPEEeISIN YIAbTpadro-
J1eToBbId (Y®) crieKTp M3BJIEYEHUs Ha CIEKTPOdo-
TomeTpe CP-56. AHanu3 nosiyueHHOTo Y® criekTpa
W3BJIEUEHUs TOKA3aJ, UYTO HCCIIelyeMoe H3BJede-
HUE UMeeT JIBa MUHUMYyMa (TIpY 241 U 297 HM) U JiBa
MakcumyMma (Impu 267 U 314 HM). AHAJIOTUYHBIE SKC-
TpeMyMbl (MUHUMYMBI IPH 240 U 295 HM U MaKCHU-
MyMbl TIpu 266 W 311 HM) XapakTEPHBI W I
2-THJIDOKCUKOPDUYHOH KHCJIOTBI [8], KoTopas,
BIIOJIHE BEPOSATHO, MOJKET 00Pa30BaThCsA B PE3YJIb-
Tare IIeJIOYHOTO THAPOJIN3a BEIECTB KyMapUHOBOH
IIpUpoAbl. B TakoM ciryuae MOKHO ITPOBECTH KOJIH-
YECTBEHHYIO OIEHKY COJIEPKAaHUs JIAKTOHHBIX COe-

bance of a chromogenic complex formed due to the
interaction of extraction with a 2% alcoholic solution
of aluminum (III) chloride at a wavelength of 410 nm
(the blank was the extraction without the addition of
AlCL) and by the known extinction coefficient of
rutin (A = 249%' - cm™) [8].

To determine the content of lactones (coumarin-
like compounds), the weighed quantity of raw mate-
rials was placed in a flask that was heated under
reflux in a boiling water bath for 20 min, 95% ethyl
alcohol was added as a solvent (raw materials: sol-
vent ratio was 1:50). An equal volume of 5% alcoholic
potassium hydroxide solution was added to the fil-
trate got after cooling, and slightly heated. The solu-
tion with the formed precipitate was centrifuged at
8000 rpm for 10 min, the precipitate was dried and
weighed. Then the precipitate was dissolved in 20 ml
of purified water and the ultraviolet (UV) spectrum
was determined on a SF-56 spectrophotometer.
Analysis of the UV spectrum showed that the studied
extraction has two minimums (at 241 and 297 nm)
and two maximums (at 267 and 314 nm). Similar
extremes (minimums at 240 and 295 nm and maxi-
mums at 266 and 311 nm) are characteristic of
2-hydroxycinnamic acid [8], which, highly likely, can
be produced due to of substances of coumarin nature.
Therefore, it is possible to quantify lactone com-
pounds in terms of 2-hydroxycinnamic acid by the
absorbance of the solution at A = 266 nm and the
known extinction coefficient of 2-hydroxycinnamic
acid A = 1260%" - cm™ [9].

RESULTS AND DISCUSSION

Statistical processing of the results was carried
out and the main sample parameters were deter-
mined — the mean value, the standard deviation of
the mean, the coefficient of variation and the confi-
dence interval according to the formulas [10]

n T2
0= M;C =g-100;Ax=t -i,
n-1 X v n
where 0 — standard deviation;

x, — single measurement;

X — mean value;

C, — coefficient of variation;

Ax — confidence interval;

t, — the argument of the Student’s ¢-distribution
corresponding to a 95% level of confidence and (n™)
degree of freedom.

The results are shown in Table 2.

To assess the variability of a variation series, the
most informative parameter is the coefficient of varia-
tion. The higher the value of the latter, the relatively
greater the spread and less the adjustment of the stud-
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JUHEHUN B IlepecyeTe Ha 2-TUJIPOKCUKOPUUYHYIO
KHUCJIOTY 110 ONTHYECKOH IVIOTHOCTHU PACTBOPA, U3Me-
peHHoOIi ipu A = 266 HM, U U3BECTHOMY K03 uIu-
€HTy SKCTUHKIUU 2-TUJIPOKCUKOPUYHOMU KUCJIOTHI
A =1260%"-cm [9].

PE3YJ/IBTATBI 1 OBCYKAEHUE

Bruta mpoBezeHa craTuctmueckas o0paboTka
pe3yIbTaTOB U OIpeZieIeHbl OCHOBHBIE ITAPAMETPHI
BBIOODKU — Cpe/lHee 3HaU€HUe, CTAaH/IapTHOE OTKJIO-
HEHUe CPeIHEro 1o BhIOOPKe, KoadunueHT Bapua-
LMY U JJOBEPUTEIBHBIN HHTEPBAJI 110 hopMysiam [10]

n _yz
o= \}72"(% ) : C -2
n—1 voX

I7le 0 — CpeJIHeKBaJ[paTUIHOE OTKJIOHEHNE;

X, — eITUHUYHOE U3MEPEHHE;

X — cpenHee 3HaYEHUE,

C, — Koa(ppUIMEeHT BapraLuy;

Ax — TOBepUTEIbHBIN UHTEPBAJ;

t, — aprymeHT pacrnpezesenus CThIO/IEHTa, COOT-
BETCTBYIOIIEH JJ0BepUTEIbHON BEPOATHOCTU 95 % U
(n™) crenenu cBoOOIbI.

[TosryueHHBIE PE3YIBTATHI IPUBEAEHBI B TAOII. 2.

Il OIeHKH W3MEHUYMBOCTH BapHAIOHHOTO
pAna maHHBIX Haunbosiee WHGOPMATUBHBIA Iapa-

\/;,

~100;AX=ty-

ied values, and if the coefficient of variation exceeds
33%, then this shows the heterogeneity of the results
obtained [11]. The heterogeneity of the quantitative
analysis results shows a high variability of the BAC
content, which is highly likely to lead to the non-repro-
ducibility of the pharmacological effect of MHP from
plants collected in various sites of the cropping area. In
our study, the coefficient of variation does not exceed
24%, from whence it can be concluded that the sample
under study is homogeneous. Based on the established
homogeneity of the sample, it is possible, without com-
promising statistical accuracy, to combine the mea-
sured BAC contents in individual plants into a new
combined sample. Further studies were carried out
with the values of the BAC content, measured at indi-
vidual specimens from the combined sample. Table 3
shows data on the BAC content of raw materials col-
lected from cropping areas at various sites of the range
and in different years of herb collection.

Analysis of the results obtained (Table 3) shows
that the coefficient of variation increased slightly and
does not exceed the critical value of 33%, although the
plants grew in different sites of the range, at great dis-
tances from each other, and raw material collecting
was carried out in different years. Accordingly, the
statistical homogeneity of the sample is not compro-

Ta6mua 2. CoseprkaHre 6MO0JI0THYECKH aKTUBHBIX coeAMHeHUH (%) B 06pa3iax Cblpbsi, COOPAHHBIX B IIpeJesiax OAHON

rlpOMblCJ'IOBOﬁ 3apociy, B nepecyeTe Ha a6CoJIIOTHO CyXoe CbIpbe

Table 2. The content of biologically active compounds (%) in raw material samples collected within one cropping area in

terms of completely dry raw materials

I[Mapamerp d1aBoHOUABI Kopu4yHble KMCJI0ThI JIaKTOHBI
Parameter Flavonoids* Cinnamic acids** Lactones***
1.01 1.63 0.41
0.71 3.12 0.37
0.59 2.02 0.44
0.83 1.63 0.31
0.68 2.14 0.38
1.27 2.31 0.34
% 1.04 2.24 0.3
0.6 1.74 0.42
0.82 1.67 0.48
0.87 2.03 0.33
0.9 2.0 0.38
1.0 1.8 0.32
X 0.86 2.03 0.37
) 0.2 0.42 0.06
C, 23.3 20.6 15.04
Ax 0.13 0.26 0.04

* B nepecyeTe Ha PYyTHH.
In terms of rutin.
** B nepecyeTe Ha KOPEeHHYIO KUCJIOTY.
In terms of caffeic acid.
*#* B nepecyeTe Ha 2-TUJPOKCUKOPUYHYIO KHUCJIOTY.
In terms of 2-hydroxycinnamic acid.
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Ta6smua 3. CosepskaHue 6M0JIOTMYeCKY aKTUBHBIX coeiIMHeHUH (%) B 06pasiiax CbIpbsl, COGPaHHBIX B Pa3/IMYHBIX TOYKAX

apeaJia, B riepecdeTe Ha abCoJIIOTHO CyXoe CbIpbe

Table 3. The content of biologically active compounds (%) in raw material specimens collected at various sites of the range
in terms of completely dry raw materials

IMapamerp ®1aBOHOM IBI KopHu4HbI€ KHCTOThI JIaKTOHBI
Parameter Flavonoids* Cinnamic acids** Lactones***
0.78 1.27 0.32
0.51 2.24 0.27
0.95 2.2 0.26
0.61 3.2 0.23
0.42 2.33 0.54
% 0.76 1.39 0.3
0.54 3.15 0.35
0.73 3.26 0.37
0.95 2.92 0.46
0.98 2.12 0.28
X 0.72 2.41 0.34
o 0.20 0.72 0.10
C, 0.28 0.30 0.29
Ax 0.14 0.51 0.07

* B nepecuyeTe Ha PyTHH.
In terms of rutin.
** B nepecyeTe Ha KOPEHHYIO KUCJOTY.
In terms of caffeic acid.
*** B nepecyeTre Ha 2-TUJPOKCUKOPUYHYIO KUCJIOTY.
In terms of 2-hydroxycinnamic acid.

MeTp — KoaddunueHT Bapuanuu. Yem 6oJiblire 3Ha-
yeHue Ko3pUIMEHTa Bapualnuu, TeM OTHOCHU-
TeJIbHO OOJIBIIUKM Pa3zbpoc W MeHbINIasi BhIPABHEH-
HOCTB HUCCJIeZlyeMbIX 3HaUeHUH, u ecu kKoadpdunu-
€HT BapHaluH IpeBbIIIaeT 33 %, TO 3TO TOBOPUT O
HEOZHOPOJHOCTH IOJIYUYEHHBIX Ppe3yabTaToB [11].
HeoxgHOpoiHOCTh pe3yJIbTaTOB  KOJIUYECTBEHHOTO
aHaIN3a CBUJETETBCTBYET O BBICOKON H3MEHUUBO-
ctu cozpep:kanusa BAC, 4To ¢ GOJIBIIOH CTEIEHbIO
BEPOATHOCTU IIPUBENET K HEBOCIIPOU3BOJUMOCTU
¢apmaxosioruueckoro addexra duronpenapaTos,
WM3TOTOBJIEHHBIX U3 PACTeHUH, COOpaHHBIX HA pas-
JIMYHBIX y4acTKaX IIPOMBICJIOBOY 3apocsin. B Hatem
ciaydae ko3(pdUIIMEHT Bapualii He IPEBBIIIAET
24 %, Ha OCHOBAaHUU YETO MOXKHO C/IeJIaTh BBIBOJL O
TOM, YTO HCCiIeqyeMas BbIOOpKa oxHOpomHas. Ha
OCHOBaHHUU YCTaHOBJIEHHOU OTHOPOJTHOCTHU
BBIOOPKH MOJKHO, 6€3 HapyIlleHUs CTaTUCTUYECKOH
KOPPEKTHOCTH, W3MepeHHble conaep:xaHusa BAC B
OTJIeJIbHBIX PpACTEHUAX OOBEAUHATH B HOBYIO
BBIOOPKY (00BemuHEHHYI0). B masbHelieM uccie-
JIOBaHUSA IPOBOAWJINCH C BeJIUYMHAMHU KOJIUYe-
ctBeHHOrO coziep:kanHusi BAC, u3MepeHHBIMU Ha
TOYEUHBIX MpoOax, B3ATHIX U3 O0BETUHEHHOH
BBIOOPKH. B Tabs1. 3 mpuBeneHBI JAaHHBIE 110 COJIED-
s)kaHnio BAC B chIpbe, 3aTOTOBJIEHHOM Ha IIPOMBIC-
JIOBBIX 3apOCJ/ISAX B Pa3IMUHBIX TOUKAX apeaja U B
pasHbIe ro/ibl cbopa.

mised and it is possible to reasonably determine in
terms of statistics the lower limits while settings spec-
ifications for BAC and the quality criteria of standard-
ized raw materials. The lower limit should be the
mean value of the measured content of a compound,
reduced by the value of the confidence interval. Con-
sidering the established mean values and confidence
intervals (Table 3), the following quality criteria for
raw materials can be proposed — the content of flavo-
noids in terms of rutin should be at least 0.68%; cin-
namic acids in terms of caffeic acid — at least 1.9%;
lactones in terms of 2-hydroxycinnamic acid — at least
0.25%.

CONCLUSION

It was found that the variability of the content of
BAC of phenolic nature in the Nonea rossica Steven
herb is at a fairly low level and does not compromise the
homogeneity of the sample. The mean value of the con-
tent of normalized BAC in Nonea rossica Steven herb
collected in different years and at different sites of the
range has been determined. The draft of a pharmaco-
poeia monograph for MPRM of Nonea rossica Steven
herb can include the lower limits for the content of BAC
in standardized raw materials (at least 0.68% for flavo-
noids, 1.9% for cinnamic acids and 0.25% for lactones).
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AHaJIU3 TOJIyYeHHBIX Pe3ysabTaToB (cM. TabiI. 3)
IOKa3bIBAET, UYTO KOA(MDQOUIIMEHT BapUaIlUU BBIPOC
HE3HAUUTEJIbHO U He MPEeBBIIIaeT KPUTHUECKOe 3Ha-
yeHUe 33 %, HECMOTpPS Ha TO, YTO PACTEHUS MIPOU3-
pacTajii B pa3jIMUHBIX TOUKAX apeasia, HaXOAAITHUXCA
Ha OOJIPIIUX PACCTOSHUAX JIPYT OT Apyra, U cOOp
CBHIPBS IPOBOJIWJICS B pa3Hble ro/ibl. COOTBETCTBEHHO
CTaTHCTUYECKAs OHOPOAHOCTH BBIOOPKU HE Hapy-
IIIeHA ¥ MOKHO CTAaTUCTHYECKH 0OOCHOBAHHO OIIpe-
JIeJINTD HIPKHYE TPAHUITBI IPU HOPMUPOBAHUU KOJIH-
yecTBeHHOTO cofiepkanus BAC u Kkputepuu KauecTBa
CTaHAAPTU30BAHHOTO CHIPhA. 3a HUXKHIOIO TDAHUILY
cefyeT IPUHUMATh BEJUUUHY CPEHEro 3HaueHUs
U3MEPEHHOTO COiep>KaHMs TOTO MJIM MHOTO CoeIHe-
HUsI, YMEHBIIIEHHYIO Ha BEJINYNHY JOBEPUTETIHHOTO
uHTepBaia. C yueToM yCTaHOBJIEHHBIX CPEHUX 3HA-
YEeHUH U JIOBEPUTEIbHBIX UHTEPBATIOB (CM. TabJI. 3)
MOKHO IPEJIOKUTD CIIeIyIOIIe KpUTEPUH KauecTBa
CBIPBS — CcOJlepkaHue (PJIABOHOUJIOB B IIepecueTe Ha
PYTHH JIOJKHO OBITH He MeHee 0.68 %; KOpUUYHBIX
KHCJIOT B TIEpecueTe Ha KOMPEeWHyI0 KHUCIOTy — He
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MeHee 1.9 %; JIAKTOHOB B IiepecyeTe Ha 2-TUIPOKCHU-
KOPUYHYIO KHUCJIOTY — He MeHee 0.25 %.

3AKJIOYEHUE

YcraHoBieHO, UTO M3MEHUYHMBOCTDH COZAEP:KAHUA
BAC deHOIBHOI PUPOABI B TPABE HOHEU PYCCKOU
HaXOJUTCS HA JIOCTATOUHO HU3KOM YDOBHE U He
HapyIIaeT MOKa3aTesl OJHOPOAHOCTU BIOOPKHU.

OmpeniesieHO cpefjHee 3HAUYEHUE COJIEPIKAHMUSA
HopMupyeMbIX BAC B TpaBe HOHeHW PYCCKOH, 3aro-
TOBJIEHHOH B Pa3JINUHbIE TOABI U B PA3HBIX TOUKAX
apeasa IpoU3pacTaHus.

B mpoekr d¢apmakoneiinon cratbu Ha JIPC
«HoHeu pycckoii TpaBa» MOKHO BKJIIOUUTh HUKHUE
IIOpPOTOBbIe 3HaUeHU: coep:kanusa bAC B cranzapt-
HOM ChIpbe (He MeHee 0.68 % — misa pIaBOHOUIOB,
1.9 % — JJI1 KODUUHBIX KUCJIOT U 0.25 % — AJ1d JIaK-
TOHOB).
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AHHOTAIIMA

BBegenue. brarogaps MarHUTHO-PE30HAHCHOM TOMOTpaduu BO3MOXKHO HOAPOOHOE HCCIIEZIOBAHUE CTPYKTYPBI
MEXKII03BOHOYHBIX JFICKOB IIIEHHOTO OT/es1a T03BOHOYHHUKA.

Il e 1 b . BoiaBuTh MOpdoMeTpUUECKHE 0COOEHHOCTH MEKIIO3BOHOYHBIX IMUCKOB IIEHHOTO OT/esa MO3BOHOYHUKA IPH
Pa3BUTHUU JIeT€HEPATUBHO-TUCTPOPUIECKIX U3MEHEHUH.

MaTtepuanb U MeTO/Bbl . BbUM IPOAHAIN3UPOBAHEI 203 MarHUTHO-PE30HAHCHBIE TOMOTDAMMBI, ITOJTyYeH-
HBIE B X0/ie 00C/IeZI0BaHusA AOOPOBOJIBIEB OT 18 /10 84 JIeT IO CTAHAAPTHBIM METOIMKAM Ha MAarHUTHO-PE30HAHCHBIX TOMO-
rpadax ¢ HalpsAKEHHOCTHI0 MATHUTHOTO 11071 1-1.5 Tu1. FI3MepsuIn BBICOTY MEKIIO3BOHKOBBIX IUCKOB Ha ypoBHAX C7—C3.
IlostydeHHbIE TaHHBIE OBUIN CTPYIIIIMPOBAHBI B TAGJIUITHI C TPOBEIEHUEM CTATUCTHUIECKOT0o aHamu3a B Microsoft Excel 2007.
PesyanbpTarTsl . IloBbpakeHHOCTH H3MEHEHUH IEHHOTO OT/IeJIa TO3BOHOYHUKA U ITOJTy ObLIN ¢hOPMUPOBAHBI TPH
rpynmsl: 1-s1 — 6€3 3HAUMMBIX U3MEHEHU HA YPOBHE IIEHHOT0 OT/ie1a TO3BOHOYHHKA; 2-51 — C YMEPEHHO BBIPAYKEHHBIMH
U3MEHEHMSAMU; 3-51 — CO 3HAUUTETHHO BBIPAKEHHBIMU H3MEHEHISIMU CTPYKTYP IIEHHOT0 OT/IesIa IO3BOHOUHUKA. Han6osb-
IIMe U3MeHeHNs BePTUKAJIBHOI0 pa3Mepa MeKII03BOHKOBBIX IUCKOB HAO/IIONAIOTCA Y My»K4IHH. CpelHAA BBICOTA MEXKII03-
BOHKOBBIX JIFICKOB Ha ypoBHe OT C6/7 10 C4/5 CHMIKAETCs y MY»KUIHMH OT 1-H K 3-1 IpyIIIe, y KEHIINH, HAITPOTHB, BHICOTA
nucka C4/5 CHUKaeTes OT 3-U rpynibl. BeicoTa MeKII03BOHKOBOTO ivicka C2/3 nMesia HaubosIbIlve 3HaYEHUs B 3-1 IPYTITIE.
3aknoueHHue. [IpeacraBjeHHble Pe3yIbTaThl UCCJIEIOBAHUSA CBUETEIBCTBYIOT O CHUKEHUH BEPTUKAJIBHOIO
pasMepa MeXKII03BOHOYHBIX JIMCKOB BCJIEZCTBHE IIPOTPECCHPOBAHNSA IeTeHEPATUBHO-AUCTPOPUIECKIX H3MeHeHUH. Bplia
oTMeueHa oOpaTHAasA JUHAMUKA /I MeXKII03BOHOUHBIX 1UCKOB C2/3 u C4/5 cpeay »KeHIINH — CHUKEHUE BBICOTHI OT 3-U K
1-1 rpynie. [TosyueHHBIE JaHHBIE TOIOJIHAIOT CBEIEHUA O IMHAMUKE U3MeHeHU! MOpdOMeTPUYECKUX IOKasaTesel Ha
(one nerenepaTuBHO-AUCTPOGUUECKHX U3MEHEHUH U € YUeTOM II0J1a MAIlMEeHTOB, YTO II03BOJIAET pa3padaThiBaTh CPes-
CTBa IIPOIPAMMHOTI0 aHAIN3a IMATHOCTHYECKOU NH(MOPMAIIUH, TOBBIIIAA KAUeCTBO OKa3aHUA MEJUIIMHCKOHN TOMOIITH.
Kmouesste croea: MPT, mieliHbIH OT/IE]T TO3BOHOYHUKA, MOPGOMETPHS, MEKITO3BOHOYHBIE JIUCKH.

O6pasen mutTupoBaHusna: MomkuH A.C., Hukonerko B.H., XanumioB M.A. MopdomeTprueckre 0COOEHHOCTH
ME’KITO3BOHOYHBIX JIUCKOB IIEHHOTO OT/IeJ1a T03BOHOYHUKA M0 AaHHbiM MPT // Journal of Siberian Medical Sciences.
2024;8(1):51-63. DOI: 10.31549/2542-1174-2024-8-1-51-63

Morphometric features of intervertebral discs
of the cervical spine according to MRI data
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ABSTRACT
Introduction. Thanks to magnetic resonance imaging (MRI), a detailed study of the structure of the cervical
intervertebral discs is possible.
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A i m . Toidentify the morphometric features of the cervical intervertebral discs during the development of degenerative
and dystrophic changes.

Materials and methods. Atotal of 203 MR images were analyzed, obtained during the examination of
volunteers from 18 to 84 years using conventional methods on 1—1.5 T MR scanners. The height of the intervertebral discs
was measured at C7—C3 segments. The obtained data were grouped into tables and statistical analysis was carried out using
Microsoft Excel 2007.

R e sults. Threegroups were formed according to the severity of changes in the cervical spine and gender: 1st — with-
out substantial changes in the cervical spine; 2nd — moderate changes; 3rd — pronounces changes in the cervical spine. The
greatest changes in the vertical dimension of intervertebral discs are observed in men. The mean intervertebral disc height
at the level from C6/7 to C4/5 decreases in men from the 1st to the 3rd group; in women, on the contrary, the height of the
C4/5 disc decreases from the 3rd group. The height of the C2/3 intervertebral disc was the largest in the 3rd group.
Conclusion. Thepresented results indicate a decrease in the intervertebral disc height due to the progression of
degenerative and dystrophic changes. The opposite dynamics were noted for C2/3 and C4/5 intervertebral discs among
women — a decrease in the height from the 3rd to the 1st group. The data obtained complete the information on the dynam-
ics of changes in morphometric parameters taking into account the degenerative and dystrophic state of the studied struc-
tures and the gender of patients, which makes it possible to develop tools for computational analysis of diagnostic data,
improving the quality of medical care.

Keywords: MRI, cervical spine, morphometry, intervertebral discs.

Citation example: Moshkin A.S., Nikolenko V.N., Khalilov M.A. Morphometric features of intervertebral discs of
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BBEJAEHHNE

OreHKa TUHAMUKU IPOTPECCUPOBAHUs JleTeHe-
paTUBHO-AHCTPOGUUECKUX 3200/ IeBAHUI TO3BOHOY-
HUKa Ha YPOBHE III€X HEPa3PBIBHO CBsI3aHA C U3yde-
HHUEM CTPYKTYPBbl MEKIIO3BOHOUYHBIX JHMCKOB [1-5].
CoBpeMeHHbIE METO[bl HCCIEAOBAHUSA B KIMHUKE
[TO3BOJISIIOT JIETAJIBHO OTPakaTh HE TOJBKO IIPO-
1IeCChI, CBA3AHHbBIE C HU3MEHEHUSAMH FeMOAUHAMUKHI
Mo3ra [6—8], HO U NIPOUCXOJAIINNE B pe3yJsbTaTe
JleTeHEPATUBHO-AUCTPOUUECKNX HM3MEHEHUH U
OIIEHUTh HUX MOpGPOMETPUUECKHE IOKa3aTeTH
[9, 10]. OnauM 13 Haubosiee 3PHEKTUBHBIX METO/IOB
JUATHOCTUKYA W3MEHEHHI B CTPYKTYPE MEIKIIO3BO-
HOYHBIX JIUCKOB SIBJISIETCS MarHUTHO-PEe30HAHCHAsI
tomorpadus (MPT) [11-15]. YTounernue mopdome-
TPUYECKUX IIaPpAaMETPOB HU3YyYAae€MbIX CTPYKTYpP
ITO3BOJISIET COBEPIIIEHCTBOBATh MATHOCTUYECKHE
METO/bI, BBOJIUT B PYTHHHYIO paboTy 3JIeMEHTbI
aBTOMAaTH3alMuU [16—20].

OEJIb NCCJIEJOBAHUNA

BoisBUTh  MOpdoOMeTpUUecKre OCOOEHHOCTH
MEKITO3BOHOYHBIX JMCKOB IIEHHOr0 OT/esIa II03BO-
HOUYHUKA [IPU PAa3BUTHUU JleTeHEPATUBHO-TUCTPODU-
YyecKUX U3MeHeHu# 1mo jaHusiM MPT.

MATEPUAJIBI 1 METO/bI

bru npoananu3upoBaHbl 203 MarHUTHO-PE30-
HaHCHBIE TOMOTPaMMbI. JlMarHocTHYeCKHe u306pa-

INTRODUCTION

Assessing the dynamics of progression of degen-
erative cervical spine diseases is inextricably linked
with the study of the intervertebral disc structure
[1—5]. Modern clinical investigational methods make
it possible to show in detail not only the processes
associated with changes in brain hemodynamics
[6—8], but also those occurring as a result of degen-
erative and dystrophic changes, and evaluate their
morphometric parameters [9, 10]. One of the most
effective methods for diagnosing changes in the
structure of intervertebral discs is magnetic reso-
nance imaging (MRI) [11—15]. Clarification of the
morphometric parameters of the studied structures
makes it possible to improve diagnostic methods and
introduce elements of automation into routine prac-
tice [16—20].

AIM OF THE RESEARCH

To identify the morphometric characteristics of
the cervical intervertebral discs along with the degen-
erative dystrophic changes development according
to MRI data.

MATERIALS AND METHODS

A total of 203 MR images were analyzed being
recorded on digital media. The images were
obtained during the examination of volunteers
aged 18 to 84 years using conventional methods in

52
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JKeHUsA ObLIH IIPe/ICTaBIeHbl Ha U(MPOBHIX HOCHUTE-
JISIX U TIOJIYYEHBI B X0/ie 00CaeI0BaHUsA T0OPOBOJIb-
IIEB B Bo3pacTe OT 18 710 84 JieT 10 CTaHJapTHBIM
MeToZuKaM B peskumax T1, T2 u ¢ pyHKIHen Kupo-
mogaByeHus (Stir) B Tpex IpPOeKIUAX Ha MAarHUTHO-
pesonaHcHbIXx Tomorpadax GE Brivo MR355 u
Philips Intera ¢ HaIPs?KEHHOCTHIO MATHUTHOTO TI0JISI
1—1.5 Tu1. JIoOpOBOJIBIIBI TIPH TIPEIOCTABIEHUH JUa-
THOCTMYECKUX JAHHBIX IOJTBEPAMIN ydacThE B
HCC/IeIOBAaHUH,  TOANNCAaB  UHGOPMUPOBAHHOE
corsacue. ITpoTOKOJ HccieloBaHusT ObLT 0/100peH
JIOKAJIBHBIM 3THdeckuM KomuTteromM P®I'BOY BO
«OpJIOBCKUH TOCY/IApCTBEHHBI YHHBEDCUTET WM.
N.C. TypreneBa» (mpotokos NC 25 or 16 HOAGPs
2022T.).

AHaTu3 TOMOTPAMM BBITIOJTHSJICS C UCIIOJIb30Ba-
HUEM CPECTB CIEINATU3UPOBAHHOTO MPOTrpaMM-
Horo obecneuenuss Evorad RIS-PACS Worksta-
tion 2.1 (License: Freeware, 2008). M3mepeHus
BBITIOJIHSJINCh HAa TOMOTpaMMaX B CATUTTAbHOM
IUIOCKOCTH Ha YPOBHE CEPEUHBI TeJl TIO3BOHKOB Y
IepeHEro U A0PCATILHOTO YIJIOB ¥ HA YPOBHE cepe-
JIMHBI TeJl TO3BOHKOB. Ha KaK1oM ypoBHE H3Mepe-
HUU IIPU pacyeTe pe3ysIbTaThl IPUBOIUIIUCH K CPE-
HeMy 3HAYeHHUIO BHICOTHI MEKITO3BOHOYHOTO /IHCKA.
ITonyueHHble MaHHBIE OBLIM CrPYIIHUPOBAHBI B
TaOJIUIBI C TPOBEZEHUEM CTATHCTHYECKOTO aHATH3a
B Microsoft Excel 2007. PaccuuTbiBayinch 3HaYEHUS
cpeanero u ommubka cpeasero (M + m), MeauaHa
(Me), xBaptuiu pacupeaenenus (Q1, Q3), cpenHee
KBQJIpATHYHOE OTKJIOHeHUue (0), KO3 UIueHT
Bapuanuu (CV, %).

PE3YJ/IBTATDBI 1 OBCY KAEHUE

Mbl pasziesiuiyu yYaCTHUKOB HUCCJIEIOBaHUs Ha
rpymmbl. C 5TOH 1eJbI0 IPOBOUIIACH OIIEHKA BhIPA-
JKEHHOCTH JIHAaTHOCTHPOBAHHBIX M3MEHEHUH Cpen
MYKYUH ¥ JKEHIIUH. [Ipy BBIMOJHEHUH aHAIN3a
[IPOBO/IWJIACH OI€HKA CTPYKTYPBI Te€J II03BOHKOB,
aHAJU3 CTPYKTYPHI MEKIIO3BOHOYHBIX JUCKOB IIO
xinaccudukarnuu J.P. Thompson et al., 1990.

IlepBas rpynna — 6e3 3HAUMMO BBIPAMKEHHBIX
U3MeHEeHUU Ha YPOBHE LIEHHOTO OT/esia T03BOHOY-
HUKa (BBICOTA MEKIIO3BOHOUHBIX JHUCKOB HE CHU-
JKeHa, CUTHAJIBI OT JIUCKOB B pexxuMe T2 3HAUM-
TEJIbHO He CHIDKEHBI, CTPYKTypa opHopomHas (I-11
o Thompson), Kpasi TeJl IO3BOHKOB YETKUE, POB-
Hble). Bropas rpynma — yMmepeHHO BBIpaKeHHbBIE
M3MEHEHUsI B BUJI€ CHUKEHUSI MHTEHCUBHOCTHU CHUT-
HAJIOB OT MEKIIO3BOHOUHBIX JIUCKOB U HX BBICOTHI
(ITI-V o Thompson), ©HOT/AA ¢ 320CTPEHUEM YTJIOB
TeJ TO3BOHKOB. TpeThbsi Tpylma — 3HAYUTETHHO
BBIPa’KEHHbIE JleTeHepaTUBHO-ANCTPOdUecKre
U3MEHEHUs CTPYKTYp IIEHHOTO OT/leJla ITO3BOHOY-

T1- and T2-weighed sequences and STIR sequence
in three projections on 1—-1.5 T GE Brivo MR355
and Philips Intera MR scanners. Volunteers, when
providing diagnostic data, confirmed their partici-
pation in the study by signing an informed con-
sent. The study protocol was approved by the local
Ethics Committee of Orel State University named
after 1.S. Turgenev (protocol No. 25 of November
16, 2022).

An analysis of the MR images was performed
using Evorad RIS-PACS Workstation 2.1 software
(License: Freeware, 2008). Measurements were per-
formed on the images in the sagittal plane at the level
of the middle of the vertebral bodies at the anterior
and dorsal angles, and at the level of the middle of
the vertebral bodies. At each measurement level,
when calculating, the results were converted to the
mean value of the intervertebral disc height. The
obtained data were formed into tables with statistical
analysis using Microsoft Excel 2007. The values of
the mean and error of the mean (M + m), median
(Me), quartiles of distribution (Q1, Q3), standard
deviation (0), coefficient of variation (CV, %) were
calculated.

RESULTS AND DISCUSSION

We divided the study participants into groups.
For this purpose, the severity of diagnosed changes
among men and women was assessed. The structure
of the vertebral bodies and intervertebral discs was
assessed according to the J.P. Thompson classifica-
tion, 1990. The first group — without substantial
changes in the cervical spine (intervertebral disc
height is not decreased, T2-weighted signals from
the disc are not significantly reduced, the structure is
homogeneous (Thompson I-II), the margins of the
vertebral bodies are clear and even). The second
group — moderate changes in the form of a decrease
in the signal intensity from the intervertebral discs
and their height (Thompson III-V), sometimes with
sharpening of the vertebral body angles. The third
group — pronounced degenerative and dystrophic
changes in the structures of the cervical spine with
the development of intervertebral disc herniation,
spondylosis, structural changes in the vertebral end
plates, changes in signals from the vertebral body
structures.

As a result of the analysis, mean values were cal-
culated for the morphometric characteristics of the
cervical intervertebral discs and overall averages for
each group (Table 1).

The distribution of the results of assessing the
vertical dimension of intervertebral discs among
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Ta6auna 1. Pe3ysbTaThl OIleHKY BEPTHUKA/JIBHOTO pa3Mepa MeXI03BOHKOBBIX JJUCKOB LIEHHOT0 OT/esIa TO3BOHOYHUKA
Table 1. Results of assessing the vertical dimension of the cervical intervertebral discs

Yposes CTaTHCTHYeCKUt 1-arpynna / Group 1 2-a rpynna / Group 2 3-arpynna / Group 3
Level WOUERENGEITD MY>KYMHBI ~ JKEHIIUHbI  MY)KYHMHBI  JKEHI[MHbI  MY:KYHUHBI  JKE€HIIUHBI

Statistical indices ~ men women men women men women

M + m, MM (mm) 46+04 42+04 45+0.7 43+0.6 41+0.6 4.0+04

Me, MM (mm) 4.6 4.2 4.4 4.2 4.1 3.9
ce/7 Q1-Q3, MM (mm) 4.3-5.1 3.8-4.7 3.9-5.1 3.9-5.0 3.6-4.4 3.6-4.3

o 0.5 0.5 0.9 0.8 0.7 0.5

CV, % 12.5 12.9 20.6 17.3 18.0 13.6

M+ m, MM (mm) 45+04 40+04 44 +0.6 4.0 £0.5 41+0.8 38x0.5

Me, MM (mm) 4.4 3.9 4.4 3.9 4.0 3.8
C5/6 Q1-Q3, MM (mm) 4.0-4.8 3.7-4.2 3.7-4.9 3.5-43 3.7-4.4 3.3-4.2

o) 0.6 0.6 0.7 0.7 1.2 0.6

CV, % 13.4 13.9 15.9 16.9 28.9 16.0

M £+ m, MM (mm) 43+04 3904 43+0.5 4.0+0.5 4.2+0.6 41+04

Me, MM (mm) 4.4 3.9 4.3 3.9 4.1 4.1
C4/5 Q1-Q3, MM (mm) 3.9-4.6 3.6-4.4 3.8-4.9 3.7-4.4 3.7-4.8 3.7-4.3

o 0.5 0.5 0.6 0.5 0.7 0.5

CV, % 12.8 13.8 13.2 13.5 16.4 129

M + m, MM (mm) 44+05 39+04 45+0.5 4.2+0.5 4.4+0.5 42+05

Me, MM (mm) 4.5 3.8 4.4 4.0 4.3 4.3
C3/4 Q1-Q3, MM (mm) 3.9-4.7 3.6-4.0 41-4.8 3.8-4.5 4.0-4.8 3.8-4.7

o) 0.6 0.6 0.6 0.6 0.6 0.7

CV, % 13.6 14.4 13.4 13.8 14.0 16.0

M+ m, MM (mm) 4405 40+04 4.7+0.6 4104 48+0.6 45+04

Me, MM (mm) 4.5 3.8 4.5 4.1 4.8 4.4
C2/3 Q1-Q3, MM (mm) 4.1-4.8 3.7-4.2 4.1-5.1 3.7-4.5 4.4-5.3 4.1-4.9

o) 0.6 0.6 0.8 0.5 0.7 0.5

CV, % 13.4 14.8 17.0 13.1 14.9 11.5

HUKa ¢ (pOpMUPOBAHUEM TPBIK MEKIIO3BOHOUHBIX
JINCKOB, SIBJIGHUSIMH CIIOHIWJIE3d, CTPYKTYPHBIMHU
M3MEHEHHUAMH B 00J1aCTH 3aMbIKATE/ILHBIX IIJIACTHH,
U3MEHEHHsI CUTHAJIOB OT CTPYKTYP T€JT IO3BOHKOB.
B pesysibrare NpPOBEAEHHOTO aHaIW3a ObLIH
BBIYHCJIEHBI CpeAHUE 3HAUEHUs 11 MOPhOMETPH-
YEeCKHUX XapaKTEPUCTHK MEKIIO3BOHOUHBIX JIUCKOB
[IEWHOTO OT/ieJia MMO3BOHOYHHMKA U 00IIue ycpe-
HEHHbIE TIOKa3aTe ! IS KaXK0H rpynib (Tabit. 1).
Pacnpenenenve pe3ysbTaTOB OIEHKHA BEPTH-
KaJIbHOTO Pa3Mepa MeKITI03BOHOYHBIX IUCKOB CPEIH
MY’KUMH TpeZCTaBieHo Ha puc. 1. Cpeau My:KUuH
0e3 TPUBHAKOB BBIPAXKEHHBIX JI€T€HEPATUBHO-
IucTpoIIecKux n3MeHeHnH (rpymnna 1) Ha ypoBHE
IIIEHHOTO OT/le/Ia TO3BOHOYHUKA OTIPE/IEIAINCH CIIe-
JIYIOIIIUE CPETHUE BETMUUHBI JIJIST MEKITO3BOHOUHBIX
nuckoB: C6/7 — 4.6 + 0.4 mm, C5/6 — 4.5 £ 0.4,
C4/5 — 4.3 £ 04, C3/4 - 44 £ o5, C2/3 -

men is presented in Fig. 1. Among men without signs
of pronounced degenerative and dystrophic changes
(group 1) at the level of the cervical spine, the follow-
ing mean values for the heights of intervertebral
discs were determined: C6/7 — 4.6 + 0.4 mm, C5/6 —
4.5+0.4,C4/5-4.3+0.4,C3/4-4.4+0.5,C2/3 -
4.4 + 0.5 mm. The average cervical intervertebral
disc height among men was 4.4 + 0.4 mm. The coef-
ficient of variation (CV, %) was from 12.5 to 13.6%.
The median values of the cervical intervertebral disc
height for C6/7 discs were 4.6 mm, for 5/6 and
C4/5— 4.4, for C3/4 and C2/3 — 4.5 mm. The median
of the intervertebral disc height for this group of men
in general was 4.5 mm. The Q1—Q3 interval among
men at the level of C6/7 was 4.3—5.1 mm, C5/6 —
4.0-4.8, C4/5 — 3.9-4.6, C3/4 — 3.9-4.7, C2/3 —
4.1-4.8 mm; on average — 4.2—4.7 mm.
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Puc. 1. Pe3ysibraThl OlleHKH BEPTUKAIBHOTO pazMepa (MM) MeKII03BOHOYHBIX TUCKOB cpeir My»*k4urH (Q1—Q3, Me)
C YUETOM BBIPA’KEHHOCTH U3MEHEHUH HA YPOBHE IIEHHOTO OT/esIa TO3BOHOYHUKA (1, 2, 3 — IPYIIIBI UCCIIE0BAHKA)
Fig. 1. Results of assessing the vertical dimension (mm) of intervertebral discs among men (Q1-Q3, Me),
taking into account the severity of changes in the cervical spine (1, 2, 3 — study groups)

4.4 £ 0.5 MmM. CpeiHee 3HaU€HNE BBICOTHI MEXKII03-
BOHOYHBIX JIUCKOB IIIEHHOTO OT/eJa MTO3BOHOYHUKA
cpemu MY>KYUH COCTaBWIO 4.4 + 0.4 Mm. Koaddu-
nuenT Bapuanuu (CV, %) — ot 12.5 710 13.6 %. Menu-
aHHbIEe 3HAYEHUs BBICOTHI MEKIIO3BOHOUYHBIX JIHC-
KOB IIIEHHOTO OT/eJla MTO3BOHOYHUKA JJI JIUCKOB
C6/7 cocraBiisiiu 4.6 M, 1151 5/6 u C4/5 — 4.4, ns
C3/4 u C2/3 — 4.5 MM. MenuaHHoe 3HaUYeHHE
BBICOTHI MEKIIO3BOHKOBOT'O JIFICKA B IIEJIOM JIJISI TOH
TPYIIIBI MY>KYUH PaBHAIOCH 4.5 MM. HTepBan Q1—
Q3 cpenu My:x4yuH Ha ypoBHe C6/7 — 4.3—5.1 MM,
C5/6 — 4.0-4.8, C4/5 — 3.9-4.6, C3/4 — 3.9-4.7,
C2/3 — 4.1-4.8 MM; B CpeTHEM — 4.2—4.7 MM.
Pacnpesiesienre pe3ysibTaTOB OIEHKH BEPTU-
KaJIbHOTO Pa3Mepa MEeKIO03BOHKOBBIX JINCKOB CPETN
JKEHIIUH B IpyIIIie 63 3HAUNMO BhIPA’KEHHBIX H3Me-
HeHHH (Tpymma 1) mpejcTaBiaeHO Ha puc. 2. Cpeau
JKEHIIMH OIPEJIEJINChH CJIEAYIONINE CPeTHUE 3HAUe-
HHUS BBICOTHI MEXKIIO3BOHOYHBIX AucKoB: C6/7 —
4.2 £ 0.4 MM, C5/6 — 4.0 + 0.4, C4/5 — 3.9 £ 0.4,
C3/4—-3.9+0.4,C2/3 — 4.0 + 0.4 MM; cpeiHee 3Ha-
YeHUe BBICOTHI MEKII03BOHOYHBIX JUCKOB Cpeau
JKEHIIIUH 5TOU TPYIIIBI COCTABIJIO 4.0 + 0.4 MM.
Koaddunuent Bapmanuu cpeau AAHHON TPYIIIIBI
JKEHIIUH OBbLI BBIIIIE IO CPABHEHUIO C MYKUYMHAMH —
OoT 12.9 110 14.8 %. MenuaHHble 3HAUEHUS BBICOTHI
JIUCKOB paBHsHCH i C6/7 4.2 mwm, ansa C5/6 u
C4/5-13.9, 11 C3/41C2/3 — 3.8; cpeqHee — 3.9 MM.
WNurepBan Q1—Q3 cpeau >KeHIUH 3TOH TPYIIIbI HA

The distribution of the results of assessing the
height of intervertebral discs among women in the
group without substantial changes (group 1) is pre-
sented in Fig. 2. Among women, the following mean
values of the intervertebral disc height were deter-
mined: C6/7 — 4.2 £ 0.4 mm, C5/6 — 4.0 + 0.4,
C4/5 — 3.9 £ 0.4, C3/4 — 3.9 + 04, C2/3 -
4.0 + 0.4 mm; the average intervertebral disc height
among women in this group was 4.0 + 0.4 mm. The
coefficient of variation in this group of women was
higher compared to men — from 12.9 to 14.8%. The
median disc height value for C6/7 was 4.2 mm, for
Cs5/6 and C4/5 — 3.9, for C3/4 and C2/3 — 3.8; on
average — 3.9 mm. The Q1-Q3 interval among
women in this group at the C6/7 level was 3.8—
4.7 mm, C5/6 — 3.7-4.2, C4/5 — 3.6—4.4, C3/4 —
3.6—4.0, C2/3 — 3.7— 4.2 mm; on average — 3.7—
4.2 mm.

In the group with signs of moderate degenerative
and dystrophic changes in the cervical spine
(group 2), the following mean values of the interver-
tebral disc height among men were noted: C6/7 —
4.5 + 0.7 mm, C5/6 — 4.4 + 0.6, C4/5 — 4.3 + 0.5,
C3/4 — 4.5 £ 0.5, C2/3 — 4.7 + 0.6 mm. The average
cervical disc height among this group participants
was 4.5 £ 0.4 mm. The coefficient of variation was
from 13.2 to 20.6%. The median values of the cervi-
cal intervertebral disc height at the level of C6/7 and

Cs5/6 were 4.4 mm, C4/5 — 4.3, C3/4 — 4.4, C2/3 —
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Puc. 2. Pe3ysibTaThl OLIEHKY BEPTUKAILHOIO PazMepa MEXKIIO3BOHOUHBIX IUCKOB cpeau skeHiul (Q1—Q3, Me)
C YUYETOM BBIPAKEHHOCTU U3MEHEHUH HA YPOBHE IEHHOIO OT/IeJ1a MO3BOHOYHUKA (1, 2, 3 — TPYIIIBI UCCIEJ0BAHMA)
Fig. 2. Results of assessing the vertical dimension of intervertebral discs among women (Q1—Q3, Me),
taking into account the severity of changes at the level of the cervical spine (1, 2, 3 — study groups)

yposue C6/7 6611 paBeH 3.8—4.7 MM, C5/6 — 3.7—4.2,
C4/5—3.6—4.4,C3/4 - 3.6-4.0,C2/3 - 3.7-4.2 MM;
B CPeTHEM — 3.7—4.2 MM.

B rpymme ¢c npu3HakamMu yMepPEHHO BhIPaKEHHBIX
JleTeHEePATHBHO-AUCTPOGUIECKUX W3MEHEHUH Ha
VPOBHE IIEHHOT0 OT/IeJia TO3BOHOYHUKA (Ipymma 2)
OTMEUAJINCh  CJIEAYIOIHE CpeJIHHE  BEJIUYUHBI
BBICOTHI MEXKIIO3BOHOUYHBIX JIUCKOB CPEN MYKUHH:
C6/7 — 4.5 + 0.7 mM, C5/6 — 4.4 + 0.6, C4/5 —
4.3 = 0.5, C3/4 — 4.5 £ 0.5, C2/3 — 4.7 + 0.6 MM.
CpeznHee 3HaU€HNME BBICOTHI MEKITO3BOHOUHBIX /TVIC-
KOB IIEWHOTO OT/eJIa IO3BOHOYHHUKA CPENH JaHHOU
TPYIIIBI My>KYHH COCTABUIIO 4.5 £ 0.4 MM. Koaddu-
[IMEHT Bapuanuu — OT 13.2 710 20.6 %. Menuanubie
3HAYEHUs BBICOTHI MEKIIO3BOHOYHBIX JIMCKOB IIIEH-
HOTO OT/esia ITO3BOHOYHUKA st AuckoB C6/7 u
C5/6 — 4.4 Mmm, C4/5 - 4.3,C3/4 — 4.4,C2/3 - 4.5; B
cpenHeM — 4.4 MMm. HTepBan Q1—Q3 cpeau Myx-
YMH JAHHOU Tpynmbl Ha ypoBHe C6/7 — 3.9—5.1 MM,
C5/6 — 3.7-4.9, C4/5 — 3.8-4.9, C3/4 — 4.1-4.8,
C2/3 — 4.1-5.1 MM; B CPeJIHEM — 4.0—4.8 MM.

Cpenu >KeHIUH TPYIIIbI 2 OTMEYaIUCh CIeIyI0-
Iye Cpe/lHNEe 3HAUEHUS BBICOThI MEKIIO3BOHOYHBIX
nuckoB: C6/7—4.3+0.6 MM, C5/6 uC4/5—4.0 £ 0.5,
C3/4 — 4.2 + 0.5,C2/3 — 4.1 £ 0.4 MM; B CPEeJTHEM —
4.1 £ 0.4 MM. KoadduiiuenT Bapuanuu cpesiy JaH-
HOU T'PYIIIBI KEHIUH ObLI BBIIIE IO CPABHEHHIO C
TPYIIION 1 U cOCTaBjsI OT 13.1 10 17.3 %. Cpenu
JKEHIIUH 9TOW TPYNIIBI  MeJIMaHHOe 3HaueHue
BBICOTHI MEKIIO3BOHOUHBIX JIUCKOB Ha ypoBHE C6/7

4.5; on average — 4.4 mm. The Q1—Q3 interval among
men at the level of C6/7 was 3.9—5.1 mm, C5/6 —
3.7-4.9, C4/5 — 3.8-4.9, C3/4 — 4.1-4.8, C2/3 —
4.1-5.1 mm; on average — 4.0—4.8 mm.

Among women in group 2, the following mean
values of the intervertebral disc height were noted:
C6/7 — 4.3 + 0.6 mm, C5/6 and C4/5 — 4.0 + 0.5,
C3/4 - 4.2 £ 0.5,C2/3 — 4.1 £ 0.4 mm; on average —
4.1 + 0.4 mm. The coefficient of variation among this
group of women was higher compared to group 1 and
ranged from 13.1 to 17.3%. Among women in this
group, the medians of the intervertebral disc height
at the level of C6/7 was 4.2 mm, C5/6 and C4/5 —
3.9,C3/4 — 4.0,C2/3 — 4.1 mm; on average — 4.1 mm.
The Q1—Q3 interval among women in this group at
the C6/7 level was 3.9-5.0 mm, C5/6 — 3.5—4.3,
C4/5-3.7-4.4,C3/4 — 3.8-4.5,C2/3 - 3.7-4.5 mm;
on average — 3.9—4.4 mm.

In the group with pronounced degenerative and
dystrophic changes in the cervical spine (group 3),
the following mean values of the intervertebral
disc height among men were noted: C6/7 -
4.1 + 0.6 mm, C5/6 — 4.1 £ 0.8, C4/5 — 4.2 + 0.6,
C3/4 — 4.4 + 0.5, C2/3 — 4.8 £ 0.6 mm; on aver-
age — 4.3 + 0.5 mm. The coefficient of variation
was from 14.9 to 28.9%. The median values of the
cervical intervertebral disc height at the level of
C6/7 were 4.1 mm, C5/6 — 4.0, C4/5 — 4.1, C3/4 —
4.3, C2/3 — 4.8 mm; on average — 4.3 mm. The
Q1—-Q3 interval among men at the level of C6/7
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65110 4.2 MM, C5/6 u C4/5 — 3.9, C3/4 — 4.0,C2/3 —
4.1 MM; B cpefiHeM — 4.1 MM. aTepBan Q1—Q3 cpenu
JKEeHINWH JaHHOU rpynmsl Ha ypoBHe C6/7 cocras-
st 3.9-5.0 MM, C5/6 — 3.5-4.3, C4/5 — 3.7-4.4,
C3/4 — 3.8-4.5, C2/3 — 3.7—4.5 MM; B CpeJTHEM —
3.9—4.4 MM.

B rpymre ¢ nmpu3HaKaMy 3HAUUTEJIbHBIX JleTeHe-
PaTUBHO-TUCTPOHUYECKUX HU3MEHEHUH Ha YpPOBHE
IIEHHOTO OT/eJIa TO3BOHOYHUKA (TpyIa 3) oTMeva-
JIUCH CJIEAYIONUE CPETHUE BEJIMIUHBI JIJIST MEKII03-
BOHOYHBIX JIUCKOB cpemu MyxuuH: C6/7 -
4.1 + 0.6 MM, C5/6 — 4.1 + 0.8, C4/5 — 4.2 + 0.6,
C3/4 - 4.4 £ 0.5,C2/3 — 4.8 + 0.6 MM; B cCpeTHEM —
4.3 £ 0.5 mM. KoaddunuenT Bapuanuu — ot 14.9 710
28.9 %. MeauaHHble 3HAUEHUS BBICOTHI MEKIIO3BO-
HOYHBIX JIUCKOB IIIEHHOTO OT/IeJ1a TO3BOHOYHUKA Ha
ypoBHe C6/7 — 4.1 mm, C5/6 — 4.0,C4/5— 4.1,C3/4 —
4.3, C2/3 — 4.8 Mm; B cpefHeM — 4.3 MM. FIHTEpBas
Q1-Q3 cpenu My:K4YnH Ha ypoBHe aucka C6/7 cocra-
BUI 3.6—4.4 MM, C5/6 — 3.7—4.4 vmm, C4/5 — 3.7—
4.8 MM, C3/4 — 4.0—4.8 mMm, C2/3 — 4.4—5.3 MM; B
cpemHeM — 3.8—4.7 MM.

Cpenu sKeHIUH TPYIIIBI 3 OTMEUYAIHCH CIIEYI0-
I1e CpelHIe 3HAUEHUs BBICOTHI MEKITO3BOHOUHBIX
nuckoB: C6/7 — 4.0 £ 0.4 mm, C5/6 — 3.8 + 0.5,
C4/5 — 4.1 +£ 0.4, C3/4 — 4.2 £ 0.5, C2/3 — 4.5 +
0.4 MM; B cpefiHeM — 4.1 + 0.3 MM. Koaddunuent
Bapuanuu — oT 11.5 10 16.0 %. MeauanHoe 3Haue-
HHe BBICOTHI JirickoB C6/7 6bL10 3.9 MM, C5/6 — 3.8,
C4/5 — 4.1,C3/4 — 4.3, C2/3 — 4.4 MM; B cCpeJTHEM —
4.1 mm. MuTepBan Q1—Q3 BBICOTHI MEKIIO3BOHOY-
HBIX JIUCKOB CPEJTH >KEHIIIH 3TOM IPYIIIBI HA yPOBHE
[IeHHOTO OT/esia mo3BoHOUHUKA C6/7 cocTaBsiia
3.6—4.3 mm, C5/6 — 3.3—4.2, C4/5 — 3.7-4.3, C3/4 —
3.8-4.7, C2/3 — 4.1-4.9 MM; B cpeiHEM — 3.9—
4.3 MM.

B 1mesiom HamboJiee BhIpaskeHHbIE U3MEHEHUs
BEPTHKAJIBHOTO pa3Mepa MEeKIIO3BOHOUYHBIX JIHIC-
KOB ONIPEJIEJIAIOTCA Y MY>KJYHH. B pe3yspraTe aHa-
JIN3a TOJIyYeHHBIX JAHHBIX BBISABJIEHO, YTO CPEJi-
HSS BBICOTA MEKIIO3BOHOYHBIX IUCKOB HA YPOBHE
ot C6/7 no C4/5 HEMHOTO CHUIKAETCS CPETU MYK-
YHMH OT 1-U K 3-U rpynme. Cpeiu KeHIIUH BBICOTA
MEKII03BOHOYHOTO nucka C4/5 neMOHCTpUpYET
00paTHyI0 TMHAMUKY — CHHIKAEeTCA OT 3-H K 1-H
rpymiie. B cBow oudepesb, y My:KYUH MEKIIO3BO-
HOYHBIN JucK C4/5 UMeeT OTHOCUTEIbHO CTa0UIb-
Hble 3HAUEHUsI BEPTUKAIBLHOTO pa3Mepa ¢ HeOOoJIb-
UM CHUJKEHHEM CpeJHero B3HaueHusA B 3-H
rpymie. Y MyKYUH MeXII03BOHOYHBIN auck C3/4
uMeeT HauboJiblllee 3HAUYEHHE BBICOTHI BO 2-H
rpymie. BeicoTa Mekmo3BoHOWHOro gucka C2/3
JIEMOHCTPHUPOBAJIA OOPATHYIO KOPPEJIAIHIO MOKa-
3aTesiell ¢ HauOOJBIIMMHU 3HAYEHHUSIMHU B 3-H

was 3.6—4.4 mm, C5/6 — 3.7—4.4 mm, C4/5 — 3.7—
4.8 mm, C3/4 — 4.0—4.8, C2/3 — 4.4 —5.3 mm; on
average — 3.8—4.7 mm.

Among women in group 3, the following mean
values for the intervertebral disc height were noted:
C6/7 — 4.0 £+ 0.4 mm, C5/6 — 3.8 + 0.5, C4/5 —
4.1+ 0.4,C3/4 — 4.2 £ 0.5,C2/3 — 4.5 £ 0.4 mm; on
average — 4.1 + 0.3 mm. The coefficient of variation
was from 11.5 to 16.0%. The median of the disc height
was 3.9 mm for C6/7, 3.8 — for C5/6, 4.1 — for C4/5,
4.3 — for C3/4, 4.4 mm — for C2/3; on average —
4.1 mm. The Q1—Q3 interval of intervertebral disc
height among women in this group at the level of
C6/7 was 3.6—4.3 mm, C5/6 — 3.3—4.2, C4/5 — 3.7—
4.3, C3/4 — 3.8—-4.7, C2 /3 — 4.1-4.9 mm; on aver-
age — 3.9—4.3 mm.

In general, the most significant changes in the
vertical dimension of the intervertebral discs are
determined in men. As a result of the analysis of the
data obtained, it was revealed that the average inter-
vertebral disc height at the level from C6/7 to C4/5
decreases slightly among men from the 1st to the 3rd
group. Among women, the height of the C4/5 disc
shows the opposite dynamics — it decreases from the
3rd to the 1st group. In turn, in men, the C4/5 inter-
vertebral disc has relatively stable vertical dimension
values with a slight decrease in the mean value in the
3rd group. In men, the C3/4 intervertebral disc has
the largest height in group 2. The height of the C2/3
intervertebral disc showed a negative correlation of
indicators with the highest values in group 3 and a
decrease in group 1, the difference being in the range
of 0.3—0.5 mm.

We have assessed correlations between variables
using the Pearson’s correlation (Table 2), Spear-
man’s and Kendall’s tau-b correlations (Table 3).

The presented data demonstrate a significant cor-
relation of age with the severity of changes in the cer-
vical spine, the height of the C2/3 discs, as well as the
gender of patients with the height of all interverte-
bral discs. When assessing the results of the Pear-
son’s correlation, significant associations were iden-
tified between the values of the vertical dimension of
all intervertebral discs.

Similar results were found with Spearman’s and
Kendall’s tau-b correlations.

Graphically, correlations between the heights of
C3/4 and C6/7 and C4/5 and C5/6 intervertebral
discs are presented in Fig. 3, 4.

CONCLUSION

The results of the study indicate — in the majority
of cases — a decrease in the vertical dimension of the
cervical intervertebral discs due to the progression of
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Ta6mmua. 2. Pe3y/ibTaThl KOppeJIALMOHHOr0 aHaau3a no [lupcony

Table 2. Results of the Pearson’s correlation

HN3mMeHeHus
Bospacr  Tox NMO03BOHOYHHUKA
A p c6/7 C5/6 C4/5 (C3/4 C2/3 BuUIeiHOM OoTAeIe
ge Sex .
Changes in the
cervical spine
Bo3spacr Koppensuus  1.000 0.134 -0.023 -0.074 0.109 0.119 0.238 0.667
Age Correlation
3HAaYUMOCTh - 0.057 0.741 0.297 0.121 0.092 0.001 0.000
Significance
Mon Koppensuus  0.134 1.000 -0.197 -0.291 -0.264 -0.303 -0.341 -0.060
Sex Correlation
3Hayumoctb  0.057 - 0.005 0.000 0.000 0.000 0.000 0.393
Significance
Cce6/7 Koppensiuus  -0.023 -0.197 1.000 0.566 0.517 0.486 0.402 -0.176
Correlation
3HayuMocth  0.741 0.005 - 0.000 0.000 0.000 0.000 0.012
Significance
C5/6 Koppesnsinuss ~ -0.074 -0.291 0566 1.000 0.648 0.521 0.432 -0.129
Correlation
3Hayumoctb  0.297 0.000 0.000 - 0.000 0.000 0.000 0.067
Significance
Cc4/5 Koppensnus  0.109 -0.264 0.517 0.648 1.000 0.639 0.551 0.082
Correlation
3HayuMocth  0.121 0.000 0.000 0.000 - 0.000 0.000 0.243
Significance
C3/4 Koppensuusa  0.119 -0.303 0486 0.521 0.639 1.000 0.686 0.129
Correlation
3Hauumocth  0.092 0.000 0.000 0.000 0.000 - 0.000 0.067
Significance
Cc2/3 Koppensiqusa ~ 0.238 -0.341 0402 0432 0551 0686 1.000 0.269
Correlation
3Hauumocth  0.001 0.000 0.000 0.000 0.000 0.000 - 0.000
Significance
H3MeHeHUA B Koppenanusa  0.667 -0.060 -0.176 -0.129 0.082 0.129 0.269 1.000
meiHoM otaesie Correlation
HNO3BOHOYHMKA  3yaqymocty  0.000 0.393 0.012 0.067 0.243 0.067 0.000 -
Changesinthe  gjgpificance

cervical spine

CPYyIIIe U CHUXKEHNEM UX K 1-U IPyIIe, pasHUIA —
B AuamasoHe 0.3—0.5 MM.

Hamu ObLia BBINOJIHEHA OIEHKA KOPPEJISAIHOH-
HBIX CBSA3E€H MKy IepeMeHHbIMU 110 IIupcoHy
(Tabs. 2), Cnupmeny u Tay-b Kengasa (Tabs. 3).

IpezicraBieHHbIE JJAHHBIE IEMOHCTPUPYIOT 3HAYUM-
MYIO KOPPEJIALNI0 3HAUEHUH BO3pacTa ¢ BhIPAXKEHHO-
CTBI0O M3MEHEHMH IIeHHOro OTesa IT03BOHOYHHKA,
BBICOTON AuckoB C2/3, a TakKe I0JIa TAIUEHTOB C
BBICOTOH BCEX MEKIIO3BOHOUHBIX JUCKOB. I1pu orieHKe
JIAHHBIX KOPPEJIAIMOHHOIO0 aHaIM3a 110 [TupcoHy ObuTH
BBISIBJIEHBI 3HAUYMMBIE CBSI3W MEXK/Ty 3HAUEHUSMU BEP-
THUKAJIBHBIX PA3MEPOB BCEX MEKIIO3BOHOUHBIX JTUCKOB.

Cxoskrie pe3ysIbTaThl ObLIM OTMEYEHBI IIPH KOP-
pensanuonHoM aHanu3se nmo Crnupmeny u tay-b Ken-
Jasia.

degenerative and dystrophic changes from the 1st to
the 3rd group. The opposite dynamics were noted for
C2/3 and C4/5 intervertebral discs among women —
the vertical dimension decreased from the 3rd to the
1st group. The data obtained make it possible to sup-
plement an information about the dynamics of
changes of morphometric parameters with under-
lying degenerative and dystrophic changes, and with
regard to the gender of patients, which makes it pos-
sible to develop tools for computational analysis of
diagnostic information, improving the quality of
medical care.
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Ta6smmua 3. Pe3ysibTaThl KOPPESIIIMOHHOTO aHaIk3a o CnupMeHy u Tay-b Kenpania
Table 3. Results of the Spearman’s and Kendall’s tau-b correlations

Bos- Mot c6/7 C5/6 C(C4/5 C3/4 C2/3 HsmeHeHusA
pact  Sex NO3BOHOYHHMKA
Age B lIefiHOM
oTAese
Changes in the
cervical spine
Tay-b Kendasna / Kendall’s tau-b
Bo3spact Koppensuus / Correlation 1.000 0.120 -0.012 -0.041 0.073 0.115 0.177 0.541
Age 3HauuMocThb / Significance - 0.039 0.797 0388 0.127 0.016 0.000 0.000
Ion Koppensanus / Correlation 0.120 1.000 -0.163 -0.248 -0.214 -0.251 -0.271 -0.069
Sex 3HayuMocTb / Significance 0.039 - 0.005 0.000 0.000 0.000 0.000 0.301
c6/7 Koppensanus / Correlation -0.012 -0.163 1.000 0.387 0.355 0.343 0.262 -0.135
3nauumocTs / Significance 0.797  0.005 - 0.000 0.000 0.000 0.000 0.014
C5/6 Koppensnus / Correlation -0.041 -0.248 0.387 1.000 0.462 0.394 0.312 -0.098
3HauuMocTs / Significance 0.388  0.000  0.000 - 0.000 0.000 0.000 0.075
C4/5 Koppensuus / Correlation 0.073 -0.214 0.355 0.462 1.000 0.467 0.394 0.060
3HauuMocTs / Significance 0.127 0.000  0.000 0.000 - 0.000 0.000 0.277
C3/4 Koppensanus / Correlation 0.115 -0.251 0.343 0394 0.467 1.000 0.522 0.128
3HayuMocTh / Significance 0.016  0.000 0.000 0.000 0.000 - 0.000 0.020
Cc2/3 Koppensanus / Correlation 0.177 -0.271 0.262 0312 0.394 0.522 1.000 0.220
3HaunMocTs / Significance 0.000 0.000  0.000 0.000 0.000 0.000 - 0.000
U3menenns  Koppesnsnus / Correlation 0.541 -0.069 -0.135 -0.098 0.060 0.128 0.220 1.000
MO3BOHOYHM" 3, yumocts / Significance 0.000 0301  0.014 0.075 0.277 0.020 0.000 -
Ka B IIEI{HOM
oTAesie
Changes in
the cervical
spine
Ilo Cnupmeny / Spearman's correlation
Bo3spacr Koppensnus / Correlation 1.000 0.145 -0.020 -0.060 0.111 0.166 0.255 0.661
Age 3nayumocTs / Significance - 0.038 0.774 0395 0.114 0.018 0.000 0.000
IMos Koppensauyus / Correlation 0.145 1.000 -0.197 -0.300 -0.259 -0.304 -0.329 -0.073
Sex 3HauuMocTsb / Significance 0.038 - 0.005 0.000 0.000 0.000 0.000 0.302
Cce/7 Koppensuus / Correlation -0.020 -0.197 1.000 0.541 0.507 0478 0.381 -0.178
3HayuMocTb / Significance 0.774 0.005 - 0.000 0.000 0.000 0.000 0.011
C5/6 Koppensanus / Correlation -0.060 -0.300 0.541 1.000 0.629 0.551 0.445 -0.127
3HauumocTs / Significance 0.395 0.000  0.000 - 0.000 0.000 0.000 0.070
C4/5 Koppensuus / Correlation 0.111 -0.259 0.507 0.629 1.000 0.638 0.551 0.076
3HauuMocTsb / Significance 0.114 0.000  0.000 0.000 - 0.000 0.000 0.281
C3/4 Koppensnus / Correlation 0.166 -0.304 0.478 0.551 0.638 1.000 0.717 0.162
3nayumocTs / Significance 0.018 0.000 0.000 0.000 0.000 - 0.000 0.021
Cc2/3 Koppensuus / Correlation 0.255 -0.329 0.381 0.445 0.551 0.717 1.000 0.279
3HayuMocTs / Significance 0.000 0.000 0.000 0.000 0.000 0.000 - 0.000
U3meHnenusa  Koppesnsanus / Correlation 0.661 -0.073 -0.178 -0.127 0.076 0.162 0.279 1.000
MO3BOHOMHM" 3, yumocts / Significance  0.000 0302 0.011  0.070 0.281 0.021  0.000 -
Ka B IIEei{HOM
oTAesIe
Changes in

the cervical
spine
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Puc. 3. Pacupe/iesienne BepTHKAIBHBIX Pa3MepPOB (MM) MEKITO3BOHOUHBIX AUCKOB C3/4 u C6/7 cpeu BCeX yIaCTHUKOB
HCCIIE/TOBAHUS C IIOCTPOEHUEM MOJIEJIH JINHEWHON PErpeccuu
Fig. 3. Distribution of the vertical dimensions (mm) of C3/4 and C6/7 intervertebral discs among all study participants
with construction of a linear regression model

5.5

5.0

4.5 1

c4/5

4.0

3.5

3.0

2.5

2.0 3.0 4.0 5.0 6.0
C5/6

Puc. 4. PactipesiesieHne BEPTHKAIBHBIX Pa3MePOB (MM) MeKII03BOHOUHBIX IHCKOB C4/5 u C5/6 cpean Bcex y9aCTHHKOB
HCCIIe/IOBAHUSA C IOCTPOEHUEM MO/IEJIN INHEWHON Perpeccuu
Fig. 4. Distribution of vertical dimensions (mm) of C4/5 and C5/6 intervertebral discs among all study participants with a
linear regression model construction
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Ipaduueckud KOppEJISIUOHHBIE CBA3U IS
OTHOIIIEHUH Pa3MepPOB MEKIIO3BOHOUYHBIX JUCKOB
C3/4 u C6/7 u C4/5 u C5/6 mpencraBieHbl Ha
puc. 3, 4.

3AK/JIOYEHUE

[TpencraBiieHHbIE pE3yJIBTATHI HCCIETOBAHUSI
CBUJIETEJIBCTBYIOT O CHHUKEHUHM B OOJIBIINHCTBE
CJIydaeB BEpPTHUKAJIbHOTO pa3Mepa MeKII03BOHOY-
HBIX JWCKOB IIEWHOTO OT/iesia BCJIEJICTBHE IIPO-
IPECCUPOBAHUsA JI€ET€HEPATUBHO-UCTPOPUIECKUX
U3MEHEHHUH OT 1-U K 3-U rpynne. bpuia orMeyeHa
obparHas JUHAMUKA JIJIsI MEXKIIO3BOHOUYHBIX JHC-
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PaszpaboTka 1 BaIuganusa METOAUKHN KOJTUIECTBEHHOTO
omnpeaeJeHus TPUMeTa3HIuHA JUTHAPOXJI0PUIAA AIA
HCCIe0BaATEIbCKUX IeJIeH

P. Anppyxaune®?, C.H. Cycinna!

OI'AOY BO «Poccuiickuil yHugepcumem opyxcovt Hapodos um. ITampuca Jlymymosr», Mockea, Poccus
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AHHOTAIIUA

BBepgenue. Merogonorus papmManeBTHUECKON pa3pabOTKH IPeAyCMAaTPUBAET MOJIyIeHE U AHAJIU3 DKCIIEPUMEH-
TaJIBHBIX 00PA3I[0B, B YACTHOCTH I10 KOJIMUECTBY JEHCTBYIOIIETO BEI[ECTBA B CPEZIE PACTBOPEHUsI/BbICBOOOK /IeH . JlJist
CTaHAAPTHU3AIMY KauecTBa (papManeBTHIECKUX CyOCTaHITNI HCIIOIB3YIOT COBPEMEHHBIE CIIEKTPATIbHBIE U XpoMaTorpadu-
YeCKHe METO/IbI, UYTO CYIIECTBEHHO YCJIOXKHsET TeCTHPOBaHUEe 00pasloB B dKcrepuMeHTe. PazpaboTka W Bamganus
JIOCTYITHOH METOZMKU CIIEKTPO(OTOMETPHUECKOTO OIpe/ieIeH s TpuMeTasuauHa auruapoxiaopuzaa (TM/I) Heobxoauma
JUIS OLEHKY KMHETHKHU BBICBOOOXKIEHUS B HCCIIEAyEeMbIX 00pasiax.

IT e 1 b . PaspaboTka u Basinianus cueKTpoGhOTOMETPUYECKON METOAUKHU KOJTMYECTBEHHOTO onpenenenus TM/I.
MaTtepuanas u MeTo[b . ®apmaneBruueckue cydcraniuu TM/] 1 BCIOMOTraTeIbHBIX BEIIECTB COOTBETCTBO-
BaJIU TPeOOBAHUAM HOPMAaTHUBHBIX JIOKYMEHTOB 110 KadecTBy. CepTuduIpoBaHHbIe TPUOOPHI, 000PYZOBaHUE U UCIIOIb3Y-
eMble METOZIUKU COOTBETCTBOBAIN TpeboBauusaM ['ocynapcrBentoi ®apmakoneu PO XIV uzgauus u pekomenaanusam ICH.
PesynbTartsl. [ua pa3pabOTKH METOAUKH CIEKTPOGOTOMETPUIECKOTO orpezesieHus: TM/I yCTaHOBJIEH MaKCHMyM
IIOIJIOLIEHNA IIPU JIJIMHE BOJIHBI 269 + 2 HM. B cBA3K ¢ HEOOXOZUMOCTBIO KOJINYECTBEHHON OIleHKU IpodIell KUHETUKU
BBICBOOOXK/IEHU S IEHCTBYIOIIETO BEIIECTBA U3 SKCIIEPUMEHTATBHBIX 06pa3IoB (rpanysisaTh! 1 Tabaerkn) TM/I B KUCIOH cpezie
u dpocharaom Gydepe (pH = 6.8 + 0.05) BaTHUAAINIO METOAUKHU IIPOBO/IJIA B COOTBETCTBYIOIIUX yCIoBUsX. IlocTpoeHHast
KaJIMOpOBOYHAs KpUBas MOKA3aJIa, YTO JIMHEWHBIM JHUANa30H MPEIJIOKEHHON METOMKHU COCTAaBJIAET 5.0—25.0 MKT/MJI C
K03 PUITUEHTOM KOPPEJISIIIUU 0.9994 B kucioi cpeae (HCl 0.1 M) u 10.0—-50.0 MKr/Mi1 ¢ KO3G@HUITHEHTOM KOPPEJIAIIHI
0.9997 B dpocdatHOM Gydepe. Takue xapaKTepUCTUKY Pa3paboTaHHON METOINKY, KaK CIEIU(HUUHOCTD, IPABUJIBHOCTD U ITpe-
[IU3MOHHOCTD, HAXO/WJIHCH B JIOITYCTUMBIX ITpesiesiax. OmpesiesieHre ¢ OMOINbIo 3Tol Metoguku TM/I B MOJIe/IBHBIX CMeCAX B
cocTaBe IPaHyJI ¥ Ta0JIETOK [T0KA3aJI0 COBIIQ/IEHHE C TEOPETUUECKUMHU 3HAUeHUAMHU B TPAHUIIAX JOIYCTUMbIX OTKJIOHEHHH.
3axkniouyeHwue. PazpaboraHa U BATUAUPOBAHA CLIEKTPOMOTOMETPHUYECKAS METOIUKA KOJIMYECTBEHHOTO OIpeziesie-
Huys T/I Ipyu MakcuMyMe HOIJIOIIEHNUS 269 + 2 HM, YTO II03BOJIAET HCIIOJIb30BATh €€ B X07ie papManeBTHIeCKOH pa3paboTKY.
Karouesnle cnoa: TpuMeTazuIuH, aHAIUTHIECKIH MeTO/I, KOJIMIECTBEHHOE OIIPE/IeJIEHHE, CIEKTPO(OTOMETPYS, BAJTUALIVS.
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Development and validation of an accessible analytical method for
the quantification of trimetazidine dihydrochloride for research
purposes
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ABSTRACT
Introduction. The methodology of pharmaceutical development provides for the preparation and analysis of
experimental samples, in particular by the amount of an active substance in the dissolution/release medium. Modern spec-
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tral and chromatographic methods are used to standardize the quality of pharmaceutical substances, which significantly
complicates testing samples. The development and validation of an accessible method for the spectrophotometric determi-
nation of trimetazidine dihydrochloride (TMD) is necessary to assess the release kinetics in the samples studied.

A im . Development and validation of a spectrophotometric method for the quantitative determination of TMD.
Materials and methods. Pharmaceutical substances of TMD and excipients met the quality requirements
of regulatory documents. The certified devices, equipment and methods used complied with the requirements of the State
Pharmacopoeia of the Russian Federation, 14th ed. and the recommendations of the International Council for Harmonisa-
tion of Technical Requirements for Pharmaceuticals for Human Use (ICH).

Results. To develop a method for the spectrophotometric determination of TMD, the maximum absorbance was
detected at 269 + 2 nm. Due to the need to quantify the release profiles of the active substance from experimental samples
(granulates and tablets) of TMD in acidic medium and phosphate buffer (pH = 6.8 + 0.05), the method was validated under
such conditions. The constructed calibration curve showed that the linear range of the method is 5.0-25.0 pg/ml with a
correlation coefficient of 0.9994 in acidic medium (HCI 0.1 M) and 10.0—50.0 ug/ml with a correlation coefficient of 0.9997
in phosphate buffer. Such characteristics of the method as specificity, accuracy and precision were within reference limits.
The determination of TMD using this method in mixture models formulated into granules and tablets showed coincidence
with the reference values within the limits of acceptable deviations.

Conclusion. Aspectrophotometric method for the quantitative determination of TMD within the maximum absor-
bance at 269 + 2 nm was developed and validated, which makes it possible to use it during pharmaceutical development.
Keywords: trimetazidine, analytical method, quantification, spectrophotometry, validation.
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BBEJAEHUNE INTRODUCTION
TpumerazuHa JIUTHAPOXJIOPU]T (T™M/T) Trimetazidine dihydrochloride (TMD) [1-(2,3,4-
[1-(2,3,4-TpuMeTOKCUOEH3 M )-IUIIepasuHa  JTUTH- trimethoxybenzyl)-piperazine dihydrochloride]

nmpoxsopuz] (puc. 1), MOJIeKy/IsipHast Macca — 339 T,
sipyisieTcs: 3MGEKTUBHBIM, XOPOIIO TePeHOCHMbIM
MperapaToM, HCIOJIb3yeMbIM B KapJUOJOTHU JIJIst
HOpPMaJIU3aIMK  MeTabOJIMYECKHUX TIpoIeccoB [1].
TpumeTrasuauH — TUMTOPUIBLHOE cIab0e OCHOBaHUE C
JIByMsI 3HAUEHUSIMU 1TOKa3aTeJIsi KOHCTAHThI KUCJIOT-
Hoctu (pKa): pKa1 = 4.45 + 0.02 u pKa2 = 9.14 + 0.02
[2], c oueHBb HU3KOM PACTBOPUMOCTHIO B BO/IE ITO CPAB-
HEHUIO C O/THOITPOTOHUPOBAHHBIM WJIU JIBAKIBI IIPO-
TOHUPOBAHHBIM TPUMETAZUIUHOM, 06Pa3yIOIINMCS B
kucsion cpege. TM/I Kak cosb MpeAcTaBisieT cobou
CJIeTKA TUTPOCKOIIMYHBIN OesIbId FUTH TOYTH OesIbIit
KPHUCTULINYECKUH TOPOIIIOK, JIETKO PACTBOPUMBIH B
BOJIe ¥ YMEPEHHO — B criupre [3].

AHayu3 JIMTEpPaTyphbl TOKa3al HaJUYhe 3HAYU-
TEJIPHOTO KOJIMYECTBA METOJHK: CIIEKTpOdOTOME-

CHy O

)

H.Co
Sl s

_CHj

(Fig. 1), having molecular weight of 339 g, is an effec-
tive, well-tolerated drug used in cardiology to nor-
malize metabolic processes [1]. Trimetazidine is a
lipophilic weak base with two values of the acid dis-
sociation constant (pKa): pKai = 4.45 + 0.02 and
pKa2 = 9.14 + 0.02 [2], with very low aqueous solu-
bility compared with single-protonated or double-
protonated trimetazidine formed in acidic medium.
TMD as a salt is a slightly hygroscopic white or
almost white crystalline powder, freely soluble in
water and sparingly — in alcohol [3].

An analysis of the literature has shown a signifi-
cant number of analytical methods (spectrophotom-
etry in the ultraviolet (UV) and visible regions, chro-
matography (high-performance liquid, high-perfor-
mance thin-layer and gas), electroanalytical and

2HCI

K/NH

Puc. 1. Popmysia TpUMETA3UANHA JUTHAPOXIOPUIA
Fig. 1. The chemical structure of trimetazidine dihydrochloride
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Tpuueckue B yibrpaduosieropor (COM-YO) wu
BUIUMOM 00J1aCTsIX, XpoMaTorpadgpuuecKue: BHICOKO-
o PexkTuBHAA KUAKOCTHAS, BBICOKO3h(eKTUBHAA
TOHKOCJIOWHAsS ¥ Ta30Basi, 3JIEKTPOAHATTUTHIECKHE U
XEMIWIIOMUHECIIEHTHbIE METOAUKU U Ap. — JUId
KOJINYECTBEHHOI'0 ompeziesieHusa (apmareBTuye-
ckout cybcranmuu TM]T [4]. Cpenu 5THX MeETOAUK
COM-Y® maubosiee MpeAIOUTHTEIbHA IS HCCTIe-
JIOBATEJIbCKOU MPAKTHUKU B CBSA3U C IPOCTOTOU IIPO-
BeJIEHUs aHAIN3a, JIOCTYITHOCThI0 0OOPYIOBAaHUSA KU
PaCXOIHBIX MAaTEPUAJIOB U SKOHOMHUEH BpeMeHHU [5].

T.K. Murthy et al. mpe/yioskeHsI /1Be IPOCThIE U
YyBCTBUTEJIPHBIE CHEKTPOPOTOMETPUUECKHE METO-
JUKU 1A onpeneneHus TM/[ B IpoMeXyTOYHBIX
MIPOJIyKTaX U JIEKapCTBeHHBIX popmax (JID). ITepras
OCHOBaHA HAa OKHCJIUTEJIbHOM CBS3BIBAHWU TH/IpPa-
3UHTUAPOXJIOPUIA 3-METII-2-0€H30THA30JIMHOHA C
TM/I B npucyTCTBUU cyabdaTa epus U aMMOHUA C
MOJIyYeHUEM OKPAIIIEHHOTO KOMILJIEKCAa U HU3Mepe-
HHEM €ro TMOTJIOIIEHHSA IpU 520 HM. BTopas mero-
IUKa — II0 PEaKIUH OKHCJIEHNS/BOCCTAHOBJIEHUS
TMZ c¢ peaktuBom Ponuna-Yoxkansrey (Folin-
Ciocalteu), ¢ u3MepeHreM ONTHYECKOH ILIOTHOCTH
OKpAaIIeHHOTO IPOAYKTA ITpu 745 HM [6]. TM/I Taxke
omnpezensanu B JI® ¢ noMOLIbI0 METOAUK, OCHOBAH-
HBIX Ha 00pa30BaHUU OKpAIIEHHBIX KOMILIEKCOB: C
HOZI0M B KauyecTBe O-aKIeNTopa B CyXOM 1,2-/1U-
XJIOpaTaHe — abcopOIMsA KOMIUIEKCA JKEJITOTO IBETA
IpU JJTUHE BOJIHBI 364 HM U C OPOMKPE30JIOBBIM
3€JIEHBIM B CYXOM 1,2-TUXJIOPATaHE C 00pa30BaHUEM
OKpAIIIEeHHOTO KOMIUJIEKCA B PACTBOpPE, U3MEPEHHOM
pu 408 uMm [7].

G. Krishnamoorthy, M. Ganesh paspa6oranu
MeToguKy aHanusza TM]I, OCHOBaHHYI0O Ha U3Mepe-
HHUU ONTUYECKOU IUIOTHOCTU BOJHOTO PacTBOpa Mpu
270 HM C IMANla30HOM JIMTHEUHOCTU OT 400 JI0 700
MKT/MJI, YTO TaK}Ke€ YCIIENIHO IPUMEHSETCA JJIs
ompeziesIeHus: JIeHcTByIolero Bemecrea B JI® [8].
IIpu ampobanuu 5TOH METOAVKH YCTAaHOBJIEHA BO3-
MOKHOCTD €€ HCIIOJIb30BaHUs B OTHOIIIEHUH (papMa-
neBTHYecKou cyocrannyu TM/I ¢ pasHbIM Ipamnaso-
HOM JINTHEWHOCTH, OJHAKO OHA OKa3ajiach HEIpHMe-
HHUMAa IIPU OIleHKE KHMHETHUKU BBICBOOOXKIEHUS WJIH
KOJIMYECTBEHHOTO OTIPE/IEIEHUS B COCTaBE SKCIIEPH-
MeHTaJIbHBIX 00pas1oB JIO.

E.B. KomnaHIleBOH U COaBT. OIICAaHA METOAUKA
KoJTnuecTBeHHOTO onpeaenenus TM/] B TabieTkax,
MTOKPBITHIX 000JIOUKOHM, B COOTBETCTBHUHU C OOIIEH
dapmakomnerinonr cratbelt (OPC) 1.2.1.1.0003.15
«CnektpodoToMeTpuss B YAbTpa(UOIIETOBOH U
BUAUMOU oOsactsax». Cpefla pacTBOpeHHUs U pac-
TBOPUTEJIb JIJIA ONpPEJEJIEHUs] CTAHAAPTHOTO PacT-
Bopa: HCl 0.1 M, £ =233 am. Konuuecrso TM/I B
obpasIie orpesiesisieTcs MyTeM U3MepeHUs OITHYe-

chemiluminescence methods, etc.) for the quantita-
tive determination of the pharmaceutical substance
of TMD [4]. Among these methods, UV spectropho-
tometry is the most preferred for research practice
due to the ease of analysis, affordability of equip-
ment and supplies, and time savings [5].

Murthy et al. proposed two simple and sensitive
spectrophotometric methods to determine TMD in
bulk and in dosage forms (DFs). The first is based on
the oxidative coupling of 3-methyl-2-benzothiazoli-
none hydrazone hydrochloride with TMD in pres-
ence of ceric ammonium sulfate to form a colored
product with £ at 520 nm. The second method is
based on the oxidation/reduction reaction of TMD
with Folin-Ciocalteu reagent to form a colored prod-
uctwith£ _at745nm[6]. TMD was also determined
in DFs using techniques based on the formation of
colored complexes: with iodine as o-acceptor in dry
1,2-dichloroethane — the maximum absorbance of a
yellow colored complex at 364 nm and with bromo-
cresol green in dry 1,2-dichloroethane with the for-
mation of a yellow colored complex with the maxi-
mum absorbance at 408 nm [7].

Krishnamoorthy and Ganesh developed a spec-
trophotometric method for detection of TMD based
on measuring the absorbance at 270 nm with a con-
centration range from 400 to 700 pg/ml, which is also
successfully used to determine the active substance in
DFs [8]. During the testing of this method, the possi-
bility of its use for the pharmaceutical substance of
TMD with a different range of linearity was revealed;
however, it turned out to be inapplicable when evalu-
ating the release kinetics or quantification in the com-
position of experimental samples of DFs.

The method of quantitative determination of
TMD in coated tablets, in accordance with the
general pharmacopoeial monograph (GPM)
1.2.1.1.0003.15 Spectrophotometry in the UV and
visible area is described by Kompantseva et al.
The dissolution medium and solvent for the deter-
mination of the standard solution: HCl 0.1 M,
£ .. =233 nm. The amount of TMD in the sample is
determined by measuring the absorbance of the
standard and test solutions [9].

Because of developing modified-release dosage
forms of TMD involves a dissolution test in two dif-
ferent media: acidic medium (HCI 0.1 M) and phos-
phate buffer (pH 6.8 + 0.05), it is necessary to
develop and validate a technique for each of them.

AIM OF THE RESEARCH

Development and validation of a spectrophoto-
metric method for the quantitative determination
of TMD.
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CKOH IUJIOTHOCTH CTAHZAPTHOTO U HCIBITYEMOTO
pactBopos [9].

B cBs13H ¢ TEM, UTO CO3/IaHKE CUCTEM MOIUMDHUIT-
poBaHHOTO BBICBOOOXKAeHuss TMJ/I mpesmnosaraer
MIPOBEJIEHHUE TECTA PACTBOPEHUS B /IBYX PA3HBIX Cpe-
nax: kucsoi cpene (HCl 0.1 M) u pocdhataHoM Oydepe
(pH 6.8 £ 0.05), HeoOXOAMMO pa3paboTaTh U BaJIU-
JIUPOBATh METOJIUKY IS KaXK/I0H U3 HUX.

IIEJIb NCCJIEAJOBAHUA

PazpaboTka u Banmupaius CrneKTpohOTOMETpHU-
YeCKOH MEeTOANKH KOJMYECTBEHHOTO OIIpesiesie-
Husa TM/I.

MATEPUAJIBI 1 METO/IbI

DKCIIepUMEHTHI ITPOBEIEHBI Ha Kadeape obiei
dapmaneBTHUeCKOl U OHOMEIMUITUHCKON TEXHOJIO-
run Meguiuackoro uHcerutyra ®I'AOY BO «Poc-
CUUCKUI YHUBEPCUTET JpPYKOBI HAPOZOB WM.
ITatpuca JIymymObI» B COOTBETCTBUM C hapMaKo-
MMeHHBIMU METOINKaMU [10].

0O0bBexT uccaegopauua: TM/I (Trimetazidine,
CAS 5011-34-7, Alcon Biosciences Pvt. Ltd., Uagus),
Kommgou® SR (Kollidon® SR, CAS 9003-20-7,
BASF, Tepmanusi), dyaparut® RS30D (Eudragit®
RS30D, CAS 33434-24-3) u Oyzaparut® RSPO
(Eudragit® RSPO CAS 33434-24-1) mpouU3BOJICTBA
Evonik (Tepmanust), IToIUBUHUITAPPOIUAOH-K25
(Povidone K25, CAS 9003-39-8, Boai NKY
Pharmaceuticals Ltd, Kuraii).

OnpepesieHne MakKCHUMyMa IOIVIOIIeHUA
(£ .)- Tounyio HaBecky 100.0 mr TM/I pacTBopsiu
B 100 M1 0.1 M HCI ¢ mosyuyeHneM HUCXOTHOTO pac-
TBOpa (1000.0 MKT/MJI). AJTUKBOTBI MCXOTHOTO Pac-
TBOpA IMEPEHOCWJIM B MEpPHbIE KOJIOBI JJIs IOJIyue-
HUA KOHIEHTpalui 5.0, 10.0, 15.0, 20.0, 25.0,
30.0 MKI/MJI COOTBETCTBEHHO. PacTBOpHI CKaHUPO-
Bamn B Y®-nmamazoHe Ha CreKTpodOTOMETpE
C®-102 (Poccusa), MakCMMyM MOIJIOIIEHHA A
MOJIyYeH IPH JUIMHE BOJHBI 269 HM. [lo 3TOH ke
cxeme Takke Oblia ompejieJieHa BeJIMYUHA K B
docdaraom 6ydepe (pH 6.8 + 0.05), KoTOpas Tak:Ke
cocraBuia 269 HM.

[Ipenyiaraemas MeTOAMKa OIlEHUBAJIACH IO aHA-
JIMTHYECKUM TMapaMmerpaM B kuciou cpeme (HCI
0.1 M) u pocharaom 6ydepe (pH 6.8 + 0.05) B cooT-
BercTBuH ¢ OPC 1.1.0012.15 «Baymmpgainusa aHaIuTu-
yeckux metouk», OPC 1.2.1.1.0003.15 «CrnekTpo-
doromerpuss B YO wu BuguMod o6yacTaAx» U
0®dC.1.4.2.0014.15 «PacTBOpeHue /i1 TBepPbIX
JIOBUPOBAHHBIX JIEKAPCTBEHHBIX ¢GopM» [10] U ¢
pexomenpanusivu ICH [11].

AnpobGanua meroguxku B HCI 0.1 M. Ananu-
THYecKass 00JIacTh: /ISl OMpeZieJIeHUsT WHTepBasa

MATERIALS AND METHODS

The experiments were conducted at the Depart-
ment of General Pharmaceutical and Biomedical
Technology of the Medical Institute of the Peoples’
Friendship University of Russia in accordance with
pharmacopoeial techniques [10].

The object of research: TMD (Trimetazidine,
CAS 5011-34-7, Alcon Biosciences Pvt. Ltd., India),
Kollidon® SR (CAS 9003-20-7, BASF, Germany),
Eudragit® RS30D (CAS 33434-24-3) and Eudragit®
RSPO (CAS 33434-24-1, Evonik, Germany), Polyvi-
nylpyrrolidone k25 (Povidone K25, CAS 9003-39-8,
Boai NKY Pharmaceuticals Ltd, China).

Determination of the maximum absor-
bance (£ ). An accurately weighed quantity of
100.0 mg of TMD was dissolved in 100 ml of 0.1 M
HCI to obtain a stock solution (1000.0 pg/ml).
Aliquots of the stock solution were transferred to
graduated flasks to obtain concentrations of 5.0,
10.0, 15.0, 20.0, 25.0, 30.0 ug/ml, respectively. The
solutions were analyzed in the UV range using a
SPH-102 spectrophotometer (Russia), A, was found
at 269 nm. According to the similar manner, the £
value in phosphate buffer (pH 6.8 + 0.05) was
determined, which also amounted to 269 nm.

The proposed method was evaluated by analyti-
cal parameters in acidic medium (HCI 0.1 M) and
phosphate buffer (pH 6.8 + 0.05) in accordance
with the GMP 1.1.0012.15 Validation of analytical
techniques, GMP 1.2.1.1.0003.15 Spectrophotom-
etry in the UV and visible area and GMP
1.4.2.0014.15 Dissolution of solid pharmaceutical
dose forms [10] and with the recommendations of
the International Council for Harmonisation of
Technical Requirements for Pharmaceuticals for
Human Use (ICH) [11].

Approbation of the method in HCI 0.1 M.
Analytical range: to determine the interval between
the lower and upper concentration values, several
concentrations of TMD in 0.1 M HCl in the range of
1.0—40.0 pg/ml were prepared and their absorption
was recorded at 269 nm.

Linearity: to check linearity, the absorbance of
5 samples with different concentrations of TMD was
measured. A calibration curve was constructed rep-
resenting the absorbance at concentration, and an
equation y = bx + a with a correlation coefficient (R?)
was obtained.

Specificity: shows that the presence of related
excipients does not affect the result of the analysis
in an unintended way. For this purpose, various
solutions of TMD at a certain concentration (HCI
0.1 M) were prepared and their absorbance values
were measured using the spectrophotometer at
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Ta6una 1. OneHka NpaBU/IbLHOCTH METOAUKHU B Kucon cpese (HC1 0.1 M)
Table 1. Assessment of the accuracy of the method in acidic medium (HCI 0.1 M)

KoHueHTpanus, MKT/MJI
Concentration, pg/ml

CpegHee 3HaueHUe * SD, MKr/M
Mean value * SD, pg/ml

BoccraHoBiienue + RSD, %
Recovery + RSD, %

7.5 7.44 £ 0.07
10.0 9.95+0.19
12.5 12.40 £ 0.24
15.0 15.01+0.26
17.5 17.3+0.30

99.15 £ 0.95
99.46 + 1.94
99.23 £ 1.96
100.09 £1.73
98.86+1.71

[Ipumeyanue. SD - cranjapTHOe oTK/JI0HeHUe; RSD - oTHOCUTe/IbHOE CTaHJapTHOE OTKJIOHEHHUeE.

Note. SD - standard deviation; RSD - relative standard deviation.

MEX/Iy HIDKHUM U BEDXHUM 3HAUEHUAMHU KOHIIEH-
Tpaluy TOTOBWIH PsAx KoHieHTpanuii TM]T B HCI
0.1 M B nmamnasoHe 1.0—40.0 MKI/MJI B (PUKCUPO-
BaJIU UX MIOTJIOIIEHHE IIPHU 269 HM.

JIuHEeNHOCTD: ISl MPOBEPKU JIMHEHHOCTU U3Me-
PSJTA ONTHYECKYIO TUIOTHOCTD 5 00pAas3IioB ¢ pa3Ind-
HBIMU KoHIleHTparusamu TMJI. KanubpoBouHyio
KPUBYIO CTPOWJIM, IIPE/ACTABASA ONTUYECKYIO IIJIOT-
HOCTb IIPU KOHI[eHTPaIN!, U MOJIy4aii ypaBHEHHE B
dopme y = bx + a ¢ xkoshPUIHEHTOM KOPpEJs-
muu (R?).

CrenuduYHOCTh: TIOKA3bIBAET, YTO HAJINYUE
COIIYTCTBYIOIIIUX KOMIIOHEHTOB HE BJIUSET HAa PEe3YJIb-
TaT aHAJIM3a HEIPEeIyCMOTPEeHHBIM obpasom. s
5TOr0 rOTOBWJIM pas3jinuHble pacTBopbl TM/I ompe-
nenenHol kounenTparuu B HCl 0.1 M u mostyganu
3HAUEeHUs WX IOIJIOIIeHUA Ha cleKTpodoToMeTpe
npu A= 269 HM. 3aTeM NpoLeypy HOBTOPAJIH C
00aBJIEeHUEM WCIOJIb3YEMbBIX BBIIIEYIOMIHYTHIX
BCIIOMOTaTeJIbHBIX BerecTs (BB).

[IpaBUJIBHOCTB: YCTAHABJIUBAJIU C HCIOJIH30-
BaHUEM 5 MOBTOPOB /I KaXKJOT'0 U3 5 YPOBHEH
KOHIIEHTPAIlUU, BKJIIIOUEHHBIX B INAIA30H JUHEH-
HoctH, pactBopoB TM/I 8 HCl 0.1 M. Onituyeckyio
IJIOTHOCTh U3MEPSJIN Ha CIIEKTPODOTOMETPE IPU
269 HM /I KaXX/IOTO YPOBHA KOHIIEHTpAaIlUU,
3aTeM 10 KaJubpoBaHHOMY TpadHKy OIpese-
aanu KoHeHTpanuio TM/] B pacTBope u paccuu-
TBIBAJIU CpeJlHee 3HaueHHe KOHIeHTpaluu
(tab. 1).

[Ipenn3MOHHOCTh: U3y4YaeTcsi Ha OJHOPOJIHBIX
BBIOOPKAX M MOXKET OIEHMBATHCS KaK IIOBTOpsie-
MOCTh (CXOIMMOCTh) M Kak BHyTpHJIabopaTopHas
(IpoMeskyTOUHas1) TPENHU3UOHHOCTh. IloBTOpsie-
MOCTBb MOXKHO OIIPE/IeIUTD IIyTeM aHaIu3a 4 MOBTO-
POB UL KQXKI0TO U3 5 YPOBHEN KOHIIEHTpanuu (5.0,
7.5, 10.0, 12.5, 15.0 MKT/MJI) B TOT 3K€ JIeHb, 3aTeM
aHAIN3 TOBTOPSIJIU B TeUEHUE TPEX PA3HBIX JHEH
JUISL OIEHKH IIPOMEXKYTOUHOU IPENU3UOHHOCTH,

A,.. = 269 nm. The procedure was then repeated
with the addition of the abovementioned exci-
pients.

Accuracy: it was assessed using 5 replications for
each of 5 concentrations included in the linearity
range of TMD solutions in HCI 0.1 M. The absor-
bance was measured using the spectrophotometer at
269 nm for each concentration level, then the con-
centration of TMD in the solution was determined
using a calibration plot and the mean concentration
value was calculated (Table 1).

Precision: it is studied using homogeneous
samples and can be assessed as repeatability and
as intermediate precision. Repeatability can be
determined by analyzing in 4 replications for
each of 5 concentrations (5.0, 7.5, 10.0, 12.5,
15.0 pg/ml) on the same day, then the analysis was
repeated over three different days to assess inter-
mediate precision by determining its reproducibil-
ity (Table 2).

Approbation of the method in phosphate
buffer (pH 6.8 + 0.05). Analytical range: several
TMD concentrations of TMD were prepared in phos-
phate buffer (pH 6.8 + 0.05) in the range of 1.0—
70.0 pug/ml and absorbance values were determined
at 269 nm.

Linearity: the absorbance of 5 samples with dif-
ferent concentrations of TMD in the analytical range
was determined and a calibration curve was con-
structed.

Specificity: solutions of TMD and various excipi-
ents were prepared at known concentrations, and
their absorbance values were determined at
A... = 269 nm. TMD concentrations were calculated
using the equation of a calibration plot.

Accuracy: the absorbance was measured using
the spectrophotometer at 269 nm for 5 levels
included in the linearity range. The concentrations of
TMD solutions and the concentration of TMD in

IyTeM OIpeNeeHUussT €ee  BOCIPOU3BOJUMOCTH solution were determined using the calibration plot.
(tabi. 2). This procedure was repeated 5 times for each con-
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Ta6auna 2. OnieHKa NOBTOPSIEMOCTH Y MPOMEXKYTOYHOM MPEM3MOHHOCTH METOAUKH B Kucoi cpege (HCI 0.1 M)
Table 2. Assessment of repeatability and intermediate precision of the method in acidic medium (HCI 0.1 M)

KoHueHTpaums, MKr /M1

BoccraHoBsienue * RSD, % / Recovery * RSD, %

Concentration, pg/ml

B Teuenue oaHoro gHsa / Within one day

B TeueHue Tpex AHel / Over three days

5.0 99.72 +1.76
7.5 99.79 + 1.13
10.0 99.90+1.12
12.5 99.40 £ 0.89
15.0 99.83 +1.39

99.69 + 1.68
99.20+1.81
100.16 + 1.44
99.17 £ 1.41
100.03 £1.19

[Ipumeyanue. RSD - oTHOCHTe/IbBHOE CTaHAAPTHOE OTKJIOHEHHE.

Note. RSD - relative standard deviation.

AnpobGanmua wmeronuku B ¢ocdarHOM
oydepe (pH 6.8 + 0.05). AHajmuTHYecKas
o6JtacTh: rOTOBWIN P KoHIleHTpanuit TM/I B doc-
dataom 6ydepe (pH 6.8 + 0.05) B AuanazoHe 1.0—
70.0 MKT/MJI ¥ ONpPENeSIN BEJTUYHHBI IOTJIONIE-
HUA IpU 269 HM.

JIMHENHOCTD: ONIPEeEIsIH TOTJIOIEeH e 5 TTPob ¢
Pa3JIMYHBIMU HAXOASAIIMMHUCS B AHAJTUTHYECKOU
obsractu koHINeHTpamuavu TM/] u cTpowau KaIu-
OPOBOYHYIO KPUBYIO.

CrnenuduyHocTh: roTroBWwIN pacrtsopbl TM/I u
pasHbIix BB B u3BeCTHBIX KOHIIEHTPAIUAX U Opejie-
JIATA 3HAYEeHHA X MOTJIOMEHH IpU A = 269 HM.
C WCIoJIb30BaHWEM YpaBHEHHs KaJTuOpPOBAHHOTO
rpaduka paccuuThIBaIu KoHIeHTpanuu TM/I.

[IpaBUIBHOCTB: TTOTJIOIIEHUS U3MEPSIIU C TIOMO-
1IbI0 crieKTpodoToMeTpa Ipu 269 HM JJI 5 YPOB-
Hel, BKJIIIOUEHHBIX B JWanas3oH JimHelHocTH. KoH-
nentparnuu pactsopoB TM/I u koruentpanuio TM/]
B PACTBOPE OIPENESIN C UCIOJIb30BAHUEM KaJIU-
6poBanHOro rpaduka. ATy IPOLEAYPY TOBTOPSIIH
5 pas I KaKJA0TO YPOBHS KOHIIEHTPAIlMU U pac-
CUUTHIBAJIU CpeJTHEe 3HaueHue (Tabt. 3).

[Ipenn3noOHHOCTE: 5 KOHIleHTpanui (15.0, 20.0,
30.0, 40.0, 45.0 mxr/Mit) TM/]I B docdaTHOM Oydepe
QHAJIM3UPOBAJIN IPU 269 HM 4 Pasa B OFUH U TOT Ke
JleHb (TIOBTOPSIEMOCTD (CXOZUMOCTD)), 3aTEM aHAIN3

centration level and the average value was calculated
(Table 3).

Precision: samples in 5 concentrations (15.0,
20.0, 30.0, 40.0, 45.0 ug/ml) of TMD in phosphate
buffer were analyzed at 269 nm 4 times on the same
day (repeatability), then the analysis was repeated
more over three different days (intermediate preci-
sion) (Table 4).

Analysis of trimetazidine dihydrochlo-
ride in experimental samples. To test the deve-
loped UV spectrophotometric method developed
for the quantification of TMD, the quantitative
detection of the active substance was performed:
(a) in experimental samples of TMD solid disper-
sions using various polymers; (b) in immediate-
release tablets (Trimetazidine 20 mg, film-coated
tablets, Ozon LLC, Russia) (T20) and in prolonged-
release (Deprenorm MV 35 mg, prolonged-release
film-coated tablets, Canonpharma Production
CJSC, Russia) (T35).

In solid dispersions: an accurately weighed
quantity of crushed TMD samples (TD1, TD2 and
TD3) containing 10.0 mg of the active substance of
TMD were placed in 100 ml graduated flasks, and
dissolved in HCI 0.1 M, diluted to volume, then fil-
tered. Standard solutions with concentrations in
the range of 5.0—25.0 pg/ml were prepared from

Ta6una 3. OueHKa NpaBUIbHOCTU MeTOLUKU B pochaTHOM 6ydepe (pH 6.8 £ 0.05)
Table 3. Accuracy assessment of the method in phosphate buffer (pH 6.8 + 0.05)

KoHneHTpanus, MKr/MJI
Concentration, pg/ml

CpeaHee 3HaYeHUe + SD, MKr /M1
Mean value * SD, pg/ml

BoccraHoBieHue + RSD, %
Recovery + RSD, %

15.0 15.01+0.23
20.0 19.89 £ 0.16
30.0 29.72£0.35
40.0 39.57 £ 0.45
45.0 4475 + 0.45

100.04 £ 1.52
99.46 + 0.82
99.07 £ 1.17
98.92 +1.14
99.44 + 0.99

[Ipumeyanue. SD - cranapTHOe OTKJIOHeHHUe; RSD - oTHOCHTe /IbHOE CTaHAapPTHOE OTKJIOHEHHE.

Note. SD - standard deviation; RSD - relative standard deviation.
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Ta6smmua 4. OueHKa MOBTOPSIEMOCTH U TPOMEXKYTOYHON MPEU3nOHHOCTH B pocdhaTHOM 6ydepe (pH 6.8 + 0.05)
Table 4. Assessment of repeatability and intermediate precision in phosphate buffer (pH 6.8 + 0.05)

KoHueHTpaums, MKr /M1

BoccraHoBiienue * RSD, % / Recovery * RSD, %

Concentration, pg/ml

B Teuenne ogHoro gHsA / Within one day

B TeueHue Tpex gHel / Over three days

15.0 99.48 + 0.92
20.0 99.93 £ 0.94
30.0 99.43 £ 1.25
40.0 98.92 £ 1.67
45.0 99.38 £ 0.7

99.82 + 0.84
99.92 +0.81
99.11 + 1.37
98.7 £ 1.74

98.97 £ 0.86

[Ipumeyanue. RSD - oTHOCHTe/IbHOE CTaHAAPTHOE OTKJIOHEHHE.
Note. RSD - relative standard deviation.

MIOBTOPSIJTH €llle B T€UEHUEe TPEX JPYTuX AHel (BHY-
TpuiaboparopHas (IIPOMeKYTOUHAsI) IPEIU3UOH-
HOCTb) (Tabi. 4).

AHa/IN3 TPUMETA3UuAUHA JUTHIPOXTI0PHUIA
B COCTaBe 3KCIEPHMEHTAJIbHBIX OO0pPas3IoB.
Jna ucneltaHus paspaborannoit COM-Y® wmero-
JIUKU KOJIMYECTBEHHOTO onpezesneHusa TM/I nmpose-
JIeH aHaJIu3 KOJUUYECTBEHHOTO COJEp:KaHUS JeH-
CTBYIOIIIETO BEIIECTBA: &) B OSKCIEPUMEHTAJIBHBIX
obpa3siax TBepbIx auctepcuii TM/] ¢ ucmosb3oBa-
HUEM Ppa3JUYHBIX ITOJUMEPOB; 0) B TabyeTkax
HeMeJJIEHHOTO BbICBOOOKeHuss (Tpumerasugua
20 Mr, TabJeTKU, MOKPHIThIE IJIEHOYHOH 000J10Y-

the obtained filtrates using the same solvent. The
absorbance of the obtained solutions was measured
at 269 nm, and the concentration was calculated
according to the calibration curve, taking into
account dilution (Table 5).

In tablets: an accurately weighed quantity of a
sample of crushed tablets containing 10.0 mg of
TMD was dissolved in HCl 0.1 M and analyzed
according to the above procedure (Table 5).

RESULTS AND DISCUSSION

When assessing the specificity of the technique
developed, it was found that there was no effect of

Ta6smmua 5. Pe3ynbraTsl aHaM3a TpUMeTAa3UAMHA AUTHIPOXI0PHA B 3KCIIEPUMEHTaIbHBIX 00pasiax
Table 5. The results of the analysis of trimetazidine dihydrochloride in experimental samples

O6paser,
Sample

KoHueHTpanus, MKr/MJa
Concentration, pg/ml

CpegHee 3HaueHHUe * SD, MKr/m
Mean value * SD, pg/ml

BoccranoBsienue + RSD, %
Recovery * RSD, %

B meepdvwix ducnepcusix / In solid dispersions

TA1/TD1 5.0 499 +£0.10 99.73+191
TA1/TD1 15.0 14.84 £ 0.24 98.91 + 1.65
TA1/TD1 20.0 19.99 £0.33 99.93 + 1.64
TA2 / TD2 5.0 5.06+0.07 101.27 £1.43
TA2 / TD2 15.0 14.99 £ 0.18 101.27 £1.43
TA2 / TD2 20.0 20.01+£0.16 100.03 £ 0.78
TA3 / TD3 5.0 497 +0.08 99.40 +1.61
TA3 / TD3 15.0 15.03 £0.15 100.20 + 1.02
TA3 / TD3 20.0 19.95+0.22 99.73+1.11
B ma6aemkax / In tablets
T20 10.0 9.89£0.19 98.87 +1.88
T20 20.0 19.84 + 0.35 99.18 £ 1.78
T20 25.0 24.72+0.38 98.88 +1.52
T35 10.0 10.01£0.12 100.13 +1.17
T35 20.0 19.84 + 0.24 99.22 +1.22
T35 25.0 24.89 £ 0.30 99.57 +1.19

[IpumevyaHue. SD - cranAapTHOe OTK/JIOHeHHUe; RSD - oTHOCHMTe/IbHOE CTaHAapPTHOE OTKJIOHEHHe.

Note. SD - standard deviation; RSD - relative standard deviation.
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koi, OO0 «030H», Poccus) (T20) u mpoJIOHTUPO-
BaHHOTO BbICBOOOXKAeHusa ([lempenopm MB 35 wr,
TabJIETKU IIPOJIOHTUPOBAHHOTO JEHCTBUS, HOKPHI-
Thle IUIEHOUHOU ob6osoukoi, 3A0 «KanHoHdapma
IIpopakiiu», Poccus) (T35).

B meepdvix Oducnepcusix: TOYHBIE HABECKU
usMenbueHHbIXx obpasnos TM/I (T1, T2 u T/(3),
coj/ieprKalye o 10.0 MT JIEHUCTBYIOIIEr0 BeIeCTBa
TM/I, momemniajii B MepHbIE KOJIObI BMECTHUMOCTBIO
100 mu1 u pactBopsiiu B HCl 0.1 M, 10BO/IsI 10 METKH,
3ateM GuiIbTpoBaau. M3 moaydyeHHbIX GUIBTPATOB
TOTOBHJIN paboyre pacTBOPHI C KOHIIEHTPAIUSIMHU B
JuanasoHe 5.0—25.0 MKI/MJI C HCIIOJIb30BaHUEM
TOTO K€ PaCTBOPUTENA. AOCOPOIHI0 TMOIYyUEeHHBIX
pacTBOpOB GUKCUPOBAIN MPHU 269 HM U PACCUUTHI-
BaJIM KOHIIEHTPAIIHIO 110 KaTUOPOBOYHON KPUBOU C
yuetoM pazbasieHus (Tabu. 5).

B mabaemxax: TOYHYI HaBecKy o0Opasia
U3MEJIbUeHHBIX  TabJIETOK,  COOTBETCTBYIOIIYIO
10.0 mr TM/I, pactBopsiyiv B HCl 0.1 M u ipoBoauiu
aHaJIN3 COTJIACHO U3JI03KEHHOH BBIIIIE METOAUKE (CM.
TabJ1. 5).

PE3YJ/IBTATBI 1 OBCYKAEHUE

IIpu omenke crernudUIHOCTH pa3pabOTaHHOU
METOJIMKU YCTaHOBJIEHO OTCyTCTBUe BiauAHUA BB Ha
pe3ysbpTaThl aHAJIN3a KOJIUYeCTBEHHOTO OIIpesiesie-
HusA TM/I, a nosy4yeHHbIe pe3yJIbTaThl COBIAJIAIN C
TeopeThudeckuM cozep:xanueM TM/I B ucciieqoBaH-
HBIX 00pasiax. AHAINTHYECKas 00J1aCTh COCTABIIAIIA
oT 4.0 710 35.0 Mxr/ma B HCl 0.1 M, a B pocdartHoM
6ydepe (pH 6.8 £ 0.05) — OT 5.0 10 65.0 MKT/MJL.
ITocTpoenHas kpuBas okasajaach JUHEHHOHU B fua-
MMa30HEe KOHIIEHTPAIUH OT 5.0 710 25.0 MKT/MJi1 B HCI
0.1 M u oT 10.0 10 50.0 MKr/mia B dochaTHOM
6ydepe (pH 6.8 + 0.05), ¢ K03dPUIEHTOM KOppe-
JISIUA 0.9994 U 0.9997 COOTBETCTBEHHO (pHC. 2, 3).

W3 paHHBIX, MpEZCTaBJIEHHBIX B Tabi. 1 U 3,
BU/THO, YTO BOCCTAHOBJIEHUE PA3HBIX 00Pa3IIOB IIPU
OTIpeJIeJIEHUH MTPABUIBHOCTH HAXOAWIOCH B IIpezie-
Jax 97.15—101.82 % B HCl 0.1 M u 97.78—-101.56 % B
docdaraom 6ydepe (pH 6.8 + 0.05) co 3HAUEHUAMHU
RSD wmenbiie 2 % B 06eux cpenax, T.e. HCTHHHBIE
3HAYEHHS KOHIIEHTPALUH JIeXKAT BHYTPU JIOBEPHU-
TeJIbHBIX WHTEPBAJIOB COOTBETCTBYIOIIUX CPETHUX
SKCIIEPUMEHTAIFHO  TOJYYEHHBIX  PE3YJIbTATOB.
Kpome Toro, cBOGOIHBIN YieH B ypaBHEHUH JIHHEH-
HOCTU CTATHUCTUYECKU 3HAUUMO He OTJIMYaeTcs OT
Hysg. Takum o6pasoM, HCIOJIb30BaHUE pa3pabo-
TAaHHOW METOJUKH JTaeT pe3yJIbTaThl 0e3 cucTeMaTH-
YECKOU OLTUOKU.

3HavyeHUsI BOCCTAHOBJIEHUs, IIPE/ICTABJIEHHBIE B
TabJ1. 2 ¥ 4 (OIeHKA OBTOPSIEMOCTH), YKa3bIBAIOT B
3HAUUTEJIbHON CTelleHH Ha BBICOKYIO BOCIIPOU3BO-

excipients on the results of the quantitative determi-
nation of TMD, and the results obtained coincided
with the reference content of TMD in the studied
samples. The analytical range was from 4.0 to
35.0 pg/ml in HCl 0.1 M, and in phosphate buffer
(pH 6.8 £ 0.05) — from 5.0 to 65.0 pug/ml. The cali-
bration curve was linear in the concentration range
from 5.0 to 25.0 ug/ml in HCl 0.1 M and from 10.0 to
50.0 ug/ml in phosphate buffer (pH 6.8 + 0.05), with
a correlation coefficient of 0.9994 and 0.9997,
respectively (Fig. 2 and 3).

The data presented in Tables 1 and 3 show the
recovery of different samples in assessing accuracy
was in the range of 97.15-101.82% in HCI 0.1 M and
97.78—-101.56% in a phosphate buffer (pH 6.8 + 0.05)
with RSD less than 2% in both media, i.e. the true
values of concentration fall within the confidence
intervals of the corresponding mean results that we
have obtained experimentally. In addition, the free
term in the linearity equation does not differ signifi-
cantly from zero. Thus, the use of the developed
method gives results without a bias.

The recovery values presented in Tables 2 and 4,
when assessing repeatability, indicate to a large
extent the high reproducibility and precision of the
developed method in both media.

When assessing the content of TMD in experi-
mental samples of DFs, the mean values of recovery
were in the range of 97.26—-102.70% in experimental
samples of solid dispersions and 96.99—101.30% in
comparators (Table 5), which indicates the possibil-
ity of using the developed methodology for the quan-
tification of TMD in DFs.

CONCLUSION

We have developed a spectrophotometric tech-
nique for the quantification of trimetazidine dihy-
drochloride with the maximum absorbance at
269 + 2 nm with good linearity (R? = 0.999) and an
analytical range of 4.0-35.0 ug/ml in acidic
medium and 5.0-65.0 pg/ml in alkaline medium.
Validation confirmed the specificity, accuracy and
precision of the method. The proposed spectro-
photometric method to determine trimetazidine
dihydrochloride can be used during pharmaceuti-
cal development to assess the release of the active
substance both in acidic and alkaline media from
tablets and experimental samples with various
excipients.
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HeHUs (cM. TabJ. 5), UTO YKa3bIBaeT HA BO3MOXK-
HOCTb IPHUMEHEHH pa3pabOTaHHOU METOAUKU JIJIst
KosdecTBeHHOro onpezenenusa TM/ B JID.

3AK/IIOYEHUE

Pazpaborana cnekTpodOoTOMETpUYECKass METO-
JINKa KOJIMYECTBEHHOTO OIpe/IeJIeHUsI TPUMeTas3!-
IUHA JUTHAPOXJIOPHAA IPH MaKCHMyMe IIOTJIO-
MeHusA 269 + 2 HM C XOpOIIeH JIMHEHHOCTHIO
(R? = 0.999) 1 AUaNa30HOM aHAIN3a 4.0—35.0 MKT/
MJI B KUCJIOH cpefie U 5.0—65.0 MKI'/MJI B IIIEJIOUHOU
cpene. Bamupanus mokasana crenuUIHOCTD, Ipa-
BUJIBHOCTD U MPENU3UOHHOCTh MeTouKH. [Ipesiio-
JKeHHAs CIIEKTPO(OTOMETPpHYECKas METOAUKA OIIpe-
JleJIeHUs] TPUMEeTa3UuIuHa JUTHAPOXIOPU/IA MOKET
OBITh HCIIOJIB30BaHA B Xxojie (hapMaleBTUUECKOH
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Bianaaune CD4" KJI€TOYHOHU IMOMYJ/IAIUA ¥ IPOTUBOTYOEPKYJIE€3HON
Tepanuu Ha KJIupeHc kopoHasupyca SARS-CoV-2 y nannyieHTOB

¢ uHpeknmuoHHBIM 3a0oaeBanuemMm COVID-19 B coueTaHUU

C TYOEepKyJ1e30M

N.A. Henimax?, A.I1. Cemutko »2, /I.E. Boraues!, I.A. /Taynerosa’, A.A. IlImakoBa?

1@I'BOY BO «Aamaiickuil 2ocydapcmeeHHblil MeouyuHckuil yHusepcumem» Munsdpasa Poccuu, Bapnaya, Poccus

2 KI'bY3 «Aamaiickuil kpaesoit npomugomybepky.ie3muiit ducnavcep», bapuaya, Poccus

AHHOTAIIMA

BBepnenue. IlageMusa KopoHaBUPYCHOH MHMeKIMOHHON 60e3HU (COVID-19) nobyyia K U3y4eHUIo TpobeM
COYETAHHOH MATOJIOTHH, BKJIIOUAIONUX KOMOPOHU/IHbIE IIIMPOKO PACIPOCTPAHEHHBIE U BHICOKO ITATOTeHHbIE NH(EKINOH-
Hble 3a60s1eBaHMsA. TybepKysIe3 IPOI0IKAeT OCTABATHCS COLMAIBHO U SIIUIEMHIOIOTHYECKH 3HAYNMBIM HH(DEKITNOHHBIM
3a00JIeBaHUEM, CTIOCOOHBIM OKa3bIBaTh HETATHBHOE BIIUSHUE HAa UCXO/bI Y O0JIBHBIX ¢ coueTaHHOH nHdekIiueir COVID-19,
B TOM YHCJIE U3-32 HEJJOCTATOYHO U3yUYEHHOTO COIPAKEHNUA NaTOTeHeTHIECKIX MEXaHIU3MOB 3TUX HHPEKIIMOHHBIX 3200-
neBaHuil. V13yueHne ¢GakTOPOB pHCKa HEOJIATONPHUATHBIX HCXOJIOB cOYeTaHHOW mHeknuu Tybepkysne3a u COVID-19
ITO3BOJIUT YJIyUIIUTH YIIPaBJIeHUE STUMHU O0JI€3HAMU.

IT e 1 b . OUEHUTH BIUAHNE U3MEHEHNUU MOIYJIAIUH UMMYHOKOMIIETEHTHBIX KJIETOK, CIIEITU(UYECKIX METO/IOB JIEYEHU
Ha KiIupeHc kopoHaBupyca SARS-CoV-2 B gpIxaTeIbHbIX MyTAX 601bHBIX COVID-19 B coueTaHuu ¢ TyOEPKYIe30M.
MaTepuans U METOBHBl . BperpocneKTUBHOM KOTOPTHOM KJIMHHUYECKOM HCCJIEIOBAHUU [IPOAHATIU3H-
POBaHBI KJIMHUUECKUE XaPAKTEPUCTUKHU U JITUTETBHOCTH 3JTUMHUHAIMU KOpoHaBupyca (SARS-CoV-2) u3 sipIxaTesib-
HBIX IIyTeH y 76 TOCHUTATIN3UPOBAHHBIX manueHToB ¢ COVID-19 B coueTaHuU ¢ aKTUBHBIM TyOepKyJie30M. B mepByio
rpymnmny ObLiu BKJIIOUEHBI 37 manueHToB ¢ COVID-19 B coueTaHUHU C aKTUBHBIM TyOEepKyJIe30M OPTAaHOB JBIXaHUs
YJIM BHEJIETOYHBIM TyOepKyJsie3oM 06e3 MpU3HAKOB JIUM(OTEHHOTO UM FeMaTOTeHHOTO PACIpOCTpaHeHUsT HHDEK-
nuu (T OJ1/BJI). Bo BTopy!o rpynny Bouwiu 39 60abHBIX ¢ COVID-19 B cCOYE€TaHUHU € JUCCEMUHUPOBAHHBIM TyOep-
kysiezom (JITH).

PesyanbTartsl. [Ipu mOCTpOEHUU MOJIEJIed MHOKECTBEHHOH perpeccuu ypoBeHb CD4* KiieTok MeHee 80 B 1 MKJI
6bLT HaubOJIEe CUIIBHOH IeTEpMUHAHTON 3a/iepkKu smuMuHanuu SARS-CoV-2 u3 apIxaTesrbHBIX MyTel ¢ KoahuIimeH-
ToM perpeccut (B £ m) 21.762 + 6.250 (p = 0.002) 11 10.853 + 4.220 (p = 0.015) COOTBETCTBEHHO B IIEPBOI U BTOPOH IPyII-
max. B KoMILIeKce ¢ IJIUTeTbHOCTHIO IPOTUBOTYOEPKYIE3HOH TepaIuy, TPOBeJIeHUEM aHTUPETPOBUPYCHOM TEPATINH, aHe-
MUEH, COZlepKaHIEeM TPOMOOIIUTOB B KDOBH 3TU (PaKTOPBI IO3BOJIMIIN POTHO3UPOBATH 68.1 % 3HAUEHUH TUCTIEPCUU JJTH-
TesibHOCTH AmuMuHauu SARS-CoV-2 u3 jibixateIbHbIX myTei 60s1bHBIX ¢ T OJ]/BJI 1 42.7 % 3HaUeHUH JUCTIEPCHH STOTO
nokasaresis npu coueranuu ¢ JTh.

3akniwueHue. CHmkenue nomynsanuu CD4+ menee 80 KJI./MKJI, JUIUTEJIBHOCTh MHTEHCUBHOU (ha3bl IPOTHBOTY-
GepKyJIe3HOM TepaTnH, IPOBE/IEHNE AHTUPETPOBUPYCHOM TEPATINHU, aHEMUsI, KOJTMIECTBO TPOMOOITUTOB IeprdepudecKoi
KPOBH OKa3bIBAIOT KOMILJIEKCHOE BJIMSIHHME HA Y/JIMHEHUE CPOKOB syiuMuHaInuu Bupyca SARS-CoV-2 u3 gpIxaTesbHbIX
mytett 60pHBIX COVID-19 B coueTaHUU ¢ TyOEPKYJIe30M.

Kaoueesste carosa: COVID-19, kinpeHc kopoHaBupyca SARS-CoV-2, TyGepkysie3, CD4* 1uMbOUUTH, IPOTHBOTYOEPKY-
Jle3Hast TepaImusl.
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The effect of the CD4* T cell subset and anti-tubercular therapy
on SARS-CoV-2 clearance in patients with COVID-19
and tuberculosis co-infection

I.Ya. Tseymakh', A.P. Semitko" 2, D.E. Bogachev!, Ya.A. Dauletova', A.A. Shmakova?

Altai State Medical University, Barnaul, Russia

2Altai Regional Tuberculosis Dispensary, Barnaul, Russia

ABSTRACT

Introduction. The coronavirus disease (COVID-19) pandemic has prompted the study of problems of comor-
bidities, including widespread and highly pathogenic comorbid infectious diseases. Tuberculosis continues to be major
infectious disease in terms of social life and epidemiology that can have a negative impact on the outcomes of patients with
COVID-19 and other infectious diseases, including because of the association of pathogenetic mechanisms of these infec-
tious diseases is still unclear. The study of risk factors for adverse outcomes of tuberculosis and COVID-19 co-infection will
improve managing these diseases.

Aim . To evaluate the impact of changes in immunocompetent cell subsets and specific treatment regimens on SARS-
CoV-2 clearance in the respiratory tract of patients with COVID-19 and tuberculosis co-infection.

Materials and methods. Inaretrospective cohort clinical study we have analyzed the clinical characteris-
tics and duration of elimination of coronavirus (SARS-CoV-2) from the respiratory tract of 76 hospitalized patients with
COVID-19 and active tuberculosis. The first group included 37 patients with COVID-19 and active pulmonary or extrapul-
monary tuberculosis without signs of lymphogenous or hematogenous spread of Mycobacterium tuberculosis infection
(TB P/EP). The second group included 39 patients with COVID-19 and disseminated tuberculosis (DTB).

Results. When constructing multiple regression models, the CD4* count less than 80 cells/ul was the strongest
determinant of delayed elimination of SARS-CoV-2 from the respiratory tract with a regression coefficient ( + m) of
21.762 £ 6.250 (p = 0.002) and 10.853 + 4.220 (p = 0.015) in the first and second groups, respectively. In combination with
the duration of anti-tubercular therapy, antiretroviral therapy, anemia, and platelet count, these factors made it possible
to predict a 68.1% variances in the duration of elimination of SARS-CoV-2 from the respiratory tract of patients with
TB P/EP, and a 42.7% variances of this indicator in patient with COVID-19 and DTB co-infection.

Conclusion. AdecreaseintheCD4*countlessthan 80 cells/pl, the duration of the intensive phase of anti-tuber-
cular therapy, antiretroviral therapy, anemia, peripheral blood platelet count have a comprehensive impact on prolonga-
tion of SARS-CoV-2 elimination from the respiratory tract of patients with COVID-19 and tuberculosis co-infection.
Keywords: COVID-19, SARS-CoV-2 clearance, tuberculosis, CD4* lymphocytes, anti-tuberculosis therapy.

Citation example: Tseymakh I.Ya., Semitko A.P., Bogachev D.E., Dauletova Ya.A., Shmakova A.A. The ef-
fect of the CD4* T cell subset and anti-tubercular therapy on SARS-CoV-2 clearance in patients with COVID-19 and
tuberculosis co-infection. Journal of Siberian Medical Sciences. 2024;8(1):75-87. DOI: 10.31549/2542-1174-2024-
8-1-75-87

BBEJAEHUE

I[TaHmeMuss KOPOHABUPYCHOW HH(MEKIHOHHOHN
6osiesuu (COVID-19), BRI3BaHHAA acCOIUMPOBAH-
HBIM C TSKEJIBIM OCTPBIM PEeCIIHPATOPHBIM CHH-
JIpOMOM KOopoHaBupycom 2-ro tuna (SARS-CoV-2),
XapakTepusyeTcss BOBJIEeUEHHEM IAllUEHTOB C
IIUPOKUM CIEKTPOM XPOHUUECKUX HH(EKIHOH-
HbBIX 3200JI€BAaHUH, 3HAUUTEILHO BaPbUPYIOIIUX B
pasyuuHbBIX pernoHax mwupa [1-3]. Tybepkysies
OTHOCUTCA K 3a060€BaHUSAM COI[MATBHO 3HAUYMU-
MBIM ¥ OTHOCHUTEJIPHO PACIPOCTPAHEHHBIM CpPeIH
nanueHToB ¢ COVID-19, nocturas yaeapHOTO Beca
4.5 % y 5TOU Karteropuu nanueHToB. CucreMaTu-
yeckue 0030pbl M MeTa-aHaJIU3bl HAOJII0/aTeh-

INTRODUCTION

The coronavirus disease (COVID-19) pandemic
caused by type 2 coronavirus (SARS-CoV-2), associ-
ated with the severe acute respiratory syndrome, is
characterized by the involvement of patients with a
wide range of chronic infectious diseases, which vary
significantly in different regions of the world [1-3].
Tuberculosis is a major and relatively common dis-
ease among patients with COVID-19 reaching a pro-
portion of 4.5% in this group of patients. Systematic
reviews and meta-analyses of observational studies
have led to conclusions about an increased risk of
severe course and death in patients with COVID-19
and tuberculosis co-infection. The importance of
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HBIX MCCJIEIOBAHUYN IO3BOJIMJIN CHEIATh BBHIBOJBI
00 yBeJIMUYEHUH PHUCKOB TSIKEJIOTO TEUYEeHUs U
cMmeptu y manueHTOB ¢ coueranuem COVID-19 u
TyOepKyJie3a. 3HAaUeHHE aKTUBHOTO TyOepKyJiesza
Kak ¢akTopa pucKa HebGJIArONPUSATHBIX HCXOJ0B
COVID-19 mOATBEPKAEHO B MHOTOIIEHTPOBBIX
HCCJIEIOBAHUSAX, BKJTIOUABIIIUX poccuiickue
KOTOPTHI TMAllMEHTOB U TOCIHUTAJIN3UPOBAHHBIX
OOJIBHBIX, B CTPaHAX C BBICOKHUM pacCIpOCTpaHe-
HueM Tybepkysnesza u BUY-undeknuu. [Tomyuen-
Hble JJaHHbIE YKA3bIBAIOT HA HETAaTUBHOE BJIUSHUE
BNY-uHdeKnuu U coueTaHUs ee ¢ TyOEepKyIe30M
Ha PHUCKH OCJIO)KHEHWUH, CMEPTU y IMAUEHTOB C
kouH(peknueit COVID-19.

Psan sxcmepuMeHTaTbHBIX HCC/IEIOBAHUH B3au-
mopeiictBuss  Mycobacterium (M.) tuberculosis
(MBT) u xoponaBupyca SARS-CoV-2, naHHbIe KJIH-
HUYECKUX UCCIeIOBAHNHN U 3HAHUSA QyH/TaMEHTaTb-
HBIX MEXaHU3MOB TYOEPKYJIE3HOU NH(EKITHH IT03BO-
JIIIOT  BBIIEJIUTH TOTEHIMAJIbHBIE a/ITUTUBHBIE
MeXaHU3MBI Pa3BUTUA STUX MH(EKIUH, BKII0YAIO-
1ue HapyureHue Th1-omocpe10BaHHOTO UMMYHHOTO
OTBETA B Pe3yJIbTaTe U3MeHEHUsI CTPYKTYPhI U GYHK-
IMOHAJTBHOU akTUBHOCTU nomyssnut CD4* mumdo-
[IUTOB, HApYIIEHHUs Peryaanuu (GarornuTapHON
AKTUBHOCTH KJIETOK, CTUMYJIUPOBAHUS JKCIIPECCUH
pPeLlennTopoB K aHTHOTEH3WH-KOHBEPTUPYIOIIEMY
depmenTy Tumna 2 (ACE2) nmpu akTHBauu xapaxkrep-
HOTO JUUIsl TyOepKyJie3a peryaupyeMoro y-uHTepde-
poroMm Thi-tuma umMMmyHHOTO OTBeTa [4, 5]. Bbimie-
TepevrcIeHHbIe MEXaHU3MbI ITO3BOJISIOT B HACTOS-
1iee BpeMs paccMatpuBath Tyoepkysies u COVID-19
Kak KOMHGEKIUIo ¢ obmummu /iy1ia oboux 3aboseBa-
HUH KJIIOYEBBIMH 3BEHbSIMH ITATOTEHE3A.

H3yyeHrve TPEAUKTOPOB HEGIATOIPUATHOTO
ucxoza kouHdexknuu TyOepkysneza u COVID-19,
IIOWCK IyTeH eIWHOTO YIIpaBJIEHUs IaTOTeHEeTHYe-
CKUMHU MeXaHU3MaMH 3THX 3a00JIeBaHUM SIBJISETCS
BOKHOU U HEJIOCTATOUYHO OCBEIIEHHOH B COBPEMEH-
HOU JIUTepaType MpobIeMO.

ITEJIb NCCJIEAOBAHUA

Onpenenutb pojib UMMYHOKOMIIETEHTHBIX Kile-
TOK, cHenu(pUIECKON IPOTUBOUH(MEKIMOHHOW U
[IaTOreHeTHYeCKON Tepanuu B KOMILJIEKCHOM BJIHSA-
HUHU Ha KiaupeHc KopoHaBupyca SARS-CoV-2 B
JIbIXaTeIbHBIX IMyTsAX 6071bHBIX ¢ COVID-19 B couera-
HUH ¢ TyOepKyJIe30M.

MATEPUAJIBI 1 METO/IbI

B peTpocneKTUBHOM KOTOPTHOM KJIMHUYECKOM
HCCIE[JOBAHUU C MCIOJIb30BAaHHEM MeTOZa «CIIy-
Yail — KOHTPOJIb» MIPOaHAIM3UPOBAHBI 0COOEHHOCTH
KJIMHUYECKOI0 TeYeHUsA U IIPOOJIKUTEIBHOCTD

active tuberculosis as a risk factor for adverse out-
comes of COVID-19 has been confirmed in multi-
center studies involving Russian cohorts of patients
and hospitalized patients in countries with a high
prevalence of tuberculosis and HIV infection. The
data obtained show the negative impact of HIV infec-
tion and its combination with tuberculosis on the
risks of complications and death in patients with
COVID-19 co-infection.

Several experimental studies of the interaction of
Mycobacterium (M.) tuberculosis (MTB) and SARS-
CoV-2, data of clinical trials and knowledge of the
essential mechanisms of tuberculosis allow to iden-
tify potential additive mechanisms for the develop-
ment of these infections, including disorders of the
Thi-mediated immune response because of changes
in the structure and functional activity of CD4* T cell
subsets, disregulated phagocytic cell activity, pro-
moting the expression of angiotensin-converting
enzyme 2 receptors (ACE2) during activation of the
characteristic of tuberculosis Th1 immune response
regulated by y-interferon [4, 5]. The abovementioned
mechanisms allow to currently consider tuberculosis
and COVID-19 as a co-infection with key pathogene-
sis elements common to both diseases.

The study of predictors of an unfavorable out-
come of tuberculosis and COVID-19 co-infection, the
search for ways to unified control of the pathogenetic
mechanisms of these diseases, is an important and
insufficiently covered problem in modern literature.

AIM OF THE RESEARCH

To evaluate the role of CD4* T cells, specific anti-
infective and pathogenetic therapies, in their com-
prehensive impact on SARS-CoV-2 clearance in the
respiratory tract of patients with COVID-19 and
tuberculosis co-infection.

MATERIALS AND METHODS

A retrospective clinical case-control study was
conducted. The features of the clinical course and the
duration of achieving negative SARS-CoV-2 tests
(elimination, clearance) in the respiratory tract in
hospitalized patients with active tuberculosis were
analyzed. The publication of the results obtained was
approved by the Ethics Committee of the Altai State
Medical University (No. 6 dated June 28, 2023). The
data of medical records of 76 tuberculosis patients
aged >18 years who were hospitalized in the Altai
Regional Tuberculosis Dispensary between October
2021 and March 2022 and had COVID-19 at the dis-
pensary were evaluated. The diagnosis of tuberculo-
sis was made under the clinical guidelines approved
in the Russian Federation, including microscopy,
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IepuoJia JOCTUKEHU OTPUIIATEJIBHOTO pe3yJibTaTa
BoiziesieHust PHK koponaBupyca SARS-CoV-2 (niepu-
0/1a SJTUMUHAIAN, KJIUPEHCA) B JBIXaTETbHBIX ITyTsIX
V TOCIHUTAIN3UPOBAHHBIX MANEHTOB ¢ AKTUBHBIM
TybepKyne3om. [IyOukanus MaTepuagoB UCCIEN0-
BaHuUsA o/106peHa KoMuTeToM 10 3THKE Ipu AJTal-
CKOM TOCY/IapCTBEHHOM MEAUIIMHCKOM YHUBEDPCU-
tere (mpotokos NO 6 ot 28 uwoHsA 2023 T.). [Ipose-
JleHa OIleHKAa JAaHHBIX MEIUIMHCKUX KapT 76 00JIb-
HBIX TyOEepKYJIe30M B BO3pacTe >18 JieT, TOCITUTATH-
3UPOBAHHBIX B AJITAHICKUI KPaeBOU MPOTUBOTYOED-
KyJIE3HOM JIUCIIAaHCED B IEPHOJ C OKTAOPSA 2021 T. IO
MapT 2022 T. ¥ IEPEHECHINX B 3TOT MEPUOJ NHEK-
nuoHHoe 3abosieBanue COVID-19. JlmarsocTuka
TyOepKyJie3a OCYIIECTBIsIaCh B COOTBETCTBUU C
yTBep:KAeHHbIMU B Poccuiickont Desrepaninivt KIUHU-
YeCKUMHU pPeKOMEH/IAINAME, BKII0YaTa MUKPOCKO-
MMUYECKHE METOJbl HCCIIEZIOBAHUSA, MOJIEKYJISIPHO-
redernueckuil ananu3 Xpert MTB/RIF, xysbry-
pasnbHble MeToAbl Bepubukanuu M. tuberculosis B
MOKpPOTe U JIPyTHX Ouosiornmueckux obpasmax [6].
JuarHo3 kopoHaBupycHoOUM O6ose3nu (COVID-19)
MIO/ITBEPIKJAJICSA HA OCHOBAHUU BBIZIEJIEHUS B Mas-
Kax U3 HOocomIoTKH GopHbIX PHK koponaBupyca
SARS-CoV-2 MoOJeKyIApHO-TEHeTUYeCKUM MeTO-
oM. OneHNBaINUCh, TIOMUMO OOIIUX KIMHUYECKUX
HCCIeZIOBAaHUM, Pe3ysbTaThl KJIMHUYECKUX aHAJIH-
30B KPOBH, TIOJIyJYE€HHbIE B TEUEHUE ITEPBBIX CyTOK OT
MOMEHTa IEPBUYHOTO BHIABJIEHUS KOPOHABUPYCa U
B TeueHUe He 0oJiee 7 JHEH MOCje TpeKpalieHus
BBIZIEJIEHUsI KOPOHABUPYCA U3 JbIXaTEJTbHBIX IIyTeH
0OJIPHBIX TyOEpKYJIe30M; JaHHBIE TECTUPOBAHUS HA
BUY-uadeknuio y IaliieHTOB B IEPUO/I TOCITUTAIIH-
3aIl1 WIN B aHaMHe3e, ypoBeHb CD4* K1eTOK nepu-
depuueckoii kpoBu y BUY-uHDUIEPOBAHHBIX
MaIueHTOoB. B CBSI3U ¢ HEMOJIHBIM 00HEMOM TaHHBIX
06 ypoBae PHK BIY B kKpoBU y AI[UEHTOB C COIYT-
cTByomedi BUY-uHdeKued, 3TOT HOKAa3aTeib B
HCCIeZIOBAHUH He OlleHUBasIcA. KpurepueM MCKITIO-
yeHUsI OBUI JIETAJIBHBIA WCXOZ] B Te€UEHHUE IEePBBIX
7 MHEU Tocye ycraHoBiaeHus auarHoza COVID-19.
BosibHbIE OBUIH CTPATUMDUIUPOBAHBI B JIBE TPYIIIIBL:
B IIEPBYI0 BKJIIOYeHBbI 37 marueHToB ¢ COVID-19 B
COUETAHUM C AaKTUBHBIM TyOepKyJIe30M OpraHOB
IbIXaHWsI WA BHEJIETOYHBIM TyOepKysie3oM 6e3
MIPU3HAKOB JINM(GOTEHHOTO U (WJIH) reMaTOreHHOTO
pacupocrpanenus uadeknuu (T OJ]/BJI), Bo BTO-
pyto rpymiy Bouwiu 39 6osbpHBIX ¢ COVID-19 B coue-
TaHUU C JIUCCEMUHHUPOBAHHBIM TYyOEpKYyJIe30M
(ITB). Paszenenue OOJIbHBIX B 3aBUCUMOCTH OT CTa-
JTUU PacupocTpaHeHus TyOepKyIe3HOH HHMEKIINH C
BBIZIeJIEHUEM TPYIIIIBI OOJIBHBIX C JIETOUHOU JIUMGO-
TeHHOH U reMaTOreHHOH AucceMuHaIuen (aucceMu-
HUPOBAHHBIM TybGepKyJIe30M) MPOBOAKWIOCH C yde-

molecular genetic Xpert MTB/RIF assay, culture
method of M. tuberculosis detection in sputum and
other biological samples [6]. The diagnosis of coro-
navirus disease (COVID-19) was confirmed based on
the detection of SARS-CoV-2 RNA in nasopharyn-
geal swabs of patients by molecular genetic analysis.
Besides routine clinical investigation, the results of
blood tests obtained during the first day from the
moment of initial detection of coronavirus and
within <7 days after viral clearance in the respiratory
tract of tuberculosis patients, as well as HIV testing
results in patients during hospitalization or in a his-
tory, peripheral blood CD4* count in HIV-infected
patients were evaluated. Because of incomplete data
on the level of HIV RNA blood load of patients with
HIV co-infection, this indicator was not evaluated in
the study. The exclusion criterion was a fatal out-
come within the first 7 days after the diagnosis of
COVID-19. The patients were divided into two
groups: the first included 37 patients with COVID-19
and active pulmonary or extrapulmonary tuberculo-
sis without signs of lymphogenous and (or) hema-
togenous spread of infection (TB P/EP); the second
group included 39 patients with COVID-19 and dis-
seminated tuberculosis (DTB). Dividing the patients
depending on the stage of spread of tuberculosis
infection with the assignment to a group of patients
with pulmonary lymphogenous and hematogenous
dissemination (disseminated tuberculosis) was car-
ried out considering the relationship established by
several authors between the various stages of spread
of tubercular infection (pulmonary dissemination,
extrapulmonary lymphogenous and hematogenous
dissemination) and HIV status, as well as other
causes of immunosuppression in tuberculosis
patients [7, 8]. SARS-CoV-2 clearance (the time to
achieve a negative SARS-CoV-2 RNA testing, deter-
mined in the number of days) in the respiratory tract
of patients was considered as one of COVID-19 out-
comes.

Statistical data processing was carried out using
the SigmaPlot 14.0 software. Sample data are pre-
sented as a median, lower and upper quartiles — Me
(Q1-Q3). Nonparametric methods were used to test
the null hypothesis of the absence of differences
between the samples. The Mann-Whitney test was
used to compare two unrelated groups, and the Wil-
coxon test was used to compare two related samples.
The comparison of qualitative variables’ frequency
was performed using the chi-square test (). Multi-
ple linear regression was used to assess the impact of
several independent variables on a continuous
dependent variable. The results of the evaluation of
the strength of correlations, specificity and statistical
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TOM YCTAHOBJIEHHOH PSJIOM aBTOPOB B3aUMOCBSIZH
MEXIy Ppas3JUYHBIMH JTallaMd TeHepaJu3aI[uu
TyOepKy/1e3HOH MHGpeKIUU (JIErOYHON CCeMUHA-
Y, BHEJIETOYHOU JTUMGOTEHHON U reMaTOTeHHOU
nucceMuHarun) 1 BUY-cratycom, a Tak»Ke JIPyTUMHU
MPUYUHAMU UMMYHOCYTIPECCUH Y OOJIbHBIX TYOEpKY-
snesoMm [7, 8]. Kimupenc koponasupyca SARS-CoV-2
(CpOKH JTOCTHIKEHHs OTPHIATEJIPHOTO Pe3yJIbTaTa
onpenenenus PHK SARS-CoV-2, onpenensemMblie B
KOJIMYECTBE JTHEH) B NBIXaTEJbHBIX IyTAX MaIlUeH-
TOB OLIEHUBAJICA KaK oauH u3 ucxomaoB COVID-19.

Crarucruueckass o6paboTKa JIaHHBIX IIPOBOJU-
JIach € TIOMOIIBIO TTAKETA CTATUCTUYECKUX ITPOTPaMM
SigmaPlot 14.0. BwiGopounble JaHHBIE IPEICTAB-
JIEHBI B BUJIe MeJIUAaHbl, HI)KHETO U BEPXHETO KBap-
tried — Me (Q1—-Q3). HemapameTpuueckue MeTO/TbI
HCIIOJIb30BAJIUCH JJIsl IPOBEPKU HYJIEBOU THUIIOTE3BI
OTCYTCTBUS Pa3IU4YUil MeXay BbiOOpkamu. IIpume-
HsUICST KpuTepuili MaHHa — YWUTHHU JJIsl CDaBHEHUS
JIBYX HECBSI3aHHBIX IPYIII, KPUTEPUH BrikokcoHa —
JUTsl CPAaBHEHUsI IBYX CBSI3aHHBIX BBIOOpOK. CpaBHe-
HUE YaCcTOT KaUeCTBEHHBIX PU3HAKOB IIPOBOIUIOCH
¢ IpUMEeHEeHNEeM KpuTepus Xu-kBaapart (x2). Muoske-
CTBEHHBI! JIMHEUHBIN perpecCHOHHBIN aHAIN3 IPU-
MEHSLJICS JIJISI OIIEHKH BJIMSTHUSI HECKOJIbKUX HE3aBU-
CHMBIX TIEPEMEHHBIX Ha HEIPEPHIBHYIO 3aBUCUMYIO
mepeMeHHyI0. Pe3ysbTaThl OIIEHKH CHJIbI CBS3H,
CrermuUYHOCTY W CTATUCTUYECKOU 3HAYMMOCTH
MOJIyYeHHBbIX YPaBHEHHH PErpeccudl IIPeCTaBIIs-
JIUCh COOTBETCTBEHHO B BHUe KO3bdUIIHEHTa MHO-
skecTBeHHOU Koppessamuu  (R), koaddunmenta
nerepmuHaruu (R?), kpurepus ®@umepa (F). IIpu
MIPOBEPKE HYJIEBOW THIOTE3bl KPUTHUYECKUU YpPO-
BeHb CTAaTUCTUYECKOW B3HAYMMOCTH IIPUHUMAJICS
PaBHBIM 0.05.

PE3YJ/IBTATBI

JTuarHo3 TyOepKyJieza ObLT YyCTAHOBJIEH /IO TIEp-
Boro ompegiesienuss PHK SARS-CoV-2 B jipixaTesb-
HBIX MyTAX ¥ 19 4en. (51.0 %) mepBOil TPYIIBI U
10 ues. (25.6 %; p = 0.041) BTOpO# rpynmsl. B nep-
BOU TpymIie OOJBHBIX YVAEJTbHBIA BeC MAIUeHTOB, Y
KOTOPBIX TyOepKyJsie3 OBl BBISABJIEH IIOCJIE JIMATHO-
ctuku wHeKnuoHHoro 3aboseBanuss COVID-19,
OB HUZKE, YEM BO BTOPOH I'PYIIIIE, COOTBETCTBEHHO
18 ues. (49.0 %) u 29 uesn. (74.4 %; p = 0.020). BbisaB-
JIEHHBIE Pa3INYUs OTPAKAIOT IPOOJIEMY HECBOEBPE-
MEHHOTO pacliO3HaBaHUsA TyOepKyse3a B IEepUO/I
MaHZEMUU KOPOHABUpYCHOU nHpeKuu B Poccuu u
BO MHOTHX CTpaHax Mupa [1, 9].

B wmsyuaempIx rpynmax OOJIBHBIX HPeo0JIajain
MY?KYUHBI, COCTABHUBIIIKE B NEPBOU TPYIIE 33 Yel.
(89.2 %) u BO BTOpOU Tpymme 30 4yen. (76.9 %;
p = 0.263). [lanimeHTOB B BO3pacTe OT 18 710 34 JeT

significance of the regression equations obtained
were presented, respectively, as the multiple correla-
tion coefficient (R), the coefficient of determination
(R?), and the Fisher distribution (F). When testing
the null hypothesis, statistical significance was
assumed to be 0.05.

RESULTS

Tuberculosis was diagnosed before the first posi-
tive SARS-CoV-2 testing in the respiratory tract in 19
people (51.0%) of the first group and 10 people
(25.6%; p = 0.041) of the second group. In the first
group, the proportion of patients in whom tuberculo-
sis was detected after diagnosis of COVID-19 was
lower than in the second group: 18 (49.0%) and 29
people (74.4%; p = 0.020), respectively. The revealed
differences reflect the problem of delayed diagnos-
tics of tuberculosis during the coronavirus pandemic
in Russia and in various countries of the world [1, 9].

The studied groups of patients were dominated
by men: 33 people in the first group (89.2%) and 30
people in the second group (76.9%; p = 0.263).
Patients aged 18 to 34 years were 8 (21.6%) in the
first group and 6 (15.4%; p = 0.688) in the second
group; aged 35 to 65 years — 23 (62.2 %) in the first
group and 30 (76.9 %; p = 0.252) in the second
group; aged over 65 years — 6 (16.2 %) in the first
group and 3 (7.7 %; p = 0.429) in the second group.
HIV infection was the most common comorbidity,
with the same proportion in the studied groups — in
the first group it was registered in 18 people (48.6%),
and in the second group — in 23 people (59.0%;
p = 0.497). Anemia, defined as a decrease in hemo-
globin below 110 g/1, was found in 14 patients (37.8%)
of the first group and 22 people (56.4%; p = 0.163) of
the second group. Other concomitant diseases and
conditions that occurred with the same frequency in
both groups were alcohol dependence, parenteral
drug abuse, body weight loss, type 2 diabetes melli-
tus, and chronic kidney disease. There were no dif-
ferences in the proportion of patients with shedding
of M. tuberculosis in the groups — 13 people (35.1%)
in the first group and 20 people (51.3%; p = 0.233) in
the second group. When analyzing the clinical forms
of the disease in the first group, pulmonary tubercu-
losis was diagnosed in fewer patients than in the sec-
ond group — in 30 people (81.1%) and 39 people
(100%; p = 0.014), respectively. In the first group of
patients, pulmonary tuberculosis had following
forms: focal — in 1 person (2.7%), infiltrative — in 10
people (27.0%), caseous pneumonia — in 7 people
(18.9%), cavernous and fibrous-cavernous — in
8 people (21.6%). These forms of pulmonary tuber-
culosis were absent in the second group, in which all

Journal homepage: http://jsms.ngmu.ru

79



Lleitmax U.A. u dp. / Journal of Siberian Medical Sciences T. 8, N° 1 (2024)

6pu10 8 uest. (21.6 %) B mepBOU Tpymie U 6 ye.
(15.4 %; p = 0.688) Bo BTOpO¥ IpyIIIie; B BO3PACTe OT
35 70 65 JyieT — 23 uest. (62.2 %) B 1IepBOIi IpyIIe U
30 uel. (76.9 %; p = 0.252) BO BTOPOU I'pyIIIie, B BO3-
pacre crapire 65 jet — 6 yen. (16.2 %) B nmepBou
rpymie u 3 uelt. (7.7 %; p = 0.429) BO BTOPOU TPYIIIIE.
BUY-undexnua aBwiach caMOyd 4acTOM coueTaH-
HOU IIaTOJIOTHEH, C OJJMHAKOBBIM yJI€JIbHBIM BECOM B
M3y4aeMbIX TPYIIax OOJIbHBIX — B MEPBOH TPYIIIe
6puta y 18 uen. (48.6 %) u BO BTOpOU rpymie — y
23 ges. (59.0 %; p = 0.497). AHEMUS, OTIpe/IeJIsIBIIIA-
sIcA KaK CHUJKEHHWE YPOBHs TeMOTIJIOOMHA MeHee
110 1/71, HabJIOAAIACh y 14 manueHToB (37.8 %) nep-
BOU TpymIbl U 22 venl. (56.4 %; p = 0.163) BTOpo#
Ipynmbl. J[PyrUMU COMYTCTBYIOIIUMHU 3a00JI€BAHU-
SIMH ¥ COCTOSTHUSIMU, C OJMHAKOBOU YaCTOTOH BCTPe-
YaBIIUMUCA B 00€HX rpymmnax 60JIbHBIX, ObLIH aJTKO-
rOJIN3M, TMapeHTepaJbHAasA HapKOMaHWs, AedUIUT
Macchl TeJla, CAXapHbBIA AUabeT 2-TO TUIIA, XPOHUYe-
ckast 60J1e3Hb MOYeK. B rpynmnax oTcyTcTBOBaIM pas-
JIMYHA TI0 yIeJIbHOMY Becy OOJIBHBIX C BbIZIeJIEHUEM
M. tuberculosis — 13 dein. (35.1 %) B IEPBOI TPyIIIIe
u 20 yel. (51.3 %; p = 0.233) Bo Bropo# rpymie. [Ipu
aHaIN3e KINHUYeCKUXx GopMm 3abosieBaHUS B IEp-
BOU TpymIiie TyOepKyjie3 OpPraHOB JIbIXaHUS BBISB-
JISITICSL Y MEHBIIIET0 KOJIMYECTBA MAI[HEHTOB, YeM BO
BTOPO¥ TPyIIIIE, COOTBETCTBEHHO y 30 uel. (81.1 %) u
v 39 ues. (100 %; p = 0,014). B mepBoii rpyrme 60J1b-
HBIX TyOEPKYyJIe3 OpraHOB JIbIXaHUs IPOTeKaJI B hop-
Max: 04aroBoi — y 1 uen. (2.7 %), "HQUIbTPATUB-
HOU — ¥ 10 e (27.0 %), Ka3e03HOU MTHEBMOHUU — Y
7 uen. (18.9 %), kaBepHO3HOU U (GHUOPO3HO-
KaBepPHO3HOU — y 8 uest. (21.6 %). 9tu bopmbI TyOEp-
KyJIe3a OPTaHOB JIBIXaHUS OTCYTCTBOBAJIM BO BTOPO
rpyiie 600JbHBIX, B KOTOPOHU y BceX 39 MAIlUEHTOB
(100 %) HabIOAACS TUCCEMUHUPOBAHHBIN TyOep-
Kyse3 Jerkux. TyOepKyse3 BHyTPUTPYAHBIX TIUMGO-
V3JI0B OBLJI TUATHOCTUPOBAH y 4 4eJl. (10.8 %) B mep-
BOH U 13 uel. (33.3 %; p = 0.038) BO BTOPOIi TPyIIIIE.
TybepKyIe3HBIH IJIEBPUT OIPEIEIISIICS Y 7 YETIOBEK
(18.9 %) mepBO¥ TPyIIBI U 9 Yes. BTOPOU T'PYIIIIBI
(23.1 %; p = 0.867). Ilpu ananuze dopm TyOepKy-
Jie3a JIPYTUX OPTaHOB YCTAaHOBJIEHO, UTO KOCTHO-
CyCTaBHOU TyOepKyJie3 ObL1y 9 uell. (24.4 %) nmepBoi
Tpynmbl W OTCYTCTBOBAJI BO BTOPOH TIpyIIe
(p = 0.003). Bo BTOpOIi TpyIIIIE OB TUATHOCTUPO-
BaH TyDOepKyJse3 BHYTPDEHHUX OpPTaHOB (II€UEeHb,
cesie3eHKa, MOYKH) y 2 Yeil. (5.1 %), nepudepude-
ckux JIM@Oy3JI0B — y 1 Ues. (2.6 %), Tybepkyes-
HBIH MEHUHTUT — y 3 4uell. (7.7 %); B IIepBOU TpyIIIe
00JIbHBIX BOBJIEUEHHE H3THX OPTaHOB B TyOepKyJies-
HBIU MIPOIIECC OTCYTCTBOBAJIO. ITU PABTHIUA OBLIH
00yCJIOBJIEHBI BKJIIOUEHHEM BO BTOPYIO IPYIITY 60JTh-
HBIX C CUMIITOMaMU IIPOTPECCUPYIONIETO TYOepKy-

39 patients (100%) had disseminated pulmonary
tuberculosis. Tuberculosis of the intrathoracic lymph
nodes was diagnosed in 4 people (10.8%) in the first
group and 13 people (33.3%; p = 0.038) in the sec-
ond group. Tuberculous pleurisy was diagnosed in
7 people (18.9%) of the first group and 9 people of the
second group (23.1%; p = 0.867). When analyzing
the forms of tuberculosis of other organs, we have
found that osteoarticular tuberculosis was in 9 peo-
ple (24.4%) of the first group and was not in the sec-
ond group (p = 0.003). In the second group, tubercu-
losis of the liver, spleen, kidneys was diagnosed in 2
people (5.1%), of peripheral lymph nodes — in 1 per-
son (2.6%), tuberculous meningitis — in 3 people
(7.7%); in the first group of patients, there was no
involvement of these organs in the tuberculosis pro-
cess. These differences were due to the inclusion of
patients with symptoms of advanced tuberculosis
with lymphogenous lymphatic and (or) hematoge-
nous dissemination of MTB in the second group.

The immune status of patients in the first group
differed from the second group of patients in a lower
proportion of individuals with a decrease in CD4*
<80 cells/ul in peripheral blood: 1 (5.4%) and 12 peo-
ple (30.8%; p = 0.011), respectively. There were no
differences in the proportion of patients with lym-
phopenia (<1000 cells/ul) between the first and sec-
ond groups — 6 (16.2%) and 13 people (33.3%;
p = 0.145), respectively.

The duration of controlled anti-tuberculosis ther-
apy before diagnosis of COVID-19 in tuberculosis
patients was comparable, amounting to 35 (18—109)
doses in the first group and 28 (11—56) doses of anti-
tuberculosis drugs in the second group (p = 0.129).
Post hoc analysis revealed the use of anti-tuberculo-
sis chemotherapy during the follow-up until the
COVID-19 outcome in the regimen for drug-suscep-
tible tuberculosis (RHZE) in 15 people (40.5%) of
the first and 19 people (48.7%; p = 0.626) of the sec-
ond group; in the regimen for multidrug-resistant
tuberculosis (MRT) — in 19 people (51.4 %) of the
first and 18 people (46.2 %; p = 0.823) of the second
group; in the regimen for pre-extensive drug-resis-
tant (pre-XDR) tuberculosis in 3 people (8.1 %) of
the first and 2 (5.1 %; p = 0.949) in the second group
[6]. The first and second groups of patients did not
differ in the proportion of patients receiving antivi-
ral therapy for COVID-19 — 26 (770.3%) and 32 peo-
ple (82.1%; p = 0.347), respectively; favipiravir was
used in all cases of antiviral therapy. Antiretroviral
therapy was administered to 11 people (61.1%) of the
first group and 17 people (73.9%; p = 0.623) of the
second group. A short regimen of treatment with
systemic glucocorticosteroids (up to 14 days) was
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se3a ¢ TuM@OTreHHOH U (M) TeMaTOTeHHOH Jaucce-
muHanued MBT.

VIMMyHHBIN CTAaTyC MAI[UE€HTOB IEPBOI TPYIIIIHI
OTJINYAJICS OT BTOPOU TPYHIBI GOJTBHBIX MEHBIIUM
y/IeJIbHBIM BECOM JIUI[ CO CHUKEHUEM COJIEPIKAHUsA
CD4* nmuMmdonuToB <80 KJI./MKJI B nepudepude-
CKOU KPOBH, COOTBETCTBEHHO 1 (5.4 %) u 12 el
(30.8 %; p = 0.011). Pazyuuuii B y/leJbHOM Bece
60JIbHBIX ¢ TnMOIIeHneH (<1000 KJI./MKJI) MEXIY
IIepBOI U BTOPOU IpynmaMu He ObUIO BBISBJIEHO —
cooTBeTcTBEHHO 6 (16.2 %) u 13 uen. (33.3 %;
p =0.145).

JITUTeTbHOCTS KOHTPOJIUPYEMOH IIPOTUBOTYOEP-
KYJIE3HOM TEparuu JI0 TUArHOCTUKU KOPOHABUPYC-
Ho#t nHbeknuu (COVID-19) y 60bHBIX TyOEpKyJIe-
30M ObLIa COMTOCTABUMA, COCTABUB B IIEPBOU T'PYIIIIE
6oJ1bHBIX 35 (18-109) /103 U BO BTOpPOU rpyIme 28
(11-56) 103 TPOTHUBOTYOEPKYJIE3HBIX IPENapaToB
(p = 0.129). ITocTdakTym aHAIN3 BBIABUII IPUMEHE-
HHE MPOTUBOTYOEPKYJIE3HOH XUMHUOTEPAIIMH B
mepuos  HaOJIOIEHUsT 10 JIOCTKEHHS HCXO7a
COVID-19 B pexume i JeKapCTBEHHO-UYBCTBHU-
TesibHOTO TyOepkysiesa (RHZE) y 15 gen. (40.5 %)
IIepBOY U 19 uelt. (48.7 %; p = 0.626) BTOPO rPyIIIbL;
B peXHMe TyOepKyje3a C MHOKECTBEHHOU JieKap-
cTBeHHOU ycrorunBocThio (MJIY) MBT — y 19 gen.
(51.4 %) nepsoii u 18 uen. (46.2 %; p = 0.823) BTO-
poll Tpymmbl; B pexXuMe TyOepKyse3a C IIpef-
IIUPOKOU JIEKAPCTBEHHOU ycTOoWumBOCThIO MBT
(mpe-1IJIY) — y 3 uen. (8.1 %) nepBoii u 2 (5.1 %;
p = 0.949) BTOpO# rpymms! [6]. [lepBasg u BTOpas
TpYIIbl OOJIBHBIX HE OTJIHYAINCh IO YAETbHOMY
Becy MAalMeHTOB, IOJIYYaBIIUX MPOTHBOBUPYCHYIO
Tepanuo WHGEKIHOHHOTO 3abosieBanus COVID-
19 — COOTBETCTBEHHO 26 (70.3 %) u 32 ue. (82.1 %;
P = 0.347); BO BCEX CJIyuassX IPOTUBOBUPYCHOM Tepa-
IUY TPUMeEHsIICA (paBUIHPaBUpP. AHTUPETPOBUPYC-
Has Tepamus IPOBOIMIAch y 11 uell. (61.1 %) mepBou
TpyIIsI U 17 yel. (73.9 %; p = 0.623) BTOPO IPYIIIIHL.
KopoTkuil Kypc JieueHHsI CHCTEMHBIMH TJIIOKOKOP-
THKOCTepouiaMu (10 14 JHEH) TMOMydas Q dYell.
(24.3 %) B mepmoil rpynme u 12 uen. (30.8 %;
p = 0.706) Bo BTOpO# rpyrime. COocTaBUMOEe KOJIU-
YECTBO MAI[MEHTOB M3YYaeMbIX TPYII IOJIyJayIn
AHTHKOATYJISHTHYIO TEPAIIUIO ¢ IPUMeHEHUEM TIPO-
rmakTryecKux 103 HepaKIMOHUPOBAHHOTO Tera-
PYHA, MaJIOIOTOYHYIO KACIOPOOTEpanuo. B rpym-
Iax OTCYTCTBOBAJIM TAIlUEHThI, HY)K/IABIINECS B
MEXaHUYECKON BEHTWIAINHU JIETKUX. XUpypruye-
CKOTO JIeUeHH s TYOEepKyJie3a B 00eHnX rpyIimnax namm-
€HTOB He ITPOBOUIIOCh.

B nHauasne undexnmonnoro 3aboneBannss COVID-
19 TIOKa3aTeJid KOJIMYECTBA SPUTPOIIUTOB, JIEHKOIIN-
TOB, TPOMOOIIMTOB, a TaK)Ke YPOBHS reMOIJIOONHA B

received by 9 people (24.3%) in the first group and
12 people (30.8%; p = 0.706) in the second group.
A comparable number of patients in the studied
groups were prescribed anticoagulant therapy using
prophylactic doses of unfractionated heparin, low-
flow oxygen therapy. There were no patients in the
groups who needed mechanical ventilation. Surgical
treatment of tuberculosis was not performed in both
groups of patients.

At the beginning of COVID-19, such indicators as
erythrocyte count, leukocyte count, platelet count, as
well as the level of hemoglobin in peripheral blood
were comparable in the studied groups of patients
(Table 1). In the second group, there was a lower
absolute lymphocyte count than in the first group.
When the clinical outcome of COVID-19 was achieved
in the form of cessation of SARS-CoV-2 shedding
(viral clearance) in the respiratory tract, the indica-
tors of anemia, leukocyte and lymphocyte counts, as
well as platelet count in peripheral blood did not
show significant changes in both groups of patients.

To determine the factors affecting the SARS-
CoV-2 viral clearance in the respiratory tract of
patients with tuberculosis and COVID-19 co-infec-
tion, multiple linear regression models were con-
structed for the first (TB P/EP) and second (DTB)
groups separately. The most pronounced effect on
the delay in elimination of SARS-CoV-2 from the
respiratory tract in both groups of patients had the
CD4* T lymphocyte count less than 80 cells/ul, at the
same time, in the first group the regression coeffi-
cient B was higher than in the second group
(Tables 2, 3). A statistically significant effect on slow-
ing SARS-CoV-2 clearance in both groups was found
for such predictors as a shorter duration of the inten-
sive phase of anti-tuberculosis therapy preceding
COVID-19, in the first group — for an increase in
platelet count. Thus, a significant strong relationship
(multiple linear correlation coefficient R = 0.825)
was shown between a decrease in CD4* lymphocyte
count less than 80 cells/ul, anemia, platelet count,
the duration of intensive phase of anti-tuberculosis
therapy, antiretroviral therapy in HIV-infected
patients and delayed elimination of SARS-CoV-2
from the respiratory tract of patients of the first
group. These determinants make it possible to pre-
dict a 68.1% variance in the clearance of SARS-CoV-2
in the respiratory tract of patients with TB P/EP and
COVID-19 co-infection (Table 2).

The degree of the cause-effect relationship of the
abovementioned determinants with the clearance of
SARS-CoV-2 in the respiratory tract of patients in
the second group was estimated as significant of
moderate strength (multiple linear correlation coef-
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Ta6una 1. CpaBHUTEIBbHBINA aHAIU3 JUHAMUKY reMaToJIorMueCcKUX NokasaTesel npu auarnoctuke COVID-19

Y IPU JOCTHXKEHNHU 3JIMMUHALMY KOPOHABHPYCa U3 JibIXaTeJbHBIX My Tel B rpynnax 60JbHbIX Ty6epkyne3om, Me (Q1-Q3)
Table 1. The comparative analysis of the dynamics of hematological parameters in the diagnosis of COVID-19

and in achieving the elimination of coronavirus from the respiratory tract in groups of tuberculosis patients, Me (Q1-Q3)

I[loka3zaTesb
Parameter

IIpu guarHoctuke COVID-19 IIpu 3/iMMUHALMU KOPpOHaBUpyca
When diagnosing COVID-19  On coronavirus elimination

Ilepsas zpynna 6oavHbix (TE 04/BJ1) | The first group (TB P/EP)

Sputporutsl (x10'2/x) | Erythrocytes (x10'2/1)  4.070 (3.650-4.630) 4.030 (3.145-4.555) 0.546
Hb (r/n) | (g/D 113.000 (97.500-133.500) 107.000 (82.500-133.000) 0.198
Tpom6GouuTsl (x10°/a) | Platelets (x10°/1) 230.000 (134.000-313.500) 258.000 (192.500-333.500) 0.344
Jletikonutol (x10%/1) | Leukocytes (x10°/1)  6.700 (4.600-9.400) 7.200 (5.400-11.200) 0.222
JlumoouuTsl (x10°/1) | Lymphocytes (x10°/1)  1.900 (1.350-2.700) 2.300 (1.650-2.850) 0.249
Bmopas epynna 6oasnbix (4TE) / The second group (DTB)
Sputporutsl (x10'2/x) | Erythrocytes (x10'2/1)  3.980 (3.310-4.600) 3.850 (3.090-4.460) 0.444
Hb (r/n) | (g/D 107.000 (94.000-132.000) 105.000 (86.000-125.000) 0.257
Tpom6GouuTsl (x10°/a) | Platelets (x10°/1) 250.000 (140.000-323.000) 219.000 (162.000-343.000) 0.795
Jletikonutol (x10%/1) | Leukocytes (x10°/1)  6.700 (3.900-9.200) 7.300 (4.700-10.200) 0.228
JlumoouuTsl (x10°/1) | Lymphocytes (x10°/1)  1.200 (0.800-1.700)* 1.500 (0.900-1.800)? 0.307

[IpumMmedyanusd:
3a6oseBanust COVID-19, p < 0.001.

!CraTUCTHYeCcKas 3HAYMMOCTb Pa3/IMYU MeX/y NepBOW U BTOPOW TIPYyNNoOH NPH AMArHOCTHKEe MHPEKIMOHHOTO

‘CTaTUCTHYECKast 3HAYUMOCTD Pa3/IMuui MeXy ePBOH U BTOPOW TPyNIoi B Hauasie HHEeKIMOHHOTO0 3a6osieBanHusi COVID-19, p < 0.001.
TB O/1/BJI - Ty6epKysie3 opraHoB JbIXaHUs WU BHeJeroyHbll Ty6epkyes; JTh - aucceMMHMPOBaHHBIN TyGepKyies.

Notes:

!Significant differences between the first and second groups in the diagnosis of COVID-19, p < 0.001.

“Significant differences between the first and second groups at the beginning of COVID-19, p < 0.001.
TB P/EP - tuberculosis pulmonary/ extrapulmonary; DTB - disseminated tuberculosis.

neprdeprIecKoi KpOBH OBLITH COITOCTaBUMBI B H3y4a-
eMBbIX Tpymmax 60JbpHBIX (Tabs. 1). Bo BTOpOIi rpytme
HabJmo0/1a710¢h O0JIee HU3KOoe abCOTIOTHOE KOJIMIECTBO
JMQOIIUTOB, UeM B IIEpBOM IpyIIIe manueHToB. [1pu
JTIOCTIKEHUN KJIMHIYECKOTO MCXO0/Ia UH(EKITMOHHOTO
3aboseBanuss COVID-19 B Bujie IIpeKpaIeHus Bblie-
nenus Bupyca SARS-CoV-2 B JipIXaTesbHBIX IYTSIX
(pyIMMUHALIMN) IOKA3aTE I AHEMUH, KOJIMYECTBO JIEH-
KOITUTOB U JIUMQOINTOB, a TaKKe TPOMOOIIUTOB B
riepudepuuecKoii KPOBH He IIpeTepIIeBaIl 3HAUUMbIX
U3MeHEeHUH B 00eUX rPyIax 00IbHbIX.

Insa omnpenenenus (GaxkTopoB, BIUAIOMINX HA
kyupeHc kopoHaBupyca SARS-CoV-2 B jpixaresib-
HBIX IYTAX OOJIBHBIX TYOEPKYIe30M ¢ KOMH(EKITHeHn
COVID-19, 6bLTH TIOCTPOEHBI MOJIEJTA MHOKECTBEH-
HOU JIMHEWHOU PpErpeccHy OT/IEJIbHO JJIfA MEPBOU
(TB O/1/BJI) u Bropoii (JITB) rpymm 6ospHBIX. Han-
60J1ee BhIpAXKEHHOE BJIUSHUE HA 33J[EPIKKY DIIUMU-
HaIlUM U3 [IbIXaTeJbHBIX IIyTeH KOpOHaBUpyca B
obenx rpynmnax OOJIBHBIX OKa3bIBaJ ypoBeHb CD4*
nuMdonuToB MeHee 80 KJI./MKJI, IPU 3TOM B IIep-
BOI rpy1ire KoaddunueHT perpeccuu [ 6611 6ostee
BBICOKUM, YeM BO BTOpOH rpymre (tab. 2, 3). CraTu-
CTHYECKU 3HAYMMOE BIIMSHUE Ha 3aMe/JIeHHe KJIU-
peHca KOpoHaBUpyca B 00enX M3y4aeMbIX IpyIIax
YCTAQHOBJIEHO ISl TaKUX IPEUKTOPOB, KaK MEHb-
masi IPOJOJDKUTENBbHOCTh  IIPEJIIIECTBOBABIIEH

ficient R = 0.653), and explaining a 42.7% variance
of the SARS-CoV-2 clearance (Table 3).

Including antiviral therapy with favipiravir and a
short regimen of therapy with systemic glucocortico-
steroid in regression models for both groups of
patients was not associated with an increase in the
strength of cause-effect relationships with the stud-
ied outcome of coronavirus infection in tuberculosis
patients, regardless of the presence of criteria for the
lymphotogenous and hematogenous spread of MTB.

DISCUSSION

Based on the purpose of this study and taking into
account the possible influence of the lymphogenous
and hematogenous spread of M. tuberculosis on the
suppression of the immune response, the level of the
ACE2 protein expression on the vascular endothe-
lium, shown in a number of experimental and clini-
cal studies, we have stratified tuberculosis patients
depending on the signs of various stages of lymphog-
enous and hematogenous spread of MTB [4, 5].

In our study, in the group of patients with DTB,
the proportion of HIV-infected people was compa-
rable to the same indicator in the group of patients
with TB P/EP. However, among patients with DTB,
the frequency of a decrease in CD4* lymphocytes
<80 cells/ul before the onset of COVID-19 was higher
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Ta6mmua 2. MoJiesib MHOXeCTBEHHOM JIMHEHHOU perpeccuu JJ1s olleHKHU GpaKTOpPOB, BJAUAIOIMX HA yJIJIMHEHHE CPDOKOB
JIOCTMXKEeHHS OTpULlaTeIbHOTo pe3ysbTarta Beliesienuss PHK Bupyca SARS-CoV-2 B ibIXaTe/IbHBIX MY TAX 60/J1bHBIX
Ty6GepKy/Ie30M OPraHOB JIbIXaHUS UJIU BHEJIETOUHBIM Ty6epKyJie3oM ¢ KonHpekueit COVID-19

Table 2. A multiple linear regression model for evaluating factors influencing the prolongation of the time to achieve negative
results of SARS-CoV-2 RNA testing in the respiratory tract of patients with pulmonary or extrapulmonary tuberculosis and

COVID-19 co-infection

INoka3atesib / Indicator B+m p Banbaa / p Wald
CD4* knetku < 80 ku1./MkJ1 | CD4* < 80 cells/pl 21.762 + 6.250 0.002

Anemus (Hb <110 r/n) | Anemia (Hb <110 g/1) 1.426 +2.840 0.619
Tpom6ouuTsl, x10?/ | Platelets, x10°/1 0.0352 +0.0106 0.002
JIMTeNbHOCTb IPOTUBOTYOEPKY/IE3HOM Tepaliuu, KOJIMIeCTBO 103 0.139 £ 0.0379 <0001

Duration of anti-tuberculosis therapy, number of doses

[IpoBeseHUe aHTHPETPOBUPYCHOM Tepanuu / Antiretroviral therapy 4.839 + 3.209 0.142

KoHctaHTa / Constant 1.397 + 3.645 0.704

R = 0.825; koappunuent gerepmunanuu / coefficient of determination R* = 0.681; F = 10.332; p < 0.001

COVID-19 wuHTeHCUBHOU a3bl MPOTUBOTYOEPKY-
JIEBHOU Tepanuu, B IIEPBOU I'PYIIIE — JJIS YBEJIAUe-
HUA KOJIWYecTBa TpoMOoruToB. Takum obGpasom,
IIOKa3aHa B3HauuMas [PUYUHHO-CJIEJCTBEHHAA
CWIbHAsA CBA3h (MHOKECTBEHHBIH KOA(DDUIIHEHT
JIMHEHHOHN Koppessaiuu R = 0.825) Mexay cHIDKe-
Huem CD4* mumdonuToB MeHee 80 KJI./MKJI, HAJIU-
YyueM aHEeMWH, KOJMYECTBOM TPOMOOIUTOB, JJIH-
TEJIbHOCThI0O MHTEHCUBHOH (pasbl NMPOTHUBOTYOEPKY-
JIE3HOU Tepamnuu, IPOBeJleHHEeM AHTHUPETPOBUPYC-
HoU Tepanuu y BUY-UHOUIIMPOBAHHBIX TAITUEHTOB
U 33JIeEP’KKON 3JIMMHUHAIIMU KOopoHaBupyca SARS-
CoV-2 u3 [pIXaTeNbHBIX IyTed OOJBHBIX MEPBOI
Ipynnbl. YKa3aHHbIE JIeTEPMUHAHTHI ITO3BOJISIOT
nporHo3upoBath 68.1 % Bapuanuu (IUCIEPCHH)
kimpeHca kopoHaBupyca SARS-CoV-2 B gpixatesb-
HbIX myTsax nanueHTos ¢ T O/]/BJI u koundexknuei
COVID-19 (cMm. TabJ1. 2).

CreneHb TPUIHUHHO-CJIEZCTBEHHOM CBSI3U BBIIIIE-
[IePEYNCIEHHBIX IETEPMHUHAHT C KJIUPEHCOM KOPO-
HaBupyca SARS-CoV-2 u3 agpIxaTeJbHBIX IIyTeH
OOJIBHBIX BTOPOU TPYIIBI OIeHEHA KaK 3HAUYMMast
YMEepEeHHOU CHJIbI (MHOKECTBEHHBIN KO3 (PHUITHEHT
JIMHEHHOHN Koppessaiuu R = 0.653), o6bsAcCHSIONIasA
42.7 % 3HaAYEHUN BapualluM KJIMPeHCa KOPOHABH-
pyca (cm. tabi. 3).

BritoueHne B MO perpeccUy B KadecTBe
(¢axTOpOB BIUAHUA NMPOTHBOBUPYCHON Tepamuu ¢
nmpuMeHeHHueM (GaBUMIUPABUPA, KOPOTKOTO Kypca
Tepaluy CHCTEMHBIMU IVIIOKOKOPTUKOCTEPOUIAMU
JUTst 00enX TPYIII HAIeHTOB He aCCOIMUPOBAIOCH C
YBEJIUYEHUEM CUJIbI IPUYNHHO-CJIECTBEHHBIX CBS-
3eff ¢ U3y4aeMbIM MCXOZIOM KOPOHABUPYCHOH
nHeKIUH y O0JBHBIX TyOEepKyJIe30M, HE3ABUCUMO
OT NIPUCYTCTBUSA KPHUTEPUEB JHUM(POreMaTOreHHOTO
pacnpocrpanenusa MBT.

than in the group of patients with TB P/EP. It should
be noted that the Centers for Disease Control and
Prevention (CDC) in the United States and several
other regions recommend considering a decrease in
CD4* population of less than 200 cells/pul as an indi-
cator of deuteropathy stage of HIV infection (AIDS)
[7]. The data obtained are consistent with the con-
clusions of researchers that the mechanisms and
stages of spread of tuberculosis, its clinical forms are
determined by the initial level of CD4* lymphocytes
at the time of tuberculosis diagnosis [7, 8]. With this,
the possibility and type of spread of tuberculosis
(Iymphogenous, hematogenous) are due to the sever-
ity of secondary immunodeficiency of various etiolo-
gies, among which, an important role belongs not
only to HIV infection, but also to poor nutritional
status, alcohol abuse and other factors associated
with an antisocial lifestyle.

Our study showed the leading role of the degree of
the CD4* cell blood subset reduction for predicting
delayed elimination of SARS-CoV-2 from the respi-
ratory tract. A cause-effect relationship between the
CD4* lymphocyte count decrease, primarily, the
number of circulating naive CD4* T lymphocytes,
and delayed SARS-CoV-2 clearance in COVID-19
patients, including those with tuberculosis co-infec-
tion, was also shown by a number of authors in
observational studies [10, 11]. The researchers drew
attention to the association of SARS-CoV-2 pro-
longed clearance time in patients with a more severe
course of COVID-19, immunopathological disorders
associated with the virus replication and causing
long-term lung tissue damage.

It is necessary to point out that in our study, the
significant role of the duration of the intensive
phase of anti-tuberculosis therapy, preceding
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Ta6una 3. Moziesib MHOXKeCTBEHHOU JINHEHHOU perpeccuu JJist OlleHKU GaKTOPOB, BAUSIOIINX HA YJINHEHUE
CPOKOB JIOCTHKEHHUS OTPUIATEbHOTrO pe3ysbraTta BoiiesieHuss PHK SARS-CoV-2 B fibIxaTeIbHBIX MY TSIX 60JIbHBIX

JIUCCEMUHUPOBAHHBIM Ty6epKyJie3oM ¢ KonHpekueit COVID-19

Table 3. A multiple linear regression model for evaluating factors influencing the prolongation of the time to achieve negative
results of SARS-CoV-2 RNA testing in the respiratory tract of patients with disseminated tuberculosis and COVID-19

co-infection

Iloka3aTeb B+m p Basnbaa
CD4" knetku <80 ku1./Mka | CD4* < 80 cells/ul 10.853 £ 4.220 0.015
Anemus (Hb <110 r/n) | Anemia (Hb <110 g/1) 4.251+4.034 0.300
Tpom6ouuTsl, x10°/1 | Platelets, x10°/1 0.0165 +0.0137 0.239
JUIMTeNbHOCTb TPOTHUBOTYGEePKY/I€3HON Tepaliuu, KOJIMYEeCTBO J103 0.130 + 0.0554 0.025
Duration of anti-tuberculosis therapy, number of doses

[IpoBesieHHe aHTHPETPOBUPYCHOU Tepanuu / Antiretroviral therapy 4.802 + 3.806 0.216

KoHcTtaHTa / Constant

R = 0.653; koappunuent gerepmunanuu / coefficient of determination R?= 0.427; F = 4.482; p = 0.002

OBCYXKJIEHUE

Vicxonms u3 men HACTOSAIIETO WCCIIEIOBAHUS U
VUUTHIBAsA BO3MOXKHOE BJIMSHUE JUMGOTeHHOTO U
reMaTOTeHHOTO pacupocrpanenus M. tuberculosis
Ha TIOZaBJIeHHEe MMMYHHOTO OTBETA, CTEIIeHb HKC-
npeccuu 6eska ACE2 Ha 5HI0TEINU COCYI0B, OTMe-
yaeMoe B PsJie DKCIEPUMEHTATbHBIX U KIUHUYE-
CKUX UCCJIEZIOBAaHUH, HAMU ObLIA TPOBEJIEHA CTPATH-
(ukammsa 60JIbHBIX TYOEPKYJIE30M B 3aBUCUMOCTH OT
MPU3HAKOB Pa3JIMYHBIX 3TANOB JUM(OOreMaTOreH-
Horo pactpoctpanenusi MBT [4, 5].

B mpoBeneHHOM pETPOCHEKTUBHOM KOTOPTHOM
HCCIe0BaHUH B Tpymiie 6ombHbIX ¢ JITB yaeabHbIH
Bec BUY-mHPUUIUPOBAHHBIX OBLUI CONOCTABUM C
AQHIOTHUYHBIM IIO0Ka3aTesJeM B TpylIle OOJIbHBIX
¢ Tb OJ/BJI. Oguako cpeau 60abHBIX ¢ JITH yac-
tota cHWKeHns1 CD4-n03UTUBHBIX JTUMQOIUTOB
< 80 xi1./Mka g0 BosduukHOBeHUss COVID-19 ObLia
BBIIIIE, 4eM B rpymie nanuenTos ¢ Tb OJ1/BJI. Heo6-
XOZMMO OTMETUTD, UYTO L[eHTp 10 KOHTPOJIIO U IIPO-
dwraktuke 3abosieBanuii B CIIIA u psjme apyrux
peruonoB (Centers for Disease Control and
Prevention, CDC) pekoMeHAyeT paccMaTpUBaTh
cumkenne CD4* momynanuy MeHee 200 KJI./MKJI
KaK WHJUKATOp CTaJuUd BTOPUYHBIX 3a00JI€BaHUI
npu BUY-undeknuu (CIINIA) [7]. [HomyueHHBIE
JIaHHBIE COTJIACYIOTCS C BBIBOJIAMH HCCJIeloBaTesen
0 TOM, UTO MEXaHH3MbI U 3Talbl reHepaTU3aINnI
TyOepKyse3a, ero KinHU4Yeckue (popMbl 0OYCIIOB-
JIeHbl UCXO/HBIM ypoBHeM CD4* num@onuToB Ha
MOMEHT BBISIBJIEHUsI TyOepKysesa [7, 8]. Ilpu aTom
BO3MOKHOCTh M THII TeHEPIN3AIUU TyOepKyse3a
(muMoreHHBIH, TeMaTOTeHHBIH) 00yCIIOBJIEHBI
TS)KECTHI0 BTOPUYHOTO UMMYHOIe(PHUITUTA pa3IAY-
HOH 5THOJIOTHU, CPEIU KOTOPOU BaXKHAs POJIb IPH-
Ha/JIe’KUT He Tosibko BUY-uHbekium, HO U HU3-

COVID-19 co-infection, in the timing of SARS-
CoV-2 elimination from the respiratory tract, was
demonstrated. The limitation of our study was a
large proportion of patients with drug-resistant
tuberculosis (>50% of MRT and pre-XDR TB
patients) in both groups of patients with tuberculo-
sis and COVID-19 co-infection with a relatively
short duration of intensive anti-tuberculosis ther-
apy preceding the development of COVID-19 (less
than 3 months in the group of tuberculosis patients
without signs of MBT infection spread, less than
2 months in the group of patients with DTB). The
systematic reviews reveal ambiguous results in
assessing the significance of differences in the risks
of severe COVID-19 and death of patients depend-
ing on concomitant active or previously treated
tuberculosis [12, 13]. Publications by researchers
from Russia, South Africa and the Philippines sug-
gest that active tuberculosis is associated with an
increased risk of COVID-19 mortality. Aggarwal
et al. (2021) in a systematic review that included
43 studies, showed a higher risk of mortality and
severe COVID-19 disease in outpatients with the
concomitant active pulmonary tuberculosis, but not
in hospitalized patients receiving anti-tuberculosis
therapy [1]. The results of this systematic review
suggest the importance of guided anti-tuberculosis
therapy in improving the outcomes of COVID-19 in
patients with active tuberculosis. To obtain more
complete data, further studies are needed on the
impact of active tuberculosis and appropriately
controlled anti-tuberculosis therapy on the immune
response and clearance of highly pathogenic coro-
naviruses depending on the presence and type of
drug resistance of M. tuberculosis, combined with
HIV infection and antiretroviral therapy.
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KOMY HYTPUTUBHOMY CTaTyCy, aJIKOTOJIU3MY U JIPY-
THUM, CBSI3aHHBIM C aCOITUAJILHBIM 006pa30M KU3HH,
daxropam.

B Hamem uccieloBaHUM NPOAEMOHCTPHPOBAHA
BeZyIIasi poJjib CTENleHU CHIKeHU nomyaauuu CDg4*
KJIETOK B IPOIHO3UPOBAHUU 33/I€EP>KKU 3JIUMUHA-
nuu kopoHaBupyca SARS-CoV-2 u3 jabIxaTesbHbIX
myTeii. PsiioM aBTOPOB B HAOJTI0IATETBHBIX HCCIIEN0-
BaHUAX TAK)Ke OTMeYasiach IPUYNHHO-CIIe/ICTBeHHAA
CBA3h MEXK/y CHIDKEHUEM COJIEpPIKaHUA B KPOBHU
CD4* nuMdOonuTOB, MPEK/IEe BCETO KOJIUUECTBA IIUP-
Kysmpyoomux HauBHbIX CD4* T-mumdonurton, u
3aMe|JIeHeM KJINPeHca KOPOHAaBUPYyca Y O0JIBHBIX ¢
COVID-19, B TOM YHCJIE C TYOEpKYIe3HOM KOUHpEK-
nuei [10, 11]. MicenenoBaTenu obpaniaiy BHUMaHHIE
Ha acconuanuio 6osiee JIUTETHBIX CPOKOB DJIMMU-
Haruu kopoHaBupyca SARS-CoV-2 y GOJBHBIX €
6osee TsoxensiM TeuenueM COVID-19, ummyHomDa-
TOJIOTHYECKUMH PACCTPONCTBAMU, CBSA3AHHBIMHU C
perutukanueil Bupyca u o0yC/IOBIUBAIOIIUMHU JJTH-
TeJIbHOE ITOBPEeK/IeHNe TKaHe! JIerKUX.

HeobOxomumo 0O6patuTh BHUMaHHE HA TO, YTO B
HACTOAIIEM HCCJIEJIOBAHUM IPOJAEMOHCTPHUPOBAHA
3HAYMMas POJIb IPOJOJIKUTEIBHOCTH NHTEHCUBHOU
¢aspl MPOTUBOTYOEPKYJIE3HOH Tepanuu, IpesIie-
crBoBaBmiell konHbeknuu COVID-19, a4 cpokoB
SJIMMUHALMM KODOHaBUpyCa U3 JbIXaTeJIbHBIX
myteil. OTpaHHYeHNEM HAIIIEro MCCIe0BAHUS ABU-
Juch Oosbiass 7oJisi GOJBHBIX C JIEKAPCTBEHHO-
YCTOHYUBBIM TyOepKysie3oM (>50 % ManueHTOB C
MJIY u nipe-1IIJTIY MBT) B 06enx rpymmax O0JIbHBIX €
kouHbekIuen Tybepkysnieza u COVID-19 npu oTHO-
CUTEJIBHO KOPOTKON IIPOJIOJIKUTEHBHOCTU WHTEH-
CHUBHOU MPOTHUBOTYOEPKYJIE3HON TEpAIUH, IIpeIe-
cTBoBaBIieii passutuio COVID-19 (MeHnee 3 mec B
rpyune GOJIBHBIX TyOepKysjae3oM 0e3 IPHU3HAKOB
reHepayn3anuu UHQEKIUYU, MeHee 2 MeC B IPYIIe
OOJIBHBIX C JIUCCEMHUHHUPOBAHHBIM TybOepKyJIe30M
snerknx). Cucremarudeckrie 0030pPbI BBISABIISIOT
HEO/THO3HAUHbIEe PEe3YJIbTaThl OIEHKU 3HAYNMOCTH
pa3nuuui puckoB Tskesoro tedenus COVID-19 u
cMepTH OOJBHBIX B 3aBUCUMOCTH OT COYETAHHOTO
aKTUBHOTO WJIN paHee JIEYEHHOTO TyOepKysesa
[12, 13]. ITy6aukamuu ucciemoBaresiel us Poccun,
H02xHOU Adpuku 1 OUINNNUH T03BOJIAIOT IPEAIIO-
JlaraTh, UTO aKTUBHOE TeKylllee 3a00sieBaHuE TyOep-
KyJIe30M CBSI3aHO C IOBBIIIIEHHBIM PUCKOM CMEPTHO-
ctu or COVID-19. A.N. Aggarwal et al. (2021) B
CUCTeMATHYECKOM 0030pe, BKJIIOUABIIEM 43 HCCIIe-
JIOBaHU S, OTMETHJIN TTOBBIIIIEHHBIE PUCKU TAKEJIOTO
TeueHUd U JeTajnbHoro ucxoza COVID-19 y BbIAB-
JIEHHBIX B aMOyJIaTOPHBIX YCJIOBUSIX OOJIBHBIX C
COIIYTCTBYIOIITUM aKTUBHBIM TYOEpKYJIe30M, HO HE Y
TrOCIUTAIN3UPOBAHHBIX MAlIMEHTOB, IOJIyYaIOIINX

CONCLUSION

Suppression of the CD4* T cell subset with a criti-
cal level less than 80 cells/pul is the leading cause of
delayed elimination SARS-CoV-2 from the respira-
tory tract of patients with tuberculosis and COVID-
19 co-infection, which may contribute to a more
severe course of COVID-19.

The duration of controlled anti-tubercular ther-
apy during the intensive phase of treatment of hospi-
talized tuberculosis patients preceding the onset of
COVID-19 correlates with delayed elimination of
SARS-CoV-2 from the respiratory tract of patients
with tuberculosis and COVID-19 co-infection.

Appropriately controlled anti-tubercular therapy
during the intensive phase of treatment, antiretrovi-
ral therapy assigned in a timely manner to patients
with concomitant HIV infection at the stage of sec-
ondary infection in order to restore the CD4* T cell
subset as a result of suppression of HIV replication,
treatment of anemia in accordance with conven-
tional indications for respiratory infection, will
improve outcomes in hospitalized patients with
tuberculosis and COVID-19 co-infection.
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MPOTHUBOTYOEPKYIE3HYI0 Tepanuio [1]. PesysabTaThbl
3TOTO CUCTEMATHYECKOro 0030pa MO3BOJIAIOT IIPe-
IIOJIOKUTh 3HAUEHUE KOHTPOJIUPYEMOU MPOTUBOTY-
OepKyJsIe3HOW Tepamuu B YIYUIIEHUU HCXO0B
COVID-19 y OGOJbHBIX aKTUBHBIM TyOEpKyJIe30M.
Ins monydeHus 6oJiee IMOJHBIX JAHHBIX HEOOXO-
JIIMBI JaJIbHEHUINIE CCIEOBAHMS BIIMSTHIS AKTUB-
HOTO TyOepKyJie3a U aJIeKBaTHO KOHTPOJIUPYEMOU
MIPOTUBOTYOEPKYIE3HOH Tepanuyd Ha WMMYHHBIN
OTBET U KJINPEHC BbICOKOIIATOTEHHBIX KOPOHABUPY-
COB B 3aBHCUMOCTHY OT HAJTUYNA U BUJIA JIEKAPCTBEH-
HoOH ycroituuBoctu M. tuberculosis, BUU-undexnmu
U aHTUPETPOBUPYCHOH TEepAIIHH.

3AK/IIOYEHUE

ITopaBnenue nomysanuu CD4* KJIETOK ¢ JOCTU-
JKEHHEM KPUTHUYECKOTO YPOBHS MeHee 80 KJI./MKJI
SIBJISIETCS BEJYIEH NMPUYHHON 3aMeJIEHHOU 3JIv-
MuHanuu kopoHasupyca SARS-CoV-2 B ;pixaresib-
HBIX MyTAX OOJIBHBIX TYOEpKyJIe30M B COUETAHUU C
KOPOHABUPYCHOU MH(MEKIMENH, YTO MOXKET CII0CO0-
CTBOBaTh 0OJiee TsIKEJIOMY TEUeHHI0 WH(PEKIMOH-
Horo 3abosieBanuss COVID-19.

JITUTeNIbHOCTh KOHTPOJIUPYEMOU ITPOTHBOTYOED-
KyJIe3HOU Tepaluy B MHTEHCUBHOU (daze jieueHUs
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TOCITUTAJTU3UPOBAHHBIX OOJIBHBIX TyOEpKyJIe30M,
MpeAIecTByioniedl  Bo3dHHUKHOBeHUio COVID-19,
KOppeJIUPYeT ¢ 3a/IeP>KKOH 3IMMUHALIIMY KOPOHABU-
pyca SARS-CoV-2 B JIBIXaTebHBIX IMYTAX OOJIBHBIX
TyGepkyae3om B coueTannu ¢ COVID-19.
AJITeKBAaTHO KOHTPOJIUpYeMasl MPOTHBOTYOEPKY-
Jie3Has Teparvs B ”HTEHCUBHOU (pase JieueHusl, CBO-
eBpeMEeHHOe Ha3HAauYeHHe AaHTHUPETPOBUPYCHOU
Tepanuu OOJIBHBIM C COIMyTCTBYIOImEeH BUY-mHpek-
OHed B CTQUHM BTOPUYHBIX 3a00JI€EBAHUU C IIEJIHIO
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CBasp skcnpeccuu BMI-1 u ROR1
C KJIMHUKO-MOP(}O/I0TUYEeCKUMHU MapaMeTpaMu
Y TeUEeHHEM JIIOMHHAJIBHOTO PaKa MOJIOUYHOU KeJIe3bl
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AHHOTAIIUA

BBeaeHnue. JIIOMUHAJIbHBINA pak MoOJOYHOU kene3bl (PMJ?K) 3aHumMaeT HaubOOJBIIYIO JIOJIO B CTPYKType
BCEro MOJIEKYJIApHOTO JyaHamadTa JaHHOrO 3a6oseBanus. Ha ¢doHe mpoBoAMMOro, yaie BCEro rOpMOHAaJIBHOTO,
JledeHUs y YacTH IallMeHTOB pa3BUBaeTcs Iporpeccus 3ab0JjieBaHUA, YTO AUKTYeT IIOUCK HOBBIX MOJIEKYISAPHBIX
NIPeAUKTOPOB.

Ilenp muccaenpoBaHusda. V3ydnTs KINHUKO-MOpdOIOrHIecKre 0COOEHHOCTH 3200I€BAHIS B 3aBUCUMOCTH
ot skcnpeccud BMI-1 u ROR1 B mepBUYHOU OITyX0JiH Y OOJIBHBIX € JIIOMUHAJIBHBIM PAKOM MOJIOYHOH >KeJie3bl Ha GOoHe
Tepanuy HHTHOUTOPAMY apOMAaTa3Bbl.

MaTepuanab WU MeTO/JB5bl . Bucciegoanue ObIN BKIIOUYEHBI 80 manueHToK ¢ T1-2N0-1MO cragusiMu
nepBUYHO-onepabessHoro PMJXK B Bo3pacre 62.1 + 8.1 roma. M3ydanach TKaHb MEPBUYHON OIYXOJIH METOIOM
uMMmyHorucroxumun. [Ipumensanu antutena k ROR1 u BMI-1. OueHuBanoch HaJu4ue U CTEIIEHb BHIPAXKEHHOCTHU
UMMYHHOT'O OKpAIIUBaHUSA, IPOIEHT MO3UTUBHO OKPAIIIEHHBIX OIIYX0JIEBBIX KJIETOK. KCIIPECCUOHHBIE ITapaMeTPhI
HccelyeMbIX MapKepOB OIEHUBAJIUCh B CBSA3H C PA3JIMYHBIMU KJINHUKO-TIATOJIOTUUECKUMHU ITapaMeTpaMu 3ab0Jte-
BaHUA.

PesdynbTarThl . 70 HAUEHTOK MMEIU JIIOMUHAJIBHBIA A TMOATHI, 10 MANMEHTOK — JIIOMUHaIbHBIM B/HER2-
oTpuriaTesbHbIN cy6oTut. IlosutnBHas skcnpeccust BMI-1 Habmomanack B 64 % ciydaes, skcrpeccuss ROR1 Berpeyasnach
peske u coctaBuiIa 24 %. IIpyu HapacTaHUU CTENEHH 3JI0KAYeCTBEHHOCTH OIIyXouiu (grade) YBeSIMIHMBAETCS YUCIIO CIIyIaeB
¢ MO3UTHUBHOU dKcpeccuer pakropa ROR1 (p < 0.05). YpoBeHb mposudepatuBHON akTuBHOCTH omyxoiu (Ki67) xoppe-
JIIPOBAJI € TO3UTUBHOU 3Kcnpeccruelr ROR1 (p = 0.312, p = 0.03) u BMI-1 (p = 0.310, p < 0.031). IIpu HaITUINHK MeTacTa-
TUYECKOTO MOPAYKEHUsI PETHOHAPHBIX JTUM(MATUYECKUX Y3JI0B DKCIIPECCUS 000X MoKa3aresiel ObLIa JOCTOBEPHO BBIIIIE.
Bo3HUKHOBEHHE OT/IAJIEHHBIX METACTA30B COIPSKEHO C BBICOKMMH YPOBHEM 3Kcrnpeccuu BMI-1 kieTkaMu mepBUYHOMN
omyxosu (p < 0.05).

3akJinwoueHHue . [IpoBegeHHoe UCccIe0OBaHNE OTUETINBO IeMOHCTPUPYET B3aUMOcBA3b TpoTenHoB ROR1 u BMI-1
€ KJIMHUKO-IIATOJIOTHYEeCKUMH IIapaMeTpaMy [IePBUYHON OIyXOJIU U TedeHHeM 3a00sIeBaHusA NIPU JIOMUHAJIBHBIX MOJe-
KyJIAPHBIX IOATHUIIAX PaKa MOJIOUHOH KeJsIe3bl.

Kmouesnle croea: pak MoJIouHOM kese3bl, BMI-1, ROR1, *MMyHOTHCTOXUMUS.

Oo6pasen muTtupoBaHusna: Tapakanosa B.O., Kpaxmasnp H.B., Ba6eimkuna H.H., Bropymus C.B. CBA3b 9KC-
npeccuu BMI-1 u ROR1 ¢ KIMHHKO-MOPGOJIOTHIECKUME TapaMeTPpaMy U TeYeHUEM JIIOMHUHAJIBHOTO PaKa MOJIOYHOH
skesessl // Journal of Siberian Medical Sciences. 2024;8(1):88-99. DOI: 10.31549/2542-1174-2024-8-1-88-99

TocTymuia B peJakifuio 30.11.2023 Received 30.11.2023

IIpouwna pereH3upoBaHue 20.02.2024 Revised 20.02.2024

IIpuHATa K MyOIMKanuy 10.03.2024 Accepted 10.03.2024

Aemop, omeemcmeeHHblll 3a nepenucky Corresponding author

TapakanoBa Basnepus Oseropna: HYU oxkosiorun, TOMCKHN HallMOHAIb- Valeriia O. Tarakanova: Cancer Research Institute, Tomsk National Re-
HBI HCCIIeZI0BATEIbCKUI MeTUIUHCKUI IeHTp Poccuiickoit akagemMun search Medical Center, Russian Academy of Sciences, 5, Kooperativny str.,
HayK. 634009, T. ToMck, nep. KoonepaTtuBHbIH, 5. Tomsk, 634009, Russia.

E-mail: valeria.ssmu@gmail.com E-mail: valeria.ssmu@gmail.com

88 Journal homepage: http://jsms.ngmu.ru



Tarakanova V.O. et al. / Journal of Siberian Medical Sciences Vol. 8, No. 1 (2024)

Correlation of BMI-1 and ROR1 expression with clinical and
morphological parameters and the course of luminal breast cancer

V.0. Tarakanova®2, N.V. Krakhmal™2,N.N. Babyshkina*2, S.V. Vtorushin®* 2

Cancer Research Institute, Tomsk National Research Medical Center, Russian Academy of Sciences, Tomsk, Russia

2Siberian State Medical University, Tomsk, Russia

ABSTRACT

Introduction. Luminal breast cancer (BC) occupies the largest proportion in the structure of the entire molec-
ular landscape of this disease. During the ongoing treatment, most often hormone therapy, in part of patients, the disease
progression develops, which makes necessary the search for new molecular predictors.

Aim of the research. Tostudytheclinical and morphological features of the disease depending on BMI-1
and ROR1 expression in the primary tumor in luminal breast cancer patients during aromatase inhibitors therapy.
Materials and methods. Thestudy included 80 patients with T1-2N0-1Mo operable primary breast
cancer at the age of 62.1 + 8.1 years. The primary tumor tissue was studied using immunohistochemistry. Antibodies to
ROR1 and BMI-1 were used. The presence and degree of immunostaining, and the percentage of positively stained tumor
cells were assessed. The expression parameters of the studied markers were assessed in relation to various clinical and
pathological data of the disease.

Results. 70 patients had the luminal A subtype, 10 patients had the luminal B/HER2-negative subtype. Positive
BMI-1 expression was observed in 64% of cases, ROR1 expression was less common and amounted to 24%. As tumor grade
increases, the number of cases with positive ROR1 expression increases (p < 0.05). The level of proliferative activity (Ki67)
correlated with positive ROR1 expression (p = 0.312, p = 0.03) and BMI-1 (p = 0.310, p < 0.031). In presence of metastases
to regional lymph nodes, the expression of both markers was significantly higher. The occurrence of distant metastases is

associated with high levels of BMI-1 expression by primary tumor cells (p < 0.05).

Conclusion.

The study clearly demonstrates the correlation of ROR1 and BMI-1 proteins with the clinical and

morphological parameters of the primary tumor and the course of the disease in luminal subtypes of breast cancer.
Keywords: breast cancer, BMI-1, ROR1, immunohistochemistry.
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BBE/JIEHUE

Pak mosounoii xxese3nl (PM2K) 3aHuMaer JIuau-
pymooIIye TMO3UIHU B CTPYKTYpE OHKOJIOTHYECKHX
3a00J1eBaHUH cpenu sKeHITuH. HecMOTps1 Ha TOCTUT-
HyTBIE YCIIEXH B JIEUEHUU JAHHOTO 3ab0sieBaHUs,
OCTaeTcsl aKTyaJIbHBIM ITOHUCK U U3yYeHHEe pa3Iny-
HBIX OMOJIOTMYECKUX MAapKEPOB, BBICTYIAIOUIUX B
KauecTBe TMOTEHITHATbHBIX KaHAUZATOB (HaKTOPOB
IPOTHO3a W TPEIUKIUH OTBETa Ha IIPOBOJIIMOE
JIeueHue.

Peuenroprasa tuposunkuHaza ROR1 aBisgercsa
peuentopom i cyopenquHUIBL Wntsa Wnt-
CUTHAJIPHOTO IyTH. YacToTa ee SKCIIpecCHH B HOP-
MaJbHBIX KJETKaX OYeHb BBICOKA B IMpoIlecce
SMOpHOreHe3a, HO TAKKe MOBBIIIAETCS ITPU MHOTHX
3JI0KaYeCTBEHHBIX HOBOOOpazoBaHusax [1—3]. Omu-
CaHbBI TPU OCHOBHBIX cILtalic-BapuanTa ROR1: Bapu-
a"T 1 (vi; UniProt IDQ01973-1) KojmupyeT TpaHC-
MeMOpaHHBIH 6€JIOK, COCTOSANUNA U3 934 aMUHOKHC-

INTRODUCTION

Breast cancer (BC) occupies a leading position in
the structure of oncological diseases among women.
Despite the advances in the treatment of this disease,
the search for various biological markers that act as
potential candidates for factors of prognosis and pre-
diction of response to treatment and their studying
remains relevant.

The receptor tyrosine kinase ROR1 is the Wntsa
protein receptor of the Wnt signaling pathway. The
level of its expression in normal cells is very high
during embryogenesis, but also increases in many
malignant neoplasms [1—3]. Three major splice vari-
ants of ROR1 have been described: variant 1 (v1; Uni-
Prot IDQ01973-1) encodes a transmembrane protein
consisting of 934 amino acids expressed on the cell
surface; variant 2 (v2; UniProt IDQo01973-2) lacks
the amino terminus of 549 amino acids; intracellu-
lar/secreted variant 3 (v3; UniProt IDQ01973-3),
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JIOT, DKCIIPECCUPYEMBIX HAa KJIETOUHON ITOBEPXHO-
ctu; BapuaHTt 2 (v2; UniProt IDQ01973-2) auiieH
aMUHO-KOHIIA U3 549 aMUHOKUCJIOT; BHYTPUKJIETOYU-
HbBIN/cekpeTupyemMbiii Bapuadnt 3 (v3; UniProt
IDQ01973-3), KOTOPHIH MPEAIOJI0KUTETBHO KOIH-
pyeT aMHUHO-KOHEIT U3 393 aMUHOKHUCIIOT [4].

Briepssle sxcnpeccuto ROR1 Bo MHOTHX 3J10Kaue-
CTBEHHBIX HOBOOOPA30BaHUsAX, TAKUX KaK B-kieTou-
HBI XPOHUYECKUH JIEUKO3, paKk ASUudHUKOB, PMIK,
JIETKUX, OOHAPYKUJIU IPHU [TOMOIIU TPAHCKPUIIIIH-
OHHOTO aHanu3a [5, 6]. UMMyHOTHCTOXUMUYECKUH
metoy, ucciaenopanus (MI'X) Kak 3aMOpPOKEHHBIX
00pasIoB OITyXOJIEBOU TKaHW, TaK W (PUKCUPOBAH-
HBIX (OPMAJIMHOM U 3UIUTHIX TapapuHOM GJIOKOB ¢
IIpUMEeHEHNEeM aHTHUTeJ, TPOIHBIX K N-KOHIIeBOU
obsractrt ROR1, Takke TOMOT 0OHAPYKUTH SKCITPEC-
CHIO0 JJAHHOW THUPO3MHKWHA3BI B COJIUAHBIX OIyXO-
asix. Ho B OGOJBIIMHCTBE WCCIENOBAHUU YAATIOCH
BBISIBUTH YKCIPECCUIO ITUTOILIA3MATHUYECKU PACIIO-
snoxeHHoN ROR1, a He Ha MOBEPXHOCTU KJIETKH, KaK
5TO OXKUJIAJIOCH B HAUaJsIe MccaeaoBaHus [1].

Akcupeccusi ROR1 u3yyanach B oOpasmax 3710-
POBOM TKaHM HPHU MOMOIIM Pa3JINYHBIX METOO0B,
BKJIIOYAs TPAHCKPUIITOMHBIE TEXHUKH, UMMYHO-
onorTuHT 1 UT'X. [Ipu moMonu muToMeTpuu ObLI0
mokasaHo, uTo ROR1 mpucyTcTByeT Ha KJIETOUYHOU
IIOBEPXHOCTU aJUIOLUTOB, Aud@epeHnpoBan-
HBIX INn VIilro U3 KJIETOK-IIPEAIIECTBEHHUKOB, U Ha
IIOBEPXHOCTH HOPMAJIBHBIX B-KJI€TOK KOCTHOTrO
mosra [7]. Paznuunblie crenuduunbie kK ROR1
aHTHUTEJIA UCII0JIH30BAJINCH JIJIs1 OOHAPYKEeHU JIaH-
HOTO Oeska B KJIETKaX HOPMAJIbHBIX TKaHEW MPHU
nomotmu MI'X u ummyHoOsoTTHHTa [8—10]. Jlan-
Hble HUCCJIeZIOBAaHUA MPUILIN K Pa3HBIM pe3yJbTa-
TaM, HO ObLIM eauHbl B omHOM: ROR1-v1 usbupa-
TEJIPHO JKCIIpeCCUPYETCA B OIYXOJIEBBIX KJIETKAX,
HO HE B 3/]J0POBBIX.

I'pynna ucememosareneit (A. Balakrishnan et al.)
usydyanu 3GQPEeKTUBHOCTb H300PETEHHOTO HMH
antutesia 6D4 mAb, TPOITHOTO K KapOOKCH-KOHILY
ROR1, npu nposesnenun MI'X. OHU nokasanu, 4To
ROR1 romoreHHO 3KcHpeccupyeTcs B TKaHAX TPOU-
HOTO HETAaTUBHOTO paKa MOJIOUYHOH »KeJie3bl, paka
SUYIHUKOB U JIETKOTO. Takke BBIABUIJIN HEKOTOPYIO
DKCIIPECCHIO JIAHHOTO 0eJika B 370POBBIX TKAHSX,
TaKUX KaK IapalluTOBUIHBIE JKeJIEe3bl, OCTPOBKU
TIO/PKEJTYIOYHON JKeJie3bl, CJIM3UCTas MHIINEBO/A,
JKeJIy/IKa, BEHAAIaTUIIEPCTHOW KUK [9].

Pax uccnenmoBaHMil moKasany, YTO IIPU pake
MOJIOYHOH 2kesie3bl skcpeccuss ROR1 6b11a cBsA3aHa
C BBICOKMM YPOBHEM Hpoyidepanui OIyXOJIeBBIX
KJIETOK, YCKOJIB3aHUEM OT aIlOIT03a U CKJIOHHOCTHIO
K SIUTENATbHO-ME3eHXUMAJIIbHOMY  IIE€PEXOMY
(OMII) [12].

which is proposed to encode the amino terminus of
393 amino acids [4].

For the first time, ROR1 expression in many
malignant neoplasms, such as B-cell chronic leuke-
mia, ovarian cancer, BC, lung cancer, was discovered
using transcriptional analysis [5, 6]. Immunohisto-
chemistry (IHC) of both frozen tumor tissue samples
and formalin-fixed, paraffin-embedded blocks using
antibodies to the N-terminal region of ROR1 also
helped detect the expression of this tyrosine kinase
in solid tumors. But most studies were able to detect
the expression of ROR1 located in the cytoplasm, and
not on the cell surface, as expected at the beginning
of studying [1].

ROR1 expression has been studied in healthy tis-
sue samples using a variety of methods, including
transcriptomic techniques, immunoblotting, and
IHC. Using cytometry, ROR1 has been shown to be
present on the cell surface of adipocytes differenti-
ated from progenitor cells in vitro and on the surface
of normal bone marrow B cells [7]. Various ROR1-
specific antibodies have been used to detect this pro-
tein in normal tissue cells using IHC and immunob-
lotting [4, 8—10]. These studies came to different
results, but were unanimous in one thing: ROR1-v1 is
selectively expressed in tumor cells, but not in
healthy ones.

A group of researchers (Balakrishnan et al.) stu-
died the effectiveness of their developed 6D4 mono-
clonal antibody which is tropic to the carboxy termi-
nus of ROR1, by THC. They showed that ROR1 is
homogeneously expressed in the tissues of triple
negative breast cancer, ovarian cancer, and lung ade-
nocarcinomas. Some expression of this protein was
also detected in normal tissues, including parathy-
roid, pancreatic islets, esophageal, gastric and duo-
denal mucosa [9].

A number of studies have shown that in breast
cancer, ROR1 expression was associated with high
levels of tumor cell proliferation, escape from apop-
tosis, and susceptibility to epithelial-mesenchymal
transition (EMT) [10].

Pandey et al. showed that ROR1 expression was
most often found in the triple negative subtype of
breast cancer, the luminal A subtype was in second
place, less often in HER2-positive breast cancer
and the luminal B subtype. The researchers also
showed that the high levels of expression of this
protein were associated with worse survival with-
out distant metastasis. An association has also
been shown between ROR1 expression and the
level of fibroblast growth factor receptor 1 (FGFR1)
expression. The possibility has been noted that
ROR1 maintains FGFR1 expression, which, in turn,
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G. Pandey et al. mokasasu, uto skcipeccuss ROR1
Yarie BCero Bcrpevassach Py TPOMHOM HETaTUBHOM
MIOITUIIE PAKA MOJIOYHOH KejIe3bl, HA BTOPOM MeCTe
OKazaJicAd JIIOMHUHQIBHBIA A TOATUII, peXe — IpU
HER2-ntonoxurtespHoM PMX U JjI10MUHAJIIBHOM
B moarune. Takske mccaeqoBaTesd IMOKa3asid, 4TO
BBICOKUE IIOKA3aTeJU DKCIPECCUU JTAHHOTO Oeska
OBLTM CBSI3aHBI C XYZIIEHd BBIKHBAEMOCTHIO 0e3
OTJTAJIEHHOTO MeTacTa3upoBaHusA. Takike ObLIa
IOKa3aHa cBA3b Mexay skcnpeccueir ROR1 u ypos-
HEM DKCIIpeCCHH periernTopa dpakTopa pocra ¢pubpo-
6macroB 1 (FGFR1). Bruia orMeueHa BEPOATHOCTH
toro, yto ROR1 nmogep:xuBaet skcrpeccruio FGFR1,
4TO, B CBOIO O4YEpE/b, OIpe/essseT MaKCUMaJbHO
3JI0KQYECTBEHHOE Te€UEeHHEe TPOUHOTO HETATUBHOTO
PMXK [11].

M.K. Hasan et al. mpeacraBuin JaHHBIE O TOM,
uyro Wntsa ungymupyer ROR1, uTo npuBoauT K
PEKpPYTUPOBAHUIO KOpTakTHHA. KopTakTuH urpaer
Ba)KHYIO POJIb B IIPOIIECCE MEKKIJIETOYHOU a/IT€3UH —
CJIeIOBATEILHO, €T0 PEKPYTUPOBAHUE CIIOCOOCTBYET
KJIETOUHOU MUTpAIMU U TOABJIEHUIO OTAAJIeHHBIX
Metacrta3oB npu PMJK. 13 3TOro Mo:KHO cpesaTh
BBIBOJI, uTO 3KcIipeccus ROR1 B kinetkax PMK Oyzet
CBA3aHA C BBICOKMM DHCKOM OTJIaJIEHHOTO MeTacTa-
3UPOBAHUS U XYAIIUM IIPOTHO30M [12].

ITpu ceaseiBanuu ROR1 ¢ 6esikom Wntsa Wnt-
CUTHAJIBHOTO IIyTH 3allycKaeTcs KacKaJ, peakIui,
CIIOCOOHBIX NIPUBECTH K aKTuUBanuu Oeiaxa BMI-1.
Besnok BMI-1 oTtHOcuTCsT K ceMelcTBYy polycomb,
UTpapIleMy HEMaJOBLXKHYIO pOJIb B IIpoIeccax
3aIporpaMMHPOBAHHON KJIETOYHOH THOEIH, cTape-
HHUH KJIETOK, cIIocoOHOcTH BoccraHapiauBath JJHEK,
MOZAEP>KUBATh POCT U IPOJIKdePaIUio OIIyX0JIeBBIX
k1eTok. B HopMe BMI-1 moTeHIMpyeT HEUPOHATb-
HbBIE CTBOJIOBBIE KJIETKU U T€MOIIOITUYECKHE KIETKHU
JUisa ydactusa B mporeccax AuddepeHIIupOBKU U
obHoBeHuA [13].

B psanme wucciemoBaHuii ObBUIO TOKAa3aHO, YTO
BMI-1 3amyckaercsi mpu axrtuBaruu PISK/AKT-
curHanpHoro nmytu. 1 BMI-1, u AKT koaktusupy-
I0TCA B 3HAYUTEJIbHON YacCTU OIyXOJel ¢ BBICOKUM
3JI0KaueCcTBeHHBIM noTeHImasioM. AKT omocpenyet
docdopunupoBanue O6enxka BMI-1, ycunuBas tem
caMbIM €ro OHKOTE€HHBIM MMOTEHIHAI. TOT IPOIlece
MoAyJ/IupyeT OoTBeT Ha noBpexenue JIHK u Bauser
Ha cTaOMJIBHOCTh T€HOMA, HapyIlas ee.

Jlpyroe He3aBHCHMOE HCCIEAOBAaHHE IOKA3aJIo,
uto ¢ochopunmposanue BMI-1 npu momomu AKT
TaKk)Ke MOKET MOJYJIMPOBATh €ro (PyHKIIUIO depe3
Zpyro#l curHajbHBIA 1myTh — Ink/Arf. ®ochopuin-
poBanme BMI-1 yesoBeka mo Ser316 ¢ IIOMOIIBIO
AKT Hnapymiano ero GyHKINIO, BBI3bIBAs JIUCCOIIMA-
nuio ot jiokyca Ink4a/Arf, uro mpuBOAMIIO K CHUMKE-

determines the great malignancy of triple negative
BC [11].

Hasan et al. presented evidence that Wntsa
induces ROR1, which leads to the recruitment of cor-
tactin. Cortactin plays an important role in the pro-
cess of intercellular adhesion; therefore, its recruit-
ment promotes cell migration and the appearance of
distant metastases in breast cancer. From this we
can conclude that ROR1 expression in breast cancer
cells will be associated with a high risk of distant
metastasis and a worse prognosis [12].

When ROR1 binds to the Wntsa protein of the
Wnt signaling pathway, a cascade of reactions is trig-
gered that can lead to the activation of the BMI-1
protein. The BMI-1 protein belongs to the Polycomb
group proteins, which plays a not unimportant part
in programmed cell death, cell aging, DNA repair
capacity, and maintaining the growth and prolifera-
tion of tumor cells. Normally, BMI-1 activates neural
stem cells and hematopoietic cells to participate in
differentiation and renewal [13].

A number of studies have shown that BMI-1 is
triggered by activation of the PI3K/AKT signaling
pathway. Both BMI-1 and AKT are co-activated in
the majority of high-grade tumors. AKT mediates
phosphorylation of the BMI-1 protein, thereby
enhancing its malignant potential. This process
modulates DNA damage response and affects
genomic stability by disordering it.

Another independent study showed that phos-
phorylation of BMI-1 by AKT may also modulate its
function via another signaling pathway, Ink/Arf.
Phosphorylation of human BMI-1 via Ser316 by AKT
impaired its function, causing dissociation from the
Inkga/Arf locus, resulting in decreased ubiquity-
lation of histone H2A and the inability of BMI-1 to
promote cell proliferation and tumor growth [14].
Moreover, AKT-mediated phosphorylation of BMI-1
also inhibits its ability to promote self-renewal of
hematopoietic stem and progenitor cells. These stud-
ies reveal the mechanism of increased p16Ink4a and
p14Arf subunits observed in cancer cells with acti-
vated phosphoinositide 3-kinase (PI3K/AKT) signal-
ing pathway and identify the crosstalk between phos-
phorylation events and the chromatin structure.
Together, these data indicate context-dependent
variability in the functional outcome of phosphory-
lated BMI-1.

A number of studies have shown that high levels
of BMI-1 expression are observed in breast cancer,
which, in turn, correlated with dramatic progression
and poor prognosis. It was noted that this protein
plays quite an important role in tumor invasion and
metastasis by modulating the expression of EMT
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HUIO YOMKBUTUHHUPOBaHUsA TucToHAa H2A m Hecro-
cobHocTn BMI-1 cTMy/IMpOBaTh KJIETOUHYIO IPO-
gudepanuio U pocT omyxonau [14]. Bosee Toro,
AKT-onocpenioBanHoe docdopunupoanue BMI-1
TaK}Ke WHTHOWPYET €ro BO3MOKHOCTb CIIOCOOCTBO-
BaTh CaMOOOHOBJIEHUIO T'€MOITO3THUYECKUX CTBOJIO-
BBIX KJIETOK M KJIETOK-IIPEJIIEeCTBEHHUKOB. JTU
HCC/IeJIOBAHUS PACKPBIBAIOT MEXaHHU3M IIOBBIIIEH-
HOTO coziep:kaHusA p16Inkqa u p14Arf cy6pequnuI,
HAa0JII0IA€MOTO0 B PAKOBBIX KJIETKAX C aKTUBHUPOBAH-
HBIM CUTHAJIBHBIM IyTeM (ocHOUHO3UTU-3-
kuHasbl (PI3K/AKT), u onpe/iesaioT nepekpecTHbIe
IIOMeXU MEeXAY COOBITUAMU (HOChHOPUIUPOBAHUS U
CTPYKTYpOU XpoMaTuHa. BMecre 5TH JaHHBIE YKa3bI-
BAaIOT HAa 3aBHUCAIILYI0 OT KOHTEKCTa U3MEHUYHBOCTH
dyHKIIMOHAIBFHOTO pe3yJsbTaTta ¢GochopuImpoBaH-
Horo BMI-1.

Psap wccnepoBaHMi TIOKa3ajiud, YTO IPU pake
MOJIOYHBIU JKeJIe3bl HAOJTI0IAI0TCS BHICOKHE YPOBHH
skcnpeccuu BMI-1, 4yTo, B CBOIO 04Yepesib, KOppeJIu-
pOBAJIO C aTPECCUBHBIM TEUEHUEM OITYXOJIH U HebJ1a-
TONPUATHBIM IPOTHO30M. BBLIO OTMeuUeHo, UTo J1aH-
HBIA O€JIOK UTPaeT HEMAJIOBAKHYIO POJIb B MHBA3UH
U METacTa3UPOBAHUU OITyXOJIeH, MOIYJIUPYSA BDKC-
npeccuro 6enkoB OMII. In vitro u in vivo 6enox
BMI-1 mokasas BaXKHYIO pojb B (OPMUPOBAHUU
BBICOKOII OHKOT€HHOCTH KJIETOUHBIX JimHui PMIK.
Taxxe kosutabopanus BMI-1 u HRAS npuBogur K
KpalHe 3JI0KauecTBeHHOMY deHoTHrIry PMIK, moBbI-
[aeT MPOILEHT OTAAJIEHHOTO MeTacTa3MpPOBAaHUA B
IeYeHb, ceJIe3eHKY, TOJIOBHOK MO3T [15].

J.Y. Liu et al. B cBoeM ucciieoBaHUH IPUBOJIAT
WHTEPECHBIE JJAHHBIE O TOM, YTO CTUMYJIMPYIOIIHE
poct omyxosin 3(pdeKTh, 00yCIOBIEHHbIE AKTUBA-
nueit BMI-1, oT/imyaroTes B KJIETOYHBIX JIMHUAX Pa3-
JIMYHBIX MOJIEKYJIAPHBbIX noaTrunos PMXK. AsTopsl
IMOKa3aJIu, YTO OpU JIIOMUHAIBHOM A noaTuiie PM7K
BMI-1 cnocobcerByer mposirdepanui OIMyX0JIeBBIX
KJIETOK IIOCPEJCTBOM WHTUOUPOBAHUS TPAHCKPUII-
nuu CDKN2D, npu TpoHHOM HeraTHBHOM IIOJITUIIE
STO TIPOUCXOAUT 32 CUET HMHTHOUPOBAHUA TPAaHC-
kpuniun BRCA1 [16]. B JlOMUHAIBHBIX KJIETKAaX
paka MOJIOUHOMU 2KeJie3bl IOJATUIIA A aBTOPHI cocpe-
moroumnuck Ha CDKN2D (p19INK4d), xoTopbiit
MIPUHAIJIEXKUT K ceMelcTBy OenkoB INK4, uHrubu-
TopoB CDK4. CemetiictBo INK4 cocrout n3 CDKN2A,
CDKN2B, CDKN2C u CDKN2D, koTopble cBA3bIBa-
torca ¢ CDK4 u CDK6 u cnenuduyveckun WHrubOu-
PYIOT aKTUBHOCTH KHHA3bI PRb KOMILIEKCOB ITUKITHH
D-CDK4 u nukinud D-CDK6, 9ToObI perysupoBath
dazoserii nepexon G1-S. I'ensl cemeiicrBa INK4 nieii-
CTBYIOT KaK OILyXOJIEBbIE CYIIPECCOPBI B IIaTOTeHe3e
MHOTHX  3JIOKQUeCTBEHHBIX  HOBOOOpPa30BaHUM,
BKJIIOUAsI JIEUKEMUIO [17], 1 00eCTIeUnBaIOT IPSMYIO

proteins. In vitro and in vivo, the BMI-1 protein
showed a substantial role in the formation of high
carcinogenicity of BC cell lines. Also, BMI-1 and
HRAS co-expression leads to an extremely malig-
nant phenotype of BC and increases distant metasta-
sis to the liver, spleen, and brain [15].

Liu et al. provide data of interest that effects pro-
moting tumor and caused by BMI-1 activation differ
in cell lines of different molecular subtypes of BC.
The authors showed that in the luminal A subtype
of breast cancer, BMI-1 promotes tumor cells prolif-
eration by inhibiting the transcription of CDKN2D;
in the triple negative subtype, this occurs by inhibit-
ing the transcription of BRCA1 [16]. In luminal A
subtype breast cancer cells, the authors focused on
CDKN2D (p19INK4d), which belongs to the INK4
family, CDK4 inhibitors. The INK4 family consists
of CDKN2A, CDKN2B, CDKN2C, and CDKN2D,
which bind to CDK4 and CDK6 and specifically
inhibit the pRb kinase activity of the cyclin D-CDK4
and cyclin D-CDK6 complexes to regulate the G1-S
phase transition. INK4 family genes act as tumor
suppressors in the pathogenesis of many malignan-
cies, including leukemia [17], and provide a direct
correlation between tumorigenesis and loss of
damping mechanisms. Wang et al. found that PML/
RARa can impair both proliferation and differentia-
tion by suppressing the expression of CDKN2D,
thereby promoting the development of acute pro-
myelocytic leukemia [18]. However, the role of
CDKNZ2D in breast cancer has not been widely stud-
ied. Liu et al. showed that BMI-1 may function by
inhibiting CDKN2D, thereby suggesting that
CDKN2D may serve as a target gene for BMI-1 in
luminal A breast cancer. The researchers also deter-
mined mRNA levels of BMI-1 in normal tissue cells
and tumor cells of the mammary gland. It was
shown that BMI-1 levels were significantly higher in
breast carcinomas [16]. Using immunofluorescence
analysis, the expression of this protein in triple-
negative BC and luminal A subtypes was studied.
Both molecular subtypes of BC showed increased
levels of BMI-1 expression, even though luminal A
subtype tumors generally have more favorable
prognosis [19]. These results confirmed the data of
previous studies indicating significantly high levels
of BMI1 expression in breast malignancies [15].
This study showed that BMI-1 expression was sig-
nificantly upregulated in breast cancer tissues com-
pared to normal tissues at both mRNA and protein
levels. Loss-of-function experiments confirmed that
BMI-1 expression downregulation could inhibit
proliferation and migration of breast cancer cells
in vitro and in vivo. These findings indicate that
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CBA3Db MEXK/y OHKOT'€He30M U IOoTepell HeraTUBHOTO
KOHTPOJISI IIPOTPECCUPOBAHUA KJIETOUYHOIO LUKJIA.
Y. Wang et al. o6napyxunu, uro PML/RARa mosxer
HapymaTh Kak nposmdepanuio, Tak u auddepen-
IIUPOBKY IIyTeM IojiaByieHus skcnpeccuu CDKN2D,
TEM CaMbIM CIIOCOOCTBYsI IIATOTEHE3Y OCTPOTO IIPO-
MUEJIOIUTApHOTO Jieiiko3a [18]. OxHako posb
CDKN2D B pasBuUTHH paka MOJIOYHOH IKeJe3bl
IIUPOKO He ndyvanack. J.Y. Liu et al. mokaszanu, uro
BMI-1 wMoxeT GYHKIHMOHUPOBATh, WHTUOUPYA
CDKN2D, tem cambiM mpeznosaras, utro CDKN2D
MOKET CJIY?>KUTh FfeHOM-MuIlieHbio BMI-1 mpu siromu-
HaJIBHOM IIOATHIIA A pakKe MOJIOUHOM :KeJe3bl.
Taxoke ucesenoBarenu onpeenuan yposau MPHK
BMI-1 B 3710pOBBIX KJIETKaX MOJIOUHOM Kejle3bl U B
KJIeTKaX omyxosiell. Bpulo IMMOKa3aHO, YTO YPOBHU
BMI-1 ObLTH 3HAYUTEBHO BBIIE P KapIIHHOMAX
MOJIOYHOH 2Kejie3bl [16]. C mOMOIIbI0 UMMYHOMJIIO-
OPECIIEHTHOTO MeTo/Aa ObLIa M3ydeHa 3KCIPECCHUs
JIAHHOTO OeJiKa MpH TPYKAbl HeraTuBHoM PMIK u
JIIOMHUHQIBHOM A mozaTHIe. B 0601X MOJIEKY/IAPHBIX
noaTunax PMM ObLIM BBISIBJIEHBI ITOBBIIIEHHBIE
ypoBHHU 3Kcripeccun BMI-1 nake HecMOTps Ha TO,
YTO OIYXOJIU JIIOMHHAJIBHOTO A TMOATUNA OOBIYHO
XapaKTepu3yloTcs Oosiee GJIarONMPUSATHBIM ITPOTHO-
30M [19]. AT pe3ysbTaThl MOATBEPAUIU JAHHBIE
MPEJIBIAYIIUX UCCIENOBAHUN, TOBOPAIINX O CTaTH-
CTUYECKU 3HAUYMMO BBICOKHUX YPOBHAX HKCIIPECCUU
Oeska MpPU 3JIOKAYECTBEHHBIX HOBOOOPa30BAHUAX
MOJIOUHOH skene3bl [15]. JlaHHOe wucCcaenoBaHue
IoKa3ajio, 4To 3Kcmpeccuss BMI-1 Obuta 3HAUM-
TeJIbHO ITOBBIIIIEHA B TKAHAX PAKa MOJIOUHOH JKeJIe3bl
[0 CPaBHEHHWIO CO 3J0POBBIMH TKAaHAMHU KaK Ha
ypoBHe MPHK, Tak u Ha ypoBHe omnpezesieHUA
caMoro 6eJyika. AHAJIU3BI TOTEPU GYHKITUU ITOATBEP-
WU, YTO CHU)KeHHe sKciipeccun BMI-1 mosker
WHTUOUPOBATh MPOIUQEPAIUI0 U MUTPALNIO KJIe-
TOK paka MOJIOYHOH 2KeJIe3bl in vitro u in vivo. ATU
JlaHHbIE TIOKa3bIBaIOT, uTO0 BMI-1 feiicTByeT Kak
OHKOT€H B Pa3BUTHHU PaKa MOJIOYHOMU KeJIe3bl.

Hcexona u3 cymiecTByromux (yHAaMeHTalbHBIX
JlaHHBIX 0 posin 6estkoB BMI-1 1 ROR1 pu 3y10Kaue-
CTBEHHBIX HOBOOOPA30BaHUSIX, IIPEJICTABIIAET HECO-
MHEHHBIN HHTEPeC KOMILIEKCHOE U3YUeHNe TaHHbIX
(akTOpOB B OTHOIIEHUU KJIMHUYECKUX U MOPDOII0-
THYECKHUX IIapaMeTpoB 3aboJieBaHUsA y OOJIbHBIX
PaKOM MOJIOYHOH KeJIe3Bbl.

IIEJIb NCCJIEAJOBAHUA

N3yunTh KINHUKO-MOP(QOJIOTHYECKHE OCOOEeH-
HOCTH 3a00JI€EBaHUSA B 3aBUCUMOCTH OT SKCIIPECCHH
BMI-1 u ROR1 B IepBUYHOM OIyX0JH Y GOJIBHBIX C
JIIOMUHAJIBHBIM PaKOM MOJIOUHOU ’Kejie3bl Ha (oHe
Tepanuy HHTHOUTOpaMH apOMaTasbl.

BMI-1 acts as an oncogene in the breast cancer
development.

Based on the current essential data on the role of
BMI-1 and ROR1 proteins in malignant neoplasms, a
comprehensive study of these factors in relation to
the clinical and morphological parameters of the dis-
ease in patients with breast cancer is of undoubted
interest.

AIM OF THE RESEARCH

To study the clinical and morphological features
of the disease depending on BMI-1 and ROR1 expres-
sion in the primary tumor in patients with luminal
breast cancer during aromatase inhibitor therapy.

MATERIALS AND METHODS

A study included 80 patients with T1-2No-1Mo
primary operable BC who were treated in the Depart-
ment of Oncology of the Cancer Research Institute of
the Tomsk National Research Medical Center
(TNRMC). The mean age of the patients was
62.1 + 8.1 years. Inclusion criteria for the study were:
histologically confirmed luminal HER2-negative BC,
adjuvant treatment with aromatase inhibitors, and
postmenopause. Exclusion criteria were: preopera-
tive treatment, adjuvant chemotherapy, multiple pri-
mary malignant tumors. The study was approved by
the local Ethics Committee of the Cancer Research
Institute of the TNRMC. All patients underwent sur-
gical treatment including mastectomy or lumpec-
tomy, radiation therapy and adjuvant hormone ther-
apy with aromatase inhibitors. Staging of BC was
performed according to the TNM classification (7th
edition). The follow-up was at least 3 years. A mor-
phological study of the samples was carried out. The
primary tumor tissue and resected axillary lymph
nodes were examined. We used a Nikon ECLIPSE Ni
light microscope. The diagnosis was made according
to the WHO Classification of Tumors of the Breast,
5th Revision (2019). Analysis of ROR1 and BMI-1
expression in the primary tumor was performed on
paraffin sections with IHC method using a Bond-
MAX (Leica Biosystem) automated staining system.
Antibodies to ROR1 (ROR1 antibody, polyclonal,
1:100, ThermoFisher) and BMI-1 (BMI-1 antibody,
polyclonal, 1:100, ThermoFisher) were used. Prolif-
erative activity of tumor species was assessed by Ki67
staining (clone SP6, Cell Marque). In each case, the
presence and intensity of staining and the percent-
age of positive staining for ROR1 and BMI1 were
assessed.

Statistical analysis of the data was carried out
using Statistica 10.0 software. Normally distributed
data were checked using the Kolmogorov-Smirnov
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MATEPUAJIBI 1 METO/bI

B uccnenoBanue 6bUTH BKJIFOUEHBI 80 MTAITUEHTOK
¢ T1-2No-1Mo cragusamMu mepBUYHO-0IIepabeTbHOTO
PMK, mpoXOIMBIIINX JIEUEeHUE B OT/IEJIEHUH OOIIeH
oHnkosiorun HUU onkosioruu ToMCKOT0O HalfuOHAaIb-
HOTO WCCJIEZIOBATEIHCKOTO MEIUIIMHCKOTO I[eHTpa
(THUMLI). Cpennuii BO3pacT OOJBHBIX COCTABHUJI
62.1 + 8.1 roga. Kputepusamu BKJIIOUEHUS B UCCJIe-
JIOBaHUEe OBLIM THUCTOJIOTHYECKU ITOATBEPIKAEHHBIH
moMmuHanbHbii HER2-HeratuBubii PMJK, agbio-
BAHTHOE JIeueHHe UHTHOUTOpaMHu apoMaTasbl, IIOCT-
MeHomay3a. Kputepuu UCKIIUEHH: TpeoTIepaliy-
OHHOE JIeueHWe, aJbIOBAaHTHAs XUMHOTEpAIus,
IIEpBUYHO-MHOKECTBEHHbIE 3JI0KAUECTBEHHBIE OITy-
xosu. HcceemoBanue ObUIO OI00PEHO JIOKAJTBHBIM
sTudeckum komuterom HUU onkosorun THUMII.
Bce manueHTKH MOJIydan ONEpaTUBHOE JIeYEHHE B
o0beMe MaCTAKTOMHHU WU CEKTOPAJIbHOH pe3ek-
1Y, JIyIeBOU TEPAINU U a/TIOBAHTHOU TOPMOHOTE-
panuu nHrubUTOpaMu apoMarasbl. PacmpocrpaHeH-
HOCTb OHKOJIOTHYECKOTO 3a00JieBaHUs OIpeesis-
Jlach COIVIACHO MEKAYHAPOHOU KjaccuuKamuu
TNM (7-e uzmanue). Cpoku HaGIIOAEHUA 32 OOJIb-
HBIMU COCTABUJIN He MeHee 3 jieT. [[poBoIiIn Mop-
(osiornueckoe  MCCIEOBAaHUE — OIEPAIIHOHHOTO
MaTepuaia. Msydanach TKaHb IEPBUYHOU OITyXOJIH
U yaJeHHbIe aKCUIAPHBIE TUMMATHIECKHE Y3JTbI.
HceseoBaHme TPOBOJTHIIOCH C TIOMOIIBIO CBETOBOTO
mukpockomna Nikon ECLIPSE Ni. /[uaruos ycranas-
guBasicsi coryacHo «Kiaccudukanuu —omyxosiei
MOJIOUHOH 3Keje3bl, 5-i nepecmorp» (BO3, 2019).
Ananmus skcmpeccun 6e1koB ROR1 u BMI-1 B mep-
BUYHOH OITyXO0JIW MPOBOJIMIN HA MapadHUHOBBIX Cpe-
3aX UMMYHOTHCTOXUMHYECKHUM criocobom. Hceieso-
BaHUE BBIMOJIHAJIOCH HA aBTOMAaTUYECKOM UMMYHO-
rucrocreiiniepe Bond-MAX (Leica Biosystem). ITpu-
mensutn  aHTuTes1a kK ROR1 (ROR1 antibody,
polyclonal, 1:100, ThermoFisher) u BMI-1 (BMI-1
antibody, polyclonal, 1:100, ThermoFisher). ITposu-
(epaTUBHYI0 aKTUBHOCTH OITyXOJIM OIIEHUBAJIM IO
yposHio skcrpeccuu Ki67 (clone SP6, Cell Marque).
B xaxk/1oM ciiydae OIleHHBaIOoCh HAJTMYNE U CTETIEHD
BBIDQKEHHOCTH HMMYHHOTO OKpAIIMBaHUs, IPO-
[IEHT MO3UTUBHO OKPAIIEHHBIX OIyX0JIEBBIX KJIETOK.

CTaTHCTUYECKUN aHAINU3 IOJYYEHHBIX JAHHBIX
MIPOBOJIUJICS C WCIIOJIb30BAHUEM IIaKETa MPOrpaMM
Statistica 10.0. HopmaysibHOCTb pacpe/iesieHus pu-
3HAKOB B BBIOOPKE IIPOBEPSIIA C KCIIOJIb30BaHHUEM
Tecra Kosmmoroposa — CMupHoBa. /1714 nepeMeHHbIX
¢ HEHOPMAaJIbHBIM paCIIpeJieJIEHUEM HCIIOJIb30BaH
TecT MaHHA — YWTHHU, TPEACTaBJIE€Hbl 3HAUYEHUS
menuanbl (Me), 25-ro u 75-ro kBapTuis (Q1; Q3).
J1714 BBISIBJIEHU S B3AUMOCBA3€H MEK/Ty ABYMS KOJIU-
YeCTBEHHBIMH ITOKA3aTEISIMU OIIEHUBAJIA PAHTOBBIH

test. For non-normally distributed data, the Mann-
Whitney test was used. The values are presented as a
median (Me), 25th and 75th quartiles (Q1; Q3). To
identify relationships between two quantitative vari-
ables, the Spearman’s rank correlation coefficient
was used. Differences between the variables were
considered statistically significant at p < 0.05.

RESULTS

In the study group, 70 patients had the luminal A
subtype, 10 patients — the luminal B/HER2-negative
subtype. In 67 patients, the primary tumor was pre-
sented by nonspecific invasive carcinoma; in 13 cases,
invasive lobular cancer was diagnosed. Based on the
results of immunohistochemical tests for the studied
proteins, a retrospective comparison of the expres-
sion level of ROR1 and BMI-1 with the clinical and
morphological parameters of the primary tumor was
carried out: size, stage, grade, regional lymph node
involvement and distant metastases. According to
the results of immunohistochemistry, positive stain-
ing for BMI-1 was observed in 64% of cases, positive
staining for ROR1 was less common and amounted
to 24% of cases.

It was shown that in the group of patients with
positive staining for BMI-1 in carcinoma cells, the
size of the primary site was significantly larger com-
pared to the group of patients with negative staining
for BMI-1 (Fig. 1) (p <0.05).

The stage of cancer did not differ significantly
depending on the level of expression of the proteins
in carcinoma cells. However, it was shown that with
increasing the tumor grade, the number of cases with
ROR1 expression increases (Fig. 2) (p < 0.05). The
level of tumor proliferative activity, evaluated by
Ki67, correlated with the expression of ROR1 (p =
0.312, p = 0.03) and BMI-1 (p = 0.310, p < 0.031).

Regional lymph node metastases in breast cancer
are an important factor that both determines the
prognosis of the disease and influences the treatment
tactics of patients. In the study group of patients,
regional lymph node involvement was found in 16
patients. According to the results of our study, in the
group of patients with regional lymph node metasta-
ses, the expression of both markers was significantly
higher (Table 1).

During the follow-up (60 months), in 68 cases
there were no signs of disease progression; in 12
cases, distant hematogenous metastases were regis-
tered. In 10 cases, patients had axial skeletal metas-
tases, in 2 cases — visceral metastases. According to
the data obtained, the occurrence of distant metasta-
ses revealed during the follow-up in patients with
luminal A and luminal B/Her2-negative subtypes
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koa(dPuruent koppesnsuuu CnupmeHa. Paznuums
MEK/Iy UCC/IeAyEMBIMU MTPU3HAKAMH CIYUTAJINCH CTa-
TUCTUYECKU 3HAYMMBIM IIPH YPOBHE P < 0.05.

PE3YJ/IBTATDBI

B nccneoBaHHOH TpyIille 70 MAIUEeHTOK UMesH
JIIOMUHAJIBHBIN A HOJTUI, 10 MAIJUEHTOK — JIIOMU-
HanbHBIH B/HER2-oTpHIaTeIbHBIA  MOJIEKYJISIP-
HBIH cyOTHII. Y 67 MallMeHTOK IepBUYHAsA OILyXOJIb
ObLTa TIpe/iCTaB/ieHA WHBA3WUBHOU KapIUHOMOMU
HecrenuUUIeCcKOro TUIA, B 13 HAOJIIOAEHUAX Aua-
THOCTUPOBAH WHBA3UBHBIM JOJBKOBBIM pak. Ha
OCHOBe pe3ysbTaToB nposegeHHoro UI'X umccmeno-
BAaHUSA N3YIAEMBIX OETKOB IPOBOIMIJIOCH PETPOCIIEK-
TUBHOE COIIOCTaBJIeHUe YPOBHA sKcnpeccrin ROR1 u
BMI-1 ¢ xJIuHUKO-MOPGOJIOTUYECKHMHU HapaMe-
TpaMU NEPBUYHON OITyXOJIM: Pa3MEPOM MEPBUYHOMN
OIIyXOJIU, CTazuell 3ab0JIeBaHMUsA, CTENIEHBIO 3JI0KA-
vecTBeHHOCTH (grade), CTaTycOM pernoOHaPHBIX JIUM-
(atrmueckux y30B U HaKTOM IMOSBIEHUSA OTAAJIEH-
HBIX MeTacTasoB. Ilo pesysbpraTaM NpPOBeZIEHHOTO
UTI'X uccnenoBanusa MO3UTHUBHAA dKcripeccusa BMI-1
Habmozanace B 64 % ciaydaes, sxcupeccuss ROR1
BCTpedyasiach perke M COCTaBWIA B HCCJIETOBAHHOM
BBIOOpKE 24 %.

BpL10 OKa3aHO, UTO B TPYIIIE NAIUEHTOK C IIO3HU-
TUBHOMU sKcIpeccueii 6eka BMI-1 B KJIeTKax KapIiiu-
HOMBI pa3Mep IEPBUYHOTO OITyX0JIEBOTO Ovara ObLI
JIOCTOBEPHO OOJIBIIIE B CPABHEHUH C TPYIIIIONA 6OJIb-
HBIX, B OIIyXOJI KOTOPBIX HE OIIPe/esIsAIoch UMMYH-
HOTO OKpaIllUBaHUs ¢ aHTUTeaIoM K BMI-1 (puc. 1)
(p < 0.05).

Craziusi OHKOJIOTHUECKOro 3abosieBaHUA CyIlle-
CTBEHHO HE OTJIMYa/Iach B 3aBUCUMOCTU OT YPOBHA

was associated with high levels of BMI-1 expression
in primary tumor cells (p < 0.05).

DISCUSSION

Luminal breast cancer which accounts for approx-
imately 70% of all breast cancers is characterized by
the expression of estrogen and/or progesterone
receptors. Two proteins that have been shown to play
an important role in the pathogenesis of luminal
breast cancer are BMI-1 and ROR1.

In breast cancer, ROR1 is specifically expressed in
luminal subtypes, but not in normal breast tissue or
triple-negative breast cancer tissue [11, 16]. Our
study showed that positive staining for BMI-1 was
more common, while ROR1 expression was less fre-
quently recorded. However, a dependence on the size
of the primary tumor was found only for the BMI-1
protein. At the same time, both markers showed a
correlation with the level of proliferative activity of
tumor cells. This is most likely due to the fact that
two oncogenic proteins can interact through both
independent and overlapping mechanisms to pro-
mote proliferation, survival, invasion and therapy
resistance in tumor [10, 12].

The correlation we discovered between the
expression of the studied markers and the frequency
of regional and distant metastasis in patients with
luminal BC is most likely explained by the functional
properties of these proteins, which are of importance
in relation to both lymphogenous and hematogenous
dissemination. ROR1, in particular, has been shown
to activate invasion, EMT, and metastasis in luminal
breast cancer models [12]. It should be emphasized
that all patients included in the study had fairly simi-

Puc. 1. BeipaxkenHasi sxcrpeccrsi BMI-1 B KyIleTKax paka MOJIOYHOH KeJie3bl.
M HBa3uBHAs KapIMHOMA HeCTen(pUIecKoro Tuna. MMyHOTHCTOXUMUYECKOE OKpallluBaHue. YBeaudeHue (yB.) X200
Fig. 1. High level expression of BMI-1 in breast cancer cells. Nonspecific invasive carcinoma.
Immunohistochemical staining. Magnification (magn.) x200
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Puc. 2. Ymepennas skcnpeccuss ROR1 B kjieTKax paka MOJIOYHOU JKesie3bl. VIHBa3UBHAA /I0JIBKOBASA KapIITHOMA,
1w1eoMOPQHBIH MOATUI. IMMYHOTHCTOXUMHYECKOE OKPAIIUBAHUE. YB. X200
Fig. 2. Moderate level expression of ROR1 in breast cancer cells. Invasive pleomorphic lobular carcinoma.
Immunohistochemical staining. Magn. x200

DKCIIPECCHH M3ydaeMbIX OEJIKOB B KJIETKaX KapIiu-
HOMBI. OffHaKO OBLIO ITOKA3aHO, YTO IIPH HapacTa-
HUM CTENEeHU 3JI0KAYEeCTBEHHOCTU OITyXOJIH YBEJIH-
YMBAETCS YUCJIO CAYYaeB C IMO3UTHUBHOM SKCIIPEC-
cueii paxkropa ROR1 (puc. 2) (p < 0.05). YpoBeHb
nposiridepaTUBHON aKTUBHOCTH OIIYXOJIM, OIleHEH-
HBIH 10 Mapkepy Ki67, KoppeaupoBas ¢ IO3UTHB-
Hou skcrpeccuerr ROR1 (p = 0.312, p = 0.03) u
BMI-1 (p = 0.310, p < 0.031).

Meracratuueckoe IOpakKeHHe PpPerdOHapHBIX
JUM@aTHYECKUX Y3JI0B IIPU PaKe MOJIOYHOM! KeJIE3bI
SIBJISIETCSI BAYKHBIM (DaKTOPOM, OTIPEIEIAIONINM KaK
[IPOTHO3 3a00JIeBaHUsA, TaK W BJIMAION[UM Ha TaK-
TUKY JIeYeHUs MTalleHTOB. B mceaemyeMoi rpyiie
OOJIbHBIX MOpa’KeHHWE PErHOHAPHBIX JuUMdaTHye-
CKHX Y3JI0B OITyXOJIbIO OBLIO BBHIABJIEHO y 16 0O0JIb-
HbIX. 10 pesysibTaTaM HAIIEro UCC/IeOBAHUS OBLIO
YCTAHOBJIEHO, YTO B IpyIie OOJbHBIX C HATUYHEM
MEeTaCcTaTHYECKOTO MOPaKeHUsI PErHOHAPHBIX JIMM-
(aTmuecKux y3JI0B SKCIpecCHs 000UX MOKa3aTeIei
ObL1a JIOCTOBEPHO BHIIIE (TA0JI. 1).

3a nepuoa HabmoneHus (60 mec) B 68 cayuasx
[IPU3HAKOB IPOTPECCHPOBAaHUA 3a00JIEBaHUSA HE

lar clinical characteristics and underwent the same
treatment with aromatase inhibitors. It is possible
that the disease progression during therapy with aro-
matase inhibitors is associated with the activation of
mechanisms of tumor resistance to hormonal treat-
ment, due to activation of the Wnt signaling pathway
by ROR1 and BMI-1 proteins, and, possibly, tran-
scriptional repression of CDKN2D [1, 3, 18].

The grade of breast carcinomas is an integral
morphological indicator that reflects the degree of
morphological and structural anaplasia of tumor
during light microscopy. The correlation we have
discovered between ROR-1 expression and the
growth of carcinoma grade is consistent with the
results of other studies [9].

Further studies are needed to fully elucidate the
BMI-1/ROR-1 signaling axis and its potential as a
therapeutic target in luminal breast cancer.

CONCLUSION

The study clearly demonstrates the correlation of
ROR1 and BMI-1 proteins with clinical and patho-
logical parameters of the primary tumor and the

Ta6smmua 1. BeipaxxeHHoCTb 3Kkcnpeccu (%, Me (Q1-Q3)) 6esikoB BMI-1 1 ROR1 B k/1eTKax nepBUYHON OMYyX0JIH
B 3aBHCHMOCTH OT CTaTyca JUMPpATHUECKUX Y3JI0B Y GOJIbHBIX JIIOMHUHAIbHBIM PAKOM MOJIOUHOH JKeJie3bl
Table 1. Expression level (%, Me (Q1-Q3)) of BMI-1 and ROR1 proteins in primary tumor cells depending on the status

of lymph nodes in patients with luminal breast cancer

Cratyc iMM¢paTUIECKUX Y3/I0B

Lymph node status LS RUE

NO (n = 64) 14.0 (10-21) 0 (0-16)
N+ (n = 16) 27.0 (10-67) 18.0 (0-49)
p 0.024 0.033
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OTMEYEHO, B 12 CITydasX 3aPEerUCTPUPOBAHO MOSIBJIE-
HUe OTJaJIEHHBIX reMaTOTreHHBIX MeTacTa3oB. B 10
cIIydasx y mareHTOK OTMeUaIoCh MeTacTaTHIeCKoe
TopaskeHue CKeJleTa, B 2 HaOTI0eHUAX ObLIA BEpU-
¢urupoBaHbl BUCllepasibHble MeTacTa3bl. CorjiacHO
MOJIYYEHHBIM JJAaHHBIM, BO3HUKHOBEHUE OT/aJIeH-
HBIX METACTa30B, JIMarHOCTUPOBAHHBIX HaA STarax
JIMTHAMUYECKOTO HAaOJ0/IeHUus y OOJIbHBIX JIFOMU-
HaJIBHBIM A ¥ JIIOMUHATBHBIM B/Her2-neraruBHbIM
MTOATUIIAMHU, OBLJIO CONPSKEHO C BBICOKUMH YPOB-
HeM 3Kcrpeccud BMI-1 kieTkaMu IEpBUYHOU OIIy-
xomu (p < 0.05).

OBCYXJIEHUNE

JIroMUHaAJIBHBIN PaK MOJIOUHOM JKeJIE3BI, Ha JI0JTIO
KOTOPOTO IIPUXOUTCA OKOJIO 70 % BCEX AUATHOCTH-
PYEMBIX CJIy4aeB paka MOJIOYHOU KeJe3bl, XapaKTe-
PpHBYETCS SKCIIPECCHEN 3CTPOTEHOBBIX U/ HJIU IIpOTe-
CTEPOHOBBIX PerenTopoB. /IBa 6esika, KOTOPhIE, KaKk
BBISICHUJIOCh, UTPAIOT BAXKHYIO POJIb B IIaTOTEHE3e
JIIOMHHAJIPHOTO paKa MOJIOUHOH JKeJIe3bl, — 3TO
BMI-1 u ROR1.

ITpu pake mosiouHOH kesie3pl ROR1 cnenuduyso
SKCIIPECCUPYETCS B JTIOMHUHAIBHBIX TOATHIIAX, HO HE
B HOPMAaJIbHOM TKAaHU MOJIOYHOU >Keje3bl WU B
TKaHH, MOPAYKEHHOU TPOMHBIM HETaTUBHBIM PAKOM
MOJIOYHOM »eJie3bl [11, 16]. B HaIem ucciemoBannu
OBLIO TIOKA3aHO, YTO Yallle HabJII0/IaeTCs TO3UTHB-
Hoe okpamuBa"nue BMI-1, B To Bpems Kak 3KcIpec-
cua ROR1 perucrpuposasnacs pexe. [Ipu aTom 3aBu-
CUMOCTb OT pa3Mepa MEePBUYHOU OIyXOJIH O0OHApy-
JKeHa TOJIbKO B OTHolleHuu Oenka BMI-1. B To xe
BpeMs 06a MapKepa II0Ka3aJIv CBs3b ¢ YDOBHEM IIPO-
sndepaTUBHON aKTUBHOCTU OITYXOJIEBBIX KIIETOK.
BeposiTHee Bcero, 5T0 0OYCJIOBJIEHO TEM, YUTO JBa
OHKOTE€HHBIX 0OeJIka MOTYT B3auMOJIEHCTBOBATH
IIOCPEICTBOM KaK HEe3aBUCHMBbIX, TaK U IIEPEKPhIBa-
IOIMXCS MEXaHU3MOB, UTOOBI CTUMYJIUPOBATH MIPO-
sudepanuio, BbDKUBAHUE, WHBA3WI W YCTOHYU-
BOCTb K Tepanu# [10, 12].

O6Hapy:keHHast HAMH CBSI3b SKCITPECCUU U3YUEH-
HBIX MapKeEPOB € YAaCTOTOH PErHMOHApHOTO M OTAa-
JIEHHOTO ME€TACTa3UPOBAHUA Y OOJIbHBIX JTIOMUHAb-
HbeIM PMJK, BeposiTHee Bcero, 00bsicHsAeTCS (PYyHKITU-
OHAJIbHBIMHM CBOMCTBAMH JIaHHBIX OEJIKOB, MMeEIO-
[UX BAYKHOE 3HAUEHHE KaK B OTHOIIEHUH JTUMOGO-
TeHHOH, TaK ¥ TeMaTOTeHHOH JUCCeMUHAINU. BhLIO
II0Ka3aHo, 4To, B yacTHOcTH, ROR1 crumysnupyer
uHBasuio, OMII u MeTacTazsupoBaHHE B MOJEJAX
JTIOMHHAJIPHOTO paKa MOJIOUHOH skese3sl [12]. ITpu
9TOM CJIEyeT IMOAYEPKHYTb, YTO BCE MAIHMEHTHI,
BKJIIOUEHHBIE B HCCJIEJIOBAHUE, UMEJH JIOCTATOYHO
CXOXKHe KJIIMHUYECKUe XapaKTEPUCTUKU U OJUHAKO-
BOE JIeueHre MHTHOUTOpaMu apoMarasbl. He uckitio-

course of the disease in luminal molecular subtypes
of breast cancer. Further study of BMI-1 expression
in luminal subtypes of breast cancer in conjunction
with other molecular and biological characteristics
will help to understand the mechanisms of aroma-
tase inhibitor therapy failure in postmenopausal
luminal breast cancer patients and personalize the
prognosis for this group of patients.
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YeHO, YTO IIporpeccupoBaHue 06ose3HH Ha GoHe
Tepanuy WHTUOUTOPAMH apoMaTrasbl CBS3aHO CO
CTUMYJISITIAEN MeEXaHW3MOB TOPMOHAJIBHOW pe3u-
CTEHTHOCTH OIIYXOJIH, 3a CUYET aKTHBAIIUU OeTKaMu
ROR1 u BMI-1 Wnt-curHajibHOTO TyTH U, BO3-
MOKHO, TPaHCKPUIIIMOHHON penpeccun CDKN2D
[1, 3, 18].

CTerneHb TUCTOJIOTUYECKOU 3JI0KAUYECTBEHHOCTH
KapIUHOM MOJIOYHOM JKeJie3bl ABJIAeTCA HHTe-
TpaJIbHBIM MOP(MOJOTUUECKUM IPU3HAKOM, OTpa-
JKAIOIUM Ha CBETOONTHUYECKOM YPOBHE CTeIleHb
MOpdOJIOTUUeCKO U CTPYKTYpHON aHaIlIa3uu
omyxosti. OOHapy>KeHHasi HAMHU CBA3b SKCIIPECCUU
6enrka ROR1 ¢ HapacTaHHeM CTENEHH 3JI0Kade-
CTBEHHOCTU KapUIMHOMBI cOIJIacyeTcs ¢ pe3yJibTa-
TaMH JIpDYTHX UCCIIe/IOBaHUH [9].

JasnpHele WCCaeJOBAaHUA ONPAaBJAHBI  JJIA
IIOJTHOTO BBISACHEHUs OcH curHaymusanuu BMI-1/
ROR1 u ee moTeHI[Uasa B KauecTBe TepaleBTUYe-
CKOU MUIIIEHH MIPH JIIOMUHAJIIBHOM paKe MOJIOUHOU
JKeJsIe3Bl.

SAK/IIOUEHWE

IIpoBenieHHOE HCCIEOBAaHUE OTYETIUBO IeMOH-
cTpupyeT B3auMocBa3b npotenHoB ROR1 u BMI-1 ¢
KJIMHUKO-TIATOJIOTNYeCKUMU IlapaMeTpaMu IlepBruY-
HOH OIyXOJIU ¥ TeYeHHeM 00JIE3HU ITPU JIIOMUHAIb-
HBIX MOJIEKYJIADHBIX IIOATHIIAX pakKa MOJIOUHOU
skesie3nl. JlanbHelIee ndydenue skcrpeccun BMI-1
IIpY JIIOMUHIBHBIX nogrunax PMXK B coBokynHO-
CTH C JPYTUMU MOJIEKYJISIPHO-OMOJIOTHYECKIMU
XapaKTEePUCTUKAMHU IIOMOXKET IOHATh MeXaHU3MBbI
pa3BuTHA Hed(PEKTUBHOCTU Teparuyd WHTHOUTO-
paMu apomMaTasbl, BOSHUKAIOIIEH y GOJIBbHBIX JIIOMU-
HQJIBHBIM PAKOM MOJIOYHOU KeJIe3bI B IOCTMEHOIIa-
y3e, U HHIUBUAYAJIU3UPOBATH IIPOTHO3 I JAHHOMN
TPYIIIBI AIIUEeHTOK.

KoH@IUKT HHTEPECOB. ABTOPHI 3asBJISIOT 00
OTCYTCTBUHU KOH(JIMKTA UHTEPECOB.
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CocrostHuEe 00MeHa JIUMUIOB IMPU XPOHUUYECKOU HHTOKCUKAIIUU
TAKEJIBIMU MeTa/LIaMU Ha (pOHE IKCIMIEPUMEHTATHBHOTO
aTepocKJIepo3a

P.U. I6parumoB

Hayuno-uccaedosamenwvckuil yenmp Asepbaiioxicancko2o meduyuHcko2o yHusepcumema, baxy, Asepbaiioxcan

AHHOTAIIUA

BBepneHnwue. JlaHHbIe TUTEPATYPHI MTOCJIENHUX JIET IIOKA3BIBAIOT, YTO BO3J/IEUCTBUE TSIKEJIBIX METAJLJIOB SABJIAETCS
BQJKHBIM U HEJIOOLIEHEHHBIM (haKTOPOM PUCKA, CBA3AaHHBIM C PA3BUTHEM aTEPOCKIJIEPO3a U €T0 IIOCIEe/ICTBUM.

IT e 1 b . V3ydeHue BIUSHUS XPOHIMUECKOH HHTOKCUKAIIMY COJIIMU PA3JIMYHBIX TSKEJIBIX METAJUIOB (CysIbdaT KaMusl,
HUTPAT HUKeJIA U HUTPAT K0OaIbTa) HA ITOKA3aTe U JINIIHTHOTO 0OMEHA IIPU SKCIIEPUMEHTAIbHOM aTEPOCKIIEPO3E.
MaTepuanab U MeTOJB5bl . IKCIEPUMEHTHI IIPOBOJIUIINCH HA 110 OeJIbIX OeCIIOPOAHBIX KpbIcax-caMIlax. ATe-
pockiepo3 Mozenuposaica 1o M.B. Casunikomy. Ilocsie MosieTpoBaHusA aTepocKaepo3a AKUBOTHBIE I10/IBePrauch Xpo-
HUYECKOMY BO3ZIEHCTBUIO COJIEN TSKEJIbIX MeTa/IoB (CyabbaT KaAMUsA — 1 MI/KT, HUTPAT HUKEJSI — 2 MI/KT ¥ HUTpaT
KOOQJIbTa — 2 MI/KT) Uepe3 MUThEBYIO BOJY B TeUeHUE 60 CYT B UeThIPEX OIBITHBIX CEPUSX. [PYIIION CpaBHEHUS CITY KN
JKMBOTHBIE B UCXOHOM COCTOSIHUM. [IJI1 OLIEHKU COCTOSIHUS JIUIIU/THOTO 0OMeHa U3y4Jasid YPOBEHb 00IIEro XoaecTepruHa
(OX), rpurmunepuznos (TT), munonporenioB HU3kowu mwiotHocta (JITTHIT), mumnonporenioB BbicOKoH tiotHOCcTH (JITIBIT)
u 3HaueHus ko3 dunrenTa areporenaoctu (KA).

PesyanbTarTsl . Ilocie HHTOKCHKAIIMK PA3IMYHBIMU TAXKEJIBIMH MeTa/lJIaMU 3KCIIEPUMEHTAIbHBIX KPBIC C MOJie-
JINPOBAaHHBIM aT€POCKIEPO30M OTMEUAETCS BRIPAKEHHOE YCYTyOIeHNne HapyIIeHU H JIUITHIHOTO 00MeHa — 3HAUUTEILHOE
yBesandeHue ypoHa OX, TT, JITIHII u KA c omHOBpeMeHHBIM cHUkeHUeM ypoBHA JIIIBII B ceiBopoTke KpoBu. Makcu-
MaJIbHbIe U3MeHEeHUs U3YUEeHHBIX [T0OKa3aTeJIel JINIIHTHOTO OOMeHa 0TMEeYAIOTCs K 60-M CyTKaM IOC/Ie MHTOKCUKAIIUY Ha
(oHe vKCIIEPUMEHTATIBHOTO ATEPOCKIIEPO3a.

3aknoueHUe. [IuTesbHOE BO3AEHCTBUE TAKEIBIX METAIIOB (cyabdara KaJMusA, HUTPATa HUKeJIA U HUTpaTa
KobasbTa) ycyryosiseT HapylleHus JUIUAHOT0 oOMeHa, UMeIoIe MecTO IIPU SKCIepUMeHTaIBHOM arepocksiepose. ITo
CTEeIEeHH BBIPAKEHHOCTU TATOJIOTHUECKUX CZIBUTOB B YOBIBAIOIIIEM MTOPSI/IKE CIIEAYIOT: CyIbGbAT KaAMUA — HUTPAT HUKEJIS —
HUTpAT Kobasbra. HecMOTps Ha TO, YTO KOOAIBT SIBJISIETCA OAHUM U3 HEOOXOAUMBIX MUKDPO3JIEMEHTOB, €T0 JIJTUTEIHHOE
IIOCTYIUIEHE TAKKe IPUBOJUT K YCYTYOJIEHIIO HAapyIIeHHH JIUIUTHOTO 0OMeHa IIPU SKCIIEPUMEHTAILHOM aTePOCKIIEPO3e.
Kaouesnble ca08a: 9KCIIEpUMEHTANIBHBIN aTEPOCKIIEPO3, TSXKeJIble MeTaJUIbl, 0OMEH JIUITH/IOB.

Oo60pasen mutupoBaHusa: VoparumoB P.M. CocrosiHue o6MeHa JUNUAOB MPU XPOHUYECKOW HHTOKCHKA-
WU TsOKEJTBIMU MeTa/utaMu Ha (GoHe SKCIIepUMEHTAIFHOTO aTepockieposa // Journal of Siberian Medical Sciences.
2024;8(1):100-112. DOI: 10.31549/2542-1174-2024-8-1-100-112

Lipid metabolism during long-term exposure to heavy metals
in experimental atherosclerosis

R.I. Ibragimov
Scientific Research Center, Azerbaijan Medical University, Baku, Azerbaijan
ABSTRACT

Introduction. Recentliterature shows that exposure to heavy metals is an important and underestimated risk
factor related to the development of atherosclerosis and its consequences.
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A im . To study the effect of chronic intoxication with different heavy metal salts (cadmium sulfate, nickel nitrate, and
cobalt nitrate) on lipid metabolism in experimental atherosclerosis.

Materials and methods. Theexperimentswere conducted on 110 outbred male albino rats. Atheroscle-
rosis was modeled according to 1.V. Savitsky. After modeling atherosclerosis, the animals were chronically exposed to
heavy metal salts (cadmium sulfate — 1 mg/kg, nickel nitrate — 2 mg/ kg and cobalt nitrate — 2 mg/kg) via drinking water
for 60 days in four experimental series. The comparison group consisted of intact animals. To assess lipid metabolism, total
cholesterol (TCH), triglycerides (TG), low-density lipoproteins (LDL), high-density lipoproteins (HDL) and the values of
the atherogenic coefficient (AC) were determined.

R e sults. Afterintoxication with various heavy metals of rats with modeled atherosclerosis, a marked aggravation of
lipid metabolism disturbances — a significant increase in the level of TCH, TG, LDL and AC with a simultaneous decrease
in the level of HDL in the blood serum is revealed. The maximal changes in the parameters of lipid metabolism are observed
by the 60th day after intoxication in experimental atherosclerosis.

Conclusion. Long-term exposure to heavy metals (cadmium sulfate, nickel nitrate and cobalt nitrate) exacer-
bates lipid metabolism disorders occurring in experimental atherosclerosis. According to the severity of pathological
changes, the following are in descending order: cadmium sulfate — nickel nitrate — cobalt nitrate. Despite the fact that
cobalt is one of the essential microelements, long-term exposure to it also leads to an aggravation of lipid metabolism dis-
orders in experimental atherosclerosis.

Keywords: experimental atherosclerosis, heavy metals, lipid metabolism.
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BBEJAEHUE

Kak m3BeCTHO, aTEPOCKIIEPO3 SBJAETCSA I1ATOJIO-
THYEeCKOl OCHOBON MHOXKECTBA CEP/IEYHO-COCY/IHC-
TBHIX U IIepeOPOBACKY/IAPHBIX 3a00JI€BAHUH, PACIIPO-
CTPAHEHHOCTh KOTOPBIX B MHPE HEYKJIOHHO PACTeT.
JlosirocpouHble MOCTIEICTBUA aTepoCcKIepo3a OcTa-
I0TCA OCHOBHOU IPUYUHOU CMEPTHOCTU B PA3BUTHIX
¥ pa3BHBaWIIUXCcsA cTpaHax [1-5]. CoryacHO craTu-
CTHYECKUM JIAHHBIM OT CEP/IEYHO-COCY/TUCTHIX 3200-
JIEBAaHUH TOJILKO B 2019 T. ymepsu 18.6 MJIH Ues. u
34.4 MJH craiu uHBanugamu [3]. Cuuraercs, uro
aTepocKyIepo3 MeJ[JIEHHO pa3BUBAeTCA Ha BCeX BTa-
Iax »KU3HU YeJIOBEKA, U B €r0 MaTOTeHe3€e yUacTBYeT
MHOKeCTBO (DaKTOPOB, BKJIIOUas reHeTH4YecKre hak-
TOPBI U (PaKTOPBI OKPYKAIOIIEN cpeibl [6].

AHanu3 JUTEpaTyphl MOCTIEIHUX JIET IOKa3bI-
BaeT, YTO BO3/EHCTBUE TSKEIBIX METAJIOB SIBJIS-
eTcsl BAKHBIM U HeI0OIleHEHHBIM (paKTOPOM PUCKa,
CBA3AHHBIM C DPAa3BUTHEM aTEPOCKJIEPO3a U €ro
MOCJIEACTBUM [7—11].

VccnemoBaHue 2023 T. IOKa3aslo, YTO BO3JleH-
CTBUE HU3KUX /03 Ka[MHA SABJsAeTca (HaKTOPOM
pHCKa aTepocksepo3a COCYZOB WM3-3a IOBBIMIEHUS
ypoBHA akropa Bunebpanza B miaszme [12].
B KJIMHUYECKUX HCCIE0BAHUAX TIOKA3aHO, UTO BO3-
JIECTBUE KaJIMHs CBA3aHO C PAa3BUTUEM CYOKJIUHU-
YECKOTO aTePOCKJIEePO3a B COHHBIX U OepeHHBIX
apTepusAx B IMOIYJISIIIUOHHONH BBIOOPKE >KEHIIIH
cpemHero Bospacra (n = 599), y KOTOPbIX U3MePSLICS
ypoBeHb Kajgmusa B kpoBu [13]. B. Fagerberg et al.

INTRODUCTION

As is known, atherosclerosis is the pathological
basis of many cardiovascular and cerebrovascular
diseases, the prevalence of which is growing world-
wide. The long-term effects of atherosclerosis remain
the main cause of death in developed and developing
countries [1-5]. According to statistics, 18.6 miln
people died from cardiovascular diseases in 2019
alone and 34.4 mln became disabled [3]. Itis believed
that atherosclerosis develops slowly at all stages of
human life, and various factors are involved in its
pathogenesis, including genetic and environmental
factors [6].

An analysis of the literature in recent years shows
that exposure to heavy metals is an important and
underestimated risk factor associated with the devel-
opment of atherosclerosis and its consequences
[7-11].

A study of 2023 revealed that exposure to low
doses of cadmium is a risk factor for vascular athero-
sclerosis due to von Willebrand factor increase in
plasma [12]. Clinical studies have shown that cad-
mium exposure is associated with the development
of subclinical atherosclerosis in the carotid and fem-
oral arteries in a population sample of middle-aged
women (n = 599), in whom blood cadmium was mea-
sured [13]. Fagerberg et al. has been shown that in a
cohort of 64-year-old women who had never smoked,
blood cadmium levels also correlate positively with
plaque area, and the authors believe that cadmium is
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MOKa3aJIk, YTO B KOTOPTE 64-JIETHUX HUKOI/A HeE
KYPHUBIIIHX KEHIIIIH YPOBEHD KaJMHUS B KDOBH TaK:Ke
MTOJIOJKUTEJIPHO KOPPEJINPYET ¢ pa3MepaMu aTepo-
CKJIEPDOTUYECKUX OJISAIIEK, ¥ aBTOPHI CUUTAIOT, UTO
KagMHUH SIBJISETCS HE3aBUCUMBIM (haKTOPOM, CBsI-
3aHHBIM C Pa3BUTHEM OJIAIIEK, U TMOJYEPKUBAIOT
HEOOXOIMMOCTh ydYeTa KaJiMUs KaK IpOoaTepOreH-
HOTO MoJUIIOTaHTa [14].

BrilieorMeueHHBIE DAKThI JUKTYIOT HEOOXOIH-
MOCTbD JIaJIbHEHIIINX UCCIIEIOBAHNN BIANAHUSA TIXKE-
JIBIX METAJIJIOB JIJIST YJIydIlIeHUsT IOHUMAaHUsA MeXa-
HU3MOB Pa3BUTHUS aTePOCKJIep03a C IeJIbI0 paspa-
OOTKH HOBBIX JIeueOHO-TMAarHOCTUYECKUX CTpaTe-
Ui JledeHUs U TPOMUIAKTUKYU IPU JaHHOU maTo-
JIOTHH.

ITEJIb UCCJIE/IOBAHUSA

VisyueHre BIUAHUA XPOHHUYECKOH WHTOKCHUKA-
IIUY COJISIMU PA3JIMYHBIX TSKEJIBIX METAJLIOB (CyIb-
dat KagMus, HUTPAT HUKEJIS U HUTPAT KOOaIbTa) Ha
[TOKa3aTeJI JIUIHUJHOTO oOMeHa IIPH HKCIIepUMEH-
TaJIbHOM aTePOCKJIEPO3e.

MATEPUAJIBI 1 METO/bI

IKCIEPUMEHTHI IIPOBOJUIINCH Ha 110 OeJibix Oec-
MMOPOAHBIX KpBICAX-CAMIIaX Maccod 200—250 T B
IATH CEPHUAX IO 10 >KUBOTHBIX HA KAXKIBIH CPOK
uccienoBanud (tab. 1). [pynmoii cpaBHeHUs ABJIA-
JINICh JKUBOTHBIE B CXOJTHOM COCTOSTHUY. JKUBOTHBIE
COZIEPIKAINCh B CTAHAAPTHBIX YCJIOBUAX BHUBAPHUS

an independent factor associated with plaque forma-
tion, and emphasize the need to consider cadmium
as a pro-atherogenic pollutant [14].

The abovementioned necessitates further study
on the influence of heavy metals to improve under-
standing of the mechanisms of atherosclerosis devel-
opment in order to work out new therapeutic and
diagnostic strategies for the treatment and preven-
tion of this pathology.

AIM OF THE RESEARCH

To study the effect of chronic intoxication with
different heavy metal salts (cadmium sulfate, nickel
nitrate, and cobalt nitrate) on lipid metabolism in
experimental atherosclerosis.

MATERIALS AND METHODS

The experiments were carried out on 110 outbred
male albino rats weighing 200—250 g in five series of
10 animals for each time period (Table 1). The com-
parison group was presented by animals in the base-
line condition. The animals were kept in standard
vivarium conditions with natural light and free
access to water and food. The experiments were con-
ducted in strict compliance with the requirements of
the European Convention for the Protection of Ver-
tebrate Animals used for Experimental and Other
Scientific Purposes (Strasbourg, 1986) [15] on the
care of experimental animals, as well as their removal
from the experiment and subsequent disposal. This

Ta6una 1. CBoiHbIe JaHHBIE 10 CEPUSAM IKCIIEPUMEHTOB (KOJNYECTBO XKHUBOTHBIX)
Table 1. Summary of the series of experiments (number of animals)

IMocae moaenn- Iloc/ie MTHTOKCUKAL YUY HA

poBaHusd (l)OHe aTepoCKJIepo3a, CYTKH
Ne Cepus HnTakTHO® aTepocK/ieposa After intoxication following
n/m oo e EUEBRLLE A atherosclerosis modeling, day
No. Baseline .
atherosclerosis 15-e 30-e 60-e
modeling 15th 30th 60th
1 MHTaKkTHOE cocTosiHUE (KOHTPOJIb) 10 - - - -
Intact animals (control)
2 MopenrpoBaHUe aTepoCKaepo3a - 10 - - -
Atherosclerosis modeling
3 XpoHHUYecKass MHTOKCUKALUSA CYylbGaToM - - 10 10 10
KaZIMHs TI0CJIe MOJIeINPOBAaHUS aTepoCKIepo3a
Chronic intoxication with cadmium sulfate after
atherosclerosis modeling
4 XpoHHUYecKass UHTOKCUMKAL U HUTPAaTOM HUKeJs — - 10 10 10
[0CJIe MOZIeIMPOBAHUS aTePOCKIepo3a
Chronic intoxication with nickel nitrate after
atherosclerosis modeling
5 XpoHHUyYecKass UHTOKCUKaL U HUTPAaTOM - - 10 10 10
KOo0aJIbTa 1ocJie MoJieJTMPOBaHUS
aTepocKJieposa

Chronic intoxication with cobalt nitrates after
atherosclerosis modeling
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IIpU €eCTECTBEHHOM OCBEIIEHWH U CBOOOZHOM
JIOCTyIle K BOJIe U IUIlle. JKCIIEPUMEHTHI ITPOBOJU-
JIUCHh CO CTPOTUM cobJtio/ieHreM TpeboBanuii EBpo-
nedickoii koHBeHIuHM (Crpacbypr, 1986) [15] 1o
COZIEPIKAHUIO0, KOPDMJIEHHIO W YXOZY 32 IIOZOIBIT-
HBIMH YKUBOTHBIMH, & TAKKE BHIBO/IY UX U3 DKCIIEPHU-
MEeHTA U HocJIeyiollel yruniusanun. JJanHoe necie-
JIOBaHUE OJIOOpPEHO DTHYECKHUM KOMHTETOM A3sep-
6aiKaHCKOTO METUITTHCKOTO YHUBEPCUTETA.

Mogiesnib  aTepockjepo3a  co3jaBajach IO
N.B. CaBuikomy c¢ coaBT. (2016) [16], Ha ocHOBe
MIOJIUITHOJIOTUYECKOU TEOPUU PA3BUTHS aTEPOCKIIE-
posa. MojieniupoBaHue IIPOBOAWJIOCH HA KpbICaX-
caMIiax, KOTOpbIe MOJIyJaIu aHTUTUPEOUTHBIN Tpe-
mmapat MepKas3oJIWI B JIOBUPOBKE 25 MTI/KI MacChl
TeJla, UMMYHOCYIIPECCUBHBI IIperapaT MeTUJIIIPe/I-
HU30JIOH B JIOBUPOBKE 0.17 MI/KI Macchl Teja
JKUBOTHOTO ¥ 15% BOJHBIA pacTBOpP STHUJIOBOTO
cupTa B CBOOOTHOM JIOCTYTIE BMECTO BOZIBI HA (hOHE
aTeporeHHOU JIUeThI B TEUeHNE 2 HEl.

[Tocie MomeMpoBaHUA aTEPOCKIEPO3a JKUBOT-
Hble IO/[BEprajiuCh XPOHUYECKOMY BO3/EHCTBUIO
coJiel TSKeJIBIX MeTalJIOB uepe3 IUThEBYIO BOAY B
TeueHHe 60 JHel. MaTOYHBIN PacTBOP COJIU THXKe-
JIOTO MeTaJljla pacCYUThIBaJICA 110 popMyJie

A=X-B-C,

rae X — k03 GUIMEeHT, paBHBIHN 6.77;

B — cpemHsis macca Tesia KpbICHI;

C — cpemHECyTOUHOE TTOTPebJIeHNE BOJBI JKUBOT-
HBIMH.

JI71s1 THTOKCUKAIIUK HCIIOJIb30BAHbI CIIEAYIOIINE
BOJIOPACTBOPHUMBIE COJIU TSKEJIBIX METAJIJIOB: CYJIb-
dar kagmusa (1 Mr/Kr), HUTpAT HUKEJIS (2 MT/KT) U
HUTpAT Kob6asbTa (2 Mr/kr). Ilo OKOHUaHUU DKCITEe-
pUMeHTa >KUBOTHBIX BBIBOJWJIM W3 OIBITA IIyTEM
JleKarmuTanuy Ha ¢GoHEe THOIEHTAJI0OBOTO HAPKO3a C
MTOCJIEAYIOIUM B3SITHEM I1€JTbHOM KPOBHU /151 OMOXU-
MUYECKHX aHAJIN30B.

CocrossHHE JTUNUAHOTO oOMeHa OIeHUBaIoCh B
HMCXOJHOM COCTOSTHUH, I10 UCTEYEHHUHN 2 HeJl 1J1A 110~
TBEPIKJAEHUSI aTEPOCKIEPOTUYECKUX WU3MEHEHWH U
COOTBETCTBEHHO HA 15, 30 U 60-€ CyT IIOCJIE UHTOK-
cUKaInuu Ha GoHe SKCIEPUMEHTAIBHOTO aTEPOCKIIE-
posa. Jlyiss 3TOTO y KpbIC 3abupaysiach KpOBb JIJIsSt
onpezeneHus obiero xosecrepuHa (OX), umornpo-
TeUI0B BhICOKOU miotHocTu (JITIBII), mumonporen-
JIoB HU3KoH 1toTHOCTH (JITTHIT) v TpUriuiepuion
(TT). Ilokazareu JUMUITHOTO OOMEHA B CHIBOPOTKE
KPOBH OIPEJIEISIIN SH3UMATUUYECKUM METOZOM C
HCIIOJIb30BaHUEM CTaHAApPTHBIX HabopoB Human Ha
O6uoxuMuueckoM aHasmzaTope BioScreen MS-2000
(CHIA). Takxe paccuuThiBamu KO3(GUIUEHT aTe-
porennoctu (KA) o dopmye

study was approved by the Ethics Committee of the
Azerbaijan Medical University.

The model of atherosclerosis was created accor-
ding to 1.V. Savitsky et al. (2016) [16], based on the
polyethological theory of atherosclerosis develop-
ment. The modeling was performed on male rats
who received the antithyroid drug, mercazolil at a
dose of 25 mg/kg body weight, the immunosuppres-
sive drug, methylprednisolone at a dose of 0.17 mg/
kg body weight, and a 15% aqueous ethanol solution
in free access instead of water, in presence of athero-
genic diet for 2 weeks.

After modeling atherosclerosis, the animals were
chronically exposed to heavy metal salts through
drinking water for 60 days. A stock solution of heavy
metal salt was calculated using the formula

A=X-B-C,

where X — coefficient equal to 6.77;

B — mean body weight of a rat;

C — mean daily water consumption by animals.

The following water-soluble salts of heavy metals
were used for intoxication: cadmium sulfate (1 mg/
kg), nickel nitrate (2 mg/kg) and cobalt nitrate
(2 mg/kg). At the end of the experiment, the animals
were removed from the experiment by decapitation
under anesthesia with thiopental, followed by taking
whole blood for biochemistry.

Lipid metabolism was assessed at baseline, after
2 weeks to confirm atherosclerotic changes, and on
the 15th, 30th and 6oth days, respectively, after
intoxication in experimental atherosclerosis. For
these purposes, blood was taken from rats to deter-
mine total cholesterol (TCH), high-density lipopro-
teins (HDL), low-density lipoproteins (LDL) and tri-
glycerides (TG). These parameters were determined
by the enzymatic method using standard Human kits
on a BioScreen MS-2000 chemistry analyzer (USA).
Besides, the atherogenic coefficient (AC) was calcu-
lated using the formula

AC=TCH - LDL / HDL.

The statistical processing of the results was per-
formed using Microsoft Excel spreadsheets and IBM
SPSS Statistics software. As a parametric test was
used the Student’s t-test, and the Mann-Whitney and
the Wilcoxon tests were used as nonparametric tests.

RESULTS AND DISCUSSION

The results of the study of lipid metabolism
parameters after modeling and, accordingly, after
intoxication with heavy metal salts in experimental
atherosclerosis are presented in Tables 2—4 and
Fig. 1-3.
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KA = OX — JITTHII / JITIBII.

Cratuctuueckyio  06pabOTKy  IOJIyYeHHBIX
pe3yIbTaTOB MPOBOAYJIN HA IEPCOHATBHOM KOM-
MBIOTEPE — B 3JIEKTPOHHOM TabJIMYHOM DPeJaKTOpe
Microsoft Excel, a 06paboTKy pe3yIbTaToB — ¢ IIOMO-
mpio mporpammer IBM SPSS Statistics. 113 mapame-
TPUYECKUX KPUTEPHUEB BBIUUCIIIIA KpUTepuii CThIo-
JIEHTa, a U3 HemapaMeTPUYECKUX — KPUTEPUH
MasnHa — YuTHU U KpuTepuil BuikokcoHa.

PE3YJ/IBTATBI 1 OBCY2KIEHUE

PesysbTaTh! Hce/leIOBaHUSA IIOKa3aTesleH JINua-
HOTO OOMeHa Iocjle MOZEJTHUPOBAHUS U COOTBET-
CTBEHHO IIOCJIe HMHTOKCHUKALUU COJIAMHU TSKEJIBbIX
MeTaJJIOB Ha (POHe JKCIEePHMEHTAIBHOTO aTepo-
CKJIEPO03a MIPE/ICTABJIEHBI B Ta0JI. 2—4 U HA PHUC. 1-3.

Kak BumHO 13 TabJ1. 2—4, OCIIe MOJIEJTUPOBAHUS
aTepoCKJIepo3a IOKa3aTelu JIMIUJIHOTO oOMeHa B
CBIBOPOTKE KPOBU IIOJIBEPTINCH H3MEHEHUAM.
Cogzepxxanre OX u TT' B cbIBOPOTKE KPOBHU 110 CpaB-
HEHUIO ¢ MCXOJHBIM YPOBHEM IIOCJIe MOJeJINpOBa-
HUSA aTePOCKJIep03a MOBBIIIAJIOCH B CPETHEM Ha 29 U
10 % cooTBeTcTBeHHO. YpoBeHb JIITHII Bo3pacTai B
cpegHeM Ha 60 %, ¢ IapaJUleJIbHBIM CHUXKEHUEM
conepskanus JITIBIT Ha 16 % (p < 0.05). YkazaHHBIE
HU3MeHEeHUs COITPOBOXKAANNCh pocToM KA Gosiee uem
B 2 pasa.

[Tocie Havyasa MHTOKCUKAIIUU COJIIMH pas3yiny-
HBIX TsOKeJIbIX MeTaJIJIOB Ha (poHe 3KCcIlepUMeHTaIb-
HOrO aTepockjepo3a IIoOKaszaTeJld JIMIHAHOTO
oOMeHa mpeTepHeBain ellle 0oJjiee BBIPAKEHHBIE
U3MeHeHUs, Haxojduuecsd B IIPAMO IIPOIOPIUO-
HaJIBHOU 3aBUCUMOCTH OT JIIUTEIBHOCTH MHTOKCH-
kanuu. Tak, yepes 15 CyT HUHTOKCHUKAIINHU CyIb()aTOM
kagmus yposesb OX, TT" u JITTHII Bo3pacras B cpef-
HeM Ha 38 % (p < 0.05), 21 1 96 % (p < 0.01) COOT-
BETCTBEHHO I10 CPAaBHEHUIO C UCXOJIHBIMU JJAHHBIMU
(cm. Tabsa. 2). Comepskanue JIIIBII 6b10 MeHbIIIE,
YyeM HCXO/IHO, Ha 21 %, a KA ObL1 HOBHIIIEH Oosiee
4eM B 4.2 pasa. CiycTa 30 u 60 CyT 1ocjie THTOKCH-
Kanuu cyabdaroM kanmusa cozgep:xkanue OX 01O
60JIbIIIE, YEM Y JKUBOTHBIX B UCXOJHOM COCTOSTHUU,
Ha 44 % (p < 0.05) 1 54 % (p < 0.01) COOTBETCTBEHHO,
a ypoBeHb TT" moBswImasicss HA 37 U 42 % COOTBET-
ctBeHHO. YpoBeHb JIITHII Ha 30-e u 60-e cyTKu
WHTOKCUKAIIUU BBIPOC B CpeZlHEM B 2.2 U 2.8 pasza
COOTBETCTBEHHO I10 CPAaBHEHUIO C UCXOAHBIMU JIaH-
HbIMU. [TapasniesbHO perucTpupoBaaoCch CHUXKEHNE
ypoHs JITIBIT Ha 35 % (p < 0.05) 1 37 % (p < 0.01),
a KA ObL1 BBIIIIE, UeM UCXOJHO, B 5.3 pa3a u 6 pa3 Ha
30-¢e 1 60-e CyTKU UCC/IeIOBAaHUA COOTBETCTBEHHO.

VHTOKCHKAIIUSI HUTPATOM KOOQIhTa MIPUBOAMIIA
K CJIeAYIOIINM H3MEHEHHAM JIMIUZAHOTO obMeHa

As can be seen from Table 2—4, after modeling
atherosclerosis, parameters of lipid metabolism have
changed. After atherosclerosis modeling, the content
of TCH and TG in the blood serum increased by an
average of 29 and 10%, respectively, compared with
the baseline level. The LDL level increased by an
average of 60%, with a simultaneous decrease in
HDL content by 16% (p < 0.05). These changes were
accompanied by at least 2 times increase in AC.

After the beginning of intoxication phase with
various heavy metal salts in experimental atheroscle-
rosis, the parameters of lipid metabolism had under-
gone more pronounced changes, which are positively
associated with the duration of intoxication. Thus,
after 15 days of intoxication with cadmium sulfate,
the level of TCH, TG and LDL increased by an aver-
age of 38% (p < 0.05), 21 and 96% (p < 0.01), respec-
tively, compared with the baseline data (Table 2).
The HDL content was 21% lower than at baseline,
and AC was increased by more than 4.2 times. 30
and 60 days after intoxication with cadmium sulfate,
the content of TCH was higher than in intact animals
by 44% (p < 0.05) and 54% (p < 0.01), respectively,
and the level of TG increased by 37 and 42%, respec-
tively. The LDL level on the 30th and 60th days of
intoxication increased by an average of 2.2 and
2.8 times, respectively, compared with the baseline
data. Simultaneously, a decrease in the HDL level
was recorded by 35% (p < 0.05) and 37% (p < 0.01),
and AC was 5.3 and 6 times higher than at baseline
on the 3oth and 60th days of the intoxication study,
respectively.

Intoxication with cobalt nitrate led to the follow-
ing changes in lipid metabolism (Table 3). 15 days
after intoxication start, the level of TCH and LDL
increased by an average of 32% (p < 0.05) and 67%
(p < 0.01), respectively, compared with the baseline
data. The TG content did not change, but the HDL
content was 26% lower than at baseline, and AC was
increased by more than 3.7 times. 30 and 60 days
after the beginning of intoxication, the content of
TCH was higher than in the intact animals by 36%
(p < 0.05) and 42% (p < 0.01), respectively, and the
level of TG increased by 29 and 32%. The LDL level
on the 30th and 60th days of intoxication increased
by an average of 2 and 2.3 times, respectively, com-
pared with the baseline values. The HDL content in
these study periods decreased by 31% (p < 0.05) and
36% (p < 0.01), respectively, and AC was 4.3 and
5.2 times higher compared to the initial data.

Intoxication with nickel nitrate in experimental
atherosclerosis led to the following changes in lipid
metabolism (Table 4). On the 15th day of the intoxi-
cation study, thelevels of TCH, TG and LDLincreased
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60 cyT mociae HHTOKCHKauu
60 days after intoxication

30 cyT nmocie HHTOKCHKau|
30 days after intoxication

15 cyT mociie HHTOKCHKALHH
15 days after intoxication

ITocrie MoneIMPOBAHKS
aTepockiepos3a
After modeling atherosclerosis

HWcxonHble TaHHbIE
Baseline data
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JIunonporens! Hu3Koit wiotHOocTH / Low-density lipoproteins
= OO6wmwmii xosecrepuH / Total cholesterol

Puc. 1. I3MeHeHuUs mokasaresieil JJUIHHOro 00MeHa IIPU HHTOKCHKALUH CyIb(haToM KasMus Ha (HOHE SKCIIepUMEH-
TAJILHOTO aTEPOCKIepo3a y KpbIc (¥ p = 0.005; ** p = 0.002; *** p = 0.000 B CPAaBHEHUH C UCXOHBIMHU JTAHHBIMU)
Fig. 1. Changes in the parameters of lipid metabolism during intoxication with cadmium sulfate in experimental
atherosclerosis in rats (* p = 0.005; ** p = 0.002; *** p = 0.000 compared with the baseline data)

60 cyT mociie UHTOKCUKALUH
60 days after intoxication

30 cyT nociie HHTOKCHKALUK
30 days after intoxication

15 cyT nmocie MHTOKCHKAIMN
15 days after intoxication

TTocne MoaenpoBaHus
aTepockKiepo3a
After modeling atherosclerosis

VicxoiHble TaHHbIe
Baseline data
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Jlunonporennsl HU3Koi motHOCcTH / Low-density lipoproteins
B O6uwmit xonecreput / Total cholesterol

Puc. 2. 13MeHeHUs IOKa3aTesel JIUIHHOTO 00MeHa [IPU MHTOKCUKAI[UN HUTPATOM HUKEJSI Ha (POHE KCIIEPUMEHTAIIb-
HOTO aTepoCcKJIepo3a y KpbIc (¥ p = 0.005; ** p = 0.002; *** p = 0.000 B CPABHEHUHU C UCXO/THBIMU JTAHHBIMH)
Fig. 2. Changes in the parameters of lipid metabolism during intoxication with nickel nitrate in experimental
atherosclerosis in rats (* p = 0.005; ** p = 0.002; *** p = 0.000 compared with the baseline data)
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60 cyT rnociie MHTOKCUKALUU
60 days after intoxication

30 cyT rociie HHTOKCUKAIUU
30 days after intoxication

15 cyT nocie MHTOKCUKALMH

15 days after intoxication 109

TTocie MOIEMMPOBAHHS
arepockKieposa
After modeling atherosclerosis

VcxoaHble JaHHbIE
Baseline data

132%**
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0 100

200

\ I I I
300 400 500 600

Koadpumuent areporennoctn / Atherogenic coefficient
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Puc. 3. I3meHeHus OKa3aTesiel JIUIUIHOrO 0OMeHa IPY MHTOKCHKAI[UN HUTPATOM KOobasibra Ha (hOHE SKCIIepUMEH-
TaJIBHOTO aTEPOCKJIepPo3a y KpbIc (¥ p = 0.005; ** p = 0.000 B CPABHEHUH C UCXOHBIMU JIAHHBIMH)
Fig. 3. Changes in the parameters of lipid metabolism during intoxication with cobalt nitrate in experimental
atherosclerosis in rats (* p = 0.005; ** p = 0.000 compared with the baseline data)

(cm. Tabs. 3). CoycTs 15 CyT HOCJIE HHTOKCUKAITUU
ypoBerb OX u JIITHII BeIpoC B cpesHeM Ha 32 %
(p < 0.05) u 67 % (p < 0.01) COOTBETCTBEHHO TIO
CpPaBHEHUIO C WICXOJIHBIMHU JaHHBIMU. Co/iep:KaHue
TT' He u3MeHsANOCHh, OfiHAKO cofep:kanue JIIIBII
OBLIIO MEHbIIE, YeM HCXOAHO, Ha 26 %, a KA 0ObL1
TOBBIIIIEH OoJiee ueM B 3.7 pasa. CiycTs 30 u 60 cyT
mocjae HWHTOKCUKAIMU cojiep:kanue OX  ObLIo
0oJIbIlle, YEM y KUBOTHBIX B UCXOJTHOM COCTOSIHUH,
Ha36 % (p < 0.05) 1 42 % (p < 0.01) COOTBETCTBEHHO,
a ypoBenb TT' moBwicuiicsa Ha 29 U 32 %. YpOBeHb
JITTHIT Ha 30-€ u 60-e CyTKU UHTOKCUKALIU BBIPOC
B CPE/THEM B 2 U 2.3 pPa3a COOTBETCTBEHHO I10 CPaBHE-
HUI0O C HCXOAHbIMU BenndyuHamu. CojeprkaHue
JITIBII B ykaszaHHbIe IIePUO/Ibl UCCIENOBAHUSA CHU-
skasoch Ha 31 % (p < 0.05) 136 % (p < 0.01) COOTBET-
CTBeHHO, a KA ObL BBIIIIE B 4.3 U 5.2 pa3a 10 CpaBHe-
HUIO C UCXOHBIMUY JIAHHBIMH.

VHTOKCHKAIA HUTPATOM HUKeJIs Ha (POHE KC-
IIEPUMEHTAIFHOTO aTEPOCKIEPO3a MPUBOMIIA K CJIe-
JIyIOIITAM W3MEHEHUSM TIOKa3aTeJeld JIUIIHIHOTO
obmena (cM. Tabi. 4). Ha 15-e cyTKH HccaenoBaHus
yposeHb OX, TT" u JITTHII yBenuuuBasicsa B cpelHEM
Ha 30 % (p < 0.05), 14 u 81 % (p < 0.01) COOTBET-
CTBEHHO II0 CPABHEHHIO C HUCXOJIHBIMHU JAHHBIMHU.

by an average of 30% (p < 0.05), 14 and 81%
(p < 0.01), respectively, compared with the baseline
data. The HDL content decreased by 28% compared
to the baseline data, and AC was increased by more
than 3.9 times. 30 and 60 days after intoxication
with nickel nitrate, the content of TCH was higher
than in intact animals by 39% (p < 0.05) and 48%
(p < 0.01), respectively, and the level of TG increased
by 27 and 37%. The LDL content 30 and 60 days
after intoxication was higher than in intact animals
by an average of 2.1 and 2.5 times. The HDL level on
the 30th and 60th days of the intoxication study were
reduced by 34% (p < 0.05) and 37% (p < 0.01), and
AC was 4.8 and 5.6 times higher, respectively, com-
pared to the baseline data.

Thus, the data obtained show that lipid metabo-
lism disturbances present in atherosclerotic changes
are aggravated by long-term chronic exposure to
heavy metal salts, namely cadmium sulfate, nickel
nitrate and cobalt nitrate. A marked increase in the
level of TCH, TG, LDL and AC with a simultaneous
decrease in the level of HDL in the blood serum are
observed. The maximal changes in the parameters of
lipid metabolism were noted by the 60oth day after
the beginning of intoxication in experimental athero-
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Conep:xanue JITIBIT ymeHbBIIATIOCh IO CPABHEHUIO C
HUCXOAHBIMHU JAaHHBIMU Ha 28 %, a KA ObLI HOBBIIIEH
bostee yeM B 3.9 paza. Coyctst 30 B 60 CyT mocie
WHTOKCHUKAIIUU HUTPATOM HUKeJsA cozep:kaHue OX
ObLTO OOJIBIIE, YEM V JKMBOTHBIX MCXOIHO, Ha 39 %
(p < 0.05) 1 48 % (p < 0.01) COOTBETCTBEHHO, a YPO-
BeHb TI' moswimasica Ha 27 u 37 %. CojepkaHue
JIITHIT yepe3 30 u 60 cyT IOcje WHTOKCUKAINU
6BUTO GOJIBIIIE IO CPABHEHUIO C COOTBETCTBYIOIIIIMU
BeJINYMHAMU B MCXOTHOM COCTOSHUU B CPETHEM B 2.1
u 2.5 pasa. Yposenb JITIBII Ha 30-e u 60-e cyTku
HccsIenoBaHus ObUI CHUMKEH Ha 34 % (p < 0.05) U
37 % (p < 0.01), a KA O6bL1 BbIIIIE B 4.8 1 5.6 pa3a cooT-
BETCTBEHHO I10 CPABHEHMUIO € UCXOAHBIMHU JAHHBIMHU.

Taxkum o6pa3oM, MOJIyUeHHbIE JaHHBIE TTOKA3bI-
BAIOT, YTO HAPYUIEHU: JIUIUIHOTO 0OMeHa, MMelo-
muecs NPH aTePOCKJIEPOTUYECKUX W3MEHEHUAX,
YCYTYOJIAIOTCSI TIpU  XPOHUYECKOM BO3/IEHCTBUU
coJied TsIKEeJIBIX MeTaJIJIOB, a UMEHHO CcyJIbdara Kaj-
MU, HUTpaTa HUKeJs U HUTpara kobaiabTa. OTMe-
yaeTcs BbIpakeHHoe yBesinueHue ypoBHs OX, TT,
JIITHIT u KA ¢ napansenbHbIM CHUKEHUEM YPOBHS
JIITBII B cpiBOpOTKE KpoBU. MakcuMasibHble U3Me-
HeHUs IIOKasaTejieldl JINMUAHOTO OOMeHa OTMeda-
10TCS K 60-M CyTKaMm Iocje MHTOKCUKanuu Ha ¢hoHe
SKCIIEPHUMEHTAJIBHOTO aTePOCKiIepo3a. [lomyueHHbIe
Ppe3yJIbTaThl TOAYEPKUBAIOT BRyKHYIO POJIb XpOHUYE-
CKOT'O OTpAaBJIEHUA COJIIMHU TXKeJIbIX MeTaslJIoB B
mporiecce yCyryOJieHusl aTepPOCKIEPOTUUECKHUX TIPO-
[IECCOB, UTO AUKTYeT HEOOXOIMMOCTh pa3paboTKH
IMyTeld KOPPEKIUH XPOHUUYECKOH WHTOKCHKAI[UH
TSOKETBIMU MEeTaJIJIaMH, B OCOOEHHOCTHU JIJIsl TIaIU-
€HTOB C aTepPOCKJIEPOTUYECKUMHU IIOBPEXKIAEHUAMU
COCYZIOB.
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sclerosis. The results obtained suggest the important
role of chronic intoxication with heavy metal salts in
exacerbation of atherosclerotic processes, which
necessitates development of ways for correcting
chronic intoxication with heavy metals, especially for
patients with atherosclerotic lesions of blood vessels.

CONCLUSION

Long-term exposure to heavy metals (cadmium
sulfate, nickel nitrate, and cobalt nitrate) exacerbates
lipid metabolism disturbances occurring in experi-
mental atherosclerosis. According to the severity of
pathological changes, the following are in descend-
ing order: cadmium sulfate — nickel nitrate — cobalt
nitrate. Although cobalt is one of the essential micro-
elements, its long-term exposure also leads to an
aggravation of lipid metabolism disorders in experi-
mental atherosclerosis.

3AK/IOYEHUNE

JlmuTesbHOE BO3/IENICTBUE TSKEIBIX METAJIJIOB
(cynbpdara kamMusa, HUTpaTa HUKEJIs W HUTPATa
kobasibTa) yCcyrybJiseT HapylIeHWs JIAIMAIHOTO
obMeHa, UMeIOIIe MECTO IIPU SKCIIEpUMEHTATLHOM
aTepocksiepo3e. ITo cTenmeHn BBIpaXKEHHOCTH IATO-
JIOTUYECKUX C/IBUTOB B YOBIBAIOIIEM IIOPSIJIKE CJIe-
JIYIOT: CyIbdaT KagMusi — HUTPAT HUKeJIsT — HUTPAT
kobanpTa. HecMoTpst Ha TO, YTO KOOAIBT SIBJISETCS
OJTHUM U3 HEOOXOIUMBIX MHKDPOJJIEMEHTOB, €ro
JUTATEIbHOE MTOCTYIJIEHHE TaKyKe MIPUBOIUT K YCYTY-
OJIEHUIO HApPYIIEHWH JUMUIHOTO OOMeHa IpH dKC-
[IEPUMEHTAIBHOM aT€POCKIIEPO3E.
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AHHOTAITUA

WccenenoBanus, HapaBjieHHble HA U3YYeHHE POJIM U3MEHYUBOCTH TeHa TP53 B OIyxoseBoil mporpeccuu uddy3HOM
B-kpynHokIeTouHOH TuMbomsl (JIBKKJI), ABIAI0TCA OMHUMU U3 Haubosiee BOCTPeOOBAHHBIX KaK B 06s1acTu hyHAaMeH-
TaJIbHOM, TaK M MIPUKJIATHON OHKOTEMATOJIOTHH. BMecTe ¢ TeM 10 ITOCIeTHEr0 BpeMeH! 3HaHUs 0 KOHKPETHBIX MeXaHU3-
Max HapyueHus GYHKIUU JAHHOTO reHa U UX KJIuHU4YeckoM 3HaueHUU npu JIBKKJI B 3HAYNTEIFHOH CTEIIEHU HOCHIIH
OTPaHUYEHHBIN XapaKTep.

JlanHas craThs IpUypodeHa K 300-jeTuio Poccuiickoll akafieMUy HayK U ONMCHIBAET OCHOBHBbIe Hay4dHBbIE Pe3yJIbTaThbl
HCCIIeZIOBAHUH MOJIEKYJIIPHO-TEHETHUEeCKUX MEXaHU3MOB U 3HaUeHUA Jieperyasanuu p53 npu JIBKKJL, Ha mpoTsakeHuH
MHOTHUX JIeT IPOBOJIUMBIX COBMeCTHO HOBOCHOUPCKUM TOCYZApCTBEHHBIM MEAUIIMHCKUM YHUBepcuTeTOM M HaydHo-
HCCIeI0BATEIbCKIM HHCTUTYTOM TePAITNH U MPOMUIAKTHIECKOU MEAUITUHBI — GrutrnaaoM VI HCTUTYTa IIUTOJIOTHY U reHe-
Tuku Cubupckoro otaeneHus Poccuiickoll akazieMun HayK.

BrINOTHEHO KOMILJIEKCHOE U3yUeHre H3MeHUYUBOCTU TP53, 00ycI0BIeHHON (PYHKIMOHAIPHO 3HAYUMBIMU IIOJTUMOPQU3-
MaMH ¥ TaIJIOTUITHOH CTPYKTYPOH, COMAaTHYECKUMH MYyTAIMSIMU, METIJIMPOBAHUEM IIPOMOTOPA, & TAKXKe aJIJIEbHBIM
uchaaHCcoOM. YCTaHOBJIEH «/IByXyZapHBIM» MeXaHU3M HapylleHus GYHKIUN JAaHHOTO aHTHOHKOTEeHA IpU HOPMHUPOBa-
Huu JuM@ombl. [TokazaHa cylecTByIOIIas B HACTOsAIIEe BpeMs HeZ0oIeHKa YacToThl abeppanuii B TP53 npu JIBKKJL
BCJIEJICTBYE UTHOPUPOBAHUS CHHOHUMHUYHBIX MyTallMi 1 I3MEeHEHUH B HEKOJUPYIOIINX yJyacTKax reHa. JlokaszaHa riy6o-
Kasg BOBJIEYEHHOCTh 1P53 B IPOLleCChl IIPePACIIOIOKEHHOCTH K Pa3BUTHIO, MHULIMAIU3AIIUY, [IPOTPECCUU U OTBETY
JABKKJI Ha Tepanuio.

ITosyueHHBIe pe3yJIbTaThl II03BOJIAIOT IIPEIIosaraTh, 4To oleHka GpyHKkuuy reia TP53 U IOHUMaHUe KOHKPETHBIX MeXa-
HHU3MOB €T0 MHAKTUBAIINH B KAXK/IOM U3 JUarHocTHpyeMbIX ciaydaes JIBKKJI B ckopoM BpeMeHU MOXKET UMETh IPAMOU
BBIXO/] HA IEPCOHAIM3UPOBAHHBIA O00D TepaIuu.

Karoueewnte caoea: [IBKKJI, ren TP53, MmyTaniuu, METUWINPOBaHUE IPOMOTOPA, ITOTEPS reTepO3UTOTHOCTH, TaIllJIOTUIIBI,
reHeTHYeCKUH MOJIUMOp(U3M, IIPOTHO3.

Oo60pasen nutupoBaumusa: [locnenosa T.U., Boponaesa E.H., Makcumos B.H., CkBopiioBa H.B., BoeBoma M. 1.
MoJieKyIApHO-TeHETUUECKHE MEXaHU3MbI M 3HAUYEHHE JIEPETYJIAINAN P53 pu Auddy3HONH B-KpyIMHOKIETOYHOH JTHM-
dowme // Journal of Siberian Medical Sciences. 2024;8(1):113-127. DOI: 10.31549/2542-1174-2024-8-1-113-127

TlocTymuia B peJakiiuio 13.02.2024 Received 13.02.2024

IIpomuwna pereH3upoBaHue 28.02.2024 Revised 28.02.2024

IIpuHATAa K IyOJIUKaIuu 14.03.2024 Accepted 14.03.2024

Aemop, omeemcmeeHHblil 3a nepenucky Corresponding author

Boponaesa Esena Huxosnaepna: ®I'BOY BO «HoBocubupckuii rocynap- Elena N. Voropaeva: Novosibirsk State Medical University, 52, Krasny
CTBEHHBIM MeIMIMHCKUAN yHUBepcuTeT» Munszapasa Poccuu. 630001, prosp., Novosibirsk, 630091, Russia.

r. HoBocubupck, Kpacusiii mpocir., 52. E-mail: vena.81@mail.ru

E-mail: vena.81@mail.ru

Journal homepage: http://jsms.ngmu.ru 113



ITocnenosa T.HU. u dp. / Journal of Siberian Medical Sciences T. 8, N° 1 (2024)

Molecular-genetic mechanisms and significance of p53
deregulation in diffuse large B-cell lymphoma

T.I. Pospelova!, E.N. Voropaeva® 2, V.N. Maksimov*2 N.V. Skvortsova!, M.I. Voevoda3

Novosibirsk State Medical University, Novosibirsk, Russia

2 Research Institute of Internal and Preventive Medicine — the Branch of the Institute of Cytology and Genetics, Siberian
Branch of the Russian Academy of Sciences, Novosibirsk, Russia

3Federal Research Center for Fundamental and Translational Medicine, Novosibirsk, Russia

ABSTRACT

Researches aimed at studying the role of TP53 gene variability in the tumor progression of diffuse large B-cell lymphoma
(DLBCL) are among the most in-demand in both the fields of fundamental and applied oncohematology. However, until
recently, the knowledge about the specific mechanisms of dysfunction of this gene and their clinical significance in DLBCL
was largely limited.

This article is dedicated to the 300th anniversary of the Russian Academy of Sciences and describes the main scientific
results of research of the molecular genetic mechanisms and the significance of p53 deregulation in DLBCL, conducted
jointly by Novosibirsk State Medical University and the Research Institute of Therapy and Preventive Medicine — the
Branch of the Institute of Cytology and Genetics, Siberian Branch of the Russian Academy of Sciences for many years.

A comprehensive study of TP53 variability due to functionally significant polymorphisms and haplotype structure, somatic
mutations, promoter methylation, as well as allelic imbalance was carried out. A two-hit mechanism for dysfunction of this
anti-oncogene in the formation of lymphoma has been established. The current underestimation of the frequency of aber-
rations in TP53 in DLBCL is shown due to ignoring synonymous mutations and changes in non-coding regions of the gene.
The deep involvement of TP53 in the processes of predisposition to development, initiation, progression and response of
DLBCL to therapy has been proven.

The results obtained suggest that assessment of the function of the TP53 gene and understanding the specific mechanisms
of its inactivation in each of the diagnosed cases of DLBCL may soon have direct access to personalized selection of therapy.
Keywords: DLBCL, TP53 gene, mutations, promoter methylation, loss of heterozygosity, haplotypes, genetic polymor-
phism, prognosis.

Citation example: Pospelova T.I., Voropaeva E.N., Maksimov V.N., Skvortsova N.V., Voevoda M.I. Molecular-
genetic mechanisms and significance of p53 deregulation in diffuse large B-cell lymphoma. Journal of Siberian Medical
Sciences. 2024;8(1):113-127. DOI: 10.31549/2542-1174-2024-8-1-113-127

BBEJAEHUE
Jubdysnaa B-xpynHokiieTouHas JuMdoma
(IBKKJI) mnpencraBiser coOOU TeTepOTEHHYIO

rpynny 3aboJieBaHUH, WMEIOIIUX O0O0Iue 3BeHbs
IaToreHe3a, HO IIPU 3TOM Pa3INYHbIE KJINHUYECKIE
U HMMYHOTUCTOXHMUYECKHE OCOOEHHOCTH, UYyB-
CTBUTEILHOCTD K TEPAITUHU U IIPOTHO3. DTO MIPUBOIUT
K He0OXOIMIMOCTH IIPOTHO3UPOBAHUS TeUeHUs 3260-
JIEBaHUA B KOK/I0M KOHKPETHOM CJIy4dae JUMQOMBI,
KOTOpOe TPY/THO TPEACTaBUTHh 6e3 HaydHO 00OCHO-
BAaHHOTO «IIPEABUIEHUS» PA3BUTHUSA OILyXOJIEBOTO
mmporiecca.

Hoarue gecarunetrus nporuos JIBKKJI ocHOBBI-
BaJICSI HA OIlEHKE KOMILIEKCA CJeAyIoNux (ak-
TOpOB [1]:

e OMOJIOTHYECKHE CBOWHCTBA OIYXOJH (BapuUaHT
OTIyXOJIH, €€ PACIIPOCTPAHEHHOCTD, B TOM YHCJIE CTa-
Ul M KOHKDPETHAas JIOKAJIU3AIlUs 04YaroB Iopaske-

INTRODUCTION

Diffuse large B-cell lymphoma (DLBCL) is a het-
erogeneous group of diseases that have common com-
ponents of pathogenesis, but different clinical and
immunohistochemical features, response to therapy
and prognosis. This leads to the need to predict the
course of the disease in each specific case of [ymphoma
which is difficult to imagine without a scientifically
based “foreseeing” of the tumor development process.

For many decades, the prognosis of DLBCL was
based on assessment of the following factors [1]:

« biological properties of the tumor (lymphoma
subtype, its spread, including stage and specific site
of involvement, duration of the disease before treat-
ment, rate of progression, etc.);

« characteristics of a patient (age, heredity,
somatic comorbidities, socio-economic status,
immunoreactivity, ethnicity);
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HUs, JIUTUTEJIBHOCTD 3a00JIeBaHUS 10 JIEUYEeHUsI, CKO-
POCTh IPOTPECCUPOBAHUS U T.JT.);

e 0COOEHHOCTH OpraHu3Ma O0JIBHOTO (BO3pacr,
HACJIEJICTBEHHOCTh, COIYTCTBYIOIAs COMaTHUYECKast
OTATOILIEHHOCTh, COIMAJIbHO-9KOHOMUYECKHNA CTa-
TyC, UMMYyHOPEAKTHBHOCTb, STHHUYECKAS TIPHHA/I-
JIEZKHOCTD);

e METOABl TEPAMEeBTUYECKOTO BO3/EUCTBUA
(BpIOpaHHasT TporpaMMa Tepamuu, COOJIIO/IeHTe
JIOBUPOBOK U CPOKOB BBeJIEHUS, KOMOMHUPOBAHHbIE
U KOMILJIEKCHBIE METOMbI JIEUEHUsI, UX HEPHOANY-
HOCTb U I10CJIE0BATEILHOCTD).

Crnenyer 3ak/I04YWATh, UTO B CIy4ae OOIIENpH-
3HAHHOTO TOJIX0Zla pedb UJIET O TPYIIIOBOM IIPO-
rHo3e npu JIBKKJIL, T.e. 0 BO3MOXHOCTHU IIPEATIOJIO-
JKUTD UCXOJT 3200J1€BaHUA Y TPYIIITBI O0JIBHBIX, 00be-
JMHEHHBIX 110 COBOKYITHOCTH HECKOJBbKUX MPHU3HA-
KOB. BMmecTe ¢ TeM B Hacrosiiee BpeMsi B OHKOTeMa-
TOJIOTUH B CBSI3U C HAYAJIOM 3PbI TAPTrETHOU TEpaIu
Bce Oosblliee 3HaueHHe mnpuobperaeT HEOOXOAU-
MOCTB pa3pabOTKH METO/I0JIOTHH UH/IUBU/Iy AJIbHOTO
IIPOTHO3WPOBAHUSA, KOTOPOE IIPEJICTABIIsIET COOOU
CpaBHUTEJIBHO HOBOE HAalpaB/IeHHE B METUIINHE U
JIUKTyeT HeoOXOAUMOCTh W3yUeHHUs T'eHETHYECKHX
MPOTPaMM KaK OIyXOJIH, TaK U YeJOBEKa — ee HOCH-
Tejqst. DTO MOXKeT O00eCleunTh MPeACcKa3yeMoCTh
teuenus JIBKKJI u pe3ysibTaToB ee jieueHus [2].

JBKKJI, kak u Jro6asi OIMyXoJib, MPEJICTABJISAET
€000 KOMILIEKCHBIM TATOJIOTHYECKUH MPOIeCC U
WMeEeT CBOUW IPOSIBJIEHUS] HAa MOJIEKYJIIPHOM, KJe-
TOYHOM, TKaHEBOM, OPTaHHOM ¥ OpPTraHHU3MEHHOM
ypoBHsX. [Ipy 5TOM MOBPEXKAEHUS HA MOJIEKYJIAP-
HOM YpOBHe, OeCCIIOPHO, HOCSAT MEPBUYHBIN XapakK-
Tep. I1o 3TOM MpPUYHHE B MOCTETHUE TOABI MOJIEKY-
JISIpHBIE OCHOBBI JTUM(MOMOTeHe3a SIBJISIOTCA Hanbo-
Jlee aKTUBHO DPa3BUBAIOIIEHCS YAaCThIO OHKOJIOTHUH,
OBICTPO BIUTHIBAIOIIEH B c€0s1 HOBbIE METOTUUYECKHIE
noaxonsl B JIHK-muarsocruke.

B o61acTit cOBpeMEHHO OHKOT€MAaTOJIOTHH MHO-
THe roJIbl BBICOKYIO aKTyaJIbHOCTh COXPAHSIOT CIIEY-
ollie HAy4YHbIe HAIIPABJIEHUS:

+ paspaboTka croco0OB OIEHKU T€HETHYECKOU
MIPEJIPACIIONIOKEHHOCTH K OIYyXOJIEBBIM 3a00JieBa-
HUSAM CHCTEMBI KPOBH;

* HCC/IeIOBAaHYE MEXaHU3MOB PETYIAIUU OIyXO-
JIEBOTO POCTA;

* TIOMCK HOBBIX METOZIOB OLIEHKH IIPOrHO3a Teue-
HUSA reM00JIaCTO30B U UX YYBCTBUTEILHOCTH K CTaH-
JIAPTHBIM TEPATIEBTHYECKUM BO3JIEHCTBUSM;

e DKCIIEpUMEHTAJIbHOEe OOOCHOBAHHE HOBBIX
MMaTOT€HEeTUYECKHUX ITOAX0A0B K JIEUEHUIO OHKOreMa-
TOJIOTUYECKHX OOJIbHBIX.

VYauBurenbHbIM o6pazom TeH TP53, SBASO-
IUMCSA «T€eHOM Ha IepeKpecTKe MeXaHU3MOB OHKO-

» methods of therapy (selected therapy program,
adherence to dosages and timing of administration,
combined and integrative treatment, their interval
and order).

It should be concluded that in the case of a con-
ventional approach we are talking about a group-
specific prognosis for DLBCL, i.e. about the possibil-
ity of predicting the outcome of the disease in a group
of patients jointed by a combination of several signs.
At the same time, currently in oncohematology, in
connection with the beginning of the era of targeted
therapy, the need to develop a methodology for indi-
vidual prediction is becoming increasingly important
which is a relatively new direction in the field of med-
icine and necessitates studying the genetic profile of
both the tumor and the person — its carrier. This can
provide predictability of the course of DLBCL and
the results of its treatment [2].

DLBCL, like any tumor, is a complex pathological
process and has its manifestations at the molecular,
cellular, tissue, organ and organism levels. In this
case, abnormalities on the molecular level are
undoubtedly primary. For this reason, in recent
years, the molecular basis of lymphomagenesis has
been the most actively developing part of oncology,
quickly absorbing new approaches in DNA diagnos-
tics.

In the field of modern oncohematology, the fol-
lowing research areas remain highly relevant for
many years:

« development of methods for assessing genetic
predisposition to hematologic neoplasms;

« study of tumor growth regulation mechanisms;

« search for new methods for assessing the prog-
nosis of hemoblastosis and their response to conven-
tional therapies;

 experimental substantiation of new pathoge-
netic approaches to the treatment of oncohemato-
logical patients.

In a sudden way, the TP53 gene, which is a “gene
at the crossroads of oncogenesis mechanisms,” is
interesting as an object of study in patients with
DLBCL in all abovementioned areas. A change in the
function of the p53 protein it encodes is one of the
most universal molecular changes in the cells of vari-
ous neoplasms [3].

There is evidence that the dysfunction of this pro-
tein plays an important role in the generation of
tumors of lymphoid tissue and their further progres-
sion [4]. In B lymphocytes with inactivated p53,
there is an increase in genetic instability which is a
promoter of further tumor progression and the eva-
sion of malignant cells from the immune system, as
well as therapeutic effects.
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reHe3a», HHTEPECEH B KauecTBe 0O'bEKTa UCCIeI0Ba-
HusA y 6ospHBIX JIBKKJI BO Bcex mepedyrcaIeHHBIX
HamnpaBJieHUsX. MI3MeHeHrEe QYyHKITUHU KOJUPYEMOTO
uM 6eska p53 — OAHO U3 Hanubojiee YHUBEPCATHHBIX
MOJIEKYJIPHBIX U3MEHEHUH B KJIETKAX Pa3IMUYHBIX
HOBOOOpa3oBaHui [3].

HMeroTcst cBeIeHUsI O TOM, UTO JUCHYHKITHSA JTaH-
HOTO 0eJTKa UTPAeT BaXKHYIO POJIb B BOBHUKHOBEHUH
omyxoJied JTUM@POUIHON TKAHU U UX JaJbHEUIIer
nporpeccuu [4]. B B-mumdornurax ¢ MHaKTUBUPO-
BaHHBIM P53 OTMeUYaeTCsl HapacTaHKe TeHETHUECKON
HECTaOWIHHOCTH, SIBJISIONIENCS TPOMOTOPOM JajIh-
Helmell OmyX0JieBOM IPOrPecCU M YCKOJIb3aHUA
3JI0KAYECTBEHHBIX KJIETOK OT UMMYHHOU CHCTEMBI, a
TaK>Ke TEPAIEBTUYECKOT0 BO3/IEHCTBUS.

OpHako, yYWUTHIBas TO, UYTO PEe3yJIbTUPYIOIIEe
JIEHCTBHE IAHHOTO reHa BO MHOT'OM 3aBHCHUT OT THUIIA
KJIETKH, B KOTOPOU MPOABJIAETCSA €ro aKTUBHOCTD,
HEBO3MOJKEH MEeXaHWYEeCKUH IepeHoC OOIUX 3Ha-
HUH 00 yuactum TP53 B oHkoreHe3e Ha JIBKKJI.
BoJtee Toro, MHAUBU/Iy JIbHBIN TeHETHYECKUH (DOH U
MHOTHE Jpyrue (HakTOPhl TaKKe MOTYT BJIMATH Ha
(eHOTHII, WHAYIUPOBAHHBIA CIENUDUIESCKUMU
reHernueckuMu abeppanusmu [5]. B koHTekcre
omnucaHHbIX mpobiem usydenue TP53 mpu JIBKKII
3aCIy>KHBaeT 0c0O0r0 BHUMAHUS.

JlaHHadA cTaThd MpUypoUYeHa K 300-jeTuio Poc-
CUMCKOUM aKaZieMUU HAyK U OIUCHIBAET OCHOBHBIE
HayYHBIE Pe3yJIbTaThl UCCIETOBAHUI MOJIEKYIISIPHO-
reHEeTUYECKUX MEXaHU3MOB U 3HAUEHUS JIeperyJis-
nuu p53 npu IBKKJI, Ha npOTAKEHUU MHOTHUX JIET
MIPOBOJMMBIX coBMecTHO HoBocubupcKuM rocyaap-
CTBEHHBIM  MEIUIIMHCKUM  YHHUBEPCUTETOM U
HayuHo-mccneoBaTeTbcKUM HHCTUTYTOM TEPAITUN
U TPOPUIAKTHIECKON MEIUIIUHBI — (QUIAATIOM
OI'BHY «®enepasbHBIA UCCIIEIOBATETBCKUI IEHTP
WVHCTUTYT IUTOJIOTUH U reHeTUKHU CHOUPCKOTO OT/Ie-
JieHusi Poccuiickoi akajieMuu HayK» [6].

HNCXOJHOE COCTOAHUE U3YYAEMOM
ITPOBJIEMBbBI

UccnenoBanusi, HallpaBjieHHble Ha  IOUCK
MOJIEKYJISIPHO-OMOJIOTHYECKMX MEXaHU3MOB y4a-
CTUsI UBMEHUYHUBOCTH reHa TP53 B OIyX0JIEBOU IPO-
rpeccun JIBKKJI, sBisitoress ogHUMU U3 Haubosiee
BOCTPeOOBaHHBIX KaK B 00/1acTH (PyHIaMEHTATHHOM,
TaK W MPUKJIATHON OHKoreMaToJioruu. K mpezcras-
JIAIONIUM  UHTEepeCc MOJIeKYJISIPHO-TeHETUUEeCKUM
COOBITHSIM, BasKHBIM JIJIsI OIIYX0JIEBOTO POCTA U IIPO-
rpeccuu TUMGOMBI, CIeyeT OTHECTU HACJIeTyeMbIe
(mosmmmopdusm) 1 comatudeckue (MyTaIiu) Bapu-
aHTBHI HYKJIEOTHUHOU IIOCJIE0BATETbHOCTH B KO-
PYIOIIUX U PETYJIATOPHBIX 00J1aCTsAX TeHa, JeIelnu
TP53, sIATeHEeTUYECKYI0 MOIYJIALUIO €ro 3KCIIpec-

However, taking into account that the resulting
effect of this gene largely depends on the type of cell
in which its activity is manifested, a mechanical
transfer of general knowledge about the involvement
of TP53 in tumorigenesis to DLBCL is not possible.
Moreover, the individual genetic background and
many other factors can also influence the phenotype
induced by specific genetic aberrations [5]. In the
context of the described problems, the study of TP53
in DLBCL deserves a special attention.

This article is dedicated to the 300th anniversary
of the Russian Academy of Sciences and describes
the main scientific results of studies on molecular
genetic mechanisms, and the significance of p53
deregulation in DLBCL, conducted jointly by Novosi-
birsk State Medical University and the Research
Institute of Therapy and Preventive Medicine — the
Branch of the Institute of Cytology and Genetics,
Siberian Branch of the Russian Academy of Science
for many years [6].

INITTIAL STATE OF THE PROBLEM UNDER
STUDY

Investigations aimed at searching for molecular
and biological mechanisms of the involvement of
TP53 gene variability in the tumor progression of
DLBCL are among the most highly-demanded in
both the field of fundamental and applied oncohe-
matology. Molecular genetic events of interest that
are important for lymphoma growth and progression
include inherited (polymorphism) and somatic
(mutations) variants of the nucleotide sequence in
the coding and regulatory regions of the gene, TP53
deletions, and epigenetic modulation of its expres-
sion [6]. However, until recently, knowledge about
the specific mechanisms of this gene dysfunction,
and their clinical significance in DLBCL was largely
limited (Table 1). There are a number of reasons for
this.

Firstly, in hematological neoplasms, mutations in
TP53, which are the most studied variants of aberra-
tions, are less common than in other neoplasms [7]
which initially led to less attention from researchers
to other aspects of the variability of this gene in
DLBCL.

Secondly, surrogate markers of p53 dysfunction
have proven to be dramatically unreliable and chal-
lenging biomarkers for clinical use [8]. It is known,
for example, that overexpression of the p53 protein
in tumor tissue does not always predict poor survival
of DLBCL patients receiving the modern monoclonal
antibody therapy.

Finally, despite its potential value, the study of
TP53 gene abnormalities is not included in the man-
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Ta6suna 1. BoaMoxxHbIe MOJIEKY/ISIPHbIE MeXaHU3Mbl GOPMHUPOBAHUS HEJJOCTATOYHOCTH GyHKIMH reHa TP53

Table 1. Possible molecular mechanisms of the TP53 gene dysfunction formation

Tun HapymeHus dddexr CtreneHnb usyyeHHoctu npu /IBKKJ/I
Type Effect Level of knowledge on DLBCL
TeHeTHYeCKUH JledruuT GyHKIMU UM CTAGUIBHOCTH GesKa OTCyTCTBUE JAHHBIX O FalJIOTHIIAX
nosMMop¢$usM p53

Genetic polymorphism

Dysfunction and instability of the p53 protein

Lack of data on haplotypes

MyTanuu B KOgUpyoIei
N0CJ/Ie/J0BATEJbHOCTH reHa

Mutations in the coding
sequence of the gene

[ToTepsi OMyX0Jib-CYyNPeCCOPHBIX GYHKIUH,
npuobpeTeHHe MPOOHKOTeHHbIX CBOUCTB,
JOMHHAHTHO-HEraTUBHBIN 3 deKT

Loss of tumor-suppressive properties,
acquisition of pro-oncogenic properties,
dominant-negative effect

B nocsennewt Bepcuu IARC TP53 mutation
database nadopmanuu o poccuiickon
HOIY/ALMH He ITPe/ICTABIEHO

The latest version of the IARC TP53
mutation database does not provide
information on the Russian population

MyTauuu B MHTPOHHBIX
[10CJIe/I0BATENbHOCTSAX F'eHa
Mutations in intronic
sequences of the gene

HapyieHuve anbTepHaTUBHOIO CIIJIaliCUHTA
M-PHK
Alteration of alternative mRNA splicing

HepooneHka U3MeHEHUH B
HEeKOAUPYLIUX yyacTKax TP53
Underestimation of changes in non-coding
regions of TP53

MyTanuu B 5'- u 3'-HTII
re’a

Mutations in the 5" and 3’
UTRs

CHmxeHUe 3G PEKTUBHOCTH TPAHCISALUN
GeJiKa, HapylleHHe MOCTTPAH CIALMOHHbIX
MoAuUKATUH

Reduced efficiency of protein translation,
disturbance of post-translational modifications

HepnooueHka H3MeHEHUH B
HETPaHCJMpPyeMbIX yyacTKax reHa TP53

Underestimation of changes in the UTRs of
the TP53 gene

HOTepH reTepo3uroTHOCTU

Loss of heterozygosity

Bo3HUKHOBeHHMe a/l/1eJIbHOTO AucbaaHca,
deHoTHNINYECKass MaHUeCTALHUS peleCCUBHbIX
MyTalUi reHa

Allelic imbalance, phenotypic manifestation of
recessive gene mutations

[[lupokuii pazdépoC YaCTOThI
BO3HUKHOBEHHUS B 3aBUCHUMOCTH OT
HNONY/ISILLUOHHOMN BBIGOPKU

Wide prevalence depending on population
sample

MeTtusvpoBaHue CHMKEHUE IKCIIPECCUH, BILIOTD /10 AcrieKT NpaKTUYeCKH He OCBelleH B

IPOMOTOPA «BBIKJIIOYEHUS» reHa JInTepaTtype

Promoter methylation Reduced expression, up to gene silencing This aspect is practically not covered in the
literature

[Mpumeuanue. IBKKJ-auddysnasB-kpynnoknerounas iumépoma; IARC - International Agency for Research on Cancer (MexayHapogHoe
areHTCTBO No u3y4yeHuto paka); HTII - HeTpaHciupyeMble nociaeoBaTebHoCcTH; M-PHK - maTpuyHas PHK.

Note. DLBCL - diffuse large B-cell lymphoma; IARC - International Agency for Research on Cancer; UTRs - untranslated regions; mRNA -

messenger RNA.

cuu [6]. Bmecre ¢ TeM /10 IOCTIeTHETO BPEMEHU 3HA-
HUS O KOHKPETHBIX MeXaHU3Max HapylleHus GyHK-
OUH JTAHHOTO TeHAa W UX KJIMHUYECKOM 3HAYeHUH
npu IBKKJI B 3HAUUTEIHPHON CTENIEHN HOCUJIU OTPa-
HUYEHHBIH xapakrep (Tabs. 1). [y aToro mmeeTcs
PAR IPUYNH.

Bo-1miepBbIX, IPU OIMyXOJIAX CUCTEMBI KDOBU MyTa-
uuu B TP53, KOTOpBIE ABJISIOTCS Hanbojiee u3yueH-
HBIMHU BapHaHTaMu abepparuii, BCTPEUaIOTCs PEXKe,
yeM TIIpU JPYTUX HOBooOpazoBaHMAX [7], UTO
HCXO/THO 00YCJIOBUJIO MeHbIIIee BHUMAHUE HCCIIEN0-
Bareyled K APYTHM acleKTaM W3MEHUYHUBOCTH JaH-
Horo reHa npu JIBKKJI.

Bo-BTOpBIX, CyppoTraTHbIe MapKepbl HAPYyIIEeHUS
(yHKIIUU P53, C TOUKY 3pEHUS KIMHUYECKOTO IPU-
MeHeHUs, OKa3aJiCh UYPEe3BbIUaiHO HeHA/IeKHBIMU
U CJIOKHBIMU 6roMapkepamu [8]. MI3BecTHO, HAIPU-
Mep, 4TO U30BITOYHAS DKCIPeccus OeKa p53 B OIy-
X0JIEBOM TKAaHU He BCer7/ia NpeZiCKa3bIBaeT yXy/Allle-
HUe BbDKHBaeMocTu manueHToB ¢ JIBKKJI B ycio-
BHSIX COBDEMEHHOU Tepamnuy 3a001eBaHUsI ¢ IPHMe-
HeHHEeM MOHOKJIOHAJIBHBIX aHTUTEJL.

datory range of examinations for lymphomas, which
significantly slows down the process of accumulating
knowledge on the problem.

In this regard, the aim of our research was, based
on a comprehensive study of the variability of the
TP53 gene, caused by functionally significant poly-
morphisms and haplotype structure, somatic muta-
tions, promoter methylation, as well as allelic imbal-
ance, to describe the possible mechanisms of forma-
tion of p53 dysfunction in DLBCL, and to evaluate
their contribution to lymphoma progression.

GENETIC POLYMORPHISM AND
HAPLOTYPE GENE STRUCTURE

We have performed genotyping of functionally
significant markers of the TP53 gene — rs1042522,
rs17878362 and rs1625895 — using PCR-RFLP (poly-
merase chain reaction — restriction fragment length
polymorphism) in healthy tissue (peripheral blood)
of patients with DLBCL and controls, the third gen-
eration of ethnic Russsians. During the investiga-
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Haxkonern, HecMOTpsI Ha TMOTEHIHATBHYIO I[€H-
HOCTb, U3yueHne aHoMaIui reHa TP53 He BXOJUT B
00sI3aTeJIbHBIA CIIEKTp 00caemoBaHus pu JTUMQO-
Max, UYTO 3HAYUTEJIHHO 3aMeJJISIeT IPOIeCC HAKO-
IUIEHUs 00'beMa 3HAaHUH T10 ITpobieMe.

B cBA3M C 3THUM IeJIbI0 HAINIUX HCCIIEOBAHUN
OBLIO HA OCHOBE KOMIIEKCHOTO M3YUEH T U3MEHTH-
BocTu reHa TP53, 00ycJIOBJIEHHON (QYHKIMOHATHLHO
3HAYUMBIMHU TOJUMOP(PUIMAMH U TaIIOTHITHOM
CTPYKTYPOU, COMAaTHIECKUMHU MYTAI[USIMU, METIIH-
pOBaHHEM IIPOMOTOPA, a TAK)Ke aJUIEIBHBIM Aucha-
JIAHCOM, OIHMCATh BO3MOXKHbIE MEXaHU3Mbl (POPMU-
poBanusa aebunura dbysknuu p53 npu ABKKII u
OIIEHUTH UX BKJIAJ] B OILYXOJIEBYIO IIPOTPECCUIO 3260-
JIeBaHUs.

TEHETUYECKUH ITOJINMOP®U3M U T'A-
INIOTUITHAA CTPYKTYPA TEHA

Hamu BBITIOJTHAIOCH T€HOTHUIIUPOBaHUE (YHK-
OMOHAJIBHO-3HAUYNMBIX MapKepoB TeHa 1P53 —
rs1042522, rs17878362 u rs1625895 — MeTOAOM
IIIP-II/IP® (monumepasHas ILiemHAs peakius —
noauMopdusM JJIMH PECTPUKIIMOHHBIX (parMen-
TOB) B 3JI0POBOU TKaHW (rmepudepuyeckoi KpoBH)
nanueHToB ¢ JIBKKJI u siui; KOHTPOJIbHOH BBIOOPKH,
HUMEIOIIUX PYCCKYI0 HAIMOHAJIBHOCTh B TPEX IOKO-
JeHuAx. B xoze uccyenoBanus JaHHBIX 00 accorya-
MU OT/EJIbHBIX H3y4aeMbIX MOJUMOPDU3IMOB C
IIpeZpacIiooKeHHOCThI0 K pasButuio  JIBKKJI
IoJIyueHo He 6b110 [9].

B cBA3HM c TeM, UTO HMpeApPaCHOIOKEHHOCTh WIN
YCTOMYMBOCTD K OOJIE3HH MOMKET OIPEAEIAThCS
coueTaHWeM OOJIBIIIOTO YHCIa MabiX 3¢GQEKTOB
[10], u aHanmu3 HepaBHOBeCHUS II0 CIEIIEHUIO
(linkage disequilibrium — LD) B reHOMe B KOHKpET-
HBIX HOMYJIANUAX ABJAeTcA 6osee MPOAYKTHBHBIM
MIOAXO/IOM, IIO3BOJIAIOIIUM  WAEHTUDUIUPOBATH
reHeTuyeckue (PyHKIMOHAJIbHbIE BAPUAHTHI, JiexKa-
1[Me B OCHOBeE IIPeJpacIioyIo;KeHHOCTH K MHOTO(aK-
TOPHBIM 3a00JIeBaHUAM, ObLIO OIleHeHO LD Mexay
rs1042522, rs1625895 u rs17878362.

ITosyueHHBIe JaHHbIE CBUJIETEIBCTBOBAJIH, YTO
CHJIa HEPABHOBECHS T10 CIEIJIEHUIO OblyIa yMepeH-
HOU Mexay rs17878362 H rs1042522, a Takke
rs1625895 u rs17878362, a mexzay rsi625895 u
rs1042522 — HEpaBHOBECHUE I10 CIETJIEHUIO BhIpa-
s)kerHoe. [Ipu 3Tom LD B rpynme 6ospHbIX JIBKKJI
3HAUYMMO BBIIIIE, UEM B TPYIIIE KOHTPOJIA (puc. 1).
IlocsieqHee CBUAETENBCTBYET O TOM, UTO Te€H-
KaHJU/IAT MOXKeT UrpaTh OIpesieJIeHHYI0 POJIb B
¢popmupoBanuu IIpeipacloI0XKeHHOCTH K
6osie3uu [11].

B xozme nmasipbHEHINEro rarIOTHINPOBAHUS TeHA
TP53 ObUIH OIIpeNieJIeHbl  CIeIUIEHHbBIE aJUIed

tion, no data were obtained on the association of
individual polymorphisms studied with predisposi-
tion to DLBCL [9].

Due to the fact that susceptibility or resistance to
a disease can be determined by a combination of a
large number of small effects [10], the analysis of
linkage disequilibrium (LD) in a genome in specific
populations is a more productive approach that
allows us to identify genetic functional variants
underlying the predisposition to multifactorial dis-
eases, the LD between rs1042522, rs1625895 and
rs17878362 was assessed.

The data obtained indicated that the linkage
disequilibrium was moderate between rs17878362
and rs1042522, as well as rs1625895 and
rs17878362, and between rs1625895 and
rs1042522 the linkage disequilibrium was pro-
nounced. Moreover, LD in the group of patients
with DLBCL is significantly higher than in the con-
trol group (Fig. 1). The latter suggests that the can-
didate gene may play a role in the formation of
susceptibility to the disease [11].

During further haplotyping of the TP53 gene,
linked 1s17878362-rs1042522-1s1625895  alleles
within the same chromosome were identified. An
analysis of haplotype sequences makes it possible to
evaluate at a deeper level the functional interaction
of polymorphic loci (by additive, potentiating, antag-
onistic type) and their resulting impact on the bio-
logical functions of the protein. Significant differ-
ences in the frequency of three haplotypes were
obtained: an increase in the frequency of the wArgG
haplotype (p = 0.025), as well as a decrease in the
frequency of the wProG (p = 0.025) and dupProG
(p = 0.041) haplotypes in the group of patients with
DLBCL in comparison with the controls. Moreover,
for the wArgG haplotype, an association with the risk
of DLBCL was noted only in the homozygous state, in
contrast to the wProG or dupProG haplotypes, which
have a protective effect in combination with any
other haplotypes in the diplotype. Previously, other
authors have also shown the difference in the effects
of the triple TP53 haplotype depending on the homo-
zygous or heterozygous state [12].

Thus, the inherited genetic polymorphism of
TP53 may be the basis of predisposition to DLBCL,
but more severe aberrations in this gene, arising in B
lymphocytes de novo, directly contribute to tumor
initiation and progression.

MUTATIONS IN THE CODING AND
INTRONIC SEQUENCES OF THE GENE

We analyzed the sequence of exons and adjacent
intronic regions of the TP53 gene in DNA samples
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Puc. 1. /luarpaMmbl aHain3a HEPaBHOBECHUS T10 CIEIIJIEHUI0 MeXy Is1042522, 151625895 u rs17878362
B rpyite naruenTos ¢ JIBKKJT (A) u koHTposbHOM BhIGOpKe (B) (SNP3 — rs17878362, SNP4 — rs1042522, SNP6 —
rs1625895; mudpoBbie 0003HAUEHUS B OJIOKAX OTPAXKAIOT IIOKa3aTesb D’ — BEpOSITHOCTH KPOCCUHTOBEPA
MeXK/Iy aHAIM3UPYEMBIMU JIOKYCAMH: YeM TeMHee IBeT 0JI0Ka, TEM BBIIIIE CTEIIEHh HEPABHOBECHUS TI0 CIIETUIEHHIO)
Fig. 1. Diagrams of linkage disequilibrium analysis between rs1042522, rs1625895 and rs17878362 in the group
of patients with DLBCL (A) and the controls (B) (SNP3 — rs17878362, SNP4 — rs1042522, SNP6 — rs1625895; digits
in the blocks reflect the D’ indicator — probability of crossing-over between analyzed loci: the darker the color
of the block, the higher the degree of linkage disequilibrium)

r517878362-r51042522-151625895 B mpenesnax
OJTHOM XpOMOCOMBI. AHAJIM3 TaIJIOTHITHBIX TTOCJIEJI0-
BaTEJILHOCTEHN JlaeT BO3MOXKHOCTh Ha Oosiee Turybo-
KOM YPOBHE OILIeHUTH (PyHKITMOHAIFHOE B3aNMO/IeH-
CTBUE TMOJUMOPGHBIX JIOKYCOB (IO aJINTHBHOMY,
MMOTEHIIUPYIOIIEMY, QHTATOHUCTUYECKOMY THITYy) H
WX PEe3YyJbTUPYIOIIEE BIUSHUE Ha OHOJIOTHUYECKHE
dyHrnuu 6eka. ITosydeHbl 3HAUNMBbIE PA3JIUUHS B
YacTOTE TPeX TaIJIOTHIIOB: IIOBBIIIEHHE YaCTOTHI
ramwnoruna wArgG (p = 0.025), a TakKe CHIKeHHE
yacTor ramiotuioB wProG (p = 0.025) u dupProG
(p = 0.041) B rpynme 6ospHBIX [IBKKJI B cpaBHeHUU
¢ KOHTPOJIbHOI BBIOOpPKOH. Ilpu 3TOM A1 rarnio-
Tina wArgG oTMeueHa accomuanus ¢ PUCKOM pas-
ButusA JIBKKJI TOJTbKO B TOMO3UTOTHOM COCTOSTHUH,
B OoTIMYKe OT ramioTumnoB wProG mau dupProG,
UMEIOIINX IPOTEKTUBHBINA 3(PGdEKT B coueTaHuu c
JTIIOOBIMU APYTHMH TaIIOTUIIAMH B COCTaBE JIUILIIO-
THIa. PaHee ApyruMu aBTOpaMu TakKe OTMeYasioch
pasyimune B 3 deKTax u3y4yaeMoro TPOMHOTO rario-
Tumia TP53 B 3aBUCUMOCTU OT TOMO3UTOTHOT'O WU
reTepPO3UTOTHOTO COCTOSTHUA [12].

Takum o6pa3oM, HaCIeIyeMbIl T€HETHYECKUU
nosuMopdusm TP53 MOMKET SBJIATHCA OCHOBOU
npeapacnosio’keHHocTu K pasButuio JIBKKJI, HO
6osiee rpyObie abeppalliu B TaHHOM T'e€HE, BO3ZHH-
kKapmue B B-mumbonurax de novo, Hemocpen-
CTBEHHO CHOCOOCTBYIOT HHUITUAIIMU U ITPOTPECCUH
OITyXOJIH.

from tumor tissue of patients with DLBCL [13]. We
used the TARC (International Agency for Research
on Cancer) protocol for direct Sanger’s sequencing,
which was developed for the TP53 gene by IARC spe-
cialists and is used by most researchers around the
world.

Almost a quarter (24.3%) of DLBCL patients
had aberrations in the coding sequences of the
gene, which is consistent with literature data [14,
15]. The distribution of mutation types was as fol-
lows: 3% — mutations leading to alteration of RNA
splicing; 33% — intronic mutations with an
unknown effect; 37% — missense mutations; 6% —
nonsense mutations and 3% — mutations leading
to the reading-frame shift in the TP53 gene. Also
noteworthy was the verification of a large percent-
age of synonymous substitutions (18%). In the
sample studied, cases of multiple mutations in the
gene were also identified (6.8%).

All mutations identified in the TP53 coding
sequence were located in highly conserved regions
of the DNA-binding domain (exons 5—8) and led
to transcript-dependent dysfunctions of p53
(Fig. 2).

We compared the spectrum of mutations identi-
fied in the study group with the data presented in the
IARC TP53 mutation database [16]. The IARC TP53
mutation database was developed in 1990 and is still
the most reliable database of somatic and germline
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MYTAIIMHU B KOJAUPYIOIIIEN YACTHU
N MHTPOHHBIX ITOCJIEAOBATEJIbBHO-
CTAX TEHA

Hamwu mpoBoiniIcs: aHaIN3 TIOC/IEA0BATETLHOCTH
5K30HOB U ITPUMBIKAIOIUX Y4ACTKOB UHTPOHOB T'eHa
TP53 B obpasnax JJHK u3 omyxoseBoil TKaHU 60JIb-
weix JIBKKJI [13]. B xauecTBe MeToma MCIIOIB30-
Basicsi IARC (International Agency for Research on
Cancer) protocol 71 IpsIMOTO CEKBEHUPOBAHUS I10
Cenrepy, KOTOpbIH ObLT paspaboraH st reHa TP53
cuneruayncramu IARC u ucmosnbs3yercs GOJIBIIINH-
CTBOM HCCJIEIOBATENIEN IO BCEMY MUDY.

[IpakTuyecku YeTBepPTh (24.3 %) OOJBHBIX
JBKKJI numenu abeppanuu B KOAUPYIOIIUX ITOCTIE-
JIOBAaTEJIbHOCTAX TeHa, YTO COIJIacyeTcsd C JaH-
HBIMH JINTEPATYPHI [14, 15]. Pacmipesenenne TUIIOB
MyTanui ObLIO caeayomee: 3 % — MyTalluu, IpH-
BOJAINME K HapYIIEHUIO CIJIAHCHHTA MOJIEKYJIbI
PHK; 33 % — UHTpOHHBIe MyTaluu C HEU3BECT-
HBIM 3¢ dekToMm; 37 % — MyTalluu MUCCEHC THUIIA,
6 % — mMyTanuu HOHCEeHC TUIla U 3 % — MyTaluy,
MPUBOSAIINE K CABUTY PAMKH CUUTHIBAHUS B TeHE
TP53. Taxxke obpamasna Ha ce6s1 BHUMAaHUE BEPHU-
(ukanmsa OOJBIIOTO HPOIEHTA CHUHOHUMHUUHBIX
3ameH (18 %). B obGciemyemoii BbIOOpKe OBLIN
BBISIBJIEHBI TAKXKE CJIy4aud MHOKECTBEHHBIX MyTa-
nuii B rere (6.8 %).

Bce BbIsBIEHHBIE B KOAUPYIOIIEH IOCIEA0BA-
TesbHOCTH TP53 MyTanmuu ObLIM PAacIOJIOKEHBI B
BBICOKOKOHCepBAaTUBHBIX yuacTkax [[HK-cBsa3biBato-
mero JoMeHa (PK30HBI 5—8) M ¢ BBICOKOU J0JIeH
BEPOSITHOCTH TPUBOAWINA K HapPYIIEHUIO TPaHCK-
PUIIINOHHO-3aBUCUMBIX (PYHKIUH P53 (puc. 2).

HamMu BBINMOJIHEHO CpaBHEHUE CIEKTPA BBISB-
JIEHHBIX B TPYIIIE HCCIEA0BAHUS MYTaIlUH C JTaH-
HbIMHU, TpefictaBaeHHbIMU B JARC TP53 mutation
database [16]. Pecypc IARC TP53 mutation database
OBLT CO3/IaH B 1990 T. U JI0 HACTOAIIETO BPEMEHU
SIBJISIETCA CaMOM aBTOPUTETHOU 06a30l comaTuue-
CKHUX MyTallUd U MyTaIllMil 3apOJABIIIEBOA JIMHUU
reHa TP53. udopManuu 0 pPOCCHUCKOU MOITyJs-
nuu B Tekymeid Bepcuu IARC TP53 mutation
database He mpezcTaBIEHO.

YcTaHOBJIEHO, UTO CIEKTP BBISABJIEHHBIX OJ[HO-
HYKJIEOTUJHBIX 3aMeH B reHe 1P53 B Tpynmne
o0cye/loBaHUs B I[€JIOM COOTBETCTBOBAJI JIAHHBIM,
npencrasiedubiM B IARC TP53 mutation database
npu JIBKKJI. Bmecre ¢ TeM HabJ0/1aJ10Ch pas3Jiin-
yue B JIOKAIHB3AIUU «TOPAUYUX TOUEK» MYyTaIlHi.
Corsacio IARC TP53 mutation database «rops-
yuMu Toukamu» B reHe TP53 nipu JIBKKJI aBnsa-
I0TCS KOJIOHBI 248, 273, 175, 245, 281, 244, 305,
249 u 297 (B mOpsi/iIKe YOBIBAHUS YaCTOTHI MyTa-

mutations of the TP53 gene. Information about the
Russian population is not provided in the current
version of the IARC TP53 mutation database.

It was found that the spectrum of identified sin-
gle-nucleotide substitutions in the TP53 gene in
the study group generally corresponded to the data
presented in the IARC TP53 mutation database for
DLBCL. At the same time, we observed differences
in the localization of mutation hotspots. According
to the IARC TP53 mutation database, in DLBCL,
the TP53 gene hotspots are 248, 273, 175, 245, 281,
244, 305, 249 and 297 codons (in descending order
of mutation frequency). In the examined sample of
patients from this list, only mutation in 244
(p.G244S) codon was identified. At the same time,
other mutations in the coding sequence were
repeatedly encountered: p.Wi146R, p.T155],
p-V272E, p.R213X [17].

Thus, it has been shown that the frequency and
spectrum of mutations in the TP53 gene for the same
type of oncopathology can also vary significantly
depending on the sample studied; using DLBCL as
an example, a unique feature of the TP53 gene com-
pared to other tumor suppressor genes was con-
firmed — its predominant inactivation as a result of
missense substitutions rather than nonsense muta-
tions [6].

BLOCKING THE POLYADENYLATION
SIGNAL OF THE GENE

One of the variants of the nucleotide sequence of
the 3’ non-coding region of TP53 (rs78378222)
leads to blocking the polyadenylation signal and
alteration of the 3’ end processing of gene’s m-RNA.
Experimental data show that the rare rs78378222
allele, in comparison with the common allele, pro-
vides a significantly lower level of TP53 expression
and leads to a decrease in the level of apoptosis
induction in cells under the influence of genotoxic
factors [18].

The genotyping we performed showed that the
frequency of rs78378222 in tumor tissue samples
from patients with DLBCL is 9.8%, while 4.3%
had a heterozygous genotype, and 5.5% — a homo-
zygous minor genotype. Since there were no cases
of detection of the minor homozygous rs78378222
genotype in the blood of patients with DLBCL,
the results obtained indicate a loss of heterozy-
gosity at this locus in the tumor tissue in some
patients.

Thus, rs78378222 represents a unique allelic
variant of TP53 with an unequivocal reduction in
p53 function. It is logical to assume that in het-
erozygous carriers of the marker, the loss of a
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Puc. 2. Pacupe/iesienue MyTaliuii B MHTPOHHBIX U KOAUPYIOIIMX yJacTKax rena TP53: TOpU30HTAIbHBIE PAMKH
COOTBETCTBYIOT SK30HAM; YEPHBIE CTOJIONKY — MUCCEHC, HOHCEHC MYyTAI[IH U MyTallUU, IPUBO/IAIINE K CIBUTY PAMKHU
CUUTBHIBAHUS; CEPBIE CTOJIOUKH — CEIMCEHC MYTAI[iH; B BEPTUKAIBHBIX pAMKaX — HHTPOHHbBIE MyTAI[UH
Fig. 2. Distribution of mutations in intronic and coding regions of the TP53 gene: horizontal frames correspond to exons;
black bars — missense, nonsense mutations, and mutations leading to reading-frame shift; gray bars — same-sens
mutations; in vertical frames — intronic mutations

nuit). B o6cieoBaHHON BBIOOPKE MAIEHTOB K3
JITAHHOTO TIepeYHsI BBISIBJIEHA JIMIb MYTallus B
komoHne 244 (p.G244S). Bmecre ¢ TeM HeOAHO-
KpPaTHO BCTPEYAJIUCH IPYTHUE MyTaIlMU B KOJUPYIO-
mei mocienoBaTenpbHOCTH — P.W146R, p.T1551,
p-V272E, p.R213X [17].

Takum 06pa3om, ITOKa3aHO, UTO YACTOTA U CIIEKTP
MyTanuii B reHe TP53 pu OJHOM U TOM JK€ THIIE
OHKOJIOTUYECKOU TATOJIOTUHM TaKKe MOTYT 3HAYH-
TEJIbHO MEHATHCS B 3aBUCHUMOCTH OT HCCJIEAyeMOu
BbIOOpKY; Ha mpuMepe IBKKJI noaTBep:xaeHa yHU-
KaJIbHasg 0COOEHHOCTh TeHa TP53 10 CpaBHEHHUIO C
JIDYTHMH T€HaMHU-OHKOCYIIPECCOPaMU — IIPEUMYyIIe-
CTBEHHAs MHAKTHUBAIUSA €r0 B Pe3yJIbTaTe MUCCEHC-
3aMeH, a He HOHCEeHC-MyTaIuii [6].

PASPYIIIEHUE CUTHAJIA ITOJIMATEHU -
JINPOBAHUNA I'EHA

OAvH U3 BapUaHTOB HYKJIEOTHIHOU MOCJIE0Ba-
TeJbHOCTU  3’-Hekopupylomedn  yactu  TP53
(rs78378222) mpuBOAUT K pPa3pyLIEHUIO CHUTHAJIA
TI0JINAJIEeHWJINPOBAHUA U HAPYIIEHUIO MPOIleCCUHTa
3’-konra marpuunoii PHK rena. 9kcnepuMeHTab-
HbIe JIAaHHbIE ITOKA3BIBAIOT, YTO PEJIKUH aJIesTh
rs78378222, B CpaBHEHUH C YaCTBIM aJljIesieM, o0e-
CIIEUMBAET 3HAYUTESIbHO MEHBIINH YPOBEHb BKC-
npeccud TP53 U NPUBOJUT K CHUKEHHUIO YPOBHSA
WHAYKIIAA allolTo3a B KJIETKax IO/ JIEHCTBHEM
TeHOTOKCHYeCKuX hakTopos [18].

BrITlosTHEHHOE HaMU TEHOTHUIMPOBAHHE IIOKa-
3aJ10, UTO YacToTa rs78378222 B 06pasiax omyxose-

common allele will contribute to a significant
increase in the malignant potential of DLBCL
cells.

GENE PROMOTER METHYLATION

An interesting fact is that the TP53 gene is one of
the few antioncogenes that does not contain classical
CpG islands in the promoter region. Instead of these
islands, the proximal promoter in exon 1 of the gene
contains only a few CpG dinucleotides. Studies in
vitro have shown that their methylation leads to a
decrease in p53 expression.

We detected methylation of the TP53 gene in the
sample of patients with DLBCL examined using
methylation-specific PCR. The frequency of meth-
ylation was only 5.8% and did not differ signifi-
cantly in the subgroups with mutant and normal
gene structure, which may indicate a minor role of
this mechanism in the inactivation of TP53 in
DLBCL [9].

LOSS OF HETEROZYGOSITY IN THE GENE

A conventional microsatellite analysis using PCR
analysis was used as a method for diagnosing of loss
of heterozygosity (LOH) in the TP53 gene. Microsat-
ellites are di-, tri- and tetranucleotide sequences
multiply repeated throughout the genome [19]. Mic-
rosatellite instability is the appearance in tumor cells
of additional aberrant microsatellite alleles that dif-
fer in length from the alleles in normal tissues of the
same patient.
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Bou TkaHH 00bHBIX JIBKKJI cocrasisiet 9.8 %, npu
9TOM TeTEPO3UTOTHBIA TEHOTHIl uMenu 4.3 %, a
TOMOBUTOTHBIN MUHOPHBIN — 5.5 % 00CJIeZJOBaHHBIX.
ITockoJIbKy ctydau 0OHapyKEeHU MUHOPHOTO TOMO-
3UTOTHOTO TeHOTHIIA IS78378222 B KpOBU OOJIBHBIX
JBKKJI BbIsIBIIEHO He OBLIO, MOJyYeHHbIE PEe3yJib-
TaThl CBU/IETEILCTBYIOT O IIOTEPE T€TEPO3UTOTHOCTH
B JIAHHOM JIOKyCE B OIIyXOJIEBOH TKAaHU y YaCTH
0OJIHHBIX.

Taxum oOpaszom, rs78378222 mpejacTaBseT
co00W YHUKAJbHBIN asliebHbI BapuaHT TP53
C HeJBYCMBICJIEHHBIM CHIKeHUEM (YHKIIUH
p53. JIOTUYHO MPENOJIOKUTD, UTO Y TeTEPO3H-
TOTHBIX HOCHUTEJIE MapKepa IOTeps YacTOro
anmenss Oyaer crmocoOCTBOBATh 3HAUMTETHHOMY
MIPUPOCTY B3JIOKAYECTBEHHOI'0 IOTEHI[Haa KJie-
Tok JIBKKJI.

METWJINPOBAHUE ITPOMOTOPA I'EHA

HNurepeced ToT dakT, uTo reH TP53 sIBIAETCSA
OTHUM W3 HEMHOTHUX aHTHOHKOTE€HOB, KOTOPBIN HeE
coziepkuT kiaccudeckux CpG-oCTpOBKOB B IIPOMO-
TOPHOM permoHe. BmecTo HHUX IPOKCUMaJIbHBIN
IIPOMOTOP B 9K30HE 1 TeHa COJIEPKUT JIUIIb
HeckosbKo CpG-IuHyKIIeOTHA0B. McceioBanus in
Vitro ToKa3aJjiu, 4YTO UX METHINPOBAHHUE IIPUBOIUT K
CHIKEHUIO DKCIIPeCCuu p53.

BoigBienue wmetunaupoBaHusa TreHa 1P53 B
obciemoBanHON BBIOOpKEe marueHTOB ¢ JIBKKJI
HaMU IIPOBOJIMJIOCH METOZIOM METHJI-CIIerudu-
yeckou [IIP. YacToTa MeTH/IUPOBAHUS COCTABUIIA
Bcero 5.8 % u 3HAUUMO He pas3jaudajach B MOJ-
rpynIax ¢ MyTaHTHOU U HOPMAaJIbHOU CTPYKTYpPOH
reHa, 4YTO MOMKET CBHJIETEJIHCTBOBATH O MAaJIOH
PO JAHHOTO MeXaHU3Ma B WHakTupBanuu 1TP53
npu JIBKKJI [9].

IIOTEPA TETEPO3UT'OTHOCTHU B I'EHE

B kauecTBe MeTO/1a JUATHOCTHKH ITIOTEPU T€TEPO-
surotHoctu (IIT) B rene TP53 npuMeHsICA TPaau-
IIMOHHBI MHKPOCATEJUIUTHBIA aHAIU3 METOJ0OM
TIITP. MukpocaTesIUThl — 3TO MHOTOKPATHO IIOBTO-
psIoIIKecs U-, TPU- U TETPAHYKJIEOTH/IHBIE ITOCTIe-
JIOBATEJIbHOCTH, Pa30pOCAaHHBIE IO BCEMY TE€HOMY
[19]. MukpocaTenuTHas HECTAOUIBHOCTh — TOSIB-
JIEHWE B OIIyXOJIEBBIX KJIETKAX JIOMOJTHUTEIHHBIX
abeppaHTHBIX aylyIeJledl MUKPOCATE/UTUTOB, KOTOPbIE
OTJIMYAIOTCA TIO JTUHE OT aJUlejied B HOPMAasTbHBIX
TKaHX TOTO ke O0JIbHOTO.

Hawmwu ananusupoBasics mapkep D175796, pacno-
JIO3KEeHHBIU BON3U TP53 1 NPeJICTaBIAININN cOO0U
nuHykaeoTuaHbIH MoTuB (CAx23). YacroTa retepo-
3urotHocty mo D17S796 pocruraer 6osee 80 %, uto
JleJIaeT ero yA00HBIM U MTUPOKO HUCIIOIb3YEMbIM JIJIS

We analyzed the D17S796 marker, located near
TP53 and representing a dinucleotide motif
(CAx23). The frequency of heterozygosity for
D17S796 reaches more than 80%, which makes it
convenient and widely used for searching LOH in
the TP53 gene. Let us recall that when analyzing
the rs78378222 marker, LOH was also identified.
Taking into account both markers, the cumulative
LOH rate in the TP53 gene in the study sample was
13.5% [9, 18].

All cases of LOH were combined either with
somatic mutations in the coding sequence occurring
in the tumor tissue or with the heterozygous/homo-
zygous minor rs78378222 genotype. In the only case
of LOH in a DLBCL patient without these changes,
gene promoter methylation occurred.

The biological meaning of this phenomenon
should be interpreted in the context of the Knud-
son model of carcinogenesis [9]. TP53 dysfunction
in DLBCL can be formed not only according to the
classical two-hit mechanism when tumor develop-
ment requires sequential changes in two anti-
oncogene’s alleles: one in the germline, and the
second — due to somatic aberrations, but also
according to a similar two-hit mechanism with
knockdown of two antioncogene’s alleles due to
sequential somatic aberrations (mutations, pro-
moter methylation or LOH in various combina-
tions) (Fig. 3).

CLINICAL SIGNIFICANCE OF TP53
DYSFUNCTION

The study showed an association of the analyzed
functionally significant markers of the TP53 gene
with greater severity of tumor intoxication symp-
toms and paraclinical activity of DLBCL, as well as a
greater tumor volume and spread at the time of the
disease diagnosis [6]. A correlation analysis indi-
cates the presence of a positive correlation between
the frequent homozygous G/G rs1625895 and Arg/
Arg rs1042522 genotypes and an unfavorable prog-
nosis according to the international prognostic index
(r = 0.216, p = 0.001 and r = 0.216, p = 0.006,
respectively). Moreover, in patients who are carriers
of the wArgG haplotype in the homozygous state
(wArgG/wArgG diplotype), compared with other
patients, the risk of non-responding to therapy was
4.6 times higher, the risk of not surviving to a 5-year
time point was 4.9 times higher (p = 0.037 ), includ-
ing progression and relapse free — 5.5 times
(p = 0.082).
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noucka III" B rene TP53. HanomHuM, 4TO IIpU aHa-
Jm3e Mapkepa rs78378222 Takike ObLTH BBISBJIEHBI
IIT'. CymMapHO ¢ yueToM 000MX MapKepOB 4acTOTa
1T B rene TP53 B KicCIIelyeMOU BRIOOPKE COCTaBHIIA
13.5 % [9, 18].

Bce cayuau IIT' coueranuch aubo ¢ comaTude-
CKUMH MYTAIlUAMH B KOJHUPYIOIIEH IOCIeq0Ba-
TEJIPHOCTH, BOBHUKAIOIIMMH B OIIyXOJIEBOUM TKAHH,
1100 ¢ TeTepO3UTrOTHBIM/TOMO3UTOTHBIM MHHOP-
HBIM TeHOTHIOM rs78378222. B eaumHCTBEHHOM
cayuaae IIT''y 6ospHOro JIBKKJI 6€3 JaHHBIX n3Me-
HEHUN MMeJI0 MECTO METHJIMPOBaHHE IMPOMOTOpA
reHa.

Buosornyeckuit CMBICII JAHHOTO SBJIEHUS CJIe-
JlyeT TPAKTOBAaTh B KOHTEKCTE MOJIEJIN KaHI[epOoTe-
He3a Kuyzncona [9]. HemocraTouHOCTh (YHKIIUH
rena TP53 npu IBKKJI moxkeT ¢popmMupoBatbcsa He
TOJIBKO TI0 KJIACCHUECKOMY  «JIBYXyZlapHOMY»
MeEXaHU3MY, KOT/a JIJIA Pa3BUTHUS OIyXOJIM HE00-
XOAUMBI TIOCJIE/IOBATEbHbIE W3MEHEHUs [IBYX
ajiesiell aHTUOHKOTEHA: OJJHOTO — B 3apOJiblIe-
BOH JIMHHHW, a BTOPOTO 3a CYET COMATHYECKUX
abeppanuii, HO ¥ MO0 AaHAJOTUYHOMY €MY JBYXY-
JlapHOMY IPHUHITUITY C BBIKJIIOUEHUEM JIBYX ajljie-
JIel aHTUOHKOT€EHA 3a CUET MOCJIe0BATEIHHO BO3-
HUKAIOIINX COMAaTHYeCKUX abeppanuii (MyTarui,
MeTHJIMpOBaHus mpomoropa uau III' B pasziuu-
HBIX COYeTaHUAX) (pHC. 3).

Molecular genetic aberrations in the TP53 gene
of DLBCL tumor tissue that occur de novo, namely
functionally significant mutations in the DNA-
binding domain of the gene and rs78378222 in
combination with the loss of an intact allele, were
associated with a more aggressive course of the
tumor and a poor response to therapy (Table 2).
Remission in the subgroup of patients with these
aberrations was achieved only in half of the cases
(50.0%), while in the subgroup of patients without
aberrations in the TP53 gene — in 3/4 of the cases
(74.5%, p = 0.083) [20].

CONCLUSION

The TP53 role in oncogenesis discovery pro-
ceeded simultaneously with the study of the basic
mechanisms of recognition and transmission of sig-
nals inside the cell, as well as genome reparation,
regulation of cell division and apoptosis, coordina-
tion of metabolic processes and immune identifica-
tion. The function of the TP53 gene and the p53 pro-
tein it encodes is associated with each of the above-
mentioned processes, and these relationships are
maintained at many levels, generating a single regu-
latory network [6].

In our studies, attention was focused on changes
in TP53 which can be registered both in healthy
human tissue (inherited polymorphisms of the gene

TP53 annens 1
TP53 allele 1
TP53 amnensb 2
TP53 allele 2

MyTanust
mutation

TP53 annens 1

TP53 allele 1

TP53 amnensb 2
TP53 allele 2

MOTePs reTepO3UrOTHOCTH
loss of heterozygosity

TP53 amnensb 2
TP53 allele 2

nepeoe coovimue
first event

emopoe codvimue
second event

MeTH/IHPOBaHHe
methylation

Met

ﬁ ﬁ ﬁ TP53 annens 1
TP53 allele 1
TP53 annens 2
TP53 allele 2

NoTepsi reTepo3NroTHOCTH
loss of heterozygosity

ﬁ ﬁ Q TP53 annens 1
TP53 allele 1

Puc. 3. /IByxyapHbiii MexaHu3M popmupoBanus geduiura pyakiuu rea TP53 npu JJBKKIT
Fig. 3. Two-hit mechanism for the formation of TP53 dysafunction in DLBCL
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KINMHNYECKOE 3HAYEHUWE HAPYIIIE-
HUNA ®YHKIIMOHNPOBAHUA 'EHA

B xo/ie viccieoBaHMs TTIOKa3aHO HAJIMYHE aCCOITH-
AUy aHATU3UPYEMbIX (QYHKIIMOHAIBHO 3HAUUMBIX
MapkepoB reHa TP53 c¢ GoJbIllel BBIPA’KEHHOCTHIO
CUMIITOMOB OITyXOJIEBOM MHTOKCHUKAIIUMH U TIapaKJIH-
Huyeckoi aktuBHocTH JIBKKJI, a Takke GOJIBIINM
00BbEMOM M PACHPOCTPAHEHHOCTHIO OITyXOJIEBOTO
Iporiecca Ha MOMEHT JUATHOCTUKY 3a00s1eBaHusd [6].
JlaHHbIE KOPPEJAIMOHHOTO aHAIM3a CBUAETENhb-
CTBYIOT O HAJTHUUU CTATUCTUYECKN 3HAYNMOU KOppe-
JIIIIMOHHOU CBSI3U MEXK/IY YaCTHIMU TOMO3UTOTHBIMU
reHotunamu G/G rs1625895 u Arg/Arg rs1042522 u
He6IaTOIIPUATHBIM ITPOTHO30M 110 MEK/TYHAPOTHOMY
MMPOTHOCTHYECKOMY HHJIeKCy (I = 0.216, p = 0.001 U T
= 0.216, p = 0.006 COOTBETCTBEHHO). [Ipu 3TOM Y
OOJIBHBIX — HOCUTE/IeH ramiotuna WArgG B ToMO3H-
TOTHOM cocTtostHuU (qumuiotunt WArgG/wArgG) B
CpPaBHEHHUH C JPYTUMH IallMeHTaMU PHUCK HE OTBe-
TUTh Ha IIPOBOIUMYIO TEPATIHIO OBLI BBIIIIE B 4.6 pasa,
PHUCK He JIOXKUTB 10 5-JIETHETO pyOeska — B 4.9 pasa (p
= 0.037), B TOM 4HcJIe 63 IIPOrPECCUH U PELH/IHBA —
B 5.5 pasa (p = 0.082).

MouJtekyJIsIpHO-TEeHETUUECKHEe HapYIIEeH!s B TeHe
TP53 onyxoneBori Tkanu JIBKKJI, Bo3HmKaromue
de novo, a UMeHHO (GYHKIMOHAJIHHO 3HAUUMBIE
mytauuu B JIHK-cBA3bBIBawIeM JIOMeHe TeHa U
rs78378222 B coueTaHUH C MOTEPER HOPMAIHHOTO
ajtesist, ObLIM acCOIIMUPOBAHBI ¢ OOJIee arpeccuB-
HBIM TE€UEHUEM OITYXOJIU U IJIOXUM OTBETOM Ha Tepa-
o (Tabut. 2). Pemuccus B OATpyIIIEe MAIUEHTOB €
yKazaHHBIMHU abeppariusaMu ObLaa JOCTUTHYTA JUIIb
B TIOJIOBUHE ciydaeB (50.0 %), Torjia Kak B IOJ-
rpymie 6071bHBIX 0e3 abeppanuii B rene TP53 — B
3/4 cny4aes (74.5 %, p = 0.083) [20].

and their combinations as part of haplotypes) and
predispose to tumor development, and generate in
lymphocytes de novo at various stages of tumor pro-
gression, and be recorded in DLBCL tumor tissue
(mutations, allelic imbalance and gene promoter
methylation) [21].

The data obtained show that a comprehensive
analysis of the TP53 gene status is more informative
and demonstrates the presence of a large percentage
of combined gene aberrations in patients with
DLBCL. It has been established that in at least a third
of cases, the formation of DLBCL is accompanied by
the processes of acquisition, fixation and accumula-
tion of sequential genetic aberrations in the TP53
gene which contribute to malignant transformation
of B lymphocytes.

The results obtained are valuable not only from a
fundamental but also from a practical point of view.
Thus, it has been shown that the status of the TP53
gene in DLBCL particularly is the biological basis of
the clinical parameters included in the IPI, and the
preserved function of TP53 is crucial for slowing the
rate of tumor progression and achieving a favorable
outcome of the disease in modern therapy for DLBCL
including the monoclonal anti-CD20 antibody drug,
rituximab.
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Ta6una 2. Puck pa3Butus HebaaronpusTHoro TeyeHus JBKKJI npu BbIsiBJIEHUH B ONyX0JIeBOM TKaHU QYHKIMOHATbHO

3HAYUMbIX MyTanui B rede TP53 u renoruna C/C rs78378222

Table 2. Risk of an unfavorable course of DLBCL in functionally significant mutations in the TP53 gene and genotype C/C

rs78378222 in tumor tissue

Iloka3saTesb / Parameter

Ol (95% /IH) / OR (95% CI) p

B-cumnTomel / B-symptoms
Crapus 3a6osneBanus II1-1V / Disease stage I11-1V
JkcTpaHoaibHble nopaxkeHus / Extranodal lesions

Hannyue nopakeHHUs onyxoJiblo pasMepoM 6oJsiee 7 cM
Malignant lesion larger than 7 cm

[TopaxeHue kocTHOTO Mo3ra / Bone marrow involvement
MIIH 3-5 / IP1 3-5

PasButue TpombonuTonennu / Thrombocytopenia
PazBuTHe aHeMuu / Anemia

061mas BbKkKMBaeMocTh / Overall survival

6.69 (1.30-23.86) 0.030
139 (1.17-1.65) 0.010
3.26 (1.02-11.85) 0.035
5.27 (1.48-16.55) 0.006
441 (1.22-15.00) 0.019
4.40 (1.06-14.52) 0.019
54.00 (5.37-245.8) <0.000
26.5 (4.22-108.4) <0.000
3.84 (1.07-12.17) 0.012

Mpumeuanue. [IBKKJ - sudpdysnas B-kpynHokierounas suMdpoma; Olll - oTHomeHue mwaHcoB; IV - noBepuTeabHbIN HHTEpBa; MIIU -

Me}KZLyHapOLleIﬁ l'[pOl"HOCTI/[‘-IeCKI/Iﬁ HUHOEKC.

Note. DLBCL - diffuse large B-cell lymphoma; OR - odds ratio; CI - confidence interval; IPI - international prognostic index.
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3AKJIIOYEHUE

PackpsbiTie posiu TP53 B OHKOTeHe3e 110 ITapasi-
JIEJIBHO C U3y4eHneM 0a30BBIX MEXaHHU3MOB PaCIIO-
3HABAHUA U NPOBEIEHUs CUTHAJIOB BHYTPH KJIETKH,
peliapanuy reHoma, peryJsaiiuy KJIeTOYHOTO Jiesie-
HUS U aroInTo3a, KOOPAWHAIINU MeTabOoJIMUeCKHX
IIPOIIECCOB ¥ MMMYHOJIOTHYECKOTO PACIIO3HABAHUS.
®yukmusa resa TP53 1 KOAUPyeMOro UM Oeska p53
CBs3aHA C KAK/BIM U3 IEPEYNCTEHHBIX IIPOIECCOB,
[IpUYEM S5TU CBSA3H IOJJIEPKUBAIOTCSA HA MHOTHX
VPOBHSAX, 00pasys eJUHYI0 PETYJIATOPHYIO CETh [6].

B mpoBoIMMBIX HAMU UCCIIEZIOBAaHUAX BHUMAaHUE
OBLIO COCPENOTOUYEHO HA U3MeHEHUX B TP53, KOTO-
pble MOTYT PETUCTPUPOBATHCA KaK B 3/[0POBOM TKAHU
yeJioBeKa (HacsieryeMble IOJTUMOP(U3MBI TeHa U UX
COYETAHUs B COCTABE TaIJIOTUIIOB) U IIPEAPACIIOA-
raTh K Pa3BUTHIO OILYXOJIM, TaK U BOBHUKATH B JINIM-
douuTax de novo Ha pa3IUUHBIX TANAX OIYXOJIE-
BOH IIPOTPECCUU U PETUCTPUPOBATHCS B OITyXOJIEBOH
tkaHu JIBKKJI (Myranuu, ajuiesbHbBIN AucOanaHC U
METUJINPOBaHUE TPOMOTOpa reHa) [21].

[TosryueHHBIE HAMU JTAHHBIE CBUZETEIHCTBYIOT O
60spiIeli MHGOPMATUBHOCTH KOMILJIEKCHOTO aHa-
Jau3a craryca reHa TP53 v AeMOHCTPUPYIOT HaJln4ue
y 60sbHBIX JIBKKJI 60JBIIOTO HPOIIEHTa COYETaH-
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AHHOTAIIMA

B nocsienHue fecATUNIETHA AJ14 JIedeHUs TaIleHTOB ¢ IICOPUa30M YMEePEHHOTO U TSAKeJIOT0 TeUeHUs aKTUBHO BHEAPSAIOTCSA
TeHHO-UH)KeHepHble Ouosornveckue mpenaparsl ([ BII), npuMeHeHre KOTOPHIX PEKOMEHIOBAHO MPU HETOCTATOYHOM
2 dexkTUBHOCTU GA3UCHBIX CPECTB CUCTEMHOTO JIeUeHHUs IICOprasa JIM60 TPU HAUIMYNUY TPOTUBOIIOKA3aHUH K TAKOBBIM.
OpHAKO B ITOCJIE/HEE BPEeM: Bce Yallle Cpeiu HKCIIeEPTOB NoHUMaeTcs Bonpoc o npuMmenennu I'VIBIT Ha panHel crajun
arpeccUBHOTO TeueHus 60J1e3HU, 0COOEHHO B CIIy4yasiX, KOI/ia ICOpHa3 CTAHOBUTCS IIPUYHNHON 3HAUUTEIHHOU TICUXOJIOTH-
YeCKOH M COLMAJIbHOH Je3afjanTalliy TallkeHTa, [IpobyieM C yCTAaHOBJIEHHEM MEKJIMYHOCTHBIX M COI[UAIbHBIX OTHOIIIe-
HUMH, OLLYIIeHUA CTUTMATHU3AI[UN U CHIPKEHUS KauecTBa TPYLOBOU JieATessbHOCTH. Ocob0ro BHUMAHUSA B 3TOM OTHOIIEHUU
TpebyeT J1aJIOHHO-TI0/TONBEHHBIH IICOPHa3, KOTOPHIN CBSI3aH ¢ GOIBIIMMU TPYJHOCTSIMHU B IIOBCETHEBHOM U B Tpodeccro-
HaJIbHOU KU3HU.

B craThe ImpeiCTaBIeHO KIIMHUYECKOe HAOJII0IeHNe YCIIEITHOTO PAaHHETO IPUMEHEHHUsT TeHHO-UHKeHEePHOU 61oJioruye-
ckoii Tepanuu (TMBT) manueHTKH sl KYMUPOBAHUS CUMIITOMOB JIa/IOHHO-TIO/IOIIIBEHHOTO MICOPUAa3a U JIUCTAJIbHOTO
Mexk(daTaHTOBOTO IICOPUATUYECKOTO APTPUTA, HAYATOTO HA PAHHUX 3TallaX pa3BUTHUA 3a00J1eBaHUS B CBA3H CO 3HAUUTEIb-
HBIM CHUKEHHEM KauecTBa )KU3HU U TPYZOBOH 1eATeIbHOCTH, a TAK2Ke I10 IPHUMHE ee KaTerOPUYECKOTro OTKa3a OT CUCTEM-
HO¥ 6a3MCHO TepPaTuK METOTPEKCATOM.

ITocsie IpoBeieHUsI 4-HEIEBHOTO HHUIIUUPYIOIIETo Kypca CeKyKHHYyMaba OTMeUeH MPAaKTHUECKU MTOJTHBIA Perpece Ico-
PUATHYECKUX BBICHIIAHUHI U CUMIITOMOB IICOPUATHYECKOro apTpuTa. [IcHX0aMOIMOHAIbHOE COCTOSAHUE TAllUEHTKH CTa-
OMIN3UPOBAIOCH. BBINTOTHEHIIE MAHUITYJIAIUH, CBA3aHHBIX CO CBOUMU IIPO(dECCHOHATbHBIMY 0053aHHOCTAMU, 3aTPyHe-
HUM BesleZicTBHe 3200J1€BaHUS He BBI3bIBAET.

T'UBII 151 edeHus cpeJHEeTAKeIBIX U TshKeIbIX GopM 3a001eBaHUSA CTATH BAKHEHIIUM JOCTUKEHHUEM, TI03BOJISIOIIIM
He TOJIBKO II0JIy4aTh BBICOKUH YPOBEHD TEPAIIEBTHYECKOTO OTBETA, HO U YCIIEITHO OOPOTHCS € MICUXOCOIIUATIBHBIMU ITOCIIEN -
CTBUSIMHU 3a00JIeBaHUsA. B POCCUHCKUX KIMHUYECKUX PEKOMEHAIUAX HCIIOJIb3YETCs CTYIMEeHUAThIH MOAX0J B JIEUeHUH
rcopuasa. K mepBoii JINHUM CUCTEMHOH Tepaluy OTHOCATCS IpenapaTsl 6a3ucHON TPOTHBOBOCIAIUTENIBHON Tepanuu —
METOTpPEKCAT, PETHHOUBI JIJIA JIeUeHUsI IICOPHa3a, IUKJIOCIOPHUH, YIbTpaduosieToBoe obmydenue koxu. ITpu ux Head-
(exTHBHOCTH, HETTIEPEHOCUMOCTH WJIN HAJTUYIHH IIPOTHUBOIIOKA3aHUN K X IPIMEHEHHUIO PACCMATPUBAIOT BOIIPOC Ha3Haye-
Husa 'MBT. IlpencraBiieHHbIN KIMHUYECKUN CIydall AeMOHCTPUPYeET, YTO KaTeropuyecKuil oTKa3 MalueHTa OT CUCTeM-
HOH 0a3WCHOU Tepanuy IIcopHas3a TaK)Ke MOKET pPacCMaTpUBAThCHA KAaK BO3MOKHASA NMPUYMHA PAHHErO IPHUMEHEHUS
T'MBII, 103BOIAIOIIEr0 BOCCTAHOBUTD KaK (GPU3UUECKUH, TaK U IICUXOCOIIUAJIBHBIH CTaTyC NalleHTa.

Kaoueswle caoea: ricopuas, TeHHO-HHKeHepHbIe OHOJIOTHYeCKHe IPernapaThl, CEKyKHHYMa0, J1aJOHHO-II0/IOIIBEHHBIN
IICOpHa3, TUCTAJIBHBIN MeK(baTaHTOBBIN IICOPHATUYECKUH aPTPUT.
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Patient-oriented approach to prescribing systemic therapy
for psoriasis with biologics: a case report

0.B. Nemchaninova!, O.N. Pozdnyakova!, E.Yu. Sklyanova’, A.S. Chasnyk?

Novosibirsk State Medical University, Novosibirsk, Russia

2Novosibirsk State University, Novosibirsk, Russia

ABSTRACT

In recent decades, for the treatment of patients with moderate to severe psoriasis, biologics have been actively developed,
the use of which is recommended when the psoriasis systemic treatment is insufficiently effective or if there are contrain-
dications to it. However, in recent years, experts have increasingly raised the question of the use of biologics at an early
stage of the aggressive course of the disease, especially in cases where psoriasis causes significant psychosocial maladjust-
ment in the patient, problems with establishing interpersonal and social relationships, a feeling of stigmatization and a
decrease in the quality of work. Palmoplantar psoriasis which is associated with great difficulties in daily and occupational
life requires special attention in this regard.

The article presents a case report that shows of the successful early use of therapy with biologics in a patient to relieve
symptoms of palmoplantar psoriasis and distal interphalangeal psoriatic arthritis which began in the early stages of the
disease due to a significant decrease in the quality of life and work activity, as well as of an emphatic refusal of systemic
basic therapy with methotrexate.

After a 4-week initial course of secukinumab, almost complete regression of psoriatic eruptions and symptoms of psoriatic
arthritis was noted. The patient’s psychoemotional state has stabilized. Performing manipulations related to one’s occupa-
tional duties does not cause any difficulties due to the disease.

Biologics for the treatment of moderate and severe forms of the disease has become a major advance allowing not only to
obtain a high level of therapeutic response but also to successfully correct the psychosocial consequences of the disease.
Russian clinical guidelines use a stepwise approach to the treatment of psoriasis. The first-line systemic therapy includes
basic anti-inflammatory drugs — methotrexate, retinoids for the treatment of psoriasis, cyclosporine, ultraviolet irradiation
of the skin. In the case of their ineffectiveness, intolerance or the presence of contraindications, prescribing biologics is
considered. The presented case report demonstrates that the patient’s emphatic refusal of systemic basic therapy for pso-
riasis can also be considered as a possible reason for the early use of biologics which allows recovering both the physical
and psychosocial status of the patient.

Keywords: psoriasis, biologics, secukinumab, palmoplantar psoriasis, psoriatic distal interphalangeal arthritis.

Citation example: Nemchaninova O.B., Pozdnyakova O.N., Sklyanova E.Yu., Chasnyk A.S. Patient-orientid ap-
proach to prescribing systemic therapy for psoriasis with biologics: a case report. Journal of Siberian Medical Sciences.
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BBEJIEHUE

[Tcopuas — XpoHHYECKoe 3a00JIeBaHUE MYJIBTH-
(axTOpHaIbHON TPUPOABI C JOMUHHUPYIOIINM 3Ha-
YyeHHeM B Pa3BUTUH TeHETUYECKUX (AKTOPOB,
XapaKTepusymolleecss YCKOPEHHOU Mposiudeparueit
KEpPaTUHOLMTOB U HapylleHHeM ux AuddepeHnn-
POBKH, ArcOATTAHCOM ME3K]Ty IIPOBOCIIATUTETHHBIMU
U TPOTUBOBOCHAJIUTESBbHBIMH IIUTOKMHAMH, C
YaCTHIMU IaTOJIOTUYECKUMU U3MeHEeHUAMU OIIOPHO-
JIBUTaTeIbHOTO amnmaparta [1]. [TepBoe yromuHaHME
0 TIcopHa3e CBA3BIBAIOT ellle ¢ UMeHeM ['ummnokpara.
OpHako Hayaslo U3ydyeHus Icopuasa Kak caMOCTOs-
TeJIbHON HO30JIOTHH INPUILIOCH JUIIb HA HAYAJIO
XIX B. C pazBuTueM B KoHIle XX CTOJIE€TUSA TeHETUKHI
U WMMYHOJIOTUU TIOSBJIAIOTCS HOBBIE JJAaHHBIE O
MexaHU3Max pasBUTUS IICOPHA3a, B CBA3H C YeM

INTRODUCTION

Psoriasis is a chronic disease of a multifactorial
nature with a dominant role in the development of
genetic factors, characterized by accelerated prolif-
eration and impaired differentiation of keratino-
cytes, an imbalance between pro-inflammatory and
anti-inflammatory cytokines, with frequent patho-
logical changes in the musculoskeletal system [1].
The first mention of psoriasis is associated with the
name of Hippocrates. However, the study of psoria-
sis as an independent entity started only at the
beginning of the 19th century. With the develop-
ment of genetics and immunology at the end of the
20th century, new data on the mechanisms of the
psoriasis development appear, and therefore, the
concepts of the disease are changing and, accord-
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MEHSIOTCS IIPe/ICTaBIeHusA O OOJIE3HH U, COOTBET-
CTBEHHO, SBOJIIOIIMOHUPYIOT MTOAXO0BI ¥ BO3MOKHO-
CTH CHUCTEMHOTO JIEUYEHUs CPETHETSIKEIIBIX U TsKe-
JIpIX hOpM Tcopuasa [2—4].

VcTopus JieueHus MallieHTOB C ICOPUA30M 3Ha-
YUTEJIbHO U3MEHWIACh C TOYKH 3peHus 6e30macHo-
ctd, 3P PEeKTUBHOCTU U NEPEHOCUMOCTU TepaIui.
Tak, 10 cepeauHbl XX B. MIUPOKO HCIIOJIB3YEMbIM
[perapaToM B JIEUYEHUU SBJIJICA TOKCHYIHBIHN
MBIIIBAK C Y3KUM TEPANEBTUYECKUM IUANIa30HOM
nerictBus. C Hayaja 1950-X IT. B CUCTEMHOM Tepa-
IIUY TICOPHa3a IPUMEHSINCH TTTIOKOKOPTUKOCTEPO-
WU/IbI, IPU 3TOM OTMeuasiach UX yMmepeHHas saddek-
TUBHOCTh INPU IEPOPAJIBHOM IpueMe. B 310 Ke
BpeMsl BIEpPBBIe B JieyeHUHW 3a00JIeBaHUSA ObLT
HCIIOJIb30BAaH METOTPEKCAT, KOTOPBIH /0 CHUX IIOP
SIBJISIETCS TIPENapaToM IEPBOU JIMHUM TPAIUITUOH-
HON 0Ga3WCHON IPOTUBOBOCHAIUTETHHON Teparuu
ncopuasa. MexaHusM JedcTBUsI MeTOTpeKcaTa Ha
IICOPUATUYECKUH TIPOIECC 3aK/II0YAETCA B CHIDKe-
Hun cu"Te3a PHK u JJHK B axTUBUPOBaHHBIX
T-KJIeTKax U KepaTUHOIUTAX Yepes yrHeTeHue dep-
MEHTATUBHOU aKTUBHOCTU aurujapodocdararpe-
IYKTa3bl ¥ TUMUIWIATCUHTETA3bl, YTO OKA3bIBAET
HMMYHOCYTIDECCOPDHOE U aHTUIPO(]UIEPATHBHOE
nericTBre. BMecTe ¢ TeM IpueM mpernapara corpoBo-
JKTAeTCST TOKCUYECKUM JIEHCTBUEM Ha JKeJTyJIOUHO-
KHUIIIEYHBIA TPAKT, renaToOuInapHy0, HMMYHHYIO,
KPOBETBOPHYIO, HEPBHYIO CHUCTEMY U T.J. B 1979 T.
MOSIBIJIUCH TIEPBBIE COOOIIEHUS O TOM, UTO ITHKJIO-
CIIOPUH YJIy4IIaeT TeUeHHe [IcCOpUa3a y MaIueHToB ¢
[ICOPUATHYECKUM apTPUTOM, XOTSI MEXaHU3M €ro
ZIEHICTBUS OCTaBaJsICsl HEBBIICHEHHBIM. [1033ke ObLIa
usydyeHa posib T-KJIeTOK B IMMYHOIIATOTeHe3e IICO-
prasa ¥ yCTaHOBJIEHO, UTO IUKJIOCIIOPUH, YTHETas
aKTUBHOCTh (hepMeHTa KaJIbI[MHEBPUHA, ITPUBOIUT
K IpekpalieHuio cuHTesda 1L-2, Heo6X0uMOoro Jist
nponudepanuu T-KIeTOK, a CJIe0BaTeJIbHO — K
Mo/aBJAeHNuI0  T-KJIETOUHOTO  BOCHAJIUTEIHHOTO
orBera. OHAKO IPUMEHEHHE 3TOTO JIEKAPCTBEH-
HOTO CpeJ/ICTBA OTPAHUYEHO Y3KHUM TepamneBTHYe-
CKMM WHJIEKCOM, HEBO3MOXKHOCTHIO JIJIUTEJIHHOTO
IIpUMEHEHUsI U CHEKTPOM HeKeJIaTeJIbHbIX sIBJIe-
HUH, OCHOBHBIE U3 KOTOPHIX — apTepPUAJIbHAS TUIIEP-
TeH3Us U HeoOpaTuMas HepPOTOKCUYHOCTb. PeBo-
JIIOIUI0 B MUPE MEeJUINHBI IIPOU3BEJIO OTKPBITHE
Kopxem Kénepom u Cezapom MUIBIITEHHOM TeX-
HOJIOTUH TIOJIyYeHHSI MOHOKJIOHAJTbHBIX QaHTHUTE, 32
KOTOpOEe B 1984 r. yueHble ObLIH ysiocToeHsl Hobe-
JIEBCKOU TIpeMuu B 00J1aCTH (PUBUOJIOTHH U MeIH-
IUHBL Biarogaps 5ToMy cOOBITHIO IOCIETHIIE JeCs-
TWJIETUs BeJIeTCS AaKTUBHOE BHEJPEHHE TeHHO-
WH)KeHEePHBIX Ouosiornueckux mnpemnapatos (I'MBIT)
B KJIMHUYECKYIO IIPAKTUKY, B TOM YHCJIE B IepMaTO-

ingly, approaches and possibilities for systemic
treatment of moderate to severe psoriasis
evolve [2—4].

The history of treatment of patients with psoria-
sis has changed significantly in terms of safety,
effectiveness and tolerance of therapy. So, until the
middle of the 20th century a widely used drug in
treatment was toxic arsenic with a narrow thera-
peutic range. Since the early 1950-s, glucocortico-
steroids were used in the systemic treatment of pso-
riasis, and their moderate effectiveness in oral
administration was noted. At the same time, meth-
otrexate was used for the first time in the treatment
of the disease, still remaining the first-line drug of
conventional basic anti-inflammatory therapy for
psoriasis. The mechanism of action of methotrexate
on the psoriatic process is to reduce the synthesis of
RNA and DNA in activated T cells and keratinocytes
via inhibition of the enzymatic activity of dihydro-
phosphalate reductase and thymidylate synthetase,
immunosuppressive and antiproliferative effects.
However, the use of this drug is accompanied by
toxic effects on the gastrointestinal tract, hepatobi-
liary, immune, hematopoietic, nervous system, etc.
In 1979, the first reports appeared that cyclosporine
improved the course of psoriasis in patients with
psoriatic arthritis, although its mechanism of action
remained unclear. Later, the role of T cells in the
immunopathogenesis of psoriasis was studied and
it was found that cyclosporine, inhibiting the activ-
ity of enzyme calcineurin, leads to the cessation of
the synthesis of IL-2, necessary for T cell prolifera-
tion, therefore, to the suppression of the T cell
inflammatory response. However, the use of this
drug is limited by a narrow therapeutic index, the
impossibility of long-term treatment and a range of
adverse effects, the main of which are arterial
hypertension and irreversible nephrotoxicity.
A revolution in the field of medicine was made by
the discovery of technology for producing monoclo-
nal antibodies by Georges J.F. Kohler and César
Milstein, for which scientists were awarded the
Nobel Prize in Physiology or Medicine in 1984.
Thanks to this event, in recent decades there has
been an active introduction of engineered biologics
into clinical practice, including dermatology, for the
treatment of patients with moderate to severe pso-
riasis [2, 3, 5].

Monoclonal antibodies are immunoglobulins
obtained from a single cell clone and characterized
by binding specificity to only one antigen — a certain
inflammatory mediator. The main differences
between biologics and drugs obtained by chemical
synthesis are their higher molecular weight, temper-
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JIOTHIO, JIJIS1 JIEUEHUs TTaIllUeHTOB C TICOPUAZOM yMe-
PEHHOTO | TSKEeJIOTO TeueHus [2, 3, 5].

MoHOKJIOHAJIbHbIE AHTUTEIA — 5TO UMMYHOTJIO-
OyJIMHBI, TOJTYYEHHBIE U3 OTHOTO KJIETOUHOTO KJIOHA
U XapaKTePUBYIOIIHECS CIEIU(GUIHOCTHIO CBSA3bIBA-
HUS TOJIBKO C OTHUM aHTUTEHOM — OIIPeJIeJIEHHBIM
MeIHuaToOpOM BoOCHaJieHWs. [JIaBHbIE OTJIMYHUS
T'UBII ot npenapaToB, IOJy4E€HHbIX [IyTEM XUMUYe-
CKOTO CHHTE3a, 3aK/II0Yal0TCs B UX 00Jiee BHICOKOM
MOJIEKYJIIDHOM Macce, TeMIIepaTypHOU YyBCTBH-
TEJIbHOCTH, KaTaboJIn3Me, aHAJIOTHYHOM 3SHJIOTEH-
HBIM OeJIKaM OpPTaHu3Ma, OTCYTCTBUHU POJIU IUTOX-
poma P450 B meTaboi3Me U OHOJIOTHYECKOM, a He
(apMakoJIOTHUECKOM MexaHu3Me JeicTBusa. bia-
rojiapsi CBOeN BBICOKOU CIENU(PUUIHOCTH MOHOKJIIO-
HaJIbHbIE AHTUTEJA HU3KOTOKCHYHBI U BBI3BIBAIOT
MUHUMAaJIbHOE KOJIMYECTBO MOOOYHBIX 3(P(PEKTOB.
I'pynma mpemapatoB OHOJIOTHYECKON Tepamuu
HEO/THOPOJIHA U Pa3INyaeTcss MeKay coO0OU cTpoe-
HHEM MOJIEKYJIbI, CTENIEHbIO0 I'yMaHHU3aluu U dap-
MaKOAUHAMHUKOM [3, 6, 7].

[lepBpIMH MOHOKJIOHAJIBHBIMUA  AHTHTEJIAMH,
KOTOPBIE CTaJIM KCIOJIb30BATHCA B IPAKTHUECKOM
3PaBOOXPAHEHUH, CTaJd WHTHOUTOPHI (akTopa
Hekposza omyxonu-a (PHO-a), kioueBoro addek-
TOPHOTO [IUTOKWHA IIPH XPOHUYECKUX UMMYHOOTIOC-
PEZOBaHHBIX  BOCHAJIUTENBbHBIX  3a00JIeBaHUSIX.
Nudmukcumab 6su1 nepsbiM MBI, omo6peHHBIM
JUIsL JIEYEeHHs JlepMaTo3a Ha TeppuTopuu Poccuii-
ckoii ®enepanuu B 2006 r. OH mpezcTaBiisieT cob0it
MOHOKJIOHAJIbHOE XUMEPHOE aHTuTe 0 kiuacca 1gGi
K ®HO-a, cioco6HOEe CBA3BIBATh KaK PACTBOPUMEBIE,
TaKk W TpaHCcMeMOpaHHble GOPMBI ITUTOKUHA, HEM-
Tpanusys 3¢dexTsl mocsienHero. Takum obpazom
BBI3BIBAETCS AIONTO3 aKTUBHUPOBAHHBIX T-smMdo-
IIUTOB U KEPATHHOIIUTOB KOXKH, YMEHBIIIAETCsI BOC-
MajieHue U TOPMO3UTCS aHTHOTeHEe3 B IICOpHUaTHye-
ckon Oismke. OHAKO, Kak u3BecTHO, Bce I'MBII
SIBJAIOTCSA OeJKaMM, a CJIeIOBaTEIbHO, CIIOCOOHBI
BBI3BIBATh UMMYHHBIN OTBET W 0Opa30BaHUE aHTH-
TeJI K Mpenapary, 4To MOJIyINI0 Ha3BaHUE «HUMMY-
HOT€HHOCTH». [IpUYMHBI PAa3BUTHSA MUMMYHOTE€HHO-
CTH MHOTOOOpPa3HbI U BKJIIOYAIOT B cebs KaKk WHIU-
BU/IyaJIbHbIE OCOOEHHOCTU IMAIlMeHTa, TaK U CBOU-
CTBa JIEKAPCTBEHHOTO IIperapata — ero IMPOMCXO-
JKJIEHHEe U CTPYKTYPY MOJIeKyJsibl. ITOCKOJIBKY
nHMKCMMab Ha 25 % COCTOUT W3 MBIIIHHOTO
0eJika, HETOMOJIOTHYHOTO JIJIs YeJI0BEUEeCKOTO Opra-
HHU3Ma, TO €0 UMMYHOTE€HHOCTD JIOBOJIBHO BBICOKA U
HETIOCPEJICTBEHHO BJIMSET Ha €ro (papMaKOKUHETH-
YecKre XapaKTePUCTUKU: IOBBIIIEHHE [TOYEUHOTO
KJIMpeHca, YMEHbIIIEHE MePUo/ia I0JyBbIBEIEHUs
Ipernapara M ero KOHIIEHTPAIUU B KPOBH, YTO IIPH-
BOJIUT K ITOTepe KIIMHUYECKOTO OTBeTa [3, 8—10].

ature sensitivity, catabolism similar to endogenous
proteins in the body, the absence of the cytochrome
P450 role in metabolism and a biological rather than
pharmacological mechanism of action. Due to their
high specificity, monoclonal antibodies are low-toxic
and cause minimal side effects. The group of biolog-
ics is heterogeneous and differs in molecular struc-
ture, degree of humanization and pharmacodynam-
ics [3, 6, 7].

The first monoclonal antibodies to be used in
practical healthcare were inhibitors of tumor necro-
sis factor-a (TNF-a), a key effector cytokine in
chronic immune-mediated inflammatory diseases.
Infliximab was the first biologic agent approved for
the treatment of dermatosis in the Russian Federa-
tion in 2006. It is a monoclonal chimeric TNF-a
antibody of the IgGz1 class, capable of binding both
soluble and transmembrane forms of cytokine, neu-
tralizing the effects of the latter. This causes apop-
tosis of activated T lymphocytes and keratinocytes
of the skin, reduces inflammation and inhibits
angiogenesis in the psoriatic plaque. However, as is
known, all biologics are proteins and, therefore, are
capable of inducing an immune response and the
formation of antibodies to the drug, which is called
“immunogenicity.” The reasons for the develop-
ment of immunogenicity are diverse and include
both the individual characteristics of a patient and
the properties of a drug — its origin and molecular
structure. Since infliximab consists of 25% murine
protein, which is not homologous to the human
body, its immunogenicity is quite high and directly
affects its pharmacokinetic  characteristics:
increased renal clearance, decreased half-life of the
drug and its blood concentration, which leads to
loss of clinical response [3, 8—10].

Another TNF-a inhibitor is etanercept, the molec-
ular structure of which is represented by two pro-
teins: the human TNF-a receptor conjugated to the
Fc fragment of human IgGi. The mechanism of
action of etanercept is the competitive interaction of
the drug with TNF-a and the prevention of cytokine
binding to the receptor on the surface of the target
cell. In this way, the mediator-based cellular immune
response is inhibited. According to the literature,
etanercept exhibits immunogenicity less frequently
than other TNF-a inhibitors: its frequency ranges
from 0-18.3% among patients receiving treatment
[10, 11]. A completely identical to human monoclonal
TNF-a antibody is adalimumab. A distinctive feature
of the drug is its slow absorption and distribution,
the maximum concentration is reached 5 days after
administration. Reports on the immunogenicity of
adalimumab have been varying: the incidence of
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Eme ogaum uaruoutropom ®HO-a siByisieTces aTa-
HEpIIEIT, CTPYKTYPa MOJIEKYJIbI KOTOPOTO IIPE/ICTaB-
JleHa JIByMsA OeJIKaMH: PeIenTOPOM UesIOBEYECKOTO
®HO-a, kouporupoBanHoro ¢ Fe-pparmentom IgG1
yesioBeka. MexaHU3M JeHCTBUA  STaHepIleITa
3aKJII0YaeTcss B KOHKYPEHTHOM B3aMMOJEHCTBUH
npenapaTta ¢ ®HO-a u npenoTBpallleHUu CBA3bIBA-
HUS IIUTOKWHA C PEINENTOPpOM Ha IIOBEPXHOCTH
KJIeTKU-MuIlieHu. Takum 06pa3zoM peasusyercs Top-
MOXKeHHUe OIIOCPEIOBAaHHOI'O MeJUaTOpPOM KJIeTOY-
HOTO UMMYHHOTO 0TBeTa. COTJIacHO JIUTEPATyPHBIM
JIAHHBIM STAaHEPIENT MPOABJISAET UMMYHOT€HHOCTD
pexe, uem npyrue uaruoutopsl ®HO-a: ee yacrora
KoJiebiiercs npejnesiax 0—18.3 % cpeny MalueHTOB,
MOJTyJaloIux jyedeHue [10, 11]. IToIHOCTBhIO UzEeH-
TUYHBIM YeJIOBEUeCKOMY MOHOKJIOHAJIBHBIM aHTHU-
tesioMm kK PHO-a aBisiercss amanumymab. OTimgu-
TeJIbHON 4epTol mpemapata sIBJISETCS ero MeJjIeH-
HOe BcachbIBaHUeE U pacupeziesieHue, MaKCUMabHasA
KOHIIEHTpAIUsA JOCTUTAEeTCs 4depe3 5 JHEH mocie
BBeneHus. CoobOIIeHus 06 UMMYHOTE€HHOCTH aIaIu-
MyMaba pas3HATCS: YaCTOTA BCTPEUAaeMOCTH HeHTpa-
JIN3YIOIINX aHTHUTEJI K IIpelapary Kosebsercs oT 6.5
0 45 %, UTO OTPAHUYUBAET €ro KINHUUYECKYIO
addexTuBHOCT, [10, 11]. OTHOCHUTEIPHO HOBBIM
uaTHONTOpoM OHO-A sIBNsIeTCs TiepTou3ymada
marosi. OcobeHHOCTh IIperapaTa 3aKI0uaeTcs B ero
CTPYKType: aHTUTeHCBA3bIBAIONINY parMeHT ryma-
HU3UPOBAHHOTO aHTUTEJA KOHBIOTHPOBAH C ¢par-
MEHTOM IOJUATUWIEHIJIMKOJIS, YTO, C OJIHOU CTO-
POHBI, YBeJIMYNBAET [IEPUOJ, IT0JIyBbIBEIEHU LIEPTO-
auzymaba IBroja  aHAJOTUYHO TAKOBOMY JJIA
MIOJTHOTO AaHTHUTeNa, a C JPYyrol — OTCyTCTBHE
Fc-dparmenta MMMyHOTIIO0Y/IMHA MIPEAOTBPAIIAET
(pukcanyio KOMIIEMEHTA U He IIPOBOIUPYET aHTH-
TEJI03aBUCUMYIO KJIETOUHYIO ITUTOTOKCUYHOCTD [10,
11]. zBecTHO, uTo PHO-0 yuacTByeT B paHHUX CTa-
ZIUAX BOCIIAINTEIHHOTO IIpoIiecca U 06J1ajaeT IIIpo-
KUM CIIEKTPOM OHMOJIOTUUECKON aKTUBHOCTH 3a CUET
CIIOCOOHOCTH WHAYIIUPOBATh SKCIPECCUI0 JIPYTHX
[IPOBOCIAJIUTEIIbHBIX ITUTOKNHOB U XeMOATTPAKTaH-
TOB, yCWINBaTh UX 3(PdekTpl. IMeHHO ¢ yHHUBeEp-
CaJIbHBIM MEXaHU3MOM JIeHCTBUSA KJII0UEBOr0 MeIU-
aTopa BOCHAJIEHUS U CBSA3aHBI BO3MOJKHBIE OCJIOXK-
HeHUA Ha GoHe MpuMeHeHusA nHruburopos PHO-a:
yBeJINUeHle PUCKA BOSHUKHOBEHUS ONIIOPTYHUCTHU-
yecKux HHQEKIUH, TYOepKyJIe3a, HEOTIaCTHIECKIX
mporieccos [8, 12].

OmnmnuaeiM ot uHTHO6MTOpoB PHO-0 MexaHm3-
MOM JIECTBUS 00JIa/Ia€T YCTEKMHYMaO — IMTOJTHOCTHIO
YyeJI0BeUeCKOe MOHOKJIOHAJIBHOE aHTUTENIO K CyObe-
nuHuie P40, koropas siBisercs obmen it [L-12 u
IL-23. IIpu cBsa3piBanuw ¢ I11-12 ycrekuHymab mpe-
JIOTBpAIIlaeT B3aUMOIEHCTBHE IIUTOKUHA C PEIENTO-

neutralizing antibodies to the drug ranges from 6.5
to 45%, which limits its clinical effectiveness [10, 11].
A relatively new TNF-a inhibitor is certolizumab
pegol. The peculiarity of the drug lies in its structure:
the antigen-binding fragment of a humanized anti-
body is conjugated to a fragment of polyethylene gly-
col, which, on the one hand, increases the half-life of
certolizumab pegol similar to that for a complete
antibody and, on the other hand, the absence of the
immunoglobulin Fc fragment prevents complement
fixation and does not provoke antibody-dependent
cellular cytotoxicity [10, 11]. It is known that TNF-a
is involved in the early stages of the inflammatory
process and has a wide range of biological activity
due to the ability to induce the expression of other
proinflammatory cytokines and chemoattractants,
and enhance their effects. It is with the universal
mechanism of action of the key inflammatory media-
tor that possible complications associated with the
use of TNF-a inhibitors are associated: an increased
risk of opportunistic infections, tuberculosis and
neoplastic processes [8, 12].

Ustekinumab, a fully human monoclonal anti-
body to the P40 subunit, which is common to IL-12
and IL-23, has a mechanism of action different from
TNF-a inhibitors. When bound to IL-12,
ustekinumab prevents the interaction of the cyto-
kine with immune cell receptors and, as a result,
reduces the number of the Th1 subpopulation. Inhi-
bition of IL-23 activity reduces Th17 differentiation
from naive T lymphocytes. In this way, the produc-
tion of pro-inflammatory mediators by Thi and
Th17 cells, which play an important role in the
immune pathogenesis of the disease, is stopped.
During monotherapy with ustekinumab, patients
do not experience an increased risk of serious infec-
tions compared with the use of TNF-a inhibitors
and basic anti-inflammatory drugs. In addition, the
low immunogenicity of the drug was established
with the frequency of antibodies occurring in 3.8—
6.0% of patients [3, 8, 10, 11].

As a result of further immunological and genetic
studies, the leading role of the 1L-23/IL-17 immune
axis in the maintenance, regulation and enhance-
ment of the inflammatory process in psoriasis was
revealed. In this regard, all recent innovative devel-
opments of biological agents have focused on these
therapeutic targets [4]. The first IL-17 inhibitor,
secukinumab, was registered for use in the Russian
Federation in 2016. The drug is a fully human mono-
clonal antibody that binds and neutralizes IL-17A.
Blockade of IL-17 reduces the synthesis of pro-
inflammatory cytokines and inhibits the secretion of
chemokines by keratinocytes, resulting in the sup-
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paMu UMMYHHBIX KJIETOK U, KaK CJIe/ICTBUE, YMEHb-
[IaeT YucJIeHHocTh cybmomyssanuu Thi. ITomasie-
HHE aKTUBHOCTH 1L-23 cHMkaeT quddepeHITupoBKyY
Th17 u3 HauBHbIX T-1uMbonuToB. TakuM 06pazom
MIPOUCXOAUT IpeKkpainenre Beipaborku Thi u Thi7-
KJIETKaMHU ITPOBOCHAJIUTEIFHBIX MEANATOPOB, UT'Pa-
IOIUX BXKHYIO POJIb B UMMYHHOM IIaTOreHe3e 3260~
sneBaHus. Ha poHe MOHOTEpANINU yCTEKMHYMAaOOM y
OOJIbHBIX HE PEruCTPUPYETCS TOBBIIMIEHUS PUCKA
cepbe3HbIX UHQEKIUN 110 CpaBHEHUIO ¢ IIPUMeHe-
HueM wuWHrubutropoB OHO-a u J1eKapCTBEHHBIX
cpenicTB 6a3MCHON IPOTHBOBOCIATUTEHLHOU Tepa-
nuu. IloMmrmMo 3TOro0, yeTaHOBJIEHA HU3KAsd HMMYHO-
TeHHOCTh IIpemapaTa C YacTOTOH BCTPeYaeMOCTH
a"TuTENn y 3.8—6.0 % maruenTos [3, 8, 10, 11].

B pesysibTare ManbHERNINX UMMYHOJOTHIECKUX
U TeHEeTUYECKUX HCCIe0BAaHUN ObLIa BBIABJIEHA
BeyIasi posib UMMyHHOH ocu IL-23/IL-17 B mop-
Jlep>KaHUM, PeryJifallui U YCUJIEHHU BOCIIQIUTEsIb-
HOTO IIpoliecca IpH Icopuase. B ¢BA3u ¢ 3TUM Bee
IOoCJIeIHYe NHHOBAIIMOHHBIE Pa3pabOTKU OGUOIOTH-
YeCKHUX IIpernapaToB ObUIM COCPEAOTOUYEHBI HA JaH-
HBIX TEPANIEBTHYECKUX MUITIEHSX [4]. [IepBbIf HHTH-
6urop IL-17 — cekykuHymab — ObLT 3aperUCTPUPO-
BaH /I mpuMeHeHus B Poccuiickoii ®esepanyu B
2016 1. [IpenapaT fABIsETCSA MOJIHOCTHIO UeJIOBEUe-
CKUM MOHOKJIOHAJIBHBIM aHTHUTEJIOM, CBS3BIBAIO-
muM u Heutpanuaywmum [L-17A. Biaokaga IL-17
CHIDKAeT CHHTE3 IIPOBOCHAIUTEIBHBIX ITUTOKUHOB,
TOPMO3HUT CEKPEIHNIO KEPATUHOIIUTAMHU XEMOKHHOB,
BCJIEJICTBUE YETO MPOUCXOAUT yrHeTeHHe BOCIIaIH-
TeJIbHOU peaknuu. dPPEKTUBHOCTh CEeKyKHHyMaba
JIOKa3aHa MHOTOYHCJIEHHBIMHU PaHOMU3UPOBAaH-
HBIMU KJIWHUYECKUMU HCC/IEIOBAHUAMM, a aHTH-
TeJIa K Ipernapary oOHapy:KUBAIOTCA pesKo (<0.4 %
[aIEeHTOB) U He CBA3AHBI C TOTepel ero 3pdeKTrB-
HOCTH [3, 10—12]. CJIeIyIoIuM IpenapaToM, ¢ BbICO-
KOU a(PUHHOCTHIO U CIIEMU(PUIHOCTHIO CBA3BIBAIO-
muM IL-17A, ABisercs T'yMaHU3UPOBAHHOE MOHO-
KJIOHQUIbHOE AaHTHUTEJIO UKCEKU3yMab, JEMOHCTPUPY-
IOIIUH BBICOKYI0 KJIUHHUYECKYIO 3(POEKTHBHOCTS.
HeitTpanusyomme aHTUTeNA K IIpernapaTy BBIABIIA-
0TcsA y 9—13.4 % OOJIbHBIX [10, 11].

B ycrnoBuAx HeCTaOMIBHOCTH MEXKIYHAapOJIHOTO
MMOJIUTUYECKOTO MPOCTPAHCTBA M PACTYIIEr0 KOJIH-
JecTBAa CAaHKIIUHM B OTHOIIEHWU Hallled CTpaHBI Bce
0oJtee aKTyaJIbHBIM CTAHOBUTCS ITPUMEHEHNE B KIIU-
HHU4YecKol mpakTuke oreuecrBeHHoro I'MIBII Hera-
kuMaba. Herakumab sABJIsieTCSI XUMEPHBIM BBICOKO-
rYMaHU3UPOBAHHBIM MOHOKJIOHAJIBHBIM aHTUTEJIOM
k IL-17A Ha OCHOBe UMMYHOTJIOOYJIMHA JIaMbl, pas-
paboTaHHBIM ¥ MPOU3BOAMMBIM HAa TEPPUTOPHUU
Poccutickori  ®Denepanuu. PaHIOMH3UpPOBAaHHOE
JIBOITHOE CJIETIOe I11a1e60-KOHTPOTUPYEMOe KITHHU-

pression of the inflammatory response. The efficacy
of secukinumab has been proven in numerous ran-
domized clinical trials, and antibodies to the drug are
rarely detected (<0.4% of patients) and are not asso-
ciated with loss of its efficacy [3, 10—12]. The next
drug that binds IL-17A with high affinity and speci-
ficity is the humanized monoclonal antibody ixeki-
zumab, which demonstrates high clinical efficacy.
Neutralizing antibodies to the drug are detected in
9-13.4% of patients [10, 11].

Amidst of instability in the international politi-
cal space and a growing number of sanctions
against our country, the use of domestic biologic
agent, netakimab in clinical practice is becoming
increasingly relevant. Netakimab is a chimeric
highly humanized monoclonal llama-derived anti-
body to IL-17A, developed and produced in the
Russian Federation. A randomized, double-blind,
placebo-controlled clinical study BCD-085-7
(PLANETA) showed high efficacy, safety and low
immunogenicity of the drug in patients with mod-
erate to severe psoriasis. A decrease in the Psoria-
sis Area and Severity Index (PASI) by 75%
(PASI 75) from the baseline at the 12th week of
treatment was recorded in 83% of patients inject-
ing netakimab once every 4 weeks, and the state of
clear or almost clear skin was achieved in 80% of
cases. During the study, only one serious adverse
event was identified among 213 patients treated:
right lower lobe pneumonia. Other adverse reac-
tions consisted of various laboratory abnormali-
ties (leukopenia, neutropenia, hyperbilirubinemia
and hyperglycemia), were not accompanied by
clinical symptoms and did not exceed 5%. The
immunogenicity analysis showed the production
of neutralizing antibodies 12 weeks after therapy
in one patient (0.5%), while their neutralizing
activity was not detected [12, 13].

Currently, IL-23 is considered the main regula-
tory cytokine that is involved in the immunopatho-
genesis of psoriasis. It activates the differentiation,
proliferation, long-term survival of Th-17 lympho-
cytes and their IL-17 production. This is how bio-
logics emerged, which selectively neutralize the p19
subunit of IL-23. Guselkumab, a fully human mono-
clonal antibody and the first agent of this group,
was registered in the Russian Federation in 2019.
Inhibition of IL-23 reduces the number of Th-17
and their activity, and therefore the level of circu-
lating IL-17. According to the studies, a 75%
decrease in PASI from the baseline at the 16th week
of treatment with guselkumab at a dose of 100 mg
was in more than 90% of patients, a 90% decrease
in PASI (PASI 90) and a 100% decrease (PASI100) —
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yeckoe wucciaenosanne BCD-085-7 (PLANETA)
I0Ka3aJI0 BBICOKYIO 3(pPeKTHBHOCTH, 6€3011aCHOCTh
U HU3KYI0 UMMYHOT€HHOCTH IIpernapara y mnaryeH-
TOB C IICOPUA30M YMEPEHHOTO U THAMKEJIOTO TeUeHU .
CHIDKeHNe HH/EKCA PACIPOCTPAHEHHOCTH U TsXKe-
cru ncopuaza PASI (Psoriasis Area and Severity
Index) Ha 75 % (PASI 75) OT HCXOZHOrO Ha 12-H
HeJleJie JieueHusl OBbLJI0 3aperucTpupoBaHo y 83 %
MalueHTOB, NMPUMEHAIINX HeTakuMab 1 pa3 B
4 HeJl, a COCTOSTHHE «YHUCTON» HJIH «IIOYTH YUCTOH»
KOKU OBLIIO JJOCTUTHYTO B 80 % cirydaeB. 3a BpeMs
HCC/IeTOBAaHUSA Cpelu 213 OOJIBbHBIX, IOJIyYaBIIHX
JiedeHre, OBLIO BBISBJIEHO JIHIIL OJHO CEPHE3HOE
HelKeJIaTeJIbHOe sSIBJIEHNE: TPABOCTOPOHHSIS HIKHe-
JlosieBasi MHEBMOHUA. [IpyTrue HexeaTeIbHbIE peaK-
OUU 3aKJII0YJINCh B PA3JIMYHBIX OTKJIOHEHUAX
J1abOpaTOPHBIX TOKa3aTesel (JIeHKoeH s, HEUTPO-
[eHUsA, TUIEPOUTUPYONHEMUA U THIIEPIJINKEMUS),
He COITPOBOXK/IAINCH KIMHUYECKOU CUMIITOMAaTHKON
U He IIPEBBIIIAJIN 110 YAaCTOTe NPOosABJIeHus 5 %. AHa-
JIN3 UMMYHOT€HHOCTHU TTOKa3asl pOpMHUPOBAHUE CBS-
3YIOIIUX aHTUTEJI Uyepe3 12 HeJl Tepaluu y OJHOTO
marnuenTa (0.5 %), Ipu 5TOM He OBLIIO BBISBJIEHO HX
HEUTpaIU3yIolel akTUBHOCTH [12, 13].

B nacrosIee BpeMs OCHOBHBIM PeryJIATOPHBIM
[IUTOKMHOM B MMMYHOIIAaTOT€He3e IIcopHua3a CInTa-
ercsa IL-23. O axTuBupyeT AuddepeHINPOBKY,
npoaudepanuo, JIUTebHOe BbDKHBaHWe Th-17
auM@oIUTOB U mpoayknuoo umu IL-17. Tak nosBu-
smch TYBII, u3bupaTesbHO HEUTPATU3YIOIIHE CYyO'h-
equuuny pi19 IL-23. T'ycenpkyma® — ITOJHOCTHIO
YyeJIoBeYeCKOe MOHOKJIOHAJIBHOE AHTUTENIO U Iiep-
BBII TIpemnapaT JaHHOU IPyNIbl — ObLI 3apETUCTPH-
poBaHn B Poccuiickoii ®enepanuu B 2019 r. THruou-
poBanue IL-23 cHukaer KoaudecTBo Th-17 u ux
aKTHUBHOCTb, & CJIEI0BATEIBLHO — U YPOBEHb ITUPKY-
saupyioriero 1L-17. Tlo gaHHBIM HCCII€/IOBAaHUN CHU-
sxeHue uHAexkca PASI Ha 75 % OT MCXOHOTO Ha 16-1
HeJlesie JieueHus TyceJIbKymaboM B 103e 100 MT
peructpupoBasachk 6ojiee ueM y 90 % MaleHTOB,
camxenue PASI Ha 90 % (PASI 90) u Ha 100 %
(PASI 100) — y 73 1 37 % cooTBeTCTBEHHO. [ToMuMO
9TOTO, 3G (PEKTUBHOCTD Mpenapara 6bLIa TPOAEMOH-
CTPUPOBAaHA y NAIMEHTOB C HEOCTATOUHBIM KJIMHU-
4YeCcKUM OTBETOM Ha npeablayinyro Tepanuioo I'MBII
Ipyrux Tpymn (azamuMymMaboM, YCTEKMHyMaOoM).
I'ycenbkymab o6J1aiaeT HUBKOM KMMYHOT€HHOCTBIO:
oOHapyKeHHbIe aHTUTeJa K IperapaTy He BBI3bI-
BaJI U3MEeHEeHUH KINHUYECKOTO OTBeTa WU Pa3BU-
THS PEAKIUH B MECTe UHBEKITUH [3, 10, 14, 15].

Pucankusymab — erie ogauH uHruburtop IL-23,
OOOPEHHBIH 171l JieueHus OJISAIIEeYHOro Imcopuasa
MuHHCTEPCTBOM  3/IpaBOOXpaHeHUsT Poccuiickoi
®enepani B 2020 r. OTJIUYUTESTBHONH 4YepTOH

in 73 and 37%, respectively. In addition, the effec-
tiveness of the drug was demonstrated in patients
with poor clinical response to previous therapy with
biologics of other groups (adalimumab, ustekinu-
mab). Guselkumab has low immunogenicity:
detected antibodies to the drug did not cause
changes in the clinical response or reactions at the
injection site [3, 10, 14, 15].

Risankizumab is another IL-23 inhibitor
approved for the treatment of plaque psoriasis by
the Ministry of Health of the Russian Federation
in 2020. A distinctive feature of risankizumab is
the frequency of drug administration: after the
induction dose — once every 12 weeks, which
undoubtedly increases patient adherence to ther-
apy. In addition, there is evidence that risanki-
zumab is more effective than the IL-17 inhibitor
secukinumab and the IL-12/IL-23 inhibitor
ustekinumab [14-16].

Thus, biologics, being selective inhibitors of the
synthesis of proinflammatory cytokines and lympho-
cyte activity, have a selective effect on the immune
mechanisms of psoriasis development, while not
affecting cells of other organs and systems. The Clin-
ical Guidelines “Psoriasis”, developed by the Russian
Society of Dermatovenereologists and Cosmetolo-
gists and approved by the Scientific and Practical
Council of the Ministry of Health of the Russian Fed-
eration in 2023, indicate the possibility of using
monoclonal antibodies for moderate or severe pso-
riasis only if the basic systemic treatment are ineffec-
tive (methotrexate, retinoids for the treatment of
psoriasis, cyclosporine, ultraviolet irradiation of the
skin) or if there are contraindications to the latter [1].
However, recently, the question of using biologics at
an early stage of the aggressive course of the disease,
without waiting for damage to the musculoskeletal
system and the manifestation of other comorbidities,
has been increasingly raised among experts. This
approach is especially relevant in cases where psori-
asis causes significant psychosocial stress in the
patient.

It is known that the quality of life of patients with
psoriasis decreases not only due to their physical
impairment, but also due to problems with establish-
ing interpersonal and social relationships, feelings of
stigmatization, and an occupational activity impair-
ment [17—-20]. Many patients, especially those with
severe form of the disease, are concerned about a low
effectiveness of treatment. For example, in a survey
of 6194 patients with severe psoriasis, 79% reported
that psoriasis had a negative impact on their lives,
40% felt frustrated with the ineffectiveness of their
current therapies, and 32% reported that treatment
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pucaHkusymaba fBJSETCS KPaTHOCTb BBeJEHUS
JIEKaPCTBEHHOTO CPEZICTBA: IOCJIE WHAYKIIMOHHOU
JIO3BI — OJIVH pa3 B 12 HEJ[, UTO, HECOMHEHHO, TIOBBI-
IIaeT TPUBEPKEHHOCTh IAI[MEHTOB K TepaIuy.
Kpowme Toro, mocTymnHb! JaHHbIe 0 60JIbIIEH 3D dek-
TUBHOCTH PUCAHKN3yMaba 110 CpaBHEHUIO C UHTUOHU-
topoMm IL-17 cexkykmHymMaboM W € WHTrHOUTOPOM
IL-12/IL-23 ycrekunymabom [14—16].

Taxkum obpazom, I'IBII, AB/IsASICH CEJIEKTUBHBIMU
UHTUOUTOPAMU CUHTE3a IIPOBOCIAIUTEIIbHBIX IIUTO-
KHHOB ¥ AaKTHUBHOCTH JIMMQOIUTOB, OKa3bIBAIOT
n36bupaTeIbHOE BO3/IENICTBHE HA UMMYHHBIE MeXa-
HHU3MBI PAa3BUTHUA IICOPUA3a, IPU 5TOM HE BIUAIOT Ha
KJIETKU JIDYTUX OPTaHOB U CHUCTEM. B KIMHUYECKUX
pexomenyanuax «Ilcopuas», pazpaboranusix Poc-
CUUCKHUM OOIIECTBOM JIEpMATOBEHEPOJIOTOB U KOC-
METOJIOTOB U 07[00peHHbIX HaydHO-IpaKTUYeCKUM
Coserom Mun3gpasa PO B 2023 r., yka3pIBaeTcs Ha
BO3MOJKHOCTh  IIPUMEHEHUs  MOHOKJIOHAJIBHBIX
AQHTHUTEJ IIPU [ICOPHA3€e CPEeHEN WU TSXKEJIOU CTe-
TIEHU TSKECTH TOJIBKO TIPU HEAOCTATOUHOU 3(pdek-
TUBHOCTU 0A3UCHBIX CPEJCTB CHCTEMHOIO JI€UEHUS
(MeToTpekcar, peTUHOUbI JIJIsl JIeYeHUs TICOPUasa,
IUKJIOCIIOPUH,  yJIbTpaduosieToBoe  OOJIyueHue
KOXH1) JTMOO TIpU HAJIWYUM MPOTUBOIIOKA3aHUHU K
TakoBbIM [1]. OiHAKO B ITOCJIEIHEE BPEMS BCE Yallle
CpeZly SKCIEPTOB MOTHIMAETCS BOIIPOC O pUMeHe-
wuu MBIl Ha paHHEN CTaJUU arpecCHBHOTO Tede-
Husl 0OJIe3HU, He JIOXKUAAACh MMOPaYKEHUs OTIOPHO-
JIBUTATEJIbHOTO ammapaTa W IPOSBJIEHUS IPYTUX
KOMOPOHUTHBIX cOCTOSTHUH. OCOOEHHO TaKOH OJIXO]
aKTyaJieH B CJIydasx, KOI/la IICOPHa3 CTAHOBUTCSA
NPUYMHOU 3HAYUTEJIBHOM IICUXOJOTUYECKOU U
COLMATBHOM JIe3a/IaTAIIN AI[UeHTa.

N3BecTHO, UTO KaUeCTBO KU3HU OOTHHBIX IICOPHU-
a30M CHIDKAETCS He TOJIBKO U3-3a HAPYIIEHUs KX
(pm3mUIECKOr0 COCTOSHUA, HO U BCJIE/ICTBHE IPOOIeM
C YCTAaHOBJIEHHMEM MEXJIMYHOCTHBIX U COIMATBHBIX
OTHOIIIEHU, OIIYIIEHUs] CTUTMATHU3alNH, & TaKXKe
CHIDKEHUsI KavyecTBa TPY/IOBOU JEATEHHOCTH [17—
20]. MHOTHX AIIUEHTOB, 0COOEHHO C TAKeI0H dop-
MOU 3aboJieBaHUsA, 6ECIOKOUT HHU3Kas 3(DGEKTHB-
HOCTb JieueHHs. Tak, Hanpumep, npu ompoce 6194
OOJIPHBIX TSKEIBIM TICOPUAZOM 79 % COOOIIMIIH, UTO
Icopua3 0Ka3aJl HETATUBHOE BIIMSIHUE HA UX KU3Hb,
40 % 6pUTH pazoyapoBaHbl HEI(DGHEKTUBHOCTHIO HX
TEKYIINX METOJIOB JIEUeHH, a 32 % PEeCIOH/IEHTOB
CUHUTAJIH, UTO JIeYeHHe ObLIO HEJIOCTATOUHO 3 dek-
TUBHBIM [20]. OcobGeHHO ciieryeT 0OpaTUTh BHUMA-
HU€ B 9TOM OTHOIIIEHUH Ha JIa[OHHO-TIO/IONIIBEHHBIH
ICopHas, KOTOPBIH, IO CPABHEHUIO C OJIAIIEUHOUN
(opmoii 3abosieBaHMsA, CBA3AH ¢ OOJIBIITIMHU TPYAHO-
CTSIMU B TIOBCEZITHEBHOM JKU3HU U B CAMOOOCITY?>KHBa-
HuwM [21].

was not aggressive enough [20]. Particular attention
should be paid in this regard to palmoplantar psoria-
sis, which, compared to plaque psoriasis, is associ-
ated with greater difficulties in everyday life and self-
care [21].

AIM OF THE RESEARCH

To present an example of the early use of biologic
agent for treatment of moderate psoriasis of a prob-
lem localization, prescribed with account taken of
clinical and social/psychological characteristics of a
patient.

CASE REPORT

Female patient F., 54 years old, an anesthesiolo-
gist and critical care physician, applied for a consul-
tation with a dermatologist by referral of a rheuma-
tologist with complaints of eruptions on the skin of
hands, accompanied by itching, burning, peeling,
and skin chapping. As well as limited mobility, morn-
ing stiffness and pain in the interphalangeal joints,
but these ailed the patient less than skin manifesta-
tions. The patient came to the office with her daugh-
ter, feeling depressed because her hands skin condi-
tion does not allow to appropriately work with
patients, and execute her occupational duties as an
anesthesiologist and critical care physician; she takes
antidepressants.

From history: according to the patient, eruptions
on the skin of her hands appeared firstly about a year
ago, simultaneously with inflammation of the inter-
phalangeal joints. For this reason she sought a rheu-
matologist’ attention, since edema and pain in the
small joints of both hands made her occupational
activities difficult.

From the medical record provided by the patient,
it is known that based on complaints, anamnestic
data, physical examination data, as well as labora-
tory findings (complete blood count with erythro-
cyte sedimentation rate, blood biochemistry with
assessment of the level of C-reactive serum protein,
and rheumatoid factor values) and hand radiogra-
phy findings, the rheumatologist diagnosed with
psoriatic distal interphalangeal arthritis (L40.51)
[22]. The diagnosis of psoriatic arthritis was estab-
lished in accordance with the CASPAR criteria
(ClASsification criteria for Psoriatic ARthritis,
2006), i.e. patients must have signs of inflamma-
tory joint disease (arthritis, spondylitis or enthesi-
tis) and at least 3 points on other clinical signs (cur-
rent psoriasis at presentation or a history of psoria-
sis, nail damage, rheumatoid factor negativity,
dactylitis, radiographic signs of juxtaarticular new
bone formation) [23].
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IOEJIb NCCJIEAOBAHUA

[IpepcraBUTh TPUMED pPAHHETO IPUMEHEHHS
TeHHO-WHKEHEPHOU OWOJIOTMUECKOW Teparuu Cpe-
HETSIKEJIOTO TICopHasa «IIpobIeMHON» JIOKAIM3AIUH,
Ha3HAUYEHHOU C YYeTOM KJIMHUYECKUX U COLUAIbHO-
MICUXOJIOTMYECKUX XapAKTEPHUCTHK ITAIleHTA.

KINHUYECKUU CJIYUAU

BonbHast @., 54 rojma, Bpau — aHECTE3UOJIOT-
peaHuMaToJIor, 00paTwiach Ha KOHCYJIbTAaTHBHBIN
IpUeM K JIepMaTOJIOTy 10 HANPaBJIEHUIO PEBMATO-
Jiora C jKayi06aMM Ha BBICBHIITAHMSA HA KOXKE KHCTEH,
COIIPOBOKJIAIONINECA 3Y/IOM, MOKEHNeM, IIesyle-
HUeM, TOosBJIeHHeM TpeliuH. EcTh orpaHuueHue
MIO/IBMKHOCTH, YTPEHHSAA CKOBAHHOCTh U O0JIe3HEH-
HOCTb MeK(aJaHTOBBIX CYCTABOB, HO OHU OECTIOKOSIT
MaEeHTKy MEHbIIEe, YeM KOXKHBbIE ITPOSIBJIEHUS.
ITanmenTka OpUILIa HA TPUEM C I0YEPHIO, IICHUXO-
SMOITMOHAJIbHO IIOJIaBJIEeHA TEM, YTO COCTOSHHE
KOJKU KHCTel He J]JaeT el BO3MOKHOCTH ITOJIHOLIEHHO
paborath ¢ malleHTaMH U BBIIOJIHATH CBOU IIpodec-
CHUOHAJIbHbIE O0sI3aHHOCTH aHECTe3UO0JIOTa-peaHu-
MaroJiora, IPUHUMAET AaHTH/IEPECCAHTBL.

AHavHe3 3aboJyieBaHUA: CO CJIOB IAIMEHTKH,
BIIEpBBIe BBICHIIIAHUSA Ha KOXKE€ KUCTeH IMOSBUJINCH
OKOJIO TO/Ia Ha3a/l OJTHOBPEMEHHO C BOCHAJIEHHEM
Me>x(aJaHTOBBIX CYCTABOB, I10 IIOBO/LY Yero 00paTH-
Jl1ach K PEBMATOJIOTY, TaK KaK OTEK U 60JIE3HEHHOCTh
MEJIKUX CyCTaBOB 00erX KHCTel 3aTPyHSAIH ee IIpo-
(¢eccroHaTIBHYIO Z1€SITETHHOCTD.

VI3 MeaUIIMHCKOH IOKYMEHTAIINH, IIPEICTaBIIEH-
HOU MaIllMeHTKOM, M3BECTHO, YTO HAa OCHOBAHUU
K100, aHaMHe3a, JAHHBIX GU3UKIHHOTO 00CIeo-
BaHUs, a TAK)KE Pe3yJIbTaTOB JIA00PaTOPHBIX (0OIIIHi
aHAJIN3 KPOBU C HCCJIEJJTOBAHUEM CKOPOCTH Ocefa-
HUA HPUTPOLIUTOB, aHAJIN3 KPOBU OHOXUMUYECKUT
o0IeTepanieBTUYECKU ¢ OIEHKOH  YPOBHSA
C-peaxkTuBHOTO 6€ejiKa B CHIBOPOTKE KPOBH, OIIpeie-
JIeHHE COZIep:KaHUs pPeBMaTOUAHOro ¢akTopa B
KPOBH) W HWHCTPYMEHTAJIBHBIX (peHTreHorpadus
KHUCTEN) IMaTHOCTUYECKUX UCCIIEIOBAHUN pPEBMATO-
JIOTOM OBLT IMAaTHOCTHPOBAH IICOPUATUYECKUH JHIC-
TaJbHBIA Mexkdananrossii aptput (L40.51) [22].
JlnarHos mcopuaTUYecKoro apTpura ObUT YCTaHOB-
ageH B coorBercTBUu ¢ kpurtepusamu CASPAR
(ClASsification criteria for Psoriatic ARthritis, 2006),
COTJIACHO KOTOPBIM IMAITUEHTHI JIOJKHBI HMETH TTPH-
3HAKH BOCIAJIUTEJIBHOTO 3a00JIeBaHUA CyCTaBOB
(apTpuT, CIOHAWINT WX DHTE3UT) U 3 winu OoJee
basuta 1o IPYTUM KJIMHUYECKUM INpU3HaKaM (IIco-
puaTuyeckoe mopakeHue KoKy Ha MOMEHT OCMOTpa
WIN B aHAMHe3e, IOpaKeHNe HOTTEH, OTPHUIATEb-
HBI PeBMATOUIHBIA (HAKTOP, NAKTUIUT, PEHTTE€HO-

After the diagnosis was established, the patient
received treatment with nonsteroidal anti-inflam-
matory drugs, as well as therapy with glucocortico-
steroids and calcipotriol topically showing the
short-term improvement. The pathological process
on the skin of the hands persisted, which, to a cer-
tain extent, is due to the occupational activity of the
patient (performing the duties of an anesthesiolo-
gist and critical care physician, she wears tight rub-
ber medical gloves for a long time, which, of course,
provokes the Koebner phenomenon — an isomor-
phic reaction characterized by the appearance of
new erythematous-squamous lesions in the area of
skin irritation).

Status localis: the pathological process is sym-
metrical and localized. On the back of the hands,
peeling papules are visualized above the slightly
deformed interphalangeal joints (Fig. 1). On the
skin of the palms erythematous-squamous plaques
with severe infiltration, peeling and skin chapping
(Fig. 2). The PASI score was 10, which is the mini-
mum indicator corresponding to moderate pso-
riasis.

Diagnosis: Palmoplantar psoriasis (L40.0). Pso-
riatic distal interphalangeal arthritis (L40.51)

The purpose of the consultation was to adjust
therapy and resolve the issue of prescribing metho-
trexate to relieve psoriatic lesions on the skin of the
hands. However, the patient, as a doctor with an
extensive professional experience, knew the side
effects of methotrexate and emphatically refused to
take it.

Therefore, taking into account the problem local-
ization of skin eruptions on the hands, the social
(primarily occupational) and psychological charac-
teristics of the patient, the medical board recom-
mended therapy with biologic agent, secukinumab.
The choice of biologics is based on published clinical
trial data demonstrating the high effectiveness of
secukinumab in psoriasis of problem localization,
including palmoplantar psoriasis which is difficult to
treat, as well as in patients with signs of psoriatic
arthritis [16, 24—27].

Before starting therapy, the patient underwent
conventional examinations to identify possible con-
traindications to the use of biologics: testing for HIV,
hepatitis B, C, tuberculosis (chest x-ray, consultation
with a tuberculosis physician), exclusion of oncologi-
cal diseases, blood count and urinalysis, blood bio-
chemistry (level of glucose, ALAT, ASAT, gamma-
GT, creatinine, C-reactive protein, lipids). During
the examination, tuberculosis and other infectious
diseases were excluded, no signs of oncological dis-
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JIOTHYECKUe MPU3HAKU BHECYCTABHON KOCTHOU IIPO-
sudepanun) [23].

ITocsie MOCTAaHOBKU AMAaTrHO3a MAIlMEHTKA IOJIy-
yajia JieueHue HeCTEPOUIHBIMH ITPOTUBOBOCIIAIH-
TEJIbHBIMH CPEJICTBAMHM, a TaKKe HapyKHYIO0 Tepa-
MU0 TOIMHUYECKUMH TJIIOKOKOPTUKOCTEPOUJAMH |
KaJIBITUIIOTPHUOJIOM C KPaTKOBPEMEHHBIM YJIydIlle-
HueM. I1aToJIOTHYECKUH TMpoIlece Ha KOXKe KUCTeH
HENPEPHIBHO PEIUUBUPOBAJ, UTO, B OINpeIesIeH-
HOU CTeleHH, O0yCc/JIOBIeHO HpPodhecCHOHATBHOH
JIeSITETbHOCTBHIO TAlIMEHTKU (BBINOJIHASA 00s3aHHO-
CTH Bpada aHeCcTe3U0JIOTa-peaHuMaTroJiora, OHa
JUTUTETbHOE BPEMsI HAaXOUTCS B TECHBIX PE3MHOBBIX
IepyaTKax, 4To, 0e3yCJIOBHO, MPOBOIUPYET (peHOo-
MeH KéGHepa — nuzoMopdHYyI0 peakIuio, XapaKTepu-
3YIOIIYIOCS TIOSIBJIEHUEM CBEJKUX DPHUTEMATO3HO-
CKBaMO3HBIX BBICHIITAHUH B 00JIaCTH pasfparkeHust
KOKHOTO TIOKpOBa. JIOKaJIbHBIN CTATyC: MaTOJIOTH-
YeCKHUH MpoIecc CHMMETPUYHBIN, HOCHUT JIOKATU30-
BaHHBIN xapakTep. Ha ThLle KUCTeH Haja He3HAUH-
TeJbHO /1e(OPMHUPOBAHHBIMU MeK(haTaHTOBBIMU
CycTaBaMU BU3YaJTU3UPYIOTCS TMAIYJIbl C IIeIyIe-
HueM (puc. 1). Ha xoxke J1aJiIoHEN — 3pUTEMATO3HO-
CKBaMO3HbIE OJISAIIKKA C BBIPAXKEHHOU WHQUIbTpa-
HeH, mesyleHne, Tpeiuasb (puc. 2). Muaexkc PASI
cocTaBUJI 10 6AJIOB, YTO SABJIAETCS MUHUMAJIbHBIM
[OKa3aTeJieM, COOTBETCTBYIOIIIUM CPEJIHEN CTEeleHH
TSI?KECTH IICOpHa3a.

eases were detected, and no deviations from the ref-
erence range were found in blood count and blood
biochemistry. Thus, no contraindications to therapy
with secukinumab have been identified. According to
the package leaflets, secukinumab is prescribed at a
dose of 300 mg as two separate subcutaneous injec-
tions of 150 mg, the initial course was 4 weekly injec-
tions with transition to further therapy in the form of
monthly injections.

After a 4-week course, almost complete regres-
sion of psoriatic skin eruptions was noted. The
PASI score decreased to 1 point, i.e. a PASI 90 was
achieved (Fig. 3, 4), which corresponds to current
criteria for effective treatment of psoriasis [1].
Mild peeling remains, and, therefore, regular use
of emollients was recommended. The patient does
not complain of any pain or limited mobility of
the interphalangeal joints. To ensure long-term
management of the disease, therapy with
secukinumab was continued with as subcutane-
ous injections once every 4 weeks. Monitoring of
laboratory tests during the first month of therapy
was carried out once every 7 days (no deviations
were detected, the indicators were normal), then
once a month. The patient’s psychoemotional
state has stabilized. She performs manipulations
related to her occupational duties without dif-
ficulty.

Puc. 1. HeznauurenpHas nedopmanus Mesk(aIaHrOBBIX CyCTaBOB, HAIYJIE3HbIE BBICHIIIAHUA C IIETYIIIEHIEM
Fig. 1. Mild deformation of the interphalangeal joints, papular eruption with peeling
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Puc. 2. Ha koxe JIafioHel 3puTeMaTO3HO-CKBAMO3HBIE OJIAIIKY C BIPAKEHHON WHOUIbTPALMEN, IIETyIIEHUE, TPEIUHBI
Fig. 2. Erythematous-squamous plaques with severe infiltration, peeling, skin chapping, cracks on the skin of the palms

JuarHo3: JIaJlOHHO-TIO/IOIIBEHHBIA  IICOPHA3
(L40.0). IlcopuaTuyeckuii JUCTATbHBIN MeskdaIaH-
roBerit apTput (L40.51).

Ilenpio KOHCyJIbTAIUU ObLIAa KOPPEKIUA Tepa-
UM U PellleHHe BOIpoca O Ha3HAYEHUHN MeTOTPEK-
caTa UIsl KyIIUPOBAaHUS IICOPHUATUYECKOTO IIpoIiecca
Ha Koxke kucred. OIHaKO MAIMEHTKA, KaK Bpay C
60JbIIUM  TTPO(ECCHOHATBHBIM ~ CTaXKEM, 3HAET
nobounsle 3dEKTs MeTOTpeKcaTa U KaTeropude-
CKU OTKa3aJ1ach €ro IPHHUMATh.

IToaTOMY, yIUTBHIBasA «MPOOJIEMHYIO» JIOKAJIH3A-
[IMIO BBICBITAHUY HA KOXKE KHUCTEH PYK, COLHATbHbIE
(B mepBy10 04epesib — MPOQECCUOHAIIBHBIE) U TICHXO0-
JIOTHYECKUE XapaKTePUCTUKU MAalHeHTKH, Bpaueo-
HOU KOMHCCHEW ObLla pPEKOMEH/IOBaHA TeHHO-
nHkeHepHas 6uosiorndeckas tepamnus ([BT) cexy-
kuHymabom. Beibop npemapara s TUBT ocHoBan
Ha OIyOJINKOBAHHBIX IAHHBIX KJINHUYECKUX HCCIIe-
JIOBaHUM, CBU/IETEJICTBYIOIIUX O BBICOKOH d(pdek-
TUBHOCTU CEKYKHHyMaba IMpU ICOpHa3e CI0KHBIX
JIOKAJIM3allMK, BKJIIOYAs JIaJOHHO-IIOIOIIBEHHBIA
BapHUaHT, [IJIOXO0 MO/IAIOIIUICA JIEUEHUIO, & TAKKE Y
MaleHTOB ¢ [PU3HAKAMU  IICOPUATUYECKOTO
aprpura [16, 24—27].

CONCLUSION

Modern understanding of the pathogenetic aspects
of psoriasis and the associated development of biolog-
ics for the treatment of moderate to severe forms of
the disease have become the most important achieve-
ments, allowing not only to receive a high level of
treatment response, but also to successfully overcome
the psychosocial consequences of the disease.

Russian clinical guidelines use a stepwise approach
to the treatment of psoriasis. The first-line systemic
therapy includes drugs of basic anti-inflammatory
therapy — methotrexate, retinoids for the treatment of
psoriasis, cyclosporine, ultraviolet irradiation of the
skin. In the case of their ineffectiveness, intolerance,
or the presence of contraindications, prescribing bio-
logics is considered. The presented case report dem-
onstrates that the patient’s emphatic refusal of sys-
temic therapy for psoriasis (methotrexate) can also be
considered as a possible reason for the early use of
biologics, which allows recovering both the physical
and psychosocial status of the patient.
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conflict of interest.
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Puc. 3. Koxa ThUIBHOH ITOBEPXHOCTH KHCTEH OT BBICHIIAaHUH CBOOOAHA
Fig. 3. The skin on the back of the hands is free from eruptions

F

Puc. 4. CoxpaHsieTcss He3HAUNUTEIbHOE IIeJIyIIeHNe JIaJI0HeN
Fig. 4. Mild peeling on palms persists
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[lepesr HayasioM Tepanuy IMAlUEHTKA IPOIILIA
CTaHAAPTHBIE 00C/Ie/TOBAHUS /JIsI BBISBJIEHUS BO3-
MOXKHBIX IPOTHUBOIMOKA3aHUH K MIPUMEHEHHIO
TUBII: obciaemoBanua Ha BUY, rematutel B, C,
TyOepKyse3 (peHTreHoTpaduss OpraHOB TPyTHOH
KJIETKU, KOHCYJIbTalus (QTU3NATPA), HUCKIIOUEHHE
OHKOJIOTHYECKOTO IIpOIlecca, KJIMHUYECKHEe aHa-
JIN3BI KPOBU U MOYH, OMOXHMUUECKOE HCCIIEI0BaA-
HHe KpoBH (ypoBeHb rtoko3bl, AT, AcT, I'TT, kpe-
arnHUHA, C-peakTUBHOro Oeska, JIMIMUIHBIA IPO-
¢unp). Ilpu obcinemoBaHUM OBLIH  HCKTIOUEHBI
TybepKyJie3 U Ipyrre HH(PEKITMOHHbIE 3a00I€BaHUS,
MMPU3HAKOB OHKOJIOTMYECKON IATOJIOTUHM HE BBISAB-
JIEHO, B KJIMHUYECKOM U OMOXUMHUYECKOM aHaIu3ax
KPOBH OTKJIOHEHHH OT HOPMBI He OOHApy:KeHO.
Takum ob6pa3om, nporuponokaszanuid k 'UBT ceky-
KUHyMaboM He BbIsBIeHO. COTJIACHO HUHCTPYKIIHH
[0 MPUMEHEHUIO Tperapara, CeKyKnHyMab HazHa-
YeH B 7103 300 MT B BHJIE JIBYX OT/IEJIbHBIX ITOTKOMK-
HBIX UHDBEKIUH [0 150 MT, MHUIUHUPYIOIIHH Kypc
COCTaBUJI 4 €KeHeZIeTbHbIE HHBEKIINHU ¢ IEPEXOIOM
Ha JaJbHEUIIYI0 TEPAIHI0 B BU/IE €XKEMECTUHBIX
UHDBEKIIUH.

[Tocsie IpoBeIeHNS 4-HeETIbHOTO HHUITMUPYIO-
Iero Kypca OTMe€YeH IIPAKTHYECKH IIOJHBIA
perpecc ICOpPHUATUYECKUX BBICHIIaHUM. HWHAEKC
PASI cHuswicsa mo 1 6anna, T.e. ObLT JOCTUTHYT
pesyabrat PASI 90 (puc. 3, 4), YTO COOTBETCTBYET
COBpEMEHHBIM KpuTepusaM 3¢ GeKTUBHON Tepanuu
rcopuasa [1]. CoxpaHsieTcsl JIeTKOe IIeyleHue, B
CBSI3W C YeM ObLIO PEKOMEHJIOBAaHO PETYJISIPHOE
HCIIOJIb30BAHUE DMOJIEHTOB. DBOJIEBHEHHOCTH |
OTpAaHWYEHUSI IMOABIDKHOCTU  MeK(paTaHTOBBIX
cyctaBoB 0osibHasA He oTMeuaeT. Jlia obecieueHus
JUTUTEJIHOTO KOHTPOJIS Haj, 3abojieBaHUEM Tepa-
nusa 'MBII npozokeHa MOAKOKHBIMUA UHBEKIIH-
AMU 1 pa3 B 4 Hep. JIabopaTOpHBI KOHTPOJIb B
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TeueHHe TEPBOTO MeCAIAa TEPAUH MPOBOAUIICS 1
pa3 B 7 nHel (OTKJIOHEHUH He BBISBJIEHO, ITOKAa3a-
Tenu cTabWIbHEL), fajee — 1 pa3 B Mecsll. [Icuxoa-
MOITHOHAJIbHOE COCTOSTHUE TAIIUeHTKU CTaOMIN3H-
poBasiock. MaHUMYIANNH, CB3aHHBIE CO CBOUMU
npodecCHOHATBPHBIMU ~ 00s13aHHOCTSIMH, BBITIOJI-
HseT 6e3 3aTpy/THEHHH.

SAK/IIOUEHWE

CoBpeMeHHOe TIOHHMMaHMe IIaTOTeHeTUYECKUX
3BEHBEB [ICOPHA3a U CBA3aHHAA C 9THUM pa3paboTka
TeHHO-MH)XEHEPHBIX OMOJIOTUYECKHUX IIPErapaToB
JUISL JIeYeHUs CPeNHeTsKENBbIX U TSKeJbIX (hopM
3a00JI€BAHUS CTAIN BAXKHEHIINMU JIOCTHIKEHUSMHU,
IIO3BOJISIONIMU He TOJIBKO ITOJIy9IaTh BRICOKUN YPO-
BeHb TEPaleBTUYECKOTO OTBETa, HO U YCIIENIHO
06OpOThCA € TICHUXOCOITUAJIBHBIMU ITOCIIEZCTBHUSMU
3a00J1eBaHUA.

B poccuiickux KIMHHYECKUX PeKOMeHanus
HCIIOJIB3YETCS CTYTIEHUATHIN OAXO0/T B JIEYEHUHU TICO-
puasa. K nepBoii JINHUH CUCTEMHOU TEPAIIUHA OTHO-
cATCA TpernapaThl 0a3UCHOM MPOTHBOBOCIIAUTEb-
HOH Tepanuu — METOTPEKCAT, PETHHOU/IBI /IJIs Jieue-
HUS IICOpPHAasa, IUKJIOCIOPHUH, YIbTPAdUOIETOBOE
obsyuenne koxu. [Ipu ux HeapdeKTUBHOCTH, Helle-
PEHOCUMOCTH WU HAJWYHUU IPOTHUBOIIOKA3AHUU K
UX IIPUMEHEHUIO0 PACCMATPUBAIOT BOIIPOC Ha3HAUe-
uusa ['NBT. [IpesicTaBieHHBIN KIMHUYECKUH CITydai
JIEMOHCTPUPYET, YTO KAaTErOPUUECKHH OTKa3 Malu-
€HTa OT CHUCTEMHOW 0Oa3WCHOU Tepaluu IIcopuasa
(MeToTpekcaTa) TaKKe MOKET PACCMaTPUBAThCA KaK
BO3MOXKHas1 IpU4rHa paHHero npuMenenus ['MBII,
II03BOJISIONIAA BOCCTAHOBUTD KaK (GU3UYECKUN, TaK
U IICUXOCOITUAJIBHBIN cTaTyc MarueHTa

KoH@uuKT HHTEPECOB. ABTOPHI 3aABJIAIOT 00
OTCYTCTBUH KOH(INKTA HHTEPECOB.
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TPEBOBAHUNA K ITPEJOCTABJIEHNIO MATEPUAJIOB
JJIA ITYBJINKAIIMN B JOURNAL OF SIBERTAN MEDICAL SCIENCES

B Journal of Siberian Medical Sciences (manee —
JSMS) ny6IuKyI0TCs HaydHble 0630phI U CTaThH IO
MEJIUITMHCKUM HayKaM, ITOATOTOBJIEHHBIE TI0 MaTe-
puajiaM OpWTHMHAJIBHBIX HAyYHBIX HCCJIEJOBAHHUU.
JSMS BBIXOIUT 4 pasa B rof,.

TpeboBanus, TpeAbABIsIeMble K ITyOIUKAIU-
aM B JSMS, copmynupoBaHbl ¢ yuyeToM TpeboBa-
HUU, TPEbSIBISIEMBIX K PEIIEeH3UPYEMbIM HAy YHBIM
WU3JTAaHUAM, B KOTOPBIX JIOJI?KHBI OBITH OIyOJTUKOBA-
HBI OCHOBHBbIE HAayYHbIE Pe3yJIbTAThl UCCEPTAIIUI
Ha COWICKAaHWE YUYEHOU CTENEeHH KaHJuaaTa U JOK-
TOpa HayK.

CraTby, OTIIpAaBJIEHHbIE aBTOPAMU B JIPyTHE W3-
JIaHUs W/WIA HalleyaTaHHbIe pPaHee B HUX, K OIy0-
JINKOBAaHUIO HE TPUHUMAIOTCS.

I[Ipy onucaHUM HAYYHO-UCCIIENOBATEIHCKHUX
KJIMHUYECKUX paboT ¢ MIpHBJIEYEHUEM YeJOBeKa
B KauecTBe OObEKTa MCCJIEZIOBAHUS ABTOPBI JOJIK-
HBI YKa3aTh, COOTBETCTBOBAJIA JIU OHH MeEKIyHa-
POAHBIM M POCCUHCKHUM 3aKOHOJATEJIbHBIM aKTaM
0 IOPUIMYECKUX U DTUUECKUX MPUHITUIIAX METUKO-
OUOJIOTUUECKUX UCCIIeIOBAaHUH Takoro poja. He mo-
IyCKAETCS HCIOJIb30BaHUE (PaMUJINNA, WHUIAATIOB
OOJIBHBIX U HOMEPOB HcTopuil Oose3nu. IIpu omu-
CAaHUM SKCIEPUMEHTOB Ha JKHUBOTHBIX HEOOXOmH-
MO YKa3aTh, COOTBETCTBOBAJIO JIU COZIEPIKAHIE U UC-
ITOJIb30BaHUE JIAOOPATOPHBIX }KUBOTHBIX ITPABHUJIAM,
MPUHSATHIM B YUPEKJIEHUH, PEKOMEHTAIUAM HaIlu-
OHAJILHOT'O COBETA II0 MCCJIEIOBAHUAM, HAITHOHAb-
HBIM 3aKOHAM.

ABTOpCKHE ITpaBa cOOJIIOIAIOTCS B COOTBETCTBUU
¢ I'paxkganckum kogexkcoM Poccutickon ®enepariuu
(4. 4) ¥ APYTUMH JAEUCTBYIOIUMU HOPMATHUBHBIMU
JIOKyM€eHTaMH1. ABTOPBI HECYT IIOJIHYIO OTBETCTBEH-
HOCTb 32 COJIEp>KaHUE CTaTewn.

B penmaknuio JSMS aBTOpHI IOJKHBI TIPEAOCTA-
BUTB:

1) 2/1eKMPOHHYIO 8epculd CMambvll, MOATOTOB-
JIEHHYIO B COOTBETCTBUH C TPEOOBAHUAMH K 0(pOPM-
JIEHUIO CTaTeU, U3JI0KEHHBIMU HUKE;

2) opu2uHa/n cmamsu B IEYaTHOM BHU/JIE C yKa3a-
HUEM TOpPOJia, IaThl, GaMUIUU C TIOAIIUCHI0 KaXKI0-
ro aBTopa (Ha mocJieJIHEN CTpaHHUIlE), BU30H «B Tie-
YyaTh» U IOAIUCHIO (HA IIEpBOI CTPAHHUIIE) 3aBeEy-
o1ero kadgepoi MM WHOTO JOJIPKHOCTHOTO JINIIA
opraHu3saiuu, Ha 6a3e KOTOPOU BBHITIOJIHEHO HCCIIE-
JIoBaHUE. ABTOPBI TIPEIOCTABJSIOT CTaTbU B PelaK-
MO JIMYHO UJIH TI0 TIOYTE;

3) coenacue Ha TyOJHKaANUo0 cTatbu B JSMS
u 00paboTKy TepCOHAJIbHBIX JTaHHBIX aBTOPOB (3a-
MOJTHSIETCS KaK/IbIM aBTOpoM) (cM. Ha carite HTMY:
https://jsms.ngmu.ru/zayavlenie_jsms.doc);

4) nns corpyauukos ®I'BOY BO HI'MY Mus-
3npaBa Poccuu (manee — HI'MY) — axcnepmHoe
3axaoveHue OTAesa KOOpAWUHAIMH (deaepabHbIX
MIPOrpaMM, KOHKYPCHBIX MPOEKTOB U MHHOBAIIOH-
HOTO Pa3BUTHUSA yIPaBJIEHUs II0 HayKe, MHHOBAI[U-
sam u uapopmatusanuu HI'MY (cm. www.ngmu.ru);
JULsT CTODOHHHUX aBTOPOB — HanpasaeHue Ha onyo-
AuxosaHue Ha (GpupMeHHOM OJIaHKE OpraHH3aIlUH,
Ha 6a3e KOTOPOH BBITIOJIHEHO OPUTHHAJIPHOE HAy4-
HO€ HCCJIeJIOBAHME, 3a IOJIUCHI0 OTBETCTBEHHOIO
JIOJIZKHOCTHOTO JINIIA.

ITPABUJIA O®OPMJIEHHU A PYKOITUCEN

1. TekcT cTaThu HAOUPAETCS B TEKCTOBOM peZlaK-
Tope Microsoft Word, Open Office u ap., Bce mosns
2 cMm, mpudt Times New Roman, kerip 12, Mex-
CTPOYHBIN HHTEPBAJI 1,5. TekeT cTaThbul HEOOXOAMMO
HampaBuTh B pefaknuio JSMS B BUJie OTAEIBHOTO
daitna ¢ ykazanuem ®11O nepBoro aBropa — MBa-
uoB WU.U. tekct.doc. JlomyckaeTcst oTmpaBka daii-
Ji0B B popmartax doc, docx.

2. ®MIO aBTOpOB HAOWpaeTCs CTPOUYHBIMH OYK-
BaMM KYPCHUBOM Ha PyCCKOM s3bIKe. VIHHITMAIIBI
nomermaoTcs nepex damuaneir apropa. [lopanok,
B KOTOpPOM Oy/IyT YKa3aHbI aBTOPBI, OIIPENIEIAETCS
UX COBMECTHBIM peIlleHUeM.

3. Topon u HazBaHue MecT pabOTHI aBTOPOB
oopMIISIOTCA CTPOYHBIMU OyKBaMH KypPCHBOM
Ha pyCCKOM f3bIKe.

4. CraTbs [IOJDKHA COZEp:KaTh AaHHOTAIIHIO
Ha PyCCKOM fI3bIKE. B aHHOTAIIUH JIOJI?KHBI OBITH U3-
JIO’KEHBl IeJIM HCCJIe/JOBaHUA, OCHOBHBIE IIpOlle-
JIlypbl, pe3yJIbTaTbl OPUTUHAJIBHBIX HCCIEAOBAHUN
¥ BBIBOJIBL. [10J1 aHHOTAIIMEN TTOMeEIaeTcs MoI3aro-
J10BOK «KitoueBbie c10Ba», IOCjae HEro 10 10 K-
YeBBIX CJIOB WJIM KOPOTKHUX (pas, KOTOpble OyayT
CIIOCOOCTBOBATh TPABUJIBHOMY HMHEKCHPOBAHUIO
CTaThU B IIOMCKOBBIX CUCTEMax U CUCTeMax LIUTHUPO-
BaHUsA. AHHOTAIIMIO HEOOXOJUMO HAIIPABUTh B pe-
gaxmuio JSMS BMecTe ¢ TEKCTOM CTaThbU B BHUJIE OT-
nenpHOTO (daiia ¢ ykazanuem ®1O mepBoro aBTo-
pa — WBanoB WM.U. annorarus.doc. Takike mpezo-
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CTaBJIAIOTCA CBEJIEHIUS O KaXKA0M U3 aBTOPOB: haMu-
JINSA, UM, OTYECTBO (IIOJTHOCTBHIO HA PYCCKOM SI3BIKE
U B TPAHCJIUTEPAIINH), YUeHbIe 3BAHUSA U YUeHasI CTe-
TIeHb, TOJKHOCTh, MECTO PaboThl, pabounii TeaedoH
U aJipec 3JIeKTPOHHOM mouThI (e-mail). CBezeHus He-
ob6xoauMBI 711 06paboTKY MybIuKaIuii B 6ase gaH-
HbIX Poccniickoro nHAeKca HAYIHOTO ITUTHPOBAHUS
U PYTUX cCUCTEMaX IUTUPOBAHMA. AHHOTAIUS, KITI0-
yeBble CJI0Ba, nHpoOpManus 06 aBTopax U Ha3BaHUeE
VUpEXIEHUH AOJKHBI OBITh TAKXKe ITPEIOCTABIEHBI
Ha aHTJIMHACKOM SI3bIKE.

5. TabauIpl MOMENAIOTCS B TEKCT cTaThu. Tabu-
IIbI JIOJKHBI OBITH MTPOHYMEPOBAHBI IIOCIIETIOBATETHHO
B COOTBETCTBHUU C ITOPSAKOM, B KOTOPOM OHH YIIOMH-
HAIOTCsA B TeKcTe (Harmpumep, TabJl. 1, Tabst. 2 U T. 11.).

6. PucyHKU BCTaBJIAIOTCA B TEKCT CTATBhH, a TaK-
JKe IIPeJIOCTABJIAIOTCS B BHJIE OT/E/IbHBIX IIPOHYMe-
poBaHHBIX (ailioB ¢opmara .jpg win .gif ¢ paspe-
meHueM He MeHee 300 dpi. PucyHku mOJKHBI OBITH
KOHTPACTHBIMU U YETKUMHU, OYKBBI, HUGPBI U CHUM-
BOJIBI HA HUX JIOJI’KHBI OBITh PA3JIMUUMBI. PHUCyHKa-
MU CYHTAIOTCA I'padUuKy, peHTreHorpaMMbl, GhOTo-
rpaduu wau JroOble Jpyrue rpaduueckue 0ObeK-
ThI. ®oTOrpadu el He TOJIKHBI ObITH Y3HABae-
MBIMH, JTUOO K HUM JIOJKHO OBITH ITPUJIOZKEHO ITHCh-
MeHHOe paspellleHre Ha UX IIyOJuKaiuo. PucyHkn
JIOJKHBI OBITh MPOHYMEPOBAHbI IMOCJIEIOBATETHHO
B COOTBETCTBUU C MOPSAIKOM, B KOTOPOM OHHU BIIED-
BbI€ YIIOMHUHAIOTCSI B TEKCTE — PHUC. 1, PUC. 2 U T. [I.
IMoamucu pa3MenialTcs B TEKCTE IOJT PUCYHKAMHU.
B nmoamucax k mukpodororpadusaM ykKasblBaeTcsA
CTEIeHb YBeJTMYEHU U CII0CO0 OKPACKHU.

7. B TEKCTe CTaThU UCIIOJIH3YIOTCS CIIEAYIONIHUE 3a-
TOJIOBKU: BBeJIEHUE, IIeJIh FCCJIEZIOBAHUS, MaTepra-
JIB 1 METOJIbI, PE3YJIBTATHI U 00CYK/IeH1e, 3aKITI0Ue-
HUeE, CIIUCOK JINTEPATYPHI.

8. Hcnonb3yoTes TOJIBKO CTaHZAPTHBIE OOIIIe-
MpUHATHIE cOKpameHus (abbpesuarypsl). He mpu-
MEHSIOTCS COKpAIlleHUsI B Ha3BaHUU cTaThu. I[loji-
HBI TEPMUH, BMECTO KOTOPOT'O BBOAUTCS COKpAIIe-
HUe, JOJKEH IIPEAIIeCTBOBATh IIEPBOMY UCIIOJIH30-
BaHUIO TOTO COKPAIIEHUS B TEKCTE.

9. O06s13aTeIPHO HAJIMYWE CITHCKA JIUTEPATYPHI.
Bubnuorpaduyueckue CChIKM B TEKCTE CTAThU Ja-
I0TCsA apabckuMu 1udpaMu B KBaJpaTHBIX CKOO-
KaX, B IIOJTHOM COOTBETCTBUU C HyMepaIuel crucka
suTeparypsl. CCUIKU B TeKCTe CTAaThU JIOJIKHBI /1a-
BaThCs MOCJIEIOBATEIBHO IO Bo3pacTanuio: [1]...[2]...
[3]... u T.1. Pa3BepHyTOE OMMCaHUE UCTOUHUKA B CITH-
cke yutepaTypsl npegoctapiasgoTesa mo 'OCT 7.0.5-
2008. Crucok JuTepaTypshl AOJKEH COZlep:KaTh IIy-
OGmKaIuu 3a MoCJIeIHUE 5 JIeT. B crimcke siurepary-
pbI Bce MH(POPMAIMOHHBIE UCTOYHUKU IT€PEIUCIIA-
IOTCs B IOPSIZIKE UX ITUTHPOBAHUS.

10. Pegaxmus JSMS Gepet Ha cebs mpucBOeHUE
KaXK/Iol mybsinKyeMo# cratbe HoMepa Y/IK u ocy-
IIECTBJIEHUE TIOJTHOTO IIepeBO/ia CTaThU HA aHIVIMH-
CKUU A3BIK.

11. CTaThbH, HE COOTBETCTBYIOIIHE YKA3aHHBIM pe-
JlakIend TpebOBaHUAM, K OITyOJIMKOBAHUIO HE TIPU-
HHUMAIOTCA.

IMOPAAOK PEITEH3MMPOBAHUA
PYKOIIUCEN, TIPUHUMAEMBIX
AJIA ITYBJINKAIIN N

1. Pykomucu crared, HOCTYIIHUBIINX B PEJAKITHIO,
HAIPABJISAIOTCA ISl PEIEH3UPOBAHUS UIeHAM pe-
JIAKIIMOHHOTO COBETA C IEJIbI0 UX DKCIIEPTHOU OIleH-
K{ Ha IpeJMeT COOTBeTCTBHUsA TpeboBaHuAM JSMS
u Bricimeii arTecTallMOHHOM KoMuccuu Iipu MuHU-
crepcTBe oOpa3oBaHus u HayKu PO.

PerieH3eHTBI YBEIOMJIAIOTCA O TOM, UTO B IIEJISAX
obecrievueHNsI aBTOPCKUX U APYTUX HEHMMYIIECTBEH-
HBIX IIPaB IPHUCJIAHHbIE PYKOIIUCH He ITOJIJIEXKAT pas-
IANIEHUI0, KOTUPOBAHUIO, PACIIPOCTpaHEHUI0. Pe-
[IEH3UPOBAHUE ITPOBOIUTCSI AHOHUMHO.

ITpu oTKa3e B HAIIpABJIEHNHU Ha PelleH3UPOBaHUE
IIpe/ICTaBJIEHHON aBTOPOM PYKOITHCH PEJIaKIvs Ha-
IIpaBJIsieT aBTOPY MOTUBHUPOBAHHBIN OTBET B DJIEK-
TPOHHOM BUJIE.

Pepaknusa »KypHasia IO MHCHBMEHHOMY 3aIlpOCy
HaIpaBJIsIeT aBTOPAM peIEeH3UN HA IOCTYIUBIINE
MaTepuasibl B 3JIEKTPOHHOM BHJIe. ABTOPBI 00sI3aHbI
Y4eCcTh 3aMeYaHUs PENEH3EHTOB H BHECTH B CTaThIO
COOTBETCTBYIOIIIHE UCIIPABJIEHUS UJIU IIPEIOCTABUTH
MOTHUBHUPOBAHHBIN OTBET O HECOIVIACUHU C 3aMeYaHU-
sIMU pelleH3€eHTa.

PemakmyonHas KoJUIETHsi IPUHUMAET DPellleHue
0 BO3MOXKHOCTHU IYOJIMKAIIUU CTAThU UJIM OTKJIOHS-
€T ee IO pe3yJIbTaTaM PelleH3NPOBAHHUA.

Penensun XpaHATCS B peIaKIINU JKypHAJIA B Te-
YyeHUe 5 JIET C MOMEHTA Iy INKaIIH.

2. Pepaknipielt He IOMTyCKAIOTCA K Iy OJIMKAT[AH:

— CTaTbhHU, TEMATHKA KOTOPBIX HE COOTBETCTBYET
HAayYHOMY HAIIPaBJIEHUIO KYyPHAJIA;

— CTaThH, aBTOPHI KOTOPBIX OTKA3BIBAIOTCSA OT
TEXHHYECKOH JOpaOOTKU CTaTew;

— CTaTbhH, aBTOPBI KOTOPHIX HE BHECIIN KOHCTPYK-
TUBHBIE 3aMEUaHUs PEIeH3eHTa B TEKCT CTaThbU
U He IIPEJI0CTaBUIIN MOTHUBHUPOBAHHBIN OTBET O HECO-
IVIACHU C 3aMEYAHUSIMHU PEIleH3eHTA.

B ciryyae OTKJIOHEHU S CTaThH PEJAKIINS HATIPaB-
JISIET aBTOPY MOTHBHPOBAHHBIA OTKa3. Pemakius
JSMS He XpaHUT PYKOIIUCU, HE IPUHATHIE K IeUa-
TH. Pykonucu, mpuHATHIE K ITyOJINKAN, He BO3Bpa-
IAI0TCA.
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