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KoMMyHUKAaTHUBHbBIE U MOBEJEHUYECKHE ACIIEKTHI IP00JIEMbI
BNY-undexmuu u UIIIIIL: pe3yasrarsl onmpoca
CTyJieHueCcKoU MoJioge:ku B HoBocubupcke

A.A. Xpsanus, U.0. MapunkuHg, T.A. Ilnukce, M.B. Pycckux, E.B. Uepaukosa

®I'OY BO «Hogocubupckuil 2ocydapcmeeHHblil meouyuHeKkuil ynusepcumem» Munaodpasa Poccuu, Hosocubupck,
Poccus

AHHOTAIIUA

BBenenue. [IpomosmkurebHOe BpeMs HHOEKINH, Tepe/iaBaeMble o1oBbIM myTeM (UIIIIIT), u BUY-uHbekIusa pac-
CMaTpPUBAJIUCh HE3ABUCUMO ZPyT OT Apyra. OHAKO B HACTOsIIlee BpeMs 9TH WH(PEKIUH, TOMUMO CXO0KET0 MeXaHU3Ma
pacmpocTpaHeHus U COIUATIbHOM 06YCTOBJIEHHOCTH, HEPA3PhIBHO CBsI3aHBI ¢ GOPMaMU CEKCyaTbHOTO TIOBezieH . MoJ1o-
JIbIe JIIO/TH SIBJISTIOTCS COLIMAJIBHO-aKTUBHOM YaCThIO HACEJIEHUs, U3-3a Yero IPeJCTaBIIAI0T COOOH IpyIIry prcKa 1o 3a60-
seBaemoctu u pacrnpocrpanenuto UIITIIT u BUY-undeknuu. BesencrBue 3Toro aHains 0CBEIOMIIEHHOCTH MOJIOZEKH O
BUY-undexnuu u UIIIIII npeacraiseT coO0H 0COOYI0 BAXKHOCTb.

[T enn. OueHuTh 0COGEHHOCTH IOJIOBOTO MTOBEAEHUA U MH(DOPMUPOBAHHOCTH MOJIO/ieku B oTHOeHun WITIIIT u BUY-
nH(EKIUY, a TAKKE U3YUYUTh OTHOIIIEHUE U CTeNleHb TOTOBHOCTU K OKa3aHUI0 oMoty BUY-uHPUIIMPOBaHHBIM MTAIIHEH-
TaM CPeJH CTY/IEHTOB METUIIUHCKOTO YHUBEPCUTETA.

MaTtepuansl W MeTOBl. Vcnosb30BaHBI AAHHBIE COI[UOJIOTHYECKOTO OIPOCA MOJIO/IEXKH, ITPOBEJAEHHOTO B
MIEPHUOJ] 2016—2020 IT. CPEJH CTY/IEHTOB BHICIINX (YHUBEPCUTETHI: MEAUITMHCKUH, TeZIaTOTHYECKUH U TIyTeH COOOIIEHMs)
U CPeJTHECIIEIUATBHBIX (KOJLIE/K MTaPUKMaXepPCKOTO UCKYCCTBa, (GaKyJIbTET CPeTHET0 MPoheCcCHOHATBFHOTO 00pa3oBaHUs
arpapHOTO YHUBEPCUTETA) 00pa30BaTeIbHbIX YUpekaeHul r. HoBocubupcka.

PesyabTartsl. [os0BOE TOBEIEHNE YUACTBYIONUX B UCC/IE/IOBAHIH CTY/IEHTOB BBICIIIUX U CPE/THECIIEIUATBHBIX 00pa-
30BaTEIbHBIX YUPEKIEHUHN XapaKTepusyeTcs Kak puckoBaHHoe. MHGopmupoBaHHOCTh U 3HaHUA 00 WIITIIT m BUY-
nH(EKIUY CPeU CTy/IeHTOB B HOBOCHOUMPCKe ITpeiCTaBIISIIOTCS HEeZIOCTaTOUHBIMU. BOJIBIIMHCTBO CTYIeHTOB (69 %) Meau-
IMHCKOTO By3a HCHBITHIBAIOT cTpax 3apaxeHus BUY-mHdeknmedl mpu okazaHHUM MeJUIMHCKON nomomu BUY-
MHOQUIIPOBAHHBIM IAIlUEeHTAM. YPOBEHb IPOdeCcCHOHATPHON KOMMYHUKATHBHOH TOJIEPAHTHOCTH OYAYIINUX Bpadel ore-
HUBaeTCsA Kak BBICOKUN (80 %).

3aknwueHue. Cpeau MOJIOABIX JIIOEH OTMeUaeTcs: HU3Kast UHPOPMHUPOBAHHOCTD B OTHOIIIEHHUH CEKCYyaTbHOTO 3/10-
poBbs. BhIABIEHHOE B Ipoliecce Ompoca y CTY/IEHTOB MEIUIIMHCKOTO By3a HE3HAHHE IIPABOBBIX ACIIEKTOB OKAa3aHMU
nomoInu BUY-unpunupoBaHHbIM 60JIBHBIM TpebyeT OoJiee IeTaIbHOTO U3YUYeHUsI JaHHBIX BOIIPOCOB BO BpeMsI IOJI0O-
TOBKHU OYyIIUX Bpauel K mpodeccuoHaIbHON AeATeTbHOCTH.

Kmoueeswvte crosa: BIU-undexnusa, UIIIIII, npoduntakTuka, cTyZleHTbl, THOOPMUPOBAHHOCTD, CTPaX 3apasKeHusd,
KOMMYHHKATUBHAsA TOJIEPAHTHOCTH, PUCKOBAHHOE TI0JIOBOE TTOBE/IEHUE.

Oo0paszen murupoBaHusna: XpaauH A.A., Mapunkus 1.0., IInukce T.A., Pycckux M.B., Uepaukosa E.B. Kom-
MYHUKATHBHBIE U TIOBEIEHUYECKHE acTeKThl mpobsembl BUY-uHbeknyuu u UIIIIIL: pe3ysbTaThl OMPOCA CTYAEHUECKOH
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Communicative and behavioral aspects of the problem of HIV
infection and STIs: results of a survey of students in Novosibirsk

A.A. Khryanin, I.O. Marinkin, T.A. Shpiks, M.V. Russkikh, E.V. Chernikova

Novosibirsk State Medical University, Novosibirsk, Russia

ABSTRACT

Introduction. For along time, sexually transmitted infections (STIs) and HIV infection were considered indepen-
dently of each other. However, at present, these infections, in addition to similar mechanisms of spread and social causa-
tion, are inextricably linked with forms of sexual behavior. Young people are a socially active part of the population, which
makes them a risk group for the incidence and spread of STIs and HIV infection. Consequently, analyzing the young
people’s awareness of HIV and STIs is of particular importance.

Aim. To assess the characteristics of sexual behavior and the awareness of young people regarding STIs and HIV infec-
tion, as well as to study the attitude and degree of readiness to provide medical assistance to HIV-infected patients among
students of a medical university.

Materials and Methods. We used the data of a sociological survey of young people, performed in the period
2016—2020 among students of higher (medical, pedagogical and transport universities) and secondary specialized educa-
tional institutions (College of Hairdressing Art, Faculty of secondary vocational education of the Agrarian University) in
Novosibirsk.

Results. The sexual behavior of students of higher and secondary specialized (vocational) educational institutions is
characterized as risky. The awareness and knowledge about STIs and HIV infection among students in Novosibirsk seems
insufficient. The majority of students (69%) of the medical university experiences fear of contracting HIV while providing
medical assistance to HIV-infected patients. The level of professional communicative tolerance of future doctors is assessed
as high (80%).

Conclusion. There is a low awareness of sexual health among young people. The lack of knowledge of the legal
aspects of providing medical care to HIV-infected patients revealed in the course of the survey among students of the
medical university requires a more detailed study of these issues during the training of future doctors for professional
activities.

Keywords: HIV infection, STTs, prevention, students, awareness, fear of infection, communicative tolerance, risky sexual
behavior.

Citation example: Khryanin A.A., Marinkin I.0., Shpiks T.A., Russkikh M.V., Chernikova E.V. Communicative
and behavioral aspects of the problem of HIV infection and STIs: results of a survey of students in Novosibirsk. Journal
of Siberian Medical Sciences. 2022;6(1):7—21. doi: 10.31549/2542-1174-2022-6-1-7-21

BBEJIEHHME

IIpomomxuTtepHOEe BpeMs WHGEKIUU, MeperaBae-
Mble 0yI0BbIM TiyTeM (UIIIIIT), u BUY-undexius
paccMaTpuBaJINCh HE3aBHCHUMO JpPYyr OT Jpyra.
OpHaKO B HACTOsIIIIEE BpEMS 3TU HH(PEKITUU, IOMUMO
CXO’Kero MeXaHH3Ma PaclpOCTPAaHEHUs U COIUAb-
HOH OOYCJIOBJIEHHOCTH, HEPAa3phIBHO CBS3aHBI C
(opmamu cexcyasnpHOro oBefeHus [1]. OCHOBHBIM
nyTteM nepegaun BUY-undexnnu ABaseTcsa reTepo-
CEeKCYaJTbHBIN TIOJIOBOM KOHTAKT: B 2020 T. B Poccun
II0JIOBBIM ITyTeM UH(PUIPOBAIUCh 65.0 % OT uucia
Bcex MHGUITMPOBaHHBIX. [0 aHHBIM OdHUIHATBEHON
craTUCTUKU (Ha 30 HIOHSA 2021 I.) 00Iee KoJaude-
CTBO 3aperucTpupoBaHHbIX BUY-uHGUIIMPOBAHHBIX
B Poccun cocraBuiio 1 528 356 yein. [2]. B Cubup-
ckoM (pejiepasIbHOM OKpyTe 3IHUJIEMUOJIOTHYecKas
obcraHoBka 1Mo BUY-wH(DEKIUN TaKKe OCTaeTcs
Hebaronostyunoii. B HoBocubupckoii o6acTu 31u-

INTRODUCTION

For a long time, sexually transmitted infections
(STIs) and HIV infection were considered indepen-
dently of each other. However, at present, these
infections, in addition to a similar mechanism of
spread and social causation, are inextricably linked
with forms of sexual behavior [1]. The main route of
HIV transmission is heterosexual intercourse: in
2020 in Russia 65.0% of all infected people were
sexually infected. According to the official statistics
(data of June 30, 2021), the total number of regis-
tered HIV-infected people in Russia was 1 528 356
[2]. In the Siberian Federal District the epidemio-
logical situation with regard to HIV infection also
remains unfavorable. In the Novosibirsk region, the
epidemic rise in the morbidity began in 2007 when
the incidence was 46.4 per 100 thousand population,
and in 2019 it was already 124.9 per 100 thousand

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



Khryanin A.A. et al. / Journal of Siberian Medical Sciences Vol. 6, No. 1 (2022)

JeMUYeCKUil IoabeM 3a00j1eBaeMOCTH Hadajcs C
2007 T., Korja 3ab0J1eBaeMOCThb COCTaBIIsIa 46.4 Ha
100 ThIC. HACeJIEHUs], a B 2019 T. — y¥Ke 124.9 Ha
100 ThIC. HaceseHnus [3]. MoJiozble JIFOAU ABJISIOTCS
COIMAJIbHO-aKTUBHOM YaCThbI0 HAaCeJIeHUs, H3-3a
Yero MpeCTaBIISIIOT cOO0M TPYIIIY PUCKA 10 3a00J1e-
BaeMocTu U pacnpocrpadenuto UIITIII u BUY-
uHdekIun. BeaeacTere 3TOTo aHaIN3 0CBEIOMIIEH-
HocTH MoJstozexu 0 BUU-undexun u UTIIIII mpex-
cTaBJIsieT cOO0U 0COOYIO Ba’KHOCTb.

IEJIb NCCJIEJOBAHINA

OneHuTh 0COGEHHOCTH IIOJIOBOTO TIIOBEJEHUS U
WHQOPMUPOBAHHOCTh MOJIOZIEKM B OTHOIIEHUU
UTIIIII u BUY-undeknny, a Tak’ke U3y4YUTh OTHO-
IIIeHNEe U CTelIeHb TOTOBHOCTH K OKa3aHUI0 IOMOIIHN
BNY-uHbUIMPOBAaHHBIM NAIEHTAM CPeJIU CTY/IeH-
TOB MEJUITUHCKOTO YHUBEPCUTETA.

MATEPUAJIBI 1 METO/IbI

Vcnosip30BaHbI JAHHBIE COIUOJIOTHYECKOTO OIIPOCA
MOJIOJIeKH, IIPOBEJIEHHOTO B IIEPUOJ, 2016—2020 IT.
Merto;1 nccaenoBaHUA — pa3/aTOYHOE aHKeTHUPOBa-
HUe Ha TeppuTopuu r. HoBocubupceka cpenu cTyzeH-
TOB MeJUIIMHCKOTO, TEXHUYECKOTO U T'yMaHUTap-
HOTO BY30B, a TaKXKe JBYX VUDPEXKJEHUU CpeJIHEro
npodeccronanbHOro  0obpasoBaHus. C  IEJIbIO
OIIeHKH YPOBHS UHOOPMUPOBAHHOCTH I10 BOIIPOCAM
PO UIIAKTUKY ¥ PUCKOBAHHOTO IIOJIOBOTO IOBEIEe-
HUA B oTHOIIeHNH BUY-uadexnuu u UIIIIII 6puta
HCII0JIb30BaHA aHKETA, COCTOAIIAS U3 23 BOIIPOCOB,
paspaboTaHHas COTPYAHUKAMU Kadeapsl JepMaTo-
BeHeposioruu IlepBoro CaHkrt-IleTepOyprckoro
rOCY/IapCTBEHHOTO MEAUITMHCKOTO YHHBepCHUTeTa
uM. akaza. M.II. ITasimoBa m IleHTpa comuosioruu
JIEBUAHTHOCTH U COITMAJIBHOTO KOHTpOJIs MIHCTHTYTA
conuosornu PAH, apanTupoBaHHas aBTOPaMHU.
Tax:ke OIleHUBAJIOCh OTHOIIIEHUE CTY/IEHTOB K CAMUM
BUY-110/10KUTEIBHBIM JIIOASM, JIJII 5TOro ObLia
HCII0/Ib30BaHA a/IAlITUPOBAHHAs aHKeTa, CO3/IaHHasA
Ha OCHOBe THIOBOro onpocHuka IOHAU/IC (O6we-
nuHeHHass mporpamma Opranusanun OObeauHeH-
ubix Hanuit mo BUY/CITU/T). J1yist BRISIBJIEHUS TICH-
XOJIOTUYECKUX OCOOEHHOCTEH CTYIEHTOB, KOTOpbIE
MOTYT OKa3bIBaTh BJIUSHUE HAa IIOBEIEHHE, CKJIOH-
HOCTH K PHUCKY, OTHOIIIEHUE K O0JIe3HH, ObLIa IIpUMe-
HeHa METOJMKa OIeHKU YPOBHA KOMMYHUKATHUBHOU
TosiepanTHOocTh B.B. Boiiko. AHaynu3s pacrpesere-
HUSA OTBETOB OCYIIECTBJIAICA IO BCel COBOKYITHOCTH
OIPOIIEHHBIX, IPEJCTABUTEIbHBIM COOTBETCTBYIO-
UM 00BEMOM I10 KaXK0H aHKeTe. CTaTUCTUYECKUH
aHAIN3 TIPOBEeZIeH C HCIOJIb30BAaHHEM IPOTpaMM
Microsoft Excel u SPSS. Vcnosp30BaHbl KPUTEPUH
XHU-KBa/IpaT, CTAHAAPTHBIE CTATHCTHYECKHE METO/IBI.

population [3]. Young people are a socially active
part of the population which is why they represent a
risk group for the incidence and spread of STIs and
HIV infection. Consequently, analyzing the aware-
ness of young people about HIV and STIs is of par-
ticular importance.

AIM OF THE RESEARCH

To assess the characteristics of sexual behavior and
the awareness of young people in relation to STIs
and HIV infection, as well as to study the attitude
and degree of readiness to provide care to HIV-
infected patients among students of a medical uni-
versity.

MATERIALS AND METHODS

The data of a sociological survey of young people,
performed in the period 2016—2020, were used. The
research method was a handout survey in Novosi-
birsk among students of medical, technical and
humanitarian universities, as well as two institutions
of secondary vocational education. In order to assess
the level of awareness on prevention and risky sexual
behavior in relation to HIV infection and STIs, we
used the questionnaire, consisting of 23 questions,
developed by employees of the Dermatovenereology
Department of the Pavlov First Saint Petersburg
State Medical University and the Center for the Soci-
ology of Deviance and Social Control of the Institute
of Sociology of the Russian Academy of Sciences. The
questionnaire was adapted by the authors. The atti-
tude of students towards HIV-positive people them-
selves was also assessed; for this, an adapted ques-
tionnaire was used, which was created on the basis of
the UNAIDS questionnaire (Joint United Nations
Program on HIV/AIDS). To identify the psychologi-
cal characteristics of students that can influence
behavior, propensity to take risks, attitude to illness,
the V.V. Boyko’s method of assessing the level of
communicative tolerance was applied. The analysis
of the distribution of answers was carried out for the
entire cohort of the respondents, in a representative
corresponding volume for each questionnaire. Sta-
tistical analysis was performed using Microsoft Excel
and SPSS programs. Chi-squared test and standard
statistical methods were used.

RESULTS AND DISCUSSION

The study included a survey based on three question-
naires: “Knowledge and awareness of Novosibirsk
students about HIV/STTs, and peculiarities of their
sexual behavior” (1619 participants), “Attitude of
medical students to HIV-infected people” (1092 par-
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PE3YJIBTATBI 1 OBCY2KJITEHUE
HcenegoBanue BK/IIOYAJIO aHKETHPOBAHUE IO
TpeM aHKeTaM: «3HaHHS M WH(GOPMHPOBAHHOCTD
cryaentoB HoBocubupcka o BUUY/UTIIIII u ocoben-
HOCTH WX TI0JIOBOTO IOBe/IeHUsI» (1619 YIaCTHUKOB),
«OTHOIIIeHE CTY/IEHTOB-MeAUKOB K BUY-unduru-
poBaHHBIM» (1092 yyacTHHKA), «OIlleHKa Oo0IIen
KOMMYHUKATUBHOH TOJIEDAHTHOCTU CTY/IEHTOB IIO
metoauke B.B. Boiiko» (1048 yuactHukoB). Beero B
HCCIIEIOBAHUH TPUHUMAJIO YIACTHE 3759 CTYIEHTOB
obpaszoBaTesIbHBIX yupeskaenui r. HoBocubupcka.
ITepBoe aHKeTUpOBaHUE «3HAHUA U UHDOPMHU-
poBaHHOCTH cTyAeHTOB HoBocubupcka o BUY/
UIIIIII ¥ 0coOEHHOCTH UX IIOJIOBOTO IIOBENEHUI»
OBLIO TIOCBSAIIIEHO OIleHKe WH(POPMHUPOBAHHOCTH
MoJtoiesku B oTHomeHnu BUY-undexmuu/UITIIII.
B ompoce mnpuHsamu yyactae 1619 CTYJIEHTOB
(1057 meByliek U 562 IOHOIIN), U3 HUX 1076 Yes. —
yuaruecss HOBOCHOMPCKOTO  TOCYAapCTBEHHOTO
MeIUIUHCKOTO yHUBepcuTera (HI'MY), 223 yent. —
yuarecss CHOMPCKOTO TOCy/IapCTBEHHOTO YHUBED-
curera myteit coobmenus (CI'YIIC), 128 ven. — cTy-
neHTbl HOBOCHOMPCKOTO TOCY/TapCTBEHHOTO I1€/1aro-
ruveckoro yauepcurera (HITIY), 103 uern. — yua-
muecss HoBOCHOMPCKOTO KOJUIEM:Ka MMapUKMaxep-
ckoro uckyccrBa (HKIIV) u 89 uen. — CTyE€HTHI
HoBocubupckoro rocyZjapcTBEHHOTO — arpapHOTo
yauBepcutera (HI'AY), ¢akysbprera cpelHEr0 mpo-
deccuonanbuoro obpazosanus (PCIIO) (tabi. 1).
BospacTHOU Jmama3oH YYACTHUKOB OIPOCa
coctaBus oT 15 a0 38 user (cpegHuil BO3pacT
20.2 rozia). OMPOCHUK CcoZiepKaJI /iBe uactu. [lepBas
YacTh ONMPOCHWKA ObLIa TOCBSIEHa HHGOPMHUPO-
BAaHHOCTH MOJIOJIBIX JIIOZIEN O TyTsAX nepeaaun BUY-
nHGEKIUU U criocobax ee mpoduiaktuku. CorsiacHo
pesyJibTaTaM OIpoca, OOJIBITUHCTBO OOYJAIOIIUXCS
(76 %) BCcex 0O6pa30BaATEIBHBIX YUPEKIEHUN OT/IAI0T
MIpEeJINOYTEHNE MMOJyYeHNI0 UHOOPMAIIUIO O IIOJIO-

ticipants), “Assessment of the general communica-
tive tolerance of students according to the methodol-
ogy of V.V. Boyko” (1048 participants). In total, 3759
students from educational institutions in Novosi-
birsk took part in the study.

The first questionnaire, “Knowledge and aware-
ness of Novosibirsk students about HIV/STIs, and
peculiarities of their sexual behavior” was devoted to
assessing the awareness of young people in relation
to HIV/STIs. The survey involved 1619 students
(1057 girls and 562 boys), of which 1076 persons
were students of the Novosibirsk State Medical Uni-
versity (NSMU), 223 were students of the Siberian
Transport University (STU), 128 were students of the
Novosibirsk State Pedagogical University (NSPU),
103 were students of the Novosibirsk College of Hair-
dressing Art (NCHA) and 89 persons were students
of the Novosibirsk State Agrarian University (NSAU),
Faculty of Secondary Vocational Education (FSVE)
(Table 1).

The age range of the survey participants was from
15 to 38 years old (the average age being 20.2 years).
The questionnaire contained two parts. The first part
was devoted to the awareness of young people about
the ways of HIV transmission and preventives.
According to the survey results, the majority of stu-
dents (76%) of all educational institutions give pref-
erence to receiving information about sexuality from
the Internet, as well as in the course of discussing
issues of concern with friends (67%) (Fig. 1).

When examining the knowledge about the ways
of transmission of HIV infection, as one of the most
dangerous STIs, it was found that the overwhelming
majority of the respondents answered the questions
posed correctly. Significant differences between the
groups of 4th year students concerned two questions
of the questionnaire (Table 2). Thus, students of STU

Ta6uuna 1. PactipesiesieHre peCIIOH/IEHTOB 110 MecTy y4ebbl, n (%)

Table 1. Distribution of respondents by place of study, n (%)

HI'MY / NSMU CI'YIIC HI'ITY HKIIN HTIAY (®CIIO)
PecrioHaeHTbI N N (4-n xype) (4-rikypc) (1-i Kypc) (1-11 Kypc)
Respondents 1-U Kypc 4-u Kypc STU NSPU NCHA NSAU (FSVE)
1st year 4th year (4thyear) (4thyear) (1st year) (1st year)
Hesymxu / Girls 134 (8.0) 593 (37.0) 81(5.0) 90 (5.5) 97 (6) 62 (4.0)
IOnomwu / Boys 68 (4.0) 281 (17.0) 142 (9.0) 38 (2.0) 6 (0.5) 27 (2.0)
Hmoeo / Total 1076 (66.0) 223 (14.0) 128 (7.5) 103 (6.5) 89 (6.0)

INpumeuanue. H'MY — HoBocubupckui rocysaperBeHHbIN MeaunuHckuil yausepeuret, CI'YIIC — Cubupckuii rocyapeTBeHHbIN
yHHUBepcuTeT yTeit coobienusi, HI'TIY — HoBocuGupCKuil rocy/1apcTBEHHbIN nefarornyeckuii yausepcuter, HKITU — HoBocubupckuii
KOJUIEeZK NapukMaxepckoro uckycerBa, HI'AY (PCIIO) — HoBocubupckuil rocy/lapcTBEHHBIH arpapHblii yHuBepcureT (daxysibrer

cpe/iHero mpogeCcCHOHaATBHOTO 00Pa30BaHUsA).

Notes. NSMU — Novosibirsk State Medical University, STU — Siberian Transport University, NSPU — Novosibirsk State Pedagogical
University, NCHA — Novosibirsk College of Hairdressing Art, NSAU — Novosibirsk State Agrarian University (Faculty of Secondary

Vocational Education).
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BOH JKWU3HHU U3 CeTH LHTEpHET, a TakKe B XOZe
00CY’KJIeHUsI BOJIHYIOIIIUX BOIIPOCOB C JIPY3bsMH
(67 %) (puc. 1).

ITpu u3yueHny 3HAHUH O MyTAX nepemaun BITY-
WHOEKINH, KaK OTHOU n3 Hanbosiee onacHbix UIITIII,
OBLIO YCTAaHOBJIEHO, UTO TOZABJIAIONIEE OOJIBIITHUH-
CTBO OIpAIlIBaeMBbIX BEDHO OTBeYAJIU Ha ITOCTaBJIEH-
HbIe BOIIPOCHI. JloCTOBEPHbIE PA3INYUs MEXK/y IPyI-
IIaMU CTYZIEHTOB 4-TO Kypca KacaIuch JByX BOIIPOCOB
aHkeTsI (Tab. 2). Tak, crygents CI'VIIC u HI'IIY, B
OTJINYME OT CTY/IEeHTOB MEJUIIMHCKOTO YHUBEPCHU-
TeTa, yaile mnoJiaraim, uro BUY-uadexiyus Moxker
TepesiaBaThCsl Yepes YKyChl HACEKOMBIX (p < 0.01) U
[IPY KOPMJIEHUH TPYABIO (P < 0.01).

CpaBHUTEJIBHBIN aHATIU3 PE3YJIbTATOB AaHKETUPO-
BaHUA CTYJIEHTOB IIEPBBIX KYPCOB BBIABHUJI, UTO CTY-
nmeutbl HKIIU (p < 0.01) Jiydiiie OCBEJOMJIEHBI O
HEBO3MOXKHOCTHU Tepefaun BUY-undeknuu depes
YKYChl HaCeKOMBIX, yeM cTyZeHTel HI'MY u HTAY
(®CIIO) (tabu. 3).

Pe3yspTaThl aHKETUPOBAHUA JIEMOHCTPUPYIOT,
uTOo GOJIBIIMHCTBO OMPOIIEHHBIX (87—97 %) paciie-
HUBIN OApPhEPHBIA METOJT 3aIUThI (IIPe3epBaTUB)
kak cnocob mpodunaktukn BUY-unpexknuu u
UTITIII. BapeepHBIN METOJ, SIBJIAETCS HATEKHBIM U
3¢ PEKTUBHBIM CIIOCOOOM 3aIMUTHI OT HEXKeJIaTeTh-
Hoti Gepemenuoctu u UIIIIII, a Takke OAHUM W3
CaMBbIX JOCTYIIHBIX MeTO/I0B KOHTpanenuuu. OHako
OKOJIO 5 % CTY/IEHTOB UMeJIN JIOKHbIE IIpesicTaBJie-
HUS O 3alUTe OT UHPUIUPOBAHUSA, CYUTAT KOMOU-
HUPOBaHHBIE OpaJbHble KOHTPAIENTHUBBI, BHYTPH-
MaTOYHYIO CIHUPaIb, IPEPBAHHBIA IIOJIOBOU aKT W
TOPMOHAJIBHOE KOJIBIIO CPEJCTBAMHU 3alllUThl HE
TOJIBKO OT OepeMeHHocTH, HO 1 oT MIIIIIIL.

and NSPU, in contrast to the medical university stu-
dents, more often believed that HIV infection could
be transmitted through insect bites (p < 0.01) and
breastfeeding (p < 0.01).

A comparative analysis of the results of the ques-
tionnaire among first-year students revealed that
NCHA students (p < 0.01) are better aware of the
impossibility of HIV transmission through insect
bites than students of NSMU and NSAU (Table 3).

The results of the questionnaire show that the
majority of the respondents (87—97%) regarded the
barrier method of protection (condom) as a way to
prevent HIV infection and STIs. The barrier method
is a reliable and effective method of protection
against unwanted pregnancies and STIs, and one of
the most affordable methods of contraception. How-
ever, about 5% of students had misconceptions about
protection against infection, considering combined
oral contraceptives, an intrauterine device, with-
drawal and a contraceptive vaginal ring as means of
protection not only against pregnancy, but also
against STIs.

One of the key questions of the survey was the
question on satisfaction with the promotion of STIs/
HIV prevention in Novosibirsk, since the epidemio-
logical situation remains unfavorable. Only a third of
the students surveyed believed that this problem was
covered sufficiently.

Questions about risky sexual behavior were
touched in the second part of the questionnaire. It
was found that the average age of the sexual debut
was 17.3 + 1.6 years. Besides, at the moment of the
survey, 72.0% of the respondents (1169 persons) had
already had their first sexual intercourse, where girls

76
67
42 41
36
30
26 24
I I I :
1 2 3 4 5 6 7 8 9
Puc. 1. Crpyxrypa (%) HCTOUHMKOB HOJIyYeHUsI HH(POPMAIIH O II0JI0OBOM MoBeieHuu (1 — IHTepHeT, 2 — Gecebl
C Ipy3bsAMH, 3 — OeceIbl ¢ II0JI0BBIMU IIAPTHEPAMH, 4 — MEAUIIMHCKUE YUPEKIEHNUs, 5 — Oecebl ¢ POAUTEIIAMH,
6 — CMU (renenepenayn, paaro), 7 — ClelraJbHas JUTEPATYPa, 8 — CTAThHU B razeTax ¥ KypHasiax,
9 — Geceipl ¢ APYTUMU OJIU3KUMU)
Fig. 1. Structure (%) of sources of information about sexual behavior (1 — Internet, 2 — conversations with friends,
3 — conversations with sexual partners, 4 — medical institutions, 5 — conversations with parents, 6 — mass media

(TV broadcasts, radio), 7 — professional literature, 8 — articles in newspapers and magazines, 9 — conversations
with other loved ones)
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Ta6smuma 2. OcBeIOMJIEHHOCTb CTY/IEHTOB 4-10 Kypca HTMY, CT'YTIC u HI'TIY o nyTsix nepenauu BUY-undekuu, %

IIPpaBUJIbHBIX OTBETOB

Table 2. Awareness of 4th year students of NSMU, STU and NSPU about the ways of HIV transmission,

% of correct answers

Ne m/m Ilyth mepemaun BUY-undexkmum BepHbIii OTBET HI'MY CIyIiic HI'TLY P

No. Way of HIV transmission Correct answer NSMU STU NSPU

1 Yepes noresyi Her / No 87.0 87.0 92.0 0.437
By kissing

2 Jlenas TaTyUpOBKY Ia / Yes 90.0 87.0 89.0 0.793
Getting a tattoo

3 Yepes pykomnokaTue Her / No 98.0 97.0 99.0 0.601
By handshaking

4 Uepes cuieHne TyajseTa Her / No 95.0 90.0 89.0 0.272
Through the toilet seat

5 Yepes yKychl KOMapOB Her / No 89.0 73.0 69.0 0.002
Through mosquito bites

6 IIpu 11os10BOM KOHTaKTe Ia / Yes 99.0 99.0 99.0 1.000
During sexual intercourse

7 Hcnosp30BaHuE O0OIIETrO MIMPUIA ITPU Ha / Yes 98.0 97.0 98.0 1.000
BBE/ICHUU HAaPKOTHUKOB
Sharing a syringe when injecting drugs

8 [Ipu KOpMJIEHUH TPY/IBIO Ia / Yes 66.0 40.0 46.0 0.001
In breastfeeding

9 IIpu opasibHO-TEeHUTATbHBIX KOHTaKTax /Jla / Yes 63.0 61.0 56.0 0.582

With oral-genital contact

IIpumeuanue. HI'MY — HoBocubupckuii rocyjapcTBeHHbIH MeAunHcKuil yHusepcureT, CI'YIIC — CubupcKuii rocyaapcTBeHHBIH
yHuBepcureT myTel coobiienus, HI'TTY — HoBocubupckuii rocyAapCTBEHHBIN TIe/IarOTMUeCKU YHUBEPCUTET.

Notes. NSMU — Novosibirsk State Medical University, STU — Siberian Transport University, NSPU — Novosibirsk State Pedagogical

University.

OnHUM U3 KII0YEBBIX BOIIPOCOB AaHKETHPOBAHUS
OBLT BOIIPOC, TOCBSAIIEHHBINA V/IOBJIETBOPEHHOCTH
nponaranaoi npodmwiaktuku UIITIIT/BUY-unbek-
nun B T. HoBocubupcke, Tak KaK SMUIEMHUOIOTHYE-
ckasg O0OCTaHOBKA OCTaeTcsi HeOJIarompusTHOM.
JIUIIb TPETh ONPOIIEHHBIX CTY/IEHTOB CYUTAJIA, UTO
JlaHHAs TPobJIeMa OCBEIAETCs IOCTATOUHO.

Bompockl 0 puCKOBaHHOM CEKCYyaJIbHOM IOBEIE-
HUHM 3aTParMBAJIUCh BO BTOPOH YAaCTH AaHKETHI.
B xozme mpoBeNEeHHOrO AaHKETUPOBAHUS YCTAHOB-
JIEHO, YTO CpEeJHHWH BO3pacT Hadyajga II0JIOBOU
JKU3BHU — 17.3 £+ 1.6 roga. IIpu sTOM Ha MOMEHT
ompoca 72.0 % OIpPOIIEHHBIX (1169 Ye.) yKe BCTy-
TTaJTU B TIEPBBIN CEKCYaJIbHBIN KOHTAKT, U3 HUX JIEBY-
meKk — 59.0 % (694 wuesn.), oHOIEH — 41.0 %
(475 yen.).

MoOTHBHI BCTYIUJIEHHSA B IIOJIOBYIO CBSA3H pa3Inya-
IOTCS Y IOHOIIIEH U fieByIieK. JIIo60Bb sBJIsIACh IJIaB-
HOU IPUYMHON Hayasia IOJIOBOU KU3HU Yy JIEBYIIIEK
(81 %), Torza Kak y 10HOIIEH 3TO OBLIIO ITOJIOBOE BJIe-
yenue (49 %). IloMuMo 5TOTO, IOHOIIN B OOJIBIIIEM
KOJINYECTBE CJIyYaeB CKJIOHHBI BCTYIATh B WHTHM-
HYIO CBSI3b II0JT BO3/IECTBUEM QJIKOTOJIBHOTO OIbs-
HeHust (6 %), cpeau JeBYIIEK TAaKOH IOKa3aTeshb
paBeH 2.4 %. BaxxHO 06paTUTh BHUMAHUE HA TO, UYTO

were 59.0% (694 persons), and boys — 41.0%
(475 persons).

The motives for having sexual intercourse differ
among boys and girls. Love was the main reason for
the sexual debut in girls (81%), while in boys it was
sexual desire (49%). In addition, young men in a
greater number of cases are inclined to enter into an
intimate relationship under the influence of alco-
holic intoxication (6%), among girls this indicator is
2.4%. It is important to pay attention to the fact that
0.8% of boys and 1.2% of girls admitted that they had
been subjected to violence.

The presence of a steady sexual partner was indi-
cated by 67% of the surveyed students. Over the past
3 months, 9% of respondents had 2 or more sexual
partners. In addition, the respondents who were sex-
ually active at the time of the survey were asked a
question about previous STIs. In the course of ana-
lyzing the results of the survey, it was possible to
establish that 6% of the respondents had already suf-
fered from one of the STIs (syphilis, trichomoniasis,
gonorrhea, chlamydia, mycoplasmosis/urea-
plasmosis).

The propensity for risky sexual behavior was
observed in both boys and girls. Thus, 10% of girls

12

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



Khryanin A.A. et al. / Journal of Siberian Medical Sciences Vol. 6, No. 1 (2022)

TaGauna 3. OcBeTOMIEHHOCTD CTYEHTOB 1-T0 Kypca HIMY, HKITU u HT'AY (®CIIO) o myTsx nepefayuu

BUY-undexnuu, % npaBUIbHBIX OTBETOB

Table 3. Awareness of 1st year students of NSMU, NCHA and NSAU (FSVE) about the ways of HIV transmission,

% of correct answers

Ne m/m ITyth mepesauu BUY-undexnuu Bepsbiii orBetr HI'MY HKIIM HTAY (®CIIO)

No. Way of HIV transmission Correctanswer NSMU NCHA NSAU (FSVE)

1 Uepes monenyi Het / No 85.0 91.0 88.0 0.737
By kissing

2 Jlenast TaTyUPOBKY Ia / Yes 85.0 91.0 79.0 0.060
Getting a tattoo

3 Uepes pyKomokaTus Het / No 99.0 99.0 97.0 0.444
By handshaking

4 Uepes cueHue Tyajera Her / No 94.0 90.0 88.0 0.332
Through the toilet seat

5 Uepes yKyCcbl KOMapoB Her / No 78.0 86.0 52.0 0.001
Through mosquito bites

6 [Ipu moI0BOM KOHTAKTe Ia / Yes 98.0 99.0 99.0 0.777
During sexual intercourse

7 HWcmob3oBanue ob1ero mmmpuia npu  Ja / Yes 97.0 94.0 92.0 0.306
BBE/IEHUU HAPKOTHUKOB
Sharing a syringe when injecting drugs

8 [Ipu KOpMJIeHUHU I'PYABIO Jla / Yes 47.0 53.0 47.0 0.619
In breastfeeding

9 IIpu opasIbHO-TEeHUTAIBLHBIX KOHTaKTax [la / Yes 59.0 59.0 53.0 0.613

With oral-genital contact

Il pumevanue.

HI'MY — HoBocubupCKUi rocyjlapcTBeHHbIN MeaunuHckuii yauBepcuter, HKIIN — HoBocuOUPCKUii KOJIIEIK

napukmMaxepckoro uckycerBa, HIAY (@CIIO) — HoBocuOUpCKHT rocyapCTBEHHBIA arpapHblil yHuBepcuteT (bakysabTeT CpeaHero

podecCHOHATBHOTO 06Pa30BaHUs).

Notes. NSMU — Novosibirsk State Medical University, NCHA — Novosibirsk College of Hairdressing Art, NSAU (FSVE) — Novosibirsk
State Agrarian University (Faculty of Secondary Vocational Education).

0.8 % roHoOmIEHN U 1.2 % [EBYIIEK TPU3HAIIUCH B TOM,
4TO [10/IBepraIuCh HACUJINIO.

Ha nanmyme MOCTOSIHHOTO CEKCyaJIbHOTO IIap-
THepa YKa3bIBIN 67 % OIPOIIEHHBIX CTYZEHTOB. 3a
mocsiefHue 3 Mec 9 % PECIIOH/IEHTOB NMeJH 2 1 OoJiee
MOJIOBBIX TapTHepa. Kpome Toro, pecrnonaeHTam,
JKUBYIIIMM TI0JIOBOH JKU3HBIO HA MOMEHT OITPOCa, OBLI
3aJlaH BOIIPOC OTHOCUTEJIBHO DaHee IlepeHeCeHHBIX
WIIIIIIL. B xonme aHanu3a pe3yJbTAaTOB OIpoca yAa-
JIOCh YCTAaHOBUTD, YTO 6 % DECIIOH/EHTOB yXKe Iiepe-
Hocwiu onHy w3 UIIIII (cudwimc, TpUXOMOHHUA3,
TOHOpes1, XJIAMHUIN03, MUKOILIa3M03,/ ypearsiazmMmos).

CKJIOHHOCTh K PHCKOBAaHHOMY CEKCYaJIbHOMY
IIOBEZIEHUIO MIPOCJIEKUBAIACH KAK Y IOHOIIEH, TaK U
JeBylek. Tak, 10 % meByIiek u 31 % IOHOIIEH BCTY-
MIaJIU B TIOJIOBYIO CBA3b C MAJIO3HAKOMBIMU JIIOJIbMHU.
OmHOTIOJ/TbIE CEKCYaTIbHbIE KOHTAKTHI ObLIU Y 5.4 %
OIIPOIIIEHHBIX CTYAEHTOB.

JlaHHbIe, OJlydeHHble IDX aHaJIN3€e OTBETOB Ha
BOIIPOCHI 00 WCIOJIb30BAHUH IIPE3€PBATUBOB BO
BpeMs IIOJIOBOTO KOHTAKTa, MPOJEMOHCTPHUPOBAIIH,
YTO IMOYTHU ITOJIOBUHE OIPOIIEHHBIX (42 %) He Hpa-
BIJIOCH MCIIOJIb30BaTh IIpe3epBaTuB, 28 % cunrtanu,

and 31% of boys had sexual intercourse with unfa-
miliar people. 5.4% of the surveyed students had
same-sex sexual contacts.

The data obtained in the analysis of answers to
questions about the use of condoms during sexual
intercourse showed that almost half of the respon-
dents (42%) did not like using a condom, 28%
believed that using a condom disrupts the course of
sexual relations, and exactly half of the students
(50%) were convinced that it was impossible to fully
enjoy sex with a condom. It is important to note that
11% of the students were sure: if a partner offers to
use a condom, then he is sick, and 11% believed that
this method of contraception is a sign of a lack of
trust between partners. The majority of students
(74%) did not feel ashamed when buying condoms,
while awkward feelings were more typical for girls
(36%) than for boys (13%). In addition, the frequency
of condom use during sexual intercourse was ana-
lyzed. The respondents used a condom during sexual
intercourse: “always” — 28% of girls and 31% of boys;
“in most cases” — 31% of girls and 38% of boys;
“sometimes” — 14% of girls and 13% of boys; “rarely” —
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YTO HCIIOJIb30BAaHUE IIpe3epPBATHBA HAPYIIAET XOJ
CEKCYaJIbHBIX OTHOIIIEHUM, a POBHO IIOJIOBUHA CTY-
JIeHTOB (50 %) OB yBEPEHBI, YTO C TPe3ePBATHBOM
HEJIb3sl ITOJIHOCTBhIO HACJIaJiUThCS CEeKCoM. BaskHO
OTMETHUTD, UTO 11 % CTYZE€HTOB OBLIN YBEPEHBI: €CITU
MapTHEP IIpe/JjiaraeT WCIOJIb30BaTh IPE3epBaTHUB,
3HAYUT, OH 0O0JIEH, a TaK:Ke 11 % cuuTaso, YTo TaKOu
MEeTO7] KOHTPAILEIIINH ABJIAETCS IPU3HAKOM OTCYT-
CTBUSI IOBEPUsS MEXKAY MapTHEpaMU. BOJIbIIMHCTBO
cTyneHToB (74 %) He HCIBITHIBAJIN CTHIZIA IIPH
MTOKYIIKE TIPe3epBAaTHBOB, HEJIOBKHWE YyBCTBA IIpU
aToM 0osiee XapaKTepHBI Ui JZeBymiek (36 %),
Hexesu i oHolel (13 %). ITomumo sToro, ObLia
MPOAHAJIM3UPOBAaHA YACTOTA WCIOJIb30BAHUS IIpe-
3epBaTHUBOB BO BpeMs IIOJIOBOTO KOHTaKTa. VICmon-
30BAIM TIPE3EPBATHB IIPU II0JIOBOM KOHTAKTE:
«Bcerga» — 28 % meByliiek u 31 % OHOIIEH; «B 60JTb-
IIWHCTBE cjIy4aeB» — 31 % jeByllek U 38 % 1oHO-
men; «MHOT/Ia» — 14 % JeByIIeK U 13 % IOHOIIEN;
«penko» — 18 % peByllek U 12 % IOHOIIEH;
«HUKOTZIa» — 9 % JIeBYIIEK U 5 % IOHOIIIEH.

IIpu uccienoBaHUM Pa3IUUUN MEXKIY JIEBYII-
KaMH ¥ IOHOIIIAMH BBISICHUJIOCH, UTO 7 % JI€BYIIIEK U
16 % IOHOIIEH NpU 3aHATUU AHAJIBHBIM CEKCOM
«BCETZIa» WCIOJIb30BAJIA IIPE3EPBATHB, «B 0OJIb-
IIIUHCTBE CIy4aeB» — 2.5 U7 %, «uHOTAa» — 3 U 11 %,
«HHKOTAA» — 57 U 40 % COOTBETCTBEHHO. cob30-
BaHUeE IIPE3EPBATHBA IIPU BATMHAJIBHOM CEKCE TaKKe
He OBLIO TMOIMYJIIPHBIM CPEIX OIPOIIEHHBIX: TaK, K
3TOMYy MeETO/Ay IpHUOerajgo TOJBKO 37 % JeBYIIEK.
Takum 006pa3oM, YCTAaHOBJIEHO, YTO MOJIO/IbIE JIIOIU
CKJIOHHBI K PHCKOBAHHOMY ITOJIOBOMY ITOBEJIEHUIO.
[TosmyuyeHHBbIE JaHHBIE B OUYEPETHOU pa3 JIOKA3BI-
BaIOT HEOOXOIUMOCTH PAOOTHI ¢ MOJIOJIEIKBIO C IIEJIHI0
yBeJInueHus ypoBHA uHdopmupoBanHoctu o BUY-
nHpekun u apyrux UIIIIII [4].

Kpome Toro, wHTEpec /i1 HAc IpeACTaBIIsIA
OIleHKa 3HAHUU W OTHOIIEHUs CTY/IEHTOB MEIUI[UH-
CKOTO By3a K jioAsM ¢ BUY-undekueii. B ankern-
poBaHuu «OTHOIIIEHUE CTYAEHTOB-MeIUKOB K BITY-
MHOUITUPOBAHHBIM» NPUHSJIA ydJacThe 1092 CTy-
JIEHTa 4-T0 Kypca JieueOHOT0, IeUATPUIECKOTO, CTO-
MAaTOJIOTHYECKOTO K MEIUKO-TIPODHUIAKTHIECKOTO
daxynpretoB HI'MY. [Is1 ompoca ObLyia HCIIOIB30-
BaHA aJIaTUPOBAaHHAsA AaHKETA, CO3/IAaHHAs HA OCHOBE
TunoBoro ompocHuka FOHDMJIC.  PesymbraThl
oIpoca IOKa3ad, YTO Ha MOMEHT aHKEeTHUPOBaHUs
OJTHOU TPETH CTYJIEHTOB (32 %) yKe IMPHUXOJUIIOCH
OKa3bIBaTh IIOMOIIb nanueHTaMm ¢ BUY-unbeknuen.

AHKeTa BKJIIOYaJIa BOIIPOCHI, KACAIOIIHECS ITHUE-
CKUX YOEXIEHUU CTYAEHTOB MEIUIIMHCKOTO By3a O
TECTUPOBAHUU, KOHQUJIEHIUAUTILHOCTH U PACKPHI-
T WHPOPMANUU, a TaKKe YCIOBHUSIX OKa3aHUs
oMoy naruentam ¢ BUY/CITN/I (taba. 4). Boas-

18% of girls and 12% of boys; “never” — 9% of girls
and 5% of boys.

When studying the differences between girls and
boys, it turned out that 7% of girls and 16% of boys
in anal intercourse “always” used a condom, “in
most cases” — 2.5 and 7%, “sometimes” — 3 and 11%,
“never” — 57 and 40% respectively. The use of a con-
dom during vaginal intercourse was also not popu-
lar among the respondents: for example, only 37%
of girls resorted to this method. Thus, it was found
that young people are prone to risky sexual behav-
ior. The data obtained once again prove the need to
work with young people in order to increase the
level of awareness about HIV infection and
other STIs [4].

In addition, we were interested in assessing the
knowledge and attitude of medical students to peo-
ple with HIV infection. 1092 students of the 4th
year of the Medical, Pediatric, Dentistry and Pre-
ventive Medicine faculties of NSMU took part in
the questionnaire “Attitude of medical students to
HIV-infected.” An adapted version of UNAIDS
questionnaire was used in the study. The results of
the survey showed that at the time of the survey,
one third of the students (32%) had already had to
provide medical assistance to patients with HIV
infection.

The questionnaire included questions related to
the ethical beliefs of medical students about testing,
confidentiality and disclosure of information, as well
as the conditions for providing medical care to
patients with HIV/AIDS (Table 4). Most of the stu-
dents (92%) believed that the HIV test should
become an integral part of any medical attendance.
But it is important to note that 87% of the students
were convinced that under certain circumstances it
was possible to perform the testing without the
patient’s consent. Also, almost unanimously (98.6%),
students agreed that medical workers should be reg-
ularly tested for HIV infection.

It should be especially noted that 89% of future
doctors (977 people) believed that medical charts of
HIV/AIDS patients should be clearly labeled in order
to alert hospital staff about the patient’s status. In
addition, a half of the surveyed students (51%) sup-
ported the statement about labeling the wards and
beds of HIV-infected patients, and the majority of
students (96.2%) considered it necessary to notify
medical workers about the patient’s HIV status so
that the staff of the medical institution could protect
themselves.

In the course of the questionnaire, the results of
the respondents’ answers to the questions concer-

14

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



Khryanin A.A. et al. / Journal of Siberian Medical Sciences Vol. 6, No. 1 (2022)

Tab6ouna 4. dtuueckue yoexxenus crygentoB HI'MY o TectupoBaHui, KOHOHUIEHITUATIBHOCTH U PACKPBITHU
nH(bOPMAaIHH, a TAK}KE YCIIOBUSIX OKazaHUs oMol naruentam ¢ BUY/CITU/, n (%)

Table 4. Ethical beliefs of the NSMU students about testing, confidentiality and disclosure of information,

as well as the conditions for providing medical care to patients with HIV/AIDS, n (%)

YrBep:xaeHusa
Statements

Coriacen
Agreement

PaBHoaymien He corsiaceHn
Indifferent Disagreement

Cy1I1ecTBYIOT 00CTOATENBCTBA, IIPH KOTOPBIX I1es1ec006pa3HO
TecTUpOBaTh nanueHTa Ha B4 /CIIN/] 6Ge3 ero Begoma uiu

paspeleHus

946 (87.0) 55 (5.0) 91(8)

There are circumstances in which it is advisable to test a patient for

HIV/AIDS without his knowledge or consent

Bce MegunuHCKIE PAOOTHUKY JJOJKHBI PETYIIIPHO IIPOXOJUTH

ob6cemoBanue Ha BUY/CITV /T

All healthcare workers must be regularly tested for HIV/AIDS

TecrupoBanue Ha BITY/CIIV/I fOJKHO PETYISAPHO IPOBOAUTHCS

KaK 4acTh [polecca MpreMa /iJist BCeX MaliueHTOB
HIV/AIDS testing should be done regularly as part of the
attendance for all patients

Po/icTBEHHUKU MAIMEHTA JI0JI’KHBI ObITh YBe/IOMJIEHBI 0 BIIU-
cTaTyce MaIlMeHTa, Aake 6e3 pa3pelleHs naueHTa Ha 9TO

1077 (98.6) 6 (0.6) 9(0.8)

1008 (92.0) 42 (4.0) 42 (4.0)

600 (55.0) 101 (9.0) 391 (36.0)

The patient’s relatives must be notified of the patient’s HIV status,

even without the patient’s consent

CexkcyasbHble TapTHePHI nanueHToB ¢ BUY/CITN/I 1omKHBL

950 (87.0) 44 (4.0) 98 (9.0)

OBITH YBEIOMJIEHBI O CTATyCe ITIAalTUEHTAa, Ja*Ke Oe3 pa3pemeHnua

IIanyeHTa Ha 3TO

Sexual partners of HIV/AIDS patients must be notified of the

patient’s status, even without the patient’s consent

MeAUIUHCKU TIEPCOHA HECET OTBETCTBEHHOCTD 3a

647 (59.0) 142 (13.0) 303 (28.0)

nH(GOPMHUPOBAHUE CYIIPyTa/IapTHEpPa WK Apyra/noapyra o BUY-

craTycCe malueHTa

Medical staff are responsible for informing the spouse/partner or

boyfriend/girlfriend of the patient’s HIV status

ITanatel/kpoBaTH nmanuenToB ¢ BUY/CITU]I 101KHBI OBITH YETKO
0603HaYEHbI, YTOOBI COTPYATHUKH OOJIBHUIIBI 3HAJIA O CTATYCE

narueHTa

107 (10.0) 428 (39.0)

557 (51.0)

Wards/beds of HIV/AIDS patients should be clearly labeled so that

hospital staff are aware of the patient’s status

MeauuHcKue KapThl namnueHTos ¢ BUY/CITU]L 10KHBI OBITH
YeTKO 0003HAUEHbI, UTOOBI COTPYHUKU OOJTBLHUIIBI 3HATIU O

CcTaTycCe malueHTa

977 (89.0) 42 (4.0) 73 (7.0)

Medical charts of HIV/AIDS patients must be clearly labeled so

that hospital staff are aware of the patient’s status

IIUHCTBO CTYAEHTOB (92 %) cumTasiu, 4TO TECT Ha
BUY-uHODEKINIO JIOJPKEH CTaTh HEOThEMJIEMOU
YacTeio JII000ro BpaueOHOro mpuema. Ho BakHO
OTMETHTB, UTO 87 % CTy/IEHTOB OBLIN YBEPEHBI, UTO
IIpU OIIpeZieIEeHHBIX 0DCTOATENIHCTBAX MOKHO IIPO-
BOZUTH 3TOT TecT 6e3 corsyiacus marueHTta. Taxxke
MpakTUYecKu eauHoriaacHo (98.6 %) cTymeHThbI
COIVIACWJINCH C TeM, YTO MeJUIMHCKHe PAabOTHUKHU
JIOJKHBI PETYJISIPHO MPOXOAUTh 00CIeIoBaHHE HA
BUNY-undexkuio.

Ocobo ciiesiyeT OTMETHTH TO, 9YTO 89 % OymyIux
Bpaueti (977 4eJl.) CUMTAIIN, YTO MEAUITTHCKYE KaPThI
nanuenTtoB ¢ BUY/CIIN]] momKHBI UMETh YETKYIO
MapKUPOBKY B IeJIAX OIIOBEIIEHUs COTPYIHUKOB

ning the attitude of students of medical universities
to provision of medical care to patients with HIV
infection were analyzed. It was found that the major-
ity of students (63%) were concerned about the lack
of training at the university in the skills of counseling
HIV-infected. According to the survey results, a ten-
dency to avoid professional contact with HIV-
infected patients was revealed in students. More
than a half of the respondents (61%) noted that it is
more comfortable for them to provide care to a
patient without HIV infection. A third of students
will try to avoid caring for HIV-infected patients, and
20% of those surveyed will refuse to treat HIV-
infected patients altogether. More than a half of
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OONMBPHUIIBI O CcTaTyce marueHTa. IlomMuMo B3TOrO,
IIOJIOBUHA OIPOIIEHHBIX CTYAEHTOB (51 %) mozmep-
JKQJIN YTBEPIK/IEHHE O MAapKUPOBKE IMayIaT U KpPOBa-
Telr BUY-uHOUITUPOBAHHBIX NANMEHTOB, & TaKKe
OoJIbIIast YacTh CTYAEHTOB (96.2 %) cuntanu HeobXo-
IUMBIM YBEJOMJIATh MEIUIMHCKUX PabOTHUKOB O
BUY-craryce marueHTa, 9TOObl COTPY/IHUKH M€JIH-
IIMHCKOTO YUPEXKIEHU MOIJIN 00€30T1acUTh Cebsl.

B xome aHkeTrmpoBaHUs OBLUINM ITPOAHATHU3UPO-
BaHBI Ppe3YyJIbTAaThl OTBETOB DECIIOHIEHTOB Ha
BOIIPOCHI, KACAIOIIUECs OTHOIIEHUS CTY/EHTOB
MEUIITHCKUX BY30B K OKa3aHHUIO ITOMOIIH O0JIBHBIM
¢ BUUY-undexkiueii. Bbuio BeIssCHEHO, YTO GOJIbIIIAs
JacTh CTy/ieHToB (63 %) ObL1a 0OecrokoeHa Hemo-
CTaTOYHBIM O0OyUEeHHEM B By3€ HaBBIKAM KOHCYJIBTHU-
poBanusa BUY-undunuposanssix. I1o pesyibraTam
ompoca ObLIa BBISIBJIEHA CKJIOHHOCTH CTYZIEHTOB K
usberanuio TpodhecCHOHAIBHOTO KOHTaKTa ¢ BUY-
WHOUIPOBAHHBIMU IanMeHTaMHU. Bosblie mosio-
BUHBI ONPOIIEHHBIX CTYeHTOB (61 %) OTMETHJIH,
YTO OKa3blBaTh I[OMOINL OosibHOMY 6e3 BIUY-
uHOEKITUY 11 HUX ABJsgeTcsa 6oee KOM(POPTHBIM.
TpeTb cTyZieHTOB OyIeT mbITaThCs U36eraTh yxoza 3a
BUY-undunupoBaHHIMU O0JIBHBIME, a 20 % OIIPO-
IIEHHBIX BOBCE OTKAXKYT B JIEUEHUH IAIUEHTy C
BUY-undexnueii. Bosbplile MTOIOBUHBI OYAYIIAX
Bpauel (69 %) UCIIBITHIBAIHN CTPax 3apaskeHuss BUY-
uHdeKue BO BpeMs okazaHusa nomornu BUY-un-
dunupoanHoMy 6osibHOMY. BoJBITUHCTBO oOmmpa-
[IUBAaEeMbIX CTYZAEHTOB (73 %) He COTJIAaCHJIHCH C
yrBepkaenueM: «Jlrogu ¢ BUY/CIIN/] BenyT cebs
0e3HPABCTBEHHO U 3aCIIYKUBAIOT 3TO 3a00JIeBaHUE .

BaxxHo oOpatuth BHUMAaHWE HA CJIEAYIOIIUH
dakr: 73 % CTYyZIEHTOB OTMETHUIIN, YTO OOJIBIIIITHCTBO
JIIOE CUMTAIOT HU3rosMH HanueHros ¢ BUY-
nHbekuel. ITo 3TON TpUYNHE KOHCYJIBTUPOBAHIE
MOXKET YJIyUIIUTh KAaUeCTBO KU3HU TaKUX IalieH-
TOB, 3TO NOATBEPAUIUN 88 % OUPOIIIEHHBIX.

YceranoBneno, uro Oyaymue Bpadum 00J1a7ail0T
MOPAJIbHOH 3PEJIOCTBI0 U OTCYTCTBHEM CTEPEOTHII-
HOTO MBIIIJIEHUS, YTO MPOSIBJISETCS B UX MO3UTHB-
HOM oOTHouleHMH K BUWY-unduuupoBaHHBIM U
OTCYTCTBHEM OCY>KJI€HUS JJAHHOU TPYIIIHI MaleH-
TOB. Takyke MPOBEZIEHHBIH OMPOC BBISIBUJI HEXBATKY
3HAHUHN B IIPABOBBIX ACHEKTaX JAHHOH ITPOOJIEMBI,
MOCKOJIbKY IIpoBesieHUe Tecra Ha BUY-uHbekiuo
0e3 corsiacus MamueHTa, MapKUPOBKA €ro KapThl U
mmasiaTel/KOHKu, pasmiamenne BUY-craryca maru-
eHTa 0e3 ero corsyacus sBJsfeTcsA IPSAMBIM Hapylie-
HUEM IIPaB YeJI0BeKa Ha KOHDUAEHITHATBHOCTD.

[TosryuyeHHbIE PE3YJIBTATHI JOMOJIHAIOT U IIOJ-
TBEPXKIAIOT JAaHHBIE aHAJIOTUYHOTO HCCJIeZIOBAHUA,
MIOCBSIIIIEHHOTO CTEPEOTHIIHBIM IPEACTABIEHUAM O
BUY-undeknuu [5]. Kak HexBaTka 3HaHUH B 00Jia-

future doctors (69%) experienced fear of contracting
HIV while providing care to an HIV-infected patient.
Most of the surveyed students (73%) disagreed with
the statement: “People with HIV/AIDS behave
immorally and deserve this disease.”

It is important to pay attention to the following
fact: 73% of students noted that most people con-
sider HIV patients as outcasts. For this reason, coun-
seling can improve the quality of life of such patients,
this was confirmed by 88% of those surveyed.

It has been established that future doctors have
moral maturity and a lack of stereotypical thinking,
which is manifested in their positive attitude
towards HIV-infected people and a lack of condem-
nation of this group of patients. The survey also
revealed a lack of knowledge in the legal aspects of
this problem, since HIV testing without the patient’s
consent, labeling his medical chart and ward/bed,
disclosing the patient’s HIV status without his con-
sent is a direct violation of human rights to confi-
dentiality.

The results obtained complement and confirm
the data of a similar study devoted to stereotypical
beliefs about HIV infection [5]. A lack of knowledge
of the legal aspects of medical care for HIV-infected
people and misconceptions about the infection con-
tribute to the growth of the epidemic. Due to the fact
that the students of the medical university demon-
strated ignorance of the legal aspects of providing
medical care to HIV-infected patients, we need the
more detailed study of the legislative acts of the Rus-
sian Federation concerning the rights of HIV-
infected patients, and of legal documents regulating
provision of social and medical care to HIV-infected
while training the future doctors for their profes-
sional activities.

Among the emotions that students of the medical
university show in relation to HIV-infected people,
sympathy and a desire to help prevail, but negative
emotions are also observed, these, first of all, include
anxiety and fear [6]. The fear of contracting HIV
infection causes communication problems, students
try to avoid these patients, which can lead to evasion
of their duties towards these patients. In order to
identify other barriers to communication between
students and HIV-infected, the level of communica-
tive tolerance was assessed using methodology of
V.V. Boyko [7].

Communicative tolerance is an important ele-
ment of the professional communicative compe-
tence of a specialist. It allows the doctor in the
course of communication to treat the patient as a
person, to perceive him adequately and to take a
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CTU IIPABOBBIX ACIIEKTOB OKa3aHWUA momoinu BUY-
WHOUITUPOBAHHBIM, TaK ¥ HEBEPHBIE IIPE/ICTABJIEHUS
00 3TOM MH(MEKIUU CIIOCOOCTBYIOT POCTY STUIEMUHU.
B cBA3UM c TeM, UTO CTYZE€HThl MEJUIIMHCKOIO By3a
MPOIEMOHCTPUPOBAJIN HE3HAHHUE ITPABOBBIX ACIIEK-
TOB OKazaHusA mnomomu BUY-unduiupoBaHHbIM
00JIPHBIM, HEOOXOTUMO BO BpEMsI ITOATOTOBKHU OyIy-
MUX Bpayed K NPOQEeCCHOHATHHOU JeATeTbHOCTH
6oJiee meTabHOE U3YUeHHe 3aKOHO/IaTETHbHBIX aKTOB
PO, kacaromuxca mnpaB BUY-uHGUIPOBaHHBIX
MMaIeHTOB, U3yYeHNEe HOPMATHBHO-IIPABOBBIX JIOKY-
MEHTOB, PerJIaMEeHTHPYIOIIUX OKa3aHUe COIUAIBHOU
¥ METUITUHCKOU ToMoIny BUY-uHGUITMPOBAHHBIM.

Cpenu sMOIMH, KOTOpPbHIE CTYAEHThI MEIUIIHH-
CKOTO By3a HOPOABJAIOT IO OTHOIIeHUi0 k BUY-
WHOUIITPOBAHHBIM, Ipeo0JIaZlaeT  COUYYBCTBHE,
JKeJIaHHWe TOMOYb, OJTHAKO HAOJIFOIAIOTCA TaKKe U
OTpHIIATeJIbHbIE YMOIUM, K HHUM, IIPEXJe BCETO,
OTHOCATCS TpeBora u crpax [6]. CTpax 3apakeHUs
BUY-uHbeknueld BHI3BIBAET MPOOJIEMBI KOMMYHHU-
KaI[UH, CTYIEHTHI CTapaloTcs n30eraTh STUX MMaIueH-
TOB, YTO MOXKET MIPUBECTU K YKJIOHEHUIO OT UCIIOJI-
HEHUs CBOUX 00s3aHHOCTEN IO OTHOIIIEHHUIO K Al
eurtam. C 1esblo OOHApYKeHUsl APYrux GapbepoB
KOMMYHUKallMU Mexay cTyzeHtamu u BUY-undu-
[IIMPOBAaHHBIMU ObLJla IIPOBEJIEHA OIlEHKA YPOBHS
KOMMYHUKATUBHON TOJIEDAHTHOCTU C IIOMOIIBIO
meroauku B.B. Boiiko [7].

KoMMyHUKAaTHBHAsA TOJIEPAHTHOCTH SIBJISETCS
BaKHBIM 3JIEMEHTOM IPO(ECCHOHATBHON KOMMY-
HUKAaTUBHOM KOMIIETEHTHOCTH creruaiucra. OHa
IM03BOJISIET Bpady B IIPOIECCe OOIEHUS OTHOCUTHCS
K HAI[UeHTy KaK K JJUYHOCTH, aJIeKBATHO BOCIIPUHU-
MaTh €r0 U MPUHUMAThH HAI[eHTa TAKUM, KaKOH OH
ecTh. BiasieHrie HaBBIKAaMH OOIIEHUS C MAIHEHTOM,
€ro POACTBEHHUKAMU — MPUHITUIHUAIBHO BaKHOE
Ka4yecTBO JIIOOOTO Bpaua, OT KOTOPOTO 3aBUCUT HE
TOJIBKO Y/IOBJIETBOPEHHOCTh MAIMEHTa, HO U €ro
IIpUBEPKEHHOCTH JieueHuio [8]. B mporecce obire-
HUSL COI[UAJIBHO-TICUXOJIOTHYECKUN KOHTEKCT U
CcMbICTT MHOPMAITUH OT Bpaya, B3aUMOOTHOIIIEHU ],
KOTOpbI€ CKJIQ[BIBAIOTCS B CHUCTEME «Bpau — IaIlu-
€HT», CTAHOBATCSA MOIIHBIM CTUMYJIOM (GOPMUPYIO-
merocss ONTUMH3MA WA IECCHMU3Ma IarueHTa
OTHOCUTEJILHO TIEPCIIEKTHB COOCTBEHHOTO 03/10-
posiieHus [9].

MeTo/inka JTUATHOCTUKA KOMMYHUKATUBHOU
TOJIEPAHTHOCTH, TIpeiokeHHas B.B. Boiiko (2003),
II03BOJISIET OIPE/IENIUTD, B KAKOU CTEIIEHU YEJIOBEK B
IpoIiecce JIeJIOBOTO WJIM MEXKJIUYHOCTHOTO O0IIe-
HUS CIIOCOOEH MPOSBUTH TEPIUMOCTH K IapTHEPAM
mo obmennio [10]. Tect bBoiiko comep:kut
45 BOIIPOCOB-YTBEPK/IEHUU, KOTOpHIE CIPYIIIUPO-
BaHbBl B 9 mKaja (puc. 2). PecrioHAEHTHI TOIKHBI

patient as you find him. Possession of communica-
tion skills with the patient and his relatives is a
fundamentally important quality of any doctor, on
which not only the patient’s satisfaction depends,
but also his adherence to treatment [8]. In the
process of communication, the socio-psychologi-
cal context and meaning of information coming
from the doctor, the relationship that develops in
the doctor—patient system become a powerful
stimulus for the patient to develop optimism or
pessimism regarding the prospects for his own
recovery [9].

The diagnostic methodology of communicative
tolerance proposed by V.V. Boyko (2003) makes it
possible to determine the extent to which a person in
the course of business or interpersonal communica-
tion is able to show tolerance towards communica-
tion partners [10]. Boyko’s test contains 45 ques-
tions-statements, which are grouped into 9 scales
(Fig. 2). The respondents had to assess how these
statements are true in relation to them, using points
from o to 3. The more points scored, the lower the
degree of tolerance. The maximum number of points
that can be gained by answering all the questions of
the questionnaire is 135; the maximum number of
points for each of the scales is 15.

1048 students took part in the questionnaire,
dedicated to the assessment of the general communi-
cative tolerance of students according to V.V. Boyko’s
method, including 856 students of NSMU (293 stu-
dents of the Pediatric Faculty, 478 students of the
Medical Faculty and 85 students of the Faculty of
Dentistry) and 192 students of the Faculty of Second-
ary Vocational Education. The Boyko’s test results
for the entire questionnaire and for individual scales
are presented in Table 5.

It was found that the NSMU students generally
have good communicative tolerance: the students
of the Medical Faculty showed an average level,
and the students of the Pediatric Faculty and Fac-
ulty of Dentistry showed a high level of communi-
cative tolerance. However, the following communi-
cation features were revealed: rejection of the indi-
viduality of another person, categorical and
conservative assessments of other people; desire to
conform a partner to you, to make him convenient;
inability to forgive others for mistakes. The
revealed features of attitudes towards communica-
tion partners can become the basis for the forma-
tion of prejudices regarding patients due to a ten-
dency to black-and-white thinking, inability to for-
give other people’s mistakes, using oneself as a
reference in evaluating others, and unwillingness
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[Ikamna 1 HenpusiTre wiv HEMOHUMAaHUE WHANBU/YAJIbHOCTH Y€JI0BEKA
Scale 1 Rejection or misunderstanding of a person’s individuality

[Ikana 2 Hcnosnib3oBanue ce6si B KAYECTBE 3TAJIOHA [IPH OLIEHKAX JPYTUX
Scale 2 Using yourself as a reference when evaluating others

IIkasna 3 KaTeropnyHOCTh UM KOHCEPBATU3M B OI[EHKAX JIIO/IEH
Scale 3 Categorical or conservative assessments of people

[Ikana 4 HeymeHue CKPBIBATh UM CIVIKUBATH HEIIPUATHBIE UYBCTBA
Scale 4 Inability to hide or smooth over unpleasant feelings

likana 5 CrpeMJieHMe TIepe/iesaTh, EPEBOCIUTATH TAPTHEPA 110 OOIIEHHUIO
Scale 5 Desire to remake, reeducate a communication partner

IIxkana 6 CTpemsieHnE IOZOTHATD IPYTUX 07, ceOst
Scale 6 Striving to fit others to suit you

IlTkasna 77 HeymeHue npoIaTh pyroMmy omoKu
Scale 7 Inability to forgive another person’s mistakes

ITkasna 8 HeTepriumocTb K 1uckoMGbOPTHBIM (60JI€3HB, YCTAIOCTh, OTCYTCTBHE HACTPOEHI )
Scale 8 COCTOSIHUSIM IIapTHEPA 10 OOIIEHHI0

Intolerance of the discomfort states (illness, fatigue, being not in the mood)
of a communication partner

MIkana 9 HeymeHnue npucrnocabaiuBaThCs K APYTUM YUaCTHUKAM OOLIEHUs

Scale 9 Inability to adapt to other participants in communication

Puc. 2. [IIkaipl TecTa KOMMYHUKATUBHOM TOJIepaHTHOCTH 110 B.B. Boliko

Fig. 2. The scales of the test of communicative tolerance according to V.V. Boyko

OBLTN OIIEHUTh, HACKOJIBKO JIAHHBIE YTBEPKAECHUA
BEPHBI IO OTHOIIEHUIO K HUM, HUCIIOJIb3Ys 0aJIIbI OT
0 710 3. YeMm GoJtbiiie HAOpaHO 6AJIOB, TEM HUIKE CTeE-
IIeHb TOJIEPAHTHOCTH. MaKcuMaabHOEe KOJINYECTBO
0asyI0B, KOTOpOE MOKHO HabpaTh, OTBETHB Ha BCe
BOIIPOCHI AaHKETHI — 135; MAKCUMAaJIBHOE KOJIITIECTBO
6aJLJIOB 3a KaXK/TIy10 U3 IIKaJ — 15.

B ankeTrpoBaHNM, TOCBAIIIEHHOM OIIEHKe 00IIei
KOMMYHUKATUBHOU TOJIEPAHTHOCTU CTYIEHTOB II0
metoauke B.B. Boiiko, mpuHsiu yuactrue 1048 cTy-
JIEHTOB: U3 HUX 856 ueJt. — ctyaenTel HTMY (293 cTy-
JleHTa neauatpudeckoro ¢axysbrera, 478 CTyneH-
TOB JieueOHOTO (akysbpTeTa U 85 CTYAEHTOB CTOMA-
TOJIOTHYECKOTr0 (paKyIbTeTa) U 192 YeJoBeKa — yua-
muecs Ha ¢akKyabTeTe cpefHero mpodeccuoHaIb-
HOoro obpasoBaHus. PesynbraThl Tecta Boiiko 1o
BCEMY OIIPOCHUKY U IO OT/EJIbHBIM IIKaJiaM IIpef-
cTaBJIEHBI B Ta0JI. 5.

Bouto obHapy:keHo, uto cryzaeHTst HTMY o6J1a-
JIAaI0T B I[€JIOM XOpOIlled KOMMYHUKATUBHOH TOJIe-
PaHTHOCTBIO: CTYZEHTHI JieueOHOro (pakysibpTeTa
[IOKA3aJIU CPeTHUHN YPOBEHb, a CTYZEHTHI IlefIluaTpu-
YeCKOr0 Y CTOMATOJIOTUYECKOTO (aKyJIbTETOB —
BBICOKHI YPOBEHb KOMMYHHUKATHBHOU TOJIEPAHTHO-
cru. OHAKO OBUTH BBIABJIEHBI CJIE/YIOIINE OCOOEH-
HOCTHM KOMMYHUKAIIMU: HENpUATHE WHJIUBUJLYaTb-
HOCTH JPYTOTO YeJIOBEKA, KATETOPHUYIHOCTh M KOH-
cepBaTU3M B OIleHKax JIPYTUX JIofieH; cTpeMiieHne

to accept another person with all his traits. It
should be noted that according to the scale con-
cerning the attitude to the patient’s conditions of
discomfort (illness, fatigue, being not in the mood),
the highest degree of tolerance was established in
comparison with other scales among students of all
three faculties. This feature is based on a devel-
oped sense of empathy, an expressed ability to
show compassion.

The tendency to avoid contact with HIV-infected
patients among students of the medical university
is associated not with an indifferent or dismissive
attitude towards patients, but with the fear of infec-
tion. This fear decreases with the acquisition and
accumulation of knowledge about the routs of
transmission of infection and the possibility of pre-
venting infection. This is an important characteris-
tic of young people’s willingness to accept such
patients and coexist with them without stigmatiz-
ing beliefs. The problem areas identified as a result
of the analysis of individual scales according to the
Boyko’s test in the communicative tolerance of
medical students (rejection of the individuality of
another person, opinionatedness and conservatism
in the assessments of other people) and students of
secondary vocational educational institutions (the
desire to adjust other participants of communica-
tion for themselves) require correction. Communi-
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Ta6uuna 5. CpeiHuH 6asu1 110 TeCTY KOMMYHUKATUBHOM TosiepaHTHOCTH B.B. Boiiko
Table 5. Average score on the test of communicative tolerance by V.V. Boyko

E:ca:;;p = JleueGusrii S;gr:l:y?;o- B cpegnem

IIkaxa T dakyapTeT F IO LIKaJIe

Scale 3715 Medical Y- Average
Pediatric Faculty Faculty of for scale
Faculty Dentistry

1. HempusiTrie WM HETOHUMAHUE UWHAUBUAYATBHOCTH  5.25 5.87 4.78 5(5.3)

yesioBeKa

Rejection or misunderstanding of a person’s

individuality

2. Mcnosib30BaHMeE ceOs1 B KAUECTBE ATAJIOHA ITPU 5.25 4.54 5(4.78)

OIIEHKaX JIPYTUX

Using yourself as a reference when evaluating others

3. KareropuuHoOCTb NI KOHCEPBATU3M B OI[€HKaX 6.43 4.72 5(5.54)

JIIoen

Categorical or conservative assessments of people

4. HeymeHUe CKpPBIBATh HJIU CIJIAXKUBATh HETIPUSTHBIE 5.54 4.74 5(5.13)

YYBCTBA

Inability to hide or smooth over unpleasant feelings

5. CTpeMJieHUE TIepefiesiaTh, IEPEBOCIIUTATh IapTHEPA 4.91 3.88 4 (4.5)

10 OOIIEHUIO

Desire to remake, reeducate a communication partner

6. CTpeMyieHue OAOTHATD APYTHX MOZ, ceOst 5.75 3.97 5(5.03)

Striving to fit others to suit you

7. HeymeHue mpoiars Apyromy OIIHOKH 5.95 4.44 5(5.14)

Inability to forgive another person’s mistakes

8. HerepiumocTh K TUCKOMMOPTHBHIM (60J1€3HbD, 3.75 3.1 4(3.73)

yCTaJIOCTh, OTCYTCTBHE HACTPOEHUST) COCTOSHUAM

mapTHepa Mo OOIIEHUI0

Intolerance of the discomfort states (illness, fatigue,

being not in the mood) of a communication partner

9. Heymenwue npucnocabanBaThCs K IPYTUM 5 4.58 5(4.63)

YYaCTHUKAM OOIIEHUS

Inability to adapt to other participants in

communication

CpedHee xoauuecmeo 6a1108 no eceil ankeme 48 39 43

Average score for the whole questionnaire

MOJIOTHATH T07] ce0s1 mapTHepa, C/IejIaTh ero yao0-
HBIM; HEYMEHUE IMPOIIATh APYTUM OIIHOKU. BhisgB-
JIeHHbIe 0COOEHHOCTH OTHOIIIEHHS K ITapTHEPaM II0
KOMMYHUKAIIUM MOTYT CTaTh OCHOBOM J1Jist (GOpPMU-
poBaHus TpenybeXIeHUu OTHOCHUTENbHO TMallieH-
TOB B CBSI3U CO CKJIOHHOCTBIO K KATETOPUYHOCTHU
MBIIIJIEHUS, HEYMEHUIO MPOIATh UyKHe OIIHOKH,
HCITOJTb30BAHUIO ce0s1 B KAUECTBE ITAJIOHA ITPU OIeH-
Kax JIPyTuX, HETOTOBHOCTH IIPUHATH JIPYTOTO UeJIo-
BeKa co BceMHu ero ocobeHHoctamu. Caeayer obpa-
TUTh BHUMAaHKE Ha TO, YTO IO IIKaJe, Kacalolencs
OTHOIIIEHUS K ITUCKOM(OPTHBIM COCTOSHUSIM AL~
eHTa (60J1e3Hb, YCTATIOCTh, OTCYTCTBHE HACTPOEHMUS),
ObLIa yCTaHOBJIEHA caMas BBICOKAasl CTEIEHDb TOJIe-
PaHTHOCTH 10 CPAaBHEHHUIO C APYTUMH MIKAJIaMU Y
CTYZIEHTOB BceX TpeX (paKyIbTeTOB. DTa 0COOEHHOCTh

cation tolerance can be developed, and the period
of study at a university and college is just the most
favorable for self-development and personal
growth.

CONCLUSION

There is a low awareness of sexual health among
young people. The lack of knowledge of the legal
aspects of providing care to HIV-infected patients
revealed in the course of the survey among students
of a medical university requires a more detailed
study of these issues during the training of future
doctors for professional activities.
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OCHOBBIBAeTCSI HA PA3BUTOM UYBCTBE SMIIATHH,
BBIPAKEHHOU CITIOCOOHOCTH K COTIEPEKUBAHMUIO.
BrlsiBJIeHHass B TIpoIlecce OINpoca y CTYAEHTOB
MEIUIIMHCKOTO By3a TEH/IEHITNA n30eraTh KOHTAKTa C
BUY-uHuIupoBaHHBIMU HallieHTaMU CBsI3aHA HE
¢ 0e3pa3IMYHBIM WIN MPEeHEOPEKUTETHHBIM OTHO-
IIEHWEeM K IAalMeHTaM, a CO CTPaXOM 3apa’KeHWS.
ITOT cTpax YMEHBIIAeTCs IO Mepe IOJIydeHUs U
HAKOIUIEHHs 3HAHUU O crocobax mepefayu HHOeK-
OUM W BO3MOXKHOCTH NPOMWWIAKTUKH 3apaKeHUs.
ITO BaKHAsI XapaKTEPUCTHUKA TOTOBHOCTH MOJIOJIBIX
JIEOJTeN IPUHSATD TAKUX OOJIBHBIX M COCYIIIECTBOBATD C
HUMHU 06e3 CTUrMAaTHU3UPYIOIINX yOexneHuil. Boias-
JIEHHBIe B Pe3yJIbTaTe aHAIN3a OTAEIbHBIX IIKAJ B
Tecte Boiiko mpobsieMHbIE 30HBI B KOMMYHHUKATHB-
HOH TOJIEPAHTHOCTHU CTYAEHTOB MEIUIIIHCKOTO By3a
(HenpuHATHE WHAUBUAYUIHPHOCTH JIPYTOTO YeJIo-
BeKa, KaTerOPUYHOCTh M KOHCEPBATHU3M B OIl€HKaX
JIDYTUX JIIOZIel) W yJalluxcs CpeaHecHeluaabHbIX
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Bpauell k IpodecCuOHATbHON AeATeTbHOCTH.

KoHnduKT nHTEepeCcoB. ABTOPHI 3a5BJISIOT 00
OTCYTCTBUU KOH(JINKTA HHTEPECOB.
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IIpodpuas sxcupeccnu paga MukpoPHK B ruranesnre
IIPU CBOEBPEMEHHBIX U IIPEKAEeBPEMEHHBIX poJax

E.JI. Kazaukog?, HO.A. Cem€éHnon!, I0.A. Bepsickuna?, 9.A. Kazaukosa!, A.B. UmxoBckas®

'@I'BOY BO «IOxcHo-Ypanvcekuil 2ocydapemeeHtblil MeduyuHekuil ynugepcumem» Muxadpasa Poccuu, YeasbuHck,
Poccus

2@I'BYH Hucmumym moaekyaspHoil u kaemourotl buonozuu CO PAH, Hosocubupck, Poccus

AHHOTAIIUA

BBenenue. CpaBHUTEbHBIN aHAIN3 YPOBHEH sKcnpeccuu psiina MUKpoPHK (MmuPHK) B mutaneHTax, MOJIydeHHBIX IIPH
CBOEBPEMEHHBIX U CIIOHTAHHBIX Ipexk/ieBpeMeHHbIX pogax (I1P), mo3Bosut BeIABUTH Te MUPHK, KOTOpBIE yUacTBYIOT B
reHese crontanubix [1P. MuPHK, xapaktepusyroiuecs: abeppaHTHOM SKCIPeCCHel B TKAHAX IJIAIIeHThI, MOTYT SIBJISITHCS
[IePCIIEKTUBHBIMU OHOMapKepaMU B KpPOBU O€peMeHHBIX JIJISI OLIEHKH PUCKA CIIOHTAHHBIX I1P.

1T enp. CpaBHUTEIBHBIN aHAIN3 YPOBHEH dKcpeccru psaia MUKpOoPHK B TKaHU IUTAIIEHTH! Y 2KEHIIH IIPU CBOEBPEMEH-
HBIX U NIpeK/IeBpeMeHHbIX pPo/iaX.

MaTtepuansl u MmeTonbl. [IpoBeaeH aHanu3 ypoBHA skcnpeccuu paga MUPHK B TkaHU ntanieHTHI OT 30 NarjdeH-
TOK ¢ ITP 1 nmepuHaTaJIbHBIMHU OTEPSAMU (1-5 TPyIIa), OT 30 mamueHToK ¢ [IP 6e3 nepuHaTaIbHBIX TOTEPH (2-5 TPYyIIA),
OT 30 POAWIBHHI] CO CBOEBPEMEHHBIMU poAaMu (3-s rpymma). M3yyaau ypoBeHb sKcIpeccuu cieayomux MuPHK: 31,
100, 146, 150, 204, 204, 221, 223, 1246, 128, let7a, 126, 451, 92a, 234, 21, 125b, 26a, 29b, 191 u U6. /[Ji 3TOTO MOITATIHO
NIPOBOJIMJIN JlenapapuHU3aINI0 MaTepuasa ¢ HCIO0JIb30BaHHMEM MHUHepaJbHOro Macia, skcrpaknuio PHK, peaknuio
00paTHOM TPAHCKPHUIIUU U TOJIMMEPA3HYIO IEMTHYI0 PEAKITHIO B peaibHOM BpEMEHHU.

Pe3ynbTaThl. YCTaHOBJIEHO, uTo IpH IIP B 06pa3nax IJIAleHT OTMeYaeTcs CTATHCTUYECKH 3HAYNMOE YBEJIHMUYeHIEe
ypoBHetii skcrpeccun MuUPHK-125b, MuPHK-29b u cHmxenue yposHs skcpeccuu MuPHK-451 1o cpaBHEHHIO C IUTaI[eH-
TaMU IIpU cBOeBpeMeHHbIX pojiax. [Ipu Hasmmuum IIP ¢ nepuHaTanbHBIMU IOTEPSAMU 3aPETUCTPUPOBAHO CTATUCTUYECKU
3HAQYMMOe CHIDKeHUe ypoBHA sKkcnpeccun MUPHK-150 B mtanienTe, a Ipu OTCYTCTBUU IIepPUHATAJIBHBIX IIOTEPh — yBeJIU4de-
Hue ypoBHs sKkcripeccuu MuPHK-223 u MmuPHK-31 1o cpaBHeHUIO € I1alieHTaMu IIPYU CBOEBPEMEHHBIX poziax. Kpome Toro,
mpu [IP ¢ meprHaTaIbHBIMH TOTEPSMU TI0 cpaBHEHUIO ¢ 1P 6e3 meprHaTaIbHBIX IOTEPh OTMEYAETCS CTATUCTUYECKH 3HAa-
4rMO 60Jiee HU3KUH ypoBeHb skcnpeccnn MUPHK-221 u MuPHK-223.

3aknmoueHue. AGeppaHTHbIe 3HAUeHUsl ypoBHel skcnpeccurl MuUPHK-125b, MuPHK-29b u MmuPHK-451 B ruiarneHTax
ranueHToK ¢ [IP cBH/IETEIbCTBYIOT 00 X YYACTUH B IIATOTEHE3E IMOCIEAHUX, TI0-BU/INMOMY, 32 CUET HAPYIIEHUS PETYJIsd-
I[UU TIPOIIECCOB AHTMOTEHesa, alloNTO3a, HHBA3UU TpodobracTa 1 MeTab0oIH3Ma TTIOKO3HI.

Kmuouesnte caoea: sxcnpeccusa MUkpoPHK, miianenTa, cBoeBpeMeHHbIE U IIperKJieBpeMeHHbIe POJIbI.

Oo60pasen mutupoBanua: Kasaukos E.JL., Ceménon 0.A., Bepsickuna 10.A., KazaukoBa 9.A., YmkoBckas A.B.
IIpodmis sxcnpeccnn psiaa MUkpoPHK B 1utanieHTe TP CBOEBPEMEHHBIX U IPEXK/IEBPEMEHHBIX pozax // Journal of Si-
berian Medical Sciences. 2022;6(1):22—37. doi: 10.31549/2542-1174-2022-6-1-22-37

The expression profile of a number of miRNAs in the placenta
in timely and premature birth
E.L. Kazachkov', Yu.A. Semenov?, Yu.A. Veryaskina?, E.A. Kazachkova!, A.V. Chizhovskaya*
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ABSTRACT
Introduction. Comparative analysis of the expression levels of a number of microRNAs (miRNAs) in placentas
obtained during timely and spontaneous preterm birth (PB) will make it possible to identify those miRNAs that are involved
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in the genesis of spontaneous PB. MiRNAs characterized by aberrant expression in placental tissues may be promising
biomarkers in the blood of pregnant women for assessing the risk of spontaneous PB.

Aim. Comparative analysis of expression levels of a number of microRNAs in placental tissue in women in timely and
premature birth.

Materials and Methods. We performed an analysis of the expression level of a number of miRNAs in placental
tissue from 30 patients with PB and perinatal losses (group 1), from 30 patients with PB without perinatal losses (group 2),
from 30 maternity women with timely delivery (group 3). The expression levels of the following miRNAs were studied: 31,
100, 146, 150, 20a, 204, 221, 223, 1246, 128, let7a, 126, 451, 92a, 23a, 21, 125b, 26a, 29b, 191, and U6. For this, the material
was deparaffinated step by step using mineral oil, then the RNA extraction, reverse transcription reaction, and real-time
polymerase chain reaction were carried out.

Results. It was found that in PB a statistically significant increase in the expression levels of miRNA-125b, miRNA-29b
is observed in placental samples, and a decrease in the expression level of miRNA-451 in comparison with timely delivery
placentas. In the PB with perinatal losses, a statistically significant decrease in the expression level of miRNA-150 was
registered, and in the absence of perinatal losses, an increase in the expression level of miRNA-223 and miRNA-31 com-
pared with placentas in timely delivery was revealed. In addition, in PB with perinatal losses compared to PB without
perinatal losses, a statistically significantly lower level of expression of miRNA-221 and miRNA-223 is noted.
Conclusion. Aberrant expression levels of miRNA-125b, miRNA-29b, and miRNA-451 in the placentas of patients
with PB indicate their involvement in the pathogenesis of the latter, apparently due to dysregulation of angiogenesis, apop-
tosis, trophoblast invasion and glucose metabolism.

Keywords: miRNA expression, placenta, timely and premature birth.

Citation example: Kazachkov E.L., Semenov Yu.A., Veryaskina Yu.A., Kazachkova E.A., Chizhovskaya A.V. The
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BBEJIEHUE

[InanienTa sBJIsETCA TPOBU3OPHBIM OPTraHOM,
00ecIeurBaIIMM B3aNMOCBSA3h MEXKIY OpraHu3-
MaMH MaTepH U IUI0/Ia U UTPAIOIIUM IIEPBOCTENEH-
HYI0O POJIb B HOPM&JIbHOM Pa3BUTUU IIOCJIEHETO.
[ToBpesxieHus IUIANEHTH MOTYT SBUTHCS IPUYUHOU
Pa3JIMYHBIX OCIOKHEHUH OepeMeHHOCTH KaK CO CTO-
POHBI ILJIO/Ia, TaK ¥ MaTepH [1, 2].

dopMUpOBaHUE IUIANIEHTBI  COIPOBOMKIAETCS
TaKUMU IIPOIleccaMH, KaK arlonTo3, mposudepanus,
nuddepeHIIIpOBKa, WHBa3usdA, aHTHoreHes. Mole-
KyspHO-TeHeTHYecKre abeppamuy U SIHUTeHeTHYe-
CKHe BO3JIEHCTBHA MOTYT BHOCUTH KOPPEKTUBBHI B
¢usmonornueckoe (GopMHUpPOBAHUE IUIANIEHTHI U
CIIOCOOCTBOBATh PA3BUTHIO IATOJIOTUU OepeMeH-
HOCTH [3, 4].

B mocseaue Toabl Bce Gosiee BO3pacTaeT WHTE-
pec x ucciaenoranuio MukpoPHK (MuPHK). B 6aze
na"gHbix MirGeneGB 2.0 B 2020 T. aHHOTHPOBaH
CIIHUCOK U3 556 moarBepxkaeHHbIx MUPHK y ueso-
Beka [5]. MuPHK — HebosibIliie HEKOAUPYIOIIHE
PHK, oHH OCYIIIECTBJIAIOT HOCTTPAHCKPHUIIIIIOHHYIO
PETYJIAIUIO DKCIIPECCUU TE€HOB, KaK MPaBUJIO, HEra-
THBHYIO, U TEM CaMbIM KOODJIMHUPYIOT OMOJIOTHYE-
CKHe MPOIeCCHI B OPraHU3Me, B TOM UHCJIE IIPU Oepe-
MeHHocTH [6-8].

MuPHK urpatotr KpUTUIECKYIO POJIb B (POPMUPO-
BaHUHW ¥ (PYHKIIMOHUPOBAHUU ILIAIEHTHI, PETYJIH-
Py SKCIIPECCUI0 TEHOB, YUYACTBYIOIIUX B IpoJiude-

INTRODUCTION

The placenta is a provisional organ that provides
the relationship between the organisms of the mother
and the fetus, and plays a primary role in the normal
development of the latter. Placental lesions can cause
various pregnancy complications, both on the part of
the fetus and the mother [1, 2].

The formation of the placenta is accompanied by
such processes as apoptosis, proliferation, differen-
tiation, invasion, angiogenesis. Molecular genetic
aberrations and epigenetic effects can influence the
physiological formation of the placenta and cont-
ribute to the development of pregnancy patho-
logy [3, 41.

In recent years, there has been an increasing
interest in the study of microRNAs (miRNAs). In the
MirGeneGB 2.0 database in 2020, a list of 556 con-
firmed miRNAs in humans was annotated [5].
MiRNAs are small noncoding RNAs; they carry out
posttranscriptional regulation of gene expression,
usually negative, and thus coordinate biological pro-
cesses in the body, including during pregnancy [6—8].

MiRNAs play a critical role in the formation and
functioning of the placenta by regulating the expres-
sion of genes involved in the proliferation, differen-
tiation, and invasion of trophoblast cells [5]. Gu
et al. [9] determined miRNA expression profiles in
the placenta of the first and third trimesters, which
made it possible to identify 191 mature miRNAs spe-
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patuu, nuddepeHIUPOBKE U UHBA3UU KJIETOK TPO-
dobiacra [5]. Y. Gu et al. [9] onmpenenmiu npoduiu
skcnpeccnu MUPHK B 11anieHTe IepBoro u TpeTbero
TPUMECTPA, YTO IO3BOJIMJIO BBISIBUTH 191 3pEJIyIO
MuPHK, cienuduunyto a1 mianeHTapHON TKaHU.
B uccnemoBannu A. Ali et al. [8] mokazano, uro
MuPHK u3 mianeHThl MOTYT 3KCIIOPTUPOBATHCS B
KPOBOTOK KaK IJIOZA, TAK U MaTEPH U CIIYKUTb OHO-
MapKEPOM /IJIsI PAHHETO BBISBJIEHUS OCJIOMKHEHUH
O6epemenHocTH. MImeroTcs paboOThl, CBUIETEIHCTBY-
e o ponu paga MuPHK B renese mpeskiamii-
cuH, 3aJIepKKU pocTa 10/, TeCTAallIOHHOTO caxap-
Horo auabera [10—13]. JIorudHO OGBLIO OBI TIPEIIO-
JIOKUTB, YTO CPABHUTEIbHBI aHAIN3 YPOBHEH dKC-
npeccuu psana MUPHK B miameHTax, moJiydeHHBIX
P CBOEBPEMEHHBIX U CIHOHTAHHBIX IpeK/eBpe-
MeHHbIX pojiax (I1P), mo3BouT BeIABUTH Te MUPHK,
KOTOpble yYacTBYIOT B TeHe3e CHOHTaHHbIX I[IP.
Kpowme Toro, c mpaktuyeckoi Touku 3peHus MuPHK,
XapakTepuaymoluecs: abeppaHTHOH 3KCIpeccuell B
TKaHAX IUIAIEeHTHl, MOTYT SABJATHCA MEPCIEKTUB-
HBIMU OMOMapKepaMH B KpOBH OepeMeHHBIX JJIs
OLIEHKM pUCKa CIIOHTaHHBIX [1P.

IOEJIb NCCJIEJOBAHUA

CpaBHUTEJIBHBI aHAJIU3 YPOBHEH SKCIPECCHU
paAna mukpoPHK B TkaHM IIalleHTHI y sKEHIIUH CO
CBOEBPEMEHHBIMU U IIPEXK/eBpEMEHHBIMU POJAMU.

MATEPUAJIBI 1 METO/1bI

J1J1 cpaBHUTEIBHOTO aHAJIN3a YPOBHA 3KCIIpec-
cuu psana MuPHK TkaHu miarneHTHl IpU CBOEBpe-
MEHHBIX U IPeXKeBPEMEHHBIX PO/IAX HCCIEA0BAHO
90 00pasloB IUIANEHTAPHON TKaHU: 1-10 TPYIILY
COCTaBUJIA O0OPAa3Ilbl IIAIEHTAPHON TKaHU MaIlueH-
TOK, 6epeMEHHOCTH KOTOPBIX 3aKOHYMJIACH CIIOHTAH-
HbiMU [IP ¢ mepuHaTaIBHBIMU TIOTEPAMU (N = 30);
2-10 TPYIIIY — 00pa3Ilhbl IUIAIEHTAPHOW TKAHU MAaIK-
eHTOK c TP 6e3 mepuHaTaIbHBIX TOTEPH (N1 = 30);
3-10 rpynmy — o6pasibl IUIalleHTapHOW TKaHHU
POAMIBHULL CO CBOEBPEMEHHBIMHU PosiaMu (1 = 30).

KpuTepun BKJIIOUEHMS B 1-10 U 2-10 TPYIIILY: CIIOH-
tanHble panaue 1P, TIP, nosnuue 1P, Habionerne
B JKEHCKOU KOHCYJIbTAIlUU, HAJIMIUE METUITTHCKON
JIOKYMEHTAIUH.

Kputepun BrII0YeHUA B 3-10 TPYIIILY: CIIOHTaH-
HbIE CBOEBPEMEHHBIE POJIBI 3KMBBIM ILJIO/IOM, HAOJTIO-
JIEHHE B JKEHCKOU KOHCYJIbTAI[UH, HAJIUUHE MeEIH-
IMHCKOU JJOKyMEHTAIINH.

Kpurepuu uckittouenus: oueHb pannue [1P (22—
27 Hey 6 nHel), uHaynupoBanHble [1P, MmHOTOILIION-
Hasi GepeMeHHOCTh, OEPEMEHHOCTh IOCJIe JKCTpa-
KOPIIOPAJIbHOTO OIJIOIOTBOPEHUS, aHTEHaTaJIbHAs
rubesp IJ10/1a, HAJIMYHEe BPOJKIEHHBIX IIOPOKOB pPas-

cific for placental tissue. Ali et al. [8] showed in their
study that miRNAs from the placenta can be exported
into the bloodstream of both the fetus and the mother
and serve as a biomarker for early detection of preg-
nancy complications. There are research works that
testify to the role of a number of miRNAs in the gen-
esis of preeclampsia, fetal growth retardation, and
gestational diabetes mellitus [10—13]. It would be
logical to assume that a comparative analysis of the
expression levels of a number of miRNAs in placen-
tas obtained during timely and spontaneous preterm
birth (PB) would make it possible to identify those
miRNAs that are involved in the genesis of spontane-
ous PB. In addition, from a practical point of view,
miRNAs characterized by aberrant expression in pla-
cental tissues may be promising biomarkers in the
blood of pregnant women for assessing the risk of
spontaneous PB.

AIM OF THE RESEARCH

Comparative analysis of expression levels of a
number of miRNAs in placental tissue in women
with timely and premature birth.

MATERIALS AND METHODS

For a comparative analysis of the level of expres-
sion of a number of miRNAs in placental tissue dur-
ing timely and preterm birth, 9o placental tissue
samples were studied: group 1 consisted of placental
tissue samples of patients whose pregnancy ended in
spontaneous PB with perinatal losses (n = 30);
group 2 consisted of placental tissue samples of
patients with PB without perinatal losses (n = 30);
group 3 consisted of placental tissue samples of
maternity women with timely delivery (n = 30).

Criteria for including in the 1st and 2nd groups:
spontaneous early PB, PB, late PB, observation in
the antenatal clinic, availability of medical docu-
mentation.

Criteria for including in the 3rd group: spontane-
ous timely delivery of a live fetus, observation in
the antenatal clinic, availability of medical docu-
mentation.

Exclusion criteria: very early PB (22—27 weeks
6 days), induced PB, multiple pregnancy, pregnancy
after in vitro fertilization, antenatal fetal death, the
presence of congenital malformations of the fetus,
severe preeclampsia, premature detachment of a
normally implanted placenta, placenta previa, uter-
ine malformations, severe extragenital diseases with
decompensation, HIV infection, tuberculosis, malig-
nant tumors of any localization.

After macroscopic examination of the afterbirth,
a strip of tissue 3x0.5x0.5 cm was excised from the
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BUTHS IJI0/A, TsKeIas IPEdKIIaMIICHA, IPeKeBpe-
MeHHasd OTCJIOHKA HOPMAaIbHO PACIIOJIOKEHHOU
IUTAIeHTHI, TPeJJjIeKaHne IUIAIeHThI, TOPOKH pas-
BUTHS MaTKH, TsKeJIble DKCTpareHUTaJIbHbIe 3a00-
JIeBaHUA C JekoMmieHcanueld, BUY-unbeknus:,
TyOepKyJie3, 3JI0KAUeCTBEHHBIE OITyXOJIH JII000H
JIOKQUTH3AIUH.

ITocste MaKpOCKONIMYECKOTO HM3yYeHHs IOcIesia
U3 IEHTPAJIbHON 30HbBI IUIAIIEHTAPHOTO JIUCKA HCCe-
KaJIU TOJIOCKY TKaHHU 3X0.5X0.5 CM, KOTOPYIO IIPHU-
KpEIUISJIN K IUIOTHOU Oymare Hapy»KHOU (MaTepuH-
CKOI1) TIOBEPXHOCTHhIO U (DUKCUPOBATU B 10% HeH-
TpasibHOM (opMmasiuHe. 3aTeM U3 ILIAIeHTHl BbIpe-
3aJ1 3—4 KyCOYKa TKAHU pasMepaMHu 2X2X3 CM.
®dparMeHTHl TPOBOAWIN IO TPAAUIIUOHHOM cXeme
[14] u u3roTaBIMBAIH CPE3bI TOIIUHOU 5 MKM.

UccnenoBanme ypoBHsA skcnpeccun MuPHK B
TKaHU IUIAIEHTHI BBHITTOTHSIIN B J1a60PaTOPUU MOJIe-
KyJISIDHOU TeHeTHKH VIHCTUTyTa MOJIEKYJIIPHOU U
kinertouHor Ouosormu CO PAH (HoBocubupck).
Nzyuanu ypoBeHb sKcIpeccu ciaenyommux MuPHK:
31,100, 146, 150, 20a, 204, 221, 223, 1246, 128, let7a,
126, 451, 92a, 23a, 21, 125b, 26a, 29b, 191 u U6. JI1a
ATOTO TIOBTANHO WPOBOAWIN JenapaduHU3AIUI0
Marepuajia C HCIOJIb30BAaHUEM MUHEPAJIBHOTO
macia, SKcrpaknuioo PHK, peaknuio obGparHOU
TPAHCKPUIIUU U TOJUMEPA3HYIO IEMTHYI0 PEAKITUIO
(ITIIP) B peayibHOM BpEMEHHU.

Ina nemapaduHU3AUU € UCIOJIB30BAaHUEM
MHHEpPaJIbHOTO MacJia B MPOOUPKY 00bEMOM 1.5 MJI,
coZiepKamIylo 2 napad@UHOBBIX cpe3a TKaHU ILIa-
LIEHTHI TOJIIUHON 5 MKM, A00aBIsIM 1 MJI MUHE-
PJIBHOTO Macjia U THIATEIbHO IepeMelnBaId Ha
BOpTeKce B TeueHue 10 c. Jlajee mpoOUpKHU IToMe-
MM B TEPMOIEWKep Ipu Temieparype 65 °C u
WHKYOUPOBAJIU B T€UEHUE 2 MUH C YACTOTOH Bpalle-
HUA 1300 00./MUH. 3aTeM IEeHTPUPYTUPOBAIIUA IIPU
13 000—15 000 g B TeyeHue 4 MmuH. Ilociie atoro yza-
JISLTA HQJIOCATIOYHYIO YKUTKOCTh, HE 3aXBaThIBAsI OCa-
Jok. B ocaziok BHOCHITH 1 MJT Q6% 3TaHOJIA U TIEpeMe-
IIMBAIN HA BOPTEKCE B Te€UeHUE 10 C C MOCIJIEAYIO-
IIUM [eHTPU(PYTUPOBAHKEM IIPU 13 000—15 000 g B
TeueHUe 4 MuH. [lajee ymajsutli HAAOCATOYHYIO
JKH/IKOCTD, HE 3aXBaThIBAsA 0CA/IO0K, C MOCIIEAYIOITIM
BHECEHHEM 1 MJI 70% BTaHOJIA. 3aTeEM IIPOBOJVIIH
neHTpudyrupoBaHue mnpu 13 000—15 000 g B Teue-
Hue 2 MuH. [TosydeHHBIN 0CaZOK HCIIOJIH30BAIU B
KayecTBe JaJIbHEUIIero MaTepuasa i BbIeIeHUs
HYKJIENHOBBIX KHUCJIOT.

BrizienieHre HyKJIEMHOBBIX KHCJIOT U3 00pasnoB
IIPOBOJIWJIM C WCIOJIb30BaHHEM Habopa peareHTOB
«Peanbect skcrpakius 100» (AO «Bekrop-bect»,
Poccust). K obpasnam TKaHU IUJIAIEHTHI, MTOJTyYeH-
HBIM IIOCJIE fleniapapuHU3ANH, JOOABIIAIIN 700 MK

central zone of the placental disc, which was attached
to thick paper with the outer (maternal) surface and
fixed in 10% neutral formalin. Then, 3—4 pieces of
tissue 2x2x3 cm in size were excised from the pla-
centa. The fragments were processed according to
the traditional scheme [14] and sections were made
with a thickness of 5 um.

The study of miRNA expression level in the pla-
cental tissue was performed at the Laboratory of
Molecular Genetics of the Institute of Molecular and
Cellular Biology (Novosibirsk). The expression levels
of the following miRNAs were determined: 31, 100,
146, 150, 20a, 204, 221, 223, 1246, 128, let7a, 126,
451, 92a, 23a, 21, 125b, 26a, 29b, 191, and U6. For
this, we carried out the step by step deparaffinization
of the material using mineral oil, then the RNA
extraction; reverse transcription reaction, and real-
time polymerase chain reaction (PCR).

For deparaffinization, 1 ml of mineral oil was
added to a 1.5 ml tube containing 2 paraffin sections
of the placental tissue 5 um thick, and thoroughly
mixed on a vortex for 10 s. Next, the tubes were
placed in a thermoshaker at a temperature of 65°C
and incubated for 2 min at a rotational speed of
1300 rpm. Then they were centrifuged at 13 000—
15 000 g for 4 min. After that, the supernatant was
removed without capturing the precipitate. 1 ml of
96% ethanol was added to the precipitate and vor-
texed for 10 s followed by centrifugation at 13 000—
15 000 g for 4 min. Next, the supernatant was
removed without capturing the precipitate, followed
by the addition of 1 ml of 70% ethanol. Then, cen-
trifugation was performed at 13 000-15 000 g for
2 min. The resulting precipitate was used as a further
material for the isolation of nucleic acids.

Isolation of nucleic acids from the samples was
performed using the RealBest Extraction 100 reagent
kit (Vector-Best, Russia). 700 ul of lysing solution
were added to the placental tissue samples obtained
after deparaffinization. The tissue in the solution
was intensively mixed in a TS-20 Thermo-Shaker
(Biosan, Latvia) for 60 min at 90°C at a rotational
speed of 1300 rpm. Next, the solution was centri-
fuged for 2 min at 15 000 rpm (Eppendorf MiniSpin
with F-45-12-11 angular rotor, Germany) and 600 pl
of the supernatant was transferred into new tubes,
adding an equal volume of isopropanol and 10 ul of
magnetic particle suspension to it. Then mixed and
left for 5 min at room temperature. At the next stage
of isolation, centrifugation was performed for 10 min
at 13 000 rpm, the supernatant was discarded, and
the precipitate was washed with 500 pul of 70% etha-
nol, then with 300 pl of acetone. The resulting pre-
cipitate was dried and dissolved in 300 pl of the elu-
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JIMBUPYIOIIETO pacTBopa. TkaHb B pacTBOpPE MHTEH-
CUBHO IIepeMeNIuBaii B TepMmolnelikepe TS-20
(Biosan, JlaTBusi) B TeueHre 60 MUH IIPU TeMIlepa-
Type 90 °C ¢ yacToTod BparmieHus 1300 00./MUH.
Jlajiee pacTtBop IEeHTPU(YTUPOBAIIK B TeUEeHHUE
2 MHH mpu 15 000 00./MuH (pPOTOp VTIJIOBOM
F-45-12-11 MiniSpin Eppendorf, Germany) u mepe-
HOCHJIM 600 MKJI CylIepHAaTaHTa B HOBBIE IIPOOUPKH,
JI00aBJIsiA K HEMY PaBHBINM 00BbeM H3OMPOIAaHOIA U
10 MKJI CyCIIEH3UY MAarHUTHBIX YACTHI]. 3aTeM Iepe-
MEIINBAIN U OCTABJIsLIA IIPU KOMHATHOU TeMITepa-
Type Ha 5 MuH. Ha cienyroiieM sTare BbII€JIEHU
IIPOBO/IWITH LIEHTPU(PYTUPOBAHIE B TE€UEHUE 10 MUH
pu 13 000 00./MUH, CylIepHATAHT CJIMBAJIH, a OCa-
JTOK IIPOMBIBAJIH C TIOMOIIBIO 500 MKJI 70% 3TaHOJIA,
3aTeM 300 MKJ areTroHa. IloJlydeHHBIH OCaZOK
BBICYIIIMBAJI U PACTBOPSJIN B 300 MKJI 3JIIOUPYIO-
1ero pacteopa. /lajee mpoOUPKH MIOMENIAIU B TEP-
Morelikep npu temneparype 65 °C u MHKyOHpPO-
BaJIl B TEUYEHHWE 5 MHH C YacTOTOU BpaIleHUs
1300 006./MuH. 3aTeM UEeHTPpUDYTHPOBAIH IIPU
13 000—15 000 g B TeueHUe 1 MUH. KOHIIeHTpaIuio
totabHOM PHK m3Mepsiin Ha criektpodoromerpe
NanoDrop 2000C (Thermo Fisher Scientific Inc.,
USA). Konnentpanus PHK BbijieJIeHHBIX TTpenapa-
TOB HaxXO/{WJlach B Uaria3oHe 75.6—123.6 HI'/ MKJI.
Peakiuio 06paTHOM TPAHCKPUIIITUAU JJIS TTOJIyYe-
Husa komiwiementapHod JIHK (xk/ITHK) npoBoguiu B
00peMe 30 MKJI. M crioib30BajId TOTOBBIE PEAKITHOH-
Hele cmecu «PeanmBbect Macrep mumke OT» (AO
«BexkTop-becr», Poccus). [Ina peaknum obpaTHOU
TPAHCKPUIIUH HCIIOJIb30BAIN: 3 MKJI BbIJIEJIEHHON
PHK, 25.5 MKJI peakI[UOHHOH cMecH /111 0OpaTHOU
TPaHCKPUIINH, 1.5 MKJI 10 MKM pacTBopa COOTBeT-
CTBYIOIIIETO IpaiiMepa i OOpaTHOH TpPaHCKPHII-
nuu. Bece 0JTMTOHYKIIEOTH/IBI OBUTH CHHTE3UPOBAHBI
B AO «Bektop-bect», Poccus. IlonmyuenHyio peak-
IFMOHHYI0 cMech, cojiepxkarnyio k/[HK B obbeme
3 MKJI, Cpa3y HCIIOJIb30BAIM B KauecTBE MaTPHUIIbI
Juisa nposezienus I111P B peasibHOM BpeMeHH Ha IIPU-
6ope CFX96 (Bio-Rad Laboratories, USA).
Nsmepenue ypoBHel skcnpeccunt MUPHK mpo-
Boawin MerogoMm IIIIP B peanbHOM BpeMeHH Ha
ammindukarope CFX96 (Bio-Rad Laboratories,
USA). Peak1iuio TpoBOAWIN B 00'beMe 30 MKJI: 3 MKJI
nonydennoi k/IHK, 14 mxn H,O, 3 Mk 10x 6ydepa
quts TTLHP (AO «Bexrop-becr», Poccus), 3 M 4 MM
pactBopa nAe3okcuHyKIeo3uaTpudocdaToB, 3 MKI
10% pactBopa BSA, 1 mxin Taq-mosmumepassl (AO
«Bexrop-becr», Poccust) B KOMILIEKCE ¢ MOHOKJIO-
HQIBHBIMU AHTUTEJIAMH K €€ aKTHUBHOMY IeHTPY
(Clontech, CIIIA), 3 MKJI pacTBOpa MPSIMOTO U 06paT-
HOoro mpaiimMepoB (5 MKM) u 3o0Hzma (2.5 MKM).
CucreMbl paliMepoB U 30HI0B pa3zpabOTaHbI KOM-

ting solution. Next, the tubes were placed in the
thermo-shaker at a temperature of 65°C and incu-
bated for 5 min at a rotational speed of 1300 rpm.
Then centrifuged at 13 000—15 000 g for 1 min. The
concentration of total RNA was measured on a
NanoDrop 2000C Spectrophotometer (Thermo
Fisher Scientific Inc., USA). The RNA concentration
of the isolated samples was in the range of 75.6—
123.6 ng/ul.

The reverse transcription reaction to obtain com-
plementary DNA (cDNA) was carried out in a volume
of 30 pl. RealBest Master Mix OT reaction mixtures
(Vector-Best, Russia) were used. For the reverse
transcription reaction, the following was used: 3 ul of
isolated RNA, 25.5 ul of the reaction mixture for
reverse transcription, 1.5 pl of a 10 uM solution of the
corresponding primer for reverse transcription. All
oligonucleotides were synthesized at Vector-Best,
Russia. The resulting reaction mixture containing
c¢DNA in a volume of 3 ul was immediately used as a
template for real-time PCR on a CFX96 device (Bio-
Rad Laboratories, USA).

The levels of miRNA expression were measured
by real-time PCR on a CFX96 amplifier (Bio-Rad
Laboratories, USA). The reaction was carried out in a
volume of 30 ul: 3 ul of the resulting cDNA, 14 ul of
H,0, 3 ul of 10x PCR buffer (Vector-Best, Russia),
3 ul of 4 mM deoxynucleoside triphosphate solution,
3 wl of 10% BSA solution, 1 ul of Taq-polymerase
(Vector-Best, Russia) in complex with monoclonal
antibodies to its active center (Clontech, USA), 3 ul
of a solution of forward and reverse primers (5 uM)
and a probe (2.5 uM). Primer and probe systems
were developed by Vector-Best, the reaction effi-
ciency is 90—100%. Analysis of the obtained data on
real-time PCR threshold cycles was performed using
the 2-22¢r method [15].

The obtained data were statistically processed
using the STATISTICA 12.0 software (StatSoft Inc.,
USA) with the calculation of the median (Me) and
interquartile range (Q25; Q75). Comparison between
groups was performed using the Mann-Whitney test.
Statistical hypotheses were tested at a critical signifi-
cance level of 0.05.

RESULTS

The accuracy of determining the variability of
miRNAs is undoubtedly an important aspect in
studying their role in biological processes. Normal-
ization of expression levels provides an accurate
quantification of PCR data and is necessary to
exclude the influence of non-specific changes. One of
the main difficulties in interpreting the obtained PCR
data is the choice of a reference gene (RG). The RG
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manuedl AO «BekTtop-Bect», a¢ddeKTUBHOCTD peak-
MU COCTaBJIsIeT 90—100 %. AHaIN3 IMOJIYyUYeHHBIX
JIAaHHBIX TOPOToBbIX ITUKI0B III[P B peanbHOM Bpe-
MEHU MIPOBOTUINA METOAOM 2-24Cr [15].
CraTucTuyeckyto oOpabOTKy IOJIydeHHBIX JaH-
HBIX ITPOBOIWJIU C UCIIOJIb30BAHUEM ITPOTPAMMHOTO
obecreuennss STATISTICA 12.0 (StatSoft Inc., USA) ¢
pacueroMm Mesuanbl (Me) U MEKKBapPTHILHOTO JUa-
mazona (Q25; Q75). CpaBHeHHE MEXAY TIPyHIIaMH
TIPOBOJIWJIN € WCIIOJIb30BaHUEM KpuTepusi ManHa —
Yurau. [IpoBepKy CTaTUCTUYECKUX T'HIIOTe3 IIPOBO-
JIVUTY TIPU KPUTUYECKOM YPOBHE 3HAUUMOCTH 0.05.

PE3YJIBTATDI

TouHOCTB onpezeeHus BaprabeIbHOCTU
MuPHK, HecoMHEHHO, SIBJISETCA BaXKHBIM aCIIEKTOM
MpY U3YyYEHUU UX POJIK B OMOJIOTHYECKUX IPOIec-
cax. HopMUpOBKa ypOBHEU 3KCIIPECCHH O0eCcIedn-
BaeT TOYHYI0 KOJIMYECTBEHHYIO OIIEHKY JaHHBIX
IIIIP m HeoOXomuMa i1 WCKJIIOUYEHUS BJIMSHUS
HecrelupUIecKux u3MeHeHHH. OJHOH M3 OCHOB-
HBIX TPYZHOCTEA B HHTEPIPETAIUU ITOJTyUeHHBIX
nanubix [P sBisercs BoiOOp pedepeHCHOTO reHa
(PT). PT" mosrxeH obJ1afaTh TAKUMH Ka4eCcTBaMU, KaK
MHHHMAaJIbHASI BAPHAOETbHOCTh SKCIPECCUU MEXK/IY
CpaBHHUBAEMbBIMH TOJITPYIIIIAMHU, CTAOUIBLHOCTD TP
Pas3yIMYHBIX MeTOo/laxX BbIJesieHus U xpaHeHnusa PHK.

s Beibopa PI' MBI KCHOJIB30BAIA QJITOPUTM
geNorm, o3BOJISIONIUH BBIIBUTH HAN0OJIEE CTA0MITb-
HbIE TE€HBI B UCCIIEyeMOl BhIOOpKe [15]. B xauecTBe
PT pekoMeH/1yeTCs KCIIOJIB30BATh CPE/THEE TEOMETPH-
YecKoe KaKk MUHUMYM TPEX CAMbIX CTA0HUJIbHBIX T€HOB.

Metoyiom ITIIP ¢ oOpaTHOH TPaHCKPHUIIIHENA B
peasbHOM BpeMeHHU B 90 00pasIax IIareHThl H3Me-
PEHBI OTHOCHUTETbHBIE YPOBHU 3KCIIPECCUU CJIETYIO-
mux MuPHK: 31, 100, 146, 150, 20a, 204, 221, 223,
1246, 128, let7a, 126, 451, 92a, 23a, 21, 125b, 26a,
29b, 191 u U6. Haunbosee ontumansasiM PI' B man-
HOM HCCJIEJIOBAHUH SBUJIOCH CPETHEE TEOMETpHYe-
CKOe W3 TIOPOTOBBIX ITUKJIOB (PJIyOPECIIEHIIUU TPEX
MuPHK: 92a, 20a u U6.

PacripesiesieHrie OTHOCUTEJIBHBIX YPOBHEH 3KC-
npeccun uzydaembix MuPHK B oOpasiiax mianeHT B
TPeX CPAaBHUBAEMBIX I'PYIINAX, BKIOUAS MeIHAHHOE
3HAYEHWE W MEKKBAPTHJILHBIA JIMAIIa30H, IIpes-
CTaBJIEHO HA PHC. 1. 3HAYUMOCTb paznuuuii (p)
OTHOCUTETbHBIX yYPOBHEH SKCIPECCHU HN3yUYAEMbBIX
MuPHK B o0pasnax mjaneHT MeXKJy CpaBHUBae-
MBIMU TPYIIIaMU IIPOIEMOHCTPUPOBaHa B Ta0I. 1.

Hame wuccnenoBanue mnokasano (cM. puc. 1,
TabJ1. 1), yro nipu [IP B oOpasmax mianeHT oTMeva-
eTcsl CTAaTUCTUYECKH 3HAYMMOE yBEJINYeHHE yPOB-
Hell skcrnpeccun MuPHK-125b 1 muPHK-29b, a
TaK)Ke CTATHCTHYECKH 3HAUYUMOE CHUKEHHUE YPOBHS

should have such qualities as minimal expression
variability between the compared subgroups, stabil-
ity in various methods of RNA isolation and storage.

To select the RG, we used the geNorm algorithm,
which makes it possible to identify the most stable
genes in the study sample [15]. As a RG, it is recom-
mended to use the geometric mean of at least the
three most stable genes.

Relative expression levels of the following
miRNAs were measured in 9o placental samples by
real-time reverse transcription PCR: 31, 100, 146,
150, 20a, 204, 221, 223, 1246, 128, let7a, 126, 451,
92a, 23a, 21, 125b, 26a, 29b, 191, and U6. The most
optimal RG in this study was the geometric mean of
the threshold fluorescence cycles of three miRNAs:
92a, 20a, and U6.

The distribution of relative expression levels of
the studied miRNAs in placental samples in the
three compared groups, including the median value
and interquartile range, is shown in Fig. 1. The sig-
nificance of differences (p) in the relative levels
of expression of the studied miRNAs in placental
samples between the compared groups is shown in
Table 1.

Our study revealed (see Fig. 1, Table 1) that pla-
cental samples showed a statistically significant
increase in the expression levels of miRNA-125b and
miRNA-29b, as well as a statistically significant
decrease in the expression level of miRNA-451 com-
pared with patients with timely delivery. At the same
time, in PB with perinatal losses, a statistically sig-
nificant decrease in miRNA-150 expression in the
placenta was registered, and in the absence of peri-
natal losses, a statistically significant increase in
miRNA-223 and miRNA-31 expression levels com-
pared with placentas in timely delivery was noted. In
addition, in PB with perinatal losses, compared with
PB without perinatal losses, there is a statistically
significantly lower level of expression of miRNA-221
and miRNA-223 in placentas.

DISCUSSION

The correct formation of the placenta is crucial for
the normal course of pregnancy and fetal develop-
ment. A small number of studies have been devoted
to studying the expression profile of miRNAs involved
in the regulation of molecular biological processes in
the placenta [16—18]. At the same time, it is known
that aberrant miRNA expression can contribute to
disorders of proliferation, apoptosis, angiogenesis,
and other biological processes [19—21].

Angiogenesis and vasculogenesis are controlled
by numerous growth factors and cytokines, including
vascular endothelial growth factor (VEGF), placenta
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Puc. 1. YpoBHHE dKcnpeccun HeKoTopelx MUPHK B 00pasijax mianeHTsl
Fig. 1. Expression levels of some miRNAs in placenta samples

skcnpecenu MUPHK-451 o cpaBHEHUIO ¢ MaIUeHT-
KaMH [IpU CBOEBpeMEHHBIX pojax. Bmecre ¢ TeMm nipu
[TP ¢ mepuHAaTaJbHBIMU NOTEPSAMU 3aPETUCTPUPO-
BAaHO CTAaTUCTHUYECKU 3HAUNMOE CHUKEHHE YPOBHSA
skcnpecceun MUPHK-150 B mianeHTe, a Ipu OTCYT-
CTBUU NEPUHATAJIBHBIX IOTEPh — CTATUCTUYECKU
3HAYNMOe yBeJIN4eHHe ypoBHs akcnpeccnu MuPHK-
223 u MuPHK-31 1o cpaBHeHUIO C I1alieHTaMu IIpu
cBOeBpeMeHHBIX poziax. Kpome toro, npu ITP ¢ nepu-
HAaTQJIBHBIMHU IIOTEpAMU 1O cpaBHeHHIO ¢ [IP 6e3
IIepUHATAIbHBIX IOTePb OTMEeYaeTCsA CTATUCTUYECKHU
3HAaUYUMO OoJjiee HHUBKHH YPOBEHb OKCIIPECCHH
MuPHK-221 u MmuPHK-223 B rutanieHTax.

OBCYK/IEHUE

ITpaBwibHOEe GOPMHUpOBAHUE ILIAIEHTHI HMeeT
peramooniee 3HaAYEHHE /I HOPMAaJIBHOTO TEYEHUs
OepeMeHHOCTH W Pa3BUTHUSA IUIOAA. VI3ydeHUIo mpo-

growth factor (PIGF) and their receptors VEGFR-1/
Flt-1, VEGFR-2/KDR. According to Barton et al. [22],
PIGF levels are superior to clinical markers in pre-
dicting adverse pregnancy, and in particular PB, in
women with suspected preeclampsia. At the same
time, Alpini et al. [23] showed that PIGF is a target
for miRNA-125b and an increased level of miRNA-
125b expression contributes to a decrease in PIGF
expression.

Recent studies [24] have established that miRNA-
125b is a marker of vascular disease. Placental angio-
genesis has been repeatedly considered as a target
and a kind of model for developing methods for diag-
nosing and developing therapeutic effects in various
variants of pregnancy pathology. At all stages of the
formation and development of placental vessels,
VEGF is considered to be a key marker of placental
angiogenesis. During normal pregnancy, VEGF
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Puc. 1 (oxkoHuaHue). YpoBHU dKcIipeccuu HeKoTopbix MUPHK B 06pasijax mianeHThI
Fig. 1 (ending). Expression levels of some miRNAs in placenta samples

s sxenpeccuu MuPHK, yuacTByromux B peryJs-
A MOJIEKYJISIPHO-OMOJIOTUYECKUX  IPOIECCOB,
MPOUCXOSAIINX B IUIAIIEHTE, IOCBAIIEHO HEOOJIbIIIOe
KOJIMYECTBO HccieloBaHui [16—18]. B To ke Bpems
W3BECTHO, YTO abeppaHTHas skcrapeccuss MUPHK
MOXKET CHOCOOGCTBOBATh HApPYIIEHUI0 Mposudepa-
I[UY, allONTO3a, AHTUOTEeHe3a U IPYTUX Ouosormde-
CKHX IIPOIIeCCOB [19—21].

AHTHOTEeHe3 W BaCKyJIOT€He3 KOHTPOJIUPYIOTCS
MHOTOYHCIEHHBIMU (DAaKTOpPAMH pPOCTa M IHUTOKH-
Hamu, Bkrouas vascular endothelial growth factor
(VEGF), placenta growth factor (PIGF) u ux pernen-
topsl VEGFR-1/Flt-1, VEGFR-2/KDR. Ilo MHeHHIIO
J.R. Barton et al. [22], ypoBau PIGF npeBocxogsar
KJIMHUYECKHe MapKephl B IPOTHO3UPOBAHUH HebJIa-
ronpusaTHON GepemMeHHOCTH, U B uactHoctu IIP, y
JKEHIIIUH C I0JI03PEHUEM Ha Ipeskiamicu. Ilpu
sroM G. Alpini et al. [23] mokazanu, uto PIGF sBis-

expression in the human placenta increases in pro-
portion to gestational age [25]. A. Ray and B.K. Ray
[26] showed that, in mammary gland cells, increased
expression of miRNA-125b suppresses VEGF
through the direct target of SAF-1. These results
highlight the role of miRNA-125b as an anti-angio-
genic regulator. This coincides with the opinion of
Zhou et al. [27], who state that a high expression
level of miRNA-125b suppresses angiogenesis. The
same phenomenon, but with ovarian carcinoma, was
also pointed out by Not et al. [28], who found that
miRNA-199a and miRNA-125b suppress angiogene-
sis in tumor cells by suppressing the expression of
HIF-1a/VEGF.

According to the literature [29], miRNA-125b
expression is significantly increased in patients with
preeclampsia, both in placental tissues and in blood
serum. It was shown that miRNA-125b promotes an
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Ta6una 1. 3HaYUMOCTh Pa3JIMYUA OTHOCUTEIBHBIX YPOBHEH SKCIIpeccHu u3ydaeMbix MUPHK
MEXKy CPAaBHUBAEMBIMHY I'PyIIIaMH (p)

Table 1. The significance of differences in the relative expression levels of the studied miRNAs
between the compared groups (p)

muPHK 1-1 IpyIa vs 3-1 rpymnna 2-7 rpylnIa vs 3-41 rpynma 1-A TpyIIIa VS 2-A IpyImmna
miRNA Group 1 vs group 3 Group 2 vs group 3 Group 1 vs group 2
31 0.672265 0.039289 0.059699

100 0.095495 0.981995 0.283414

146 1.000000 0.171263 0.189217

150 0.014200 0.603467 0.219448

204 0.290751 0.993998 0.506118

221 0.768826 0.077240 0.021329

223 0.982846 0.003203 0.016868

1246 0.768826 0.124443 0.104059

128 0.801903 0.815579 0.570889

let7a 0.971414 0.803912 0.894319

126 0.384938 0.723580 0.639305

451 0.001373 0.000018 0.059699

23a 0.425572 0.603467 0.774340

21 0.790835 0.301405 0.337071

125b 0.000001 0.000001 0.542659

26a 0.229677 0.186041 0.972114

29b 0.000001 0.000001 0.721339

191 0.495459 0.512346 0.828398

IlpumMeduaHUe. II0IyKUPHBIM BBIZIEJIEHBI CTATHCTUYECKH 3HAUMMBIE PA3JIMUHS.
Notes. Statistically significant differences are highlighted in bold.

ercss mMuineHbio i1 MUPHK-125b U mMOBBIIIEHHBIH
ypoBenb skcrnpeccun MuPHK-125b cmocoberByer
cHmkeHuIo dkcrpeccuu PIGF.

HcceemoBaHUAMH OCJIETHUX JIET [24] ycTaHOB-
neHo, utro MuPHK-125b siBasieTcss MmapkepoMm cocy-
JIUCTBIX 3a00sieBaHmi. [1yanieHTapHBINA aHTHOTEHES
HEOJITHOKPATHO paccMaTpuBajicA B  KauyecTBe
MUIIIEHH U CBOeOOPa3HOH MOeH JIJIsT pa3paboTKHu
METOJIOB TMaTHOCTUKU U OTPAbOTKHU TepareBTHIe-
CKUX BOB3JIEHCTBUM NPU PA3JTUUYHBIX BapHUaHTaX
marosoruu GepemeHHoctu. Ha Bcex aTamax ¢op-
MUPOBaHUA U pa3BUTHUA cocyioB maneHTsl VEGF
MPUHATO CYUTATH KJIIOYEBBIM MapKepOM ILIalleH-
TapHOTO AaHTHOreHe3a. Bo BpeMs HOPMaJIbHOU
O6epemennoctu skcupeccus VEGF B mamente
YeJOBEKA  YBEJMUHMBAETCA  IPOIMOPIIHOHAIBHO
cpoky Gepemennoctu [25]. A. Ray, B.K. Ray [26]
IMOKAa3aJId, YTO B KJIETKAX MOJIOUHOH 3KeJjIe3bl IIOBBI-
IIEHHBIA ypoBeHb sKcmpeccuss MuPHK-125b moma-
BasgeT VEGF uepe3 npamyio muiieHb SAF-1. 9tu
pe3yabraThl mogdyepkuBaioT poias MuPHK-125b B
KauyecTBE AHTHAHTHOTEHHOTO PETyaATopa. ITO
coBmaziaer ¢ MHeHUeM S. Zhou et al. [27], koTopbIe
VTBEPIKJAIOT, UTO BBICOKHU YPOBEHBb 3KCIIPECCHU
muPHK-125b mozgasiser anruorenes. Ha sTo ke
SIBJIEHWE, HO TPH KapIUHOME SIMYHUKOB, YKa3bI-
Basin u J. He et al. [28], koTOpbIe ycTaHOBUIIU, UTO

increase in the level of IL-8 in trophoblast cells
through its effect on the direct target of this cytokine
SGPL1. In addition, it was found [30] that an
increased level of miRNA-125b expression leads to
impaired placentation due to the regulation of
KCNA1 and inhibition of trophoblast invasion. In our
study, we also note an increase in the expression
level of miRNA-125b in the PB groups compared
with childbirth without complications, which allows
us to consider miRNA-125b one of the key partici-
pants in the pathogenesis of PB.

The mother’s body adapts to the growing need of
the fetus for glucose as the pregnancy progresses
[31]. At the same time, one of the most important
participants in the regulation of glucose metabolism
at the placental level is glucose transporter type 1
(GLUT1) [32], and miRNA-125b is involved not only
in the regulation of angiogenesis, but also in glycoly-
sis [33]. Zhang et al. [34] showed that an increased
level of miRNA-125b expression suppresses GLUT1
in papillary thyroid cancer cells. Current models of
glucose transport across the placenta identify GLUT1
as the main glucose transporter. Aberrant expression
of GLUT1 is observed in some pathological rear-
rangements of the placenta [35]. It was noted [36]
that GLUT1 protein expression decreases in pre-
eclampsia. Thus, an increased level of miRNA-125b
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muPHK-199a u MmuPHK-125b mogapisior auruore-
He3 B KJIETKAX OIYXOJIM 3a CUET IO/IaBJIEeHUS DKC-
npeccuu HIF-1a/VEGF.

ITo maHHBIM JIUTEPATYPHI [29], V MAIUEHTOK C
MIPesKJIaMIICHeN 3HAUNUTETbHO TTOBBIIIIEHA SKCIIPec-
cust MuPHK-125b, mpuyeM Kak JIOKaJIbHO B TKAHSX
IUTAIEHTHl, TaK U B CHIBOPOTKE KpoBHU. Ilpm sTOM
mokasano, uro MuPHK-125b crioco6cTByeT yBenue-
Huio ypoBHs IL-8 B kieTkax Tpodobiacta yepes
BO3JIEHICTBHE Ha MPAMYI MUIIEHb 3TOTO IIUTOKWHA
SGPL1. Kpome Toro, ycTaHOBJIEHO [30], YTO TOBBI-
[IIEHHbBIH YpoBeHb sKcnpeccuu MuPHK-125b mpuso-
JIUT K HAPYIIEHWIO TUIAIIEHTAIlNH 32 CUET PETYJISAIIU
KCNA1 u uarubupoBanus naBasuu Tpodobiacra. B
HAIlleM HCCJIEJIOBAHUU MBI TaKXKe€ OTMEYAeM ITOBBI-
eHue ypoBH: skcupeccrut MUPHK-125b B rpymmax
ITP no cpaBHeHUIO ¢ poaMu 6e3 OCTIOKHEHUM, UTO
mo3BoJisgeT cuntaTh MUPHK-125b ogHuM 13 Kiaoue-
BBIX yYaCTHUKOB I1aToreHesa I1P.

OpraHu3M MaTepH aallTHPYeTcs K BO3pacTaro-
el ToTPeOHOCTH I1JI0/IA B TJTIIOKO3€E 110 Mepe Pa3BU-
Tus1 6epemenHocTH [31]. [Ipu aTOM o1HUM M3 HANOO-
Jiee BaXKHBIX YUYACTHHUKOB PETY/AIUA 0OMeHa TJIio-
KO3bl Ha IUIAIIEHTAPHOM YPOBHE SBJIsieTCs glucose
transporter type 1 (GLUT1) [32], a MuPHK-125b yua-
CTBYET HE TOJIbKO B PETYJ/IAIUN aHTUOTEHEe3a, HO U
mukosusa [33]. G. Zhang et al. [34] mokasasu, 4To B
KJIETKaX MaIWUISIPHOTO PaKa IMUTOBUTHOU JKeJe3bl
MIOBBIIIIEHHBIN ypoBeHb 3Kcmpeccun MuPHK-125b
nozasisier GLUT1. CoBpemeHHbBIE MOENIN TPAHC-
IopTa IJIIOKO3bl 4Yepe3 IUIAIEHTy OIpeEsIsIoT
GLUT1 B xauecTBe OCHOBHOTO MEPEHOCUUKA IJIIO-
K03bl. AGeppanTHas skcrpeccuss GLUT1 nabiona-
eTcs TIPU HEKOTOPBIX IMATOJIOTUYECKUX ITEPECTPOU-
Kax 1aneHTs! [35]. OTMeueHo [36], 4TO sKcIIpeccust
b6enxka GLUT1 cHmwkaercs 0OpH IPEIKIAMIICHU.
Takum 00Opa3oMm, IMOBBIIMIEHHBI YPOBEHb HKCIIPEC-
cun MuPHK-125b MoskerT croco6cTBOBaTh CHEKE-
auio ypoBHA GLUT1 B TkaHM IUIAlIEHTHI, IPUBOJS K
MMATOJIOTHYECKUM ITyTAM TeUeHHs O€pEMEHHOCTH, B
yacTHocTH, K [1P.

[To HamuMm [AaHHBIM, YPOBEHb 3YKCIIPECCUU
MuPHK-29b B rpynmnax ITP mpeBbllIaeT 0Z[HOUMEH-
HBIH TIOKa3aTeJb TIPU CBOEBPEMEHHBIX POjax.
Ceromust posib MuPHK-29b B pazBuTum ILIareHThI
He sICHA, OJHAKO B psA/IE UCCIIEJOBAHUU OTPAKEHO
3HaueHue sTtoi MuUPHK B peryssamum mporeccoB
aHTHOreHe3a U MeTaboJIM3Ma TITFOKO3BI, aCCOITUUPO-
BaHHBIX ¢ OEpPEMEHHOCTHI0O M pocToM IuIojia. Tax,
W. Tang et al. [37] ycranoBuin, uto muPHK-29b
SIBJISIETCS CYIIPECCOPOM aHTHOTEHE3a, CIIOCOOCTBYET
arnonTo3dy U WHTHOWPYET WHBA3HIO KJIETOK TPOdOo-
6s1acTa. ABTOPHI OTMEYAIOT, UTO MHIIEHAMH JIJIst
muPHK-29b  sBistioress  MCL-1 (myeloid cell

expression can contribute to a decrease in the level of
GLUT?1 in the placental tissue, leading to pregnancy
failure, in particular, to PB.

According to our data, the expression level of
miRNA-29b in the PB groups exceeds that of the
same indicator in timely delivery. Today, the role of
miRNA-29b in the development of the placenta is
not clear; however, a number of studies reflect the
importance of this miRNA in the regulation of angio-
genesis and glucose metabolism processes associ-
ated with pregnancy and fetal growth. Thus, Tang
et al. [37] found that miRNA-29b is an angiogenesis
suppressor, it promotes apoptosis, and inhibits inva-
sion of trophoblast cells. The authors note that the
targets for miRNA-29b are MCL-1 (myeloid cell leu-
kaemia sequence 1), MMP2 (encoding matrix metall-
proteinase 2), VEGFA, and ITGB1 (integrin 1). Teng
et al. [38] believe that miRNA-29b is a negative regu-
lator of glucose metabolism. At the same time,
according to Dini et al. [39], all members of the
miRNA family are potential regulators of glucose
transporters (GLUTSs) and insulin-like growth fac-
tor-1 (IGF-1).

In addition to miRNA-125b, other miRNAs are
also involved in the regulation of glycolysis in organs
and tissues. Thus, studies of osteosarcoma cells
showed [40] that the intensity of GLUT1 expression
in them is regulated by miRNA-150. Guo et al. [41]
found that glucose metabolism in glioma cells is con-
trolled by miRNA-451 through the LKB1/AMPK/
PI3K/AKT pathway regulating GLUT1 metabolism,
which ultimately leads to inhibition of glucose
metabolism. In our material, we found a statistically
significant decrease in the expression level of
miRNA-150 in the placentas of women with PB and
perinatal losses and a trend towards a decrease in
the level of miRNA-150 expression in cases of PB
without perinatal losses. In addition, we observed a
statistically significant decrease in the expression
level of miRNA-451 in all PB groups in comparison
with timely delivery. Thus, a decrease in the expres-
sion level of miRNA-150 and miRNA-451 may con-
tribute to an increase in the GLUT1 pool, which, in
turn, reflects a shift in sugar metabolism towards an
increase in the intensity of glucose intake into the
placenta [42].

Sanders et al. [43] indicate an increase in miRNA-
223 expression in cervical epithelial cells in women
with the earlier pregnancy. According to our data,
there is also an increase in the expression level of
miRNA-223 in patients of the PB group without peri-
natal losses in comparison with the parameter of the
same name in timely delivery, although we studied
placental tissue. Therefore, it can be assumed that

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

31



Kaszauxose EJI. udp. / Journal of Siberian Medical Sciences T. 6, N? 1 (2022)

leukaemia sequence 1), MMP2 (encoding matrix
metallproteinase 2), VEGFA u ITGB1 (integrin (1).
Y. Teng et al. [38] mosararot, uro MuPHK-29b sBis-
eTCsl HeTaTUBHBIM PeryJIsITOpOM MeTaboIn3Ma IIi0-
ko3bl. IIpu saTOoM, 10 AauHbIM S. Dini et al. [39], Bce
yjeHsl cemericrBa MUPHK gBgI0OTCS IOTEHIIMAIIB-
HBIMHU peryisaTropamu glucose transporters (GLUTS)
u insulin-like growth factor-1 (IGF-1).

B perynAanuu riaykosinza B OpraHax M TKaHAX
rmomumo MuPHK-125b npuHUMaloT yuactue u fpyrue
MuPHK. Tak, npu usydyeHUU KJIETOK OCTEOCAPKOMBI
MOKa3aHO [40], YTO HWHTEHCUBHOCTh HKCIIPECCUH
GLUT1 B xux perynupyercss MuPHK-150. H. Guo et al.
[41] yetanoBMIH, UTO OOMEH TJIFOKO3bI B KJIETKAX TJIH-
oMbl KoHTposnpyeTess MuPHK-451 yepes myts LKB1/
AMPK/PI3K/AKT, xoropbili peryaupyer metabo-
su3Mm GLUT1, uTo B UTOTe MPUBOAUT K MHTHOUPOBA-
HUIO MeTabom3Ma IUIoKo3bl. Ha Hamem matepuase
MBI OOHAPYKIUIH CTATUCTUYECKU 3HAUMMOE CHIDKe-
HHe ypoBHA 3kcnpeccun MUPHK-150 B miareHTax
skeHINUH ¢ [IP 1 mepuHaTaJIbHBIMU IOTEPAMU U TEH-
JIeHIMIO K CHUXKEHUIO YpOBHA dKcripeccuu MUPHK-
150 B ciryuasx [P 6e3 mepuHaTaIbHBIX TOTephb. Kpome
9TOrO, MbI HAOJIONAIN CTATHCTUYECKH 3HAYNMOE
cHIXeHue ypoBHA 3kcrpeccun MUPHK-451 Bo Bcex
rpynnax IIP B cpaBHEHHMH €O CBOEBpPEMEHHBIMU
pomamu. Takmm 06pasoM, CHIDKEHHE YPOBHS DKC-
npeccunn MUPHK-150 1 MmuPHK-451 moxker crioco6-
CTBOBATh yBeJIWdeHUIo npencraButesnberBa GLUT1,
YTO, B CBOIO OYepenb, OTpasKaeT cMelleHre MeTabo-
JIM3Ma CaxapoB B CTOPOHY IIOBBIIIEHUA UHTEHCUBHO-
CTH TIOCTYILJIEHUS TJIIOKO3BI B ILIALIEHTY [42].

A.P. Sanders et al. [43] yka3sIBaioT Ha OBBIIIE-
HUe ypoBHA 3kcupeccun MUPHK-223 B anurtenno-
[UTaX IIEeUKU MATKH Y JKEHIIWH ¢ 6ojiee paHHUM
cpokoM GepemeHHOCTU. [0 HAITUM JaHHBIM, TAKXKe
OoTMeuaeTcs yBeJWYeHHEe YPOBHA  JKCIIPecCUU
MuPHK-223 y manuenTok rpynmst [IP 6e3 nepuHa-
TQJIBHBIX IIOTEPh B CPAaBHEHUU C OJIHOUMEHHBIM
rapaMeTpoM IIPU CBOEBPEMEHHBIX pO/aX, XOTA MBI
U3y4daad IUIAleHTapHylo TKaHb. CienoBaTesbHO,
MOXKHO MPeAnoaokuTh, yTo MuPHK-223 aBnagercsa
OJIHUM U3 KJIIOUEBBIX SIIUT€HETUYECKUX PeryJssaTo-
POB B Pa3IMYHBIX TKAHAX IpU GepeMeHHOCTH. Bme-
CTe C TeM MBI He HAOJIIOIaIN YBEJIUNYEHUsI YPOBHS
skcnpeceuun MuPHK-223 B rpynne IIP ¢ nepuna-
TQJIBHBIMH MOTEPAMU B CPAaBHEHHUHU CO CBOEBPEMEH-
HBIMH POJIAMH, YTO MOXKET OBITh CBA3aHO KaK C 00B-
€MOM W TeTEPOTEHHOCTHI0 HCCIIEyeMOU BBIOOPKH,
Tak U ¢ (paKTOM BO3MOKHOTO BoBjieueHuss MuPHK-
223 B KaCKaJl TeHETHIECKUX N3MEHEHUH, BBI3IBAIO-
X TUOesIb 11044,

Mpb! HabJIIO/IaTA CTATUCTHYECKH 3HAUMMOE yBe-
JudeHne ypoBHA skcnpeccun MuPHK-31 B rpynime

miRNA-223 is one of the key epigenetic regulators in
various tissues during pregnancy. At the same time,
we did not observe an increase in the expression level
of miRNA-223 in the PB group with perinatal losses
in comparison with timely delivery, which may be
due both to the size and heterogeneity of the study
sample, and to the fact that miRNA-223 may be
involved in the cascade of genetic changes causing
fetal death.

We observed a statistically significant increase in
miRNA-31 expression in the PB group without peri-
natal losses. Kim et al. [44] showed that TNFa and
miR-31-5p are negative regulators of angiogenesis
and trophoblastic invasion in an ex vivo cultured
model of human placental arterial vessels, which is a
typical feature of preeclampsia. The interaction
between endothelial cells and endovascular tropho-
blasts, according to the authors, is critical for suc-
cessful trophoblast invasion and placental blood
flow. These data may indicate the place of miRNA-31
in the group of angiogenesis regulators.

When analyzing placental samples in groups, we
obtained results indicating a statistically significant
decrease in the level of miRNA-221 expression in
the PB group with perinatal losses compared to the
PB group without perinatal losses. According to Hu
et al. [45], the expression level of miRNA-221
increases with the development of the placenta, and
its target is DDIT4, which is involved in the develop-
ment of the nervous system of the embryo. Ji and
Liu [46] note that the miRNA-221/222 cluster can
promote apoptosis of human trophoblastic cells and
placental dysfunction by suppressing the expression
of the apoptosis-inhibiting protein bcl-2. At the
same time, it was shown experimentally [47] that
the expression level of miRNA-221 decreases in rat
placental tissues during pregnancy and negatively
correlates with the level of glucose in the blood of
animals. The authors note that to date, the exact
mechanism by which miRNA-221 can affect PB is
not known, but there is no doubt that this miRNA is
placenta-specific and is involved in the regulation of
its development.

CONCLUSION

Aberrant expression levels of miRNA-125b,
miRNA-29b, and miRNA-451 in the placentas of
patients with premature birth indicate their involve-
ment in the pathogenesis of the latter, apparently
due to impaired regulation of angiogenesis, apopto-
sis, trophoblast invasion, and glucose metabolism.
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ITP 6e3 mepunHaTabHBIX HOTEPh. S. Kim et al. [44]
mokazanu, uto TNFa 1 miR-31-5p sSIBAAIOTCS Hera-
TUBHBIMU PETYJIATOPAMHU aHTHOTeHe3a u TpodobJia-
CTUYECKOU WHBA3WH HA KYJIbTUBUPYEMOU ex Uivo
MOJIeJId TIJIAlleHTapHBIX apTEepHUaJIbHBIX COCYZOB
4JeJIOBEKa, YTO ABJIAETCA TUIWYHBIM IIPU3HAKOM
IIpesKyIaMIIcui. BzauMoeiicTBre MeX Ty S5HAOTETN-
QJIBHBIMHU KJIETKAMH U 3HJAOBACKYJIAPHBIMU TPOhO-
6yracramu, 10 MHEHUIO aBTOPOB, MMEET peIIalolee
3HAYEHUE JUUIs YCIIETHOW WHBa3uu Tpodobiacra u
IUTAIEHTApPHOTO KPOBOTOKA. DTU IaHHBIE MOTYT YKa-
3bp1BaTh HA MecTo MUPHK-31 B rpymniie peryiaTopos
aHruoreHesa.

[Tpu anau3e 06pasIoB ILUIAIEHTHI B TPYIIIaX Mbl
MOJIyYUJIN Pe3yJIbTaThl, CBUETEIBCTBYIOMINE O CTa-
TUCTUYECKU JIOCTOBEDHOM CHUKEHUM YPOBHsS JKC-
npeccun MuPHK-221 B rpynne [IP ¢ nepunaTanb-
HBIMH IIOTEPSMU 10 CpaBHEHUIO ¢ rpynmoi I1P 6e3
IepUHATAIBHBIX OTepb. ITo manubiM B. Hu et al.
[45], ypoBens skcnpeccun MuPHK-221 yBemnuunBa-
eTcs 10 Mepe Pa3BUTHUA IJIAllEHThI, a4 ee MUIIEHbIO
sipyisiercss DDIT4, yyacTByroOmui B pa3BUTUH HEPB-
HoU cucteMbl sMbOprona. L.X. Ji, J. Liu [46] otme-
4arT, uTo ki1acrep MuPHK-221/222 moxkeT crmocob-
CTBOBAaTh amoITO3y TPO(OOIACTUUECKUX KJIETOK
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yesi0BeKa U JUCHYHKIIUHU IJIAEHTHI 32 CUET Io/a-
BJIEHUS DKCIIpeccuu OesTka, MHTMOUPYIOIIETO aIloI-
103 bcl-2. IIpu 5TOM B SKCIIEpUMEHTE TIOKa3aHo [47],
4TO0 ypoBeHb dkcnpeccnu MUPHK-221 camkaercsa B
TKaHAX IJIAIEHTHI KPHIC P Pa3BUTUU OepeMeHHO-
CTU U OTPHUIATEIbHO KOPPEJUPYET C YPOBHEM TJIIO-
KO3bI B KDOBH JKHBOTHBIX. ABTOPBI OTMEYAIOT, YTO HA
CEerONHAIIHUN JIeHb He H3BECTHO TOYHOIO Mexa-
HU3Ma, ¢ momolbio kKoroporo MuPHK-221 moxer
BIUATH Ha 1P, ogHaKO He BhI3BIBAET COMHEHUS, UTO
sra MuPHK sBisercsa miareHTa-cenuguaHOd
y4acTBYET B PETYJIAIUYU ee PAa3BUTUA.

SAK/IIOYEHUE

AGeppaHTHbIE 3HAYEHUs] YPOBHEH BKCIIPECCHU
muPHK-125b, MuPHK-29b u MmuPHK-451 B mianen-
Tax MaIUEHTOK C IPEKIEBPEMEHHBIMU POIaMHU CBH-
JIETEILCTBYIOT 00 MX YYaCTUM B IIATOTEHE3€e TOCTIE/-
HUX, [TO-BUAUMOMY, 34 CYET HAPYIIEHUA PETYJISAIUN
[IPOLIECCOB AHTHOIeHEe3a, aloITo3a, WHBA3UHU TPO-
(dobacra u meTabosiM3Ma IJTIOKO3HI.

KoHdIuKT nHTEpEeCcOoB. ABTOPHI 3a5IBJISIIOT 00
OTCYTCTBUM KOH(JINKTA HHTEPECOB.
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HN3yueHne XUMHUYECKOT0 COCTAaBAa HA/I3€MHOM YaCTHU
HnaBeaa npuMopckoro (Rumex maritimus L.) meToaom
BBICOKO03(DPEeKTUBHOM KUAKOCTHOU XpoMmaTorpaduu

B.B. Iloarypckas, E.A. JIykma, 1.A. CaBuenko, I.H. KopHeesa, E.B. IBanoBa, A.M. KaimHU4YeHKO

@I'BOY BO «Omckutl 2ocydapecmeeriblil MeduyuHckuil ynusepcumem» Munadpasa Poccuu, Omck, Poccus

AHHOTAIIUA

BBenenue. MlaBens npumopckuii (Rumex maritimus L.) — Maylon3ydeHHOE O/THOJIETHEE PACTEHHE U3 CeMEeNCTBa rpe-
yumHele (Polygonaceae Juss.), mpumensemoe Hapoaamu FOro-BocTouHo# A3uu /s iedeHus psayia 3a6o1eBaHui. Y Merta-
HOJIBHOTO HKCTPAKTA IIaBeJIs IPUMOPCKOTO YCTAHOBJIEHO HAJIMYNE PAJIa IIEHHBIX CBOMCTB, B TOM YHCJIe aHTHOAKTepHAIb-
HOH akTUBHOCTU. IIpU 5TOM XUMUYECKHH COCTaB pacTeHUs n3ydeH pparMeHTapHoO.

ITenp. OupeneneHre Ka4eCTBEHHOTI'O COCTaBa HA/I36MHOM YaCTH IIaBeJisAd IPUMOPCKOTO METOIOM BBICOK03(h()EKTUBHOMN
JKUJKOCTHOH xpomarorpaduu (BIKX).

MaTepuasbsl U MeTO/bl. BRICYIIEHHYIO HAZI3eMHYIO YaCTh PACTEHU B CTA/IUU IIBETEHUS ¥ HaYaIa IUVI0/I0HOLIEHUS
M3MeJIbYIN U SKCTPAarpOBaIU 95% HTaHOJIOM. TAHOJI OTTOHSAIN U IIOCTIE/IOBATEIBHO 00pabaThIBAIN U3BJIEUEHUE XII0-
podopmom, sTrIUIaneTaTOM U H-GyTaHosoM. ITosyueHHBIe GPAKITUN ¥ BOAHBIH OCTATOK 3TAHOJILHOTO M3BJIEUEHNUA II0CIe
yZlaJIeHUsI PACTBOPUTEIEH aHATM3UPOBAIN MeTOZ0M obparieHHo-(dazoBor BOKX. MieHTHOUKAINIO COeMHEHUH ITPO-
BOJIMJIY, UCIIOJIb3YA CTAHZAPTHBIE 00pa3Ibl U IUTEPATYPHBIE IAHHBIE O CIIEKTPAJIbHBIX XapaKTEPUCTUKAX BEIECTB.
PesynbTaThl. PUTOXUMUYECKUH aHATU3 HAZ3EMHOM YaCTH INABeJsA IPUMOPCKOrO MeTo/0M obpaireHHO-(ha30Boi
B3IJKX mokasasr HaJm4re BEIIEeCTB KJIACCOB aHTPAXHMHOHOB, (hJIABOHOU/IOB, CTHIBOEHOB, PEHOIOKUCIOT. B x11opodopm-
HOH dpaknuu naeHTHGUINPOBAHBI AHTPAIEHIIPOU3BO/IHBIE 9MOANH, Xpu3odaHo1, GucnuoH, ndoxpusodanos, diaBo-
HOW/I BOTE€JIETHH; B OTHJIAIETAaTHOH dpakuuu — GeHOJOKUCIIOTHI: TaylyIoBasi, cCHpeHeBas, n-KyMaposas, GepysoBas, Ipo-
M3BOZHOE TPAHC-CTUIBOEHA PECBEPATPOJI, a TAK)Ke (hJIaBOHOU/IBI PYTHH U KBEPIETHH; B OyTAHOJIBHOM (paKI — Kodeli-
Has KHCJIOTA ¥ KATEXWH; B BOJJHOM OCTAaTKe — dIUTAJJIOKATEXHH-3-Ta/UIaT U SIIUKATEXUH-3-TaljIaT.

3akyodueHUue. B HA/BEeMHON YacTy IIaBessl IPUMOPCKOIO BIEPBBIE YCTAHOBJIEHO HAJIMYUE TAJJIOBOH, CHPEHEBOH,
n-KyMapoBo#, ¢GepysI0Bor, KOPEHHON KUCJIOT, PECBEpaTpOoJIa, KaTeXWHA, SMUTAJUIOKATEXUH-3-TaJlJIaTa, SIUKATEXUH-3-
rajuiara.

Knaouesvle cro8a: TpevunIlHble, XpoMaTorpadus, aHTPAXHHOHBI, (PJ1aBOHOU/BI, (PEHOTIOKUCIIOTHI, CTHIBOEHBI.
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The study of the chemical composition of the aerial part
of golden dock (Rumex maritimus L.) by high-performance
liquid chromatography
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Omsk State Medical University, Omsk, Russia
ABSTRACT

Introduction. Golden dock (Rumex maritimus L.) is a poorly studied annual plant from the buckwheat family
(Polygonaceae Juss.), used by the peoples of South-East Asia to treat a number of diseases. The methanol extract of golden
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dock has several beneficial properties, including antibacterial activity. At the same time, the chemical composition of the
plant is studied fragmentarily.

Aim. To determine the qualitative composition of the aerial part of golden dock by high-performance liquid chromatog-
raphy (HPLC).

Materials and Methods. Thedried aerial part of the plant at the stage of flowering and the beginning of fruiting
was crushed and extracted with 95% ethanol. Ethanol was distilled off, and the extraction was treated sequentially with
chloroform, ethyl acetate and n-butanol. We analyzed the obtained fractions and the aqueous residue of ethanol extraction
after removal by reversed-phase HPLC. Compounds were identified using standard samples and literature data on the
spectral characteristics of substances.

Results. Phytochemical analysis of the aerial part of golden dock by reversed-phase HPLC showed the presence of such
substances as anthraquinones, flavonoids, stilbenes, phenolic acids. In the chloroform fraction, anthracene derivatives of
emodin, chrysophanol, fiscion, isochrysophanol, the flavonoid vogeletin were identified; in the ethyl acetate fraction — phe-
nolic acids: gallic, syringic, p-coumaric, ferulic, trans-stilbene derivative resveratrol, as well as the flavonoids rutin and
quercetin; in the butanol fraction — caffeic acid and catechin; in the aqueous residue — epigallocatechin-3-gallate and epi-
catechin-3-gallate.

Conclusion. The presence of gallic, syringic, p-coumaric, ferulic, caffeic acids, resveratrol, catechin, epigallocatechin-
3-gallate, and epicatechin-3-gallate was first established in the aerial part of golden dock.

Keywords: Polygonaceae, chromatography, anthraquinones, flavonoids, phenolic acids, stilbenes.
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BBEJEHUE

[laBesnp mpumopckuii (Rumex maritimus L.) —
9TO OJ[HOJIETHEE PaCcTEHHE BBICOTOH OT 5 710 80 cM,
oTHOCsIIeecss K ceMercTBy rpeunintbie (Polygona-
ceae Juss.). B HacTosIee BpeMs pacTeHHe HCIIOJIb-
3yercs y HapoioB FOro-BocTouHo# A3y B KauecTBe
BSIIKYIIIETO, CJIa0HUTETBHOTO, BETPOTOHHOTO CPE/ICTBA
u appomzuaka [1—3], a TakKe /i1 JIeUeHUs] XPOHHU-
YEeCKOro ypeTpuTa U 3a00JIEBAHUU KOXKH, OKOTOB
[1, 3, 4]. 9xciepuMeHTaTbBHO YCTAHOBJIEHO HATHYNE
Yy METaHOJIPHOTO 3KCTPAKTa IIABEJS MPUMOPCKOTO
aHTUOAKTEpUAJIbHOW, aHTHUPAJUKAIPHON aKTHUBHO-
CTH, BSDKYIIIUX CBOMCTB [2], UTO TapaHTHUpyeT Iep-
CIIEKTUBHOCTh BHEJIPEHUs JIAHHOTO pAacTeHUs B
MEIUITUHCKYTO IPAKTHKY.

OfHAaKO XMMUYECKUH COCTaB IAaBessT MPUMOP-
CKOro u3ydeH ¢pparmMmeHTapHO. FI3BeCTHO, 4TO pacre-
HHE CONEpP:KUT (HJIABOHOWIBI: pyMapWH, THIIEPUH,
pyTHH; IyOMJIbHBIE BeIECTBA; AJKAJIOUIbI [2];
AHTPAXWHOHBI: XPU30GhaHOJI, SMOANH, GUCIIUOH [3].

Takum 00pa3oM, aKTyaJdbHBIM SIBJISETCA yCTa-
HOBJIEHHE€ XUMHUYECKOT0 COCTaBa INAaBeJIsl MPUMOP-
CKOTO /17151 0OecIieueHus BHEJPEHUS €r0 B METUITH-

CKYIO IIPAKTHKY.

IEJIDb NCC/JIEJOBAHUA

OrnpenenuTh KAUeCTBEHHBIH COCTaB HA/I3eMHOM
YacTH I[aBesisg MPUMOPCKOIO MeTOOM BBICOKO3(d-
(exTUBHOMU JKUJIKOCTHOU xpomarorpaduu
(BOKX).

INTRODUCTION

Rumex maritimus L. (common golden dock) is an
annual plant with a height of 5 to 80 cm, belonging to
the buckwheat family (Polygonaceae Juss.). Cur-
rently, the plant is used by the peoples of South-East
Asia as an astringent, laxative, carminative and aph-
rodisiac [1—3], as well as for the treatment of chronic
urethritis and skin diseases, burns [1, 3, 4]. It was
experimentally established that the methanol extract
of golden dock has antibacterial, antiradical activity,
astringent properties [2], which guarantees the pros-
pects for the introduction of the herb into medical
practice.

However, the chemical composition of golden
dock is studied fragmentarily. The plant is known to
contain flavonoids: rumarin, hyperin, rutin; tannins;
alkaloids [2]; anthraquinones: chrysophanol, emo-
din, fiscion [3].

Thus, it is urgent to establish the chemical com-
position of the plant to ensure its introduction into
medical practice.

AIM OF THE RESEARCH

To determine the qualitative composition of the
aerial part of Rumex maritimus L. by high-perfor-
mance liquid chromatography (HPLC).

MATERIALS AND METHODS

To study the qualitative composition of Rumex
maritimus L., we used the aboveground part of the
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MATEPUAJIBI 1 METO/IbI

JUts v3ydeHUs KavueCTBEHHOTO COCTaBa IIIABEJIA
[IPUMOPCKOTO KCIOIH30BATH HAZ3EMHYIO YaCTh pac-
TEHUA B CTA[IUU [[BETEHUs M HAYAJIA IUIOZOHOIIEHN,
cobpanHHyt0 Ha Tepputopun OMcKoi ob1actu (JIroOuH-
CKUli p-H, Oeper p. Apiyxa, aBryct 2020 r.). CyIika
CBIPHs IIPOBO/IUJIACH BO3/YLITHO-TEHEBBIM CIIOCOOOM.

ChIpbe U3MeJIbYAIH JI0 pa3Mepa YacTHI], IPOX0-
JAIAX Yepe3 CUTO C AUaMeTPOM OTBEPCTHH 1 MM.
VI3mesibueHHOE ChIpbe TIOMEIAIN B KPYTJIOOHHYIO
KoJIOy 00bEMOM 4 JI, MPUOABJISIIIA 95% STAHOJ «JI0
3epKajia» U HACTAaUBAJIM MPU KOMHATHOU TeMIlepa-
Type B T€UEHHE 2 CyT. 3aTeM KoJIOy IOMeIlayyd Ha
BOZIAHYIO OaHIO Ha 40 MuH. [loslyueHHOe W3BJIEYe-
HUe (PUIBTPOBAIHN Yyepe3 OyMarKHBIA (DUIIBTP, ChIPhE
3aJIMBAIN 95% DTAHOJIOM «JI0 3epKajia» 1 MIOBTOPHO
SKCTPATMPOBAIN HA KUIISAIIEH BO/ISTHOM OaHe B Teue-
Hue 40 MuH. O6a u3BIeYeHUs O0BETUHSIHN, OTIO-
HSJIM TAHOJI Ha POTAIOHHOM HCIIapHUTEJIE U II0CIe-
ZoBaTeIbHO 00pabaThIBaIM XJI0PO(GOPMOM, STHII-
areTaToM M H-OyTaHOJIOM.

B pesysprare ObutM MOJTydYeHBI XJI0POGOpPMHASA,
STHIAlleTaTHasA M OyTaHOJbHAsA (PAKIUU M OCTATOK
BOJTHOTO PACTBOPA 3TAHOJILHOTO U3BJIEUEHH S, KOTOPbhIE
[oCJle  y/laJleHusl PpacTBOPUTEIEH aHaIU3UPOBAIN
MeTozioM obparieHHo-dazopoii BIXKX ¢ mmomHO-
MaTPUYHBIM JIeTEKTOpOM Ha 1upubope LC-20
Prominence (Shimadzu, fmoHust) B U30KpaTUYECKOM
pexuMe. YcII0BUA XpoMaTorpad)upoBaHUsA: aHAIUTU-
yeckasi kosionka PerfectSil Target ODS-3 HD (MZ-Ana-
lysentechnik GmbH, 'epmanus), 4.6x200 MM, 3ar10J1-
HEHHast COPOEHTOM € pa3MEPOM YACTHIL 5 MKM; COCTaB
MOZIBYKHOM (hasbl: alleTOHUTPIUI — BOZIA B COOTHOIIIE-
HUU 70:30, allETOHUTPIUI — 5% YKCyCHAs KHUCJIOTA —
BOJIa B COOTHOIIIEHUH 70:20:10 (xs10podopMHast ppak-
[I1s1); ALIETOHUTPII — 5% YKCYCHAsI KHCJIOTa B COOTHO-
IeHNH 20:80, alleTOHUTPWIT — 5% YKCYCHAS KHCJIOTa B
COOTHOIIIEHNH 10:90 (3THIaneraTHas QpakIius); are-
TOHUTPWJI — BOZ[a B COOTHOIIIEHUH 10:90 (OyTaHOIbHAS
(pakys); aneToHUTpIT — 5% YKCyCHas KUCJIOTa B
COOTHOIIIEHUH 5:95 (BOJIHBIH OCTATOK); IETEKTHUPOBA-
HUe TIpU JUTMHE BOJHBI 254 HM; TeMIepaTypa
KOJIOHKH — KOMHATHas1; CKOPOCTb ITOZIBYKHOU (pa3bl —
0.5 MJI/MUH; 00'beM BBOJUMOM ITPOOBI 20 MKJL.

UnenTudukauio COeAUHEHUNH  IIPOBOJUIIH,
HCIOJIB3Ys CTaHapTHBIE 00pa3ipl (Sigma Aldrich)
u paboune cTaHIapTHBIE 00PA3IIb, a TAKKE MOJIb3Y-
SICh JIUTEPATYPHBIMHU JIAHHBIMU O CIEKTPAJIbHbIX
XapaKTePUCTUKAX BemecTs (A + 2 HM).

O6paboTKy pe3ysIbTaTOB MPOU3BO/IAIH C HCIIOJIb-
30BaHKEM mporpamMmHoro obecreuenwsi LC Solutions.

PE3YJIBTATHI 1 OBCYKJIEHUE
OUTOXUMHUYECKUIT aHaIu3 HaJA3eMHOH dYacTu

IaBesisi IPUMOPCKOTO METO/IOM oOpalieHHO-(ha30-

Bori BIXKX mokasayl HajiMuyue BeIecTB KJIacCOB

plant at the stage of flowering and the beginning of
fruiting, collected in the Omsk region (Lyubinsky
district, the bank of the Avlukha river, August 2020).
The drying of raw materials was carried out using an
air-shadow method.

The raw material was crushed into particles
capable of passing through a sieve with holes of 1
mm in diameter. The crushed raw material was
placed in a 4 1 round-bottomed flask, 95% ethanol
was added, until there formed a smooth surface, and
infused at a room temperature for 2 days. The flask
was then placed in a water bath for 40 min. The
resulting extraction was filtered through a paper fil-
ter, the raw material poured with 95% ethanol and
re-extracted in a boiling water bath for 40 min. Both
extractions were combined, ethanol was distilled off
on a rotary evaporator, and a sequential treatment
with chloroform, ethyl acetate, and n-butanol was
performed.

As a result, we obtained chloroform, ethyl ace-
tate, and butanol fractions, and the residue of the
aqueous solution of ethanol extraction, which, after
removing the solvents, were analyzed by reversed-
phase HPLC with a diode array detector on an
LC-20 Prominence device (Shimadzu, Japan) in
isocratic mode. Chromatographic conditions: Per-
fectSil Target ODS-3 HD analytical column (MZ-
Analysentechnik GmbH, Germany), 4.6x200 mm,
filled with a sorbent with a particle size of 5 um; the
mobile phase containing: acetonitrile — water in
70:30 ratio, acetonitrile — 5% acetic acid — water in
70:20:10 ratio (chloroform fraction); acetonitrile —
5% acetic acid in 20:80 ratio, acetonitrile — 5% ace-
tic acid in 10:90 ratio (ethyl acetate fraction); aceto-
nitrile — water in 10:90 ratio (butanol fraction);
acetonitrile — 5% acetic acid in 5:95 ratio (aqueous
residue); detection at a wavelength of 254 nm; room
temperature of column; the speed of the mobile
phase is 0.5 ml/min; the volume of the injected
sample is 20 pl.

Compounds were identified using standard sam-
ples (Sigma Aldrich) and working standard samples,
as well as using literature data on the spectral char-
acteristics of substances (A_,_+ 2 nm).

The results were processed using the LC Solu-
tions software.

RESULTS AND DISCUSSION

Phytochemical analysis of the aboveground part
of golden dock by reversed-phase HPLC showed
the presence of substances of the classes of anthra-
quinones, flavonoids, stilbenes, phenolic acids
(Table 1).
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Ta6uuna 1. nenTuduinpoBaHHble COEMHEHNS B HA/I3eMHOU YacTH 1aBesist mpuMopckoro (Rumex maritimus L.)
Table 1. Identified compounds in the aboveground part of golden dock (Rumex maritimus L.)

No Haspanme ¥ XHMHYECKAS CocraB NOABUKHOU Bpemsa ynepxku- CroekrpajbHbIe Xapak-
i ane 1 dasbr BaHUA, MUH TEPUCTUKH A, HM
MY, q Mobile phase Retention time, Spectral characteristics
No. Name and chemical formula v 5
composition min A, DM
Xaopogopmuasn gpaxyus / Chloroform fraction
1 Boresetun / Vogeletin AneTOHUTPHII — BO/IA B 6.26 277, 349
OH COOTHOIIIEHHHU 70:30
Acetonitrile — water in
HO. o) 70:30 ratio
HO l OH
OCH; O
2 Avoans / Emodin ATeTOHUTDPW — BO/IA B 9.96 219, 252, 266, 287
COOTHOIIIEHUH 70:30
OH O OH - .
Acetonitrile — water in
70:30 ratio
HsC l I l OH
o]
3 Xpuszodanon / Chrysophanol AIIETOHUTPUIT — BOZIA B 21.22 221, 252, 277, 428
COOTHOIIIEHUH 70:30
OH 9 OH Acetonitrile — water in
70:30 ratio
CH,
(0]
4 @uciuon / Fiscion AleTOHUTDPWI — BOZIA B 27.33 222 253, 266, 285, 435
COOTHOIIIEHUH 70:30
OH O OH - .
Acetonitrile — water in
l l l 70:30 ratio
H,C OCH,
0
5 N3zoxpusodanoi / Isochrysophanol Aneronutpun — 5% 11.51 268, 279, 317, 408

OH O OH
i * i _CH;,
0

VKCyCHast KUCJIOTa — BOZa
B COOTHOIIIEHHH 70:20:10
Acetonitrile — 5% acetic
acid—water in 70:20:10
ratio

dmurayemamnuasn paxyus / Ethyl acetate fraction

6 Tasnosas kuciora / Gallic acid

(6] OH
HO i OH
OH

Aueronutpuin — 5%
VKCyCHast KHCJIOTA B
COOTHOIIIeHUHU 20:80
Acetonitrile — 5% acetic
acid in 20:80 ratio

5.84

240, 279
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IIpogonxenue tabu. 1 / Continuation of Table 1

N Haspapme M XMMHUIECKAs CocraB MOABUKHOM Bpems yaep:Ku- Cnex’rpa.nm;me xXapak-
n/n opmya (1)a31:1 BaHUsA, MHH TEPUCTHKU A, HM
q Mobile phase Retention time, Spectral characteristics
No. Name and chemical formula £ .
composition min Ao NIM
Imuarayemamnan gpaxyua / Ethyl acetate fraction
7 CupeHeBas KHCJIOTA ArneTroHUTPUI — 5% 6.54 240, 278, 321
Syringic acid VKCYCHast KHCJIOTa B
0 OH COOTHOIIIEHUH 20:80
Acetonitrile — 5% acetic
acid in 20:80 ratio
H;CO OCH;
OH
8 Pytun / Rutin ArneTtoHUTPUI — 5% 10.02 253, 353
OH VKCyCHast KHCJIOTa B
COOTHOIIIEHUH 20:80
Acetonitrile — 5% acetic
OH acid in 20:80 ratio
OH
o HO 5 OH
OH (o)
o
HO
HO Uy
9 n-KymMapoBas KHCJIOTa Aneronutpui — 5% 11.85 238, 309
p-Coumaric acid YKCyCHast KUCJIOTa B
o) COOTHOIIIEHUH 20:80
Acetonitrile — 5% acetic
acid in 20:80 ratio
N OH
HO
10  PecBepatpon / Resveratrol Aueronurpui — 5% 27.94 239, 305, 318
OH YKCyCHas KHCJIOTa B
COOTHOIIIEHUH 20:80
Acetonitrile — 5% acetic
HO O ~ acid in 20:80 ratio
OH
11 Kseprerun / Quercetin AneroHutpui — 5% 47.48 253, 369
OH YKCyCHas KHCJIOTa B
COOTHOIIIEHUH 20:80
Acetonitrile — 5% acetic
HO o s .
O | ou  acidin 20:80 ratio
OH
OH O
12 ®epysioBas kuciora / Ferulic acid  Aneronurpui — 5% 38.77 241, 323
CH, 0 VKCYCHasI KHCJIOTa B
| COOTHOILIEHUH 10:90
(o) N Acetonitrile — 5% acetic
OH acid in 10:90 ratio
HO
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Oxonuanue tabiun. 1 / Ending of Table 1

Ne HazpaHue M XUMHUYECKasd

n/n ¢popmyaa q’amfl
No. Name and chemical formula Mobile Pl}ase
composition

CocraB HOABUKHOM

Bpewmsa yaep:ku- CrnekrpajibHbIE Xapak-
BaHWS, MUH TePUCTUKHU A__ , HM
Retention time, Spectral characteristics
min A ,nm

max

Bymanoavras gpaxyus / Butanol fraction

13 Kodeiinas kuciora ArneToHUTpUI — BOZJA B 32.15 219, 235, 328
Caffeic acid COOTHOILIEHUH 10:90
o Acetonitrile — water in
10:90 ratio
HO.
~ OH
HO
14  Karexun / Catechin ANeTOHUTPIIT — BOZA B 10.97 276
OH COOTHOIIIEHUH 10:90
Acetonitrile — water in
HO. o. 10:90 ratio
O OH
OH
OH
Boodnwtit ocmamox / Aqueous residue
15  OUHUTraJUIOKAaTEXUH-3-TajiaT Aneronutpui — 5% 5.51 274
Epigallocatechin-3-gallate YKCyCHas KUCJIOTa B
ol COOTHOIIIEHUH 5:95
Acetonitrile — 5% acetic
OH A )
acid in 5:95 ratio
HO. o O
) "
(0]
OH OH
O
OH
OH
16  OnHuKaTexXuH-3-rajiaT Aneronurpui — 5% 19.96 270

Epicatechin-3-gallate

VKCyCHast KUCJIOTa B
COOTHOIIIEHUH 5:95
Acetonitrile — 5% acetic
acid in 5:95 ratio

OH
O O

(6]
OH OH
O
OH

OH

AHTPAaXWHOHOB, (HJIABOHOUOB, CTHIHOEHOB, (eHO-
J0KucI0T (Tadsr. 1).

W3BecTHO, YTO B KOpHAX, CTEOJIAX, JIUCTHIX
I[aBeJis IMPUMOPCKOTO COZEPIKATCA aHTPALEHIIPO-
HU3BOJIHBIE Xpu3odaHos, GUCHUOH, 3MOAWH [3].
Kpome sTux coeauneHuil B xa0podopMHOU dpak-
MU C UCIIOJIb30BAHUEM JIUTEPATYPHBIX JJAHHBIX [5]
UIeHTHUINPOBAH U30XPU30(aHOI.

It is known that the roots, stems, leaves of golden
dock contain anthracene derivatives of chrysopha-
nol, fiscion, emodin [3]. In addition to these com-
pounds, isochrysophanol was identified in the chlo-
roform fraction using the literature data [5].

According to the spectral characteristics pre-
sented in the literature [6], the flavonoid vogele-
tin was also identified in the chloroform fraction.
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ITo crieKTpaJIbHBIM XapaKTEPUCTUKAM, IIPEICTAB-
JIEHHBIM B JINTEPATYPHBIX UCTOYHUKAX [6], B XJI0pO-
dopmHoOIi bpaknuu ObLT TakKe UAeHTU(GUITHTPOBAH
¢1aBoHOMT BoresieTHH. /IaHHOE COEUHEHUE U €TO
IJIUKO3HU/IbI paHee ObUIM OOHApPY:KEHBI B JIPYTOM
npezcraBuTesie cemerictsa Polygonaceae — Polygo-
num recumbens Royle ex Bab. [7].

B stmnaneratHoil dpaknuy uaeHTHOUIIMPOBAHBI
(raBoHOMIBI PYTHH U KBEPIIETHH, (DEHOJIOKUCIIOTHI —
raJuioBasi, CHpeHeBas, n-KymapoBasi, hepysioBasi, Ipo-
HU3BOJHOE TpPAHC-CTIWIbOEHA pecBeparpos. Pecrepa-
TPOJI IPUCYTCTBYET U Y IPYTHX MIPEJICTaBUTEIIEN CeMel-
crBa Polygonaceae: B pacrenusix ponos Polygonum L.
[8, 9], Rheum L. [10], Rumex L. [11, 12].

B GyranosibHOM (Qpakiuu UAeHTHDUITUPOBAHbI
KodeiHas KucIoTa v (pJIaBOHOU/T KATEXWH, B BOJTHOM
ocraTke — (QJIaBOHOU/TbI SITUTA/UIOKATEXUH-3-TaJIIAT
U BIIUKATEXUH-3-TaJIJIaT.

3AK/JIIOYEHUE

B Hazi3eMHOI yacTu jaBesis IPUMOPCKOTO MeTO-
oM BIXKX ycraHOBIEHO Hajn4yue aHTPAXWHOHOB,
(1aBOHOUIOB, CTUIIHOEHOB, (PEHOJIOKUCIIOT. AHTpa-
XUHOHBI IIPEJICTABIEHBI UeTHIPHMS HIEHTH(MUIIIPO-
BaHHBIMHU BEIIECTBAMH — SMOJHUHOM, XpHU30(daHO-
oM, ducnuoHoM, uzoxpusodanosom. Cpeau da-
BOHOH/IOB UAEHTU(DUIIUPOBAHBI PYTUH, KBEPIETHH,
KaTeXUHbl (KaTeXWH, JIUTAJJIOKAaTEXUH-3-TaJIjaT,
SIUKATEXWH-3-TajjIaT), BOTeJIETHH; U3 COeqUHEeHNH
KJIacca CTH/IHOEHOB YCTAHOBJIEHO HAIMYHE PeCBEpa-
Tposia. PeHOJIbHBIE KUCIOTHI IPE/CTABIEHBI TAJLJIO-
BOU, CHPEHEBOM, nN-KyMapoBoW, GepysoBod u
KO(eHHON KHCIIOTaMU. BriepBble OOHApyKEHBI B
Ha/I3eMHOH YacTH I[aBesisd IPUMOPCKOTO rajuioBas,
cUpeHeBas, n-Kymaposasd, QepysoBas, KodelHas
KHUCJIOTBI, pECBEPATPOJI, KATEXUH, SIIUTAJJIOKATEXUH-
3-TaJ1aT, SIUKATEXUH-3-TajlIar.

Kondaukr mHTEpecoB. ABTOpPHI 3aABJIAIOT
06 oTcyTCcTBUM KOH(JIUKTA HHTEPECOB.
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Rumex: review of traditional uses, phytochemistry and
pharmacology // J. Ethnopharmacol. 2015;175:198—
228. doi: 10.1016/j.jep.2015.09.001.

4. Topno S.C., Sinha M.R. Study of medicinal plants used
to heal skin diseases by tribes of west Singhbhum dis-
trict of Jharkhand (India) // J. Pharmacogn. Phyto-
chem. 2018;7(1):371-376.

This compound and its glycosides were previ-
ously found in another member of the Polygona-
ceae family, Polygonum recumbens Royle ex
Bab. [7].

In the ethyl acetate fraction, flavonoids rutin and
quercetin, phenolic acids: gallic, syringic, p-cou-
maric, ferulic, and the trans-stilbene derivative res-
veratrol were identified. Resveratrol is also present
in other representatives of the Polygonaceae family:
in plants of the genera Polygonum L. [8, 9], Rheum L.
[10], Rumex L. [11, 12].

Caffeic acid and flavonoid catechin were identi-
fied in the butanol fraction, and flavonoids epigallo-
catechin-3-gallate and epicatechin-3-gallate were
identified in the aqueous residue.

CONCLUSION

The presence of anthraquinones, flavonoids,
stilbenes, and phenolic acids was revealed by
HPLC in the aerial part of golden dock. Anthraqui-
nones are represented by four identified sub-
stances: emodin, chrysophanol, fiscion, isochryso-
phanol. Among the flavonoids, rutin, quercetin,
catechins (catechin, epigallocatechin-3-gallate,
epicatechin-3-gallate), vogeletin were identified;
from compounds of the stilbene class, the presence
of resveratrol was established. Phenolic acids are
represented by gallic, syringic, p-coumaric, ferulic
and caffeic acids. For the first time, gallic, syringic,
p-coumaric, ferulic, caffeic acids, resveratrol, cat-
echin, epigallocatechin-3-gallate, epicatechin-3-
gallate were found in the aboveground part of
golden dock.
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CuHTe3 1 onpeaesieHrue akTUBHOCTH HOBOTO IPOMU3BOJHOTO
THAPOKCHOKCONMUPHUMUINHA — IIOTEHITHAJTbHOI'O 00bEKTa JJIA
N3TOTOBJIEHUA NMIPOTUBOBOCIAJIUTEIHLHOTO IeJifd

E.B. KyBaega, FO0.M. Jlaayteko, /[.A. Konecuuk, I1.0. JleBiiykosa, E.B. ®esiopoBa

@I'BOY BO «Cankm-Ilemepbypackuil 20cyoapcmeeHHblil XuMuko-gapmayesmuueckuil yHugepcumem»,
Canxm-ITemepbype, Poccus

AHHOTAIIUA

Beenenue. CoefMHEeHUs, UMEIOIINE B CBOEM CTPOEHHU THPOKCUITUPUMHU/IUHOBBIA (parMeHT, 06J1aZJaloT BhIPAKEH-
HOH 1 pa3HOOOpa3HOM GHOJIOTHUECKOH aKTUBHOCThI0. HU3Kas pacTBOPUMOCTh MHOTHUX TPOU3BOHBIX THIPOKCUITPUMH-
JINHA B BOJIE SIBJISIETCS CYIECTBEHHBIM HEZOCTATKOM C ITO3UIIUH CO3/JaHUS HOBBIX JIEKADCTBEHHBIX CPEICTB. U3 5-OyTHI-6-
TH/IPOKCH-2,3-nudeHnmnupuMuaui-4(3H)-oHa 6bU1a noydyeHa ero Bogopactsopumasi popma B Bujie HATPUEBOU COJIH.
JlaHHOE BeIeCcTBO, KaK OBLIIO BBIABJIEHO B X0/I€ KOMITBIOTEPHOTO CKPHHUHTA €T0 BO3MOKHOH OGHO0JIOTUTIECKON aKTHBHOCTH
in silico, OTEHIIMATIBPHO MOYET OBITh HCIIOJIH30BAHO B KadecTBe (hapMaleBTUUECKOM CyOCTAHIIUU [JIs IPOU3BOJICTBA
(usroToBisieHus1) JekapcTBeHHBIX mpenapatoB (JIIT). TIoCKOIbKY acCOPTUMEHT THAPOKCUNHPUMUIUHOBBIX JIII B BHIE
HapyKHBIX JIEKapCTBEHHBIX (OpM KpaliHe MaJl, a IOJIydeHHOe COeJHeHUe 00JsafjaeT IuApo(IIbHBIMU CBOUCTBAMY,
aKTyaJIbHBIM ABJIAETCA 3aK/II0UeHNe CyOCTaHIINY B JIEKaPCTBEHHYI0 GOPMY — TeJlb.

ITenb. CuHTe3 BOAOPACTBOPUMOH (POPMBI HOBOI'O IPOU3BOAHOIO THAPOKCUIINPUMUINHA, OlIpefiesieHHe ee OCTPOH TOK-
CUYHOCTU U TPOTHBOBOCIIAIUTEILHON aKTUBHOCTH, a TAK)KE KPUTUUECKUX CTAZUH pa3pabOTKH U JaIbHEHNIIIEr0 U3TOTOB-
JIEHUs HaPY>KHOU TH/IPODIIBHOH JIeKapCTBEHHOH ()OPMBI Ha ee OCHOBE.

MaTepuanbl U MeTOABl. LleseBoe coeTMHEHNE TIOJYIEHO B PE3YJIbTAaTe B3AUMOJIEHCTBUS 5-0yTHII-6-TUAPOKCH-
2,3-mudeHmmupuMuanH-4(3H)-0Ha U SKBUMOJIIPHOTO KOJIMYECTBA BOJHOTO PAcTBOpA TUAPOKcHAa HATpusa. OcTpyro
TOKCHUYHOCTD OTIPEZEJIsLTH Ha OeJIbIX MbIIIax (5 TPYIII IO 10 XKUBOTHBIX, KOTOPBIM BBOJIFUIM PACTBOP HCCIIEAYEMOTO COEU-
HEeHU B JI0O3UPOBKAX 1100, 1200, 1300, 1400 U 1500 MTI'/KT COOTBETCTBEHHO), HA0JII0/1as1 32 PA3BUTHEM OCHOBHBIX CHMIITO-
MOB U PETHCTPUPYS BPEMS THOeJIH )KUBOTHBIX B TEUEHHE 72 U ¢ MOMEHTA BBeJIeHUs IIperapara. [[ji 9KcrepruMeHTaIbHOU
OIIEHKY IIPOTHBOBOCIIAJIUTEIFHON aKTHBHOCTH OBLIIY HCIIOJIb30BAHBI JIBE MO/IeNN: «(DOPMAIMHOBBIM OTEK JIAll MBIIIEH» U
«BaTHas rPaHyJIeMa y KpbIC» (VIS KaXK0U MO/IEJIN — 3 TPYIIIIBI 3JKUBOTHBIX I10 10 0COOel B KaXK[0H: 1-51 TPYIIIA IOJIydasa
IIpernapar cpaBHeHUs JUKI0deHaK, 2-1 — UCCIelyeMoe CoeIUHeHNe, 3-5 (KOHTPOJIb) — PAcTBOP HATPUA XJIOPUJA).
PesynbTaThl. 5-0yTwi-1,2-AudeHUI-6-0KCO-1,6-TUTHIPOIUPUMUJIUH-4-0JIAT HATPHUA CHHTE3UPOBAH C BBIXOJOM
85 + 1 %. In vivo AOKAa3aHO, UYTO UCCIIelyeMOoe COeJUHEeHe OTHOCUTCS K 5-My KJIacCy TOKCUYHOCTH — «IIPAKTHYeCKH HETOK-
CHUYHO» U 00J1a71aeT BHIPAYKEHHOHN IPOTHUBOBOCIIAIUTEIBHON aKTUBHOCTBI0. CocTaBsieHa quarpamMma VIcHKaBbI 151 OTpe-
JIeJIeHUsT KPUTHYECKUX CTaInii pa3pabOTKU M U3TOTOBJIEHUs MSTKOH JIeKapCTBEHHOM (OPMBI — TeJis ¢ IeIeBOH Cy0-
CTaHIIIEH.

3aknwueHue. CHHTe3UPOBAHO HOBOE COEIUHEHHE C IIPOTUBOBOCIIAIUTEIHHBIM JIEHCTBUEM — 5-0yTHII-1,2-AubeHmII-
6-0KC0-1,6-TUTHIPOIMPUMHU/IUH-4-0JIAT HATPHUSL, KOTOPOe 00J1a/1aeT HU3KOH TOKCHYHOCTBIO U BBIPA’KEHHOH ITPOTHBOBOC-
MaJINTETHHON aKTHBHOCTHI0. KDUTHYECKIMU CTaUAMU Pa3pabOTKU ¥ U3TOTOBJIEHIS I'eJIsl C CHHTe3UPOBAHHBIM COeZIIHe-
HUEM SIBJIIOTCS: IIOATOTOBKA OCHOBBI U JIEKAPCTBEHHOTO BEIIECTBA, BBE/IEHUE JIEKADCTBEHHOTO BEI[ECTBA B OCHOBY, TOMO-
reHu3anus 1 pacoBka.

Kaoueente cao8a: BOLOPACTBOPUMBIE M'HIPOKCUITMPUMU/INHBI, OCTPAsA TOKCUIHOCTD, IIPOTHBOBOCIIAINTEIbHASA AKTHB-
HoCTh, ICH Q8 «®apmaneBTiyeckas pazpaboTka», guarpamma Vcukasebl.

Oo6pasen murupoBaHnusn: Kysaesa E.B., Jlaxyrsko F0.M., Komecuuk I.A., JleiiykoBa I1.0., ®egoposa E.B.
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Synthesis and determination of the activity of a new derivative
of hydroxyoxopyrimidine, a potential object for the manufacture
of anti-inflammatory gel

E.V. Kuvaeva, Yu.M. Ladutko, D.A. Kolesnik, P.O. Levshukova, E.V. Fedorova

Saint Petersburg State Chemical Pharmaceutical University, Saint Petesburg, Russia

ABSTRACT

Introduction. Compounds with a hydroxypyrimidine fragment in their structure exhibit pronounced and diverse
biological activity. The low solubility of many hydroxypyrimidine derivatives in water is a significant drawback in the devel-
opment of new medicines. From 5-butyl-6-hydroxy-2,3-diphenylpyrimidin-4(3H)-one, its water-soluble form being a
sodium salt was obtained. This compound, as it was revealed during the computer screening of its possible biological acti-
vity in silico, can potentially be used as a pharmaceutical substance for the production (manufacture) of drugs. Since the
line of hydroxypyrimidine drugs in the topical dosage forms is extremely limited, and the resulting compound has hydro-
philic properties, it is important to enclose the substance in a gel dosage form.

Aim. Synthesis of a water-soluble form of new hydroxypyrimidine derivative, determination of its acute toxicity and anti-
inflammatory activity, as well as critical stages of development and further production of a topical hydrophilic dosage form
based on the obtained compound.

Materials and Methods. The target compound was obtained from the interaction of 5-butyl-6-hydroxy-2,3-di-
phenylpyrimidin-4(3H)-one and an equimolar amount of an aqueous solution of sodium hydroxide. Acute toxicity was
determined on white mice (5 groups of 10 animals, which were injected with a solution of the study compound at a dose of
1100, 1200, 1300, 1400, and 1500 mg/kg respectively), observing the development of the main symptoms and recording
the time of death of the animals within 72 h from the moment of the drug administration. For the experimental assessment
of anti-inflammatory activity, two models were used: formalin-induced mice paw edema and cotton pellet implantation-
induced granuloma in rats (for each model there were 3 groups with 10 animals per group: the 1st group received the refer-
ence drug diclofenac, the 2nd — the compound under study, the 3rd (control) — sodium chloride solution).

Results. The yield of the obtained sodium 5-butyl-1,2-diphenyl-6-oxo-1,6-dihydropyrimidine-4-olate was 85 + 1%. It
has been proven in vivo that the test compound belongs to the 5th class of toxicity (practically non-toxic) and has a pro-
nounced anti-inflammatory activity. An Ishikawa diagram was drawn up to determine the critical stages of the develop-
ment and manufacture of a semisolid dosage form, a gel with a target substance.

Conclusion. A new compound with anti-inflammatory action has been synthesized, sodium 5-butyl-1,2-diphenyl-6-
0x0-1,6-dihydropyrimidin-4-olate, which has low toxicity and pronounced anti-inflammatory activity. The critical stages in
the development and manufacture of a gel with synthesized compound are: preparation of the base and drug substance,
introduction of the drug substance into the base, homogenization and packaging.

Keywords: water-soluble hydroxypyrimidines, acute toxicity, anti-inflammatory activity, ICH Q8 Pharmaceutical
Development, Ishikawa diagram.

Citation example: Kuvaeva E.V., Ladutko Yu.M., Kolesnik D.A., Levshukova P.O., Fedorova E.V. Synthesis and
determination of the activity of a new derivative of hydroxyoxopyrimidine, a potential object for the manufacture of an-
ti-inflammatory gel. Journal of Siberian Medical Sciences. 2022;6(1):46—55. doi: 10.31549/2542-1174-2022-6-1-46-55

BBE/JIEHUVE

CoeuHeHNs, UMeIOIINE B CBOEM CTPOEHUHU
MUPUMUANH-4,6-TUOJIBHBIN (parMeHT, 00J1a7aI0T
BBIPDA’KEHHOH ¥ Pa3HOOOpa3HOM OUOJIOTHYECKOH
aKTUBHOCTHIO, OTHAKO ACCOPTHUMEHT JIEKAPCTBEH-
HBIX IIPENapaToB Ha MX OCHOBE Ha (dapMareBTuue-
ckoM peiHKe HeBesnuk [1]. ITo pmamaeiM T'ocymap-
CTBEHHOTO peecTpa JEeKapCTBEHHBIX CPEJCTB [2],
aCCOPTUMEHT TUAPOKCUITUPUMHUINHOBBIX JIEKap-
CTBEHHBIX IIPENapaToB BKJIIOYAET 104 TOPTOBBIX
HAVMEHOBAHUS C yUYETOM JIEKApCTBEHHOH (POPMBI U
pousBoauTeis. Beero Ha repputopun Poccuiickoit
Denepanuy 3aperUCTPUPOBAHO 8 MeEKTYHAPOIHBIX
HemaTeHTOBaHHBIX HanmMmeHoBaHud (MHH) nexap-

INTRODUCTION

Compounds with a pyrimidine-4,6-diol fragment in
their structure have pronounced and diverse biological
activity, but the assortment of drugs based on them on
the pharmaceutical market is small [1]. According to
the State Register of Medicines [2], the line of hydroxy-
pyrimidine medicines includes 104 trade names, tak-
ing into account the dosage form and manufacturer. In
total, 8 international non-proprietary names (INN) of
medicinal products containing hydroxypyrimidine are
registered in the Russian Federation.

The low water solubility of many hydroxypyrimi-
dine derivatives is a significant drawback in the
development of new medicines. The pharmaceutical
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CTBEHHBIX ITPENApaTOB C COJIEPKAHUEM THIPOKCH-
MUPUMUINHA.

Huzkass pacTBOPUMOCTh MHOTHX ITPOU3BOIHBIX
TUZPOKCUITUPHUMUIMHA B BOJIE SIBJISIETCSA CyIIIECTBEH-
HBIM HEJIOCTATKOM C TO3UIIUUA CO3JAHUS HOBBIX
JIEKapCTBEHHBIX CpeACcTB. B xome ananmmsa dapma-
[IEBTUYECKOTO PHIHKA OBLIIO BBIABJIEHO IIPUCYTCTBHE
BBICOKOU /101u (79 %) mumnoUIbHBIX JIEKapCTBEH-
HBIX [IPEnapaTos.

N3 5-0yTui-6-ruapoKcu-2,3-1udeHuIIHPUMEA-
nuH-4(3H)-ona [3] ObLIa MoJTydeHa ero BOA0pacTBo-
pumasi Gopma B BH/Ie HATPUEBOH COJIU — 5-OyTHII-
1,2-1udeHnn-6-0kco-1,6-TUTHIPONUPUMUINH-4-
oAt HaTpus [4]. Ilepes TeM Kak MPUCTYIUTD K DKC-
[IEPUMEHTTPHOMY HCCJIEIOBAHUIO OMOJIOTHIECKOH
aKTUBHOCTH JIAHHOTO BEIIECTBA IN VU0, OB IPOBE-
JIeH KOMIThIOTEPHBIA CKPUHHUHT €TI0 BO3MOKHOM OH0-
JIOTHYECKOM aKTUBHOCTH in Silico ¢ MOMOIIBIO IIPO-
rpammbl PASS (Prediction of Activity Spectra for
Substances), pacrosio;keHHOW Ha BeO-cepBHCE CO
cB0OOIHBIM ZlocTyIIOM uepe3 uTepHer. B mporecce
CKpPUHHHTA OBUIN TOJIyYeHBI JJAHHBIE O IIPEJIIIOJIO-
JKUTEJIBHOU MMPOTUBOBOCITATUTEILHOW U aHAJIBIeTH-
YeCKO! aKTHBHOCTU JAHHOTO BEIECTBA C BEPOSATHO-
CTBIO p_ ~ 0.5.

[TpoTrBOBOCTIATTUTETHHAS dapmakorepamus
SIBJISIETCS CUMIITOMATHYECKOH, Tpernaparsl MepBOu
JIMHUHM — 3TO HECTEPOU/IHBIE TPOTHBOBOCIIAJINTE -
HbIE CPE/ICTBA. PUCK pa3BUTHS CEPbE3HBIX TOOOUHBIX
s dexToB (HapyleHHe arperanuy TPOMOOITUTOB,
ocyoxkHeHUs co ctopoHbl JKKT, Hapyiienue GyHK-
[V TT0YEK, IIEUEeHH U IP.) IPU CUCTEMHOM ITpUMeHEe-
HHU TaKUX MIPENapaToB KpaliHe BBICOK U OIPe/IesIsieT
aKTyaJIbHOCTH TOWCKA JIPYTHX IOJIXOZI0B K TEpAITHH.
OfHUM W3 HUX SIBJISIETCS KUCIIOJIB30BAHUE IMPOTHBO-
BOCHIAJIUTEJIbHBIX W aHAJIBIre3UPYIOIIUX CPEJICTB B
BH/JIE HAPYKHBIX JIEKAPCTBEHHBIX (POPMAX, UTO COIPO-
BOXKZIA€TCS CHIPKEHUEM PHCKA Pa3BUTUS MTOOOUHBIX
53¢ ¢eKToB M0 CPaBHEHUIO C IpermapaTamMyd CHUCTEM-
HOTO JIEUCTBHSA M3-32 3HAUYUTEIHHOTO YMEHbBIIIEHUS
KOHIIEHTPAIIUH JEHCTBYIOUX BEIIECTB B KPOBH.

00630p (papMareBTHYECKOTO PhIHKA [2] MOKa3aJl,
YTO aCCOPTUMEHT JIEKAPCTBEHHBIX CPEJICTB, UMEIO-
[UX B CBOEM CTPOEHUU THUAPOKCUTTHPUMHUIUHOBBIH
¢parmeHT, B BU/ie HAPYKHBIX JIeKapCTBEHHBIX (POpM
KpaliHe MaJsl. M1 MOCKOJIBKY HCCJIEJlyeMO€e COeMHE-
Hue o0sajaer ruApoPUIBHBIMU CBOWCTBAMU, TO
aKTyaJIbHBIM SIBJISIETCS 3aK/II0UEHUE CyOCTAaHIUHU B
JleKapCTBEHHYI0 (pOpMy — TeJb.

IEJb NCCJIEAOBAHUA
[MomyunTth BomOpacTBOpUMYTO (hOPMY HOBOTO IIPO-
W3BOJTHOTO  THJIPOKCUITUPUMU/INIHA,  OIPEAEIUTh

OCTPYIO TOKCHUYHOCTb ¥ IIPOTHBOBOCIIAJINTE/IBHYIO

market analysis revealed the presence of a high pro-
portion (79%) of lipophilic drugs.

From  5-butyl-6-hydroxy-2,3-diphenylpyrimi-
din-4 (3H)-one [3], we have obtained its water-solu-
ble sodium salt, sodium 5-butyl-1,2-diphenyl-6-oxo-
1,6-dihydropyrimidine-4-olate [4]. Before the exper-
imental study of the biological activity of this
substance in vivo, a computer screening of its possi-
ble biological activity in silico was carried out using
the PASS (Prediction of Activity Spectra for Sub-
stances) software product located on a web service
with free access via the Internet. During the scree-
ning, data were obtained on the presumptive anti-
inflammatory and analgesic activity of this substance
with a probability of p_ = 0.5.

Anti-inflammatory pharmacotherapy is aimed at
treating symptoms, and first-line drugs are non-ste-
roidal anti-inflammatory medicines. The risk of
developing serious side effects (impaired platelet
aggregation, gastrointestinal complications, impai-
red renal and liver function, etc.) with the systemic
use of such drugs is extremely high and determines
the relevance of the search for other treatment
approaches. One of them is the use of anti-inflamma-
tory and analgesic agents in topical dosage forms,
which is accompanied by a decrease in the risk of
side effects in comparison with drugs of systemic
action due to a significant decrease in the concentra-
tion of active substances in the blood.

Areview of the pharmaceutical market [2] showed
that the range of drugs with a hydroxypyrimidine
fragment in their structure in the form of topical
dosage forms is extremely limited. Since the investi-
gated compound has hydrophilic properties, it may
be relevant to enclose the substance in a gel dosage
form.

AIM OF THE RESEARCH

To obtain a water-soluble form of new hydroxy-
pyrimidine derivative, to determine the acute toxic-
ity and anti-inflammatory activity of the synthesized
substance in vivo, as well as the critical stages of fur-
ther manufacture of the topical hydrophilic dosage
form.

MATERIALS AND METHODS

5-butyl-6-hydroxy-2,3-diphenylpyrimidin-
4(3H)-one was obtained as a result of the reaction of
N’-phenylbenzene carboximidamide with diethylbu-
tylpropanedioate in dimethylformamide during
catalysis by potassium hydrogen carbonate. The syn-
thesis scheme is shown in Fig. 1.

The target water-soluble compound was obtained
by treating 5-butyl-6-hydroxy-2,3-diphenylpyrimi-
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aKTUBHOCTh CHHTE3UPOBAHHOTO BeEIIECTBAa in vivo, a
TaKKe KPUTHYECKUEe CTA/IUN TATbHENITIEro H3TOTOBJIe-
HUS HAPYKHOM THAPOPWIBHON  JIeKapCTBEHHOU

¢opmbI.

MATEPUAJIBI 1 METO/IbI

5-0yTHII-6-THAPOKCH-2,3-TUbEHUITUPUMUTH-
4(3H)-oH ObUT MOJIyYeH B Pe3yJIbTaTe B3aUMOZEH-
ctBusi  N'-dpeHWI6eH30IKapOOKCUMHUAaMuIa €
JMUSTWIOYTHIPOIAHANOATOM B Cpefie JUMETUII-
dopmamuza mnpu KaTaau3e THUAPOKApOOHATOM
kanus. Cxema CHHTe3a IIpeJICTaBJIeHa Ha PUC. 1.

[lesreBoe BOIOPACTBOPUMOE COEUHEHHE IIOJTY-
yayu myTeM 0OpaboTKH 5-OyTHI-6-THAPOKCU-2,3-
JubeHTMUpUMUIUH-4(3H)-0Ha 3KBUMOJISPHBIM
KOJINUECTBOM BOJIHOTO pPacTBOpa THJIPOKCHUZA
HaTpus MPU MEePEeMeNINBAaHUM B TedeHue 30 MUH
(puc. 2). TBepbIH 11€71€BOU TPOAYKT MOIyYasId yIia-
pUBaHUEM PeaKIMOHHOU Macchl mpu 40—45 °C u
JaByieHnu 80—96 mbap.

OCTpyI0 TOKCUYHOCTb U OUOJIOTHYECKYIO aKTHB-
HOCTh OTpEZeJIsIIN in Vivo. Bece skcmepuMeHTHI Ha
JKHBOTHBIX OBLTM TIPOBEJEHBI B COOTBETCTBUU C
Pemermem CoBera EBpasuiicKodl SKOHOMHYECKOU
KOMUCCHHU OT 3 HOSIOPsT 2016 1. N@ 81 «O6 yTBEpxKIE-
Huu [IpaBui HajuIekained J1abopaTOpHOH ITpak-
THKH EBpaswiickoro 5KOHOMHYECKOTO COM03a B
chepe oOpaleHHs1 JIEKAPCTBEHHBIX CPEACTB» U
Hanmonansubim crangapTom Poccuiickoit ®esepa-
muu 'OCT P 53434-2009 «IIpuHOHIBI HaJIeKa-
1elt 1abopaTOPHOM MPAKTUKH ».

OCTpyI0 TOKCHYHOCTH I VIVO OIpENessiu Ha
OeJTbIX MBIIIax-caMIlaX MacCoH 20 + 2 T, U3 KOTOPBIX
6pUTH cPOPMUPOBAHBI 5 TPYNI IO 10 JKUBOTHBIX.
PactBop 5-0yTHiI-6-0KCO-1,2-TU(pEHUT-1,6-TUTH/I-
PONHMPUMU/IUH-4-0JISITA HATPUSA B BOJIE JIJIST HHBEK-
uuii (0.5 MJI) BBOAWIU OJHOKPATHO BHYTPUOPIO-
IIUHHO B JIO3WPOBKaX 1100 MI/Kr (1-s rpymma),
1200 (2-s rpynma), 1300 (3-a rpymma), 1400 (4-s
rpyImmna) u 1500 Mr/Kr (5-1 rpynna). BernkuBaemocTs
JKUBOTHBIX OIIPe/IeJIsIN, HabJIioast 3a HUMU B Teue-
HHE 72 4 (4epe3 24 U 48 94) OT MOMEHTA BBEJIEHUs

KHCO“ DMF, t°

din-4(3H)-one with an equimolar amount of an
aqueous solution of sodium hydroxide with stirring
for 30 min (Fig. 2). The solid target product was
obtained by evaporation of the reaction mixture at
40—45°C and a pressure of 80—96 mbar.

Acute toxicity and biological activity were deter-
mined in vivo. All experiments on animals were
carried out per the Decision of the Council of the
Eurasian Economic Commission dated November
3, 2016 No. 81 About approval of the Rules of
proper laboratory practice of the Eurasian Eco-
nomic Union in the field of drug circulation, and
the National Standard of the Russian Federation
GOST R 53434-2009 Principles of Proper Labora-
tory Practice.

Acute toxicity in vivo was determined on white
male mice weighing 20 + 2 g, from which 5 groups
of 10 animals each were formed. A solution of
sodium 5-butyl-6-0x0-1,2-diphenyl-1,6-dihydropy-
rimidine-4-olate in water for injection (0.5 ml) was
injected once intraperitoneally at doses of 1100
mg/kg (1st group), 1200 (2nd group), 1300 (3rd
group), 1400 (4th group), and 1500 mg/kg (5th
group). The survival rate of the animals was deter-
mined by observing them for 72 h (after 24 and 48
h) from the moment of administration of the test
compound. The development of the main symp-
toms and the time of death of animals were
recorded [5].

For experimental evaluation of anti-inflamma-
tory activity, two models were chosen: formalin-
induced mice paw edema and cotton pellet-induced
granuloma in rats.

The dose of the reference drug was calculated tak-
ing into account the conversion factor

Dose (mg/kg) = SD/M - k,

where SD — a single dose of the drug, dose (mg/ml)
in one ampoule;

M - the average weight of a person (70 kg);

k — conversion factor for a rat (11.8) and a mouse

(5.9).

OH

o

2CHOH

Puc. 1. Cunre3 5-0yTHI-6-THIPOKCH-2,3-TudeHmTmupuMuani-4(3H)-ona
Fig. 1. Synthesis of 5-butyl-6-hydroxy-2,3-diphenylpyrimidin-4 (3H)-one
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NT X /\/\Cﬁ3 NaOH sks., nepememnmBanue NT X cH

| NaOH eq., stirring _ | 3
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=

|

Puc. 2. Cunres 5-0yTHI-1,2-TU()EHIT-6-0KCO-1,6- TUTHAPOTTUPUMU/TAH-4-0JIATA HATPHUA (9KB. — SKBUMOJISIPHBII)
Fig. 2. Synthesis of sodium 5-butyl-1,2-diphenyl-6-o0x0-1,6-dihydropyrimidine-4-olate (eq. — equimolar)

HCCIIEyEMOTO cOoe/luHeHus. PerucrpupoBaiu pas-
BUTHE OCHOBHBIX CHMIITOMOB U BpeMs THOeIn
JKABOTHBIX [5].

JUisi BKCIIEpUMEHTAIBHON OIEHKU IPOTHBOBOC-
MAJINTEJIPHOM aKTHUBHOCTA ObLIM BBIOPAHBI JIBE
MoOAeNu: «(pOPMAIMHOBBIA OTEK JIAll MBIIIEH» U
«BaTHAs IPAHyJIEMA Y KPBIC».

Jlo3y mpemapaTa CpaBHEHUs PACCUUTBHIBATIU C
ydyeToM koadduIireHTa nepecuera

Joza (mr/xr) = PII/M - k,

rae PJT — pasoBas /1o3a mpemnapata — 703a (Mr/mn)
B OZTHOU aMITyJIe;

M — cpenHAA Macca 4esloBeKa — 70 KT

k — xoaddunueHT nepecuera Ha Kpoicy (11.8) u
MBIIb (5.9).

Jlo3UpOBKa HCCIIElyEMOTO BEIECTBA PACCYUTHI-
BaJlaCh 9YKBHUMOJIAPDHO TEPANEBTUUYECKOU J/103€
pedepeHTHOTO TIpemnapara.

s mMopenupoBaHusi «(HOPMaTUHOBOTO OTEKa»
[5] ucmosp3oBanmu GeJIbIX MBIIIEH-CAMIIOB MacCOM
20 + 2 T, U3 KOTOPBhIX OBUIH CHOPMHUPOBAHBI
3 TPYIIIIBI TT0 10 0cobel B Kak1ou (Tabur. 1).

JKVBOTHBIE OIIBITHBIX TPYIII ITOJIYYAIIA UCCIIETye-
MO€ COeIMHEHUE U TMpernapaTr CpaBHEHUS, KOTOPhIE
BBOJIMJTH BHYTPUOPIOIIMHHO 32 1 4 JI0 HaYaia SKCIe-
pumeHnta. YKUBOTHbIE KOHTPOJIBHON TPYIIIBI MOJTY-
YaTi BHYTPUOPIOIIMHHO 0.9% PacTBOP HATPHs XJI0-

The dose of the test substance was calculated as
equimolar for therapeutic dose of the reference
drug.

For formalin-induced edema modeling [5],
white male mice weighing 20 + 2 g were used, of
which 3 groups of 10 animals each were formed
(Table 1).

The animals of the experimental groups
received the test compound and the reference
drug, which were injected intraperitoneally 1 h
before the start of the experiment. Animals of the
control group received 0.9% sodium chloride
solution intraperitoneally. Acute edema was
induced by subplantar injection (under the plan-
tar aponeurosis) of 2% formalin solution in a vol-
ume of 0.5 ml to each animal. The edema inten-
sity was assessed by the change in the thickness
of the paw (mm) using an electronic micrometer
before and 1, 2, 24, and 48 h after the injection of
the formalin solution. The anti-inflammatory
activity of the test compounds was determined by
the formula

. . . S, =S
Suppression of inflammation (%) = (1 - ﬁ J 100,
37 Py
where S, — the thickness of the paw (mm), measured
after a certain period after the formalin injection in
the animal that received the test drug;

Ta6uuna 1. OnucaHue TPYII 3JKUBOTHBIX MOJIETH «(OPMaTHHOBBIN OTEK»
Table 1. Description of groups of animals of the formalin edema model

I'pynna / Group BemectBo / Substance

Jlo3a, oobpem / Dose, volume

1-s1 / 1st
25 MT/MJI)

Juxnodenak (pacTBop A1 uHbeknuit, Hemofarm,

12.6 mr/xkr (mg/kg)

Diclofenac (solution for injection, Hemofarm,

25 mg/ml)
2-51 / 2nd
nbekui (Renewal))

Wccenenyemoe coenuuenue (pacTBop B BOJE IS

20 mr/xkr (mg/kg)

Test compound (aqueous solution for injection

(Renewal))
3-51 (koHTpOJB) / 3rd (control)

PacrBop Hatpus xiaopuza 0.9% (Solopharm)

0.5 vt (ml)

Sodium chloride solution 0.9% (Solopharm)
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puna. OCTpBI OTEK BBI3BIBAIU CyOIIAaHTAPHBIM
BBeZieHHeM (I107] TIOZIOIIBEHHBIA arOHEBPO3) 2%
pactBopa dopmasnHa B 00beMe 0.5 MJ KaXKIOMY
JKUBOTHOMY. BBIpa’keHHOCTh OTEKa OIIEHWBAJIU II0
U3MEHEHHIO TOJINUHBI Jankd (MM) € IIOMOIIBIO
BJIEKTPOHHOTO MHUKPOMETpPA /I0 U 4Uepe3 1, 2, 24 U
48 4 mocJie BBeZIeHUs pacTBopa hpopMasuHa. [Ipotu-
BOBOCIIA/TUTE/IHPHYIO aKTUBHOCTD HCCJIEZyEMBIX CO€-
JIMHEHUH onpezesisiyiv no popMmysie

3 4

S-S
Yruerenue Bocniasenus (%) = [1 - SlZJ 100,

rae S, — TOJIIWHA JanKu (MM), U3MEPEHHOH Yepes
OTIpe/ieJIEHHBIN ITPOMEKYTOK BpEMEHU TIOCIe BBe/le-
HUsA GOPMAaHHA Y JKUBOTHOTO, ITOJIYUABIIIETO HCCIIE-
JlyeMbIH IIperapar;

S, — TonMHA Janky (MM), U3BMEPEHHOH 10 BBe-
neHusi GopMajIMHA Yy JKUBOTHOTO, IIOJIyYaBIIETO
HCCIIeyeMbIH ITpernapar;

S, — TonmMHAa Janky (MM), U3MEPEHHO! uepe3
OTIpe/ieJIEHHBIA ITPOMEKYTOK BpEMEHU IIOCJIe BBee-
HUA GOpPMAaJINHA Y KOHTPOJIBHOTO JKUBOTHOTO;

S, — ToiuuHa nanku (Mm) 0 BBeeHus hopma-
JITHA Y KOHTPOJIBHOTO JKHBOTHOTO.

s MozieTMpoBaHUs «BaTHOUM I'paHyJIEMbI» [5]
WCIIOJIb30BAIM  O€JIBIX  KPBIC-CAMOK ~ MAaccoi
300 £ 20 T, U3 KOTOPBIX ObUTH CHOPMUPOBAHBI
3 TPYIIIIBI 10 10 0cobed B Kaxkiou (Taburt. 2).

Kpricam, HaxOAANUMCS IO, XJIOPAITUIPATHBIM
Hapko30oM (300 MTI/KT), B 00JIaCTH CIIMHBI BHIOPHU-
BaUIH IIEPCTH U JIeJIaJTU IPO/IOIbHBIN Ha/Ipe3 KOXKU U
IIOIKO’KHOM KJIETYATKU. 3aTeM MHUHIETOM B IIOJ-
KOKHOH KyleTuaTke (OPMUPOBAIH IIOJIOCTh, B KOTO-
PYIO ITIOMEIIH CTEPUIIBHBIN BaTHBIN IIAPUK (15 MT)
U HaKJIa[bIBaIU 1 1moB. MceeayeMblil IpenapaTt u
Iperapar CpaBHEHHS BBOJAMJIN BHYTPUOPIOIIMHHO
1 pa3 B CyTKM B TeueHue 7 jHel. KOHTposbHOU
TpyIIle B TeUueHHWe 7 THEH BHYTPUOPIOMIMHHO BBO-
auaua 0.9% pacTtBop HaTpus xyopuzaa. Ha 8-i1 menp
WMIUIAaHTAPOBAHHBIA IIapUK ¢ oOpasoBaBIencs
(bubpPO3HO-TPAHYIAIIMOHHON TKAHBIO HU3BJIEKAIH,

S, — the paw thickness (mm), measured before
formalin injection in the animal that received the test
drug;

83 — the thickness of the paw (mm), measured
after a certain period after the formalin injection in
the control animal;

S , the paw thickness (mm) before formalin
injection in the control animal.

For the cotton pellet-induced granuloma model-
ing [5], white female rats weighing 300 + 20 g were
used, of which 3 groups of 10 animals each were
formed (Table 2).

In rats under chloral hydrate anaesthesia
(300 mg/kg), hair was shaved in the back area, and
a longitudinal incision was made in the skin and
subcutaneous tissue. Then, in the subcutaneous tis-
sue a cavity was formed with tweezers, into which a
sterile cotton pellet (15 mg) was placed, and 1 stitch
put. The test drug and the reference drug were
administered intraperitoneally once a day for 7 days.
The control group was injected intraperitoneally
with 0.9% sodium chloride solution for 7 days. On
the 8th day, the implanted pellet with the formed
fibro-granulomatous tissue was removed, weighed
and dried to constant weight at 60°C. Anti-inflam-
matory activity was assessed by the calculated val-
ues of the mass of the granuloma, which characte-
rizes inflammation.

RESULTS AND DISCUSSION

Sodium 5-butyl-1,2-diphenyl-6-o0x0-1,6-dihydro-
pyrimidine-4-olate (Fig. 3) was obtained by the reac-
tion of 5-butyl-6-hydroxy-1,2-diphenyl-1,6- dihydro-
pyrimidine-4(3H)-one with an equimolar amount of
an aqueous solution of sodium hydroxide. The yield
was 85 + 1%.

The experimental median lethal dose was
1350 + 11.21 mg/kg. Thus, the test compound belongs
to the 5th class of toxicity, practically non-toxic
(according to K.K. Sidorov’s Classification).

Ta6smuna 2. OnrcaHue rPyII KIBOTHBIX MOJIE/IA «BATHAS TPAHYJIEMA»
Table 2. Description of groups of animals of the cotton pellet granuloma model

I'pynna / Group BemectBo / Substance

Jo3a, oobem / Dose, volume

1-s1 / 1st
25 MTr/ M)

Juknodenak (pactBop s uHbekiuin, Hemofarm,

6.32 mr/kr (mg/kg)

Diclofenac (solution for injection, Hemofarm,

25 mg/ml)
2-1 / 2nd
nabekuil (Renewal))

Wccenenyemoe coerHenre (pacTBop B BOJIE IS

33.3 mr/kr (mg/kg)

Test compound (aqueous solution for injection

(Renewal))

3-51 (kouTposip) / 3rd (control) PacrBop Hatpus xopuza 0.9% (Solopharm)

0.5 mu1 (ml)

Sodium chloride solution 0.9% (Solopharm)
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B3BEIINBAJIN U BBICYIIIMBAIN JI0 IIOCTOSTHHON Macchl
npu 60 °C. I[IpoTHBOBOCHAIIUTEIBHYI0 AKTUBHOCTD
OIIEHUBAIN 10 PACUYETHBIM BEJIMYHMHAM MAacChl Tpa-
HYJIEMBI, XapaKTEPU3YIOIINM BOCIIaJIEHHE.

PE3YJ/IBTATBI 1 OBCYKIEHUNE
5-0yTui-1,2-1udeHuI-6-0KCO-1,6-TUTHAPOITH -
PUMU/IUH-4-0JIAT HAaTpHA (pHC. 3) OBLI OJIyYeH B3a-
UMOJENCTBUEM 5-0yTHII-6-TUAPOKCH-1,2-Anu(peHnT-
1,6-purugponupumMuui-4(3H)-oHa ¢ 3KBUMOJIAP-
HBIM KOJIMYECTBOM BOJITHOTO PaCTBOpPA THIPOKCHUZIA
HaTpuA. Beixon coctaBui 85 + 1 %.
JKCcepUMeHTaJIbHAs ~ CpeJHesIeTaIbHAs /1032
cocTaBwia 1350 + 11.21 wmr/kr. Takum o6pasowm,
ucesezyeMoe coeINHeHNe OTHOCUTCA K 5-My KJIaccy
TOKCHYHOCTU —  «IIPAKTUYECKH HETOKCHUYHO»
(cormacuo knaccudukanuu no K.K. Cumoposy).
UccenoBanms TPOTUBOBOCTIAINTETHHON AKTHB-
HOCTH 1N V1V0 TTOKA3aJIH, YTO 5-0yTHII-1,2-1u(heHmnI-
6-0KCO-1,6-TUTUAPOITUPUMUIUH-4-0JIAT HaTpuUs
o0OJyialaeT BBIPAYKEHHOH MPOTUBOBOCIAIUTETIHPHOMN
aKTUBHOCTBIO, JIEUCTBYSI KaK HA 3TAIle OCTPOTO DKC-
CYIaTUBHOTO BocmayieHus: (Mozenb «(hOopMaInHO-
BBIU OTEK»), TAK U HA CTQ/IUH XPOHUYECKOTO IIPOJIU-
(epaTUBHOTO M WMMYHHOrO BOCHaJIeHHsA (MOJETh
«BaTHas TPaHyJIeMa» ), a TAaK:Ke HaXOIUTCS Ha OTHOM
VPOBHE C IIperapaToM cpaBHeHus (Tab. 3, 4) [6].
Takum oOpa3oM, YIUTHIBAsA BBIPAYKEHHYIO IIPO-
TUBOBOCIIAJIUTEIbHYI0 aKTUBHOCTh U HUBKYI0 TOK-
CUYHOCTh CHHTE3UPOBAHHOTO BOJIOPACTBOPUMOTO
JIEKapCTBEHHOT'O BEIECTBA, IeJ1eco00pa3Ho paspa-
60TaTh HAPYKHYIO JIEKAPCTBEHHYIO (GOPMY C HUM.
CoryacHO TpeOOBAaHUAM PpETryIATOPHOU IpaK-
THKH, JIJIS YIYYIIEHUS Ka4ecTBa TOTOBOTO MTPOJIYKTa
U TIPOIIeCCa ero MPOU3BO/ICTBA HEOOXOAUMO IPUHU-
MaTh BO BHuUMaHue pekomenaanuu ICH Q8 «®ap-
mareBTuyeckass paspaborka» (ICH Q8 Pharma-
ceutical Development), pazpaboraHHble B paMKax
Mex/1yHapoTHON KOH(MEPEHITNH 110 TAPMOHHU3AIUHN
TpeOOBAaHUN K PErUCTpPaliil  JIEKAPCTBEHHBIX
cpencTB AJis yesoBeka. Haubosiee pacmpocTpaHeH-
HBIM WHCTPYMEHTOM aHAJIN3a OIEHKH KPUTUUECKIX
TOYEK MOMKET CJAYKUTh JauarpamMma VicukaBbl
(«PpIOuUii ckeseT»), KOTOpas 3a CYET CBOEH He3aM-
KHYTOCTH TIO3BOJISIET ONPEJIEJIUTh BO3MOXKHBIE
PHICKH: WCXOJIHOE ChIpbE, TEXHOJIOTHYEeCKHe (aK-
TOpHI U JIp. Ha OCHOBaHUY KOMILJIEKCHOTO aHAIN3a
paspaboTaHHOUM muarpaMMbl (pUC. 4) OIpeeIeHbl
KPUTHUUYECKHE CTaJUHM Pa3pabOTKU W HU3TOTOBJIEHUS
MATKOU JIEKapCTBEHHOU (HOPMBI — TeJis ¢ 5-0yTHI-
1,2-1udeHnI-6-0KCOo-1,6-TUTHIPOTTUPUMUTUH-4-
OJIITOM HATPHS: MIOJTOTOBKA OCHOBHI U JIEKAPCTBEH-
HOTO BEI[eCTBA, BBeJIEHUE JIEKAPCTBEHHOTO BeIle-
CTBa B OCHOBY, TOMOTeHU3anus 1 ¢pacoBKa.

In vivo anti-inflammatory activity studies have
shown that sodium 5-butyl-1,2-diphenyl-6-ox0-1,6-
dihydropyrimidine-4-olate has a pronounced anti-
inflammatory activity, acting both at the stage of
acute exudative inflammation (formalin edema
model), and at the stage of chronic proliferative and
immune inflammation (cotton pellet granuloma
model), and is also at the same level as the reference
drug (Tables 3, 4) [6].

Thus, given the pronounced anti-inflammatory
activity and low toxicity of the synthesized water-
soluble medicinal substance, it is advisable to develop
its topical dosage form.

According to the requirements of regulatory
practice, in order to improve the quality of the fin-
ished product and its manufacturing process, it is
necessary to take into account the recommenda-
tions of ICH Q8 Pharmaceutical Development,
developed within the framework of the Interna-
tional Council on Harmonization for Registration
of Pharmaceuticals for Human Use. The most
common tool for analyzing the assessment of criti-
cal points can be the Ishikawa diagram (fishbone
diagram), which, due to its openness, allows to
determine possible risks inherent in the starting
materials, technological factors, etc. Based on a
comprehensive analysis of the developed diagram
(Fig. 4), critical stages of the development and
manufacturing of a semisolid dosage form, gel
with sodium 5-butyl-1,2-diphenyl-6-0x0-1,6-dihy-
dropyrimidine-4-olate were defined: preparation
of the base and drug substance, introduction of the
drug substance into the base, homogenization and
packaging.

CONCLUSION

A new compound has been synthesized, sodium
5-butyl-1,2-diphenyl-6-0x0-1,6-dihydropyrimi-
dine-4-olate. Experimental pharmacological stud-
ies have shown that the compound under study
has low toxicity and exhibits pronounced anti-
inflammatory activity. Based on a comprehensive
analysis of the Ishikawa diagram, the critical
stages of the development and manufacture of a
topical dosage form, a gel with synthesized
hydroxypyrimidine, were identified: preparation
of the base and drug substance, the introduction of
the drug substance into the base, homogenization
and packaging.
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Puc. 3. ®opmyria 5-6yTui-1,2-a1udeHns-6-0Kco-1,6-TUTruPOITUPUMHUIUH-4-0JITa HATPUS

¢ HyMepalfeH IJIaBHOTO ITUKJIa

Fig. 3. The formula of sodium 5-butyl-1,2-diphenyl-6-0x0-1,6-dihydropyrimidine-4-olate

with the numbering of the main cycle

Ta6smna 3. Pe3ysibraThl OIIEHKH IIPOTHBOBOCIIATTUTETHHOU aKTUBHOCTH B MOJIENIU «(DOPMAITHOBBIN OTEK» Y MbIIIeH (1 = 10)
Table 3. The results of evaluation of anti-inflammatory activity in the formalin edema model in mice (n = 10)

YraereHune BocnajgeHus, % / Inhibition of inflammation, %

15.70 £ 3.79

30.85 + 8.18

I'pynna / Group
yepe3 14 / after1h uepes 2 u / after 2 h uepes 24 u / after 24 huepes 48 u / after 48 h
Juknodenak —7.69 + 2.39% 12.20 + 3.07 14.82 + 3.00
Diclofenac
Hccnenyemoe 12.60 + 8.19** 25.65 + 5.68 26.81+ 6.77
Coe/IUHEHIIE

Test compound

* Ha ¢pone npuMeneHus pebepeHCHOTo mpenapaTa HabIr1anoch OTCYTCTBUE YTHETEHUA BOCIIAJIEHNs ¢ HEKOTOPOU €ro MPOBOKaIen.
The use of the reference drug was characterized by the absence of inhibition of inflammation, and to some extent by its provocation.

** Pa3sIn4us CTATUCTUYECKU 3HAYUMBI (P < 0.05) 110 CPAaBHEHUIO C IPyInoi «/ukiaodenax».
Differences are statistically significant (p < 0.05) compared with the diclofenac group.

TabGuuna 4. Pe3ysbpraThl OIIEHKH TPOTUBOBOCIIAIUTEILHON aKTUBHOCTHU B MOJZIEJTH «BaTHAs IPaHyseMa» y KpbIc (n = 10)
Table 4. The results of evaluation of anti-inflammatory activity in the cotton pellet granuloma model in rats (n = 10)

PacueTHas BeIMYMHA MACCHI
rpaHyJIeMbl, XapaKTePU3yIOIasi

BOCIaJIeHUE, T

Macca rpaHyJIEMbI, T Estimated value of granuloma mass
I'pynma :KHBOTHBIX Granuloma mass, g characterizing inflammation, g
Group of animals
ceipaa (M,) BeIcylneHHas (M,) skccyAaTuBHasA npoaudepaTuBHas
raw (M) dried (M,) daza (M, - M,) daza(M, - M)
exudative phase proliferative phase
M, -M,) M, -M)
HMmMImnanTanys BAaTHOTO 0.253 £+ 0.018 0.088 £+ 0.006 0.164 + 0.012 0.074 + 0.006
mapuka (KOHTPOJIb)
Cotton pellet implantation
(control)
HMmMImnasnTanus BATHOTO 0.199 + 0.011% 0.069 + 0.005* 0.129 + 0.01* 0.054 + 0.005%
mapuka + JukKIohpeHax
Cotton pellet implantation +
diclofenac
MmMinasnTanus BaTHOTO 0.186 + 0.009*# 0.060 £ 0.004*# 0.126 + 0.006%# 0.045 + 0.004*#
[IAPUKA + UCCIIEyeMOe
Coe/IUHEHIEe

Cotton pellet implantation +
test compound

IIpumeuanua: M — macca mapuka (0.015T).
* Pa3Inyus CTATUCTUYECKN 3HAYMMBI IIPH P < 0.05 II0 CPABHEHUIO C TPYIIIION KOHTPOJIA.
# CTaTUCTUYECKU 3HAUMMBbIX PA3/IM4YUH C IPYIIION cpaBHeHus (JuKkIo(deHak) HeT.
Notes: M, — the mass of the pellet (0.015 g).

* Differences are statistically significant at p < 0.05 compared to the control group.

# There are no statistically significant differences with the diclofenac group.
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3AK/IOYEHUE

CHHTE3UPOBAaHO HOBOE COEJIMHEHHE — 5-OyTHJI-
1,2-1udeHnn-6-0kco-1,6-AUTUIPONUPUMUITNH-4-
onar Hatpus. C IOMOIIBIO BKCIEPUMEHTAIIBHBIX
(apMaKOJIOTHYECKHX HCCIIEIOBAHUIN IOKA3aHO, UTO
HcceyeMoe coeliHeHre 00J1a/1aeT HU3KOM TOK-
CUYHOCTBIO U TIPOSIBJISIET BRIPAYKEHHYIO IPOTHBOBOC-
MMaJIUTEJIbHYI0 aKTHBHOCTh. Ha OCHOBaHUM KOM-
IUIEKCHOTO aHA/IM3a JuarpaMMbl VICUKaBbI Ompezie-
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TexHO0J0THA MPOTHO3UPOBAaHUA UCX0a POAOB IIPU 3aJJHEM BH/IE
3aThIJIOYHOTIO NpeaJe:kaHus Ijaoaa

B.A. Myapos!, A.B. Akumona?

QI'OY BO «Humunckas 2ocydapcmeeHHas meduyuHekas akademus» Munsopasa Poccuu, Quma, Poccus

2@I'6EOY BO «Hogocubupckuil cocydapcmeeHtblil MeduyuHckuil ynusepcumem» Munadpasa Poccuu, Hosocubupck,
Poccus

AHHOTAIIUA

BeBengenue. Pojapl B 3aiHEM BHJIe 3aTHIOUHOTO MPEJIEIKAHUS IJI0ZA SBJISAIOTCS MIPEAMETOM MPHUCTAIFHOTO BHUMA-
HUS Bpaded aKyIIepoOB-THHEKOJIOroB. HecMOTpsI HA OTHeCeHHe JAHHOH KaTeropuu POLOB K (DU3MOJIOTHUECKUM, UCXOZ
HAIPSIMYIO 3aBHCHUT OT II€PEX0/Ia 33JHEr0 BU/a 3aThUUIOYHOTO IIPE/IJIEKAHUS B IIepeIHUi B mporiecce pooB. CoxpaHeHue
3a/IHETO BU/IA sABJsieTCsl GAKTOPOM PHCKA ONEPATHBHOTO POZOPA3PELIEHHUs.

IT e . Pa3zpaboTKa TEXHOJIOTUU IPOTHO3UPOBAHUA UCXO0/1a PO/IOB IIPH 33/THEM BH/IE 3aTHIJIOYHOTO ITPE/IJIeKAHUA III0AA.
MaTtepuans u MeToObl. Ha 6aze nepunaranbHoro 1eHTpa I'Y3 «KpaeBas kinHuueckas 6oimpHULIA» T. Yuta
IIPOBeJIEH MPOCIIEKTUBHBIA aHAMN3 118 cyiyyaeB pooB B mepuos 2018—-2021 rr. O6mmas Beibopka 6blia pas/ieseHa Ha
3 IpyIIbL: 1-1 — 80 POXKEHHI] ¢ ITePeTHUM BUJOM 3aTHUIOYHOTO IPEJIEKAHUS IUI0/a; 2-1 — 18 MAIMeHTOK C 33/THUM
BUZIOM 3aThUIOYHOTO [IPEJIeKAHI III0/1a, B [IPOIECCe POAOPA3PeleH s KOTOPBIX IPOU30IIIesI IOBOPOT B [IEPEAHUI BU/T;
3-51 — 20 POKEHHUI] € 33/THUM BHU/IOM 3aTHLJIOYHOTO IIPE/JIEIKAHUS IUI0/IA, B IIPOIECCE POZIOPA3PENIEH T KOTOPHIX IOBOPOT
B IlepeTHUI BUJ| HE TPOU30IIIes. I'pyniisl 6bITH COOCTaBUMBI II0 BO3PACTY U SKCTPAareHUTAIbHOM aToyIoruu. BeeM skeH-
IIIUHAM HaKaHyHe PO/IOB (1—2 IHsI) MPOBOAIA OCMOTP U YJIBTPA3BYKOBOE HCCIIEIOBAHIE.

PesynbTaTsl. TeXHOJOTUS IPOTHO3UPOBAHUS FICX0/IA POJIOB IIPU 33{HEM BHJI€ 3aTHLJIOYHOTO MPEIJIEKAHUSA IO
peanu3oBaHa Ha 6a3e MHOTOCJIOHHOTO IEPCENTPOHA, TPOLIEHT HEBEPHBIX IIPEJCKA3aHUN B IIpoIiecce 00yIeHIs KOTOPOTro
cocraBw 11.1. CTpykTypa 06ydyaeMoi HEHPOHHOM CeTH BKJIIOUaia 8 BXOHBIX HEUPOHOB: IIAPHUTET POJIOB, POCT, Macca Tejia
U MEKOCTHBIH pazmep 6osbioro tasa (distantia spinarum) skeHIIUHBI, GUTAPHUETETHHBIN pa3Mep rOJI0BKH U JyTHHA 6eipa
IIJI0/1a, HAJINYYE YJIX OTCYTCTBHE IIPEUH/TYKIIUH POJIOB.

3aknioyeHue. KOMIIIEKCHBIH TOAXO/, OCHOBAHHBIN HA HEHPOCETEBOM aHAIN3e AaHAMHE3a, a TAK)Ke JAHHBIX 00BEeK-
THUBHOTO U YJIbTPa3BYKOBOTO HCCJIEZIOBAHUS, TIO3BOJISIET C TOUHOCTHIO /10 90.0 % MPOTHO3UPOBATH UCXO/I POJIOB IIPU 33/THEM
BHJI€ 3aTHUIOYHOTO IIPeJyIesKaHus I10/a. IIpruMeHeH e JaHHOU TEXHOJIOTUY B KIIMHUYECKOH TPAKTHKE IT03BOJIUT CHU3UTH
YacTOTy HEDJIATOIIPHUATHBIX AKYIIEPCKUX U IEPUHATAIBHBIX UCXO/I0B [IPY 33/IHEM BH/IE 3aTHIJIOYHOTO [IPEJIEKAHNUS IUIOAA.
Kaoueesle caoea: 33JHUN BUJ, 3aThUIOYHOE IIPEJJIE}KAHIE, AaHOMAIUU PO/IOBOH JIEATEIbHOCTH, KIIMHUYECKUN Y3KUU
Tas, OIlepaTHBHOE PO/IOPa3peEIIeHNeE.

Oo60pasen nmutupoBaHusa: Myapos B.A., AkumoBa A.B. TexXHOJIOTHS IPOTHO3UPOBAHUS HCXO/IA POZIOB IIPU
3aJlHEM BHJIE 3aTHUIOYHOTrO mpemieskanus mioga // Journal of Siberian Medical Sciences. 2022;6(1):56—66. doi:
10.31549/2542-1174-2022-6-1-56-66

Technology for predicting the outcome of labor in the fetal occiput
posterior presentation

V.A. Mudrov, A.V. Yakimova
Chita State Medical Academy, Chita, Russia

2Novosibirsk State Medical University, Novosibirsk, Russia

ABSTRACT
Introduction. Delivery in the fetal occiput posterior presentation is a subject of close attention of obstetricians and
gynecologists. Despite the classification of this category of childbirth as physiological, the outcome directly depends on the
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transition of the occiput posterior position to the occiput anterior one during labor. Persistence of the posterior position is
a risk factor for operative delivery.

Aim. Development of a technology for predicting the outcome of labor in the fetal occiput posterior presentation.
Materials and Methods. A prospective analysis of 118 cases of childbirth in the period 2018—2021 was carried
out at the Perinatal Center of the Regional Clinical Hospital, Chita. The total sample was divided into 3 groups: group 1
included 80 parturient women with the fetal occiput anterior presentation; group 2 included 18 patients with the fetal
occiput posterior presentation, during the delivery of which there was a turn into the anterior position; group 3 included
20 parturient women with the fetal occiput posterior presentation, during the delivery of which a turn to the anterior posi-
tion did not occur. The groups were comparable in age and extragenital pathology. All women underwent physical and
ultrasound examination 1—2 days ahead of the delivery.

Results. The technology for predicting the outcome of labor in the fetal occiput posterior presentation is imple-
mented on the basis of a multilayer perceptron, the rate of incorrect predictions in the learning process of which was
11.1%. The structure of the trainable neural network included 8 input neurons: parity of childbirth, height, body weight
and distantia spinarum of a woman, biparietal diameter and femur length of a fetus, presence or absence of pre-induc-
tion of labor.

Conclusion. Anintegrated approach based on neural network analysis of the history, as well as data of physical and
ultrasound examinations, makes it possible to predict the outcome of labor with an accuracy of up to 90.0% in the fetal
occiput posterior presentation. The use of this technology in clinical practice will reduce the incidence of adverse obstetric
and perinatal outcomes in the fetal occiput posterior presentation.

Keywords: posterior position, occipital presentation, abnormal labor, contracted pelvis, operative delivery.
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BBEJIEHUE

Ponpl B 3asiHeM BHJIe 3aTBUIOYHOTO IIPEJIJIeKa-
HUA IUIOAA SIBJIAIOTCS IIPEMETOM IIPUCTAJIbHOTO
BHHUMAaHWs Bpaued aKylIepoB-THHEKOJIOTOB [1].
B oreuecTBeHHOU MpaKTHKe UX MPUHATO CUUTATH
¢usnonormueckumu. Mexay TeM npurauHaMu oopa-
30BaHM 3a/THETO BU/A, coriacHo JaHHbIM B.E. Paj-
3uHCKOTO B A.M. ®ykca, ABIAITCA HW3MEHEHUs
¢opMBI 1 EMKOCTH MaJIOTO Ta3a, QYHKIIMOHAIbHAS
HEIOJTHOIIEHHOCTh MBIIII] MAaTKHA, OCOOEHHOCTH
(opMBI TOIOBKY 1710712, HETOHOIIIEHHBIH WJIN MEPT-
BBIH 1107 [2]. B KOHEYHOM HTOTre TOJBKO B 1 % Bcex
CJIyJaeB 3aThLJIOUHOTO MpeJIeskaHus peOeHOK POXK-
JlaeTcs B 33/THEM BUJle Uepe3 ecTeCTBEHHBIE POJIOBbIe
mytH [2]. THOCTpaHHbBIE aBTOPHI OTHOCAT HX K TaK
Ha3bIBAEMbIM QHOMAJIHAM IIOBOPOTA, TaK KaK OHHU
COTIPOBOK/JIAIOTCSA BBICOKOM YAaCTOTOU  €1ab0CTH
POZOBOI JIeATEIPHOCTH, OIIEPATHBHOTO POJiopaspe-
IIEHUs, TpaBMaTHU3Ma POJOBBIX IIyTel, a TaKxkKe
HeOJAaTONPUATHBIX ~ HMHTPAHATAJIBHBIX  HCXOJIOB.
YacToTa poZIOB B 3aJHEM BH/IE 3aTHIJIOUHOI'O BCTAB-
JIEHUs TOJIOBKU IUUIO/IA 32 TOC/IeIHEE JIeCATUIIETHE
VBEJIUYUIIACh B 3.4 Pa3a, YTO IIO3BOJIAET CUUTATH
JIAaHHYIO IpO0JIEMY aKTyaJIbHOU [2, 3].

HecMoTpss Ha OTHeceHUEe AAHHOM KAaTErOPUU
ponoB K (U3HOJIOTUYECKUM, HCXOJ HAIPAMYIO
3aBUCHUT OT II€PEX0/ia 33/THETO BUJIA B IIepeHUN B
npouecce ponaoB. CoxpaHeHHe 3aJlHETO BUJA,
cornacHo AadueiM O.C. ApaT u B.M. Bonorckux,

INTRODUCTION

Delivery in the fetal occipitoposterior presenta-
tion is a subject of close attention for obstetrician-
gynecologists [1]. In domestic practice they are con-
sidered to be physiological. Meanwhile, the reasons
for the formation of the posterior position, accord-
ing to Radzinsky and Fuks, are changes in the shape
and capacity of the true pelvis, functional inferior-
ity of the muscles of the uterus, features of the
shape of the fetal head, premature or still birth [2].
Ultimately, only in 1% of all cases of occiput presen-
tation, a child is born in the posterior position
through the parturient canal [2]. Foreign authors
refer them to the so-called rotation abnormalities,
as they are accompanied with a high frequency of
uterine inertia, operative delivery, birth canal inju-
ries and adverse intranatal outcomes. The fre-
quency of labor in the occiput posterior position
has increased by 3.4 times over the past decade,
which allows us to consider this problem as a recent
one [2, 3].

Despite the classification of this category of labor
as physiological, the outcome directly depends on
the transition from the posterior to the anterior posi-
tion during childbirth. The persistence of the poste-
rior position, according to Arnt and Bolotskikh, is a
risk factor for operative delivery [1]. The authors’
studies indicate that delivery in the fetal occiput pos-
terior presentation requires an emergency caesarean
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siBsgeTcss (GaKTOPOM PHICKA OIEPATHBHOTO POJIO-
paspemnierus [1]. McciemoBaHuss aBTOPOB CBHU7E-
TEJIBCTBYIOT O TOM, YTO POZBI B 3aJ{HEM BU/IE 3aThI-
JIOUHOTO BCTaBJIEHUS TOJIOBKU ILUIO/IA B 72.4 % CIIy-
YyaeB TPeOYIOT BHITIOJTHEHUS DKCTPEHHOTO KecapeBa
ceueHusi (HOpMHUPOBAaHHOe 3Ha4YeHHE Ko3hdumm-
eHta [lupcona — 0.72). [lo JaHHBIM ps7la aBTOPOB
YacToTa BCTYIJIEHUS B POJABI B 33/THEM BHUJE 3aThI-
JIOYHOTO TPeZJIeKAHUS IJI0/IA COCTABJISET OT 2 0
41 %. 3aBepllieHNEe POJIOB B 33/THEM BU/Ie 3aThLJIIOYU-
HOTO TIpeJyyIeXkaHus wioaa Habmogaercesa B 2—8 %
ciayuaeB [4, 5]. [logobHBIH pa3bpoc, O HaleMy
MHEHHWIO, B MEPBYI0 OYEPE/b CBA3AH CO CJIOKHO-
CTBHIO IMATHOCTUKHY 33JTHETO BUZA, KOTOPAS MOXKET
OBITh BaTpyJHEHA I€JIBIM IUIOAHBIM Iy3bIpEM,
BBIPA’KEHHOU KOH(MUTrypanueld TOJOBKH, HaJH-
YKreM POJIOBOU OIyXOJIM, a TAK:Ke CHUKEHUEM TaK-
THUJIBHOHW YYBCTBUTEJIbHOCTH IIPHU MIPOBEIEHUHU BJIa-
TAJINIITHOTO WCCJIe/IOBaHUA B mepyarkax. OmnTH-
MaJbHBIM B JAQHHOW CHUTYallMd IIPeJICTABIISETCS
HCIIOJIb30BAHUE YJIBTPA3BYKOBOTO FWCCJIEIOBAHUS,
MO3BOJIAIONIETO HE TOJIBKO JIOCTOBEPHO OIIpesie-
JIUTh BUJI TIPEAJIEKAHUS U TMO3UIINIO, HO U JPYTHe
0COOEHHOCTU BCTaBJIEHUS TOJIOBKU IIOZA B IIPO-
mecce pojoB [4, 6].

B uccnemoBannu E.A. Mopo3soBoii u A.B. Iletpo-
BOH B pe3yJIbTaTe aHAJIN3a HEBPOJOTUUYECKOTO CTa-
Tyca JleTeld, POKJEHHBIX B 3aJHEM BUJIE, CHIEJIaH
BBIBO/I, UTO MPHUIILIO BPEMs IIEPECMOTPETh aKyIIep-
CKyI0 TAaKTHKy BeJEHUs POJOB IIPU 3aJHEM BUJE
3aTBUIOYHOTO Ipe/Iekanus mwioza [7]. Ilo MEHEHUIO
HceieoBaTes e, B OTE€YECTBEHHOM MPAaKTHUKe He3a-
CJTy?KE€HHO MaJI0 BHIMAHUS YAEJISETCS JaHHOH Ipo-
oneme. KedanoremaToMbl y JieTeld, POXKJIEHHBIX B
3a7lHEM BH7e, HAOJIIOIAIUCh B 11.1 % CIIyyaeB, KpU-
BOIIIesI — B 16.6 %, MBIIIIeUHas THIIOTOHUSA — B 50.0 %,
nupaMuHas HEeJA0CTaTOYHOCTh — B 19.4 %, MpH-
3HAKU JUCIUPKYJISITOPHO-TEMOPPAruuecKoro CHH-
npoma — B 13.8 %. IIpu nuHaMuuecKoM OocMOTpe B
1 ¥ 3 Mec MBIIIEYHAsA TUIIOTOHUS HaOJ0/Ia1ach y
36.1 % MiaAeHIeB, NOUpaMUAHAA HEZOCTATOU-
HOCTbh — y 50.0 %, kpusores —y 8.3 %, AByXCTOPOH-
HUH napaiud —y 2.7 %. HecMOTps Ha BOBMOKHOCTH
COBpPEMEHHOHN MeJIUITUHbBI, TeMa HaTAJTbHON TPaBMBbI
IIpU POJIaX B 33J{HEM BH/I€ 3aTBIIOYHOTO IIPEZIerKa-
HUSA OCTAETCA aKTYAJIbHOU, ¥ TOJIBKO IIPEAUKTUBHAS
MeUIIHA MOXKeT MPOQGUIAKTAPOBATh PA3BUTHE
POZOBOTO TpaBMATH3Ma U IOCJIEAYIOIEN MHBAJIH/I-
HoCcTH [1, 7].

IEJIDb NCCJIEJOBAHUA

PaspaboTka TEXHOJIOTMHM MPOTHO3UPOBAHUS
HCX0/1a POIOB IPU 3a/THEM BU/I€ 3aTHJIOUHOTO IIPe-
JIe3KaHUA IJI0AA.

section in 72.4% of cases (the normalized value of the
Pearson’s coefficient is 0.72). According to a number
of authors, the frequency of delivery in the occipito-
posterior position ranges from 2 to 41%. Completion
of labor in the occiput posterior position of is
observed in 2—-8% of cases [4, 5]. In our opinion,
such a variability is primarily due to the complexity
of diagnosing the posterior position, which can be
hampered by an intact amniotic sac, pronounced
configuration (moulding) of the head, presence of a
labor tumor, as well as a decrease in tactile sensitiv-
ity when performing vaginal examination in gloves.
The optimum in this situation is the use of ultra-
sound, which allows not only to reliably determine
the type of presentation and position, but also other
features of the engagement of the fetal head during
childbirth [4, 6].

In the study of Morozova and Petrova, as a result
of the analysis of the neurological status of children
born in the posterior position, concluded that the
time has come to reconsider the obstetric tactics of
labor management in the fetal occiput posterior
presentation [7]. According to researchers, in
domestic practice, an undeservedly little attention
is paid to this problem. Cephalohematomas in
children born in the posterior position were
observed in 11.1% of cases, torticollis — in 16.6%,
muscular hypotension — in 50.0%, pyramidal syn-
drome - in 19.4%, signs of dyscirculatory and
hemorrhagic encephalopathy — in 13.8%. During
dynamic examination at 1 and 3 months, muscular
hypotension was observed in 36.1% of infants, pyra-
midal insufficiency — in 50.0%, torticollis — in 8.3%,
and bilateral paralysis — in 2.7%. Despite the possi-
bilities of modern medicine, the topic of natal injury
during childbirth in the occiput posterior presenta-
tion remains relevant, and only predictive medicine
can prevent the development of birth injuries and
subsequent disability [1, 7].

AIM OF THE RESEARCH

Development of a technology for predicting the
outcome of labor in the fetal occiput posterior pre-
sentation.

MATERIALS AND METHODS

A prospective analysis of 118 cases of childbirth
at 37—41 weeks gestation in the period 2018—2021
was carried out at the Perinatal Center of the
Regional Clinical Hospital, Chita. The total sample
was divided into 3 groups: group 1 included 80 par-
turient women with the fetal occiput anterior pre-
sentation; group 2 included 18 patients with the
fetal occiput posterior presentation, and the turn
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MATEPUAJIBI 1 METO/IbI

Ha 6a3e nepunaranpHoro 1entpa I'Y3 «Kpaepas
KJIMHOYecKass OoJybHUIAa» T. UuTa MPOBEIEeH IpPo-
CIEKTUBHBIN aHaIu3 118 cyiydyaeB pPOJIOB B CPOKE
OGepeMeHHOCTH 37—41 HeJ B IepHosi 2018—2021 IT.
O61as BeIOOPKA ObLIa pasjiesieHa Ha TPU UCCIeye-
MBble TPYIIIBL: 1-5 TPYIIA BKIIOYaIa 80 POXKEHHUI] C
IepeHUM BUJOM 3aTbIOYHOTO IIpefyIesKaHUs
IUTO/Ia; 2-51 TPyIIIa — 18 MaIMeHTOK ¢ 3aJHUM BUIOM
3aTBUIOYHOTO TIpeJIeKaHUs IUIOZA, B IIpOIecce
pozopaspelnieHusa KOTOPBIX IIPOU30IIes IIOBOPOT B
TepeAHUN BU; 3-1 TPYHIA — 20 POKEHHUI] C 33THIM
BHUJIOM 3aTBIJIOUHOTO TIPeJJIeKaHUs IUIOZAA, B IIPO-
Iiecce pojiopaspelieHus: KOTOPHIX ITIOBOPOT B Iepes-
HUH BUJ He MPOU3O0IIes. BeceM KeHIUHAM ITPOBO-
JIMJIOCH 00lllee U CHEIUaJbHOE aKyIlIepcKoe HCciie-
JIOBaHUE B COOTBETCTBUU C JIHCTBYIOIUMU KINHU-
YEeCKUMHU  PEKOMEHZAIUSIMHU,  YTBEPIKAEHHBIMU
MUHHCTEPCTBOM  3/IpaBOOXpaHEHUsT PoccuiicKou
®enepanuu [8]. Mccenenyemsble rpynibl ObLIN COIO-
CTaBUMBI 110 BO3PACTy, CPOKY TeCTallli U DKCTpare-
HUTQJIBHOU maTosioruu. Ilepes mpoBezieHNEM KOM-
IJIeKca HeOoOXOAWMBIX HCC/IeIOBAaHUN IIOJIydeHO
nHGOPMHUPOBAHHOE OOPOBOJIBHOE COTJIACHE TTAIlU-
€HTOK Ha yJacTHe B ucciaenoBanuu. Pabora BeIIOs-
HEHA B COOTBETCTBHM C TPeOOBAHUAMHU XeJIbCUHK-
CKOU Jiekyiapanuu BceMUpHOU MEIUIIMHCKON Opra-
Huzanuu (2013 r.). KpuTepusiMu BKIJIFOUEHUS B
Hcesie/loBaHNe SIBUJINCH: JOHOIIEHHBIN CpOK Oepe-
MEHHOCTH, 3aThIOYHOE TIpejyiekanue mwioga. Kpu-
TEPUAMU WCKJIIOUEHUS SIBIJINCH: IIPEKIeBPEMEH-
HBle POJIbI, Ta30BOe IpejleskaHUe IUIOZA, Helpa-
BIUTHHBIE TIOJIOXKEHUS TIJI0/1a, HEIPABUJILHOE BCTaB-
JIeHHe TOJIOBKU IIO/IA, pyOel] Ha MaTKe, Ipe/ijiexa-
HUeE IUIAIleHThl, MHOTOILIO/IHAA OepeMEHHOCTD, aHO-
MaUIHU Pa3BUTHUS ITOJIOBBIX OPTaHOB, TsXKeJas DKC-
TpareHUTaJIbHAs IATOJIOTHA, TPABMBI Ta3a B aHAM-
He3e, OHKOJIOTHYeCKHe 3a00JIeBaHMUS.

[TesbBHO- 1 AHTPOIIOMETPUSI TPOBO/IUINCH HAKA-
HyHEe POJIOB (1—2 JIH:) 10 OOIIENPHUHATON METOTUKE
[2, 8]. YnbpTpa3BykoBasa ¢eTomMeTpus IPOBOJUIIACH
TaKKe HaKaHyHe POJIOB (1—2 JHS) HA ammapare SKC-
neptHOTO Ki1acca Voluson S8 (GE Healthcare, USA).
YipTpasBykoBas (eTo-, IyIaleHTo- U aMHUOMeTPUsA
IIPOBOJIMJIACh KOHBEKCHBIM JIATYUKOM C UYACTOTOH
npeoOpazoBatesisa 2—5 MI'1 TpaHcaboMHuaTbHBIM
moctynioM. JIioOble W3MEpEeHHs IIPOU3BOUIICH
TPIKIIBI, TIOCTIE YETO BBIYUCIISIIOCH CPe/lHee 3Have-
HUE COOTBETCTBYIOIIETO YJIBTPA3BYKOBOTO IIapame-
Tpa. YJIBTPa3BYKOBOe HCCJIEAOBaHUE B IIpoIiecce
POIOB TPOBOAMIOCH C IOMOIIBIO IOPTATHBHOTO
anmapara Bbicokoro kiacca MySono Us (Samsung
Medison, Kopes). 9xorpaduueckoe Hccef0BaHUE
IIPOBO/JIMJIOCH KOHBEKCHBIM JIATYUKOM C YaCTOTOH

into the anterior position during the delivery;
group 3 included 20 parturient women with the fetal
occiput posterior presentation, during the delivery
of which a turn into the anterior position did not
occur. All women underwent a general and obstetric
examination in accordance with current clinical
guidelines approved by the Ministry of Health of the
Russian Federation [8]. The studied groups were
comparable in age, gestational age and extragenital
pathology. Before the necessary examinations,
informed voluntary consent of the patients to par-
ticipate in the study was obtained. The work was
performed in accordance with the requirements of
the World Medical Association Declaration of Hel-
sinki (2013). The inclusion criteria for the study
were: full-term pregnancy, occiput presentation of
the fetus. The exclusion criteria were: preterm birth,
breech presentation of the fetus, malposition of the
fetus, abnormal engagement of the fetal head, scar
on the uterus, placenta previa, multiple pregnancy,
anomalies in the development of the genital organs,
severe extragenital pathology, history of pelvic
trauma, oncological diseases.

Pelvio- and anthropometry were performed
shortly before the delivery (1—2 days) according to
the conventional method [2, 8]. Ultrasound fetome-
try was also performed 1—2 days ahead of the deliv-
ery using a Voluson S8 expert device (GE Healthcare,
USA). Ultrasound assessment of the fetus, placenta
and amniotic fluid was carried out with a convex
probe with a transducer frequency of 2—5 MHz via
transabdominal access. Every measurement was
made three times, after which the average value of
the corresponding ultrasonic parameter was calcu-
lated. Ultrasound examination during delivery was
carried out using a high-end portable MySono Us
device (Samsung Medison, Korea). An ultrasound
examination was carried out with a convex probe
with a transducer frequency of 3.5—-5.0 MHz, via
translabial access in the sagittal position of the probe.
The satisfactory position of the probe was confirmed
by the simultaneous visualization of the pubic sym-
physis and the fetal head on the monitor screen. An
ultrasound examination was performed according to
the conventional technique, and made it possible to
confirm the presence of the fetal occiput posterior
presentation (Fig. 1) [9].

When performing statistical analysis, the
authors were guided by the principles of the Inter-
national Committee of Medical Journal Editors
(ICMJE) and the recommendations of Lang, Alt-
man (SAMPL) [10, 11]. The analysis of the norma-
lity of the distribution of signs, taking into account
the predominant study group size (less than 50 par-
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npeobpazoBates 3.5—5.0 MI'11, TpaHCc1abuaabHBIM
JIOCTYIIOM B CATUTTAJIPHOU MO3UIUHU JATUUKA. Y7I0-
BJIETBOPUTEILHOE TIOJIOJKEHUE JAaTYHKA IOJITBEPIK-
Jlasioch (haKTOM OJTHOBPEMEHHOU BU3yaTH3allU Ha
SKpaHe MOHHUTOpA JIOHHOTO cuM@u3a U TOJIOBKHU
wIoza. dxorpaduueckoe HUCCIEAOBaHUE ITPOBOIU-
JIOCh TIO0 OOINENpPUHATON METOJUKE U II03BOJISIIO
[IOATBEPAUTD HAJMUWe 33/THETO BU/IA 3aTHLJIOYHOTO
TIpeJIIeskaHus TOJ0BKH 1ioa (puc. 1) [9].

[Ipu npoBeneHUM CTATHUCTHYECKOTO aHAIU3a
aBTOPHI PYKOBO/ICTBOBAJIUCH IPUHITUIIAMU Mexay-
HapOJHOTO KOMUTETA PEeAAKTOPOB METUIMHCKUX
s)kypHaioB (ICMJE) u pekomenganuamu T.A. Lang,
D.G. Altman (SAMPL) [10, 11]. AHa/Tu3 HOpMaJIb-
HOCTH pacipesie/IeHus] MIPU3HAKOB, C YIETOM IIPeH-
MYIIIECTBEHHON YHCJIEHHOCTU UCCIEAYEMBIX TPYIIIT
(meHee 50), MPOBOAMIICA IIyTEM OIEHKU KPUTEPHUS
[Manupo — Yuika. YuuTsiBas pacupeeseHue Ipu-
3HAKOB, OTJIMYHOE OT HOPMAJIBHOTO BO BCEX HCCIIE-
JIyeMBIX TPYIINaX, IOJyueHHbIe TaHHbIe IIPeJiCTaB-
JIEHbI B BHUJIe MeTUAaHbI, IEPBOTO U TPETHETO KBap-
tuei: Me [Q; Q,]. Jlist cpaBHeHUst Tpex HesaBu-
CHUMBIX TPYII II0 OJTHOMY KOJIUYEeCTBEHHOMY IIPH-
3HAKy HCIIOJIb30BAJICSI PAHTOBBI aHAIWU3 BapHa-
nuit mo Kpackeny — Yoyuucy (H). Ilpu Hanmuun
CTATHUCTUYECKH 3HAYMMBIX PA3JIUUHN B JAJIbHEH-
IeM ¢ yuyeToM momnpaBku BoHdeppoHu mpoBoau-
JIOCh TIONApHOE CpaBHEHUE JBYX HE3aBUCHMBIX
TPYIIII ¢ TOMOIIbI0 KpuTepuss Mauuna — Yutau (U).
HoMuHasibHBIE JAHHBIE OTTUCHIBAJINCH C YKa3aHUEM
abCOJIIOTHBIX 3HAUEHUW U MPOIEHTHBIX JIOJIEH.
CpaBHeHNe HOMHUHAJIBHBIX JAHHBIX HCCJIEJIOBAHUS
MIPOBOAMJIOCH IIPU MTOMOIIU Kputepus X2 [lupcona,
II03BOJIAIOIIETO OLIEHUTh 3HAYMMOCTDH DPA3TUYUI
Mexy (PaKTUUYeCKUM KOJIMYECTBOM HCXO/IOB WJIHN
KayeCTBEHHBIX XapPaKTEPUCTHK BBHIOODKU, TOIMaaa-
IOIUX B KAXKAYI0 KATErOpUIO, M TEOPETHYECKUM
KOJIMYECTBOM, KOTOPO€e MOKHO OKH/JIATh B U3ydae-

ticipants), was carried out by evaluating the Shap-
iro-Wilk test. Taking into account the distribution
of signs that is different from normal in all the stud-
ied groups, the data obtained are presented as the
median, the first and third quartiles: Me [Q1; Q3].
To compare three independent groups by one quan-
titative trait, the Kruskal-Wallis (H) rank sum test
was used. Later on, if there were statistically sig-
nificant differences, and taking into account the
Bonferroni correction, a pairwise comparison of
two independent groups was carried out using the
Mann-Whitney test (U). Nominal data were
described with absolute values and percentages.
Comparison of nominal study data was carried out
using the Pearson y? test, which allows us to assess
the significance of differences between the actual
number of outcomes or qualitative characteristics
of the sample in each category, and the theoretical
number that can be expected in the study groups if
the null hypothesis is true. Differences were consid-
ered statistically significant at p < 0.05. Statistically
significant parameters were included in the test
database, which formed the basis for training a
multilayer perceptron, which makes it possible to
predict the outcome of labor in the fetal occiput
posterior presentation. Statistical processing of the
study results was carried out using the IBM SPSS
Statistics 25.0 software package (International
Business Machines Corporation, USA).

RESULTS AND DISCUSSION

It is noteworthy that statistically significant dif-
ferences in the studied groups were observed only
when evaluating the results of ultrasonic fetometry
(Table 1).

Analyzing the data in Table 1, we can assume that
the significance of differences in fetometric parame-
ters in the studied groups is associated with the pre-

Puc. 1. Merofiuka Mo TBEP:KIEHUsI 3a{HETO BU/IA 3aTHIJIOYHOTO IIPEJJIEIKAHMS
IyTeM TPaHCa6I0MUHAIBHOTO YJIBTPA3BYKOBOI'O HCCIIEIOBAHUS
Fig. 1. Technique for confirming the occiput posterior presentation by transabdominal ultrasound
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MBIX TPYIINaxX IPU CIPABEIJIMBOCTH HYJIEBOU TUITO-
Te3bl. CTaTUCTUYECKU 3HAYMMBIMU CUUTAIH Pas-
JIMYUs Opu p < 0.05. CTaTHCTUYECKU 3HAYUMBbIE
rapameTrpbl ObLTH BKJIIOYEHBI B TECTOBYIO 6a3y JgaH-
HBIX, KOTOpas JIerjla B OCHOBY OOy4YeHHS MHOTIO-
CJIOMHOTO TIEPCENTPOHA, MO3BOJISIONIETO IIPOTHO-
3UPOBATh KCXO/] POJIOB IIPHU 3aJHEM BHUJE 3aThLIOY-
HOTO mpeayieskanusa mwioaa. Cratucruyeckas obpa-
0OTKa pPEe3yJabTaTOB WCC/IENOBAHUA OCYIIECTBIIS-
Jlach ¢ IIOMOIIbI0 MakeTa nporpamm IBM SPSS
Statistics 25.0 (International Business Machines
Corporation, CIITA).

PE3YJIBTATDBI 1 OBCY2KIEHUE

OO6paraet Ha cebs1 BHUMAaHUE TOT (PaKT, UTO CTa-
TUCTUYECKU 3HAUUMBIE PA3JIHUYUsA B HCCIIETyEMbIX
rpymnnax HabJII0AaIuCh TOJIBKO IIPU OIIEHKE Pe3yiIb-
TaTOB YJIFTPA3BYKOBOU ¢eTomeTpuu (Tad1. 1).

AHanu3upys JaHHble TabJI. 1, MOXKHO MIPEII0JIO-
JKUTh, YTO 3HAYUMOCTH PA3JIUUHU (deTomMeTprye-
CKUX [TOKa3aTeJyIeld B UCCIIeyeMBIX TPYIIIIax CBA3aHA
¢ mpeobJsialaHueM 3a/Iep:KKUA pocTa IUIofia B 3-H
rpynme. OfHaKo JaHHBIN (PaKT He TOJIYIUJI CBOETO
moATBepKieHus (Tab. 2).

CrnenoBaTesibHO, 3BHAYMMOE pasyinyue bumnapue-
TQIBHOTO pa3Mepa TOJIOBKU U JJINHBI Oe/ipa 1mioza
B HCCJIEJIlyeMbIX TPYIIIax, BEPOSITHO, OBLJIO CBA3AHO
C WHIAUBUAYAIHHBIMH OCOOEHHOCTSMHU CTPOEHUS
WX TeJia.

ITpenHayKIMSA POZOB B 1-H TPYIIIIE UMeIa MeCTO
B 10.0 % ciyuaes (8 / 80), Bo 2-ii rpymne — B 44.4 %
(8/18), B 3-ii rpynme — B 15.0 % (3/20) ciyuaeB
(¢ =12.93, df = 2, p = 0.002); UHAYKIUs POIOB — B
13.8 % (11/80), 27.8 % (5/18) 1 5.0 % (1/20) ciayuaeB
COOTBETCTBEHHO (}* = 4.07, df = 2, p = 0.13). Bbico-
Kas 4acToTa MPEeNHAYKIUH IIPU 3aJ{HEM BHJIE 3aThI-
JIOYHOTO TIPEJJIEeXKAHUsI TIJI0/Ia CBUJIETETBCTBYET 00
OTCYTCTBUHU OMOJIOTUYECKON TOTOBHOCTH OPTaHU3Ma
K pomam. Mexy TeM obpaiaeT Ha cebsi BHUMaHHE
TOT (PaKT, YTO MPEUHIYKIUs POAOB IMPU 3aTHEM
BH/IEe 3aTBIOYHOTO MIPEJIEKAHUS 3a9aCTyI0 ITPUBO-
IuT K (opmupoBaHuo Oosiee 6JIATOIPUSATHOTO
BCTaBJIEHUSI TOJIOBKU IJIOJJa U, COOTBETCTBEHHO,
MEHBINIEN YACTOTE OCJIOKHEHUU POJIOBOTO aKTa.
JlaHHBIA (aKT TaKKe IOATBEPIKIAETCS BBICOKOU
YaCTOTOU OCJIOKHEHUH IIpoIiecca poioB B 3-1 Uccie-
nmyeMoli rpymie (tabi. 3).

Bricokas yacToTa BTOPUYHOH POJIOBOU C1abOCTH
U KJIMHUYECKH Y3KOTO Ta3a IPHU 33/THEM BHUJIE 3aThI-
JIOYHOTO BCTaBJIEHUs CBA3aHA C TE€M, YTO TOJIOBKA
IJI0Zia BCTaBJIsieTcss OOJIBIIIKMM, YEM MaJiblii KOCOH,
pa3MepoM, ¥ Ui 3aBeplieHUs POIOB Tpebyercs
JIOIIOJIHUTEIbHOE crubaHme rosioBku [2]. Belcokas
YacTOTa OCJIO}KHEHUU POJIOB JIOTUYHBIM 00pasom

dominance of fetal growth restriction in the group 3.
However, this fact has not been confirmed (Table 2).

Therefore, a significant difference in the bipari-
etal diameter of the head and the femur length of the
fetus in the studied groups was probably associated
with the individual morphological characteristics of
their bodies.

Pre-induction of labor in group 1 occurred in
10.0% of cases (8/80), in group 2 — in 44.4% (8/18),
in group 3 — in 15.0% (3/20) of cases ( x> = 12.93,
df = 2, p = 0.002); induction of labor — in 13.8%
(11/80), 27.8% (5/18) and 5.0% (1/20) of cases
respectively (x® = 4.07, df = 2, p = 0.13). The high
frequency of pre-induction in the fetal occiput poste-
rior presentation indicates a lack of biological readi-
ness of the body for childbirth. Meanwhile, attention
is drawn to the fact that pre-induction of labor in the
occiput posterior presentation often leads to the for-
mation of a more favorable engagement of the fetal
head and, accordingly, a lower incidence of compli-
cations. This fact is also confirmed by the high rate of
birth complications in the 3rd studied group
(Table 3).

The high rate of secondary uterine inertia and
cephalopelvic disproportion in posterior occiput
engagement is due to the fact that the fetal head is
engaged with the diameter, larger than the suboc-
cipitobregmatic one, and an additional flexion of the
head is required for the birth completion [2]. The
high rate of labor complications have a logical impact
on the rate of surgical delivery: the proportion of
cesarean section in the 1st group was 22.5% of cases
(18/80), in the 2nd group — 5.6% (1/18), in the
3rd group — 75.0% (15/20) (x* = 24.1, df = 2,
p < 0.001). The main indication for the caesarean
section was the deterioration of the fetus condition
due to dystocia and cephalopelvic disproportion.
This fact indicates that the fetal head rotation from
the posterior to the anterior position should be con-
sidered as a factor that affects the outcome of child-
birth favorably. This can be confirmed by comparing
parameters of the fetus well-being assessment with
the Apgar score in groups, in the absence of signifi-
cant differences in the final weight and height of the
newborn in the studied groups (Table 4).

The assessment of differences in the duration of
labor in the studied groups does not make sense due
to the high frequency of operative delivery in patients
of the 3rd group.

Taking into account the high frequency of unfa-
vorable outcomes in the posterior occiput engage-
ment during delivery, it was decided to develop a
technology for predicting an unfavorable outcome of
labor in the fetal occiput posterior presentation. The
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Tabiuna 1. 3HaueHne U3yJyaeMbIX [IapaMETPOB B UCC/IEAYEMBIX TPYIIIIAxX
Table 1. The values of the assessed parameters in the studied groups

ITokazarenb
Parameter

1-51 Tpynna
Group 1
(n=80)

2-A rpynmna
Group 2
(n=18)

Bospacrt KeHIUHBL, JIET
Woman age, years

IIpezacrosiue pojbl, abC. YUCIIO

Upcoming delivery, absolute
number

Macca Tena KeHIUHBI, KT
Woman body weight, kg

PoCT JKEeHIIMHBL, CM
Woman height, cm
WMT, kr/m?

BMI, kg/m?

D. spinarum, c¢m (cm)

D. cristarum, cm (cm)
D. trochanterica, cm (cm)
Conjugata externa, cm (cm)

OKpY>KHOCTB JKUBOTA, CM
Abdominal circumference, cm

BricoTa qHA MaTKu, cM
Symphysis-fundal height, cm
Cpok recranuu, HeJ
Gestational age, weeks

BumapuerasbHBIA pa3Mep
TOJIOBKY TJIO/Ia, MM

Biparietal diameter of the fetal
head, mm

OKpY>KHOCTH TOJIOBKH ILJIOJIA, MM

Fetal head circumference, mm
JnuHa 6enpa miozia, MM

30.0 [29.5; 31.9]

2.0 [2.0; 2.5]

90.1[84.7; 91.6]

162.0 [160.8; 163.1]

34.4[32.2; 35.0]
26.0 [25.5; 26.2]
29.0 [28.7; 29.5]
33.0 [32.1; 33.3]

22.0 [21.4; 22.1]

108.0 [106.1; 110.6]

36.0 [35.5; 36.5]
39.0[38.7; 39.2]

92.0 [90.7; 92.1]

332.0 [329.6; 336.7]

72.0 [71.2; 72.9]

2.0 [1.3; 1.9]

. na TecroBasa
% roflpyn CTaTHCTHKA,
P 21’0?)’ Test statistics,
30.0 [28.9; 33.9] 30.0 [26.0; 35.4] H=2.04
p=0.36
2.5[1.8; 3.5] H=174
p=0,42

78.0 [73.7; 89.9] 69.4 [64.9; 73.0] H=4.21

p=0.12
164.0 [162.0; 166.0] 161.0 [155.4; 161.6] H =2.91
p=0.23
20.6 [28.3; 33.7] 27.4 [26.5; 28.2] H=3.24
p=0.2
25.0 [24.4; 26.0] 24.5[23.3; 24.7] H=5.49
p =0.06
28.0[27.1; 29.0] 27.0 [26.2; 27.8] H=2.24
p=0.33
31.0 [30.8; 33.2] 31.0 [30.1; 31.9] H=2.97
p=0.23
20.0 [20.0; 20.7] 20.0 [19.1; 20.2] H=0.78
p=0.68

97.0[95.5;105.3]  95.0[91.1; 99.9] H=3.94

p=0.14

36.0[33.2; 39.6] 35.5[34.7; 36.7] H=0.37

p=0.83

39.0 [38.6; 39.1] 39.0 [38.7; 39.1] H=0.44

p=0.79

93.0 [85.5; 95.3] 84.5[79.1; 86.5] H=9.39

p =0.009

334.0 [315.1; 348.9] 312.0[279.1; 322.2] H =5.28

p=0.07

74.0 [66.5; 75.1] 62.5[60.2; 65.8] H =11.25

Fetal femur length, mm P =0.004
Ipumeuanue. UMT — ungekc Mmaccol Tesia; D. — distantia.
Note. BMI — body mass index; D. — distantia.
Ta6smmna 2. YacroTa narosoruu 6epeMeHHOCTH B HCCIIEyEMBIX Ipyax, % (abc. 4uciio)
Table 2. Prevalence of pregnancy pathology in the studied groups, % (absolute number)
1-s TpyIma 2-51 rpynmna 3-A1 rpynma TecToBasA CTATUCTUKA,
gi’:;ll};zil e;::t?::'é(ap’rnﬂa Group 1 Group 2 Group 3 Test statistics,
P (n=80) (n=18) (n=20) df=2
3azeprKka pocra Ioza 12.5 (10) 16.7 (3) 20.0 (4) X2 =0.82
Fetal growth restriction p=0.66
KpymHbIi 1710/1 22.5(18) 22.2(4) 20.0 (4) X2 =0.06
Big fetus p=0.97
MHorosozue 3.8(3) 5.6 (1) 0.0 (0) X2 =0.99
Polyhydramnios p=0.61
Manosogue 21.3 (17) 27.8 (5) 15.0 (3) X2 =0.93
Oligohydramnios p=0.63
62 Journal homepage: http://jsms.ngmu.ru



Mudrov V.A., Yakimova A.V. / Journal of Siberian Medical Sciences Vol. 6, No. 1 (2022)

Ta6uuma 3. YactoTa 0CJI0KHEHHUH POJIOB B HCCIIEAYEMBIX IPyIIIIax, % (abc. 4uciio)
Table 3. Prevalence of birth complications in the studied groups, % (absolute number)

1-A Tpymma 2-7 Tpynma 3-A1 rpymnma fleccpa
KinHnyeckasa KapTuHa CTATHCTHUKA,
Clinical picture Sl Sl Sl Test statistics
(n=80) (n=18) (n=20) df=2 >
JTopo/ioBOE U3JIUTHE OKOJIOIIONHBIX BoA  13.8 (11/80) 22.2 (4/18) 30.0 (6/20) X2 =3.17
Premature rupture of the membranes p=0.21
JluckoopauHAIIVA POJIOBOM 8.7 (7/80) 5.6 (1/18) 10.0 (2/20) X2 =0.27
JIesITeJTbHOCTH p=0.88
Labor dystocia
IlepBuyHas c1a00CTh POJTOBOH 12.5 (10/80) 27.8 (5/18) 20.0 (4/20) X*=2.81
JIeATETHHOCTH p=0.25
Primary uterine inertia
BropuuHas cs1abocTh poI0BOH 2.5 (2/80) 11.1 (2/18) 40.0 (8/20) X2 = 24.65
JIeATETHHOCTH p < 0.001
Secondary uterine inertia
UpesmMepHO CUJIbHAA PO/IOBast 10.0 (8/80) 11.1 (2/18) 5.0 (1/20) X2 = 0.55
esITeJIbHOCTD p=0.76
Excessively strong labor activity
KyiMHUYeCcKH y3KUH Ta3 8.7(7/80) 5.6 (1/18) 25.0 (5/20) X2 = 4.96
Contracted pelvis p=0.08

CKa3bIBaE€TCA HA YACTOTE OMEPATHBHOTO po/iopaspe-
IIEeHUs: YacToTa KecapeBa CeYEHWs B 1-H TPyIIIe
cocraBmia 22.5 % ciydaes (18/80), Bo 2-1 rpymiie —
5.6 % (1/18), B 3-ii rpymne — 75.0 % (15/20) (* = 24.1,
df =2, p < 0.001). OCHOBHBIM IIOKa3aHUEM JIJISI KEca-
peBa ceuyeHUs SBJSJIOCH YXYAIIEHUE COCTOSHUS
10712 Ha (hOHE AaHOMATHH POJIOBOM JI€ATETLHOCTU U
KJIWHUYECKU Y3KUH Tas3. JJaHHBIN (HAKT CBUMIETEThb-
CTBYET O TOM, YTO ITOBOPOT I'OJIOBKH IIOZIA U3 33/THETO
B IEpeIHUN BHJ CJIEYET pacCMaTpUBaTh Kak (pak-
TOp, OJIATOIPUATHO BIUSAIOIINHA HA UCXO POAOB. ITO
MOKHO IIOATBEP/IUTh CPABHEHUEM OIIEHKH COCTOSI-
HUA IO TIO IIKaJie Anrap B Ipyniax, IPU OTCYT-
CTBUM 3HAYMMBIX Pa3JIUUNN KOHEYHOU MacChl U
pocTa HOBOPOKJIEHHOTO B HCCJIEAYEMBIX TIPyIIIax
(tabu. 4).

need for emergency operative delivery, as well as the
birth of a newborn in a state of asphyxia, were con-
sidered as an unfavorable outcome.

The technology for predicting an unfavorable out-
come of labor in the fetal occiput posterior presenta-
tion is implemented on the basis of a multilayer per-
ceptron, the percentage of incorrect predictions in
the learning process of which was 11.1. The structure
of the trained neural network included 8 input neu-
rons, one hidden layer containing 2 units, and 2 out-
put neurons (Fig. 2).

The activation function in the hidden layer of the
multilayer perceptron (see Fig. 2) was the hyperbolic
tangent, in the output layer it was Softmax, and the
error function was the cross entropy. Based on the
values of the predicted pseudo-probability, the neu-

Tab6uuia 4. 3HaueHue I0Ka3aTesell HOBOPOKAEHHBIX B UCCIIE[yEMbIX IPYIIIaxX

Table 4. Parameters of newborns in the study groups

1-51 Tpynna 2-51 rpynmna 3-1 TpyIIa TecToBasi CTATUCTHUKA,
gﬁéﬁ:{:ﬁb Group 1 Group 2 Group 3 Test statistics,
(n=80) (n=18) (n=20) df=2
Macca HOBOPOKIeHHOTO, T 3280.0 3430.0 3205.0 H=1.78
Newborn weight, g [3243.5;3393.6]  [3239.8;3546.9]  [2771.7; 3270.8] p=0.41
Poct HOBOpPOKZIEHHOTO, M 51.0 [50.5; 51.4] 51.5[50.6; 52.3] 50.5 [47.5; 50.9] H=1.85
Newborn height, cm p=0.4
Onenka no mkasne Anrap B 8.0 [8.0; 8.5] 8.5[8.3; 8.6] 8.0 [6.8; 8.0] H=8.08
KOHIIE 1-i MUHYTBI, 6aJLJTbI p =0.02
Apgar score at the 1st
minute, points
Omenka no mkasue Anrap B~ 9.0 [8.8; 9.1] 9.0 [8.9;9.3] 8.0 [7.7; 8.6] H =9.05
KOHIIE 5-i MUHYTBI, 6aJLJIbI p =0.01

Apgar score at the 5th
minute, points
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O1neHKa pa3JIMINN TPOIOJKUTETBHOCTH IIEPHU-
O/I0B POJIOB B HCCJIEyEMBIX TPYIIaX HE HMeeT
CMbICJIA BBUJIy BBICOKOW YaCTOTHI ONEPATHBHOTO
po/iopa3pelieHns NaueHToK B 3-H uccieayeMon
rpyIIe.

YuuThIBask BBICOKYIO YaCTOTY HeOJIAarOMPUSITHBIX
HCXOZIOB TIPU COXPAaHEHUW 33/THETO BUJA 3aThLIOY-
HOTO BCTaBJIEHUs TOJIOBKH ILJIO/IA B IIPOIECCE POJIOB,
OBLIO pellleHO pa3paboTaTh TEXHOJIOTUIO, HAIIPaB-
JIEHHYI0 Ha IIPOTHO3UPOBAaHUE HEOJIArOMpUATHOTO
KCXO07Ia POZIOB IIPY 33/[HEM BU/IE 3aTHLJIOYHOTO IIPEJI-
JIeKaHus IUIofia. B KauecTBe HeOJIArONPUSATHOTO
HCXOZIa paccMaTpUBAIN HeOOXOAMMOCTh IIPOBEZe-
HUSA 9KCTPEHHOTO OIEPATHUBHOTO POZIOpPa3peIIeHu,
a TakKe pOoKAeHUEe HOBOPOXKIEHHOTO B COCTOSTHUH
acukcuu.

TexHOJIOTHs NPOTHO3WPOBAHUA HeOIArONpUAT-
HOTO UCXO/Ia POJIOB IIPHU 3aJ[HEM BH/I€ 3aTHLJIOUHOTO
IpeyIesKaHus IUIOA peayin30BaHa HA 6a3e MHOTO-
CJIOHHOTO IEePCENTPOHA, MPOIEHT HEBEPHBIX MPEJI-
CKa3aHUU B Mporiecce 0OyUeHHsT KOTOPOTO COCTABHII
11.1. CtpykTypa 0byuyaeMoil HEHPOHHOH CETH BKJIIO-
yasia 8 BXOJHBIX HEHPOHOB, OJJUH CKPBITBIM CJIOH,
coZleprKaIIuil 2 eTUHUIBI, U 2 BBIXOJHBIX HEHpPOHA
(puc. 2).

CmelnieHue
Shift

ral network has no problems in differentiating the
probability between a favorable and an unfavorable
outcome of labor in the fetal occiput posterior pre-
sentation (Fig. 3).

Also noteworthy is the fact that the resulting neu-
ral network is of high value both for predicting favor-
able and unfavorable outcomes of labor (Table 5).

In testing the neural network on a sample of
patients consisting of 10 people, the percentage of
incorrect predictions was 10.0 (1/10), which is consis-
tent with the results of the neural network training.

CONCLUSION

An integrated approach based on neural network
analysis of the anamnesis, as well as physical and
ultrasound examinations data, makes it possible to
predict the outcome of labor in the fetal occiput pos-
terior presentation with an accuracy of up to 90.0%.
Evaluation of this prognosis allows not only to choose
the optimal mode of delivery, but also to assess the
feasibility of pre-induction of labor.
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CHHaANTUYECKHH BeC > O
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Puc. 2. Koudurypanus MHOrocsoiHOro nepcentpona (I — npeunayknus, ITP — maputeT pozios,
M — macca Tesia JKeHIUHbI, P — poct skeHnuusl, D. s. — d. spinarum, BIIP — 6umapueranbHbIi pasMep roJ0BKY II0A,
b — pymHa 6eapa wiona, HY — He61aronpusTHBIN UCXO/T)
Fig. 2. Multilayer perceptron configuration (PI — pre-induction, P — parity, BW — body weight of a woman,
H - height of a woman, D. s. — distantia spinarum, BD — biparietal dimeter of the fetal head, FFL — fetal femur length,
UO - unfavorable outcome).
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Puc. 3. OlueHKa MpecKa3anHOU IICEBJOBEPOSITHOCTH Pa3BUTUsL HEO/IATOTIPUATHOTO UCXOZA B UCCIIEAYEMBIX TPYIIIAX
Fig. 3. Assessment of the predicted pseudo-probability developing of an unfavorable outcome in the studied groups

Ta6auna 5. THbopMaTUBHOCTD PAa3pabOTAHHON TEXHOJIOTHH ITPOTHO3UPOBAHMUS HCX0/1a POJIOB ITPHU 3aJJHEM BH/JIE

3aTbJIOYHOTO IIPpEAJIEXKaHUA IJ10/1a

Table 5. Informativeness of the developed technology for predicting the outcome of labor in the fetal occiput posterior

presentation

CraTucrudyeckas

Hcexox popos AUC YyBCTBUTEJIHbHOCTH Cnenu(puaHOCTH

Outcome of labor SHAMUMOCTB P | Sensitivity Specificity
Statistical significance p

BraronpuATHbIi 0.90 <0.001 0.83 1.00

Favorable

HebaronpusaTHbIH 0.90 <0.001 1.00 0.83

Unfavorable

B xauecTBe DyHKIINH aKTUBAIIUH B CKPBITOM CJIO€
MHOTOCJIOWHOTO ITePCENTPOHA (CM. PHC. 2) BBICTYIIA
TUNepOOINYECKU TAaHTEHC, B BBIXOJHOM CJIO€ —
Softmax, B kauecTBe (YHKIUH OIIMOKU — IEpe-
KpecTHas SHTponusA. Mcxozsa u3 3HaUeHnH [peicKa-
3aHHOU TICEBJIOBEPOSATHOCTH, HEMPOCETh HE HCIIbI-
ThIBaeT mpobseM B uddepeHIiuani BeposiTHOCTH
MeK/Ty 0J1aTOIPUATHBIM U HEOJIATOIPUATHBIM HCXO0-
JIOM POJZIOB IIpU 3aJ[HEM BHU/I€ 3aTHLIOUHOTO IIPe/IJie-
skaHusA wioaa (puc. 3).

Taxke oOparaer Ha cebs1 BHUMaHHE TOT (akT,
YTO TOJIyueHHas HeWpPOHHAas CeTh 00JIaZlaeT BBICO-
KOU IIEHHOCTHIO KakK JJIs POTHO3UPOBaHUsA 6J1aro-
[IPUATHOTO, TAK ¥ HEOJIATONPUATHOTO UCX0/1a POJIOB
(Tabi. 5).

B mporecce TectrpoBaHuA HEHPOHHON CeTH Ha
BBIOOPKE IAIIMEHTOK, COCTOSIIEH U3 10 YeJl., IMpo-
IIEHT HeBEPHBIX MTPeICKa3aHUi coOCTaBUI 10.0 (1/10),

YTO COTJIACYETCS C pe3yIibTaTaMu 00ydeHUsI HEHPOH-
HOMU CeTHu.

3AK/IIOYEHUE

KoMIIeKCHBIH MOJX0J, OCHOBAHHBIM Ha HEH-
poceTeBOM aHaJIM3e aHAMHeE3a, a TaKKe JTaHHBIX
00BEKTUBHOTO U YJIBTPA3BYKOBOTO WUCCJIEIOBA-
HUS, TO3BOJISET C TOYHOCTHIO 710 90.0 % MPOTHO-
3UPOBATHh MCXOJ[ PO/IOB MPH 33JHEM BUJIE 3aThI-
JIOUYHOTO mpepasiexkanusa minoza. OneHka JaHHOTO
MMPOTHO3a IO3BOJISIET HE TOJbKO BHIOpPATh ONTHU-
MaJILHBI METOJT POJIOpa3peIIeHus, HO U OI[eHUTD
1es1ecoo0pa3HOCTh IPOBEJEHUs IPEUHIYKIUU
pOZioB.

Kondaukr mHTEepecoB. ABTOPHI 3asABJIAIOT
00 OTCyTCTBUU KOH(JIINKTA UHTEPECOB.
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Anaans INECHOBBIX XapPAaAKTECPUCTUK MOHOKOMIIOHCHTHDBIX
IEPOPAJTbHBIX CAXaPOCHUKAIOIIUX CPE/ICTB

Ha papmaneBTUUYECKOM pbiHKke PecnmyOinku Kpbim

E.A. Eroposa!, JI.H. [lleiixmambetoBa’, C.H. Eroposaz, 3.10. bekuposa'
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AHHOTAIIUA

BBenmenue. B Hacrosimee Bpems B Pecrybiinke KpbIM caxapHblii uabeT sBJsSeTCA OAHUM U3 HanboJiee pacipocrpa-
HEHHBIX COIIMAJIbHO-3HAYNMBIX 3a00s1eBaHUN. 32601€BAa€MOCTh HACEJIEHUs PECITyOIMKY CaxapHbIM JUabeToM B 2019 T.
cocTaBmIa 354.6 Ha 100 THIC. Y€JI., IPEBBICUB ITIOKA3aTENIH [IPEIBIIYIIETO ro/ia 6oee ueM Ha 50 %.

Il enb. IleHOBOI aHATN3 aCCOPTUMEHTAa MOHOKOMITOHEHTHBIX ITIEPOPATHHBIX caxapocHukatoux cpects (IICCC), npex-
CTaBJIEHHBIX HA (hapMaleBTuuecKoM pbiHKe Pecrybiuku Kppim.

Martepuasibl u MeTO/bl. OGBEKTOM UCCIIEIOBAHUS, KOTOPOE IIPOBOIMJIOCH B 1-1 ITOJIOBUHE 2021 T, SIBJISLJICS aCCOP-
TUMEHT MOHOKOMITIOHEeHTHBIX [ICCC, mpe/icTaBJIEHHBIA B alITEUHBIX OPraHU3AIUAX HA Tepputopuu Pecrybiuku Kpbim.
HcrounnkoM nHGOPMAIIMH O CTOMMOCTH OT/I€JIbHBIX JIEKAPCTBEHHBIX ITpenapaTtos (JIII), mnpuMeHAIOmMXCs MPYU caxapHOM
nuabere 2-TO TUIIA, CTAJIA CPEAHUE 3HAUEHHUS POZHUUHBIX I[eH PETMOHATBHBIX CIENUATN3UPOBAHHBIX alITEUHbBIX OPTaHU-
3aI[Uii — OOIIECTB C OTPAHUYEHHOM OTBETCTBEHHOCTHIO «ATITeka MapraHa» u «CeMeliHas1 anTeka».

PesynbTaTh. PeiHOk IICCC Pecriy6miku KpbIM mpe/icTaBIIeH 55 TOPTOBBIMYI HAUMEHOBAHUSMH MOHOKOMIIOHEHTHBIX
JITI, cpeyt KOTOPBIX IPeo0JIaiatoT Mpernaparhl IPYNIbl OUTyaHU0B (16 TOPTOBBIX HAUMEHOBAHUM), IPOU3BO/IHBIX CYJIhb-
boHUIMOUEBUHBI (29 TOPTOBBIX HAUMEHOBAHUH ), THTUOUTOPOB IUTENTHAMITENTHAA3bI-4 (8 TOPrOBhIX HAUMEHOBAHHIA).
PacipesiesieHre mpenapaToB MO CTPaHe-IIPOU3BOIUTENIO BBIBUJIO MIPe00JiafilaHue JIeKapCTBEHHBIX IPErapaToB OTeve-
CTBEHHOTO pou3BozicTBa (73.3 %). [IpoBe/ieHNe IEHOBOI cerMeHTanuyu MoHOKOMITOHEeHTHBIX IICCC mokasasio mpeobia-
JIaHUe MTpernapaToB HU3KOTO IIEHOBOTO CETMEHTA.

3aknwueHue. N3yuenue accoprumenta [ICCC B anTeuHbIX yuperkieHUsAx PecryOsuku KpbIM MTO3BOJIMJIO YCTAHO-
BUTD BBICOKUE I10KA3aTeI UMIIOPTO3aMellleHUsI U 3HAUNUTEJIHHYIO /10110 MOHOKOMIIOHEHTHBIX IICCC HM3KOTO IIeHOBOTO
CErMeHTa, YTO JieJIaeT U3yIaeMyIo TPYIIITY JOCTYITHOU I TAIIHEHTOB C CaXapHbBIM IMabeTOM 2-TO THIIA.

Knaroueesle croea: caxapHbli uabeT, IepopajbHbIe CAaXapOCHIKAIOIINE CPE/ICTBA, IIEHOBAsA CerMeHTanus, K03hpuim-
€HT JINKBUTHOCTH.

Oopaszen murtupoBauus: Eroposa E.A., Illeiixmamberora JI.H., Eroposa C.H., Bekuposa 3.10. Ananus neHo-
BBIX XapaKTEPUCTUK MOHOKOMIIOHEHTHBIX IIEPOPAJIbHBIX CAXaPOCHUKAIOIIUX CPEJICTB HA (hapMaleBTUUYECKOM PBIHKE
Pecny6muku Kpeim // Journal of Siberian Medical Sciences. 2022;6(1):67—79. doi: 10.31549/2542-1174-2022-6-1-67-79

The analysis of price characteristics of monocomponent

oral hypoglycemic drugs on the pharmaceutical market

of the Republic of Crimea
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ABSTRACT

Introduction. Currently, diabetes mellitus is one of the commonest socially important diseases in the Republic of
Crimea. In 2019 the incidence of diabetes mellitus in the population of the Republic amounted to 354.6 per 100 000 peo-
ple, having outnumbered the figures of the previous year by more than 50%.
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Aim. Price analysis of monocomponent oral hypoglycemic drug (OHGD) range offered on the pharmaceutical market of
the Republic of Crimea.

Materials and methods. Theobjectof research conducted during the first half of 2021 was the range of mono-
component OHGDs offered in the pharmaceutical organizations on the territory of the Republic of Crimea. The source of
information on the price of single medicinal products (MPs) administered for type 2 diabetes mellitus was the average
retail prices of regional specialized pharmacy organizations — the Limited Liability Companies “Apteka Martana” and
“Semeinaya Apteka.”

Results. The OHGDs market of the Republic of Crimea is represented by 55 trade names of monocomponent MPs,
among which the drugs of biguanide group (16 trade names), sulphonylurea derivatives (29 trade names), dipeptidyl pep-
tidase-4 inhibitors (8 trade names) predominate. The distribution of drugs by country of origin revealed the prevalence of
medicinal products of domestic manufacture (73.3%). The price segmentation of monocomponent OHGDs demonstrated
the prevalence of MPs of the low price segment.

Conclusion. The study of monocomponent OHGD range in the pharmacies of the Republic of Crimea enabled to
ascertain the high indices of import substitution and the considerable proportion of monocomponent OHDs of the low
price segment, which makes the studied group accessible for the patients with type 2 diabetes mellitus.

Keywords: diabetes mellitus, oral hypoglycemic drugs, price segmentation, liquidity ratio.

Citation example: Egorova E.A., Sheikhmambetova L.N., Egorova S.N., Bekirova E.Yu. The analysis of price
characteristics of monocomponent oral hypoglycemic drugs in the pharmaceutical market of the Republic of Crimea.
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BBEJIEHME

B nacrosimee Bpems B Pecrry6inke Kppim caxap-
HBIU uabeT sIBJIsIeTCs OJHUM U3 HauboJjiee pacipo-
CTPAHEHHBIX COLMATBHO-3HAYNMBIX 3a00JI€BAHUM.
3ab0J1eBaeMOCTh HACEJIEHUSI PECITyOJIMKH CaXapHBIM
nuabeToM B 2019 T. cOCTaBWIa 354.6 HAa 100 THIC.
YeJsl., TMPEBBICUB IIOKA3aTeJM MPEIBIAYIIEro Troja
Oosiee yeM Ha 50 % [1]. IIpu saTOM (pakTHUECKas pac-
MPOCTPAaHEHHOCTh CaXapHOTO auabera, 0coGEHHO
2-TO THUIIA, 3HAYUTEJHHO BBIIIE, YTO MOKET OBITh
00yCJIOBJIEHO JIATEHTHBHIM TeYEeHUEM OOJIEBHU U
OTCYTCTBHEM CO CTOPOHBI TAI[UEHTa KOHTPOJIS
VPOBHsI TUIIOKO3bI U ITOKa3aTesel TJIMKUPOBAHHOTO
remoryiobuHa [2, 3].

BakHeiiel 3a7jauedl jeuyeHUsl caxapHOTO Jua-
OeTa sBJIsIETCS HOPMaIMBalMs TJIMKeMuu. [lepo-
patbHBIe caxapocHmkawmue cpeacrea (IICCC)
IIUPOKO TPUMEHSIOTCS B TEPAIIUU CAXapHOTO JHa-
OeTa, MpenMyIIeCTBEHHO 2-T0 Tuna [4]. Kiaccudu-
kanusa [ICCC Briouaer B cebs 9 papMakoioruye-
CKHUX IPYIIIT MOHOKOMITOHEHTHBIX ITpernapaToB: OUTy-
aHU/bI, IPOU3BOJIHBIE CYJIb(OHUIMOYEBUHBI, TETE-
POIMKJIMYECKHE IIPOU3BOJIHBIE CYJIb(MOHUIMOYE-
BUHBI, HHTUOUTOPHI aTb(ha-TII0KO3UAa3bI, THA30IU-
JIUHEUOHBI, WHTUOUTOPBI  JUMEHTHIUIIENTH-
maspi-4 ([IIII-4), aHaJOTH IJIIOKAaroHOIIOJZ00HOIO
MenTua-1, THTUOUTOPHI HATPUI3aBUCUMOTO IIEpe-
HOCYHMKA TJIIOKO3bI 2-TO THIIA U ITPOYHE TUIIOTJIUKE-
MHUYECKHE Ipernaparsl [5, 6].

Crout otmMeTuTh, uTo pHIHOK [ICCC mpejicraBieH
KaK MOHOKOMITOHEHTHBIMHU, TaK ¥ KOMOWMHUPOBaH-
HBIMU JIeKapcTBeHHBIMU Ipenapatamu (JIIT). Beribop
mpernapara Jijisi KOHKPETHOTO TalleHTa 3aBUCUT OT

INTRODUCTION

Currently, diabetes mellitus is one of the com-
monest socially important diseases in the Republic
of Crimea. In 2019 the incidence of diabetes mellitus
in the population of the Republic amounted to 354.6
per 100 000 people, exceeding the figures of the pre-
vious year by more than 50% [1]. Though the actual
prevalence of diabetes mellitus, especially type 2, is
significantly higher, due to latent symptoms and the
lack of the patient’s control of glucose and glycated
hemoglobin level [2, 3].

The most important therapeutic task in diabetes
mellitus is glycemia normalization. Oral hypoglyce-
mic drugs (OHDs) are widely used in the therapy of
diabetes mellitus, mainly type 2 [4]. The OHDs clas-
sification includes 9 pharmacological groups of
monocomponent drugs: biguanides, sulphonylurea
derivatives, heterocyclic sulphonylurea derivatives,
alpha-glucosidase inhibitors, thiazolidinediones,
dipeptidyl peptidase-4 inhibitors (DPP-4), glucagon-
like peptide-1 analogues, sodium-dependent inhibi-
tors of glucose transporter of type 2 and other hypo-
glycemic drugs [5, 6].

It is worth noting that OHGDs market is repre-
sented by both monocomponent and combination
medicinal products (MPs). The choice of the drug
for a particular patient depends on the current
blood glucose and glycated hemoglobin levels,
comorbid conditions and the presence of diabetes
mellitus complications. The use of monocomponent
drugs can be considered adequate if at the early
stage of the disease you have a possibility to achieve
the target glycemia values and control the pharma-
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TEKYIUX TOKa3aTesed YPOBHS TUIFOKO3bI, TJIMKO3H-
JIMPOBAHHOTO TeMOIJIOOHHA, COMYTCTBYIOIIHUX 3a00-
JIEBAaHUU M HAJIWUYUA OCJIOKHEHHH caxapHOTO Jva-
Oera. Mcnosp30BaHE MOHOKOMIIOHEHTHBIX IIpera-
paToB MOKHO CUMTATh a/IEeKBATHBIM IIPU BO3MOIKHO-
CTH JIOCTHKEHHS C UX ITIOMOIIBIO I1€JIEBBIX 3HAUEHUH
TJIMKEMUN ¥ KOHTPOJISA (PapMaKoJIOTHYECKOTO BO3-
JIECTBUSA HA PAHHUX CTAJIUAX PA3BUTHSA 3a00JieBa-
HUA. B ciydyae HEBO3MOXKHOCTU OCYIIECTBJIEHUS
JKECTKOTO KOHTPOJIA TJIMKEMHUU C IEJIBI0 PO UIaAK-
THKH MHUKPO- U MAaKPOCOCYAUCTBIX OCJIOKHEHHUHU
MaIeHThl MOTYT HYKAAThCSA B Ha3HAUEHUH KOMOU-
HUPOBaHHOU papMakoTrepanuu [7].

3asauaMu OpraHoB yIpasiyieHus dhapmaleBTuye-
CKOIi JTeATeIbHOCTHIO B Pecrybiinike KpbIM siBIsieTCs
obecrieueHre HaJIMYHWsA HA PETHOHAJIBHOM DPBIHKE
ITCCC He TOJBKO /15 IEKAPCTBEHHOTO 00eCIIeueHus
MEIUITMHCKIX OPTAaHU3AINUN 1 HAaCeJIEHUsI PETHOHA,
HO W JIJIA JIWII, CTPAJIal0INX caxapHbIM JuabeToM,
npubsIBatoiux B Pecrybauky KpbIM Ha KypOpTHO-
037I0POBUTETHLHOE JIEUEHUE U OT/bIX.

Mupoxkuii accoprument IICCC, npenHazHavyeH-
HBIX JIJIs TEPAIMHU caXapHOro auabera 2-ro Turma [8],
0OJIBIIIOE KOJTUYECTBO MEKAYHAPOAHBIX HEMIATEHTO-
BaHHbIX HauMeHoBauud (MHH) IICCC, 3HauuTeab-
HbIE OTJINYHS B UX CTOUMOCTH 00y CIIOBJIMBAIOT HEOO-
XOJTUMOCTD ITPOBEJIEHUS IIEHOBOTO aHAJIN3A, PE3YJIIb-
TaThl KOTOPOTO HEOOXOAHMMBI s (apMaKOIKOHO-
MHYECKOIO0 00OCHOBAHUSA OITHMAJIbHBIX CXEM JIeue-
HUA U (POPMHUPOBAHUSA PAIUOHAIBHOTO ACCOPTH-
MEHTA allTeYHBIX OPTAaHUBAINH.

IOEJb NCC/IEJOBAHUA

IlenoBoil aHanu3 accOpTUMEHTA MOHOKOMIIO-
HeHTHBIX [ICCC, mpezcraBieHHBIX HA (papMaIleBTH-
yeckoM peIHKe Pecrybnku Kpeim.

MATEPUAJIBI 1 METO/IbI

OOBEKTOM HCCIIEJIOBAHUS, ITPOBOJIMBIIETOCS B
1-# TIOJIOBUHE 2021 T., SABJISIJICS aCCOPTUMEHT MOHO-
kommioHeHTHBIX [ICCC, mpeicTaBjIeHHBIA B anTed-
HBIX OpraHU3alusIX Ha TeppuTtopuu Pecrybsvku
KppiM. BbI60p MOHOKOMITOHEHTHBIX IIPENapaToB C
[IeJIBIO TIPOBEJIEHUST aHAIU3a OOYCJIOBJIEH TPYHO-
CTHIO yueTa Bcex BO3MOXKHBbIX KomOuHanuii IICCC,
BXOJIAIAX B COCTaB KOMOWHHPOBAHHBIX JieKap-
CTBEHHBIX IIPENAapaToB, U PA3IUIHBIMU J[O3UPOB-
KaMH JIEUCTBYIOIHUX BEIIECTB.

Hcrounnkom nHGOPMAIUH O CTOUMOCTH OT/EJTb-
HbIx JII1, IpUMEHSIONUXCS IPH caxapHoOM auabere
2-TO TUIA, CTAJIU CpPeJIHVE 3HAUEeHUS PO3HUUHBIX
IIeH PErHOHAIBHBIX CIIENHAIN3UPOBAaHHBIX aITed-
HBIX OpraHu3anuil — OOIIECTB € OTPAHUYEHHOU
OTBETCTBEHHOCTHIO «AmnTeka Maprana» u «Cemei-
Has anTeKa».

cological effect with their help. If it is impossible to
exercise strict control of glycemia to prevent micro-
and macrovascular complications, patients may
require the combined pharmacotherapy adminis-
tration [7].

The tasks of the pharmaceutical management
bodies in the Republic of Crimea are to ensure the
OHGDs availability on the regional market not only
for drug supply to the health organizations and pop-
ulation of the region, but also for the individuals suf-
fering from diabetes mellitus arriving in the Repub-
lic of Crimea for health resort treatment and recre-
ation.

A wide range of OHGDs designed for type 2 dia-
betes mellitus therapy [8], a large number of interna-
tional non-proprietary names (INN) of OHGDs, con-
siderable differences in price, dictate the need for a
price analysis, the results of which are essential for
pharmacoeconomic justification of optimal treat-
ment regimens and the formation of rational assort-
ment of pharmacy organizations.

AIM OF THE RESEARCH

Price analysis of the range of monocomponent
OHGDs offered on the pharmaceutical market of the
Republic of Crimea.

MATERIALS AND METHODS

The object of research conducted during the first
half of 2021 was the monocomponent OHGDs range
offered by the pharmacy organizations on the terri-
tory of the Republic of Crimea. The choice of mono-
component drugs for the purpose of analysis is due
to the difficulty of the accounting of all possible
OHGDs combinations that are part of combination
drugs, and various dosage strength of active ingredi-
ents.

The source of information on the cost of individ-
ual MPs administered for type 2 diabetes mellitus
was the average retail prices offered by regional spe-
cialized pharmacy organizations — Limited Liability
Companies “Apteka Martana” and “Semeinaya
Apteka.”

The cost of equivalent course dose (ECD) of MP
was taken into account to carry out the price segmen-
tation of monocomponent OHGDs market. The price
segmentation was conducted by means of grouping
terms based on the Sturges’ formula application [9]

N=1+3.3221gn,

where N — number of OHGDs groups;
n — number of units in total.
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JIJisi EHOBOU CerMeHTAIlH PhIHKA MOHOKOMIIO-
HeHTHBIX [ICCC yuuTBIBAJIM CTOUMOCTb 3KBHUBA-
JIEHTHOH KypcoBo# /103wl (IK]) JIII. IIpoBenenue
[[EHOBOU CErMEHTAINH OCYIIECTBIISUIA C UCIIOJIb30-
BaHHEM METO/Ia TPYIIIUPOBKH, OCHOBAHHOM Ha IIPU-
MeHeHuu dhopmysbl CTépkecca [9]

N=1+3.3221gn,

rae N — uucio rpyni IICCC;

N — KOJIMYECTBO €IMHHUI] B COBOKYITHOCTH.

Ecsiz Bapuarus npu3HaKa pacrpesiesieHa paBHO-
MEpHO U [IEHOBOH AMAaIa30H MMeeT Y3KHH CIEKTP,
TO JJIsl CETMEHTAIlUH JMana30Ha Ha HU3KYIO, CPeJl-
HIOI0O W BBICOKYIO TPAHUI[y CerMEHTa CTOUMOCTH
oot AK/I JITI He06XOAUMO HCII0IH30BATh IPYIIITN-
POBKY € pPaBHBIMH MHTEPBaJIaMH. BeJIMYNHY TaKOTO
uHTepBasia (h) onpesessoT coryiacHo popmyie

h= )cnax B )cnm
-
q
rzae h — BeinurHa WHTEPBAIa,;
Y — MakcumasbHad nena ogHou K/I;

ma:

Y . — MuHHMasbHas neHa ogHou IK/I;

q — xonuuectBo rpymn IICCC.

I'paHunia [MEeHOBOTO AWAala30HAa PaCCUYUTHIBA-
Jlach C TIOMOIIBI0 CYMMUPOBAHUS MUHUMAJIbHOTO
3HaUeHUA IeHbl oHON DK/ 1 BeITMUYMHBI HHTEP-
Basa h [10].

Pacuer 3atpat /7151 JIeUeHUsI OJTHOTO TMaI[MeHTa
onpeneseHHbM JIIT B TedeHne rozga mpoBOAUIICA
MyTeM HaXOKAeHHUS cTouMocTH DK]I (Clam)- Kypc
JledeHus1 OOJIBHBIX CaXapHbIM JHA0ETOM IMPUHATO
CYHUTATh PAaBHBIM 365 AHAM (1 roxa), 9YTO 00YCIIOB-
JIEHO XPOHUYECKHM IPOTEKAHWEM HO30JIOTHH U
HEe0oOXOTMMOCTBIO TTOCTOSTHHOTO KOHTPOJISI YPOBHS
IJIIOKO3bl B IUIa3Me KpoBHW manueHTa. C IeJIbio
npoBefeHus pacuera croumoctu K/ onpenenen-
Horo I[ICCC ocyIiecTBIsIN pacyeT CTOMMOCTH €/~
HUIIBI JIEUCTBYIOMIETO BEIIECTBA (CIHB) JITI ¢ gans-
HEHIIUM YMHOKEHHEM IIOJIy4YEHHOTO pesyJbTaTa
Ha BeauunHY 3G EKTUBHOH KYypCOBOH /IO3BI.
Uctounnkom wuHopmanuu o BeauuuHe K]/
SIBJISIJICSL CTAHAAPT MEAUITMHCKOHN MTOMOIIU B3POC-
JIBIM TIAI[MEeHTaM IPU caxapHoM JinabeTre, yTBEPIK-
JIeHHBI TipukazoM MwuH3zpaBa Poccum ot
01.10.2020 N 1054H «O0 yTBEpKIeHUHU CTaHaP-
TOB MEIUIIMHCKOH TTOMOIIIY B3POCBIM IIPH caxap-
HoM nuabere 2 Tuma» [11].

Pacuer I1eHBI €IMHUIIBI JEHCTBYIOIIETO BeIle-
CTBA, BBIPAKEHHOW B MIJUTUTpaMMax Kaxaoro JIII
(CIHB), OCYIIECTBJISJIH € IIOMOIIIBIO JIeJIEHUS PO3HUY-
HOH nens! ynakosku (C ) Ha KOJIMYECTBO JeHCTBY-
romux euHuI JITT, BeIpaskeHHBIX B MIJIUTPAMMaX,
Bo Bcelt ynakoBke JIII o cienmyroreit popmyiie:

If indicator variation has a uniform distribution,
and a price range is narrow, it is necessary to use
grouping with equal intervals to segment the range
into low, average and high segment boundary of a
single ECD of MP. The range of such interval (h) is
calculated according to the formula

h= Iinax B )an
—q )
where h — interval range;
Y - maximum price of one ECD;

Y_ . — minimum price of one ECD;

g — number of OHGDs groups.

The price range boundary was calculated by sum-
ming the minimum value of the price of one ECD and
the range of the interval h [10].

Costs for the treatment of one patient using a cer-
tain MP during a year were calculated by finding ECD
value (C ). The course of treatment for patients
with diabetes mellitus is considered to be equal to
365 days (1 year) that is due to chronicity of this
nosology and the necessity of constant monitoring of
the level of glucose in the patient’s blood plasma. In
order to calculate the cost of ECD of a specific OHGD,
the cost of the active ingredient unit (P ,,) of MP was
calculated with further multiplication of the result
obtained by the effective course dose value. The
source of information on the ECD value was the stan-
dard of medical care for adults with diabetes melli-
tus, approved by the Order of the Ministry of Health
of the Russian Federation dated October 1, 2020 No.
1054n “On Approval of the Standards of Medical Care
for Adults with Type 2 Diabetes Mellitus™ [11].

The calculation of the active ingredient unit price,
expressed in milligrams of each MP (P, ) was per-
formed by dividing the retail price of the package
(P ) by the amount of MP active ingredient units,
expressed in milligrams, in entire MP package,
according to the following formula:

P

P — IMP
uu ]VAI

where P, — MP active unit (mg) price;

P, — MP package unit price;

N,, — amount of active ingredient units (mg) in
the package.

The calculation of the cost of the ECD required for
further price segmentation of the range of individual
OHGDs was carried out according to the following

formula:

t

C,pop= P, - ECD,

1ECD

where C | — the cost of one ECD of the MP;
ECD — MP equivalent course dose.
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C]JIH

1/1B = N[[B ’

C

roe C s — L1€HA eJINHUIBL JIEHCTBYIOIIETO BEIECTBA
(mr) JIIT;

Cmn — IjeHa eAuHUIBI yriakoBku JIII;

N 15 — KOJIMYECTBO €/JMHUIL JIEHCTBYIOIIETO BeIlle-
cTBa (MT) B yIIaKOBKE.

Pacuet croumoctu DK/, HEOOXOAMMOM JJIsI 1ajIb-
HEUIIIETO MPOBEJIEHUS IIEHOBOM CErMEHTAI[UH acCcop-
tuMeHTa otAenbHbIx [ICCC, nmpoBogunu no ¢op-
MyJie

ClmI = CIHB - 9K/,

rae Clsm — niena ogHou DK/ JIII;

9K/ — sxBuBajsieHTHAaA KypcoBas fo3a JIII.

JIOTIOJTHUTEIbHBIM 5TAllOM aHAJINU3a CTaJl pacyeT
ko3 purrenTa JUKBUIHOCTH T1eHbI JIIT (qu)' Jlan-
HBIN MTOKa3aTesIb MOKA3bIBAET COOTHOIIIEHNE MEXKIY
MaKCHMAaJIbHOH M MHUHHUMAaJbHOU I[€HOW KOHKpPET-
Horo JIII B onipe/iesieHHBIN IEPHO;] BpeMeHU Ha dap-
MaleBTUYECKOM PBIHKE PETHOHa, YTO OTPaKaeT
cocTosAHMEe KOHKypeHIuu B cermente JIII. Pacuer
K03( puIeHTa JTUKBUTHOCTH [IEHBI JIJIST OT/IETbHBIX
MHH IICCC npoBoamu 1o ciexnymomeid dhopmyse
[12,13]:

imax T imin
lig ’
1min

rae P, — makcuMasbHas pO3HMYHAsA IEHa 1-TO
JIIT;
— MUHUMaJIbHAsI PO3HUYHAs TeHa i-ro JIII.

imin

PE3YJIBTATBI 1 OBCY2K/IEHUE

Peirok TICCC PecnyOiuku KpbiM mpejicTaBiieH
55 HaUMEHOBaHUSAMU MOHOKOMIIOHeHTHBIX JIII. TTo
KOJIMYECTBY TOPTOBBIX HAUMEHOBAHHUU OT/IE€JIBHBIX
MHH o6ospmiass osist peiHKa mpezcrabiaena JIII,
COZIepIKAIUMH  cJleayompe (papMaleBTHYECKHE
cyocTaHIuu: MeTHOPMUH, TJIMMENEPH, TIIMKIA3H]]
u nbenkiaamu. Pacnpenenenune IICCC Ha papma-
neBTUYeCKOM pblHKe Pecirybimkn Kpbim o papma-
KOJIOTUYECKUM TPyIIIaM IIPe/ICTaBIEHO Ha PUC. 1.

Cpeny OCHOBHBIX TPYHIl IIPENapaToB CTOUT
BBLIEIUTH TpyIIy ouryanuioB (1 MHH — metdop-
MUH, 16 TOPTOBbIX HAUMEHOBAHU), TPOU3BOTHBIX
cynbdoHmIMoueBuHb (4 MHH: raumenupup
(5 TOProBRIX HAMMEHOBAHUY ), TJIMKIA3HU/, (17 TOp-
rOBBIX HAaUMeHOBaHUI), rinbeHkmamuz (6 Topro-
BBIX HAMMEHOBAHUH ), TJIMKBU/IOH (1 TOProBOe HaH-
MEHOBaHHE)), WHTHOUTOPOB JTUIENTHIUJIIENITH-
maspl-4 (7 MHH (BuiapgarJiunTUH, aJOTJIMIITHH,
SBOTJIUIITUH, CAKCATJIUIITHUH, JIMHATJIUIITAH, CUTA-
TJIUITAH, TO30TJIUITHH), 8 TOPrOBBIX HAUMEHOBA-

An additional stage of the analysis was the MP
price liquidity ratio calculation (P, ). This index
demonstrates the relation between maximum and
minimum price of the particular MP during the cer-
tain period of time on the regional pharmaceutical
market that reflects the state of market competition
in the MP segment. The liquidity ratio of price for
individual INNs of OHGDs was calculated according
to the following formula [12, 13]:

liq ’
i min
where P, — maximum retail price of i MP;
P. . — minimum retail price of i" MP.

i min

RESULTS AND DISCUSSION

The OHGDs market of the Republic of Crimea
is represented by 55 names of monocomponent
MPs. According to trade names of the individual
INNs, a large share of the market is represented
by MPs containing the following pharmaceutical
substances: metformin, glimepiride, gliclazide,
and glibenclamide. The distribution of OHGDs on
the pharmaceutical market of the Republic of
Crimea by pharmacological groups is demon-
strated in the Fig. 1.

Among the principal groups of drugs, it is worth
highlighting the biguanides group (1 INN — metfor-
min, 16 trade names), sulphonylurea derivatives
(4 INN: glimepiride (5 trade names), gliclazide
(17 trade names), glibenclamide (6 trade names),
gliquidone (1 trade name)), dipeptidyl peptidase-4
inhibitors (7 INN (vildagliptin, alogliptin, evogliptin,
saxagliptin, linagliptin, sitagliptin, gozogliptin),
8 trade names), and the group of other oral hypogly-
cemic drugs (1 INN, 2 trade names).

The distribution of the presented OHGDs accor-
ding to the manufacturer allowed to distinguish
2 groups: drugs produced domestically (73.3%), and
drugs produced abroad (26.7%), which indicates
high rates of import substitution and manufacturing
of large amounts of OHGDs on the territory of the
Russian Federation.

To carry out the price segmentation of the OHGD
market, the price of an active ingredient unit (mg) of
individual MPS and the cost of ECD, both expressed
in rubles, were initially calculated (Table 1).

The calculation results allowed to determine that
the cost of the ECD of the individual OHGDs ranges
from 628.62 to 25 550.00 rubles.

The choice of INN OHGDs for price segmentation
was due to the large amount of analogues of drugs
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Ko1m4ecTBO TOProBbIX HAMMEHOBAHMIMA
Number of trade names

buryanuasl
Biguanides

IIpousBoaHbIe
Cy/1b(OHUIMOYEBUHBI

IIpoune IICCC
Other OHGDs

Muaruburopst JI111-4
DPP-4 inhibitors

Sulphonylurea derivatives

Puc. 1. Pacupenenenue dpapmakosornueckux rpymn [ICCC,
[IPeZICTABJIEHHBIX Ha (papMaIieBTUIeCKOM phIHKe PecryGinku KpbiM, 110 KOJTMUECTBY TOPrOBBIX HAUMEHOBAHMIA
(JIIIIT-4 — munentuauinentu/asda-4; [ICCC — mepopasibHbIe caxapOCHIZKAIOIIIHE CPEJICTBA)
Fig. 1. Distribution of OHGDs pharmacological groups represented on the pharmaceutical market of the Republic
of Crimea according to the number of trade names (DPP-4 — dipeptidyl peptidase-4, OHGDs — oral hypoglycemic drugs)

HUW) U TPYIIILY MPOYHX MTEPOPATBHBIX CaXapOCHH-
skarorux cpeacts (1 MHH, 2 ToproBbIix HauMeHO-
BaHMUs).

Pacnipenienenue npezcraBiaenHbix [ICCC o mpo-
WU3BOUTEIO TTO3BOJIUIIO BBIZIEJUTH 2 TPYIIIBL: MIpe-
rmapaThl OTEUeCTBEHHOTO Mpou3sBojicTBa (73.3 %) u
3apybeKHOro mpou3BozcTBa (26.7 %), 4TO CBUE-
TEJIbCTBYET O BBHICOKUX IOKA3aTeJIsIX UMIIOPTO3aMe-
IIeHUsA U MPOU3BojicTBe Oosbiux ob6bemos IICCC
Ha Tepputopun Poccutickoit Oeneparuu.

JIJ11 IpOBeNIeHNs IEHOBOM CerMeHTAIlUU PhIHKA
I[TICCC nepBoHAYaIFHO OBLT IPOBE/IEH PACUET IIEHBI
€TMHUIIBI IEUCTBYIOIIETO BellecTBa OT/IeTbHbIX JITI
(mr) u pacuer croumoctu IKJI, BbIpa’KEHHBIX B
py0ssx (tabir. 1).

PesysibTaThl pacyeToB IMO3BOJIMJIM OIPENETUTD,
uto croumoctb K] otaenpubix IICCC koebiercsa B
npejieiax ot 628.62 710 25 550.00 pyo.

Bribop MHH IICCC misi ipoBe/ieHHsI IEHOBOU
cerMeHTanuu ObLI O0YCIOBAEH OOJIBIIUM KOJIUYE-
CTBOM ITPE/ICTABJIEHHBIX HA PhIHKE aHAJIOTOB IIperna-
paroB MeThOpPMHH, TJIHOEHKJIAMUJI, TIMMEUPU/I,
IVIMKJIA3U/] ¥ 3HAYUTEIbHBIMU OTIMYMAMHU B UX CTO-
WMOCTH, a TaKKe HCIIOJIb30BAHUEM IIPEJICTAaBJIEH-
HBIX IIPErapaToB B Ka4eCTBE CTAaPTOBOH MOHOKOM-
IIOHEHTHOH Tepanuu JiJisi GOJIbHBIX CaXapHbBIM JHa-
6etoM. IlenecooOpa3zHO OTMETHTH, UTO OOJIBIIMH-
CTBO M3 U3yYaeMbIX ImpenaparoB (MeThOpMHUH, TJIH-
OeHKJIAMUJ], TJIUKJIA3U/) BKJIIOYEHBI B IE€pPEUYeHb
JKU3HEHHO HEOOXOJMMBIX W Ba)KHEHIIUX JIeKap-
CTBEHHBIX IIPenaparos [14].

presented in the market (metformin, glibenclamide,
glimepiride, gliclazide) and significant differences in
their cost, as well as the use of these drugs as a start-
ing monocomponet therapy for the patients with dia-
betes mellitus. It is worth mentioning that the majo-
rity of drugs under study (metformin, glibenclamide,
gliclazide) are included in the List of Vital and Essen-
tial Drugs [14].

Carrying out the price segmentation allowed to
classify MPs in the market into low, average and high
price segments, which is advisable to identify the
availability of drugs for patients with diabetes melli-
tus. The results of calculations applying the Sturges’
formula and the classification of price categories are
presented in Table 2.

Carrying out the price segmentation for drugs
containing metformin allowed to reveal the predomi-
nance of the low price segment drugs (68.75%,
11 trade names), 3 drug trade names were presented
in the middle price range (18.75%), and 2 trade names
—in the high one (12.5%). A similar ratio of price seg-
ments was observed in gliclazide, for which the seg-
ment ratio was 59:29:12%. For the drug glimepiride,
the ratio of trade names of the low and high price seg-
ments was 4:1. Drugs of middle price segment were
not presented on the market. Among the trade names
of the drug glibenclamide there were MPs of all price
categories in the same percentage ratio (33.3%).

The calculation of price liquidity ratio allowed
determining the strongest competition among
glimepiride drugs (P, = 23.8).

72

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



Egorova E.A et al. / Journal of Siberian Medical Sciences Vol. 6, No. 1 (2022)

(Auewon) Y ‘AINTHO-NITIHI
10 ‘(AuBULIDN) HAW) ‘USPASH UOA-TULIRUSA IO
‘(Auetrron) HquH) ‘[yosnd 1oxpyiody wreydouaderq

(surenda]) DV ‘HINTHO-NITIHd
nry ‘(BuHends J) Hquo) ‘U9pASH UOA-TULIRUSIA ULU

“qu} “I0joIS

86°€999 600°0 00'99¢ 09 00S ‘(BuHemds ) HquH) ‘yosnd 1oxpyiody wreydousderq ‘rgel ‘dopon)
(erssmy) DS ‘wireydwiypswo-SHA "qe} ‘UNIULIOY
00'¥rozc €000 00°96 09 00§ (B1200g) OVO ‘wdedpnuxionoJ-Lderaeronded ‘rgel ‘HULOWAOD
(erssny) DS ‘wreydwrpswol-SHd ‘qe1 ¥4 ‘Suo uneuLIoq
GerLESL 210°0 00'vS€ o€ 000T (B1200q) OVO ‘Wwdedpnmxono]-Lderaeronded “JHOKOdH IrQel “THO[f HULOWAOd
(e1ssny) OTT ‘NOZO "qe3 ‘UrIope
61°g¥61T €00'0 00°¢g8r1 09 0001 (B12204) 000 ‘HOEO ‘rgel ‘HUWAOPII A
"qe1 ¥ ‘SuoT UIONA
(erssny) DSrd ‘zejursorg 1HOoI 0dII
€9°GvEL 2100 00°Gv¢ 09 00§ (B1200g) OVII ‘€91HUO0Ug ‘Irgel ‘THOI HUIWAODIaJA
‘qe1 ¥d ‘uoue) U0 UTULIONSA
(erssy) QSO ‘uononpold eurreyduoue) ~1HOIr0dII
648621 200°0 00°cTI 09 0001 (B10004) OVE ‘Himerod]| ewdedHoHeY  IrQeL ‘HOHRY JHO[ HUWAOPIIA
(e1sSTY) DSC ‘SHATIAM "qe} ‘XALITA-UTULIONS A
99-9GLt €000 00991 09 000T (B12004) OV ‘OMALJIAI ‘IrQelL ‘OMALJAI-HUNdOoPIa A
(erssny) DT ‘wreydpA ‘el ‘pearoydisy
0§ 18¢€ Goo'o 00°9ST 09 00S (B1200g4) 000 ‘mdediag ‘rrgel ‘roadodrIajy
(erssny) DT ‘USWNAL,
-ZdjuhseuLiey 1o (erssny) DS ‘Zojudseurrieyd
(B1220d) OQQ ‘IHONOL], ‘qel ‘UneJLID
L1°621%g €000 00°00T 09 008§ -earHMoeNded UIH (BHO20d) OV ‘€orlHHORNdRd ‘rgel ‘HuLe@udoy
(erssny) OTT MATONVN 10
‘(uredS) "T'S YIDYHIN 10 ‘(0uBI]) SB'S QIUeS YOIOIA
(B12004) OO0 MAIFOHVH ULH ‘(BUHBIDL]) ‘qe) ‘Suory a8eydoon|n
GL€0€g €100 00°561 0¢ 008§ T'S SMIDYHIN UIH ‘(BUHRdD) "S'8'S D1UuBS YOIIN ‘Irgel ‘IHOL Xedoioir |
‘qe] ‘goues UIULIONDIA
L1°621g €000 00°00T 09 00S (Area1 / Burrei}]) IHONVS ‘1rgel ‘udore) HUWAoPIIA
(erssny) QT ‘UsWINA I -zojuAseurreyd ‘qe1 dd ‘9N UnejLID]A
80°TEQT €000 00°TLT 09 000T (B12004) OO0 ‘9HONOL] -€olHMoeded “IHOIOdH ‘Irgel ‘A HuLedudoy
(bw 082 889 = D) Wwaofjow :soapwuvnbig / (2w 0S4 889 = /) €) Hnwdodwow :1apnupvficng
L 9 g t & c I
aSeyoed
sopqn.r sopqn.I qna ‘oud  jod syorqes Sw uLIoj 93esop
(@OEr v odeyord  Jo JaquunN ‘pSuans (Anunod) JInjoejnuey ‘Qureu 1onpoad [eudIPIA
X ,H_QO X ﬁmwp.m ‘0Ad ‘wgoM  OMHONeRIA 4 JIN (eHRd1)) 9rroinrogaenod]y endod senHIgLddRIII
94d 0 "9&d D e eHOYL Morarger ‘exaoducolf ‘III( PUHRHOHIWHRE]
04.LIhUIOY

rowWLI) Jo orqnday a1y Jo suoneziuedio Aoeurreyd oy} ur pajussaid SqHHQ JO 9SOP 9SIN0D JUI[LAINDI dY[1 JO 1500 Y, *T I[qRL
W1ady] IIUIQAIINDJ XBUITRENHRIAO XIHhOLITR g XIIHHALde1dTadI QD) 19€0Y 10g00dAN HOHLHIBANENE ILOONHOL)) ‘T BIIUIOR ],

73

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



Ezoposa E.A. u dp. / Journal of Siberian Medical Sciences T. 6, N° 1 (2022)

(erssy) DS ‘weydWISWOL-SHA

‘qerdd
‘urepuelsuireyd YA SPIZeID)
“IHOIOdII "IrQeL

057058 6Sc0 €€z (013 0o¢ (B1000g) OVO ‘ndepnuxiaono]-Lderneronded ‘iderHeromded g TUERINUL]
(e1ssmy) OTT ‘NOZO "qed g ‘dIN dPIZRPID
GL'gE6L cbeo 148 ot 09 (B12004) 000 ‘HOEO ‘U0 "IrQRL ‘gl TUERININAL, ]
(90ueIy) aLnISNPUJ ISIAISS
S9I101RI0(RT ST 10 (BISSTY) OTT ‘SN YAIAYLS
(sunHRd (D) SLIISNPU] IDIATIS "1 AN YN U0I_qeIq
6€-gg8t 6v1°0 0Se 8¢ 09 S9I10]eIOQRT] SO'T HIH (BHIJ04) OO0 DAd HIIdHD *(PUTON "IrQeL ‘N HOLdQRHUT!
(e1ssny) DS ‘NIHITIIV
(¥1200d) OV "qe} ‘qerpAD
€266 0€0°0 141 09 08 ‘HUXUJINV LBHHQWOM UUMOohHULIoTeNdR(-OMUNITY ‘IfQBL ‘QBRUTHL, ]
"qe1yd ‘uoue) SPIZePID)
(erssy) DS O ‘uononpold eurreyduoue) ~1HOIr0dII
0Sv6€¢ g€oro 981 09 0o¢ (B1200q) OVE ‘HImierod] ewdedHOHEY ‘IfQRL ‘HOHBY TUERINIHNL, ]
(bw 088 & = D) ap1Zopoyn) / (2w 058 & = 7€) PNEpVINV.J
(e1ssy) DS NIHMIIV
(810004) OV "qel ‘pLBwRIqQ
00'cr6¢ 00L'S 291 0% 2  ‘HUXUIIV LeHHQWOM UHUMOohHLIoTeNded-0MUNITY ‘rgel ‘rudomenyy
(etssmy) DS ‘woloxdurreyq “qey ‘opridowy
€8°6CLT o611 eh1 0% 14 (B1200q) OV ‘w1oodunded ‘rgel ‘runduIonmIL, |
(erssy) DS O ‘uononpold eureyduoue) ‘qe) ‘uoue)) apLidowi[
L9°98LL €€¢e°§ 091 0% T (B1200q) OVE ‘HImierod]] ewdedHOHEY ‘IrQelL ‘HOHBY TUdUIOINHL, T
(e1ssmy) (BIssny) OTT ‘NOZO "qe1 ‘opLuidowfo
[Mara44 1I1°¢ 08¢ 0o¢ € (B12004) OO0 ‘HOEO ‘rgel ‘runduIemmIL, |
(4rea) 'v'd's ‘LIONVS ‘qe) ‘[Areury
T3 LOC P1 198°6 056¢ 06 14 (surreiy]) 'v'd's ‘TIONVS ‘rroel ‘rudeny
(bw o9¥1 = @) aprudowy) / (ew 09¥1 = 73 €) endnuawnv. |
saoaupaLp pa.anjfiuoyd)ng / 19HN9honwvnHOGAVAD a1aHQoscnod]T
(erssny) OSC ‘SNY-YALHIOTI NOIATD "qe} 19Oy -UIULIOJ 9
£¢'gGct L00'0 003g 09 00§ (B1000d) OV ‘DAd-dAIXNd HOATAI ‘rgel ‘dorxud-Humdoproy
(e1ssTy) DS NIHITIIV
(B1320J) OV "qe3 ‘UnuIopns N
LLL9SS 6000 €c8 09 0001 ‘HUXUIIV LBHHQWON UUMO9hULgdTended-odumNny ‘rgel ‘HUWNdOPLaJA
([o®rIS]) "PYT ‘SeLNSNPU] [BIIINADRULIRYJ BAQT, ‘qel ‘A9, UTULIOJIDAI
62'9.Sc 00'0 00°'TgT 09 00§ (qarrmede]]) “pr7 ‘SoLSNPU] [RONNSIRULIRYJ BAJ], ‘rgel ‘ego], HUWdoDLay
(erssy) DS O ‘uononpold eurreyduoue) "qe] ‘uour)) UTULIOJIDA
05°136¢ G000 00951 09 00S (B1200g) OVE ‘Himierod] | ewdedHOHEY ‘rgel ‘HoHeY HUWAOPLIJA
Z 9 g 4 z I

UOI}eNUIIUO0D T d[qe], / T "Bl auHaXIorod]]

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

74



Egorova E.A et al. / Journal of Siberian Medical Sciences Vol. 6, No. 1 (2022)

(erssmy) OSrO ‘zojusorg

"qe} OpIuIRPUL]I)

Y. 1938t €L6°0 S9'gt ot S (B1000d) OVOQ ‘€9LHHION]g ‘IrQeL ‘THNBLHOQUL, |
(erssmy)
JSro ‘oqysewas "y'N “e'u Ajeredordurreydurysoy
(B1000() “qe] ‘OpIwepPUaqID
69°488¢ 8880 |C o1 S OVO ‘omena) "y H ‘wu 1diedenadinndenuxdoy ‘IrQeL ‘TUINBIMHIQUIL
(e1ssy) OTT ‘NOZO “qe] ‘Oplure[ouaqI[)
0Lcg8t6 Gor'e Eralslols o1 S (B12204) OO0 ‘HOEQ ‘IrQeL ‘THNRLMHIQUL, |
(B1ssmy) DSLO ‘BAISPaISYRT-SHA “qe] ‘OpIureRuaqI)
7G6-€€69 €891 18°0TT 0g ge (B12004) OVO ‘edidradoda[r-LderHeronded ‘IrQeL ‘TUNRIMIHIQUIL |
(e1ssy) OTT ‘NOZO “qe] ‘Oplure[ouaqI[)
00°8616 001'g got o1 S (B12004) OO0 ‘HOEO ‘IrQel ‘WHINBLMHIQUL ]
(AueuLIon) HqUIH) ‘USPASH UOA-TULIRUSIA ‘qe) ‘[raruaey
LS 1Vl g6¢0 Lot ozct g€ (BuHEWdD ) HqUWIY) ‘USPASH UOA-TULIBUIIA ‘Ir'ge.L ‘CUHUHBIA]
(6wt 0gEF = qOA) 2pruUDPUQLD / (2w 08EY = J7E) ENWDYIHIQNY, ]
(erpuy) "prT "1Ad ‘SOOUSIDS AT BAIYS ‘qe} ‘Xeurqeiq
00°0TL 61 009°0 ozt o1 (014 (BUXHL]) Yi[/1a]] enoHoR) uelr Bodl] ‘IrQel ‘OMeHUQBH]]
(erssny) DT ‘uondnpodd Iodeurreyd ‘qel YN YN urrejaqerq
0§°18L 61 009'0 12°09€ o1 09 (B12004) OO0 ‘Hmnierody] dosemded  urom ‘rgel ‘g wdedageny?
(e1ssny) DS ‘BPZaAy BARUIDADS ‘qer dd “ZS-opizepIn
€6-906 ot 0T&'0 LSLS 0o¢ 09 (B1200q) OVE ‘efeode BeHdogd)  “JHOKOdI ‘IrQeL ‘C)-TUERIMULL, ]
(e1ssny) DS ‘A10308,]
[eonnadRULIRYJ PUB [BITWAL) AD{SIIQIS-9A[0S() ‘qer YN ‘OpIzZepIn)
92'829 610°0 €Gr1 00T 08 (B1200q) OV ‘Cogeewdednux uuxddugu)-991r00 £ *(PUTON ‘IrQel ‘CUERIMHUL ]
"qe1 Y d XeMIA-AIN dPIZEPID
(e1ssny) OSI ‘SYALIAM “1HOKOdII "IrQeL
19°C0g8L g8¢c'0 LL€1T St 09 (B10009) OV ‘OMALIALD OMALIAT — GIN YUERINHIL]
(erssny) DT ‘UondNpod IodeuLreyd ‘qel YN YN urrejaqerq
Y2 ¥96 ot ¥€€0 €1°001 o1 o¢ (B12004) OO0 ‘Hmnperody] dosemded  urom ‘rgel ‘g wdedageuny?
(etssny) OTT “BHA-SIN "qe3 4d Suoreieqerq
98606 1 ekt o 16°2€1 o1 o¢ (B12004) OO0 ‘erug-OIN “1HOIr0dII ‘IrQeL ‘IHOLBLIQBUT]
(eoURIy) ISIAISG SaII0}RIOqRT SO ‘qel YN ‘YN uolaqer(q
082192 6220 €g8'G0c St 09 (BunHedd) 99ado) uudoredoge]r *(PUTON ‘Ir'OBL ‘Gl HOLIORHU]!
(PTUDAO[S) 01S9UI OAON “P'P ‘B ‘qe1 dd ‘epepIin
11°€104 €120 P1gor St 09 (BUHOE0L)) OV ‘0109 0dOH 'Y VI IN “‘IHOLOdII ‘IrQRL ‘BT/RINIHIL]
(e1SSTY) DSLO ‘UL "qerIIN AN qeIPA[D
LS°L09 €1 14874(0) Lever o1 0¢ (B1200g) OVO ‘Huxudiy *QUITON "IrQRL ‘gl QBUT UL ]
(erssny) DSLO ‘Zours ‘qe1 4d ‘Suoreraqer
05'6c0€ 260°0 991 09 o¢ (B12004) OVO ‘€9LHK) 1HOI0dII ‘IrQeL ‘IHOLBLIQBUT]
(erssny) DT ‘USWNA],
-zdjuhseurreyd 1o (eissny) DS ‘ZojuAseuLreyJ
(813204) OOQ ‘THOMOL], "qer YN AN ep[oD
00°'ggot ero tee 09 0o¢ -eaLHMORNded ULIH (BUID0J) OV ‘€olHuoRNded ‘U0 "IrQeL ‘gIA BYILO ]
Z 9 g 14 z I

UOI}BNUIIUO0D T 9[qR], / T "'KQBL dUHAXIroYOod]]

75

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



Ezoposa E.A. u dp. / Journal of Siberian Medical Sciences T. 6, N° 1 (2022)

*0sr uado — 9SO OSeMqnd — DSLd “OSL PIsOP — JSrD
{Auedwio)) yoois-1utor — S ‘Auedwo) ANIqer] paywur] — O] S19[(R1 9SeI[a1 PIYIPOW — “qel YIA <S19[qe] ased[al paguojoid — "qel Y ‘s19[qel — "qe] 98esop 9sInood Jusfeambs — D4 @
‘Proq ut payySiySiy axe snIp [eulsuQ ‘T 1910 N

‘INOHHIIK0Q0gdI9d

WIIHHeg0dUTHUPUTOW O UAIdIQeL — "PUION ‘IrQBL {WOMHAIK0Qogo1dd WIdHHedodnIHOIOdI O MMIdIrQeL — "JHOIOdI "I(QelL ‘MMISIFQBL — ‘IfQBL ‘BEOY Bed0ddAM BRHLIHOIRAUMIE — [ME ‘T
‘19redenodir o19HArRHUINAO I9HALAYI9d WIHAMKALOI] ‘T :BUHRho WU d ]

(e1ssny) DS NIV

(B1500g) OV "qe) ‘opruri3elrq
0S5 €€r1C €€t 9 €61 0¢ 1 ‘HUXUJINV LBHUQNOM UUNoohULIoTeNded-0dUNITY ‘IrQel ‘TUHULIBU]]
‘qe)] ‘ULIONOAON
0S°290 g1 005§ ot 0¢ 1 (prewrusq / BUHRYY) S/V YSIPION OAON ‘rroel ‘wdoygodaoHy
(bw S8z& = D) apruyboday / (ew S8c€ = [7¥€) pnHnv2puag
sbnup ouuaofijpodhiy 4oyl / 1awundpuadu anxdohnwannvzounz anhodjy
(erssmy) DT ‘USWINA J,-ZoJUASBULIBY ‘qe)} ‘xoaares
16488 €L6°0 18 8¢ 0¢ (B19004) OO0 ‘4HoMOL] -eolHHOBNdRD ‘rroel ‘oxadare)
(bw Se16 = D) uudyboson / (ew Sz16 = [7¥€) HNUWUNV20E0, ]
(spueloyloN ‘qe)] ‘eranuep
obvoLl1g 199'0 0Sgt 8c 001 / 1graerdorul) "A'g ‘Quyo( xR dreys Yoo ‘IrQeL ‘BUIAHE
(erssny) DS ‘eurreyJ-UIllIog ‘qe] ‘@lAd[ex
Yo vt6 61 L09°0 00LT 8¢ 00T (B1200g) OVE ‘emdeg-Hurdag ‘IrQeL ‘BUEdIA0)]
(bw 058 € = qpx) undybons / (2w 058 g€ = I7H]€) Hnwunvepwin)
‘qel ‘eyuafedy,
00°0SS G¢ 000'VT 0012 o€ g (VSN / VIIID) ouJ ‘snquinjo) pIe\-1S9M ‘Irgel ‘eLHa¥ed],
(bw Seg1 = qoA) uudyboury / (2w Se81 = J7¥E€) HNWUNV2DHN]/
(erssny) WIVHIOIHD ‘qe) ‘urpoay
0G'Lgeg a1 0049 8€6 8¢ S (B1200g0) INdVDOOJH.I ‘Ir'geL ‘HUY0d¢C
(bw Sz81 = @) undyboas / (aw SEQI = J7)E€) HNWUNV209€
(eIssny) OS[O ‘BULIRYJ-UILI] "qe3 BIAdPX
Yo vt6 61 L09°0 0041 8¢ 001 (Bu200q) OVE ‘emded-Hurdagq "IfQBL ‘BUEd19}]
(erssny) D11
“@AQN STIIBAON JO (ureds) "y'S ‘eonnaoeurie,] SHIBAON
(B12004) OO0 ‘edoH onidedoq ‘qel ‘snafen
G/'888 8T GLS0 gog 83 oS HALH (BUHBID]]) V'S ‘BONNI0BULIB,] SIIBAON ‘IrgelL ‘ofdrre |
(bw 0S8 g€ = o) undybopny / (2w 0S8 &€ = 7€) Hnwunvebprng
"qe ‘erprdip
9g'cot ve evee 0OLIT 8¢ Gar1 (puepaa] / urHerdy]) ponwir] ANV IZII VADIV.L ‘IrQel ‘BUTAnng
(bw 0084 = @) uudyboyy / (2w 0084 = [73]€) Hnwunvaovy
saonquua P-asvpudad (fipydadrq / P-1aeppnuuudurnpnuwusung 19downgnzHyy
(909019 e} ‘ULIoud.JInyy)
00°089 TT L9z'0 ogb 09 0¢ /Bumad]) 'H'V ‘SVTTd WIZHTIONI YZONIIHAOI ‘rrgel ‘wdonadorr,y
(bw 008 &t = @A) 2uopinbyy / (2w 008 &t = [7¥€) Hopneunv. |
Z 9 g t & c 4

SuIpus 1 9[qeL / T "IQBL QUHBRHOM(

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

76



Egorova E.A et al. / Journal of Siberian Medical Sciences Vol. 6, No. 1 (2022)

Ta6uua 2. [JeHoBas cerMeHTanus U IokKazaTes i ko3 punreHTa TUKBUTHOCTH 0cHOBHBIX [ICCC,
IIpe/ICTaBJIEHHBIX Ha (papMarieBTUueCcKoM phiHKe Peciy6inku Kpsim
Table 2. Price segmentation and liquidity ratio indicators of the main OHGDs presented on the pharmaceutical market

of the Republic of Crimea.

KosmmuecrBo TOp- Koadpu-
CermMeHT CTOM- AL LI R TOBBIX HAMMEHOBA- IUEHT JHK-
(V)
croumoctu K/, = o, %
MHH MOCTH 6 HUMU oTAeAbHBbIX JIIT Propor- BUAHOCTH
INN Price pyo0-. Number of trade rop o uensbl C.
ECD cost segment S tion, % .y lia, o,
segment range. rubles names of individual Price liquidity
8¢, MPs ratio Cliq
Merdopmux Huzkuii / Low 1298.792-4101.67 11 68.75
Metformin Cpenuuii / Average 4101.68—-6904.55 3 18.75
Boicokuti / High 6904.56—8305.99 2 12.5 444
Hmoeo / Total — 16 100
T'imumenupu Huzkuti / Low 1739.83-5576.56 4 80
Glimepiride Cpenunii / Average 5576.57—13 250.02 0 0 -
Boicokuti / High 13 250.03—17 086.75 20 3
Hmoeo / Total — 5 100
Tnukmasun Huzkuti / Low 628.26—8118.74 10 59
Gliclazide Cpenuutii / Average 8118.75—15 609.22 5 29
Bricokuii / High 15 609.23—23 099.7 2 12 474
Hmoeo / Total — 17 100
Tymmbenxknavua Huskwuii / Low 1741.57—3896.67 2 33.33
Glibenclamide Cpenuuii / Average 3896.68—8206.87 2 33.33 276
Boicokuti / High 8206.88-10 361.97 2 33.33 7
Hmoeo / Total — 6 100

IIpumeuanune. MHH — mexxnyHapo/iHOe HenmaTeHTOBaHHOe HanMeHoBaHue, K/ — adpdexTuBHasa KypcoBas 03a.
Note. INN - international proprietary name, ECD — equivalent course dose.

[IpoBejieHNE TEHOBOUM CErMEHTAIlUH ITO3BOJIHIIO
pacpezeauTh IpeAcTaBjieHHble HAa pbiHKe JIII Ha
HUBKUH, CPE/THUH U BBICOKUU IEHOBBIE CETMEHTHI,
UTO SBJIAETCS I1eJIecCOO0Pa3HbIM JIJISI BBIABJIEHUS
JIOCTYIIHOCTH TIpernapaToB Jiyist 6osibHbIX C/I. Pesyib-
TaThl PACYETOB C UCIOJIb30BaHUEM (opmysibl CTEP-
JoKecca W KiIacCH(UKAIUA IEHOBBIX KaTeropui
TIpeZICTaBJIeHbI B TAOJI. 2.

[IpoBe/ieHNE IEHOBOH CerMeHTAaIUH JiJisl TIpera-
partoB, cojiepKarux MeTdhOPMUH, TTO3BOJIHJIO BBIA-
BUTH IIpeobJialaHie IpernapaToB HU3KOTO [EHOBOTO
cermeHnTa (68.75 %, 11 TOProBBIX HAUMEHOBAHUH), B
cpeHEM I[€HOBOM JITMAIMa30He OBbLIH IMPEJICTABIEHBI
3 TOPTOBBIX HaNMeHOBaHus nmpenapara (18.75 %) u B
BBICOKOM — 2 TOProBbIX HauMeHoBauwus JIII (12.5 %).

ITomoOHOE COOTHOIIEHHE II€HOBBIX CETrMEHTOB
HabJII0IaI0Ch y TIpenapaTta TJIMKIa3u/l, AJIs KOTO-
poro COOTHOIIIEHE CEerMeHTOB COCTaBUJIO

59:29:12 %. Jlaa mpenapaTa IJIMMEIUPUZ COOTHO-
IIIeHEe TOPTOBBIX HAUMEHOBAaHUU HU3KOTO U BBICO-
KOTO II€EHOBBIX CETMEHTOB COCTaBUIIO 4:1. IIpema-
paThl cpeHETO IIEHOBOTO CerMeHTa Ha PHIHKE IIPeJ-
ctaBieHbl He ObUTd. Cpefu TOPTOBBIX HAMMEHOBA-
HUH mpemapaTta IIUOEHKJIAMHZ IIPUCYTCTBOBAIH
JITT Bcex IIEHOBBIX KaTEeropwi B OJMHAKOBOM IIPO-
IIeHTOM cooTHoInenuu (33.3 %).

Summarizing the above, it should noted that the
MPs of low price category dominate on the OHGDs
pharmaceutical market of the Republic of Crimea.
This fact may indicate their procurability both for
healthcare institutions and for the individual suffer-
ing from type 2 diabetes mellitus.

CONCLUSION

The study of the range of OHGDs presented in
the specialized pharmacy institutions — Limited
Liability Companies “Apteka Martana” and
“Semeinaya Apteka”, allowed to establish high
rates of import substitution and a significant pro-
portion of monocomponent OHGDs. In the phar-
maceutical market of the Republic of Crimea, the
OHGDs of low price segment are presented pri-
marily, which makes these drugs accessible for
patients with type 2 diabetes mellitus, due to the
need of constant OHGD use, to normalize and con-
trol the level of glucose in the blood plasma, and
prevent the development and progression of dia-
betic complications.
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Pacuer xkosdduipeHTa JTUKBUJHOCTU I€HBI
TIO3BOJIUJI OIIPEZIETUTH, UTO HAanOOJIbIIIasi KOHKYPEH-
nus HabJII0/1aeTcs Cpeiv IPernapaToB TIINMEIupUAa
(qu =23.8).

O600611as1 BBINIENIEPEUNCTIEHHOE, CIIEAYET OTMe-
TUTH, 4TO Ha ¢apmaneBTuueckoM pbiHKe IICCC
Pecry6smrkn Kpbim mipeo6utamatot JITT HU3KOM 1IEHO-
BOH KAaTerophuU, UTO MOXKET CBUETEIbCTBOBATH O
(pMHAHCOBOM JOCTYIHOCTU WIpenapaToB Kak Ui
MEeUIMHCKUX OPTaHU3aIU{, TaK U I TPaXKIaH,
CTPAJIAIOIIKX CaXapHBIM AHabeTOM 2-TO THIIA.

3AK/IIOYEHUE

Nsyuenue accoprumenta IICCC, npencrasieH-
HOTO B CIIENMAJIN3UPOBAHHBIX ANTEUHBIX yUperKze-
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TraHeBbIN U YJIbBTPACTPYKTYPHBIN aHAJIU3 MMEYEHU KPbIC
NpenyoepTaTHOro BO3pacra mpu CyOTOKCHYECKOM BO3€HCTBHH
KaJIMUA I CBUHIIA

I1.A. Ensicun, C.B. 3anaBuna, A.H. Mamak, }0.P. PaBuiosa, C.B. Mamaxk, C.B. AfijjarysioBa

@I'BOY BO «Hosocubupckuil 2ocydapcmeeHHbvlil meduyuHckuil yHugepcumem» Munsdpasa Poccuu, Hogocubupck,
Poccus

AHHOTAIIA

C IOMOIIbI0 CBETOBOH U 3JIEKTPOHHON MHUKPOCKOIINY U3YUYEHO BIMAHIE HHTOKCUKAINH cysibdarom kaamus (Cd) u arera-
ToM cBuHIA (Pb) B TeueHre 3 HE/l HA APXUTEKTOHUKY MTAPEHXUMBI [IEUeHH U YIbTPACTPYKTYPHBIE OCOOEHHOCTH TeIaToI1-
TOB 40 KPBICAT-caMII0B Bucrap npemnybepTaTHOTO BO3pacTa ¢ y4eTOM MOJIETH KIACCUUECKOH MeYeHOUHOM TOTbKU. JKUBOT-
Hble OB pa3/ieJIeHbl Ha 4 TPYIIBL: 1-s1 — KOHTPOJIb; 2-51 — PACTBOP CyJsib(dara KaJMHUs B JI03€ 0.5 MI/KT; 3-51 — PACTBOP
alerara CBUHIIA 10 MT/KT; 4-s1 — COUeTaHUE YKa3aHHBIX PACTBOPOB. 110 JAaHHBIM CTEPEOJIOTHIECKOTO aHAJIN3A TIOJIyTOHKHIX
CPE30B CTATUCTUYECKU 3HAYMMBbIE TIOKA3aTEN TEPUIIOPTATBHBIX 30H OTPAYKAIOT YBEJIHUYEHHE 00hbeMa TemaTOIUTOB IPH
BospeticTBuu Cd (2-51 1 4-s1 Tpymmel). Bo Beex rpyImnax, 3a uckiaoueHneM 3-i (Pb), BbIsIBJIEHO yBeTUeHHE TapEeHXMMATO3-
HOTO KOMITAPTMEHTA B IOPTO-BEHYJ/ISIPHOM IPaIUE€HTE, CBUETENBCTBYOMIEE 0 GOPMUPOBAHUY «OA/UIOHHOM» TUCTPODHUH.
Bo Bcex OIBITHBIX TPYIIIAX [IJisl EPUITOPTATIHHOM 30HbBI TIEUEHOUHOH TOIBKU XapaKTEPHOU 0COGEHHOCTHIO YABTPACTPYK-
TYPBI TeMaTONUTOB ObLIO CTATUCTUYECKU 3HAUMMOE CHIDKEHUE 00hEMHOHN IJIOTHOCTH SH/OIIA3MAaTUUYECKOH CETH; JJIst
[EHTPOJIOOYJISIPHOMN 30HBI — MUTOXOH/IPUI; /7151 IEPUBEHY/IAPHON 30HBI — MUTOXOH/IPHUH U sI/IeP TenaTtonuToB. opMuUpo-
BaHUe ayTodarocoM ¢ Ipu3HaKaMU YTUIN3AINH MPEUMYIIIECTBEHHO MUTOXOH/IPUH 06paIasio Ha ce0s BHUMaHUE B TPYII-
max c BozzercreueM Pb. ITaTosornueckrie U3MEeHEHHS KOMIIEHCHPOBAHbI YCUIEHUEM TPAaHCCUHYCOUIATBHOTO OOMeHa 1
HaJIMYHEM KOMILJIEKCOB OpraHesuT OMOCUHTE3a.

Kaoueenble cao8a: neveHb, TSKeIble METAJUIbl, KPhIChI IIPEMybepTaTHOTO BO3pacTa, TKAaHEBbIN aHAIN3, YJIBTPACTPYK-

Typa, MOpdOoMeTpH.

Oo60pasen mutupoBaHua: Emxicun I1.A., 3anaBuna C.B., Mamak A.H., Pasuiosa 10.P., Mamaxk C.B., Aiiary-
soBa C.B. TKaHEBBIH U yJIBTPACTPYKTYPHBIN aHAIN3 IEUYEHH KPBIC MPEMyO0epTATHOTO BO3PACTa IPH CYyOTOKCHYIECKOM
BO3/IeHCTBUH Kagmusi u cBuHIA // Journal of Siberian Medical Sciences. 2022;6(1):80—92. doi: 10.31549/2542-1174-
2022-6-1-80-92

Tissue and ultrastructural analysis of the liver of prepubertal rats
under subtoxic exposure to cadmium and lead

P.A. Elyasin, S.V. Zalavina, A.N. Mashak, Yu.R. Ravilova, S.V. Mashak, S.V. Aidagulova

Novosibirsk State Medical University, Novosibirsk, Russia

ABSTRACT

Using light and electron microscopy, the effect of intoxication with cadmium sulfate (Cd) and lead acetate (Pb) for 3 weeks
on the architectonics of the liver parenchyma and ultrastructural features of hepatocytes of 40 prepubertal male Wistar rats
was studied, taking into account the model of the classical hepatic lobule. Animals were divided into 4 groups: 1st — control;
2nd — cadmium sulfate solution at a dose of 0.5 mg/kg; 3rd — lead acetate solution 10 mg/kg; 4th — a combination of these
solutions. According to stereological analysis of semi-thin sections, statistically significant indicators of periportal zones
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reflect an increase in the volume of hepatocytes when exposed to Cd (2nd and 4th groups). In all groups, with the exception
of the 3rd one (Pb), an increase in the parenchymal compartment in the porto-central gradient was revealed, indicating the
formation of hepatocellular ballooning. In all experimental groups, for the periportal zone of the hepatic lobule, a charac-
teristic feature of the ultrastructure of hepatocytes was a statistically significant decrease in the volumetric density of the
endoplasmic reticulum; for the centrilobular zone — of mitochondria; for the perivenular zone — mitochondria and nuclei
of hepatocytes. The formation of autophagosomes with signs of predominantly mitochondrial utilization attracted atten-
tion in groups exposed to Pb. Pathological changes are compensated by increased transsinusoidal metabolism and com-
plexes of biosynthesis organelles.

Keywords: liver, heavy metals, prepubertal rats, tissue analysis, ultrastructure, morphometry.
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BBEJIEHUE

B pesynbraTe cOBpeMeHHOU WH/YCTpUATU3aINU
merayibl kKaamuii (Cd) u ceunern (Pb), He yuacTByio-
Ige B HOPMaJbHOM MeTabojIu3Me uesioBeKa, BCE
IIUpe PaCIPOCTPAHAIOTCA B DKOCHCTEMAX, UTO IIPHU-
BOAUT K MX OMOAKKyMyJISIIMU ¥ BO3PACTAIOIIEMY
TOKCUYECKOMY BO3ZIEHCTBHIO ¢ (POpMHUPOBAHUEM
psna matosioruii [1—3]. Cozmepskanne Cd B cBsI3U ¢
IIPOMBIIIJIEHHOW U CEJIbCKOXO3SIUCTBEHHOU Jiesi-
TEJIbHOCThIO UeJIOBeKa HEYKJIOHHO IIOBBIIIAETCS B
BOJIE U BO3/yXe, a TAK)KE B PACTEHUSAX U KUBOTHBIX.
Kpome Ttoro, Cd, umesi oueHb HUBKUI IOKA3aTEJh
MTOJTyBbIBeZIeHUsI (25—30 JIET), IOCTYIIAeT B JIETKUE
YyeJIOBEKAa IMpPU AaKTUBHOM M TACCUBHOM KypeHUU,
CII0CcOOCTBYS pA3BUTHIO MHOTHIX 3200JI€EBAHUI, B TOM
YHCJIE OIYyXOJIEBBIX [4, 5]. Takum ke OIacHBIM
3arpsI3HUTEJIEM OKpPY:Kalolel cpesbl sBsiercsa Pb,
[IONAAIONINN B OPraHU3M Yepe3 ABIXaTeJIbHYI0 U
MUIIEBAPUTEJIHHYIO CUCTEMBI, a TAKIKE Uepe3 KoKy U
OKAa3bIBAIOIINI CHJIBHOE TOKCUYECKOE BO3JIEHCTBHE
Ha 4YeJOBEeKa C Pa3BUTHEM IIaTOJIOTUU HEPBHOM,
pecrimpaTopHO# 1 Apyrux cucrem [3]. HezaBucumo
OT TYTH WHKOPIIOpAIMU, 002 TOKCHUKAHTA OKAa3bI-
BAIOT HETATUBHOE BO3/IEHCTBHE HA MT€YEHb, KOTOpAs
UTPaeT BEAYIIYIO POJIb B MeTab0In3Me KCeHOOUOTH-
KOB [4].

Cpeny MeXaHU3MOB U CTPYKTYPHBIX IIPOSIBJIEHUN
JII060TO TOKCUYECKOTO BO3/IEHCTBHUS HA OpraHbl U
TKaHU OOJIBIIYIO POJIb WUIPAaeT BHYTPUKJIETOUHAS
ayrodarus ¢ IOMOIIBIO JIU30COM [6], sABIAIOIIAsACA B
HOpPME BBICOKOKOHCEPBATUBHBIM IIPOIECCOM YTHJIU-
3aI[ MUTOXOHIPUH U MOCJIEIOBATEIbHOH JIerpajia-
MY BKJIIOUEHUH O aMUHOKHUCJIOT, TJIIOKO3BI U CBO-
OOMHBIX KUPHBIX KUCIOT B KAaYecTBE HCTOUHHKOB
sHepruu u (pyHKUME OuocuHTe3a. B rematorurax
ayrodarus y9acTBYeT B OCHOBHBIX TOMEOCTATHIECKIX
dyuknmsax (ryII0KOHeoTeHes3e, IIMKOTEHOIN3e, OKKIC-
JIEHUH KUPHBIX KUCIOT). Hapsmy ¢ aTum ayrodarus
CBsI3aHA ¢ TIATOT€He30M Ps/ia 3a00JIeBaHUN: HEATTKO-

INTRODUCTION

As a result of modern industrialization, cad-
mium (Cd) and lead (Pb) metals, which are not
involved in normal human metabolism, are widely
distributed in ecosystems, which leads to their bio-
accumulation and increasing toxic effects with the
formation of a number of pathologies [1—3]. The
content of Cd in view of industrial and agricultural
activities of man is steadily increasing in water and
air, as well as in plants and animals. In addition, Cd
having a very low half-life rates (25-30 years)
enters the human lungs during active and passive
smoking, contributing to the development of many
diseases, including tumors [4, 5]. The same danger-
ous environmental pollutant is Pb, which enters the
body through the respiratory and digestive sys-
tems, as well as through the skin and has a strong
toxic effect on humans with the development of
pathology of the nervous, respiratory and other sys-
tems [3]. Regardless of the route of incorporation,
both toxicants have a negative effect on the liver,
which plays a leading role in the metabolism of
xenobiotics [4].

Among the mechanisms and structural mani-
festations of any toxic effect on organs and tissues,
an important role is played by intracellular auto-
phagy with the help of lysosomes [6], which is nor-
mally a highly conserved process of mitochondrial
utilization and sequential degradation of inclu-
sions to amino acids, glucose, and free fatty acids
as energy sources and biosynthesis functions. In
hepatocytes, autophagy is involved in major
homeostatic functions (gluconeogenesis, glycoge-
nolysis, fatty acid oxidation). Along with this,
autophagy is associated with the pathogenesis of a
number of diseases: non-alcoholic steatohepatitis,
storage diseases, and toxic, including drug-
induced, liver lesions, studied in the clinic and
experiment, mainly in adults [7, 8]. The toxic
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TOJIbHBIM CTEATOTENaTUTOM, O0JIE3HIMU HAKOTLIEHUS
U TOKCHYECKUMH, B TOM YHCJIE€ JIEKAPCTBEHHBIMH,
MOPaKEHUSIMHU TIeUeHH, UCCIIEZIOBAHHBIMU B KJIMTHUKE
U DKCIEPUMEHTE IIPEUMYIIECTBEHHO Y B3POCIBIX [7,
8]. Toxcuueckoe BIUSHUE TsKEIbIX META/IOB Ha
TeueHb y ieTel TpebyeT 60siee MPUCTATLHOTO BHUMA-
HUSI, TIOCKOJIBKY UMEET He TOJIBKO MEIUITUHCKOE, HO 1
COIMAJIBHOE 3HAUYEHHUE.

IOEJIb NCCJIEJOBAHUA

VisyueHre BJIMSHUS XPOHUYECKOH HHTOKCHKA-
nuu cyabpaToM KagMHSA U alleTaToM CBUHIIA Ha
apXUTEKTOHUKY ITAPEHXUMbI IEYEHU U YIIBTPACTPYK-
TypHBIE 0COOEHHOCTH T'eNaTOIUTOB KPbIC IIperybep-
TaTHOTO BO3pPAaCTa.

MATEPUAJIBI 1 METO/IbI

KpricsiTa-camiel Bucrap mpemnybepTaTHOTO BO3-
pacra (adolescents, 4 Hem) maccoii Tena 80—85 T
OBLTH paszieJIeHbl Ha 4 TPYIIBI 1O 10 KUBOTHBIX B
COOTBETCTBUM C JU3AHHOM 3KcrepuMmeHTa. KoH-
TpoJsibHasA (1-s1) TpyIa HUMeJia JOCTYIl K KOpMy U
Bozie ad libitum; onbITHBIE TPYIIIBL B JIOTIOJTHEHUE K
STOMY per 0S B TeUeHUe 21 CyT MoJydann Jubo pac-
TBOp cysibdara KaaMmMus B 7o3e 0.5 MI/Kr (2-1
rpyiia), 1ubo arerata CBUHIA B 7103€ 10 MT/KT (3-51
rpymma), Jub0 codeTaHWe yKa3aHHBIX PacTBOPOB
(4-s rpynna). JKuBOTHBIX B BO3pacTe 7 HeH BHIBO-
JUJTH W3 BKCIEPUMEHTa IyTeM JIeKAITUTAIU IO/
3(pUPHBIM HapKO30M. Bee KUBOTHBIE HAXOAMINCH B
CTaHAAPTHBIX YCJIOBUAX BUBAPUS B COOTBETCTBUHU C
CAaHUTAPHO-BIIUIEMUOJIOTUUYECKUMHU TPeOOBaHUSIMH
(YyTBEp:KIEeHBI ITOCTAHOBJIEHHEM IJIABHOTO TOCyAap-
CTBEHHOTO CAaHUTApHOTO Bpada Poccuiickoii ®ese-
paruu N2 51 oT 29.08.2014). YX0/1 U cojiep:KaHue, a
TaK’Ke BbIBEJIEHE JKUBOTHBIX U3 DKCIIEPUMEHTA OCY-
IIECTBJISIIUCh COTJIACHO MeXKAyHAapOJHBIM PEKO-
MEHIAIAM o MIPOBEJIEHU IO MeIUKO-
OMOJIOTUYECKUX HCCJIEIOBAHUI C HCIIOJIb30BAaHHUEM
skuBoTHBIX (E9C, Crpacbypr, 1985); EBponetickoi
KOHBEHIIUM O 3allluTe IMO03BOHOYHBIX >KHUBOTHBIX,
HCITOJIb3YEMBIX [JII DKCIIEPUMEHTOB WJIM B HHBIX
Hayunbix 1essax (E9C, Ctpacbypr, 1986); PykoBoz-
CTBAM II0 TIPOBEJIEHUI0 MEIUKO-OUOTOTHUYECKHUX
HCC/IEIOBAHUI U II0 COAEPIKAHUI0 U HCIIOJIb30Ba-
HUIO J1JaOOPATOPHBIX YKUBOTHBIX, B COOTBETCTBUU CO
CTaHAAPTAMU, ONMCAHHBIMU B IUPEKTUBE 2010/63/
EU EBpormeiickoro napjaMeHnTa u coBeta EBpomeii-
CKOTO COI03a OT 22 CeHTSA0psA 2010 T. MO0 OXpaHe
JKUBOTHBIX, HCIIOJIb3YeMbIX B HAyYHBIX I[EJISIX, a
TaKKe IIPaBUJIAMH, YTBEPKIEHHBIMH IIPUKA30M
Munsapasa Poccuu N2 199H oT 01.04.2016 «0O6
VTBEPIK/IEHUH MTPABIJI HaJJIeXKAIel 1abopaTopHOM
MIPAKTUKH».

effects of heavy metals on the liver in children
require closer attention, since they have not only
medical, but also social significance.

AIM OF THE RESEARCH

Studying of the effect of chronic intoxication with
cadmium sulfate and lead acetate on the architecton-
ics of the liver parenchyma and ultrastructural fea-
tures of hepatocytes in prepubertal rats.

MATERIALS AND METHODS

Male Wistar rat pups (4 weeks adolescents)
weighing 80—-85 g were divided into 4 groups of
10 animals in accordance with the design of the
experiment. The control (1st) group had access to
food and water ad libitum; experimental groups in
addition to this for 21 days received per os either a
solution of cadmium sulfate at a dose of 0.5 mg/kg
(2nd group), or lead acetate at a dose of 10 mg/kg
(3rd group), or a combination of these solutions
(4th group). Animals at the age of 7 weeks were
taken out of the experiment by decapitation under
ether anesthesia. All animals were kept under stan-
dard vivarium conditions in accordance with the
sanitary and epidemiological requirements
(approved by the Decree of the Chief State Sanitary
Doctor of the Russian Federation No. 51 dated
August 29, 2014). The care and maintenance, as
well as the withdrawal of animals from the experi-
ment, were carried out in accordance with the
International Guidelines for Biomedical Research
Using Animals (EEC, Strasbourg, 1985); European
Convention for the Protection of Vertebrate Ani-
mals used for Experimental or other Scientific Pur-
poses (EEC, Strasbourg, 1986); Guidelines for the
conduct of biomedical research and for the care and
use of laboratory animals, in accordance with the
standards described in Directive 2010/63/EU of
the European Parliament and of the Council of Sep-
tember 22, 2010 on the protection of animals used
for scientific purposes, and also the rules approved
by the order of the Ministry of Health of Russia
No. 199n of April 1, 2016 “On Approval of the Rules
of Good Laboratory Practice.”

Samples of the right hepatic lobe were fixed for
24 h in a 4% paraformaldehyde solution cooled to
4°C, prepared in Millonig’s phosphate buffer
(pH 7.3). For electron microscopy, the tissue was
additionally fixed in a 1% OsO, solution, dehydrated
in increasing concentrations of alcohols and acetone,
and poured into a mixture of epoxy resins; the blocks
were polymerized in a thermostat at 60°C for 24 h.
Semi-thin (1 um) and ultrathin (30—50 nm) sections
were obtained on an LKB III ultramicrotome. Semi-
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OO0pas1bl 6OJIBIION JTON TTeYeHH (GUKCUPOBATH
B TeUeHHe CyTOK B OxJIaXkJieHHOM /10 4 °C 4% pac-
TBOpe mapadopMasbieruzia, IPUTOTOBJIEHHOM Ha
docharaom Oydepe Mwnonura (pH 7.3). s
3JIEKTPOHHO-MUKDPOCKOIIMYECKON ITPOBOJKU TKAaHBb
JodukcupoBaid B 1% pacTBOpe 0s0,, 00€e3BOKH-
BIN B CHUPTaX BO3PACTAOIIEN KOHIEHTPAIUH U
aneToHe W 3aJUBAJM B CMeCh SIIOKCHUJIHBIX CMOJI;
6JI0KU TTOJTUMEPU30BAIU B TepMocTare rpu 60 °C B
TeueHUe 24 4. [TomyToHKMe (1 MKM) U YIbTPAaTOHKIE
(30—50 HM) cpe3sl oJIyJYaId Ha YIbTPAMUKPOTOME
LKB III. ITonyToHKHE Cpe3bl MOHTHPOBAIM HA 00e-
3KUPEHHbIE ITPEIMETHBIE CTEKJIA U OKPALITUBAIN HA
rucrosiormyeckoMm crosuke (37 °C) B kamte 1% pac-
TBOpA TOJIYUAUHOBOTO CTHETO, U3Y4aJIi C TOMOII[bIO
MuKpockorna Axio Scope.A1 (C. Zeiss) ¢ yueTom mmpe-
CTaBJIEHUSA O KJIACCHYECKOH /J0JIbKe IeUeHH, BblJie-
JIsis IEPUTIOPTAIBHYIO, IIEHTPOJIOOYJISIPHYIO U ITepHU-
BEHYJISIDHYIO 30HBI. YJIBTPATOHKHE CPe3bl KOHTpa-
CTHPOBAIM HACBIIIEHHBIM CIIMPTOBBIM PACTBOPOM
ypaHUIaIeTaTa ¥ IUTPATOM CBUHIIA B Tapax IIeJI0YH
HaTpus 10 PeAHOIBACY U MCCIIE0BAIH B BJIEKTPOH-
HbIX MuKpockornax JEM-100 S u JEM-1400 (Amo-
HUSI) TIPU YCKOPSIOIIEM HampspKeHUn 60 u 80 kBT
COOTBETCTBEHHO.

[l cTepeosIoTHYecKOro HU3y4deHUs 00pasIioB
IIeYEeHU WCIIOJB30BAIM METOIbI, OCHOBAaHHBIE Ha
IIO/ICYETE YHCJIA TOUEK TECTOBON CHCTEMBI, IOIIaB-
IIUX Ha MPOMIIb UCCIelyeMOl cTpyKTyphl. TkaHe-
BBIU aHAJIN3 C U3YyYEHUEM CTPYKTYPHOU IJIOTHOCTH
TenaTONUTOB U CHHYCOUJOB B IIOPTO-BEHYJISIPHOM
rpafiieHTe IIeYeHOYHOH /[OJIbKU IIPOBOJAWIM Ha
IIOJIyTOHKHUX Ccpe3aX, OIeHUBAs 10 5—7 HelePEKPhI-
BaeMBbIX IOJIEH 3pEeHUs B KaXKJOM CJIydae, 1o 50 Ha
IPYIILY, IIPX YBEJIUYEHUH 630 € IIOMOIIIBIO TECTOBOH
cHcTEMBl KOPOTKMX OTpe3koB (n = 36, P = 72,
L = 190 MKM). YIbTPacCTPYKTYPHBIA CTEPEOIOTHIe-
ckui a”Hamu3 (1Mo 50 3JIEKTPOHOTPAMM IEPUIIOP-
TAJIBHBIX, IEHTPOJIOOYJIIPHBIX U TEPUBEHYIIAPHbBIX
TenaTOUTOB COOTBETCTBEHHO HA KAKAYI0 TPYIIILY,
HayaJIbHOE YBEJIMYEHUe OT 4 JI0 8 THIC.) OCYIIecT-
BJISLTA TIPU KOHEUHOM YBEJTUYEHUH B 22 X 103 pa3a ¢
IIOMOIIBIO IporpaMMel Image J 1.7.

CratucTuyecKuil aHAIU3 IMOJIYYEHHBIX JIAHHBIX
BBITIOJTHSUIM TIPU TIOMOIIH MPOTPAMMHBIX ITaKEeTOB
Excel MS Office-2016 u SPSS 22.0. ITosyueHHbIE
BBIOOPKH IIPOBEPSIM HA HOPMAJIBHOCTh PacIpesie-
JIeHUs ¢ ToMOIIbio Kputepues [llanupo — Yuika u
Koamoroposa — CmupHoOBa. B cirydyae HopMasibHOTO
pacrpesesnieHns IpHU3HAKa JaHHbBIE IIPE/ICTABIIEHBI
kak cpemHee (M) U cpelHEKBaJ[paTUUECKOE OTKJIO-
HeHue (SD); cpaBHEHUSs] TPOUBBOJIUIIU C UCIIOJIB30-
BaHueM t-kpurepus CTblofleHTa i1 HeNapHbIX
BBIOOPOK. B ciryuae HeHOPMAaJIbLHOTO paclpeieIeHus

thin sections were mounted on defatted glass slides
and stained on a histological table (37°C) in a drop of
1% toluidine blue solution, studied using an Axio
Scope.A1 microscope (C. Zeiss), taking into account
the concept of a classical liver lobule, highlighting
the periportal, centrilobular and the perivenular
zone. Ultrathin sections were counterstained with a
saturated alcohol solution of uranyl acetate and lead
citrate in sodium alkali vapor according to Reynolds
and examined under JEM-100 S and JEM-1400 elec-
tron microscopes (Japan) at an accelerating voltage
of 60 and 80 kV respectively.

For the stereological study of liver samples, meth-
ods based on counting the number of points of the
test system that hit the profile of the structure under
study, were used. Tissue analysis with the study of
the structural density of hepatocytes and sinusoids
in the porto-central gradient of the hepatic lobule
was performed on semi-thin sections, assessing 5—7
non-overlapping visual fields in each case, 50 per
group, at a magnification of 630 using a test system
of short segments (n = 36, P =72, L = 190 um). Ultra-
structural stereological analysis (50 electron diffrac-
tion patterns of periportal, centrilobular, and peri-
venular hepatocytes respectively for each group, ini-
tial magnification from 4000 to 8000) was performed
at a final magnification of 22 x 103 using Image J 1.7
software.

Statistical analysis of the obtained data was per-
formed using the Excel MS Office-2016 and SPSS
22.0 software packages. The resulting samples were
tested for normal distribution using the Shapiro-
Wilk and Kolmogorov-Smirnov tests. In the case of a
normal distribution of the trait, the data are pre-
sented as the mean (M) and standard deviation (SD);
comparisons were made using Student’s t-test for
unpaired samples. In the case of an abnormal sample
distribution, the Mann-Whitney U-test with the Bon-
ferroni correction was used. Descriptive data for
quantitative traits are presented as a median (Me),
interquartile interval (Q1; Q3 — 25th, 75th percen-
tile), minimum (Min) and maximum (Max) indica-
tors in the sample. The critical significance level of
differences was 0.05 [9, 10].

RESULTS AND DISCUSSION

In the light microscopy of semi-thin sections of
the liver of experimental animals, in the experimen-
tal groups, compared with the control group, changes
in the tinctorial properties of hepatocytes and minor
hemodynamic disturbances were revealed. In the
control group, hepatocytes are moderately polymor-
phic, represented by “dark” and “light” cells, while
“light” cells predominated perivenularly. Under
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BBIOOPKHN wucHoJb30Banu U-xpurepuii Manua -
YutHu ¢ nonpaBkoii boHdepponu. OmucaTeabHbIE
JIaHHBbIE V1T KOJIMYECTBEHHBIX MPHU3HAKOB IIPEI-
cTaBJIeHbI B Bujle MenuaHbl (Me), MeXKBapTHIb-
Horo uHTepBana (Q1; Q3 — 25-1; 75-1 NePIEHTIIN),
MuHuMaibHoro (Min) um MaxcumanbHoro (Max)
mokasaresieli B BbIOOpKe. KpuTmueckuil ypoBeHBb
3HAYMMOCTH Pa3IUIUH COCTaBUII 0.05 [9, 10].

PE3YJIBTATBI 1 OBCYXK/IEHUE

[Tpu cBETOOIITUYECKOM HCCIETOBAHUY TTOJYTOH-
KUX CPe30B IeUYeHH 3KCIEPUMEHTAJIBHBIX KUBOT-
HBIX B OIBITHBIX TPYIINAX, IO CPABHEHUIO C KOH-
TPOJIBHOMU, BBISIBJIEHBI U3MEHEHU THHKTOPUAIbHBIX
CBOMICTB renaTOLUTOB U HE3HAUUTEJIbHBIE HapyIlle-
HUS TeMOJAWHAMHUKH. B KOHTPOJIBHOM TpyIiIe rema-
TOITUTBI YMEPEHHO IOJIUMOPGHBI, IPEICTABIEHbI
«TEeMHBIMU» U «CBETJIBIMU» KJIETKAMH, IIPU 3TOM
MIEPUBEHYJISIPHO TPe00JIalaii «CBET/Ible» KJIETKHU.
[Tpu mouoBozaeicTeun Cd (2-s rpymnma) obparianu
Ha cebsi BHHUMaHHE NEPUIOPTAJIBbHASA KJIETOUHAS
UHGWIBTPALIKSA, TIOJTHOKPOBHE U CTa3 SPUTPOIUTOB
B apTEpUAX MOPTAIHHBIX TPAKTOB U I[€HTPATHHBIX
BeHax; NpU MOHOBO3JelcTBUU Pb (3-1 rpymma)
[IEPUTIOPTATIbHbIE U I€HTPOJIOOYJISIPHBIE TermaTo-
OUTHl WHOWIBTPUPOBAHBI MEJIKUMH IIJIOTHBIMH
JIMIIATHBIMEA BKJIIOUEHUSAMU; B 4-U Tpymie (code-
TAaHHOE TOKCHUECKOEe BO3JIEHCTBUE) CPAaBHUTEJIHHO
MeHee BhIpJKEHHAas JIUMUIHASA TUCTPO(US TernaTo-
LIUTOB COIIPOBOXKJAIAch aTpoduell mapeHXxuMaTo3-
HBIX KJIETOK TI€YeHH U YCUJIIEHHEM KJIETOYHOH
nHGWIbTpanuu (puc. 1).

ITo maHHBIM CTEPEOJIOTHYECKOTO HCCIIEIOBAHUS
IIEYEHU C YUETOM IPEJCTABIEHUs O KJIACCUUECKOH
TeYeHOYHOU JTos1bKe (Tabu1. 1) Bo3zericteue Cd mpu-
BeJI0O K CTAaTHUCTUYECKH 3HAYMMOMY YBEJMYEHHIO
00BbEMHOM TIJIOTHOCTH TEIaTOINTOB BCEX 30H: MEPHU-
mopraibHOU (p = 0.001), LEHTPOJIOOYISIPHOM
(p = 0.001) U ¢ HAaUOOJIBPIINMH ITOKA3ATEAMUA —
MIEPUBEHYJIAPHOH (p = 0.002) 30HBL. ITO COIPOBO-
JKJTAJIOCh HEPABHOMEPHBIM PACIIUPEHHEM ITPOCBe-
TOB CHUHYCOUJHBIX KallIJUIIPOB B IEPUIOPTAIBHOMN
(p = 0.0001) 1 IEPUBEHYISAPHOI (P = 0.0001) 30HaX.

[Tpu xpoHUUeCcKOM MOHOBO3/elicTBUU Pb craTu-
CTHYECKU 3HAYMMO BO3pOcja 00beMHasl IJIOTHOCTh
TelaTOIUTOB TOJIBKO IIEHTPOJIOOYJIIPHON 30HBI
(p = 0.001), HO UBMEHEHU TAPAMETPOB MUKPOCOCY-
JIUCTOTO pycJia JI0JeK ObLIM aHAJIOTHMYHBI U3MeHe-
HUSM 2-U TPYIIIBI — ITOKA3aTeId BO3POCIU B IIEPHU-
mOpPTUIBHOU (p = 0.002) W TEPUBEHYJISIPHOM
(p = 0.0001) 3oHax.

ITpu coueTaHHOM BO3/IENICTBUU (4-5 TPYIINA) CTA-
THCTUYECKU 3HAYNMO yBeJIU4YeHa OOBbeMHAs IIIOT-
HOCTH TENaTOI[UTOB ITEPUIIOPTATHLHOMN (p = 0.003) U

exposure to Cd alone (2nd group), attention was
drawn to periportal cellular infiltration, plethora and
stasis of erythrocytes in the arteries of the portal
tracts and central veins; under exposure to Pb alone
(3rd group), periportal and centrilobular hepato-
cytes were infiltrated with small dense lipid inclu-
sions; in the 4th group (combined toxic effects), a
relatively less pronounced lipid degeneration of
hepatocytes was accompanied by atrophy of paren-
chymal liver cells and increased cell infiltration
(Fig. 1).

According to the stereological study of the liver,
taking into account the concept of a classical hepatic
lobule (Table 1), exposure to Cd led to a statistically
significant increase in the volumetric density of
hepatocytes in all zones: periportal (p = 0.001), cen-
trilobular (p = 0.001), and, with the highest indica-
tors, perivenular (p = 0.002) zones. This was accom-
panied by uneven expansion of the lumen of the
sinusoidal capillaries in the periportal (p = 0.0001)
and perivenular (p = 0.0001) zones.

In chronic exposure to Pb alone, the volumetric
density of hepatocytes only in the centrilobular zone
increased statistically significantly (p = 0.001), but
the changes in the parameters of the microvascular
bed of the lobules were similar to those in the 2nd
group: the indicators increased in the periportal
(p = 0.002) and perivenular (p = 0.0001) zones.

In combined exposure (4th group), the volumet-
ric density of hepatocytes in the periportal
(p = 0.003) and perivenular (p = 0.0001) zones of
the hepatic lobule is significantly increased, but the
index of centrilobular hepatocytes decreased
(p = 0.045). Luminal narrowing of the sinusoidal
capillaries in the periportal zone (p = 0.0001) and
ectasia in the centrilobular zone (p = 0.021) were
noted.

In general, the volumetric density of sinusoids in
the control and experimental groups increased in
the porto-central gradient of the hepatic lobule, the
only exception was the 4th group with combined
toxic effects. Statistically significant indicators of
the parenchymal compartment of the periportal
zones of the hepatic lobules reflect an increase in
the volume of hepatocytes in Cd exposure both in
the 2nd and 4th groups. When comparing groups,
no clear dynamics was noted for the centrilobular
and perivenular zones. At the same time, in all
groups, with the exception of the 3rd one, the indi-
ces of hepatocytes in the centrolobular zone
exceeded those in the periportal zone; and in the
perivenular zone — the indices of each of the previ-
ously mentioned zones, which may indicate increas-
ing intracellular edema.
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Koutposs/Control Cd

Pb |

Puc. 1. CBETOONITHYECKOE UCCIIE/OBAHKE [IEUEHN KPBICAT-CAaMIIOB BrcTap mocsie XpOHUYeCKOro MOHO- WIA COUETAHHOTO
Bo3JelicTBUs cybToKcHueckux 103 Cd u Pb. ITosyToHKHe cpe3bl, OKpacKa TOJIyHIUHOBBIM CHHUM. YBennueHue (yB.) X630
Fig. 1. Light microscopy of the liver of male Wistar rat adolescents after chronic single or combined exposure to subtoxic
doses of Cd and Pb. Semi-thin sections, stained with toluidine blue. Magnification (magn.) x630

MEPUBEHYJAPHOH (P = 0.0001) 30H MEYEHOYHOU
JTIOJIBKH, OJTHAKO IIOKa3aTesb IeHTPOJIOOYIIAPHBIX
TenaToIUTOB yMeHbIIWICH (p = 0.045). OTMeueHbI
Cy’KeHHe TIIPOCBETOB CHHYCOW/HBIX KalWUIIPOB
[IEPUNIOPTATIFHON 30HBI (p = 0.0001) U pacuiupe-
HUE — IEHTPOJI00YJIIpHOH (p = 0.021).

B mesom o6beMHas ILUIOTHOCTh CHHYCOW/IOB B
KOHTDOJIPHOM U OIBITHBIX TPYIIax Hapacrajga B
[IOPTO-IEHTPAJIPHOM  TPAJUEHTE  IEYeHOYHOU
JIOJIBKU, UCKJTIOUEHNEe COCTaBIJIA JIUIIb 4-51 TPYIIIIA C
COYETAHHBIM TOKCHUYECKUM Bo37elicTBHeM. CraTu-
CTHYECKU 3HAYNMbIe ITOKA3aTeJd IapeHXUMAaTO3-
HOTO KOMIIAPTMEHTa IEPUIOPTAJIBbHBIX 30H Ileue-
HOYHBIX JIOJIEK OTPAKAIOT YBeINUeHe 00beMa rema-
ToOIUTOB 1pu Bo3zercTeuu Cd — Kak BO 2-H, Tak U B
4-# rpynnax. [lyis neHTpoIo0Y IApPHOHN U IIEpUBEHY-
JIIPHOHN 30H IPU CPaBHEHHUU TPYII YeTKOH JuHa-
MUKH He oTMeueHo. [Ipu 5ToM BO Bcex rpymmax, 3a
HUCKJIIOUeHHEM 3-U IPYIIIbI, IOKa3aTeIu TellaToIu-
TOB IIEHTPOJIOOYJISIPHOM 30HBI IPEBBIIIAIN TOKA3a-
TeJIU MEPUIOPTATIbHON 30HBI, a TIEPUBEHYJIIPHONA —

After that a stereological analysis of the ultra-
structural organization of hepatocytes was carried
out, which, under conditions of chronic toxic expo-
sure, demonstrated pronounced changes to varying
degrees (Fig. 2, Table 2). In the 2nd group, hepato-
cytes of the periportal zone showed a statistically sig-
nificant increase in the volumetric density of nuclei
(p = 0.004), which was due to more numerous binu-
clear cells; in addition, the index of endoplasmic
reticulum (ER) profiles was reduced (p = 0.0001).
The volumetric density of the cytoplasm of hepato-
cytes in the centrilobular zone was statistically sig-
nificantly increased (p = 0.001) compared to the con-
trol group, while the volumetric density of mitochon-
dria decreased (p = 0.0001). In the perivenular zone,
the volumetric density of the cytoplasm of hepato-
cytes increased (p = 0.002), while all other studied
parameters (the volumetric density of nuclei
(p = 0.001), mitochondria (p = 0.0001), and the ER
(p = 0.002)) decreased.

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

85



Enscun II.A. u dp. / Journal of Siberian Medical Sciences T. 6, N° 1 (2022)

Ta6smna 1. TkaHeBbIN CTEPEOJIOTHUECKUN aHAIN3 TIeYeHU KpbIcaT Bucrap (Vv, Mm3/cM3) Ipu BO3JEHCTBUU TSAMKEJIBIX
METAJIJIOB C YIETOM MO/IEIH KJIACCHYECKOH IIeYeHOTHOH JOTbKHI

Table 1. Tissue stereological analysis of the liver of Wistar rat adolescents (Vv, mm3/cms3) under the exposure of heavy
metals, taking into account the model of a classical hepatic lobule

Me (Q1; Q3) Me (Q1; Q3) Me (Q1; Q3)
min; max min; max min; max
I'pynma
Group IlepunopraisHas P IleurposoGynsap- P IlepuBenyaspuas P
30HA HasA 30HA 30Ha
Periportal zone Centrilobular zone Perivenular zone
Obvemuasn naomrocms 2enamoyumos / Volumetric density of hepatocytes
Konrpons  685.5(674.575; 696)  — 701.5 (696; 703.825) - 730 (720.5; 738) -
(1-s1) 667; 703 680; 715 713; 738
Control
(1st group)
Cd (2-1) 706.5 (704.25; 707.75) p=0.001  722(710.3;725.75)  p=0.001  751(742.75;752.75) p = 0.002
(2nd group) 697; 715 703; 733 p,=0.008  733;771 p, = 0.0001
p, = 0.0001
Pb (3-1) 681 (668.75; 689.25)  p=0.496 715 (699; 720.25) p=0.082  737(727.5; 745) p=0.199
(3rd group) 664; 689 p,=0.005  697; 725 p,=0.059  720;756 p, = 0.026
p, = 0.002 p, = 0.0001
p,=0.001
Cd + Pb 712 (699.5; 716.425) p =0.003 684 (680; 699.25) P =0.045 803.5(794.5; 809.75) p = 0.0001
(4-51) 687; 723 D, = 0.427 670; 710 p, = 0.0001 784; 821 p, = 0.0001
(4th group) p, = 0.007 p, = 0.003 p, = 0.0001
p, = 0.007 p, = 0.0001
p, =0.0001
Obvemuas naomrocms cunycoudos / Volumetric density of sinusoids
Kontposs  103.5 (99.75; 105) - 117.5 (115.5; 123.5) - 123 (113; 128.75) -
(1-51) 92.1; 107 103; 131 109; 133
Control
(1st group)
Cd (2-51) 118.9 (117; 123) p=0.0001 125 (119.25; 130.225) p = 0.096 146.5 (139.5; 147.75)  p = 0.0001
(2nd group) 115; 127 111; 140 D, = 0.089 136;168 p, =0.0001
p,=0.001
Pb (3-21) 111 (107.5; 112.75) p =0.002 120 (114.25; 122) p =0.705 141.5 (134.5; 146) p = 0.0001
(3rd group) 99; 123 p, = 0.002 106; 122 p,=0.226 131; 163 p, =0.199
p,=0.019 p, = 0.0001
p,=0.001
Cd + Pb 88.5 (85.5; 90.55) p=0.0001 129 (123.25; 134) p = 0.021 129.5 (118.25; 134.5) p =0.112
(4-s1) 79; 99 p,=0.0001 115; 144 p,=0.364 114; 138 p, = 0.0001
(4th group) p, = 0.0001 p,=0.023 p, = 0.005
p, = 0.0001 p, = 0.0001
p,=0.678

11 puMedaHue. p— OorjUdue or KOHTpOJ’[I:HOI/Iu TPYIIbI; p, — OTJIMYHE OT 2-U T'PYIIIbI; D, — oTim4ue OT 3-U I'DYIIIBI; p3 - CRaBHeHI/Ie
C AaHAJIOTUYHBIMH I1IOKa3aTeJIAMU IEPUIIOPTAJIbHOU 30HBI; p4 — CpaBHEHME C aHAJIOTUYHBIMHU IIOKa3aTeJIAMU IIEHTPOJIO6Y.TIHPHOI/I 30HBI.

Notes. p— difference from the control group; p, - difference from the 2nd group; p, — difference from the 3rd group; p

= comparison

with similar indicators of the periportal zone; p, — comparison with similar indicators of the centrilobular zone.

[OKa3aTesJd KaXKAOW W3 HPEABIIYIINX 30H, YTO
MOZKET CBH/IETEJILCTBOBATH O HAPACTAIOIIEM BHYTPH-
KJIETOYHOM OTEKE.

Jlasiee GBLI IPOBEJIEH CTEPEOJIOTUYECKUH aHAIIN3
VJIBTPACTPYKTYPHOH OpPTaHU3AIlUU TelaTOIUTOB,
KOTOpbIE B YCJIOBUSAX XPOHUUYECKOTO TOKCHYECKOTO
BO3/IENICTBUS JIEMOHCTPUPOBAJIN B PAa3JINYHOU CTe-
IIeHU BhIpaKeHHbIe U3MeHeHusI (puc. 2, Tabi. 2). Bo
2-§ TpyIIle B renaTONHUTAaX NEPUIOPTAIBHON 30HBI
BBISIBJIEHO CTATUCTUYECKU 3HAYNMOE YBEJIMUEHUE

In the 3rd group (exposure to Pb alone), ultra-
structural changes in hepatocytes of the periportal
zone were represented by a decrease in the volumet-
ric density of ER profiles (p = 0.001). The central zone
of the lobules was characterized by a decrease in the
volumetric density of mitochondria (p = 0.0001). In
the perivenular zone, similarly to the previous group,
the volumetric density of hepatocyte nuclei
(p = 0.003), mitochondria (p = 0.005), and the ER
(p = 0.005) was statistically significantly reduced.
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Koutposs/Control | Cd

Pb Cd +Pb

Puc. 2. IIeKTPOHHO-MUKPOCKOITHYECKOE UCCIIEI0BAHIE TEUEHH KPBICAT-CaMIIoB Bucrap
[IOCJIE XPOHUUECKOTO MOHO- UJIM COYETAaHHOTO Bo3/iercTBus cyoTokcnyeckux 03 Cd u Pb
C YYETOM JIOKQIU3AI[UH B KJIACCUUECKOM JI0JIbKe. DJIEKTPOHOIPAMMBL. YB. X4000
Fig. 2. Electron microscopy of the liver of male Wistar rat adolescents after chronic single or combined exposure
to subtoxic doses of Cd and Pb, taking into account localization in the classical lobule. Electronograms. Magn. x4000

00beMHOH TIOTHOCTU Azep (p = 0.004), 4TO 00y-
CJIOBJIEHO 00JIe€ MHOTOYHCIEHHBIMU JABYSIIEPHBIME
KJIETKaMH; KpPOME TOrO, ObLI CHUIKEH II0Ka3aTeshb
npodumeir sHAomIazMaTuuecko cetu  (DIIC)
(p = 0.0001). O6beMHas IJIOTHOCTh ITUTOTLIIA3MBI
TeNaToIUTOB [EHTPOJIOOY/IAPHON 30HBI CTATUCTHU-
YecKH 3HAYMMO yBesndeHa (p = 0.001) IO cpaBHe-
HUIO C I[TOKA3aTeJIsAMU KOHTPOJIBHOM TPYIIIBI, IIPH
9TOM CHHU3WIACh OOBEMHAs IJIOTHOCTb MHUTOXOH-
npuii (p = 0.0001). B mepuBeHy ISIpHOH 30HE YBEJIU-
YUIach 00bEMHASI IIOTHOCTh IIUTOIIA3MBI ['elaTo-
nuToB (p = 0.002), TOrJja KaK BCe OCTaJIbHbIE U3y4a-
eMble IOKa3aread — OObeMHasl IIOTHOCTDH SIEP
(p = 0.001), muroxouzpuii (p = 0.0001) u IIIC
(p = 0.002) — CHUBWIHCE.

B 3-i1 rpymme (MoHOBO3feicTBue Pb) ysbTpa-
CTPYKTYPHbIE H3MEHEHUs] TEeMaTOIUTOB IIEPUIIOP-

In the 4th group with prolonged combined expo-
sure to toxins, a statistically significant decrease in
the volumetric density of mitochondria (p = 0.001)
and the ER (p = 0.005) of periportal hepatocytes, as
well as nuclei (p = 0.011), mitochondria (p = 0.0001)
and the ER (p = 0.016) of hepatocytes of the centri-
lobular zone. In the perivenular zone, the volumetric
densities of nuclei (p = 0.0001) and mitochondria
(p = 0.049) decreased, while the parameters of the
ER (p = 0.004) and cytoplasm (p = 0.002) increased,
which may be associated with the induction of xeno-
biotic metabolism on smooth ER membranes in
presence of intracellular edema and a decrease in
protein synthesis.

In general, in all experimental groups for the
periportal zone of the hepatic lobule, a characteristic
feature of the ultrastructure of hepatocytes was a sta-
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TaGauna 2. YIbTpacTPyKTYPHOE CTEPEOIOTHYECKOE UCCIIEI0BAHYE TENATOIUTOB KpbicaT Bucrap (Vv, mm3/cm3)

[IPY TOKCHYECKOM BO3/IEHCTBUU B 3aBUCHMOCTH OT JIOKQJIU3AINY B KJIACCUIECKON IEYEHOUHOM T0JTbKE

Table 2. Ultrastructural stereological study of hepatocytes of Wistar rat adolescents (Vv, mm3/cms3) in toxic effects depending
on localization in the classical hepatic lobule

Me (Q1; Q3) Me (Q1; Q3) Me (Q1; Q3)
min; max min; max min; max
I'pymma
p IlenTpo0OyIaAp- p p
Group IlepunopraibHana HAS 30HA IlepuBenyasspHasn
sona Centrilobular soxa
Periportal zone zone Perivenular zone

Ob6vemuas naomuocms sdep / Volumetric density of nuclei

KonTposs (1-51)
Control

52.55 (51.25; 53)
48; 56

52.5(49.8; 56.5)
45; 59

52.2 (48.75; 54.75)
45; 56

(1st group)
Cd (2-1) 57 (55; 59.25) p=0.004 48 (46.25;53.75) p=0.151  43.5(39.75;45.75)  p =0.001
(end group) ~ 49; 63 43; 58 p,=0.008 3747 p,=0.001
p, =0.001
Pb (3-1) 55 (53; 55) p=0.059 515(46.5; 55.75) p=0545  43.5(38.75;47.75)  p=0.003
(3rd group) 51; 58 p,=0.121  45;59 p,=0.45 34; 51 p,=0.678
p,=0.151 p, = 0.0001
p,=0.008
Cd +Pb(4-1) 54.5(53;55) D =0.096 47 (45.25;49.5) p=0.011 40 (38.25; 44) D =0.0001
(4th group) 49; 59 D, =0.054 44;52 D,=0.406  37;46 D, =0.326
p,=0.705 p,=0.064 p,=0.345
p, = 0.001 p, = 0.0001
p, =0.002
Ob6vemHan nromrocms yumonaasmut / Volumetric density of the cytoplasm
Kontposs (1-1) 102.5 (99; 109.25) - 134.5 (130; 136.75) - 133 (127.8; 136.5) -
Control 89; 114 124; 147 124; 141
(1st group)
Cd (2-51) 106 (101.25; 112.55) p=0.364 152.7(146;156.75) p = 0.001 144 (140.75; 147.75) p = 0.002
(2nd group) 97; 116 138; 160 D, = 0.632  131; 152 p,= 0.632
p, =0.001
Pb (3-51) 107.5 (99; 120.5) p=0.385 141.5(136.5;149.5) p=0.082  139.5(136.5; 144.75) p = 0.089
(3rd group) 95; 125 p,=0.821 127;159 p,=0.041  117;161 p,=0.199
p, = 0.0001 p, = 0.001
p,=0.597
Cd+Pb(4-s1) 107.5(101.25;120.25) p=0.241 132 (124.75;133.75) p = 0.162 146 (138.25; 152) P =0.002
(4th group) 99; 126 p,=0.545 109;139 D, = 0.0001 135;162 D, =0.597
p,=0.705 p,=0.006 p,=0.174
p,=0.004 p, = 0.0001
p, =0.001
O6vemHas naromruocms IIIC / Volumetric density of the ER
Kontpons (1-1)  35.5 (34; 37.275) - 33 (29.25;36.525)  — 23.5 (20.35; 27) -
Control 29; 40 24; 38 18; 32
(1st group)
Cd (2-51) 25 (23.775; 28) p=0.0001 28.65(26.7;32.25) p=0.14 18.5 (16.25; 19) p = 0.002
(2nd group) 19; 30 25; 37 p,=0.001 12521 p, = 0.0001
p, =0.0001
Pb (3-n1) 20 (25.25; 30.75) p=0.001 31.5(27.25; 33) p=0.345 18.1(17.25;19.75)  p=0.005
(3rd group) 20; 33 p,=0.257 24;37 p,=0.623  16; 22 D, =0.571
p,=0.121 P, =0.0001
p, = 0.0001
Cd + Pb (4-21) 27 (25.25; 31) p=0.005 26.5(25.05;29.25) p=0.016 31 (28.25; 35.75) p =0.004
(4th group) 22; 41 p,=0.326 23;32 p,=0.151 27; 39 p,= 0.0001
p,=0.91 p,=0.07 p, = 0.0001
p,=0.705 b, =0.064
p,=0.01
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Oxonyanwue tabJ1. 2 / Table 2 ending

Me (Q1; Q3) Me (Q1; Q3) Me (Q1; Q3)
min; max min; max min; max
I'pynma .
Group Ilepunopranbaaa P E:;{:ggzoﬁymp p IlepuBenyasapuas P
30HA . 30HA
Periportal zone ;}::::rllobular Perivenular zone

Ob6vemHas naomrocms mumoxouopuit / Volumetric density of mitochondria

Koutpornsb (1-5) 162.2 (157.5; 164.75)  — 157.5 (153.925; - 135 (125.25; 138.975) —
Control 151; 174 160.5) 111; 147
(1st group) 142; 167
Cd (2-51) 164 (160.5; 170.5) p=0.385 128(122.5;133.65) p =0.0001 100.7(95.75; 106.25) p = 0.0001
(2nd group) 154; 181 119; 136 D, =0.0001 87; 123 b, =0.0001
P, =0.0001
Pb (3-51) 158.5 (152.5; 163.5) p=0.385 128.5(127;135.25) p=0.0001 109.5(99.75;111.5) p = 0.005
(3rd group) 147; 174 Dp,=0.096 121;145 D,=0.473 89;145 p,=0.174
P, =0.0001 D, = 0.0001
p,=0.005
Cd +Pb(4-1) 140.5(137; 144) p=0.001 125.5(123.25; p =0.0001 109.5(99.5;130.25) p = 0.049
(4th group) 132; 164 p,=0.001 129.18) p,=0.473 98;146 p,=0.082
p,=0.002 117;131 D, =0.199 p,=0.521
p, = 0.0001 D, = 0.009
p,=0.241

IIpumeuyaHue. p— OTJIMYUE OT KOHTpO.HbHOI/I TPYNIBL; P, — OTIMYHE OT 2-H IPYIIIbL; p, — OTIAMYHE OT 3-1 TPYIIbL; p, — CPABHEHHE
C aHAJIOTMYHBIMU I0KA3aTe AIMH IEPUIIOPTAIBHOM 30HBI; D, — CPABHEHUE C AHAJIOTHYHBIMU [OKa3aTesAMH ueHTponoﬁmepHou 30HBI;

IIIC — sHpoIIa3MaTHYeCcKas CeTh.

Notes. p - difference from the control group; p, — difference from the 2nd group; p, — difference from the 3rd group; p, — comparison
with similar indicators of the periportal zone; p, — comparison with similar indicators of the centrilobular zone; ER — the endoplasmic

reticulum.

TAJIBHOH 30HBI ITPEJICTABIIEHBI CHIKEHHEM OObeMHON
mwiotHocTH podueit AIIC (p = 0.001). LenTpos1oby-
JIIpHAs 30HA JI0JIEK XapaKTepU30BaJIaCh CHIKEHUEM
00BEMHOH TUIOTHOCTH MUTOXOHAPHH (p = 0.0001).
B mepuBeHy IApHON 30HE, aHAJIOTUYHO ITPEbIIyIIeH
TpYIIIEe, CTATUCTUYECKH 3HAYNMO YMEHbIIIEHA 00'beM-
Hasl TUIOTHOCTb siZIEp TeNaTonuToB (p = 0.003), MUTO-
xouapui (p = 0.005) u AIIC (p = 0.005).

B 4-1i rpynme c [IUTEIbHBIM COUETAHHBIM BO3-
JIEICTBEM TOKCHHOB BBISIBJIEHO CTaTHCTHYECKH
3HAYMMOE CHIDKeHUE 00heMHOM IIJIOTHOCTH MHTO-
xoHzpui (p = 0.001) u JIIC (p = 0.005) nepunop-
TQIHHBIX TENaTOIIUTOB, a TakXke sAxep (p = 0.011),
MuTOXOHAPUi (p = 0.0001) u AIIC (p = 0.016) rena-
TOITUTOB II€HTPOJIOOYJIAPHOU 30HBI. B mepuBeHy-
JIIPHOY 30HE YMEHBIIWJINCh OOBEMHBIE TIJIOTHOCTU
anep (p = 0.0001) ¥ MUTOXOHJIpUH (p = 0.049), Ipu
3TOM yBenuumiauch nmokasaresu IIIC (p = 0.004) u
OHUTOILIa3MBI (P = 0.002), UTO MOKET OBITh CBA3aHO
C MHAYKINEeH MeTabon3Ma KCeHOOMOTHKOB Ha MEM-
6panax mrankout IIIC Ha PoHE BHYTPUKIIETOUHOTO
OTeKa U CHUKEHUsI CHHTe3a OEJIKOB.

B 11e710M BO BCeX OIBITHBIX TPYIIAX JJIs IEepPHU-
MMOPTAJIbHOW 30HBI MEYEHOUHOU JIOJIBKU XapaKTep-
HOU OCOOEHHOCTBIO YJIBTPACTPYKTYPHI TE€IaTOIUTOB
OBLIO CTATUCTUYECKU 3HAUNMOE CHIIKeHHE 00heM-
vHoit twrotHoctn OJIIC; 11 UEHTPOSIOOYIAPHOM

tistically significant decrease in the volumetric den-
sity of the ER; for the centrilobular zone — mitochon-
dria; for the perivenular zone — mitochondria and
nuclei of hepatocytes, which indicates the dystrophic
nature of the response of parenchymal liver cells of
prepubertal rats to chronic exposure to toxic metals
with a decrease in the functions of protein and ATP
biosynthesis.

Lipid infiltration of the cytoplasm of hepatocytes
was noted in the 3rd group and to a greater extent it
is characteristic of the periportal and centrilobular
zones. The formation of autophagosomes attracted
attention in the 3rd and 4th groups (with exposure to
Pb), with signs of predominantly mitochondrial utili-
zation, as well as vacuolated ER profiles. In all exper-
imental groups, the stereological parameters of the
organelles free cytoplasm increased statistically sig-
nificantly, reflecting cytoskeleton disorders, collapse
of intracellular membrane structures, and matrix
edema, which underlies hepatocellular ballooning.

It should be noted that in animals of the experi-
mental groups, in addition to changes in the coat, no
other visual differences from the rat pups of the con-
trol group were found; in addition, animals of groups
2—4 gained body weight, which indicates the pres-
ence of compensatory mechanisms. Electron micros-
copy of liver samples revealed the expansion of
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30HBI — MHTOXOHJIDUH; JUIs TIEpPUBEHYIAPHOU
30HBI — MUTOXOH/IPUH U sifiep TeNaTOIUTOB, YTO CBU-
JIETEJIbCTBYET O TUCTPOPUUECKOM XapaKTepe pearu-
pOBaHUs TMAPEHXUMATO3HBIX KJIETOK IEUYEHHU KPbIC
MpenybepTaTHOTO BO3pacTa Ha XPOHHUYECKOE BO3-
JIECTBHE TOKCUYHBIX METAJJIOB CO CHIKEHHEM
dyarnui 6uocuHTe3a 6eyka u ATO.

JluntugHas HHQUIBTPALIMA IUTOILIA3MbI TeaTo-
OUTOB OTMEYEHA B 3-U IpyIIe, IpudYeM B OOIbIIEH
Mepe OHa XapaKTepHA JJIs EPUIIOPTAIBHBIX U IIeH-
TPOJIOGYJISIpHBIX 30H. DOpMUpOBaHUE ayTOdHarocom
obparmasno Ha ce6s BHIMaHUE B 3-U U 4-U Ipymmax
(c BosmetictBuem Pb), ¢ mpu3HAKaMU yTHIH3AIAN
MIPENMYIIECTBEHHO MHUTOXOHAPUI, a TaKKe BaKyoO-
su3upoBaHHbIX poduien IIIC. Bo Bcex ONMBITHBIX
TPYIIIaxX CTATUCTHYECKH 3HAYMMO BO3POC/IU CTEPEO-
JIOTHYECKHEe IIOKa3aTeJIu CBOOOJHON OT OpraHeul
[UTOILUIA3MbI, OTpa)kasi HApyIIEHUs ITUTOCKEJETa,
KOJUTATIC BHYTPUKJIETOUHBIX MEMOPAHHBIX CTPYKTYP
U OTEK MaTpPUKCa, JIEXKAIINH B OCHOBE «0aTIOHHOM »
nuctpodun.

Crnenyer OTMETUTH, YTO Y KUBOTHBIX OITBITHBIX
TPyII, TOMUMO HW3MEHEHHs MIePCTHOTO MOKPOBa,
JIDYTUX BU3YAJTIBHBIX OTJIMYUH OT KPBICAT KOHTPOJIb-
HOU TPYNIIBl HE BBISIBJIEHO; KDOME TOTO, JKUBOTHBIE
2—4-# TPYII YBEJIMUUBAJIK Maccy Teja, YTO CBU/IE-
TEJILCTBYET O HAJIMYUHU KOMITEHCATOPHBIX MEXaHU3-
MOB. [IpHu 371€EKTPOHHO-MHUKPOCKOITTYECKOM HCCIEe-
JIOBaHUH 00Pa3IloB IIeUeHHU 00paliaIn Ha ce0st BHU-
MaHHe paclIupeHue MPOCTpPaHCTB Jlucce U rumep-
IUTa3Usl MHUKPOBOPCHUHOK BaCKYJISAPHOTO IIOJIIOCA
remaTonuTOB, OTPasKaoIue yCUIeHHe O0OMEHHBIX
mporeccoB. MUTOXOHAPUHM OBLIM  MPEUMyIle-
CTBEHHO MeJIKHE, C IVIOTHBIM MaTPUKCOM H IIPUYPO-
YeHbl K IIJIa3MOJIEMMAaM BACKYJISIPHOTO IOJI0Ca, a
Takke (opMUpOBaM IEpUHYKJIeapHbIE KOM-
IUIEKCHl BMECTE€ C KOPOTKHMH IapaslieJIbHbIMH
nucrepHamu rpanysisipHoi DI1C — Tak Ha3bIBaeMbIe
(oxychl BHYTPHUKJIETOYHOU pereHepanuu. Kpome
TOTO, TIOYTH BO BCEX sI/[PaX ONBITHBIX T'PYIII HMe-
JIUCH SAAPBINIKU. [lepeunciieHHble YAbTPACTPYKTyP-
HbIe 0COOEHHOCTH TeMaTOIUTOB MOKHO PacCMaTpH-
BaTh KaK CTEPEOTUIIHBIE KOMIIEHCATODHBIE pPeak-
WU, OMMCAHHbIE, HAIPUMED, ITPU BUPYCHBIX Tema-
TuTax [11].

Kak usBecrHo, TokcuuHoctb Cd u Pb o6ycios-
JIeHa MX CIIOCOOHOCTHIO 3aMEHATh B MOHHBIX KaHa-
Jax MeMOpaH >KU3HEHHO HeOOXOUMbIe IOJIHBa-
JieHTHBIe KaTnoHbI Ca, Zn u z1p. [12]. Kpome Toro, Cd
u Pb HEraTUBHO BIUSIOT HA CHCTEMY aHTHOKCHU/IaHT-
HOU 3al[UTHI, HAPYIIasi MOJIEKYJIIPHYIO CTPYKTYPY B
(pYHKIIMY CYTIEpOKCUATUCMYTA3bl, [JIyTaTHOHIIEPOK-
CH/Ia3bl U KaTalasbl, CIOCOOCTBYS PA3BUTHIO XPOHU-
YEeCKOT0 OKHCJIUTEJIBHOTO CTpecca U IOPaKEHHIO

Disse’s spaces and hyperplasia of the microvilli of the
vascular pole of hepatocytes, reflecting an increase in
metabolic processes. Mitochondria were predomi-
nantly small, with a dense matrix and confined to the
cell membranes of the vascular pole, and also formed
perinuclear complexes together with short parallel
cisterns of the granular ER — the so-called foci of
intracellular regeneration. In addition, almost all the
nuclei of the experimental groups had nucleoli. The
listed ultrastructural features of hepatocytes can be
considered as stereotypical compensatory reactions,
described, for example, in viral hepatitis [11].

As is known, the toxicity of Cd and Pb is due to
their ability to replace vital polyvalent cations Ca, Zn,
etc. in the ion channels of membranes [12]. In addi-
tion, Cd and Pb negatively affect the antioxidant
defense system, disturbing the molecular structure
and functions of superoxide dismutase, glutathione
peroxidase, and catalase, contributing to the devel-
opment of chronic oxidative stress and damage to
mitochondria [13]. Apparently, the effects of both
toxicants are dose-dependent and are also deter-
mined by the duration of exposure.

CONCLUSION

Intoxication for 3 weeks with cadmium sulfate
(Cd) and lead acetate (Pb) in prepubertal male Wistar
rats (4 weeks adolescents) led to changes in the ultra-
structural organization of hepatocytes. Taking into
account the model of classical hepatic lobule, tissue
stereological analysis revealed a statistically signifi-
cant increase in the volume of hepatocytes in the
periportal zones when exposed to Cd (groups 2
and 4). In all groups, with the exception of the 3rd
(Pb), an increase in the parenchymal compartment
in the porto-central gradient was revealed, reflecting
the formation of hepatocellular ballooning. In all
experimental groups for the periportal zone of the
hepatic lobule, a characteristic feature of the ultra-
structure of hepatocytes was a statistically significant
decrease in the volumetric density of the ER; for the
centrilobular zone — of mitochondria; for the peri-
venular zone — mitochondria and nuclei of hepato-
cytes. The formation of autophagosomes with signs
of predominantly mitochondrial utilization attracted
attention in groups exposed to Pb. Pathological
changes are compensated by increased transsinusoi-
dal metabolism and complexes of biosynthesis
organelles.
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vutoxoHapwuii [13]. Ilo-Bunumomy, apdekTsr 060mx
TOKCUKAHTOB JI0303aBHUCHUMbBI U  OIPEEISAIOTCA
TaKKe JIJTUTEIbHOCTHIO BO3/IEHCTBUS.

3AK/IIOYEHUE

WHTOKCUKALIHSA B TEUEHUE 3 HEJ| CyIbHATOM Kajl-
must (Cd) u aneratom cBusiia (Pb) KpbicsaT-caMIlOB
Bucrap npemnyb6epraTHoro Bo3pacra (4 HeJr) IpuBesia
K U3MEHEHUSAM YJIbTPACTPYKTYPHOH OpraHU3aI[UuH
rematoruToB. C y4eToM MOMENH KJIaCCUUEeCKOH
TIEYEHOYHOU JIOJTbKY, TKAHEBBIU CTEPEOJIOTHIECKUHN
aHaJIU3 OOHAPYKHJI CTATHCTHYECKH 3HAYHUMOE yBe-
JuyeHre obbeMa TemaTOIUTOB IEPUIOPTATHHBIX
30H mpu Bo3zeiictBuu Cd (2-1 u 4-s rpynmsl). Bo
Bcex TPYIIax, 3a uckirouenuem 3-i (Pb), BeisiBiIeHO
yBeJIMUeHNEe MapeHXMMAaTO3HOTO0 KOMIIApTMEHTA B
MMOPTO-BEHYJIIPHOM TpajlieHTe, oTpakaroiiee Ghop-
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MHUpOBaHHE «0aJsTIOHHOW» Jjuctpoduu. Bo Bcex
ONBITHBIX TPYNIIaX JJIs I[EPUIIOPTATbHOU 30HBI
MEYEHOUHOU JOJIbKH XapaKTepHOU O0COOEHHOCTHIO
VJIBTPACTPYKTYpPhI TelaTONHUTOB OBLIO CTAaTHCTHYE-
CKM 3HAYMMOE CHIKEHHE OOBEMHOU IIOTHOCTH
AIIC; nnst MEeHTPOJOOYAAPHON 30HBI — MHUTOXOH-
JIPUH; U1l IEpUBEHY/IIPHON 30HBI — MUTOXOHPUH
u szep renatonuToB. ®opMHpoBaHe ayTodarocom
C TpU3HAKAMHU VTWIN3AIUH MPEUMYIIECTBEHHO
MHUTOXOHAPUI obparmano Ha cebs1 BHUMAHHE B TPYII-
max ¢ Boszericrsuem Pb. IlaTosiornyeckue n3meHe-
HUsI KOMIIEHCUPOBAHBI YCUJIEHUEM TPAHCCHUHYCOU-
JIAJIBHOTO OOMeHa M HAIMYHEM KOMILJIEKCOB Opra-
HeJUT OMOCUHTE3A.

KoH@IuKT nHTEpECOB. ABTOPHI 3a5BJISIOT 00
OTCYTCTBUM KOH(JINKTA HHTEPECOB.
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JKcIepUMEeHTAJIbHAA OIEHKA JIeYeOHbIX CBOMCTB Ma3u HA OCHOBE
MeJIAHUHOB U3 MPUPOJHOTO ChIPbA U IMTyOMHHOM KYJIbTYyPbI Uaru

E.A. CraBckuit!, T.B. Terakosa?, 11.C. Aunpeesa?, E.C. [laBbiioBal, A.A. CraBckas’,
AJIL. Iloremkuna?

'@I'BOY BO «Hogocubupckuil 2ocydapcmeeHHtblii meduyuHckuil yHusepcumem» Munadpasa Poccuu, Hosocubupck,
Poccus

2@FYH I'HI] Bb «Bexmop» Pocnompebradsopa, Hogocubupckas obaacme, noc. Koavyoso, Poccus

AHHOTAIIUA

BBengenwue. Bceasuc npuobpereHreM YCTOMUYNBOCTH K aHTUOMOTHUKAM THOEPOJTHONH MHKPOOHOTHI 060CTPUIACH
mpob6yieMa MeCTHOTO (MeTMKaMEHTO3HOTO) JIEUeHU PaH.

Il e 1 b . DKCIIEpUMEHTATbHAS OIIEHKA AHTHOMOTHUECKHUX CBOMCTB METAHUHA M3 IPUPOIHOTO CHIPHSI ¥ IJIYOUHHOMN KYJIBTYPBI
yaru (Inonotus obliquus) in vitro v 1e4eOHBIX CBOMCTB Ma3ei, IPUTOTOBJIEHHBIX HA OCHOBE YKa3aHHbBIX MEJIAHUHOB, i1 VIVO.
MaTtepuans W MEeTOJBbl . MeJaHUHBI MOJyJUIH METOAOM IEJIOYHOTO THAPOIU3A. AHTUOMOTHIECKYIO
AKTUBHOCTh MEJIAHWHOB OIIPEZEJISJIM IIPU COBMECTHOM KYJIBTUBHPOBAHUU B KUJKOU CpeZie UCCIIeAyeMbIX 00pasIoB ¢
IIECTHIO KYJIbTYPAMH TECT-IITAMMOB IPaMOTPHUIATEIbHBIX U TPAMIIOJIOKUTETHHBIX OAKTEPHUH U ABYX IPOKIKEBBIX TPHOOB.
Masu Ha 0OCHOBE MeJIAaHWHA U3 IIPUPOTHOTO ChIPhs U INIyOUHHOM KyIbTYPhI Yaru mrtamma Inonotus obliquus F-1244 nomny-
YaJIH C UCIIOJIB30BAHUEM JIBYX COCTABOB MAa3€BBIX OCHOB. PaHO3KUBIIAIONIYI0 3(DHEKTUBHOCTD Ma3el OLIEHUBAJIA Ha TPeX
rpymmnax Mbiired. KOHTPOJIbHBIMY SIBJISUTUCH TPYIIBI MBIIIEH, HUUEM He JIEUEHHBIX M JIEYEHHBIX Ma3bl0 CPaBHEHUs
JleBoMuKOH-TO®D. JleueHre MBbIIIEH TPOAOIKAIIN JI0 MOMEHTA 3aKUBJIEHHUSA Y HUX PE3aHBIX KOXKHBIX paH. Exxe/lHEBHO y
MBIIIIeH BO BCEX TPYIIax OIeHUBAIH ILTOMIAU PaH, IBUTATEIbHYI0 aKTUBHOCTD, alIIETUT, IMHAMUKY U XapaKTep 3aKUB-
JIEHUS PaH, a TAK)Ke Yepes KaK/Ible TPOe CyTOK M3MEHEHUE Y HIX MacChl TeJa.

PesynbTarTbl . MelaHUHBI U3 TPUPOJHOTO CHIPHA U IIyOMHHOHN KyJIBTYPBI Yard MOJTHOCTHIO TIOZABJISIIA PA3MHO-
JKeHUEe TPaMIIOJIOKUTEIFHOU crtopoobpasyioliei 6akrepun Bacillus cereus B COBMECTHOH KyJsbType. MeJaHUH U3 MPHU-
POJTHOTO CHIPHsSI YaTH B CPEHEM Ha MOPSIIOK MOAABJISLIT POCT 30JI0TUCTOTO cTadbMIOKOKKA mTamMmma Staphylococcus aureus
ATCC 6538. MenanuH U3 IyOUHHOHM KyJIBTYPHI Yard MOJTHOCTHIO TIOAABIISIIT POCT KIMHUYECKOTO M30JIATa BBICOKOIIATO-
reroro mramma Candida sp. Ft-5 ot ymepiiiero 60J5HOTO ¢ TeHEPATM30BaHHOM KaHAWTO3HON MHGbEKIINEH U B CpeTHEM
Ha J[Ba ITOPA/IKa aKTUBHEE HHIMOUPOBAJI POCT KOJUIEKIIMOHHOTO mTaMMa poxckeit Candida albicans 620.

BhL10 yCTaHOBJIEHO, UTO Ma31 HA OCHOBE MEJIAHWHA U3 TIPUPOIHOTO CHIPbsI M IIyOMHHOH KYJIbTYyphI Yard, a TAaK:Ke Masb,
cozieprKamas IATUKPATHO YBEJIMUEHHYIO KOHIIEHTPALMIO MeJIAaHWHA U3 MIPUPOJIHOU Yard, He 00J1aZjal0T TOKCHYHOCTHIO
JUIS DKCIIEPUMEHTATBHBIX KUBOTHBIX. Masu, coziepskaliue mo 0.4 M MeJIJAHWHA U3 MPUPOHOTO ChIPbs U TIIyOUHHON
KyJIBTYPBI Yaru Ha 0.2 T OJIHOPA30BOU 03kl Ma3H, 00J1a7jaTi OJJUHAKOBON PaHO3AKUBJIAONIEN 3(GEKTHBHOCTHIO, IIPU
3TOM He TOJIBKO He YCTYNaJIk 10 3TOMY MOKAa3aTei0 KOMOMHHPOBAHHOMY MPOTUBOMUKPOOHOMY IMpernapary cpaBHEHUs
JIleBoMUKOH-TO®, HO U NPOJEMOHCTPUPOBAIIN TEH/IEHITHIO O0Jlee YCKOPEHHOrO 3aXKUBJIEHUA PaH (Ha 15—18-e CyTKH
HAOJIIO/IEHNsT) TI0 CPABHEHUIO C TIPOIECCOM PETeHepaIiy PaH y TPYIIIbI JKUBOTHBIX, JIEYEHHBIX IPENapaToOM CpaBHEHUS.
BbL1 Ipo/ieMOHCTPUPOBaH 0oJjiee yCKOPEeHHBIHN 3G deKT 3aKUBJIeHHA PaH Y SKCIIepUMEHTAIbHBIX *KUBOTHBIX (y2Ke Ha 12-e
CYTKHU HaOJIIOZIeHN), JIEUEHHBIX C MATUKPATHO YBEJTMUEHHBIM COZIEpKAaHUEM MeJIAaHUHA U3 MPUPOIHOTO CHIPhS YaTH, IO
CPaBHEHUIO C MBIIIIAMH, JIEUEHHBIMU PEapaToM CPaBHEHUS.

3akimoueHue. Masu, comepikaiue MmesanuH yaru (Inonotus obliquus), 061a1al0T TPOTHBOBOCIATUTETbHBIMH,
pereHepaTUBHBIMHU CBOMCTBAMU M MOTYT PACCMATPUBATHCS B KAUECTBE MEPCIEKTUBHBIX JIJIsI MECTHOTO JIEUEHUS PaH.
Kaoueeste croaa: Briciive 6azuanoMuiietsl, rpub yara (Inonotus obliquus), Ma3b, Ma3eBasi OCHOBA, COCTAB, TIPOIHUCH,
IIOBEPXHOCTHAS KOKHAs paHa.
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Experimental evaluation of therapeutic properties of ointment
based on melanins from natural raw material and a submerged
culture of chaga (Inonotus obliquus)

E.A. Stavsky?, T.V. Teplyakova?, 1.S. Andreeva?, E.S. Davydova', A.A. Stavskaya’, A.L. Poteshkina?

‘Novosibirsk State Medical University, Novosibirsk, Russia

2State Research Center of Virology and Biotechnology “Vector”, Novosibirsk Region, Koltsovo village, Russia

ABSTRACT

Introduction. Due to the acquisition of antibiotic resistance by pyogenic microbiota, the problem of topical
(drug) treatment of wounds has worsened.

A im . Experimental evaluation of the antibiotic properties of melanin from natural raw material and a submerged cul-
ture of chaga (Inonotus obliquus) in vitro and the therapeutic properties of ointments prepared on the basis of these mela-
nins in vivo.

Materials and Methods. Melanins were obtained by alkaline hydrolysis. The antibiotic activity of
melanins was determined by co-cultivation in a liquid medium of the studied samples with six cultures of test strains of
gram-negative and gram-positive bacteria and two of yeast fungi. Ointments based on melanin from natural raw material
and the submerged culture of chaga (Inonotus obliquus F-1244 strain) were obtained using two compositions of ointment
base. The wound-healing efficacy of ointments was evaluated on three groups of mice. The control groups were mice
untreated and treated with a comparison drug (Levomikon-TFF). The treatment of mice was continued until their incised
skin wounds healed. Wound areas, motor activity, appetite, dynamics and character of wound healing were assessed daily
in mice of all groups, as well as changes in their body weight every three days.

Results. Melanins from natural raw materials and the submerged culture of chaga completely suppressed the
growth of gram-positive spore-forming Bacillus cereus bacterium in a co-culture. Melanin from natural raw material of
chaga on average suppressed the growth of the Staphylococcus aureus ATCC 6538 strain by an order of magnitude. Mela-
nin from the submerged chaga culture completely suppressed the growth of a clinical isolate of the highly pathogenic Can-
dida sp. Ft-5 strain from a deceased patient with generalized candida infection and, on average, inhibited the growth of the
collection strain of yeast Candida albicans 620 by two orders of magnitude more intensively.

It was found that ointments based on melanin from natural raw materials and the submerged culture of chaga, as well as
ointment containing a fivefold increased concentration of melanin from natural chaga, do not have toxicity to experimental
animals. Ointments containing 0.4 mg of melanin from natural raw material and the submerged chaga culture per 0.2 g of
a single dose of ointment had the same wound healing efficacy, while not only were not inferior in this indicator to the
combined antimicrobial comparison drug Levomikon-TFF, but also showed a tendency to more accelerated wound healing
(on the 15—18th day of observation) compared with the process of wound regeneration in the group of animals treated with
the drug of comparison. A more accelerated wound healing effect was demonstrated in experimental animals (already on
the 12th day of observation) treated with a fivefold increased content of melanin from natural raw material of chaga, com-
pared with mice treated with the comparison drug.

Conclusion. Ointments containing melanin of chaga (Inonotus obliquus) have anti-inflammatory, regenerative
properties and can be considered promising for topical treatment of wounds.

Keywords: higher basidiomycetes, chaga mushroom (Inonotus obliquus), ointment, ointment base, formulation, pre-
scription, superficial wound.

Citation example: Stavsky E.A., Teplyakova T.V., Andreeva L.S., Davydova E.S., Stavskaya A.A., Poteshkina
A.L. Experimental evaluation of therapeutic properties of ointment based on melanins from natural raw material and
a submerged culture of chaga (Inonotus obliquus). Journal of Siberian Medical Sciences. 2022;6(1):93—105. doi:
10.31549/2542-1174-2022-6-1-93-105

BBEJIEHHME INTRODUCTION

HWcenemoBanus OKa3ad, YTO BICIINE Oa3UHu0-
MHUIIETHI CITOCOOHBI CUHTE3UPOBATH IIMPOKUN KOM-
IUIEKC OMOJIOTUYECKH AaKTHBHBIX BEIIIECTB, TAKUX KaK
MMOJTUCAXaPUbl, TJIUKOIPOTEUHBI, TEPIIEHBI, CTe-
pOJIbI, MUTMEHTHI U AP. [1-5], KOTOPbIE MOTYT IIPO-
SIBJIAATh aHTUOAKTEPUAJIBHBIE [1, 6], TPOTHBOBHUPYC-

Studies have shown that higher basidiomycetes
are able to synthesize a wide range of biologically
active substances, such as polysaccharides, glycopro-
teins, terpenes, sterols, pigments, etc. [1-5], which
can exhibit antibacterial [1, 6], antiviral [1, 7—12],
antitumor, antiparasitic, and immunomodulatory
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HbIE [1, 7—12], TPOTHUBOOIYXOJEBbIE, AHTHUIIAPA3ZHU-
TapHble 1 UMMYHOMOAY/IUPYIOINE CBOMcTBa [1—3].
[Tpu 5TOM yKa3aHHBIE KOMILJIEKCHI U3 0a3UTHOMHUIIE-
TOB, KaK IIPABUJIO, HE SIBJISIOTCS TOKCHUYHBIMHU WU
MAaJIOTOKCHYHBI JIJIsI UeJIOBEKA HJIM >KMBOTHBIX [1—7].
B cBsa3u ¢ Hapacraromeil 6aKTepHaIbHON yCTOMY-
BOCTBIO K IPUMEHSIOIIUMCH aHTUOMOTHKAM, 0O0JIb-
UM KOJIMYECTBOM HeKeJIaTeJIbHBIX IMO0OO0YHBIX
MOC/IEICTBUYA aHTUOUOTUKOB JIJISI OpTaHU3Ma YeJio-
BeKa W JKMBOTHBIX, U3MEHEHHON DPEaKTUBHOCTHIO
opraHu3Ma, IpeXe BCEro 4esioBeKa, 00yCIOBUB-
IIUMH aKTyaJIbHOCTh IPOOJIEMBl KaK OOIIel aHTH-
OMOTUKOTEpAIINH, TAK U MECTHOTO (MeJIMKaMeHTO3-
HOTO) JIEUeHUs] PaH M3-3a PACTYIIeH Pe3HUCTEHTHO-
CTHU THOEPOJIHOW MUKPOOHOTHI, BO3HUK 3aMETHBIH
WHTEpeC K CO3/IaHUI0 Ha OCHOBE BBICIIUX Oa3uan0-
MUIIETOB U IIPEJCTABUTENIEN PYTrUX CHCTEMAaTHYe-
CcKkuX Tpynn TrpuboB [1] HOBBIX aHTUOHMOTHKOB.
M3BecTHO 6OJIBIITIOE KOJIMYECTBO PA3IMYHBIX JIEKaP-
CTBEHHBIX IIPEIapaToB Jjisl JIeUeHUs] THOMHBIX paH.
ITo xapakTepy CBOEro JeHCTBUS 3TH IIperapaThl
MOTYT OBITh OOBEITMHEHBI B CJIEAYIONIHE OCHOBHBIE
TPYIIBI: IIpernapaThl OTCACHIBAIOIIETO IEHCTBUS,
BKJIFOUAIOIIE COJIEBBIE PACTBOPHI, COPOEHTHI U JIP.;
paHeBble 6akTeprodaru, MUKpOOHbIE ACCOITUAITAN U
JIp.; TpemapaTtbl HEKPOJIUTUUYECKOTO JEeHCTBUS,
BKJIFOUYAIOIIHE MIPOTEOJTUTHYECKHE (PEPMEHTBI, KUC-
JIOTBI, QHTHUCENTUKH; MpernapaTbl aHTUMUKPOOHOTO
JIEHCTBHsI, B COCTAB KOTOPBIX BXOASAT aHTHOHOTHUKHU
u ap. [13—16]. YuuteiBass TOT (pakT, YTO BBICIIHE
0asuyMasbHble TPHUOBI TPOAYIUPYIOT IIHPOKUH
CIIEKTp OMOJIOTHYECKH AKTHUBHBIX BEIECTB, IMPE-
CTaBJISIETCA AKTYaJIbHBIM OILIEHUTh, B YaCTHOCTH,
[IEPCIEKTUBHOCTD UCIIOJIb30BAHUS U TPAKTHUECKYIO
3HAYMMOCTH MEJIAHWHOB YKa3aHHBIX TPHOOB [4—5], a
TaK>Ke BO3MOXKHOCTh CO3ZIJaHUSA Ha X OCHOBE Ma3el
JUUTsI MECTHOTO JIEUeHUs PaH.

IIEJIb NCCJIEJOBAHINA

JKCIIepUMeHTATbHAS OIlEHKA aHTHOMOTHYECKUX
CBOMCTB MeJIaHMHA U3 IIPUPOIHOTO ChIPHS U TJTyOUH-
HOH KYJIBTYPBI YarTH in vitro u jeueOHbIX CBOHCTB
Maszel, IPUTOTOBJIEHHBIX HA OCHOBE YKA3aHHBIX
MeJIAaHHUHOB, 1n Vivo.

MATEPUAJIBI 1 METO/1bI

C 11e/1hI0 OLIEHKU OMOJIOTHYECKUX CBOYICTB MeJia-
HUHOB Yary OIPeJIeJIsUIN UX aHTUOAKTEPUAIBHYIO U
aHTUTPUOKOBYIO aKTUBHOCTH IIPY COBMECTHOM KYJIb-
TUBUPOBAHUU B KUJIKOU CpeJie UCCIIeTlyeMbIX 00pas-
I[OB C KYJIBTYPaMH TECT-IIITAMMOB I'PaMOTPHUIATEb-
HBIX U I'PaMIIOJIOKUTEJIBHBIX OAKTEPUH U JPOXKe-
BBIX TpHUOOB, SBJISAIONIUXCA, HAPAAY C APYTUMH
MHUKpoOaMu, HanboJiee YacTON MPUINHOU Pa3BUTHUS

properties [1—3]. At the same time, these complexes
from basidiomycetes, as a rule, are not toxic or low-
toxic to humans or animals [1—7]. Due to the increas-
ing bacterial resistance to the antibiotics used, a
large number of adverse effects of antibiotics for the
human and animal body, the altered reactivity of the
body, primarily human, which caused the urgency of
the problem of both general antibiotic therapy and
topical (drug) treatment of wounds due to the grow-
ing resistance of the pyogenic microbiota, there was
a noticeable interest in the creation of new antibiot-
ics based on higher basidiomycetes and representa-
tives of other systematic groups of fungi [1]. A large
number of different medications for the treatment of
purulent wounds are known. By the nature of their
action, these medicines can be combined into the fol-
lowing main groups: sump action preparations,
including saline solutions, sorbents, etc.; wound bac-
teriophages, microbial associations, etc.; necrolytic
drugs, including proteolytic enzymes, acids, antisep-
tics; antimicrobial drugs, which include antibiotics,
etc. [13—16]. Considering the fact that higher basi-
diomycetes fungi produce a wide range of biologi-
cally active substances, it seems relevant to assess, in
particular, the prospects for the use and practical sig-
nificance of melanins of these fungi [4—5], as well as
the possibility of creating ointments based on them
for topical wound treatment.

AIM OF THE RESEARCH

Experimental evaluation of the antibiotic proper-
ties of melanin from natural raw material and a sub-
merged culture of chaga in vitro, and the therapeutic
properties of ointments prepared on the basis of
these melanins in vivo.

MATERIALS AND METHODS

In order to assess the biological properties of the
melanins of chaga, their antibacterial and antifungal
activity was determined when the studied samples
were co-cultured in a liquid medium with cultures of
test strains of gram-negative and gram-positive bac-
teria and yeast fungi, which, along with other
microbes, are the most common cause of wound
infection. These strains of microorganisms are
deposited in the museum collection of the State
Research Center of Virology and Biotechnology “Vec-
tor” (Vector Research Center) and belong to the
3—4th group of pathogenicity for humans [17]. The
studied 0.5 ml chaga samples were introduced into
test tubes with 4.5 ml of LB medium (Difco, USA),
and 0.1 ml of 24 hour culture of the test strain of the
microorganism suspended in saline solution was
added to gain optical density of 105 cell/ml. Fur-
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paHeBoli MHGEKIINU. YKa3aHHBIE IITaMMbl MHKPO-
OpPraHU3MOB JIEMOHUPOBAHBI B MY3€HHOU KOJIJIEK-
nuu ®BYH T'HIL BB «Bektop» PocmnotpebHaazopa
(HayuHBIN 1EHTp «BeKTOp») M OTHOCATCA K 3—4-U
TpYIIIie IaTOTeHHOCTH JIUIs uesioBeka [17]. Ucenenye-
MbIe 00pasIbl Yary Mo 0.5 MJI BHOCHJIU B TIPOOUPKH
¢ 4.5 mut cpezbl LB (Difco, USA) u mob6assisiin 0.1 Mt
CYyTOYHOH KyJIBTypbI TeCT-IIITaMMa MHKpPOOpra-
HU3Ma, CYCIEHAUPOBAHHOH B (HUBHOJIOTHUECKOM
pactBope, /10 ONTUYECKOH IJIOTHOCTH 105° KJI/MJL.
Jlajlee TpoOWPKH ¢ KyJbTypaMH H 00pa3naMmu
BBIJIEP;KUBAJI B adPUPYEMBIX YCIOBUSIX HA TEPMO-
CTaTHUpyeMOH Kadaike mpu Temieparype 37 °C B
TeueHne 18—24 u. IlosydyeHHbIE KyJIbTypasibHbBIE
sxuakocty (KXK) u ux mecsaTUKpaTHBIE pa3BeleHUs
(0 1077) BBICEBATIM METOJIOM MUKPOTHTPOBAHHUSA TI0
10 MKJI, B 3 IIOBTOpPAaX Ha arapu3oBaHHYIO cpexny LB.
NHKyOUpOBaIu BRICEBBI B TEPMOCTATE ITPU TEMITEpa-
Type 37 °C B Teuenne 18—24 4, mocsie 4ero mo/iCuu-
THIBAJIA KOJIMYECTBO BBIPOCIIINX KOJIOHUH JJIs OTIpe-
nenennss KOE/M B HepasBeieHHOH («HMCXOMHOM»)
CyCIIeH3WH. B KauecTBe KOHTPOJISA ONPEEIN TUTP
KJIETOK B CYCIIEH3UH TECT-IIITAMMOB, UHKyOUPOBaH-
HBIX B aHAJIOTUYHBIX YCJIOBHAX, 0e3 m00aBiIeHHUs
HCCIIeTlyeMbIX 00Pa3IoB.

JIa OIleHKHM JiedeOHBIX CBOMCTB MeJIaHMHA In
VIVO TOJTyYa/ii Ma3u Ha OCHOBE MeJIaHWHA W3 MPHU-
pozxHoro ceipbs yaru (Inonotus obliquus) u ma3u Ha
OCHOBE MeJIaHWHA U3 TUIyOMHHOU KYJIbTYPbI OPUTH-
HaJIBHOTO I'TamMMa uaru Inonotus obliquus F-1244,
MTOJIy4EHHOTO B HAYIHOM IIeHTpe «BekTop» U Jierno-
HUPOBAaHHOTO B €ro My3eHHOH Kosuleknuu. K3
U3MeJTbYEHHOTO IIPUPOIHOTO ChIPpbsi 0Oepe30BOTro
rpuba (yaru) MeJaHWH TOJyJaTd METOJOM IIeJI0Y-
Horo ruzjposmsa [8], a w3 TIyOMHHON KyJIbTYPhI
Inonotus obliquus F-1244 — coryacho [10] u s1abopa-
TOPHOMY perjiaMeHTy Ha IOJIyueHHe MeJaHWHa Ha
ocHoBe 1mTamMMma Inonotus obliquus F-1244
(JIP 056640012-037-16), paszpaboTaHHOMY B J1abo-
paTopuu MHUKOJIOTUM HAy4YHOTO IleHTpa «BekTop».
[TosiyuyeHHbIE MUTMEHTHI HAEHTU(DHUIIUPOBATIN IPU
ITOMOII KaueCTBEHHBIX peaknuil [5, 8, 10]. CBo-
cTBa 000MX BHUJIOB YKa3aHHBIX MEJIAHUHOB COOTBET-
CTBOBAJIU IIPENbSIBIIsIEMBIM TPeOOBAaHHUAM Ha CyO-
craunmio « Menauun yarn» (JIP 056640012-037-16):
BHEIITHUM BHJ — TMOPOIIOK TEMHO-KOPUYHEBOTO
1[BeTa; MaccoBasi ZI0Jisl Bjlark — He 6oJiee 9.0 + 1.0 %;
BOZIOPOAHBIN TOKa3areyib 0.001 % pacrtBopa pH —
7.5 £ 0.5; onTHYecKas MJIOTHOCTh 0.001% pacTBopa
[IpH JIJTMHE BOJIHBI 465 HM — He MeHee 0.04 /1. OIITH-
YECKOU IIJIOTHOCTH.

Jlnsg monydeHHs 25.0 T MeJaHUHCOJAepsKalen
Mas3¥ HUCIOJIb30BAIU 0 50 MI 000X BUOB Meja-
HHWHA, PACTBOPEHHBIX B 12 MJI HBOTOHUYECKOTO pac-

ther, the tubes with cultures and samples were kept
in aerated conditions on a shaking bath at a tempera-
ture of 37°C for 18—24 h. The obtained culture fluids
and their tenfold dilutions (up to 1077) were plated by
microtitering by 10 pl, in 3 repetitions on LB agar
medium. The inoculations were incubated in a ther-
mostat at 37°C for 18—24 h, after which the number
of grown colonies was calculated to determine
CFU/ml in an undiluted (initial) suspension. As a
control, the cell titer was determined in a suspension
of test strains incubated under similar conditions
without adding the test samples.

To assess the health benefits of melanin in vivo,
ointments based on melanin from natural raw mate-
rial of chaga (Inonotus obliquus) and ointments
based on melanin from a submerged culture of chaga
(Inonotus obliquus F-1244 original strain), obtained
at the Vector Research Center and deposited in its
museum collection, were obtained. Melanin was
obtained from crushed natural raw material of chaga
mushroom by alkaline hydrolysis [8], and from the
submerged culture of Inonotus obliquus F-1244
according to [10] and laboratory regulations for the
production of melanin based on the Inonotus
obliquus F-1244 strain (LR 056640012-037-16),
developed in the Laboratory of Mycology of the
Vector Research Center. The obtained pigments
were identified using qualitative reactions [5, 8,
10]. The properties of both types of these melanins
corresponded the requirements for the substance
“Chaga Melanin” (LR 056640012-037-16): appear-
ance — dark brown powder; mass fraction of mois-
ture — no more than 9.0 + 1.0%; 0.001% solution
pH — 7.5 £ 0.5; optical density 0.001% solution at a
wavelength of 465 nm — at least 0.04 units of opti-
cal density.

To obtain 25.0 g of melanin-containing ointment,
50 mg of both types of melanin dissolved in 12 ml of
isotonic solution were used. Whereas two formula-
tions of ointment bases were used.

According to the first formulation [18], the oint-
ment bases were obtained at 50—60°C and with thor-
ough mixing 7.0 g of vaseline oil and 3.0 g of T-2 and
Twin-60 emulsifiers. The obtained bases were cooled
to a temperature of 30—35°C, and solutions of natu-
ral and submerged melanins (formulations 1 and 2
respectively) were introduced into them with stir-
ring. The obtained ointments were mixed to a state of
homogeneity and packaged. The second formulation
of the ointment base also included vaseline, but lano-
lin was used as an emulsifier. To obtain 25.0 g of
ointment, 0.15 g melanin from natural raw material
was ground to the impalpable powder in a porcelain
mortar, then dissolved in 2.5 ml of saline solution,
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TBOpa. IIpu 3TOM MaseBble OCHOBBI HCIIOJIb30BATU
JIBYX COCTaBOB.

CorstacHo mepBoMy coctaBy [18] MmaseBbie
OCHOBBI IOJIydyasu Nnpu 50—60 °C U TIIaTeIbHOM
IepeMeNNBaHUM 7.0 T Ba3eJIMHOBOTO Macjia U 110
3.0 T amysnbratopoB T-2 u TBuH-60. IlomyueHHbIe
OCHOBBI OXJIQXK/IAJIN JIO0 TeMIepaTypsl 30—35 °C u
BHOCWJIM B HHX IIPH I€PEMENTUBAHUU PACTBOPBI
MPUPOJHOTO M «TJIyOMHHOrO» MeJaHUHOB (IIpo-
IIICH Ma3ed 1 U 2 COOTBETCTBEHHO). IlosiyueHHBIE
Ma3Hu IePEMEITUBAJIN 10 COCTOSTHUSA TOMOT€HHOCTH
u pacdacoBbIiBaIN. BTOpOii cocTaB Ma3eBoii OCHOBBI
BKJIIOUAJT TaK’Ke Ba3eJIMH, HO B KAUECTBE AMYJIbra-
TOpa HCHOJB30BAIN JIAHOJWH. [IJIg ToJydeHUs
25.0 T Ma3H 0.15 T MeJIJaHUHA U3 TPUPOTHOTO ChIPHS
Yard pacTUPAJIH 10 MeJTbYaUIIero mopoiika B gap-
¢ opoBOIi CTYIIKE, 3aTEM PACTBOPSLIH B 2.5 MJI (PU3H-
OJIOTHUYECKOTO PAaCTBOpPA, A00ABJISJIM B KadyecTBe
SMyJibratopa 2.5 T JIAHOJIMHA, 3aTeM 20.0 T Baze-
JIMHA, TPOJIOJIKAsA MPU 3TOM PAaCTHUPAHHE CMECH B
cTynke mpu 50—60 °C 70 MoJIy4eHUs] TOMOTeHHOU
MasH, a 3aTeM pachacoBbIBAIN (IIPOIUCH Ma3u 3).
[TosydeHHBIE MeEJIAHWHOBBIE Ma3HW YKa3aHHBIX
BBIIIIE TPEeX MPOMHUCENH MPEACTABISIN cOO0 roMOo-
TeHHble TEMHO-KOPUYHEBOTO I[BETA CMECH, aHAJIO-
TUYHBIE 10 CBOEH KOHCHUCTEHIIMU MAa3eBBIM JIEKap-
CTBEHHBIM (hOopMaM.

B kauecTBe mpemnapaTta CpaBHEHUS MMPUMEHSIH
masb JIeBoMUKOH-TOD — cepust 140718 (000 «Tyiap-
ckas dapmarieBTuyeckas (abpuka», Poccus, cpok
TOJTHOCTH — /10 01.2022). IIpenapar mpejcTaBiisieT
coOOWl  OFHOPOJIHBIM  KeJIeOOpa3HBIA  ITPOJYKT,
HCITOJIB3YETCs B KauecTBe KOMOMHUPOBAHHOTO CPe-
CTBA I MECTHOTO IpUMeHEeHHs. J[eHCTBYIOIUM
HAYaJIOM Ma3’ SBJIAIOTCA METHIyPalua — 4.00 T U
xJIopaM@eHUKOoJ — 0.75 T. BcmoMoraresibHbIE KOM-
MOHEHTBhI: MAaKpoOToJ-1500 — 19.05 T, MaKpo-
royi-400 — 76.20 r. Ma3b OKa3bIBaeT aHTUMHUKPOO-
HOe JIEHCTBUE, TIPEK/Ie BCErO 3a CUET aHTHOMOTHKA
IIUPOKOTO CIIEKTpa JEeHUCTBUA XJIopaMpeHUKOIa.
MeTwmiyparuin o61a7aeT aHAOOJIMIECKON aKTHUBHO-
cThi0. OKa3bIBaeT MPOTHBOBOCIATIUTETLHOE, UMMY-
HOCTUMYJIUPYIOIEe, TeMOIIOITHIECKOe, JIEHKOII03-
THYEeCKoe JeicTBre. Hopmanusys HYKJI€HMHOBBIN
0oOMeH, CTHUMYJIUDYET IIPOIeCChl pereHepanuu B
paHax, pocT, TPaHYJISAIMOHHOE CO3PEBAHUE TKAHU U
SIUTEIU3AIMIO [19].

B ombITe HCITOIB30BAIH 37]0POBBIX HEMHOPETHBIX
MBIIIEeH Maccoii Tesa 17—19 T koaouuu ICR oboero
1oJIa U3 MUTOMHHUKA HAyYHOTrO IeHTpa «BekTop».
JKUBOTHBIX pacrpe/iesisiiu M0 CAEAYIOINM TPyTIIaM
(1o 20 MBIIIEH B KaXK/I01):

e Tpynma 1 — KOHTPOJIbHAs: MBIIIN, HUYEM HE
JIEUeHHBIE;

2.5 g of lanolin was added as an emulsifier, then
20.0 g of vaseline, while continuing to paste the mix-
ture in the mortar at 50—60°C until a homogeneous
ointment is obtained, and then packaged (ointment
formulation 3). The resulting melanin ointments of
the above three prescriptions were homogeneous
dark brown mixtures similar in consistency to oint-
ment dosage forms.

Levomikon-TFF ointment (batch 140718) was
used as a comparison drug (Tula Pharmaceutical
Factory, LLC, Russia, shelf life: up to 01.2022). The
preparation is a homogeneous jelly-like product,
used as a combined agent for topical application. The
active ingredients of the ointment are methyluracil —
4.00 g and chloramphenicol — 0.75 g. Auxiliary com-
ponents: macrogol-1500 — 19.05 g, macrogol-400 —
76.20 g. The ointment has an antimicrobial effect,
primarily due to the broad-spectrum antibiotic agent
chloramphenicol. Methyluracil has anabolic activity.
It has an anti-inflammatory, immunostimulating,
hematopoietic, leukopoietic effect. Normalizing
nucleic metabolism, it stimulates regenerative pro-
cesses in wounds, growth, maturation of granulation
tissue and epithelization [19].

In the experiment, healthy non-inbred mice
weighing 17—-19 g of an ICR colony of both sexes from
the nursery of the Vector Research Center were used.
The animals were divided into the following groups
(20 mice each):

e group 1 — control: untreated mice;

e group 2 — control: mice treated with the com-
parison drug;

« group 3 — experimental: animals treated with
ointment containing melanin from natural raw mate-
rial of chaga (Inonotus obliquus);

« group 4 — experimental: animals treated with
ointment with melanin obtained on the basis of the
submerged culture of chaga (Inonotus obliquus
F-1244 strain);

« group 5 — experimental: animals treated with
ointment with a 5-fold increased concentration of
melanin from natural raw material of Inonotus
obliquus compared with ointments for animals of
groups 3—4-.

After premedication of white mice with chloro-
form, on the back of the animals a flat incised wound
was applied with non-sterile scissors without obser-
ving the rules of asepsis. Experimental animals of
groups 2—4 were treated daily by applying 0.2 g of
Levomikon-TFF ointment to wounds with a spatula
(group 2) and 0.2 g of melanin ointment containing
0.4 mg of melanin (groups 3 and 4), for group50.2 g
of ointment with 2.0 mg of melanin was used. The
treatment of mice was continued until their incised
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e TPyIIIa 2 — KOHTPOJIbHAS: MBIIIH, JIEUEHHbIE
MIpernapaToM CpaBHEHUS;

e TpyIa 3 — OIbITHAs: KUBOTHBIE, JIEUEHHbIE
Ma3bl0 C MEJIAHMHOM W3 IPUPOJHOTO CHIPhS Yaru
(Inonotus obliquus);

e TDYINIa 4 — OIbBITHAS: KUBOTHBIE, JIEUEHHbIE
Masbl0 C MEJIAHWHOM, IIOJYIYEHHBIM Ha OCHOBE TJIy-
OUHHOI KyJIBTYpHI IITaMMa uaru Inonotus obliquus
F-1244;

e TpyIIa 5 — OIBITHAsA: KUBOTHBIE, JIEUEHHbIE
Ma3bl0 C YBEJIMYEHHOW B 5 pa3 KOHIIEHTpaIueHr
MeJIaHWHA U3 TMPUPOJHOTO ChIPhS Yaru IO CpaBHE-
HUIO C Ma3sIMU JIJIsl JKUBOTHBIX TPYIII 3—4.

[Tocne mpemenukanuy OEJIBIX MBIIIEH XJI0OpPO-
¢bopMoOM KMBOTHBIM Ha CIUHE HAHOCWUJIU HeCTe-
PWIBHBIMH HOXXHHULIAMU 0e3 COOJII0eHUs MPaBUII
ACENTHUKU IUIOCKYI0 DE3aHyI pPaHy. DKCIEepUMEeH-
TaJIbHBIX JKUBOTHBIX TPYII 2—4 JIEYUIH €3KeHEBHO
IyTeM HAHECEHWs HA PaHbI IIIaTeJIeM 0.2 T Ma3u
JleBoMukOoH-TO® (rpyrma 2) v 1o 0.2 T Ma3u ¢ MeJia-
HUHOM C COJIepKaHMeM B HeHl 0.4 MI' MeJaHWHA
(rpynmsl 3 ¥ 4), /71 TPYIIIIBI 5 — 0.2 T Ma3H € 2.0 MT'
MeslaHUHA. JleueHHWe MBIIIed MPOAOJDKAIH 70
MOMEHTA 3a)KUBJIEHUs] ¥ HUX pe3aHbIX paH. Eixe-
JTHEBHO Y MBIIIEHN BO BCEX IPYIIIAX OIEHUBAIH ILJIO-
mayu paH o mertoxy JI.H. IlomoBoit [20], nBura-
TeJIbHYI0 AaKTUBHOCTb, AIIETUT, TUHAMHUKY U XapaK-
Tep 3aKUBJIEHUS PaH, a TAKXKe Yepe3 KaXK/ble Tpoe
CYTOK — U3MEHEHHeE Y HUX MacChl TeJia.

PE3YJIBTATBI 1 OBCYXK/IEHUE

Pe3ynpTaThl SKCIIEPUMEHTIPHOU OLIEHKH aHTHU-
OMOTUYECKUX CBOHCTB MeJAaHHHA W3 IIPHUPOJTHOTO
CBIPbSI ¥ TVIyOMHHOM KYJIBTYPBI YarHu in vitro mpem-
CTaBJIEHHI B TAOJI. 1.

B xo/ie 3kcrieprMeHTa ObLIO yCTAaHOBJIEHO, UTO
BOJIHBIN SKCTPAKT Yard, MEJIAHUHBI U3 TPUPOHOTO
CHIpbsI Yaru U ee IVIyOMHHOU KyJIBTYpPbHI HITAMMa
Inonotus obliquus F-1244 TpPOSBUWIN BBICOKYIO
AHTHOMOTUYECKYI0 AaKTHUBHOCTb B OTHOIIEHUH
[ITaMMa TPaMITIOJIOKUTEHPHON CIOPO0Opasyoien
G6aktepun Bacillus cereus, mMOJTHOCTHIO TTOJABUB €€
pa3MHOKeHHEe B COBMECTHOM KyJIbType. MeslaHUH
U3 MIPUPOJHOTO ChIPHS Yaru B CpeTHEM Ha HMOPSA0K
C JIOCTOBEPHOCTBIO 95 % IOJABJISJI POCT 30JIOTHU-
croro crapuiokokka, mTamma Staphylococcus
aureus ATCC 6538. BogHbIi 9KCTpakT U3 IPUPO-
HOTO CHIPbs Yard U MeJIAHWH U3 TJIYOMHHOU KyJIb-
Typbl mrTaMmMa uaru Inonotus obliquus F-1244 tposi-
BIJIM QHTAarOHHCTUYECKYIO0 aKTHUBHOCTb B OTHOIIIE-
HUM LITAMMOB JIPOJKIKEH — KaK KOJUIEKI[MOHHOTO
mramMma Candida albicans 620, Tak U KJIMHHWYe-
ckoro usosnaTa mramma Candida sp. Ft-5 ot ymep-
mero 6OJILHOTO C TeHEPATN30BAaHHOU KaH/IUI03HOU

wounds healed. The wound areas were evaluated
daily in mice of all groups using the L.N. Popova
method [20], then motor activity, appetite, dynamics
and character of wound healing, as well as changes in
their body weight were evaluated every three days.

RESULTS AND DISCUSSION

The results of the experimental evaluation of the
antibiotic properties of melanin from natural raw
material and the submerged culture of chaga in vitro
are presented in Table 1.

During the experiment, it was found that the
aqueous extract of chaga, melanins from natural raw
material of chaga and its submerged culture (Inono-
tus obliquus F-1244 strain) showed high antibiotic
activity against the strain of the gram-positive spore-
forming bacterium Bacillus cereus, completely sup-
pressing its growth in a co-culture. Melanin from
natural chaga raw material with 95% confidence sup-
pressed the growth of Staphylococcus aureus ATCC
6538 strain more activeley, on average, by an order
of magnitude. An aqueous extract from natural chaga
raw material and melanin from the submerged cul-
ture of the Inonotus obliquus F-1244 strain showed
antagonistic activity against yeast strains, both the
collection Candida albicans 620 strain and the clini-
cal isolate of the Candida sp. Ft-5 strain from a
deceased patient with generalized candida infection.
In particular, the first sample reduced the number of
viable cells of the Candida albicans 620 strain, com-
pared to the control suspension, by an order of mag-
nitude, on average; the second sample — by two
orders of magnitude with 95% confidence. It should
be particularly noted that the same chaga samples in
the conditions of the experiment completely sup-
pressed the growth of the highly pathogenic Candida
sp. Ft-5 strain. However, samples of melanins iso-
lated both from natural raw material and from the
submerged culture of Inonotus obliquus F-1244,
were expected to be inferior in their antibiotic effect
on the studied cultures of test strains than the effect
of the antibiotic chloramphenicol, since it has a pro-
nounced bacteriostatic effect on at least 16 types of
gram-positive and gram-negative bacteria [19]. Nev-
ertheless, taking into account the experimental data
obtained on the antibiotic activity of chaga melanins
in vitro, as well as literature data on the presence
and manifestation in vivo of a wide range of useful
and positive properties by biologically active sub-
stances from higher basidiomycetes, it is possible
and promising to include melanins in the composi-
tion of experimental ointments.

The results of an in vivo experimental evaluation
of the therapeutic properties and toxicity of oint-
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nH(pekuei. B vactHOCTH, TIEpBBIN 0Opa3er; CHU3HUI
YUCJIEHHOCTh »KU3HECIIOCOOHBIX KJIETOK IITaMMa
Candida albicans 620 10 CpaBHEHHIO C KOHTPOJIb-
HOU CyCIIEH3HWEH B CpeHEM Ha IOPSJIOK, BTOPOU
obpa3zel] — Ha JIBa MOPSA/IKA C JIOCTOBEPHOCTHIO 95 %.
Crnenyet 0co60 OTMETUTB, YTO ATH 3Ke 00PA3IbI YaTh
B YCJIOBUSAX IPOBEZIEHHOTO OIBITA IIOJIHOCTBIO 110/1a-
BJISLTU POCT BbICOKOMaToreHHOTO mtamMMma Candida
sp. Ft-5. OgHako o6pasupl MeJIAHMHOB, BBIJIEJIEH-
HBIX KaK U3 IPUPOAHOTO ChIPHs, TAK U U3 IJIyOUH-
HOU KyJIBTYpBI yaru Inonotus obliquus F-1244, oxu-
JlaeMO YCTYIJIM II0 CBOEMY AHTHOHOTHYECKOMY
JIEUCTBUIO Ha KCCJIEOBAHHBIE KYJIBTYPBl TeECT-
IITAMMOB BO3/IEWCTBUI0O aHTUOMOTHKA XJjiopamde-
HUKOJIA, IIOCKOJIBKY OH 00JIaZlaeT BBIPA’KEHHBIM
0aKTEpPUOCTATUUECKUM JIEUCTBUEM B OTHOIIIEHUH HE
MeHee 16 BU/I0OB IPaMIIOJIOKUTETHHBIX H TPAMOTPH-
naresbHBIX OakTepuil [19]. Tem He MeHee ¢ yueTOM
[IOJIyUeHHBIX DKCIIEDUMEHTAJIbHBIX JaHHBIX IIO
QHTHOMOTUYECKON aKTUBHOCTU MEJIAHUHOB Yard in
vitro, a Tak:Ke JTAHHBIX JINTEPATYPHl O HAIMYUU U
MPOSABJIEHUH IN VIVO MMHUPOKOTO CIEKTPa IMpaKTHye-
CKHU TI0JIE3HBIX U IMOJIOKUTEJIBHBIX CBOHUCTB OHOJIO-
rUYeCKU aKTHBHBIMHU BEI[ECTBAMU U3 BBICIIUX Oa3u-
JINOMUIIETOB JIEJAI0T BO3MOKHBIM U IEPCIIEKTHB-
HBIM BKJIIOUEHHE MEJAaHWHOB B COCTaB OIBITHBIX
Ma3zen.

PesysibTaThl SKCIIEpUMEHTATLHOU OIEHKH 1N VIV0
JieyeOHBIX CBOMCTB, & TaKKe TOKCHYHOCTH Masel,
COZIEPKAIIIX MEJIAHUHBI W3 IIPUPOJHOTO CHIPbSA
OGepesoBoro rpuba (yaru) ¥ IIyOMHHOU KyJIBTYPBI
rpuba uvaru Inonotus obliquus F-1244, npencras-
JIeHbI B Ta0JI. 2, 3.

U3 aHHBIX, IPEZICTABJIEHHBIX B TA0JI. 2, CJIEZIYET,
YTO JIUHAMUKA W3MEHEeHUs IoKaszaTesJed mpHupocTa
Macchl TeJla y MbIIIEH KaK B 9KCIIEPUMEHTATbHBIX
IPYIINAax, TAaK U B KOHTPOJIbHBIX IPYIIAX }KUBOTHBIX
ObLIa MOJIOXKUTENTbHON. [Ipu 3TOM 3HAUYEHUs 3ITHX
IoKa3aresiel ObLIN OUEeHb OJIM3KUMU U HE Pa3jInda-
JIUCh C JIOCTOBEPHOCTHIO 95 % MEXK/y TpyIIIaMH.
Nmeromyecs pa3andus B aOCOTIOTHBIX TOKA3ATEIIAX
IIPUPOCTA MACCHI TeJIA Y JKUBOTHBIX, B YACTHOCTH, HA
TPETbU CYTKH W TIpU JAJIbHEUIIEM HaOTI0JeHUN
O6bUTH OOYCJIOBJIEHBI PA3IUYUAMU HCXOAHBIX Mace
TeJa Y MbIIIEeH, MOCKOJIbKY (GOPMUPOBAHUE OIIBIT-
HBIX TPYIII JJIs1 BO3MOKHOTO MaKCUMAaJIbHOTO HUBE-
JINPOBAHUS 3HAYUMOCTH 3TOTO TIOKA3aTeJIs B IIOCIIe-
JIYIOIIIEM OCYIIECTBIISJIOCH CIIydaiHbIM 00pa3om 6e3
ydueTa Macchl TeJia JKUBOTHBIX. B X0/1e skcnieprMeHTa
IIO/IOTIBITHBIE KUBOTHBIE B TPYIIIIAX 1 U 2 B TEUEHUE
MEPBBIX IISITH JHEH BBIIVIS/IENIA MEHee aKTHBHBIMU
[0 CPAaBHEHUIO ¢ Mblmamu rpymm 3—5. [Tociaennue
OXOTHee TOeZad CBOW KOpM, 0OoJjiee TOTO, TOCie
HAHECEHUS Ma3{ MBIIIN YaCTUIHO CheNaJId Meja-

ments containing melanins from natural raw mate-
rial of chaga mushroom and the submerged culture
of chaga (Inonotus obliquus F-1244 strain) are pre-
sented in Tables 2, 3.

From the data presented in Table 2, it follows that
the dynamics of changes in body weight gain in mice
in both experimental and control groups of animals
was positive. At the same time, the values of these
indicators were very close and did not differ with
95% confidence between the groups. The differences
in absolute values of body weight gain in animals, in
particular, on the third day and further observation
were due to differences in the initial body weights in
mice, since the formation of experimental groups for
the possible maximum leveling of the significance of
this indicator was subsequently carried out randomly
without taking into account the body weight of ani-
mals. During the study, the experimental animals in
groups 1 and 2 looked less active during the first five
days compared to mice in groups 3—5. The latter
were more willing to eat their food, moreover, after
applying the ointment, the mice partially ate melanin
preparation from each other’s wounds. On the 18th
day of observation, the body weight gain in mice
reached comparable values that did not differ
between groups with 95% confidence. Thus, the data
obtained indicated the absence of a negative effect of
melanin ointments of different formulation on the
body of mice.

Dynamics of wound healing in the experimental
groups of animals (see Table 3) differed from that in
the control groups. Visually, in mice of experimental
group 5 treated by ointment with a fivefold increased
concentration of melanin from natural chaga, the
crusts on the wounds fell of on the 12th day, the
wounds scarred; on the surface of scars covered
along periphery with growing hair, only traces of
crusts of 0.01—-0.02 cm? remained. At the same time,
in mice of control groups 1 and 2, as well as experi-
mental groups 3 and 4, a similar result of wound
healing was obtained only on the 21st day. It should
also be noted that from the moment of wounding and
for the first few days, the surface of the wounds in
animals of all groups was plastered with a significant
amount of fine wood chips of bedding. However, this
circumstance did not negatively affect the wound
healing process in experimental mice. On the 21st
day of observation, visually at the site of former
wounds in animals of groups 1—4, only traces of
crusts ranging in size from 0.01 to 0.03 cm? were
noted together with pink scars of regenerated skin,
covered along the periphery with growing hair. In
addition, it should be noted that in groups 3—4 there
was a tendency for faster wound healing (from the
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Ta6uuna 2. J[uHaMuKa [oKasaTesield IPpUpPOoCTa Macchl TeJia y Mbliei (T)
Table 2. Dynamics of body weight gain in mice (g)

001U IPUPOCT
MAacchI TeJIa MbIIIEeH

Cpoxku HaGI0aeHus, cyrtku / Observation time, days OT UCXOIHOM

e The total increase in

Group 3-u/3rd 6-e/6th 9-e/9th 12-e/12th 15-e/15th 18-e/18th o o
body weight of mice
as compared with
baseline

1 (koHTpONBHASL / 1.7+0.5 2.1+0.6 22+0.7 3.3+105 21+13 1.0+ 1.7 12.4 + 5.85

control)

(n=20)

2 (koHTpOJIbBHAsE / 2.6+ 0.5 2.7+0.9 0.6+0.9 1.4+1.03 1.3+1.2 1.5+ 1.7 10.1 £ 6.23

control)

(n=20)

3 (omprTHAsS / 1.24+0.4 3.2+0.6 3.3+0.6 3.3+0.7 1.1+ 0.5 0.9+ 1.1 13.0 £ 7.32

experimental)

(n=20)

4 (omprTHAs / 1.3+£0.6 2.6+0.5 27+11 3.4+1.1 1.0 £ 0.8 1.1+ 0.8 12.1 + 6.12

experimental)

(n=20)

5 (ombITHAS / 2.4+05 0.7+0.5 21+0.7 2.0+0.8 1.4+ 0.9 2.1+ 1.0 10.7 + 4.4

experimental)

(n=20)

IIpumeduadune. IlpeacraBieHsl cpeHAe IOKA3aTeIN IPHPOCTA MACCHI TeJIa y MBIIIeH ¢ UX IOBEPHTETbHBIMY HHTePBAIaMH JITI
BEPOATHOCTU 95 % (X p, ., TAe X — cpefiHee apudMETHIECKOe; p, - — OBEPUTEIbHBIN HHTEPBAJ /IS BEPOATHOCTH 95 %).

N ot e. Average indicators of body weight gain in mice are shown with their confidence intervals for a 95% probability (X + p
X — the arithmetic mean; p___— a confidence interval for a 95% probability).

.05 where

0.05

Tab6suna 3. J[nHaMiKa U3MeHeHUs IJIOIA/IA PaH y Mbliiei (cM?)
Table 3. Dynamics of changes in the wound area in mice (cm?)

Cpoku HaOI0aeHus1, cytku / Observation time, days

I'pynma

Group o 3-m/3rd 6-e/6th 9-e/9th 12-e/12th 15-e/15th 18-e/18th 21-e / 21st
1 (KOHTpO/MBHAA / 1.61+0.27 115+ 0.25 0.75% 0.25 + 0.25 + 0.07 0.14 + 0.01 0.09 + 0.01 0.02 + 0.01
control) 0.22 0.08

(n=20)

2 (KoHTpOJTbHAsI / 1.43 £ 0.19 1.32 £ 0.17 1.22+ 0.2 0.94 + 0.12 0.23 + 0.05 0.23 £ 0.01 0.11+ 0.01 0.03 £ 0.01
control)

(n=20)

3 (ombITHAsA / 1.57 £ 0.23 1.49 + 0.18 1.46 £ 0.27 0.64 + 0.21 0.19 £ 0.08 0.19 £ 0.08 0.04 + 0.04 0.01 + 0.01
experimental)

(n=20)

4 (ombrTHAS / 1.66 £ 0.18 1.95+0.23 1.13+0.21 0.97 + 0.37 0.30 £ 0.14 0.30 £ 0.17 0.09 £+ 0.09 0.03 £ 0.03
experimental)

(n=20)

5 (ombITHAS / 1.28 £ 0.16 0.80 £ 0.15 0.46 £ 0.15 0.17 £ 0.02 0.02 £ 0.01 0.01+ 0.01 O 0
experimental)

(n=20)

IIpumewuanue. IlpegcrapieHsl cpefjHUe IOKa3aTeM IUIOMIAZell paH y MBIIIeH ¢ UX JIOBEPUTEJIbHBIMH HHTEPBAJIAMU JIJIA
BeposiTHOCTH 95 % (X + p__, tme X — cpenHee apuMETHUECKOE; P — JOBEPUTEIbHBIN HHTEPBAJI JJIs1 BEPOSITHOCTH 95 %).

0.05° 0.05

N o t e . Average indicators of the wound area in mice are shown with their confidence intervals for a 95% probability (X + Dy Where

X — is the arithmetic mean; p_ _— is a confidence interval for a 95% probability).

0.05
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HUHOBYIO Ma3b C paH Jpyr y apyra. Ha 18-e cyrku
HAOJIIOZIEeHUsT PUPOCT MACChl TeJla IO TPYIIaM Y
MBIIIEN JOCTUT COTIOCTAaBUMBIX BEJTMINH, HE PA3JIU-
YaBIINXCA MEXAY TPYHIaMH C JIOCTOBEPHOCTBHIO
95 %. IlosyueHHbIe JaHHbBIE, TAKUM 00pPa30M, CBUIE-
TEJIbCTBOBAIN 00 OTCYTCTBUM HETATHBHOTO BIIMSHUS
MeJIJAHMHOBBIX Mas3ed pa3HBbIX IMPOIKMCEH Ha opra-
HU3M MBIIIIEH.

JlmHaMIKa 322KUBJIEHUS PAH B OIIBITHBIX TPYIIIIAX
JKUBOTHBIX (CM. TabJI. 3) IO CPaBHEHHUIO C KOHTPOJIb-
HBIMH TPYIIIaMHU Pa3indaiach. BU3yasbHO y MbIIIIei
OTIBITHOU TPYIIIEI 5, IEUEHHBIX Ma3bI0 C MIATHKPATHO
VBEJINYEHHON KOHIIEHTpAIiell MeJIaHWHA U3 IpU-
POZHOII Yyaru, KOpOYKH Ha paHaxX y»Ke Ha 12-€ CyTKU
OTIIaJTH, PAHBI 3apyOIIeBAINCD, HA [IOBEPXHOCTH PyO-
IIOB, HOKPBITHIX 10 IepUdepUn oTpacTaloIel mepce-
THIO, OCTAJIUCh TOJIBKO CJIEZIbI OT KOPOYEK pasMe-
paMu 0.01—0.02 cM2. B To 3xe BpeMs y MBIIIEN KOH-
TPOJIBHBIX TPYII 1 U 2, a TAK)KE ONBITHBIX TPYII 3 U
4 aHAJIOTUYHBIA pe3yJbTaT 3KUBJIEHUS PaH ObLI
IIOJIy9eH TOJIBKO Ha 21-e cyTku. CiemyeT Taxxke
OTMETHTH, UYTO C MOMEHTA HaHeCeH!sI PaH U Ha IPO-
TSOKEHUU HECKOJIBKUX IEPBBIX JIHEH IMOBEPXHOCTH
paH y *KUBOTHBIX BceX IpymIn ObLIa oOJernieHa 3Ha-
YHUTEJTbHBIM  KOJWYECTBOM MEJIKOH JIpeBECHOU
CTPYKKU TOACTUIKH. OHAKO 3TO 0OCTOATETHCTBO
He IOBJIUSJIO OTPUIIATEJIFHO HA IIPOIIECC 3a3KHUBJIIE-
HUA DaH y HOJONBITHBIX MbImed. Ha 21-e cyTku
HaOJIIOZIeHUsI BU3YaJIbHO HAa MecTe OBIBIIUX paH y
JKHBOTHBIX TPYIII 1—4 OTMEYAIUCH TOJIBKO CIEABI OT
KOpOUeK pasMepaMu OT 0.01—0.03 cM? Ha ¢oHe
PO30BBIX pyOIIOB pETeHepUPOBABIIIEH KOXKHU, IIOKPHI-
ThIE 110 Iepudepun oTpacramoilel meperbio. Kpome
BTOrO, HEOOXOIUMO OTMETHUTh, UYTO B TPyHIAX 3—4
ObLya BBISIBJIEHA TEH/IEHIH 60Jiee OBICTPOTO 3aKUB-
JleHus1 paH (HauwHAs C 15-X CYTOK HaOJIOZEHUS B
rpymIe 3, a B IpyIIe 4 — ¢ 18-X CyTOK) 110 CPAaBHEHUIO
C ’KUBOTHBIMU KOHTPOJILHOUM TPYIIBI 2, JIEYEHHBIX
Ma3bio0 JIeBOMUKOH-TDD.

YcraHOBJIEHHAA B XOJI€ HACTOAIIEH paboThI 6oJiee
BbICOKasA A(PGEKTUBHOCTh PAHO3AKUBJIEHUSA Y
MBIIIEN HKCIEPUMEHTATBHBIMU Ma3siMU B CpaBHE-
Huu c¢ JleomukoHOM-T®® mposeMoHCTpUpOBaIa
KaK MPOTHUBOBOCIATIUTEIbHBIE, TAaK U PereHepaTHB-
HbIE CBOKCTBA MeJIaHUHA (0COOEHHO B IIPOITMCH Ma3H
C IATUKPATHBIM COJIepKaHUeM MeJaHUHA), He YCTY-
MAaoI1e TAKOBBIM Y XJI0paM(peHUKOJIA 1 METHIIypa-
[IMJIa, KOTOPBIE SABJISIOTCS OCHOBOM Ma3U CPAaBHEHUS.

3AK/JIIOYEHUE

ITpoBe/ieHHOE 3KCIEPUMEHTAILHOE HCCIIeN0Ba-
HUE TI03BOJISIET CZIeJIaTh CIELYIOIIHE BHIBO/IBL:

1. MeJlaHWHBI U3 TPUPOIHOTO CHIPhS U TIyOUH-
HOH KyJIbTYphl uaru mramma Inonotus obliquus

15th day of observation in group 3, and from the 18th
day in group 4) compared with animals of control
group 2 treated with Levomikon-TFF ointment.

The higher efficiency of wound healing in mice
with experimental ointments, in comparison with
Levomikon-TFF, established in the course of this
work, demonstrated both anti-inflammatory and
regenerative properties of melanin (especially in the
ointment formulation with a fivefold melanin con-
tent), not inferior to those of chloramphenicol and
methyluracil, which are the basis of the comparison
preparation.

CONCLUSION

The conducted experimental study allows us to
draw the following conclusions:

1. Melanins from natural raw material and the
submerged culture of chaga (Inonotus obliquus
F-1244 strain) completely suppressed the growth of
gram-positive spore-forming Bacillus cereus bacte-
rium in a co-culture. Melanin from natural chaga
raw material, on average, suppressed the growth of
Staphylococcus aureus ATCC 6538 strain by an
order of magnitude more actively. Melanin from the
submerged culture of chaga (Inonotus obliquus
F-1244 strain) completely suppressed the growth of
the clinical isolate of the highly pathogenic Candida
sp. Ft-5 strain from a deceased patient with genera-
lized candida infection, and inhibited the growth of
the collection Candida albicans 620 yeast strain, on
average, by two orders of magnitude more inten-
sively.

2. The components of the ointment bases of the
two tested formulations (melanin from natural chaga
raw material and melanin obtained on the basis of
the submerged culture of chaga (Inonotus obliquus
F-1244 strain), as well as an ointment containing a
fivefold increased concentration of melanin from
natural chaga, have no toxicity to experimental ani-
mals.

3. Ointments containing 0.4 mg of melanin from
natural raw material and the submerged culture of
chaga (Inonotus obliquus F-1244 strain) in 0.2 g of a
single dose of ointment had the same wound healing
efficacy, while not only were not inferior in wound
healing efficacy to the combined antimicrobial com-
parison drug Levomikon-TFF, but showed a ten-
dency to more accelerated wound healing (on the
15th—18th day of observation) compared with the
process of wound regeneration in a group of animals
treated with the comparison drug.

4. A more accelerated wound healing effect was
demonstrated in experimental animals (already on
the 12th day of observation) treated with a fivefold
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F-1244 10JTHOCTBIO ITOABIISAIIN PA3MHOKEHNE TPaM-
MOJIOKUTEJIPHON  criopoobpasyiomeld  6akTepun
Bacillus cereus B COBMECTHOH KyJbType. MejaHUH
U3 IPUPOJHOTO CHIPHS Yard B CPETHEM Ha MOPSIIOK
[TO/IABJISJI POCT 30JIOTUCTOTO CTa(PUIOKOKKA IIITaMMa
Staphylococcus aureus ATCC 6538. MenaHuH us
DIyOWMHHOM KyJBTYpHl INTaMMa daru Inonotus
obliquus F-1244 10JTHOCTBIO MOABJISI POCT KJIMHU-
YeCKOTO U30JIATa BBICOKOMATOTEHHOTO IITaMMa
Candida sp. Ft-5 ot ymepiero 60J5HOTO ¢ reHepa-
JIN30BAaHHOU KaHIUJIO3HON HH(MEKITNEH U B CPEJTHEM
Ha J1Ba MOPSAKA MHTHOUPOBAJI POCT KOJIEKI[UOH-
Horo mrramma aposskeit Candida albicans 620.

2. KoMIIOHEHTHI Ma3eBbIX OCHOB JBYX IIPOIUCEH
WCIBITAHHBIX Mazed (MeJIaHWH W3 IPUPOHOTO
CBIPhSI Yard W MeJIaHUH, IOJIYyYeHHBIH HA OCHOBE
[JIyOMHHOU KYyJIBTYpbl INTaMMa uaru Inonotus
obliquus F-1244), a Tak’Ke Ma3b, COZepIKaIIas IATH-
KPaTHO YBEJINYEHHYI0 KOHIIEHTPALIMIO MeJIAHNHA U3
MIPUPOJTHOU Yard, He 00JIaIal0T TOKCHIHOCTHIO JIJIs
SKCIIEPUMEHTAIBHBIX JKUBOTHBIX.

3. Masu, copep:kamue Mo 0.4 MI' MeJaHUHA U3
TIPUPOJTHOTO CHIPHS Yark U ee TJIyOMHHOHN KYJIbTYPhI
mrramma Inonotus obliquus F-1244 B 0.2 T ogHOpa-
30BOH 7103l Ma3u, 00JIalaTd OJMHAKOBOU paHO3a-
JKUBJISIOIIEN 3P (PEKTUBHOCTBIO, TPU 3TOM He
TOJIPKO He YCTYIIAJTH 10 PAHO3aKUBJIAIONIEH 3 dek-
TUBHOCTH KOMOWHUPOBAHHOMY ITPOTHBOMHKPOO-
HOMy Iipenapary cpaBHeHUs JIeBOMUKOH-T®®D, HO
IIPO/IEMOHCTPUPOBAJIN TEHJIEHIIUIO O0Jiee YCKOPEeH-
HOTO 32KUBJIeHUs paH (Ha 15—18-e cyTku HabIIIo/1e-
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HUI) TI0O CPAaBHEHMUIO C IIPOIIECCOM pereHepaIuy paH
y I'PYIIIBI }KUBOTHBIX, JIEYEHHBIX YKa3aHHBIM IIpelia-
paToM CpaBHEHHUS.

4. TlpogemoHcTpupoBaH 0ojlee YCKOPEHHBIN
5bdEKT 3aKUBJIEHUST PAH Y SKCIIEPUMEHTATbHBIX
JKMBOTHBIX (y2Ke Ha 12-€ CyTKU HaOJII0/IeHUA ), JIeUeH-
HBIX C HATUKPATHO YBEJIUUYEHHBIM COJlep:KaHUEM
MeJIaHWHA U3 IIPUPOJHOIO ChIPhA Yaru B IPOIMCHU
MasH, 0 CPAaBHEHUIO ¢ MBIIIIAMH, JIEUeHHBIMU IIpe-
mapaToM CpaBHEHHUA.

Taxkum obpazom, Masu, coep:Kallue MeJaHUH
yary, o0J1aZjaloT IPOTUBOBOCIATIUTEIBHBIMU, pere-
HEPAaTUBHBIMU CBOMCTBAMH U MOTYT paccMaTpH-
BaThCA B KauecTBe IIepCIIeKTUBHBIX IIpernapaToB JIJId
MEeCTHOTO JIeUeHUs PaH.

KoHdIuKT nHTEpECOB. ABTOPHI 3aABJISAIOT 00
OTCYTCTBUM KOH(MJINKTA HHTEPECOB.
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IIpoTUBOBOCHAIUTEIbHOE U AHAJbIreTUYECKOE IeCTBUE
WHTUOUTOPA UHAYIIUPYEMOU CHHTa3bl OKCHUIA a30Ta
B 9KCIIEpUMeEHTe
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AHHOTAIIUA

BBepgenue. Okcusazora UrpaeT KIIOUYEBYIO POJIb B PAa3BUTHUU BOCIIaJIEHHA. B ¢BA3U ¢ 3TUM IIePCIEKTUBHO CO3/IaHUe
JIEKapCTBEHHOTI'O CPE/ICTBA, CHIKAIOIIET0 IIPOAYKIINIO OKCH/Ia a30Ta B 04Yare BOCIIaJIeHUA.

IT e 1 5 . M3yuuTh B 9KCIIEPUMEHTE IIPOTHBOBOCIATIUTEIBHOE U AHAIBTETHYECKOE JIeHCTBIe HHTUOUTOPA HHAYIIUPYEMOH
CHHTa3bl OKCH/IA a30Ta IPOU3BOAHOTO aMuHOTyaHuAnHa (mudp — LIS-M).

MaTtepuans u MerTo b . CoeguHenue LIS-M B 1% BOJAHOM pacTBOpe NOJMBUHWIIUPPOJIW/I0OHA BBOAUIN
BHYTPUMBIIIIEYHO B ZI03aX 5, 10 U 20 MI/KT 150 KpbIcaM-caMIlaM JMHUU Sprague Dawley u 50 MblmaM-camIiiam JINHAH
CD-1 ¢ 3KCIepUMeHTAIbHBIMU MOZEJISIMU BOocHaeHus U 60i1u. JKUBOTHBIE TPYIIIBI CPDABHEHUS HOJIYJIaIN JUKIOMEHAK B
JI03€ 10 MT'/KT, 2KUBOTHBIE I'PYIIIBI KOHTPOJIA — 1% BOAHBIA PACTBOP MTOJIMBUHUJIIUPPOJII/IOHA B 9KBUBAJIEHTHOM 00'beMe.
OneHuBaiy BausaHue coequHenusa LIS-M Ha TeueHHe SKCIIEPUMEHTAIBHON [TaTOJIOTUH U €T0 aHAJIbIeTHYECKOe IIOTEHITH-
aJIbHOeE YJIbllepOTeHHOe JleficTBUe.

PesynbTarTshl . YKpblc-caMIOB TUHUH Sprague Dawley coeunenrie LIS-M yMeHbIIIaeT 0CTpoe SKCCYyZaTUBHOE BOC-
IajieHne, BhI3BAHHOE MH'bEKIMeN 1107 IJIAHTAPHBIN allOHEeBPO3 KappareHWHa, TUCTaMUHA WU CEPOTOHUHA, TOPMO3UT
nposidepanuio rpaHyIAINOHHON TKAHU U HKCCYZAIUI0 BOKPYT UMILIAHTHPOBAHHOTO IO/ KOXKY BaTHOTO TaMIIOHA, HE
OKa3bIBaeT YJIBIIEPOTEHHOTO JieHcTBUA. Y Mbliel-caMioB JuHuu CD-1 ociiabiisier 60IEBYI0 PEAKIUI0 U YBEJTMUHBAET
BpeMs JI0 ee HaCTyIJIeHUA.

3axnwueHue. CoeguHenue LIS-M B nuanasoHe /103 5—20 MI/KI' OKa3bIBaeT BbIPA’KEHHOE aHTUAKCCYZATUBHOE,
AQHTUIPOJIN(EPATHBHOE U AHATIBIETUYECKOE JIEHCTBYE, He YCTYIas IEHCTBUIO IUKI0(eHaKa B 7103€ 10 MT/KT, U He OKa3bl-
BAaeT YJIbI[€POTeHHOTO JIeHCTBUA.

Kaouessble cao8a: mpon3BOJHOE aMUHOTYaHUAUHA, HHAYIUpYyeMas hbopMa CHHTA3bl OKCH/IAa a30Ta, BOcHaJeHue, 60JIb,
VIIBIIEPOTEHHOE JIEHCTBHE.
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HO€e U aHAIBIeTUYECKOe AeHCTBHE MHTHOUTOpa MH/YIIUPYyEeMON CHHTa3bl OKCH/A a30Ta B 9KcrepuMeHTe // Journal of
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Anti-inflammatory and analgesic activity of an inducible NO
synthase inhibitor in an experiment
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ABSTRACT
Introduction. Nitric oxide plays a key role in the development of inflammation. In this regard, it is promising to
create a drug that reduces the production of nitric oxide in the focus of inflammation.
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Aim. To study experimentally the anti-inflammatory and analgesic effects of an inducible nitric oxide synthase inhibitor
of an aminoguanidine derivative (LIS-M).

Materials and methods. The compound LIS-M in 1% aqueous solution of polyvinylpyrrolidone was adminis-
tered intramuscularly at doses of 5, 10 and 20 mg/kg to 150 male Sprague Dawley rats and 50 male CD-1 mice with exper-
imental models of inflammation and pain. The animals of the comparison group received diclofenac at a dose of 10 mg/kg,
the animals of the control group received 1% aqueous solution of polyvinylpyrrolidone in an equivalent volume. The effect
of the LIS-M compound on the course of experimental pathology and its analgesic potential ulcerogenic effect were evalu-
ated.

Results. In male Sprague Dawley rats, the LIS-M compound reduces acute exudative inflammation caused by injec-
tion of carrageenan, histamine or serotonin in plantar aponeurosis, inhibits the proliferation of granulation tissue and
exudation around a cotton swab implanted under the skin, does not have an ulcerogenic effect. In male CD-1 mice, it weak-
ens the pain reaction and increases the time before it occurs.

Conclusion. The LIS-M compound at doses ranging from of 5 to 20 mg/kg has a pronounced antiexudative, antip-
roliferative and analgesic effect, not inferior to the action of diclofenac at a dose of 10 mg/kg, and does not have an ulcero-
genic effect.

Keywords: aminoguanidine derivative, inducible nitric oxide synthase, inflammation, pain, ulcerogenic action.
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BBEJEHUE

Oxcup azora (NO) yuacTByeT BO MHOTUX (PU3HO-
JIOTHYECKUX U TATOJIOTUYecKuX mporeccax. OH
obpasyeTcs B SHIOTEJINH COCYIOB B PEAKIUIX, KaTa-
JINBUPYEMBIX KOHCTUTYIIMOHAIBHBIM U HUHAYIIHPYe-
MbIM n3odepmentamu cuHTazsl NO [1]. Konerury-
nUOHAIbHBIE NO paciiupsier COCyZbl, YJIydIliaeT
KPOBOCHA0OKeHHEe OPTaHOB, TOPMO3HUT arperaiuio
TPOMOOITUTOB, OKa3bIBAET IIPOTHBOATEPOCKIIEPOTHU-
YeCcKoe U TaCTPOIIPOTEKTUBHOE JIEWCTBUE, YIACTBYET
B CMHANTHYeCKOU mepezade [2]. B ouare Bocmase-
Hus NO cuHTe3upyeTcs B O0IBIIIOM KOJIIMIECTBE IIO7
BJIMSTHUEM WHAYIIUPYEMOTO KaJIbI[MHHE3aBUCUMOTO
usodepmenTa cuuraspl NO (iNOS). Ero akrusaro-
pamu ciykat uHTepdepoH Y, HHTEPJIEHKUH-6, hak-
TOP HEKPO3a OITYXOJIH O, IUIIOIOJIMCAXapUIAbl baKTe-
puii [3]. NO akTuUBUpYeT CHHTE3 MPOBOCIIAJINTEIb-
HBIX [IUTOKIHOB, OKA3bIBAET IUTOTOKCHUYECKOE JIeHi-
CTBUE, YCHJIMBAET DKCCYJAIUI0 U TMPOTUdEpPAIHIO
COeIUHUTEIbHON TKAaHU [4].

Jisi JledeHMUsA BOCHAJIMTENIBHBIX 3a00JIeBaHUI
MIEPCIEKTUBHO CO3/IaHUE HECTEPOUIHOTO IIPOTHUBO-
BocmasiuTesibHoro cpexacrsa (HIIBC), cmocoGHOTO
yMeHbIIATh aKTUBHOCTh iNOS 6e3 BIuAHUA Ha ee
KOHCTUTYI[MOHANbHYI0 (opmy. IIpemmnosaraercs,
YTO TAaKOe CPEACTBO MOKET IOAABJIATH BOCIAJIU-
TeJIbHYI0 peakIuio 0e3 HeXKeJIaTeJbHOTO BIIMSHUSA
Ha CepAEeYHO-COCYAUCTYI0O CUCTEMY W YJIbIIEPOTEH-
HOTO JieficTBusA. Kak n3BeCTHO, OOJIBIITUHCTBO COBpE-
meHHbIX HIIBC He JIMIIEHBI 3THUX OMACHBIX 1TO60Y-
HbIX 3pdexToB [5]. B 000 «HHOBaImoHHbie dap-
MakoJsiorudeckre paspaborku» (Poccus, Tomck)
CHUHTe3UpOBaHO coeuHeHue LIS-M — npousBogHOe

INTRODUCTION

Nitric oxide (NO) is involved in many physiologi-
cal and pathological processes. It is formed in the
vascular endothelium in reactions catalyzed by con-
stitutive and inducible NO synthase isoforms [1].
Constitutive NO dilates blood vessels, improves
blood supply to organs, inhibits platelet aggregation,
has anti-atherosclerotic and gastroprotective effects,
participates in synaptic transmission [2]. In the focus
of inflammation, large amount of NO is synthesized
under the influence of calcium-independent induc-
ible NO synthase (iNOS) isoform. Its activators are
interferon vy, interleukin-6, tumor necrosis factor-
alpha, lipopolysaccharides of bacteria [3]. NO acti-
vates the synthesis of pro-inflammatory cytokines,
has a cytotoxic effect, enhances exudation and prolif-
eration of connective tissue [4].

For the treatment of inflammatory diseases, the
creation of a nonsteroidal anti-inflammatory drug
(NSAID), capable of reducing the activity of iNOS
without affecting its constitutional form, is promis-
ing. It is assumed that such a remedy can suppress
the inflammatory reaction without adverse effects on
the cardiovascular system and ulcerogenic action. As
it is known, most modern NSAIDs are not free from
these dangerous side effects [5]. A compound LIS-M,
a derivative of the selective iNOS inhibitor amino-
guanidine, was synthesized in Innovative Pharmaco-
logical Research, LLC (Tomsk, Russia). The selective
action of LIS-M on iNOS is provided by the radical of
nitrophenyl aminoindole [6]. In previous experi-
ments, the iNOS concentration was measured by the
enzyme immunoassay (Cloud-Clone Corp. Kit, USA)
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ceJIeKTUBHOrO HHTHOUTOpa iNOS aMUHOTYyaHUTUHA.
CenextuBHoe gericrBue LIS-M ua iNOS obGecrnieuu-
BaeT paJuKad HUTpPopeHWIaMHUHOWHAOMA [6].
B paHee TpOBEJIEHHBIX 3KCIIEPUMEHTAX HMMYHO-
dbepmenTubim Metoziom (Habop Cloud-Clone Corp.,
CIIIA) usmepstu KoHIeHTparuo iNOS u pagrome-
TpuueckuMm MetogoM (Habop Cayman Chemical
Company, CIITA) — aKTUBHOCTb KOHCTHTYI[OHAIb-
HbIX popMm depmenta. Coequnenne LIS-M nHrn6um-
poBasto ToJsibko iNOS [7].

IEJIDb NCCJIEJOBAHUA

V3yuuTh B SKCIIEPUMEHTE BJIMSHUE WHTUOUTOPA
iNOS 1mpou3BOHOTO aMHUHOTYaHHUIMHA Ha BOCIIaJIe-
HUe U 60JTb.

MATEPUAJIBI 1 METO/IbI

[TpomnsBogHoe amuHoryanuyinaa LIS-M npezcras-
ssier coboit ({[3-(4-HUTpOdEHNTAMIHO))UHI0I-2-1JT]
MeTHJIEH ;aMUHO )TyaHU/ITHHA METaHCYIbGOHAT (puc. 1).
Cpenpsas netanbHas fo3a LD LIS-M nipur BHYTPHMBI-
IIIEYHOM BBE/IEHUU COCTaBJIAET JUIA KPBIC-CAMIIOB
382.6 MT/KT, 77151 MBIIIIEH-CaMITOB — 200 MT/KT.

OKCIEPUMEHTHI IIPOBOJWIIN B HCIHBITATEIBHOM
neaTpe OO0 «HHOBAIMOHHBIE (papMaKOJIOTHYE-
ckue paszpaborku» (000 «Mdap) HA 150 KpbICax-
camuax jquHuu Sprague Dawley maccoii Tena 230—
250 T ¥ 50 MbImax-camiax guHun CD-1 maccoit
Tesia 25—27 r. JKUBOTHBIX MOJIyYaId U3 OTAETEHU
CBOOOJHBIX OT ATOTeHHOU MHUKPOQMJIOPHI 1abopa-
TOpHBIX XUBOTHBIX OO0 «Udap», comepxanu B
CTAHJIAPTHBIX IJIACTUKOBBIX KJIETKAaX MO 6 KPBIC U
10 MbIed mpu Temunepartype 18—-26 °C, oTHOCH-
TeJIbHOH BJIAXKHOCTHU BO3/yXa 45—65 %, BO3yX000-
MeHe 10—11 00b€MOB/Y U PETYIUPYEMOM CBETOBOM
pexume (12:12 ). McenemoBanue oq00peHo STHYe-
ckuMu kKomuteramMu CHOUPCKOTO TOCY/apCTBEH-
HOTO MEJUIIMHCKOTO YHHUBepcUTeTra (MIPOTOKOJ
N2 5591 ot 23.10.2017) 1 OO0 «Mpap» (mpoTokros
N2 31/2020 0T 04.02.2020), IPOBEIEHO B COOTBET-
CTBHUU C MOJIOKEHUAMU EBpomeiickoil KOHBEHITUU

and the activity of the constitutional forms of the
enzyme was measured by the radiometric method
(Cayman Chemical Company Kit, USA). The LIS-M
compound inhibited only iNOS [7].

AIM OF THE RESEARCH

To study the effect of an iNOS inhibitor of an
aminoguanidine derivative on inflammation and
pain experimentally.

MATERIALS AND METHODS

The aminoguanidine derivative LIS-M is
({[3-(4-nitrophenyl amino)indole-2-yl]Jmethylene}
amino)guanidine methanesulfonate (Fig. 1). The
average lethal dose (LD50) of LIS-M with intramus-
cular administration is 382.6 mg/kg for male rats,
200 mg/kg for male mice.

The experiments were carried out in the testing
center of Innovative Pharmacology Research, LLC
(IPhar, LLC) on 150 male Sprague Dawley rats
weighing 230-250 g and 50 male CD-1 mice weigh-
ing 25—27 g. The animals were obtained from the
Department of specific pathogen free (SPF) labora-
tory animals of IPhar, LLC, kept in standard plas-
tic cages (6 rats and 10 mice per cage) at a tem-
perature of 18—26°C, relative humidity of 45-65%,
air exchange of 10—11 volumes/h and adjustable
light mode (12:12 h). The study was approved by
the ethical committees of the Siberian State Medi-
cal University (Protocol No. 5591 of 23.10.2017)
and IPhar, LLC (Protocol No. 31/2020 of
04.02.2020), conducted in accordance with the
provisions of the European Convention for the
Protection of Laboratory Animals (Strasbourg,
1986) and in compliance with the principles and
the Rules of Good Laboratory Practice (GOST
33044-2014, Order of the Ministry of Health of
Russia dated 01.04.2016 No. 199n).

Rats and mice were intramuscularly injected with
the compound LIS-M at doses of 5, 10 and 20 mg/kg
in 1% aqueous solution of polyvinylpyrrolidone or
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Fig. 1. LIS-M structural formula
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10 3ammuTe Jab0paTOPHBIX KUBOTHBIX (CTpachypr,
1986) U ¢ coOJIOZIeHNEeM IPUHITUIIOB U IPABHUII
Hazexkanied JsabopatopHoii mpaktuku (I'OCT
33044-2014, npuka3d Munsapasa Poccuu ot
01.04.2016 N2 199H).

Kppicam 1 MblllIaM BHYTPUMBIIIIEYHO BBOJIMIIH B
1% BOJTHOM pacTBOPE MOJIUBUHIITUPPOIHIOHA COe-
nuHeHne LIS-M B 103ax 5, 10 ¥ 20 MT'/KT WJIU IIpena-
par cpaBHenus aukiaodenak (Sandoz, 'epmanus) B
no3e 10 mr/kr [8]. KoHTposIbHBIE JKUBOTHBIE TIOJTY-
JaTu 1% BOJTHBIA PACTBOP MOJTUBUHWIITUPPOTU0HA
B DKBUBAJIEHTHOM O0BEME.

s OIeHKW BJIMSHWS BeEIIeCTB HAa pa3HbIe
BUJIBl OCTPOTO HKCCYZATUBHOT'O BOCIIAJIEHUS Uepes
0.5 4 TI0cJie OTHOKPATHON BHYTPUMBIIIIEYHOU UH'B-
exruu coequHenus LIS-M wiu nuknodenaka mo
IUTAHTAapHBIN alIOHEBPO3 3a/[HE KOHEYHOCTH KPBIC
BBOAWIU KappareHuH (20 Mr/mj), THCTaMUH
(20 mr/mur) unu cepoToHHH (0.1 MT'/MJI) B BOTHBIX
pacrBopax (Bce Sigma-Aldrich, CIIIA). B apyryio
KOHEYHOCTh BBOJWJIM W30TOHUYECKUU PACTBOP
HATpUsA XJIOpHUAA B TOM Ke oObeMe. Bemmuuny
OTeKa OIEHWBAJIM NPHU IOMOIIYU IIJIETH3MOMETpa
(Ugo Basile, Utanus) kak pasHUIy MeXAy oObe-
MaMH 33THUX KOHEUHOCTEH uepes 4 U IOcJie BBe-
JIeHUSI KappareHnHa WK Yepes 0.5 9 IocJIe BBeje-
HUS TUCTAMUHA M CEPOTOHUHA [9, 10].

s MoZieTMpOBaHUS XPOHUYECKOTO Ipostude-
PaTHUBHOTO BOCIIAJIEHUs KPbICAM II0] JIETKUM Hap-
K030M ceBOGJIypAHOM B aCENTUUYECKUX YCJIOBUAX
UMIDIAaHTAPOBAJIN IO/ KOXKY CIIHUHBI JIBA CTEPUJIb-
HBIX BATHBIX TaMIIOHA MacCOd 10 MT KaKJIbIH.
B TeueHme 7 CyT 1 pa3 B CYTKH BHYTPHUMBIIIEUHO
BBOAMJIMN coeauHeHwe LIS-M B go3ax 5, 10,
20 MTI/KT Wi TUKI0deHaK B 103€e 10 Mr/kr. Ha 8-¢
CYTKHU TIOCJIE OIEepAIuU >KUBOTHBIX BBIBOJMJIN U3
SKCIEPUMEHTA B KaMepe, MOCTEIeHHO 3aIoIHse-
MOU YTJIEKHCIIBIM Ta30M, M3BJIEKAJIU TaMIIOHBI C
oOpa3oBaBIIeicsl BOKPYI HHUX TPAHYJIAIMOHHOMN
TKaHbBIO, B3BEIINBAJIM, BHICYIINBAIN B TEPMOCTATE
JI0 TIOCTOSIHHOW MAacChl M IIOBTOPHO B3BEINTUBAJIU.
[MponudepaTUBHYIO PeaKIHI0 OIEHUBAIN IO pa3-
HHIle MEeX/Iy MAacCOU BBICYIIEHHOU I'DAHyJIEMbI U
HCXOTHOU Maccod TaMIIOHA, YKCCY/IATUBHYIO — IO
pa3HUIle MeXJly MacCOd ChIPON M BBICYIIIEHHOU
rpaHysiem [10].

AnasipreTuueckuit 3¢ @eKT OEHUBAIN Y MbIIITEN
[0 BJIUAHUIO HA COKPAIIEHWS OPIONIHBIX MBIIIII]
(«xopum»), BRI3BAaHHBIE BHYTPUOPIOIIMHHON NHBEK-
nued 0.75% pacTBopa YKCyCHOU KHCJIOTHI B 00beMe
0.1 MJI/10 T Macchl TeJia JKUBOTHOTO. 3a 8 4 10 UHB-
eKIIUU Pa3IpaKUTEJIsI BBOJAWIN OJJHOKPATHO BHY-
TpUMBIIIeYHO BelllecTBO LIS-M wmum jgukiodeHax.
B TeueHme mMOC/IENYIONUX 15 MUH JJIsT KaXKIOTO

the comparison drug diclofenac (Sandoz, Germany)
at a dose of 10 mg/kg [8]. Control animals received
1% aqueous solution of polyvinylpyrrolidone in an
equivalent volume.

To assess the effect of substances on various
types of acute exudative inflammation, 0.5 h after a
single intramuscular injection of the compound
LIS-M or diclofenac, carrageenan (20 mg/ml), his-
tamine (20 mg/ml) or serotonin (0.1 mg/ml) in
aqueous solution (all Sigma-Aldrich, USA) were
administered under plantar aponeurosis of the hind
limb of rats. Normal saline was injected into the
other limb in the same volume. The volume of
edema was assessed using a plethysmometer (Ugo
Basile, Italy) as the difference between the volumes
of the hind limbs 4 h after the administration of car-
rageenan or 0.5 h after the injection of histamine
and serotonin [9, 10].

To simulate chronic proliferative inflammation,
two sterile cotton swabs each weighing 10 mg were
aseptically implanted under the skin of the back of
rats under light anesthesia with sevoflurane. For
7 days, the LIS-M compound was administered
intramuscularly once a day at doses of 5, 10, 20
mg/kg or diclofenac at a dose of 10 mg/kg. On the
8th day after the operation, the animals were sacri-
ficed in a chamber gradually filled with carbon
dioxide; swabs with granulation tissue were
removed, weighed, dried in a thermostat to a con-
stant mass and re-weighed. The proliferative reac-
tion was evaluated by the difference between the
mass of the dried granuloma and the initial mass of
the swab, the exudative reaction was evaluated by
the difference between the mass of the raw and
dried granulomas [10].

The analgesic effect was evaluated in mice by the
effect on abdominal muscle contractions (writhing
test) caused by intraperitoneal injection of 0.75%
acetic acid solution in a volume of 0.1 ml/10 g of ani-
mal body weight. LIS-M or diclofenac was adminis-
tered once intramuscularly 8 h before the injection of
the irritant. During the next 15 min, the number of
cramps was counted for each animal and the time
before the first cramp was recorded [10].

To study the potential ulcerogenic effect, the com-
pound LIS-M (5, 10, 20 mg/kg) or diclofenac
(10 mg/kg) was administered intramuscularly to rats
4 times with an interval of 24 h. Three hours after the
last administration, the animals were sacrificed in an
atmosphere of carbon dioxide. The gastric mucosa
was examined using a stereoscopic microscope
(Observation Devices, LLC, Russia) at magnification
x10, the degree of mucosal lesion was assessed on a
four-point scale [10].
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JKHBOTHOTO IIOJICIUTHIBAIN YUCJIO «KOPUEH » U PETH-
CTpUPOBJIM BpeMs JI0 HACTyIUIEHUS NEPBOU
«kopumu» [10].

1 mccieoBaHus MOTEHIIUAIBHOTO YJIBIIEPO-
TeHHOro jeicTBusA coemuHenue LIS-M (5, 10,
20 Mr/kr) win gukiaodeHak (10 Mr/Kr) BBOIUIA
KpbICAaM BHYTPUMBIIIIEYHO 4 pasa C HHTEPBAJIOM
24 4. Yepes 3 4 IOCJIE TIOCJIEHETO BBE/IEHUS YKUBOT-
HBIX BBIBOAWIN U3 BKCIIepUMeHTa B atMocdepe
YTJIEKUCIIOro raza. Cau3ucTyio 000JIOUKY JKeTyaKa
WCCJIEZIOBAJIA C IIOMOIIBI0 CTEPEOCKOIIMYECKOTO
mukpockona (OO0 «Hab6uogaTeapHble TpUOOPHI»,
Poccust) pu yBeJTMUEHUH X 10, CTEIIEHb TOPAKEHUSI
CITU3UCTOH OOOJIOUKHM OIEHWBAJIU II0 YEThIPEX-
Oa/IbHOM IIKasIe [10].

HopwmanpHOCTD pacmpesiesieHus TaHHBIX OIE€HU-
BaJIM ¢ nomo1nbko kpurepusa Hlanupo — Yuska. Ycera-
HOBJIEHO HOPMAaJIbHOE pacIpe/iesieHre TAaHHBIX, II03-
TOMY JIOCTOBEPHOCTH Pa3Iuuuil (p < 0.05) MEXIy
TPYIIIAMH OIPENESJIA C IOMOIIBI0 {-KpUTEPUS
Crhlo/ieHTA.

PE3YJIBTATDBI 1 OBCY2KJIEHUWE

Kapparenus, rucTaMuH U CEDOTOHUH BBI3BIBAIU
OTeK KOHEYHOCTH KphIC. [loc/ie MHBEKIINHU Kappare-
HUHA 00bEM BOCHAJIEHHON KOHEYHOCTH BO3pACTas
Ha 88 %, 1oj1 BIUSAHUEM THCTaMHUHA — Ha 41 %, cepo-
TOHUHA — Ha 84 % (Tabu1. 1). [IpoU3BOAHOE AMUHOTY-
anugauHa LIS-M B mo3ax 5, 10 ¥ 20 MTI/KT IOC/e
OTHOKPATHOHW BHYTPHUMBIIIIEYHON UHBEKIINU CTATH-

The normality of the data distribution was
assessed using the Shapiro-Wilk test. The normal
distribution of data was established, so significance
of the difference (p < 0.05) between the groups was
determined using Student’s t test.

RESULTS AND DISCUSSION

Carrageenan, histamine and serotonin caused
edema of the rats’ limbs. After injection of carra-
geenan, the volume of the inflamed limb increased
by 88%, after histamine injection — by 41%, after
serotonin injection — by 84% (Table 1). The deriva-
tive of aminoguanidine LIS-M at doses of 5, 10 and
20 mg/kg after a single intramuscular injection sta-
tistically significantly decreased the edema of the
rats’ limb: in the experiment with carrageenan by 30,
58 and 67% respectively, with administration of his-
tamine — by 44, 52 and 71%, serotonin — by 23, 25
and 29 %. Diclofenac at a dose of 10 mg/kg reduced
the exudative reaction by 62%. When carrageenan
and histamine were administered, the LIS-M com-
pound showed the greatest antiexudative effect at a
dose of 20 mg/kg, when carrageenan was injected, it
was 15% more pronounced than that of diclofenac at
a dose of 10 mg/kg (p < 0.05); in experiments with
histamine and serotonin administration, the effects
of these substances were comparable. The severity of
serotonin-induced edema was significantly greater
than with the action of other inflammatory agents,
and the anti-inflammatory effect of LIS-M and diclof-

Ta6uuna 1. [IpoTUBOBOCTIATTUTEIFHOE JEHCTBHE IIPOU3BOHOTO aMuHOTyaHuinHa LIS-M B 103aX 5, 10 ¥ 20 MT'/KT U
nukIodeHaka B 103e 10 MI'/KT Ha MOJIEJISIX OCTPOTO 9KCCYAATUBHOTO BOCTIAIEHUS

Table 1. Anti-inflammatory effect of the aminoguanidine derivative LIS-M at doses of 5, 10 and 20 mg/kg and diclofenac
at a dose of 10 mg/kg on models of acute exudative inflammation

YciaoBusa gaall')rl;;rei};ﬁ/ I'mcramuH / Histamine  Ceporonus / Serotonin
IKCIIEpUMEHTA

Expe?i_mental BeJIMUYMHA OTEKA, MJI %  BeJUYHUHA OTEKa, MJI %  BeJMYHHA OTeKa, MI %
conditions edema volume, ml edema volume, ml edema volume, ml

1% BOJIHBIN PaCTBOP 0.54 + 0.08 100 0.37 £ 0.01 100 0.90 + 0.04 100
IIOJIMBUHUWJIIIUPPOJIUI0OHA

(xoHTpOJIB)

1% polyvinylpyrrolidone

aqueous solution (control)

LIS-M, 5 mr/xr (mg/kg) 0.38 £ 0.06! 70  0.21 + 0.03! 56  0.70 £ 0.07" 77
LIS-M, 10 mr/xr (mg/kg) 0.23 + 0.03"2 42  0.18 £ 0.03" 48 0.68 + 0.05" 75
LIS-M, 20 mr/kr (mg/kg)  0.18 £ 0.02-234 33 0.10 £ 0.03%>3 29 0.64 + 0.07! 71
JuknodeHak, 10 MI/Kr 0.26 + 0.03%2 48 0.12 £ 0.03%23 32  0.67+ 0.07 74
Diclofenac, 10 mg/kg

IIpumedvanue. 3HAUMMblE OTJINYMSA IIOKa3aTeJeH: ' — 10 CPAaBHEHUIO C IIOKa3aTeJleM KOHTPOJIBHOW Ipymmsl (p < 0.05), 2 — 10

CpaBHEHUIO C IIOKa3aTesieM pu BBeeHuu LIS-M B 03e 5 Mr/kr (p < 0.05), 3 — 110 CpaBHEHUIO C IIOKa3aTesieM npu BBeeHuu LIS-M B 103e
10 Mr/kr (p < 0.05), 4 — 110 CPAaBHEHHUIO C [I0KA3aTeJIeM IIPU BBEJIEHUH IUKI0(eHaKa B /103€ 10 Mr/Kr (p < 0.05).

N o te. Significant differences in values: * — compared with the indicator of the control group (p < 0.05), > — compared with the indicator
for LIS-M administration at a dose of 5 mg/kg (p < 0.05), 3 — compared with the indicator for LIS-M administration at a dose of 10 mg/kg
(p < 0.05), + — compared with the indicator for diclofenac administration at a dose of 10 mg/kg (p < 0.05).

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



Motov V.S. et al. / Journal of Siberian Medical Sciences Vol. 6, No. 1 (2022)

CTHYECKU JIOCTOBEPHO OCIA0JIAIO OTEK KOHEUHOCTH
KpBIC: B DKCIIEDUMEHTE C KappareHWHOM COOTBET-
CTBEHHO Ha 30, 58 u 67 %, Ipu BBeJIEHUU TUCTa-
MUWHA — Ha 44, 52 1 71 %, CEpOTOHUHA — Ha 23, 25 U
29 %. JlukiiodeHak B 7103€ 10 MT/KI' YMEHBITIAJ SKC-
CYZIaTUBHYIO peakiuio Ha 62 %. IIpu BBeZieHNH Kap-
pareHuHa u rucramMuHa coepuHenue LIS-M nposs-
JISIJIO HAauOOJIBIINN aHTUIKCCYTATUBHBIN 3P deKT B
Jl03€ 20 MT/KT, IPU UHBEKIUH KappareHnHa OH ObLI
Ha 15 % OoJiee BBIpaKeH, UeM JIEHCTBUE JTUKIO(pe-
Haka B 7103€ 10 MT/KT (p < 0.05), B SKCIIEPUMEHTAX C
BBEJIEHHEM THUCTAMUHA M CEepOTOHHHA 3(h@EKTHI
STHUX BEIIECTB OBLIN COMIOCTABUMBI. BRIpaskeHHOCTH
OTeKa, BBI3BAHHOTO CEPOTOHMHOM, ObLIa 3HAYU-
TeJIbHO OOJIbllle, UeM IpU JAEHCTBUU JIPYTUX BOCIIA-
JIUTEJIBHBIX areHTOB, a IIPOTHBOBOCHAJIUTEIbHBIN
addexr LIS-M un nukiodeHaka okasayics ciabee.
Addextpr LIS-M B TecTe ¢ CEpOTOHUHOM HE 3aBH-
CeJTM OT ZI03bI, YTO OOYCJIOBJIEHO MEHBIIEH POJIBIO
NO npu gaHHOHN MOZIEIN BOCIIAJIEHHUS.
VMriaHTaIys BATHBIX TAMIIOHOB TIOJT KOXKY KPBI-
caM COIPOBOXKJAAIach 0Opa3zoBaHUEM BOKPYT HHX
HecrenupUIecKod HEMMMYHHOU rpaHyJieMbl. [Ipo-
U3BOJIHOEe aMuHOTryaHuauHa LIS-M B mo3e 5 Mr/Kr
He BJIUSUIO HAa TPOIUGEPANUI0 TPAHYJISAIIUOHHOMN
TKaHU U HKCCY/AIUIO, B 7103€ 10 MI/KI JJOCTOBEPHO
YMEHBIIAJI0 JKCCYAAIUI0, B JI03€ 20 MT/KI OcJa-
0510 BKccyzaluio U mposudepanuio He ciaabee
nukogeHaka B 03e 10 Mr/Kr (p < 0.05) (Tabur. 2).
YkcycHas kucaora B 0.75% BOJHOM PacTBOPE
IIpU BHYTPUOPIOIIMHHOM BBEJEHUN BbI3BAJA Y
MBbIIIIEH BUCIEPATBLHYI0 00Jb B BHJIE COKpAIlEHUH
Opromubix Mblm («kopun») [11]. CoemmHeHue
LIS-M B 103ax 5, 10 1 20 MTI'/KT YMEHBIIATIO KOTIJe-

enac was weaker. The effects of LIS-M in the sero-
tonin test were dose-independent, due to the lesser
role of NO in this model of inflammation.

Implantation of cotton swabs under the skin of
rats was accompanied by the formation of a non-spe-
cific non-immune granuloma around them. The
aminoguanidine derivative LIS-M at a dose of
5 mg/kg did not affect granulation tissue prolifera-
tion and exudation, at a dose of 10 mg/kg signifi-
cantly reduced exudation, at a dose of 20 mg/kg
reduced exudation and proliferation not less than
diclofenac at a dose of 10 mg/kg (p < 0.05) (Table 2).

Intraperitoneal injection of 0.75% aqueous solu-
tion of acetic acid caused visceral pain in mice in the
form of abdominal muscle contractions (writhing)
[11]. The LIS-M compound at doses of 5, 10 and
20 mg/kg reduced the number of cramps by 44, 50
and 81% respectively, when administered at a dose of
20 mg/kg, the time before the onset of the first cramp
was extended by 98%, when administered at doses of
5 and 10 mg/kg, it did not change. Diclofenac at a
dose of 10 mg/kg reduced the number of writhes by
63% and delayed the onset of the first one by 89%.
The average effective dose (ED, ) of LIS-M in this
test was 7 mg/kg (Table 3).

The LIS-M compound, when administered four
times intramuscularly to rats at doses of 5, 10 and
20 mg/kg, did not exert an ulcerogenic action
(o points). Diclofenac at a dose of 10 mg/kg caused
multiple lesions — pinpoint ulcers, erosions, multiple
hemorrhages (2.5 + 0.5 points).

NO is involved in the development of inflamma-
tion caused by carrageenan, histamine and sero-
tonin. Carrageenan binds to toll-like receptors and,

Tao6uuna 2. [IpoTHBOBOCIIAINTENIHHOE JIEUCTBHE TPOU3BOTHOTO aMuHOTyaHuAuHA LIS-M B 7103aX 5, 10 ¥ 20 MI/KT
u mukodeHaKa B /103€ 10 MI/KI Ha MOJIEJIU XPOHUYIECKOTO MTPOIUGEPATUBHOTO BOCIAIEHUS

Table 2. Anti-inflammatory effect of the aminoguanidine derivative LIS-M at doses of 5, 10 and 20 mg/kg

and diclofenac at a dose of 10 mg/kg on a model of chronic proliferative inflammation

YciaoBusa 3kciepuMeHTa
Experimental conditions

Macca skccymara, Mr
Mass of exudate, mg

Macca rpaHyJIAIHOHHOM TKAHU, MT
Granulation tissue mass, mg

1% BOIHBIN pacTBOP MOJTUBUHWINUPPOIHIOHA 83 + 8 19.1+ 1.5

(kOHTpPOJIB)

1% polyvinylpyrrolidone aqueous solution

(control)

LIS-M, 5 mr/xr (mg/kg) 82+4 18.8 + 1.4

LIS-M, 10 mr/xr (mg/kg) 75 + 52 18.0 £ 1.8

LIS-M, 20 mr/kr (mg/kg) 68 £ 442 14.0 + 1.1%23

JuxinodeHak, 10 Mr/Kr 60 + 4423 13.8 £ 1.5%23

Diclofenac, 10 mg/kg

IIpumeuanue. 3HAYUMBIE OTIMYHUSA [IOKA3ATEJIEH: ' — [0 CPAaBHEHHIO C IOKA3aTeJIeM KOHTPOJIBHOM rpyrisl (p < 0.05), 2 — 1o

CPaBHEHUIO C [T0Ka3aTesieM Ipu BBeieHuu LIS-M B fo3e 5 Mr/Kr (p < 0.05), 3 — 110 CpaBHEHUIO C TIOKa3aTesieM npu BBesieHuu LIS-M B 103e

10 mr/kr (p < 0.05).

N o te. Significant differences in values: ' — compared with the indicator of the control group (p < 0.05), 2 — with the indicator for LIS-M
administration at a dose of 5 mg/kg (p < 0.05), 3 — with the indicator for LIS-M administration at a dose of 10 mg/kg (p < 0.05).
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CTBO «KOpYeW» Ha 44, 50 U 81 % COOTBETCTBEHHO,
IIpY BBEJIEHUH B JI03€ 20 MT'/KT BpeMsI JI0 HACTYTLJIe-
HUS TEPBOU «KOpUM» YJIUHSIIOCh HA 98 %, mpu
BBEJIEHUH B 7I03aX 5 U 10 MT/KI — HE U3MEHSIOCH.
JlukimodeHak B 703e 10 MI/KI' YMEHbIAJI KOJIUYe-
CTBO «KOpuel» Ha 63 % U OTOJIBUTAJI HACTYILJIEHUE
mepBol «kopum» Ha 89 %. CpemHsas s3bdeKTuBHAS
J03a (9[[50) LIS-M B 3TOM TecTe cocTaBJisijia 7 MT/KI
(Tabi. 3).

Coenunenue LIS-M npu 4eTbIpeXKpaTHOM BHYTpPU-
MBIIIIEYHOM BBEJIEHUU KPHICAM B J103aX 5, 10 ¥ 20 MT'/KT
HE OKa3bIBAJIO YJIBIIEPOTEHHOTO IeHcTBYSA (O GasLIoB).
JluxitodeHak B 103€ 10 MTI/KT BbI3bIBAJT MHOYKECTBEH-
HbI€ [TOBPEK/IeHNs — TOUeUHbIE A3Bbl, 5PO3UH, MHOXKE-
CTBEHHBIE KPOBOUBIUAHUSA (2.5 + 0.5 6asia).

B pazBuTum BocaseHusi, BBI3BAHHOTO Kappare-
HUHOM, THUCTAMHUHOM U CEPOTOHUHOM, y4acCTBYeT
NO. KappareHuH cBSI3bIBA€TCS C TOJLI-ITOAO0OHBIMHU
PEeNenTopamMu U MPY yUaCTUH [IUTO30JIbHBIX KUHA3 1
sanepHoro dakropa kB aktuupyer iNOS c ycuiie-
nueMm cuure3a NO [12]. T'mcraMuH Kak aroHHCT
H -penenTopos aktusupyer ¢ocponunazy C, mpo-
JIYKITUIO TUAIAIITIINIEPOJia U UHO3UTOJI-3-ocdaTa.
BropuuHble MecceH/Kephl aKTHBHUPYIOT MPOTEUH-
KHWHa3y CB U AnepHbIN GakTop kB, 4TO cTaHOBUTCA
ctumysioMm kK wHAykuu iNOS u cuaTesy NO [13].
Ceporonun npu yyactuu 5-HT -penentopos moBbl-
IIaeT aKTHUBHOCTh WHAYKTOpoB iNOS — docdomau-
ma3bl A ¥ MUTOT€H-aKTUBUPYEMBIX IIPOTEMHKUHA3
[14]. Nurubuposanue iNOS c¢ momormipio LIS-M
yMmeHbiaet cuaTe3 NO, UTO CHIIKAET SKCCY/IAIHIO B
ouare BOCIIaJIEHUS.

OKcu/T a30Ta TaK)Ke OKa3bIBAET BIUSHUE HA TIPO-
mecc 0Opa3oBaHUS TPaHYJIEMBI BOKPYT WHEPTHOTO
WHOPOAHOTO Tesa. IIpenMyIlecTBEHHO aHTU3KCCY-

with the participation of cytosolic kinases and
nuclear factor-kB, activates iNOS, increasing syn-
thesis of NO [12]. Histamine as an H_ receptors
agonist activates phospholipase C, the production
of diacylglycerol and inositol-3-phosphate. Sec-
ondary messengers activate protein kinase C; and
nuclear factor-xB, which becomes a stimulus for
the iNOS induction and NO synthesis [13]. Sero-
tonin, with the participation of 5-HT, receptors,
upregulates the iNOS inductors — phospholipase A
and mitogen-activated protein kinases [14]. Inhibi-
tion of iNOS by LIS-M reduces the synthesis of NO,
which decreases exudation in the focus of inflam-
mation.

Nitric oxide also influences the formation of gran-
uloma around an inert foreign body. The predomi-
nantly antiexudative effect of the aminoguanidine
derivative LIS-M is due to the dose-dependent effect
of NO on the processes of granulation tissue prolif-
eration. In low concentrations, NO inhibits mitosis
and enhances fibroblast apoptosis [15], in high con-
centrations, it enhances fibrosis, promoting the pro-
duction of cytokines that control the synthesis of
growth factors and colony-stimulating factors
[16, 17].

The analgesic effect of the LIS-M compound is
due to iNOS inhibition and suppression of NO pro-
duction [11, 18]. NO sensitizes neurons conducting
pain signals, enhances glutamatergic synaptic trans-
mission and decreases the sensitivity of kappa-opi-
oid receptors to endogenous opioid peptides [18].

Thus, the selective iNOS inhibitor, the aminogua-
nidine derivative LIS-M, has an antiexudative and
antiproliferative effect without typical side effect of
NSAIDs — ulcerogenicity.

Tab6uuna 3. AHaJIbreTHYecKasi akTHBHOCTH IIPOU3BOTHOTO aMUHOTyaHuuHa LIS-M B /103ax 5, 10 ¥ 20 MI/KT

u aukao(eHaka B 703€ 10 MT/KT Ha MOJIETN TUIIEPAJITE3UH, BBI3BAHHON MHBEKITHEH YKCYCHOM KUCIOTBI

Table 3. Analgesic activity of the aminoguanidine derivative LIS-M at doses of 5, 10 and 20 mg/kg and diclofenac
at a dose of 10 mg/kg on a model of acetic acid-induced hyperalgesia

YcioBusA 3KCIEepUMEHTA
Experimental conditions

KoJsinmuecTBO «KOpUei»
Number of cramps

Bpems 10 HACTyILIEHUA IEPBO
KOPYH, MHUH

Time before the onset of the
first cramp, min

1% BOIHBIN pAacTBOP MOJTUBUHUJIITAPPOJIHIOHA 16 £ 4 4.4 £1.3

1% polyvinylpyrrolidone aqueous solution

LIS-M, 5 mr/xr (mg/kg) 9+ 2 4.4 1.2

LIS-M, 10 mr/xr (mg/kg) 8+3! 4.5+ 1.6

LIS-M, 20 mr/xr (mg/kg) 3+ 152 8.7+ 1.5

Juknodenak, 10 Mr/xr 6+ 2! 8.3 +1.4!

Diclofenac, 10 mg/kg

IIpumMeduaHnue. 3HAUNMbIE OTJIMUUS [IOKa3aTeJei: ' — [0 CPABHEHMIO C [IOKa3aresieM KOHTPOJIbHOM rpynmsl (p < 0.05), 2 — 1O

CPaBHEHUIO C [I0Ka3aTeJIeM Y JKUBOTHBIX, ITOJIyUaBIINX JUKI0(peHaK (p < 0.05).

N o te. Significant differences in values: * — compared with the indicator of the control group (p < 0.05), 2 — with the indicator in animals

treated with diclofenac administration (p < 0.05).
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JIATUBHOE JIEHCTBUE IIPOU3BOJIHOTO aMHHOTYaHU-
auHa LIS-M 00yc/IoBJIEHO 10303aBHCUMBIM BJIHSI-
HueM NO Ha nporeccs! nponudepanuy rpaHyJIanu-
OHHOU TKaHU. B masoi koHnentpanuu NO Topmo-
3UT MHUTO3bI U YCHJIMBAeT amnonto3 ¢Gudpob1acToB
[15], B BBICOKOM KOHIIEHTPAIINH yCUIUBaeT (pubpos,
CIIOCOOCTBYS IMPOAYKIIUHN ITUTOKUHOB, KOHTPOJIUPY-
IOIUX CUHTE3 (PAKTOPOB POCTA U KOJIOHUECTHUMYJIH-
pyromux dakTopos [16, 17].

AHajyipreTuueckoe BAUsSHHE coequHeHus LIS-M
obycstoBiieHo uHrubupoBanuem iNOS u TopmosKe-
HueM npoayknuu NO [11, 18]. NO ceHcuOUIn3upyeT
HEUPOHBI, TPOBOJIAIIME OOJIEBON CUTHAJI, YCUIUBAET
JIyTaMaTePTUUECKyl0 CHHAIITUYECKYIO Iepefauy U
ocJ1abJisieT YyBCTBUTETLHOCTD OITMOU/THBIX K-pelern-
TOPOB K 9H/IOTEHHBIM OIHMOWTHBIM ernTuaam [18].

Taxum o6pa3oM, ceseKTUBHBIN HHTHOUTOP iINOS,
npousBogHOe amuHoryaHuanHa LIS-M, okaswiBaer
AHTUOIKCCY/IATUBHOE U aHTUIIPOJIN(PEPATUBHOE JIeH-
ctBue 6e3 TunuyHOro nmob6ouyHoro adpdexra HIIBC —
VJIBIIEPOT€HHOTO BIUSTHUSA.

SAKJIIOYEHUNE

[IpoBeseHHOE HCCIEIOBAaHNUE TTO3BOJIAET CAENATh
CJIeZlyIOIHe BBIBOJBI:

1. Ha Mojtesi ocTporo skccyIaTUBHOTO BOCHaJIe-
HUsI, BBI3BAHHOTO WHBEKIMEN II07] IIAHTAPHBIA
anloOHeBPO3 KpbIC KappareHnHa, TUCTaMUHa U cepo-
TOHHWHA, IPOU3BOHOe aMUHOoryaHuanHa LIS-M nipu
OTHOKPATHOM BHYTPHUMBIIIIEYUHOM BBEJIEHUU B J103aX
5, 10 ¥ 20 MT/KT TIPOSIBJISIET BhIPA’KEHHOE aHTUIKC-
CyZaTUBHOE JielcTBUe. [IpOTHBOBOCHAIUTEILHOE
nmedictBue LIS-M B 7103e 20 MTI/KI COIIOCTAaBHMO C
a¢ddexToM TUKIodeHaKa B 103€ 10 MT/KT.

2. Ha mopjenu XpoHUUYECKOro MpoJudepaTus-
HOTO BocnasieHus coeguHeHue LIS-M npu BHyTpu-
MBIIIIEYHOM BBEJIEHUH B 7I03aX 5, 10 U 20 MI'/KT IIPO-
SIBJISIET 3HAUUTEIbHOE aHTUIKCCY/IATUBHOE U MeHee
BBIPa’KEHHOE aHTUIIPOJTH(hepaTUBHOE IECTBHE.

3. Ha w™openu octpoil BuclepasbHOU 60yn
aHaJIbreTudeckass aKTUBHOCTb coequHeHuss LIS-M
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CONCLUSION

The research allows us to draw the following con-
clusions:

1. In the rat model of acute exudative inflamma-
tion caused by subplantar injection of carrageenan,
histamine and serotonin, the aminoguanidine deriv-
ative LIS-M with a single intramuscular injection at
doses of 5, 10 and 20 mg/kg showed a pronounced
antiexudative effect. The anti-inflammatory effect of
LIS-M at a dose of 20 mg/kg is comparable to the
effect of diclofenac at a dose of 10 mg/kg.

2. In the model of chronic proliferative inflamma-
tion, the LIS-M compound, when administered
intramuscularly at doses of 5, 10 and 20 mg/kg,
exhibits a significant antiexudative and less pro-
nounced antiproliferative effect.

3. In the model of acute visceral pain, the analge-
sic activity of the LIS-M compound when adminis-
tered intramuscularly at doses of 5 and 10 mg/kg
is up there with the diclofenac, and at a dose of
20 mg/kg exceeds the effect of the latter.

4. The LIS-M compound is free from an ulcero-
genic effect when administered to rats fourfold intra-
muscularly at doses of 5, 10 and 20 mg/kg.
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pY BHYTPUMBIIIEYHOM BBEJEHUH B JI03aX 5 H
10 MI/KT BbIpajkeHa He cjabee IO CPaBHEHHIO C
JUKIo(pEeHakoM, B Ji03€ 20 MI/KI TPEBOCXOIUT
addexT qukiodeHaxa.

4. Coenunenue LIS-M He oka3bIBaeT YJIbIIEPO-
TEHHOTO JIEUCTBUs IPU YETHIPEXKPATHOM BHYTPH-
MBIIIIEYHOM BBEJIEHHH KpbIcaM B Jl03aX 5, 10 U
20 MTI/KT.

KoH@IuKT MHTEpEeCOB. ABTOPHI 3asIBJISIOT 00
OTCYTCTBUM KOH(MJINKTA UHTEPECOB.
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Pa3pa6oTka ruipodujaIbHOIO reJjisi Ha OCHOBe
cyJab(aTHUPOBAHHOIO apadHHOTaIaKTaHa

B.B. Koctripo, A.A. KocTteipo

@I'BYH Hpxymckuil uncmumym xumuu um. A.E. @asopckozo CO PAH, Hpxymck, Poccus

AHHOTAIIUA

BBeneunue. CoBpeMeHHbIN (hapManeBTUUECKUH PHIHOK MPEJIaraeT OueHb OTPAHIYEHHBIN aCCOPTUMEHT JIeKapCTBEH-
HBIX CPEJICTB /151 MPODUIAKTUKY ¥ JIEYEHU XPOHMUECKOHN BEHO3HOM HetocTaTouHoCTH. OpUrHHaIbHOE (hapMaKoIoTHye-
CKH aKTHBHOE COe/IMHEHNE Ha OCHOBE KaJIUEBOH COJH CyIb(haTHPOBAHHOTO ITPOU3BOIHOTO apabuHoraaktana (Arcyiap®)
SIBJISIETCST aHAJIOTOM TelapuHa.

Il enw. PazpaboTka ruApodUIHLHOTO Tesist Ha ocHOBe Arcynap® (1.5%).

MaTepuaJbl U MeTOABl. MoeabHble KOMIO3UIUA TOTOBUIN IO TPAJUIMOHHBIM METOJUKAM WU3TOTOBJIEHUS
resieii. U3UKO-XUMHUYECKHE CBOUCTBA TOJIYIEHHBIX 00Pas3IioB OEHUBAIM METO[AMHU ITIOTEHIIMOMETPHH, TUHAMUYIECKOM
PEOJIOTHH U IMHAMUYECKOTO CBETOpaccesiuus. Takske OlleHrBa1ach MUKPOOMOIOTHYECKAs YMCTOTA TeJlell IIPU XpaHEeHU .
PesyabpraThi. OGOCHOBAH ONTHMAJIbHBIA COCTAaB THAPOMHUIBHOTO Tess, COAEP:KAIIUN B KayecTBe JEHCTBYIOIIETO
BemecTBa Arcynap® (1.5%). 9To0 BOAHO-a3POCUII-TJIHIEPHUHCO/IEPIKATIIAs KOMIIO3UIUA (B COOTHOIIIEHHH KOMITOHEHTOB
1:2:13 cOOTBETCTBEHHO). McenemoBanus pH, AMHAMUYECKO BA3KOCTH U I3€Ta-MIOTEHIINAaIa TIOATBEPIK/IAI0T CTAOUIBHOCTD
9TOTO resis. BBeeHne KoHCcepBaHTa (HUIATHH 0.1%) obecnednBaeT MUKPOOUOJIOTHIECKYIO YHCTOTY I'eJisl IPU XPAHEHHH.
3aknwueHue. PazpaboTaHHBIN TUAPODWIBHBIN TeJIb ABJISETCS MEPCIIEKTUBHBIM CPEZCTBOM MPOMDUIAKTHKY U Jeue-
HUS XPOHUYECKOU BEHO3HOU HEJIOCTATOUHOCTH.

Kaouessle caoea: cyibpaTupoBaHHBIN apabUHOTaIaKTaH, Arcyiap®, resib, a9pOCHIL.

Oo0pasen murupoBaHusna: Kocreipo B.B., Kocteipo fI.A. PazpaboTka ruapodUIbHOTO TeJIs HA OCHOBE CYJIb-
daTupoBanHOTO apabuHorasiakTana // Journal of Siberian Medical Sciences. 2022;6(1):116—127. doi: 10.31549/2542-
1174-2022-6-1-116-127

Development of hydrophilic gel based
on sulfated arabinogalactan

V.V. Kostyro, Ya.A. Kostyro

A.E. Favorsky Irkutsk Institute of Chemistry, Irkutsk, Russia

ABSTRACT

Introduction. The modern pharmaceutical market offers a very limited range of medicines for the prevention and
treatment of chronic venous insufficiency. The original pharmacologically active compound based on the potassium salt of
the sulfated derivative of arabinogalactan (Agsular®) is an analog of heparin.

Aim . Development of a hydrophilic gel based on Agsular®.

Materials and methods. Model compositions were prepared according to traditional methods of gels prepa-
ration. The physical and chemical properties of the obtained samples were evaluated by methods of potentiometry, dynamic
rheology and dynamic light scattering. The microbiological purity of the gels during storage was also evaluated.
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Results. The optimal composition of the hydrophilic gel containing Agsular® (1.5%) as the active substance is substan-
tiated. This is a water-aerosil-glycerol-containing composition (the mixture ratio being 1:2:13 respectively). Studies of pH,
dynamic viscosity and zeta potential confirm the stability of this gel. The introduction of a preservative (Nipagin 0.1%)

ensures the microbiological purity of the gel during storage.

Conclusion. The developed hydrophilic gel is a promising mean of prevention and treatment of chronic venous

insufficiency.

Keywords: sulfated arabinogalactan, Agsular®, gel, aerosil.
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BBEJAEHUE

CoBpeMeHHBIH (hapMalieBTHUECKUN PHIHOK Poc-
CUU UMeeT BecbMa OTPAHHUYEHHBIH aCCOPTHMEHT
JIEKAPCTBEHHBIX CPEJICTB TOMUYECKOTO JIeHCTBUs
JU1s TPODUIIAKTUKY U JIEYEHUA XDOHUUECKOH BEHO3-
HOH HEIOCTAaTOYHOCTH, 00JIAZIAIONUX IOJIMBAJIEHT-
HBIM MEXaHH3MOM JIeHCTBUS, T.e. OKa3bIBAIOIUX
(neboToHU3MpYIOIIEE, AHTUOIPOTEKTOPHOE JIei-
CTBHE, a TAK)KE YMEHBIIAIONINUX arperaruio TpoM60-
[UTOB U YCKOPSIOIINX ITPOIIECCHI PETEHEPAIIHIH.

OJIHUM U3 TaKUX JIEKAPCTBEHHBIX CPEZICTB SABJIA-
€TCsI TellapUH, ero CyOCTaHIIUS OTHOCUTCA K KJIaccy
OpraHOIPENapaToB, MOJYIAEMbIX U3 JIETKUX KPYI-
HOTO POTaTOr0 CKOTA M CJIM3UCTOH ODOJIOUKHU TOH-
KOrO KUIlleuHuKa cBUHeH [1, 2]. CyliecTBeHHBIMH
HEJIOCTATKaMH TO/I0OHBIX JIEKAPCTBEHHBIX CPEZICTB
SIBJIAIOTCA: BO-TIEPBBIX, HAJINYUE B UX COCTAaBE CJIe-
OB 0Oesika W THUCTAMUHOIIOJOOHBIX BEIIECTB, UTO
MOKeT TIPUBECTH K TMOSIBJIEHUI0 aJUIEPTHUECKUX
peaknuii Ipu IpUMEHEHUU, a BO-BTOPHIX, TaK KaK
5TO OpTaHOIpenapaTbl, OHU WMEIOT CJIOXKHBII
COCTaB, He BCerya ABJIAIOIIUICS IIOCTOSHHBIM (KaK B
IIpoliecce MPOU3BOJICTBA, TaK M B IPOIECCE XPAHe-
HUS), YTO NPHUBOJUT K OTCYTCTBUIO aJ[€KBATHBIX
METOJIOB ero cTaHzaptusanuu [3]. [ToaTomy mouck
aHAJIOTOB TellapyHa, JINIIEHHBIX €r0 HeJOCTaTKOB,
SIBJISIETCSI BEChbMa aKTYaJIbHOH 33jiauell MeIuIlUH-
CKOH U (hapMareBTHIECKON HAYKU.

B Upkyrckom nHctuTyTe XuMuu uM. A.E. ®aBop-
ckoro CO PAH paspaboTano opuruHaiabHoe papma-
KOJIOTHYECKH aKTHBHOE COe/IMHEHHWE — KaslreBas
COJIb Cy/IbAaTUPOBAHHOTO IPOU3BOHOTO apabUHO-
ranakrtana (Arcymnap®) (puc. 1) [4, 5]. Ero 6e3omnac-
HOCTh W (apMaKOJIOTUYeCKass AaKTUBHOCTHh IIOJ-
TBEP)K/IEHbI  DKCIIEPUMEHTAJIBHBIMU  JIOKJIMHH-
YeCKUMU HCCIIeTOBAaHUSIMH, MPOBEIEHHBIMU
HayJHO-KJIMHUYECKUM IEHTPOM TOKCHUKOJIOTHH M.
akaz. C.H. l'osiukoBa ®MBA (1. Caukt-Ilerepbypr) u
[IOKA3aBIIUMU TIEPCIIEKTUBHOCTD HCIIOJIb30BAHUS
Arcynap® B MeOUIMHCKON IPaKTHKe B KadecTBe
TUIOJUIUEMUYECKOTO U aHTHKOATYJIIHTHOTO
CpesiCTBa, MO0OHOTO TenapuHy [6, 7].

INTRODUCTION

The modern pharmaceutical market of Russia has
a very limited range of topical medicines for the pre-
vention and treatment of chronic venous insuffi-
ciency, which have a polyvalent mechanism of action,
i.e. phlebotonic, angioprotective effect, as well as
reducing platelet aggregation and accelerating regen-
erative processes.

One of such medicines is heparin, its substance
belongs to the «class of organopreparations
obtained from the lungs of cattle and the mucous
membrane of the small intestine of pigs [1, 2]. Sig-
nificant disadvantages of such medicines are:
firstly, the presence of protein traces and hista-
mine-like substances in their composition, which
can lead to allergic reactions when used, and, sec-
ondly, since these are organopreparations, and
have a complex composition that is not always
constant (both during production and during stor-
age), which resutls in the lack of adequate methods
of its standardization [3]. Therefore, the search for
analogues of heparin, devoid of its disadvantages,
is a very urgent task of medical and pharmaceuti-
cal science.

An original pharmacologically active compound
has been developed in A.E. Favorsky Irkutsk Insti-
tute of Chemistry (Irkutsk, Russia), the potassium
salt of the sulfated derivative of arabinogalactan
(Agsular®) (Fig. 1) [4, 5]. Its safety and pharmaco-
logical activity have been confirmed by experimental
preclinical studies conducted by the S.N. Golikov
Scientific and Clinical Center of Toxicology
(St. Petersburg) and showed the prospects of Agsu-
lar® use in medical practice as a heparin-like
hypolipidemic and anticoagulant agent [6, 7].

Since Agsular® is a highly water-soluble com-
pound, the most rational and optimal from techno-
logical point of view, as well as taking into account its
physical and chemical properties and the range of
modern excipients, is a semisolid dosage form of
topical action, that is a hydrophilic-based ointment
in the form of a gel.
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Puc. 1. ®parmeHT CTPYKTYpHI Arcynap®
Fig. 1. Fragment of the Agsular®structure

Tak xak Arcynap® siBjisieTCsl XOPOIIIO PACTBOPH-
MBIM B BOJIe CO€JWHEHHEM, TO Haubojiee paluo-
HAJIBHOMW M ONITUMAJIBHOM C TEXHOJIOTUYECKON TOUKHI
3pEHHUS, a TAKKE C YIETOM er0 GPU3UKO-XUMHIECKHUX
CBOHCTB M acCCOPTUMEHTA COBPEMEHHBIX BCIIOMOTa-
TEJIbHBIX BEIIIECTB SBJISIETCS MSTKasl JIeKapCTBEHHAsST
¢dopma TOMUUECKOTO JEUCTBUS — Mash Ha THUJIPO-
(unpHOI OCHOBe, Ipe/icTaBIeHHAA B BU/IE Tesidl.

Pacuer sddexTUBHON TepaneBTUUYECKOU KOH-
nentpanuu Arcynap® (1.5%) B reje ObLI MPOU3BE-
JIeH Ha OCHOBAaHUH IPOBEJEHHBIX JTOKIUHUYECKUX
WCCJIEIOBAHUUA W TI0 aHAJIOTHU € O(PUITTHAIIHBHBIM
IpernapaToMm Jisi TpOGHIAKTHKY U JIEUEHUS] XPOHU-
YeCKOU BEHO3HOU HeJIOCTATOYHOCTH Ha OCHOBE Tera-
puHa «I'enapuHoBast Ma3b» (JIC-000483, 100 EJI/T
masu, AO «AnrtariBuraMuHb», Poccust) [8] — masp
TOIMYECKOTO AEUCTBUSA, COJiepKaliasg MUHUMAaJb-
HO€ KOJIMYECTBO TelapuHa U MPOSBIISIONIAs ONTH-
MaJIbHOE TEPATIEBTHYECKOE JIEUCTBHE.

IEJIb NCCJIEJOBAHUA

PazpaboTka ruipodUILHOTO TeJisl, CO/IEPIKAIIETO
B KauecTBe JeficTByomero Bemiecrsa Arcynap® (1.5%).

MATEPUAJIBI 1 METO/IbI

Jl1s1 ToJIydeHMs Tejleld HCIOJIb30BaHbl: (apma-
KOJIOTUYECKHM aKTUBHOE coefuHeHue Arcynap®,
MIOJIyUeHHOe Ha OCHOBe apabuHorasakTtaHa (®C-
000905) [8] cormacHo meTomuke [4, 5] ¢ YMCTOTOH
98 %; Aspocun® (KOJUIOUJHBIM JUOKCHJ KpeM-
Hus) — AEROSIL® 200 Pharma (®C-000068, Evonik
Degussa, T'epmanusi) [8]; Boma ouwuIleHHAsA
(®C.2.2.0020.18) [9]; mmunepon (PC.2.2.0006.15)
[9]; xap6omep — Carbopol® EDT 2001 (Lubrizol,
I'epmanus) [10]; Humarusa (methylparaben, CAS
No. 99-76-3, Sigma-Aldrich, CIIIA); TpusTaHosa-
muH (TDA) (umersiii) (TY 2423-168-00203335-
2007, Poccus).

The calculation of the effective therapeutic con-
centration of Agsular® (1.5%) in the gel was made on
the basis of preclinical studies and by analogy with
the officinal heparin-based preparation for the pre-
vention and treatment of chronic venous insuffi-
ciency Heparin ointment (LS-000483, 100 U/g of
ointment, Altaivitamins, JSC, Russia) [8], topical
ointment containing a minimum amount of heparin
and showing optimal therapeutic effect.

AIM OF THE RESEARCH

Development of a hydrophilic gel containing
Agsular® (1.5%) as an active agent.

MATERIALS AND METHODS

To obtain gels, the following were used: pharma-
cologically active compound Agsular®, derived from
arabinogalactan (FS-000905) [8] according to the
method [4, 5] with a purity of 98%; Aerosil® (colloi-
dal silicon dioxide) — AEROSIL® 200 Pharma (FS-
000068, Evonik Degussa GmbH, Germany) [8];
purified water (FS.2.2.0020.18) [9]; glycerol
(FS.2.2.0006.15) [9]; carbomer — Carbopol® EDT
2001 (Lubrizol Deutschland GmbH, Germany) [10];
Nipagin (methylparaben, CAS No. 99-76-3, Sigma-
Aldrich Corp, USA); triethanolamine (TEA) (pure)
(Technic Specification 2423-168-00203335-2007,
Russia).

The pH of the gels was measured by the potentio-
metric method (General Pharmacopeia Monograph
(GPM).1.2.1.0004.15 [9]) at a temperature of 20°C
using an Expert-pH pH-meter (Econix-Expert, LLC,
Russia).

The study of the rheological properties of gels was
carried out by dynamic rheology (GPM.1.2.1.0015.15
[9]) on a modified Rheotest 2.1 rotational viscosim-
eter (Rheotest Medingen GmbH, Germany) with a
cylinder-cylinder measuring module (ratio between
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Usmepenue pH resneil mpoBOAWIN IIOTEHITHOME-
TpudeckuM MeronoM (O®PC.1.2.1.0004.15 [9]) npu
Temiieparype 20 °C ¢ ucnosp3oBaHueM pH-merpa
«3kcnept-pH» (OO0 «dxoHMKC-IKCnepT», Pocens).

UcenenoBaHue peoJIOTHYECKUX CBOUCTB TeJIeH
OCYIIIECTBJISJIA METOJIOM JUHAMUYECKOH PEOJIOTHH
(0O®C.1.2.1.0015.15 [9]) Ha MoOAUGUIIUPOBAHHOM
peosuckozumerpe Rheotest 2.1 (Fepmanusi) ¢ uame-
PUTEJBHBIM MOYJIEM «IAJIUHAP-IUIHHADP» (OTHO-
[IeHNEe MEXIY PaANycaMu 1.02) B PeXKUMe KOHTPO-
supyemoii ckopocrtu caBura. CKOpoCThb CIBUTA H3Me-
HSJIU B IIpefesiax 0.1-800 ¢ ™.

Jl3eTa-oTeHIIUA TeJled W3MEPSUIM METOOM
JUHAMUYECKOTO CBETOPACCESTHUS C HCII0JIh30Ba-
HueM npubopa Zetasizer Nano ZS (Malvern
Instruments Ltd, BenukoGpuranus). V3mepenus
[IPOBO/IMJINCH B CTEKJISTHHBIX KIOBETAX 1X1 CM C KBa-
JIPATHOM TOPJIOBUHOM 7711 6e€3BOAHBIX 0Opa3IOB C
WCIIOJTb30BAHMEM  VHUBEPCAJIBHBIX  IOTPYKHBIX
3JIEKTPOJIOB. PesysbraThl 06pabaThiBasid ¢ IIOMO-
b0 POTPAaMMHOTO obeclleueHusi CceMeHrcTBa
Dispersion technology Zetasizer family software
v7.01 (Malvern Instruments Ltd, Beuko6purauus).

Jl3eTa-moTeHIMaJI — OCHOBHOM IOKa3aTeJb CTa-
OMIBHOCTH KOJUIOU/IHBIX CHCTEM B KHUJIKUX CpeZax.
Ero 3nauenme (+30 MB), sABAmOIIEecs XapakTep-
HBIM JIJISI YCJIOBHOTO Pasjie/ieHus] HU3KO-3apsiKeH-
HBIX U BBICOKO-3apPS?KEHHBIX ITOBEPXHOCTEHN, CUUTA-
€TCs IIOPOTOBBIM /I CTaOMJIBHBIX cucTeM [11].

OmpeniesieHHe MUKPOOHOJIOTHYECKOH UYHCTOTHI
MIPOBOJIWJIM Ha cpeHel mpobe (10 T) KaXK0ro Tejis B
cootBeTcTBuH TpeboBaHmsaMHu ODC.1.2.4.0002.18 [9].

HccenegoBanusa  TOJATOCPOUYHOH  CTaOWIBHOCTH
rejiedl MPOBOIWIINICH ITPY XPAHEHUU B €CTECTBEHHBIX
YCJIOBUSX, 00€CIIeYNBAOIINX KOMHATHYIO TeMIIepa-
Typy (+15...—25 °C), OTHOCUTEJBHYIO BJIAKHOCTD
BO3/yxa He Oosiee 50 % U 3aIIUTy OT IPSIMBIX COJI-
HEUYHBIX Jiyded. DUBHKO-XUMUUYECKHUE CBOUCTBA,
BKJIIOYAsi BHEIIHWH BUJ, pH, AMHAMHUYECKYIO Bs3-
KOCTb, J3€Ta-IIOTEHIIUAT U MUKPOOHOJIOTHIECKYIO
YUCTOTY, OIPEEsIs/IA C MHTEPBAJIIOM 3 MeC Ha IIPo-
TSOKEHUU 1 TOIA.

Bce mosnyuyeHHble maHHBIE OBLIN CTATUCTHYECKU
obpaboTtanbl (p = 95 %) NpH MOMOIU KPUTEPUS
CThIOZIEeHTa B COOTBETCTBUU  TPEOOBAHUSIMH
0dC.1.1.0013.15 [9].

PE3YJ/IBTATBI 1 OBCYKJIAEHNE

Ha ceroguamuuii ieHb B MEPOBOU hapMarieBTH-
YecKOM INpaKTUKe /JIs IPUTOTOBJIEHUA Tesiell Hau-
0oJiee MIMPOKOE PACIPOCTPAHEHHE IMOJIYUMJIN CHH-
TETUYECKUE  BBICOKOMOJIEKYJIAPHBIE  TOJIIMEPHI
AKPUJIOBOU KUCJIOTHI, CIIUThIE AJIUIIOBBIM 3(UPOM
caxaposbl WIN IEHTA3PUTPUTA, HA3BIBAEMBIE Dell-

radii is 1.02) in a controlled shear rate mode. The
shear rate was varied within 0.1-800 s™.

The zeta potential of the gels was measured by
dynamic light scattering using a Zetasizer Nano ZS
device (Malvern Instruments Ltd, UK). Measure-
ments were carried out in 1x1 cm glass cuvettes with
a square neck for anhydrous samples using universal
immersion electrodes. The results were processed
using a Dispersion technology Zetasizer family v7.01
software (Malvern Instruments Ltd, UK).

Zeta potential is the main indicator of the stability
of colloidal systems in liquid media. Its value
(+30 mV), which is characteristic of the conditional
separation of low- and highly-charged surfaces, is
considered the threshold for stable systems [11].

Microbiological purity was determined on an
average sample (10 g) of each gel in accordance with
the requirements of GPM.1.2.4.0002.18 [9].

Studies of the long-term stability of the gels were
carried out when stored in natural conditions that
provide room temperature (+15...—25°C), relative
humidity of no more than 50% and protection from
direct sunlight. Physical and chemical properties,
including appearance, pH, dynamic viscosity, zeta
potential and microbiological purity, were deter-
mined at intervals of 3 months over the period of
1year.

All the data obtained were statistically processed
(p = 95%) using the Student’s t-test in accordance
with the requirements of GPM.1.1.0013.15 [9].

RESULTS AND DISCUSSION

To date, in the world pharmaceutical practice, the
synthetic high-molecular polymers of acrylic acid,
crosslinked with allyl ether of sucrose or pentaeryth-
ritol, called lightly crosslinked acrylic polymers or
carbomers, have become the most widely used com-
pounds for the preparation of gels.

To develop a hydrophilic gel containing Agsu-
lar® (a water-soluble high-molecular compound
that is a sufficiently strong electrolyte) from a large
assortment of carbomers presented in Russia, the
Carbopol® EDT 2001 was selected, a low-toxic gel-
forming agent that swells very quickly in water and
easily disperses without the formation of lumps, as
well as having high stability in the presence of elec-
trolytes [10].

The aqueous solution of Agsular® (1.5%) has a
pH 5.2—5.3, therefore, the gel of the neutralized car-
bomer after adding a solution of the active sub-
stance to it should have a pH 5.25 + 5% (4.99—-5.51),
which corresponds to the physiological pH value of
the skin (5.5) [12]. To obtain a transparent gel, pure
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KOCIIUTBIMU aKPUJIOBBIMHU IOJTUMEPAMHU HJIU Kap-
bomepamu.

s pazpaboTku TUAPODUILHOTO Tess, COAep-
kamero Arcysnap® (BogopacTBOpUMOe BBICOKOMOJIE-
KyJIApHOE COeIWHEHUE, SIBJIAIONIEECT JOCTATOYHO
CHJIPHBIM 3JIEKTPOJIUTOM), U3 OOJIBIIOTO acCOPTH-
MeHTa KapOOMepOB, IIpeJCTaBJIeHHbIX B Poccuw,
6511 BeIOpaH Carbopol® EDT 2001 — MayiOTOKCHY-
HBIH Tesieo0pa3oBaTesib, OUeHb OBICTPO Habyxaro-
IIUH B BOJIE U JIETKO IMCIIEPTUPYIOUCSA 6e3 oOpa-
30BaHUs KOMKOB, 8 TAK}Ke HUMEOIIUN BBICOKYIO CTa-
OUJIBHOCTD B IPUCYTCTBUU BJIEKTPOJIUTOB [10].

Bogusrii pactBop Arcynap® (1.5%) umeet pH 5.2—
5.3, IO3TOMY T'eJIb HEUTpaJIn30BaHHOTO KapboMepa
Iocjie BHECEHMS B HEro pacTBOpa JeHCTBYIOIIETO
BelllecTBa JIOJI?KeH uMeTh 3HaueHue pH 5.25 + 5 %
(4.99—5.51), 9YTO COOTBETCTBYET (PUHOJIOTHIECKOMY
snauenuo pH koxu (5.5) [12]. JI1s1 mosrydeHus mpo-
3pavyHOrO0 Teji B KauyecTBe HEUTPAIU3YIOIIETO
areHTa HCHOJIb30Baau TOA B YHCTOM BUAE, UTO
SIBJISIETCSL BeChbMa PAIlMOHAIBHBIM U TEXHOJIOTHUYE-
CKH BBITOJIHBIM pPEIIeHHEM, IMOCKOJIbKY ITO3BOJISIET
HAIPpaBUTh HA CTaJUI0 HaOyXaHUs MMOJIIMEepa IpakK-
TUYECKHU BCIO MACCy BOJIbI OUHIIIEHHOH I10 TPOITUCH U
HCKJIIOYAET TEXHOJIOTHYECKYIO CTATUI0 IPUTOTOBJIE-
HHUA pacTBOpa-HedTpanusaropa. lcnosb3oBaHue
T3OA nozBoJsiseT noaepkuBath pH rend Ha 3amaH-
HOM YPOBHE, B pe3yJIbTaTe uero He TpebyeTcsi BBee-
HHE JIOTOJITHUTEIbHBIX BCIIOMOIaTeIbHBIX BEIIECTB,
peryiupytonux pH siekapcTBeHHON (POPMBL.

OntumasibHasi KOHIlEHTpalus Kapbomepa wu
KoJIm4ecTBO TOA, He0oOXOUMOe IS IOJIydeHUs
1.5% renst Arcynap® ¢ 3aganabiM pH, Obl1a ompese-
JleHa TpPHU TMOMOIIUA MOJEJbHBIX 00pasioB (KA1-—
KA4) (Tabi. 1).

Kak BUIHO U3 TIPE/ICTaBIeHHBIX JAHHBIX, TPAAU-
IIMOHHO UCIIOIb3yEeMBbIE JIJISI ITOJIyYeHUs TeJIed TOMH-
YeCKOro JIEUCTBUS KOHI[eHTpaIuu kapbomepa 1o 1 %
(B aToM ciyuae reneoOpa3oBaHUE ITPOUCXOIAT
HaMHOTO 3(pdeKTUBHEE) HE IPUBOJAT K MTOJIYUEHHIO
BA3KO-IUIACTUYHOHN TeJIeBON cHUcTeMbl. B TexHuue-
CKOM JJOKyMEHTAINHU [10] JomycKaeTcs: IpuMeHeHHe
kapOoMepa B KoHIleHTpanuu 70 3 % (KA4), omHako B
pe3yJibTaTe UCCJIEIOBAHUS PEOJIOTHYECKUX CBOUCTB
JTAHHOTO TeJisA OBLIO YCTaHOBJIEHO, UTO pa3paboTaH-
HBIH COCTaB He SIBJISIETCSA ONTUMATbHBIM, TaK KaK €eT0
PEOJIOTHYECKHE XapaKTEPUCTUKUA HE Y/IOBJIETBO-
PSAIOT TPeOOBAHUAM «TEXHOJOTUYECKOTO PEOJIOTH-
YECKOTO OIITUMYMAa 3KCTPY3UH » JJI TUAPOPUITHHBIX
resiedt [13] (puc. 2), a TEXHOJIOTHSA MOJIydeHUs Tesis
SKOHOMUYECKH HEBBITOZHA W MO’KET MPUBECTH B
JIAJTbHEUIIIEM K YIOPOKAHUI0 KOHEUHOTO MPOYKTA.

B cBA3HM c 3THUM I TaJbHEUIIETO U3YUYEeHUs B
KauecTBe resieobpasoBaresisi ObLT BRIOpAaH KOJITOU/I-

TEA was used as a neutralizing agent, which is a
very rational and technologically advantageous
solution, since it allows to direct almost the entire
mass of water purified according to the prescription
(GM) to the swelling stage of the polymer, and
excludes the technological stage of preparation of
the neutralizing solution. The use of TEA makes it
possible to maintain the pH of the gel at a given
level, so the introduction of additional auxiliary
substances regulating the pH of the dosage form is
not required.

The optimal carbomer concentration and the
amount of TEA required to obtain 1.5% Agsular® gel
with a given pH was determined using model sam-
ples (KA1—KA4) (Table 1).

As can be seen from the presented data, car-
bomer concentrations up to 1% are traditionally
used to produce topical action gels (thus, gelation
occurs much more efficiently) do not lead to the for-
mation of a viscous-plastic gel system. In the techni-
cal documentation [10], the use of carbomer in con-
centrations up to 3% (KA4) is allowed, however, as a
result of the study of the rheological properties of
this gel, it was found that the developed composi-
tion is not optimal, since its rheological characteris-
tics do not meet the requirements of the technologi-
cal rheological optimum of extrusion for hydrophilic
gels [13] (Fig. 2), and the technology of this gel pro-
duction is economically unprofitable and may lead
to an increase in the cost of the final product in the
future.

In this regard, colloidal silicon dioxide (Aerosil®),
which is a very light white highly dispersed, micron-
ized powder with a particle size of up to 40 um
(mainly 10—30 um), belonging to inorganic synthetic
polymers, was chosen for further study as a gel-
forming agent.

It contains siloxane Si-O-Si and silanol Si-OH
functional groups that are unevenly distributed:
there are surface groups that are free or connected by
hydrogen bridges, which determine a high affinity
for water and other polar liquids; and silanol groups
inside the molecule, which can also be intercon-
nected by hydrogen bridges [14].

As a result, a branched space structure is formed
which participates in the processes of gelation when
Aerosil® is dispersed in a liquid, due to the formation
of a three-dimensional lattice from its aggregates,
which externally manifests itself in the form of thick-
ening. The less polar the liquid, the greater this effect.
The gel will be transparent if the liquid refractive
index (glycerol, liquid paraffin and fatty oils, Aesilo-
num-5 polyethylsiloxane fluid, vinylin and polyethyl-
ene oxide 400) is close to the refractive index of
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Ta6umma 1. CocTaB v OpraHOJIENITHYECKAsI XapaKTEPUCTUKA KapOOMeEPHBIX resiel ¢ Arcyiap®
Table 1. Composition and organoleptic characteristics of carbomer gels with Agsular®

Koa  CocraB MoaeJabHOM Buemrnumi Buj PegyabTart

Code xomMmo3unuu Appearance Result
Composition

KA1  Kap6omep 0.5/ Carbomer 0.5 IIpo3pauHsblii pacTBOp CBETJIO-KEJITOTO I[BETA, fl0b6aBieHne HeymosyeTBo-
T9A 0.3/ TEA 0.3 0.103 + 0.003 T TIA (0 pH 5.5) 3aryIleHus He BbI3bIBAET  PUTEIbHBIN
Arcymap® 1.5 / Agsular® 1.5 A clear solution of light yellow color, the addition of Unsatisfactory
Bopa ouninesHas 10 100.0 0.103 £ 0.003 g of TEA (up to pH 5.5) does not cause
Purified water up to 100.0 thickening

KA2  Kap6owmep 1.0 / Carbomer 1.0 Hwu3skoBs3Kas Mpo3pavHas >KUJKOCTb CBETIO-)KEJITOTO Heynosnetso-
T9A 0.6 / TEA 0.6 1BeTa, 106aBeHue 0.160 + 0.006 T TIA (o pH 5.5) PUTEbHBIN
Arcynap® 1.5 / Agsular® 1.5  3aryIieHus He BBI3bIBAET Unsatisfactory
Boja ouniiieHHas 10 100.0 A low-viscosity transparent liquid of light yellow color, the
Purified water up to 100.0 addition of 0.160 + 0.006 g of TEA (up to pH 5.5) does not

cause thickening
KA3  Kap6omep 2.0 / Carbomer 2.0 Bsskas mpospavHasi KH/IKOCTb CBETIO-3KEJITOTO IIBETa, Heynosnerso-

TOA 1.2 /TEA 1.2
Arcynap® 1.5 / Agsular® 1.5
Bopna ouniienHas 70 100.0
Purified water up to 100.0

KA4  Kap6owmep 3.0 / Carbomer 3.0 Bs3kwuii resib cBeT10-3KeITOTO 11BeTa ¢ pH 5.413 + 0.007

T9A 1.8 /TEA 1.8

nmobapyieHue 0.303 + 0.003 r TAA (710 pH 5.5) 3aryieHusi He pPUTETbHBINA

BBI3BIBAET Unsatisfactory
Viscous transparent liquid of light yellow color, the addition
of 0.303 + 0.003 g of TEA (up to pH 5.5) does not cause
thickening
YnosnerBopu-
Viscous gel of light yellow color with a pH 5.413 + 0.007 TeJIbHBII
Satisfactory

Arcynap® 1.5 / Agsular® 1.5
Bopa ounrnennasi 10 100.0
Purified water up to 100.0

IllpuMedaHue. 3HAUEHUA BHIPAXKEHBI KaK CPEHEE + CTAaHAPTHOE OTKJIOHEHHUE cpeniHero; n = 3 (p = 0.05). TOA — TpusTaHOTIAMUH.
Note. The values are expressed as the mean + standard deviation of the mean; n = 3 (p = 0.05). TEA — triethanolamine.

HBIN Auokcna KpeMmuus (Aspocun®), mpeacrasisio-
N cOO0U OUeHb JIETKUH OesbIii BBICOKOHCIIEPC-
HBIH, MUKPOHU3UPOBAHHBIN IMOPOIIOK C Pa3MEPOM
YaCTHIL JI0 40 MKM (B OCHOBHOM 10—30 MKM), OTHO-
CAIIUMICA K HEOPTAHUYECKIM CUHTETUYECKUM IT0JTU-
Mepam.

OH cojiep>KUT cuyIoKcaHOBbIe Si-O-Si U cuiaHo-
soBble Si-OH QyHKIIMOHAJIbHBIE TPYIIIBI, KOTOPHIE

Aerosil® (1.45). When Aerosil® is injected into these
liquids in an amount of 8—16%, thixotropic gels are
formed, having a soft plastic consistency, well applied
and fixed on the skin, slowly releasing medicinal sub-
stances [15]. At the same time, the presence of Aero-
sil® in semisolid dosage forms for topical use, does
not cause irritating and general toxic effects, and also
disorders of metabolism in the skin [16].
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Puc. 2. 3aBUCHUMOCTh HANPSIKEHUsI CIBUTA OT CKOPOCTH CIBUTA MOJICTIbHOM Kommo3uiuu KA4
(remeobpazoBarens — Carbopol® EDT 2001 (3%)) pu 20 °C; OykBbl A—H — rpaHHUIBI «TEXHOJIOTMYECKOTO OITHMyMa
SKCTPY3UU» IS TUAPOPUIBHBIX Teslel
Fig. 2. The shear stress — shear rate dependence of the KA4 model composition (gelation agent is Carbopol® EDT 2001
(3%)) at 20°C; letters A—H are the boundaries of the technological optimum of extrusion for hydrophilic gels
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pacrpe/iesieHbl HEpaBHOMEPHO: PAa3JIMYAI0T ITOBEPX-
HOCTHBIE TPYIIIbI, CBOOO/IHBIE WJIM COEJIHMHEHHBIE
BOZIOPOZIHBIMH MOCTHUKAMH, OIPEZEISIONIAE BHICO-
KO€ CPOJICTBO K BOJIE U JIDYTUM IOJISIPHBIM KHJTKO-
CTSIM, ¥ CUJIAHOJIOBBIE TPYHIIBI BHYTPU MOJIEKYJIbI,
KOTOpPBIE TaK:Ke MOTYT COEAUHSATHCS MEXKIY COOOM
BOJIOPOZTHBIMHU MOCTUKaMU [14].

B pesysnbrare o6pasyeTcs pa3BeTBIIEHHAs 00'beM-
Hasl CTPYKTypa, YJacTBYIOIIash B IpoOIleccax reje-
00pa3oBaHUs MPU JAUCIIEprUpOBaHUU Aspocmia® B
JKHUJKOCTH 32 CUET BO3HUKHOBEHUS TPEXMEPHOU
PElIIeTKH! U3 €ro arperaToB, BHEIIHE MPOSBIISIONIA-
sicsl B BUJIE 3arylieHus. YeM MeHee IOJISIPHA KH/I-
KOCTb, T€eM 3HauHTebHEe 3TOT 3¢ deKT. ['enpb Oyaer
MPO3payHbIM, €C/IK KO3(PDHUIMEHT IIpeToMIeHHUs
JKUAKOCTH  (TJIMIEPOJI, Ba3eJIMHOBOE U JKUPHBIE
Macya, TMOJUATUJICHJIOKCAHOBAS JKHIKOCTh «ICH-
JIOH-5», BUHUJIMH U MOJIUITUIEHOKCH, 400) OJIM30K
K K03bdunuenTy npemomiaeHus Aspocmwia® (1.45).
ITpu BBeeHnu Aspociia® B 3TH YKUAKOCTH B KOJIH-
yectBe 8—16 % 006pasyloTcss TUKCOTPOITHBIE TesH,
UMEIONNEe MATKYI IUIACTHYHYI0 KOHCHUCTEHIIHIO,
XOpOIII0O HAHOCHUMble U (UKCHUDPyeMble Ha KOXKE,
3aMe/IJIEHHO BBICBOOOXKAIONINE JIEKAPCTBEHHBIE
BemiectBa [15]. IIpu aTom npucyrerBrue Aspocuina® B
MATKUX JIEKAPCTBEHHBIX (opMax IpU HapYyKHOM
MpUMEHEHUN He BBI3bIBAET pa3Apakaloliero u
OOIIETOKCHYECKOTO JIEACTBUS, a TAKIKe HE HAPYIIIaeT
KOKHBIH 0OMeH [16].

I ToJTydeHHus] SKCIEePUMEHTATbHBIX (dapMa-
[IEBTUYECKIX KOMIIO3UIINH Ha OCHOBe Arcysap® 6bL1
ucnonb3oBad AEROSIL® 200 Pharma, sBisro-
MANCS TUAPODUIBHBIM BBICOKOUCIIEPCHBIM IIPO-
JIYKTOM, JIETKO TUCIEPTUPYIONUMCS B JKUIKOCTAX U
BBICOKOA()(PEKTUBHBIM B KadecTBe Treeobpasyio-
mero aresra [14].

YuureiBas GU3UKO-XUMUYECKHE CBOMCTBA ATCY-
aap®, Ui W3TOTOBJIEHUS adPOCUJICOZEPIKAIIETO
resisf 11ejiecoo0pa3HO MCIOJIb30BaHUE THAPODUIb-
HOU JTUCIIEPCUOHHOU CPEJIbI, COCTOSIINEN K3 BOZbI
OYUIIEHHOU W IVIUIEPOJia — TUAPOGHILHOTO HEBO-
JTHOTO pacTtBOopuTesis. B (papmareBTHUecKOl mpak-
THKE MPUMEHSIOT B OCHOBHOM 86—90% BOJHBIE pac-
TBOPBI IJIMIIEPOJIa € IOKa3aTeJeM IPeJIOMJIEHUS
1.4524—-1.4584 [17], Tak kak 6e3BO/IHBIN (100%) TJTH-
IIepOJI OYEeHb TUTPOCKOIIUYEH M 00jaj7jaeT pasjapa-
JKaoImUMHU cBoMcTBaMu [18], XOTs U sABJIseTCA ILjIa-
cTU(PUKATOPOM, YMEHBIIIAIOIIUM BhICBIXaHUE TeJIsl 1
VJIYUIIAIOIINM €r0 PEOJIOTHYECKHE CBOHCTBA.

PacTBopHI ruimeposia B KOHIIEHTPAIIUU 25 % U
BBIIIIE HE IIOBEPralTCsA MUKPOOHOMY obceMeHe-
HUIO [19], a Aspocuyi® He SIBJISIeTCA MUTATEIbHBIM
BEIIECTBOM 11 MUKpPOOpraHusMoB [14]. CoBmecT-
HOe TIPUMeEHEHHE TIIUIEepoIa U Aspociia® cHUKaeT

To obtain experimental Agsular®-based pharma-
ceutical compositions, the AEROSIL® 200 Pharma
was used, which is a hydrophilic highly dispersed
product, easily dispersed in liquids and highly effec-
tive as a gel-forming agent [14].

Taking into account the physical and chemical
properties of Agsular®, it is advisable to use a hydro-
philic dispersion medium consisting of purified
water and glycerol, a hydrophilic non-aqueous sol-
vent, for the manufacture of an aerosil-containing
gel. In pharmaceutical practice, 86—90% aqueous
solutions of glycerol with a refractive index of
1.4524—1.4584 are mainly used [17], since anhydrous
(100%) glycerol is very hygroscopic and has irritating
properties [18], although it is a plasticizer that
reduces gel drying and improves its rheological char-
acteristics.

Glycerol solutions at a concentration of 25% and
higher are not subjected to microbial contamination
[19], and Aerosil® is not a nutrient for microorgan-
isms [14]. The combined use of glycerol and Aerosil®
reduces microbial contamination of gels, therefore, it
is believed that no extra preservatives for dosage
forms based on them, are required.

For experimental studies, model compositions
with a glycerol concentration of 25% or higher and
the maximum recommended concentration of Aero-
sil® (16%) (AGA1—-AGAG6) were obtained (Table 2).

As can be seen from the presented data, only the
AGA 5 and AGA 6 model aerosil-containing compo-
sitions were found satisfactory according to organo-
leptic properties. As a result of the study of their
structural and mechanical characteristics, it was
found that only the rheological properties of the
AGA6 sample meet the requirements of the techno-
logical rheological optimum of extrusion for hydro-
philic gels [13] (Fig. 3), providing easy dosing during
possible technological operations (filling tubes dur-
ing packaging, squeezability of preparation from
tubes, etc.), as well as the spreadability of the gel on
the skin.

Therefore, further studies of microbiological
purity and physicochemical properties were carried
out for the AGA 6 model sample in order to deter-
mine storage stability (Table 3).

The model sample AGAG6 is a dispersed gel system
in which the aqueous glycerol solution Agsular® acts
as a dispersion medium, and the dispersed phase is
Aerosil®. As can be seen from the presented data, the
high zeta potential (more than +30 mV) of the gel
means that the dispersed system is electrically stabi-
lized, i.e. resistant to aggregation [11]. During sto-
rage, the zeta potential of the AGA 6 model sample
decreases by 32.4%, but its value remains above the
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MHUKPOOHYI0 KOHTAaMUHAIHIO I'eJIEH, [I03TOMY CUUTA-
€TCsI, YTO BBEJIEHUE B JIeKapCTBEHHBIE (POPMBI HA UX
OCHOBE KOHCEPBAHTOB He TpebyeTcs.

JIJ1s 9KCIIepUMEHTATBHBIX HCCIE0BAaHUN ObLIH
MTOJIy4€eHbl MOJIEJIbHbIE KOMITO3UIIMH C KOHIIEHTpa-
[FeHd TJINIEPHUHA OT 25 % W BBIIIE U MAaKCUMAaJIBHO
peKoMeHIyeMoii KoHIleHTpanuei Aspocua® (16 %)
(ATA1—-ATA6) (tabi. 2).

Kax BUTHO U3 Mpe/iCTaBJI€HHBIX JTAHHBIX, TOJIBKO
MOJIEJIbHBIE ~ a3POCHJICOJIEPIKAIIIE  KOMITIO3UITUH
AT'A5 u ATA6 110 OpraHOJIENITUYECKUM CBOMCTBAM
MpU3HAHBI YIOBJIETBOPUTEIbHBIMU. B pesysbraTe
HCCIEOBAaHUSA WX  CTPYKTYPHO-MEXaHHYECKUX
CBOHCTB OBLIIO YCTAHOBJIEHO, UTO TOJIHKO PEOJIOTHYE-
ckue cBouicTBa oOpasiia AI'A6 yOBJIETBOPSIIOT Tpe-
OOBaHHUSMHU «TEXHOJIOTUYECKOTO PEOJIOTHUUECKOTO
ONTHUMYyMa BKCTPY3UU» JIsI TUAPODHUIbHBIX Teleh
[13] (puc. 3), obGecrieunBasi JieTKoe I0O3UPOBAHUE
IPU BO3MOXKHBIX TEXHOJIOTHYECKUX OIEPALHAX
(mamosiHenue Ty6 mpu ¢acoBKe, BHIABIMBAEMOCTD
U3 TyO U T.JA.), @ TAK}KE HaMa3bIBAEMOCTh T'eJisd Ha
KOXKY.

ITosTomy masee fjist MoaeabHOro obpasna AI'A6
OBbLTH ITPOBE/IEHBI UCCIIEIOBAHUS MUKPOOUOJIOTHYE-
CKOU YHCTOTHI U (HPUBUKO-XUMHUUYECKUX CBOUCTB C

critical value (£30 mV). Therefore, the developed gel
is stable.

However, after 1 year storage, microflora growth
is observed above the recommended parameters for
this type of dosage form (the total count of aerobic
bacteria, yeast and mold (in total) should not exceed
102 CFU/g) [9], which requires the introduction of a
preservative in order to adjust the composition of the
AGA6 model sample. To ensure the microbiological
purity of the developed gel, Nipagin was chosen as a
preservative, which is an antimicrobial agent of static
action against a wide range of bacteria, yeast and
mold fungi. Its standard concentration for use is up
to 0.3%, while the activity of Nipagin increases at a
pH < 7.

CONCLUSION

As a result of the experiments carried out, the
optimal composition of the hydrophilic gel contai-
ning Agsular® (1.5%) as the active substance was
substantiated. This is a water-aerosil-glycerol con-
taining composition (the ratio of components 1:2:13
respectively) with the addition of Nipagin (0.1%).
The technology of the developed gel has been tested
in compliance with the conventional stages of gel

Ta6auna 2. CocTaB 1 XapaKTEPHUCTUKA a9POCUIICO/IEPIKAIIUX restell ¢ Arcyiap®
Table 2. Composition and characteristics of aerosil-containing gels with Agsular®

Kox  CocraB MOAEJIbHONM KOMIIO3UIIMI BHelrHuM BUJ H Pe3ysabTaT

Code Composition Appearance p Result

ATA1  Bopa ouniiennas 63.8 / Purified water 63.8 Cierka Baskas cycreH3ust 5.027 £ 0.009 HeynosieTBo-

AGA1 Arcynap® 1.5/ Agsular® 1.5 GeJioro mBeTa PUTEbHBIN
Tmunepos (90%) 30.0 / Glycerol (90%) 30.0 Slightly viscous suspension of Unsatisfactory
Aspocun® 10 100.0 / Aerosil® up to 100 white color

ATA2 Boja ouniiennas 52.2 / Purified water 52.2  Bsizkas cycrnensus 6e10ro 5.113 £ 0.003 HeyznosieTrso-

AGA2 Arcymnap® 1.5/ Agsular® 1.5 IBeTa pUTETBHBIA
Tmunepos (90%) 40.0 / Glycerol (90%) 40.0 Viscous suspension of white Unsatisfactory
Aspocun® 10 100.0 / Aerosil® up to 100 color

ATA3  Bopa ouniiiennas 40.5 / Purified water 40.5 Tycrast macca 6e1oro 1iseta 5.210 + 0.006 HeynoByieTBo-

AGA3 Arcymnap® 1.5/ Agsular® 1.5 Viscous mass of white color PUTEbHBIN
Tiiuniepost (90%) 50.0 / Glycerol (90%) 50.0 Unsatisfactory
Aspocun® 10 100.0 / Aerosil® up to 100

ATA4 Bopa ounmuenHas 29.0 / Purified water 29.0 Omnaznecrupyormas rycras 5.260 + 0.006 Heynosierso-

AGA4 Arcynap® 1.5 / Agsular® 1.5 Macca CBEeTJI0-3KeJITOTO IIBETA PHUTEIBHBIN
Tnunepon (90%) 60.0 / Glycerol (90%) 60.0 Opalescent viscous mass of Unsatisfactory
Aspocun® 10 100.0 / Aerosil® up to 100 light yellow color

ATA5 Bopa ountiennas 17.5 / Purified water 17.5  Onaseciiupyroiuii resib 5.393 £ 0.009 Y/IOBJIETBOPU-

AGA5 Arcynap® 1.5/ Agsular® 1.5 CBETJIO-3KEJITOTO I[BETa TeJIbHBIN
Tnunepos (90%) 70.0 / Glycerol (90%) 70.0 Opalescent gel of light yellow Satisfactory
Aspocun® 10 100.0 / Aerosil® up to 100 color

ATA6 Bopaa ouwninennas 6.0 / Purified water 6.0 IIpo3pauHbIii resib CBETIO- 5.443 £ 0.003 Y/I0OBJIETBOPU-

AGA6 Arcymap® 1.5/ Agsular® 1.5 3KEJITOTO I[BETa TeJIbHBIN
Tnunepos (90%) 80.0 / Glycerol (90%) 80.0 Transparent gel of light yellow Satisfactory

Aspocun® 10 100.0 / Aerosil® up to 100

color

Ilpumeuanue. 3HaUEHNUA BHIPAYKEHBI KaK CPE/IHEE + CTAHAPTHOE OTKJIOHEHHUE CpeiHero; n = 3 (p = 0.05).
Note. The values are expressed as the mean + standard deviation of the mean; n = 3 (p = 0.05).
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Puc. 3. 3aBUCUMOCTH HANPSI>KEHUsI CIBUTA OT CKOPOCTH CABUTAa MOJICIbHBIX KoMriozulinii ATAS u ATA 6
(remeoOpazoBatens — AEROSIL® 200 Pharma) npu 20 °C; OykBbl A—H — rpaHUIbI «TEXHOJIOTHYECKOTO OITUMyMa
SKCTPY3UU» JIJIA TH/APODUIIBHBIX TeJlei
Fig. 3. The shear stress — shear rate dependence of the AGA5 and AGA 6 model compositions
(gel-forming agent is AEROSIL® 200 Pharma) at 20°C; the letters A—H are the boundaries
of the technological optimum of extrusion for hydrophilic gels

IIeJIBIO OTIPe/ieJIeHUs] CTaOMIbHOCTH TIPU XPaHEHUH production. In the technological process, the follo-
(tabi. 3). wing characteristics of the target product were moni-

MogenbHbIH 06pasen; ATA6 pencTaBiisieT co0o tored: appearance (description), authenticity, pH,
JIUCIIEPCHYIO CHCTEMY — TeJIb, B KOTOPOH B KauecTBe viscosity, zeta potential, microbiological purity and
JIMCIIEPHOU CPebI BHICTYIIAET BOAHO-TJIUIIEPOJIOBBIN microbial enumeration test. The obtained data
pacrBop Arcynap®, a mucnepcHoi ¢az3oi ABIAETCA formed the basis for the development of product’s
Aspocun®. Kak BUZHO U3 IPE/ICTaBIEHHBIX JIAHHBIX, specification and laboratory regulations for the pro-

Taoauna 3. McenenoBanue cTabUIbHOCTH MOJIeIbHOTO 06pasna ATA6 npu XpaHEeHUH B €CTECTBEHHBIX YCIOBUAX
Table 3. Study of the stability of the AGA 6 model sample in real-time storage

MuKpoOOHOJIOTHYECKAS

Cp::{(eﬂnﬂ BHEIIHUH BUJ, H JIzera-moreHnuasi, MB uwncrora, KOE/r
}Sql)lelf-life Appearance p Zeta potential, mV Microbiological purity,
CFU/g
Jlo xpanenusi IIpo3payHbIii TeJib CBETIIO- 5.420 + 0.006 —565.00 * 29.65 25.00 + 2.89
Before storage kenToro sera
Transparent gel of light
yellow color
3 Mec [Ipo3pauHbIii I'eJib CBETIIO- 5.417 £ 0.003 —520.00 + 10.82 36.00 + 1.15
3 months 2KEJITOTO I[BeTa
Transparent gel of light
yellow color
6 mec ITpo3pauHbIii resTb CBETIIO-  5.407 £ 0.007 —469.00 + 18.82 50.00 + 2.89
6 months JKEJITOTO LIBETa
Transparent gel of light
yellow color
9 Mec ITpo3pauHbIii resib CBETNIO-  5.403 £ 0.003 —408.00 + 20.23 75.00 + 8.66
9 months 2KEJITOTO I[BeTa
Transparent gel of light
yellow color
12 mec ITpo3pauHbIli resib CBETIIO-  5.400 £ 0.006 —382.00 + 16.52 152.00 + 4.16

12 months 2KEJITOTO I[BeTa
Transparent gel of light
yellow color

IllpuMeuanue. 3HaUEHUA BHIPAYKEHBI KAK CPEIHEE + CTAaHJAPTHOE OTKJIOHEHHUE cpesHero; n = 3 (p = 0.05).
Note. The values are expressed as the mean + standard deviation of the mean; n = 3 (p = 0.05).
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BBICOKUH n3era-noreHnuain (6osee +30 mB) ress
03HAYAeT, YTO JIUCIIEPCHAs CHCTEMA BJIEKTPUUECKH
cTaOUIU3UPOBaHA, T.e. yCTOMYHBA K arperaruu [11].
B mporecce xpaHeHUs [13€Ta-TMOTEHINAT MOJETh-
Horo obpasia AT'A6 cumkaercs Ha 32.4 %, HO ero
3HAUEHHEe IIPU 3TOM COXPAHsETCS BBIIIE KPUTHUUE-
ckoro (+30 MB). CieoBaresibHO, pa3pabOTaHHBIN
reJib CTabUJIeH.

OpHako Tocyie 1 rofjla XpaHeHus HaOJIIomaercs
pocT MEKPOGJIIOPHI BhIIIIE pEKOMEH TyeMbIX TpeboBa-
HUN 7719 JIaHHOTO BUJIA JIEKAPCTBEHHON (POpMBI
(ob1Iee KOTMUECTBO a3POOHBIX OAKTEPUH, APONIKEN
U 1eceHU (CyMMapHO) HeE JIOJKHO IIPEBBIIIATH
102 KOE/r) [9], uTo TpebyeT BBeZeHUST KOHCEpBAaHTA
C IeJbI0 KOPPEKTHUPOBKU COCTAaBA MOJIEJIBHOTO
obpasna AT'A6. Jlinsa obecniedyeHUsT MUKPOOHOJIOTH-
YeCKOU YHCTOTHI Pa3pabOTaHHOTO TeJisA B KauecTBe
KOHCEpPBaHTA ObUT BHIOPAH HUIATHH, SBJIIONIUACI
MIPOTHBOMUKPOOHBIM CPEJICTBOM CTATHYECKOTO JIEH-
CTBUS IO OTHOIIEHUIO K IITUPOKOMY CIIEKTPY OakTe-
puii, ApoKIKe U IIecHeBbIX rpuboB. Ero cranmapt-
Hasi KOHIIEHTPAIN JJI UCI0JIb30BAHUSA COCTABIIAET
J10 0.3 %, IpU 5TOM aKTUBHOCTHh HUIIATWHA BO3pPac-
TaeT npu yposHe pH < 7.

3AK/ITIOYEHUE

B pesysibraTe MpPOBENEHHBIX HKCIEPHUMEHTOB
000CHOBAaH ONTHUMAJIBHBIA COCTaB TUAPOQPUILHOTO
resis, COAEpXKalMid B KadecTBe JeHCTBYIOIIETO
BemectBa Arcynap® (1.5%). 9TO BOIHO-a3POCHUII-
IJIHIEPOJICOAEPIKAIIas KOMIIO3UIUs (B COOTHOIIIE-
HUHM KOMIIOHEHTOB 1:2:13 COOTBETCTBEHHO) C 100aB-
JieHreM HunaruHa (0.1%). TexHosiorus pa3paboTaH-
HOTO TeJIsl anpoOupoBaHa ¢ cOBIII0ZeHUEeM TPAIUITU-
OHHBIX JTAlOB IIOJyYeHUs Tejedl. B TexHosmoruue-
CKOM TIpoIlecce KOHTPOJIMPOBAIM  CJIEAYIOIINE
XapaKTEPUCTUKH I1€JIEBOTO IMPOYKTa: BHEITHUN BU/T
(ommucanwme), moasMHHOCTH, pH, BSA3KOCTH, nA3€Ta-
MIOTEHITH A, MUKPOOHOJIOTHUECKYIO YUCTOTY U KOJTU-
YecTBEeHHOe oIpeziesienre. [losydeHHble JTaHHbIE
JIETJII B OCHOBY pa3pabOTKH HOPMAaTHUBHOU JIOKY-
MEHTAIluU U JJabopaTOPHOTO peryiaMeHTa JJis IPOo-
WU3BOZICTBA JIEKAPCTBEHHON GopMBI «Arcynap® reian
1.5%», KOTODBIH SIBJISIETCS IEPCIEKTUBHBIM CpEJ-
CTBOM TPODUIAKTUKA U JIEUEHUS XPOHUUECKOH
BE€HO3HOH HEIOCTATOYHOCTH.

BbaarogapHOCTH. ABTOPBI BBIpasKaioT 0Jaro-

papuocts  |T.B. Pomanko|, JI.A. Benosexen u

B.O. CrpaxoBy 3a HOMOIIb B BBIIIOJIHEHUH JTAHHOU
paboTsI.

duHaHCUpPOBaHUE PaGoThI. Pabora BHIIOJI-
HeHa TpU (PUHAHCOBOH MOAMEPIKKE ITPOrPAMMBI

duction of the dosage form Agsular® gel 1.5%, which
is a promising pharmaceutical for prevention and
treatment of chronic venous insufficiency.
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AHau3 cucreMbl papMareBTHUYECKOM IOMOIIH HACETIEHUIO
HoBocuoupckou od1actu

A.C. I>xynapos?, 1.A. JIxxynaposa’, I'.fI. I6parumoBa?

'@I'OY BO «Hogocubupckuil 2ocydapcmeeHHtbiilt meduyuHckuil yHusepcumem» Munadpasa Poccuu, Hosocubupck,
Poccus

2@I'6OY BO «Bbawkupckuil 2ocyoapecmeerHblil meduyuHcxuil yHugepcumem» Munsdpasa Poccuu, Ygpa, Poccus

AHHOTAIIUA

BBemenue. HepaBHOMEpHOEe pa3MellleHNe aNTeYHbIX OpTaHU3AIUi Ha Tepputopuu HoBocubupckoit obiactu
(HCO), megocratounas 06ecriedueHHOCTD (papMaIeBTUUECKUMU KaipaMu, 0COOEHHO B OTAAJIEHHBIX pallOHaX, maJie-
HUE KU3HEHHOTO YPOBHs, pocT 00111eli 3a60JIeBaeMOCTH HaceJIeHUsI, OTpPAaHUYEHHbIe MaTepHaJIbHble U (GUHAHCOBBIE
pecypcesnl 3xpaBooxpanenus HCO BpI3Basu HEOOXOAUMOCTD OLIEHKHU CHUCTEMBI (papMareBTUIeCKOH MOMOIIHU /IS Pa3-
paboTKu MepOUpHUITHH IO €€ COBEPIIEHCTBOBAHUIO, COXPAHEHHIO KOHCTUTYI[MOHHBIX IIPaB W TapaHTHUH i
JKUTEJIEN.

I e b . PazpaboTka u ammpobaIius METOANKY aHaIM3a CUCTEMBI (hapMarieBTr4yeckoii momoinu Hacesenuo HCO.
MaTepuanb U MeTO/bl. [y oneHky 6611 ucosb3oBaH SWOT-ananus. Ha ocHOBe KOHTEHT-aHAIN3a HAyIHOU
MEJIUITUHCKON ¥ (papManeBTHUYECKOH JIUTEPATYPhl, HODMATUBHBIX JIOKYMEHTOB IpaButresibctBa PO, Munsnpasa PO u
HCO 65lL71a cocTaByieHa aHKETa, B KOTOPOU XapaKTePHU30BAJIUCH PA3JIMYHBIE ACIIEKTHI JIEKAPCTBEHHOH IIOMOIIY HACEIEHHIO
HCO. I'pymimie sxcnepToB (PYKOBOJAUTEIN AIITEYHBIX CeTel, 3aBe/yIOIIHe allTeKaMU, DYKOBOZAUTEIIU U CIIEIIHAINCTHI OT eI
JleKapCcTBEHHOTO obecrieuenus Hacenenus: Munaapasa HCO — Bcero 35 uest.) 6bUIO IPEIIOKEHO OIIEHUTD (TIPOPaHKUPO-
BaTh) IPE/IJIOKEHHBIE XapakTepucTuku B SWOT-maTpuite.

PesynbTaThl. YCTAHOBJIEHO, UTO CHJIBHBIE CTOPOHBI (papMarneBTHYeCKOH oMoy Hacesenuto HCO (mepBocreneH-
HBIMHY CPEJIA HUX SIBJISIIOTCA pa3BuTast MHPPaACTPyKTypa obecrieueHus HaceaeHus apMarieBTUYECKOHN TOMOIIbI0; TPUHS-
THe U peaynzaius deepaabHbIX IPOTPAMM 10 CTPATETHU JIEKAPCTBEHHOTO 0becrieueHnsi HaceJleHUsI U Pa3BUTHIO 3/Ipa-
BooxpaHeHus B P® 1 HCO) B 1.26 pasa MpeBBIIIAIOT cJ1abble CTOPOHBI CUCTEMEBI (HeTocTaTOYHOe (GDMHAHCUPOBAHUE JIEKaP-
CTBEHHOTO 00ecTieueHus HaceJIeHUs PEeTrHOHa; HeZIOCTATOUHAsI 00eCTIeUeHHOCTh HaCeJIEHUsI aITeYHBIMU OPTaHU3aIUIMU
1 beTTH/IIEPCKO-aKyIIIEPCKUMU IyHKTAMH B CeJTbCKHUX HaceeHHbIX myHKTax HCO u fp.). BoamMorkHOCTH crcTeMbl (hapmarieB-
trueckord momomu B HCO (opraHuzanus OTIyCKa JieKapcTBeHHbIX mpemnapartoB (JII1) meaunuHCKUMHU pabOTHHUKAMU
yepe3 aMOyJIaTOPUHU B CEJIbCKHUX HacesJeHHBIX MyHKTaX HCO, B KOTOPBIX OTCYTCTBYIOT allTE€YHbIE OPTraHU3AIINH; YBeJIUe-
HUeE JI0JIM MyHUIIUIIAJIBHBIX PAHOHOB U TOPOJCKUX OKPYTOB, 00ECIIeYeHHBIX IIYHKTAaMU OTIycKa JIII, 10 OTHOIIEHHIO KO
BCEM MYHUIUIIAILHBIM palioHAM U TOPOJICKUM OKpyram HoBocubupckoii obiactu 10 100 % u Ap.) B 1.13 pasa npeobia-
JlaloT Haj yrposamu (pocT KajpoBoro jgedunurta B dhapMaleBTHYECKON OTpaciid, MaHAEeMUs HOBOU KOPOHABUPYCHOM
nHOEKINH U JP.).

3aknwueHue. PapmaneBruueckas nmomoinp HaceseHuto HCO xapakrepusyeTcs npeobsajaHieM CUIIbHBIX CTOPOH
HaJT c1abbIMH, IIPH 5TOM IOTEHIIHAIbHbIE BO3MOKHOCTHU MIPEBBIIIAIOT YIPO3bl. V13 3TOTO ciieyeTr, 4To HEOOXOUMO JajTb-
HelIIee COBEPIIEHCTBOBAaHNE (hapMaleBTUIECKOH IIOMOIIH, UCII0JIb30BAHUE €€ PeCYPCHBIX BO3MOXKHOCTEHN U YKPEIIEHHE
CUJIBHBIX CTOPOH.

Kmuoueenle caoea: dpapmaneprrueckas momoinb, SWOT-ananus, HoBocubupckass 061acTh, JIeKaApCTBEHHBIE Mpera-
parthl, aniTevyHble OPTaHU3AI[UH.

Oo6pasen nurtupoBanua: [xynapos A.C., lzxxynaposa U.A., I6parumosa I'.fI. Aranus cucrems! hapmarnes-
TUYECKOU TIoMoInu HaceseHno HoBocubupcekoii obsactu // Journal of Siberian Medical Sciences. 2022;6(1):128—-140.
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Analysis of the pharmaceutical care system of the Novosibirsk
region community

A.S. Dzhuparov?, I.A. Dzhuparova', G.Ya. Ibragimova?

Novosibirsk State Medical University, Novosibirsk, Russia

2Bashkir State Medical University, Ufa, Russia

ABSTRACT

Introduction. Uneven placement of pharmacy organizations on the territory of the Novosibirsk region, want of
pharmaceutical staff, especially in remote areas, falling living standards, an increase in general morbidity of the popula-
tion, limited material and financial health care resources in the Novosibirsk region necessitated an assessment of the phar-
maceutical care system in order to develop measures to improve it, preserve constitutional rights and guarantees for resi-
dents.

Aim . Development and testing of a methodology for analyzing the system of pharmaceutical care for the population of
the Novosibirsk region.

Materials and methods. SWOT analysis was used for the assessment. Based on the content analysis of
scientific medical and pharmaceutical literature, regulatory documents of the Government of the Russian Federation, the
Ministries of Health of the Russian Federation and the Novosibirsk region, a questionnaire was compiled in which various
aspects of the pharmaceutical care to the population of the Novosibirsk region were characterized. A group of experts
(heads of pharmacy chains, heads of pharmacies, chiefs or deputies, specialists of the Department of Drug Provision of the
Population of the Ministry of Health of the Novosibirsk region — a total of 35 people) were asked to evaluate (rank) the
proposed characteristics in a SWOT matrix.

Results. It has been established that the strengths of pharmaceutical care to the population of the Novosibirsk
region (the top among them are the developed infrastructure for providing the population with pharmaceutical care; the
approval and implementation of federal programs on the strategy of drug provision to the population and the develop-
ment of healthcare in the Russian Federation and the Novosibirsk region) exceed by 1.26 times the weaknesses of the
system (insufficient financing of drug provision to the population of the region; insufficient provision of the population
with pharmacy organizations and medical and obstetric stations in rural settlements of the Novosibirsk region, etc.). Pos-
sibilities of the pharmaceutical care system in the Novosibirsk region (organization of dispensing medicines by medical
staff through out-patient clinics in rural settlements of the Novosibirsk region, in which there are no pharmacy organiza-
tions; an increase in the proportion of municipal and urban districts provided with medicines dispensing outlets in rela-
tion to all municipal and urban entities of the Novosibirsk region to 100%, etc.) by 1.13 times prevails over threats (an
increasing staff shortage in the pharmaceutical industry, a pandemic of a new coronavirus infection, etc.).
Conclusion. Pharmaceutical care for the population of the Novosibirsk region is characterized by the predomi-
nance of strengths over weaknesses, while potential opportunities exceed threats. This imples the necessity to further
improve pharmaceutical care, use its resource capabilities and enhance its strengths.

Keywords: pharmaceutical care, SWOT analysis, Novosibirsk region, medicines, pharmacy organizations.

Citation example: Dzhuparov A.S., Dzhuparova LA., Ibragimova G.Ya. Analysis of the pharmaceutical
care system of the Novosibirsk region community. Journal of Siberian Medical Sciences. 2022;6(1):128—140. doi:
10.31549/2542-1174-2022-6-1-128-140

BBEJAEHUE

ITo cocTossHUIO Ha 01.01.2020 HAa TEPPUTOPHUHU
HoBocubupckoit 006y1acTH PO3HUYHAA TOPTOBJIA
JlekapcTBeHHbIMU npenapaTtamu (JIIT) ocymecTsois-
Jlach 1543 anTeKaMH, alTeuyHbIMU IyHKTaMu (505
IOPUUYECKUX JIUI, UHAUBUAYATbHBIX TPEeANPUHU-
MaTesel), U3 HUX 1386 anTeK, anTeYHbIX MYHKTOB
YacTHOU (pOpMBbI COOCTBEHHOCTH (457 OPUANIECKUX
JIUT, MHAUBU/IYAJIbHBIX MPEANPUHUMATENEH) U 157
anTeK, aNTeYHBIX IIYHKTOB TOCYJAPCTBEHHOH U
MYHUIIUITTLHON (popM cobcTBeHHOCTHU. J0JIs1 yacT-

INTRODUCTION

As of 01.01.2020, on the territory of the Novosi-
birsk region, retail trade in medicines was carried
out by 1543 pharmacies, pharmacy outlets (505 legal
entities, individual entrepreneurs), of which 1386
pharmacies, pharmacy outlets of private ownership
(457 legal entities, individual entrepreneurs) and 157
pharmacies, pharmacy outlets of state and municipal
ownership. The proportion of private business
accounted for 89.3% of the total number of phar-
macy organizations.
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HOTro O6m3Heca cocTapisyia 89.3 % oT 00IIero yucaa
anTeuYHbIX OpraHu3aIiH.

3a mepuoj; 2015—2020 royioB B HoBocuOUpPCKOH
00J1acTH MPOUBOILILIO0 YBEJIUYEHHE KOJIUYECTBA
VYaCTHUKOB Ha (apMareBTUUYEeCKOM pbIHKe (fopu-
JIMYECKUX JIUII, HHAUBUAYAJIBHBIX MIPEIIPHUHUMATE-
JIen) Ha 5.2 % ¥ Ha 13.1 % anTeK, allTeYHbBIX ITyHKTOB
U anTeuHbIX KHUOCKOB. PasButme dapmarieBTuye-
CKOTO PBIHKA OCYIIECTBJISVIOCH B COOTBETCTBUH C
IOCTaHOBJIEeHMEM TrybepHatopa HoBocubGupckou
obactu oT 20.12.2019 N2 287 «0O6 yTBep:KAeHUN
TepeYHsI TOBAPHBIX PIHKOB JIJISI COZEHCTBUS Pa3BU-
THIO KOHKYPEHIIMH U IJIaHA MEPOIPUATHH (JOpOK-
HOU KapThl) IO COAEHCTBUIO PAa3BUTHUIO KOHKypPEH-
nuu B HoBocuOUpPCKOW 00s1acTH» TI0 CAEAYIONUM
HaNpaBJIEHUAM: COJEHCTBHE PA3BUTHUI0 KOHKYPEH-
MU Ha PBIHKE YCJIYT PO3HUYHOU TOPTOBJIH JI€Kap-
CTBEHHBIMH ITperapaTaMu, MEeUITUHCKUMU U3/IeJTH-
sIMA U COIYTCTBYIOIIUMH TOBapamu; (GpopMupoBa-
HUE YCIOBUH JIST PA3BUTHUSA, IOAAEPKKH U 3aIUThI
CcyO'BEKTOB MaJIOTO U CPEHEro MpeAIpUHUMATETh-
CTBa, pabOTAOINIKNX HA PHIHKE; IOBBIIIIEHE YPOBHS
WX KOHKYPEHTOCITIOCOOHOCTH, a TaK:Ke COZeliCTBHE
YCTpaHEHHUIO aIMUHUCTPATUBHBIX 6aphEPOB.

ot opraHu3anuil 4acTHOU (popMbI cOOCTBEH-
HOCTH B cepe yCIyT PO3HUYHOU TOPTOBJIH JIEKap-
CTBEHHBIMH ITperapaTaMu, MeUITUHCKUMU U3/IeJTH-
SIMU U IPYTUMH TOBapaMU alITEYHOT'0 aCCOPTUMEHTA
cocrapyser B HoBocubupcekoi obmactu 89.8 %, uro
3HAYUTEIBHO MPEBBINIAET KJIOUEBOU II0KA3aTesb,
YCTAHOBJIEHHBIH CTaHZAAPTOM Pa3BUTUS KOHKYPEH-
nuu B cyobektax Poccuiickoit ®esmepanmuu — Ha
ypoBHe 60 % [1].

Ha tepputopun HoBocuOGupcKoi 061acTH BBISAB-
JIEHO HEPABHOMEPHOE Pa3MellleHue allTeUHbIX Opra-
Huzanui. OCHOBHAS YaCTh alTEYHbBIX OPraHU3aI[UH
pacrosio;keHa Ha TeppuTopuu ropogoB Hosocu-
6upck, bepjck, Mckutum, O6b, I7ie B CBSI3U C 60JIb-
IIOH TUUIOTHOCTBIO HX pas3MeIeHUs] UMEET MECTO
BBICOKHI YPOBEHb KOHKYPEHIIUU CPEAU XO3SUCTBY-
OINX CYOBEKTOB, HUKE IEeHbl Ha JIEKAapCTBEHHBIE
npemnaparthl. B To 3ke BpeMsi oTMeUaercs HeZJoCTaTou-
HBIH yPOBEHD JIEKAPCTBEHHOTO 0OECIIeUeHUs JKUTe-
JIefl OTAAJIEHHBIX HACeJIeHHBIX IIYHKTOB, PAaCIIOJIO-
JKEHHBIX B paiioHax o00JIaCTH, TJ/ie OTCYTCTBYIOT
anTeyHble OPTAaHU3AIUU B CBA3U C 9KOHOMUYECKOH
HEIPHUBJIEKATEIbHOCTBIO JIJIA YYACTHUKOB (apma-
[IEBTUYECKOTO PhIHKA. FIMeeT MeCcTO HeZI0CTaTOUHOE
obecrnieuenue apMareBTHIECKUMH KaJpaMHu, 0CO-
OEeHHO B OT/IaJIEHHBIX palioHaX 00J1aCTH, UTO BIAUSET
Ha pasBuTHe (HapMaleBTUYECKOTO PhIHKA MyHHUIIH-
MaTbHBIX paiioHOB HoBocubupckoit obsiactu. Beero
Ha Tepputopun HoBocuOUpCcKol obsacTu Aen-
CTBYIOT TIOUTH ThICSYa (DETHAIIEPCKO-aKYIIIEPCKUX

During the period of 2015—2020, the Novosibirsk
region saw an increase in the number of participants
in the pharmaceutical market (legal entities, indivi-
dual entrepreneurs) by 5.2% and by 13.1% of phar-
macies, pharmacy outlets and pharmacy kiosks. The
development of the pharmaceutical market was car-
ried out in accordance with the Decree of the Gover-
nor of the Novosibirsk region dated December 20,
2019 No. 287 “On approval of the list of commodity
markets to promote competition and the action plan
(roadmap) to encourage development of competition
in the Novosibirsk region” in the following areas: fos-
tering the competition in the retail market of medi-
cines, medical devices and related products; creating
conditions for the development, support and protec-
tion of small and medium-sized businesses operating
in the market; improving their competitiveness, as
well as facilitating the removal of administrative bar-
riers.

The proportion of private-owned organizations in
the retail trade of medicines, medical devices and
other pharmacy products in the Novosibirsk region
is 89.8%, which significantly exceeds the key indica-
tor set by the standard for the development of com-
petition in the subjects of the Russian Federation at
the level of 60% [1].

An uneven placement of pharmacy organizations
was revealed on the territory of the Novosibirsk
region. The main part of pharmacy organizations is
located on the territory of Novosibirsk, Berdsk, Iski-
tim, Ob cities, where, due to the high density of their
placement, there is a high level of competition
among economic entities with lower prices for med-
icines. At the same time, there is an insufficient level
of drug provision for residents of remote settle-
ments located in areas of the region where there are
no pharmacy organizations due to the economic
unattractiveness for participants in the pharmaceu-
tical market. There is want of pharmaceutical staff,
especially in remote areas of the region, which
affects the development of the pharmaceutical mar-
ket of municipal districts of the Novosibirsk region,
takes place. In total, almost a thousand medical and
obstetric stations (MOSs) operate in the Novosi-
birsk region. Until the end of 2021 in the municipal
districts of the Novosibirsk region, it is planned to
put into operation 30 new MOSs as a part of the
national project “Healthcare.” The MOSs are built
and equipped in accordance with modern require-
ments and standards [2].

However, the decline in living standards, the
increase in the general morbidity of the population,
the limited material and financial resources of the
Novosibirsk region healthcare caused the need to
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myHKTOB (PAIT). /To KOHIIa 2021 T. B MyHHUITUIIATb-
HBIX parioHax HoBocuOHpcko# 06J1acTH IJIAaHHUPY-
eTcsl BBECTU B DKCIUTyaTanuio 30 HOBbIX PAII, cTpo-
SAIMMUXCSA B paMKax HAITMOHAJIBHOTO MPOEKTa «3/ipa-
BooxpaHeHue». ®AIl cTposiTcsi M OCHAIIAIOTCA B
COOTBETCTBHH C COBPEMEHHBIMU TPEOOBAHUAMH H
craHyiapramu [2].

OfHAaKO TajieHHe >KU3HEHHOTO YPOBHS, POCT
o011el 3a0071€BaeMOCTH HaceJIeH sI, OTpPaHUYEeHHBIE
MaTepuaibHble U (PUHAHCOBBIE PECYPCHI 37[PaBOOX-
pasenuss HoBocuOGUpPCKON 001aCTH BBI3BAIU HEOO-
XOJIUMOCTh OIIEHKU CHCTEMBI (apMareBTUUYECKOH
IIOMOINM JJIA Pa3pabOTKH MEpPONPUATHH IO ee
COBEPIIIEHCTBOBAHUIO, COXPAHEHHIO KOHCTUTYIIHOH-
HBIX MIPaB U TapaHTUH 1A KUTeJIEH.

I{EJIb UCCJIEJIOBAHUSA

PaspaboTka 1 ampobarys METOUKHA KaueCTBEH-
HOM M KOJIMUECTBEHHOUN OIleHKH (apMalieBThIe-
CKO oMol HaceseHuto HoBocubupcekoii obacTu.

Jlna peanu3anuy IOCTaBJIEHHOU INeJM ObLIA
ompeziesIeHbI CIIeIYIOIIe 3a1aUH:

1. PagzpaboraTh aHKeTy 11 SKCIEPTHOU OIEHKHU
CHWJIBHBIX M C€JIa0BIX CTOPOH, CTPATETHMYECKHUX BO3-
MOKHOCTEd ¥ YIpO3 PACKPBITHIO IIOTEHIHAaja
cucreMbl (apManeBTUYeCKON ITOMOIIY HaceJIeHUI0
HoBocubupckoit obsiactu.

2. Pazpabotarh 1 arrpoObUpOBATh METOTUKY Kaue-
CTBEHHOTO M KojudectBeHHOro SWOT-ananuza
cucteMbl (hapMaIneBTHUYECKOU TTOMOIIY HaCEJTEHUIO
HoBocubupckoii obactu.

MATEPUAJIbI 1 METO/IbI

Il BBIOOpA HAIPaBJIEHUH COBEPINIEHCTBOBAHMUSA
PETHOHAIBHON JIEKAPCTBEHHOU TIOJIUTHKH  OBLIT
ucnoiab3oBaH SWOT-aHanu3, KOTOPHIA MO3BOJISET
pasaenuTh haKTOPhI, OMKUCHIBAOIIE 00BEKT UCCIIe-
nmoBaHus — HoBoCMOMPCKYI0 00J1acTh — Ha 4 Cer-
MeHTa (COCTaBJSIONINE): CHJIbHBIE  CTOPOHBI
(Strengths), ciabsie cropoubr (Weaknesses), Bo3-
mozkHoctu  (Opportunities), yrposst (Threats).
SWOT-aHanu3 no3BoJisieT pacCMaTPUBATDh CUJIbHBIE
U cy1abble CTOPOHBI OO'BEKTA B TEKYIIIEM BPEMEHHOM
Iepuo/ie, MPOTHO3UPOBATh HOBblE BO3MOKHOCTU Ha
OCHOBE aHaJW3a BHEIIHUX (PAaKTOPOB, OIEHUBATH
yIpO3bl U IMPOTHO3UPOBATH TPYAHOCTH, KOTOPBIE
MOTYT BO3HUKHYTb. biaaromapsa SWOT-ananu3zy
MOKHO BBISIBUTDH, KaKHe HAIMpPaBJIE€HUSA B CTPATETH-
YeCKOM IUIaHe SBJISIIOTCS OIPENEJISIIONUME WU
BeZyIuMH [ 3, 4].

Ha ocHOBe KOHTeHT-aHAIN3a HAYIYHON MeTUIINH-
CKOU W (apManeBTHYECKON JIUTEPATYPhI, HOpMa-
TUBHBIX JIOKYMEHTOB IIpaBUTeNbcTBA P®, MwunHu-
crepcTBa 37ipaBooxpaHenusi P® u HoBocubupckoi

evaluate the pharmaceutical care system to develop
measures to improve it, preserve constitutional
rights and guarantees for residents.

AIM OF THE RESEARCH

Development and approbation of a methodology
for qualitative and quantitative assessment of phar-
maceutical care for the population of the Novosibirsk
region.

To achieve this aim, the following tasks were
defined:

1. Develop a questionnaire for expert assessment
of strengths and weaknesses, strategic opportunities
and threats to unlocking the potential of the pharma-
ceutical care system for the population of the Novosi-
birsk region.

2. Develop and test a methodology for qualitative
and quantitative SWOT analysis of the pharmaceuti-
cal care system for the population of the Novosibirsk
region.

MATERIALS AND METHODS

To select the directions for improving regional
pharmaceutical policy, a SWOT analysis was used,
which allows us to divide the factors describing the
object of research — the Novosibirsk region — into
4 segments (components): Strengths, Weaknesses,
Opportunities, Threats. SWOT analysis allows you
to consider the strengths and weaknesses of an
object in the current time period, predict new oppor-
tunities based on the analysis of external factors,
assess threats and predict difficulties that may arise.
Thanks to SWOT analysis, it is possible to identify
which areas in the strategic plan are decisive or lea-
ding [3, 41.

Based on the content analysis of scientific medi-
cal and pharmaceutical literature, regulatory docu-
ments of the Government of the Russian Federation,
the Ministries of Health of the Russian Federation
and the Novosibirsk region on drug provision of the
population, a questionnaire was compiled and pro-
posed to the experts.

The formation of an expert group is the most
important procedure that largely determines the
quality of expert assessment. It involves determin-
ing the quantitative and qualitative composition of
the expert group. The expert group should include at
least 11 people, which ensures the reliability of the
data obtained within 90% and above [3-8].

The expert group included heads of pharmacy
chains, heads of pharmacies, chiefs or deputies, spe-
cialists of the Department of Drug Provision of the
Population of the Ministry of Health of the Novosi-
birsk region, the Territorial Administration of the
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00J1aCTH 110 JIEKApCTBEHHOMY O0€ecIieueHHUIO Hacesle-
Hus ObLJIa COCTaBJIEHA aHKeTa, MPE/IJIOKEHHAs DKC-
mepTam.

dopMupoOBaHUE IKCHEPTHOU TPYIIIBI SBJISETCS
Ba)KHEUIIIEN TPOIIEAYPOH, B BHAUUTEBHOU CTENIEHH
OTIpeJIEJISAIONIEe KauecTBO SKCIePTHOM onleHKHu. OHO
[IPE/ITIOJIaTAaeT OIpeJieJIEHNe KOJIMYECTBEHHOTO U
KaueCTBEHHOT'O COCTaBa HKCIepTOB. I'pyIina skcnep-
TOB JIOJI?KHA BKJIIOUATh HEe MeHee 11 UeJl., uTo obecrie-
YHUBAET JIOCTOBEPHOCTH IOJIyYE€HHBIX JAHHBIX B IIpe-
Jenax 90 % u Boie [3—8].

B cocraB 3KCIepTHON TPYIIIBI BOIILIN PYKOBO/U-
TeJIN AaNTeUHBIX CeTel, 3aBeAyIOIIue AaIrTeKaMU,
HavyaJbHUKUA WA 3aMECTUTEJIH, CIIEIUAJIUCTHI
oT/lesia JIEKapCTBEHHOTO obecrieueHus: HaceJIeHUs
MunucreperBa 3apaBooxpanenuss HoBocubupckoit
obJ1acTH, TEepPUTOPHAIBHOTO yrpaeiieHus Dene-
pasIbHOM CoIy2K0BI 110 HAZB30PY B cepe 3apaBOOXpa-
HeHus 1o Hosocubupckoit obnactu, I'KY HCO
«HoBocubobapapm» (35 uyen.). OleHKa ypOBHA
KOMIIETEHTHOCTH SKCIIEPTOB IIPOBOAMIACH 110 HATU-
YHUI0 KBATU(DUKAIMOHHON KATETOPUH, YIEHOH CTe-
[IEHU, CTA3Ky PaOOTHI 110 CHEITUATBHOCTH, & TAKIKE 110
K03(ppuIeHTy aprymeHTaIuu.

YpoBEHbP KOMIIETEHTHOCTU B KOJHUYECTBEHHOM
BBIPQ’KEHHUH PACCUUTHIBAJICH 110 (popMyIie

K=0.5"-K,

rae K — ypoBeHb KOMIIETEHTHOCTH;

K, — kooppunmenT aprymeHTaum.

YucyieHHOE 3HaUeHHEe KOA(dUIeHTa apryMeH-
TaIiu OIPeIEIAIOCH IO ATAIOHHOI Tabuie [6—8].
KaduecTBeHHBIN COCTaB JKCIIEPTOB CUUTAETCSA YI0-
BJIETBOPUTEIBHBIM, €CJTU YPOBEHb KOMIIETEHTHOCTH
HaXOMUTCS B IIpeziesiaX OT 0.25 [0 0.5. B Hamem
WCCJIEIOBAHUU OH COCTaBWJI 0.45, a KoaddumueHT
aprymeHTanuu — 0.98 [6—8].

OrmpeziesieHre CTENEHW COTJIACOBAHHOCTH MHe-
HUH SKCIEPTOB 10 COBOKYITHOCTH OIEHOK ITPOBO/TH-
JIOCh C UCIIOJIb30BaHUEM K03 PUITMEHTa KOHKOP/Ia-
nuu. COmocTaBUMOCTh U €JHHCTBO MHEHHH DKCIIEP-
TOB ObLIa IOATBEPIK/IEHA BapHaOebHOCTHIO OTHO-
CUTEJIPHO PACXOXKJIEHUsS MHEHUU JIBYX SKCIEPTOB
(ue bostee 2 %) [6].

B paspaboraHHOll aHKeTe-MaTpuIlle ObLI yKa3aH
rnepedueHb (HAKTOPOB, KOTOPBIE XapaKTEPU30BAIH
pasJuyHble CTOPOHBI OIIEHKH JIEKApCTBEHHOM
ITIOMOIITY HaceJIeHHIo obiiactu [3, 4, 6, 7]. Dkcriepram
MpeJIJIarajoch OIeHUTH (POPaHKUPOBATh) ITOKa3a-
tesii B SWOT-MaTpuIle 1Mo cTereHd Ba’KHOCTH TOTO
WJIM MHOTO TI0KA3aTesIs B Ka¥K/IOM CEIMEHTE, a TAKIKe
OHH HMEJU BO3MOXKHOCTH JIONIOJIHUTH HWJIM H3Me-
HUTH yKa3aHHble (akTopbl. Ompoc SKCIEPTOB OCY-
MIECTBJISIICS IyTEM AHOHUMHOTO aHKETUPOBAHUS.

Federal Service for Surveillance in Healthcare in the
Novosibirsk region, the State Treasury Institution
of the Novosibirsk region “Novosiboblpharm”
(35 people). The assessment of the level of experts’
competence was carried out by the presence of a
qualification category, academic degree, relevant
professional experience, as well as by the argumen-
tation coefficient.

The level of competence in quantitative terms was
calculated using the following formula

K=0.5"-K,

where K — the level of competence;

K, — the argumentation coefficient.

The numerical value of the argumentation coeffi-
cient was determined according to the reference
table [6—8]. The qualitative composition of the
expert group is considered satisfactory if the level of
competence is in the range from 0.25 to 0.5. In our
study, it was 0.45, and the argumentation coefficient
was 0.98 [6—8].

The degree of* consistency of expert opinions on
the totality of assessments was determined using the
concordance coefficient. The comparability and unity
of expert opinions was confirmed by the variability
regarding the divergence of opinions of two experts
(no more than 2%) [6].

In the developed questionnaire matrix, a list of
factors that characterized various aspects of the
assessment of providing pharmaceutical care to the
population of the region was indicated [3, 4, 6, 71.
The experts were asked to evaluate (rank) the indi-
cators in the SWOT matrix according to the degree
of importance of one or another indicator in each
segment, and they also had the opportunity to sup-
plement or change these factors. The survey of
experts was carried out by means of an anonymous
questionnaire. The expert information was pro-
cessed using Statistics+ 3.5.0 and STATISTICA 6.0
software.

The methodology of SWOT analysis of the phar-
maceutical care system for the population of the
Novosibirsk region is shown in Fig. 1.

A quantitative SWOT analysis of the pharmaceu-
tical care system was carried out using the method of
direct ranking of factors.

Initially, the value of the rank was calculated
using the formula

C=1/r,

where C — the rank value;
r, — the rank of the factors determined by the
i™ expert.
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O6paboTKy SKCIEepTHONH HWHMOPMAIIMU OCYIIECT-
BJISLIM C ITOMOIIIbIO TTporpaMm «CTraThcTUKa+ 3.5.0»
u STATISTICA 6.0.

Meronuka SWOT-ananuza cucrteMsl hapMareB-
THYECKON TIOMOIIM HacejaeHno HoBocubupckon
obJiacTu mpejicTaBIeHa Ha puUc. 1.

KonuuectBennbiii SWOT-ananu3 cucreMsbl ap-
MAaIeBTHYECKON TTOMOIIY ObLI IPOBEJIEH C MUCIIOIb-
30BaHUEM METOJIMKHU MPSAMOTO PAHKUPOBAHUS haK-
TOPOB.

Then, the weight of the rank was determined by
the formula
W=C-r,

where W, — the rank weight.

The calculation of parametric indices for the com-
ponents of SWOT analysis (P) was carried out
according to the formula

P =W.A,

OTBOP 1 KJIACCUPUKAITNA PAKTOPOB
SELECTION AND CLASSIFICATION OF FACTORS

\ 4 Y Y \ 4

S w 0) T
CubHbBIE CTOPOHBI Ciabble CTOPOHBI BosmoxxHOCTH Yrpossl
Strengths Weaknesses Opportunities Threats

\ 4

KauectBennbiit SWOT-aHanu3 cucreMbl hapMarieBTHYECKOH IIOMOIIY Ha OCHOBE OKCIIEPTHOH OIEHKHU
PYKOBOJUTEJIEN aIITEK, AIITEYHBIX CETEH, CIIEIUAIMCTOR OT/IesIa JIEKAPCTBEHHOTO obeciieuenus MUHHCTEPCTBA
3npaBooxpanenus HoBocubupckoit obactu, PocaapaBaaizopa no HoBocnbupcekoit obactu
Qualitative SWOT analysis of the pharmaceutical care system based on the expert assessment of the heads
of pharmacies, pharmacy chains, specialists of the Department of Drug Provision of the Ministry of Health
of the Novosibirsk region, Federal Service for Surveillance in Healthcare in the Novosibirsk region

Y

KosmuectBenusiii SWOT-ananus cucteMbl hapMarieBTHIECKON TOMOIIH
Quantitative SWOT analysis of the pharmaceutical care system

v

Llena panra
Rank value

Bec panra
Rank weight

ITapamerpuueckuii nHaEKC o
Parametric index g

CBoaHbli MapaMeTpUYecKUil HHICKC
Summary parametric index

UYeTbIpe TPYIIIBI CBOAHBIX TaPAMETPUUECKUX HH/IEKCOB
Four groups of summary parametric indexes

v

CpaBHEHIE CUIIBHBIX U C1a0bIX CTOPOH CHCTEMBI
(apmaneBTUYECKOM TTOMOIITH
Comparison of strength and weaknesses
of the pharmaceutical care system

v

v

CpaBHeHIe yTPpo3 H BO3MOKHOCTEH CHCTEMBI
apmarieBTHUECKOH TTOMOIIIH
Comparison of threats and opportunities
of the pharmaceutical care system

v

OmpefiesieHre TIPUOPUTETHOCTH (PAaHKUPOBAHKE) MEPOIIPUSTHH MO ONTUMHU3AINH CHCTEMBI
dapmanepTrueckoit momoinu B HoBocubupckoi obiactu
Prioritization (ranking) of measures to optimize
the pharmaceutical care system in the Novosibirsk region

Puc. 1. Meroguka SWOT-aHamu3a cucreMbl (hapMarieBTHIeCKOU TOMOIIU HacesleHnio HoBocnbupckoii obactu
Fig. 1. Methodology of SWOT analysis of the pharmaceutical care system for the population of the Novosibirsk region
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Brauase paccuuThIBasiach IleHa paHra o ¢op-
MyJIie
C=1/r,

rae C — 1ieHa paHra;
r.— paHr GakTopa, OIpeeIeHHbIM 1-M 9KCIIEPTOM.
3aTeM OKCIEPTHBIM IIyTEM OIIPEJIEJISIICS BeC
panra o hpopmysie

wW==C-r,

1 1
rae W, — Bec paHra.

Pacuer mapaMeTpuYeCcKUX WH/IEKCOB IO COCTaB-
Jerromum SWOT-ananusa (Pl.) OCYILIECTBJIAJICA 10
dopmyne

P =W._A,
rae A, — olleHKa (paKTOpa 9KCIEPTOM I10 5-0a//IbHOM
HIKaJIe.

Pacuer cBOAHOTO mapamMeTPHUUECKOro HHEKca

(P) mpoBoamics 110 popmyJie

P.=YP.

PE3YJIBTATBI 1 OBCY2KJITEHUE

ITo orob6paHHBIM 3KcHepTamMu (axTopam ObLT
npoBefieH kKauvecTBeHHbIN SWOT-ananms, pesysib-
TaThl KOTOPOTO IIPE/ICTABJIEHBI B TA0J. 1.

YcranosiieHo, 4To cucteMa apManeBTUIECKOU
oMoty B HoBocuOUpCKOW 06JIaCTH HAXOUTCS B
OTHOCHUTEJIPHO OJIATONPUATHBIX YCIOBUSAX, UTO CBS-
3aHO ¢ JedcTBHEM (PAKTOPOB BHEIIHEH CpEIbI.
KauectBenubsii SWOT-ananus mokasaji, YTO CHJIb-
HBIMU CTOPOHAMH CHUCTEMbBI OKa3aHUs (apMarieB-
THYECKOU IMOMOIIM HACeJIEHUIO SABJIAIOTCA: Pa3BU-
Tass uWHGpACTPYKTypa obecrledeHus HaceJIeHUs
¢apmaneBTrueckord nomoiiso B HoBocubupckou
o0JlacTH; €KerojHoe TPUHATHE U peayn3alus
deniepasbHBIX MPOTPAMM TIO CTPATETHUH JIeKap-
CTBEHHOTO O0OecrieyeHHsi HaceJIEeHUs U Pa3BUTHIO
3apaBooxpaHenns B P® u HoBocubupckoit obsa-
CTH, a TAK)Ke €KeroJiHOe MPUHATHE U PeayTn3aIius
TEPPUTOPUAIIBHON MTPOTPAMMBI T'OCTapaHTHH OKa-
3aHuA Tpakganam HoBocubupckoii obsactu 6ec-
IJIATHOM MEIUIIMHCKOM ITOMOIIM, BKJIIOYAIOIEH
JIeKapCTBeHHOe obeclieueHne; BHEJPEHUE MapKH-
POBKHU JIEKAPCTBEHHBIX CPEJCTB M PO3HUYHOHU TOP-
TOBJIU JIUCTAHIIMOHHBIM crocobom JIII u apyrumu
TOBapaMU allTEYHOTO aCCOPTHUMEHTA U JIp.

B kauecTBe cj1abbIX CTOPOH SKCHEPTHI OTMETHIIN
HeI0CTaTOUHOe (DMHAHCUPOBAHUE JIEKAPCTBEHHOTO
obecrieueHus HaceseHus: HoBocubupckoit obiacty;
HUBKHE TEMIIBI Pa3BUTHUA TOCYJapCTBEHHOU NHDOP-
MAaIlMOHHOH CHUCTEMBI B3aMMOJEHCTBUS MEIUITHMH-
CKHX, alITEYHBIX ¥ CTPAXOBBIX MEJUIIMHCKUX OPTaHHU-
3al[iii; BBICOKYIO KOHIIEHTPAIUIO CYObEKTOB 0Opa-

where A, — the expert’s assessment of the factor on a
5-point scale.

The calculation of the summary parametric index
(P) was carried out according to the formula

P =P,

RESULTS AND DISCUSSION

According to the factors selected by the experts, a
qualitative SWOT analysis was carried out, the
results of which are presented in Table 1.

It has been established that the pharmaceutical
care system in the Novosibirsk region is in relatively
favorable conditions, which is due to the influence of
environmental factors. The qualitative SWOT analy-
sis showed that the strengths of the pharmaceutical
care system are: the developed infrastructure for
providing pharmaceutical care to the population in
the Novosibirsk region; the annual approval and
implementation of federal programs on the strategy
of drug provision of the population and the develop-
ment of healthcare in the Russian Federation and the
Novosibirsk region, as well as the annual approve-
ment and implementation of the community-based
program of state guarantees for the provision of free
medical care to citizens of the Novosibirsk region,
including drug provision; the introduction of label-
ing of medicines and distance retail trade of medi-
cines and other pharmaceutical products, etc.

As for weaknesses, experts noted insufficient
financing of drug provision to the population of the
Novosibirsk region; low rates of development of the
state information system of interaction between
medical, pharmacy and insurance medical organiza-
tions; high concentration of subjects of circulation of
medicines in urban districts along with the insuffi-
cient provision of the population with pharmacy
organizations and medical and obstetric stations in
rural settlements of the Novosibirsk region.

When assessing the possibilities, it was found
that the implementation of development programs
of the Novosibirsk region (with the deployment of
pharmacy organizations and medical and obstetric
stations to provide the population with medical and
pharmaceutical care), the constant control of the
government of the Novosibirsk region over the level
of subsidized medicinal care to certain categories of
citizens, the implementation of public-private part-
nership mechanisms in healthcare, including drug
provision in the Novosibirsk region, the opening of
pharmacy organizations by federal and regional
pharmacy chains in the Novosibirsk region to
increase the availability of medicines to the popula-
tion are paramount.
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Ta6imna 1. Pezynprarsl kauectBeHHOro SWOT-aHanu3a cucrems! hapmanieBTuueckor momouy B HoBocubupckou
obactu
Table 1. Results of a qualitative SWOT analysis of the pharmaceutical care system in the Novosibirsk region

CuibHbBIE CTOPOHHI / Strengths

« PazBuras nadpacrpykrypa obecredeHus HaceseHUs dpapManeBTHIecKoi momomisio B HCO
Developed infrastructure for providing the population with pharmaceutical care in the Novosibirsk region

 IIOBBIIIIEHHE JIOCTYIIHOCTH IIOJIyYEHHs] TOCYJAPCTBEHHOM YCJIyIM 10 JIMIEH3UPOBAHUIO (hapMaleBTHUECKON
JIeSITEJIBHOCTH
Increasing the availability of state services for licensing pharmaceutical activities

» DopMUpOBaHUE U BHEIPEHUE CUCTEMBI KAUeCTBA B IEATEILHOCTD CyOBekToB obpatenus JIC HCO no o6ecnieueHuIo
HaCeJIEHHS KaueCTBEHHbIMU, 3 dekTrBHbIME U Ge3omacHbivu JII1

Formation and introduction of a quality system in the activities of subjects of circulation of medicines of the Novosibirsk
region to provide the population with high-quality, effective and safe medicines

o [lpunsTre u peanuzanus (efepaTbHBIX IPOrPAMM [0 CTPATETHU JIEKAPCTBEHHOTO OOECIIeUeHUsi HACEJIeHUs U
pa3BUTUIO 3/IpaBOOXpaHeHus B PO

Approval and implementation of federal programs on the strategy of drug supply to the population and the development
of healthcare in the Russian Federation

+ BHe/[peHre pO3HIYHOU TOPrOBJIN JUCTAHIUOHHBIM crtocobom JITT v IpyruMu TOBapaMU AlITEYHOTO ACCOPTUMEHTA
Introduction of distance retailing of medicines and other pharmacy products

» OxBar GecIJIaTHOHN JIEKAPCTBEHHOH MOMOIIBI0 (B TOM YHCJIE JIOPOTOCTOSINE) HAaCeeHUsI C BHICOKUM YPOBHEM
VHBATU/IU3AI[IH
Coverage of free pharmaceutical care (including expensive) for the population with a high level of disability

« EsxeroziHoe mpUHSATHE W peaH3alys TEPPUTOPUAIBHONM MPOrpaMMBbI OCrapaHTHil OKazaHusi rpaxkaanam HCO
GecITaTHON MEAUITMHCKOH ITOMOIIIY, BKIIOYAIOIIEH JIEKAPCTBEHHOE 0becrieueHne

Annual approval and implementation of the community-based program of state guarantees for the provision of free
medical care to citizens of the Novosibirsk region, including drug provision

« Kontposs 3a nenamu Ha JIII B mepro/ maHeMuu, epeperucTpariis Mpe/eIbHbIX OTIIyCKHBIX IIeH IPOU3BOAUTEIEN
Ha JIII u3 nepeuns KHBJIII

Control over the prices of medicines during the pandemic, re-registration of the maximum selling prices of
manufacturers for medicines from the List of vital and essential medicines

» Baezpenue HoBoro nopsizika BBoja JIC Ha hapMarieBTHUECKOM PHIHKE KaK FAPAHTHPOBAHHAS Mepa 110 00eCeYeHUI0
HaceJIEHHS KaueCTBEHHBIMU, 3 (PeKTUBHBIMY U Ge3omacHbiMu JII1

Implementation of a new procedure for the introduction of medicines in the pharmaceutical market as a guaranteed
measure to provide the population with high-quality, effective and safe medicines

 Buenpenue cucrempl MapkupoBku JIII Ha hapMarieBTHIecKOM PBIHKE JJIsl IIPEIOTBPAIEHHUS [TONaZaHusi B 000poT
danbcudunpoBaHHbIX, HeAOOPOKAYECTBEHHBIX U KOHTpadakTHbIX JIC

Introduction of a system for labeling medicines on the pharmaceutical market to prevent falsified, substandard and
counterfeit medicines circulation

 BHeapeHue yriporneHHoM nmporeaypsl perucrpauuu JIIT 1y1s1 iedeHnss KOpOHABUPYCHOU HHbEKInH
Introduction of a simplified procedure for registration of medicines for the treatment of coronavirus infection

» Orkpsoitie HOBbIX OAII /i1 0OecIeYeHust JOCTYITHOCTH JIEKAPCTBEHHOM TIOMOIIY CEJIbCKUM KUTEJISIM B MYHUIIH-
naynpHbIX paitonax HCO

Opening of new medical and obstetric stations to ensure the availability of medical care to rural residents in municipal
districts of the Novosibirsk region

* YBesnnmueHue 00’beMOB (DpMHAHCHPOBAHUS TOCY/JapCTBEHHOH ITporpaMMbl « Pagpurtue 3paBooxpanenus HCO»
Increase in the volume of financing of the state program Development of Healthcare in the Novosibirsk region

 BHenpeHne nHGOPMAIMOHHBIX U TeJIEKOMMYHHUKAIIMOHHBIX TEXHOJIOTUI B cucTeMy 371paBooxpanenus HCO
Introduction of information and telecommunication technologies into the healthcare system of the Novosibirsk region

e Ornyck JIIT 1 MeIUITMHCKOTO IPHUMEHEHUsI, B TOM YHCJIe HAPKOTHYECKUX U ICUXOTponHbIX JIII, BHECEHHBIX
B crucku 11 u III mepeyHsi HAPKOTHUYECKUX CPECTB, IICUXOTPOIHBIX BELIECTB M UX IPEKYPCOPOB, MOJJIEKAIIMX
KOHTPOJIFO B PO, MEANIIMHCKUX U3/IEJIVI U CIIEIHAIM3UPOBAHHBIX [TPOYKTOB JIEYe0OHOTO MUTAHUS 34 CUET CPEZCTB
(denepanpHOTO O1O/TPKETa U 06s1acTHOTO OroKeTa HCO M3 MeIUIIMHCKIX OPTAaHU3AIUH U anTeK (alTeYHbIX IIYHKTOB)
PErruoHa, B COOTBETCTBUHY C YTBEPKIEHHBIM [IEPEYHEM

Dispensing of medicines for medical use, including narcotic and psychotropic medicines included in the lists IT and IIT
of the List of narcotic drugs, psychotropic substances and their precursors subject to control in the Russian Federation,
medical devices and specialized medical nutrition products at the expense of the federal budget and the regional budget
of the Novosibirsk region from medical organizations and pharmacies (pharmacy outlets) of the region, in accordance
with the approved List
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Ilpononxenue taba. 1 / Table 1 continuation

« YBesMUeHUE JIOJIM OPTaHM3anMi YacTHOH (opMbI cOOCTBEHHOCTH B cdepe yCIyr po3HUYHOU Toprosau JIII,
MEZUIMHCKUMU U3ZIeJIUAMHU /10 90.4% KaK rapaHTHPOBAHHAs Mepa II0 PA3BUTUIO0 KOHKYPEHIIUHU /Ul 0becriedeHns
nocrynnoctu JIII B peruone

Increase in the proportion of private-owned organizations in the retail trade of medicines and medical devices to
90.4% as a guaranteed measure to promote competition to ensure the availability of medicines in the region

+ YBeJIMYEHNE JIOJIM PELEITOB, HAXO/AIIUXCsS Ha OTCPOYEHHOM OOECIIeUeHnH, B 00IIeM KOJIUYECTBE BHIMMCAHHBIX
pelienTtoB He 6osiee 1 % eKEerogHo

Increase in the proportion of prescriptions that are on deferred provision in the total number of written out prescriptions
no more than 1% annually

 YBesIMueHme CTONMOCTHY U KoJtrmdecTBa otmyineHHbix JIC Ha 1 manmenta B HCO
Increase in the cost and quantity of dispensed medicines per 1 patient in the Novosibirsk region

Craa6bre cropoubl /| Weaknesses

« Hanmurie HOpMaTHBHO-IIPABOBBIX AKTOB IIPAaBUTEJIbCTBA PO, pazpenaomux rpaskaaHaM M0JIyuaTh B3aMeH JIbrOTHBIX
JIC nmeHexHy10 KOMIIEHCAITUIO

Availability of regulatory legal acts of the Government of the Russian Federation allowing citizens to receive monetary
compensation in exchange for subsidized medicines

» Hemocrarouno sddexrtuBHas opraHuzanus paboThl IEPBUYHOTO aMOyIaTOPHO-TIOJMKIMHIYECKOTO 3BEHA IO
MIPOrHO3UPOBAHUIO TOTPeOHOCTH B JIIT B COOTBETCTBHH CO CTAHAAPTAMIE U KIIMHUYECKHIMH PEKOMEH/IAIUAMU
Insufficiently effective organization of the work of the primary outpatient clinics in predicting the need for medicines
in accordance with standards and clinical recommendations

» Heyrocrarounas rapmonusanus [lepeunss JKHBJIIT 1 craniapToB JieueHus 3a601eBaHUI
Insufficient harmonization of the List of vital and essential medicines and Standards for the treatment of diseases

» Heytocrarounoe ¢prHaHCHPOBaHUE JIEKAPCTBEHHOTO 0bectieuenus Hacesenuss HCO
Insufficient financing of drug provision for the population of the Novosibirsk region

+ Huskve TeMI1bl pa3BUTHUS TOCYAAPCTBEHHON HH(DOPMAIIMOHHON CHCTEMBI B3AUMOZIEHCTBHUS MEAUIUHCKIX, AlITEUHBIX
1 CTPAXOBBIX MEJUIIMHCKIX OPraHU3aIuN

Low rates of development of the state information system for the interaction of medical, pharmacy and insurance
medical organizations

« BrIcokas KOHIIeHTpaus cyorekToB oopamenus JII1 B ropojickux okpyrax HCO
High concentration of pharmaceutical organization in the urban districts of the Novosibirsk region

» Heprocrarounas 06ecrie4eHHOCTh HaceJIeH sl alTeYHbIMU opranu3anusamu u ®AIL B celbCKUX HACEJIEHHBIX MyHKTaX
HCO

Insufficient provision of the population with pharmacy organizations and medical and obstetric stations in rural
settlements of the Novosibirsk region

« Huskuii ypoBeHb yIIpaBJIeHH TOBAPHBIMU 3aracaMu B (papMalieBTHUeCKUX OpraHU3aIusAX, IPUBEAIINH K Tepebosm
B mocraBkax u gebunuty JIII B mepuos naunaeMun (aHTHOHOTUKH, HKMMYHOMOJIYJISITOPBI, TPOTUBOBUpPYCHBIE JIII,
BuTaMuHBI rpynisl D u C u ip.)

Low level of inventory management in pharmaceutical organizations, which led to interruptions in the supply and shortage of
medicines during the pandemic (antibiotics, immunomodulators, antiviral drugs, vitamins of group D and C, etc.)

» Huskast JOCTYIIHOCTD /151 IOTpe6GuTe el ToBapoB, paboT, yCIIyT, CyOBEKTOB MPeANPUHUMATETBCKON JIeATETHHOCTH
K MOJIyueHU uHpoOpManuu 00 OpPraHU3aANMsIX, OCYIIECTB/ISIIONUX (apMaleBTHUECKYIO0 IEATEJBHOCTh, apecax
pa3MelleHus alTekK, alTeYHbIX TyHKTOB

Low availability for consumers of goods, works, services, business entities of information about organizations engaged
in pharmaceutical activities, addresses of pharmacies, pharmacy outlets

» Poct 11en Ha JII1
Rise in prices of medicines

IToTeHIuaIbHbIE BO3MOKHOCTH / Opportunities

e Peanmmzanus nporpamm passutusa HCO (¢ pucimokamueit antedHblx opraHuzanui u ®AIl s obecrieueHust
HaceJIeHHUs MEUIMHCKOH U (papMaIieBTUUeCKOH TOMOIIBI0)

Implementation of development programs for the Novosibirsk region (with the deployment of pharmacy organizations
and medical and obstetric stations to provide the population with medical and pharmaceutical care)

« Bospiioe BHUMaHue npesusienTa PO u mpasutesnberBa PO, M3 PO K MOBBIIIEHUIO YPOBHS OKa3aHUS Ka4eCTBEHHOU
JIEKapCTBEHHOH ITOMOIIIY OT/IEJIbHBIM KaTETOPHAM IPak/iaH

Great attention of the President of the Russian Federation and the Government of the Russian Federation, the Ministry
of Health of the Russian Federation to improving the level of provision of high-quality pharmaceutical care to certain
categories of citizens

« [TocTostHHBIN KOHTPOJIb mpaBuTeabecTBa HCO 3a ypoBHEM OKa3aHUS JIBTOTHOU JIEKAPCTBEHHOU ITOMOIIU OT/I€JTHHBIM
KaTETOPUAM rpakaaH

Permanent control of the Government of the Novosibirsk region over the level of provision of preferential pharmaceutical
care to certain categories of citizens
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Oxonuanue tabn. 1 / Table 1 ending

« Peasinzanius MEXaHM3MOB I'OCY/IaPCTBEHHO-YaCTHOTO IAPTHEPCTBA B 3/[DABOOXPAHEHUH, B TOM UKCJIE JIEKAPCTBEHHOM
obecrieuenuu B HCO
Implementation of public-private partnership mechanisms in healthcare, including drug provision in the Novosibirsk region

» OTKPBITHE ANITEYHBIX OPraHu3auil (heiepaybHBIMI U PETHOHATIBHBIMY anrTedHbIME ceTstMu B HCO /17151 IOBBIIIEHHS
JOCTYIIHOCTH HaceseHuto JITI

Opening of pharmacy organizations by federal and regional pharmacy chains in the Novosibirsk region to increase the
availability of medicines to the population

 Opranusanus ormycka JIIT MeaumuHCKUMU pabOTHUKAME Yepe3 aMOyIaTOPUU B CEIbCKUX HACEIIEHHBIX IIyHKTAX
HCO, B KOTOPBIX OTCYTCTBYIOT alTeUuHble OPraHU3AINH, IJIs 00ecleYeHusl OCTYITHOCTH JIEKAPCTBEHHOH ITOMOIIH
CEJIbCKUM YKHUTEJISIM

Organization of dispensing of medicines by medical staff through outpatient clinics in rural settlements of the
Novosibirsk region, having no pharmacy organizations, to ensure the availability of medical care to rural residents

 VBesIMueHue [0/ MyHUIUIIATIbHBIX PAHOHOB M FOPOJICKUX OKPYIOB, O0ECIIEYEHHBIX IyHKTaMu oriycka JIII, mo
OTHOIIIEHHIO KO BCEM MyHUIIUIIAILHBIM paiioHaM u ropoackuM okpyram HCO 1o 100 %

Increase in the proportion of municipal and urban districts provided with drug dispensing outlets in relation to all
municipal and urban districts of the Novosibirsk region up to 100%

« YBeJIMueHue ZI0JTM 0XBaTa JIEKAPCTBEHHBIM 00€eCIieueHeM OT/IEIbHBIX KATETOPUH Ipak/iaH /10 100 %
Increasing the rate of coverage of certain categories of citizens with drug provision to 100%

 Opranusarys npeioCTaBIeHUs TOCY/ITapCTBEHHOH YCIIYTH 110 JINIEH3UPOBAHUIO (hapMalieBTUUECKOH e TeIbHOCTH
B YaCTHU prieMa 3asiBJIEHUH U JoKyMeHTOB ot/esieHussmu FAY HCO « M®IL]» B asieKTpoHHOU hopMe /1J1s1 0becriedeH st
JIOCTYITHOCTH JIJI5I BCEX CYyOHEKTOB

Organization of the provision of state services for licensing of pharmaceutical activities in terms of receiving applications
and documents by departments of the Multifunctional Centers of the Novosibirsk region in electronic form to ensure
accessibility for all subjects

» Pacimupenue nepeuns JIII, otmyckaembix u3 OAIl nacenenuio HCO
Expansion of the list of medicines dispensed in the medical and obstetric stations to the population of the Novosibirsk
region

¥Yrpossl / Threats

» MupoBo# (pUHAHCOBBIN KPU3KUC, OTPA3UBIINNCA HA COIMAIBHO-9KOHOMIYeCcKOM pa3Butuu Poccuu u B Tom uncsie HCO
Global financial crisis that affected the socio-economic development of Russia, including the Novosibirsk region

» Hapacranue kaipoBoro fgedpunuta BpapManeBTHIECKOH OTPACTH
Growing staff shortage in the pharmaceutical industry

« VXyjllleHre JUHAMHUKU JeMorpadpuueckux mokasaresiedl (crapeHue HaceseHUs, HU3Kas POKAAEMOCTb, BBICOKAS
CMEpPTHOCTH)
Deterioration in the dynamics of demographic indicators (aging of the population, low birth rate, high mortality)

« TocyZapcTBEHHbIE TADAHTHH HE B MMOJHON Mepe MOKPBIBAIOT MOTPEOHOCTH BCeX KaTeropuil rpaxaad B JIII mpu
OKa3aHUY IEPBIUYHON METUIIMHCKON [TOMOIIH
State guarantees do not fully cover the needs of all categories of citizens in medicines when providing primary medical care

» Pocr 00111eii 3a00/1€Ba€MOCTH HACEJIEHUS
Growth of the overall morbidity among population

» CHUIKEHVIE PeasIbHBIX JIOXO0ZI0B HACEJIEHUS B YCJIOBUSX UHMIIANUN
Decrease in real incomes of the population in the context of inflation

+ YBenuueHue AONM TPAKIAH, BBIIIEAIINX U3 MporpamMmbl obecrieueHus JIII OTAesbHBIX KaTeropuil TpakiaH,
MOJIB3YIOIIUXCsA JIbroTaMu pu jedueruu JIIT (88.2 %)

Increase in the proportion of citizens who have withdrawn from the drug provision program for certain categories of
citizens eligible for the preferential medicinal treatment (88.2%)

» CokpaireHue poJI0JIKUTETBHOCTA U KauecTBa Ku3HU rpaxaad 8 HCO
Decresed life expectancy and quality of life of citizens in the Novosibirsk region

» Coxpasnsmwomascs HebJaronpusTHas dIuJeMHoornyeckas obcraHoBka B P® u HCO mno 3abosieBaemMocTu
KOPOHABUPYCHOM HH(MEKIMEN, KOTOPAsi CIIOCOOCTBYET OTBJIEUEHHIO (DUHAHCOBBIX CPEJCTB OT PeaTU3aliy IIPOrpaMm
10 Pa3BUTHIO 3/[PABOOXPAHEHUS, B TOM YICJIE JIEKAPCTBEHHOTO 00eCIeueH s

The ongoing unfavorable epidemiological situation in the Russian Federation and the Novosibirsk region regarding the
incidence of coronavirus infection, which contributes to the diversion of funds from the implementation of healthcare
development programs, including drug provision
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menus JIII B ropoAckux OKpyrax npu HeZOCTaTOd-
HOH 00ecIieYeHHOCTU HaceJeHHUs allTeYHbIMU Opra-
HuzanusaMu u PAII B ceJIbCKUX HACEJIEHHBIX MTyHKTAaX
HoBocubupckoii obractu.

IIpu oneHKE BO3MOIKHOCTEH yCTaHOBJIEHO, UTO
peanuzaniusa mporpaMm pa3BuTus HoBocubupcKoi
obstactu (C IUCJIOKAITMEH aNTeYHbIX OpraHUu3aIui
u ®AII 1151 obecrieueHusa HaceJeHUS MeTUITMHCKON
u ¢dapMareBTHYECKOH ITOMOIIBIO), IMOCTOSHHBIN
KOHTPOJIb TpaBuTesnbcTBa HoBocubupckoit ob6sia-
CTH 32 YPOBHEM OKAa3aHUS JIbTOTHOH JIEKapCTBEH-
HOU TIOMOIIA OTJEJIbHBIM KaTErOpUsAM TpakaH,
peanuzanus MEXaHU3MOB roCy/IapCTBEHHO-
YaCTHOTO MMapTHEPCTBA B 3/IpaBOOXPAaHEHUU, B TOM
Yuciie JeKapcTBeHHOM obecrieuennu B HoBocubup-
CKOU 00JIaCTH, OTKPBITHE ANTEUHBIX OPTaHU3AIIUI
denepasbHPIMH U PETHOHAJIBHBIMH aIlTE€UHBIMH
cetaMu B HoBocuOUPCKOI 06JIaCTH JJIsl MTOBBIIIIE-
HUA JoCTynHOCTH HacesieHuto JIII aBidaioresa nep-
BOCTEIIEHHBIMHU.

Yrpozamu mpuU3HAHBI HapacTaHHE KaJpPOBOTO
nedunura B papManeBTUUEeCKOU OTPaC/IH, COXPaHsI-
oiascs HeOJaronpuATHAs 3IUJIEMUOIOTHYECKast
obcranoBka B P® u HoBocubupckoil 006J1aCTH IO
3a00J1€Ba€EMOCTH KODOHABUPYCHOH UH(MEKIHEH,
KOTOpas CIIOCOOCTBYET OTBJIEUEHUIO (DUHAHCOBBIX
CPE/ICTB OT peaM3aluy IMPOTPpaMM II0 Pa3BUTHIO
37]paBOOXpPaHEHUs, B TOM YHCJIE JIEKAPCTBEHHOTO
obecrieueHUsI HACEJIEHUS.

Janubsle KosmdectBeHHoro SWOT-ananuza
MO3BOJIMJIA YCTAHOBUTH, UTO pas3BUTasA HWHpa-
CTpYKTypa obecrieueHus1 HacejaeHUs dapManeBTH-
yeckol momoinbio B HoBocubupckoi obsactu
(0.567); npuHaTHEe U peanusdanusa GeaeparTbHBIX
MpOorpaMM IO CTpAaTEruu JIEKAPCTBEHHOTO obecre-
YeHUs HACEeJIEHUSA U PA3BUTHIO 37[PAaBOOXPAHEHU B
P® u HoBocubupckoii obsactu (0.564) mpeacTaBs-
JISTIOT cOO0M CUJIBbHBIE CTOPOHBI (papMaIieBTUUeCKOH
TTOMOIIIH, KOTOPBIE B 1.26 pa3a MPEBBIIIAIOT c1a0bie
CTOPOHBI CHCTeMBI (HeloCcTaTOuHOe (PUHAHCUPOBA-
HHUE JIEKAPCTBEHHOTO O0ecreueHus HaceJeHus
peruona (0.496), HeOCTATOUHYIO 0OeCIeueHHOCTh
HaceJeHUd anTeuyHbIMHU opraHuszanuaMu u GAII B
CeJTbCKUX HaCeJeHHBIX MyHKTax HoBocuOupckoit
obmactu (0.464), HedIPHEKTUBHYIO OPTAHU3ALIIIO
paboThl TEPBUYHOTO aMOyJIaTOPHO-TIOJUKIMHI-
YECKOTO 3BeHa I10 MPOTHO3UPOBAHUIO TOTPEOHOCTH
B JIII B COOTBETCTBHUU CO CTaHJAPTAMHU MEUITUH-
ckodl momomniu (0.424)). BosamoskHocTu (opranusa-
nua otmycka JIII mMeaunumHCKUMU pabOTHUKAMH
yepes aMOyJIaTOPUU B CEJTbCKUX HACEJIEHHBIX MyH-
ktax HCO, B KOTOPBIX OTCYTCTBYIOT allITEUHBIE Opra-
HUBaIUU, Jj11 00ecledeHus: JOCTYIIHOCTH JIeKap-

The threats are the growing staff shortage in the
pharmaceutical industry, the ongoing unfavorable
epidemiological situation in the Russian Federation
and the Novosibirsk region with regard to the inci-
dence of coronavirus infection, which contributes to
the diversion of funds from the implementation of
programs for the development of healthcare, includ-
ing drug provision to the population.

The data of a quantitative SWOT analysis allowed
us to establish that the developed infrastructure of pro-
viding the population with pharmaceutical care in the
Novosibirsk region (0.567); the approval and imple-
mentation of federal programs on the strategy of drug
provision to the population and the development of
healthcare in the Russian Federation and the Novosi-
birsk region (0.564) represent the strengths of phar-
maceutical care, which by 1.26 times exceed the weak-
nesses of the system (insufficient funding of drug pro-
vision to the population of the region (0.496),
insufficient provision of the population with pharmacy
organizations and medical and obstetric stations in
rural settlements of the Novosibirsk region (0.464),
inefficient organization of work of the primary out-
patient clinic to predict the need for medicines in accor-
dance with the standards of medical care (0.424)).
Opportunities (organization of dispensing of medicines
by medical staff through out-patient clinics in rural
settlements of the Novosibirsk region, having no phar-
macy organizations, to ensure the availability of medi-
cal care to rural residents (0.378); the increase in the
proportion of municipal and urban districts provided
with medicines dispensing outlets in relation to all
municipal and urban entities of the Novosibirsk region
to 100% (0.323)) by 1.13 times prevails over threats
related, inter alia, to the fact that state guarantees do
not fully cover the needs of all categories of citizens in
medicines when providing primary medical care.

Table 2 presents the results of the summary quan-
titative SWOT analysis of pharmaceutical care in the
Novosibirsk region.

The performed analysis indicates the need to
develop measures to eliminate potential threats and
use the resource potential of pharmaceutical care in
the Novosibirsk region.

CONCLUSION

Pharmaceutical care to the population of the Novo-
sibirsk region is characterized by the predominance of
strengths over weaknesses, while potential opportuni-
ties exceed threats. It follows from this that it is neces-
sary to further improve pharmaceutical care, use its
resource capabilities and furtherance its strengths.
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Ta6uuma 2. Pe3ybraThl CBOHOTO KosimuecTBeHHOro SWOT- ananin3a ¢papMarieBTHYeCKON IOMOIITH

B HoBocubupckoii obactu

Table 2. Results of the summary quantitative SWOT analysis of pharmaceutical care in the Novosibirsk region

CBOHBII TapaMeTPUIECKUIT HHAEKC

ITapamerp / Parameter Summary parametric index Panr / Rank
CuibHble cTOpOHBI / Strengths 2.421 2
Ciabeie croponsl / Weaknesses 1.922 4
BosmorkHOCTH / Opportunities 2.991 1
Vrpo3ssl / Threats 2.651 3

CTBEHHOH IIOMOIIM CeJIbLCKUM xureaaMm (0.378);
yBeJIMUEHHE JIOJIM MYHUIUIIAIBHBIX PAadOHOB U
TOPOJICKUX OKPYrOB, OOECIEeUYEeHHBIX IIyHKTaMH
ornycka JIII, 1o OTHOIIEeHUIO KO BCEM MyHUIIUNAIb-
HBIM pallOoHaM U TOpOjIcCKUM okpyram HoBocubup-
ckoi obsactu 10 100 % (0.323)) B 1.13 pasa mpeob-
JIaJIal0T HaJ| yTPO3aMU, CBI3aHHBIMH B TOM YHCJIE C
TEM, UTO TOCYZlapCTBEHHbIE TAPAHTHUU HE B IOJHOU
Mepe IOKPBIBAIOT TOTPEOHOCTH BCEX KaTeTOpPHUH
rpaxkaad B JIII mpu okasaHUU NEPBUYHON Meau-
IIAHCKOH IIOMOIIIH.

B Tabi. 2 mpejacTaBiieHbl pe3yJIbTaThl CBOTHOTO
konuuectBeHHOTO SWOT-ananusza dapmaneBTude-
ckoit momoru B HoBocubupcko o61actu.

IIpoBe/iIeHHBIN aHAIN3 CBU/IETEIHCTBYET O HEOO-
XOZMMOCTH Pa3paboTKU MEPONPUITUN IO yCTpaHe-
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HUs IEPBUYHON MeIMKO-CAHUTAPHOU MTOMOIIIN B3POC-
JIOMy HAaCeJIeHWIO: MpHuKa3 MWUHB/IPaBCOIPA3BUTHUSI
Poccuu ot 15.05.2012 N2 543H (pea. oT 21.02.2020).
URL: https://docs.cntd.ru/document/902355054
(mata obpareHus: 29.12.2021).

3. JxynmapoBa WM.A. Pazpaborka ™erogukum SWOT-
aHaJM3a CHUCTeMbl obecrieueHUs1 HeOOXOAUMBIMU
JIEKAPCTBEHHBIMH CPEICTBAMU HA PErMOHAJIHLHOM
ypoBHe // Menununa u obpazoBanue B Cubupu.
2015;4:12.
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HUIO ITOTEHI[HAJBHBIX YIPO3 U HCIIOJIH30BAHHUIO
PECYPCHBIX BOBMOKHOCTEH JIEKAPCTBEHHOM IIOMOIIH
B HoBocubOupckoii obractu.

SAK/IIOYEHUE

dapmarneBTrUecKasi IIOMOIIb HaceseHno HoBo-
cubUpCKOH 00J1acTH XapaKTepusyercsi mpeobsiaza-
HHEM CHJIBHBIX CTOPOH Haj CJa0bIMH, IPU 5TOM
[TOTEHIMAIbHBIE BO3MOXKHOCTH IIPEBBIIIAIOT YTPO3BI.
W3 srTOrO Cciiefyer, uTO HEOOXOAMMO ajbHeInee
COBepIIIeHCTBOBaHNE (hapMaleBTHIECKON IOMOIIIH,
KCIIOJIb30BAHNME €€ PECypCHBIX BO3MOKHOCTEH U
VKpEeIUJIEHNEe CUJIbHBIX CTOPOH.

KoH}IUKT MHTEPECOB. ABTOPHI 3asIBJISIOT 00
OTCYTCTBUM KOH(MJINKTA UHTEPECOB.
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CBEJEHUA 111 ABTOPOB

TPEBOBAHUWA K ITPE/TOCTABJIE-

HWIO MATEPUAJIOB 1141 ITYBJINKA-
I B JOURNAL OF SIBERTAN MEDICAL
SCIENCES

B Journal of Siberian Medical Sciences (manee —
JSMS) nmy6iuKyrTCs HayYHbIE 0030PbI 1 CTATHH 10
MEIUIIMHCKUM HayKaM, IOJTOTOBJIEHHBIE TI0 MaTe-
pyUazaM OpUTHHAJIBHBIX HAYYHBIX HCCIIEAOBAHUMI.
JSMS BBIXOJIUT 4 pasa B TOJ.

TpeboBaHUs, MPeABABIAEMbIE K ITyOIUKAIH-
aMm B JSMS, chopmympoBaHbI ¢ yueToM TpeboBa-
HUH, IPEIbSIBIISIEMBIX K PEIEH3UPYEMBIM HAYUHBIM
U3JJaHUSM, B KOTOPBIX JOJIKHBI OBITH OITyOJIMKOBA-
HBl OCHOBHBbIE HAay4HBbIE Pe3yJIBTAThl JIUCCEPTAIIUI
Ha COWCKAHUE YUYEHOU CTeIleHW KaHJAWAATa U JIOK-
TOpa HayK.

CraTbu, OTIIpaBJIeHHbIE aBTOPAMU B JPyTHe U3-
JIaHUSA U/WJIA HalleYaTaHHbIE paHee B HUX, K OIy0-
JINKOBAHUIO HE TPUHIUMAIOTCS.

I[Ipu omucaHwu HAYYHO-UCCJIEIOBATETIBCKUX
KJIMHUYECKUX PaboT C TMPUBJIEUEHHEM YesOBeKa
B KauecTBe OOBEKTA HCCJIEZIOBAHUSA aBTOPBI JOJIK-
HBl YKa3aTh, COOTBETCTBOBAJIA JII OHH MEXKyHa-
POIHBIM M POCCHHCKUM 3aKOHOJIATEJIbHBIM aKTaM
0 IOPUAUYECKUX U ITUUYECKUX MPUHITUTIAX MEINKO-
OMOJIOTUUECKHUX HCCJIeIOBAHUH Takoro poja. He s1o-
IIYCKAETCS WCIIOJIb30BaHUE (PaMUJIUH, WHUINAJIOB
OOJIBHBIX U HOMEPOB HCTOpUi Oose3nu. IIpu omu-
CAaHUU DKCIEPUMEHTOB Ha >KHUBOTHBIX HEOOXOIH-
MO yYKa3aTh, COOTBETCTBOBAJIO JIU COZIEPKAHUE U UC-
II0JTb30BAHUE JIAOOPATOPHBIX JKUBOTHBIX IIPABUIIAM,
IIPUHATHIM B YUPEXKIASHUN, PEKOMEHJAIUAM HAIU-
OHAJIBHOTO COBETA IO UCCJIEZ0BAHUIM, HAITUOHATIb-
HBIM 3aKOHaM.

ABTOpCKUE ITpaBa coOJII0JAaI0TCS B COOTBETCTBUH
¢ 'paxkpanckum xkogekcom Poccuiickoit @enepanun
(4. 4) v IpyrUMU AeHCTBYIOIUMHU HOPMATUBHBIMU
JIOKyMeHTaMH. ABTOPHI HECYT IOJIHYIO0 OTBETCTBEH-
HOCTb 32 COZIep KaHUe CTaTel.

B pepakuuio JSMS aBTOpPHI IOIKHBI IIPEAOCTA-
BUTH:

1) 2/€KMPOHHYI0 8epculd Ccmambvll, MOATOTOB-
JIECHHYIO B COOTBETCTBUHU C TPEOOBAHUSIMHU K 0DOPM-
JIEHWIO CTaTel, U3JI0KEHHBIMHU HUIKE;

2) opueuHaa cmamsu B IEYaTHOM BHJIE C YKa3a-
HHeM TOpOJa, aThl, GAaMUINN € TOAIIUCHI0 KaXK/10-
ro aBTopa (Ha IMocJie/THEH CTpaHuUIle), BU3ou «B me-
YaTh» U MOZIKCHIO (Ha TIEPBOH CTpaHUIIE) 3aBEy-
o1ero Kadeapo MIM MHOTO JOJIKHOCTHOTO JIUIIA
opraHusaIuy, Ha 6a3e KOTOPOU BBIIIOJIHEHO HCCJIe-

JIOBaHUE. ABTOPBI IIPE/IOCTABJISIOT CTAThU B PEJlaK-
U0 JIMYHO WJIH TI0 TTOYTE;

3) coeaacue Ha MyOJIUKAIUAIO cTaThU B JSMS 1 06-
paboTKy IepCcoHAaIbHBIX JAHHBIX aBTOPOB (3aII0JTHS-
eTcs KakK/IbIM aBTOpoM) (cM. Ha catite HTMY: www.
ngmu.ru/cozo/mos);

4) nna corpyaaukos ®I'BOY BO HI'MY Mus-
3apaBa Poccuu (mamee — HIMY) — axcnepmHoe
3akaoueHue OThesia KoopAuHAIuK (efepaabHbIX
MIporpaMM, KOHKYPCHBIX ITPOEKTOB I MHHOBAI[UOH-
HOTO Pa3BUTHs YIIPaBJeHUS MO HAyKe, MHHOBAIIH-
aM 1 nHGopmaruzanuu HI'MY (cm. www.ngmu.ru);
JUIS CTOPOHHUX aBTOPOB — HANpas/eHue Ha ony-
bauxosaHue Ha pupMeHHOM OJIaHKEe OpraHU3aIlHH,
Ha 6a3e KOTOPOU BBIIIOJITHEHO OPUTHHAJIPHOE HAYY-
HOE HCCJIeJIOBaHUE, 32 IMOAINCHI0 OTBETCTBEHHOTO
JTIOJI?KHOCTHOTO JIUTIA.

IIPABIIA O®OPMJIEHUA PYKOIITMCEN

1. Tekcr cratbu HaOMpPaeTCs B TEKCTOBOM Pe/laK-
tope Microsoft Word, Open Office u ap., Bce moss
2 cM, mpudt Times New Roman, kersip 12, mex-
CTPOYHBIN HHTEPBAJ 1,5. TEKCT cTaTh HEOOXOAMMO
HaAmpaBuTh B pefaknuio JSMS B Bujie OT/IeJIbHOTO
¢daiina ¢ ykazanuem OO nepsoro aBropa — MBa-
HoB WM.U. Tekcr.doc. Jlomyckaercst otnpaBka daii-
Jj10B B popmartax doc, docx.

2. ®110 aBTOpPOB HAOUPAETCS CTPOUYHBIMH OYK-
BaMU KYPCHUBOM Ha PYyCCKOM s3bIKe. VIHHUITMAIIBI
moMeraTes nepexn damuauei aBropa. [lopsamoxk,
B KOTOPOM OYAYT YKa3aHbI aBTOPHI, OIIPe/IeJIsIeTCs
KX COBMECTHBIM PeIlIeHUEM.

3. Topon m mHazBanme MecT pPabOTH aBTOPOB
0hOPMIISIIOTCSI CTPOYHBIMU OyKBaMU KypPCHBOM
Ha PYCCKOM SI3BIKE.

4. CraTbs [OJ/DKHA Cco/ep:KaTh aHHOTAIUIo
Ha PYCCKOM sI3bIKE. B aHHOTAIIUM JIOJKHBI OBITH U3-
JIOKEHBI IIeJIM HCCJIeZIOBAaHWs, OCHOBHBIE IIpOIIe-
IIypbl, pe3yJIbTaThl OPUTHHAJIBHBIX HCCJIETOBAHUI
u BBIBOABL. IloJ1 aHHOTAI[MeN TToMelaeTcs mo/A3aro-
J10BOK «KiIroueBnle c10Ba», MOCJIE HEro 0 10 KO-
YeBBIX CJIOB WJIN KOPOTKHUX (pas, KOTOpble OyayT
CIIOCOOCTBOBATh MPABUJIBHOMY WHJIEKCHPOBAHHIO
CTaThH B ITOMCKOBBIX CHCTEMAX U CHCTEMAaX IIUTHPO-
BaHUA. AHHOTAIIMIO HEOOXOAUMO HAIPABUTh B pe-
gaknuio JSMS BMecTe ¢ TEKCTOM CTaTbU B BHJIE OT-
JesibHOTO (haitia ¢ ykazanuem @O mepBoro aBTo-
pa — HWBanos WN.U. auHorarus.doc. Takske mpemo-
CTaBJIAIOTCA CBEJIEHUSA O KAXK/I0M U3 aBTOPOB: hamMu-
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JIWsI, UMs$1, OTUECTBO (ITOJTHOCTHIO Ha PYCCKOM SI3BIKE
U B TPAHCJIUTEPAIIUN), YIEHbIE 3BAaHUS U YUEHAs CTe-
MeHb, IOJI’KHOCTh, MeCTO PaboThl, pabounii TeaedoH
U aJIpec 3JIEKTPOHHOM mouThI (e-mail). CBemenust He-
00X0TUMBI JIJIs1 0O0pabOTKH IMyOIUKAIUK B Oase JTaH-
HBIX POCCHICKOTO MH/EKCA HAYYHOTO IIUTHPOBAHUS
U JIDYTUX CHUCTeMaX IUTUPOBAHUA. AHHOTAIUS, KJTIO-
JeBble CJIOBa, mHGopMarus o6 aBTOpax U Ha3BaHUE
VUPEXKIEHUH TOJKHBI OBITh TaK:Ke MPEI0CTaBIEHbI
Ha aHIJIMHACKOM SI3bIKE.

5. TabuIpl MOMENIAI0TCS B TEKCT cTaTbu. Ta-
OIUIBI TOJIKHBI OBITH IIPOHYMEPOBAHBI MOCENO0-
BaTEJIbHO B COOTBETCTBHUH C IMOPSIKOM, B KOTOPOM
OHH YVIIOMHHAIOTCA B TeKcTe (Hampumep, Tabu. 1,
TabJ. 2 U T. 71.).

6. PUCyHKU BCTaBJIAIOTCA B TEKCT CTAThbU, A TaK-
JKe TIPEJIOCTABIISIIOTCS. B BUJIE OT/EJIBHBIX IIPOHyMe-
poBaHHBIX (daiiysioB ¢opmata .jpg uau .gif ¢ paspe-
1ieHreM He MeHee 300 dpi. PucyHKu 10KHBL GBITH
KOHTPACTHBIMH M YETKUMH, OYKBbI, ITUGPBI U CHM-
BOJIBI Ha HUX JIOJIKHBI OBITH Pa3JIMYUMBbI. PrUcyHKa-
MU CYUTAIOTCA I'padUuKy, peHTreHorpaMMmbl, GoTo-
rpaduu wau Jro0ble Jpyrue rpaduueckue 0ObeK-
Thl. ®oTOrpadu Il He TOJIKHBI ObITH Y3HaBae-
MBIMU, JINOO K HUM JIOJI>KHO OBITH ITPUJIOKEHO THUCH-
MEHHO€e pa3pellleHre Ha UX MyOJIuKamuo. PucyHkn
JTIOJI’KHBI OBITh IIPOHYMEPOBAHBI IOCJIEIOBATETHHO
B COOTBETCTBUH C IOPSIKOM, B KOTOPOM OHH BIIEP-
Bbl€ YIIOMHUHAIOTCS B TEKCTE — PHUC. 1, PUC. 2 U T. .
[Moamucu pasMernalTcs B TEKCTE IOJT PUCYHKAMU.
B nmoamucax k mukpodororpaduaM ykKasblBaeTcsA
CTeIleHb YBEJIMUEHHU S U CII0OCOO OKPACKH.

7. B TEKCTe CTaThU UCIIOJIB3YIOTCS CIIEAYIONIHE 3a-
TOJIOBKU: BBEJIEHUE, I1eJIb UCCIIEZIOBAHUS, MaTepHa-
JIBI ¥ METOJIBI, PE3YJIBTATHI U 00CYKIEHNE, 3aKJTIOUe-
HUe, CIIUCOK JINTEPATYPHI.

8. Hcnonp3yoTes TOJIBKO CTaHZAPTHBIE OOIIe-
MpUHATHIE coKpaleHusa (abbpeBuarypsl). He mpu-
MEHSIOTCSA COKpAllleHWsI B Ha3BaHWHU cTaThu. [loj-
HBIH TEPMUH, BMECTO KOTOPOT'O BBOJIUTCSI COKpAIIe-
HUeE, JIOJKEH IIPEIIIECTBOBATh IEPBOMY HCIIOIB30-
BAHUIO TOTO COKPAIIIEHUS B TEKCTE.

9. O6s3aTeIbHO HAJIMYKE CIIMCKA JINTEPATYPBHIL.
bubsnmorpaduyeckre CChIJIKU B TEKCTE CTAThH Jla-
oTcs apabckuMu nudpaMu B KBaApPaTHBIX CKOO-
Kax, B IIOJTHOM COOTBETCTBHU C HyMepalhel CIucKa
sutepatypbl. CCHUJIKA B TEKCTE CTATHH JOJIKHBI J1a-
BaThCSA MOCIIEA0BATEIBHO 110 BO3pacTauuio: [1]...[2]...
[3]... u T.1. Pa3BepHyTOE OMMCcaHUE UCTOUHUKA B CITH-
cke smutepaTypsl npegoctapiasoTcesa no 'OCT 7.0.5-
2008. Cucok JUTEPATyPhl AOJIKEH COAEPKATD IIy-
OJIMKAIY 3a TIOCJIETHHE 5 JIeT. B crivcke iuTepary-
pbl Bce HH(POPMAITMOHHBIE UCTOYHHUKHU TTEPEUHCIISA-
IOTCS B TTOPSI/IKE UX [TUTUPOBAHUSA.

10. Pepaknusa JSMS Geper Ha ceGsi IpUCBOEHUE
KaXk/Iol mybsinkyeMoil cratbe HoMepa Y/IK u ocy-
IECTBJIEHUE TIOJTHOTO TIepeBO/ia CTaThU HA aHIVIMH-
CKUU fA3BIK.

11. CTaThbH, HE COOTBETCTBYIOIIHE YKA3aHHBIM pe-
JlakIend TpeboBaHUAM, K OITyOJIMKOBAHUIO HE TIPU-
HUMAIOTCA.

IIOPAOAOK PEIITEH3NPOBAHUNA
PYKOIIUCEN, IPUHUMAEMbBIX
JJIA ITYBJIMKAIITN N

1. Pykomnucu craTell, HOCTYNUBIINX B PeJJaKIIHIO,
HAIIpaBJIAIOTCA JJIs peLleH3UPOBaHUA 4YjeHaM pe-
JIAKITMOHHOT'O COBETA C IIEJIBI0 UX HKCIEPTHOH OlleH-
KU Ha IpeAMeT COOTBETCTBUsA TpeboBaHUAM JSMS
u Bricimeii arTecTallMOHHOM KoMuccuu Ipu MuHU-
crepcTBe oOpa3oBaHus U HayKu PO.

PerieH3eHTH! yBeJOMJIAIOTCA O TOM, YTO B LIEJIAX
obecrieueHNsI aBTOPCKUX U APYTUX HEHMMYIIECTBEH-
HBIX [IPaB IPUCJIAHHbIE PYKOIIMCH He TOJIJIeKaT pas-
IalleHUI0, KOIIMPOBAHUIO, paclipocTpaHeHuIo. Pe-
LIeH3UPOBaHUe IIPOBOIUTCA AaHOHUMHO.

IIpu oTKa3e B HAIpaBJIEHUH HA PelleH3UPOBAHNE
IIpeICTaBJIEHHOM aBTOPOM PYKOIMCH PeJlaKIiusA Ha-
IIpaBJIsieT aBTOPY MOTHUBHUPOBAHHBIN OTBET B DJIEK-
TPOHHOM BHUJIE.

Pepaknusa >kypHasia 10 NHCBMEHHOMY 3aIlpocCy
HaIlpaBJisieT aBTOpPAM peLleH3UN Ha IOCTyIHBIINE
MaTepuasibl B 3JIEKTPOHHOM BHJIe. ABTOPBI 00SI3aHbI
y4ecTb 3aMedaHus PelieH3eHTOB U BHECTU B CTaThIO
COOTBETCTBYIOIIE UCIIPABJIEHUS UJIH IIPEJIOCTABUTD
MOTHUBHPOBAaHHBIA OTBET O HECOIVIACUU C 3aMeYaHU-
sIMU pelLleH3€eHTa.

Pepaknnonnas Kosijlerus IpUHUMAET pellleHue
0 BO3MOXKHOCTHU MyOJIMKAIIUU CTAThU UJIM OTKJIOHS-
eT ee I10 pe3yJIbTaTaM pelleH3UPOBaHUA.

Pertensun xpaHATcA B peflaKLiU JKypHaJa B Te-
YJeHUe 5 JIET C MOMEHTa Iy INKaIIIH.

2. Peflakiiuieii He IOMyCKAIOTCA K ITyOJIMKAI[AN:

— CTaTbH, TeMaTHKa KOTOPBIX HE COOTBETCTBYET
HAy4YHOMY HaIlpaBJIeHUIO KypPHaJIa,;

— CTaTb{, aBTOPbI KOTOPBIX OTKa3bIBAIOTCA OT
TEXHUYECKOU I0pabOTKHU CTaTel;

— CTaThH, aBTOPBI KOTOPHIX HE BHECIIN KOHCTPYK-
THUBHble 3aMeYaHHUs pelleH3eHTa B TeKCT CTaTbu
U He IPeJI0CTaBUIIN MOTUBUPOBAHHBIN OTBET O HECO-
IVIaCUU C 3aMeYaHUAMU pelleH3eHTa.

B cityyae OTKJIOHEHU S CTaThU PEJAKIINSA HATIPaB-
JIIET aBTOPY MOTHBHPOBAHHBIH OTKa3. Pemakius
JSMS He XpaHUT pyKOIIMCH, He IPUHATHIE K IeYa-
TH. PyKonucu, mpuHATHIE K ITyOJINKaniy, He BO3Bpa-
MIAI0TCA.
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