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

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

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

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

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

2Kypnan pacnpocrpansercs 6ecruiaTHo. Teppuropus pacnpocrpaHenus: PO, crpanst CHI, 3apyOeskHbIe CTpaHBI. JJIEK-
TpPOHHas Bepcusi (AHHOTHPOBAaHHOE COZIEPIKAHKE) TOCTYIIHA [0 afpecam: http://jsms.ngmu.ru, https://elibrary.ru
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3.1. KIMHUYECKASI MEOULIMHA

Abpamosuu C.I'., i-p Mefi. HayK, pod., 3aB. Ka-
denpoii pusnorepanvy v Kypoprosioruy, IpyT-
CKasi roCy/IapCTBEHHASA MEJUIIMHCKASA aKaIeMUs
MOCT/AUIUIOMHOTO 00pasoBanusi — dpuman Poc-
CHICKOM MEJTUITTHCKOM aKa/IeMUH HEIIPEPHIBHO-
ro rpoceccroHaibHOro 06pazoBans (IPKyTCK)
bummep H., 1-p MeUIUHEL, IPod. AenapTa-
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CKUM TOCY/IAPCTBEHHBIN MEUITUTHCKIH YHUBEP-
curet (Bosrorpay)

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

Momom A.IL., n-p Mez. HayK, npod. kadeaps
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Mopovik A.B., 1-p Men. HayK, mpod., 3aB. Ka-
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dexnnoHHbIX 6ose3HeN, OMCKHUI TOCyAap-
CTBEHHBIH MeANIIMHCKUY yHUBepcUTeT (OMCK)
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IIUHCKUU yHUBepcuTeT (XabapoBck)

Cmazuna H.B., 1-p MeJ. HayK, 1pod., 3aB. Ka-
(enpoii HeBpOIOrUY U HEHPOXUPYPTHHU C Kyp-
com JIT1IO, AstalicKuil rocy/JapCTBEHHBIN Me-
JMUIUHCKUN yHUBepcuteT (BapHayJt)
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Madonos I1.I'., i-p mMef. HayK, npod., 3aB. Ka-
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Domumnvix C.I'., i-p MeJl. HayK, JOLIEHT, 3aB.
kade/1poii hapMakoIOTHH, KIHHHYECKOH dap-
Makosioruu, OMCKUH ToCy/1IapCTBEHHBIN Me/IH-
IuHCKUU yHUBepcuTeT (OMCK)

Illepmaesa K./., n-p dapm. HayK, ipod., 3aB.
kade/Ipoii OpraHu3aIuy U yrpasiieHus papma-
eBTHYecKoro sesa, lOxxuo-KazaxcraHckas me-
nunuHckasn akagemus ([IIsivkent, Kazaxceran)

IToanucano B mevats 12.09.2024.

JlaTa BBIXOZIa B CBET 13.09.2024.
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6upCK, yJI. 3aJ1ecCKOro, 4.

E-mail: sibmedizdat@mail.ru,
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AHaiu3 (paKkTOpOB, ACCOITMHUPOBAHHBIX C TAMKECTHIO TEUEHUS
HOBOH KOpOHABUPYCHOU nH@PeKIuu, Bbi3BaHHOU SARS-CoV-2

JI.A. Jlees* 2, B.b. [Tuaxacos®3, 10.B. JIyros2, B.I'. CensaTuiikas?

'@I'AOY BO «Hogocubupckuil HauuoHaabHblil uccredosamensekuil 20cydapecmeermblil yHusepcumems», Hosocubupck,
Poccus

2@I'BHY «®edepanvHblil uccaedosamenvckuil yenmp GyHoameHmanbHol U mpaHCALYUOHHOU MeOUYUHBL»,
Hosocubupck, Poccus

3@I'EOY BO «Hogocubupckuil 2ocydapcmeenHblilt meduyuHcekuil ynusepcumem» Munadpasa Poccuu, Hosocubupck,
Poccus

AHHOTAIIUA

BBengeunue. V3 KIMHUYECKUX HAOTIOEHUH CIIEyeT, UTO HauboJiee TsXKEJI0e TeUeHHE HOBOW KOPOHABUPYCHOM
nHbekiuu (HKN), BoizBanHOi SARS-CoV-2, Hab/II0/1aeTCs y JINUIL ¢ OKUPEHNEM U aCCOITUMPOBAHHBIMH C HUM MeTab0Iu-
YEeCKUMU U CEP/IEUHO-COCYAUCTHIMU 3a00JIEBAHUAMHU, IIPU 3TOM Y MMAI[UEHTOB CTapIlledl BO3PaCTHOW TPYIIIbI, KMEOITUX
KOMOPOU/IHYIO ITaTOJIOTHIO, 3a00JIeBaHUEe TIPOTEKAET B ellle OoJiee Tsukenaon popme.

Il e 1 ». HM3yuynuTh accolUAIMIO aHTPOIIOMETPHYECKHX U KJIMHUKO-TA00PATOPHBIX IOKA3aTesel, XapaKTePUBYIOIIIX
oJKHUpeHmue, ¢ ocobennoctsiMu teuenvss HKU 1is BoIsiBIeHUs Hanbosiee 4yBCTBUTEIBHBIX MAPKEPOB TsKECTH 3a00IeBAHIIS.
MaTtepuaab U METOJ/Bbl. BuceaegoBaHre BKIOYEHBI 172 maruenTa (My>KUYUHBI U KEHIIIUHBI B BO3pacTe
ot 33 710 86 sieT (cpeHUH Bo3pacT 62.2 + 12.1 T0/1a)), HAaXOAMBIIUXCA Ha craiinoHapHoM JedeHun ¢ HKU B nHeKInoH-
HOM TOCIIUTasIe B 2020—2021 IT. BosibHbIE ObLTH pas3/ie/ieHbl Ha JIBEe TPYIIIIbL: TPYIIIA 1 — MAI[UeHTHI CO CPEHEN CTEIEeHbI0
TsKecTH (n = 127), a Tpynmna 2 — GoJIbHBIE C TSKEJIBIM TeueHueM 3abosieBanus (n = 45). IIallUeHTOB C JIETKUM TeUeHHEM
Cpey TOCHUTAIU3UPOBAHHBIX He ObUIO. BceM manpeHTaM NPOBEZEHBI KIMHUUYECKOE 00CIe0BaHUE, aHTPOIIOMETPUS,
sab0paTOpPHOE ¥ WHCTPYMEHTAJIBbHOE HCCIIEZIOBAHUA, B TOM YHCJIE SXOKapjuorpadguueckas OIE€HKA CTPYKTYPHO-
(yHKIIMOHAIBHBIX TTAPAMETPOB CEP/ILIA C OIIPE/IeIEHUEM TOJIIIUHBI SITHKapIuaibHOro xKupa (TIIK).
PesyanbTarhbl. Y nanueHtoB ¢ TsukeabiMm TedeHnem HKU unzexce komopbugnoctu CIRS-G 6bL 10CTOBEPHO
BBIIIIE, YEM Y MTAITHEHTOB CO CPEIHEN CTeeHbI0 Ts3KecTH (p < 0.05). ITarueHTsI ¢ TsokeabiM TedeHneM HKH takske numenu
0oJiee BhIpaKEHHOE BUCIIEPATIBHOE OKUPEHHUE, O YEM CBH/IETEJIHCTBOBAIN CTATUCTUYECKH O0Jiee BhIpaKEHHbIE 3HAUEHU S
TaKUX [TOKa3aresel, kak 00beM tasiuu (OT), oTHOIEeHNE 00beM Tasinn/00beM Oesiep (OB) u TIK.

Jlns BeIABIIeHUs (PAKTOPOB, aCCOIUMPOBAHHBIX C TsKecThio TeueHus HKV, OGb11 IpOBe/IeH KOPPEIAIMOHHBIN aHAINS.
BeIsIBJIEH Psi/i CTATHCTUYECKH 3HAYMMBIX KOPPEJISIIIUOHHBIX CBA3€eH (IT0JI0KUTEIbHBIX U OTPULIATEIBHBIX) MEXKIY KITI0Ue-
BBIMH [TOKA3aTeISIMU, XapakTepusyomumu tsbkectb HKU, u pakropamu, BausiionuMu Ha Hux. Camoe 00JIbIIToe KoIude-
CTBO KOPPEJISAIIMOHHBIX CBsI3€el ObLI0 ¢ TokazaTeaeM TOXK, HMENUM CTaTUCTUYECKH 3HAYUMYIO IIPSIMYI0 KOPPEeJISIIHOH-
HYIO CBSI3b C JIUTUTEJIBHOCTHIO TOCITUTAIN3AINH, YPOBHEM C-peakTUBHOTO OeJika, pUOPHUHOTEH], a TaK:Ke ¢ 00beMOM Iopa-
skeHus Jierkux. OTpuIaTeabHas KOPPEIAIMOHHAs CBSA3b ObLIa BBISABJIEHA C YPOBHEM caTypaIluu, ob1ero 6eika u aab0y-
MuHa. KosimuecTBo KOppeAUOHHbIX cBA3el ¢ TAXK mpakTruecku B 2 pa3a MpeBBINIAJIO IPYTUE TTOKa3aTesId, U YPOBEHD
cuibl cBsizedt 6611 BhIre. 3a TAXK nasee cineoBanu OT u otHomenre OT/OB. Ha TpeTbeM MecTe pacIioIOKIICS HHIEKC
xomop6unnoctu CIRS-G.

3aKkJyoueHUe. Hamuune BUCIHEPATHHOTO OKUPEHUS ABJISETCA MPEAUKTOPOM JIJTUTETBHOCTA TOCITUATAIA3AINN
ramnueHTa u xapakrepa reuennss HKU, a T97K okazanach HanboJiee 9yBCTBUTETbHBIM MaPKEPOM TSI?KECTH TeUeHUsT MH(pEK-
IAOHHOTIO 3a00JIeBaAHUS.

Knaioueenle cnro6a: HOBasi KOpOHABUPYCHASA MH(EKIHSA, OKUPEHHE, TOJIUHA SITHKAPAUAIBHOTO JKUPAa.

O6pasen nmurupoBanusna: /lees JI.A., ITunxacos B.b., JIyro 0.B., Censtunkas B.I'. AHanu3 ¢pakTopoB, acco-
IIMAPOBAHHBIX C TSKECTHIO TEUEHUsI HOBOM KOPOHABUPYCHOH nHDeKIwH, Ber3BaHHOU SARS-CoV-2 // Journal of Sibe-
rian Medical Sciences. 2024;8(3):7-18. DOI: 10.31549/2542-1174-2024-8-3-7-18
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An analysis of factors associated with the severity
of the novel coronavirus infection caused by SARS-CoV-2

D.A. Deev*2, B.B. Pinkhasov*3, Y.V. Lutov3, V.G. Selyatitskayas3

Novosibirsk State University, Novosibirsk, Russia
2Federal Research Center for Fundamental and Translational Medicine, Novosibirsk, Russia

3Novosibirsk State Medical University, Novosibirsk, Russia

ABSTRACT

Introduction. Datafrom clinical studies indicate that the most severe course of the novel coronavirus infection
(NCI) caused by the SARS-CoV-2 virus is observed in people with obesity and associated metabolic and cardiovascular
diseases, then, in elderly patients with comorbidities, the disease proceeds in an even more severe form.

A i m . To study the association of anthropometric and clinical laboratory parameters characterizing obesity with the
course of the NCI in order to identify the most sensitive markers of the disease severity.

Materials and method. 172 patients (men and women) aged from 33 to 86 years (mean age
62.2 + 12.1 year) who were under inpatient treatment for the NCI in an infectious hospital during 2020—2021 were exam-
ined. The patients were divided into two groups: group 1, patients with the moderate course of the NCI (n = 127), and
group 2, patients — with the severe (n = 45). There were no patients with the mild course of the NCI among those hospital-
ized. All patients underwent anthropometric, laboratory and clinical examinations, including echocardiographic assess-
ment of the structural and functional parameters of the heart with the epicardial fat thickness (EFT) assessment.

R esults. Inpatients with severe NCI, the Cumulative Illness Rating Scale for Geriatrics (CIRS-G) score was signifi-
cantly higher than in patients with moderate NCI (p < 0.05). Patients with the severe NCI also had more pronounced vis-
ceral obesity, as evidenced by statistically much higher values of such indicators as waist circumference (WC), the waist and
hip circumference (WC/HC) ratio and EFT. A correlation analysis was performed to identify factors associated with the
severity of the NCI. A number of statistically significant correlations (positive and negative) were identified between key
indicators characterizing the severity of NCI and the factors affecting them. The largest number of correlations was identi-
fied with the EFT, which had a statistically significant direct correlation with the duration of hospitalization, levels of
C-reactive protein, fibrinogen, as well as the volume of lung damage. A negative correlation was found with the levels of
saturation, total protein and albumin. The number of correlations with EFT was almost 2 times higher than with other
indicators, and the correlation strength was higher. EFT was followed by WC and the WC/HC ratio. In third place was the
CIRS-G score.

Conclusion. Visceral obesity is a predictor of the hospitalization duration and the NCI progression, and the EFT
turned out to be the most sensitive marker of the severity of the studied infectious disease.

Keywords: novel coronavirus infection, obesity, epicardial fat thickness.
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BBEJAEHUE INTRODUCTION

HoBas xoponaBupycHas wuHbeknusa (HKI),
BBI3BaHHAA KOPOHABUPYCOM 2-TO THIIA, KOTOPBIH
OTBETCTBEHEH 3a TSKEJIbIH OCTPHIH PeCITUPATOPHBII
cunsipoM (SARS-CoV-2), siBjisieTcst OnlacHbIM HH(}EK-
IIMOHHBIM 3a00JIeBaHIEM, IIOPAKAIOIIUM HE TOJIBKO
OpraHbl CHUCTEMBl [IbIXaHHSA, HO U CEPAEYHO-
COCY/TUCTOH, SHIOKPUHHOH, MIHUIEBAPUTEIBHOH H
JIDYTHX CHCTeM, HePeJKO NPUBOAAIINM K JIeTaIb-
HOMY ucxoyy. OHUM U3 KII0UEBbIX U KPUTUUECKHIX
MexaHn3MoB naroreHe3a HKU aBnserca passutue
TaK Ha3bIBaeMOI'0 IUTOKHHOBOTO IITOPMA, fABJISAIO-
merocs TUIMEPIPruuecKod peaknueld WMMYHHOU

The novel coronavirus infection (NCI) caused by
the coronavirus 2 (SARS-CoV-2), responsible for the
severe acute respiratory syndrome, is a dangerous
infectious disease involving organs of both cardio-
vascular system and endocrine, digestive and other
systems, and often leading to the fatal outcome. One
of the key and critical pathogenic mechanisms of the
NCI is the development of the cytokine storm, a
hyperergic immune response to the entry of an
organism by a dangerous pathogen, which involves
the cytokine overexpression by activated immune
cells [1, 2]. Such an excessive immune response ini-
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CHCTeMBbI UeJIOBEeKa Ha BHEJPEHNE OITacCHOTO HHpEK-
IIMOHHOTO areHTa B OPraHM3M, KOTOpas 3aKJIda-
eTcsl B U30BITOYHON BBIPAOOTKE aKTUBUPOBAHHBIMU
KJIETKAaMH UMMYHHOU CHCTEMBI IIUTOKUHOB [1, 2].
Takast uype3aMepHasi peakIus UMMYHHOU CHUCTEMBI,
HCXO/THO MMeIOIasi 3aIUTHYIO (PYHKITUIO, CIIOCOOHA
BBI3bIBATh T'€HEPAIN30BAHHOE TUIEPBOCHATIUTENb-
HOe COCTOsHUE OpraHu3Ma, IOBpeXKaalee cob-
CTBEHHBIE KJIETKH U TKaHU [1, 3], HauboJiee spKoOe
e€ro TpOsIBJIEHWE — OCTPBhIA PpeCIUpaTOPHBIA
nuctpecc-cuuapom (OPIC).

I[To mawmHBIM JsUTepaTyphl Haubosiee TsKeIOe
teuerne HKM HaGuiofaeTcs y JIMI] C OKUPEHHEM,
CJI Tuna 2 1 3a6071€EBAaHUSIMH CEPAEUHO-COCYAUCTOM
CUCTEMBbI, YaCTO IPUBO/IA K PA3BUTHUIO OCIOKHEHUH,
TaKUX Kak HH(aAPKT MUOKAp/a, OCTPOe HapyIleHNe
MO3TOBOTO KPOBOOOpAIIeHUsI U JApPYTHe, 3aMbIKast
TeM CaMbIM ITOPOYHBIN KpyT [2]. Y manueHToB cTap-
el BO3pacTHOM I'PYIITHI, HMEIIINX KOMOPOU/THYIO
[aTOJIOTHI0, 3a00JIeBaHUE TPOTEKAET B elle Oosiee
TsKEI0N popme.

V3BecTHO, YTO ¢ BO3PACTOM B OPTaHU3ME YBEeJIU-
yHuBaeTCs KoyimuecTBO kupoBoi TkaHu (OKT), c
XapaKTEPHBIM ee HAKOIUIEHHEM B a00MIHAIbHBIX
JKUPOBBIX JIerno. AOJOMUHAJIBHBIA THII OXKHPEHUS
XapaKTepusyeTcs HaKoIuieHneM BuclepaabHou KT,
KJIETKU KOTOPOH CEKPETUPYIOT LIeJIbIH PAJL aIUIIOKH-
HOB. Kpome Toro, B BucnepaabHOr KT BBIABIAIOT
60JIbIII0E KOJTUYECTBO MaKpOGharos U APYTUX KIETOK
MMMYHHOH CUCTEMBI, CEKPETUPYIOIIUX ITUTOKUHBI,
KOTOpbIe YYaCTBYIOT B IIOJJIEP>KAHUU CHCTEMHOTO
BSUIOTEKYIIIETO XPOHUUYECKOTO BOCHAJEHUA [4].
MoxHO TOpenmnosokKuTh, YTO BUcHepaynbHad KT,
SABJIAIONIASACA HCTOUHHUKOM ITPOBOCHAJIUTEIBHBIX
IIUTOKMHOB, CIOCOOHA TIOTEHIUPOBATh PA3BUTHE
IUTOKIMHOBOTO IITOPMA U yTSIKENIATh, TAKUM 00Opa-
30M, TeUeHNe 3a00JIeBaHUA.

IOEJIb NCCJIEJOBAHUA

V3yuuTh acconmauio aHTPOIIOMETPUYECKUX U
KJIMHUKO-JIaDOPaTOPHBIX MTOKAa3aTeJIeN, XapaKTepH-
3YIOIIUX OKHPEHUE, C OCOOEHHOCTAMH TEYeHH
HOBOM KOPOHABUPYCHOU HWHGEKINU, BBI3BAHHOU
SARS-CoV-2, nnsa BbIsABIeHUsI Hanbosee UyBCTBU-
TeJIbHBIX MapKepOB TAKeCTH 3a00IeBaHUA.

MATEPUAJIBI 1 METO/IbI

B wuccnenoBaHWY TPUHSIM ydacTHe 172 Talu-
eHTa (My)KYHHBI U JKE€HIUHBI), HAXOUBIINXCA Ha
CTAIIIOHAPHOM JIEUeHUHN B WH(EKIIMOHHOM TOCITH-
tasle HoBocuOUPCKON KJIMHUYECKOH parOHHOU
6ospauLBI N2 1 (HKPE N 1). B uccienoBanue BKIIIO-
YeHBI TAaIlUEeHThI B Bo3pacTe oT 33 /10 86 Jet (cpen-
HUH BO3pacT 62.2 + 12.1 roJia), TOCIUTATN3UPOBAH-

tially having protective function, can cause systemic
hyperinflammatory condition affecting cells and tis-
sues of the organism itself [1, 3]. The most striking
sign of that excessive inflammation is the acute respi-
ratory distress syndrome (ARDS).

According to the literature data, the most severe
disease is observed in patients with obesity, type 2
diabetes mellitus, cardiovascular diseases, often
causing complications, such as myocardial infarc-
tion, acute cerebrovascular event, etc. and complet-
ing a vicious circle [2]. In elderly patients with
comorbidities, the disease take more severe course.

It is known that the volume of adipose tissue (AT)
with age increases, with a specific tendency to accu-
mulate in abdominal fat depots. The abdominal type
of obesity is characterized by the accumulation of
visceral AT whose cells secrete a number of adipo-
kines. Besides, in visceral adipose tissue, a lot of
macrophages and other cytokine releasing immune
cells are revealed that participate in maintaining the
systemic low-grade inflammation [4]. It is suggested
that visceral adipose tissue being a source of anti-
inflammatory cytokines, can initiate the cytokine
storm development, and, as a result, aggravate the
course of the disease.

AIM OF THE RESEARCH

To study the association of anthropometric and
clinical laboratory parameters characterizing obesity
with the course of the NCI in order to identify the
most sensitive markers of the disease severity.

MATERIALS AND METHODS

We have recruited for the study 172 patients (men
and women) that were under inpatient treatment in
the Infectious Department of Novosibirsk Clinical
Regional Hospital No. 1 (NCRH No. 1). Patients aged
from 33 to 86 years (mean age 62.2 + 12.1 year) hos-
pitalized with the diagnosis of NCI were included
into the study. The NCI diagnosis was made accord-
ing to the positive testing for SARS-CoV-2 RNA by
polymerase chain reaction. The inclusion criterion
was the period of up to 10 days since the onset of the
disease. The exclusion criterion was the presence of a
severe concomitant disease decompensation. The
severity of NCI, as well as the regimen of treatment
were determined according to the Interim Guide-
lines for Prevention, Diagnosis and Treatment of a
Novel Coronavirus Infection, version 9 26.10.2020)
which were in force at that time.

Based on criteria from the Guidelines, the partici-
pants of the study were divided into two groups:
group 1, patients with the moderate NCI (n = 127),
and group 2, patients with the severe NCI (n = 45).
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Hble ¢ nuarHo3om HKU. /lmarnos HKU 6wt ycra-
HOBJIEH Ha OCHOBaHUMU I10JI0:KUTeAbHOTO II1[P-TecTa
Ha onpezenenue PHK SARS-CoV-2. Kpurepuem
BKJIIOUEHUS MAI[EHTOB B HCCIEOBaHUE OBLT CPOK
He 6oJiee 10 CyT OT MOSIBJIEHUS] CHMIITOMOB 3a00J1e-
BaHusA. KpurepueM WHCKIIOUEHUs TAIUEHTOB U3
HCCIEZI0OBAaHUA ObLIO HAJIMYHUE TSKEJIOU COMYTCTBY-
IOIIel ITaTOJIOTUH B CTaAuM JekoMmiieHcanuu. Cre-
neHsb Tsxectu TeueHusa HKU y manueHToB, a Takke
00'beM MPOBOJAUMOM TEpAIUU ONPENEISIIH B COOT-
BETCTBHUU C JIEUCTBYIOIIMMU HAa TOT MOMEHT «Bpe-
MEHHBIMHU METO/TUYECKUMU PeKOMeHjanusaMu. [Ipo-
(mrakTrKa, IMAaTHOCTUKA U JIeueHHe HOBOH KOpO-
HaBupycHou uHOpeknuu (COVID-19)», Bepcus 9
(26.10.2020).

Ha ocHOBaHWHM JTaHHBIX KPUTEPHUEB YYACTHUKH
HCCIIe/IOBaHUsA ObUTH pas/iesieHbl Ha JIBE TPYIIIBL:
rpymIma 1 — MaueHThbl CO CPeTHEN CTENEHbIO TsKe-
ctu (n = 127), a rpymnmna 2 — MarueHThl ¢ TIKeJTbIM
TeueHueM 3abosieBanusd (n = 45). ITarueHTOoB C JIer-
KUM TeUYeHHEeM CpeIHd TOCIHUTATU3UPOBAHHBIX HE
6bu10. IlanueHThl OBLIM OTOOPAHBI METO/IOM CJIy-
YaHHOU IOCJIEIOBATEIHbHON BBHIOODKH B TEUEeHHE
2020—2021IT.

Bcem mammeHTaM IIPOBEEHBI: KJIUHHUYECKOE
obciiesfoBaHNE, AaHTPOIIOMETPHsA, JabOpaTOpHOE U
WHCTPYMEHTAJIbHOE HCCIeIOBAHUA. AHTPOIIOMe-
TpUS BKJII0YAJIa U3MEpPEeHHe POCTa, MacChl Tesia, 00b-
ema 6enep (OB) u o6bema Tamum (OT); Takke pac-
CUMTBIBAJICA  HWHAEKC Macchl Tena (MMT):
NMT = m/h?, rme m — macca Tesa, Kr; h — pocr, M.
JlabopaTopHOe WHCCJIe/IOBAaHNE BKJIFOYAJIO OOIIUN
aHAIN3 KPOBU U OMOXMMHYECKU aHaau3 (YpOBHH
QJIAHWHOBOM W aclaparmHOBOU aMUHOTpPaHcdepas
(AJIT, ACT), nakratmerunporenassl (JIAT), rutro-
ko3bl, Tpuruiepuzos (TT), obIiiero xosecrepuHa
(XC), XC munomnpoTenioB BHICOKOW U HU3KOH ILJIOT-
Hoctu (JIIIBII, JIITHII), C-peakTwBHOrO Oe€ika
(CPB), dubpunorena, obiiero 6Genka, ajpbOyMuHa,
KpeaTUHHWHA; OIPEJIEISIA CKOPOCTh KJIYOOUKOBOH
dmrprpanun (CK®)). MHCTpyMEHTAIBHOE HCCIIEO-
BaHUE BKJIIOYAJIO PEHTTeHOTpadHUi0 OPraHoB IPy-
HOU KJIETKH, SXOKapAuorpaduyeckyio OILEHKY
CTPYKTYPHO-GYHKIIMOHAJIIBHBIX ITAPaMETPOB CEP/IIia
C OTIpe/ie/IEHUEM TOJIIIIUHBI SITUKAPANAIBLHOTO JKUPa
(T97K) u3 craHmapTHOU JIEBOH IapacTepHAIBHOU
mosuruu Ha arnnapate GE Vivid Eg (General Electric,
CIIA) c KUCIIo/Ib30BAHHEM MATPUYHOTO CEKTOPHOTO
nmaturka M5S (1.5—4.6 MI'm).

Kimnanueckoe o0ciieioBaHre BKIIOYAO cOOp
aHaMHe3a, U3y4yeHre aMOyJIaTOPHBIX KapT U UCTO-
puii 60JIe3HHU, aHAJIN3 HAJMYUS U BBIPAKEHHOCTH
COIYTCTBYIOIUX MATOJIOTHYECKUX COCTOSTHUU, pac-
YeT WH/eKCa KOMOPOUIHOCTH JJIsl TTOXKHUJIOH IIOITy-

There were no patients with the mild NCI course
among those patients. Patients were selected using
random sequential sampling for 2020—2021.

All of them underwent anthropometric, laboratory
and clinical examinations. Anthropometry included
the measurement of height, body weight, waist cir-
cumference (WC), hip circumference (HC), as well as
body mass index (BMI) (BMI = m/h?, where m — body
weight, kg; h — height, m) was calculated. Laboratory
examination included complete blood count and bio-
chemistry (alanine aminotransferase (ALT), aspara-
gine aminotransferase (AST), lactate dehydrogenase
(LDG), glucose, triglycerides (TGs), total cholesterol
(Ch), high-density lipoprotein (HDL) and low-density
lipoprotein (LDL) cholesterol, C-reactive protein
(CRP), fibrinogen, total protein, albumin, creatinine,
glomerular filtration rate (GFT)). Clinical investiga-
tion included chest x-ray, echocardiographic assess-
ment of the structural and functional parameters of
the heart with determination of epicardial fat thick-
ness (EFT) from the standard left parasternal position
using a GE Vivid E9 (General Electric, USA) ultra-
sound machine with matrix array sector transducer
probe M5S (1.5—4.6 MHz).

Clinical examination included the interview,
study of the outpatient records and medical histo-
ries, analysis of the presence and severity of concom-
itant pathological conditions, calculation of the
comorbidity index for the elderly population CIRS-G
(Cumulative Illness Rating Scale for Geriatrics).
During the whole period of hospitalization in the
NCRH No. 1, the body temperature, pulse rate, blood
pressure, saturation level were measured in all
patients. Patients were treated accordance with the
Interim Guidelines.

Statistical processing of the data was carried out
using basic package of STATISTICA 10.0 (StatSoft
Inc., USA) software. Because the distribution of the
sample’s variables assessed by the Kolmogorov-
Smirnov test differed from normal, the statistical sig-
nificance of differences was determined using the
Pearson’s y?test for qualitative variables. To check
the equality of some sample’s medians, the Kruskal-
Wallis H test was used. For determining the linear
relationship between two variables, the Spearman’s
rank correlation (r) was performed. Probability of
the truth of a null hypothesis was accepted at statisti-
cal significance of 5% (p < 0.05).

RESULTS

There were no significant differences between the
groups studied by age and gender characteristics.
Patients with severe NCI had much higher statistical
significance of CIRS-G score. An analysis of the basic
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asmuu CIRS-G (Cumulative Illness Rating Scale for
Geriatrics). B TeueHue Bcero neprojia rociuTaIn3a-
nuu B HKPB N© 1y Bcex nareHTOB, y4aCTBYIOIIUX B
WCC/IeIOBAHUY, U3MEPSUIM TEMIIEpaTypy TeJa,
YacTOTy IyJIbCa, apTEPUATIbHOE JIaBJIeHIE, YPOBEHD
caTyparuu. JleueHre MPOBOJIUJIA B COOTBETCTBUHU C
OOIIETPUHATHIMU PEKOMEH/IAITUSMHU.

CraTHCTHYECKYI0 OOpPabOTKY IMOJIyYeHHBIX JTaH-
HBIX IPOBOJIMJIM C TIOMOIIIBI0 6A30BOTO IaKeTa IMPo-
rpamMm STATISTICA 10.0 (StatSoft Inc., CIIIA).
ITockoJbKy pacrpeziesieHre aHAIN3UPYeMbIX ITOKa-
3aTejiell B BBIOOPKE, OIeHEHHOE P ITOMOIIH TeCTa
Kosmoroposa — CMupHOBA, OT/INYAIOCh OT HOP-
MaJIPHOTO, CTATUCTHYECKYIO 3HAYUMOCTh OTJIMUMH
OIIEHUBAIM C WCIOJIb30BaHUEM Kputepus ¥> ITup-
COHA JIJI51 KaUueCTBEHHBIX TpU3HaKoB. [Ipu mpoBepke
paBeHCTBA MeZ[aH HECKOJIBKUX BBIOOPOK HCIIOIB30-
Basicst H xpurepuii Kpackesna — Yostuca. 14 omipe-
JleJIeHUs JIMHEHUHO! CBA3U MEXAY JABYM: BeJINYU-
HaMU [IPOBOJIWJIN KOPPEJIAIUOHHBIN aHanu3 Coup-
MeHa (r). BeposATHOCTb CHpaBemJIMBOCTH HYJIEBOM
THUIOTE3HI (P) IPUHUMAIIH IIPHU 5% YPOBHE 3HAYNMO-
ctu (p < 0.05).

PE3YJ/IBTATBI 1 OBCYKAEHUE

[To mOJI0OBO3pACTHBIM MOKA3ATEIAM aHATU3UPYE-
MBbI€ TPYIIITHI TAIIUEHTOB CTATUCTHYECKU 3HAUNMO HE
pasnuyanuch. [lanuenTs! ¢ Tskeson crenenpio HKU
UMeJIN CTaTUCTUYECKU 0oJiee BBIPAYKEHHBIH HHIEKC
koMmopOuaHOCTH CIRS-G (TabJ1. 1). AHAJIM3 OCHOBHBIX
KJIMHUKO-JIa00paTOPHBIX IIOKAa3aTes e U aHTPOTIOMe-
TPUYECKHX JAHHBIX ITOKA3aJI, UTO y MAIMEeHTOB 1-H U
2-H TPYIIIT KOJIMYECTBO SPUTPOITUTOB B YPOBEHD rEMO-
I0OMHA HAXOWINCH B TIPe/ielaX HOPMATHBHBIX 3HA-
YeHHH, IPYU TOM JIaHHbIE TIOKa3aTe U ObLIN BHIIIE B
rpymne 2. HecMOTpsi Ha BEIpa)KEHHBIA BOCTIATTATETb-
HBIA MPOIECC, Cpe/HEEe KOJIMUECTBO JIEUKOIUTOB
HaXOJIMJIOCHh OJIMKe K BepXHeH rpaHuiie pedepeHc-
HBIX 3HAYEHUU W TPYIIIHI 110 JAHHOMY IOKa3aTeTI0
TaKKe He Pa3INYJINCh. YPOBEHb CKOPOCTH OCEaHU
SPUTPOLUTOB CYIIIECTBEHHO TPEBBINA pedepeHc-
HbIE 3HAYEHWS, HO B TPYIIIaX CTATUCTUYECKH 3HAYU-
MBIX Pa3IMYUi BBIABJIEHO HE OBLIO.

Ananu3 OMOXMMHYECKHUX MOKa3aTesedl BbIABIII
CTATUCTUYECKU 3HAYMMBbIE MEKTDPYIIIOBBIE DPA3JIH-
YpsA 0 CJIEAYIONIUM IOKa3aTessAM: YPOBEHb IJIIO-
ko3bl, CPB, ¢pubpuHoTeHa, KOTOphle ObLIN BBIIIIE B
rpymIie IManueHToB ¢ TsakenblM TedeHueM HKU, a
ypoBeHb 00OIiero Oeaka U aJlbOyMHHA OKAa3aJICsA
JIOCTOBEpHO HIKe. Kpome TOTO, TaueHThl U3
TPYIIIBl 2 UMEJIU CTAaTUCTUYECKH 3HAYMMO MEHb-
WA YpOBEHb cCaTypalliil KPOBU KHCJIOPOJIOM H
CYIIIECTBEHHO OOJIBIIYIO ILIOIIA[b IOpa’keHUs
JIETOYHOM TKaHH.

clinical laboratory parameters and anthropometric
data showed that in patients of groups 1 and 2, the
red blood cell count and hemoglobin level were in the
reference range, with these parameters being higher
in group 2. Despite the pronounced inflammation,
the mean white blood cell count was close to the
upper limit of the reference range, and groups did
not differ by this parameter. The erythrocyte sedi-
mentation rate level exceeded substantially the refer-
ence range, but significant differences in the com-
pared groups were not found.

An analysis of biochemistry parameters revealed
significant differences between groups in the follow-
ing indicators: levels of glucose, CRP, fibrinogen
were higher in group with severe NCI, while the
levels of total protein and albumin were significantly
lower. Additionally, group 2 patients had signifi-
cantly lower oxygen saturation of blood and the
larger area of the lung tissue damage.

An analysis of anthropometric parameters char-
acterizing the volume and topography of adipose tis-
sue showed that the group 2 patients had higher
indicators, such as body weight, BMI, WC and the
WC/HC ratio. It is known that WC and the WC/HC
ratio are quite frequently used by clinicians as
abdominal obesity markers and characterize the
volume of visceral fat depots. Since the WC and the
WC/HC ratio are indirect markers of adipose tissue
volume, in parallel, we analyzed EFT — its values
were significantly higher in group 2. The results indi-
cate the volume and, particularly, the metabolic
activity of visceral fat affect significantly the severity
of the NCI course.

Since the CIRS-G score statistically significantly
differed between the groups, we have analyzed the
somatic morbidity patterns in patients of studied
groups. An analysis of medical histories showed that
body weight of the majority of patients (143 (83.2%))
exceeded the reference values: overweight — 60
(34.9 %) patients and obesity — 83 (48.3%). Cardio-
vascular diseases prevailed in the structure of the
somatic pathology was diagnosed in 129 (75.5%)
patients. Among certain cardiovascular nosologies,
arterial hypertension (AH) was the most common —
127 (73.8 %) patients; coronary artery disease (CAD)
was found in 47 (27.3%) patients, of whom 13
(27.6%) had history of myocardial infarction (MI);
chronic heart failure (CHF) — in 28 (16.3 %) patients
(Fig. 1). Endocrine diseases were diagnosed in 55
(32.0%) patients. The most common endocrine
pathology was type 2 diabetes mellitus (DM) — in 50
(29.0%) patients. Thyroid disease (autoimmune
thyroiditis, diffuse nodular toxic goiter, etc.) were
found sporadically. Less common were respiratory
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Ta6smmua 1. AHaIM3 KJIMHHUKO-1a60paTOPHBIX [IOKa3aTes el y My>KYUH U KEeHI[UH B Tpymax ucciaegoBanus (M + SD)
Table 1. The analysis of clinical laboratory parameters in male and female patients of studied groups (M % SD)

I'pynna 1, cpegHasa I'pynna 2, Tskesnas

IlokasaTesb CcTeneHb TSKEeCTH CTeneHb TSHKEeCTH

Parameter Group 1, moderate NCI Group 2, severe NCI p
(n=127) (n=45)

My>K4YMHBI/ )KEHIIINHBI 56/71 20/25 >0.05

Male/ female

JIIUTeIbHOCTh TOCIUTAIM3AIUH, THEN 16.1 +6.8 21.2+6.6 <0.001

Duration of hospitalization, days

CIRS-G, 6a/u1b! 1.5+09 1.7+0.9 <0.05

CIRS-G score

Bospacr, seT 62.0+12.9 63.6 £9.2 >0.425

Age, years

Iputpouutsl, 1012/1 45+0.6 48+0.7 <0.01

Red blood cells, 10*2/1

[eMoryso6uH, r/n 131.2+15.1 135.7+15.8 >0.05

Hemoglobin, g/1

Tpom6ouuThl, 10° KI€TOK/MKJI 250.6 +101.3 246.4+95.3 >0.05

Platelets, 103 cells/pl

Jleiikonutsl, 10°/1 79+3.1 7.0+2.6 >0.05

White blood cells, 10°/1

CKOpPOCTb OCeZJaHUs SPUTPOLUTOB, MM /4 236164 28.4+19.5 >0.05

Erythrocyte sedimentation rate, mm/h

[110K03a, MMOJIb/ /T 7.5+34 9.1+438 <0.05

Glucose, mmol/1

KpeaTuHWH, MKMOJIb/J 83.9+26.5 92.6 +23.3 >0.05

Creatinine, pmol/1

CKOpOCTb KJIy604YKOBOH pubTpanuu, Mi/MuH/1.73 m*  77.2 +20.8 68.9 +18.7 <0.05

Glomerular filtration rate, ml/min/1.73 m?

Kpeatunkunasa, Eg/n 145.6 £ 125.3 182.7 £211.2 >0.05

Creatine kinase, Un/1

C-peakTUBHbIHN 6eJIOK, MT'/J1 37.6+41.3 128.3+62.2 <0.001

C-reactive protein, mg/I

Besok, r/n 703 £6.6 66.9 + 6.0 <0.01

Protein, g/1

Anb6ymuH, r/n 38.7+4.2 347 £4.7 <0.001

Albumin, g/1

dubpuHoreH, r/a 44+1.0 51+1.2 <0.01

Fibrinogen, g/1

Catypaunus, % 969+ 19 85.9+3.6 <0.001

Saturation, %

CucTo/IMyecKoe apTepuaabHOe JJaBleHue, MM PT. CT. 130.5+14.9 129.8+11.5 >0.05

Systolic blood pressure, mm Hg

JacTonnyeckoe apTepuanbHOe aBJeHue, MM PT. CT. 82379 85.0+8.5 >0.05

Diastolic blood pressure, mm Hg

WHpexc macchl Tesa, Kr/m? 299+6.0 325+6.38 <0.05

Body mass index, kg/m?

06xBaT TaJIMH, CM 100.2 + 14.0 106.7 +13.8 <0.01

Waist circumference, cm

06xBart 6esep, CM 98.2 £9.6 100.8 +12.1 >0.05

Hip circumference, cm

OTHoIIeHUe 06XBaT TaJuH / 06xBaT 6eJiep 1.02+0.11 1.06 +0.11 <0.01

Waist and hip circumference ratio

Tonmuna snMKapAHaIbHOTO XKHUPa, MM 48+2.1 6.9+3.0 <0.01

Epicardial fat thickness, mm

Ipumevyanue. HKU - HoBass kopoHaBupycHass uHekuus; CIRS-G - Cumulative Illness Rating Scale for Geriatrics (KyMyJasiTUBHBIH

HHJIEKC KOMOPOUAHOCTH JJIS1 IOXKUJION TOMYJISLIUH).

N o te. NCI - novel coronavirus infection; CIRS-G - Cumulative Illness Rating Scale for Geriatrics.
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AHayi3 aHTPOIOMETPUUYECKUX II0Ka3aTeJieH,
XapaKTEPUBYIOIIUX BBIPAYKEHHOCTb U TOIOTpaduio
JKUPOBOH TKaHU, TIOKa3aJ, 4YTO MAaI[ueHThl U3
TPYIIIIBI 2 UMeJTH O0J1ee BBICOKUE IIOKA3aTEJIH: MaCCh
tena, UMT, OT u orHomenus OT/OB. N3BecTHO,
uyro OT u otuomenne OT/OB Haubosiee uvacto
HCIIOJIB3YIOTCS KJIMHHUIIUCTAMH B KauecTBE MapKe-
POB abZOMHHAIBHOTO OKUPEHUS U XapaKTEPU3yIOT
BBIPA’KEHHOCTh BUCIIEPAIBHBIX JKHUPOBBIX Aeno. Ho
Tak Kak nmokasaresii OT u OT/OB sABAAIOTCS KOCBEH-
HBIMM MapKepaM{ KOJIMYeCTBA BHCIEPATHHOMN
JKHPOBOH TKaHH, MapauiesIbHO ObLIa MpOoaHaIN3HU-
poBaHa TOMX — 3HaueHHa [JAHHOTO IIOKa3aTesId
ObLIM CTATHCTUYECKH 3HAYMMO BBIIIE B IPYIIE 2.
[TosryueHHBIE PE3YIBTATHI CBUETETHCTBYIOT O TOM,
YTO KOJIUYECTBO U OCOOEHHO MeTaboJIMJecKast
aKTUBHOCTh BHUCI[EPATIBHOTO JKHUPA CYIIECTBEHHO
BJIMSIIOT Ha Tsi>KecTh TedeHuss HKU.

Tak kak naaekc komopobuaHoctu CIRS-G craru-
CTUYECKU 3HAUYMMO pasjvvajics B TPyIax, ObLT
MPOBE/IEH aHAJIU3 CTPYKTYPhl COMAaTUUECKOU IaTo-
JIOTUH y TAIMEHTOB HCCIEAYEMBIX TPYII. AHAIU3
HCTOPUU OOJIE3HU IOKAa3aI, YTO Yy OOJIBIIMHCTBA
manueHToB — 143 (83.2 %) macca Tena Oblaa BbIIIE
HOPMAaTHUBHBIX 3HAUEHUN: U30BITOYHAS Macca Tesia —
vy 60 (34.9 %) u oxxupenue —y 83 (48.3 %). B cTpyk-
Type COMATHYEeCKOH MATOJIOTUH JOMHHUPOBATIU
3ab0JIeBaHUsI  CEPJIEYHO-COCYAUCTON  CHCTEMBI
(CCC), koTOpBIE OBLIH BBISBJIEHBI Y 129 Uell. (75.0 %).
Cpe/iu 0TI TbHBIX HO30JIOTHH CEPAEUHO-COCYAUCTOM
matosoruu  (CCII) HamboJiee YacTO BCTpEUYATHCH
runiepronndeckas 6ose3np (I'B) — y 127 (73.8 %)
yeJ.; unemuyeckas 6osesns cepana (MBC) — y 47
(27.3 %) manuenTos, 13 (27.6 %) U3 KOTOPHIX Iepe-
Hecsn UHQapKT Mmuokapza (M1IM); XxpoHudeckas cep-
JledHas HeloCTaTOUHOCTh — v 28 (16.3 %) obceiemye-
MbIX (puc. 1). ¥ 55 (32.0 %) mariueHTOB BBISBJIEHBI
3abo0yieBaHUsl SHJIOKPUHHOU cucTeMbl. Haubosee
yacTo BcTpevaronuMces 3aboseBanueM Obu1  ClJ
THIa 2 — y 50 (29.0 %) obcnenyeMpix. 3aboieBaHUs
IIUTOBHUTHOH 2KeJie3bl (AyTOUMMYHHBIA THPEOH/TUT,
mudy3HO-Y37I0BOM TOKCUYECKUH 300 U Ap.) ObLIH
BBISIBJIEHBI B €IMHUYHBIX CJIydasx. Pejke BCTpeda-
JIUCh 3a00J1€BaHUSA TbIXaTEIbHOU cUCTEMBIL: Y 8.1 %
MmanueHToB Obly1a OpPOHXUAIbHAS aCTMA U XpOHUYe-
cKas 00CTpYKTHBHAs 00JI€3Hb JIETKUX; 3a00IeBaHMUs
JKeJTyIOUHO-KUIIIEYHOT0 TPAKTa: Y 4.7 % MaIllMeHTOB
BBIsSIBJIEHA SI3BeHHAs1 OOJIE3HB JKEJyJKa U 12-TIepCT-
HOU KHUIIKY, XPOHUYECKUHN MTaHKPeaTUuT, BUPYCHBIU
reraTuT, IUPPO3 IeYeHU, XPOHUUYECKHH XOJeIu-
cTuT; 3a00J€BaHUS MOUYENOJIOBOH CHCTEMBI:
3.5 % — mouekamenHas 6osie3Hb (MKB), muenoned-
PUT; 3JI0KayeCTBEHHbIE HOBOOODA30BAHUS BBISAB-
JIEHBI Y 2.9 % MaIeHTOB.

diseases (bronchial asthma and chronic obstructive
pulmonary disease was diagnosed in 81% patients;
gastrointestinal diseases (peptic ulcer disease,
chronic pancreatitis, viral hepatitis, liver cirrhosis,
chronic cholecystitis) — in 4.7%; urinary tract dis-
eases (nephrolithiasis, pyelonephritis) — in 3.5%;
malignant neoplasms — in 2.9%.

Among those admitted to hospital for NCI,
32 patients (18.6%) did not seek medical care previ-
ously, therefore they were considered apparently
healthy people.

The incidence of certain diseases in groups with
various severity of the disease is shown in Fig. 2. As
we can see, in group 2, such nosologies as CHF and
type 2 DM were found significantly more often com-
pared to group 1 (p < 0.05).

To identify factors associated with the severity of
the NCI course, correlation analysis was performed
(Table 2). A number of statistically significant corre-
lations (positive and negative) between key indica-
tors characterizing severity of the NCI and factors
affecting them were revealed. As a result of the analy-
sis, it was established that the maximum number of
correlations falls on the EFT indicator. EFT had a
statistically significant direct correlation with the
duration of hospitalization, levels of CRP, fibrinogen,
as well as the volume of the lung tissue damage.
A negative correlation with the parameters of satura-
tion, total protein and albumin was found. The num-
ber of correlations with the EFT was virtually two-
fold higher with other parameters, and the strength
of correlations was higher. EFT was followed by WC
and the WC/HC ratio. CIRS-G score ranked third.

Thus, much higher EFT and intra-abdominal fat
area parameters in patients with the severe NCI con-
firm the excessive accumulation of visceral fat, which
is an active endocrine organ and secretes a consider-
able amount of biologically active substances, poten-
tiating the inflammation caused by the SARS-CoV-2
virus, transferring local inflammation on the sys-
temic level and, thus, aggravating the course of the
disease [4].

DISCUSSION

Given the high probability of a repeat of the 2019
situation of the COVID-19, it is extrememly impor-
tant to search for and analyze factors predetermining
the severity of the NCI course. It has been shown that
one of such factors is the age of the patient [5]. In our
study, the age did not manifest itself, which may be
due to the predominant participation of elderly peo-
ple in the study. Besides, this may be due to the
enrollment of patients with moderate and severe
course of the NCI.
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3aboeBaHus CEPICUHO-COCYIUCTON CHCTEMBI
Cardiovascular diseases

3aboneBaHNs YHIOKPHHHON CHCTEMBI
Endocrine diseases

3aboeBaHus AbIXaTeIbHON CHCTEMBI
Respiratory diseases

3a0oneBaHys KEITyA0YHO-KUIIEYHOTO TPaKTa
Gastrointestinal diseases

3a60s1eBaHUsT MOYCIIOIOBOM CHCTEMBI
Urinary tract diseases

V30bITOUHAs Macca Tella 1 OKMPEHUE
Overweight and obesity

3110Ka4eCTBCHHbIC HOBOOOPa30BaHHs
Malignant neoplasms

OTCyTCTBHE XPOHUYECKUX 3a00/IeBaHUi
No chronic diseases

83.2%

Puc. 1. CTpyKTypa cOMaTHYeCKOH MaTOJIOTUH Y TAIIMEHTOB ¢ HOBOM KOPOHABUPYCHOH NHGeEKIuen
Fig. 1. The structure of somatic morbidity in patients with NCI

32 (18.6 %) manueHTa, TOCIUTATM3UPOBAHHBIX C
HKU, Hukoraa paHee He oOpaniajnuch 3a MeTUITAH-
CKOH ITOMOIIBIO, IIO3TOMY HX YCJIOBHO MOXKHO OTHE-
CTH K rpyniie 6e3 coMaTHIeCcKOH aToJI0THH.

Ha puc. 2 nipesicTaBiieHa 4acToTa BCTPEUYAEMOCTH
OT/IeJIbHBIX 3a00JIeBAaHUU B TPYIAX HAIEHTOB C
pasnuyHOl cremneHbio Tsxkectd HKU. ITokasaHo,
4TO B rpymile 2 Takue Hozosoruu, kak XCH u C/]

Among other factors, a particular role belongs to
the comorbidity and its structure. Our study
allowed to assess the structure of somatic pathol-
ogy in patients with NCI and idetify main diseases
associated with a more severe course of the disease.
In group 1, AH was detected in 72.4% of cases, and
in group 2 — in 82.2%. The results of other studies
also indicate that AH is the most common in the

% 100.0 — $8.9
222 88.1 %9.
8007 724
60.0 —
44.4%*
40.0 — 333
25.2 26.7*
23.6 20.5
20.0 12.6 6 133
. 6.7
EY 1 B
0.0
I'b UBC XCH Ccl2 BA XOBbJI UMT n OtcyTcTBUE
AH CHF IHD DM2 BA COPD oxHpeHHe  3aboieBaHUM
OW and No diseases
obesity

M Tpynma 1/ Group 1 (n=127)

B Ipynna 2 / Group 2 (n = 45)

Puc. 2. Yacrora BCTpEUaeMOCTH OT/IEIbHBIX BU/IOB COMATHUECKOH [TATOJIOTHH Y MAIMEHTOB C PA3JIMYHON TSKECTHIO
TeueHHs HOBOH KopoHaBupycHoi nHdeknuu (I'b — runepronnueckas 6ose3ub; UBC — umemudeckas 601e3Hb CEPAIA;
XCH — xpoHuYecKas cepfiegHasi HeocTatouHocTh; CJ[2 — caxapHblil quaber tuma 2; BA — GpoHXHaIbHASL ACTMA;
XOBJI — xpoHHYeckass 00CTpyKTHUBHAs O0J1e3Hb jerkux; UMT — u3bbITouHas Macca Tea; * p < 0.05)

Fig. 2. The incidence of certain types of somatic pathology in patients with different severity of NCI
(AH - arterial hypertension; CHF — chronic heart failure; THD — ischemic heart disease; DM2 — type 2 diabetes mellitus;
BA — bronchial asthma; COPD — chronic obstructive pulmonary disease; OW — overweight; * p < 0.05)
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Ta6mmua 2. KoppensaioHHbIN aHa/Iu3 GaKTOPOB PUCKA TAXKEJNIOro Te4eHUs] HOBOW KOPOHABUPYCHOW MHpEKIUU

Table 2. The correlation analysis of risk factors of the severe NCI

daxkTop puckKa Bo3pact CIRS-G TIK UMT oT 0b 0T/0Bb
Risk factors Age EFT BMI WwWC HC WC/HC
JIMTeNbHOCTh TOCIUTATU3al U1 0.12 0.17 0.35 0.07 0.21 -0.05 0.30
Duration of hospitalization

YpoBeHb caTypanuu / Saturation -0.08 -0.10 -0.36 -0.30 -0.29 -0.06 -0.25
CPB / C-reactive protein 0.05 0.07 0.39 0.10 0.112 0.04 0.07
Benok / Protein -0.02 -0.2 -0.36 -0.15 -0.17 -0.02 -0.22
Anp6ymuH / Albumin -0.10 -0.14 -0.23 -0.20 -0.19 -0.03 -0.19
dubpunores / Fibrinogen -0.08 -0.02 0.26 -0.13 -0.102 -0.16 -0,03
CymMma dpakTopoB / Sum of factors 0 3 6 2 4 0 4

[Ipumevyanus: Ilpu ypoBHe goctoBepHocTH p < 0.05.

CIRS-G - Cumulative Illness Rating Scale for Geriatrics (KyMy/JsSTUBHBIH HH/I€EKC KOMOPOUAHOCTH AAJ1 NOXUI0H nonynanuu); TIXK - Tonmuna
anukapauasbHoro xupa; UMT - ungekc maccol Tesa; OT - okpy»kHOCTb Tanuy; OB - okpy»KHOCTb Gefep.

Notes: Atsignificance level p < 0.05.

CIRS-G - Cumulative Illness Rating Scale for Geriatrics; EFT - epicardial fat thickness; BMI - body mass index; WC - waist circumference; HC -

hip circumference.

TUNA 2, BCTPEUAINCH JIOCTOBEPHO dUalie, 4eM B
rpymre 1 (p < 0.05).

J17151 BBIsABIIEHUS (DAKTOPOB, ACCOIIMUPOBAHHBIX C
TsiKecTho TeueHuss HKV, 6L TIpOBE/IEH KOppeJIs-
IMOHHBIN aHamu3 (Tabs1. 2). BbISIBJIEH P CTATUCTH-
YeCKH 3HAYMMBbIX KOPPEJISIIUOHHBIX CBA3eH (I10s10-
JKUTEJIBHBIX U OTPULIATEIIBHBIX) MEXK/AY KII0UeBBIMU
MOKa3aTesIAMU, XapakTepusywmumu Tsa:xectb HKU,
u daxkTopaMu, BIUAIOIINMU HAa HUX. B pesysbraTe
[IPOBE/IEHHOTO aHAJIN3a YCTAHOBJIEHO, YTO CaMOe
0O0JIBIIIOE KOJIMUECTBO KOPPEJISAIMOHHBIX CBA3EH
6pw10 ¢ mokazaresneM TIXK. TOXK umena cratucru-
YecKH 3HAYNMYIO MIPAMYI0 KOPPEJIAINOHHYIO CBA3b
¢ JUTUTEBHOCThIO TocUuTaIM3anuu, yposuem CPB,
(¢pubprHOTreHa, a TaKXKe ¢ 00EMOM TOPAYKEHHUS JIET-
kux. OTpunaTenpHas KOPPeJIAIMOHHAsA CBA3b ObLIa
BBISIBJIEHA C YPOBHEM caTypaliuu, obIero 6enka u
anpbyMuHa. KomuecTBO KOPPESIIMOHHBIX CBA3EH
¢ TOXK mpakTrhuecku B 2 pa3a MPEBBIIIAJIO JpyTHUE
IOKa3aTeJiu, ¥ YPOBEHb CUJIbI CBSI3eH ObLT BBIIIE. 3a
TOXK nanee cnenoBanu OT u orHomenue OT/OB. Ha
TPEThEM MeCTe PACIIOJIOKWICS WHAEKC KOMOpOU-
Hoctu CIRS-G.

Takum 06pa3oM, HUTHYHE y TAIUEHTOB C TsKe-
aeiM TedyeHneM HKU Gosiee BoipakeHHOW TIXK u
BHYTpHUAOJOMUHAJIBHBIX JKHPOBBIX JIETI0 TIO/ITBEPIK-
JlaeT W30BITOYHOE HAKOIUIEHHE BHCIEPAIBHOTO
JKMPAa B OPraHu3Me, KOTOPHIU ABJISAETCS SH/IOKPUHHO-
AKTUBHBIM OPTaHOM M CEKPETHUPYET 3HAUUTEIbHOE
KOJINYECTBO OHOJIOTHYECKN AKTHUBHBIX BEIECTB,
IIOTEHITUPYsA IIpOoIlecC BOCHAJIEHUs, BBI3BAHHBIHN
BupycoM SARS-CoV-2, nepeBojis JI0KaJbHOE BOCIIA-
JIeHUE Ha CUCTEMHBIH YPOBEHb, TEM CAMBIM YTsIKe-
Jisis TeYeHue 3ab0s1eBanua [4].

structure of somatic pathology in patients with the
NCI [6]. Such a high prevalence of AH in these
patients, perhaps, was associated with age of the
admitted patients — 63 + 10.7 years. Some research-
ers remark on the possibility of a direct influence of
AH on the severity of the NCI [5]. In patients of
group 2, CHF was diagnosed, which aggravated the
prognosis significantly, and was a risk factor for
moderately severe and severe course of the NCI [7,
8].

Besides, our study showed that one third of
patients (29%) was diagnosed with type 2 DM. In
DM patients, the NCI had more severe course, which
is consistent with data of other authors on the pres-
ence of the direct relationship between insulin resis-
tance and severity of the NCI [9]. Moreover, in a
number of mouse models, an increase in the expres-
sion of angiotensin converting enzyme 2 (ACE2)
genes under hyperglycemia was shown [10]. Hyper-
glycemia also promotes ACE receptor glycosylation
in the lung tissue, which increases the affinity of the
latter to SARS-CoV-2 [11].

Docherty et al. studied 16 749 hospital inpatients
with the NCI. It was revealed that obese patients had
more severe disease and suffered more frequent fatal
complications [12]. In the present study, the analysis
of anthropometric parameters allowed to detect
overweight and obesity in most patients. It is worth
paying attention to the fact that the group 2 patients
had more pronounced changes in the parameters
characterizing not only the volume, but also the
topography of abdominal and ectopic visceral fat
depots, EFT in particular. The analysis of visceral
obesity markers and other factors that influence the
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OBCYKAEHUE

Y4uureiBasg BBICOKYIO BEPOSTHOCTH IMOBTOPEHUS
cutyanuu 2019 1. ¢ COVID-19, KpaiiHe BasKHBIM
sABJIsIeTCA MOWCK U aHanu3 GaKTOPOB, Ipeiopee-
Jasaomux TsakecTh TeueHuss HKU. IlokaszaHo, 4To
OJTHUM M3 TaKUX (PAaKTOPOB ABJISIETCS BO3PACT OOJIb-
Horo [5]. B mpoBegeHHOM HccieoBaHUU (aKTOpP
Bo3pacra cebs1 He TIPOSABUI, UTO MOKET OBITh CBsI-
3aHO C NIPEUMYIIECTBEHHBIM YUYaCTUEM B HUCCJIENO-
BaHUM JINI MOKUJIOTO Bo3pacTa. Bo3MokHO, 3TO
00yC/IOBJIEHO yYaCTHEM B HCCIEJOBAHUHU TOJIBKO
MMAIlHEHTOB CO CpPEJHEW M TSKEJIOH CTEeleHsIMH
Tsxectu HKIU.

Cpenu npyrux ¢GakTOpOB OIpeJiesieHHasl POJib
MPUHAJJIEKUT HATUYHUID KOMOPOUJHOCTH U ee
cTtpykrype. [IpoBefieHHOE HcciefoBaHNe TO3BOJIUIIO
OIEHUTHh CTPYKTYPY COMaTHYECKOW IIaTOJIOTUH
nanuesToB ¢ HKW 1 BBIABUTH OCHOBHBIE 3a00J1€Ba-
HUs, HaJINYKEe KOTOPBIX aCCOIMUPOBAHO ¢ 0Oosiee
TSKeJIbIM TedeHueM 3abosieBanus. I'B okasaiach
HanboJiee BCTPEUAIOIIEHCs MaTOJIOTHEN Cped BCeX
3aboseBanuii. B rpynme 1 Al 6bLia BbIBJIEHA B
72.4 % ciy4daes, a B TpyIe 2 — B 82.2 %. Pe3yabraThl
JIDYTHUX UCCIIEJIOBAHUI TaKKe YKa3bIBAIOT HA TO, UTO
I'b HauboJstee 4acTo BCTpevasach B CTPYKTYpe coMa-
THYecKoU narosiorun namuentos ¢ HKU [6]. Takoe
muporoe pacupocrpanenue I'b cpeau 3aboseBmmx
MO2KET OBITh HEITOCPEACTBEHHO CB3aHO C BO3PACTOM
TOCITUTATU3UPOBAHHBIX MAIIUEHTOB — 63 +£10.7 roja.
B psime paboT uccieqoBaTeNd TaKyKe BBICKA3bIBa-
I0TCSI O BO3MOXKHOCTU mpsAMoro BiusHusa Al' Ha
TSI?KECTh KOPOHaBUpYyCHOU uHeKIuu [5]. ¥ mamu-
€HTOB M3 Ipynmsl 2 6osee yacto BbLABLAIU XCH,
KOTOpas 3HAYMMO YXy/Ilajla IIPOTHO3 B OCTPBIA
repuo;t 3a001eBaHUs U ABJISIach (PAaKTOPOM pHCKA
6osee Tsxestoro HKI. B 1iesiom ke, COTJIaCHO JIMTE-
parypubiM laHHBIM, CCC ABJIAIOTCA HE3aBUCUMbBIM
¢gaxTOpoM pHCKA CPETHETSIKEJIOT0 U  TSKEJIOTO
teuenns HKU [7, 8].

Kpome Toro, B HacTosIeM HCCAeI0BaHU OBLIO
MMOKa3aHO, YTO Y TPETHU MAIUeHTOB (29 %) paHee ObLI
nuarHoctupoBaH C/I Tumna 2. Y mamueHToB ¢ JAaHHBIM
3a00/1eBaHUEM CTaTUCTUUECKU 3HAUnMO uaie HKM
mpoTekasa 0ojiee TsHKEI0, YTO corJiacyeTcsl ¢ JlaH-
HBIMU JPYTHX aBTOPOB O HAJIMYUH HPSIMOU CBSI3H
MeXJly HWHCYJIMHOPE3UCTEHTHOCTBI0O U CTelleHbI0
tmsoxectr HKU [9]. KpoMme Toro, B psizie 9KCTIEpHUMEH-
TQJIHHBIX UCCJIEIOBAHUH HA MbIIIaX ObLIN IIPEJCTaB-
JIEHBI pe3yJIbTaThl, CBU/IETEIbCTBYIOIINE O MOBBIIIIE-
HUM SKCOPeCcCUU TeHOB perenTopoB AII®2 B yciio-
BUSX rurepriukemuu [10]. Hammuue runeprivke-
MHUU TaKKe aKTUBUPYeT Ipollecc IJINKO3UINPOBa-
HuA perienTopoB AII®2 B TKaHU JIETKOTO, UTO MOBBI-
maet adpdunHOCTh K SARS-CoV-2 [11].

NCI severity has shown that EFT had the maximal
number of statistically significant correlations with
the factors determining NCI severity, particularly
with the duration of hospitalization, levels of CRP,
fibrinogen, saturation, and the volume of the lung
tissue damage. A decrease in saturation amidst an
increase in the CRP and substantial damage to the
lung tissue, can indicate the development of ARDS in
a patient, which is one of the life-threatening compli-
cations of the NCI [13].

CONCLUSION

The degree of visceral obesity is a predictor of the
hospitalization duration and the NCI progression,
and epicardial fat thickness turned out to be the most
sensitive marker of the severity of this infectious
disease.
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A. Docherty et. al. mpoananu3upoBau JaHHbIE
16 749 MaNUEeHTOB, TOCHUTAJU3UPOBAHHBIX B
Benukob6puranuu c¢ guarHozom HKU. Ycranos-
JIEHO, YTO HAIMEHTHI C OKUPEHUEM IEPEHOCUIHU
UHOEKIHIO TsKeJlee U Y HUX Jallle HabJIioaauch
daranpHbIe OcOXkHeHHA [12]. B HacToamem
HWCCAEIOBAHUN AaHAJIM3 AaHTPOIOMETPUUECKUX
ImokasaTeJiel TT03BOJINJI BBISIBUTH Y OOJIBIIHHCTBA
MaIMeHTOB 00eux TPyIN Haaudue U30BITOYHOU
Macchl Tejia UK okuperusi. CTOuT oOpaTUTh BHU-
MaHWe Ha TO, YTO MAI[UeHTHI TPYIIIBI 2 XapaKTe-
PU30BAIMCH JOCTOBEPHO 0Oo0Jiee BBIPAKEHHBIMU
3HAUYEHHUSMU [TOKa3aTesieil, XapaKTepU3yI0InuX He
TOJIBKO KOJIMYECTBO, HO M TOIOrpaduio Bucie-
PaJIbHBIX JKUPOBBIX JIENO, KaK abJOMHHAJIbHBIX,
TaK W SKTONHUYecKHux, B yactHocTu TIOXK. Ananu3s
MapKepOB BUCIEPAJBHOTO OKUPEHHUS U JIPYTUX
(G akTOpOB, BIUSAIIUX HA CTEIEHD TAMXKECTH TEUe-
Huss HKW, moxkazasn, uro uMmenHo TIXK umena
HauOOJIbIlIee YHCIO CTATUCTUUYECKU 3HAYUMBIX
KOPPEJANMOHHBIX CBA3EU C IOKA3aTEJIIMHU, OTIpe-
JENSOMIMY TSKeCTh TeueHus 3abojieBaHus, U
0COOEHHO C JJIUTEJIBHOCTHIO TOCHUTAIU3AINH,
ypoBusamu CPB, pubpuHorena, catypanuu u o6b-
eMOM mopa)keHus Jerkux. CHHUIKEHHE YPOBHs
carypanuu Ha GoHe noBwieHuss CPB u 6osbiion
IJIOIATU MMOPAXKEHUS JIETKUX MOKET CBUJIETEIb-
cTBOBaTh O pasButuu y mnanumeHra OPJIC, uto
SIBJISIETCA OJTHUM U3 KPUTUYECKHX OCJIOKHEHUH
HKMU [13].
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N3meneHusa Mop@doMeTpUUYeCKNX IapaMeTpoB nepudepuuecKkux
9H/IOKPUMHHBIX KeJjIe3 U MoKa3aTeJiel MUKPOCTPYKTYPbI, (pa30BOro
cocTaBa OMOMHUHeEpPaJIa pereHepara 00JIbIIIe0ePIOBbIX KOCTEN
MmocJjie AJAUTEJIbHOTO BO3/IeCTBUA O€eH30aTa HATPUA

B.H. Mopo3sos

®@I'AOY BO «Beazopodckuil 20cydapcmeeHHblll HaUUOHANbHbILL Uccaedo8amenvekull yHusepcumem» Munucmepemsea
HayKu u evicuwe2o obpasosarus Poccuu, beazopod, Poccus

AHHOTAIIUA

BBegenue. BeHsoar HaTpus ABJAETCS KOHCEPBAHTOM, IIMPOKO IIPHUMEHSEMBIM B MUIIEBOH IMPOMBINIUIEHHOCTH
JU1s1 yBeJIMUeHUs CPOKOB XpaHeHUs IPOIyKTOB IuTaHusA. OJIHAKO YCTAHOBJIEHBI €I'0 TeHOTOKCHUYHBIE, TellaTo- ¥ He(POTOK-
CUYHBIE CBOMCTBA, UTO TPEOYET MPOOIKEHUS U3YUEHUSI €70 BIUSIHUS Ha OPTAHU3M.

IT e 1 b . V3yuuTh BIUsAHUE 60-THEBHOTO BO3/IeHCTBYS G€H30aTa HATPHUSA HA CTPYKTYPY C-KJIETOK IITUTOBUTHOM JKeJIe3hl,
IJIABHBIX TAPATUPOIUTOB OKOJIOIINTOBUAHBIX JKeJIe3 F CIIOHTUOIINTOB IIyIKOBOW 30HBI HA/IIIOYEUHIKOB C y4ETOM U3MeHe-
HUI MUKPOCTPYKTYPBI U (pa30BOTO cocTaBa OHMOMUHepasa pereHepaTta 00JIbIe6epIOBbIX KOCTEH MPH MOJIETUPOBAHUH
MeXaHUYECKON TPABMBI.

MaTtepuanans u MeTo[bl . CroasagnaTs 6ebIX I0I0BO3PEJIBIX KPhIC-CAMIIOB OBbLIN pa3/iesieHbl Ha YeThIpe
rpyninsl (1o 30 ocobeli B kaxkzoii). JKuBoTHBIE 1-H M 2-H TPYyNI HOZBEprajuch 60-JHEBHOMY BO3JeHCTBUIO GeH30aTa
HATpHA B 103aX 500 U 1000 MTI/KT, TIOCJIE€ YEer0 MOJIETMPOBAIH TPAaBMY B 60JIbIIIE6EPIIOBIX KOCTAX. B 3-# rpyrimne BMecTo
6GeH30aTa HATPUS KUBOTHBIM BBOJAWIICS (PHUBHOJIOTHYECKUH PACTBOP. B 4-11 TpyIIe KPBICHI MOIydanu GU3N0IOTHIECKOH
pactBop 6e3 MOZeTUPOBaHUS TPABMBI O0JIBIIEOEPIIOBBIX KOCTEN. VI3yueHre n3MeHeHU ! IUTOMOP(POMETPUUECKUX Tapa-
MeTpoB C-KJIETOK IIUTOBHUIHOU >KeJIe3bl OCYIIEeCTB/IAIOCHh METOAOM 3JIEKTPOHHOM MHUKDOCKOIUHU HA 3-H U 24-€ CYTKU
IIocsIe MOJIeTIPOBAHHUS TPaBMBI 00JIbIIe0epIIOBBIX KOCTAX. VI3yueHre MOpdOoMeTpUYEeCKUX TapaMeTPOB IVIaBHBIX [TapaTH-
POIIMTOB U CIIOHTHOIIUTOB IIYYKOBOH 30HBI HAATIOYEUHUKOB IIPOBOIUIOCH METOZIOM CBETOBOM MHUKDPOCKOIIUHU HA 3-H, 10,
15, 24, 45-€ CyTKH, a TOKa3aTesIeld, XapaKTepU3YIOIINX MUKPOCTPYKTYpPY U (a30BbIH cocTaB OMOMHHEpasia pereHepara
KOCTel — METO/IOM PEHTTEHOCTPYKTYPHOTO aHAIM3a B 9TH JK€ CPOKHU.

PesynanspTarTsl . Bi-#rpynne niomans, 3aHIMaeMast 5yXpOMaTHHOM B sifipax C-KJIETOK, 3HAYNMO YMEHBIIATIACh
110 CPAaBHEHHUIO C 3-U TPYIIION Ha 24-€ CyTKU HAOJII0/IeHus Ha 21.13 %, a BO 2-H TPyIINe Ha 3-U U 24-€ CyTKU — Ha 5.83 u
16.29 %. B 1-# u 2-§ rpynnax Ha 3-HU, 24-€ CyTKH COOTHOIIEHUe IIJIOIaled S5yXpoMaTHHA U TeTepOXpoMaTHHA OBLIO
MeHBbIIIe Ha 2.65, 22.25 U 6.69, 17.69 %, AuamMeTp CEKPETOPHBIX IT'PaHyJ — Ha 7.47, 15.43 u 8.92, 16.00 %. KosmuectBo
SA7Ep TJIABHBIX TAPATUPOIIUTOB HA €UHUILY IUIOIAAH YMEHbBIIATIOCh 3HAYUMO TOJIBKO BO 2-H I'PYIIIIE C 3-X I10 15-€ CYTKU
Ha 3.96, 3.34, 3.68 %, a uHZEKC QYHKIIMOHAIBHON aKTUBHOCTH — Ha 3-U CYTKHU Ha 6.34 %. KosimuecTBO s71ep CIIOHTHO-
[OHUTOB HA €JUHUILY IIJIOIAIU B IIyIKOBOH 30HE 3HAUMMO YMEHBIIAIOCh B 00€UX TPYIIIax C 3-X IO 45-€ CyTKHU Ha 2.87,
2.40 ¥ 5.57, 3.91 %. B 1-11 rpynne uHjekce GyHKIMOHATBHON aKTUBHOCTH CIIOHTHOLUTOB ObLI MEHBIIIE JIUIIb € 3-X IO
15-e CyTKH Ha 7.20, 6.78, 4.54 %, a BO BTOPOU TpyIille — BO BCe CPOKHU Ha 10.73 U 7.23 %. B GuomuHepase peresepara
6071b111e6€PITOBBIX KOCTEN Y KPBIC 1-H TPYIINHI BBIABIEHO 3HAUYNMOE YBeJIUUeHNEe pa3Mepa 3JIeMeHTapHBIX sTYeeK B/I0JIb
OCH € Ha 15 U 24-€ CYyTKH Ha 0.23 1 0.17 %. Bo 2-11 rpyIie yBesmueHne pazMmepa dJIeMeHTaPHBIX sTUeeK B/[0JIb OCH @ OBLIIO
3HAYUMBIM C 15-X 0 45-€ CyTKH Ha 0.28, 0.15, 0.13 %, a pa3dMepa 3JIEMEeHTAPHBIX STYeeK BJI0JIb OCH € — C 10-X 110 45-€
CYTKH Ha 0.18, 0.23, 0.21, 0.12 %. B 5TUX Ke rpynnax ycTaHOBJIEHA 3HAUNMAas IOJIOXKUTETbHAS CBS3b MEXK/Yy TAKUMHU
IapaMeTpaMH, KaK KOJIMYECTBO s7iep IJIaBHBIX IapaTUPOLUTOB, CIOHTHOIIUTOB IIyIYKOBOH 30HBI I Pa3MEPOM 3JIeMEH-
TapHBIX AYeeK BI0Jb OCeH a, ¢, IPOLIEHTHBIM CO/lepKaHHeM BUTJIOKHUTA, a CBA3b MEXAY IapaMeTPOM «COOTHOIIIeHUe
IUTOINA/Iel 9yXpOMAaTHHA U TeTEPOXPOMATHHA B si/ipax C-KIeTOK» ObLaa MOJI0KUTEIFHON HA 3-U CYTKU U OTPUIATETh-
HOU HA 24-€ CyTKHU.

3aknwueHHe. MopdhobyHKIIMOHAIBHOE cOCTOsTHIE C-KJIETOK, TJIaBHBIX IAPATUPOLUTOB U COHTHOIIUTOB ITyY-
KOBOH 30HBI JI0303aBUCUMO YTHETAETCS IPEIIECTBYIOIUM 60-THEBHBIM BBeZIeHHEM OeH30aTa HAaTpUsL. ITO COIPOBOXKA-
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eTcs HapylleHneM KOMIIeHCaTOPHO-BOCCTAaHOBUTEJIBHBIX ITPOIecCOB B IepHoJie PernapaTUBHOIO ocTeoreHesa. MeTomom
KODPeJIAIMOHHOTO aHAIN3a YCTAaHOBJIEHbI PA3IMYHbIe [0 CUJIe U HAIIPAaBJIEHHOCTU CBA3Y MEX/y U3MEeHEeHUAMHU MOpdO-
MeTPHUUYEeCKUX IIapaMeTPOB SHAOKPUHHBIX JKeJle3 U MUKPOCTPYKTYPBI pereHepara.

Knaroueewvte caoea: C-kjieTky, IJIaBHble IaPATUPOLUTHI, CIIOHTUOIUTHI IyYKOBOM 30HBI, MOpdOMeTpUUecKHe apamMe-
TPBI, MUKPOCTPYKTYpa U (a30BBIH COCTAB, pereHepaT, 6eH30aT HaTPHsA, KOPPEJIAIMOHHBIN aHATU3.

OoO0pasen nuUTUPOBaHUA: Mopo3os B.H. lI3MeHeHHsI MOPHOMETPHUIECKHIX TIAPAMETPOB IepUQEPHUUECKUX DH-
JIOKPUHHBIX JKeJIe3 U MOKa3aTesell MUKPOCTPYKTYPHI, (ha30BOro cocTaBa OMOMUHEPAIA pereHepara 60sIbIe0epIioBhIX
KOCTeH IMocJIe JITTUTEIbHOTO BO3/IelcTBIA Oen3oara Hatpus // Journal of Siberian Medical Sciences. 2024;8(3):19-36.
DOI: 10.31549/2542-1174-2024-8-3-19-36

Changes in the morphometric parameters of the peripheral
endocrine glands and microstructure indicators, phase
composition of the biomineral of the regenerating tibias
after long-term exposure to sodium benzoate

V.N. Morozov

Belgorod National Research University, Belgorod, Russia

ABSTRACT

Introduction. Sodium benzoate is a preservative widely used in the food industry to increase the shelf life of
food products. However, its genotoxic, hepatotoxic and nephrotoxic properties have been established, which requires fur-
ther study of its effects on the body.

A i m . To study the effect of a 60-day exposure to sodium benzoate on the structure of the thyroid C-cells, the main para-
thyroid cells and the spongiocytes of the adrenal zona fasciculata, taking into account changes in the microstructure and
phase composition of the biomineral of the regenerating tibias amid modeling a mechanical injury.

Materials and methods. Onehundred and twenty albino mature male rats were divided into four
groups (30 animals in each group). Animals of groups 1 and 2 were exposed to sodium benzoate for 60 days at doses of 500
and 1000 mg/kg, after which a defect in the tibias was simulated. In group 3, instead of sodium benzoate, the animals were
injected with saline solution. In group 4, rats received saline without simulating the tibial injury. The study of changes in
the cytomorphometric parameters of the thyroid C-cells was carried out using electron microscopy on the 3rd and 24th
days after defect modeling. The study of the morphometric parameters of the main parathyroid cells and spongiocytes of
the adrenal zona fasciculata was carried out by light microscopy on days 3, 10, 15, 24, 45, and the indicators characterizing
the microstructure and phase composition of the biomineral of the regenerating bones were studied by X-ray diffraction
analysis at the same time points.

Results. Ingroup 1,the area occupied by euchromatin in the nuclei of C-cells significantly decreased compared to
group 3 on the 24th day by 21.13%, and in group 2 on the 3rd and 24th day— by 5.83 and 16.29%. In groups 1 and 2, on the
3rd and 24th day, the ratio of euchromatin and heterochromatin areas was less by 2.65, 22.25 and 6.69, 17.69%, the diam-
eter of secretory granules — by 7.47, 15.43 and 8.92, 16.00%. The number of nuclei of the main parathyroid cells per area
unit decreased significantly only in group 2 from the 3rd to 24th day by 3.96, 3.34, 3.68%, and the functional activity index
decreased on the 3rd day by 6.34%. The number of spongiocyte nuclei per area unit in the zona fasciculata decreased sig-
nificantly in both groups from the 3rd to 45th day — by 2.87, 2.40 and 5.57, 3.91%. In the 1st group, the index of functional
activity of spongiocytes was lower only from the 3rd to 15th day by 7.20, 6.78, 4.54%, and in the second group — in all time
points by 10.73 and 7.23%. In the biomineral of the regenerating tibias in rats of group 1, a significant increase in the size
of unit cells along the ¢ axis was revealed on the 15th and 24th days by 0.23 and 0.17%. In group 2, the increase in the size
of unit cells along the a axis was significant from the 15th to 45th day by 0.28, 0.15, 0.13%, and the increase in the size of
the unit cells along the ¢ axis was significant from the 10th to 45th day by 0.18, 0.23, 0.21, 0.12%. In same groups, a sig-
nificant positive correlation was found between such parameters as the number of nuclei of the main parathyroid cells,
spongiocytes of the zona fasciculata and the size of unit cells along the a, ¢ axes, the percentage of whitlockite, and the cor-
relation between the parameter “ratio of the areas of euchromatin and heterochromatin in the C-cell nuclei” was positive
on the 3rd day and negative on the 24th day.

Conclusion. Themorphofunctional state of C-cells, main parathyroid cells and spongiocytes of the zona fascicu-
lata is dose-dependently inhibited by the previous 60-day administration of sodium benzoate. This is accompanied by
alteration of compensatory and restorative processes during reparative osteogenesis. Using the correlation analysis, rela-
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tionships of varying strength and direction were found between changes in the morphometric parameters of the endocrine

glands and the microstructure of the regenerating bones.
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BBEJAEHHNE

TpaBMaTu3M SBJISIETCS aKTyaJIbHOM MEIUKO-
COIUAIPHOH TTPOBJIEMOM, 3aTParuBaoINel KaKaoro
YeJIOBEKA B IIPOIECCE JKUBHEEATETbHOCTH [1].
TpaBMaTUYeCKOe TIOBPEKIEHNE TBEPABIX U MATKUX
TKaHeH OpraHu3Ma COIPOBOXKAAETCS CHCTEMHOM
peaxiueli opraHu3Ma, B KOTOPOH IEPBOOUEPETHYIO
pOJIb HWTPAOT 2Keje3bl BHYTPEHHEH CeKpeluu, B
YaCTHOCTH  IIUTOBU/IHAS,  OKOJIOIIMTOBHUHBIE
JKeJie3bl U HA/IIOYeUHUKU. 'OpMOHBI, CUHTE3Upye-
Mble U CEKpeTHpyeMble AAHHBIMU OPraHaMU, CO3-
JIal0T, B 3aBUCUMOCTH OT CTEIIEHH TSKECTU TPABMBI,
HEOOXOTUMBIA TOPMOHAJIBHBIN (DOH IS TTO//IepIKa-
HUA OajaHca aHAOOJIMYECKUX U KaTaOOJIMYECKHUX
MIPOIIECCOB U 00ECTIeUEHNST BOCCTAHOBJIEHUS IIEJI0CT-
HOCTH 00J1aCTH TTOBPEKAEHUA [2].

B Hacrosimee BpeMs WHJIYCTPHS MPOU3BOCTBA
MPOAYKTOB THUTAHUS HE MOXET OOXOAUThCs 0e3
WCIIOJIb30BAHUS IUINEBBIX J00aBOK, B YaCTHOCTH
MUINEBBIX KOHCEPBAHTOB. DTO CBS3aHO C TEM, UTO
6e3 ux 106aBJIEHNs B COCTaB MPOIYKTOB MOCIETHIE
MO/IBEpPTralOTCs OBICTPOU MOPYE TaKe TOCJIE TIPeJIBa-
PUTEILHOH TEepMUYECKOW O0OpabOTKH U HMEIOT
KOPOTKHU cpok rogHocTu [3]. Mcmonb3oBaHue B
MPOMBINIJIEHHBIX TEJISIX MUIEBOr0 KOHCEpBAaHTA —
GeH3o0aTa HATPUSA — IIO3BOJIET YCTPAHUTD JAHHYIO
mpobsieMy, TMOCKOJIBKY OH 00J1aJlaeT CBOMCTBaMH
YTHETaTh aKTUBHOCTb OaKTepuil 1 rpubkoB [4]. [Ipu
9TOM He CJIeAyeT HTHOPHUPOBATh COOOIIEHUS O
MOOOYHBIX JIEHCTBUsAX OeH30aTa HATPHUs Ha opra-
HHU3M — €T0 CIIOCOOHOCTH B KUIIIEYHHUKe ITpeobpaszo-
BBIBAaTbCA B OEH30J1 B COUETAHHU C aCKOPOMHOBOU
KHCJIOTOU, OKa3bIiBaTh T€HO-, HE(PO- U TelmaToOKCU-
yeckue 3(pdexTrl [5, 6], YTO CTAaBUT BOIIPOC 00 aKTy-
QJIBHOCTH JIaJIbHENIIEr0 U3YUEeHHs ero BIUSAHUSI Ha
OpTraHU3M.

B wumeromelics Hay4yHOU JuTepaType Mopdo-
(byHKITMOHAIBPHbIE W3MEHEHHUs IIUTOBUIHOU, OKO-
JIOIUTOBUAHBIX Kejie3 U HAANOYEeYHHKOB [7], a
TaK:Ke MUKDPOCTPYKTYpPbI U ()a30BOTO cocTaBa OHO-
MHHepasia pereHeparta kKocred [8] B pasHble mepu-
O/Ibl TOCJIE TPAaBMbI JIOBOJIBHO TIOJTHO OCBEIIEHBI.

INTRODUCTION

Traumatism is an urgent medical and social prob-
lem that affects every person throughout life [1].
Traumatic damage to hard and soft tissues of the
body is accompanied by a systemic reaction of the
body, in which the primary role is played by the
endocrine glands, in particular, thyroid, parathyroid
glands and adrenal glands. Hormones synthesized
and secreted by these organs create, depending on
the severity of injury, the necessary endocrine profile
to maintain the balance of anabolic and catabolic
processes and ensure restoration of the integrity of
the damaged area [2].

Currently, food industry cannot exist without the
use of food additives, in particular food preserva-
tives. This is due to the fact that without their addi-
tion to products, the latter are subject to rapid degra-
dation even after preliminary heating, and have a
short shelf life [3]. The use of a food preservative,
sodium benzoate for industrial purposes eliminates
this problem since it has the properties of inhibiting
bacterial and fungal growth [4]. At the same time,
one should not ignore reports of side effects of sodium
benzoate on the body — its ability in the intestine to
be converted into benzene in combination with
ascorbic acid, to have geno-, nephro- and hepatoxic
effects [5, 6], which raises the question of the rele-
vance of further study of it influence on the body.

In the available literature, morphofunctional
changes in the thyroid, parathyroid glands and adre-
nal glands [7], as well as the microstructure and
phase composition of the biomineral of regenerating
bones [8] in different periods after injury are quite
fully covered. However, data on the reactivity of
these organs under long-term previous intake of food
additives, in particular sodium benzoate, into the
body is not provided.

AIM OF THE RESEARCH

To study the effect of a 60-day exposure to sodium
benzoate on the structure of the thyroid C-cells, the
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Opnako wmHpOpPMaNUsg O PEeaKTUBHOCTH JAHHBIX
OPTaHOB B YCJIOBHUAX JUUIUTEJIHHOTO IIPEJIIIECTBYIO-
IIETO TOCTYIUIEHUSI B OPTaHU3M ITHIIEBBIX T00aBOK,
B YaCTHOCTH OeH30aTa HATPUs, He IIPeCTaBIeHa.

IIEJIb UCCJIE/IOBAHUSA

V3yuuTh BAUAHHE 60-THEBHOTO BO3/eUCTBUSA
OGeH30aTa HATPHUA HA CTPYKTYPY C-KJIETOK IUTOBU/-
HOM 2KeJIe3Bbl, TJIABHBIX IaPATUPOLUTOB OKOJIOIIUTO-
BUJIHBIX JKeJIe3 U CIIOHTHOIIUTOB HA/IMOYEYHUKOB C
Y4IeTOM H3MEHEHUH MUKPOCTPYKTYPHl U (a30BOTO
coctaBa OMOMHUHepasia pereHepaTta 0o0JbIIeGEPIO-
BBIX KOCTell IIPH MeXaHUuecKo! TpaBMe.

MATEPUAJIBI 1 METO/IbI

V3 120 06eJbIX IIOJIOBO3PEJIBIX KPBIC-CAMIIOB
(macca 200—-210 1) chOPMUPOBATIN YeThIPe SKCIIe-
pUMeHTabHbIe TPYHIEI (110 30 0cobell B KaXAOMH).
JKMBOTHBIM IIEPBBIX ABYX IPYIII BHYTPIDKETYIOTHO
B TeueHUe 60 CyT BBOAWIN 1 MJI pacTBopa beH30aTa
HATpus B 7103aX 500 U 1000 MT/KT, a IOCJIe 3aBep-
IIEHUS JAHHOTO BO3/IEHCTBUS MOZETUPOBAIH MeXa-
HUYECKYIO TpaBMy 00JIbIeOepIioBBIX KocTel (CcTo-
MAaTOJIOTHYECKUM OOpOM JHaMEeTpPOM 2 MM CO37a-
BJICS CKBO3HOH ITUPKYJISIDHBIA JedeKT B MecTe
Iepexo/ia IPOKCUMAaJIbHOTO snudusa 6osblinebep-
IIOBOH KocTH B ee nuadus) [9]. B TpeTwelt rpymme
JKHBOTHBIM BBOJWIH 0.9% U30TOHUYECKUN PACTBOP
HaTpHsA XJIOPHJIA BMeCcTO OeH30aTa HATpUs U TaKiKe
MOJIEJTUPOBAIH MEXaHUUECKYIO TpaBMy 60JbIebep-
[OBBIX KocTel. UeTBepTas rpynna 6pu1a cpopMupo-
BaHAa U3 ’KUBOTHBIX, KOTOPBIE B TeUeHHe 60 CYT MOJIy-
YaJIi TOJIBKO (PU3HOJIOTUYECKUH pacTBop 6e3 Mojie-
JIMPOBAaHUA TPaBMbI KocTed. ITOCKOJIBKY BHAOBas
YYBCTBUTEJIBHOCTh KDBICHI U YeJIOBeKa K HKCIIEepH-
MEHTIBHBIM BO3/IEHCTBUAM pa3Hasi, TO 1032 BBOIU-
Moro 6eH30aTa HaTpUs KOPPEKTUPOBAIACH C HCIIOJIb-
3oBanueM ¢opmysibl PribosioBieBbix [10]. B xone
DKCIIEpUMEHTa C HCIOJIb30BAaHHEM JIabOPaTOPHBIX
KPBIC PYKOBOZCTBOBINCH IOJIOXKEHUAMU Jlnpek-
TUBBl 2010/63/EU EBpomnelickoro mapjiamMeHTa u
Cogeta EBporneiickoro cotw3sa [11]. IIpoTokoJt ucce-
JIOBAHUS yTBEPXKJEH Ha 3acelaHUU KOMUCCHU II0
6uoaTHKe JIyTaHCKOTO TOCYZIapCTBEHHOTO MEIUIH-
ckoro yHuBepcurera uMm. Carutens Jlyku» (NO 2
25.03.2022 1.) [IJ151 BcclefOBaHUS N3MEHEHHU OKO-
JIOITUTOBUIHBIX KeJle3 U HA/ATIOYeUHUKOB Ha CBETO-
ONTHYECKOM YPOBHE Ha 3-U, 10, 15, 24 U 45-€ CyTKH
IIOCJIe MOZETUPOBAHUS TPABMBI OOJIBIIEOEPIIOBBIX
KOCTeH KpBICH IOJBEPraINCh SBTAHAZUU IIyTEM
BJIbIXaHHU JIETAJIBHON 03Bl HAPKO03a JUITUJIOBOTO
adupa ¢ mocneAywoled Aexkanuranuer. 3abop
ITUTOBUAHBIX JKeJle3 /ISl 3JIEKTPOHHO-MHUKDPOCKO-
MMUYECKOTO WCCJIEIOBAHUS OCYIECTB/LIA HAa 3-U U

main parathyroid cells and the adrenal spongiocytes,
taking into account changes in the microstructure
and phase composition of the biomineral of the
regenerating tibias amid a mechanical injury.

MATERIALS AND METHODS

Four experimental groups (30 animals in each
group) were formed from 120 albino mature male
rats (weight 200—210 g). Animals of the first two
groups were administered intragastrically for
60 days with 1 ml of sodium benzoate solution at
doses of 500 and 1000 mg/kg, and after completion
of this exposure, a mechanical injury to the tibias
was simulated (a dental 2 mm bur was used to make
a perforated circular defect at the junction at the
point of transition of the proximal epiphysis of the
tibias and its diaphysis) [9]. In the third group, ani-
mals were injected with 0.9% saline instead of
sodium benzoate, and a mechanical injury to the tib-
ias was also simulated. The fourth group was formed
from animals that received only saline for 60 days
without simulating bone defect. Since the species
sensitivity of rats and humans to experimental influ-
ences is different, the dose of sodium benzoate was
adjusted using the Rybolovlev formula [10]. During
the experiment using laboratory rats, we were guided
by the provisions of Directive 2010/63/EU of the
European Parliament and the Council [11]. The study
protocol was approved by the Bioethics Commission
of St. Luka Lugansk State Medical University (No. 2,
25.03.2022). To study changes in the parathyroid
and adrenal glands at the light-optical level on days
3, 10, 15, 24 and 45 after modeling the injury to the
tibias, rats were euthanized by inhaling a lethal dose
of diethyl ether followed by decapitation. The thyroid
glands were collected for electron microscopy on the
3rd and 24th days after the animals were removed
from the experiment by decapitation. Histological
processing of samples of glands, their embedding in
homogenized Histomix paraffin, sectioning, and
staining were carried out in accordance with stan-
dard protocols for light and electron microscopy
[12]. For morphometry of histological sections, we
used a hardware complex consisting of a personal
computer with Nis-Elements BR 4.60.00 software, a
Nikon Eclipse Ni microscope and a Nikon DS-Fi3
digital camera (Nikon Corporation, Japan). In the
central and peripheral parts of parathyroid glands,
the number of nuclei of the main cells of parathyroid
glands per area unit was counted, and the maximal
(D,,,.) and minimal diameters (D_. ) of their nuclei
measured, followed by calculation of the average
value (MD_ ) using the formula [13]

MD__.=vVD_ -D

nucl max min”®
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24-e CYyTKH TIOCJI€ BBIBEJEHUS JKUBOTHBIX U3 DKCIIE-
pUMeHTa MeTOAOM JeKalUTaluu. [HCToIoThYe-
CKyI0 TIPOBOZIKY KYCOUKOB JKeJjie3, UX B3aJIUBKy B
rOMOTEeHH3UPOBaHHYI0 mapaduHoByio cpeny Histo-
mix, U3TOTOBJIEHNE CPE3OB, UX OKPACKY IIPOBOIVIIN
B COOTBETCTBUU CO CTAaHJAPTHBIMU IPOTOKOJIAMH
JUIS CBETOBOU U 3JIEKTPOHHOM MHKpOCKomHu [12].
It MopdOMeTpUH T'MCTOJIOTHYECKHUX CPE30B
KCITOJIb30BAJIM ATMAPATHBIA KOMILIEKC, COCTOSIIIAI
U3 TEePCOHAJIPHOTO KOMIIBIOTEPA C IPOTrPaMMHBIM
obecnieuenuem Nis-Elements BR 4.60.00, MUKpO-
ckoma Nikon Eclipse Ni u nudposoii kameps! Nikon
DS-Fig (Nikon Corporation, Japan). B okosoruTo-
BUIHBIX JKeJie3aX B I[EHTPaJIbHBIX U mepudepuye-
CKHX OT/eJaX IOJCUUTHIBAIN KOJUYECTBO SIEP
IJIABHBIX MMAPaTUPOIUTOB HA €IWHHUITY IUIOIIAAU U
usMepsAnr Haubonbmui (D . ) 1 HAaMMEeHbIIUH Tua-
merpel (D . ) uX sAxep ¢ mocjeyoluM BeIYHCIIe-
HueM cpeznHero 3Havenus (MD ) o popmysre [13]

MD, =VD,_-D

X min®
Nunexe ¢yHKmumoHambHOU akTuBHOCTUA (InFA)
IVIABHBIX MMApPaTUPOIIUTOB PACCUUTHIBAICA MO Gop-
myie [13]

InFA = (N, - MD,_)/ 20,

rae N, — KOJINYeCTBO sifiep IVIABHBIX IapaTHPOLH-
TOB Ha €IUHUILY ILIOIIA/IH.

B HapmoueyHMKaX MOJCYUTHIBAIN KOJIUIECTBO
A7iep CIOHTHUOIUTOB HA eAMHUILY IIJIOIA/IU B IIyUKO-
BOH 30HE U U3MePsITU HauOOJIbIITNN U HAUMEHbBIIIHI
IUaMeTPhl WX sIep Ha THUCTOJIOTUYECKHX Cpe3ax.
OmnperniesieHne cpefiHEro JUaMeTpa fZiep STUX Kile-
TOK U UX GYHKIIMOHAIBHON aKTUBHOCTH ITPOBOIH
II0 BBINIIEYKA3aHHBIM (DOPMYJIaM.

B xommbioTepHON mporpamme ImageJ (NIH,
USA) Ha 3arpyKeHHbBIX dJIeKTpoHOTpaMmMax C-kiie-
TOK IIUTOBUIHOH KeJe3bl He MEeHee YeM B JeCSATU
KJIETKax IIPOBOJIMIIN U3MepeHue IO, 3aHUMa-
€MOI ByXPOMAaTHHOM U FreTEPOXPOMATHHOM, C ITOCTIe-
IYIOIUM BBIUFICJIEHHEM UX COOTHOIIEHUSA B s/IpE, a
TaKKe CpeHel IIolasu MUTOXOHAPUU U JAuaMe-
Tpa CEKPETOPHBIX TPAHYI.

151 m3ydeHuss MUKPOCTPYKTYPhl OHOMUHepaia
pereHepaTa 60JbIIEOEPIIOBBIX KOCTEH U ero (daszo-
BOTO COCTaBa HCIOJIB30BaJIM METOJ] PEHTTEHOCTPYK-
TypHOTO aHanu3a [14]. PaccunutpiBasiu pasmep aiie-
MEHTapHBIX sTUeeK B/I0JIb Ocell @ U ¢ — CTPYKTYPHO-
(DYHKITMOHATBHBIX €AUHUI] MUHEPAJIa, TPEICTaBIIsI-
0IUX c000¥ HAaWMEHBIIYIO YIIAaKOBKY aTOMOB, (op-
MUDYIOIIYI0 BEIIECTBO KOHKPETHOTO MUHepaa.
Taxske ompenesisii MPOILIEHTHOE COZIep:KaHUe BUT-
JIOKUTa W KaJpIHUTa B OHMOMHHEpase pereHepara
60J1bI1e6EPIIOBBIX KOCTEH.

The index of functional activity (InFA) of the
main cells of the parathyroid glands was calculated
using the formula [13]

InFA=(N_ -MD, ) /20,

where N — number of nuclei of the main cells of
the parathyroid glands per unit area.

In the adrenal glands, the number of spongiocyte
nuclei per area unit in the zona fasciculata was
counted, and the maximal and minimal diameters of
their nuclei were measured on histological sections.
The average diameter of the nuclei of these cells and
their functional activity were determined using the
abovementioned formulas.

Using ImageJ software (NIH, USA), the areas of
euchromatin and heterochromatin were measured
on downloaded electron diffraction patterns of the
thyroid C-cells in at least ten cells, followed by calcu-
lation of their ratio in the nucleus, as well as the aver-
age area of mitochondria and the diameter of secre-
tory granules.

To study the microstructure of the biomineral of
regenerating tibias and its phase composition, X-ray
diffraction analysis was used [14]. The size of unit
cells along the a and ¢ axes was calculated — the
structural and functional units of the mineral, which
represent the smallest atomic packing that forms the
substance of a particular mineral. The percentage of
whitlockite and calcite in the biomineral of the rege-
nerating tibias was also determined.

Next, the numerical data were downloaded into
Microsoft Office Excel 2017 (Microsoft, USA), where
variation series were built and the data were checked
for the normality of distribution using the Shapiro-
Wilk test. In case of normal data distribution, the
parametric Student’s t-test for differences in means
was used. In other cases, the non-parametric Mann-
Whitney test was used in Statistica 10.0 (StatSoft
Inc., USA) for comparative analysis of data from dif-
ferent groups. Differences were deemed statistically
significant if the probability of error was less than
5%. To identify the relationship between the cyto-
morphometric parameters of endocrine gland cells
and the indicators obtained during X-ray analysis of
the regenerating tibias, a correlation analysis was
used. The latter was carried out between the param-
eters of the peripheral endocrine glands (the number
of nuclei of the main parathyroid cells per area unit,
the number of nuclei of spongiocytes of the adrenal
zona fasciculata per area unit, the ratio of the areas of
euchromatin and heterochromatin of the C-cell
nuclei), and the parameters of the microstructure
and phase composition of the biomineral of the
regenerating tibias (size of unit cells along a and ¢
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Jlajiee 4ncIOBBIe JaHHbBIE 3aMEPOB I1IEPEHOCUIIH B
nporpammy Microsoft Office Excel 2017 (Microsoft,
USA), rzie BbICTpaWiBajiyd BapHAIlMOHHBIE DPAIBI U
OCYIIECTBJISLJIN TPOBEPKY IAHHBIX HA HOPMaJIBHOCTh
pacmpenesenus npu nomoinu kpurepus Hlanupo —
Yunka. B cirydae HopMaJibHOTO pacpeiesieHus JaH-
HBIX HCIIOJIb30BIM IIapaMeTpUuYecKui KpUTepUil
CTpiOfleHTa JJI1 CPaBHEHUS CPEJHUX BEJTHYHUH.
B ocranpHBIX ciydasx B mporpamMe Statistica 10.0
(StatSoft Inc., USA) a/11 CpaBHUTEJILHOTO aHAIN3a
JIAHHBIX Pa3JIMYHBIX TPy NPUMEHSUIN HemapaMme-
Tpruueckuil kputepuii ManHa — YutHu. Paznuuus
CUNTATH CTATUCTUYECKH 3HAYNMBIMU IIPU BEPOSIT-
HOCTU OIIMOKU MeHee 5 %. /171 BBIABJIEHUS CBA3HU
MeXIy HTUTOMOPGOMETPUYECKUMH IapaMeTpaMu
KJIETOK M3yYaeMbIX H/IOKPUHHBIX JKeJjle3 U MoKa3a-
TeJIAMU, MOJYYEHHBIMU IIOCJIe IPOBEJEHUS PEeHT-
TeHCTPYKTYPHOTO aHaju3a pereHepara 60bInebep-
LIOBBIX KOCTEHN, WCIOJIH30BAIN KOPPEIAINUOHHBIN
ananus. [TocyienHUN OBLT MPOBEJIEH MEXK/TY TTapaMe-
TpamMu TniepudepUUECKUX DHIOKPUHHBIX JKeJie3
(KoTMYeCTBO s/Iep IJIaBHBIX TAPATUPOLINTOB HA e/TH-
HUITy IUIOIIAAM, KOJIMYECTBO s/Iep CIOHTHOIIUTOB
MyYKOBOI 30HBI HA/IIMIOYEUHUKOB HA EIUHUILY ILIO-
[/, COOTHOIIEeHHe IUIOLIaJled 3yXpoMaThuHa U
rerepoxpomartusa sgep C-KJIeTOK) U IapaMeTpaMu
MHKPOCTPYKTYpbI U (a30BOTO cOCTaBa OHOMIHe-
pasia pereHepara 60JIbIIIEOEPIIOBBIX KOCTEH (pazmep
BJIEMEHTAPHBIX fYeeK B/IOJIb OCEH @ U €, IIPOIEHT-
HOe coJieprKaHue KaIbITuTa U BUTJIOKHUTA). Koaddu-
[IMeHT PaHTroBON Koppessanuu CronupmeHa ObLT
HCIIOJIb30BAH JJI1 OIIEHKH CTENEHU CBA3U MEXIY
BBIIIIEYKa3aHHbIMU TapaMerpamu. Ciaboil koppe-
JIALIMOHHYIO CBA3D CYNUTAJIN IIPU 3HAUeHUU K03 Pu-
[MEeHTa KOPPeJIANUH p < 0.19, YMEPEHHOH — 0.30—
0.49, cpeaHel — 0.50—0.69, cuiIbHOU >0.70. Cre-
IIeHb CBSA3HM MEXJy IapaMeTpaMH CUUTAIU JTOCTO-
BEpHOU B CjIydasx, Korja (akTUIecKOoe 3HAUeHHe
koadoumnuenta xoppesnsauu CrnupMmeHa ObLUIO
0oJibIlle KpUTHUECKOTO (p = 0.829 mIpu a = 0.05 151
6 >KUBOTHBIX B TPyTIIE).

PE3YJ/IBTATDBI

B Tpetneil rpyniie, B KOTOPOH MOAEIUPOBAaHUE
MEXaHHUYECKOH TPaBMbI OOJIBIITEOEPIOBBIX KOCTEH
OCYIIECTBJIAJIOCh TIocsie 60-HEBHOTO BBeZIEHUS
(usmosornUecKkoro pacrtBopa, H3MeHEHHE ILIO-
maay, B3aHNMaeMOH JYXpOMATHHOM B  sApax
C-KJIETOK, TI0 CPABHEHUIO C 3HAUEeHUSIMU YeTBepTOH
TPYIIIBI, UMEJIO JIUIIh XapaKTep TEeHAEHIUU K yBe-
JIMYEHHUIO HA 3-U CyTKH (HA 5.41 %), U 3HAUEHHUE JaH-
HOTO ITapaMeTpa ObLJI0 3HAYHNMO BBIIIE HA 24-€ CYTKU
HabsroeHus Ha 20.84 % (p < 0.05). CooTHOIIIEHHE
IJIOIIA/Iel 5yXPOMAaTHHA U TeTEPOXPOMATHHA CTaTH-

axes, percentage of calcite and whitlockite). Spear-
man’s rank correlation coefficient (p) was used to
assess the strength of association between the above-
mentioned parameters. A correlation was considered
low when the correlation coefficient was p < 0.19,
mild — 0.30-0.49, moderate — 0.50—0.69, strong
> 0.70. The degree of correlation between parame-
ters was considered reliable if the actual value of the
Spearman’s correlation coefficient was greater than
the critical value (p = 0.829 at a = 0.05 for 6 animals
in the group).

RESULTS

In the third group with the tibial mechanical
injury simulated after a 60-day administration of
saline, the change in the area of euchromatin in the
of C-cell nuclei, compared with the values of the
fourth group, only tended to increase on the 3rd day
(by 5.41%), and the value of this parameter was sig-
nificantly higher on the 24th day of the experiment —
by 20.84% (p < 0.05). The ratio of the areas of
euchromatin and heterochromatin significantly
increased by 9.12 (p < 0.05), 30.34% (p < 0.05), and
the change in the area of heterochromatin, on the
contrary, had only a tendency to decrease on the 3rd
and 24th days (on 3.38 and 7.33%). The diameter of
secretory granules and the average area of C-cell
mitochondria increased significantly on the 24th day
by 22.09 and 11.89% (p < 0.05), and on the 3rd day
their changes tended to increase (by 4.03 and 2.42%)
(Table 1). These ultrastructural changes indicate a
gradual increase in the functional activity of these
cells towards the late stages of reparative osteo-
genesis.

In the same group, it was found that the tibial
injury simulation is accompanied by an increase in
the proliferative potential and functional activity of
the main parathyroid cells, as evidenced by a statisti-
cally significant increase in the number of nuclei of
these cells per area unit from the 3rd to 45th day by
6.63, 6.46, 6.78, 5.89 and 3.55% (p < 0.05). The
change in the average diameter of the nuclei of these
cells only tended to increase at the same time (by
21.5, 1.24, 1.80, 1.23 and 1.67%). The index of func-
tional activity of the main parathyroid cells increased
significantly from the 3rd to 24th day by 8.98, 7.84,
8.79, 7.22% (p < 0.05) and did not change signifi-
cantly on the 45th day (by 5.32%) compared with the
data in the control group.

In the adrenal glands, spongiocytes of the zona
fasciculata responded to the tibial injury by enhanc-
ing their morphofunctional state. In the third group,
the number of nuclei of these cells per area unit was
greater than the values in the fourth group from the
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Ta6smmua 1. [lapameTpsl yAbTPaCTPYKTYphl C-KJIETOK IIUTOBU/IHOM 2KeJie3bl KPbIC B TPYIIax B 3aBUCUMOCTH OT CPOKOB

HabJII0eHUSA

Table 1. Parameters of the ultrastructure of thyroid C-cells of rats in groups depending on the time point

Homep rpynnsl / Group number 3-u cyTku / 3rd day 24-e cyTku / 24th day
Irowads, 3aHumaemast ayxpomamuHom, mkm? / Area of euchromatin, um?

1 9.01+0.14 10.35+0.13°
2 7.48 +£0.12° 9.20+010°
3 9.49 +0.12 10.99 + 0.13*
4 9.00 +0.10 9.09 +0.09

[11owadv, 3aHumaemast cemepoxpomamurom, Mmkm? / Area of heterochromatin, um?
1 497 +0.08 5.01.£0.10
2 5.17 £ 0.08° 5.05.£.0.08°
3 5.10 £ 0.10 497 +0.10
4 5.28 £0.08 5.35+0.07

CoomHoweHue naowadell 3yXpoMamuHa u 2emepoxpomMamuHa, ycA. ea.
Ratio of areas of euchromatin and heterochromatin, arbitrary units
1 1.81 £ 0.004°® 2.07 £0.02¢
2 1.45+0.01° 1.82+0.01°
3 1.86 £ 0.01* 2.21+0.02*
4 1.70 £ 0.01 1.70 £ 0.01
JAuamemp cexpemopHbix eparnya, HM / Diameter of secretory granules, nm
1 155.54 +1.70® 180.42 + 1.71°
2 142.15+1.31® 166.41 + 0.84®
3 168.09 + 2.18 198.10 + 2.12*
4 161.58 +1.92 162.25 +1.69
Cpedusis naowads mumoxoHdpuli, Mkm? / Average area of mitochondria, um?

1 9.61+0.11° 10.94 £ 0.15°
2 9.05+0.13 9.97 +0.15°
3 10.28+0.10 11.30 £ 0.17*
4 10.03 + 0.14 10.10 £ 0.16

* [locToBEpHOE OTJIMYMeE N0Ka3aTesel TpeThbel Ipynibl OT oKa3aTesel 4eTBepTou rpynmsl npu p < 0.05.
Significant difference between the indicators of the third and fourth groups at p < 0.05.

® JlocToBepHOE OTVINYKE NT0Ka3aTeJiei IepBoii U BTOPOU I'PYIII OT OKa3aTesel TpeTbel rpymnisl npu p < 0.05.
Significant difference between the indicators of the first and second groups from the indicators of the third group at p < 0.05.

CTHYECKH B3HAYMMO yBEJIMYUBAJIOCH Ha 9.12
(p < 0.05), 30.34 % (p < 0.05), a U3BMEHEHHE ILIO0-
a1, 3aHUMAaeMOI reTepOXPOMaTUHOM, HAITPOTHB,
HMMeJIO JIMIIh XapaKTep TEHAEHIIUU K YMEHbBIIIEHUIO
Ha 3-U U 24-e cyTku (Ha 3.38 u 7.33 %). luametp
CEKPETOPHBIX TPAHYJI U CPEIHAS ILJIOIIA/[b MUTOXOH-
npuii C-KJIETOK 3HAYMMO YBEJIUUYUBAIUCH HA 24-€
CYTKH Ha 22.09 1 11.89 % (p < 0.05), a Ha 3-U CYTKH
WX U3MEHEHUs] UMEJIN XapaKTep TEHAEHIIUHN K yBe-
audeHuio (Ha 4.03 1 2.42 %) (tab:. 1). laHHbBIE YIb-
TPaCTPYKTYPHBIE M3MEHEHUs YKAa3bhIBAIOT HA MOCTe-
[IeHHOE yBesinueHre GyHKIIMOHATbHOU aKTHBHOCTH
JTAHHBIX KJIETOK K IMO3THUM CPOKaM perapaTHBHOTO
ocreoreHesa.

B aT011 2Ke€ TpyIIIe OBLIO YCTAHOBJIEHO, YTO MO/JIe-
JIMPOBAaHUE TpPaBMbI OOJBIIEOEPIIOBBIX  KOCTEU

3rd to 45th day by 15.32, 10.60, 8.80, 7.49 and 3.02%
(p < 0.05). The average diameter of the spongiocyte
nuclei in the zona fasciculata increased significantly
from the 3rd to 15th day by 8.26, 6.05, 5.65%
(p < 0.05), and their index of functional activity
increased from the 3rd to 24th day by 24.84%, 17.29,
14.94, 9.58% (p < 0.05). The change in the values of
the first parameter on the 24th and 45th days had
only an increasing tendency (by 1.94 and 1.02%), and
the second indicator — on the 45th day (by 4.37%). As
can be seen from the dynamics of changes in indica-
tors, the maximal range of their deviations is on the
3rd day, after which it gradually decreases by the
45th day.

X-ray structural analysis of the biomineral of the
regenerating tibias showed that the size of the unit
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COIIPOBOK/IAETCA YBETUUEHEM PO epaTHBHOTO
MoTeHIHaa U QYHKIMOHATBHONR aKTUBHOCTH TJIaB-
HBIX [TAPATHUPOIUTOB, O YUeM CBU/IETEJILCTBYET CTATH-
CTHYECKU 3HAYMMOE YBEJIUYEHUE KOJIUUECTBA fAIEP
JaHHBIX KJIETOK Ha eIUHUILY IIOMIAIH C 3-X 110 45-€
CYTKH Ha 6.63, 6.46, 6.78, 5.89 u 3.55 % (p < 0.05).
V3MeHeHHE CpeHEro [uaMeTpa s7ep JaHHbIX Kie-
TOK MMEJIO JIUIIh XapaKTep TeHIEHIINU K BO3pacTa-
HHUIO B 9TH e cpoku (Ha 21.5, 1.24, 1.80, 1.23 u
1.67 %). VHpmekc (QYyHKIUOHAIHLHOH aKTUBHOCTU
IJIaBHBIX MAPaTUPOIUTOB 3HAUUMO BO3PACTai ¢ 3-X
o 24-e cyTku Ha 8.98, 7.84, 8.79, 7.22 % ( p < 0.05)
U He JOCTOBEDHO U3MEHsUICA Ha 45-€ CyTKu (Ha
5.32 %) 10 CpaBHEHHUIO C JAHHBIMU KOHTPOJIBHOM
TPYIIIBL.

B HajImoyeyHUKax HA TPABMY B 60JIbIIIE0EPITOBBIX
KOCTSIX CIIOHTHOITUTHI IIyYKOBOM 30HBI pearupoBan
ycuieHHeM cBoero Mopdo@yHKIIMOHAIBHOTO COCTO-
siHusL. B TpeThell IpyIine KOJUYECTBO si/iep TUX KIle-
TOK Ha eIUHUILY IJI0IaAu ObLI0 O0JIbIlIe 3HAUEHUH B
YeTBEPTOU TPyIIe € 3-X IO 45-€ CyTKU Ha 15.32,
10.60, 8.80,7.49 1 3.02 % (p < 0.05). CpegHuii qua-
METP SI/IEP CIIOHTHOIIUTOB ITyYKOBOH 30HbI CTATHCTH-
YeCcKHd 3HAYMMO BO3PACTaI C 3-X IO 15-€ CyTKU Ha
8.26, 6.05, 5.65 % (p < 0.05), a UX UHAEKC QYHKITHNO-
HaJIbHOW aKTUBHOCTH — C 3-X I10 24-€ CYyTKU Ha 24.84,
17.29, 14.94, 9.58 % (p < 0.05). I3MeHeHUe 3HaUe-
HUH [IEPBOTO MapaMeTpa Ha 24 U 45-€ CyTKU UMeJIO
JIUIIE XapaKTep TeHAEHIIUH K YBeJIMUYeHu o (Ha 1.94
u 1.02 %), a BTOPOTO ITOKa3aTessi — Ha 45-€ CyTKHU (Ha
4.37 %). Kak BUHO U3 JUHAMUKN U3MEeHEeHUH IT0Ka-
3arejiedl, MaKCHUMaJibHas aMIUIMTyAa WX OTKJIOHE-
HUI PETUCTPUPYETCs Ha 3-U CYTKH, IIOCJIE Yero OHa
MTOCTEIIEHHO CHIZKAETCS K 45-M CyTKaM.

PeHTreHOCTPYKTYPHBIH aHaMu3 OWoMHHepaia
pereHepara 60J1bIIe6EPITOBBIX KOCTEH IMOKA3aJI, UTO
pasMep sJIeMEeHTaPHbBIX AYEeK BJI0JIb OCU a 3HAUNMO
VBEJTUUMBAJICS HA 3-U U 10-€ CYyTKH HaOJII0/IeHUs Ha
0.15 1 0.13 % (p < 0.05) ¥ yMeHbIIAJICA C 15-X II0
45-€ CyTKH Ha 0.12, 0.13, 0.10 % ( p < 0.05). VI3ameHe-
HHE pa3Mepa 3JIEMEHTAPHBIX SYEEeK BJIOJb OCH C
WMEJIO JIUIIh XapaKTep TEHJEHIIUU K YBEJTHUEHUIO
Ha 3-U ¥ 10-e cyTKkH (Ha 0.13 U 0.06 %). 3HaueHHe
JaHHOTO IIapaMeTpa CTAaTUCTHYECKH 3HAYHUMO
YMEHBIIIAJIOCh Ha 15 U 24-€ CYTKHU Ha 0.24 U 0.17 %
(p < 0.05) 1 He 3HAUUMO — Ha 45-€ CyTKH Ha 0.06 %.

B Tpetweli TpyIine copieprkaHue KaJabIUuTa ObLIO
0oJIbIlle, YeM 3HAYEHHE JJAHHOTO IIOKA3aTessd B YeT-
BEPTOH IpyMIIE, C 3-X IO 24-€ CYTKU Ha 50.73, 42.71,
15.45, 12.30 % U MeHblIIe Ha 45-€ CyTKU Ha 3.41 %
(p < 0.05). VsmeHeHHe copiep:KaHUsA BUTJIOKUTA B
OroMUHEepaJsie NMeJIO XapaKTep TEHAEHIINH K YMEHb-
[IEHWIO HA 3-U U 45-€ CyTKU (Ha 0.96 u 5.84 %) u yBe-
JIMYEHUIO C 10-X 10 24-€ CYTKU (Ha 7.48, 4.26, 9.07 %).

cells along the a axis significantly increased on the
3rd and 10th days by 0.15 and 0.13% (p < 0.05) and
decreased between days 15th and 45th by 0.12, 0.13,
0.10 % (p < 0.05). The change in the size of unit cells
along the ¢ axis only tended to increase on the 3rd
and 10th days (by 0.13 and 0.06%). The value of this
parameter decreased significantly on the 15th and
24th day by 0.24 and 0.17% (p < 0.05) and not sig-
nificantly on day 45 by 0.06%.

In the third group, the calcite content has
increased in the fourth group between the 3rd and
24th day by 50.73, 42.71, 15.45, 12.30%, and
decreased on the 45th day by 3.41% (p < 0.05). The
change in the whitlockite content in the biomineral
tended to decrease on the 3rd and 45th day (by 0.96
and 5.84%) and increase from the 10th to 24th day
(by 7.48, 4.26, 9.07%).

A sixty-day administration of sodium benzoate
before the simulation of the tibial injury caused a
decrease in the values of cytomorphometric param-
eters of C-cells, compared with the data of the group
without the food additive administration (third
group). In the first group, the change in the area of
euchromatin only tended to decrease on the 3rd day
(by 5.08%), and on the 24th day this parameter dif-
fered significantly from the values in the control
group — by 21.13% (p < 0.05). The ratio of the areas
of euchromatin and heterochromatin was smaller
on days 3 and 24 — by 2.65 and 22.25% (p < 0.05);
the diameter of secretory granules was lower by
7.47 and 15.43% (p < 0.05); the average area of
mitochondria — by 6.55 and 11.97% (p < 0.05). In
the second group, the area of euchromatin decreased
significantly on the 3rd and 24th days — by 5.83 and
16.29% (p < 0.05); the ratio of the areas of euchro-
matin and heterochromatin — by 6.69 and 17.69%
(p < 0.05); the diameter of the secretory granules —
by 8.92 and 16.00% (p < 0.05); the average area of
mitochondria — on the 24th day by 11.77%
(p < 0.05). The value of the latter on the 3rd day in
the second group had only a tendency to decrease
(by 3.13%).

In the first group, the change in the area of het-
erochromatin only tended to decrease on the 3rd day
(by 2.55%) and increase on the 24th day (by 0.91%).
In the second group, this parameter increased sig-
nificantly in both time points by 1.37 and 1.64%
(p < 0.05). From the above it follows that in the first
and second groups, the thyroid C-cells are in a
depressed morphofunctional state at the time of
mechanical bone injury simulation, and during
reparative osteogenesis, the range of reactive changes
in their cymorphometric parameters is less than in
animals of the third group.
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[llecTuyiecATUCYTOUHOE  BBeZleHHE  OeH3o0aTa
HATPHUs JI0 MOMEHTa MOJI€IUPOBAHUS TPAaBMBI B
00JIBIIIEOEPIIOBBIX KOCTSAX BBI3BIBAJIO YMEHBIIIEHHE
3HAYEHUH IHUTOMOP(POMETPUUECKHUX I1apaMETPOB
C-KJIETOK, 110 CPABHEHWIO C JAHHBIMHU TPYIIIbI 6e3
BBEJIEHUST IHINEBONH /100aBKU (TpPEeTbs TpyIIa).
B mepBoii rpymie u3MeHeHUe IO, 3aHIMae-
MO 3yXpOMAaTUHOM, HMEJIO JIUIIh XapaKTep TeHAeH-
MU K YMEHbBIIIEHUIO Ha 3-U CyTKH (Ha 5.08 %), a Ha
24-e CYTKH JJaHHBIN IMapaMeTp 3HAYUMO OTJIMYAJICS
OT 3HAUEHWH KOHTPOJBHOU TPyHIbl Ha 21.13 %
(p < 0.05). CooTHOIIIEHUE TIOIIAIEd SyXpOMaTHHA
U TeTepoXpoMaTHHA ObLI0 MEHbIIE HA 3-U U 24-€
CYTKHU Ha 2.65 1 22.25 % (p < 0.05), AHaMeTP CeKpe-
TOPHBIX TPaHYJI — Ha 7.47 U 15.43 % (p < 0.05), cpeJi-
Hss IUIOIIAJh MUTOXOHJPUUA — HA 6.55 U 11.97 %
(p < 0.05). Bo BTOpOIi rpyIIe MJIOMIA/b, 3aHIMAe-
Masg BYXpPOMAaTHHOM, CTATHUCTHYECKH 3HAYHMO
yMeHbIIIaJIach Ha 3-U U 24-€ CyTKU Ha 5.83 1 16.29 %
(p < 0.05), COOTHOIIIEHHUE TLIOIIAEH SyXPOMaTHHA U
reTepoxpoMaTuHa — Ha 6.69 u 17.69 % (p < 0.05),
JIuaMeTp CeKPeTOPHBIX I'PaHys] — Ha 8.92 u 16.00 %
(p < 0.05), cpenHAs MJIONIAAb MUTOXOHJPUN — Ha
24-e cyTKH Ha 11.77 % (p < 0.05). 3HaUeHUe MOCTIe]I-
HEro mapameTpa Ha 3-H CYTKH BO BTOPOU TpYIIIE
UMEJIO JIUIITh XapaKTep TEHAEHIUU K YMEHBIIIEHUIO
(ua 3.13 %).

B mrepBoii rpymiie u3MeHeHUeE IO 1, 3aHUMa-
eMOM TeTepOXpOMAaTHHOM, UMEJIO JIUIIL XapaKTep
TEeH/IEHIIUH K YMEHbBIIIEHUIO Ha 3-U CyTKHU (Ha 2.55 %)
U YBEJIMYEHUIO Ha 24-€ cyTKH (Ha 0.91 %). Bo BTOpO#
TPyIIie JAHHBIN MapaMeTp 3HAYMMO YBEJIUUNBAJICS
B 00a cpoka HaOJIIoieHus Ha 1.37 1 1.64 % (p < 0.05).
W3 BBIIIIEyKAa3aHHOTO CJIEAYET, YTO B IIEPBOU U BTO-
poii rpymmax C-KJIeTKU IIUTOBUIHOM yKeJIe3bl Hax0-
JIATCS K MOMEHTY MOZIETUPOBAHUS MeXaHUYECKOH
TpaBMbl KOCTEH B yrHeTeHHOM MOpPGOdYHKITHO-
HaJIBHOM COCTOSIHUH, U B IIEPUOJI€ PemapaTHBHOTO
ocTeoreHe3a aMIUIMTYAA PEaKTUBHBIX H3MEHEHUH
UX ITUMOP(POMETPUUECKUX I1apaMeTPOB MEHbIIIE,
YeM y JKUBOTHBIX TPEThEH IPYIIIIbL.

[Momo6uas mo303aBUCHMAas TEHAESHITUA 3aDUKCH-
pOBaHa B OKOJIOIITUTOBU/THBIX JKeJIe3aX KPbIC IIEPBOU
¥ BTOPOI rpyIIi. B mepBoii rpy1iie uaMeHeHne KO-
YyecTBa SIZIEP TJIABHBIX MMAPATUPOIUTOB HA €IUHUILY
IUIOIIA/TA, UX CPETHETO JUaMeTpa U UHjeKca QyHK-
[MOHAJIPHOW AKTUBHOCTA HWMEJIO JIHIIb XapaKTep
TEHJIEHIIMHU K YMEHBIIIEHHIO C 3-X TI0 45-€ CYTKH (Ha
1.9, 1.53, 1.72, 0.61, 0.06 %, Ha 1.24, 0.85, 2.17, 0.25,
0.59 % u Ha 3.19, 2.36, 3.83, 0.83, 0.65 %). Bo BTO-
pOIi TpyIIIe KOJUYECTBO f/Iep TJIaBHBIX IapaTHPO-
OHUTOB OBLJIO 3HAYMMO MEHbIIIE 3HAYEHUH TpPETher
TPYHIIBI ¢ 3-X IO 15-€ CYyTKU Ha 3.96, 3.34, 3.68 %
(p < 0.05), a uHAEKC GYHKIUMOHAIBHONH AaKTHBHO-

A similar dose-dependent trend was revealed in
the parathyroid glands of rats of the first and second
groups. In the first group, the change in the number
of nuclei of the main parathyroid cells per area unit,
their average diameter and the index of functional
activity had only a tendency to decrease from the 3rd
to the 45th day (by 1.9, 1.53, 1.72, 0.61, 0.06%, by
1.24, 0.85, 2.17, 0.25, 0.59% and by 3.19, 2.36, 3.83,
0.83, 0.65%). In the second group, the number of
nuclei of the main parathyroid cells was significantly
lower than in the third group from the 3rd to 15th
day by 3.96, 3.34, 3.68% (p < 0.05), and the index of
functional activity — on the 3rd day — by 6.34%
(p < 0.05). In the same group, the change in the
number of nuclei of the main parathyroid cells per
area unit on the 24th and 45th day had only a ten-
dency to decrease (by 2.58 and 0.19%), the average
diameter of the nuclei of these cells — from the 3rd to
45th day (on 2.48, 1.10, 2.82, 0.62, 1.55%) and their
functional activity index — from the 10th to 45th day
(at 4.41, 6.36, 3.17, 1.72%) (Table 2).

In the adrenal glands, the injury in the tibias
after a previous 60-day administration of sodium
benzoate was accompanied by a decrease in the val-
ues of morphometric parameters of the spongio-
cytes of the zona fasciculata compared to the third
group. In the first and second groups, the number of
the spongiocyte nuclei per area unit in this zone was
significantly lower from the 3rd to 45th day by 2.87,
3.33, 2.17, 3.21, 2.40% (p < 0.05) and 5.57, 4.19,
3.50, 4.00, 3.91% (p < 0.05). In the first group, the
change in the average diameter of the spongiocyte
nuclei had only a tendency to decrease between the
15th to 45th day (by 2.43, 0.53, 1.70%), and their
index of functional activity — on the 24th and 45th
day (by 3.73, 4.06%). In this group, the values of the
first parameter were significantly lower than those
in the third group on days 3 and 10 by 4.47 and
3.57% (p < 0.05), and the values of the second
parameter — between the 3rd and 15" day by 7.20,
6.7, 4.54% (p < 0.05). In the second group, the aver-
age diameter of the spongiocyte nuclei and the
index of their functional activity decreased signifi-
cantly during all time points, respectively, by 5.47,
5.09, 4.63, 3.52%, 3.45% (p < 0.05) and 10.73, 9.07,
7.96, 7.38, 7.23% (p < 0.05) (Table 3). These
changes indicate a decrease in the reactivity of the
spongiocytes of the zona fasciculata in response to
bone injury due to previous long-term exposure to a
chemical factor — sodium benzoate. Considering the
range of changes in morphometric parameters in
the first and second groups, we can conclude that
they are associated with the dose of sodium benzo-
ate administered.
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Ta6una 2. [lapameTpsl I1IaBHBIX TAPATHPOLUTOB KPbIC B IPYMIAX B 3aBUCUMOCTH OT CPOKOB HAGJIIO/IeHUS
Table 2. Parameters of the main parathyroid cells of rats in groups depending on the time point

Homep rpynnsl 3-e cyTKH 10-e cyTku 15-e cyTKH 24-e cyTKH 45-e cyTkH
Group number 3rd day 10th day 15th day 24th day 45th day
Kosauuecmeo sidep enagHbix napamupoyuos Ha eOuHUyy naowadu, wm.
Number of nuclei of the main parathyroid cells per area unit, pcs.
1 31.94+£0.33 31.98+0.39 32.11+0.35 32.22+0.30 31.79 £0.35
2 31.30£0.35 31.40+0.28 31.47 £0.33 31.58 £ 0.40 31.74 £ 0.34
3 32.59 £ 0.35* 32.48+0.36* 32.67 £0.31* 3242 +0.26* 31.81 £ 0.38*
4 30.56 £ 0.42 30.51+0.35 30.60 + 0.45 30.61+0.32 30.72 +0.32
CpedHull duamemp sdep 2/1a8HbIX NAPAMUPOYUMOS, MKM
Average diameter of nuclei of the main parathyroid cells, um
1 5.32+0.07 5.26 £ 0.06 5.27 £0.07 5.33+0.11 5.35+0.07
2 5.25+0.05° 5.25+0.06® 5.23 +0.09¢ 5.31+0.07 5.30+0.10
3 5.38 £ 0.05 5.31+0.06 5.39 £0.07 5.34+0.08 5.38£0.07
4 527 £0.06 5.24 £ 0.04 5.29£0.08 5.28 £0.06 5.29 £0.07
HHdekc pyHKYUOHANBHOU akmu8HOCMU 21A8HbIX NAPAMUPOYUMO8, YCA. ed.
Index of functional activity of main parathyroid cells, arbitrary units
1 8.49 £ 0.19 8.42 +0.20 8.47 £0.20 8.59 £ 0.25 8.51+0.21
2 8.22+0.18° 8.25+0.17 8.24+0.23 8.39+0.21 8.42 +0.24
3 8.77 £ 0.18* 8.63 + 0.20* 8.80 + 0.19* 8.66 + 0.20* 8.57+0.21
4 8.06+0.14 8.00+0.11 8.09 +0.15 8.08 +0.15 8.14+0.17

* JlocToBepHOe OTJIMYMe N0Ka3aTeJlel TpeTbel IpyMnbl OT NoKa3aTesell yeTBepToU rpynnsl npu p < 0.05.
Significant difference between the indicators of the third and fourth group at p < 0.05.
® JlocToBepHOE OTVINYKE [T0Ka3aTeJiel IepBoii U BTOPOU IPYIIII OT OKa3aTesiel TpeTbel rpymisl npu p < 0.05.
Significant difference between the indicators of the first and second groups from the indicators of the third group at p < 0.05.

CTU — Ha 3-U CyTKH Ha 6.34 % (p < 0.05). B aTOM %€
rpyIIIie U3MEHEHNE KOJIMYECTBA sA/Iep IIaBHBIX [Tapa-
TUPOILUTOB HA €IUHUILY IJIOIIAIN HA 24 U 45-€ CYTKH
HUMEJIO JIUIITh XapaKTep TeHJIEHIUH K YMEHbBIIIEHUIO
(Ha 2.58 u 0.19 %), cpegHero AUameTpa AAep JaH-
HBIX KJIETOK — € 3-X MO 45-e cyTKu (Ha 2.48, 1.10,
2.82, 0.62, 1.55 %) U UX UHJIeKca (PYHKIIMOHATIbHOU
aKTUBHOCTH — C 10-X TI0 45-e cyTKU (Ha 4.41, 6.36,
3.17, 1.72 %) (TabJ1. 2).

B maagmoueyHukax TpaBMa B 00JbIIe0epIIOBHIX
KOCTSIX TI0CJIE TIPE/IIIECTBYIONIETO 60-THEBHOTO BBE-
JleHust OeHzoaTa HATPUA COMPOBOXKIAAIOCH YMEHB-
[IeHueM 3Ha4YeHUH MOp(GOMETPHYECKUX IapamMe-
TPOB CIIOHTHOIIUTOB IyYKOBOH 30HBI 110 CPABHEHUIO
¢ TpeThel rpymnmnoi. B mepBoil u BTOpOH rpymmax
KOJIMYECTBO SI/IEP CIOHTHOIIUTOB HA €IMHUILY ILJIO-
A7 B 9TOHU 30HE OBLJIO 3HAYMMO MEHBIIIE C 3-X 10
45-e cyTKu Ha 2.87, 3.33, 2.17, 3.21, 2.40 % (p < 0.05)
U 5.57, 4.19, 3.50, 4.00, 3.91 % (p < 0.05). B nepBo#
rpyIIie U3MEHEHUE CPETHETO AUaMeTpa siep CIOH-
THOIIUTOB HMEJIO JIMIIb XapaKTep TEHJEHIUH K
VMEHBIIIEHUIO C 15-X 10 45-e cyTKH (Ha 2.43, 0.53,
1.70 %), a uX UHJIeKca (PYHKIIMOHAIBHOU aKTUBHO-
CTH — Ha 24 U 45-e cyTkH (Ha 3.73, 4.06 %). B sToit
IpyIIle 3HAUEHUs MEePBOTO IapameTrpa ObUIHM 3Ha-

A study of the microstructure of the biomineral
of the regenerating tibias and its phase composi-
tion in animals of the first group showed that the
change in the size of unit cells along the a axis only
tended to increase from the 3rd to 45th day (by
0.01, 0.05, 0.24, 0.10, 0.07 %), and the size of unit
cells along the ¢ axis — on the 3rd, 10th, 45th day
(by 0.07, 0.12, 0.06%). In this group, the value of
the second parameter significantly increased on
days 15 and 24 by 0.23 and 0.17% (p < 0.05). In the
first group, the proportion of calcite in the biomin-
eral of the regenerating tibias was significantly
less than in the third group on the 3rd day by
12.16% (p < 0.05) and more from the 15th to 45th
day by 17.88, 13.00, 6.77% (p < 0.05). On the 10th
day, the change in this parameter only tended to
increase (by 1.49%). The proportion of whitlockite
significantly increased on the 3rd day by 14.03%
(p < 0.05), then decreased insignificantly on the
10th and 15th days by 3.03 and 0.08% (p > 0.05),
and again, significantly increased on the 24th and
45th days by 4.44 and 6.01% (p < 0.05).

In the second group, the change in the size of
unit cells along the a axis was significant from the
15th to the 45th day by 0.28, 0.15, 0.13% (p < 0.05)
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Ta6una 3. [lapaMmeTpbl CHOHTHOMTOB MYYKOBOM 30HBI HAZJMIOYE€YHHUKOB KPbIC B 3aBUCHMOCTH OT CPOKOB Ha6JIIOIeHUS
Table 3. Parameters of the spongiocytes of the adrenal zona fasciculata of rats depending on the time point

Homep rpynnsl 3-U CyTKH 10-e cyTku 15-e cyTKH 24-e cyTKH 45-e cyTkH
Group Number 3rd day 10th day 15th day 24th day 45th day
Kosnuvecmeo sidep cnoHzuoyumos Ha eduHuyy naowadu, wm.
Number of spongiocyte nuclei per unit area, pcs.
1 14.11 £ 0.08° 13.54 +0.08° 13.47 £ 0.08® 13.35+0.08° 13.22 £ 0.09°
2 13.72 £ 0.09° 13.42 +0.08¢® 13.29 £0.07° 13.24 £ 0.08° 13.02 £ 0.06®
3 14.53 + 0.09* 14.00 + 0.09* 13.77 £ 0.08* 13.79 £ 0.08* 13.55 £ 0.09*
4 12.60 £ 0.09 12.66 £ 0.07 12.65+0.09 12.83 +£0.09 13.11+0.08
CpedHull duamemp si0ep CnOH2UOYUMO8, MKM
Average diameter of spongiocyte nuclei, um
1 6.34 £ 0.06® 6.31+0.06° 6.29 £ 0.05 6.26 + 0.05 6.18 + 0.05
2 6.28 + 0.05® 6.21 £0.05° 6.15 + 0.06® 6.08 + 0.05® 6.06 + 0.05°
3 6.64 + 0.05* 6.54 + 0.05* 6.45 + 0.05* 6.30 £ 0.05 6.28 £ 0.05
4 6.13 £ 0.05 6.17 £ 0.06 6.11 = 0.05 6.18 £ 0.06 6.22 +0.05
HHOdekc pyHKYUOHANbHOU akmU8HOCMU CNOH2UOYUMO8, YCA. 0.
Index of functional activity of spongiocytes, arbitrary units
1 448 +0.07°® 4.27 +0.06°® 4.24 +0.06° 4.18 £ 0.06 4.08 +0.06
2 4.31+0.06° 4.17 £ 0.06°® 4.09 £ 0.06° 4.02 +0.06°® 3.95+0.05°
3 4.82 +0.06* 4.58+0.07* 4.44 + 0.06* 4.32 +0.06* 4.26 +0.06
4 3.86 £ 0.06 3.91 +£0.06 3.86+0.06 397 £0.06 4.08+0.06

* [locToBepHOe OTJIMYMe N0Ka3aTesell TpeTbel IpynIbl OT oKa3aTesel yeTBepToU rpynmsl npu p < 0.05.
Significant difference between the indicators of the third and fourth groups at p < 0.05.

® JlocToBepHOE OTVINYKE NT0Ka3aTeJiei IepBOoii U BTOPOU I'PYIII OT OKa3aTesiel TpeTbel rpymibl npu p < 0.05.
Significant difference between the indicators of the first and second groups from the indicators of the third group at p < 0.05.

YHMO MEHbBIIIe TAKOBBIX B TPEThEN TPYIIIE HA 3-U U
10-e CyTKHU Ha 4.47 ¥ 3.57 % (p < 0.05), a BTOPOTO
ImoKasaTeJis — C 3-X 10 15-e CyTKHU Ha 7.20, 6.7, 4.54 %
(p < 0.05). Bo BTOpOU rpymnme CpegHUH IHAMETP
sA/Iep CIIOHTHOIIUTOB M UHJIEKC UX (DYHKIIMOHATIBHOU
AKTUBHOCTH 3HAUHMMO YMEHBIIAJINCh BO BCE CPOKH
HaOJII0/IEHNUsI COOTBETCTBEHHO Ha 5.47, 5.09, 4.63,
3.52, 3.45 % (p < 0.05) u 10.73, 9.07, 7.96, 7.38,
7.23 % (p < 0.05) (Tabs. 3). /laHHBIE U3MEHEHUS
VKa3bIBAIOT HA YMEHbIIIEHUE PEAKTUBHOCTH CIIOHTHU-
OITUTOB ITyYKOBOHM 30HBI B OTBET HA TPABMY KOCTEH
W3-3a TPEAIIECTBYIOIIETO JJIUTEIHHOTO BOB3MEH-
CTBUSI HAa HUX XUMHYECKOTO ¢akTopa — OeH3oaTa
HATpUA. YUUTBIBas aMIUITUTYy U3MeHeHUH Mopdo-
METPUYECKUX MTapaMETPOB B IIEPBOI U BTOPOU IPyII-
max, MOKHO 3aKJIIOUUTh, YTO OHU CBSI3aHBI C JO30H
BBOJIIMOTO OeH30aTa HATPHA.

HcenemoBanre MUKPOCTPYKTYPBI OMOMUHEpasia
pereHepaTa 60JBIIEOEPIIOBBIX KOCTEH M ero ¢aso-
BOT'O COCTaBa Y KMBOTHBIX IIEPBOU IPYIIIIBI TOKA3AJIO,
YTO UBMEHEHUE pa3Mepa dJIeMEHTaPHBIX STUYeeK BI0JIb
OCH @ UMEJIO JIUIIH XapaKTep TEHJAEHIUU K YBeIude-
HUIO C 3-X TI0 45-€ cyTKH (Ha 0.01, 0.05, 0.24, 0.10,
0.07 %), a pazMepa dJIeMEHTapHBIX TYEEK BI0JIb OCU
¢ — Ha 3-H, 10, 45-e cyTkH (Ha 0.07, 0.12, 0.06 %). B

and only tended to increase on the 3rd and 1oth
days (by 0.04 and 0.09%). The change in the size of
unit cells along the ¢ axis was significant from the
10th to 45th day by 0.18, 0.23, 0.21, 0.12% (p < 0.05)
and only tended to increase on the 3rd day (by
0.11%). The proportion of calcite in the biomineral
of the regenerating tibias of rats of the second group
was significantly less on the 3rd day — by 13.22%,
and higher on the rest days by 3.44, 19.38, 15.28,
10.86% (p < 0.05). In this group, the proportion of
whitlockite increased significantly on days 3, 15, 24,
45 by 16.24, 2.13, 6.38, 9.26% (p < 0.05), and its
change only tended to decrease on the 10th day (by
1.55%). Based on the results obtained, we can con-
clude that a 60-day exposure to sodium benzoate
before simulating the tibial injury influences on the
structural organization of the crystal lattice of the
biomineral in the bone injury area and changes the
balance of phases’ ratio, which, during reparative
osteogenesis, leads to a slowdown in their recovery
to control values, which occurs in the group with
the previous saline administration on the 24th and
45th days of the experiment.

To find the relationship between changes in the
morphometric parameters of C-cells, main para-
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9TOM TPYIIIIe 3HAUYEHHEe BTOPOT0 MapaMerpa 3HaYNMO
VBEJIUYHBAJIOCH HA 15 U 24-€ CyTKU Ha 0.23 1 0.17 %
(p < 0.05). B epBoii rpymIe A0 KaIbIUTa B OHO-
MHHepaJie pereHepaTa 60JIbI1Ie6epIIOBhIX KOCTEH 3HA-
yuMO OblyIa MEHbIle, YeM 3HAUEHNE aHATOTUYHOTO
rmapaMeTpa B TPeTheH IpyIIle, Ha 3-U CyTKU Ha 12.16
% (p < 0.05) 1 6OJIBIIIE C 15-X 110 45-€ CyTKH Ha 17.88,
13.00, 6.77 % (p < 0.05). Ha 10-e cyTku M3MeHeHNe
JIAHHOTO IapaMeTpa UMeJIO JIUIIb XapaKTep TeH/eH-
OUH K yBesimdeHUIo (Ha 1.49 %). Jloys BUTJIOKHTA
3HAYNMO YBEJIWUYMBaach Ha 3-U CyTKH Ha 14.03 %
(p < 0.05), 3aTeM He 3HAYMMO YMEHbIIIaIach Ha 10 U
15-e cyTKH Ha 3.03 1 0.08 % ( p > 0.05) U CHOBA 3Ha-
YUMO YBEJIUUUBAJIACH HA 24 U 45-€ CYTKH Ha 4.44 U
6.01 % (p < 0.05).

Bo BTOpOIi rpyIilie HU3MeHeHHe pa3Mepa dJIeMeH-
TapHBIX STYEEK B/I0JIb OCH @ OBLIIO BHAYUMBIM C 15-X
10 45-€ CyTKH Ha 0.28, 0.15, 0.13 % (p < 0.05) u
UMEJIO JIUIIb XapaKTep TEHAEHIINN K YBEJTUYEHUIO
Ha 3-U U 10-€ cyTKHU (Ha 0.04 u 0.09 %). N3meHe-
HHE pa3Mepa BJIEMEHTApHBIX sYeeK BJOJIb OCH C
OBLIO 3HAYMMBIM C 10-X II0 45-€ CYyTKH Ha 0.18,
0.23, 0.21, 0.12 % (p < 0.05) ¥ UMEJIO JIUIITb XapaK-
Tep TEHJEHIIUM K YBEJIUYEHWIO Ha 3-U CyTKH (Ha
0.11 %). Jlosns kanpIiTa B OMOMUHEpAJIE pereHe-
para 6o0sblIe6ePIOBBIX KOCTEH KpbIC BTOPOH
TPYIIbl 3HAUYUMO ObLJIa MEHbIIle Ha 3-U CyTKH Ha
13.22 % u OOJIbIIE B OCTaJbHBIE CPOKH Ha 3.44,
19.38, 15.28, 10.86 % (p < 0.05). B aT0#i TpyImITE
JIOJIsI BUTJIOKMTA 3HAYHMMO yBEJIWYHBaJach Ha 3-H,
15, 24, 45-€ CyTKU Ha 16.24, 2.13, 6.38, 9.26 %
(p < 0.05) U ee U3MEHEHNE UMEJIO JIUIIb XapaKTep
TEHJIEHITUN K yMEHBIIEHWI0 Ha 10-e CcyTKu (Ha
1.55 %). Vcxoas u3 TMOJyYEHHBIX pe3yJIbTaTOB
MO’KHO 3aKJIIOUUTh, UTO 60-THEBHOE BO3JIEHCTBUE
OeH30aTa HATpPUSA /IO MOMEHTa MOJEIUPOBAHUS
nepesoMa 0o0JIbIIEOEPIIOBBIX KOCTEH OKa3bIBAET
BJIMSIHUE Ha CTPYKTYPHYIO OPraHU3aI[iI0 KPHUCTa-
JIMYECKOH pelleTku OuoMuHepasaa 00JacTh Tpas-
MHPOBAHUSA KOCTH U U3MEHSIET COOTHOIIIEHUH (a3,
YTO B IEPUO/IE PEHapaTHBHOTO OCTEOTeHEe3a IPUBO-
JIUT K 3aMeJJIEHUI0 WX BOCCTAHOBJIEHHUS 70 KOH-
TPOJIbHBIX 3HAUEHUH, UTO U TPOUCXOAUT B IPYIIIIE C
MPEAIIECTBYIOIIUM BBeIeHHEM (PU3HOTOTHIECKOTO
pacTBopa K 24 U 45-M CyTKaM HaOJII0/eHUs.

Ina ycraHoBieHusa ¢akrta HaJIUYUA CBA3EH
MEXy U3MEHEHUsIMH MOPQPOMETPUUECKUX Iapa-
MeTpoB C-KJIETOK, IJIaBHBIX TAPATUPOIUTOB, CIIOH-
THOIIUTOB IIYYKOBOU 30HBI U IIapaMETPOB MUKPO-
CTPYKTYpbl U (asoBoro cocraBa OHOMHUHEpasa
pereHepara 60JIbIIEOEPITOBBIX KOCTEH B IPYIINax, B
KOTOPBIX KMBOTHBIE IOJBEPTaNCh 60-IHEBHOMY
BO3/IelicTBUIO GeH30aTa HAaTPU B 103aX 500 U 1000
MI/KT U MeXaHHYeCKOU TpPaBMAaTHU3AIUH KOCTEH,

thyroid cells, spongiocytes of the zona fasciculata
and the parameters of the microstructure and
phase composition of the biomineral of the regen-
erating tibias in groups of animals with a 60-day
exposure to sodium benzoate at doses of 500 and
1000 mg/kg and mechanical trauma to bones, a
correlation analysis was carried out. Among the
morphometric parameters of the endocrine
glands — items of correlation pairs, the choice was
made on the parameters characterizing the proli-
ferative potential of the parathyroid glands and
zona fasciculata of the adrenal cortex — the num-
ber of nuclei of the main parathyroid cells and
spongiocytes per area unit, and in the thyroid
gland — on the ratio of the areas of euchromatin
and heterochromatin in the nuclei of C-cells (an
indicator reflecting an increase in the transcrip-
tional activity of a nucleus). In contrast to the
choice of cytomorphometric parameters for the
endocrine glands, all parameters characterizing
both the microstructure and phase composition of
the biomineral — the size of unit cells along the a
and c axes, the percentage of calcite and whitlock-
ite — became the items of the correlation pairs.

In the first and second experimental groups, a
significant positive correlation was found between
the number of nuclei of the main parathyroid cells
and the size of the unit cells along the a axis of the
biomineral of the regenerating tibias on the 3rd,
10th, 15th, 24th, 45th days (Spearman’s correlation
coefficient p amounted to 0.943, 0.886, 0.543, 0.557,
0.643 and 0.943, 0.886, 0.814, 0.486, 0.900, respec-
tively); the size of unit cells along the ¢ axis
(p = 0.843, 0.943, 0.829, 0.886, 0.543 and 0.600,
0.771, 0.714, 0.486, 0.886, respectively) (Fig. 1); the
percentage of calcite (p = 0.943, 0.929, 0.814, 0.557,
0.714 and 0.986, 0.543, 0.886, 0543, 0.586, respec-
tively) and the percentage of whitlockite (p = 0.886,
0.557, 0.600, 0.829, 0.800 and 0.471, 0.943, 0.771,
0.886 , 0.257, respectively).

A relationship similar in direction was revealed in
the first and second groups between such a morpho-
metric parameter of the adrenal glands as the num-
ber of spongiocyte nuclei per area unit in the zona
fasciculata, and the microstructure parameters of the
biomineral of the regenerating tibias. Thus, on days
3, 10, 15, 24, 45, a positive correlation was revealed
between the first abovementioned parameter and the
size of unit cells along the a axis (p = 0.829, 0.943,
0.771, 0.643, 0.757 and 0.886, 0.829, 0.471, 0.600,
0.843, respectively) (Fig. 2); the size of unit cells
along the ¢ axis (p = 0.929, 0.943, 0.886, 0.829,
0.714 and 0.543, 0.600, 0.314, 0.771, 0.943, respec-
tively); the percentage of calcite (p = 0.943, 0.986,
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OBbLT TIPOBEJIEH KOPPEANNOHHBIN aHanus. Cpenu
MOpGOMETPUUECKUX IMapaMeTPOB SHIOKPUHHBIX
JKeJIe3 — YUaCTHUKOB KOPPEJISIIIMOHHBIX IIap BEIOOD
OCTQHOBUWJICA HA ITapaMeTpax, XapaKTePU3YIOIINX
nposaudepaTUBHBIA MOTEHIIUAT OKOJIOIIUTOBHU/-
HBIX JKeJIe3 U IIyYKOBOI 30HBI KOPKOBOTO BelllecTBa
HA/IIIOYEUYHUKOB — KOJIMYECTBO s/Iep TIJIAaBHBIX
MapaTUPOIIUTOB U CIIOHTHOIIUTOB Ha €UHUILY I1IJIO-
A, a B IIUTOBUHOH >Kejie3e — COOTHOIIEHHEe
IIomazed syXpoMaTUHA U TeTepoXpoMaThHa B
saapax C-kieTok (IIoKasaTesb, OTPaKAIIIUN yBe-
JIMYEHNEe TPAHCKPUIIIIMOHHON aKTUBHOCTH s/1pa). B
OTJIMYHEe OT BHIOOpAa ITUTOMOP(OMETPUUECKUX
rmapaMeTpoB s KeJjie3 BHYTPEHHEU CeKpeIud,
V4aCTHHKAaMU KOPPEJAIUOHHBIX IIap CTaju Bce
nu3ydaeMble I1apaMeTpbl, XapaKTepU3yIoIlue Kak
MUKPOCTPYKTYPY, Tak U (pa30BBIN cOCTaB GHOMUHE-
pajna pereHepara — pasMep 3JIeMEHTAPHBIX S4YeeK
BJIOJIb OCH @ U €, IIPOLIEHTHOE COZEP:KaHUE KasIb-
[IUTa U BUTJIOKUTA.

B nepBoit u BTOpOI SKCIEPUMEHTAIBHBIX I'PYI-
[Iax YCTAaHOBJIEHA /JOCTOBEpPHAS IIOJIOKUTEIbHAS
CBA3b MEXK/Iy KOJUYECTBOM s/Iep IVIaBHBIX MapaTH-
POIIUTOB M pa3MepOM 3JIeMEHTApHBIX fueeK BJI0JIb
ocu a buoMuHepasia pereHepara 00JIbIIEOEPIIOBBIX
KOCTel Ha 3-H, 10, 15, 24, 45-€ CyTKH HaOJII0[eHUs
(3Hauenue xoadbdunuenta koppeaanun CoupmeHna
(p) cocraBmwio 0.943, 0.886, 0.543, 0.557, 0.643 u
0.943, 0.886, 0.814, 0.486, 0.900 COOTBETCTBEHHO);
pasmMepoM B3JIeMEHTapHBIX f4YeeK BJIOJIb OCH ¢
(p = 0.843, 0.943, 0.829, 0.886, 0.543 u 0.600,
0.771, 0.714, 0.486, 0.886 coOTBeTCTBEHHO) (pHC. 1);

0.557, 0.643, 0.771 and 0.900, 0.629, 0.971, 0.600,
0.643) and the percentage of whitlockite (p = 0.829,
0.671, 0.657, 0.943, 0. 629 and 0.757, 0.886, 0.486,
0.971, 0.714, respectively).

In the first and second experimental groups, a
positive correlation was found on the 3rd day of the
experiment between the cytomorphometric parame-
ter of C-cell nuclei — the ratio of the areas of euchro-
matin and heterochromatin and the size of unit cells
along the a axis (p = 0.771 and 0.486), the size of
unit cells along the ¢ axis (p = 0.700 and 0.314), per-
centage of whitlockite (p = 0.771 and 0.243). By the
24th day, the direction of the relatioship between the
abovementioned parameters changed from positive
to negative and the values of the Spearman’s correla-
tion coefficient were —0.957 and —0.886; —0.886 and
—0.829; —0.943 and —0.914, respectively. In both
groups, the relationship between such indicators as
the ratio of the areas of euchromatin and heterochro-
matin in the nuclei of C-cells and the percentage of
calcite was negative both on the 3rd (p = —0.771 and
—0.557) and on the 24th day (p = —0.900 and
—0.943).

DISCUSSION

According to the literature, the systemic sodium
benzoate ingestion causes an imbalance in the func-
tioning of the oxidant-antioxidant system of cells.
This is due to the ability of sodium benzoate to induce
oxidative stress [15], lipid peroxidation of cell mem-
branes, and also to reduce the activity of antioxidant
enzymes (in particular glutathione peroxidase) [16].
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Puc. 1. /Tluarpamma pacceuBanus (BTopasi TpyIIa, 15-€ CyTKU HaOJII0/IeHS)
Fig. 1. The scatter diagram (second group, 15th day of the experiment)
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Number of spongiocyte nuclei of the adrenal zona fasciculata per area unit, pcs.

Puc. 2. [luarpamma pacceuBanus (IiepBasi rpyIa, 3-1 CyTKU HaGII0EHMsT)
Fig. 2. The scatter diagram (first group, 3rd day of the experiment)

MPOIEHTHBIM COZIEPIKAaHUEM KalbIUTa (p = 0.943,
0.929, 0.814, 0.557, 0.714 u 0.986, 0.543, 0.886,
0543, 0.586) ¥ IPOIEHTHBIM COJIEP3KAaHUEM BUTJIO-
kuta (p = 0.886, 0.557, 0.600, 0.829, 0.800 1 0.471,
0.943, 0.771, 0.886, 0.257).

AHasiornuyHasg 1o HaIIpaBJIECHHOCTH CBA3b YyCTa-
HOBJIEHA B IIEPBOU ¥ BTOPOU IPyHIIax MY TAKUM
MOpCbOMeTpI/I‘{eCI{I/IM mapaMeTpoM HaAIIOYE€YHHUKOB,
KakK KOJIMYECTBO fAZlep CIOHTHOLIUTOB HAa E€NUHUIYY
IUIOIIA/IA B IIyIKOBOU 30HE, ¥ TapaMeTpaMu MUKPO-
CTPYKTYpBI OMOMUHepajia pereHeparta 6osbIebep-
moBbIX Kocrel. Tak, Ha 3-H, 10, 15, 24, 45-€ CYTKH
BBIsIBJIEHA IIOJIO’KUTEIbHASI CBSA3b MEXKJIy IIEPBBHIM
BBIIIEYKA3aHHBIM IIapaME€TpOM U pa3MepoM J3Jie-
MEHTapHBIX sTYeeK BJoJIb ocu a (p = 0.829, 0.943,
0.771, 0.643, 0.757 u 0.886, 0.829, 0.471, 0.600,
0.843 coOTBETCTBEHHO) (pHUC. 2); pazMepoM dIeMeH-
TapHBIX sTYEEK BJIOJIb OcH ¢ (p = 0.929, 0.943, 0.886,
0.829, 0.714 u 0.543, 0.600, 0.314, 0.771, 0.943);
MPOIIEHTHBIM COJlepIKaHUeM KaibIuTa (p = 0.943,
0.986, 0.557, 0.643, 0.771 U 0.900, 0.629, 0.971,
0.600, 0.643) ¥ IPOLIEHTHBIM COJIEPKAHEM BHUTJIO-
kuta (p = 0.829, 0.671, 0.657, 0.943, 0.629 u 0.757,
0.886, 0.486, 0.971, 0.714).

B nepBoil 1 BTOPOH SKCIEPHUMEHTAJIBHBIX TPYTI-
max TIIOJIOKHTEJIbHAA CBA3b YCTAHOBJIEHA Ha 3-u
CYTKH HAOJIIOAEHUA MeXAYy IUTOMOpdOoMeTpuye-
CKUM ITapameTpoM sijiep C-KJIETOK — COOTHOIIIEHUEM
IUIOIIA/Ied 3yXpOMaTHHA U TeTePOXPOMAaTHHA U pa3-

The ability of this food additive has also been estab-
lished to induce cell apoptosis, inflammation pro-
cesses (activation of the TNF-a, IFN-y, IL-1f3, IL-6
production) [17], damage of DNA of cell nuclei [18]
and disrupt the process of mitosis [19]. This can
explain the fact that in the first and second experi-
mental groups, the thyroid C-cells, the main para-
thyroid cells and the spongiocytes of the adrenal
zona fasciculata are in a depressed morphofunc-
tional state at the time of the mechanical tibial injury
simulation, and are not able to provide appropriate
hormonal regulation of compensatory-adaptive pro-
cesses, as occurs in the group without exposure to
sodium benzoate. This is evidenced by a decrease in
the area of active euchromatin in the nuclei of C-cells,
the diameter of secretory granules and the average
area of mitochondria, a decrease in the number of
nuclei of the main parathyroid cells and spongio-
cytes of the zona fasciculata per area unit, their aver-
age nuclear diameter and the index of functional
activity. In our previous work [20], we described
morphological changes in the epithelium of the fol-
licles and functional indicators of the thyroid gland,
indicating a decrease in the functional state of thyro-
cytes. As is known, thyrocytes and C-cells of this
organ are functionally interrelated due to their para-
crine influence on each other, and changes in the
morphofunctional state of the former lead to unidi-
rectional changes in the latter [21]. A functional
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MepOM BJIeMEHTAaPHBIX sUeeK B0JIb OcHu a (p = 0.771
U 0.486), pa3sMepoM 3JIEMEHTAapHBIX SYEeK BIOJIb
ocu ¢ (p = 0.700 U 0.314), IPOLIEHTHBIM COJIEPIKA-
HHEM BUTJIOKUTA (p = 0.771 1 0.243). K 24-M cyTkam
HAIIPaBJIEHHOCTH CBSI3H MEXK/Y YKa3aHHBIMH BBIIIIE
rmapaMeTpamMy H3MEHSJIACh C IOJIOKUTEJIHHON Ha
OTpUIIATEJIbHYI0, U 3HAUYeHUsA Kod(hduimenTa Kop-
pessiipin - CmupMeHa COCTaBWJIM COOTBETCTBEHHO
—-0.957 u —0.886; —0.886 u —0.829; —0.943 u
—0.914. B o0eux rpynmax cBsi3b MEXIy TaKUMU
IOKa3aTeJIsIMH, KaK COOTHOIIEHUE IUIOMAJIEN 2yX-
poMaTHHA U reTepoxpoMaruHa B sapax C-KJIeTok U
MIPOIIEHTHOE COJIeprKaHre KaJIbIUTa, OblJIa OTpUIlA-
TeJIbHOU Kak Ha 3-u (p = —0.771 1 —0.557), TaK U Ha
24-e cyTku HabsogeHus (p = —0.900 U —0.943).

OBCYXJIEHUNE

I[To [gaHHBIM JIATEPATYPHI CHCTEMATHYECKOE
MOCTyIIeHe GeH30aTa HAaTPUs B OPTaHU3M BBI3bI-
BaeT HapylleHue OayaHca (PYHKIIMOHUPOBAHUS
OKCHIAaHTHO-aHTHOKCUAAHTHON CHCTEMBI KJIETOK.
9TO CBA3AHO CO CIOCOOHOCTHIO OeH30aTa HATPHUs
WHUIIMHAPOBATh OKUCJIUTENbHBINA cTpecc [15], mepe-
KHCHOE OKHCJIEHUE JIUIINU/I0B KJIETOYHBIX MeMOpaH,
a TakJKe CHIDKATh aKTUBHOCTH (PePMEHTOB aHTHOK-
CHUJAHTHOW 3amuThl (B YACTHOCTU IJIIOTATHOHIIE-
pokcuaasel) [16]. Takke ycTaHOBJIEHA CIIOCOOHOCTD
JIAHHOU IHUINEBOH 00AaBKU UHAYIIUPOBATH AllOITO3
KJIETOK, TPOIlecChl BOCHaJIeHUs (aKTUBAIUsS IPO-
nykiuu TNF-a, IFN-y, IL-1B, IL-6) [17], moBpex-
natb THK saep wietok [18] u HapymiaTh mpoiiecc
MHUTO3a [19]. DTUM MOKHO OOBSICHUTH TO, UTO B TIEP-
BOM W BTOPOU OKCIEPUMEHTAJbHBIX TPYIIIax
C-KJIETKM IIUTOBUJTHOH JKeJie3bl, IVIaBHbIE TapaTH-
POITUTHI OKOJIOIITATOBU/IHBIX JK€JI€3 U CIIOHTHOIATHI
IIyYKOBOI 30HBI HAJIIOUEYHUKOB K MOMEHTY MO/IE-
JIMPOBAaHUsI MEXaHUYECKOHW TPaBMbI 60JIbIIIEOEPITO-
BBIX KOCTE! MOJXOJAT B yTHETEHHOM MOpPGhOdYHK-
IIMOHAJILHOM COCTOSIHHU 1 He CIIOCOOHBI 00€eCIIEUNTh
aJIeKBaTHYIO0 TOPMOHAIBHYIO PETYJIAINI0 KOMIIEHCA-
TOPHO-IIPHUCIIOCOOUTENBPHBIX IPOIIECCOB, KAaK 3TO
[IPOUCXOAUT B Ipymie 6e3 IPealecTBYIOIIEro BBe-
nmeHus: benzoara HaTpusa. O6 5TOM CBUJIETETHCTBYET
YMEHbIIIEHNE TIOMA aKTUBHOTO 3yXpOMAaTHHA B
snpax C-KJIETOK, IHaMeTpa CEKPETOPHBIX IPaHyJ U
CpeJlHel TIOIA MUTOXOHIPUH, CHUKEHUE KOJIU-
YecTBa sijiep IVIABHBIX MApPaTUPOIUTOB U CIIOHTHO-
[UTOB IIyYKOBOH 30HBI HA EAUHHUILY IUIOIIAIU, UX
CpeJIHero AuaMeTpa sifiep U uHaeKca pyHKITHOHATIb-
HOUW AaKTUBHOCTH. B mpenpiayiieir coOCTBEHHOH
pabore [20] MBI ontucanu MopdoIOTHUeCKIe U3Me-
HeHUs SIUTeNUA GOJUTUKYJIOB U PYHKITHMOHATBHBIX
IOKa3aTejiel IIUTOBUAHOM »KeJie3bl, CBHUIETE/Ib-
CTBYIOIIHE O CHIDKEHUH (QYHKIIMOHAIBHOTO COCTOSI-

interrelation in the hormonal regulation of calcium
and phosphorus metabolism in bone tissue has been
revealed in the thyroid C-cells and the main parathy-
roid cells [22].

A decrease in the degree of stability of the unit
cells of the crystal lattice of the biomineral of the
regenerating tibias and an increase in the degree of
its amorphism in the first and second experimental
groups, revealed by X-ray diffraction analysis, is
apparently due to the genotoxic effect of the food
preservative on the DNA structure of the nuclei of
osteoblasts and osteocytes and the induction of oxi-
dative stress in them because of increased produc-
tion of reactive oxygen species. Alteration in the
genetic material arrangement in the abovemen-
tioned cells, damage by reactive oxygen species to
phospholipids of the plasmalemma and organelles is
accompanied expectedly by alteration of the pro-
cesses of growth of unit cells, their arrangement into
crystals and mineralization.

The correlation analysis showed that between
changes in the morphometric parameters of C-cells,
main parathyroid cells, spongiocytes of the zona fas-
ciculata and changes in the microstructure and phase
composition of the biomineral of the regenerating
tibias in the first and second groups, there is a rela-
tionship of varying strength and direction. This indi-
cates the continuity of the processes of hormonal
support for the formation of bone regeneration after
long-term exposure to the chemical factor — sodium
benzoate.

CONCLUSION

The study allows us to draw the following conclu-
sions:

1. A sixty-day administration of sodium benzoate
before simulating mechanical injury in the tibias
causes inhibition of the morphofunctional state of
C-cells, main parathyroid cells and spongiocytes of
zona fasciculata, the degree of which depends on the
dose of the additive. As a result, compensatory and
adaptive processes associated with the restoration of
bone integrity amid the altered state of the above-
mentioned cells occur less intensely than in the
group without the administration of sodium ben-
zoate.

2. Under similar experimental conditions, desta-
bilization of the crystal lattice of the forming tibial
regenerate and an increase in the percentage of
amorphous components — calcite and whitlockite are
observed. The same changes take place in the group
with an isolated simulation of the tibial injury, how-
ever, in this case, by the late stages of reparative
osteogenesis — 24th, 45th days they reverse, which is
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HUS THPOLUUTOB. Kak U3BEeCTHO, THUPOIUTHI U
C-KJIeTKU JIaHHOTO OopraHa (YHKIMOHAJIBHO B3au-
MOCBSI3aHBI U3-32 MAPAKPUHHOTO BJIUSHUA APYT HA
Jipyra, u usMeHeHHe MOPGPOPYHKIIMOHATIHBHOTO
COCTOSIHUSI TIEPBBIX NPUBOJUT K OJHOHAIIPABJIEH-
HBIM U3MEHEHHSAM BTODPBIX [21]. OyHKIIMOHATHHAS
B3aMMOCBS3b B TOPMOHIHHOHN PETYJISAINN MeTabo-
Jm3Ma Kajaplnua U pocdopa B KOCTHOU TKaHU ycTa-
HOBJIeHa Y C-KJIETOK IIUTOBHU/ITHOM KeJIe3bl U TJIaB-
HBIX [apaTUPOIUTOB OKOJIOITATOBUTHBIX
sxeses [22].

BbIsIBJIEHHOE METOZOM PEHTTeHOCTPYKTYPHOTO
aHaIN3a YMEHBIIIEHNEe CTeIeHN CTa0MIBHOCTU BJIe-
MEHTapHBIX AUeeK KPUCTAINUECKOU PelleTKu 61o-
MHUHepayia pereHepara 00JblIe6epIIOBBIX KOCTEH U
MIOBBIIIEHNE CTElleHN ero aMOpdHOCTH B IEPBOH U
BTOPOH 3KCIEPUMEHTAJIbHBIX TPYINAX, TO-BUIU-
MOMY, OOYCJIOBJIEHO T€HOTOKCUYECKUM JIeHCTBHEM
MUINEBOr0 KOoHcepBaHTa Ha crpykrypy AHK sAxep
0cTe00JIaCTOB M OCTEOIUTOB U HWHAYIUPOBAHHEM
Pa3BUTHSA B HUX OKUCTUTETHHOTO CTPECCa U3-3a YCHU-
JIeHUs NPOAYKIIMU AaKTHUBHBIX (OPM KHCIOPOJA.
HapyiieHre opraHusanuu reHeTHYECKOTO MaTepH-
ajla B BBIIIEYKA3aHHBIX KJIETKAX, IOBPEXKIEHIE
aKTUBHBIMHU (opMamMu Kuciaopoja dhochoaunuion
IJIA3MOJIEMMBI ¥ OPTaHesT 3aKOHOMEPHO COIIPOBO-
JK/1aeTCs HapyIIeHHeM IIPOIIECCOB POCTA BJIEMEHTap-
HBIX STUeeK, UX OPTaHu3aIiU B KPUCTAJLIIBI U MIHe-
pam3anumu.

[IpoBeneHHBIN KOPPEIAIMOHHBIN aHAIN3 ITOKA-
3aJI, UTO MEXJy H3MeHeHUAMH MopdoMmeTpuye-
ckux mapameTrpoB C-KJIETOK, TJIaBHBIX MapaTHUPO-
[IUTOB, CIIOHTUOIIUTOB IIYYKOBOU 30HBI U U3MeHe-
HUSMU ITOKa3aTeael MUKPOCTPYKTYPHI U (pa30BOTO
cocraBa OmoMmuHepasa pereHepara 60JbiebepIfo-
BBIX KOCTEH B IMEPBOM W BTOPOU TpyHIIaxX CyIie-
CTBYeT Pa3HOU CHJIBI M HAIIPABJIEHHOCTH B3aUMOC-
Bs13b. ITO YKa3bIBAET Ha HEPA3PHIBHOCTD IIPOIIECCOB
TOPMOHAJIBHOTO O0ecredeHus: IpoIeccoB HopMu-
poBaHUs pereHepaTa KOCTe B IEPHO/Ie TTOCIIE JJIU-
TEJIBHOTO BO3JENCTBUS XHUMUUECKOTOo (akTopa —
OGeH30aTa HATpUS.

3AK/IIOYEHUE

ITpoBeneHHOE HCCIIeZIOBaHNE TI03BOJIAET C/leIaTh
cJ1eIyIolye BBIBOJIBI:

1. IllecTugecAaTHCyTOYHOE BBeneHUE OeH30aTa
HATpUA /10 MOJEJUPOBAHUA MeXaHU4YecKoH
TpaBMbI B 00JbIIe6EPIOBBIX KOCTSX BBI3BIBAET
yrueteHrue MOpPGODYHKIMOHATBHOTO COCTOSHUS
C-KJIETOK, TJIAaBHBIX NapaTUPOIUTOB U CIOHTHO-
[IUTOB IIyYKOBOH 30HBI, CTEIIEHh KOTOPOTO 3aBUCUT
OT 103bI BBOAUMOM MUIIEBOH mobaBku. Kak cies-
CTBUE, KOMIIEHCATOPHO-IIPUCIIOCOOUTEIbHBIE ITPO-

not observed in the groups with the administration
of sodium benzoate.

3. Between the cytomorphometric parameters of
C-cells, main parathyroid cells, spongiocytes of
zona fasciculata and the parameters of the micro-
structure and phase composition of the biomineral
of the developing tibial regenerate, a relationship of
varying strength and direction was revealed. The
highest values of the Spearman’s correlation coeffi-
cient were on the 3rd and 10th days of the experi-
ment — during the period of inflammation and cell
differentiation, the formation of tissue-specific
structures of reparative osteogenesis. The degree of
correlation between the parameters of the endo-
crine glands and the biomineral of the regenerated
bones was higher in the group with the administra-
tion of sodium benzoate at a dose of 500 mg/kg
body weight.

Ilecchl, CBsI3aHHBIE C BOCCTAHOBJIEHUEM I€JIOCTHO-
CTU KOCTEU B YCJIOBUSX U3MEHEHHOTO COCTOSTHUS
BBINIEYKA3aHHBIX KJIETOK, IPOTEKAIOT MeEHee
WHTEHCUBHO, YeM B rpynne 0e3 BBeJleHUs OeH-
30aTa HATPHUSL.

2. B aHaJOTMYHBIX YCJIOBHAX SKCIEPUMEHTA
HaOJIIOMaeTcsl JlecTabIn3aIisa KPUCTAUTUUECKON
peteTkn (GOPMUPYIOIIETrocs pereHepaTa OoJIbIe-
0OepIOBBIX KOCTEH U yBeJIWYEHUE B HEM IIPOIEHT-
HOTO COJZiep)KaHUs aMOP(MHBIX COCTABJIAIONINX —
KaJbI[UTa U BUTJIOKUTA. Takue ke H3MeHEHUs
UMEIOT MECTO B TPYIIIIE C M30JIMPOBAHHBIM MOJEH-
poBaHUEM TpaBMbBI OOJIBIIEOEPIIOBBIX  KOCTEH,
O/THAKO B DTOM CJIydae K MO3JHUM CPOKaM permapa-
THUBHOTO OCTEOTE€HEe3a — 24, 45-M CYTKaM IIPOUCXO-
JIUT UX 00paTHOe pa3BUTHE, YTO He HAOJII0/IaeTcs B
rpymnax ¢ BBeZileHneM GeH30aTa HaTpUsI.

3. Mexzay nuroMophOMeTPpUUECKUMU ITapaMe-
Tpamu C-KJIeTOK, IJIaBHBIX [1apaTUPOLUTOB, CIIOH-
THUOIIUTOB ITyYKOBOU 30HBI ¥ TapaMeTPaMU MUKPO-
CTPYKTYpHl U (Ha30BOTO cocTaBa OHMOMHHepaia
¢opmupytomierocss pereHepara 00sbIe0epIOBBIX
KOCTel BBISIBJIEHA pa3jIMuYHas IO CHJIe U HAaIpaB-
JIEHHOCTU B3auMOCBsA3b. Haubosbpinne 3HaUYeHUS
kosdduiuenta koppensanuu CnupMeHa 3aperu-
CTPUPOBAHBI HA 3-U, 10-€ CYyTKH HAOJIIOJeHUs — B
nepuoji BocnaseHus u auddepeHIUPOBKU KJle-
TOK, GOpPMHUPOBAHUSA TKaHeCIIeTUPUIECKUX CTPYK-
Typ pemapaTuBHOrO ocreoreHe3a. CTemneHb CBA3U
MeXy IapamMeTpaMu SHIOKPUHHBIX XKeJie3 U O1o-
MHHepaJsa pereHeparta Obljia BbIIIE B TPYIIIIEe C BBE-
neHueM OGeH30aTa HATPHUSA B 103€ 500 MT/KT MacChl
TeJia.
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Kedatomerpuueckue mokasareju HOAPOCTKOB M IOHOIIIEH
AJITAaMICKOTIO Kpas ¢ y4eTOM JABHUTaTeJIbHOU aKTUBHOCTH
M COMaTOTHUIIA
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AHHOTAIINA

BBeaenue. OCHOBHBIMHU ITOKA3aTEISIMU (DU3UUECKOTO PA3BUTHS UYeJIOBEKA ABJIAIOTCA IJIMHA U Macca Tejia, O/THAKO
JUIST KOMIUIEKCHOH OI[eHKH HeOOXOAMMO YUUTHIBATh U IPYTHE TapaMeTPhI TeJIa YeJI0BEKa, OTHUMH U3 KOTOPBIX SBJISIOTCS
kedamomerpuueckre mokasarenu. OcobbIil MHTEpeC MPeCTaBIIsIET OleHKA [TOKa3aTesIel U NH/IEKCOB TOJIOBBI B KOPPeJIs-
LMY C TUIIOM TEJIOCIOKEHNA U JBATATEeIbHON aKTUBHOCTBIO MHAVBU/A.

Il e 1 5. OuEHUTh OCHOBHBIE KehAJIOMETPHUUYECKUE TIOKA3aTETU MOJAPOCTKOB U IOHOIIEH AJITaliCKOTO Kpas C y4eToM
COMAaTOTHIIA U JBUTATEIHON aKTUBHOCTH.

MaTtepuaabl U METO/ bl . BbUIO MPOBEJIEHO COMATOMETPUUECKOE UCCIIEIOBAHUE MTOPOCTKOB U IOHOIIEH C
“3MepeHneM pa3MepOB ToI0BbI. KOHTHHIEHT uccieoBaHsI ObLT IPEACTABIIEH JINIIAMHU MY>KCKOTO TI0JIa €BPOIIEOH/THON PaChI
B BO3pACTe OT 14 /10 19 JieT. Beero B ucesiemoBanuy MpUHsIN yuactie 1186 yesr. Moso/ible Jitoziv ObUTH pasziesieHbl Ha 6 BO3-
PACTHBIX TPYIIIN C KHTEPBAJIOM B 1TO/T, HAUMHAS C TPYIIIbI 14-JIETHUX MOPOCTKOB 1 3aKaHYMBAsI TPYIIIOH 19-JIETHUX IOHOIIIEH.
JIOTIOTHUTETHHO TPYIIITBI OBLIN Pa3/IesIeHbl Ha MIOATPYIIIbBI C yY4ETOM ABUTATEILHON aKTHBHOCTH. B IIEpBYIO OArPYIIITy BKITIO-
YEeHbI TIOZ[POCTKY U OHOIIIH, BHITIOTHSIOIIHE OOIIYI0 THTHEHUYECKYI0 HOPMY I10 JIBUTATEIbHOM aKTUBHOCTH COTJIACHO KJIACCH-
¢ukanyu A.T. Cyxapesa. Bo BTOpyo MOATPYIITY BKIOYEHBI IIOJPOCTKU M FOHOIIHU, TPEBBIMIAOIIYIO JTAHHYI0 HOPMY.
Pe3ynbTart bl . BOJBIIMHCTBO JIUI| IOJPOCTKOBOTO BO3PACTa MMEJIHN ACTEHIUECKOE TEJIOCTIOKEHHE, Y3KYI0, Me30-
nedanbHy0 GOPMY TOIOBBI CpeiHel BhICOThI. KOHOIIH ITpe/ICTaB/IeHbI B O0IBIIMHCTBE HOPMOCTEHHKAMU C Y3KOH T'0JIOBOM
CpeJIHEH BBICOTHI.

3akJJgwuUeHUe. Pe3ynbraTbl MPOBEJEHHOTO WCCIEOBAHUS B TPYIIAX IOIPOCTKOB M IOHOIIEH, MPOKHUBAIOIINX B
AJITaficCKOM Kpae, TOKa3bIBAIOT HEOTHOPOHOCT U3YUaeMbIX TPYIIIL. YBeIMUeHHE OKPYKHOCTH TOJIOBHI Y JIUIL CO CPETHEH JIBH-
raTeJIbHOM aKTUBHOCTBIO [T0 CPABHEHHIO C JIMIIAMU C BHICOKOU JIBUTATEIbHON aKTHBHOCTHIO HAOJTIOZIAETCSI B BO3pACTe 14 U 16 JIeT.
Knaouessle caoea: noapoCcTKy, IOHOIIH, KehaToMeTPHs, COMATOTHIIHI.

O6Opasen muTupoBaHuna: MepmanoBa A.A., Bopoguna I'.H., Jlutunosa T.A., Enxscun I1.A. Kebanomerpu-
YecKre IMOKa3aTesH IMOAPOCTKOB U IOHOIIEH AJTaHCKOTO Kpasi C y4EeTOM JABUTATEIbHOW aKTUBHOCTH U COMAaToTHUIA //
Journal of Siberian Medical Sciences. 2024;8(3):37-50. DOI: 10.31549/2542-1174-2024-8-3-37-50

Cephalometric parameters of adolescents and young men
of the Altai territory taking into account their physical activity
and somatotype
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ABSTRACT
Introduction. Themain parameters of a person’s physical development are body height and weight, but for a
comprehensive assessment it is necessary to take into account other parameters of the human body one of which is cepha-
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lometric ones. Of particular interest is the assessment of cephalometric parameters in correlation with somatotype and
physical activity of an individual.

A im . To assess the main cephalometric parameters of adolescents and young men in the Altai territory taking into
account their somatotype and physical activity.

Materials and methods. Asomatometric study of adolescents and young men including the measure-
ment of head sizes was performed. The study cohort was represented by Caucasian males aged 14 to 19 years. A total of 1186
people took part in the study. The young men were divided into 6 age groups with an interval of 1 year, starting with a group
of 14-year-old adolescents and ending with a group of 19-year-old young men. Additionally, the groups were divided into
subgroups based on physical activity. The first subgroup includes adolescents and young men who meet the general
hygienic standard for physical activity according to the classification of A.G. Sukharev. The second subgroup includes ado-
lescents and young men who exceed this hygienic standard.

R e sults. The majority of adolescents were ectomorphs with a narrow, mesocephalic head shape and medium head
height. The majority of young men were mesomorphs with a narrow head of average height.

Conclusion. Theresultsof the study in groups of adolescents and young men living in the Altai territory show the
heterogeneity in the groups. An increase in head circumference in individuals with moderate physical activity compared to
individuals with high physical activity is observed at the age of 14 and 16 years.

Keywords: adolescents, young men, cephalometry, somatotypes.

Citation example: Mershalova A.A., Borodina G.N., Litvinova T.A., Elyasin P.A. Cephalometric parameters of
adolescents and young men of the Altai territory taking into account their physical activity and somatotype. Journal of
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BBEJAEHHNE

OCHOBHOM 33Jlauedl aHTPOIIOJIOTUH SBJISAETCS
KOMILJIEKCHOE Hcciie/loBaHue (akTopoB u (opm
YeJI0BeYEeCKOM H3MEHUYMBOCTH, [JIs 4ero Heobxo-
JIUMO TIOHMMaHHE BapUAHTOB AaHATOMHYECKOU
«HOPMBI». [[JIsT ompesieseHus] «HOPMbBI» CJIEyeT
IT0JIb30BAThCs MMOKA3aTENIAMU (DU3UUECKOTO Pa3BH-
THsI, OCHOBHbIE U3 HUX — JJIMHA M Macca Tejaa [1].
OnHaKo I KOMIUJIEKCHOM OILIEHKA HeOoOXOAUMO
VUIUTBHIBATh U OCTAJIbHbBIE TTAPAMETPHI TeJIA YeJIOBEKA
[2—4]. [lanHbBIE TTOKa3aTETU MOTYT ABJIATHCA (PyH/IA-
MEHTAJIbHOM 0a30H /sl MOCTPOEHUs IIeJIOCTHOTO
MIPEJICTABJIEHUS] O 3/I0POBhE HWHJIMBUJIA W IIPUMe-
HATbCA JJIA MOHUTOPDHHTA YPOBHA (PU3UUECKOTO
pasBuTHUSA HaceseHus [5, 6]. B cucremMe aHTpomome-
TPUYECKON JTHUATrHOCTHKH 0cOo00e MECTO 3aHUMAaeT
kedamomerpruueckoe ucciaenosanue [7, 8]. IIpose-
JICHHbIE KCCJIEOBAHUS BBIABUIN OCOOEHHOCTH H
IIOJIOBOH JTMMOP(U3M CTPYKTYPHBIX IOKa3aTesei
rosioBbl, uiia [9]. YesoBek, Kak eqUHHUIIA UCCIIEI0-
BaHWsA, OTJIMYAeTcs OOJIBIION H3MEHUYHBOCTHIO
BHEIITHEr0 BUJIA U CTPOEHUS CKeJIeTa Ha IMPOTsKe-
HHUU CBOEH UCTOPUH BCJIEJICTCTBUE BIMAHUSA T€HETH-
YeCcKUX U CPeloBbIX HakTopoB [10, 11]. ITokazaTenu
(pU3UUECKOTO pa3BUTHSA HACEJEHUs] Pa3HBIX PEruo-
HOB HaIled CTpaHbl OTJIMYAIOTCA APYT OT JApyra B
CBSI3U C STHUYECKUMU, KIMMATHYECKUMU YCJIOBH-
SIMH, a TAKKE 110 HHUBUYAJIbHBIM IPUYHHAM [12].
3aKOHOMEPHO U3MEHEHAIOTCS U [IapaMeTPhI FOJIOBHI,
MO3TOBOTO U JIMI[EBOTO Ueperia, a TAK:Ke UX OIleHKa B
KOppEJISIKU C TUIIOM TeJIOCJoKeHus1. Vccnenosa-

INTRODUCTION

The main task of anthropology is a comprehen-
sive study of the factors and forms of human vari-
ability which requires understanding the variants of
the anatomical norm. To determine the norm, one
should use parameters of physical development, the
main ones being body height and weight [1]. How-
ever, for a comprehensive assessment, it is necessary
to take into account other parameters of the human
body [2—4]. These parameters can be the essential
basis for the comprehensive assessment of an indi-
vidual’s health, and can be used to monitor the level
of physical development of the population [5, 6]. In
anthropometric diagnostics, a cephalometric study
occupies a special place [7, 8]. The previous studies
revealed the peculiarities and sexual dimorphism of
the structural parameters of the head and face [9].
Man, as a subject of a study, is characterized by great
variability in appearance and skeletal structure
throughout his history due to the influence of genetic
and environmental factors [10, 11]. Parameters of
physical development of the population of various
regions of our country differ from each other due to
ethnic, climatic conditions, as well as for individual
reasons [12]. The parameters of the head, brain and
facial compartments of the skull, as well as their
assessment in correlation with somatotype, also
expectedly change. Studies of cephalometric param-
eters and head shapes in the Altai territory are few:
the last one dates back to 1997 [13] which determined
the relevance of this work.
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HUA KedaoMeTpUUecKUX IIoKazaTeled U (opm
rOJIOBBI B AZITaliCKOM Kpae MaJIOUHCIEHHBI: TTOCIIe -
Hee JaTtupyeTrcs 1997 T. [13], 4TO ¥ OmpeaeanuIo
aKTYaJIbHOCTD JIAHHOU PabOTHL.

ITEJIb UCCJIEJIOBAHUSA

OueHuTh OCHOBHBIE KedasomMeTpudecKkue moKa-
3aTesIU IOJPOCTKOB U I0OHOIIed AnTalicKoro kpas ¢
Y4IETOM COMATOTHUIIA U JBUTATEIbHON aKTUBHOCTH.

MATEPUAJIBI 1 METO/IbI

ITpocrieKTHBHOE, PAaHAOMU3UPOBAHHOE, OZTHOMO-
MEHTHOE HCCJIeZIOBaHNE ObUIO IPOBEZIEHO B IIEPUO/T
C CEeHTAOPS 2019 10 Maii 2022 r. KoHTHHTeHT uccie-
JIOBaHUsI OBLI IPEICTABIIEH JTUI[AMU MY>KCKOTO I10J1a
€BpPOIEONTHON packl B BO3pacTe OT 14 JI0 19 JIET.
Bcero B uccieioBaHNY NPUHAIN ydacTue 1186 yer.
Mosto/ible Jifoiu OBUIH paszieieHbl Ha 6 BO3PACTHBIX
TPy ¢ WHTEPBAJIOM B 1 TOJ, HAUMHASA C TPYIIIIBI
14-7I€THUX TOAPOCTKOB U 3aKAHYUBAs TPYIIOU
19-JIETHHUX IOHOIIEH.

JIOTIOTHUTENILHO TPYIIBI OBUIM paszie/ieHbl Ha
MIOATPYIIIBI C YYETOM JIBUTATEJIbHONH AKTUBHOCTH
(JA): 1-a1 moxarpynma co cpegHUM YPOBHEM JIBUTA-
TenpHon axktuBHOcTH (CHOA) (n = 693); 2-1 1O0AI-
IpymIa ¢ BBICOKUM YPOBHEM JIBUTATeJIbHON aKTHUB-
Hoctu (BJTA) (n = 493). B mepByIo mOATPyIITY BKJIIO-
YeHBI IIOJIPOCTKH 1 IOHOIIN, BHITTOTHSAIOINE ODOIIYIO
TUTHEHUYECKYI0 HOPMY, COIVIACHO KJIacCU(pUKAIINHI
A.T. Cyxapesa (1976) [14], 0 uucCIy 1IaroB B CyTKU
(20 000—25 000 MIArOB AJIsI TOAPOCTKOB IIPH MPO-
nospkuTebHOCTH JIA 3.6 — 4.8 9 B cyTKU U 25 000—
30 000 mIaroB Ipu OpoAoKUTeENbHOCTH [IA 4.8 —
5.8 4 B CyTKH /I IOHOIIEH) U COXPAHAIOIINE IIPU
STOM OOBIYHBIN PEXUM HUTAHUSA (OTCYTCTBHUE CIIe-
[HAJIBHBIX CIIOPTUBHBIX JIUOO JIeueOHBbIX ueT). Bo
BTOPYIO ITOATPYIIITY BKJIIOUEHBI OJIPOCTKY U IOHOIIIH,
[IPEBHIMIAIONIYIO IAHHYIO HOPMY.

Kaxplii ygyacTHHUK wuccmemoBanus (yimbo ero
3aKOHHBIH IIPEJICTABUTEND) 1aJI THHOPMUPOBAHHOE
ZIOOPOBOJIBHOE COTJIACHE HA y4yacTHE B HCCJIETOBa-
Huu. He MeHee 2 IMOKOJIEHUH ceMeHd yJacTHUKOB
HCC/IeTOBAHUS TMPOKUBATIA HA TEPPUTOPUU AJTaii-
ckoro kpas. Kpurepuu WHCKIIOUEHUs: MOJIOJbIE
JIIOIW, VMEIOIIVe HACJIe[CTBEeHHbIE 3a00JIeBaHUA,
IICUXUYECKHE PACCTPOHCTBA U PACCTPOUCTBA IOBE-
JIeHUs, OCTpBhle WIN 000CTpeHe XPOHUYECKUX cOMa-
THYECKUH 3a00JIeBaHUI HA MOMEHT 00C/IeJOBAHUS;
JINIA, He BBIMOJTHAIIINE OOIIYI0 TUTHEHUYECKYIO
HOPMY IIO /IBUTATEJbHOU AaKTUBHOCTH; OTCYTCTBHE
MHGOPMHUPOBAHHOTO COIJIACHS OT HCCIIeyeMOTo
6o ero npejcraBuresa. Ha mposezieHme uccieo-
BaHUA OBLJIO IOJIyUYEHO ITOJIOXKUTEIBHOE DPelleHHe

AIM OF THE RESEARCH

To assess the main cephalometric parameters of
adolescents and young men in the Altai territory tak-
ing into account their somatotype and physical
activity.

MATERIALS AND METHODS

A prospective, randomized, cross-sectional study
was performed from September 2019 to May 2022.
The study cohort was represented by Caucasian
males aged 14 to 19 years. A total of 1186 people took
part in the study. The young men were divided into
6 age groups with an interval of 1 year, starting with
a group of 14-year-old adolescents and ending with a
group of 19-year-old males.

Additionally, the groups were divided into sub-
groups taking into account physical activity (PA):
1st subgroup with a moderate PA (MPA) (n = 693);
2nd subgroup with a high PA (HPA) (n = 493). The
first subgroup included adolescents and young men
who met the general hygienic standard, according
to the classification of A.G. Sukharev (1976) [14],
according to the number of steps per day (20 000—
25 000 steps for adolescents with a duration of PA
of 3.6—4.8 hours per day, and 25 000—30 000 steps
with a duration of PA of 4.8—5.8 hours per day for
young men) and while maintaining a conventional
diet (no special sport nutrition or therapeutic
dietary regimens). The second subgroup included
adolescents and young men who exceed this
hygienic standard.

Each participant of the study (or his legal repre-
sentative) provided informed consent to participate
in the study. At least 2 generations of the study par-
ticipants’ families lived in the Altai territory. Exclu-
sion criteria were: young men with hereditary dis-
eases, mental and behavioral disorders, acute dis-
eases or exacerbation of chronic somatic diseases at
the time of the examination; individuals who did not
meet the general hygienic norm for physical activity;
lack of informed consent from the subject or his rep-
resentative. A positive decision was received from
the Local Ethics Committee to perform the study
(protocol No. 8 dated October 25, 2019).

Anthropometric measurements were performed
using a single standardized method taking into
account the requirements of the Research Institute
of Anthropology of the Moscow State University
(1982) and recommendations for monitoring the
health of children, adolescents and young men in the
Russian Federation [15] at educational facilities
(School No. 1, Lyceum No. 2, Gymnasium No. 5 in
Kamen-na-Obi; Kamenskiy Pedagogical College),
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JIOKQJIBHOTO 3THYECKOro KoMureTa (mpoTokos N2 8
OT 25.10.2019).

AHTpOIIOMETPpUYECKHE WCCIETOBAHUA IPOBO-
JIIN TI0 eIMHON YHU(UIMPOBAHHOU METOJUKE C
yaeToM TpeboBanuii HUU anTpomnosoruun Mockos-
CKOTO TOCyZapCTBeHHOro yHuBepcuteTa (1982) u
PeKOMeH/IaIii 1T0 MOHUTOPHUHTY COCTOSTHUS 3/10PO-
BbsS JIeTeU, MOJPOCTKOB U IOHOIIEH B Poccuiickoi
Denepanuu [15] Ha 6aze yueOHBIX YUPEKTEHUI
(mmxosa NO 1, turei NO 2, rumuasust N 5 1. KameHb-
Ha-O0u; KameHCKHMI II€arOTUYECKHH KOJIJIEIK),
MPU3BIBHBIX KOMUCcHH T. bapHayna u r. Kamenb-Ha-
O6u. Taxke yuacTue B UCCIIEOBAHUU ITPUHUMAJIH
CTYZEHTBI AJITAFCKOTO rOCy/IJapCTBEHHOTO MeTUIUH-
CKOTO YHUBEPCUTETA IIEPBOTO U BTOPOTO Kypca o0y-
yeHus. V3aMepeHUs] OCYIECTB/ISIIIU C HCIOJIH30BA-
HHUEM CTaHJIAPTHBIX WHCTPYMEHTOB (MeEIUITMHCKHE
BEChl, METPUUECKas JIEHTa, POCTOMED, TOJICTOTHBIH
[UPKYJIb, MaroMep 31eKTpoHHbIH Omron HJ-325),
0e3 ozekIbl 1 00yBHU (JOIyCKasI0Ch HAaXOXK/IEHUE B
JIETKOM HIKHeM 0eJibe), cobJttoanach koMmbopTHAas
CTEIeHb OCBEIIEHHOCTH U TEMITEPATYPHBIN PEKUM.

W3MepeHUs JUIMHBI TeJIa BBIOJIHSIN HA MeJIH-
OUHCKOM pocromepe. McceaeayeMplii CTaHOBUTCA
CIIMHOU K BEPTUKAJIBHOU CTOMKE, KAacasCh ee IIST-
KaMH, ATOAMIIAMUA M MEKJIOIATOYHOH 00JIaCThIO.
Barisan mepen coboii, rosioBa (GUKCUPYETCs, TPHU
9TOM KO3€JIOK yXa U HIDKHUH Kpall IJIa3HUIIbl HaXO-
JIATCS B OTHOW TOPU3OHTAIBLHOMN IIJIOCKOCTH, YTOJIb-
HUK JIOJDKEH ObITh IIPUKAT K TOJIOBE HATIPOTUB JIejIe-
HUA MWKaIbl. OKPY:KHOCTh TPYJHON KJIETKU H3Me-
psUTU JIEHTOU TIPH BJIOXE, BBIJIOXE U B T1ay3€e, HAaKJIa-
ZIbIBasI €e €331 IOJT YIJIAMU JIOMIATOK, CIIepeay — Ha
YpOBHe COCKOB. Maccy Tesia OIpeaeissu IIpu
IIOMOIIYA 3JIEKTPOHHBIX BECOB C MOTPENTHOCTHIO 10
0.1 Kr. JIOOHO-3aTHIIOYHBIH, IOTIEPEYHBIN Pa3MephI
TOJIOBBI M3MEPSIIA C IIOMOIIBI0 TOJICTOTHOTO ITUP-
KyJIsl B KOHTPOJIBHBIX TOUKAX T'OJIOBHI.

Nunexc [Munbe (MUII) — mokasaTeab KPENMOCTH
TEJIOCTIOKEHU — BBIUUC/IIN 10 (OpMyJse: OT
JUTHHBI TeJIa CTOS (CM) BBIYUTAIN CYMMY MacChl TEJIa
(KT) ¥ OKpYKHOCTH Ipy/iHOH KieTkH (cm). M.B. Uep-
HODPYIIKUM B CBOEH METOJMKE WCIIOJb3yeT WHIEKC
ITunbe n1a comarorunuposanud: UII > 30 — acre-
Huk, UII ot 10 g0 30 — HOpMOcTeHuUK, UII < 10 —
THIIEPCTEHUK.

[Ipu u3yyeHUn pa3MepoB roJIOBBl OPUEHTUPOBA-
JINCh Ha PACIIOJIOKEHUE PAa3JINYHBIX AHTPOIIOMETPHU-
YeCKHX TOUEK, IPUHATHIX Ha MeXayHapOTHOM KOH-
rpecce aHTpoOIo0roB Bo ®pankdypre-Ha-MatiHe B
1884 r. M3BecTHO, 4TO pasMepbl T'OJIOBbI HUMEIOT
pacoBble, perHOHAJIbHBIE, & TAKXKe WHAWUBUYAJIb-
HbIe 0coOeHHOCTH. [[JI1 BBIABJIEHHUSA OCOOEHHOCTEMH
TOJIOBBI MOZPOCTKOB U IOHOIIIEH ObLITH ONpPeeIeHbI:

and draft boards in Barnaul and Kamen-na-Obi.
First- and second-year students of Altai State Medi-
cal University also took part in the study. Measure-
ments were performed using standard tools (medical
scales, soft measuring tape, stadiometer, spreading
caliper, Omron HJ-325 electronic step counter),
without clothes and shoes (light underwear was
allowed), and a comfortable level of illumination and
temperature conditions were maintained.

Body height measurements were taken using a
medical stadiometer. The examined person stands
with his back to a vertical stand, touching it with his
heels, buttocks, and the interscapular region. The
gaze is straight ahead, the head is fixed, while the tra-
gus and the lower edge of the eye socket are in the
same horizontal plane, the triangular headpiece
should be pressed to the head opposite the scale divi-
sion. Chest circumference was measured with a soft
measuring tape during inspiration, exspiration and
at a pause, placing the tape at the back — under the
angles of the scapulas, in front — at the level of the
nipples. Body weight was measured using electronic
scales with an error of up to 0.1 kg. The fronto-occip-
ital and transverse sizes of the head were measured
using a spreading calipers at control points of the
head.

The Pignet index (PI) is a parameter of body
robustness, calculated using the formula: the sum of
body weight (kg) and chest circumference (cm) were
subtracted from the body height at a standing posi-
tion (cm). M.V. Chernorutsky uses the Pignet index
in his method for somatotyping: PI > 30 — ectomor-
hic somatotype, PI from 10 to 30 — mesomorphic
somatotype, PI < 10 — endomorphic somatotype.

When studying measuring the head sizes, we
were guided by the location of various anthropo-
metric points approved at the International Con-
gress of Anthropologists in Frankfurt am Main in
1884. It is known that the head sizes have racial,
regional, and individual characteristics. To identify
the head characteristics of adolescents and young
men, the following were determined: cephalic, alti-
tude-longitudinal and altitude-latitudinal indices
(adjusted for soft tissues +1 cm), where W is width
of the head; L is length of the head; H is height of
the head.

Head circumference was measured by placing the
soft measuring tape across the most protruding area
of the occiput and the point above the nasal bridge
(glabella), the most protruding point between the
eyebrows along the midline.

Head height was measured from the center of the
auricle to the top of the head, and width was mea-
sured between the points of greatest width of the
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nedasbHbIA, BBICOTHO-IIPO/IOJIBHBIM M BBICOTHO-
IIUPOTHBIA WHJEKCHl (C IMOMPaBKOW Ha MSITKHE
TKaHU +1 cm), Te 11 — mupuHa royoBsl; [ — aiuHa
TOJIOBBI; B — BBICOTA TOJIOBBI.

OKpY>KHOCTH TOJIOBBI OIIPEEISIN, HaKIabIBasA
JIEHTy 4epe3 HamboJiee BBICTYMAIONIYI0 006JIacTh
3aThUIKA U TOUKY HAJIEPEHOChsI, HANOOJIee BBICTY-
MAIOIIYI0 BIIEPE] MEXKAY OpPOBAMHU II0 CPEIUHHOU
JIMHUU.

BrIcOoTy TOJIOBBI M3MepsUIM OT IIEHTpa YIIHOH
PaKOBUHBI 10 BEPXHEN TOUKU T'OJIOBBI, a ITUPUHY —
MEXy TOYKaMU HaubOJIbIIIEd ITUPUHBI TOJIOBBL.
Beruucssiu cienyroniye HHAEKCH U yKa3aTe H:

1. Hedanpabrit uamekc (I11) = (/1) x 100 %;

nonuxonedanbHasg popma — IIU < 75 %; me3o1ie-
danpuas dopma — U = 75-80 %; 6paxunedans-
Has ¢popma — [IU > 80 %.

2. BbICOTHO-TIpOZIOIBHBIN yKazaTesnb (BIly) =
= (B/H) x 100 %;

Huskas gopma — Blly < 70 %; cpennsasa ¢dopma —
BIly = 70—75 %; BbIcOKas hopma — BIly > 75 %.

3. BoicoTHO-mmpoTHBIN ykazatens (Blly) =
= (B/III) x 100 %,

y3kasa ¢opma — Bllly < 92 %; cpennsas dopma —
BIly = 92—98 %; mupokas ¢dopma — Bllly > 98 %.

[laromeTpus IPOBOAMIACH B TeUEHUE HeEJEIIH,
3aTeM CYMMHPOBAIM TOKA3aHUS KaXKAOTO JHA U
BBIYUCJISTA CPETHIONI0 BEJTUYUHY.

OmnucaTenpHas CTAaTUCTUKA IIPE/ICTABIIEHA CPeJi-
HuM 3HauenreM (M) u orubKo# cpenHero apudme-
Traeckoro (m). JIOMOJIHUTEIbHO OIpEeNessiIuch
koabdunuent Bapuanuu (V), pasmax (Rv), makcu-
MasibHas (max) ¥ MUHHMa/IbHbIE (Min) BeJIMYMHEL.
Tax:ke OB IPOBEZIEH KOPPEJISAIUOHHBIA aHAJIN3.
CratucTuyecKuil aHaIN3 IOJYYEHHBIX JIAHHBIX
BBITIOJTHSUIM TIPU TIOMOIIH IPOTPAMMHBIX MaKeTOB
Excel MS Office 2016 u SPSS 22.0. ITosyueHHbIE
BBIOOPKH IIPOBEPSIM HA HOPMAJIBHOCTh PacIpesie-
JieHus ¢ oMot kpurepues [llanupo — Yusnka u
Kosmoroposa — CmupHoBa. B ciiygyae HopMasbHOTO
pacrpesiesieHns IPU3HAKA CPABHEHUS IIPOBOIMIIN C
WCIIOJIb30BaHUEM  t-kputepus CThIofieHTa IS
HEMapHBIX BBIOOPOK. B ciIydyae OTJIMYHOTO OT HOP-
MaJIBHOTO PacIpezieieHusI BBIOOPKH UCIIOJIb30BAIHI
U-xkputepuii ManHa — YUTHH ¢ ionipaBkor boudep-
ponu. Kputuyeckuil ypoBeHb 3HAUYMMOCTH Pa3JIv-
YHH COCTaBUJI 0.05.

PE3YJ/IBTATBI 1 OBCYKAEHUE

I[Ipy wu3MepeHUsIX OCHOBHBIX ITOKasaresei
TOJIOBBI ITOZ[POCTKOB U IOHOIIEH AJITAHCKOTO Kpast
OBLIIN [TOJTyUEHbI CJIe/YIOIINEe PE3YIbTATHI.

OKpY>KHOCTH TOJIOBBI (TabJ1. 1) 3BHAUMMO U3MEHSI-
eTcsi C¢ 16-yleTHero Bo3pacra. IIpm mpoBemeHUN

head. The following indices and parameters were cal-
culated:

1. Cephalic index (CI) = (W/L) x 100%;

dolichocephaly — CI < 75%; mesocephaly —
CI = 75—-80%; brachycephaly — CI > 80%.

2. Altitude-longitudinal index (ALo) = (H/L) x
x 100%;

low — ALo < 70%; medium — ALo = 70-75%;
high — ALo > 75%.

3. Altitude-latitudinal (ALa) = (H/W) x 100%;

narrow shape — ALa < 92%; medium shape —
Ala = 92—98%; wide shape — ALa > 98%.

Step counting carried out for a week, then the
counts for each day were summed up and the average
value calculated.

Descriptive statistics are presented by the mean
(M) and the standard error of the mean (m). In addi-
tion, the coefficient of variation (V), range (Rv), max-
imum (max) and minimum (min) values were deter-
mined. A correlation analysis was also performed.
A statistical analysis of the data was performed using
Excel MS Office 2016 and SPSS 22.0 software. The
obtained samples were checked up for normality
using the Shapiro-Wilk and Kolmogorov-Smirnov
tests. When our data followed normal distribution,
comparisons were performed using Student’s t-test
for unpaired samples. When the data followed non
normal distribution, the Mann-Whitney U-test with
the Bonferroni’s correction was used. The critical
level of significance of differences was 0.05.

RESULTS AND DISCUSSION

When measuring the main parameters of the
head of adolescents and young men of the Altai terri-
tory, the following results were obtained.

Head circumference (Table 1) changes signifi-
cantly from the age of 16 years. When conducting an
analysis of the groups taking into account PA, it was
found that the main changes were in the 1st group of
adolescents: in the age groups of 14 and 16 years,
individuals with MPA have a larger head circumfer-
ence — by 0.7 cm (p = 0.003) at the age of 14 years,
and by 0.3 cm (p = 0.035) at the age of 16 years.

Head height (Table 1) increases by only 0.5 cm
from 14 to 19 years. The analysis taking into account
physical activity showed that head height in individ-
uals with HPA at the age of 15 years was 0.8 cm
(p = 0.000) greater than in the MPA group, and at
the age of 16 it was 0.4 cm (p = 0.004) less than in
the MPA group.

The longitudinal size of the head (head length)
(Table 1) is the largest and averages 17.4—18.5 cm.
Head length has significant differences taking into
account PA at the age of 14 years: individuals with
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Ta6smmna 1. OCHOBHbIE aHTPOIIOMETPHUYECKHE TI0KA3aTEeJU ['0JIOBBI TOAPOCTKOB U IOHOLIEH C y4eTOM ABUTraTebHON
AKTUBHOCTH (CM)
Table 1. Main anthropometric parameters of the head of adolescents and young men taking into account physical activity (cm)

U C BobicoTa JlinHa Iupuna
Iloka3aTesb TOJIOBBI e . . o
Parameter Head circum- P TOJIOBRI p roJIoBeI p TOJIOBRI p
P Head height Head length Head width
erence
14 nem / 14 years old
CpeaHue BeJIMYUHbI 56.3+0.1 128+ 0.1 18.2+0.1 14.2+0.1
Average values
Jluua c BJA 56.0£0.2 12.8+0.1 18.1+0.1 141 +01
Individuals with HPA
(n=60)
Jluna c CZIA 56,7+0,2 12,8+0,1 18,5+0,1 14,3+0,1
Individuals with MPA
(n=84)
p* 0.013 0.932 0.004 0.158
15 .1em /15 years old
CpeZiHUE BEJIMUUHBI 56.4+0.2 0.980 13.0%0.1 0.158 18.2+0.1 0.878 14.4+0.1 0.158
Average values
Jluua c BJA 56.2+0.2 13.5+£0.1 18.2+0.1 14.2+0.1
Individuals with HPA
(n=86)
Jluua c CZ1IA 56.4+0.2 12.7£0.1 18.2+0.1 14.4+0.1
Individuals with MPA
(n=94)
p* 0.480 0.000 0.986 0.158
16 n1em / 16 years old
CpeaHue BeJIUYUHBI 57.0+0.1 0.000 13.0x0.1 0932 184x0.1 0.094 14.2+0.1 0.145
Average values
Jluna c BJA 56.8+0.1 12.8+0.1 18.4+0.1 141+0.1
Individuals with HPA
(n=95)
Jluna c CZIA 57.1+0.1 13.2£0.1 184 +0.1 143 +0.1
Individuals with MPA
(n=139)
p* 0.035 0.004 0.978 0.158
17 nem / 17 years old
CpeZiHUE BEJIMUUHBI 56.2+0.1 0.000 13.4+0.1 0.005 17.4+0.1 0.000 14.4+0.1 0.078
Average values
Jluua c BJA 56.3+0.2 13.6 £0.1 169 +0.3 14.5+0.1
Individuals with HPA
(n=60)
Jluua c CZIA 56.1+0.2 13.5+£0.1 17.3£0.2 14.4+0.1
Individuals with MPA
(n=284)
p* 0.480 0.480 0.268 0.985
18 n1em / 18 years old
CpeaHue BeJIMIUHBI 56.9+0.1 0.000 133%0.1 0.480 184x0.1 0.000 145%0.1 0.455
Average values
Jluua c BJA 57.1+0.1 13.2£0.1 18.3+0.1 14.5+0.1
Individuals with HPA
(n=86)
Jluna c CZIA 56.9 £0.1 13.3£0.1 184 +0.1 14.5+0.1
Individuals with MPA
(n=94)
p* 0.158 0.480 0.480 0.978
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OkoHvaHue Ta6s1. 1 / End of Table 1

OKpyKHOCTb

BeicoTa JimHa IIupuna

Iloka3aTesb T0JIOBBI . - . .
Parameter Head circum- P FOJIOBRI p roJIoBeI p FOJIOBRI p

P Head height Head length Head width

erence

19 nem / 19 years old

CpeJiHUE BeJIMYUHbI 579 +0.1 0.000 13.3+0.1 0932 185%0.1 0.567 145+0.1 0.978
Average values
Jluua c BJA 56.7+£0.2 13.2+0.1 18.7 £ 0.1 14.5+0.1
Individuals with HPA
(n=95)
Jluua c CZIA 57.3+0.1 13.3£0.1 18.5+0.1 14.5+0.1
Individuals with MPA
(n=139)
p* 0.007 0.480 0.158 0.932

IpumMedyaHusda.

B/IA - BbicOKasi BUraTebHasi akTUBHOCTb; C/IA - cpeiHss ABUTraTe/IbHAsA aKTUBHOCTb.
* CTaTHUCTUYECKasi 3HAYUMOCTD C YU€TOM JJBUraTeJbHON aKTUBHOCTH.

** CTaTUCTHUYeCKasi 3HAUMMOCTb IpXU CPAaBHEHHWHU C IpeAblAyIIUM BO3PaCTOM.

Notes.
* Statistical significance taking into account physical activity.
** Statistical significance when compared with previous age.

BHYTPHUTPYIIIIOBOTO aHaiu3a ¢ ydetroMm JIA ObLIO
BBISIBJIEHO, UTO OCHOBHBIE M3MEHEHUSI OTMEUEHbI B
1-U TpyIIIle IOAPOCTKOB: B BO3PACTHOU IPyIIe 14 U
16 siet auna ¢ C/JA uMeroT OGOJIBIIYI0 OKPY:KHOCTb
TOJIOBBI — Ha 0.7 ¢M (p = 0.003) B Bo3pacrte 14 JeT 1
Ha 0.3 cM (p = 0.035) B Bo3pacre 16 JieT.

BricoTa rosioBsl (cM. TabII. 1) € 14 710 19 JIET yBe-
JIMYMBAETCS BCETO HA 0.5 CM. BHYTpPUTPYIIIIOBOMH
aHaAJINU3 C yYeTOM JIBUTATEJIbHON aKTUBHOCTHU ITOKa-
3aJI, 4TO BBICOTA roJIOBBI y JikIl ¢ B/IA B Bo3pacte
15 JjieT Ha 0.8 cM (p = 0.000) 6oJIbllle, YEM B TPYIIIIE
sur ¢ C/IA, a B Bo3pacTe 16 JIeT — MEHBIIIE HA 0.4 CM
(p = 0.004), uem B rpymie jauif ¢ CIIA.

IIpomosibHBIN pa3Mep TOJOBHI (JITHHA TOJIOBBI)
(cm. TabJ1. 1) ABJIsIETCS HAUOOJIBIIINM U COCTABJISIET B
cpenHeM 17.4—18.5 cM. JITiHA TOJIOBBI UMEET 3HAYH-
MBbIe pa3anuus ¢ yuetoM JIA B Bo3pacTe 14 JIeT: Iuna
co CIA Ha 0.4 cM (p = 0.004) UMEOT OOJBITUH
oKasareJib, ueM Jiuna ¢ B/IA.

[TomepeyHbIH pa3zmMep TOJI0BbI (IITHPHUHA TOJIOBHI)
(cM. Tab. 1) MPaKTUYECKU OAMHAKOB Y ITOIPOCTKOB
U I0HOIIIeH. /IBUTaTeIbHAsI aKTUBHOCTH HE BJIMSET HA
JAHHBIU ITIOKa3aTe b,

C y4eToM IIOJIyYeHHBIX JAHHBIX OBbLIA BBIUKC-
JIEHBI UH/IEKC U YKa3aTeJIX TOJIOBBI.

Cpennsisi BeTMUMHA TOJI0OBHOTO UHAeKca (Tabit. 2)
B I'pyIIIIe IOIPOCTKOB paBHa 78.3 + 0.3 %, 4TO yKJIa-
JIBIBAETCS B MIPOMEKYTOK OT 75 /10 80 % U COOTBET-
cTByeT Me3onedanbHOl ¢dopMme roysoBel. B 14 et
JIAaHHBIN TTOKa3aTes b paBeH 78.0 + 0.2 %, y MOpoCT-
KOB 15 JIET — Ha 1.0 ¢cM 6Goutbiie (p = 0.014), Y 16-J1eT-
HUX MO/IPOCTKOB — Ha 1.2 CM MeHbIIIe TI0 CPAaBHEHUIO
C TIpeABIIYIIUM BO3pacToM (p = 0.007).

HPA - high physical activity; MPA - moderate physical activity.

MPA have a higher value by 0.4 cm (p = 0.004) than
individuals with HPA.

Head width (Table 1) is almost the same in ado-
lescents and young men. Physical activity does not
affect this parameter.

With reference to the data obtained, the index
and head parameters were calculated.

The average value of the cephalic index (Table 2)
in the group of adolescents is 78.3 + 0.3%, which
falls within the range from 75 to 80% and corre-
sponds to the mesocephalic type of the head. At
14 years, this parameter is 78.0 + 0.2%, in 15-year-
old adolescents — 1.0 cm more (p = 0.014), in 16-year-
old adolescents — 1.2 cm less compared to the previ-
ous age (p = 0.007).

The mesocephalic head shape occurs in 50.5% of
cases (n = 282 people) of the total number of adoles-
cents studied, and is dominant in any age group: at
the age of 14 years, it is observed in 56.3% of cases, at
the age of 15 — in 45.0%, and at the age of 16 — in
51.3%. Mesocephalic individuals are characterized
by intermediate values of the altitude-longitudinal
index, average head values. Mesocephaly is included
in the characteristics of the Far Eastern and South
Asian Mongoloid races, as well as in the characteris-
tics of the White Sea-Baltic Caucasian race [16].

The brachycephalic head shape in the group of
adolescents occurs in 26.9% of cases — in 150 sub-
jects. This head shape is recorded in 24.3% of cases
at the age of 14 years, in 33.3% — at the age of 15, and
in 23.5% — at the age of 16 (Table 2).

Dolichocephaly in the group of adolescents is
observed in 22.6% of cases (in 126 people). The doli-
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Ta6siuna 2. OcHoBHbIe KedaloMeTpHUUIecKre T0Ka3aTe/ U T0LPOCTKOB U IoHowIel (%)
Table 2. Main cephalometric parameters of adolescents and young men (%)

Iogpoctku / Adolescents

IOHomu / Young men

XapaKTepHucTHKa

Ch .. 14 net 15 net 16 net 17 net 18 net 19 net
AR A 14yearsold 15yearsold 16yearsold 17yearsold 18yearsold 19 yearsold
(n=144) (n=180) (n=234) (n=217) (n=223) (n=188)
CpefiHee B rpymnme 78.3%0.3 80.6 £ 0.5 (p =0.000)
Average in the group
Tos08Hotl uHdekc (popma 2zon06b1) | Cephalic index (head shape)

M+m 78.0 0.2 79.0+0.3 77.8+0.3 84.6+0.1 78.6 £ 0.2 78.6 £0.2
p 0.014 0.007 0.000 0.000 0.978
Jonuxouedanus 19.4 21.7 25.2 7.4 11.3 (n=25) 13.3 (n=25)
Dolichocephaly

Mesonedanus 56.3 45.0 51.3 25.3 (n=55) 59.6 57.4 (n=108)
Mesocephaly

Bpaxuuedanus 24.3 333 23.5 67.3 (n=146) 289 29.3 (n=55)
Brachycephaly

BuicomHo-npodosabHblii ykazamens | Head height

M+m 714 £ 0.4 723 +0.5 71.7+0.3 799+ 1.1 729+0.3 72.6 £03
p 0.193 0.398 0.000 0.000 0.442
Huskas popma 46.5 (n=67) 34.5 40.4 (n=95) 19.7 26.9 (n=62) 29.3 (n=57)
Low shape

Cpepussa dopma 36.8 (n=53) 40.5(n=73) 46.6 (n=109) 35.8 52.5 50.8 (n =96)
Medium shape

Bricokas dopma 16.7 (n = 24) 25.0 129 (n=30) 445 20.1 (n=46) 19.8 (n=36)
High shape

BuvicomHo-wiupomubiil ykazamenas | Head width

M +m 91.2+0.5 91.4 +0.6 92.1+04 94.0 £ 0.4 92.7+0.3 92.1+0.3
p 0.823 0.151 0.001 0.022 0.231

Y3kas popma 62.5 52.2 51.1 38.6 489 42.1

Narrow shape

Cpenusisa popma 25.0 31.7 36.2 339 37.8 50.0
Medium shape

Mupokas ¢popma 12.5 16.1 12.7 27.5 13.3 7.9

Wide shape

I puMedaHHUt. p-craTUCTHYECKasdA 3HAYMMOCTb MeX/ly BO3pacTaMH.

N o t e . p - statistical significance between ages.

Me3sonedanbaas ¢popma TrojioBbl BCTpedaeTcs B
50.5 % cayuaeB (n = 282 uyes.) oT 0OOINEro umcaIa
HCCIelyeMbIX B TPYIIIIE IOJPOCTKOB U SIBJISETCS
JIOMUHUPYIOIIEH I JII0OOr0o BO3pacra BHYTPHU
TPYILIBL: B BO3pacTe 14 JieT OHa Berpedaercd B 56.3 %
cJIydaeB, B BO3pacTe 15 JIET — B 45.0 % U B BO3pacTe
16 et — B 51.3 %. Jlaa me3oredasoB xapakTepHO
IIPOMEKYTOYHOE [T0JIO}KEHHE BBICOTHO-ITPOZI0JIEHOTO
yKazareJid, ycpeJJHeHHbIe 3Ha4eHUs TOI0BEI. Me3so-
nedasys BKIIOYAETCS B XapaKTEPUCTUKY JaJIbHEBO-
CTOYHOU U 0KHOA3WaTCKOM MOHTOJIOWHBIX pac, a
TaK)Ke B XaPAKTEPUCTHKY 0eI0MOpO-6aaTHUHCKOM
€BPOIIEOU/THOH packl [16].

BpaxurnedanpHas popma rosioBsl B rpymie moji-
POCTKOB BCTpedaeTcs B 26.9 % caydaeB — y 150 HcCIe-
nyeMbIxX. JlaHHas ¢opMa rOJIOBBI PETUCTPUPYETCS B

chocephalic head shape is found in 19.4% of cases in
14-year-olds, 21.7% — in 15-year-olds, and 25.2% — in
16-year-olds (Table 2).

In the group of young men, there is a tendency
towards brachycephalization: the average cephalic
index in the group is 80.6 + 0.5%, which is 2.3%
higher than in the group of adolescents (p = 0.000).
The brachycephalic head shape is found in 67.3% of
young men at the age of 17 years, 28.9% — at the age
of 18, and 29.3% — at the age of 19. Mesocephalic
individuals prevail in the group of 18- and 19-year-
old young men and make up 59.6 and 57.4%, respec-
tively, of the total number and 25.3% at the age of
17 years. The dolichocephalic head shape is found in
7.4% of young men at the age of 17 years, 11.3% — at
the age of 18, and 13.3% — at the age of 19.
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24.3 % cirydaeB B Bo3pacTe 14 JieT, B 33.3 % — B 15 JIeT
U B 23.5 % — B Bo3pacre 16 jieT (cM. Tabur. 2).

Honuxonedanus B TPYIIe JIUI TOIPOCTKOBOTO
BO3pacTta oTMedaeTcs B 22.6 % ciyuaes (y 126 yelt.).
HonuxonedanbHasa gopMa ToJOBbI BCTpeuyaercs B
19.4 % cy4aeB y 14-JIETHUX, B 21.7 % — Y 15-JIETHUX
U B 25.2 % — y 16-JIETHUX ITOJAPOCTKOB (CM. TabJI. 2).

B rpymnne oHoOIIIEH oTMeJaeTcs TEHIEHITHA K Opa-
xunedaau3anuu: CpeqHUA TMOKa3aTeJlb T'OJOBHOTO
UH/EKca B rpyliie paBeH 80.6 + 0.5 %, uto Ha 2.3 %
OoJibllle, YeM B TPYIIIEe IOJIPOCTKOB (p = 0.000).
Bpaxurnedanpuyio GpopMmy rosoBbl UMEOT B 17 JIET
67.3 % 1oHoIIeH, B Bo3pacTe 18 jeT — 28.9 % u B
19-JIeTHEM Bo3pacTte — 29.3 %. Me3zonedasts! mpeod-
JIAIAI0T B TPYIIIIE 18- 1 19-JIETHUX IOHOIIIEH U COCTaB-
JISIIOT 59.6 U 57.4 % COOTBETCTBEHHO OT OOIIIEro
4yucsa, a B Bogpacre 17 yeT — 25.3 %. Jonuxone-
¢anpHadg Gopma rosoBbI BBIABIAETCA Y 7.4 % I0HO-
IIIed B 17-JIETHEM BO3pacTe, y 11.3 % — B 18-j1eTHEM U
vy 13.3 % — B 19-JIeTHEM BO3pacre.

BricoTa TOJIOBBI B OOJIBIIMHCTBE CJIyYaeB
(43.7 % ot ob11ero yncsia uccaeyeMbIX) onpee-
JIeHa KaK CpeJHsAsd, JIUIIb B TPYyNIle 14-JIETHUX
MOJIPOCTKOB  mpeobsamaer Hu3kasg  ¢opma
TOJIOBBI — Yy 46.5 %, a cpeiu 17-JIeTHUX IOHOIIEN
Yale BCTPEeYaroTCs JIUIAa ¢ BBICOKOU GOopMOH — y
44.5 %. Y OCTaJbHBIX HCCIEAYEMBIX BeJIUUHHA
BBICOTHO-IIPOJIOJIBHOTO yKasaTeJsisi HaXOAUTCSI B
npenesnax 70—75 %, U GOJIBIINHCTBO IIPEJCTaBU-
Tesiel B 06erX BO3PACTHBIX TPYIIIax UMEIOT CPe/l-
HI0OI0 GOPMY I'OJIOBHI.

[lupura rO7OBBI B OOJIBIINHCTBE CJIYYAEB
(49.2 % ot 0611IeTO YHCIA UCCIEAYEMbIX) OTIPeIeis-
eTcs KaK y3Kasi, B BO3pacrTe 17 U 19 JIeT — KaK Cpel-
HeAA. HauMeHbIllee Y110 TOAPOCTKOB U IOHOIIEH ¢
mupokoH rosopoi. Illupokas opma rosoBsl yare
Ha0JII0aeTCs B BO3pacre 17 JIET — B 27.5 % CJIyJaes,
peske B Bo3pacre 19 JieT — B 7.9 %.

[TapasiesbHO GBLUIO MPOBENEHO AHTPOIIOMETPH-
YecKoe UCCIeI0BAHIE ITOIPOCTKOB U IOHOIIIEH.

Jnuna Tesna (poct) ABJIseTCs OTHUM U3 HauboJiee
BKHBIX MOP(OJIOTHYECKUX IPU3HAKOB, JIEMKAIIUX B
OCHOBE TIPOTIOPIIMHM MYKCKOTO TeJIOCJIOMKEHUS.
V3BecTHO, YTO JAHHBIA IIOKA3aTeNb 3aBUCHUT OT
HAaCJIEZICTBEHHBIX (AaKTOPOB, a Takke (HaKTOPOB
BHeEIIHEeN U BHyTPeHHEeH cpejibl OpraHusma.

JlnuHa Tena 14-JEeTHUX HOJPOCTKOB COCTABUIIA
170.4 + 1.4 €M, pacrupezieieHre JaHHOTO IapaMeTpa
BHYTPU TPYNIbl H3MEHSETCS OT MUHHUMAIBHOUN
BEJIMUYUHBI 158.0 M 10 MaKCHMaJbHOH — 184.0 cm
(Tabs. 3). Ilokazaresnb BapbUPYeT B Ipeaenax 26
CM, YTO COCTaBJIAET 15.0 % OT cpeZiHero apudmeTu-
yeckoro. Kosaddunuent Bapuanuu paBeH 3.4 %.
PoCT 15-71€THUX TOPOCTKOB Ha 2.6 cM OOJIbIIIE 10

Head height in most cases (43.7% of the total
number of subjects) is defined as medium, only in
the group of 14-year-old adolescents, a low head
shape dominates — 46.5%, and among 17-year-old
young men a high head shape are more common —
44.5%. In the rest subjects, the value of the altitude-
longitudinal index is within 70—75%, and most rep-
resentatives in both age groups have a medium head
shape.

Head width in most cases (49.2% of the total
number of subjects) is defined as narrow, at the age
of 17 and 19 years — as medium. The minimal num-
ber of adolescents and young men had a wide head.
The wide head shape is more often observed at the
age of 17 years — in 27.5% of cases, less often at the
age of 19 — in 7.9%.

Simultaneously, it was performed an anthropo-
metric study of adolescents and young men.

Body height is one of the most important mor-
phological features underlying the proportions
of male physique. It is known that this parameter
depends on hereditary factors, as well as factors
of external and internal environments of
the body.

The body height of 14-year-old adolescents was
170.4 + 1.4 cm, the distribution of this parameter
within the group varies from a minimum value of
158.0 ¢cm to a maximum of 184.0 cm (Table 3). The
parameter varies within 26 cm, which is 15.0% of the
arithmetic mean. The coefficient of variation is 3.4%.
The height of 15-year-old adolescents is 2.6 cm more
than of the previous age (p = 0.000). At 16 years old,
the average height of adolescents was 177.0 + 0.7 cm.
The difference with the previous age is 4.0 cm
(p = 0.000) (Table 4). The height of 17- and 18-year-
old youths is almost the same — 176.0 + 0.4 and
175.2 + 0.4 cm, respectively (p = 0.059), the range
was 29 cm. The minimal height at this age is
160.0 cm, the maximal — 188 cm. Young men aged 19
were significantly taller than 18-year-olds -
178.8 + 0.4 cm, the difference with the previous age
was 3.6 cm (p = 0.000).

The analysis of the groups (Table 3) showed that
at 15 years of age there was a tendency for increased
body height in adolescents with HPA compared to
MPA (173.8 £ 0.6 cm vs. 172.8 £+ 0.7 cm). At 16 years
of age, the body height of individuals with HPA
exceeded by 1.01% (2.2 ¢cm) that of individuals with
MPA (178.1 + 0.5 cm vs. 175.9 £ 0.5 cm (p = 0.002)).
The analysis of body height in young men revealed
that 18- and 19-year-old individuals with HPA were
shorter than their peers with MPA (174.3 + 0.2 cm
vs. 176.0 + 0.5 cm, p = 0.001 and 176.8 + 0.7 cm vs.
178.8 + 0.6 cm, respectively).
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Ta6una 3. BaxxHeH e aHTPONIOMeTPUIECKH e TI0Ka3aTe M TPYIIIbI TOJPOCTKOB U IOHOIIEH C yYeTOM JIBUraTebHOH
aKTUBHOCTH

Table 3. The main anthropometric parameters of the group of adolescents and young men taking into account physical
activity

JIBHraTeIbHAs AKTHBHOCTD JnuHa tesna, cM / Body height, cm Macca teia, kr / Body weight, kg
Physical activity M SD m M SD m

14 nem / 14 years old
Cpennee / Average 170.4 - 1.4 63.8 - 0.8
Onomu ¢ BJA (n = 60)
Individuals with HPA (n = 60) 170.3 58 0.7 64.1 108 L4
Onomwu ¢ CJ1A (n = 84)
Individuals with MPA (n = 84) 1706 68 13 641 12.2 13
p 0.762 0.978

15 .1em /15 years old
Cpennee / Average 173.0 - 0.8 66.0 - 1.1
OHomu ¢ BJIA (n = 86)
Individuals with HPA (n = 86) 173.8 55 0.6 67.5 164 18
IOnomwu ¢ CZIA (n = 94)
Individuals with MPA (n = 94) 1728 68 0.7 651 148 L5
p 0.280 0.371

16 1em / 16 years old
Cpennee / Average 177.0 - 0.7 68,7 - 0.8
tOnomwm ¢ BJIA (n = 95)
Individuals with HPA (n = 95) 1781 55 05 745 101 09
fOnomuc CJA (n = 139)
Individuals with MPA (n = 139) 1759 64 0.5 63.0 113 0.9
p 0.002 0.000

17 nem / 17 years old
Cpennee / Average 176.0 - 0.4 68.5 - 1.0
IOHowmu ¢ BJA (n=77) 176.4 5.6 0.6 70.3 11.9 1.4
Individuals with HPA (n = 77)
HOnowu ¢ CZIA (n = 140) 176.1 6.2 0.5 67.9 10.0 0.8
Individuals with MPA (n = 140)
p 0.701 0.138

18 nem / 18 years old
CpenHee / Average 175.2 - 0.4 69.1 - 0.7
IOnomuc BJA (n =95) 174.3 7.0 0.2 74.1 11.5 1.2
Individuals with HPA (n = 95)
FOHomwu ¢ CJIA (n = 128) 176.0 6.2 0.5 65.7 8.7 0.8
Individuals with MPA (n = 128)
p 0.001 0.000

19 nem / 19 years old
CpenHee / Average 178.8 - 0.4 72.7 - 0.7
IOHowmu ¢ BJA (n = 80) 176.8 6.4 0.7 69.0 8.3 0.9
Individuals with HPA (n = 80)
Onomu ¢ CZ1A (n = 108) 178.6 6.4 0.6 76.1 12.2 1.2
Individuals with MPA (n = 108)
p 0.000 0.000

[Ipumevyanue.SD - crangapTHoe oTkJoHeHue; C/IA - cpeiHsAsA ABUraTesbHasd aKTUBHOCTb; BJIA - BbIcOKas ABUraTesbHas
aKTHUBHOCTb.
p — CTaTUCTUYecKas 3HaYMMOCTb MeXy noapoctkamu ¢ CJIA u BJA.

N o t e s : SD - standard deviation; MPA - moderate physical activity; HPA - high physical activity.
p - statistical significance between adolescents with MPA and HPA.
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CPaBHEHUIO C IPEABIAYIIM BO3pacToM (p = 0.000).
B 16 ser cpegHWH pOCT IOAPOCTKOB COCTaBUJI
177.0 £ 0.7 cM. Pa3HuIa ¢ mpeapIAyIIuM Bo3pac-
TOM — 4.0 cM (p = 0.000) (tabiu. 4). Poct 17- u
18-JIeTHUX IOHONIEH IPAKTUYECKH OJIHHAKOB —
176.0 £+ 0.4 U 175.2 = 0.4 CM COOTBETCTBEHHO
(p = 0.059), pa3dmax coctaBwiI 29 ¢cM. MUHUMAJIb-
HBIH POCT B IAaHHOM BO3pacTe paBeH 160.0 M, MaK-
cuMaJIbHBINA — 188 cM. MoJ1oibie JII0IN 19 JIET OKa-
3aJIMCh  3HAUMTEJbHO  BbINIE  18-JI€THUX  —
178.8 + 0.4 cM, pa3HUIIA C TPEABIAYIITUM BO3PAaCTOM
cocraBuia 3.6 cM (p = 0.000).

BuyTpurpymnmoBoit aHaimus (cM. TabJy. 3) IMOKa-
3aJ1, YTO B 15 JIET IPOCJIEIKUBAETCS TEH/IEHITHS K YBE-
JIMYEHUIO JIUTUHBI TeJla y MoAPOoCTKOB ¢ BJIA 1o cpaB-
HeHuto ¢ C/TA (173.8 £ 0.6 cm TpoTuB 172.8 + 0.7 cM).
B 16-y1eTHEM Bo3pacTe AjIMHA Tejia HoIed ¢ BJIA
6oJpie Ha 1.01 % (2.2 ¢M), YeM y UX CBEPCTHUKOB C
CIJA (178.1 + 0.5 cM HpOTHUB 175.9 + 0.5 CM
(p = 0.002)). AHaIN3 AJIUHBI TeJIa IOHOIIIEH BhISIBUI,
uro simna ¢ B/IA 18 u 19 jieT HUXKe CBOUX CBEPCTHU-
koB co C/IA (174.3 + 0.2 ¢M mpoTuB 176.0 + 0.5 cM,
p = 0.001 u 176.8 £ 0.7 cM npoTuB 178.8 £ 0.6 cM
COOTBETCTBEHHO).

IToxaszaTesp Macchl Tejaa SIBJIAETCSI OJHUM U3
OCHOBHBIX MIPHU U3yYeHUU PU3UIECKOTO PA3BUTHUS
YeJIOBEKa, TOHKO pearupymIlluM Ha CIBUTU B
COCTOSTHUHU 3JIOPOBbS. BennuynHA 3TOTO IOKasa-
TeJIsl UCIIOJIb3YeTCs B MH/IEKCHOU OIleHKe (pu3uue-
CKOTO Pa3BUTHS 4Yallle [JAPYTUX OCTaJbHBIX.
M3BecTHO, YTO Macca Teja 3aBHCHUT OT I[€JI0r0
psza GpakTOpoOB: MUTAHHUS, KOJTUYECTBA MOTPEOISI-
eMBIX KaJIOpWUH, JIBUTATEJIbHOU aKTUBHOCTH, T'€0-
rpadUYeCKUX U KIIMMaTHUECKUX YCIIOBUH, a TAKIKE
TOPMOHAJILHOTO ()OHA W HEPBHO-IICHXUUYECKOTO
COCTOSIHUSI WHAUBU/IA.

Macca Tesia B 14 jietT cocraBuia 63.8 + 0.8 kr (cm.
TabJ1. 3), 3HAUUMBIX pasjInuuii ¢ yuetom JIA B AaH-
HOM BO3pacTe He BbISBIIEHO (64.1 + 1.4 ¥ 61.4 + 1.3 KT
COOTBETCTBEHHO, p = 0.932). IlogpocTku 15 Jjer
WMEIT TEeHJEHITUI0 K YBEJIMYEHUI0 MaccChl Tejia B
cpeHeM Ha 2.45 KT (66.0 + 1.1 KT, p = 0.108). Macca
Testa siull ¢ B/IA janHOrO Bo3pacra MeHblIle B CPaB-
HEHUU C TPeAbIAYIUM Bo3pacTtoMm (67.5 + 1.8 Kr
IIPOTHB 64.1 + 1.4 KT, p = 0.004). TeHneHIUA K yBE-
JIMYEHUI0 MacChl TeJjla coXpaHsieTcs U B 16 jiet. Cpe/i-
HUH Bec MOJIPOCTKOB B 16 JjieT cocTaBui 68.7 + 0.8 KT,
npubaBKa IO CPAaBHEHWIO C MPEABIIYIINM BO3pac-
TOM paBHa 2.7 KT (p = 0.050). Macca Teyia MOJIObIX
sofied ¢ BJIA maHHOTO BOo3pacTa 3HAYUTEIbHO BHIIIIE
110 CPAaBHEHWIO C WX 15-JIETHUMU CBEPCTHUKAMU:
rojiuuHasl MpubaBKa B JJAHHOM BO3pAacTe COCTaBHJIA
7.0 KT ¥ CPeTHsIsA Macca Tejia 16-JIeTHUX MTOPOCTKOB
¢ BJIA crana paBHa 74.5 + 0.8 Xr (p = 0.000).

Body weight is one of the main parameters of the
physical development of a person that responds sen-
sitively to changes in the physical condition of
humans. The value of this parameter is used in the
assessment of physical development more often than
others. It is known that body weight depends on a
number of factors: nutrition, calorie intake, physical
activity, geographical and climatic conditions, as
well as an endocrine profile and neuropsychic status
of an individual.

The body weight at 14 years was 63.8 + 0.8 kg
(Table 3); no significant differences taking into
account PA at this age were found (64.1 + 1.4 and
61.4 + 1.3 kg, respectively, p = 0.932). Adolescents
aged 15 years have a tendency to an increased body
weight by an average of 2.45 kg (66.0 + 1.1 kg,
p = 0.108). The body weight of individuals with
HPA at this age is less in comparison with the pre-
vious age (67.5 + 1.8 kg vs. 64.1 £ 1.4 kg, p = 0.004).
The tendency to an increased body weight persists
at 16 years. The average body weight of adoles-
cents at 16 years was 68.7 + 0.8 kg; an increase in
comparison with the previous age is 2.7 kg
(p = 0.050). The body weight of young men with
HPA at this age is significantly higher compared to
their 15-year-old mates: an annual increase at this
age was 7.0 kg and the average body weight of
16-year-old adolescents with HPA was 74.5 + 0.8 kg
(p = 0.000).

The data obtained indicate that body weight
turned out to be a highly variable parameter, i.e. the
body weight of some adolescents can be almost three
times that of others, and also has the highest coeffi-
cient of variation (V = 20.3%).

Body weight has a strong correlation with
almost all circumferential measurements, but
most strong — with hip (0.99) and waist (0.92) cir-
cumferences, which indicates that fat plays the
greatest role in the parameter. The most stable
parameter with the lowest coefficient of variation
was body height (V = 3.5%). The remaining param-
eters are distributed between body weight and
body height.

The body weight of 17-year-old young men was
68.8 + 1.0 kg; no significant differences were found
between the group of individuals with HPA and MPA
at this age (p = 0.138) (Table 3), but a tendency
towards an increase in this parameter in young men
with HPA at the age of 18 is: their average body
weight was 69.1 + 0.7 kg; individuals with HPA at
this age are heavier significantly than their peers
with MPA (p = 0.000), the difference was 8.4 kg. The
opposite situation is observed at the age of 19 years
since the majority of young men with HPA (47.4%)
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Ta6.iuna 4. KoandyecTBeHHOE COOTHOLIEHKE TOAPOCTKOB U I0HOIIEH ¢ yueToM comaToTuna (% (n))
Table 4. Quantitative ratio of adolescents and young men taking into account somatotype (% (n))

IogpocTku (MpunucHasi BoeHHasi Komuccusa) lOHomu (BoeHHasi BpaueGHas KOMHCCHS)

Adolescents (draft registration commission) Young men (draft medical commission)

ComaToTHI

St 14 net 15 set 16 aet 17 net 18 net 19 net
14yearsold 15yearsold 16yearsold 17 yearsold 18yearsold 19 years old

Actenuku (MII 6osee 35)  48.3 (70) 46.6 (83) 40.5 (95) 30.7 (67) 35.6 (80) 5.26 (10)

Ectomorphs

(PI more than 35)

HopmocTeHukH 28.3 (41) 24.2 (43) 34.0 (80) 46.33 (98) 35.6 (80) 50.0 (94)

(MIT ot 10-35)

Mesomorhs (PI 10-35)

[unepcTeHUKH 23.4(34) 29.2 (52) 25.5 (60) 46.8 (50) 28.7 (64) 44.7 (85)

(MII meHnee 10)

Endomorphs

(PIless than 10)

pumedanue. Ull-ungekcllunpe.
o t e. PI-Pignetindex.

|
N

[TonyueHHBIE TaHHBIE CBUJIETEBCTBYIOT O TOM,
YTO Macca TeJla 0Kas3ajach CHUJIBHO BapbUPYIOIIUM
MPU3HAKOM, T.e. Macca TeJla OJIHUX IIOJPOCTKOB
MOJKET MPAKTHYECKH BTPOE IMPEBBINIATh TAKOBYIO Y
IPYTHX, a TAK)KE IMEET CAMBIH BBICOKHUI KO3(pDuIu-
enT Bapuanuu (V = 20.3 %).

Macca Tesia ©UMeeT CHIbHYI0 KOPPEJISIIUIO ITPaK-
THUYECKH CO BCeMU OOXBAaTHBIMU pa3MepaMH, HO
CUJIbHEE Bcero — ¢ obxBaTom Gezep (0.99) U Tamuu
(0.92), 4TO CBU/IETEIBCTBYET O TOM, UTO HAUOOJIb-
IIyI0 pOJIb B IOKa3aTejie UMEET KUPOBOH KOMIIO-
HeHT. CaMbIM CTAOWJIBHBIM IPU3HAKOM C CaMbIM
HUBKUM KO3(POUIMEHTOM BapHalid OKa3ajiach
qunHa Tena (V = 3.5 %). OcranbHble IPU3HAKU pac-
IIpeJieJIEHbl MEXK/Iy MacCOX U JUTMHOU TeJla.

Macca Tesia 17-J€THUX IOHOINEH COCTaBUJA
68.8 + 1.0 KT, 3BHAYNMBIX PA3THINN MEKAY IPYIIION
aun ¢ BIA u C/IA B JaHHOM BO3pacTe He BbISIBJIEHO
(p = 0.138) (cm. Taba. 3), HO 3aMeTHA TEHAEHIHUA K
VBEJIMYEHUIO TAKOBOH y 1oHOIIEH ¢ B/IA B Bo3pacre
18 JeT: WX CpemHAS Macca TeJla COCTaBHJIA
69.1 £+ 0.7 kT, iunia ¢ B/IA manHoro Bo3pacra 3Hauu-
TeJIbHO TsKejlee CBOUX cBepcTHUKOB ¢ CIIA
(p = 0.000), pazuuna cocraBwia 8.4 kr. O6paTHas
cuTyarusi HabJII0TaeTcsl B BO3pacTe 19 JIET, TaK Kak
OoJtbLIMHCTBO I0HOMIEH ¢ BIIA (47.4 %) 3annmaliorcs
KHUKOOKCMHIrOM U Kapars. CpemHsas Macca TeJsa
19-JIETHUX IOHOIIIEH paBHA 72.7 + 0.7 Kr. Mosiosbie
monu ¢ CJA uMelT cpegHIOID Maccy Tesa
76.1 + 1.2 KT, jtuna ¢ BIIA — 69.0 + 0.9 Xt (p = 0.454).

[Ipu aHanu3e comMaTtoTUMUpOBaHusA (Taba. 4)
BBISIBJIEHO, UTO ACTEHUKOB OOJIBIIIE BCETO B TPYIIIE
14-JIETHUX TOJPOCTKOB. B Kax70M MOC/IeayIoneM
BO3pacTe MPOIEHT MOJIOBIX JIIO/IEH C TAKUM TUIIOM
TEJIOCIOKEHHUSI YMEHbBIIIAeTCs: Ha 1.7 % y 15-JIETHUX,

are engaged in kickboxing and karate. The average
body weight of 19-year-old young men is 72.7 + 0.7kg.
Young men with MPA had an average body weight of
76.1 + 1.2 kg, while those with HPA — 69.0 + 0.9 kg
(p = 0.454).

When analyzing somatotyping (Table 4), it was
found that ectomorphs were most numerous in the
group of 14-year-old adolescents. At each subsequent
age, the percentage of young people with this somato-
type decreases: by 1.7% in 15-year-olds, by 8.3% in
16-year-olds; the lowest percentage of ectomorphs
was in the group of 19-year-olds; the difference with
the group of 14-year-olds was 43.6%.

CONCLUSION

The adolescent males are ectomorphs with a
mesocephalic type of head shape, narrow, medium
height head. However, at the age of 14 years, a low
head dominates. In 17-year-old young men, brachy-
cephalization is observed, simultaneously with a ten-
dency toward endomorphic somatotype, but the
head shape remains narrow. In 18-year-old young
men, mesomorphic and ectomorphic somatotypes
with a mesocephalic, narrow head of medium height
are dominant. In the group of 19-year-olds, meso-
morphic and endomorphic somatotypes with a
mesocephalic, medium height and width head domi-
nate. At the age of 14 and 16 years, an increase in
head circumference was found in individuals with
moderate physical activity compared to individuals
with high physical activity.
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Ha 8.3 % y 16-71eTHUX, HAUMEHbBIITUN TPOIIEHT acTe-
HUKOB B IPYIIIIE IOHONIEH 19 JIET; pA3HUIIA C TPYIIIION
14-JI€THUX cOCTaBmIa 43.6 %.

3AK/IIOYEHUE

JIuna My’KCKOTO I10JIa TIOAPOCTKOBOTO BO3pAacTa
ABJIAIOTCA aCTeHUKaMH ¢ Me3oledalbHOU, Y3KOH,
cpenHel Mo BbIcOTe Tos0BOU. OIHAKO B BO3pacTe
14 JIeT J[OMUHUpYyeT Hu3Kasd ¢GopMa TOJIOBBL
¥ 17-neTHUX 10HOIIEN HAGJIIO/IaeTCs Ipollecc Opaxu-
nedan3anuy, IapajuIeIbHO C TEH/IEHITUEN K THIIED-
CTEHUUYECKOMY COMATOTHILY, O/THaKO ¢hopMa roJIoBbI
ocraetcs y3koi. Y 18-JIeTHUX I0HOIIIEeH TpeobIaaio-

CIINCOK JINTEPATYPbI

1. Kryst L., Kowal M., Woronkowicz A. et al. Secular
changes in height, body weight, body mass index and
pubertal development in male children and adolescents
in Krakow, Poland // J. Biosoc. Sci. 2012;44(4):495-
507. DOI: 10.1017/S0021932011000721.

2. bopoxuna /.M., bopoguna I''H. MHAekcHasa oneHKa
(usmueckoro pa3BUTHA IMIKOJIBHUKOB 1 Kyacca r. bap-
Haysa (marepuasbl VII UTOroBoi Hayd.-IIpakT. KOH.
HOMVYMUC (baphayJ, 23—25 masi 2022 1.)) // Scientist.
2022;22(4):103-106.

3. Kentesh O.P., Nemesh M.I., Palamarchuk O.S. et al.
Correction of autonomic dysfunction in young women
by optimization of component body composition //
Wiad. Lek. 2021;74(10(2)):2569-2574.

4. Watanabe T., Nagashima M., Hojo Y. Circadian rhythm of
blood pressure in children with reference to normal and
diseased children // Acta Paediatr. Jpn. 1994;36(6):683-
689. DOI: 10.1111/j.1442-200%.1994.tb03270.x.

5. Buxpyk T.U., [lensimoxk E.B. ®usnueckoe passutue
BOEHHOC/TY>KAIl[UX, 3aHUMAIOIINXCA TPeOHBIM BUAOM
cropTa // VIToroBast HayuHass koH(pepeHIus BoeHHo-
HayyHOro obmiectBa BoeHHOro wHcTHUTyTa (U3NUe-
CKOU KYJIBTYPBI 32 2019 roz: cbopHuk crarei. CII6.:
BoeHHBIH HMHCTUTYT (QU3NYECKOH KyJBTYPHI, 2020.
C. 60-62.

6. Muxiamepckasa H.H., ComoBseBa B.C., 'oguna E.3.
PoctoBble mpoIecchl y JEeTed W IMOAPOCTKOB. M.:
Hza-Bo MI'Y, 1988. 184 c.

7. Asekcees B.IL., Jle6en I.®. KpanuomMeTpusi: METOAUKA
aHTpOMOJIOTHYeCKUX uccaenoBanui. M.: Hayka, 1964.
128 c.

8. baiibakos C.E., baxapesa H.C. I'enziepHOBO3pacTHBIE
0COOEHHOCTH MOPGOMETPUUYECKOW XaPAKTEPUCTUKU
MO3TOBOTO Uepera JieTel mepuoza mepeBoro Jercrsa //
CeueHOBCKHI BECTHHUK. 2016;3(25):18-22.

9. CanuBoH UN.U. Mdmenenus ¢uzmyeckoro TUIA Hace-
nenus Benapycu 3a mocyenHee ToicsueneTre. MUHCK:
Benapyc. nayka, 2011. 172 c.

10. Amusnes @.T., ®aiizysutuna JI.P., [Toasko .M. 3gopo-
Bbe du3HUecKoe U colpanbHoe // BamkoprocraH —
TEPPUTOPHUST POCTA: MPEAIPUHUMATENIHCTBO, IKOJIO-
THS, A3BIK U KyJbTypa (IIpo0JIeMbl, TIONUCKY, IePCIeK-
THUBBI): COOPHUK MarepuayioB Bcepoc. Hayd.-TIPaKT.
koH. (¢ MmexxayHap. yuacruem) (Cubaii, 16—17 MapTa
2017 1.). Ya, 2017. C. 196—198.

UM STBJISIETCS HODMOCTEHUYECKUU U aCTEHNYECKUHI
COMAaTOTHUIIBI ¢ Me301edaJbHOH, y3KOH TOJOBOU
CpelHel BBICOTBHL. B rpymme 19-JeTHUX mpeoba-
JIalOT JIMI[a HOPMOCTEHHUYECKOTO W THIIEPCTeHUYe-
CKOTO COMaToTHIIa ¢ Me3oredanbHou (GopMOH,
CpeZiHel BBICOTHI U IIIUPUHBI TOJIOBOH. B Bo3pacTe 14
U 16 JIET BBISIBUJIN YBEJIMUEHNE OKPY>KHOCTH TOJIOBBI
y JIWI[ CO CPETHEH JBUTATEJIbHON aKTHUBHOCTHIO IIO
CPaBHEHUIO C JIUI]AMH C BBICOKOM JABUTATEIHHOU
AKTHUBHOCTBIO.

KoHdukT HHTEpECcoB. ABTODHI 3asABJIAIOT 00
OTCYTCTBUU KOH(PJINKTA HHTEPECOB.
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YapTpacTpyKTypHasa OIEeHKA renaToToOKCuYecKkux 3p@eKToB
NEerIMPOBAHHOU THAJIYyPOHHUAA3bI B 9KCIIEPUMEHTAX in vitro
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AHHOTAIIUA

BBepnenwue. I[lpemnaparsl TECTUKYJIAPHON T'MaJypOHUA3bl UMEIOT IIUPOKOE NIPUMEHEHNE B MEAUIIMHCKOH ITpaK-
TrKe. MopuduKanysa HATUBHBIX OMOJIOTHYEeCKH AKTUBHBIX MOJIEKYJI IIyTeM 2JIEKTPOHHO-JIyY€BOTO [TETHJINPOBAHUSA II03BO-
JISIET YyCOBEPIIIEHCTBOBATH UX (PapPMaKOKHHETUUECKHE CBOMCTBA, UTO 00YCIOBIMBAET MTOCIEAYIONIEE YIydIeHne papMaKo-
JuHamudeckux addexros. Co3zjaHNe OPUTHHAIBHOIO [IEPOPAJIBHOTO JIEKAPCTBEHHOTO cpezicTBa ¢ (hapMaKOJIOIHYecKU
aKTUBHBIM SZIPOM, B KauecTBe KOTOPOTO BBICTYIIaeT I'MalypOHM/a3a, IIPeCTaBIsAeTcs IepCIeKTUBHBIM, OIHAKO TpebyeT
n3yJdeHus1 6€30IaCHOCTH IPUMEHEHH Ha JOKJIMHIYECKOM JTalle.

Ilenp mccume0BaHUSHA. YIbTPAaCTPYKTypHad OlleHKA rellaTOTOKCHYeCKUX 5(pdEeKTOB IIernInpOBaHHOM I'ua-
JIyPOHU/IA3bI in Vitro.

MaTtepuanas u MeToaBsbl .O0beKT UCCIeI0OBAaHUA — IETHINPOBAHHAA HA TOJIM3TUIEHOKCH/IE IIOCPEICTBOM
3JIEKTPOHHO-JIYUEBOTO CHHTE3a TECTUKYJsApHAasa ruamyponuaasa (IIDT-TUAJT). KynabTypasibHas cpefa — MepeBuBaemMast
KyJIbTypa KJeTok rnedenu desoBeka Chang liver. OmeHKy I[UTOTOKCHYECKOTO AEUCTBUS MPOBOJUIH ¢ momorpio MTT-
TecTa. YIbTPACTPYKTYPHbIE U3MEHEHH OLIEHNBAIA METO/IOM 3JIEKTPOHHOU MUKPOCKOIIHH.

PesyunbTarsb . Pa3pabaTsiBaeMoe OpUTHHAIBHOE JieKapcTBeHHOE cpeficTBO IIDT-T'MAJI B m3ydyaeMbIX KOHIIEH-
Tpanusx 37, 75 u 150 EJI /M1 He 0Ka3bIBAaeT IIUTOTOKCUYECKOTO BO3/IEHCTBHUSA HA KYJIbTYPY KJIETOK IIEUeHH UetoBeKa (rema-
TOIUTHI). JKH3HECIOCOOHOCTD KJIETOK HAXOUTCS IPAKTUIECKH HA YPOBHE KOHTPOJISA ITpH Bo3zekcTBuu II9T-T'IAJI B KOH-
neHTpanuax 37 u 75 EJ1/mi, a noa BausHIEM MakCUMaIbHON KOHIleHTpanuu 150 EJI /M7 craTucTUYecKy 3HAUHNMO CTHMY-
supyetcs: npostrdepanus KIeTOK, O YeM CBUAETEIbCTBYET IOBBIIIEHNE UX KU3HECIIOCOOHOCTH 10 106 %. PesynbraTsl
OIIEHKU Y/IBTPACTPYKTYPHBIX N3MEHEHUH IellaTOLUTOB IT0Ka3any, uTo Boszeiicrere II9T-I'IAJI Bo BceX KOHIIEHTPAIUAX
MIPUBOJIUT K YCHJIEHUIO OOMEHHBIX IIPOIECCOB B KJIETKAX, PA3BUTHIO ayTO(Qaruu, KOTOPas SBJISIETCS OJHUM M3 OCHOBHBIX
TrOMeOCTaTU4YeCKHUX IIPOLIEeCCOB.

3akawmwueHHue . Hceaegyemoe ekaperBeHHOE cpeicTBO [IDT-T'TMAJI Bo Beex n3ydaeMbIX KOHIIEHTPALUAX He OKa-
3BIBA€T TOKCUYECKOTO BO3EHCTBUSA HA KyJIBTYPY IellaTOIIUTOB YesloBeKa. I1oydaeHHbIe pe3yIbTaThl MOTYT OBITh UCIIOJIb-
30BaHbI IPU AJIBHENIIIEM UCCIIEZIOBAHUY TP paspabotke [I9T-TMAJL.

Kmuouesnle cnroea: ruaiypoHn/iasa, NerninpoBaHye, IUTOTOKCUYHOCTD, KYJIbTYPa KJIETOK IIeYeHH YeIoBeKa.
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moB K.1., Maznonos II.T'., Papuiosa }O.P., Mumenuna C.B. YibTpacTpyKTypHas olleHKa reaTOTOKCUYecKuX addeKxToB
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Ultrastructural evaluation of hepatotoxic effects
of PEGylated hyaluronidase in vitro

A.M. Shvetsova!, M.A. Korolev', A.A. Churin?, N.A. Bondarenko?, N.P. Bgatova?, K.I. Ershov*3,
P.G. Madonov*3, Yu.R. Ravilova3, S.V. Mishenina3

Research Institute of Clinical and Experimental Lymphology — Branch of the Institute of Cytology and Genetics,
Siberian Branch of the Russian Academy of Sciences, Novosibirsk, Russia

2Goldberg Research Institute of Pharmacology and Regenerative Medicine, Tomsk National Research Medical Center
of the Russian Academy of Sciences, Tomsk, Russia

3Novosibirsk State Medical University, Novosibirsk, Russia

ABSTRACT

Introduction. Testicular hyaluronidase preparations are widely used in medical practice. Modification of
native biologically active molecules by electron beam PEGylation allows to improve their pharmacokinetic properties,
which determines a subsequent improvement of pharmacodynamic effects. The development of an original oral drug with
a pharmacologically active core, which is hyaluronidase, is promising, but requires studying the safety of use at the pre-
clinical stage.

A i m . Ultrastructural evaluation of hepatotoxic effects of PEGylated hyaluronidase in vitro.

Materials and methods. Theobject of astudy was testicular hyaluronidase PEGylated on polyethyl-
ene oxide (PEG-HYAL) using electron beam synthesis. The culture medium is a continous culture of human liver cells
Chanq liver. The cytotoxic effect was detected by the MTT assay. Ultrastructural changes were evaluated by electron
microscopy.

R esults. Theoriginal drug PEG-HYAL in the studied concentrations of 37, 75 and 150 U/ml has no cytotoxic effect
on the human liver cell culture (hepatocytes). Cell viability is virtually at the control level when PEG-HYAL administration
at concentrations of 37 and 75 U/ml, and in the maximum concentration of 150 U/ml, cell proliferation is stimulated sig-
nificantly, as evidenced by an increase in cell viability up to 106%. The results of evaluation of ultrastructural changes in
hepatocytes showed that exposure to PEG-HYAL in all concentrations leads to the enhancement of metabolic processes in
cells, development of autophagy, which is one of the main homeostatic processes.

Conclusion. Thedrug PEG-HYAL in all studied concentrations has no toxic effect on the human hepatocyte cul-
ture. The results obtained can be used in further research in the development of PEG-HYAL.

Keywords: hyaluronidase, PEGylation, cytotoxicity, human liver cell culture.
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BBEJAEHHNE INTRODUCTION

I'manyponuzasza ABiaseTcss (epMeHTOM, KOTO-
pBIi paciierisieT TUaJypoOHOBYIO Kucioty. I[lpu
CO3/IaHUU JIEKAPCTBEHHBIX IIperapaToB SH3UMBI
IIPOSIBJIAIOT PsI/T HEJIOCTATKOB, CPeIU KOTOPBIX HU3-
Kasg cTabMJIBHOCTh U OUOIOCTYITHOCTH, IOBBIIIEH-
Has CIIOCOOHOCTH BBI3BIBATH PA3JIMUHBIE AJIJIEPTH-
YyecKue peakI[uy, B TOM YHCJIE CO CTOPOHBI HIMMYH-
HOU cucTteMbl. OOIIMPHBIE TOKA3aHUS K IIPUMeEHe-
HUIO [IPerapaToB HA OCHOBE TECTUKYJISIPHOMN THAITY-
POHU/Ia3bI MO3BOJIAIOT YCIIENIHO UCII0Ih30BATh UX B
Pa3IUMYHBIX 00JIACTAX MEIUITUHBI Ha ITPOTIKEHUU
HECKOJIBKHX JIeCATKOB JieT. OTHAKO MHOTOJIETHUH
OTIBIT UCIIOJIb30BAHUSA IIPENAapaTOB THATTYPOHHUA3bI
B KauecTBe MIePCIEKTUBHOTO CPe/ICTBA JIJIA JIeUeHUA

Hyaluronidase is an enzyme that breaks down
hyaluronic acid. When developing drugs, enzymes
show several disadvantages, including low stability
and bioavailability, increased ability to cause various
allergic reactions, in particilar from the immune sys-
tem. A wide range of indications for the use of tes-
ticular hyaluronidase preparations allows their suc-
cessful use in various fields of medicine for several
decades. However, many years of experience in using
hyaluronidase preparations as a promising drug for
the treatment of several diseases has a disadvan-
tage — lack of their oral forms because of low bio-
availability in this route of administration. By modi-
fying the active substance on a polymeric carrier by
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psza 3aboeBaHUN UMeEET U HEeJJOCTATOK — OTCYT-
CTBUE Y HHUX IEPOpPaJbHBIX (GOPM BBUILY HU3KOMN
OHOZOCTYITHOCTA IPHU JAaHHOM cIocobe IpueMa.
ITyrem ™mopudUKanuyd aKTUBHOTO BelecTBa Ha
MTOJIMMEPHOM HOCUTEJIE TTOCPEACTBOM BJIEKTPOHHO-
JIY4E€BOTO BOBJIEHCTBUS MOIKHO IOJIyYUTbh KOHBIO-
raT ¢ yCTpaHEHHBIMU HETaTUBHBIMHU CBOMCTBAMU
[1, 2]. Co3manue OPUTMHAIBHOTO IIEPOPATHHOTO
JIEKapCTBEHHOTO cpeJicTBa ¢ (apMaKOJIOTHYECKU
aKTHUBHBIM fIPOM, B KAUECTBE KOTOPOTO BHICTYIIAET
THaJypOHHAa3a, UMMOOUIN3UPOBAHHAS HA TOJIH-
STHUJIEHTJIMKOJIE C IIOMOIIBI0 TEXHOJIOTHUU 3JIEKT-
POHHO-JIy4€BOTO CHUHTE3a, IPEACTABJISIETCI HaM
BechMa IEPCHEKTUBHBIM W TpebyeT u3ydeHUs
0e30TaCHOCTH TMPUMEHEHHUs Ha JOKJIMHUYECKOM
sramne [3].

OneHKa TOKCUYHOCTH JIEKAPCTBEHHBIX ITperna-
paToB sSIBJIAETCS HEOTHEMJIEMOU YaCThIO PETUCTPA-
IIMOHHOTO JIOChe, B YACTHOCTH IIMTOTOKCHYHOCTH
mpezcTaBssieT coO0M OTAEIbHBIN ATAll MPU pa3pa-
0OTKe HOBOTO JIEKAPCTBEHHOTO Cpe/icTBa [4]. AHa-
JIN3 PHCKA Pa3BUTHUA TeMaTOTOKCUYHOCTH SIBJIA-
eTcsA Ba)KHOM COCTaBJAIONEH JTOKJIMHHYECKUX
uccnenoBanuii. Haubosiee yacTto pa3BuUTHE HEKe-
JIaTeJIbHBIX pEeakmuii CcO CTOPOHBI OPraHOB
JKEJTyIOUHO-KUIIIEYHOTO TPAKTa IPU IPUMEHEeHUH
JIEKApCTB MIPOUCXOAT UMEHHO B mevyeHu. Jlekap-
CTBEHHAs IelaTOTOKCUYHOCTD BBICTYIIAET IJIaBEeH-
CTBYIOIEH M3 IMPUYMH U3BATHA M OT3bIBA Ipera-
patoB [5]. B cBsi3u ¢ TeM, UTO meYeHb — OCHOBHOH
OpraH JETOKCUKAIIUN U MeTaboInUYecKuX IpoIlec-
COB, KYJBTYPy KJIETOK TemaTOI[UTOB MOKHO
KCIIOJIb30BaTh B KAUECTBE MOEJIH AJIsI TOKCUKOJIO-
TUYECKUX KMCCIeIOBAHUN JIEKAPCTBEHHBIX CPEJICTB
[6]. Ha [moxaImHMYECKOM JTale HWCCIeI0BAHNUA
MEPCIIEKTUBHBIM SIBJISIETCS MTPOBEEHHUE DKCIIEPU-
MEHTOB HMEHHO Ha KJIETOUYHBIX KyJbTypax.
KiieTku — mepBBIf YPOBEHD OpTraHU3aIUH KU3HH,
Ha KOTOPOM MOKHO IIPOBECTHU OIIEHKY HapyIIIeHUH
CTPYKTYPbI BHYTPUKJIETOUHBIX CTPYKTYPHBIX KOM-
IIOHEHTOB, UX B3aMMOJEHCTBUI, YTO B KOHEYHOM
HUTOTE JaCT KapTUHY MeXaHU3Ma IMOBPEKIAIIIEro
nmerictBusg. OLeHKa NUTOTOKCUYHOCTH Yallle BCEero
HCIIOJIb3YETCs B KAUeCTBEe CKPUHUHTA JJIsI OTIpejie-
JIeHUsA COOCTBEHHOI TOKCHUYHOCTHU BelecTBa [7].
IKCIEPUMEHTHI in vitro obJyiaflaloT pAJIOM IIpe-
UMYIIECTB HAPAAY C IPOCTOTOMN MPOBEAEHMS, HU3-
KO CTOMMOCTBIO U OOJIBIIIMM 3aI1acOM MaTepuala,
YTO B IIOCJIEAYIOIIEM II03BOJISIET COKPATHUTh YHC-
JIEHHOCTDb 9KCIIEPUMEHTOB B XO7[€ IOKTMHUUECKHUX
HUCHBITAHUUH in vivo. KpoMe Toro, uccienoBaHue
IUTOTOKCUYHOCTH Ha J1abOpPaTOPHBIX >KUBOTHBIX
1n vivo OGBIBAIOT HepeIeBAHTHBI BBU/Y BHU/IOCIIEIH-
(UYHBIX pa3JIUUNi ¢ yeJoBeKOM [8].

electron beam exposure, a conjugate with eliminated
negative properties can be obtained [1, 2]. Develop-
ing an original oral drug with a pharmacologically
active core, which is hyaluronidase immobilized on
polyethylene glycol (PEG) using electron beam syn-
thesis technology, seems to us very promising and
requires studying the safety of use at the preclinical
stage [3].

Evaluation of drug toxicity is an integral part of the
registration dossier, in particular, cytotoxicity assess-
ment represents a separate stage in the development
of anew drug [4]. Analysis of the risk of hepatotoxicity
is an important part of preclinical studies. The most
frequent of gastrointestinal adverse drug reactions
occurs in the liver. Drug hepatotoxicity is the main
reason for withdrawal and recall of drugs [5]. Because
the liver is the main organ orchestrating the detoxifi-
cation and metabolic processes, hepatocyte cell cul-
ture can be used as a model for toxicological studies of
drugs [6]. At the preclinical stage of research, it is
promising to conduct experiments on cell cultures.
Cells are the first level of life organization, at which it
is possible to assess the disorders in the structure of
intracellular components, their interactions, which
will finally reveal the mechanism of damage. Cytotox-
icity assessment is most often used as screening to
determine the proper toxicity of a substance [7]. In
vitro experiments have several advantages along with
ease of conducting, low cost and large stock of mate-
rial, which subsequently allows for a reduction in the
number of experiments during in vivo preclinical
experiments. In addition, in vivo cytotoxicity studies
on laboratory animals are not relevant because of spe-
cies-specific differences with humans [8].

AIM OF THE RESEARCH

To evaluate in vitro experiments on human cell
culture (hepatocytes) the possible cytotoxic effect of
PEGylated hyaluronidase as an original drug.

MATERIALS AND METHODS

Object of the research. Hyaluronate-endo-f3-
N-acetylhexosaminidase subjected to electron beam
immobilization on a polymer carrier polyethylene
oxide Macrogol-1500 (PEG-HYAL) by accelerated
electron flow at a dose of 1.5 Mrad, which is created
by a pulsed linear accelerator ILU-10 (Budker Insti-
tute of Nuclear Physics, Novosibirsk, Russia). PEG-
HYAL was manufactured at the Siberian Center of
Pharmacology and Biotechnology, JSC (Novosi-
birsk, Russia) and was kindly provided as part of
scientific cooperation. PEG-HYAL was studied at
concentrations of 37, 75 and 150 U/ml. These dos-
ages, simulating the presence of PEG-HYAL in the
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ITEJIb UCCJIEJIOBAHUSA

OLleHUTD B 3KCIIEPUMEHTAX 1N Vitro Ha KyJIbType
TelaTOIUTOB UeJIOBEKA BO3MOXKHOE ITUTOTOKCUYe-
CKOE JeHCTBHE MEerFUIMPOBAHHON T'HMaypPOHU/IA3HI,
paccMaTpuBaeMoOil B KayecTBE OPHUTMHAJIBHOTO
JIEKapCTBEHHOTO CPEJICTBA.

MATEPUAJIBI 1 METO/bI

O0beKT uccieaoBanusa. [narypoHaT-sH10-3-
N-areTuirekco3aMruHHU/1a3a, MTO/IBEPTHYTas
BJIEKTPOHHO-JIyYeBOH MMMOOWIN3AIUA HA IOJIH-
MEPHOM HOCHUTEJIE TOJUATUIIEHOKCHle Maxkpo-
ros1-1500 (II9T-T'MAJT) mOTOKOM YCKOPEHHBIX DJIEeK-
TPOHOB B 103e 1.5 Mpaz, KOTOpBIA cO37aeTcs
UMITYJIbCHBIM JIMHEHHBIM yckopuresnem WJIY-10
(Uuctutyt sigepHoit pusuku umenu .M. Byakepa
CO PAH, Hosocubupck, Poccust). [TAT-I'MAJI usro-
tToBJieHa B AO «CHbupckuii neHTp (papMaKkoJIOTHH U
ouotexuonmorun» (r. HoBocubupck, Poccus)) wu
100e3HO0 TPENOCTaBJIeHA B paMKaxX HAYIHOTO
corpyguudectBa. [I9T-TUAJI usyyanm B KOHIIEH-
Tpanusx 37, 75 u 150 EJI/mi. JlaHHBIE TO3BUPOBKH,
Mojiesupyioomue  Haxoxkzgenme [I9T-TUAJI B
CHCTEMHOM KPOBOTOKE, OBLJIM PACCYUTAHBI C YIETOM
obbeMa IUPKYJIUPYIOIIEH KpPOBH J1abOPaTOPHBIX
Mmbimied. CremeHb YHCTOTHI TPeENapaTtoB > 97%
(u3mepsitach Ha XKUAKOCTHOM xpomarorpade Ackta
Purifier 100, GE Healthcare).

KyabTypa KJIeTOoK. B sxcnnepuMeHTe HCIoIb30-
BaJI¥ IIEPEBUBAEMYIO KYJIBTYPY KJIETOK IIEUeHH YeJI0-
Beka Chang liver (OT'BYH «T'ocymapCcTBeHHbBIH HAyY-
HBIU IIEHTP BUPYCOJIOTUH U OMOTEeXHOJIoTUH «Bek-
top», Poccust). Kimerku neuenu Chang liver kysibTu-
BUPOBJIM B muTaresibHOU cpere RPMI-1640 (OO0
«buonoT», Poccus) ¢ mobasieHueM 10% 3MOpHO-
HayIbHOU TessAubelt cbiBopoTku (ATC) (HyClone, US
Origin), 40 MKr/mi rearamununa cyiabdara (OAO
«JJampxumdapm», Poccnst) 1 2 MMosib L-ryryTamMmuHa
(ICN, CIIA) B CO,-unky6arope npu 37 °C u 5% CO,
110 06pa3oBaHUs KOH(MIIIOIHTHOTO MOHOCJIOS.

HNccaenoBaHue IMHUTOTOKCUYHOCTH. JKCIIe-
PUMEHTHI 110 U3YUEHHIO U OI[€HKE ITUTOTOKCUYHOCTHU
IIPOBOJIVJIU C UCIIOJIb30BAHUEM JIBYX METO/IOB:

MTT-mecm — JaHHBINA METO/T IIO3BOJISIET OTIPE/Ie-
JIUTD KU3HECITIOCOOHOCTDh KyIeTOK. OCHOBaH Ha TOM,
YTO JKUBbIE U MeTabOJIMUEeCKU AKTUBHbBIE KJIIETKU C
IIOMOIIBI0 MUTOXOH/IPUATBHBIX JIETHIPOTEHA3 IIpe-
00pa30BBIBAIOT KEJITYK) PACTBOPUMYIO COJIb TET-
pasonust  (3[4,5-AUMETHI-THA30JI-2- W |-2,5-Aude-
HIWITETPA30JINsI) U BOCCTAHABIIUBAIOT €€ 710 dhuoJe-
TOBBIX HEPACTBOPUMBIX KPHCTALIOB ¢opMasaHa.
IIpu n1u3uce KJIETOK KPUCTAILIIBI (popMasaHa JIETKO
IIEePEXO/IAT B PACTBOP OPTaHUYECKUX PACTBOPHUTE-

systemic circulation, were calculated taking into
account the volume of circulating blood of labora-
tory mice. Pharmaceutical grade > 97% (measured
using an Ackta Purifier 100 liquid chromatograph,
GE Healthcare).

Cell culture. In the experiments, a continuous
culture of human liver cells Changq liver (State Scien-
tific Center of Virology and Biotechnology “Vector”,
Russia) was used. Chanq liver cells were cultured in
a RPMI-1640 medium (BioloT, LLC, Russia) with the
addition of 10% fetal bovine serum (FBS) (HyClone,
US Origin), 40 pg/ml gentamicin sulfate (Dalkhim-
pharm, JSC, Russia) and 2 mmol L-glutamine (ICN,
USA) in a CO, incubator at 37°C and 5% CO, until a
confluent monolayer is formed.

Cytotoxicity study. Experiments to study and
evaluate cytotoxicity were carried out using two
methods:

MTT assay — this method allows to determine the
viability of cells. It is based on the fact that living and
metabolically active cells, using mitochondrial dehy-
drogenases, convert the yellow soluble tetrazolium
salt (3[4,5-dimethyl-thiazole-2-yl]-2,5-diphenyltet-
razolium) and reduce it to purple insoluble forma-
zane crystals. During cell lysis, formazane crystals
easily pass into a solution of organic solvents such as
isopropanol or dimethyl sulfoxide. By measuring the
absorbance of the formazane solution, the activity of
mitochondrial dehydrogenases and, accordingly, cell
viability are determined [9].

To determine the cytotoxicity of PEG-HYAL, cells
were cultured in 96-well plates at the rate of 2x104
cells per well. After 24 hours, the medium was
removed, complete medium with 1% FBS and PEG-
HYAL at concentrations of 37, 75 and 150 U/ml was
added, and cells were cultured for 72 hours. After
incubation of cells with drugs in a CO, incubator at
37°C, the culture medium was removed from the
wells, 100 ul of medium with MTT (3[4,5-dimethyl-
thiazole-2-yl]-2,5-diphenyltetrazolium, Sigma) was
added at an initial concentration of 5 mg/ml and
incubated for 4 hours. The absorption of dissolved
formazane crystals was measured at a wavelength of
492 nm using a Stat Fax-2100 microplate reader
(Awareness Technology Inc., USA) and expressed in
units of absorbance (UA). Cell viability was calcu-
lated as the ratio of UA in the experiment x 100/UA
in the control.

Statistical analysis was performed using STATIS-
TICA 10.0 software (StatSoft Inc., USA). The data are
presented as the mean value (M) and standard devia-
tion (SD). Significance of differences between the
groups was assessed according to the Mann-Whitney
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JIeH, TaKUX KakK W30IPOIAHOJ WU JUMETHUJICYITb-
doxcun. Ilo M3MEpEHHUI0 ONTUYECKOH IIOTHOCTH
pactBopa ¢opMasaHa MPOBOJAT OIpeJieJIeHne
AKTUBHOCTH MUTOXOH[PUATBHBIX JIETHAPOTEHA3 H,
COOTBETCTBEHHO, KU3HECIIOCOOHOCTH KJIETOK [9].

Jnsa  omnpenenenus nuToTokcuuHoctu [I9T-
TUAJI xineTku BBICEBAJIM B QO6-JIyHOUHBIE ILJIAaH-
IIeThl B KOJTUYECTBE 2 X104 KJIETOK Ha JIyHKY. Uepes
24 9 KyJIbTUBUPOBAHMUS CPEY VSN, 100ABIISAIN
oJTHYI0 cpeny ¢ 1% comep:kanuem ITC m I139T-
TMAJI B xOHIIeHTpanusx 37, 75 U 150 EJ] /M, nanee
KyJIPTUBUPOBJI KJIETKH B TeueHue 72 4. Ilocie
uHKyOanuu KJeTok c¢ npenapatamu B CO,-
uHKyOaTope pu 37 °C KyJIbTypaJabHYIO cCpeay you-
paiu U3 JIYHOK, J00OABJISJIM MO 100 MKJI CPEJbI C
MTT (3[4,5-AUMeTHII-THAB0JI-2-HUJ1]-2,5-TUDEH T~
TeTpas3oyus, Sigma) B HCXOJTHOU KOHIIEHTPAIHMU
5 MT/MJI 1 HHKYOUpOBasu B TeueHue 4 4. [Torsiore-
HHE PAaCTBOPEHHBIX KPUCTAJIIIOB (popMas3aHa u3me-
PSUTH IIPU JUTUHE BOJIHBI 492 HM C UCIIOJIb30BAHUEM
iaHmeTrHoro puzaepa Stat Fax-2100 (Awareness
Technology Inc., CIIIA) u BbIpa)kayii B eAUMHUIIAX
ontuueckonn 1mrotHoctu (EOII). >KusHecrocob-
HOCTB KJIETOK pacCUUTBHIBAIU Kak oTHomeHne EOII
B onbITe X 100/EOII B KOHTpOIIE.

CTaTHCTUYECKUN aHAJIU3 BBIMOJIHSIIN C UCIIOJIb-
soBanueM Inakera nporpamm STATISTICA 10.0
(StatSoft Inc., CIITA). /TaHHbIE TIPE/ICTaBIEHBI B BUJIE
cpenaHero 3HadyeHus (M) U cTaHZAPTHOTO OTKJIOHE-
Hus (SD). JIoCTOBEpHOCTh Pa3IMYHN MEKIy TPyIl-
IIaMH OIleHWBAJIM IIO0 KpUTepuio MaHHa — YUTHH.
Pazmuus cauTaaruch JOCTOBEPHBIMH ITPH P < 0.05.

daexmpoHHO-MUKpOCKONUUeckoe  uccaedosa-
Hue: pausaHue [I9T-TMIAJI Ha TUTOAPXUTEKTOHUKY
KJIETOK OII€HWBAaJIU BU3yaJsibHO. KiteTku Gukcupo-
Bany B 1% pacteope OsO, Ha pocparHoM Oydepe
(pH 7.4), nerupaTupoBaJii B BTUJIOBOM CIIHPTE
BO3pACTAIOIIENd KOHIEHTPAllMd W 3aKJIIYajliid B
anoH (Serva, lepmanus). 13 mosiyueHHBIX GJIOKOB
TOTOBUJIY TIOJIyTOHKHE CPe3bl TOJIIMHON 1 MKM Ha
yaprpatome Leica UC7/FC7 (I'epmanus/IlBeiina-
pusi), OKpAIIMBAJIKM TOJYUJMHOBBIM CHHUM, HU3Y-
vaynu nof, cBeToBbIM MuKpockonom LEICA DME u
BBIOWIpAJIN KJIETKHU JJIs BJIEKTPOHHO-MHKPOCKO-
MIUYECKOTO HccieoBaHus. 113 oToOpaHHOTO MaTe-
puasia moJIyJasiv yJIbTPATOHKHE CPE3bI TOJIIUHOMN
70—-100 HM, KOHTPACTHPOBAJIM HACHIIEHHBIM
BOJIHBIM PacTBOPOM ypaHHJAIEeTaTa U IIUTPATOM
CBUHIIA W UW3YYAJIU C IIOMOIINBI0 3JEKTPOHHOTO
mukpockorna JEM-1400 (JEOL, fAnonus) llentpa
KOJIJIEKTUBHOTO  IIOJIb30BAaHUA  MHKDPOCKOIIMYE-
CKOTO aHaIM3a OMOJIOTHYECKHX 00BEKTOB Cubump-
CKOTO OT/eJieHUusT POCCHHCKON akaJeMUH HayK
(HoBocubupck, Poccust).

test. The differences were considered significant at
p < 0.05.

Electron microscopic examination. The effect of
PEG-HYAL on the cytoarchitectonics of cells was
assessed visually. The cells were fixed in a 1% solu-
tion of OsO, using a phosphate buffer (pH 7.4), dehy-
drated in ethyl alcohol of increasing concentrations
and enclosed in EPON (Serva, Germany). Semi-thin
1 um sections were prepared from the obtained
blocks on a Leica UC7/FCy7 ultramicrotome (Ger-
many/Switzerland), stained with toluidine blue,
studied on a LEICA DME light microscope, and cells
were selected for electron microscopic examination.
Ultrathin 70—-100 nm sections were obtained from
the selected samples, contrasted with a saturated
aqueous solution of uranyl acetate and lead citrate,
and studied using a JEM-1400 electron microscope
(JEOL, Japan) of the Center for Collective Micro-
scopic Analysis of Biological Objects of the Siberian
Branch of the Russian Academy of Sciences (Novosi-
birsk, Russia).

RESULTS AND DISCUSSION

Cytotoxicity assessment using MTT assay.
The viability of liver cells with the addition of PEG-
HYAL at concentrations of 75 and 37 U/ml was at the
control level — 99 and 100%, respectively. At the
same time, the viability of liver cells in the maximum
concentration of PEG-HYAL 150 U/ml significantly
stimulated cell proliferation, as evidenced by an
increase in cell viability up to 106%. This fact indi-
cates the absence of a dose-dependent effect, as well
as the cytotoxic effect of PEG-HYAL on human hepa-
tocytes (Fig. 1).

Electron microscopic examination. Incuba-
tion of human liver cells, hepatocytes, with PEG-
HYAL for 72 hours had some effect on the ultrastruc-
tural organization of cells.

Electron microscopic examination of intact hepa-
tocytes revealed a small content of microvilli on the
cell surface. In the cytoplasm of cells, rounded nuclei
with a predominance of euchromatin and a nucleo-
lus of granular fibrillar structure were observed.
Mitochondria were more often oval or rounded in
shape and had well-defined crystae. Glycogen in the
form of rosettes was evenly distributed throughout
the cytoplasm or formed clusters in certain areas of
hepatocytes. Cisterns of the granular endoplasmic
reticulum, peroxisomes and lysosomes were well
represented. Single autolysosomes and lipid inclu-
sions were found (Fig. 2, A and 3, A).

Ultrastructural analysis of hepatocytes cultured
with PEG-HYAL at a dose of 37 U/ml revealed an
increase in the electron density of cell cytoplasm and
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PE3YJ/IBTATDBI 1 OBCY KAEHWUE

O1eHka MUTOTOKCUYHOCTH C UCIOJIb30Ba-
Huem MTT-tecta. Ku3HeCOCOOHOCTh KJIETOK
neueHu npu aobasaenun [I13T-I'MAJI B KoHIIEHTpA-
nuax 75 u 37 EJl/Mu1 Haxoguiiach Ha ypOBHE KOH-
TPOJIsI — 99 M 100 % COOTBETCTBeHHO. [Ipu 3TOM
JKA3HECIIOCOOHOCTh KJIETOK IEYEHH I10J BIANSHUIEM
MaKCHUMaJIbHOU KoHIeHTpanuu [I19T-T'MAJT 150 E/T/
MJI CTaTUCTHYECKU 3HAUYMMO CTUMYJIMPOBAa IPO-
nudepanuio KJIETOK, O UYeM CBUETEIbCTBYET IOBbI-
[IeHNE JKU3HECIIOCOOHOCTH KJIETOK 710 106 %. JlaH-
HBIM (aKT yKasplBaeT Ha OTCYTCTBHUE /10303aBUCH-
Moro 3d@eKTa, a TakKe IUTOTOKCHYECKOTO MIei-
ctBust [IDT-TMAJI Ha renaTOIUTHI YesloBeKa (puc. 1).

AJIEKTPOHHO-MUKPOCKOIIUYECKOE W CCIe-
mpoBaHue. VHKybOamus KJIETOK IeYeH! YeJoBeKa —
renatouuToB ¢ [I9T-I'MAJI B TeueHUe 72 4 OKazaja
HEKOTOpOe BJIMSHUE Ha YJIBTPACTPYKTYPHYIO Opra-
HU3AIUIO0 KJIETOK.

[Ipu 551eKTPOHHO-MUKPOCKOIIMYECKOM HCCIIE0-
BaHUM WHTAKTHBIX TeMTaTOIMTOB OTMEeYaTn HeGOIb-
1I10e cojiep>KaHre MUKPOBOPCUHOK HA TIOBEPXHOCTH
KJIETOK. B nuroriasMe KjIeTOK HaOIOAaIN siapa
OKpyTJI0¥ GOPMBI ¢ MpeobaaaHueM 3YXpOMaTHHA 1
HaJIMYUEM SIJIPBINIKA TPAHYJISIPHO-QUOPUILIIPHOTO
cTpoeHUsA. MUTOXOH/IPUU UMeJIN 4allle OBAJIbHYIO
WU OKPYIJIVIO (POPMY U XOPOIIIO BhIPpayKEHHBIE KPU-
cThl. [7IMKOTEH B BHU/IE PO3ETOK PACIOJIArajicsi paB-
HOMEPHO IO ITUTOIUIa3Me WU 0OpPa30BBIBAT CKO-
IUIEHUSA B OT/EJIBHBIX YYacTKax TenaTonuToB. beuin
XOPOIIIO TIPE/ICTABJIEHBl IMCTEPHBI TPAHYJIIPHOTO
SH/IONJIA3MaTUYeCKOTO PETUKYJIyMa, MepPOKCUCOMBI
¥ JIU30COMBI. BeTpeuasimch OAUHOUYHBIE AyTOJIHU30-
COMBI U JINIIW/THBIE BKJIIOUEeHUs U (puc. 2, A u 3, A).

[Ipu y/1bTpacTpyKTypHOM aHa/IN3€ TrenaToIUTOB,
KoTopble KyabTuBupoBanu c II9T-IT'MAJI B mose
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120 —

*
100 —

80

60

40 —

20

a significant increase in the size and number of
microvilli on the surface of cells that were often in a
budding state (Fig. 2, B). The size of the nucleoli was
significantly increased. The cytoplasm of hepatocytes
was abundant in organelles. Mitochondria had dif-
ferent shapes and sizes. An increase in the content of
cristae and in the electron density of the matrix was
noted (Fig. 3, B). A significant increase in the content
of free polysomal complexes of ribosomes, autolyso-
somes and vesicular structures was observed
(Fig. 2, B).

When culturing hepatocytes with PEG-HYAL at
a dose of 75 U/ml, an increased content and size of
microvilli on the cell surface were noted (Fig. 2, C).
The electron density of the cytoplasm of cells and
mitochondria was similar compared to the control.
Mitochondria were arranged in groups, and most of
them had clearly defined membrane boundaries
with poorly visualized crystae. Well-defined cis-
terns of the granular endoplasmic reticulum and an
increased content of free polysomal ribosome com-
plexes were found. A significant accumulation of
autophagosomes and autolysosomes was observed
(Fig. 3, C).

When PEG-HYAL was added at a dose of
150 U/ml, numerous and enlarged microvilli on the
cell surface were noted. Heterochromatin discrete
masses were often observed in the structure of the
nuclei, located throughout the whole organelle vol-
ume. Heterogeneity in the structure of mitochondria
was noted, which had different sizes, shapes, elec-
tron density and content of cristae. An increased
content of the cisterns of the granular endoplasmic
reticulum, well-defined vacuoles of the Golgi com-
plex, presence of small vesicular structures, moder-
ate content of autophagosomes, autolysosomes and

JKu3HecrmocoOHOCTh KIIETOK meueHu, %
Viability of liver cells, %

KonTpons / Control

150 EJl/mn (U/ml)

75 El/ma (U/ml) 37 EJl/ma (U/ml)

Puc. 1. ’KuzHecrocoOHOCTh KJIETOK Teuenu 1oy BiausaueM [I9T-TMAJT B pa3IMuHbIX KOHIIEHTPAIASIX
(* mocTOBEpPHOCTD Pa3JIMYUI B CDABHEHHH C KOHTPOJIEM D = 0.04)
Fig. 1. Viability of liver cells in the use of PEG-HYAL in different concentrations
(* significance of differences compared with the control p = 0.04)
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A

Puc. 2. YIpTpacTpyKTypa renaTonuTOB IIPY 100aBIeHUH B KyJIbTypasbHyto cpeny [I9T-TVIAJ] B n3y4aeMbIX /103ax: A —
KOHTpPOJIb; B — TI9T-TUAJI B noze 37 E/l/vut; C — IIOT-TUAJT B nose 75 EJl/vut; D — TIDT-TUAJT B fo3e 150 EJI /vt
Fig. 2. The ultrastructure of hepatocytes when PEG-HYAL is added to the culture medium in the studied doses: A —

control; B— PEG-HYAL at a dose of 37 U/ml; C — PEG-HYAL at a dose of 75 U/ml; D — PEG-HYAL at a dose of 150 U/ml

37 EJI/mi1, ObLIO BBIABIEHO YBEJIUYEHUE DJIEKTPOH-
HOU IJIOTHOCTH IUTOILUIA3MbI KJIETOK U 3HAUHUTEh-
HOEe BO3pacTaHUEe Pa3MeEPOB U COJIEPKAHUSI MUKPO-
BOPCHHOK Ha ITOBEPXHOCTU KJIETOK, KOTOPBIE YaCTO
HAaXOJIWJIUCh B COCTOSTHUM TOYKOBaHUS (puc. 2, B).
Brutn 3HAYUTENIPHO YBEJIWYEHBI Pa3MepPhl SAPBI-
mek. lluTomasMa TemaTonUTOB ObLIa HachllleHa
opraHe/uilaMu. MHUTOXOHJIDUM HMEJIU Pas3jInIHbIE
¢dopmbl 1 pazmepbl. OTMeYaTU POCT COAEPIKAHUSA
KPHUCT U YBEJIUYEHHUE BJIEKTPOHHOH IIIOTHOCTH
maTpukca (puc. 3, B). Habioanm 3HaYUTETHHOE
BO3pacTaHue Coiep:KaHusl CBOOOTHBIX TIOJIMCOMATIb-
HBIX KOMILJIEKCOB pUOOCOM, ayTOJIM30COM U BE3UKY-
JISIPHBIX CTPYKTYP (puc. 2, B).

[Ipu KysnpTUBUpPOBaHWU TenmarouuToB c II9T-
THUAJI B nosze 75 EJI/Ma oTMedasi MOBBIIIEHHOE
CoJlep;KaHUe U yBeJIWYEHHbIE pa3Mepbl MUKPOBOP-
CHHOK Ha IOBEPXHOCTH KJeTok (puc. 2, C). dyek-
TPOHHAA IJIOTHOCTh IUTOILIA3MBI KJIETOK U MHTO-
XOHJIpHH ObLIa CXOJHOM C COOTBETCTBYIOIIUMHU

lysosomes, single lipid inclusions and a small con-
tent of glycogen granules were revealed (Fig. 2, D
and 3, D).

The morphological examination data showed that
the addition of PEG-HYAL to the culture medium in
all studied doses led to an increase in the number
and size of microvilli on the outer membrane of
hepatocytes, in the content of protein synthesis
structures of cells — free polysomal complexes of
ribosomes or membranes of the granular endoplas-
mic reticulum; change in the shape, size, electron
density and number of mitochondrial crystae, and
also the content of autophagic structures.

The structural changes observed in hepatocytes
during cultivation with PEG-HYAL indicate that in
all doses the drug does not have a toxic effect and
contributes to the enhancement of metabolic pro-
cesses and the development of autophagy in cells as
one of the main homeostatic processes. Activation of
autophagy helps to maintain an adaptive cellular
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Puc. 3. YIpTpacTpyKTypa U IIUTOAPXTEKTOHNKA IrenaToUTOB 1pu BoszeicTBuu [I9T-T'MAJI B n3yyaemMsbIX f103aX
(MV — mukpoBopcunku; Mit — muroxouapuu; Lis — ayronuszocomsr; Fag — ayrodarocomsr; Rib — pubocomsr;
GER — rpaHyJIApHBIN SH/IOIIJIA3aMaTUYECKUH PETHKYIIYM):
A — xoHTpOJIB; B — TIBT-TUAJI B o3e 37 ENl/mut; C — IIAT-TUAJI B nose 75 EJl/mut; D — TIST-TUAJL B mo3e 150 EJI /M
Fig. 3. The ultrastructure and cytoarchtectonics of hepatocytes when PEG-HYAL is added in the studied doses
(MV — microvilli; Mit — mitochondria; Lis — autolysosomes; Fag — autophagosomes; Rib — ribosomes;
GER - granular endoplasmic reticulum):
A — control; B — PEG-HYAL at a dose of 37 U/ml; C — PEG-HYAL at a dose of 75 U/ml; D — PEG-HYAL at a dose of 150 U/ml

CTPYKTYypaMu B KOHTPOJie. MUTOXOHAPUH PacIoJia-
TaJINCh TPYIIIIAMH, U GOJIBIIMHCTBO UX UMEJIO YETKO
OuUepUeHHbIE TPAHUIIBI MEMOpPAH CO C1a00 BU3YaJIH-
3upyeMbIMH Kpucrtamu. OTMeYaau XOpOIIO BbIpa-
JKEHHBIE [MCTEPHBI IPAHY/IAPHOIO SH/IOIIa3MaTH-
YECKOr0 PETUKYJIyMa U IIOBBIIIEHHOE COIEpP;KaHHe
CBOOOHBIX [TOJIMCOMAIBHBIX KOMILIEKCOB PHOOCOM.
Ha6romamu 3HauYUTE/IbHOE HAKOIUIEHHE ayTodaro-
coM u ayrosiuzocoM (puc. 3, C).

ITpu nobasnenun IIDT-TUAJI B noze 150 EJ] /v
OTMeYaTi MHOTOYKC/IEHHBIE U YBEJIMUEHHbBIE B pa3-
Mepe MUKPOBOPCHHKHM HA IIOBEPXHOCTU KJIETOK.
B crpykType siiep 4acTo HabGJI0a I TJIBIOKH rere-
pOXpOMAaTHHA, PACIIOJIOKEHHBIE 10 BCEMY O0BEMY
opranesuibl. OTMeYai reTepOTeHHOCTh B CTPYKTYPE
MUTOXOHZPHUM, KOTOPblE HUMEJIH pas3IMYHbIE pas-
Mepbl, POpMy, SJIEKTPOHHYIO IJIOTHOCTD U COJIEPIKA-

response in changes of the intracellular and extracel-
lular environment, protects the cell from the forma-
tion of cytotoxic components, and is also one of the
mechanisms for overcoming possible stress reac-
tions [10].

CONCLUSION

As part of the experimental study, it was shown
that PEG-HYAL does not have a cytotoxic effect on
human hepatocytes. The studied concentrations of
PEG-HYAL did not cause a cytodestructive effect.
The data obtained can be used in the further devel-
opment of PEG-HYAL as an original drug.

Conflict of interest. The authors declare no
conflict of interest.
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HHUE KpHUCT. BBIABJIAIN HOBBIIIEHHOE CO/Ep:KaHUe
LUCTepH TPaHyJIAPHOIO  3SHJOIIa3MaTUYeCKOTO
PETHUKYJIyMa, XOPOIIIO BBIPAKEHHBIE BAKYOJIH KOM-
wiekca [oyib/12KY, HAJIMUNe MeJIKUX Be3UKYJIAPHBIX
CTPYKTYD, YMEpEeHHOe cojeprkaHue ayrodarocom,
ayTOJIU30COM M JIU30COM, €IMHUYHBIE JIUIHUTHBIE
BKJIIOUEHUS U HEOOJIBIIIOE COJIePIKAHNE TPAHYJT TJIU-
koreHa (puc. 2, D u 3, D).

[Monyuyennsle  gaHHblE  MOPGOJOTUYECKOTO
HCCJIeTOBAHMUS TIOKA3JIH, UTO 10OaBIEHUE B KYJIBTY-
panbhayto cpeny I[I9T-T'MAJI BO Bcex Hu3ydyaeMbIX
JI03aX MPUBOJWIJIO K BO3PACTAHHUIO COAEPIKAHUA U
pa3MepoB MHKPOBOPCHUHOK Ha HAPYKHOU MeMOpaHe
renaTolUTOB, YBEJIUUYEHUIO COZEepKaHUA CTPYKTYD
0eJIKOBOTO CHHTE3a KJIETOK — CBOOOIHBIX ITOJIHCO-
MaUTHHBIX KOMILIEKCOB prOOCOM TN MeMOpaH rpa-
HYJIADHOTO JHJOIJIa3MaTU4YeCKOTO0 PEeTUKYIyMa,
U3MeHEeHUI0 GOPMBI, PA3MEPOB, HJIEKTPOHHOU IIJIOT-
HOCTH U COJZIep?KaHUsA KPUCT MUTOXOH/IPUH, a TaKKe
coZlep;kaHusA ayTo(parndeckux CTPyKTyp.

Hab6sronaemble cTPyKTypHbIE U3MEHEHUS Tera-
TOIIUTOB NpH KyabTuBHpOBaHUM ¢ II9T-TUAJI
CBUJIETEJIbCTBYIOT O TOM, UTO BO BCeX HM3y4aeMbIX
Jl03aX CPeICTBO He OKAa3bIBAeT TOKCUUECKOTO JIeH-
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CTBHS U CIIOCOOCTBYET YCUJIEHHIO OOMEHHBIX IIPO-
IIECCOB M Pa3BUTHUIO ayTodaruu B KJIETKAX Kak
OJTHOTO U3 OCHOBHBIX TOMEOCTATUUECKUX IIPOIeC-
coB. AKTHBanus ayrodaruud crocoOCTBYET MOAI-
JIep’KaHUI0 AAalITUBHOTO KJIETOUHOTO OTBETa B
YCIOBUSIX W3MEHEHUS BHYTPHU- U BHEKJIETOUYHOU
cpezbl, 3alUTe KJIEeTKU OT 00pa3oBaHUsA IIUTOTOK-
CUYECKHUX KOMIIOHEHTOB, a TAKKe SBJISIETCS OJJTHUM
13 MEeXaHU3MOB IIPEOJI0JIEHUS BO3MOXKHBIX CTpeC-
COBBIX peaxIuii [10].

3AK/IIOYEHUWE

B pamMkax IpoBeZiIeHHOI'O 3KCI€PUMEHTAIBHOTO
uccjaeqoBaHusA IokazaHo, uto II9T-T'MAJI He oka-
3bIBAET IIUTOTOKCUYECKOTO BO3/IeMCTBUSA Ha remnaro-
ouTHl 4esioBeka. McceienyeMmble KOHLEHTPaIUU
[IST-TUAJI He BBI3BIBAIU LUTOAECTPYKTUBHOTO
sddexra. IlosyyeHHbIe JaHHBIE MOXKHO UCIIOJIB30-
BaTh NpH AayibHeH el pa3paborke [TAT-TMAJT kak
OPUTUHAJIBHOTO JIEKAPCTBEHHOT'O CPEZICTBA.

KoH@IUKT HHTEPECOB. ABTOPHI 3asBJISIOT 00
OTCYTCTBUU KOH(JINKTA UHTEPECOB.

REFERENCES

1. Dygai A.M., Zyuz'kov G.N., Zhdanov V.V. et al. Pharma-
cological properties of granulocytic colony-stimulating
factor pegylated using electron beam synthesis nano-
technologies. Bulletin of Experimental Biology and
Medicine. 2011;152:133-137. DOI: 10.1007/s10517-011-
1472-2.

2. Dygai A.M., Zyuzkov G.N., Zhdanov V.V. et al. Mech-
anism for hepatoprotective effects of hyaluronidase
immobilized by the nanotechnology method of electron
beam synthesis. Bulletin of Experimental Biology and
Medicine. 2011;151(1):74-78. DOI: 10.1007/s10517-
011-1263-6.

3. Artamonov A.V., Bekarev A.A., Vereshchagin E.I. et al..
A product that increases the reserve of stem cells in the
body. RF Patent No. 2405822. Published: 10.12.2010.
(In Russ.)

4. Danchenko E.O. Evaluation of cytotoxicity of pharma-
ceutical substances with cell cultures. Immunopathol-
ogy, allergology, infectology. 2012;2:22-31. (In Russ.)

5. Onakpoya I.J., Heneghan C.J., Aronson J.K. Post-mar-
keting withdrawal of 462 medicinal products because
of adverse drug reactions: a systematic review of the
world literature. BMC Med. 2016;14:10. DOI: 10.1186/
$120916-016-0553-2.

6. Bgatova N.P., Dosymbekova R.S., Taskaeva Y.S.
et al. Autophagy as a life support marker of isolated
hepatocytes. Morphology. 2021;159(1):5-12. DOI:
10.17816/1026-3543-2021-159-1-5-12. (In Russ.)

7. Mazerkina I.A. In vitro assessment of drug-induced
liver injury using cell-based models: a review. Safety
and Risk of Pharmacotherapy. 2023;11(2):131-144.
DOI: 10.30895/2312-7821- 2023-11-2-351. (In Russ.)

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

59



IIIgeyosa A.M. u dp. / Journal of Siberian Medical Sciences T. 8, N? 3 (2024)

2023;11(2):131-144. DOI: 10.30895/2312-7821- 2023-
11-2-351.

8. Hosuap A.T., Cupuenckas E.IO., Pxeycckuii C.3.,
Camoitoruy E.O. OnieHKa IUTOTOKCUYHOCTH CyOCTaH-
MU TIOBUApProj in vitro // MeaunuHCKME HOBOCTH.
2016;9:62-64.

9. Meroapl wuWcCCIEeIOBAaHUSA — IUTOTOKCHUYHOCTH — IIPU
CKpUHHUHTE JIEKAPCTBEHHBIX IIPErnapaToB: y4eOHO-
MeTO/INYecKoe Tocobre K MPAaKTHYECKUM 3aHs-
THSAM TIO Kypcy «MeTo/ibl CKpHHUHTA (HU3HOJIOTHYE-
CKM aKTHBHBIX BemiecTB» / A.I. Mkcanosa, O.B. Bon-
napp, K.B. banakun. Kazaup: KazaHckuil yHUBepCH-
TeT, 2016. 40 C.

10. IlynsimieB A.b. PemapaTuBHas ayrodarus u ayrodaro-
Basi TUOeb KIeTKH. OYHKIMOHATBHBIE U PETYJIATOP-
Hble acrekTsl // IluTosorus. 2014;56(3):179-196.

CBEJAEHUNA Ob ABTOPAX

IIBemoBa Asiexkcanapa MuxaijiOBHA — MJIAJIINI
HAy4YHBIH COTPYAHUK JabopaTopuu 3KCIePUMEH-
TaJIBPHOU W KJIWHHYEeCcKOoW ¢apmakosorun Hayuro-
HCCJIEZIOBATENBCKOTO HHCTUTYTA KJIMHUYECKOH U
SKCIIEPUMEHTAJIbHOH  siuMdosiornn  —  puinana
OI'BHY «®enepasbHBIN HCCIEAOBATENBCKUN IIEHTP
VHCTUTYT IIUTOJIOTUU U TeHeTHKU CHOUPCKOTO OT/e-
seHus Poccuiickodl akazeMun Hayk», HoBocubupcCk,
Poccusi. ORCID: 0009-0002-7735-6032.

KoposeB MakcuM AJieKCAaHAPOBUY — [J-p Me.
HayK, PpYKOBOjUTeNb HaydHO-MCCIe/10BaTETBCKOTO
WHCTUTYTa KJIWHUYECKOX U OKCIIEPUMEHTIHHON
mumosiornn — ¢dunuana OGIBHY «®DenepasbHbIi
HCC/IeI0OBATEIbCKUI 1[eHTp VHCTUTYT LUTOJIOTUU U
reHeTuku CHOUPCKOTO OTesneHus Poccuiickoit aka-
nemuu Hayk», HoBocubupck, Poccuss. ORCID: 0000-
0002-0471-652X.

Yypun Ajexceil AJIeKCAHAPOBUY — JI-p MeJl. HayK,
IJIaBHBI HAyYHBIA COTPYAHUK, 3aBEYIOIIUU OT/Ie-
JIOM JIEKapCTBEHHOU Tokcukosorun HUW dapma-
KOJIOTMM ¢ PEreHepaTUBHOH MeAUIUHBl HMEHH
E.Jl. Tonbnbepra ®TBHY «ToMcKuii HalMOHATbHBIN
WCCJIE/IOBATEILCKUN MeIUIMHCKUN 1eHTp Poccuii-
CKOU akajieMuu HayK», ToMmck, Poccusi. ORCID: 0000-
0002-6088-7286.

Bonpapenko Harainbsa AHaToJbeBHA — KaH[. OHOJI.
HayK, B3aBeJyloluil JabopaTopuedl sKCIepUMeH-
TaJbHOM W KJIMHUYECKOH dapmakosorun Haydno-
HCCJIEIOBATENICKOTO  MHCTUTYTA KJIMHUYECKOU U
SKCIEpUMeHTUIbHON  numdornorun —  dunnaia
OTBHY «®enepaibHBIA UCCIIEIOBATEIHCKUN IIEHTP
VHCTUTYT IUTOJIOTHU U reHeTHKHU CHOMPCKOro oTze-
neHust Poccuiickoil akayieMuu Hayk», HoBocubupcCK,
Poccusi. ORCID: 0000-0002-8443-656X.

Brarosa Harasus IlerpoBHaA — J-p 6MOJI. HayK, MPO-
eccop, 3aBexyromumii y1abOpaTOpPHEH YIABTPACTPYK-
TYPHBIX HCCIeIOBaHUN Hay4HO-MCCIe10BaTeIbCKOrO
WHCTUTYTAa KJIWHUYECKOU M HKCIEPUMEHTAIHBHOU
auMmbosioruu — ¢umwmana O®IBHY «®enepaibHbIi
HCCIIEZI0BATENBCKUH IIeHTp VIHCTUTYT IUTOJIOTHU U
reHeTukn Cubupckoro otaesneHuss Poccuiickod aka-
Jemuu Hayk», HoBocubupck, Poccus. ORCID: 0000-
0002-4507-093X

EpmoB KoncranTuH UropeBuu — xaHz. 6HOJI. HAyK,
JotieHT Kadeapsl papMaKoJIOTHH, KIMHUIECKOH ¢dap-

8. Dounar H.G., Svircheuskaya E.Y., Rzheussky S.E.,
Samailovich E.O. Cytotoxicity assessment of poviargol
substance in vitro. Meditsinskie novosti. 2016;9:62-
64. (In Russ.)

9. Iksanova A.G., Bondar O.V., Balakin K.V. (2016).
Methods of Cytotoxicity Research in Drug Screening:
a teaching guide to practical classes for the course
“Methods of screening physiologically active sub-
stances”. Kazan: Kazan University. 40 p. (In Russ.)

10. Pupyshev A.B. Reparative autophagy and autophagy
death of cells. Functional and regulatory aspects. Tsi-
tologiya. 2014;56(3):179-196. (In Russ.)

ABOUT THE AUTHORS

Alexandra M. Shvetsova — Junior Researcher, Lab-
oratory of Experimental and Clinical Pharmacol-
ogy, Research Institute of Clinical and Experimental
Lymphology — Branch of the Institute of Cytology and
Genetics, Siberian Branch of the Russian Academy of
Sciences, Novosibirsk, Russia. ORCID: 0009-0002-
7735-6032.

Maxim A. Korolev — Dr. Sci. (Med.), Head, Research
Institute of Clinical and Experimental Lymphology —
Branch of the Institute of Cytology and Genetics,
Siberian Branch of the Russian Academy of Sciences,
Novosibirsk, Russia. ORCID: 0000-0002-0471-
652X.

Alexey A. Churin — Dr. Sci. (Med.), Chief Researcher,
Head, Department of Drug Toxicology, Goldberg
Research Institute of Pharmacology and Regenerative
Medicine, Tomsk National Research Medical Center
of the Russian Academy of Sciences, Tomsk, Russia.
ORCID: 0000-0002-6088-7286.

Natalia A. Bondarenko - Cand. Sci. (Bio.), Head,
Laboratory of Experimental and Clinical Pharmacol-
ogy, Research Institute of Clinical and Experimental
Lymphology — Branch of the Institute of Cytology and
Genetics, Siberian Branch of the Russian Academy of
Sciences, Novosibirsk, Russia. ORCID: 0000-0002-
8443-656X.

Natalia P. Bgatova — Dr. Sci. (Bio.), Professor, Head,
Laboratory of Ultrastructural Studies, Research
Institute of Clinical and Experimental Lymphology —
Branch of the Institute of Cytology and Genetics, Sibe-
rian Branch of the Russian Academy of Sciences, Novo-
sibirsk, Russia. ORCID: 0000-0002-4507-093X.

Konstantin I. Ershov — Cand. Sci. (Bio.), Associate Pro-
fessor, Department of Pharmacology, Clinical Phar-
macology and Evidence-Based Medicine, Novosibirsk
State Medical University; Senior Researcher, Labora-
tory of Pharmaceutical Technology, Research Institute
of Clinical and Experimental Lymphology — Branch of
the Institute of Cytology and Genetics, Siberian Branch
of the Russian Academy of Sciences, Novosibirsk, Rus-
sia. ORCID: 0000-0003-41399-036X.

Pavel G. Madonov — Dr. Sci. (Med.), Associate Profes-
sor, Head, Department of Pharmacology, Clinical Phar-
macology and Evidence-Based Medicine, Novosibirsk
State Medical University; Head, Department of Experi-
mental Pharmacology, Research Institute of Clinical
and Experimental Lymphology — Branch of the Insti-
tute of Cytology and Genetics, Novosibirsk, Russia.
ORCID: 0000-0002-1093-8938.

60

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



Shvetsova A.M. et al. / Journal of Siberian Medical Sciences Vol. 8, No. 3 (2024)

MAaKOJIOTUH U JoKazareabHor meaunuusl ®T'EOY BO Yulia R. Ravilova — Cand. Sci. (Med.), Associate Pro-

«HOBOCHOUPCKUHI TOCYAAPCTBEHHBIH MeIUIIMHCKII fessor, Department of Pharmacology, Clinical Phar-
yHUBepcuTeT» MunszipaBa Poccnu; crapiiuii Hayd- macology and Evidence-Based Medicine, Novosibirsk
HBIH COTPYAHHK Jaboparopuu (apMareBTUIECKUX State Medical University, Novosibirsk, Russia. ORCID:
TeXHOJIOTUH Hay4HO-HMCCIe/I0BaTEIbCKOTO HHCTUTYTA 0000-0002-4611-165X.

KJIMHUYECKON U SKCIIEPUMEHTATBHON JITUMGbOIOTUN — Svetlana V. Mishenina — Dr. Sci. (Med.), Professor,
dunnana OTBHY «®efepasbHBIN  HCCIIETOBATEb- Department of Pharmacology, Clinical Pharmacology
cKUit 1eHTp MHCTUTYT IUTOJIOTUY U TeHeTHKH Cubup- and Evidence-Based Medicine, Novosibirsk State Med-
CKOTO0 oTieieHusi Poccuiickoli akajieMun Hayk», HoBo- ical University, Novosibirsk, Russia. ORCID: 0000-
cubupck, Poccusi. ORCID: 0000-0003-41399-036X. 0001-8377-7648.

ManonoB IlaBea I'eHHaabeBHMY — JI-p MeJl. Hayk,
JIOIIEHT, 3aBeayoImui kadenpoil ¢dapMakogoruy,
KIMHUYECKOH (apMaKoJIOTHH W JI0Ka3aTeJIbHON
mequnuHbl ®T'BOY BO «HoBocubupckuii rocyzap-
CTBEHHBI MEIUITUHCKANA YyHUBepcuTeT» MUH3IpaBa
Poccuu; pykoBoAuTENH OT/IEsIa SKCIEPUMEHTATHLHOU
dapmaxosiornu HayuHO-HCCI€0BATEIHCKOTO HHCTH-
TyTa KJIMHHYECKOH M SKCIEePHMEHTAJIBHON  JIMM-
donorun — ¢punuana ®TBHY «denepanbHbIll uccie-
JIOBATEJIbCKUN TeHTP VIHCTUTYT IUTOJIOTUU U TeHe-
Tiku CHOUPCKOTO OT/esieHus: POCCUIICKON akaieMuu
Hayk», HoBocubupck, Poccusi. ORCID: 0000-0002-
1093-8938.

PaBuwioBa I0sma PaBuwibeBHA — KaHJ. MeJ Hayk,
JoueHT Kadenpsl papMaKoJIOruy, KINHIIECKOH dap-
MaKOJIOTUH U JIoKasaTeabHon Menunuabsl ®T'BOY BO
«HoBocHOUpPCKUH TrocyZapcTBEHHBIH MeJUIIMHCKUH
yHuBepcuteT» Munznpasa Poccun, HoBocubupck,
Poccusa. ORCID: 0000-0002-4611-165X.

MunmienuHa CBersiaHa BiaguMupoBHa — J-p Me.
Hayk, npodeccop kadeapsl $hapMaxkoIoruy, KIUHU-
YeCcKOU (papMaKOJIOTHU U JIOKA3aTeIbHOU MeJTHITHHBI
®I'bOY BO «HoBoCHOMPCKHE ToCy/IapCTBEHHBIN
MeJIUIIUHCKUH yHuBepcuTeT» MwuH3/npaBa Poccun,
Hosocubupck, Poccus. ORCID: 0000-0001-8377-
7648.

61



VK 618.2/.614:577.175]-091.8:616.36-003.821]:615.355]-092.9 DOI: 10.31549/2542-1174-2024-8-3-62-76

Mop@os1oruaeckoe uccjaegoBaHue IKCIPECCUH ICTPOTeHa

U MPOTrecTEPOHA B MUOMETPHUHU MBINIIEH BO BpeMsl 0€peMEeHHOCTH
U MIO3/THEM IIOCJIEPOIOBOM MIEPUO/IE TP OCTPOM TOKCHUECKOM
rernaros3e v B YCJIOBUSAX KOPPEKIUY TMMOONIN3UPOBAHHOM
THAJTYPOHUIA301

K.A. Kouutuy, A.I1. Hagees, I1.I. Magounos, K.W. Epmios, T.A. Areesa, T.I'. UepHoBa,
3.B. bakymeHko

@OI'BOY BO «Hogocubupckuii 20cydapcmeertbiil meduyuHcekuil ynusepcumem» Muwnzdpasa Poccuu, Hogocubupck, Poccus

AHHOTAIIMA

B BeneHue. BaraHcscTporeHoB U IporecrepoHa obecriedrBaeT rapMOHUYHOE Pa3BUTHe MaTKHU B ITporiecce bepeMeH-
HOCTH: TIPOTECTEPOH CIOCOOCTBYET YBEJTMYEHUIO UMCJIA MUOITUTOB, a 3CTPOTEHbI — MX 00beMa. ['OpMOHAIbHBIH OasaHc,
JTOCTUTHYTBIH 32 CYET KaTaboIn3Ma 3CTPOTEHOB B IIEUEHH, UTPAET BA2KHYIO POJIb B ITOCTIEPOZIOBOM MHBOIIOIIUY MaTKU. B 9TO#
CBsI3H 3a00JI€BaHUSA IIeUeHU TPU 6epeMEHHOCTH MOTYT HAPYIIUTh BhIBEJIEHIE SCTPOTEHOB, YTO BEZET K TUIIEPICTPOTEHUH U
pobJieMaM ¢ HozJiep:KaHreM OepeMeHHOCTH, a TAK)Ke MOXKET BBI3BATh HAPYIIEHUE [T0CIEPO0BOY HHBOIIOIMH MATKH.

IT e 1 b . V3yueHHe SKCIPECCHH PELEIITOPOB ACTPOTEHOB U IIPOrecTEpOHa B MUOMeTpuU Mbliel sunuu C57Bl/6 B ycito-
Busax octporo CCl,-MHAYIMPOBAHHOTO renaro3a Bo BpeMs GepeMeHHOCTH U II03/HEM [I0C/IEPOAOBOM IEPHO/IE U IIPH KOp-
peKIuy UMMOOUIN3UPOBAHHON TramypoHuaasoi (M1T).

MaTepuaabl U METO bl . DKCIEPUMEHT IIPOBE/IEH Ha 100 MbIax-camkax uHuu C57Bl/6. OcTphiii rema-
TO3 WHAYIUPOBAJIN HA 13- CyTKU OepeMeHHOCTH IIyTeM OJIHOKPATHOTO BHYTPUOPIONIMHHOTO BBeJIEHUsA 50% pacTBOpa
TETPaxJIOPMeTaHa Ha OJINBKOBOM MacJie B fi03e 0.3 MJI/Kr. MpIy ObLIN pasziesieHbl Ha YeThIpe TPYIIbL: 1-51 (KOHTPOJIb-
Hasi) TPyIIa — MBIIIH ¢ PU3UOJIOTHIECKOU OEpEMEHHOCTHIO; 2-51 IPYIITa BKII0YAJIa MBIIIEH ¢ OCTPBIM TOKCUYECKUM Tera-
TO30M; 3-f IpyIIa — bepeMeHHble MBI ¢ HHAYIIMPOBAHHBIM OCTPBIM TOKCHUECKHUM IrellaTo30M U ero Koppekuuei 1I' Ha
14-e CyTKU 6ePEeMEHHOCTH; 4-5 TPYIIA — MBIIIHN ¢ PU3HOTOTHUECKOH GEPEMEHHOCTHIO U BBEJIEHHUEM HA 14-€ CYTKHU Oepe-
meHnHoctd UT. Bo Bcex rpymnmnax 3ab60op Marepuasia IpoOBOJUIN HA 18 U 21-H IeHb 6€PeMEHHOCTH U Ha 1, 10 U 15-1 JieHb
ocsie pooB. 110/ CYNTHIBAIN YU CIEHHYIO IVIOTHOCTD (Nai) B TeCTOBOM ILIOIIA U MTOJIOKUTEIBHO OKPALIIEHHBIX PEIENTOD-
HBIX s1/Iep B MUOIINTAX, HE3aBUCUMO OT HHTEHCHBHOCTH OKPAIINBAHUS.

Pesyunbtartsn . Bospems Gepementocry npu octpom CCl,-MHAYIMPOBAHHOM IelaTo3e 3KCIPECCUst PELENTOPOB
IIporecTepoHa M 3CTpOreHa B MHOMETPUH He U3MeHsETCS U COOTBETCTBYET TAKOBOH Y Mblllel ¢ GU3UOJIOTHUECKH Pa3BH-
BAIOIEHCsT OePeMEHHOCTBI0. Y JKMBOTHBIX ¢ oCTpbiM CCl -MHAYIMPOBAaHHBIM TeNaTo30M B MO3AHUN MOCIEPOAOBBIA
nepuoy (10 15 CyT) OTMEYAeTCsI MOBBIIIEHHASI OKCIIPECCHS PEIENTOPOB 3CTPOTEHOB B MUOMETPHH, ITPU OTHOCUTEIHHO CTa-
OMUIBHBIX TIOKA3ATEJIAX HKCIIPECCHH ITPOTecTepOHa. IIpu KOPPEKITHH OCTPOTO CC14-I/IHZIYIII/Ip0BaHHOI‘O remaro3a I noxka-
3aTeJIN KOJIMYECTBA SKCIIPECCHUU PEIENITOPOB K SCTPOTEHY B IIOCIEPOIOBBIH IIEPUO/L CHIKAIOTCS U B II€JIOM COOTBETCTBYIOT
AHAJIOTUYHBIM IOKa3aTeIIM MbIIIEH ¢ (QU3UOJIOTHUECKH Pa3BUBAOIIelcs OepeMeHHOCThIO.

3axumiouenune. Ilpuocrpom CCl -MHAYINPOBAHHOM renarose HapylaeTcs GaaHe 3CTPOTeHOB U IPOTeCTEPOHa B
MHOMETPHH B II0C/1epozoBblii nepuoz. Ilpu xoppekuuu ocrporo CCl -unaynuposantoro renarosa UI' mokasatesnu sKe-
MIPECCUU PEIENITOPOB K 3CTPOTEHY U IPOTeCTEPOHY B MUOMETPHUH HOPMAJIU3YIOTCS, YTO CIIOCOOCTBYET 3aBEPIIIEHUIO ITOCTIe-
POZIOBOY MHBOJIIOIUY MATKH.

Kaouesnvle cao8a: SKCIpeccrs 3CTPOreHa U IPorecTepoHa, MUOMETPUM, OEPEMEHHOCTD, ITOCJIEPOA0BAs WHBOJIIOIUA,
TOKCHYECKUH Irernaros, MbIIIIH.
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Morphological study of estrogen and progesterone expression
in the myometrium of mice during pregnancy

and the late postpartum period in acute toxic hepatosis

and its correction with immobilized hyaluronidase

K.A. Koshlich, A.P. Nadeev, P.G. Madonov, K.I. Ershov, T.A. Ageeva, T.G. Chernova,
Z.V. Bakumenko

Novosibirsk State Medical University, Novosibirsk, Russia

ABSTRACT

Introduction. Thebalance of estrogens and progesterone ensures the harmonious development of the uterus
during pregnancy: progesterone provides an increase in the number of myocytes, and estrogens — their volume. Hormonal
balance achieved through the catabolism of estrogens in the liver plays an important role in postpartum uterine involution.
In this regard, liver diseases during pregnancy can disturb the elimination of estrogens, which leads to hyperestrogenism
and problems with maintenance of pregnancy, and can also cause impaired uterine postpartum involution.

A i m . The study of the expression of estrogen and progesterone receptors in the myometrium of C57Bl/6 mice during
pregnancy and the late postpartum period in acute CCl -induced hepatosis and in its correction with immobilized hyal-
uronidase (IH).

Materials and methods. Theexperimentwas performed on 100 female C57B1/6 mice. Acute hepatosis
was induced on the 13th day of pregnancy by a single intraperitoneal injection of a 50% carbon tetrachloride solution in
olive oil at a dose of 0.3 ml/kg. The mice were divided into four groups: group 1 (control) — intact pregnant mice; group 2 —
mice with acute toxic hepatosis; group 3 — pregnant mice with induced acute toxic hepatosis and its correction with IH on
the 14th day of pregnancy; group 4 — intact pregnant mice receiving IH on the 14th day of pregnancy. In all groups, sam-
pling was carried out on the 18th and 21st days of pregnancy and on the 1st, 10th and 15th days after parturition. The
numerical density (Nai) of positively stained nuclei of the receptors in the test area in myocytes was calculated, regardless
of the staining intensity.

Results. Duringpregnancy in acute CCl -induced hepatosis, the expression of progesterone and estrogen receptors
in the myometrium does not change and corresponds to that of intact pregnant mice. In animals with acute CCl -induced
hepatosis, in the late postpartum period (up to 15 days), an increased expression of estrogen receptors in the myometrium
is noted, with relatively stable expression rates of progesterone. In the correction of acute CCl,-induced hepatosis with IH,
the expression of estrogen receptors in the postpartum period decreases and generally corresponds to similar indicators in
intact pregnant mice.

Conclusion. InacuteCCl -induced hepatosis, the balance of estrogen and progesterone receptors in the myome-
trium in the postpartum period is disturbed. In the correction of acute CCl,-induced hepatosis with IH, the levels of expres-
sion of estrogen and progesterone receptors in the myometrium are normalized which contributes to the completion of
postpartum uterine involution.

Keywords: estrogen and progesterone expression, myometrium, pregnancy, postpartum involution, toxic hepatosis,
mice.
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BBEJAEHHNE

Matka B mporecce OEpEMEHHOCTH, POJIOB U B
IIOCJIEPOJIOBOM IIEPUO/Ie TIO/[BEPraeTcsi 3HAUUTEb-
HBIM MOP)ODYHKINOHAIBHBIM U3MEHEeHUAM, KOTO-
pble 3aTparuBalT KaK SHJIOMETPUH, TaK U MHUOMe-
Tpuii. Ecou mporecchl TpaHchopMany 3HAOME-
Tpus Ipu 6€PEMEHHOCTH U B TIOCTIEPOAOBBIA IEPHO/T
HU3y4YeHbI JIOCTAaTOYHO MHOJPpOOHO [1], TO mporeccsl,

INTRODUCTION

During pregnancy, childbirth and the postpartum
period, the uterus undergoes significant morphofunc-
tional changes wherein both the endometrium and
myometrium are involved. While the processes of
endometrial transformation during pregnancy and
the postpartum period have been studied well [1], the
processes in the myometrium during pregnancy and
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MIPOUCXOAIINE B MEOMETPUU BO BpeMs GepeMeHHO-
CTH U B IIOCJIEPOZOBOM IIEPUOJIE, 0 CHX IIOP OCTa-
IOTCSI HEZIOCTATOYHO M3YUYEHHBIMU U IIPOTUBOPETH-
BbIMH. OCHOBHBIM MEXaHU3MOM YBEJTUUYEHUs MaCChI
MAaTKU B IIePBOI TIOJIOBUHE GepEMEHHOCTH SIBJISIETCS
THIEPIUIA3UsA MHOIHUTOB, BO BTOPOH IIOJIOBUHE —
rurieprpodus MuonurtoB [1, 2]. B mociepomoBom
Iepro/ie OCHOBHBIMHU IIpolieccaMiu, OOecleunBalo-
IIUMH WHBOJIIOIIMIO MATKU, SIBJISIOTCS KJIa3Mallu-
TO3, alloITo3, HEKpo3 U ayrodarus [2]. Bce mexa-
HU3MBI TIPeOOpa30BaHUS MHUOMETPUSA PEryIupy-
IOTCSI ¥ 3aBUCAT OT PsAJIa TAKUX (HAKTOPOB, KaK ypo-
BEHb II0JIOBBIX CTEPOUIHBIX TOPMOHOB, UX COOTHO-
IIIeHUE, COCTOSIHUE PEIeNITOPHOTO allllapaTta MuoMe-
TpHUs, Pa3BUBAIOIIASLCA TUIIOKCUS BO BPEMsS POJIOB
IIPU CAABJIEHUH COCY/IOB U Jip. [3—5].

B wHacrosiiiee Bpems 3aboJieBaHUsS IE€YEHU Y
OepeMeHHBIX BCTPEYAIOTCS JOBOJIBHO YaCTO U MOTYT
MMeTh MHOKECTBO IPUYUH. IIaTOJIOTUS TIeUYeHH
MO3KET He OBITh CBSI3aHHOM ¢ 6epeMeHHOCThIO, a BO3-
HUKHYTb Ha ee (oHe. K umciry XpoOHUYECKUX WIIH
BO3HHUKAIOIUX BHEe OepeMeHHOCTH 3a00J1eBaHUM
MeYeHU OTHOCSTCS BUPYCHBIE TelaTUThI, aTKOTOJIb-
Hast 60s1e3Hb (AJIKOTOJIbHBIH TelaTo3/TEeNaTUT), IUp-
po3 TeYeHd W MeJIUKaMEeHTO3HbIe TemnaTUTHI [6].
OnHako ecTh psza 3a00J€BaHUI, HEMOCPEICTBEHHO
CBA3AHHBIX € OEpeMEHHOCTHIO, SBJIAIONIUXCA €€
ocimoxxkHeHueM, Takux kak HELLP-cunapoMm, BHY-
TPUIIEUEHOUHBIH  XOJIeCTa3, MPEdKJIAMIICHSA U
OCTPBIH *KUPOBOY remaro3 6epeMeHHbIX [7, 8]. Hesa-
BHCHMO OT MPUYHMHBI 3TUX COCTOSTHUH, OHU yBEJIH-
YUBAIOT MMOKA3aTeIM MAaTEPUHCKOU U TEePUHATAIb-
HOU CMEPTHOCTH.

ITporecchl pa3BuUTHUS OGEPEMEHHOCTU, POJOB U
IIOCJIEPO/IOBOTO TIEPHO/IA PETYIUPYIOTCS MOJIOBBIMH
TOPMOHAMH — 3CTPOT€HAMH U IIPOT€CTEPOHOM.

[TpeaiecTBEHHUKOM JIJIsI CHHTE3a ITOJIOBBIX TOP-
MOHOB (3CTpajzinoia, 3CTPOHA, 3CTPUOJIA U IIPOTecTe-
poHa) sABJsAETCS XoJiecTepuH [9, 10]. B xojie mpeob-
pa30BaHUU U3 X0JIeCTEPUHA 00pa3yeTcss aHAPOCTEH-
JTMOH, KOTOPBIM ITOTOM MOXKET MPeoOpa30oBaThCA B
TECTOCTEPOH U JIaJiee B BCTPAJIUOJ WU HATIPSMYIO B
SCTPOH C MOCJIEAYIOIINM IIpeBpaIlleHueM B 3CTpa-
mroJ1. Bosbias gyacTh acTpaziuosia y JKeHIIH BbIpa-
OaTpIBaeTcss B SIMYHUKAX W3 apOMaTHU30BAaHHOTO
aHJIPOCTEHINOHA. DCTPOH CUHTE3UPYETCS B JKUPO-
BOH TKaHU U3 aHAPOTEHOB C MOMOIIbI0 (HEPMEHTOB,
B IIEPBYIO OYEPEIh ApOMATa3bl. ICTPHUOJI — OCHOBHOM
rOPMOH 6epeMeHHOCTH — POU3BOAUTCS B IIAIIEHTE
U3 MPeIIeCTBEHHUKOB, 00Pa3yIOIIUXCs B IIEUeHN U
HAJIMTOYEUHUKAX IIJI0/Ia, TAKUX KaK JEeTUApO3IHaH-
npocrepoHcyiibdar (DHEA-S).

IIporectepoH,  BbIpabaThIBAEMBIN  KEJITHIM
TEeJIOM, MOATOTABINBAET SHOMETPUI K MMILJIAHTA-

the postpartum period still remain insufficiently
investigated and contradictory. The main mechanism
of uterine weight gain in the early pregnancy is myo-
cyte hyperplasia, and in late — myocyte hypertrophy
[1, 2]. In the postpartum period, the main processes
that ensure uterine involution are clasmacytosis,
apoptosis, necrosis and autophagy [2]. All mecha-
nisms of myometrium transformation are regulated
by and depend on a number of factors such as the level
of sex steroid hormones, their ratio, the state of the
myometrial receptor system, intrapartum hypoxia
due to vascular compression, etc. [3—5].

Currently, liver diseases in pregnant women are
most common and can have many causes. Liver
pathology may not be related to pregnancy, but may
develop during pregnancy. Chronic liver diseases or
non-pregnancy-associated liver diseases include
viral hepatitis, alcoholic liver disease (alcoholic hep-
atosis/hepatitis), liver cirrhosis, and drug-induced
hepatitis [6]. However, there are a number of dis-
eases associated with pregnancy in a direct manner,
which are its complications, such as the HELLP syn-
drome, intrahepatic cholestasis, preeclampsia, and
acute fatty hepatosis of pregnancy [7, 8]. Regardless
of the cause of these conditions, they increase mater-
nal and perinatal mortality rates.

The pregnancy progression, process of childbirth
and the postpartum period are regulated by sex hor-
mones — estrogens and progesterone.

The precursor for the synthesis of sex hormones
(estradiol, estrone, estriol and progesterone) is cho-
lesterol [9, 10]. During its transformations, andro-
stenedione is formed, which can then be converted
into testosterone and then into estradiol or directly
into estrone with subsequent conversion into estra-
diol. The most of estradiol in women is produced in
the ovaries from androstenedione aromatization.
Estrone is synthesized in adipose tissue from andro-
gens with enzymes, primarily aromatase. Estriol, the
main hormone in pregnancy, is synthesized in the
placenta from precursors originated in the liver and
adrenal glands of the fetus, such as dehydroepi-
androsterone sulfate (DHEA-S).

Progesterone produced by the corpus luteum pre-
pares the endometrium for implantation of the fertil-
ized ovum [9]. Also, one of the most important func-
tions of progesterone during pregnancy is the devel-
opment of maternal-fetal immune tolerance [11].
Cholesterol is converted to progesterone through a
series of steps including double oxidation and loss of
a side chain, transformation of pregnenolone into
progesterone with the participation of enzymes such
as 3P-hydroxysteroid dehydrogenase and 065-4-
isomerase [12, 13].
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MU OIVIOJIOTBOPEHHOU sinekyneTku [9]. Taxske
o/Ha 13 HanboJiee BAyKHBIX QYHKITUH ITporecTepoHa
BO BpeMs OepeMeHHOCTH — Pa3BUTHE UMMYHOJIOTH-
YEeCKOU TOJIEpAaHTHOCTH MaTepH K 1oay [11]. Xose-
CTEPUH IIpeobpasyeTcsi B MPOTECTEPOH Yepe3 psijl
STAIlOB, BKJIIOYAIONIUX [IBOHHOE OKUCJIEHUE |
oTepIo 60KOBOH IenH, TpaHChOPMAIHUIO ITPETHEHO-
JIOHA B IIPOTECTEPOH C ydacTreM (HepMEHTOB, TAKUX
Kak 3[-TUAPOKCHCTEPOUIZIETUIPOTEHA3A U O5-4-
usomepasa [12, 13].

ACTPOTEHHI B IIEPHO]T OEPEMEHHOCTH CHHTE3UPY-
IOTCS M3 KOMILIEKCA «IUIAIleHTa — IUIO/» U Ipeobpa-
3YIOTCSI B OCTPUOJI, KOTOPBIH TOAAEP>KUBAET
MAaTOYHO-IUIAIEHTAPHBI KPOBOTOK U CEPAEYHO-
COCYAHUCTYIO CHCTEMY JKEHIIUHBI, YCHIUBAasI CEPIed-
HBI BBIOPOC W MPOIYKIIUIO aJIBJIOCTEPOHA [10].
HemnocpeicTBEHHO Tepe] poJlaMH YPOBEHD 3CTPOTe-
HOB TIOJTHUMAETCSI, BHI3bIBAsI COKPAI[EHUS MUOMe-
TpUSA U KOOPAUHAIIUIO POJIOBOH JiesTesibHOCTHU. [Ipo-
TeCTEPOH K€ B TeueHHe OepeMEHHOCTH CHUKAET
MAaTOYHBIH TOHYC U HMMeEeT HUMMYHHYIO (QYHKIIHIO
[13]. B xoHIe GepeMeHHOCTH YPOBEHb 3TOTO TOP-
MOHA MaJaeT, YTO IPUBOJUT K IMPOTHUBOIIOJIOKHBIM
addexram.

CoryracoBaHHOE JIeHICTBHE 3CTPOT€HOB U IIpOTe-
CcTepoHA O0ECIEeYNBAET TapMOHUYHOE pPa3BUTHE
MaTK{ B IPOIlecce poCTa II0/Ia: MPOTeCTEPOH CII0-
COOCTBYeT YBEJIMUEHHIO YHCJIa MUOIIUTOB, a 3CTPO-
reHbl — X oobeMa [12, 13]. [opMoHabHBIN HataHc,
JIOCTUTHYTBIM 3a cueT KaTaboJM3Ma 3CTPOTEHOB B
[eYeH!, WTPaeT BAXKHYIO POJIb. II3BeCTHO, YTO
TIeYeHb SABJISIETCS IEHTPATIbHBIM OPraHOM T'OMEOCTa-
3UpOBaHUs, HapylleHue ee (QYHKIUU BJEUeT 3a
co0O# P M3MEHEHWH, 3aTParuBalONINX B TOM
qricyie MeTaboJIM3M TIOJIOBBIX CTEPOUJIHBIX TOPMO-
HOB, KOTOPBIE, KaK OOIIENPUHSITO, ABJISIOTCSA TJIaB-
HBIMH PETYJISITOPAMH 3KCIPECCUU SIIEPHBIX Peren-
TOpOB [11, 14]. B 3TO# cBsA3u OIeHKA YPOBHS 3KC-
MIPECCUU PEIENTOPOB K 3CTPOTEHY U MPOTECTEPOHY
IIO3BOJIUT HCCJIEIOBATh COCTOSIHHUE PEIENTOPHOTO
ammapata MHOMETPHS B YCJIOBHUSAX IATOJOTHH
MeYeHU U U3YUYUTh €€ POJIb B MEXaHU3MaX IOCIEPO-
JIOBOK HWHBOJIIOIUM MHOMeTpHUs. 3abosieBaHUs
IeYeH! MOTYT HapYIIUTh BBIBEIEHUE 3CTPOTEHOB,
YTO BEJIET K TUIIEPICTPOTEHHNH U ITpobIeMaM ¢ 3aua-
THeM, MOAJePKaHNeM OepeMEeHHOCTH, a TaKXkKe
BBI3BATh IIPEPHIBAHUE OEPEMEHHOCTH HJIH MIPEK/IEB-
peMeHHbBIe PofbI [10, 15, 16].

[TpumeneHme OGOJBIIUHCTBA IIPENAapaTOB-TEIA-
TOIIPOTEKTOPOB Yy OepeMeHHBIX ¢ 3a00JIeBaHUAMU
IeyeHu OTPAHUUYEHO, TI03TOMY B HACTOSAIIEe BPeMs
BeseTcd IOMCK 3(P@EKTUBHBIX JIeKAaPCTBEHHBIX
CPEeACTB JUIsL JiedeHUs1 0e3 pHCKA JJIs 3/I0POBbsS
Marepu M IUIoAa. B obsiacTu pernapaTuBHON Menu-

During pregnancy, estrogens are synthesized
from the fetoplacental unit and converted into
estriol, which maintains the uteroplacental blood
flow and the female cardiovascular system, increas-
ing cardiac output and aldosterone production [10].
Immediately before delivery, the estrogen level ele-
vates, causing contractions of the myometrium and
coordinating the labor. Progesterone during preg-
nancy reduces uterine tone and has an immune func-
tion [13]. At the end of pregnancy, the level of this
hormone falls, which leads to opposite effects.

The coordinated action of estrogens and proges-
terone ensures the harmonious development of the
uterus during fetal growth: progesterone promotes
an increase in the number of myocytes, and estro-
gens — their volume [12, 13]. The hormonal balance
achieved through estrogen catabolism in the liver
plays an important role. It is known that the liver is
the pivotal organ involved in homeostasis, and its
dysfunction entails a number of changes, including
those affecting the metabolism of sex steroid hor-
mones, which are the commonly-accepted basic reg-
ulators of the expression of nuclear receptors [11, 14].
In this regard, assessing the level of expression of
estrogen and progesterone receptors will allow to
investigate the state of the myometrial receptor sys-
tem in liver pathology and to study its role in the
mechanisms of postpartum involution of the myo-
metrium. Liver diseases can disturb the estrogen
elimination, leading to hyperestrogenism and prob-
lems with conception, maintaining pregnancy, and
causing termination of pregnancy or preterm birth
as well [10, 15, 16].

The use of most hepatoprotective drugs in preg-
nant women with liver diseases is limited, so, cur-
rently, there is a search for effective drugs for risk-
free maternal-fetal treatment. In the field of repara-
tive medicine, active study is being conducted of
drugs obtained by pharmacological stimulation of
endogenous stem cells of the body, which include
immobilized hyaluronidase (IH) [17].

AIM OF THE RESEARCH

To study the expression of estrogen and proges-
terone receptors in the myometrium of C57Bl/6 mice
during pregnancy and the late postpartum period in
acute CCl -induced hepatosis and its correction
with IH.

MATERIALS AND METHODS

The experiment was performed on 100 female
Cs57Bl/6 mice, 2 months old and weighing 20—22 g.
The mice were obtained from the vivarium of the
Federal Research Center Institute of Cytology and
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[MHBI IPOBOIUTCSA aKTUBHOE U3YUYEHHeE ITPernapaTos,
[TOJIy4aeMBbIX IIyTeM (hapMaKOJIOTHIECKOH CTUMYJISI-
IIUY DH/IOTEHHBIX CTBOJIOBBIX KJIETOK OpraHW3Ma, K
KOTOPBIM M OTHOCHUTCSI UMMOOWIN3UPOBaHHAS THA-
syporugasa (UT) [17].

ITEJIb NCCJIEJOBAHUA

VI3yquTh SKCIIPECCUIO PELENITOPOB 3CTPOTEHOB 1
mporecTepoHa B MHOMeTpuu Mbitiei inauu C57B1/6
B yesoBusix ocrporo CCl,-MHAyIUPOBAHHOTO rera-
TO3a BO BpeMsA OEpeMEeHHOCTH M MO3HEM II0CJIepO-
JIOBOM Iiepuo/e u npu koppeknuu UI'.

MATEPUAJIBI 1 METO/bI

IKCIEePUMEHT IIPOBeEH Ha 100 MBIIIax-caMKax
suaun  C57Bl/6 2-MecsiyHOrO BO3pacTa Maccoi
20—22 1. MpImu ObUTH TOJIyYeHBI W3 BUBApUA
OTBHY «®enepasbHbIA UCCIIEIOBATEIBCKUN IEHTP
Wuctutyt nuronorun u reHetuku CO PAH» (Hoso-
cubupck). JKUBOTHBIX IIOMEIIAIN B IIACTMACCOBBIE
KJIETKH T10 5 ocobeli (OZI1H caMelr U YeThIPe CAMKHU) K
COZIEPIKAIN B CTAHJIAPTHBIX YCJIOBHUAX C HEOTPAaHU-
YeHHBIM JIOCTYIIOM K IIUIIE U Bojie. BepeMeHHOCTD ¥
caMOK (puKcHpoBaach C MOMeHTa OOHAPYKEHH BO
BJIATAJINIIE KOMYJIATUBHOH ITPOOKHU.

OcTphIli renaTos WHAYIUPOBAIU Ha 13-€ CYTKU
OepeMeHHOCTH ITyTeM OJHOKPATHOTO BHYTPHUOPIO-
IIMHHOTO BBeZEHUA 50% pacTBopa TeTpaxyiopMe-
TaHa Ha OJINBKOBOM MacJie B /103€ 0.3 MJI/KT.

Koppekuio ocTporo remartosa IPOBOAWIHN C
14—15-X CcyTOK OepeMeHHOcTH (Ha CJIeAYIOIIUE
CYTKU IIOCJIe BBEJIEHUS TETPAXJIOPMETaHA) B Teue-
HUe 5 JHeH, OJHOKPATHBIM BHYTPUOPIOIINHHBIM
BBeseHueM npemnapara WI' B gosuposke 1 EJl Ha
Mmblb (Beero 5 E/T). Mcenonb3oBasices npemnapat UL,
MOAU(PUIITPOBAHHON aKTUBUPOBAHHBIM IIOJIUITH-
JIEHOKCUJIOM MOJIEKYJISIDHOU Maccodl 1500 [la c
IIOMOIIBIO 3JIEKTPOHHO-JIYYeBOI'0 CHHTe3a, paspa-
6oranubii OO0 «Caentuduxk ¢rlouep MeHen-
sxkMmeHT» (HoBocubupck) m HUUM dapmakosoruu
CO PAH (Tomck). BbiGop B KauecTBe KOPPEKTHPY-
fomero cpencrsa UT' 06ycimoBiieHo ero ¢papMakoJio-
rudeckuMu 3dderTamMy, 3aKI0Ya0IIMICH B 3HA-
YUTEJBHOU CTUMYJIAIMHN IIPOIECCOB Iposudepa-
nuu 1 1uddepeHITuPOBKU KaK PerHOHAPHBIX CTBO-
JIOBBIX KJIETOK IT€UEHH, TAK U IPOT€HUTOPHBIX KJIe-
TOK KOCTHOTO Mo3ra [17]. IlokazaHo, 4To BBe/ieHUE
UI' kxpoicam ¢ CC14—I/IHZ[yIII/IpOBaHHOM renaTuToM
OKa3bIBAJI0O IMPOTHUBOBOCIAJINTEIBPHOE, AHTUCKIIE-
poTHUyeckoe U aHTUXOJECTaTU4YecKoe JieiicTBUe
[18, 19].

MpImu 66111 pa3/iesieHbl Ha YEThIPEe TPYIIIIHL: 1-5
(uuTakTHaA) rpynmna (25 JKUBOTHBIX) — MBIIIH C
(usnomornyeckoii 6epeMeHHOCThIO; 2-51 (remaros)

Genetics (Novosibirsk). The animals were placed in
plastic cages, 5 individuals per cage (one male and
four females), and kept in standard conditions with
free access to food and water. Pregnancy in females
was recorded when a copulatory plug was seen in the
vagina.

Acute hepatosis was induced on the 13th day of
pregnancy by a single intraperitoneal injection of a
50% carbon tetrachloride solution in olive oil at a
dose of 0.3 ml/kg.

Correction of acute hepatosis was performed
from the 14—15th day of pregnancy (the day follow-
ing the carbon tetrachloride administration) for
5 days, by a single intraperitoneal injection of the IH
preparation at a dose of 1 U per mouse (5 U in total).
TH, modified with activated polyethylene oxide with
a molecular weight of 1500 Da using electron-beam
synthesis (the technology was developed by Scien-
tific Future Management LLC (Novosibirsk) and the
Research Institute of Pharmacology (Tomsk)) was
administered. The choice of IH as a preparation for
correction based on its pharmacological effects, con-
sisting in significant stimulation of proliferation and
differentiation of both regional liver stem cells and
bone marrow progenitor cells [17]. It was shown that
the administration of IH to rats with CCl -induced
hepatitis had anti-inflammatory, anti-sclerotic and
anti-cholestatic effects [18, 19].

The mice were divided into four groups: group 1
(control) included 25 intact pregnant mice; group 2
(hepatosis) included 25 mice with acute toxic hepa-
tosis induced by carbon tetrachloride on the 13th day
of pregnancy; group 3 (hepatosis + IH) included
25 pregnant mice with acute toxic hepatosis induced
on the 13th day and its correction with IH on the 14th
day of pregnancy; group 4 (IH) — 25 intact pregnant
mice that received IH on the 14th day of pregnancy.
In all groups, sampling was carried out on the 18th
and 21st days of pregnancy and on the 1st, 10th and
15th days after birth.

The study was carried out in accordance with the
principles of the European Convention for the Pro-
tection of Vertebrate Animals used for Experimental
and Other Scientific Purposes (ETS 123, Strasbourg,
1986) and the Directive of the European Parliament
and of the Council (2010/63/EU, Strasbourg, 2010).
Animals were removed from the experiment by cer-
vical dislocation under ether anesthesia.

Liver and uterus samples were fixed in 10% neu-
tral formalin, histological processing was performed,
and the samples were embedded in paraffin. A 5 ym
sections were stained with hematoxylin and eosin.

Immunohistochemical reaction was performed
with antibodies to estrogen (clone SP1, rabbit mono-
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rpynna (25 »KUBOTHBIX) BKJIIOUAJIa MBIIIEH C WHIY-
[UPOBAaHUEM TETPAXJIOPMETAHOM OCTPOTO TOKCHYe-
CKOTO TeraTo3a Ha 13-e CyTKU OepeMeHHOCTH; 3-s
(rematos + WUT') rpynna (25 >XKUBOTHBIX) — OepeMeH-
HOCTb MBIIIeN ¢ MHIyIIPOBAHUEM OCTPOTO TOKCHYe-
CKOTO renaTo3a Ha 13-e CYyTKU U ero koppeknueii UI'
Ha 14-e cyTku OepeMmeHHOCTH; 4-s1 rpymma (UID)
(25 KUBOTHBIX) — MBIIIH C (PUBUOJIOTHIECKOH Oepe-
MEHHOCTBIO U BBEJIEHUEM Ha 14-€ CYTKU GepeMeHHO-
ctu UTI'. Bo Bcex rpymmax 3abop MaTepuasia mpoBo-
JIUTH Ha 18 U 21-1 JIeHb OepeMEeHHOCTH U Ha 1, 10 U
15-1 IeHb TOCJIe POJIOB.

UccemoBaHre MPOBOAWIOCH B COOTBETCTBUH C
npuHOuNIaMu EBpONENiCKON KOHBEHIIH O 3aIlUTe
M03BOHOYHBIX JKUBOTHBIX (ETS 123, Crpachypr,
1986) u upextussl EBponapiamenTa u CoBera EC
(2010/63/EU, Crpacbypr, 2010). JKHUBOTHBIX BBIBO-
I U3 DKCIEPUMEHTA IIyTeM JUCIOKAIUU IIek-
HBIX TIO3BOHKOB I10/T 3(UPHBIM HAPKO30M.

OOpas1pl MeYeHd U MaTKu QUKCHPOBATIU B 10%
HEUTpaTIbHOM (pOpMasinHe, TPOBOIUIA TUCTOJIOTH-
YeCcKyIo MMPOBOJIKY, MaTepHUaJl 3aJINBAIU B TapaduH.
[TpuroroBseHHbIE MUKPOIIPENapaThl  TOJIIIUHOU
5 MKM OKPAIIIUBAJIA TeMaTOKCHJITHOM U 303UHOM.

VIMMyHOTHCTOXMMHUYECKYI0O PEAKIHUI0 IPOBO-
IUIN C QHTUTEJIAMU K 5CTPOreHOBBIM (KJI0H SP1,
rabbit monoclonal antibody, Thermo Scientific) u
mporecrepoHoBeIM  (kioH PGR 636, mouse
monoclonal antibody, Dako) penenropam Ha amma-
pare Autostainer Link 48. [l OIleHKH HCIIOJIB30-
BaUIH IIOJIMMEPHYIO IETEKIIMOHHYIO CHCTEMY C ITEPOK-
cugasHoit metkoi (EnVision FLEX, Dako), mpoBo-
JIJIA TOOKPAIIUBAHUE fA/IEP KJIETOK reMaTOKCHJIU-
HOM. [losyuyeHHBIE MUKPOIIPENIapaThl UCCIIEA0BAIH
C UCIIOJIb30BaHUEM CBeTOBOro Mukpockomna Eclipse
E200 (Nikon, fImonwust), n3obpakeHus: MOJIydayn C
momoImpio  1udpoBoii  kamepbl M1400  Plus
(Levenhuk, Kuraii).

[MoxcyuThIBAIM YHCIEHHYIO TIOTHOCTH (Nai) B
TECTOBOH IUIOMIAZU IIOJIOXKUTETHHO OKPAIIEHHBIX
PeLeNTOPHBIX AZIEP B MUOIUTAX B 100 IOJIAX 3pEHUS
JUTsL K&KJIOTO TIEPUO/1a HAOTI0IeH s, HE3aBUCHUMO OT
WHTEHCUBHOCTU OKPAIIUBAHUSA, UHAEKC COOTHOIIIE-
HUS 3CTPOTEHOB K IIPOTECTEPOHY.

Cratucrtuueckyro o6pabOTKy IOJIy4eHHbIX JTaH-
HBIX TMPOBOJIWJIN C HCIOJIb30BAaHUEM JIHUIEH3UOH-
HOTO TaKeTa IIPOTPAaMM IPUKJIAJHON CTAaTHCTHUKU
Microsoft Excel 365, onpezensiiu CpeHIOI BeIU-
yuay (M) u craHZapTHYIO OmHUOKY cpemHero (m).
XapakTepuCTUKH BBIOOPDOK IIPEJICTABJIEHBl KaK
M + m. CraTuctuueckas 3HAUYUMOCTb Pa3JIMUMUI
CpeIHUX 3HAUeHUU ObLIA OIpe/iesieHa C UCIIOIh30-
BaHUeM t-kpurepus CThIOZIEHTA 11 He3aBUCHMBIX
BBIOOPOK IIpH P < 0.05.

clonal antibody, Thermo Scientific) and progester-
one receptors (clone PGR 636, mouse monoclonal
antibody, Dako) using an Autostainer Link 48. For
evaluation, an EnVision FLEX (Dako) visualization
system with a peroxidase mark was used, and cell
nuclei were additionally stained with hematoxylin.
The slides obtained were examined using an Eclipse
E200 light microscope (Nikon, Japan), and images
were made using an M1400 Plus digital camera (Lev-
enhuk, China).

The numerical density (Nai) of positively stained
receptor nuclei in the test area of myocytes in
100 visual fields was calculated for each time point,
regardless of intensity of staining, and the estrogen/
progesterone expression index.

Statistical processing of the data was performed
using a licensed Microsoft Excel 365 statistic pro-
grams, the mean value (M) and standard error of the
mean (m) were determined. Sample characteristics
are presented as M + m. Statistical significance of
differences for mean values was determined using
Student’s t-test for independent samples at p < 0.05.

RESULTS

The microscopic examination of the liver of mice
in group 2 (hepatosis) revealed small, medium and
large vacuolar degeneration of hepatocytes, sites of
hepatocyte necrosis from focal to massive, binuclear
hepatocytes, and vascular congestion (Fig. 1).

When comparing the expression levels of estrogen
and progesterone receptors on the 18th and 21st days
of pregnancy between groups 1 (intact) and 2 (toxic
hepatosis), no differences were revealed: the expres-
sion of sex hormones remained at the same level on
the 18th and 21st days of pregnancy in both groups
(Table 1, Fig. 2). In mice of group 4 (IH), significant
differences were found both on the 18th and 21st days
of pregnancy for both hormone-receptor complexes
compared to animals of group 2 (toxic hepatosis): on
the 18th day of pregnancy, the number of estrogen
receptors in mice of group 2 (toxic hepatosis) was 1.5
times less compared to the same indicator in mice of
group 4 (IH), and progesterone receptors were 1.4
times less. On the 21st day of pregnancy, the number
of estrogen receptors in mice of the 4th (IH) group
was 3.4 times lower, and progesterone receptors were
3.9 times lower compared with the same indicator in
mice of the 2nd (hepatosis) group.

On the 18th day of pregnancy, the number of
myocytes with positive expression of progesterone
was lower in mice of group 4 (IH) compared to the
same indicator in mice of the 2nd (hepatosis) and
3rd (hepatosis + IH) groups by 1.5 times. On the 21st
day of pregnancy, the number of myocytes with posi-
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PE3YJ/IBTATDI

IIpu MUKPOCKOIIMYECKOM HCCJIEIOBAHUY [T€YEHU
MBbIIIeN 2-U (remaTo3) rpynmbsl 0OHAPYKUBAIOTCS
MeJIKO-, CpPeJIHe- U KPYITHOBAKYyOJIbHASA TUCTPODUS
rernaToIUTOB, POKYChl HEKPO3a relaTOIUTOB OT 0Ya-
TOBBIX JI0 MACCHUBHBIX, JBYSZ€PHBbIE TeMaTOI[UTHI,
IIOJTHOKPOBHE COCYZOB (pucC. 1).

Ilpu cpaBHeHUHM IIOKas3aTejeld DKCIPEeCcCUu
PellenTOpOB 3CTPOreHa U MIPOTrecTepOHa Ha 18 U 21-€
CyTKU OepeMEeHHOCTH MeKIy 1-U (MHTaKTHOH) U 2-H
(ToKCcHUeCKU rernaTo3) TpyIinaMu ObLIO BISBIIEHO,
YTO pa3MUMs B TOKA3aTEIAX OTCYTCTBYIOT: DKC-
IIpeccusi MOJIOBBIX TOPMOHOB COXpaHsAeTcsa Ha 18 u
21-e cyTKH O6epeMeHHOCTH Ha OJITUHAKOBOM YPOBHE B
obenx rpymnmax (tabi. 1, puc. 2). Y MbIIleH 4-H
rpyuns! (1T') Habiroganycs 0CTOBEPHbBIE PA3INIUS
Kak Ha 18-e, Tak U Ha 21-€ CYyTKU OepeMEeHHOCTH JIJIst
000UX PpEIEeNTOPHBIX aIlapaToB [0 CPAaBHEHHIO C
JKUBOTHBIMH 2-U (TOKCUYECKUH TeIaTo3) TPYIIIbI:
Ha 18-e cyTKu OGepeMeHHOCTH KOJIMUECTBO PEIeNnTo-
POB BCTPOTeHa Y MBIIIEH BO 2-1 (TOKCUUECKUH rema-
TO3) rpyIe ObLIO B 1.5 pa3a 60JIblile 10 CPABHEHHIO
C aHAJIOTUYHBIM TIOKa3zaTeseM y Mbliield 4-ii (UI)
TPYIIBI, PELENTOPOB IpPOTrecTeEpOHAa — OOJIbIlIE B
1.4 pasa; Ha 21-e CYTKHU OePEMEHHOCTH KOJIMYECTBO
PEILIENTOPOB K 3CTPOreHy y mMbliieii 4-ii (VI') rpymmbl
OBLIO MEHBIIINM B 3.4 Pa3a, a pelelTOPOB IIporecTe-
poHa — B 3.9 pasa, B CPaBHEHUU C AHAJIOTUIHBIM
[MOKa3aTeJieM Y Mblllel 2-1 (remaTos) rpyIibl.

Ha 18-e cyTku GepeMeHHOCTH KOJIMYECTBO MHUOITH-
TOB C TIOJIOJKUTEJIBHON OKCIIPECCHEH IIpOrecTepoHa
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tive progesterone expression in mice of the 4th group
was also decreased compared to the same indicator
in mice of the 1st (intact), 2nd (hepatosis) and 3rd
(hepatosis + IH) groups by 4.0, 4.2 and 3.5 times,
respectively (Table 1, Fig. 3).

An analysis of the estrogen/progesterone expres-
sion index in myocytes have demonstrated its
increase during pregnancy from the 18th to the 21st
day in all groups except the 1st (intact) group, and
more significantly in the 3rd (hepatosis + IH) and
4th (IH) groups, which is due to the predominance of
the estrogen expression in myocytes, with insignifi-
cant changes in the expression of progesterone dur-
ing pregnancy.

In the postpartum period, the results of the mor-
phometric study of the expression of sex hormones
in myocytes showed that in mice of the 2nd (hepato-
sis) group, compared with animals of the 1st (intact)
group, there is a sharp increase in the number of
expressing estrogen receptors in dynamics: on the
1st day after birth, the number of estrogen receptors
was 5.5 times higher; by the 10th day — 2.8 times
higher; by the 15th day after birth — 1.7 times higher
(Table 2). In mice of the 3rd group (hepatosis + IH),
the numerical density of myocytes with positive
estrogen expression was lower in comparison with
the same indicator in mice of the 2nd (hepatosis)
group on the 1st day of the postpartum period by
1.7 times, on the 10th day — by 1.9 times, on the 15th
day — by 4%; compared with the same indicator in
mice of the 1st (intact) group on the 1st day of the

SO e 8
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Puc. 1. [Teuens camku Mbiun tuaun C57B1/6 ¢ ocrpbiv CCl -MHAYIIMPOBAHHBIM I€IIATO30M Ha 1-€ CyTKHU IOCIe POZIOB:
TeraToIUThI B COCTOSHUU M'H/IPOIINYECKO AUCTPOdUY, KPYIIHbIE OYard HeKpo3a (II0Ka3aHO CTPEIKAMU).
Okpacka reMaTOKCHJINHOM UM 503WHOM. YBeJIMUYEHHE X100
Fig. 1. The liver of a female C57B1/6 mouse with acute CCl -induced hepatosis on the 1st day after birth:
hydropic degeneration of hepatocytes, large foci of necrosis (shown by the arrows).

Stained with hematoxylin and eosin. Magnification x100
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Ta6smmua 1. CpaBHeHMe 9KCIPECCUH PELIENITOPOB 3CTPOTeHa U MPOTeCTEPOHA B MHOL[MTAX BO BpeMsi 6epeMEHHOCTH Y
mblimed iuaun C57Bl/6 npu CCl,-MHAyIMpPOBaHHOM renaTose U ero KOppeKIuu MMMOGU/IM3UPOBAHHOM rMalypoOHUa301

(MI) (M £ m)

Table 1. Comparison of the estrogen and progesterone receptor expression in myocytes during pregnancy in C57Bl/6 mice
with CCl,-induced hepatosis and its correction with immobilized hyaluronidase (IH) (M + m)

KuBoTHbIe 1-1 KuBoTHbIE 2-i KuBoTHble 3-ii rpynnbl ’KuBoTHBIe 4-i
(uHTaKTHOM) rpynnel rpynnsl (remato3) (remartos + UI) rpynnsl (UI)
I Animals of the 1st Animals of the 2nd Animals of the 3rd Animals of the 4th
OKasaTeJsu . : .
aKcnpeccun (intact) group group (hepatosis) group (hepatosis + [H) group (IH)
Expression indicators  4g o 21-e 18-e 21-e 18-e cyTkn 21-e cyTku 18-e 21-e
CYyTKH CYyTKH CyTKH CYyTKH 18thday 21stday cyTku CYyTKH
18thday 21stday 18thday 21stday 18thday 21stday
Penentopsl Kk actporeny 1.5+ 0.2 578+0.46 149+ 6.76 = 1.21+0.1 6.22+£0.28 097+ 1.96 =
Estrogen receptors 0.22 0.37 0.13° 0.67>¢
Penentopsl k 1.02+0.22 415+£0.34 1.18% 429 1.25+0.1 3.5+0.24> 081+ 1.01+
[POrecTepoHy 0.13 0.26 0.08>¢ 0.092 ¢
Progesterone receptors
WHaeKc cCOOTHOIEHHUS 1.47 1.4 1.26 1.6 0.97 1.7 1.2 292
peLenTopoB M0JIOBBIX
rOPMOHOB

The estrogen/progeste-
rone expression index

2 locToBepHbIe pa3/IM4us CpeJHUX BeJIMYMH B CDABHEHUHU C MbllIaMU 1-# (MHTaKTHOH) IPyNIIbl TOTO XKe epruoja HabogeHus (mpu p < 0.05).
Significant differences in mean values compared to mice of the 1st (intact) group of the same time point (at p < 0.05).

b locToBepHbIe pa3/In4Ks B CPaBHEHUH C MbIIIAMHU 2-1 (renaTos) rpymmnbl TOTo e eproAa HabsoAeHus (mpu p < 0.05).
Significant differences compared to mice of the 2nd (hepatosis) group of the same time point (at p < 0.05).

¢ JlocToBepHbIe pa3JN4Ms B CPAaBHEHUH C MblllaMu 3-H (remnatos + UI') Toro ke nepuoga Ha6aogeHus (npu p < 0.05).
Significant differences compared to mice of the 3rd group (hepatosis + IH) of the same time point (at p < 0.05).

ObLIIO0 MEHBIIUM Y Mbitieii 4-i (V') rpymiisl B cpaBHe-
HUY C aHJIOTUYHBIM [T0Ka3aTesieM y MbIIIEeH 2-1 (rera-
T03) U 3-# (remaro3 + WUI) rpynm B 1.5 pasa; Ha 21-€
CyTKH OEpeMEHHOCTH KOJIMYECTBO MFHOIUTOB C IOJIO-
JKUTEIPHON SKCIIpeccrell MporecTepoHa y MbIIeH 4-¢

postpartum period — 3 times, on the 10th day —
1.5 times, but remained higher on the 15th day by
1.7 times (Table 2).

The expression of progesterone receptors in
myocytes of mice of group 2 (hepatosis) has minor

Puc. 2. Muomerpuii mpiuu uann C57B1/6 ¢ ocrpbiv CCl -MH/yIMPOBAHHBIM I€IIaTO30M, 21-€ CYTKH GepeMEeHHOCTH:
BBIPa’KEHHAs IKCIIPECCHUS sZIEPHBIX PEIEITOPOB K ACTPOreHy B MHOIIUTAX. JJOKPACKA F€eMAaTOKCHIMHOM. YBeInYeHHe X400
Fig. 2. The myometrium of a C57Bl/6 mouse with acute CCl,-induced hepatosis, 21st day of pregnancy: significant
expression of nuclear estrogen receptors in myocytes. Counterstained with hematoxylin. Magnification x400
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Puc. 3. Marka mpium simanu C57B1/6 ¢ ocrpeim CCl-uHAyIMPOBaHHBIM TeaTo30M, 18-€ CyTKH GepeMeHHOCTH.
Hab6:rofjaercst BBIpaskeHHAasT SKCIPECCHS s/IEPHBIX PEIIENITOPOB K IPOTeCTEPOHY B MUOIIUTAX U AIIUTETHOIIATAX
sHzioMeTpus (ceBa). JIokpacka reMaTOKCHIMHOM. YBeJInueHue X100
Fig. 3.The uterus of a C57Bl/6 mouse with acute CCl,-induced hepatosis, the 18th day of pregnancy.
Significant expression of nuclear receptors to progesterone in myocytes and endometrial epithelial cells (left).
Counterstained with hematoxylin. Magnification x100

TPYIIBI OBLIO TaK)KE YMEHBIIIEHHBIM B CPABHEHHH C
AQHAJIOTUYHBIM ITIOKa3aTeJleM y MblIied 1-i (MHTaKT-
HOM), 2-1 (rematos) u 3-i (remaro3 + WI) rpymi B 4.0,
4.2 ¥ 3.5 pa3a COOTBETCTBEHHO (Tab1. 1, puc. 3).

AHanu3 WH/IEKCa COOTHOIIEHHUSA DKCIPECCHU B
MHOITATAX SCTPOTEHA K IIPOTECTEPOHY ITPOIEMOH-
CTPUPOBAJI B IIepHO]] OEPEMEHHOCTH, YTO HHJIEKC
BO3pacraer ¢ 18-X K 21-M cyTkaM 6epeMeHHOCTH BO
BCeX Tpymmax, Kpome 1-# (MHTaKTHOHM) TpYIIIHI,
OoJiee BoIpaXkeHHO B 3-1 (rematos + UT') u 4-u (1T
rpymmax, 4To OOYCJIOBJIEHO IIpeoOsafaHueM 3KC-
MIPEeCCUU B MUOIIMTAX ACTPOTEHA, IPU HE3HAUUTETh-
HBIX HW3MEHEHUSX OKCIIPECCUHM IIPpOTecTepOHA B
mepuos 6epeMeHHOCTH.

B mocsiepo10Bo# mepuo;] pe3yabTaThl Mopdome-
TPUYECKOTO HWCCIENOBAHUSA DKCIIPECCUM ITOJIOBBIX
TOPMOHOB B MHOITUTAX IOKA3aJId, YTO y MBIIIEN 2-H
(remaTo3) rpymmbl B CPaBHEHUH C *KUBOTHBIMU 1-U
(MHTAKTHOW) IPYNIBI B IUHAMUKE ITPOUCXO/IUT pe3-
KO€ YBeJUYeHHe KOJIMUYECTBA SKCIIPECCUPYIOIIIX
SCTPOTEHOBBIX PEIENITOPOB: B 1-€ CyTKH IOCJIE POJIOB
KOJIMYECTBO PEIENTOPOB K 3CTPOTEHY CTAHOBUTCS B
5.5 pasa 60JIBIINM; K 10-M CyTKaM — B 2.8 pasa 601b-
IIUM; K 15-M CyTKaM IIOCJIE PO/IOB — B 1.7 pasa
oospire (Tabs. 2). Y mbiaeid 3-ii (rematos + HID)
IPYIIIbl YUC/IeHHAas [IOTHOCTh MHOIMTOB C II0JIO-

differences from that in animals of group 1 (intact),
which proves that the main disorders of the postpar-
tum involution of the mice myometrium are associ-
ated with liver pathology, namely, with reduced inac-
tivation of estrogen receptors. In mice of group 3
(hepatosis + IH), the number of myocytes expressing
progesterone on the 1st day of the postpartum period
was 1.2 times lower than the same indicator in mice
of group 2 (hepatosis). In mice of group 4, the num-
ber of myocytes expressing progesterone was lower
compared to the same indicator in mice of groups 1
(intact), 2 (hepatosis), 3 (hepatosis + IH) on the 10th
and 15th days of the postpartum period (Table 2).

When assessing the estrogen/progesterone
expression index in myocytes, it is clearly seen that
the index increases by the 15th day of the postpartum
period in all groups, more pronounced being in the
1st (intact), 2nd (hepatosis) and 4th (IH) groups,
which is due to the estrogen expression predomi-
nance in myocytes.

DISCUSSION

Previously, it was shown that the myometrial
postpartum involution in mice with acute CCI, -
induced hepatosis was not completed by the 10th day
of the postpartum period, and the leading mecha-
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JKUTEJTbHOU SKCIIPECCHEN ACTPOTEHOB ObLIa MEHbIIEe
B CpaBHEHHH C AaHAJOTHYHBIM IIOKa3aTejaeM y
MBIIIEN 2-1 (Ternaro3) TPYIIBI Ha 1-e CYTKU IOCIe-
pozmoBoro mepuoza B 1.7 pasa, HA 10-€ CYTKH — B
1.9 pasa, Ha 15-€ CyTKH — Ha 4 %; B CDaBHEHUU C aHa-
JIOTUYHBIM IIOKa3aTeJIeM Y MbIIIeH 1-i (MHTaKTHOMN)
IPYNIBI HA 1-€ CYTKHU IIOCJIEPOIOBOTO IEPUoZa — B
3 pasa, Ha 10-e CyTKH — B 1.5 pas3a, HO OCTaBaJIOCh
OOJIBIIIM Ha 15-€ CyTKHU B 1.7 pasa (cM. tabi. 2).

JKcIIpeccusl PEIeNTOpoOB IIPOrecTepoHa B MHUO-
IUTAX Y MBIIIIeH 2-1i (rernaTo3) rpyIibl UMeeT He3Ha-
YUTEeJIbHBIE PA3JINYUs C KUBOTHBIMU 1-U (MHTAKT-
HOW) TPYIIIIBI, YTO JOKA3BIBAET, YTO OCHOBHBIE HAPY-
IIEHUs] IIOCJIEPOJIOBOM WHBOJIIONMH MHOMETPHS
MBIIIIeH CBA3aHBI € TAaTOJIOTUEN IeYeHU, a UMEHHO —
CO CHIDKEHHOU WHAKTHBAIlMEH PEIENTOPOB 3CTPO-
resa. Y Meliinen 3-i (rermaros + UI') rpynimsl Kosimde-
CTBO MHOIIUTOB, 3KCIPECCUPYIONIUX IIPOTECTEPOH,
Ha 1-e CYTKU II0CJIEPO/IOBOTO IepHozia ObLI0 MeHb-
IIIAM B 1.2 pa3a B CPAaBHEHHUU C AaHAJIOTUYHBIM ITOKa-
3aTesIeM y MblIIIel 2-# (remaTos) TpymIbl. Y MbIIIei
4-¥ TPYIIIIBI KOJTMYECTBO MUOIINTOB, SKCIIPECCUPYIO-
IUX [IPOTECTePOH, ObLJIO MEHBIIUM B CDAaBHEHUU C
AHAIOTMYHBIM IIOKA3aTesIeM Y MbIIIEeH 1-U (MHTaKT-
HOW), 2-1 (remaTo3s), 3-1 (remaros + UI") rpynn Ha 10
U 15-€ CyTKHU ITOCJIEPOA0BOTO mepuosa (ecm. Tabir. 2).

[Tpu omeHKe MH/IEKCA COOTHOIIEHUS SKCIIPECCUU
B MHOIIMTAX 3CTPOTeHa K IPOTeCTEPOHY OTUETINBO
BUJIHO, UTO UH/IEKC BO3PACTAET K 15-M CyTKaM IOCIe-
pOZIoOBOTO IepHo/a BO BCEX TPyIax, 6ojee BbIpa-
JKeHO B 1-# (uHTakTHas), 2-i (renaros) u 4-u (UI)
rpymmax, 4To OOYCJIOBJIEHO IpeoOsalaHueM 3KC-
MIPECCUU B MUOITUTAX ICTPOTEHA.

OBCYXKJIEHUHNE

PaHee OBUIO NMOKA3aHO, YTO IPOIIECCHI TTIOCJIEPO-
JTOBOM MHBOJTIOIIUY MHUOMETPUSI Y MBIIIEH C OCTPHIM
CC14-I/IH,E[yI_II/IpOBaHHI>IM rernaTo30M He 3aBEPIIAIUCH
K 10-M CyTKaM II0CJIEPO/IOBOTO IIepUO/A, IPU 3TOM
BEIYIIIUM MEXaHH3MOM ITOCJIEPOIOBOM MHBOJIIOIIHH
SBUJIMCH KJIa3MAaIlUTO3 U arronTos [20].

[ToBpexx/ieHNe IeYeH!, BepOSATHO, IPUBOAUT K
HApYIIEHUI0 WHAKTHUBALIMHU IOJIOBBIX CTEPOUIHBIX
TOPMOHOB ¥ TIOBBIIIEHUIO UX YPOBHS B CHIBOPOTKE
KPOBHU, KOTOPBIY, KaK U3BECTHO, SIBJISETCS TJIABHBIM
(pUBHNOSIOTHYECKUM  PETYJISITOPOM  OKCIIPECCHH
PEeLenToOpOB IOJIOBBIX TOPMOHOB [21]. YuuThIBast
[IOJIydeHHBble Pe3yJIbTaThl, 3HAUUTEIbHOE IIOBBIIIIe-
HUe YPOBHS 3KCIPECCUU SIZIEPHBIX PELENnTOPOB K
SCTPOTE€HYy MOXKET OBITh CBA3aHO C THIIEPACTPOTre-
HUeH Beile/ICTBUE MTOBPEXK/IeHNs IIedeHH U Hapylile-
HUS ee (PYHKIIMU U TeM caMbIM OOYCJIOBJIMBATh
3aMeJjJIeHNe IIPOIECCOB WHBOJIIONMH MHOMETPHS
[22]. Kpome Toro, MOKa3aHO yBeSIMUYeHUE JAuaMeTpa

nism of postpartum involution was clasmacytosis
and apoptosis [20].

Liver damage probably leads to the impairment
of sex steroid hormone inactivation and an increase
in their serum levels which are known to be the main
physiological regulator of sex hormone receptor
expression [21]. Taking into account the results
obtained, a significant increase in the expression
level of nuclear estrogen receptors may be associated
with hyperestrogenism due to liver damage and its
dysfunction, and thereby cause a slowdown of myo-
metrial involution [22]. In addition, an increase in
the diameter of myometrium vessels in mice with
acute CCl -induced hepatosis has been shown com-
pared to animals with physiologically developing
pregnancy [23], which may also probably be a conse-
quence of hyperestrogenism since estrogens have a
vasodilatory effect [23, 24].

In turn, progesterone cannot enhance the forma-
tion of its own receptors, moreover, a high level of pro-
gesterone can suppress their synthesis, as well as the
synthesis of estrogen receptors alpha, and, simultane-
ously, increase the expression of estrogen receptors
beta [4]. The results obtained demonstrate that the
expression of nuclear progesterone receptors was
higher in mice of the 2nd (hepatosis) group compared
to mice of the 1st (intact) group on the 1st day, but on
the 10th and 15th days the indicator remained stable.
Thus, it can be assumed that from the 10th to 15th day,
upon reaching a certain level of serum progesterone,
the effect of inhibition of its own receptors was realized.

In acute CCl -induced hepatosis, the index of
nuclear expression of estrogen and progesterone
receptors in uterine myocytes changes: the most pro-
nounced expression of estrogen and progesterone
receptors was on the 10th and 15th days after birth
and led to an impaired postpartum uterine involu-
tion [20]. The impairment of sex hormone metabo-
lism in mice with acute CCl -induced hepatosis in the
form of hyperestrogenism accompanies the predom-
inance of such processes as clasmacytosis and apop-
tosis in the mechanisms of postpartum involution.

In the correction of acute toxic hepatosis with IH,
regeneration processes in the liver parenchyma are
significantly enhanced. In the model of chronic hepa-
titis, it was shown that the administration of IH
3 times at a dose of 50 U/kg every other day led to a
strong stimulation of the cell renewal systems involved
in the regeneration of the damaged liver. The imple-
mentation of these mechanisms was apparently mani-
fested in the activation of proliferative processes of
early bone marrow precursors, their mobilization into
peripheral blood flow and homing to liver tissue with
subsequent formation of tissue-specific parenchyma-
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COCY/IOB MHOMETPHS MBIIIEH, IIEPEHECIITUX OCTPBIA
CCl4—HH/1yquOBaHHHﬁ rernaros, 110 CpaBHEHUIO C
JKUBOTHBIMH C (PU3UOJIOTHYECKU Pa3BUBAIOIIEHCS
OepeMeHHOCThIO [23], UTO TaKkKe, BEPOATHO, MOKET
SIBJISITHCS CJIe/ICTBUEM THIIEP3CTPOTEHEMUH,
IIOCKOJIBKY DCTPOTEHBI 001a1AI0T COCYI0PACIIUPSIIO-
IIUM JercTBheM [23, 24].

B cBOI0 ouepezb, IPOTECTEPOH HE MOKET YCHUJIIU-
BaTh 0Opa3oBaHHe COOCTBEHHBIX PEIENITOPOB, Oosiee
TOTO, BEICOKUH YPOBEHB IIPOTECTEPOHA MOKeT I10/1a-
BJISATH CHUHTE3 COOCTBEHHBIX PEIENTOPOB, a TaKXKe
CUHTE3 PELEeNTOPOB 3CTPOTEHOB aybda U OTHOBpE-
MEHHO YBEJIWYHBATH HKCIIPECCHUIO 3CTPOTEHOB OeTa
[4]. IlosyueHHbBIE PEBYIBTATHI IEMOHCTPUPYIOT, UTO
DKCIIPECCHS SIEPHBIX PEIENTOPOB K IIPOTECTEPOHY
ObL1a OOJIBINEN y MBIIIEH 2-U (remaros) TpPyHIbl B
OTJINYKE OT MbIIIEH 1-H (MHTAKTHOM) TPYIINBI Ha 1-€
CYTKH, HO Ha 10 U 15-€ CYyTKH IIOKa3aTesIb COXpa-
HsJICA cTabmwIbHBIM. TakuM 00pa3oM, MOKHO IIpes-
MIOJIOKUTD, UTO OT 10-X K 15-M CyTKaM IIPH JOCTUIKE-
HUH OIIPEJIEJIEHHOTO YPOBHS IIPOTeCTEPOHA B CHIBO-
pOoTKe KpoBH peanuzoBajica 3P@eKT IMoaBIeHus
COOCTBEHHBIX PEIENITOPOB.

IIpu octpom CC14-I/IHI[y]_II/Ip0BaHHOM rerarose
U3MeHsIeTcsl WHJIEKC COOTHOIIEHUs SZEPHON BKC-
IIPECCUU PELIENITOPOB 3CTPOTEHOB U MPOTecTEPOHA B
MUOITUTAX MAaTKW: Hambosiee BHIPDAKEHHAST DKCIIpPec-
CHUS K UCCJIEZJOBAHHBIM pelentopaM ObLaa oTMedeHa
Ha 10 U 15-€ CYyTKU IIOCJIE POJIOB U IIPUBOJIAIIO K HAPY-
[IEHUI0 TIOCJEPOZOBOM WHBOJIIOIUKA MAaTKuA [20].
Hapymenne wmerabonn3Ma IIOJIOBBIX TOPMOHOB Y
mbieii ¢ ocrpeiM CCl -MHAYIPOBaHHBIM T€IIaTO30M
B CTOPOHY THIIEPICTPOTEHEMIH COIPOBOXKIAET IIpe-
obJiajilanie B MEXaHU3MaxX IT0CJIEPOJIOBON HHBOJIIO-
UM TAKUX IIPOIECCOB, KaK KJIA3MAIIUTO3 U aIlOITO3.

B yciioBUsAX KOPPEKIHH OCTPOTO TOKCHYECKOTO
renarto3a MI' mpormeccel pereHepanuu B apeHxume
IeyeHW 3HAYMUTENIbHO ycwiuBaorcesa. Ha mopenu
XPOHUYECKOTO TelaTUTa IOKa3aHO, YTO BBeZEHUE
UT' 3 pasa o 50 EJI/kr uepes JeHb MPUBOAUIIO K
pPe3KOli CTUMYJIAIIUN CUCTEM KJIETOYHOTO OOHOBJIE-
HUS, YIACTBYIOIIUX B BOCCTAHOBJIEHUU IIOBPEKIEH-
HON medeHH. Peanmzarnus JaHHBIX MeXaHU3MOB
MIPOSIBJISLTIACH, TIO-BUIUMOMY, B aKTUBAI[UU MIPOJIU-
(bepaTHUBHBIX IMPOIECCOB PAHHUX IPEIIIECTBEHHU-
KOB KOCTHOT'O MO3Ta, NX MOOWIN3aIuU B iepudepu-
YeCKyI0 KPOBb M B XOMUHTE B TKAHU MT€YEHU C JTAJTb-
HeAmuM  00pa3oBaHMEM  TKaHECHEIU(MPUIHBIX
[MApEeHXUMAaTO3HbIX KJIETOYHBIX THIIOB [17, 19].
B 2TOIi CBsI3U pereHepaTOPHbBIE MPOIECCHI B ITEUEHU
CIIOCOOCTBOBAJIM BOCCTAHOBJIEHHIO OajlaHca IIOJIO-
BBIX TOPMOHOB U IIPOIIECCOB IIOCIEPOIOBON MHBO-
JIIOIIUA MUOMETPHUS y Mblliel 3-i (remaro3 + UIY)
TPYIIIIBL.

tous cell types [17, 19]. In this regard, regenerative
processes in the liver contributed to the restoration of
the balance of sex hormones and of the processes of
postpartum myometrial involution in mice of the 3rd
(hepatosis + IH) group.

CONCLUSION

The study results allows us to draw the following
conclusions:

1. During pregnancy in acute CCl -induced hepa-
tosis, the expression of progesterone and estrogen
receptors in the myometrium does not change and
corresponds to that in intact pregnant mice.

2. In animals with acute CCl -induced hepatosis
in the late postpartum period (up to 15 days), an
increased expression of estrogen receptors in the
myometrium is observed in relatively stable expres-
sion of progesterone, which probably contributes to
the extension of uterine involution.

3. When the correction of acute CCl4-induced
hepatosis IH, the levels of estrogen and progesterone
receptors’ expression in the postpartum period
decrease and generally correspond to thereof in
intact pregnant mice.

Conflict of interest. The authors declare no
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3AK/IIOYEHUE

IIpoBesieHHOE HCCIIeIOBaHNME TI03BOJIAET C/leIaTh
cJIelyIole BbIBOJIbL:

1. Bo Bpems OGepeMeHHOCTH IIPH OCTPOM CC14—
WH/AYIPOBAaHHOM TellaTo3e 3KCIPEeCcCHs PerenTopoB
IIporecTepoHa 1 3CTPOreHa B MUOMETPUY He U3MeHsA-
eTcsl U COOTBETCTBYET TAaKOBOU y MblIIel ¢ pusmosio-
THYECKH Pa3BUBAIOIIEHCS 6epEMEHHOCTBIO.

2. Y xkuBOTHBIX ¢ ocTpbiM CCl, -NHAYIMPOBaHHBIM
renaTo30M B IO3IHUH MOCIEPOAOBBIA Mepuon (10
15 CyT) OTMEYaeTcsl IOBBIIMIEHHAS SKCIIPECCUS
peLenTOpOB 3CTPOreHOB B MUOMETPUH IIPU OTHOCH-
TEJIbHO CTAaOMJIBHBIX TTOKA3aTEeNAX HKCIIPECCUU TIPO-
recTepoHa, YTO, BEPOSTHO, CIOCOOCTBYET YZJIMHE-
HHUIO IIpoliecca NHBOJIIOLNY MaTKU.

3. Ilpu xKoppeknuu ocTporo CC14—I/IHI[y11HpOBaH—
Horo remnarosa MI' ypoBHH 5KCIIpecCHU PerenTopoB
K DCTPOTeHy MU IIPOTECTEpOHY B IIOCJIEPOJIOBBIH
IIepUO/J CHIKAIOTCA U B I[€JIOM COOTBETCTBYIOT aHa-
JIOTUYHBIM II0KA3aTeJIsIM MBIIIEN ¢ Qu3mosIorunyie-
CKU pa3BUBarolielics 6epeMeHHOCTHIO.

KoH@uaukT mHTEpECOB. ABTOPHI 3a4BJISIOT 00
OTCYTCTBUU KOH(JINKTA HHTEPECOB.
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AHTHANIONITOTUYECKOE JIEVICTBUE TPUMETOKCH-3aMEeN€HHbBIX
MOHOKAPOOHUJIBHBIX aHAJIOTOB KYPKYMHUHA B YCJIOBUAX
9KCIEPUMEHTAIBHOU 00JIe3HU AJIbIrermMepa

H.U. ITo3zgaAakoB: 2, A.A. Buxops!

[Tamueopckull meduko-papmayesmuueckuil uHcmumym — guauan @I'BOY BO «Boazoepadckuil 2ocydapcmeeHHblil
MeduyuHcKkull yHusepcumem» Munsdpasa Poccuu, Ilamuzopck, Poccus

2[Iamueopckuil 2ocydapcmeeHMblil HAYUHO-1UCCAe008aMeNbCKUL UHCMUMym kypopmoaoauu — guauan PI'BY
«@PedepanvHolil HAQYUHO-KAUHUYeCKUL YyeHmp MeduyuHckoll peabuaumayuu u kypopmonozuu» Munzodpasa Poccuu,
ITIamueopck, Poccus

AHHOTAITUA

BBepneHue. Boaesus Anbireiimepa (BA) — 01HO U3 caMbIX paCIPOCTPAHEHHBIX JIEMEHTHBIX PACCTPOKCTB C yTPO-
JKAIOMUMU TEeMIIAMHU PaclpoCTpPaHEeHUs. 3HAYMMas MeEJUKO-COIHAIbHO-9KOHOMHYECKAas COCTABJIAIOIIASA JIAHHOTO
3a00s1eBaHUs JleJlaeT HeOOXOIMMBIM pa3pabOTKy HOBBIX CPEJCTB JJIs ero JiedeHus. [Ipu 3TOM JeHCTBHE JaHHBIX
BEIIECTB MOKET OBITh COCPEAOTOYEHO HA OT/IEIbHBIX MAaTO(PU3HOJIOTHUECKUX MeXaHu3Max 3ab0JieBaHus, HAIPUMED,
arnomnTo3se.

Il e 1 b. U3yunuTh BIUSHHE HOBBHIX MOHOKapOOHWJIBHBIX aHAJIOTOB KYPKYMUHA HAa M3MEHEHHE PeaKIIMH alonTo3a B
TOJIOBHOM MO3T€ KPBIC B YCJIOBHSAX SKCIIEPUMEHTAIBHOUN BA.

MaTepuaabl W METO/ bl . BAMoaemupoBanuyKpbic-camok Wistar IyTem BBEZICHHS arperatos -aMmIonia
(1-42) B CA1 cermeHT runmnokamia. Mizygaemsbie coequnenus (1E, 4E)-1,5-6uc (3,4,5-TpuMeToKcudeHIT) TIeHTa-1,4-/TUeH-
3-on (mmmpp AZBAX4) u (1E, 4E)-1,5-6uc (2,4,6-TpumMerokcudeHus) neHTa-1,4-1uen-3-ou (mudp AZBAX6) B mo3ax
20 MI/KT (IIepopajibHO) Kayk/I0€ COeIMHEHHE U MTPeapaT CpaBHEHUS JOHENE3 W B ZI03€ 50 MTI'/KT (IIepopajibHO) BBOIUIIN
Ha MPOTSKEHUH 30 THEH ¢ MOMEHTa MO/IeTUPOBAHUSI TATOJIOTHH, TIOC/IE YeT0 Y JKUBOTHBIX POU3BOAIIN 3a60p OroMaTe-
puana (rUOMIOKAaMI M Kopa OOJIBIINX MOJIYIIAPUA), B KOTOPOM OIIEHWBAJIM U3MEHEHHEe KOHI[EHTPAluu OMOMapKepoB
arornto3a: nuroxpoma C, aronTo3-uHAyIUPYIOIIero gakropa, kacnassl 3 1 6esika PUMA.

PesyanbTartsbl . KypcoBoe BBeieHue BemecTB AZBAX4 u AZBAXG6, Tak ke Kak U IIpenapaTta CpaBHEHHs, CII0co0-
CTBOBAJIO JIOCTOBEPHOMY YMEHBIIIEHUIO KOHIIEHTPAIIUHU POAMONTOTUYECKUX OHOMapKepOB, KaK B TUIIIIOKAMIIE, TaK U B
KOpe OOJIBIITUX OoJTyIapui. IIpu 5TOM y JKMBOTHBIX, ITOJIy4aBIITNX coeinHenre AZBAX4, o cpaBHEHUIO C KPBICAMH, KOTO-
ppiMm BBOmwiau AZBAX6 w [oHeme3ws, KOHIIEHTpaIlusd OHOMapKepoB BHYTPEHHEro IIyTH amonrtosa (amomnrTos-
UHAYIHUPYoIIero gakropa u nuroxpoma C) 6pu1a 0CTOBEPHO (P < 0.05) HUXKE.

3aKkJo4YeHUe . IIpoBeJeHHOE UCCIIEIOBAHUE TIOKA3aJI0 AKTYaJIbHOCTD JlayibHelIero usyuenus (1E, 4E)-1,5-6uc
(3,4,5-TpuMeTOKCU(EHUT) TTeHTa-1,4-Iie€H-3-0Ha KaK aHTHUAMOITOTHYECKOTO CPEJICTBA, IpeHAa3HAUEHHOTO I Tepa-
nuu BA.

Kaoueeasle caoea: 601e3Hb AJbireiiMepa, HEHPOTPOTEKITHSA, ATIONITO3, KyPKYMIHOUBL.
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Anti-apoptotic effects of trimethoxy-substituted monocarbonyl
curcumin analogues in experimental Alzheimer’s disease
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Russia
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ABSTRACT

Introduction. Alzheimer’sdisease (AD) is one of the most common dementia disorders with an alarming rate
of spread. The significant medical, social and economic burden of this disease makes it necessary to develop new agents for
its treatment. In this case, the action of these agents can be focused on specific pathophysiological mechanisms of the dis-
ease, for example, apoptosis.

A im . Tostudy the effect of new monocarbonyl curcumin analogues on the change in the apoptotic response in rat brain
under experimental AD.

Materials and methods. ADwassimulatedinfemale Wistar rats by injecting beta-amyloid aggregates
(1-42) into the CA1 region of the hippocampus. The studied compounds (1E, 4E)-1,5-bis (3,4,5-trimethoxyphenyl) penta-
1,4-dien-3-one (code named AZBAX4) and (1E, 4E)-1,5-bis (2,4,6-trimethoxyphenyl) penta-1,4-dien-3-one (code named
AZBAX6) at doses of 20 mg/kg (orally) each compound and the reference drug, donepezil at a dose of 50 mg/kg (orally)
were administered for 30 days from the start of pathology modeling. Thereafter, samples of the hippocampus and cerebral
cortex were collected from the animals for assessment of the concentration of apoptosis-related biomarkers: cytochrome c,
apoptosis-inducing factor, caspase-3 and PUMA protein.

Results. Theadministration of AZBAX4 and AZBAX6 compounds, as well as of the reference drug, contributed to a
significant decrease in the concentration of proapoptotic biomarkers both in the hippocampus and cerebral cortex. The
concentration of biomarkers of the intrinsic pathway of apoptosis (apoptosis-inducing factor and cytochrome c¢) was sig-
nificantly (p < 0.05) lower in animals treated with AZBAX4 compared to rats treated with AZBAX6 and donepezil.
Conclusion. The present study showed the relevance of further investigation of (1E, 4E)-1,5-bis (3,4,5-trime-
thoxyphenyl) penta-1,4-dien-3-one as an anti-apoptotic agent for therapy of AD.

Keywords: Alzheimer’s disease, neuroprotection, apoptosis, curcuminoids.

Citation example: Pozdnyakov D.I., Vikhor A.A. Anti-apoptotic effects of trimethoxy-substituted monocarbonyl
curcumin analogues in experimental Alzheimer’s disease. Journal of Siberian Medical Sciences. 2024;8(3):77-90. DOI:
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BBE/JIEHUE

JleMeHIINST — 3TO KOMILJIEKCHBIA MTPOTPECCUPYIO-
Y HeHpoaereHepaTUBHBIA IIPOIECC, COITYyTCTBYIO-
N Pa3BUTHUIO PsA/la KOTHUTUBHBIX U HEKOTHUTUB-
HBIX HapyueHui. OTHUM U3 CaMbIX PACIIPOCTPaHeH-
HBIX TUIIOB TEPMUHAJIBHOH JEMEHIIUH B MHpE Ha
CETOIHANIHUM MOMEHT cuuTaercs 0o0se3Hb AJb-
nretimepa (BA), KoTopast sABJIsIeTCS OJTHOU U3 OCHOB-
HBIX Ip0o6JIeM OOIIIECTBEHHOTO 3/I[PABOOXPAHEHUS BO
BceM mupe [1]. Ha maHHBIH MOMEHT HACUUTHIBAETCS
6oJ1ee 55 MJIH YeJl. ¢ IOATBEPK/IEHHBIM JHATHO30M
BA, npoxkuBaoImux IpenMyIeCTBEHHO B 3 KOHOMHU-
YecKU Pa3BUTHIX CTPaHaX ¢ BBICOKOH Jj0Jiell Hacesle-
HUSI CTapUYecKoro Bo3pacta. K 2050 r. creruaiucthbl
3npaBooxpaneHuss BO3 wu Alzheimer’s Disease

INTRODUCTION

Dementia is a complex progressive neurode-
generative disorder that accompanies the develop-
ment of a number of cognitive and non-cognitive
impairments. Today, one of the most common
forms of advanced dementia throughout the world
is considered being Alzheimer’s disease (AD),
which is a major public health problem worldwide
[1]. Currently, there are more than 55 million peo-
ple with a confirmed diagnosis of AD, living mainly
in developed countries with a high proportion of
elderly population. By 2050, WHO and Alzheim-
er’s Disease International experts are expecting
that the number of patients with this pathology
will increase to 139 million people [2]. Besides, the
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International TPOTHOBUPYIOT yBeJIHWYEHHE YHCIA
MAIUEHTOB C JAaHHOW MATOJIOTHEH /10 139 MJIH Yell.
[2]. Kpome BBICOKOTO YpOBHSI 3a00JIEBaEMOCTH 3a
[IOCJIeHNE TOJbl YBEJIMYWIOCh YHCJIO CIIydaeB
JIETAJIBHOTO UCX0/1a OT BA, KOTOpas SIBJISETCS IISITON
[0 PAaCIPOCTPAHEHHOCTH INPUYNMHOH CMEPTHOCTH.
Takoll mokasaTenpb SBJSAETCS XapaKTePHBIM IS
«BoJIe3HEN THICSUYEIETUs», HATIPUMED, apTepruaib-
HOH THUIIEPTEH3UU, UIIEMUUYECKON 00JIe3HU cepAara
WJIH UIIIEMHIYECKOTO HHCYIIbTA [3].

XapakTepHOH yepToil BA, onpeaensonen cTosb
BBICOKHE TIOKa3aTenu 3a00J€eBaeMOCTH, JIETAJIBHO-
CTH, a TaK)Ke CJIOKHOCTH BBIOOpA TAKTHUK JIEUEHUH,
SIBJISIETCSI KOMILJIEKCHBIN IMaTOT€He3, BKJIIOYAIOIUN
PA B3aUMOCBSI3aHHBIX IIPOIIECCOB [4], cpenu KOoTo-
PBIX BBIEJIAIOT HEHpOBOCHaJeHWe, BO3HUKAIOIIee
13-32 BBICBOOOXK/IEHUS Psifia ONPEeeIEHHbIX IHTO-
kuHOB (Hanpumep ®PHO-a), o6pasoBanue Helpodu-
OpPWUIAPHBIX arperatoB Tay-0eJika, BHEKJIETOUHOE
omioxkeHue -amunousa (AB), MUTOXOHIPUATHHYIO
nuchYHKITNIO, OKUCIUTENIBHBIN cTpecc [5, 6]. B To
’)Ke BpeMs OJJHUM U3 BeAYIINX MaTOU3HOJIOTHYE-
CKMX MEXaHH3MOB, IPUBOJAIINX K Pa3BUTHIO HEH-
pozereHepanuu MPENMYyIIECTBEHHO B KOpe 00Jib-
IIUX MOJIyIIApUH U TUIIIIOKAMIIE, SIBJISIETCS allOITO3
[7, 8]. AmonTo3 xapakTepusyercsi Kak MOp¢OI0TH-
YeCKHMH, TaK U OMOXUMHYECKUMH H3MeHEHUIMU,
IIPOUCXOAIINMYI BHYTPU KJIETKU IIOJ JIeHCTBHEM
Pa3JIMYHBIX CTUMYJIOB. B mIpoliecce ammonTo3a KIeTKa
HAuUMHAET Pa3pyIIaThCs «U3HYTPH» 32 CUET JeH-
CTBUSI IIPOTEOIUTHYECKUX (HepMEeHTOB — Kacmas (B
YaCTHOCTH Kacmasbl 3), OTBEYAIOIUX 3a peajin3a-
nuio amonTto3a [9]. OmHAKO, MMOMUMO HENOCpes-
CTBEHHOTO YYacTHsA B ANONTOTHYECKOM IIpOIIECCE,
Kacrasbl CIIOCOOCTBYIOT 00pa3oBaHuio AP U3 MeM-
OpaHHOTO OeJIKa-IIpeAIlleCTBEeHHUKA aMUJIOuJa |
(popMHUPOBaHHIO KOHIJIOMEPATOB Tay-0eIKa, peaan-
3ysl TEM CaMbIM MHOTO(AKTOPHOE BJIUSHUE Ha I1aTO-
re"es BA [10].

AKTHBaIUsA  amoITO3a IPOUCXOJUT  JABYMS
MyTSAMU: BHEIIHUM U BHYTPEHHHUM. BHEIIHUH IyTh
aromnTo3a aKTUBHUPYeTCAd HU3BHE KJIETKH M YacTo
WHJynHUpyeTcs penentopamu ¢pakTopa HeKpo3a OILy-
xonu (TNFR), umernuMu B CTPYKTYpe OMEH
FADD, a Takke HEKOTOPBIMH TPAHCKPUIIIIMOHHBIMU
(akropamu, HarIpuMep, P53-3aBUCUMBIM PETYJIIATO-
pom amorrroza (PUMA) [11]. BHyTpeHHMH Iy Th amior-
TO3a SIBJIAETCS HEPEIeNTOPHO-OMOCPEAOBAHHBIM U
WHUIUUPYETCS BHYTPUKJIETOUHBIMU CTUMYJIAMH,
CBA3AHHBIMU TIPEXK/E BCETO C MUTOXOHAPHUSIMH
wierku. Tak, HakorteHue AP mpuBoguT K dhopmu-
POBaHUIO MUTOXOHIPHUAIBHON IOPHI IEPEMEHHOU
MIPOHUIIAEMOCTH, UTO COTIPOBOXKAAETCSI BHIXOJIOM U3
MHUTOXOHAPUH  IPOANONTOTUYECKUX  MOJIEKYI,

high morbidity rate, the number of deaths from
AD, which is the fifth most common cause of death,
has increased in recent years. Such a rate is char-
acteristic of millennium diseases, such as arterial
hypertension, coronary artery disease or ischemic
stroke [3].

The peculiarity of AD, which determines such
high rates of morbidity, mortality, as well as the com-
plexity of the choice of a therapeutic tactics, is a mul-
tifacet pathogenesis, including several interrelated
processes [4]: neuroinflammation due to the release
of several specific cytokines (e.g., TNF-a), formation
of tau-protein neurofibrillary aggregates, extracellu-
lar amyloid-beta (Af3) deposition, mitochondrial dys-
function, and oxidative stress [5, 6]. At the same
time, apoptosis is one of the basic pathophysiological
mechanisms leading to the development of neurode-
generation mainly in the cerebral cortex and hippo-
campus [7, 8]. Apoptosis is characterized by both
morphological and biochemical changes inside the
cell under the influence of various stimuli. During
apoptosis, the cell begins to disintegrate inside due
to the action of proteolytic enzymes — caspases (in
particular caspase-3), providing the realization of
apoptosis [9]. However, in addition to direct partici-
pation in the apoptotic process, caspases promote
the formation of AP from the cell membrane amyloid
precursor protein and tau-protein aggregates,
thereby influencing AD pathogenesis in a multifacto-
rial manner [10].

Apoptosis activation occurs through two path-
ways: extrinsic and intrinsic. The extrinsic pathway
of apoptosis is activated outside the cell and is often
induced by tumor necrosis factor receptors (TNFR),
which have FADD domain in their structure, as well
as by some transcription factors, such as p53-upreg-
ulated modulator of apoptosis (PUMA) [11]. The
intrinsic apoptotic pathway is non-receptor-medi-
ated and is initiated by intracellular stimuli associ-
ated primarily with the cell’s mitochondria. Thus, A
accumulation leads to the formation of a mitochon-
drial pore of variable permeability, which is accom-
panied by release of proapoptotic molecules, such as
cytochrome ¢ and apoptosis-inducing factor (AIF),
from mitochondria [12].

Given the neuronal death by apoptotic mecha-
nisms is an integral part of AD pathophysiology, this
process can be corrected pharmacologically by real-
izing one of the new strategies of AD pathogenetic
therapy — apoptosis targeting. At present, a number
of promising compounds are being studied in this
context: filgrastim, epigallocatechin gallate, cur-
cumin, nicergoline, minocycline [13]. Previous stud-
ies have demonstrated that trimethoxy-substituted
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HanpuMmep nuroxpomMa C ¥  amONTO3-WHAYIIH-
pymotero ¢akropa (AUD) [12].

VuureiBasi, yTo THbEHh HEHPOHOB MO MEXaHU3-
MaM amfonTo3a fABJsAeTCA HeOTheMJIEMOU YacThbiO
matousnosiorud BA, JaHHBIA IIPOIECC MOKHO
CKOPPEKTHUPOBaTh (apMaKOJIOTHUECKH, pean3ys
O/IHY U3 HOBBIX CTpaTeTruil maToreHeTU4ecKou Tepa-
nuu BA — nesieHanIpaBIeHHOE BO3/IEHCTBIE HA AIIOI-
T03. Ha maHHBIE MOMEHT B 5TOM KOHTEKCTE HU3yda-
eTcs PsAJA TepClIeKTUBHBIX COeJUHeHUM: ¢uiarpa-
CTHUM, SIIUTAJJIOKATEXUH rajijaT, KypKyMUH, HUIEP-
roJvH, MUHOUWKIWH [13]. PaHee mpoBereHHbIE
HceyIe/IOBaHUSA IIPO/IEMOHCTPHUPOBAJIH, YTO
TPHUMETOKCH-3aMell[eHHbIe MOHOKapOOHWJIbHBIE
AQHAJIOTH KypPKyMHHA TIOJ]aBJISIOT aMHJIOUIOTEHE3 U
aKTUBHOCTbh XOJIMHACTEPAa3bl in vitro u cHocob-
CTBYIOT  BOCCTAaHOBJIEHUIO  MHTOXOHAPHUAIBHOHN
dysKIIUN In ViVO, UTO JiesIaeT UX IepCIeKTUBHBIMU
00BEKTAMU /IJIs TAJIbHEHIIIEr0 U3yUEHUs B KAUEeCTBE
CPEJICTB MMaTOreHeTHYeCKON Tepanuu BA [14]. Yumn-
THIBasI MPETIOIaraeMbIil MOJIUTAPTETHBIA XapaKTep
JEVICTBUS JAHHBIX COEAUHEHUH, I1e1eCO00pa3HbIM
IIpeficTaBJIsIeTCs] U3YUeHUe BIIUAHUA MOHOKapOo-
HWIBHBIX KYPKYMHUHOHZIOB Ha XOJi PEaKIUi aro-
To3a B yesa0BUAX BA.

IIEJIb UCCJIE/IOBAHUSA

Vi3yueHre BIUAHUA HOBBIX MOHOKapOOHUIBHBIX
AQHAJIOTOB KYPKyMHUHA Ha U3MEHEHVe PeaKIIIH aIol-
TO3a B TOJIOBHOM MO3T€ B yCJIOBHUAX BA, BRI3BAaHHOH
BBeZieHneM (pparMeHTOB AP B ruImoxami a1a6o-
PaTOPHBIX KUBOTHBIX.

MATEPUAJIBI 1 METO/bI

JKCHEPUMEHTAJBHBIE KUBOTHBIE., JKCIIEe-
PUMEHTIBHYIO MOJieb BA BOCIpOM3BOAMIIN HA 50
IMOJIOBO3PEJIBIX KpbICax-caMKax JuHuM Wistar,
MOJIyYeHHBIX U3 TUTOMHHUKA JIJA00PATOPHBIX KHUBOT-
HBIX «PanmnosioBo». Bo Bpems mpoBefieHUA UCCIEI0-
BaHUS BCE YKUBOTHBIE COJIEPKAIUCH B IIOMEIEHHX
J1abopaToOpun  JKUBBIX CUCTEM  IIATHUTOPCKOTO
MeauKo-(papMareBTHyeckoro uHerutyta (IIMOI)
IpY KOHTPOJIUPYEMBIX YCJIOBUSX OKPYKaIOIIEeH
cpeibl: HOpMaJIbHOM aTMOCHEPHOM JIaBJIEHUH, TEM-
nepaTtype Bo3ayxa 22—24 °C, BJIaXKHOCTH BO3/AyXa
55—75 % W 12-4acOBOM IHMKJIE JieHb/HOYb. Omnepa-
THUBHbIE MAHUITYJISAIIUN BBITIOJTHEHBI IO/ XJIOPAJITH-
JIpaTHOUM aHecTe3nel (BHYTPUOPIOIIMHHOE BBEJE-
Hue xsopanruzapara (PanReac AppliChem, Mcma-
HUI) B ZI03€ 350 MT/KT). DBTaHA3HUIO JKMBOTHBIX OCY-
IIIECTBJISLIN TTOCJIe aHecTe3nHu u 3abopa GromMarepu-
aJia IyTeM IlepBUKAJIbHOU AucaoKaruu. KoHmenmus
pabotbl GbuTa OmoOpeHa JIOKAJIBHBIM STHUYECKUM
komureroM IIM®U (mpoTokoI 0T 07.07.2023 N@ 8).

monocarbonyl analogues of curcumin inhibit amy-
loidogenesis and cholinesterase activity in vitro and
promote the restoration of mitochondrial function in
vivo, which makes them promising objects for fur-
ther study as agents of pathogenetic therapy of AD
[14]. Considering the supposed multitarget action of
these compounds, it is reasonable to study the effect
of monocarbonyl curcuminoids on the course of
apoptotic response in AD.

AIM OF THE RESEARCH

Study of the effect of new monocarbonyl ana-
logues of curcumin on changes in the apoptotic
response in the brain under experimental AD simu-
lated by injection of AR, , fragments into the hippo-
campus of laboratory animals.

MATERIALS AND METHODS

Experimental animals. The experimental
model of AD was reproduced on 50 mature female
Wistar rats obtained from the Rappolovo labora-
tory animal nursery. During the study, all animals
were kept in the premises of the laboratory of liv-
ing systems of the Pyatigorsk Medical and Phar-
maceutical Institute (PMPHI) under controlled
environmental conditions: normal atmospheric
pressure, air temperature 22—-24°C, air humidity
55—75% and 12-hour day/night cycle. Surgical
manipulations were performed under -chloral
hydrate anesthesia (intraperitoneal injection of
chloral hydrate (PanReac AppliChem, Spain) at a
dose of 350 mg/kg). Animals were removed from
the experiment after anesthesia and biomaterial
collection via cervical dislocation. The concept of
the study was approved by the Local Ethical Com-
mittee of PMPHI (protocol of 07.07.2023 No. 8).
The study met the principles of EU Directive
2010/63 and ARRIVE 2.0.

Study design. All animals were divided into
5 groups of 10 animals each: sham-operated animals
(SHAM) — a group of rats without pathology, nega-
tive control (NC) — a group of animals with simulated
AD that were not treated and 3 groups of animals
with simulated AD that received the reference drug
and the substances studied.

The number of animals in the group was calcu-
lated according to the formula

n = (o0.05t - Sd)? / d2,

where 0.05t — variance of differences between groups
atp = 0.05;

Sd — variance of differences between groups;

d — mean difference when the expected value is
significant.
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VccemoBaHre  COOTBETCTBOBAJIO  ITOJIOXKEHUSM
Jupekrussl EC 2010/63 v npunnunaMm ARRIVE 2.0.

JuzaiiH wucciemoBaHusa. [Ipu MOATOTOBKe
SKCIIEpUMEHTA BCe JKUBOTHBIE OBLIIN Pa3/iesieHbl Ha
5 Tpymm 1o 10 0cobeH: JIOKHOOIEPUPOBAaHHBIE
skuBoTHBIe (JIO) — rpymma Kpbic 6e3 MMaToJIOTHH,
HeraTuBHBIA KOHTPOIb (HK) — rpymma >XKMBOTHBIX ¢
MOJIEJIbHOU ITaTOJIOTHEN, KOTOPBIM JieueOHbIE MepO-
NPUSATHUSA He TPOBOJUIINUCD, U 3 TPYIIIIBI JKUBOTHBIX C
BOCIIpou3BeJleHHOH BA, mosyuyasmne pedpepeHTHBIN
IIpelapar 1 uccjeyeMble BeIecTBa.

KosinuecTBO JKMBOTHBIX B TPYIIIIE PACCUUTHIBATIN
o popmysie

n = (0.05t - Sd)? / dz,

rae 0.05f — JUCHEPCHs MEKTPYIIIOBBIX Pa3IuIUi
pu p = 0.05;

Sd — pucniepcusi MEKTPYIIIOBBIX PA3INYUL;

d — cpefHssa pa3HUIA, KOT/Ia OKHUAaeMasl BeJv-
YMHA SBJISETCA 3HAYUMOM.

IMpunumast, aton > 30,t=2,Sd =3 u d = 2, pac-
CYHMTAHHOE 3HAUEHHE N COCTABJISIET HE MEHEE Q 0CO-
6eil B oiHO TpytITe [15].

BBenenne nsyuaeMbIx BeIeCTB U pedhepeHTa ocy-
EeCTBJISUTN TTOCJIe MoieTupoBaHus BA Ha mpoTsoke-
Huu 30 aHed. Ilo 3aBepineHUM Kypca JieUeHUs Y
KpBIC OCYIIECTBJIsLI 3a60p Omomarepuana (kKopa
OOJIBIIMX TIOJIYIIAPDUH M THUIIOKAMII), B KOTOPOM
OTIPEeJIeJIsTH  KOHIIEHTPAIUI0 OHOMapKepoB aro-
nrosza: A®, aktuBHasg dopma Kacmassl 3, IIUTO-
xpoMm C u mpoanonrotudeckut 6es1oxk PUMA.

HUzyuaembie coeavHeHusa. (1E,4E)-1,5-6uc-
(3,4,5-TpuMeTOKCUDEHNIT)TIEHTA-1,4-THEH-3-0H
(mudp AZBAX4) u (1E,4E)-1,5-6uc(2,4,6-TpumeTo-
KcudeHmwn)nenTa-1,4-aueH-3-ou (mudp AZBAX6)
OBLIH TTOJTy4YeHbI HA Kadeape OPraHmIeCcKON XUMUH
I[IM®U. B xauecTBe mpernapaTa CpaBHEHUS HCIIOJIb-
3oBasu joHene3uwn (Ansenun®, 3A0 «PapmaiieBTu-
JecKHI 3aBoj Jruc», Poccust). BeefeHune aHaIn3u-
PYEMBIX BEIECTB U pedepeHTa MPOU3BOIMIIN Uyepes
aTpaBMaTHUYHBIN NEPOPAJIbHBINA 30H/ OHOKPATHO B
TeueHHe CyTOK B J103aX 20 MT'/KT (HccaeayeMble coe-
JIMHEHUS) U 50 MI'/KI COOTBETCTBEHHO [14].

JxcnepuMeHTaIbHaA moaeab BA. bA moge-
JIIPOBAJIM IIyTEM BHYTPUTHIIIIOKAMIIATFHON NHBEK-
uuu arperaTo AB _,, NOJyYEHHBIX B XOZ€ Helpe-
PBIBHOTO IlepeMeInnBaHus pactsopa AB | B cmecn
docdaruwiii 6ydep (pH = 7.4)/mumermncynbdok-
CHJI B COOTHOIIEHUH 10:1. /[ajsiee KpbIC aHeCTE3UPO-
BJIH, CKIBITIPOBAIN TEMEHHYIO 00J1acTh U GUKCHU-
pOBaJI B CTEPEOTAKCHIECKOHN YCTAHOBKE. ATPEraThl
AB _,, BBOAWIM B  KOHEYHOH  KOHLEHTpAlUH
1 MMOJIb/J1 B 00BEME 2 MKJI ¢ IPUMEHEHNEM MUKPO-
mo3aropa U uriabl G30 COIVIACHO CJIEAYIONINM KOOp-

Assuming that n > 30,t=2,Sd = 3 and d = 2, the
calculated value of n is at least 9 individuals in one
group [15].

Administration of the studied substances and the
reference drug was carried out after simulating AD
for 30 days. At the end of the treatment course, sam-
ples was collected from rats (cerebral cortex and hip-
pocampus), and the concentration of apoptosis bio-
markers was determined: AIF, active form of cas-
pase-3, cytochrome c¢ and PUMA proapoptotic
protein.

Studied compounds. (1E,4E)-1,5-bis(3,4,5-
trimethoxyphenyl)penta-1,4-dien-3-one (code
named AZBAX4) and (1E,4E)-1,5-bis(2,4,6-trime-
thoxyphenyl)penta-1,4-dien-3-one (code named
AZBAX6) were obtained at the Department of
Organic Chemistry, PMPHI. Donepezil (Alzepil®,
Pharmaceutical Plant Egis, CJSC, Russia) was
used as a reference drug. The studied substances
and the reference drug were administered through
an atraumatic oral tube once a day at doses of
20 mg/kg (test compounds) and 50 mg/kg, respec-
tively [14].

Experimental model of AD. AD was simu-
lated by intrahippocampal injection of AB_, aggre-
gates obtained by continuous stirring of AB _,, solu-
tion in phosphate buffer (pH = 7.4)/dimethyl sulfox-
ide mixture at a ratio of 10:1. Then rats were
anesthetized, the parietal region was scalped and
fixed in a stereotaxic device. AB _, aggregates were
injected at a final concentration of 1 mmol/1 in a vol-
ume of 2 pl using a microdosing device and a G30
needle according to the following landmarks: antero-
posterior — 3.8 mm, medial-lateral — 2 mm, dorsal-
ventral — 2.6 mm from the bregma, which corre-
sponded to the hippocampal region CA1. The needle
was left in the injection site for 5 min, then the tissue
topography was restored and a wound was sutured.
A suture was treated with a 10% povidone iodine
solution [16, 17].

Preparation of samples for analysis. On the
3oth day of the study, the animals were decapitated,
and then the brain was extracted and placed in a
water bath at a temperature of 4°C. Next, the brain
was dissected with a scalpel along the central sulcus,
separating the hippocampus and the cerebral cortex,
which were mechanically homogenized in a cold buf-
fer solution of a 0.1% solution of bovine serum albu-
min (Sigma-Aldrich, Germany) + 215 mmol manni-
tol (Sigma-Aldrich, Germany) + 1 mmol sodium eth-
ylene glycol tetraacetate (Sigma-Aldrich, Germany) +
75 mmol sucrose (Sigma-Aldrich, Germany) +
20 mmol 4-(2-hydroxyethyl)-1-piperazineethanesul-
fonic acid (Sigma-Aldrich, Germany) (the tissue
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IUHATAM: TepefHe3amHsAs — 3.8 MM, MeIUaIbHO-
JlaTepasibHas — 2 MM, JOPCAJIbHO-BEHTPAIbHAA —
2.6 MM OT OpermMbl, YTO COOTBETCTBOBAJIO PETHOHY
CA1 runnokamna. Uriry ocTaBisain B MECTe BBefie-
HUS 5 MUH, II0CJIe YeT0 BOCCTAHABJIMBAIN TOIIOTPa-
¢uro Tkanel u ymuBanu pany. [lloB o6pabarsiBamu
10% pacTpoM MOBHAOH-Ho/a [16, 17].

IToaroroBka 6moMarepuasa JAJasa aHAJIU3A.
Ha 30-1i 1eHb uccieloBaHus JKUBOTHBIX JeKAITUTH-
poBaJjiu, 3aTeM U3BJIEKAJIA TOJIOBHOU MO3T, KOTOPBII
ITOMeEIIaIN Ha BOJSHYI0 6aHI0 ¢ TeMrepaTypoi 4 °C.
Ilocsie ero wucceKkaysin CKaIblieJieM II0 CpemHel
060po37ie, OTAesAsA TUIIOKAMII U KOPY OOJIBIIIX
MOJIyIIapuii, KOTOpble MeXaHUYeCKH TOMOTeHH3H-
poBasu B XOJIOMHOM OydhepHOM pacTBOpE, COCTOSI-
meM u3 0.1% pacTBopa OBIYBETO CHIBOPOTOYHOTO
anpOymuHa (Sigma-Aldrich, Tepmanus) + 215 MMOJIb
manHuTta (Sigma-Aldrich, Fepmanus) + 1 MMOJb
STUJIEHIJIMKOJIbTETpaarierara  Hatpus  (Sigma-
Aldrich, Tepmanus) + 75 MMOJIb caxapo3bl (Sigma-
Aldrich, Tepmanust) + 20 MMOJIb 4-(2-THIPOKCUITI)-
1-TIUIIePa3UHATAHCYIHGOHOBOM KUCIOTH  (Sigma-
Aldrich, T'epmanus) (COOTHOIIEHHE Macca TKaHU/
06beM GydepHOTO pacTBopa cocTasssio 1:7). [lomy-
YeHHBIH TOMOreHaT 3aTeM IeHTPpUdyrupoBaIN IPU
10 000 g B TeueHUe 15 MUH. B mosyueHHOM cynepHa-
TaHTe METOZOM UMMYHO(DEPMEHTHOTO aHAIN3A OIle-
HUBAJIN U3MEHeHe OMOMapKePOB alomnTo3a.

Onenka N3MeHEeHUsA KOHIEHTpauuu Ouo-
MapkepoB amonrtos3a. Konnenrtpanuno AN,
kacmasbl 3, nuroxpoma C u 6esika PUMA B rumio-
KaMIle ¥ KOpe OOJIBIINX MOJIyIIapUi KPBIC OTpesie-
JIITA METOZIOM TBepZi0a3HOTO UMMYHO(MEpMeHT-
HOTO aHIN3a C WCIOJIb30BAHUEM BHUAOCHEIU(DIY-
HBIX HAOOpOB peakTHBOB. Habopwl i aHamM3a
o6sutn mpenoctasieHbl Cloud-Clone Corp. (CIIIA).
Xop aHa/II3a COOTBETCTBOBAJI PEKOMEH/IAIIMSM IIPO-
WU3BOAUTENA. AHAJUTUYECKUI CUTHAJI PETUCTPUPO-
BIM C IPUMEHEHNEM MUKPOILIAHIIETHOTO pUiepa
Infinite F50 (Tecan, ABctpust).

Crartucruueckuii aHajaua. Pe3yapraTel 00pa-
6aThIBAJIM METOJJaMH BapUAIIMOHHON CTAaTHUCTUKU C
MIpUMeHeHUEeM BO3MOXKHOCTEH IMPOTPAMMHOTO KOM-
mrekca StatPlus 7.0 (AnalystSoft Inc., CIIIA, sutieH-
3us 16887385). IlosyueHHbIe JaHHbBIE OBLIN TPOBE-
PeHbI Ha HOPMaIBHOCTDH PACIIPEIEJIEHUsI COTJIACHO
kputepuio Ilanupo — Yuiaka, OJHOPOAHOCTb JIVC-
mepcuii omnpesessiu B Tecte JleeHa. J{yis cpaBHe-
HUS TPYIII CPEAHUX MPUMEHSTH ITapaMeTPUIecKIe
meToil ANOVA c rioct-TectoM ThioKU U HellapaMme-
TPUYECKHE METOAbl CTATHUYECKOTO AHAIN3a — TECT
Kpackena — Yosuca ¢ mocT-ImapHbIM CpaBHEHUEM B
tecte JlanHa. OT/IMUUA CUUTAIUCH CTATUCTHUIECKU
3HAYUMBIMHU IIPH P < 0.05.

weight/volume of the buffer solution ratio was 1:7).
The obtained homogenate was then centrifuged at
10 000 g for 15 min. The change in apoptosis bio-
markers was assessed in the obtained supernatant by
enzyme immunoassay.

Assessment of changes in the concentra-
tion of apoptosis biomarkers. The concentra-
tion of AIF, caspase-3, cytochrome ¢, and PUMA
protein in the hippocampus and cerebral cortex of
rats was determined by the enzyme-linked immuno-
sorbent assay using species-specific reagent kits. The
assay kits were provided by Cloud-Clone Corp.
(USA). The course of the analysis corresponded to
the manufacturer’s recommendations. The analyti-
cal signal was recorded using an Infinite F50 micro-
plate reader (Tecan, Austria).

Statistical analysis. The results were pro-
cessed by methods of variation statistics using
the capabilities of StatPlus 7.0 software package
(AnalystSoft Inc., USA, license 16887385). The
obtained data were checked for the normality of
distribution according to the Shapiro-Wilk test,
the equality of variances was determined in the
Levene’s test. To compare groups of means, para-
metric the ANOVA with the Tukey’s post-hoc test
and nonparametric the Kruskal-Wallis test fol-
lowed by Dunn’s post-hoc pairwise comparisons.
The differences were considered statistically sig-
nificant at p < 0.05.

RESULTS

Effect of monocarbonyl analogues of cur-
cumin on changes in the intrinsic apoptotic
pathway in the hippocampus of rats with AD.
When analyzing the changes in the concentration of
biomarkers of the intrinsic pathway of apoptosis in
the rat hippocampus, a significant decrease in the
level of AIF was detected in the administration of
compounds AZBAX4 (—31.1% (p < 0.05) of NC),
AZBAX6 (-15.3% (p < 0.05) of NC) and donepezil
(-14.5% (p < 0.05) of NC). The cytochrome ¢ concen-
tration has also decreased when animals were
administered AZBAX4 — by 43.5% (p < 0.05) of NC,
AZBAX6 — by 35.6% (p < 0.05) of NC and donepe-
zil — by 34.5% (p < 0.05) of NC. The AIF and cyto-
chrome c concentration in rats treated with AZBAX4
was lower than in animals injected with donepezil by
19.3% (p < 0.05) and 13.8% (p < 0.05), respectively,
and in animals treated with AZBAX6 — by 19.6%
(p < 0.05) and 22.7% (p < 0.05), respectively. It is
also worth noting that the AIF and cytochrome ¢ con-
centration in the hippocampus of the NC group was
2.6-fold (p < 0.05) and 4.9-fold (p < 0.05), respec-
tively, higher in the SHAM group (Fig. 1).
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PE3YJ/IBTATDI

BiusiHue MOHOKAPOOHUJIBHBIX AHAJIOTOB
KypKyMHHa Ha HN3MEHEHUE Ppeakiuil BHY-
TPEHHEr0 ANONTOTUYECKOTO IyTH B THUIIIO-
kaMmrme Kpbic ¢ BA. TIpu mpoBeaeHun aHainsa
U3MeHEeHHUsI KOHIIEHTpaIuyu OMoMapKepoOB BHYTPEH-
HEro IIyTH arolTo3a B TUIIIOKAMIIE KpPbIC OBLIO
BBISIBJIEHO 3HAUMMOE CHIIKeHUe ypoBHA AN Ha
done mpumenenus coequHenuii AZBAX4 (-31.1 %
(p < 0.05) ot HK), AZBAX6 (-15.3 % (p < 0.05) oT
HK) u nounenesuna (—14.5 % (p < 0.05) ot HK). IIpu
5TOM KOHIleHTparusa muroxpoma C TakiKe CHU3H-
J1ach IPY BBEJIEHUM )KUBOTHBIM AZBAX4 —Ha 43.5 %
(p < 0.05) ot HK, AZBAX6 — Ha 35.6 % (p < 0.05) OT
HK u pgonemeswna — Ha 34.5 % (p < 0.05) ot HK.
Copnepxanue AVI® u iutoxpoma C y KpbIc, II0Ty4YaB-
mux AZBAX4, ObJI0 HUXKE TaKOBOTO Y KUBOTHBIX,
KOTOPBIM BBOJIWJTH IOHETE3MUI, Ha 19.3 % (p < 0.05)
u 13.8 % (p < 0.05) COOTBETCTBEHHO, a TaK¥KE Y
JKUBOTHBIX, TosydyaBmmux AZBAX6, — Ha 19.6 %
(p < 0.05) u 22.7 % (p < 0.05) COOTBETCTBEHHO.
Takxe CTOUT OTMETUTh, 4TO cozepkanne AP u
nuToxpoma C B runmoxamire rpynisl HK kpeic pe-
Bocxo/imyio mokazaresnu JIO JKUBOTHBIX B 2.6 pasa
(p < 0.05) 1 4.9 paza (p < 0.05) COOTBETCTBEHHO
(puc. 1).

Effect of monocarbonyl analogues of cur-
cumin on changes in the intrinsic apoptotic
pathway in the cerebral cortex of rats with
AD. In the cerebral cortex, there was an increase in
the concentration of AIF and cytochrome c in the NC
group by 5.4-fold (p < 0.05) and 5.7-fold (p < 0.05),
respectively, in comparison to the SHAM group.
When AZBAX4 was administered, AIF and cyto-
chrome c concentrations were significantly lower
than in the untreated animal by 31.8% (p < 0.05) and
31.4% (p < 0.05), respectively. The following results
were obtained in the group of animals receiving the
reference drug: the levels of AIF and cytochrome c
decreased by 31.9% (p < 005) and 31.4% (p < 0.05)
compared to the group of untreated animals (Fig. 2),
respectively. In the AZBAX6 administration, the AIF
concentration decreased compared to the NC group
by 30.3% (p < 0.05), the cytochrome ¢ concentra-
tion — by 32.5% (p < 0.05). At the same time, the AIF
and cytochrome c concentration in the AZBAX4
group was significantly lower than in rats of the
donepezil group — by 30.6% (p < 0.05) and 36.2%
(p < 0.05), respectively, and the AZBAX6 group — by
32.2% (p < 0.05) and 35.1% (p < 0.05), respectively.

Effect of monocarbonyl analogues of cur-
cumin on changes in the extrinsic apoptotic
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Puc. 1. BausHie MOHOKapOOHUIBHBIX aHAJIOTOB KYPKyMUHA HA U3MEHEHNE PeaKlrii BHYTPEHHETO allONITOTUYIECKOTO Iy TH
B TMIIIIOKAMITE KPBIC C KCIIEPUMEHTAIBHOM 60s1e3HbI0 Astbireiimepa (JIO — JI0:KHOOIIEPUPOBAHHBIE JKUBOTHBIE;

HK — HeraTUBHBIN KOHTPOJIb; JIOHEIe3UI — TPYIIIA JKUBOTHBIX, TIOJIy4aBInas foHene3wr; AZBAX4 — rpyIina ;KUBOTHBIX,
niostyuaBmiasg AZBAX 4; AZBAX6 — rpyrina ;KUBOTHBIX, nosty4yaBinas AZBAX6; A®D — anonTo3-uHAynIUpyonui ¢GakTop;
* moctoBepHO oTHOCUTENBHO JIO Kpbic (ANOVA, Tect ThiOKH, p < 0.05); #0CTOBEPHO OTHOCUTETbHO TpyIiibl HK (ANOVA,
TecT ThIOKH, P < 0.05); A IOCTOBEPHO OTHOCUTEJIHO IPYIIIHI KPBIC, TosrydaBiiux AZBAX4 (ANOVA, Tect TpiokH, p < 0.05)
Fig. 1. Effect of monocarbonyl analogues of curcumin on changes in the intrinsic apoptotic pathway in the hippocampus
of rats with experimental Alzheimer’s disease (SHAM — sham-operated animals; NC — negative control; Donepezil —
group of animals receiving donepezil; AZBAX4 — group of animals receiving AZBAX 4; AZBAX6 — group of animals
receiving AZBAX6; AIF — apoptosis-inducing factor; * significantly compared with the SHAM group (ANOVA, Tukey’s test,
P < 0.05); #significantly, compared with the NC group (ANOVA, Tukey’s test, p < 0.05); A significantly compared
with the AZBAX4 group (ANOVA, Tukey’s test, p < 0.05)
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BiauaHue MOHOKapOOHWIBHBIX aHAJOTOB
KypKyMHUHa Ha H3MEHEHUE peakiuidi BHY-
TPEHHEr0 amnoNTOTHYECKOr0 IIyTH B KOpe
0OJIBIIIMX MOJIyIapuii Kpbic ¢ BA. B kope 6071b-
IUX TOJIYIIAPHUHA TOJIOBHOTO MO3ra HabJIi0aoch
noBblieHue koHreHTpanuu AV® u nmuroxpoma C B
rpynre HK B 5.4 paza (p < 0.05) u B 5.7 pasa
(p < 0.05), B cpaBHeHuHU ¢ mokazaTenasamu JIO Kpbic
cooTBeTcTBeHHO. IIpu BBezmenuu AZBAX4 koHIIEH-
tparusa AM® u muroxpoma C ObLIa JOCTOBEPHO
HUJKEe, YeM B TpYyIIIe HeJleUeHbIX JKUBOTHBIX, Ha
31.8 % (p < 0.05) 1 31.4 % (p < 0.05) COOTBET-
CTBEHHO. B rpyIine ;XKUBOTHBIX, MOJIyYaBIIUX pede-
PEeHT, OBLIN IIOJIyYEHBI CAEAYIONINE pPe3yJIbTaThI:
ypoBeHb AUI® u ruroxpoma C cHmkasics Ha 31.9 %
(p < 005) 1 Ha 31.4 % (p < 0.05) OTHOCUTEJIHHO
TPYIINIBI HEJIEUeHBIX JKUBOTHBIX (pHC. 2) COOTBET-
crtBeHHO. [lokasaTesu, moysrydeHHbIE TIPU ITPUMEHe-
Hun AZBAXG6: xounentpauus AVI® cHu3WIach 1o
otHomenuto k rpynme HK Ha 30.3 % (p < 0.05),
mutoxpoma C — Ha 32.5 % (p < 0.05). IIpu sTomM
conep:kanve AVU® u nutoxpoma C B IpyIIe KUBOT-
HBIX, moay4daBiiux AZBAX4, ObLIO JA0OCTOBEPHO
HIKE, UeM Y KPBIC, KOTOPBIM BBO/VJIHN TOHEIIE3UIT —
Ha 30.6 % (p < 0.05) 1 36.2 % (p < 0.05) COOTBET-
CTBEHHO, U JKUBOTHBIX, oydaBinx AZBAX6, — Ha
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pathway in the hippocampus of rats with
AD. Based on the results of the experiment (Fig. 3),
we have found that the levels of caspase 3 and
PUMA in the NC group were 4.1-fold (p < 0.05) and
5.0-fold (p < 0.05) higher, respectively, compared
to the SHAM group. Analyzing the data obtained
during administration of the studied substances, it
was found that in the AZBAX4 administration the
concentration of caspase 3 and PUMA was lower
than in the NC group by 48.1% (p < 0.05) and 36.3%
(p < 0.05), respectively. At the same time, in ani-
mals treated with the AZBAX6 compound, the cas-
pase 3 and PUMA protein concentration in hippo-
campal tissue decreased compared to untreated
rats by 48.6% (p < 0.05) and 34.3% (p < 0.05),
respectively. The donepezil administration led to a
46.4% (p < 0.05) decrease (compared to the NC
group) in the concentration of caspase 3 apoptosis
biomarkers, and a 30.5% (p < 0.05) decrease
(p < 0.05) in PUMA.

Effect of monocarbonyl analogues of cur-
cumin on changes in the extrinsic apoptotic
pathway in the cerebral cortex of rats with
AD. When analyzing changes in the concentration
of biomarkers of the external apoptotic pathway in
the cerebral cortex of rats with AD (Fig. 4), it was

B JIO/SHAM
m HK/NC
Honenesun / Donepezil
B AZBAX4
A B AZBAXG6

H+
H+

Iuroxpom C, Hr/MI
Cytochrome ¢, ng/ml

Puc. 2. BiiusiHre MOHOKaPOOHWIBHBIX AHAJIOTOB KyPKYMHHA Ha U3MEHEHVE PEAKI[Mil BHYTPEHHETO allOIITOTUIYECKOTO
IyTU B KOpPe OOJIBIIKX MOJIYIIAPUHA KPBIC C SKCIIEPUMEHTAJIBHOU 60Jie3HbI0 AstblireiiMepa (JIO — JI02KHOOTIepUpPOBaHHbIE
sknBoTHBIE; HK — HeratuBHBIN KOHTPOJIb; JJOHENE3WI — TPyIIa KUBOTHBIX, [T0JIydaBIias AoHeneswn; AZBAX4 — rpymmna

JKUBOTHBIX, osryuaBinas AZBAX4; AZBAX6; AVI® — anonTo3-uHAYIUPYIOMIN (GaKTOp; * T0CTOBEPHO OTHOCUTETHLHO
JIO kpbic (ANOVA, tect ThI0KH, p < 0.05); #/10cTOBEpHO OTHOCUTENBHO rpymibl HK (ANOVA, tect ThiokH, p < 0.05);
A TOCTOBEPHO OTHOCUTEIBHO TPYIIIBI KPBIC, MotydaBnx AZBAX4 (ANOVA, tect TrlokH, p < 0.05)

Fig. 2. Effect of monocarbonyl analogues of curcumin on changes in the intrinsic apoptotic pathway in the cerebral
cortex of rats with experimental Alzheimer’s disease (SHAM — sham-operated animals; NC — negative control; Donepezil
— group of animals receiving donepezil; AZBAX4 — group of animals receiving AZBAX4; AZBAX6 — group of animals
receiving AZBAX6; AIF — apoptosis-inducing factor; * significantly compared with the SHAM group (ANOVA, Tukey’s
test, p < 0.05); #significantly, compared with the NC group (ANOVA, Tukey’s test, p < 0.05); A significantly compared
with the AZBAX4 group (ANOVA, Tukey’s test, p < 0.05)
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32.2 % (p < 0.05) u 35.1 % (p < 0.05) COOTBET-
CTBEHHO.

BiunsiHue MOHOKApOOHUJIBHBIX AHAJIOTOB
KypKyMHHa Ha U3MEHEHHE PeaKIui BHEeI-
HEro amonTOTHYECKOro IIyTH B THIIIOKAaMIIEe
kpbIc ¢ BA. Ilo pe3yspraramM JJaHHOTO 3KCIEpU-
MeHTaJIbHOTO OsioKa (puc. 3) OBLIO yCTaHOBJIEHO,
4TO ypoBeHb Kacmasel 3 1 PUMA B rpynmie HK npe-
Bocxoziua Tokaszarenu JIO KUBOTHBIX B 4.1 pasa
(p < 0.05) 1 B 5.0 pa3a (p < 0.05) COOTBETCTBEHHO.
AHaM3UpPysl JIaHHBIE, ITOJIydeHHbIE TPU BBEJIEHUU
HCCJIeTlyeMbIX BEIECTB, OBLJIO YCTAaHOBJIEHO, YTO HA
¢one mpumenenms AZBAX4  KOHIeHTpauus
kacmnaspl 3 © PUMA 6buta Huke, yem B rpynne HK,
Ha 48.1 % (p < 0.05) u 36.3 % (p < 0.05) COOTBET-
CTBEHHO. B TO ke Bpems y KUBOTHBIX, MOJIYIaBIITUX
coenuHeHne AZBAXG6, copepkaHue Kacrmasbl 3 U
6enka PUMA B TKaHU THUIIIOKAMIIA YMEHBIIHIOCH
10 OTHOIIIEHUIO K HeJeYeHBIM KpbicaM Ha 48.6 %
(p < 0.05) 1 34.3 % (p < 0.05) coorBeTcTBeHHO. [1pH-
MeHEHHe JIOHeNe3Wsia MPUBOAWIO K CHIDKEHUIO
(otHocutenbHo rpynmbl HK) koHnentpanum 6umo-
MapKepoB alloITo3a Kacnasbl 3 Ha 46.4 % (p < 0.05),
PUMA - Ha 30.5 % (p < 0.05).

BiansaHue MOHOKAapOOHWIBHBIX AHAJOrOB
KypKyMHHa HA H3MEHEHHUE PeaKIuid BHeII-
HEro amoITOTHYECKOTrO IMyTH B KOpe 0O0JIb-
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found that the level of caspase-3 and PUMA protein
in the NC group exceeded the indicators of SHAM
group by 10.2 times (p < 0.05) and 6.8 times
(p < 0.05), respectively. The concentration of cas-
pase-3 in the administration of AZBAX4 and
AZBAXG6 decreased compared to the NC group by
48.1% (p < 0.05) and by 48.6% (p < 0.05), whereas
in the administration of donepezil, this indicator
decreased by 46.4% (p < 0.05). The PUMA protein
concentration in the groups of animals treated with
AZBAX4 and AZBAX6 was 36.3% (p < 0.05) and
34.3% (p < 0.05) lower than in the group of
untreated rats. In the administration of the refer-
ence drug, the concentration of PUMA decreased by
30.5% (p < 0.05) in comparison with the same indi-
cator of the NC group.

DISCUSSION

Currently, the development of approaches to the
AD treatment, which could stop or modify the
course of the pathologic process, is a complex medi-
cal task. At present, the issue of developing new
multitargeted agents for pathogenetic therapy of
AD is acute. Among such promising compounds we
can single out a group of monocarbonyl analogues
of curcumin or diarylpentanoids characterized by
relatively high neuroprotective potential. Thus,

B JIO/SHAM
m HK/NC
Jonenesun / Donepezil
B AZBAX4
" B AZBAX6

PUMA, ur/mn
PUMA, ng/ml

Puc. 3. BiusiHre MOHOKaPOOHWIBHBIX AHAJIOTOB KyPKYMHIHA HA U3MEHEHVE PEAKI[MI BHEIITHErO AlTOMITOTHYECKOTO [Ty TH
B THIIIIOKaMIIE KPBIC C OKCIIEpUMeHTaIbHOU 60J1e3HbI0 Astbrreiimepa (JIO — J103KHOOTIEPUPOBAHHBIE JKUBOTHBIE;

HK — HeratuBHBIN KOHTPOJIb; JJOHENIE3MII — IPYTIA JKUBOTHBIX, ITOJIyyaBIias oHene3wr; AZBAX4 — rpymnia ;KUBOTHBIX,
nosny4vasuias AZBAX4; AZBAX6 — rpynna )KUBOTHBIX, ITosrydasias AZBAX6; * mocroBepHO oTHOCUTENBHO JIO KpbIC
(ANOVA, tect ThI0KH, p < 0.05); #10CTOBEPHO 0THOCKTEIbHO Tpymibl HK (ANOVA, Tect ThiOKH, p < 0.05)

Fig. 3. Effect of monocarbonyl analogues of curcumin on changes in the extrinsic apoptotic pathway in the hippocampus
of rats with experimental Alzheimer’s disease (SHAM — sham-operated animals; NC — negative control; Donepezil — group
of animals receiving donepezil; AZBAX4 — group of animals receiving AZBAX4; AZBAX6 — group of animals receiving
AZBAXG6; *significantly compared to the SHAM group (ANOVA, Tukey’s test, p < 0.05); #significantly compared to the NC
group (ANOVA, Tukey’s test, p < 0.05)
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Puc. 4. BrusHne MOHOKapOOHUIBHBIX aHAJIOTOB KyPKyMHMHA Ha U3MeHEeHHUe PeaKIUil BHENTHETO allONITOTHYECKOTO ITyTH
B KOpe OOJIBIIHNX MMOJIYIIAPUE KPBIC ¢ SKCIIEPUMEHTATBHOM 6071e3HbI0 AsbIreiiMepa (JIO — JI0KHOOIIEPUPOBAHHbBIE
>kuBOTHBIE; HK — HeraTuBHBIN KOHTPOJIb; JJOHENe3uI — TPYIIIa *KUBOTHBIX, IIOJIydaBIIas JoHene3mwt; AZBAX4 — rpynma
JKUBOTHBIX, nosryuasiias AZBAX4; AZBAX6 — rpynna KUBOTHBIX, IToyTydaBias AZBAX6; * 10cTOBEpHO OTHOCUTEIHHO
JIO kpbic (ANOVA, tect ThioOKH, p < 0.05); #/10cTOBEpHO 0THOCUTENBHO TpyIiibl HK (ANOVA, tect ThiOKH, p < 0.05)
Fig. 4. Effect of monocarbonyl analogues of curcumin on changes in the extrinsic apoptotic pathway in the cerebral cortex
of rats with experimental Alzheimer’s disease (SHAM — sham-operated animals; NC — negative control; Donepezil — group
of animals receiving donepezil; AZBAX4 — group of animals receiving AZBAX4; AZBAX6 — group of animals receiving
AZBAXG6; *significantly compared to the SHAM group (ANOVA, Tukey’s test, p < 0.05); #significantly compared
to the NC group (ANOVA, Tukey’s test, p < 0.05)

IIUX moJaymapuii Kpbic ¢ BA. IIpu npoBemeHnu
aHaIN3a U3MEHEeHUs1 KOHIIEHTpalnu OHOMapKepoB
BHEIITHETO aIlONTOTUYECKOTO IIyTU B KOpe OOJIBIIIX
rosymapuii y Kpeic ¢ BA (puc. 4) 6bpUI0 yCTaHOB-
JIEHO, YTO YpOBeHb Kacmasbl 3 u Oenmka PUMA B
rpyurie HK npeBocxoaun nokasarenu JIO XUBOT-
HBIX B 10.2 pasa (p < 0.05) u 6.8 paza (p < 0.05)
COOTBETCTBEHHO. /lajiee IPOJIEMOHCTPUPOBAHO, UTO
KOHIIeHTpAallud Kacmasbl 3 npu BBeeHnu AZBAX4 u
AZBAX6 camkasach oTHocuTeIbHO rpynnsl HK Ha
48.1 % (p < 0.05) 1 Ha 48.6 % (p < 0.05), TOr/Ia KaK
Ha GoHe BBeJIEHN JOHEIe31IIa IAHHBIN II0KA3aTeTh
yMeHbIWIICA Ha 46.4 % (p < 0.05). Comeprkanue
6enxka PUMA B rpynmax >KMBOTHBIX, IOJIyYaBIIHX
AZBAX4 u AZBAX6, 6b110 Ha 36.3 % (p < 0.05) u
34.3 % (p < 0.05) HIDKE, UeM B T'PYIIIIE HEJIEUEHBIX
kpeic. Ha ¢one BBeneHus pedepeHTa KOHIIEHTPA-
nust PUMA cHusuiack Ha 30.5 % (p < 0.05) B cpaB-
HEHUH C aHAJIOTMYHBIM IToKasaTesieM rpynnbsl HK.

OBCYXKJIEHUNE

B HacTosiiiiee BpeMsi paszpaboTKa TOJXOZ0B K
JedeHur0 BA, KoTopble MOIJIH OBl OCTAHOBUTH WJIU
MOI[I/I(I)I/IIII/IPOBaTL TE€UEHHE IIaTOJIOTUYECKOIr'0 IIPO-
mecca, ABJSIETCA CJI0XKHOU MeTUIIMHCKOM 3amauved.
Ha cerogHsImHuil MOMEHT OCTPO CTOUT BOIIPOC O
pa3pa60TKe HOBBIX IIOJIUTAPTE€THBIX CPEACTB JIA

Hussain et al. (2021) demonstrated that some
monocarbonyl curcuminoids have anticholinester-
ase activity both in vitro and in vivo in a model of
AD induced by administration of scopolamine [18].
Our study showed that the administration of mono-
carbonyl curcuminoids code named AZBAX4 and
AZBAX6 contributed to a decrease in the level of
the main biomarkers of apoptosis in the cerebral
cortex and hippocampus in rats with experimental
AD in a sporadic manner. Such changes may reflect
significant effects of the analyzed compounds on
the course of apoptotic response, affecting both the
intrinsic and extrinsic apoptotic pathway. At the
same time, the decrease in the intensity of reactions
of the extrinsic apoptotic pathway can be concluded
by the decrease of the AIF and cytochrome c con-
centration, which may indirectly reflect the previ-
ously described effect of the analyzed compounds
on the functional state of cell mitochondria [14]. It
is known that the formation of mitochondrial pro-
apoptotic molecules of AIF and cytochrome c is
closely related to the intensity of oxidative phos-
phorylation (OXPHOS) reactions in the mitochon-
drial respiratory chain. In fact, both molecules are
highly conserved proteins performing functions of
oxidoreductase; whose deletion from the OXPHOS
chain activates a series of enzymes — effectors of
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matoreHeTuueckoi tepanuu BA. Cpeau Takux nep-
CIIEKTHUBHBIX COETMHEHUN MOKHO BBIJIEJIUTH TPYIIILY
MOHOKApOOHIJIPHBIX AQHAJIOTOB KYPKyMHHA WJIH
JIUAPWIIEHTAHOU/IOB, OTJIMYAIOIIUXCA  OTHOCH-
TEJIPHO BBICOKMM HEWPOIPOTEKTOPHBIM IOTEHITHA-
saom. Tak, H. Hussain et al. (2021) nmpomemoHncTpu-
POBIH, UTO HEKOTOpPble MOHOKapOOHWJIbHBIE KYyp-
KYMUHOUZBI  00JIafIal0T  aHTHUXOJHUHAICTEPA3HOM
aKTUBHOCTBIO KaK B YCJIOBUSAX N Vitro, Tak U in vivo
Ha Mojieii BA, BBI3BAHHOU KypCOBBIM BBeJIEHHUEM
ckomosiamuHa [18]. IIpoBeZieHHOE WHCCIETOBAHIE
[I0KA3aJI0, YTO IPUMEHEHHEe MOHOKAapOOHMIbHBIX
KypKyMUHOU/I0B oA mudpamu AZBAX4 u AZBAX6
CII0COOCTBOBAJIO CHHYKEHUIO YPOBHS OCHOBHBIX OHO-
MapKEePOB aIOITO3a B KOpe OOJIBIINX MOJIYIIAPUH U
TUIIIIOKaMIIE ¥ KPBIC ¢ 9KCIIepuMeHTabHON BA crmo-
panudeckoro Tuma. [logobHble U3MEHEHUS MOTYT
OTpakaTh 3HAYMMOE BO3/eHiCTBUE aHAIU3UPYEMBIX
COeIMHEHNH Ha TeUeHUe PeaKIui aroITosa, 3aTpa-
rUBas IPU 5TOM BHYTPEHHUU U BHEIIIHUU allONITOTH-
yecku myTh. [Ipu 3TOM O CHMXKEHUU UHTEHCUBHO-
CTH PeakIi BHYTPEHHETO IIyTH aIlollTo3a MOXKHO
CyIUTh TI0 YMEHBIIIEHUIO KOHIleHTpanuu AUD u
nuToxpoma C, 4TO KOCBEHHO MOXKET OTparKaTh OIIH-
CAaHHOE paHee BJIMSHUE aHAJIU3UPYEMBIX COEMHE-
HUH Ha QYHKIIUOHAIBHOE COCTOSHUE MUTOXOHPUH
KJIETKH [14]. VI3BeCcTHO, 4YTO 00pa3oBaHUe MUTOXOH-
JIPUAJIBHBIX IPOANONTOTHYECKUX MoJiekya AU® u
nuToxpoma C TeCHO CBA3AHO C MHTEHCHUBHOCTHIO
peakuuii OKHCIUTEIBHOrO (GochOpUINPOBaHUS,
MPOUCXOAIINX B MHUTOXOHJPHUAIBHON JIBIXaTETh-
HOH 1enu. PakTHuecku obe MOJIEKYJIbI IIPeJICTaB-
JSAI0T  coO0H  BBICOKOKOHCEPBATHBHBIE  OesIKH,
BBITOJIHSIOIINE OKCHIOPEyKTa3HbIE (DYHKITUH, IIPHU
nenenuu KoTopbix us 1enu OXPHOS akTuBupyercs
pan depmeHTOB — 3(P(PEKTOPOB aIonTO3a, HAIPHU-
Mep, 9H/I0HYKJIeasda G, BBI3bIBAOINAS PA3PBIBBI HUTH
JJHK u rubens kiaetku [19]. Kpome Toro, Kak moxa-
s3ayii N. Novo et al. (2022), AU® per se obnamaer
SHJIOHYKJIEA3HOW AKTHBHOCTHIO U MOIKET WHHITUH-
poBath paspbiBbl JJTHK 6e3 yuacTus crenuduaeckux
sHMIOHYKJIeas [20]. [Ipu aToM, Kak IoKa3asa olneHKa
BJIMSHUSI aHAJM3UPYEMbBIX BEIECTB HA U3MeEHEHHE
MHUTOXOH/IPUAJIBHOU (PYHKIIMU y KpbIc ¢ BA, coenn-
HeHue AZBAX4 muposiBasuio 6Gojiee BBIpaskeHHOE
MHUTOXOH/IPHAJIbBHO-OPUEHTHPOBAHHOE  JIEWCTBHE,
yeM BeliectBo AZBAXG6 u pedepeHT noHenesn [14],
YTO MOXKeT OOBSICHUTH JIOCTOBEPHOE yYMEHBIIIEHUE
WHTEHCUBHOCTH PEAKIHU{ BHYTPEHHETO IyTH aIlo-
NTO3a y KpbICc, momydaBminx AZBAX4, o orHome-
HHUIO K JKUBOTHBIM, KOTOPBIM BBOJWJIN JOHEIIE3WI U
AZBAX6.

BHenmHuii myTh anonTo3a HEMOCPEJCTBEHHO CBS-
3aH ¢ aktuBanueil TRAIL —perentopoB «cMepTU» €

apoptosis such as endonuclease G, which causes
DNA strand breaks and cell death [19]. In addition,
as shown by Novo et al. (2022), AIF has endonucle-
ase activity per se and can initiate DNA breaks
without the participation of specific endonucleases
[20]. At the same time, the assessment of the effect
of the analyzed substances on changes in mitochon-
drial function in rats with AD showed the com-
pound AZBAX4 exhibited a more pronounced mito-
chondria-oriented effect than the substance
AZBAX6 and the reference drug, donepezil [14],
which can explain the significant decrease in the
intensity of reactions of the intrinsic apoptotic
pathway in rats treated with AZBAX4 in relation to
animals who received donepezil and AZBAXG6.

The extrinsic pathway of apoptosis is directly
related to the activation of TRAIL death receptors,
followed by initiating a cascade of reactions
PUMA — caspase-12 — caspase-3 and DNA strand
breaks [13]. Considering that the main ligand of
TRAIL receptors is TNF-a, the decrease in the
intensity of caspase-dependent apoptosis under the
action of the analyzed substances may be associated
with a decrease in the concentration of this cyto-
kine, which was also demonstrated in earlier stud-
ies [21]. An important feature of the action of the
monocarbonyl analogues of curcumin studied is the
inhibition of apoptotic response both in the hippo-
campus and in cerebral cortex, which can serve as a
predisposing factor for the restoration of cognitive
functions [22].

CONCLUSION

The study showed that the use of monocarbonyl
analogues of curcumin AZBAX4 and AZBAX6 con-
tributes to a decrease in the intensity of apoptotic
response in the tissue of the hippocampus and cere-
bral cortex in rats with experimental AD. In addition,
the compound AZBAX4 possessed the most pro-
nounced antiapoptotic potential, in administration
of which, the indicators characterizing the activity of
the intrinsic apoptotic pathway were significantly
lower than in the administration of AZBAX6 and
donepezil.
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MOCJIENYIONIed WHUITMANEN KacKaJla PpPeakIui
PUMA — kacnasa 12 — Kacmasa 3 U pa3pblBaMU B
e JIHK [13]. YuuTsiBast, 9T0 OCHOBHBIM JINTAHZOM
peuenntopoB TRAIL sBisiercss ®HO-a, ymeHbIieHUe
WHTEHCUBHOCTHU KacIla3a-3aBUCHMOTIO aroITo3a IO/
JIEHICTBUEM aHAJU3UPYEMBIX BEIECTB MOXKET OBITH
CBABAaHO C YMEHBIIEHUEM COJIEPKAHUSA JAHHOTO
[IUTOKMHA, YTO TAKKe OBLIO MPOIEMOHCTPUPOBAHO B
paHee MPOBEJEHHBIX HCCIEOBAaHUAX [21]. BaskHou
0COOEHHOCTBIO JIEHCTBUSA HCCIIEAYEMBIX MOHOKap0OO-
HIWIbHBIX aHAJIOTOB KyPKyMHHA sIBJISIETCS IOJjaBJIe-
HUe PeakIuil arnonTo3a, KaK B TUIIIIOKAMIIE, TaK U B
Kope OOJIBIINX IOJYIIapUHA, YTO MOMKET CJIY3KUTH
IpeipacrosaraiuM (GakToOpoM JJisi BOCCTAHOBJIE-
HUS KOTHUTUBHBIX QYHKITHH [22].

SAKJIIOYEHUWE

HpOBeZ{eHHOC HCCIEeJOBaHHE IIOKAa3aJ10, YTO Kyp-
COBO€ IIpHMEHEHHE MOHOKap6OHI/IJ'II)HI)IX aHaJIOTOB
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kypkymmHa AZBAX4 u AZBAX6 cmocobGerByer
YMEHBIIEHUI0 HHTEHCUBHOCTH PEeaKIUi aronTosa B
TKAHU TUIIIOKAMIIA U KOPBI OOJIBIIUX MMOJIYIIapUi ¥
KpbIC ¢ 9KciepuMeHTanbHON BA. [Ipu aTom Hambo-
Jlee BBIDQyKEHHBIM aHTHUAIIONTOTUYECKUM IIOTEHIIU-
asom obsazano coeauHenne AZBAX4, npu BBefe-
HUM KOTOPOro IIOKa3aTesd, XapaKTepusylollue
AKTUBHOCTh BHYTPEHHEIO aIllONTOTHYeCKOro IIyTH,
OBLIN IOCTOBEPHO HUIKE, UEM B CJIy4yae IPUMeHEHUs
AZBAX6 u foHene3unia.

Bxiiag aBTOpOB. Bee aBTOpPBI BHEC/IU PaBHO-
LIEHHBIN BKJIaZ] B pa3paboTKy KOHIIENIIUH, IPOBe/ie-
HUe€ UCCJIeIOBaHUA U MIOATOTOBKY CTAaThH, IPOYIN U
o1o0pmwIn  (QUHAJIBHYIO BEPCUIO Ieper, IyOJIuKa-
uen.

KoHdIuKT HHTEpEeCcoB. ABTODHI 3aABJIAIOT 00
OTCYTCTBUU KOH(JINKTA UHTEPECOB.
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CrpykrypHaa peopranmsanua Mmuokapaa npu COVID-19

C.B. CaBuenko!, A.H. Jlamanos', b.1. AiizukoBuu?, B.A. I'puriunarep?, H.I1. bratosas,
I0.C. Tackaesa3, JI.JI. ITo3gaakosa+, O.M. IITumkosa4, f.C. YabpaHosa4, E.M. Gununa4

I@I'BOY BO «Hosocubupckuil 2ocydapcmeeHHblil MeduyuHckuil yHusepcumem» Munzdpasa Poccuu, Hogocubupck, Poccus

2@I'AOY BO «Hogocubupckuil HayuoHabHblil uccaedosamenvckuil 2ocydapecmeetHslil yHugepcumem», Hosocubupck,
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sHayuHo-ucc1e008amensekull UHCMumym KAUHUYECKOll U SKCNepuMeHmaabHol aumgonozuu — guruanr ®r'HY
«@edepanvhblil uccaedosamensvekuil yenmp Mnemumym yumosoauu u 2evemuxu Cubupckozo omaoenequs Poccutickotl
axademuu Hayk», Hosocubupck, Poccus

1I'bY3 HCO «I'opodckas ungexyuonHan kaunuveckas boaviuya N 1» Hosocubupck, Poccus

AHHOTAIIMUA

B BeeHue. Pazpurue HOBoM KopoHaBupycHO# nHdeknuu (COVID-19) He orpaHHYNBAETCSA IOPAXKEHIEM OPraHOB
nbixanust. HebraronpusatHbie Hexopl y marreHToB ¢ COVID-19 MOTYT ObITh CBA3aHBI € TIOPAYKEHUEM CEpP/ILia.

IT e 1 b . V3y4eHHe CTPYKTYPHBIX U3MEHEHUH MHOKAp/a U MOJIEKY/IAPHO-OHMOJIOTHUECKIX XapaKTEPUCTHK SH/IOTEIHNA
KPOBEHOCHBIX KallWJIIAPOB IpHU TsKesbIXx popmax COVID-19.

MaTtepuanas U MeTOoJB5bl . IIpoBeneH aHAIN3 CBEeJEHUH, U3JI0KEHHBIX B METUIIMHCKON JIOKYMEHTAITNHY —
KapTax CTalllOHaPHOT0 OOJIPHOTO 73 YMEPIIUX C IByXCTOPOHHEH BUPYCHOM ITOJINCeIrMEeHTapHOM THEBMOHNEN, BEI3BAHHOM
BupycoM SARS-CoV-2, a Tak»Ke JaHHBIX 43 ayTOIICUH MaIleHTOB, yMepIIuX («ocTpast KOpOHapHasA CMePTh») B IIEPUO/J €
CeHTAOPA 2020 10 UIOJIb 2021 T. BhINOTHEHA OlleHKa HEKOTOPBIX KIIMHHUKO-I1a00paTOPHBIX JaHHBIX (00BeM IOpaKeHUs
Jerkux, C-peakTUBHBIN NPOTEUH, TPONOHUH I, D-mumMep, dpakuusa BHIOpOcaA JIEBOTO KEIYIOUKA U JP.), CTPYKTYPHBIX
“3MEeHEeHUH MUOKap/Aa U MOJIEKYJIIpHO-Orosornueckux xapakrepuctuk (CD31, CD34) sHAOTEINA KPOBEHOCHBIX KaIUJI-
JIIPOB IIpH TsKeJbIX popmax COVID-19.

Pes3yunbTarbl . AHAIU3 KINHUKO-TAa00PAaTOPHBIX JAHHBIX II0KA3aJI, YTO CHUKEHHE COKPATUTEIbHON CIIOCOOHOCTH
MHUOKap/a Ipu Tskenslx popmax COVID-19 B ¢BA3U ¢ pacIpOCTPaHEHHBIM ITOpaXKeHUEM JIETKUX COIIPOBOXK/AAJIOCH ITIOBBI-
IIIeHreM ypoBH:A C-peaKTHBHOTO IIpoTenHa, D-fiiiMepa, TponoHuHA I 1 CBU/IETEIBCTBOBAIIO 00 OCTPOM IIOBPEXK/IEHUN MUO-
kapza. ITo nanubIM OKI'-KOHTPOJIA U 3XOKapAuorpaduu oTMedaau HapylleHle PernoyIApU3alui U CHIXKeHHe COKpaTH-
TeJIBHOU CIIOCOOHOCTH, UTO COIIPOBOXK/IAJIOCH CHIKEHUEM pakiuu BeIOpoca Ha 32 %. Bosee uem B 70 % ciy4aeB Ha DK
HaO0JII0/]aTN pa3JINIHble aDUTMHUYUECKHE HapylIeHus (puOpUIIsaus Npeacepaui u ap.).

IIpu cBeTOBOM MUKPOCKOIIHNH ObLIO OTMEUYeHO Hajaudue caak-peHoMeHa, a Takxke HabyxaHus, leCKBaMaluy U IPOJIH-
epanuu 3HIO0TENINA KPOBEHOCHBIX KANWUIAPOB, 00pa3oBaHUe JUAIE/Ie3HBIX U OYArOBBIX KPOBOMBJIUAHUN, MECTaMHU
KpaeBoe CTOSHUE JIEHKOIIUTOB 1 MX MUTPAIUA 32 IIPeJIesIbl COCYJUCTOTO pycia. B mpocsere cocynoB Habmonanmu ¢pubpu-
HOBBIe Macchl. [Ipu MoJIApU3anMOHHON MUKPOCKOIINHY, HApAY ¢ KOHTPAKTypaMH KapAHMOMHOIIUTOB, HabJII0/JaTH TPYTIIIBI
KJIETOK C MHOITUTOJIM3UCOM U IEPBUYHBIM IJIBIOUATHIM pacnasioM. Bo Bcex HaOIMIOAEHUAX OBLT BBIABIIEH JTUIO(YCIIMHO3
KapOMHOIUTOB. IIpy IMMYHOTHCTOXUMUYECKOM HCCJIEZJOBAHIU OTMEYAIU BHIDAKEHHOE CHIDKEHVE YPOBHS HKCIIPeC-
cuu 6eJIKOB — MapKepoB KpoBeHOCHBIX cocy/1oB CD31 (PECAM-1) u CD34.

3akxuwueHHue. [IpoBefeHHBIN KINHUKO-MOPQOJOTHYECKHI aHAIN3 NpHU TsoKeNdblx dopmax mpu COVID-19
II03BOJIMJI IIOJIyYUTh HOBBIE JJAHHBIE O AUCTPOMUUECKUX U3MEHEeHUAX MHOKap/a U CTPYKTYPBI SHIOTEJIUOLUTOB KPOBe-
HOCHBIX KaIIJIJIAPOB, KOTOPHIE MOTYT OBITh IOJIOKEHBI B OCHOBY METOZMYECKUX MOXO/IOB JIA U3YyUEHHA MeXaHU3MOB
Pa3BUTHUA CEPAEYHOHN HEZIOCTATOUHOCTH IIPYU HOBOH KOPOHABUPYCHOU MH(MEKIHU.

Kmouesste crosa: COVID-19, Muokap/i, 9H10TeTHH, MOP(OJIOTHS.
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Structural reorganization of the myocardium in COVID-19
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L.L. Pozdnyakova+, O.M. Shishkova#, Ya.S. Ulyanova4, E.I. Filina*
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3Research Institute of Clinical and Experimental Lymphology — Branch of the Institute of Cytology and Genetic,
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4City Infectious Clinical Hospital No. 1, Novosibirsk, Russia

ABSTRACT

Introduction. Thedevelopment of a novel coronavirus infection (COVID-19) is not limited to respiratory dam-
age. Adverse outcomes in patients with COVID-19 may be associated with cardiac damage.

Aim . Study of the structural changes in the myocardium and the molecular biological characteristics of the endothe-
lium of blood capillaries in severe forms of COVID-19.

Materials and methods. Ananalysis of the medical documentation — inpatient records of 73 deceased
with bilateral multisegmental viral pneumonia caused by the SARS-CoV-2 virus, as well as data from 43 autopsies of
patients who died (sudden coronary death) between September 2020 to July 2021, was performed. An assessment of some
clinical and laboratory data (degree of lung damage; levels of C-reactive protein, troponin I, D-dimer; left ventricular ejec-
tion fraction, etc.), structural changes in the myocardium and molecular biological characteristics (CD31, CD34) of the
endothelium of blood capillaries in severe forms of COVID-19 was carried out.

R e sults. Theanalysis of clinical and laboratory data has shown that a decrease in myocardial contractility in severe
forms of COVID-19 due to an extensive lung damage was accompanied by an increase in the level of C-reactive protein,
D-dimer, troponin I and indicated acute myocardial damage. According to electrocardiography (ECG) monitoring and
echocardiography, repolarization disorders and a decrease in myocardial contractility were noted, which was accompanied
by a decrease in ejection fraction by 32%. In more than 70% of cases, various arrhythmic disorders (atrial fibrillation, etc.)
were observed during ECG.

Light microscopy revealed the presence of sludge phenomenon, as well as swelling, desquamation and proliferation of the
endothelium of blood capillaries, formation of diapedetic and focal hemorrhages, in some places leukocyte margination
and their migration beyond vascular bed. Fibrin masses were observed in the lumen of blood vessels. Polarization micros-
copy, along with contractures in cardiomyocytes, revealed groups of cells with myocytolysis and primary granularity. In all
observations, lipofuscinosis of cardiomyocytes was detected. Immunohistochemical examination showed a marked
decrease in the expression level of CD31 (PECAM-1) and CD34 proteins — markers of blood vessels.

Conclusion. The performed clinical and morphological analysis in severe forms of COVID-19 allowed us to
obtain new data on degenerative changes in the myocardium and the structure of endothelial cells of blood capillaries,
which can be used as a basis for methodological approaches to studying the mechanisms of development of heart failure in
a novel coronavirus infection.

Keywords: COVID-19, myocardium, endothelium, morphology.
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BBEJIEHUE

Ha coBpeMeHHOM 3Tanie MyJIbTHAUCIUAILINHAD-
HOTO wu3y4YeHHs WHGEKIUOHHOTO 3aboseBaHus,
BeI3BBaHHOTO BUpycoM SARS-CoV-2, ycraHoBJIeHO,
YTO pa3BUTHE HOBOU KOPOHABUPYCHOU MHMEKITUU
(COVID-19) He oOrpaHUYMBAaeTCs IMOPAKEHUEM
opraHoB JpIxaHus [1—4]. HebGnaronpusTHbie
ucxozpl y nanueHtos ¢ COVID-19, HapsAxay c nopa-
JKeHUEM JIETKUX, MOTYT OBITh CBS3aHBI C PA3BUTHEM

INTRODUCTION

At the current stage of multidisciplinary study of
the infectious disease caused by the SARS-CoV-2
virus, it has been established that the development of
a novel coronavirus infection (COVID-19) is not lim-
ited to damage to the respiratory organs [1—4].
Adverse outcomes in patients with COVID-19, along
with lung damage, may be associated with the deve-
lopment of complications due to cardiac damage
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OCJIOKHEHUH,  OOYCJIOBJIEHHBIX  IOpaKEHUEM
cepaua [5-8]. Passutue mpu COVID-19 pasHo-
00pa3HOH KIMHUYECKOH CIMIITOMATHKH, aCCOIIHH-
POBaHHOE C CepZIeYHON HEZIOCTATOYHOCTbIO, CBA3BI-
BAIOT C TeHEePaJTU30BAHHBIM MOPAKEHUEM COCYAH-
CTOTO pycJia U Pa3BUTHEM IPOTPECCUPYIOIINX
MUKPOIUPKYJIATOPHBIX PACCTPOUCTB MHUOKap/a
[9—12]. [TosyueHMEe HOBBIX TAHHBIX O CTPYKTYPHBIX
U3MEHEHUAX  OHIOTEJTHOIIUTOB  KPOBEHOCHBIX
KaWUIAPOB MHOKAap/a MOXET OBITh IMOJIOKEHO B
OCHOBY METOJIUUECKUX IOAXOMOB i U3yUeHHUs
MeXaHU3MOB Pa3BUTHA CEPAEYHON HEOCTATOYHO-
ctu npu COVID-19.

ITEJIb NCCJIEAJOBAHUA

V3yueHue CTPYKTYPHBIX U3MEHEHHUU MHUOKap/aa
U MOJIEKYJISIPHO-OMOJIOTHYECKUX XapaKTEPUCTHUK
SHJIOTeJINSI KPOBEHOCHBIX KAIWJIIAPOB IIPU TsXKe-
Jabix popmax COVID-19.

MATEPUWAJIbI 1 METO/IbI

Ha nepBowm statie uccaenoBaHus ObLI IPOBeZEH
aHAIN3 JAHHBIX MEAUIIMHCKUX JOKYMEHTOB — KapT
CTAI[MOHAPHOTO OOJIBHOTO 73 YMEPIIUX C JBYXCTO-
POHHEN BHUPYCHOH IIOJMCErMEHTAPHON ITHEBMO-
HHeH, BpI3BaHHOU Bupycom SARS-CoV-2, B iepuoz ¢
ceHTsI6ps 2020 mo umioiab 2021 1. B I'BY3 HCO
«T'opojckas nHGEKITNOHHAA KIIMHIYeCcKas O0JIbHUIA
N@ 1» 1. HoBocubupcka. Bo Bcex HaOIIOIeHUAX HOBAst
kopoHaBupycHas uHpekua (COVID-19) y manueH-
TOB IIpOTeKaJa B TsxkesIol ¢opme. MHbUIposanue
BupycoM SARS-CoV-2 6pu10 BepubUITTPOBAHO IPU-
JKU3HEHHO C IIOMOINBIO ITOJUMEPA3HOU IeHON
peakiuu (ITIP). [TanueHTHl MOJIydas JIeYEeHUE B
IIOJTHOM COOTBETCTBUH C «BpeMeHHBIMU KJIMHUYE-
CKUMU PEKOMEHIALINSAMU 10 JIEYEHUI0 HOBOH KOPO-
HaBUpYCHOU wuHOeKIUu» (Bepcuu 9—11, HOAOPH
2020 I. — UI0JIb 2021 T.).

W3 yucna ymepuux B KJIMHUKE 56.16 % cocra-
BWJIN MYKYUHBI (41 uest.) u 43.4 % (32 uesn.) — keH-
muHbl. JIum g0 65 JeT cpeau yMmepiux ObLIo
63.2 %, crapie 65 jer — 36.8 %. Y OOJIBITUHCTBA
nanueHToB (79.45 %, 58 4esi.) uMeauch KOMOpOU/I-
Hble 3a00J1eBaHUs B CTQUN KOMIIEHCAIIMH, CPEIH
KOTOPBIX Hambojiee YacThIMU OBLIN Pa3IMIHbIE
dopmbI unemMuyeckoil 60€3HU CcepAlia, TUIIEPTO-
HU4eckast 60JIe3Hb, caXapHbIN AuabeT, pa3JTuIHON
CTeNeHU O’KUPEeHNe, KapAUOMHUOIIATHH, THeJIOHed-
put u gp. IIporpeccupyiomas TAXKeCcTh KJINHUUe-
CKHX CHUMIITOMOB KOPPEJIHPOBAJIa C YBeJHMUEHUEM
IUTOIAAY WHOUIBTPATUBHBIX U3MEHEHUH JIETKUX,
MIPeBBIIAIIIUX 70 %.

1151 mpoBenieHusT MOPGhOJIOTHYECKUX UCCIIEI0BA-
HU# 6pUTa cHOPMUPOBAHA OCHOBHAS TPYIIIIA, KOTO-

[5—8]. The development of various clinical symp-
tomatology associated with cardiac insufficiency in
COVID-19 is linked with the systemic damage to vas-
cular bed and development of progressive microcir-
culatory disorders of the myocardium [9—12].
Obtaining new data on structural changes in endo-
thelial cells of myocardial blood capillaries can form
the basis for methodological approaches to studying
the mechanisms of cardiac insufficiency develop-
ment in COVID-19.

AIM OF THE RESEARCH

Study of the structural changes in the myocar-
dium and molecular biological characteristics of
endothelium of blood capillaries in severe forms of
COVID-19.

MATERIALS AND METHODS

At the first stage of the study, the data on medical
documents — inpatient records of 73 deceased
patients with bilateral multisegmental viral pneumo-
nia caused by the SARS-CoV-2 virus between Sep-
tember 2020 and July 2021 in the Novosibirsk City
Infectious Clinical Hospital No. 1 were analyzed. In
all observations, in patients was severe novel corona-
virus infection (COVID-19). Infection with the SARS-
CoV-2 virus was confirmed intra vitam using poly-
merase chain reaction (PCR). Patients received treat-
ment in full compliance with the Temporary Clinical
Guidelines for the Treatment of a Novel Coronavirus
Infection (versions 9-11, November 2020 — July
2021).

Of those who died in the hospital, 56.16% were
men (41 patients) and 43.4% (32 patients) were
women. Among the deceased, 63.2% were under 65
years of age, and 36.8% were over 65 years of age.
Most patients (79.45%, 58 people) had well-con-
trolled comorbidities among which the most com-
mon were various forms of coronary heart disease,
hypertension, diabetes mellitus, varying degrees of
obesity, cardiomyopathy, pyelonephritis, etc. The
progressive severity of clinical symptoms correlated
with an increase in the area of infiltrative changes in
the lungs, exceeding 70%.

To perform morphological study, the main group
was formed, which consisted of 43 male and female
cadavers aged from 39 to 68 years, the average age
was 53 + 5.45 years. During autopsy myocardial frag-
ments from the anterior, lateral, posterior walls of
the left ventricle and the septum of the heart of
deceased from COVID-19 were collected. The control
group consisted of 15 deceased (sudden coronary
death), delivered by ambulance, their average age
was 47 + 4.5 years (p < 0.05). Myocardial samples
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PYIO COCTaBWIN 43 TPyIa MYKCKOTO H KEHCKOTO
IoJ1a B Bo3pacTe oT 39 Jio 68 Jier, cpeHUi BO3pacT
53 * 5.45 roja. Ha ayromcuu ocyrectBiisiics 3a60p
(¢parmMeHTOB MHOKap/a U3 006J1acTH IIepeHel, 60KO-
BOU, 33/IHEW CTEHOK JIEBOTO JKEJIyI0YKa U IEPEro-
poaxu cepaua ymepmux or COVID-19. I'pyniny koH-
TPOJISI COCTAaBWJIM 15 CKOPOIOCTHIKHO YMEPIIUX
MY>KYUH («OCTpas KOpOHapHas CMepTh»), JOCTaB-
JIEHHBIX MAIIMHOU CKOPOH IOMOIIY, UX CPeIHUU
BO3PACT COCTaBUII 47 + 4.5 Toza (p < 0.05). O6pasisl
MHOKap/ia U3 Tpex obJiacTel JIEBOTO KeJIylIoUYKa K
MIEPETOPOJKU OBbLUIM B3ATHI HA AyTOIICHU B IEPBbIE
12 Y mocjle HACTYIUIEHUsS cMepTH. Kpurepusamu
BKJIIOUEHUs B KOHTPOJIbHYIO I'PYIILy ObLIN BO3pacT
43-55 JIeT U HaJU4Yhe Ha ayTOIICUM HadyaJbHbIX
MMOpa’kKeHU! BEHEUHBIX apTEPUil aTepOCKIEPO30M B
CTa/INH JINTIOUJI03a U JIUTIOCKJIEPO3a.

[Tpu mpoBeieHNHU pabOTHI C TPYIHBIM MaTepHa-
JIoM cobJTiofaich TpeOOBAHUA U YCJIOBHSA B COOT-
BETCTBUM C 3aKoHojaTeJbcTBoM P® u XenbCHUHK-
CKOU Jiek1apanueil BceMupHOU MeTUITMHCKOH acco-
nuaruu. VccnemoBanue onobpeno Kommurerom mmo
sTuke HOBOCHOMPCKOTO TOCYZJapCTBEHHOTO MeEIH-
IIMHCKOTO yHUBepcuTera (mpoTokonm NO 138 ot
21.10.2021).

J1J151 CBETOBOY Y MOJISIPU3AIMOHHON MUKPOCKO-
nuu ¢pparMeHTsl GUKCUPOBAIHN B 10% 3a0ydepeH-
HOM (opMayimHe, MOCJIe Yero IPOBOAUJIM CTaH-
JIapTHYI0O IPOBOAKY MaTepHasa B THUCTOIPOIec-
cope C MOCJIeYIONIUM 3aKIloueHreM B mapaduH.
Ha poTanmuoHHOM MHUKPOTOME W3TOTABIUBAJIH
Cpe3bl TOJIIUHON 0KO0JIO 5 MKM, KOTOPbIe OKpaIlu-
BaJIM TEMATOKCUJIMHOM U 303UHOM. [Ipu momornu
KOMITbIOTEPHOU TporpaMmmbl Leica QWin (Leica,
T'epMmaHus) HA CBETOBOM YPOBHE OLIEHUBAJIH I1ATO-
MopdosoTHYeCKe W3MEHEeHUsI B CePJAEeYHOM
MBIIIIE TPU YBEJIUYEHUH MHUKPOCKOIA X100,
X200, x400. /lasd omnpenesieHUs ajlbTePATUBHBIX
M3MeHeHU#H Obljla BBHIMIOJIHEHA MUKPOCKOIHUS B
MOJIIPU30BAaHHOM CBeTe Ha MUKpockoIe Leica DM
4000B (Leica, 'epmanus), KOTOPbIH OBLI OCHA-
IeH aHaJIW3aTOpOM | TOoJApusatopom. s
CEJIEKTUBHOTO BBIABJIEHUsA (puOpUHA CpPE3BI MHUO-
KapZla OKpAaIIWBaJX [0 MeTOAUKe OPaHKEBBIH-
kpacHbii-rosyooi [1.J]. 3epbuno [13].

s ummyHorucroxuMmudeckoro (MI'X) ueenemo-
BaHUA Napa@UHOBBIE CPe3bl TOJIIUHOU 4—5 MKM
nmenapadUHU3NPOBAIM B KCHJIOJE U 3THIOBOM
CIUPTE, MPOU3BOAIIN JEMACKUPOBKY AHTUTEHOB
TKaHel B nuTpaTHOM Oydepe. NI'X-okpammuBaHue
BBITIOJTHSJIM COTJIACHO PEKOMEH/IAIUAM, U3JI0KEeH-
HBIM B PYKOBOZICTBAX 10 UMMYHOTHCTOXUMUYECKUM
HCC/IeIOBAHUAM M HHCTPYKIHMAM (GUPM-IPOU3BO-
nurenedi. Vcmosb3oBaniu aHTUTeNa: monoclonal

from three regions of the left ventricle and septum
were taken during autopsy in the first 12 hours after
death. The inclusion criteria for the control group
were: age 43—55 years and the presence of initial ath-
erosclerotic lesions of the coronary arteries in the
form of lipoidosis and liposclerosis on autopsy.

When working with autopsied specimens, the
requirements and conditions of the legislation of the
Russian Federation and the Declaration of Helsinki
of the World Medical Association were observed. The
study was approved by the Ethics Committee of the
Novosibirsk State Medical University (protocol
No. 138 dated 21.10.2021).

For light and polarization microscopy, the sam-
ples were fixed in 10% buffered formalin, following
that standard processing in a histoprocessor with
subsequent embedding in paraffin was conducted.
Sections of 5 um thickness were made on a rotary
microtome and stained with hematoxylin and eosin.
Using the Leica QWin computer program (Leica,
Germany), pathomorphological changes in the heart
muscle were assessed by light microscopy at magni-
fication x100, X200, x400. To determine alterative
changes, polarized light microscopy was applied
using a Leica DM 4000B microscope (Leica, Ger-
many), equipped with an analyzer and a polarizer.
For selective detection of fibrin, myocardial sections
were stained using Martius, scarlet, blue (MSB)
method according to D.D. Zerbino [13].

For immunohistochemical (IHC) study, 4—5 um
paraffin sections were deparaffinized in xylene and
ethyl alcohol, and tissue antigen retrieval was per-
formed in citrate buffer. IHC staining was performed
according to the recommendations of immunohisto-
chemical study guidelines and the manufacturers’
manuals. The following antibodies were used: mono-
clonal mouse antibody CD31 endothelial cell (clone
JC70, Cell Marque, USA), monoclonal mouse anti-
body CD34 endothelial cell (clone QBEnd/10, Cell
Marque, USA). CD31 and CD34 expression was
assessed quantitatively by counting the volume den-
sity of positively stained vascular cells at magnifica-
tion x400 using an open test system in 15 fields of
view of each preparation. Morphometric assessment
was performed using the ImageJ program (Wayne
Rasband, USA).

Statistical processing was carried out using
licensed Microsoft Office Excel 2010 software
(Microsoft, USA) and STATISTICA v. 6 (StatSoft
Inc., USA). The results in tables and diagrams for
quantitative values of structural and immunohisto-
chemical parameters are presented as the arithmetic
mean (M) and standard deviation (SD), for qualita-
tive parameters — as values and percentages. The fig-
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mouse antibody CD31 endothelial cell (xson JC70,
Cell Marque, CIIIA), monoclonal mouse antibody
CD34 endothelial cell (k105 QBEnd/10, Cell Marque,
CIIA). 9kcrpeccuro CD31 1 CD34 o1ieHuBaIN KOJIU-
YeCTBEHHO IIyTeM IIOJICYeTa OO'beMHOU IIOTHOCTHU
IIO3UTUBHBIX KJIETOK COCYZIOB IIpU YBeJIUUYEeHUU
X400 € HCHOJb30BAaHUEM OTKDBITOU TeCTOBOH
CUCTEeMBI B 15 IOJIAX 3PEHUS KaXKJIOTO IIpelapara.
Mopdomerprueckas oreHKa MPOBOIMIIACH C TIOMO-
b0 KOMITbIOTEPHOH mporpammbl ImageJ (Wayne
Rasband, CIITA).

Cratuctuyeckas o6paboTka ObLIa IPOBE/IEHA C
HCIIOJIb30BAHUEM JIMIIEH3UPOBAHHOTO TTAKETa IIPO-
rpamm Microsoft Office Excel 2010 (Microsoft,
CHIA) u STATISTICA v. 6 (StatSoft Inc., CIIIA).
PesysipTaTh B TAOMHUIAX U AHATPAMMax IS KOJIHU-
YeCTBEHHBIX BEJIMYUH CTPYKTYPHBIX U UMMYHOTH-
CTOXMMMUYECKUX I[IOKazaTeJeldl IIpeiCcTaBIeHbl B
BHUJIe cpefHel apudmeTnueckod BeaunduHbl (M) u
CTaH/APTHOTO OTKJIOHeHus (SD), 1A KavyecTBEH-
HBIX BE&JIMYUH — KaK 3HAUEHUS U MPOIeHTHI. [Toka-
3aTeJIl UCCJIeIOBAHUSA MPOBEPAINCh HA HOPMAaJIb-
HOCTH pacupezie/IeHus1 ¢ TOMOIIbI0 Kpurepus Ko-
MoropoBa — CMUpHOBa. MeXTPyNIIOBbIE PAZTHIUA
olleHUBaM, ucnoyab3ysa U-kputepuii Manua -
YUTHH, TpHU YPOBHE [OCTOBEPHOH BepOATHOCTU
95 % (p < 0.05).

PE3YJIBTATDBI 1 OBCYXKJIAEHHNE

[Tpu olleHKe TAaHHBIX KAPT CTAIIMOHAPHOTO 6OJIb-
HOT0 Y IaliueHToB ¢ TskesbiMu popmamu COVID-19
OTMeYaTH OOIIMPHOE MOpajKeHUe JIETKUX, MPEBbI-
arlnee BO BceX HAOIIOJEHUAX 70 % CyMMapHOU
IUIOIIA/IN OPTAaHOB. Y BCeX MAI[UEHTOB OBLIO CTAaTHU-
CTHYECKU B3HauuMoe IOBbIIeHne C-peakKTHBHOTO
[IPOTENHA, MTOKa3aTesb KOTOPOTO Bo3pacTay Gosee
yeM B 100 pa3 OTHOCHUTEJIBHO pedepeHCHBIX 3Haue-
Huii (tabn. 1). Ilo Mepe mporpeccupoBaHUs
COVID-19 ¢ TOBTOPHBIMHU ITUTOKUHOBBIMU aTaKaMU
BO3pacTajl B HECKOJIBKO pa3 D-aumep, kak uHpOP-
MaTUBHBI KPHUTEPUU ITOBPEXKJIEHUS DH/IOTENUA Y
MAIMEeHTOB C TXKeJAbIMU (OpMaMU HOBOU KOPOHA-
BUpYCHOU nHeKnu. BplyI0 0TMeUeHO Bo3pacTaHue
Oosiee yeM B 3 pasa TPONOHHWHA I, YTO CBUETEH-
CTBOBJIO OO0 OCTPOM IIOBDEXJIEHUH MHUOKap/a.
NudopMaTUBHBIM IOKa3aTesJeM CHUKEHUs COKpa-
TUTEJLHON CIIOCOOHOCTH MHOKap/Aa JIEBOTO JKEJy-
JIOUKa SABWJINCH JIaHHBIE 3XOKapAuOrpaduvecKoro
HCCIeIOBaHUsA, TP KOTOPOM OTMeUasid CHUKeHHe
¢pakiuu BeIOpOCA JIEBOTO KeayAouka Ha 32 %. [To
naHHbiM  JKI'-KOHTposA (YHKIIMOHAJIIBHOU Jiesi-
TEJIbHOCTU CepJlla yV BCeX IAaIMeHTOB OTMedasIu
HapylIleHue penoaspusanuu. bosee yem B 70 % ciy-

ures obtained were checked for normal distribution
using the Kolmogorov-Smirnov test. Differences
between groups were assessed using the Mann-
Whitney U-test at a 95% confidence level (p < 0.05).

RESULTS AND DISCUSSION

When evaluating the inpatient records of individ-
uals with severe COVID-19, extensive lung damage
was noted, exceeding 70% of the total organ area in
all cases. All patients had a statistically significant
increase in the C-reactive protein level which was
higher more than 100 times relative to the reference
values (Table 1). As COVID-19 progressed with
repeated cytokine storms, D-dimer increased several
times as an informative criterion for endothelial
damage in patients with severe COVID-19. An
increase in troponin I by more than 3 times was reg-
istered, which indicated acute myocardial damage.
An informative marker of a decrease in left ventricu-
lar myocardial contractility were echocardiographic
(ECQG) findings, namely a decrease in left ventricular
ejection fraction by 32%. According to the ECG mon-
itoring data, all patients showed impaired repolar-
ization. In more than 70% of cases, various arrhyth-
mic disorders were observed on the ECG, among
which atrial fibrillation was predominant. In every
third case, persistent resistant arterial hypotension
was observed with average blood pressure values less
than 50 mm Hg, despite the use of vasopressors,
which was associated with a decrease in myocardial
contractility and peripheral vascular resistance.

Light microscopy has revealed that the develop-
ment of severe COVID-19 in patients with fatal out-
come was accompanied by acute impairement of
blood circulation. Paresis and congestion of veins,
spasm of intramural coronary arteries with vertical
extension of endothelial cells into the vessel lumen,
stasis of erythrocytes, in some places, with a phe-
nomenon of sludge (Fig. 1, A, B), were observed.
Endothelial cells of blood capillaries were extremely
swollen (Fig. 1, C). The presence of diapedetic and
focal hemorrhages was noted, formation of which
was associated with impaired vascular permeability.
Leukostasis in the lumen of vessels, occasionally leu-
kocyte margination and their migration outside the
vascular bed were found. The appearance of fibrin
masses in the lumen of vessels was observed, which
was due to the process of intravascular thrombus
formation. Fibrin clots were stained in various
colors — Martius yellow, scarlet, blue and their
shades, which made it possible to judge the age of
thrombi formation [13].

The described pathohistological changes were
accompanied by myocardial ischemia (Fig. 1, D) and
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Ta6smua 1. XapakTepucTrHKa KJIMHUKO-GYHKIIMOHA/IbHBIX U J1a60PaTOPHbIX T0OKa3aTeJsel y NalueHTOB C TsKes0H GopMoi

COVID-19

Table 1. Clinical, functional and laboratory parameters in patients with severe COVID-19

IlokasaTesnb HopmaJsibHble 3Ha4YeHus TaxxeJibie popmel COVID-19
Parameter Reference values Severe COVID-19
C-peaKTHBHBIN POTEUH (Mr/J) 0-5 137.03*

C-reactive protein (mg/1)

TpononuH I (Hr/mu) / Troponin I (ng/ml) 0-1 3.7*

D-pumep (ur/mi) / D-dimer (ng/ml) 250 420*

[Topaxxenue serkux (%) / Lung damage area (%) - 73.1*

Opaknus BeiGpoca JieBoTo xenynouka (%) 55-70 43.5*

Left ventricular ejection fraction (%)

*p < 0.05 npu cpaBHEHUH C HOPMaJIbHBIMHU 3HAYEHUMHU.
p < 0.05 in comparison with the reference values.

yaeB Ha JKI' Habiroasim pas3jnmdHble apUTMUYe-
CKYe HapyIIeHUs, CPeJld KOTOPHIX MPEBAIMPOBAJIA
bubpwuisanusa npeacepAuil. B KaKIOM TpeTheM
crydae HAOJIONATU CTOUKYIO PE3WCTEHTHYIO apTe-
PHAJIBHYIO TUIIOTOHUIO, IIPU KOTOPOH CpeHUE IOKa-
3atesu Al 6bLTM MeHee 50 MM PT. CT., HECMOTPsI Ha
HCIIOJIb30BAHIE BA30IPECCOPHBIX IIPENApaTOB, UTO
OBLIO CBA3AHO CO CHIDKEHUEM COKPATUTEIBHOU CITO-
COOHOCTH MHOKap/Aa U nepudepuieckoro CoCyau-
CTOTO COIIPOTHBJIEHUS.

[Ipu cBETOBOW MHUKPOCKOIUH OBLJIO OTMEYEHO,
YTO pa3BUTHE TKEIBIX (OPM HOBOM KOPOHABHUPYC-
Hou uHpekuu (COVID-19) y maiueHToB ¢ JIeTaTb-
HBIM HCXOJIOM COIIPOBOJK/IAJIOCH OCTPBIMH HapyIIle-
HUSIMH KpoBooOpainenus. HabGioganu mape3 u
IIOJTHOKPOBHE BEH, CIIa3M HHTPaMypaJIbHBIX apTe-
pUli C BEPTUKAIBHBIM BBITATHBAHUEM HH/IOTEJIHO-
IIUTOB B IIPOCBET COCYZa, CTa3bl 3HPUTPOIIUTOB,
MecTaMu c SABJICHUEM cnak-peHomeHa
(puc. 1, A, B). dHmoTennaabHbIE KJIETKA KPOBEHOC-
HBIX KAOWUIAPOB OBUIM PpPe3Ko HAaOYXIIUMH
(puc. 1, C). OTMeyanu HAIMYHE JUanee3HbIX U OUa-
TOBBIX KPOBOUBJIMAHUM, OOpasoBaHHE KOTOPBIX
OBLIIO CBSA3aHO C HAPYIIIEHHEM IIPOHUIIAEMOCTH COCY-
JIUCTOH CTeHKH. B mpocsete cocyoB ObLIH 0OHAPY-
JKEHBI JIEHKOCTa3bl, MECTAMU KpPaeBoOe CTOSTHUE JIEH-
KOILIUTOB M MX MUTpPAIUs 3a MPeAeJibl COCYAUCTOTO
pycia. Habmomanm mosiBieHne B IPOCBETE COCY/IOB
(puOPHUHOBBIX Macc, YTO OBLIIO 0OYCIIOBJIEHO TTPOIIEC-
COM  BHYTPHUCOCYAHCTOTO  TpoMO6006pa3oBaHMUI.
®ubpuHOBBIE TPOMOBI OBLIN OKpAIIEHbI B Pa3INd-
HbIE [IBETA — OPAHKEBBIN, KPACHBIHN, (DHOJIETOBBIA U
WX OTTEHKH, UTO IIO3BOJISJIO CYAUTH O JABHOCTH
obpaszoBaHus TpomM60B [13].

OmnncaHHbIE TATOTHCTOJIOTHYECKHE H3MEHEHUs
COTIPOBOXKJIAJINCh ~ WINIEMHEH  MBIIIIBI  CepAla
(puc. 1, D) u ob6pa3oBaHMEM OCTPBIX OUYATOBBIX
MOBPEK/IEHUI MUOKap/ia, BBIABJIAEMbBIX IIPH IOJIS-

the formation of acute focal myocardial damage
detected by polarization microscopy. In patients who
died from severe COVID-19, multiple segmental car-
diomyocyte contractures, as well as contractures of
grades I, II and III, were recorded in the myocar-
dium. At least 2—3 contractures in one field of view
were observed, which were most often detected in
the subendocardial layers of the myocardium of the
left ventricle. Along with contractures, single cardio-
myocytes or small groups of cells with myocytolysis
or primary granulation were visible. In addition,
lipofuscinosis in the form of small lipid inclusions in
individual groups of cardiomyocytes was detected.
Lipofuscinosis, as well as all the abovementioned
pathomorphological changes, were present in all
cases of COVID-19 and were associated with degen-
erative changes of the myocardium.

The revealed features of endothelial damage in
COVID-19 correlated with the data of IHC which was
carried out to determine the expression level of the
blood vessel markers — CD31 (PECAM-1) and CD34
proteins. Endothelial cells of myocardial blood vessel
in severe COVID-19 were characterized by a pro-
nounced decrease in the level of the blood vessel
markers expression — CD31 (PECAM-1) and CD34
proteins (Table 2).

The results obtained are consistent with the lit-
erature data that the inflammatory response in
COVID-19 is an important factor in the development
of severe microcirculatory disorders, accompanied
by endothelial cell alteration, endothelial-mesenchy-
mal transition, endothelial dysfunction and endothe-
lial destruction, with the presence of detectable cir-
culating endothelial cells [13—15].

Thus, the analysis of clinical and laboratory data
showed that a decrease in myocardial contractility in
severe forms of COVID-19 is associated with an
increase in the level of C-reactive protein, D-dimer,
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Puc. 1. Mopdonorus muokapza y nanyeHtToB ¢ COVID-19: A — arperarus, cja/KUpoBaHUe 3pUTPOIUTOB B KaTWJLIAPaX,
OTeK CTPOMBI MHOKap/a. YBeandenue (yB.) x200. OKpacka reMaTOKCHJIMHOM H D03UHOM; B — SH/IOTETHOIUTHI CIIa3MUPO-
BaHHOU apTePUH B BUJ/I€ YACTOKOJIA, OTEK CTEHKHU COCY/A, IECKBAMAIIHS SH/IOTEIHS], METAXPOMA3HsI U IPOZOJIBHOE paciiie-

IJIEHNE KapAMOMHUOIINTOB, OTEK CTPOMBL. YB. x100. OKpacka reMaTOKCHIIMHOM U 503MHOM; C — OTEK CTEHKHU apTePHH,

HaOyxaH¥e SHIOTEJIHS, SH/[OTEJIUOIUTHI B BU/IE YaCTOKOJIA, B IIPOCBETE — KJIETKU 0eJI0i KpoBH, GHUOPUHOBBIE MACCHI.
VB. x400. OKpacka reMaTOKCIJIMHOM U 303UHOM; D — KOHTpakTyps! 111 creneHy U IIbI0YaTHIA pacia/l KapAHOMUOIIUTOB.
VB. x200. ITosApu3anoHHas MUKPOCKOIIHA
Fig. 1. Myocardial morphology in patients with COVID-19: A — aggregation, sludge formation of erythrocytes in
capillaries, edema of the myocardial stroma. Magnification x200. Hematoxylin and eosin staining; B — endothelial cells
of the stenotic artery in the form of a picket fence, edema of the vessel wall, endothelial desquamation, metachromasia
and longitudinal splitting of cardiomyocytes, stromal edema. Magnification x100. Hematoxylin and eosin staining;
C — edema of the artery wall, swelling of the endothelium, endothelial cells in the form of a picket fence,
in the lumen — white blood cells, fibrin masses. Magnification x400. Hematoxylin and eosin staining;
D — grade III contractures and granularity of cardiomyocytes. Magnification x200. Polarization microscopy

pHSaHHOHHOﬁ MHKPOCKOIINH. vy MannueHToB, YMEpP-
mux oT TsKeIsx hopm COVID-19, 66110 OTMEUEHO
Ha/in4yre B MHUOKap/ie MHOKECTBEHHbIX CErMeHTap-
HBIX KOHTPAKTYP KapAHUOMHUOIUTOB, a TAKXE€ KOH-
tpaktyp I, II u III crenenn. Habioganu He MeHee
2—3 KOHTPAaKTyp B OJHOM II0JIe 3peHUs, KOTOpble
yamie BbIABJIAJIN B Cy63HI[OKap[[I/IaIIbeIX CJIOAX
MHOKap/ia JIeBOTO »Kejymouka cepaua. Hapsany c
KOHTpaKTypaM#, IIPOCMAaTPpUBAJINChE €IUHUYHBIE
KapAuOMUOIUTHI UJIN HeOOoJIbIINE TPYIIIbI KJIETOK C
MHOIDHUTOJIU3NCOM HWJIN IIE€EPBUYHBIM IJIBIOYaTHIM
pacmagoMm. Kpome Toro, 661 BBISBJIEH JTUITODYCITH-
HO3 B BUJI€ MEJIKHUX XXUPOBbBIX BKJIIOUEHUH B OTAEJIb-

troponin I, which indicated acute myocardial dam-
age. An informative indicator of the decrease in con-
tractility of the left ventricular myocardium were the
echocardiography and ECG monitoring data.

In addition, in severe forms of COVID-19, struc-
tural changes in the myocardium were characterized
by acute circulatory disorders, focal hemorrhages,
edema, desquamation and proliferation of the endo-
thelium of blood vessels, as well as the formation of
acute focal myocardial damage and lipofuscinosis of
cardiomyocytes, which is associated with endothelial
dysfunction and is accompanied by a decrease in the
left ventricular myocardial contractility. In severe
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Ta6una 2. UMMyHOTMCTOXMMUYECKOe UCCie[JoBaHue: 06beMHast 10THOCTS (VV, %) CD31 u CD34 KpoBEHOCHBIX COCY/I0B
MUOKap/a y nanueHToB ¢ COVID-19 u B rpymne koHTposs (M £ SD)
Table 2. Immunohistochemical study: volume density (Vv, %) of CD31 and CD34 in myocardial blood vessels in patients with

COVID-19 and in the control group (M * SD)

IlokasaTesib / Parameter

KonTposbHas rpynna / Control group

OcHoBHas rpynna / Main group

CD31
CD34

411+1.59
6.12+1.78

1.69 £ 1.33*
2.35+2.00*

*p < 0.0005 npu cpaBHEHUH C KOHTPOJbHON TPYIIION.
p <0.0005 in comparison with the control group.

HBIX Tpynmax KapAuoMuonurtos. JlumnodycnuHos,
TaK JKe KaK U BCce BhIIIIeyKa3aHHble MTaTOMOP(OI0TH-
JecKre W3MeHeHUs, ObUI IIPeJCTaBIEH BO BCeX
nabsogenusx COVID-19 u 66171 cBA3aH ¢ 1UcTpodu-
YeCKHMU U3MEeHEHUAMHU MUOKap/a.

BrraBiieHHBIE 0COOEHHOCTH MTOPAYKEHUS DHJIOTE-
gua npu COVID-19 koppesupoBaiu ¢ JaHHBIMU,
MoJlydeHHBIMU IIpu npoBefieHun UI'X-mccermenoa-
HHA, KOTOpOE IIPOBOJIUJIOCH C IIeJIBI0 OIIpejiesIeHus
VPOBHS 3KCIIPeCcCUU OEJTKOB — MapKepPOB KPOBEHOC-
HbIX cocysioB CD31 (PECAM-1) u CD34. QHm0TENO-
IUTHl KPOBEHOCHBIX COCYZI0OB MHUOKap/ia IpU TsKe-
som teueHnu COVID-19 XxapakTepu30BaINCh BbIpa-
JKEHHBIM CHIDKEHHEM YPOBHs OJKCIIpeccuu Oei-
KOB — MapKepoB KpOBEHOCHBIX cocyZoB CD31
(PECAM-1) u CD34 (tab6u. 2).

[TonmyueHHBbIEe pe3yIbTAThl COIVIACYIOTCA C JIaH-
HBIMU JIUTEPATypbl O TOM, YTO BOCHaJIUTeJIbHAasA
peakiusa ipu COVID-19 siBiseTcs BaXKHBIM (PakTo-
pOM pa3BUTHA BBIPAKEHHBIX MHKPOLUPKYJIATOP-
HBIX PACCTPOMCTB, COMPOBOXKIAIOUIUXCA aJbTepa-
nued 3HOTeIHOIUTOB, H/I0TENTHATBHO-ME3eHXHU-
MaJIbHBIM IEPEXO/IOM, SH/IOTETUATBLHON AUCPYHK-
UeN U SH0TETHAJIBHOU JIECTPYKIIUEH, C HATUIUEM
BBISIBJIAEMBIX ITUPKYJIUPYIOIIUX SHIOTETHATBHBIX
KJIETOK [13—15].

Takum o6pa3oM, aHamu3 KIWHUKO-JIabopa-
TOPHBIX JJAHHBIX II0OKA3aJI, UYTO CHUKEHHNE COKPATH-
TEJIbHOW CIOCOOHOCTH MHOKAapZla TPU TSKEJIbIX
¢popmax COVID-19 cBA3aHO ¢ IOBBIIIIEHNEM YPOBHA
C-peakTuBHOTO mpoTenHa, D-aumepa, TpoImo-
HUHA [, YTO CBUIETETHCTBOBAIIO 00 OCTPOM IOBPEXK-
JleHUu Muokapza. VlHdopMaTUBHBIM IIOKa3aTeseM
CHUKEHHS COKPATUTEJIbHOH CHOCOOHOCTH MUO-
Kapjia JIEBOTO >KeJyJlouKa ABUJINCH JAaHHBIE 3XO0-
kapauorpaduyeckoro wucciaengoBanusas u  IKI-
KOHTPOJIA.

Kpowme Toro, npu Taxensix popmax COVID-19
CTPYKTYPHBIE U3MeHeHUs MHUOKap/a XapaKTepu-
30BaJINCh OCTPBIMU paccTpoiicTBaMu KpoBoobpa-
I[eHHUs, OUarOBBIMU KPOBOUBJIUAHUAMU, OTEKOM,
JleckBaManued u upoJsudepanued SHAOTETUs
KPOBEHOCHBIX COCYZIOB, Takke 0Opa3oBaHUEM

forms of COVID-19, changes in the molecular char-
acteristics of the endothelium of myocardial blood
capillaries — a decrease in the expression of CD31 (by
2.4 times, p < 0.0005) and CD34 (by 2.6 times,
P < 0.0005), which reflects the developing impair-
ments in the intercellular interaction of endothelial
cells and is associated with progressive endothelial
dysfunction in a novel coronavirus infection.

CONCLUSION

The obtained data on degenerative changes in the
myocardium and the structure of endothelial cells of
blood capillaries are a morphological substantiation
for cardiac symptomatology in severe forms of
COVID-19 and can be used as a basis for method-
ological approaches to studying mechanisms of
development of heart failure in a novel coronavirus
infection.
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P < 0.0005), 4YTO OTpa)kaeT pa3BUBAIOI[HECH
HapyIIeHUs MEXKJIETOUHOI'0 B3aUMOJEHCTBUA
SH/IOTEJIUOIIUTOB U CBA3AHO C IIPOTpeccupylomiei
IPpY HOBOM KOPDOHABUPYCHOW HHOEKIUHU Juc-
(GYHKIUYU DH/IOTETUS.
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MopbobyHKIIMMOHAJIBHOE COCTOAHMUE Y9HAOKPUHHOTO anapara
CEMEHHUKOB KPBbIC IMOCJIE IEPEHECEHHOM MPOTUBOOITYX0JI€BO
XUMHUOTEepanIuu

9.9. Abpamkun', 1.}0. Makapos?, H.B. MensiukoBa', A.A. Abpamkuna', A.Il. Hagees?,
A.B. Jlorunosa3

I@I'BOY BO «Amypckas eocydapcmeennas meduyuHckas akademus» Munadpasa Poccuu, baazosewyenck, Poccus

2@I'bOY BO «Hogocubupckuil 2ocydapcmeeHHtblil MeduyuHckuil yHusepcumem» Munadpasa Poccuu, Hosocubupck,
Poccus

3OI'BY « HayuonaabHwlil meduyuHckuil uccaedosamenvekuil yenmp eemamonoauu» Munsdpasa Pocuu, Mockea,
Poccus

AHHOTAITUA

BBegeHUe. YiydlleHHe KAaUeCTBAa JUATHOCTUKHU U PAaHHEE HAYAJIO JIEUEHHUs 3JI0KaUeCTBEHHBIX HOBOOOPA30BaHUM
IIPUBEJIO K YMEHBIIIEHHIO I0KAa3aTe Il CMEPTHOCTH OT HuX. OJTHAKO TOKCUYHOCTD, CBSI3aHHAs C IPUMEHEHUEeM XHMHUOTepa-
Y, crriocoOHa BBI3BATh MO3JJHUE U JOJITOCPOUYHbIe T060UHbIe 3 dEKTHI, OZHUM U3 KOTOPBIX fABJsAeTcs Oecruionue. Ha
JIAHHBIN MOMEHT HeZIOCTATOUYHO U3Y4IeHbl MEXaHU3MBI ITOBPEXKAEH, BBI3BAHHbIE TOKCUUECKUM JIeHCTBUEM IIPENIapaToB,
IIpeIHa3HAYEHHBIX JIJ1A JIedeHUsA IreM00JI1acTO30B.

Il e 1 b. U3yuurh MOpdhohyHKIIMOHATHPHOE COCTOSHUE SHOKPUHHOTO allaparta CEMEHHUKOB KPbIC TOCJIe BBEJEHUS
XUMHOIIPENapaToB.

MaTepuanxb U MeTOJB5sl . IIpOBEIeHO HUCCIEJOBAHUE TI0 THILY «CIyIai-KOHTPOJIb» Ha 50 KPbICAX JIMHIHI
Wistar B Bo3pacre 3 Mec Maccoii 270—300 T. I'pymiy KOHTPOoJist (n = 10) COCTaBUJIN KPBICHI, HE TIOJIyYaBIIIKe IpernapaThl
JUIs JIEYEeHUs TeM00JIaCTO30B, OMBITHYIO IPYHILY (11 = 40) — KPbIChI, KOTOPHIM BHYTPUOPIOIINHHO BBOAWIN ITUKI0docha-
MUJI, THAPOKCHIAYHOPYOUIINH, OHKOBUHKPUCTHH, IpefHu30yoH (cxema CHOP). BeceM KpbIcaM OIpeZiesisiii yPOBEHB
TECTOCTEPOHA U JIIOTEMHU3UPYIOIIEr0 TOPMOHA HA UMMYHOMEPMEHTHOM aHAIu3aTope. MI3Mepsuii Maccy ¥ paCCUUTHIBATIH
MacCCOBBIHM UH/IEKC CEMEHHUKOB KPBIC, TPOBOIMIIA MOPGhOMETPUIO KJIEeTOK Jlekura.

PesyunbTartsb . Ilociae ABYXKpaTHOTro BBeZeHUs IpernaparoB rpynnsl CHOP Ha 14-e CyTKH y KpBIC ONIBITHOH
IPYIIIBI OTMEYAIOCh CHIDKEHHE MAacChl X MAacCOBOTO MH/IEKCA CEMEHHUKOB. Pe3yspTaThl MOPQOMETPUH CBUETEIBCTBO-
BaJId 00 YMEHBIIEHUH KOJHMYECTBa SHAOKPUHOIIUTOB, KOJIMYEeCTBa KJIeTOK Jleliura cpelHUX U GOJIBIINX Pa3MEPOB U yBe-
JINYEeHUU KoJImdecTBa MaIbIX GOpM 3TUX KieToK. KOHIIeHTpaIus TeCcTOCTepOHA B IIa3Me KPOBH cHUKaznack. K 35-M cyT-
KaM KCCJI€ZIOBAHHbIE IOKA3ATENH Y KPBIC OTBITHON TPYIIIBI COOTBETCTBOBAJIN KOHTPOJIIO.

3axknwueHHUe. JIByXKkpaTHOe NPUMEHEHHE IPOTHBOOIYXOJIEBBIX mpemnaparoB komiiekca CHOP (7-e u 14-e
CYTKH) ¥ KPBIC COITPOBOXK/IAJIOCH CHUKEHUEM MAaCChl CEMEHHUKOB, TUCTPODUUECKUMU U aTPOGUIECKUMU H3MEHEHUAMU B
MHTEPCTUINATIBHBIX OCTPOBKAX, KJIeTKax Jleliura, yMeHbIIeHIeM KOHIIEHTPAINH TECTOCTEPOHA B IIa3Me KpoBU. K 35-M
CyTKaM SKCIIEPHMEHTA Pa3BUBAINCH KOMIIEHCATOPHO-IIPUCIIOCOOUTEIBHBIE PEAKI[UH, XapAaKTEPU3YIOLIHECS BOCCTAHOBIIE-
HHUEM Macchl CEMEHHUKOB, YBeJIMUeHNEM CPeHUX U 00IpINX GopM SHAOKPUHOIIUTOB U YPOBHA TECTOCTEPOHA B IIa3Me
KpPOBH.
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Morphofunctional state of the endocrine apparatus of rat testicles
after anti-tumor chemotherapy
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ABSTRACT

Introduction. Improvements in the quality of diagnosis and early treatment of malignant neoplasms have led
to a decrease in the mortality rate. However, chemotherapy-induced toxicity can cause late and long-term side effects, one
of which is infertility. At the moment, the mechanisms of damage caused by the toxic effect of drugs designated for the
treatment of hematologic malignancies have not been sufficiently studied.

Aim . Tostudy the morphofunctional state of the endocrine apparatus of rat testicles after the administration of che-
motherapeutic agents.

Materials and methods. Acase-controlstudy on 50 Wistar rats aged 3 months weighing 270-300 g
was performed. The control group (n = 10) consisted of rats which did not receive drugs for the treatment of hematologic
malignancies, the experimental group (n = 40) comprised rats which were intraperitoneally administered cyclophospha-
mide, hydroxydaunorubicin, vincristine, prednisolone (CHOP regimen). Testosterone and luteinizing hormone levels in
rats were measured by enzyme immunoassay. The weight of rat testicles was measured, and the testicular mass index was
calculated, as well as morphometry of Leydig cells was performed.

Results. Afteratwofold administration of chemotherapeutic drugs (CHOP regimen), on the 14th day, the rats of the
experimental group showed a decrease in the weight and mass index of the testicles. Results of morphometry indicated a
decrease in the number of endocrine cells, number of medium- and large-size Leydig cells, and an increase in the number
of small forms of these cells. Concentration of testosterone in blood plasma decreased. By the 35th day, the studied param-
eters in the rats of the experimental group corresponded to the controls.

Conclusion. Atwofoldadministration of chemotherapeutic drugs (CHOP regimen) on 77th and 14th days in rats
was accompanied by a decrease in testicular weight, degenerative and atrophic changes in islets of interstitial (Leydig)
cells, and a decrease in testosterone concentration in blood plasma. By the 35th day of the experiment, compensatory and
adaptive responses were developing, characterized by the restoration of testicular weight, an increase in the number of
medium- and large-size endocrine cells and testosterone level in blood plasma.

Keywords: endocrine cells, Leydig cells, chemotherapy, CHOP, morphometry, rats.
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BBEJIEHHNE INTRODUCTION
3a mocielHUe TOABI OTMEYAeTcs YBeJIHnYeHUe In recent years, there has been an increase in the
YacToThl 3a00JIeBaEMOCTH  3JI0KAYeCTBEHHBIMU incidence of malignant neoplasms. In people under

HOBOOOpa3oBaHUsAMU. B Bo3pacre 70 30 jieT HaHU-
6oJ1ee yacTo BCTpeyaroTest reMo0s1acTo3bl — 32.8 %
[1—3]. CoBpeMeHHBIE IPOTHBOOITYX0JIEBBIE TIpETIa-
paTthl, IpUMeHsieMble JJis JieueHusi remob.J1acTo-
30B, OTJIMYAIOTCS BHICOKOM CTEIIEHBIO aTPECCUBHO-
CTH, TaK KaK OKa3bIBAIOT BO3/IEHCTBHE HE TOJIHKO
Ha aTUNUYHBIE KJIETKH, HO W Ha HOpMAaJbHbIE
TKaHU U KJIeTKU. TOKCUYHOCTD, CBS3aHHAS C MIPU-
MeHEHHeM XHWMHUOTepaluu, CI0COOHAa BBHI3BATH
paHHUe, TO3JHHE W [O0JITOCPOYHBIE ITOGOUHBIE

30 years of age, hematologic malignancies are most
common — 32.8% [1—3]. Modern anti-tumor drugs
for the treatment of hematologic malignancies are
highly aggressive, as they affect not only atypical
cells, but also normal tissues and cells. The chemo-
therapy-related toxicity can cause early, late and
long-term side effects [4]. Diseases and pathological
conditions caused by the use of cytostatic drugs, as a
rule, develop in a long-term period and are charac-
terized by a chronic course [5]. Frequent manifesta-
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addexTsl [4]. 3abosieBaHUS W TATOJOTHYECKUE
COCTOsIHMA, 00YCIOBJIEHHBIE TPUMEHEHUEM IIHTO-
CTAaTUYECKUX MPenapaToB, pa3BUBAIOTCSA, KaK Ipa-
BUJIO, B OT/IaJIEHHBIN IEPUOJ M XapaKTEPU3YIOTCS
XPOHHYECKUM TeueHueM [5]. YacThIMu mposiBIie-
HUSAMH OT/JAJIEHHBIX IOCJIEACTBUN NPUMEHEHU
IUTOCTATUYECKUX MPENapaToB SABJISIOTCSI IOBTOP-
Hble OHKoJiornyeckue 3abosieBaHus, 3abosieBa-
HUS CepJIEYHO-COCY/IUCTOU CHUCTEMBI, HEPBHOU
CUCTEMBI, SHJIOKPHUHOIIATHH, IIATOJIOTUS TIJIa3,
JKEHCKOe U MYysKCcKoe Oecrtozue u ap. [6, 7]. Puck
JIETAJIbHBIX UCXOJ0B Yy JAHHOHN KaTEerOPUH MallleH-
TOB BBIIIIE B 9—11 Pa3 B CPAaBHEHHU C OOIIEH IOIry-
JIANMEH, IIPYU 3TOM 4yTh O0JIee IOJIOBUHBI CMepTel
(62.2 %) cBsA3aHBI C PENUAUBAMH IEPBUYHOTO
OIIyXOJIEBOTO IIPOIIECCA, A 22.4 % SIBJIAIOTCA CJIEA-
CTBUEM TIPOBOJUBIIETOCS IIPOTHBOOIYX0JIEBOTO
JiedeHUs (BTOPBIE OITyXOJIH, CEP/IE€YHO-COCYUCTHIE
3a00ieBaHUsA W IMpOYMe IO3HUE STPOTEHHBIE
addexrsr) [8].

B Poccuwn 06111€€ KOJTUYECTBO MY?KUHH C OECILIO-
ZIMeM YBEJIMYHIIIOCH 32 IEPUO/T ¢ 2000 110 2018 roZ[bI
B 2.1 pasa, MpU 3TOM UMEIOTCs PeTHOHAIbHbIE Pa3-
auuus. Tak, B [JlaapHEeBOoCTOUHOM denepaabHOM
OKpyTe caMble HU3KHE IOKas3aTesu 3aboJjieBaeMo-
CTH MYyKCKHUM OecrutogueM B Poccun. IIpuynHb
Pa3BUTUS MYKCKOTO OeCcIUiofus pa3zHOOOpPa3HBI:
BPOXKJIEHHBIE U IPHUOOpETEeHHblE AHOMAJIMU Opra-
HOB MOYEII0JIOBOH CHCTEMBI, HH(PEKITUU MOYEBBIX U
[IOJIOBBIX IIyTe€H, TIIOBBIIIEHWE TEMIIEPAaTyphl B
MOIIIOHKe (BapHUKoIlese), SHIOKPUHHBIE Hapylle-
HUS, TeHETUYeCKNe aHOMAUIMU U UMMYHOJIOTHYe-
ckue paktopsl. OHAKO B 40—60 % ciiyuyaeB uMe-
€TCs eJIMHCTBEHHAs aHOMAJIUS — IATOJIOTHYecKas
criepMorpamMma, a mpu o0beKTUBHOM H J1abopaTop-
HOM HCCJIEIOBAaHUY JIDYTUX aHOMAJIUU He OIpefe-
nsiercs. «HeoObssicHUMBIE» (HOPMBI MYKCKOTO Oec-
ILJIOJTUSA MOTYT OBITH BBI3BAHBI TAKUMH (paKTOpaMU,
KaK XpOHUYECKHUH CTpecc, SHIOKPUHHbBIE HapyIle-
HUS BCJIEJICTBHE 3arpsI3HEHUs  OKPYIKaoIIei
cpenpl, TeHETUYECKHEe aHOMaJnu U Ap. [9, 10].
Cpeny TpPUYHH Pas3BUTHA MYMKCKOTO OecIyiofus
MOKeT OBITh IPUEM JIEKAaPCTBEHHBIX INPENapaTos,
0COOEHHO ITPOTHBOOIIYXOJIEBBIX CPEACTB U AHTH-
OHOTHKOB [11].

BmecTe ¢ TeM MeXaHU3MBI IIOBPEXK/IEHUS II0JIO0-
BBIX JKejie3 Y MYKUYUH, BBI3BAaHHBIE TOKCHYECKUM
JIEICTBUEM IIpPernapaToB, IPeJHA3HAUYEHHBIX JJIS
JledeHus reMo0s1acTo30B: IuKIodochamuaa [12],
THAPOKCU/IayHOPYyOuInHa [13], BuHKpUcTHHA [14] 1
npenuusosiona [15] (mo cxeme CHOP) — ocratorest
HEZIOCTATOYHO N3YUEeHHBIMU.

tions of the late effects of the use of cytostatic drugs
are recurrent cancers, diseases of the cardiovascular
and nervous systems, endocrinopathies, ophthalmic
pathology, female and male infertility, etc. [6, 7]. The
risk of fatal outcome in this category of patients is
9—11 times higher compared to the general popula-
tion, while a little over the half of deaths (62.2%) are
associated with relapses of primary neoplastic pro-
cess, and 22.4% are consequences of the anti-tumor
treatment (second tumors, cardiovascular diseases
and other late iatrogenic effects) [8].

In Russia, the total number of men with infertility
increased by 2.1 times between 2000 and 2018, with
regional differences. Thus, the Far Eastern Federal
District has the lowest incidence of male infertility in
Russia. The causes of male infertility are diverse:
congenital and acquired genitourinary system abnor-
malities, urinary and genital tract infections, scrotal
temperature rise (varicocele), endocrine disorders,
genetic abnormalities and immunological factors.
However, in 40-60% of cases there is a single anom-
aly — an abnormal spermogram, and no other abnor-
malities are revealed during clinical examination
and lab tests. Unidentified forms of male infertility
can be caused by such factors as chronic stress, endo-
crine disorders because of environmental pollution,
genetic abnormalities, etc. [9, 10]. Among the causes
of male infertility may be medication, especially use
of anti-tumor drugs and antibiotics [11].

At the same time, the mechanisms of damage to
male gonads because of the toxicity of drugs intended
for the treatment of hematologic malignancies
(cyclophosphamide [12], hydroxydaunorubicin [13],
vincristine [14] and prednisolone [15] — CHOP regi-
men) remain insufficiently studied.

AIM OF THE RESEARCH

To study the effect of chemotherapeutic agents on
the morphological and functional state of the endo-
crine apparatus of testicles in experiment.

MATERIALS AND METHODS

A case-control study was performed on 50 male
Wistar rats aged 3 months and weighing 270—-300 g.
The animals were divided into 2 groups: group 1
included rats that did not receive chemotherapeutic
agents (control group, n = 10); group 2 (experimen-
tal) included rats, which received chemotherapeutic
agents (CHOP regimen) for the treatment of hemato-
logic malignancies (n = 40). Group 2 rats received
chemotherapeutic agents twice — on the 1st and 77th
day [16]: cyclophosphamide (Cyclophosphamide,
Baxter Oncology GmbH, Germany) — 21 mg/kg,
hydroxydaunorubicin  (Doxorubicin, Veropharm
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IIEJIb UCCJIEJOBAHUA
N3yueHue BIUAHUS XUMHUOIIPENIapaTOB HA MOP-
dodyHKIIMOHATIPHOE COCTOSHHWE SHIOKPUHHOTO

alrapara CEMEHHUKOB B O9KCIIEDUMEHTE.

MATEPUAJIBI 1 METO/IbI

[TpoBeieHO HCCIEIOBAaHUE [0 THILY «CIIydai-
KOHTPOJIb» Ha 50 KpbIcax-camiax juHuu Wistar B
BO3pacTe 3 Mec Maccoi 270—300 r. JKHBOTHBIX pa3-
JIEJTIFUTA Ha 2 TPYIIIBL: B 1-I0 TPYIIILY BOILLIH KPBICHI,
He niosryvyaBimrie CHOP (rpymma KoHTposiA, n = 10);
BO 2-10 (OIBITHYIO) TPYIIY — KPBICHI, IIOJyYaBIIIHE
KOMILIeKC xumuonpenaparos rpynnsl CHOP, npes-
Ha3HAYEHHBIX JIJIS1 JIEUEHHsA TeM00J1acT030B (1 = 40).
Kpeicam 2-# TpymIbI XMMHUONIPENapaThl BBOIUIIN
JIBQXK/IbI — HA 1-€ U 7-€ CyTKHU [16]: nukiodochamu/g
(Cyclophosphamide, «Bakcrep Oukosoruss I'm6X»,
lepmaHusi) — 21 MT/KT, THIPOKCUAAYHOPYOUIIMH
(Doxorubicin, AO «Bepodapm», Poccus) -
2.1 mr/kr, BuHKpHcTUH (Vero-vincristine, AO «Bepo-
dapm», Poceust) — 0.04 Mr/Kr u nipegau3osioH (Poc-
cusi) — 2.1 MI'/KT.

Pa6oTa C KMBOTHBIMH OCYIIECTBJISTIACH B COOT-
BerctBun ¢ I'OCT 33216-2014 «PykoBOACTBO IO
COZIEPIKAHUIO U YXOAY 32 JJaOOPATOPHBIMH KHUBOT-
veiMu. [IpaBmia cozep:kaHus U yxoza 3a jabopa-
TOPHBIMU TPHI3yHAMH U KpPOJIUKaMu». JKUBOTHBIE
00erx TPy COAEPIKATUCH B OJTUHAKOBBIX YCIIOBUAX
BUBapus AMYpPCKOH TOCYZJapCTBEHHON MeIUIIIH-
CKOH aKaZieMUH IIPU TeMItepaType 22—24 °C u BIax-
HOCTH 50—65 %.

OBTaHA3WA JKUBOTHBIX IIPOBOAIJIACH METO/IOM
JIEKAIUTAINK [10]T aHECTE3HEH ¢ COOII0/IEHNEeM ATH-
yecKuxX HOpM. [IpOTOKOJI SKCIIEpUMEHTa HCCIIe/I0Ba-
HUsS Ha 3Tamnax Co/IepKaHUs, MOJEJIUPOBAHUA U
BBIBE/IEHUS JKUBOTHBIX U3 HKCIEPUMEHTA COOTBET-
CTBOBAJI IIPUHITUIIAM OHMOJIOTHYECKOH STHUKU, U3JI0-
JKeHHBIM B «MeXAyHApOIHBIX PEKOMEHAAUAX 10
IIPOBEIEHUI0 MEIUKO-OMOJIOTUUECKIX HCCIIeI0BA-
HUM C MCIOJb30BaHUEM KUBOTHBIX» (CIOMS,
CrpacOypr, 1985), «EBpomeickoil KOHBEHIIUH O
3alUTE TIO3BOHOUHBIX KUBOTHBIX, HCIIOJIB3YEMbIX
JUTs. DKCIIEPUMEHTOB WJIM B MHBIX HAYUYHBIX IIEJISX»
(Coset EBpormbl, Ctpachypr, 1986), mpukazy MuHu-
crepcTBa 37paBooxpaHeHus PO oT 19.06.2003
N2 267 «O0 yTBEp:KIAEHUH IPaBUJ JIaOOPATOPHOU
MIPAKTUKU».

VY JKUBOTHBIX 2-U OIBITHOH I'PYIIIBI 32a00p KPOBU
U CEMEHHHUKOB IPOBOJWIN Ha 7-¢ (n = 10), 14-e
(n=10), 21-e (n =10) 1 35-€ (n = 10) cyTku. O6pas1bI
KpOBH OBLIH IIOMEIEHBI B BaKyyMHbIE ITPOOHUPKU
(Kuraii). [Ina uMMyHO(pEPMEHTHBIX UCCIIEOBAHUN
HCIIOJIb30BAIM IVIA3MY KDPOBH, IOJIYUEHHYIO I€H-

JSC, Russia) — 2.1 mg/kg, vincristine (Vero-vincris-
tine, Veropharm JSC, Russia) — 0.04 mg/kg and
prednisolone (Russia) — 2.1 mg/kg.

The experiment was carried out in accordance
with the GOST 33216-2014 “Guidelines for the main-
tenance and care of laboratory animals. Rules for the
maintenance and care of laboratory rodents and rab-
bits”. The animals of both groups were kept in the
same conditions of the vivarium of the Amur State
Medical Academy at a temperature of 22—24°C and
humidity of 50-65%.

Euthanasia of animals was performed by decapi-
tation under anesthesia in compliance with ethical
standards. The study protocol at the stages of keep-
ing, modeling and removing animals from the
experiment corresponded to the principles of bio-
logical ethics of the International Ethical Guide-
lines for Biomedical research involving animals
(CIOMS, Strasbourg, 1985), European Convention
for the Protection of Vertebrate Animals used for
Experimental or for Other Scientific Purposes
(Council of Europe, Strasbourg, 1986), Order of the
Ministry of Health of the Russian Federation
No. 267 dated 06/19/2003 “On approval of the
Rules of Laboratory Practice”.

In animals of the 2nd group, the sampling of
blood and testicles was performed on the 7th (n = 10),
14th (n = 10), 21st (n = 10) and 35th (n = 10) days.
Blood samples were placed in vacuum tubes (China).
For enzyme immunoassay, blood plasma was centri-
fuged for 10 minutes at 1300 g. All blood plasma
samples were stored at —20°C before the tests. Con-
centrations of luteinizing hormone and testosterone
were measured in blood plasma (CHEMA LLC, Rus-
sia). The study was performed on an Immuno-
chem-2100 (USA) microplate reader as specified by
manufacturer.

The prepared testicles (right and left separately)
were weighed on a torsion balance. Next, the mass
index (relative weight of testicles) was determined
which is the ratio of the weight of the organ to the
body weight of the animal expressed as a percentage.

Testicular samples were fixed in 10% neutral for-
malin, dehydrated in alcohols of increasing concen-
tration (up to 100%). The material obtained was
embedded being oriented in paraffin blocks in paral-
lel to the section plane. The blocks were cut on a His-
toSafe MicroCut-SA rotary microtome (China). Sec-
tions of 5 um thickness were stained with hematoxy-
lin and eosin according to the conventional technique.
Then the material was examined on a Biomed 6
microscope (Russia) at magnifications x100 and
x400. The images were processed in the Aperio
ImageScope x64 program (Switzerland).
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TpuQYrUpoOBaHNEM B TeUeHHE 10 MHUH IPH 1300 g.
Bce 00pasmpl mia3Mbl KpOBH XpaHWIN IpU —20 °C
10 TIPOBE/IEHUS aHAJIN30B. B m1a3zmMe KpoBU ompesie-
JISITI TIOKA3aTeJd JIIOTENHU3UPYIOIIEr0 TOPMOHA U
tectocrepoHa (OO0 «XEMA», Poccus). Ucenenosa-
HUe TPOBOAUIN Ha UMMYyHO(DEPMEHTHOM aHAIU3a-
tope Immunochem-2100 (CIIIA) B COOTBETCTBUU C
TpebOOBaHUAMU IPOU3BOIUTEIA.

OTnpenapupoBaHHbIe CEMEHHUKU (10 OTIETHHO-
CTH IIPABBIH U JIEBBIH) B3BEIINBAIN HA TOPCUOHHBIX
Becax. Jlajyiee onpeiesIsiyIi MacCOBBIN MHJIEKC (OTHO-
CUTEIFHYIO MACCy MY»KCKHUX ITOJIOBBIX JKeJie3), KOTO-
PpBIi TpezicTaBIIsIeT COOOU OTHOIIIEHHE MAcChl OpraHa
K Macce TeJia JKUBOTHOT'O, BRIDAYKEHHOE B IIPOIEHTAX.

O6pa3upl ceMEHHUKOB QUKCUPOBAIH B 10% HEN-
TpaJibHOM (opManHe, 00e3BOKUBAIIM B CIUPTaX
BOCXOJIAIIIER KOHIeHTparuu (70 100 %). Ilomyden-
HBIII MaTepuas 3aIMBAJIM B IapaduHOBBIE OJIOKH,
OpUEeHTHPYS (PparMeHTHl MMAPAJIIESIBHO IIOCKOCTH
cpesa. IIpousBoguiau pe3Ky TOTOBBIX OJIOKOB Ha
poranimonHoMm MukporoMme HistoSafe MicroCut-SA
(Kuraii). Cpesbl TOJNIIWHOH 5 MKM OKpaIllUBaIU
reMaTOKCHJIMHOM K 503WHOM IO OOIIENmpUHATON
MeTO/IMKe. 3aTeM MaTepHaJs UCCIEA0BAIN HA MUKPO-
ckorre «buomes 6» (Poccust), Ipu yBETUUEHUU X100
U x400. [TosryaeHHbIe M300pasKeHUsT 0OpabaThIBAIN
B mporpamMe Aperio ImageScope x64 (IlIBeii-
napwus).

O COCTOAHMY SH/IOKPUHHOTO alapaTa CeMeHHU-
KOB CYJWJIA HAa OCHOBAaHUU aHAIN3a UHTEPCTUIIU-
JIBHBIX SHJIOKPUHOIUTOB. [IpowsBoguiu moacueT
CYMMAapHOTO co/iepKaHus KieTok Jleiinura, pacro-
JIO’KEHHBIX B MEXKKAHAJIbIIEBOH COEIUHUTEIHHOU
TKaHU, B 3aBUCUMOCTHU OT UX MOPHODYHKIIMOHATE-
HBIX TUIIOB, B TOM YHCJIE JIOJIH aKTUBHBIX (OOIBIIIX
U cpeHUX (OPM) ¥ HEAKTUBHBIX (MaJIbIX) S9HIOKPHU-
HonuTOB. Onpeaensyiu 00beM KireTok Jletiaura (Vn)
1o (popMyJie U BBIPAIKATN B MKM3:

Vn=0.52xd?>xd,,

r7ie d, — AuaMeTp 1o KOPOTKOM OCH, MKM;
d, — Amamerp 1o AJTMHHOM OCH, MKM.
Beruucnsiiim  koaddunueHtT MopdodyHKIHO-
HaJIbHOI aKTUBHOCTH KJ1eToK Jletiaura (Ka) mo ¢op-
MyJte, ipegyoxennon 1.1O. MakapoBbIM, KOTOPBIH
[IOKa3bIBaeT OTHOLIEHHE (PYHKIIMOHAIBHO AaKTHB-
HBIX KJIETOK JIeHiura K HEeaKTHBHBIM:

Ka=(B+C)/M,

rae b — nporeHT 60bIHUX KIeToK Jlehaura;
C — mpOIIeHT CpeHUX KIeTOK Jlehaura;
M — mpoleHT MaJbIX KJIeToK Jleiaura.
CTaTHCTUYECKUN aHAIU3 Pe3yJIbTaTOB UCCIIEN0-
BaHUs IPOBOAWIN IIPH IIOMOIIKM CTAHJAPTHOTO

The state of the endocrine apparatus of testicles
was assessed based on the analysis of interstitial
endocrine cells (Leydig cells). We counted the total
content of Leydig cells located in the intertubular
connective tissue depending on their morphofunc-
tional types, including the proportion of active
(large- and medium-sized) and inactive (small-size)
endocrine cells. The volume of Leydig cells (Vn) was
determined using the formula and expressed in ums:

Vn=o0.52xd?xd,

where d — diameter along the short axis, um;

d, - diameter along the long axis, um.

The coefficient of morphofunctional activity of
Leydig cells (Ka) which shows the ratio of function-
ally active Leydig cells to inactive cells was calculated
according to the formula proposed by I.Yu. Makarov:

Ka=(L+M)/S,

where L — percentage of large-size Leydig cells;

M — percentage of medium-size Leydig cells;

S — percentage of small-size Leydig cells.

Statistical analysis of the study results was per-
formed using Statistica 13.3 for Windows (StatSoft,
USA) and Excel 2021. Given the small sample size
and the lack of normal distribution of variables, the
results are presented as median (Me) and upper and
lower quartiles (Q1; Q3). Quantitative data were
compared using the Mann-Whitney test. Differences
were considered statistically significant at p < 0.01,
p < 0.05.

RESULTS AND DISCUSSION

On the 7th day after a single administration of
chemotherapeutic agents, in rats of the 2nd (experi-
mental) group, the weight of testicles decreased
compared with the same indicator in rats of the 1st
(control) group by 2.32%; the difference in testicular
weight between rats of the 2nd (experimental) group
on the 7th and 14th days was 15.97%. Repeated
administration of chemotherapeutic agents led to a
significant testicular weight loss, which remained
until the 21st day, while from the 21st day, an increase
in their weight was observed. On day 35th, the weight
of testicles in rats of the 2nd (experimental) group
was 3.67% lower compared to the same indicator in
rats of this group on the 21st day of the experiment
(Table 1).

On histological examination of rats’ testicles after
a single administration of chemotherapeutic agents,
the thickening of the membrane of proteins, conges-
tion and edema of the stroma, thickening of blood
vessel walls, frequently destruction of the elastic
layer, edema of the interstitial cell islets, and diffuse
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makera Statistica 13.3 for Windows (StatSoft, CIITIA)
u Excel 2021. YuuTsiBast He60IbIIONH pa3Mmep BbIOO-
POK M OTCYTCTBHE HOPMAJIBHOCTH pacCIpe/iesIeHUs
IIPU3HAKOB, PE3YJIbTATHI MIPEICTABIEHBl KaK MeIu-
a"a (Me) u BepxHuil 1 HKHUHA kBapTuiu (Q1; Q3).
CpaBHEHNE KOJIMYECTBEHHBIX TAHHBIX ITPOBOUIIN C
HCIOJIb30BaHUEM KpuTepusa MaHHa — YutHu. Pas-
JIMYHUA CYUTATU CTATHUCTUYECKH 3HAYUMBIMU IIpU
p < 0.01,p < 0.05.

PE3YJ/IBTATDBI 1 OBCY KAEHUE

VY kpbic BO 2-1 (OIBITHOM) I'PYIIIE IOCTE OJTHO-
KPaTHOTO BBeJIEHHs XHMHOIIPENApaToB Macca
CEMEHHUKOB CHHU?KAJIACh HA 7-€ CYyTKU 10 CPAaBHEHUIO
C QHAJIOTUYHBIM II0KAa3aTeJIeM Y KPBIC 1-U TPYIIIIBI
(xoHTpOJIB) HA 2.32 %; Pa3HUIIA B Macce CEMEHHU-
KOB MeK/Iy KpbICaMHU 2-1 (OIIBITHOI) TPYIIIIBI HA 7-€
U 14-€ CyTKHU cocTaBmia 15.97 %. [IoBTOpHOE BBEsIE-
HU€e XUMHOIIPENapaToB IPHUBEJIO K 3HAYNUTETHHOU
IoTepe B Macce CEeMEHHHUKOB, COXpaHUBIIeHcs
BIUIOTH /IO 21-X CyTOK, a C 21-X CYTOK HabJII0/1aJI0Ch
yBeJIMueHUe X Macchl. Ha 35-e CyTKu Macca ceMeH-
HUKOB Y KPBIC 2-1 (OIIBITHO¥) TPYIIIIBI B CDABHEHUH C
aHAJIOTUYHBIM ITOKA3aTeJIEM Y KPBIC BTOM K€ TPYIIIIBI
Ha 21-e CYyTKM DKCIEpUMeHTa ObLia MEHBIIeH Ha
3.67 % (tabi. 1).

IIpy THCTOJIOTUYECKOM HCCIIEZJOBAHUU CEMEH-
HHUKOB KPBIC TIOCJIE OTHOKPATHOTO BBEJIEHUA KOM-
IUIEKCa XUMHUOIIPEeNapaToB HabJII01aI0Ch YTOJIIIe-
HUue 0eJIOUHOW O00OJIOUKH, IMOJIHOKPOBHE U OTEK
CTPOMBI, YTOJIIIEHUE CTEHOK KPOBEHOCHBIX COCY-
JIOB, DJIACTUYECKUH CJIOU YaCTO MOJ[BepTajics pas-
pylIeHuo, HAGIANCA OTEK B MHTEPCTUI[UAIIH-

connective tissue overgrowth were observed. In the
interstitium, endocrine cells (Leydig cells) in the
form of clusters comprising 8—24 cells of various
morphofunctional types (small-, medium-, large-
size, among which small-size Leydig cells predomi-
nated) were identified (Fig. 1, 2). According to the
literature, medium- and large-size Leydig cells are
actively involved in steroid hormone production,
whereas small-size cells represent an involutive and
inactive form in relation to hormone production
[17,18].

Lipofuscin inclusions in individual Leydig cells
were observed (Fig. 3), which confirmed the pres-
ence of atrophic changes in cells and could indicate
inhibition of their functional activity.

Dynamic changes in the concentration of testos-
terone and luteinizing hormone in blood plasma of
rats of the 1st (control) and 2nd (experimental)
groups are presented in Table 2.

During the experiment, on the 7th day in rats of
the 2nd (experimental) group after administration of
chemotherapeutic drugs, a decrease in the total
number of Leydig cells, in the diameter of their
nucleus and their volume, and the accumulation of
lipofuscin were registered, which correlated with an
increase in the population of small-size cells by 4%.
On the contrary, the number of functionally active
medium- and large-size cells was reduced (Fig. 2).

After repeated administration of chemotherapeu-
tic agents on the 14th day, a decrease in the number
of medium-size Leydig cells by 5%, an increase in
small-size cells by 4% and large-size cells — by 1%
was revealed in rats of the 2nd (experimental) group

Ta6suna 1. Macca moJioBbIX JKeJie3 KPbIC [0C/Ie BBeIEHHUS TPOTHBOOMYXO0JIEBBIX TpenapaToB B AuHaMuke (Me)
Table 1. Weight of male gonads of rats after the administration of anti-tumor drugs in dynamics (Me)

I'pynna 2 (onbiTHasA) / Group 2 (experimental) I'pynma 1
Iloka3aTesb (xoHTpOJIB)
Indicator 7-e CyTKU 14-e cyTKH 21-e cyTKu 35-e cyTKu Group 1 Pi2,3,4,12
7th day 14th day 21st day 35th day (control)
Pazmep BbIGOpKHU (1) 10 10 10 10 10
Sample size (n)
Macca »KMBOTHBIX (T) 276.5 272 274.5 277 286 <0.01
Animal weight (g) (274.5; 280.5) (269.25; 274) (271.25; 275.75) (275.25;281.75) (284.25; 297.25)
Macca cemeHHUKOB (T) 1.685 1.55 1.6 1.625 1.74 <0,01
Testicular weight (r) ~ (1.672; 1.697) (1532; 1.587)  (1.582; 1.63) (1.582; 1.655)  (1.72; 1.76)
Maccosbiit ungekc (%) 0.609 0.570 0.590 0.577 0.599 <0,01

Mass index (%) (0.608; 0.610) (0.569;0.579) (0.584;0.593)  (0.574;0.585)  (0.583; 0.623)

lpumeyvaHnune. p,., ,ip,—AOCTOBEPHOCTb Pas/IMiui MEXKAY BEJININHAMM [I0KAa3aTeJIeH y KPbIC 2-H IPYIIIbI HA 7-€ CyTKH U KPbIC
1-i rpynnel; p, - y KpbIC 2-1 Ipynnbl Ha 14-e CyTKU U KPbIC 1-H TPyNIbL; p,~ Y KPbIC 2-# Ykl HA 21-€ CyTKU U KPbIC 1-1 Ipynnbl; p, - y KPbIC
2-f rpynmnbl Ha 35-€ CyTKHU U KpbIC 1-H Ipynmbl; p, , ~ 3HAYUMOCTh PasiIuIMi MeX/ly BeIMIMHAMH T0Ka3aTeslel KpPbIC 2-¥ TPyNIbl HA 7-€ 1
14-e cyTKM.

Note. p,,,,, P, significance of differences between the values of the 2nd group on the 7th day and the 1st group; p, - between the 2nd
group on the 14th day and the 1st group; p, - between the 2nd group on the 21st day and group 1; p, - between the 2nd group on the 35th day
and the 1st group; p, , - significance of differences between the values of the 2nd group on the 7th and 14th days.
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Puc. 1. CeMeHHUKHY KPBIC 2-1 (OIIBITHO) TPYIIIBI HA 7-€ CYTKU. BBIpaXKEeHHBIN OTEK CTPOMBI, OTCJIOEHHE 000JIOUKU
KaHAJIBIIEB OT CLIEPMATOTEHHOTO SIIUTENIHNA, PA3PhIXJIEHNE U NCTOHYEHUE CIIEPMATOTEHHOTO DIIUTEIHS.
VYMeHbIIIeHNE KOJIMUECTBA KJIETOK JIefi/ira, COpoBOXK/aoIIeecs: KAPHOIUKHO30M.

OKpacKka reMaTOKCHJIMHOM M 303UHOM. YBEJIMUEHUE X 50
Fig. 1. Testicles of rats of the 2nd (experimental) group on the 7th day. Pronounced edema of the stroma,
detachment of the tubular membrane from the seminiferous epithelium, loosening and thinning of the seminiferous
epithelium. A decrease in the number of Leydig cells, accompanied by karyopycnosis. Stained with hematoxylin and eosin.
Magnification x50

HBIX OCTPOBKaX, IuPPy3HOE pazpacTaHue coegu-
HUTEJIbHON TKAaHU. B HMHTEpCTUIIUH OIpeJesisin
SHJIOKpUHOIUTHI (KeTku Jle#ura) B BU/E CKO-
TJIEHUH, COCTOAIINX U3 8—24 KJIETOK, Pa3JIMUHbBIX
MopdOodYHKIIMOHAJBHBIX TUIIOB: MaJjble, Cpea-
Hue, OOJIbIIME, CPeIN KOTOPBIX Ipeobsafanu
kiaeTku Jledaura Maibsix pasMmepoB (puc. 1, 2).
CorsylacHO JIUTEPATYpPHBIM JAaHHBIM, KJIeTKH Jlei-
JIUTA CPeIHUX U KPYMHBIX pa3MepoB MPHUHUMAIOT

60

(Fig. 2). However, on the 21st day of the experiment,
rats of the 2nd (experimental) group showed an
increase in the number of medium- and large-size
cells by 2%, compared with animals of the 2nd
(experimental) group after repeated administration
of chemotherapeutic drugs on the 14th day. On the
35th day of the experiment, in comparison with the
21st day, in rats of the 2nd (experimental) group, the
number of small-size Leydig cells decreased by 9%,

B Masie / Small-size
O Cpenuue / Medium-size
[0 Bonsmme / Large-size

Kontpons
Control

7-e cyTKn
7th day

14-e cytkn
14th day

LLLL

21-e cyTku
21st day

35-e cyTku
35th day

Puc. 2. /[uHaMuKa U3MeHeHUH KoyirmdecTBa MOpPoPpyHKITMOHAIBHBIX popM Ki1eTok Jleiaura (%)
Fig. 2. Dynamics of changes in the number of morphofunctional forms of Leydig cells (%)
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Ta6smmua 2. /[uHaMyKa U3MeHeHUs] KOHLEHTPALMH [10JI0BBIX TOPMOHOB B KPOBH Y KPbIC T10CJ/I€ BBEJIeHUS
IPOTUBOOITYXO0JIEBBIX NpenapaTos (Me)

Table 2. Dynamics of changes in the concentration of reproductive hormones in blood of rats after the administration of anti-
tumor drugs (Me)

I'pynna 2 (onbiTHasA) / Group 2 (experimental) I'pynma 1

Iloka3saTesb (xoHTpOJIB)

Indicator 7-€ CyTKH 14-ecytkum  21-e cyTKH 35-e cyTKH Group 1 Pi234,12
7th day 14th day 21st day 35th day (control)

Pa3zmep BbI6GOPKH (1) 10 10 10 10 10

Sample size (n)

JII0TEeMHU3UPYIOLIUH 16.692 14.029 5.633 5.979 22.346 <0.01

ropmoH (ME/xn) (15.458; (12.041; (4.226;7.041) (4.874;7.083) (20.825;23.867)

Luteinizing hormone (IU/I) 17.926) 16.017)

TectocTepoH (HMoab/1)  4.340 2.714 3.196 3.971 9.116 <0.01

Testosterone (nmol/l) ~ (4.192; 4.344) (2.385;2.942) (2.491;4.051) (3.008;4.934) (8.146;9.801)

lpumeuwanue. p,., P —/AOCTOBEPHOCTb PasIMiMi MEXKAY BEJMIMHAMM I0Ka3aTe el y KpbIC 2-H IPYNIbl Ha 7-€ CyTKH U KPbIC
1-A rpynnbl; p, - y KpbIC 2-1 TPyNbl Ha 14-e CyTKU U KpbIC 1-d rpynnbl; p, -y KPbIC 2-1 IpyNNbl Ha 21- CyTKU U KPbIC 1-i TpyNmbl; p, - Y KPbIC
2-i rpynnbl Ha 35-€ CyTKU U KpbIC 1-# Ipynmel; p, ,~ 3HAYMMOCTb PA3/IMYMN MeX/ly BeJIMYMHAMU MOKasaTeJled KpbIC 2-U TpyNibl Ha 7-e U
14-e cyTKH.

Note. p,,,,,, P, -significance of differences between the values of the 2nd group on the 7th day and the 1st group; p, - between the 2nd
group on the 14th day and the 1st group; p, - between the 2nd group on the 21st day and group 1; p, - between the 2nd group on the 35th day
and the 1st group; p, , - significance of differences between the values of the 2nd group on the 7th and 14th days.

aKTUBHOE ydJacTHe B MPOJAYIMPOBAHUU CTEPOU/I-
HBIX TOPMOHOB, TOT/Ia KaK KJIETKH MaJIbIX pazMme-
POB TIPEACTaBIAIOT CcOOOW HWHBOJIIOIMOHHYIO |
MaJIOAKTUBHYI0 (POPMY B OTHOIIIEHUH TPOJYKIIUHU
TOpMOHOB [17, 18].

B orzmenpHBIX KiaeTkax Jlepaura oTMedasnch
BKparwieHus sunodyciuHa (puc. 3), 4To MOATBEPIK-
JlaJio HaTH4Yre aTpoPUUIeCKUX N3MEHEHU KIETOK U

medium- and large-size increased by 2 and 7%,
respectively (Fig. 2).

The results of the morphometric study showed
that in Leydig cells in rats of the 2nd (experimental)
group on the 7th day of the experiment cell volume
decreased by 18.96% in comparison with the same
indicator in rats of the 1st (control) group, while the
nucleus diameter decreased by 1.92% (Table 3). The

Puc. 3. CeMeHHUKH KpbIC 2-11 (ONBITHOI) IPYIIIBI HA 21-€ CYTKU 9KCIIEPUMEHTA. VIHTEPCTUINATIBHBIA OCTPOBOK IIPEJI-
cTaBJieH KieTkaMu Jledura MajibIx U 601bIInx GopM ¢ KAPHOIMKHO30M, MAaCCUBHBIMU OTJIOKEHUAMHE JHIOYCI{HA.
Oxpacka reMaTOKCUJIMHOM U 303UHOM. YBEJTUUEHHE X400
Fig. 3. Testicles of rats of the 2nd (experimental) group on the 21st day of the experiment.

The interstitial islet is represented by small and large Leydig cells with karyopycnosis, massive deposits of lipofuscin.
Stained with hematoxylin and eosin. Magnification x400
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MOIJIO VKa3bIBaTh HA yTHETEHUE UX (PYHKIMOHAIb-
HOU aKTUBHOCTHU.

JluHaMIyecKrue U3MEeHEeHUs COMIEPKAHUS TeCTO-
CTepOHAa U JIIOTEMHU3UPYIOIIEro TOPMOHA B IIA3Me
KPOBH KPBIC B 1-i (KOHTPOJIbHOH) U 2-H (OMBITHOMH)
IpyIIax MpeJICTaBIEHbI B Ta0JI. 2.

B xoze skcnepuMeHTa Ha 7-€ CYyTKU Y KpbIC 2-U
(OTIBITHO¥) TPYIIBI IOCJIE BBEAEHUs KOMILIEKCA
XUMUOIIPENapaToB ObLJIO OTMEUYEHO CHIDKEHUeE
00IIIero KoIM4JecTBa KJIETOK Jleiura, yMeHbIIeHe
JiiaMeTpa uX siipa 1 00beMa, HaKoIIeHHe Tunodyc-
[IMHA, YTO KOPPEJIUPOBAJIO C YBEJIUUYEHNEM IOITyJIs-
U KJIETOK MaJbIX popM Ha 4 %. Uuciao GyHKIMO-
HAJIPHO aKTUBHBIX KJIETOK CPEJHUX U OOJIBIINX pas-
MepOB, HA000POT, OBLIO CHIKEHO (CM. PHC. 2).

ITocsie OBTOPHOTO BBE/IEHUS XUMHIOIIPENIapATOB
Ha 14-€ CyTKH Y KPBbIC 2-H (OIBITHO) TPYIIIIBI OBLIO
BBISIBJIEHO YMEHBIIIEHUE KOJIMYeCTBA KJIETOK Jle-
JIUTa CPeTHUX pa3MepoB Ha 5 %, yBeJIMUeHIe MaJIbIX
pa3MepoB — Ha 4 % u 6osbIuX hopm — Ha 1 % (cM.
puc. 2). OnHAKO Ha 21-€ CYTKU 9KCIIEPUMEHTA Y KPBIC
2-i1 (OIBITHOM) TPYIIBI OTMEYAJIOCHh YBEJIMYEHUE
KOJINYECTBA KJIETOK CPEIHUX U OOJIBIIUX Pa3MepOB
Ha 2 % B CPaBHEHUMU C KUBOTHBIMH 2-U (OIIBITHOMN)
IPYIIIBI IIOC/IE TIOBTOPHOTO BBEJIEHUS XUMUOIIPena-
paroB Ha 14-e cyTku. Ha 35-€ CyTKU SKCIIepUMEHTa B
CPaBHEHUH C 21-MHU CYTKAMH Y KPbIC 2-H (OIBITHOM)
IPYIIIBI KOJIMYECTBO MaIBIX hopM KiieTok Jlefimura
YMEHBINAIOCh Ha 9 %, cpeHUX U OOJIBIINX pa3Me-
POB YBEJTMIHBAJIOCH COOTBETCTBEHHO Ha 2 U 7 % (CM.
puc. 2).

PesysbTaThl MOP(OMETPUUECKOTO HCCIIEA0BA-
HUA [I0Ka3aJjId, 4TO B KJIeTkax Jleiaura y Kpbic 2-i
(OmBITHOM) TpyIIBI HA 7-€ CYTKH SKCIIEPUMEHTA
YMEHBIIUIICA 00beM KJIeTKH Ha 18.96 % B cpaBHe-
HUY C aHAJIOTUYHBIM IOKa3aTesIeM Y KPbIC 1-i KOH-
TPOJIBHOU TPYHIIIBI, IPH YMEHBIIEHUHU JuamMeTrpa
si7Ipa Ha 1.92 % (Tabut1. 3). Ob11iee KOIUUECTBO KIETOK
Jleliiura CHIKAIIOCH Ha 4.7 %, UTO COMMPOBOK/IAJIOCH
CHIDKEHMEM KOHIIEHTPAIlNH TECTOCTEPOHA Ha 52.4 %
(cMm. Tabi. 2), UTO KOPPEIUPOBAJIO CO CHHKEHHEM
k03 duIleHTa aKTUBHOCTH (cM. TabI1. 3).

Ha 14-e cyTku y KpbIC 2-1 (OIIBITHOW) TPYTIIBI IHa-
MeTp SAApa yMEHbIIAJICSI Ha 2.09 %, 00beM KIIETKU —
Ha 19.97 %, a KOHIIEHTPAIIUSA TECTOCTEPOHA B IIJIa3Me
KpoBH — Ha 28.77 %, 4TO OBLIO 3HAYUTEIHLHO MEHB-
IIIUM B CPAaBHEHUU C BEJIMYUHOM IIOKA3aTeNsA y KPBIC
1-#1 (KOHTpOJIbHOM) rpymmbl. Koadduimuent akTus-
HOCTH KJ1eTOK Jletura 6601 cHuKeH. [1o mepe Hapac-
TaHUA JUCTPODUIECKUX HAPYIIIEHUH B KIeTKax Jlew-
JIUTa TIPOWCXOMAWIO CHIDKEHHE YPOBHS TECTOCTe-
pOHa — BIUIOTH JI0 2.385 HMOJIb/JI (cM. TabJ1. 2). CTouT
OTMETHUTH, YTO HA (POHE PE3KOTO CHIKEHUS YPOBHS
TECTOCTEPOHA MTOKA3aTe b JIIOTEMHU3UPYIOIIETO TOP-

total number of Leydig cells decreased by 4.7%,
accompanied by a 52.4% decrease in testosterone
concentration (Table 2), which correlated with a
decrease in the coefficient of Leydig cell activity
(Table 3).

On the 14th day in rats of the 2nd (experimental)
group the nucleus diameter decreased by 2.09 %, cell
volume — by 19.97 %, and the testosterone concen-
tration in blood plasma — by 28.77 %, which was sig-
nificantly lower in comparison with the value of the
1st (control) group. The coefficient of Leydig cell
activity was reduced. As the degenerative impair-
ments in Leydig cells increased, the testosterone
level reduced to 2.385 nmol/I (Table 2). It should be
noted that amid a sharp decrease in the testosterone
level, the luteinizing hormone level value was also
decreased by 37.21%, which could indicate degenera-
tive processes in the endocrine apparatus of the tes-
ticles.

In the animals of the 2nd (experimental) group, on
the 21st day there was a gradual increase in the vol-
ume and diameter of Leydig cells, thereby, the differ-
ence between the rats of the 1st and the 2nd groups on
the 21st day was 9.28 ums3. Despite the insignificant
difference in the size of Leydig cells between the ani-
mals of the 1st and 2nd groups on the 21st day, the
difference in the testosterone values was significant
and amounted to 65.1%, luteinizing hormone -
74.78%, which can be associated with a 21.3% decrease
in the total number of Leydig cells and an increase in
small-size Leydig cells. At the same time, the coeffi-
cient of Leydig cell activity amounted to 1.04.

On the 35th day, in rats of the 2th (experimental)
group we had the following figures: the volume and
nucleus diameter of Leydig cells increased by
9.392 um3, however, it should be noted that with the
increase in the nucleus diameter and volume of
endocrine cells, simultaneously, a decrease in the
total number of Leydig cells by 25% takes place. In
animals of the 2nd (experimental) group, on the
35th day compared to the 21st day, there was an
increase in the testosterone level. The coefficient of
Leydig cell activity amounted to 1.136, which corre-
lated with higher testosterone levels during this
period (3.971 nmol/1) (Table 2). Thus, the difference
of the testosterone concentration between 21st and
35th days in the 2nd (experimental) group was
24.4%, on the 35th day, in rats of the 2nd (experi-
mental) group and animals of the 1st (control) group
the difference was 56.4%.

During the morphofunctional study of the endo-
crine apparatus of the rat testicles, it was found that
the severity of degenerative and atrophic processes
increases with the growth of the chemotherapeutic
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Ta6smmua 3. Pe3ynbraThl MOPPOMETPUUECKOTO UCC/IeL0BAHUA KIeTOK Jleiura ceMEHHUKOB KPbIC IPY TPUMEHEHUH

MPOTHUBOOMNYX0JIeBOH XuMuoTepanuu (Me)

Table 3. Results of morphometric study of testicular Leydig cells after the administration of anti-tumor drugs (Me)

I'pynna 2 (onbiTHaA) / Group 2 (experimental) I'pynna 1
IlokasaTesb (xoHTpOJIB)
Indicator 7-e CyTKHU 14-e cyTku 21-e cyTKH 35-e cyTKH Group 1 p

7th day 14th day 21st day 35th day (control)
Pasmep BbIGOpKY (Nn) 10 10 10 10 10
Sample size (n)
[JuameTp sapa kietkn  6.115 6.08 6.16 6.235 6.21 p,<0.01
Jlelizura (MKM) (6.082; 6.142) (6.035;6.127) (6.122;6.177) (6.185;6.295) (6.182 6.285) p,<0.01
Leydig cell nucleus p,<0.01
diameter (um)
06beM kaeTku Jleiigura 38.349 37.685 38.035 47.427 47.315 p,<0.01
(MxM?) (31.783; (31.012; 40.4) (33.345;41.43) (40.584; (46.905; 48.818) p,<0.01
Leydig cell volume (um?) 39.082) 53.107) p,<0.01
OTHOCUTEJIbHOE 10.3(9.7;10.6) 10.8 8.5(8.1;8.8) 8.1(7.7;8.8) 10.8 (10.4; 11.2) p,<0.05
KOJINYECTBO KJIETOK (10.4;11.2) p,<0.01
Jletinura (n) p,<0,01
Relative number of p,,<0.01
Leydig cells (n)
Koapoununenr 1.043 1.015 1.091 1.136 1.189 p,<0.01
aKTUBHOCTH KJIETOK (1.015;1.102)  (1.012;1.037) (1.047;1.118) (1.113;1,21) (1.171;1.215) p,<0.01
Jlepijura p,<0.01
Coefficient of Leydig cell
activity

MOHA TaK:Ke ObLI CHIIKEH Ha 37.21 %, UTO MOTIJIO CBU-
JleTeJIbCTBOBATh O JUCTPOMHUYECKUX IIpoIeccax B
SHJIOKPUHHOM ammapare ceMeHHUKOB.

Y ’KUBOTHBIX 2-H ONIBITHOU TPYNIIBI HA 21-€ CYTKU
OTMEYaJIOCh IOCTEIIEHHOE YBeJMUeHue obbeMa U
IraMeTpa KiieTok Jleiiiura, BCjIeZICTBHE Uero pas-
HHUI]A MEXAY KpblcaMH 1-H ¥ 2-U Tpynmnsl Ha 21-€
CYTKU cocTaBuia 9.28 Mkm3. HecMoTps Ha He3HAUH-
TeJIbHYI0O pasHUIly B pas3Mepe KieTok Jleinura
MEK/Ty KUBOTHBIMU 1-H U 2-1 TPYIIIBI HA 21-€ CYTKH,
pa3HHIlA B IOKA3aTeJIAX TECTOCTEpOHA ObLyIa 3HAYN-
TEJIPHOU U cocTaBmwia 65.1 %, JTIOTEMHU3HUPYIOIIETO
ropMoHa — 74.78 %, 4TO MOKHO CBSA3aTh C YMEHbIIIEe-
HHeM O0O0IIero KoaudyecTBa KieTok Jlediaura Ha
21.3 % u yBesmueHUEeM KJeToK Jleliura masoro
pasmepa. [Ipu sTom K03 GUITIEHT aKTUBHOCTH KJle-
TOK Jleliura cocTaBuI 1.04.

Ha 35-e cyTku y KpbIC 2-i (OIBITHOM) TPYIIIIBI
OTMeuaeTcsi CJEAyIolnas KapThHa: OO0BbeM KJIETOK
Jlefigura u JuaMeTp f7pa yBeJIWYUBAJICA Ha
9.392 MKM3, OJHAKO CTOUT OTMETUTb, UTO OJHOBpPE-
MEHHO C YBeJIMUEHHeM JuaMerpa sjiep u obbema
SHIIOKPUHOITUTOB ITPOUCXOIUT YMEHBIIIEHHE 00IIETO
KoJimuecTBa KiaeTok Jledaura Ha 25 %. Y >KMBOTHBIX
2-11 OIBITHOM T'PYIIIBI HA 35-€ CYTKH B CDAaBHEHUH C
21-MH CyTKaMH OTMeYasioch yBeJM4YeHUE YPOBHA
TecrocTepoHa. KoadduimeHT aKTUBHOCTU KJIETOK
Jleliura cocTaBmI 1.136, YTO COOTHOCHIIOCH ¢ GoJtee
BBICOKMMHU IIOKa3aTeJsAMU TeCTOCTepOHA B 3TOU

agent concentration in the body, which unequivo-
cally indicates the depression of hormone-produc-
ing function of these cells. The toxic effect of the
chemotherapeutic drugs (CHOP regimen) led to
pathomorphological changes (atrophic processes)
in the clusters of Leidig cells, a decrease in the size
of nuclei and volume of endocrine cells, as well as a
decrease in the total number of cells already on the
7th day after administration of chemotherapeutic
agents, which correlated with a decrease in the tes-
tosterone concentration in blood plasma. From the
21st day on, the compensatory and adaptive changes
occur in the endocrine apparatus of the testicles —
an increase in the number of large-size endocrine
cells with the persisting high number of small-size
ones, which, in our opinion, leads to an increase in
the coefficient of Leydig cell activity and gradual
restoration of hormone-producing function, there-
fore, an increase in the testosterone concentration,
despite the reduced relative number of Leydig cells,
as well as the remaining small size of the nuclei and
the cell volume. On the 35th day, changes in the
form of accumulation of lipofuscin in endocrine
cells were observed, which could occur because of
hypoxia due to the vascular wall thickening and the
luminal occlusion of the vessels of the microcircula-
tory bed. On the 35" day, there was a decrease in
the number of small-size Leydig cells and an
increase in medium- and large-size endocrine cells,
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riepuot Haboienus (3.971 HMoJib/J1) (M. TabI. 2).
Taxkum 06pazomM, pa3HHUIIA YPOBHS KOHIIEHTPAIIU
TECTOCTEpOHA MEXKIY 21-MU CyTKaMU U 35-MH CyT-
KaMH BO 2-U OIBITHOH IpyIiie cocTaBuia 24.4 %, K
35-M CyTKaM pa3HHIA MeXJTy KpblcaMH 2-H (OIbIT-
HO¥) TPYIIIBI U JKUBOTHBIMH 1-H I'PYyIIIBI (KOHTPOJIB)
pasHuIa cocraBuia 56.4 %.

[Ipu MopdoPyHKIIMOHATBHOM HCCII€/IOBAaHUN
SHIIOKPUHHOTO allllapaTa CEMEHHUKOB KPbIC OBLIO
YCTaHOBJIEHO, UTO CTelleHb BBIPAXKEHHOCTU JUCTPO-
¢puueckux u aTpodUUECKUX ITPOIIECCOB YCUINBAETCS
C TIOBBIIIIEHNEM KOHIIEHTPAIIUU XUMHUOIIPENapaToB B
OpraHu3Me, 4TO OJHO3HAYHO yKa3bIBaeT HA yrHeTe-
HUe TOPMOHIIPOAYUUPYIOMeH (GYHKIIUU 5TUX KIe-
ToK. TokcHueckoe JieficTBIE KOMILJIeKca ITpernapaToB
CHOP npuBoauio k naToMopdOoI0TUIecKUM U3Me-
HEHUSM B WHTEPCTUIIMAJIBHBIX OCTPOBKaxX B BUJE
aTpoduyeckux IMPOIECCOB, YMEHbBIIEHUS pa3Mepa
saxep u 00’beMa SHIOKPUHOIIUTOB, a TAKKE K YMEHb-
IIEHUI0 OOIIero KOJIMYecTBAa KJIETOK yKe Ha 7-€
CYTKU TIOCJIE BBEJIEHUS XMMUOIPerapaToB, UTO, B
CBOIO Ouepe/lb, KOPPEJIMPOBAJIO C yMeHbIIeHHEeM
KOHIIEHTPAIIUH TEeCTOCTEPOHA B IIIa3Me KpOBH.
Hauunasi ¢ 21-X CYTOK B SHIOKPHUHHOM alIapare
CEMEHHUKOB BO3HHUKAIOT KOMIIEHCATOPHO-IIPHUCIIO-
coOuTeTbHbIE U3MEHEHU B BU/Ie YBEeJIMUEeHUA KOJTH-
yecTBa 0OJBIINX (GOPM 3HIOKPUHOIUTOB Ha (oHE
BBICOKOI'O IIOKa3aTesis KOJIMYecTBA MaJIbIX (opwm,
YTO, IO HAIlleMy MHEHUIO, IPUBOJIUT K ITOBBIIIIEHUIO
ko3dduIeHTa aKTUBHOCTH KJeTok Jledjnura wu
IIOCTENIEHHOMY BOCCTaHOBJIEHHIO T'OPMOHIIPOAYLIU-
pymomeil GYHKIIUY ¢ YBeJIUYeHHeM KOHIIEHTPAIuu
TECTOCTEPOHA B IJIa3Me KPOBH, HECMOTPS Ha CHU-
JKEHHOE OTHOCUTEJIbHOE KOJIMYECTBO KJIETOK Jleii-
JIATA, & TAK)KE COXPAHSAIOIIUNACS MaJIbIH pa3Mep sA7iep
U CHIDKEHHBIN 00beM KiieTok. Ha 35-e cyTKu oTMe-
YaJInCh U3MEHEHUS B BU/Ie HAKOIUIEHUS B SHOKPHU-
HOITUTaX JUMOQYCINHA, YTO MOTJI0O BOBHUKHYTh Ha
(onHe THUIOKCHUY, BO3HUKIIEN BCJIEJCTBHE YTOJIIIIE-
HUSI CTEHKM M YMEHBIIEHHS IIPOCBETa COCYZOB
MUKPOIIUPKYJIATOPHOTO pycsia. Ha 35-e cyTku mpo-
HCXOJMJIO YMEHbBIIIEHHE KOJIMYecTBa KJIeTOK Jleit-
ZIUTa MaJIbIX (POPM U yBeJHMYEHUE CPETHUX U 0OJIb-
mux GopM 3HAOKPUHOIIUTOB, YTO, B CBOIO OUEPEb,
KOpPPEJINPOBAJIO C YBEJIMYEHUEM YPOBHS TECTOCTE-
pOHa B IJIa3Me KPOBU.

Pe3ynbTaThl 9KCIIEPUMEHTAIHHOTO HCCJIEZIOBA-
HUsI, TIOJIyYeHHbIE B X0/le U3yUeHUs: MopdoMeTpuye-
CKUX TTOKa3aTesel KieTok Jleiura u ypoBHSI TOPMO-
HOB, HEe IIPOTHUBOPEYAT JAaHHBIM HCCIEI0BAaHUU [10,
19]. lasibHeli1Iee U3yUeHNe BIUSHNS XUMUOTEPATIAN
OTKPBIBAET NEPCIEKTUBHI JJISI CIIOCOO0B KOPPEKIIIH
rocJieZicTBUU mpenaparoB rpynnsl CHOP Ha opra-
HU3M, B YACTHOCTH, HA PEMIPOAYKTUBHYIO (QYHKITHUIO.

which in turn correlated with an increase in serum
testosterone levels.

The results of the experiment obtained during
the study of morphometric parameters of Leydig
cells and hormone levels do not contradict the pre-
vious research data [10, 19]. Further study of the
effect of chemotherapy opens up prospects for ways
to correct the negative influence of CHOP chemo-
therapy on the body, in particular, on reproductive
function.

CONCLUSION

The performed study allows us to draw the fol-
lowing conclusions:

1. A twofold administration of anti-tumor drugs
in the CHOP regimen (7th and 14th days) in rats was
accompanied by a decrease in testicular weight,
degenerative and atrophic changes in islets of inter-
stitial (Leydig) cells, and a decrease in the testoster-
one concentration in blood plasma.

2. By the 35th day of the experiment, rats of the
experimental group developed compensatory and
adaptive reactions characterized by a relative resto-
ration of testicular weight, an increase in medium-
and large-size Leydig cells and the testosterone level
in blood plasma.
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3AK/IIOYEHUE

IIpoBesieHHOE HCCIeIOBAHIE TTO3BOJISIET CIEIATh
CJIE/TYIOIIAE BBIBOJTBI:

1. /IByXKpaTHOe NpUMEHEHUE ITPOTHUBOOIIYXO0JIe-
BbIX mpemnapartoB komiviekca CHOP (7-e u 14-e
CYTKH) Y KPBIC COITPOBOK/IAJIOCH CHUYKEHUEM MaCChl
CeMEHHUKOB, INCTPODUUECKUMU U aTPOPUUECKUMU
U3MEHEHUSMHU B OCTPOBKAX HHTEPCTUIIHUATBHBIX
kinetok (Jlefiaura), yMeHbIIIEHHEM KOHIIEHTPAIUHU
TECTOCTEPOHA B IIJIA3M€E KPOBU.

2. K 35-M cyTKaM 5KCIIEpUMEHTa Y KPBIC OIIbIT-
HOU T'PYIIIBI Pa3BUBAJIUCh KOMIIEHCATOPHO-IIPHCITO-
coOUTEIbHBIE PEAKITUH, XaPAKTEPUIYIOIINECS OTHO-
CHUTEJIbHBIM BOCCTAHOBJIEHHEM MAaCChl CEMEHHHKOB,
yBeJINYEHUEM CPeTHUX U OOIBITUX (OPM SHIOKPHU-
HOIUTOB (KJIeTOK Jlelura) U ypoBHs TECTOCTEPOHA
B IUIa3Me KPOBH.

KoH}KT nHTEPECOB. ABTOPHI 3aABJIAIOT 00
OTCYTCTBUHU KOH(JIMKTA UHTEPECOB.
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AHHOTAITU A

BBengeunwue. PacreHus poga Onosma UIUPOKO HCIOJIB3YIOTCS B HApPOJHOU MeaunuHe crpaH Aszuu. [Iupoxwmit
crekTp papMaKoJIOTUUECKOTO JIEUCTBUS (DUTOIIPENAPATOB, MTOJIYIEHHBIX U3 3TUX PACTEHUH, 00YCJIOBJIEH Pa3HOOOpa3uemM
6uosornueckn akTUBHBIX coennHeHui (BAC). B To ke BpeMs HMIMPOKO paclpoCTpaHEeHHBIH B Poccuu BUA OHOCMBI —
Onosma simplicissima L. — ©u3y4eH HeJI0CTaTOYHO.

Il e 1 b . ®apmMakOrHOCTUYECKOE UCCIIETOBAHNE TPABBI OHOCMBI ITPOCTENIIIEN.

Martepuanans u MeToOab . OObeKTOM UCCIIEOBAHUS CIIYKUIA HaizeMHast yacTb Onosma simplicissima L.,
cobpanHas B ¢pasy npereHuss. CyMMapHbIe 9KCTPAKTHI U3 ChIPhS, IIOJIyUeHHbBIE C HCIIOJIb30BAaHUEM B KAUECTBE SKCTPAreH-
TOB BOJ[HO-CITMIPTOBBIX cMecel U 2% XJIOPOBOIOPOJHOM KUCJIOTHI, IPUMEHSIIH JJIi KAUeCTBEHHOTO M KOJIMYECTBEHHOT'O
aHa/IM3a KOMIIOHEHTOB PACTHUTENBHOTO CBHIPbsI C KCIIOJIb30BAHHEM CIEKTPO(DOTOMETPUUECKOTO U TPABUMETPHUECKOTO
MeTo/10B. MceaenoBanne MUKPOMOP(OJIOTHH JIUCTHEB U I[BETOB IIPOBOUIIN C UCIIOJIb30BAHUEM MHKDPOCKOIA Zeiss Axio
Scope.A1.

Pes3ynbTarbl. Bchipbe Ob1JI0 0OHAPYKEHO U OMIPEIEJIEHO KOJIMUYECTBEHHOE coJieprKanue cieayonux BAC: moau-
caxapuabl — 5.4 %, nmosvdiaBaHOBbIE COeTUHEHUS — 3.2 %, XJIOpOGUILT a — 0.46 %, xs10podusn b — 0.29 %, cymma Kapo-
THUHOUJIOB U KCAHTODHUILIIOB — 0.03 %, d1aBOHOU/BI (B Iepecuere HA PYTHH) — 0.98 % U THIPOKCUKOPUYHBIE KUCIJIOTHI
(B mepecueTe Ha AUKOGDEWIXUHHYIO KUCIOTY) — 0.34 %.

B pesyibpTaTe MUKPOCKOIIMYECKOTO aHaIn3a MOPGOJIOTHH JINCThEB OBLIN YCTAHOBJIEHBI TPU THIIA TPUXOM, 110 KOTOPBIM
MOZKHO JTUaTHOCTUPOBATH TMOJIUHHOCTH CHIPhSI.

3akinwueHue. Hamune BAC, 06/1a1al0MKX MPOTHBOBOCIIAIUTEIHHBIM, OAKTEPUIIMTHBIM U PET€HEPATUBHBIM
JIeICTBUEM, CO3/IaeT MPEIIOCHUIKH JIJIsi 60JIee NeTaJIbHOTO U3yYeHHsI OHOCMBI ITPOCTENIIEN KaK EPCIIEKTUBHOTO UCTOY-
HHKA PACTUTEJIBHOTO CHIPBA.

Kmoueswte crosa: Onosma simplicissima L., pyTuH, TUKOGbEUTIXUHHAS KACIOTA, XJI0POPUIII, KAPOTUHOU/BI, TIOJTHCA-
XapHU/Ibl, ATTKATIOU/IBI.

OO0pasen murtupoBaHusa: Bexunuko B.B., Kpyrios /I.C., Onemiko E.J[. PapMaKOTHOCTHYECKOE UCCIIEIOBAHIE U
JIMaTHOCTHYECKUE TIPU3HAKU TPaBbl OHOCMBI mpocTeiie // Journal of Siberian Medical Sciences. 2024;8(3):115-126.
DOI: 10.31549/2542-1174-2024-8-3-115-126

A pharmacognostic study and diagnostic signs
of Onosma simplicissima herb

V.V. Velichko, D.S. Kruglov, E.D. Oleshko

Novosibirsk State Medical University, Novosibirsk, Russia

ABSTRACT
Introduction. Plantsof the genus Onosma are widely used in Asian folk medicine. The wide range of pharma-
cological effects of herbal medicines from these plants is due to the variety of biologically active compounds (BAC). At the
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same time, the widespread species of the genus Onosma in Russia — Onosma simplicissima L. — has been studied insuffi-
ciently.

A im . Apharmacognostic study of Onosma simplicissima herb.

Materials and methods. Theobjectof the study was the aerial part of Onosma simplicissima L., col-
lected during the flowering phase. Total extracts from the raw materials obtained using water-ethanol mixtures and 2%
hydrochloric acid as extractants were used for qualitative and quantitative analysis of plant components using spectropho-
tometric and gravimetric methods. The micromorphology of leaves and flowers was studied using a Zeiss Axio Scope.A1

microscope.
Results.

The following BAC were detected and quantified in the raw materials: polysaccharides — 5.4%, polyflavane

compounds — 3.2%, chlorophyll a — 0.46%, chlorophyll b — 0.29%, the sum of carotenoids and xanthophylls — 0.03%, fla-
vonoids (in terms of rutin) — 0.98% and hydroxycinnamic acids (in terms of dicaffeoylquinic acid) — 0.34%.
During the microscopic analysis of leaf morphology, three types of trichomes were determined which can be used for iden-

tification of the raw materials.
Conclusion.

The presence of BAC with anti-inflammatory, antibacterial and regenerative effects indicates the

needs for an elaborate study of Onosma simplicissima as a promising source of herbal raw materials.
Keywords: Onosma simplicissima L., rutin, dicaffeoylquinic acid, chlorophyll, carotenoids, polysaccharides, alkaloids.

Citation example: Velichko V.V., Kruglov D.S., Oleshko E.D. A pharmacognostic study and diagnostic signs
of Onosma simplicissima herb. Journal of Siberian Medical Sciences. 2024;8(3):115-126. DOI: 10.31549/2542-1174-
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BBEJAEHHNE

Onocma (0.) mpocreimasa (Onosma (O.)
simplicissima L.) — MHOTOJIETHEE TPABIHUCTOE pac-
TeHHe, OTHOcsAIIeecss K poay oHocma (Onosma L.)
ceMmeiictBa OypauHUKOBbIe (Boraginaceae), KOTo-
PPbIii BKJIIOUaeT B cebsi OKOJIO 230 BUOB PACTEHUH,
pacmpocTpaHEHHBIX II0 BCeMy 3eMHOMY Imapy [1].
Apeas OHOCMBI MPOCTEUINEH OTpaHUYEH CTEITHOU
30HOU eBporelickoil wactu Poccum wu  IOxHOM
Cubupu, oOHA MPOU3PACTAET TAK}KEe HA TEPPUTOPUH
Bocrounoro Kasaxcrana u 3anaaxoit Mourosiuu [2].

TpasAUIOHHO B HAPOIHON MEIUITNHE KOPHU pac-
TeHUH poyia Onosma L. UCTIOIB3YIOTCS IS JIEYEHUsT
peBMaTtu3Ma, Mpu 60JIAX B MOYEBOM ITy3bIpe, pa3apa-
JKEeHUH TI0YeK, cep/iie0neHny B KauecTBe MOYETOH-
HOTO, >KapOIIOHIIKAIOIIETO, BSIKYIIETO U YCIIOKauBa-
IOITEero cpezictBa. B VIHAUM OHOCMY HCIIOIB3YIOT IIPH
JIeUeHUH TUIIEPTOHUH, JIUXOPAIKU U HEPBHBIX COCTO-
suni. B Typoum 5TH pacTeHHs HCIOIB3YIOTCS IS
JIe4eHN BOCIAIMTEIbHBIX 3a001€BaHNM, TAKUX KaK
TOH3WJLIUT, TeMOPPOIi, GPOHXUT, HOJIEBOTO CHHAPOMA
[3]. HamsemHas  YacTth 0. IIPHIBETKOBOU
(O. bracteatum Wall.) ma Biim>kaem BocToke Ucmosin-
3yeTcsi B KauyecTBE TOHU3UPYIOIIEr0 CpeacTBa, a
TaKKe JUIA JIEUeHUs acTMbl, OpOHXHUTa, OOJe3HEeH
MOUYEBBIBOJALLEH CHCTEMBI B KAUECTBE MOYETOHHOIO,
MMPOTHUBOBOCIIAJIUTESIBHOTO U CIAa3MOJUTHYECKOTO
cpencrBa. Jluerbst 0. cuHskoBumHoi (O. echioides
DC) ucroib3yoTes: B KAYeCTBe CJIA0UTETHHOTO CPe/l-
CTBA, a IBETKU — KaK CTUMYJIUPYIOIIEe CPEICTBO MIPU
JIEeUeHUH peBMaTHU3Ma U cepAreoneHus [4].

INTRODUCTION

Onosma (0.) simplicissima L. is a perennial her-
baceous plant belonging to the genus Onosma L. of
the Boraginaceae family which includes about
230 species have been growing throughout the world
[1]. The range of Onosma simplicissima is limited to
the steppe area of European Russia and Southern
Siberia; it also grows in Eastern Kazakhstan and
Western Mongolia [2].

In folk medicine, the roots of Onosma plants
are used to treat rheumatism, bladder pain, kidney
disorders, palpitations as diuretic, antipyretic,
astringent and sedative agents. In India, Onosma
plants are used in the treatment of hypertension,
fever and nervous conditions. In Turkey, these
plants are used to treat inflammatory diseases
such as tonsillitis, hemorrhoids, bronchitis, and
pain syndrome [3]. The aerial part of O. bractea-
tum Wall. is used in the Middle East as a tonic, as
well as for the treatment of asthma, bronchitis,
urinary tract diseases as diuretic, anti-inflamma-
tory and antispasmodic agents. The leaves of
O. echioides DC are used as a laxative and the
flowers — as a stimulant in the treatment of rheu-
matism and palpitations [4].

Plants of the genus Onosma are also used in com-
position of officinal drugs, in particular, dry extract
of leaves and flowers of O. bracteatum have anti-
spasmodic effect and relaxes smooth muscles of
internal organs, which is used in the treatment of
spasticity of the respiratory system. Extracts from
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[IpumenstoTes pacreHus pojia Onosma u B odu-
NUHAJTHPHON MeAUIINHE, B YACTHOCTH, CYXOH BDKC-
TPAKT JIUCTHEB U I[BETKOB O. IIPUIIBETKOBOU MPOSIB-
JISIET CIIa3MOJINTHYECKOEe JIeWCTBHE U pacciabiiser
TJIaJIKHE MBIIIIbI BHYTPEHHUX OPTAHOB, UTO UCIIOIh-
3yerTcs TPHU JIEUEHUHM CIIACTUYECKUX COCTOSHUH
JIBIXaTeJIbHON CUCTEMBI. VI3Bjie4eHUus1 U3 TPAaBBI O.
MIPUI[BETKOBOH UCIIOJIb3YIOTCS B KOMILJIEKCHOM Tepa-
1Y MOYeKaMeHHOH 60J1e3HU 1 NHQPEKITUH MOYEBbI-
BOJAIIUX ITyTeH [5].

[MMupokuii crektp dapmMakoaorudeckux s dex-
TOB PACTEHHUI paccMaTPUBAEMOTO PoJia 00YCIOBIEH
0COOEHHOCTSIMU UX XUMHYECKOT'O COCTaBa, KOTOPBIH
B HACTOsINEE BpPeMsI M3YyUYeH HEAOCTATOYHO IIOA-
po6Ho. Tak, pe3ysIbTaThl HEMHOTOUHCJIEHHBIX HCCITe-
JIOBAaHUU JIEMOHCTPUPYIOT HAJIMYUE B ChIPhE CAIlO-
HUHOB, JKMPHBIX KUCJIOT, TUPPOTU3UIUHOBBIX aTKa-
JIOUZI0B, (PEHOJIBHBIX COEMHEHUH, a TakKe HadTO-
XUHOHOB, IIPEJICTABJIEHHBIX IMIPEUMYIIECTBEHHO
MIUKOHUHOM M aJIKAHUHOM [6], TpUYeM KOJTUUIECTBO
JIAHHBIX OWOJIOTMYECKH AaKTUBHBIX COEIMHEHUH
(BAC) cyiecTBeHHO OTJIMYAETCS B 3aBUCUMOCTU OT
BHUa pacTeHusA. B wacTHOCTH, IO pe3yabTaTaM aHa-
JIN3a, MPOBEEHHOTO METOJOM BBICOKO3(h(EKTUB-
HOU KUJIKOCTHOU XpoMarorpaduu ¢ mpuMeHeHueM
macc-crektpoB (BIXKX-MC), mepuBathl IMTUKOHUHA
U aJIKaHWHA NPeobJIaJlaloT B SKCTPAKTAX, HOJIyUYeH-
HBIX U3 0. CHHSIKOBUJITHOW; IPYyTHE HAyJIHbIE paOOTHI
JIEMOHCTPUPYIOT, YTO 3HAYUTEIbHBIE KOJIHUYECTBA
OJIEMHOBOW W O-JIMHOJIEHOBOH KHCJIOTHI OOHapy-
JKEHBI B 0. IPUIIBETKOBOM [7]; CATTOHWHBI U aJIKAJIO-
U/l SIBJISIIOTCSA OJHUM U3 OCHOBHBIX KOMIIOHEHTOB
XUMHYECKOTO COCTaBa O. JBYIIBETHOH, a B HEKOTO-
PBIX pacTeHUsIX POJla IPHUCYTCTBYIOT COEJUHEHUS
(eHOBbHOU TPUPOBI — IMPOU3BOAHBIE OEH30MHOM
KHCJIOTHI ¥ MeTHI0eH30aTa [6].

B JuTepaTypHBIX HCTOYHUKAX COZIEPIKUTCS
KpaiiHe MaJyio UH(OpPMAIUH, Kacalolnencss XuMuae-
CKOTO COCTaBa OHOCMBI ITPOCTEHINEH, CJIe/loBa-
TeJIPHO, JajbHelIIee uccienoBanue BAC, o6Hapy-
JKUBAaEMBIX B CHIPbE, B TECHOH B3aMMOCBSI3H C OKA3bI-
BaeMbIM UMH (HAaPMAKOJIOTUUECKUM JIEHCTBUEM
IM03BOJIUT 3HAYUTEJIBHO PACIIUPUTH 00JIACTh MPH-
MEHEHHS PACTEHUS B MEAUITUHCKOH 1 (papMaIieBTh-
YeCcKOU IMpaKTHKe.

ITEJIb UCCJIE/IOBAHUSA

®apMaKOTHOCTUYECKOE UCCIE0OBAHUE TPAaBBI
0. IPOCTENIIIEH.

MATEPUAJIBI 1 METO/1bI

OOGBEeKTOM HCCIIEZIOBAHUs CIYKUIa Haa3eMHas
YacTh 0. IPOCTeHIIeli, cobpaHHas B ¢hase I[BETeHUs B
2023 I. Ha KaMEeHUCTOM CKJIOHe peku I[lumyHuxa B

O. bracteatum herb are used in the comprehensive
therapy of urolithiasis and urinary tract infec-
tions [5].

A wide range of pharmacological effects of plants
of the genus is due to the peculiarities of their
chemical composition, which is currently studied
insufficiently. Thus, the results of the numerous
studies demonstrate the presence of saponins, fatty
acids, pyrrolizidine alkaloids, phenolic compounds,
as well as naphthoquinones (mainly shikonin and
alkanin) [6], and the amount of these biologically
active compounds (BAC) differs significantly
depending on a plant species. In particular, accord-
ing to the results of the high-performance liquid
chromatography-mass spectrometry (HPLC-MS),
derivatives of shikonin and alkanin predominate in
extracts obtained from O. echioides; other
researches show that significant content of oleic
and a-linolenic acids are found in O. bracteatum
[7]; saponins and alkaloids are the main compo-
nents of the chemical composition of O. bicolor,
and some plants of the genus contain phenolic com-
pounds — derivatives of benzoic acid and methyl-
benzoate [6].

In the literature, information on the chemical
composition of Onosma simplicissima is limited,
therefore, further study of BAC in the raw materials
in close relationship with their pharmacological
action will allow to significantly expand the use of the
plant in medical and pharmaceutical practice.

AIM OF THE RESEARCH

A pharmacognostic study of Onosma simplicis-
sima herb.

MATERIALS AND METHODS

The object of the study was the aerial part of
0. simplicissima collected in the flowering phase
in 2023 on the rocky slope of the Shipunikha River
1.5 km east of the railway station Lozhok, Iskitim-
sky district, Novosibirsk region (54°34" N latitude
and 83°21" E longitude). The raw materials were
cleaned of impurities and damaged parts and
brought to an air-dry state under natural condi-
tions.

Qualitative reactions were carried out using
water-ethanol extracts using conventional phar-
macopoeial methods [8] for the determination of
the following groups of BAC: flavonoids, tannins,
saponins, polysaccharides, anthocyanins, couma-
rins. The presence of alkaloids was determined by
a series of reactions of raw material extraction
using precipitation reagents: Wagner-Bouchard,
Dragendorff, Meyer, Marquis, Scheibler, Bertrand,

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

117



Beauuko B.B. u dp. / Journal of Siberian Medical Sciences T. 8, N° 3 (2024)

1.5 KM Ha BOCTOK OT K/ ctaHiuu JIo:kok VcKkuTum-
ckoro paiiona HoBocubupcko# obsactu (54°34°
CEeBEPHOU IMUPOTHI U 83°21° BOCTOYHOM [IOJITOTHI).
CeIpbe IOC/Ie 3aTOTOBKU OYHUILNAIN OT IpuMeced u
MTOBPEK/IEHHBIX YacTed U JIOBOJIMJIN IO BO3AYIITHO-
CYXOTO COCTOSIHUS B €CTECTBEHHBIX YCTIOBUSAX.

KauecTBeHHBIE PEaKIINH TPOBOMIIU C UCIIOTIB30-
BaHUEM BOJTHOTO ¥ BOJIHO-CITUPTOBBIX U3BJIEUEHUH,
HCITIOJIB3YsI OOIIeNPUHAThIE (hapMaKOIeliHbIe METO-
UK [8], MpuMeHsieMble 115 OTIPe/IeJIEHUs CIEYIO-
mux rpynin BAC: diraBoHOWABI, NyOWIHHEBIE BeEIe-
CTBa, CAIIOHUHBI, TOJTUCAXapPUIbl, AHTOI[UAHBI, KyMa-
pusblL. [IpucyTCTBHE aTKAIOU/IOB OIPEEISIIN IIPO-
BeJIECHUEM CEPUH PEAKIINU U3BJIEYEHUS U3 CHIPHS C
o0IeocaIuTeIbHBIMIA ~ peaKTUBaMU: Barmepa —
Bymapga, paresnopda, Maitepa, Mapku, Ileii-
Onepa, beprpana, 30HHEHINTEHHAa, pPacTBOPOM
TaHWHA U PACTBOPOM ITUKPUHOBOU KUCJIOTHI.

1 mpoBeZieHUs Ka4eCTBEHHOTO W KOJIMYe-
CTBEHHOT'O aHAJTN3a COCTaBa JIEKAPCTBEHHOI'O PACTH-
TesbHOTO chIpbsi (JIPC) Meromom crnextTpodoToMe-
TPUU WCIOJIB30BATIN CyMMAapHBIe H3BJIECUEHUs U3
CBIPBA. B KauecTBe BKCTpareHTa JIJIs UX IMOJIydYeHUs
ObLIH BBIOPAHBI 95 U 70% 3TaHOJ, 2% BOJHBIN pac-
TBOP KHCJIOTHI XJIOPOBOJOPOIHON (/1151 U3BJI€UEHUS
AJIKAJIONIOB) U BOAA OUHINEeHHadA (/1 U3BJIeUeHUA
IyOWJIBHBIX BEIIECTB U IOJIMcaxapuyioB). TouHyio
HaBECKY CBIpbSl IIOMEIAJIM B KoJIOy, J00aBJIsSIIN
BBIODAHHBI SKCTPAreHT B COOTHOIIEHUH CHIPHE:
SKCTpareHT — 1:30, MMOCJIe Yero KOJIObI C IPUCOeTH-
HEHHBIM OOPATHBIM XOJIOAVUIBHUKOM IIOMEIaN Ha
KUIISAIIYI0 BOJSHYI0 OAaHIO W BBIIEPKUBAIN B TeUe-
HUe 40 MuHyT. [lociie OXJaXKIAeHUs U3BJI€UYEHUS
(UIBTPOBAIM U MCHOJIB30BAIN B KauecTBe OOBEK-
TOB JJd aHanus3a Ha crnekrtpodoromerpe CD-56
(OKB «Cmektp», Poccust).

Jl1s1 ucenenoBanus pJIaBOHOUIOB I10 1 MJT U3BJIE-
JeHUs: 70% H5TAHOJIOM IMOMENIAJTU B JIBE MEPHBIE
KOJIOBI 00BEMOM 25 MJT U 10OABJISIN 1O 0.3 MJT 3%
pacTBopa YKCyCHOU KHCJIOTHI. B ofHy u3 KoJyib mpu-
JIMBAJIA 3 MJI 2% pacTBOpa aJIIOMUHUS XJIOPUJIA B
95% oTaHOJIe, B pe3yJbTaTe 4ero o6pa30BBIBAJICS
XpOMOTeHHBIH KoMIUlekc. O6beM B 0bemx Kosbax
JIOBOJTWJTU IO METKU 95% 3TaHOJIOM. B mTore mosy-
YaJIi UCCJIeIyeMbli pacTBOP A (XpOMOTeHHBIN KOM-
IUIEKC) U pacTBop cpaBHeHusa B. KosimyecTBeHHBIH
aHAJIU3 MPOBOJIWJIN B 5 IMOBTOPEHHUSX, OIPEJEIIsis
OCHOBHbIE TTapaMeTPhl BHIOOPKU — CpefiHee 3Hade-
HHUe X, CTAaHJApPTHOE OTKJIOHEHHE CpEeIJHEro II0
BBIOOPKE O U JIOBEPUTEIBbHBIN HHTEPBAJI A 110 GOp-
mysam [9]

Sonnenschein, tannin solution and picric acid
solution.

Total extracts from the raw materials were used
for qualitative and quantitative analysis of the
composition of medicinal plant materials (MPM)
by spectrophotometry. 95% and 70% ethanol, 2%
aqueous solution of hydrochloric acid (for alkaloid
extraction) and purified water (for tannin and
polysaccharide extraction) were used as extract-
ants. An accurately weighed quantity of the raw
materials were placed in a flask, the extractant was
added to the raw materials at the ratio of 1:30,
after which the flasks were heated under reflux for
40 min on a boiling water bath. After cooling, the
extracts were filtered and used as objects for anal-
ysis on a SF-56 spectrophotometer (OKB Spectr,
Russia).

To study flavonoids, 1 ml of 70% ethanol extrac-
tion was placed in two 25 ml volumetric flasks and
0.3 ml of a 3% acetic acid solution was added. 3 ml of
a 2% aluminum chloride solutionin 95% ethanol was
poured into one of the flasks, resulting in the forma-
tion of a chromogenic complex. The volume in both
flasks was diluted to the mark with 95% ethanol. As a
result, the studied solution A (chromogenic complex)
and the blank solution B were obtained. Quantitative
analysis was carried out in 5 repeats, determining
the main parameters of the sample — the average
value X , the standard deviation of the sample mean
o and the confidence interval A according to the for-
mulas [9]

where t = 2.78 — in the Student’s test for the number
of degrees of freedom f = n — 1 = 4 and confidence
probability p = 95%.

In this case, the minimum possible value of the
studied indicator is x . = X — A and the maximum
possiblex_ = X + A, respectively.

To determine the micromorphological struc-
ture of the leaves and flowers, the objects were
macerated by boiling for one minute in a 5%
aqueous solution of sodium hydroxide (leaves) or
in water (corolla). A mixture of water and gly-
cerin at a ratio of 1:1 was used as mounting and
clearing liquid. The study was performed using a
Zeiss Axio Scope.A1 microscope at magnification
x25-400 in transmitted light (to reveal struc-
tural elements of tissues). The images obtained
were captured using a Zeiss Axiocam 512 color
digital camera.
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rae t = 2.78 — kpurepuii CTbloJIeHTa IIPU YHUCJIE CTe-
mmeHel cBo6oOzbl f = N — 1 = 4 U JOBEPUTEIHHOMN
BEPOATHOCTU P = 95 %.

B sTOM clyyae MUHUMAaIbHO BO3MOIKHOE 3HaUe-
HYe HCC/Ie/lyeMoTo MoKasaTeld X, . = X — A M Mak-
CHMaJIbHO BO3MOXHOE X, = X + A COOTBETCTBEHHO.

It yCcTaHOBJIEHUST MHUKPOMOP(OJIOTHYECKOTO
CTPOEHUsI JIUCTHEB U IBETKOB IIPOBOIMJIH ITPEJBAPH-
TeJIbHOE pa3MadyrBaHUe OOBEKTOB IyTeM KHIIsue-
HUS B TeUEHHWE OJHOU MUHYTHI B 5% BOJIHOM pac-
TBOpE HATpHUs THAPOKCUAA (JIUCThsI) WJIM B BOJE
(BeHuUK). B KauecTBe 3aKIIIOYAOIIEN U TPOCBETIIs-
OIIEeH JKUTKOCTU MCIIOJIb30BAIN CMECh BOZBI U TJIH-
[lepyHA B COOTHOIIIEHUH 1:1. VccienoBaHue MpoBo-
JIJIN C WCIIOJIb30BAHMEM MHKPOCKoIa Zeiss Axio
Scope.A1l npu yBeJIMUeHUU B 25—400 pa3 B IPOXOA -
meM cBere (/1 BBISBJIEHUS CTPYKTYPHBIX 3JIEMeH-
TOB TKaHel). [TosiyueHHbIe U300paKeHUs: GUKCUPO-
BaJIMCh C TMIOMOINBIO MHUPPOBOU (PoTOKaMephl Zeiss
Axiocam 512 color.

PE3YJ/IBTATBI 1 OBCYKAEHUE

KauecTBeHHBII aHATN3 TTOKA3aJT HAJTHUHE B CHIPhE
TOJINCAXapU/IOB, (PJIAaBOHOUJIOB, MOIH(IIABAHOBBIX
coeHEHUH (yOWIbHBIX BEIIECTB KOH/IEHCHPOBAH-
HO IPYIIIBI — XapaKTePHOE YEPHO-3€JIEHOE OKPAIIIH-
BaHUE IIPH PEAKIINU C JKeJIE30aMMOHUHHBIMU KBac-
1amu), GEeHWIPOTIEHOBBIX (OKCUKOPHUYHBIX) KHCJIOT,
xy10podUIa, KAPOTHHOUIOB. KpoMe TOro, moJI0Ku-
TEJIbHBIA AHATUTUYECKUHA CUTHAJ ObLT 3a(pUKCHPO-
BaH B PEAKITUAX U3BJIEUEHH S, IIOJIyIEHHOTO C UCIIOJIb-
30BaHUEM B KauecTBEe DKCTpareHTa 2% XJI0OpOBOMO-
POIHOM KHCJIOTHI ¢ peakTBaMu Mapkwu, Illeiibiepa,
Beprpana u 30HHEHIITEHHA, YTO CBU/IETEJILCTBYET O
BO3MOKHOM HAJTUYHU B ChIPhE aJTKAJIOU/IOB.

AHaM3 JYTMHHOBOJTHOBOH YaCTH CITEKTpa (BU/U-
MBI quana3od 380—780 HM) u3BJIedeHnsa 95% sTa-
HOJIOM (pHc. 1) TTO3BOJIAET C/eIaTh BBIBOJ O HAJIHU-
YHU OJKUJAEMbBIX SKCTPEMYMOB, XapaKTEPHBIX JIJIsS
PACTUTENbHBIX MMUTMEHTOB — XJIOPODUIIIOB, Kapo-
TUHOHUIOB M KX KUCJIOPOHBIX ITPOU3BOTHBIX.

ITo U3MepeHHBIM 3HAUEHUSAM OITHYECKOH IJIOT-
HOCTHU IIpU IJIMHAX BOJH 452, 649 U 664 HM MOXKHO
paccuuTath cofliep:KaHHe B ChIPhE XJIOPODHUILIIOB a
(X)) ub (X,), a Tak:ke cyMMbI KADOTUHOU/IOB U KCAH-
todmwnos (X ) (%):

CV, o 100
m ¢ 100—w

c

X = - 100,
rae C — 3HaueHusa KOHHeHTpaHHﬁ B HCCIIEAYEMBIX
pacTBopax, pacCUYUThIBAEMBIX 10 (popmysiaMm [10, 11]

C,=13.36-Dy,-519-D

649’

C,=27.43" D649 —-8.12-D

664°

RESULTS AND DISCUSSION

The qualitative analysis showed the presence of
polysaccharides, flavonoids, polyflavane compounds
(tannins of the condensed group — characteristic
black-green staining in reaction with ammonium
iron (III) sulfate), phenylpropenic (hydroxy-cin-
namic) acids, chlorophyll, carotenoids in the raw
materials. In addition, a positive analytical response
was recorded for the extracts obtained using 2%
hydrochloric acid as an extractant with Marquis,
Scheibler, Bertrand and Sonnenschein reagents,
which indicates the possible presence of alkaloids in
the raw materials.

Analysis of the long-wave part of the spectrum
(visible range 380—780 nm) of 95% ethanol
extraction (Fig. 1) allows us to conclude that there
are expected peaks specific to plant pigments —
chlorophylls, carotenoids and their oxygen deri-
vatives.

The measured values of optical density at wave-
lengths of 452, 649 and 664 nm can be used to calcu-
late the content of chlorophylls a (X)) and b (X,) in
raw materials, as well as the sum of carotenoids and
xanthophils (X ) (%):

C-¥, 100
T, 00— w

rm

X= - 100,

where C — values of concentrations in the studied

solutions calculated by the formulas [10, 11]
C,=13.36- Dy, —5.19- Dy,

C,=27.43- D649 —-812:D_ ;

664
C..=475" D, - 0.226 - (C, + C),

where D, D, u D, — absorption density values
measured at the corresponding wavelengths;

V_— extractant volume, ml;

m_ — sample weight of raw material, g;

@ — dilution factor of extraction during measure-
ment. In the absence of dilution ¢ = 1;

w — raw material humidity, %.

The analysis of the ultraviolet spectrum of 70%
ethanol extraction from the raw materials showed a
bathochromic shift of the absorption maximum
characteristic of flavonoids from 360 nm to 407 nm
(Fig. 2), which indicates the predominance of rutin
in the raw materials, and therefore the flavonoid
content was calculated in terms of rutin according to
the formula

DV, 100
A% m, P 00— w’

1cm rm

X = 1)

where A — the coefficient of percentage extinction
(for rutin 284 ml - % - g~ [8]).
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Puc. 1. Bupumbiii ciekTp uspiiedeHus (9% 5TAHOJIOM) U3 TPABBI OHOCMBI IIPOCTEHIIIEN
Fig. 1. The visible spectrum of 9% ethanol extraction from Onosma simplicissima herb

Co=475-D,,—0.226-(C +C),

rne D 52’ D, o 4 D, , — 3HAYEHHUS IVIOTHOCTH IIOTJIO-
IIeHNUs, U3MePEeHHbIE HA COOTBETCTBYIOIIUX JIJIUHAX
BOJIH;

V. — 00beM sKCTpareHTa, MJ;

m_ — Macca HaBECKH ChIPbS, T

¢ — ¢axTop pa3Be/leHUs U3BJIEUEHUS BO BPEMS
uszMepenus. [Ipu oTcyTcTBUU pa3BesieHUs: P = 1;

W — BJIQXKHOCTH CHIPbA, %.

Ananus yapTpaduoJeTOBOTO CIIEKTPa U3BJeYe-
HUS U3 CBIPbs 70% 3TAHOJIOM TIOKa3aja 0aTOXpOM-
HBIN CABUT MaKCUMyMa ITOTJIOIIEHUs, XapAKTEPHBIA
Jutsi hIJIAaBOHOHIOB ¢ 360 /10 407 HM (pHC. 2), UTO
CBUJIETEJIBCTBYET O IIPe0bJIalaHuu B ChIPhe PYTHHA,
U TIOTOMY pacyeT cojiep:kaHus (hJIaBOHOUIOB OBLIT
MIPOU3BE/IEH B IlepecueTe Ha PYyTUH 10 popMyIie

DV, 100
X=—F7"—"0¢ , 1
A% P T00-w ()

rae A% — K03(GQOUIMEHT IPOIEHTHON SKCTUHKIMN
(m1st pytriHa paBHBIN 284 M - %7 - 171 [8]).

CrieKTp u3BJIEUEHUs U3 ChIPbSI Ha 70% BTaHOJIE
0e3 nob6aBIeHUS ATIOMHUHUA XJ0puaa (puc. 3) UMeeT
SKCTPEMYMBbI, XapaKTePHbIE IS AUKO(PEMIXUHHON
KHCJIOTBI [12], UTO IMO3BOJISIET OMIPEIETIUTH €€ COZIEDP-
JKaHWE I0 WU3MEPEHHOW IUIOTHOCTH IOTJIOIIEHUS
MIpY ITHHE BOJIHBI 330 HM 110 dhopmyJie (1) u Koad-
(pUIMEeHTy TPOIEHTHOH SKCTUHKIUU JUKODEUI-
XUHHOM KHUCJIOTHI — 659 MuI - %' - 17 [13].

CrexkTp BOJHOTO U3BJeUeHUs (pUcC. 4) HMeer
MaKCHUMyM IIOTJIONIEHUsI MPH JJINHE BOJIHBI 276—

The spectrum of the 70% ethanol extraction from
the raw materials without aluminum chloride addi-
tion (Fig. 3) has peaks characteristic of dicaf-
feoylquinic acid [12], which allows to determine its
content by the measured absorption density at a
wavelength of 330 nm according to formula (1) and
the coefficient of percentage extinction of dicaf-
feoylquinic acid 659 ml - % - g~ [13].

The spectrum of water extraction (Fig. 4) has the
absorption maximum at a wavelength of 276—278 nm
and the minimum at 250 nm, which is typical for
catechin [14], and correlates with a qualitative reac-
tion that showed the presence of polyflavane com-
pounds (tannins of the condensed group), the struc-
tural unit of which is catechin.

The content of polyflavane compounds in terms
of catechin was calculated based on the optical den-
sity measured at a wave length of 277 nm and the
coefficient of percentage extinction of catechin
209 ml - % g (Table 1) [15].

During microscopy, it was found that the whole
plant is pubescent; this feature is typical for all plants
of the Boraginaceae family. The pubescence is rep-
resented by three types of hairs:

1) thick-walled single-cell straight hair up to
600 pm in length and a wall thickness up to 20 um
(Fig. 5);

2) capitate thin-walled hair with a single-cell
pedicle and a single-cell spheroid head (Fig. 6);
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Jlmuna Bonuel, HM / Wavelength, nm
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— % T T 7 T T

420 440 460 480

Puc. 2. YibTpadroIe€TOBBI CIIEKTP XPOMOTEHHOTO KOMIUIEKCA U3BJIEUEHNUs M3 TPABBI OHOCMBI IIPOCTEMIIEN
IOCJIE PEAKIIHH C XJIOPU/IOM aJTFOMUHUS
Fig. 2. The ultraviolet spectrum of the chromogenic complex of extraction from Onosma simplicissima herb
after aluminum chloride reaction

278 HM U MHHUMYM IPH 250 HM, YTO XapaKTEPHO
JUIS KaTeXuHa [14], 1 KOppeIUpyeT ¢ KauecTBEHHON
peakIueii, mokazasliiel HaJIu4due moanudIaBaHOBBIX
coelHEeHUH (JyOMJIBbHBIX BEIECTB KOHEHCUPOBAaH-
HOH TPYIIIbI), CTPYKTYPHOU eIMHUIIEH KOTOPBIX
SIBJISIETCS] KATEXUH.

Pacuer copep:xanus monndIraBaHOBBIX COENUHE-
HUM B IlepecueTe Ha KATEXUH TPOU3BOJIUIIH 10 BEJIH-
YUHE OINTUYECKOH IUIOTHOCTH, HU3MEPEHHOH IpHU

0.0 {i—tl.

3) warty single-cell straight hair with a slightly
raised pedestal up to 1 mm in length and wall thick-
ness up to 25 um (Fig. 7).

Epidermis tissue cells of the leaf are slightly sinu-
ated (Fig. 5), the stomata are submerged, form a sto-
mata apparatus of anomocytic type. The petals are
characterized by the presence of papillary projec-
tions along the edge (Fig. 8) and almost straight-
walled epidermal cells.

Jmna Bomabl, HM / Wavelength, nm

L i L T L T o ) s B ) o o o U o i [ o s o B L T P

200 250 300

350 400 450

Puc. 3. YiprpabroeToOBbIH CIEKTp U3BIedeHus (70% 3TaHOJI) U3 TPaBbl OHOCMBI ITPOCTEHIIIEH
Fig. 3. The ultraviolet spectrum of 70% ethanol extraction from Onosma simplicissima herb
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Jlmna Bonabl, HM / Wavelength, nm
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300 320 340 360 380

Puc. 4. YapTpaduoseToBbIH CIEKTpP U3BJI€YeHHA (BOHOTO) U3 TPABbl OHOCMBI
Fig. 4. The ultraviolet spectrum of water extraction from Onosma simplicissima herb

JUTHHE BOJIHBI 277 HM, U KO3(DQOUIIHMEHTY MPOIEHT-
HOM SKCTHHKIIUM KaTexXwHa — 209 M - % - 1!
(Tabs. 1) [15].

B pesysibraTe MHKPOCKOIIMYECKOTO HCCIEN0BA-
HUs OBLJIO YCTAHOBJIEHO, UTO BCE PACTEHHE OIYIIIEHO,
JIAaHHBIA MPU3HAK SBJIAETCA TUITUYHBIM JUUIST BCEX
pacreHuii cemerictBa Boraginaceae. OmyliiieHue
MIPEJICTABJIEHO BOJIOCKAMU TPEX THIIOB:

1) TOJICTOCTEHHBIA OJHOKJIETOYHBIA MPSIMOU
BOJIOCOK JJIMHOM 40 600 MKM U TOJIIIUHON CTEHOK
JIo 20 MKM (pHc. 5);

CONCLUSION

The presence of BAC with anti-inflammatory, bac-
tericidal and regenerative effects was revealed in the
composition of Onosma simplicissima, which creates
prerequisites for an elaborate study of Onosma sim-
plicissima as a promising source of MPM.

The possible presence of alkaloids in raw materi-
als requires additional research, as well as the deter-
mination of therapeutic and toxic doses of a medici-
nal herbal preparation based on Onosma simplicis-
sima herb.

Ta6smmua 1. Comep’kaHue B TpaBe OHOCMbI POCTEHIIEN OCHOBHBIX TPYIIN OUOJOTUYECKH aKTUBHbIX COeIMHEHUH

(%, B mepecyeTe Ha a6COJIIOTHO CyXOe CbIpbe)

Table 1. Content in Onosma simplicissima herb of the main groups of biologically active compounds

(%, in terms of absolutely dry raw materials)

Ne Buosiornyecku akTUBHbIE COeJUHEHUS

No. Biologically active compounds X o Ximin Xmax

1 [Monucaxapupe! / Polysaccharides 5.4 0.7 4.53 6.28

2 Jly6unbHble BeljecTBa (B IepecyeTe Ha KATEXHH) 3.2 0.4 2.70 3.70
Tannins (in terms of catechin)

3 Xnopodusa a / Chlorophyll a 0.46 0.06 0.39 0.54
Xnopodusn b / Chlorophyll b 0.29 0.03 0.25 0.33

5 CyMMa KapOTHHOHZ0B U KCAaHTOQUJLJIOB 0.03 0.006 0.02 0.04
Sum of carotenoids and xanthophylls

6 diaBoHOU/IbI (B IepecyeTe Ha PYTHUH) 0.98 0.015 0.96 1.00
Flavonoids (in terms of rutin)

7 OKCHKOpPHYHBIE KUCIOTHI (B IlepecyeTe HAa AUKOdeUaxuHHylo Kucaoty)  0.34 0.04 0.29 0.39

Oxycinnamic acids (in terms of dicaffeoylquinic acid)
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Puc. 5. duunziepma ¢ OHOKJIETOYHBIMY [JIQJIKKMHU TOJICTOCTEHHBIMHU BOJIOCKAMU
(1 — BOJIOCOK; 2 — BnIuiepMasIbHbIe KJIETKH; 3 — YCTHUIIE)
Fig. 5. The epidermis with single-cell smooth thick-walled hairs (1 — hair; 2 — epidermal cells; 3 — stomata)

2) roJIOBUaThIli TOHKOCTEHHBIN BOJIOCOK C OJIHO-
KJIETOUHOU HOKKOH M OJTHOKJIETOUHOU cHepOouTHOHN
TOJIOBKOH (puc. 6);

3) Tpyb60060pOIaBUATHI OHOKJIETOUHBIA IIPS-
MO BOJIOCOK CO CJIET'KA MPUIIOHATHIM IIbEIECTATIOM
JUIMHOW /10 1 MM U TOJIIIUHON CTEHOK JI0 25 MKM
(puc. 7).

The microscopic analysis allowed us to determine
the main microdiagnostic signs of Onosma simpli-
cissima leaves and flowers: for the leaf — submerged
stomata of anomocytic type and a combination of
three types of trichomes; for the petals — the pres-
ence of papillary projections along the edge. Micro-
diagnostic signs are necessary for identification
of MPM.

Puc. 6. I'ostoBUaTHIN BOJIOCOK
Fig. 6. The capitate hair
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Puc. 7. T'py6060poaBuaThiii BOJIOCOK
Fig. 7. The warty hair

Puc. 8. CoOCOYKOBH/IHBIE BBIPOCTHI U AMIU/IEPMAJIbHBIE KJIETKA BEHUNKA
Fig. 8. Papillary projections and epidermal corolla cells

KiteTku aniuiepMbl JiucTa c1abou3BUIUCTRIE (CM.
pHuc. 5), yCThUIIA MOTPY;KEHHBIE, 00Pa3yIOT YCThUY-
HBII alapaT aHOMOIIUTHOTO TUMA. [[Jis JIEIIeCTKOB
XapaKTEPHO HAJIMYHE COCOUKOBH/THBIX BBIPOCTOB IT0
kpato (puc. 8) W TMOYTH MPSIMOCTEHHBIX KJIETOK
SIIU/IEPMBI.

3AK/IIOYEHHE

B cocraBe OHOCMBI IPOCTEHINEH YCTAaHOBJIEHO
Hasinuue BAC, UMEIOIINX IPOTHBOBOCIATUTENILHOE,
GaKTEPHUIIN/IHOE U pPereHepaTopHoe JeHCTBHE, UTO
CO3/JaeT IPEeANOChUIKH s 60jiee IETATLHOTO U3Y-
YeHHUsi OHOCMbBI IIPOCTENIIEN B KavuecTBe IMEePCIIeK-
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THBHOTO JIEKADCTBEHHOTO pACTEHUS —
Huka JIPC.

Bo3MokHOEe HaTM4YHe ajIKaJIouJI0B B CHIPbE Tpe-
OyeT JOIOJIHUTEIbHBIX WCCJIEIOBAHUM, a TaKKe
YCTaHOBJIEHUS TEPATIEBTHYECKHUX U TOKCHIECKHX 103
JIEKAPCTBEHHOTO PACTUTEJIBHOIO IIpernapaTta Ha
OCHOBE TPaBbl OHOCMBI IIpOCTeNIIeH.

MUKPOCKOTIMUECKUY aHAIU3 TTO3BOJIHJI yCTAHO-
BUTH OCHOBHbIE MHUKPOJMATHOCTUYECKIE TTPU3HAKH
JIUCThEB W IIBETKOB OHOCMBI ITPOCTEUIEH: I
JIUCTA — IIOTPY?KEHHBIE YCTHUIIA aHOMOITUTHOTO THIIA
U COUeTaHUe TPEX TUIIOB TPUXOM; JJIf JIETIECTKOB —
HaJINYME COCOYKOBHUIHBIX BBIPOCTOB IO Kpalo.
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JAnHaMHKa MapKepOB BOCIAJIUTEIbHOI'0 OTBETA MPU KOMILJIEKCHOM
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AHHOTAIIUA

BBegenue. BocnamurenpHble 3a6071€BaHNS OPraHOB MaJIOTO Ta3a YacTO COMPOBOXK/IAIOTCS Pa3BUTHEM XPOHUYeE-
CKHX Ta30BBIX O0JIel, OECIIOIUS U OCJIOKHEHUH GEpeMEHHOCTH, TI03TOMY SIBJISIOTCS aKTYyaJIbHOU MEIUKO-COIMATbHOMN
npo6sieMoii. B ouare BocnasieHus IpU XpOHHUecKoM caabiuHroodopute (XCO) pa3BuBaloTcs HapylleHne MEKPOIMPKY-
JISIIAY U THIOKCYS TKaHeH. IlaToreHeTnyecky 060CHOBAHO IPUMEHEHVIE€ METOIOB JIEUEH ST, KOTOPBIE CIIOCOOCTBYIOT YIyd-
IIEHUIO0 KPOBOOOpAIeHUsI B TKAHSIX. [IepCIIEKTHBHBIM IIPEICTABIISIETCA UCIOIb30BAHNE MAarHUTO-JIA3€PHON Tepamuw,
KOTOpas OKa3bIBAeT JeHCTBHE 32 cYeT MH(PAKPACHBIX JIA3€PHBIX JIydel M MATHUTHOTO Iosisg. OU3noTepaneBTHIECKOe
BO3JIEHCTBYE MOJLYIUPYeT CTAUU HMMYHHOTIO OTBETA IIPY BOCHAJIEHUH, YTO HAXOAUT OTPa’KeHUE B IUHAMUKE ITI0Ka3aTe-
JIell HMMYHOTPaMMBI.

Il e 1 5. Ha ocHOBaHUU OIlpesiesieHNs MapKePOB BOCHAJIUTEIBHOTO OTBETA OLIEHUTH BIUAHNE KOMILJIEKCHOTO JIeYEeHUS
XCO ¢ npumeHeHneM GU3UOTEPAINU.

MaTtepuaab U MeTo /bl . OneHUBATNCH PE3yJIbTATHI JIeUeHHs 60 MalNeHTOK ¢ 000CTPeHNeM XPOHHYECKOTO
CaIBIIMHT00(MOPUTA HAa OCHOBe aHAIM3a KIMHUYECKUX, IaO0PATOPHBIX, HMMYHOJIOTHUYECKUX IoKa3aTesell. [TanueHTky
OBLITN pas/ieJIeHbl Ha 2 TPYIIBL: 1-1 Tpymnna (n = 30) — MalKueHTKY, B JIeYeHHe KOTOPhIX KPOMe JIEKAPCTBEHHOH Tepanuu
HCIOJIb30BAJIACh (HU3NOTepanus; 2-1 rpynna (n = 30) — MaINeHTKH, IOJIyYaBIINe TOJIBKO JIEKAPCTBEHHYIO TEPAIHIO.
JlekapCTBEHHOE JIEUEHHE BKJIIOYAJI0O aHTUMUKPOOHYI Tepanuio Iedanocrnopunamu 111 MOKOJIEHUs B TEUEHHE 7 CYT,
HeCTepOoUJHbIe IIPOTHBOBOCIIAJINTEIbHBIE U IeCeHCUOMIN3UPYIONIHe cpeicTBa. JleueHUe MalieHTOK U3 1-H IPyNIbl ObLIO
JTOTIOJTHEHO KYpCOM M3 10 CEaHCOB MaTrHUTO-JIa3epHOH Tepanuu. OUpe/essiii YPOBeHb MHTEPJIeHKUHA-13, HHTepIIek-
KHHA-4 METO/IOM UMMyHO(epMeHTHOTO aHAIN3a Ha 1- U 8- IeHb OT Havyasia 3a00JIeBaHus;.

PesynbpTartTs . Mcrnonp3oBaHue KOMIIEKCHOTO JIEYEHUSA XPOHUYECKOTO CAJIBIIMHIO0GOpHUTA C NPUMEHEeHHeM
MarHuTO-JIa3epHOM Tepanuy IPUBOJUT K KYITHPOBAHHIO OCHOBHBIX KJIMHIYECKUX IIPOSIBJIEHUHN U CHUKEHUIO CIIOHTAHHBIX
YPOBHEH MPOBOCTATIUTENHHBIX I[UTOKUHOB B 60JIe€ KOPOTKHE CPOKH.

3aknwueHUe. lcrnosbp3oBaHNE MATHUTO-JIA3€PHOM TEPAIINHY B JIEU€HUN 00OCTPEHUSI XPOHUUECKOTO CAJIBITHTO-
odopuTa cOnpoBOXKAAETCS OJIATOIPUATHBIM T€U€HUEM BOCIATUTEILHOTO OTBETA.

Kaoueenle caoea: BociauTeIbHble 32001eBAaHUSA OPTAHOB MaJIOT0 Ta3a, XPOHUYECKUH CabIIMHIO0(MOPUT, IIUTOKIHBL,
XpOHHUYECKOe BocllajieHne, Gu3noTepanus.

Oo6pasen muruposBaHusAa: lllarynosa E.II., Crenanosa 0.B., Ciarosa JI.H. /luHaMuKa MapKepOB BOCIIQJIH-
TEJIBHOTO OTBETA IPH KOMILJIEKCHOM JIEYEHHH XPOHUUYECKOTO cayibnuHroodopura // Journal of Siberian Medical Sci-
ences. 2024;8(3):127-135. DOI: 10.31549/2542-1174-2024-8-3-127-135

TlocTymuia B peJakiiuio 19.03.2024 Received 19.03.2024

IIpouwna pereH3upoBaHue 10.04.2024 Revised 10.04.2024

IIpuHATa K IyOIUKanuu 30.04.2024 Accepted 30.04.2024

Aemop, omeemcmeeHHblil 3a nepenucky Corresponding author

Crarosa Jlrogmuina Hukonaesua: ®T'BOY BO «Camapcekuii rocyjapcrBes- Lyudmila N. Slatova: Samara State Medical University, 89, Chapaevska-
HBII MeUIIMHCKUN yHUBepcuTeT» MuH3paBa Poccu. 443099, r. Cama- ya str., Samara, 443099, Russia.

pa, yi1. Yanaesckas, 89. E-mail: l.n.slatova@samsmu.ru

E-mail: l.n.slatova@samsmu.ru

Journal homepage: http://jsms.ngmu.ru 127



IIlamynosa E.I1. u dp. / Journal of Siberian Medical Sciences T. 8, N? 3 (2024)

Dynamics of inflammatory response markers in comprehensive
treatment of chronic salpingo-oophoritis
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ABSTRACT

Introduction. Pelvicinflammatory diseases are often accompanied by the development of chronic pelvic pain,
infertility and pregnancy complications, therefore they are an important medical and social problem. In the site of inflam-
mation in chronic salpingo-oophoritis (CSO), microcirculation disorders and tissue hypoxia develop. The treatment
modalities that improve blood circulation in tissues have a pathogenic basis. The use of magnetic field and laser therapy,
which has an effect due to infrared laser radiation and a magnetic field, seems promising. Physiotherapeutic effects modu-
late the phases of the immune response during inflammation, which is reflected in the dynamics of immunogram indica-
tors.

A im . Based on the determination of the inflammatory response markers, to evaluate the effect of comprehensive treat-
ment of CSO using physiotherapy.

Materials and methods.Thetreatment results of 60 patients with the exacerbation of CSO were assessed
based on the analysis of clinical, laboratory and immunological parameters. The patients were divided into 2 groups:
group 1 (n = 30) included women who received pharmacologic treatment and physiotherapy; group 2 (n = 30) included
patients who received pharmacologic treatment alone. The pharmacologic treatment included antimicrobial therapy with
third-generation cephalosporins for 7 days, nonsteroidal anti-inflammatory and antiallergic agents. The treatment of
patients in group 1 was supplemented by a course of 10 sessions of magnetic field and laser therapy. The levels of
interleukin-1f and interleukin-4 were determined by enzyme immunoassay on the 1st and 8th days from the disease onset.
Results. The comprehensive treatment of CSO with the use of magnetic field and laser therapy leads to the relief of
the main clinical manifestations and a decrease in spontaneous levels of pro-inflammatory cytokines in a shorter time.
Conclusion. Theuseofmagneticfield and laser therapy in the treatment of the CSO exacerbation is accompanied
by a favorable course of the inflammatory response.

Keywords: pelvic inflammatory diseases, chronic salpingo-oophoritis, cytokines, chronic inflammation, physiotherapy.

Citation example: Shatunova E.P., Stepanova Yu.V., Slatova L.N. Dynamics of inflammatory response markers
in comprehensive treatment of chronic salpingo-oophoritis. Journal of Siberian Medical Sciences. 2024;8(3):127-135.
DOI: 10.31549/2542-1174-2024-8-3-127-135

BBEJIEHUE INTRODUCTION

B Hacrosiiee BpeMs BOCIIaIUTEIbHbIE 3200 1eBa-
HUS OpraHoB Maioro Taza (B3OMT) aBisioTes akTy-
QJIPHOU MEJUKO-COIMAIbHOU IMPO0JIEMON, U HaW-
OOJIBINUIL Y/IeJIbHBIA BEC B 9TOH IpyIIIe UMeeT Xpo-
HHUYECKOe BOCIaJIeHne MPUAATKOB MaTku. Hepemko
BBI3BaHHBIE UM 3200JI€BAHUA COIIPOBOKIAIOTCS Pas-
BUTHEM XPOHHUUECKHUX Ta30BbIX 00JIeH, OecTionus u
BHEMAaTOYHOU OepeMeHHOCTH [1, 2]. BausHue xpo-
HHYeCcKOoTo caybimHroodopuTa (XCO) Ha penpoyK-
TUBHYIO QYHKITHIO TIO/ITBEPIKIAAETCS BHICOKOM YaCTO-
TOH OCJIOKHEHUH OepeMeHHOCTH, O YeM CBUETEb-
CTBYIOT JIJaHHbBIE JINTEPATYPHI [2].

CoryiacHO COBpEMEHHBIM TIPEJICTABIEHUSIM TeUe-
HHUe W WCXOABI BOCIAJIUTEJIBHOTO IIpoIecca SIBJIs-
I0TCA OTpa’keHrueM ocobeHHOCTel QyHKITMOHUPOBa-

Currently, pelvic inflammatory diseases (PID) are
urgent medical and social problem, and chronic
inflammation in the uterine adnexa accounts for the
largest ratio in this group. Often, the diseases caused
by it are accompanied by the development of chronic
pelvic pain, infertility and ectopic pregnancy [1, 2].
The impact of chronic salpingo-oophoritis (CSO) on
reproductive function is confirmed by the high fre-
quency of pregnancy complications, as evidenced by
the literature data [2].

According to modern concepts, the course and out-
comes of inflammatory processes are a reflection of
the peculiarities of the immune system functioning
[3]. The levels of biologically active substances during
inflammation vary depending on the phase of inflam-
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HUSA UMMYHHOU cucreMbl [3]. YpoBHU Omosiormye-
CKHM aKTHBHBIX BEIIECTB IPU BOCIAJIEHUH pas3jinda-
0TCA B 3aBUCHUMOCTH OT STala BOCHAJIUTEIHHOTO
otBera. IIpy BO3JENCTBUN OIpeZieIEHHBIX 9K30- U
SHJIOTEHHBIX (PAKTOPOB HEKOTOPBIE CTAIUN UMMYH-
HOT'O OTBETA YCUJIMBAIOTCA U PACTATUBAIOTCA BO Bpe-
MeHH, [Ipyrue, HaobOpOT, MOIYT COKpallaThCs
BIUIOTHh JI0 TIOJIHOTO HCYE3HOBEHUS, YTO HAXOJUT
OTpakeHHe B JWHAMUKe IIOKa3arejiell HMMYHO-
rpaMmel [4—6].

B smob6om ouare Bocniasienus, u npu XCO B ToM
4uciie, 0TMeUYaloTcs HapylleHe MUKPOIIUPKYJIALINI
U KPOBOTOKA, THIOKcHs TKaHed [7, 8]. [TosaTomy
[aTOTeHEeTUYECKH OOOCHOBAHO NPUMEHEHHE METO-
JIOB JIEUEHUsI, KOTOPBIE CIIOCOOCTBYIOT YIIYUIIIEHUIO
KpOBOOOpaIeHus B TKaHAX. C 3THX MO3UITUN Ha3HA-
YeHWEe TalMeHTKaM MarHWUTO-Ja3€PHON Tepanuu
(MJIT), ucmonb3ymoled Bo3zelicTBre WHOpakpac-
HBIX JIa3€PHBIX JIyued U MarHUTHOTO IIOJIA B Kaye-
CTBe JieueOHBIX (DaKTOPOB, IPEJCTABJISETCA IEP-
CIIeKTUBHBIM. BasoaumsatatopHbI U Je3arperanu-
oHHBIHA 3(pdexTsr MJIT peanusyroTcss BOCHOBHOM Ha
MHUKPOIIUPKY/JIATOPHOM YPOBHE, MaJIO 3aTparuBas
CHCTEMHBIN KpOBOTOK. TakuM o6pasom, GroJioruye-
ckue apPextsr MJIT cBOAATCS K COTTIACOBAHUIO TPEX
OCHOBHBIX IapaMETPOB I'OMEOCTa3a: MUKPOIIUPKY-
JIALIAY, Ba30AWJIaTalliy, Jie3arperamii.

B Hacrosmee BpeMs maToreHeTuueckoe 060CHO-
BaHUeE JIeYeOHBIX BMEIIATETbCTB SIBJISIETCS BAYKHBIM
JUISl KODPEKIIUU CXeMBbl JIEUeHUS U CIIYKUT ILeIu
yaydiieHus rnporsosa namueHTok ¢ XCO. Tak, uHTe-
pec TpejcTaBisgeT JAMHAMUKA MapKepOB BocHase-
HHUA, OTPAKAIONIUX AaKTUBHOCTh BOCHAJIUTEIBHO-
penapaTuBHBIX IIporeccoB y marnueHTok ¢ XCO Ha
done GuU3HOTEPATIEBTUUECKNX BO3AEHCTBUL [2,
6, 7]. Bospiiast 3HaUMMOCTh U3JI0KEHHBIX BOITPOCOB
JUIS YITydIIEeH NS TEUeHUS U CHIKEHIS YHCIa OCII0K-
Henuit npu XCO 006ycI0BIMBAET aKTYaIbHOCTD JaH-
HOT'O UCCJIe/IOBAHUS.

ITEJIb UCCJIE/IOBAHUSA

Ha ocHoBaHmMu olipesiesieHUsi MapKepoB BocIIa-
JINTEJIBHOTO OTBETA OLIEeHUTDH Pe3yJIbTaThl KOMILJIEKC-
Horo jedeHus XCO ¢ npumenenuem MJIT.

MATEPUAJIBI 1 METO/bI

B ncciieioBaHuY TPUHSIN yYacTre 60 JKEHIIUH C
ob6octpenreM XCO, KOTOpbIe HAXO/IUJIMCh Ha CTAIlU-
OoHapHOM JieueHUH B CaMapCKOU rOPOICKON KIUHH-
yecko GosbHUIe NO 1 mm. H.U. ITuporosa. Bce
OoJIbHBIE TTOATIHCAIN WH(GOPMHUPOBAHHOE COTJIACHE
Ha y4JacTHe B UCCIEOBAHUH.

JKeHmuHbl OBUIH pasfiesieHbl HAa 2 TPYNIbI B
3aBHUCUMOCTH OT METO/Ia JIEUEHU:

matory response. When exposed to certain exogenous
and endogenous factors, some phases of the immune
response are enhanced and extended in time, while
others, on the contrary, can be reduced to the point of
complete disappearance, which is reflected in the
dynamics of the immunogram indicators [4—6].

In any inflammation site, including CSO, micro-
circulatory disorders and alteration in blood flow,
tissue hypoxia are observed [7, 8]. Therefore, the use
of treatment modalities that improve blood circula-
tion in tissues has a pathogenetic basis. In that con-
text, assigning magnetic field and laser therapy
(MLT) to patients, using the effects of infrared laser
radiation and a magnetic field as therapeutic factors,
seems promising. The vasodilatory and disaggrega-
tion effects of MLT are realized mainly at the micro-
circulatory level, with a little influence on systemic
blood flow. Thus, the biological effects of MLT are
reduced to the coordination of three main parame-
ters of homeostasis: microcirculation, vasodilation,
disaggregation.

Currently, the pathogenetic basis of therapeutic
interventions is important for correcting the treat-
ment regimen and serves the purpose of improving
the prognosis of patients with CSO. Thus, the dynam-
ics of inflammation markers reflecting the activity of
inflammatory-reparative processes in patients with
CSO during physiotherapeutic interventions is of
interest [2, 6, 7]. The great importance of the above-
mentioned issues for improving the course and
reducing the number of complications in CSO deter-
mines the relevance of this study.

AIM OF THE RESEARCH

Based on the determination of the inflammatory
response markers, to evaluate the results of the com-
prehensive treatment of CSO using MLT.

MATERIALS AND METHODS

The study involved 60 women with the CSO exac-
erbation who were undergoing inpatient treatment
at the N.I. Pirogov Samara City Clinical Hospital
No. 1. All patients provided informed consent to par-
ticipate in the study.

Women were divided into 2 groups depending on
the treatment regimen:

group 1, main group (n = 30) — patients with CSO,
in whose treatment, in addition to pharmacotherapy,
MLT was used.

group 2, comparison one (n = 30) — patients with
CSO, who received pharmacotherapy alone.

The inclusion criteria were: moderate pelvic pain
and tenderness on examination in the uterine adnexa
region, an increase in body temperature up to 37.9°C,
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1-s1 TpyIIia, OCHOBHAasA (n = 30) — MaIlUeHTKH C
XCO, B JIeueHUH KOTOPBIX KPOME METUKAMEHTO3HON
Tepanuu ucnosab3osanacs MJIT.

2-1 rpynmna, cpaBHeHus (n = 30) — NAIMEHTKU C
XCO, koTOpbIe NOJTYYaIH TOJIBKO MeJIUKaMEHTO3HOe
JIeueHue.

Kpurepusimm BrIoueHus: ObUIM yMepeHHbIE
Ta30Bble 00U W OOJIE3HEHHOCTh IIPU OCMOTPE B
00J1aCTH TPUJIATKOB MAaTKH, MOBBIIIEHUE TeMIIepa-
Typbl Tesia 710 37.9 °C, mosoxuTenbHbI C-peakTus-
HbIH Oesiok (CPB), JIeHKOIUTO3 KPOBH HE BBIIIIE
13.0%x10%/71. KpuTepusAMU HCKIIOUEHUS SIBUJINCH
MIeJIbBUOIIEPUTOHUT, HAJIMUKE TSDKEJIBIX DKCTpare-
HUTAJbHBIX 3a00I€BAaHUN.

B xoze ucciieoBaHus u3ydasics aHamMHe3 3a00-
JIeBaHUsI, TPOBOAWIINCH THHEKOJIOTHYECKUH OCMOTD,
OOIIEKJTMHUYECKOE JIabOpaTOPHOE HUCCIIEOBAHHE,
VJIBTPA3BYKOBOE HCCJIEZIOBAaHUE OPTaHOB MAaJIOTO
Ta3a, UMMyHO(hEepMEHTHBIN aHAINS.

J1151 onipeieJIeHusI COJIEPIKAHIS IIPOBOCIIAJIUTE b~
Horo uHTepieiikuHa-1p (WJI-13) u mpoTHBOBOCHIAIN-
TeJIbHOTO uHTepselkuHa-4 (MJI-4) uCIoIb30BaIH
MeTO/i UMMYHO(MEPMEHTHOTO aHAJIM3a C MpUMeHe-
Huem TecT-cucreM 3A0 «Bekrtop-bBecr» (Poccus).
3a00p KpOBU ITPOBOAIIIN HA 1-€ U 8-€ CYyTKU JIEUeH .

KomriutekcHoe siedeHue Bcex 6osbHBIX ¢ XCO
OBLIO TIPOBEJIEHO B COOTBETCTBUH C JIEWCTBYIONIAME
KJIMHUYECKUMHU PEKOMEHJIANSMHI U TIPOTOKOJIAMU
OKa3aHUSA MEIHUIIMHCKOH IOMOINYA U BKJIIOYAJIO B
cebs1 aHTHOAKTEPUATBHYIO Tepanuio 1nedasocriopu-
"Hamu III mokosieHus, HeCTepOUAHBIE IPOTUBOBOC-
MMaJTUTEJIbHBIE U JIECEHCHUOWIN3UPYIOIINE CPeICTBa
[9]. TlanueHTKAaM W3 TEPBOU TPYIIIbI TPOBOUIICS
kypc MJIT ¢ ucnonp3zoBanueMm anmnapata MUJITA
-8 (3AO0 «HIIO Kocmuueckoro mnpubopocTpoe-
Hus», MOCKBA), BKJIIOUYAIOIIAI 10 CeaHcoB I10 ab10-
MWHAJIPHON WJIW BATHHAJIBHOU METO/THKE I10 10 MUH,
BCEro 10 IPOLEYP.

Crarucruyeckas obpaboTka MTOJTyYeHHBIX
pe3yJIbTaTOB BBINIOJIHEHA € IPUMEHEHUEM IIPO-
rpamm STATISTICA 10.0 u Excel 2007. Konaunue-
CTBEHHBIE JJaHHbIE C HOPMAJIBHBIM pPacIpe/ieJIeHHeM
IIpeJicTaBJIeHbl B BUje cpemHero (M) u cpeaHeKBa-
JIPATHIHOTO OTKJIOHeHU (SD), KauecTBEHHbBIE TTPU-
3HAKH — B BHJIe aOCOJIOTHBIX U OTHOCUTETHHBIX
yactor. CpaBHEHUE TPy TPOBOAWIN C IOMOIIBIO
rmapaMeTpUYECKUX U HelmapaMeTPUYECKUX METO0B
CTaTUCTUKHU, CTATUCTUYECKH 3HAYUMBIMHU CUHTAJIH
pasyuuus Ipu p < 0.05.

PE3YJ/IBTATDI

[Tpu aHaIM3e KIMHUKO-aHAMHECTUYECKUX JIaH-
HBIX pacIpeziesieHue 10 BO3PACTY OBLIO CIIeYIOIIHM:
B IIEpBOII IPyIIIIE 25.9 + 0.1 TOZa, BO BTOPOH IPyIIIIe —

elevated C-reactive protein (CRP), and leukocytosis
<13.0x10%/1. The exclusion criteria were: pelvic peri-
tonitis and severe extragenital diseases.

During the study, a history of the disease was ana-
lyzed, a gynecological examination, clinical lab tests,
pelvic ultrasound, and enzyme immunoassay were
performed.

To determine the content of pro-inflammatory
interleukin-1p (IL-1B) and anti-inflammatory inter-
leukin-4 (IL-4), the enzyme immunoassay method
was used with test systems of Vector-Best CJSC
(Russia). Blood sampling was conducted on the 1st
and 8th days of treatment.

The comprehensive treatment of all patients with
chronic salpingo-oophoritis was carried out in accor-
dance with current clinical guidelines and protocols
for the provision of medical care and included anti-
bacterial therapy with third-generation cephalospo-
rins, non-steroidal anti-inflammatory drugs, and
antiallergic agents [9]. Patients from the first group
received a course of MLT using a MILTA F-8 device
(NPO Kosmicheskogo Priborostroeniya CJSC, Mos-
cow), including 10 sessions by the abdominal or vag-
inal technique for 10 min, a total of 10 procedures.

Statistical processing of the results was performed
using STATISTICA 10.0 and Excel 2007. Quantitative
data with the normal distribution are presented as
mean (M) and standard deviation (SD), qualitative fea-
tures — as absolute and relative values. Comparison
between groups was performed using parametric and
non-parametric statistical methods, differences were
considered statistically significant at p < 0.05.

RESULTS

The analysis of clinical and anamnestic data
showed the following age distribution: in the first
group 25.9 = 0.1 years, in the second group
26.2 + 0.3 years (p > 0.05). According to the repro-
ductive history, there were 0.8 pregnancies per
woman in the first group, in the second group
0.9 pregnancies. According to the structure of preg-
nancy outcomes, the groups did not differ (Fig. 1). At
the same time, pregnancies in the first group ended
with childbirth in 10 cases, in the second group — in
11 cases (p > 0.05); with spontaneous abortion — in
3 cases in each group (p > 0.05); medical abortion —
in 10 and 12 cases, respectively (p > 0.05); missed
abortion — 1 case each group, respectively (p > 0.05).

When analyzing the structure of gynecological
morbidity, all patients had one episode of the exacer-
bation of CSO or more in a history: in 21 (35%)
cases — non-specific vulvovaginitis, in 11 (18.3%)
cases — vulvovaginal candidiasis. Statistically signifi-
cant differences were not revealed between groups.
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-1 rpynma 2-s Tpynma
(24 6epeveHHOCTH) (27 6epemeHHOCTEI)
Group 1 Group 2
(24 pregnancies) (27 pregnancies)
1 (4%) 1 (4%) B Poxs
Delivery

[ Camonpou3BOJILHEIN a00pT
Spontaneous abortion

0 Menuuunckuii aopt
Medical abortion

[] HecocTosBUIUICS BBIKHIBIIII
Missed abortion

Puc. 1. Vcxozpl 6epeMeHHOCTelN B TPyIIIax 10 JIAHHBIM aHAMHe3a
Fig. 1. Pregnancy outcomes in groups according to the anamnestic data

26.2 + 0.3 roga (p > 0.05). B akyiiepckom aHaMHe3e
B IIEPBOM IPYTINE HA KAXK/AYTO )KEHIITUHY TPUXOUIIOCH
0.8 GepeMeHHOCTel, BO BTOPOH rpymime — 0.9 bepe-
MeHHocTeH. ITo CTpyKType ncxo/10B 6epeMeHHOCTEN B
aHaMHe3e TPYIIbl He pasnudanuch (puc. 1). Ilpu
aTOM OEpPEMEHHOCTH B IIEPBOH IPyIIIIe 3aKOHUMIINCH
pozamMu B 10 cIy4yasx, BO BTOPOU IpyIIIe — B 11 CIIy-
yasx (p > 0.05); CaMOIPOU3BOJIBHBIM ab0pTOM — B
3 oJIydasix B KOKJI0oH rpynine (p > 0.05); MeIUIIH-
CKUM ab0pTOM — B 10 U 12 CJIy4asgX COOTBETCTBEHHO
(p > 0.05); HECOCTOSABIINMCS BBIKUABIIIIEM — ITO 1 CITy-
Yar COOTBETCTBEHHO (p > 0.05).

ITpy aHamu3e CTPYKTYPHl THHEKOJIOTHYECKOH
3ab0J1eBaeMOCTH V BeeX OOJIbHBIX B aHAMHe3e ObLI
oTMeueH oiuH 31u30;; oboctpenuss XCO u Goee, B
21 (35 %) cayuae — HecienupUUIECKUN BYJIbBOBAru-
HUT, B 11 (18.3 %) ciiydyasx — reHUTAJIbHBIN KaHIU-
7103. CTaTUCTUYECKU 3HAYUMBIX PA3JINYUN B TPYII-
I1ax He BbIABJIEHO.

KnuHnueckasi omeHka mokazasia, uTo 00JieBOH
CHH/IDOM Y KEHIIWH [1EPBOM IPYIIIbI KYyIUPOBAJICS
Ha 3—4 JIHs paHblIIe [10 CPABHEHUIO CO BTOPOH I'PyTI-
moi. AGCOJTIOTHOE OTCYTCTBHE OoJiel Ha (OoHEe Mpo-
BeJIEHUsI KOMILJIEKCHOU TePAIIMH MaIllHEHTKH OCHOB-
HOH Tpynmbl OTMETWIN K 6.1 £ 0.7 CyT JIedeHusd, B
rpyIIe CpaBHEHUS — K 9.2 + 0.8 cyTkaMm (p < 0.05).

IMTarrieHTKH OCHOBHOM TPYIIIBI TAKKe YKa3aau Ha
YJIydllleHEe CHA, HOPMAJIM3aI[HI0 TEMIIEPATyphl Ha
2—3 JTHS paHbllle, UeM MAI[UEHTKH TPYIIITbI CDAaBHEHVI.

V3smenenusa sabOpaTOPHBIX IIOKazaTesaed y
MalMeHTOK Ha (QOHe JieyeHUsA IIPEeJCTaBJIEeHbl B
Taba. 1. AHAIU3 JIEHKOUUTAPHOU (POPMYJIBI MTOKA-
3aJ, YTO B 1-€ CYTKUA y MAIMEHTOK O0eHux TpyYIII
Ha0JII0/1aJICs YMEPEHHBIHN JIEHKOIINTO3, He T0CTUTas
3HAYMMBIX OTJINYUM Mexxay rpynnamu. Ilocie geue-

Clinical examination showed that pain syndrome
in women of the first group was relieved 3—4 days
earlier compared to the second group. The absence
of pain syndrome during the comprehensive therapy
was in patients of the main group by 6.1 + 0.7 days
of treatment, in the comparison group - by
9.2 £+ 0.8 days (p < 0.05).

Patients in the main group also indicated sleep
quality improvement and defervescence 2—-3 days
earlier than in patients of the comparison group.

Changes in laboratory parameters in patients dur-
ing the treatment are presented in Table 1. The analy-
sis of the white blood cell differential showed that on
the 1st day, patients in both groups had moderate leu-
kocytosis, without significant differences between the
groups. After the treatment, both groups showed a
decrease in leukocytosis and normalization of the neu-
trophil granulocyte count, with no statistically signifi-
cant differences between the groups. Similar dynamics
were revealed when studying biochemical markers of
inflammation. Thus, at baseline, there was an increase
in the erythrocyte sedimentation rate (ESR), fibrino-
gen, and CRP values in each group of patients. During
the treatment, the greatest dynamics of the decrease in
these markers was in the first group with MLT use: a
decrease in ESR by 68% (p < 0.05), CRP — by 68%
(p < 0.05), fibrinogen — by 30.4%. When determining
the concentration of pro- and anti-inflammatory cyto-
kines, it was found that the exacerbation of CSO is
accompanied by an increase in the level of pro-inflam-
matory IL-1p on the first day of hospitalization, while
during the treatment it decreases (p < 0.001 and
P <0.05 for groups 1 and 2, respectively).

To assess the prevalence of pro- or anti-inflam-
matory processes, we determined the ratio of IL-4 to
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HHUA B 00euX Tpynmax B JIEHKOIUTApHOU (opMysie
Ha0JIF0/Ta10Ch YMEHbIIIEHUE JIEHKOIINTO3a U HOpMa-
JIM3AIUs YUCIa TaJ0YKOSNEPHBIX JIEHKOIUTOB C
OTCYTCTBHEM CTATUCTUYECKU 3HAUMMBIX PA3JIHUMI
Mexay rpynnamu. Cxoxkas AuHaMHUKa ObLia BBIAB-
JleHa TIPU U3yYeHUN OMOXUMUYECKUX MapKePOB BOC-
nasienus. Tak, MCXOAHO HABIIOAATIOCH MTOBBIIIEHIE
ckopoctu ocefanusa spurpouutoB (CO3I), ypoBHA
¢ubpunorena u CPB B KaX/10H IpyIIe NaIUEHTOK.
Ha ¢one sreueHns HanbosbIIAsA TUHAMHUKA 110 CHU-
J)KEHHUIO JJaHHBIX MapKepoB OTMeuasiach B II€PBOH
rpyne c npuMeHeHueM MJIT: ymensmenue CO3 Ha
68 % (p < 0.05), CPb — Ha 68 % (p < 0.05), pudpPU-
HOTeHa — Ha 30.4 %. [Ipu onpeesieHNN KOHIIEHTpA-
UM TPO- U MPOTHBOBOCIAJIUTEIBHBIX ITUTOKHHOB
ObLIO BBISIBJIEHO, uTO ObGocTpeHre XCO compoBo-
JKJJaeTCsl TOBBIIIEHUEM YPOBHS ITPOBOCIIAJIUTEIIb-
Horo MJI-1 B mepBble CyTKU TOCIUTAIN3AIINY, a Ha
(one snevenus oH cHmKaeTcsa (p <0.001 U p < 0.05
JUIS 1-¥ ¥ 2-H TPYIII COOTBETCTBEHHO).

Jl1s1 cy:kieHust 0 IpeobJialaHuy Ipo- WJIH IIPO-
TUBOBOCHAJIUTEIBHBIX IPOIIECCOB MBI OIPENEIISIN
oTHoIeHne ypoBHs NJI-4 k yposHio WUJI-10. To mpo-
BeJIeHUsI TePAIH y MaIHeHTOK 00ernX rPyII IpeBa-
JIMPOBJI TPOBOCIATUTENBHBIN Mezuarop. I[locie
JIedeHUsI MBI OTMETIJIN PA3IMIHOE COOTHOIIEHHUE B
OasaHCe 3TUX MOJIEKYJL. Y )KEHIITUH 1-H TPYIIIBI Ipe-
00J1azjayl  IPOTHUBOBOCHAJIUTENIBHBIA ITUTOKUH, U
otHotenne WJI-4 x WJI-1 okasanock B 1.55 pasa
6oJbIIle, yeM BO 2-i rpymre (p < 0.05).

OBCYXKJIEHUNE

AJleKBaTHOEe W CBOEBPEMEHHOE JIEUeHHE BOCIa-
JINTEJIFHBIX 3a00JIEBAHUI OPTaHOB MAaJoro Taza y
JKEHIIUH HUMeeT BaKHOe 3HaueHUe B COXpaHEHUH
(epTriIBHOCTH, HACTYILTIEHUY OEPEMEHHOCTH U IIpe-
JIOTBPAIlleHUH TFeCTallHOHHBIX OCJIOKHEHUN B J1ajlb-
HewimeM [10, 11]. IIOCKOJIBKY BOCIIQJIHUTEIbHBIN
OTBET ABJIAETCA KJIIOUEBBIM 3BEHOM IIATOTeHE3a
XCO, npencrapiseT UHTepeC U3ydeHUe JUHAMUKU
MapKepoB BOCHAJIEHUs MPU NPUMEHEHUU MeJIUKa-
MEHTO3HBIX U HEMEJUKAMEHTO3HBIX METO/IOB JIeUe-
HUA. B KauecTBe MapKepoB BOCIAJIEHHUs B IEPBYIO
ouepezb BBICTYIAIOT OeTKK OCTPOH (ha3bl, TAKHE KaK
CPb, ¢ubpuHoreH u MeaUATOPHl BOCIAIEHUA —
nutokunel. CPB  BbIpabaTeiBaeTcss IMpeHMyIecT-
BEHHO TelaTOIUTAMU U SIBJIAETCS OAHUM U3 Haubo-
Jiee BBICOKOUYBCTBUTEIbHBIX ITOKA3aTeIed TOBPEXK-
JleHUs TKaHel Ipu BocnasieHnu. ®UOPHUHOTEH ABJIA-
eTcsi 6eJTKOM 0CTpOi (ha3bl BOCIIAJIEHHUS.

V3BecTHO, YTO B OCHOBE JIF0OOT0 BOCIIATIUTEb-
HOT'0 TIpoIlecca JIeKUT 3aIlyCK KacKaaa IIUTOKUHO-
BBIX B3aUMOJEUCTBUH. AKTHUBAIUSI WMMYHHBIX
KJIETOK U YCHJIEHUE IPOAYKIIUH IIPOBOCIIATUTEIh-

IL-1B. At baseline, the pro-inflammatory molecule
prevailed in patients of both groups. After the treat-
ment, a various ratio in the balance of these mole-
cules was registered. In women of the first group, the
anti-inflammatory cytokine prevailed, and the ratio
of IL-4 to IL-1p was 1.55 times higher than in the sec-
ond group (p < 0.05).

DISCUSSION

Adequate and timely treatment of female pelvic
inflammatory diseases is important for maintaining
fertility, becoming pregnant and preventing gesta-
tional complications in the future [10, 11]. Since the
inflammatory response is a key link in the pathogen-
esis of CSO, it is of interest to study the dynamics of
inflammation markers when using pharmacological
and non-pharmacological treatment. Acute phase
proteins such as CRP, fibrinogen and mediators of
inflammation — cytokines act primarily as inflamma-
tion markers. CRP is produced primarily by hepato-
cytes and is one of the high-sensitive markers of tis-
sue damage during inflammation. Fibrinogen is a
protein of acute phase of inflammation.

It is known that any inflammatory process is based
on the triggering a cascade of cytokine interactions.
Activation of immune cells and overproduction of
pro-inflammatory cytokines are necessary at the onset
of inflammation. Thus, overexpression of the pro-
inflammatory cytokine IL-1f is observed in many
chronic diseases of the pelvic organs, but the regula-
tion of the inflammatory process requires the produc-
tion of anti-inflammatory cytokines, including IL-4,
which is promoted by activated type 2 T-helpers [12].
Further production of pro-inflammatory cytokines
can play a destructive role and leads to adverse effects.
Some authors suggest the role of pro-inflammatory
cytokines in the progression of tissue adhesion in the
course of PID, which serves as the basis for the devel-
opment of complications of CSO [13].

Considering the importance of the inflammatory
response in the pathogenesis of CSO, it is of interest to
study the dynamics of inflammation markers during
pharmacological and non-pharmacological treatment.

The positive effect of MLT is based on the pene-
trating ability of radiation. Improved tissue perfu-
sion occurs due to the vasodilatory effect caused by
an increase in the diameter of arterioles and venules,
normalization of thrombus formation and fibrinoly-
sis [14]. This leads to the improvement of microcir-
culation at the inflammatory site and desensitization
and, as a consequence, to a decrease in exudation
and edema. Such a decrease in the severity of the
inflammatory response can explain the subjective
reduction in symptoms (pain syndrome) in patients
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Ta6supa 1. luHaMuka 1a60paToOPHBIX T0OKa3aTeel ¥ MalMeHTOK C XPOHUYECKUM CaJIbIMHI00pOPUTOM
Table 1. Dynamics of laboratory parameters in patients with chronic salpingo-oophoritis

1-sa rpynna (ocHoOBHasi)
Group 1 (main)

2-sa rpynna (cpaBHeHMsI)
Group 2 (comparison)

n=30 n=30
IlokasaTesb
Parameter 1 2 3 4 P P,
A0 JiedeHus1 mnocJe JiedeHus Jl0 JIeYeHUs1 MOocJie JeYeHUs
baseline after the treatment baseline after the treatment
Jletikouutsl (10°/01) 12.8 + 24 6.2+0.8 12.6 +2.3 8.1+0.7 0.01 >0.05
Leukocytes (10°/1)
HeliTpodubl 94+13 54+0.4 9.3+1.7 6.1+0.7 <0.01 >0.05
nasnodxosepHble (%)
Neutrophil granulocytes (%)
CO3 (Mm/4) / ESR (mm/h) 33.1+4.2 10.4 £ 0.9* 326+4.1 18.1 £ 2.4* <0.01 <0.01
dubpuHoreH (r/n) 4.6+04 3.2+03 45+0.3 3.6+0.4 <0.01  >0.05
Fibrinogen (g/1)
CPB, mr/a | CRP, mg/1 221+2.6 6.1+0.7* 20.1+2.1 12.1 + 1.5% <0.01  <0.01
WJI-1B, or/ma | IL-1B, pg/ml  29.7 + 4.8 8.7 £ 1.2* 26.7+4.6 14.3 + 1.3* <0.001 <0.05
WJ-4,nr/ma | IL-4, pg/ml 59+ 1.3 11.8+1.4* 53+1.1 7.4 £ 0.9* <0.01  >0.05
Wn-4/Un-18 | IL-4/1L-13  0.19£0.06  1.29+0.11* 0.19+004  0.83+0.13* <0.001 <0.001

[IpuMevyaHuda:

CO3 - ckopocTb ocefanus 3putTpounuToB; CPB - C-peakTuBHbIH 6esok; UJI - HHTepJIeHKUH.

* MexrpynnoBble pa3nyus Mexay 1-i v 2-i rpynnaMmu o WM nocse jedeHus npu p < 0.05.
N o t e s : ESR - erythrocyte sedimentation rate; CRP - C-reactive protein; IL - interleukin.
* Differences between groups 1 and 2 at baseline or after the treatment in p < 0.05.

HBIX IITUTOKUHOB HEOOXOITUMBI B 1e0I0TE BOCHasie-
Hus. Tak, CBEPX3KCIIPECCUs TPOBOCIAJIUTETIHLHOTO
nutokuHa MJI-1B HabsrogaeTcsa mpu MHOTHUX XPO-
HUYECKUX 3a00JIeBaHUSIX OPTaHOB MaJiOro Tasa,
OJTHAKO JJIsl PETYJISIUHU BOCHAJUTEJIHHOTO IPO-
mecca HeoOXOMM CHUHTE3 MPOTHBOBOCIATIUTEIb-
HBIX IIUTOKWUHOB, B TOM uucie WNJI-4, KOoTOpbhIA
MIPOYIIHPYETCA aKTUBUPOBAaHHBIMU T-xejmepamu
2-ro tuma [12]. lanpHelmass TpoAyKIUsI IPOBOC-
MaJINTEJIbHBIX IIUTOKUHOB MOJKET UTPATh J€CTPYK-
THUBHYIO POJIb U NPUBOJUT K HeOJIArONPHUATHBIM
adpdexram. HekoTOphIMU aBTOpaMU MpeJIioara-
eTCcs POJIb TPOBOCHAIUTETbHBIX ITUTOKUHOB B IIPO-
rPECCUPOBAHHUU aJTre3Wd TKAaHEHd NHPU Pa3sBUTHH
B3OMT, 4YTO CIOyKUT OCHOBOH JJisi pPa3BUTHUS
ocioxxuenuit XCO [13].

YunuThiBasg Ba)KHOE 3HAYEHHE BOCIIATUTEIIHBHOTO
otBeta B martoreHeze XCO, mpejicTaBisgeT UHTEpeC
U3ydyeHre JUHAMHUKH MapKepOB BOCIAJIEHUS IPHU
NpUMEHEHUH MeJIUKaMEeHTO3HBIX U HeMeJIuKaMeH-
TO3HBIX METO/IOB JIEUEHUSI.

B ocHoBe mosioKUTENBHOTO JerictBuss MJIT
JIEKUT TIPOHUKAIOIIAs CIIOCOOHOCTh M3JIyYEHHU.
Vayumenve nepdy3un TKaHeH TPOUCXOAUT 6J1aro-
Jlaps cocymopaciupsioneMmy 3¢ ¢GeKTy 3a CUET yBe-
JIMYEHHUS JUaMeTpa apTepUoJI U BeHyJI, HOpMasIri3a-
MU TMPOIECCOB TpoMOooOpazoBaHus u HUOPUHO-
n3a [14]. 9To IPUBOIUT K HOPMAITU3AIIMH MUKPO-
OUPKYJISAIUYA B O4Yare BOCIAJIEHUS U JIeCEHCUOMIIHI-
3upymoiemMy 3pdeKTy u, Kak ce/ICTBUE, K YMEHbIIIe-

of the 1st group who received MLT in addition to the
pharmacological treatment.

The use of MLT in the comprehensive therapy of
CSO was accompanied by a decrease in the concen-
tration of IL-1f3 by 3.4 times, leukocytes — by 2 times,
C-reactive protein — by 3.6 times, fibrinogen level —
by 1.4 times, as well as ESR — by 3.2 times in the
main group relative to the comparison group. When
studying the ratio of cytokines in the development of
the inflammatory response in CSO, a relative increase
in the concentration of IL-4 after the treatment was
revealed in both groups. This indicates slowing down
of the inflammatory process, since the effect of IL-4
is associated with the suppression of the inflamma-
tory response and inhibition of the release of tumor
necrosis factor-a and IL-1f. A significant increase in
the IL-4 / IL-1p ratio in group 1 compared to group 2
also confirms the favorable course of the local inflam-
matory response in the setting of pharmacological
treatment with the MLT addition.

CONCLUSION

According to the results obtained, MLT has a
multicomponent and pathogenetic effect in CSO.

Determination of the cytokine levels before and
after the treatment of patients with CSO allowed us
to evaluate the dynamics of the inflammatory pro-
cess in CSO patients treated with MLT. The use of
MLT in the treatment of the CSO exacerbation leads
to a decrease in spontaneous production of IL-1f and
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HUIO SKCCy/laliiil U oTeKa. I10/J00HBIM CHIKeHHEM
BBIPKEHHOCTH BOCIIQJIUTEIBHOU PEAKIIUU MOXKHO
OOBACHUTH CyOBEKTUBHOE YMEHBIIIEHNE CUMIITOMOB
(6oeBoro cuHApPOMA) y MAIUEHTOK 1-U TPYIIIIBI HA
¢one npoBenenuss MJIT B JlonoJIHEHHE K MeUKa-
MEHTO3HOMY JIEUeHUIO.

UcnonpzoBanrne MJIT B KOMILJIEKCHOH Tepamuu
XCO conpoBOXIaI0Ch CHUKEHUEM KOHITEHTPAIIUU
NJI-1B B 3.4 pasa, COD B 3.2 pasa, JEHKOIUTO3a B
2 pasa, C-peakTUBHOTO OeJika B 3.6 pasa, GubpuHO-
reHa B 1.4 pa3a B OCHOBHOU TpyImIle OTHOCHUTEIHHO
rpyIIbl cpaBHeHUdA. [Ipy M3yyeHUM COOTHOILIEHUS
LUTOKUHOB B IIpoliecce (popMUPOBAHUA BOCIAIH-
TesbHOU peakiuu pu XCO ObLIO BBISABJIEHO OTHO-
CUTeJIbHOE yBeJndeHue KoHIleHTpauuu NJI-4 nocie
JleyeHUs B KQK/IOU Irpymie. 9TO CBUIETEIBCTBYET O
CTUXaHUHM BOCHAJIUTEIHHOTO IPOIECCa, MOCKOJIBKY
nerictBue NJI-4 cBsI3aHO C mOJaBJIEHHEM BOCIIAIH-
TEJIbHOU peakIuu U WHTHOHMPOBAHHEM BBICBOOOMK-
neHus pakTopa HeKpo3sa omyxonu-a u NJI-1p. 3Ha-
4uMoe yBesuuenue otHoeHus Ui-4/MJI-1B B 1-i
TPYIIIIE TI0 CPABHEHHIO CO 2-U TPYNIIION TaK:Ke IMO-
TBepIKJaeT OJIaTONPHUATHOE TeUeHUEe JIOKAIHHOTO
BOCIIQJIUTEJIFHOTO OTBeTa Ha ¢oHe J00aBIeHUs
MJIT x MeIMKaMeHTO3HOU TEPAITHH.
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3AK/IIOYEHUWE

CorslacHo nostydeHHBIM pesysbraTam MJIT oxa-
3bIBa€T MHOTOKOMIIOHEHTHOE U IIaTOTeHeTHYecKoe
piusaHue ipu XCO.

OrnpeziesieHNe YPOBHA IIUTOKMHOB JI0 U IIOCTIE
sedyenusa nanueHTok ¢ XCO N0O3BOJIMJIO OLIEHUTH
JUHAMUKY BOCIaJIUTeJbHOTO Ipomecca npu XCO
npu npuMmeHenun MJIT. Mcnons3zoBanue MJIT B
sedeHun oboctpeHuss XCO NMPUBOAUT K CHIDKEHUIO
crioHTaHHOH mpoaykuuu WJI-1 u HOpmamu3anuu
OasaHca PO- U MPOTUBOBOCHATIUTEIBHBIX ITUTOKHU-
HOB, UTO CBUJIETEJILCTBYeT 00 a/JieKBaTHOM OJiaro-
MIPUATHOM BOCHAJIUTEIBHOM OTBETE.

KoHdukT nHTEPECOB. ABTOPHI 3aABJIAIOT 00
OTCYTCTBUU KOH(JINKTA UHTEPECOB.
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ITo3aHAA cTaauA aKCHAJIBHOTO CIOHAWJIOAPTPUTA:
OTCPOUYEHHAA JUATHOCTUKA U BbIABJCHNE MOTEHIINAJIbHBIX
NpeaAuKTOPOB IIPOrpeccCupoBaHUuA 3a00eBaHUSA

E.C. OmuHa, E.B. 3oH0Ba

@OI'BOY BO «Hosocubupckuil 2ocydapcmeeHHblil meduyuHckuil ynusepcumem» Munadpasa Poccuu, Hosocubupck,
Poccun

AHHOTAIIUA

B 00630pe mpenCcTaBieHbl JaHHBIE JIUTEPATYPHI, IOCBAIIEHHbIE IO3HEN CTAIUU AKCHAIBHOTO CIIOH/IMIOAPTPHUTA
(axcCrA). IToMUMO XapaKTEPHBIX PEHTI€HOJIOTUYECKUX ITPOSIBJIEHUH, /IJIS IAI[UEHTOB C ITO3/[HEN CTa/[hell CBOMCTBEHHO
dopmupoBanue caruTTasIPHOrO AUCOIAHCA U KOHTPAKTYPHBIX edopManuii T03BOHOYHUKA, YTO TOTEHIIHAIBHO MOXKET
[IPUBECTU K WHBINAU3ALUMY, IIOTEPE TPYLOCIIOCOOHOCTH U YXYZIIEHUIO KadecTBa KU3HU. OHON U3 MPUYUH Pa3BUTUA
IO37{HEH CTa/IUU IO-IIPesKHEMY OCTaeTcs 3ano03a1as Juarioctuka. HeeMoTpsa Ha nosByieHue kputepueB ASAS B 2009 T,
ITIOCTAHOBKA /IMArHO3a 33/IEP>KUBAETCA HA HECKOJIBKO JIET BO BCEM MHUpeE. B CBA3M ¢ 3TUM IPEATPUHUMAIOTCH IOIBITKH
BBI/IEJIUTD (DAKTOPHI MO3/THEN TUATHOCTUKH, HATIPUMED, TAKKe KaK *KEHCKUU IT0JI, MOJIOZOH BO3pacT /iebioTa 3a601eBaHuUs,
HLA-B27-oTpHIaTeIbHbIN pe3ysIbTaT, HAJTUJIHe IICOpUasa, yBeUTa U T.J., OTHAKO JI0 CUX IIOp OJTHO3HAYHOTO MHEHUS HA
STOT CUET HET. BaXKHO OTMETUTD, UTO IPEAMETOM OOCYKJEHUs SABJIAIOTCA PAHHAA JUArHOCTUKA U PAHHEE JIeUeHUe; JIs
JI0Ka3aTeJIbCTBA UX IOJIOKUTETHHOTO BIUAHUA Ha MAaueHToB ¢ akcCIA TpebyeTcs IpoBe/ieHre TPAMOTHO CIIAHUPOBAH-
HBIX JIOJITOCPOYHBIX HceIeoBaHuH. VX0 U3 JaHHBIX O BAXKHOCTH COXPAHEHUs TPYZAOCIOCOOHOCTH, GYHKIIMOHAIBHOTO
cTaTyca y JIUI] TPYAOCIIOCOOHOTO U IETOPO/IHOTO BO3pAcTa, cTpafaoiux akcCIIA, CTOUT BOIIPOC O I1eJ1eCO00Pa3HOCTH H3Y-
YeHUsI MPEeJUKTOPOB (POPMHUPOBAHMS MO3HEN CTAUU 3a00JeBaHUA U, CJIEOBATEIBHO, HEOJIATONMPUATHBIX (DYHKIIHO-
HaJIBHBIX MCXOZOB. 110 JINTEpATypHBIM JIaHHBIM HanboJsiee MOAXOAAIINMI KaHJUAATAMH MOIJIM OBl CTAaTh CKJIEPOCTHUH,
Dickkopf-1 (Dkk-1) u BuchaTun. Tpebyercs pa3paboTKa mapaMeTpOB, aCCOIMUPOBAHHBIX C BO3MOKHOCTBIO MCITOJIh30Ba-
HUA NOTEHIIUAIBHBIX MAPKEPOB, JIS COCTABJIEHUS TAKTUKY BeJIeHHUs IIAI[EHTOB € IIPOrPECCUPYIOIIUM TeUeHUEM CIIOH/IH-
JI0APTPHUTA B UHBAIIUAUBUPYIOLIEE COCTOSTHUE.

Knaroueevle caoea: 031HAA CTaUA aKCHAIBHOTO CIIOHIUI0APTPUTA, TTO3/IHAA JUarHOCTUKA, IPEAUKTOPBI IIPOIPECCUU
aKCHAJIbHOTO CIIOH/IWJI0APTPUTA, CKJIIEPOCTHH, BUC(ATHH, TUKKOIID.

Oo0pasen nutupoBaHu:Aa: Omuna E.C., 3ouoBa E.B. [1o31H:As cTafiuA aKCUAIBHOTO CIIOHUIOAPTPUTA: OT-
CpOUY€HHas TUarHOCTHKA ¥ BBIABJIEHNE IIOTEHIINAIbHBIX IIPEUKTOPOB IIpOrpeccupoBanus 3aboseBanus // Journal of
Siberian Medical Sciences. 2024;8(3):136-153. DOI: 10.31549/2542-1174-2024-8-3-136-153

Advanced axial spondyloarthritis: delayed diagnosis and
identification of potential predictors of disease progression

E.S. Yushina, E.V. Zonova

Novosibirsk State Medical University, Novosibirsk, Russia

ABSTRACT

This review summarizes literature data on advanced axial spondyloarthritis (axSpA). In addition to the characteristic
radiological manifestations, patients with advanced axSpA are characterized by sagittal imbalance and contracture-related
deformities of the spine, which can potentially lead to disability, loss of working capacity and a decrease in the quality of
life. Delayed diagnosis remains one of the reasons for advanced stage development. Despite the introduction of the ASAS
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criteria in 2009, diagnosis is delayed for several years worldwide. In this regard, attempts are being made to identify factors
for delayed diagnosis, for example, female gender, young age of the disease onset, HLA-B27 negativity, presence of psoria-
sis, uveitis, etc., but there is still no unequivocal opinion on this issue. It is important to note that the subject of discussion
is early diagnosis and early treatment; well-designed long-term studies are required to prove their positive impact on
patients with axSpA. Based on the data on the importance of preserving working capacity and functional status in people
of working and childbearing age suffering from axSpA, there is a question about the advisability of studying predictors of
the formation of the advanced stage of the disease and, consequently, unfavorable functional outcomes. According to the
literature, the most suitable candidates would be sclerostin, Dickkopf-1 (Dkk-1) and visfatin. The development of param-
eters associated with the possibility of using potential markers is required to formulate tactics for the management of
patients with progression of spondyloarthritis into a disabling condition.

Keywords: advanced stage of axial spondyloarthritis, delayed diagnosis, predictors of axial spondyloarthritis progres-
sion, sclerostin, visfatin, Dickkopf.
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BBEJIEHUE

Crnougmnoaptputsl (CIIA) — rpyTinna BOCIIaIUTEb-
HBIX pPEBMAaTUYECKHX 3a00JIeBaHUM, TJIABHBIMH
OOIIMMH MPU3HAKAMU KOTOPBIX SIBJISAIOTCS BOCITATH-
TeJIbHble W3MEHEHUs B KPECTIIOBO-TIOB3/OIIHbIX
cycraBax (KIIC) u mo3BoHOUYHUKE. B umcsio monorHu-
TEJIbHBIX, 00BEAUHAIOININX JAHHYO TPYIIIY IIPOsBIIe-
HUHA BXOZAAT MepUbEepPUIECcKU OJIUr0apTPUT, Mopa-
JKAIONIMHA  MPEUMYIINECTBEHHO CyCTaBbl HIDKHUX
KOHEUHOCTEH, SHTE3UT, JAKTIINT, YBEUT, IICOPHAa3,
BOCIIAJIUTE IbHBIE 3a00s1eBaHus kumeynnka (B3K), a
TaKKe TeHETHYEeCKas IIPEJIPACIIOIOKEHHOCTD U HAJTH-
yne antureHa HLA-B27. Ha ceromHammHuil AeHb K
rpymine CIA OTHOCAT CJIeyOIHe COCTOSTHUS: aHKHU-
sgosupytomuit  cioHgwaT (AC), TMCopHaTHYECKUU
aptput (IIcA), peakTUBHBIH apTPUT, aPTPUTHI, aCCO-
nuupoBaHHble ¢ B3K, u HeanbdepeHINpPOBaHHBII
CoA [1]. KiroueBpIM CHMITOMOM VY TIAIIUEHTOB C
BBIIIIEIIEPEUNCIEHHBIMIA ~ HO30JIOTUAMH  SIBJISIETCS
XpoHUYecKas 00JIb B CIIUHE. YUUTHIBAs 3TOT (PakT u
CJIOKUBIIIYIOCS IIOTPEOHOCTD B IPOCTOTE B OBICTPOTE
JINaTHOCTUKU JIJAHHOTO COCTOsIHUsI, Assessment of
SpondyloArthritis international Society (ASAS) B
2009 T. pa3paboTajyi0 KPUTEPHUH BOCIAIUTEIHHOU
6os1u B cririe (BBC). ToT »ke rojt cTaj mepeioMHbIM B
MmoHUMaHuu U udydeHun CIIA, Tak Kak 0OIIEeCTBOM
ASAS ObUTH TIPEIUIOXKEHBI  KJIACCH(HUKAIIMOHHBIE
KPUTEPHH JIJIST aKCHATBHOTO CIIOHAMI0ApTPHUTA (aKe-
CnA) [2], aB 2011 T. — 11s1 mepudepudeckoro CrA [3].
Taxkum o6pazom, B 00IIIUpHON Tpytirne CA B HACTOS-
1[ee BpeMsI BBIZIEJISIOT JIB€ OCHOBHBIE KJIMHUUYECKHUE
Pa3HOBUJTHOCTH: AKCHUAJIBHYIO U TepUughepUUIECKYIO.
C rex mop 0cob0e BHUMAHUE CTAJIO YAEIATHCA U3yde-
HUIO UMeHHO akcCIIA, XapaKTepu3yIoIerocs mpeu-
MYyIIIECTBEHHBIM TIOPaKEHWEM OCEBOTO  CKeJeTa

INTRODUCTION

Spondyloarthritis (SpA) is a group of inflamma-
tory rheumatic diseases, the common symptoms of
which are inflammatory changes in the sacroiliac
joints (SIJ) and the spine. Additional unifying mani-
festations of this group include peripheral oligoar-
thritis, predominantly affecting the joints of the
lower extremities, enthesitis, dactylitis, uveitis, pso-
riasis, inflammatory bowel disease (IBD), as well as
genetic predisposition and the presence of human
leucocyte antigen (HLA-B27). To date, the SpA group
includes the following conditions: ankylosing spon-
dylitis (AS), psoriatic arthritis (PsA), reactive arthri-
tis, arthritis associated with IBD, and undifferenti-
ated SpA [1]. The key symptom in patients with the
above nosologies is chronic back pain. Considering
this fact and the current need for easy and quick
diagnosis of this condition, the Assessment of Spon-
dyloArthritis international Society (ASAS) developed
criteria for inflammatory back pain (IBP) in 2009.
The same year became a turning point in the under-
standing and study of SpA, as the ASAS proposed
classification criteria for axial spondyloarthritis
(axSpA) [2], and in 2011 — for peripheral SpA [3].
Thus, in the vast group of SpA, two main clinical
varieties are distinguished currently: axial and
peripheral. Since then, special attention has been
paid to the study of axSpA, which is characterized by
predominant lesion of the axial skeleton (spine, SIJ).
The structure of axSpA, in turn, includes non-radio-
logical axSpA (nr-axSpA) and AS (nowadays, the lat-
ter is called radiological axSpA (r-axSpA)) [4—6].

The prevalence of axSpA is known mainly
through the prism of AS. The prevalence of the lat-
ter, in turn, is associated with the detection of
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(mosBonounuk, KIIC). B crpykrype akcCrA, B CBOIO
O4YepesTb, BBIIIEJISAIOT HEPEHTTEHOIOTHYEeCKU Y akcCIIA
(ap-akcCnA) u AC (TTocsieTHUH cTaid Ha3bIBaTh PEHT-
reHosiorudeckuM akcCrA (p-axcCrA)) [4-6].

O pacnopoctpaneHHocTd akcCIA U3BECTHO B
ocHOBHOM uyepe3 npusmy AC. PacmpocTpaHeHHOCTh
[IOCJIEJHETO, B CBOIO OYepenb, ACCOIMUPOBAHA C
obHapy:xenneMm auturena HLA-B27 B omnpenesnen-
HOH TOMYJIANNHI U XapaKTePU3yeTCsI ITOCTEIIEHHBIM
HapacTaHHUEM OT 3KkBaTopa (0%) K IPpUaPKTUUECKUM
peruoHam (25—-40 %). YCTaHOBJIEHO, UTO JAAHHBIH
[I0Ka3aTeJIb CPEeIH JKUTEJIEH CPeJHUX IIIIPOT U €BPO-
[IeOUTHOM pachl HAXOJUTCA B JIUAIa30HE OT 0.1 JI0
0.2 % [7]. Cy11iecTByIOT JaHHBIE IO pACIIPOCTPaHEH-
Hoctu AC, xotopas B CeBepHOI AMepHKe COCTaB-
aser 0.32 %, B JlatmHcko# Amepuke — 0.1 %, B
EBpome — 0.24 %, B A3uu — 0.17 %, B Abpuke —
0.07 % [8]. ITocne BoimeneHuss obirectBoM ASAS
akcCIIA B KadecTBe OT/EJIbHOM HO30JIOTUM CTAIH
MOABJIATHCA UCCIIEJOBAHUSA, B KOTOPBIX H3ydayach
pacnpocrpaHeHHocTh He AC, a HemmocpeAcTBEHHO
akcCIA ¢ ucnosap3oBaHueM kputepueB ASAS, KoTo-
pas cocraBwia B CIIIA 0.72 % [9], Bo ®pannuu —
0.32 % [10], B HopBeruu — 0.13 % [11]. OgHako B
0TeueCTBEHHOU JINTepaType A0 CUX IOp HeT TOUHBIX
JIAHHBIX O PACIIPOCTPAHEHHOCTU BbIIIENIEPEUnCIeH-
HbIX HO3oJiorud. Cratucruka MuHu3apaBa PO mpe-
ZocTaBJIsAeT NHPOPMAIIUIO JIMIID 110 OOIIEN TpyIIIe
CTIOHTWJIOTIATHH, YTO COCTABJIET 125 600 GOIBHBIX,
cpenu KOTopbix HA AC IPUXOIUTCS IIPUMEPHO 44 %.
ITo maHHBIM, TTOJIYYEHHBIM B XOZI€ HHTEPBBIO C DKC-
IepTamu, OIlpeZieieH CpeJIHUN II0Ka3aTesb PacIipo-
cTpaHeHHOCTH Hp-akcCHA — 30 % OT uunciia ciiydaeB
AC [12]. B 3apybeskHBIX UCTOUHHUKAX TOBOPUTCS 00
onuHakoBoi yactore AC u Hp-akcCIA 1o oTHOIIIe-
HUIO Jpyr K apyry [13]. Takum obGpa3om, TOUHOU
uadopmanuu o pacmpocrpaHeHHocTd AC  u
ap-akcCnA B Poccum 110 cux mop uHer. OpHaxo,
HeCMOTPs Ha KaXKYIIYIOCsA HUBKYI0 3HAUUMOCTD SITH-
JIEeMHOJIOTUYECKUX JAHHBIX, MaIlueHThl ¢ akcCoA
COOTBETCTBYIOT TPYAOCHOCOOHOMY BO3DPACTy, HCIIBI-
THIBas OTPAHUYEHUs B IIOBCEJHEBHOM >KU3HU, UTO
TpebyeT BHUMATEIHHOTO HOJX0/Ia K JUATHOCTUKE U
JledeHu10. Bce 3To TOBOPUT O TOM, YTO aKTyaIbHOCTb
JaHHOTO 3aboJieBaHUA He  YMEHBIIAeTci W
MO-TIPe’KHEMY BBI3bIBAET MHTEpPEC B HAYYHOM Me/IU-
IIMHCKOM COODIIEeCTBE.

MHOT'OOBPA3UE KJINMHUYECKOM
KAPTHNHDBI akcCoA

OcobeHHO WHTEpPEeCHA KJIMHHUYECKass KapTHUHA
akcChA, KoTopas MpUBJIeKaeT BHUMaHUE KIUHUIIH-
CTOB U yUYeHBIX cBOe MyIbTU(hAKTOPUAIIBHON U pa3-

HLA-B27 in a certain population and is character-
ized by a gradual increase from the equator (0%) to
subarctic regions (25—40%). It has been found that
this indicator among residents of mid-latitudes
and Caucasian race ranges from 0.1 to 0.2% [7].
There are data on the prevalence of AS, which in
North America is 0.32%, in Latin America — 0.1%,
in Europe — 0.24%, in Asia — 0.17%, in Africa —
0.07% [8]. After the ASAS has identified axSpA as a
separate nosology, studies began to appear that
assessed the prevalence not of AS, but of axSpA
itself, using the ASAS criteria, which amounted to
0.72% in the USA [9], in France — 0.32% [10], in
Norway — 0.13% [11]. However, in the domestic lit-
erature there is still no accurate data on the preva-
lence of the abovementioned nosologies. The sta-
tistics from the Ministry of Health of the Russian
Federation provide information only on the gen-
eral group of spondylopathies, which amounts to
125 600 patients, of which AS accounts for approx-
imately 44%. According to data obtained during
interviews with experts, the average prevalence
rate of nr-axSpA was determined to be 30% of the
number of AS cases [12]. Foreign sources report
the same frequency of AS and nr-axSpA in relation
to each other [13]. Thus, there is still no accurate
information on the prevalence of AS and nr-axSpA
in Russia. However, despite the seemingly low sig-
nificance of epidemiological data, patients with
axSpA are of working age, experiencing limitations
in daily life, which requires an attentive approach
to diagnosis and treatment. All this suggests that
the relevance of this disease is not diminishing and
still arouses interest in the scientific medical com-
munity.

THE VARIETY OF THE axSpA CLINICAL
PICTURE

The clinical picture of axSpA is especially inter-
esting, attracting the attention of clinicians and sci-
entists due to its multifactorial and heterogeneous
nature. It is known that the pathogenesis is influ-
enced by a whole set of genetic, immunologic, infec-
tious and other factors [14], and the wide range of
clinical symptoms of axSpA can be verified by return-
ing to the abovementioned ASAS classification crite-
ria [15]. The Russian clinical recommendations, in
turn, directly point to several groups of clinical signs.
In addition to inflammation in the spine and SIJ, the
presence of extra-axial and extraskeletal manifesta-
tions is possible. Extra-axial lesions include pathol-
ogy of the musculoskeletal system related directly to
the disease, namely arthritis and enthesitis, dactyli-
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HOPOJHOU mpuposiod. MI3BecTHO, UTO Ha IaTOreHe3
BJIMSIET IIes1asi COBOKYITHOCTh TeHEeTUYeCKUX, UMMY-
HOJIOTUYECKUX, NTH(EKIMOHHBIX U MPOYUX (HaKTO-
poB [14], a B GoraTcTBe KJIMHUYECKUX CUMIITOMOB
akcCIA MOKHO YZOCTOBEPUTHCS, BO3BpAIasCh K
BBIIIEYTIOMSAHYTBIM KJIAaCCU(DUKAIIMOHHBIM KpHUTE-
pusim ASAS [15]. B poccuiicKuX KITMHUYECKHUX PEKO-
MEeH/Iall}AX, B CBOIO OUepeb, HEIOCPEICTBEHHO YKa-
3BIBAIOT HA HECKOJIHKO I'PYIII KJIMHUYECKUX ITPU3HA-
k0B. IToMmuMo BocnasieHuA B no3poHouHuke u KIIC
BO3MOKHO HQITMYNE BHEAKCUAJIbHBIX U BHECKeJIeT-
HBIX TIposiBJeHNH. K BHEaKCHAIbHBIM OPKEHUAM
OTHOCAT IIaTOJIOTHIO OIOPHO-/ABUTATEJIBHOTO alllia-
para, HampsAMYyIO CBA3aHHyI0O c 3abosjeBaHueM, a
UMEHHO apTPUT U HHTE3UT, TaKTWINT. ['pymma BHe-
CKeJIETHBIX OPAYKEHUH JIOBOJIBHO Pa3HOOOpa3Ha U
BKJIIOUAET yBeUT, ncopuas, B3K, IgA-uedponaruio,
MOpa’keHWe aopThl, HAPYIIEHUS IPOBOAAIIEH
cucreMbl cepZia. CTOUT OTMETUTD, YTO OCJIOKHEHUSA
JJAaHHOTO 3a00JIeBaHUSA TaK)Ke OTJIMYAIOTCS MHOTO-
obpaszueM (Hampumep, IIEHHO-TPYJHOH KH(O3,
aMWJION/I03, KOHTPAKTYpbI, IIOJBBIBUX AaTJIaHTO-
aKCHAJIBHOTO cycraBa U Jp.) [16]. CooTBETCTBEHHO,
kapTuHa akcCIA MOXKeT ObITh IIPEeCTaBIeHa IIIPO-
KUM CIIEKTPOM IIpOABJIEHUN — OT JIETKUX, «MaJio-
CUMIITOMHBIX», IPAaKTHYeCKH He OeCIIOKOSIINX
ManueHTa, 10 60J1ee TAKEIbIX, IPUBOAAIINX K MHBA-
JuaAn3anuy 6yKBaJIbHO 32 HECKOJIBKO JIET.

Hapymienue ¢yHkiuu xapaktepHo s akcCrA,
HO 0COOEHHO /151 TIAIUEHTOB C MO3JHUM CTaTyCOM,
TaK KaK UMEHHO Ha 3TOU (UHAIBHOU KIMHUYECKON
CTaINM TIPOIECC AHKWJIO3UPOBAHUS JBIDKETCSI K
3aBEPIIEHUIO, & CJIe0BATEIBHO, BeJET K Aedopma-
IUAM U CHUXKEHUIO KauecTBa KU3HU.

IMO31HAA CTAANUSA akcCnA

Hu B 3apy0eKHOW, HU B OTE€UECTBEHHOU JINTEPA-
Type HeT pPa3BEpHYTOro OIpeseieHUs TepMUHa
«1o3Hss ctaus akcCrnA». JlaHHOe TOHATHE BCTpe-
yaeTcs JINIIb B KIIMHUYECKOHN KlaccupUKallluy aKc-
CrA, rze BhIAEJIAIOT CJIeAYIONIUE CTaINU 110 PEHTTe-
HOJIOTHYECKOH KapTUHE: 1) IOPEHTIEHOJIOTHYECKAsT;
2) pasBepHyTasd; 3) no3aHAA. [locaenHsAsa moapasy-
MeBaeT oA cobo¥ HaJu4ue JTOCTOBEPHOTO CAKpPO-
WINUTA (JIBYCTOPOHHUY BTOPOH CTA{UH U BBIIIIE WJIH
O/THOCTOPOHHUH TpeThell cTafuy U Bbllle 1o Kes-
TPEHy) U YETKUX CTPYKTYPHBIX U3MEHEHUH B TI03BO-
HOYHUKE (CAKPOUJINUT B COUETAHUU C CHHAECMODU-
tamu) [16]. Berpeuaromeecs B CTaThAX IOHATHE
«103aHAA cragus akcCIA» ONHCBHIBAET COCTOSIHHE
ManueHTa, Ipyu KOTOPOM (opMupyeTcs aHKUIO3 B
KIIC u/wnu B Kakux-100 OT/Ie1aX [I03BOHOUYHHKA.

B xImHMUYeCKOW MpaKTHUKe HA MO3THUX CTTUIX
axcCIIA B OOJIBIIMHCTBE CIIyYaeB BO3HUKAIOT Ziepop-

tis. The group of extraskeletal lesions is quite diverse
and includes uveitis, psoriasis, IBD, IgA nephropa-
thy, aortic lesions, and disorders of the cardiac con-
duction system. It is worth noting that the complica-
tions of this disease are also diverse (for example,
cervicothoracic kyphosis, amyloidosis, contractures,
atlantoaxial subluxation, etc.) [16]. Accordingly, the
picture of axSpA can be represented by a wide range
of manifestations — from mild, asymptomatic, virtu-
ally not bothering a patient, to more severe ones,
leading to disability in just a few years.

Functional impairment is characteristic of axSpA,
but especially for patients with advanced stage, since
it is at this final clinical stage that the ankylosing pro-
cess moves towards completion, and therefore leads
to deformities and reduced quality of life.

ADVANCED STAGE OF axSpA

Neither in foreign nor in domestic literature, there
is a detailed definition of the term “advanced stage of
axSpA”. This concept is found only in the clinical
classification of axSpA, where the following stages
are distinguished according to the radiological pic-
ture: 1) pre-radiological; 2) developed; 3) advanced.
The latter implies the presence of definite sacroiliitis
(bilateral grade 2 and above or unilateral grade 3 and
above according to the Kellgren-Lawrence system)
and definite structural changes in the spine (sacroili-
itis combined with syndesmophytes) [16]. The term
“advanced axSpA” found in articles describes the
patient’s condition in which ankylosis is formed in
the SIJ and/or in any parts of the spine.

In clinical practice, in most cases, spinal deformi-
ties, such as flattening of lumbar lordosis or increased
thoracic kyphosis, occur at the advanced stages of
axSpA. This can lead to structural and functional
impairments, as well as a decrease in quality of life
[17]. In addition, in advanced axSpA, severe sagittal
imbalance and contracture-related deformities of the
spine are noted, which may be an additional cause of
back pain. Impaired extension in the cervical spine
with limited gaze (especially when looking forward),
as well as neurological disorders develop [18]. Com-
plications such as difficulty walking, abdominal
organ movement restriction, and pulmonary dys-
function may occur in patients with severe kyphotic
deformities of axSpA [19]. In addition, axSpA suffer-
ers may have difficulty in lying or standing position,
which seriously impairs their daily activities and
quality of life [20]. The main manifestations of the
late stage of the disease are [21]:

« feeling of stiffness;

« restriction of chest movement;

«  back and/or joint pain;
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MaIliy IMO3BOHOUHHKA, TaKWe KaK HCYE3HOBEHHE
MIOSICHUYHOTO JIOP/I03a WM YBeJIUYeHUe IPYHOTO
kudoza. ITO MOXKET NMPUBECTU K CTPYKTYPHBIM H
(DyHKIIMOHATBPHBIM HApPYIIEHUSM, a TaKXKe K YXyI-
[IIEHUIO KavecTBa >ku3Hu [17]. Kpome Toro, Ha 1mo3-
HUX cragusax akcCIA OTMeuaeTrcsl TsKeIbId CaruT-
TaJIBHBINA TUCOATAHC, KOHTPAKTYPHBIE JepopMariu
IT03BOHOYHUKA, UTO MOKET OBITH JOTIOJTHUTEIbHOHU
NpUYMHON 60K B criHe. Pa3BuBaercsi n3MeHeHHe
pasrubaHus B IIEHHOM OTAeJle IMMO3BOHOYHUKA C
orpaHuYeHueM B3opa (0coOeHHO IpU B3IJIsJIE BIIe-
pen), a TakKe HEBPOJIOTHYEeCKUe HapylieHus [18].
Takue OCJIOKHEHUs, KaK TPYAHOCTU IPH XOAbOeE,
OrpaHUYeHHe 00beMa JBUKEHUU OPraHOB OPIOII-
HOH MMOJIOCTU U AUCOHYHKIUS JIETKUX, MOTYT BO3HU-
KaTh y ManueHToB ¢ akcCIA ¢ TsKebIMu KudoTude-
ckumu nedopmanusavu [19]. ITomumo 3toro, crpa-
naronre akcCIIA MOTYT UCIIBITBIBATh 3aTPYIHEHUS B
TIOJIO?KEHUH JIEXKA WU CTOSI, YTO CEPHE3HO YXY/IIIAET
UX ITOBCETHEBHYIO /IESITEIbHOCTD U KAUeCTBO KU3HU
[20]. OcHOBHBIMU TPOSABIEHUSAMU TO3HEN CTATUN
3a00J1€BaHUS ABJIAIOTCS [21]:

e YYBCTBO CKOBAHHOCTH;

e OTpaHHYEHHE JBUIKEHUs IPY/THON KIIETKH;

«  0OJIb B CITMHE U/WJIH CYCTaBaX;

e YCTaJIOCTH;

e IIJIOXOMH COH;

e HaJUYHe KOCMEeTHUYeCcKOro JiedeKTa.

BOnBIIMHCTBO U3 BBINIENIEPEYNCTIEHHBIX CHM-
IITOMOB HEPEJIKO BEAYT K OrPaHUYEHUI0 (HYHKITUO-
HQJIBHBIX BO3MOKHOCTEH, IOTepe TPYAOCIOCOOHO-
CTH, CMeHe pPabovero MecTa WiIu paHHEMY BBIXO/Ty Ha
MEHCHUI0, YTO MOATBEPIKIAETCSA BO MHOTHX 3apybex-
HBIX wuccaenoBanusax. B cratee E. Nikiphorou,
S. Ramiros cobpana nH(pOpMaNusa O TAKUX UCCIIE0-
BaHUsAX B Pa3HbIX cTpaHax [22]. Hampumep, mo naH-
HBIM (PaHITy3CKOTO HCCIEI0OBAHI JIOJIS TAI[UEHTOB
C 20-JIETHEH NPOJIO/HKUTEIHHOCThIO  0O0JIe3HH,
JTOCPOYHO MPEKPATUBIIUX TPYJOBYIO JA€ATEIbHOCTD,
cocraiseT 36 %. B OUHIAHAUY OLleHUBAIU TPYIIILY
MMAIUEHTOB C 10-JIETHEH MPOJOJLKUTEILHOCTHI0 AC
U TPYIIILY C IJIUTEJILHOCTHIO OoJtee 25 JyieT. B mepBom
caydae coobmazoch 0 5 %, BO BTOpoM — 0 30 %
yTpaThl BO3MOXKHOCTH PAOOTHI IO CHEUATBHOCTH.
ITo TaHHBIM UCIIAHCKOTO MCCJIeIOBAHUS TIOKA3aTETh
HeTpyzAocnocobHoCcTH manueHToB ¢ akcCIA cocras-
sasier 26 %. CpeTHUI BO3pACT BBIXOJ[a HA TIEHCUIO B
TYPEIKOM HCCJIEZIOBAHUU COCTAaBUJI 36 + 4.2 roja.
Kpocc-cekrnmonnsle manHble Mo 17 peruoHam Ura-
JINIY TIOKA3aJIH, YTO 21 % MaleHTOB ObLI BHIHYK/IEH
CMEHUTb WJIH OCTABUTHh PAbOTy MO HPUYHHE CBOEH
60se3un. Takum 06pa3oM, JaHHbBIE O TPEKPAIIEHUH
TPY/IOBOH JIESITETBHOCTH 110 O0JIE3HU CUIIBHO Pa3JIv-
4aloTcs B Pa3HBIX CTpaHaX, Hanpumep, 16 % B Benu-

- fatigue;

«  sleep deprivation;

« cosmetic defect.

Most of the abovementioned symptoms often
lead to limitation in functional capabilities, disabil-
ity, change of occupation or early retirement, which
is confirmed in many foreign studies. Nikiphorou,
Ramiros have collected information about such stud-
ies in different countries [22]. For example, accord-
ing to French data, a proportion of patients with a
20-year duration of the disease who stopped working
early was 36%. In Finland, a group of patients with a
10-year duration of AS and a group with a duration of
more than 25 years were evaluated. Loss of opportu-
nity to work in the profession in the first group was
reported to be 5%, in the second — 30%. According to
a Spanish study, the disability rate of patients with
axSpA is 26%. The mean age of retirement in the
Turkish study was 36 + 4.2 years. Cross-sectional
data from 17 regions of Italy showed that 21% of
patients were forced to change or leave their jobs due
to their illness. Thus, the data on sickness-related
work termination vary widely across countries, e.g.
16% in the UK, 48% in France, and 52% in the Neth-
erlands [22], which depends on the choice of an
assessment method due to the lack of a single stan-
dardized approach.

In Russia, there are the following data on this
matter. According to the results of a multicenter
cross-sectional study by Volnukhin et al. among 330
patients from 24 Russian cities with an average dura-
tion of AS of 15 years, 51.5% of patients were officially
pronounced disabled. It was also revealed that 9o
(27%) of the total number of patients with AS had
disability group III, 76 (23%) — group 11, 4 (1.2%) —
group L. The mean age of patients who received a dis-
ability status was 46.3 years [23]. Later, a study was
performed by Podryadnova et al., according to the
results of which 56.4% of patients were assigned a
disability group I, II or IT1I- 2.3, 24 and 30%, respec-
tively. The mean age of patients with lost or limited
ability to work was 36.7 + 9.7 years. Among the
patients with disability, 55 (44.4%) continued to
work [24]. According to the V.A. Nasonova Research
Institute of Rheumatology, almost 50% of patients
become disabled on average at the age of 40 years —
already 7 years after the diagnosis of AS [25]. Thus,
the abovementioned data once again confirm that
axSpA (AS in particular) is a disease that causes seri-
ous damage to patients, predominantly of young
working age. It is known that typically, the onset of
AS occurs at 16—30 years of age [25], the peak inci-
dence is registered at 25—35 years of age [16], and
disability occurs approximately between 36 and
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kobpuTanuu, 48 % Bo ®pannun u 52 % B Hugepian-
Jlax [22], 9To 3aBUCUT OT BHIOOpPA METO/IA OIEHKU B
CBSI3U C OTCYTCTBHEM €JUHOTO CTAH/IAPTU30BAHHOTO
MOIXO0/1A.

B Poccuu nmerores cienymoolnue JaHHbIe Ha 3TOT
cuer. Ilo pe3ysbTaTaM MHOTOIIEHTPOBOTO OJTHOMO-
MeHTHOTO uccaesniopanusa E.B. BosHyxuHa U COaBT.
cpeau 330 MaIUeHTOB U3 24 POCCUHACKUX TOPOJIOB CO
cpenueit quteabHOCThI0 AC 15 J1eT 51.5 % 60IbHBIX
oduIraabHO ObLIH MPU3HAHBI MHBAIHAAMH. Tak:ke
OBLIO BBISBJIIEHO, YTO Y 90 (27 %) OT 00IIIETO KOJTHYe-
crBa nanueHToB ¢ AC 6pu1a yeranossiena 111 rpymmna
UHBAIUAHOCTH, y 76 (23 %) — 11,y 4 (1.2 %) — 1. Cpen-
HUU BO3pACT MMAIUEHTOB, IOCTUTIIINX CTaTyca HHBa-
JIMTHOCTH, COCTaBUJI 46.3 roza [23]. ITosxke ObLIO
nposesieHo ucciaegoBanue M.B. IloapsagHoBoil u
COABT., TI0 pe3yJibTaTaM KOTOPOrO KaK WHBAIUbI
OCBHU/IETENIbCTBOBAHBI 56.4 % OospHBIX I, II ©
11 rpymmmel THBATUTHOCTH — 2.3, 24 U 30 % COOTBET-
ctBeHHO. Cpe/THUI BO3pACT MAllEHTOB C yTpadeH-
HOH WJIH OTPAaHUYEHHOU TPYIOCIIOCOOHOCTHIO COCTa-
B 36.7 + 9.7 roza. Cpeiu mManiieHTOB, UMEIUX
WHBUTUIHOCTD, 55 (44.4 %) mpojospkanu paboraTh
[24]. Tlo pmamaeiM HUW peBMATONOTHU WM.
B.A. HacoHoBoU moutu 50 % OGOJIBHBIX CTAHOBSITCS
WHBUIHJAMH B CPEJIHEM B BO3pacTe 40 JIET yiKe
yepe3 7 jer nocie auarHoctuku AC [25]. Takum
00pa3oM, BBINIEN3JIOKEHHbIE TaHHBIE B OUePeTHOHN
pas moaTrBep:kaoT, uTo akcCrnA (AC B 4acTHOCTH)
siBJIsieTcsl 3a00JIeBAaHMEM, HAHOCSIIUM CEPhe3HbBIN
yiiepd mamueHTaM IPEeNMYIEeCTBEHHO MOJIOOTO
TpyZlocIocOOHOrO Bo3pacrta. 3BecTHO, UTO HAaubO-
Jsee uacro AeboT AC mpuxoauTcs Ha 16—30 JeT [25],
MUK 3a00JIeBaEMOCTH — Ha 25—35 JieT [16], a uHBa-
JIUJTHOCTh HACTYIaeT TMPUOJM3UTEIBHO B IPOMe-
JKYTKe OT 36 710 46 JIeT, KaK y»Ke ObLJIO CKa3aHO paHee.
B ¢Bs131 ¢ 3TUM BO3HHUKAET JIOTHYHBIA BOIIPOC O CPO-
KaxX IOCTAHOBKH JIMArH03a, IOCKOJIBKY IIpOMejie-
HUe B TUaTHOCTHUKE MOJKET IIPUBECTHU K OoJiee BhICO-
KOW akKTuUBHOCTH 3abosieBaHUsi, (HOPMUPOBAHUIO
CTPYKTYPHBIX TIOBPEKIAEHUH, CHIKEHHUIO (QYHKITHO-
HJIBHOU aKTHUBHOCTH, IIOTEPE TPYAOCIOCOOHOCTH U
VXYAIIEHUIO KauecTBa KU3HHU MalueHToB. I[ToMmumo
9TOTO, HE CTOUT 3a0bIBaTh 00 SKOHOMUYECKOM Ope-
menu akcCIIA, Tak Kak MPU CBOEBPEMEHHOU IOCTa-
HOBKE JIMaTHO3a ¥ BOBPEMS HAYaTOM JIEUEHUH TIPsi-
Mble U KOCBEHHBIE 3aTpaThl Ha TAKHUX IMAI[HUEHTOB
OyAyT 3HAUUTEIBHO CHUKEHBI [12, 26].

IMo3AHAA JTMATHOCTUKA AC

Ho mosBienusi kpureprueB ASAS amarHoctmka
AC 3ajiep:kuBajIach B €BPOIEHCKHUX CTPaHAaX B CPeJI-
HeM Ha 5—10 Jjer [27], B Poccum, mo AaHHBIM
E.B. BosHyxuHa u coaBT., — Ha 9 JieT [23]. OgHaKo

46 years of age, as mentioned earlier. In this regard,
a logical question arises about the timeliness of diag-
nosis, since a delay can result in a higher disease
activity, development of structural lesions, reduced
functional activity, loss of work capacity, and a
decrease in quality of life of patients. In addition, we
should not forget about the economic burden of
axSpA, since with timely diagnosis and timely treat-
ment, direct and indirect costs for such patients will
be significantly reduced [12, 26].

DELAYED DIAGNOSIS OF AS

Before the ASAS criteria were introduced, the
diagnosis of AS was delayed in European countries
by an average of 5—10 years [27], in Russia, accord-
ing to Volnukhin et al., for 9 years [23]. However,
after the introduction of these criteria, diagnosis has
improved significantly: the median delay in diagno-
sis worldwide began to range from 2 to 6 years (for
example, in the UK, it now requires 5—6 years, in
Turkey — from 2 to 6 years, in Germany — 2.3—5
years, in India — an average of 3 years) [28, 29]. In
Russia, a similar analysis using the new ASAS crite-
ria has not been conducted. There is a reference to
the reduction in the period from the onset of the dis-
ease to diagnosis from 8.4 to 3.5 years, i.e. almost 2
times, after conducting educational programs on
early detection of AS for primary care doctors in
Kazan. But at that time, the Russian version of the
modified New York criteria (1984) was used [30].
Thus, the problem of late diagnosis persists through-
out the world, regardless of the patient’s country of
residence [29].

FACTORS AND REASONS FOR DELAYED
DIAGNOSIS

Many researchers have aimed to identify factors
that could influence the delay of diagnosis in patients
with axSpA. For example, in a large European study,
EMAS (European Map of Axial Spondyloarthritis),
which involved 2652 patients from 13 countries, it
was found that young age at onset, female gender,
high number of related medical professionals seen
before the diagnosis were the parameters associated
with late diagnosis of axSpA [28]. In the study by
Redeker et al., female gender and young age at onset
of symptoms were confirmed as factors for late diag-
nosis. But, in addition, scientists noted HLA-B27
negativity and the presence of psoriasis as equally
important factors in delayed diagnosis [31]. It should
be said that to date, many such studies have been
conducted to investigate the role of factors and their
possible association with delayed diagnosis. The
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IT0CjIe BHEJPEHUS BBIIIIEYKa3aHHBIX KPUTEPUEB JTAA-
THOCTHKA 3HAYUTEJIbHO VJy4IIWIach: MeJTuaHa
3a7Iep’KKU TTOCTAHOBKM JWArHo3a BO BCEM MUPE
crasia GopMHUPOBATHCA B MHTEPBAJIE OT 2 10 6 JIeT
(mampumep, B BenmkoOpuTaHuu Tenephb TpebyeTcs
5—6 jet, B Typuuu — ot 2 g0 6 net, B 'epmanuu —
2.3—5 JieT, B UHuu — B cpesiHeM 3 rojia) [28, 29].
B Poccun 1momoOHBINM aHaJIN3 € HCIIOJIb30BAHHEM
HOBBIX KpuTepues ASAS He nposBoguicsa. EcTs ymo-
MHWHAHHE O COKpAIleHUH! IepUuojia OT Havasia 3ab0-
JIEBaHUs JI0 YCTAaHOBJIEHUs JHar€osa c 8.4 0
3.5 TO7a, T.e. IOYTH B 2 pasa, MOCJe MPOBEJIEHUS
00pa3oBaTeIbHBIX MMPOTPAMM 110 PAHHEMY BBISBJIE-
Huto AC /U1 Bpauel MepBUYHOTO 3BeHA B T. KazaHu.
Ho Ha ToT MOMeHT Oblj1a ucob3oBana Poccutickast
Bepcns MogudunupoBaHHbIX Hpo-MOpKCKHUX KpH-
tepueB (1984 r.) [30]. Takum obpaszom, mpobiema
MO3/IHEH TMATHOCTUKU COXPAHsETCsS BO BCEM MUPE
BHE 3aBHUCHMOCTH OT CTPaHbI IPOKUBAHUA IaAIlH-
eHra [29].

®AKTOPBI 1 IPUYNHBI ITIO3THEM I10-
CTAHOBKU JMATHO3A

MHorHe wuccaeoBaTeNn CTaBWIN Tepen cobou
1IeJIb BBIJIEJIUTH (PaKTOPBI, KOTOPhIE MOTJIM OBbI OKa-
3aTh BJIMSHUE HA 3a/IEPKKY B IIOCTAHOBKE JIUAaTrHO3a
nanueHTaMm ¢ akcCnA. Tak, HanpuMep, B KPyITHOM
eBporeiickoM uccaenopaunu EMAS (European Map
of Axial Spondyloarthritis), B koTopoM y4acTBoBasIO
2652 marueHTa U3 13 CTpaH, ObLJIO BBISABJIEHO, YTO
MOJIOZION BO3pacT B 7e0I0Te, *KEHCKUH TOJI, JIJIH-
TEJIPHOE XOJKJIEHHE II0 CMEXKHBIM CIIEITUAJIHCTaM
ObUTH TTapaMeTpaMU, CBA3aHHBIMU C MO3THEN JTha-
ruoctukoi akcCrA [28]. B ucciemosanuu I. Redeker
et al. skeHCKHI ITOJT ¥ MOJIOIOW BO3PACT IIPU MOSIBJIE-
HUHM CHUMIITOMATUKH IMOATBEPAUINCH KaK (haKTOPhI
HECBOEBPEMEHHOHM JuarHocTuku. Ho, moMuMO
3TOTO, yueHble oTMeuasin HLA-B27-oTpunateibHbIN
pe3ybTaT U HaJM4re [Icoprasa B KauecTBe He MeHee
Ba)KHBIX (PAaKTOPOB B 3aI037aJI0H ITOCTAHOBKE JTha-
rHo3a [31]. Cienyer ckazaTh, UTO Ha CETOMHSAITHUHN
JIeHb TPOBEJEHO HEMAaJ0 TaKUX MCCIeI0BaHUM],
HaIpaBJIEHHBIX Ha U3ydeHUe pou (HaKTOPOB U HUX
BO3MOXKHOU CBSI3H C 33JIEPKKOM narHoctuku. Hau-
0oJiee aKTyaJbHBIM CHCTEMaTUYECKUM 0030pOM, B
KOTOPOM OOBeIMHEHBI BCE WMEIOIIHECS CTaThH,
TTOCBSIIIEHHbIE TAaHHOU IpobJieMaTuKe, cTaa 0630p
C.A. Hay et al. B 0011ieii cjI03KHOCTH B HEM COGPaHbI
45 HWCCJIeIOBAaHUM, B KOTOPBIX CyMMapHO cOOOIIa-
JIOCh O 47 pa3IMUHbIX hakTopax. Bece oHu ObLIH pas-
JleJIeHbl Ha 16 KaTeropuil. BOJIBIIMHCTBO U3 HUX
HCCIIEZI0BATIUCH TOJIBKO OZIUH pa3 B OJTHOM HCCJIEI0-
BaHUM, HO 7 (HAKTOPOB BCTpeUaucCh OoJiee 4yeM B
MATH OTAEJbHBIX HCcaemoBaHUAX: moi, HLA-B27-

most relevant systematic review, which includes all
available articles on this issue, was the review by Hay
et al. In total, it comprises 45 studies that have sum-
marized 47 different factors. All of them were divided
into 16 categories. Most of them were examined only
once in a single study, but 7 factors were found in
more than five separate studies: gender, HLA-B27
status, radiographic detection of sacroiliitis (radio-
logical and non-radiological axSpA), age of disease
onset, family history of axSpA, presence or absence
of uveitis at disease onset, as well as presence or
absence of peripheral arthritis. The results differed
from those of the studies cited earlier: of these fac-
tors, gender and family history do not seem to influ-
ence the diagnosis delay. As for the rest five param-
eters, the authors of the review considered the evi-
dence for the association between these factors and
delayed diagnosis to be contradictory or limited [29].
Other researchers are not only searching factors,
but are trying to identify a number of reasons that
would explain why there is a delay in making the cor-
rect diagnosis. All currently known reasons for delayed
diagnosis [30, 32, 33] can be divided into 3 groups:

1) nosological (determined by the characteristics

of the disease itself):

« diversity of the clinical picture of axSpA at the
onset (i.e. in addition to IBP and involvement
of the axial skeleton, joints, entheses and
individual organs (eyes, gastrointestinal
tract, etc.) may be affected);

« asymptomatic course of axSpA at the onset
(i.e. a scanty set of symptoms that could force
the patient to seek medical attention);

« slow development (up to several years) of
radiological signs of sacroiliitis;

« slow development (up to several years) of
structural changes in the axial skeleton from
the moment the symptoms of IBP appear;

« back pain mimicking other conditions (after
exercise, trauma, due to disc herniation, pro-
trusion, etc.);

2) medical (due to the doctor’s educational level):

« low level of awareness of this disease among
primary care physicians, who consider axSpA
a rare pathology and an exclusively male dis-
ease, and are also unaware of the ASAS crite-
ria for IBP;

« low level of awareness of axSpA among doc-
tors of related specialties (on average,
patients are consulted by 6-8 specialists
before being seen by a rheumatologist);

3) personal (determined by the patient himself):

« individual peculiarities of the body which
affect the course of the disease (all patients
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MIPUHA/JIESKHOCTh, BBISBJIEHHE CAKPOWJIMUTA Ha
peHTreHorpaMmmMe (PEeHTreHOJIOTUUECKUH U HEPEHT-
reHosoruueckuit akcCiA), Bospact aebroTra 3aboe-
BaHUsA, cEMEWHbIN aHaMHe3 akcCHIA, HajIu4due Win
OTCyTCTBHME yBEWTa B Hauaje OOJIE3HH, a TaKKe
HaJIW4YWe WK OTCYTCTBHE IepudepUIecKoro
aptpuTa. B pesysbraTe ObLIM IOJIyYEHBI JAHHBIE,
OTJIMYAIOIIMECS OT JAHHBIX HUCC/IEI0BAHUM, IPUBE-
JIEHHBIX paHee: U3 9TUX (PAKTOPOB IIOJ U ceMeUHbIN
aHaMHe3, [TO-BUAUMOMY, He BJIMSIOT Ha 3aepPIKKY
JHarHOCTUKY. YTO KacaeTcss OCTaTbHBIX MSATH Hapa-
METpPOB, TO aBTOPHI 0630pa CYUTAIOT AAHHBIE 00
accoIany MeKay STUMU (GakTOpaMH U 3aeprK-
KOM JIMaTHOCTHUKHU IMPOTUBOPEUNUBBHIMHU W OTPAHU-
YeHHBIMHU [29].

Jlpyrue yueHble 3aHUMAIOTCS HE TOJIBKO ITOUCKOM
(daxTopoB, a craparmTCs BBIAETUTb DA HMPUUNH,
KOTOpble Obl OOBACHWIN, II0YEMY IIPOUCXOIUT
3ajiepyKKa MOCTAaHOBKY MPAaBUJIBHOTO AMarHo3a. Bee
M3BECTHBIE HA CETOAHANIHUN JIeHbh MPUYHHBI T03/]-
HeH ITOCTaHOBKY JarHo3a [30, 32, 33] MOKHO pas-
JIEJIUTD Ha 3 TPYIIIIbL:

1) Ho30.a02u4eckue (00yclIOBIEHHBIE 0COOEHHO-
CTSIMU caMOH 00JIe3HH):

e paszHOOOpa3ve KJIMHHUYECKOW KapTHUHBI aKC-

CuA B gebrore (1.e. momumo BBC u BoBieue-
HHUS 0CEBOTO CKeJIeTa, BOBMOXKHO MOpasKeHHe
CyCTaBOB, DHTE3UCOB U OT/EJbHBIX OPTaHOB
(rma3, 2KKT u 1.1.));

e MasiocuMnTOMHOe TeueHue akcCIIA B 71e010Te
(T.e. CKyJTHBI HAOOp CHMIITOMOB, KOTOPBIH
MoTr OBbI 3aCTaBUTh MAIEHTa OOPATUTHCS 3a
MEIUITMHCKOH ITOMOIIIBIO K Bpauy);

e MeJIeHHOe pa3BUTHE (0 HECKOJIbKUX JIET)
PEHTTeHOJIOTUYECKHUX IMPU3HAKOB CaKpO-
WINHTA;

e MeJIeHHOe pa3BUTHE (0 HECKOJIbKUX JIET)
CTPYKTYPHBIX WM3MEHEHHUH B aKCHAJTbHOM
CKeJIeTe ¢ MOMEHTA BO3HHUKHOBEHUS CHMII-

ToMOB BBC;
e MHUMUKpPHsA O0JIK B CIIHE TIOJ] APYTHE COCTO-
sauusg  (mocyme  (QUBWYECKOW — HATPY3KH,

TPaBMBI, 10 IPUYNHE TPHIKHU MEKII03BOHOU-
HOTO JIUCKA, TPOTPY3UH U T.1.);
2) epauebHble (00ycOBIEHHBIE 0Opa30BaHHO-
CTBIO Bpaua):

e HHU3KHHA YPOBEHb OCBEJOMJIEHHOCTU O JIaH-
HOH 0OJIe3HU y Bpadell IMepBUYHOTO 3BEHA,
KOTOpPBIE HAa3bIBAIOT aKCCIA peJIKOH IaToJI0-
THel U UCKJIIOUUTENIBHO MY»KCKUM 3a60s1eBa-
HHEM, a TakKe He 3HAIOT 0 kputepuax BBC,
paspaboTaHHbIX ASAS;

e HHU3KWUHA YPOBEHb OCBEIOMJIEHHOCTH 00 aKc-
CroA y Bpauell CMeKHBIX CIEIUATBHOCTEH (B

have a different set of symptoms and differ-
ent rates of progression of axSpA);

« low level of responsibility for one’s health;

« low compliance.

It is worth noting that these reasons may overlap
with each other, and also have a mutual influence on
late diagnosis. Subsequently, patients do not receive
optimal treatment and are therefore at risk of dete-
rioration of condition and potential complications
[34]. Thus, it is crucial to continue work to identify
reliable factors and causes of delayed diagnosis in
order to identify errors in the work of medical pro-
fessionals and further create recommendations for
the management such patients.

THE NEED FOR EARLY DIAGNOSIS
AND TREATMENT OF axSpA

As mentioned above, the advanced stage of axSpA
implies presence of spinal deformities, which can
subsequently lead to structural and functional disor-
ders in the organism. But it is quite difficult to pre-
dict in advance how significant the deformities and
sagittal imbalance will be in an individual patient.

It is also important to realize that radiological
changes in the axial skeleton are formed rather
slowly, and several years may pass from the first
clinical manifestations to the radiological signs of
sacroiliitis, which is one of the reasons for late diag-
nosis [32]. This, in turn, leads to more significant
functional impairment, higher healthcare costs, and
poorer quality of life, highlighting the importance of
early diagnosis of axSpA [26, 35]. Along with the lat-
ter, the question about the feasibility of initiating
early therapy for axSpA arises. With the advent of
different classes of drugs developed to treat patients
with rheumatologic diseases, there is a trend towards
timely intervention at reversible stages to potentially
prevent the development of functional impairment
and radiographic changes. This concept is known as
the “window of opportunity” and has been validated
in rheumatoid arthritis [36, 37]. However, the appli-
cation of this concept in early management of
patients with axSpA is controversial, which high-
lighted by recently published reviews [38, 39] that
analyzed studies examining the effect of early ther-
apy on the outcomes of axSpA.

First, it is worth noting that in the studies ana-
lyzed, the concept “early axSpA” is interpreted differ-
ently. And despite the fact that the term “early ther-
apy” is confidently used in the scientific literature, an
unambiguous definition of the term “early axSpA”
that would be used in research has not existed for a
long time [40]. Therefore, the ASAS developed a con-
sensus in 2023, which formulated a definition of
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cpeHEM TIAI[UEHTBhl KOHCYJIbTUPYIOTCA Y
6—8 crieruaancToB, Ipesk/ie YeM MoIaialoT K
peBMaToJIoTy);

3) nepcoHanvHvle (00YCITIOBIEHHBIE CAMUM TAIIH-
€HTOM):

e HWHAWBHUAyaJbHbIE 0COOEHHOCTH OPraHU3Ma,

KOTOpBIE CKa3bIBAIOTCA HA TEUEHUH 3a00Jie-
BaHus (y BceX NAIMEHTOB pa3HbIA HaboOp
CUMIITOMOB U pa3Has CKOPOCTh IIPOTPECCUU
akcCrA);

e HHU3KUH YPOBEHb OTBETCTBEHHOCTH 3a CBOE

37I0POBBE;

e HH3Kas KOMILIA€HTHOCTb.

CTOUT OTMETUTb, YTO Ha3BAHHbIE MPUUYUHBI
MOTYT IIepeceKaThCs IPYT € APYTOM, a TAaK:Ke OKa3bl-
BaTh B3aWMHOE BJIMAHHE HA HECBOEBPEMEHHYIO
[TOCTAHOBKY AMiarHo3a. BIiocsieZicTBUY HaIeHThl He
MOJIy4aloT ONTHUMAJIBHOTO JIEYEHHSA U, CJIeI0Ba-
TEJIbHO, TOJIBEP3KEHBI PUCKY PAa3BUTUS yXYAIIEHUS
COCTOSHHUS W IIOTEHIIHMAJbHBIX OCJIOKHEHHH [34].
Takxum 06pazom, KpaiiHe BaKHO IPOA0JIKATh paboTy
10 BBISIBJIEHUIO JIOCTOBEPHBIX (DAKTOPOB U HMPUUYUH
MO3HEel JUATrHOCTUKHU /IS BBIABJIEHUSA OIINOOK B
pabore MeIUIIMHCKUX CIIEIUAINCTOB U JabHEH-
IIIeT0 CO3/JaHUsI PEKOMEH/IAINH 110 paboTe ¢ TAKUMH
nanueHTaMu.

HEOBXO/IUMOCTHb PAHHEU ITUATHO-
CTUKMN U TEPAIINU akcCoA

Kak y»xe ObLIO CKa3aHO BHIIIE, TO3MHAS CTATUS
akcCHA mozipazyMeBaer mo;; coboit Hammuue aedop-
MaIuil TO03BOHOYHHWKA, KOTOPHIE BIIOCIEJCTBUH
MOTYT IPUBECTU K CTPYKTYPHBIM U (DYHKIIMOHATH-
HBIM HapyIIeHUsAM B opranusme. Ho mpeamnoioKuTh
3apaHee, HACKOJIbKO BBIPAKEHHBIMU OynyT /edop-
MAITUH U CAaTUTTAJIBHBIN TICOAIAaHC Y OTAEIHHO B3s-
TOTO MAIHMEHTA, JOBOJIBHO TPYAHO.

BakHO Takke MOHUMAaTh, YTO PEHTTEHOJIOTHYE-
CKHe U3MEHEHHUs B aKCHILHOM cKeJiete hOpMHUPY-
IOTCS JOBOJIBHO MEJJIEHHO, X C MOMEHTA IIOSIBJIEHUS
MEPBBIX KJIMHUYECKUX ITPOSIBJIEHUH /0 PEHTTEeHOJIO-
TUYECKUX MTPU3HAKOB CAKPOMJIMUTA MOKET IIPOUTH
HECKOJIBKO JIET, UTO SIBJIIETCA OJHOW W3 HPUYUH
HECBOEBPEMEHHOH MOCTAaHOBKU JarHo3a [32]. ATo,
B CBOIO O4Yepeab, NMPHUBOAUT K Oojiee 3HAYUMBIM
(pyHKIMOHATIBHBIM HapyIIEHUsIM, BBICOKUM 3aTpa-
TaM CO CTOPOHBI CUCTEMbI 3/IPABOOXPAHEHUs U YXY/I-
[IEHUI0 KAYecTBa KU3HU, UTO IMOJYEPKUBAET BAK-
HOCTh paHHeH pguarHocTuku axcCmA [26, 35].
Hapsaay c mocsieiHeli BCTaeT BOIPOC 0 Iierecoobpas-
HOCTY WHUIHAINU paHHeHd Tepamuu npu akcCrA. C
MOSIBJIEHUEM Pa3HBIX KJIACCOB JIEKAPCTBEHHBIX IIpe-
apaToB, CO3/IaHHBIX JIJIs JIEUeHHUs [Tal[ieHTOB C PEB-
MAaTOJIOTUYECKUMU 3a00JIeBaHUSIMU, HaOI0maeTcs

early axSpA: duration of axial symptoms (cervical/
thoracic spine/back/gluteal pain or morning stiff-
ness) is up to 2 years, regardless of the presence or
absence of radiological changes [41]. This will allow
researchers to design studies correctly, compare the
results obtained in relation to early and later stages
of the disease, and therefore obtain more reliable
data for understanding the effect of early treatment.

Secondly, positive treatment results have been
observed only in nr-axSpA with a symptom duration
of less than 5 years [39]. However, the fate of these
patients with nr-axSpA after treatment is discontin-
ued is unknown. There is evidence that within
2-10 years, nr-axSpA can progress to r-axSpA in
10—40% of cases [42].

Third, although there is no difference in the effect
of treating patients with early versus advanced stage
axSpA in the reviews presented [38, 39], this does
not mean that treating patients at the early stages is
no longer necessary. As is known, after diagnosis, the
main goal of treatment is to achieve the highest pos-
sible quality of life for patients by controlling symp-
toms and inflammation, preventing progressive
structural damage, and maintaining/normalizing
body functions [43]. For example, a large Czech
study demonstrated the effectiveness of TNF-a
inhibitors and the positive effect of therapy on
inflammation and disease activity specifically with
early intervention [44]. In addition, the quality of life
of patients is also affected by fatigue, sleep problems
and psychosomatic disorders, the likelihood of which
increases with a delayed diagnosis of axSpA [45]. In
recent American study further reported the detri-
mental psychological consequences of late diagnosis
in most patients, which could have been avoided
with the earlier diagnosis and treatment [46]. How-
ever, the potential harm of overdiagnosis and, there-
fore, inadequate treatment should not be overlooked;
therefore, it is important for clinicians to be able to
differentiate between other conditions that may
present with similar symptoms to axSpA [47].

Thus, the impact of early detection and timely
intervention on preventing the development of irre-
versible structural damage, improving quality of life,
and reducing the burden of disease may be crucial in
the management of patients with axSpA and should
be further researched.

PROGRESSION OF axSpA TO THE
ADVANCED STAGE AND IDENTIFICATION
OF POTENTIAL PREDICTORS

As mentioned above, typical for the advanced
stage is the process of ankylosing in the axial skele-
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TEHJIEHIIUS K CBOEBPEMEHHOMY BMEIIATEIbCTBY Ha
00paTUMBIX CTATUAX C IEIbI0 MTOTEHITHAIBHOTO TIpe-
JIOTBpAIlleHUs] Pa3BUTHs (DYHKIIMOHAJIBHBIX Hapy-
[IeHUH U PEHTIeHOJIOTHYeCKUX nu3MeHeHu. JlanHasa
KOHIIEIIMs M3BECTHA IO/ Ha3BaHHWEM <«OKHO BO3-
MOKHOCTEW» U HAIILJIa CBOE TIO/ITBEPKIEHNE B OTHO-
IIEHWH PEeBMAaTOWIHOTO apTputa [36, 37]. OgHaKo
MIpUMEeHeHWEe ATOH KOHIIENITUU IIPYU BEJIEHUHU TaIu-
eHTOB ¢ akcCHA Ha paHHUX CTaUAX ABJIAETCA CIIOP-
HBIM, YTO TIO/TUEPKUBAETCS B HETABHO OIyOJIMKO-
BaHHBIX 0030pax [38, 39], B KOTOPHIX aHAJIU3UPOBA-
JIUCH WCCJIEIOBAHUS, TIOCBSIIEHHbIE BJIUSHUIO PaH-
HeW Tepanuu Ha UCX0/bl acKCIA.

Bo-TmiepBhIX, CTOUT OTMETHTD, UTO B IIPOAHATIU3HU-
POBaHHBIX HCCIEIOBAHUAX MOHATHE «PAHHHUU aKc-
CnA» Tpakryercs mo-pasHoMy. I HecMoTps Ha TO,
YTO TEPMUH «PaHHSS TEPAINUs» YBEPEHHO yIOTpe-
OnseTcss B HAy4YHOM JIMTEpaType, OJIHO3HAYHOTO
orpesiesieHns «paHHUN akcCIIA», KOTOPO€E HCIIOJTb-
30BaJIOCH OBI IIPY ITPOBEJIEHUH HUCCIET0OBAHUH, TJTH-
TeJIbHOE BpPeMsl He CYIIEeCTBOBAJO [40]. B cBsA3m ¢
STUM MeXKAyHapoaHoe obOiiectBo ASAS B 2023 T.
pa3paboTasio KOHCEHCYC, B KOTOPOM cHOPMYJIHPO-
Bajio ompejiesieHue paHHero akcCHA: MPOJOJIKH-
TEJIbHOCTh aKCHUAIbHBIX CHMIITOMOB (00JIb B IIEIi-
HOM/TPYZHOM OT/ieJie/ClIiHe /ITOAUIAX UIN YTPEH-
HSIsl CKOBAHHOCTH) COCTaBJISIET /IO 2 JIET BHE 3aBUCH-
MOCTH OT HAJIMYHsI WJIN OTCYTCTBUS PEHTTEHOJIOTH-
YEeCKUX UBMEHEHUH [41]. DTO MO3BOJIUT yIEHBIM Irpa-
MOTHO IIJIAHUPOBATh HWCCJIEOBAaHUSA, CPAaBHUBATh
MOJIy4YeHHbIE Pe3yJIbTaThl B OTHOIIIEHUH PaHHEH U
Oosiee mo3AgHEN cTaguii 3ab0jieBaHUs, a 3HAYMT,
MOJIyYUTh 0OJiee HaJiesKHbIE JJAHHBIE JIJIST TTOHUMa-
HuA 3P PeKTa OT paHHEro JeUeHU.

Bo-BTOpBIX, MMOJIOXKUTEJIBHBIE PE3YJIBTAThI TEpa-
MUY HaOJIIOJAINCh JIUINh NPpU Hp-acKCHA ¢ iu-
TEJIbHOCTBIO CUMIITOMOB MeHee 5 jieT [39]. OmHako
JIJTbHENIas cy/b0a ATUX MaIlMeHTOB ¢ Hp-akcCoA
TIpY IPEeKpaIeHuH JedeHnus1 Hen3BecTHa. EcTh aH-
HBIE O TOM, YTO B TedyeHUe 2—10 JieT Hp-akcCoA
MOXKeT IIpoTrpeccupoBaTh 70 p-akcCHIA B 10—40 %
cayyaes [42].

B-TpeThux, HECMOTPSI HAa OTCYTCTBHE PA3JIUUUU B
adgdekre eueHns MAMEHTOB HA paHHEH u 0Oosiee
mo3aHen crajuu akcCIA B Mpe/ICTaBIEHHBIX 0030-
pax [38, 39], aT0 He 03HAUAET, UTO JIEUUTH MAIHEH-
TOB HAa PAaHHUX CPOKax OOJIbIlle HeT HeOOXOUMOCTH.
Kak usBecTHO, ITOCJ/IE TOCTAHOBKYU JIMAarHO3a OCHOB-
HOU II€JIBI0 JIEUEHUsI SIBJISIETCA JOCTHKEHUEe MaKCH-
MaJIbHO BO3MOKHOTO KaueCTBa JKU3HHU IAIIUEHTOB C
ITOMOIIbI0 KOHTPOJISI CHMIITOMOB U BOCIAJIEHUS,
MPEIOTBPAIIEHUs IPOTPECCUPYIOITUX CTPYKTYPHBIX
MOBPEK/IEHUN, a TaKKe COXpaHEHUs/HOpMaJIn3a-
nun pyHknui opranmsma [43]. Tak, mHampumep,

ton, after which the only way to help such patients is
surgery, and therefore, modern biologics or targeted
drugs are no longer effective in this situation. In turn,
there is no data on the incidence of spinal deformi-
ties requiring surgical treatment. The progression of
the disease is primarily associated with bone tissue
proliferation which is manifested by the growth of
syndesmophytes and the ankylosing process in the
spine and joints. However, it is still unknown what
factors lead to the development and progression of
disabling changes of the axial skeleton in patients
with axSpA. An important problem of advanced
axSpA is the lack of clear recommendations on pre-
dictors of SpA progression, methods of activity mon-
itoring, highlighting the characteristics of the disease
to prevent progression to the surgical stage. How-
ever, before talking about potential predictors, it is
necessary to focus on the features of the pathophysi-
ological processes of axSpA.

Today, it is believed that the cause of axSpA pro-
gression is an osteoproliferative phenomenon, which
is characterized by the presence of osteoclastic and
osteoblastic mechanisms. One of the most important
manifestations of axSpA is bone formation (BF)
which is accompanied by the process of bone resorp-
tion. Like many inflammatory diseases, in this situa-
tion there is an imbalance of these pathophysiologi-
cal processes, which leads to the appearance of
enthesophytes, syndesmophytes, ankylosis and,
simultaneously, bone erosions in axSpA [48, 49].
Such predisposition of the skeleton is associated with
an abnormal immune response to mechanical stress
and associated repetitive tissue microdamage, fol-
lowed by excessive tissue repair and remodeling
[50]. Thus, it is currently believed that BF is an exces-
sive tissue response to mechanical stress and inflam-
mation, as well as an imbalance between activation
and inhibition of the Wnt/[-catenin signaling path-
way [48, 51]. Wnt/p-catenin pathway signaling is
regulated by various inhibitors. The best known are
sclerostin and the Dickkopf (Dkk) family of secreted
proteins, namely Dkk-1 [52].

Sclerostin, a glycoprotein encoded by the SOST
gene, is an important protein in the response to
mechanical stress, expressed mainly by mature
osteocytes, shortens the lifespan of osteoblasts by
activating apoptosis, and is a regulator of bone for-
mation by inhibiting the canonical Wnt signaling
pathway [52, 53]. Sclerostin reduces the level of
osteoprotegerin, which has a catabolic effect through
stimulation of the formation and activity of osteo-
clasts [54]. Various studies have shown that the
lower serum sclerostin levels are associated with
radiographic progression in patients with axSpA
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KPYITHOE YEIICKOe HCCIIE0OBAaHHE ITPOJIEMOHCTPHUPO-
Bas1o apdexTuBHOCTh HHTHONTOPOB ®HO-0 1 1moJ10-
JKUTEJbHOE BJIMSIHHE Tepaluyd Ha BOCHAJIEHUE U
aKTUBHOCTD 3a00J1€BaHUSI HMEHHO IIPH pAaHHEM BMe-
marenascTtBe [44]. IloMuMO B3TOro, Ha KadecTBO
JKU3HU TAIIUEHTOB TAKMKE BIIUAIOT YTOMJISEMOCTb,
Mpo0JIEMBI CO CHOM H IICHXOCOMAaTHYECKHE pac-
CTPOMCTBA, BEPOSTHOCTH BOBHUKHOBEHUS KOTOPBIX
MOBBIIIAETCsA ¢ OoJIee 3a03/1aI0N IOCTAHOBKOM Jira-
rHo3a akcCrA [45]. HelaBHee ameprUKaHCKOe HCcIIe-
JIOBaHUE JIOTIOJTHUTETLHO OTMETHIIO Y OOJIBIITHCTBA
MMAI[AEHTOB IaryOHbIE IICHXOJIOTHYECKHE IOCTIE-
CTBUSI ITO3THEN TUATHOCTUKH, KOTOPBIX MOKHO OBLIIO
OBl M30ekaTh MpH OoJlee paHHEW ITOCTAHOBKE JIHa-
TrHO3a U JieueHuu [46]. OJHAaKo He CTOUT 3a0bIBATh O
IMOTEHIINAJIBHOM BpE€Jle UYPE3MEPHON JTUAarHOCTHKH
U, CJIeIOBAaTEJIbHO, HEaJIeKBaTHOTO JIEYEHHs, I103-
TOMy BpauaM BaXHO yMeTh auddepeHIpoBaTh
JIDyTHE COCTOSTHUS, KOTOpPBIE MOTYT IIPOSBJIATHCS
cXOomHbIMU cuMnToMaMu ¢ akcCrA [47].

Takum 06pa3oM, BIUSHUE PAHHETO BBISBJIEHUS U
CBOEBPEMEHHOT'O BMEIATEIHCTBA HA TIPEAOTBpAIIie-
HUE Pa3BUTUA HEOOPATHUMBIX CTPYKTYPHBIX IIOBPEK-
JIEHUH, YJIydIlleHue KauecTBa >KU3HH, CHUKEHHE
OpemMeHH 0OJIE3HU MOKET UMETH PeIlalolee 3HaJe-
HHE TIpU BeJIeHUU manueHToB ¢ akcCIA u tpebyer
JlAJIbHEUIIIEr0 U3yYeHU .

ITPOTPECCUPOBAHME akcCuoA B ITIO3/1-
HIOIO CTAZINIO 1 BBIZIEJIEHUE ITOTEH-
IMUAJIBHBIX ITPEIUKTOPOB

Kak y»ke ObLIO CKazaHO BbIIE, TUIIAYHBIM JJIS
MIO3/THEN CTaJUU SIBJISIETCS MPOIIECC aHKUIO3UPOBa-
HUSI B aKCHAJIBHOM CKeJIeTe, 110 3aBEPIIEHUH KOTO-
POTO eTUHCTBEHHBIM CIIOCOOOM ITOMOYb TAKMM a1~
€HTaM SIBJIAETCS XUPYyPruyeckoe BMEIIaTeIbCTBO, a
3HAYUT, COBPEMEHHbIE OUOJIOTHUECKUE WJIM TapreT-
HbIE IIPeNnapaThl B JTAHHOU CUTYAIUU Y2Ke O€CCUIbHBL.
B cBoro ouepensp, TaHHBIX 0 YacToTe (OPMUPOBAHUA
nmedopManuii T03BOHOYHUKA, TPEOYIOIINX XUPYPTHU-
YecKoTo JieueHus1, HeT. [IporpeccupoBanue 3abosie-
BaHWs IEPBOOYEPETHO CBSA3AHO C MpoJiHdepamnuei
KOCTHOU TKaHW, YTO MPOSBJISETCS POCTOM CHHJIEC-
MOGMUTOB UM MPOILECCOM AHKWJIO3UPOBAHUA IO3BO-
HOYHHUKA M cycTaBoB. OJHAKO JI0 CHUX IIOp HEU3-
BECTHO, Kakue (haKTOphl MPUBOAAT K PA3BUTHIO U
MIPOTPECCUPOBAHUI0 MHBAIUU3UPYIONINX H3MeHe-
HUU aKCUaJILHOTO CKeJIeTa y MaIrueHTOB ¢ akcCrA.
BaskHoii mpo6sieMoi mo3uel ctaauu akcCIA siBJis-
€TCsl OTCYTCTBUE UETKUX PEKOMEHJIAlUH IO Tpeu-
KTopaM mporpeccupoBanus CIA, MeTogaM KOHTPO-
JINPOBAHUSI aKTHUBHOCTH C BBIZIEJIEHUEM OCOOEHHO-
cTell TeueHUs 3a00JIEBaHUA JJIA MPEIOTBPAIIEHUS

compared with healthy controls [55, 56]. Another
potential predictor of progression could be the Dkk-1
protein. It is also an antagonist of the Wnt/B-catenin
pathway, is involved in bone formation through the
regulation of proliferation and differentiation of
osteoblasts and osteoclasts, and also activates
sclerostin, inhibiting additionally the Wnt pathway
[57]. It is worth noting that the level of Dkk-1 posi-
tively correlates with the level of sclerostin and with
markers of systemic inflammation (erythrocyte sedi-
mentation rate and C-reactive protein) [58]. In addi-
tion, at high levels of Dkk-1, syndesmophytes were
not detected and, as a rule, a low mSASSS (modified
Stoke Ankylosing Spondylitis Spinal Score) was
observed. Thus, in the study by Klingberg et al. [59],
AS patients with zero mSASSS had higher Dkk-1 val-
ues compared to those with mSASSS >20. In turn, in
another German study, a high level of Dkk-1 was a
predictor of the absence of syndesmophyte forma-
tion [60]. Interesting data regarding Dkk-1 were
obtained in a recent study, which has found that
patients with axSpA had decreased Dkk-1 expres-
sion, but an increased osteoblast activity and miner-
alization capacity [61]. All these data suggest that the
Wnt signaling pathway may contribute to the forma-
tion of syndesmophytes in axSpA, and high levels of
Dkk-1 and sclerostin, on the contrary, indicate a low
probability of ankylosis progression in patients with
axSpA.

Adipokine visfatin can be considered as a third
potential predictor [62]. It is known that visfatin
promotes matrix mineralization of osteoblasts and
also suppresses the development of osteoclasts dur-
ing formation and differentiation [63], which may
explain the association observed with radiological
progression of AS [64]. Syrbe et al. showed an asso-
ciation of the higher visfatin levels with the worse
radiographic mSASSS after 2 years [65]. These
results were confirmed in another cohort of patients
with AS: changes in visfatin levels were associated
with mSASSS progression over 4 years [64]. Thus, it
can be assumed that patients prone to progression of
axSpA will have low levels of sclerostin and Dkk-1,
but high levels of visfatin.

CONCLUSION

AxSpA, with its diverse clinical picture and not
always predictable course, continues to arouse great
interest among modern doctors and scientists. Do
not forget that this nosology occurs mainly among
the working-age population. In delayed diagnosis
and the advanced stage, patients are prone to higher
disease activity, formation of structural lesion, which
can lead to disability, loss of working capacity and
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[IPOTPECCUPOBAHUA B XUPYPIUUECKYI0 CTafuIo.
OnHako, Ipek/ie YeM TOBOPUTH O MOTEHITHATIbHBIX
MIPEANKTOPAX, HEOOXOAUMO 0OPATUTHCS K OCOOEHHO-
CTAM MAaTOopU3NOIOTUIECKUX TTpOoIleccoB aKCCITA.

Ha ceropgHsIIHUI IeHb CUUTAETCA, UTO MPUYUHU-
HOU mporpeccupoBaHus akcCHA ABJIAETCA OCTEO-
nposiidepaTUBHBIA (PEHOMEH, KOTOPBIN XapaKTepH-
3yeTcsl HAJIMYKMEM OCTEOKJIACTUUECKHX U ocTeobia-
CTHYECKUX MeXaHU3MOB. OTHIM U3 CaMbIX BaXKHBIX
nposiByieHn# akcCHA sBJIsieTcsI HOBOOOpa3OBaHHE
xoctHoit Tkauu (HOKT), KoTopoe cOmpoBOIK/IaeTcst
MPOIIECCOM KOCTHOU pe3opbuuu. I1o106HO MHOTUM
BOCIIJINTEILHBIM 3200J1€EBAaHUAM, B JJAHHOU CHUTya-
nuu HabsozaeTcs aqucbaaHe dTUX MaTO(PU3NO0JIO-
THYECKUX IPOIECCOB, KOTOPHIY IPUBOIUT K TOSIBIIE-
HUI0 3HTEe30(pUTOB, CUH/IECMO(UTOB, aHKUI03a U
OTHOBPEMEHHO KOCTHBIX B5po3uii mpu axcCmA
[48, 49]. Takas mnpeapacrnoiOKEHHOCTb CKeJeTa
CBs3aHA C AHOMAJIBHBIM HMMYHHBIM OTBETOM Ha
MeXaHUYECKUH CTPeCC U CB3aHHBIMU C HUM IIOBTO-
PAOIIUMUCA MUKDPOIIOBPEXKIEHUSAMHN TKaHEH, 3a
KOTOPBIMH CJIEAYIOT 4Ype3MepHasd pemnapanus u
pemojenpoBanne Tkanew [50]. Takum obpasom, B
Hacrosee Bpems cuntaercs, 9to HOKT — aTo upes-
MepHasi peakIus TKaHEH Ha MEXaHHYECKHUH CTPecC 1
BOCIIaJIeHUE, a TaK)Ke HapyllleHue OayaHca MexIy
aKTUBaNVed W TOPMOXXEHUEM CHUTHAIBHOTO IIyTH
Wnt/B — katenun [48, 51]. CurHamusanus IyTd
Wnt/B — KaTeHWH peryaupyercsi pPa3JTHIHBIMU
narnbuTopamu. Hanbosiee M3BECTHBIMU SIBJISTIOTCS
CKJIEPOCTHH U CEMEUCTBO CEKPETHUPYEMBIX OEJTKOB
Dickkopf (Dkk), a umernno Dkk-1 [52].

CrJIEpOCTHH — IVIMKOIIPOTEWH, KOJUPYeMBbIH
reHoM SOST, siByisieTCs BRXKHBIM OEJTKOM PEAKIINU Ha
MeXaHUYECKUH CTpecc, SKCIPECCUPYETCS B OCHOB-
HOM 3PeJIBIMH OCTEOIUTAMHU, COKPAIIIAET IIPOI0JIKHU-
TeJIbHOCTD JKU3HHU OCTE00JIACTOB ITyTEM AKTHUBAIUIU
aronTo3a U SIBJISETCA PErysiTopoM GOPMUPOBAHUS
KOCTHOU TKaHMU 32 CUET WHTHOMPOBAHUSA KAHOHUYE-
ckoro Wnt-curasgpHoro mytd [52, 53]. CkiepoctuH
CHHU’KAeT ypOBEHb OCTEOIPOTET€PHHA, YTO OKAa3bI-
BaeT KaTabOJIMYECKOe JIeWCTBUE Uepe3 CTUMYJIHPO-
BaHue 00pa30BaHUA U AKTUBHOCTH OCTEOKJIACTOB
[54]. Pasnuunble wuCCIeIOBAaHUS IOKA3aIHU, UTO
00Jlee HUBKUU YPOBEHb CKJIEPOCTHHA B CHIBOPOTKE
KPOBU CBfI3aH C PeHTreHorpaduIecKUM IIPOTPeccu-
poBaHueM y manueHToB ¢ acKCIA 10 CpaBHEHUIO CO
37I0POBBIMH JIIOABMU [55, 56]. I pyrUM MTOTEHITHATb-
HBIM [IPEANKTOPOM IIPOTrPECCHPOBAHMS MOT OBI CTATh
6emok Dkk-1. OH Taxxe sABJISETCS aHTarOHHUCTOM
mytd Wnt/[3 — kaTeHHIH, y4acTByeT B QOPMHUPOBAHUU
KOCTHOU TKQHU Yepe3 PerysAnuio MpoIndepanui u
g depeHIPOBKU 0CTE00IACTOB U OCTEOKJIACTOB, a
TaKKe aKTUBUPYET CKJIEPOCTHUH, CO3/aBast OTIOTHU-

decreased quality of life. Attempts are being made to
identify factors for delayed diagnosis, for example,
female gender, young age at the onset of the disease,
HLA-B27 negativity, the presence of psoriasis, uve-
itis, etc., but there are still no unambiguous data on
this matter. Simultaneously, the feasibility of early
diagnosis and early therapy is discussed; well-
designed long-term studies are required to demon-
strate their beneficial effects for patients with axSpA.
Also, recently, the question of identifying potential
predictors of axSpA progression has been raised
quite often. The most suitable candidates would be
sclerostin, Dkk-1 and visfatin. The development of
parameters associated with the possibility of being
used as potential markers of the progressive course
of SpA into a disabling condition continues and
requires development due to the high social signifi-
cance of axSpA as a disease in subjects of the prime
working age and childbearing age.

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

TesibHOEe WHrHOMpoBanne Wnt-nmytu [57]. Crour
OTMETHUTb, UYTO ypoBeHb DKK-1 mMosI0:KUTETFHO KOP-
peJIUpYEeT C YPOBHEM CKJIEDOCTUHA M C MapKepaMu
CUCTEMHOTO BOCHaJIeHUsl (CKOPOCTh OCEJaHUs BPHU-
Tpo1uToB u C-peakTUBHbBIN 6eJ10K) [58]. Kpome Toro,
pu BBICOKUX YpOBHAX DKK-1 He BBIABJIAINCH CHH-
JlecMoUTHI U, KaK IPABUIO, HAOIIOAAICA HU3KUN
mSASSS (modified Stoke Ankylosing Spondylitis
Spinal Score). Tak, B uccienoanuu E. Klingberg
et al. [59] 6ospHBIE AC ¢ mMSASSS, paBHBIM 0, UMETN
6otee BoIicokme mokazarenu Dkk-1 o cpaBHeHHIO ¢
TeMH, y Koro mSASSS 6wt >20. B ¢BOIO 04Yepenp, B
JIPYTOM HEMEITKOM HCCJIEIOBAHUH BHICOKUI YPOBEHD
Dkk-1 6pU1 IpeUKTOPOM OTCYTCTBHS 0OpPa30BAHUSA
cuHziecMouTOoB [60]. IHTEpECHBIE JaHHBIE OTHOCH-
TesibHO DKK-1 6bLIH TTOIyYEHBI B OJTHOM U3 TTOCJIE/-
HUX HCCIEIOBAaHUM, B KOTOPOM OBLJIO 0OHAPY?KEHO,
4To y manueHToB ¢ akcCIA CHUKEHA 3KCIIpeccust
Dkk-1, HO mpu 5TOM TOBBIIIIEHA AKTUBHOCTH OCTEO-
6J1acTOB U CIIOCOOHOCTH K MUHepanu3anuu [61]. Bee
3TH JJaHHBIE CBUJIETEJIHCTBYIOT O TOM, UTO CUTHAJIb-
HBIU yTh Wnt MO3KeT crioco6CTBOBATh 00Pa30BAHHUIO
cuaziecMouToB mpu akcCoA, a BBICOKHE YPOBHH
Dkk-1 u ckiepocTrHa, HA060POT, TOBOPSAT O HU3KOM
BEPOSITHOCTHU MPOTPECCUPOBAHUS aHKUJIO3a y AU~
eHTOB ¢ akcCHA.

B kauecTBe TpEThETO MOTEHI[UAJIIBHOTO IPEU-
KTOpa MOXKHO PacCMOTPETh AAUIOKUH BUCHATHH
[62]. WsBectHO, uTO BHUChATUH CrIOCOOCTBYET
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MaTPpUYHON MIUHEPATU3AIUH OCTE00IIACTOB, & TAKXKE
[I0/IaBJIsIeT PA3BUTHE OCTEOKJIACTOB HA CTAUAX HOp-
MUpoBaHUA U AubGepPeHITUPOBKH [63], UTO MOKET
00BACHUTH HAOTIOIAEMYIO CBA3H C PEHTT€HOJIOTHYe-
ckuM mporpeccupoBanueMm AC [64]. B uccienosa-
uuu U. Syrbe et al. 6p171a OTMeUYeHa CBSI3b MOBHIIIEH-
HOTO YpOBHA BUCGhATHHA C YXYAIIEHUEM PEHTTeHO-
rpadudeckoro mokasatenss mMSASSS uepe3 2 rosa
[65]. DTu pesynbTaThl OBLIN TOATBEPIKAEHBI MIPU
aHaym3e APyrou KOropTel namueHToB ¢ AC: nu3mene-
HUe YpoBHA BucdaTHHA OBLIO CBA3aHO C POCTOM
mokasaresiss mSASSS Ha 4 wiu 6oJiee IyHKTA B TeUe-
HUeE 4 JieT [64]. Takum 06pa3oM, MOKHO MIPEJIIOJIO-
JKUTh, UTO Y TAIUEHTOB, CKJIOHHBIX K IIPOIPECCHPO-
BaHuio akcCoA, GyAyT BBISBJIEHBI HU3KHE YPOBHHU
cxirepoctrHa U Dkk-1, HO mpu 3TOM BBICOKHE IOKa-
3aresu BucdaTuHa.

3AK/IOYEHUE

3aboseBanue akcCA co CBOeil MHOTOOOpa3HOM
KJIMHAYECKOU KapTUHOHW U HeE BCEr/a IpeJicKasye-
MBIM T€YEHUEM IIPO/IOJIKAET BbI3BIBATH OIPOMHBIN
MHTEpEeC y Bpauell U y4eHbIX coBpeMeHHOCTH. He
CTOUT 3a0bIBaTh, UTO JAaHHAs HO30JIOTHS BCTpeua-
€TCs NPENMYIIeCTBEHHO CPeJIU HaCeJIeHUSA TPYZO-
croco6HOTO BO3pacTa. B ciydae 3amospmanoil qua-
THOCTUKY U (OPMHUPOBAHUS O3[HEHN CTAINH TAI[1-
€HTBI CKJIOHHBI K 60JIee BBICOKOW aKTUBHOCTH 3a00-
JieBaHusi, GOPMHUPOBAHUIO CTPYKTYPHBIX MMOBPEXK-
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JIEHUH, KOTOPble MOTYT MPUBECTH K WHBAJIWIH3a-
MU, I0Tepe TPYAOCIOCOOHOCTH U YXY/UIEHHIO
KayecTBa KU3HU. [IpeAnpUHUMAIOTCA IMOIBITKH
BBIIETTUTH (DAKTOPHI MO3/THEN IMATHOCTUKU, HATIPHU-
Mep, TaKHWe KaK *KEHCKUU I0JI, MOJIOJIOW BO3PacCT
nebrora 3abosieBanus, HLA-B27-oTpunarenbHbIi
pesyabTaT, HaJu4yWe Icopuasa, yBeuTa u T.[I.,
OJTHAKO /IO CHX IIOP OHO3HAYHBIX JAHHBIX HA 3TOT
cuer HeT. OFHOBpPEMEHHO OOCYXKIAeTcs Iiesie-
c000pa3HOCTh paHHEH JIUArHOCTUKH U paHHEH
Tepamnuu; s J0KA3aTeIbCTBA UX IOJIOKUTEIb-
HOTO BJIMSIHUA Ha mainueHToB ¢ akcCIA Tpebyercs
MPOBeJIeHHEe TPAMOTHO CIUIAHUPOBAHHBIX JIOJITO-
CPOUHBIX uccaefoBaHui. Takke B MOcCaeaHee
BpeMs JIOBOJIBHO YacCTO IOJHUMAETCS BOIPOC O
BBISIBJIEHUU IOTEHITUAJIBHBIX IPEJHUKTOPOB IIPO-
rpeccupoBanusa akcCnA. Hanbosiee moaxoasmumMu
KaHIUIaTaMU MOTIJIM ObI cTaTh cKyiepocTuH, Dkk-1
u Bucharus. PazpaboTka mapameTpoB, aCCOIUUPO-
BAHHBIX C BO3MOXKHOCTBIO MHCIIOJIb30BAHUS KaK
MIOTEHIIUAJIBHBIX MAapKepPOB IMPOTPECCUPYIOIIETO
TeueHus CHA B MHBAJIUAU3UPYIONIEE COCTOAHUE,
MIPOOJIKAETCs U TpeOyeT pa3BUTHUS B CBSI3U C BBICO-
KOH colMasIbHON 3HaYMMOCTbI0 akcCIA kak 3a0o0-
JIEeBaHUS JIUI] HauboJiee TPYAOCIOCOOHOTO U JIETO-
POZHOTO BO3pacra.

KoH@uuKT HHTEPECOB. ABTOPHI 3aBJIAIOT 00
OTCYTCTBUU KOH(JINKTA UHTEPECOB.
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TPEBOBAHUNA K ITPEJOCTABJIEHNIO MATEPUAJIOB
JJIA ITYBJINKAIIMN B JOURNAL OF SIBERTAN MEDICAL SCIENCES

B Journal of Siberian Medical Sciences (manee —
JSMS) ny6IuKyI0TCs HaydHble 0630phI U CTaThH IO
MEJIUITMHCKUM HayKaM, ITOATOTOBJIEHHBIE TI0 MaTe-
puajiaM OpWTHMHAJIBHBIX HAyYHBIX HCCJIEJOBAHHUU.
JSMS BBIXOIUT 4 pasa B rof,.

TpeboBanus, TpeAbABIsIeMble K ITyOIUKAIU-
aM B JSMS, copmynupoBaHbl ¢ yuyeToM TpeboBa-
HUU, TPEbSIBISIEMBIX K PEIIEeH3UPYEMbIM HAy YHBIM
WU3JTAaHUAM, B KOTOPBIX JIOJI?KHBI OBITH OIyOJTUKOBA-
HBI OCHOBHBbIE HAayYHbIE Pe3yJIbTAThl UCCEPTAIIUI
Ha COWICKAaHWE YUYEHOU CTENEeHH KaHJuaaTa U JOK-
TOpa HayK.

CraTby, OTIIpAaBJIEHHbIE aBTOPAMU B JIPyTHE W3-
JIaHUs W/WIA HalleyaTaHHbIe pPaHee B HUX, K OIy0-
JINKOBAaHUIO HE TPUHUMAIOTCS.

I[Ipy onucaHUM HAYYHO-UCCIIENOBATEIHCKHUX
KJIMHUYECKUX paboT ¢ MIpHBJIEYEHUEM YeJOBeKa
B KauecTBe OObEKTa MCCJIEZIOBAHUS ABTOPBI JOJIK-
HBI YKa3aTh, COOTBETCTBOBAJIA JIU OHH MeEKIyHa-
POAHBIM M POCCUHCKHUM 3aKOHOJATEJIbHBIM aKTaM
0 IOPUIMYECKUX U DTUUECKUX MPUHITUIIAX METUKO-
OUOJIOTUUECKUX UCCIIeIOBAaHUH Takoro poja. He mo-
IyCKAETCS HCIOJIb30BaHUE (PaMUJINNA, WHUIAATIOB
OOJIBHBIX U HOMEPOB HcTopuil Oose3nu. IIpu omu-
CAaHUM SKCIEPUMEHTOB Ha JKHUBOTHBIX HEOOXOmH-
MO YKa3aTh, COOTBETCTBOBAJIO JIU COZIEPIKAHIE U UC-
ITOJIb30BaHUE JIAOOPATOPHBIX }KUBOTHBIX ITPABHUJIAM,
MPUHSATHIM B YUPEKJIEHUH, PEKOMEHTAIUAM HaIlu-
OHAJILHOT'O COBETA II0 MCCJIEIOBAHUAM, HAITHOHAb-
HBIM 3aKOHAM.

ABTOpCKHE ITpaBa cOOJIIOIAIOTCS B COOTBETCTBUU
¢ I'paxkganckum kogexkcoM Poccutickon ®enepariuu
(4. 4) ¥ APYTUMH JAEUCTBYIOIUMU HOPMATHUBHBIMU
JIOKyM€eHTaMH1. ABTOPBI HECYT IIOJIHYIO OTBETCTBEH-
HOCTb 32 COJIEp>KaHUE CTaTewn.

B penmaknuio JSMS aBTOpHI IOJKHBI TIPEAOCTA-
BUTB:

1) 2/1eKMPOHHYIO 8epculd CMambvll, MOATOTOB-
JIEHHYIO B COOTBETCTBUH C TPEOOBAHUAMH K 0(pOPM-
JIEHUIO CTaTeU, U3JI0KEHHBIMU HUKE;

2) opu2uHa/n cmamsu B IEYaTHOM BHU/JIE C yKa3a-
HUEM TOpPOJia, IaThl, GaMUIUU C TIOAIIUCHI0 KaXKI0-
ro aBTopa (Ha mocJieJIHEN CTpaHHUIlE), BU30H «B Tie-
YyaTh» U IOAIUCHIO (HA IIEpBOI CTPAHHUIIE) 3aBeEy-
o1ero kadgepoi MM WHOTO JOJIPKHOCTHOTO JINIIA
opraHu3saiuu, Ha 6a3e KOTOPOU BBHITIOJIHEHO HCCIIE-
JIoBaHUE. ABTOPBI TIPEIOCTABJSIOT CTaTbU B PelaK-
MO JIMYHO UJIH TI0 TIOYTE;

3) coenacue Ha TyOJHKaANUo0 cTatbu B JSMS
u 00paboTKy TepCOHAJIbHBIX JTaHHBIX aBTOPOB (3a-
MOJTHSIETCS KaK/IbIM aBTOpoM) (cM. Ha carite HTMY:
https://jsms.ngmu.ru/zayavlenie_jsms.doc);

4) nns corpyauukos ®I'BOY BO HI'MY Mus-
3npaBa Poccuu (manee — HI'MY) — axcnepmHoe
3axaoveHue OTAesa KOOpAWUHAIMH (deaepabHbIX
MIPOrpaMM, KOHKYPCHBIX MPOEKTOB U MHHOBAIIOH-
HOTO Pa3BUTHUSA yIPaBJIEHUs II0 HayKe, MHHOBAI[U-
sam u uapopmatusanuu HI'MY (cm. www.ngmu.ru);
JULsT CTODOHHHUX aBTOPOB — HanpasaeHue Ha onyo-
AuxosaHue Ha (GpupMeHHOM OJIaHKE OpraHH3aIlUH,
Ha 6a3e KOTOPOH BBITIOJIHEHO OPUTHHAJIPHOE HAy4-
HO€ HCCJIeJIOBAHME, 3a IOJIUCHI0 OTBETCTBEHHOIO
JIOJIZKHOCTHOTO JINIIA.

ITPABUJIA O®OPMJIEHHU A PYKOITUCEN

1. TekcT cTaThu HAOUPAETCS B TEKCTOBOM peZlaK-
Tope Microsoft Word, Open Office u ap., Bce mosns
2 cMm, mpudt Times New Roman, kerip 12, Mex-
CTPOYHBIN HHTEPBAJI 1,5. TekeT cTaThbul HEOOXOAMMO
HampaBuTh B pefaknuio JSMS B BUJie OTAEIBHOTO
daitna ¢ ykazanuem ®11O nepBoro aBropa — MBa-
uoB WU.U. tekct.doc. JlomyckaeTcst oTmpaBka daii-
Ji0B B popmartax doc, docx.

2. ®MIO aBTOpOB HAOWpaeTCs CTPOUYHBIMH OYK-
BaMM KYPCHUBOM Ha PyCCKOM s3bIKe. VIHHITMAIIBI
nomermaoTcs nepex damuaneir apropa. [lopanok,
B KOTOpPOM Oy/IyT YKa3aHbI aBTOPBI, OIIPENIEIAETCS
UX COBMECTHBIM peIlleHUeM.

3. Topon u HazBaHue MecT pabOTHI aBTOPOB
oopMIISIOTCA CTPOYHBIMU OyKBaMH KypPCHBOM
Ha pyCCKOM f3bIKe.

4. CraTbs [IOJDKHA COZEp:KaTh AaHHOTAIIHIO
Ha PyCCKOM fI3bIKE. B aHHOTAIIUH JIOJI?KHBI OBITH U3-
JIO’KEHBl IeJIM HCCJIe/JOBaHUA, OCHOBHBIE IIpOlle-
JIlypbl, pe3yJIbTaTbl OPUTUHAJIBHBIX HCCIEAOBAHUN
¥ BBIBOJIBL. [10J1 aHHOTAIIMEN TTOMeEIaeTcs MoI3aro-
J10BOK «KitoueBbie c10Ba», IOCjae HEro 10 10 K-
YeBBIX CJIOB WJIM KOPOTKHUX (pas, KOTOpble OyayT
CIIOCOOCTBOBATh TPABUJIBHOMY HMHEKCHPOBAHUIO
CTaThU B IIOMCKOBBIX CUCTEMax U CUCTeMax LIUTHUPO-
BaHUsA. AHHOTAIIMIO HEOOXOJUMO HAIIPABUTh B pe-
gaxmuio JSMS BMecTe ¢ TEKCTOM CTaThbU B BHUJIE OT-
nenpHOTO (daiia ¢ ykazanuem ®1O mepBoro aBTo-
pa — WBanoB WM.U. annorarus.doc. Takike mpezo-
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CTaBJIAIOTCA CBEJIEHIUS O KaXKA0M U3 aBTOPOB: haMu-
JINSA, UM, OTYECTBO (IIOJTHOCTBHIO HA PYCCKOM SI3BIKE
U B TPAHCJIUTEPAIINH), YUeHbIe 3BAHUSA U YUeHasI CTe-
TIeHb, TOJKHOCTh, MECTO PaboThl, pabounii TeaedoH
U aJipec 3JIeKTPOHHOM mouThI (e-mail). CBezeHus He-
ob6xoauMBI 711 06paboTKY MybIuKaIuii B 6ase gaH-
HbIX Poccniickoro nHAeKca HAYIHOTO ITUTHPOBAHUS
U PYTUX cCUCTEMaX IUTUPOBAHMA. AHHOTAIUS, KITI0-
yeBble CJI0Ba, nHpoOpManus 06 aBTopax U Ha3BaHUeE
VUpEXIEHUH AOJKHBI OBITh TAKXKe ITPEIOCTABIEHBI
Ha aHTJIMHACKOM SI3bIKE.

5. TabauIpl MOMENAIOTCS B TEKCT cTaThu. Tabu-
IIbI JIOJKHBI OBITH MTPOHYMEPOBAHBI IIOCIIETIOBATETHHO
B COOTBETCTBHUU C ITOPSAKOM, B KOTOPOM OHH YIIOMH-
HAIOTCsA B TeKcTe (Harmpumep, TabJl. 1, Tabst. 2 U T. 11.).

6. PucyHKU BCTaBJIAIOTCA B TEKCT CTATBhH, a TaK-
JKe IIPeJIOCTABJIAIOTCS B BHJIE OT/E/IbHBIX IIPOHYMe-
poBaHHBIX (ailioB ¢opmara .jpg win .gif ¢ paspe-
meHueM He MeHee 300 dpi. PucyHku mOJKHBI OBITH
KOHTPACTHBIMU U YETKUMHU, OYKBBI, HUGPBI U CHUM-
BOJIBI HA HUX JIOJI’KHBI OBITh PA3JIMUUMBI. PHUCyHKa-
MU CYHTAIOTCA I'padUuKy, peHTreHorpaMMbl, GhOTo-
rpaduu wau JroOble Jpyrue rpaduueckue 0ObeK-
ThI. ®oTOrpadu el He TOJIKHBI ObITH Y3HABae-
MBIMH, JTUOO K HUM JIOJKHO OBITH ITPUJIOZKEHO ITHCh-
MeHHOe paspellleHre Ha UX IIyOJuKaiuo. PucyHkn
JIOJKHBI OBITh MPOHYMEPOBAHbI IMOCJIEIOBATETHHO
B COOTBETCTBUU C MOPSAIKOM, B KOTOPOM OHHU BIIED-
BbI€ YIIOMHUHAIOTCSI B TEKCTE — PHUC. 1, PUC. 2 U T. [I.
IMoamucu pa3MenialTcs B TEKCTE IOJT PUCYHKAMHU.
B nmoamucax k mukpodororpadusaM ykKasblBaeTcsA
CTEIeHb YBeJTMYEHU U CII0CO0 OKPACKHU.

7. B TEKCTe CTaThU UCIIOJIH3YIOTCS CIIEAYIONIHUE 3a-
TOJIOBKU: BBeJIEHUE, IIeJIh FCCJIEZIOBAHUS, MaTepra-
JIB 1 METOJIbI, PE3YJIBTATHI U 00CYK/IeH1e, 3aKITI0Ue-
HUeE, CIIUCOK JINTEPATYPHI.

8. Hcnonb3yoTes TOJIBKO CTaHZAPTHBIE OOIIIe-
MpUHATHIE cOKpameHus (abbpesuarypsl). He mpu-
MEHSIOTCS COKpAIlleHUsI B Ha3BaHUU cTaThu. I[loji-
HBI TEPMUH, BMECTO KOTOPOT'O BBOAUTCS COKpAIIe-
HUe, JOJKEH IIPEAIIeCTBOBATh IIEPBOMY UCIIOJIH30-
BaHUIO TOTO COKPAIIEHUS B TEKCTE.

9. O06s13aTeIPHO HAJIMYWE CITHCKA JIUTEPATYPHI.
Bubnuorpaduyueckue CChIKM B TEKCTE CTAThU Ja-
I0TCsA apabckuMu 1udpaMu B KBaJpaTHBIX CKOO-
KaX, B IIOJTHOM COOTBETCTBUU C HyMepaIuel crucka
suTeparypsl. CCUIKU B TeKCTe CTAaThU JIOJIKHBI /1a-
BaThCs MOCJIEIOBATEIBHO IO Bo3pacTanuio: [1]...[2]...
[3]... u T.1. Pa3BepHyTOE OMMCaHUE UCTOUHUKA B CITH-
cke yutepaTypsl npegoctapiasgoTesa mo 'OCT 7.0.5-
2008. Crucok JuTepaTypshl AOJKEH COZlep:KaTh IIy-
OGmKaIuu 3a MoCJIeIHUE 5 JIeT. B crimcke siurepary-
pbI Bce MH(POPMAIMOHHBIE UCTOYHUKU IT€PEIUCIIA-
IOTCs B IOPSIZIKE UX ITUTHPOBAHUS.

10. Pegaxmus JSMS Gepet Ha cebs mpucBOeHUE
KaXK/Iol mybsinKyeMo# cratbe HoMepa Y/IK u ocy-
IIECTBJIEHUE TIOJTHOTO IIepeBO/ia CTaThU HA aHIVIMH-
CKUU A3BIK.

11. CTaThbH, HE COOTBETCTBYIOIIHE YKA3aHHBIM pe-
JlakIend TpebOBaHUAM, K OITyOJIMKOBAHUIO HE TIPU-
HHUMAIOTCA.

IMOPAAOK PEITEH3MMPOBAHUA
PYKOIIUCEN, TIPUHUMAEMBIX
AJIA ITYBJINKAIIN N

1. Pykomucu crared, HOCTYIIHUBIINX B PEJAKITHIO,
HAIPABJISAIOTCA ISl PEIEH3UPOBAHUS UIeHAM pe-
JIAKIIMOHHOTO COBETA C IEJIbI0 UX DKCIIEPTHOU OIleH-
K{ Ha IpeJMeT COOTBeTCTBHUsA TpeboBaHuAM JSMS
u Bricimeii arTecTallMOHHOM KoMuccuu Iipu MuHU-
crepcTBe oOpa3oBaHus u HayKu PO.

PerieH3eHTBI YBEIOMJIAIOTCA O TOM, UTO B IIEJISAX
obecrievueHNsI aBTOPCKUX U APYTUX HEHMMYIIECTBEH-
HBIX IIPaB IPHUCJIAHHbIE PYKOIIUCH He ITOJIJIEXKAT pas-
IANIEHUI0, KOTUPOBAHUIO, PACIIPOCTpaHEHUI0. Pe-
[IEH3UPOBAHUE ITPOBOIUTCSI AHOHUMHO.

ITpu oTKa3e B HAIIpABJIEHNHU Ha PelleH3UPOBaHUE
IIpe/ICTaBJIEHHON aBTOPOM PYKOITHCH PEJIaKIvs Ha-
IIpaBJIsieT aBTOPY MOTUBHUPOBAHHBIN OTBET B DJIEK-
TPOHHOM BUJIE.

Pepaknusa »KypHasia IO MHCHBMEHHOMY 3aIlpOCy
HaIpaBJIsIeT aBTOPAM peIEeH3UN HA IOCTYIUBIINE
MaTepuasibl B 3JIEKTPOHHOM BHJIe. ABTOPBI 00sI3aHbI
Y4eCcTh 3aMeYaHUs PENEH3EHTOB H BHECTH B CTaThIO
COOTBETCTBYIOIIIHE UCIIPABJIEHUS UJIU IIPEIOCTABUTH
MOTHUBHUPOBAHHBIN OTBET O HECOIVIACUHU C 3aMeYaHU-
sIMU pelleH3€eHTa.

PemakmyonHas KoJUIETHsi IPUHUMAET DPellleHue
0 BO3MOXKHOCTHU IYOJIMKAIIUU CTAThU UJIM OTKJIOHS-
€T ee IO pe3yJIbTaTaM PelleH3NPOBAHHUA.

Penensun XpaHATCS B peIaKIINU JKypHAJIA B Te-
YyeHUe 5 JIET C MOMEHTA Iy INKaIIH.

2. Pepaknipielt He IOMTyCKAIOTCA K Iy OJIMKAT[AH:

— CTaTbhHU, TEMATHKA KOTOPBIX HE COOTBETCTBYET
HAayYHOMY HAIIPaBJIEHUIO KYyPHAJIA;

— CTaThH, aBTOPHI KOTOPBIX OTKA3BIBAIOTCSA OT
TEXHHYECKOH JOpaOOTKU CTaTew;

— CTaTbhH, aBTOPBI KOTOPHIX HE BHECIIN KOHCTPYK-
TUBHBIE 3aMEUaHUs PEIeH3eHTa B TEKCT CTaThbU
U He IIPEJI0CTaBUIIN MOTHUBHUPOBAHHBIN OTBET O HECO-
IVIACHU C 3aMEYAHUSIMHU PEIleH3eHTA.

B ciryyae OTKJIOHEHU S CTaThH PEJAKIINS HATIPaB-
JISIET aBTOPY MOTHBHPOBAHHBIA OTKa3. Pemakius
JSMS He XpaHUT PYKOIIUCU, HE IPUHATHIE K IeUa-
TH. Pykonucu, mpuHATHIE K ITyOJINKAN, He BO3Bpa-
IAI0TCA.
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