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ATOnMUYECKUH JepPMATUT y AeTeH U MOJAPOCTKOB C O:KUPEHUEM

M N30BITOYHON MAacCOH TeJjIa: KJIINHHYECKHEe, aHTPOIIOMETPHYECKHE
aHHbIE, ICUX0MOIIMOHAJIBHBIN CTATYC Y IPETUKTOPBI

93P PEeKTUBHOTO JIeUEeHUA

Hemuanunaosa O.b.!, Joarux M.IO.2, PemeraukoBa T.b.!

'@I'bOY BO «Hogocubupckuil 2ocydapcmeeHHblil meduyuHckuil yHusepcumem» Munadpasa Poccuu

2I'bY3 HCO «IJenmp oxpaHbvt penpodykmueHo2o 300posbs nodpocmros «FOsenmyc» (Hosocubupck)

Atopic dermatitis in children and adolescents with obesity and
overweight: clinical, anthropometric data, psycho-emotional
status and predictors of effective treatment

Nemchaninova O.B.!, Dolgikh M.Yu.2, Reshetnikova T.B.!

‘Novosibirsk State Medical University
2Juventus, Center for Reproductive Health of Adolescents (Novosibirsk)

AHHOTAIIUA

IIpencTaBieHbl pe3yIbTaThl KOMIUIEKCHOTO aHAMN3a KIMHUYECKHUX, aHTPOTIOMETPUUECKUX IAHHBIX U OLEHKH IICH-
X03MOIIMOHAIBHOTO CTaTyca 62 ZieTel U MOAPOCTKOB (CpeHUlT Bo3pacT 11.8 + 3.0 To/1a) ¢ aTONUYECKUM JePMAaTUTOM U
U30BITOYHON MACCOH TeJla WIN OXKUPEHNEeM Pa3IUIHOMN cTeneHu (OCHOBHAsA IrPYyMIa). B KOHTPOJIBHYIO IPYIIITY BOLLIU 60
marnueHToB (CpeaHui Bo3pacT 10.1 + 3.6 rojja) ¢ aTOMUYECKUM JEPMATUTOM U MacCOH TeJia, COOTBETCTBYIOIIEH BO3pacT-
HBIM U IIOJIOBBIM HOPMaM.

B 0CHOBHOYI rpymIie 45.2 % COCTaBUJIU JIETH U IIOPOCTKY C M30BITOYHON MacCOH TeJIa, a ¢ O’KUPEHUEM 1, 2 U 3-1 cTe-
IIeHU — 25.8, 11.3 ¥ 17.7 % COOTBETCTBEHHO. TsKeI0€e TeUeHNe IEPMAaTO3a B OCHOBHOM I'PYIIIIe PETUCTPHUPOBAJIOCH YAlllE,
4eM B IpyIIle KOHTPOJIA, B 1.4 pa3a. C moMombio 0JHOGAKTOPHOTO aHAIN3A IPEIUKTOPOB 3(PHEKTUBHOCTH JI€UeHUS BbI-
SIBJIEHO, UYTO CHIKEHME MACChI TeJIa ¥ YJIydlIeHHe ICHX03MOIOHAIBHOTO COCTOSHUSA [T03BOJIAIOT 3HAUUTEIFHO ITIOBBICUTD
5 deKTUBHOCTD JIeUeHN I ATOIIUYECKOTO JIepMAaTUTA Y ieTel U ITOIPOCTKOB ¢ U30BITOYHOM Maccoy Tesla i O’KUPEHUEM, UTO
CBH/IETEJIBCTBYET O I1€1eCO00Pa3HOCTH B3aMMO/EHCTBUA IEPMATOJIOTa, SH/IOKPUHOJIOTA U IICUXOTEpPAIEBTa B JIEUEHUHU
JTAHHOHM KaTerOpuH MaIlueHTOB.

Karoueewble cnro8a: aToMYeCKUH JepMAaTUT, OXKUPEHNe, N30bITOYHAS Macca TeJia, JeTH, MOIPOCTKH, TecT JIomiepa,
OTHOIIIEHHE IIIAHCOB.

ABSTRACT

The results of a comprehensive analysis of clinical, anthropometric data and an assessment of the psycho-emotional
status of 62 children and adolescents (mean age 11.8 + 3.0 years) with atopic dermatitis and overweight or varying degrees
of obesity (the main group) are presented. The control group included 60 patients (mean age 10.1 + 3.6 years) with atopic
dermatitis and body weight corresponding to age and gender standards.

In the main group, 45.2% were children and adolescents with overweight, and with first-, second- and third-degree
obesity were 25.8, 11.3 and 17.7% respectively. The severe course of dermatosis in the main group was recorded 1.4 times
more often than in the control group. With the aid of univariate analysis of the treatment efficacy predictors, it was
revealed that weight loss and improvement in psycho-emotional state can significantly increase the treatment efficacy of
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atopic dermatitis in children and adolescents with overweight and obesity, which indicates the advisability of interaction
between a dermatologist, endocrinologist and psychotherapist in the treatment of this category of patients.

Keywords: atopic dermatitis, obesity, overweight, children, adolescents, the Liischer Color Test, odds ratio.

BBEJAEHMHNE

Arommueckuit mepmatut (At/l) — mysnbTudak-
TOPHOE FreHeTUYeCK! JIeTEPMHUHUPOBAHHOE BOCIIAJIN-
TeJbHOEe 3200JIeBaHNE KOXKHU, KOTOPOE XapaKTepHU3y-
eTCsl 3y/IOM, XPOHUYIECKUM PEIUANBUPYIOIINM Teue-
HUEM, a TAK)XKe BO3PACTHBIMH 0COOEHHOCTSAMU JIOKA-
JIM3anuu ¥ MOPGOJIOTUH 0YaroB IMOPaXKeHUsI. ATOIH-
YeCKUU IEPMATHUT 3aHUMAET OT 20 70 40 % B CTPYKTY-
Pe KOXKHBIX 3a00JIeBaHMUI, €ro PacIpOCTPAHEHHOCTD
Cpeu JIETCKOTO HAaCeIeHHs COCTaBIIsAET 710 20 % [1].

ITo ganHBIM BecemupHOM opraHusanuu 3/paBo-
oxpanenus (BO3) Gosee 1 Mipj Yes. HA IJIAaHETE
MMeIOT U30BITOYHYI0 Maccy Teja, B 2014 T. 3aperu-
cTpupoBaHO 6oJiee 500 MJTH OOJIBHBIX OXKUPEHHUEM,
13 HUX 30 MJTH — JIeT! U noapocTku. ITo orenke BO3
K 2025 T. OKUpeHne MOXKeT HabJIIoAaThes Y 70 MJTH
Jerert 710 5 JieT [2]. YacToTa BCTpeyaeMOCTH H30bI-
TOYHOH MAacchl TeJla ¥ O’KUPEHUs Cpefu ieTe U 1o/-
POCTKOB IIIKOJILHOTO BO3pacTa B HACTOsAIIEe BPeMsI
nocruraetr 25—30 %. Cpesii OCHOBHBIX (DaKTOPOB pH-
CKa Pa3BUTHUS OXKUPEHUA y JieTell NMeloT 3HaueHue
HecOaTaHCHPOBAHHOE MUTAHNE, HU3KasA (hU3UUecKast
aKTHUBHOCTB, YMOIIMOHAJIbHbIE HATPY3KH, CeMEeHHbIE
TPAUIUN, U3MEeHEeHUsI MHUKPOQJIIOPHl KUIIIEUHUKA,
BHEIIIHUE BJIUSHUA (HAampuMep, peKyiaMa He3I0po-
Boro nutaHus) [3]. Kpome Toro, Bec Tesia uesoBeka
3aBUCHUT U OT TeHeTH4YecKuX GaKkTopoB [4]. MexaHn3-
MBI ITATOT€HETUYECKUX B3aHUMOCBA3EH MENKAY KOXK-
HOH TaTOJIOTHEH M OXXKUPEHHEM MHOTOOOpPa3HBI.
OnuH U3 HUX 3aKJII09aeTcsl B HapyIIeHN! Y JIo/ied ¢
OJKMPEHHEM BOJHO-JTHUIUAHOU MAHTHU, YTO, B CBOIO
ouepenb, MPUBOAUT K H3OBITOYHOU TPAHCAIHIEP-
MaJIbHOM TOTepe BOJIBI M HapYIIEHUI0 OaphbepHOU
dbyHKIIHN KOXKU [5]. ITH *Ke HapyIIIeHUs CIIOCOOCTBY-
IOT ¥ PA3BUTHIO ATOIIYECKOT0 IEPMATHTA.

3BecTHO, UTO KakK 3a00JIeBaHUS KOXKHU, 0COOEH-
HO 3YyJIAIINE IEPMATO3bl, TAaK U 0XKUPEHUE BIIUIIOT
He TOJIBKO Ha (GU3NYeCcKOoe COCTOSHIE MAINEeHTa, HO
Y CHIJKAIOT KAYeCTBO JKU3HHU B JIIOOOM Bo3pacre. ITo
YacTo MeHseT IICUXOJIOTHIO IOBEJEHUs UeIOBEKa,
0cOOeHHO pebeHKa U IMOAPOCTKA, Er0 AMOIMOHAb-
HbBIE PEAKITUH U POJIb B COIMAIbHOU KU3HU [6—9].

K HacrosieMy BpeMeHH MPOBEAEHO I0CTATOU-
HOE KOJINYECTBO UCCIIEZIOBAHUN, IIOCBAIIEHHBIX U3Y-
YEeHUIO CBA3U MOPAKEHUN KOXXKU U OXKUPEHUs, HO
OOJIBIITMHCTBO M3 HUX KACAIOTCsS B3POCIIbIX MAIHeH-
TOB [10—13]. WccienoBaHuil ke, HaIIpaBJIEHHBIX Ha

INTRODUCTION

Atopic dermatitis (AD) is a multifactorial geneti-
cally determined inflammatory skin disease charac-
terized by itching, chronic recurrent course, as well
as age-related features of localization and morphol-
ogy of lesions. Atopic dermatitis occupies from 20 to
40% in the structure of skin diseases, its prevalence
among the child population is up to 20% [1].

According to the World Health Organization
(WHO), more than 1 billion people across the globe
have overweight, in 2014 more than 500 million
obese patients were registered, of which 30 million
were children and adolescents. According to the
WHO, by 2025, obesity can be observed in 70 mil-
lion children under 5 years [2]. The prevalence of
overweight and obesity among school-aged children
and adolescents currently reaches 25-30%. Among
the main risk factors for the development of obesity
in children are unbalanced nutrition, low physical
activity, emotional stress, family traditions, chang-
es in the intestinal microflora, external influences
(for example, advertising of unhealthy food) [3]. In
addition, a person’s body weight also depends on
genetic factors [4]. The mechanisms of pathogenet-
ic relationships between skin pathology and obesity
are manifold. One of them is the disorder of the hy-
drolipidic mantle in obese people, which, in turn,
leads to excessive transepidermal water loss and
impaired skin barrier function [5]. These same dis-
orders contribute to the development of atopic der-
matitis.

It is known that both skin diseases, especially
itching dermatoses, and obesity affect not only the
physical condition of the patient, but also reduce the
quality of life at any age. This often changes the psy-
chology of human behavior, especially that of a child
and adolescent, his emotional reactions and role in
social life [6—9].

To date, a sufficient number of studies have been
conducted to reveal the relationship between skin le-
sions and obesity, but most of them concern adult
patients [10—13]. There are not many works aimed at
studying skin pathology in obese or overweight chil-
dren [14—16]. The psycho-emotional aspects of this
problem, as well as the patterns of comprehensive
treatment of dermatoses in obese and overweight

Journal homepage: http://jsms.ngmu.ru
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nU3yJyeHUe MATOJIOTUU KOXKH Y JieTell ¢ OKUpeHneM
WM U30BITOYHOM MAacCOM Tejia, He MHOro [14—16].
Ocrarorcss Hepa3pabOTAHHBIMU IICUXO03MOITHOHAIIb-
HBI€ aCIIeKThI JAHHON ITPOOJIEMBI, & TAK)Ke TEXHOJIO-
THU KOMIJIEKCHOTO JIEUeHHs IEPMATO30B y IeTeld U
IIOIPOCTKOB C M30BITOYHOU MACCOH Tejla U OXKUpe-
HUEeM C yJacTHeM He TOJIBKO IEPMATOJIOTa, HO U 3H-
JIOKPUHOJIOTA U TICUXOTeparneBTa. TakuM oOpasom,
U3JI0’KEHHBIE JJAHHBIE CBUZETEIHCTBYET 00 aKTyasIb-
HOCTU JIeTAJIU3AIUN KINHUYECKUX XapaKTepUCTHUK
aTOTTMYECKOTO JIEPMATUTA y JIeTel U IOJPOCTKOB C
U30BITOYHON MACCOH TeJIa U O2KUPEHUEM, OLIEHKU FX
[ICUXO3MOITMOHATIBHOTO COCTOSTHUS U IIOHMCKA IIpe-
JUKTOPOB 3¢ PEeKTUBHOrO JIeYeHHUA JAHHOU KaTero-
pUH TAIEHTOB.

IIEJIb UCCJIEJIOBAHUA

Ha ocHOBe KOMIUIEKCHOTO aHaIN3a KJIUHUYe-
CKHX, aHTPOTIOMETPUYECKUX JJAHHBIX U OIIEHKHU TICU-
XO3MOIIMOHATIBHOTO CTaTyca [eTaIU3UpPOBATh Xa-
paxTep TeueHUs aTOINYECKOTo iepMaTuTa y fieTei u
IIOIPOCTKOB C M30BITOYHOU MAcCCOH Tejla U OXKUpe-
HUEM; OIIPEJIEINTD IPEAUKTOPHI 3(PPeKTUBHOTO Jie-
YeHUs TAaHHOM KaTeropuu MnaryeHToB.

MATEPUAJIBI 1 METO/AbI

W3 manueHTOB, OOpAaTHBIIUXCSA 3a MEIUIIHH-
ckort momotpio B I'bY3 HCO «lleHTp oXxpaHBI pe-
MPOAYKTUBHOTO 3/I0POBbsSI MOAPOCTKOB «IOBEHTyC»
(HoBocubupck), /iisi OIeHKU B3aWMMOCBS3H JiepMa-
TOJIOTUYECKOH IATOJIOTHHU M H30BITOYHOW MAacChl
TeJia U 0KUpeHus 6bu1a chopMUpOBaHA KOTOPTA U3
270 4eJl. B BO3pacTe 5—17 JIeT, UMEBIIUX JePMaTOJIO0-
THYECKYIO IaTOJIOTHI0 U M30BITOYHYIO Maccy Tesa
WIX KOHCTUTYIIHOHAJIHHO-9K30T€HHOE OXKHPEHHE
1—3-i cremedu (CT.), CBA3aHHOE ¢ U30BITOYHBIM I10-
CTYIUIEHUEM KaJIOPUH B YCJIOBHUAX THIIOAMHAMUHU U
HAaCJIEICTBEHHOH TMPepaclIoIOKeHHOCThI0  (/ira-
THOCTHPOBAJIOCh SH/IOKPHUHOJIOTOM). Bee yuacTHUKH
HCC/IeTIOBAaHUSA MOANMCATIN MHOOPMUPOBAHHOE CO-
rJ1acye Ha yJacTHhe B HUCC/IeIOBaHUM (€C/TU MallueHT
He JIOCTUT 15-JIETHETO BO3pacTa, CoIyiachue Ha yda-
CTHE B HCCJIEOBAHUM IOJIMCHIBATI €r0 3aKOHHBIN
MIpeJICTaBUTEND). KpUTepuu UCKII0UEHUA U3 HCCe-
JIOBAaHUS: BO3PACT MJIAJIIE 5 JIET U CTapllle 17 JIET,
HapyILIEeHUs PeXXUMa JieueHus ; 6epeMeHHOCTD; JIaK-
TaIysi; aJIKOTOJIbHAS, HAPKOTHYECKAsT 3aBUCUMOCTb;
MpHEM JIEKAPCTBEHHBIX IIPENapaToB, KOTOPhIE MOTYT
BJIMSITH HAa TEUEHHE OCHOBHOT'O 3200 I€BAHUS; COITYT-
CTBYIOIIIWE UM HECTAaOUIbHBIE cCOMaTUUECKUe 3a60-
neBauusa (100ble 3a00/I€BaHKS UJIM COCTOSIHUS, KO-
TOpBIE, 10 MHEHUI0 HCCJIeZOBATessI, 3aTPYyAHAIOT
WHTEPIIPETALINIO PE3YJIbTATOB); JKeJIaHue MmaleHTa
BBIATHU M3 HCCIIEOBAHM.

children and adolescents, with the participation of
not only a dermatologist, but also an endocrinologist
and a psychotherapist, remain undeveloped. Thus,
the presented data indicate the relevance of the ato-
pic dermatitis clinical characteristics detailing in
obese and overweight children and adolescents, their
psycho-emotional state assessment and searching
for predictors of treatment efficacy in this category of
patients.

AIM OF THE RESEARCH

On the basis of a comprehensive analysis of clin-
ical, anthropometric data and assessment of the psy-
cho-emotional status, to detail the course of atopic
dermatitis in children and adolescents with over-
weight and obesity; identify predictors of the treat-
ment efficacy for this category of patients.

MATERIALS AND METHODS

In order to assess the relationship between der-
matological pathology and overweight and obesity, a
cohort of 270 individuals aged 5—17 years was formed
from patients with dermatological pathology and
overweight or diet-induced obesity of the 1% to 374 de-
gree, associated with excess calorie intake under the
conditions of hypodynamia and hereditary predispo-
sition (diagnosed by an endocrinologist), who sought
medical attention at the Juventus, Center for Repro-
ductive Health of Adolescents (Novosibirsk). All
study participants signed an informed consent to
participate in the study (if the patient has not turned
the age of 15, the consent to participate in the study
was signed by his legal representative). Exclusion
criteria from the study are age under 5 and over
17 years old; noncompliance with the treatment regi-
men; pregnancy; lactation; alcohol, drug addiction;
medications that can affect the course of the underly-
ing disease; concomitant or unstable general medical
conditions (any diseases or conditions that, in the
opinion of the researcher, make it difficult to inter-
pret the results); the patient’s desire to withdraw
from the study.

The most common chronic dermatosis in the
cohort was atopic dermatitis, which was diagnosed
in 62 (23.0%) patients — these patients composed
the main group of this study. The control group,
comparable to the main one in terms of gender and
age, included 60 patients with atopic dermatitis and
with a body weight corresponding to age and gender
norms.

Atopic dermatitis was diagnosed based on clini-
cal diagnostic criteria using the SCORAD (Scoring
of Atopic Dermatitis) scale. The severity was as-
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Hawnbosee pacmpocTpaHEHHBIM XPOHHYECKUM
JIepMaTO30M B KOTOpPTEe ObLI aTOIMMMYECKUH Jiepma-
THUT, KOTOPBIHA OBLI JUATHOCTUPOBAH y 62 (23.0 %)
MTAIIEHTOB — 3TH MAIUEHTHI COCTABIJIN OCHOBHYIO
IPYIILy HACTOSIIIEro UCCIe0BAHMA. B KOHTPOIBHYIO
TPYIIILY, COIIOCTABUMYIO C OCHOBHOH I10 TIOJIy U BO3-
pacrty, BOIILIH 60 MAIIEHTOB C aTOMHYECKIM JIlepMa-
THTOM H C MAacCOH TeJia, COOTBETCTBYIOIIEH BO3pACT-
HBIM U TI0JIOBBIM HOPMaM.

JlmarHocTrka aTOMUYECKOTO JIepMaTUTa IIPOBO-
JINJIach Ha OCHOBAHUU KJIMHUYECKUX JHATHOCTHYE-
CKHUX KpUTEPUEB C UCII0JIb30BaHKeM Iikasabl SCORAD
(Scoring of Atopic Dermatitis). Crenens TsikecTH otie-
HUBAIACH 110 CJIEAYIOIINM KPUTEPHUAM: JIETKOE Teue-
HHE — TMPEUMYIIECTBEHHO OTPAHUYEHHO-JIOKATU30-
BaHHbBIE MPOSIBJIEHUS KOXKHOTO IIpOIlecca, He3HAYU-
TEJIBHBIU 3y/I KOKU, 0OOCTPEHH: He yaile 1—-2 pas B
TOJI, TIPOJIOJI?KUTEIBHOCTD PELUINBA JI0 1 MeC, JIJTH-
TEJIFHOCTh peMuccuu 8—10 Mec u 0osiee, XOPOIIUI
3(pdexT OT TPOBOAMMON TEpANUU; CPETHETSIKEIOE
TeUeHHe — PpAaCIpPOCTPAaHEHHBIN XapaKTep Iopake-
HUS, 9acTOTa 000CTPEHUH 3—4 pasa B TOJI C yBeIude-
HHUEeM HX IPOJOIKUTENBHOCTH, JJINTEJIBHOCTh pe-
MUCCUU 2—3 MeC, He3HAUUTEIbHBIN 3G @EKT OT Ipo-
BOIMIMOU TE€PAIINU; TSKEJIOe TEUeHNEe — PACIIPOCTpa-
HEeHHBIH Wi ud@y3HBIA XapakTep IOpaKeHUs,
BBIPaYKEHHBIN 3y7l, IPUBOAAIINN K HAPYIIEHUIO CHA,
yacTora 000CTpeHUl 5 pa3 B roj U OoJiee, IJIUTEITb-
HOCTb pEMUCCUHU 1—1.5 Mec, JIedeHre IPHHOCUT KpaT-
KOBPEMEHHOEe U He3HAUNTEIbHOE yyullieHue [17].

Jnsa onpenesenns n3ObITOYHON Macchl Teaa U
OJKUPEHUsI HCIIOJIb30BAIINCH IIEPIEHTHIbPHbIE Ta-
OJUIBI WM CTAaHAAPTHBIE OTKJIOHEHUS WHAEKCcA
maccel Tenma (MMT) (SDS — standard deviation
score), B KOTOPBIX YUUTHIBAIOTCS POCT, Bec, IO U
Bo3pact pebeHka. [[jis olleHKH SMOITMOHATIBLHOTO CO-
CTOSTHUS TIAI[EHTOB U BBIABJIEHUS BHYTPIINIHOCT-
HBIX KOH(JIUKTOB Y JieTell ¥ I0JIPOCTKOB IIPOBOJUTI-
cs1 IIBETOBOM TecT Jlromiepa, KOTOPBIH OTHOCUTCA K
IIPOEKTHUBHBIM METO/IaM U OCHOBAH Ha TOM, UTO I[Be-
TOBBbIE IIPEATIOUTEHUS SIBIAIOTCA CYOBEKTUBHBIMU.
IIBeTOBBIE TIOCIEIOBATELHOCTH, COCTABIEHHbIE UC-
IIBITYEMBIMU, COOTHOCUJIUCH C MHTEPIIPETAITNOHHBIM
mabJI0HOM:

4 6aya — 61aTONPUATHOE IMOIIMOHATBHOE CO-
CTOSTHHE: B HaUajle psifla — CUHUM, JKeJIThIH, (prose-
TOBBIH I[BETA; B KOHIIE Ps/Ia — YEPHBIH, CEPBIH, KO-
PpUYHEBBIH.

3 6a/1a — yZIOBJIETBOPUTEIPHOE SMOIIIOHATH-
HOE COCTOSTHHE: JIOIYCKAIOTCS KPaCHBIN U 3€JIeHBIN
[IBETa Ha IIEPBBIX TO3UITUAX; CMEIeHHE CEPOTO U KO-
PHUYHEBOTO B CEPEAVHY PsAA.

2 Oajutla — HEeYJOBJIETBOPUTEIHHOE 3MOIIHO-
HJIBHOE COCTOsTHHE, TPeOyeTCs IIOMOIIb IICUXO0JIOTa:

sessed according to the following criteria: mild
course is mainly limited localized manifestations of
the skin process, slight itching of the skin, exacerba-
tions no more than 1—2 times a year, duration of the
relapse up to 1 month, duration of a remis-
sion > 8—10 months, positive response to the thera-
py; moderate course means an extensive lesion, 3—4
exacerbations a year with an increase in their dura-
tion, the duration of a remission is 2—3 months,
with minor response to conducted therapy; severe
course means an extensive or diffuse lesion, severe
itching leading to sleep disturbance, 5 exacerba-
tions a year or more, the duration of a remission is
1—1.5 months, short-term and insignificant response
to the therapy [17].

To determine overweight and obesity, percentile
tables or standard deviations of body mass index
(BMI) (SDS — standard deviation score) were used,
which took into account the height, weight, gender
and age of the child. To assess the emotional state of
patients and reveal intrapersonal conflicts in chil-
dren and adolescents, the Liischer Color Test was
performed, which belongs to projective methods and
is based on the fact that color preferences are subjec-
tive. The color sequences compiled by the subjects
were collated with the interpretation pattern:

4 points — a favorable emotional state: blue, yel-
low, violet colors at the beginning of the row; black,
gray, brown at the end of the row.

3 points — a satisfactory emotional state: red
and green colors are allowed in the first positions;
shift of gray and brown to the middle of the row.

2 points — an unsatisfactory emotional state,
help of a psychologist is required: shift of black to the
middle of the row; blue, yellow, purple in the last po-
sitions.

1 point — a crisis state, help of a psychologist/
psychotherapist is required: black and gray at the be-
ginning of the row; the child refuses to do it.

The main group of the study (62 people) was di-
vided by the envelope method into 2 groups. In the
first group (n = 31), treatment was carried out only
by a dermatologist, patients received conventional
treatment for atopic dermatitis in accordance with
the severity of the disease. In the second group
(n = 31), in addition to the conventional treatment
for atopic dermatitis, patients received medical care
from an endocrinologist (recommendations on ra-
tional nutrition in accordance with the norms of
physiological needs for energy and nutrients for
children and adolescents, taking into account the
age and gender of the child; individual recommen-
dations on physical activity, taking into account the
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CMelleHre YePHOTO B CepefiuHy psifia; CUHUH, KeJl-
TBIHA, (PUOJIETOBBIN — HA MOCIEAHUX TO3UITUSX.

1 6aJ1 — KPpU3UCHOE COCTOSTHUE, TPEOYeTC s 10~
MOIIb ITICHXO0JIOTA/TICUXOTEPAIIeBTa: UYEPHBIA U Ce-
pbIii B Hauasie psza; pebeHOK OTKA3bIBAETCS OT BBI-
TIOJTHEHUS.

OcHoBHasl rpymma wucciaeaoBanuss (62 uyer.)
OpLIa paszesieHa KOHBEPTHBIM METOZOM Ha 2 TPyI-
mbl. B mepBoi rpynre (n = 31) JedyeHne POBOIU-
JIOCh TOJIBKO BPauyOM-/IepMaTOJIOTOM, ITallEHTHI I10-
JIyJaJIil CTaHZAPTHYIO TEPAIUI0 aTOIUYECKOTO Jep-
MAaTHUTa B COOTBETCTBUU C TSKECTHIO TeUeHUs 3a00-
JneBaHus. Bo Bropoii rpymrre (n = 31), IOMHMO CTaH-
JIApTHOH Tepanuy aTOINYECKOTO AepMaTHTa, Haly-
€HThl IOJIydaIn JiedeOHO-KOHCY/IBTAaTUBHYIO II0-
MOIIb 3H/IOKPUHOJIOTA (PEKOMEH/IAINH 10 PaIHo-
HQJIBHOMY THUTAHUIO B COOTBETCTBUHM C HOPMaMH
(usmosornUuecKkux MOTpeOHOCTEN B DHEPTUU U ITU-
IIEBBIX BEIIECTBAX JIJIA JIETEH M MOAPOCTKOB C yue-
TOM BO3pacTa U Imoja pebeHKa; MHAUBUYAJIbHBIE
pekoMeHanuy 10 (PU3NUECKUM HarpyskaM C yde-
TOM HMHTEPECOB U BO3MOXKHOCTeH peOeHKa; Be/IleHHe
WHIUBUAYAJIbHOTO JHEBHUKA) U IICUXOTepareBTa
(MCTIOJIP30BATHCH METO/TUKA IICUXOTEPATIEBTUYECKO-
T'O HHTEPBBIO JIHO0 Apyrre HGOpMbI pabOTHI ¢ yIETOM
WHIVUBUIYaJIbHBIX IIOTPEOHOCTEN MaIlueHTa).

CraTucTueckyo 00paboTKy JaHHBIX IPOBOH-
JIM C¢ ucrnoJib3oBaHueM mporpamMm SPSS Statistics
16.0 u Microsoft Excel 7.0. Ouenka gocToBepHOU
PAa3HHUIIBI IPOBO/IUIIACH C ITIOMOIIBIO YIJIOBOTO KPHU-
Tepusa @uiiepa. Paznuuusa cuuraau 0CTOBEPHBIMU
IIpU p < 0.05. 17141 BBISIBJIEHUS IPEAUKTOPHBIX ITepe-
MEHHBIX HCII0JIH30BasIach MPOCTasi OMHApHAA JIOTH-
cruyeckas perpeccus (IIporpaMMHOe obecrieueHue
RStudio 1.0.136, R packages 3.3.1).

PE3YJIBTATBHI 1 OBCY2KJIEHUE

Pacnipeniesienne narueHToB ¢ AT/ OCHOBHOU 1
KOHTPOJIPHOU TPYIIT B 3aBUCUMOCTH OT I10Jia, BO3-
pacra u pe3yJIbTaTOB aHTPOIIOMETPHUUECKUX H3Mepe-
HUH TIpPEJICTaBJIeHO B TaOII. 1.

B OCHOBHOU TpyIilie HCCJIEIOBAaHUsA OKa3aa0Ch
32 7eBoukHu (51.6 %) u 30 ManbuukoB (48.4 %).
CpenmHuii BO3pacT ManMeHTOB B OCHOBHOU TPYIIIIE
coctaBuiI 11.8 + 3.0 rojia. KoHTpOIbHYIO IpyIIILy Co-
craBuin 34 neBouku (56.7 %) U 26 MaJbUYMKOB
(43.3 %). Cpennuii BO3pacT MaIueHTOB B KOHTPOJIb-
HOU TpymIe 10.1 + 3.6 roya. CiieoBaTesIbHO, TPy~
I OBLJTM COTIOCTABHMBI TI0 TIOJIy U BO3PACTY.

Takum obpa3om, U3 62 JieTell U MOAPOCTKOB C
aTOIMMYECKUM JIEPMATUTOM M MaCCOU TeJia, MPEBbI-
[IAOIIEeH BO3paCTHHIE U II0JIOBbIE HOPMBI, 45.2 % co-
CTaBUJIA JIETH U MOJIPOCTKHU C M30BITOUHOW Maccoi
Teja, a ¢ OXKUPEHUEM 1, 2 U 3-U cT. — 25.8, 11.3 u
17.7 % COOTBETCTBEHHO.

interests and capabilities of the child; keeping an in-
dividual diary) and a psychotherapist (using the
method of psychotherapeutic interviews or other
forms of work, considering the individual needs of
the patient).

The data were statistically processed using the
SPSS Statistics 16.0 and Microsoft Excel 7.0 soft-
ware. The assessment of the significant difference
was carried out using the Fisher’s test. Differences
were considered significant at p < 0.05. Simple bi-
nary logistic regression (RStudio 1.0.136 software,
R packages v. 3.3.1) was used to identify predictor
variables.

RESULTS AND DISCUSSION

The distribution of patients with AD in the main
and control groups depending on gender, age and re-
sults of anthropometric measurements are present-
ed in Table 1.

The main group of the study included 32 girls
(51.6%) and 30 boys (48.4%). The average age of pa-
tients in the main group was 11.8 + 3.0 years. The
control group consisted of 34 girls (56.7%) and 26
boys (43.3%). The average age of patients in the con-
trol group was 10.1 + 3.6 years. Consequently, the
groups were comparable in gender and age.

Thus, of 62 children and adolescents with atopic
dermatitis and body weight exceeding age and gen-
der norms, 45.2% were children and adolescents
with overweight, and with obesity of the 1%, 2™ and
3" degrees were 25.8, 11.3 and 17.7% respectively.

The distribution of patients in the main and con-
trol groups depending on the severity of AD is shown
in Fig. 1.

If the mild course of AD in the main group was
1.3 times less than in the control, and the propor-
tions of patients with a moderate course of the dis-
ease in both groups were comparable and did not
have significant differences, then the severe course of
dermatosis in the main group was recorded more of-
ten than in the control group by 1.4 times.

Thus, the proportion of patients in the main
group who had overweight or first-degree obesity
was 71%, 29% were diagnosed with the second- and
third-degree obesity. The severe course of dermato-
sis in the main group was recorded 1.4 times more
often than in the control group.

A comparative analysis of the treatment results
of the main group patients, who were divided into
two groups, was carried out: group 1 (n = 31) received
the conventional therapy prescribed by a dermatolo-
gist in accordance with the severity of the disease;

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



Nemchaninova O.B. et al. / Journal of Siberian Medical Sciences 2 (2021) 4—14

Taosuna 1. Pactipeniesienue nmanueHToB ¢ AT/l B 3aBHCHMOCTH OT PE3YJIbTATOB AHTPOIIOMETPUYECKUX H3MEPEHUH, I10Ia

U Bo3pacra, abe. (%)

Table 1. Distribution of patients with AD depending on the results of anthropometric measurements, gender and age,

abs. (%)
5—6 et / yearsold  7—11yer / years old 12-17 jet / years old
I'pymnma / Group
K/F M/M XK/F M/M XK/F M/M
OcuoBHas / Main (n = 62):
n30bITOYHAs Macca Tesia / overweight (n = 28) 1(3.6) 1(3.6) 4(14.3) 6(21.4) 7(250) 9(32.1)
oxkupenue 1-# cr. / first-degree obesity (n = 16) 2(12.5) 1(6.3) 4(25.0) 3018.7) 2(12.5) 4(25.0)
okupenue 2-1 cr. / second-degree obesity (n=7) 0 0 3(42.9) 0 4(57.1) O
okupenue 3-1 1. / third-degree obesity (n=11) 0 0 2(18.2) 1(9.1) 3(27.3) 5(45.4)
KonTtposbaas / Control (n = 60) 10 (16.7) 6(10.0) 12(20.0) 9(15.0) 12(20.0) 11(18.3)

IIpumeuanue. XK — xeHckut mos; M — My>KCKOH.
Notes. F — female; M — male.

Pacnpenenenvie OOJIBHBIX OCHOBHOM M KOH-
TPOJIBHOU TPYIIITHI B 3ABUCUMOCTH OT CTEIIEHHU TsIKe-
ctu AT/l pezcTaBeHO Ha PUC. 1.

Ecsn ierkuit BapuanT TedeHus At/l B OCHOBHOM
IpyIIe BCTpeyasicsa B 1.3 pasa peke, YeM B KOH-
TPOJIBHOU, a JIOJIU TIAI[UEHTOB CO CPEIHETSIKETBIM
BapHUAHTOM TeueHUs 3a00JIeBAHUA B 00EUX IPyIIIax
OBLIM COIIOCTABUMBI M HE UMEJIH JJOCTOBEPHBIX pas-
JIMYUH, TO TAXKEIIOE TEUeHHUE IEpMaTo3a B OCHOBHOU
rpyIIle PETUCTPUPOBAIOCH Yallle, YeM B IpyIIIie KOH-
TPOJISA B 1.4 pasa.

Takum o6pas3oM, IO/ MAIIMEHTOB OCHOBHOM
TPYIIBI, UMEBIINX H30BITOYHYIO Maccy Teja WJIH
O’KHpEeHUe 1-H CT., cocTaBmiIa 71 %, y 29 % ObLI0 iua-
THOCTHUPOBAHO OXKUPeHUe 2 unu 3-i cr. Tsoxenoe Te-

483

50 -

Jlerkoe TeueHUE

Mild course TeyeHne

Moderate course

group 2 (n = 31), in addition to the conventional
therapy for AD, corresponding to the severity of the
disease, received medical care from an endocrinolo-
gist and psychotherapist. The results of the atopic
dermatitis severity assessment in patients of groups
1 and 2 one year after the start of the treatment are
presented in Table 2.

On examination one year after the treatment,
both groups of patients showed positive dynamics in
the severity of atopic dermatitis: the number of pa-
tients with severe and moderate dermatosis de-
creased, the proportion of patients with mild course
and having no clinical symptoms of the disease in-
creased. However, the intensity of the above men-
tioned dynamics in the 1% and 2™ groups had signifi-

OcHoBHas rpymnmna
Main group (n = 62)

m KouTposibHas rpymmna
Control group (n = 60)

Cpennersxesioe Tsxkesoe TedeHue

Severe course

Puc. 1. Pacripeniesienrie 60JIbHBIX OCHOBHOH U KOHTPOJIBHOU rpymil (%) B 3aBUCUMOCTHU OT CTEIIEHH TSXKECTH
aTOIIMYECKOTO JiepMaTHTa (*II0Ka3aTesin, JOCTOBEPHO OTJIMYAIOIINECS OT KOHTPOJIBHOM TPYIIIEI (P < 0.05))
Fig. 1. Distribution of patients in the main and control groups (%) depending on the severity of atopic dermatitis
(*indicators differ significantly from those of the control group (p < 0.05))
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Taouna 2. Pe3ysibTaTsl OIEHKH CTENIEHH TSUKECTH aTOIMMMYECKOTO JIEPMATHTA Y TAIMEeHTOB 1 ¥ 2-H IPYIII Yepes IO/

rmocJie Havasia jedeHus, abe. (%)

Table 2. The results of assessing the atopic dermatitis severity in patients of groups 1 and 2 one year after the start of the

treatment, abs. (%)

1-s Tpynma / Group 1 (n = 31)

2-s rpymma / Group 2 (n = 31)

CreneHb TsoKeCTH AT/

Severity of AD JI0 JIEUEHUSI yepes roj JI0 JIEUEH st yepes rof
before treatment one year after before treatment one year after

bes kauHnyeckux cumnromop 0 4 (12.9)* 0 14 (45.2)**

No clinical symptoms

Jlerkas / Mild 12 (38.7) 15 (48.4)* 11 (35.5) 15 (48.4)**

Cpennss / Moderate 13 (41.9) 9 (29.0)* 13 (41.9) 1(3.2)**

Tskenast / Severe 6(19.4) 3(9.7)* 7(22.6) 1(3.2)**

*TlokazaTesn, JOCTOBEPHO OTJINYAOIIUEC OT HCXOAHBIX (P < 0.01).

Indicators that differ significantly from the baseline (p < 0.01).

*TIokasaTesu, J0CTOBEPHO OT/INYAIOLIUECs OT II0Ka3aTesiel uepes roji B 1-i rpymie (p < 0.01).
Indicators that differ significantly from the 1% group’s indicators after a year (p < 0.01).

YeHHue JIEpMaTo3a B OCHOBHOU TPYIIIe PETUCTPHUPO-
BaJIOCh Yallle, YeM B IPYIIIIE KOHTPOJIH, B 1.4 pasa.

Bpul mpoBeZieH CpaBHUTEIBHBIA AaHATU3 pe-
3yJIBTATOB JIEUEHUsI MMAI[EHTOB OCHOBHOW TPYIIIIHI,
KOTOPBIX pa3/leud Ha JBe TPYHIIbI: 1-f TpyIma
(n = 31) monyyasa cTaHAAPTHYIO Tepanui, Ha3Ha-
YEeHHYIO0 JIEpMaTOJIOTOM B COOTBETCTBHH CO CTelle-
HBIO TSIPKECTH 3a60JIeBaHus; 2-5 Tpymmna (n = 31), mo-
MHMO CTaHJApPTHOUW Tepanuu AT/[, COOTBETCTBYIO-
el CTeleH! TsOKECTH 3a00JIeBaHMsA, IOJIydasia
J1eue6HO-KOHCYJIBTATUBHYIO ITOMOIIb 9HIOKPUHOJIO-
ra U IICUXOTepareBTa. Pe3yIbTaThl OIEHKHU CTEIIEHU
TSI?KECTH aTOITMYECKOTO JIEpMaTUTA y MAIUeHTOB 1 U
2-11 rpymm yepes roj mocje Havasa JieueHus Ipe/i-
CTaBJIEHHI B TA0JL. 2.

IIpu ocMOTpe Uepes roj1 IocJIe JIeYEeHH B 00enX
rpymiax mayueHToB OblIa 3aperucTPUPOBAHA MTOJIO-
JKUTEJIbHASL ITUHAMUKA B OLIEHKE CTEIEeHU TSKECTH
aTOIMMYECKOTO JIEpMaTUTA: YMEHBIIUJIOCH YHCIIO
GOJIbHBIX C TSIKEJIBIM U CPETHETIKEIBIM TeUeHHeM
JIEpMaTo03a, YBEJIUYMIACh /IO OOJBHBIX C JIETKOH
CTEIEHBIO TSIKECTH U 6€3 KIMHUYECKUX CUMIITOMOB
3aboseBanusA. OJJHAKO CTENeHb BHIPA’KEHHOCTH YKa-
3aHHOU JUHAMUKHU B 1-1 U BO 2-U rpyInax umesa Jio-
CTOBEPHBIE OTJIMYUS Mexkry coboil. Tak, yepes roj
rocJjie JIEUeHUs y JEPMaTojora, SHA0KPUHOJIOTa U
[ICUXOTEPAINEBTA Y 45.2 % NAIEHTOB HE OTMEYAIOCh
KJIMHUYECKUX CUMIITOMOB AT/I, 4TO B 3.5 pasa mpe-
BBIIIAJIO0 AHAJIOTUYHBIN IMOKa3aTelb CPeIH MMaIueH-
TOB, JIEUMBIIUXCSA TOJBKO Yy AepMaTosiora. B To ke
BpeMs BO 2-U TpyIIle 3HAYUTEIHPHO YMEHBIIUINCH
JTOJTH GOJIBHBIX CO CPETHETSI?KEITBIM U TsKeTbIM AT/]
(1a 38.7 11 19.4 % COOTBETCTBEHHO).

Takum o0pa3oMm, NpPU MEXIUCIHUILIMHAPHOM
B3aMMOJIEWCTBUH JIEpMATOJIOTa, HHIOKPUHOJIOTa U
IICUXOTEepaneBTa CpeAHAs CTeleHb TsxkecTu AT/l pe-
TUCTPUPOBAJIACH B 9.1 pa3a pexe, a TsKeJas — B

cant differences. Thus, one year after treatment by a
dermatologist, endocrinologist and psychotherapist,
45.2% of patients had no clinical symptoms of AD,
which was 3.5 times higher than the same indicator
among patients treated only by a dermatologist. At
the same time, in group 2, the proportion of patients
with moderate and severe AD decreased significantly
(by 38.7 and 19.4% respectively).

Thus, during interdisciplinary interaction be-
tween a dermatologist, endocrinologist and psycho-
therapist, the medium severity of AD was recorded
9.1 times and the severe course — 3.0 times less often
than in the group treated only by a dermatologist
(p < 0.01).

The results of the assessment of anthropometric
data in patients of groups 1 and 2 one year after the
start of treatment are presented in Table 3.

When examined one year after the treatment,
only two patients in group 1 showed a decrease in the
obesity degree from the third to the second one. An-
thropometric parameters among patients of group 2
differed from those in group 1 significantly. In 64.5%
of patients treated by a dermatologist, endocrinolo-
gist and psychotherapist, a decrease in body weight
was achieved, which corresponded to the indicators
of the age/gender norm, while in group 1 such results
were not noted. In group 2 the first- and second-de-
gree obesity was recorded 6.1 and 2.0 times respec-
tively less than in group 1 (p < 0.05). As a result of
the interdisciplinary interaction of a dermatologist,
endocrinologist and psychotherapist, after a year of
treatment, not a single patient with the third-degree
obesity was registered, while in the group treated
only by a dermatologist, the proportion of such pa-
tients, although decreased by 6.5% from the base-
line, still was 16.1%.
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TaGauna 3. Pe3ysibTaTsl OIeHKH aHTPOIIOMETPUYECKUX JAHHBIX ¥ TAIIEHTOB 1 ¥ 2-H IPYIIN Yepe3 IO/l IIocjIe Hayaia

Jiedenus, abe. (%)

Table 3. The results of the assessment of anthropometric data in patients of groups 1 and 2 one year after the start of the

treatment, abs. (%)

1-s Tpymnma / Group 1 (n = 31)

2-s1 rpymima / Group 2 (n = 31)

ITokasarenu macchl Teaa

Body mass indicators 10 JIEYEHUSI yepes roj 10 JIEYEHUSI yepes rof
before treatment one year after before treatment one year after

B npenenax HOpMBbI 0 0 0 20 (64.5)**
Within normal limits
M36bpITOUHAs Macca Tejia 14 (45.2) 14 (45.2) 14 (45.2) 7 (22.6)**
Overweight
Ozxupenue / Obesity:

1-1 cr. / 1% degree 6 (19.4) 6 (19.4) 10 (32.3) 3 (9.7)**

2-ii ct. / 2" degree 4 (12.9) 6 (19.4) 3(9.7) 1(3.2)**

3-1 ct. / 3" degree 7 (22.6) 5 (16.1)* 4 (12.9) 0**

*TlokasaTesu, JOCTOBEPHO OTJIMYAIOIIUECH OT HCXOAHBIX (P < 0.05).

Indicators that differ significantly from the baseline (p < 0.05).

*[TokasaTesiu, JOCTOBEPHO OTIMYAOIIHECS OT IIOKa3aTesel Yepes ro/] IIocjie iedeHus B 1-i rpymie (p < 0.05).
Indicators that differ significantly from the 1% group’s indicators after a year (p < 0.05).

3.0 pasa peske, YeM B TpyIIIIe, IOJTydaBIIen JJeUeHne
TOJIBKO y iepMarosiora (p < 0.01).

PesysibTaThl  OIEHKH  aHTPOIIOMETPUYECKHUX
JIAaHHBIX Y MAIUEHTOB 1 U 2-U TPYIII Yepe3 ToJ] mocye
Havasia JieueHus MpeCTaBIeHbI B Ta0JI. 3.

IIpu ocMoTpe 4depes roj mocse JieueHus B 1-U
TPYIITIE TOJIBKO Y JIBYX MAIIMEHTOB OBLIIO 3aPETUCTPH-
POBaHO YMEHBIIIEHUE CTEIIEHU OXKUPEHUS C TPEThel
JI0 BTOPOU. AHTPOIIOMETPHUUYECKHUE TTapaMeTPhI cpe-
JIA TTAITUEHTOB 2-U TPYIIIHI JOCTOBEPHO OTJIMYAIHCH
OT TAaKOBBIX B 1-U rpymme. ¥ 64.5 % NalueHTOB, M0-
JIyJaBIIHX JIEYEHHE Y IEPMATOJIOTa, SHJOKPUHOJIOTa
U TICHUXOTepaneBTa, ObLIO JOCTUTHYTO CHUKEHHE
Macchl Tejla 0 MOoKas3aTesiel BO3pacTHOM/IOI0BOM
HODPMBI, B TO BPeMs KaK B 1-H TPYIIIIe TOT00HBIX pe-
3yJIbTaTOB He 3apUKCUpoBaHO. OKUpeHUEe 2 U 3-U
CT. BO 2-H TpyIle PerucTpupoBajoch B 6.1 U B
2.0 pasa peke COOTBETCTBEHHO, UeM B 1-H TpyIIIe
(p < 0.05). B pesyibTaTe MEXKIUCIIAILIMHAPHOTO
B3aMMOJIEHCTBUA JePMaToJIoTa, HHAOKPUHOJIOTA U
IICUXOTepaIreBTa yepes To7] I0CJIe JIeueHus He ObLIIO
3apervcTpUPOBAHO HU OJHOTO IMAI[MEeHTa C OXKHUpe-
HHEM 3- CT., B TO BpeMs KakK B IPYyIIIIe, IOIyJYaBIIei
JIe4eHUEe TOJIPKO Y JIEpMAaTOJIOTa, JOJIA TAKUX Mally-
€HTOB XOTS ¥ CHU3WJIACh Ha 6.5 % OT UCXOHOTO, HO
COCTaBUJIA TeM He MeHee JIUIIb 16.1 %.

PesysnpraTel nBeToBoro tecra Jlromepa y nanu-
€HTOB 1 U 2-U TPYII Yepes o7 IIoc/Ie Havasia jede-
HUS TIPEJICTaBJIEHbI B TA0J. 4.

B 1-# rpynie cymmapHas J0Jis MalueHToB, Ha-
OpaBiux 1 1 2 6ajia yepe3 roj MOC/e JIEYeHUs,
yMeHbIIWIACh ¢ 54.9 10 38.8 %, T.e. B 1.4 pasa, a
CyMMapHasi 1015 NaIUeHTOB, HabpaBIIUX 3 U 4 6aj-
J1a, yBeJTUUUIIACh C 45.2 /10 61.3 % — TakKe B 1.4 pasa.
Bo 2-11 rpymne B pe3ysibraTe MeXK/IUCITUIINHAPHOTO

The results of the Liischer Color Test in patients
of groups 1 and 2 one year after the start of treatment
are presented in Table 4.

A year after treatment in group 1, the total pro-
portion of patients who scored 1 and 2 points de-
creased from 54.9 to 38.8%, i.e., 1.4 times, and the
total proportion of patients who scored 3 and 4
points increased from 45.2 to 61.3%, i.e., 1.4 times
also. One year after treatment in group 2, as a result
of interdisciplinary interaction of a dermatologist,
endocrinologist and psychotherapist, not a single
Liischer Color Test result of 1 or 2 points was record-
ed. The proportion of patients who scored 3 points
decreased by 9.6%, which did not have a significant
difference with the baseline data. The number of re-
spondents who scored 4 points on the Liischer Color
Test and demonstrated a favorable emotional state,
increased significantly — by 64.5%, that is by 21.2
times (p < 0.01).

To assess the effect of the comprehensive treat-
ment by a dermatologist, endocrinologist and psy-
chotherapist, a decrease in body mass index (BMI)
and an increase in points scored during Liischer test-
ing on the outcome of the AD treatment in children
and adolescents with overweight and obesity, bino-
mial logistic regressions were constructed and uni-
variate analysis of predictors of treatment efficacy
was carried out. The result of the therapy was as-
sessed as unsatisfactory in the absence of improve-
ment on the scale of severity during the follow-up
period, as satisfactory — with presence of improve-
ment on the scale of severity (Table 5).

The results of regression analysis showed that
the treatment of atopic dermatitis in obese and over-
weight children and adolescents by a dermatologist,

Journal homepage: http://jsms.ngmu.ru
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Taouna 4. Pe3ysbraTsl IIBETOBOrO TecTa JIomepa y ManueHToB 1 U 2-1 IPYII Yepe3 roji Iocjie Hadala JedeHus, aoe.

(%)

Table 4. The results of the Liischer Color Test in patients of groups 1 and 2 one year after the start of the treatment, abs.

(%)

1-s rpymma / Group 1 (n = 31)

2-s1 rpymnma / Group 2 (n = 31)

Pesynbratsr / Results

J10 JIEYEHHUSI yepes rof J10 JIEYEHHSI yepes rof
before treatment one year after before treatment one year after

1 6ast / point 3(9.7) 2(6.5) 2(6.5) 0**

2 fpasna / points 14 (45.2) 10 (32.3)* 15 (48.4) 0**

3 6asuta / points 14 (45.2) 18 (58.1)* 13 (41.9) 10 (32.3)*

4 6asta / points 0 1(3.2) 1(3.2) 21 (67.7)**

*TlokasaTesu, JOCTOBEPHO OTJIMYAKOIIUECS OT UCXOAHBIX (P < 0.05).

Indicators that differ significantly from the baseline (p < 0.05).

*[lokasaTesiu, JOCTOBEPHO OTIMYAOIIMECS OT II0Ka3aTesiel yepes roy ocjie JiedeHus B 1-i rpymime (p < 0.05).
Indicators that differ significantly from the 1% group’s indicators after a year (p < 0.05).

B3aUMOJIEUCTBHUSA JEPMATOJIOTa, SHIOKPUHOJIOTA U
MICUXOTepareBTa yepes To7] IocjIe JIeueHus He ObLITo
3aPETUCTPUPOBAHO HU OJHOTO pe3yJbTaTa TecTa
Jlromepa B 1 wim 2 6asa. JloJist marueHToB, Habpas-
mux 3 6ajiia, yMEeHbIIIach Ha 9.6 %, UTO HE UMEJIO
JIOCTOBEPHO 3HAUMMOK Pa3HHUIIbI C HCXOTHBIMU JTaH-
HBIMU. SHAUYUTETHHO YBEJIUUUIOCH KOJIMYECTBO pe-
CIIOH/IEHTOB, HAOpaBIIUX 4 Oasia Mo Tecty JlroIepa,
MPOZIEMOHCTPHUPOBABIINX OJIATONIPUATHOE DMOIHAO0-
HaJIbHOE COCTOsIHWE, — Ha 64.5 %, T. e. B 21.2 pasa
(p < 0.01).

JIJ1s1 OIlEHKH BJIMSIHUSI KOMILJIEKCHOTO JI€UEHMUS
y IepMaToJIoTa, SHA0OKPHHOJIOTA U IICHXOTEPATIEBTA,
CHIKEeHUA uHaeKkca Macchl Tesia (MMT) u moBbliie-
Hus 6aJ1710B, HAOPAHHBIX ITPU TECTUPOBAHUU 110 JI10-
mepy, Ha pe3ysbrar jiedeHus: At/l y jmeted U moj-
POCTKOB ¢ U30BITOUHON MAacCOH Tejla U OKHUPEeHHEM
OBLTH TTOCTPOEHBI OMHOMUHAJIBHBIE JIOTUCTHUYECKHE
perpeccuy ¥ TpoOBeZieH OMHOGAKTOPHBIA aHAIU3
MPeAUKTOPOB 3 peKTUBHOCTU JieueHus1. Pe3yibpraT
Tepalyuy OIEHUBAJICA KaK HEYJOBJIETBOPUTEIHHBIN
IIPYU OTCYTCTBUH YJIYUIIIEHUSA 110 IIIKAJIE CTEIIEHH! Ts-
JKECTH 3a TepHoJT HAOIIOeHNsI, KaK YIO0BIETBOPH-
TEJIbHbIH — NpPU OOJIETYEHUU CTEIeHU TSIKECTH
(Tabu. 5).

endocrinologist and psychotherapist increases the
likelihood of a favorable outcome of AD treatment by
12.92 times (odds ratio 12.92; 95% confidence inter-
val 4.00—41.42; p < 0.001 ). With a decrease in body
weight and improvement in BMI by one category, the
probability of a favorable treatment outcome in-
creases 5.56 times (odds ratio 5.56; 95% confidence
interval 2.31-13.39; p = 0.0013). An improvement in
the Liischer Color Test’s result by 1 point increases
the likelihood of a favorable treatment outcome by
2.84 times (odds ratio 2.84; 95% confidence interval
1.41-5.60, p = 0.01).

CONCLUSION

The efficacy of atopic dermatitis treatment in
obese and overweight children and adolescents in-
creases with a decrease in the patient’s body weight
and an improvement in his psycho-emotional state,
which indicates the advisability of interdisciplinary
interaction between a dermatologist, endocrinologist
and psychotherapist in the treatment of this category
of patients.

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

Ta6uuna 5. OiHoQaKTOPHBIN aHATU3 IPEUKTOPOB 3P (PEKTUBHOCTH JIEUEHUS

Table 5. Univariate analysis of predictors of treatment efficacy

IIpenuxTop / Predictor oI / OR 95% 1 /CI p
JleueHue y IepMaTosIora, SHIOKPHUHOJIOTA 1 IICUXOTEpareBTa 12.92 4.00—41.42 <0.001
Treatment by a dermatologist, endocrinologist and psychotherapist

Cumxenne UMT 5.56 2.31-13.39 0.0013
Decrease in BMI

TToBsieHue 6aIoOB 1Mo TecTy JIfomepa 2.84 1.41-5.600 0.01

Increase points on the Liischer Color Test

I[Tpumeuanue. Ol — orHomIEeHUe 1aHCOB; IV — /10BepUTETBHBIA HHTEPBAJL.

Notes. OR — odds ratio; CI — confidence interval.
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PesynbTaTsl perpeccCuOHHOTO aHaIN3a IIoKa3a-
JI¥, UTO JIeUeHNEe aTOINYeCKOro JePMAaTHUTa y JieTer
U TOAPOCTKOB C H3OBITOYHOM MAaccod Tea WJIH
OKHpeHHeM Yy JepMaToJiora, 3HJOKPHUHOJIOTA WU
IICUXOTEPAIIeBTA YBEJIMINBAET BEPOSITHOCTH OJIaro-
NPUATHOTO pe3ysabTaTa jiedeHusa AT/l B 12.92 pasa
(oTHOIIIEHME MIAHCOB 12.92; 95% IOBEPUTEIbHBIH
HMHTEpPBaT 4.00—41.42; p < 0.001). IIpu cHu:XeHNU
Macchl Tesia Ha 1 kareropuio 1o UMT BepoATHOCTB
6JIaTONIPUSITHOTO PE3yJIbTaTa JIEUeHUsI YBEJTHINBa-
eTcs B 5.56 pasa (OTHOIIIeHHE MAHCOB 5.56; 95% J10-
BEPUTEJIPHBIA WHTEPBAT 2.31-13.39; p = 0.0013).
Viydmenue pesysabpraTa Tecta Jlromepa Ha 1 6ayt
MIOBBIIIAET BEPOSITHOCTh OJIATONPUSITHOTO PE3YJib-
Tata JieueHHs B 2.84 pasa (OTHOIIEHHE IIAHCOB
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3AK/IIOYEHUE

A¢ddexTUBHOCTD Tepanuu aTONUYECKOIO Jiep-
MAaTHUTAa y JieTeHd U MOAPOCTKOB, UMEIOIINX N30bITOU-
HYyI0 Maccy TeJjla WIN OKUPEeHHe, TOBBIIIAeTCA MPHU
CHIKEHUU Macchl TeJla NallleHTa U yJIydllleHU! ero
TICHX03MOITMOHATIBHOTO COCTOSIHUSA, UTO CBU/IETEIIb-
CTBYET O I1eJ1eC000Pa3HOCTH MEXK/TUCIIUIIINHAPHOTO
B3aMMOJIEUCTBUS JIEPMATOJIOTA, YHIOKPUHOJIOTA U
IICUXOTepaneBTa IPU JIeUeHUH JJAHHOU KaTeropuu
MaIeHTOoB

KoH@auKT HHTEpEeCcOB. ABTOPHI 3asIBJISIOT 00
OTCYTCTBUM KOH(MIINKTA UHTEPECOB.
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AHHOTAIIUA

BBeneHue. OeHONbHBIE COEIUHEHUS, BXOJISAIINE B COCTAB pa3HOOOPA3HbBIX (PUTOIPENApPaTOB, OKa3bIBAIOT aHTHU-
Pa/IMKaJIbHOE ¥ AaHTHOKCH/IAHTHOE JIEHCTBHE.

I enp. V3yueHne BIUAHUA UHTOKCHKAIIUU CEPOYIJIEPO/IOM HAa OMOXMMUUYECKHE ITOKA3aTEJTH KPOBU KPBIC U BO3-
MOKHOCTH UX KOPPEKIUHU IIPUPOAHBIMU PACTUTE/IbHBIMN CbeHOJ’IbHI)IMI/I COEIUMHEHHUAMU U3 KaJINHBI.

MarTe puajbl U ME€TO/BI. HpOBeﬂeH OKCIIEpUMEHT Ha 6e]'II)IX KpbICax-CaMIaX JIUHUU BI/ICTap. I/IHTOKCI/IKaHI/IIO
cepoyTIepoioM (KOHIIEHTpAIUsI 2.0 MTr/M3) IPOBOIUIIHU B CIIEITUAIFHON 3aTPaBOYHOM KaMepe. JKUBOTHBIE OBLIIN pa3/iesie-
HbI HA 5 I'PYIII: 1-91 — KOHTPOJIb (I/IHTaKTHLIe )KI/IBOTHI)IG); 2-1 — UHTOKCHUKaIlMA CEPOYIJIEPOAOM B T€UEHHE 3 HEel; 3-A —
MHTOKCHUKAIIUS CEPOYIJIEPOZIOM B TeUEHHE 3 HeJl C MOCJIEYIOeH OTMEHON B TEUEHHE 7 CYT; 4-51 — UHTOKCUKAIUA CEPO-
yrijiepozioM B T€UEHUE 3 HeJl, ajiee BBEJICHU e OKCTPaKTa U3 KaJIMHBI B TE€YUEHUE 7 CYT; 5-1 — HHTOKCHUKAIHUA CEPOYIJIEPOAOM
B T€UeHUeE 3 HeJl, /lajiee BBeJleHEe CHIMMapuHa B TeueHue 7 cyT. [IpenapaThbl BBOJIWIH B /103€ 100 MT 06ITuX (DEeHOJIOB/KT
MacCChI YJKUBOTHOTO.

PesynbTaThl. VIHTOKCUKAIIUS CEPOYIJIEPOJIOM COIPOBOK/IAJIACH PA3BUTHEM BBIPAYKEHHOU THUIIEPXOJIECTEPUHE-
MUU; YBEJTUYEHUEM (PPaKIIUU JIUIIOTPOTENHOB HUBKOU IJIOTHOCTH TIPU OJTHOBPEMEHHOM CHHKEHUHU JIUTIOIIPOTEUHOB BbI-
COKO¥ IUIOTHOCTHU B CHIBOPOTKE KPOBH. OTMeYAsICs POCT YPOBHSA MJIOHOBOTO JIUAJIBJIETH/IA, CHUKEHNE aKTUBHOCTH CyIIe-
POKCHAUCMYTA3bl ¥ BEJIMUUHBI BOCCTAHOBJIEHHOTO TJIyTATHOHA, YTO CBUETEIHCTBYET 00 MCTOIEHUH CHCTEMBI AaHTHOK-
CH[[aHTHOfI 3alIUThI OpraHu3Ma. B IepuoJ OTMEHbI MHTOKCHUKAIIUU CEPOYIJIEpOJOM B T€YEHUE 7 CyT 6I/IOXI/IMI/IquKI/Ie I10-
Ka3aTe/ii KpOBU HE BOCCTAHOBHUJIUCH, YTO CBU/ZIETEJILCTBYET O COXPpAaHEHU U CBO60[[HO-paﬂI/IKaIII)H])IX IIpo1eCCoB. BBeI[EEHI/Ie
JKCTPAKTAa U3 KAJIMHBI U IIpEIapaTa CpaBHEHUA CUJIMMapUHA COIIPOBOXKAAJIOCh BOCCTAHOBJIEHUEM 10 YPOBHA I'PYIIIIBI KOH-
TPOJIA 6I/IOXI/IMI/I‘{eCKI/IX nokasaTesaen KPOBH II0OCJIE UHTOKCUKAITUU CEPOYIJIEPOIOM.

3aknmwueHdue. TokcHueckoe IEHCTBHE CEPOYTIIEPO/IA BHI3bIBAET U3MEHEHHUE HUCCIIEyEMbIX OHOXUMUUECKHUX I10-
KazareJsien KpPOBH. BBeZ[eHI/Ie OKCTPAKTa M3 KaJIMHBbI U CUJIMMapHWHA COIIPOBOXKAAJIOCHh UX BOCCTAHOBJIEHHEM 0 YPOBHA
IPYIIIBI KOHTPOJIA, HO 60Jiee BRIpaXKeHHBIH 2 dEKT OTMeUasics y 9KCTPaKTa U3 KAJIMHBI 3a CYET IIPUCYTCTBUSA B €r0 COCTa-
BE OJIUTOMEPHBIX (GOPM MOIH(PEHOIIOB.

Kaloueesle cao8a: cepoyryiepo, JUIONPOTEHHbI, aHTHOKCUAAHTHAS 3aIIUTa, SKCTPAKT KAJIUHBI, CUJIIMapUH

ITocrynuia 25.12.2020 Received 25.12.2020

IIpunaTa 20.01.2021 Accepted 20.01.2021

Aemop, omeemcmeeHHblil 3a nepenucky Corresponding author

Kyurneposa Haranbs ®eopoBaa: PI'BYH THX00KeaHCKHH OKEaHOJIOTH- Kushnerova Natalya Fedorovna: V.I. II’ichev Pacific Oceanological Institute,
uveckuit uHCTUTYT M. B.W. Unbruesa [IBO PAH. 690041, r. BiagusocTok, 43, Baltiyskaya str., Vladivostok, 690041, Russia.

yi. Banruiickas, 43. E-mail: nkushnerova@poi.dvo.ru

E-mail: nkushnerova@poi.dvo.ru

Journal homepage: http://jsms.ngmu.ru 15



Jlpyeosa E.C. u dp. / Journal of Siberian Medical Sciences 2 (2021) 15—25

ABSTRACT

Introduction. Phenolic compounds that are part of a variety of phytopreparations have an anti-radical and anti-
oxidant effect.

Aim. Studying the influence of carbon disulfide intoxication on the rat blood biochemical parameters and the pos-
sibility of their correction with natural plant phenolic compounds from viburnum.

Materials and methods. The experiment was conducted on white Wistar male rats. Carbon disulfide intoxi-
cation (concentration 2.0 mg/m3) was implemented in a special exposure chamber. The animals were divided into 5 groups:
the 1%t group was control (intact rats); the 2" group was carbon disulfide intoxication for 3 weeks; the 3™ group was carbon
disulfide intoxication for 3 weeks, followed by discontinuation for 7 days; the 4™ group was carbon disulfide intoxication for
3 weeks, followed by administration of the viburnum extract for 7 days; the 5™ group was carbon disulfide intoxication for
3 weeks, followed by silymarin administration for 7 days. The drugs were administered at a dose of 100 mg of total phenols
per kilogram of animal weight.

Results. Carbon disulfide intoxication was accompanied by the development of intense hypercholesterolemia; an
increase in the fraction of low-density lipoproteins with simultaneous decrease in high-density lipoproteins in blood se-
rum. There was an increase in the level of malondialdehyde, decrease in the superoxide dismutase activity and reduced
glutathione amount, which indicates the depletion of the body’s antioxidant defense system. During the withdrawal period
of carbon disulfide intoxication for 7 days, the blood biochemical parameters did not recover, which indicates the preserva-
tion of free-radical processes. The administration of the viburnum extract and the comparison drug, silymarin, was accom-
panied by a recovery to the control group level of blood biochemical parameters after carbon disulfide intoxication.

Conclusion. The toxic effect of carbon disulfide causes a change in the studied blood biochemical parameters.
The administration of the viburnum extract and silymarin was accompanied by their restoration to the level of the control
group, but a more pronounced effect was observed in the viburnum extract due to the presence of oligomeric forms of

polyphenols in its composition.

Keywords: carbon disulfide, lipoproteins, antioxidant protection, viburnum extract, silymarin.

BBEAEHWUE

OnHUM U3 TOKCUYECKUX BeIecTB, IIpUMeHse-
MBIX B IIPOU3BOJCTBEHHBIX YCJIOBUAX, SIBJISIETCS Ce-
poyriiepoz (CS,). OH ucnosib3yercs B IPOU3BOJICTBE
BUCKO3HBIX BOJIOKOH, IleJuioaHa, B XUMUYECKOU
MIPOMBINIJIEHHOCTU — Kak pacTBopuresb docdopa,
JKUPOB, pe3uHHI [1]. Takke 3TO HIMPOKO pacmpo-
CTPaHEHHBIN XUMUYECKUU TOKCUKAHT Ha IIPOU3BOJI-
CTBax IO IepepaboTke mpupogHOoro rasa. Ilpu mo-
BOJIHO BBICOKOM YPOBHE aBTOMAaTU3aIIUH U MEXaHU-
3alli TEXHOJIOTUYECKUX IIPOILIECCOB HA JAHHBIX
IIPOU3BOJICTBAX HMEIOTCS OTAEIbHbIE OIlepalyH,
BBITIOJTHEHNE KOTOPBIX CBA3AHO C UHTEHCUBHBIM 3a-
rpsi3HEeHNeM paboueli 30HBI BPEJHBIMU BeIeCTBA-
MU, IPEBBIIIAIOIIIMY IPEIEJIbHO JOIIyCTUMbIE KOH-
nentpanuu (IIJIK) B 2 pasa u 6osiee. OCHOBHBIM ITy-
TeM IIPOHUKHOBEHUS TOKCUYECKOTO BeIlecTBa B Op-
TaHU3M SIBJISETCS WHTAISIUOHHBIN, TAKKe OHO MO-
JKeT BCAChIBAThCA Uepes KOXKY.

Cepoyrieposi fABJAETCH IOJUTPOIHBIM f/I0M;
obJiaiasi HADKOTUYECKUM JIEUCTBUEM, OH IMOPAXKAET
BBICIIINE OT/IeJIbl IeHTPAJIbHOW HEPBHOMN CHCTEMHBI,
BBI3bIBAET HapylleHus B paboTe cepaedHO-
COCYAVWICTON  CHUCTEMBI, KEJIYJOUYHO-KHUIIEYHOTO
TpakTa, TOKCHYecKHe remaTuThl [2]. B kauecTBe
OCHOBHOTO IOPA’KalOIIero areHTa Ipu MHTOKCHKA-
IIUY CEPOYIJIEPO/IOM BBICTYIIAE€T KaK CaM TOKCHUKAHT,
TaK U IPOAYKTHI €ro MeTaboJn3Ma B OpraHu3Me —

INTRODUCTION

Carbon dioxide (CS,) is one of the toxic sub-
stances used in manufacturing conditions. It is used
in the production of viscose fibers, cellophane, in the
chemical industry — as a solvent for phosphorus,
fats, rubber [1]. It is also a widespread chemical toxi-
cant at natural gas processing plants. With a fairly
high level of automation and mechanization of tech-
nological processes in these industries, there are cer-
tain operations, the implementation of which is as-
sociated with intensive contamination of the working
area with harmful substances exceeding the maxi-
mum permissible concentrations (MPC) by 2 times
or more. The main route of penetration of a toxic
substance into the body is inhalational, it can also be
absorbed through the skin.

Carbon disulfide is a polytropic poison, it has a
narcotic effect, it affects the higher parts of the cen-
tral nervous system, causes disturbances in the
work of cardiovascular system, gastrointestinal
tract, toxic hepatites [2]. As the main damaging
agent for carbon disulfide intoxication, both the tox-
icant itself and the products of its metabolism in the
body — sulfates, oxidized and ether-bound sulfur
fractions. The mechanism of the damaging action of
carbon disulfide is diverse: it is able to bind to ami-
no groups of proteins and amino acids, which leads
to inactivation of enzyme systems containing func-
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cysibdaThl, OKUCIEHHBIE U 3(PUpPOCBsi3aHHbIE DpaK-
nuu cepbl. MexaHU3M IMOBPEKIAIOINIETO JTEHCTBHUS
cepoyriiepoia MHOTOOOpas3eH: OH CIIOCOOEH coemu-
HATBHCS C aMUHOTpynIamMu 6eJIKOB U aMUHOKHUCJIOT,
YTO TPUBOAUT K MHAKTUBAUMH (PEPMEHTHBIX CH-
cTeM, coiep:Kanux QyHKIMOHAIbHO-aKTUBHbIe SH-
TPYIIIIBL, BJIUSAET HA JUMUAHBIA 0OMeH [3].

IlepCreKTUBHBIMH CPEACTBAMU KOPPEKITUH Me-
TabOJIMYECKUX H3MEHEHHH, BBI3BAaHHBIX TOKCHYE-
CKMMU BEIeCTBAMHU, SIBJIAIOTCA PACTUTENIbHbIE (e-
HOJIBHBIE COEIMHEHUS, OKa3bIBAIOIIHE AHTUPATU-
KaJIbHOE W aHTHOKCUJIaHTHOe naeiicTBue [4]. Ilpu-
pozHble pecypcesl JlasibHero BocToka npescTaBisoT
[MIUPOKHE BO3MOKHOCTH JIJIsl CO3/IaHUs pa3HOOOpas-
HbBIX (puTompenapaToB. K Takum mpemnaparam OTHO-
CUTCSI BOJHO-CIIUPTOBOM BKCTPAKT U3 OT:KUMa (KO-
JKHUIla, CEMEHa, OCH COI[BETHI) KaiuHbl CapikeHTa
(Viburnum sargentii Koehne), B cocraB KOTOpOTro
BXOJIUT 710 65 % (EHOJIbHBIX COeTUHEHUU (OJIHTOo-
MepHbIE TTPOAHTOIUMAHUIUHEI, (HJIABOHOJIBI, JIEHKO-
AHTOIIMAHBI, KATEXUHBI U UX MOJIMMEPHbIE (POPMHBI,
JIMTHUH U Jp.). DKCTPAKT U3 KAJIUHbBI 3aIaTEHTOBAH
KaK Cpe/icTBO, 0bJiaiatolee aHTUPAJUKATbHON aK-
THUBHOCTBIO (m1aTeHT NO 2220614).

IIEJIb UCCJIEJIOBAHUA

W3yyeHue BIMAHUA WHTOKCUKALMU CEPOYTJIe-
poIoM Ha OGHOXMMUYECKHE ITOKA3aTeIN KPOBH KPBIC
U BO3MOKHOCTH HX KOPPEKIUU IPUPOAHBIMU pac-
TUTEJIbHBIMHU (DEHOJIBHBIMU COEIMHEHUsAMU U3 Ka-
JINHBIL.

MATEPUAJIBI 1 METO/bI

IKCTPAKT U3 KAJUHBI TOTOBHJIU C UCIIOJIH30Ba-
HHUEM B KaUeCTBe DKCTpareHTa 40% STUIOBOTO CITHP-
Ta. B mpouecce MHOTOKpDaTHON peNepKOIAIUU U3
1 KT CBIPBA BBIXOJ] SKCTPAKTA COCTABJISI 1 JI. XUMU-
YEeCKHUH COCTaB BKCTPAaKTa ObLI UCCJIEIOBAH C TIOMO-
bI0 KUAKOCTHOTO XpomaTtorpada Controller LCC
500 (Pharmacia, [lIBenus). Cogepsxanue obuux de-
HOJIOB OIPEESIIN ¢ TOMOIbI0 peakTnBa Posn-
Ha — YoxkasnbTey [5]. [OTOBBIN 9KCTPAaKT OCBOOOKAA-
JIY OT CIIUPTA IIyTEM YIIADUBAaHUS B BaKyyMe, 3aTEM
JIOBOAWIA TUCTUJIIUPOBAHHON BOJION /0 KOHIIEH-
Tparuu o0Iux GEeHOJTbHBIX COEUHEHUH B KOJIHUUe-
cTBe 100 MT B 2 MJI pacTBopa. B kauecTBe 3TaIOHHO-
ro Tpemapara CpaBHEHUS WCIOJIb30BAIA CHINMA-
PYH, KOTOPBI HAXOAUTCS B KallCyJlax KOMMepue-
ckoro npemnapara Jleranou® 140 (MADAUS AG, T'ep-
mauus). JlekapcTBeHHas ¢popMa — Karcysbl (1 Kam-
cyzna JleraysioH® 140 comep:kut 173—188.7 MTr cyxoro
SKCTpPaKTa W3 IUIOZOB PACTOPOIIIH IATHUCTOU
(Silybum marianum), 5KBUBaJIEHTHO 140 MT CHJIN-
MapuHa). BogHBIN pacTBOp SKCTPAKTa KaJHUHBI BBO-

tionally active SH-groups; and affects lipid metabo-
lism [3].

Plant phenolic compounds that have antiradi-
cal and antioxidant effects are promising agents of
correcting metabolic changes caused by toxic sub-
stances [4]. The natural resources of the Far East
provide ample opportunities for creating a variety
of phytopreparations. Such preparations include
water-alcohol extract from pomace and pressed
plant material (skin, seeds, axes of inflorescences)
of Sargent cranberrybush viburnum (Viburnum
sargentii Koehne) which contains up to 65% of phe-
nolic compounds (oligomeric proanthocyanidins,
flavonoids, leucoanthocyanins, catechins and their
polymer forms, lignin, etc.). The viburnum extract
is patented as an anti-radical agent (patent
No. 2220614).

AIM OF THE RESEARCH

To study the effect of carbon disulfide intoxica-
tion on the blood biochemical parameters of rats and
the possibility of their correction with natural plant
phenolic compounds from viburnum.

MATERIALS AND METHODS

The extract from viburnum was prepared using
40% ethyl alcohol as an extracting solvent. In the
process of multiple repercolation from 1 kg of raw
material, the extraction yield was 1 litre. The chemi-
cal composition of the extract was studied using a
liquid chromatography Controller LCC-500 (Phar-
macia, Sweden). The total phenolic content was de-
termined using the Folin-Ciocalteu phenol reagent
[5]. The finished extract was freed from alcohol by
evaporation in a vacuum, then brought with distilled
water to a volume to achieve the concentration of to-
tal phenolic compounds 100 mg in 2 ml of solution.
Silymarin, which is found in capsules of the Legalon®
140 commercial formulation (MADAUS AG, Germa-
ny), was used as a reference preparation for compar-
ison. Dosage forms of the Legalon® 140 are capsules
(1 capsule of Legalon® 140 contains 173-188.7 mg of
dry extract from the fruits of milk thistle (Silybum
marianum), equivalent to 140 mg of silymarin). An
aqueous solution of the viburnum extract was ad-
ministered intragastrically through a tube in an
amount of 0.4 ml (100 mg of total phenols per 1 kg of
animal weight) once a day. Silymarin was adminis-
tered through a tube at the same dose as a suspen-
sion in 1% starch paste. The dose of 100 mg/kg cor-
responds to the known therapeutic dose for phenolic
hepatoprotectors [6].

The experiment was performed on Wistar male
rats weighing 180—200 g, that were kept in standard
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JUAJTH Yepe3 30H7] BHYTPIDKETYIOUHO B KOJTUYECTBE
0.4 M1 (100 MT 0OIUX (DEHOJIOB Ha 1 KT MACChI KU-
BOTHOTO) 1 pa3 B cyTKu. CUJIMMapUH BBOAWIN Yepes
30H7] B TOU 7K€ JI03€ B BUJIE B3BECH B 1% KpaxMaJib-
HOM KJierictepe. /lo3a B 100 MT/KT COOTBETCTBYET U3-
BECTHOU TepamneBTHYECKOU /103e Ajsd (PeHOJbHBIX
renaTompoTEKTOPOB [6].

IJKCIEPUMEHT IIPOBOJIMJIM HA KpbICaX-caMIlax
auHuU Bucrap maccoit 180—200 T, cofiep:KaBIINXCS
B CTaH/IaPTHBIX YCJIOBUAX BUBApUA. JIJ11 MHTOKCUKA-
MU CEPOYIJIEPOJIOM KUBOTHBIX IOMEIATH B CIIe-
[HAJIbHYIO 3aTPABOYHYIO KaMepy, CKOHCTPYHUPOBaH-
Hyo no tumy kamep B.A. Kypasaackoro [7]. Kon-
[IEeHTpaIusa CepoyIyiepoia B Kamepe IOo7Iep:KuBa-
sachk Ha ypoBHe 2.0 mr/m3 (ITJIK ay1st cepoyrieposa B
Bo3/yxe pabouell BOHBI cocTaBiaseT 1 Mr/m3
(I'OCT 12.1.005-88; TH 2.2.5.1313-03)). Pacxopn
MPOITyCKAaeMOT0 Uepe3 KaMepy BO3/IyxXa U Cepoyre-
poza paBHsICA He MeHee 10 J1/MuH. BpeMs Bo3eli-
CTBHUS COCTABJISIIO 6 U B CyTKU HA IIPOTSI?KEHUH 3 HEJT
B MOHOTOHHOM PEXUME, KPOME BBIXOAHBIX JTHEH, U
OTIPEIENSIIOCH UCXO/ISI U3 KOHKPETHBIX IIapaMETPOB
MOJIEJTUPOBAHUS YCIIOBUHU TPy/a HA IIPOU3BOJICTBE.

B xome skcmepuMeHnTa ObLTH CHOPMUPOBAHBI
5 TPYIII KUBOTHBIX O 10 KPBIC B KXKJIOU: 1-1 —
KOHTPOJIb (MHTaKTHBIE); 2-51 — UHTOKCHKAIUS CEPO-
VIJIEPOZIOM B TeUeHUe 3 He; 3-1 — MHTOKCHKAIIHSA
CEpOYTJIEPO/IOM B Te€UEHHE 3 HEJT C ITOC/IeYIONIEN OT-
MEHOH B T€UEHHUE 7 CYT; 4-1 — MHTOKCUKAIIUA CEPO-
VIJIEPOZIOM B TeueHue 3 Hel, /jajiee BBEJIEHUE DKC-
TpPaKTa U3 KaJIMHbI B TEUEHUE 7 CYT; 5-51 — UHTOKCH-
Kallys CepoyIyIEPOJIOM B TEUEHUE 3 HEJI, Tajiee BBe-
JIeHHEe CWIMMAapHHa B TedeHHe 7 CyT. JKUBOTHBIX
BBIBOJIVUIM W3 DKCIIEPUMEHTA METOJOM JleKaIlhTa-
MY TI0/ JIETKUM 3(UPHBIM HApKO30M, IIOCJIE YETO
MPOBOIJIN B3SITUE KPOBU W3 IIEHHON 30HBI C CO-
OJII0ZIeHNEM TIPaBHJI M MEKAYHAPOIHBIX PEKOMEH-
Januii EBporiefickoil KOHBEHITUH 110 3aIUTE TO03BO-
HOYHBIX JKUBOTHBIX, HCIIOJIb3YEMBIX JJIsI HKCIIEPU-
MEHTOB WJINU B WHBIX Hay4IHbIX Iesax (CrpacOypr,
1986).

CocTosiHHE aHTUOKCUTAHTHOM CHCTEMBI OLIEHH-
BaJIM II0 BEJIMYWHE AKTUBHOCTH CYyIEPOKCHUIINC-
myTassl (kog depmenta (K@) 1.15.1.1) [8], ypoBHIO
BOCCTaHOBJIEHHOTO TJIyTaTHOHA, MAJIOHOBOTO JTHATh-
Jeruga [9]. AxTuBHOCTH [(-ramakTo3umassl
(K® 3.2.1.23) onpenessiin 1o Mmetony A.A. ITokpos-
CKOro [10], aKTUBHOCTh aJTaHMHAMHHOTPaHcdepashbl
(K® 2.6.1.2) — ¢ IOMOIIBIO CTAaHIAPTHBIX HAOOPOB
BIO-LA-TEST (PLIVA-Lachema Diagnostika, Ye-
xust). Omnpe/iesieHne CoAEePKaHUs OKUCTIEHHOH dop-
Mbl HUKOTHHaMUJaJieHuHauHykiaeotnaa (HAJTY)
IIPOBOJIWJIM TI0 METO/Y, MPEJIOKEHHOMY B [11, 12],
co/ieprKaHue JIUTIOTPOTENHOB HU3KOW U BBICOKOU

vivarium conditions. For carbon disulfide intoxica-
tion, the animals were placed in a special exposure
chamber designed according to the type of B.A. Kurly-
andsky’s chambers [7]. The concentration of carbon
disulfide in the chamber was maintained at the level
of 2.0 mg/m3 (MPC for carbon disulfide in the air of
the working area is 1 mg/m?3 (Nationalwide Standard
12.1.005-88; Hygienic Standards 2.2.5.1313-03)) [7].
The flow rate of air and carbon disulfide passed
through the chamber was at least 10 1/min. The ex-
posure time was 6 hours per day for 3 weeks in a mo-
notonous mode, except for weekends, and was deter-
mined based on the specific parameters of working
conditions modeling in the workplace.

During the experiment, 5 groups of animals
were formed, 10 rats in each group: the 1*t group was
control (intact rats); the 2" group was carbon disul-
fide intoxication for 3 weeks; the 3" group was car-
bon disulfide intoxication for 3 weeks, followed by
discontinuation for 7 days; the 4™ group was carbon
disulfide intoxication for 3 weeks, followed by ad-
ministration of the viburnum extract for 7 days; the
5% group was carbon disulfide intoxication for
3 weeks, followed by silymarin administration for
7 days. The animals were removed from the experi-
ment by decapitation under brief ether anesthesia,
after which the blood was taken from the neck vein
in compliance with the rules and international rec-
ommendations of the European Convention for the
Protection of Vertebrate Animals Used for Experi-
mental and for Other Scientific Purposes (Stras-
bourg, 1986).

The state of the antioxidant system was assessed
by the activity of superoxide dismutase (Enzyme
Commission number (EC number) 1.15.1.1) [8], the
level of reduced glutathione, and malondialdehyde
[0]. The activity of (-galactosidase (EC number
3.2.1.23) was determined by the A.A. Pokrovsky
method [10], the activity of alanine aminotransfer-
ase (EC number 2.6.1.2) was determined using stan-
dard BIO-LA-TEST kits (PLIVA-Lachema Diagnos-
tika, Czech Republic). The content of the oxidized
form of nicotinamide adenine dinucleotide (NAD*)
was determined according to the method proposed
in [11, 12], the content of low- and high-density lipo-
proteins was determined using standard Olvex Diag-
nosticum Kkits (Russia). The content of total phos-
pholipids in the extracts was determined by method
of V.E. Vaskovsky et al. [13], the content of total cho-
lesterol — by the method of one-dimensional micro-
thin-layer chromatography [14]. The final result was
expressed as a percentage of total lipids.

Statistical processing of the results of experi-
mental studies was performed using the statistical
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Journal homepage: http://jsms.ngmu.ru



Drugova E.S. et al. / Journal of Siberian Medical Sciences 2 (2021) 15—25

IUIOTHOCTH — C TIOMOINBIO CTaHIAPTHBIX HAOOPOB
«OmbBekc muarnoctukym» (Poccust). OnpenesieHue
001mux GochOTUTHA0B B SKCTPAKTAX MMPOBOUIIN IO
merony V.E. Vaskovsky et al. [13], comepaxanue 06-
II[er0 X0JIECTEPUHA — METO/IOM OJTHOMEPHOU MHUKPO-
TOHKOCJIOWHOU xpomarorpaduu [14]. OxoHuUaTesb-
HBIH pe3yJIbTaT BIPA’KaIu B MPOIIEHTAaX OT KOJIMYe-
CTBa OOIIUX JIUITUIOB.

CraTucTUuecKkyio o6pabOoTKy pesyabTaTOB HKC-
TIEpUMEHTAIbHBIX HCCJIEJIOBAHUUA TTPOBOJIMIIN C UC-
M0JIb30BaHHUEM CTAaTHCTHYECKOro nakera Instat 3.0
(GraphPad Software, CIIIA, 2005) ¢ ¢pyHKIHEL TTPO-
BEPKH COOTBETCTBUS BEIOOPKHU 3aKOHY HOPMAJIBHOTO
pacupenesnenus. J{ist onpeeneHus CTaTUCTHIECKON
3HAYUMOCTH PA3IMYUH JIJIST MESKTPYTIIIOBBIX CPaBHE-
HUI B 3aBUCUMOCTH OT IIapaMETPOB pacCIIpe/ieJIeHuUsI
HCIIOJIB30BIN TapaMEeTPUUYECKHH {-TeCT MHOXKe-
CTBEHHBIX CpaBHeHUH JlaHHeTa, HemapaMmeTpuye-
ckuii U-kpurepuii MawHa — VYUTHH, a TaKxe
t-kpurepuii CTbrojieHTa. Pa3inumsa CYUTAIN CTATH-
CTUYECKHU 3HAUNMBIMU IIPU P < 0.05.

HccenenoBanue onobpeHo Komwmccued 1mo Bo-
rmpocaM 3THKH THXOOKEaHCKOTO OKEaHOJIOTHYECKO-
ro uHcrutyTta uM. B.U. Mnpuuesa /[BO PAH.

PE3YJIBTATBI 1 OBCY2KJIEHUE

M3yueHre GHOXUMHYECKHX ITOKa3aTeJIed KPOBU
KPBIC TIOC/IE HHTOKCHKAI[UH CEPOYTIEPOIOM ITOKa3a-
JIO JIOCTOBEPHBIE PABJIUYHUS 110 CPABHEHUIO C TPYII-
mor KOHTpoJis. OTMEYayoch YBeJIMUeHUE aKTUBHO-
¢ty pepMeHTa MmevyeHr aJlaHnHAMHHOTpaHcdepashbl
(AnAT) B 5 pas (p < 0.001) U ITUTO30JILHOTO JIL30CO-
MasibHOTO (bepMeHTa [-rajakTo3uzaspl Ha 32 %
(p < 0.001), T.e. UHTOKCHUKAIIUS CEPOYIJIEPOZIOM CO-
MIPOBOXK/IAJIACHh YBEJIMUEHUEM ITPOHUIIAEMOCTH MEM-
OpaH TenaTOIUTOB U JIM30COM, UYTO CIIOCOOCTBYET
BBIXO/ly (pepMEHTOB B KPOBB (TabI. 1).

Conmep:xanne HAJ[* ymeHbITWIOCh HA 40 %
(p < 0.05), 9YTO CBUJETEILCTBYET O CHIKEHUH WH-
TEHCUBHOCTH peakiuil 1ukiaa KpebGca u pazBuTuu
TKaHeBOH THIOKcHU. [1pu rcesie[oBaHNU TTOKas3aTe-
JIeH CHCTEMbl aHTUOKCHUAAHTHON 3all[UThl OTMEYEHO
CHIDKEHWE  aKTUBHOCTH  CYIEPOKCU/IUCMYTa3hbl
(COT) Ha 34 % (p < 0.001) ¥ YPOBHSI BOCCTAHOBJIEH-
Horo miayratuoHa (I'-SH) Ha 30 % (p < 0.001) npu
OTHOBPEMEHHOM TIOBBIIIEHUN KOJIUYECTBA MAJIOHO-
Boro auasnbaeruga (MJIA) Ha 52 % (p < 0.001). Ta-
KO€ COOTHOIIIEHHE KOMIIOHEHTOB CHCTEMbI aHTHOK-
CHUITAaHTHOM 3aIUThl 00YCJIOBJIEHO €€ HUCTOIEHUEM.
HccenoBanme TUIMTUTHON COCTABJISIIONIEN CHIBOPOT-
KH{ KPOBH T10CJIE MTHTOKCUKAIIMHU CEPOYTJIEPOJIOM IT0-
KazaJio cHrkenue ooux gocedonmunumos (ODJI) Ha
28 % (p < 0.001) IPU OJHOBPEMEHHOM YBETNUEHUN
kostmyecTBa obmiero xosecrepuHa (OXC) Ha 23 %

package InStat 3.0 (GraphPad Software Inc., USA,
2005) with the checking function of testing the
samples for normality of distribution. To determine
the statistical significance of the differences for in-
tergroup comparisons depending on the distribu-
tion parameters the Dunnett parametric t-test of
multiple comparisons, the Mann-Whitney nonpara-
metric U-test, and the Student ¢-test were used. Dif-
ferences were considered statistically significant at
p < 0.05.

The study was approved by the Ethics Commit-
tee of the V.I. II'ichev Pacific Oceanological Institute.

RESULTS AND DISCUSSION

The study of the biochemical parameters of the
rat blood after carbon disulfide intoxication showed
significant differences compared to the control
group. There was an increase in the activity of the
liver enzyme, alanine aminotransferase (AIAT) by
5 times (p < 0.001) and the cytosolic lysosomal en-
zyme, [}-galactosidase by 32% (p < 0.001), i.e., car-
bon disulfide intoxication was accompanied by an
increase in the permeability of hepatocyte and lyso-
some membranes, which promotes the release of en-
zymes into the blood (Table 1).

The NAD* content decreased by 40% (p < 0.05),
which indicates a reduction in the intensity of the
Krebs cycle reactions and the development of tissue
hypoxia. The study of the antioxidant defense sys-
tem’s indicators showed a decrease in the activity of
superoxide dismutase (SOD) by 34% (p < 0.001) and
the level of reduced glutathione (G-SH) by 30%
(p < 0.001), while the content of malondialdehyde
(MDA) increased by 52% (p < 0.001). Such a ratio of
the components of antioxidant defense system is due
to its depletion. The study of the lipid profile of blood
serum after carbon disulfide intoxication showed a
decrease in total phospholipids (TP) by 28%
(p < 0.001), while increasing the content of total cho-
lesterol (TC) by 23% (p < 0.001). As a result, the TC/
TP ratio increased by 71% (p < 0.001). These changes
caused an increase in the content of low density lipo-
proteins (LDL) by 50% (p < 0.001), with a simultane-
ous decrease in high density lipoproteins (HDL) by
24% (p < 0.001). Thus, with carbon disulfide intoxi-
cation, dyslipidemia develops.

During the period of toxicant withdrawal (the
3" group) within 7 days, the studied biochemical pa-
rameters did not recover to the control level (see
Table 1). Thus, the AIAT activity was 4.7 times
(p < 0.001), and the MDA value 55% (p < 0.001)
higher in this group compared to the control. The
values of NAD*, SOD, and G-SH remained at the lev-
el of those in the 27 group, which was lower than the
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(p < 0.001). B pesysabrare cooTHorenue OXC/ODJI
BBIpOCJIO Ha 71 % (p < 0.001). OTH U3MeHEHHA 00y~
CJIOBUWJIH YBEJTUYEHUE COAEPIKAHUS JIUTIOPOTENHOB
Huskou wiotHoctu (JIITHIT) Ha 59 % (p < 0.001) ¢
O/THOBPEMEHHBIM CHIKEHUEM JIUIIOIPOTENHOB BHI-
coxkoii ttotaoctH (JITIBIT) Ha 24 % (p < 0.001). Ta-
KM 00pa3oM, IPU MHTOKCHUKAIIUH CEPOYTIIEPOZIOM
pasBUBaeTCA AUCTUIHIEMUSI.

B mepuoj; oTMeHBI TOKCUKAHTA (3-1 TPYIIA) B
TeYeHUeE 7 CyTOK U3yUeHHbIe OMOXUMIYECKUE TTOKA-
3aTeJIN He BOCCTAHOBUJIUCH 70 KOHTPOJIBHOTO YPOB-
s (cM. Tabi. 1). Tak, aktuBHOCTh ATIAT B 4.7 pasa
(p < 0.001), a 3Hauenue MJIA Ha 55 % (p < 0.001)
OBLTU BBIIIIE B 3TOU I'PYIIIIE IO CPABHEHHUIO C KOHTPO-
aem. 3Hauenusa HAJ[*, COH u I'-SH ocranuce Ha
VPOBHE TAaKOBBIX BO 2-U TPYIIIIE, UYTO OBUIO HIIKE
KOHTpOJIsI HA 40 % (p < 0.05), 42 % (p < 0.001) U
28 % (p < 0.001) cootBeTcTBeHHO. Kouectso ODJI
OBLIO TaK:Ke HIKE, YEM B TPYIIIIE KOHTPOJIA, HA 29 %
(p < 0.001), a kosmyectB0 OXC — BBIIIE, YEM B
rpyIe KoHTpoJis, Ha 28 % (p < 0.001). B pesynbTa-
Te k0o dunment OXC/ODJI 6pu1HA 79 % (P < 0.001)
BBIIIIE TI0 CPABHEHUIO C TPYHIION KOHTposdA. IIpm
stom BenunuuHa JIITHII Bo3pocia Ha 65 %
(p < 0.001), Torna kak 3HaueHue JITIBII ymeHbIIn-
J10ch Ha 29 % (p < 0.001). Takum 06pa3oM, B IEPUO/I
OTMeHBI TOKCUKAHTA COXPAHAETCS TUCTUITUIEMUS.

AHanmm3 OMOXMMWYECKUX IIOKa3aTesied KpPOBU
KpBIC TIpU BBEJIEHUM HKCTPAKTa KAJIMHBI B IEPUO]
OTMEHBI MHTOKCUKAIINU CEPOYIJIEPOJIOM (4-s1 TPyII-
1a) TOKa3aJ OTCYTCTBHE CTATHCTUYECKH JOCTOBEP-
HBIX OTKJIOHEHUU OT TPYIIBI KOHTPOJISA, TOT/IA Kak
IIpYU BBEJEHUU CIWJIMMapuHA (5-1 TPYIa) OTMeYa-
JIUCh IOCTOBEPHBIE OTJIMYMSA II0 PAAY ITOKa3aresiei
(cm. Tabs. 1). Tak, aktuBHOCTh ANAT B Tpymme 5
ObLIa BBIIIE IO CPABHEHUIO C TPYIIIIONH KOHTPOJIS B
2.3 paza (p < 0.001), a aktuBHOCcTh CO/I ObLIa HUKE
Ha 25 % (p < 0.01). Bestmunua I'-SH 6bu1a cCHUKEHA
Ha 20 % (p < 0.001) IPHU OJHOBPEMEHHO IOBBIIIIEH-
HOM ypoBHe M/IA (Ha 31 %, p < 0.001), T.€. B IEPUO]
OTMEHBI He ITPOUCXOUIIO ITOJTHOTO BOCCTAHOBJIEHU S
CUCTeMbl AHTHOKCHJIAHTHOU 3all[UThl OpTaHU3Ma.
3unauenne HAJ[* 6pU10 HIKE B CDABHEHHU C TPYIIION
KOHTPOJIS HA 20 % (p < 0.05), YTO CBU/IETETHCTBYET
0 COXpaHeHWU TKaHEeBOH rumokcuu. KosmdyectBo
O®JI 66110 cHIDKEHO Ha 17 % (p < 0.001), TOT/Ia KaKk
kostmyecTBO OXC OBLIIO BBIIIE 10 CPABHEHHUIO € TPYII-
o¥ KOHTpoJIs HAa 13 % (p < 0.05), UTO 06YCJIOBUIIO
MIOBBIIIEHHOe 3HaueHue cooTHomeHus OXC/OdJI.
Besmuuna JITTHII 6b1a Ha 13 % (p < 0.001) BBIIIIE,
4eM B IpyIe KOHTPOJIA, Tora kKak yposeHs JITIBII
61T HIBKE Ha 14 % (p < 0.01). Takum ob6pazom, mpu
BBeJIEHUU CUJINMapHHA B IEPHOJT OTMEHBI HHTOKCHU-
KaI[UU COXPAHSIETCS COCTOSIHUE TUCIUITHIEMUU.

control by 40% (p < 0.05), 42% (p < 0.001), and 28%
(p < 0.001) respectively. The TP level was also 29%
lower than in the control group (p < 0.001), while the
TC — 28% higher than in the control group
(p < 0.001). As a result, the TC/TP ratio was 79%
(p < 0.001) higher than in the control group. At the
same time, the LDL value increased by 65%
(p < 0.001), while the HDL value decreased by 29%
(p < 0.001). Thus, during the withdrawal period dys-
lipidemia persists.

Analysis of the biochemical parameters of the
rat blood with the administration of the viburnum
extract during the withdrawal of carbon disulfide in-
toxication (the 4" group) showed no statistically sig-
nificant deviations from the control group, while
with the administration of silymarin (the 5% group)
there were significant differences in a number of pa-
rameters (see Table 1). Thus, the activity of AIAT in
the 5™ group was 2.3 times higher compared to the
control group (p < 0.001), and that of SOD was 25%
lower (p < 0.01). The value of G-SH was lower by
20% (p < 0.001) with a simultaneous increase in
MDA level (by 31%, p < 0.001), i.e., during the with-
drawal period there was no complete recovery of the
body’s antioxidant defense system. The NAD* value
was 20% lower in comparison with the control group
(p < 0.05), which indicates the tissue hypoxia persis-
tence. The TP level decreased by 17% (p < 0.001),
while that of TC was 13% higher as compared to the
control group (p < 0.05), which led to an increase of
the TC/TP ratio. The LDL value was 13% (p < 0.001)
higher than in the control group, while the HDL level
was 14% lower (p < 0.01). Thus, when silymarin is
administered during the withdrawal of intoxication,
the state of dyslipidemia persists.

At the same time, when comparing the studied
biochemical parameters in the group with the subse-
quent withdrawal of intoxication (the 3™ group) with
the 4™ and 5™ groups, the animals of which were in-
jected with the viburnum extract and silymarin re-
spectfully, significant differences were revealed.
Thus, the activity of AIAT with the administration of
viburnum extract compared to the same indicator in
the 3 group was reduced by 77% (p < 0.001), and
with the administration of silymarin — by 50%
(p < 0.001). The activity of B-galactosidase decreased
by 12% (p < 0.05) when the viburnum extract was
administered, and by 5% — when silymarin was ad-
ministered. The level of oxidized NAD* with the ad-
ministration of the viburnum extract increased by
44% (p < 0.01), and with the administration of sily-
marin — by 22% (p < 0.05). The activity of SOD in
the rat blood of the 4% group increased by 59%
(p < 0.001), while in the 5™ group — by 30%
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B T0 ke BpeMsI mpu CpPAaBHEHUH UCCIETOBAHHBIX
OMOXUMUUYECKUX ITOKa3aTeJIed B TPYIIIE C IMOCTIENY-
IOIIel OTMEHOUN MHTOKCUKAIIUH (3-5 TPYIINA) C TPYII-
[IaMH 4 U 5, ’)KHBOTHBIM KOTOPBIX BBOJFIH DKCTPAKT
KaJIMHBbI U CHJIMMapHH, ObLIN BBISBJIEHBI JIOCTOBEP-
Hble oTinuudA. Tak, aktuBHOCTh AJIAT mpu BBefe-
HUH 9KCTPAKTA KUIMHBI 10 CPABHEHUIO C AaHAJIOTHY-
HBIM IIOKa3aTejieM B 3-U rpyIine OblJla CHHKEHA Ha
77 % (p < 0.001), a IpY BBEICHUY CUJINMapUHa — Ha
50 % (p < 0.001). AKTUBHOCTDH [-TaaKTO3U/1a3bI
IpU BBEJICHUU SKCTPaKTa KaJWHBI CHHU3WJIACH Ha
12 % (p < 0.05), a IpH BBEIEHUH CHJIMMapHuHa — Ha
5 %. YpoBeHb okuciaeHHoro HAJI* nmpu BBepeHUU
SKCTPAKTa KAIMHBI yBeJTUUIMIICA Ha 44 % (p < 0.01),
a IIpU BBeZIEHUU CHJIMMapuHa — Ha 22 % (p < 0.05).
AxrtuBHOCTH CO/l B KPOBU KPBIC 4-U IPYIIIIBI YBEJIH-
grach Ha 59 % (p < 0.001), TOTZA KaK B 5-H TpyII-
me — Ha 30 % (p < 0.05). 3nauenue ['-SH B kxpoBU
KPBIC 4-1 TPYIIIBI BO3pOCyo HA 32 % (p < 0.001), a B
5-# rpyme — Ha 12 % (p < 0.01). Comeprkanvue MJIA
CHU3WJIOCH Ha 32 % (p < 0.001) IPU BBEJIEHUU DKC-
TpPaKTa KaJIMHBI, TOTAA KaK IIPU BBEJAEHUU CIIIIMA-
puHa — Ha 16 % (p < 0.001). Ciie/lyeT OTMETUTD, UTO
B 4-# rpynme koaudectBo O®JI Boipocsio Ha 36 %
(p < 0.001), a komuuectBo OXC cHUBMIIOCH HA 20 %
(p < 0.001). B 5-1 rpymme konudectso O®JI yBesnu-
quaoch Ha 16 % (p < 0.01), a komuuectBo OXC cHU-
3mI0ch Ha 11 % (p < 0.01). Ob6pamaer Ha cebs1 BHU-
MaHUe TOT QaKT, YTo 3HaueHue cootHomenns OXC/
O®JI B 4-1 rpyIe ObLIO HUMKE aHAJOTHYHOTO I10-
KazareJisi B 3-U rpymme Ha 41 % (p < 0.001), Toraa
Kak B 5-# rpymme — Ha 24 % (p < 0.001). Bestmunnaa
JIITHII B 4-%i rpymnme ymeHbIIWIach Ha 35 %
(p < 0.001) mpu OAHOBPEMEHHOM YBEJIUMYEHUH KO-
smyectsa JITIBII Ha 49 % (p < 0.001). B 5-1i rpymrie
suauenue JITTHIT causuiock Ha 19 % (p < 0.001), a
JITIBII yBesmnumiioch Ha 21 % (p < 0.001).

IIpu cpaBHEHUH BEJTUUHH HCCIIEIOBAHHBIX OHO-
XUMUYECKHUX ITOKa3aTesel MeXXIy 4-1 U 5-U rpyIina-
MU OTMEYJINCh JIOCTOBEPHBIE PA3JINYUs, KOTOPbIE
CBUJIETEJILCTBOBATIY O OoJbiredl 3(hGEKTUBHOCTH
SKCTPaKTa KAJIUHBI B KOPPEKIIMU MeTabOJIMUeCKUX
U3MeHEHUU 10 CPAaBHEHHIO C IIPEmapaToM CpaBHE-
HUSA CUJIMMapUHOM.

N3BecTHO, UTO MPU XUMUYECKOM CTpecce B pe-
3yJIbTaTe MHAKTHBALIMY KATEXOJaMUHOB U PajKa-
JIOB XUMHUYECKUX TOKCUKAHTOB B CHCTEME ITUTOXPO-
Ma P-450 u36bITOYHO 00pa3yIoTCs CYyIePOKCHIAHU-
OHBI, YTO 00YCJIOBJIMBAET HCTOIEHUE CUCTEMBI aH-
THOKCUJIJAHTHOU 3aIUTHI OpraHu3Ma. B To ke BpeMst
WHTEHCUBHBIH pacmlaji TJIIOKO3bI IOJ JeHCTBHEM
CTpecca NPUBOAUT K HAKOIUJIEHUIO BOCCTAHOBJIEH-
HBIX HUKOTHHAMUAHBIX dSKBUBajieHTOB (HAJIH u
HAJI®H) u gepunuTy ux oKucjIeHHOH GOPMBbI, UTO

(p < 0.05). The value of G-SH in the rat blood of the
4™ group increased by 32% (p < 0.001), and in the
5% group — by 12% (p < 0.01). The MDA content de-
creased by 32 % (p < 0.001) with the administration
of the viburnum extract, while with silymarin admin-
istration — by 16% (p < 0.001). It should be noted
that in the 4™ group, the TP level increased by 36%
(p < 0.001), and TC decreased by 20% (p < 0.001). In
the 5™ group, the TP increased by 16% (p < 0.01), and
TC decreased by 11% (p < 0.01). It is noteworthy that
the TP/TC ratio in the 4™ group was lower than the
same indicator in the 3™ group by 41% (p < 0.001),
while in the 5t group — by 24% (p < 0.001). The LDL
values in the 4 group decreased by 35% (p < 0.001),
while the HDL increased by 49% (p < 0.001). In the
5t group, LDL decreased by 19% (p < 0.001), and
HDL increased by 21% (p < 0.001).

When comparing the values of the studied bio-
chemical parameters between the 4™ and 5™ groups
significant differences were noted, which indicated a
greater effectiveness of viburnum extract in correc-
tion of metabolic changes in comparison with the
reference preparation, silymarin.

It is known that under chemical stress, as a re-
sult of inactivation of catecholamines and radicals of
chemical toxicants, superoxide anions are formed in
the cytochrome P-450 system excessively, which
leads to the depletion of the body’s antioxidant de-
fense system. At the same time, the intensive glycoly-
sis under the influence of stress leads to the accumu-
lation of reduced nicotinamide equivalents (NADH
and NADPH) and a deficiency of their oxidized form,
which causes a shift in the balance of the redox sys-
tem [15]. As a result, aerobic glycolysis processes are
blocked and the ATP synthesis by the carbohydrate
pathway is decreased. The increase in cholesterol
levels can be explained by the activation of its syn-
thesis from the resulting acetyl-CoA during lipolysis
since its oxidation to CO, and H,O in the Krebs cycle
is blocked due to a decrease in the activity of NAD*-
dependent dehydrogenases.

One of the most important mechanisms of ac-
tion of phenolic complexes is the inhibition of the
processes of lipid peroxidation, due to their ability
to scavenge free oxygenic and peroxyl radicals,
which hindered the processes of lipid peroxidation.
The phenomenon of cholesterol decrease is ex-
plained by the fact that the molecules of phenolic
compounds activate the enzyme 7a-cholesterol hy-
droxylase: it is involved in the oxidation of choles-
terol to bile acids [16], and favors the reversal of
dyslipidemia.

The comparison preparation, silymarin,
showed a lower effect in the course of the study than
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BBI3BIBAET CABUT OaylaHCa OKUCIUTEIHHO-BOCCTAHO-
BUTEJIbHOU CHCTEMBI [15]. B pesyabTaTe 6J10KHPYIOT-
cs1 adpoOHBbIE TIPOIECCHI TVIMKOJIN3a U CHIDKAETCS
cunTe3 AT® 1o yrsieBojlHOMY IIyTH. YBeJIUUYeHUE
YPOBHSI X0JIECTEPUHA MOXKHO OOBSICHUTH aKTHBAIIH-
el ero cuHTe3a u3 obpasymwierocs anetui-KoA mpu
JIUTIOJNIA3E, TaK KaK OJIOKUPYETCA €ero OKUCIEHHE JI0
CO, u H,O B niukie Kpebca n3-3a CHUKEHHUSI aKTHB-
"Hoctu HA/I*-3aBUCUMBIX AETUIPOTEHAS.

OfHUM U3 BaXKHEUIINX MEXaHU3MOB JIeHCTBUA
(beHOIBPHBIX KOMILIEKCOB SIBJISIETCS] yTHETEHUE TIPO-
[IECCOB ITEPEKUCHOTO OKUCJIEHUS JINITUO0B, O1aroza-
psl ¥X CIIOCOOHOCTH YJIaBJIMBATHh CBOOOIHBIE OKCH-
TeHHbIE U TIEPOKCUIBHBIE PAUKAJIBI, YTO CIEPIKIBA-
€T TIPOIECCHl TEPEKUCHOTO OKUCJIEHUS JIUIIHJIOB.
®deHOMEH CHIKEHHS YPOBHS X0JIECTEPHUHA O0bsICHSA-
€TCsI T€M, UTO MOJIEKYJIbI (PeHOTbHBIX COETUHEHUH
aKTUBHUPYIOT (PEpPMEHT 7A-XOJIECTEPUHTUIPOKCHU-
J1a3y, Y4acTBYIOIIYI0 B OKHCJIEHHU XOJIECTEPUHA B
JKeJTUHBIE KHCJIOTHI [16], UTO CIOCOOCTBYET yeTpaHe-
HUIO TUCTUITH/IEMUH.

IIpenapaT cpaBHEeHUs CHWJIMMAapWH IIOKa3ajl B
X0Jle TIPOBEJEHHOTO HCCAEJOBAHUS MEHbIIUU 3d-
(exT, yeM SKCTPAKT KaJUHbI. VI3BECTHO, UTO B CO-
CTaB CWJIMMapWHa BXOJUT aKTHBHAsA TpyIIla HU30-
MepPHBIX (hJIABOHOUAHBIX COeMHEHUH (CUTUONHIH,
CUJIMKPHUCTHH, CIJININAHUH), He 006pa3yIoux 0Iu-
roMepHbIX GopM. B cocTaBe sKcTpaKTa KAJIMHBI BXO-
JISIT OJIMTOMepHBbIE (OPMBI MPOAHTOIHMAHUIUHOB,
obJajaronye BHICOKOH OHOZOCTYIHOCTBIO U aHTHU-
paiuKaIbHOU aKTUBHOCTHIO.

3AKJIIOYEHUE

Tokcuyeckoe fieficTBHE CepOyTIepo/ia BhI3bIBA-
€T U3MEeHEeHNe UCCIelyeMbIX OMOXIMUYECKIX ITOKa-
3aTesiell KpOBU. BBeleH1e 5KCTpaKTa U3 KaJIUHBI U
CIUTIMapHHa COIIPOBOK/IAJIOCh WX BOCCTAHOBJIEHHU-
€M JI0 YPOBHS KOHTPOJIBHOU TPYIIIBI, HO 60Jiee BbI-
pakeHHBIH 3¢ deKT oTMeuasncs y SKCTpaKkTa U3 Ka-
JIMHBI 32 CUET IPUCYTCTBUSA B €0 COCTABE OJIUTOMEP-
HBIX GOPM HOIU(EHOIOB.
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the viburnum extract. It is known that silymarin
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CONCLUSION

The toxic effect of carbon disulfide causes a
change in the studied biochemical parameters of the
blood. The administration of the viburnum extract
and silymarin was accompanied by their recovery to
the level of the control group, but a more pronounced
effect was observed in the viburnum extract due to
the presence of oligomeric forms of polyphenols in
its composition.
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AHHOTAIIUA

BBemeHnue. O370pOBJIEHNUE IETEH B CTAIIMOHAPHBIX 3aTOPO/THBIX OPTraHU3AIMAX OT/[bIXa U 03/I0POBJIEHUS — OJTHO
W3 IPUOPUTETHBIX HAIPABJIEHUH OXPAHBI 3/I0POBbs IETEH U CONMATLHOH MTOJTUTHKY TOCY/IapCTBA. BBEZIEHHBIN TOTAIHHBIHN
PEXHUM CaMOU30JIAIIMH B BECEHHUH ITepUO/, 2020 T. B cBsA3U ¢ naHemueii COVID-19 u epexo/ Ha IMCTaHIIMOHHYO Gop-
My OOYJYeHHS BHECIH CYIECTBEHHbIE KOPPEKTUBHI B CJIOKUBIITHECS CTEPEOTHIIB PEXKUMA JHS U TOBEIEHU JIeTel, IpH-
BeJIM K COKPAII[EHUI0 BpEMEHH ITpe0bIBaHUS Ha CBEIKEM BO3/IyXe, CHHKEHUIO UX JIBUTATEIhHOW aKTHBHOCTH.

IHens uccimenoBauusa. CpaBHUTETbHAS OIleHKA ITOKa3aTesel 3¢ PeKTUBHOCTH 03/I0POBJIEHUS IETEN B TIaH/Ie-
MHYECKHUH (2020 T.) U HE3NHUIEMUYEeCKU (20182019 IT.) IEPHUOBI B JIETHUX CTAITMOHAPHBIX 3aTOPOHBIX OPTaHU3AIUX
OT/IbIXA U 03/I0POBJIEHUS JIETEH.

MaTtepuaabl U MeTO/bl. PaboTa BRIMOJHAIACH B PAMKAX Pean3al[iy MHJIOTHOTO TpoekTa «O1ieHKa ahdex-
TUBHOCTH 037I0POBJIEHUsI» (20182020 IT.) Ha TEPPUTOPHH 15 cyObeKTOB Poccuiickoit ®enepanuu. Mubopmanus cobupa-
Jlach ¥ aHAJIM3UPOBAJIACh B IPOIPaMMHOM cpezicTBe «OlieHKa OpraHu3aIiii 037[0POBJIEHHUS JIETEH B CTAI[MOHAPHBIX 3aT0-
POJZIHBIX OPTaHU3ALUAX OT/ABIXA U 037]0POBJIeHUs », padpaboranHoM ®BYH «HoBocubupckuit HUU ruruensi» Pocriotpeb-
Ha/130pa. OGBEKTOM HCCIeI0BAHUS OBLIIN IETU B Bo3pacTe 7—17 JieT (n = 85 666), OT/IbIXaBIIIKE B JIETHUH ITEpUOJ, B 2018—
2020 IT. B 134 CTAIlMOHAPHBIX OPraHU3ANMAX OT/IbIXA U 037[0pOBJeHus. [[Jis onpeneneHus 3GHEeKTUBHOCTH 03/10POBJIE-
HUS OLIEHUBAJIMCH TaKKe MMOKA3aTesd, KaK JUIMHA M Macca TeJla, KU3HEHHas EMKOCTD JIETKHX, KUCTEBAasA CHJIa PYK U HX
JIMHAMUKQ, 32 IIEPUO/], 03/I0POBUTEIHHON cMeHbl. OIIeHKa Pe3yJsIbTaTOB IPOBOAMIIACEH B cOOTBEeTCTBUU ¢ MP 2.4.4.0127-18
«Metoauka orieHKU 3(PHEKTUBHOCTH 03/T0POBJIEHUS B CTAIIMIOHAPHBIX OPTAaHU3AIMUAX OTAbIXA U 03/[0POBJIEHUS AETEH».

Pes3ynbTaThl. BeIsIBIEHO CHUIKEHUE YAETBLHOTO BECA IETEN ¢ BBICOKOU 3 (HEKTUBHOCTHIO 03/I0POBJIEHUS B 2020 T.
B CPaBHEHHUU ¢ 2018—2019 IT. 32 CYET OTCYTCTBUS MOJIOKUTEIPHON IMHAMUKY MTOKa3aTeJield KUCTEBOU CHJIBI PYK H KU3-
HEHHOU €EMKOCTH JIETKHUX, a TAK)Ke HEraTUBHOU JIMHAMUKHY WHJIEKCA MACChI TeJIa.

3aknwueHue. bosee Hu3KMe nokazarenu 3GPEKTHBHOCTA 03/I0POBJIEHHUS JIeTeld 00YCIOBJIEHBI BBIPDAYKEHHBIM
CHI)KEHHEM JIBUTATeIbHON aKTUBHOCTH ¥ BPeMEHHU TPeObIBAHUS Ha CBEXKEM BO3/IyX€ B IIEPHO/T, IPEIIECTBY IO JIeTHE-
MY 037I0POBHUTEIBHOMY C€30HY 2020 T.

Kmoueeswnte caosa: oreHka 3(pHEeKTUBHOCTH 03I0POBJIEHUS, JIeTH, UHJIeKC KeTite, QyHKIMA BHENTHETO JIbIXaHUs, KH-
cTeBas cwia pykK, mangemusd, COVID-19.
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ABSTRACT

Introduction. Rehabilitation of children in stationary suburban recreation and health improvement organiza-
tions (camps) is one of the priority directions for children’s health care and social policy of the state. The introduced total
self-isolation regimen in the spring of 2020 due to the COVID-19 pandemic and the transition to distance education made
significant adjustments to the prevailing stereotypes of the daily routine and behavior of children, led to a reduction in the
time spent in the open air, a decrease in their physical activity.

Aim of the research. Comparative evaluation of the efficiency indicators of children’s health improvement in
the pandemic (2020) and non-epidemic (2018—2019) periods in children’s summer stationary suburban camps for recre-
ation and health promotion.

Materials and methods. The study was carried out as a part of the pilot project implementation “Evaluation
of the Health Improvement Efficiency” (2018—2020) on the territory of 15 constituent entities of the Russian Federation.
The information was collected and analyzed using the software “Evaluation of the Organization of Children’s Health Im-
provement in Stationary Suburban Recreation and Health Promotion Camps”, developed by the Novosibirsk Research
Institute of Hygiene of Federal Service for the Oversight of Consumer Protection and Welfare (Novosibirsk). The object of
the study was children aged 7—17 years (n = 85 666) who had a rest in 134 stationary recreation and health improvement
camps in the summer of 2018—2020. To determine the efficiency of recuperation, such indicators as the length and weight
of the body, lung capacity, hand strength and their dynamics were assessed during the period of the health improving shift.
Evaluation of the results was carried out in accordance with 2.4.4.0127-18 “Methodology for Evaluating the Efficiency of
Health Improvement in Stationary Organizations for Recreation and Health Promotion of Children” guidelines.

Results. It was revealed a decrease in the proportion of children with a high efficiency of health improvement in
2020 in comparison with 2018—2019 due to the lack of positive dynamics of hand strength and vital capacity of the lungs
indicators, as well as negative dynamics of body mass index.

Conclusion. The lower indicators of the efficiency of children’s health improvement are due to a considerable
decrease in physical activity and the time spent in the open air in the period preceding the summer health-improving sea-
son of 2020.

Keywords: evaluation of health improvement efficiency, children, Quetelet Index, pulmonary function, hand strength,

pandemic, COVID-19.

BBEJAEHMHNE

YKpenieHre U 0XpaHa 3/I0pPOBbs JIeTEN 1 MOJIO-
JIe’KU SIBJISIeTCS] IPUOPUTETHBIM HaIlpaBjIeHUeM Ha-
[IMOHAJIBHOU IMOJIUTUKU rocyaapersa [1—3]. Opranu-
3aIHsI 03/I0POBJIEHUS ITPEATIOJIATAET CO3/IAHNUE YCIIO-
BUI, HallpaBJIeHHBIX Ha YKpeIIeHUe 3/10POBbS Jie-
Tell [4—9], pacuiupeHre WX aJanTallIOHHBIX BO3-
MOKHOCTEH [10, 11]. BBeJIEeHHBIN TOTAIBHBINA PEXXUM
CaMOMBOJIAINY B BeCEHHUH Iepuoy, 2020 T. B CBA3HU
¢ nagaemuet COVID-19 u mepexo/1 Ha TUCTAHIMOH-
Hy10 (popMy 0OyUIEHUs BHECIIH CYIIIECTBEHHBIE KOP-
PEKTHUBBI B CJIOKUBIINECS CTEPEOTHIIBI PeKUMA THSA
U TIOBeZIEHUsI JIeTeH B YETBEPTOU YUEOHOU YETBEPTH
2019/20 yueOHOTO TOo/a, IMPUBEJIH K COKPAIIEHUIO
BpeEMEHU NIPeOBbIBAHUA JIeTell Ha CBEKEM BO3/YyXe,
CHIDKEHHUIO UX IBUTATEJIbHOU aKTUBHOCTH [12—17], B
CBSI3H C UYEM AKTYAJIN3UPOBAJICSA HAYIHBIN HHTEPEC K
HU3y4eHU10 ocobeHHOCTel (PU3MOIOTHUEeCKUX peak-
[IUH IeTell HA OTABIX U O3/I0POBJIEHHE B JIETHUU ce-
30H 2020 T. B CPABHEHUHU C OOBIIHBIMU YCJIOBUSAMU.

IIEJIb UCCJIEJIOBAHU A

CpaBHHuTeNbHAA OlleHKA IokasaTesneidl addek-
THUBHOCTH O37[0POBJIEHUSI IETEN B TAHAEMUYECKUHT 1
HE3NUIEMUYECKHIH TTEPHOJIBI B JIETHUX CTallIOHAP-

INTRODUCTION

Protection and promotion of children’s and
youth’s health is a priority direction of the state na-
tional policy [1—3]. The organization of health im-
provement presupposes the creation of conditions
aimed at children’s health promotion [4—9], and ex-
panding their adaptive capabilities [10, 11]. The in-
troduced total self-isolation regime in the spring of
2020 in connection with the COVID-19 pandemic
and the transition to distance education made sig-
nificant adjustments to the prevailing stereotypes of
the daily routine and behavior of children in the
fourth school term of the 2019/20 academic year, led
to a reduction in time spent by children in the open
air, a decrease in their physical activity [12—17]. For
this reason the scientific interest in the study of the
peculiarities of children’s physiological reactions to
rest and health improvement in the summer season
of 2020 in comparison with usual conditions has
been actualized.

AIM OF THE RESEARCH

Comparative evaluation of the children’s health
improvement efficiency indicators in pandemic and
non-epidemic periods in summer stationary subur-

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

27



Hosukosa U.H. u dp. / Journal of Siberian Medical Sciences 2 (2021) 26—36

HBIX 3aTOPOIHBIX OPTAaHU3AIMUAX OTAbIXA U 037[0POB-
JIEHUS JeTeN.

MATEPUAJIBI 1 METO/AbI

B paMKax BBIIIOJTHEHHS MEPOIPHUATHU IO pea-
JM3anuy ykasza mnpesuseHTa Poccuiickoit ®enepa-
MU OT 29.05.2017 N2 240 «O6 o6bsiByieHuu B Poc-
cuiickont ®enepanuu JlecaTuneTus AeTCTBa», HAIU-
OHAJIPHOTO TIpoeKTa «Jlemorpadus» B 4acTH pelie-
HUA 33/1a4 10 GOPMUPOBAHUIO Y JIETEN 3I0POBOTO
obpa3a *KM3HM W 3/I0POBOrO IUTAHUS B 2018-—
2020 IT. Ha TEPPUTOPHUH 15 CyOBeKTOB Poccuiickoii
Qenepaniii  peasIn30BBIBAJICA THUJIOTHBIA ITPOEKT
«Ornenka a(pdexTuBHOCTU 03710pOBJIeHUs». Craru-
OHApHbIE 3aTOPOTHBIE OPTAHU3AINH OT/IbIXa U 03]10-
poBJIeHUA JleTell B JIETHUE Ce30HBI 2018—-2020 IT.
OleHHBAIH 3(PHEKTUBHOCTD 03/TOPOBJIEHHUS JIETEU B
mporpaMMHOM cpeficTBe «OIlleHKa OpraHU3aluu
03/7I0POBJIEHUS JIeTeH B CTAI[MOHAPHBIX 3aTOPOIHBIX
OpTraHU3aIUAX OTAbIXa U O370POBJIEHUS», CIIEIH-
aibHO paspaboTanHoM i 91X 1eneid PBYH «Ho-
Bocubupckuii HUUW ruruensl» PocnorpebHan30-
pa[18].

OOBeKT HCCIeIOBaHUS — JeTH B BO3pacCTe
7—17 JIeT, OTABIXaBIINE B 134 CTAI[MOHAPHBIX OpTra-
HUBANHAX OTAbIXa W 0370poBJyieHus. C MOMOIIBIO
BBIYHCIUTEHLHOTO s/Ipa IPOTPAMMHOTO obecrieue-
HUsA ObLI MPOU3BEJIEH aHATIN3 MaTepuasa, moJydeH-
HOT'O B XOJI€ JIETHEH 03/I0POBUTETLHON KaMITaHUH.

PesysnbTaThl 3¢ GEKTUBHOCTU 03/I0POBJIEHUSA 110
UTOTaM JIETHETO 037/[0POBUTEILHOTO C€30HA 2020 T.
CPaBHUBAJIUCH C ITOKA3aTEISIMU HESHIEMUYECKOTO
nepuona (2018-2019 rr.). OIEHUBAINCH CIIEAYIO-
IIIFe IIOKa3aTesIn: JAJIMHA U Macca TeJia, *KU3HEeHHas
€MKOCTb JIETKUX, KHUCTEBAsI CUJIa PYK B IMHAMUKE 32
[IepUO/T 03/TOPOBUTEILHOM cMeHbI (n = 85 666). du-
3UYECKOE Pa3BUTHUE JIETEH OTEHNBAJIOCH C UCII0JTb30-
BaHUEM HHleKca Macchl Teyia. OrieHKa pe3yJsibTaToB
HCCIIe/I0BAaHUH ITPOBOJIMIIACH B COOTBETCTBUH ¢ « Me-
TOUKOU OlleHKU 3(D(HEKTUBHOCTU 03/I0POBJIEHUS B
CTAaIlMOHAPHBIX OPTaHU3AIUAX OTAbIXa U 03JI0POB-
JIeHus Jetei» [7].

Cratuctuueckass 0o0pabOTKa IOJIYyYEHHBIX pe-
3yJIPTAaTOB IPOBEEHAa C HCIOJIb30BAaHUEM IIPO-
rpamMmHoro nakera STATISTICA 10. KoppekTupos-
Ka, CHCTEMATU3AIHUA UCXOIHON WH(GOPMAIUU U BU-
3yayiM3anusl IOJyYEeHHBIX Pe3yJIbTAaTOB OCYIIECT-
BJISLTUCH B 3JIEKTPOHHBIX Tabsumax Microsoft Office
Excel 2016.

PE3YJIBTATBI 1 OBCY2KJIEHUE

B ycnoBuAX crallMOHApHBIX 3arOPOJHBIX Opra-
HU3AIUH OTAbIXa M O37I0POBJIEHUA JleTeld TIPUPOJ-
Hble (HAKTOPBI, pAlIMOHAJIBHBIN peKUM JHS, 370pO-

ban camps for recreation and health improvement of
children.

MATERIALS AND METHODS

As part of the implementation of measures to re-
alize the decree of the Russian Federation President
of 05/29/2017 No. 240 “On the Announcement of
the Decade of Childhood in the Russian Federation”,
the National Demography Project in terms of solving
on the territory of 15 constituent entities of the Rus-
sian Federation, a pilot project “Evaluation of the Ef-
ficiency of Health Improvement” was being imple-
mented. Stationary out-of-town organizations for
recreation and health improvement of children in
the summer seasons of 2018—2020 assessed the ef-
ficiency of children’s health improvement using the
software “Evaluation of the Organization of Chil-
dren’s Health Improvement in Stationary Suburban
Recreation and Health Promotion Camps”, devel-
oped specifically for these purposes by the Novosi-
birsk Research Institute of Hygiene (Novosibirsk)
[18].

The object of the study was children aged
7—17 years, who were resting in 134 stationary recre-
ation and health improvement camps. With the help
of the software computing core, the analysis of the
material obtained during the summer health promo-
tion campaign was made.

The results concerning the health improvement
efficiency according to the follow-ups of the summer
health improvement season in 2020 were compared
with the indicators of the non-epidemic period
(2018-2019). The following indicators were as-
sessed: body length and weight, lung capacity, hand
strength in dynamics during the health-improving
shift (n = 85 666). The physical development of chil-
dren was assessed using the body mass index. The
evaluation of the research results was carried out in
accordance with the Methodology for Evaluating the
Efficiency of Health Improvement in Stationary Chil-
dren’s Organizations for Recreation and Health Pro-
motion [7].

Statistical processing of the obtained results was
carried out using the STATISTICA 10 software pack-
age. Correction, systematization of the initial infor-
mation and visualization of the results obtained were
carried out in Microsoft Office Excel 2016 spread-
sheets.

RESULTS AND DISCUSSION

In the conditions of stationary suburban camps
for recreation and health improvement of children,
natural factors, a rational daily routine, healthy nu-
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BOe IIUTaHNe, MAaKCUMaJIbHOe IPeObIBaHME Ha CBe-
JKEM BOBJIyXe, a TAK)Ke 3aKaJTUBAIOIIUE MPOIETyPhl
SIBJISTFOTCSI OCHOBHBIMU CPEJICTBAMH O3][0POBJIEHHUS.
OrneHka rokasaresied 3Q(PEKTUBHOCTH 03]I0POBJIE-
HUSA [IPOBOJIMJIACH 10 pe3ysIbTaTaM aHTPOIIOMETPH-
JecKUX U QU3NOMETPUUECKUX N3MEPEHUH B HaJYase
CMEHBI U 110 €€ OKOHYAHUH.

Pe3ysibTaThl CPAaBHUTEIBHON OIIEHKH UCXOTHBIX
IoKasaresield, aHTPOIO- U (HU3NOMETPUH, a TAKKE
ToKasaTesiell (U3NUECKOro Pa3BUTHSA B CPaBHHUBAe-
MbI€e TIEPUO/IbI CTATUCTHYECKH 3HAUMMBbIX PA3JTHUMI
He BbIABIWIU (p > 0.05). Tak, cpein OTIOXHYBIINX B
2020 T. yZIeJIbHBIN Bec IeTel ¢ TApMOHUYHBIM (QU3H-
YEeCKHUM Pa3BUTHEM COCTaBUJI 73.5 % (IIpOTHUB 74.4 %
B 2018—2019 IT.), ¢ IePUITUTOM MacChl Tesia — 11.4 %
(B 2018—2019 1. — 8.5 %), ¢ HM30BITKOM MAacChI
Tesa — 15.1 % (B 2018—2019 1. — 17.1 %).

YnenbHBIN Bec ieTel ¢ BBICOKOH 3 HEKTUBHO-
CTHIO 03J/IOPOBJIEHUS B 2020 I'. B CDAaBHEHUU C He-
SMUJEMHUYECKUM TIEPUOAOM OBLI CYIIECTBEHHO
HIUKE U cOCTaBUI 71.6 % mpotus 86.9 % B 2018—
2019 1r. (puc. 1). Huskas 3¢ppeKTuBHOCTD 03/10-
POBJIEHHUS OTMeYasach y 22.7 % OTIOXHYBIIUX JIe-
Tell (MPOTHUB MOKa3aTess HERNMUAEMUIECKOTO IIe-
puozna — 9.5 %). APPEeKTUBHOCTH 03/0POBJIEHUS
OTCYTCTBOBaJIA y 5.7 % OTJIOXHYBIIHX B 2020 T. Jie-
Ted (B HesNMUAEMHUUYECKHU mnepuon — 3.6 %).
OCHOBHasA MPUYMHA OTCYTCTBUSA y OTJAOXHYBIIUX
JleTel 03/I0pOBUTENBHOTO 3 deKTa B 2020 T. 3a-
KJIF0Yayiach B OTCYTCTBUH B 77.9 % CIIydaeB MOJIO-
JKUTEJIbHOU JUHAMUKHN QYHKIIUU BHEITHETO J{bIXa-
HUs U KUCTEBOU CHJIBI PYK, a TaKyKe HETaTHBHOU
JIMHAMUKU UHJIEKCA Macchl TeJia 32 03/[0POBUTETb-
HyI0O cMeHy. Bropoe paHTroBoe MeCcTO 3aHUMAaJIO OT-
CYyTCTBUE IIOJIOKUTEJIBHOU AUHAMHUKU (GYHKIIUU
BHEIITHETO [IbIXaHWUSI U KUCTEBOM CHJIBI PYK
(20.6 %), TpeThbe paHTOBOE MECTO — IMPUPOCT Mac-

9% 100 -
90
80
70 7
60 -
50 7
40 7
30 A
20 -

86.9

10 7

0 -
2018-2019

2020

trition, maximal open air exposure, as well as hard-
ening procedures are the main means of recovery.
Evaluation of health improvement efficiency indica-
tors was carried out according to the results of an-
thropometric and physiometric measurements at the
beginning and end of the shift.

The results of a comparative evaluation for base-
line indicators, anthropo- and physiometry, as well
as indicators of physical development in the com-
pared periods did not reveal statistically significant
differences (p > 0.05). Thus, among those rested in
2020, the proportion of children with harmonious
physical development was 73.5% (vs. 74.4% in 2018—
2019), with a body weight deficit — 11.4% (in 2018—
2019 — 8.5%), with overweight — 15.1% (in 2018-
2019 — 17.1%).

The proportion of children with a high effi-
ciency of recovery in 2020 compared with the non-
epidemic period was significantly lower and
amounted to 71.6% vs. 86.9% in 2018-2019
(Fig. 1). Low efficiency of health improvement was
noted in 22.7% of rested children (vs. the non-epi-
demic period indicator — 9.5%). The efficiency of
health improvement was lacking in 5.7% of chil-
dren rested in 2020 (in the non-epidemic period —
3.6%). The main reason for the absence of a health-
improving effect in rested children in 2020 was the
lack of positive dynamics in the function of exter-
nal respiration and hand strength in 77.9% of cas-
es, as well as the negative dynamics of body mass
index over the wellness shift. The second rank
place was occupied by the lack of positive dynamics
in the pulmonary function and hand strength
(20.6%), the third rank place was an increase in
body weight in children with overweight (1.5% of
children) (Fig. 2).

In the methodological aspect, the structure of
the health improvement efficiency indicator was ba-

[ OrtcyrerBue adpdbexTuBHOCTH
Failure response

B Huskas sddexTuBHOCTD
Low efficiency

B Bsicokas s dexTuBHOCTH
High efficiency

Puc. 1. Paciipesiesienvie zieteil B rpyInsl 10 3G GeKTUBHOCTH 03/10POBIEHIS
Fig. 1. Distribution of children into groups according to the health improvement efficiency
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ChHI Tejla y JieTedl ¢ u30bITKOM Macchl Tena (1.5 %
nereir) (puc. 2).

B MeTO/10710THUECKOM acIEKTe CTPYKTypa IMOKa-
3aTensa 3(PGEKTUBHOCTH O03I0POBJIEHUS B CBOEH
OCHOBE OTpeJIeJsIach KOJIMUECTBOM HaOpaHHBIX
0aJIJIOB IO IMHAMMKE ITOKa3aTesel JJINHBI 1 MacChl
TeJa, KUCTEBOM CIJIBI PYK U KU3HEHHOU E€MKOCTHU
serkux 3a cMmeny [7]. Eciu cymmapso (1o usmepe-
HUAM POCTa, MacChl TejIa, MBIIIIEYHON CHIIBI U (DYHK-
MY BHEIITHETO JIbIXaHus1) peOeHOK Habpast 3a 03710~
POBUTEIBHYIO CMeHY 12—16 6aJIIOB U BhIIIIE, 3hdek-
THUBHOCTH O37IOPOBJIEHUSI CYUTAJIACH BBICOKOW;
6—11 6aJIJIOB — HU3KOM; MeHee 6 6aJJIOB — 03/10pO-
BUTEIBHBIN 5 PeKT OTCyTCTBOBAI.

CpaBHUTEIbHASA XapaKTEPUCTHKA CYMMapHOTO
[I0KA3aTeJIsl ¥ COCTABJIAIONINX €r0 KOMIIOHEHTOB I10-
Kasasia, uTo 3¢ GEKTHBHOCTh 03/I0POBJIEHHS B JIET-
HUH 03/I0POBUTEJIBHBIN CE30H 2020 T. ObLIa CyIe-
CTBEHHO HIKE I10 CPAaBHEHUIO ¢ 2018—-2019 T., IpU-
yeM JaHHas CUTyallds OTMeuYayiach Kak B TPYIIIIe
JleTeld ¢ HOPMAaJIPHOM MaccoU TeJa, TaK U ¢ U30bIT-
KOM ¥ JTe(UITUTOM Macchl Tesa (puc. 3, A).

Pazyuuus cymmapHOTO rokasaresis 3G deKTuB-
HOCTH 03/I0POBJIEHUS JIETEN B 2020 T. B CDABHEHUH C
HE3MHUIEMITYECKUM IEPUOAOM 2018—-2019 IT. O6BUTH
00yCI0BJIEHBI TPEUMYIIIECTBEHHO HEZ0O0POM JIeTh-
MH 0aJUIOB B 2020 T. II0 TAKUM KOMIIOHEHTaM CyM-
MapHOTO IoKa3aress 3¢G(PEKTUBHOCTH 037[0POBJIE-
HUS, KaK KU3HEHHas €MKOCTh JIETKUX U KUCTEBast
cwia pyk (puc. 3, B, Cu 4).

B mHIUKATOPHON TrpymIle AeTeld — JETU C Jie-
dunuToM Macchl Tesa, cTabUIBHO JIEMOHCTPUPO-
BaBIlIE HanOOJiee BBICOKHME BEJIUYMHBI ITOKa3aTe-
JIel, XapaKTepU3yIoIIUX CyMMapHO 3(hQeKTUuB-
HOCTb O30pOBJIeHMs (M3MEHEHUs MacChl Teja,
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90 -
80 A
70
60
50
40
30
20

779

10
(0]

2018-2019 2020

sically determined by the number of points scored on
the dynamics of body length and weight, hand
strength and lung capacity over a shift [7]. If in total
(in terms of measurements of height, body weight,
hand strength and pulmonary function) a child
scored 12—16 points and higher over a health-im-
proving shift, the efficiency of health improvement
was considered high; 6—11 points — low; less than
6 points — without health-improving effect.

Comparative characteristics of the total indica-
tor and its constituent components showed that the
health improvement efficiency in the summer health-
improving season of 2020 was significantly lower
compared to 2018-2019, and this situation was ob-
served both in the group of children with normal
body weight and with overweight and underweight
(Fig. 3, A).

Differences in the total indicator of the chil-
dren’s health improvement efficiency in 2020 in
comparison with the non-epidemic period of 2018-
2019 were mainly due to the shortage of points
gained by children in 2020 for such components of
the health-improving efficiency’s indicator as the
lung capacity and hand strength (Fig. 3, B, C and 4).

In the indicator group of children — under-
weight children, who consistently demonstrated the
highest indicators characterizing the total health im-
provement efficiency (changes in body weight, body
length, pulmonary function and hand strength) —
the most pronounced differences between the indi-
cators of 2020 and 2018—2019 were noted (p < 0.05).
Differences were revealed both in the total indicator
of the health improvement efficiency (14.06 points
vs. 16.24 points) and in its key components — lung
capacity (3.32 points vs. 3.94 points), hand strength
(3.39 points vs. 4.44 points) (see Fig. 3).

[ Herarusnag quHamuka UMT
Negative dynamics of BMI

[ OrcyrerBue MoI0XKUTENTBHON TUHAMUKA
(yHKIIMY BHENIIHETO ABIXaHUSA U KUCTEBOU
CUJIBI PYK U HeratusHasd guHamuka UMT
Lack of positive dynamics of the
pulmonary function and hand strength
function and negative dynamics of BMI

B OrcyrerBre HONIOXKUTETBHON MHAMUKY
(byHKIMY BHEIIHETO /{bIXaHUsI, KHCTEBOU
CHJIBI PYK
Lack of positive dynamics of the pulmonary
function and hand strength function

Puc. 2. CTpyKTypa IPUYNH OTHECEHUS JIETEH K IPYIIIE C OTCYTCTBUEM 037]0POBUTETHHOTO 3 PeKTa
(MUMT — uHzeKce Macchl TeJja)
Fig. 2. The structure of the reasons for attributing children to the group with the lack of health-improving effect
(BMI — body mass index)
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16.5 1 A 16.24

16.14
15.97
16.0

15.5 7 15.27
15.0
14.5 - 14.31 14.33 14.39
14.06

14.0 -
13.5 -

13.0 1

12.5

Bce netn HMT JAMT NsMT
All children NBW uw ow

4.0 1  3.93 3-97 3.94

379

3.48
3.42 343

34 3.32

Bce et HMT JAMT NsMT
All children NBW UwW ow

4.49 4.51 , 40
a5 4.44 4.4

4.0 7 3.66 3.67 3.83
3.5 3.39

3.0 -
2.5 -

2.0 -~

Bce getn HMT JAMT UsMT
All children NBW uw ow

M 2018-2019
M 2020

M 2018-2019
W 2020

M 2018-2019
W 2020

Puc. 3. CpaBHUTETPHAS XapAKTEPUCTHKA CPETHUX TI0Ka3aTesIeH, IEMOHCTPUPYOas 3¢pHEKTUBHOCT 03/[0POBJIEHUS
B I1€JI0M 110 Bceil rpymrie aerelt (6ayuier) (HMT — HopmasnbHas macca tenna; IMT — nedunur macces! tena; UsMT —
n30BITOK MACChI TeJIa): A — CyMMapHbIH [TOKa3aTellb; B — »Ku3HeHHast eMKOCTb Jierkux; C — KHUCTeBast CHJIa PyK
Fig. 3. Comparative characteristics of the average indicators demonstrating the health improvement efficiency in general
for the entire group of children (points) (NBW — normal body weight; UW — underweight; OW — overweight): A — total

indicator; B — lung capacity; C — hand strength

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

31



Hosukosa U.H. u dp. / Journal of Siberian Medical Sciences 2 (2021) 26—36

4.49
4.5 1

3.93 403

4.0 -

2.5

2.0 A

1.0

2018-2019

B Kucresas cuna pyx
Hand strength
M JKusHeHHas eMKOCTb JIETKHX
Lung capacity
[ Macca rena
Body weight
B luHa Tena
Body length

2020

Puc. 4. Ilokazarenu 3¢ GeKTUBHOCTH 03/10pOBJIeHUs (6asib)
Fig. 4. Health improvement indicators (points)

JUIMHBI Tesa, PYHKITUKM BHEIIHETO JAbIXaHUS U KH-
CTEBOM CHMJIBI) — OTMEYaIMCh HanboJiee BhIparKeH-
Hble pas3Juyusa ToKazaTesled 2020 T. U 2018-—
2019 1T. (p < 0.05). Pazuuusa BHISBJIEHBI KaK IO
cyMMapHOMy Ioka3zaTeso 3GGeKTUBHOCTU 0370-
poByienus (14.06 6ayia mpoTuB 16.24 6ayia), Tak U
[0 €ro KJIUEBbIM COCTABJISIONIUM — >KU3HEHHOU
e€MKOCTH JIeETKUX (3.32 6asia mpotus 3.94 6ajuia),
KHCTEBOU cuiie pyk (3.39 6ayuta mpoTuB 4.44 6an-
sa) (cMm. puc. 3).

HaumMenbiline pasjudyus B IOKa3aTeasax 3¢-
(bexTUBHOCTH O03[I0pPOBJIEHUSI 2020 T. U 2018-—
2019 IT. OTMEYa/TUCh B TPYIITIE JIeTeH, UMEBIITUX W3-
ObITOUHYIO Maccy Tena. CyMMapHBIM IOKa3aTesb
3G GEKTUBHOCTH 03/I0POBJIEHHUS B 2020 T. COCTABUII
14.39 Oasyia pOTUB 15.27 Oajiyia B HEdMUAEMUYe-
ckuil mepuof. IlokaszaTesb >KU3HEHHOH €MKOCTH
JerKkux — 3.48 Gasia nmpotup 3.79 6ajia COOTBET-
CTBEHHO, KUCTEBOU CIIIBI PYK — 3.83 6asia mpoTus
4.42 6asia cooTBeTCTBEHHO (cM. puc. 3). B cpaBHe-
HHU ¢ 2018—-2019 IT. CpeTHUE ITOKa3aTeIu B bayiax
10 OT/IEJLHBIM KOMIIOHEHTaM CyMMAapHOTO ITOKa3a-
TeJisi 3(PHEKTUBHOCTU 03/IOPOBJIEHUA B 2020 T. CO-
CTaBUJIU T10 KUCTEBOU cuite PyK 81.6 % (HumKe moKa-
3aresis 2018-2019 rT. Ha 18.37 %), }KU3HEHHOHU eM-
KOCTH JIerKux — 87.0 % (Huke Ha 12.97 %), Macchl
Tema — 92.2 % (Hmke Ha 7.81 %), JIMHBL Tejaa —
98.4 % (Huxe Ha 0.16 %).

ITokazarenn BapuabEJbHOCTH PE3YJIbTATOB
0a/UTPHOM OLIEHKM M3MEHEHUH (PYHKIINU BHEITHETO
JIbIXaHUS U KUCTEBOH CHJIBI PYK V ZIETEN TaKXKe Jie-
MOHCTPHUPYIOT CYIIIECTBEHHOE OTJINYHE PE3YJIbTAaTOB
2020 T. ¥ 2018—2019 rT. (puc. 5).

The smallest differences in the health improve-
ment efficiency indicators in 2020 and 2018-2019
were noted in the group of overweight children. The
total indicator of the health improvement efficiency
in 2020 was 14.39 points vs. 15.27 points in the non-
epidemic period. The indicator of the lung capacity
was 3.48 points vs. 3.79 points respectively, and the
hand strength was 3.83 points vs. 4.42 points respec-
tively (see Fig. 3). Compared to 2018—2019, the aver-
age score for individual components of the health
improvement efficiency total indicator in 2020
amounted to 81.6% in hand strength (18.37% lower
than in 2018-2019), lung capacity — 87.0% (12.97%
lower), body weight — 92.2% (7.81% lower), body
length — 98.4% (0.16% lower).

Indicators of variability of the results in the pul-
monary function and hand strength in children also
demonstrate a significant difference between the re-
sults of 2020 and 2018—2019 (Fig. 5).

Thus, the children’s health improvement effi-
ciency in the summer health promotion season of
2020 in the context of the COVID-19 pandemic was
characterized by: a decrease in the proportion of
children with high health improvement efficiency
and average indicators of the total score which re-
flects the efficiency of health improvement, the val-
ues of individual components of the total health im-
provement indicator (primarily hand strength, lung
capacity, and body weight); the greatest differences
in the total health improvement indicators in under-
weight children — in the pandemic this group of chil-
dren performed the function of an indicator group.
This can be regarded as one of the latent conse-
quences of the pandemic.

32

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



Novikova LI et al. / Journal of Siberian Medical Sciences 2 (2021) 26—36

A
6.5 T T T T

6.0 | .

5.0 | .

45 L i

4.0 i
3.5 | i

3.0 | §

O Cpentee / Mean

0 CpezHee + cTaHZAAPTHOE OTKJIOHEHUE
Mean + standard deviation
CpenHee + 1.96 x cTaH/IAPTHOE OTKJIOHEHUE
Mean + 1.96 x standard deviation

6.0 T T T T
55 T
50 .

4.5 -

2.5 L _

2.0 | E

O Cpenuee / Mean

0 CpenHee + CTaHAPTHOE OTKJIOHEHUE
Mean + standard deviation
CpenHee + 1.96 x CTaHJAPTHOE OTKJIOHEHUE
Mean + 1.96 x standard deviation

Puc. 5. CpaBHUTeIbHASA XaPAKTEPUCTHKA [TOKa3aTesel BApHabeIbHOCTH Pe3yIbTaTOB OA/UTPHOM OIIEHKU N3MEeHEeHUH
(yHKIIMN BHEITHETO AbIXaHUsA (A) U KUCTEBOU CHIIBL y JieTei (B)
Fig. 5. Comparative characteristics of variability indicators of the results in the pulmonary function (A)
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Takum o6pazom, 3(pHeKTUBHOCTH 03/I0POBJIE-
HUs JleTedl B JIETHUH O37]0POBUTEIbHBIA CE30H
2020 T. B yeaoBusax nangemuu COVID-19 xapakre-
pu30Bajiach: CHIXKEHUEM Y/IeJIBHOTO Beca JIeTel ¢
BBICOKOU 5 (PEKTUBHOCTHIO 03/I0POBJIEHUS U CPE-
HUX IOKa3aTeJIedl CyMMAapHOIO KOJHUYecTBa Oa-
JIOB, XapaKTepu3yoiux 3PpOeKTUBHOCTb 03/10POB-
JIeHUsI, 3HAYE€HUH OT/IeJIbHbIX KOMIIOHEHTOB CyM-
MapHOro nokasaresis 3(p¢PeKTUBHOCTH 03/10pPOBJIe-
HUsA (MpeXk/ie BCero KUCTEBOU CUJIbI PYK, KU3HEH-
HOM €MKOCTH JIETKHMX, a TaKyKe MaccChl TeJia); Hau-
0OJIPIINMU PA3INYUAMHU B CyMMapHBIX ITOKa3aTe-
751X 9P HEKTUBHOCTHA O3/I0POBJIEHUS Y JIeTeH C Jie-
¢unuToM Maccel Tesa — JaHHAas TPYIIA JeTed B
YCJIOBUAX MAHEMUH BBIIOJIHUIIA QYHKITUIO UH]U-
KaTOPHOU TPYHIIBI. DTO MOKET PACIIEHUBATHCA KaK
OZIMH U3 Pe3yJIbTATOB CKPBITHIX MOCJIEACTBUH MMTaH-
JIeMUU.

3AKJIIOYEHUE

B pesysbTaTe IPOBEIEHHOTO WCCIIETOBAHUSA
OB yCTAHOBJIEHBI 0OCOOEHHOCTU ITOKa3aTesel, Xa-
pakTepusyiomux 3pdeKTUBHOCTD JIETHETO 03/I0POB-
JIEHUs JieTel B MaHIeMUYeCKUi Iepruo/I, a UMEHHO:
OoJiee HU3KHE 3HAUEHUS 32 037[0POBUTEIBHYIO CMe-
Hy GU3UOMETPUUYECKUX TOKa3aTesel, 00yCIOBIeH-
HbI€ BBIDAKEHHBIM CHIKEHUEM JIBUTATEIbHOU aK-

CONCLUSION

As a result of the study, the features of the indi-
cators characterizing the children’s summer health
improvement efficiency in the pandemic recupera-
tive summer season were established, namely: the
lower physiometric indicators over the recreation
shift, due to the pronounced decrease in motor activ-
ity and the time spent in the open air as compared to
the conditions of health improvement in the period
preceding the summer recuperative season of 2020,
and, accordingly, a longer adaptation to the daily
regimen in the health improvement camps.
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Comprehensive analysis of the range of serotonergic agents and
substances for their production registered in Russia

Niagmatullina V.R.}, Egorova S.N.2, Chuvashova D.P.}, Filippov Yu.V.!

1JSC “Tatchempharmpreparaty” (Kazan)
2Kazan State Medical University, Institute of Pharmacy

AHHOTAIIUA

B craTtbe mpeJCcTaBIieHA XapaKTEPHUCTUKA CEPOTOHUHEPTMUYECKUX JIEKAPCTBEHHBIX CPEICTB (MEXaHH3M JeHCTBUS,
xiaccubukanus, papmMakouHaMudeckre U GapMaKOKUHETHIECKHE CBONUCTBA, JIEKAPCTBEHHBIE B3AUMOJIEHCTBUS C IIpe-
maparamu Apyrux GbapMakoJIorHuecKux rpyii). [IpoaHaIM3upoBaH OT€YECTBEHHBIH (apMalieBTHUECKIi PIHOK JIeKap-
cTBeHHBIX mpenapatoB (JII1) cepoTOHMHEPTUYECKHUX CPEICTB U CyOCTAHIIUM /I UX IPOU3BOJICTBA, 3aPETUCTPUPOBAHHBIX
B Poccuiickoit ®eneparuu (PO).

VeraHoBIIEHO, UTO apMaleBTHUECKUH PHIHOK CEPOTOHHHEPIHMUYECKHX cpeficTB B PO /ocTatouHO pa3zHOOOpaseH.
ITpencrassienst JIIT pazingHbX papMaKoJIOTHIecKUX rPyIn (AaHKCHOJIUTHKY, IPOTHBOPBOTHBIE, COCY/IOPACIIUPSIONINE U
yaydiamonye nepudeprueckoe KpoBoobpalilenue, ciabuTenbHble, TEMOCTATUKA U TPOTHBOMHUTPEHO3HbIE CPEZICTBA) B
Pa3IUYIHBIX JIEKAPCTBEHHBIX (popMax (TabyieTku — 5.71 %; TabJIETKH, IOKPHIThIE TUIEHOYHOH 0060I0UKOH — 41.43 %; UHD-
€KIIMOHHBIN PACTBOP /I BHYTPUBEHHOTO U BHYTPUMBIIIIEYHOTO IPUMeHeHUs — 34.28 %; KOHIeHTPAT /Il IPUTOTOBJIE-
HUs pacTBopa i uHby3uil — 8.57 %; pacTBOPHI JIsl BHYTPUBEHHOTO BBEJEHUS U CYNIIO3UTOPHHU PEKTAJIbHBIE — IO
2.86 %; cuport, TabieTku THOGUIN3UPOBAHHBIE U KATICYJIBI — 10 1.43 %). JInaupyomas pob Ha pOCCUICKOM (papMalieB-
TUYECKOM PBIHKE IIPUHA/IJIEXKUT OT€YECTBEHHBIM IPOU3BOAUTENAM JIII cepOTOHMHEPTUYECKUX CPeCTB (59.70 %), KOTO-
pble B OCHOBHOM IIPEJICTaBJIEHBl BOCIPOU3BEIEHHBIMU IIpernapartaMu. 3apyOesKHbIM ITPOU3BOIUTESAM TPUHAIJIEKUT
40.30 % poraka JIIT cepOTOHUHEPIUYECKIX CPE/ICTB, IPUYEM JIMJUPYIOIINE IO3UIUY 3aHUMAIOT IIPOU3BOUuTeN H N
(8.96 %), UIsetinapuu (5.97 %), N3pawns (4.48 %). AHanu3 accopruMeHnTa papMaleBTUUeCKUX CyOCTaHITUN IS TPOU3-
BOJICTBA CEPOTOHUHEPTUYECKUX CPEZCTB [T0KA3aJl, YTO Ha POCCUICKOM (hapMalieBTUUECKOM PBIHKe IPeobIaziaoT 3apy-
6exxHble TpousBoAuTeNH (52.38 %). Ha /107110 0T€UeCTBEHHBIX IIOCTABIIMKOB IIPUXOUTCA 47.62 % IIPOUBBOAUTEINEH CYO-
CTaHIMI, 3apETUCTPUPOBAHHBIX B Poccuiickoii Peneparuu.

Karoueswvle cao8a: cepOTOHHHEPTUUIECKUE CPEZCTBA, (hapMaleBTHUECKUH PHIHOK.

ABSTRACT

The article presents the characteristics of serotonergic drugs (mode of action, classification, pharmacodynamic and
pharmacokinetic properties, drug interactions with medicinal products of other pharmacological groups). The domestic
pharmaceutical market of serotonergic drug products (DP) and substances for their production registered in the Russian
Federation (RF) was analyzed.

It was established that the pharmaceutical market of serotonergic agents in the RF is quite diverse. Various pharma-
cological groups of drugs (anxiolytic, antiemetic, vasodilatory and peripheral circulation improving, evacuant, hemo-
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static and anti-migraine agents) are presented in various dosage forms (tablets — 5.71%; film-coated tablets — 41.43%;
injectable solution for intravenous and intramuscular use — 34.28%; concentrate for preparation of solution for injec-
tions — 8.57%; solutions for intravenous administration and rectal suppositories — by 2.86%; syrup, freeze-dried tablets
and capsules — by 1.43%). The leading role in the Russian pharmaceutical market belongs to domestic manufacturers of
serotonergic DP (59.70%), which are mainly presented by generic drugs. Foreign manufacturers own 40.30% of the mar-
ket for serotonergic DP, with the leading positions held by manufacturers of India (8.96%), Switzerland (5.97%), Israel
(4.48%). The analysis of the range of pharmaceutical substances for the production of serotonergic DP showed that the
Russian pharmaceutical market is dominated by foreign manufacturers (52.38%). The proportion of domestic providers
accounts for 47.62% of the manufacturers of substances registered in the Russian Federation.

Keywords: serotonergic agents, pharmaceutical market.

BBEJAEHUE

K rpy1ire cepoTOHUHEPTUYECKUX CPEJICTB OTHO-
cATCcsl JekapcTBeHHble mpemapats!l (JIIT), B3ammo-
JIeHCTBYIOIME €O CIenuUIECKUMH CepOTOHHHO-
BbiMH, WiIH 5-HT (5-THAPOKCUTPUNITAMHUHOBBIMIU),
peuenropamu. BesencrBue pazHooOpasusi cepoTo-
HUHOBBIX PELIeNITOPOB XUMUUYEeCKOe CTpOeHue U dap-
MakoJiorudyeckue cBoiicrsa JIII gaHHOM rpynbl Tak-
’Ke MHOTOOOPA3HBI.

Ha dpapmaneBtuueckom poiake JIIT cepoToHUH-
€PrUYeCcKHUX CPEJICTB IMPE/ICTABIEHbI B TBEP/bIX, MAT-
KUX U KUJIKUX JeKapcTBeHHBIX popmax (JIDP) pas-
JIMYHBIX JIO3UPOBOK M KOHIeHTpanui. IlosaBieHue
HOBBIX (hapMalleBTUUECKUX CyOCTaHI[UH, pa3paboT-
Ka OTEeYeCTBEHHBIMH (hbapMaIeBTUUECKUMU IIpel-
npustusiMu HoBbix JIII B JI®, BocTpeOOBaHHBIX
3paBOOXPAaHEHHUEM, TPU y3Ke HMMEIOIIeMCs IIIHpPO-
KOM aCCOPTHMEHTE TOTOBBIX JIEKAPCTBEHHBIX
CPEJICTB IAHHOU TPYIIIBI 00YCIOBIUBAIOT HEOOXOTH-
MOCTh B CHUCTEMATHU3AIUM MMEIOIINXCS JAHHBIX 00
aCcCOPTUMEHTE U OCHOBHBIX (PapMaKOJIOTHUECKHIX
CBOMCTBax cepoToHrHepruyeckux JIII.

IOEJIb NCCJIEJOBAHUA

AHanu3 accopTUMeHTa CEePOTOHUHEPTHYECKUX
JIEKAPCTBEHHBIX CPEJCTB U CyOCTAHITUH JJISI UX IIPO-
H3BOJICTBA, 3aperUCTPUPOBAHHBIX B Poccuiickoit Pe-
Jlepalii, a TaKXKe CUCTeMaTU3aIUs JAHHBIX O MeXa-
HHU3Me UX JleicTBus, (papMakoorudeckux ddoex-
Tax U JIEKAPCTBEHHBIX B3aUMO/IEICTBUAX.

METO/bI NCCJIEJOBAHUA

Jloruueckuii, CTaTUCTUYECKUU, CTPYKTYPHBIH,
KOHTeHT-aHamu3. O0BeKTHI nceenoBanus: [ocyap-
CTBEHHBIN peecTp JekapcrBeHHbIX cpezictB (['PJIC)
Poccun, Hayunsie n3ganusa u pecypcesl cetu Internet.

PE3YJIBTATDBI 1 OBCY2KJIEHUE

CepOTOHUH COIEP>KUTCSA ITOUTH BO BCEX OpPraHax U
TKaHsX, OJTHAKO ero OosibIast yactsb (6osee 90 %) 00-
Hapy:KUBaeTcss B SHTepOXpoMa@UHHBIX KJIETKaX
»kesynouHo-kuieuHoro tTpakra (JKKT). B kpoBb cepo-

INTRODUCTION

The group of serotonergic agents includes drug
products (DP) that interact with specific serotonin,
or 5-HT (5-hydroxytryptamine), receptors. Due to
the variety of serotonin receptors, the chemical
structure and pharmacological properties of this
group of drugs are also diverse.

In the pharmaceutical market, serotonergic
agents are available in solid, soft and liquid dosage
forms (DF) of various dosages and concentrations.
The emergence of new pharmaceutical substances,
the development by domestic pharmaceutical enter-
prises of new drugs in DF, which are in demand by
the healthcare sector, with the already existing wide
range of finished pharmaceutical products of this
group, make it necessary to systematize the available
data on the range and main pharmacological proper-
ties of serotonergic DP.

AIM OF THE RESEARCH

Analysis of the range of serotonergic agents and
substances for their production registered in the
Russian Federation, as well as systematization of
data on the mechanism of their action, pharmaco-
logical effects and drug interactions.

METHODS OF THE RESEARCH

Logical, statistical, structural, and content anal-
ysis. Objects of research: State Register of Medicinal
Remedies (SRMR) of Russia, scientific publications
and Internet resources.

RESULTS AND DISCUSSION

In essence all organs and tissues contain sero-
tonin, but most of it (more than 90%) is found in
enterochromaffin cells of the gastrointestinal tract
(GI). Serotonin enters the blood through active
transport and accumulates in platelets, in the cen-
tral nervous system — in serotonergic neurons
that synthesize and secrete it [1]. The pharmaco-
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TOHUH IIOCTYTIAeT ITOCPEZCTBOM aKTHBHOTO TPAHCIIOP-
Ta ¥ HAKAIUIMBAETCS B TPOMOOIIUTAX, B IEHTPATILHOM
HEPBHOU CHICTEME — B CEPOTOHUHEPTUIECKUX HEHPO-
Hax, KOTOpbIe CHHTE3UPYIOT U BBIIEJIAIOT ero [1]. dap-
MakoJiornueckue 3(pdeKTh CEpOTOHUHA PeaTU3yI0TCs
yepe3 Bo30yK/IeHE CEPOTOHNHOBBIX PELIENITOPOB TH-
noB 5-HT1, 5-HT2 u 5-HT3. Ero ocHoBHOE JielicTBIIE
MIPOSIBJISIETCST  BAa30KOHCTPUKIMEH (KpOMe COCYZIOB
CKeJIETHBIX MBIIIII] U CEPAIIA), COKPAIIEHUEM TTIA/IKIX
MBIIIII, TIOBBIIIEHNEM apTePUAIBbHOTO JABJIEHUs, aK-
THBAaIMEN arperauy TPOMOOIIUTOB, YCUIEHUEM TOHY-
ca u nepucranstuku 2KKT, crumysanueit 60u u pas-
BUTHEM IIPUCTYIIOB TOIIHOTHI U PBOTHI.

ITo MexaHU3MY JEHCTBUS BCE CEPOTOHUHEPTH-
YecKHe CPeJICTBA JIeJIATCS Ha arOHUCTHI U AHTAaTOHU-
CTBI CEPOTOHUHOBBIX perenTopoB. K aronucram ce-
POTOHHUHOBBIX PELENTOPOB OTHOCATCS OYCIIMPOH,
30JIMUTPUITAH, OHAAHCETPOH, IIPYKAIOIIPU/], CEPO-
TOHUH, CyMAaTPUIITaH U 3JIETPUIITAH, & K AHTAarOHU-
cTaM — TPAHUCETPOH, HapTUAPODYPUII, TTaIOHOCE-
TPOH U TPOITUCETPOH.

B OCHOBHOM CepOTOHMHEPTHUYECKHE CPeZiCTBA
npezacrasaensl JIII, okaspiBalONUMU MTPOTUBOMU-
TPEHO3HOE U NMPOTHUBOPBOTHOE JieticTBre. K mpoTtu-
BOMUIpPeHO3HBIM JIII oTHOCATCA cymMaTpunTaH, 30J1-
MUTDUNTAH, W30UpPaTEIbHO  CTUMYJIMPYIOIIHI
5-HT1D- u 5-HT1B-penenTopsl, u sj1eTpunTas, uc-
[IOJIb3YEMBIH ISl KYIIUPOBAHUSA IIPUCTYIIOB MUTpe-
HU ¢ aypoii u 6e3 [2]. IIpoTUBOPBOTHBIE TIpemapa-
THl — TPAHUCETPOH, OHJIAHCETPOH, IMAJIOHOCETPOH,
TPOIHMCETPOH — IPUMEHSIOTCS C [IeJIbI0 MPOodIIIaK-
THUKU U JIEYEHUsI TOITHOTHI U PBOTHI, BHI3BAHHBIX I[H-
TOCTATUYECKON XUMUOTEPATINEN U JIyIeBOH TepaIu-
elf, a TAK?Ke B II0CJIe0NIEPAIIMOHHBIN ITEPUO/]. ATOHH-
ctel 5-HT1A-penenTopoB ABJIAIOTCA IIPeACTaBUTE-
JIIMH HOBOTO KJIAcCa TPAHKBIJIM3ATOPOB — a3alld-
POHOB, B UHCJIO KOTOPBIX BXOAUT OycniupoH [3]. Pas-
pa6orans JIIT cepOTOHUHEPTHYECKUX CPEICTB C CO-
CYZOPACIIUPSIONIUM U YIyYIIAIIMNM epudepuye-
cKoe KpoBooOpartenue (HabTuapodypuir) 1 co cia-
b6utenpbHBIM (mpykasionpuz) AeicrBueM [4]. ITpu-
HAQJUJIE?KHOCTh CEPOTOHUHEPTUYECKUX CPEJCTB K
IpymIaM I10 aHATOMO-TepPareBTHIECKO-XUMUIECKOH
(ATX) knaccudukanuu mpeacTasieHa B Ta0II. 1.

ITo6ouHBIE AEHCTBUA CEPOTOHUHEPTUUECKUX
CpeACTB, OOBIYHO CJIAOOBHIpA’KEHHbBIE WJIN YMeEpPEH-
Hble, HOCAT TPEXOMASIUN XapakTep. B ocHOBHOM
OHU TIPOSIBJISIOTCS B BUJIE TOJIOBHOU 0OJIH, TOJIOBO-
Kpy:KeHHUA [5, 6], HapymeHu# cHa (6eCCOHHUITBI UIJTH
COHJIUBOCTH), cO cTOpoHbI JKKT — TOIIHOTHI, 3a110-
pa, auapeu, 6oiu B snuractpuu [7, 8]. Bozmoxuo
TaKKe IOABJIEHNe KOXKHOU CBINM, ITOKPACHEHUA U
3yza [4]. Kinunuuecku BaskHble T060UHbBIE 3D PEKTHI
OTCYTCTBYIOT [9].

logical effects of serotonin are realized through
the stimulation of serotonin receptors of types
5-HT1, 5-HT2 and 5-HT3. Its main action is mani-
fested by vasoconstriction (except for the vessels
of skeletal muscles and the heart), contraction of
smooth muscles, high blood pressure, activation
of platelet aggregation, increased tonicity and
peristalsis of the GI, stimulation of pain and the
development of nausea and vomiting.

According to the mechanism of action, all se-
rotonergic agents are divided into agonists and
antagonists of serotonin receptors. Serotonin re-
ceptor agonists include buspirone, zolmitriptan,
ondansetron, prucalopride, serotonin, sumatrip-
tan, and eletriptan, while antagonists include
granisetron, naftidrofuril, palonosetron, and tro-
pisetron.

Serotonergic agents are mainly represented by
DP that have anti-migraine and antiemetic effects.
Anti-migraine drugs include sumatriptan, zolmi-
triptan, which selectively stimulates the 5-HT1D
and 5-HT1B receptors, and eletriptan, which is used
to relieve migraine attacks with and without aura
[2]. Antiemetic drugs (granisetron, ondansetron,
palonosetron, tropisetron) are used to prevent and
treat nausea and vomiting caused by cytostatic che-
motherapy and radiation therapy, as well as in the
postoperative period. The 5-HT1A-receptor ago-
nists are representatives of a new class of tranqui-
lizers — azapirons, which include buspirone [3].
Serotonergic DP with vasorelaxant, and improving
peripheral blood circulation (naftidrofyrul), and
with a laxative (prucalopride) effect have been de-
veloped [4]. The affiliation of serotonergic agents to
the groups according to the Anatomical Therapeutic
Chemical Classification System (ATC) is presented
in Table 1.

Side effects of serotonergic drugs, usually mild
or moderate, are transient. They are mainly mani-
fested in the form of headache, dizziness [5, 6], sleep
disorders (insomnia or drowsiness), gastrointestinal
disorders, such as nausea, constipation, diarrhea,
epigastric pain [7, 8]. Skin rashes, redness, and itch-
ing may also occur [4]. There are no clinically impor-
tant side effects [9].

Concomitant use of serotonergic agents with
MAO-A inhibitors (for example, with moclobemide)
[3], selective serotonin reuptake inhibitors and se-
lective serotonin and noradrenaline reuptake inhib-
itors [10], and other serotonergic agents can lead to
the development of serotonin syndrome including
changes in mental state, autonomic dysfunction,
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Ta6uuna 1. ['pynisl cepOTOHHHEPTHUECKUX cpeicTB 1m0 ATX-k1accupuKamuu

Table 1. Groups of serotonergic agents according to the ATC

MesxkayHapOAHOE HETaTEHTOBAHHOE

HaunmeHnoBaunue (MHH) / I'pymnma ATX / ATC group o AL

. . ATC code
International non-proprietary name (INN)
Bycniupon (Buspironum) IIpousBo/iHbBIE a3aCIUPO/IEKAHANOHA NosBEo1
Buspirone (Buspironum) Azaspyrodecanedione derivatives
I'panucerpon (Granisetronum) IIpoTuBOpBOTHBIE IpemnapaTsl. BJI0KaTOPHI CEpPOTOHNHOBBIX Aog4AA02
Granisetron (Granisetronum) 5-HT1-perentopos

Antiemetic agents. 5-HT1 receptor antagonists

3onmurpunral (Zolmitriptanum) CeJleKTUBHBIE ATOHUCTHI CEPOTOHUHOBBIX 5-HT1-perentopos No2CCos
Zolmitriptan (Zolmitriptanum) Selective 5-HT1 receptor agonists
Hadrunpodypun (Naftidrofurylum) IIpoune nepudepryeckre Ba3oAUIaTATOPbI Co4AX21
Naftidrofuryl (Naftidrofurylum) Other peripheral vasodilators
Ounpancerpos (Ondansetronum) AHTaroHuCTHI CEpOTOHUHA A0g4AA01
Ondansetron (Ondansetronum) Serotonin antagonists
ITasnionocerpoH (Palonosetronum) AHTaroHUCTHI CEpOTOHUHA A04AA05
Palonosetron (Palonosetronum) Serotonin antagonists
Ipyxkamonpuy (Prucalopridum) IIpoune cabureabHbIe A06AXo05
Prucalopride (Prucalopridum) Other laxatives
CeporonuH (Serotoninum) CTUMYJIATOPBI MOTOPUKH JKEJTy/I0YHO-KHUIIIEYHOTO TPAKTa Ao3FA
Serotonin (Serotoninum) Promotility agents
Cymarpunras (Sumatriptanum) CesleKTHBHBIE aTOHUCTBI CEPOTOHUHOBBIX 5-HT1-penentopos No2CCo1
Sumatriptan (Sumatriptanum) Selective 5-HT1 receptor agonists
Tpomucerpon (Tropisetronum) AHTarOHUCTHI CEPOTOHMHA Ao4AA03
Tropisetron (Tropisetronum) Serotonin antagonists
AnerpunrtaH (Eletriptanum) CesleKTHBHBIE aTOHUCTHI CEPOTOHUHOBBIX 5-HT1-penentopos No2CCob6

Eletriptan (Eletriptanum)

Selective 5-HT1 receptor agonists

OpuoBpemennoe npumenenwue JIII ceporoHm-
HEPrUYecKUX cpesicTB ¢ uHruouTopamu MAO-A (Ha-
IpUMep, ¢ MOKJI00eMu1oM) [3], CeIeKTUBHBIMU WH-
ruburopaMu 0OpaTHOTO 3aXBaTa CEPOTOHUHA U Ce-
JIEKTUBHBIMU HHTHOUTOpPaMH OOpaTHOTO 3axBaTa
CEpPOTOHMHA U HOpaJ[peHaInHA [10] U APYTUMU ce-
POTOHUHEPTUYECKUMU JIEKAPCTBEHHBIMU CPE/ICTBA-
MU MOXKET IPUBOJUTD K PA3BUTUIO CEPOTOHUHOBOTO
CUH/IPOMa, BKJTIIOYAIOIIETO U3MEHEHNE ITICUXUUECKO-
IO COCTOSIHUSI, BET€TATUBHYIO AUCHYHKIIUIO U HAPY-
[IEHUs CO CTOPOHBI HEPBHOU W MBIIIEUHOU CHUCTEM.
OcobeHHO Takoe JIeKapCTBEHHOE B3aWMOJIEHCTBHE
XapaKTePHO /JIsI TPUIITAHOB (CyMAaTPHUIITAH, 30JIMU-
TPUIITAH, 3JIETPUIITAH), UCIIOJB3YEMBIX IJI Jieue-
HUS U TPOGWIAKTUKU MPHUCTYIIOB MHUTPEHHU; ISt
IIPOTHUBOPBOTHBIX CPEACTB (OHAAHCETPOH, HAJIOHO-
CETPOH, TPAHUCETPOH) U JIJIsI aHKCUOJIUTHKA OyCITH-
pona. TpUNTaHBI TAKKE HE UCIIOIB3YIOT COBMECTHO C
HUTpaTaMH U 0eTa-a[peH0bIOKATOPAMU y TTAIHeH-
TOB C UIIEMUYECKOU OOJIE3HBIO CEPIIA U C aJIKAJIOU-
JlaMH CIIOPBIHBU B CBSI3U C PUCKOM BO3HUKHOBEHUS
kopoHapocmnazMa. C OCTOPOKHOCTBIO CJIEZYET IPU-
HuMaTh JIIT aroOHNCTOB CEpOTOHUHOBBIX PELEITOPOB
B KOMOWHANMAX C UHTHOUTOPAMU U WHIYKTOPAMH

and disorders of the nervous and muscular systems.
This drug interaction is especially characteristic of
triptans (sumatriptan, zolmitriptan, eletriptan)
used for the treatment and prevention of migraine
attacks; of antiemetics (ondansetron, palonosetron,
granisetron) and an ataractic drug buspirone. Trip-
tans are also not used in conjunction with nitrates
and beta-blockers in patients with coronary heart
disease, just as ergot alkaloids due to the risk of cor-
onary spasm. DP of serotonin receptor agonists
should be taken with caution in combination with
inhibitors and inducers of CYP3A4, CYP1A2, CY-
P2D6 and other microsomal liver enzymes, as well
as with barbiturates and tricyclic antidepressants
due to changes in the level of the serotonin receptor
agonist in blood plasma and its pharmacological ef-
fects [4].

The main characteristics of the pharmacological
action and side effects of serotonergic DP are pre-
sented in Table 2.

Currently, 11 international non-proprietary
names of serotonergic agents under 70 trade
names (TN) in various DP are registered in the
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Tab6ouna 2. PapMaKoJIOrHUYecKoe iefcTBre U T0O0UHbIe 3D HEKTHI CEpPOTOHMHEPTUUECKHX CPEICTB [4]
Table 2. Pharmacological action and side effects of serotonergic agents [4]

MHH ®apuaxonormaeckoe Yacrsie mo604HbIe 3G HEKTHI
INN AENTES q Common side effects
Pharmacological action

Bycnupon AHKCHOJIUTHYECKOE T0710BOKpY»KeHMe, FOI0BHAs 60JIb, C1a00CTh, HAPYIIIEHNE CHA, CHI)KEHNEe BHUMaHus [3]

(Buspironum) Bosb B rpyzu, IyM B yIIax, JAPUHTHT, OTEK CAM3UCTON HOCA

Buspirone Dizziness, headache, weakness, sleep disturbance, poor attention [3]

(Buspironum) Chest pain, tinnitus, laryngitis, swelling of the nasal mucosa

I'panuceTpoH ITpOTUBOPBOTHOE TosoBHast 60J1b, TOJIOBOKpPYIKeHHeE [9]

(Granisetronum)  Antiemetic Headache, dizziness [9]

Granisetron

(Granisetronum)

3osiMuTpUNITAH ITporuBomMurpeno3noe [osoBHAsA 60JIb, TOJIOBOKPYKEHIE, HAPYLIEHUEe CHA, TOIIHOTA, PBOTA, OOJIb B SIIMTACT-

(Zolmitriptanum) puYH, KUIIeYHast KOJIUKA, I3BbI CINBUCTON 000JIOUKH JKETY/Ka, JUIEPTUUECKUE PeaKIIuH,

Zolmitriptan Jiapesi, CHU)KEHUe alllleTuTa, 00paTHMoe IOBBIIIIEHNE YPOBHS IIeYeHOUHBIX (DEPMEHTOB

(Zolmitriptanum) Headache, dizziness, sleep disturbance, nausea, vomiting, epigastric pain, enterodynia, stomach
ulcers, allergic reactions, diarrhea, loss of appetite, a reversible increase in liver enzymes

Hadrunpodypun Cocynopacuupsiomiee, TomHoTa, 60Jb B 3IUracTpUn, KpAaIUBHUIIA, 3y, TeNIATUT, Ie4eHOUHAs

(Naftidrofurylum) ysyuinaroree HEJIOCTaTOYHOCTb, ITOBBIIIIEHNE AKTUBHOCTH ITeYeHOYHBIX TpaHcamuuas (AnT, AcT) [8],

Naftidrofuryl nepudepruyeckoe 3aT0p WIH AUapesi, apUTMHUs, 00JIb B TPY/IH, METEOPU3M, JUCIIEIICHS, TOJIOBHAS 6OJIb,

(Naftidrofurylum) xpoBoobGpameHue 6eCcCOHHMUIIA, COHJIMBOCTD, Ype3MepHast yTOMJISIEMOCTD WJIH CJ1a00CTh, CHUKEHUE MITH

Vasodilating, noBblieHue AJl, KOXKHAs ChIIb, TUIIEPTEPMUsT, GPOHXOCIIA3M

improving peripheral — Nausea, epigastric pain, urticaria, itching, hepatitis, liver failure, an increase in activity

blood circulation of hepatic transaminases (ALAT, AspAT) [8], constipation or diarrhea, arrhythmia, chest
pain, flatulence, dyspepsia, headache, insomnia, drowsiness, excessive fatigue or weakness,
a decrease or increase of blood pressure, skin rash, hyperthermia, bronchial spasm

OHIaHCeTPOH ITpOTUBOPBOTHOE TosoBHast 60JIb, TOJIOBOKPYIKEHHeE, JUapes [5], 4yBCTBO sKapa WK IPUIUBBI, 3aTI0D,

(Ondansetronum) Antiemetic MeCTHBIE peaKIiu (3KKeHHe B MeCTe NHBEKIINH; OIIyIIeHUE KKEHUs B 00J1aCTH aHyca U

Ondansetron MPSIMOY KUIIIKY TOC/Ie BBEIEHMS CYIIITO3UTOPUS)

(Ondansetronum) Headache, dizziness, diarrhea [5], hot sensation or flashes of heat, constipation, local
reactions (burning at the injection site; burning sensation in the anus and rectum after
the introduction of the suppository)

ITasoHOCETPOH ITpOTUBOPBOTHOE TosioBHast 60JIb, TOJIOBOKPY?KEHHE [9]

(Palonosetronum) Antiemetic Headache, dizziness [9]

Palonosetron

(Palonosetronum)

IIpykanonpu CrnaburenpHOE Paccrpotiictea 2KKT (TomHoTa, 3amop, iuapes u 60JIb B XKHUBOTE), TOJIOBHAsA 60JIb,

(Prucalopridum)  Laxative rOJIOBOKpYkeHue [7]

Prucalopride Gastrointestinal disorders (nausea, constipation, diarrhea and abdominal pain),

(Prucalopridum) headache, dizziness [7]

CepoToHuH T'emocraTuueckoe BecmokoiictBo/TpeBora, 6ECCOHHUIIA, AXKUTAIINS/aKaTU3 s, CEKCyaIbHast AUCHYHKIHS,

(Serotoninum) Hemostatic TomHoTa, criadmbl JKKT, nuapest, rosoBuast 60716 [11]. IIpu 6b1cTpOM BBEIEHNH, a

Serotonin TaK’Ke [P BBE/IEHUU IIperapara, pa3BeIeHHOr0 B MaJIOM 00'beMe JKUKOCTH — 6OJIb 10

(Serotoninum) XO/1y BEHBI, 6OJIH B JKUBOTE, HEIIPHSATHBIE OLIYLEHHs B 00JIaCTH Cep/ilia, 3aTPy/IHEHe
JIBIXaHUsl, CHU)KEHUE JIypesa, mopbiiieHue AJl, Ts3KeCTh B TOJIOBE
Nervousness/anxiety, insomnia, agitation/akathisia, sexual dysfunction, nausea,
gastrointestinal spasms, diarrhea, headache [11]. With rapid infusion, as well as with
the administration of a drug diluted in a small volume of fluid — pain along the vein,
abdominal pain, discomfort in the region of the heart, breathing difficulties, diminished
diuresis, high blood pressure, heaviness in the head

Cymarpurran ITpoTuBoMuUrpeHo3HOe IloKasIbIBaHNE HJIX OHEMEHUE, OLIYIIIeHHE TEIUIOTHI, Kapa, JKKEHHs WU X0JIOZA,

(Sumatriptanum)  Anti-migraine YyBCTBO T)KECTH, C/IABJIEHUS WU CTATHBAHUSA OJIOBBI, TPYIHON KJIETKH, LN WU

Sumatriptan JIpyrux yacrei tena [6]

(Sumatriptanum) Tingling or numbness, a feeling of warmth, heat, burning or cold, a feeling of heaviness,
compression or contraction of the head, chest, neck or other body parts [6]

Tponucerpox IIpoTrBOpBOTHOE TosioBHast 60J1b, TOJIOBOKPY?KEHUE, iuapesi [5], mpu ObICTPOM BBE/IEHUH, a TAKIKE IIPU

(Tropisetronum)  Antiemetic BBEJIEHUU IIperapaTa, pa3Be/[eHHOTO B MaJIOM 00beMe KUAKOCTH — OOJIb [0 XO/Y BEHBI,

Tropisetron 60JIH B JKUBOTE, HEIIPUATHBIE OIIYIIEHHsI B 00JIACTH CEPALA, TOoBbIeHne AJl, TSKECTh B

(Tropisetronum) rOJIOBe, 3aTPYAHEHNUE JAbIXaHHs, TOIIHOTA, CHIKEHHE Inype3a
Headache, dizziness, diarrhea [5], with rapid infusion, as well as with the administration
of a drug diluted in a small volume of fluid — pain along the vein, abdominal pain,
discomfort in the region of the heart, high blood pressure, heaviness in the head,
breathing difficulties, nausea, diminished diuresis

Anerpunras [TpoTuBOMHUTpeHO3HOEe DAPUHTUT U PUHUT, COHJIUBOCTD, FOJIOBHAS 00JIb, TOJIOBOKPYKEHHUE, OIIyLIEHIEe

(Eletriptanum) Anti-migraine [MOKAJIBIBAHUsI UJIU JIPYTHE HAPYIIEHUs 1yBCTBUTEIHHOCTH, 03HOO, aCTEHUs, CHMIITOMBI

Eletriptan CO CTOPOHBI TPY/AHOM KJIeTKH (60JIb, YyBCTBO CXKATHUS, JABJIEHUS), aJUIEPTUIeCKUe

(Eletriptanum) peaknuu, apTepragbHasi THIIEPTEH3US, TUTIEPTOHYC MBIIIIII, TUIIECTE3UsI, MUACTEHU,

BEPTHTO, YYAIEHHOE CEP/IIeOUeHre U TAXUKAP/IUA, OlIYIIEHIe CTECHEHUs B TOPJIE, 6OJIb
B JKHUBOTE, TOLITHOTA, CYXOCTh BO PTY U AUCIIENCHS, TIOBBIIIEHHOE [I0TOOTAEIeH e, 60JIb B
crirHe, 60JIb B MBIIIIAX, OIIYIIEHNE TEIIa FJIN IPUIMBHI XKapa K JIUILY

Pharyngitis and rhinitis, drowsiness, headache, dizziness, tingling or other dysesthesia,
chilly sensation, asthenia, chest symptoms (pain, feeling of compression, pressure), allergic
reactions, hypertension, muscle hypertonia, hypoesthesia, myasthenia gravis, vertigo, palpi-
tations and tachycardia, tightness in the throat, abdominal pain, nausea, dry mouth and
dyspepsia, hyperhidrosis, back pain, muscle pain, warm sensation or hot flashes to the face
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Ta6uura 3. JlekapCcTBeHHbIE IIPEapaThl CEPOTOHMHEPTUYECKUX CPEZICTB, 3aPETUCTPUPOBaHHbIE B PoccuiicKoit

Denepanyu

Table 3. Drug products of serotonergic agents registered in the Russian Federation

TH, cTpaHa iep:KaTesisi/Bazieiblia PErHCTPALHOHHOTO

MHH JI® u nozuposka JIII ynocroepenus JII1, quciio mponsBoguTe e ™
INN Dosage form and strength of DP TN, country of the DP marketing authorisation holder,
number of manufacturers*
Bycrniupon TabJieTKu 5 MT; 10 MT Crmromun®, Benrpust / Spitomin®, Hungary
Buspironum Tablets 5 mg; 10 mg
Buspirone
Buspironum
I'panucerpon KoHIIeHTpAaT /ISl IPUTOTOBJIEHUS 1vr/mt (mg/ml) Tpanucerpon, Poccus / Granisetron, Russia
gran}setronum IC)aCTBOPa M;fl H}}(i)fysgm luti I'panucerpon Kabu, lepmanus
ran}setron oncentrate for infusion solution Granisetron Kabi, Germany
Granisetronum .
I'panricerpon-Tesa, 3pawns / Granisetron-Teva, Israel
ABomut®, Poccus / Avomit®, Russia
1 mr/mwt (mg/ml); Kurpun®, Benukobpuranus / Kytril®, UK
3 Mr/3 M
3 mg/3 ml
TabJsieTKH, TOKPHITHIE IIJIEHOYHOU 1 mr (mg) I'panucerpon, Poccus — 2 / Granisetron, Russia — 2
%tisl(r)rjll-oc((l)}:l(t):d tablets Kutpun®, Be)'II/II(O6pI/ITaHI/L'ﬂ / Kytril®, the UK
1wmr (mg); 2mr  Horupos, Ucnanaus / Notirol, Iceland
(mg)
30JIMUTPUIITAH TabJieTKH, MOKPHITHIE IIJIEHOYHOM 060JI0UKOM, 2.5 MT Bonvurpunrtan-C3, Poccus
Zolmitriptanum  Film-coated tablets, 2.5 mg Zolmitriptan-SZ, Russia
Zolmitriptan
Zolmitriptanum
Hadrunpodypun TabieTku, MOKPHIThIE IVIEHOYHOH 000JI0YKOMH, 50 MT Iysodapm®, Poccust
Naftidrofurylum  Film-coated tablets, 50 mg Dusopharm®, Russia
Naftidrofuryl
Naftidrofurylum
OHlaHCETPOH PacTBOp /17151 BHYTPHUBEHHOTO ¥ BHYTPUMBIIIIETHOTO OnpgancerpoH — 9; OHITAHCETPOH; Onnancerpos-
Ondansetronum  npUMeHEHHUs 2 MT/MJT POHII®; Jlarpan®; OunancerpoH-depeiiH®;
Ondansetron Solution for intravenous and intramuscular injection OnpancerpoH-9CKOM; Onpaucerpon-JIOHC, Poccust
Ondansetronum 2 mg/ml Ondansetron — 9; ONDANSETRON; Ondansetron-

RONC®; Latran®; Ondansetron-Ferein®; Ondansetron-
ESCOM; Ondansetron-LANS, Russia

OnpancerpoH-Tesa, XopBarus
Ondansetron-Teva, Croatia

AmetpoH®, Beurpus / Emetron®, Hungary
JIomeran; 3odppan®, llIBeitnapus
Domegan; Zofran®, Switzerland

Jlazapau BM; Ocerpou®; Omecer®, Nuaus
Lazaran VM; Osetron®; Emeset®, India

TabJsieTKH, MOKPHITHIE IIJIEHOYHON
060J109KOM
Film-coated tablets

4 mr (mg); 8 Mr
(mg)

4 mr (mg)

Ownpasesut, Uaonesust / Ondavell, Indonesia
Onpanrop®, Ascrpus / Ondantor®, Austria
Ownpancerpon-Tesa, M3pawsb / Ondansetron-Teva, Israel

Bepo-onpancerpon; Oumancerpon; OHJAHCETPOH,
Poccus

Vero-ondansetron; Ondansetron; ONDANSETRON,
Russia

Amecer®, Unansa
Emeset®, India

Jlarpau®, Poccus
Latran®, Russia

TabJsierku; TabaeTku
O IIN3NPOBAHHBIE
Tablets; Lyophilized tablets

4 mr (mg); 8 Mr
(mg)

Jlazapan BM, Unnus; lIBeinapus
Lazaran VM, India; Switzerland

CyIII03UTOPUH PEKTATIbHBIE
Rectal suppositories

4wr (mg); 8
mr (mg); 16 Mr
(mg)

OnpancerpoH-Anbrdapm, Pocens
Ondansetron-Altpharm, Russia

Cupon
Syrup

4 Mr/5 Mt
4 mg/5 ml

3odpan®, [IBeinapus
Zofran®, Switzerland
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Oxonuanwue TabJI1. 3
Table 3 ending

TH, cTpaHa ep:kaTeJisi/BJIaJiesIblla PETUCTPAIIIOHHOTO

MHH JI® u nosuposka JIII ynocroBepenus JII1, urciio mponsBoguTeen™
INN Dosage form and strength of DP TN, country of the DP marketing authorization holder,
number of manufacturers®
[TasoHOCETPOH PacTBop /151 BHYTPUBEHHOTO BBE/IEHUS 0.25 MT'/5 MJI Onunut®, Upnanaus
Palonosetronum  Solution for intravenous injection 0.25 mg/5 ml Onicit®, Ireland
Palonosetron
Palonosetronum
IIpyxanonpupn TabJieTku, MOKPHITHIE IIEHOUHOH 060J104KOi, 1 Mr; 2 Mr  BETATIPAT®; Pesosiop, Poccus
Prucalopridum Film-coated tablets, 1 mg; 2 mg VEGAPRAT®; Resolor, Russia
Prucalopride
Prucalopridum
CepoToHUH PacTBop /717111 BHYTPUBEHHOTO U BHYTPUMBIIIIEYHOTO CEPOTOHUHA ATUIINHAT; Tunatou®, Poccust
Serotoninum [IPUMEHEHHs 10 MT'/MJI SEROTONIN ADIPATE; Dinaton®, Russia
Serotonin Solution for intravenous and intramuscular injection 10
Serotoninum mg/ml
Cymarpunran TabyieTKH, TOKPBITHIE TTIEHOYHOU 50 mr (mg); CymarpuntaH — 4; Cymarpunras Kanon; Cymarpur-
Sumatriptanum 000JI0YKOI 100 mr (mg) taH-OBL; Amurpennn®; imurpau®, Poccus
Sumatriptan Film-coated tablets Sumatriptan — 4; Sumatriptan Canon; Sumatriptan-
Sumatriptanum OBL; Amigrenin®; Imigran®, Russia
Panuwmen, Mpnangus
Rapimed, Ireland
Cymamurpen®, ITosbina
Sumamigrene®, Poland
CymatpunraHn-Tesa, 3panib
Sumatriptan-Teva, Israel
TabeTku Cymarpunras, Uagusa
Tablets Sumatriptan, India
Cymarpunrasa Anudapm, bosrrapus
Sumatriptan Adipharm, Bulgaria
TponuceTpoH PacTBop /151 BHYTPUBEHHOTO BBE/IEHUS 1 MT'/MJI Tponuuznon®, Poccus
Tropisetronum Solution for intravenous injection 1 mg/ml Tropindol®, Russia
Tropisetron Karicysibl 5 Mr Tponunznon®, Poccus
Tropisetronum Capsules, 5 mg Tropindol®, Russia
AJeTpurtaH Tab1eTKH, TOKPHITHIE IJIEHOYHOH 000JI0YKOH, 20 MT; 40  Penmakc®, CIIIA
Eletriptanum Mmr Relpax®, USA
Eletriptan Film-coated tablets, 20 mg; 40 mg
Eletriptanum

* Yuesio nmpousBojuTesiel, Boimyckaromux JIII mox nanasiM TH, mokaseiBaer 1udpa, CTosas yepes3 THPe Mocje Ha3zBaHus cTpaHbl. [{udpa
YKa3bIBaeT TOJIBKO HECKOJIBKO IIPOU3BOIUTENEN; et UdphI HeT — 3HauuT AaHHbId JIIT o stum TH BeIIIyCKaeT TOJIBKO OIMH IPOU3BOAUTEIb.

* The number of manufacturers that produce DP under this TN is shown by the number that is separated by a dash from the country name. The
number indicates only a few manufacturers; if there is no number, then this particular DP under this TN is produced by only one manufacturer.

CYP3A4, CYP1A2, CYP2D6 u Apyrux MUKpPOCOMAaJIb-
HBIX (DEpMEHTOB ITeYeHN, a TaKXKe ¢ 6apObuTyparamu
U TPUIUKINYECKUMH aHTUJEIPECCAHTaMU BCJIEZ-
CTBUE U3MEHEHUsI YPOBHS aTOHICTA CEPOTOHUHOBBIX
PeLenTopoB B IJ1a3Me KPOBH U ero (papMaKoIoruye-
ckux 3pdexToB [4].

OCHOBHbBIE XapAKTEPUCTUKU (hapMaKOJIOTHUe-
CKOTO JieiicTBUS U MOOOYHBIX D(PGHEKTOB CEPOTOHU-
Hepruueckux JIIT mpezicraBieHs! B Ta0II. 2.

B Hacrosiiee Bpems B [ocyzmapcTBeHHOM pee-
CTpe JIEKapCTBEHHBIX cpecTB Poccuu [4] 3aperu-
CTPUPOBAHBI 11 MEXKAYHAPOIHBIX HENIATEHTOBAHHBIX
HauMeHoBaHUH JIIT cepOTOHMHEPTUUECKUX CPEJICTB
o1 70 TopropeiMu HauMmeHoBaHussmu (TH) B pas-
auaHbIX JIO (Tadi. 3).

State Register of Medicinal Remedies of Russia [4]
(Table 3).

Analysis of the range of serotonergic DP showed
that the domestic pharmaceutical market is domi-
nated by film-coated tablets — 41.43%, as well as so-
lution for intravenous and intramuscular use —
34.28%. In addition, the pharmaceutical market
presents DP in the form of: concentrate for infu-
sions — 8.57%, tablets — 5.71%, solution for intrave-
nous injection — 2.86%, rectal suppositories —
2.86%, syrup — 1.43%, lyophilized tablets — 1.43%
and capsules — 1.43%.

Currently, only one DP (ondansetron) is includ-
ed in the List of Vital and Essential Drugs in the
form of syrup, rectal suppositories, tablets (inclu-
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Puc. 1. [leprkaresiu/Baaziesblibl PETHCTPALIMOHHOTO yaocToBepeHst Ha JIIT cepOTOHHMHEPIHYECKHX CPEACTB B Poccuu
Fig. 1. Holders of marketing authorization for serotonergic DP in Russia

Ananus accoptumenta JI® cepoToHUHEpruye-
ckux JIII nmokasas, 4To Ha oTedyecTBeHHOM (apma-
[IEBTUYECKOM PBIHKE IIpeo0safaioT TabIeTKH, IMMo-
KPBIThIE IVIEHOYHOH 000JI0UKOU — 41.43 %, a Tak:Ke
WHBEKIIMOHHBIN PACTBOP /711 BHYTPUBEHHOTO U BHY-
TPUMBIIIIEYHOTO NpUMeHeHUs1 — 34.28 %. Kpome
TOrO, Ha (hapMalleBTUYECKOM PBIHKE IIPe/ICTaBIEHbI
JIIT B BUZE: KOHIIEHTpATA /JiAd IPUTOTOBJIEHUs pac-
TBOpa /1A undysuii — 8.57 %, tabserok — 5.71 %,
pacTtBopa /Jj11 BHYTPUBEHHOTO BBesieHUA — 2.86 %,
CYIIIIO3UTOPHEB peKTalabHBIX — 2.86 %, cupomna —
1.43 %, TabseToK TMODUIU3UPOBAHHBIX — 1.43 % U
Kamcya — 1.43 %.

B Hacrosimee Bpems stk ojiuH JIIT (oHmaHCe-
TPOH) BOIIIeJ B IepeyYeHb JKU3HEHHO HEOOXOIUMBbIX
u BakHeummux JIII B Buze cupora, Cymnmno3uToprueB
PEeKTaIbHBIX, TA0JIETOK (B TOM UHCIIE THODIITH3UPO-
BaHHBIX U MOKPBITHIX IIJIEHOYHOU 060JI04KOI) [12],
O/THAKO UHBEKIMOHHBIN PaCTBOP OHJIAHCETPOHA HE
BKJIFOUEH B JIaHHBIN [IepeueHs.

Bosbias yacers 3apeructpupoBaHHbIX TH nmpu-
XOJUTCA Ha JIOJII0 OTE€YECTBEHHBIX IPENNpPUATHH,
IPOU3BOJAIINX BocripousBeieHHbie JIIT — 59.70 %.
3apyberKkHble MPOU3BOAUTENN CEPOTOHHUHEPTHUYE-
ckux JIIT 3aHUMaOT 40.30 % poccuiickoro dpapma-

ding lyophilized and film-coated) [12], but the injec-
tion solution of ondansetron is not included in this
List.

Most of the registered TN accounts for the do-
mestic enterprises that produce generic DP —
59.70%. Foreign manufacturers of serotonergic DP
occupy 40.30% of the Russian pharmaceutical mar-
ket, with the leading positions belonging to manufac-
turers of India (8.96%), Switzerland (5.97%), Israel
(4.48%); 2.99% are divided by Hungary, Great Brit-
ain, Iceland and 1.49% — Germany, Indonesia, Croa-
tia, Austria, Ireland, Poland, Bulgaria, the United
States (Fig. 1).

The range of pharmaceutical substances for
the production of serotonergic DP is shown in
Table 4.

The pharmaceutical substances buspirone and
eletriptan are not currently registered in Russia.

The Russian pharmaceutical market is domi-
nated by foreign manufacturers of serotonergic sub-
stances — 52.38%. Indian manufacturers lead the
way (28.57%), followed by China (19.05%) and
Spain (4.76%). The proportion of domestic provi-
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Ta6JII/II.la 4. (DapMaI_IeBTI/I‘{eCKI/Ie Cy6CTaH].lI/II/I JJIA IPOU3BOACTBA CEPOTOHUHEPIUYECKUX CPEACTB, 3aPETUCTPUPOBAHHBIE

B Poccun

Table 4. Pharmaceutical substances for the production of serotonergic DP registered in Russia

MHH wnu rpynnu-
poBaHHOe (XUMHYe-
CKO€) Ha3BaHHeE
INN or generic
(chemical) name

HaunmeHnoBaHue papmaries-
THYECKOH CyOCTaHIIHMH
Pharmaceutical substance name

IIpousBoguresb
Manufacturer

CrpaHa
Country

I'panucerpon I'paHuceTpoHa ruIpOXIOPUS, Vxanb brokos @apmaceiotukai Jlepenonvent Ko. JItn ~— Kurait
Granisetron Granisetron hydrochloride Wuhan Biocause Pharmaceutical Development Co., Ltd ~ China
Hwny ®apmackiotukain Ko. JTa. Kurait
Qilu Pharmaceutical Co., Ltd China
000 «TexHoJIOTHUS JIEKAPCTB» Poccust
Technology of Medicines LLC Russia
3A0 «buokam» Poccus
Biocad CJSC Russia
30JIMUTPUNITAH 30JIMUTPUNITAH CMC ®apmarneyrukasic Jity Nupus
Zolmitriptan Zolmitriptan SMS Pharmaceuticals Ltd India
Hadruapodbypur Hadruapodypur 000 «BEPAXVM» / Berahim LLC Poccust
Naftidrofuryl Naftidrofuryl Russia
OH/1aHCEeTPOH OH/1aHCEeTPOHA THIPOXJIOPUA OI'bY «HMMUII oukosoruu um. H.H. biroxuna» Poccus
Ondansetron JIATHIpaT Munszapasa Pocenn Russia
Ondansetron hydrochloride NN Blokhin National Medical Research Center
dihydrate of Oncology
OT'YII HIILT «®apmaamura» PMBA Poccun Poccus
Scientific and Production Center “Farmzashchita” Russia
Onpancerpona ruzapoxinopua-Jlour Huny ®apmaceiotukain Ko. JlTa. Kurait
[leurdapma Jlumurea® Qilu Pharmaceutical Co., Ltd China
Ondansetron Hydrochloride-Long
Sheng Pharma Limited®
OHJ1aHCeTpOHA TU/IPOXJIOPU]] Can ®apmacsiotukan Uugacrpus Jity napus
Ondansetron hydrochloride Sun Pharmaceutical Industries Ltd India
Kanuna ®apmaceiotukans Jlumures npus
Cadila Pharmaceuticals Limited India
[TasoHOCETPOH [TasloHOCETPOHA TUAPOXIIOPHL OI'YII «T'oc3MII» Poccus
Palonosetron Palonosetron hydrochloride State Plant of Medical Preparations Russia
[Ipyxanonpun IIpykanonpuzaa cyknuHaT 3A0 «O6GHHUHCKAaA XUMHUKO-bapManeBTHIecKas Poccusa
Prucalopride Prucalopride succinate KOMITaHU» Russia
Obninsk Chemical and Pharmaceutical Company CJSC
CepoToHUH CepoTOHMHA aUTTHTHAT OI'VIT HIII «®apm3zamiura» ®PMBA Poccun Poccus
Serotonin Serotonin adipinate Scientific and Production Center “Farmzashchita” Russia
CymaTpumran CymaTpuItaHa CyKIiuHaT Hou J1a63 IlpaiiBet Jlumuresn, WNnupus
Sumatriptan Sumatriptana succinate Nosch Labs Private Limited India
Bamcu Jla6e JItn Wnupus
Vamsi Labs Ltd India
CMC ®apmarneyrukasc Jit. Nnpus
SMS Pharmaceuticals Ltd India
Kumuxka Cunreruka C.A. Hcnanus
Quimica Sintetica S.A. Spain
Tponucerpon TponuceTpoHa ruZipoxJI0pus, Huny ®apmaceiotukan Ko. JItz. Kurait
Tropisetron Tropisetron hydrochloride Qilu Pharmaceutical Co., Ltd China
OAO «IIXJIC-BHUXDU » Poccus

Center for the Chemistry of Medicinal Products OJSC ~ Russia

1IEBTUYECKOTO PHIHKA, IPUYEM JINAUPYIOIINE IT03U-
UMW OpUHAJJIEKAT MPOU3BoOAUTENAM HWHAuu
(8.96 %), LIBeutniapuu (5.97 %), 3pawns (4.48 %);
o 2.99 % gnenar Benrpus, Bemukobpuranwus, Mc-
Ja’HauA U 1o 1.49 % — I'epmanusa, uponesus, Pe-
ciy6sinka Xopsarusi, ABctpus, Upnauaus, [Tosbima,
Bosrrapus, CIIIA (puc. 1).

ders accounts for 47.62% of manufacturers of sero-
tonergic substances registered in Russia, and this
indicates the growing potential of domestic pharma-
ceutical enterprises. Pharmaceutical substances
produced in India, China and Spain are also regis-
tered (Fig. 2).

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

45



Hsazmamyaauna B.P. u dp. / Journal of Siberian Medical Sciences 2 (2021) 37—48

% 60 1 H Poccutickaa ®enepanusn
50 - 47.62 Russian Federation
B Ungus / India

40 7 3 [ ] Kuraii / China

28.57 )
30 A [] Ycnanus / Spain

19.05

20
10 4.76
o]

Puc. 2. [IpousBoguTenu cy0CTaHIUN CEPOTOHUHEPTUIECKUX CPEJICTB, 3APETUCTPUPOBAHHBIX B Poccuu
Fig. 2. Manufacturers of serotonergic substances registered in Russia

AccopTuMeHT (papMaIeBTHYECKUX CyOCTaHITUHI
JUI IPOM3BO/ICTBA cepoTOHNHeprudeckux JIII mpu-
BejleH B Ta0JI. 4.

dapmareBTHUECKHE CYOCTaHIMH OYCIHUPOH U
ayeTpunTaH B Poccuu B HacTosiiee BpeMsi He 3ape-
TUCTPUPOBAHBI.

Ha poccutickom dapmalneBTUYeCKOM PBIHKE
mpeobsaaoT 3apyOeKHble TPOU3BOJUTENN CYO-
CTAaHIIMH CEPOTOHUHEPIUUECKUX CPEICTB —
52.38 %. JlugupyoT uHAUNCKNE TPOU3BOUTENIHN
(28.57 %), 3a Humu ciaeaywoT Kuraii (19.05 %) u
Wcnaunusa (4.76 %). Ha 10110 oTedecTBEHHBIX I10-
CTaBIIUKOB MPUXOAUTCA 47.62 % MPOU3BOJAUTE-
Jief cybCTaHINU CEpOTOHHHEPTUUYECKUX CPEJCTB,
3aperucTpUpoOBaHHBIX B Poccum, u 5TO cBHUAE-
TeJBCTBYET O PACTYIleM IOTeHIIHajle OTeYeCTBEeH-
HBIX (apMmaneBTUUYECKUX NpeanpuATuil. Takxke
3aperucTpUpOBaHbI (papmarneBTHUecKue cybcTan-
nuu npousBojactBa WMuauu, Kutasg u Mcnanum
(puc. 2).

3AK/IIOYEHUE

IIpoBesieHHOE HcCCIelOBaHUE II03BOJIAET Clie-
JIaTh CJIEJIYIOIINE BHIBO/BI:

1. B 'ocynapcTBeHHOM peecTpe JIEeKapCTBEHHBIX
cpencts Poccun 3aperucrpuposano 11 MHH JIIT ce-
POTOHUHEPTUUECKUX CPEJICTB IO/ 70 TOPTOBBIMU
HauMeHOBaHUAMU.

2. Ceporonunepruyueckue JII1 3aperucrpupona-
HbI B Poccun B Buge JI®: Tabserku — 5.71 %; Tabyier-
KU, TIOKPBIThIE IIJIEHOYHOU OOOJIOUKOH — 41.43 %;
UHBEKIIMOHHBIE PACTBOPHI (PACTBOPHI JIJIs BHYTPHU-
BEHHOTO M BHYTPUMBIIIIEYHOTO NPUMEHEHUA —
34.28 %; pacTBOpHI JJ1s BHYTPUBEHHOTO BBE/IEHUA —
2.86 %); KOHIIEHTPAT JIJIs1 IPUTOTOBJIEHUS PacTBOpa
Juts uHQY3uit — 8.57 %; CYNIO3UTOPUU PEKTATIbHbBIE
— 2.86 %; cuporl, TabIeTKU THOPUIU3UPOBAHHbBIE U
Karmcymabl — 110 1.43 %.

3. Jlupupyrommas posib Ha 0TeuecTBEHHOM (ap-
ManeBTH4YeckoM pblHKe JIII cepoTOHMHEprudecKux

CONCLUSION

The study allows us to draw the following con-
clusions:

1. The State Register of Medicinal Remedies of
Russia has registered 11 INN serotonergic agents’ DP
under 70 trade names.

2. Serotonergic DP are registered in Russia in
the following dosage forms: tablets — 5.71%; film-
coated tablets — 41.43%; solutions for injection (so-
lutions for intravenous and intramuscular use —
34.28%; solutions for intravenous injection —
2.86%); concentrate for infusion solutions — 8.57%;
rectal suppositories — 2.86%; syrup, lyophilized tab-
lets and capsules — by 1.43%.

3. The leading role in the domestic pharmaceuti-
cal market of serotonergic agents’ DP belongs to do-
mestic enterprises (59.70%). The remaining 40.30%
belongs to foreign manufacturers: 8.96% — India,
5.97% — Switzerland, 4.48% — Israel, 2.99% — Hun-
gary, Great Britain, Iceland and 1.49% — Germany,
Indonesia, the Republic of Croatia, Austria, Ireland,
Poland, Bulgaria, the United States.

4. Analysis of the range of pharmaceutical sub-
stances for the production of serotonergic agents
showed that the Russian pharmaceutical market is
significantly dominated by substances of foreign pro-
duction (52.38%). The proportion of pharmaceutical
substances of domestic production registered in Rus-
sia accounts for 47.62%.

5. Currently, there are no DF of serotonergic
agents of domestic production in the pharmaceutical
market of the Russian Federation: buspirone (tablets),
ondansetron (tablets and lyophilized ones), palonose-
tron (solution for intravenous injection), sumatriptan
(tablets) and eletriptan (film-coated tablets), which
makes their pharmaceutical development relevant.

Conflict of interest. The authors declare no
conflict of interest.
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Cpe/ICTB MPUHA/JIEXKUT OTEUECTBEHHBIM HPEIIPU-
TisAM (59.70 %). OcTasibHBIE 40.30 % TPUHAJIEKUT
3apybOeKHBIM TTpousBoAuTeNsaM: 8.96 % — Wuauw,
5.97 % — llIBeuinapuu, 4.48 % — HWapawiw, 1m0
2.99 % — Benrpuwu, Benmko6puranuu, Vcnananu u
mo 1.49 % — lepmanun, Uunonesuu, PecnyOinke
Xopsaruu, Ascrpun, Vpnagauu, Ilonsme, bosara-
puu, CIIA.

4. Ananus accopTuMeHTa (apMaleBTUYECKUX
cyOCTaHITUH /TSI IPOU3BOJICTBA CEPOTOHUHEPTHYE-
CKHUX CPEJICTB IOKa3aJl, UTO HA POCCUUCKOM (apma-
[IEBTUYECKOM PBIHKE 3HAYUTEJTHHO IpeobsiafaroT
cyOcTaHIUM 3apy0esKHOTO TPOU3BO/CTBA (52.38 %).
Ha gomo dapmaneBTHUECKUX CYOCTAaHITUUA OTeue-
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CTBEHHOTO IPOM3BOJICTBA, 3apETUCTPUPOBAHHBIX B
Poccun, npuxonutces 47.62 %.

5. Ha maHHbIli MOMEHT Ha (papMaIeBTHIECKOM
peiake PO orcyrerBytoT JI® cepoTOHMHEPrUYeCcKuX
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12. O6 yTBEPKIEHUH IIEPEUHs KU3HEHHO HEOOXOIUMBIX
U BayKHEMINNX JIEKAPCTBEHHBIX IPEnapaToB Ha 2020
TO/l, a TaKXe IMepevHel JIEKapCTBEHHBIX IPEerapaToB
JUIS. MEAUIMHCKOTO IIPUMEHEHMS W MUHUMAaJIbHOTO
aCCOPTHMEHTA JIEKAPCTBEHHBIX IIPENaparoB, HEo6Xo-
JIUMBIX JIJIs OKa3aHUsA MEIUITUHCKOM moMoIu: Pacro-
psxenue ITpaBuresniberBa PO ot 12.10.2019 N 2406-p
(pexn. or 12.10.2020). URL: https://normativ.kontur.
ru/document?moduleld=1&documentld=360864.
Jlata obpartmeHnus: 23.10.2020.
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ITporHocTueckue BO3MOKHOCTU OonpocHUuka GSRS nipu
spagukanuu Helicobacter pylori y manineHTOB C caXapHBIM
AVa0eToOM 2-r0 THIIa

Ixiste A.E., Kazapun /I./1., F'op6yHos 10.B.

@I'BOY BO «Hcesckasn eocydapcmeentas meouyuHckan akademusn» Munzdpasa Poccuu

Predictive capabilities of the Gastrointestinal Symptom Rating
Scale in the eradication of Helicobacter pylori in patients with
type 2 diabetes mellitus

Shklyaev A.E., Kazarin D.D., Gorbunov Yu.V.

Izheuvsk State Medical Academy

AHHOTAIIUA

Iespio MccIeIoBaHMs OBLIO OMpeiesieHre POTHOCTUYECKIX BO3MOXKHOCTEH onpocHuKa Gastrointestinal Symptom
Rating Scale (GSRS) B onieHke 3(pbeKTUBHOCTH 3paIUKANIMOHHON Tepanuu y nHbupoBanubix Helicobacter pylori (HP)
MaIEeHTOB C CAXapHBIM AUabeTOM 2-T0 TUIIA. B rccieJ0BaHIY IPUHSLIN yIacTre 60 HarueHTOB 000€ro MoJia ¢ IMarH030M
caxapHoro fuabeTa 2-ro TUIIA U XpOHHYecKnM HP-acconupoBaHHBIM racTPUTOM, CPEAHII BO3PACT MAIEeHTOB 61.9 TO/,
cpenHAa ayuTenbHocTh ClI 2-ro Tuma 10.1 roza. s CTaTUCTUYECKOro aHAIN3A JIAHHBIX IPUMEHEH MeTO/| TOCTPOEHUs
ROC-KpuBBIX, T03BOJIAIONINI BBIABUTH IPOTHOCTHYECKHE (DAKTOPHI (B JAHHOM CJIydae — TacTPOIHTEPOJIOTHYecKHe CHH-
JIPOMBI: ab6JIOMUHAIBHOHN 6011, PeIIOKCHBIH, AUCIIENITHIECKHH, TUapeHHbIA 1 KOHCTUIIAIIMOHHBIHN), BIUAIONE Ha 3b-
(eKTUBHOCTD 5paIMKANIMIOHHON Tepanuu y nanueHToB ¢ C/I 2-ro Tumna. YCTaHOBIEHO, UTO BHICOKHE 3HAUYEHHA 110 IIIKaIaM
PpedIIOKCHOTO U IUCIIENITUYECKOT0 CHHIPOMOB orpocHuKa GSRS cBA3aHbI ¢ BEPOATHOCTHIO HU3KOH 3¢ PeKTUBHOCTH 3pa-
JINKAITMOHHOH Tepanuy y nanueHToB ¢ C/I 2-ro TUIA, T.€. MOTYT BBICTYIIATh (DAKTOPAMU, OCJIOKHSIIOIIMMY SJIMMIHAIIIO
Helicobacter pylori. IlosyueHHbIE JaHHBIE TIO3BOJISIIOT TOBOPUTH O HEOOXOIUMOCTH CKPUHUHTOBOH JTUATHOCTUKH HOCH-
tenberBa Helicobacter pylori, kinundeckux nposiaennit natosorud JKKT u ux mocsiezyromieil KOppeKIuU 3THOJI0TnYe-
CKUMH U TIATOT€HETHUECKUMHU CPEICTBAMH.

Kaouessle caoea: caxapHbiil Auabet 2-ro tuna, Helicobacter pylori, ompocank GSRS, ROC-ananus.

ABSTRACT

The study aimed to determine the predictive capabilities of the Gastrointestinal Symptom Rating Scale (GSRS) for
assessing the effectiveness of eradication therapy in Helicobacter pylori (HP) infected patients with type 2 diabetes mel-
litus. The study involved 60 patients of both sexes with a diagnosis of type 2 diabetes mellitus and chronic HP-associated
gastritis, the average age of patients was 61.9 years, average duration of type 2 diabetes was 10.1 years. For statistical
analysis of the data, we used the method of constructing ROC curves, which allowed us to identify prognostic factors (in
this case, gastroenterological syndromes, such as abdominal pain, reflux, indigestion, diarrhea and constipation) that in-
fluence the effectiveness of eradication therapy in patients with type 2 diabetes. It was found that high values of reflux and
indigestion syndromes scales of the GSRS are associated with the probability of low eradication therapy response in pa-
tients with type 2 diabetes, i.e. these syndromes can act as complicating factors for the elimination of Helicobacter pylori.
The obtained data suggest the need for screening diagnostics of Helicobacter pylori, clinical manifestations of gastrointes-
tinal pathology and subsequent etiological and pathogenetic treatment.

Keywords: type 2 diabetes mellitus, Helicobacter pylori, GSRS questionnaire, ROC analysis.
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BBEJAEHHUE

Caxapubiii guaber (CJI) sByseTCs OIHOU W3
HauboJIee OCTPO CTOSIIUX MPOOIEM OTEUECTBEHHOTO
¥ MUPOBOTO 3APABOOXPAHEHUs, YTO OOYCIOBJIEHO
HEYKJIOHHBIM POCTOM YaCTOTHI 3TOH HO30JI0TUH, Ha-
JIMYHEM TSIKEJIBIX OCJIOKHEHHH M BBICOKOH CTelle-
HBI0 HHBAJIUAU3AIIH TallMeHToB [1, 2]. ITo JaHHBIM
Ha Havasio 2019 T. B Poccuiickoit ®eneparuu (PD)
Ha [JKMCIIAHCEPHOM yYeTe COCTOUT 4 584 575 dell.
(3.12 % wmacenenusa P®), us uux 92.4 % (4.24 v
yes1.) — ¢ CJI 2-ro tuna [3].

Bo muorom Tsxects Teuenuda CJ onpenensercsa
HAJIMYHUEM Pa3IUYHBIX COIYTCTBYIOIIUX 3a00JieBa-
HUH. J[0CTATOYHO XOPOIIIO M3y4YeHa COIYTCTBYIOIIAs
[IaTOJIOTHS CEP/IEYHO-COCYUCTOM, MOYEBBIIETUTEIb-
HOU ¥ HEPBHOU CHCTEM — CYIIIECTBYIOT MHOTOUYHCIIEH-
Hble PaboThI, IOCBSAIIEHHbIE 3TUM ITpobieMaM [4, 5].

Kontposns riukemuu npu C/I TeCHO cBA3aH ¢ Co-
crogaueM JKKT, TOoCKoIbKy B pe3yJibTaTe KOMILIEKCa
MAaTOJIOTUYECKUX U3MEHEHUN B JKEJIyJKe U HILKeJe-
JKaIUX OT/IeJIaX HAPYIIAeTCs CKOOPAUHUPOBAHHOCTD
MEJKIy JEeHCTBUEM CaxapOCHIDKAIOIMIMX CPEICTB U
YPOBHEM TJIFOKO3bI B KPOBH, UTO IIPUBOUT K Hapac-
TaHMIO TIOCTIIPAH/IUATBHOMN TMIIEPIINKEMUHY, CHIKA-
€T IPUBEP;KEHHOCTD MAI[UEHTOB K JIEUEHHIO U YTSIKe-
JisieT TporHo3 3abosieBanus [6]. Ilo maHHBIM psna
HCCJIEZIOBAHUI YACTOTA [TATOJIOTUH KeJIyaKa y 00JIb-
HbIX C/I BbIIE, YeM B OOINEN MOITYJISIIHH, U TaCTPO-
SHTEPOJIOTHYECKIE HAPYIIIEHUsA B TOH WU WHOU CTe-
[IEHW MMEIOTCA Y IOJABJIAIONIEro OOIbIIMHCTBA I1a-
[IMEHTOB, OJHAKO 3T acrekTs! npu CJI B HacTosee
BpeMsI U3y4eHbl HEZIOCTATOUHO MOAPOOHO [7—10].

B to :xe Bpems a4 manueHTOB ¢ C/I xapakTepHa
[TOBBIIIEHHAs BOCHIPUUMYUBOCTD K HH(PEKITHOHHBIM
opaskeHusM, B uacTHOCTH, nHbekuu Helicobacter
pylori (HP), mpu sToM 3¢ (PeKTUBHOCTD 3paTUKATIIH
HP 3HaUYUTENIPHO HIDKE, UEM Y MTAI[UEHTOB 0€e3 Hapy-
IIIeHUs YTJIeBOTHOTO oOMeHa [11, 12].

IOEJIb NCCJIEAOBAHU A

OmpeziesiuTh MPOTHOCTUYECKHE BO3MOKHOCTHU
ompocHuka Gastrointestinal Symptom Rating Scale
(GSRS) B onienke 3(pHEKTUBHOCTH SPATUKAITHOHHON
repanuu (IT) y unbunuposanubix HP nanueHnTos ¢
C/I 2-ro Thna.

MATEPUAJIBI 1 METO/AbI

B nccnenoBanuy NpuHAIN ygactre 60 namueH-
TOB 000ero moJsa ¢ guaraozom CJ/I 2-ro Tuma u xpo-
HuyeckuM  HP-acconumupoBaHHBIM — TacTPUTOM.
CpemHuii BO3pacT MmanueHToB 61.9 + 4.5 rojia, cpef-
HAA JuuTesnpHocTh CJl 2-To Tuna 10.1 + 2.5 roja.
B xauectBe nepBuuHOU fuarHoctuku HP-uHdekun
NpUMEHsSICS ~ ypeasHbId  TecT  (TecT-cucreMa

INTRODUCTION

Diabetes mellitus (DM) is one of the most acute
concerns of Russian and world health care, which is
due to the steady increase in its incidence, presence
of severe complications and a high degree of patient
disability [1, 2]. By the beginning of 2019 in Russia,
4 584 575 individuals (3.12% of the population) were
under regular medical check-up, of which 92.4%
(4.24 million people) had type 2 diabetes [3].

In many ways, the severity of the course of dia-
betes is determined by various concomitant diseases.
The cardiovascular, urinary and nervous systems’
comorbid pathology has been quite well studied.
There are numerous works devoted to these issues
[4, 5].

Glycaemic control in diabetes mellitus is closely
related to the state of the gastrointestinal tract since,
owing to a combination of pathological changes in
the stomach and lower parts, the coordination be-
tween the action of hypoglycaemic agents and blood
glucose levels is disrupted. This leads to an increase
in postprandial hyperglycaemia, reduces patient ad-
herence to treatment and complicates the prognosis
of the disease [6]. According to a number of studies,
the incidence of gastric pathology in patients with
diabetes is higher than in the general population,
and gastroenterological disorders to a certain degree
are present in the overwhelming majority of patients,
however, these aspects in diabetes are insufficiently
studied [7—-10].

At the same time, DM patients are more suscep-
tible to infections, in particular, Helicobacter pylori
(HP) infections, while the effectiveness of HP eradi-
cation is much lower than in patients without carbo-
hydrate metabolism disorders [11, 12].

AIM OF THE RESEARCH

To determine the predictive capabilities of the
Gastrointestinal Symptom Rating Scale (GSRS)
questionnaire for assessing the effectiveness of erad-
ication therapy (ET) in HP-infected patients with
type 2 diabetes.

MATERIALS AND METHODS

The study involved 60 patients of both sexes
with type 2 DM and chronic HP-associated gastritis.
The average age of patients is 61.9 + 4.5 years, the
average duration of type 2 DM is 10.1 + 2.5 years. As
the initial diagnosis of HP infection, a urease test
(AMA RUT 10, Russia ) was used, in some patients —
the method of histological determination of HP in a
gastric mucosa biopsy specimen. As a control of HP
eradication, the method for determining the patho-
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«XEJIIINJI nnanmier», Poccus), y 4acTu MaryeH-
TOB — METO/] TUCTOJIOTHYECKOTO onpesiesiennss HP B
buomrare CJIM3UCTON 000JIOUKY JKeyynka. B kaue-
CTBe KOHTPOJIA 3pasukanuu HP ucnosap3osanca me-
TOJ OTIPE/IETIEHUS AHTUTEHA BO30OYIUTESA B KaJle T1a-
nuenTta (M®A). Bcem manueHTaM MpOBOAWIIACH Ye-
THIpEXKOMITOHeHTHAs1 AT coryiacHO peKOMeEHAIUAM
KOHceHcyca «MaacTpuxr V».

JIJIsT OIeHKU BBIPAYKEHHOCTU TaCTPOIHTEPOJIO-
TUYECKUX CHH[POMOB HCIIOJIb30BAIA OMIPOCHUK Ka-
yecTBa KU3HU B racTposHTeposioruu GSRS, Banuau-
3UPOBAHHBIU B PsiJie 3apyOEKHBIX U OT€UECTBEHHBIX
uccaenoBanuii [13—15]. Bepcus onmpocauka GSRS Ha
PyCCKOM $I3bIKe OblLTa MpeAsIoKeHa U BaTUIU3UPO-
BaHAa B MeXHAIMOHAIBHOM IIEHTPE HCCJIE/IOBAHUS
kauectBa ku3HH (Caukt-IleTepOypr) [16]. Ompo-
CHUK BKJIIOYAET 15 BOIIPOCOB, IMO3BOJIAIONINX yCTa-
HOBUTH IMPOSIBJIEHUsI TaCTPOIHTEPOJIOTUYECKOHN IMa-
Tostorud. OTBETHI HAa IOCTABJIEHHBIE BOIPOCHI IT0O-
3BOJISIIOT BBISIBUTH CJIEAYIOIIHE CHHAPOMBI (KOTO-
PBIM COOTBETCTBYIOT IIKAJIBI OIIPOCHUKA): AP — cuH-
JipoM aboMuHaIbHOU Goyu, RS — pedrrokcHbIN
cuHzpoM, IS — nmucnentuueckuit cuaApom, DS —
JUaperdHbl cuHApoM, CS — KOHCTUIAITMOHHBIN
CHHJIDOM, a TaKKe CyMMapHBIH pe3ysbTaT (6asw)
orpoca. OIPOCHUK Ipe/iarajics marueHTaM Jijis 3a-
TIOJTHEHUS KAK 710, TAK U mocJsie mpoeAenHus JT.

JIJ15 cTaTUCTUYECKOTO aHAJIM3a IPUMEHSIIA Me-
1o/ ROC-KpPUBBIX, ITO3BOJISIONTUHN BBISIBUTH IIPOTHO-
ctuyeckue GakTopsl (B HAIIIEM HUCCIEOBAaHUN — Ta-
CTPOHTEPOJIOTHYECKHE CUH/IPOMBI), BJIUAIOIIHE HA
addexTuBHOCTD dpamukaiuu HP y 6Gombubix CJI
2-ro tumna B mnporecce IT. IIpu mocrtpoennu ROC-
KPHUBOU BBIUMCIISIIA TUIOMAAb 1o KpuBoi (AUC),
YyBCTBUTENBHOCTD (Se) u cuenuduysHoctb (Sp).
IT1o1m18/1h TIO/T KPUBO SIBJISIETCS MHTETPATHHBIM I10-
KasareJieM, OIeHHUBAIOIINM ITIPOTHOCTUYECKHE CBOH-
CcTBa BBIOpPAHHOW IKaJdbl. J[OCTOBEPHOH BEPOSIT-
HOCTb HACTYIJIEHUS OTPUIIATEIHHOTO Ucxoa (Hatu-
yre HP mocne xypca Tepanvu) NMPUHUMAIHA TIPU
AUC > 0.5 u p < 0.05. KauecTtBOo Mo/iesin B 3aBUCH-
MOCTH OT IJIOIA/IH 107, KPUBOU OIEHUBAJIH CIIEY-
oM obpaszom: uHTepBas AUC 0.7—0.8 — xoporiee
KagecTBO mozenu; uateppan AUC 0.6—0.7 — cpen-
Hee kauectBo m umHTepBan AUC 0.5-0.6 — He-
VIOBJIETBOPUTEIBHOE KA4eCTBO MOIENH [17].

PE3YJIBTATBI 1 OBCYXK/IEHUE

Bp10 mpoaHarM3upPOBAaHO KayecTBO I'aCTPOIH-
TEPOJIOTHUECKUX CUHIPOMOB y narueHnToB ¢ C/] 2-ro
THIa W XpoHHUYeckuM HP-acconumpoBaHHBIM ra-
CTPUTOM C TOUKHU 3pEHUS UX IPOTHOCTUYECKUX BO3-
MOKHOCTEH B OlleHKe He(D(HEKTUBHOCTH aHTHUXEJTH-
KobakTepHOIi Tepanuu (TabJr. 1).

gen antigen in the patient’s feces (ELISA) was used.
All patients underwent four-component ET accord-
ing to the guidelines of the Maastricht V/Florence
Consensus.

To assess the intensity of gastroenterological
syndromes, we used the GSRS questionnaire of the
quality of life in gastroenterology, validated in sev-
eral domestic and foreign studies [13—15]. The Rus-
sian version of the GSRS questionnaire was proposed
and validated at the Multinational Center for Quality
of Life Research (St. Petersburg) [16]. The question-
naire includes 15 questions to identify gastroentero-
logical pathologies’ manifestations. The answers to
the questions posed reveal the following syndromes
(to which the questionnaire scales correspond):
AP — abdominal pain syndrome, RS — reflux syn-
drome, IS — indigestion syndrome, DS — diarrhea
syndrome, CS — constipation syndrome, as well as
the total result (score) of the survey. The question-
naire was offered to patients to fill out both before
and after ET.

For statistical analysis, we used the ROC
curves method, which allows us to identify prog-
nostic factors (in our study, gastroenterological
syndromes) that influence the effectiveness of HP
eradication in type 2 DM patients during ET. When
constructing the ROC curve, the area under the
curve (AUC), sensitivity (Se) and specificity (Sp)
were calculated. The area under the curve is an in-
tegral indicator that evaluates the prognostic value
of the selected scale. A significant probability of a
negative outcome (presence of HP after a course of
therapy) was taken at AUC > 0.5 and p < 0.05. The
quality of the model depending on the area under
the curve was assessed as follows: the AUC interval
0.7—-0.8 — good quality of the model; the AUC in-
terval 0.6—0.7 — the average quality and the AUC
interval 0.5—0.6 — the unsatisfactory quality of the
model [17].

RESULTS AND DISCUSSION

We analyzed gastroenterological syndromes in
patients with type 2 DM and chronic HP-associated
gastritis in terms of their predictive capabilities in
assessing the ineffectiveness of anti-Helicobacter py-
lori therapy (Table 1).

The results of the ROC analysis in Table 1 indi-
cates that gastroenterological syndromes of abdomi-
nal pain, diarrhea and constipation practically do not
reach the level of the good model for predicting the
ineffectiveness of anti-Helicobacter pylori treatment
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Tab6suna 1. OlieHKa racTPOIHTEPOJIOTHIECKUX CHHPOMOB B MOJIEJTU IIPOTHO3a BEPOSITHOCTU HE3(P(HEKTUBHOCTH
neuenns HP y manuenTtos (n = 60) ¢ C/] 2-ro Tuna u xpouuueckum HP-accoruupoBanHbeiM racrpurom (Hanuyuue HP

I10CJIE JIEYEH M)

Table 1. Evaluation of gastroenterological syndromes in the model for predicting the probability of treatment failure for
HP in patients (n = 60) with type 2 DM and chronic HP-associated gastritis (presence of HP after treatment)

T'acTposHTeposiornyeckue cuHApoMel 1o GSRS
Gastroenterological syndromes according to the GSRS

Iromans mox kpusoi (AUC)
The area under the curve (AUC) p

AbpomunanbHas 6016 (AP) / Abdominal pain (AP)
Pedumoke-cuaapom (RS) / Reflux syndrome (RS)
Iuapeiiasiii cuagpom (DS) / Diarrhea syndrome (DS)

Hucnentuueckuii cuagpom (IS) / Indigestion syndrome (IS)

Koncrunarmonnstit cunpom (CS) / Constipation syndrome (CS)

0.477 0.826
0.764 0.007
0.514 0.108
0.839 0.00

0.538 0.109

W3 Tabs. 1 cieayert, uTo 1o pesyabratram ROC-
aHaJM3a TaCTPOIHTEPOJIOTHYECKUE CHUHAPOMBI ab-
JIOMUHAJIBHOU 00JH, TMapedHbIN U KOHCTUITAI[AOH-
HBIH IPaKTUYECKH He JIOCTUTAIOT YPOBHS XOPOIIEH
MOJIeJId /i1l IPOTHO3UpPOBaHUA He3(D(DEKTUBHOCTU
aHTUXEJINKOOAKTEPHOTO JieueHus (p > 0.05), B TO
BpeMs KaK IIOKa3aTesJi II0 IIKaIaM «pedJIIioKc-
CHHJIDOM» W «JUCHENTUYECKUH CHHIPOM» HUMEIOT
IIPOTHOCTHYECKOE 3HaUeHue (p < 0.05).

ITpu npoBenenun ROC-aHanmn3a ycTaHOBJIEHO,
gyro AUC 19 mepeMeHHOH «pedIIioKC-CHHIPOM»
paBHsieTcss 0.764 (95% MOBEPUTENbHBIA WHTEPBAJ
(JIN) = 0.57—0.96, p = 0.007), UYyBCTBUTEJILHOCTh —
0.87, cneruduynocts — 0.67 (puc. 1). CiieroBaTe b
HO, BBICOKas BBIPAKEHHOCTb pedIIIoKC-CUHAPOMA
SIBJISIETCSI IOCTOBEPHOM MPOTHOCTHYECKOU XapaKTe-
pUCTHKOU pricka HU3KOH addextuBHOCTH IT.

(p > 0.05), while the indicators on the of Reflux syn-
drome and Indigestion syndrome scales have a pre-
dictive value (p < 0.05).

During the ROC analysis, we found that the
AUC for the Reflux syndrome variable is 0.764 (95%
confidence interval (CI) = 0.57—-0.96, p = 0.007),
the sensitivity is 0.87, and the specificity is 0.67
(Fig. 1). Consequently, the high intensity of reflux
syndrome is a reliable predictor of low effectiveness
of ET.

For the Indigestion syndrome variable, the AUC
is 0.839 (95% CI = 0.706—0.971, p = 0.000), the sen-
sitivity is 0.93, and the specificity is 0.76) (Fig. 2).
Consequently, the high intensity of indigestion syn-
drome is a reliable predictor of low effectiveness
of ET.
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Puc. 1. ROC-kpuBas BEIPAKEHHOCTH pedIIoKC-CHHIpOoMa U () hEKTUBHOCTH aHTUXETUKOOAKTEPHOH Tepanuu
y nanueHToB ¢ C/] 2-ro Tuna u xpoaudeckum HP-accoriumpoBaHHBIM racTPUTOM
Fig. 1. The ROC curve of the intensity of reflux syndrome and the effectiveness of anti-Helicobacter pylori treatment
in patients with type 2 DM and chronic HP-associated gastritis
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Puc. 2. ROC-kpuBasi BBIPAXKEHHOCTHU JIUCIENTUYECKOTO CHHIPOMA U 9 (HEKTHBHOCTH aHTHXEJINKOOAKTEPHOU TepATuu
y nmarueHToB ¢ C/I 2-ro Tuna u xpoHnueckuM HP-acconumpoBaHHBIM TacTPUTOM
Fig. 2. The ROC curve of the intensity of indigestion syndrome and the effectiveness of anti-Helicobacter pylori treatment
in patients with type 2 DM and chronic HP-associated gastritis

JI714 IepeMeHHOU «TUCTIENITHIECKUH CUHIPOM »
AUC pasusietcs 0.839 (95% A1 = 0.706—0.971,
P = 0.000), YYBCTBUTEIBHOCTh — 0.93, crenuduy-
HOCTB — 0.76 (puc. 2). CyiezioBaTeIbHO, BHICOKAS BbI-
Pa2KEHHOCTD JUCIENITUYECKOTO CUHIPOMA ABJIAETCA
JIOCTOBEPHOUM ITPOTHOCTUYECKOM XapaKTePUCTUKOMN
pucka Huskou apdexruBrocTH IT.

Taxum o6paszom, B xoze ROC-ananmsa yctaHOB-
JIEHO, UTO BBICOKHE 3HAUEH U 110 IIIKAIaM « PeIIIOKC-
CUHZPOM» U «JIUCIIENITUYeCKUH CHHAPOM» OIIPO-
cHuka GSRS nporHocTuyecku cBA3aHbI C BEPOSATHO-
¢TI0 HU3KOH a3ddexruBHOCcTH T y nanuenTos ¢ C
2-r0 THWIA, T.e. BTU CHUHIPOMBI MOTIYT BBHICTYIIATh
daxropamu, OCIOKHAIIUMU 3dauMuHanui0 HP.
OueBU/THO, UTO PEe(IIOKCHBIA U JUCHENTHYECKUHN
CHUH/IDOMBI HanboJsee cuenudUIHO XapaKTePU3YIOT
IIporpeccupoBaHre BOCIAJIUTEIbHO-ZUCTpoduye-
CKOTO IIPOIlecca B CJIMBUCTOH O0OJIOUKE JKeJTy/IKa
cpenu Bcex CUHAPOMOB onpocHuka GSRS y nanuen-
ToB ¢ C/] 2-ro Tuna. [losryueHHbIE JaHHBIE TTO3BOJIS-
IOT TOBOPUTD O HEOOXOTUMOCTH Ha3HAUEHUsT KOPPHU-
TUpYIOIIel maToreHeTHUecKol Tepanuy B KOMILIEK-
ce JIeueHNs TAKUX NaIUeHToB. B uactHOCTH, HEOOXO-
JIUMBIM IIPEZICTABIIAETCSA KypCOBOM IpHUeM IIPOKUHe-
TUYeCKHUX IpenaparoB [18], a Taxke HazHaUueHUe
JIedeOHOTO MUTAHUA ¢ yueToM Kak natoyoruu JKKT,
TaK ¥ HapyIIeHUH yIIeBOJHOTO OOMeHa.

3AK/IIOYEHUE

ITaruents! ¢ C/I 2-ro Tumna u xponudeckum HP-
ACCOIMMPOBAHHBIM FaCTPUTOM HYK/IAIOTCH:

Thus, the ROC analysis has revealed that high
values for Reflux syndrome and Indigestion syn-
drome scales of the GSRS are associated with the
probability of low effectiveness of ET in patients with
type 2 DM, i.e., these syndromes can act as factors
complicating the elimination of HP. Obviously, the
reflux and indigestion syndromes characterize the
progression of the inflammatory and dystrophic pro-
cess in the gastric mucosa, most specifically among
all the syndromes of the GSRS questionnaire in pa-
tients with type 2 DM. The data obtained confirm the
need to prescribe corrective pathogenetic therapy in
the comprehensive treatment of such patients. In
particular, taking into account both the gastrointesti-
nal tract pathology and carbohydrate metabolism
disorders, it seems necessary to prescribe a course of
prokinetic drugs [18], as well as a nutritional therapy.

CONCLUSION

Patients with type 2 diabetes mellitus and
chronic HP-associated gastritis require:

1) dynamic follow-up not only by endocrinolo-
gists but also gastroenterologists;

2) detection of the Helicobacter pylori carrier
state, presence of clinical manifestations of the gas-
trointestinal tract pathology, with their subsequent
correction by etiological (eradication therapy) and
pathogenetic agents.
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1) B JUHAMHYECKOM HaOJIIOJEHUH HE TOJIBKO
CHEIUATNCTAMU 3H/IOKPUHOJIOTHYECKOT0 ITpoduIs,
HO ¥ TacTPO3IHTEPOJIOTaAMU;

2) B OIpeAeNeHuNd HAJIUYUS HOCUTEIHCTBA
Helicobacter pylori, K THHUYECKUX IIPOsIBIECHUH Ma-
tosorud 2KKT u ux nocseayomiei KOppeKIuu 3THO-
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Morphological assessment of the mucous membranes
of the bladder and vagina in chronic cystitis in women
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AHHOTAIIUA

B uccieoBaHUM TPUHAIN yUacTHe 107 KEHIIWH B BO3pacTe OT 20 JI0 52 JIeT ¢ XPOHUYECKUM PEeIUANBUPYIOIIAM
UCTUTOM (M3 HUX 57 — C JIEHKOIIJIAaKKel ), MpOTeKaomuM Ha (poHe MaTOTeHHOM 1/ WIH YCIIOBHO-TATOTEHHOH HH(MEKITHH.
Bce marueHTKH TPOIUIA CTAHIAPTHOE KINHUKO-UHCTPYMEHTATIbHOE 00cIe/loBaHie. BHONTAaThI /I KyJIbTYPaJIbHOTO U
MHUKPOCKOTTHYECKOTO HCCIIe/I0OBaHUA 3abupasuch u3 obsacty [TaBTuKOBa TPEyroJIbHUKA BjIarajniia U 00J1acTH TPEYTOIb-
HUKa JIbeTO MOYEBOTO ITy3bIPs, IPU JIEHKOILJIAKUN — U3 yJacTKa BU3yabHO 37I0pPOBO#H TKaHU. IIpoBe/IeHHbIE TUTOMOP(O-
JIOTUYECKUH aHAJIN3 U OIIEHKA TAaTOJIOTMUECKUX IIPOIECCOB B COMPSIKEHHBIX TKAHAX TO3BOJISIOT MIPE/IITOJIOKUTD, YTO WH-
(exius U3 Barajnina MPOHNUKAET Yepe3 MeKCHHAIITHUECKUE IIeJTH, MEeKTKAaHEBbIe THe3/1a, MUKPOIIMPKYJ/ISITOPHYIO KPO-
BEHOCHYIO U IMMGbATHYECKYIO CHCTEMbI B MOU€EBO y3bIPh, BHI3bIBASI H3MEHEHWUsI, CBOMCTBEHHBIE IIUCTUTY — OT HAYaJIb-
HBbIX Mopdosiormueckux ¢GopM 710 rpyObIX, BILIOTH 0 JEHKOIUIAKUU. BhiiesieH KOMILIEKC KIMHUKO-(PYHKIIMOHATBHBIX U
maToMopGOJIOTHUECKUX UBMEHEHHUH, YKIAbIBAIONUXCS B PAMKH MOHATHS «XPOHUYECKUH ICTOBATHHUT».

Karoueewnle c108a: XpOHUUIECKUH UCTHT Yy KEHIIUH, MUKPOCKOIHUS, TATOMOPGOJIOTHs, MOP(OIOTHIECKast JUATHO-
CTHKa, JIeWKoIIakus, [[aBIUKOB TPeyroJIbHUK, TPEYTOIbHUK JIBETO.

ABSTRACT

The study involved 107 women aged 20 to 52 years with chronic recurrent cystitis (57 of them with leukoplakia) de-
veloping under conditions of a pathogenic and/or opportunistic infection. All patients underwent a conventional clinical
and instrumental examination. Biopsy samples for culture-based and microscopic examination were taken from the area
of the Pawlik’s trigone of the vagina and the Lieutaud’s trigone of the urinary bladder, in case of leukoplakia — from the
field of visually healthy tissue. The carried out cytomorphological analysis and assessment of pathological processes in the
adjacent tissues suggest that the infection from the vagina penetrates through the intersynaptic clefts, interstitial cell nests,
the blood and lymphatic microcirculatory system into the bladder, causing cystitis inherent changes — from initial mor-
phological forms to rough ones, up to leukoplakia. A complex of clinical, functional and pathomorphological changes that
fit into the framework of the chronic cystovaginitis concept was identified.

Keywords: chronic cystitis in women, microscopy, pathomorphology, morphological diagnostics, leukoplakia, Pawlik’s
trigone, Lieutaud’s trigone.
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BBEJAEHUNE

IIpobsyieMa IUCTUTA y KEHIIWH IO-TIPEKHEMY
ocTaeTcsl B IIOJTHOU Mepe He PElleHHOH, YTO CBA3aHO
¢ aHATOMO-MODP(QOJIOTUYECKIMHU OCOOEHHOCTAMU
MOYEBBIBO/ISIMUX TyTeH U TOJOBBIX OPTaHOB. JTO
IIOATBEPKaeTcsl TeM (aKTOM, UTO JKEHIIUHBI B 30
pas daie, 4eM MYKYHHBI, CTPafaloT HH@eKIuen
HIDKHUX MOUYEBBIX IyTeH, a Y 1 U3 4 TAIUEHTOK C ITU-
CTHUTOM B aHAMHe3€ B TEUeHHE IIEPBOTO rofla Pa3BU-
BaeTcsA pelUAUBUpYIONas WHGEKIUs HIKHUX MO-
YEeBBIX MyTeH [1—3].

AHaToMuueckue 0COOeHHOCTH KeHCKOTO ypore-
HUTQJIBHOTO TPAaKTa P BO3HUKHOBEHUUN WHOEK-
MY HUKHUX MOYEBBIX ITyTeH CIIOCOOCTBYIOT €ro 3a-
CEJIEHHIO ITATOINE€HHOU KUIIEYHOH IaJI0UYKOH, SIBJIS-
fomeiicsa B 80 % ciIydaeB MHUITUUPYIOIIUM 3THOJIO-
ruyeckuM (HakToOpoOM B OOIIEN CTPYKTYpPe HEOCTIOXK-
HEHHBIX MH(PEKINH HIXKHUX MOUYEBBIX IyTEH Y JKeH-
UH [4—6]. Bo30yautenamu HHOEKIUH HUKHUX
MOUYEBBIX IIyTel ABJIAIOTCA TakKe (peKaIbHbIN 9HTe-
POKOKK, CanpO®UTHBIA CTaQUIOKOKK, JIErOYHas
KJIeOcueria, ByJIbrapHbIH IPOTeH, SHTEpOOaKTEpUU
[7—9]. lokazaHo, 4YTO MPHU MOBPEKAEHUU TJIHKO3a-
MHHOTJIMKAQHOBOTO CJIOSI MOYEBOTO ITy3bIPs TaK Ha-
3bIBA€MBIMU PACTBOPUMBIMHU (PaKTOPAMU BUPYJIEHT-
HOCTH, HIPOBOLMPYEMBIMU KHUIIEYHOU MaJIOUYKOH,
pa3BHUBAIOTCS Kay3aTUBHBIM (DAKTOP WHTEPCTHUIIU-
JIBHOTO IIUCTUTA, NHPEKITUN HIPKHUX MOUYEBbIX ITy-
TeH U Jla’ke paK MOUEBOro Mmy3bIps [9].

C y4eToM BBIIIE U3JI0KEHHOTO U3YIEHUE [1aTO-
MOPGOJIOTHYECKUX U3MEeHEHUN CITU3UCTHIX HIKHUX
MOUYEBBIX IIyTel IPU peluANBUPYIOIeM HHOUIIUPO-
BAHUU IIPOJ0JIPKAET OCTABATHCS AKTyaIbHBIM.

IOEJIb UCCJIEJOBAHN A

W3yuuth xapaktep maToMop¢OI0TUUECKUX U3-
MEHEHUH CJIM3UCTBHIX 000JI0UEK BiIarajuiia u Mode-
BOTO ITy3bIPs PU XPOHUYECKOM ITUCTUTE Y JKEHIIHIH.

MATEPUAJIBI 1 METO/AbI

ITpoBeneno nmatoMopdosIorudeckoe UccaeoBa-
HUe 00pasloB CIU3UCTHIX MOUEBOTO ITy3bIPS U BJa-
TajIuIa, TMOJIYYeHHBIX IPU KIWHUKO-UHCTPYMEH-
TaJIBHOM 00CJIEIOBAHUH 107 KEHIIIUH B BO3PACTe OT
20 10 52 JIET C XPOHUYECKUM PEenUANBUPYIONIM
IUCTUTOM (M3 HUX 57 — C JIEHKOIUIAaKHeH), IPoTe-
KaomuM Ha (GoHEe MATOTeHHOW U/WJIHU YCJIOBHO-
[IaTOTeHHOU YPOTeHUTATbHON HHMEKIINH.

Kpurepuii BKJIIOUEHHUA B UCCIeIOBAHNE: HAIU-
Yyre y JKEHIIUH XPOHHYECKOTO PEIUANBUPYIOINIETO
[MCTUTA, TPOTEKAIOIIETO HA POHE YPOTeHUTATBHOM
nHbexuu. Kputepun HCKIOUEHU: IPUEM B II0O-
CJIeIHUE 5 MeC JII0OBIX aHTHOAKTEPUATbHBIX IIpemna-
paToB; TOHOKOKKOBasA MHQEKIUA; CU(PUINC; OHKO-

INTRODUCTION

The problem of cystitis in women is still not fully
resolved, which is associated with the anatomical
and morphological characteristics of the urinary
tract and genitals. This is supported by the fact that
women are 30 times more likely to suffer from lower
urinary tract infections than men, and 1 of 4 patients
with a past history of cystitis develop recurrent lower
urinary tract infections during the first year [1—3].

In case of a lower urinary tract infection, the
anatomical features of the female urogenital tract
contribute to its colonization by the pathogenic
Escherichia coli (E. coli), which in 80% of cases is
the initiating etiological factor in the general struc-
ture of uncomplicated lower urinary tract infections
in women [4—6]. The causative agents of lower uri-
nary tract infections are also Enterococcus faecalis,
Staphylococcus saprophyticus, Klebsiella pneu-
moniae, Proteus vulgaris, and enterobacteria [7—
9]. It has been proven that when the glycosamino-
glycan layer of the urinary bladder is damaged by
the so-called soluble virulence factors provoked by
E. coli, a causative factor of interstitial cystitis, low-
er urinary tract infections and even bladder cancer
develop [9].

In view of the above, the study of pathomorpho-
logical changes in the mucous membranes of the
lower urinary tract with recurrent infection contin-
ues to be relevant.

AIM OF THE RESEARCH

To study the nature of pathomorphological
changes in the mucous membranes of the vagina and
urinary bladder in chronic cystitis in women.

MATERIALS AND METHODS

We performed a pathomorphological study of
the bladder and vagina mucous membranes’ samples
obtained during the clinical and instrumental exami-
nation of 107 women aged 20 to 52 years with chron-
ic recurrent cystitis (57 of them with leukoplakia)
developing under conditions of a pathogenic and/or
opportunistic urogenital infection.

Study inclusion criterion: the presence of chron-
ic recurrent cystitis in women with urogenital infec-
tion. Exclusion criteria: treatment with any antibac-
terial drug in the last 5 months; gonococcal infection;
syphilis; past history of oncological disease; mental
and neurological diseases.

The study was carried out in full compliance
with the existing ethical standards of the World
Medical Association (WMA) Declaration of Helsin-
ki (Edinburgh, Scotland, 2000), taking into ac-
count the note of paragraph 29, adopted by the
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Jlorrnyeckoe 3ab0j1eBaHue B aHaMHe3e; [ICUXUYecKe
U HEBPOJIOTHYECKHE 3a001€BaHUS.

HcenenoBaHue MPOBEEHO B IMOJIHOM COOTBET-
CTBUU C CYIIECTBYIOIIUMH 3THUYECKHMU HOPMaMH
XeJIbCUHCKOHN JleKapanuyd BceMUpHOU MeUITiH-
ckout accormaruu (BMA) (9auubypr, llotrmanus,
2000), C y4eTOM ITPUMeYaHus I1. 29, IpUHATOro I'e-
HepasbHOI accambiteeit BMA (BamuHITOH, 2002), 1
0/100pPEHO JIOKAJIPHBIM 3TUYECKUM KOMHUTETOM. Bee-
MH 00OceyeMbIMU OBLUIO TOIIUCAHO HH(POPMHUPO-
BaHHOE COIJIACHE Ha YYACTHE B UCCJIEIOBAHUH.

Bce marnueHTKH ObLTH 00CIEIOBAHBI B YPOJIOTH-
veckod wimHuke 'BY3 HCO «T'opojckas KInHUYe-
ckas 6opHUIA N2 1» (HoBocuOUpPCK) 1o obIenpu-
HATOW METOJIUKe, BKJIIOUAIOIEeld cOop kajob, moj-
po6HOTO aHaMHe3a 3a60J1eBaHUsA, OOITUNA OCMOTD U
¢usBuKaTHLHBIE METO/bI UCCIIEI0BaHUsA. Bo Beex ciry-
Jasx OIEeHUBAJIM OOIEKIMHUYECKUe JTab0opaToOpHbIe
mokasaresid. Bcem mariueHTKaM IIPOBEEHbI OakTe-
puoJiorHyeckre U 0AKTEPUOCKOITHYECKHUE HCCIEN0-
BaHUS MOYH, a TAK)Ke UeHTH(UKAIUA OaKTepUaTh-
uout dtopst (C. trachomatis, T. vaginalis, M. geni-
talium, M. hominis, U. urealyticum) ¢ mOMOIIbIO
JTHK-IrarHoCTUKM METOJIOM ITOJTUMEPA3HOH Iel-
HOH peaknuu. BHOMTaThl /I KyJIbTYPaJbHOTO H
MHKPOCKOITHYECKOTO KCCIEIOBAHUS 3a0UpaIiuch U3
obsactu IlaBJIMKOBa TPEYTOJIbHHUKA BJarajdina |
TPEyroabHUKa JILETO MOYEBOTO IIy3bIPs, IIPHU HAJIU-
YU JIEWKOIJIAKUU — U3 yJacTKa BU3YaJIbHO 3710PO-
BOU TKaHU. [[MCTOCKOMS TPOBOIUIIACEH OIIEPAIIHOH-
HBIM IIMCTOCKOIIOM CO CTEKJIOBOJIOKOHHBIM CBETOBO-
aom LIMC-BC-1.

IIpu BBIMOJTHEHUH MAHUITYJIAIANA U TOCTIENYIO-
1eM 3ab60ope MaTepuasa ¢ IejIbI0 MPOBEeHUs 1aTo-
MOP(OJIOTHYUECKOTO HCCJIEIOBAHUSI OPHUEHTUPOBA-
such Ha [1aBJIUKOB TPEyroJIbHUK, KOTOPBIA PacIo-
JlaraeTcsi Ha IMepeAHed CTeHKe BJarayivila B BHUJIE
IJIaJIKOM TTOBEPXHOCTH, HEe UMEIOIIEHN CKIaoK, CIIU-
3ucTrasi 000JI0UKa BJIaTaIUINA B 3TOM YYaCTKE PHIXJIO
cpaillieHa ¢ MOYEBBIM IIy3bIPEM U IIPUJIETAET K MOYe-
MTy3BIPHOMY TPEYTOJBHUKY JIbeTo. B mpeenax Tpey-
rojpHMuKa JIpeTo ciamsucras o00JI0UKa IJIOTHO, Oe3
CKJIQJIOK CpallleHa ¢ MBIIEYHONU 000JI0UKON; CITU3H-
CThIE XOPOIII0 MHHEPBUPOBAHbBI, OTMEUAETCSI MHOKE-
CTBO MEJIKHX BIIUTE/IUAIbHBIX THE3 I,

IIpu HUCTOCKONIMH OlIEHUBAIUCH HAJIMYKE OCTa-
TOYHOH MOYH, TOHYC, EMKOCTh U TIPOIOJIKUTEb-
HOCTb OTMBIBAaHHUS MOYEBOTO IIy3BbIPS, COCTOSIHHE
YCTbE€B MOUYETOUHUKOB, COCY/IUCTBIN PUCYHOK.

BromnTaThl CIM3UCTHIX 000JI0UEK MOUYEBOTO ITy-
3bIPs U BJIATaJIUINA UCCIE0BAIIN C IOMOIIIBIO CBETO-
BOU MHUKPOCKOIIUHM U TOCJIEAYIONEH CTEPEOJIOTHH.
JIJiss CBETOOINTHYECKOIO MCCJIENOBAHUSA OMOMITATHI
(ukcupoBanu B 10% pacTBOpe HEUTPATBLHOTO (Pop-

General Assembly of the WMA (Washington,
2002), and approved by the local ethics committee.
All patients signed informed consent to participate
in the study.

All patients were examined at the Urological
Clinic of the City Clinical Hospital No. 1 (Novosi-
birsk) according to the conventional method in-
cluding the case taking with patient’s complaints,
detailed medical history, physical examination and
general clinical tests. In all cases, general clinical
laboratory parameters were assessed. All patients
underwent bacteriological and bacterioscopic urine
examinations, as well as the bacterial flora identifi-
cation (C. trachomatis, T. vaginalis, M. genitali-
um, M. hominis, U. urealyticum) using DNA diag-
nostics by polymerase chain reaction. Biopsy sam-
ples for culture and microscopic examination were
taken from the Pawlik’s trigone of the vagina and
the Lieutaud’s trigone of the bladder, in the pres-
ence of leukoplakia — from an area of visually
healthy tissue. Cystoscopy was performed with an
operation cystoscope with a fiber light guide TsIS-
VS-1.

When performing manipulations and subse-
quent biopsy sampling of material for the pathomor-
phological examination we were guided by the Paw-
lik’s trigone, which is located on the anterior wall of
the vagina in the form of a smooth surface having no
folds, the vaginal mucosa in this area adheres loosely
to the bladder and is contiguous to the Lieutaud’s tri-
gone. Within the vesical trigone, the mucous mem-
brane is tightly, without folds, adhered to the muscle
membrane; mucous membranes are well innervated,
there are many small epithelial cell nests.

During cystoscopy, the presence of residual
urine, tone, capacity and duration of washing of the
bladder, ureteral orifices state, vascular pattern were
evaluated.

Biopsy samples of the bladder and vagina mu-
cous membranes were examined using light micros-
copy and subsequent stereology. For light-optical
examination, the biopsy samples were fixed in a 10%
solution of neutral formalin, paraffin sections were
stained with hematoxylin and eosin. We used a
LEICA DM4000 B universal microscope (Germany).
Photomicrographs were obtained using a LEICA
DFC320 digital camera (Germany) and a LEICA
QWin software.

RESULTS AND DISCUSSION

At the first stage of the study, during cystoscopy
in female patients with chronic cystitis, two variants
of structural changes were revealed. The first variant
was characterized by diffuse or focal hyperemia of
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MaJIiHa, apa@uHOBbIE CpPe3bl OKPAIIMBAIN TeMa-
TOKCWJIMHOM U 303WHOM. lcrosib30Bajiu yHHUBep-
canmpHbIl Mukpockonn LEICA DM4o00 B (I'epma-
Hus). Mukpodororpaduu mosrydaaud Mpyu IOMOIII
nudposoit kamepbl LEICA DFC320 (I'epmanusi) u
koMmbIoTepHOU TporpammMbl LEICA QWin.

PE3YJIBTATBI 1 OBCY2KJIEHUE

Ha nepBoM 3Tare mpoBONMOr0 HCCIET0BAHUA
IIPY IUCTOCKOIIUHY Y TTAIIMEHTOK C XPOHUUECKHUM ITU-
CTUTOM OBLIO BBISIBJIEHO ZIBA BAPUAHTA CTPYKTYPHBIX
u3MeHeHUU. [lepBbI BapuaHT XapaKTEPU30BAJICS
nrbdy3HON WM 0YaroBOM rurnepeMuei cau3ucTon
000JIOYKH MOUYEBOrO Iy3bIpsA. IDTO OBLI yYaCTOK
OTPAaHUYEHHOH THIIEPEMHUU B 00JIACTH MOYEIy3bIp-
HOTO TPEYTOJIbHUKA U IIEHKH MOUYEBOTO ITy3BIPS.
Bropoii, 60s1ee wactTo HabIII0/1a€MbBIN BAPUAHT CTPYK-
TypPHBIX M3MEHEHHWH ObLI IpeJicTaBieH aTpoduen
CJTU3UCTON MOYEBOTO Iy3bIPsi, IPU BTOM CJIM3HCTAs
0060JI09Ka MOYEBOTO ITy3bIPs ObLJIa UCTOHYEHA, FIMe-
Jla CIJIa’KeHHBIN pesibed OJIeTHO->KEJITOTO I[BETA U3-
3a 00e/HEHUs COCYAMCTOrO DPHCYHKA, UTO CBUJE-
TEJIbCTBYET O HAJTUINU BBIPAKEHHBIX MUKPOITHUPKY-
JIATOPHBIX U3MeHeHuH. [Ipu okazaHuu ¢1aboro JaB-
JleHHus TyOycOM ITMCTOCKOIIA HAa CTEHKY MOYEBOTO
my3bIps HabJTIoamu 06pa3oBaHue PeaKTUBHBIX MU-
KPOKPOBOUBJIUAHUH 32 CYET ITOBHIIIIEHHON KPOBOTO-
YHUBOCTU U3MEHEHHBIX COCY/IOB.

JlmuTeIpHO TPOTEKATOIIee B pe3yJibTaTe UHQU-
IUPOBaHUSA XPOHIUYECKOE BOCIIAJIEHHUE IIPUBOJIUIIO K
TaK Ha3bIBAeMbIM HEOITYX0JIEBHIM U3MEHEHUIM CJIU-
3UCTOH MOYEBOTO ITy3BIpsA, IPX 3TOM 0cob0oe 3Hade-
HUe B Pa3BUTHUM TaKUX M3MEHEHHUU IPUHAJJIEKUT
HenpoudepaTUBHBIM U MPOJUbEpPATUBHBIM ITU-
ctuTaM. B TO Ke BpeMs, yIUTHIBAs aHATOMIYECKYIO
OJIM30CTh CTEHKU BJIATAIUING, MOXKHO IIPEAIIOJIO-
JKUTHh TATOJIOTHIO BTOTO OT/eNa MPHU JIJIUTEILHOM
BOCIIQJIUTETFHOM BO3JEHUCTBUU HA HCCIEAYEMYIO
3oHy. [IpoBesieHNE KIIMHUKO-UHCTPYMEHTAIBHBIX U
1aToMOPQOJIOTUYECKUX HCCIIEJOBAHUM II03BOJIAET
0XapaKTepU30BaTh COCTOSHUE CTPYKTYPbl CJIU3U-
CTBIX U B3aMOOTHOIIIEHNE OJIM3KUX 10 PACIIOIONKe-
HUIO YYaCTKOB MOYEBOTO ITy3bIPs U BIATaIHIIA.

¥ gactu GOJIBHBIX JTAHHBIE BU3YAJIBHOTO HCCIIE-
JIOBAaHUS HE BCET/IA COOTBETCTBOBAIN pe3yJIbTaTaM
THCTOJIOTUYECKOTO HCCIIEIOBAHUA CJIM3UCTON 000-
JIOYKH MOYEBOTO My3bIpsl. XapaKTepHbIE JIJIs JIEHKO-
IUTaKUU OJIAIIKY OBLIM BBISBJIEHBI HE BO BceX Ha-
O/II0/IeHUsAX, B OOJIBIIMHCTBE CJIyYaeB IATOTHUCTO-
JIOTUUECKOe 3aKTI0UeHNEe O HATHINU JIEHKOIIAaKUU
OBLIO C/IeJIaHO TOJIBKO IIOCJIE IIPOBEIEHHOTO I1aTO-
MOPQOJIOTUIECKOTO UCCIIEZIOBAHMS.

CorsacHO JJaHHBIM aHaIM3a MaTOMOpPQOJIOTHU-
YeCKUX HU3MEHEHUH, CTeleHb BBIPAYKEHHOCTHU ILJIO-

the vesical mucosa. This was an area of circum-
scribed hyperemia in the region of the bladder tri-
gone and neck. The second, more often observed
variant of structural changes was represented by at-
rophy of the vesical mucous membrane, while the
latter was thinned, had a smoothed relief of a pale
yellow color due to the depletion of the vascular pat-
tern, which indicates the presence of pronounced
microcirculatory changes. When a weak pressure
was applied with a cystoscope shaft on the bladder
wall the formation of reactive microbleedings was
observed due to increased bleeding tendency of al-
tered vessels.

The chronic inflammation, long-standing due to
an infection, leads to the so-called non-neoplastic
changes in the mucous membrane of the bladder,
wherein non-proliferative and proliferative cystitis is
of particular importance in the development of such
changes. At the same time, taking into account the
anatomical proximity of the vaginal wall, it is possi-
ble to assume that pathology of this region character-
ized by long-term inflammation, affects the studied
area. Carrying out clinical, instrumental and patho-
morphological studies allows us to characterize the
state of the structure of the mucous membranes and
the relationship of closely located areas of the blad-
der and vagina.

In some patients, the visual examination data
did not always correspond to the results of a histo-
logical examination of vesical mucosa. Plaques char-
acteristic of leukoplakia were not detected in all cas-
es; in most cases, the pathohistological conclusion
about the presence of leukoplakia was made only af-
ter a pathomorphological examination.

According to the analysis of pathomorphologi-
cal changes, the degree of squamous metaplasia of
the transitional epithelium in the examined pa-
tients was heterogeneous. In a number of observa-
tions, it was possible to identify the early stages of
transformation of the transitional epithelium into a
stratified squamous one, manifested by the expan-
sion of the epithelial layer of the mucous membrane
and hydropic degeneration of the epithelial cells
(Fig. 1).

These developing pathomorphological changes
were combined with keratohyalin dystrophy (Fig. 2).
In this case, the epithelial layer expanded signifi-
cantly, and the number of layers in it increased due
to the proliferation of epithelial cells, which com-
pletely lost their resemblance to the transitional
epithelium.

Pathomorphological changes in the submucosal
layer of the bladder wall were manifested by its thi-
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Puc. 1. PacimpeHue SIUTeIHATBHOTO CJIOSI, TH/POITHYe-
CcKast TUCTPOGUS SMUTETUAIBHBIX 3JIEMEHTOB CJIM3UCTON
MOY€BOrO Iy3bIpsi. OKpacKa reMaTOKCUIHOM U 303UHOM.
VBenuuenue (yB.) X100
Fig. 1. Expansion of the epithelial layer, hydropic
degeneration of the epithelial cells of the vesical mucosa.
Staining with hematoxylin and eosin. Magnification
(magn.) x100

CKOKJIETOUHOU MeTaIlJIa3uH I1epeX0HOTO SITUTEe N
y 00ce0BaHHBIX OOJIPHBIX ObLTa HEOAHOPO/THOM.
B psze nabirofieHU y1a0Cch BBIBUTD PAHHUE CTa-
Iuu TpaHchOpManuy IIEPEXOJHOTO SIUTENUs B
MHOTOCJIOWHBIN IJIOCKUH, IPOABJIAIONINECH PACIIT-
PeHHEM SIUTENTNATBHOTO CJIOSI CIM3UCTON 0007104-
KU U TUAPONHNYecKON TucTpodurell SIUTeTnaabHbIX
2J1eMeHTOB (pHC. 1).

AT pasBuUBapInyecs MnaToMopdoIoThudecKue
HU3MeHEeHUsI COUETINCh C KePaTOTHAJMHOBOMN JIHC-
Tpodueii (puc. 2). [Ipu 3TOM 3MUTETUATIBHBIN TIACT
3HAYUTEJIPHO PACIINPSIICA, & KOJIUYECTBO CJIOEB B
HeM YBeJNYHUBAJIOCh BCJIEACTBUE IIposindepanuu
SIUTETUAJIBHBIX 3JIEMEHTOB, IOJIHOCTHIO YTPATHB-
IIUX CXOZCTBO C IEPEXOAHBIM IITUTETHEM.

ITatromopdosioruueckue n3MeHeHU O CIU3U-
CTOT'O CJIOSI CTEHKU MOYEBOTO ITy3BIPsI MIPOSIBIISLIIUCH
€ro yTOJIIEHNEM, OTEKOM U TIOJTHOKPOBUEM (puc. 3).
Hab6urofanach WHQUIbTPAIUA KJIETKAMU BOCIIAJIH-
TeJILHOTO psza (puc. 4). isMeHeHUs OTMEYaTNCh U B
MUKPOIUPKYJIITOPHOM PYCJIe, OHU XapaKTepHU30Ba-
JINCHh pacIINpeHNeM IIPOCcBeTa COCY/I0B, arperaruen
SPUTPOLINTOB C IBJIEHUSIMHU dpUTpoAuaneze3a. B or-
JIeJIbHBIX HAOJIIOJAEHUAX B CJIM3HUCTON 000JI0UKE MO-
YeBOT'O ITy3bIPs OIpeZesIANNCh OPYHHOBCKME THE3-
J1a, 9aCTh KOTOPHIX TPaHCHOPMHUPOBATIACH B KHUCTO3-
HBIH U JKeJIEBUCTHIA UCTUT (puc. 5, 6).

He uckiroueHo, UTo Ha 5TOH paHHe! cTafuy nU3-
MeHeHUA B 1uddepeHIUPOBKe IEPEXOTHOTO SIIUTE-
JINAL B YCJIOBUSIX BOCTIAJIEHUS SIBJIAIOTCS €Ille 00paTH-
MBIMH U IIO/IBEPTAIOTCSA 00PATHOMY Pa3BUTHIO IIOCIIE
yCTpaHEHUs MEXaHUUYeCKOTO Pa3ApaskeHus WU BOC-

Puc. 2. Keparoruannnosas auctpodusa
CJIM3UCTOH MOUYEBOTO ITy3BIPA.
Okpacka reMaTOKCHJIMHOM ¥ 3031MHOM.
VB. X100
Fig. 2. Keratohyalin dystrophy of the vesical mucosa.
Staining with hematoxylin and eosin.
Magn. x100

ckening, edema and congestion (Fig. 3). Infiltration
with inflammatory cells was observed (Fig. 4).
Changes were also noted in the microvasculature,
they were characterized by vasodilatation, aggrega-
tion of erythrocytes with the phenomena of erythro-
diapedesis. In some cases, Brunn’s nests were identi-
fied in the mucous membrane of the bladder, some of
which transformed into cystic and glandular cystitis
(Fig. 5, 6).

It is possible that at this early stage, changes in
the differentiation of the transitional epithelium un-
der conditions of inflammation are still reversible
and undergo a reverse development after the elimi-
nation of mechanical irritation or inflammation. The
developing structural changes are not yet metaplas-
tic, unstable zones can turn into each other. It can be
assumed that the stratified squamous epithelium,
formed by cell differentiation of the transitional epi-
thelium under conditions of constant influence of
inflammatory factors and mechanical irritation, may
to a greater extent undergo reverse development
when external effects are eliminated.

All observations revealed a concomitant in-
flammatory pathology of the vaginal mucosa with
the underlying benign pathological processes in the
form of focal hyperplasia, leukoplakia without atyp-
ia (Fig. 7).

Assessment of the morphology of the vesical
mucosa, carried out on the basis of the endoscopic
and pathomorphological examinations’ results,
makes it possible to characterize structural changes
in the adjacent tissues. The results obtained suggest
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Puc. 3. YroJieHnue, OTeK U MOTHOKPOBUE HO/ICTU3UCTO-
IO CJI0s1 MOY€EBOTO Iy3bIpsi. OKpacka reMaTOKCHIHHOM
U 503UHOM. YB. X150
Fig. 3. Thickening, edema and congestion
of the submucosal layer of the bladder. Staining
with hematoxylin and eosin. Magn. x150

naseHus. Pa3BuBaroluecs CTPYKTypHBbIE W3MeEHe-
HUA ellle He SBJIAI0TCA MeTaIlJIaCTUYeCKUMU, HecTa-
OMJIbHBIE 30HBI MOTYT IEPEXOJUTh JPYT B Jpyra.
MOKHO TPEAIONIOXKHUTh, YTO MHOTOCJIOWHBIN ILJIO-
CKUI 3TIUTENNH, 00pa30BaHHbBIH IyTeM IUuToAudde-
PEHIIUPOBKU IEPEXOHOTO SIUTENUS B YCIOBUIX
IIOCTOSTHHOTO BJIMSTHUS BOCIIAJIUTENIPHBIX (DaKTOPOB
U MEeXaHWYeCKOTO pasfpakeHusi, B OOJIbIIeH Mepe
MOKET IIOJIBEPTHYThCS OOPaTHOMY Pa3BUTHIO IPHU
YCTpaHEHUU BHEIIHUX SABJIEHUH.

Bo Bcex HaOJ0/IeHUsAX OOHApy:KeHa COApPYIKe-
CTBEHHasl BOCHAJIMTEJbHAS IMATOJIOTHS CJIU3UCTOU
BJIarayuima ¢ GOHOBBIMU JOOPOKAYECTBEHHBIMU T1a-

Puc. 5. BpyHHOBCKUE THe3/1a CJIM3UCTON 060JI0UKH
MOYEBOTO ITy3bIpsi. OKpacKa reMaTOKCUIMHOM U 303UHOM.
¥YB. X200
Fig. 5. Brunn’s nests in the vesical mucosa.
Staining with hematoxylin and eosin. Magn. x200

Puc. 4. ndunprpanus KaeTkaMu BOCIAIUTeIFHOTO
pAna CIIM3UCTON MOYEBOTro Imy3bIpsa. OKpacka
reMaTOKCHJIMHOM U 303WMHOM. YB. X100
Fig. 4. Infiltration of the vesical mucosa
with inflammatory cells. Staining with hematoxylin
and eosin. Magn. x100

that the infection from the vagina penetrates through
the intersynaptic clefts and interstitial cell nests’ as
well as through the blood and lymphatic microves-
sels into the bladder, causing structural changes
characteristic of cystitis. In this case, the nature of
structural changes in the mucous membrane of the
bladder can be different — from the initial morpho-
logical forms inherent in chronic inflammation to
leukoplakia.

The presented data on the pathomorphological
changes in the mucous membranes in chronic cysto-
vaginitis make it possible to optimize the algorithms
for diagnosis and therapy, namely, already with col-

Puc. 6. KucTo3HbIN IIUCTUT.
Oxkpacka reMaTOKCHJITHOM ¥ 903UHOM.
VB. X200
Fig. 6. Cystic cystitis. Staining with hematoxylin
and eosin. Magn. x200
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Puc. 7. Ouary rumepIuia3ui 1 JIEMKOIUIAKUY 6e3 aTUITHH CIIM3UCTOM BJIarajIHIIa.
Okpacka reMOTOKCHJINHOM U D03WHOM. YB. X200
Fig. 7. Foci of hyperplasia and leukoplakia without atypia of the vaginal mucosa.
Staining with hematoxylin and eosin. Magn. x200

TOJIOTHYECKHUMH IIPOIIECCAMU B BHIE OUArOB TUIIEP-
IUTa3UHU, JTEHKOILIaKUK 0e3 aTUuIiuu (puc. 7).

OneHka MOP(OJIOTUHU CIU3UCTOU MOYEBOTO
My3bIPs, IPOBeIeHHAs HA OCHOBE Pe3yJIbTaTOB DH-
JIOCKOITUYECKOTO M IMOCIEAYIOIIEro MaToMopdoio-
TUYECKOTO HCCJIEJOBAHUS, IMO3BOJISIET OXapakTe-
pHU30BaTh CTPYKTYPHBIE U3MEHEHUS B COMPSIIKEH-
HBIX TKaHAX. [loJydeHHBIE pe3yJIbTAThl JAi0T
OCHOBaHUeE I10JIaTaTh, YTO WHQEKIUA U3 Baraau-
112 POHUKAET Yepe3 MeKCUHANITHYECKHUE [IeJTH U
Me’KTKaHeBble THE3/1a, a TaKyKe IMOCPECTBOM KPO-
BEHOCHBIX U JTUM(PATUUECKUX MUKPOCOCYIOB B MO-
YeBOH Iy3bIPb, BHI3BIBAS MIPU 3TOM CTPYKTYPHBIE
U3MEHEeHUsA, XapaKTepHble MAJas IucTuta. llpu
9TOM XapaKTep CTPYKTYPHBIX U3MEHEHUH CIIU3U-
CTOA MOYEBOTO Iy3bIPA MOMKET OBITh pas3aIud-
HBIM — OT HaYaJbHBIX MOpdosoruueckux Gopm,
CBOMCTBEHHBIX XPOHUYECKOMY BOCHAJIEHUIO, 0
JIEUKOTIJIAKUH.

[IpeacTaBieHHbIE JaHHBIE O TATOMOP(OIOTH-
YEeCKUX H3MEHEHHAX CJIH3UCTBIX IMPU XPOHHYE-
CKOM IIMCTOBardHHUTE IO3BOJISIOT ONTHMH3UPO-
BaTh aJITOPUTMbI JUATHOCTHUKHU U TEPATINH, 4 UMEH-
HO VK€ TIPU KOJIBIIOCKOITUU OOBEKTHUBHO OIEHH-
BaTh XapaKTep U PaCIPOCTPAHEHHOCTb DIIUTEJIH-
aJIbHBIX U3MEHEHUU ¢ JaIbHEUIIINM MTOTBEPIK/Ie-
HHUEM HX IPU IaTOMOP(OJIOTHUECKOM HCCIEN0BA-
HUU. ITO TpebyeT ImepecMOoTpPa HEKOTOPHIX BOIIPO-
COB TAKTHKU MPOTUBOBOCIATUTEIbHON U UMMYyHO-
MOJIYJIUPYIOIEH Tepamuu, B YaCTHOCTU BO3MOK-
HOCTH BBEJI€HHUsI JIEKApCTBAa HEIOCPEJCTBEHHO B
CIUBHUCTYIO Biaranuiia B obsactu [TaBinukoBa Tpe-
VIOJIbHUKA WU B TOJCAW3UCTYIO BJIAaTaJIMINA B
9TOM ke obJracTu.

poscopy, to objectively assess the nature and preva-
lence of epithelial changes with their further confir-
mation during pathomorphological examination.
This requires a revision of some issues in the tactics
of anti-inflammatory and immunomodulatory thera-
py, in particular the possibility of introducing drugs
directly into the vaginal mucosa in the Pawlik’s tri-
gone area or into the submucosa of the vagina in the
same area.

CONCLUSION

During the morphological assessment of struc-
tural changes in the mucous membrane of the blad-
der, various degrees of squamous metaplasia of the
transitional epithelium were noted, early stages of
transformation of the transitional epithelium into a
stratified squamous epithelium were observed. The
described changes could be combined with kerato-
hyalin dystrophy and infiltration with inflammatory
cells. In a number of observations, Brunn’s nests
were revealed in the mucous membrane of the blad-
der, some of which developed into cystic and glan-
dular cystitis. In all cases of chronic cystitis, a con-
comitant inflammatory pathology of the vaginal
mucosa with the underlying benign pathological
processes in the form of focal hyperplasia, leukopla-
kia without atypia were noted. In chronic inflamma-
tion, the stratified squamous epithelium of the vesi-
cal mucosa can undergo reverse development when
the causes of the inflammatory process are elimi-
nated.
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IIpu mopdosornyeckoil olleHKe CTPYKTYPHBIX
U3MEHEHUN CJIM3UCTON MOYEBOTO IMy3bIPs ObLIA OT-
MeueHa pa3jNyHas CTENeHb BBIPAYKEHHOCTH ILIO-
CKOKJIETOUHOU MeTaIlJIa3uyu IIePeXOHOTO JIINTe-
JIvs1, HaOJTIOTUTNCh pAHHUE CTaIUU TPaHCHOpMAITIH
IIEPEXO/THOTO SIUTETUS B MHOTOCJIOMHBIHN TIJIOCKUH.
OnucaHHbIe U3MEHEHUsI MOIJIA COUYeTaThCsl ¢ Kepa-
TOTHAJIMHOBOM Jiuctpodueld u uHUIbTpanuen
KJIETKaMH BOCIIJINTEJIBHOTO pszia. B psame Habmio-
JICHUUA B CJIU3UCTOH OOOJIOUKE MOUEBOTO ITy3BIPs
BBISIB/SUIN ODYHHOBCKHE THE37a, YacTh KOTOPBIX
TpaHCHOPMHUPOBAJIACh B KUCTO3HBIN U JKEJIE3UCTHIN
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TursieB Urops UBaHOBUY — J-p Mez. HayK, mpodec-
cop, Bpau-yposor I'bY3 HCO «I'opozackas kinHUUe-
ckast 6opHUNIA NO 1» (HoBOCHOUPCK).

nucTuT. Bo Beex cydyasx XPOHHUYECKOTO ITUCTUTA
ObLIa OTMEUeHa COAPYKEeCTBEHHAsI BOCITaTUTEIbHAS
MMATOJIOTHS CJIM3UCTOU BJIarajuina ¢ POHOBBIMH JI0-
OpOKaueCcTBEHHBIMH I[1aTOJIOTMYECKUMHU IIpoliecca-
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AHHOTAIIUA

BBenenue. Onucropxo3 Ha TEPPUTOPUU Poccuy nMeeT IpenMyIeCTBEHHO CylIepHHBA3HOHHYIO GOpMY, T.€. 3a-
6osieBaHUE B TMIIEPIHIEMUUHBIX OUarax IpoTeKaeT ¢ 6oJiee TAKETBIMU NPOSBIEHUAMY U CTPYKTYPHBIMU U3MEHEHUAMHI
B DKOHMIIIAX MTapa3uTa (IevueHb, MO/IKeyI0uHast Jkese3a). [Ipu cynepuaBasznoHHOM onrctopxo3e (CO) y uesloBeKa U HKH-
BOTHBIX Ha0JII0/IaeTCs TPAHYJIEMATO3HOE BOCIIasieHue ¢ POPMUPOBAHUEM TPaHYJIEM.

Ilenps nccienoBaHUS. BEIABUTH 0COOEHHOCTH IPAHYJIEMATO3HOTO IIPOLIECCa B IIEYEHU U MOJKETYIOUHOMH Ke-
Jie3e IocjIe YaCTHYHOH renaTsKTOMUU Ha (POHE CYyIIepUHBA3HMOHHOTO OIIUCTOPX03a Y CHPUHCKUX XOMSKOB.

MaTepuanbsl U MeTOJBbl. KCIEPUMEHTAIbHbIE XKUBOTHBIE OBUIN paz/ieieHsl Ha 2 TPynnsl: 1-1 (n = 180) —
MmozeniupoBanne CO myTeM BBeJIeHHS B JKeIyJOK 50 MeTanepkapues Opisthorchis (O.) felineus, cynepuHBazuu 50 MeTa-
uepuapusamu O. felineus moBTOpsIN HA 6, 16-€ CYTKU TOC/Ie TIEPBUYHOTO 3apaKeHust; 2-s1 rpymima (n = 86) — MozeinpoBa-
Hue CO 1o TOH Ke cXeMe, YTO U IS TPYIIGI 1, U YacTUYHasA renarakromust (UI'D) (ynaneHue cpeAMHHON O OpraHa,
17.3—17.7 % ero mMaccel) Ha 16-e CYTKH II0cJIe OoCIeJHEeN cynepuHBa3un. JKUBOTHBIX BBIBOAYUIN U3 HKCIEPUMEHTa HA 7,
16-e, 23-1, 32, 38, 120, 240-€ cyTKU. VI3y4ueHre IperapaToB [IeYeHH U IO/ KeTyI0UHOH JKeJIe3bI IPOBOAIIIOCH C TIOMOIIIBIO
THCTOJIOTUYECKOT0, THCTOXUMHUYECKOTO, IMMYHOTHCTOXHMHUYECKOTO METOZIOB.

PesynbpTaThl. BolaBieHb! BUJbI, MOp(doreHes, TeueHue, UCXO/bI IPaHyJIeM B IIe4eHU U IOKeIIyZ0UHOU JKeJlese.
®akTOpOM TpaHyIeMo0Opa30BaHUsI ABJISTUCH CEKPETOM, sitna U MeTabonutel O. felineus B 06enx 3KCIepUMeHTaTbHBIX
rpyImax.

3aknoueHue. ['paHyseMaro3 Ipu CyllepUHBA3MOHHOM OIIHCTOPX03€, B TOM 4YHcIIe rociie UT'D, sBiseTcs smep-
JUKEHTHBIM COCTOSTHUEM CHCTEMBI [Tapa3UT — XO3SWH BCJIEZCTBHE HAKOIUIEHHUS aHTUT€HHOTO MaTepHayia B KOJINYECTBE,
IIpEeBBIIIAIONIEM HEDABHOBECHOE COCTOSIHYE B JJAHHOMU cucTeMe. PerenepaTopHbIil mporece B rpymie nocie YI'D Ha done
CO He BUsAET HA TpaHyJIeMaTO3HOe BocIalleHne U GopMUpOBaHHe IPaHyJIEM.

Knaouesnte crosa: OITUCTOPXO03 CyHepHHBaSHOHHbeI, YacTU4YHaA reraToKTOMUA, IIOXKEITyJOYHAA KeJle3a, TPaHyJIeMaTOo3.
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ABSTRACT

Introduction. Opisthorchiasis on the territory of Russia has a predominantly superinvasive form, i.e., the dis-
ease in hyperendemic foci proceeds with more severe manifestations and structural changes in the parasite’s ecological
niche (liver, pancreas). With superinvasive opisthorchiasis (SO) in humans and animals, granulomatous inflammation
with the formation of granulomas is observed.

Aim of the research. To reveal the features of the granulomatous process in the liver and pancreas after par-
tial hepatectomy in the setting of superinvasive opisthorchiasis in Syrian hamsters.

Materials and methods. Research animals were divided into 2 groups: group 1 (n = 180) — SO modeling by
introducing into the stomach of 50 Opisthorchis (O.) felineus metacercariae, superinvasions with 50 O. felineus metacer-
cariae were repeated on the 6, 16" days after the primary infestation; group 2 (n = 86) — modeling of SO according to the
same scheme as for group 1, and partial hepatectomy (PHE) (removal of the median lobe of an organ, 17.3—-17.7% from its
mass) on the 16% day after the last superinvasion. The animals were removed from the experiment on 7, 16%, 23, 327, 38,
120, 240™ day. The study of liver and pancreas preparations was carried out using histological, histochemical, immunohis-

tochemical methods.

Results. The types, morphogenesis, course, outcomes of granulomas in the liver and pancreas were revealed. The
factors of granuloma formation were the secretome, eggs and metabolites of O. felineus in both experimental groups.

Conclusion. Granulomatosis in superinvasive opisthorchiasis, including after PHE, is an emergent state of the
parasite-host system due to the accumulation of antigenic material in an amount exceeding the nonequilibrium state in this
system. The regenerative process in the group of animals after PHE in the SO setting does not affect granulomatous inflam-

mation and the formation of granulomas.

Keywords: superinvasive opisthorchiasis, partial hepatectomy, pancreas, granulomatosis.

BBEAEHWUE

OnucTopxo3 — CUCTEMHOE ITapa3uTapHoe 3a60-
JieBaHUe, BbI3bIBAEMOE TeJIbMUHTOM M3 KJlacca Tpe-
Maroz. ITozaBiistionas YacTh MUPOBOTO O4ara OIH-
CTOPX03a COCPeIoTOYeHa Ha Tepputopuu Poccum u
YkpauHbl B 3 OCHOBHBIX ouarax: O6b-VIpThIIIcKOM,
Bosro-KamckoMm u JIHETPOBCKOM, IIPUYEM K THUIIEP-
SHJIEMUYHBIM OTHOCHTCSI TOJIBKO TIepBbIH [1]. I'estb-
MUHTO3, BbI3bIBaeMbIll TpemaTonoii Opisthorchis
(0.) felineus (Rivolta, 1884), B TunepsHIeMIUIHOM
ouare IPeJICTaBJIeH IPEUMYIIECTBEHHO CyIIepUHBA-
3UOHHOU (HOPMOU, ITPU KOTOPOH B IpOIUdEpaTUB-
HBII TMPOIECC BOBJIEKAIOTCS BCE OPTaHbI XO3SMHA:
YyeJIoOBeKa U JKUBOTHBIX. CTPYKTYPHO-(GYHKIIMOHAIIb-
HbIE HAPYIIEHUsI TOMeOCTa3a X0351e€B IIPU CYyIEePUH-
BaznoHHOM omnuctopxosde (CO) aKTUBHO HU3Y4aIOTCs
CIIerUaancTaMy MHOTHUX JUCIAILINH [1—3].

CpaHysieMaTo3HOE BOCIIAJIEHHE BCTPEYaeTcs
pu TyOepKyJie3e, OproIIHOM THde, CApKOU/I03e, Ta-
pasuTapHbIX 0oJie3HsAX (IrcTocoMo3, amebuas) u
JIpyruX WHBa3usaAx. IlaTomopdosiorus rpaHysemMa-
TO3HOTO TIOPA’KEHU TIEUeHH U TIO/[PKEJTY0YHOH Ke-
JIe3bl U3yYeHa IMPU CYIIePUHBA3UOHHOU (hopMe Omu-
cropxo3a [4]. 'paHyseMoreHe3 mpu OIKCTOPXO3€e
MOXKET OBITh YACTUYHO MOMUGPUIIMPOBAH MPU BO3-
ZECTBUU APYTUX aJIepTUIecKux GakTopos [5, 6].

B skcnepuMeHTaIBHBIX paboTax MOpQOJIOroB
JTOCTATOYHO IIOJIHO OIHMCAHBI IPOIIECCHl pereHepa-
LMY IIeYeHHN II0CJIe YaCTUUYHOM renatakromuu (UI'D)
Ha ¢oHe CO: BblZleJIeHbl 3 pereHepaTOpHble 30HBI
(A, B, C), xapakTepu3HUpYIOIIHeCs Pa3IuIHbBIMU

INTRODUCTION

Opisthorchiasis is a systemic parasitic disease
caused by helminths from the class Trematoda. The
overwhelming part of the world focus of opisthorchi-
asis is concentrated on the territory of Russia and
Ukraine in 3 main foci: Ob-Irtysh, Volga-Kama and
Dnepr, and only the first belongs to the hyperendem-
ic [1]. Helminthiasis, caused by the fluke Opisthor-
chis (0.) felineus (Rivolta, 1884), in the hyperendem-
ic focus is represented mainly by the superinvasive
form, in which all organs of a host (human and ani-
mal) are involved in the proliferative process. Struc-
tural and functional disorders of host homeostasis in
superinvasive opisthorchiasis (SO) are being actively
studied by specialists in many disciplines [1—3].

Granulomatous inflammation occurs in tuber-
culosis, typhoid fever, sarcoidosis, parasitic diseases
(schistosomiasis, amebiasis) and other invasions.
The pathomorphology of granulomatous lesions of
the liver and pancreas has been studied in the super-
invasive form of opisthorchiasis [4]. Granulomogen-
esis in opisthorchiasis can be partially modified when
influenced by other allergic factors [5, 6].

In the experimental works of morphologists, the
processes of liver regeneration after partial hepatec-
tomy (PHE) in the setting of SO are described quite
fully: 3 regenerative zones (A, B, C), characterized by
different cellular and tissue characteristics, have
been identified [7—9]. Description of granulomatosis
after partial hepatectomy in SO is presented sche-
matically in a few publications [10].
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KJIETOUYHBIMH M TKaHEBBIMH OCOOeHHOCTSMU [7—9].
OrnwucaHue rpaHyJieMaro3a 1mocjie YaCTUIHOH rermarT-
skromuu Ha ¢pone CO mpezcTaBIeHO CXeMaTUYHO B
eTMHUYHBIX ITyOJIKaIuax [10].

IEJIb UCCJIEJOBAHUNA

BbIABUTH 0COOEHHOCTU TPAHYJIEMATO3HOTO ITPO-
Iecca B MEUYEHU U TOJKETYIOYHOU KeJie3e IOCse
YaCTUYHOHN TenmaTAKTOMHUU Ha (OHE CylmepuHBa3HU-
OHHOT'O OITUCTOPX03a Y CHPUHCKUX XOMSIKOB.

MATEPUAJIBI 1 METO/AbI

Jlnuunaku O. felineus BBIZIENISIIA IO MeTOAAM
T'.A. T'mazkoBa u S. Pracobwong et al. CO mozenupo-
BaJIN Y TI0JIOBO3PEJIBIX CHPUHCKUX XOMSKOB (11 = 180)
IyTeM BBEJIEHHUSA B JKEJIYAOK 50 MeTalepKapueB
O. felineus, cynepruHBasuu 50 MeTallepPKAPUIMU TI0-
BTOPSJIN HA 6-€ U 16-€ CyTKU I0cJie IIEPBUYHOIO 3a-
pakeHus — 1-a rpynmna. YacTUUYHYIO TelmaTdKTO-
MHIO — yJlaJIeHHue CPeJUHHOU J0JIu TeueHu (17.3—
17.7 % Macchl oprasa) — MpoBOAMIN 86 XOMsIKaM C
CO (KOTOpBIH MOJIETMPOBAJIN II0 TOH K€ CXeMe, UTO
U JUIA TPYHIBl 1) MO METOAY MAaJIOH pPe3eKIINH
G.M. Higgins, R.M. Anderson [11] Ha 16-e cyTKH 1O~
cJle TIOCIeIHeH cynepuHBa3uu — 2-s rpymnna. sKu-
BOTHBIX BBIBO/IFUIH U3 OKCIIEPUMEHTA IIyTEM II€PEI0-
3UPOBKU HApKO30M Ha 7, 16-e, 23-u, 32, 38, 120,
240-€e CyTKH TI0CJIe HavaJia SKCIIepUMeHTa.

IKCIIepUMEHTHI Ha KUBOTHBIX IIPOBOJIMJINCH B
COOTBETCTBHU C NPHUHIUIIAMU EBpOIENCKONH KOH-
BEHIIUHU [0 3aIUTE MO3BOHOYHBIX JKUBOTHBIX, KC-
MIOJTb3YEMBIX JJI1 DKCIEPUMEHTAIBHBIX U JIPYTHX
neseit (CtpacOypr, 1986), npukazom MUHHCTEPCTBA
3nipaBooxpaHeHusa P® ot 1 anpesnsa 2016 r. N2 199H
«06 yrBepxkaenun IIpaBun Hazmexarei yabopa-
TOPHOM MPAKTUKH », ITOCJIE TIOJIyUYEeHUs Pa3peleHus
stuueckoro komurera ®I'bOY BO «TromeHckuii ro-
CYZApCTBEHHBIH  MEQUIMHCKUH  YHUBEPCHUTET»
Munsapasa Poccun.

TKaHb IeYEHU U IO KETYA0YHOH 2Kee3bl QUK-
CUPOBAJIH B 10% PacTBOpe HEUTPAIBHOTO GOpMAaTU-
Ha, mocse napaguHOBON IPOBOAKHN WU3TOTABJIMBA-
JIUCh CPe3bl, KOTOPbIe OKPAIIUBAIN TeMaTOKCHJIU-
HOM ® 303uHOM, 110 Ban I'mzony, Ciimauenko, Cam-
coHOBY, peaktuBoM Illuddda. Ilocne crangapTHOro
THUCTOJIOTHYECKOTO UCCIIEOBAHUS TPOBOJUIIOCH M-
MyHOTHCTOXUMUUYecKoe ucciaenopanue (MI'X) Ha ne-
napadUHUPOBAHHBIX Cpe3aX TOJIIUHOU 4—5 MKM.
HenapaduHupoBaHue, 1eMaCKUPOBKY aHTHUT€HOB U
NT'X-peaknuy IpOBOJUIN C UCIIOJIB30BAaHUEM ABTO-
creiinepa Leica Bond-Max. B xauecTBe mepBUYHBIX
AHTHUTEJ WCIIOJIb30BAJIM MBIIIUMHbBIE MOHOKJIOHAJIb-
uble anturena K Ki-67 (kion OV-TL 12/30, Agilent/
Dako, RTU (ready-to-use — roToBbI# K HCIIOJIb30BA-

AIM OF THE RESEARCH

To reveal the features of the granulomatous pro-
cess in the liver and pancreas after partial hepatec-
tomy in case of superinvasive opisthorchiasis in Syr-
ian hamsters.

MATERIALS AND METHODS

O. felineus larvae were isolated according to the
G.A. Glazkov and S. Pracobwong et al. methods. SO
was modeled in mature Syrian hamsters (n = 180)
by introducing 50 metacercariae of O. felineus into
the stomach, then superinvasions with 50 metacer-
cariae were repeated on the 6™ and 16" days after
the primary infestation — group 1. Partial hepatec-
tomy — removal of the median liver lobe (17.3—
17.7% of the organ weight) — was carried out in 86
hamsters with SO (which was modeled according to
the same scheme as for group 1) by G.M. Higgins,
R.M. Anderson method of small resection [11] on
the 16" day after the last superinvasion — group 2.
The animals were removed from the experiment by
lethal overdose of anesthesia on the 7, 16, 23,
32" 38, 120", and 240™ days after the start of the
experiment.

Experiments on animals were carried out in
accordance with the principles of the European
Convention for the Protection of Vertebrate Ani-
mals used for Experimental and Other Purposes
(Strasbourg, 1986), by the Order of the Ministry of
Health of the Russian Federation from April 1,
2016 No. 199n “On Approval of Rules of Good Lab-
oratory Practice”, after receiving permission of the
ethical committee of the Tyumen State Medical
University.

The liver and pancreas tissues were fixed in
10% solution of neutral formalin, after paraffin em-
bedding sections were made, which were stained
with hematoxylin and eosin, according to Van Gie-
son, Slinchenko, Samsonov, and with Schiff’s re-
agent. After a histological examination, an immuno-
histochemistry (IHC) was performed on dewaxed
sections of 4—5 um thick. Dewaxing, antigen un-
masking, and IHC reactions were carried out using
a Leica Bond-Max auto-stainer. Mouse monoclonal
antibodies to Ki-67 (clone OV-TL 12/30, Agilent /
Dako, RTU (ready-to-use)), CD31 (clone JC70, Cell
Marque, dilution 1 : 100), CD34 (clone QBEnd / 10,
Cell Marque, dilution 1 : 100), Oct-4 (clone MRQ-
10, Cell Marque, dilution 1 : 200), rabbit monoclo-
nal antibodies to CD117 (clone YR145, Cell Marque,
dilution 1 : 500) and rabbit polyclonal antibodies to
insulin (Cloud-Clone Corp., dilution 1 : 100), alpha-
fetoprotein (Agilent/Dako, RTU) were used as pri-
mary antibodies. After the THC reaction, the cell
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uuio)), CD31 (xiou JC70, Cell Marque, pasBenenue
1:100), CD34 (k10 QBEnd/10, Cell Marque, pa3-
BezieHue 1 : 100), Oct-4 (k1o MRQ-10, Cell Marque,
pasBezieHue 1 : 200), KPOJIUYbU MOHOKJIOHATbHbIE
anturena k¥ CD117 (xiroH YR145, Cell Marque, pas-
BeJieHHE 1 : 500) U KPOJINYbH MOJTUKIOHAIbHBIE aH-
tutena k uacyauny (Cloud-Clone Corp., pa3sezenue
1:100), abda-peronporenny (Agilent/Dako, RTU).
ITocne mpoBeaenusa UI'X-peakiiuu si/ipa KJIETOK J0-
KpalluBaJu reMaToKCHInHOM Matiepa.

Onenky UI'X-peakiiuu TpoOBOJUIIN C UCHOIb30-
BaHUEM II0JIyKOJMYECTBEHHBIX U KOJUYECTBEHHBIX
MeToZ10B. OIleHUBAIACh MHTEHCUBHOCTD PEAKITUHU T10
KaJse ot 0 7o 3 6ay1oB (O — peakIus OTCYTCTBYET,
1 — ciabast, 2 — ymepeHHasl, 3 — BbIpaskeHHas peak-
OMsA) U KOJUYECTBO IMO3UTHBHO OKPAIIEHHBIX KJI€-
TOK B 1 11oJie 3peHus (Ipu yBesmdeHuH (yB.) X400).
[Tofcuer umcia MO3UTUBHO OKPAIIEHHBIX KJIETOK
BBITIOJIHSJICS HA 10 TOJISAX 3PEHUS, YB. X400 U pac-
CUUTBIBAJIOCH cpeHee apudmMernyeckoe. JlJist ompe-
JIeJIEHHUsI TOCTOBEPHOCTH PA3IUYUN CPETHUX BEJIH-
YHH KCIIOJIb30BAJIN ITapaMeTpUUecKre U Hellapame-
TpuUuecKkue cratuctTuyeckue kpurepuu (CTbro/IeHTa,
Manna — Yuran). Paziuunsa cyuTajuch CTaTUCTH-
YeCKH 3HaYNMBIMHU IIPH P < 0.05.

Ilromanb BOCHATUTEIBHBIX HH(PUIBTPATOB
(ITBN), mnomaap rpadysaem (1117 u momaab HEKpo-
30B B rpanynemax (I[THT') onpeznensiu ¢ moMoIIbso
[IPOTPaMMHOTO 00eCIeueH s ISl ITUTOIOTUYECKOTO
a”asu3a B MeauIuHe u ouostoruu Vision Cyto (West
Medica Produktions- und Handels-GmbH, ABctpusi)
B MKM?2, BBIYMC/ISUTA HHJEKCHI 3TUX 00pa3oBaHUU
kak otHomrenue IIBU (IIT, ITHT) k miomaau mpe-
rmapara B I10JIe 3pEHUSI MUKPOCKOIIA IIPH YB. X50.

PE3YJ/IBTATDBI 1 OBCYKJIEHUNE

BhIsiBJIEHO, UTO B IIPOIlecCe pereHeparuyd B
KyJIbTe IeueHu Ha (HOHE HEKPOTUUYECKUX U IPOJIU-
(bepaTHBHBIX IPOIECCOB PA3BUBAETCSA TpaHyJIeMa-
TO3HOE BOCITAJIEHUE.

B 30He A ipeo6J1a1atoT TpaHyJIeMbl HHOPOJTHBIX
TeJI KaK peakIis Ha HEaHTUTEeHHBIH MaTepuas (6e3
MIPU3HAKOB MMMYHHOTO OTBeTa). EAuMHUYHbBIE Ma-
Kpodaru CKarIuBaloTCs BAOJIb IIIOBHBIX HUTEH (KeT-
ryr) u GOPMUPYIOT HEUMMYHHBIE T'DaHYJIEMbI
(puc. 1). K 20-m cytkam nocie YI'D dpopmupyores
TUTaHTCKHEe MHOTosiZiepHble kKaeTku (I'MK) uHopoz-
HBIX TeJI C MHOTOYHCJIEHHBIMU f/IpAMHU, PACCEHHBI-
MM II0 IIUTOILJIa3Me, HO He 10 nepudepuu, B OTIU-
4ye OT TMTaHTCKUX KieTok Jlanrxanca. Kierounas
aKTUBHOCTh B 5TUX TIpaHyjieMaX MUHUMAaJIbHA, Tak
KaK IIIOBHBIA MaTepHasl He MOBEPKeH HU (Haroru-
TO3y, HU (hepMeHTaTUBHOH oOpaboTke. B rpanyiie-
MaxX WHOPOJIHBIX TeJI He BBISBJIEHO HEKPO30B, B 60-

nuclei were counterstained with Mayer’s hemato-
xylin.

Assessment of the IHC reaction was performed
using semi-quantitative and quantitative methods.
The intensity of the reaction was assessed on a scale
from o to 3 points (0 — no reaction, 1 — weak, 2 —
moderate, 3 — pronounced reaction), and by the
number of positively stained cells in 1 field of view (at
magnification (magn.) x400). The number of posi-
tively stained cells was counted in 10 fields of view, at
magnification x400 and the arithmetic mean was
calculated. To determine the reliability of differences
in mean values, parametric and nonparametric sta-
tistical tests were used (Student’s test, Mann-Whit-
ney test). Differences were considered statistically
significant at p < 0.05.

The inflammatory infiltrates’ area (IIA), granu-
lomas’ area (GA) and necrosis area in granulomas
(NAG) were determined using the software for cyto-
logical analysis in medicine and biology Vision Cyto
(West Medica Produktions- und Handels-GmbH,
Austria) in pm?, the indices of these formations were
calculated as the ratio of ITA (GA, NAG) to the area of
the specimen in the field of view of the microscope at
magnification x50.

RESULTS AND DISCUSSION

It was revealed that during the regeneration in
the liver stump along with the observed necrotic and
proliferative processes, the granulomatous inflam-
mation develops.

In zone A, granulomas of foreign bodies pre-
dominate as a reaction to non-antigenic material
(without signs of an immune response). Single mac-
rophages accumulate along the suture threads (cat-
gut), and form non-immune granulomas (Fig. 1). By
the 20" day after PHE, multinucleated giant cells
(MGCs) of foreign bodies with numerous nuclei
scattered throughout the cytoplasm, but not along
the periphery, are formed, in contrast to Langhans
giant cells. Cellular activity in these granulomas is
minimal, since the suture material is not subject to
either phagocytosis or enzymatic treatment. No ne-
crosis was found in the granulomas of foreign bod-
ies; at a later date (120" day), they were prone to
gross sclerosis. In zone A, the formation of struc-
tures from the elements of the hepatocellular cell
lineage (HCL) is observed: single regenerative for-
mations from hepatocytes with a positive reaction to
a-fetoprotein and rich in glycogen. Tubules with al-
cian-positive secretion are differentiated from the
committed cells.

The granulomatous process in the liver with SO
and after PHE in the SO setting begins at the loci of

68

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



Lazarev S.D. et al. / Journal of Siberian Medical Sciences 2 (2021) 65—76

Puc. 1. UI'D Ha doue CO. 3ona A. HenndeknnonHas rpanysiemMa (1) BOKPYT IIIOBHOTO MaTepuaa (2).
32-e cyTku uHBa3uu. OKpacKa reMaTOKCUJINHOM U 903UHOM. YB. X200
Fig. 1. PHE in the SO setting. Zone A. Non-infectious granuloma (1) around suture material (2).
32" day of invasion. Staining with hematoxylin and eosin. Magnification (magn.) x200

Jiee TIO3/THHE CPOKU (120-€ CYTKU) OHU ITO/IBEPIKEHBI
rpybomy ckiieposy. B 3one A Habsromaercs hbopmu-
PpOBaHUE CTPYKTYP U3 3JIEMEHTOB TelaTOIeJUTIOJIAP-
Horo auddepona (I'L/T): efMHUYHBIE pereHepaToOp-
Hble 00pa30BaHUS U3 TEMATOIUTOB C MTOJIOMKUTEITb-
HOU peakiued Ha a-peTOnpOTenH, O0TaThle TIIMKO-
reHoM. 13 KOMMUTHPOBAHHBIX KJIETOK aAuddepeH-
IUPYIOTCA TPYOOUKM C ayIbI[AAH-TIO3UTUBHBIM Ce-
KPETOM.

I'paHysieMaTo3HbIH mporiece B meuenu npu CO u
nocse UI'D Ha pone CO pazBuBaeTcs B JIOKycaxX KOH-
TaKTa TEeTYMEHTa MapasuTa CO CJIU3UCTON 000JI0U-
ko mporokoB. K 7-m cyrkam muBasum O. felineus
3aHUMAaET HEIOJBIIKHYIO 03y (IIOCTYpaIbHBIN 10-
MUHaHTHBIA pediekc mo K. /[ropany). Merogom
TPAaHCMUCCUOHHON ¥ CKAaHUPYIOIIEH 3JIEKTPOHHOMN
mukpockoruu M.M. [lymio [12] ynanoch BBISIBUTH
HECKOJIbKO BUJIOB IunukoB Terymenta O. felineus,
Cpesix KOTOPBIX UMEIOTCsI 0Opa30BaHUS C OTBEPCTHU-
SIMH, YXOIAIINMU B TEJIO IIAPA3UTA, Yepe3 KOTOpbhIe
MPOUCXOJUT WHOKYJIAIUA CEKPETOPHBIX IIPOYKTOB
B ITO/ICTHJIAONIME DIIUTEJIUHA TKAHU, YTO CO3/IaeT Ta-
KM 00pa3oM JIOKYCHI IOBBIIIEHHOTO AHTUTEHHOTO
MOTEHIINANIA, WHUIHUPYIOIIEr0 TPaHyJIeMAaTO3HOE
BoCrajieHHe. B 3TOM JIOKyce CTEHKH IPOTOKA Ha-
OJ1r071a€TCsA yMEHbBIIIEHHE BBICOTHI IIUJIUHAPUIECKO-
ro AMUTENHNA U GOPMHUPYIOTCA YIACTKU JIEHyAAIUH,
YTO OOBSICHSETCA MPOIEeCCAMU MPUCTEHOUYHOTO IH-
IeBapeHus1, CBOMCTBEHHOTO TpeMaroam (puc. 2).

PazBuTHE UIMMYHHOTO BOCTIAJIEHUS Y Y KHBOTHBIX
0obenx TpyIn IO JUHUU AeHyZanuu (0OHa’KeHHs)
SIBJISIETCSI OTBETHOU peaknyel Ha aHTUTeHHBIH Cy0-
cTpar (cekperoMm), IOCTYHAIOIIUN €3 IapasuTa.
B aTHxX yuacTkax MOSIBJISIOTCS HeOOJIbIINE CKOILIe-

contact of the parasite tegument with the mucous
membrane of the ducts. By the 7 day of invasion,
O. felineus takes a motionless position (postural
dominant reflex according to G. Durand). By means
of the method of transmission and scanning electron
microscopy M.M. Shchudlo [12], we have identified
several types of tegument spines of O. felineus,
among which there were formations with holes that
extend into the body of the parasite, through which
secretory products are inoculated into the underly-
ing tissues of epithelium, thus creating loci of in-
creased antigenic potential that initiates granuloma-
tous inflammation. In this locus of the duct wall, a
decrease in the height of the cylindrical epithelium is
observed and areas of denudation are formed, which
is explained by the processes of parietal digestion
characteristic of trematodes (Fig. 2).

The development of immune inflammation in
animals of both groups along the denudation line
(exposure) is a response to an antigenic substrate
(secretome) coming from the parasite. In these ar-
eas, small clusters of monocytes, macrophages, eo-
sinophilic and neutrophilic leukocytes, mononuclear
cells appear, just an interductal (intramural) granu-
loma is formed, which, after replacing erosion with
cholangiocytes, is sclerosed. Interductal granulomas
are not subject to necrosis. The largest area index of
such granulomas in both groups did not exceed
0.068.

After 15 days, O. felineus acquires the second
variant of the dominant reflex, nutriceutical, which
allows the helminth to tear off large layers of muco-
sal epithelium with the help of an oral sucker (Fig. 3).
The area of exposure increases significantly and is
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Puc. 2. YI'9 Ha dpone CO. HernosoBo3pesIbli OMMCTOPXIC TECHO IIPUJIETAET K CTEHKE ITPOTOKA ¢ GOPMHUPOBAHIEM 0YaroB
JeHyzauuu (1), HOJI0BO3PEIbIH mapasur (2). 7-e cyTku HHBa3uu. OKpacKka reMaTOKCHUIMHOM U 03UHOM. YB. X270
Fig. 2. PHE in the setting of SO. Immature O. felineus closely adjoins the duct wall with the formation of denudation
foci (1), the mature parasite (2). 7" day of invasion. Staining with hematoxylin and eosin. Magn. x270

HHUA MOHOLUTOB, Makpodaros, 303MHODUIBHBIX U
HEeUTPODWIBHBIX JIEHKOIUTOB, MOHOHYKJIEAPOB —
dbopmupyercss UHTEpAyKTaIbHAsA (BHYTPUCTEHOU-
Has1) rpaHyJieMa, KOTopas IIOC/Ie 3aMelleHUs 3POo-
31U XOJAHTHOLUTAMU CKJIepo3upyeTcs. HTepayk-
TaJIbHBIE TPaHYJIEMbl He IIOJIBEPTalOTCSI HEKPO3Y.
Haubonpmuii WHAEKC IJIOMAIN TAKUX TPAHYJIEM B
006enx rpyImax He IpeBHIIaI 0.068.

ITocste 15 cyT OMUCTOPXUC TPUOOPETAET HYTPH-
LIEBTUBHBIN — BTOPOU BAPUAHT JIOMUHAHTHOTO ped-
JIeKca, YTO MO3BOJISIET TeJIbBMUHTY IIPU IOMOIIU PO-
TOBOM MPUCOCKU OTPHIBATH OOJIBIITNE IIACTHI SITUTE-
JIUsL CITUBUCTOU 0bosiouku (puc. 3). ILnomans o6Ha-
JKeHHS 3HAUUTEJIbHO YBeJINUYNUBAETCS U HEM3MEHHO
COTIPOBOK/IAeTCs OOJIBIIUM MOCTYILJIEHUEM CEKPETO-

invariably accompanied by a greater inflow of secre-
tome into the duct wall, which causes a more pro-
nounced immune response, proliferation of CD31,
CD34, CD117, Oct 4-positive cells, their differentia-
tion, organization and pronounced inflammation
with the development of intraductal granulomas
from mesenchymal components covered with cellu-
lar elements of the cholangiocellular lineage. Single
giant multinucleated cells with fragments of O. felin-
eus eggs in the cytoplasm are observed.

The most evident granulomatous inflammation
and the formation of granulomas are detected in
zone B. In the vast area between the liver stump
(zone A) and hepatocytes areas (zone C), cholangiec-
tases with an area of up to 6201.83 um? are formed,

Puc. 3. YI'3 Ha dbone CO. ITapa3uTt B npoToke. [OTOBHOCTH K OTPHIBY CIM3UCTOH 060souku (1). fAiia B Mmatke (2).
IK30MeTabOUTHI B KUIIKE (3). 35-€ CyTKU HHBa3uu. OKpacka TeMaTOKCUINHOM U 303UHOM. YB. X240
Fig. 3. PHE in the SO setting. The parasite is in the duct. Readiness to tear off the mucous membrane (1). Eggs in the
uterus (2). Exometabolites in the gut (3). 35" day of invasion. Staining with hematoxylin and eosin. Magn. x240
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Ma B CTEHKY IIPOTOKOB, UTO BBI3BIBAET OOJIEE BhIpA-
JKEHHBIM UMMYHHBIH OTBeT, mposudepanu CD31,
CD34, CD117, Oct 4-IO3UTUBHBIX KJIETOK, UX JTUD-
depennuanuio, opraHuzanuio U (GOpMHUPOBAHHIE
BBIPa’KEHHOT'0 BOCIIAJIEHUSA ¢ 00pa30BaHUEM UHTpPA-
IYKTAIbHBIX (BHYTPHUIIPOTOKOBBIX) TPaHYyJEM, CO-
CTOSIINX U3 Me3eHXUMAJIbHBIX KOMIIOHEHTOB, II0-
KDPBITBIX KJIETOYHBIMU 3JIEMEHTAMU XOJIAHTHUOIIeTI-
smonspHoro auddepona. HabaogaooTes eIuHAY-
HbIE TUTAHTCKUE MHOTOsI/IEpHbIE KJIETKU ¢ pparMeH-
tamu sut O. felineus B uToIriazme.

Hawubosiee BpIpa’keHHOE TPAHYJIEMATO3HOE BOC-
nasieHvie u (pOPMHUPOBAHIE TPAHYJIEM BBIIBIISIETCS B
30He B. Ha oOmupHON TEpPUTOPHUYN MEXKTY KYJIBTEH
rmeveHu (30Ha A) ¥ yuactkamu renatonutoB (3oHa C)
bopMupYyIOTCA  XOJIAHTHOIKTA3bl  IUIOIIA/IBIO 10
6201.83 MKM?, CTE€HKH KOTOPBIX UCTOHYAJIHCH [0
62.38 MxMm? (yB. x50). B 30He B dukcupyercs Hau-
0OJIPIINY MHAEKC IO TpoudepaToB — 0.315,
B cocraB Koropbix BxonaT CD31, CD34, CD1i17,
Oct 4-TIO3UTHBHBIE KJIETKU, JJUMQOIUTHI, MOHOIIU-
THI, 203UHOMIIbHBIE I HEUTPODPUIbHBIE JEHKOIH-
ThL. [Ipu wacTuuHo# peseknuu Ha pore CO B 30He B
Haubosiee BBIPAXKEHBI TPAHYJIEMaTO3HOE BOCIIAJIE-
HUe€ U TPaHyJIEMOTeHe3 [0 CPABHEHUIO C 30HOU A.

WuTpanykTanbHble (BHYTPUIIPOTOKOBBIE) TIpa-
Hysiembl (UT'), kKak ¥ IpeAbIAyIITe 2 BUA IPAHYJIEM,
BCTpeUawTcs B 100 % HaOmogeHui. Pazauuann
MeJIKHe, CpeflHHe W KpYIHble HHTPaIyKTaJIbHbIE
rpaHyJIeMbI B 3aBUCHMOCTH OT CTEIIEHU 3aMIOJTHEHUS
IIpOCBeTa IPOTOKA: MEJIKHE 3aKPBIBAIOT ITPOCBET
IpoToKa Ha 10 %, cpeiHUe — Ha 25 %, KpyHIHbIE 3a-
HHUMAIOT 6oJiee 1/4 miomaau mpocsera. Kpome rpa-
HyJIEeM BHYTPU IPOTOKA HAOJIIOAAIOTCS THIIEPILIA-
cTUdeckrue o00pa3oBaHUs — IICEB/IOCOCOUKOBBIE
CTPYKTYPbI. VICTUHHBIE COCOUKH (PHUC. 4) MOTYT OBITH
Ha TOHKOW WM TOJICTOW HOXKKaX, YTO OOYCJIOBJIEHO
SKCIpeccrel mpoJindepaTUBHBIX T€HOB, BBI3BAHHOU
CceKpeToMOM TMapasurta. Kpome TOro, B IpocBeTe
IIPOTOKOB (POPMHUDYIOTCA IOJUIIO3HBIE CTPYKTY-
PBI — Pe3yJsIbTaT XPOHUUECKOTO ITPOIYKTUBHOTO BOC-
MMaJIeHUsI U, BO3MOXKHO, TUIIEPPEreHepanuy mpou3-
BOAHBIX MHOTHX 3aKJIQJIOK. BBIpaKE€HHOCTh THUIIEP-
IJIACTUYECKUX IIPOIECCOB B IIEJIOM ObLIa OIMHAKO-
BOU Kak B 1-H, TaK ¥ BO 2-H TpyIIe JKUBOTHBIX.

Wnpeke IIT" 3o8b1 B ipu CO Bappupyer oOT 0.47
1o 0.58 (Me = 0.36). ®akTopoM 00pa30BaHUSA BHY-
TPUNPOTOKOBBIX I'PAHYJIEM SIBJISLIUCH STAIIA U DK30-
metabonutsl O. felineus. T'paHysieMbl JaHHOH JIOKa-
JIN3AIUN KPENATCs K CTeHKE IIPOTOKA ITOCPECTBOM
TOHKOH WJIW IIUPOKOH HoKek (puc. 5, 6). IIpu rpa-
HYJIEMAaTO3HOM BOCIIJIEHIU BOKPYT SIHI] TAPa3UTOB
O. felineus nabimwogaercs dpenomen CruieHmopa —
Xermiu — CKOIUIEHHE 503UHO(PUIBHON TOMOT€HHOMN

the walls of which have thinned to 62.38 ym2 (magn.
x50). In zone B, the highest index of the area of pro-
liferative tissue is recorded — 0.315, which consists
of CD31, CD34, CD117, Oct 4-positive cells, lympho-
cytes, monocytes, eosinophilic and neutrophilic leu-
kocytes. In partial resection in the SO setting, the
most pronounced granulomatous inflammation and
granulomogenesis is observed in zone B as compared
to zone A.

Intraductal granulomas (IG), like 2 types previ-
ously described, are found in 100% of cases. We dif-
ferentiate between small, medium and large intra-
ductal granulomas depending on the degree of filling
the duct lumen: small ones close the duct lumen by
10%, medium — by 25%, large ones occlude more
than 1/4 of the lumen area. In addition to granulo-
mas, hyperplastic formations — pseudo-papillary
structures are observed inside the duct. True papillae
(Fig. 4) can be on thin and thick pedicles, which is
due to the expression of proliferative genes, caused
by the secretome of the parasite. In addition, polyp-
ous structures are formed in the lumen of bile
ducts — a result of chronic proliferative inflamma-
tion and, possibly, hyperregeneration of derivatives
of many anlagen. The intensity of hyperplastic pro-
cesses was generally the same in both the 1%t and
2 groups of animals.

The GA index of zone B with SO varies from 0.47
to 0.58 (Me = 0.36). O. felineus eggs and exometabo-
lites were a factor of the intraductal granulomas for-
mation. Granulomas of this localization are attached
to the duct wall by means of thin or thick peduncles
(Fig. 5, 6). In granulomatous inflammation around
the eggs of O. felineus, the eosinophilic homoge-
neous fluid accumulation is observed, which is asso-
ciated with the immune response — the formation of
an antigen-antibody-complement complex (Splen-
dore-Hoeppli phenomenon).

Intraductal granulomas in the process of forma-
tion were covered with cholangiocytes, further on
small areas of denudation were found, granulomas
were subject to necrosis. The NAG index reached
0.303, the maximum value of this index — 0.430 was
in large granulomas (Me = 0.318). Necrosis of intra-
ductal granulomas depended mainly on the state of
blood supply caused by sclerosis of a peduncle. Gran-
ulomas with a short peduncle were sclerosed with
less pronounced necrotic changes.

The granulomas of the portal tracts occupy sep-
arate loci. The granulomas area index did not exceed
0.14. Sclerosis occurred without preexisting necrosis.

Periductal granulomas form around small and
medium-sized ducts. The exometabolites and eggs of
O. felineus were factors in the formation of such
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Puc. 4. YI'd a done CO. ®OpMUPYIOMIMICA UCTUHHBIN COCOUEK (1), TUIIEPIUIA3HUs CIU3UCTBIX 000JI04eK (2),
T0JIOBO3PEJIBIH OMTUCTOPXHUC B IPOTOKE (3). 38-€ cyTku nHBa3uu. OKpacka reMaTOKCUJINHOM M B03UHOM. YB. X200
Fig. 4. PHE in the SO setting. The forming true papilla (2), hyperplasia of the mucous membranes (2), the mature

O. felineus in the duct (3). 38" day of invasion. Staining with hematoxylin and eosin. Magn. x200

JKUJIKOCTH, YTO CBS3aHO C MMMYHHOH peakiueid —
obpazoBaHEM KOMILIEKCA QaHTUTEH — aQHTUTEIO —
KOMILJIEMEHT.

WHTpagyKTasibHble TPAaHYJIEMbl B IIPOIECCE
dbopMupoBaHusa GBUIH TOKPBITHI XOJIAHTHOIIUTAMH,
B JlaJIbHEHIIeM HaOJII0aIUCh HEOOIbIINE YIaCTKHI
JIEHYJaIli¥, TPAHyJIEMbI ObLIIN [TOABEPKEHBI HEKPO-
3y. Unpexke ITHT gocruran 0.303, MakcUMasJbHOE
3HAYEHUE 3TOTO UH/IeKca — 0.430 — B KPYITHBIX I'Pa-
Hysiemax (Me = 0.318). Hekpo3 BHYTPHUIIPOTOKOBBIX
rpaHyJIeM 3aBHUCET TPEUMYIIECTBEHHO OT COCTOSTHUS
KpPOBOCHA0OKeHUs, OOYCJIOBJIEHHOTO  CKJIEPO30M
HOXKKH. ['paHyIeMbl ¢ KOPOTKOHN HOKKOH CKJIEpO3H-

granulomas. The granulomas area index varied in a
wide range: from 0.31 to 0.42. Morphogenesis of
granulomas underwent a characteristic evolution:
“florid” macrophagal granuloma, then necrotizing
and sclerosing ones.

In zone C, the predominant processes include
the regeneration of the parenchyma, first of all, the
activity of the hepatocellular lineage and the forma-
tion of avascular islets from hepatocytes, adenomas
(islets with a capsule), the absence of the trabecular
structure of the hepatocyte fields. Granulomatous in-
flammation was practically not observed, there were
only small formations (parenchymal granulomas)

Puc. 5. UT'D Ha done CO. VHTpayKTaIbHBIE TPAHYJIEMBI HA HOXKKaX (1, 2). O4aroBble CKOILJIEHUS] UIMMyHOKOMITETEHT-
HBIX U IPOTEeHUTOPHBIX KJIeTOK (3). 38-€ cyTku nHBazuu. OKpacKka reMaTOKCUIMHOM U 03UHOM. YB. X100
Fig. 5. PHE in the SO setting. Peduncled intraductal granulomas (1, 2). Focal aggregates of immunocompetent
and progenitor cells (3). 38" day of invasion. Staining with hematoxylin and eosin. Magn. x100
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Puc. 6. UI'D Ha dpone CO. KpynHas rpaHysieMa Ha IIUPOKOH HOXKKe (1). fiia B cocTaBe rpaHyJIeMsl (2).
120-€ cyTky nHBa3uu. OKpacka reMaTOKCIJIMHOM M B03MHOM. YB. X140
Fig. 6. PHE in the SO setting. Large granuloma with a wide peduncle (1). Eggs in the granuloma (2).
120" day of invasion. Staining with hematoxylin and eosin. Magn. x140

poBaJKCh ¢ MeHee BBIPAYKEHHBIMU HEKPOTUUECKIMU
U3MeHEeHUSMU.

I'paHysieMbl TOPTAJIbHBIX TPAKTOB 3aHUMAIOT
OT/IeJIbHBIE JIOKYCHI. IH/IEKC IUIOIIAAN TPaHyJIeM He
mmpeBbIman 0.14. CKIepo3upOBaHHUE IIPOUCXOJIUIIO
0e3 mpeCyIEeCTBYIOIIEro HEKPO3a.

[lepuaykrasbHble TPaHYJIEMBl (HOPMHUPYIOTCSA
BOKPYT IIPOTOKOB MEJIKOTO U CPEITHEro KajiuOpOB.
dakTopoM 00pa30BaHUs TAKUX TPAHYJIEM ObLIH K-
3omeTabouThl U sina O. felineus. HeKc mTomaau
rpaHyJieM KoJyiebasics B IIMPOKOM JTHAIa30He: OT 0.31
10 0.42. MopdoreHes rpaHysieM IIpeTepIieBaj Xapak-
TEPHYIO 9BOJIIOIHUIO: «IBETyIas» (MakpodaraibHas)
rpaHyJieMa, HeKPOTU3HUPYIOUAs U CKJIEPO3UPYIOIIA.

B 3one C k peo61afaoiuM Iporeccam Ceay-
€T OTHECTH PereHepaIuio MapeHXuMbl, IIpeK/ie Bee-
ro — aKTHUBHOCTH TelaToIesUIIsspHoro auddepo-
Ha ¥ HOPMUPOBAHUE ABACKYJIAPHBIX OCTPOBKOB U3
TenaToIUTOB, a7leHOM (OCTPOBKHU C KAaIlCyJIOH), OT-
CyTCTBHE OAQJIOYHOTO CTPOEHHUS IOJIEH TemaTOIUTOB.
I'paHysieMaTO3HOE BOCIaJIeHUE TPAKTHUYECKU HE OT-
MeUayioch, BCTPEUAINCH JIUIIb HEOOJIBIINUX pa3Me-
poB oOpaszoBaHHs (IIapEeHXUMATO3HbBIE TPAHYJIEMBI)
BCJIEZICTBHE MEJIKUX HEKPO30B B IPEICYIIECTBYIO-
el mapeHXxuMe — Pe3yJIbTaT PeaKIuu HeMeJIeH-
Horo Ttuna npu CO, 3HaUUTEJIBHO peKe IPaHyJIeMbl
JIOCTUTAJIN OOJIBIIINX pa3MepoB (puc. 7).

B momxenyiouHOM Kejie3e BCTPEYAIOTCS TOTh-
KO IapeHXMMAaTO3Hble, HHTPAKAHAIUKYJISADHBIE U
MIEpUKAHAIMKYJISIPHbIE  TPAHYJIEMbl.  JBOJIIOIUS
JIAHHBIX TPAHYJIEM UJET IO YKa3aHHBIM BBIIIE 2Ta-
mam: «IBeryiias» (MakpodarajabHas) rpaHyJieMa,
HEKPOTU3UPYIOasi U CKJIEPO3UPYIOIIAsi, UTO CIIO-
coOCTBYeT pacrIpoCTpaHeHHI0 QUOPOIIACTHYECKHUX
mporieccoB B opraHe. OOImMUMU /I BceX TPAHyJIeM

due to small necroses in the preexisting parenchyma
as a result of immediate hypersensitivity reaction in
SO, granulomas reached large sizes much less often
(Fig. 7).

In pancreas, only parenchymal, intracanalicular
and pericanalicular granulomas are found. The evo-
lution of these granulomas follows the stages indi-
cated above: macrophagal granuloma, necrotizing
and sclerosing, which contributes to the spread of fi-
broplastic processes in the organ. Common to all
granulomas are the factors of their occurrence and
development: secretome, eggs and metabolites of the
cat liver fluke.

CONCLUSION

The considered granulomatosis in 2 experimen-
tal groups of animals from the standpoint of the par-
asite-host system should be attributed to its emer-
gent properties. Granulomatous inflammation and
granulomas occur as a result of the accumulation of
antigenic material in an amount significantly exceed-
ing the nonequilibrium state in the parasite-host sys-
tem. For the opisthorchis, the formation of granulo-
mas is not key for the accumulation of nutraceutical
substrate. O. felineus, like all representatives of the
family Opisthorchiidae, uses cholangiocytes and bile
as a nutraceutical, since “the genomes of these hel-
minths contain genes encoding a set of enzymes and
receptors necessary for the absorption, binding and/
or transformation of nutrients that are only compo-
nents of bile and epithelium of the bile ducts” [13].
Representatives of the genus Opisthorchis can acci-
dentally capture their own eggs, another duct sub-
strate, including erythrocytes and other blood cells
with the oral sucker.
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Puc. 7. UI'D na ¢pone CO. 3ona C. [TapenxumarosHas rpanysaema (1). Backynorenes (2). BerpaskeHHOe HMMyHHOE
BocriasieHue (3). 120-e cyTku nHBa3uu. OKpacka reMaTOKCHJIMHOM U 903UHOM. YB. X150
Fig. 7. PHE in the SO setting. Zone C. Parenchymal granuloma (1). Vasculogenesis (2). Severe immune inflammation (3).
120" day of invasion. Staining with hematoxylin and eosin. Magn. x150

ABJIAOTCA (baKTOpI)I HUX BO3HUKHOBEHHA U PA3BU-
THA: CEKPETOM, ﬂﬁlla ¥ MeTaboIUTHI OIIMCTOPXUCOB.

3AK/IIOYEHUE

PaccmarpuBaeMblil rpaHyIeMaTo3 B 2 SKCIEPU-
MEHTAJIbHBIX TPYIIAaX JKHUBOTHBIX C MO3UIINH CHUCTe-
MBI TIAPA3UT — XO3UH CJIe/lyeT OTHECTH K ee DMep-
JLKEHTHBIM CBOMCTBaM. ['paHysieMaTo3HOE BOcHasie-
HIe U TPaHyJIeMbl BOSHUKAIOT B PE3yJIbTaTe HAKOILIe-
HUA aHTUTEHHOTO MaTepHasia B KOJIMYECTBE, 3HAUU-
TEJIPHO MIPEBBIIIAIONIEM HEPABHOBECHOE COCTOSTHIIE B
CHUCTeMe [Tapa3uT — XO3AHH. J[JI OIHCcTOpXKUCOoB (op-
MHPOBaHUE TPaHyJIEM He SIBJISETCH KJIIOUEBBIM JIJIS
HAaKOIUIEHUs HYTpPUIIEBTHUECKOTo cyberpara. O. feli-
neus, Kak M BCE OIHUCTOPXU/IbI, UCIIOJIB3YET B Kade-
CTBe HyTPUILIEBTUYECKOTO IIPOJIYKTA XOJIAHTHOIIUTHI 1
JKeJIYb, TIOCKOJIBKY «B T€HOMAax 3THUX TIeJIbMHHTOB
IIpe/iCTaBJIeHbI TeHbl, KOJIUPYIOIIe Habop dhepmeH-
TOB U PEIENTOPOB, HEOOXOAUMBIX JJIsI TTOTJIOIIEHN,
CBA3BIBAHUS U/WIN MIPEBPAIlleHUs TUTATeIbHBIX Be-
II[ECTB, SBJIAIOIIUXCS TOJIBKO KOMIIOHEHTAMU JKeTI’
U BIIUTEJIUA KETUYHBIX IIPOTOKOB» [13]. OnrcTopXxuch
CJIyYaifHO MOTYT 3aXBaTUTh POTOBOI IIPHCOCKOM COb-
CTBEHHbIE SHIA, JIPyrod cybcTpar MPOTOKa, B TOM
YUCJIE SPUTPOIUTHI U MHBIE KJIIETKU KPOBH.
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Partial hepatectomy undoubtedly affects the
system, but does not increase the host’s antigenic
concentration, since granulomas of zone A are non-
immunogenic, and the quantitative characteristics of
granulomas in other zones do not exceed those in
hamsters with only superinvasive opisthorchiasis.
Partial hepatectomy in SO does not increase granu-
lomatous inflammation.
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YacruuHasd renaTdKTOMUA, HECOMHEHHO, BJIHA-
€T Ha CUCTEMY, HO HE YCUJINBAECT aHTUTE€HHYIO HAaChbI-
IIEHHOCTDb X03AWHA, TaK KaK I'PaHyJIEMbI 30HbI A aB-
JIAIOTCS HEMMMYHOT€HHBIMHU, a KOJIU4YeCTBeHHBbIe
XapaKTEePUCTUKHU I'PaHyJIEM B JPYTUX 30HAX He Ipe-
BBIIIAIOT TAKOBbIEC Y XOMAKOB TOJIBKO C CyII€pHHBa-
3HOHHBIM OIIMCTOPX030M. YacTHuyHasA TelnaTdKTo-
mud Ha ¢pore CO He ycuIUBaeT rpaHyJIeMaTO3HOE
BOCIIAJICHUE.
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AHHOTAIIUA

TepMHHOM «pak» 0003HAYAIOT 3JI0KAYECTBEHHBIE OITyXOJIH PA3JIMYHOTrO TUIA. KaXKAbIl U3 9THUX TUIIOB KJIacCHUPUIIN-
pyeTcs B 3aBUCUMOCTH OT TKaHU, U3 KOTOPOU Pa3BUBAETCA OIYXOJIb. PaK BO3HUKAET BCJIEJICTBHE HEKOHTPOJIUPYEMOTO
JleJIeHUsI KJIETOK, KOTOPbIEe 3aHUMAIOT MECTO 3/[0POBBIX KJIETOK. JIeTalIbHOCTh IIPU PaKe, B OCHOBHOM, SIBJISIETCSI PE3YJIbTa-
TOM TIOBPEXK/IEHUH, BbI3BAHHBIX MeTacTa3aMH. BOT mmodyemy KpaifHe Ba’KHO JIMarHOCTHPOBATh 3a00JieBaHUE HA paHHEH
CTaINH, TIPEXK/IE YEM TOABSATCS MeTacTasbl. [1ocjie MOCTaAHOBKY TUATHO3a HAUMHAETCS JIedeHre PaKa: OHO IPEeAIoiaraer
HCII0JIb30BaHUE PA3IMYHBIX METO/IOB, IPUMEHEHNE KOTOPBIX KOOPAAMHUPYETCs Ha IIPOTSKEHUH BCeTo Kypca jieuenust. Ot-
BET OILYXOJIU Ha TEPANHIO MOXKeT OBITh pa3TunIHbIM. OJJHU BU/BI PAaKa JIyUllle JIeJaTcsl C IOMOIIbI0 XUPYPTUIECKUX METO-
JIOB, IPyTH€ BOCIPUUMYUBBI K XUMUOTEpAuu. Hepeako I JOCTIIKEHUsI HAaUJIYUIIEro Pe3ysIbTaTa HeoOX0IUMO OTHO-
BpPeMEHHOE HCII0Ib30BAHNE HECKOJIBKUX METO/IOB Tepanui. VccreoBaHu:A B 061aCTH OHKOJIOTUH /10 HACTOSIIIETO BpeMe-
HU B OOJIBIIIMHCTBE CBOEM OBLITH MOCBSIIEHBI PAKOBOM KJIETKE KaK TAKOBOU. AKTyaJIbHOH 3a/1aueil Ha COBPEMEHHOM JTarle
MIPEJICTaBIIsIETCS IOHUMAaHUe TOTO, KaK ATa KJIETKA B3aMMOJIEHCTBYET CO CBOUM OJIMKANIIUM OKpykeHHeM. Kakue mpo-
1IeCChI OHA ITPUBOJIUT B JIEHCTBHUE, YTOOBI YCKOJIB3HYTh OT UMMYHHOM CHCTEMBI, JI00, HAIIPOTHB, YCIIELTHO TUCCEMIHUPO-
Barh? IIOHMMaHNe 3TUX MEXaHU3MOB MOJKET IIPUBECTH K CO3/IaHHI0 HOBBIX 3 ()EKTUBHBIX METOOB JIEUEHUS.

Karoueewvte caoea: paxk, JHK, renetnka, OHKOreHes.

ABSTRACT

Cancer is a generic term that groups different types of malignant tumors. Each of them has a specific name according to
the tissue that gave birth to it. It appears when cells multiply in an uncontrolled manner and take the place of healthy
cells. Deaths from cancer are mainly due to damage caused by metastases. This is why it is important to diagnose the
disease early, before it spreads in the body. After the diagnosis announcement, cancer management is put in place: it
involves several treatments that are articulated throughout the course of care. Cancers have the particularity of reacting
differently to treatments. Some types of cancer are best treated with surgery. Others respond better to drugs called
chemotherapy. It often happens that several treatments are administered together to ensure the best possible results.
Studies have so far focused largely on the tumor cell itself. The new challenge for researchers is now to understand how
these cells interact with their immediate environment. What processes do they put in place to escape the immune system
or to successfully spread? Understanding these mechanisms could lead to the development of new types of treatment.

Keywords: cancer, DNA, genetic, oncogenesis.
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BBEJAEHWUE

Pak mpencraBiisieT co60il HEKOHTPOJIUPYEMYIO
nposinidepanyio TaK HA3BIBAEMBIX 3JI0KAUECTBEH-
HBIX KJIETOK, OOYCJIOBJIEHHYIO PSIZIOM WX ITaTOJIOTH-
YecKUX XapakTepucTuk. IIponudepamusa Moxker
OBITH JIOKATBHOU (OIIyX0JIb) JINOO PACIPOCTPAHSIITE-
¢ Ha pa3JIMYHblE OPraHbl M TKAaHH IOCPEICTBOM
suMdo- Wik KpoBoToka (Meracrassl). Pak — 3T0 ma-
tostorusa JIHK. B HeKOTOPBIX TeHax IMpe/CcTaBiIeHbI
aHOMAJIUH, YK€ UMEBIIHECS B UCXOTHOU SUIEKIIET-
Ke: XapaKTepHbIe VIl PEeJIKUX BUJIOB HACJIE/ICTBEH-
HOU (DOPMBI paKa U Te, YTO BOSHUKAIOT B OT/IETbHBIX
KJIETKAX B TEUEHUE KU3HU U CBONCTBEHHBI MHOTUM
BUZIaM HPUOOPETEHHOTO paka. IJTO 3HAYUT, UTO
TeHbl, UMEBIIIe BHAYaJie HOPMAIBHYIO CTPYKTYPY,
MIO/IBEPIJINCh U3MEHEHUAM. Pak BBI3bIBaeTCs TeHe-
TUYECKUMHU aHOMAJIMSAMU B KieTke. Kak MUHUMYyM
HeoOXoauMbI 2 miIn 0ojiee, OOBIYHO 4, aHOMAJIUH,
4yTOOBI KJIETKA CTasla 3JI0KauyecTBeHHOH [1]. B aTom
cyIyJae KJIeTKa yTpaduBaeT cruelududeckyo gpopmy,
IepecTaeT OTBeYaTh HA BHEIIHUE CUTHAIBI, B YaCT-
HOCTH, Ha CUTHAJIBI, MMOJAaBJsAmOIIMe poct [2]. OHa,
TaK ’JKe KaK U ee MMOTOMCTBO, OECKOHTPOJIBHO pas-
MHOKaeTcs. EMWHCTBEHHAs MaJTUTHU3UPOBAHHAS
KJIETKA MOJKET CTaTh NMpUYWHON paka [3]. anHOoe
o0I1iee ompeiesieHre paka HOCUT OMKUCATETbHBIN Xa-
paKTep, U €ro CJI0KHO MPUMEHATH B IOBCEAHEBHOMN
MpaKTHKe, Tpebyercs pabouee onpeneseHue. Bree-
HHE HOBBIX MapKEPOB MOBBICHJIO TOUYHOCTb OHKO/IH-
arHOCTHUKH, HO OTO MOXKET MPUBECTU K CEPHE3HBIM
W3MEHEHUsAM II0Ka3aTeJIel pacipoCTPAHEHHOCTH U
MOTPENTHOCTAM MPUMEHHUTETHPHO K YaCTHU PAKOBBIX
nopakenuil. Tekymue kaccuduKanuu OIyxoJiei
BcemupHnot opranmuzanuu 3gpaBooxpanenus (BO3)
BKJIIOYAIOT HOBBIE pa3pabOTKM, OCHOBAaHHbBIE HA JIaH-
HBIX TaTOMOP(HOJIOTUH U TeHETUKHU, TIPH 3TOM BEY-
UMH  JUATHOCTUYECKUMH  KDUTEPHUSMH  I10-
MpeKHEMY OCTAIOTCSA MOpPQOJIOrHuUecKue, B JaHHOU
CUTYaIlUH Pe3yJIbTaThl MOJIEKYJISIPHBIX HCCJIEIOBA-
HHUH MOTYT CTaTh Ba}KHBIM JIOIIOJTHEHHEM K THCTOJIO-
THYECKOMY HCC/IEIOBAHUIO, HO HE 3aMEHSAT €ro [4].

Pak sBisieTcss BaskHeHIEH MpobIeMOl 3ApaBo-
OXpaHEHUsI BCJIEJICTBHE OOJIBITION pacIpOCTPaHEHHO-
CTH, TSXKECTU BBI3BIBAEMOTO MOPAXKEHUA U CJIOKHO-
CTel, CBSI3aHHBIX C JIEUEHUEM ITallIEHTOB OHKOJIOTH-
geckoro mpodwis [5]. CorsacHO wucceqOBaHUAM
GLOBOCAN 2012 (MupoBoii atsiac paka), B 2012 T.
3apEruCTPUPOBAHO IPUOIU3UTENBHO 14.1 MJTH HOBBIX
CJIyJaeB paka U 8.2 MJIH yMEPINHX OT MPUYHH, CBS-
3aHHBIX C PAKOM; JIJIs CPaBHEHUSA B 2008 T. 3TH 1Tud-
PBI cCOCTaBWIU 12.7 U 7.6 MJIH COOTBETCTBEHHO. O1ieH-
Ka pacipoCTpaHEHHOCTH IOKaszaja, 4YTo B 2012 T. B
Mupe y 32.6 MJIH UeJI. cTapiile 15 JieT ObLI pak, Jua-
THOCTHPOBAHHBIN B IPEIIECTBYIOIINE 5 JIeT [6].

INTRODUCTION

Cancer is the uncontrolled proliferation of so-
called malignant cells, due to certain abnormal
characteristics. The proliferation can remain local-
ized (tumor) or spread to other sites, either lym-
phatically or through the blood (metastasis). Cancer
is a DNA disease. Certain genes present abnormali-
ties already existing in the initial egg for rare he-
reditary cancers and appearing in certain cells dur-
ing life for the many acquired cancers. This means
that genes of normal structure at the start have
changed. Cancer is caused by genetic abnormalities
in a cell. At least two changes and often more, usu-
ally four, are necessary for the cell to become malig-
nant [1]. The cell loses its specific shape, no longer
reacts to external signals, in particular to signals
growth inhibiting [2]. It multiplies excessively, as
well as its descendants. A single malignant cell can
be the basis of cancer [3]. This general definition of
cancer is descriptive and difficult to apply routinely,
working definitions being required. The introduc-
tion of new markers has improved diagnostic preci-
sion, but can potentially result in big changes in
prevalence and uncertainties for particular lesions.
The current World Health Organization classifica-
tions of tumors incorporate new developments
based on pathology and genetics, the leading crite-
ria still being morphological; in this context, mo-
lecular findings complement the histological evalu-
ation without replacing it [4].

Cancer is a real public health problem, due to its
frequency, its severity and the difficulties associated
with its management [5]. According to GLOBOCAN
2012 (Global Cancer Atlas), an estimated 14.1 million
new cancer cases and 8.2 million cancer-related
deaths occurred in 2012, compared to 12.7 million
and 7.6 million in 2008, respectively. Prevalence es-
timates for 2012 show that there were 32.6 million
living people (over the age of 15) diagnosed with can-
cer in the previous five years [6].

After the diagnosis is announced, cancer man-
agement is put in place: it involves several treat-
ments that are articulated throughout the course of
care. The decision on the choice of treatment is tak-
en by mutual agreement between the doctor and the
patient [7]. There are three primary approaches to
treating cancer: surgery, radiation, and pharmaco-
logical therapy (including chemotherapy, targeted
therapy, hormone therapy and immunotherapy).
Surgery and radiotherapy remain two essential
strategies in the treatment of cancer [5]. The main
objective of the current researches is to reduce the
side effects of these treatments. Regarding surgery,
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ITocste TorO, KaK AMArHO3 paKa MOCTaBJIEH, Pa3-
pabaTbIBaIOTCA MEpPHI 110 €r0 JIEYEHUIO: OHO IT0/Ipas-
yMeBaeT MyJIbTUAUCIUIUIMHAPHBIN OAX0/ — IIPH-
MeHeHHe PAa3JIMYHBIX METOZIOB, KOTOpbIe OYIyT KO-
OPJIMHUPOBAThCs B Ipoliecce JyiedyeHus. [IpuHsaTHE
peleHyuss OTHOCUTENBHO JIEUEHUS ITPOUCXOAUT C
y4eToM MHeHWs namueHTta. [7]. CymiectByeT Tpu
OCHOBHBIX TIOXOJIa K JIEUEHWIO paKa: XHUpypruye-
CKHH, JIyueBas Tepamus M ¢apMakorepanusa (Xu-
MHO-, TApreTHasi, IMMYHO- ¥ TOPMOHOTepanus). Xu-
PYPTHs U JiydyeBasl Tepamlus OCTAIOTCs AByMs 6as3o-
BBIMU CTPATETUSIMU B JieueHUU paka [5]. OcHOBHast
3a71a4a COBPeMEHHBIX UCC/Ie/IOBAHUH — CHU3UTB I10-
6ounble 3(pdeKTrI TeueHus paka. biaromaps gqoctu-
JKeHHUAM POOOTU3UPOBAHHOU XUPYPTUU IOSIBUIIIACH
BO3MOKHOCTh IIPOBOJIUTh MaJIONHBA3UBHBIE BMe-
maTeabcTBa. UTO KacaeTcs JiyueBOH Teparuu, TO 3a-
Jlauel sBJsfeTcs pa3paboTka METOAUK, KOTOPHIE TI0-
3BOJIAT MAaKCUMaILHO TOYHO 00JIy4aTh OIyX0JIh, Oe3
MIOBPEXKIEHUs OKPYKAIOIINX 3/T0POBbIX TKaHel. Ta-
KUM 00pa3oM, COBpeMeHHbIE HCCIIeZIOBAHUS (POKY-
CUPYIOTCS HA U3YYEHUU COOCTBEHHO KJIETKU OITyXO-
sn. Cefiyac mepez; MCC/IEZIOBATENAME CTOUT HOBasd
3a71a4ya: UM IIPEACTOUT HOHATh, KAK PAKOBBIE KJIETKHU
B3aMMOJIEWCTBYIOT CO CBOMM OJIMKAUIIINM OKpYKe-
HHUEM U KaKHe IMPOIECCHl OHU HCIIOIb3YIOT, UTOOBI
n36ekaTh BCTPEUH C UMMYHHOH CHCTEMOU WA Me-
TacTa3upoBaTh? I[IoOHNMaHNe 5TUX MEXaHU3MOB MO-
JKeT IPUBECTH K MOSIBJIEHUIO HOBBIX BU/IOB JIEUEHHUS.
B Hamem 0630pe pesicTaByIeHbl COBPEMEHHBIE JTAH-
HBIe, Kacaloluecsi OHKOTeHe3a M MEXaHU3MOB, IIPU-
BOJAIINX K MeTacTa3zupoBaHuio. OH OXBaThIBaeT 00-
I[{e AaCIIeKThl OHKOIATOJIOTHH, BKJIIOYAs HOBBIE
JIaHHBIE O JIEUeHUH PaKa.

YTO TAKOE PAK?

Pak — 310 TepMuH U3 00J1aCTU T€HETHKH, WC-
I0JIb3yEeMBIH JIJIsI OITUCAHUS OOJIBIIION IPYIIIBI 3260~
JIEBaHU, MOPAXKAIOIIUX JII00YI0 YacTh TeJla U XapaK-
TEPUIYIONUXCSA IMATOJIOTUYECKOU Mposrdepanuei
BBIIIIEJIIINX U3-110]] KOHTPOJIS KJIETOK [8] u TemM oT-
JIMYATOIIHNXCS OT 37I0POBBIX, POCT U JieJIEHHE KOTO-
PBIX KOHTpOJIUpPyeTCs: opranu3Mom. Eciiu 310poBbie
KJIETKH, CO BPEMEHEM CTapelolle WU OKa3bIBalo-
IIHeCs TOBPEK/IEHHBIMH, YMUPAIOT, TO aHOMAJIbHBIE
BBIPACTAIOT 70 HEOOBIYHBIX PA3MEPOB U OE30CTaHO-
BOYHO J1eJIATCsA, GOPMUPYS, KaK MPABUJIO, JOCTATOY-
HO OOJIBIIYI0 COBOKYITHOCTH KJIETOK, Ha3bIBAEMYIO
OIyXOJIbI0. BhIIIeanne u3-moja KOHTPOJIS KJIETKH
CITIOCOOHBI ITPOPACTATh B IMPUJIETAIOIINE TKAHU HJIN
pacmpocTpaHAThCA B JOOBIE IPYTHE OPTaHbl — BTOT
MpoIlecCc Ha3bIBAETCs MeTacTa3supoOBaHUEM, DaKTH-
YEeCKH OH SIBJISIETCA OCHOBHOW IPUUYMHOU CMEPTHU
OHKOOOBHBIX [9, 10]. C TOUKH 3peHHsT GHOJIOTUH

advances in robotics allow the development of less
invasive approaches. With regard to radiotherapy,
the objective is to develop more precise irradiation
techniques, allowing as much as possible to spare
the healthy tissues surrounding the tumor to be de-
stroyed. Research has so far focused largely on the
tumor cell itself. The new challenge for researchers
is now to understand how these cells interact with
their immediate environment. What processes do
they put in place to escape the immune system or to
successfully spread? Understanding these mecha-
nisms could lead to the development of new types of
treatment. This review highlights the new facts in
cancer development and mechanisms implicated in
oncogenesis and metastasis. It covers the general as-
pects of cancer including the new data in cancer
therapy.

WHAT IS CANCER

Cancer is a genetic term used to describe a large
group of diseases that can affect any part of the body
and are characterized by the abnormal proliferation
of miss-regulated body cells [8], which in contrast
to normal cells that grow and divide to form new
ones as the body needs them; and when they grow
old or become damaged, they die, these abnormal
cells grow beyond their usual boundaries and divide
without stopping, forming in most cases lumps of
cells called tumors, the miss-regulated cells can in-
vade adjoining parts of the body and even spread to
other organs in a process called metastasis, which is
in fact the major cause of deaths from cancer [9, 10].
From a biological point of view, cancer could be de-
scribed as a loss of multicellularity, where cells lose
their specialization, value their existence over the
organism’s and ignore body signals that normally
tell cells to stop dividing and/or ones that start a
process known as apoptosis (programmed -cell
death) [8, 9] (Fig. 1).

With the possible unique exception of the naked
mole rat (Heterocephalus glaber), almost all meta-
zoans especially long living animals face the chal-
lenge of cancer, with some animals being more prone
to it than others [8], beyond animals there is an ar-
gument that other multicellular organisms, i.e.
plants, suffer from cancer as well [11], however, oth-
er authors beg to differ, they state that plants do not
develop cancer [12]. This quasi-ubiquity across al-
most all metazoan species enforces the idea that can-
cer mechanisms are deeply embedded in our evolu-
tionary history, a conjecture that is in line with Ge-
netics and Paleontology [8] as dinosaur tumors have
been documented several times [13].
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340POBBIE KJIETKH
NORMAL CELLS

PAKOBBIE KJIETKI
CANCER CELLS

Puc. 1. 3710poBbIe U HOPaXKEHHbIE PAKOM TKaHHU [9]
Fig. 1. Normal tissues and cancerous ones [9]

pak MOXKHO pacCMaTpUBATh KaK yTpaTy MHOTOKJIe-
TOYHOCTH, KOT/Ia KJIETKU TEPSIOT CBOIO CIIEI[HaTN3a-
nuio, GYHKIMIO U UTHOPUPYIOT CUTHAJIBI O HEOOXO0-
JIUMOCTH IIPEKPATHUTD JIeJIEHNE U/ U1 BKIIOUUTHCS B
IpoIlece aronTo3a (IIporpaMMHPOBAaHHOU THOEH
KJIETOK) [8, 9] (puc. 1).

[IpakTHYecKu BCE MHOTOKJIETOUHBIE OPTraHU3-
MbI, OCOOEHHO KWUBOTHBIE C OOJIBIIION IPOJOJIKH-
TEJIbHOCTBIO JKU3HU, IOJIBEPXKEHbI PaKy, OAHU B
OoJIbIlIed, IPyTHe — B MEHbIIEH CTEIeHH, U, BO3-
MOKHO, €IUHCTBEHHBIM U YHUKAJIbHBIM HCKJIIOYE-
HUeM sBJisieTcs Tosbiil 3emuiekon (Heterocephalus
glaber) [8]. Psj ydeHBIX moJiaraer, 4ToO, MOMHMO
JKMBOTHBIX, PAKOM IOPAKAIOTCSA U JAPYTHe MHOTO-
KJIETOYHblE OpPraHU3Mbl — HAIPUMEP, PACTEHUS
[11], ux OIITTIOHEHTHI TPU/IEPIKUBAIOTCS IPYTOTO MHE-
HUs, CIUTas], YTO y PACTEHHH HE MOXKET OBITh paka
[12]. 9Ta AKOOBI YHUBEPCAIBHOCTh paKa IpaKTHUe-
CKH JIJISI BCEX MHOTOKJIETOUHBIX BH/IOB TIO/ITBEPK/Ia-
€T TUIT0Te3y O TOM, UTO B OCHOBE KaHI[EPOreHe3a Jie-
JKUT JIDEBHEUIINN SBOJIIOIUOHHBIA MEXaHU3M —
MIPEATIOIOKEHNE, KOTOPOE COIJIACYETCS C JAHHBIMU
HCCIIEZIOBAaHUHN B 00JIaCTH T€HETHKH W ITaJE€0HTOJIO-
THH, IOCKOJIbKY HEOTHOKPATHO OBLTH OIIHCAHBI OITy-
XOJIN y IUHO3aBPOB [8, 13].

BUJIbI PAKA

PakoBas OITyX0JIb MOKET BOBHUKHYTH B JIIO0OH
obJlacTH OpraHM3Ma, COCTOSIIETO0 M3 TPUJIJIMOHOB
KJIETOK. B HacTosImee BpeMs BBIIEJISIOT OoJiee 200
Pa3HOBHJIHOCTEN paKa, GOJIBIIMHCTBO U3 KOTOPBIX
MIOATIA/IAIOT TIOJT OHY U3 TPEX OCHOBHBIX KATETOPHI:
1) KAaPIIUHOMBI, 2) CAPKOMBI U 3) JIEUKO3BI U TUMGO-
Mbl. KaprimHoMma — 3J10KauecTBEHHAA OITyXO0JIb, Pa3-

CANCER TYPES

Cancer can arise from almost anywhere in the
body, which is comprised of trillions of cells. There
are more than 200 types of cancer and most fall un-
der one of three main categories: 1) carcinomas,
2) sarcomas, and 3) leukemias and lymphomas. Car-
cinomas are malignancies of epithelial cells; the most
prevalent category as they account for more than
90% of human cancer. Sarcomas are malignancies of
connective tissues like muscles, bones, cartilage and
fibrous tissue, the rarest in human cancer, account-
ing for no more than 2%. Leukemias and lymphomas
account for 8% of human cancer and arise from the
blood-forming cells and from cells of the immune
system, respectively [9, 14].

Cancer in animal cells

How cancer arises and cancer drivers. The
question of “What causes cancer” has intrigued
humanity for many generations and was among
the hottest topics of science for centuries [15]. And
today, we know that the fundamental abnormality
resulting in the development of cancer is the con-
tinual unregulated proliferation of cancer cells
[14]. These cells arise from normal cells after they
undergo a transformation process known as carci-
nogenesis (oncogenesis or tumorigenesis) [16],
this histopathological process is accompanied by
the accumulation of genetic alterations to genes
that normally control cell function, mainly ones
that control how a cell grows and divides [9, 17].
These genetic changes that contribute to cancer
are called “Cancer driver mutations” and tend to
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BHUBAIOIIAsACS U3 BIUTETUAIBHBIX KJIETOK. JTO ca-
MbIH pacIpoCTpaHEeHHBIN BUJI paka, Ha JOJIF0 KOTO-
poro npuxonutcs 6osiee 9O % Bceli OHKOIIATOJIOTHHU
yestoBeka. CapkoMa — 3JI0KQUeCTBEHHASI OILyXOJIb,
KOTOpasi pa3BUBAeTCA U3 COEAUHUTEIbHON TKaHU
(MPBINIIEYHOM, KOCTHOH, XpAIMIEBOH U ¢Gubpo3HOii).
ATO caMblil peAKUi BUJ paka — Ha ero JOJII0 IpHU-
xozutes He 6ostee 2 % ciaydaeB. JIeliko3 u tum@oma
MIPOUCXOJAT U3 KJIETOK KPOBETBOPHOH U UMMYHHOM
CUCTEM COOTBETCTBEHHO, HA WX JIOJII0 MPUXOAUTCS
8 % cayyaeB paka B UEJIOBEUECKOH MOIYJIAIUU
[9, 14].

Pax u xkaemxu opzaHusma

BosHukxHoBeHue u paszsumue pakogoil onyxoau.
Bormpoc 0 ToOM, UTO BBI3BIBAET PAK, HHTEPECOBAI Ue-
JIOBEUECTBO Ha MPOTSKEHUH MHOTUX TOKOJEHUH U
OB B HAYKe OJTHUM U3 CaMbIX 3J1000/THEBHBIX [15].
Ha ceromHsaHuM eHb U3BECTHO, YTO OCHOBA aHO-
MaJIi¥, TIPUBOASAIIEH K Pa3BUTUIO OIMyXOJU — He-
MpeKpamnarmnascsai OeCcKOHTpoJIbHAs mposrdepa-
[UST PAKOBBIX KJIETOK [14]. DTH KJI€TKM BO3HUKAIOT
U3 3/IOPOBBIX, IIOCJIE TOTO KaK OHHU ITO/IBEPIVIHNCH
TpaHchOpMAaIUK B XOJ/ie ITPOIecca, Ha3bhIBAEMOTO
kaHIeporene3oMm (oHkoreHe3zom) [16]. OHkoreHes
COTIPOBOK/TaeTCS HAKOTLJIEHUEM TTOBPEK/IEHUN B re-
HaX, KOHTPOJIUPYIOIIUX KJI€TOUHbIE (DYHKITUH, TJIaB-
HBIM 00pa30M, POCT U JieJIEHHE KJIETOK [9, 17]. I'ene-
THYECKUe U3MEHEHUs], CIIOCOOCTBYOIIE 00pa3oBa-
HUIO OITyXOJIHU (MX HA3BIBAIOT JIpAaWBEPHBIMU KaHIlE-
POTE€HHBIMH MYTAIUAMU), BIUAIOT Ha IPOTOOHKOTE-
HBI, TEHBI-CYIIPECCOPHI OIMYX0JEBOTO POCTa U T'eHHI,
yuactByomue B penapanuu JHK [9]. [ToBpexnen-
HbI€ T€HbI, KOTOPbhIE CIIOCOOCTBYIOT BOSHUKHOBEHUIO
OITyXOJIU, HA3hIBAIOT FreHaMU-/IpaiiBepamMu paka [18].

Bce narosiornueckrie u3MeHeHUsI OOBIYHO SIBJIS-
IOTCSI COMAaTUYECKUMU COOBITUAMU, XOTSI HEKOTOPbIE
repMUHAJIbHbIE MyTallid MOTYT IPOBOIIMPOBATH
BO3HUKHOBEHHE II€PEIAIOIIErocss IO HaCIECTBY
WIX CEMERHOTO PAKOBOTO CHHAPOMA. 37eCh CIIeIyeT
OTMETUTD, YTO IJIABHBIM ITyHKTOM B IIPE/ICTABJIEHUH
MOJIEKYJISIPHOH OHKOJIOTHU O PaKe SIBJISIETCS TO, UTO
OH He BO3HUKAeT BHE3AIHO, B OZIUH MOMEHT, a eIu-
HUYHAs TeHeTHYecKas MyTallus PEIKO IMPUBOJUT K
00pa30BaHUIO 3JI0KAYECTBEHHOU OITyXO0JIH, 3TO, CKO-
pee, MHOTOCTYIIEHUATHIH IIPOIIECC, COCTOSIIUN U3
MOCJIEIOBATEIbHBIX TTOBPEK/IEHUN B HECKOJIBKHX,
3aYacTyI0 MHOTOUYHCJIEHHBIX PAKOBBIX TeHax [19], B
YuCIIe KOTOPBIX:

— IIpoTtoonkorensl. OHU KOAUPYIOT IPOTEUHBI,
KOHTPOJIMPYIOIIIHE KJIETOUHYI IpOoJH(eEpaIuio,
aronTo3 win oba mporecca. Korja st TeHbl orpe-
JIeJIEHHBIM 00pa30M MOBPEXKIAIOTCSA U AKTUBUPY-
I0TCsI, OHH TPaHC(POPMUPYIOTCS B OHKOTEHBI, KOTO-

affect the following genes: proto-oncogenes, tu-
mor suppressor genes and DNA repair genes [9],
the affected genes are known as “Cancer driver
genes” [18].

The alterations are usually somatic events, al-
though some germ-line mutations can predispose a
person to heritable or familial cancer and we must
note that a central feature of today’s molecular view
of cancer is that cancer does not develop all at once,
a single genetic change is rarely sufficient for the de-
velopment of a malignant tumors, rather it is a mul-
tistep process of sequential alterations in several,
often many of the cancer genes [19] among which
are:

— Proto-oncogenes. They encode proteins that
control cell proliferation, apoptosis, or both. When
these genes are altered in certain ways or activated,
they may become cancer-causing genes or onco-
genes, allowing cells to grow and survive when they
should not [9, 20].

— Tumor suppressor genes. These genes belong
to the negative regulators of the cell cycle, they regu-
late cell growth and division, cells with certain alter-
ations in tumor suppressor genes may divide in an
uncontrolled manner [9, 21]. Among these tumor
suppressor genes is the p53 gene, alterations or inac-
tivation of p53 through mutations or interactions
with oncogenes are the most common genetic chang-
es in human cancer [21].

— Oncogenes and tumor suppressor genes. They
may come in the form of microRNAs (miRNAs)
which are a family of small non-coding RNAs that
regulate a wide array of biological processes includ-
ing carcinogenesis. In cancerous cells these dysregu-
lated miRNAs have been shown to affect the hall-
marks of cancer, including sustaining proliferative
signaling, evading growth suppressors, resisting cell
death, activating invasion and metastasis, and even
inducing angiogenesis (the process of forming new
blood vessels) [22].

— DNA repair genes encode proteins involved in
fixing damaged DNA. Cells with mutations in these
genes tend to develop additional mutations in other
genes facilitating the Carcinogenesis process [9]
(Fig. 2).

The driver mutations are the result of either
intrinsic factors namely the evolutionary nature
of metazoan cells and aging, or due to the interac-
tion between a person’s genetic factors and exter-
nal agents [18] which are classified into 3 catego-
ries:

— Physical carcinogens, such as ultraviolet and
ionizing radiation.
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pbl€e MO3BOJIAIOT KJIETKAM OECKOHTPOJIBHO JIETUTHCS
U He THOHYTH [9, 20].

— I'eHbl, TOJABJIAIOIIHIE OIYXOJIEBBIA POCT. SB-
JISIIOTCSL HETATUBHBIMHU PETyJIATOpaMH ITUKJIA pOCTa
U JleJIeHUs KJIETOK; KJIETKU C OTIpe/ieJIEHHBIMU MyTa-
OUSAMH B T€HaX-CyIIPECcopax MOTyT O€CKOHTPOJIBHO
nenuThes [9, 21]. T'eH p53 — oauH U3 HauboJee 3Ha-
YHUMBIX CPeiNl TeHOB-CYIIPECCOPOB, MOBPEXKEHU B
HeM WU ero WHAKTUBAIUA BCJIEJCTBHE MyTaIlUuU
WJIN KOHTAKTa C OHKOT'€HOM SIBJISIOTCS OZHOU U3 ca-
MBIX PACIIPOCTPAaHEHHBIX TeHeTHUeCKUX aHOMaIUH y
YyeJIOBEKa IpH pake [21].

— OHKOreHaMH M TeHaMHU-OHKOCYIIpeccopaMu
MoryT BeicTynatb MUKpoPHK — kitace masnbix Heko-
qupyoomux mosnekysn PHK, perynmpyromux mumpo-
KHUH CIIEKTP OMOJIOTMYECKHX IIPOIIECCOB, B TOM UHCIIE
KaHIleporeHes. B pakoBbIX KJI€TKAX JieperyJIupoBaH-
Hble MUKpOPHK MoryT comeiicTBOBaTh KITIOUEBBIM
IporieccaM, XapaKTEPHBIM JJIsI PAKOBOU OIYXOJIH,
BKJIIOYASA MOJJIePKaHuEe YCTOMYMBOU mposudepa-
TUBHOH CUTHAJIN3AINU, YKIOHEHHE OT CYIIPECCOPOB
npostridepanyiu ¥ 3al[UTy OT alloNTO3a, HHBA3UIO U
MeTacTa3upPOBaHME U JayKe aHTHoreHe3 (oOpasoBa-
HHE HOBBIX KDOBEHOCHBIX COCY/IOB) [22].

— Tennr penaparnuu JTHK. Koaupyroor Geakw,
YJacTBYIOIIE B BOCCTaHOBJeHUU wucxogHou JJHK
rocsie NoBpeXxJeHusA. Kierku ¢ MyTanusMu B reHax

— Chemical carcinogens, such as components of
tobacco smoke, arsenic (a drinking water contami-
nant).

— Biological carcinogens, such as infections
from certain viruses, bacteria, or parasites [10].

Tumors and how cancer cells interact with
their surroundings. Cancer cells have an increased
capacity for proliferation, survival and invasion, al-
lowing them to survive when they should not, and to
form new cells when they are not needed, the extra
cells just like the original divide and multiply with-
out stopping, they have also the ability to compete
with normal cells, go unnoticed by the immune sys-
tem and establish themselves in tissues forming in
most cases growths called Tumors [9, 23]. A tumor
is any abnormal proliferation of cells and almost all
cancer types result in solid tumors with the excep-
tion of blood cancers like leukemias. Tumors can be
benign or malignant. A benign tumor does not
spread into, or invade, nearby tissues but rather
stay confined to its original location, and when re-
moved this type of tumors do not usually grow back.
A malignant tumor on the other hand is capable of
both invading surrounding tissues and of spreading
to distant organs throughout the body via the circu-
latory or lymphatic systems: metastasis. In oncolo-
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penapanuu JIHK o0ycioBIUBaOT pa3BUTHE JOTIOJ-
HUTEJIBHBIX MyTallU{d B JPYTHX FeHax, YTO CII0CO0-
CTByeT IIpolieccy KaHieporesesa [9] (puc. 2).

JpaliBepHble MyTaIlliH ABJIAIOTCA PE3YIHTATOM
160 BHYTPEHHMX IIPOIIECCOB, & UMEHHO — CJIE]I-
CTBHUEM OJBOJIIOIUOHHON MPUPOABI KJIETOK MHOTO-
KJIETOYHBIX OPTaHU3MOB U CTApeHUsI, JTUO0 B3aNMO-
JIEACTBUS TeHeTHYeCKuX (HDaKTOPOB UeOBEKa U
BHemHUX ¢aktopoB [18]. BHemnue ¢hakTophl MO~
PpaszenaioTesa Ha 3 BUjia:

— DusnyecKkre KaHIEPOTeHbl, TAKHE KaK YJib-
TpadroIeTOBOE ¥ HOHUBUPYIOIIee U3JIyIeHHE.

— XuUMHYecKre KaHIEPOTeHbl, TAKNEe KaK KOM-
[TOHEHTHI TAOAYHOTO IbIMA, MBIIIBSK (3aTPSI3HUTED
IIATHEBOM BOJIBI).

— bBuosornueckrue KaHIEPOTEHBI, TaKHe KaK
nHGEKIUY, BbI3bIBAEMblE HEKOTOPHIMU BHUPYCAMH,
bakTepusAMU WU apa3uTaMu [10].

Onyxoau u 83aumodeticmeue paxkosblx KAemox
Co ceoum okpyxceHuem. PakoBble KJIETKH OTIHYa-
IOTCSI TIOBBINIEHHON CIIOCOOHOCTHIO K mposiudepa-
UV, UHBA3UHM U 3HAYNUTEJIHbHON BBIKUBAEMOCTHIO,
YTO IO3BOJIAET UM H30eXKaTh 3alporpaMMUPOBAH-
HOH rubesnu, 6ECKOHTPOJIBHO PACTU U HENPEPHIBHO
ZenuThesa. Kpome Toro, 5T KJIETKH KOHKYPUPYIOT CO
37I0POBBIMU KJIETKAMH, 00XO0/Is1 3alIUTHbIE MEXaHU3-
Mbl UMMYHHOU CHUCTEMbI; B TKAHIX TaKHe KJIETKU B
OOJIPIIIMHCTBE CITyyaeB 00pa3yloT pa3pacTaHus, Ha-
3bIBaeMbIe OIyXOJIsAMU [9, 23]. Omyxosb — pesysib-
TaT HEKOHTPOJIUPYEMOU mposiudepanuyl KJIeTOK, U
IIPAKTUYECKU BCe BUBI paKa MPUBOAAT K COJIUI-
HBIM /TJTOTHBIM OITyXOJISIM, 32 UCKJIFOUeHHUEM JIEUKO-
30B. Omyx0Ji1 MOTYT OBITh TOOPOKAYECTBEHHBIMU U
3JI0KaYeCTBeHHbIMU. [[06pOoKauecTBEHHAS OITyXOJIb
He IpopacTaeT B OJIn3IeKalue TKaHu, He 001a1aeT
WHBA3UBHBIM POCTOM, OCTAETCS TaM, T/le BO3HUKIIA,
a TI0CcJIe XUPYPrHIECKOTO JIeUeHHsI OOBIYHO He Peru-
IUBHUPYeT. 3JI0KauecTBEHHAsT OIIyX0Jib, HAIPOTHUB,
criocoOHAa aKTUBHO IIPOpacTaTh B OJIu3sieskaliue
TKaHU U Yepe3 KPOBOTOK U JIMM(PATHIECKYIO CUCTe-
My PacIIpOCTPAHATHCSA B yAaJIeHHbIE OT IEPBUYHOTO
ouara 4acTu OpraHU3Ma — MeTacTa3upOBaTh.

B oHKOJIOTHH K PaKy OTHOCST TOJIBKO 3JI0KaUe-
CTBEHHBIE OIYyXOJIH; B CYII[HOCTH, UMEHHO CII0C00-
HOCTh K METAaCcTa3UPOBAHUIO OOYCJIOBJIUBAET WX
KPaNHIOIO OMACHOCTD U SIBJISAETCS MPUINHOM JIETATTb-
HOCTH y WAIMEHTOB OHKOJIOTUYECKOTO IPOGUIs
[14]. B oTsinume oT 0OpOKAaYECTBEHHBIX OIyXOJIeh
Ppa3HOH JIOKaIu3anuy, J00pOKauYeCTBEeHHBIE OITyXO-
JI¥ TOJIOBHOTO MO3Ta MIPEICTABJISIOT KPAaHHIO OIIac-
HOCTb U, TPAKTUYECKH TaK Ke, KaK U 3JI0KAUeCTBEH-
HBIE OITyXOJIU, HECYT yrpo3y Ku3HU 601bHOTO [9].

VuuThIBas, YTO OIYXOJIM BOBHUKAIOT BCJIEACTBIE
u30BITOYHON W Hepekparawleiicsa mpoaudepa-

gy only malignant tumors are properly referred to
as cancer, and in fact the property of being meta-
static is what makes this type of tumors so danger-
ous and is the reason for most deaths of cancer [14].
Contrary to most benign tumors elsewhere in the
body, benign brain tumors are extremely dangerous
and much like malignant tumors are life threaten-
ing [9].

Given the fact that tumors arise from the ex-
cessive and the non-stopping proliferation of can-
cer cells, it is a common misconception that they
are lumps of clones of the same cells, tumors how-
ever much like organs are composed of multiple
cell types with different functions and even an ex-
tracellular matrix, and despite being structurally
and functionally abnormal a lot of tumor develop-
ment aspects resemble processes seen in develop-
ing organs [24]. As tumors progress and develop
they undergo dramatic morphological changes and
much like normal organs this includes the stroma.
Different components of the tumor stroma influ-
ence the progression and with varying influence
rates as the stroma of the later stages is more sup-
portive of tumor progression than the stroma of
early stages. Cancer cells can also instruct sur-
rounding tissues to undergo changes that promote
malignancy, fibroblasts activated by the tumor mi-
croenvironment are largely responsible for tumor-
associated changes in the extracellular matrix
(ECM), mainly upregulating and extensive remod-
eling, this altered ECM then influences tumor pro-
gression by architectural and signaling interac-
tions, further more normal fibroblast when in con-
tact with their neighboring cells inhibit migration
and adhere normal cells to each other, forming an
orderly array of cells, cancer cells in contrast, move
nonstop even after contact with their neighbors,
migrate over adjacent cells, and grow in disor-
dered, multilayered patterns.

Another fundamental aspect of the develop-
ment and differentiation of tumors is the recruit-
ment of vasculature. To assure growth, tumors re-
cruit blood vessels in a process named the “Angio-
genic switch”, which can occur at different tumor
progression stages. In contrast to the normal vascu-
lature, tumor blood vessels are irregular and can
have dead ends resulting in an abnormal blood flow,
as well as extravasation of excess fluid and proteins
from the capillaries, the leaked fluids and proteins
are then taken by the lymphatic system and reintro-
duced into the blood stream promoting lymphatic
growth [14, 24].
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MY PAKOBBIX KJIETOK, CYIIECTBYeT OIINOOYHOEe, Ha
Halll B3IVISAJI, MPEJICTABJIEHUE, COIJIACHO KOTOPOMY
OIIyXOJIb — 9TO 00pa30BaHUE, COCTOSAIIEE U3 OFMHA-
KOBBIX KJIETOK, SIBJISIOIINXCS KJIOHAMU OJHUX U TEX
’JKe KJIETOK, HO OILyXOJIH, IIOZI0OHO IPYTUM OpraHam,
COCTOSIT M3 MHOKECTBA THUIIOB KJIETOK C PA3THYHBIMH
pyHKIMAMY U Ja’ke BHEKJIETOUHOTO MaTPUKCA U, He-
CMOTpPS Ha CTPYKTYPHYIO U (DYHKI[MOHAJIBHYIO Jie-
(bexTHOCTH, MHOTHE ACIIEKTHI X PA3BUTHUSA HAIIOMU-
HAIOT TAKOBbIE B PA3BUBAOIIMXCA OpraHax [24]. Omy-
XOJIM B XOZIe POCTA W Pa3BUTHUSA IPETEPIIEBAIOT Ce-
pbe3Hble MOPGOJIOTHUECKHe W3MEHEHUs: KaK U B
OOBIYHBIX, 3I0POBBIX OpraHaX, B 3TH U3MEHEHUA BO-
BJIeUeHa W cTpoMa. Pas3jinuHble 3JIEMEHTHI CTPOMBI
OTIyXOJIH BJIUAIOT HA ee IPOrPeCCUPOBaHUE B Pa3HOM
CTEIleHU: HA IMO3JHUX CTA[VAX Pa3BUTHUSA OITyXOJIH
cTpoMa B OOJIBIIIEN CTENIEHHU TIO/IJIEPIKUBAET OITyXO0JIe-
BYIO IPOTPECCHUI0, YEM CTPOMA TOU JKe OIyXOJIh Ha
paHHe# ctanun. PakoBble KJIETKH TaKKe MOTYT WH-
CTPYKTUPOBATh KJIETKH OKPYKAIOIINX TKaHEH, CIIO-
COOCTBYsI U3MEHEHUSIM, BEAYIIUM K UX MaJIUTHU3A-
OUH. AKTUBUPOBAHHBIE OIyXOJIEBBIM MUKDPOOKDY?Ke-
HHeM (HUOpPOO6IIACTHI B 3HAUUTEILHON Mepe CIoco0-
CTBYIOT Pa3BUTHIO U3MEHEHHUH B DKCTPAIETIOJIIPHOM
MaTpUKce — IPEXK/E BCETO, CTUMYJIHPYS €0 aKTHB-
HOCTb U IIPUBO/ISL K OOIIIMPHOMY PEMO/IETUPOBAHHIO.
Tenepb 5TOT U3MEHEHHBIN BHEKJIETOUHBI MAaTPUKC
OKAa3bIBAET BJIMSHIE HA OIyXOJIEBYIO IPOTPECCUIO Ue-
pe3 apXUTEKTOHUKY U CUTHAJIbHOE B3aUMOJIENCTBHE.
Bce 370 BezieT k TpaHcopManuy BHEKJIETOYHOTO Ma-
Tpukca. Ecsti B HoOpMe pu KoHTaKTe prubpobIacTon
C COCEZIHMMH KJIETKAMU OHU II0/IABJIAIOT MUTPALIUAIO
U YIEPKUBAIOT KJIETKU JIPYT BO3JIE IPYTa, (POPMHUDPYS
JIOCTATOYHO YIOPATOYEHHYIO KJIETOIHYIO CTPYKTYPY,
TO TPU HAJUYUHU OIYyXOJIEBOTO IIPOIECCA PAKOBBIE
KJIETKH, HAIIPOTHUB, JIBUTAIOTCS B PEKUMe HOH-CTOI
JlaKe I0ocjie KOHTAKTa C COCETHUMU KJIETKaMU, Ha-
I10J13aI0T HA HUX U IPOJIUGEPUPYIOT, 00pasyst MHOTO-
CJIOMHBIE HEYTIOPsIIOUeHHbIE KIIETOUHbIE CKOTIEHUS.
Jlpyrass wiroueBass 0COOEHHOCTh Pa3BUTUS U
b depeHITUPOBKY OIyX0JIEH — BOBJIEYEHHE B IIPO-
IIecC COCYIAUCTOro pycia. st obecrieueHus: CBOETo
pocTa OIyXoJii BOBJIEKAIOT KPOBEHOCHBIE COCYZIBI B
poriece, KOTOPBIN Ha3bIBAETCS «aHTUOTEHHOE Iepe-
KJIIOUEeHUEe» U KOTOPBIN MOKET MIPOUCXOAUTH Ha pas-
HBIX CTaJUAX OIyXOJIEBOU Iporpeccuu. B oTyimume
OT HOPMAJIPHOM KPOBEHOCHOU CETH, OITyXOJIeBas
MMeeT HelPaBUJIbHOE CTPOEHUE, MOTYT BCTPEUAThCS
CJIETIBIE ITEeTIIN, YTO 00YCIOBIMBAET HAPYIIEHUS KPO-
BOTOKQ, a TAKK€ TPAHCCYAAITUI0 U30BITOYHOU KU~
KOCTH U G€JIKOB M3 KaNMJULIPOB. DTa M30BITOYHAS
JKHU/IKOCTD U IIPOTENHBI IIOMIA/IAeT B TUM(PATHIECKYIO
CHCTEMY U 3aTeM BHOBb B KDOBOTOK, UTO BEJIET K I10-
SIBJIEHUIO METACTa30B B iuMdoysiax [14, 24].

The first step in the tumor development process
is the initiation phase; it is the result of the original
progenitor cell that gives rise to the tumor acquiring
the genetic alterations that gives it the characteristics
of a cancerous cell.

The promotion phase is next and it is a lengthy
step characterized by the excessive proliferation
and the outgrowth of a population of preneoplas-
tic tumor cells. The next phase is a transitional
phase between the premalignant state and the de-
velopment of invasive cancer: the progression
phase, at this stage the proliferating cells may un-
dergo more mutations at an accelerating rates,
some of these mutations may give a selective ad-
vantage to the cell, such as an even more rapid
growth, and the descendants of a cell bearing such
a mutation will consequently become dominant
within the tumor population, this causes a fast in-
crease in the tumor size, some other mutations are
theorized to have an invasive and metastatic po-
tential that could promote the next phase which is
Metastasis [14, 25].

When cancer spreads “metastasis”. Consi-
dered a hallmark of cancer, metastasis involves the
spread of tumor cells from the primary site to in-
vade neighboring tissues and more importantly dis-
tant organs using both the circulatory and lymphat-
ic systems, and the formation of secondary tumors
throughout the body [26] (Fig. 3). Even in tumors
that are sensitive to radiotherapy or chemotherapy,
once cancer spreads throughout the body, it be-
comes a formidable foe even for the most sophisti-
cated therapies as metastasis is the main reason of
treatment failure, and is the primary cause of can-
cer morbidity and mortality (90% of cancer deaths),
the best that people in this situation can hope for is
to survive for a few more years [26—28]. Despite the
high survivability only less than 0.1% of tumor cells
acquire the ability to metastasize as these cells go
through a series of sequential and interrelated sto-
chastic events that first allow cancer cells to dis-
perse and survive in distant sites and later to grow
as secondary tumors. In order to complete the pro-
cess which is termed Metastatic cascade, cancer
cells must detach from the primary tumor, break
through supporting membranes; go into the circu-
latory and lymphatic systems, hide from the im-
mune system, extravasate at distant capillary beds,
and finally infiltrate, invade and proliferate in dis-
tant organs. The adaptation to the microenviron-
ment of the tissue in which the cells have landed
which is invariably quite different, this may cause
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IlepBoii dha3oi pa3BUTHS OIyXOJIEBOTO IIPOIIEC-
ca fABJISAETCS UWHHUIUANMA. B TeHOMe KJIeTKU-
IIpe/IIIECTBEHHUKA ITPOUCXOAAT TeHEeTUYECKUe Ha-
PYIIeHUsA, Ha/IeJISIONIMe KJIETKYy CBOMCTBAMU PaKoO-
BOH KieTku. Bropas daza — mpomonuu — Gosee
JUTATEIbHA, YeM IepBasi, U XapaKTepuayeTcs n30bI-
TOYHOH mpoJsimdepanuedl U POCTOM IOIMYJIAINU
npeapakoBbiX Kiiertok. Ciemymomas ¢asa — mpo-
rpecCUr — MEPEeXOHAs MEeXAY IIPEIPAKOBBIM CO-
CTOSIHMEM W BO3HHUKHOBEHHWEM WHBa3WBHOIO PakKa,
KOT/Ia JIeJIsIIecs KJIeTKU MOTYT HaKaIlIUBaTh My-
TaI¥u ¢ BO3PACTAIIed CKOpocThio. HekoTophle 13
ATHUX MyTallMi MOTYT HA/IEJIUTh OT/AEJIbHYIO KIJIETKY
U30UpaTeTbHBIM TPEUMYIIECTBOM, HAIPUMED, €Il
0oJiee BBICOKOUM CKOPOCTBIO JIEJIEHUST; BIIOCIEICTBUH
3TO IMPUBEJIET K TOMY, YTO, 00s1a71as1 IOJTOOHBIM IIpe-
HUMYIIECTBOM, €€ TIOTOMCTBO CTaHET JOMHHUPOBATH
B IONIyJIAIMU OITyXOJIEBBIX KJIETOK. B pesysbraTe
OILyX0JIb OBICTPO YBEJIMUUTCH B pazMepax. MoKHO
MIPETIOJIOKUTD, UTO KaKHUe-TO PYTHe MyTalluu, 00-
JIaJlafonirie WHBA3WUBHBIM M METaCTaTHYECKUM IIO-
TEHI[UAJIOM, IIPUBEIYT K cJenyollei ¢dase — mera-
CTa3UPOBAHUIO [14, 25].

Kax memacma3supyem pax. Cunuraroleecs 0fi-
HUM U3 OTJINYUTEJIHHBIX IIPU3HAKOB PAKa MeTacTa-
3UpOBAHUE TOAPa3yMeBAET PACIPOCTPAHEHUE OITy-
XOJIEBBIX KJIETOK M3 IEPBUYHOTO OYara B OKpPY?Karo-
II[1e TKAHU U, YTO CAMOE Ba)KHOE, B OT/IAJIEHHBIE OP-
raHbI IOCPE/ICTBOM KaK KPOBEHOCHOM U TuMbaTuye-
CKOH CHCTEM, TaK U C IIOMOINBI0O 00pa30BaHUSA BTO-
PUYHBIX OIyXOJIEH II0 BCEMYy oOpraHusmy [26]
(puc. 3). laxe OMyXO0JI1, YyBCTBUTEIbHbIE K JIyIE€BOU
U XUMUOTEPAINH, B CJIydyae MeTaCTa3uPOBAHUSA CTa-
HOBSITCSI TPO3HBIM HCIBITAHUEM JIAKE /IS CaMbIX
BBICOKOTEXHOJIOTUYHBIX METO/IOB JIEUEHHs, II0-
CKOJIPKYy METACTa3bl — OCHOBHAs NpUYMHA Hedd-
(bexTUBHOCTH Tepanuy U BeAylias MPUYUHA OHKO-
JIOTUUECKOU 3a00JIeBaeMOCTH U CMEPTHOCTH (90 %
cMepTeit), U JIydliiee, Ha YTO MOTYT Ha/IesIThCsI JIFOTH
B MOAOOHOW CHUTyalllid, — B3TO IPOXKHUTH elle He-
CKOJIBKO JieT [26—28]. HecMOTpsl Ha BBICOKYIO BbI-
JKHBAEMOCTD, JIUIIb MeHee 0.1 % OITyXOJIEBBIX KJle-
TOK IPUOOPETAIOT CIOCOOHOCTh K METacTa3upOoBa-
HUIO, TAK KaK MEPEKUBAIOT PsAJI TOCIEI0BATETLHBIX
U CBSI3aHHBIX MEXKY COOOH CTOXaCTHUYECKHX COOBI-
THU, TO3BOJIAIOIINX UM CHAYaIa PACIPOCTPAHUTHCSA
B JTI0ObIE 30HBI OPTAaHNU3Ma, BBIKUTH TaM, a BIIOCJIE-
cTBUU — cHOPMHUPOBATH BTOPUYHBIE OIyX0JIn. UTO-
OBl 3aBEPIIUTH IIPOIIECC, KOTOPBIN HA3BIBAETCA META-
CTaTHYECKUM KaCKaJIOM, OITyXOJIEBbIe KJIETKU JT0JIK-
HBI OT/IEJIUTHCS OT IIEPBUYHOM OITyXOJIH, IIPEO0JIETH
0azaJIbHYI0 MeMOpaHy, IIONACTh B IIPOCBET KPOBE-
HOCHOTO U JTUMQATUIECKOTO COCYZa, VKPBITHCS OT
MMMYHHOH CHCTEMBI, 3aTEM BBINTH U3 KAIUIIAPHO-

the metastatic cells to remain inactive at the distant
site for a long time before proliferating again, if at
all, when they do however, these cells establish a
microenvironment much like the original tumor to
facilitates angiogenesis and proliferation, resulting
in malignant secondary tumors [26].

Despite being the leading cause of deaths, me-
tastasis remains the least understood process in
cancer development as little is known about why it
occurs, an early hypothesis suggests that it is an in-
nate trait of cancer, caused by the genetic mutations,
this conjecture, however, is not in line with evi-
dence-based medicine as not a single gene has yet
been identified as responsible for metastasis, also a
number of embryonic cells during the development
of any organism, naturally migrate over long dis-
tances to their final location, without any genetic
mutations. Other hypothesis states that metastasis
is acquired, and induced by external factors like an
adequate oxygen supply or immune reaction/in-
flammation [29].

A new hypothesis suggests that chromosomal
instability induces the metastatic cascade. Chromo-
somal instability is caused by continuous errors in
chromosome segregation during mitosis, these er-
rors induce the rupture of micronuclei and the se-
cretion of genomic DNA into the cytosol, which
subsequently activates cytosolic DNA-sensing
pathways. The chronic signaling promotes tran-
scriptional shift from a proliferative and highly
metabolic state, ideally suited for primary tumor
growth, to a mesenchymal state associated with up-
regulation of inflammatory pathways. On the light
of these results a specific process comes to mind:
the epithelial-mesenchymal transition (EMT) [30].
EMT (Fig. 4) is the trans-differentiation process
through which transformed epithelial cells develop
the ability to invade, resist stress, and disseminate.
It was shown that the various EMT stages possess
diverse cellular characteristics, chromatin land-
scapes, and gene expression signatures which are
regulated by distinct transcription factors and sig-
naling pathways. Not only that but within a tumor,
the various EMT stages are situated in diverse mi-
croenvironments and not in an anarchical manner,
as metastatic cells with the most pronounced mes-
enchymal phenotype for example proliferate near
endothelial and inflammatory cells. These tumor
cells stimulate angiogenesis by releasing large
quantities of chemokines and proteins to attract
immune cells, thus promoting the development of a
unique inflammatory and highly vascularized niche
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Fig. 3. Metastasis: when cancer spreads [9]

ro pycja B IPYrOH YacTH Tejia U, HAKOHEIl, IPOHUK-
HYTh B KaKOH-JIH0OO0 OT/IaJIEHHBIH OpraH, 3aXBaTUTh
ero u OeCKOHTPOJIbHO TposrdepupoBatb. Heobxo-
JIMMOCTD /IalITHPOBATHCS K MUKPOOKPY?KEHHUIO TKa-
HU, B KOTOPOW OHU OKAa3aJIMCh U KOTOpast 3aBEJIOMO
3HAYUTEJIHHO OTINYAETCS, MOMKET IIPUBECTH K TOMY,
YTO OIIyXOJIEBbIE KJIETKU JIOBOJIBHO JIOJITOE BpPEMs
OCTaHyTCA HEAKTHUBHBIMH, IIPEXK/IEe YEM B KaKOU-TO
MOMEHT BHOBb HAUHYT NPOTH(MEPUPOBATD; U, JaXKe
€CJIM 3TO TMPOUBOU/IET, KJIETKH HCIIOJIB3YIOT TE Ke
MeXaHU3MbI, YTO B NEPBHYHOM OYare — CO3Za/IyT
MUKDPOOKpY:KeHue, 6JIM3K0e K TOMY, YTO OBLIO B ITep-
BUYHOH OITyXOJIM, YTOOBI CIIOCOOCTBOBATh AHTHOTeE-
He3y U nposudepanu, U 5TO 3aBEePIINTCA 00paso-
BaHWEM BTOPHUYHOTO OYara MaJIMTHU3AINH [26].
ITportecc MeTacTa3vpOBaHUsA, SBJAICH OCHOB-
HOHM NPUYMHOH CMEPTH, OCTAeTCs MeHee BCEro Io-
HSITHBIM, IIOCKOJIBKY MaJIO U3BECTHO, B YEM €r0 IIPHU-
yrHa. PaHee mmoJiarajay, 4YTO MeTaCTa3WpPOBAHUE —
XapakTepHas OCOOEHHOCTh paka, 00ycJIOBJIEHHAS
reHEeTHYECKUMHU MyTallusIMu. MeXXIy TeM 3Ta TUIIO-
Te3a He COTJIACyeTCs C TeM, YTO JI0Ka3aTeIbHOU Me-
JIULIMHE He y/lajloch OOHAPY:KUTh HHU OJ{HOTO I'eHa,
OTBETCTBEHHOT'O 32 METACTa3UPOBAHUE, KPOME TOTO,
B XO/I€ Pa3BUTHs JIIOOOTO OPraHU3Ma HEKOTOPOE KO-
JINYECTBO 3MOPHUOHAJIBHBIX KJIETOK B HOPME MUTPH-

facilitating the intravasation of metastatic cells into
the blood and lymph streams. This hypothesis is
further supported by the fact that tumor cells that
express a mix of epithelial and mesenchymal phe-
notypes are more effective in circulation, coloniza-
tion at the secondary site, and the development of
metastasis [28, 30].

How the body deals with cancer. Another ques-
tion that always follows “What causes cancer?” is
“How do cancer cells avoid destruction by the im-
mune system?” The involvement of one’s immune
system in tumor progression is well documented,
whether is it inhibiting or enhancing the develop-
ment of tumors, this interaction is considered a hall-
mark of cancer [31, 32]. In theory, the immune sys-
tem by its adaptive nature should be able to control
and stop tumors from developing, it is not the case
however, as the tumor develops from neoplastic tis-
sues to a clinically detectable tumors, cancerous cells
develop mechanisms to go by unnoticed or ignored
by the immune system and avoid tumoricidal attacks
[32].

Carcinogenesis is a very conditional process, it
is known that cells possess innate and effective de-
fense mechanisms like DNA repair tools to deal with
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pyeT Ha GOJIBIIIOe PACCTOSTHHE K MECTY CBOETO OKOH-
YaTeJIbHOTO PACIIOJIOKEHNs 6e30 BCAKUX TeHeTHhue-
ckux Mmyranuii. CoryiacHO Ipyroi rurores3e MeTacTa-
3UpPOBAaHUE — DTO MPUOOPETEHHBIN IPOIIECC, UHIY-
[IMPOBAaHHBIM BHENTHUMH (aKTOpaMH, KaK, HAIPU-
Mep, HeaJIeKBaTHOE IOCTYIUJIEHHE KUCJIOPOJia WJIN
MMMYHHAs peakus/Bocrnasierue [29].

CorytacHO OJTHOH M3 COBPEMEHHBIX TUIIOTE3 Me-
TacTaTUYECKUH KacKa/l MHAYIUPOBAH XPOMOCOMHOM
HeCTaOMJIBHOCTBIO, KOTOpasi 00ycJIOBJIEHA OITUOKa-
MH B PACXOXKJE€HUM XPOMOCOM BO BpeMs MHTO3a.
9TH omuOKU TPOBOIUPYIOT pPa3pyllleHHe MUKPO-
sAnep U cekpenuio renomHou /THK B 1iuT030J16, 9TO
BIIOCJIE/ICTBUU aKTHUBUPYET IyTH OOHAPYKEHUS ITU-
To30bpHON JIHK. XpoHnyeckass CUTHATU3AIUS CIIO-
COOCTBYeT TPAHCKPUIIIMOHHOMY CIIBUTY OT COCTOSI-
HUSA NHTEHCUBHOH Iposndepanuu 1 aKTUBHOTO Me-
TabosnM3Ma, UIeaIbHO COOTBETCTBYIOIIMX TOTPEOHO-
CTSIM Pa3BUBAIOIIENCS MEPBUYHON OIYXOJIH, K Me-
3€HXUMAaJIbHOMY COCTOSHUIO, aCCOIMUPOBAHHOMY C
aKTHBAIlMEN BOCHAJIUTENbHBIX ITyTel. CKazaHHOe
BBIIIIE ITOIBOAUT HAC K KOHKPETHOMY ITPOIIeCCy, Ha-
3bIBAEMOMY SIIHUTETNATHbHO-MEe3eHXUMUAIBHBIM I1e-
pexogom (DMII) [30]. OMII (puc. 4) — mporiecc
Tpa"cauddepeHIIUPOBKY, IIPU KOTOPOM TpaHcdop-
MUDPOBaHHBIE BIUTEINATIbHBIE KJIETKU II0JIY4aloT
CII0COOHOCTh K MHBA3UM, CONMPOTHBJIEHUIO CTPECCO-
BBIM BO3JIEACTBUAM W AUCCEMHUHUPOBaHUIO. [loka-
3aHO, 4TO pazjauuHble ctaguu IMII umeroT pa3ind-
HbI€ KJIETOUHBbIE XapaKTEPUCTHUKU, XPOMATHHOBBIHI
JaHAmadT, CHTHATYPBI SKCIIPECCUH T€HOB, KOTOPHIE
peryupyioTcss pasHbIMU (aKTOpaMH TPAHCKPHII-
MU U CUTHAJIBHBIMU MyTAMH. HO HeE TOJBKO 3TO:
BHYTPH OILyX0JIu padHble craguu IMII sokanusoBa-
HBI B PAa3HOM MHUKDPOOKDY?KEHUH, IpUUeM He Oecrio-
PAMOYHO, TOCKOJIbKY, HAIIPUMED, MeTacTaTUYecKue
KJIETKU ¢ Hauboyiee BBIPAKEHHBIM Me3€HXHMAaJIb-
HBIM (PeHOTUIIOM ITPOSIUDEPUPYIOT PAJIOM C SH0TeE-
JIMATBHBIMU W BOCIAJIUTEJIbHBIMH KJIETKAMH. JTHU
OIIyXOJIEBBIE KJIETKU CTUMYJIUPYIOT QHTHOTEHES, BBI-
CcBO0O0K/1as1 OOJIBIIIOE KOJTUYECTBO XEMOKHUHOB U1 OeJI-
KOB, UTOOBI IPUBJIEYb UMMYHHbIE KJIETKU, TEM Ca-
MBIM CITOCOOCTBYSI 0OpPa30BAHUIO0 YHUKIHBHOU BOC-
MMaJTUTEIBHOU ¥ BBICOKO BaCKYJ/IAPU30BaHHOU HHUIIIH,
MIONAJIAaHUI0 METACTATUYECKUX KJIETOK B KPOBO- H
yuMdOTOK (WMHTpaBazanusa). JTa TUIOTE3A JIOIOJI-
HUTEJIBHO MIO/ATBEPIK/IaeTcs TeM (aKTOM, UTO OITyXO0-
JIEBBIE KJIETKU, KOTOPbIE HKCIIPECCUPYIOT CMEIIaH-
HBIU STHUTENATBHBIN U MEe3eHXUMUAIBHBIN (heHO-
THII, UMEIOT 00Jiee BBICOKHI IOTEHI[MAJI B OTHOIIIE-
HUH [UPKYJISAIAN, JUCCEMUHUPOBAHUS 1 00pa3oBa-
HUSA MeTacTasos [28, 30].

Kax opzanusm 6opemcs ¢ pakom. Cienom 3a
BOIIPOCOM «YTO BHI3BIBAET PAK?» BCEr/IA BCTAET JIPY-

mutations, and when the damage is beyond repair,
they commit suicide or apoptosis. However, in light
of the fact that thousands of damage events affect
the genome every day and the trillions upon trillions
of cells where this could happen the chances of those
mutations to go by unfixed and accumulate increase
dramatically [33], most of the times though this
isn’t an issue as the immune cells eliminate rather
quickly any cell that displays cancerous behavior,
but this is a numbers game, sooner or later some
cells will develop the ability to elude from the im-
mune system [10].

This ability is termed Cancer immune evasion
and it imposes a big obstacle in the development of
effective cancer therapies [31].

Tumors and immunity

Generally speaking, immune cells (CD8+ and
CD4+) can suppress tumor growth through the pro-
duction of interferon (IFN)-y and cytotoxins, how-
ever, several factors such as chronic inflammation
may negatively affect this process.

Cancer cells possess tumor antigens, which fa-
cilitate their recognition and elimination by the im-
mune cells, however, due to the genetic instability
the constant cell division can generate tumor cells
with reduced immunogenicity that can evade im-
mune elimination, this could create an “equilibrium”
where the immune cells destroy tumor cells that keep
dividing and accumulating mutational changes by
chance or in response to immune-induced inflam-
mation, this balanced state eventually favors the tu-
mor as cancer cells develop the ability to impair the
immune system capability to eradicate them, through
immune suppressive effects or by loss of target anti-
gen expression. This phenomenon explains tumor
dormancy, where tumors stay dormant for years in
patients before re-emerging or re-initiating their
proliferation [31].

Immune suppression. In essence this happens
mainly due to activated regulatory T cells (Tregs) or
other regulatory cells in the tumor microenviron-
ment suppressing other immune system compo-
nents. Due to the dead ends in the tumor vasculariza-
tion, a leakage of liquid and proteins happen at the
site encouraging lymphatic formation while tumor
cells release chemokines to attract the Treg cells
[9, 311.

Defective antigen presentation. Tumors also
evade the immune system through a complex down-
modulating antigen processing that downregulate
the major histocompatibility complex (MHC) I path-
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Fig. 4. Mechanism of epithelial-mesenchymal transition [28]

roii Bompoc: «Kak pakoBeIM KJIeTKaM yaaetcs usbe-
JKaTh YHUUYTOXKEHHUS MUMMYHHOU cucTteMon?» Peak-
[UsT IUMMYHHOU CHCTEMBI, KOTOPasi MOXKET KaK Ioza-
BJIATH Pa3BUTHE OIYXOJIH, TaK M, HAIPOTHUB, YCHIU-
BaTh €r0, — JIOKYMEHTAIHHO IIOJITBEPIKIAEHA U CUU-
TaeTcsl OJHUM U3 KJIUEBBIX MPU3HAKOB paka [31,
32]. TeopeTuyecky MMMyHHAas CHCTEMA B CITY CBOE-
ro aJIATUBHOrO XapakTepa J0oJDKHA ObLia ObI KOH-
TPOJIIPOBATh U OCTAHABJIUBATH PA3BUTHE OIYXOJIU.
O/IHAKO B JIEWCTBUTEJHLHOCTH BCEe OOCTOUT HMHAUe:
paKoBBIe KJIETKU BBIPAOATHIBAIOT MEXAaHU3MBI, II0-
3BOJISIONIE UM Pa3BUBATHCS U3 HEOIIACTUUECKHX
TKaHel B KJIMHUYECKU PACIIO3HABAEMBIE OIYXOJIH U,
0CTaBasiCh He3aMeUeHHBIMH WJIU He BbI3BIBASA PeakK-
MY UMMYHHOH CHUCTEMBI, U36eraTh ee TYMOPHUIUI-
HOH aKTHUBHOCTH [32].

Kanrneporenes — kpaiiHe 00yCJIOBJIEHHBIN ITPO-
necc. 13BeCTHO, UTO KJIETKU 00JIaIal0T BPOKIEHHBIM
s dexrrBHBIM MexaHuzMoM penapanuu JHK, crmo-
COOHBIM YCTPAHHUThH MyTaIlUH JILOO, €CTU UCIIpaBie-
HUe OIMOOK HEBO3MOXKHO, BBI3BATh CAMOYHHUUTOMKE-
HUe TTOBPEXKIEHHOU KiIeTKH (armomnTo3). OHaKo, yIu-
THIBAA TOT (PAKT, UTO THICAIHN BBI3bIBAIOIIIX IIOBPEK-

way, proteosome subunits latent membrane protein
(LMP)2 and LMP7, transporter associated with anti-
gen processing (TAP) protein, and tapasin, which
leads to cytotoxic T lymphocytes (CTL) no longer
recognizing target antigens on the tumor cells, allow-
ing them to go by unnoticed [31].

Immune deviation. Tumor cells exhibit a behav-
ior where they induce anergy in T cells by engaging
the T cell receptor in the absence of costimulation,
this happens because cancer cells in themselves fail
to express costimulatory molecules.

Tumor cells evade immune attack by shifting the
balance from Thi to Th2 as well hence the name “de-
viation”, they do this by releasing transforming
growth factor (TGF)-f [31].

Apoptosis. Apoptotic cells, themselves, are po-
tent regulators of their cellular environment. Tu-
mors, especially, exist in a dynamic balance of cell
proliferation and cell death. In both normal and ma-
lignant tissues, apoptotic regulation is exerted
through immune as well as non-immune mecha-
nisms. Apoptotic cells suppress the repertoire of im-
mune reactivities, both by attenuating innate (espe-
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neHre (HaKTOPOB €XKeTHEBHO BO3JIEHCTBYIOT HA Te-
HOM, & 5TO TPWUIMOHBI ¥ TPHJUIMOHBI KJIETOK, BEPO-
SITHOCTH TOTO, YTO BO3HUKIITHE OITUOKU OYAyT IPOILy-
IEHbl U HaAKOIATCS, Pe3Ko Bo3pactaer [33]. Ho B
OOJIPIITMHCTBE CIIyYaeB KJIETKH WUMMYHHOH CHCTEMBI
JIOCTATOYHO OBICTPO PACIIO3HAIOT U HEUTPATUBYIOT
BCAKYIO KJIETKY, OOHAPY?>KHBAIOIIYIO OIyXOJIEBOE II0-
BeJIEHNE; U BCE JKe, KaK B JIOTepee, PAHBIIIE WU I033Ke
YV HEKOTOPBIX KJIETOK BO3HHUKAET CIIOCOOHOCTh YKJIO-
HSTBCS OT PACIIO3HABAHUSI UMMYHHOH CHCTEMOM [10].
Takas cocoOHOCTh, Ha3bIBaeMasi PAKOBOM MMMYH-
HOH 5Bas3uel, fABJISETCA CEPHE3HBIM IPEIATCTBHEM
IU1s1 pa3pabotku 3¢ dbeKTuBHON OHKOTepanuu [31].

Onyxoau u ummyHumem

Boob1iie roBopsi, uMmMmyHHbIe KiaeTku (CD8+ u
CD4+) MOTYT IIOJIaBJISITh POCT OIYXOJIU 32 CUET BbI-
paborku uaTepdepona y (MPH-y) 1 IUTOTOKCHHOB,
OJITHAKO HEKOTOPBIE (PAKTOPBI, K IPUMEDPY XPOHUYE-
CKOe BOCIIaJIEHHe, MOTYT HETaTUBHO BJIUATH HA 3TOT
mporiecc. PakoBble KJIeTKH 06J1a/1a10T OIyXOJIEBBIMU
aHTUTEeHAaMH, KOTOpPbIe 00JIErvaoT paclio3HaBaHUE U
SJIMMHUHANMI0 UMMYHHBIMU KieTkamu. Ho Bcien-
CTBUE T€HETHYECKOH HeCTaOWIBHOCTH IOCTOSHHOE
JleJIeHHe KJIETOK CIIOCOOHO TeHEPUPOBATh KJIETKHU C
MIOHIKEHHOW WMMYHOTE€HHOCTHIO, KOTOpPbIE MOTYT
n30eKaTh SJIMMUHANNU. ITO MOXKET CO37ATh OIpe-
JleJIeHHOE PaBHOBecHe, KOTZla UMMYHHAs CUCTEMa
VHHUYTOKAET OITyXOJIEBBIE KJIETKH, KOTOPBIE MTPOJIOJI-
JKAIOT ZIEJIUTHCS ¥ HAKATUIMBATh MyTAIlHH, CJIyIaliHO
WY B OTBET HAa UMMYHHO-UH/IyI[HPDOBAHHOE BOCIIA-
JieHue. To cOATaHCUPOBAHHOE COCTOSTHUE B KOHEY-
HOM HUTOTe 0JIarONPUATCTBYET OIyXOJIU, ITOCKOJIBKY
PaKoBbIe KJIETKU NMPHUOOPETAIOT CIIOCOOHOCTH OCJIa-
OJIITh UMMYHHBIN MeXaHU3M, HAIPABJIEHHBIN Ha UX
3paINKAIMI0, Yepe3 UMMYHOCYIIPECCHBHOE BO3/Iei-
CTBUIE WJIU yTPATy SKCIPECCUH aHTUTE€HA-MUIIIEHH.

OmnncaHHbIl PeHOMEH 0OBACHSIET COCTOSTHUE T10-
KOsl OIIyXOJIM, KOT/]Ja OHA MHOTHUE TOZ[bI HAXOJIUTCS B
JIATEHTHOM COCTOSIHUH, «CITUT», TIPEKIE UeM aBTUBH-
3UPOBATHCS WX BO30OHOBUTH ITpostudeparnuio [31].

Hmmynocynpeccus. OOGycoBiieHa, TJIaBHBIM
o0pa3oM, aKTHUBallMed pEeryJaTOPHBIX T-KJIETOK
(Treg) wiu IPYTHX PETYIATOPHBIX KJIETOK B MUKPO-
OKPY?KEHUH OITyXOJIH, KOTOPbIE MOAABJISAIOT JIPYTHE
3B€HbsI UMMYHHOH CHCTeMBbI. I13-3a Hajn4us ciie-
IIBIX TIE€TEJIb B COCYAUCTON CETH OIyXOJIU MPOMCXO-
IIUT BBIXOJ, *KUJKOCTH U OEJTKOB B TKAHb OITyXOJIU,
YTO CHOCOOCTBYET 06pa30BaHUI0 JIUMQBI, B TO BPEMSA
KaK OIIyXOJIeBbIE€ KJIETKH CEKPETHUPYIOT XeMOKUHBI,
aktuupymwoiue Treg [9, 31].

Jegexmnasn npesenmauyus aHmuezeHa. Omyxoau
Takke M30eraloT TYMOPHITUIHBIX MEXaHU3MOB HM-
MYHHOH CHCTEMBI ITOCPEICTBOM IIOHIDKAIOLIEN Pery-

cially inflammatory) responses and by abrogating
adaptive responses. In addition, apoptotic cells mod-
ulate multiple vital cell activities, including survival,
proliferation, and growth [31, 34].

Tumor heterogeneity. As we stated earlier tu-
mors much like organs present a wide range of dif-
ferent cells with different genetic alterations and
states of differentiation, this is known as “Tumor
heterogeneity”, and is translated in tumor cells ex-
pressing a wide variety of antigens, an “Antigen het-
erogeneity” that contributes to differences in behav-
ior towards the immune system, also these antigens
are unevenly distributed throughout the tumor’s
population and induce different immune responses
to the same determinant, making the tumor more re-
silient [19, 31].

ONCOLOGY
What is Oncology

Oncology is a branch of science that deals with
prevention, diagnosis and treatment of cancer.

Prevention

Involves any action taken to lower the risk of
cancer, this includes maintaining a healthy lifestyle,
avoiding exposure to known cancer-causing sub-
stances and cancer risk factors, and taking medicines
or vaccines that help the body prevent the occur-
rence of cancer [9].

Screening

Cancer screening is the action of checking for
cancer (or for abnormal cells that may become can-
cer) in people who do not display any cancer symp-
toms. The screening is carried out through a series
of tests known as “Screening tests” and is of great
importance, because one of the worst things about
cancer is its ability to develop undetected, as such
the screening helps doctors to diagnose and treat
types cancer early on before reaching life threate-
ning stages, where treating it might be difficult or
even fail [9].

Of the most effective tests we name:

— Low-dose helical computed tomography:
used for the detection of the most predominant type
of cancer: lung cancer, showing great results as it
helped in reducing deaths among heavy smokers.

— Pap test and human papillomavirus (HPV)
testing: each alone or in a combination used for the
early detection, diagnosis and prevention of cervical
cancer as they allow doctors to spot abnormal cells
before fully becoming cancerous.
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JISIIIAY B IPOIIECCe TOATOTOBKY aHTUTEHA K IIPe3eHTa-
IIUH, YTO BBI3BIBAET JAUCPETY/IAIMIO B TJITABHOM KOM-
wiekce rucrocopmecrumocru I kiacca (MHC 1), sna-
TEHTHBIX MeMOpaHHBIX Oenkax 2 u 7 (LMP2 and
LMP7), TpancnopTHOM OeJiKe, CBSI3aHHOM C IIOATO-
TOBKOU aHTUTeHA K Tpe3eHTarnuu (TAP), 1 TanasuHe,
MIPUBOJIAIIYIO K TOMY, UTO ITUTOTOKCHUYecKue T-Tum-
donuter (CTL) TepsOT crtOCOGHOCTh PACIO3HABATH
AHTUTEH Ha OITyX0JIEBOH KJIEeTKe-MHUIIIEHU, TO3BOJISS
el ocTaThCs He3aMedeHHoMH [31].

Hmmynnas desuayus. OmyxosieBble KJIETKU Jie-
MOHCTPHPYIOT ITOBEIEHUE, IPU KOTOPOM OHH BBI3bI-
BalOT aHepruio T-KJIeTOK, B3AUMO/IEHCTBYsI C PeIlel-
TOPOM B OTCYTCTBUU JIOTIOJTHUTEIHHON CTUMYJIAIINU
(kocTuMyAIMN). DTO TPOUCXOIUT IIOTOMY, UTO Pa-
KOBBIE KJIETKH CaMHU IO cebe yTpauuBaioOT CII0CO0-
HOCTh 5KCIIPECCUPOBATH MOJIEKYJIBI IS JIOMIOJTHU-
TEJIbHON CTUMYJISAIIAH.

OmnyxoJieBble KJIETKH WU30€erarT JeHCTBUSA 3a-
IIUTHBIX (AKTOPOB CHCTEMbI UMMYHHUTETA BCJIEI-
cTBUe cMerieHus 6amamnca ot T-xemmepos 1 (Th1)
T-xenmepam 2 (Th2) (310, cCO6CTBEHHO, U Ha3BIBAIOT
JleBHAINell), KOTOPOe MPOUCXOUT 32 CUYET BHICBO-
6orknenus Tpancopmupyroiiero gakropa pocra 3
(TGF-B) [31].

Anonmos. ATIoNTO3HbIE KJIETKH CaMH 10 cebe
SIBJISIIOTCSI TIOTEHI[UAJIIBHBIMU PETYJISITOPAMU CBOETO
KJIETOYHOTO MUKPOOKpY:keHus. Omyxoyu B 0cobeH-
HOCTHU Pa3BUBAIOTCS B YCJIOBUAX AUHAMIYECKOTO 6a-
snanca nposudepanuu u rubenu kierok. Kak B 310-
POBO¥, TaK M B MOPA’KEHHON PAKOM TKAaHU aIlONTO3
perysupyercsi Kak IMMYHHBIMHA MeXaHU3MaMHU, TaK
U MeXaHU3MaM{ HEMMMYHHOH IPHUPOABI. AMONITO3-
HbIE KJIETKU CHIDKAIOT UMMYHOPEAKTHBHOCTD, UCTO-
asi BO3MOZKHOCTH BPOXKJIEHHOTO (0COOEHHO BOCHa-
JINTEJIPHOT0) UMMYHHOTO OTBETa U IOZJABJIsAA ajarl-
THUBHBIA IMMYHHBIN OTBeT. Kpome Toro, anonTo3Hbie
KJIETKH MOMAYJIUPYIOT MHOTHE >KU3HEHHO Ba’KHbIE
MPOSIBJIEHUS] KJIETOUHOH JIeATETbHOCTH, BKJIIOUAs
BBDKUBaHUE, TPOIU(EPAITHIO U POCT [31, 34].

TI'emepozennocmb onyxoaeswvix k1emox. Kak Mbl
y>Ke TOBOPWJIM PaHee, OIyXOJIb MPECTABIISET COO0U
IIUPOKUI CIIEKTP PAB3JIMYHBIX KJIETOK, C PA3HBIMHU T'e-
HETUYECKUMHU TIOBPEKIEHUAMH U B PA3JINYHOU CTe-
neHu aubQepeHITTPOBAHHBIX (3TO, COOCTBEHHO, U
€CTh TeTePOTEHHOCTD), UTO TPAHCIMPYETCS OIyX0JIe-
BBIM KJIETKAM, HKCIPECCUPYS IMIUPOKUU CIEKTP aH-
TUreHoB. Takas aHTUTeHHAs TeTepOT€HHOCTh OIIpe-
JIEJISET PA3/INYUs B X MOBEJEHUH 10 OTHOIIIEHHUIO K
MMMYHHOH CHCTEME B CHCTEME KJIETOUHOTO UMMYHU-
Teta. Kpome TOro, 3TN aHTUTEeHbI HEPABHOMEPHO pac-
MIPEIEJISIOTCS B KJIETOYHOM MOTYJISIIIUY U BHI3BIBAIOT
Pa3HBI UMMYHHBIA OTBET Ha JIEUCTBHUE OTHOU U TOH
’Ke aHTUTE€HHOU JIeTEPMHUHAHTBI, JieJ1asi OILyX0JIb elle
OoJiee ycTrounBoO# [19, 31].

— Colonoscopy, sigmoidoscopy, and stool tests
(high-sensitivity fecal occult blood tests and stool
DNA tests): these screening tests help in the early de-
tection of colorectal cancer, colonoscopy and sig-
moidoscopy help in spotting abnormal growths be-
fore turning into cancer.

— Mammography: used for the detection of
breast cancer and has been shown to reduce deaths
from the disease among women over age 50.

— Other screening tests include: alpha-fetopro-
tein blood test, breast MRI, CA-125 test, clinical
breast exams and regular breast self-exams, PSA
test, skin exams, transvaginal ultrasound and virtual
colonoscopy [35].

Diagnosis

Diagnosing cancer is not an easy task, due to its
stealthy nature and having generic symptoms that
can be confused with symptoms caused by other ill-
nesses, doctors often use the following tests to better
diagnose cancer [35]:

— Lab tests: includes any lab examination of
tissue samples, blood, urine or other body fluids, to
measure the levels of certain substances that could
indicate the presence of cancer, these substances
are dubbed tumor markers, which are any sub-
stance produced by tumor cells or by other normal
body cells in response to the presence of cancer.
Some of these lab tests provide good results about
the state of the patient, other tests are done in addi-
tion to imaging tests for a more precise and better
diagnosis.

— Cancer imaging: a term that covers an array of
tests that are carried out using specialized machines
to create images of areas inside of the body allowing
doctors to check for the presence of tumors. Cancer
imaging is also used to help guide surgical and radio-
graphical treatments [35]. The imaging tests include:

« CT scan, or computed tomography: the patient
lies down on a table that slides through a donut-
shaped scanner which is linked to a computer, the
scanner uses X-rays to take a series of images from
different angles to construct a detailed 3D image of
the inside of the body.

e MRI: much like the CT scan the patient lies
down on a table but in this case, it slides into a long
round chamber that uses powerful magnet and radio
waves to produce detailed images that can show the
difference between healthy and unhealthy tissues as
well as the abnormal growths. In some cases, when
taking CT and MRI tests, the patient may receive a
contrast material either by swallowing a dye or by in-

90

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



Mimoune N. et al. / Journal of Siberian Medical Sciences 2 (2021) 77-103

OHKOJIOI'nNA
Ymo makxoe oHkoao2un?

OHKoJIOTHUST — pasziesl MeIUINHBI, 3aHUMAalo-
muics mpobeMaMu POPUIAKTUKY, JUATHOCTHKHI
U JIeUeHus paka.

IMpodpuraxmuxa

Bxorouaer pa3JindHbI€ MEPOIIPUATUA, HAIIPpAB-
JIEHHBIE HA CHUYKEHNE PUCKA 3a060JI€BAaHUA PAKOM —
BeJIEHUE 3/I0POBOTO 00pasa >KU3HH, UCKIIOUEHHUE
KOHTAaKTa C H3BECTHBIMHW KAaHIEPOTC€HHBIMH BeEIlle-
cTBaMHU U (haKTOPAMH PUCKA, IPUEM, B CJTyuae He0O-
XO/TUMOCTH, JIEKAPCTBEHHBIX MPENapaToB Jnb0 HC-
II0JIb30OBaHKE BAKIIMH, KOTOPbI€ IIOMOTAIOT IIPE/I0T-
BpATUThH Pa3BUTHE paka [9].

Cxkpunumz

OHKOJIOTUYECKUH CKPUHUHT — O0O0C/IeIoBaHUE
Ha BBIABJIEHHE 3JI0KAYECTBEHHBIX HOBOOOpAa30Ba-
HUI, IPe/ICTaBJIsIET COOOH CHCTEMY PaHHEH Juarto-
CTHKH JIIOJlef, He HUMEIONUX KaKUX-JIN00 CHMIITO-
MOB PaKa; OH I03BOJISIET BBIABJIATH JIU0O0 yKe IMeI0-
Iyecsl 3JI0KAaYeCTBEHHBIE OITYyXOJIH, JINOO aTHINY-
HbI€ KJIETKH, KOTOPbIE MOTYT UX BbI3BATh.

CKpUHHHT I0/pa3yMeBaeT IIPOBEIEHHE psia
HCCJIeIOBAHUH, N3BECTHBIX KaK CKPUHUHTOBEHIE Te-
CTBI, U UMeeT Ype3BbIYaiiHO OOJIBIIIOe 3HAUEHUE, I10-
CKOJIBKY OZTHO M3 CAMBIX KOBAaPHBIX CBOMCTB paKka —
5TO CIIOCOOHOCTH pa3BUBAThCA He3aMeTHO. CKpu-
HUHT II03BOJISET BBIABUTD 3JI0KAUEeCTBEHHBIE OITyX0-
JIM Ha PAaHHUX CTAJUAX, IPEXKJE UeM OHU JTOCTUTHYT
YTPOKAMOIINX KU3HU ITANOB PAa3BUTHSA, KOTAA UX
JledeHHe MOXKeT 0Ka3aThCs TPYAHBIM WU Take 6e3-
pes3yJsibTaTHBIM [9].

Hawubosnee spdekTnBHBIE METOABI CKPUHIHTA:

— Huskopo3Hass cnupajbHas KOMIIBIOTEPHAs
Tomorpadus. Vcnonp3yeTcs 115 BeIABIEHNA Haubo-
Jiee pacIpoCTPAaHEHHOTO BUA PaKa — PaKa JIETKUX.
ATOT METOJ], TOKa3aJl CBOIO 3 (PEKTUBHOCTD B CHIKE-
HUH CMEPTHOCTH CPEIU 3aSA/JIBIX KYPUIBIIIKOB.

— Tecr IlanmaHukosay U TeCT Ha OOHApy:KeHUe
Bupyca namnwuioMel desnoeka (BITY). IIpumense-
MBI€ IO OT/AEJIBHOCTH HJIU BMECTE HUCIIOJIb3YIOTCS /1T
BBISIBJIEHUsI, TOCTAHOBKHY JUATHO3a U MPeAyIpeK/Ie-
HUSA paka IIeHKU MaTKH, IT03BOJIASA BBIABJIATH aTU-
[IUYHbIE KJIETKU B IEPBUKAIBPHOM KaHAJIE JI0 TOTO,
KaK OHHU [IPEBPATATCS B 3JIOKAYECTBEHHYIO OITYXOJIb.

— KoJstoHOCKOIIHSI, CUTMOUIOCKOIIHUS 1 AHAJTU3BI
Kauia (BBICOKOUYBCTBUTEJIbHBIN aHAIN3 HA CKPBITYIO
KpoBb U aHanu3 (ekanpHor JITHK). Mcmosnb3yrores
JUI PaHHEH AUATHOCTHKH KOJIOPEKTAJIBHOTO PaKa.
KoJyioHOCKOTIHS ¥ CUTMOUZIOCKOIIUS TTO3BOJISIIOT BBI-
SIBUTh aHOMaJIbHbIe HOBOOOPA30BaHUsA JI0 TOTO, KaK
OHU IIPUOOPETYT 3JI0KAUECTBEHHBIE XapaKTED.

jection to help highlighting certain areas and makes
reading the images easier.

« Nuclear scan: before this scan the patient takes
radioactive substance known as “Tracer” which flows
through the blood stream and collects in certain ar-
eas of the body, then the scanner measures the radio-
activity in the body resulting in images of the organs
or bones where the tracer has collected. The tracer
then loses its radioactivity with time and is eliminat-
ed naturally from the body.

« Bone scan: falls under the nuclear scans type, it
checks for abnormal areas in bones and is used to
diagnose bone cancer or metastatic cancer that has
spread into the bone.

« PET: Positron emission tomography, also a
nuclear scan, in this case, however, the tracer “radio-
active glucose” is used to visualize and measure met-
abolic activities by tracking of where glucose is taken,
cancer cells by nature take more glucose than normal
cells giving 3D detailed pictures of the health and
cancerous tissues.

Ultrasound: the scanner “transducer” is passed
on the skin of the body parts in question by a techni-
cian while the patient lies down on a table. The trans-
ducer uses high energy sound waves that runs
through the tissues, then the machine captures the
echo and uses it to produce the images which are
dubbed “sonogram” [35].

— Biopsy: in oncology biopsies are considered
the cornerstone of malignancy diagnosis and are
used to identify tumor histology, and confirm the
presence of metastases for staging [36]. A biopsy
test involves the observation of a tissue sample un-
der the microscope to produce a complete “pathol-
ogy report”, which contains details about the diag-
nosis. The sample is usually taken using a needle,
through surgery or endoscopy (colonoscopy and
bronchoscopy) [35]. In the past 2 decades, the in-
troduction of imaging techniques into biopsy have
enabled safe and accurate diagnosis of primary
and metastatic cancer, and today percutaneous
image-guided biopsy is one of the most commonly
performed procedures in radiology departments
[37]. Another recent development in biopsy is the
ability to detect, characterize tumors using cancer
biomarkers (circulating tumor cells, circulating tu-
mor DNA and exosomes) circulating in body fluids
such as the blood, this approach is known as “lig-
uid biopsy” and is set to revolutionize the early de-
tection of cancer by allowing doctors to analyze the
blood instead of a tissue sample as the synergy of
multiple circulating biomarkers can reveal the
specifics and of a cancer including status, origin
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— Mammorpadus. Mcnosnbayeres Ajd JUarHo-
CTHKH pPaKa MOJIOUHBIX »KeJle3 U, KaK ObLI0 IoKasa-
HO, UTPAET BAXKHYIO POJIb B CHHUKEHUU CMEPTHOCTHU
OT 3TOY NATOJIOTHH Yy XKEHIIUH CTapIIe 50 JIeT.

— JIpyrue CKpUHUHTOBble METOJbI: aHaJINU3 Ha
anbda-deTornpoTeNH, MArHUTHO-PE30HAHCHASA TO-
morpaduss MOJIOYHBIX JkeJe3, aHanmui3 Ha CA-125,
KJIMHUYECKUH OCMOTP MOJIOYHBIX JKeJjie3 JTU00 caMo-
CTOSITEJIBHBIM OCMOTp, aHanu3 KpoBu Ha IICA,
OCMOTP KOKHU; TpaHCBarnHajabHOoe Y3U, BUpPTyaIb-
Has KOJIOHOCKomus [35].

JluaznHocmukxa

JluarHoctruka paka — HeEMpOCTas 33/iava u3-3a
CKPBITOTO XapaKTepa TeYeHUsI U HeCHelupUIECKUX
CHMIITOMOB, KOTOPBIE MOTYT OBITh HHTEPIIPETHPOBA-
HBI KaK MPU3HAKU KAaKOTo-JIH00 APyroro 3abosieBa-
HUsA. Bpaun 9acTo UCIoIb3yIOT CIIeIyI0IIe METOIbI
JUIS YTOYHEHUA JInarHosa [35]:

— JlaboparopHas nuarHoctuka. VcciemoBanue
00pasIoB TKaHU, KPOBU, MOYH U JPYTUX KUKOCTEHN
OpraHu3Ma C IeJIbI0 OIpE/IeJIEHUs YPOBHSA CIIEIH-
(bryecKux BeIecTB, KOTOPBIE MOTYT CBU/IETETHCTBO-
BaTh O HAJIMYKMH paka. OTH BEIECTBA, HA3bIBAEMbIE
OHKOMapKepaMH#, IPOJYIUPYIOTCA OIyXOJIEBBIMH
KJIETKaMH WJIH 3J0POBBIMH KJIETKAMH OpTaHH3Ma
[IpU HAIMYUU PaKOBOU omyxosu. HekoTopble u3
9TUX JIAOOPATOPHBIX TECTOB IMO3BOJIAIOT COCTAaBUTH
MpeZICTaBJIeHHEe O CTaryce MaluWeHTa, APYTHe HC-
IIOJTB3YIOTCS. COBMECTHO C BH3YQIbHBIMU METOJIAMU
HCCIIEZIOBAHUA JJIA TOBBIIIEHUs KayecTBa JAUArHo-
CTHKH U YTOYHEHWU TUarHo3a.

— Busyanmzanus. 9To meselil psi METOIOB, I10-
3BOJISIIOIIUX C [IOMOIIIBIO CIIEITATM3UPOBAHHOM amma-
paTypbl BU3yJIN3UPOBATh OIPEZeIEHHbIE PETHOHBI B
TeJIe YeJIOBEKA C LIEJIbI0 BBIABJIEHUS OIyX0JIu. Busya-
JIM3AIUA TAKKe WCIIOJIb3YETCA TPH IIPOBEJEHUN XH-
PYPTHYECKUX BMEIIATETbCTB U PAaIMOTEPAINH [35].

OCHOBHBIE METO/bI BU3YJIN3AINHN:

» Komneiorepuas tomorpadus (KT). ITarueHT
IIOMEIIAeTCs Ha CTOJI, KOTOPBIH IIJIAaBHO IepeMelra-
eTCs1 uepe3 KOJIbIIO CKaHePa, KOTOPBIU MOJIKIIOUYEH K
KOMITbIOTEpY. Mcnosb3yeTcsi peHTTeHOBCKOE H3JIy-
YeHUe, IMO3BOJIAIONIEE IOJIYUUTh CEPUI0 CHUMKOB
IO/ PA3HBIM YIJIOM, YTOOBI T€HEPUPOBATDH JI€TATIb-
Hble 3D-n300pakeHus HCCilelyeMbIX 00IacTen.

« MarauTHo-pe3oHaHcHas Tomorpadus (MPT).
Bo muorom HannomusHaet KT: manueHnT ykiazibIiBaeT-
¢ Ha CTOJI, HO TOJIPKO 3aT€M OH IepeMeIaeTcs B
JUTMHHYIO OKDPYTJION (GOpPMBI KaMepy, B KOTOPOH C
IIOMOIIBI0 MOITHBIX MAarHUTHBIX U PAJHOBOJIH CO3-
JIAIOTCsS JIeTaJIbHbIe M300paskeHUsl, MO3BOJIAIOIINE
nuddepeHITpoBaTh 3/T0POBbIE U U3MeHEHHbIE TKa-
HU, a TAKKE BBISIBUTh HOBOOOPA30BaHMUS.

and progression. Moreover, liquid biopsy helps
characterize the immune response towards cancer
facilitating immunotherapy [38]. Artificial intelli-
gence plays a huge role in the standardization of
liquid biopsy as the development of an algorithm
that handles the information and classifies the tu-
mor. In fact, the development of an algorithm that
can combine all the data liquid biopsy provides to
obtain a precise tumor profile would usher a new
era in cancer diagnosis, screening, and could pro-
vide a detailed orientation to guide treatment
choices [39].

Staging

Cancer staging involves the classification of can-
cer by determining its state and extent of spread, de-
termining the stage of cancer is indispensable in on-
cology as it helps doctors understand the state of the
patient, the prognosis and the seriousness of the dis-
ease, and is a prerequisite to shape the optimal treat-
ment plan [40].

Several staging systems enable the determina-
tion of the stage of cancer, of which the TNM classifi-
cation system is the most widely used. The TNM sys-
tem classifies cancer according to the size and state
of the primary Tumor (T), the involvement of region-
al lymph Nodes (N) and the presence of Metastasis
M) [9].

Primary tumor (T):

TX: Main tumor cannot be measured.

TO0: Main tumor cannot be found.

T1, T2, T3, and T4: Refers to the size and/or ex-
tent of the main tumor. The higher the number after
the T, the larger the tumor or the more it has grown
into nearby tissues. T may be further divided to pro-
vide more detail, such as T3a and T3b.

Regional lymph nodes (N):

NX: Cancer in nearby lymph nodes cannot be
measured.

NO: There is no cancer in nearby lymph nodes.

N1, N2, and N3: Refers to the number and loca-
tion of lymph nodes that contain cancer. The higher
the number after the N, the more lymph nodes that
contain cancer.

Distant metastasis (M):

MX: Metastasis cannot be measured.

MO: Cancer has not spread to other parts of the
body.

Ma1: Cancer has spread to other parts of the body
[9].

Treatment

The history of cancer treatment dates back to
ancient Egyptian and Greek civilizations, although
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B HEKOTOPBIX CIIydyassx JiJIsl IOBBIIIEHUs] TOUHO-
ctu afuarHoctuku npu nposesienun KT u MPT nmanu-
€HTaM BBOZAT KOHTPACTHOE BEIECTBO — IIyT€M BHY-
TPUBEHHOU MHBEKITUH JIULOO IEPOPATIHHO.

» Pasiion30TOIHOE HcciefoBaHue (CIMHTUTPA-
dus). Ilepen ucciemoBaHUeM MAUEHT TPUHUMAET
pazuodapmaneBTUUeCKUi IpenapaT — WHIUKATOP,
KOTOPBI TI0MAalaeT B KPOBOTOK U HAKAIJIMBAETCS B
OIIpe/ieJIEHHBIX 00JIaCTSAX TeJla. 3aTeM CKaHEPOM U3-
MepsieTCs PaJlH0aKTUBHOCTh B MECTax, I7ie OH ObLI
HaKOIUIEH; II0 pe3ysbTaTaM CKAaHMPOBAHHA CO37a-
F0TCsI U300paKEHUST OPTaHOB HJIM KOCTHOTO CKeJIeTa,
r7e ObLT 0OHApYKEeH WHJNKATOP, KOTOPBIH CO Bpe-
MEHEM TepsieT CBOIO PaIMOAKTUBHOCTb U €CTECTBEH-
HBIM ITyTEM BBIBOJUTCS U3 OpTaHU3Ma.

» Pasimon3zoronHoe ckaHUpPOBaHUE KocTel. Ba-
PHUAaHT PaIiOU30TOITHOTO UCCIeI0BaHUs. VICIoib3y-
eTcs sl IMAaTHOCTUKU OIyXOJIeH KOCTeW WIu pac-
MMPOCTPAaHEHHOCTHU METACTa30B B KOCTHOH TKaHU.

o I103UTPOHHO-3MHUCCHOHHAsT  ToMOrpadus
(IT3T). Takske BapuaHT PAAHONU30TOITHOTO UCCIIE0-
BaHus. HcmosbdyeTcsi pagurodapMarieBTHUYeCKUH
Iperapar ¢ TJIF0K030H /11 BUByaTU3alluy U U3Mepe-
HUA MeTA0OJIMYECKOH aKTUBHOCTH IO TIOTJIOIIEHUIO
WHJUKATOpa C TJIIOKO30M KJIETKAaMH OpraHU3Ma.
HawuboJipiriee motpebieHre TITIOKO3bI IPOUCXOUT B
PaKOBBIX KJIETKAX, UTO W IMO3BOJIsAET auddepeHIu-
poBaTh 3/I0POBBIE W MOpPA’KEHHBIE TKAHU, & TAKIKe
MIOJIYYHUTh JleTajabHble 3D-u300paskeHust 37[0POBbIX
U TTOPa’KEHHBIX PAKOM TKaHEH.

» YipTpa3BykoBoe uccaenoBanue. ObciaenoBa-
HUE MPOBOIUTCSA C IIOMOIIBIO YIBTPA3BYKOBOTO JIaT-
YHKa, KOTOPHIM OIEPUPYET CIEIUAHCT, TPOBOIS
€ro UM IO HCCIeAyeMON YacTH Tejla MalueHTa, Je-
JKalero Ha croJse. Vcrnoap3yeTess BBICOKOMHTEHCUB-
HBIH YJIBTPa3BYK, KOTOPBIH MPOXOAUT Uepe3 TKaHU
OpraHu3Ma, 3aTeM OTPaKEHHBIH CUTHAJT (9X0) yIaB-
JIMBaeTcs ammapaTtypoid U (opmupyer uszobOparke-
HUE, Ha3bIBAEMOE COHOTPaMMOH [35].

— Buorncus. B oHKoJIOTHH OUOIICHS CUHTAETCS
KJIF0YEBBIM HCC/IEIOBAHUEM B ITOCTAHOBKE JUATHO-
3a U UCIIOJIb3YETCA JJIsl ONPEeIEHUs THCTOIOTH-
YECKOT'0 CTPOEHUS OIYXOJIH, & TAKIKe MOATBEPIKIE-
HUA haKTa MeTacTa3UPOBAHMUSA IJIs1 yTOYHEHUS CTa-
nuu 3abonepanuu [36]. Buorcus BKIOUaeT uszyue-
HHue 00pasiia OMyXOJIU C UCIOJIb30BAaHUEM MHUKPO-
CKoOIIa, YTOOBI IPEICTABUTDh UCUEPIIBIBAOIIIEE [1ATO-
TUCTOJIOTUYECKOE 3aKJIIOUeHHUe, I03BOJIAIONIEe
JlaTh OIIEHKY MaTOJIOTHU U cPOPMYyJIUPOBATDH JIHa-
rHo3. O6pasIpl JUIA aHAJIU3a 3a0UPAIOTCA € IIOMO-
b0 TYHKIMOHHOW WIJIbI TPU XUPYPTHUECKUX
BMeEIIIATEIbCTBAX JIUOO DHOCKOIMUYECKUX IPOIie-
nypax (kosioHO- 1 6poHxockonusi) [35]. B mocuen-
HHE Ba JeCATUIETHS UCIT0JIb30BAaHNE METO/I0B BH-

radical and primitive, surgery and cauterizations
were practiced to remove the abnormal growths,
these were in most cases ineffective and even caused
deaths, but it was a start, a start to a bumpy history
with ups and downs, not only to the ineffectiveness
and side effects but also to raising hope and facing
the harsh reality of failure [41, 42].

Nowadays, oncology and cancer treatment
branch of into three categories: medical oncology
which is based on the use of chemotherapy, immuno-
therapy, hormonotherapy, and several drugs to treat
cancer; radiation oncology which includes the use of
radiation to treat the disease, and surgical oncology
which rely on surgical approaches to remove tumors
and deal with cancer. Chemotherapy, surgery and ra-
diotherapy remain the most common and widely
used cancer treatments [41]. Being a complex dis-
ease, most cancer cases are treated with a combina-
tion of two or more treatment approaches rather
than one.

Another concept that has always been involved
with cancer treatment is the management of side ef-
fects. Because cancer is essentially a malfunction and
abnormal proliferation of cells, most treatments that
deal with it tend to harm healthy tissues as well,
which in some cases would have sever implications
on the patient’s health [9].

Common treatment approaches

Surgery. The oldest trick in the book regarding
the treatment of cancer, although quite different and
evolved than early approaches in ancient civiliza-
tions in essence cancer surgery still involves the re-
moval of the tumor or cancerous cells from the body.
The classical surgery approach remains the most
used in cancer treatment, technological advances,
however, drove several approaches to surgically treat
cancer:

— Cryosurgery: for some early stage cancer
types like skin cancers this approach is used, it in-
volves the use of liquid nitrogen or argon gas to
destroy tumorous cells by exposure to extreme
cold.

— Lasers: unlike classical surgery which de-
pends on sharp tool to cut the tissues this approach
uses focused light beams which increase the accuracy
dramatically.

Hyperthermia. It refers to exposure of the tu-
mor cells to high temperatures for their destruction
or to make them more sensitive for other treatments
like chemotherapy and radiotherapy [41, 42].

Chemotherapy. Chemotherapy relies on the
use of drugs to stop or slow the fast growth of can-
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3yaJIn3aIuu Py MPOBeieHU U OUOIICUHU TO3BOJIUIIO
3HAYUTEJIHHO MOBBICUTH 6E301aCHOCTh U TOYHOCTD
JMUATHOCTUKY IEPBUYHOTO JTNOO METaCTaTHIECKOTO
paka, ¥ B HACTOSIII€e BPeMsI YPECKOKHAsA OUOTICHS
107l BU3YaJIbHBIM KOHTPOJIEM sIBJISIETCS OJHOU U3
HauboJiee BOCTPEOOBAHHBIX TUATHOCTUYECKUX Ma-
HUTYJISAIUH, TPOBOIUMBIX B OT/EJEHUIX JIyUeBOH
rTepanud [37]. JIpyruM COBPEMEHHBIM JIOCTUKEHH-
€M B TEXHOJIOTHSIX OUOTICHU SIBJISIETCSI BBISIBJICHUE U
OIleHKA MPOTPECCUU OIYXOJIEH C UCIIOJIb30BAHUEM
OGuoMapKepoB paka (IUPKYJIHPYIOIIMX OIYX0JIEBBIX
kietok, ux JJHK u sk30c0M), MPUCYTCTBYIOIIUX B
OGHOJIOTUUECKUX KU/IKOCTSAX, B YACTHOCTH B KPOBH.
DTO HalpaBJieHUe, MMOJIyIUBIIee HA3BAHUE <«KH/]I-
KOCTHas1 Ouoricusi», 6e3 MpeyBeTUYEeHUs MOYKHO
CYUTATh MPOPHIBOM B IUATHOCTHUKE PaKa, IIOCKOJIb-
Ky 6e3 MHBa3UBHBIX BMEIIIATEIbCTB TO3BOJISIET BbI-
SIBUTb OCOOEHHOCTH 3JI0KaUYeCTBEHHOI OIYXOJIU, B
TOM YHCJIE CTaTyC, IPOUCXOXKAEHWEe U HaJIudue
nporpeccur. Bosiee TOTO, KHUAKOCTHAsT OUOIICHS
[TO3BOJISIET OIIEHUBATh UMMYHHBIN OTBET HA ITPOBO-
JUMYyI0 UMMyHOTepanui paka [38]. MckyccTBeH-
HBIN HMHTEJUIEKT UTPAET OTPOMHYIO POJIb B CTAH/Iap-
TU3AIUH KUIKOCTHON OGUOTICHUY, TOCKOJIbKY II03BO-
JISIET CO371aBaTh aJITOPUTMbI, 3HAUUTEIBHO ObJIer-
Yyaplie aHadu3 U KIACCU(DUKAIHUIO OIYXOJIH.
C yBEpEHHOCTHIO MOKHO CKa3aTh, YTO UCIOJIH30BA-
HHE TEXHOJIOTHH MCKyCCTBEHHOTO WHTEJIEKTA,
paspaboTka ajJropurma, KOTOPBIA 0000IIaeT Bce
JTAaHHbIE KUKOCTHON OUOTICUY JIJIs TIOJIyUYeHUsI Jie-
TQJIBHOTO TPOGMUIA OIMYXOJIH, OTKPHIBAET HOBYIO
9Py B IMarHOCTUKE U CKPUHHUHTE paKa u OyIeT CIo-
cobcTBoBaTh Gosiee apdekTUBHOMY BHIOOpPY Tepa-
nuu [39].

Kaaccugukauyusn

B ocHOBY k1accuduKaIUuy paka MOJIOKEHBI Ta-
KHUe MOKa3aTesd, KaK CTafus Pa3BUTUS U CTEIEeHb
pacmpocTpaHeHusi, HAJIMUUE METAcTa30B B JuMdba-
TUYECKUX y3JIaX U OTAAJIEHHBIX JacTsAx Tesa. Kiac-
cuduKaIys omyxoau HeoOX0UMa B OHKOJIOTUH, T10-
CKOJIBKY JJA€T IIPEJICTABIEHNE O COCTOSHUH TTaIeH-
Ta, II03BOJIAET IPOTHO3UPOBATH X0/ 60JIE3HY, ee Ts-
JKeCTh M HCXOJl; a TaKXKe ABJAETCA HeoOXOAMMBIM
yCJIOBHEM JJI Pa3spaboTKU ONTHMAJIBHOTO IUIaHA
neuenus [40].

Jna xnaccudukanuyu paka IpHMeHSIOTCS He-
CKOJIbKO CHCTeM, HauboJsiee pacrpocTpaHeHa Kjiac-
cuduranysa TNM, B KOTOPOH yUUTBHIBAIOTCA CIEAYIO-
IIHe MapaMeTphl: pa3Mepbl 1 MECTHOE PacIpocTpa-
HeHue mepBuYHOH onyxosu (T), BoBeueHre peruo-
HapHBIX JuMdaTuyeckux y3108 (N) u Hamu4une oT-
JaseHHbIX MeracTtasos (M) [9].

cer cells; the substances are known as cytostatics
and they fall under different types and often are
used in combination with each other. The medica-
tion is usually introduced into the body through
infusion into a vein or in some cases as tablets. In
systemic treatments the drugs circulate in the
blood stream and affect the whole body meaning
they could deal with undetected cancer cells or tu-
mors; however, this causes these cytostatics to act
on and harm healthy tissues. In some types of can-
cer local chemotherapy is used and the medica-
tions are introduced not into the blood stream but
rather injected directly into the affected part of the
body. For people requiring chemotherapy treat-
ment over a long period of time a port is installed
under their skin, which is a small container that is
connected to a large vein and remain in the body
for as long as the course of treatment lasts enabling
the infusion to be connected directly to it without
having to look for a vein and puncture it for each
treatment.

Chemotherapy cycles. Most chemotherapy
treatments are given in repeated cycles with specific
intervals, the nature of the drug (how long the effect
lasts and side effects), the state of the patient (how
much it takes for the body to recover), and the overall
length of the treatment influence the number of cy-
cles and the intervals [9].

Radiotherapy. Radiotherapy falls under two
types depending on the type of radiation used: pho-
tons radiation (x and gamma rays) which is the most
widely used and particles radiation (protons, elec-
trons and neutrons) [43, 44].

In oncology, radiation therapy plays a big role in
dealing with cancer as 50% of all cancer patients re-
ceive radiation therapy at some point during their
course of cancer treatment, and it contributes to-
wards 40% of curative treatment. Radiation could be
used as a cure for cancer as well as palliative treat-
ment to relieve patient of the symptoms, and in a lot
of cases is used in combination with surgery, chemo-
therapy and immunotherapy.

Considered a physical agent (photons, protons,
electrons or neutrons), the radiation used in this ap-
proach form electrically charged ions hence the
name “ionizing radiation”, and deposit energy into
the cells of the tissues it passes through. The radia-
tion acts by damaging genetic materials, thus block-
ing and striping the cells of the ability to divide, mul-
tiply and proliferate, this, however, is true for all
cells and radiotherapy is harmful for both healthy
and cancerous tissues. Normal cells are more effi-
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ITepBuuHas omyxossb (T):

TX — onpezesiuTs pa3Mepbl 1 MECTHOE PacIIipo-
CcTpaHeHue TTePBUYHON OIYX0JIM HEBO3MOYKHO.

TO — mepBUYHAA OIyX0JIb HE OOHAPYKEHA.

T1, T2, T3 u T4 — oTHOCcUTCA K pa3Mepam U
MECTHOU PaCIpPOCTPAHEHHOCTH IEPBUYHON OITyXO-
su. Yem 6ostbire nudpa nocsae 6ykBol T, TeM KpyTi-
Hee OIlyXOJIb JIMOO TEM CHUJIbHEEe OHA BpPACTAaeT B
OKpy:katomue TKaHu. [yt GOJIbINEH JeTamn3aiuu
mporiecca B KJIaCCH(MHUKAIUM MOTYT J00aBJIATHCS
6ykBbI mocse 1udp, Hanpumep T3a u T3b.

Pernonapusie mumbarudeckre y3isl (N):

NX — oreHKa He MOKET OBITh IIPOBE/IEHA.

NO — meTacrasbl OTCYTCTBYIOT.

N1, N2 u N3 — COOTHOCHUTCSI C KOJIUYECTBOM H
BOBJIEUEHHOCTHIO JIMM(MATUUECKUX Y3JI0B.

Otpanennsle meracrassl (M):

MX — olleHKa He MOKeT ObITh ITPOBE/IEHA.

MO — HeT oTHaJIEHHBIX METAaCTa30B.

M1 — ecTb OTHaIeHHBIE MeTacTassl [9].

JleueHue

Vcropus eueHns paka HauuHaeTcs elre B /[pes-
HeM Erurrre u JIpeBHeil 'peniny, r71e IPaKTUKOBAJINCH
TaKwue, IyCTh PAJANKAIbHbIE U IPUMUTHBHBIE, METOIBI
JledeHUs1 HOBOOOpa30BaHUM, KaK HcceueHUe U IpU-
JKUTaHHUe, KOTOPbhIE B OOJIBIIMHCTBE CIyJaeB ObLIN He-
3(pDeKTUBHBI JTUOO TPUBOJIWIN K CMEPTH OOJIBHOTO.
Ho 5T0 6BL10 JIUIIIH HAYAJIOM TEPHUCTOTO IIYTH, Ha KO-
TOPOM OBLITU B3JIETHI U MTAJIEHNs, CBA3aHHbBIE HE TOJIb-
KO ¢ HeahPEKTHBHOCTHIO, TOOOYHBIME 3¢ deKTamMu
JledeHus1, HO TaKXKe C OKPBUIAIOIIeN Ha/leX/I0l U cy-
POBOI peaTbHOCTHIO OPaXKEH U [41, 42].

B HacrosIee BpeMs JeueHrne OHKOJIOTHIECKUX
3a60s1eBaHUI 00BE/IUHAETCA B TPU OCHOBHBIE T'DYII-
IIBI: JIEKAPCTBEHHAsl Tepamnus (XUMHO-, UMMYHO- U
TOPMOHOTEpAINs, a TAK)XKe HCIOJIb30BAHUE JIPYTHX
[IpenaparoB); JiydeBas Tepanus (IpUMeHEHHE HO-
HU3UPYIOIIEr0 H3JIyYeHUs); XUPYPrHUecKoe Jieue-
Hue (ylaJIeHre OIyX0JIed U MOPaskKeHHBIX MU Opra-
HOB). Hawmbosiee pacnpoCTpaHEHHBIMHU OCTAIOTCH
XUMUOTEPATHs, JIydeBasi TEPAIUs U XUPYPIHUECKOe
negenue [41]. TIockobKy pak — MHOTO(AKTOPHOE
3abosieBaHue, B GOJIBIIMHCTBE CIyIaeB HCIIOJIb3YET-
¢ KOMOWHAITUSA U3 JIBYX WU O0Jiee BU/IOB JIeUeHUsI.

JIpyroil Ba>KHBIA acCITEKT JIEUEHUs] paKka — KOp-
peknysa mob6ouHbIX 3(PGHEKTOB, BBI3HIBAEMBIX HEKO-
TOPBIMH BUZAMHU Tepanuu. [I0CKOJIbKY pak — 3TO, B
CYIITHOCTH, HapyIIeHue (PyHKIINN U HEKOHTPOJIUpYe-
Mad nposudepanys KJIETOK, TO B OOJIBIIIMHCTBE CIIy-
YyaeB JieueHe, HallpaBJIEHHOE ITPOTUB 3THX (heHOMe-
HOB, CITOCOOHO ITOBPEIUTH U 37I0POBBIE TKAHU, UTO B
pAne ciydyaeB MOXKET UMeTh TsKeJsIble II0CIe/ICTBUA
JUIsI opranuama 60J1bHOTO [9].

cient at repairing themselves compared to cancer-
ous ones, still with the aid of technological advances
the aim of this type of therapy is to maximize the
radiation doses to abnormal cells while minimizing
exposure to normal cells even in tumor neighboring
tissues.

In most cases radiation is delivered as external
radiation by specialized machines that aim high en-
ergy beams to the tumor; in some cases like prostate
cancer that requires routine treatment or when re-
treatment is indicated, internal radiation is used in-
stead, dubbed “Brachytherapy” is done by sealing a
radiation source directly to the tumor site; other cas-
es require a third type known as “Radioisotope ther-
apy” which involves the injection of a liquid form of
radiating substances that are designed to target spe-
cific tissues like thyroid.

Given that radiotherapy is very harmful to
healthy tissues, innovation and technological ad-
vances are of great importance for optimal treatment
process this drives different techniques for radio-
therapy:

— Fractionation: in a nutshell it involves the de-
liverance of different radiation regimes depending
on the type, stage and state of the tumor, as well as
the sensibility of the tissues surrounding it.

— 3D Conformal radiotherapy (3D CRT): guided
by CT imaging this technique allows for accurate lo-
calization of tumor for the deliverance of radiation as
well as normal organs for shielding.

— Intensity modulated radiation therapy
(IMRT): guided and controlled by a computer, this
approach allows the oncologist to control the inten-
sity of the radiation enabling irregular-shape radia-
tion doses, enabling better targeting for tumors and
avoidance of healthy tissues.

— Stereotactic body radiation therapy (SBRT):
Relying on the previous technological advances
this approach is based on the precise deliverance of
very high individual doses of radiation over only a
few treatment fractions to small, well-defined pri-
mary and oligometastatic tumors anywhere in the
body.

Radiation therapy other than as a cure, it is com-
monly used as an adjuvant treatment following sur-
gery, or after chemotherapy when by itself is not ex-
pected to be enough of a cure. Another revolutionary
use for radiotherapy is when associated with chemo-
therapy in what is known as “Radio-chemotherapy”,
as cytostatics have effects that activate when com-
bined with radiation, in this case it is local chemo-
therapy as it only has an effect where radiation was

applied [44].
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HawuGoJsree pacupocTpaHeHHbIE BUABI
JIeYeHus paKa

Xupypauueckoe sneveHue. ITO cTapeHmui us
BCeX BO3MOXKHBIX CIIOCOOOB JIEUeHUs PaKa, XOTS OH B
3HAYUTEJIBHON Mepe OTIMIAETCS U YCIIeJ HBOJIIOI-
OHUPOBATh II0 CPABHEHUIO C ITO/IXOZAMU JIPEBHUX
OUBUIN3AaOUH. B CyIIHOCTH, OHKOXUPYPTUs IIO-
IIpeKHEMY ITO/IPA3yMeBAET y/laJIeHUe OILyXOJIH WJIN
OILyXOJIEBBIX KJIETOK M3 opranusma. Kiaccrueckuit
XUPYPTUYECKUH TIOIXO/T OCTAETCs HanboJIee NCTI0JIb-
3yEMBIM B JIEYEHUU PaKa, OTHAKO TEXHOJIOTHUECKIE
JIOCTIKEHUSA IPUBEJIH K [TOSBJIEHUI0 HEKOTOPBIX HO-
BBIX IIO/JTXO/IOB:

— Kpuoxupyprusa. IlpumeHsercs Ha paHHHX
CTaINAX HEKOTOPHIX BUJIOB paka — HaIpHUMep,
koxku. C 1eJIBIO IECTPYKIIMH OITyXOJIEBBIX KJIETOK HX
[IO/IBEPTAIOT JEHCTBUIO SKCTPEMAIPHO HUBKHUX TEM-
mepaTyp, KOTOpble XapaKTepPHBHI /I KUIKOTO a30Ta
U aproHa.

— IIpumeneHue a3epos. B oimune OT Ki1accu-
YeCKOU XUPYPIruH, KOTOPOU /IS MCCEeUeHUs TKaHEN
HeOOXOAUM OCTPBIN MHCTPYMEHT, B JAHHOM ITOIXOZE
HCIIOIB3YIOTCA CHOKYCHPOBAHHBIE BBICOKOMHTEH-
CUBHBIE IIYYKH CBeTa, YTO CYIIECTBEHHO IOBBIIIAET
TOYHOCTH BO3/IEHCTBUSI.

TI'unepmepmus. Ilpencrapiser cobou BO3EN-
CTBHE BBICOKHX (41—45 °C) TeMmeparyp Ha KJIETKU
OIIYXOJIH C LIEJIbIO MX PA3PyIIeHHU JINO0 MOBHIIIIEHUS
BOCIIPHUMYUBOCTH K APYTUM BHUAAM JIEUEHUA, Ta-
KUM KaK XUMUO- WIN JIydeBas Tepanus [41, 42].

Xumuomepanua. Onupaerca Ha NPUMEHEHUE
JIEKapCTBEHHBIX ITPENIAPATOB /IS IPEKPAIIEHUS WIH
3aMeIJIeHHs pOCTa PaKOBBIX KiIeTok. Hanbostee pac-
MIPOCTPAaHEHHBIMU SBJIAIOTCA I[MUTOCTATHKU, KOTO-
pble [eyATCs HAa HECKOJIBKO TPYHI U OOBIYHO FHC-
MIOJIB3YIOTCA B KOMOWHAIUK JPYT ¢ pyrom. I{uro-
CTaTHYeCcKHe IpernapaTbl OOBIYHO BBOJATCSA IIyTEM
nHGY3UH B BeHY, BHYTPUBEHHO, HO B HEKOTOPBIX
CJIydasx NPUHUMAIOTCA MAIleHTOM BHYTDPb B BHUE
TabseTok. IIpu CUCTEMHOM JIEUeHUU OHU IIUPKYJIH-
PYIOT B KPOBOTOKE U BJIMSIOT HA BECh OPTAHU3M, UTO
[I0/Ipa3yMeBaeT BO3/lefiCTBYe HA HEBBIIBIEHHBIE Pa-
KOBbI€ KJIETKU WJIH OITyXOJIH; OHAKO 3TO IPUBOIUT
K TOMY, YTO ITUTOCTATHKH BO3/IECTBYIOT U HA 3/I0PO-
Bble TKaHU U IOBPEeXKAAIOT uX. [[03TOMY Ipu HEKOTO-
PhIX Pa3HOBUHOCTSAX paka IPOBOJUTCS MeECTHAS
XUMUOTepAaNusa, KOrjla MUTOCTaTUYeCKHe IIperapa-
THI BBOJATCA He B OOIIMI KPOBOTOK, a HEIOCPEN-
CTBEHHO B ITIOpaXkeHHYI0 06s1acTh. [lariueHTam, KOTo-
pBIM IIOKa3aHA JJIUTEJIbHAs XUMUOTEpAIHsA, WM-
IUIAHTUPYeTCA TMOAKOXKHAsI IOpT-CUcTeMa i HH-
(dy3uu, mpeACTaBIAIONIYI0 COO0U HEOOBIIYI0 eM-
KOCTB, KOTOpAas Yepe3 TPyOOUKy-KaTeTep MOAKITIoYUe-
Ha K KPyITHO! BeHe U OCTaeTcs B TeJle, II0Ka IIPO/I0I-

Immunotherapy. Surgery, chemotherapy and
radiotherapy have few things in common of which
the wide use in oncology and that they are not spe-
cific therapies, in contrast cancer immunotherapy
represents a standing example of precision oncology,
in essence, this type of treatment could be defined as
helping or tailoring the immune system to deal with
cancer. The idea of using the immune system to fight
off cancer originated in the nineteenth century when
scientists noticed spontaneous regression of tumors
following the development of superficial skin infec-
tion; the idea reemerged again in the twentieth cen-
tury but it remained a hard to control and to manipu-
late approach, until recent years with better under-
standing of the process of immune surveillance, by
which innate immune cells eliminate cancer ones
and thanks to technological advances it revolution-
ized the field of oncology in terms of survival and
quality of life [45—47]. Immunotherapy is built on
4 main pillars:

— Immune checkpoint blockade: one of the
main ways cancer cells evade the destruction by the
immune cells is through immune suppression by
calling for regulatory T cells, this approach involves
inhibition of the immune system’s intrinsic regula-
tory mechanisms, thus, driving the activation of a
better anti-cancer immunological responses.

— Immunotherapy with cytokine therapy: can-
cer cells influence and activate their microenviron-
ment (stroma, blood vessels and immune cells), this
influence has a positive feedback on the development
of cancer and is indispensable for tumor progression
and metastasis. This happens through an orchestrat-
ed signaling crosstalk between tumor-associated
neutrophils (TANs), tumor-associated macrophages
(TAMs), innate lymphoid cells (ILCs), myeloid de-
rived suppressor cells (MDSCs), mast cells, T cells
and NK cells that produce various factors such as en-
zymes, chemokines and cytokines which can increase
angiogenesis and drive cancer progression. This
therapeutic approach relies on the disruption of this
dynamic by the calculated injection of cytokines that
stimulate the immune cells to attack and destroy the
cancerous ones [48].

— Cellular therapy (redirected T cells): a new
and very promising approaches have surfaced in the
last few years which include the isolated tumor-infil-
trating lymphocytes (TILs) from an existing tumor
mass, and co-culturation with IL2 to grow and pro-
liferate ex vivo, then the reintroduction of the sub-
population of the proliferating cells into the tumor
site. The high numbers of TILs are reinfused to the
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JKaeTcss Kypce JiedeHus. Takas cucrema II03BOJIAET
BBOJIMTH IIPEIaparhl JJIUTETbHOE BpeMs 6e3 moncka
BEH U UX IIOBTOPHOM MYyHKITUH JJI KaXKIOTO ceaHca
Teparum.

BOJIBIITMHCTBO XMMUOTEPATIEBTUUECKUX MEIH-
KaMEHTOB, KaK IIPABUJIO, BBOJUTCS ITOBTOPSIOIIH-
MHCS [IHMKJIAMH C OIpPeeIEHHBIMU HWHTEpPBAIAMHU.
KosnuecTBO IUKIIOB U JJIUTEIHHOCTh WHTEPBAJIOB
3aBUCAT OT TUIIOB UCIIOJIB3yEMBbIX ITPENapaToB (IIpo-
JIOJKUTEJIBHOCTD JIEUCTBHSA, 1T000YHbIE 3(PPEKTHI),
COCTOSTHUS TallieHTa (BpeMeH!, He0OX0UMOTO JIJIst
BOCCTAaHOBJIEHHUsI OPTaHMU3Ma), a TaKKe OOIen IJIu-
TEeJIbHOCTH JieueHus [9].

Jlyuesas mepanus. JlydeBasi Tepamusi moipas-
JleJIeTCs Ha [Ba BHA B 3aBHCHUMOCTH OT THIIA HC-
[10JIb3YEMOTO WBJIyUEHHS: BOJIHOBOE (PEHTTEeHOB-
CKOEe W TaMMa-u3JIydeHHe), HCII0JIb3yeMoe dvarle
BCEro, U KOPIYCKYJISIpHOE (IIPOTOHBI, 3JIEKTPOHBI U
HEUTPOHBI) U3JIydeHUE [43, 44].

B oHKOJIOTHY JIyueBast TEPAUS UTPAET BAKHYIO
POJIb, TIOCKOJIBKY 50 % BCEX OHKOJIOTHYECKUX Ially-
€HTOB Ha TOM WJIM WHOM 3TaIle JIEYEHUs TOIyIatoT
ee, M OHA Ha 40 % obecrieunBaeT pauKaIbHOCTD Jie-
veHus. JIyueBas Tepanus MOKET IPUMEHATHCS KaK
JUTST U3JICUEHNS, TaK U [JIs Ta/UTAAIN, 001erYe s
CHMIITOMOB GOJIBHOTO, ¥ BO MHOTHX CJIyYasiX OHa HC-
MOJIb3yeTCsI COBMECTHO C XUPYPIrUYECKUM JI€UEeHH-
€M, XUMHO- 1 UMMYHOTepaIuen.

CyTh MeTO/a 3aKJIIoYaeTcsl B HCIOJIb30BAaHUU
WOHUBHUPYIOIIETO U3JIydyeHus (IOTOKa Pa3IMUHBIX
yacTuil: GOTOHOB, IIPOTOHOB, BJIEKTPOHOB HJIU HEM-
TPOHOB), CLIOCOOHOTO 0OPA30BBIBATH BJIEKTPUUECKHU
3apsi’KeHHbIE MOHBI (OTCIO/Ia €r0 Ha3BaHUE «HOHH-
3UpYyIOIee») U MepefaBaTh SHEPTUIO KJIETKAM TKa-
HeH, yepes KOTOPhIe OHO TPOXOIUT. M3IyueHue BO3-
JIEUCTBYET Ha KJIETKH, IIOBPEXK/IAS UX TeHETHUECKU T
MaTeEpPUAJ ¥, TAKUM 00pa30oM, JIUIIAs UX CIIOCOOHO-
CTU K POCTY ¥ IIposirudepanuu; OTHAKO OHO BO3/IeH-
CTByeT Ha BCe KJIETKHU, IO3TOMY JIydeBas Teparus
BPEIUT KaK 3JI0KAYECTBEHHBIM, TaK U 30POBBIM
KJIeTKaM. 3/I0pPOBbIe KJIETKH UMEIOT OOJIBIINH perna-
PATUBHBIN MTOTEHIHAJ 110 CPABHEHUIO C PAKOBBIMU
KJIETKaMH, TeM He MeHee BayKHeHIas 3a/1aua jryde-
BOM Tepamuu COCTOUT B NMPUMEHEHUH, Osarozapst
TEXHOJIOTUYECKMM HOBIIIECTBAM, MAaKCHMAaJIbHOH
JIO3bl MBJIyUeHHUS K PAKOBBIM KJIETKAM IIPU MHUHU-
MaJbHOM BO3JIEHCTBUM Jla’ke Ha TpHJIeKallie 3/10-
pOBBIE TKaHU.

B GoJIbIIIMHCTBE C/Ty4YaeB JIydeBoe BO3JIEHCTBUE
Ha OTyXO0JIb MPOUCXOUT IUCTAHIMOHHO C TIOMOIIBIO
CIleNaJIbHOM almapaTypbl, KOTOpas HaIpaBJIseT
BBICOKODHEPTeTHYECKUE YUK — HCTOUHHUK H3JIy-
YeHUs] HAXOJUTCS CHAPY’KH; B HEKOTOPBIX CIydasix,
HaAIpUMep IPH pake IPOCTaThl, Korja Tpebyercs

patient to provoke in vivo immune response, this is
known as the adoptive cell transfer (ACT). Despite
being promising and showing great results, this ap-
proach, however, works only on specific cancers and
not all types, hence the focus on the development of
ACT strategies using modified patient-specific
T cells that carry genetically engineered antigen re-
ceptors in the form of either native engineered T cell
receptor (TCRs) or chimeric antigen receptors
(CARs). The idea for the TCRs approach arose from
the fact that not all patients have T cells that have
already recognized their tumors due to defective an-
tigen presentation or other factor, thus taking T cells
from patients, but instead of just activating and ex-
panding the available anti-tumor T cells like with
the classic ACT strategy, here the T cells can also be
equipped with a new receptor that enables them to
target specific cancer antigens enabling targeted
therapy. The CARs approach on the other hand re-
volves around equipping the T cells (and in newer
trials natural killer cells — NK) with synthetic recep-
tors to overcome the biological limitations of the an-
tigens needing to bounded by the major histocom-
patibility complex (MHC) to be recognized by the
immune cells [48].

— Therapeutic vaccines: vaccination against tu-
mor initiation-involved viruses can provide a pre-
cautionary measure against cancer. This is known as
“Preventative vaccines” that help in the prevention of
cancer, the revolutionary approach however, in-
volves engineered vaccines that stimulate an im-
mune response against cancer — “Therapeutic vac-
cines”. By acting against both tumor-specific anti-
gens (TSAs) and tumor-associated antigens (TAAs)
these engineered vaccines can provoke an immune
response by stimulating the immune system to rec-
ognize and destroy tumor cells presenting said anti-
gens. Another promising and novel approach re-
volves around the activation of anti-Treg cells (anti-
regulatory T cells), this enables the immune system
to bypass the immune suppression induced by the
cancerous cells in the tumor microenvironment

[9, 48].

Why conventional treatments fail

Despite coming along way, despite all the tech-
nological advancements, and despite all the efforts of
oncologists, research centers and philanthropists,
cancer therapeutics remains the treatment with the
lowest clinical trial success rate of all major diseases.
This is in one part to the inability of conventional
treatments (surgery, chemotherapy and radiation) to
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CTaH/AAPTHOE MPO/IOJIKUTEIPHOE JIeueHne Ju00 1o-
KazaH THOBTOPHBIM KypC JIy4eBOUM Tepamuul, UCTOY-
HUK WU3JIyYeHUs] BBOAUTCS HEIIOCPEJCTBEHHO B CaM
opras (mmpocrary), 3TO Tak Ha3bIBaemasi OpaxuTepa-
IUsT; B IPYTUX CIIydasX MPUMEHSETCA Tepamus, u3-
BecTHas KaK PaIION30TOITHAS, KOTOPAs MOApa3yMe-
BaeT MHBEKIIUIO PAJMOAKTUBHOTO (apMIpenapara,
IIeJII0 KOTOPOTO SIBJISIETCS OMpeJieJIeHHAsT TKaHb,
HanpuMep IIUTOBUAHOM JKeJIe3bl.

YuuTeIBas, YTO JIydeBasd Tepanus HAHOCUT
OOJIBIIION BpeZ] 370POBBIM TKAaHSAM, WHHOBAIIUU U
TEXHOJIOTUYECKUE TOCTHIKEHUS, TIO3BOJIAIONINE MU-
HUMU3UPOBATH BIWAHNE U3JIydeHUs HAa OPTaHU3M,
BOCTpeOOBaHBI U IPOKJIA/IBIBAIOT IOPOTY HOBBIM Me-
TOZIMKAM, CPEIU KOTOPBIX:

— @paknuoHHaA JydeBas Tepamnusa: HeoOXoau-
Masi o0Iast A03a paJIualiuu IeJIUTCS Ha HECKOJIbKO
03 — (paknuii. Pexxumbl GpakIMoOHHON Tepamuu
3aBUCAT OT THIIA, XaPAaKTEPUCTHK, CTA/IUH OITyXOJIH, a
TaKKe YyBCTBUTETHLHOCTH OKPY?KAIOIUX ee TKaHeH.

— 3D-xoudopmuas syueBas Ttepamusa (3D
CRT): ara TexHosOrUsl, peayimdyeMasi 1O/ KOHTPO-
sem KT-Busyanusaruu, MO3BOJISIET MaKCHMAaJIbHO
TOYHO BO3ZIEHICTBOBATH HA IOPAXKEHHYIO TKAHb, HE
MIPUYNHAA yIepO OKPYKAIOITUM TKAHIM.

— JlyueBas Tepanus ¢ MOAYJIUPOBAHHON UHTEH-
cupHOCThIO (IMRT). Mcrosib30BaHrEe KOMITBIOTEPH-
3UPOBAHHBIX JIMHEHHBIX YCKOPHUTEJIEH IT03BOJISET
KOHTPOJINPOBATh MHTEHCUBHOCTD JIyUEBOTO MOTOKA
u 06ecreunBaTh IMOJIyIEHNE T035I OIyX0JIbI0 HETpa-
BWIbHOU (OpMBI, n3berass BO3JIENCTBUS HA 3710pO-
BbI€ TKaHU.

— Crepeorakcuyeckas jiydeBasi tepamnus (SBRT).
Omnmpaercsi Ha NPeIIECTBYIOIINE TEXHOJIOTHIECKIE
JTIOCTH)KEHUST; OCHOBBIBAETCSA HA MPEIU3UOHHOM 00-
JIy4eHUU OYeHb BBICOKIMU WH/IUBU/TYaIbHBIMU 1032~
MU PaJilanyy, IOJIeJIEeHHBIMU Ha OIPeZIeIeHHOE KO-
JnyecTBO ceaHcoB. SBRT 1mo3BosisieT BO3/1eHCTBOBATD
Ha MeJIKHe, C YeTKMMH KOHTYpaMU IEPBUYHbBIE U
OJIUTOMETACTAaTHYECKHE OITyXOJU B JIFOOOM 4YacTH
Tesa.

JlyueBas Tepamus NpUMEHsETCA HE TOJIBKO B
KadyecTBe CaMOCTOATEJIbHOTO MeTO/[a JIeYeHUs B OH-
kosiorur. OOBIYHO OHA WCIOJIB3YETCS KaK abIo-
BaHTHAsS TEPAIUs [IOCJIe XUPYPTHUECKUX OIlePaIiHil
WIN XUMHUOTepaNuH, KOIZla UX CaMOCTOSATEJIbHOE
IpUMeHeHUe He TMPeICTaBIIAETCS TOCTATOUHBIM ISt
usjeueHus. J[pyruM OPUHIOIUIHAJIBHO HOBBIM Ha-
[IpaBJIeHUEM JIyIeBOH TePAINH SBJISETCA ee HUCII0b-
30BaHUE B KOMILIEKCE C XUMUOTEPANeil — OHO U3-
BECTHO KAaK XUMHUOJIyUYEBas TEPANUsi, ITOCKOJIbKY
UMeIoIHecs Y HUTOCTATUKOB 3G dEKTHI TPOSBIIAIOT-
cs TIOCJIe BO3/IEWICTBUS HBJIyUEHHSA. DTO KacaeTcs
MECTHOTO ITPUMEHEHUsI XUMUOTEPAIIHNH [44].

completely eradicate cancer, even if few tumor cells
survive, their nature gives them the ability to prolif-
erate again, and cancer will reemerge, even though
immunotherapy shows great promise to deal with
this problem, the fact of the matter is that the ap-
proaches of this type of treatment are in the early
stages and more clinical trials are needed for the in-
corporation of this treatment method [46—49]. To
make matter worse, this survivability issue is ampli-
fied by the fact that tumors possess cytogenetically
different clones that arise from the initial trans-
formed cell after undergoing further genetic altera-
tions, this heterogeneity results cancer cells behav-
ing differently and vary widely in their response and
sensitivity to radiation and to the different kinds of
cytotoxic drugs, making clinical management diffi-
cult [19, 49].

Due to their genetic instability cancer cells can
develop treatment resistance and it gets even worse
as in a lot of cases it is a “multidrug resistance” even
for drugs these cells have never been exposed to, this
is correlated with the amplification of a part of the
genome that contains a gene called MDR1. This gene
codes for a plasma-membrane-bound transport
ATPase, which, if overproduced, can prevent the in-
tracellular accumulation of certain lipophilic drugs
by pumping them out of the cell [49].

Another big reason and one of the most treat-
ment failure causing properties of cancer is its meta-
static nature. Metastasis renders almost all local
therapies useless, and furthermore the ability to me-
tastasize in a stealthy manner hinders the accuracy
of diagnosis and the ability to determine the right
treatment plan [50].

CONCLUSION

The search of cancer cures is very difficult but
the situation is not entirely hopeless, our under-
standing of cancer increases by the second, and new
technological advances are always on the horizon,
one in particular carries with it a great promise to
revolutionize cancer treatment field, as well as pleth-
ora of other biology and translational medicine: the
CRISPR/CAS system (clustered regularly inter-
spaced short palindromic repeats — CRISPR associ-
ated proteins).

This paper does not contain any studies involv-
ing animals or human participants performed by the
authors.
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HmmyHnomepanua. Xupypruueckoe JedeHUe,
XUMUO- U JIydeBas Teparus UMeIT HECKOJIBKO 00-
IIUX XaPAaKTEPHUCTHUK, CPEAU KOTOPBIX — IIUPOKOE
IIpUMeHeHNe B OHKOJIOTUN U HecHelu(pUIHOCTD Jie-
4eOHOTO BO3/EHCTBUS, HAPOTUB, UMMYHOTEPATIIHSI
paka mpencTaBiseT cOOOH HEM3MEHHBIA IPUMeEp
MPENU3UOHHON (IIepCOHATM3UPOBAHHOM) OHKOJIO-
ruu. [To cyTtu, 3TOT METO/ JIeueHusT MOXKHO OTIpefie-
JIUTHh KaK MOMOIIb UMMYHHOU CHUCTEME WU ee Ha-
cTpo¥ika st 60pb0ObI ¢ pakoM. Vjies HCIoIb30BaHus
UMMYHHOI CHUCTEMBI /17151 60ph0OBI C pAKOM BO3HHUKJIA
eme B XIX B., KOr/1a ydeHble OTMETHIIN CIIOHTAaHHYIO
PErpeCCHI0 OIyXO0JIeH IMOcsIe IEPEHECEHHOU TOBEPX-
HOCTHOU MH(}EKITUN KOXKU; BHOBb 9Ta U/l BO3HUK-
sa B XX B., HO IO-TIPEXXHEMY OBLIO TPY/THO KOHTPO-
JINPOBaTh UMMYHHBIE TIPOIECCHI U YIIPABJIATH UMHU.
Vike B HacTosIlee BpeMs, Oyaromapsi Iporpeccy B
IIOHUMAaHUN MEXaHW3MOB HMMYHHOHM 3aIllUTHI, B
YaCTHOCTH, CIIOCOOHOCTH BPOXKJEHHOTO UMMYHHUTE-
Ta UIeHTUGUITIPOBATH U 3aTEM SJIMMUHUPOBATD Pa-
KOBBIE KJIETKH, a TaKxKe Oyaromapsi pa3BUTHIO TEX-
HOJIOTUH, MOABUJIOCH HAIIPaBJIeHUeE, ITO3BOJIAIONIEE
MIOBBICUTH BHKMBAEMOCTD U KAUeCTBO »KU3HHU TaIu-
€HTOB OHKOJIOTHYEeCKOTo poduis [45—47]. Ummy-
HOTepAaINus BKIYAET 4 MOAX0/1a:

— HurubupoBaHue KOHTPOJIBHBIX TOYEK HM-
MYHHOTO OTBeTa. [I13BECTHO, UTO OJHUM H3 OCHOB-
HBIX CIIOCO0OB, IO3BOJISIOIINX PAKOBBIM KJIETKAM
n36ekaTh YHUYTOXKEHUSI MMMYHHOH CHCTEMOH —
5TO UMMYHOCYIIPECCHUsI, CBSI3aHHAS C IOBBIIIEHUEM
ypoBHA peryaAaTopHbix T-mumdonntos. Iloaxon
OCHOBAaH Ha WHTHOWPOBAHWH BHYTPEHHUX PETyJIsi-
TOPHBIX MEXaHU3MOB UMMYHUTETA, YTO CIIOCOOCTBY-
€T MOBBIIIEHN0 UMMYHHOT'O OTBeTa Ha PAKOBYIO HH-
Ba3MHIO.

— IuToKMHOTEpanus: paKOBbIE KJIETKH OKa3bI-
BAIOT aKTUBUPYIOIlee BIUSHUE HA CBOE MUKPOOKPY-
’keHHue (CTpoMy, KPOBEHOCHBIE COCYAbI, IMMYHHbIE
KJIETKU), YTO IIOJIOJKUTEJIPHO CKA3bIBAEeTCA Ha pas-
BUTHH OITyXOJIU U ABJIAETCA 00s3aTeIbHBIM yCIOBU-
€M OITyX0JIEBOH MPOTPECCUM U MeTacTa3upPOBAHUS.
OcHOBa 3TOTO MPOIECCa — COTIIACOBAHHOE CUTHATIb-
HOE B3aNMOJIeICTBHE MEXKAY OIIyX0JIeacCOIIMUPO-
BaHHBIMU HerTpoduaamu (TANS), omyxosieaccomu-
npoBaHHbBIMH Makpodaramu (TAMs), mumdoungHbI-
MH KJIeTKaMu BpokaeHHoro mmmyHurera (ILCs),
CYIIPECCOPHBIMU KJIETKAMU MHUEJIOUTHOTO MTPOUCXO-
sknenus (MDSCs), TyanbIMu KjieTkamu, T-1uMdo-
nuramMu U NK-kjieTkamu, IpOoAyIUPYIOIIUMU pas-
JinuHble (PAKTOPHI, TAKKME KaK SH3UMbI, XEMOKUHBI U
OUTOKUHBI, KOTOPBIE CIIOCOOHBI CTUMYJIUPOBATH aH-
TUOTEHE3 U CJIY’KUTD JpalBEpPaMM OIyXOJIEBOH IIPO-
rpeccuu. J[aHHBIN TepameBTUYECKUN IOAXO0]T OCHO-
BaH HA IPEPHIBAHUU OMHCAHHOTO JUHAMUYECKOTO

B3aUMOJIEUCTBUA IIyTEM WHBEKIUH PACCIUTAHHOU
JIO3Bl IIUTOKWUHOB, YTOOBI CTUMYJIMPOBATh MMMYH-
HyI0 aTaKy U YHHYTOKEHUE OILyXOJIEBBIX KJIETOK
[48].

— Kierounas tepanus. HoBelll u jocTaTouyHO
IIepCUEKTUBHBIN 1Moax07. OCHOBAaH Ha KYJIbTUBHUPO-
BAHUU H30JIMPOBAHHBIX HHOWIBTPUPYIOMIUX OILy-
xoJtb auMdonutoB (TILS), BbIIeSIEHHBIX U3 UMEI0-
miericsa Omyxosu. Ky/JbTUBHUPOBAHUE BBIIOJIHIETCS
coBMecTHO ¢ IL-2, ¢ TeM 4TOOBI 00eCeanuTh POCT U
nposindepanuio KJIETOK ex Vivo, IS MOCIEAYIOIIETO
BBEJIEHUSA CYOIOMYJIAIIY JIEJIAIINXCS KJIETOK B OUar
omyxoJiu nmanuenTa. bosabmoe konnuectso TILs BBo-
JIUTCS TAIUEHTy, YTOObI BHI3BATh HIMMYHHBIH OTBET
in ViVO — 3TOT HPOILIeCC MOJIYYIJI Ha3BaHUE «aJ[0T-
TuBHBIN TlepeHOC T-mumoruros» (ACT). Hecmo-
Tps Ha OIpeZieJIeHHbIE YCIIeXU B IPUMEHEHUU 3TOT0
MOJX0/a, CJAeAyeT OTMETUTb, 4TO OH 3¢dQeKTHUBeH
IIpu JIeYeHU U He Bcex BU/IOB paka. CiieZicTBHEM 3TO-
ro cTajia pazpaboTKa cTpaTeruii aJoNTHBHON UMMY-
HOTepaluy, IpeAlnoaraloyx co3zjlanue Moaudu-
[IMPOBAaHHBIX MaMeHT-crienuduuHbIx T-1uMdoru-
TOB C TeHETUYECKH MOTUGUITTPOBAHHBIMU AHTHUTEH-
HBIMH PeLeNTOPaMU, KaK HATUBHBIMU TPAHCT€HBIMHU
penentopamu T-xirerok (TCRs), Tak ¥ TpaHCT€HHBI-
MH XHMEPHBIMH AHTUTEHHBIMH PelenTOpaMu
(CARs). CyTb 3TOH TEXHOJIOTUHM COCTOUT B CJIETYO-
meM: u3-3a JleeKTHONH Ipe3eHTaIluN AaHTHUTeHa
b0 JTelicTBUS JPYTUX HETaTHUBHBIX (PAKTOPOB He
Bce T-muMonuTh cCIOCOGHBI PACIO3HABATH OITYyXO-
sieBble KieTKH. [ToaTOMy y manmmeHTa U3BJIEKaeTCs
yacTh T-1uMOIUTOB ¥ 3aHOBO €MY BBOJUTCH, TOJIb-
KO y?Ke B MOJIu(UITUPOBAHHOM BU/Ie, C TPAHCT€HHBI-
mu CARs, KOTOpBIe 03BOIAIOT T-1uMdoIuTy TOUHO
pacro3HaBaTh OIyXoJieBble KJIeTKu. Kpome Toro, B
paMKax MOAX0/Ja K Tepaluu C HCIOJIb30BaHHEM
T-nmumdonutoB ¢ CARS npeinprnHUMAIOTCA TOIBIT-
KU CO3IaHUs PEIENnTOPOB (B HOBEUIIIUX UCCIIEN0BA-
Husax — i NK-kineTok, KuiepoB), Osaropaps
CUHTETUYECKUM peLeNnTopaM IIPeo0JIeBAIOIINM
OuoJIoTUYeCKre OrpAaHWYEHUs B PACIO3HABAHUU
AQHTUTEHOB, IIPE/ICTABJIEHHBIX TIJIABHBIM KOMILIEK-
coMm rucrocopmectumoctd (MHC), kjeTtkamMu HM-
MYHHOI cucTeMblI [48].

— BaknuHoTepanuaA. BaknuHanua NpoTUB BU-
PYCOB, HOTEHIWAIBHO INPUBOAAIINX K Pa3BUTHIO
OIyXOJIel, ABJIAETCS HPEBEHTUBHBIM MEPOIPHUATH-
eM. Takve BaKIIMHBI HA3bIBAIOT MIPOMUIAKTHIECKH-
mu. Ho ectp u OoJjiee cOBpeMeHHOe HaIlpaBJyIeHHE, B
paMKax KOTOPOTO pa3pabaThIBAIOTCS BAKIIMHBI, KO-
TOpBIe He IMPEeAOTBPAIIAIOT PAa3BUTHE OIyXOJIeH, a
CTUMYJIUPYIOT IMMYHHBIA OTBeT. J[eHCTBYs HA MH-
[IeHU — oImyxoJiecrenuduunbie aHTUTeHbI (TSAS) u
OITyXOJIeaccoluupoBaHHble aHTUTeHbl (TAAsS), Ta-
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KHe BaKIMHBI BHI3bIBAIOT UMMYHHBIH OTBET, II03BO-
JISTIONAH PACIIO3HATh U YHUUYTOXKUTD PAKOBBIE KJIET-
Ku. /Ipyro# mepcrneKTUBHBIHN MTOAXO7, IPEII0IaraeT
aKTHBAIUIO aHTUPETYIATOPHBIX T-KJIETOK, YTO IO-
3BOJIUT OpPTraHU3My U30eKaTh WMMYHOCYIIPECCHH,
WHIyOUPYEMOH PAKOBBIMU KJIETKAMH, B MUKPO-
OKpYKEHUH 3JIOKAYECTBEHHOU omyxoiu [9, 48].

HpI/I‘lI/IHI)I HEeyJady B KOHBeHHI/IOHaJIbHOﬁ
TEépamnuu paxKa

HecMoTpst Ha mPOJOKAIOIIHECsS HCCIeI0Ba-
HUA B 00JIaCTH TepAUU PaKa, TEXHOJIOTHUYECKUH
MIPOTPECC U YCUJTHs, TPeATTPUHIMaeMble OHKOJIOTa-
MH U OOIIEeCTBEHHOCTHIO, BCE MPUMEHSIEMOE JIeue-
HUe TIPU PaKe MO-TIPeKHEMY MMeEET caMble HU3KHE
mokazaresn 3GQGEKTUBHOCTH B KJIUHUYECKUX HC-
IIBITAHUAX CPEJIN BCEX OCHOBHBIX Oosie3Hed. He cy-
IIECTBYET TaPaHTUH, UTO JII0O0H U3 U3BECTHBIX Me-
TOZIOB TEPAMMHHU paKa (XUPYPTUUECKUN, XUMHO- WU
JlydeBasi TePAIKs) MOKET IMOJIHOCTHIO YHUUTOXKUTh
BCe PaKOBbIE KJIETKH. J[aske ecyiu mocyie IpoBeieH-
HOTO JIEUeHUsT BbIXKUJIAa MUHUMAJIbHAS MOy IS
3JI0KaUYE€CTBEHHBIX KJIETOK, B CHJIYy CBOEH IPHPOIbI
OHU CIIOCOOHBI BHOBb HauyaTh Iposirdepalnio, uTo
MIPUBEJIET K PEIUANBY. Bosbliive HaJleskabl BO3JIa-
raloTCsA Ha PEBOJIIOIMOHHOE UMMYHOTEpAIeBTHYe-
CKOe HalpaBJieHNe, HO UCCIe0BaHUs B 3TOH 001a-
CTH HAXOJATCS ellle Ha HAayaJbHOU CTAa[NH, a pas-
pabarbiBaeMble METOJ(bI HY’KJAIOTCA B IIOATBEPIK-
JIEHUU Pe3yJIbTaTOB B X0/l JAJIbHENIINX KIMHUYE-
CKUX HCCIIeIOBAaHUN [46, 47, 49]. CuTyamus ycyry-
GJ1s1eTCsA elle U TeM, UYTO M3HAYaIbHO TpaHCcHOopMu-
poBaHHAas KJIeTKAa HMeeT I[UTOTeHETHYECKH pas-
JIMYHOE TTOTOMCTBO (KJIOHBI), YTO OOBSCHSETCS TIO-
CIEAYIONIUMH TE€HETUYECKUMU ITOBPEKIECHUSIMHU.
Takas TeTepOTeHHOCTD MOMYJISAIUK 3JI0KAUeCTBEH-
HBIX KJIETOK IIPUBOJUT K TOMY, UTO PAKOBbIE KJIETKH
[I0-pasHoOMy BeAyT cebs, OHU 3HAYUTEJHHO OTJIH-
YaTcs CBOUM OTBETOM U UYBCTBUTEIHHOCTHIO K JIy-
YeBOMY BO3/IEHCTBHIO U PA3HBIM BHAAM ITUTOTOKCH-
YeCKHUX JIEKAPCTB, YTO KPalHe OCJIOKHSIET TEPATIHIO
[19, 49].

BceencTBue reHeTUUECKON HECTaOMTBHOCTH pPa-
KOBBI€ KJIETKH MOTYT BhIPA00OTATh PE3UCTEHTHOCTH K

CIINCOK JIUTEPATYPbI

1. Cavenee W., White R. Anomalies génétiques et can-
cers // Pour la Science. 1995. Vol. 211. P. 60—68.

2. Paul S., Régulier E. Bases moléculaires de l'onco-
genese// Ann. Biol. Clin. 2001. Vol. 59. P. 393—402.

3. Favrot M.C. La cellule cancéreuse // Rev. Prat. 1997.
Vol. 47. P. 1029-1036.

4. Diaz-Cano S.J. General morphological and biological
features of neoplasms: integration of molecular fin-
dings // Histopathology. 2008. Vol. 53. P. 1—-19.

IIPOBOJIUMOMY JIEUEHHIO U, H0JIee TOro, B HEKOTOPBIX
cIy4yasx pa3BUBaETCs MHOXKECTBEHHASA JIEKAPCTBEH-
Hasl yCTOUYHUBOCTb, TKE K JIEKAPCTBAM, C KOTOPBIMH
5TH KJIETKU He BCTPeYaINCh IIpek/ie. ITOT heHoMeH
CBSI3aH C aMIUTA(UKAIEN TOW YacTh TeHOMa, B KO-
TOpOU HaxouTcsi reH MDR1. TOT reH OTBETCTBEHEH
3a MexaHu3M AT®-3aBrcHMOro TpaHcMeMOPaHHOTO
ImepeHoca, KOTOPBIM, NPU  TUIEPIKCIIPECCUH
P-riukonporenna, koaupyemoro resoM MDR1, BbI-
BOJUT U3 KJIETKU HEKOTOpble JTUIOpUIbHBIE JIeKap-
CTBEHHBIE CPEJICTBA, MPENATCTBYS UX aKKyMYyJIAIUA
[49].

Ipyras BakHasd NPUYMHA, JOCTATOYHO YacTo
MPUBOAAIIAA K HEyZlauaM B TEpPAllU pakKa, 3aKIio-
YaeTcs B CIIOCOOHOCTH OIyXOJIM K METACTa3HpOBa-
Hulo. Hajmuue meTacTasos fiesiaeT IOYTU BCe BUJbI
MECTHOTO JieueHHUsI Oecrioie3HbIMU; H0Jiee TOro, TEH-
JIeHITUA K JIATeHTHOMY MeTacTa3uPOBAaHUIO NIPeIAT-
CTBYET TOUHOU IIOCTAHOBKE JIMarHo3a U He I03BOJIA-
€T COCTAaBUTh KOPPEKTHBIN ILJIaH JIeueHus [50].

3AK/IIOUYEHMUE

[Touck 3¢ deKTUBHOrO JieueHUss MPOTUB paka
MIpeZICTaBJIsIETCS KpaliHe CI0KHOM, HO, HajleeMcsl, He
Oes3HazmexxHou 3azadyedl. Hamm mnpencraBieHus o
IIpUpO/ie PaKa U MeXaHU3MaX ero pPa3BUTHUS IIOCTO-
SIHHO PacCIIMPSIOTCSA, pa3pabaThlBaIOTCs HOBBIE TEX-
HOJIOTUU, KOTOPbIE MOTYT OBITh BHE/IDEHBI B KJIMHU-
JecKyro MpakTUKy. OHU U3 HUX CBA3AHBI C IIPOPHI-
BaMU B TEPAIUU, IPYTHE — C OTKPBITUSIMHU B MOJIE-
KYJISIpPHOH OMOJIOTUY U TPAHCIIAIIMOHHON MeTUIIITHE
(peys uzeT 0 KJ1acTEPHOM CHCTEME KOPOTKUX ITaJIMH-
apomubix moBTOpoB (CRISPR) ¢ CRISPR-accomuu-
poBanHBIM OestkoM 9 (Casg) ¢ peryIapHbIMH HHTEP-
BaJIaMU KaK MOIIHOU Iu1aT¢dopMe /IS peAaKTUPOBa-
HUS TeHOMa, HapyIIeHUH TPaHCKPUIIINHU, SITUTeHe-
THYECKOH MOAYJ/IAIIUY U BU3YaJIU3aI[UN TEHOMA).

ITa cTaThsl HE COAEPIKUT BBITTOJTHEHHBIX aBTO-
paMu HCCIEOBAaHUN € YIACTHEM >KHUBOTHBIX WJIU
JIIofe.

KoHndaukT nHTEpEeCcOoB. ABTOPHI 3a5BJISIOT 00
OTCYTCTBUM KOH(JINKTA HHTEPECOB.
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AHHOTAIIUA

PacrpocTpaHeHHOCTh T€HETHUYECKUX aHOMAJIMH y MyX4YWH C OecruiojiueM cocrtasiser 5.8 % (n = 9766), U3 HUX
4.2 % — aHOMAJINU IIOJIOBBIX XPOMOCOM U 1.5 % — ayTOCOMHBIE aHOMaIUU; B PO 3TOT MOKa3aTesib BAPbUPYET B IIPeJiesIax
oT 4.72 % (n = 539) (HoBocubupck) 10 10.78 % (n = 204) (Cankr-Ilerepbypr, HUU akyliepcTBa, THHEKOJIOTHH U PEIPO-
nykrosiorun uM. JT. O. OTTa) — MPOIEHT BhISBIISEMOCTH, BEPOSTHO, 3aBUCUT OT KOHIIEHTPAIUH MAIUEHTOB B CIIEIUATA3H-
POBaHHBIX YUPEKAEHUIX. YUUTHIBASA BBICOKYIO YaCTOTY BCTPEYAEMOCTH T€HETHUECKUX aHOMAJTUH y GECTIOHBIX MYKUHH,
He0OX0ITUMO TPABUJILHO MTOAOHUPATh METO/IBI TUATHOCTUKHU B COOTBETCTBUU C KOHKPETHOM KJIMHUYECKOH cuTyanuei. [Tpu
CHI)KEHUU KOHIIEHTPAIUK CIIEPMATO30MI0B MeHee 10 MJIH/MJI PeKOMEH/YeTCsl IPOBeieHe KapUOTUIIUPOBAHUS, TIPH
KOHIIEHTPAIINU MeHee 5 MJIH/MJI He0OXO/IUM ITOVCK JieJIelui B JIoKyce AZF, IpY TSKeJIbIX HAPYIIEHUAX CliepMaToreHe-
3a — mouck mytarnuii B reHe CFTR. J{Jjisi OATBEPK/IEHUsI TeHETUYECKUA 00YCIOBJIEHHOM acTEHO300CIIEPMHH TPedyeTCst
IPOBE/IEHHE BJIEKTPOHHON MUKPOCKOIIMH CIIEPMATO30H/I0B.

VuuThIBask pa3BUTHE BCIIOMOTATEIHHBIX PEIPOAYKTUBHBIX TEXHOJIOTHUH, B TOM YHC/Ie aKTHBHOE HUCIIOIb30BAHNE UH-
TPAIUTOIIIA3MATHIECKOH HHBEKITUHU CIIEPMATO30U/[a, ¥ B3AUMOCBS3b ATOJIOTHHU CIIEPMATO30UI0B C TSAKETBIMH T€HETH-
YeCcKH 00yCIOBJIEHHBIMU 3200JI€BAaHUAME, HE0OX0AUMO NH(POPMUPOBATH MOTEHITUATBHBIX POAUTEIIEN O PUCKAX JJIS 3710~
POBBsI OyAYIIUX JIeTel, KOTOPbIe HeCeT UCIIOIb30BaHUE TAKOTO MaTepHaa.

Karoueewnle cro8a: My CKoe 6eCIuioivie, KOHIIEHTPAIUs CIIEPMAaTO30U/I0B, OJTUTO300CIEPMHSI, IIOIBYZKHOCTD CIIEP-
MAaTO30U/I0B, aCTEHO300CIIepPMHUsI, MOP(OJIOTH CIIEPMATO30U 0B, TepaTo3oocinepmus, dparmentanus JJHK ciepmaTto-
301/10B, KapuoTui, mytanus, AZF, CFTR.

ABSTRACT

The prevalence of genetic abnormalities in men with infertility is 5.8% (n = 9766), of which 4.2% are sex chromosome
abnormalities and 1.5% are autosomal abnormalities. In the Russian Federation, this indicator varies from 4.72% (n = 539)
(Novosibirsk) to 10.78% (n = 204) (St. Petersburg, the Research Institute of Obstetrics, Gynecology and Reproductology
named after D.O. Ott) — the percentage of detectability probably depends on the concentration of patients in specialized
institutions. Given the high frequency of genetic abnormalities in infertile men, it is necessary to correctly select diagnostic
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methods in accordance with the specific clinical situation. When the concentration of spermatozoa decreases to less than
10 million/ml, karyotyping is recommended; at a concentration of less than 5 million/ml, the search for AZF deletions is
necessary; in severe disorders of spermatogenesis — the detection of mutations in the cystic fibrosis gene (CFTR). To con-
firm genetically determined asthenozoospermia, the electron microscopy of spermatozoa is required.

Taking into account the development of assisted reproductive technologies, including the active use of intracytoplas-
mic sperm injection and the relationship of sperm pathology with severe genetically determined diseases, it is necessary to
inform potential parents what risks to the health of future children the use of such material carries.

Keywords: male infertility, sperm concentration, oligozoospermia, sperm motility, asthenozoospermia, sperm
morphology, teratozoospermia, sperm DNA fragmentation, karyotype, mutation, AZF, CFTR.

BBEJAEHMHNE

CorsacHO COBpPEMEHHBIM  IIPEJCTABIIEHUAM
My’KCKOe OecIuiofiyie SIBJISETCS MHOTO(AKTOPHOM
maTosioruell U TpebyeT MyJIbTHAUCIUILIMHAPHOTO
[IO/IXO7Ia ITPU BBIOOPE METO/I0B IUATHOCTUKY U JIeue-
uusa (EBporeiickas accomuanus ypoJoroB, 2000)
[1]. Ha om0 uauonaTHyecKoro My»KCKOTO OecIio-
JTAS TIPUXOJTUTCS OKOJIO 30—40 % B CTPYKTYPE MYK-
CKOTO OECILTOIHS 1 TIPE/III0JIaTaeTC s, YTO OHO MOYKET
OBITh BBI3BAHO HECKOJIBKUMH (haKTOpaMH, OJHH U3
KOTOPBIX — FeHETUYECKHE U SIIUTeHETHIECKHIE aHO-
manuu [2]. PacmpocTpaHeHHOCTh Te€HETHYECKHUX
AaHOM&JIMH y MYXYUH C OeCIIofjieM COCTaBJIseT
5.8 % (n = 9766), U3 HUX 4.2 % — aHOMAaJIUH I10JIO0-
BBIX XPOMOCOM U 1.5 % — ayTOCOMHBIE aHOMAJIUH [ 2,
3]. B P® sToT mokasaTesib BapbHUpOBaN OT 4.72 %
(n = 539) (HoBocubupck [4]) 10 10.78 % (n = 204)
(Cauxr-Ilerepbypr, HI akymiepcTBa, THHEKOJIO-
ruu u penpoaykrosioruu um. 1.0. Orra [5]); mpo-
[IEHT BBIABJISIEMOCTH, BEPOSATHO, 3aBUCHT OT KOH-
[EeHTpaIlluy MAIlMEeHTOB B CIENHATU3UPOBAHHBIX
VUIpexXJeHusAX. B o0IIed momyasamuu y MJIaJIeHIeB
MY>KCKOTO I10J1a PACIIPOCTPAHEHHOCTh TeHETHIECKHIX
aHOMaJINH cocTaBmIa Beero 0.38 % (n = 94 465), uto
B 15 pa3 MeHbIIe, YeM y OeCIIOMHBIX MY>KYHH, U3
HUX 0.14 % — aHOMAaJIMU IIOJIOBBIX XPOMOCOM H
0.25 % — ayTocOMHbBIE aHOMAJIUH [6].

B fAmoHun npoaHaJIU3UPOBAIN KAPHUOTHUIIBI
1790 My»KYMH C OGeCcIUIOZMEM: YacTOTa XPOMOCOM-
HBIX aHOMAaJIUHM cocTtaBwia 12.6 %, u3 HUX y 3.6 %
ObLT BBIABIIEH cuHpoM KisitHdenvrepa, y 7 % —
ayTOCOMHBIE aHOMAJIUH, ¥ 2 % — JApyrue aHOMaJIuu
MoJIOBBIX xpoMocoM [7]. B Hupepsaumax Koropty
MY>K4YHH c OeciuiogueM (1223 4eJsl.) pas/iesIiIin Ha
JIBe TPYIIIIBL: ¢ a300crepMuel u 6e3 Hee. OKa3anochk,
YTO TPpU OECIVIOINH C a300CIHEPMHUEN YacToTa Xpo-
MOCOMHBIX aHOMAJIUH 3aMETHO BbIIIIE — 15.2 %, 4YeM
npu 6ecrutonnu 6e3 azoocrepmun — 2.3 % [8]. Tor-
Jla Kak B Mcnanuu nmpu obcaeqoBaHuu 787 mamueH-
TOB I[€HTpa PENpPOAYKIIUH AHOMAaJIMH KapUOTHIIA
0OHAPYKWIHN Y 14.8 % B IPYIIIE C TSKEIbIM MYK-
ckuM OecrutoaueM [9].

INTRODUCTION

According to modern concepts, male infertility
is a multifactorial pathology and requires a multidis-
ciplinary approach when choosing methods of diag-
nosis and treatment (European Association of Urol-
ogy, 2000) [1]. The idiopathic male infertility ac-
counts for about 30-40% in the structure of male
infertility, and it is assumed that several factors are
responsible, one of which is genetic and epigenetic
abnormalities [2]. The prevalence of genetic abnor-
malities in infertile men is 5.8% (n = 9766), of which
4.2% are sex chromosome abnormalities and 1.5%
are autosomal abnormalities [2, 3]. In the Russian
Federation, this indicator varied from 4.72%
(n = 539) (Novosibirsk [4]) to 10.78% (n = 204)
(St. Petersburg, the Research Institute of Obstetrics,
Gynecology and Reproductology named after
D.O. Ott [5]); the detection percentage is likely to de-
pend on the concentration of patients in specialized
institutions. In the general population of male in-
fants, the prevalence of genetic abnormalities was
only 0.38% (n = 94 465), which is 15 times less than
in infertile men, of which 0.14% were sex chromo-
some abnormalities and 0.25% — autosomal anoma-
lies [6].

In Japan, the karyotypes of 1790 infertile men
were analyzed: the frequency of chromosomal ab-
normalities was 12.6%, of which 3.6% had Klinefel-
ter’s syndrome, 7% had autosomal abnormalities,
and 2% had other sex chromosome anomalies [7]. In
the Netherlands, a cohort of infertile men (1223 indi-
viduals) was divided into two groups: with and with-
out azoospermia. It turned out that in infertility with
azoospermia, the frequency of chromosomal abnor-
malities is noticeably higher — 15.2%, than in infer-
tility without azoospermia — 2.3% [8]. Whereas in
Spain, among 787 patients examined in the clinic of
assisted reproduction, the karyotype abnormalities
were found in 14.8% in the group with severe male
infertility [9].

In Brazil, 1236 karyotypes of fertile and infer-
tile couples who applied to 2 different reproduc-
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B bpasunuu npoaHanusnpoBaiu 1236 Kapuo-
THIIOB NAI[UEHTOB C¢ OecriogueM u 06e3, 0OpaTHB-
MIUXCs B TOCY/IaPCTBEHHBIH U KOMMEPUECKUH I[eH-
TPBI PENPOAYKINHY [10]. ABTOPBI HE HAIIIN Pa3JIU-
YUl MeXly TpylnmnaMu ¢ 6ecriogvuem u 6e3, HO 00-
paraer Ha cebs1 BHUMaHUe pa3Iddue B JI0JIe HOP-
MaJIbHBIX KaPUOTHUIIOB B TOCYZAPCTBEHHOM I[€HTPE
(81.6 %) 1 xkommepueckoMm (93.2 %). B Typruu B ro-
CyZIapCTBEHHOM II€HTpe, aHAJIU3UPYs TPYIIYy H3
274 4eJ. (151 JKeHIIUHA U 123 MY>KYHUHBI), TOJIY4IHU-
JIX COIIOCTAaBUMYIO ¢ Bpaswimen m0JF0 HOpMasib-
HBIX KapuoTuIios (79.7 %) [11]. Ho y Hux okaszajcs
OY€eHb BBICOKUU IPOIEHT JIUII C CHHAPOMOM KIIsIiiH-
denprepa (10.5 % ot 001Iel BHIOOPKHU MAIIUEHTOB U
23.6 % OT YKc/aa BCeX My»KUHWH). A COTJIACHO OJTHO-
My U3 0030pOB, MOCBSIIIEHHBIX HEHPOIICUXOJIOTH-
YECKHUM U COI[MOYKOHOMHUUYECKHM AaCIEKTAM CHH-
npoma Kisitndesnprepa [12], 607bHBIE C STUM CHH-
JIJPOMOM B CpelHEeM UMeIT 0oJjiee HU3KHH
COIMATIPHO-9KOHOMHUYECKUM CTATyC M YaCTO HYK-
JTAaI0TCs B TICUXOJIOTUYECKOH IMTOMOIIU U KOTHUTHUB-
HOU Tepamnmuu.

CorsiacHO pe3yJibTaTaM HCCJIEJIOBAHUS, TIPOBe-
JIEGHHOTO Cpe/IU MaI[eHTOB KUEBCKOH PEITPOAYKTHB-
HOM KJIHMHUKUA (3414 4Yed.. 1741 >KeHIIWHA U
1673 MY>KYHHBI), XDPOMOCOMHbBIE AaHOMAJTUU BBISIBJIE-
HBI B 2.37 % ciayuaeB [13]. CGamaHcupoOBaHHBIE
CTPYKTYpHBIE XPOMOCOMHbBIE aHOMAJIMH TTpeobJIiaia-
JIM HAJ| YHCJIOBBIMH AHOMAIUSAMH U COCTaBUJIU
80.2 % ot unciia Bcex XxpOMOCOMHBIX aHOMAJIUM, 00-
HapY>KEHHBIX B HCCJIEyeMOU TPYIIIIE.

Cpel KapUOTHUIIOB MAIMEHTOB KJIWHUK JKC-
TpakKopHopajsbHOTO omiaoaoTBopenus (DKO),
KkaccuUIUPYEMbIX KaK HOPMAaJIbHbIE, UMEETCS
3HAUYUTEJbHAS JIOJISI KAPUOTHUIIOB ¢ HOPMAaJIbHBIM
nosumMopdusmom. Kak mpaBuiio, 3T u3MeHEHUs
3aTparuBalT NPHUIEHTPOMepHbIH C-XpoMaTuH
XpOMOCOM 1, 9 ¥ 16, a TaK:Ke COUETAaHHbIE BapHaH-
Tbl. KpoMe TOTO, BCTpEUaTCsa U APyTrHUe BapuaH-
THI TOJTUMOP(DHU3Ma, TAKHE KaK YBEJIUUEHHE CITYT-
HUKOBBIX HUTEH U CIYTHUKOB aKPOIEHTPUUECKUX
xpoMocoM. Ha jaHHBIE MOMEHT BpPEMEHH TaKHe
U3MEHEHHsI KIacCUPUIUPYIOT KaK HOPMAaJIbHBIH
nostumopdusm. Ho B tuTepaType nosBIsAETCS BCE
0OoJIbIlIE CBUJZIETEHCTB O POJU TOTUMOPDHBIX
6710k0B C-XxpoMaTHHA B Ipoliecce Melo3a pu 00-
pasoBaHuM ramet [14]. EcTh Tak)ke JaHHBIE O BJIH-
SHUW HapylIIeHUH CUHANTOHEMHBIX KOMILJIEKCOB
reTepOXPOMATHHOBBIX OJIOKOB HEIEHTPOMEPHBIX
peruoHoB Ha QEPTUIIBHOCTH, OCOOEHHO 3TO Kaca-
eres 1, 9, 15, 16, 21-i1 X u Y xpomocom [15].
N. Kosyakova et al. He Hann y6eauTebHbIX 0-
Ka3aTeJbCTB CBSIZU 24 reTrepoMopdHBIX BapHaH-
TOB Ha XpoMocoMe 9 ¢ becrmoguem [16]. B uccie-

tion centers, state and commercial, were analyzed
[10]. The authors did not find differences between
the groups with and without infertility, but the dif-
ference in the proportion of normal karyotypes in
the state center (81.6%) and commercial (93.2%) is
noteworthy. In Turkey, when analyzing a group of
274 individuals (151 women and 123 men) from the
state center, a proportion of normal karyotypes
comparable to that of Brazil (79.7%) was obtained
[11]. But they had a very high percentage of
Klinefelter’s patients (10.5% of the total sample of
patients and 23.6% of all men). And according to
one of the reviews devoted to the neuropsychologi-
cal and socioeconomic aspects of Klinefelter’s syn-
drome [12], patients with this syndrome, on aver-
age, have a lower socioeconomic status and often
require psychological assistance and cognitive
therapy.

According to the results of a study of the Kiev
reproductive clinic’s patients (3414 individuals:
1741 women and 1673 men), chromosomal abnor-
malities were diagnosed in 2.37% of cases [13]. Bal-
anced structural chromosomal abnormalities pre-
vailed over numerical, and accounted for 80.2% of
all chromosomal abnormalities in the study group.

Among the karyotypes of patients from in vitro
fertilization (IVF) clinics, classified as normal, there
is a significant proportion of karyotypes with nor-
mal polymorphism. As a rule, these changes affect
the pericentromeric C-chromatin of chromosomes
1, 9, and 16, as well as combined variants. In addi-
tion, there are other variants of polymorphism, such
as an increase in satellite stalks and satellites of ac-
rocentric chromosomes. At this point in time, such
changes are classified as normal polymorphism.
However, there is more and more evidence in the
literature on the role of polymorphic blocks of
C-chromatin in the process of meiosis during the
formation of gametes [14]. There are also data on
the effect of disorders in the synaptonemal com-
plexes of heterochromatin blocks in non-centro-
meric regions on fertility, especially for the chromo-
somes 1, 9, 15, 16, 21 of X and Y type [15]. N. Kosya-
kova et al. did not find convincing evidence for the
association of 24 heteromorphic variants on chro-
mosome 9 with infertility [16]. The study included
334 carriers (189 women and 139 men, there were
no data on the gender of 6 carriers) of heterochro-
matin variants on chromosome 9 (192 patients from
Western Europe and 142 — from Eastern), who were
performed a 3-color FISH test (region 9p12 — 9q13
~ 21.1 with 8 locus-specific probes). The most fre-
quent were pericentric inversions (49.4%), 9gh-var-
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JIOBaHUE BKJIIOUUIH 334 HocuTess (189 JKeHIIUH
U 139 MYKUMH, JaHHBIX O IIOJIOBOU IPUHAJJIEXK-
HOCTH 6 HOCUTeJIeH He OBLIO) reTepOXpOMaTHHO-
BBIX BApHAHTOB Ha XpoMocoMe 9 (192 mammeHTa
u3 3anagHou EBponbl 1 142 u3 BocTouHOI), KOTO-
ppIM 6bLT TIpoBesieH 3-nBeTHBIN FISH-TecT (peru-
OH 9p12 — 9q13~21.1 ¢ 8 JIoKyc-cllenupUIeCKUMU
nmpobamu). Haubosiee yacto BCTpedyasvch MEPH-
neHTpuuyeckue uHBepcuu (49.4 %), BapHAHTHI:
9oqh (23.9 %), oph (11.4 %), cenh (8.2 %), nuren-
Tpuueckud (3.8 %) u amymmkatHeiid (3.3 %). Tpu
U3 24 BApUAHTOB Yallle BhISABJISJINCH y MTAIIUEHTOB
u3 3anagHoi EBpoIsI 10 CpaBHEHUIO C MAIlMEHTA-
Mu u3 Bocrounoii [16].

HcmaHckue ydeHble MPUIILIA K BBIBOJY, UTO Y
My>KUMH C OecIuiofmeM WMeeTCs 3HAYHUTETbHBII
MPOIIEHT MEHOTHYECKHX aHOMaJi B meTtadase I
Me03a, CBA3aHHBIX CO CPEIHUMHU U OOJIBIIIMU XPO-
MocoMamu. Ho KOJTM4ecTBO U TUII HAPYIIEHUH pas-
JIMYAIOTCS MEXJY PasHbIMU KJIETKAMHU OJHOTO U
TOTO K€ UHAUBU/IyyMa, YTO IIPEJII0JIaraeT cocylile-
CTBOBaHUE KJIETOUHBIX JIMHUH ¢ HOPMaJIBHBIM ITOBE-
JleHreM B Melo3e U ¢ OTKJIOHeHusAMH. Kpome Toro,
XPOMOCOMHBIE aHOMAJIUU B MeTadase Melo3a oka-
3aJIMCh TECHO CBSI3aHBI C OJINTO300CIIEPMHUEH y ma-
[IMEeHTOB U/WIN C NOoJUMOP(HBIMU BapHaHTAMU B
UX KapuoTtuie [17].

YuuThIBasg BBICOKYIO YaCTOTy BCTPEYAEMOCTHU
FeHETUYECKUX AaHOMUTHU y OECIUIOHBIX MYKUYWH,
HeoOXoauMO ueTKOo aud@epeHupoBaTh, B KaKUX
KJIMHAYECKUX CJIyYassX HeOOXOAUMO ITPOBOJUTD AU~
arHOCTHUYECKHUH TTOUCK.

KOHIOEHTPAIINA CIIEPMATO30MU-
JOB N TEHETUYECKHNE AHOMAJJINN

JlocTaTOYHO JJaBHO OIKCAHA B3AUMOCBS3H MEK-
Iy KOHIIEHTpAIlUel CIIepMAaTO30U/IOB U TeHeTHYe-
ckuMu narosiorusamMu. CoryiacHO POCCHIICKUM U 3a-
PYOEKHBIM KJIMHUYECKUM PEKOMEHAIUAM 10 JIa-
THOCTUKE U JIEUEHHIO MAI[UEHTOB C MYXKCKUM Oec-
IUIOJTUEM IIPOBOJIUTH KaPUOTUIIUPOBAHUE CJIEYET
IIpU CHWKEHWUM KOHIIEHTPAIIUU CIIEPMATO30U/I0B
MeHee 10 MJTH/MJI [1, 18]; Ipu KOHIIEeHTpaIiu MeHee
5 MJTH/ MJI HEOOXO/THM TTOUCK JIeJIEITUH B JT0OKyce AZF;
IIpU TSKEJIBIX HAPYIIEHUsX CIepMaToreHe3a — I10-
WCK MyTanuud B TeHe MykoBuciumosza (CFTR), c
JIAJTbHEUIIINM peIlIeHueM BOIIPOCca 0 HEOOXOAUMOCTHU
MIPOBEIEHUs MPEAUMILIAHTAIIHOHHON JIUArHOCTHU-
KU/CKPUHUHTA B JIeueOHbIX ITUKJIAX BCIIOMOTATEb-
HBIX PENpPOAYKTUBHBIX TexHosiorud (BPT) wiu uc-
II0JTb30BAHUs IOHOPCKOU criepMbl. Takike mpu Ha-
JINYUH B AaHAMHE3€ Y CYIPYTU MOBTOPHBIX CIIOHTAH-
HBIX a0OPTOB, IOPOKOB PA3BUTHUS WJIH YMCTBEHHOU
OTCTAJIOCTH Y JieTell HeoOXOAMMO OIpe/iesieHne Ka-

iants (23.9%), 9ph-variants (11.4%), cenh (8.2%),
dicentric- (3.8%) and duplication-variants (3.3%).
Three of the 24 variants were more common in pa-
tients from Western Europe than in patients from
Eastern Europe [16].

Spanish scientists concluded that infertile men
have a significant percentage of meiotic abnormali-
ties in metaphase I of meiosis associated with me-
dium and large chromosomes. But the number and
type of disorders differ between different cells of
the same individual, which suggests the coexistence
of cell lines with normal behavior in meiosis and
having abnormalities. In addition, chromosomal
abnormalities in the metaphase of meiosis were
closely associated with oligozoospermia in patients
and/or with polymorphic variants in their karyo-
type [17].

Given the high incidence of genetic abnormali-
ties in infertile men, it is necessary to clearly differ-
entiate in which clinical cases it is necessary to con-
duct a diagnostic search.

SPERM CONCENTRATION AND
GENETIC ABNORMALITIES

The relationship between sperm concentration
and genetic abnormalities has been described for a
long time. According to Russian and foreign clinical
guidelines for the diagnosis and treatment of pa-
tients with male infertility, karyotyping should be
performed when the concentration of sperm is less
than 10 million/ml [1, 18]; at a concentration of less
than 5 million/ml, it is necessary to search for dele-
tions at the AZF locus; in severe spermatogenesis
disorders, it is necessary to search for a mutation in
the cystic fibrosis gene (CFTR), with a further deci-
sion on the need for preimplantation genetic diagno-
sis/screening in treatment cycles of assisted repro-
ductive technologies (ART) or the use of donor
sperm. Also, if a spouse has a past history of repeated
spontaneous abortions, malformations or mental re-
tardation in children, it is necessary to determine the
karyotype of a man regardless of sperm concentra-
tion [1, 18].

SPERM MOTILITY AND GENETIC
ABNORMALITIES

The cases of genetically determined astheno-
zoospermia were described [19]. In genetic forms,
either total immotility of spermatozoa or the motil-
ity of single spermatozoa is observed. Primary cili-
ary dyskinesia (PCD) is a rare genetically heteroge-
neous disease with an autosomal recessive mode of
inheritance characterized by sperm abnormalities
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pUOTHIIA MY>KUYHHBI HE3AaBUCUMO OT KOHIIEHTPAINHU
CIIepMaTo30u/I0B [1, 18].

IMOABUNKHOCTDb CIIEPMATO30MU 0B
N TEHETUYECKUE AHOMAJINN

OmrcaHbl caydad reHeTHIecKu 00yCIOBIEHHOM
acrenosoocuepmuu [19]. IIpu renermueckux Qop-
Max Habrogaeres b0 ToTajabHad HEIIOABUKHOCTh
CIIEpMATO30HU/I0B, JTU0OO0 IMOABMIKHOCTD €IMHUUHBIX
criepMaTo30u/10B. [lepBUYHASA IMJIHAPHAS IUCKUHE-
susi (I111J]) — peZlkoe TeHETHYECKH TeTepOTeHHOe
3ab0JIeBaHIE C AyTOCOMHO-PEIECCHBHBIM THIIOM Ha-
CIe/IOBAaHUSA, XapaKTepuayllleecs aHOMAaTUSIMH
CIIEpMATO30H/I0B B BUIE OTCYTCTBUS HAPYKHBIX WJIH
BHYTPEHHHUX «JIUHEWHOBBIX PydYeK», IEHTPATbHOH
mapbl MUKPOTPYOOUEK, a TAKIKE JIPYTUX KTYTHKOBBIX
CTPYKTYpP, B TOM YHCJIE PECHHYEK PECITHPATOPHBIX
TKaHed [20]. Jucmnazuss ¢ubpo3HOH 000J0UKH
(JI®O) KTyTUKOB CIIEPMATO30HUI0B — TFeHETHYECKU
00ycJIoBJIeHHOE 3a00JIEBaHNE, XapaKTEPU3YIOIIeecs
XAOTHUYHBIM PACIIOJIOKEHUEM KOJIOHH U pebep du-
OpO3HOU 060JI0UKHU B aKCOHEME JKTYTHUKA CIIEPMATO-
gouza [21]. MeTosi HHTpPAIUTOILIA3MAaTHUECKOHU
uHbekIun cnepmarozouga (MKCHU) mo3sBosser
OILJIOIOTBOPUTD SIUIEKJIETKY Y MY>KUHH C BBIpAsKEH-
HOU AacCTEHO300CIEPMHUEN, OJHAKO HEOOXOIHMO
MMOMHUTB, YTO y manueHToB ¢ IIIIJ/[ B 200 pa3 mo
CPaBHEHHUIO ¢ OOIIeN MOMyJIANHEH MOBBIIIEH PUCK
BO3HUKHOBEHHS OpPOHXOJIETOYHBIX U CEPAEYHO-
COCYJTMCTHIX 3abosieBaHuil [22]. MalouncIeHHOCTh
ciaygaeB UKCU nipu J®O, 3aKOHYUBIINXCA POXKIE-
HHUEeM pebeHKa, He ITO3BOJISIET CJIeJIaTh BBIBOJIBI O Ya-
CTOTE TIepeiayu IIIHAPHBIX aHoMasui [23]. Takke
OIMCaHa B3aWMMOCBS3bh MEXY CEMEHHBIMU CIydasi-
MH MHOKECTBEHHBIX MOP(OJIOTHUECKUX aHOMAaJIUH
JKTYTUKOB criepMmaTo3ouioB (MMAF) u myranusamu
B rene DNAH1 [24). 111 AMarHOCTUKYU F€HETUYECKH
00yCJIOBJIEHHON aCTEHO300CIEPMHUN HEOOXOIHMO
MIPOBEJIEHUE DJIEKTPOHHONM MUKPOCKOIIUH CIIepMa-
To3ouzoB (AMUC).

MOP®0OJIOTUA CIIEPMATO30MNA0B
N TEHETUYECKHNE AHOMAJINUA

B3anmMocBsi3b MeXKIY MOP(OJIOTHYECKUM CTPO-
€HHEM CIIEpMATO30U/I0B U TeHEeTUUECKUMH aHOMa-
JIMAMU AUCKyTabeIbHa, OJTHAKO €CTh UCCIIEOBAHUS
0 B3aHUMOCBSI3H TJI00YI0300CIHEPMUM C TOMO3HUTOT-
HOI estentueli B rene DPY19L2 [25, 26] u MmyTanus-
MU B reHe SPATA16 [26, 27]. ['106yn0300cepMust
XapaKTepusyeTcsi TOJIHBIM OTCYTCTBHEM JIH0O
OUeHb MaJIEHBKOH aKpPOCOMOM, OTCYTCTBUEM IIEPHU-
HYKJIEAPDHOU TEKU MEKY aKPOCOMOU U 000JI0UKOM.
Kpowme Toro, oTcyTcTByeT hbaKTOp aKTUBAI[UN OOIH-
ToB (docdhonunaza C) u He 3ammycKaeTcs BHYTPHU-

in the form of the absence of external or internal
dynein arms, a central pair of microtubules, as well
as other flagellar structures, including cilia of res-
piratory tissues [20]. Dysplasia of the fibrous
sheath (DFS) of sperm flagella is a genetically de-
termined disease characterized by a disorganiza-
tion of columns and ribs of the fibrous sheath in the
axoneme of the sperm flagellum [21]. Intracyto-
plasmic sperm injection (ICSI) allows the fertiliza-
tion of an egg in men with severe asthenozoosper-
mia, but it should be remembered that patients
with PCD have a 200-fold increased risk of bron-
chopulmonary and cardiovascular diseases com-
pared to the general population [22]. The small
number of ICSI cases in DFS, ending with the birth
of an infant, does not allow drawing conclusions
about the frequency of transmission of cilia anoma-
lies [23]. The relationship between familial cases of
multiple morphological abnormalities of sperm
flagella (MMAF) and mutations in the DNAH1 gene
has also been described [24]. To diagnose geneti-
cally determined asthenozoospermia, it is neces-
sary to carry out electron microscopy of spermato-
zoa (EMIS).

SPERM MORPHOLOGY AND GENETIC
ABNORMALITIES

The relationship between the morphological
structure of spermatozoa and genetic abnormali-
ties is debatable; however, there are studies on the
relationship of globulozoospermia with a ho-
mozygous deletion in the DPY19L2 gene [25, 26]
and mutations in the SPATA16 gene [26, 27]. Glob-
ulozoospermia is characterized by the complete ab-
sence or very small acrosome, the absence of the
perinuclear theca between the acrosome and the
sheath. In addition, there is no sperm oocyte acti-
vation factor (phospholipase C), that activates
oocytes, and the intracellular transport of Ca®* is
not triggered, as a result of which a disturbance in
meiotic division in a fertilized egg ensues [28].
Also, these patients are often diagnosed with an in-
creased level of sperm DNA fragmentation [29].
There are individual works indicating that biallelic
SUN5 mutations cause autosomal recessive
acephalic spermatozoa syndrome [30] character-
ized by either motile spermatozoa with small heads,
or only motile flagella with single, separately lying
heads, or complete absence of heads in the ejacu-
late. These disorders arise due to the fragility of the
head — neck junction because of a defect in the ba-
sal body of the flagellum, which consists of 2 per-
pendicular centrioles involved in the formation of
the spindle of the first mitotic division [16]. Natural
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KJIETOUHBIA TpaHcmopt Ca2*, BCJIeJICTBUE YEro mpo-
HWCXOJIUT HapyIIeHue MeHOTHYECKOro JeJIEHUs B
OILIOZIOTBOPEHHOU sliniekyieTke [28]. Takke y aTux
MAIMEHTOB YaCTO JIMAaTHOCTHUPYETCs IOBBIIIIEHHBIH
ypoBeHb ({parmentanuu JHK cnepmarosou-
10B [29]. EcTh oT/iesibHBIE pAOOTHI, CBHU/IETEIHCTBY-
olue, yTo OuasiesbHble MyTanuu reHa SUN5 BbI-
3BIBAIOT AyTOCOMHO-PEIIECCUBHBIN CHHJIDOM arie-
daspHBIX CIIEPMATO30U0B [30], XapaKTepusyio-
muicsa Jub0 TMOJBUKHBIMU CIEPMATO30UJIAMH C
MHUKPOTOJIOBKAMH, JIKOO TOJBKO IIOJIBUKHBIMH
JKTYTUKAMHU C OUHOYHBIMHU, OTAEIBHO JIE€KAIITUMHU
TOJIOBKaMH, JINOO IMOJTHBIM OTCYTCTBHEM T'OJIOBOK B
3AKyJIATe. TU HAPYIIEHUs] BOSHUKAIOT BCJIECTBHE
XPYIIKOCTH COEIMHEHHUsI TOJIoBa — Iles W3-3a Je-
¢exTa 6a3aJIPHOTO TEJIBIA KTYTHUKA, COCTOSIIETO U3
2 MEePIEeHINKYJISPHBIX [IEHTPUOJIEH, YIACTBYIOIIUX
B CO3/IaHHMU BepeTeHa MePBOTO MUTOTUYECKOTO Jie-
snenus [16]. EcrecTBeHHasn pepTUIn3anusa y Takux
MareHTOB HEBO3MOXKHA, OJHAKO OIMCAHbI €Iu-
HUYHBbIE OepeMeHHOCTH Iocie KoMmbuuaruu BPT:
9KO + UKCH [31]. Ina quarHOCTUKHU HapyIIeHUH
HeoOX0JUMO TIPOBEJIEHHE aHaIn3a MOpPQOIOoTHIE-
CKOTO CTPOEHHsI CIIEPMATO30U/IOB 10 CTPOTHUM KpPH-
TepusaM Kprorepa.

NHAEKC ®PATMEHTAIINN JTHK
CIIEPMATO30MNJA0B U TEHETU-
YECKUE AHOMAJJINU

®dparmenTtarnus JJTHK ciepmaTtozousios (P/IC) —
HauboJiee YacToe YJIbTPACTPYKTYPHOE H3MeEHEHHE
CIIEpMATO30HU/I0B, BCJIEACTBUE OJIHO- U JIBYXIIEIIO-
4euHbIX pa3pblBOB MoJiekyabl JIHK, 9To cBsA3aHO ¢
VMEHbBIIIEHUEM COJIEPIKAHUSA B XPOMOCOMAaX IIPOTa-
MHHOB — CIHEIHAIbHBIX OEJIKOB, 3aIUINAOIINX MO-
snexysy JJTHK ot BHerrHux moBpesxaenuti [32]. ®/1C
OKa3bIBAET BJIMSHUE HA pAHHUE 3TAIlbl SMOPUOHAb-
HOTO Pa3BUTHUs, 0COOeHHO Ha dopMupoBaHue 6ja-
CTOITUCTBI, CHU?KASI YaCTOTY HACTYIJIEeHUsI OepeMeH-
HoctH B rukiiax DKO/MKCU [33—-36].

ITo pesynpraTam MeTaaHaausa 2018 T., U3yJaB-
11ero JaHHble 0 2883 MHPEPTIIHHBIX (CPEAHUN BO3-
pacr 35.22 + 4.3110/1a) ¥ 1294 (PePTUIIHHBIX MYKUH-
Hax (cpemHUE BoO3pacT 34.24 + 3.03 roxa), y bec-
IUIOZIHBIX MY>KYUH OBLIM HUKE KOJIMYECTBO U IO/~
BUIKHOCTDH CIIEPMATO30HIOB U 3HAYUTEIHLHO BBIIIE
unnexc OJIC (p < 0.001) [37]. ITo maHHBIM pocCHi-
CKUX WCCJIEJIOBAHUM TOBBINNIEHHBIH ypoBeHb OJIC
BCTpeuaeTcsi MPUOJIMBUTENIBHO ¥V 60 % MY:KUHH CO
craskeM Oecrtonus 5 et [38].

Januple o B3aumocsa3u O/IC ¢ HapyleHUAMHI
Kapuoruna pasaared. Tak, corsacao E.M. [lluipHU-
KOBOH /I MAIlUEHTOB C aHOMAJIMSAMHU KapUOTHUIIA
(n = 22) xapakTepeH Kak ITHPOKHUI JUAIla30H Ba-

fertilization in such patients is impossible, howev-
er, single pregnancies after the combination of
ART: IVF + ICSI have been described [31]. To diag-
nose disorders, it is necessary to analyze the mor-
phological structure of sperm according to the
Kruger’s strict criteria.

SPERM DNA FRAGMENTATION
INDEX AND GENETIC
ABNORMALITIES

Sperm DNA fragmentation (SDF) is the most
frequent ultrastructural change in spermatozoa due
to single- and double-strand DNA breaks, which is
associated with a decrease in the content of pro-
tamines in chromosomes — special proteins that
protect the DNA molecule from external damage
[32]. SDF affects the early stages of embryonic devel-
opment, especially the formation of blastocyst, thus
reducing the frequency of pregnancy in IVF/ICSI cy-
cles [33—36].

According to the 2018 meta-analysis, which
studied data on 2883 infertile (mean age
35.22 + 4.31 years) and 1294 fertile men (mean age
34.24 + 3.03 years), infertile men had lower sperm
count and motility and significantly higher SDF in-
dex (p < 0.001) [37]. According to Russian studies,
an increased level of SDF occurs in approximately
60% of men with 5 years of infertility history [38].

Data on the relationship between SDF and
karyotype disorders vary. So, according to E.M. Shiln-
ikova, the patients with karyotype abnormalities
(n = 22) are characterized by both a wide range of
variation of all parameters of spermiologic analysis
and fragmentation of sperm DNA [5]. In foreign lit-
erature, there are publications about the absence of
differences in the degree of DNA fragmentation be-
tween groups with karyotype abnormalities and the
control group [39]. And there are directly opposite
data, according to which patients with balanced
translocations have a significantly higher level of
sperm DNA fragmentation compared to healthy
sperm donors [40].

CONCLUSION

Taking into account the development of ART,
including the active use of ICSI, and the relationship
of sperm pathology with severe genetically deter-
mined diseases, it is necessary to inform potential
parents what risks to the health of future children are
carried by the use of such material.
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PPUPOBAHUSA BCEX MAPAMETPOB CIEPMHUOJIOTHIECKO-
ro aHaiusa, Tak u pparmenrtanus JHK cnepmaro-
30u710B [5]. B 3apybe:xHO iuTepaType ecTh myoImn-
Kanuu 00 OTCYTCTBUU PA3IMYUU B cTemeHU dpar-
meHTanuu JITHK mexay rpynmnaMu ¢ aHOMaJUAMU
KapUOTHIIA ¥ KOHTPOJIBHOM [39]. U ecTh ipsaMo Ipo-
THUBOIIOJIOXKHbBIE JIAHHBIE, COTJIACHO KOTOPBIM Y IIa-
[IMEeHTOB CO cOAIAHCUPOBAHHBIMYU TPAHCIOKAIIMAMU
JIOCTOBEPHO BBIIIEe ypoBeHb (parmenrtaruu JHK
CIIEpMAaTO301/I0B 110 CPABHEHUIO CO 37J0POBBIMU JI0-
HOpaMU CIIEPMEI [40].
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interventional approach to stable ischemic heart disease

treatment. Myocardial ischemia with non-obstructive coronary
arteries (INOCA)

Yakhontov D.A., Ostanina Yu.O.

Novosibirsk State Medical University

AHHOTAIIUA

Beenenue. [Moaxoapl K Tepanuu cTabWIbHOM HieMudeckoi 6ose3nu cepana (MBC) mosiroe BpeMsi SBJISIIUCDH
rpeaMeToM aucKyccuii. OZHO U3 MEPBBIX M OCHOBOIIOJIATAIOIINX UCCIIEIOBAHUE B BOIIPOCAX TEPATIUU OOJIBHBIX CTAOMIIb-
Hol UBC COURAGE nokasajo IpeuMyInecTBO PAllOHAIbHOM MeKaMeHTO3HOH Tepaluy Ha/l YPeCKOKHBIM KOPOHap-
HBIM BMeIIIaTeIbCTBOM, OZJHAKO BBICOKas PACIIPOCTPAHEHHOCTH U MeINKO-coliuanbHast 3HauuMocTb VIBC nukTtyeT HE06X0-
JIUMOCTD JTaJIbHEHNIIed pa3paboTKu mpobIeMbl B3aUMOOTHOIIIEHUsI KOHCEPBATUBHBIX U MHTEPBEHIIMOHHBIX ITO/IXO/IOB B
JIeYeHUH JJAHHOTO 3a00JIeBaHUsl, YeMY, B YACTHOCTH, OBLIO MTOCBSIIEHO HETABHO 3aBEPIIEHHOE KPYITHOMACIITaOHOe UC-
cnenoanne ISCHEMIA. Emne onHa akTyanbHas [IpoOieMa COBpEMEHHOU KapOJIOTHH — HIIEMUS MHOKap/a Ipyu HeoO-
CTPYKTUBHOM (<50 % Cy>KeHUsI IIPOCBeTa) mopakeHuu KopoHapHbix aprepuii (Ischemia with Non-Obstructive Coronary
Arteries — INOCA), onpe/iesisiiomiemMcs IpUMeEPHO y 70 % MaIlUEHTOB IIPU aHTHOTPAaPUIECKOM HCCIIEIOBAHUH KOPOHAP-
HBIX COCY/IOB.

Ilenp. AHATN3 UMEIOIINUXCA JAHHBIX 110 BEIEHUIO MAIUEHTOB cO cTabmnbHON VBC HA OCHOBE Pe3yJIbTATOB UCCTIe-
nmoBanust ISCHEMIA u 0630p my6aukaiuii o nmpobsieme INOCA.

PesynbTaTsel. BuccnenoBanuu ISCHEMIA yacToTa HEpBHYHON KOHETHON TOUKH (CEPIETHO-COCYUCTASI CMEDTH,
nHapkT Muokapzaa (M), ocraHoBka cepana ¢ 3GhQEeKTUBHON peaHUMAaI[Uel, TOCITUTAIN3AIUS B CBSI3U ¢ XPOHUYECKOH
cepZieYHOl HeZIOCTAaTOYHOCTHIO) COCTAaBWIIA 13.3 % B I'PyIINle pyTUHHON MHBA3UBHOU CTPATETUH U 15.5 % B IPYIIIIe KOHCED-
BaTUBHOH crpareruu (p = 0.34). YacToTa OCHOBHBIX BTOPUYHBIX KOHEUHBIX TOUEK TAK)Ke 3HAUNMO MEXK/y TPYNIIaMU He
paziauuanack. KauecTBo KHU3HU B TPYIITle MHBA3UBHOTO JIeUeHUsI OBLIO BBIIIIE TOJIBKO Y TAI[IEHTOB C HAJIMYKUEM B HAUAJTb-
HOM IIepHO/ie TIPUCTYIIOB cTeHoKapauu. CybaHaIN3 MCCIeJOBAHUS TOKa3aJl, YTO TOTPAHUIHBIA CTEHO3 JIEBOH KOPOHAP-
HOH apTrepuu (JIKA) acconumpoBaH ¢ HETaTUBHBIM IIPOIHO30M, & HHBA3UBHAS CTPATETHsI 00JIer1aeT CHMITOMBI CTEHOKAP-
Juu. Y »KeHIIVH, yuyacTBoBaBIINX B uccyienoBanuu ISCHEMIA, yaiiie oTMevyannch MPUCTYIIBI CTEHOKAPAWH, HECMOTPS Ha
MeHee OOIIIPHOE NopaskeHre KOPOHApHBIX apTepuil (KA) 1 MeHee TsKeble IPOSBIEHUS UIIIEMUY, YeM y My>k4uH. Cpe-
JIU TTAIMEHTOB co cTabuiipbHON UBC ¢ yMepeHHO! WK TAXKeIOH UIIeMUEH U TAKEIOH XPOHUIECKOH 60JIe3HBIO IOUYEK He
OBLIIO0 HAHIEHO JIOKA3aTeJIbCTB IPEUMYIIECTBA IEPBOHAYATILHON NHBA3UBHOW CTPATETHHU B CHIYKEHHHU PUCKA CMEPTH HJIH
HedaraspHOTO MH(}pAPKTa MUOKApZA 110 CPABHEHHIO ¢ KOHCEPBATUBHOU cTparerveil. YTo KacaeTcs UIIEMUU IPU HeOO-
crpykruBHOM nopaskeHun KA (INOCA), To mociieziHee THarHOCTHPYETCS IT0 MEHBIIIEH Mepe y OHOTO U3 IIATH NAI[eHTOB,
MIPOIIEIINX KOPOHAaporpaduo. ATo TpeOyeT MOUCKA HOBBIX IMATHOCTHYECKUX METOAUK, Bepudukanuu GpakTopoB PUCKa,
IIPUYUH U ONITHMAJIBHBIX IT0/IX0/I0B K JIEUEHUIO.

3aknouenue. Pesynprarel uccaenoBanus ISCHEMIA npoieMOHCTPUPOBAIN HEOOX0AUMOCTE GoJiee TIaTesb-
HOTO 0TOOpAa ManKueHToB co cTabribHOM MBC 111 ”HBa3UBHOTO JIEYEHUS C YIETOM TSKECTH CTEHOKAPINH U BO3MOXKHOCTH
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COBPEMEHHOM aHTUAHTUHAJIBHOU Tepanuu. BefeHre 60IBHBIX ¢ UIIEMUeH MUOKap/ia Ha GoHe HeOOCTPYKTUBHOTO TIOpa-
skeHuss KA ciemyer ocyrecTBisTh Ha ocHOBe COTJIacUTEILHOTO JOKyMeHTa 9KcnepToB 1o npobseme INOCA (2020), B
KOTOPOM PacCMaTPUBAIOTCS BOITPOCHI BOSHUKHOBEHUS CTEHOKAPINH, TUATHOCTUKY U1 JIEUEHUsI JAHHOTO COCTOSTHUS.

Kuouessle caoea: niieMuyeckas 60y1e3Hb CepAlla, HEOOCTPYKTUBHOE IIOPasKeHE KOPOHAPHBIX apTEPHH, UCCIIEI0BA-
Hue ISCHEMIA.

ABSTRACT

Introduction. Approaches to the stable coronary heart disease (CHD) treatment have been the subject to debate
a long time. One of the first and fundamental studies in the treatment of stable coronary heart disease patients is the
COURAGE trial, which showed the advantage of rational drug therapy in comparison with percutaneous intervention in
such patients. However, the CHD high prevalence with medical and social significance necessitate the future consideration
of the relationship between medical, that is conservative, and invasive approaches in treatment of this disease. It was par-
ticularly the focus of the recently completed multicentre ISCHEMIA trial. Another urgent problem of modern cardiology is
myocardial ischemia in non-obstructive (<50% luminal occlusion) coronary arteries (INOCA) identified in approximately
70% of patients who underwent coronary angiography.

Aim of the research. Analysis of the available data on the management of stable CHD patients based on the
ISCHEMIA trial data and review of publications on the INOCA problem.

Results. In the ISCHEMIA trial, the occurrence rate of the primary outcome (cardiovascular death, myocardial
infarction (MI), resuscitated cardiac arrest, hospitalization for chronic heart failure) was 13.3% in the routine invasive
strategy group and 15.5% in the conservative strategy group (p = 0.34). The occurrence rate of the main secondary out-
comes also did not differ between the groups significantly. Quality of life in the invasive group was higher only in patients
who had angina at baseline. The study subanalysis demonstrated that borderline left coronary artery stenosis is associated
with a poor prognosis, and an invasive strategy relieves the angina symptoms. Women who participated in the ISCHEMIA
trial had a higher incidence of angina attacks, despite less extensive coronary arteries (CA) lesions and less severe ischemia
manifestations than men. Among patients with stable CHD accompanied with moderate to severe ischemia and severe
chronic kidney disease patients, no evidence for the benefit of the initial invasive strategy in reducing the risk of death or
nonfatal myocardial infarction compared to the conservative strategy was found. As for ischemia in non-obstructive coro-
nary arteries (INOCA), it is diagnosed in at least one in five patients who have undergone coronary angiography. This re-
quires the search for new diagnostic methods, verification of risk factors, causes, and optimal treatment approaches.

Conclusion. The ISCHEMIA trial data demonstrated the necessity for a more careful selection of patients with
stable CHD for invasive treatment, taking into account the angina pectoris severity and modern antianginal therapy pos-
sibilities. Management of patients with myocardial ischemia accompanied by non-obstructive CA lesions should be carried
out on the basis of the EAPCI Expert Consensus Document on Ischaemia with INOCA (2020) which discusses the genesis
of angina, as well as the diagnosis and treatment of this condition.

Keywords: coronary heart disease, non-obstructive coronary arteries, ISCHEMIA trial.

BBEJAEHUNE

Nmemuueckas 6ose3ub cepana (MBC), Hecmo-
TPs HAa aKTUBHOE PA3BUTHE KaK MEIMKAMEHTO3HBIX,
TaK U XUPYPTUUECKUX METO/IOB JIEUEHHUs, OCTAETCS
OCHOBHOU NIPUYHHON WHBAIUAU3ANNN U CMEPTHO-
CTH JIUIL TPYAOCIIOCOOHOTO Bo3pacta [1, 2]. Borpoc o
MIPOTHOCTUYECKON 3HAUMMOCTU PEBACKYJISIPU3AIINH
MHOKap/a y manueHToB co crabunbaoi UBC nsyua-
€TCsl IOCTATOYHO JIJABHO, U B OOJIBIIIITHCTBE HCCIIE/0-
BaHUU MTOKA3aHO, YTO IJIAHOBAS PEBACKYJISIPU3AIUS
He CHIKaeT pHCK uHbapkra Muokapza (M) u
cMepTu. B To ke BpeMs yCTaHOBJIEHO, UTO PEBACKY-
Jsipusanus Muokapaa 6osee 3¢@PEeKTHBHO CHUKAET
TSDKECTh CTEHOKAP[AWH, yMEHBIIAeT IOTPeOHOCTD
B aHTUAHTUHAJIBHBIX CPE/ICTBAX, YJIyUIIAeT IIePEHO-
CUMOCTh (DUBUYECKUX HATPY30K U IOBBIIIAET Kaye-
CTBO KH3HU B CDAaBHEHHUU C TOJIBKO MEINKaMEHTO3-

INTRODUCTION

Coronary heart disease (CHD), despite the ac-
tive development of both medical and surgical
methods of treatment, remains the main cause of
disability and mortality in people of working age [1,
2]. The prognostic significance of myocardial revas-
cularization in patients with stable CHD has been
studied for a long time, and most studies have
shown that elective revascularization does not re-
duce the risk of myocardial infarction (MI) and
death. At the same time, it was found that myocar-
dial revascularization more effectively reduces the
severity of angina, decreases the need for antiangi-
nal agents, improves the tolerance of physical exer-
tion and improves quality of life in comparison with
only drug treatment, both over the short- and long-
term horizon [3]. Another urgent problem of mo-
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HBIM JIEYeHHEM, KaK B KPATKOCPOYHOM, TaK U B JIOJI-
rocpounolt nepcrekruse [3]. Eme ofHoit akTyaib-
HOH mpo6JyieMOY COBPEMEHHOU KapIUOJIOTHU SIBJISI-
eTcs HIIeMHs MUOKap/a NpU HeOOCTPYKTUBHOM
(<50 % cyskeHUsI IPOCBETa) MOPA’KEHUU KOPOHAP-
vbix aprepuii (Ischemia with Non-Obstructive
Coronary Arteries — INOCA), ompezaensioniemMmcs
MPUMEPHO y 70 % MalMEeHTOB MpU aHTHorpaduue-
CKOM HCCJIeIOBAHUU KOpPOHApHBIX cocynoB. INOCA
MOJKeT OBITh Pe3yJIbTaTOM Ba30CIa3Ma, MUKPOIIIP-
KYJISITOPHBIX HAPYIIIEHWH, THIIEPTOHIH, a0PTaTbHO-
IO CT€HO033a, AaHEMUU, KAPUOMUOIIATHH, MUOKAP/IU-
Ta, CEP/IeYHOM HEJOCTATOYHOCTH, AYTOUMMYHHBIX
0oJIe3HEeH, aHOMaJIMM KOPOHAPHBIX COCYZIOB U T.J.

[4, 5].

IIEJIb UCCJIEJIOBAHUA

AHaIN3 UMEIOIIMXCA JIAHHBIX 110 BEIEHUIO Ma-
HEeHTOB co crabmwipbHON MBC Ha OcHOBE pesyJsibTa-
ToB uccinenoBanus ISCHEMIA u 0630p myGsimkammia
o pobsieme INOCA.

PE3YJIBTATBI 1 OBCYKJIEHUE

OMHUM W3 MEPBBIX U OCHOBOIIOJIATAIOIIUX HC-
CJIeIOBAaHUH B BOIMPOCAX MOAXO0Ja K Tepamuu 00JIb-
HbIX crabmnabHOo WMBC dABisgercd uccaemoBaHue
COURAGE, npoBezieHHOE B 50 KJIUHUYECKUX I[€H-
Tpax CIIIA u Kanazpl B 1999—2004 IT. ¢ BKJIIOUEHU-
eM 2287 0OJIbHBIX. B TaHHOM HCCIE€I0BAHUU COIIO-
CTaBJISJIUCh MHBa3WBHAsI (UPECKOKHOE KOPOHAPHOE
BMeIraTesbcTBO — YKB) TakThka BeieHUs HalueH-
TOB (11 = 1149) U arpeccUBHAs MeUKAMEHTO3HAs Te-
panus (n = 1138). Ilo pesynbpTaTam Hcc/IeIOBAaHUS
MIPOZIEMOHCTPHUPOBAHO BeJylllee 3HAUEHUE MeIrKa-
MEHTO3HOM BTOPUYHOM MPO]UIAKTUKU, YTO COIJIA-
CyeTcsl C COBpeMEeHHBIMU pekoMeHpanussMu. He 06-
HaPY’KEHO JIOCTOBEPHBIX PA3JIMYUH YACTOTHI OCITIOXK-
HeHUU Mexay rpynnaMu YKB u ontumanpHOU Me-
JINKaMEHTO3HOU Tepamuu. KymynsaTHBHas dacToTa
TIEPBUYHBIX COOBITHH 32 4.6 rojia cocTaBuia 19.0 % B
rpynne YKB u 18.5 % B MeguKaMeHTO3HOU TPYIIIe
(p = 0.62). Takum ob6pazom, OGBLIO TOKA3aHO, YTO
YKB B A0MOJIHEHHUE K MEAUKAMEHTO3HOU Teparuu
KaK HavaJbHasA CTpaTerusi y OOJIbHBIX CTaOHMIBHOM
NBC ©He yMmeHbliaer puck cmeptu, WM wunu
CEPAEYHO-COCYIUCTBIX COOBITUH [6, 7]. Kpome ToTO,
OIEHUBAJINCH IIIECTh 3apaHee OIpe/leJIEHHBIX (aK-
TOPOB PHCKA: CHCTOJIMUECKOE apTEPUAJIBHOE JTaBJie-
HHE, XOJIECTEPUH JIMIIOIPOTENHOB HU3KOU IJIOTHO-
CTU, KypeHWe, (pusmuecKkass aKTUBHOCTb, JAUeTa U
WHJEKC Macchl Tesa. OKazajoch, YTO YeM OOJIbIIe
(akTOpOB pHICKA KOHTPOJIUPYETCS, TEM BBIIIE BEPO-
SITHOCTh BBIKMBAHUS TAIIUEHTOB, U MTOTOMY 0OJIb-
HBIM cTabuipHON MBC HE0OX0MMO KCII0Ih30BaHIE

dern cardiology is myocardial ischemia with non-
obstructive (<50% occlusion) lesion of the coronary
arteries (Ischemia with Non-Obstructive Coronary
Arteries — INOCA) which is found in about 70% of
patients who underwent the coronary angiography.
INOCA can be the result of vasospasm, microcircu-
latory disorders, hypertension, aortic stenosis, ane-
mia, cardiomyopathy, myocarditis, heart failure,
autoimmune diseases, coronary vascular abnormal-
ities, etc. [4, 5].

AIM OF THE RESEARCH

Analysis of available data on the management of
patients with stable CHD based on the ISCHEMIA
trial data and review of publications on the INOCA
problem.

RESULTS AND DISCUSSION

One of the first and fundamental studies of the
approach to the treatment of patients with stable
CHD is the COURAGE trial conducted in 1999—
2004 in 50 clinical centers in the United States and
Canada with 2287 patients included. In this study,
the invasive (percutaneous coronary interven-
tion — PCI) strategy (n = 1149) and aggressive drug
therapy (n = 1138) were compared. According to
the trial results, the crucial importance of drug sec-
ondary prevention was demonstrated, which is
consistent with current guidelines. There were no
significant differences in the frequency of compli-
cations between the PCI and drug therapy groups.
The cumulative primary events rate for 4.6 years
was 19.0% in the PCI group and 18.5% in the medi-
cal therapy group (p = 0.62). Thus, it has been
shown that the PCI in addition to drug therapy as
an initial strategy in patients with stable CHD does
not reduce the risk of death, MI, or cardiovascular
events [6, 7]. In addition, six pre-determined risk
factors were evaluated: systolic blood pressure,
low-density lipoprotein cholesterol, current smok-
ing, physical activity, diet, and the body mass in-
dex. It turned out that the more risk factors are
controlled, the higher the probability of survival,
and therefore, patients with stable CAD need more
effective strategies to achieve comprehensive con-
trol of risk factors [6, 7].

The largest multicentre randomized clinical
ISCHEMIA trial (conducted in 37 countries, and its
results were reported in 2019 at the scientific ses-
sion of the American Heart Association) included
patients with verified severe or moderate ischemia
(5179 of 8518 participants; average age 64 years;
23% women). In modern clinical practice, almost
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bosiee 3OGHEKTUBHBIX CTPATETUH JJIA JTOCTUMKEHUS
BCECTOPOHHETO KOHTPOJIA (PaKTOPOB pHrcKa [6, 7].

B xpymHelilllee MHOTOIIEHTPOBOE PaHAOMU3H-
poBaHHOe KiImHIYeckoe uccienoBanne ISCHEMIA,
IIPOBOIUBIIIEECS B 37 CTpaHAaX, pe3yJIbTaThl KOTOPO-
ro GBUIM JOJIOJKEHBI B 2019 T. HA HAYYHOU CECCHH
AMEpUKaHCKON acCOUMAIUU CepAIa, BKIIOYAJINCH
MaIMeHThl ¢ JOKA3aHHOW MIIEeMUEH TSKeJI0H WA
yMepeHHOH creneHu (5179 u3 8518 yJ4aCTHUKOB;
CpeHUH BO3pacT 64 rozia; 23 % KeHInuH). B pamkax
COBPEMEHHOU KJIIMHUYECKOHW MPAKTUKH IOYTH 75 %
TaKUX MAI[UEHTOB IIPOBOIUTCS PEBACKYJISIPU3ALIHI
Muokapzaa. He Briouanucey B ucciiezjoBaHue 060JIb-
HBIE CO CTEHO30M CTBOJIA JIEBOM KOPOHAPHOU apTe-
puu (JIKA) > 50 %, dpaknueii Bbiopoca < 35 %, Xpo-
HUYECKOU cepieyHol HemocTaTouHocThio (XCH)
III-1V ¢pyHKITMOHATIBHOTO KJ1acca, UHPAPKTOM MUO-
Kap/ia, YpeCKOKHBIM BMEIIATETCTBOM MJIM a0PTO-
KOPOHAPHBIM IIYHTUPOBAHUEM B T€UEHUE IIPeJIIIe-
CTBYIOIIIETO T0/Ia, CKOPOCTBHIO KIYOOUKOBOH (DHIIb-
Tpanuu < 30 MJI/MUH, TSDKEJIOH CTEeHOKapuei.
¥ 34 % manueHTOB KJIMHUKY CTEHOKAPAUH He ObLIO,
V 44 % TPUCTYIIBI BOSHUKAJIM HECKOJIBKO pa3 B Me-
cAl, y 22 % — exeTHEeBHO JU00 exxeHeenbHo. [1a-
[IHUEeHTHl ObLTN PAaH/IOMU3UPOBAHBI B JIBE TPYIIIBI —
PYTHHHOUW WHBA3WBHOU CTPATETMH B COYETAHHUU C
ONITUMAJIbHOW MeJInKaMeHTO3HOoH Tepamnueit (OMT)
(n = 2588) u Tompk0 OMT (n = 2591). B rpy1ne KoH-
CEPBATHUBHOU Tepaliiu KOPOHapHas aHruorpadus
MIPOBOAMJIACH TOJIBKO B ciydae Hea(h(DEKTUBHOCTH
MeJIUKaMeHTO3HOU Tepamnuu. [leprox HabOAEHNA
cocraBuJ 3.3 rozaa (puc. 1).

Yacrora  TEPpBUYHONM  KOHEUYHOH  TOYKHU
(cepmeuno-cocymucrasi cmeptb, WM, ocTraHOBKa
cepana ¢ 3pdeKTHBHON peaHHuMAaIend, TOCITUTAIN-
3anus B cBsa3u ¢ XCH) cocraBuwia 13.3 % B rpymme
WHBA3UBHOU CTPATETUH U 15.5 % — B TPYIIIIe KOHCEP-
BaTuBHOU Tepanuu (p = 0.34) [8]. MHBazuBHasA
CTpaTerusi yBeJUYMBaJa PUCK TMEPUIPOLETYPHBIX
OCJIOKHEHUH, IIPU STOM CHIDKAs IIPUMEPHO HA 2 %
PUCK HeOJaroNpHUATHBIX COOBITHH B JTaJbHEHIIEM
(mmocste mepBbIX 6 Mec HaboIeHs). YacToTa OCHOB-
HBIX BTOPUYHBIX KOHEUHBIX TOUYEK (CepaedHo-
cocyzucrasa cMepTHOCTh + VIM, cMepThb OT BCeX Mpu-
YUH, Iepunponeaypaibubiii UM, cionTanubii TM)
TaKKe JIOCTOBEPHO MEXKAY IpyNIaMu He pasjihya-
stack. KauecTBO *KU3HU B TPYIIIIE MHBA3UBHOTO Jieue-
HUSA OBLIO BBIIIE TOJBKO y MAIIMEHTOB C UCXOTHBIM
HJINYHIEM CHUMIITOMOB cTeHOKapauu. bruio caemna-
HO 3aKJII0UeHre 0 HeoOXOAUMOCTH OoJiee TIaTeIb-
HOro oTbopa manueHToB co crabuiabHol MBC s
WHBA3WUBHOTI'O JIEYEHUs], IPUHUMAs BO BHUMAaHUE TsI-
JKECTh CTEHOKapJIMM M BO3MOXKHOCTU AHTHAHTH-
HaJBHOI Tepamnuu [9, 10].

75% of such patients undergo myocardial revascu-
larization. Patients with left main coronary artery
stenosis > 50%, left venticular ejection frac-
tion < 35%, NYHA class III-IV heart failure, myo-
cardial infarction, percutaneous intervention or
coronary artery bypass graft surgery within the pre-
vious 12 months, glomerular filtration rate < 30 ml/
min, severe angina pectoris were not included in the
study. In 34% of patients did not have angina symp-
toms, 44% had attacks several times a month, 22%
had daily or weekly attacks. The patients were ran-
domized into two groups — an invasive strategy
combined with optimal medical therapy (OMT)
(n =2588), and only OMT (n = 2591). In the conser-
vative therapy group, coronary computed tomogra-
phy angiography was performed only if the drug
therapy was ineffective. The follow-up period was
3.3 years (Fig. 1).

The occurrence rate of the primary outcome
(cardiovascular death, MI, resuscitated cardiac ar-
rest, hospitalization for chronic heart failure) was
13.3% in the invasive strategy group and 15.5% in
the conservative (medical) strategy one (p = 0.34)
[8]. The invasive strategy increased the risk of
periprocedural complications, while reducing the
risk of the adverse cardiac events in the future by
about 2% (after the first 6 months of follow-up).
The occurrence rate of the main secondary out-
comes (cardiovascular mortality + MI, death from
all causes, periprocedural MI, spontaneous MI)
also did not differ significantly between the groups.
Quality of life in the invasive group was higher
only in patients who had angina symptoms at
baseline. It was concluded that more careful selec-
tion of patients with stable CHD for invasive treat-
ment is necessary, taking into account the severity
of angina and the possibilities of antianginal ther-
apy [9, 10].

The subanalysis of the ISCHEMIA trial showed
that borderline left coronary artery (LCA) stenosis
is associated with a poor prognosis, although an in-
vasive strategy alleviates angina symptoms. A com-
parative analysis of the results in 962 patients with
LCA stenosis 25-49% and in 2737 patients with
LCA stenosis < 25% was carried out. Patients with
stenosis 25—49% had a more severe ischemia and
more often three-vessel disease. They, in compari-
son with patients with LCA stenosis < 25%, had a
higher risk of adverse outcomes over the next four
years. Evaluation of the treatment results did not
reveal differences depending on the use of an inva-
sive or conservative strategy for primary and major
secondary outcomes, however, the invasive strategy
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8518 BKJIIOUEHHBIX TAIIUEHTOB
8518 patients included

\

5179 panoMu3upoBansl / were randomized

3783 (73.0 %) npouwiu KKTA / underwent CCTA

1396 (27.0 %) He npouwu KKTA / did not undergo CCTA
575 umesiu Hu3Kyo CK® / had low GFR

700 6bL1a usBectHa anaromust KA / had known CA anatomy
121 umesnu pyryio npuuuny / had another cause

Y

3339 6bUTH ucKIOYeHb! / were excluded

1350 He UMeJIH YMEePEHHOU WU TSKeJIOH UIEMUN
110 aHHBIM cTpecc-TecToB / did not have
moderate or severe ischemia according
to the stress tests

1218 He umesnu obcrpykrusHoi UBC / did not have
obstructive CHD

434 nmenu nopakenue JIKA / had LCA lesion

Y

2588 — UHBa3UBHAaA CTpaTETUsA

2588 — invasive strategy

Y

Y

25091 — KOHCEPBATUBHAS CTPATETHS

2591 — conservative strategy

Y

Cpenuee Bpems Habimonenus 3.2 roga (MP 2.1—4.3)

Mean follow-up time 3.2 years (IQR 2.1—4.3)

99.4 % mociezyolee HabIIOAEHHE 38 TPOTHO30M

66110 3aBepiieno / follow-up to the prognosis was completed

28 (1.1 %) BBIOBLTO / dropped out

36 (1.4 %) He yuacTBOBa/IM B IIOCIIE/yIoIIeM Habmonenuu / did
not participate in the follow-up

2475 (95.6 %) nponwiu KAT / underwent CTA

2054 (79.4 %) npoiwiu peBackyssipusanuio / underwent

revascularization

Cpenuee Bpems Habimoaenus 3.2 roga (MP 2.2—4.3)

Mean follow-up time 3.2 years (IQR 2.2—4.3)

99.7 % nocseayolee HabIIOAEHNE 3a TPOrHO30M OBLIO

3asepiueno / follow-up to the prognosis was completed

22 (0.8 %) BoIOBLTO / dropped out

26 (1.0 %) He yyacTBOBaJIM B nocseayoiiem Habaonenun / did
not participate in the follow-up

667 (25.7 %) npouutu KAT / underwent CTA

544 (21.0 %) npouwu peBackyssipusanuio / underwent

revascularization

Puc. 1. Tuzaiin uccnenoBanus ISCHEMIA (KKTA — xoMmbioTepHast KOpOHapHas ToMorpaduueckas aHruorpadus;
CK® — ckopoctb ki1yboukoBoli dusbrpaiun; JIKA — jieBast kopoHapHas apTepusi; KA — KOpoHapHas apTepus;
KAT — xoMmmnbloTepHas aHruorpadus; MP — MeKKBapTUJIBHBIN pa3Max)

Fig. 1. ISCHEMIA trial design (CCTA — coronary computed tomography angiography; GFR — glomerular filtration rate;
LCA — left coronary artery; CA — coronary artery; CTA — computed tomography angiography;

IQR — interquartile range)

Cyb6ananus uccienopauust ISCHEMIA mokaszai,
YTO MMOTPAaHUYHBIN cTeH03 JIKA accomuupyeres ¢ He-
raTUBHBIM IIPOTHO30M, XOTSI MHBa3UBHAA CTPATErus
obJyieryaer CHUMITOMBI CTeHOKapauu. IIpoBemeH
CpaBHUTEJIBHBIN aHAIN3 PE3yJIBTATOB Y 962 MmarueH-
TOB co creHo30M JIKA 25-49 % u 'y 2737 nanueHToB
co creno3oMm JIKA < 25 %. BojsbHBIE CO CTEHO30M
25-49 % umMesnu 60jiee BBICOKYIO CTEIIEHD UIIIEMUH U
qaie 3-CoCyJHCToe MopaXkeHue. Y HUX JKe, B CPaB-
HEHWU C HamyueHTaMu co creHo3oM JIKA < 25 %, 6b11
0oJ1ee BBICOKUH PUCK HEDJIATONMPUATHBIX UCXO/IOB B
TeUeHHue IOC/IEeNYIONIUX JeThipex JieT. OleHKa pe-
3yJIbTATOB JIEUeHUsI He BbIABWJIA PA3JINYUHA B 3aBU-
CHMOCTH OT HCII0JIb30BaHUS NHBA3UBHOM JINOO KOH-
CEPBATHUBHOU CTPATETUH JJI MIEPBUYHBIX U OCHOB-
HBIX BTOPUYHBIX WCXO/IOB, OJ[HAKO WHBa3UBHAas
cTpaTerus ObLyIa CBsI3aHA CO CHHIKEHHEM HeIpoIle-

was associated with a decrease in non-procedural
MI, the more significant improvement in the quali-
ty of life, but, at the same time, with an increase in
the incidence rate of MI in cases of prior interven-
tion [11].

The ISCHEMIA study also determined the rate
of achievement of the targets for low-density lipo-
protein cholesterol (LDL-C) (<70 mg/dl) and systol-
ic blood pressure (SBP) (<140 mm Hg). The target
level of LDL-C was reached by 35%, and the target
level of SBP — by 65% of participants. A year later,
the number of participants with the target LDL-C in-
creased to 52%, and with the target SBP — to 75%.
The adjusted odds of achieving the target LDL-C lev-
el after one year were higher in the older age group
(odds ratio (OR) 1.11; 95% confidence interval (CI)
1.03—1.20 for 10 years of life), with lower baseline
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nypasibHOoro 1M, 60J1e€ 3HAUNUTETHbHBIM ITOBBIIIIEHU -
€M Ka4yecTBa KU3HU, HO B TO K€ BPEMSI C yBEJTUUEHH-
em yactoTsl UM Ha doHe BMelatenbersa [11].

Taxoxe B uccnenoanuu ISCHEMIA 6b11a onpe-
JleJIeHa YacToTa JOCTHUIKEHHUS [IeJIEBBIX MIOKa3aTeel
XOJIECTEPUHA JIUTIOMPOTENHOB HU3KOH IIOTHOCTH
(XC-JIITHII) (<70 MTr/mI) v CHCTOJIUYECKOTO apTe-
puanbHoro nasienus (CAJT) (<140 mwm pr. ct.). Le-
aeBoro ypoBHsa XC-JITTHII gocturnu 35 %, a ueme-
Boro ypoBHsA CAJ[ — 65 % yuactHuKOB. Uepes rof
KOJIMYECTBO YYACTHUKOB C II€JIEBBIMH ITOKa3aTeJIs-
mu XC-JITTHII yBenmumiiocs 10 52 %, a ¢ 1eJIEBbIM
CAZl — o 75 %. CKOppEeKTUPOBAHHBIE IIAHCHI J[0-
cTkeHus nesneBoro ypoHst XC-JITTHII gepes rop
ObLTH BBINIE B OoJjiee cTapiiiell BO3PACTHOU TPYIITe
(ornomenmne mancos (OII) 1.11; 95% moBepuUTETH-
HbIA nHTEepBaJ (1) 1.03—1.20 714 10 JIET KU3HU),
npu Gosiee HU3KOM wucxomHoM ypoBHe XC-JIITHII
(OII 1.19; 95% 1IN 1.17—1.22 Ipu YPOBHE 10 MT/ /1)
U IIPU BBICOKOMHTEHCUBHOM HCIIOJIb30BAHUH CTATH-
HoB (OIII 1.30; 95% JIU 1.12—1.51). Y KeHIIUH OKa-
3aJI0Ch MEHBIIIE IAHCOB, YEM Y MYKUHH, /IOCTHYb
nesieBoro ypoHsa XC-JIITHIT (OLI 0.68; 95% 11
0.58-0.80) B Teuenue royia. CKOpPEKTHUPOBAHHBIE
IIAHCHI JOCTHKEeHUs 1esieBoro ypoHst CAJl uepes
roJ1 ObUTH BbIIIE ITpU 60J1ee HU3KOM HcxoiHOM CAJT
(OII 1.27; 95% AU 1.22—1.33) U y NIPOKUBAIOIIUX B
crpanax CesepHout Amepuku (OII 1.35; 95% /U
1.04—1.76).

B xoze BropuuHoro anaiuza ISCHEMIA onienu-
BaJIUCh WCXOJTHBIE XaPAKTEPHUCTUKU IAIUEHTOB CO
crabmnpHol UBC (77 % — my»kunHbI). CTeHOKapaus
OIleHMBaIach C MOMOINBI0 CHATICKOTO OMPOCHUKA
6oJtH. Y KEHIIMH Yallle PETUCTPUPOBAJICS CTEHO3 CO-
cyZioB < 50 % (353 u3 1022 (34.4 %) npoTus 378 us
3353 (11.3 %) y myskunn). [Ipu 5TOM KEHIITUHBI OT-
JiMgaauch 0oJiee BBHICOKMM KJIACCOM CTEHOKapIHH,
JyeM My>KYHHBI (MennaHa (MeKKBAapTUJIHBHBIN pas-
Max) 1mo CHITJIICKOMY OMPOCHUKY 6osir 80 (70—100)
MPOTUB 90 (70—100)), HO Y HUX ObLJIa MEHee TshKe-
J1ast MIIEMUS TIPYU BU3YUTU3UPYIOIIUX CTPECC-TECTAX
(383 manuenTa u3 919 (41.7 %) NpoTUB 1361 U3 2972
(45.9 %) ¢ Tsxenon uineMuel; 386 ImaeHTOB U3
919 (42.0 %) npoTuB 1215 U3 2972 (40.9 %) ¢ yme-
pEeHHOU uIilleMuel; 150 maueHToB us3 919 (16.4 %)
MPOTUB 394 13 2972 (13.3 %) C JIETKOU UIIEMHEN HITH
6e3 Hee). Kpome Toro, y skeHITUH OBLUIO MeHee 00-
[IUPHOE TOpa’keHue cocyaoB. Tak, Tpexcocyaucroe
IopakeHue UMeJsIo MecTo y 36 % »KeHIIUH Uy 47 %
MY>KYUH; JIByXCOCY/IFICTOE MOpPaXKeHue —y 32 1 31 %
COOTBETCTBEHHO; OJHOCOCYUCTOE TOPa’KeHHe — y
31 % KeHIUH U 22 % My>X4uH. JKeHcKkui 1ot 6611
HE3aBHCHUMO CB3aH C OOJIBINIEN YaCTOTOU IPUCTYIIOB
crenokapgauu (OI 1.41; 95% TN 1.13—1.76).

LDL-C levels (OR 1.19; 95% CI 1.17-1.22 at
10 mg/dl), and with high-intensity statin use
(OR 1.30; 95% CI 1.12—1.51). Women were less likely
than men to reach the target LDL-C level (OR 0.68;
95% CI 0.58—0.80) within a year. The adjusted odds
of achieving the target level of SBP after one year
were higher for the lower baseline SBP (OR 1.27;
95% CI 1.22-1.33) and for those living in North
America (OR 1.35; 95% CI 1.04-1.76).

The secondary ISCHEMIA analysis evaluated
the baseline characteristics of patients with stable
CHD (of them 77% men). Angina was assessed using
the Seattle Pain Questionnaire. Women were more
likely to have vascular stenosis < 50% (353 out of
1022 (34.4%) versus 378 out of 3353 (11.3%) in men).
At the same time, women had a higher class of angi-
na than men (median (interquartile range) according
to the Seattle Pain Questionnaire 80 (70-100) vs. 90
(70—100)), but they had less severe ischemia in im-
aging stress tests (383 patients out of 919 (41.7%) vs.
1361 out of 2972 (45.9%) with severe ischemia; 386
patients out of 919 (42.0%) vs. 1215 out of 2972
(40.9%) with moderate ischemia; 150 patients out of
919 (16.4%) vs. 394 out of 2972 (13.3%) with or with-
out mild ischemia). In addition, women had less ex-
tensive vascular lesion. Thus, three-vessel disease
occurred in 36% of women and 47% of men; two-
vessel lesion — in 32 and 31% respectively; single-
vessel disease in 31% of women and 22% of men. Fe-
male gender was independently associated with a
higher incidence of angina attacks (OR 1.41; 95%
CI 1.13-1.76).

Thus, women who participated in the ISCHEMIA
trial had a higher incidence of angina attacks, re-
gardless of less severe ischemia according to imaging
stress tests and more frequent single-vessel disease,
compared to men. These results reflect the inherent
gender differences in the complex relationships be-
tween angina, atherosclerosis, and myocardial isch-
emia, which are important for testing and treating
patients with suspected stable ischemic heart di-
sease [12].

Previous clinical studies that evaluated the ef-
fect of revascularization in patients with stable CHD
have generally excluded patients with severe chronic
kidney disease (CKD). In the ISCHEMIA-CKD study,
777 patients with advanced CKD and moderate to se-
vere ischemia were randomized on stress testing for
treatment using either an initial invasive strategy in
combination with medical therapy, or an initial con-
servative strategy consisting only of medical therapy
and angiography. The primary outcome (death or
non-fatal MI) and the secondary outcomes (a com-
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Takum 00pa3oM, y 3KeHII[UH, Y4aCTBOBABIIIUX B
uccnepopanuu ISCHEMIA, orMmeuasnack 0oJjiee BbI-
COKasl 4acToTa MPUCTYIIOB CTEHOKAPAUU, HE3aBUCHU-
MO OT MeHee TSKEeJIOW UIINEMUHU T10 JJAHHBIM BHU3ya-
JIU3UPYIOIINX CTPECC-TECTOB U OOJIEE YACTOTO OTHO-
COCY/JTCTOTO TOPAYKEHUS, TI0 CPABHEHUIO C MYKUK-
HaMu. ODTH Pe3yJIbTaThl OTPAXKAIOT BPOK/EHHBIE
TeHJIEpDHbIE PAa3JIMYUs B CJIOKHBIX OTHOIIEHHAX
MEsK/Iy CTEHOKapAUEH, aTePOCKIEPO30M U UIIEMUEH
MHOKap/ia, UMEIOIIUX 3HAUEHHE /IS TECTUPOBAHUS
U JIeYEHUS TAIEHTOB C IMOJ0O3PEHNEM HA CTAOWIIb-
HYIO HIIIEMHUYECKYI0 00JIe3Hb ceparia [12].

IIpoBosMbIE paHee KJIMHUYECKUE HCCIIe0Ba-
HUS, B KOTOPBIX OlleHuBasics 3 eKT peBacKyJIsapUu-
3aluy y ManueHToB co crabwibHoii UBC, 06bI4HO
WCKJIIOYAJIN TAIUEHTOB C TSKEJIOU XPOHUUYECKOH
bonesnpio  mouexk (XBII). B  wucciegoBanuu
ISCHEMIA-CKD 6bUtH paHZOMU3UPOBAHbI 777 Ma-
IIHUEHTOB C TSIKETBIM ITOPAYKEHUEM TTOYEK U YMepPEeH-
HOW WJIM TSDKEJIOW HWIIEMUEHd TIpu  CTpecc-
TECTUPOBAHUM JJIsI JIEUEHHUs C WCIOJIb30BAHUEM
b0 HAYIPHOU WHBAa3UBHOHU CTPATETUH B COUETA-
HUY C MeTMKaMEHTO3HOU Teparuei, Ju0o mepBoHa-
YaJIbHOH KOHCEPBATUBHOW CTPATETHU, COCTOSINEH
TOJIBKO U3 MeTUKaMEHTO3HOU TepaIuy U aHTHOTpa-
¢pun. OneHUBaAINCH TTEPBUYHBIA HCXOJ] — CMEPTH
win HedaTamrbHbIH VIM ¥ BTOpUYHBIE UCXO/IBI: KOM-
OUHUPOBAHHBIN MIOKA3aTeJb CMEPTH, He(aTaTbHOTO
VM wiu rocriuTaau3aiy 110 IOBO/Ty HeCTaOMIbHOU
CTEHOKAPAWHU, CEPAEUYHON HEeJOCTaTOYHOCTH HWJIN
yCIENTHAs] peaHUMAIUs 110 TIOBOJTY OCTAHOBKHU CEP/I-
na. I[Ipu cpenHeM Tiepuojie HAOJOJIEHUA 2.2 TOoAa
TEPBUYHBIN MCXOJ] HACTYIIWI Y 123 MAIUeHTOB P
WHBAa3WUBHOU CTPATETHH U Y 129 MAI[HEHTOB B TPYIIIIE
KOHCEPBAaTUBHON CTpaTeruu (CKOPPEKTHPOBAHHOE
OTHOIIIEHHEe PHUCKOB 1.01; 95% U 0.79-1.29;
P = 0.95). Pe3ysbTathl /ISl KJIIOYEBOTO BTOPUIHOTO
HCX071a ObUTH aHAJIOTUYHBIMU (CKOPPEKTHPOBAHHOE
OTHOIIIEHUE PUCKOB 1.01; 95% JIN 0.79—1.29). UuBa-
3WBHAs cTparerus ObLIa cBsi3aHA ¢ O0Jiee BBICOKOM
YacTOTOW WHCYJIbTa (OTHOIIIEHHE PUCKOB 3.76; 95%
TN 1.52—9.32; p = 0.004) u ¢ 6oJiee BBICOKOH YacTO-
TOH CMEpPTU WJIM Havasia uananu3a (OTHOIeHue pu-
CKOB 1.48; 95% /11 1.04—2.11; p = 0.03), YeM KOH-
cepBaTHBHAsA cTparerusi. Takum o6pas3om, y marueH-
TOB co crabmwibHON VBC, TsKenapM HmOpaskeHHEM
MOYeK U YMEPEHHOH WJIH TSKEJION UIleMUEeH He 00-
HaApYy»KE€HO MPEUMYIIECTB HCXOMHOH HHBA3HBHOM
CTpaTErwy MO CPAaBHEHUIO C KOHCEPBATUBHOH B OT-
HOIIIEHUY CHIDKEHUS PUCKA CMEPTHU WIN HedaTa b-
Horo nHdapKTa MHOKap/a [13, 14].

B Pexomenpanusax Espormetickoro o6rmectBa
kapauosoroB (ESC) 2019 r. mo marHocTUkKe U Ha-
6JIr0/IeHHIO 32 GOJTBHBIMU XPOHUUECKIMU KOPOHAP-

posite of death, non-fatal MI, hospitalization for un-
stable angina, heart failure, resuscitatied cardiac ar-
rest) were evaluated. With an average follow-up pe-
riod of 2.2 years, the primary outcome occurred in
123 patients in the invasive strategy group and in
129 patients in the conservative strategy group (haz-
ard ratio 1.01; 95% CI 0.79—1.29; p = 0.95). The re-
sults for the key secondary outcome were similar
(hazard ratio 1.01; 95% CI 0.79—1.29). The invasive
strategy was associated with a higher incidence of
stroke (hazard ratio 3.76; 95% CI 1.52-9.32;
p = 0.004) and a higher incidence of death or initia-
tion of dialysis (hazard ratio 1.48; 95% CI 1.04—2.11;
p = 0.03) than the conservative strategy. Thus, in pa-
tients with stable CHD, advanced CKD, and moder-
ate or severe ischemia, there were no advantages of
the initial invasive strategy compared to the conser-
vative one in reducing the risk of death or non-fatal
myocardial infarction [13, 14].

In the Guidelines of the European Society of
Cardiology (ESC) 2019 for the diagnosis and man-
agement of chronic coronary syndromes, much at-
tention is paid to the problem of myocardial ischemia
in the so-called non-obstructive (<50% luminal oc-
clusion, or fractional flow reserve > 0.80) coronary
arteries lesion determined in about 70% of patients
who underwent coronary angiography, and attract-
ing the attention of both invasive and non-invasive
cardiologists [2].

Such a lesion is more common in women, and
patients with non-obstructive lesions are character-
ized by a wide range of symptoms that are often mis-
taken for non-cardiac manifestations, which leads to
errors in the diagnosis and treatment. The main clin-
ical and pathophysiological criteria for non-obstruc-
tive CA lesion are very diverse (Fig. 2).

Specific mechanisms leading to the formation of
non-obstructive coronary arteries disease are also
multifactorial and may be present in isolation or in
combinations. These include:

— microvascular angina — 51%;

— combination of microvascular and vasospastic
angina — 21%;

— vasospastic angina — 17%;

— non-cardiac causes — 11% [4, 5].

INOCA can develop due to coronary vasospasm,
microcirculatory disorders, arterial hypertension,
aortic stenosis, anemia, cardiomyopathy, heart fail-
ure, autoimmune diseases, vascular abnormalities,
etc. and is not a seemingly favorable condition at a
first glance [4, 5]. In patients with non-obstructive
coronary arteries, despite the favorable prognosis,
due to the presence of symptoms of angina, there is
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Kiunnuka
Clinic
« JKeHIUHBI ¥ MY>KYHUHBI CPEJTHETO BO3PACTA
Middle-aged women and men
e CrabmwibpHast UIBC
Stable CHD
» OCTpbIil KOPOHAPHBIA CHHPOM
Acute coronary syndrome
« lnacronnueckas TUCHYHKIUA
Diastolic dysfunction
» CepzieuyHast HEJIOCTATOYHOCTD C COXPAaHEHHOU
(dpaxkmueit BrIGpoca
Heart failure with preserved ejection fraction

Kpurepuu nuarHosa
Diagnosis criteria
« [TepcucTUPYIOIIHE CUMITOMBI
Persistent symptoms
« JlokazaHHad nIeMusa MUOKapAa
Verified myocardial ischemia
 OrcyrcTBUE 00CcTpyKTHBHBIX hopm MBC
Absence of obstructive forms of CHD
» Hapyiienue pe3epBa KOPOHapPHOTO KPOBOTOKA
Impaired coronary flow reserve

ITaTro¢dusuosioruuecKkrne MeXxaHUu3MbI
Pathophysiological mechanisms

» Bocriasienue
Inflammation

» ABTOHOMHAS AVCPYHKIIHA
Autonomous dysfunction

o TuchyHKIHSA TPOMOOIIUTOB
Platelet dysfunction

» Mukpococyaucras JucpyHKIus
Microvascular dysfunction

« Kectxoctp apTepuit
Arterial stiffness

®daxkTopsl pucKa (TPagUIIUOHHBIE)
Risk factors (traditional)

» ATepockiiepos
Atherosclerosis
 DHAOTeINAIbHAA AUCHYHKIIA
Endothelial dysfunction

Puc. 2. Nuiemust MUOKap/ia IpU HEOOCTPYKTUBHOM TOPAYXKEHHH KOPOHAPHBIX apTEePUit
Fig. 2. Ischemia in non-obstructive coronary arteries

HBIMH CUHAPOMaMU OOJIbIIIOE BHUMAHHE Y/IEJIEHO
po6JieMe UIeMUU MUOKap/ia IIPYU TaK Ha3bIBAEMOM
HEOOCTPYKTUBHOM (<50 % Cy>KEeHHS IIPOCBETA, WJIN
(pakOHHOM pe3epBe KOPOHApHOTO KPOBOTOKA
>0.80) mopakeHUu KOPOHAPHBIX ApPTEPU, OIIpe/ie-
JIAIOMIEMCSI TPUMEPHO YV 70 % TMAIMEHTOB IIPU
aHTHOTpaUUIecKOM HCCIeZIOBAHUU KOPOHAPHBIX
COCYZIOB U IPUBJIEKAIOIIIEM BHUMAaHIE KaK MHBA3UB-
HBIX, TaK M1 HEMHBAa3UBHBIX KapIUO0JIOTOB [2].

IToylo6HOE mMOpaskeHHe dJalle BCTPEYaercs y
JKEHINWH, IPYU 9TOM HAllHeHTHI ¢ HEOOCTPYKTHUBHBIM
IIOpaKEHUEM XapaKTEPUBYIOTCS IIUPOKUM CIIEK-
TPOM CHUMIITOMOB, KOTOPbIE YaCTO OIIUOOYHO HPH-
HUMAIOTCS 32 HeKapAuaIbHbIE IPOSBIEHUs, UTO Be-
JIeT K omubKaM B JUATHOCTUKE U jedeHuu. OCHOB-
Hble KJIWHUKO-TATOQU3UOJIOTHYECKNe KPUTEPUHN
HeOOCTPYKTHUBHOTO mopakeHusi KA BecbMa MHOTO-
o0OpasHsI (puc. 2).

KonKkpeTHble MeXaHU3MBI, Beyline K (GpopMu-
POBaHUIO HEOOCTPYKTUBHOTO TOPAXKEHUS KOPOHAP-
HBIX COCYZIOB, SIBJISIIOTCSI TaKKe MYJIBTH(AKTOPHBI-
MU ¥ MOTYT IIPUCYTCTBOBATh U30JIMPOBAHHO JINOO B
koMmbuHaruax. K HuM otHOCATCS:

often low quality of life (QOL), which limits daily ac-
tivity.

In comparison with the asymptomatic type of
CHD, non-obstructive lesion is associated with an
increased occurrence of cardiovascular events, re-
peated hospitalizations, and a decrease in QOL. In
comparison with unchanged coronary arteries
CHD, the non-obstructive CA lesion is associated
with an increased risk of MI within a year, which
was confirmed in a large-scale study that included
data on all participants of the CART (Veterans Af-
fairs Clinical Assessment, Reporting, and Tracking
System) Program, who in the period 2007—-2012
had were performed an elective coronary angiogra-
phy in connection with the suspected coronary
heart disease [15]. The prerequisite for the study
was that in non-obstructive forms of CHD, athero-
sclerotic plaques (AP) in the CA are less likely to
lead to a disturbance in coronary flow or symptoms
of angina, and therefore in the medical literature
these changes are referred to as “clinically insignifi-
cant CHD”. However, this attitude to non-obstruc-
tive CHD may be incorrect, since the results of pre-
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— MHKPOBACKYJIIpHAs CTEHOKapAua — 51 %;

— coyeTaHUWEe MHUKDOBACKYJIIPHOM M BasocHa-
CTUYECKOU CTEHOKapAuu — 21 %;

— Ba3ocHacTuyuecKas CTeHOKapausa — 17 %;

— HeKapAuaJbHbIe MPUYUHBI — 11 % [4, 5].

INOCA mozxeT pa3BUTHCSI BCIEACTBUE KOPOHAP-
HOTO Ba30cIa3Ma, MUKPOIUPKYJIATOPHBIX HapyIie-
HUH, apTepUabHON TUIIEPTOHUU, AOPTAJIBHOTO CTe-
HO3a, aHEMUHY, KAPAUOMHUOIIATHY, CEPAEIHON HEO-
CTATOYHOCTH, AYTOMMMYHHBIX OOJIE3HEH, COCyau-
CTBIX QaHOMAJTUH U T.JI. ¥ He SBJISIETCS KaXKYIITUMCS Ha
TEPBBIN B3IJIA 0J1arOTIPUSTHBIM COCTOSTHUEM [4, 5].
Y manueHToB ¢ HeOOCTPYKTUBHBIM IOpPa*KeHUEM KO-
POHAPHBIX apTepuii, HECMOTPsI Ha OJIATOTIPUATHBIN
IIPOTHO3, WU3-3a HAJIUYUSA CUMITOMOB CTE€HOKAP/IUH
HEPEJIKO OTMevaeTcsl Hu3Koe KauecTBo ku3Hu (KoK),
JIMMUTHUPYIOIIEE e3KeTHEBHYIO AaKTUBHOCTbD.

B cpaBHeHuu ¢ 6ecCHMITOMHBIM BapHAHTOM
NBC HEOOCTPYKTUBHOE MTOPaKEHUE aCCOIMUPYETCS
C TIOBBINIEHHON YaCTOTOM KapUOBACKYJISIPHBIX CO-
OBITHI, TOBTOPHBIMH TOCIUTATU3AIUAMU, CHIKE-
uueMm KK. B cpaBuenun ¢ UBC ¢ Heu3MeHeHHbIMU
KOPOHAPHBIMU aPTEPUAMHU HEOOCTPYKTUBHOE ITOPa-
s)xeane KA accomuupyercsi ¢ TOBBIIIEHHBIM pU-
CKOM pa3BUTHUA B TedeHUe ofHOro roza VMM, dro
OBLIO TIO/ITBEPIKAEHO B KPYITHOMACIITAOHOM HCCIIe-
JIOBAaHUMY, BKJIIOUABIIIEM JaHHBIE 000 BCEX YUACTHU-
kax mporpammbl CART (Veterans Affairs Clinical
Assessment, Reporting, and Tracking System), koto-
PBIM B IEPHOJT 2007—2012 IT. BBIIOJIHAIACH IUIAHO-
Basi KOpOHAapoaHTHOrpadus B CBA3H C IIpeIoIarae-
MO# KopoHapHOH 6osesubio cepaia (KBC) [15].
[TpeAnoChUIKON K NPOBEAEHUIO HCCIIEAOBAHUA II0-
CJIy’KUJIO TO, YTO IPU HEOOCTPYKTUBHBIX (opmax
KBC arepockieporuueckue 6ssiiiku (AB) B KA pexke
MIPUBOZAT K HAPYIIEHWI0O KOPOHAPHOTO KPOBOTOKA
WJIM CUMIITOMAaM CT€HOKAp/IUH, B CBS3U C UeM B Me-
JMUIIMHCKOH JINTepaType 5TU U3MeHeHUs1 0003Haua-
I0TCA TEPMUHOM «KJIMHHUYecKU He3HauuMmasa KBC».
OmHAKO Takoe OTHOIIEHHE K HeoOcTpykTuBHOU KBC
MOKET ObITh HENPABUJILHBIM, IIOCKOJIBKY Pe3yJIbTa-
THI pPaHee BBIIOJIHEHHBIX HCCIEI0BAHII CBUIETEIb-
CTBOBAJIN O TOM, UTO OOJIBIIMHCTBO CJIy4aeB Pa3phl-
Ba Ab c pazButuem UM kacasioch OJisiIeK, KOTOpbIe
He o0OycitoBuBau o6ctpykiuio KA [16, 17].

IToutu Bce perucTpsl, B KOTOPHIX YUUTHIBAINCH
pe3ybTaThl KOMIbIOTepHOU aHruorpaduu (KAT),
BKJIIOUAJIM TOJIBKO JaHHBIE 0 00sbHBIX KBC 1 00-
CTPYKTUBHBIME HopakeHuAMU KA. B panee omy6su-
KOBAHHBIX PETHCTPaX, BKIIOUABIIHX JJAHHBIE O 60JTb-
HBIX ¢ HeobOcTpyktuBHOM KBC, mpocrekTMBHO He
OIIEHHUBAIN YAaCTOTY Pa3BUTHUSA HeDJIArompUATHBIX
KJINHUYecKuxX ucxonoB. Ilenpio nmporpamMmmbl CART
OBLIa IPOBEPKA TUIIOTE3HI O TOM, UTO IIPOTPECCHPO-

vious studies indicated that the majority of cases of
the AP rupture with the development of MI, con-
cerned plaques that did not cause CA obstruction
[16, 17].

Almost all the registries that took into account
the results of computed angiography (CAG) includ-
ed only data on patients with CHD and obstructive
CA lesions. Previously published registries that in-
cluded data on patients with non-obstructive CHD
did not prospectively assess the incidence of adverse
clinical outcomes. The aim of the CART Program
was to test the hypothesis that the progression of
CHD from non-obstructive to obstructive forms is
accompanied by a gradual increase in the incidence
of MI and mortality. According to standard defini-
tions, non-obstructive CHD was diagnosed with of
20—-50% stenosis of the left main CA or with 20—
70% stenosis of any other epicardial artery. Obstruc-
tive CHD was diagnosed with large lesion volumes,
and the absence of CHD — in stenosis of less than
20% or the presence of the CA luminal surface
roughness only.

Of the 37 674 examined patients, non-obstruc-
tive and obstructive CHD were diagnosed in 22.3
and 55.4% of patients respectively. Within one year,
385 and 845 patients died or were hospitalized for
MI in two groups. In the absence of obvious signs of
CHD, the incidence of MI during the year with non-
obstructive lesions was 0.11% and increased pro-
gressively with one CA lesion up to 0.24%, with two
CA lesions up to 0.56% , and with three CA lesions
up to 0.59%. In obstructive CHD, the incidence of
MI in one CA lesion reached 1.18%, in two CA le-
sions — 2.18%, and in three CA lesions — 2.47%. In
addition, the presence of non-obstructive CHD com-
pared to the absence of CHD was accompanied by a
significant increase in the risk of MI and death dur-
ing a year. This suggests the clinical significance of
non-obstructive CHD and makes it necessary to con-
duct further studies on the effectiveness of interven-
tions aimed at improving the prognosis in such pa-
tients.

The stages of management of non-obstructive
coronary arteries patients include lifestyle modifica-
tion and antianginal therapy. The latter is represent-
ed by beta-blockers, calcium channel-blocking
agents (CCBA), nicorandil, ranolazine, ivabradine
and trimetazidine in microvascular angina and
CCBA, prolonged nitrates and nicorandil in vaso-
spastic angina [18]. It should be noted, however, that
the treatment of such patients is still carried out in a
clearly insufficient volume and the frequency of pre-
scribing basic drugs did not exceed 50%, as R. Her-
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Banue KBC oT HeOOCTPYKTUBHBIX /10 OOCTPYKTHBHBIX
¢opm compoBoOkIAETCA TOCTEINIEHHBIM YBEJTMYEHU-
eM JacTtoTsl pasButusi VIM u obumield cMEepPTHOCTH.
B cooTBeTCTBMU CO CTaH/IAPTHHIMU OIIpEeZIeIeHUAMY,
HeobOcTpykTuBHass KBC AuarHoCTHpOBaIACh MpH
cTeHose 20—50 % crBoJia jieBoii KA uim 20-70 %
IPU TOPAKEHUH JIIOOOU JIPYyrodl SIHUKapAHaIbHOU
aprepun. O6crpyktuHyto KBC guarHocTupoBaiu
mpu 60IBIIUX 00BEMAaxX MOPAKEHUsI, & OTCYTCTBHUE
KBC ompeniesisiiy pu cTeHO3€e MeHee 20 % WIu Ha-
JIMYUHU JIIIIHh HEPOBHOCTU KOHTYPOB mpocBeTta KA.

N3 37 674 obcnenoBaHHBIX HEOOCTPYKTUBHAS U
obcrpykTuBHasg KBC JUarHOCTUPOBAINCH Y 22.3 U
55.4 % TaIMEeHTOB COOTBETCTBEHHO. B TeueHme
OJTHOTO TOZIa B ZIBYX TPYIIIAX YMEPJIHN WU OBUIH TO-
CIUTTU3UPOBaHBI 110 ToBOty UM 385 u 845 60J1b-
HbIX. B orcyrerBue ABHBIX npusHakoB KBC vacrora
pasButusa IM B TeueHUe rofa mpu HEOOCTPYKTHUB-
HOM ITOPyKEHUHU COCTABWIIA 0.11 % U YBEJINUUBAJIACH
IIPOTPECCHBHO NPHU Mopa)keHuu oxHot KA — no
0.24 %, npu nopaxkeHuu AByx KA — 110 0.56 % u nipu
ropakeHuu Tpex KA — 710 0.59 %. IIpu 06CTpyKTHB-
Hoti KBC uvacrora UM npu nopaxkenuu ojHou KA
pocturana 1.18 %, npu nopaxkeHuu AByx KA —
2.18 % u ipu nopakenuu Tpex KA — 2.47 %. Kpome
Toro, Hamuuue HeoOcTpykTuBHON KBC 1m0 cpaBHe-
HUI0 ¢ orcyrerBreM KBC compoBok/iasioch 3HA4U-
MBIM yBeJIMyeHueM pucka passutusa M u cmeptu
B TeUeHUe roJia. ATO MO3BOJISAET IPEIIOJIOKUTD KJIH-
HHUYECKYI0 3HAUYMMOCTh HeoOcTpykTuBHON KBC m
00yCJIOBIIMBAET HEOOXOMUMOCTH ITPOBEJEHUS JTATh-
HeUmux uccyienoBaHuil 23¢p@eKTHBHOCTH BMela-
TeJIbCTB, HAIIpaBJIE€HHBIX Ha yJIydllleHHe IIPOTHO3a
y TaKUX OOJIbHBIX.

dTanbl BeZleHUsI OOJIBHBIX HEOOCTPYKTHBHBIMHU
MOPAKEHUAMU KOPOHAPHBIX apTepUil BKJIIOYAIOT
MoubUKanuo 06pasa :KU3HN U aHTHAHTHHAJIBHYIO
tepamnuio. [locimenHss npescraBiaeHa GeTa-aapeHO-
6si0kaTopamMu, 6JI0KaTOpaMu MeJJIEHHBIX KaJIbIlHe-
BbIX KaHasoB (BMKK), HUKOpaHMIIOM, PaHOJIA3H-
HOM, UBaOPaJIMHOM U TPUMETA3UJUHOM IIPU MUKPO-
cocynucroii creHokapauu u BMKK, mposonrupo-
BAaHHBIMU HUTpAaTaMH M HUKOPAHJIUJIOM IIPH Bas30-
crlacTuueckou creHokapauu [18]. Cienyer, ogHako,
3aMeTUTh, YTO JIeYeHUe TaKUX IallieHTOB /0 HaCTO-
SIIETO BPEMEHU OCYIIECTBJIATIOCHh B SIBHO HENOCTA-
TOYHOM OOBEME M YacTOTa Ha3HAYeHWs OA3UCHBIX
IpernapaToB He IIpeBbIIIaa 50 %, YTO IIPOJIEMOH-
crpupoBaiu B cBoeM 0630pe R. Herscovici et al. [19]
(Tabi. 1).

B ¢BA3M cO 3BHAUUMOCTBIO U3JI0?KEHHOTO BBIIIIE B
2020 T. onyOsmkoBaH COrJIaCUTEJIbHBIN JTOKYMEHT
sxcnepToB o mpobiaeme INOCA [18], B koTopom 00-
CY2KJQI0TCs BOIIPOCHI BOBHUKHOBEHUSA CTEHOKapAUU

scovici et al. demonstrated in their review [19]
(Table 1).

Due to the significance of the above, the EAPCI
Expert Consensus Document on Ischemia with
INOCA was published in 2020 [18], which discusses
the occurrence of angina in non-obstructive coro-
nary arteries, including those associated with mi-
crovascular lesions, diagnosis and treatment of this
condition.

CONCLUSION

The selection of patients with stable CHD for in-
vasive treatment should be carried out as carefully as
possible, taking into account the severity of angina,
possibilities of modern antianginal therapy, and the
fact that PCI does not improve the prognosis, in con-
trast to optimal medical therapy.

Non-obstructive CA disease, although not ac-
companied by significant stenosis or total occlusion
of the vessels’ lumen by atherosclerotic plaque, is as-
sociated with endothelial dysfunction, coronary va-
sospasm, microvascular dysfunction or congenital
anomalies, as a result of which it may be accompa-
nied by the same symptoms as obstructive lesion.
The high rate and clinical significance of non-ob-
structive coronary artery disease requires the search
for new diagnostic methods, verification of risk fac-
tors, causes, and optimal treatment approaches.
Management of myocardial ischemia with non-ob-
structive CA patients should be carried out on the
basis of the 2020 EAPCI Expert Consensus Docu-
ment on Ischemia with INOCA.

Conflict of interest. The authors declare no
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PU HEOOCTPYKTUBHOM IOPAXKEHUU COCY/IOB, B TOM
qrcsie Ha GOHE MUKPOCOCYAUCTOTO IIOPAXKEHUS, JTH-
ArHOCTUKH U JIEUEeHUs JJAHHOTO COCTOSHHUS.

3AK/IIOYEHUE

OT60p nmanueHToB co crabwibHol UBC /1i1s uH-
Ba3UBHOTO JIeUeHUs cJeflyeT OCYIIeCTBJIATh MaKCH-
MaJbHO TINATeJbHO, IPUHUMASA BO BHUMAaHUE THA-
JKECTh CTEHOKAap/IUH, BO3MOXXHOCTHU COBPEMEHHOM
AHTUAHTUHAIBHOH Tepanuu u To, uro YKB He ymyd-
1aeT MPOTHO3 B OTJIMYME OT ONTUMAIBHOU MeIhKa-
MEHTO3HOU Tepamnuu.

HeobctpykTuBHOE mopaskenue KA, xoTb U He
COIIPOBOK/IAETCA CYLIeCTBEeHHBIM Cy>KeHUeM UJIN 3a-
KpBITHEM IIPOCBETA COCY/IOB apTepPUil aTepOCKJIepo-
THYECKOH OJIAIIKOHN, CBA3AHO C DHAOTEINAIbHOMI
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Ta6uura 1. Yacrora HazHavueHUs 6a3UCHBIX Ipenaparos 60apHBIM INOCA, %

Table 1. Cardiovscular treatment rates in INOCA patients, %

ABTOD, TO/ IyGTHKanuu (1) AHTUTHUTIEPTEH3UBHbIE/ AHTUAHTUHAIbHBIE TIPEMapaThI CraTHHBI
Author, publication year (n) Antihypertensive/antianginal agents Statins
Maddox, 2010 (n = 23 7167) 51 47
Johnston, 2011 (n = 5386) 21/56 51
Shaw, 2011 (n = 824) 10/20 32
Jespersen, 2012 (n = 5183) 44 50
Sedlak, 2012 (n = 1864) 34 32
Sharaf, 2013 (n = 567) 2/39 10*/31*
Chow, 2015 (n = 10 418) Her nanubix / No data 33.3
Nielsen, 2017 (n = 14 205) 11.8/32.3 25/39.2
Galway, 2017 (n = 2642) 18/46 34-59

*KopoHapHble apTepuu B HOpMe.
Normal coronary arteries.

*HeoOCTPyKTUBHOE TIOPAYKEHIEe KOPOHAPHBIX aPTEPHIA.
Non-obstructive coronary artery disease.

nuchyHKIIMEH, KOPOHAPHBIM Ba30CIIa3MOM, MHKPO-
BACKyJIAPDHOU JAUCPYHKIMEH WM BPOXKIEHHBIMHU
aHOMAaJIUSAMM, BCJIECTBHE YEro MOXKET COIIPOBO-
JK/IAThCS TAKUMH JK€ CHMIITOMAaMU, KaK B OOCTPYK-
TUBHOe. BpIcOKas 9yacToTa W KJIWHUYECKas 3HAUYU-
MOCTh HEOOCTPYKTHBHOTO ITOPaKEHUsSI KOPOHAPHBIX
aprepuil TpeOYeT MONCKA HOBBIX JTUATHOCTHYECKHUX
MEeTOZIUK, Bepudukanuu GpakTopoB prcKa, IPUUNH

CIIMCOK JIUTEPATYPbBI

1. Anapeenko E.IO., Asesnos U.C., JIykbsinoB M.M. u ap.
Nmemuyeckasn 60JI€3Hb CEPALIA Y JIUI] MOJIOAOTO BO3-
pacta: 0cOOEHHOCTH STHOJIOTHH, KIIMHIYECKUX IIPOsIB-
Jnienni 1 mporuosa // Kapauonorus. 2018. T. 58, NO 11.
C. 24-34.

2. Pexomenzanuu ESC mo [uarHocTuke U Je4eHUIO XpO-
HHUYECKOT0 KOpOHAapHOro cuHzapoma / Poc. kapzuoi.
JKypH. 2020. T. 25, N2 2. C. 119—180.

3. Boiinor C.A., ITorocoBa H.B., By6uosa M.I. u jp.
KapauoBackysisipHass mpoduiakTuka 2017. Poccuii-
CKHe HaIlMOHaJIbHBIE pekoMeHanuu // Poc. kapauoit.
KypH. 2018. T. 23, N2 6. C. 7—122.

4. Taqueti V.R. Coronary microvascular dysfunction in
vasospastic angina: provocative role for the microcir-
culation in macrovessel disease prognosis // J. Am.
Coll. Cardiol. 2019. Vol. 74 (19). P. 2361—2364.

5. Aziz A., Hansen H.S., Sechtem U., Ong P. Sex-related
differences in vasomotor function in patients with an-
gina and unobstructed coronary arteries // J. Am. Coll.
Cardiol. 2017. Vol. 70 (19). P. 2349—2358.

6. AponoB .M., JlymanoB B.Il. UccnenoBaHue
COURAGE: o6ecKypa)KHBaIOT WU BOOAYIIEBJISIOT €T0
pesysbratel? // KapinoBack. Tepamnus u mpoguIaKTH-
Ka. 2007.T. 7, N2 7. C. 95—104.

7. Maron D.J., Mancini G.B., Hartigan P.M. et al. Healthy
behavior, risk factor control, and survival in the COUR-
AGE trial // J. Am. Coll. Cardiol. 2018. Vol. 72 (19). P.
2297-2305. doi: 10.1016/j.jacc.2018.08.2163.

U ONTUMAJIBHBIX IIOJXOJIOB K JieueHUIO. Benenme
OOJIBHBIX ¢ UIIEMUEN MUOKapaa Ha poHe HeOOCTPYK-
TUBHOTO TOopaskeHUss KA JTO/KHO OCYIIECTBIISATHCS
Ha OCHOBe MaTepuaysioB COIVIACUTENIBHOTO TOKYMEH-
Ta sKcrepToB 1o mpobaeme INOCA 2020 T.

KoH@IUKT HHTEPECOB. ABTOPHI 3asIBJISIOT 00
OTCYTCTBUH KOH(MIUKTA UHTEPECOB.

REFERENCES

1. Andreenko E.Yu., Yavelov I.S., Loukianov M.M. et al.
(2018). Ischemic heart disease in subjects of young
age: current state of the problem. Features of etiology,
clinical manifestation and prognosis. Cardiology, 58,
11, 24—34.

2. 2019 ESC Guidelines for the diagnosis and manage-
ment of chronic coronary syndromes (2020). Russian
Journal of Cardiology, 25, 119—-180.

3. Boytsov S.A., Pogosova N.V., Bubnova M.G. et al.
(2018). Cardiovascular prevention 2017. National
Guidelines. Russian Journal of Cardiology, 23, 6,
7—122. In Russ.

4. Taqueti V.R. (2019). Coronary microvascular dysfunc-
tion in vasospastic angina: provocative role for the mi-
crocirculation in macrovessel disease prognosis. J. Am.
Coll. Cardiol., 74 (19), 2361—2364.

5. Aziz A., Hansen H.S., Sechtem U., Ong P. (2017). Sex-
related differences in vasomotor function in patients
with angina and unobstructed coronary arteries. J. Am.
Coll. Cardiol., 70 (19), 2349—2358.

6. Aronov D.M., Lupanov V.P. (2007). COURAGE study
results: disappointing or encouraging? Cardiovascular
Therapy and Prevention, 7, 7, 95—104.

7. Maron D.J., Mancini G.B., Hartigan P.M. et al. (2018).
Healthy behavior, risk factor control, and survival
in the COURAGE trial. J. Am. Coll. Cardiol., 72 (19),
2297-2305. doi: 10.1016/j.jacc.2018.08.2163.

124

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



Yakhontov D.A., Ostanina Yu.O. / Journal of Siberian Medical Sciences 2 (2021) 114—126

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Maron D.J., Hochman J.S., O’Brien S.M. et al. Interna-

tional Study of Comparative Health Effectiveness with
Medical and Invasive Approaches (ISCHEMIA) trial:
Rationale and design // Am. Heart J. 2018. Vol. 201.
P. 124-135. doi: 10.1016/j.ahj.2018.04.011.

Maron D.J., Hochman J.S., Reynolds H.R. et al. Ini-
tial invasive or conservative strategy for stable coro-
nary disease // N. Engl. J. Med. 2020. Vol. 382 (15).
P. 1395-1407.

Spertus J.A., Jones P.G., Maron D.J. et al. Health-sta-
tus outcomes with invasive or conservative care in cor-
onary disease // N. Engl. J. Med. 2020. Vol. 382 (15).
P. 1408-1419.

NewmanJ.D., Alexander K.P., Gu X. et al. Baseline pre-
dictors of low-density lipoprotein cholesterol and sys-
tolic blood pressure goal attainment after 1 year in the
ISCHEMIA trial // Circ. Cardiovasc. Qual. Outcomes.
2019. Vol. 12 (11): e006002.

Reynolds H.R., Shaw L.J., Min J.K. et al. Association of
sex with severity of coronary artery disease, ischemia,
and symptom burden in patients with moderate or se-
vere ischemia: secondary analysis of the ISCHEMIA
randomized clinical trial // JAMA Cardiol. 2020. Vol. 5
(7). P. 773—786. doi: 10.1001/jamacardio.2020.0822.
Bangalore S., Maron D.J., O’Brien S.M. et al. Manage-
ment of coronary disease in patients with advanced
kidney disease // N. Engl. J. Med. 2020. Vol. 382 (17).
P. 1608-1618. doi: 10.1056/NEJMoa1915925.
Bangalore S., Maron D.J., Fleg J.L. et al. International
study of comparative health effectiveness with medi-
cal and invasive approaches — chronic kidney disease
(ISCHEMIA-CKD): Rationale and design // Am. Heart
J.2018.Vol. 205. P. 45-52. doi: 10.16/j.hj.2018.07.023.
Bradley S.M., O’'Donnell C. I., Grunwald G.K. et al. Fa-
cility-level variation in hospitalization, mortality, and
costs in the 30 days after percutaneous coronary inter-
vention: insights on short-term healthcare value from
the Veterans Affairs Clinical Assessment, Reporting,
and Tracking System (VA CART) Program // Circula-
tion. 2015. Vol. 132 (2). P. 101-108. doi: 10.1161/CIR-
CULATIONAHA.115.015351.

Bairey Merz C.N., Pepine C.J., Walsh M.N., Fleg J.L.
Ischemia and no obstructive coronary artery disease
(INOCA): Developing evidence-based therapies and re-
search agenda for the next decade // Circulation. 2017.
Vol. 135 (11). P. 1075—-1092.
SucatoV.,NovoG.,Saladino A. etal.Ischemiain patients
with no obstructive coronary artery disease: classifica-
tion, diagnosis and treatment of coronary microvascu-
lar dysfunction // Coron. Artery Dis. 2020. Vol. 31 (5).
P. 472—476. doi: 10.1097/MCA.000000000000085.
Kunadian V., Chieffo A., Camici P.G. et al. An EAPCI
Expert Consensus Document on ischaemia with non-
obstructive coronary arteries in collaboration with Eu-
ropean Society of Cardiology Working Group on Coro-
nary Pathophysiology & Microcirculation endorsed by
Coronary Vasomotor Disorders International Study
Group // Eurolntervention. 2020. Vol. 16 (13). P.
1049-1069. doi: 10.4244/EIJY20M07_01.

Herscovici R., Sedlak T., Wei J. et al. Ischemia and no
Obstructive Coronary Artery Disease (INOCA): What
is the risk? // J. Am. Heart Assoc. 2018. Vol. 7 (17):
y008868. doi: 10.1161/JAHA.118.008868.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Maron D.J., Hochman J.S., O’'Brien S.M. et al. (2018).

International Study of Comparative Health Effec-
tiveness with Medical and Invasive Approaches
(ISCHEMIA) trial: Rationale and design. Am. Heart J.,
201, 124—-135. doi: 10.1016/j.ahj.2018.04.011.

Maron D.J., Hochman J.S., Reynolds H.R. et al. (2020).
Initial invasive or conservative strategy for stable coro-
nary disease. N. Engl. J. Med., 382 (15), 1395—1407.
Spertus J.A., Jones P.G., Maron D.J. et al. (2020).
Health-status outcomes with invasive or conservative
care in coronary disease. N. Engl. J. Med., 382 (15),
1408-1419.

NewmandJ.D., Alexander K.P., Gu X. et al. (2019). Base-
line predictors of low-density lipoprotein cholesterol
and systolic blood pressure goal attainment after 1 year
in the ISCHEMIA trial. Circ. Cardiovasc. Qual. Out-
comes, 12 (11): €006002.

Reynolds H.R., Shaw L.J., Min J.K. et al. (2020). As-
sociation of sex with severity of coronary artery dis-
ease, ischemia, and symptom burden in patients with
moderate or severe ischemia: secondary analysis of the
ISCHEMIA randomized clinical trial. JAMA Cardiol. 5
(7), 773—786. doi: 10.1001/jamacardio.2020.0822.
Bangalore S., Maron D.J., O’'Brien S.M. et al. (2020).
Management of coronary disease in patients with ad-
vanced kidney disease. N. Engl. J. Med., 382 (17),
1608-1618. doi: 10.1056/NEJMoa1915925.

Bangalore S., Maron D.J., Fleg J.L. et al. (2018). Inter-
national study of comparative health effectiveness with
medical and invasive approaches — chronic kidney
disease (ISCHEMIA-CKD): Rationale and design. Am.
Heart J., 205, 45—52. doi: 10.16/j.ahj.2018.07.023.
Bradley S.M., O’Donnell C.I., Grunwald G.K. et al.
(2015). Facility-level variation in hospitalization, mor-
tality, and costs in the 30 days after percutaneous coro-
nary intervention: insights on short-term healthcare
value from the Veterans Affairs Clinical Assessment,
Reporting, and Tracking System (VA CART) Program.
Circulation, 132 (2), 101—108. doi: 10.1161/CIRCULA-
TIONAHA.115.015351.

Bairey Merz C.N., Pepine C.J., Walsh M.N., Fleg J.L.
(2017). Ischemia and no obstructive coronary artery
disease (INOCA): Developing evidence-based thera-
pies and research agenda for the next decade. Circula-
tion, 135 (11), 1075—1092.

Sucato V., Novo G., Saladino A. et al. (2020). Ischemia
in patients with no obstructive coronary artery disease:
classification, diagnosis and treatment of coronary mi-
crovascular dysfunction. Coron. Artery Dis., 31 (5),
472-476. doi: 10.1097/MCA.000000000000085.
Kunadian V., Chieffo A., Camici P.G. et al. (2020).
An EAPCI Expert Consensus Document on ischaemia
with non-obstructive coronary arteries in collaboration
with European Society of Cardiology Working Group
on Coronary Pathophysiology & Microcirculation en-
dorsed by Coronary Vasomotor Disorders Internation-
al Study Group. Eurolntervention, 16 (13), 1049—1069.
doi: 10.4244/E1JY20Mo07_o01.

Herscovici R., Sedlak T., Wei J. et al. (2018). Ischemia
and no Obstructive Coronary Artery Disease (INOCA):
What is the risk? J. Am. Heart Assoc., 7 (17): yo08868.
doi: 10.1161/JAHA.118.008868.

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

125



Axonmos /[.A., Ocmanuna FO.O. / Journal of Siberian Medical Sciences 2 (2021) 114—126

CBEAEHMNA Ob ABTOPAX

fAxoHTOB /laBBIA AJIeKCAHAPOBUY — /-p MeJ. HayK,
npodeccop kadenpsl GapMaKOIOTHU, KIMHHUIECKOU
dapmakosioruu u 1okazaTesbHOU Meauiuabl PT'BOY
BO «HoBOCHOUPCKHUI TOCYAapCTBEHHBIH MeIUIIAH-
cKui yHuBepcuTeT» Munsapasa Poccun.

Ocranuna IOaua OjsieroBHa — KaHJ. MeJl. HayK, J[0-
neHT Kadenpsl (apMakKoJIOTHHU, KIUHHUYECKOH (ap-
MaKOJIOTUH U JIoKaszaTeabHol Meaunuabsl ®I'BOY BO
«HOBOCHOUPCKUM TOCYJapCTBEHHBIH MeIUITUHCKUH
yHuBepcuTeT» Muusapasa Poccuu.

Oo0paseny murupoBaHusna: fxonros /I.A., Ocra-
"HuHa }0.0. UccnepoBanue ISCHEMIA. BzaumooTHoIe-
HHEe KOHCEPBATHUBHOTO U WHTEPBEHIIMOHHOTO IIOJIXO[0B
K JIEUEHUIO CTAOUJIbHOU UIIIEMHUYECKOH OOJIE3HU Ccep/lia.
WueMust MUOKap/a Mpyu HEOOCTPYKTUBHOM IOPaKEHUH
kopoHapHbIX aprepuil (INOCA) // Journal of Siberian
Medical Sciences. 2021. N2 2. C. 114-126.

ABOUT THE AUTHORS

Yahontov Davyd Alexandrovich — Dr. Sci. (Med.),
Professor, Department of Pharmacology, Clinical Phar-
macology and Evidence-Based Medicine, Novosibirsk
State Medical University.

Ostanina Juliya Olegovna — Cand. Sci. (Med.), Asso-
ciate Professor, Department of Pharmacology, Clinical
Pharmacology and Evidence-Based Medicine, Novosi-
birsk State Medical University.

Citation example: Yakhontov D.A., Ostani-
na Yu.O. (2021). ISCHEMIA trial. The relationship be-
tween medical and interventional approach to stable
ischemic heart disease treatment. Myocardial ischemia
with non-obstructive coronary arteries (INOCA). Jour-
nal of Siberian Medical Sciences, 2, 114—126.

126



YK 616-073.43:004.032.26

B03MO:XHOCTH IPUMEHEHUA HeMpoceTed B OI€HKe Pe3yJIbTaTOB
BHYTPHCOCYIMCTOTO YJITPAa3BYKOBOTO HccaeaoBaHuA (0630p

JUTEPATYPHI)
Magonos I1.T'., Xunuposa JI./1., Kopanés E.A.

@I'BOY BO «Hosocubupckuil 2ocyoapcmeaerHblil meuyuHckuil yHusepcumem» Munsdpasa Poccuu

Possibilities of neural networks application in assessing the
results of intravascular ultrasound (literature review)

Madonov P.G., Khidirova L.D., Kovalev E.A.

Novosibirsk State Medical University

AHHOTAIIA

B 0030pe paccMOTpPeH OIBIT IPUMEHEHUs HeHpoceTel B OLleHKe Pe3yJIbTaTOB BHYTPUCOCYAMCTBIX YIbTPA3BYKOBBIX
rccieZioBaHui (BhIABIEHNE HECTAOUIBHBIX OJIAIIEK, BbIIeJIEHUE TIPOCBETa U CJI0EB CTEHKH COCYZa, MPOTHO3UPOBAHHE

(paxmoHHOTO pe3epBa KPOBOTOKA).

Knaoueeavle cro8a: HelpoceTH, MAITUHHOE 00y9eHre, BHYTPUCOCYAYCTas BU3yaln3alusa, BHyTpucocyaucroe Y31,

ABSTRACT

The review considers the experience of neural networks use in assessing the results of intravascular ultrasound
investigation (detection of vulnerable plaques, extraction of the lumen and layers of the vessel wall, prediction of the

fractional flow reserve).

Keywords: neural networks, machine learning, intravascular imaging, intravascular ultrasound.

BBEJAEHHNE

UckyccrBennsbie Hetipocetu (IHC) — aTo mate-
Marudeckue Mozenu (GYHKIMOHUPOBAHUA TPagu-
IIMOHHBIX JJIs1 YKUBBIX OPTaHU3MOB HEHPOCETEH, KO-
TOpBIE MPECTABJIAIOT COO0M CeTH HEPBHBIX KJIETOK.
Kak u B 6M0JIOTHYECKOM aHAJIOTE, B MICKYCCTBEHHBIX
CETSIX OCHOBHBIM 3JIEMEHTOM BBICTYIAIOT HEHPOHHI,
COelMHEHHbIe MeXKAy cob0M u 06pasyrolue CJIOH,
YHCJI0O KOTOPBIX MOXKET OBITh PA3HBIM B 3aBHCHMO-
CTH OT CJIOKHOCTH HEHPOCETH U ee Ha3HaueHus (pe-
maeMbIx 3aza4). OmxHa U3 TJIaBHBIX GQYHKIMH HeH-
POHHBIX ceTeli — BO3MOKHOCTb 00yueHwus. ObOyue-
HHE HEUPOHHOU CETH — 3TO IIPOIIECC, B X0JI€ KOTOPO-
ro IapaMeTpbl HEHPOHHOM CETU HACTPAUBAIOTCS 110~

INTRODUCTION

Artificial neural networks (ANNs) are mathe-
matical models of the functioning of neural networks
traditional for living organisms, which are networks
of nerve cells. As in the biological analogue, in artifi-
cial networks, the main element is neurons, connect-
ed to one another and forming layers, the number of
which can be different depending on the complexity
of the neural network and its assignment (tasks to be
solved). One of the main functions of neural net-
works is learning capability. Neural network training
is a process during which the parameters of a neural
network are changed by simulation of the environ-
ment in which this network is embedded. It is thanks
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CPeZICTBOM MOJIEJTUPOBAHUS CPENIbI, B KOTOPYIO 3Ta
ceTh BcTpoeHa. MMeHHO Oiraromaps BO3MOXKHOCTH
00yueHUsT HEeHPOCETH peIaloTCs 3aaui pacro3Ha-
BaHUS 00pas3oB, KIacCH(UKAIMH, MPOTHO3WPOBA-
HUA U T.JO. [y o0ydeHHuss MCIob3yoTesa obydaro-
Iasi ¥ TECTOBasI BEIOOPKH.

HetlipoceTy B MeTUITMHE CETOHS SIBJISIIOTCS aK-
THBHO Pa3BUBAIOIIUMCS HAIIPABJIEHUEM, CITOCOOHBIM
CIY?’KUTh XOPOIIMM IIO/ICIIOPEM /I Bpaden-
KJIMHUITUCTOB, 00J1eTYas BBIIIOJTHEHUE PYTHHHBIX 3a-
Jlad ¥ TTOBBIIIAs HAJIEKHOCTh U TOYHOCTD PA3JITMIHBIX
paboumnx MpOIeCCOB 3a CUET UCKJIIOUEHHS OIINOOK,
00yCJIOBJIEHHBIX YeJI0BeYeCKUM (akTopoM. IlepBrie
TIOTIBITKA CO3JIaHUs HEUPOCETEBBIX JIMATHOCTHYE-
CKHUX CHCTEM OTHOCSTCS K 40—50-M rogam XX B., T.€.
cpasy IocJe TMOsBIEHHS OCHOBOIIOIATAIOIIUX PaboT
V. Mak-Kasioka, V. ITurrca, ®. Posen6.iarra, 3a10-
JKUBIIHUX TEOPETUUECKHE OCHOBBI HEHPOCETEBBIX TEX-
HostoTUH. OJTHAKO MPAKTUYECKOE TPUMEHEHIE TaKHe
CHCTeMbI HaYa/Id HaXOAUTh TOJIBKO B 80—90-X rojiax
mpororo Beka. Ciucok obsiacTeit MeIUITUHbBI, B KO-
TOPBIX CTAJIM HCIIOJIb30BAThCS HEWPOCETEBBIE TEXHO-
JIOTYH, YPE3BBIUANHO OOIIUPEH U IIPOJIOJIKAET pa-
CTH, UTO CBU/IETEJILCTBYET O MEPCIIEKTUBHOCTU STOTO
HAyYHOTO HAIIpaBJIEHUS.

B Hacrosiliiee BpeMs B KJIMHUYECKOH HayKe U
npakTuke GopMHUpyeTcs HOBBIN IOJIX07 K paccMo-
TPEHHUIO0 Ka)KJ0TO0 KOHKDPETHOTO ciiydas 3aboJieBa-
HUA, TTOJyYeHU0 HHPOPMAIUK, HEOOXOTUMOU JIJIst
OIIPEZIETIEHNST CTPATETUH TTOBBINIIEHNUs KAUecTBa Me-
JMUNUHCKON momoru. Hanbosee sIpKO 3TOT MOZIXO/T
peasm3yeTrcs B paMKax JOKa3aTeJbHOU MeIUIIHMHBI
(evidence-based medicine) [1]. Ilesibr0 HOBOTO IIOA-
X0J1a SBJIsIeTCs pa3paboTKa U NMpUMeHeHUe KIUHU-
YEeCKHUX METOJIOB, MO3BOJISIOIINX JI€JIaTh JOCTOBEP-
Hble 3aKJII0YEHHsI, NCKJIIOYAOIe BIUSHUE CHCTe-
MaTUYeCKUX, CIYYaWHBIX U WHBIX OIIMOOK [2], /y1s
vero u ucnoab3yorca MHC. Tak, Ha MOMeHT Hanu-
canus ob63opa FDA (YupamieHue 1o caHUTapHOMY
Ha/I30py 3a KAUECTBOM ITUINEBBIX MIPOAYKTOB U Me-
nukameHnToB, CIIIA) omoOpuIo K MPUMEHEHUIO B
KJIMHUYECKOU IPAKTHKe 64 HEHUPOCETH B JIy4eBOHU
JIMaTHOCTHKE W Kap/INoJIOTHu [3—5].

ABTOMATU3NPOBAHHOE OGHAPYZKE-
HUWE HECTABMNJIBHBIX BJIAIITEK HA
N30BbPAKEHUAX, ITOJIYUEHHDBIX ITPUN
BHYTPUCOCYJAUNUCTOM YJIBTPA3BYKO-
BOM NCCJJIEAOBAHUU (BCY3N)

Jlns crpatuduKkanuy pUCKOB IIPU IPOBEEHUH
YPECKOKHOTO KOpoHapHOro BMeraTeaberBa (UKB)
Iepes; 9HI0BACKYJISIPHBIM XUPYPIOM MEPUOITUECKH
BO3BHHMKAeT HEOOXOAMMOCTb IIPOBEJIEHUS OIIEHKU
CTaOWIBHOCTH OJIAMIKKA WIH MOP(HOJIOTHIECKOH

to the trainability of the neural network that the tasks
of pattern recognition, classification, prediction, etc.
are solved. For learning, training and test data sets
are used.

Neural networks in medicine today are an ac-
tively developing research area that can serve as a
good help for clinicians, facilitating the execution
of routine tasks and increasing the reliability and
accuracy of various work processes by eliminating
errors caused by the human factor. The first at-
tempts to create neural network diagnostic sys-
tems date back to the 40—50s of the 20th century;
immediately after the appearance of the funda-
mental woks of W. McCulloch, W. Pitts, F. Rosenb-
latt, who laid the theoretical foundations of neural
network technologies. However, such systems be-
gan to find practical application only in the 80—90s
of the last century. The list of areas of medicine in
which neural network technologies have begun to
be used is extremely extensive, and continues to
grow, which indicates the prospects of this scien-
tific direction.

Currently, in clinical science and practice, a new
approach is being formed to consider each specific
case of the disease, to obtain information necessary
to determine a strategy for improving the quality of
medical care. This approach is most clearly imple-
mented in the framework of evidence-based medi-
cine [1]. The purpose of the new approach is the de-
velopment and application of clinical methods that
allow making reliable conclusions, excluding the in-
fluence of systematic, random and other errors [2],
for which ANNs is used. Thus, at the time of writing
the review, the FDA (Food and Drug Administra-
tion, USA) approved 64 neural networks for use in
clinical practice in radiology diagnostics and cardi-

ology [3-5].

AUTOMATED DETECTION

OF VULNERABLE PLAQUES

IN INTRAVASCULAR ULTRASOUND
(IVUS) IMAGES

To stratify the risks during percutaneous coro-
nary intervention (PCI) the endovascular surgeon
has to periodically assess the stability of the plaque
or the morphological structure of atheroma (length
of the lesion, presence of calcifications). To assess
these two indicators, two methods are currently
used: intravascular ultrasound and intravascular op-
tical coherence tomography (OCT). The use of both
methods in routine practice is expensive and increas-
es the time of PCI, therefore, the developers of algo-
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CTPYKTYPBI aTePOMbI (IIPOTAKEHHOCTh IMOPAXKEeHUS,
HaJIUYUe KaJbIIUHATOB). JIJI OIEHKU STHUX ABYX I10-
KaszaTreJiel Ha CETOIHSAIITHUY IeHb IPUMEHSIETCS JIBa
METOJ]Ja — BHYTPHUCOCYIHUCTOE YJIbTPA3BYKOBOE HC-
CJIeIOBaHME U BHYTPHUCOCY/TUCTAsI ONITHYECKAsT KOTe-
pertHas Tomorpadus (OKT). Vcnosip3oBanue B py-
THHHOU IIPaKTUKe 000UX METO/IOB SIBJISETCS JOPOTO-
CTOAIIMM U yBeJIMUnBaeT BpeMs InpoBeseHusa YKB,
IMO3TOMY Pa3pabOTUNKU AJITOPUTMOB, TOCTPOEHHBIX
Ha MalIMHHOM OOYYeHUH, IIPeIaraloT MeTOMbI, ¢
IIOMOIIIbIO KOTOPHIX Oy/1eT BO3MOXKHA OIIEHKA IO pe-
gysapratraMm BCY3U He T0obKO MOPGOJIOTHU aTEPO-
MBI, HO U €€ CTaOMJILHOCTH [6].

Ha ceromHANIHUN /IeHb CYIIECTBYET JBA aJro-
pUTMa aBTOMATUYECKOTO OIpeJieJIeHUs] HeCTaOuIb-
HocTH 0Ky o pesysabratam BCY3U [6, 7], koto-
phle BKIIIOYAIOT CIIEAYIOIINE OIIEPAI[HN:

1. Co3gaHue 6aHKa OI€HEHHBIX YeJI0BEKOM U30-
OparkeHui, moaydeHHbIX Tpu BCY3U u OKT, ¢ Tou-
KU 3PEHUS TOTO, KAKOH TUII aTEPOMBI BU3YAJTU3UPY-
eTcs — cTabMJIBbHBIN WU HeCTaOUTbHBIH.

2. ®opMHpOBaHHE JIBYX BBIOOPOK H300paske-
HUI — CcO CTaOMJIbHBIMU M HECTaOWJIbHBIMU OJISII-
KaMHt, KOTOpbIE, B CBOIO OUYepesb, JEJATCA Ha JBE
MOATPYyNIIBI Kaxkas. [lepBas ucnosbayeTcs i 00-
VUeHHUsT HEHPOCeTH, a BTOpas — JJIs €€ TEeCTUPO-
BaHUS.

Y. Bae et al. ucrosip30BasIu JJaHHbBIE, TIOJTyYEH-
Hble B XO/le IMPOBENEHHUs MpPeNONePaIlMOHHOTO
BCY3U u OKT y 517 nanieHToB B IEPUOJ, € 2010 T.
[6]. Paznenenne Ha 00y4YarOIIYIO U TECTOBYIO BBIOOD-
KU TIPOU3BOAUIOCH B COOTHOIIEHUU 4 : 1 (COOTBET-
CTBEHHO 517 YeJl. : 103 YeJl.), C TOCJIEAI0IIeH uX paH-
Jomusarnuei. JIydmuii pesysibrar, MOJIydeHHBId B
uccaesnoBanuu, coctaBua 0.82 AUC. PesyabraT pa-
60TBI anropuTMa Ha GUKCUPOBAHHON TECTOBOH BHI-
OOpKe BUBYaAJH3UPYIOT ¢ MoMoibido ROC-KpuUBOH
(ROC — receiver operating characteristic curve, uin
KpHBas OIINOOK), a KAYEeCTBO OLIEHUBAIOT KaK ILJIO-
mazae moxa stoi kKpuBoirk — AUC (area under the
curve). AUC 711 OIleHKH HEUPOCEeTH U3MepPSieTcs B
CIIEYIONUX eTMHUTIAX: 0.5—1, T/ie 0.5 — abOCOTI0THO
CIyJalHBIN IIPOTHO3; 1 — HUCTHUHHBIA MPOTHO3. 1
HWCKYCCTBEHHOTO WHTEJIJIEKTA B MEIMUIIMHCKON /Ha-
THOCTHKE HUKHUM IPEIEIOM JOIMyCTUMOCTH MOXK-
HO cunTaTh 0.8 AUC. IIpuMeHeHHe HEHUPOCETH B
KJIMHUYECKOU MPaKTHKE UMEET CMbBICSI TOJIBKO MPH
JIOCTH?KEHUH 3TOTO MUHUMAJIBHOTO 3HAYEHUS.

T.J.Jun et al. B cBoeM uccieOBAHUU UCII0JIb30-
BaJIv JAHHBIE, TIOJIyYeHHbIE IPY TPOBEIEHUH aHTHO-
rpadun/YKB y 100 nmanueHnToB. JIydmuii pe3ysibTaTt
cocrasyisit 0.91 AUC [7].

JlocTaTOYHO MHTEPECHBIM HaM IPEZCTABIISAETCS
JIPYTOH MOAX0 K 00yUeHUI0 HEHPOHHBIX CEeTEH, ITPO-

rithms based on machine learning propose methods
that will make it possible to assess not only the mor-
phology of atheroma, but also its stability based on
IVUS results [6].

Today, there are two algorithms for automated
detection of vulnerable plaque based on IVUS results
[6, 7], which include the following operations:

1. Creation of a bank of human-evaluated IVUS
and OCT images, in terms of which type of atheroma
is clearly visible — stable or unstable.

2. Formation of two sets of images — with stable
and vulnerable plaques, which, in turn, are divided
into two subgroups each. The first is used to train the
neural network, and the second is used to test it.

Y. Bae et al. used the data obtained during pre-
operative IVUS and OCT in 517 patients since 2010
[6]. The division into training and test sets was car-
ried out in a ratio of 4 : 1 (respectively 517 people :
103 people), with their subsequent randomization.
The best result in the study was 0.82 AUC. The result
of the algorithm using for a test set is visualized with
the ROC curve (ROC — receiver operating character-
istic curve, or error curve), and the quality is assessed
as the area under this curve — AUC (area under the
curve). AUC for evaluating a neural network is mea-
sured in the following limits: from 0.5 to 1, where 0.5
is the absolutely random forecast; 1 — the true fore-
cast. For artificial intelligence in medical diagnostics,
the 0.8 AUC can be considered the lower limit of tol-
erance. The use of a neural network in clinical prac-
tice makes sense only when this minimum value is
reached.

T.J. Jun et al. used data obtained from angiogra-
phy/PCI in 100 patients. The best result was 0.91
AUC [7].

Another approach to neural networks learning,
demonstrated in the work of Y. Cao et al. [8], who
used not the OCT/IVUS image set for training the
neural network, but a histological specimen/IVUS,
seems to be quite interesting to us. Rabbits with ath-
erosclerotic lesions of the aorta underwent IVUS in
vivo. Then, histological specimens with a specific
staining for lipids, macrophages, smooth muscle
cells and collagen were made from the aortas of the
same rabbits. Later, the images were grouped and
the neural network was trained. This algorithm,
therefore, does not use the detection of certain lay-
ers of the vascular wall, comparing their relation-
ship and density, but a virtual histology. The best
result in this study was 0.71 AUC, which can be ex-
plained by the extremely small sample size — only
23 rabbits. In the future, Y. Cao et al. plan to im-
prove the algorithm on a larger sample and apply
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JIEMOHCTpUPOBaHHBIHA B pabore Y. Cao et al. [8], uc-
MI0JIB30BABIINX JJIsI 00yueHUss HEHPOCETH HE TPyI-
nupoBky uzobpakenuit OKT/BCY3U, a rucrosoru-
vecknil nmpenapat/BCY3U. IIpmKu3HEHHO KpPOJIU-
KaM C aTepOCKJIEPOTUYECKUM IOPAKEHUEM AOPTHI
npoBenu BCY3U. 3aTem U3 aOpT 9TUX 3Ke KPOJIUKOB
OBLIM U3TOTOBJIEHBI MIPEIAPATHI CO CHEIU(PUIECKON
OKPAaCKOW /151 JIUTIUI0B, MaKpO(hAaroB, BOJIOKOH KOJI-
JlareHa, TJIaJIKOMBIIIIEYHBIX KJIETOK. B manbHelinem
IIPOU3BEHN IPYIIIUPOBKY H300pasKEeHUN U 00yUIIIN
HelpoceTb. [I[aHHBIN aNTOPUTM, TAKUM 00pa3oM, Hc-
MIOJIB3YET He BhIZIeIeHUE OIPe/IeJIEHHBIX CJIOEB COCY-
JIUCTOU CTEHKU, CPAaBHEHNE X B3AUMOCBS3HU U IIJIOT-
HOCTH, a BHUPTYaJIbHYI0 THUCTOJIOTHIO. Hawmmydmui
pe3yJIbTaT, MOJyYeHHbI B IAHHOM HCCJIEIOBAHUU,
coctaBw1 0.71 AUC, 94TO MOKHO OOBSICHUTD KpaWHEeH
MaJIOUHCIEHHOCThIO BEIOOPKU — BCETO 23 KPOJIHKA.
B Oyaymem Y. Cao et al. mraHUpyIOT ycoBepIieH-
CTBOBATh AJITOPUTM Ha OOJIBIIEN BEIOOPKE U IpHMe-
HUTD JIAaHHYI0 HEUPOCETH JJI OIIEHKU PE3YJIbTATOB
BCY3U, npoBeieHHOTO UYETIOBEKY.

ABTOMATMNYECKOE BBIAEJTEHMUE ITPO-
CBETA U CJIOEB COCY/IUCTOM CTEHKHU
(CEFMEHTAIIMA) HA U3OBPAKEHUAX,
INOJIYUHEHHBIX ITPU BCY3N

OG6yueHMe TaKUX HEHpOceTed IPOU3BOUTCS 10
TOMY K€ IPUHIIUILY, UTO U JIJIs ONKMCAHHBIX BBIIIIE,
[IO3BOJIAIOIIUX  OOHApPY»KUBATh  HECTAOMJIbHBIE
GJIAIIKY, HO C TOH JIUIIb PA3HUIEH, UYTO 0OyJaroIye
U TEeCTOBbIE€ BHIOOPKU (DOPMHUPYIOTCSA U3 OTKPBITHIX
HCTOYHHUKOB U300paKEHUH, IIOJyIeHHBIX IIPHU
BCY3U. Heob6x0IUMO OTMETHUTD, YTO Pa3paboTUNKU
JTAHHOTO QJITOPUTMA IPEACTABJISIOT OTKPBITHIN HC-
XOZHBIN KOJi CBOMX IIPOTPaMM, pa3Mellas B CBOUX
CTaThsAX CCHUIKU HA PECYPCHI /I 3aTrPy3KU HE0OXO-
JIUMOTO IIPOTPAMMHOTO 06ecrieYeH s, YTO TO3BOJIA-
€T BCEM 3aMHTEPECOBAHHBIM CAMOCTOSATEJIBHO OIfe-
HHUTH, Kak (PYHKIHOHUpYeT HelpoceThb [9]. [lanee
MBI TIPEJCTAaBUM XPOHOJIOTHIO Pa3BUTHUS TEXHOJIO-
THU U [IPOJIEMOHCTPUPYEM Pe3yJIbTaThl, YTOOBI I10-
Ka3aThb SBOJIIOIHIO TAHHBIX AJITOPUTMOB.

B nexabpe 2018 1. Y.Y. Wang et al. mpeacraBiiu
aJITOPUTM JIJI1 ABTOMATUYECKOTO OIIpeZieIeH s Tpa-
HUITBI MEXAY Mefiuel U afjBeHTUINell KOpOHAPHBIX
cocy/1oB [10] (puc. 1). DTa He mepBas Mo JJAHHOH Te-
MaTHKe ITyOJIMKAIUs, OZHAKO MBI CUHTAEM, UYTO
HMEHHO ¢ Hee cJjIeJlyeT HAaYMHATh OTCUET Pa3BUTHUS
TEXHOJIOTUU aBTOMATUYECKOU CETMEHTAITUU COCY/TH-
CTOHM CTEHKH, IOCKOJIbKY nMeHHO Y.Y. Wang et al.
BIIEPBbIE DENININ INPOOJIEMY BCEX IPEABIIYIINX
HelpoceTell — HEBO3MOKHOCTh IIPOBECTHU CerMeHTa-
[OMI0 HAa yJYacTKax Omdypkranum cocya u aTepoM C
BBICOKUM COZIep:KaHNeM KayIbITus.

this neural network to assess the results of IVUS for
humans.

AUTOMATIC EXTRACTION OF THE
LUMEN AND LAYERS OF THE VASCULAR
WALL (SEGMENTATION) IN IVUS IMAGES

Learning of such neural networks is carried out
according to the same principle as for those de-
scribed above, which allow detecting vulnerable
plaques, but with the only difference that training
and test sets are formed from open sources of IVUS
images. It should be noted that the developers of this
algorithm present the open source code of their pro-
grams, giving links to resources for downloading the
necessary software in their articles, which allows ev-
eryone interested to independently evaluate how the
neural network functions [9]. Next, we will present a
chronology of the development of the technology and
demonstrate the results to give an idea of these algo-
rithms’ evolution.

In December 2018, Y.Y. Wang et al. presented
an algorithm for automatic determination of the bor-
der between the media and adventitia of the coronary
vessels [10] (Fig. 1). This is not the first publication
on the topic, however, we believe that it should be
considered a starting point for the development of
the technology of automatic segmentation of the vas-
cular wall, since it is Y.Y. Wang et al. who were the
first to solve the problem of all previous neural net-
works — the inability to perform segmenting in the
areas of vessel bifurcation and high calcium athero-
mas.

In July 2019, J. Yang et al. published an article
in which they presented the Dual Path U-Net neural
network, which performs the same tasks as the previ-
ous one. The Dual Path U-Net also solves the prob-
lem of the complexity of segmentation at bifurcation
sites and atheromas with advanced calcification [11].
J. Yang et al. also compared the results of segmenta-
tion performed by the neural network and a human
(Fig. 2).

In July 2020, M. Xia et al. presented the MFAU-
Net (multi-scale feature aggregated U-Net) neural
network, which combines various types of neural
networks and demonstrates the best segmentation
results [12]. The key feature of this neural network is
the possibility to get the result that is closest to one
given by a person (Fig. 3).

PREDICTION OF THE FRACTIONAL
FLOW RESERVE BASED ON
INTRAVASCULAR ULTRASOUND

T.G. Papaioannou et al. developed an algo-
rithm that allows, on the basis of IVUS images with
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Puc. 1. [IprMep aBTOMATHYECKOTO BBI/IEJIEHHUS TPAHHUIIBI MEK/Y MEAMeH U aBeHTUIIeH (CUHAA JIUHIS)
Ha n300paskeHUsAX, IOIy4YeHHbIX Ipu BCY3U [10]
Fig. 1. An example of automatic extraction of the media — adventitia border (blue line) in IVUS images [10]

B utosie 2019 1. J. Yang et al. ony6mnkoBasiu cra-
THIO, B KOTOPOH IpezicTaBIIIN HelpoceTh Dual Path
U-Net, BEINOJHAIOIIYIO Te K€ 33/1a4U, YTO U IIPeJIbl-
JIyIasi, TOJKe PEIAoIIyI0 MPo0IeMy CI0KHOCTHU CET-
MEHTAIINH Ha yJacTKax OuQypKaIuy 1 3HAUUTEITHHO
KaJIbIIUUIIIPOBAHHBIX aTepoM [11]. Takske mpoBo-
JIJIOCh CPAaBHEHME Pe3yJIbTaTOB CEerMEHTAI[UU, BbI-
MTOJTHEHHOUW HEHPOCEThI0 U YeJI0BeKOM (pHc. 2).

B utoste 2020 r. M. Xia et al. mpe/icTraBuiu Heli-
pocetb MFAU-Net (multi-scale feature aggregated
U-Net), 00beAUHSIONIYI0 pPa3IuYHbIE BapUAHTHI
HelpoceTel U JIEMOHCTPUPYIOIIYIO HAMJIYUIIIIE pe-
3y/bTaThl cermeHTarnuu [12]. KiroueBass ocobeH-
HOCTh 3aKJIIOYAETCS B TOM, UTO JIaHHAsA HEHPOCETHh
IT03BOJISIET MTOJIYYUTD PE3YJIbTAT, Hanbosee OJIU3KUHI
K TOMY, KOTOPBII TaeT 4esoBek (puc. 3).

virtual histology, to assess the morphology of the
coronary bed lesion [13]. At the same time, in order
to determine the indications for stenting in stable
angina, in the absence of cardiac stress test data, an
assessment of the fractional flow reserve (FFR) is
required.

J.G. Lee et al. [14] used a neural network to as-
sess FFR in the intermediate coronary artery. In the
period from November 2009 to July 2015, 1657
stable and unstable angina patients were examined
(329 patients were subsequently excluded from the
study due to the multivessel lesions, presence of a
stent within the target vessel, left main coronary ar-
tery stenosis more than 30%, and others reasons).
Patients underwent coronary angiography and pre-
operative IVUS to assess FFR in at least one inter-
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Puc. 2. IIpumep aBTOMaTHYECKOTO BbI/I€IEHHUs IIPOCBETA U MEANHU cocya (3KesTas MyHKTUPHAsI JIMHUS — TPAHUIBL, 000-
3HAYEHHbIE YETHIPHMSI HE3aBUCUMBIMHY HKCIIEPTAMH; OUPIO30BBIi I[BET — IPOCBET COCYZA; KPACHBIN IBET — Mezws) [11]
Fig. 2. An example of automatic extraction of the lumen and media (yellow dashed line is the border indicated by four
independent experts; turquoise color marks the vessel’s lumen; red color highlights the media) [11]

T.G. Papaioannou et al. pazpaboTayiz aropuTMm,
IIO3BOJIAIONINN HA OCHOBE U300PasKEeHUN, TOTyIeH-
HbIX Ipu BCY3U ¢ BUPTyasIbHOU THCTOJIOTHEH, OIfe-
HUTH MOPGOJIOTHIO TOPaXKeHU s KOPOHAPHOTO pyca
[13]. B TO ke BpeMs1 111 OTIpe/iesIeHIsT TIOKA3aHUH K
MPOBEJIEHUIO CTEHTUPOBAHUS IPH CTAaOUIIBHOU CTe-
HOKAap/IUH, IIPU YCIOBUH OTCYTCTBHUSA TAHHBIX CTPeCC-
TeCTOB, TpebyeTcs OIeHKa (PPaKIIMOHHOTO pe3epBa
kpoBoTtoka (OPK).

J.G. Lee et al. ucmosb3oBayii HEHPOCETH MJIsk
onenku ®PK B nHTEpMeMaTIbHON KOPOHAPHOH apTe-
puu. B mepuos ¢ HOA6GPsE 2009 T. 110 HIOJIb 2015 T. 00-
CJIeloBaIM 1657 MALMEHTOB CO CTAOMIBHOM U HecTa-
OWILHON CTeHOKapaueHd (329 MarueHTOB BITOCIIEN-

mediate lesion (stenosis 40—80% according to angi-
ography). Next, the data were randomized and dis-
tributed into training and test sets at a ratio of 4 : 1
(1063 people : 265 people). The following indicators
were used: characteristics of plaque obtained dur-
ing IVUS; age; gender; diabetes mellitus; current
smoking; arterial hypertension; stable or unstable
angina; body surface area; FFR at maximal hyper-
emia; involved segment (proximal/mid/distal of
left anterior descending artery, proximal/distal of
right coronary artery, proximal/distal of left cir-
cumflex artery). When testing the neural network
all of the above data were provided with the excep-
tion of FFR respectively. The sensitivity of the
method was 87%, AUC was 0.92 [14]. In the future,
this group of researchers plans to continue their re-
search in this area and confirm their results in a
larger cohort.

Kanprudukanus, dubposHas
apTedaKT aKyCTHUECKOH TeHH GJrsIIIKa
Calcification, shadow artifact Fibrotic plaque

ToukocTeHHas DdubposHas 6isAIKa, Kamprudukamnms,
OJIsAIIKA 6oKOBast apTepus, apredakT KaTerepa
Soft plaque apredakT KaTerepa Calcification,

Fibrotic plaque, guidewire artifact
side vessel,

guidewire artifact

Puc. 3. [Ipumepsl cerMmeHTann, IpoBeieHHO ¢ momoIsio MFAU-Net (3eyieHast yHKTHPHAS JIMHUS — BPYYHYIO
OuepUYeHHasl TPAHUIIA MEXK/TY IPOCBETOM U HHTHMOI; IyPILyPHAs CIUIOIIHAS JINHUS — aBTOMATUYECKU OUepUYeHHast Ipa-
HUI[A MEXK/Ty IIPOCBETOM M MHTUMOI; ToJIy0asi MyHKTUPHAs JIMHNA — BPYYHYIO OUepUeHHas IPaHUIa MEXKIY Meuei
U a[[BEHTUIIEeN; KPaCHAasl CIUIOIIHAS JIMHKS — aBTOMATHYECKH OYepUEHHAs TPAaHUIA MEXKIY MeUel U afiBeHTunuen) [12]
Fig. 3. Examples of segmentation with the MFAU-Net (green dashed line — manually delineated the lumen — intima
border; purple solid line — automatically delineated the lumen — intima border; blue dashed line — manually delineated
the media — adventitia border; red solid line — automatically delineated the media — adventitia border) [12]
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CcTBUU OBUTM WCKJIIOUEHBI U3 HCCJIEIOBAHUS H3-3a
MHOTOCOCYZIUCTOTO TIOPKEHUS, HAINYHSA CTEHTa
BHYTPH II€JIEBOTO COCY/Ia, CTEHO3a CTBOJIA JIEBOM KO-
poHapHO# aprepun 6osiee 30 % W APYruX MPUYUH).
[TanmenTam ObLIa TIPOBEJIEHA WHBAa3WBHASA KOPOHA-
porpadus u npenoneparonHoe BCY3U ayis onieHKn
®PK o xpatiHeii Mepe B OZTHOM ITIPOMEKYTOYHOM II0-
paxeHnu (CTEHO3 IO JAHHBIM aHTHUOrpaduu 40—
80 %). lanee ObIa MPOU3BE/IEHA PAHIOMUBALINA U
pacmpeziesieHre JAHHBIX HA IBE BRIOOPKU — 00ydaro-
IIYIO U TECTOBYIO B COOTHOIIIEHHH 4 : 1 (1063 UelL. : 265
veJ1.). Vcrmob30BaInCh CIIEIYIONINE TOKA3aTEeNH: Xa-
PAKTEPUCTUKU aTEPOMBI, ITOJIyYeHHbIE ITPHU MTPOBE/IE-
uuu BCY3U; Bo3pacT; 1oJi; HaJIu4ue caxapHoro Jina-
bera; KypHJ JIM MMAI[HeHT HA MOMEHT ITPOBEIEHUSA HC-
CJIeIOBAHUST; HATHMYHE apTePUAIbHON THIIEPTEH3UH;
cTabwibHAs WM HeCTaOWJIbHAS CTEHOKAP/HS; IUIO-
mab moBepxHoctu Tesa; ®PK mpu mMakcumaibHOU
TUIIEPEMUN; KAKOU CETMEHT apTEPHH OpaskeH (IIPoK-
CUMAaJTHHBIH/ CpETHU / IUCTAIHHBIHA JIEBOU TIEPETHEN
HUCXOMAIIEH apTepuu, MPOKCUMAIbHBIHN/IUCTATb-
HBI TPaBOM KOPOHAPHOM apTepPHH, ITPOKCUMAJIb-
HBIU/IACTATBHBIN JIEBOY orubaroieli aprepun). [Ipu
MIPOBEIEHUH TECTUPOBAHUS HEHPOCETH IIPETOCTABIISI-
JINICh BCE BBIIIENIEPEUHCIEHHbIE JIAHHBIE 3 UCKJTFOUE-
aueM ®PK coorBercTBeHHO. UyBCTBUTEIBHOCTh Me-
Toza cocraBuia 87 %, AUC — 0.92 [14]. B 6yayiem
3Ta rpyIia uccaeaoBaresiel IaHupyeT MPOIOJIKUTh
CBOM HCC/IEIOBAHUSA B JIAHHOW OOJIACTH U TIOJITBEP-
JIUTH CBOU Pe3yJ/IbTAThI HA OOJIBIIIEN KOTOPTE.

3AK/IIOYEHUE

B HacToOsIIIEE BpEMSA IPUMEHEHNe HeHpoceTel B
OIIEHKE Pe3yJITATOB BHYTPHUCOCY/IUCTHIX YJIBTPA3BY-
KOBBIX HCCJIEZIOBAHUN SIBJISIETCS AaKTUBHO Pa3BUBAIO-
IIUMCs HAINpaBJIEHUEM, OJIHAKO €r0 KJIMHUYECKas
JloKazaTesibHasg 0a3a KpailiHe Masa. [lOCTHIKeHUe
IIpU UCIOJIb30BAaHUN HeUpoceTel COMOCTaBUMOU ¢
YeJIOBEKOM TOYHOCTU OII€HKH MOXKET IPUBECTU K
YMEHBIIIEHUIO IIPO/IOJIKUTEILHOCTH IIPOBEEHUSA
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CONCLUSION

Currently, the use of neural networks in assess-
ing the results of intravascular ultrasound is an ac-
tively developing area, but its clinical evidence base
is extremely small. Achievement of a human-like as-
sessment accuracy using neural networks can im-
prove the timing of percutaneous intervention. In
addition, algorithms for the automatic detection of
vulnerable plaque and prediction of the fractional
flow reserve in the future can be combined, which
unifies the use of intravascular ultrasound for vari-
ous clinical situations. However, it should be under-
stood that the use of artificial intelligence makes it
possible to reveal various aspects of the pathological
process, but does not negate the practice of making
decisions about the effectiveness and safety of medi-
cal technologies based on the principles and meth-
ods of evidence-based medicine.
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YpPECKOXKHOTO BMeIaTesbcrBa. Kpome atoro, asiro-
PUTMBI aBTOMAaTHYECKOTO OIIpeZieIeHUs HECTAOUITb-
HOCTH GJIAIIKY ¥ IPOTHO3UPOBAHUA (GPAKIIHOHHOTO
pes3epBa KpOBOTOKA B Oy/IyIieM MOTYT ObITh 00beTH-
HEHBI, YTO YHUDUIUPYET UCII0Ib30BAHKE BHYTPUCO-
CYAUCTOTO YJIBTPA3BYKOBOTO HCCJIEAOBAHUSA IS
Pa3JIMYHBIX KJIMHUYECKUX cuTyaruid. OgHaKO ciie-
JIyeT TIOHUMAaTh, YTO UCIIOJIb30BAHNE UCKYCCTBEHHO-
r'0 UHTEJUIEKTA II03BOJIAET JIeTaTN3UPOBATh Pa3Iny-
HbI€ ACIIEKTHI [TATOJIOTHYECKOTO IIPoIiecca, HO He OT-
MeHsIET TIPAKTUKU TMPUHATHA pelreHuid 06 addek-
TUBHOCTU U 6€3011aCHOCTH MEJTUIIMHCKUX TEXHOJIO-
Ui, OCHOBAaHHOU Ha IIPUHIIUIIAX ¥ METO/IaxX JIoKa3a-
TEJIbHOUA MEUIINHBI.

KoHdIuKT HHTEpEeCcOB. ABTOPHI 3a5BJISIOT 00
OTCYTCTBUU KOH(IINKTA HHTEPECOB.
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Pharmacy business and its social responsibility
Kareva N.N., Shvetsova V.D.

Saint Petersburg State Chemical Pharmaceutical University

AHHOTAIIUA

B coBpeMeHHOM MHpe COIHaIbHAasA OTBeTCTBeHHOCTH 6usHeca (COB) sBisercs BaxKHBIM (aKTOPOM, IIPe/IOTIpeesis-
IOIIUM OITUMAJIbHOE UCII0JIb30BAHKE PECYPCOB /IS YCTOMYMUBOTO pa3BUTHs opranusanuu. COb — 3To He mpocTo OTBET-
CTBEHHOCTb OPTaHU3ALUH IIEPEe]] TOCYAaPCTBOM, IIepest JII0IbMU U IPYTUMU OPTaHU3AIUAMHY, C KOTOPBIMU OHA CTaJIKUBa-
eTcs B IIpolLiecce CBOEH JieATeTbHOCTH, a puaocodusa KOMIAHNH, 3a00TAILIEHCA B CBOEM PAa3BUTHH O PEeIlyTaIluy U KOHKY-
PEHTHBIX TPENMYIIECTBAX, a TAK:Ke 00 00eCIeYeHH JJOCTOHHOTO YPOBHS KU3HHU CBOUX COTPYIHUKOB.

dapMareBTHUeCKU OU3HEC, B TOM YKCJIe aITEUHBIH, SBJISIETCSA OTHON U3 Ba¥KHBIX U COIMAJIBHO 3HAUUMBIX OTpaCyIel
COBpPEMEHHOU HKOHOMUKH cTpaHbl. OZfHAKO MPOOIeMaTHKA COIUATEHON OTBETCTBEHHOCTH CyOBEKTOB (hapMareBTHIECKO-
IO PbIHKA OCTaJIACh 3a IpesiesiaMu cepbl HAyYHBIX HHTEPECOB OT€UECTBEHHBIX YIEHBIX. BBIIIIEN3/I10:KEHHOE TTOAUePKHIBA-
€T aKTyaJIbHOCTb U HAYYHYIO HOBU3HY UCCJIEIOBAHUA.

ITespio HccefOBAaHUS ABJIAIOCH U3YUeHHe COIIMAIbHON OTBETCTBEHHOCTH B cpepe anTeyHoro 6usHeca. Marepuasa-
MU HCCIIEIOBAHUS CIIYKIJIM [TEPBUYHBIE UCTOUHUKU MHGOPMAIU (OMPOCHBIE JIUCTHI) U BTOPUYHBIE — ODHUITUATIbHBIE
CaWThI aITeYHBIX ceTell Poccuu.

B naHHO¥ cTaThe mpuBeneHbl Teopetnyeckuii aciekT COB (Teopun, npeaioskennsle D. Kapuery, I'. Boyanowm, A. Kap-
posutom, M. ®puMaHOM U Zp., OCHOBHBIE HOPMAaTUBHBIE TOKyMeHThI 10 COB), a TakKe IPaKTUIECKUH acIeKT — BHeIpe-
HHe B Y4eOHBIN MPOIECC PEYJIBTATOB HACTOSIIETO UCCIeOBaHUs. IIpe/icTaByIeHbl PE3YIbTaThl AHATU3A IIyOJIMIHOU HH-
dopmarnuy, pazMenieHHON Ha OQUIIMATBHBIX CalTaX alTeYHBbIX OPraHU3AIUN. YCTaHOBJIEHO, YTO UHGOpMANUA HOCUT
(parmeHTapHBIN XapaKTep, PyKOBOJAUTEIH AITEUHBIX CETEH He MMEIOT JIOCTaTOYHBIX 3HaHUH 0 KoHIenuu COB.

OmnricaHbl MOTHBBI pa3pabOTKH NHHOBAI[MOHHBIX 3aHATHH 10 HCCIIEYEMOU TeMe JJIsI CTY/IEHTOB (hapMaIieBTHIECKUX
yueOHbIX 3aBe/IeHUN.

Karoueewle croea: conpanbHas OTBETCTBEHHOCTh OM3HeCa, allTeYHas OpraHUu3aIysi, KOHKYPEHTOCIIOCOOHOCTD, Pelry-
Tanys, COUOIOTHYECKUU OIIPOC.

ABSTRACT

In the modern world, the corporate social responsibility (CSR) is an important factor that determines the optimal use
of resources for the sustainable development of the organization. The CSR is not just the responsibility of an organization
to the state, people and other organizations that it encounters in the course of its activities, but the philosophy of a com-
pany that takes care of its reputation and competitive advantages in its development, as well as ensuring a decent standard
of living for its employees.

The pharmaceutical business, including pharmacy, is one of the most important and socially significant branches of
the modern economy of the country. However, the problems of social responsibility of pharmaceutical market participants
remained outside the scope of interests of domestic scientists. The above highlights the relevance and scientific novelty of
the study.

The aim of the research was to study the social responsibility in the field of pharmacy business. The materials of the
study were primary sources of information (questionnaires) and secondary were the official websites of pharmacy chains
in Russia.
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This article presents the theoretical aspect of the CSR (theories proposed by A. Carnegie, H. Bowen, A. Carroll,
M. Friedman, etc., the main normative documents on CSR), as well as the practical aspect — the implementation of the
results of this study in the educational process. The results of the analysis of public information provided on the official
websites of pharmacies are presented. It is established that the information is fragmentary, the managers of pharmacy
chains do not have sufficient knowledge about the concept of the CSR.

The motives for developing innovative classes on the topic under study for students of pharmaceutical educational

institutions are described.

Keywords: corporate social responsibility, pharmacy, competitiveness, reputation, sociological survey.

TepMuH «conmanabHass OTBETCTBEHHOCTH» Ha-
IIeJ1 IIUPOKOE pacmpocTpaHeHue Kak B Poccru, Tak
U 3a pyOe:koM B Havajie 70-X TO/I0B IIPOIIUIOTO BeKa
[1, 2]. B unciie mepBBIX CTOPOHHUKOB H/IEU COIUATh-
HOU oTBeTcTBeHHOCTH Om3Heca (COB) ObLT amepu-
KaHCKWH ITpeAnpuHUMaTestb O. KapHeru, KOTOpbIU B
1889 r. omy0OsimkoBasn cratbio «EBaHrenue 6orat-
CTBa». JTa MyOJIUKALMS MOJIOKIIA HAYAJIO IIIHPO-
KOMYy OOCYKJIEHHIO BOIPOCA COIMIBHOU OTBET-
CTBEHHOCTU OHM3HeEca, ero 106pOBOJIBHOMY OTKJIUKY
Ha HAaCyIHbIEe COIlMaJIbHbIE MPOOJIEMBbI 0O0IecTBa.
ITosunusa 9. KapHeru ocHOBbIBasIach Ha JIByX IIPUH-
numnax: 06JIarOTBOPUTENBPHOCTh U 3D PeKTUBHOE
yIpasjeHue coocTBeHHOCThI0. CHhopMyTUpOBaHHbBIE
IIPUHIUIIB IHUPOKO PACIPOCTPAHWINCH B cdepe
KpYITHOTO OM3Heca, U Bee OOJIbIIe 3aI1a/THBIX KOMITa-
HUH HAaUWMHAJIU MPU3HABATh, YTO CHJIA IOPOXKIAET
OTBETCTBEHHOCTb. U ecyiu 6Gm3Hec He Oy/IeT BBIIOJI-
HATH COIMAaJIbHBIE 0053aTeIbCTBA J0OPOBOJIBHO, TO
TOCYZIapCTBO 3aCTABUT €0 3TO CZeJaTh, HO B 3TOM
CJIyJae KOMIIAHUSA [TOTepseT cBoe uro. Kpome 3T0-
ro, SBJIASACH IIPUBEPKEHIIEM TaKUX B3IJIAJIOB,
9. KapHeru ObL1 U3BECTEH IIIe/IPIMU BJIOKEHUSIMHU B
COLIMAJIbHBbIE TIPOEKTHI. [IpuBOAATCA aHHBIE, YTO
UM OBUIO TIOCTPOEHO 6osiee 2000 IMyOJIHMIHBIX OH-
6y1OTEeK U OBLIO BJIOXKEHO OKOJIO 350 MJTH JI0JIJIAPOB
B Pa3/IMYHbIE CONMATbHBIE IPOTPAMMBI [ 1, 3].

B 1950 r. 6p11a ommybinKoBaHa pabota mpodec-
copa sxkoHoMuku I'. Boysna «ConuasbHasg OTBET-
CTBEHHOCTh Om3HecMeHa». CorJacHO B3IJIALAM
I'. BoyaHa, coluabHas OTBETCTBEHHOCTh OU3HECMe-
Ha TPEAIIOJIaraeT «Peajin3anuio TAKOH MOJIUTUKH,
IIPUHSATHE TAaKUX PEIIeHUH JTU00 CIeI0BaHIe TAKOH
JIMHUU TIOBEJIEHU, KOTOPBle ObLIH ObI JKeaTeIbHBI
JULSI TeJieli U IieHHOCTeH obIecta» [4].

Baxxno ynomsaHyTp KoHuennuwo A. Kspposia,
KOTOpAasi OIMChIBAET KOMILJIEKCHBIH ITOJIXO/ K OIlpe-
nenennio penomena COB. CoryiacHO 3TOW KOHIIEII-
MY, CONMAJIbHAS OTBETCTBEHHOCTh OM3HEca COCTO-
UT W3 YeThIpeX KOMIIOHEHTOB OTBETCTBEHHOCTH —
SKOHOMUYECKOH, ITPAaBOBOM, STHUYECKOH U JIUCKpPe-
nHOHHOH (puIaHTponIUUecKoi) (puc. 1).

B ocHOBe — 5KOHOMMIYECKAsI OTBETCTBEHHOCTD,
IIOCKOJIbKY HCTOPUYECKH MPEANPUATHS CO3/1aBa-

The term “social responsibility” became widely
used both in Russia and abroad in the early 70s of
the last century [1, 2]. Among the first proponents of
the idea of the corporate social responsibility (CSR)
was A. Carnegie, American entrepreneur, who pub-
lished an article “The Gospel of Wealth” in 1889.
This paper marked the beginning of a broad discus-
sion of the issue of business’s corporate social re-
sponsibility, its voluntary response to the vital social
problems of society. A. Carnegie’s position was
based on two principles: charity and effective prop-
erty management. The stated principles were widely
spread in the field of big business, and more and
more Western companies began to recognize that
power begets responsibility. And if the business
does not fulfill its social obligations voluntarily, the
state will force it to do so, but in this case the com-
pany will lose its public face. In addition, being an
adherent of such views, A. Carnegie was known for
generous investments in social projects. It is report-
ed that he built more than 2000 public libraries and
invested about $ 350 million in various social pro-
grams [1, 3].

In 1953, the work of Professor of Economics
H. Bowen “Social Responsibilities of the Business-
man” was published. According to H. Bowen, the so-
cial responsibility of a businessman involves the im-
plementation of such policies, making such decisions
or following such a line of behavior that would be de-
sirable for the goals and values of society [4]. It is
important to mention the concept of A. Carroll,
which describes a comprehensive approach to the
definition of the CSR phenomenon. According to this
concept, corporate social responsibility consists of
four components — economic, legal, ethical and dis-
cretionary (philanthropic) (Fig. 1).

It is based on economic responsibility, since
historically enterprises were made as producers of
goods and services, to meet the needs of society
and, as a result, to make a profit. Legal responsibil-
ity involves, first of all, compliance with the laws
and coordination of the economic component of
the company’s activities in accordance with certain
legislative norms. Ethical responsibility, in turn,

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

137



Kapesa H.H., IlIgeyosa B./]. / Journal of Siberian Medical Sciences 2 (2021) 136—145

JluckpenuoHHas
OTBETCTBEHHOCTH
Philanthropic
responsibilities

ATHuYecKas OTBETCTBEHHOCTh
Ethical responsibilities

IIpaBoBas OTBETCTBEHHOCTD
Legal responsibilities

IKOHOMUYECKASA OTBETCTBEHHOCTD
Economic responsibilities

Puc. 1. [Tupamuza conuaabHOM oTBeTcTBeHHOCTH A. Kapposuia
Fig. 1. A. Carroll’s pyramid of the corporate social responsibility

JIUCh KaK MIPOU3BOJUTENU TOBAPOB U YCIIYT, JJIA
VIOBJIETBOPEHUS MOTPEOHOCTEN 00IIECTBA U B UTO-
re — noJiydeHus npubbut. [IpaBoBas OTBETCTBEH-
HOCTb IIPEJIIIOJIATAET, IPEXK/E BCEro, COOIIOAEHIE
3aKOHOB U COTJIACOBAHHE YKOHOMUYECKOU COCTaB-
JISIONIEN IeATETbHOCTA KOMIIAHUH B COOTBETCTBUU
C OIIpeJIeJIEHHBIMU 3aKOHO/IATEIbHBIMH HOPMaMH.
ATUYecKasi OTBETCTBEHHOCTh, B CBOIO OUEPE/b, TPe-
OyeT OT Z1eJI0BOY MTPAKTUKU CO3BYYHOCTH OKUJIAHHU-
M 00IlecTBa, OCHOBAHHBIM Ha CYIIECTBYIOIIUX
HOpMax Mopasnu. JuckperuonHas (buiaHTPOIH-
YecKasi) OTBETCTBEHHOCTh IMPEAyCMAaTPUBAET, UTO
opraHuzanusi Oyzer J0OpOBOJILHO OTBeYaTh Ha
OJKUZAHUS 00OIEeCTBA U HATIPABJISITh CBOIO JIESITEb-
HOCTD Ha MO/JIEPKKY U PA3BUTHE COIUAJIBHBIX ITPO-
rpamm [5, 6].

Bo BTopoii monoBune XX — Havasie XXI B. Ha-
Oyrro/1aeTcss TPOTHUBOCTOSTHUE IMPOTUBHUKOB W 3a-
muTHUKOB KoHnenuuu COB. IMosBuinch paboTh
aBTOPOB, BBICTYIAIOIIUX OIIIOHEHTAMHU B BOIIPOCE O
cymHoctu COB, cpenu kotopsix 6611 M. @puamaH.
CorutacHo ero Teopuu («KOPIIOPaTHBHOTO 3TOM3MAa»)
OusHec obecreyrnBaeT paboOTON YWIEHOB OOIEeCTBA U
TEM CaMbIM BBITIOJTHSIET CBOM IIPSMbIE SKOHOMUYE-
ckrie bynknuu. M. ®puamaH mosiaraer, 4To y 6usHe-
ca OoJIbIlle He AOJIXKHO OBITh HUKAKOHN COLIMAJIBHON
Harpy3KU. A Bce COIUAIbHbBIE ITPOEKTHI KOPIIOPAITUH
— HCKJIIOUMTEJIBHO 110 00poii Bosu [7].

B nporusosec Teopun M. ®punmana Komure-
TOM I10 9KOHOMIYeckoMy pazButuio CIIIA 6p11a BbI-
JIBUHYTAQ TEOPHS «KOPIIOPATUBHOTO aJbTPyH3Ma»,
CYIIIHOCTH KOTOPOU B TIOJTHOU MepPe OTPaXKaeTCsI cyie-
JIyroInel (pas3oi: KOpIopanuu 00s3aHbl BHOCHUTD
3HAYUTEIbHBIA BKJIQJ B YJIyUIlIEHUE KauecTBa aMe-
PUKaHCKOMU *Ku3HU [8, 9].

requires business practices to conform to the ex-
pectations of society based on existing norms of
morality. Discretionary (philanthropic) responsi-
bility provides that the organization will voluntari-
ly respond to the expectations of society and direct
its activities to support and develop social pro-
grams [5, 6].

In the second half of the XX and the beginning
of the XXI century there is a confrontation between
objectors and defenders of the CSR concept. There
appeared works by authors who were opponents on
the question of the CSR essence, among whom was
M. Friedman. According to his theory (“corporate
egoism”), business provides work for members of
society and thus performs its direct economic func-
tions. M. Friedman believes that business should no
longer have any social burden. And all social proj-
ects of corporations are exclusively a matter of good
will [7].

In contrast to the theory of M. Friedman, The
Committee for Economic Development of The Con-
ference Board (CED) of the United States put for-
ward the theory of “corporate altruism”, the essence
of which is fully reflected in the following phrase:
Corporations have an obligation to make a signifi-
cant contribution to improving the quality of Ameri-
can life [8, 9].

According to the theory of “rational selfishness”,
which became widespread in the early 9os of the last
century, a socially responsible company carries out
activities in the field of the CSR only as a tool for im-
proving its reputation, obtaining benefits from pub-
lic social activities, including the implementation of
philanthropic (charitable) programs, sets of mea-
sures, projects, etc.
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CoryIacHO TEOpUH «PA3yMHOTO 3TOU3MA», ITOJIY-
YHUBIIEA pacIpoOCTpAaHEHHWE B Hadajle 9O-X TOJ[0B
IIPOIIIOTO BeKa, COIMAIIbHO OTBETCTBEHHAS KOMIIa-
HUA ocylectsiaseT Meponpusatus B chepe COb
JIVIIH B KAYECTBE MHCTPYMEHTA JIJIs YITyUIIIeHUs CBO-
eli peryTaIuu, MoJIyYeHus BHITO] OT IIyOJIMIHOM CO-
OUTBPHON JeATeTbHOCTH, BKJIIOUAs peayTn3aIiiio
¢mwranTponmueckux (6J1aTOTBOPUTEBHBIX) IIPO-
rpamMM, KOMILJIEKCOB Mep, TPOEKTOB U JIp.

B 2001 r. EBpometickas koMuccus ormybInKoBa-
J1a «3eJIEHyI0 KHUTY O KOPIIOPATUBHOU COIMAIbHOU
OTBETCTBEHHOCTH », coryiacHO KoTtopout COb mpexamo-
JlaraeT aKTUBHOE [TAPTHEPCTBO BCEX 3aMHTEPECOBAH-
HBIX CTOPOH U BKJIIOYAET J[BA U3MEpPEHUs — BHY-
TpeHHee (yIpaBjieHUE YEIOBEUECKUMHU PeCypcaMu,
3710pOBbe U OE30IMacHOCTh Ha paboyeM MecTe, ajiam-
TaIys K ©I3MEHEHUIM, CB3aHHBIM C pEOpraHU3aIv-
eli KOMITAaHUH, yIIPaBJIeHUEe TOCIEICTBUIMHU BIIUSI-
HUS Ha OKPY?KAIOIIYIO CPeAy U IPUPOTHBIE PECYPCHI)
U BHelTHee (MeCTHBIE cOOOIEeCTBa, KOMMEPUYECKHE
MMapTHEPHI, TIOCTABIUKH U OTPEOUTEIH, TIPaBa ye-
JIOBEKa, 9KOJIOTHYECKHE ITPOOIEMbI B MUPOBOM Mac-
mrabe) [10, 11]. B moKyMeHTe peyIoKeHbl OCHOB-
Hble nHCTPYMeHThI CODB, KoTOpbIe 10 cUX MOp aKTy-
aJIbHBI U MOJIEP:KUBAIOTCsA EBpoKOMUCCHE: OTBET-
CTBEHHBIE TIPAKTUKHA B OTHOIIEHWH II€PCOHAIA W
noTpebuTeNel; pa3BUTHE MECTHBIX COOOIIECTB;
OXpaHa OKPY’KaIoIed CpeJbl; T0OPOCOBECTHRIE Jie-
JIOBBIE MIPAKTHUKH [12].

B Poccum Bompoc conuasibHONW OTBETCTBEHHO-
cT OW3Heca BO3HUK B KOHIIE 1990-X — HaJaje
2000-X To70B. O/IHAKO TeMa COIIMAJIbHOW OTBET-
CTBEHHOCTH Ou3Heca He ObLia HOBOM 1yia Poccuwn.
Vnen conmaabHON OTBETCTBEHHOCTH KYTIIIOB M pe-
MECJIEHHUKOB MOKHO HAUTH B HICTOPHUYECKUX UCTOY-
Hukax. Tak, B «Pycckoit mpaszie», narupyemoit XI—
XII BB., comep:KaTcsA CTATbU, perJaMeHTHUPYIOIe
B3aMMOOTHOIIIEHUSI MEXK/y paboTomaTeIAMU U pa-
OOTHUKAMM, 3aIUINAIOININE IpaBa TeX U JIPYTHX, a
TaKKe HeKHe HOPMbBI 3TUKU BO B3aNMOOTHONIEHUIX
KpeuTopa U 3aeMINMKA, TAPTHEPOB 110 TOPTOBJIE U
1.4. Clenyer OTMETUTh, UTO 3HAUUTEJIBHYIO POJIb B
Pa3BUTHU COLMAJIBLHON OTBETCTBEHHOCTH OM3Heca
ceirpasta smoxa [lerpa I, KOTOPBIT 3aJ10KUJI OCHOBBI
POCCHICKOM TPOMBINIJIEHHOCTH U OTBETCTBEHHOCTH
KJIacca IpeAnpUHUMATesel Iepes TOCyAapCeTBOM U
ob1ecTBoM [13, 14].

IToHrMaHMe Ba’KHOCTU COIUAIHHBIX ACIEKTOB
IIpeAIPUHUMATETHCTBA COBPEMEHHBIM OTEUECTBEH-
HBIM OHM3HEC-COOOIIECTBOM HANLIO oTpaskeHue B Co-
MAJIbHOM XapTUU POCCUMCKOTO OU3Heca, MOATOTOB-
JieHHOU POCCHUCKMM COI030M ITPOMBIILIEHHUKOB U
npennpuHuMaresied. CorsiacHO XapTHU COIAATb-
Hasl OTBETCTBEHHOCTb HApsAY C APYTUMH (paKTopa-

In 2001, the Commission of the European
Communities published the “Green Paper: Promot-
ing a European framework for Corporate Social Re-
sponsibility”, according to which the CSR involves
an active partnership of all stakeholders and in-
cludes two dimensions — internal (human resource
management, health and safety in the workplace,
adaptation to changes associated with the reorgani-
zation of the company, management of conse-
quences of the impact on the environment and nat-
ural resources) and external (local communities,
commercial partners, suppliers and consumers,
human rights, environmental problems on a global
scale) [10, 11]. The document proposes the main
CSR tools that are still relevant and supported by
the European Commission: responsible practices
for staff and consumers; development of local com-
munities; environmental protection; fair business
practices [12].

In Russia, the issue of social responsibility of
business arose in the late 1990s — early 2000s. How-
ever, the topic of social responsibility of business was
not new for Russia. The ideas of social responsibility
of merchants and artisans can be found in historical
sources. Thus, in the “Russkaya Pravda”, dating from
the XI-XII centuries, there are articles regulating
the relationship between employers and employees,
protecting the rights of both, as well as certain norms
of ethics in the relationship between the lender and
the borrower, trading partners, etc. It should be not-
ed that a significant role in the development of social
responsibility of business was played by the era of
Peter I, who laid the foundations of Russian industry
and the responsibility of the class of entrepreneurs to
the state and society [13, 14].

The understanding of the importance of social
aspects of entrepreneurship by the modern domestic
business community is reflected in the Social Charter
of Russian Business, prepared by the Russian Union
of Industrialists and Entrepreneurs. According to the
Charter, social responsibility, along with other fac-
tors, ensures the survival and balanced, sustainable
development of business by harmonizing the inter-
ests of owners, society and the state [15].

In 2012, Russia adopted the national standard
GOST R ISO 26000 “Guidance on Social Responsi-
bility”, according to which organizations are recom-
mended to rely on seven principles: accountability,
transparency, ethical behavior, respect for the inter-
ests of stakeholders, compliance with the rule of law,
with international standards of conduct, with human
rights [16].

The corporate social responsibility has a multi-
level character [17]:
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MH oOecIleunBaeT BBIKUBAEMOCTh U COQTAaHCHUPO-
BaHHOE, YCTOMYHBOE pa3BUTHE OW3HEcA IMOCpes-
CTBOM TapMOHM3AIUU HHTEPECOB COOCTBEHHUKOB,
obmecTBa u rocyzapcrsa [15].

B 2012 1. B Poccuu ObLI IPUHAT HAITMOHAJIHHBIN
crauzapt 'OCT P 1ICO 26000 «PykoBozicTBO 110 CO-
[MAJIbHOU OTBETCTBEHHOCTH », B COOTBETCTBUH C KO-
TOPBIM OPraHMU3ANMAM PEKOMEHYETCS OIMUPATHCS
Ha CeMb WPHHIUIOB: TMOOTYETHOCTh, IIPO3pad-
HOCTb, STUYHOE IIOBE/IEHUE, YBaKEHHE HHTEPECOB
3aMHTEPECOBAHHBIX CTOPOH, COOJIIO/IEHIE BEPXOBEH-
CTBa 3aKOHAa, COOJIIOIEHHE MEXKAYHAPOAHBIX HOPM
TIOBeJIeHNsI, COOJII0/IeHNE TTPaB YeoBeKa [16].

ConuasibHast OTBETCTBEHHOCTHh OM3HECA HOCHUT
MHOTOYPOBHEBBIHN Xapakrep [17]:

— MuxpoyposeHtsb: OTBETCTBEHHOCTH TIEPE]T CO-
TPY/IHUKaMH, aKIIOHEPAMH, ITOTpedbuTenamu (pea-
JIU3anus MpoTpaMM W WHUIUATUB, HAIPaBJIEHHBIX
Ha CO3/IaHuE U MOJ|/IEpP3KaHe KOPIIOPATUBHOU KYJIb-
TYpbI, Pa3BUTHE YyBCTBA KOPIIOPATUBHOM IMPUHAJI-
JIEXKHOCTH, TIPUBEPKEHHOCTH COTPYTHUKOB I[€HHO-
CTSIM | B/ieajiaM KOMITAaHUH U JIP.);

— Me3oypogeHb: OTBETCTBEHHOCTH IT€PE, MECT-
HBIMU cooOIecTBaMu (peannzaiius COIMUATbHBIX
IIpOTPaMM);

— MaxpoyposeHb: OTBETCTBEHHOCTD IIEPe]] TO-
cyaapcTBoM (CoOJTIOfieHre HaJOTOBOTO 3aKOHOMA-
TEJIbCTBA);

— MezayposeHb: OTBETCTBEHHOCT IIEPE]] MUPO-
BBIM c000IIIecTBOM (3a00Ta 0 ITaHeTe, O 6JIaTOIIOIY-
YHH BCEr0 YeJIOBEUECTBA B II00AIbHBIX MACIITA0aX).

CyI1ecTBYIOT U APYTHE IOJAXObI K BBIIEIEHUIO
VPOBHEH COITMAJIbHON OTBETCTBEHHOCTH Ou3Heca
(puc. 2) [18].

B cucreme yripaByieHUs COIUATIBHO OTBETCTBEH-
HOU OpraHW3alMeld KJIIOUEeBYI0 POJIb UTpaeT HaIu-
yre (MU OTCYTCTBHE) BHYTPUKOPIIOPATHBHBIX JIOKY-
MeHTOB (IIpaBWJI), OINPEJIEISIONINX BUEHHE, CTPa-
TEruio, MPUHIMIIBI TTOBeZleHus (yIIpaBieHus), TPOo-
¢eccuonanpayo 3TUKY. Kakzias opranusanus pas-
pabaThIBaeT CBOU CTaHAAPTHI, KOJAEKCHI, perjaMeH-
o1 10 COB. Cranmaptel COB paspabaTheiBaoTCs C
VYETOM PYKOBOJISIIUX IMPUHITUIIOB, 3a(pUKCHPOBAH-
HBIX B JIOKYMEHTaX aBTOPUTETHBIX MEXKIYHAPOIHBIX
HaIMOHATBHBIX OpraHu3anui: PykoBoasIiue mpuH-
nunbl OpraHu3anuyu 9KOHOMHUYECKOTO COTPY/THHUYE-
CTBA W PA3BUTHUsA JJIsI TPAHCHAIIMOHAIBHBIX KOPIIO-
pamuit  (OECD  Guidelines for Multinational
Enterprises); Hopmbr OOH orHocuTesnbHO 06s13aH-
HOCTEN KoMIaHHWU B obsactu mpaB desioBeka (UN
Human Rights Norms for Business); ['7to6anbHbIi
moroop OOH (UN Global Compact); Corsamenus
MexnayHapogHoi opranusanuu tpyza (MOT) (ILO
Conventions); I'stob6anptble mpuHIuUIbl CalinBaHa

— Micro-level: responsibility to employees,
shareholders, consumers (implementation of pro-
grams and initiatives for creating and maintaining a
corporate culture, developing a sense of corporate af-
filiation, commitment of employees to the values and
ideals of the company, etc.);

— Meso-level: responsibility to local communi-
ties (implementation of social programs);

— Macro-level: responsibility to the state (com-
pliance with tax legislation);

— Mega-level: responsibility to the world com-
munity (concern for the planet, for the well-being of
all mankind on a global scale).

There are other approaches to identifying the
levels of the corporate social responsibility (Fig. 2)
[18].

In the management system of a socially respon-
sible organization, the presence (or absence) of in-
ternal documents (rules) that define the vision, strat-
egy, principles of behavior (management), and pro-
fessional ethics plays an essential role. Each organi-
zation develops its own standards, codes, and regula-
tions for the CSR. The CSR standards are developed
taking into account the guidelines set out in the doc-
uments of authoritative international national orga-
nizations: the Organization for Economic Co-opera-
tion and Development Guidelines for Multinational
Enterprises; the United Nations (UN) Human Rights
Norms for Business; the UN Global Compact; the In-
ternational Labour Organization Conventions; the
Global Sullivan Principles; the Social Charter of Rus-
sian Business, developed by the Russian Union of
Industrialists and Entrepreneurs; the Memorandum
on the Principles of Corporate Social Responsibility,
approved by the Association of Managers of Russia
[15, 19—21].

Thus, the study of the theoretical aspect of the
CSR allowed us to identify the existing principles and
classification of the CSR levels.

One of the objectives of the study was to analyze
the implementation of the CSR concept and its ap-
plication in pharmacies of the Russian Federation.
The analysis was based solely on public information
provided by pharmacy chains on their official web-
sites.

It should be noted that at present, the pharmacy
sector of the Russian pharmaceutical market is expe-
riencing a high level of development of the competi-
tive environment and the search for competitive ad-
vantages by pharmacy organizations [14]. Monitor-
ing of the pharmacy chains’ websites (30 out of the
top 100 pharmacy chains) [22] allowed us to estab-
lish that the information about the CSR is fragmen-
tary, and also allowed us to identify some aspects of
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BhInOJTHAIOTCS Takue O6H33T6)’[LCTB3, KaK CBO€BPEMEHHAaA yIjiata

IlepBHhIii ypOBEHDb GA30BBIN
The first basic level

are fulfilled

HaJIOTOB, BBIIJIATA 3apa00THOM IIJIATHI, IPEJOCTABIICHIE
(110 BO3MOKHOCTH) HOBBIX pa00YUX MECT, T.€. PACIINPEHHE
pabouero mrraTta

Such obligations as timely payment of taxes, payment of wages,
provision (if possible) of new jobs, i.e. expansion of the working staff,

Bropoii ypoBeHb

The second level

Providing employees with adequate conditions not only for work,

but also for life — improving the skills of employees, preventive

treatment, housing construction, social development
worporate responsibility)

O6ecneuenre pabOTHUKOB a/IeKBATHBIMU YCJIOBUAMU HE TOJIBKO
paboThI, HO ¥ YKU3HU — TOBBIIIEHNE YPOBHS KBATU(DUKAIINT
PabOTHUKOB, TPOMUIAKTHIECKOE JIEUEHIE, CTPOUTETHCTBO JKUJIIBS,
pasBUTHE COIUAIbHOMU cdepbl (KOpIIOpaTHBHASA OTBETCTBEHHOCTh)

/

TpeTuii ypoBeHb
The third level

-

Bricmnii ypoBeHb OTBETCTBEHHOCTH: 6JIaTOTBOPUTEIBHAS IEATEIHHOCTD

The highest level of responsibility, charity work

J

Puc. 2. YpOBHHU COIUAIBHON OTBETCTBEHHOCTH OHM3HeCa
Fig. 2. Levels of the corporate social responsibilities

(Global Sullivan Principles); ComuanpHas xapTus
poccuiickoro 6m3Heca, pazpaboranHas Poccutickum
COI030M MPOMBIIIUIEHHUKOB U MPEJINIPUHUMATEIEH;
MeMopaH/IyM O IPUHITUIIAX KOPIIOPATUBHOM COIHU-
aJIbHOU OTBETCTBEHHOCTH, YTBEPIK/I€HHBIHN Accora-
nuel meHemkepos Poccnu [15, 19—21].

Takum o00pa3oM, H3YyYEHHE TEOPETUUECKOTO
acriexkta CODB 1103BOJINIIO BBIJIEIUTD CYIIECTBYIOIINE
MPUHIHIIBI U K1accuduramnuio yposaer COB.

OpfHOM W3 3a/1au WCCIeIOBAHUS SIBJISAJICS aHAa-
nu3 peanmzanuu koHnennuu COB u ee mpuMeHeHwe
B allTEUHBIX OpraHu3anuax PO. AHaiu3 mpoBOAMI-
¢ Ha OCHOBE HCKJIIOUUTEIBHO MyOJIMIHON UHOP-
MaIlU¥, IPEJICTABJIEHHON AaIllTeYHBIMU CETSIMH Ha
CBOUX OUITHATIbHBIX CAUTAX.

Crienyer OTMETUTbh, UTO B HACTOsAIIEE BpeMs B
anTeYHOM CeKTope (hapMaleBTHYECKOTO pPhIHKA
Poccuu Habr0aeTcss BHICOKUH YPOBEHD Pa3BUTHA
KOHKYPEHTHOI Cpe/ibl U MIOUCK allTeYHBIMU OpTaHU-
3a0UsIMU KOHKYPEHTHBIX IpenMyInecTs [14]. Moru-
TOPHHT CAUTOB anTeYHbIX cereit (30 u3 TOII 100 arm-
TEUHBIX ceTell) [22] MO3BOJIUI YCTAHOBUTD, YTO HH-
dopmarusa o COb HOCUT pparMeHTAPHBIHN XapaKTep,
a Tak)Ke IMO3BOJIWJI BBIZIEJTUTh HEKOTOPBIE ACIIEKTHI
CODb, uyacto yka3pIBaeMble aNTEYHBIMU OpraHU3a-
nuAMU: obecrieueHre HU3KHUX IIeH; HaJU4JKe Kade-
CTBEHHBIX CepTU(MUITMPOBAHHBIX TOBAPOB; HAJIUUHE
CcOOCTBEHHBIX COITUAIBHBIX MPOTPAMM; IIPEOCTaB-
JIEHUE CKUJ/IOK U IIPOBeJIEHUE aKIui; yyacTue B OJia-

the CSR that are often indicated by pharmacy organi-
zations: ensuring low prices; availability of high-
quality certified products; availability of their own
social programs; providing discounts and holding
promotions; participation in charity events; the pres-
ence of projects and programs aimed at helping chil-
dren (funding children’s medical and educational
institutions, assistance to children with disabilities,
abandoned children, orphans, etc.), programs aimed
at helping the elderly, disabled people, veterans; fi-
nancial assistance to the preservation of the cultural
and historical heritage of the country; interaction
with universities (conducting free trainings, work-
shops for students, providing pharmacies as practice
bases, etc.).

The analysis provided information on the level
of implementation of the CSR concept in pharmacy
organizations. It has been established that the infor-
mation about the CSR is fragmentary, has the char-
acter of voluntary initiatives and only external orien-
tation. Content analysis of the websites” information
allows us to note that the frequency of use of the
main keywords, “corporate social responsibility” is
Zero.

In order to understand the role of the CSR in the
development of companies, all management training
programs at the leading US universities and colleges
have been studying the CSR concept for many years.
Russia is beginning to learn from the experience of
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TOTBOPUTEJIPHBIX AKIUAX; HAJIWYKME IPOEKTOB U
[IporpaMM, HaIlpaBJIEHHBIX Ha OKa3aHUE ITOMOIIH
netsaM (puHAHCUPOBAaHME JETCKUX MEAUIMHCKUX U
BOCITUTATEIPHBIX YUPEKIEHUH, MIOMOINb JETAM C
OTPAaHUYEHHBIMH BO3MOKHOCTSAMH, JE€TIM-OTKa3-
HUKaM, JIETAM-CHPOTaM U JIp.), IPOTrpaMM, HaIIpaB-
JIEHHBIX HAa OKA3aHUE IOMOIIYU MOXKWJIBIM JIIOZSM,
WHBAIWJaM, BeTepaHaM; (PMHAHCOBOE COZeCTBHE
COXPAaHEHUIO KYJIbTYPHO-UCTOPUUECKOTO HACJIEUs
CTpaHBI; B3aUMOJIEHCTBHE C By3aMu (IIpOBEIEHHE
OecIIATHBIX TPEHUHTOB, CEMUHAPOB IS CTY/I€HTOB,
MpeZIOCTaBJIEHNE aNTeK B KauyecTBe 6a3 MPaKTUKHU
U 1Ip.).

ITpoBeneHHBIN aHAIN3 TO3BOJINII IOJYIUTh UH-
dbopmaruio 06 ypoBHE peayM3alUU KOHIEIIINH
COBb B anTeyHbIX OpraHU3aIUAX. Y CTAHOBJIEHO, YTO
uHdopmarua o COb ¢pparmenTapHa, HOCUT Xapak-
Tep T0OPOBOJIPHBIX MHUIIMATUB U B OCHOBHOM Kaca-
€TCsl JIUIIb BHEITHEH HarpaBIeHHOCTU. KOHTEeHT-
aHau3 WHGOPMAIUH, IIPEJICTAaBJIEHHON HA CaWTax,
MIO3BOJISIET OTMETUTD, YTO YACTOTA HCIIOJIb30BAHUSI
OJTHOTO U3 OCHOBHBIX KJIIOUEBBIX CJIOB — «COIHAJIb-
Has OTBETCTBEHHOCTH OM3Heca» — HyJIeBasd.

C penpo moHuManua posu COB B pazButun
KOMIIAaHUH BO BCe yueOHBIE IPOTPAMMEI 110 MEHE-
s)kMeHTY Beaymux By3oB CIIIA y»xe MHOTO JIET BXO-
autT usydenue koHienuuu CODB. Poccus maumnaer
OCBAMBATh OIIBIT APYTUX CTPAH B OOYUYEHUU BOIIPO-
cam CODb, yBenmuuBaeTcsi KOJMYECTBO BY30B U
OUBHEC-IIIKOJI, VAEJISIONUX OO0JIbIIIoe BHUMAHHE
STOMY HAIIpaBJIEHUIO. B uncse yumepos B 3TOM Ha-
npaBjieHnd — MOCKOBCKHI TOCY/IapCTBEHHBIA HH-
CTUTYT MEXAyHapoAHbIX orHoiienuit (MIMIMO),
MoCKOBCKHI TOCYAapCTBEHHBIH YHUBEPCHUTET HMe-
Hu M.B. Jlomonocosa (MI'Y), Briciias mkosa 5Ko-
Homuku (BIII3), ®UHAHCOBBIH YHUBEPCHUTET IIPHU
[IpaBurenbctBe P®, CaHkt-IleTepOyprckuii rocy-
napcrBeHHbIN yHuBepcuteT (CII6TY) u np. [23—25].

Pactymee BuuManue k mpobiaemam COB, Ha-
OsrofjaeMoe, IIpeXKzie BCEro, cO CTOPOHBI OM3Hec-
obpaszoBaHUs, CBA3aHO ¢ HGOPMUPYIOUIUMCS 3aIIPO-
COM KOMIIAaHWH Ha UCCJIEIOBAHUs B 3TOU 00J1acTH, a
TaKKe Ha CIIEIHAJINCTOB, CIIOCOOHBIX pa3pabaTsI-
BaTh U BHEJIPATH B MPAKTUKY KOMIIAHUHN COITHATIb-
HbIE CTPATETUH U YIPABJIATH COIUATBHOU JeATeb-
HOCTBIO.

C 2017 1. B Poccru npoBoiuTes MeXK/IyHAPO/-
HBIN KOHKypC «JIuzepst Poccum», 0CHOBHBIM KpHUTE-
pueM i oT60pa (HUHATHUCTOB KOTOPOTO SABJISETCS
Takasg KOMIIETEHTHOCTb, KaK COLMaJbHAas OTBET-
CTBEHHOCTh. B COOTBETCTBUU C BBINIEU3JIOKEHHBIM,
HaM OBLJI0 MHTEPECHO WU3YYUTh COIMAIBHO OTBET-
CTBEHHOE MBIIIUIEHNE 1 OTHOIIIEHNE CTYZEHTOB, KaK
OyIyIIUX CIEIUaIUCTOB o dhapMaIuu, K COIHuaIb-

other countries in teaching of the CSR issues, and the
number of universities and business schools that pay
great attention to this area is increasing. Among the
leaders in this direction are the Moscow State Insti-
tute of International Relations, the Lomonosov Mos-
cow State University, Higher School of Economics
(HSE) University, the Financial University under the
Government of the Russian Federation, the St. Pe-
tersburg State University, etc. [23—25].

The growing attention to the problems of the
CSR, observed primarily on the part of business edu-
cation, is associated with the emerging demand of
companies for research in this area, as well as for
specialists who are able to develop and implement
social strategies in the practice of companies and
manage social activities.

Since 2017, the Leaders of Russia International
Competition has been held in Russia, the main cri-
terion for selecting the finalists of which is such
competence as social responsibility. In accordance
with the above, we were interested in studying the
socially responsible thinking and attitude of stu-
dents, as future pharmacy specialists, to social val-
ues. The pilot study was carried out on the basis of
two student groups (50 people, the fifth year) of the
pharmaceutical faculty of the St. Petersburg State
Chemical Pharmaceutical University. Students were
offered a list of values including 24 positions, from
which the student had to choose the most important
ones for himself. As a result of the answers’ analy-
sis, it was found that 32% of students (16 out of 50)
preferred such values as “justice”; 28% (14 out of
50) chose “responsibility”; 24% (12 out of 50) chose
“material values” and “welfare”. It should be noted
that no student chose such positions as “order”,
“self-discipline”, “obedience”, “teamwork”, etc.
Studies have shown that only 90% of the respon-
dents are familiar with the CSR concept, and all of
them would like to learn more about the subject,
which emphasizes the need for graduates of phar-
maceutical universities to form socially responsible
thinking, the more so since the pharmacia as a sec-
tor of the country’s economy is one of the most so-
cially significant.

The above prompted us to develop a new practi-
cal lesson and lecture on the CSR concept. When de-
veloping the practical lesson the method of case
study was used, which is widely used in Western Eu-
ropean universities as a progressive approach to
training related to management and business in gen-
eral [23]. The lecture and lesson on the CSR concept
were introduced into the educational process at the
St. Petersburg State Chemical Pharmaceutical Uni-
versity this academic year.
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HBIM ILeHHOCTsM. [ImyioTHOe wuccieoBaHUE OBLIO
IIpoBeleHO Ha 0aze /ABYX CTy/IeHUECKHX TpYII
(50 wen.) V kypca dapmanieBTHYeCKOro ¢haxyIbTeTa
®I'BOY BO «Caukr-IlerepOyprckuii rocy/1apCTBEH-
HBIH XUMHKO-(papMalleBTHYECKHH YHUBEPCUTET»
MunsapaBa Poccuu. CryzeHTam ObLT IpeIOXKeH
IepevyeHb IEeHHOCTEN — 24 MO3UINHU, U3 KOTOPBIX
CTYZIEHT JOJKeH ObLT BBHIOpaTh Hambosiee BasKHBIE
It cebsi. B pesysibraTe aHaM3a OTBETOB YCTAHOB-
JIEHO, YTO TAaKOH IIEHHOCTH, KaK «CIIPABEJJINBOCTH»,
OT/aIU TIpEAIIoUYTeHNE 32 % cTyneHToB (16 U3 50);
«OTBETCTBEHHOCTh» BhIOpamu 28 % (14 u3 50); «Ma-
TepUaJIbHble I[EHHOCTH» U «0JIaTOCOCTOSTHHE» —
24 % (12 u3 50). HeobxogumMo OTMETHTb, YTO HH
OZIVH CTYZIEHT He BBHIOpAJI TaKue MO3UIUU, KaK «I10-
PANOK», «CAMOAVICIUIUINHA», «IIOCTYIIAHUE», «KO-
MaHaHaA pabora» u aAp. VccaemoBaHUsA MOKa3asH,
YTO JIUIIb 9O % OMPOIIEHHBIX 3HAKOMBI C IIOHATHEM
COB, u Bce oHU X0Tesw ObI OOJIBIIE Y3HATH 00 3TOH
KOHIIENIUY, YTO IIOAYEepKHUBAaeT HeoOXOAMMOCTh
dopMupoBaHUs Yy BBITYCKHUKOB (dapMalieBTuue-
CKHX BY30B, TeM 0Oosiee 4TO (papMarus Kak CEKTOD
SKOHOMUKU CTPAHBI SBJIAETCA OJTHUM U3 COI[UATIBHO
3HAYKUMBbIX, COITUATILHO OTBETCTBEHHOTO MBIIIJIEHUS.
BrimiensiioxkeHHOE TOOY/TUIIO HAc K pa3paboTKe
HOBOTO ITPAKTHUYECKOTO 3aHATUS U JIEKIIUN 10 KOH-
nennuu COB. IIpu paszpaboTke MPaKTHUYECKOTO 3a-
HATUSA UCIOJIB30BAJICA METOJ, «KeHC-CTafin», KOTO-
PBIH IIUPOKO MIPUMEHSIETCS B 3aI1a/THO-€BPOIIEHCKIX
VHUBEPCUTETAX B KAUECTBE IIPOTPECCUBHOTO OXO-
Jla K OOyYeHHIO, CBI3aHHOTO C MEHEIKMEHTOM U
6uzHecoM B 1iesiom [23]. JIeKIusa u 3aHATHE 110 KOH-
neniu COB BHeZpeHbl B y4ueOHBIH Iporiecc B
®I'BOY BO «Cankr-IlerepOyprckuii rocy1apCcTBEH-
HBIH XUMHKO-(papMalleBTHYECKUH YHUBEPCUTET»
Munsapasa Poccuu B 5TOM y4eOHOM TO/Y.

3AK/IIOYEHUE

l3yueHre TEOPETHYECKUX OCHOB COIMATHHOU
OTBETCTBEHHOCTH OM3HECA IO3BOJIUJIO YCTAHOBHUTD,

CIIMCOK JIMTEPATYPbI
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CONCLUSION

The study of the theoretical foundations of the
corporate social responsibility allowed us to estab-
lish that a socially responsible company should im-
plement a number of principles in its activities that
confirm its position in the field of the CSR.

Monitoring of the official websites of Russian
pharmacy chains has shown that the information
about the CSR is fragmentary and mainly concerns
the external orientation of the CSR. The results of the
analysis of pharmacy chains’ practical voluntary ini-
tiatives related to the CSR concept, show that in the
pharmacy system of the country prerequisites have
emerged for the formation of the CSR methodology
as a new paradigm that will increase the level of im-
plementation of the CSR concept and its use in phar-
macy organizations.
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YTO COIIMAJIFHO OTBETCTBEHHAS KOMIIAHMUS I0JKHA B
CBOEU JIeATETLHOCTH PEAJIM30BhIBAThH PSAJ IMIPUHITU-
TI0B, TTOATBEPKAAIONINX ee Mo3uInio B obactu COB.
MOHUTOPHUHT O(PHUIIHATIBHBIX CAUTOB alITEUHBIX
cetel Poccun nokazait, uro uadopmarnus o COb Ho-
cut pparMeHTapHbIA XapaKTep U B OCHOBHOM Kaca-
eTcs BHemrHed HampasieHHocTu COB. PesysbraTe
aHAJIN3a IPAKTUYECKUX JIOOPOBOJIbHBIX NHUITHATUB
aIITeuHBIX ceTell, oTHocAamuxesa k koumenmnuu COB,
MMOKAa3bIBAIOT, UTO B alITEYHOHN CHUCTEME CTPAHBI MOSI-
BIJINCH IIPEJINOCHUIKY /1711 DOPMUPOBAHUS METO/[0-
sorun COB Kak HOBOH IapajiurMbl, KOTOpasi ITI03BO-
JIUT TIOBBICUTh YPOBEHb peaTM3aI[Ui KOHIENIHNU
COBb u ee npuMeHeHUeE B alITEYHBIX OPTaHU3AIUAX.

KoHdIuKT HHTEpECOB. ABTOPHI 3a5BJISIOT 00
OTCYTCTBUM KOH(JIMKTA HHTEPECOB.
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CBEJAEHUA AJIAd ABTOPOB

TPEBOBAHUA K IIPEJOCTABJIEHUN IO
MATEPHAJIOB JJIA IIYBJIMKAIIN N

B JOURNAL OF SIBERIAN MEDICAL
SCIENCES

B Journal of Siberian Medical Sciences (manee —
JSMS) ny6IuKyI0TCsI HayYHbIe 0630pbI U CTaThH TI0
MEIUITMHCKUM HayKaM, [TO/I'OTOBJIEHHbBIE 10 MaTe-
pUajiaM OpUTHHAJIBHBIX HAyYHBIX HCCJIEOBAHUI.
JSMS BBIXOAUT 4 pasa B rof,.

TpeboBaHusi, IpeAbABIIEMbIE K MyOJIUKATIHAM
B JSMS, chopMyIpoBaHbI ¢ yueToM TpebOBaHUH,
MIPEebSBISEMBIX K PElleH3UPYyeMbIM HAayUHBIM H3-
JIAHUAM, B KOTOPBIX JIOJI?KHBI OBITH OIyOJIMKOBA-
HBl OCHOBHbIE HAay4HbIE PE3yJIbTAThl JHUCCEPTAITNI
Ha COMCKAHWE YUYEHOU CTEeNeHW KaHAuAaTa U IO0K-
TOpa HayK.

CraTbu, OTIIpAaBJIEHHBIE aBTOPAMH B IPyTHe U3-
JlaHus U/UId HalleyaTaHHbIE paHee B HUX, K OIy-
OJINKOBAHUIO HEe TPUHUMAIOTCS.

I[Ipy omucaHWM HAYYHO-HCCJIEI0BATEIbCKUX
KJIMHUYECKUX PabOT ¢ TPUBJIEYEHHEM UYeJIOBEKA
B KauecTBe 0O'bEKTa HMCCIIEOBAHUS aBTOPBI JTOJIK-
HBl yKa3aTh, COOTBETCTBOBAJIA JIX OHH MEXKyHa-
POIHBIM M POCCHHCKHM 3aKOHOJIATEJIbHBIM aKTaM
0 IOPUANUYECKUX U STUUECKUX MPUHITUMIAX MEUKO-
OUOJIOTHUECKHUX UCCIIeIOBAaHUM Takoro poza. He mo-
MMyCKAeTCsA HCIOJIb30BaHue (haMUIUH, MHUITHAIOB
0OJIBHBIX M HOMepOB uctopuil 60se3nu. [Ipu omu-
CaHUM SKCIIEPUMEHTOB Ha >KHUBOTHBIX HEOOXOIUMO
yKazaTh, COOTBETCTBOBAJIO JIH COJIEPyKaHME U HC-
M0JIb30BaHUE JTAOOPATOPHBIX 3 KUBOTHBIX IIPABUJIAM,
MPUHATHIM B YUPEXKJIEHUH, PEKOMEHIAIIUsIM HaIlu-
OHAJIPHOTO COBETA II0 MCCJIEOBAHUAM, HAI[IOHAIb-
HBIM 3aKOHaM.

ABTOpCKUE IMpaBa cobJII0IaI0TCS B COOTBETCTBUHU
¢ I'paxkganckum koziekcom Poccutickoit ®eepanun
(4. 4) ¥ IPyTUMH JAEHUCTBYIOIUMU HOPMATHUBHBIMU
JIOKyMeHTaMHU. ABTOPBI HECYT IIOJIHYIO0 OTBETCTBEH-
HOCTb 32 COZIEpKaHUe CTaTeH.

B penmaknuio JSMS aBTOpHI JIOJIKHBI TTPEIOCTA-
BUTb:

1) 2/1eKMpPOHHYIO 8epcul0 CMambvll, MOATOTOB-
JIEHHYIO B COOTBETCTBUU C TPeOOBaHUAMU K 0OPM-
JIEHUIO CTaTeH, N3JI03KEHHBIMU HUKE;

2) opu2uHa/1 cmambu B TIEYaTHOM BUJIE C yKaza-
HHUEM TOPOJIa, AaThl, DaMUJIUHU C TOJIITUCHIO Ka3KI0TO
aBTopa (Ha IocJIe/THeH CTpaHUIIE), BU30H «B meuarn»
¥ TOATKUCHI0 (HAa TEPBOU CTPaHUIE) 3aBEAYIOIIETO
Kadeapoy NI WHOTO I0JIKHOCTHOTO JIUIA OPTaHU-
3a1uy, Ha 6a3e KOTOPOH BBITIOJTHEHO UCCJIE/IOBAHUE.

ABTOPBI IIPEIOCTABJISIIOT CTAThU B PEJAKITUIO JIUUHO
WJIH TI0 TIOYUTE;

3) coenacue Ha TyOJUKANUK craTbu B JSMS
1 00paboTKy HepCOHAJIBHBIX TAHHBIX aBTOPOB (3a-
MOJTHAETCS KaK/IbIM aBTOpoM) (cM. Ha catite HTMY:
Www.ngmu.ru/cozo/mos);

4) nisa corpypaukor ®I'bOY BO HI'MY MuH-
3apaBa Poccuu (manee — HI'MY) — axcnepmHoe
3ax/moveHue OTAesa KOOpAWHAIMU (deepaTbHbIX
IporpaMM, KOHKYPCHBIX IIPOEKTOB M HHHOBAI[HOH-
HOTO Pa3BUTHS YIPaBJEHUS IO HayKe, MHHOBAIIH-
saM u uapopmatuzanuu HI'MY (cMm. www.ngmu.ru);
JUIsI CTOPOHHUX aBTOPOB — HANpas./eHue Ha ony-
b6auxoeaHue Ha ¢GUpMeHHOM OJIaHKE OpraHU3aIluH,
Ha 6a3e KOTOPOU BBIIIOJTHEHO OPUTHHAJIBHOE HAy4-
HO€ HCCJIeIOBAHHE, 3a MOAMNKCHI0 OTBETCTBEHHOTO
JIOJIZKHOCTHOTO JIMIIA.

IIPABUJIA O®OPMJIEHU A
PYKOIIMCEM

1. TekcT cTaThbu HaOWPAETCA B TEKCTOBOM PeaK-
tope Microsoft Word, Open Office u mp., Bce moss
2 cM, mpudt Times New Roman, kerip 12, Mex-
CTPOYHBIN MHTEPBAJ 1,5. TekeT cTaThul HEOOXOAUMO
HaIMpaBUTh B pefakiuio JSMS B BUJE OTAEIHHOTO
daiina ¢ ykazanuem OO mepsBoro aBropa — lBa-
HoB W.N. Tekct.doc. JlomyckaeTcst oTmipaBka ¢daiiion
B dopmarax doc, docx.

2. ®L10 aBTOpPOB HAbUpAETCsI CTPOYHBIMU OyKBa-
MU KypPCUBOM Ha PYCCKOM f3bIKe. IHUIIMAJIBI IOMe-
maroTea nepes hamuaue apropa. Ilopamok, B KoTo-
poM OyAyT yKa3aHbl aBTOPBI, OIPEJIEIAETC UX CO-
BMECTHBIM PEIIEHUEM.

3. Topon u HazBaHme MecT PabOTHI aBTOPOB
0hOPMJIAIOTCS CTPOYHBIMH OYKBaMH KYPCHBOM
Ha PYCCKOM SI3BIKE.

4. CraTbs TOJI’KHA COIEpKaTh aHHOTAIUIO Ha PyC-
CKOM fI3bIKe. B aHHOTAI[UH T0JTKHBI OBITH U3JI03KEHBI
11eJTH UCCJIEIOBAHU A, OCHOBHBIE IIPOIEAYPHI, PE3YIIb-
TaThl ODUTHHAIHHBIX UCCIIEOBAHUI U BHIBOAKBL. [10/1
AHHOTAIIMEH IOMEIAeTCs IMOA3aroyioBoK «Kirroge-
BBI€ CJIOBa», IIOCJIE HETO JI0 10 KJIIOUEBHIX CJIOB WJIN
KOpOTKUX (pas, KOTOpble OyAyT CIOCOOCTBOBATH
MIPaBUJILHOMY WHJIEKCHPOBAHHUIO CTaThbU B IIOHC-
KOBBIX CHCTEMax M CHUCTEMax IUTHPOBaHUs. AHHO-
TaIUI0 HeOOXOMMO HAIMPaBUTh B pefaknuio JSMS
BMECTE C TEKCTOM CTaThU B BHUJIE OT/IeJIbHOTO (hariia
¢ ykazanuem @O nepsoro aBropa — MBanoB U.U.
anHoTtanusa.doc. Tak:ke IpeIoCTaBIISIOTCS CBEIEHHUS
0 Ka’k/JIoM H3 aBTOpOB: (paMuausg, UM, OTUYECTBO
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(ITOJTHOCTBIO HA PYCCKOM fI3BIKE U B TPAHCIUTEPA-
[I1H), yUeHble 3BaHUS U YUeHas CTeNeHb, IOJIXKHOCTb,
MeCTO paboThI, pabouunii TesseOH U aipec 3JIEKTPOH-
Hoi noutsl (e-mail). CBegeHnsa HeOOXOAUMBI ZIJ1s1 00-
paboTku nmybsukanuil B 6ase TaHHBIX PoCCHICKOTO
WHJIEKCA HAYYHOTO ITUTHUPOBAHUS U JIPYTUX CHUCTE-
MaxX IOUTHPOBAaHUA. AHHOTAIUsA, KJIIOUEeBble CJIOBA,
uHbopMaIysa 00 aBTOpax U Ha3BaHHE YUPEKIECHUH
JIOJKHBI OBITh TaK)Ke IPEeZOCTABJIEHBl HA AHTJIHH-
CKOM sI3bIKE.

5. TabyuIpl IOMeNAIOTCA B TEKCT cTaThu. Ta-
OJIUIBI TOJIKHBI OBITH IMIPOHYMEPOBAHBI IOCJIEO-
BaTEJIBHO B COOTBETCTBUU C MOPAAKOM, B KOTOPOM
OHU YIIOMHHAIOTCA B TeKcTe (Hampumep, Tabi. 1,
TabJyu. 2 U T. 71.).

6. PHCYHKU BCTaBJIAIOTCA B TEKCT CTAThU, A TaK-
JKe IIPEJIOCTABJIAIOTCS B BUE OTAETbHBIX IPOHYMeE-
poBaHHBIX (daiiysioB ¢opmaTa .jpg unu .gif ¢ paspe-
IIleHreM He MeHee 300 dpi. PUCYHKU OKHBI OBITH
KOHTPACTHBIMU U YETKUMHU, OYKBBI, TUGPBI U CUM-
BOJIBI HA HUX JIOJIKHBI OBITh Pa3IMINMBI. PrcyHKa-
MH CUHMTAIOTCSA rpaduKy, peHTreHorpaMMbl, (poTo-
rpaduu win J00ble Ipyrue rpadpudeckre 00bEeKTHI.
doTorpaduu JIro/Iel He TOJKHBI OBITH Y3HABAEMBbI-
MH, JINOO K HUM JIOJI?KHO OBITh IMPUJIOKEHO ITHCH-
MEeHHOe pa3pellleHre Ha UX MyOJIuKaIuo. PUCyHKH
JIOJ’KHBI OBITH IPOHYMEDPOBAHBI IT0CJIE0BATEIHHO
B COOTBETCTBUU C MOPAIKOM, B KOTOPOM OHHU BIIED-
BbI€ YIIOMUHAIOTCSI B TEKCTE — PHUC. 1, PUC. 2 U T. [I.
[Moamucy pas3MenialoTcs B TEKCTE IO PUCYHKAMHU.
B moxnucax k MukpodoTtorpadusM yKasbIBaeTCsA
CTEIeHb YBeJTMYEHU U CIIOCOO OKPACKHU.

7. B TeKCTe cTaThU UCIOJIB3YIOTCS CIIEIYIOIIHE 3a-
TOJIOBKU: BBEJIEHUE, IIeJIh UCCJIEZIOBAHMS, MaTepra-
JIBI ¥ METOJIBI, PE3YJIBTATHI U 00CYK/IEHHE, 3aKII0Ue-
HUe, CIIHCOK JINTEPATyPHI.

8. Hcnonp3yoTes TOJBKO CTAaHAAPTHBIE OOIIIe-
IIPUHATHIE COKpateHus (ab6peBuaTypsbl). He mpume-
HSAIOTCS COKpAIleHUs B Ha3BaHUU cTaThu. [IoHBIHN
TEPMUH, BMECTO KOTOPOTO BBOJIUTCS COKDAIIEHUE,
JIOJIZKEH TIPEJIIIECTBOBATH IIEPBOMY HCIIOJIb30BAHUIO
3TOTO COKPAIIEHUS B TEKCTE.

9. Obsi3aTesIPHO HaJIMYHUeE CIMCKA JIUTEPATYPBI.
Bubnnorpadudueckue cChIKM B TEKCTE CTAaTbU Ja-
I0TcA apabckuMu mudpaMu B KBaZpaTHBIX CKOO-
Kax, B IOJIHOM COOTBETCTBUU C HyMepaIlMeWl CIIu-
cka suTeparyphl. CCHIJIIKU B TEKCTE CTAThU JIOJKHBI
JlaBaThCs IIOCJIEIOBATEJIBHO 10 BO3pAacTaHUIO: [1]...
[2]...[3]... u T. 1. Pa3BepHyTOE ONMMCAHKE UCTOUHUKA
B CIHCKe JINTeparypsl npenocrtasiaiTces no 'OCT
7.0.5-2008. CIICOK JINTEPATyPHI IOJI’KEH COJIePKaTh
myOJIMKaIIy 3a IOoCJIeIHNe 5 JIeT. B criucke sutepa-
TYypBl BCce MH(POPMAIMOHHBIE UCTOUHUKH II€PEIIIC-
JISTIOTCSA B MOPSIZIKE UX IIUTHPOBAHUS.

10. Pepaknusa JSMS Geper Ha cebsi IPUCBOEHHE
Kaxk1oM myOsukyemoit crtatbe HoMmepa Y/IK u ocy-
IECTBJIEHUE TIOJTHOTO TIEPEBO/IA CTAThU HA aHIVIMH-
CKUU SA3BIK.

11. CTaThy, HE COOTBETCTBYIOIINE YKA3aHHBIM pe-
Jlakued TpeboBaHUAM, K OILyOJIMKOBAHHIO HE IIPU-
HUMAIOTCA.

IMMOPAAJOK PEITIEH3UUPOBAHUA
PYKOIIUCEM, IPUHUMAEMBIX
AJA ITIYBJINKAIINN

1. Pykomnucu crarei, HOCTYIUBIINX B PeJAKIIUIO,
HAIIpaBJIAIOTCA JJI pelleH3UPOBaHUA 4YjeHaM pe-
JIAKITHOHHOTO COBETA C IIeJIbI0 UX HKCIEPTHOU OlleH-
KU Ha IpeJMeT COOTBeTCTBUs TpeboBaHUAM JSMS
u Bplcuieil arTecTaliuOHHONM KOMHUCCUU Tipu MUHU-
cTepcTBe 00pa3oBaHus U HAyKu PO.

PerteH3eHTBI yBEAOMJIAIOTCA O TOM, UTO B LIEJIAX
obecrieueHNsA aBTOPCKUX U JAPYTUX HEMMYIIEeCTBEH-
HBIX [IPAB IPUCJIAHHBIE PYKOIIMCH He TOJIJIeKaT pas-
IIalIeHUI0, KOIIMPOBAHUIO, paclpocTpaHeHuIo. Pe-
LIEH3UPOBaHUE ITPOBOIUTCA AaHOHUMHO.

IIpu oTka3e B HaIlpaBJIeHUM Ha pelleH3upOBaHue
IIpe/icTaBJIEHHON! aBTOPOM PYKOIIMCH peJlaKIus Ha-
IpaBJjsieT aBTOPY MOTHUBUPOBAHHBIN OTBET B BJIEK-
TPOHHOM BUJIE.

Pepaknua >kypHasia 110 NMHCBMEHHOMY 3aIlpocy
HAIpaBJIseT aBTOpPAM peleH3UU Ha MOCTYIUBIINE
MaTepuasibl B 3JIEKTPOHHOM BH/Ie. ABTOPBI 00s3aHbI
V4eCTh 3aMeUYaHUs PEIeH3€HTOB U BHECTU B CTAThIO
COOTBETCTBYIOIIYE UCIIPABJIEHU NI IIPEeIOCTAaBUTh
MOTHUBHPOBAHHBIA OTBET O HECOIVIACUU € 3aMeUYaHU-
SIMU pelleH3€eHTa.

PepaknmonHas KoJujlerdsi MPUHUMAET pelleHue
0 BO3MOKHOCTHU ITyOJIMKAIIUY CTAThU WUJIM OTKJIOHS-
eT e€ 10 pe3yJIbTaTaM pelleH3UPOBaHUA.

Periensun xpaHATCA B pefJlaKLIuU KypHaJa B Te-
YeHUe 5 JIET C MOMEHTa Iy OJINKaIIH Y.

2. Pefakniyieil He IOMYCKAIOTCA K Ty OJIMKATIAH:

— CTaThH, TEMATHKA KOTOPBIX HE COOTBETCTBYET
Hay4YHOMY HaIllpaBJIeHUIO XKypHaJIa;

— CTaThM, aBTOPBI KOTOPBIX OTKAa3bIBAIOTCH
OT TEXHUYECKOU JIOPAOOTKH CTaTEM;

— CTaTbhU, aBTOPBI KOTOPHIX HE BHECIIN KOHCTPYK-
THUBHbIE 3aMeYaHHUs pelleH3eHTa B TeKCT CTaTbU
U He IPeJI0CTaBUIIN MOTUBHUPOBAHHBIN OTBET O HECO-
IJIaCUU C 3aMeYaHUAMU pelleH3eHTa.

B cityuyae OTKJIOHEHU CTaThU PeJAKIINA HAIIPaB-
JIIeET aBTOPY MOTHUBUPOBAHHBIA OTKa3. Pemakius
JSMS He XpaHUT PYKOIIUCH, He IPUHATHIE K ITe4aTU.
Pykonmcu, npuHAThle K IyOJIMKaIuM, HE BO3Bpa-

IIAI0TCS.
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