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Journal of Siberian Medical Sciences siBisieTcst mpeeMHUKOM KypHaia « Meaununa u obpasoBanue B Cubupu» (roz usma-
HUA 2006). PemenneMm npesuguyma BAK PO xypHasl BKJIIOUEH B II€peYeHb IEPUOANIECKUX U3/JaHUN, PEKOMEHIOBAHHBIX
JUIS TyOsinKanuu paboT concKaTesiel yUeHbIX CTereHeH.

JKypuau 3aperucrprupoBas B ®PesiepanbHOi cry:k6e 10 Ha/130py B cdepe cBsA3U, UHPOPMAIMOHHBIX TEXHOJIOTUN 1 MACCOBBIX
koMMmyHuKaui (PockomHan3op). PerucrparponHoe ceuyereaberBo [T Ne @C 77-72398 ot 28 deBpass 2018 .

Kypuaun ungexcupyercs 8 PUHLI, saperucrpuposan B CrossRef ¢ 2018 1., Bce craTbu HHIEKCUPYIOTCS € TOMOIIBIO IUdPO-
Boro naeHTudukaropa DOL.

Pepakuus :xypHaia co6II0/1aeT IPUHITUIIBL MEK/YHAPOAHOU opranu3anuu « Komurer o uszarenbekoit atuke» (Committee
On Publication Ethics — COPE).

CraThby, IpeCTaBIeHHbIE K MyOIMKAIMY B )KypHAaJIe, IIPOXO/SAT HE3aBUCHMOE PEleH3UPOBAHUE U IIPOBEPSIOTCS HA OPUTH-
HanbHOCTh. [Ipy nepeneuaTtke MatepuanoB u3 skypHasa Journal of Siberian Medical Sciences ccpiika Ha HCTOYHHK 06513a-
TeJIbHA.

Kypnai pacmpocrpansiercst 6ecruiatHo. Teppuropust pacripocrpanenus: PO, crpansl CHI, 3apyGexHble cTpaHbl. DJeK-
TPOHHAas Bepcust (AHHOTUPOBAHHOE COZIEPIKAHKE) IOCTYIIHA 110 azpecam: http://jsms.ngmu.ru, https://elibrary.ru
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H3yyeHue ocTpori TOKCUYHOCTH M3BJIE€UEHUN U3 TPaBbl TUMbAHA
Mapuia/iia M1 X BAUAHUA Ha OMOXUMUYECKHE MMOKa3aTeJ U KPOBU

A.1O. KaperHukosa, A.C. lllepemeTtseBa, H.A. JlypHOoBa

®I'BOY BO «Capamosckuil 2ocydapcmeeHHblil MeduyuHckuil yHugepcumem um. B.H. Pasymosckoeo», Capamos, Poccus

AHHOTAIIUA

BBepnenue. Ilonck HOBBIX (hAapPMAKOJIOTHIECKIX CPEJICTB 0OOCHOBBIBAETCS IOTPEOHOCTHIO B IIpernaparax, 0bJiazao-
IUX BBICOKOH 3((GEKTUBHOCTHIO HAPSAAY C MAJOW TOKCUYHOCTHIO. OCOOBI MHTEPEC IPEICTABJISIOT BEIIECTBA C MUHU-
MaJIBHBIMU NTOOOYHBIMU (P deKTaMu, K KOTOPBIM OTHOCATCSA CPEJICTBA PACTUTEIBHOTO IPOUCX0oXkAeHNA. Heo6xoauMbIM
JTATIOM JIOKJIMHUYECKOU pa3pabOTKU HOBBIX JIEKAPCTBEHHBIX CPEJICTB SBJISIETCS OIeHKA UX 0e30IMacHOCTH, B YaCTHOCTH,
HCCIIeZIOBAHNE TOKCUIHOCTH.

IT e 1 » . OmpenenuTh YpOBEHb TOKCUIHOCTH U3BJIEUEHUH THMbsIHA Maplna/uia U U3yIuTh UX BJIMSHUE HA OHOXUMUYe-
CKHe II0Ka3aTeJIN KPOBU MBIIIEN IPY MHOTOKPATHOM BBEJIEHUU.

MaTepuasnb U MeTOJBbl. TOKCHYHOCTh U3BJIEUEHUN TUMbsIHA MapIaia orpesiesisyId ¢ IIOMOIIBIO IPOOUT-
aHaJM3a. DKCIIEPUMEHT IIPOBE/IEH Ha 24 MBIIIaX-CAMKaX: TPH OMBITHBIE IPYIIIBI U KOHTPOJIbHAA (MHTaKTHBIE). OTBITHBIM
IpyIIaM OHOKPATHO BHYTPUOPIOMIMHHO BBOJWIN U3BJI€UeHHs TUMbsHA Mapiajia B 103ax 1000, 3000, 5000 MT/KT
(B mepecuere Ha TyCTOH HKCTPAKT). VI3yUueHe BIAMSHUSA U3BJIeUeHNN THMbssHA Mapiaia Ha GUOXUMIYeCKHe TOKa3aTe !
KPOBU IIPOBEJIEHO HA 24 MBIIIaX-CAMIIAX: TPU ONIBITHBIE TPYIIIBI M KOHTPOJIbHAS (MHTaKTHBIE). OTBITHBIE TPYIIIEI B TEYeE-
HUeE 21 CyT SKCIEPUMEHTA €KeJHEBHO BHYTPIIKEJIY0YHO ITOJIyYaId MUTHEBYIO BO/Y, CHUPTOBOE M BOJHOE M3BJIEYEHUS
TUMbsAHA Mapiasuia B 1o3e 100 Mr/Kr. OnpeziesisyIi cofepKaHye B 00pasiax KpOBU IJIIOKO3bI, X0JIECTEPUHA, MOUEBUHBI,
obrero 6wIMpyOowHa, KpeaTHHUHA, 00Iiero 6eska, anpOymuHa, acmapratamuHorpaHcdepasbl (ACT), alaHUHAMUHO-
tpaucdepasbl (AJIT), nakrataeruaporenassl (JIAT), menounoii bocdaraszsr (IIID).

PesyabpraTs . Ilo k1accupukanuu TOKCUIHOCTH XMMHUYECKHUX BEIIECTB CIIMPTOBOE M3BJIeUeHUE TUMbsHa Map-
[IaJUTa OTHOCHUTCS K MaJIOTOKCHYHBIM BeIlleCTBaM. BBesieHIe BOJIHOTO WM3BJIEUEHH THMbsIHA Mapiauia MpuBOIUIoO K
JIOCTOBEPHOMY CHIKEHUIO YPOBHS TJIIOKO3BI, A TbOYMHUHOB, 00IIIero OryINpyOrHA M MOYEBUHBI, 2 TAKXKE CHIDKEHHIO aKTUB-
Hoctu AJIT. CozmepskaHue XoJiecTEPUHA, 00IIero Oeka, KpeaTHHUHA, a Takke akTuBHOCTH [[[® u JI/IT' mocToBepHO HE
OTJINYAJIUCH OT IIOKa3aTesiell KOHTPOJIBHOU IpyNisl. IIpy BBeJleHUH CIUPTOBOIO U3BJIeUeHUsA TUMbsHA Mapiasia HabJio-
JIaJIOCh YBEJIMUEHNUe co/iepkaHusA obiiero 6eska u aktusHocty AJIT, ACT, III® u cHUKeHUe YPOBHA 0011ero OUInpyOorHa
Y MOYEBHHBI IT0 CPABHEHUIO C KOHTPOJIBHOH rpymoil. CosieprkaHue IJII0KO3bI, X0JIeCTEPUHA, AIbOYMUHOB, KpEaTHHUHA U
akTuBHOCTH JI/IT" ocTaBasmuch B mpejiesiax 3Ha4YeHUH KOHTPOJIbHOU I'DYIIIIBL.

3aKn04YeHUe. Pe3yspTaThl IPOBEJIEHHOTO HCCIEOBAHIUS HE BBISBIJIH CYIIECTBEHHBIX U3MEHEHUH B OHOXUMUYe-
CKUX ITOKa3aTeJIsIX KPOBU MBIIIEH NIpY BBeJEHUH H3BJIeUeHUN TUMbsHA Mapiasia, 9YTo HOATBepKAaeT 0e3011acHOCTh
IIpUMeHEeHUs U3BJIeYeHUH U3 JAaHHOTO BUZA PACTUTEIBHOTO ChIPbS.

Kmuoueewte croea: Thymus marschallianus Willd., Tumbsiz, u3BieyeHre, 6HOXUMHUYECKHE TIOKA3ATEH.

OoOpasen murtupoBaHuna: Kaperaukosa A.IO., [Ilepemersena A.C., [lypHoBa H.A. V13yueHue oCTpOH TOKCHY-
HOCTH U3BJIEYEHNI U3 TPABbI TUMbsiHA Mapiiajuia v UX BJIUSHUsI Ha OMOXHMHIYECKHUe oKa3aTesnu Kposu // Journal of
Siberian Medical Sciences. 2022;6(2):7—17. DOI: 10.31549/2542-1174-2022-6-2-7-17

Study of the acute toxicity of Thymus marschallianus Willd.
extracts and analysis of blood biochemical parameters
under their influence

A.Yu. Karetnikova, A.S. Sheremetyeva, N.A. Durnova

Saratov State Medical University named after V.I. Razumouvsky, Saratov, Russia

ABSTRACT
Introduction. The search for new pharmacological agents is justified by the need for drugs with high efficiency
along with low toxicity. The substances with minimal side effects, which include herbal remedies, are of particular interest.
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The assessment of safety, and study of toxicity of new medicines in particular, is a necessary stage of their preclinical devel-
opment.

Aim . To determine the toxicity of Thymus marschallianus Willd. extracts and study their effect on the biochemical
parameters of the blood of mice with repeated administration.

Materials and meth ods.The toxicity of Thymus marschallianus Willd. extracts was determined by probit
analysis. The experiment was carried out on 24 female mice: three experimental groups and a control group (intact). The
animals of experimental groups got a single intraperitoneal injection with Thymus marschallianus Willd. extracts at doses
of 1000, 3000, 5000 mg/kg (in terms of thick extract) respectfully. The study of the effect of Thymus marschallianus
Willd. extracts on blood biochemical parameters was carried out on 24 male mice: three experimental groups and a control
group (intact). The experimental groups received drinking water, ethanol and aqueous extracts of Thymys marschallianus
Willd. intragastrically at a dose of 100 mg/kg daily for 21 days of the experiment. The content of glucose, cholesterol, urea,
total bilirubin, creatinine, total protein, albumin, aspartate aminotransferase (AST), alanine aminotransferase (ALT), lac-
tate dehydrogenase (LDH), alkaline phosphatase (ALP) in blood samples was determined.

Results. According to the classification of toxicity of chemicals, an ethanol extraction of Thymus marschallianus
Willd. belongs to low-toxic substances. The administration of an aqueous extract of Thymus marschallianus Willd. led to
a significant decrease in glucose, albumin, total bilirubin and urea, as well as a decrease in ALT activity. The content of
cholesterol, total protein, creatinine, as well as the activity of ALP and LDH did not significantly differ from the indicators
of the control group. With the administration of an ethanol extraction of Thymus marschallianus Willd., there was an
increase in the total protein content and activity of ALT, AST, ALP and a decrease in the level of total bilirubin and urea
compared with the control group. The content of glucose, cholesterol, albumin, creatinine and LDH activity remained
within the control group values.

Conclusion. Theresults of the study did not reveal significant changes in the biochemical parameters of the blood
of mice with the administration of Thymus marschallianus Willd. extracts, which confirms the safety of the use of extracts
from this type of plant raw materials.

Keywords: Thymus marschallianus Willd., thyme, extract, biochemical parameters.

Citation example: Karetnikova A.Yu., Sheremetyeva A.S., Durnova N.A. Study of the acute toxicity of Thymus
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BBEJAEHHNE

[Tovick HOBBIX (HAPMAKOJIOTHUECKUX BEIIECTB, B
TOM YHCJIE W PACTUTEIHLHOIO IPOMCXOKIEHHUsA, 060-
CHOBBIBA€ETCS MMOTPEOHOCTHIO B IIperapaTax, 001a/1aio-
IIIUX BBICOKOU 3D HEKTUBHOCTHIO HAPS/TY C MAJIOH TOK-
CHYHOCTHIO [1, 2]. OJTHAKO ITPH U3yUEeHUH OHOJIOTHYE-
CKU aKTHBHBIX BEILIECTB, COAEPIKAIIMXCS B PACTUTE b~
HOM CBIDbE, MOJKET BBISBJIATHCS WX TOKCHUYECKHH
apdexT [3]. HeoO6X0mUMbIM 3TanIoOM JOKJIHHUYECKOH
pa3paboTKX HOBBIX JIEKAPCTBEHHBIX CPECTB SBJIA-
eTcsI OIleHKa UX 6e30I1aCHOCTH, B YaCTHOCTH, UCCIIEN0-
BaHME OCTPOH TOKCHMYHOCTH U OIPeesIeHNEe ITEPEHO-
CHMBIX, TOKCHUYECKHUX U JIETAIBHBIX 7103 [4]. Y BogHBIX
U CIUPTOBBIX WM3BJIEYEHHH TpaBbl THUMbsHA Map-
masa (Thymus marschallianus Willd.) BbIsiBJIeHBI
aHTUMUKPOOHBIE, OTXapKHUBAIOIIKE, IIPOTHBOBOCIIA-
JINTEIbHBbIE, AHTUOKCUJIAHTHBIE U JAPYTHe CBOMCTBA
[5, 6], KOoTOpBIE 0OYCIOBIHBAET GOTATHIN XUMHUYECKUT
COCTaB PACTUTEJIBHOTO ChIPbs (3dHpHOE Maco,
(eHOIbHBIE U TPUTEPIIEHOBBIE COEIMHEHNSI, TTOJIHCA-
XapuJHble KOMIUIEKCHI, MHWHEpaJIbHbIE 3JIEMEHTHI,
aMHHOKHUCJIOTBI, KapOOHOBBIE KHCJIOTBI) [5, 7]
OnHAaKO BKCIEPUMEHTBHI IO OIPENEIEHUI0 OCTPOM
TOKCHYHOCTH OBLIM IIPOBEIEHBI TOJIBKO JIJISI BOJAHBIX

INTRODUCTION

The search for new pharmacological substances,
including those of plant origin, is justified by the
need for drugs with high efficiency along with low
toxicity [1, 2]. However, when studying biologically
active substances contained in plant raw materials,
their toxic effect can be detected [3]. A necessary
stage in the preclinical development of new drugs is
the assessment of their safety, in particular, the
study of acute toxicity and the determination of tol-
erated, toxic and lethal doses [4]. In water and alco-
hol extracts of Thymus marschallianus Willd. anti-
microbial, expectorant, anti-inflammatory, antioxi-
dant and other properties have been identified
[5, 6], which are determined by the rich chemical
composition of vegetable raw materials (essential
oil, phenolic and triterpene compounds, polysac-
charide complexes, mineral elements, amino acids,
carboxylic acids) [5, 7]. However, experiments to
determine an acute toxicity were carried out only for
aqueous extracts (infusions) of Thymus marschal-
lianus Willd. herb in the concentration range of
2000—-5000 mg/kg (animal deaths were not noted
during the entire observation period) [5]. No data
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WU3BJIeUeHUH (HACTOEB) U3 TPaBbl TUMbsIHA Mapiasuia
B /IMAala30HE KOHIIEHTPAIlUH 2000—5000 MrI/KT
(rubesu JKUBOTHBIX B TEUEHUE BCETO IEpUOo/ia HaOJTIO-
JleHus1 He oTMedatn) [5]. [l CiUpTOBBIX H3BJIEUE-
HUH U3 TpaBbl TUMbsTHA Mapiirajia JaHHBIX 00 OCTPOH
TOKCUYHOCTH paHee MOJIy4eHO He ObLIO.

[TapameTphbl, yCTaHOBJIEHHBIE B PE3yJIbTaTe U3Y-
YeHUS OCTPOU TOKCUUYHOCTH, He TI03BOJIAIOT OI[EHUTD
JUTATEIbHOE BJIMSAHYE [TOTEHITHAIbHBIX (hapMaKoJIo-
TUYECKUX BellecTB Ha opraHusM. OIEHUTHh TaKOe
BJIMSAHHE BO3MOKHO, B YaCTHOCTH, II0 H3MEHEHUIO
OMOXMMUYECKUX IIOKa3aTesiel KpPOBU, IIPH 3TOM
TaKye KCIePUMEHTHI [TO3BOJISIOT OIIEHUBATh 0011Iee
(¢usHoIOTHYECKOe COCTOSTHUE OpPraHU3Ma U Xapak-
Tep BO3MOXKHBIX TOKCHUUECKHUX 5(D(PEKTOB MpHU
IIOBTOPHOM BBEJIEHUU HCCIIEAYEMBIX BellecTB. 3y-
YeHUe BJIUSHUS BOAHBIX U CIIUPTOBBIX U3BJIEUEHUI
THMbsiHA Mapirasia Ha OMOXHMHUYECKHe Iapame-
TPBI KPOBH paHee He MPOBO/IUIOCE.

OmnpeyiesieHne YPOBHSI TOKCUYHOCTHA B OCTPOM 3KC-
[IEpUMEHTE U UCCIIEOBAHYE BIIMSHUA HA OMOXUMUYe-
CKHe€ TI0Ka3aTesIl KPOBHU U3BJIEUEHUH M3 TPABbI TUMbSIHA
Mapiriasuia Imo3BOJIUT OIIEHUTD WX OE30I1aCHOCTb.

HOEJIDb NCCJIEAOBAHUA

OrmpeziesuTh YPOBEHDb TOKCUYHOCTH U3BJI€YEHUHN
TUMbsIHA Mapiayia u U3yJuThb UX BIIUSHUE Ha OHO-
XUMUYecKHe I0Ka3aTel KPOBU MBIIIEH IpU MHO-
TOKPAaTHOM BBEJIEHUHU.

MATEPUWAJIBI 1 METO/IbI

IKCIEPUMEHTHI 1N Vivo ObLIN IPOBEJEHBI B COOT-
BercrBun ¢ XKenesckoil kousennuen (International
Guiding Principles for Biomedical Research
Involving Animals) (Geneva, 1990), XeJIbCHHKCKOH
JleKJIapariei o 'yMaHHOM OTHOIIIEHHUH K JKUBOTHBIM
(2000 r.), a TakXKe PEKOMEHAAIUAMH KOMHUTETA 110
atruke CapaTOBCKOTO TOCYZAapPCTBEHHOTO MeIUITHH-
CKOTO YHUBEpPCUTETa UM. PazyMOBCKOTO (IIPOTOKOJI
N2 4 or 1 mekabps 2020 T.). DKCIEPUMEHTAIbHbBIE
HCCIIEZIOBAHUSA MIPOBEJIEHBI HA OECTIOPOHBIX OEJThIX
Mblax (Maceca 30—40 T, Bo3pact 2—3 mec). JKuBot-
HBIE CO/IEP?KAJINCH B BUBAPHUY IIPU IIOCTOSTHHOH TEM-
nepatype (23—25 °C) U BJIaKHOCTH BO3/yXa, CO CBO-
6O/THBIM JIOCTYIIOM K BOJIE U TIHIIIE.

[lepes mpoBe/ieHMEM SKCIIEpUMEHTa 10 U3yde-
HUIO OMOXHMHMYECKUX I1apaMeTpPOB KPOBHU OIIpeje-
JISUTU OCTPYIO TOKCHYHOCTh CITUPTOBOTO U3BJICUEHUA
W3 TpaBbl TUMbsiHA Mapiiasia ¢ 1eJIbl0 CpaBHEHUs
Ppe3yabTaToB ¢ JaHHBIMU, oydyeHHbIMU FO.A. Ctap-
vak [5] /i HacTOs. DKCHEPUMEHT MO H3YUEHHUIO
OCTpOM TOKCUYHOCTH IIPOBEJIEH Ha 24 MBbIIIaX-
camkax (mogpobHas cxeMa SKCIEePUMEHTA IIPUBE-
JeHa B [4]). KuBoTHble OBLIM paszeaeHbl Ha

on acute toxicity has been previously obtained for
alcohol extracts of Thymus marschallianus Willd.
herb.

The parameters established as a result of the
study of acute toxicity do not allow us to assess the
long-term effect of potential pharmacological sub-
stances on the body. It is possible to assess such an
effect, in particular, by changing the biochemical
parameters of the blood, while such experiments
allow us to assess the general physiological state of
the body and the nature of possible toxic effects with
repeated administration of the substances under
study. The effect of aqueous and alcoholic extracts
of Thymus marschallianus Willd. on the biochemi-
cal parameters of blood has not been studied previ-
ously.

Determining the toxicity level in an acute experi-
ment and studying the effect on the blood biochemi-
cal parameters of the Thymus marschallianus Willd.
herb extracts will allow to assess their safety.

AIM OF THE RESEARCH

To determine the level of toxicity of Thymus
marschallianus Willd. extracts and to study their
effect on the blood biochemical parameters of mice
with repeated administration.

MATERIALS AND METHODS

The in vivo experiments were conducted in accor-
dance with the Geneva Convention (International
Guiding Principles for Biomedical Research Invol-
ving Animals) (Geneva, 1990), the Helsinki Declara-
tion on Humane Treatment of Animals (2000), as
well as the recommendations of the Ethics Commit-
tee of the Saratov State Medical University named
after V.I. Razumovsky (Protocol No. 4 of Decem-
ber 1, 2020). Experimental studies were conducted
on white outbred mice (weight 30-40 g, age
2—3 months). The animals were kept in a vivarium at
a constant temperature (23—-25°C) and humidity,
with free access to water and food.

Before conducting an experiment to study the
biochemical parameters of blood, the acute toxicity
of ethanol extraction from Thymus marschallianus
Willd. herb was determined in order to compare the
results with the data obtained by Yu.A. Starchak [5]
for the infusion. An experiment to study acute toxic-
ity was conducted on 24 female mice (a detailed
scheme of the experiment is given in [4]). The ani-
mals were divided into 4 groups (6 individuals each):
control (intact animals) and 3 experimental (recei-
ving ethanol extract of Thymus marschallianus
Willd.). Toxicity parameters were determined using
probit analysis by the V.B. Prozorovsky method [8].
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4 rpynmsl (1o 6 ocobell B KaXKI0H): KOHTPOJIBHYIO
(MHTaKTHBIE J)KUBOTHBIE) U 3 OIIBITHBIE (IIOJTyJaBIITHE
CIIUPTOBOE W3BJIEUEHHE THUMbsHA Mapinauia).
[TapaMeTpbl TOKCHIHOCTY OIPEEJISIIU € IIOMOIIBIO
npobut-ananusa merozom B.B. IIpo3oposckoro [8].
V3ByieueHrs] TUMbsIHA BBOAWIU KUBOTHBIM OJ[HO-
KpPaTHO BHYTPUOPIOIIMHHO B JI03aX 1000, 3000,
5000 MTI/Kr (B IlepecueTe Ha TYCTOU SKCTPAKT) B
obbeMe 1.0 MJI Ha 40 T Macchl Tesia. Ha npoTsikeHuu
CJIEIIOMNUX JBYX HEZJETh IMPOBOJAIN KOHTPOJIb
COCTOSIHUA J1aDOPATOPHBIX JKUBOTHBIX, B II€PBbIE
CYTKH WHCCJIEIOBAHUS OH OCYIIECTBJISICS HeIpe-
poiBHO. Ilocsie BBe/leHUS HCCIIEAYEMbIX H3BIEUEHUH
OTMEYaJIF 0COOEHHOCTH TTOBEJIEHUS MBIIIIEH, MHTEH-
CHUBHOCTh U XapaKTep JIBUTATeJIbHOH aKTUBHOCTH,
HapyUIeHNUsI KOOPAWHAIINY JIBIKEHUH.

VccmenoBanne OHOXMMUYECKUX IIapaMeTPOB
KPOBU IIPOBEZIEHO Ha 24 MBbIIIax-caMiax. JKuBOTHbIE
OBLIN pasziesieHbl Ha 4 TPYIIIBI — KOHTPOJIBHYIO U TPHU
onbITHBIE (110 6 0cobGel B KAk 101 ). OIIBITHBIE TPYTIIIBI
B TeUeHUe 21 CYT SKCIIEPUMEHTA e3KeTHEBHO BHYTPHU-
JKEJIyZ0YHO TIOJIyYaJId IUThEBYIO BOAY (1-1 OIBITHAS
rpymmna), BOJHOe W3BJIeUeHHe TUMbsSHAa Mapiaia
(2-a ombpITHasA TpyHma) U CIUPTOBOE WU3BJIEUEHHE
TuMbsiHA Mapmasa (3-1 OmbITHAs IPyIIa) B J103€
100 Mr/Kr (111 HccieloBaHuA BhIOpaHa yKa3aHHAsA
J103a, TaK KaK paHee W3BJIEYEHUs B JAHHOU J[03U-
POBKe ITOKa3aIy aHTUMUKPOOHYIO [6] 11 TpoTHBOOITY-
XOJIEBYIO aKTHBHOCTH [9]). KoHTpOsIbHAS rpyIITIa BO3-
JIEHCTBUIO HE ITO/[BEPTAIaCh.

OOBEKTOM HCCIIEIOBAHUS IOCIYKIJIA H3MeTh-
yeHHas TpaBa TUMbsgHa Mapmasia, cobpanHas B
OKpecTHOCTsX T. CapaTtoBa B MIOHe-UIOJIe 2020 T. B
(daze uBerenus. OmupenesieHre BUAA IPOBOAMIOCH
o xrtouy B.H. I'magkosoit u 10.J1. Menuikoro [10]
U TOATBEPKAEHO BEAYIIUM CIEI[UAJIUCTOM 10
¢ope CapatoBckoil obsacTé — I-poM OHOJI. HaYK,
npodeccopom M.A. Bepesynkum. CeIpbe CyIIUIU B
CyXOM, XOpOIIIO IPOBETPUBAEMOM MeCTe, 3aTeM
WU3MeJIBYAIIH JI0 YACTHUIL, IPOXOAIINX CKBO3b CUTO C
OTBEPCTUAMHU PA3MEPOM 2 MM.

V3ByieyeHusi W3 YKA3aHHOTO PACTUTEJIHHOTO
Marepuaia ObLTH IPUTOTOBJIEHHI BYMSI CIIOCOOAMU:
MepBBIA — coriacHo TpeboBaHusM [ocymapcTBeH-
ot papmaxkoren (I'®) XTIV usa-s1, 0PC.1.4.1.0018.15
«Hacrou u orBapbl» (9KcTpareHT — Boja) [11], a
3aTeM IIOJIyUeHHOe WU3BJIeUeHNe YIapHUBIH 10
COCTOSIHUS TYCTOTO DKCTPAKTA; BTOPOM — COTJIACHO
3allaTeHTOBAHHOU METOJIUKE: ABYKPATHYIO DKCTPAK-
[UI0 TIPOBOAIIIN 95% S3THJIOBBIM CIIUPTOM, YIapH-
BUIM U OYMINATH XJIOPOGOPMOM, 3aTeM IOJIyIeH-
HYIO BOZHYIO GPAKIUIO CHOBA YIIAPUBAJIH JI0 COCTOSI-
HHA TYCTOTO KcTpakTa [12]). JloBeieHre BOAHBIX U
CIIUPTOBBIX U3BJIEUEHUH /10 COCTOSHUS TYCTOTO DKC-

Thymus marschallianus Willd. extracts were admi-
nistered to animals once intraperitoneally at doses of
1000, 3000, 5000 mg/kg (in terms of thick extract)
in a volume of 1.0 ml per 40 g of body weight. Over
the next two weeks, the condition of laboratory ani-
mals was monitored, and on the first day of the study
it was carried out continuously. After administration
of the studied extracts, the peculiarities of mouse
behavior, intensity and type of motor activity, and
movement coordination disorders were noted.

The study of blood biochemical parameters was
carried out on 24 male mice. The animals were
divided into 4 groups — a control group and three
experimental ones (6 individuals each). During
21 days of the experiment, the animals of the experi-
mental groups on a daily basis received intragastri-
cally drinking water (1st experimental group), aque-
ous Thymus marschallianus Willd. extract (2nd
experimental group), and ethanol extraction from
Thymus marschallianus Willd. (3rd experimental
group) at a dose of 100 mg/ kg (the indicated dose
was chosen for the study, since earlier, the extraction
have shown an antimicrobial [6] and antitumor
activity at this dosage [9]). The control group was not
exposed.

The object of the study was crushed Marshall
thyme herb collected in the vicinity of Saratov in
June-July 2020 at the flowering phase. The identifi-
cation of the species was carried out according to the
key of V.N. Gladkova and Yu.L. Menitsky [10] and
confirmed by the leading specialist in the flora of the
Saratov region — Doctor of Biological Sciences, Pro-
fessor M. A. Berezutsky. The raw materials were dried
in a dry, well-ventilated place, then crushed to parti-
cles passing through a sieve with holes of 2 mm in
size.

Extracts from the specified plant material were
prepared in two ways: the first — according to the
requirements of the State Pharmacopoeia (SPh) of
the XIV edition, GP (General Monograph)
1.4.1.0018.15 Infusions and Decoctions (extract-
ant — water) [11], and then the resulting extraction
was evaporated to the state of a thick extract; the
second — according to a patented technique: a two-
fold extraction was carried out with 95% ethyl alco-
hol, after evaporation and purification with chloro-
form, the resulting aqueous fraction was again
evaporated to the state of a thick extract [12].
Bringing water and alcohol extracts to the state of a
thick extract made it possible to obtain the residue
of the target products with a known mass and to
further determine their exact concentration, and
calculate the exact dosage for each animal in the
experiment.

10
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TPaKTa MTO3BOJIMJIO ITOJIYIUTH OCTATOK II€JIEBBIX ITPO-
JIYKTOB C N3BECTHON MacCOH U B JJaJIbHENIIIEM OITpe-
JIeJISITh UX TOYHYIO KOHI[EHTPAITHIO U PACCUNTHIBATD
TOYHYIO JO3UPOBKY /I KAXKOTO KHBOTHOTO B DKC-
[epUMeHTe.

Bo BpeMms mpoBeneHHs YKAa3aHHOTO OKCIIEPHU-
MEHTa /ISl U3yYeHHs OZHOTO U3 SHA0GEHOTHIIOB
JIETIPECCUY BBIMOJIHSIA TECT <«IIO/BEIINBAHUE 3a
XBOCT». YJKMBOTHBIX U3 SKCIIEPHMEHTA BHIBOUIN Ha
21-€ CYTKH IyTEM BHYTPUOPIOIIUHHOTO BBEJEHWUS
koMmbuHaruu 3oetuia (Virbac, ®paniius) u Kcuia-
uuta (Hura-®apm, Poccust) B m03e 0.1 Mr/Kr. 3a60p
KPOBH TPOBOJWJIN IYHKIHEH U3 MPaBBIX OT/EIOB
cepana. B KauecTBe aHTUKOATYJISTHTA HUCIIOJIb30-
BaJIcs 0.2% pacTBOp IUTpaTa HATPHUA B COOTHOIIIE-
HUH 9:1. [ToJTydeHHYI0 KpOBb IeHTPU(MYTUPOBAIH CO
CKOpOCTBIO 3000 00./MUH B TeueHHe 20 MUH (IleH-
tpudyra CM-6) /171 OJTydeHUs IIa3Mbl, KOTOPYIO B
JIaJIbHEHUIIIeM IoABeprayivi GOTOMETPUUIECKOMY aHa-
U3y Ha  IOJIyaBTOMATHYECKOM  aHaIM3aTope
Vitalon-400 (Rayto Life and Analytical Sciences Co.,
Ltd., Kuraii) ¢ nCIIo/1b30BaHHEM CTaHIAPTHBIX HA6O-
poB peakTuBoB (Buras JJuarsocrukc CI16, Poccust).

[Tpu uccieoBaHUM OIPENEIISIN COZIEp:KaHue B
obpasmax CcaeAyolux MeTaboJUTOB: IJIIOKO3HI,
XOJIECTEPUHA, MOUEBHUHBI, 0011[er0 OnmupyOrHa, Kpe-
aTWHUHA, 001ero 6eska, ampboymuHa. Takke Mpous-
BOJAWJIACH OIIEHKA KOHIIEHTPAIIMU B IIa3Me TaKHUX
¢depMeHTOB, KaK acrnapraTamuHoTpaHcdepasa
(ACT), anannnamuuoTpancdepasza (AJIT), sakrat-
nmerunporenasa (JIZIT), menounas pocdaraza (ID).

Ha ocHOBe IOJTly4eHHBIX Pe3y/IbTaTOB OI€HUBAIN
0ETKOBO-CUHTE3UPYIOIIYIO (PYHKITHIO TTedeHH (0OIImi
0eJIoK, aTbOYMUHBI), HAPYIIEHH (PYHKIMOHAIHHOTO
cocrosgaus rredenu (ACT, AJIT, [P, ypoeHb 0011IETO
6mnupyouHa, xosiectepuna), cepamna (ACT, JIJT),
rmouek (ypoBeHb KPEATUHUHA, MOUEBHHBI), COCTOSTHUE
YTJIEBOTHOTO 0OMeHa (YPOBEHB TJTFOKO3HI).

O6paboTKa IOJyYeHHBIX JaHHBIX OCYIIECTBIISA-
Jlach TIpW TOMOIIY TPUKJIAHBIX CTATHCTHUYECKUX
mporpamm Statistica 12 (StatSoft Inc., CIIA). s
BceX MTOKa3aTeJIell ONpeiesisyIi MeANaHy U KBAPTHIIH
(25-11 u 75-1). /Iy OlleHKW 3HAYMMOCTH Pa3Iudun
npumeHsutn U-kputepuii ManHa — YUTHH. 3HA4YH-
MBIM CYHUTAJIH PE3YJIbTAThI IPU 3HAYEHUH P < 0.05.

PE3YJ/IBTATBI

ITpu wucCCIeOBaHUU TOKCHYHOCTUA CITHPTOBOTO
U3BJIeUeHUs TUMbsIHA Mapimasia B 03€ 1000 MT/KT
He OTMeYayid NIPU3HAKOB OCTPOTO OTPaBJIEHUS.
C yBesimueHHeM /10361 (3000 U 5000 MT/KT) CHIDKE-
HUS JBUTATEJIbHOM AaKTUBHOCTH, YBEJIUYEHUS
YaCcTOTHI JABIXaTEIBHBIX JABIKEHUH He HaOJIOaiH,
rubesy JKUBOTHBIX 3apErUCTPUPOBAHO He Obuto. Ha

During this experiment, the tail suspension test
was performed to study one of the endophenotypes
of depression. Animals were taken out of the experi-
ment on the 21st day by intraperitoneal administra-
tion of a combination of Zoletil (Virbac, France) and
Xylanite (Nita-Farm, Russia) at a dose of 0.1 mg/ kg.
Blood sampling was carried out by puncture from
the right heart. A 0.2% sodium citrate solution in the
ratio of 9:1 was used as an anticoagulant. The result-
ing blood was centrifuged at a speed of 3000 rpm for
20 min (CM-6 centrifuge) to produce plasma, which
has subsequently underwent a photometric analysis
on a semi-automatic Vitalon-400 analyzer (Rayto
Life and Analytical Sciences Co., Ltd., China) using
standard reagent kits (Vital Diagnostics SPb,
Russia).

During the study, the content of the following
metabolites in the samples was determined: glucose,
cholesterol, urea, total bilirubin, creatinine, total
protein, albumin. Plasma concentrations of such
enzymes as aspartate aminotransferase (AST), ala-
nine aminotransferase (ALT), lactate dehydrogenase
(LDH), alkaline phosphatase (ALP) were also eva-
luated.

Based on the results obtained, the function of
protein synthesis of the liver (total protein, albu-
mins), disorders of the functional state of the liver
(AST, ALT, alkaline phosphatase, total bilirubin,
cholesterol), heart (AST, LDH), kidneys (creatinine,
urea), the state of carbohydrate metabolism (glucose
level) were evaluated.

The data obtained were processed using Statis-
tica 12 (StatSoft Inc., USA) statistical software appli-
cations. Median and quartiles (25th and 75th) were
determined for all parameters. The Mann-Whitney
U-test was used to assess the significance of the dif-
ferences. The results were considered significant at a
value of p < 0.05.

RESULTS

When studying the toxicity of ethanol extraction
of Thymus marschallianus Willd. at a dose of 1000
mg/kg, no signs of acute poisoning were noted. With
an increase in the dose (up to 3000 and 5000 mg/
kg), a decrease in motor activity, an increase of respi-
ratory rate were not observed, no animal deaths were
recorded. On the 2nd day, the animals had no signs
of intoxication. The half-lethal dose (LD50) was not
established in the experiment, since the administra-
tion of the maximum dose used (5000 mg/kg) for
ethanol extraction from Thymus marschallianus
Willd. herb did not cause death of animals. Accor-
ding to the toxicity classification of chemicals
(GOST 12.1.007-76), the studied ethanol extraction
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2-e CYyTKH NMPU3HAKOB WHTOKCHUKAIIUK Yy JKUBOTHBIX
oTMeueHO He ObuI0. IlostyneranbHasA 703a (LD50) B
SKCIEPHUMEHTE He YCTAHOBJIEHA, TAK KaK BBEJEHHE
MaKCHUMAaJIbHOH J103bI, UCIIOJIb30BAHHOU B AKCIIEPU-
MeHTe (5000 MT/KT) I COUPTOBOTO H3BJIEUEHUS
U3 TPaBbl TAMbsIHA Mapimajia, He BbI3BaJIO THOETH
JKUBOTHBIX. lcciie/lyeMoe CIIMPTOBOE H3BJIEUEHHE
OTHOCHTCS T10 KJIacCU(DUKATINU TOKCUYHOCTA XUMHU-
yeckux Bemiects (I'OCT 12.1.007-76) k IV kimaccy
TOKCUYHOCTH (MaJIOTOKCUYHEIE BEIIIECTBA).

[Ipy wusydeHWH OHMOXWMHYECKHX IIOKa3aTesier
KPOBH OBLJIO YCTAHOBJIEHO, UTO Y TIEPBOM OMBITHOM
TPYIIIBI, ITOJy4YaBIIEHd MHUTHEBYIO BOJY, OTMEUYaJIH
JIOCTOBEPHBIN POCT AKTHBHOCTH TpaHCAMHUHA3 —
AJIT u ACT npeBbllliasii KOHTPOJIbHBIE 3HAUEHUA Y
JKUBOTHBIX KOHTPOJILHOM TPYIIIBI TIOUTH B J{Ba pasa
(tabs1. 1). Taxkxe HAOIIOAAIN CTATHCTUYECKH 3HAYM-
MOe YBeJIUYeHHEe aKTUBHOCTH IIeJ0YHOU docda-
Ta3bl HA 32.6 % ¥ JIAKTaTAEru/IporeHassl HA 35.2 %.
Copiepsxanue ob1ero 6ejKa JOCTOBEPHO CHIKAJIOCh
Ha 18.9 %. YpoBeHb KpeaTUHUHA, O0IIero OUInupy-
OuHa, aIbOYMHUHA OCTaBAJICs B IIpe/ieyiax 3HAYEHUH
TPYIIIBI KOHTPOJIA. BbUIa oTMeYeHa TEHJEHIUs K
CHIDKEHUIO COZIep:KaHUs MOYEBWHBI (Ha 40.4 %),
II0KO3bI (Ha 18 %) u xosiecrepuHa (Ha 27.3 %).

Y BTOpPO¥ OIIBITHOM I'PYTIIIBI, OJTyYaBIIIEH BOTHOE
W3BJI€UeHre TUMbsSHA Mapianaia, HabIogaIn
JIOCTOBEPHOE CHUIKEHUE YPOBHS TJIFOKO3BI IO CPaB-
HEHUIO C KOHTPOJIEM, IIEPBOU M TPETHEN ONBITHBIMH
rpymnmnamMu Ha 33, 18.3 u 35.3 % COOTBETCTBEHHO.
BbLI0 ycTaHOBJIEHO JIOCTOBEPHOE CHUKEHUE YPOBHSA
ayibOYMUHOB 110 CPAaBHEHHUIO C KOHTPOJIEM Ha 5.5 %,
10 OTHOIIIEHUIO K TIEPBOIi ¥ TPETHEI OMBITHBIM I'PYII-
maM JIOCTOBEPHBIX WM3MEHEHHU He OTMeuyayioch.
Copiepsxanue o01ero 6rInpyoOrHA JJOCTOBEPHO CHU-
3KaJI0Ch 10 CPaBHEHUIO ¢ KOHTposieM (Ha 47.6 %) u
IIePBOH ONBITHOH TpymIoH (Ha 47.6 %), 10 OTHOIIE-
HUIO K TPETheHd HMesach TEHJEHIUSA K CHIDKEHUIO
(1a 19.3 %). ComeprkaHue MOYEBHHBI JIOCTOBEPHO
CHIZKAJIOCh TI0 CPABHEHUIO ¢ KOHTPOJIeM (Ha 54.2 %),
10 OTHOIIIEHUIO K IePBOH (Ha 23.1 %) u TpeTbeh (Ha
5.5 %) OMBITHBIM TPYIITIaM OTMEYAIOCh HETOCTOBEP-
HOe CHUKeHHUe IMokasaTtesed. AktuBHocTh AJIT 1o
CPaBHEHUIO C HCCIEAYyEMBIMHU TPyNIIaMHA HU3MEHS-
JIach CIEAYIOMMUM 00pa3oM: MO CpaBHEHHUIO ¢ KOH-
TPOJIEM CTATUCTUYECKHU 3HAUNMO YBEJIMIHNBAJIACh Ha
19.9 %, IO OTHOIIEHUIO K ITIEPBOUA U TPETHEU OIIBIT-
HOU T'PYIINe CHUKAIACh HEOCTOBEPHO. AKTUBHOCTH
ACT HeJ10CTOBEPHO YBeJIMYMBaIaCh I10 CPABHEHHUIO C
KOHTpoJieM Ha 38.6 % u cHu:Kasnach Ha 28 u 52.5 %
COOTBETCTBEHHO I10 OTHOIIEHHIO K TIEPBOM U TPEThEH
ONIBITHOU Tpymne. AKTUBHOCTH IIeJIOUHOU docda-
Ta3bl 110 CPABHEHHIO C KOHTPOJIEM HUMeJa TeHEH-
M0 K HE3HAUNTEIPHOMY TOBBIIIIEHUIO Ha 3.4 %, 110

belongs to the IV toxicity class (low-toxic sub-
stances).

When evaluating the biochemical parameters of
blood, it was found that in the first experimental
group receiving drinking water, there was a signifi-
cant increase in the activity of transaminases —
ALT and AST exceeded the control values in ani-
mals of the control group by almost two times
(Table 1). A statistically significant increase in the
activity of alkaline phosphatase by 32.6% and lac-
tate dehydrogenase by 35.2% was also observed.
The total protein content significantly decreased by
18.9%. The level of creatinine, total bilirubin, and
albumin remained within the control group values.
There was a tendency to decrease in the content of
urea (by 40.4%), glucose (by 18%) and cholesterol
(by 27.3%).

In the second experimental group, which
received an aqueous extraction of Thymus marschal-
lianus Willd., a significant decrease in the glucose
level was observed as compared to the control, first
and third experimental groups by 33, 18.3 and
35.3%, respectively. A significant decrease in the
level of albumins compared to the control by 5.5%
was found, no significant changes were observed in
relation to the first and third experimental groups.
The content of total bilirubin significantly decreased
in comparison with the control (by 47.6%) and the
first experimental group (by 47.6%), there was a
tendency to decrease in relation to the third group
(by 19.3%). The urea content significantly decreased
in comparison with the control (by 54.2%); in rela-
tion to the first (by 23.1%) and the third (by 5.5%)
experimental groups, an insignificant decrease was
noted. The ALT activity has changed as follows: in
comparison with the control, it increased signifi-
cantly by 19.9%, as compared to the first and third
experimental groups, it decreased insignificatly.
The AST activity increased insignificantly by 38.6%
compared to the control, and decreased by 28 and
52.5%, respectively, in relation to the first and third
experimental groups. The activity of alkaline phos-
phatase in comparison with the control tended to
slightly increase by 3.4%, in relation to the first and
third experimental groups, this parameter signifi-
cantly decreased by 22 and 26.7%, respectively. The
LDH activity tended to increase by 6.8% compared
to the control, and significantly decreased by 21%
compared to the first group, decreased insignificatly
by 9.2% in relation to the third group. The choles-
terol level tended to decrease in relation to all study
groups (by 33.3, 8.3 and 14.8%). The total protein
content tended to decrease compared to the control
(by 12.2%) and third experimental group (by 44.9%),

12

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



Karetnikova A.Yu. et al. / Journal of Siberian Medical Sciences Vol. 6, No. 2 (2022)

TaGuna 1. BHOXUMUUEeCKre T0Ka3aTesIn KPOBU MBIIIEHN IIPH MHOTOKPATHOM BBEZIEHUH M3BJIEUEHUHN THMbsiHA Mapiauia
Table 1. Biochemical blood parameters of mice with repeated administration of Thymus marschallianus Willd. extracts

HepBaﬂ OonbITHAaA

Bropas onbiTHasA rpynma TpeTbsa onbITHAA rpyImmna

(BogHOE U3BJIEUEHUE

(cninOBoe HU3BJICUCHUEC

MokasaTens KoHTposbHasn e (o) THMbAHA, 100 MI/Kr) THMbSIHA, 100 MT/KI)
P rpymnma . 2nd experimental group 3rd experimental group
arameter C 1st experimental 3 L
ontrol group (Thymus marschal (Thymus marschal
group (water)  ji;0c Willd. water lianus Willd. ethanol
extract, 100 mg/kg) extract, 100 mg/kg)
I'nrokosa 4.48 (3.49; 7.32) 3.67(3.29; 4.50) 3.0 (2.85; 3.22) 4.06 (3.97; 4.37)
(MmMoOJTB /1) p, = 0.172974 p, = 0.001920 D, = 0.663629
Glucose D, = 0.044952 p, =0.376804
(mmol/1) p, = 0.044952
XosectepuH 1.32 0.96 (0.84; 1.0) 0.88 (0.73; 1.12) 1.01 (0.87; 1.20)
(MmMoOJTB /1) (0.76; 1.59) D, = 0.111414 p, = 0.111414 p, = 0.369593
Cholesterine p, = 0.748348 p, = 0.422528
(mmol/1) D, = 0.422528
AnsbymuH (r/1) 17.75 17.74 16.77 (11.17; 18.43) 17.59 (12.95; 20.44)
Albumin (g/1) (15.47; 18.76) (14.84; 21.96) P, = 0.000034 p, = 0.369593
P, = 0.424284 p,=0.283977 D, = 0.720985
p, =0.688920
O6muii 6esiok  35.55 28.84 31.23 (26.44; 52.94) 45.27 (42.54; 52.61)
(r/m) (26.77;38.07)  (27.46; 31.23) p, = 0.839446 p, = 0.000572
Total protein p, = 0.022225 p, = 0.575173 p, = 0.005075
(g/D D, =0.297953

AJIT (E]1/m)
ALT (U/1)

ACT (EZI/7)
AST (U/])

Illenounas
docdaraza
(E/1/n)
Alkaline phos-
phatase (U/1)
JIAT (EA/)
LDH (U/])

OO0
OuIMpyOouH
(MKMOJTB/JT)
Total bilirubin
(umol/1)
MoueBuna
(MmMoOJTB /1)
Urea (umol/1)

Kpearunnn
(MKMOJIB/JT)
Kreatinine
(umol/1)

12.53
(9.31; 13.51)

49.19
(37.28; 70.26)

34.85
(30.79; 36.37)

367.47

(263.108; 509.13)

20.23
(15.63; 20.36)

5.15
(3.46; 5.22)

64.88
(44-84; 77.49)

23.17
(14.58; 30.20)
p, = 0.000237

94.67
(73.35; 182.85)
P, = 0.000882

46.21

(40.48; 59.07)
P, = 0.000502

496.95
(442.92;1050.36)
p, = 0.002908

20.25
(20.06; 20.97)
p, = 0.005880

3.07
(2.67; 3.50)
p, = 0.060413

64.48
(42.07; 74.36)
p,=0.839168

15.03 (14.49; 17.47)
p, = 0.002161
D, =0.174736
D, =0.100413

68.18 (61.76; 73.63)
p, = 0.067251
p, = 0.017672
p,= 0.014851

36.02 (32.03; 38.43)
D, =0.369593

p, = 0.0184167

b, =0.0202411

392.58 (338.34; 398.77)

p, = 0.884126
p, =0.012419
p,= 0.133615

10.61 (8.68; 13.02)
p, = 0.000080
P, =0.004846
p,= 0.089270

2.36 (1.78; 2.74)
P, = 0.000641
p, = 0.066193
p,= 0.900865

52.24 (41.07; 60.87)
P, = 0.258990

p, = 0.688404
p,=1

21.97 (17.37; 22.45)
p, = 0.000093
p, = 0.688920

103.96 (90.04; 125.47)
p, = 0.000093
P, =0.714393

49.09 (39.12; 70.62)
p, = 0.000572
p,=0.830324

432.46 (389.27; 537.57)
p, = 0.200859

D, =0.173486

13.15 (11.57; 14.28)
D, = 0.000560

D, = 0.044576

2.49 (1.7; 2.7)

D, = 0.021217

D, = 0.294802
51.56 (49.61; 53.43)
p, = 0.664182

p, = 0.809855

IlpuMedanue. [aHHbE IPeJCTABICHBI KAK MeIUAHA, BEPXHUH 1 HIDKHUH KBAPTHJIN; P, — IO CPABHEHHUIO C KOHTPOJILHOH IPYIIIOH,
D, — 110 CPABHEHHUIO C IIEPBOH OIIBITHOM IPYIIIOH, p, — 110 CPABHEHHIO C TPETheH OIBITHOH IPyIIIO.
Note. The data is presented as median, upper and lower quartiles; p, — compared to the control group, p, — compared to the
1st experimental group, p, — compared to the 3rd experimental group.
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OTHOIIIEHUIO K IIEPBOA M TPEThEU OMBITHBIM IPyTI-
I1aM YKa3aHHBIN [TOKA3aTeJb IOCTOBEPHO CHUKAJICS
Ha 22 U 26.7 % cooTBeTCTBEHHO. AKTHBHOCTH JI/IT
uMeJia TEHEHITUIO K YBeJIMUeHNIo Ha 6.8 % 110 cpaB-
HEHHI0 ¢ KOHTPOJIEM, JIOCTOBEPHO CHIMIKAjach Ha
21 % 10 CPaBHEHUIO C IIEPBOU I'PYIIION, IO OTHOIIIE-
HUIO K TPEThEH TPYyIIIle CHIKAJIACH HEJIOCTOBEPHO Ha
9.2 %. KoHleHTpaIus xojiecTeprHa UMesa TeH/IeH-
U0 K CHUKEHUIO TT0 OTHOIIIEHUIO KO BCEM HUCCIIEY-
eMbIM rpynmam (Ha 33.3, 8.3 1 14.8 %). Conep:xanue
o011ero 6eaKa UMeJIO TeHACHIIUIO K CHUXKEHUIO I10
CPaBHEHUIO C KOHTposieM (Ha 12.2 %) U TpeTbeH
ONBITHOU Tpynmou (Ha 44.9 %) U HE3HAYUTEJIHHO
MIPEBBIIIAI0 MMOKA3aTe BTOPOH OMBITHOU TPYIIIBI
(ua 8.3 %). KoHIleHTpaIus KpeaTHHUHA UMeJia TeH-
JIEHITUIO K CHUIKEHUIO 110 CPABHEHUIO C KOHTPOJIEM
(ma 19.5 %) v IepBOI OMBITHOM TpyTIIOH (Ha 18.9 %),
10 OTHOIIEHUIO K TPeThel HaOJII0Jaioch He3HAYH-
TeJIbHOE yBesmuyeHue (Ha 1.3 %).

Y TpeTheli OIBITHOM TPYIIIBL, OJyJYaBIIeH CIIUp-
TOBOE W3BJIeYeHHE TUMbsiHa Mapiasia, comepska-
HHe 001ero 6eJjika JIOCTOBEPHO YBEIUUHBAJIOCH I10
CpPaBHEHUIO C KOHTPOJIEM U MEPBOK OMBITHOU TPYTI-
MO Ha 27.3 U 56.7 % COOTBETCTBEHHO. YPOBEHD aJIb-
OyMHHa ocTaBaJicA B IpejesiaX 3HAYEHUH TPYIIIIbI
KOHTPOJISI ¥ TIEPBOK OIBITHOM TPYIITbl. AKTUBHOCTH
AJIT craTuCcTUYeCcKM 3HAYMMO YyBEJIWUYMBAIACh IO
CPaBHEHUIO C KOHTPOJIEM Ha 75 %, 10 OTHOIIIEHUIO K
IIEPBOM OIBITHON UMEJIACh TEHAEHITUS K CHIKEHUTO
Ha 5.17 %. AktuBHOoCcTh ACT u III® noctoBepHO yBe-
JIMUMBajach Ha 111.3 U 40.9 % COOTBETCTBEHHO IIO
CpPaBHEHUIO C KOHTPOJIEM, IO OTHOIIEHUIO K ITEPBOH
TPYIIIEe UMeJIach TEHEHIUA K YBETUUEHUIO ITOKa3a-
Tened Ha 9.8 u 6.2 % coorBercTBeHHO. OTMeUaIN
JIOCTOBEPHOE CHIKEHUE COZEPKAHUS 0011Iero Ouim-
pybrHa Ha 34.9 U 35.1 % IO CPAaBHEHHIO C KOHTPO-
JeM W nepBoi rpymnnoi. Cozep:kaHWe MOYEBUHBI
CTATUCTUYECKH 3HAUYMMO CHIIKAJIOCh IO OTHOIIIe-
HHUIO K KOHTPOJIbHOU Tpymie Ha 51.6 %, 1o cpaBHe-
HUIO ¢ TIEPBOU T'PYIIION IOKA3aTesh UMeJ TeH/IeH-
IO K CHIKeHUIO Ha 18.9 %. OTMeueHa TeHIeHITUsI
K CHIDKEHHUIO YPOBHA IJTIOKO3bI (Ha 9.4 %), XoJiecre-
puHa (Ha 33.3 %) IO CPaBHEHUIO C KOHTPOJIbHOU
TPYIIIION, 110 OTHOIIEHUIO K IIEPBOM ONBITHON MOKa-
3aTeyil HE3HAYHUTEJbHO YBEJIUYHINCh — HA 10.6 U
5.2 % coorBeTcTBeHHO. AKTHUBHOCTH JIJII' n3meHs-
Jlach HEJTOCTOBEPHO IO CPABHEHUIO C UCCIEAYEMBIMU
TPYIIIaMu: 3HAYEHUS YBETUUIUCH 110 CPABHEHHIO C
KOHTpOJIEM Ha 17.7 % W CHU3WINUCH HA 12.9 % 1O
OTHOIIIEHUIO K TIePBO# ombITHOU rpymme. Copepika-
HHE KpeaTHMHWHA JIOCTOBEPHO HE OTIUYAJIIOCH OT
IMOKa3aTeJiell KOHTPOJIS U IEPBOU OIBITHOU IPYIIIIHI,
HO WMEJIO TEHJIEHITHI0 K CHUJKeHHI0 (Ha 20.5 U
20.04 % COOTBETCTBEHHO).

and slightly exceeded the parameters of the second
experimental group (by 8.3%). Creatinine level
tended to decrease in comparison with the control
(by 19.5%) and first experimental group (by 18.9%),
a slight increase (by 1.3%) was observed in relation
to the third.

In the third experimental group receiving ethanol
extraction of Thymus marschallianus Willd., the
total protein content significantly increased com-
pared to the control and first experimental group by
27.3 and 56.7%, respectively. The albumin level
remained within the values of the control and first
experimental group. The ALT activity increased sig-
nificantly by 75% compared to the control, there was
a tendency to decrease by 5.17% in relation to the
first experimental one. The activity of AST and ALP
significantly increased by 111.3 and 40.9%, respec-
tively, compared with the control, in relation to the
first group there was a tendency to increase by 9.8
and 6.2%, respectively. There was a significant
decrease in the total bilirubin content by 34.9 and
35.1% compared to the control and first group. The
urea content decreased statistically significantly in
relation to the control group by 51.6%; compared
with the first group, the parameter tended to decrease
by 18.9%. There was a tendency to decrease in glu-
cose (by 9.4%), cholesterol (by 33.3%) levels com-
pared to the control group; in relation to the first
experimental group, the parameters increased
slightly — by 10.6 and 5.2%, respectively. LDH activ-
ity changed insignificantly as compared to the study
groups: the values increased by 17.7% compared to
the control, and decreased by 12.9% compared to the
first experimental group. The creatinine content did
not significantly differ from the parameters of the
control and first experimental group, but tended to
decrease (by 20.5 and 20.04%, respectively).

DISCUSSION

Earlier, Yu.A. Starchak [5] carried out a toxicity
determination for infusions of Thymus sp. plants in
the concentration range of 2000, 3000, 4000 and
5000 mg/kg on mice of both sexes with 6 animals
in a group by a single intraperitoneal injection. The
administration of all the studied doses did not lead
to the death of animals. It should be noted that the
infusion at a dose of 5000 mg/kg during the first
hours caused a decrease in appetite, lethargy, accel-
erated breathing, and inactivity in animals. But
then the mice of the experimental groups behaved
in the same way as the mice of the control group,
which were injected with water in an equivalent
volume. In the study of acute toxicity of ethanol
extraction from Thymus marschallianus Willd.
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OBCYXKIAEHUNE

Panee 10.A. Crapuak [5] 6pL10 ITPOBEIEHO OTIpe-
JleJIeHe TOKCUYHOCTH JJIsI HACTOEB PacTeHUH pojia
TUMbSIH B JIMANa30He KOHIEHTPAnuii 2000, 3000,
4000 U 5000 MT/Kr Ha MbIIIax 000ero moja Io
6 KUBOTHBIX B TIDYIIIE IIyTeM OZHOKPATHOTO BHY-
TPUOPIOIIIMHHOTO BBe/IeHUs. BBe/ieHre Bcex uccle-
JIOBaHHBIX /103 HEe MIPUBOJIUIIO K THOETH KHUBOTHBIX.
CrefyeT OTMETHTH, UTO HACTOU B /103 5000 MT'/KT B
TeUYeHHe IEPBBIX YACOB BBI3bIBAJ Y YKUBOTHBIX CHH-
JKeHUe alllleTUTa, BAJIOCTb, yYallleHWe JIbIXaHuf,
runosuHamMuo. Ho 3aTeM MBINIM ONBITHBIX TPYII
Besin cebsl Tak 3Ke, KaK W MBIIIHA KOHTPOJIbHOU
IPYIIIBI, KOTOPBIM BBOJIUJIN BO/IYy B SKBUBAJIEHTHOM
obpeme. IIpu mcceoBaHUM OCTPON TOKCHUYHOCTH
CIUPTOBOTO M3BJIEYEHUs] U3 TPaBbl THMbsiHA Map-
I1aJU1a IPU3HAKOB UHTOKCHUKAIUH Y JKUBOTHBIX BCEX
rpynn (IoJIydaBIINX W3BJIEUEHHSA B 033X 1000,
3000 B 5000 MTI/KI) OTMEYEHO He ObLIO. DKCIIEPH-
MEHTAJIbHO YCTAHOBJIEHO, UTO HUCCIIEYEMOE CITHPTO-
BO€ H3BJIEUEHHE TaK Ke, KaK U HaCTOH [5], o Kiac-
cudUKAIUA TOKCUYHOCTH XUMUUYECKUX BEIECTB
OTHOCHTCS K MJIOTOKCUYHBIM BEIIECTBAM.

IIpu omeHke OHOXMMUYECKHX ITOKa3aresei
KPOBH Y KMUBOTHBIX BTOPOH OIBITHOM I'PYIIIIBL, TOJTY-
yaBIled BOJIHOe M3BJIEYEHUE THMbsHA Mapiiasia,
HAMU OTMEUEHO CHIDKEHUE YPOBHS TJIIOKO3BI, UTO
coriacyercsi € TPEAbIAYIIUME HCC/IeOBAHUSIMU,
KOTOpBIE IIOKA3aJIM TUIIOTJIMKEMHUUYECKYIO dddek-
THUBHOCTH MOJIN(MEHOTBHBIX COeTUHEHUH [13].

CojniepsxaHue o01Iero 6eyka u arp0yMHUHA OCTa-
BaJIOCH B IIPe/iesiaX 3HaUYeHUH KOHTPOJIBHOH IPYIIIIBL,
YTO CBHUETENbCTBYET 00 OTCYTCTBUU HapPYIIEHUH
OHMOCHUHTETUYECKON (PYHKIHHU IeYeHU. 3HAYNMBIX
OoTKJIOHeHu# B axtuBHoctu ACT, AJIT, JIAT, II®,
obmero OmyMpyOMHA U XOJIECTEPUHA YCTAHOBJIEHO
He OBLII0, UTO TOBOPUT 00 OTCYTCTBHUH HapYyIIEHUU B
(yHKIIMOHAJIPHOM COCTOSHUU IIEYeHU U CepALa.
CozmeprkaHre KpeaTHHUHA U MOUYEBUHBI TAKKE HAXO0-
JIAJIOCH B TIPEZieJiax HOPMBbI, UYTO ITO3BOJISIET TOBO-
puTh 06 oTCyTCTBUM (DYHKIIMOHAIBHBIX U3MEHEHUH
CO CTOPOHBI ITOYEK.

[lpun aHammze OWOXMMHUYECKHUX IIOKa3aTesier
KPOBH Y >KHUBOTHBIX TPEThEl OIBITHOM TI'PYIIIBI,
TIOJTyJaBIIeN CIUPTOBOE U3BJIeUEHNE TUMbsIHA Map-
1asuia, HabJIIJaTi TIOBBIIIIEHNE aKTUBHOCTH (ep-
MEHTOB, JIOKQIM30BaHHBIX IPEUMYIIIECTBEHHO B
neueru (AJIT, ACT, III®). DTo MOKeT OBITH PE3YIb-
TATOM TIOBBIIIEHUS IPOHUIIAEMOCTA KJIETOYHBIX
MeMOPpaH IO/ JIEHCTBUEM IaHHOTO U3BJIeUEH NS, IPU
9TOM 0eJIKOBO-CHHTE3UPYIOMAs (PYHKIUA IeUeHH
He Hapylajach — Co/iepKaHue aJIbOyMHUHA OCTaBa-
JIOCh B TIpeJielaX KOHTPOJIA. YPOBEHb MOYEBUHBI U
KpeaTHHUHA HAXOAWICA B IpefiesiaX HOPMBI, UTO

herb, there were no signs of intoxication in animals
of all groups (which received extracts at doses of
1000, 3000 and 5000 mg/kg). It has been experi-
mentally established that the studied ethanol
extraction, as well as infusions [5], according to the
classification of toxicity of chemicals, belong to
low-toxic substances.

When assessing the biochemical parameters of
blood in animals of the second experimental group,
which received an aqueous extract of Thymus
marschallianus Willd., we noted a decrease in glu-
cose levels, which is consistent with previous studies
that showed the hypoglycemic efficacy of polypheno-
lic compounds [13].

The content of total protein and albumin
remained within the values of the control group,
which indicates the absence of impairments of the
biosynthetic function of the liver. There were no sig-
nificant deviations in the activity of AST, ALT, LDH,
ALP, total bilirubin and cholesterol levels, which
indicates the absence of disorders in the functional
state of the liver and heart. The levels of creatinine
and urea were also within the reference range, which
suggests the absence of functional changes on the
part of the kidneys.

When analyzing the blood biochemical parame-
ters in animals of the third experimental group
receiving the ethanol extract of Thymys marschallia-
nus Willd., an increase in the activity of enzymes
localized mainly in the liver (ALT, AST, ALP) was
observed. This may be the result of an increase in the
permeability of cell membranes under the action of
this extraction, while the function of protein synthe-
sis of the liver was not impaired — the albumin con-
tent remained within the control. The levels of urea
and creatinine were within the reference range, which
indicates the absence of kidney disorders. The rest of
biochemical parameters did not show noticeable
deviations compared to the control group of animals.

CONCLUSION

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

1. An ethanol extraction from the Thymus
marschallianus Willd. at doses of 1000, 3000 and
5000 mg/kg according to the classification of toxicity
of chemicals (GOST 12.1.007-76) belongs to the
IV class of toxicity (low-toxic substances).

2. The administration of an aqueous extract of
Thymus marschallianus Willd. at a dose of 100 mg/
kg led to a significant decrease in glucose, albumin,
total bilirubin and urea levels, as well as a decrease in
ALT activity. The content of cholesterol, total pro-
tein, creatinine, as well as the activity of ALP and
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TOBOPHUT 00 OTCYTCTBHH HapYIIEHHH CO CTOPOHBI
mouek. OcTasbHbIE OMOXUMUUYECKHE ITapaMeTPhl He
0OHAPYKIJIHN 3aMEeTHBIX OTKJIOHEHUH 110 CPABHEHHIO
€ KOHTPOJIbHOU TPYIIIION KUBOTHBIX.

3AK/JIOYEHUE

[IpoBe/ileHHOE HCCIEOBAHUE TIO3BOJISIET CIEJIaTh
CJIEYIOIIHE BHIBOJIBI:

1. CupTOBOE U3BJIEUeHHE TUMbsiHAa Mapiasia B
J103aX 1000, 3000 U 5000 MT/KT IO KJIaCCU(MUKAITIU
ToKcuuyHOCTH xumMuueckux Berects (I'OCT 12.1.007-
76) otHOCUTCA K IV KJIaccy TOKCUYHOCTH (MaJIOTOK-
CHUYHBIE BEIECTBA).

2. BBejileHHE BOJHOTO H3BJIEYEHUsS THMbIHA
Mapimnajia B 03€ 100 MT/KT MPUBOAWIIO K JIOCTO-
BEPHOMY CHIIKEHHUIO YPOBHSI TJIIOKO3bBI, aJbOyMU-
HOB, 00Iero OWIMPyOMHA U MOYEBHHBI, & TaKKe
cHmkeHuio aktuBHOCTU AJIT. Comepskanue xoyecre-
puHa, o6I1ero 6eyika, KpeaTHHUHA, a TaKXKe aKTHB-
Hocth 1@ u JI/II' ;OCTOBEPHO HE OTJIMYAIUCH OT
MoKa3aTeIel KOHTPOJIbHOM IPYIIIIBL.

3. BezleHme cnupTOBOTO W3BJIEUEHUS] TUMbsSHA
Mapimayuia IpUBOAUIIO K YBEJTUUEHHUIO COIEPIKAHUS
ob1ero 6enka u aktusHocTa AJIT, ACT, III® u cuu-
JKEHUIO YPOBHSA 00IIero OminpybnHa M MOYEBUHBI
[0 CPaBHEHHIO C KOHTPOJIbHOU Tpynmoi. Cozmeprka-
HUE TJIIOKO3BI, X0JIECTEPHUHA, aTbOYMUHOB, KpeaTu-
HUHA U akTuBHOCTH JI/II' ocraBasuch B mpenesnax
3HAYEHUH KOHTPOJIbHOU TPYIIIIBI.

PesysibTaThl TPOBEAEHHOTO HCCIAEAOBAHHUA He
BBISIBUJIU CYIIIECTBEHHBIX U3MEHEHU B OMOXUMUYe-
CKHX IIOKa3aTeJIsAX KPOBU MBIIIEH IPU BBEIEHUH
BOJZIHBIX U CIIMPTOBBIX M3BJIE€UEHHH THUMbsiHA Map-
ajia, YTo Ha OMOXUMHUYECKOM YPOBHE TIO/ITBEPIK-
JlaeT 0e30ITaCHOCTh NMPUMEHEHUS HU3BJIEUEHUU U3
JTAHHOTO BH/Ia PACTUTEIHHOTO ChIPHSI.

CIIMCOK JIUTEPATYPBI

1. AxrtaeBa H.3., [latxaeB Y.M., I'ememxuena H.I'. u ap.
W3yuyenune pacteHui poga MopaoBHHUK (Echinops L.)
KaK IEPCIEKTUBHBIX HCTOYHUKOB OHOJIOTUYECKH
akTUBHBIX BemlectB // BectH. Kazaxckoro Har. mep,.
YH-Ta. 2014;5:96—99.

2. KaszanueBa O.[., I'epacumenko A.C. Meromosorus
ITOMCKA HOBBIX OHMOJIOTHYECKN AKTHUBHBIX (apMako-
JIOTUYECKUX BEIIECTB C PEIENTOPHON aKTUBHOCTBHIO //
MeskyHap. *KypH. IPUKJIATHBIX U (PYHAMEHTIBHBIX
HCCIIEZIOBAHUN. 2016;8-4:522—525.

3. Kam M.V., Ilamypun M.M., 2Kypasckaa A.H. buoso-
TUYecKass U TOKCUKOJIOTUYECKass aKTUBHOCTH BOJTHO-
CIIUPTOBBIX DKCTPAKTOB W3 PsANA XBOWMHBIX PACTEHUH
Axyrun // Ipupogusle pecypcsl Apktuku u Cybap-
KTHKH. 2021;26(1):136—144. DOIL: 10.31242/2618-
9712-2021-26-1-13.

4. PyKOBO/ICTBO IO IPOBEJIEHUIO IOKJIMHUYECKHUX UCCIIE-
JIOBaHUH JiekapcTBeHHBIX cpezictB / H.JI. Byuarsaw,

LDH did not significantly differ from the parameters
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3HaueHUe onepeKariiel peakiiii BereTaTUBHOM HEPBHOM CHCTEMbI
B YCJIOBUAX KOTHUTHBHON HAarpy3KH y YCJIOBHO 3/I0POBBIX CTY/IEHTOB

E.A. Apumbacosa', B.IO. Kynukos!, M.J1. BoeBosia®

@I'BOY BO «Hosocubupckuii cocyoapcmeeHtbiil meduyuHckuil yHusepcumem» Munsopasa Poccuu, Hosocubupck, Poccus

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

AHHOTAIIUA

BBepnenue. Onepexaroliye MEXaHU3MbI PETY/IIUN IO3BOJIAIOT YeJIOBEKY 6osiee 3PEKTUBHO aalTHPOBATHCS K
BOB3/IEMCTBUIO CPEOBHIX (DAKTOPOB ¢ GOPMUPOBAHUEM ONTUMAIBHOU CTPYKTYPBI OTBETHON PEAKIIHH.

Il e 1 ». BbIABUTH OCOOEHHOCTH OIEpPEKAIOIIEN PEAKI[UU BEreTaTUBHON HEPBHOW CHCTEMBI B YCJIOBHAX KOTHUTHUBHOM
HAarpy3KHU y YCJIOBHO 3/I0OPOBBIX CTY/IEHTOB.

MaTepuanbs U METOJBbl. B uccaemoBaHNN yUyacTBOBAIN 30 CTY/IEHTOB MEIUITMHCKOTO YHUBEPCUTETA B BO3-
pacre 18—19 JieT. YYacTHUKH ObUIH paszieIeHbl HA JIBE TPYIIIIHI (15 YeJl. B KaK/10H). B rpynime 1 B KauecTBe Harpy3KH MpHU-
MEHSICS TECT «CeMaHTHYecKast BepbasibHas 6eTyIoCTh», B IPyIIIe 2 — TecT AMTXayspa. KapinonHTepBasiorpaMMbl y o6cie-
JIyEMBIX IOHOIIIEH 3aIChIBATIACH B YCJIOBHUIX KOHTPOJIA U HArpy3ku. OIeHUBAIUCH IOKA3aTeTH BapuabeTbHOCTU Cepey-
Horo purMma (BCP) — RRNN, TP, HF, LF, VLF.

PesyabpTarTs . AHanus BCP B rpymme 1 BIABWII, 4TO Hocse Harpysku nokasarenu RRNN, TP, HF, LF nocroBepHO
CHIDKAIOTCA, B TPYIIIE 2 IOC/Ie HArpy3ku rnokasaresnu TP u LF 10cTOBEpHO MOBBIMIAIOTCA OTHOCUTEIBHO KOHTPOJIBHBIX
3HaYeHUH. MeTo10M KOPPeANNOHHOIO aHAIN3a BBIABJIEHBI OTVINYHA MeXAy TokasatessiMmu BCP Ha MOMEHT IOAT0TOBKH
K BBIIIOJTHEHUIO KOTHUTUBHOTO TeCTa Me3K/ly UCCle/lyeMbIMU IPyIIIaMU. B rpy1ie 1 B oTJinyue OT IPYIIIBI 2 OTCYTCTBOBasIa
KOppeJIsAoHHasA 3aBucuMocTh Mexay nokasareasasmu RRNN u HF, TP u LF, HF u LF, LF u VLF. Ilocie npoBeneHus
TecTa B I'PyILIe 1 BBIABJIEHA JOCTOBEPHAs IIOJIOKUTEIbHAA KoppeAanua Mexay nokaszareaamu RRNN u HF. B rpynne 2
OIIpe/iesIeHbl KOPPEJISIUOHHbIE B3aUMOOTHOIIIEHUs MesKAy nmokazatessimu RRNN u LF, Bzaumoseiicreue mexxay HF u LF
YBEJIUUMIIOCH, KOppendanud Mexay napamerpamu LF u VLF otcyrcTByeT. OTiinuus Mmexay nokasareasamu BCP Ha MmomeHT
IIOJITOTOBKY K BBIIIOJTHEHUIO KOTHUTHBHOI'O TeCTa IIOKA3JIN, YTO OXKH/IaHME IIPEeZCTOAINed HATPY3KHU OIpeZeIsaeT peak-
[IUIO PETYJIATOPHBIX MexaHu3MoB BCP Ha /ielicTBHe HAarpy3KH.

3aka04YeHUe. Pa3auuHble BADHAHTHI KOTHUTHBHBIX HATPY30K CIIOCOOCTBYIOT H3MEHEHHIO AKTUBHOCTH OT/IEJIOB BETe-
TATUBHOH HepBHOU cucTeMbl B perysanuu BCP. Xapakrep 5TUX W3MeHEHUH 3aBUCUT OT UCXOJHOTO YPOBHSA PETyJIATOPHBIX
Bo3MozkHOCTel BCP, onpeziesifiomux onepeskaoniii BApHaHT PearnpoBaHUs Ha IPeIbsABIIEMYI0 KOTHUTHBHYIO HATPY3KY.
Kaouesnble caoea: onepekamias peakiiis BereTaTUBHOM HEPBHOW CHCTEMbl, KOTHUTHBHAsA HArpy3Ka, Bapuabeib-
HOCTb Cep/IeYHOTO PUTMA.

Oo60pasen murupoBaHusa: Apunbacosa E.A., Kynukos B.1IO., BoeBoga M.V. 3HaueHue onepexaromel peak-
[MY BETETATHBHON HEPBHOU CHCTEMBI B YCIIOBUSX KOTHUTHBHON HArPY3KH Y YCJIIOBHO 370POBBIX CTY/IEHTOB // Journal
of Siberian Medical Sciences. 2022;6(2):18—27. DOI: 10.31549/2542-1174-2022-6-2-18-27

Autonomic nervous system antedating response significance
in the apparently healthy students under conditions of cognitive load
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ABSTRACT
Introduction. Anticipating regulatory mechanisms allow a person to more effectively adapt to the impact of envi-
ronmental factors with the formation of an optimal response structure.
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Aim . To reveal the features of the antedating response of the autonomic nervous system under conditions of cognitive
load in apparently healthy students.

Materials and methods. Thestudyinvolved 30 medical university students aged 18—19 years. The partici-
pants were divided into two groups (15 people in each). In group 1, the semantic verbal fluency test was used as a load, in
group 2 — the Intelligence Structure Test (IST) by Amthauer. RR intervals in the examined young men were recorded under
control and load conditions. The indicators of heart rate variability (HRV) were assessed — RRNN, TP, HF, LF, VLF.
Results. Analysis of HRV in group 1 revealed that after exercise, RRNN, TP, HF, and LF indicators significantly
decreased; in group 2, after exercise, TP and LF indicators significantly increased relative to control values. Using correla-
tion analysis, we revealed differences between the HRV indicators at the time of preparation for the cognitive test between
the studied groups. In group 1, unlike group 2, there was no correlation between RRNN and HF, TP and LF, HF and LF, LF
and VLF. After the test in group 1, a significant positive correlation was found between RRNN and HF. In group 2, the cor-
relation relationships between the RRNN and LF indicators were determined, the interaction between HF and LF increased,
there were no correlation between the LF and VLF indicators. Differences between the HRV indicators at the time of
preparation for the cognitive test showed that the anticipation of the upcoming examination determines the response of the
HRYV regulatory mechanisms to the action of the load.

Conclusion. Different variants of cognitive loads contribute to changes in the activity of the autonomic nervous
system in the regulation of HRV. The nature of these changes depends on the initial level of regulatory capabilities of HRV,
which determine the antedating response to the cognitive load.

Keywords: antedating response of the autonomic nervous system, cognitive load, heart rate variability.
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BBEJAEHHNE

B opranusme codeTaloTcs iBa IPUHLIUIIA PeryJia-
MU — PETYJIANNA 10 IPUHIUITY OTKJIOHEHUS U Pery-
JIANUA 10 IPUHIUILY BO3MylleHUA. B nepBom ciiy-
4Jae JIeATeJbHOCTb PeryJIATOPHBIX CHCTeM HauWHa-
€TCsl, eCJIM KaKOH-TM00 U3 IapaMeTpPOB BHYTPEeHHEH
Cpellbl OTKJIOHSETCS OT HOPMAJIbHOW BEJTUYUHEI.
ITepenaua napopmanuu 06 OTKIIOHEHUU BKJIIOYAET
PETYJIATOPHYIO CHCTEMY, JIOCTHKEHHE DPe3ysbTaTa,
T.e. IpUBe/IeHUe ITapaMeTpa K HOpMe fABJIAeTCSA CUT-
HaJIOM /ISl IIpeKpallleHusA JeATeJbHOCTH CHCTeMBbI
perynanuu. B ciydyae BO3HUKHOBEHUS CHUTHAsIa
OIIACHOCTH BKJIIOYAETCA PerysAlus IO IPUHIUILY
Bo3MyllleHUsA. HepBHBIE W TyMOpaJbHBle Mexa-
HU3MBI B JAHHOM CJIy4dae paboTaloT ¢ OTIepeKeHHEM,
TOTOBAT OPraHU3M K AaKTUBHOU JI€SATEJHHOCTH.
B dusmosiornueckoMm nsaHe mpeJicTaBiaeHne 00 o1e-
pesxartoriiem Bo30yxaennu V.I1. [TaBioB omucas Kak
COCTOSIHUE «IIPENYIIPENUTETLHON /eI TETbHOCTH .
9TO 03HAYaeT, YTO OPraHU3M JOJIKEH II0JAITOTOBUTH
cebsI TI0 CUTHAJTY K MIPECTOSIINM, TI0CIeI0BATEIHHO
Ppa3BHUBAIOIIUMCA COOBITUAM JJIsI TOTO, YTOOBI UX
MOXKHO OBUIO  De3yJIbTAaTUBHO  OCYIIECTBJIATE.
I1.K. AHOXVH pa3BUJI 3Ty TOUKY 3PDEHUA U IIpescTa-
BIJI ee B (hOpMeE TEOPUU «OIIEPEKAONIEr0 BO30YHK-
JleHus » [1], KoTopasi xapakTepHa TOJIBKO JIJISI Yesi0-
BeKa U peayu3yercs B paMKax crernuduueckoi
(PYHKIIMOHATIPHON CHCTEMBI C AKTHBHBIM BKJIIOUE-
HHEM [IPOLIeCcCoB akTyaJIn3aluu namaTu. Takoe one-
pexaroliiee OTpaskeHue JeHCTBUTEIHbHOCTH IT03BO-

INTRODUCTION

Two principles of regulation are combined in the
body — regulation according to the principle of devi-
ation and regulation according to the principle of
perturbation. In the first case, the activity of regula-
tory systems begins if any of the parameters of the
internal environment deviates from the normal
value. The transmission of information about the
deviation includes the regulatory system, the
achievement of the result, thus bringing the param-
eter to the normal range is a signal for the termina-
tion of the regulation system activity. In the event of
a danger signal, the perturbation-based regulation is
activated. Nervous and humoral mechanisms in this
case work in advance, prepare the organism for vig-
orous activity. In physiological terms, the idea of
advanced excitation by I.P. Pavlov described it as a
state of “preventive activity”. This means that, on a
signal, the organism must prepare itself for upcom-
ing, sequentially developing events so that they can
be effectively carried out. P.K. Anokhin developed
this point of view and presented it in the form of the
theory of anticipating excitation [1], which is charac-
teristic only for humans and is realized a specific
functional system with the active involvement of
memory actualization processes. Such an antedating
reflection of reality allows a person to more effec-
tively adapt to the impact of environmental factors
of various modalities with the formation of an opti-
mal response structure, which significantly reduces

Journal homepage: http://jsms.ngmu.ru
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JIsIeT yeJtoBeKy 60siee 3(pHEKTHBHO aJjaiTHPOBATHCA
K BO3JIEHCTBHIO CPEZOBBIX (HAKTOPOB pPa3IUUHOU
MOJAQTBHOCTA C (POPMHPOBAHUEM ONTUMATBHOMN
CTPYKTYPBI OTBETHOU peaKIU, YTO CYIIEeCTBEHHO
CHIDKAeT  COOTBETCTBYIOI[E€  DHEPreTHUecKHe
3aTpaThl HA €€ PeATNU3aIUIo.

B Hamem mccsie/JoBaHUY MBI OLIeHUBAIN 0CODEH-
HOCTH DETYJIAIIMUA BapuabeJbHOCTH CEPIEYHOTO
putma (BCP) y cTyzieHTOB Ipu pa3jInuHbIX BapHaH-
Tax KOTHUTUBHOH Harpy3ku. I13BecTHO, UTO U3MeHe-
HUSI BETeTaTUBHOTO OaylaHca UTPAIOT BAYKHYIO POJIb B
Iporieccax afianTanuu Bo BpeMs oOyuenus. B psge
HCCIeIOBaHNM [2—4] mMOKa3aHO, YTO KOIHUTHUBHBIE
MIPOIIECCHI JKECTKO CBA3aHBI C JUHAMUKOU BereTa-
TUBHOHM DETYJIAIUN KapAUOPUTMA IIOCPEACTBAM
o01mer HeHpODU3UOTIOTHIECKON OCHOBBI. Ompeze-
nenue napametpoB BCP fo mpezcrosiero ncnbita-
HUS SBJISETCA METO/IOM, ITO3BOJISIOIINM OIIEHUTH
OIIEPEIKAIOIIYI0 PEAKIIUI0 BEreTaTUBHOH HEPBHOU
cucreMbl. MeXxaHU3MbI TAKOTO BApUAHTA PETYJIAIINH
TOTOBSIT OPTAHU3M K aKTHUBHOU JI€ATEJIbHOCTH, T.€.
3¢ peKT BO3MYIIIAIOIIETO BO3IEUCTBHS IIPOTHO3UPY-
€TCs1 M OPTaHU3M 3apaHee K HEMY TOTOBHTCA [5].

Takum 00pa3oM, MOHMMAaHUE OIEPEKAIOIIETO
XapakKTepa pearupoBaHUsA CUCTEMHBIX MeXaHHU3MOB
peryasnuu GpU3NOJIOTHUECKUX ITPOIIECCOB TIPU pas-
HBIX BApHAHTaX KOTHUTUBHOU HATPY3KH Y CTYZIEHTOB
OTIPEJIEJINIIO 1IeJIb HACTOSIIEr0 UCCIeIOBAHNUS.

HOEJIb NCCJIEJOBAHUA

BBISIBUTH OCOOEHHOCTH OTEPEKAOIIEH pPeaKIuu
BeretaTuBHOU HepBHOU cucTeMbl (BHC) B ycstoBusx
KOTHUTHUBHOM HArpy3ku (TeCThl: CeMaHTUYecKas
BepOasbHAs OErJIOCTh W YCTHBIM CUET) y YCJIIOBHO
3/I0POBBIX CTYZIEHTOB.

MATEPUAJIBI 1 METO/IbI

B uccienoBanuy npuHsIIN yUaacTre 30 CTYIEHTOB
MEeUIIITHCKOTO YHUBEPCUTETA B Bo3pacTe 18—19 JIeT,
KOTOPBIX pasfiesiWjid Ha JiBe TPYIIbl. B rpymme 1
(15 4Jes.) B KauecTBe HATrPy3KH IPUMEHSJICSA TECT
«CeMaHTHYeCKas BepOasibHasz OeryIoCTh», CyTh KOTO-
poro 3akJro4yasach B MBICJIEHHOH reHepanuu (Boc-
MPOUBBEAEHNN) CIIUCKA CJIOB, INPUHAJIEKAIIIX
onpeieIEHHOU CEMaHTUYECKOU KaTeropwH.
B rpymre 2 (15 4es.) B KauecTBe Harpy3KH IpUMe-
HsIcA TecT AMTxayspa (yCTHOe perreHne apugpme-
TUYeCKHX 33Jlau). 3aluch KapAHUOWHTEPBAJIO-
rpaMMbl B YCJIOBHAX KOHTPOJIA (KOT/A OCYILECT-
BJISIJICSI COOTBETCTBYIOIUN WHCTPYKTAXK) ITPOBOIU-
Jlach B Te€UeHHe 15 MHUH B IOJIOXKEHHUH CHJs, 0Oe3
Harpysku. 3amluch C Harpy3kod IPOBO/IMJIACH B
WIEHTUYHBIX YCI0BUAX. 17151 aHam3a ObLIN HCIIOJTb-
30BaHbl II0KA3aTEJH, OTPAMKAIIINE MeXaHU3MbI

the corresponding energy expenditure for its imple-
mentation.

In our study, we evaluated the features of the reg-
ulation of heart rate variability (HRV) in students
with different types of cognitive load. It is known that
changes in autonomic balance play an important role
in adaptation processes during training. A number of
studies [2—4] have shown that cognitive processes
are closely related to the dynamics of autonomic reg-
ulation of heart rate through a common neurophysi-
ologic basis. Determination of HRV parameters
before the upcoming test is a method to assess the
antedating response of the autonomic nervous sys-
tem. The mechanisms of such a variant of regulation
prepare the body for vigorous activity, i.e. the effect
of the perturbing influence is predicted and the
organism prepares for it in advance [5].

Thus, understanding the anticipating nature of
the response of systemic regulatory mechanism of
physiological processes in different variants of cogni-
tive load among students determined the purpose of
this study.

AIM OF THE RESEARCH

To reveal the features of the antedating response
of the autonomic nervous system (ANS) under con-
ditions of cognitive load (semantic verbal fluency
and verbal counting tests) in apparently healthy stu-
dents.

MATERIALS AND METHODS

The study involved 30 medical university stu-
dents aged 18—19 years, who were divided into two
groups. In group 1 (15 people), the semantic verbal
fluency test was used as a load, the essence of which
was the mental generation (reproduction) of a list of
words belonging to a certain semantic category. In
group 2 (15 people), the Intelligence Structure Test
(IST) by Amthauer (oral solution of arithmetic prob-
lems) was used as a load. Recording of RR intervals
under control conditions (when appropriate instruc-
tion was carried out) was carried out for 15 min in a
sitting position, without load. Recording with a load
was carried out under identical conditions. For the
analysis, indicators were used that reflect the mecha-
nisms of HRV regulation and affect its features [6].
These are: RRNN, mc (average value of RR inter-
vals); TP (Total Power), mc? (total power in the fre-
quency range < 0.4 Hz); HF (High Frequency), mc?
(power in the range of high (0.15—0.4 Hz) frequen-
cies, waves with a duration of 2.5-6.5 s); LF (Low
Frequency), mc? (power in the range of low (0.04—
0.15 Hz) frequencies, waves with a duration of 6.5—
25 s); VLF (Very Low Frequency), mc? (power in the
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perynsnun BCP u Biusiomue Ha ero ocoOGeHHO-
ctu [6]. 9To: RRNN, mc (cpe/iHee 3HaUeHUE HHTEP-
BasioB RR); TP (Total Power), mc? (0011ast MOIITHOCTD
B iuamasoHe 9actoT < 0.4 I'm); HF (High Frequency),
Mc? (MOIITHOCTh B iamia3oHe BeIcOKuX (0.15—0.4 I'1r)
YacTOT, BOJIHBI JIJIUTEJIBHOCTEIO 2.5—6.5 ¢); LF (Low
Frequency), mc? (MOIIHOCTh B JHAMA30HE HU3KHUX
(0.04—0.15 I'ty) yacToT, BOJIHBI JJIMTETLHOCTHIO 6.5—
25 ¢); VLF (Very Low Frequency), mc? (MOIITHOCTD B
JuanasoHe OYeHb HU3KUX (< 0.04 ') 4acToT, BOJIHBI
JUIATEJIBHOCTBIO D0JIee 25 C).

[TosyueHHble pe3yJsibTaThl 00pPabATHIBAINCH C
WCIIOJIb30BAaHUEM IIaKeTa MPUKIAHBIX MIPOrpaMM
Microsoft Excel, STATISTICA 7.0 (StatSoft Inc.).
JI71s1 06paboTKH TOTYYEHHBIX JAHHBIX HUCIIOJIb30Ba-
JINCh HemapaMeTpU4YecKHe METO/Ibl aHaIu3a, Kak
JUTs 3aBUCHUMBIX, TaK U HE3aBUCHMBIX [I€PEMEHHbIX.
KoppeaauoHHbIH aHaINu3 MPOBOAUIICA TI0 METOIY
CnupMmeHa. 3aBUCHMOCTh ITOKa3aTesed OIpeaesis-
J1ach ¢ IIOMOIIIBIO iucepcuoHHoro aHanuza ANOVA.
Paziuuusi CYUTATNCH IOCTOBEPHBIMU IIPH P < 0.05.

PE3YJIBTATBI 1 OBCY KAEHUE

Ha nepBoMm aTamne ucciaefoBaHUA IPOBOAUIIACH
oreHKa nokasaresieii BCP B rpymme ncciaenoBaHus 1,
B KOTOpPOU B KauyecTBe HATPy3KU IPUMEHSJICA TeCT
«CeMaHTHYecKasi BepbOasbHass OeryiocTb», U B
TpYyIIIe 2, B KOTOPOH B Ka4yecTBe HArpy3KH IpUMe-
HAJICA TecT AMTxayaspa. IlosydeHHble JaHHbIE IPe-
CTaBJIEHBI B TA0JI. 1 U 2.

Kak BUIHO U3 TIpe/iCTaBJIEHHBIX B Ta0J. 1 JlaH-
HBIX, TTocJie Harpy3ku nokasatenn RRNN, TP, HF,
LF nocTtoBepHO CHUKAIOTCA.

range of very low (< 0.04 Hz) frequencies, waves
with a duration of more than 25 s).

The results obtained were processed using the
Microsoft Excel, STATISTICA 7.0 software package
(StatSoft Inc.). To process the obtained data, non-
parametric methods of analysis were used, both for
dependent and independent variables. The Spear-
man’s rank correlation test was carried out. The
dependence of indicators was determined using the
analysis of variance (ANOVA). Differences were con-
sidered significant at p < 0.05.

RESULTS AND DISCUSSION

At the first stage of the study, HRV indicators
were assessed in group 1 in which the semantic ver-
bal fluency test was used as a load, and in group 2, in
which the IST by Amthauer was used as a load. The
data obtained are presented in Table 1 and 2.

As can be seen from the Table 1 data, after the
load, the RRNN, TP, HF, LF indicators significantly
decrease.

As can be seen from the Table 2 data, after the
load, the TP and LF indicators significantly increase.

When comparing HRV indicators between groups
1 and 2, no significant differences were found before
the study, significant differences were found after the
study. The data are presented in Table 3, 4.

Before the load test, the HRV indicators in both
groups of subjects did not differ; after the load test,
the nature of the HRV reaction changed which, in
our opinion, is due to the variant of the cognitive
load and a certain influence of the ANS antedating
response to the upcoming testing [7, 8]. Therefore, at

Ta6auna 1. ITokasaresu BCP B rpymie uccieioBanus 1 (TECT «ceMaHTHUecKas BepbayibHast 6ersiocts»), M £ m

Table 1. HRV in group 1 (semantic verbal fluency test), M £ m

IToxazareanb Jlo Harpysku ITocsie Harpy3sku

Indicator Before the load After the load p
RRNN, mc (mc) 798.7 + 48.0 736.7 + 49.4 0.02
TP, mc? (mc?) 3227.9 + 580.2 1468.3 + 330.5 0.005
HF, mc? (mc?) 1015.2 + 216.7 291.9 + 89.02 0.005
LF, mc? (mc?) 1167.9 + 274.6 496.1 + 136.6 0.006
VLF, mc? (mc?) 1044.7 + 303.09 680.2 + 212.5 0.2

Tao6uuna 2. [Tokazatesin BCP B rpymne uccsieioBanus 2 (tect AMrxayspa), M £ m

Table 2. HRV indicators in group 2 (IST by Amthauer), M + m

Iloxa3arean J1o Harpy3Ku ITocie Harpy3ku

Indicator Before the load After the load p
RRNN, mc (mc) 793.7 + 33.5 759.8 + 32.09 0.1
TP, mc? (mc?) 3760.4 + 692.7 5427.4 + 823.2 0.01
HF, mc? (mc?) 854.06 + 246.9 1385.2 + 316.6 0.06
LF, mc? (mc?) 1535.06 + 284.2 1984.1 + 337.8 0.03
VLF, mc? (mc?) 555.6 + 90.6 768.9 + 121.7 0.07
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Ta6uuna 3. [Tokazatesn BCP B rpymnmax vcceoBaHus 1 U 2 10 IIPOBE/IEHUs] HaTPy309HOTo Tecta, M + m
Table 3. HRV indicators in groups 1 and 2 before the load test, M + m

ITokasareuas / Indicator I'pynna 1 / Group 1 I'pynmna 2 / Group 2 P
RRNN, mc (mc) 798.7 + 48.0 793.7 + 33.5 0.9
TP, mc? (mc?) 3760.4 + 692.7 3760.4 + 692.7 0.5
HF, mc? (mc?) 1015.2 + 216.7 854.06 + 246.9 0.6
LF, mc? (mc?) 1167.9 + 274.6 1535.06 + 284.2 0.3
VLF, mc? (mc?) 1044.7 + 303.09 555.6 = 90.6 0.08

Kak BUJTHO M3 TpeCTaBJIeHHBIX B Ta0Js. 2 JaH-
HBIX, IIOcJie Harpysku nokasarenu TP u LF nocro-
BEPHO MOBHIIIAIOTCS.

IIpu cpaBHenuu nokasatesneit BCP mexay rpyn-
[IaMU UCCJIEZIOBAHUSA 1 ¥ 2 JI0 IPOBEAEHUS UCCIIEN0-
BaHUSA JIOCTOBEPHBIX OTJINYNM He BBIABJIEHO, TOCTO-
BepHbIE OTJINUMS BBISBJIEHBI IIOCJIE IPOBEIEHUS
uccyienoBanus. JlaHHbIe IPEJICTaBJIEHBI B TA0I. 3, 4.

ITepen mpoBesieHNEM HATPY30YHOTO TECTA MOKa-
3atesu BCP B 06enx rpymnmnax nccyie/lyeMbIX He OTIU-
YaJInCh, IOCJIE IPOBENEHHUS HATPY30YHOTO TeCTa
xapaxkrep peaknuu BCP nsmenuics, 4to, 1o Haemy
MHEHUIO, OOYCJIOBJIEHO BAapUAHTOM KOTHUTHBHOM
Harpy3KH U OIPeJIeJIEHHBIM BIIMSTHUEM OIEPEXKAIo-
meit peaknuu BHC Ha mpencrosinyio Harpysky
[7, 8]. IlosToMy Ha BTOpPOM B3Talle HCCIEAOBAHUSA
IIPOBOJIWJICA KOPPEJIIMMOHHBIA aHAJIN3 ITOKa3are-
et BCP B rpymmax uccjaefoBaHusa 1 U 2, KOTOPBIU
Oostee TIIyOOKO BBIABJISIET XapaKTep IMEPECTPONKH
MEKCHUCTEMHBIX B3aWMOOTHOIIEHUH B YCIJIOBHUAX
IIpe/IbABISIEMBIX OPTAaHU3MY HArpy3oK M OTpakaeT
OoJlee paHHHE H3MEHEHUs] CUCTEMbI BEreTaTUBHO-
MeTabOoJIMYeCKON DPETYJIANUN B YCJIOBHUSAX afamTa-
nuu [9, 10]. KoppenanuoHHble OTHOLIIEHUS MEXIY
TOKa3aTeJIAMU OIPeAEISJINCH 10 U TIOCIe IIPoBeie-
HUS HArpy304HOro TecTta. IlosyueHHBIE JaHHBIE
IpesicTaBieHbl B Tab. 5—8. B atux Tabiunax yka-
3aHbl  JIOCTOBEDHble  3HAUEHUSA  KOppeJAui
(p < 0.05).

B rpynme 1 KOppeJysIlOHHBIE B3aHMMOOTHOIIIE-
HUA MeXAy IoKasarejasiMu usMeHuIuch. Ilocie
IIPOBE/IEHUS TECTA BBISBJIEHA JIOCTOBEPHAS IIOJIOKHU-
TeJIbHAA KOppesAnusa Mexay nokaszatesaaMmu RRNN

the second stage of the study, a correlation analysis
of HRV indicators was carried out in groups 1 and 2,
which more deeply reveals the nature of the restruc-
turing of intersystemic relationships under the load
conditions, and reflects earlier changes in the auto-
nomic-metabolic regulation system accompanying
adaptation [9, 10]. Correlation relationships between
the indicators were determined before and after the
load test. The data obtained are presented in
Tables 5—8. These tables show significant correlation
indicators (p < 0.05).

In group 1, the correlation relationships between
the indicators have changed. After the test, a signifi-
cant positive correlation was found between RRNN
and HF (p < 0.05). Thus, the cardiac cycle length
depends on the regulatory influence of the parasym-
pathetic nervous system, when there is a significant
decrease in its activity, and shortening of the cardiac
cycle time. Correlation relationships between the
RRNN and LF indicators were not revealed, and the
TP indicator (total power of the range) is in a positive
correlation relationship with the HF indicator. Thus,
the main influence in the regulation of HRV in
group 1 after the load semantic verbal fluency test
belongs to the parasympathetic NS.

In group 2, a significant positive correlation
between the studied indicators was also revealed.
After the load test, the correlation relationships
appear between the RRNN and LF indicators. The
interaction between the sympathetic and parasym-
pathetic divisions of the ANS is enhanced. After the
load, there is no correlation between the LF and
VLF indicators, while at baseline, a correlation was

Ta6uuna 4. [Tokazatesn BCP B rpynmax vccieoBaHus 1 U 2 TIOCJIE TIPOBEJIEHUS HATPy309HOT0 Tecta, M £ m
Table 4. HRV indicators in groups 1 and 2 after load test, M + m

IToxasaress / Indicator I'pynna 1 / Group 1 I'pynna 2 / Group 2 P
RRNN, mc (mc) 736.7 + 49.4 759.8 + 32.09 0.6

TP, mc? (mc?) 1468.3 + 330.5 5427.4 + 823.2 0.0009
HF, mc? (mc?) 201.9 + 89.02 1385.2 + 316.6 0.01
LF, mc? (mc?) 496.1 £ 136.6 1984.1 + 337.8 0.002
VLF, mc? (mc?) 680.2 + 212.5 768.9 + 121.7 0.7
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Ta6suna 5. Koppensamuonnas matpurtia (CiupMena) 11 nokasateseit BCP B rpyrime uccaenoBaHus 1 10 IPOBEEHUs

Harpy3o4HOro Tecra

Table 5. Correlation (Spearman’s) matrix for the HRV indicators in group 1 before the load test

HF LF VLF TP
RRNN
TP +0.9 +0.87
HF +0.75
LF

Taoauna 6. Koppesamuonnas marpuna (Coupmena) ais mokasatesieir BCP B rpyIie uccieoBaHus 1 IOCIe

[IPOBE/IEHUS HATPY30YHOIO TECTA

Table 6. Correlation (Spearman’s) matrix for the HRV indicators in group 1 after the load test

HF LF VLF TP
RRNN +0.79
TP +0.79 +0.67
HF
LF

u HF (p < 0.05). Takum 06pasom, IpOAOIIKUTEIb-
HOCTb CEpZIeYHOI'0 IIMKJIA 3aBUCUT OT PeryJysATop-
HOTO BJUSAHUA mapacuMnaruudeckoro otaena BHC,
KOT/Ia HabJII0jaeTcs IOCTOBEPHOE CHIKEHE AaKTHB-
HOCTHU 3TOTO OTZeJla U yMeHbllIeHHe BPeMeHH cep-
JleqHOTro [ukiIa. KoppensanuoHHBIX B3aUMOOTHOIIIe-
Huil Mexay nokasarenamu RRNN u LF me BbIAB-
JIEHO, a TaKkKe INokaszaTtesb TP (o0mias MOITHOCTD
CIEKTPA) HAXOJUTCS B MOJIOKUTEIBHBIX KOPPEJIAIU-
OHHBIX B3aWMOOTHOIIEHUAX ¢ mokasareseM HF.
TakuM 00pa3oM, OCHOBHOE BJIUSIHUE B PETYJIALUH
BCP B rpynme 1 mocse NpoBefieHNs] Harpy304YHOTO
TecTa «ceMaHTHUecKasa BepOasbHasi 6eryIocTh» MpHU-
Ha/UIeXKUT IapacuMuarudeckomMy otzeny BHC.

B rpyme 2 Tak:ke BbIABJIE€HA JIOCTOBEPHAS I10JI0-
JKUTeJIbHAA KOppeJIAIMOHHAsA 3aBUCUMOCTb MEXKIY
ucejaefyeMblMu IokazaTenAMu. Ilocsie Harpysou-

found between the sympathetic NS and the meta-
bolic component of regulation. Thus, after the load,
in group 2 the main influence of HRV regulation
belongs to the sympathetic part of the autonomic
nervous system.

At the third stage of the study, in groups 1 and 2
an ANOVA of TP, LF, and HF indicators was per-
formed, which showed their significant (p < 0.05)
change after the cognitive test (Fig. 1—3).

As can be seen from the presented figures, at
baseline the TR, LF, HF indicators do not differ in
both groups, however, after the loading test, these
indicators significantly (p < 0.05) increase in group 2
relatively to group 1.

The revealed correlation differences between
the HRV indicators at the time of preparation for
the cognitive load test suggest that the anticipation

Ta6uuna 7. Koppensinuonnas marpuna (Cniupmena) iist mokazatesiedi BCP B rpyTine nccieIoBaHus 2 [0 IPOBEIEHUS

HArpPy304HOTO TeCTa

Table 7. Correlation (Spearman’s) matrix for HRV indicators in group 2 before the load test

HF LF VLF TP
RRNN +0.63
TP +0.88 +0.78 +0.94
HF +0.61 +0.74
LF +0.82

Ta6auna 8. Koppensanuonnas matpuna (Criupmena) 71st mokasareseil BCP B rpytine uccieJoBaHus 2 TIOCIIe

NIpOBeZIeHUs HarPy304HOI'0 TecTa

Table 8. Correlation (Spearman’s) matrix for HRV indicators in group 2 after the load test

HF LF VLF TP
RRNN +0.52 +0.52
TP +0.79 +0.71 +0.86
HF +0.88 +0.52
LF
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HOTO TEeCTa MOSBJISIOTCS KOPPEJISINOHHBIE B3aUMO-
oTHoIIeHU:A Mexy rmokaszaresamu RRNN u LF. B3a-
UMOJIEUCTBHE MEXKYy CUMIIATUYECKUM U IapacuM-
natuyeckuM otnenamu BHC yceunuatorea. Ilocie
Harpy3K{ OTCYTCTBYET KOPPEJSAIUA MeXK/1y IlapaMme-
Tpamu LF u VLF, npu 3TOM B «MCXOZHOM» COCTOS-
HUU BBIABJIEHA KOPPEJISANHUOHHAs 3aBUCHUMOCTh
Mesxay cummarndeckum otaesiom BHC u metabosn-
YeCKHM 3BE€HOM perysisaiuu. Takum o6pa3oM, OCHOB-
Hoe BimuAHUe peryinanuu B BCP mocie Harpysku B
rpylme 2 MNPUHAAJIEKUT CUMIATUYECKOMY OT/Iery
BEreTaTUBHOU HEPBHOU CHUCTEMBI.

Ha tpeTbeMm sTane uccijiejoBaHUsA IPOBEJEH JYC-
nepcuoHHBIN aHam3 ANOVA nokasaresneit TP, LF,
HF B rpynmnax uccieioBaHus 1 M 2, KOTOpbIE JI0CTO-
BepHO (p < 0.05) U3MEHIJINCH IIOCJIE IIPOBEAEHUS
KOTHUTHUBHOTO TecTa (puc. 1-3).

Kaxk BuiHO U3 mpejicTaBJIeHHBIX PUCYHKOB, ITOKa-
zaresu TP, LF, HF B «ucxomHOM» COCTOSSHUU HE
OT/IMYAIOTC B O0EWX TpyIIax WCCIIeIOBaHus,
O/THAKO TIOCJIE IIPOBEIEHHOTO HATPy30YHOTO TecTa
9THU IMOKA3aTeJH TIOCTOBEPHO (P < 0.05) YBeJIMUHBaA-
IOTCSI B TPYIIIE 2 OTHOCUTEJILHO TPYTIIHI 1.

BrIsAB/IEHHBIE KOPPEJIATIMOHHBIE OTJIUYHS MEXKTY
nokazaresiimu BCP Ha MOMEHT IOATOTOBKU K
BBIIIOJTHEHUIO KOTHUTHUBHOTI'O HArpy304YHOTO TecTa
MI03BOJIAIOT IPEAIIOIAraTh, YTO OKUAAHUE TIPEAICTO-
SIEN HATPY3KU OIpeJIeJIeT PEAKIUI0 PEryJIAaTop-
HbIX MexaHu3MOB BCP Ha jieficTBHe caMOi Harpy3KH
(koruuTHBHOTO Tecta). Takum 06pazom, MbI paccMa-
TPpUBAeM TaKOUW BapUAHT PETYJISAIUU KaK PETYJIAIHIO

of the upcoming test determines the response of the
HRV regulatory mechanisms to the action of the
load itself (cognitive test). Thus, we consider such a
variant of regulation as regulation ahead of sched-
ule, while the regulatory mechanisms are switched
on before a real change in the parameter of the reg-
ulated process (indicator). The conceptual basis for
solving the problem of anticipatory adaptation can
be the idea of antedating reflection, under which
P.K. Anokhin understands adaptation to future
events that have not yet occurred. The phenome-
non of aticipatory adaptation was reflected in the
work of A.A. Nalchadzhyan, who considers prelimi-
nary adaptation, or pre-adaptation, as one of the
adaptive strategies used by people in problem situ-
ations [11].

CONCLUSION

The results obtained indicate that different vari-
ants of cognitive loads contribute to a change in the
activity of the ANS divisions in the regulation of
HRV. The nature of these changes also depends on
the baseline level of regulatory capabilities of HRV,
which underlies the antedating response to the cog-
nitive load presented. Cognitive load can be consid-
ered as a method for identifying the pathogenic
mechanisms of the development of cardiovascular
pathology. This approach is a particular version of a
more fundamental pattern related to the problem of
self-assessment of one’s abilities. In essence, the
tested students really assess their ability to perform
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Puc. 1. ITokazatesp TP B rpynmax UCCIeJOBAHUS 1 U 2 JI0 U TIOCJ/IE IIPOBE/IEHUS HATPY30UHOTO TECTUPOBAHIS
Fig. 1. TP indicator in groups 1 and 2 before and after the load test
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Fig. 3. HF indicator in groups 1 and 2 before and after the load test

II0 OIEepPEeKEeHHI0, IIPH 3TOM PeTryJIUpYIOIIue Mexa-
HHU3MBI BKJIIOYAIOTCSA [0 PEAJIbHOTO W3MeHEeHUs
IapaMeTpa peryJupyeMoro Ipoiiecca (Iokasaresis).
KoHuenTtyanpHOW OCHOBOH pellleHus IPOOJIeMbI
VIIPeXK/IAoel afjalTalliy MOXKET BBICTYIIATh Ues
OTIEPEIKAOIIETO OTPAXKEHUsI, 10]T KoTopoii IT.K. AHo-
XWH MOHHMAaeT IpHCIoco0IeHre K OyIyIinM, ele
He HACTYIUBIIUM COOBITUAM. fIBJIEeHUE yIpexaaro-

a certain test, and if for some it is not difficult to
pass, then for others it causes the development of a
stress reaction, which indicates various predeter-
mined mechanisms for processing incoming infor-
mation.
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el ajanTaryuyu MOJIYYWUJIO OTpaskeHue B paboTe
A.A. HamyajpksHa, KOTOPBIA pacCMaTPUBAET IIPEJI-
BapUTEIbHYIO afalTalllio, WX IpeajianTaluio, B
KauyecTBe OTHOU 13 aJTAIITUBHBIX CTPATETUH, UCIIOJIh-
3yeMBbIX JIDIbMU B TPOOJIEMHBIX CUTYaluAX [11].

3AK/JIOYEHUE

PesynbpraThl, IOJy4eHHBIE B XO7i¢ UCCIIe/IOBAHUS,
CBUJIETEJIBCTBYIOT O TOM, UTO Pa3jIdyHble BApUAHTHI
KOTHUTHBHBIX HArPY30K CIOCOOCTBYIOT U3MEHEHUIO
aktuBHOCTH O0TZAes10B BHC B perysranuu BCP. Xapak-
Tep 5TUX U3MEHEHUH TaKKe 3aBUCUT OT UCXOTHOTO
VPOBHSA PETYJIATOPHBIX Bo3dMoxkHOcTel BCP, koTo-
PBIi JIEXKUT B OCHOBE OIlePesKaIoIero BapuaHTa pea-
TUpOBaHUA Ha MpPeAbABIAEMYyl0 KOIHUTHBHYIO
Harpys3ky. KOrTHUTHUBHYI0 Harpy3ky MO>KHO paccMa-
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Pa3pab6oTka rpaHny/isiTa Ha OCHOBE aMUNHOB,
00J1aAI0IINX ITPOTHBOBOCIIAJIUTEIbHON AKTUBHOCTHIO
B.C. Mapsromkuna, O.H. A6pocumosa, E.B. Kysaesa, 10.M. JlagyTbko

@OI'BOY BO «Canxkm-ITemepbypackuil 20cydapcmeeHHblil Xumuko-gapmayesmuueckuil ynusepcumem» Munzopasa
Poccuu, Canxm-Ilemepbype, Poccus

AHHOTAIINA

BBepmeHue. AMUAUHBI 00JI1TAI0T JIOCTATOYHO BBICOKON OMOJIOTHYECKON aKTUBHOCTHIO. OZTHUM U3 aCIIEKTOB UX TEpa-
IIeBTUYECKOTO JeHCTBHUSA fABJIAETCA IPOTUBOBOCIAINUTENBHBIN 3¢ dekT. IToaToMy paspaboTka TEXHOJOIMH I'PaHysATa HA
OCHOBE aMU/INHOB, 00J1a/1aI0IIKX IPOTHBOBOCIAINTETBHOM aKTUBHOCTBIO, JJIA IOCJIEAYIOIIETO T03UPOBAHUA B KUIIIEYHO-
PAaCTBOPUMBIE KAIICYJIbI SIBJISIETCS aKTYaJIbHBIM BOIPOCOM Ha CETOIHSIITHUH JIeHb.

1] e 1 b . PazpaboTaTh rpaHyJIsAT HA OCHOBE aMUIUHOB, 00J1/IAI0NUX TPOTHBOBOCIATUTEIbHON aKTUBHOCTBIO, 7151 TTOCTIe-
JIYIOIIIETO JTO3UPOBAHUS B KUIIIEUHOPACTBOPUMBIE KATICYJIBL.

MaTepuaasl U MeTOJBbl. BKauecTBe IEHCTBYIOLIETO BEIIECTBA UCIOJIB30BAJIN HKCIIEPUMEHTATIEHO CHHTE3UPO-
BaHHYIO cyOcTaHIuio N-(HadTaauH-2-11)0eH30IKapOOKCUMU/IaMHU/Ia U BCIIOMOTaTeTbHbIE BEIECTBA: JIAKTO3Y MOHOTH-
zpat, kpaxman rukosaT Hatpus (Explotab®), mosuzion (Plasdone™ K-29/32). I'paHy AT NOIydasd METOIOM ITPOJABIIU-
BaHMUS BJIQKHBIX Macc. I10ydeHHbIN IpaHy AT JO3UPOBAIN B KUIIEYHOPACTBOPUMBIE KATICYJIbl. TeXHOJIOrnYecKre CBOH-
cTBa cyOCTAaHIIMY U ITOKA3aTEIN KAUeCcTBa IPAHYJIATA U KAIICYJI OIIPeesIsIH 10 METOAMKAM, OIIMCAHHBIM B ['ocymapcTBeH-
Hol papmaxkorniee PO XIV uzn-sa (I'd XIV).

PesynpTaTsl. Ilo pesyapraTaM HCC/IeOBAHNS TEXHOJIOIHYECKUX CBOMCTB YCTAHOBJIEHO, UTO cyOCTaHINUA 00IajaeT
IIJIOXOH CBIIIy4ecThIOo, IOCTATOYHO JIerkasi U 00beMHas, OCHOBHas (ppaxIfys IOPOIIKA IIPeZiCTaBsAeT cOO0U YaCTUIIbI pa3-
M€epOM /10 0.1 MM. /17141 yJIydIlieHus ChIIIydecTH U CHUKEHUA TUTPOCKONMYHOCTH TPAHY/INPyeMOro MaTepuasa B KauecTBe
HAIOJTHUTEJISI KCIIOJIH30BAIH JIAKTO3Y MOHOTH/IPAT. B KauecTBe CBA3YIOIIETO BellecTBa ObLT BBIOpaH 5% pactBop Plasdone
K-29/32, yomy4maonuii pacTBoOpeHre U O10/TOCTYITHOCTD JIEKAPCTBEHHBIX BEIIECTB 32 CUeT 06pa30BAHUS BOJJOPACTBOPH-
MBIX KOMIUIEKCOB. B KauecTBe ZIe3MHTErPaHTa UCIIOIH30BATIN KPaXMaJl TJIUKOJIAT HATpUs. I10JIyueHHbIN TPaHYJIAT T03H-
POBaJIM B KAIIIEYHOPACTBOPUMBIE KAIICYJIbI, COOTBETCTBYIOIIHE TpeboBaHusaM I'd XIV.

3akJai4eHU e . IIpeoxeH MeTO/ CHHTE3a U CHHTE3UPOBaHa cyOcTaHusa N-(HabTaanH-2-11)0eH301KapOOKCUMU/T-
amuza, obsagaromas GapMaKoJIOrHYecKON aKTUBHOCTBIO. I10106paHbl BCIIOMOTaTeIbHbIE BEIIECTBA C YIETOM CBOKCTB
cybcraHnmy, pa3paboTaHbI COCTAB M TEXHOJIOTHSA IPAHYJIATA HA OCHOBE paHee CHHTE3NPOBaHHOU cyOcTanIy N-(HadTanuH-
2-11J1)6eH30JIKapOOKCUMUIAMU/IA, C IIOC/IEAYIOIINM JO3UPOBAHIEM B KHIIEYHOPACTBOPUMBIE KATICYJIbI, IIPEJJIOMKEH IIPO-
eKT crenu@UKaIUi Ha KUIIIEYHOPACTBOPUMBIE KaTICYJIbl B COOTBETCTBUH ¢ TpeboBanusimu ['d XIV.

Kmoueensle caosa: amunusbl, cybcranius N-(HadraninH-2-11)0eH30/IKapOOKCUMHUIAMU/IA, TPAHYJIAT, KUIIEYHOPA-
CTBOPHUMBIE KaIlCyJIbl, IPOTHBOBOCHIATIUTEILHOE IeHCTBHE.

Oo6pasen murtupoBaHusna: Mapsiomkuna B.C., Abpocumosa O.H., KyBaesa E.B., Jlagytbko }F0.M. PazpaboTka
TPaHyJIATa Ha OCHOBE aMUIUHOB, 00JIaZIAI0IINX TPOTHBOBOCIIATUTEIHHON akTUBHOCTHIO // Journal of Siberian Medical
Sciences. 2022;6(2):28—41. DOI: 10.31549/2542-1174-2022-6-2-28-41

Development of a granulate based on amidines
with anti-inflammatory activity
V.S. Mar’yushkina, O.N. Abrosimova, E.V. Kuvaeva, Yu.M. Ladutko

Saint Petersburg State Chemical and Pharmaceutical University, Saint Petersburg, Russia

ABSTRACT

Introduction. Amidines have a fairly high biological activity. One aspect of their therapeutic action is the anti-
inflammatory effect. Therefore, the development of a granulate technology based on amidines with anti-inflammatory
activity for subsequent dosing into enteric capsules is an issue of interest today.
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Aim. To develop a granulate based on amidines with anti-inflammatory activity for subsequent dosing into enteric cap-
sules.

Materials and methods. Anexperimentally synthesized substance N-(naphthalene-2-yl)benzene carboximid-
amide and excipients: lactose monohydrate, sodium starch glycolate (Explotab®), povidone (Plasdone™ K-29/32) were
used as the active substance. The granulate was obtained by pressing wet masses through. The resulting granulate was
dosed into enteric capsules. The technological properties of the substance and the quality attributes of the granulate and
capsules were determined according to the methods described in the State Pharmacopoeia of the Russian Federation, edi-
tion XIV (SP XIV).

Results. According to the results of the study of technological properties, it was found that the substance has poor
flowability, is quite light and bulky, the main fraction of the powder is particles up to 0.1 mm in size. To improve the flow-
ability and reduce the hygroscopicity of the granulated material, lactose monohydrate was used as a filler. A 5% solution of
Plasdone K-29/32 was chosen as a binder, which improves the dissolution and bioavailability of drugs due to the formation
of water-soluble complexes. Sodium starch glycolate was used as a disintegrant. The resulting granulate was dosed into
enteric capsules that meet the SP XIV requirements.

Conclusion. A synthesis method was proposed and a substance of N-(naphthalene-2-yl)benzene carboximidamide
with pharmacological activity was synthesized. Excipients were selected taking into account the properties of the sub-
stance, composition and technology of the granulate based on the previously synthesized substance N-(naphthalene-2-yl)
benzene carboximidamide was developed, followed by dosing into enteric capsules, a draft specification for enteric cap-
sules was proposed in accordance with the SP XIV requirements.

Keywords: amidines, N-(naphthalene-2-yl)benzene carboximidamide substance, granulate, enteric capsules, anti-
inflammatory effect.

Citation example: Mar’yushkina V.S., Abrosimova O.N., Kuvaeva E.V., Ladutko Yu.M. Development of a granu-
late based on amidines with anti-inflammatory activity. Journal of Siberian Medical Sciences. 2022;6(2):28—41. DOI:
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BBEJAEHUNE
AvumHBI 00J1a71aI0T IOCTATOYHO BBICOKOH OHO-
JIOTHYECKOH  aKTHUBHOCTHIO. DYHKIIMOHAJIBHBIN

(¢parmMeHT aMUJIMHOB, KOTOPBIH OOBIYHO SBJISETCS
YacThIO TETEPOINKIIA, BXOAUT B CTPYKTYPY MHOTHX
JIEKapCTBEHHBIX IPenaparoB, HAIpuMmep, Hadazo-
JINHA, KCWJIOMETA30JIMHA, TaIa30JiMHa, (eHToJa-
MHWHA, XJIOpAuas3enokcuia. HekoTopsle n3 amMuiu-
HOB B BHJ/I€ TUJIPOCY/IH(POHATOB HCIIOJIB3YIOTCS B
XUMHOTEPATIEBTUYECKON ITPaKTHUKe [1, 2].
[IpousBogHOe aneramuauHa — QGQEHOKAauH —
JIOCTAaTOYHO IITUPOKO HCIIOJIB3YETCSA B OPTATHMOJIO-
TUYECKOU NMPAKTUKE B KAUECTBE MECTHOTO aHECTE3H-
pyioiero cpencTBa. Taxkike N3BECTHBI IUKIUYECKHE
aMUITUHBI, KOTOPbIe ObLIH BBIIEJIEHBI U3 IIOJIOBOTO
TeJia «aMepUKaHCKOro rpuba» . OHM 06J1a/1al0T aHTH-
OaKkTepHaIbHON ¥ aHTUTEJIBMHUHTHOW aKTUBHOCTBIO.
Takke H3BECTHO, YTO CTPYKTYPHbBIE aHAJIOTH ITUKJIH-
YEeCKHUX aMHUJUHOB 00J1aZal0T MPOTHBOIIPOTO30M-
HOU, aHTU/IEMPECCAHTHON W AHTUTHUIIEPTEH3UBHOU
aKTUBHOCTBIO. Heslb3sh He 3aMeTUTh U TO, YTO MHO-
THe U3 aMUAUHOB ABJISAIOTCS MCXOJHBIMU COEIUHE-
HUSAMU B CHHTE3€ TeTEePOIUKIUYECKUX CTPYKTYD,
TaKUX KaK IMPOWU3BOJIHbIE MUPUMUAWHA. [ mpu-
Mepa MOXHO IIPMBECTH HM3BECTHBIM BUTAMHH B —
THaMuH. [IpH ero MmoJiydeHun UCII0Ib3yeTcs 3-3Tall-
HBIA CHHTEe3. B KauecTBe MCXOHOTO COeIMHEHHS Ha
IIEPBOM 3TaIle UCIOJIb3YETCs alleTaMUIuH [1—4].

INTRODUCTION

Amidines have a fairly high biological activity.
The functional fragment of amidines, which is usu-
ally part of a heterocycle, is included in the structure
of many drugs, for example, naphazoline, xylom-
etazoline, galazolin, phentolamine, chlordiazepox-
ide. Some of the amidines in the form of hydrosulfo-
nates are used in chemotherapeutic practice [1, 2].

An acetamidine derivative, phenocaine, is widely
used in ophthalmic practice as a local anesthetic.
Also known are cyclic amidines, which were isolated
from the fruiting body of the “american mushroom”.
They have antibacterial and anthelmintic activity. It
is also known that structural analogues of cyclic ami-
dines have antiprotozoal, antidepressant and antihy-
pertensive activity. It should also be noted that many
of the amidines are parent compounds in the synthe-
sis of heterocyclic structures, such as pyrimidine
derivatives. An example is the well-known vita-
min B, — thiamine. For its manufacturing, a 3-stage
synthesis is used. Acetamidine is taken as the parent
compound at the first stage [1—4].

To date, the chemistry of amidines is of consider-
able interest to researchers due to the wide distribu-
tion of this class of compounds in organic synthesis.
Amidines have high biological activity. One of the
aspects of their therapeutic action is the anti-inflam-
matory effect [1]. Therefore, the development of a
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Ha ceropHsAMHIN IeHh XUMUSA aMUINHOB BBI3bI-
BaeT 3HAUMTEJIbHBIM WHTEpPEC HCCaefoBaTesiell B
CBSI3U C IIIMPOKUM PACIPOCTPAHEHHNEM 3TOTO Kjacca
COeIMHEHUH B OPraHUYECKOM CHHTE3€. AMUIUHBI
00J1aTAI0T BBICOKOM OHMOJIOTUYECKON aKTHBHOCTHIO.
OnHUM U3 aCIIEKTOB KX TEPAIEBTUYECKOTO JIEACTBHUS
SABJISETCA TIPOTUBOBOCHIAJINTENBHBIA 3dderT [1].
[ToaToMy pas3paboTKa TEXHOJIOTMH TpaHyJIATa Ha
OCHOBE aMUIMHOB, 00JIaAIOIIUX TPOTHBOBOCIIATIHI-
TEJIbHOW aKTUBHOCTHIO, C MOCIEAYIOIINM /I03UPOBa-
HHEM B KUIIIEYHOPACTBOPUMBIE KATIICYJIbl SIBJISETCS
aKTyaJIbHBIM BOIIPOCOM Ha CETOHSAIIHUH I€Hb.

ComuasibHass ~ 3HAYMMOCTh  BOCIAJIUTEIHHBIX
3a00JI€eBAaHUI pacTET BO BCEM MUPE, YTO OIPEeIseT
HEOOXOMMOCTh Pa3paboTKU HOBBIX IPOTUBOBOCIA-
JINTEJIbHBIX MTPenaparoB. B rmocieaHme roabl B maTo-
reHese IeJIOTO PsiJia paclpoCTpaHEHHBIX 3a00J1eBa-
HU (OpOHXHAJIbHAS aCTMa, OCTEOIIOPO3) JOKA3aHO
yJacThe BOCIAIUTENbHBIX peaknuil. CII0KHOCTD
paspabotku 3bPEKTUBHBIX U B TO K€ BpeMs 6e30-
MTACHBIX CPEJICTB JJIsl JIEUEHUsST BOCIAIEHUs 3aKJTIO-
YaeTcssi B TOM, YTO CaM IATOJIOTHYECKHUU IIPOIece
SIBJISIETCS KOMILJIEKCHBIM U B CBOEM Pa3BUTHH 3aTpa-
THUBAaEeT MPAKTUYECKU BCE CUCTEMbBI OpraHu3Ma YeJio-
Beka. IIyTH BOCIAJMUTENBbHBIX PEAKIUN pearusy-
IOTCS KaK Ha YPOBHE BHYTPUKJIETOUHBIX B3aUMOJIEH-
CTBUM CUTHAJTBHBIX KACKAJIOB, TAK U HA YPOBHE pery-
JISIITAY TIPOIYKITMH MeIMAaTOPOB BocaieHus. Takum
00pa3oM, BJIUSHHUE TOJBKO Ha O[HY MUIIIEHD ITaTOTe-
He3a 00 He COMPOBOK/IAETCS TOCTATOYHBIM (ap-
MAaKOJIOTHYECKUM 3(D(HEKTOM, JTUOO BHI3BIBAET P
noOOYHBIX ABJIEHUH [5, 6].

N 3BeCTHO, UTO COEUHEHNSI, KOTOPhIE HHTHOUPYIOT
depmenT 1uknookcurenady (L{OI'), mposBIISIOT TpU
OCHOBHBIX BHZA OMOJIOTUYECKON aKTHUBHOCTH: aHAJIb-
re3UPYIOLIYIO, TPOTHBOBOCIAIUTEIBHYTO, YKAPOIIOHHU-
JKAIOINYI0 U IPUHAJJIEIKAT K TPYIIe HECTEPOUIHBIX
MIPOTUBOBOCHIATUTENBHBIX cpesictB (HITBC) [7].

Ha cerogusminuii ieHb HECTEPOUIHBIE TTIPOTUBO-
BocnasuTesbHble Tpenapatel (HIIBII) 3anumaior
ONHY W3 BeAyIuX IMO3UIUA HAa MHPOBOM DPBIHKE
JIEKAPCTBEHHBIX CPEACTB. 110 HEKOTOPHIM JAHHBIM
BO BceM Mupe 6oJiee 30 MJIH YeJl. BBIHYK/I€HBI IPU-
HUMaThb WX IIOCTOSIHHO, 300 MJIH NPUHUMAIOT HUX
XOTsI ObI KpaTKOBpeMeHHO [8].

Ha ocHOBaHWM MapKeTHHrOBOTO aHatu3a [9]
BBIJIEJIEHBI XapaKTePHBIE YePThI PO3HUYHOTO PETHO-
HasibHOTO phiHKAa HIIBII: Ha phiHKE IIpeCcTaBIeHO
okoJsio tpetd (30.2 %) Bcex HIIBII, 3apeructpupo-
BaHHBIX B P®; rpymma mpejcraBjieHa B OCHOBHOM
mpernapaTaMy UMIIOPTHOTO Mpou3BozcTBa (74.3 %),
HECMOTpsI Ha TO, YTO OTEUYEeCTBEHHBIE IpermapaThbl
3aHUMAaT 43.1 % ot Bcex HIIBII, BKIIOUEHHBIX B
TocyapCTBEHHBIN PEECTP JIEKAPCTBEHHBIX CPEJICTB.
B Tabs. 1 mpuBefeHbl OCHOBHBIE IPEICTABUTEIU

granulate technology based on amidines with anti-
inflammatory activity, followed by dosing into enteric
capsules, is a topical issue today.

The social significance of inflammatory diseases
is growing all over the world, which determines the
need to develop new anti-inflammatory drugs. In
recent years, the involvement of inflammatory reac-
tions in the pathogenesis of a number of common
diseases (bronchial asthma, osteoporosis) has been
proven. The complexity of the development of effec-
tive and at the same time safe drugs for the treatment
of inflammation lies in the fact that the pathological
process itself is sophisticated, and in its development
affects almost all systems of the human body. Path-
ways of inflammatory responses are implemented
both at the level of intracellular interactions of sig-
naling cascades and at the level of regulation of the
production of inflammatory mediators. Thus, the
effect on only one target of pathogenesis is either not
accompanied by a sufficient pharmacological effect
or causes a number of side effects [5, 6].

It is known that compounds which inhibit the
cyclooxygenase (COX) enzyme exert three main
types of biological activity: analgesic, anti-inflamma-
tory, antipyretic and belong to the group of non-ste-
roidal anti-inflammatory drugs (NSAIDs) [7].

Today, NSAIDs occupy one of the leading posi-
tions in the global drug market. According to some
estimates, more than 30 million people worldwide
are forced to take them constantly, 300 million take
them at least for a short time [8].

Based on the marketing analysis [9], the charac-
teristic features of the retail regional NSAIDs market
were identified: about a third (30.2%) of all NSAIDs
registered in the Russian Federation are represented
on the market; the group is represented mainly by
foreign-made drugs (74.3%), despite the fact that
domestic drugs account for 43.1% of all NSAIDs
included in the State Register of Medicines. Table 1
presents the main representatives of NSAIDs, which
are most often in demand among the population of
St. Petersburg.

The NSAIDs market is predominantly represented
by solid (54.8%) dosage forms, as well as semisolid
(20.0%) and injectables (15.2%) (Fig. 1) [8].

NSAIDs have a number of pharmacological
effects, namely: anti-inflammatory, analgesic and
antipyretic. In this regard, NSAIDs can be used for
various pathologies: diseases of the musculoskeletal
system (rheumatoid arthritis, rheumatism, ankylos-
ing spondylitis, chronic gouty arthritis, arthrosis
deformans, osteochondrosis, etc.) — anti-inflamma-
tory effect; in pain treatment (headache, joint and
other types of pain) — analgesic effect; in the treat-
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TaGauna 1. Haubostee yacto vcnosb3yembie notpedutenssMu HIIBIT B COOTBETCTBUY € MEXKIYHAPOTHBIM

HemaTeHTOBaHHBIM HanMeHoBaunem (MHH) [9, 10]

Table 1. Non-steroidal anti-inflammatory drugs (NSAIDs) most commonly used by consumers, according to the

International Nonproprietary Name (INN) [9, 10]

Toprosbie HazBanus HIIBII, %
Trade names of NSAIDs, %

Ne MHH ToproBoe HazBaHUE
No. INN Bpau IIpoBusop/ Ilocerurenasb Tradename
Doctor (l)apmaue.BT anrexu .
Pharmacist Pharmacy visitor

1 Humecynuz / Nimesulide 62.8 77.0 37.7 Haiis, 20 Tab. / Nise, 20 tab.

2 Keroposak / Ketorolac 82.3 67.5 17.2 Keropou, 20 Tab. / Ketorol, 20 tab.

3 N6ymnpoden / Ibuprofen 39.8 92.1 26.4 Hypoden, 20 Tab6. / Nurofen, 20 tab.

4 HMuknodenak / Diclofenac  55.8 53.2 6.4 Bossrapes, 20 tab. / Voltaren, 20 tab.

5 MeTamMu30J1 HATPUS 17.7 54.8 40.0 Anasprus, 20 tab. / Analgin, 20 tab.
Metamizole sodium

6 Mesokcukam / Meloxicam  33.6 23.0 1.6 Awmerorekc, 20 Tab. / Amelotex, 20 tab.

7 Anexnodenak / Aceclofenac 16.8 17.5 1.5 AJteHTasb, 20 Tab. / Alenthal, 20 tab.

8 AlleTHICATUIIIIIOBAS 4.4 16.7 5.1 AlleTH/ICATUITIIOBAS KUCIOTA, 20 Tab.
KHCTOTA Acetylsalicylic acid, 20 tab.
Acetylsalicylic acid

9 Ketonpoden / Ketoprofen  10.6 9.5 1.8 Keronaut, 20 Tab6. / Ketonal, 20 tab.

10  Hampoxcen / Naproxen 0.9 9.5 2.1 MortpuH, 20 Tab. / Motrin, 20 tab.

IIpumeuanue. HIIBII — HecTepouHbIE TPOTHBOBOCIAINTEILHBIE ITPENapaThl; Tab. — TabJIETKH.
Note. NSAIDs - non-steroidal anti-inflammatory drugs; tab. — tablets.

HIIBC, kotopsie yaiie BCero IMoJib3yITCA CIIPOCOM
cpenu HaceneHus r. Cankrt-Ilerepbypra.

Peinox HIIBII npeumyinecTBeHHO IIpe/iCTaBIeH
TBepAbIMU (54.8 %) JlekapcTBeHHBIMU (dopMaMH, a
TaK}Ke MATKUMHU (20.0 %) ¥ mpenaparamu JJisi HH'b-
ekmuii (15.2 %) (puc. 1) [8].

HIIBII obiagator psgoM ¢hapMaKOJIOTHIECKUX
5¢bdeKToB, a WUMEHHO: IPOTUBOBOCIIAIUTETHHBIM,
aHAJBre3UPYIOIUM U aHTUIIHUPETUYECKUM. B cBA3N

ment of fever — antipyretic activity. A number of
drugs in this group can be used as non-opioid anal-
gesics or as NSAIDs (depending on the dose) [11, 12].

Side effects of NSAIDs are associated with inhibi-
tion of various COX isoenzymes. With predominant
inhibition of COX-1, a gastrotoxicity is characteristic
up to an ulcerogenic effect. With highly selective inhi-
bition of COX-2, an increased risk of acute cardiovas-
cular events is characteristic due to an imbalance in

Copeii /111 MECTHOTO

MPUMEHEHUs
Topical spray
Kamncysst 1.4% Kunxue JIO
Capsules | Liquid dosage forms
4.2% 4.4%

uabeknuonnsle JIQ
Injectable dosage forms
15.2%

Msrkue JIO
Semisolid dosage forms
20.0%

TBepblie JID
Solid dosage forms
20.0%

Puc. 1. Pacnipenenenue 3apeructpupoBanubix HIIBII mo Buzy jekapcerBeHHON dhopmbl (JID)
Fig. 1. Distribution of registered NSAIDs by type of dosage form (DF)
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¢ atuM HIIBII MOTYyT IPUMEHATHCA IPU PA3JIMYHBIX
MaTOJIOTHAX: 3a00JIEBAHUAX OTIOPHO-/IBUTATEIHLHOTO
ammapaTta (peBMAaTOWJIHBIH apTPUT, DPEBMAaTHU3M,
AHKWJIO3UPYIOITUH CIIOHIUJINT, XDOHUUECKUH 11012~
TPUYECKUH apTPUT, AeDOPMUPYIOLTUNA OCTE0APTPO3,
OCTEOXOH/IPO3 U JIP.) — IPOTHBOBOCIIATHUTETHHBIHI
acddexT; mpu 605X (ToI0BHAA, CyCTaBHAA U JIPYTHE
BUABI OOJIM) — aHAIbre3upywIuu s¢dexrt; mpu
JIEUeHUN JINXOPAJKU — QHTUIIUPETUYECKAs] aKTHB-
HOCTb. Psiji mpemapaTtoB [aHHOW TPyNIbI MOTYT
HCII0JIB30BaThCA KaK HEOIUOW/IHble aHaJIbIeTUKU
wian kaxk HIIBII (B 3aBCHMOCTH OT JIO36I) [11, 12].

[Tob6ounsie a¢pdexter HIIBII cBsi3aHbI ¢ HTHTHOU-
poBanueM paziauuyHblx uzodepmento 1IOI. Ilpu
IpenMyIiecTBeHHOM HHrH6upoBanuu [{OI-1 xapak-
TepHA TaCTPOTOKCUYHOCTh BIUIOTH /IO YJIBIIEPOTEH-
HOTro JiekicTBus. [Ipu BBICOKOCEIEKTUBHOM MHTHOU-
poBanuu IIOI'-2 xapakTepHO HOBBIIIEHHE PHCKA
OCTPBIX CEP/IEUYHO-COCYAUCTBIX COOBITUN B CBA3U C
HapylIeHHeM paBHOBeCHs CHHTe3a TpOMOOKcaHa A2
U mpocranukinHa. Takke UMeIoTes onpeiesIeHHbIE
obrmrue mobounble 3G deKTH (AJIepruvecKre peak-
MY, TONTHOTA, PBOTA, AucHencus) [11—13].

OCHOBHBIMH NPOTHUBOIOKA3aHUSIMHU K IIPUMeEHe-
Huto HIIBII siBisiroTCs: s3BeHHAsA OOJIE3HB JKETyIKa
U 12-TIEPCTHOM KHUIIKU, GEPEMEHHOCTbh, JIAKTAIUSI,
CKJIOHHOCTb K aJUUIepTHU, HapylleHue KPOBETBOpe-
HUA U remMocrasa [11].

B cBs13u ¢ 5TUM OCTaeTcs aKTyaJIbHBIM CO3/IaHUeE
HOBBIX IIPOTUBOBOCIIJINTEIHHBIX CPEJICTB.

ITEJIb UCCJIEJIOBAHUSA

PaspaboraTh TpaHyJAT Ha OCHOBE aMUJIUHOB,
00JTaIatoUX MMPOTUBOBOCIIATUTEIBHON aKTUBHO-
CTBIO, JIJIsl TIOCJIEAYIOIIETO JIOBUPOBAHUS B KHUIIEU-
HOPAaCTBOPHUMbIE KaIICyJIbI.

MATEPHAJIBI

Jlakto3ber  MoHoruzapaT (CAS  10039-26-6,
Meelunie B.V., Hugepiauasl), Kpaxmaja TJTUKOJISAT
unatpus (Explotab®) (CAS 9063-38-1, JRS PHARMA
GmbH & Co. KG), nmoBuznon (Plasdone™ K-29/32)
(CAS 9003-39-8, Ashland Inc., CIITA), creapaT Kajib-
mus (xumuuecku uyucrblii, OO0 «Peaxtus», Poc-
cusi). CunTe3 U nosydenue cybcranuu N-(HadTa-
JINH-2-1T)0eH30IKapOOKCUMHUIaMHU/IA OCYIIECTBIIA-
auch  Ha  Kadenape — OpraHUYECcKOW — XUMHU
Caukr-IleTepOyprckoro rocy1apCTBEHHOTO XUMHUKO-
(apmarneBTHYECKOTO YHUBEPCUTETA.

METO/IbI

1. IIpoyeccyanvHasn cxema noayveHus cybcma-
uyuu  N-(nagpmanuu-2-un)bensonxkapboxcumuoa-
Mmuda (puc. 2).

the synthesis of thromboxane A2 and prostacyclin.
There are also certain common side effects (allergic
reactions, nausea, vomiting, dyspepsia) [11—13].

The main contraindications to the use of NSAIDs
are: peptic ulcer, pregnancy, lactation, a tendency to
allergies, hematopoiesis and hemostasis disor-
ders [11].

In this regard, the creation of new anti-inflamma-
tory drugs remains relevant.

AIM OF THE RESEARCH

To develop a granulate based on amidines with
anti-inflammatory activity for subsequent dosing
into enteric capsules.

MATERIALS

Lactose monohydrate (CAS 10039-26-6, Meel-
unie B.V., Netherlands), sodium starch glycolate
(Explotab®) (CAS 9063-38-1, JRS PHARMA
GmbH & Co. KG), povidone (Plasdone™ K-29/32
polymer) (CAS 9003-39-8, Ashland Inc., USA), cal-
cium stearate (chemically pure, Reaktiv-RF, OJSC,
Russia). The synthesis and preparation of the
N-(naphthalene-2-yl)benzene carboximidamide
substance was carried out at the Department of
Organic Chemistry of the St. Petersburg State Chem-
ical and Pharmaceutical University.

METHODS

1. Process flow diagram for preparation the
N-(naphthalene-2-yl)benzene carboximidamide
substance (Fig. 2).

2. Studying the pharmacological activity of a
substance using the PASS (Prediction of Activity
Spectra for Substances) online program

This software evaluates probable biological activ-
ity profiles for test compounds based on their struc-
tural formulas. The total list of predicted biological
activities consists of more than 4000 terms, includ-
ing pharmacotherapeutic effects, biochemical mech-
anisms, toxicity, metabolism, regulation of gene
expression. The PASS prediction is based on struc-
ture — activity relationships for over 260 000 com-
pounds with known biological activity, with an aver-
age accuracy of about 95%.

According to the PASS prediction data, amidines
are COX inhibitors (Table 2) and should have a pro-
nounced anti-inflammatory effect. At the same time,
the probability of an analgesic effect in these fore-
casts is quite low [5]. The obtained substance was
evaluated according to the following criteria: Proba-
bility to be active (Pa) — the probability that the test
compound belongs to the active subclass according
to this criterion, and Probability to be inactive (Pi) —
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B-HadTrIIaMUH
B-naphthylamine

BenzonuTpun
Benzonitrile

AJTIOMUHUA XJIOpU
Aluminium chloride

HarpeBaHnue B K0s16e

» | ¢ 06paTHBIM X0oMOAMIBHIKOM 7i0 t = 180 °C |

Heating in a flask with under reflux
tot=180°C

1.2% P-P COITHOMN KHUCJIOTHI
1.2% solution of hydrochloric acid

T'opsyas peaknmoHHasA Macca
Hot reaction mass

[TpwinBaHueE PEAKIMOHHOU MaCChI
K pacTBOPY COJITHOU KUCJIOTBI -
Adding the reaction mass -

to the hydrochloric acid solution

JKesThIil pacTBOp € 0CAAKOM
Yellow solution with precipitate

Bakyymuas ¢unbrpanus Ilorepu
Vacuum filtration Losses

15.5% p-p HaTpus TUAPOKCHIA
15.5% sodium hydroxide
solution

QuibTpaT
Filtrate

IIpunuBanue puapTpaTa

K PacTBOpY HATPHUs THIPOKCH/IA
Adding the filtrate

to the sodium hydroxide solution

CBeTJIO-KOPUYHEBBINA PACTBOP € OCAIKOM
Light brown solution with precipitate

Bakyymuas dunprpanus
Vacuum filtration

TotoBas cyOcraHIus
Finished substance

Puc. 2. IIporeccyaybHas cxeMa HoyrydeHs cybcrannuu N-(HadramuH-2-11)6eH301KapboKCHMUAaMuU/a
Fig. 2. Process flow diagram for the production of the N-(naphthalene-2-yl)benzenecarboximidamide substance
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2. H3yueHue ghapmaxono2uueckoll akmugHoCcmu
cybcmaHyuu ¢ nNOMOWDBI0 OHAAUH-NPOSPAMMbL
PASS (Prediction of Activity Spectra for Substances)

JlanHOe mporpaMMHOe obeclieuyeHre OIeHUBAET
BEpOSITHbIE TPOPHIN OHUOJIOTUUECKON AKTHBHOCTH
JUTA WCCIIEIYEMBIX COETUHEHUH Ha OCHOBE HX CTPYK-
TypHBIX (hopMys1. OOIIII CIUCOK ITPEACKA3bIBAEMBIX
OHOJIOTHYECKUX AKTHBHOCTEH COCTOHUT M3 0ojiee 4eMm
4000 TEPMUHOB, BKJIIOUasi papMaKoTeparieBTHUECKHE
a(pdeKThl, OHOXMMUYECKHE MEXaHU3MBI, TOKCHY-
HOCTh, METa00/IM3M, PEryJIANUI0 HKCIPECCHU TEHOB.
ITporno3 PASS ocHoBaH Ha 0a3ze O B3aUMOCBA3SAX
«CTPYKTypa — aKTUBHOCTb» I 6ojiee yeM 260 000
COEMHEHNH C M3BECTHOH OMOJIOTMYECKOH aKTHUBHO-
CTBIO, U1 €70 CPE/THSSI TOUHOCTD COCTABJISIET OKOJIO 95 %.

B cooTBeTCTBUU C JAHHBIMU MMPOTHO3A CHCTEMBI
PASS amvwuamubl sBiA0TCA WHTHOUTOpamu 11OT
(Tabs1. 2) ¥ TOKHBI 0071a7]aTh BEIPA’KEHHBIM ITPOTH-
BOoBOCHINTENBHBIM 3¢ dekToM. BMmecTe ¢ TeM Bepo-
SITHOCTh AHAJIbTE€3UPYIOIIETr0 EeUCTBUS B JAHHBIX
MPOTHO3aX J0BOJIbHO HH3KA [5]. [losyueHHas cy6-
CTaHIIMsI ObLIA OLIEHEHA 110 CIIEAYIOINM KPUTEPUIM:
Probability to be active (Pa) — BeposiTHOCTH TOTO, YTO
HCCTIElyeEMOE COeIMHEHNE OTHOCUTCS K TOIKJIACCY
aKTUBHBIX TI0 IAHHOMY KpuTepuio, u Probability to
be inactive (Pi) — BepOATHOCTH TOTO, YTO UCCIIEYE-
MO€ COeIMHEHNE OTHOCUTCS K IO/IKJIACCY HEaKTUB-
HBIX 10 TAHHOMY KPUTEPHUIO.

OnHAKO C TOYKU 3pEHUs] MEepPCIEKTUBBI paspa-
OOTKU U BHEIPEHUSI HOBBIX JIEKAPCTBEHHBIX CPEJICTB
WHTEPEC MPE/ICTABJISIIOT HE TOJIBKO Te BUJIBI OMOJIO-
TUYECKOH aKTHUBHOCTH, JOCTOBEPHOCTH IPOTHO3A
KOTOPBIX JIJISI TAHHOTO COeTUHEHMsI BBICOKA, HO U TE,
JUISI KOTOPBIX OHA HU3Ka [5]. B cBsA3u ¢ aTuM ocra-
€TCsl aKTyaJIbHBIM CO3/IaHKME HOBBIX ITPOTUBOBOCIIA-
JIUTEJIBHBIX CPEZICTB.

the probability that the test compound belongs to the
inactive subclass according to this criterion.

However, from the perspective of the development
and introduction of new drugs, not only those types of
compounds with the high reliability of the biological
activity prognosis are of interest, but also those with a
low one [5]. In this regard, the development of new
anti-inflammatory drugs remains relevant.

3. Preparation of granulate in a laboratory setting

The N-(naphthalene-2-yl)benzene carboximi-
damide substance and excipients were sifted
through a sieve with a 0.5 mm size mesh. The
components included in the granulate were
weighed on a Sartogosm CE623-C balance with an
accuracy of 0.001 g, in a laboratory mixer with a
volume of 0.5 1 (Bosch GmbH, Germany), pre-
mixing of the components was carried out, and
then — wet granulation. The powder mixture was
moistened with Plasdone™ K-29/32 aqueous
solution. The humidifier consumption was mea-
sured on the Sartogosm CE623-C balance. The wet
mass was granulated through a sieve with a mesh
size of 2 mm, then dried to a residual humidity of
2% in an oven at a temperature of 50°C. The dried
granulate was calibrated through a sieve with a
mesh size of 1 mm. The lubricant (calcium stea-
rate) was sifted through a sieve with 0.25 mm size
mesh. The granulate was mixed with the lubricant
for 5 minutes. 100.0 g of granulate was obtained
in a laboratory setting.

4. Dosing of granules into enteric capsules

The resulting granulate was dosed using a Pro-
Filler 1100 capsule filling machine (Capsule Connec-
tion, LLC, USA) for manual filling of capsules into
white DRcaps® enteric capsules (Capsugel, Inc., USA),
size 1. In one cycle, the machine fills 100 capsules.

Taouuna 2. Pe3ysibTaTsl IPOTHO3UPOBAHUA OUOJIOTHYECKOM aKTUBHOCTU cyOcTaHuu N-(HadTannH-2-11)

6eHzosikapbokcuMuaMusa [14]

Table 2. The results of predicting the biological activity of the N-(naphthalene-2-yl)benzene carboximidamide

substance [14]

Pa Pi CnekTpsl 6uoJsiornueckoii akruBHocTH / Biological activity spectra

0750 0007 WNuruburop L-riiyramaTtokcenaassl / L-glutamate oxidase inhibitor

0742 0003 Cy6erpar CYP2C18 / CYP2C18 substrate

0754 0019 HAJT®H uaruburop mnepokcuzaszsl / NADPH peroxidase inhibitor

0731 0009 Perynarop aunuanoro oomena / Lipid metabolism regulator

0752 0031 WVHrubUTOp TIIFOKOHAT-2-7eTU/IPOTEHA3bI (AKIIENTOP)
Gluconate-2-dehydrogenase inhibitor (acceptor)

0724 0004 Wuruburop nngaHosaeruaporenasst / Indanol dehydrogenase inhibitor

0724 0013 IIpoTrBOBOCHIATUTEIbHOE cpeicTBO / Anti-inflammatory agent

0705 0002 Wuruburop nukiookcureHassl 3 / Cyclooxygenase-3 inhibitor

0713 0013 ®rasar 4,5-auokcurenassl / Phthalate 4,5-dioxygenase

0717 0020 Nuruburop 5-0O-(4-kymapowi)-D-XrHaTa 3 MOHOOKCUTE€HA3BI

5-0-(4-coumaroyl)-D-quinate 3 monooxygenase inhibitor
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3. Iloayuenue epanyasma 6 ,1abopamopHuvLx
ycaosusx

Cybcrannuio  N-(Hadranua-2-mi)6eH30IKap-
OOKCUMHZAaMH/Ia W BCIIOMOTAaTeJbHbIE BeIleCcTBa
MIPOCEUBAIN YePe3 CUTO C Pa3MEPOM sTueeK 0.5 MM.
KoMmoHeHTBI, BXOASAIINE B COCTAB ITPAHYJIATA, B3BE-
muBanu Ha Becax «Caprorocm CE623-C» (00O
«Caprorocm», Poccrist) ¢ TOYHOCTBIO 0.001 T, B J1a00-
paropHoM cMmecuTesie o0bemoMm 0.5 J1 (Bosch GmbH,
lepmaHusi), TpeIBAPUTEHHO OCYIIECTBIISJIA CMe-
IITMBaHNE KOMIIOHEHTOB, a 3aTEM — BJIAYKHOE I'PaHY-
smpoBaHue. CMech MOPOIIKOB YBJIAYKHSINA BOTHBIM
pactBopom Plasdone™ K-29/32. Pacxon yBiaskHU-
TessA 3aMepsanu Ha Becax «Caprorocm CE623-C».
BraskHyio Maccy rpaHyIMpOBAIN YEPE3 CUTO € Pas-
MEpOM siYeeK 2 MM, 3aTeM CYIIWJIU 70 OCTaTOUYHOU
BJIAKHOCTH 2% B CYIITWIBHOM IIKady IPU TeMIepa-
Type 50 °C. BpICylIeHHBIN TPaHYJIAT KATHUOPOBATH
yepe3 CHUTO C pa3MepoM sdyeek 1 MM. JIyOpukaHT
(creapaT KasIbIHsI) IPOCEUBAIIH YEPES CUTO C Pa3Me-
poM sYeek 0.25 MM. I'paHy/IAT mepeMemuBaId C
JIyOpUKAHTOM B TeueHHe 5 MUH. B y1abopaTopHBIX
VCJIOBUSX MOJIYYaIU 100.0 T TPAHYJIATA.

4. lo3uposaHue epanyaama e KUWeuHOpacmaeo-
PpuMble Kancyavl

[Toy4eHHBIH IPAHYJIAT IO3UPOBAIH C TOMOIIBIO
mamwusbl ProFiller 1100 (Capsule connection, LLC,
CIIA) utst py9HOTO HAIIOJTHEHHA KaIlCyJl B KHIIEY-
HOpacTBOpUMBbIe Kamcyiabl DRcaps® kommnanum
Capsugel, Inc. (CIIIA) 6esoro msera, pasmep 1. 3a
OJIVH ITUKJI MAIIIFTHA HATIOJIHAET 100 KaIcyJl.

5. HccaedosaHue mexHoao2uueckux ceoticmaa
akmueHoll  gapmayesmuueckoll  cybcmaHyuu
(ADC) u epanyrama

Texnonornyeckue coiictBa A®C u rpanyssra:
(ppakIMOHHBIHA COCTAaB — CUTOBOU aHAIN3 (2JIEKTPO-
MarHUTHBIA cuToBor Ierikep RP 200N (CISA,
Wcnanus)), cTemneHb CHIMYyYECTU W YTOJI eCTECTBEH-
Horo ortkoca (tecrep coimydectu GT D-63150
(ERWEKA, Tepmanus)), HacbllHAs IUJIOTHOCTD
(Tecrep HacwkimHOMN moTHOCTH SVM 221 (ERWEKA,
lepmanus)), mpeccyeMocTb (TecTep TBEPAOCTH
tabserok TBH 125 TDP (ERWEKA, I'epmanusi)),
OCTaTOYHASl BJIAKHOCTh (QHAJIM3ATOP BJIAYKHOCTH
MA-45 (Sartorius, I'epmaHus)) — ONpENENSIIA TI0
METOJIMKaM, OIHMCAaHHBIM B 'ocymapcTBeHHOU dap-
maxonee X1V uzganus (I'® XIV) [15].

6. Hceaedosanue  nokasameaetl
xancya

OZIHOPOHOCTh Macchl (QHAJTUTHYECKUE BECHI
Caprorocm CE224-C (OO0 «Caprorocm», Poccust)),
pacrmajmaeMocTh Karcysa (TecTep pacrazaeMOCTH
tabserok ZT 322 m (ERWEKA, I'epmanus)), ofHO-
POZIHOCTh JO3WPOBAaHUA (QHAIUTHYECKHE BECHI

Kaiecmsea

5. Investigation of the technological properties of
the active pharmaceutical ingredient (API) and
granulate

Technological properties of API and granulate:
fractional composition — sieve analysis (RP 200N
digital sieve shaker (CISA, Spain)), degree of flow-
ability and angle of repose (GT D-63150 flow tester
(ERWEKA, GmbH, Germany)), bulk density (SVM
221 tapped density tester (ERWEKA, GmbH, Ger-
many)), compressibility (TBH 125 TDP tablet hard-
ness tester (ERWEKA, Germany)), residual moisture
(Sartorius MA-45 moisture analyzer (Sartorius,
GmbH, Germany)) — were determined according to
the methods described in the State Pharmacopoeia,
edition XIV (SP XIV) [15].

6. Study of capsule quality indicators

Weight uniformity (Sartogosm CE224-C analyti-
cal balance (Sartogosm, LLC, Russia)), capsule disin-
tegration (ZT 322 m tablet disintegration tester
(ERWEKA, GmbH, Germany)), dosing uniformity
(Sartogosm CE224-C analytical balance), dissolution
(DT 820 dissolution tester (ERWEKA, GmbH, Ger-
many)) was determined according to the methods
described in SP XIV [15].

Quantitative determination of API was carried
out by potentiometric titration in an aqueous-etha-
nol solution of potassium nitrate, titrant — 0.1 M
hydrochloric acid solution.

RESULTS AND DISCUSSION

For the purpose of theoretical substantiation of
the granulate composition and the choice of the
granulation method, the API technological proper-
ties, N-(naphthalene-2-yl)benzene carboximidamide
were studied (Table 3).

According to the results of the study of technologi-
cal properties, it can be seen that the substance has
poor flowability, is quite light and bulky, the main
fraction of the powder is particles up to 0.1 mm in size.

Thus, it has been established that the introduc-
tion of the granulation stage into the technological
process of the production of solid enteric capsules
based on the substance is necessary for the directed
particle size increase and improvement of flow,
thereby increasing the accuracy of dosing.

The previously synthesized substance N-(naph-
thalene-2-yl)benzene carboximidamide was used as
the main substance in the granules, its mass per one
capsule will be 100 mg, therefore the introduction of
excipients is necessary.

When manufacturing granules, the technological
processes and excipients adopted in tabletting are
used. The introduction of a filler into the composi-
tion of the granulated mass is necessary to gain the

Journal homepage: http://jsms.ngmu.ru
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«Caprorocm CE224-C»), pactBopeHue (TecTep A
ompejiesieHUs TIOKasaTess «PacTBopeHue» cepuu
DT 820 (ERWEKA, TI'epmanHusi)) OIpeesiyid IO
MeTOJMKaM, onrcaHHbIM B I'® XIV [15].

KonunuectBeHnHoe onpeziesienne AOC npoBoguiu
METO/IOM IIOTEHITUOMETPUUECKOTO THUTPOBAHUSA B
cpezie BOJHO-CIIMPTOBOTO PacTBOpa HUTpATA Kasus,
THUTPAHT — 0.1 M pacTBOp XJIOPUCTOBOJOPOIHOM
KHCJIOTEHL.

PE3YJIBTATBI 1 OBCYXKJIEHHNE

C 1e1b10 TEOPETHYECKOTO 0OOCHOBAHUS COCTaBa
rpaHyJisiTa W BbIOOpPa MeTOAAa TpaHYJIUPOBAHUS
OBUTM U3ydYeHBbI TeEXHOJIOrnueckue cBorcrtea ADOC —
N-(Hadranuu-2-ua)beH30aKkapObOKCUMUAAMUIA
(Tabi. 3).

ITo pesynbTaTaM HCCIEIOBAHUSA TEXHOJIOTHYE-
CKHX CBOMCTB BHU/THO, UTO CyOCTAHIIMS 001a/a€T ILJI0-
XOU CBHIMTyYeCThI0, IOCTATOYHO JIETKask U 00'beMHas,
OCHOBHAs1 (ppakKIus IMOPOIIKA MPEACTABIISET COOOH
YaCTUIBI PA3MEPOM /10 0.1 MM.

TakuMm 00pa3oM, YCTaHOBJIEHO, YTO BBeJEHUE
CTa[I¥l TPAHYJIMPOBAHUA B TEXHOJIOTUYECKUH IIPO-
Iecc IPOM3BOJCTBA TBEPABIX KHIIIEYHOPACTBOPU-
MBIX KaTCy/ Ha OCHOBE CyOCTaHIIUU SIBJISIETCSI HEOO-
XOZUMBIM JIJIs1 HAIIPABJIEHHOTO YBEJIMUEHUS YaCTHUI]
U YAYUIIEHUS CHITyYecTH, TeM CaMbIM IOBBIIIAs
TOYHOCTH JJO3UPOBAHUS.

B xauyecTBe OCHOBHOTO BellleCTBA B COCTaBe Ipa-
HyJI HCIIOJIb30BAJIM paHee CHHTE3UPOBAHHYIO CyO-
crannuio N-(HadTaauH-2-1T)0eH30IKapOOKCUMU-
JlaMu/1a, Macca B OTHOU Karicyse OyZeT COCTaBJISTh

required mass at a small dosage of API, to improve
flow and reduce the hygroscopicity of the granulate.
Based on the literature data [16] and previous exper-
iments, it was shown that lactose has the highest flow
properties, due to the spherical shape of the particles
and a rather high bulk density.

Binders are used to improve flowability, increase
the accuracy of granulate dosing, and also ensure its
proper technological properties. For substances that
form crumbly, poorly granulated masses with water
and ethanol, or whenever the active substance is poorly
soluble both in water and ethanol, sugar syrup or poly-
vinylpyrrolidone solutions are used. Therefore, a 5%
solution of Plasdone K-29/32 was chosen as a binder.
The advantages of this solution are easy solubility in
water and ethanol, as well as an ability to improve the
dissolution and bioavailability of drugs through the
formation of water-soluble complexes [17, 18].

Since the substance is insoluble in water, it is nec-
essary to introduce disintegrants into the formula-
tion of the granulate. Disintegrants are introduced
into the granulate to improve their disintegration in
the gastrointestinal tract, which is necessary for
rapid release and subsequent absorption. Disinte-
gration occurs due to the rapid absorption of liquid
followed by rapid swelling, therefore, the granules
will be rapidly disintegrated [19]. Sodium starch gly-
colate was used as a disintegrant. Table 4 shows the
technological properties of the obtained granulate.

The resulting granulate satisfies the SP XIV
requirements and is an semi-finished product for a
solid dosage form.

Ta6auna 3. TexHosiornueckue cBoiicTa cyocrannuu N-(HadrannH-2-11)0eH301KapboKCUMUIaMU/ia
Table 3. Technological properties of the N-(naphthalene-2-yl)benzene carboximidamide substance

IIokasareyapb KauecTBa
Quality attribute

Pe3yibTaThl HCIIBITAHUIA
Test result

Omnucanue / Description

AMOpQHBIN TOPOIIOK KOPUYHEBOTO I[BETA C XaPAaKTEPHBIM

PE3KUM 3aIaxoM
Amorphous brown powder with a strong odor

Colmyuecrts, r/c | Flowability, g/s
HaceimHas iotHocTb, T/cm? | Bulk density, g/cm3

(nupexc Kappa)
Carr’s compressibility index

1.235 + 0.062
0.599 * 0.030

Koaddunuent nmpeccyemoctu 17
Cpenuuii / Average

OcrarouHas BJIaskHOCTh, % | Residual moisture, % 7.80 £ 0.39
®pakIMOHHBIH cocTaB, % | Fractional composition, %
d<o.25 0.90 + 0.05
0.25<d<o0.5 18.90 + 0.95
o5<d<1 16.30 + 0.82
d>1 63.90 + 3.20

IMIpumeuanue. d-—uamerp s4eiKu, MM.
Note. d-amesh size, mm.
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Ta6muna 4. TeXHOJIOTHYECKUE CBONCTBA IPaHyJIATa
Table 4. Technological properties of granulate

IToxa3sarespb kauecrBa / Quality attribute

PesyabTtaTsl / Results

OcraTouyHas BJAaXKHOCTb, % | Residual moisture, %
Colmyyects, ¢/100 T | Flowability, s/100 g

VTO0JI ecTeCTBEHHOTO OTKOCA, TPA/TyCh

Angle of repose, degrees

HaceimHas miotHocTb, T/cm? | Bulk density, g/cm3
r()
r

1250

Koaddunuent npeccyemoctu (nnzaexc Kappa)
Carr’s compressibility index

®pakIMOHHBIHN coctaB, % | Fractional composition, %
d<o0.355
0.355 < d < 0.500
0.500 < d < 0.710
o710<d<1
d>1

2.0 £ 0.1
3.32 £ 0.17

3645
VnosierBopuTesbHbIN / Satisfactory

0.61 + 0.03
0.73 £ 0.04

21.00

4.21 + 0.21
11.15 + 0.76
24.60 + 1.23
31.17 £ 1.56
24.87 £ 1.24

IIpumeuanue. d—auaMerp siYeHKH, MM.
Note. d-amesh size, mm.

100 MT, [T03TOMY HEOOXOMMO BBeJIEHHE BCIIOMOTa-
TEJIbHBIX BEIIIECTB.

[Tpu mosiyueHUU TPaHyJT UCIOIB3YIOTCS TEXHO-
JIOTUYECKUE IMPOIECCHl U BCIIOMOTATEJIbHBIE Belle-
CTBa, NPUHATHIE B TabJIeTUPOBAHWHU. BBe/reHHE B
COCTaB TPaHYJINPYeMOU MacChl HATIOJTHUTENA HE00-
XOJIUMO JIJIsI CO3TaHUSI HEeOOXOJMMOW MaccChl MpHU
HeboJ1bII0H 03upoBKe ADC, /1715 YIIyUIIIeHUA ChIITY-
YeCTU U CHIKEHUs TUTPOCKOIIMYHOCTU TPaHyJIUPY-
eMoro martepuasia. Ha OCHOBaHWU JIUTEPATYPHBIX
JIAaHHBIX [16] 1 paHee NIPOBEJIEHHBIX SKCIIEPUMEHTOB
OBLJIO TOKa3aHO, YTO HAWOOJBIIEH CHITyYeCThIO
obJyiaiaeT J1aKkTo3a, u3-3a cpepuueckorl (Gopmbl
YaCTHI] U JOCTATOYHO BBICOKOTO 3HAYEHUs HACHII-
HOU MAacCBhlI.

C mespl0 yJIyYIIEHUs CHITYYEeCTH, ITOBHIIIEHUA
TOYHOCTH JIO3UPOBaHUSA TPaHYJIATA, a TaKKe obe-
CIIEUEeHHUsI €ro HaJJIeKAIMNX TEXHOJOTHYECKUX
CBOWICTB HCIIOJIB3YIOT CBs3yIOIue Beliecta. Jlis
BEIEeCTB, 00Pa3yIOIIKNX C BOJOH W CHUPTOM pac-
CBIITYATHIE IVIOXO IPAHYJIMPYEMbIe MacChl, I XKe B
cIydasix, KOTZla JIEHCTBYIOIee BEIIECTBO IIJIOXO
pacTBOPHMO KakK B BOJZIE, TAK U B CIIUPTE, IIPUMe-
HSIIOT CaXapHbBIA CHPOT WJIM PACTBOPHI TOJTUBUHUII-
nupposusioHa. [103ToMy B KadecTBe CBS3YIOIIErO
BemlectBa ObLT BbIOpaH 5% pactBop Plasdone
K-29/32. IIpeumyIecTBaMu HCIOJIH30BAHUS HTOTO
pacrBopa sIBJseTCs JIeTKask pACTBOPUMOCTD B BOJIE
U CIIHPTE, & TAK)KE CIIOCOOHOCTH YJIy4IIaTh PACTBO-
peHme u 6UOOCTYITHOCT JIEKAPCTBEHHBIX BEI[ECTB
3a cueT 00pa3oBaHUs BOJOPACTBOPUMBIX KOMILIEK-
coB [17, 18].

Table 5 shows the composition of the granulate
based on the N-(naphthalene-2-yl)benzene carbox-
imidamide substance dosed into enteric capsules.

The resulting granulate was dosed into enteric
capsules. The analysis of enteric capsules was carried
out according to the SP XIV quality attributes, the
specification of the capsules is presented in Table 6.

Enteric capsules meet the requirements of SP XIV
in terms of quality.

CONCLUSION

In the course of the research, a synthesis method
was proposed and the N-(naphthalene-2-yl)benzene
carboximidamide substance, which has pharmaco-
logical activity, was synthesized. Using the PASS
online program, the pharmacological activity of the
substance was determined. It has been established
that N-(naphthalene-2-yl)benzene carboximidamide
has a pronounced anti-inflammatory activity.

Excipients were selected taking into account the
properties of the substance, the composition and tech-
nology of the granulate based on the synthesized sub-
stance N-(naphthalene-2-yl)benzene carboximidam-
ide was developed, followed by dosing into enteric
capsules, a draft specification for enteric capsules was
proposed in accordance with the SP XIV requirements.
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Tao6smuna 5. Cocras COIEP;KUMOTO Ha OJIHY KATICYJLy
Table 5. Content composition per capsule

I'pynna Bcriomora-
TEeJIbHBIX BEIL[ECTB
Group of excipients

HaunMeHOBaHHE KOMIIOHEHTA
Component name

Copep:xaHue KOMIIOHEHTA
Component content

% mr / mg

JHetictytoree BemectBo  CyOcranmus N-(HadTasmmH-2-11) 33 100
Active substance 6eH30/IKapOOKCHMUAMHU/IA

N-(naphthalene-2-yl)benzene carboximidamide substance
Hamnosaurens JIaKTO3BI MOHOTHU/IPAT 54 161
Filler Lactose monohydrate
Jle3auHTErpaHT Hatpusa kpaxmas IIIUKOJIAT 8 24
Disintegrant Sodium starch glycolate
Caasymwoiee 5% pactBop Plasdone K-29/32 5 15
Binder 5% Plasdone K-29/32 solution

IIpumeuanue. Macca cogepKUMOIO Kalcysabl — 300 MT.
N ot e. The mass of the capsule contents is 300 mg.

Taoauna 6. [Tpoekt crienudukanuy nmokazaresiei KauecTBa KUIIIEUHOPACTBOPUMBIX KaTIICyJI HA OCHOBE CyOCTaHIIUU
N-(nadranun-2-11)06eH30IKapOOKCUMUIAMUA
Table 6. Draft specification of quality attributes for enteric capsules based on the N-(naphthalene-2-yl)benzene

carboximidamide substance

IToka3aTeapb KauecTBa

Mertoa anansa

Pe3y/IbTaT UCIIBITAHUNA

Quality attribute Analysis method Test result

Omnucanue OpraHoJIenNTHYeCKIH Karmcysibl 6es1oro 11seTa, IpoA0aroBaTon

Description Organoleptic ¢opMbI, copeprkalyie rpaHysIbl
KpyIJI0i GOpPMBI, KODUYHEBOT'O IIBETA, C
XapaKTEePHBIM 3aI1aX0M
White oblong capsules, containing round
brown granules, with a characteristic
odor

Cpennss Macca CoiepKUMOro, Mr - I'paBUMeTpHUYeCcKUun 204.0 + 15.6

Average mass of content, mg Gravimetric

300.0 £ 22.5
JlommycTrmoe OTKJIOHEHUE, % +7.5 +5.2

Permissible deviation,%

Pacmiaraemocts, MUH
Disintegration, min

PactBopenue, %
Dissolution, %

1-¥ 9Tam: B pacTBope 0.1 M
XJIOPUCTOBOIOPOHOMN KUCTIOTHI TOJIKHBI
0CTaBaThCSI HETIOBPEKIEHHBIMH OT 60 /10
120 MUH

Stage 1: in a solution of 0.1 M
hydrochloric acid, they should remain
intact for 60 to 120 min

2-1 aram: B pocharHom Oydepe

co 3HaueHueM pH 6.8 1oKHBI
pacmasaTbes B TeueHre 60 MUH

Stage 2: in phosphate buffer with a pH
value of 6.8, they should disintegrate
within 60 min

1-51 ctaguA (KMCIOTHAA): B TEUEHHE 2 U
He 6oJtee 10%

Stage 1 (acidic): within 2 hours, no more
than 10%

2-1 craaud (IejIouHasi): B TEUEHHE 45
MUH He MeHee 75 %

Stage 2 (alkaline): within 45 min at least
75%

1-#1 3TAIl: KAIICY/Ibl HE IIOBPEK/I€HBI
Stage 1: capsules are not damaged

2-11 9TaIl: KaICyJIbl PACIAJINCE B TEYUEHUE
50 MUH

Stage 2: capsules disintegrated within

50 min

CootBeTcTByeT
Compliant
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Tak kak cybcTaHIIUA HEpAcTBOPMMaAa B BOJe, TO
HEeOOXOMMO BBeZIEeHUE B COCTaB I'PAHYJIATA JE3UH-
TerpaHToOB. [|€3MHTErPAHTHl BBOJASTCS B TPAHYJIAT
JUIS YIIyYIIEeHUs UX PACIaaeMOCTH B JKeJIyI0IHO-
KUIIIEYHOM TPaKTe, YTO HEeOOXOAMMO I CKOpeH-
IIETO BBICBOOOXKAEHUS U IMOCJIEAYIOIIETO BCACHIBA-
HuA. [le3uHTErpanus MIPOUCXOIUT 32 CUeT OBICTPOTO
TIOTJIOIIEHHUE KUIKOCTU C TIOCIEAYIOMUM OBICTPBIM
HabyxaHHeM, CJIe0BaTeJIbHO, TPAHYJbl OyIyT
ObicTpo paspymathesa [19]. B kauecTBe nie3mHTE-
rpaHTa WCIOJIH30BAJIN KpaxMaJl TJIMKOJIST HATPUS.
B Tabsn. 4 mpuBeZeHBI TEXHOJIOTUYECKUE CBOMCTBA
IIOJIy9eHHOTO TPaHYyJIATA.

[TosryueHHBIN TPAHYJIAT YOBJIETBOPsiET TpeboBa-
HuAM I'® X1V u asiserca IoJIynpoAyKTOM JJIs TBep-
JIO¥ JIEKAPCTBEHHOU (POPMHBI.

B Tabs1. 5 mpHBe/IeH COCTaB rPaHyJ/IATa HA OCHOBE
cyocraniuu  N-(HapTanH-2-1T)6€H30IKapOOKCH-
MHIAMU/IA, JO3UPOBAHHOTO B KUIIIEYHOPACTBOPH-
MbI€ KarCyJIbl.

[TosryueHHBIN TPAHYJIAT JO3UPOBATIHU B KUIIIETHO-
pacTBopuMBIe Kamcyssl. IIpoBe/ieH aHAMN3 KUIIey-
HOPACTBOPHUMBIX KAIICyJI IO MTOKA3aTeJIsIM KauyecTBa
cortacao I'® XIV, cnenudukamnus Kamcysa IMpea-
cTaBJeHa B TabJ1. 6.

KuireynHopacTBOPUMBIE KAIICYJIbl COOTBETCTBYIOT
TpeboBanuaM I'® XIV 1o mokasareyisiM KauecTsa.
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SAK/IIOYEHUWE

B xoze uccaenoBaTeIbCcKol paboThl MPEAIOKEH
METOJi CHHTe3a U CHHTE3HWpOBaHA CyOCTaHI[HS
N-(HadTanuH-2-11)6eH30KapOOKCUMUIAMU/IA,
obsagaromias (GhapMaKOJIOTUYECKON aKTHUBHOCTHIO.
C momorsio oHaiH-TporpaMMbl PASS omnpeniesiena
dapmakosiornueckass ~aKTUBHOCTb  CyOCTaHIIHH.
VYceranosseno, uro N-(HadTanuH-2-11)0eH30IKapP-
OooxcuMuzamuy; 00J1a7aeT BBIPAZKEHHOM IIPOTHBO-
BOCIIAJIUTEILHON aKTHBHOCTBIO.

ITomo6panbl BCrioMoraTe/IbHbIE BEIECTBA C yue-
TOM CBOHCTB CyOCTaHITUH, pa3paboTaH COCTaB U TEX-
HOJIOTHsI TPaHyJIITa Ha OCHOBE CHHTE3WPOBAHHOMN
cyocrannuu  N-(HadTanmnH-2-11)0eH30IKapOOKCH-
MHUJAMUZA, C IIOCJHEAYIOIIUM [JTO3UPOBAHUEM B
KHUIIIEYHOPACTBOPUMBIE KaIICyJIbl, IIPE/JIOKEH IIPO-
€KT creruduKaIuy Ha KUIIIeYHOPAaCTBOPHUMbIE Kall-
CYJIBI B COOTBeTCTBUU € TpeboBaHusMu ['® XIV.

duHaHCUpPOBaHUe. /[aHHOe UCCIIeIOBAHNE He
UMEJI0 KaKOW-TM00 (UHAHCOBOW TOJJIEPKKUA OT
CTOPOHHUX OpTraHU3aIHH.

ABTOpCKUI BKJIaA. Bce aBTOpHI B paBHOM cTe-
TIEHW BHECJIM CBOU BKJIAJ] B HCCJIE/IOBATEJIHCKYIO

pabory.
KoH@}IMKT HHTEpPECOB. ABTODHI 3aABJIAIOT 00
OTCYTCTBUY KOH(JINKTA UHTEPECOB.
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CoMaTOoTHITIO/IOTHYECKHUE O0COOEHHOCTH BEreTaTUBHOMN PeryJiaiuu
Y AeBOYEK MOAPOCTKOBOIO Bo3pacra r. KpacHospcka

10.C. JleBuenko, B.B. Hukess, B.I1. Eppemosa

@I'BOY BO «KpacHospckuil eocyoapecmeerHblil meduyuHckuil yHusepcumem um. npo@d. B.®. Boiino-Acereykoz0»
Munsdpasa Poccuu, Kpacnosapck, Poccus

AHHOTAIIUA

BBenenue. CHmKeHUE TTOKazaTeaeld (GU3NUECKOTO 3/[0POBbs JIETEH M MOAPOCTKOB B HAIlllel cTpaHe 000CHOBBIBAET
HEOOXOUMOCTh Pa3paboTKH IPOTPaMM, HAIIPaBJIEHHBIX HA UCIIPABJIEHHUE JIAHHOU CUTYallMH, B YACTHOCTH — IIPOBE/IEHUE
HCCIeIOBAHUH B 00JIaCTH aHTPOIIOJIOTHH, U3YUeHHE BEreTaTUBHOTO OajlaHca U BIAUSHUS HA HETO MHAUBU/IyJIbHBIX MOP-
(dosiornueckux ocoGEHHOCTEN OpraHU3Ma.

1T e 1 b. BhIsIBJIEHHE B3aUMOCBS3H BETETATHBHOTO cTaTyca 1 MOpGOGyHKIIMOHATIBHBIX ITOKA3aTeJIeld Cep/IedHO-COCY/IHC-
TOH CHCTEMBI B 3aBUICIMOCTH OT COMATOTHIIA y IEBOYEK ITOPOCTKOBOTO Bo3pacra I. KpacHosipcka.

MaTepuaysbl U METO/bl. B HCCIeOBAaHUH yYacTBOBAIH 158 ZIeBOUEK IOPOCTKOBOTO Bo3pacTa (0T 13 /10 15
JIeT), MpoKUBaIoOIuX B r. KpacHosipcke. IIpoBOAMIOCH aHTPOIIOMETPUYECKOE 00CIEIOBAHUE C JJTAJIBHEHUIIINM OIpeziese-
HHEM COMATOTHIIA 10 WHAEKCY Prca — AlizeHka. OlleHUBAINCh HEKOTOPBIE TTOKa3aTe I (PyHKIMOHUPOBAHUS CEPAEUHO-
COCYZIUCTON CHCTEMBI (CHCTOJIMYECKOE W JIHacToimdeckoe aprepuanbHoe nasienue (CAIl u JTAT), 94ucIo cepAedHbIxX
cokpartiennit (YCC)) u TOHyC BereTaTUBHON HEPBHOU CHCTEMBI 110 HH7EKCY Kep/io.

PesynbpTartsel. Ilo pe3yspraraM aHTPOIIOMETPHUH YYACTHHUIIBI PACIIPEAEIMIACH CIIEAYIOIIMM 00pa3oM: aCTEHUIECKHI
TUI — 65 YeJl., HOPMOCTEHUUECKUH — 51 YeJl., THIEPCTEHMYECKU — 42 Jesl. BBIsSBIEHO CTATUCTUUECKN 3HAUMMOE YBETHIe-
Hue CA/l u JIA/l o Mepe MOBBIIIIEHUS KPEIIOCTH TEJIOCIOKEHUS BO BeeX TPeX IPyIIax. Y JeBOUeK acTeHUYECKOT0 COMATo-
THIIA OTMEYAIOCh CHIKeHre 3Hauenni CAJl B coueranuu ¢ 6ostee BricokuMU nokazaresisimu YCC. JIoMUHAHTA CUMITATHKO-
TOHHUU BBISBJIEHA B IPYIIIE IIPEJCTABUTEIHHUI] ACTEHHYECKOTO U THIIEPCTEHHYECKOTO THIIOB KOHCTUTYINH (65.2 U 52.8 %
cooTBeTCTBeHHO). Hanbosibliiee KOJIMYECTBO IEBOYEK C IMPOIIECCAMH YPAaBHOBEIIUBAHUS BO30YKIEHUA U TOPMOYKEHHS aBTO-
HOMHOU HEPBHOU CHCTEMBI OBLIO CPETH MPECTABUTETHHHUI] HOPMOCTEHUYIECKOTO (53.3 %) U, HEMHOTO MEHBbIIIE, TUIIEPCTEHU-
qeckoro (39.6 %) THIIOB, 06a ATUX [TOKa3aTesist ObLIH JJOCTOBEPHO BHIIIIE, YEM Y YUEHHI] C ACTEHUYECKHUM THIIOM KOHCTUTYI[HH
(30.4 %). IIpu 5TOM Yy ZIEBOYEK C ACTEHUYECKIM COMATOTUIIOM PeKe IPeobiaziaeT mapacuMIIaTUKOTOHUS (4.3 %) 10 cpaBHe-
HUIO C TIPEICTaBUTEIbHUIIAMU HOPMOCTEHHUECKOTO (6.7 %) ¥ runepcreHnyueckoro (7.5 %) TUIIOB KOHCTUTYIHH (p < 0.05).
3aknwueHue. [losydeHHBIE JAHHBIE O PA3JIMYNH TIOKA3aTeIEN FTeMOIMHAMUKY H BETETATUBHOTO CTATYyCA Y IEBOYEK
13—15 JIET B 3aBUCUMOCTH OT THUIIA KOHCTUTYITUN HEOOXOMMO YUUTHIBATh MPU BHIOOPE CIIOPTUBHBIX 3aHATHU U IPOBEJIE-
HUH JiIeueOHO-TPOPUIAKTUUECKOU PabOThI B 00I11e00pa30BaTEIHLHOM IIIKOJIE.

Kmuoueenble caoea: cOMaTOTHII, CEPAETHO-COCYAUCTAsT CUCTEMA, TTOAPOCTKU, UH/IeKC Prica — Aii3eHKa, BereTaTUBHbBIN
unzieke Kepro.

O6pasen murupoBaHusa: Jlepuenko 0.C., Hukens B.B., Ebpemosa B.II. ComaToTuosoruyeckmne ocobeH-
HOCTH BETETaTUBHOI PETYJIANNH Y JIeBOYEK IMOIPOCTKOBOTO Bo3pacrta T. KpacHosipcka // Journal of Siberian Medical
Sciences. 2022;6(2):42—50. DOI: 10.31549/2542-1174-2022-6-2-42-50

Somatotype features of autonomic regulation
in adolescent girls in Krasnoyarsk

Yu.S. Levchenko, V.V. Nickel, V.P. Efremova
Prof. V.F. Voino-Yasenetsky Krasnoyarsk State Medical University, Krasnoyarsk, Russia

ABSTRACT

Introduction. The decrease in physical health parameters of children and adolescents in our country justifies the
need to develop programs aimed at correcting this situation, in particular, conducting research in the field of anthropology,
studying the autonomic balance and the influence of the body’s individual morphological features on it.
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A im . Identification of the relationship between autonomic status and morphofunctional parameters of the cardiovascular
system depending on the somatotype in adolescent girls of the city of Krasnoyarsk.

Materials and methods. The study involved 158 adolescent girls (from 13 to 15 years old) living in Kras-
noyarsk. An anthropometric examination was carried out with the further determination of the somatotype according
to the Rees-Eysenck body index. Some indicators of the cardiovascular system (systolic and diastolic blood pressure
(SBP and DBP), heart rate (HR)) and the tone of the autonomic nervous system were assessed according to the Kerdo’s
index.

Results.According to the results of anthropometry, the participants were distributed as follows: ectomorphy — 65 peo-
ple, mesomorphy — 51 people, endomorphy — 42 people. A statistically significant increase in SBP and DBP was found as
body strength increased in all three groups. In ectomorphic body type girls, there was a decrease in SBP values in combina-
tion with higher HR. The predominance of sympathicotonia was found in the ectomorphy and endomorphy groups (65.2
and 52.8%, respectively). The largest number of girls with the excitation-inhibition balance of the autonomic nervous sys-
tem was among mesomorphy (53.3%) and slightly less among endomophy girls (39.6%), both of these indicators were
significantly higher than among the ectomorphic body type girls (30.4%). At the same time, in the latter, the parasym-
pathicotonia predominates less often (4.3%) than in mesomorphy (6.7%) and endomorphy (7.5%) (p < 0.05).
Conclusion. The obtained data on the difference in hemodynamic parameters and autonomic status in girls aged
13—15, depending on the body type, must be considered when choosing sports activities and realization of medical and
preventive work in a secondary school.

Keywords: somatotype, cardiovascular system, adolescents, Rees-Eysenck body index, Kerdo’s autonomic index.
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BBEJAEHHNE

YxyaieHue nokasareyieil (Qu3nIecKoro 310po-
BB JIETEH U OJIPOCTKOB B HAIlleH cTpaHe 0O0CHOBBI-
BaeT HeoOXO[MMOCTh Pa3pabOTKH MPOrpaMm,
HAaIIpaBJIEHHBIX HAa UCIIPaBJIEHUE JJAHHOU CUTYallHH,
B YACTHOCTH — IIPOBEJIEHUE HCCIIEIOBAHUU B 00J1a-
CTH QHTPOTOJIOTHUU. DTO CBSI3aHO C TEM, UTO Ka3KIbIH
YeJIOBEK MEET CBOU MH/ITUBHU/Ty JTbHbIE MOP(OJIOTH-
YyecKkrie 0COOEHHOCTH U UX 00s13aTeJIbHO HYKHO yUU-
THIBaTh TP TPAKTOBKE IOJIyYeHHBIX PE3YJIbTAaTOB.
NHAuBUIYyaIbHBIA TOJIX07, SIBJISETCS €IMHCTBEHHO
BEPHBIM, IIOTOMY YTO OH B IIOJIHOH Me€pe YUYUTHIBAET
pasHoobOpaszre MOpP(OJIOTHUECKHUX OCOOEHHOCTEH B
nporiecce GOPMHUPOBAHUSA W Pa3BUTHS YeJOBeUe-
ckoro opranusma [1-5]. I[Ipu aTom wuccieoBaHusA
BJIUSHUS WHAWUBHUAYAJIbHBIX 0COOEHHOCTEH opra-
HH3Ma Ha €ro POCT W Pa3BUTHE BaKHBI HE TOJHKO B
cyrybo Hay4YHOM IUIaHE, UX PE3YJIbTaThl MOTYT pac-
CMaTpUBAThCS KaK KJIOYU K MIOHUMAaHUIO HaIpaBJje-
HUS JTAJIbHEHUIIIEro BO3PACTHOTO Pa3BUTHA U 0asa
JUIs CO3JIaHUsA HAyYHO OOOCHOBAHHBIX ITPOTHO30B.
ITU TaHHbBIE OUYEHb BAKHBI HE TOJIBKO C TOUKH 3pe-
HUS MPUKJIAJHONA MEJIUIIUHBI, HO U IMOMOTYT Ipa-
BWJIBHO BHIOPATh CIOPTUBHOE HAIMIPABJIEHHUE, IIPOBE-
¢ty 0T6Op B paMKax CIIOPTUBHOH CIIEIUaTHU3aIuHT, a
TaK}Ke MOTYT OBITh KCIIOJIb30BAHBI I€JaroraMu B
MOBCEIHEBHOU esATeILHOCTH [3—10].

U3yueHre mepecTpoiku pPabOThl BHYTPEHHUX
OpPraHOB B IEPHOJ IIOJIOBOTO CO3PEBAaHHUSA WUMEET
60JIbIII0e 3HAUEHNE B CBSI3HU C TEM, YTO ITOT IIPOIIECC

INTRODUCTION

The deterioration of physical health indicators of
children and adolescents in our country justifies the
need to develop programs aimed at correcting this
problem, in particular, carrying out anthropological
research. Since each person has his individual mor-
phological features, and they must be taken into
account when interpreting the results obtained. An
individual approach is the only correct one because it
gives proper weight to the diversity of morphological
features in the process of formation and develop-
ment of the human body [1—5]. At the same time,
studies of the influence of body individual character-
istics on the growth and development are important
not only in a purely scientific sense but their results
can also be considered as a key to understanding the
direction of further age-related development and the
basis for creating scientific-based prognoses. These
data are very important not only from the point of
view of applied medicine, but also will help to choose
the right field of sports and select within the frame-
work of sports specialization, and can also be used by
teachers in their daily activities [3—10].

It is important to study the alteration of the work of
internal organs during puberty since this process is
largely determined by individual morphological fea-
tures. If functions of any body system appear to be on
the verge of normal indicators, then this is a significant
reason to follow up such a teenager, as all borderline
conditions should be regarded as health risk factors.

Journal homepage: http://jsms.ngmu.ru
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BO MHOTOM OIIpeZieNIAeTCs NHANBUAYATbHBIMU MOP-
dosmornueckumu ocobenHoctTsiMu. Ecimu GyHKIIHO-
HUPOBaHHE KaKUX-JTU00 CHCTEM OpPraHU3Ma IIPOUC-
XOZIUT HAa TPaHN HOPMAaJIbHBIX IIOKa3aTesel, TO 3TO
3HAYMMBIH IIOBOJ] B3STh TAKOTO IOAPOCTKA Ha
JIOTIOJTHUTEJIbHBIN MEIUITUHCKUN KOHTPOJIb,
IIOCKOJIBKY BCe IIOTPAHWYHBIE COCTOSHUSA HYKHO
paciieHuBaTh KakK OIpefeeHHble (PAaKTOPhI PHUCKA
IUI 370pOBbs. He BBI3BIBAET COMHEHHSA TOT (PakKT,
YTO MeXaHU3MBbI (QYHKIIMOHUPOBAHUSA MEHSIOTCS C
BozpactoM. C OIHOW CTOPOHBI, 3TO HEOOXOIUMO,
YTOOBI PACTYIIMI OPTaHU3M JIydIlle IIPUCIIOCA0ITH-
BaJICSA K YCJIOBUAM OKPYKAIOIIEN CPEABI, C IPYTOH —
THOKOCTh TaKUX MEXaHW3MOB CBH/IETEJILCTBYET 00
YPOBHE IPUCIOCOOJIEHUS U CITY?KUT OTHUM U3 ITOKA-
3areJiedl ypOBHsI O0IIETO 3/I0POBbs. YUUTHIBAsA, YTO B
MIOCJIETHYE JIECATUIIETHS COIUAJIbHAS CPe/ia IIpeTep-
IeJia CyIecTBeHHbIE U3MEHEeHMUs, ObLIO OBl HHTEpEC-
HBIM C HAyYHOU W TPHUKIATHON TOYEK 3pEHUs
Y3HaTh, KaK 3TO MOBJIUSIO HA U3MEHEeHNEe MeXaHU3-
MOB QYHKIIMOHUPOBAHUSA opraHusma [1].

OpHUM 13 TI0Kas3aTtesell YPOBHSA CaMOPETYJIISINN
CUMIIATUYECKON U MMapacUMIATUYECKOH CUCTEM
SIBJISIETCSL CTEIIEHb WX BETeTATUBHOTO PAaBHOBECHS
[11]. Ecnu paccmaTpuBaTh CEPAEYHO-COCYIAHCTYIO
cuctemy (CCC), To MMEHHO BETeTaTUBHBIA TOHYC
CJIy?KUT ITOKa3aTreJieM ee 0011ero coctosHusl. JIrobbie
OTKJIOHEHUS YPOBHS 3TOTO TOHyCA OT HOPMAaJIbHBIX
3HAYEHUH SBJISIIOTCS MapKepaMu HapyIIeHUs afam-
TAIOHHBIX MEXAaHU3MOB, UTO ITPOSIBJISETCS B 3aMeT-
HOM IIQJIEHUHM YPOBHS PabOTOCIIOCOOHOCTH BCETO
opranusma. Takoro poja HeyCTOWYHBOCTH IIPOSIB-
JIsIeTCS B IPEBATMPOBAHUHY TOHYCA TaPACUMITATHIE-
CKOro 00 CHUMIIATUYECKOTO OT/EJIO0B BereTaTHB-
Hol HepBHOH cucteMbl (BHC). Oto uacto Haboma-
eTcsl y JeTed MOAPOCTKOBOTO BO3pAcCTa, KOTOPBIE
(opMasbHO 370pPOBBHI IO BCeM IIPU3HAKaM, HO
MIOIONITM K TPaHWIlE alalTAI[MOHHBIX CIOCOOHO-
cTed CBOero opraHusMa. Takyke MHOTHE W3 HHUX
CKJIOHHBl K Ppa3BUTHIO BETETOCOCYIUCTBIX pac-
cTpoicTs [12].

[To 3aKJII0YEHNUI0O HEKOTOPBIX HCCIIEAOBATENIEN,
ecs HaOJIOaeTCss IPEBAIMPOBAHME CHUMIIATHYe-
CKux TporieccoB B aedaTenbHoctu BHC, To 5TO tipu-
BOAUT K IEPEHANPSDKEHUIO B JIESITETBHOCTH BCEX
CHCTEM OpraHW3Ma U €ero IepexoJly B CTPeCcCOBOE
cocrosiHue. Ectu laHHbIe SIBJIEHUSA HOCAT KPaTKOB-
PEMEHHBIN XapakTep, TO OHU He OIACHBI, HO JJTU-
TeJIbHBIN CTPecC Be/IeT K Cepbe3HBIM OpPraHUYeCcKUuM
CIBUTAM, KOTOpbIe BHadaje OOpaTHMBbI, HO TIOTOM
CTAHOBSATCSA Bce MeHee oOpaTuMbIMu. Bmecre ¢ Tem
[IpeBAINPOBAHHE ITAPACUMIATHYECKUX IIPOIECCOB
6JIaTOTBOPHO BJIMsET HA HACHIIIEHHE OpraHu3Ma
KHUCJIOPOJIOM B COCTOSIHUU ITIOKOS, JIeJIaeT JesATesb-

There is no doubt that the mechanisms of functioning
change with age. On the one hand, this is necessary for
the growing body to better adapt to environmental
conditions, on the other hand, the flexibility of such
mechanisms indicates the level of adaptation and gen-
eral health. Since in recent decades the social environ-
ment has undergone dramatical changes, it would be
interesting from a scientific and applied point of view
to find out how this affected the change in the mecha-
nisms of the body’s functioning [1].

One of the indicators of self-regulation of the
sympathetic and parasympathetic nervous systems
is the degree of their autonomic balance [11]. If we
consider the cardiovascular system (CVS), then it is
the autonomic tone that serves as an indicator of its
overall condition. Any deviations of the level of this
tone from the normal range are markers of a disor-
der of adaptive mechanisms, which manifests itself
in a noticeable drop in the performance of the organ-
ism. Such kind of instability is manifested in the
prevalence of the tone of the parasympathetic or
sympathetic part of the autonomic nervous system
(ANS). This is often observed in adolescents who are
formally healthy in all respects but have come to the
limit of the adaptive abilities of their bodies. Also,
many of them are prone to the development of auto-
nomic dysautonomia [12].

According to the conclusion of some researchers,
the prevalence of sympathetic processes leads to an
overstrain in the work of all body systems and body
transition to a stressful state. If these phenomena are
short-term, it is not dangerous. However, long-term
stress results in crucial changes that are initially
reversible but then become less and less reversible.
At the same time, the prevalence of parasympathetic
processes has a beneficial effect on the oxygen satu-
ration of the body at rest and makes CVS activity
more economical. In this state, the body receives
additional reserves for adaptation [13, 14].

There is no doubt that the study of the ANS in
healthy adolescents is necessary and is underway.
But, in our opinion, more attention should be paid to
the autonomic balance, especially the influence of
the individual morphological characteristics on it.

AIM OF THE RESEARCH

To reveal the relationship between the autonomic
status and morphological and functional parameters
of the CVS, depending on the somatotype in adoles-
cent girls in the city of Krasnoyarsk.

MATERIALS AND METHODS

We conducted a cross-sectional study of 158 girls
aged 13—15 (adolescent age) living in Krasnoyarsk.
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Hoctb CCC OoJiee SKOHOMUYHOH. B TakoM cocrosi-
HUU OPTaHU3M I10JIy4aeT JIONOJHUTETbHbIE PE3E€PBBI
JUIS ajanTtanuu [13, 14].

He BBI3BIBaET COMHEHUS TOT (DAKT, UTO U3YUEHUE
BHC y 310pOBBIX MOJIPOCTKOB HEOOXOAUMO, U OHO
Bezetcsa. Ho, o HammeMy MHEHUIO, CIeAyeT yIeATh
OoJibllle BHUMaHHS BereTaTUBHOMY OajiaHCy, 0CO-
OEHHO BJIMSTHUIO Ha HETO WHIUBHUIYATIbHBIX MOPGhO-
JIOTHYECKUX 0COOEHHOCTEH OpraHu3ma.

IOEJb NCCJIEAJOBAHUA

BriaBileHNe B3aMMOCBSI3M BEreTaTHBHOIO CTa-
Tyca 1 MOpdodyHKIIMOHAIBHBIX ToKazaTeseir CCC B
3aBHCHMOCTH OT COMAaTOTHIIA y JIeBOUEK II0JIPOCTKO-
BOro Bo3zpacra r. KpacHospcka.

MATEPUAJIBI 1 METO/IbI

Hamu nmpoBezieHO OZHOMOMEHTHOE IOIepeYHOe
uccaeoBanue 158 JieBouek 13—15 JieT (II0IpOCTKO-
BBIII BO3pAacCT), IPOKUBAIOIIUX B TI. KpacHospcke.
Bce o6ciemyemble vMenn OIMHAKOBBIA YPOBEHb
(UBUIECKON IOATOTOBKH; ITOJPOCTKOB, JOIIOJIHHU-
TEJIPHO 3aHUMAIOIIHUXCSA B CIOPTUBHBIX CEKITUAX, HE
BKJIIOUAJIU B 06cienoBanue. Ha mpoBeneHme uccie-
JIOBAaHUS TIOJIYYEHO paspelleHre JIOKAJIbHOTO 3TH-
YecKoro kKomuTeTa KpacHOAPCKOTO TOCyAapCTBEH-
HOT'O MEJTUITUHCKOTO yHUBepcuTeta (N2 107/2021 ot
16.06.2021). Bputu moTy4eHbl WHGOPMHUPOBAHHbBIE
JIOOPOBOJIbHBIE COTJIACHUs OT JIeTel U UX POJUTENIEH
Ha y4JacTHe B UCCJIe/JOBAaHUU.

AHTpOTIOMETPUYECKOE 00CJIeIOBAaHUE TTPOBOJIH-
JIOCh C WCIIOJIb30BAHHEM CTaHZAPTHOTO Habopa
WHCTPYMEHTOB 1o Meroauke B.B. bynaka. Msme-
psUTH  CJIENIyIOIEe aHTPOIOMETPUYECKHE ITOKa3a-
TeJH — JIJINHA TeJla U MOIEPEYHbIN UaMeTp Ipy/l-
HOWU KJIETKH C JAJIbHEUIIIeH X OIEHKOH U OIpe/ieie-
HHEM COMATOTHUIIA (aCTEHUYECKHUH, HOPMOCTEHHYe-
CKMH U TUIEPCTEHHYECKUI) ¢ MOMOIIbI0 MHAEKCA
Puca — Aiizenka (IPA) o ¢popmyite

P - 100

NPA=—"—,
Hrpm ' 6

rae P — pocr, cm;

., ., — TIOTIEPEUHBIN AUaMETP IPYHOM KIETKH, CM.

Bpulo TpHHATO, YTO dYacTOTAa IyJibCa paBHA
JacToTe cepeunsbIx cokpamenuii (UCC, ya./Mun) u
onpesesaiach NaJblIaTOPHO HA JIy4eBOU apTepUH B
TeueHue 60 c. I3MepeHUe CUCTOJIMUECKOTO apTe-
puanbHOTO masienus (CAJl, MM pT. CT.) U JUACTO-
JINYECKOTO apTepuasibHOrO Aasiienus (JJAJl, MM pT.
ct.) ocymectisiin o Mmeroamy H.C. Koporkosa
COTJIACHO PEKOMEHIANUAM ACCONHMANNYU JETCKUX
kapauosoroB Poccuu u Coroza neauatpoB Poceun
(2016 1.).

All subjects had the same level of physical fitness;
adolescents additionally involved in sports clubs
were not included in the study. Permission for the
study was obtained from the local ethical committee
of the Krasnoyarsk State Medical University
(No. 107/2021 dated 06/16/2021). Informed con-
sent to participate in the study was obtained from
adolescents and their parents.

The anthropometric examination was carried out
according to the method of V.V. Bunak. We mea-
sured body height and the transverse diameter of the
chest with their further assessment and determina-
tion of the somatotype (ectomorphy, mesomorphy
and endomorphy) using the Rees-Eysenck index
(REI) according to the formula

REI = P - 100 ,
D, -6
where H — the body height, cm;

D, — the transverse diameter of the chest, cm.

It was assumed that the pulse rate is equal to the
heart rate (HR, beats/min) and was determined by
palpation on the radial artery for 60 s. Measurement
of systolic blood pressure (SBP, mm Hg) and dia-
stolic blood pressure (DBP, mm Hg) was carried out
using to the method of N.S. Korotkov according to
the guidelines of the Association of Pediatric Cardi-
ologists of Russia and the Union of Pediatricians of
Russia (2016).

The assessment of the tone of the autonomic ner-
vous system was carried out by the Kerdo’s index
(KI), which was calculated by the formula

1— DBP
~  HR

Normal range of Kerdo’s index is from —10 to
+10. With the predominance of the tone of the sym-
pathetic nervous system, the KI has positive values,
with the parasympathetic — negative ones.

The results were statistically processed using the
STATISTICA 10.0 software package (StatSoft Inc.,
USA). Checking for the normality of the distribution
of the measured variables was carried using the Sha-
piro-Wilk test. The results obtained using nonpara-
metric processing methods are presented as a median
(Me) and an interquartile range — the 25th and 75th
percentiles. To compare the quantitative characteris-
tics of three independent samples, the nonparamet-
ric Kruskal-Wallis test was used, followed by a pair-
wise comparison using the Mann-Whitney test. To
study the dependencies between the distribution of
autonomic types, an analysis of contingency tables
was carried out using the y? criterion. The signifi-
cance level (p) was taken to equal to 0.05.

KI 100.
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OI11eHKy TOHyCa BETETaTUBHON HEPBHOU CHUCTEMBI
MPOBOJIMJIM IO BereTaTMBHOMY wuHAEKCY Kepmo
(BUIK), KOTOpBIH pacCUnUTHIBAIHN IO (hopmyIie

1- IAJ
qcce

B HoOpMme 3HaueHHs BETreTaTUBHOTO WHEKCA
HaxOZATCA B AMAINa3oHe OT —10 210 +10. [Ipu mpeo6-
JIaIaHUHN TOHyCa CUMIIATHYeCKON HEPBHOM CHUCTEMBI
BUK npuHHUMaeT NoJyIoKUTeJIbHble 3HaUeHuUs, Iapa-
CUMIIATHYECKOU — OTPUIIATEIbHBIE.

PesynpraTel OBLIM IOJBEPTHYTHI CTATHUCTHYE-
CKOIl 00paboTKe C MpUMeHEeHUEM IaKeTa MPUKJIAJ-
Hpix mporpamm STATISTICA 10.0 (StatSoft Inc.,
CIITA). ITpoBepka Ha HOPMAaJIBHOCTH pacCIpeziesie-
HUS U3MEPEHHBIX IePeMEeHHBIX OCYIIECTBIIIach Ha
ocHOBe Tecta [llanupo — Yunka. Pe3yabraTsl, noty-
YeHHbIe ¢ TIOMOIIbI0O HelmapaMeTPUUYecKUX MeTO/I0B
00paboTKH, Ipe/icTaBIeHbI B Bue Meuanbl (Me) u
WHTEPKBAaPTUJIBHOTO pa3Maxa — 25-T0 U 75-TO IPO-
neHTWIeH. /I7a cpaBHEHUS KOJIMYEeCTBEHHBIX IPU-
3HAKOB TPEeX HE3aBUCUMBIX BBIOOPOK HCIIOIB30-
BaJICSl HemapamMeTpuuecku kputepuid Kpackena —
Yosutmca ¢ mocsyeAyoIuM IOIIapHbIM CPaBHEHUEM C
noMoIipi0 Kputepusa Manna — YutHu. i usyde-
HUS 3aBUCUMOCTEN MEXK/Iy pacIipezieIeHuEM BereTa-
THUBHBIX THUIIOB ObUI TIPOBEJEH aHAIN3 TabJIHIL
COTIPSI’KEHHOCTU C WCIOJIb30BAHUEM KPUTEPUI X>.
Kpurnyeckuii ypoBeHb 3HAaYMMOCTU (p) NpPUHU-
Mauicsl paBHBIM 0.05.

BUK = 100.

PE3YJ/IBTATBI 1 OBCY KAEHUE

B pesynpraTe mMpoBeEHHOTO AHTPOIOMETpPUYE-
CKOTO HCCJIEZIOBAHUS C OIpeZieJieHueM WH/IeKca
Puca — Atizenka 158 o0ciieiyeMbIX JIeBOUeK ObLIu
paszeseHsl Ha TPU IPYIIIBL. B epByo rpyminy BoIuin
65 YUEeHHI] C ACTEeHUYECKUM THUIIOM TeJIOCJIOKEHNUH,
BO BTOPYIO — 51 IIKOJIBHUIIA C HOPMOCTEHUUECKHUM
TUIIOM, B TPETHIO TPYIIILY — 42 JIEBOYKH C TUIIEPCTE-
HUYECKUM THIIOM.

HccnenoBanue mapaMeTpoB cepAedHO-COCYAUC-
TOH CHCTEMBI IIOKA3aJI0 CTATUCTHYECKU 3HAYUMOE
yBennuenue 3HaueHud CAJl u JIA]l mo mepe moBbI-
[IeHUA KPEIIOCTH TEJIOC0KEHU BO BCEX TpeX IPym-
nax (tab:. 1). [Ipu aTom y 26.2 % ZieBOUYEK B TPyIIIIE C
THIEPCTEHNYECKUM THIIOM TeJIOCTIOKeHHUS YPOBEHb
CAJl maxonwics Ha BepxHeH TpaHHIle HOPMBI (B
npejiesiax 90—94-ro MPOLLeHTUIA /1A JAaHHOTO 11014,
BO3pAacTa U pocTa), YTO IO3BOJISAET OKUJIATh B J]aJTb-
HeliimeM ¢GoOpMUpPOBaHUE IIPEATUIIEPTEH3UBHOTO
COCTOSIHUA Y NIPe/CTaBUTEIbHUIL JAHHOTO COMAaTo-
Tuma [10].

Mpl Takke IPOBEJH CPAaBHUTEJIbHBIM aHAIU3
n3menenunit YCC. JToT mapaMeTp SABJISAETCSA OJHUM

RESULTS AND DISCUSSION

As a result of the anthropometric study with the
determination of the Rees-Eysenck index, 158 girls
were subdivided into three groups. The first group
included 65 ectomorphy girls, the second group
included 51 mesomorphy girls, and the third group
included 42 endomorphy girls.

The study of the parameters of the cardiovascu-
lar system showed a statistically significant increase
in the values of SBP and DBP as the body strength
increased in all three groups (Table 1). At the same
time, in 26.2% of endomorphy girls, the SBP level
was at the upper limit of the normal range (within
the 90—94th percentile for a given sex, age, and
body height), which may lead to a prehypertensive
state in representatives of this somatotype in the
future [10].

We also conducted a comparative analysis of HR
changes. This parameter is one of the most impor-
tant parameters of hemodynamics and indicates the
functional state of the body. There is a linear rela-
tionship between HR and oxygen consumption. An
increase of HR leads to an impairment of blood cir-
culation in the organs, and hypoxia due to a decrease
in blood supply to the ventricles and in cardiac out-
put. In contrast, a decrease in HR in children is one
of the factors for increasing the reserve capacity of
the CVS. An increase in the time of the diastolic
pause between systoles makes the activity of the car-
diovascular system more economical [15].

It should be noted that ectomorphic body type
girls have lower SBP along with increased HR values
(see Table 1). This state of the heart work indicates
the least economical mode and limited adaptation
capacity [2].

After that, we assessed the autonomic tone in all
groups of participants. To do this, we determined the
K1, its values show which part of the autonomic ner-
vous system regulates the activity of all organs to
maintain homeostasis and the effective operation of
compensatory adaptive mechanisms. In the group of
ectomorphy and endomorphy girls, sympathetic part
of ANS predominates (65.2 and 52.8%, respectively).
The largest number of girls with the balanced excita-
tion and inhibition processes of the autonomic ner-
vous system was among the mesomorphy girls
(53.3%) and, slightly less, endomorphy (39.6%) girls,
at that both indicators were significantly higher com-
pared with the ectomorphy students (30.4%). At the
same time, in ectomorphy girls, parasympathicoto-
nia (4.3%) predominates less often, compared with
mesomorphy (6.7%) and endomorphy (7.5%) girls
(Fig. 1) (p < 0.05).
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Taﬁﬂnua 1. [Tokazarenu BapI/Ia6eIIbHOCTI/I TEMOJUHAMUKHU y JE€BOYEK IIOJPOCTKOBOI'O BO3pacTa C pa3/IMYHbIM TUIIOM

KOHCTUTYyIIUH

Table 1. Indicators of hemodynamic variability in adolescent girls with different types of constitution

Tun koHCTUTYIIIA

YpoBeHb 3HAYNMOCTH
Pa3IHYUi MEKAY rpyIIaMu

Type of constitution Significance level of diffe-
IIoxasareanb rences between groups (p)
Indicator

aCTeHI/I‘IeCKI/Iﬁ HOPMOCTEHHU4YEe- THIIepCTeHU4YEe-

o CKHI CKHI 1-2 1-3 2-3

phy mesomorphy (2) endomorphy (3)

CAl, MM pT. cT. 112.3[109.3; 113.9]  114.5 [110.6; 117.5] 116.2 [111.7; 122.3] >0.05 <0.05 <0.05
SBP, mm Hg
JOAl, MM pT. cT. 70.1[69.6; 73.2] 72.3 [70.1; 74.5] 73.5 [66.9; 84.2] <0.05 <0.05 >0.05
DBP, mm Hg
YCC, yn./mun  83.4[76.4; 86.9] 79.2 [74.3; 83.1] 84.1[77.1; 86.5] <0.05 >0.05 <0.05

HR, beat/min

u3 HanboJiee BaXKHBIX TTOKa3aTesIeld reMOJUHAMUKHI
U oTpaxkaeT (GYHKIMOHAJIBHOE COCTOSHHE Opra-
HusMa. CylecTByeT JIMHEeHHAs 3aBUCUMOCTD MEXKIY
YCC u BeTUUMHON MOTpeOJeHUsT KUCIopoaa. YBe-
smyenre YCC IpUBOJIUT K YXYAIIEHUIO KPOBOOOpa-
[IeHUsI B OpraHax W Pas3sBUTHUIO TUIIOKCUU BCJIE-
CTBUE CHIDKEHUS] KPOBEHATIOJTHEHUS JKEIYI0UKOB U
YMEHBIIIEHHUIO CEPJIEYHOr0 BhIOpoca. B mporuBomo-
JIOJKHOCTB 3TOMy ymeHbIlileHue YCC y feTel sABIIsI-
ercss OflHUM U3 (HaKTOPOB IOBBINIEHUs PE3E€PBHBIX
BoaMmozkHOcTeld CCC. YBenueHnue BpeMeHU JUaCcTO-
JIMYECKOU may3bl MeKIy CHUCTOJIaMU JIeJIaeT Jiesi-
TesibHOCTh CCC 60J1ee 9KOHOMHOM [15].
Heo0xouMoO OTMETUTD, UTO y JIEBOUEK ACTEHH-
YEeCKOT0 COMATOTHUIIA OTMEYAlTCsl 0ojiee HHUBKHE
3HaueHusa CAJl npu noseimeHHBbIX BesmunHax YCC
(cm. Tabu. 1). Takoe cocrostHUE PAbOTHI CEPATA CBU-
JIETEJIbCTBYET O HaMMeHee SKOHOMHOM peKuMe U
OTpaHUYEHUU BO3MOKHOCTEN afantamnuu [2].
[Tocsie 3TOTO MBI TPOBEJTH OLIEHKY BETETATUBHOTO
TOHyCa II0 BCEM TPYIIIaM yJacTHHIL. [IJisT 5TOr0 Mbl
onpegensanu BUK, ero 3HaueHUsA NOKa3bIBAIOT,
IMOCPENICTBOM KaKOTO OT/ieJia aBTOHOMHON HEPBHOU
CHCTEMBI PETYIUPYETCs IEITETBHOCTh BCEX OPTaHOB
JUIsL TIOJiZlep:KaHusl ToMeocTtaza U 3GGEKTUBHON
paboTsI KOMITIEHCAaTOPHO-TTPUCIIOCOOUTETHHBIX
MeXaHU3MOB. B rpyiime /IeBoueK acTEHUYECKOTO U
TUIIEPCTEHNYECKOTO TUIIOB KOHCTUTYIIUU BBISBIIEHO
npeobsiaZlaHie CUMIATUYECKUX BIIMSHUUA B Jles-
TEJIbHOCTY BETeTaTUBHOU HEPBHOMU crcTeMbI (65.2 1
52.8 % cooTBeTcTBEHHO). HanbosbIiliee KOJIUIECTBO
JIEBOUEK C IIPOIECCAMHU YPAaBHOBEIIUBAHUS BO30YK-
JIGHHUsT W TOPMOMKEHUS AaBTOHOMHOH HEpPBHOU
cucTeMbl OBLIO Cpefy TIpeACTaBUTEHHUI HOPMO-
CTEHUYECKOTO (53.3 %) U, HEMHOTO MEHbIIIEe, THIIEP-
CTEHUYECKOTO (39.6 %) TUMOB, 06a STHUX ITOKA3ATEIS

Since with the predominance of the sympathetic
influence of the nervous system, the body’s need for
oxygen increases, during regular medical checkup, as
well as in sports lessons, it is necessary to pay special
attention to ectomorphic body type schoolgirls, tak-
ing into account the decrease in SBP, increase in HR,
predominance of sympathetic and decrease in para-
sympathetic influence of the autonomic nervous sys-
tem.

CONCLUSION

The study showed differences in hemodynamic
parameters and autonomic status in girls aged 13—15
depending on the type of constitution.

If adolescent girls have high HR and high nor-
mal blood pressure values, which are more com-
mon in endomorphy students, preventive activities
are necessary to normalize the imbalance of the
autonomic nervous system, as well as additional
regular medical follow-up in this group of students.
This is especially important in the presence of other
risk factors for the development of arterial hyper-
tension.

Changes in hemodynamics and autonomic status
in adolescent students of different body types must
be taken into account when choosing sports activities
and conducting medical and preventive work at
school. Special attention should be paid to ectomor-
phy girls since some of them have decreased SBP,
increased HR, a predominance of sympathetic and
decrease in parasympathetic innervation of the auto-
nomic nervous system.
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Puc. 1. B3anMOCBsI3b BEr€TaTUBHOIO CTATYCA Y IEBOYEK IIOZPOCTKOBOTO BO3PACTA C PA3JIMYHBIM TUIIOM KOHCTHUTYIIHH
Fig. 1. The relationship of autonomic status with different types of constitution in adolescent girls

JTOCTOBEPHO BBIIIE 0 CPAaBHEHUIO C YYEHUIIAMHU
aCTEHUYECKOTO THUMa KOHCTUTynuu (30.4 %). Ilpu
DTOM Y IEBOUYEK C ACTEHUUYECKHM COMATOTHUIIOM PEXKe
npeobsaziaeT MmapacUMMIaTHKOTOHUA (4.3 %), 1o
CpPaBHEHUIO C MPEJCTABUTEIbHUIIAMH HOPMOCTEHU-
geckoro (6.7 %) ¥ rurepcTeHHYecKoro (7.5 %) THIIOB
koHcTuTyiuu (puc. 1) (p < 0.05).

[TockosbKy Tpu mpeobJialaHUU  CHMIIaTHYe-
CKOT'O BJIMSAHUsI HEPBHOU CHCTEMBI YBEJTUUHUBAETCS
OTPeOHOCTh OpraHU3Ma B KHUCJIOPOJIe, IIPU MTPOBe-
JICHUU JUCIIaHCEPHOTO HAOJII0/IeHUs, a TaKKe Ha
ypokax (HUBUUYECKOU KyJIbTYPbl HEOOXOHMO yjie-
JIATh 0c000€e BHUMaHUE IIKOJbHUIIAM C acTeHUue-
CKHUM THUIIOM KOHCTUTYIIMH, YUUTHIBAS BHIABIEHHOE
y Hux cHmkeHue CAJl, noseimenne YCC, mpeobJia-
JlaHue CUMITATHYECKOH U CHIKEHHUE MTapacuMIIaTH-
YecKON WHHepBAlUU BereTaTUBHOU HEPBHOU
CHCTEMBI.

3AK/JIIOYEHUE

VcenemoBaHue IOKa3ajo pasjduusg IIOKasarTe-
Jlell TeMOAWHAMUKH U BETeTaTUBHOTO CTaTyca y
JleBoueK 13—15 JieT B 3aBUCUMOCTHU OT THUIIA KOHCTHU-
TYLIHH.
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I'eHeTnueckue aclieKTbl HEHH(PEKIMOHHOI0 3HAOKapAuTa
Yy NaneHTOB ¢ aHTU(OCPHOINNHUTHBIM CUHAPOMOM

10.C. baxapesa’, B.H. Makcumos* 2, H.H. Yanaesa?

!HayuHo-uccaedosamenvekuil uHCmumym mepanuu u npoguraxmuveckoil meduyutst — guauan ®I'6HY
«@edepanvHolil uccaedosamensvckuil yenmp Huemumym yumonoauu u eeHemuxu CO PAH», Hogocubupck, Poccus

2@I'6OY BO «Hosocubupckuil 2ocydapcmeeHHblil meduuuHcekuil yHusepcumem» Munsdpaea Poccuu, Hogocubupck,
Poccus

AHHOTAIINA

BBemeunue. Autudochbonmunuansiii cuaapom (APC) mpezcrapiiseT co60d ayTOMMMYHHYIO0 TPOMOOGDIINIO, TPH KOTO-
pO#i y TallMeHTOB ¢ KJIIMHUYECKUMU KPUTEPUAMU PEIUAUBUPYIOIINX apTEPUATIHHBIX U BEHO3HBIX TPOMOO30B U/ HJIH MATO-
Jioruell 6epeMeHHOCTH OOHAPYKUBAIOT ITOJIOXKUTEJIbHBIE PE3YJIbTAThI JIAOOPATOPHBIX MCCIEIOBAHUN HA HAJUYUE aHTHU-
dochomunuaaeix anTuTesn (ADJI). eHeTHUeCKas! PEPACIIONIOKEHHOCTh K HEMHGDEKIUOHHOMY 2HIoKapauty (HD) y
narueHToB ¢ ADC ocraercs CJI0KHOM U MajIon3y4eHHOH TPO6IeMOH.

1T e 5. BolsiBiieHNE BO3MOXKHBIX ACCOITUATHBHBIX CBA3€N MEXKAY HOTUMOP(IU3MaMH TeHOB-KaH/IU/IaTOB 1 9H/IOKAPIUTOM
HenH(}EKIMOHHOTO TeHe3a y manueHToB ¢ ADC, a TakKe pa3BUTHEM BO3MOXKHBIX TPOMOOIMOOIIUECKUX OCJIOKHEHHUH.
MaTtepuansl U MeTOABl. B uceienoBaHuy ydyacTBOBaIN 35 IIAIMEHTOB B BO3pacTe 43.0 + 13.9 rozaa. IIpu stom
OCHOBHBIMH IIPHU3HAKaMH, xapakTepusytomumu HI npu ADC, ABsaauch oTpUIlaTeIbHAs FeMOKYJIbTYPa, HOPMOTEPMUS U
OTCYTCTBHE SIBHBIX 9XOCKOITMYECKUX ITPU3HAKOB NMHPHUIIUPOBAHUA (YTOJIIEHNE U YIIOTHEHNE CTBOPOK KJIAIAHOB, MUHH-
MaJIbHas perypruranus). F3ydeHsl 1oauMop@u3Mbl 18 TeHOB B KaYeCTBE BO3MOXKHBIX MOJIEKYJISIPHO-T€HETHIECKHUX Map-
KEPOB pa3BUTHUsA U/uiau nporeknuu HI y 35 nanueHToB ¢ AQC: mepBUYHBIN UATHOCTUPOBAH y 15 nanueHToB (18.5 %),
BTOPUYHBIN — ¥ 20 MAIIHEHTOB ¢ AayTOMMMYHHOM TIaToJI0THeH (24.7 %).

PesysbTaThsl. Brepsbie 1yist mosimMopdpusMoB rs6025 (1691 G>A) rena F5, 4a/4b rena NOS3, rs1800795 reHa IL6, rs1805087
(2756 A>G) rena MTR BbIsIBJIEHA IOCTOBEPHAS aCCOIMATUBHAS CBSI3b C PA3BUTHEM BeTeTAINI Ha KJIAITAHHOM atrapaTe cepia
ipu ADC. JIj1s1 2 mosiumoppusMoB — 151126643 (807 C>T) rena ITGA2 u 151799889 (-675 5G>4G) rena PAI1 (SERPINE?) BbIsiB-
JIEHA acCOUANsA ¢ TPOMOOIMOOINUECKUMU OCJIOXKHEHUAMH (0CTpOe HapyIIeH e MO3IOBOr0 KpoBoobparieHust) mpu HI.
3aknwuenue. llerecoo6pasHO MPOBOAUTH T€HOTUIUPOBAHUE HEKOTOPBIX OJTHOHYKJIEOTUHBIX ITOJTUMOPDU3ZMOB Y
nanueHToB ¢ ADC.

Kmouessle croea: anTuochOoTUNUIHBIA CHHAPOM, FeHbI-KaH/TU/IAThI, OJTHOHYKJIEOTUHBIN TIOJTUMOP(DU3M, TeMOCTa3,
TPOMOG03MOOINYECKIIE OCIOKHEHH.

OoO0paszen muTupoBaHuAa: baxapesa 10.C., Makcumos B.H., Yamaesa H.H. 'eHeTruecKue aceKThl HEMHDEK-
IIMOHHOTO HZOKAP/NTA ¥ MAIHEeHTOB ¢ aHTHdochomunuaabM cuazpomoM // Journal of Siberian Medical Sciences.
2022;6(2):51-61. DOI: 10.31549/2542-1174-2022-6-2-51-61

Genetic aspects of non-infectious endocarditis
in patients with antiphospholipid syndrome

Yu.S. Bakhareva!, V.N. Maksimov* 2, N.N. Chapaeva>

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

2Novosibirsk State Medical University, Novosibirsk, Russia

ABSTRACT
Introduction. Antiphospholipid syndrome (APS) is an autoimmune thrombophilia in which patients with clinical
criteria for recurrent arterial and venous thrombosis and/or pregnancy failure show positive laboratory results for the
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presence of antiphospholipid antibodies (aPL). The genetic predisposition to non-infectious endocarditis (NIE) in patients
with APS remains a complex and poorly understood problem.

A im . Revealing of possible associations between polymorphisms of candidate genes and non-infectious endocarditis in
patients with APS, as well as the development of possible thromboembolic complications.

Materials and methods. Thestudyinvolved 35 patients aged 43.0 + 13.9 years. At the same time, the main
signs characterizing NIE in APS were negative blood culture, normothermia, and the absence of obvious echoscopic signs
of infection (thickening and induration calcification of the valve leaflets, minimal regurgitation). Polymorphisms of
18 genes were studied as possible molecular genetic markers for the development and/or protection of NIE in 35 patients
with APS: the primary disorder was diagnosed in 15 patients (18.5%), secondary — in 20 patients with autoimmune patho-
logy (24.7%).

Results. Forthefirst time, for polymorphisms rs6025 (1691 G>A) of the F5 gene, 4a/4b of the NOS3 gene, rs1800795
of the IL6 gene, rs1805087 (2756 A>G) of the MTR gene, a significant association with the development of vegetations on
the valvular heart apparatus in APS was revealed. Two polymorphisms, rs1126643 (807 C>T) of the ITGA2 gene and
1rs1799889 (-675 5G>4G) of the PAI1 gene (SERPINE1), were found to be associated with thromboembolic complications
(acute cerebrovascular accident) in NIE.

Conclusion. Itisreasonable to perform genotyping of some single nucleotide polymorphisms in patients with APS.
Keywords: antiphospholipid syndrome, candidate genes, single nucleotide polymorphism, hemostasis, thromboembolic
complications.

Citation example: Bakhareva Yu.S., Maksimov V.N., Chapaeva N.N. Genetic aspects of non-infectious endo-
carditis in patients with antiphospholipid syndrome. Journal of Siberian Medical Sciences. 2022;6(2):51—61. DOI:

10.31549/2542-1174-2022-6-2-51-61

BBEJAEHUE

Anrtudochomunuaueiii cuaapom (ADC), Bmep-
Bble M3Y4YEHHBbIH U ONHCAHHBIA B Hadajge 1980-X
TOJIOB, TIPEJICTABJIsIET cOO0H ayTOMMMYHHYIO TPOM-
00¢wINio, MPU KOTOPOH y MAIUEHTOB C KJIUHHYE-
CKUMHU KPUTEPUIMH PENUIUBUPYIONIUX apTEPUATIb-
HBIX U BEHO3HBIX TPOMOO30B W/WJIH TATOJIOTHEH
OepeMeHHOCTH OOHApYKHBAIOT IIOJIOKUTEJIbHBIE
pe3yIbTaThl Tab0PATOPHBIX UCCIIEOBAHUN HA HAJIH-
yre antudochomunuaubix anturesn (ADJ) [1]. s
Bepudukannu auarno3da AO®C 1ocTaTouHO HATMYUE
OJTHOTO KJIMHUYECKOTO KPUTepHUsi: TPOMOO3 COCY/IOB
WIN aKyIllepcKas MaToJIOTHsI U OJHOTO jabopaTop-
HOTO: OOHapy:KeHHEe BOJYAHOYHOTO AHTHUKOAry-
sasuTta (BA), antuten K kapauonununy (AKJI) u/umu
aHTUTEN K Oera-2-rukomnporenny [ (f2-T'TID) [2].
KinuHuueckue MpOsIBIEHUsI, HE BXOSIIHE B 00Ie-
NMpU3HAHHBIE  KJIacCH(UKANMOHHBIE KPUTEPUH,
BKJIIOUAIOT B ce0s: HEBPOJIOTHYECKUE (Xopes, Mue-
JIUT U MUTPEHb) U TeMaTOJIOTH4YecKHe (TPOMOOIUTO-
MeHWsA U TeMOJIUTHYEecKas aHeMUs) CHMIITOMBI,
PEeTUKYJISIpHOE JINBEI0, He(GPOIIATHIO U TTOPaKeHHe
KJIAIIAHOB CepAIa — HeMH(PEKIIMOHHBIN SHIOKAPIUT
(H9) [3]. [TepBonauanbuo ADPC GBLI OMKCAH Y TALIH-
€HTOB C CHUCTEeMHOU KpacHou Bosiuankou (CKB) —
BBISIBJIAIETCS IIPUMEPHO y 7—15 % MaIeHTOB U acCo-
nuupyercs ¢ 6osiee TAKEIBIM TeUEHUEM, HO TaKKe
MO’KeT BO3HHUKATh U y MAIUeHTOB 06e3 ayTOMMMYyH-
HBIX 3a00sieBaHUl — TepBUYHbBIA ADC [4].

[TaToduU3nOIOTUYECKNE MEXaHU3MBbI, JIeXKallre
B OCHOBE TPOMOO3a U aKyIIepCKOU IMaTOJIOTHU TIPH

INTRODUCTION

Antiphospholipid syndrome (APS), first studied
and described in the early 1980s, is an autoimmune
thrombophilia in which patients with clinical criteria
for recurrent arterial and venous thrombosis and/or
pregnancy failure show positive laboratory results
for the presence of antiphospholipid antibodies
(aPL) [1]. To verify the diagnosis of APS, it is suffi-
cient to have one clinical criterion — vascular throm-
bosis or obstetric pathology, and one laboratory
criterion — detection of lupus anticoagulant (LA),
anticardiolipin antibodies (aCL) and/or anti-beta-2-
glycoprotein I (f2-GPI) antibodies [2]. Clinical man-
ifestations that do not correspond to the generally
accepted classification criteria include: neurological
(chorea, myelitis and migraine) and hematological
(thrombocytopenia and hemolytic anemia) symp-
toms, livedo reticularis, nephropathy and heart valve
disease — non-infectious endocarditis (NIE) [3]. Ini-
tially, APS was described in patients with systemic
lupus erythematosus (SLE) — it is detected in approx-
imately 7—15% of cases and is associated with a more
severe course, but it can also occur in patients with-
out autoimmune diseases — primary APS [4].

The pathophysiological mechanisms of throm-
bosis and obstetric pathology in APS are due to the
inhibition of factors of the hemostasis and fibrino-
lysis system, as well as the activation of the comple-
ment system [5]. Complement system is a complex
of enzymes and regulatory proteins of the innate
immune system that plays a key role in the develop-
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A®C, obycioBiieHbI WHTHOUpOBAaHHEM (PaKTOPOB
CUCTEeMbI TeMOcTa3a u GUOPUHOIIN3A, a TAKKE aKTU-
BaIyel cucremMbl komiuiemenTa [5]. KommiemenT —
3TO cucreMa (PEPMEHTOB M PETYIATOPHBIX OEJTKOB
BPOXKJIEHHON UMMYHHOUM CHCTEMBI, KOTOPAs UTPAET
KJIIOUEBYIO POJIb B PA3BUTHUH BOCITAJTUTEILHOU PeaK-
nuu. [IyTm KOMIUIEMEHTA W KOATYJIAIUHA MEXKITY
€000 TeCHO CBA3aHBI, KOMILUIEMEHT MOKET aKTUBHU-
poBatbcs y namueHToB ¢ AOC U JelicTBOBaTh KaK
KOdaKTOp B IIaToreHe3e TPOMOO3IMOOIHMIECKHUX
ocioxkHenni [6]. XoTsg MexXaHM3Mbl AKTHUBAIUMU
komIiuieMeHTa npu AOC MOJHOCTHIO HE U3YyYEHBI,
MIPEJIII0JIarafoT, YTO AKTUBAIIHSA KOMIIJIEMEHTA aHTH-
TeslaMu K ocdounugaM ITPUBOAUT K paclerie-
Huio C5 ¢ ob6pa3zoBaHNEM aKTUBUPOBAHHBIX (PAKTO-
poB C5a u C5b; C5a crtocobeTByeT BhIpabOTKE TKaHE-
BOro (pakTopa HEUTPoUIAMHU, YTO, B CBOIO OUEPED,
00yCI0BJIMBAET MPOKOATYJISTHTHYIO CIOCOOHOCTh U
yrHeTaeT ¢pubpunous [7, 8].

l'eneTnueckas IpepacnosoKeHHOCTh K HI y
manueHToB ¢ A®C ocraercsi CJI0KHOW U MaJIOU3Yy-
JyeHHOU mpobsiemon. CoobimaeTcsi 06 accoruaTHB-
HbIX cBA3s1X DR wiau DQ (rpymmbl aHTUTEHOB THCTO-
coBMecTuMOcTH) ¢ pazButueM AQ®C 1 reHeTHYeCKIX
puckax npoaykiuu AKJI B ciyuae noumopdusma
B2-TTII ¢ 3ameHoii BanmuHa (247) Ha JIeHIUH [9].
HMmeercst HEOOIBIION 00bEM JJAHHBIX OTHOCUTEIHHO
accoranui OJTHOHYKJIEOTH/THBIX MTOJTUMOP(PU3MOB
B reHax remMocrasa 1 (oJIaTHOTrO IUKJIA ¢ PA3BUTHEM
sHokapauToB npu A®C [10, 11].

HOEJIb NCCJIEAOBAHUA

BrisiBSIEHE BO3MOKHBIX aCCOITMATUBHBIX CBA3EH
Mexay nosmMopdusMamMu 18 reHOB-KaHIUIATOB U
SHZIOKApAUTOM HEWHQEKIIMOHHOTO TreHe3a y IaIu-
eHToB ¢ ADC, a TakKe pa3BUTHEM BO3MOKHBIX TPOM-
605MO0TIYECKHUX OCTIOKHEHUH.

MATEPUAJIBI 1 METO/1bI

B wuccienoBanue BKIIIOUEHBI 35 TAIMEHTOB
(32 sKeHIIUHBI, 3 MY>KUYUHBI) B BO3pacTe 43.0 + 13.9
roga ¢ H3. Ilpu 5TOM OCHOBHBIMHU IIpU3HAKaMH,
xapakrepusyomumu HO npu A®C, gBisAnmncy oTpu-
naTejbHas TeMOKYJIbTYpa, HOPMOTEPMUS U OTCYT-
CTBUE SIBHBIX HXOCKOTTUYECKUX ITPU3HAKOB HH(PHUITH-
poBaHus (YTOJIIIIEeHUE U YIIOTHEHHE CTBOPOK KJIaria-
HOB, MHUHUMAQJIbHASI PETYPTUTANUA). [lepBUYHBII
A®C nuarsoctupoBaH y 15 manueHTos (18.5 %), BTo-
PUYHBIN — Y 20 MAIUEHTOB C ayTOUMMYHHOU MaTo-
siorueit (24.7 %). Kpurepuu BKIIOUEHUS B UCCIIENO-
BaHme: Hasimuue sHokapaurta npu AOC. Bee manu-
€HTbI OBUIM OCMOTPEHBI U 00C/Ie/TOBAHbI Ha TIPEIMET
ayrouMMyHHOH matosioruu (ADC, peBMaTOUIHBIN
apTpUT, CHCTeMHAasi KpacHasl BOJIYaHKa, CKJIEPOJEP-

ment of the inflammatory response. Complement
and coagulation pathways are closely related to
each other; complement can be activated in patients
with APS and act as a cofactor in the pathogenesis
of thromboembolic complications [6]. Although the
mechanisms of complement activation in APS are
not fully understood, it is hypothesized that com-
plement activation by antiphospholipid antibodies
results in C5 cleavage to form Csa and Csb acti-
vated factors; C5a then promotes the production of
tissue factor by neutrophils, which, in turn, deter-
mines the procoagulant activity and inhibits fibri-
nolysis [7, 8].

The genetic predisposition to NIE in APS patients
remains a complex and poorly understood issue.
Associations of DR or DQ (groups of histocompati-
bility antigens) with the development of APS and
genetic risks of aCL production in 2-GPI polymor-
phism with the substitution of valine (247) for leu-
cine have been reported [9]. There is little data on
the association of single nucleotide polymorphisms
in the genes of hemostasis and the folate cycle with
the development of endocarditis in APS [10, 11].

AIM OF THE RESEARCH

Revealing of possible associations between poly-
morphisms of 18 candidate genes and non-infectious
endocarditis in patients with APS, as well as the
development of possible thromboembolic complica-
tions.

MATERIALS AND METHODS

The study included 35 patients (32 women,
3 men) aged 43.0 £ 13.9 years with NIE. At the same
time, the main signs characterizing NIE in APS were
negative blood culture, normothermia, and the
absence of obvious echoscopic signs of infection
(thickening and induration of valve leaflets, mini-
mal regurgitation). Primary APS was diagnosed in
15 patients (18.5%), secondary — in 20 patients with
autoimmune pathology (24.7%). Criteria for inclu-
sion in the study: the presence of endocarditis in
APS. All patients were examined for autoimmune
pathology (APS, rheumatoid arthritis, systemic
lupus erythematosus, scleroderma, mixed connec-
tive tissue disease). Rheumatological diseases were
diagnosed in accordance with modern international
APS criteria [1, 4]. The presence of APS signs in
patients without an autoimmune disease, neoplas-
tic or infectious origin of the disease served as the
basis for determining the primary APS (there were
no reliable clinical and serological markers of the
previously listed diseases). The diagnosis of NIE
was made after the exclusion of infectious origin of
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MUS, CMeIIaHHOe 3aboJieBaHHEe COENUHUTEIbHON
TkaHu). PeBMaTosiornuyeckre 3aboJieBaHUA JUATHO-
CTHUPOBAJIM B COOTBETCTBUU C COBPEMEHHBIMHU MeEXK-
nyHaponubsiMu kputepusamu ADOC [1, 4]. Hamuuwne
npusHakoB A®C y nanueHToB 6€3 ayTOMMMYHHOTO
3a00J1eBaHMs, HEOIIJIACTHYECKOTO MJIH MHMEKIMOH-
HOTO TeHe3a 3a00JIeBaHUS CIIYKUJIO OCHOBAaHHEM
Juta onipeienenus nepsudaaoro A®C (oTcyTcTBOBaIN
JTOCTOBEPHbIE KJIMHIYECKHUE U CEPOJIOTHUECKHe Map-
Kephl paHHee MepeYrCcIeHHbIX 3ab0aeBanui). Jna-
rH03 HO 6bUI mocTaBIIeH OCIIe UCKITIOUEeHU NHGEK-
IIMOHHOTO TeHe3a SH/OKApAUTa COIJIAaCHO KpHUTe-
pusim Duke [12]: orpuniaresibHbIe JaHHBIE OAKTEPHO-
JIOTHYECKUX UCC/Ie/IOBAHUM, HOPMOTEPMHUS U OTCYT-
CTBUE D5XOCKOTHYECKUX MPU3HAKOB WHQUIUPOBA-
HUA KianaHoB. [1pu HO BbIABIAINCE JIUIIB yTOIIIE-
HUe U YIUIOTHEHWE CTBOPOK KJIAIIAHOB, HE3HAUU-
TeJIbHAs perypruTaius, KpoMe TOrOo, He HabJro/a-
JIOCh TIPOTPECCHPOBAHUSA IOPOKA CEPALIA U APYTUX
OCJIOKHEHUN MH(EKIMOHHOTO 5H/IOKAP/NTA, TAKUX
KaK OTPBIBBI, Pa3PBIBBL, epopanuu u abcreanpo-
BaHHUE CTBOPOK KJIATIaHOB. KpUTEpPHU MCKITIOUEHUS:
OepeMeHHOCTh U HEZJaBHO IIepEeHECeHHBbIE OCTphIE
COCTOsTHUSA (TpaBMa, MOJIMXUMHUOTEPAITHS, XUPYPTHU-
YecKoe BMEIaTe1bcTBO). IHpopMupoBaHHOE COTIa-
cue OBLIO ITO/INMCAHO BCeMHU NaIlieHTaMu B COOTBET-
CTBUHU C STUYECKUMH CTAHJApTaMU XeJIbCUHKCKOM
JexIapanuu BeeMUpHON MeAWITMHCKOU accoIiya-
OUU «DTHYeCKHe IPUHITUIBI IPOBE/IEHUA HAyIHbIX
MEIUIIMHCKUX WCCJIEZIOBAaHUN C ydYacTUEM YeJsio-
BeKa». B KOHTPOJIbHYIO TPYIILy BOILIU 225 YCIIOBHO
3/I0POBBIX JIIO/Ie aHAJIOTUYHOTO BO3pacTa.

B paboTe wuCIONB30BAIUCH HHCTPYMEHTAJIbHBIE
METOZBI WCCJIEOBAHUA: PEHTTeHOrpadusi OpPraHoB
IPYAHOM KJIETKH, SX0KapAuorpadus, yIbTpa3ByKOBOE
HCCIIEIOBAaHUE OPTaHOB OPIOIIHOM IIOJIOCTH, IOYEK.
JlaHHBIE AHTHOMYJIBMOTpadUy, MYJIBTHCIUPATHHON
KOMITBIOTEDHOH TOMOTpPa(uH TOJIOBHOTO MO3Ta ObUTH
MIOJIy4eHbl C KCIOJIb30BaHWEM ToMorpada Siemens
Somatom Emotion 16 (Siemens, I'epmanus).

Tpom603 TIIyDOKHX BEH, apTepPUAJIbHBIE TPOM-
603bI OBLT TUATHOCTUPOBAHBI C TIOMOIIBIO YJIBTPa-
3BYKOBOT'O HUCCJIEZIOBAHUS COCY/IOB. YIbTPa3BYKOBOE
HceieloBaHNe cepAlla M COCYZOB IIPOBOAWIN Ha
ammapare Sonoline G60 S (Siemens, CIITA), B ofHO0-
MepHOM (M-Tum) u 1BymMepHOM (B-THI) pexnmax, ¢
IIOMOIIPI0 MMITYJIbCHOH W HEIPEPHIBHO-BOJHOBOU
Jlonieporpaduu.

T'enomnyro JJHK Bbeigenanu n3 6—10 MJI BEHO3-
HOU KpPOBH, C IOMOIIbIO (HEHOJI-XJIOPODOPMHOTO
Merona. IlomuMOpdHU3MBI T€HOB CHUCTEMBI T€MO-
cTaza u HOJIATHOTO IIUKJIA TECTUPOBAIH C IIOMOIIIHIO
nonuMepasHou nenHoi peaknwu (I11IP) B peann-
HOM BpeMEHM Ha TeCT-CHCTEMAax IPOU3BOJICTBA

endocarditis according to the Duke criteria [12]:
negative bacteriological data, normothermia, and
the absence of echoscopic signs of valve infection.
In NIE, only thickening and induration of the valve
leaflets, slight regurgitation were detected, in addi-
tion, there was no progression of heart disease and
other complications of infective endocarditis, such
as detachment, ruptures, perforations of the valve
leaflets, and local abscess formation. Exclusion cri-
teria: pregnancy and recent acute conditions
(trauma, polychemotherapy, surgery). Informed
consent was signed by all patients in accordance
with the ethical standards of the Declaration of Hel-
sinki of the World Medical Association: Ethical
Principles for Medical Research Involving Humans.
The control group included 225 apparently healthy
people of the same age.

Instrumental examination methods were used in
the study: chest radiography, echocardiography,
abdominal and kidneys ultrasonography. The data of
angiopulmography, multislice computed tomogra-
phy of the brain were obtained using a Siemens
Somatom Emotion 16 tomograph (Siemens, Ger-
many).

Deep vein thrombosis, arterial thrombosis were
diagnosed by ultrasound examination of vessels.
Ultrasound examination of the heart and blood ves-
sels was performed using a Sonoline G60 S device
(Siemens, USA), in M-type and B-type modes, using
pulsed and continuous-wave Doppler sonography.

Genomic DNA was isolated from 6—10 ml of
venous blood using the phenol-chloroform extrac-
tion. Polymorphisms of the genes of the hemostatic
system and the folate cycle were tested using real-
time polymerase chain reaction (PCR) and DNA
Technology (Russia) kits: rs6046 (10976 G>A) of
the F7 gene, rs5985 (103G>T) of the gene F13,
rs1800790 (-455 G>A) of the FGB gene, rs1799963
(20210 G>A) of the F2 gene, rs6025 (1691 G>A) of
the F5 gene, rs1126643 (807 C>T) of the ITGA2
gene, 1s5918 (1565 T>C) of the ITGB3 gene,
rs1799889 (-675 5G>4G) of the PAI-1 gene (SER-
PINE1), rs1801131 (1298 A>C) of the MTHFR gene,
rs1801133 (677 C>T) of the MTHFR gene, rs1805087
(2756 A>G) of the MTR gene, rs1801394 (66 A>G)
of the MTRR gene. Polymorphisms of the NOS3
(4a/4b) and ACE (rs1799752) genes were tested by
PCR with flanking primers; polymorphisms of the
CTLA4 (rs231775), MMP9 (rs11697325), PTPN22
(rs2476601) and IL6 (rsi800795) genes — using
PCR-RFLP (restriction fragment length polymor-
phism). Genotyping was carried out at the Research
Institute of Internal and Preventive Medicine (Novo-
sibirsk, Russia).
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«JTHK-texnomorusi» (Poccus): rs6046 (10976 G>A)
reHa F7,rs5985 (103G>T) rena F13, rs1800790 (-455
G>A) rena FGB, rs1799963 (20210 G>A) rena F2,
rs6025 (1691 G>A) rena Fj5, rs1126643 (807 C>T)
reda ITGA2, rs5918 (1565 T>C) rema ITGB3,
rs1799889 (-675 5G>4G) rena PAI-1 (SERPINE1),
rs1801131 (1298 A>C) rena MTHFR, rs1801133 (677
C>T) rena MTHFR, rs1805087 (2756 A>G) rena
MTR, 151801394 (66 A>G) rena MTRR. Ilosumop-
dusmbr renoB NOS3 (4a/4b) u ACE (rs1799752)
TecTupoBaIu ¢ tomo1bio TP ¢ pankupyommumn
nparimepamu; nosuMopdusmbel  reHoB CTLA4
(rs231775), MMPg (rs11697325), PTPN22
(rs2476601) u IL6 (rs1800795) — ¢ nmomoibio ITIP
[NAP® (momumopdusMa [JIUH PECTPUKIIMOHHBIX
¢parmeHTOB). I'€HOTHMIIMpOBAaHWE BBIMIOJHSIN B
HUU Tepanuu u poOUIAKTAUECKON METUITUHBI —
dummame MHCTUTYTA ITUTOJIOTUY U TeHeTUKU Cuoup-
ckoro otnenienuss PAH (HoBocubupck, Poccus).

CTaTHCTUYECKUHA aHAJIU3 IPOBOJUIUA C IIOMO-
b0 ITakeTa nporpamMmm SPSS, Bepcus 21.0. Pacnpe-
JleJIeHHEe YacTOT TeHOTHIIOB BCEX OJTHOHYKJIEOTHU/I-
HBIX IMOJIUMOP(GUZMOB B KOHTPOJIBHOU T'PYIITIE COOT-
BETCTBOBAJIO paBHOBeCHIO Xap/iu — Baiinbepra. Pac-
YeT BeJIMYUHBI OTHOIeHus maHco (OII) mpoo-
Jwin 1o Mmetony Bynbda — XoszeidiHa, KOTOPBIT
JIOITyCKAET PACUEThI IO TAOIUIE 2X2 JJIA CJIYYAEB,
KOr/ia XOTsI ObI O/fHA M3 siueeK TaO/IMIbl UMeeT 3Ha-
YeHUe «HOJIb». J[OCTOBEPHOCTh PAB3IUYMUN YaCTOT
U3yYaeMbIX IPU3HAKOB B AJIbTEPHATUBHBIX TPYIIIaxX
OIIpe/ieJIAIN 110 KPUTEPHIO X* ¢ MONpaBKoi Meiitca
Ha HENPEPBIBHOCTD U 10 JIBYCTOPOHHEMY BapHUaHTY
TOYHOTO Meroza duinepa AJIA UYEeThIPEXIOJIbHBIX
Ttabsun, — PTMF2. JIyis onleHKH pas3BUTHS TPOMOO-
sMmborueckux ociokHeHUU (TOO) ObLT mpoBeneH
OMBApUAHTHBIN JIOTUCTHYECKUU PpPEerpecCHOHHBII
aganmu3. CTaTHCTUYECKH B3HAYMMBIMU CUUTAIUCH
pasymyus Ipu p < 0.05.

PE3YJ/IBTATBI 1 OBCYKAEHUE

A®C ObLT MTOATBEPIK/IEH B COOTBETCTBUU C JUa-
THOCTHYECKUMHU KPUTEPUSAMU, TPOBOJIMJICA KIUHHU-
YEeCKUH W UMMYHOJIOTHYECKUH CKPUHUHT B 100 %
ciyyaeB. B rpynmne maumenTtoB ¢ HY ormeuasnuch
MMaTOJIOTHYECKHE U3MEHEHUs CO CTOPOHBI HEPBHOM,
CEPIEYHO-COCYAUCTOR CHUCTEMBI, TPOMOO3 COCYIOB
mianedTbl. OTIMYUTENIFHOM 0co0eHHOCThI0 HI
OBLIO TEYEHHE PENUTUBUPYIONUX TPOMOO30B, apTe-
puasbHble TPOMOO3HI CIEA0BATIN OAUH 32 PYTHM B
100 % ciiydaeB, TAKUM 00pa3oM, y OTHOH MaIfueHTKU
YacToTa PpeIUIUBUPOBAHUS OCTPBIX HapyIIEHUH
mo3roBoro kKpoBoobpamenuss (OHMK) mgocturana
BOCBMH 3TH30/10B (KaK/bIN MTOCJIEAYIONTAH HHCYIbT
MpoTeKaJ TsoKesee, TpeboBasics 6osiee TUTETbHBIA

Statistical analysis was performed using the SPSS
software package, version 21.0. The distribution of
genotype frequencies of all single nucleotide poly-
morphisms in the control group corresponded to the
Hardy-Weinberg equilibrium. The calculation of the
odds ratio (OR) was carried out according to the
Woolf-Haldane test, which allows calculations
according to the 2x2 table for cases where at least
one of the table cells has the zero value. Significance
of differences in the frequencies of the studied traits
in alternative groups was determined by the y* test
with a Yates’ continuity correction and by the two-
sided version of the Fisher’s exact test for four-field
tables — PTMF2. To assess the development of
thromboembolic complications (TEC), a bivariate
logistic regression analysis was performed. Differ-
ences were considered statistically significant at
p < 0.05.

RESULTS AND DISCUSSION

APS was confirmed according to diagnostic
criteria; clinical and immunological screening
was performed in 100% of cases. In the group of
patients with NIE, there were pathological
changes in the nervous and cardiovascular sys-
tems, thrombosis of the placental vessels. A dis-
tinctive feature of NIE was the course of recurrent
thrombosis, one episode of arterial thrombosis
occurred after another in 100% of cases, thus, in
one patient, the frequency of recurrence of acute
cerebrovascular accident (ACVA) reached eight
episodes (each subsequent stroke was more
severe, a longer recovery period was required). In
25% of cases, obstetric failure was noted (recur-
rent miscarriage in the second and third trimester
(detected in one third of women with NIE), recur-
rent spontaneous abortions, intrauterine fetal
death, preeclampsia, preterm birth (p = 0.01)).
The development of various neurological mani-
festations aroused our greatest interest: thrombo-
sis of intracerebral arteries leading to stroke,
transient ischemic attack without significant neu-
rological disorders, convulsive syndrome with
multi-infarct dementia (at later stages and in
elderly patients), and mental disorders (depres-
sive states). The most significant TEC of non-
infectious endocarditis were ischemic stroke and
myocardial infarction — 23.47 and 8.64% of cases,
respectively.

As for ultrasound examination, the damage to the
heart valves is associated with the presence of aCL,
and is characterized by minimal changes — minor
regurgitation, thickening of the valve leaflets, small
and mobile vegetations, which is typical for NIE.
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BOCCTAHOBUTEJIbHBIN ITepuoxn). B 25 % ciryuaeB otme-
YJaJINCh aKyllepcKas MaToaorus (IPUBbIYHOE HEBBI-
HaluBaHUe OEPEMEHHOCTH BO BTOPOM U TPETHEM
TpuMecTpe (BBIABIEHO y TpeTH KeHIuH ¢ HD),
penuIuBUPYIOIINE CIIOHTAaHHBIE a0OPThI, BHYTPUY-
TpoOHAasi THOENh IIO/IA, MPEIKIJIAMIICHS, IPEXK/IEB-
peMenHbIe posbl (p = 0.01)). Haubospmmit maTEpEC
BBI3BAJIO PA3BUTHE Pa3HOOOPA3HBIX HEBPOJIOTHYE-
CKUX MPOSIBJIEHUH: TPOMO03 BHYTPUMOBTOBBIX apTe-
puii, TPUBOASAIINN K HHCYJIBTY; TDAH3UTOPHAS HIIIe-
MuuecKas aTaka 0e3 ApKHUX HeBPOJIOTHYECKUX Hapy-
[IeHUH; CYyZOPOKHBIN CUHAPOM € MyJIbTUHHQAPKT-
HOU JeMeHnuel (Ha OoJiee TO3THUX CTaUSIX U Y
MIOXKUJIBIX [TAIIIEHTOB) U IICUXUYECKUMU HapYIIeHU-
MU (JlempeccUBHBIMHU cocTostHUsIME). HaubGootee
3HaYUMbIMU TOO HenHGPEKIMOHHOTO YHA0KAPAUTA
ObUTM HINIEMUYECKUH WHCYJIBT W WH(OAPKT MHO-
Kapaa — 23.47 u 8.64 % ciaydaeB COOTBETCTBEHHO.

OXOCKOIIMYECKN MOpaKEHNE KJIAaHOB CepAla
acconmupoBano ¢ HamnuueM AKJI u xapakrepusoBa-
JIOCh MUHUMQIBHBIMUA W3MEHEHUSIMH — He3HaUH-
TeJbHAS PETyPrUTAlLs, YTOJIIEHIE CTBOPOK KJIara-
HOB, MeJIKHE U IIOJ[BIJKHBIE BETETAINH, YTO Xapak-
TepHO 11 HI. Jlna maumentoB ¢ HO xapakTepHO
MHOTOKJIATIaHHOE TTOpaskeHue MUTpabHOTO (88.8 %
CJIyJaeB) U aOpTAJIBHOTO (51.3 %) KJ1araHoB (p = 0.03).

[Tpu sHAOKapANTaX HEMH(MEKIIMOHHOTO reHe3a y
MMAIMeHTOB PAa3BUBAIOTCS CHHAPOM JIHCCEMIHUPO-
BAaHHOTO BHYTPHCOCYZIICTOTO CBEPTHIBAHUS, TUIIEP-
KOAryJISIs, TPOMOOITUTOIIEHUSI U THIIEPTOMOITUCTE-
u"emusd. C HanuyreM B KpoBU BA u aHTUTEII K Kap-
JIUOJINTINHY AacCCOLMUpYyeTcss CKJIOHHOCTh K TI0,
BCJIEJICTBUE HAJTUYUS TOPAKEHUSI CEPEUHbBIX KJIama-
HOB, UX JleopMaIui U PaCTsDKEHUs TpoMOoTHUe-
ckumu Maccamu. Cpeznue sHadeHusa BA m BA) y
namueHToB ¢ HO cocraBmin 1.07 + 0.21 1 1.04 + 0.19
COOTBETCTBEHHO (IMATHOCTUYECKU 3HAUYUMBIA YpPO-
BeHb BA — Oosee 1.09). IlpuumHaMui HapyIeHUs
MUKDPOIUPKYJIAIUN  SBJSIOTCI  MUKPOTPOMOO3HI,
peMo/ieTMpOBaHe MUKPOCOCYZIOB (M3MEHSIETCS Te0-
MeTpust COCYZIOB). l'uneppubpuHOTEHEMUSA
(4.24 + 1.3 T/71) ABJIAETCSA CAMOCTOSATETHHBIM (hAKTO-
POM M3MEHEHUs PEOJIOTHUECKHUX CBOMCTB KPOBH KaK
KOMITOHEHT IJIa3MEeHHOT'0 TeMOCTas3a.

[Tpu u3yueHNU posIu MOIUMOPHUZMOB 18 TEHOB-
KaHAUAATOB B pa3BUTHH HO BBIABIIEHO, UTO ITOJIU-
MopdusMsel 1s6025 (1691 G>A) rena F5, 4a/4b rena
NOS3, rs1800795 rena IL6, rs1805087 (2756 A>G)
reHa MTR [OCTOBEpHO AaCCOLIMUPOBAHBI C pa3BU-
THeM KJIAIIAaHHOTO IopaskeHus. Kak n3BecTHO, Hapy-
meHue GoJaTHOTO ITUKJIA CIIOCOOCTBYET TUIIEPTrOMO-
[OUCTENHEMUH, UTO MOKET IIPUBOJUTH K THIIEPKOA-
ryJsnud 1 GOPMUPOBAHUIO TPOMOOTHUECKUX Mace
Ha cepaeuHbIx kiamaHax [13]. Few MTR xomupyet

Patients with NIE are characterized by multivalvular
damage of the mitral (88.8% of cases) and aortic
(51.3%) valves (p = 0.03).

Patients with non-infectious endocarditis
develop a syndrome of disseminated intravascular
coagulation, hypercoagulability, thrombocytopenia
and hyperhomocysteinemia. The presence of LA
and antibodies to cardiolipin in blood is associated
with a tendency to TEC, due to the existing damage
to the heart valves, their deformation and disten-
sion by thrombotic masses. The mean values of LA
and LA, in patients with NIE were 1.07 + 0.21 and
1.04 * 0.19, respectively (the diagnostically signifi-
cant level of LA was more than 1.09). The causes of
microcirculation disorders are microthrombosis,
remodeling of microvessels (changes in the geome-
try of vessels). Hyperfibrinogenemia (4.24 + 1.3 g/1)
is an independent factor in changes in the rheologi-
cal properties of blood as a component of plasma
hemostasis.

When studying the role of polymorphisms of
18 candidate genes in the development of NIE, it
was found that polymorphisms rs6025 (1691 G>A)
of the F5 gene, 4a/4b of the NOS3 gene, rs1800795
of the IL6 gene, rs1805087 (2756 A>G) of the MTR
gene are significantly associated with the develop-
ment of valvular lesions. As is known, folate cycle
disturbance contributes to hyperhomocysteinemia
which can lead to hypercoagulability and the forma-
tion of thrombotic masses on the heart valves [13].
The MTR gene encodes the amino acid sequence of
methionine synthase, one of the key enzymes of
methionine metabolism, catalyzing the formation of
methionine from homocysteine by its remethyl-
ation. Carrying the genotype AA rs1805087 (2756
A>G) of the MTR gene more than doubles the risk of
developing sterile vegetations and, accordingly,
determines the non-infectious genesis of endocardi-
tis (OR = 2.22, 95% confidence interval (CI) 1.11—
4.45, p = 0.03) (Fig. 1).

In the presence of the Leiden mutation, the
coagulation factor V (FV) is not cleaved by the
physiological anticoagulant protein C which leads
to an increase in the concentration of F5 in the
blood serum. The number of carriers of the FV
Leiden mutation (genotype GA) was significantly
increased in NIE (8.9 vs. 3.6% in the control group,
p = 0.04) (Fig. 2). Thus, if patients with NIE have
the FV Leiden mutation, it can be argued that GA
polymorphism is associated with the formation of
vegetations on the valvular heart apparatus. Taking
into account the fact that results may affect the
treatment and prognosis, the genetic testing is
indicated for relatives of NIE patients from risk
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AMUHOKUCJIOTHYIO MIOCJIEIOBATETFHOCTh METHOHUH-
CHHTAa3bI — OJTHOTO U3 KJII0UYEBBIX (PepMEHTOB OOMeHa
METHOHWHA, KaTAJIU3UPYIOIIEro 00pasoBaHUE METH-
OHHMHA U3 TOMOIIUCTENHA IIyTEM €TI0 PEMETUIINPOBA-
nus. HocurenbserBo renoruna AA rsi805087 (2756
A>G) rera MTR 6GoJiee ueM B 2 pasa yBEJIUUYNBAET
PHCK Pa3BUTHs «CTEPUJIBHBIX» BETeTAIlUH M COOT-
BETCTBEHHO OIIpeJieisieT HeMH(EKIMOHHBIN TeHe3
supokapauta (Ol = 2.22, 95% AOBEpPUTEIbHBIN
uHTepBaI (1) 1.11—4.45, p = 0.03) (puc. 1).

[Tpu Haytmunu myTtaruu JleigeH GakTop CBepThI-
Bauus 5 (F5) He paciiemnisercss GU3HOIOTUUECKUM
anTukoarysisTHTOM C, 9YTO MIPUBOJUT K MOBBINIEHUIO
KoHIleHTpanuu F5 B cbiBopoTKe KpoBU. KostmuecTBo
HocuTese myranuu Jleiaen (remorun GA) mocto-
BepHO yBesmueHo mpu HI (8.9 mpotus 3.6 % B KOH-
TPOJIBHOM TpyIIIie, p = 0.04) (puc. 2). Takum obpa-
30M, TP HAJITUYHH y TTarueHToB ¢ HD myrarun Jlei-
JleH MOXKHO YTBep:KJaTbh, 4To nojumopdpusm GA
accolrMupoBaH C¢ (OpMHUPOBAHWEM BeTeTAIUA Ha
KJIalITaHHOM armapare cep/ilia. YUUThIBasA TOT (PaKT,
YTO Pe3YJIBTAThl MOTYT IOBJIUSTH HA JIEUEHUE U IIPO-
THO3, TEHETUUYECKOe 00CIIe/IOBaHUE TTOKA3aHO POJI-
CTBEHHMKaM TManueHToB ¢ HY m3 rpymmbl pucka
(ropMoHaIbHAST KOHTpAaIenius, 6epeMeHHOCTh, B
CEMBSIX C PENIUAUBUPYIONUMU BEHO3HBIMH TPOMOO-
3aMU B MOJIOJIOM BO3PAcCTe).

Kak paHee ObBLIO TOJTBEPKAEHO, W3OBITOUHAS
MPOAYKIUsI MPOTPOMOWHA ABJsAETCA (HAKTOPOM
pucka nHdapKTa MHOKap/ia, BEHO3HBIX TPOMOO30B,
B TOM 4YHcje TPOMOOIMOOIUU JIETOUHOU apTepHH,
YacTO UMEOIIEN CMePTEIbHBIN ucxo. Takke siBJIs-
ercs JAUCKyTabeJabHBIM BOIPOCOM POJIb IOJUMOP-

% 80.00 -
70.00 - 68.00 (p = 0.03)
60.00
50.00
40.00
30.00
20.00
10.00
0.00
HenndekinoHHbIN
SH/TOKAP/IUT
Non-infectious
endocarditis

groups (hormonal contraception, pregnancy, fam-
ily history of recurrent venous thrombosis at a
young age).

As previously confirmed, an excessive production
of prothrombin is a risk factor for myocardial infarc-
tion, venous thrombosis, including pulmonary
embolism, which is often fatal. The role of the
rs1799963 (20210 G>A) polymorphism of the F2
gene in the development of arterial thrombosis is
also a debatable issue [14]. Among our patients with
NIE, there were no carriers of the prothrombogenic
polymorphism AG of the F2 gene.

The IL6 gene encodes the interleukin-6 protein,
which is involved in the development of the immune
response, triggering the acute phase of inflamma-
tion. The CC genotype indicates a significantly
reduced expression of the IL6 gene. Presumably, in
the case of damage to the valvular heart apparatus
in APS, an excessive production of IL-6 due to an
autoimmune reaction causes valvulitis, followed by
the formation of sterile vegetations. We have shown
that the NIE group is characterized by a decrease in
the frequency of the CC genotype (OR = 0.28, 95%
CI 0.08-0.96, p = 0.03). Accordingly, the CC geno-
type can be considered conditionally protective
against the non-infectious endocarditis develop-
ment.

In the study of polymorphisms of the NOS3 syn-
thase gene, the frequency of carriage of the 4b/4b
genotype of the NOS3 gene in the group of healthy
individuals was higher than in patients with endo-
carditis, i.e. the presence of the 4b/4b genotype of
the NOS3 gene reduces the likelihood of developing

B GG
HGA
mAA*

Koutposnbnaas

rpymmna
Control group

Puc. 1. YacToTsl reHOTHIIOB mostuMopdusma rs1805087 (2756 A>G) rena MTR
B KOHTPOJILHOH I'PYIIIIE U B TPYIIIE C HEMH(PEKIMOHHBIM 3H[0KapauToM (¥ p < 0.05)
Fig. 1. Frequency rate of genotypes of rs1805087 polymorphism (2756 A>G) of the MTR gene
in the control group and in the group with non-infectious endocarditis (* p < 0.05)
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Puc. 2. YacToThl reHOTUIIOB HosIuMopdusMa rs6025 (1691 G>A) rena F5
B KOHTPOJIbHOU I'PYIIIE U B IPYIIIe ¢ HeMH(PEKITHOHHBIM 3HA0KapAUTOM (¥ p < 0.05)
Fig. 2. Frequency rate of genotypes of rs6025 (1691 G>A) polymorphism of the F5 gene
in the control group and in the group with non-infectious endocarditis (* p < 0.05)

dusma rs1799963 (20210 G>A) rena F2 B pa3Butuu
aprepuajbHOTO TpoM6OO03a [14]. Cpeiy HAITUX TaIu-
eHTOB ¢ HD HocuTesell mpoTpoMOOTeHHOTO IMOJIU-
mopdusma AG rena F2 He 0Ka3ayioch.

Ten IL6 xomupyeT 0OesIOK UHTEPIEHKUH-6, KOTO-
PbI yJ4acTByeT B pa3BUTHU KMMYHHOTO OTBETA, 3aITy-
ckas octpyio ¢asy Bocnanenus. 'enotun CC cBuze-
TEJILCTBYET O 3HAYNTEIBHO CHIDKEHHOU HKCIIPECCUU
reHa IL6. I1peATionoKUTENTBHO B CIyuae opaXkeHus
KJIammaHHoTO anmnapara cepana mpu AOC u3obITouHas
npoxykmusa IL-6 BeiencTBre ayTOMMMYHHOU peak-
[IFY BBI3BIBAET BAJIBBYJIUT C MOCIIEAYIOIIUM (POpMU-
pOBaHHEM «CTEPUIbHBIX» Bereranuii. Hamu moxa-
3aHO, 4TO /I Ipynnbsl HO xapakTepHO CHIKeHHE
yacrotsl reHoruna CC (OII = 0.28, 95% M 0.08—
0.96, p = 0.03). CootBeTcTBEeHHO, TeHOTUIT CC MOKHO
CYUTATh YCJIOBHO IIPOTEKTUBHBIM B Pa3BUTUH H/I0-
KapauTa HeMH(PEKITUOHHON ITPUPO/IBI.

I[Ipn wuccremoBaHUM MOJIUMOP(OU3MOB TeHa
cuHTa3bl NOS3 4acToTa HOCHTEJILCTBA T'€HOTHIIA
4b/4b rena NOS3 B rpyI1iiie 3/[0pOBBIX JIUI OKa3a-
Jlach BBIIIIE, YeM Y MAIMEHTOB € SHJAOKApPAUTAMU,
T.e. Hajuuue reHoruma 4b/4b rera NOS3 ymeHb-
maeT BepoATHOCTH pa3putus HI (OIIl = 0.44, 95%
TN 0.22-0.9, p = 0.03) (puc. 3).Takum ob6pazom,
CHUKEHUe COZIepKaHUA OKCHJla a30Ta HapyllaeT
HOpMaJIbHOE (PYHKITMOHHPOBAHHUE COCY/IOB, ITOBBI-
[IaeT TOHYC COCYAHUCTOM CTEHKH H YCUJIUBAET
TpoMOooOpa3oBaHue, a yBeJIUUYEHHE AKTUBHOCTHU
NOS3 ABnseTca NPOTEKTUBHBIM (PAKTOPOM B pas-
Butuu HI.

Cpenn  TpoMOOAMOOJHMYECKHX  OCIOKHEHHUH
HenHQEKITMOHHOTO 3HIOKapJUTa Hauboyiee JacTo
OTMeYaeTcs UIIEMUYECKOe IOpaKeHue TOJO0BHOTO
mozra. Puck TOO acconumpoBaH ¢ pasMepaMu U

NIE (OR = 0.44, 95% CI 0.22—0.9, p = 0.03) (Fig. 3).
Thus, a decrease in the content of nitric oxide dis-
rupts the normal functioning of blood vessels,
increases the tone of the vascular wall and enhances
thrombosis, while an increase in NOS3 activity is a
protective factor in the development of NIE.

Among the thromboembolic complications of
non-infectious endocarditis, ischemic brain lesion is
the most often noted. The risk of TEC is associated
with the size and mobility of vegetations, hereditary
burden and the presence of recurrent thrombosis.
According to the logistic regression data, we revealed
associations of polymorphisms rs1126643 (807 C>T)
of the ITGA2 gene (OR = 2.09, 95% CI 1.14—3.85,
p = 0.02) and rs1799889 (-675 5G>4G) of the PAI-1
gene (SERPINE1) with the development of thrombo-
embolic complications (ACVA) at NIE (OR = 4.12,
Cl 1.25-13.63, p = 0.02).

Thus, we have identified polymorphisms of can-
didate genes that determine the clinical and hemo-
stasiological characteristics of non-infectious endo-
carditis and contribute to the assessment of the risk
of its development.

CONCLUSION

Among the candidate genes of non-infectious
endocarditis, the polymorphisms rs6025 (1691
G>A) of the F5 gene, rs1805087 (2756 A>G) of the
MTR gene (folate cycle) turned out to be significant.
Among conditionally protective candidate genes of
non-infectious endocarditis, polymorphisms 4a/4b
of the NOS3 gene, rs1800795 of the IL6 gene have
shown their significance. Given the course of hyper-
coagulation and hyperaggregation, one third of
patients may be at risk of developing thromboem-

58

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



Bakhareva Yu.S. et al. / Journal of Siberian Medical Sciences Vol. 6, No. 2 (2022)

% 80.00 A
71.50
70.00 -

60.00 -
50.00 T 44.70
40.00 -
30.00 -

20.00 A

10.00 -

0.00 T T
4b/4b* 4a/4b

¥ HeuH}eKIMOHHBIA SHIOKAPIAUT
Non-infectious endocarditis

B KoHTpoJsibHasA Ipymnna
Control group

2.60 3:00

-1
4a/4a

Puc. 3. YactoTs! reHOTHTIOB 4a/4b rera NOS3 B KOHTPOJIBHOM TPYIIIE
U B TPyIIIe ¢ HeMHGEKIIMOHHBIM dHI0KapaAuTOM (¥ p < 0.05; * p < 0.03)
Fig. 3. Frequency rates of 4a/4b genotypes of the NOS3 gene in the control group
and in the group with non-infectious endocarditis (* p < 0.05; * p < 0.03)

MTOZIBUKHOCTHIO BEreTaliii, Hac/IeJICTBEHHOH OTsATO-
IIIEHHOCTHIO ¥ HAJIMYHEM PEIUUBUPYIOIIETO XapaK-
Tepa TpoM6O30B. Il0 MAaHHBIM JIOTHCTHYECKOU
perpeccry HaMHM YCTaHOBJIEHBI ACCOITMAIIUY TTOJIH-
mopdusMoB 151126643 (807 C>T) rena ITGA2
(OII = 2.09, 95% IOU 1.14-3.85, p = 0.02) u
rs1799889 (-675 5G>4G) rena PAI-1 (SERPINE1) ¢
pa3BUTHEM TPOMOOIMOOTUUECKUX  OCTOKHEHUH
(OHMK) mpu H3 (OLI = 4.12, 1 1.25-13.63,
p =0.02).

Takum 00pa3oM, HaMH BBISBJIEHBI IOJIAMOP-
uzmbI TeHOB-KaH/IU/]aTOB, OIIpeEISIONIe
KJIMHHUKO-TEMOCTA3U0JIOTUUECKHE XapaKTEPUCTUKHU
HenH(EKIMOHHOTO 3HOKAP/IUTA U CIOCOOCTBYIO-
II[1€ OIlEHKE PHUCKA ero Pa3BUTHS.

3AK/IOYEHUE

Cpenni TEHOB-KaHAWJATOB HEWHQMEKIMOHHOTO
SH/IOKAp/IUTa 3HAYMMBIMH OKa3aJIHCh ITOJIIMOP-
dusmbr rs6025 (1691 G>A) rena F5, rsi805087
(2756 A>G) rera MTR (domarHoro nukia). Cpeau
VCJIOBHO IIPOTEKTHBHBIX T€HOB-KAH/IU/IATOB HEWH-
(heKIMOHHOTO SHA0OKAP/INTA IOKA3a/TH CBOIO 3HAUM-
MOCTh moiuMopdusamel  4a/4b  rema NOS3,
rs1800795 rena IL6. YUuThIiBasi TeueHUe TUIIEPKOa-
KyJISIIIMK W TUIEeparperanyiu, y TPEeTH Ial[ieHTOB
BO3MOJKEH PHCK Pa3BUTHSA TPOMOOIMOOTUUECKHUX
ocynoxkHeHu . JI1a 2 moauMopdu3MOB — 151126643
(807 C>T) rena ITGA2 u rs1799889 (-675 5G>4G)
reda PAI1 (SERPINE1) BbIBJIEHA acCCOIHAIIUS C
TpoMOOAIMOOJTNUECKUMHU  OCTIOKHEHUAMH (OCTpoe
HapyllleHrue MO3TOBOT0 KpoBoobpareHus) npu HI.
Takum 0oOpa3oM, OJTHUM U3 HAIpaBJIEHUH B CO37a-

bolic  complications. @Two  polymorphisms,
rs1126643 (807 C>T) of the ITGA2 gene and
rs1799889 (-675 5G>4G) of the PAI1 gene (SER-
PINE1), were found to be associated with thrombo-
embolic complications (acute cerebrovascular acci-
dent) in NIE. Thus, one of the directions in creating
a panel of risk markers for the development of TEC
in endocarditis is the study of the parameters of the
hemostatic system. Additional research is needed to
better understand the effect of aCL on the activation
of factors contributing to the development of throm-
bosis, to find more accurate prognostic biomarkers
to identify patients with the highest risk of throm-
boembolic complications associated with the pres-
ence of APS. It is advisable to perform genotyping
of some single nucleotide polymorphisms in
patients with APS (at risk for developing non-infec-
tious endocarditis).
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HHUU IIaHeJIM MapkepoB pucka pasButusa TIO npu
SHJIOKAPJIUTAX ABJAETCA HCCIeI0BaHNE Iapame-
TPOB CHUCTEMBI reMocTa3a. Heo6X0AUMBbI TOMOTHU-
TeJIbHBIE UCCIIEOBAHMS, KOTOPBIE TIO3BOJIAT JIyUIIle
noHATh BausgHue AKJI Ha akTuBamnuio ¢$akToOpoOB,
CIIOCOOCTBYIONUX PAa3BUTHUIO TPOMOO30B, HAUTH
0oJiee TOYHBIE IPOTHOCTUYECKHE OHMOMAapKepHI NI
BBISIBJIEHUS TAIMEHTOB C HAWOOJIBIINM PUCKOM
TPOMOOSMOOIMUECKUX OCTIOKHEHUH, aCCOIMUPO-
BaHHbBIX ¢ HastmuueM ADC. Ilemecoobpa3HoO IPOBO-
JIUTh TE€HOTUIIMPOBAHNE HEKOTOPBIX OHOHYKJIEO-
TUAHBIX TOAUMOPOU3MOB y manueHToB ¢ ADC
(rpymmsl prcKka pa3BUTHS HEMH(PEKITNOHHOTO SH/IO0-
Kap/iuTa).
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CTpyKTypHbIE U3MEHEHUSA B IIeY€eHU MbIIIEH
npu bIZK-rpanyjseMmaro3e u IpUMEHEHUU
OKHCJIEHHOIO JIEKCTPaHa B BO3PACTHOU JMMHAMUKE

A.A. AGwrieB!, A.I1. Hazees® 2, M.A. Jlynun?, A.B. JloruHoBa*

'@I'6OY BO «Hosocubupckuil 2ocydapcmeetHblil meduyuHckuil ynusepcumem» Munzdpasa Poccuu, Hosocubupck,
Poccun

2OI'BHY «®edepanbHblil ucc1e008amenbCkuil yeHmp GyHoameHmanbHot U MpaHCASUUOHHOU MeOUUUHbL»,
Hogocubupck, Poccus

AHHOTAIIUA

BBeenue. TybGepKyne3Hblii rpaHyIeMaTo3 Y HOBOPOXKJEHHDIX U JIETEH BCTPEUAETCS 3HAUUTETHHO PeKe, YeM Y B3pOC-
JIBIX, U B 0COOEHHOCTH €T0 BUCLIEPATIbHBIE (POPMBL, B TOM UrC/Ie HOpaKeHre nedeHn. OKUCIeHHBIN eKCTPAaH YCUIHBAET IIPO-
JIYKIIUIO KUCJIOPOHBIX PAZIKAJIOB, IUTOTOKCHUECKUH 1 GAKTEPUIIM/THBIA OTEHINAI (GarolUTOB, YCKOPSET mpoliecc (aro-
JIN30COMHOTO CIMSTHUSA U BJIMMUHAIMY BO30YAUTEIsA, CHAXKAsI TPaHy/IeMaTO3HbIH BOCHIAINTE IBHBIH IIPOIECC B OpPraHax.
IHens ucciamenoBaHUA. V3yyuts MOpdOJIOTUYECKUE U3MEHEHUS B TI€YEHH MBIIIEH OT IEPHOAA HOBOPOKIEH-
HOCTH /10 B3POCJIOTO BO3PACTa P BBeZleHUH BaKIUHBI BIDK 1 npuMeHeHNN OKHCJIEHHOTO JeKCTPaHa.
MaTepuanb U MeToOJABbl . Mpimei iuanu C57B1/6 (Bcero 200 ocobelt) pasaesiniiy Ha 4 TPYIIIBI: MBIIIAM U3
1-¥ (MHTaKTHOM) TPYIIIBI BBOZAWIH 0.02 MJI/KT 0.9% pacTBOpa HATPUS XJIOPH/IA B IEPBBIE CYTKHU MOCJIE POXKAEHHUs. Mbliiam
13 2-1i IPYIIIBI HA 2-€ CYTKH [I0C/IEe POK/IEHNUsI BBOZIIIN PACTBOP OKUCJIEHHOTO IeKCTPaHa MOJIEKY/ISIPHOM Maccoi 40 kla.
MBpliaM U3 3-# TPYIIIBI B IIEPBbIE CyTKH C MOMEHTA POXK/I€HUS BBOAMIN pacTBOp BakuHb! BIK 0.02 mMr/kr. Mbimam 4-i
IPYIIIBI BBOAWIN pacTBOp BakuuHbl BIDK 0.02 Mr/Kr, Ha BTOpPBIE CYTKU C MOMEHTA POXKJEHHSI — PACTBOP OKHUCJIEHHOTO
JIEKCTPaHa MOJIEKYJISIPHON Maccol 40 k/a.

PesynabTarTs . Udcaennas miaotHoeTs (N ) rpaHysieM B edeHH IPOTPECCHBHO YBEIUUUBATIOCH ¢ 28-X K 56-M cyT-
KaM 9KCIEPUMEHTA y MBIIIEN 3-U U 4-# rpynm B 13.5 pasda. OJTHAKO Y MBIIIEN 4-1 TPYIIIIBI KOJIMUYECTBO TPAHYJIEM ObLIO
MEHBIIUM B 1.4 pa3a B CPABHEHHUH C aHAJIOTHYHBIM [TOKA3aTeJIeM Y MbIIIel 3-i rpynmnsl. fluaMeTp rpaHyJsieM B IeYeHH Y
MBIIIEN 4-H TPYIIIBI ObLI MEHBIIINM Ha 28-€ U 56-€ CyTKH B CPABHEHUH C AHAJIOTHYHBIM IIOKA3aTEeJIEM Y MBIIIEH 3-1 IPYIIIbI
B 2 pa3a 1.3 pa3a COOTBETCTBEHHO. Y MBbIIIIEH 4-I Ipynnbl 06beMHas IVIOTHOCTD (VV) TucTpodUIecKy N3MEeHEHHBIX rera-
TOILIUTOB C 3-X IO 5-€ CYTKH ObLIa MeHbIIIel B 8 pa3 B CPABHEHUH C aHAJIOTHYHBIM II0Ka3aTeJieM Y MbIIIeH 3-i IPyIIIbL, Ha
10-e 1 28-e CyTKH — B 1.7 ¥ 1.2 pa3a COOTBETCTBEHHO. VV 04aroB HEKPO3a TellaTOIUTOB Y MBIIIEH 4-H IPYIIIBI HE OTINYA-
Jlach OT aHAJIOTHMYHOTO TTOKA3aTesIs Y MBIIIeH 1-H (MHTAKTHOH) U 2-H (KOHTPOJIBHOI) TPYIII BO BCE MIEPUO/BI HAGITIOEHIIS
1 ObLyIa MEHBIIIEN HA 3-U U 56-€ CyTKH B CPABHEHHH C aHAJIOTUYHBIM IOKazaTesieM y Mbltiei 3-i (BL[2K) rpynmsl B 3 pasa.
Ha 28-e 1 56-€ cyTKM SKCIIeDUMEHTA y MbIllell u3 3-i U 4-i Tpynn oTMedaercs yBenndenne N, IBysIepHBIX TeaTOIUTOB
Y TeNaToIUTOB C MUTO3aMHU B CPABHEHUH C AHAJIOTHYHBIM II0Ka3aTeJIeM y MBIIIeH 1-# U 2-1 rpymi. Y MbIIIel 4-i rpymmb
KOJIMYECTBO JIBYSI/IEPHBIX TeNATOLUTOB, OTPAXKAIOIIee PelapaTHBHYIO PereHepanuio TenaToUTOB, ObLIO OOJIBIIUM HA
28-e 1 56-€ CyTKH B CDAaBHEHUH C AHAJIOTUYHBIM [TOKa3aTeJIeM y MblIlleli 3-i rpymmsl B 1.8 pasa.

3axkawueHUue. ['paHysemoobpazoBaHue (KOJTHYECTBO U IMAMETP I'PAHYJIEM) B TIEUeHHU MbIIIEN IIPYU BBEJIEHUH BaK-
uuHbl BIDK 1 npuMeHeHNN OKHCJIEHHOTO JIeKCTpaHa ObLII0 BRIPAYKEHO B MEHbIIIEH CTEIIeHN B CDABHEHUH C He JIEYeHHBIMHU
OKHCJIEHHBIM JIEKCTPAHOM JKUBOTHBIMH, UTO CBH/IETEIBCTBYET 00 3 (HeKTHBHOM 2JTMMUHAIIIHN Bo30yAuTes B harorurax.
JlecTpyKTHBHBIE U3MeHeHUs (qucTpodruyecKkue U3MeHEHUs U HEKPO3 rellaTOIUTOB) B apeHXUMe [TeYeHH MBIIIeH Ipu
BBezieHnHU BakuuHbI BIK 1 nprMeHeHNN OKHUCJIEHHOTO JIEKCTPaHa 3HAYUTEIbHO CHUKAIOTCS, IIPU STOM aKTHBU3UPYIOTCS
[IPOIIECCH] PENapaTUBHOM pereHepanuy B IMapEeHXUMe IeYeHH MBIIIed, YTO 00yCIOBIEHO TernaToTPOnHbIM 3hderTom
OKHCJIEHHOTO JIEKCTPaHa.
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Structural changes in the liver of mice with BCG granulomatosis
and the use of oxidized dextran in age dynamics
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ABSTRACT

Introduction. Tubercular granulomatosis in newborns and children is much less common than in adults, and
especially its visceral forms, including hepatic lesion. Oxidized dextran enhances the production of oxygen radicals, cyto-
toxic and bactericidal potential of phagocytes, accelerates the process of phagolysosomal fusion and elimination of the
pathogen, reducing the granulomatous inflammatory process in organs.

Aim . To study morphological changes in the liver of mice from the neonatal period to adulthood with the BCG vaccine
administration and use of oxidized dextran.

Materials and methods. Miceof the C57B1/6 line (200 animals in total) were divided into 4 groups: mice
from the 1st (intact) group were injected with 0.02 ml/kg of 0.9% sodium chloride solution on the first day after birth. Mice
from the 2nd group on the 2nd day after birth were injected with a solution of oxidized dextran with a molecular mass of
40 kDa. Mice from the 3rd group were injected with a solution of the BCG vaccine of 0.02 ml/kg on the first day after birth.
Mice of the 4th group were injected with a solution of the BCG vaccine of 0.02 ml/kg, on the second day after birth — a
solution of oxidized dextran with a molecular mass of 40 kDa.

Results. Thenumerical density (N, ) of granulomas in the liver progressively increased from 28th to 56th day of the
experiment in mice of the 3rd and 4th groups by 13.5 times. However, in mice of the 4th group, the number of granulo-
mas was 1.4 times less than in mice of the 3rd group. The diameter of granulomas in the liver in mice of the 4th group
was smaller on the 28th and 56th days in comparison with the same indicator in mice of the 3rd group by 2 times and 1.3
times, respectively. In mice of the 4th group, the volume density (Vv) of degenerated hepatocytes from 3rd to 5th day was
8 times lower compared to the same indicator in mice of the 3rd group, on the 10th and 28th days — 1.7 and 1.2 times,
respectively. Vv of foci of hepatocyte necrosis in mice of the 4th group did not differ from that in mice of the 1st (intact)
and 2nd (control) groups in all periods of observation, and was less on the 3rd and 56th days in comparison with the
same indicator in mice of the 3rd (BCG) group by 3 times. On the 28th and 56th days of the experiment, mice from the
3rd and 4th groups showed an increase in the N, of binuclear hepatocytes and hepatocytes with mitoses in comparison
with the same indicator in mice of the 1st and 2nd groups. In mice of the 4th group, the number of binuclear hepatocytes,
reflecting the reparative regeneration of hepatocytes, was 1.8 times greater than in mice of the 3rd group on the 28th and
56th days.

Conclusion. Granulomas formation (the number and diameter of granulomas) in the liver of mice with the admin-
istration of the BCG vaccine and use of oxidized dextran was less marked in comparison with animals not treated with
oxidized dextran, which indicates the effective elimination of the pathogen in phagocytes. Destructive changes (degenera-
tion and necrosis of hepatocytes) in the liver parenchyma of mice with the injection of the BCG vaccine and subsequent use
of oxidized dextran are significantly reduced, while the processes of reparative regeneration in the liver parenchyma of
mice are activated, which is due to the hepatotropic action of oxidized dextran.

Keywords: granulomatous inflammation, liver, mice, oxidized dextran, age-related changes.

Citation example: Abyshev A.A., Nadeev A.P., Dudin M.A., Loginova A.B. Structural changes in the liver of
mice with BCG granulomatosis and the use of oxidized dextran in age dynamics. Journal of Siberian Medical Sciences.
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BBEJIEHUE INTRODUCTION

HecmoTpss Ha OOIIyI0 TEHAEHIIUIO CHIDKEHUS
3a00J1€EBAEMOCTH U CMEPTHOCTH OT TyDepKysie3a B
Poccuiickoii ®esiepanyii 1 MHUpe B I€JI0M, OH IIPO-
JIOJDKAaeT 3aHUMATh BeZylllee MeCTO B CTPYKType
3ab0JIeBaeMOCTH U cMepTHOCTH [1]. B 2020 r. 3ape-
THECTPUPOBAHO 47 063 HOBBIX CJIy4ast 3a00JI€BaHUA B
Poccutickoit Penepanum, mokasaresb 3a601eBaeMO-
CTH COCTaBWJI 32.07 HAa 100 ThIC. HAaceJeHus. B 2020T.
HamOoJiee BbICOKas 3a60j1eBaeMoCTh TyOepKyIe30M

Despite the general tendency of decreasing mor-
bidity and mortality rates from tuberculosis in the
Russian Federation and the world as a whole, the
disease continues to occupy a leading place in the
morbidity and mortality structure [1]. In 2020,
47 063 new cases of tuberculosis were registered in
the Russian Federation, the incidence rate was 32.07
per 100 000 population. In 2020, the highest inci-
dence of tuberculosis in the Russian Federation con-
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Ha Teppuropuu Poccuiickonr Penepanuyi IpoJIos-
’KaeT peructpupoBatbes B Cubupckom, JlanbHEBO-
CTOYHOM U YPaIbCKOM GefepaIbHBIX OKpyrax:
57.58, 53.47 1 43.56 Ha 100 THIC. HACEJIEHHS COOTBET-
CTBEHHO, XOTsI B HUX TaK)Ke OTMEYaeTCs yMeHbIIe-
HUe ToKaszaTesisi 3a60J1eBaeMOCTH Ha 22.25, 19.34 U
22.3 % COOTBETCTBEHHO I10 CPAaBHEHHUIO € 2019 T. [2].

3aboJieBaeMOCTb JieTeli OT O JI0 17 JIET C BIEPBBIE
BBISIBJIEHHBIM aKTUBHBIM TYOEpKYJI€30M B IEPHO/T C
2009 110 2020 T. TaK)Ke NMeeT OOIIYI0 TEHEHITUIO K
CHIDKeHMIO. MeyIeHHee BCero CHUKeHUe HabIoa-
eTCsl B BO3PACTHOM KAaTeropuu JieTel OT O 710 1 rofa
[1, 2]. TyGepkysie3 y HOBOPOXK/IEHHBIX U JIETEU BCTPE-
YaeTcs 3HAUUTEJIBHO PeXKe, UeM Y B3POCJIBIX, U B OCO-
OEHHOCTHU €ro BHCLEpaIbHBIE (DOPMBI, B TOM YHCJIE
IIopakeHNe IeUYeHN ¢ PA3BUTHEM TSXKEJIbIX OCJIOXK-
HeHUH B BUzie GUOpPO3a U MUPPO3a, a TAKIKE JIETATTb-
HBIX UCXOJIOB.

Takke 07HOM M3 BaXKHBIX ITPO0OJIEM, CBSI3aHHBIX C
TyOEepKyJIe30M, SIBJISIETCS JIEKAPCTBEHHAsl YCTOUYHU-
BOCTh MHKOOAKTEPUH K CTAHAAPTHBIM U PACIPO-
CTPaHEHHBIM IPOTHBOMUKPOOHBIM IIpenapaTaM.
B Hacrosiee BpeMsi OTHUM U3 OCHOBHBIX IIpernapa-
TOB /1151 JIeUeHUs TyOEepKyJie3a sBJIAeTC H30HUA3H/I,
KOTOPBIN 00JIaIaeT BBHIPA’KEHHON IenaTOTOKCUYHO-
CThIO. B BTOM CBA3M MOMCK M pa3paboTKa HOBBIX
9(pdEKTUBHBIX IMPOTHUBOTYOEPKYJIE3HBIX  JIEKap-
CTBEHHBIX IIPENapaToB SfABJSAETCS IPHOPUTETHOH
3a71lauell COBpeMeHHOM MeTUIIMHBI U (PTU3UATPUH.

Panee nokazaHo, YTO KOHBIOTUPOBAHHBIA C OKHC-
neHHbIM nekcrpaHoM (O]) w3oHMaswja sABJIAETCA
3(pdeKTUBHBIM MTPOTUBOTYOEPKYJIE3HBIM CPEJICTBOM,
00eCcIIeunBaloIM a/IPECHYIO IOCTABKY IIpernapara B
daromutel, copepskaniue Bo3Oyaureneid. O/ obsa-
JTaeT CBOMCTBOM JIN30COMOTPOIM3MA U N30UPATETHHO
3axBaThIBaercs kietkamu Kymdepa, aktuBupyer mx
¢aroruTapHy0 aKTUBHOCTH IIyTeM ycKOpeHUs ¢op-
MupoBaHus daromusocoMm [3]. Taxke ObLIO mpose-
MoHcTpupoBaHo, uto O] obanaer ciabo BeIparkeH-
HBIM IIPSMBIM aHTHOKCH/IAHTHBIM CBOHCTBOM, HO IIPH
STOM SIBJISIETCS HWHIYKTOPOM BHYTPHUKJIETOYHOTO
OKUCJIUTEJIHOTO CTPECCa, MPOSBIIIONIETOC YCUTe-
HUEeM IIPOJIYKITNH KUCJIOPOAHBIX PAJIUKAJIOB, UTO YCU-
JIMBAET IUTOTOKCUYUECKUH U GAKTEePUIIU/THBIN TOTEH-
nuaa (GaronuToB [4], TeM camMbIM CIIOCOOCTBYeT H
yCcKopsieT mporiece (arosnM30COMHOTO CIUAHUSA U
SJIUMUHAIIMY BO30YIUTENs, CHIDKAS TPAHyJIEMATO3-
HYI0 BOCITAJIUTEJIPHYIO PEAKITHIO B OpraHax [5].

IOEJIb NCCJIEAOBAHUA

Nzyunts MOpQHOJIOTUUECKUE U3MEHEHUS B
IeYeH! MBIIIeH OT Iepuojia HOBOPOXKAEHHOCTU 10
B3POCJIOr0 BO3pacTa IIpu BBeZleHUU BakUuHBI BI7K
U IPUMEHEeHUM OKUCJIEHHOTO JIEKCTPaHa.

tinues to be recorded in the Siberian, Far Eastern
and Ural federal districts: 57.58, 53.47 and 43.56 per
100 000 population, respectively, although at the
same time they show a decrease in the incidence rate
by 22.25, 19.34 and 22.3%, respectively, compared to
2019 [2].

In the period from 2009 to 2020 the prevalence
of newly diagnosed active tuberculosis among chil-
dren aged from 0 to 17 years also showed a general
downward trend. The slowest decrease is observed in
the age category of children from o to 1 year [1, 2].
Tuberculosis in newborns and children is much less
common than in adults, and especially its visceral
forms, including the liver affection with the develop-
ment of severe complications such as fibrosis and
cirrhosis, as well as fatal outcomes.

Also, one of the urgent problems associated with
tuberculosis is the drug resistance of mycobacteria to
conventional antimicrobial agents. Currently, one of
the main drugs for the treatment of tuberculosis is
isoniazid, which has marked hepatotoxicity. In this
regard, the search and development of new effective
antitubercular agents is a priority task of modern
medicine and phthisiology.

It has been previously shown that isoniazid con-
jugated with oxidized dextran (OD) is an effective
antitubercular drug that ensures the targeted drug
delivery to phagocytes containing pathogens. OD
has the property of lysosomotropism and is selec-
tively captured by Kupffer cells, activates their
phagocyte activity by accelerating the formation of
phagolysosomes [3]. It was also demonstrated that
OD has a weak direct antioxidant property, but at
the same time it is an inducer of intracellular oxida-
tive stress, manifested by increased production of
oxygen radicals, which enhances the cytotoxic and
bactericidal potential of phagocytes [4], thereby pro-
moting and accelerating the process of phagolyso-
somal fusion and elimination of the pathogen,
reducing the granulomatous inflammatory response
in organs [5].

AIM OF THE RESEARCH

To study morphological changes in the liver of mice
from the neonatal period to adulthood with the BCG
vaccine administration and use of oxidized dextran.

MATERIALS AND METHODS

The experiment was carried out on 200 C57Bl/6
mice obtained from the laboratory for breeding
experimental animals — Laboratory of Genetics of
Experimental Animals, Institute of Cytology and
Genetics, Siberian Branch, Russian Academy of Sci-
ences (Novosibirsk).
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MATEPUAJIBI 1 METO/1bI

DKCIIepUMEeHT IIPOBOMIIN Ha 200 MBIIIAX JINHUU
C57Bl/6, mosyueHHBIX U3 J1Ta00PaTOPUH Pa3BeIeHUs
SKCIIEPUMEHTAIBHBIX JKHUBOTHBIX VIHCTUTyTa LIUTO-
siorun u reHerrku CO PAH (r. HoBocubupck).

CozmeprkaHue JKUBOTHBIX OCYIIECTBIISITIOCH B COOT-
BETCTBUU C «EBpOIEHCKON KOHBEHIIMEW O 3aIUTE
[I03BOHOYHBIX KUBOTHBIX, UCIIOJIb3YEMBIX /IJIS HKC-
[IEPUMEHTOB WJIN B UHBIX HAYUHBIX I[EJISX» B ILIACT-
MAaCCOBBIX KJIETKaX I10 5 0COOEH: 1 caMell U 4 CaMKHU
IIPU CBOOOHOM JIOCTYIIE K KOPMY H BOJIE, JIJTUTEb-
HOCTH CBETOBOTO JHA 12 u. ExkeTHEBHO OIIpe/IesTsiin
Hayasio 6epeMeHHOCTH €O THS OOHAPYKEHUsI BO BJIa-
rajtuIe KoIyJIATUBHON IIPOOKH, ITOCJIe Yero MBIIITH-
CaMKH TEpPeMEIIaINCh B OT/eJIbHbIe KJIETKU. Bce
MaHUIYJIAIUAN ¢ THQUIHPOBAHHBIMU JKUBOTHBIMH,
opraHamu, TKaHAMH IIPOBOZWINCH B OOKCE C aKTHB-
HOU BEHTWISAIINEH.

Mpliied pasziesIuiu Ha 4 TPYIIIbL: MbIIIaM U3 1-U
(MHTaKTHOT) TPYIIIIHI HHTPAIIEPUTOHEAIBHO BBOJIUITH
0.02 MJI/KT 0.9% pacTBOpa HaTpHs XJIOPUAA B IEp-
BBIE CYTKH Tociie poxkaeHusA. Mpimam u3 2-i (O/],
KOHTPOJILHOI) TPYIITBI BBOJWJIM Ha 2-€ CYyTKH I10CJIe
POKIIEHUs MHTPAIIEPUTOHEATHFHO PACTBOP OKUCJIEH-
HOTO JIeKCTpaHa MOJIEKYJIAPHOM Maccod 40 k/la
(®enepasnbHBIN UCCIETOBATEIbCKAN TEHTP GyHIa-
MEHTAJIPHOW U TPAHCJISAIMOHHON MeAunuHbl, HoBo-
cubupck). Mermam u3 3-i (BLDK) rpynmst B iepBbie
CYTKU >KU3HU WHTPAIlepUTOHEAJIbHO BBOAWIU pac-
TBOp BakiuHbl BIDK 0.02 wmr/kr. Meimam 4-i
(BI2K + O/I) rpynsl HHTpAIepPUTOHEATHFHO BBOIIIN
pactBop BakuuHbI BIJK 0.02 Mr/Kr, Ha BTOpBIE CyTKH
¢ MOMeHTa poxkieHus — pactBop O/] MosekyisspHOHU
Maccol 40 k/la, Tak:ke HHTPAIIepPUTOHEATIBHO.

dBraHasuio Mbieid guaun C57Bl/6 ocymect-
BJISLTH ITyTEM JUCIOKAIIUY IIEHHBIX TTO3BOHKOB IIOJ
a¢upHbIM Hapko3oM. OOpasnpl meyeHu 3a0uparn
Ha 3-4, 5, 10, 28 u 56-e CyTKU OT Hayaja 3KCIepu-
MeHTa, (GUKCUPOBAIH B 10% pPACTBOpe HEUTpasIb-
HOro (opMasnHa, MOABEPTAIHN CTAHAAPTHOH IIPO-
BO/IKEe Uepe3 CIUPTHI C MOBBIIIEHHEM KOHI[EHTpa-
[I1H, TI0CJIe Yer0 MaTepuasl 3aJIMBAIU TapaduHOM.
CepuiiHble cpe3bl TOJIIIUHON 5 MKM OKPAaIIWBAIN
reMaTOKCUJINHOM U B03UHOM.

I[Ipu wmopdomMeTpuUecKOM WCCIIEZIOBAHUU B
IeYEeHU IOJCYUTHIBAIIN 00BEMHYIO IUIOTHOCTH (VV)
[IapeHXUMBI [leUYeHU, AUCTPOPUUEeCKN U3MeHEHHBIX
renaToIUTOB, OUYaroB HEKPO30B TeMaTOIUTOB, UKC-
JIEHHYIO IUIOTHOCTD (N ) rpaHysieM, MUTO30B B Terna-
TOITUTAX, JIBYs/IEPHBIX TeNIaTOIIUTOB B TECTOBOM ILJIO-
maau (5.6x10° mkm?). Ilpu momomm OKyJsp-
MHUKPOMETPa U3MEPSIIUA IHaMeTPhI TpaHyJieM (MKM).

Mopdomoruueckue u  MopdoMeTpruuecKkue
HUCCIe/IOBaHUA MPOBOAUIN Ha MUKpockome ZEISS

The animals were kept in accordance with the
European Convention for the Protection of Verte-
brate Animals used for Experimental or other Scien-
tific Purposes in plastic cages for 5 animal units:
1 male and 4 females with free access to food and
water, daylight duration of 12 h per day. On a daily
basis, the onset of pregnancy was determined from
the day a copulation plug was found in the vagina,
after which female mice were transferred to individ-
ual cages. All manipulations with infected animals,
organs, tissues were carried out in a box with active
ventilation.

Mice were divided into 4 groups: mice from the
1st (intact) group were intraperitoneally injected
with 0.02 ml/kg of 0.9% sodium chloride solution on
the first day after birth. On the 2nd day after birth,
mice from the 2nd (OD, control) group were intra-
peritoneally injected with a solution of oxidized dex-
tran, with a molecular mass of 40 kDa (Federal
Research Center for Fundamental and Translational
Medicine, Novosibirsk). On the first day of life, mice
from the 3rd (BCG) group were intraperitoneally
injected with a BCG vaccine solution of 0.02 ml/kg.
Mice of the 4th (BCG + OD) group were intraperito-
neally injected with a solution of BCG vaccine of
0.02 ml/kg, on the second day after birth — a solu-
tion of OD with a molecular mass of 40 kDa, also
intraperitoneally.

Euthanasia of C57Bl/6 mice was carried out by
dislocation of the cervical vertebrae under ether anes-
thesia. Liver samples were taken on the 3rd, 5th, 10th,
28th and 56th days from the start of the experiment,
fixed in a 10% neutral formalin solution, then sub-
jected to the conventional tissue processing through
ethanol of increasing concentrations, after which the
material was embedded in paraffin. Serial sections of
5 um were stained with hematoxylin and eosin.

During a morphometric study in the liver, the vol-
ume density (Vv) of the liver parenchyma, degenerated
hepatocytes, foci of hepatocyte necrosis; the numerical
density (N,) of granulomas, hepatocyte mitoses, and
binuclear hepatocytes in the test area (5.6x10° pm?)
were calculated. Using an eyepiece micrometer, the
diameters of granulomas (um) were measured.

Morphological and morphometric studies were
performed using a ZEISS Primo Star microscope
(Germany). The data obtained were processed by
statistical analysis using the STATISTICA software
package. The probability of significance of differ-
ences between the compared mean values was deter-
mined using Student’s t-test in a normal distribution
of the values of the studied parameters. Differences
between the compared mean values were considered
significant at p < 0.05.
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Primo Star (I'epmanus). [Tosryuennsle janabIe 06pa-
6aThIBATIN METOJIaMU CTATUCTUYECKOTO aHAIN3A C
HCIIOJIb30BAHUEM MIPOTPaMMHOTO maKera
STATISTICA. BeposiTHOCTH JIOCTOBEPHOCTH Pa3Jiv-
YW CPABHUBAEMBIX CPEHUX BEJIUIUH OIPEIeIIsIN
mpu oMoy Kpurtepus CThIOZIEHTa TPU YCIOBUH
HOPMAJIbHOTO PACIIpeZieIeHUs BEJTMINH HCCIIeye-
MBIX IapaMeTpOB. Paziuuus MeXJy CpaBHUBae-
MBIMH CPEIHUMU BEJTUYNHAMU CUUTATH JTOCTOBEP-
HBIMH IIPU P < 0.05.

PE3YJIBTATBI 1 OBCYKAEHUE

Ha 10-e cyTKu 5KcnepuMeHTa y MbIIIed u3 3-i
rpyumnbl (BL[2K) mosiBisiivch €JUHUYHBIE MEJTKHE
MakpodaraabHble TPaHYJIEMbl, PACIOJIOKEHHbIE
MIPENMYIIeCTBEHHO IepuBacKy/sipHo. Ha 28-e u
56-€ CyTKHU SKCIIEPUMEHTAa BCe TPaHyJIEMbI B II€YeHHU
OB SMUTETNOUHO-KIeTOUHbIMU (puc. 1). Kosu-
gectBo (N, ) rpaHyJsieM B IIe4€HU IPOTPECCUBHO yBe-
JIMYMBAJIOCh HAUMHAA ¢ 28-X K 56-M CyTKaM 3JKCITe-
pumenTa y meiei 3-i (BIDK) u 4-# (BIDK + OJT)
rpyni B 13.5 pasa. OHako y mbiiei 4-i (BL2K + O/T)
IPYIIIbI KOJIMYECTBO TPaHyJIEM ObLIO MEHBIIUM B
1.4 pa3a B CpaBHEHUU C aHAJIOTMYHBIM [TOKa3aTesIeM
y mbieit 3-# (BIDK) rpynnst (puc. 2). IIpu aTtom
IUaMeTp TpaHyJIeM B TI€UeHH Y MBIIeH 4-U
(BIIXX + O/I) rpyniibl 66T MEHBIITUM Ha 28-€ U 56-€
CYTKU B CPAaBHEHUU C aHAJIOTHYHBIM TIOKa3aTeJIeM Y
mbimred 3-# (BL[?K) rpymms! B 2 U 1.3 pa3a COOTBET-
ctBeHHO (puc. 3). OTCcpoueHHOE MOSIBIEHNE TPaHy-

RESULTS AND DISCUSSION

On the 10th day of the experiment, mice from the
3rd group (BCG) developed single small macro-
phage-derived granulomas, predominantly perivas-
cular. On the 28th and 56th days of the experiment,
all granulomas in the liver were epithelioid cell
(Fig. 1). The number (N_) of liver granulomas pro-
gressively increased from 28th to 56th day of the
experiment in mice of the 3rd (BCG) and 4th
(BCG + OD) groups by 13.5 times. However, in mice
of the 4th (BCG + OD) group, the number of granu-
lomas was 1.4 times less than in mice of the 3rd
(BCG) group (Fig. 2). At the same time, the diameter
of liver granulomas in mice of the 4th (BCG + OD)
group was smaller on 28th and 56th days compared
to the same indicator in mice of the 3rd (BCG) group
by 2 and 1.3 times, respectively (Fig. 3). The delayed
appearance of granulomas (on the 10th day) after the
administration of the BCG vaccine on the first day of
life is probably due to the immaturity of the macro-
phage component of the immune system in newborn
C57B1/6 mice and the persistence of the pathogen in
Kupffer cells. Previously, the ability of pathogens to
persist in the vacuolar apparatus of Kupffer cells for
40 days was demonstrated: fungal cells were detected
in phagosomes of Kupffer cells in 2-month-old
Cs57Bl/6 mice infected with C. albicans in utero [6].

In addition, complete phagocytosis of M. tubercu-
losis by resident and recruited macrophages is diffi-
cult, and it is impossible in newborn underweight

Puc. 1. dnuTeIMONHO-KJIETOYHAS rpaHysieMa B meueru Mpiinu iuauu C57Bl/6 npu BBenennn Bakiuubr BIDK
Ha 56-€ cyTKH 9KcnepuMenTa. OKpacka reMaTOKCIJIMHOM U 303UHOM. YBestiueHue (yB.) X400
Fig. 1. Epithelioid cell granuloma in the liver of a C57B1/6 mouse after BCG vaccine administration
on the 56th day of the experiment. Stained with hematoxylin and eosin. Magnification (magn.) x400
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Puc. 2. [lunamuka yrcaeHHOR wiotHocTd (N,) rpaHysieM B edend Mbimed muann C57Bl/6 npu BBeileHHH BAKIITHBI
BI)K 1 mpiuMeHEeHUH OKHCIEHHOTO0 ieKcTpaHa (* J0CTOBEpHbIE OT/INYHSA CPEHUX BETMUNH
B CDAaBHEHUU C BEJIMIMHON aHAJIOTUIHOTO MoKazares y Mbiel 3-i (BLDK) rpymms! (p < 0.05))
Fig. 2. Dynamics of the numerical density (N,) of granulomas in the liver of C57Bl/6 mice after the BCG vaccine
administration and use of oxidized dextran (* significant differences in the mean values compared with the value
of the same indicator in mice of the 3rd (BCG) group (p < 0.05))

seM (Ha 10-e CyTKH) IIOCJIE BBEJIEHUS Ha IepPBbIE
cyTKu ku3HU BakuuHbl BIDK, BeposTHO, 00ycioB-
JICHO HE3PeJIOCThI0  MakpodarajpHOTO  3BEHA
UMMYHHOH CHUCTEMBI y HOBOPOXKIEHHBIX MBbIIIEH
suauu C57B1/6 u mepcucreHIuell Bo30yauTesis B
kierkax Kymdepa. Panee O6buta mpoieMOHCTPUPO-
BaHA CIIOCOOHOCTh BO30OYAUTENEH COXPAHATHCS B
BaKyOJIAPHOM armapate kietok Kyndepa B TeueHue
40 nHeli: B parocomax kiietok Kymndepa onpenesns-
JINCHh KJIETKU TPUOA Y 2-MECSYHBIX MBIIIEN JIMTHUU

mice [7—9]. In the liver of mice during severe altera-
tion, pro-inflammatory (M1) macrophages persist,
which are responsible for phagocytosis and mainte-
nance of the chronic process, while M2 (anti-inflam-
matory) macrophages are found in the liver in much
smaller numbers [10]. In BCG granulomatosis, the
macrophages are polarized predominantly through
activation of the M2 pathway, which subsequently
leads to their transformation into epithelioid cells [11]
and formation of epithelioid cell granulomas.

C57Bl/6,  uHOGUIUPOBAHHBIX  BHYTPUYTPOOHO Kupffer cells are resident macrophages and gran-
C. albicans [6]. uloma-forming cells. OD contributes to the accelera-
80+
6078 M 3-srpynna (BIIK)
70 - 9-7 3rd group (BCG)
B 4-a rpynna (BIDXK + O/T)
60 4th group (BCG + OD)
50
20 37.14
30+
20
10
0 —
28-e cyTku 56-€ cyTKu
28th day 56th day

Puc. 3. /Iluametp rpanysiem (MKM) B iedueHU Mbitei iuauu C57Bl/6 npu BBenennu Bakiuubl BIDK
¥ OKUCJIEHHOTO JieKcTpaHa (¥ J0CTOBEPHBIE OTJINYUS CPETHUX BEJIMUUH B CDABHEHUU C BEJTHUHMHOMN
AHAJIOTMYHOTO NoKaszaresis y Mbiiei 3-i (BI2K) rpynmsr (p < 0.05))

Fig. 3. Granuloma diameter (um) in the liver of C57B1/6 mice after the BCG vaccine administration

and use of oxidized dextran (* significant differences in the mean values compared to the value of the same indicator

in mice of group 3 (BCG) (p < 0.05))
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Kpowme toro, mosusiii daromurod M. tuberculosis
PE3UIEHTHBIMH W PEKPYTUPOBAHHBIMH MaKpoda-
raM 3aTPyAHEH, a Y HOBOPOXKEHHBIX MBIIIEH ¢
JleUITUTOM Macchl Tejla W HEBO3MOXKeH [7—9].
B meueHn MplIed BO BpeMs BhIPaKEHHOU aJibTepa-
MU TEPCUCTUPYIOT IPOBOCIAIUTEIbHBIE MaKpO-
¢aru 1-ro THUMa, OTBETCTBEHHBIE 32 (HATOIUTO3 U
To7iiep>KaHue XPOHUYECKOTO IIPOIeCca, B TO BpeMs
Kak Makpodaru 2-ro Tumna 00Hapy>KHUBAlOT B II€YEHHU
B 3HAUUTEJILHO MEHbBIIIEM KoJndecTBe [10]. B ycio-
Busax BIXK-rpanysnemaTo3a makpodaru mosaspusy-
FOTCsI IPEUMYIIECTBEHHO 10 M2 Iy TH, UTO IPUBOIUT
B JIAJIbHEUINIEM K TpaHCHOpPMAIMU ATUX KJIETOK B
SIUTENOUIHBIE KJIETKH [11] w 00pa3oBaHUIO
SIUTETUOUHO-KIETOUHBIX TPAHYJIEM.

Kinerkn Kyndepa saBasioTcs pe3usieHTHBIMU
MakpodaraMu ¥ TPaHyJIEMOOOPA3YIOIUMHU KJIET-
kamu. O/] crrocoOGCTByeT yeKOpeHuo mporiecea ¢paro-
JIM30COMHOTO CJIUSHUSA MyTeM ycuieHuss NO-cuHTe-
Ta3HOW AKTUBHOCTH, NMPEOOJIAJIaHUI0 KJIACCUUECKHU
AKTUBHUPOBAHHBIX MAaKpO(aros 1 SIUMUHAIINH BO3-
OyauTesist U TEM CaMbIM IIPUBOJUT K YMEHBIIIEHUIO
rpanysiemorenesa. /[.B. Hemagum wu gap. (2017)
MOKa3a/Id yCUJIeHUE SKCIpeccuu KaTencuHoB B u D
MakpodaraMu in vitro Ipu UCCAET0BAaHUYN BIIUSTHUS
JIUTIOCOMAJIBHOU (OPMBI KOHBIOTHPOBAHHOTO JIEK-
cTpaHa W n3oHHWaszuja (mekcrpasuza) [12]. Kinetku
Kyndepa npu aHTUTEHHOH CTUMYJISIIINHU BBIIEJISIOT
XeMOATTPAKTAHTHI JIJIsI PEKPYTUPOBAHUSA B OUar BOC-
MajJleHus] MOHOIIMTOB W HeUTpodumioB. MeHbITHM
JIMaMeTp rpaHyJIeM B ITI€U€HHU MBIIIIEH TpU TpUMeHe-
Huu O] cBA3aH C TEM, YTO IIPU PAHHEM U 3aBepIIIeH-
HOM (aronuTo3e M, KaK CJIECTBHE, BIUMUHAIUHN
BO30yAUTENISI TPOUCXOMUT CHUKEHUE BBIJIEJIEHUs
XeMOAaTTPaKTaHTOB KyieTkaMu Kyndepa.

Taxxxe OOJIBIIIYIO POJIb B aleKBATHOW 3JITUMHUHA-
MY TIATOT€HHBIX MUKPOOPTaHU3MOB UTPAET THCTO-
apXUTEKTOHHUKA ITIeYeH! Y HOBOPOXK/IEHHBIX MbIIIIEH:
TemaToIUThl PACIIOJIOKEHBI PBIXJI0, U OaroUHOE
CTPOEHUE C YETKOU COCYAUCTOU CHUCTEMOU OTCYT-
cTByeT (pHC. 4), UTO IIPUBOIUT K 33JIEPKKE IIaTOTeHa
B IleUeHH U O0JIee MO3HeH pe3eHTaI[ii aHTUTEHOB
pe3UIeHTHBIMH MakpodaraMu — KJIeTKamu Kyi-
depa [13].

IIpr MEKPOCKOITHYECKOM UCCIEA0BAHUH TI€UEHHN
Ha 28-€ u 56-€ CyTKU HaOJII0jaJi MEJIKO-, CpeTHe- 1
KPYITHOBAKYOJIPHYIO  JIUCTPO(PUIO  TEmaTOIUTOB,
BILIOTH /IO OAJUIOHHOM, OYaru HEKPO30B TemaTou-
TOB, HAJIMYHUE JIBYSIEPHBIX TelIaTOIIUTOB, Cy>KEHHE
CHUHYCOUJIOB (puc. 5).

IIpu MopdoMeTpHUUECKOM UCCIEIOBAHUMN OTMeE-
yau, 9yTo y Mbimred 4-u (BL[2K + O/) rpymmsl 06b-
eMHasi TUIOTHOCTH (VV) ucTpodpruuecKkn U3MeHeH-
HBIX TEMaTOIUTOB C 3-X I10 5-€ CyTKU OblyIa MEHbIIIE

tion of the phagolysosomal fusion process by enhan-
cing NO-synthase activity, to the predominance of
classically activated macrophages and elimination of
the pathogen, and thereby to a decrease in granulo-
mogenesis. D.V. Neshchadim et al. (2017) showed an
enhancement of the expression of cathepsins B and D
by macrophages in vitro when studying the effect of
the liposomal form of conjugated dextran and isonia-
zid (dextrazide) [12]. Upon antigenic stimulation,
the Kupffer cells evolve chemoattractants to recruit
monocytes and neutrophils to the site of inflamma-
tion. The smaller diameter of liver granulomas in
mice upon the use of OD, is due to the fact that in
early and complete phagocytosis and, as a result,
elimination of the pathogen, a decrease in the release
of chemoattractants by Kupffer cells takes place.

The liver histoarchitecture of newborn mice also
plays an important role in the adequate elimination
of pathogenic microorganisms: hepatocytes are
located loosely, and there is no beamed structure
with a clear vascular system (Fig. 4), which entails
the retention of the pathogen in the liver and delayed
presentation of antigens by resident macrophages —
Kupffer cells [13].

Microscopic examination of the liver on the 28th
and 56th days revealed small-, medium-, and large-
vacuolar degeneration of hepatocytes, up to balloon-
ing, foci of liver cell necrosis, presence of hepato-
cytes, and narrowing of the sinusoids (Fig. 5).

During the morphometric study, it was noted that
in mice of the 4th (BCG + OD) group, the volume
density (Vv) of degenerated hepatocytes from 3rd to
5th day was 8 times less compared to the same indi-
cator in mice of the 3rd ( BCG) group (Table 1). On
the 10th and 28th days in the liver of mice of the 4th
(BCG + OD) group, the volume density (Vv) of degen-
erated hepatocytes was lower compared to that in
mice of the 3rd (BCG) group by 1.7 and 1.2 times,
respectively, and by the 56th day of the experiment,
no differences in this indicator between mice of the
3rd (BCG) and 4th (BCG + OD) groups were found.
Volume density (Vv) of foci of necrosis in mice of the
4th (BCG + OD) group did not differ from that in
mice of the 1st (intact) and 2nd (control) groups dur-
ing overall follow-up period, and was lower by the 3rd
and 56th day in comparison with the same indicator
in mice of the 3rd (BCG) group by 3 times. Destruc-
tive changes (degeneration and necrosis of hepato-
cytes) in the liver parenchyma are associated with the
toxic effects of mycobacteria and the slowed process
of granuloma formation [14]. OD, having such a
property as lysosomotropism, can be selectively cap-
tured by cells, thus initiating intracellular regenera-
tion and restoration of the smooth endoplasmic retic-
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Puc. 4. lleuens mprmu uanu C57Bl/6 npu BBepennu Bakiuubl BIDK Ha 3-1 CyTKM SKCIIEpUMEHTA:
BaKyOJIbHAS IUCTPOMUS U OUarv HEKPO30B TelaToUTOB, OUard 9KCTPaMe/y/UIPHOTO KPOBETBOPEHMSI.
OKpacka reMaTOKCHJIMHOM U 903UHOM. YB. X400
Fig. 4. C57Bl/6 mouse liver after the BCG vaccine administration, the 3rd day of the experiment: vacuolar degeneration
and foci of hepatocyte necrosis, foci of extramedullary hematopoiesis. Stained with hematoxylin and eosin. Magn. x400

B 8 pa3 B CpaBHEHUH C aHAJIOTUYHBIM ITOKA3aTesIeM
y mbimed 3-u (BL2K) rpymnmsr (tabs. 1). Ha 10-e u
28-e cyTku B meueHu y mbliiei 4-i (BIDK + O/T)
TPyIIbl 00beMHAs IIOTHOCTH (VV) AucTpodUuecKu
W3MEHEHHBIX TellaTOIUTOB OblIa MEHBIIIEH B CpaB-
HEHHUU C aHAJIOTMYHBIM [TOKa3aTeJIeM yV MBIIIeH 3-i
(BIIK) rpynmsl B 1.7 U 1.2 pa3a COOTBETCTBEHHO, a K

ulum, since vacuolar degeneration of hepatocytes is
caused by damage to the smooth endoplasmic reticu-
lum, increase in its permeability and accumulation of
pathological metabolites, i.e. OD in toxic hepatosis
has a marked hepatoprotective effect [15].

On 28th and 56th days of the experiment in mice
of the 3rd (BCG) and 4th (BCG + OD) groups, an

Puc. 5. [Teuens mpimu auauu C57Bl/6 npu BBeennn Bakuuubl BIDK Ha 56-€ CYyTKH SKCIIepUMEHTA:
BaKyoJIbHAs U GaJJIOHHAS TUCTPO(MUSA TeaToIUTOB, OYark HEKPO30B, /IBYsiZIEPHbIE T€NAaTOIUTHI.
OKpacka reMaTOKCHJIMHOM U 903UHOM. YB. X400
Fig. 5. C57Bl/6 mouse liver after the BCG vaccine administration on the 56th day of the experiment:
vacuolar and ballooning degeneration of hepatocytes, foci of necrosis, binuclear hepatocytes.
Stained with hematoxylin and eosin. Magn. x400
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Ta6uura 1. O6beMHasA WIOTHOCTD (VV) THUCTPOdUUECKN UBMEHEHHBIX TellaTOUTOB U 09aroB HEKPO30B IeNaTOIIUTOB
mbiteit suHuu C57B1/6 npu BBenennn Bakiuubl BIDK u nprMeHeHNH OKUCIIEHHOTO AekcrpaHa (M + m)

Table 1. Volume density (Vv) of degenerated hepatocytes and foci of hepatocytes necrosis of mice of the C57Bl/6 line
with the BCG vaccine administration and use of oxidized dextran (M + m)

ITapameTpsl I'pynmna 3-M CyTKH 5-€ CyTKHA 10-€ CyTKH 28-e cyTkHn 56-e cyTkKH
Indicators Group 3rd day 5th day 10oth day 28th day 56th day
Jucrodpuuecku 1-s1 / 1st 0.46 +£ 0.03 1.01 + 0.27 3.27 + 0.31 1.34 + 0.41 0.38 £ 0.05
U3MEHEHHbIE 2-51 / 2nd 0.48 + 0.05 0.46 + 0.1 0.44 + 0.06 0.51 £ 0.02 0.48 + 0.07
TeIaToIUThI _ « « % % %
Degenerated 3-1/ 3rd 22.20 + 0.58 34.26 £ 0.59 41.24 + 0.93 28.84 £ 0.54 15.76 £ 0.42
hepatocytes 4-51 ] 4th 6.8 £ 0.32%* 3.8 + 0.38%* 24.2 + 0.69**  25.2 + 0.61% 14.16 £ 0.32%
Ouaru HeKpO30B 1-s1 / 1st 0.7 £ 0.27 0.2 + 0.03 0.24 + 0.03 0.84 + 0.16 0.16 £ 0.03
renaTounToB 2-51 / 2nd 0.24 + 0.03 0.16 + 0.03 0.09 + 0.02 0.11 + 0.02 0.16 + 0.03
Foci of hepatocyte d 8 « 8 6 N
necrosis 3-51/ 3r 4.84 + 0.13 0.24 £+ 0.02 0.52 + 0.04 0.28 + 0.0 3.00 + 0.14
4-51 / 4th 0.14 + 0.06 0.4 + 0.05 0.44 + 0.05 1.48 £ 0.18 0.84 + 0.08*

* JlocTOBEpHBIE OTJINYUUS CPEHUX BEJIMUNH B CPABHEHUH C BEJIMYNHOM aHAJIOTMYHOTO TIOKA3aTeJIsl Y MbIIIel 1-i (MHTaKTHOM) TPYIIIB

(p < 0.05).

Significant differences in the mean values compared with the value of the same indicator in mice of the 1st (intact) group (p < 0.05).

* B cpaBHeHnH ¢ Mblmamu 3-1 (BIDK) rpynmsl (p < 0.05).
Compared with mice of the 3rd (BCG) group (p < 0.05).

56-M CyTKaM SKCIEPHUMEHTA Pa3IUUMsA 3TOrO MOKa-
saresnst Mexay wbimavu 3-d (BIDK) u 4-#
(BIIZK + O/[I) rpynm He obHapy:xkuBaimn. ObbeMHaA
mwioTHocTh (VV) o4aroB HeKpo3a y MBIIEH 4-i
(BILIXK + O/1) rpynmsl He OTJIMYaIach OT aHAJIOTUY-
HOTO ITOKAa3aTeJIsl Y MbIIIeH 1-i (MHTaKTHON) U 2-H
(KOHTpPOJIBHOM) TPYII BO Bce IMEPHOABI HAGIIOZE-
HUs 1 ObLyIa MEHbIIIEH Ha 3-U U 56-€ CyTKHU B CPaBHe-
HUU C aHAJIOTMYHBIM IIOKa3aTeJeM y MBIIIeH 3-U
(BIPK) rpynmst B 3 pasa. [leCTpyKTUBHBIE U3MeHe-
HUsA (qucTpoduyeckre U3MEHEHHUs U HEKPO3 Tema-
TOIMTOB) B IAPEHXUME ITEUEHU CBSI3aHbI C TOKCHUYe-
CKUM BO3JIEHCTBEM MHUKOOAKTEPUN U 3aMezjIeH-
HBIM MporieccoM (GOPMHUPOBAHUS TpaHyaeM [14].
O/I, ob6sazast TAKUM CBOKMCTBOM, KaK JIM30COMOTPO-
U3M, MOXKET U30UpaTeIbHO 3aXBAaThIBAThCA KJIET-
KaMH ¥ WHUIIMHUPOBATh BHYTPUKJIETOUHYIO pPereHe-
paIlii0 ¥ BOCCTAHOBJIEHHE TJIAJIKOTO SHJOIIa3Ma-
THYECKOTO PETUKYJIyMa, TaK KaK BaKyOJIbHAs JHC-
Tpo(Hs TenaToIUTOB 00yCIOBIEHA TOBPEKAEHUEM
IJIaJIKOTO 3HJIOIIA3MATHYECKOTO PETUKYJIyMa, yBe-
JIMYEHUEM €ro IPOHUIIAEMOCTH W HAKOIUIEHHEM
MMaTOJIOTUYECKUX MeTabouTOB, T.e. OJ] Ipu TOKCH-
YEeCKOM TernaTo3e 00JIaZiaeT BhIPa’KeHHBIM TellaTo-
MpOTeKTOPHBIM d(pdekrTom [15].

Ha 28-e u 56-e cyTKu 3KCIIepUMEHTa Y MBbIIIeH
3-u (BLXK) u 4-u (BI2K + OJI) rpymnm oTMeuaercs
yBeJIudeHne uncieHHod miorHoctd (N,) nBysazmep-
HBIX TEMaTOIUTOB U TEeNaTOIUTOB C MHUTO3aMU B
CpPaBHEHUH C AaHAJIOTUYHBIM IIOKA3aTeJIEM Y MBIIIIEH
1-ii (MHTaKTHOM) W 2-H (KOHTPOJIPHOW) TPYIII
(tabu. 2). Y mbrei 4-i (BL[XK + O/I) rpyIibl KOJIH-
YeCTBO JIBYSJIEPHBIX TeNAaTOIUTOB, OTpakarolee
penapaTuBHYI0 pereHepanuio TemaTOIUTOB, OBLIO

increase in the numerical density (N ) of binuclear
hepatocytes and hepatocytes with mitoses was noted
in comparison with the same indicator in mice of the
1st (intact) and 2nd (control) groups (Table 2). In
mice of the 4th (BCG + OD) group, the number of
binuclear hepatocytes, reflecting the reparative
regeneration of hepatocytes, was 1.8 times higher
than in mice of the 3rd (BCG) group.

It is known that Kupffer cells are actively involved
in the regulation of the process of liver regeneration.
Thus, the release of TNF-a by Kupffer cells can
increase the expression of IL-6, additionally inducing
the transition of liver cells from the Go to the G1
phase and promoting hepatocyte proliferation [16,
17]. It was also shown that the blockage of Kupffer
cells and damage to hepatocytes significantly slowed
down the processes of hepatocyte regeneration
[18, 19]. It is assumed that multinucleated state of
hepatocytes protects these cells from toxic damage by
increasing the number of copies of functional genes;
this may be especially important for the liver, which
implement a major detoxification function in the
body. Also, this method of proliferation is more
energy efficient [20].

CONCLUSION

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

1. Granuloma formation (the number and diame-
ter of granulomas) in the liver of mice with the
administration of the BCG vaccine and OD was less
pronounced than in mice without the use of OD,
which indicates the effective elimination of the
pathogen in phagocytes.
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Ta6auma 2. YucnerHas mwioTHocTs (N, ) IByA/IePHBIX TeIIaTOIUTOB ¥ MUTO30B B TeNaTOIUTAX y Mblmei muann C57B1/6
ripu BBesleHnH BakiuHbI BI[XK 1 mpuMeHeHnN OKUC/IeHHOTO AekcTpaHa (M + m)
Table 2. Numerical density (N_) of binuclear hepatocytes and mitoses in hepatocytes in C57B1/6 mice after the BCG

vaccine and oxidized dextran (M + m)

ITapameTpsI I'pynna 3-HU CyTKH 5-€ CyTKH 10-€e CyTKH 28-e cyrTku  56-e CyTKH
Indicators Group 3rd day 5th day 10th day 28th day 56th day
MuTo3sI B 1-s1 / 1st 0] 0.09 £ 0.03 0.09 + 0.03 1.01 + 0.19 0.09 + 0.03
rermaronuTax 2-51 / 2nd 0.11 + 0.03 0.09 + 0.03 0.12 £ 0.05 0.2 + 0.05 0.08 £ 0.03
hM;;Zigz;?es 3-s1/3rd 0] 0.06 £ 0.02 0.06 + 0.02 0.15 + 0.04 0.03 £ 0.01
4-51 / 4th 0] 0.03 + 0.01 0.03 £ 0.01 1.19 £+ 0.05% 0.21 + 0.08
JIBysimepHbIe 1-s1 / 1st 0.15 + 0.06 0.04 + 0.01 0.07 £ 0.03 0.52 + 0.26 1.8 £ 0.18
FelaTONUThI 2-51 / 2nd 0.09 + 0.03 0.06 + 0.02 0.09 + 0.03 0.21 + 0.05 0.8 £ 0.08
Eégiféi?{;es 3-s1/ 3rd 0.1+ 0.03 0.08 + 0.03 0.03 £ 0.02 1.49 + 0.09*  1.53 + 0.06*
4-51 / 4th 0.07 + 0.03 0.16 + 0.05 0.04 + 0.02 2.75 + 0.08%  2.63 + 0.18*

* Z[OCTOBepHI)Ie OT/INYUSA CPEAHUX BEJIMYUH B CPABHEHUU C BEJIMYMHON aHAJIOTUYHOTO [TOKA3aTeJIst y MBIIIEeN 1-i (PIHTaKTHOfI) TpyIIbI

(p < 0.05).

Significant differences in the mean values compared with the value of the same indicator in mice of the 1st (intact) group (p < 0.05).

GospIiM Ha 28-e U 56-e CYTKU B CDaBHEHHUH C aHa-
JIOTUYHBIM TOKaszareseM y wMbimed 3-i (BIDK)
rpynnsl B 1.8 pasa.

WsBectHo, uyto kietku Kymndepa npuHHMAIOT
aKTHUBHOE y4yacTue B peryJIMpOBaHUU IIpoliecca pere-
Hepauu TiedeHu. Tak, BbIcBOOOXKIeHHe TNF-a
kietkamu Kymdepa MOKeT yBETUUUTH SKCIIPECCUIO
IL-6, 1ONIOSTHUTEIPHO UHAYIUPYSA IePeXo/i KJIETOK
neueHy u3 ¢assl GO B pady G1 u crmocobeTBys Mpo-
gudepanuu renatoruToB [16, 17]. Takske ObLIO
II0Ka3aHo, YTO Ipu Osokazme kieTtok Kymdepa u
MIOBPEXK/IEHUN TeNaToI[UTOB IIPOIeCCHl pereHepa-
WU TelaTOUTOB CYIIECTBEHHO 3aMeJIsIICh
[18, 19]. [Ipeamonaraercsi, YTO MHOTOSIEPHOCTD B
renaTonMTax CIIOCOOHA 3allUIATh TelaTOIUTHI OT
TOKCHUYECKOTO TIOBPEXK/JIEHUA IIyTeM YBeJIMYeHUs
Yrcsia KOmui GyHKIMOHAIBHBIX TEHOB; 3TO MOXKET
OBITH 0COOEHHO BAYKHO /IS IIEUeHH, KOTOpasi UrpaeT
OCHOBHYIO JIETOKCUKAIIMOHHYIO (YHKIIUIO B Opra-
HusMe. Takke Takoi crrocob mposudepanuu sSBiIs-
ercs Oosiee sHeproaHeKTUBHBIM [20].

3AK/IOYEHUE

ITpoBeseHHOE HCCIeJOBAHE TT03BOJISIET CIE/IaTh
CJIeIyIOIKe BHIBOMIBI:

1. I'panysieMmoo6paszoBanue (KOJTHUYECTBO U JIHA-
MEeTp TpaHyJieM) B II€UE€HHW MBIIIEH MPHU BBEIEHUHU
BakiuHbl BI[K u O/] 6bI0 BRIpQIKEHO B MEHBIIIEH

CIITNCOK JIUTEPATYPBI

1. Global Tuberculosis Report 2021. Geneva: World
Health Organization, 2021. 57 p.

2. O COCTOSIHUU CAaHUTAPHO-3IU/IEMHUOJIOTUYECKOTO OJIa-
rononyyus HaceneHus B Poccuiickoit ®Penepanuu B
2019 rogy: ['ocynapcrBeHHbIN fokaaz. M.: Pexepais-

2. Destructive changes (degeneration and necro-
sis of hepatocytes) in the liver parenchyma of mice
with the administration of the BCG vaccine and use
of OD are reduced significantly due to the hepatopro-
tective effect of OD.

3. Owing to the use of OD after the BCG vaccine
administration, the processes of reparative regenera-
tion in the liver parenchyma of mice are activated.
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cTelleHu, 4yeM y Mbled 6e3 npumenenus: O/], uro
CBUJIETETBCTBYeT 00 3(hGEKTHBHON SIMMHHALIIT
BO30yauTesNs B haroruTax.

2. JleCTpyKTHUBHbIe H3MeHeHUs (aucrpoduue-
CKHe M3MeHEHUs M HEKPO3 TenaTOINTOB) B MapeH-
XUMe II€YEHH MBIIIEeNd TPU BBeZleHN U BakITUHbI BIIDK
u npuMeHeHun O]l 3HAUUTEJIPHO CHUKAIOTCS, UTO
00yCJIOBJIEHO TenaTONPOTeKTOPHBIM addextom O/I.

3. B ycsoBusax npumenenus O/l nocsie BBefieHUA
BakiuHbl BI?K akTUBU3UpYIOTCA HpoIlecchl perna-
paTUBHOU pereHepanyyd B IapeHXUMe IIeYeHHU
MBIIIIEH.

KoH@aukT uHTEpECOB. ABTOPHI 3aSBJISIOT 00
OTCYTCTBUHU KOH(JINKTA UHTEPECOB.
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BiinsaHue yMepEeHHOTO YIIOTPEOIEeHUA aJIKOT0JIA Ha 3I0POBbEe
MOKIJIBIX POCCUAH: HCC/IEJOBAHHUE B OTHOIIEHUH KOJIMUECTBA
aJIKOT0JIs1, PEKOMEH/I0BAHHOTO /1A HaceJeHUuA Anonumn

I'. don @unrepryt', A. Merypo', K.10. Makapog?, 10.0. Kum?, E.I'. Kouatopuna?, JI.A. AkoBieBa?

Ynueepcumem IL[yxy6wt, Ilyxkyba, Anonus
2@I'6OY BO «Hoeocubupckuil 2ocydapcmeaetHwlit MeOuyuHckuil yrusepcumem» Munadpasa Poccuu, Hosocubupck, Poccus

AHHOTAIINA

BBengenwue. [onsuucroro ankorosns (HA) va myury HaceneHus B Poccuiickoit @eneparun (P®) BbicoKa, a ymepeH-
HOe TIOTpebJIeHre AJIKOTOJIsT 0OCOOEHHO 3HAYUMO JIJIsl TIOKUJIBIX POCCHSH. B 2008 r. MUHUCTEPCTBO 3/[paBOOXPaHEHUS,
TPyZla ¥ COI[UAIBHOMN MOTUTUKHY SIMOHUH (ATOHIIBI CYUTAIOTCS OJTHOM M3 CAMBIX 3/I0POBBIX HAIIUH B MUPE) PEKOMEHI0BAIO
eXKeTHEBHOE yMepeHHoe MoTpebsieHust YA B KoinuecTBe MeHee 20 T/7eHb. B PO pekomMeHAaui 10 €KeTHEBHOMY yMe-
PEHHOMY TTOTPeOIEHUIO aJTKOTOJIA /IS TIOKIJIBIX JIFOZIEH ellle He BBE/IEHO.

Il e 1 5. BoisiBiieHre (GakTOPOB, CBS3AHHBIX C €KEAHEBHBIM yMEpPEHHBIM moTpebienrieM YA u ¢ ero GU3HYECKUMH U
COIUAJIbHBIMU TIOCJIEZICTBUSIMU CPEIM TTOKIIIBIX JIFO/IEH, COTVIACHO PEKOMEH/IAIIMAM JIJTsI SITOHCKOH MOMYJIAIUHY, C IETHIO
PpaccMOTpEeHUsI BOBMOYKHOCTH TPUMEHEHHUsI STUX PEKOMEH/IAINH /IS HaceJIeHus Poccru.

MaTepuaab B MeTO/Jbl. Kpocc-CeKITMOHHOE UCC/IEIOBAHKE ITPOBEIEHO CPEH 770 TIOKUIIBIX POCCHSIH B BO3-
pacte 60 Jsier u crapire. [y 06pabOTKK MOJYYEHHBIX JAHHBIX KUCIOJb30BAIUCH METObI OMUCATETHHON CTaTHCTUKH.
Brruncssiiuch otHomneHue maHcoB (OI) u 95% moBepurtenbHbIi nHTepBas (JI1). IIpoBe/ieH JIOTUCTUYECKUN PErpecCH-
OHHBIN aHAJIN3, C BBIOOPKOH, CTPpaTU(UITUPOBAHHOH I10 TIOJTY.

PesyanbTaThl. Bpesyaprare JJOTHCTHYECKOTO PETPECCHOHHOTO aHAIN3A CPEIH YIIOTPEDIABIINX AJIKOTOJIb YIACTHH-
KOB ObLy1a OOHApy»KeHa KOPPEJIAIUA MeXKAy yIoTpebeHueM 6ostee 20 T YA B reHb ¢ mosiom (OII = 0.582; 95% JIU: 0.351—
0.966), runiepronreit (OII = 0.384; 95% JIN: 0.223—0.661), npoxkuBanuem B oarHouectBe (Ol = 0.453; 95% JIN: 0.256—
0.803), mpuunHOM yrotpebsienus ankorosis — casitueM crpecca (OIII = 4.580; 95% JIU: 2.313—9.069), TOIy4eHHEM HACTIAMK-
nmenust ot xkusnu (OIIl = 3.015; 95% JU: 1.207—7.531), ynorpebiaeHuem aiakorosis B oguHouky (OIIl = 2.480; 95% JU:
1.079—5.703) u B Kpyry cembu (OIIl = 2.586; 95% J11: 1.506—4.439). B peaysibrare crpaTrdUKaIIMOHHOTO aHAIN3a BhIAB-
JIEHO, UTO CPEAM MY:KUMH YIOTPeOJIeHNE aJIKOTO0JIs 3HAYUTENIbHO KoppeaupoBaiio ¢ runepronuei (OII = 0.216; 95% JIU:
0.090—0.521), CTpeMJIEHHEM CHU3UTD YpoBeHb crpecca (OIIl = 2.530; 95% JIU: 1.043—6.136), ynoTpebIeHueM aaKOTOoJIsI B
onuHouky (OII = 5.454; 95% JIW: 1.699—17.510) u B Kpyry cembu (OII = 4.934; 95% JIV: 2.003—12.154). Y KeHIIUH yIIO-
TpebJieHre aTKOTOJIA 3HAYUTETHFHO KOPPETUPOBAJIO ¢ TposkuBanueM B oauHouectBe (OII = 0.455; 95% JIU: 0.228-0.907),
CTpeMJIEHWEeM CHUBUTH ypoBeHb crpecca (OIIl = 5.274; 95% JIN: 2.092—13.299), IOJYUYUTD YIOBOJIbCTBHE OT 3ku3HU (OIII =
4.669; 95% JI1: 1.218—17.899) u ynorpebieHreM ankoroyst B kpyry cembu (OIII = 2.077; 95% JIN: 1.069—4.033).
3aknwueHue. [ yaydieHus 37[0POBbsI U YBEIUUEHHUsI TPOAOIKUTETHHOCTH KU3HHU MOXKUIBIX POCCHUAH KpaliHe
Ba)KHO YMePeHHOe NOoTpebsieHne aIKorosis. TeM He MeHee HCCIe/JOBaHHE OTHOCUTEIBHO ITOPOTOBOM OTMeTKH (20 T YA)
€’Ke/THEBHOT'0 YIIOTPEDBIEHHS aTKOT0JIA, TIPE/IJIOKEHHOHN SITOHCKOHN CHCTEMOM 3/IpaBOOXPAaHEHHS, B IPUMEHEHUH K ITOKHU-
JIBIM POCCHSTHAM He BBISIBUJIO CYITIECTBEHHOM Pa3HUIIBI B XapaKTEPUCTUKAX 37I0POBbSI TOKUITBIX JIFO/IEH, CBUIETEILCTBYS O
HeOoOXO0UMOCTH PEKOMEH/IOBATH JIpyTroe KosindecTBo YA. UpeamepHoe noTpebIeHHe aTKOT OIS HMEJIO MECTO CPEH MTOKHU-
JIBIX POCCHSIH, MBIOIIKUX B OJTUHOYECTBE U JIJIS1 CHSATHS CTPECCA, YTO YKA3hIBAET HA PUCK COI[HAIBHON U30JISAIUH U Hempa-
BWIbHOE ITOHMMAaHUE /I03 aJIKOTOJIS JIJTsl JOCTHKEHUS CelaTUBHOTO addekTa. YoTpebieHre aJKoroisi B CEMbE MOKET
IIpUBECTU K 60JIee BBICOKOMY YPOBHIO JTHEBHOTO ITOTPE6IEHUS aJIKOTOJISI CPETU TIOKUIIBIX POCCHSH, TOT/IA KaK TeH/IepHbIe
pasnuus B MOTPeBIEHUN aJIKOT0JIsi OTHOCUTETLHO KOJIMYECTBA 20 T B JIEHD JIOJIKHBI OBITh YUTEHBI, 0COOEHHO Y JKEHIIHH.
BiusiHve yMepeHHOTO yIOTPeOIeH S aIKOTOIsA Ha THIEPTOHHIO TPeOyeT MaTbHEHIIIEro H3yueHus.

Kmoueesle caoea: Poccusi, TIOXKWIbIE, aJIKOTOJIb, YMEPEHHOE YIOTpeOJIEHHE aJIKOTOJIsA, 20 T//IeHb, COIUATIN3aIlus,
ceMbsl, cTpecc, SoHus, 3[paBOOXPaHEHNE.
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Effects of moderate alcohol consumption on the health
of elderly Russians: a study in reference to the amount
recommended to the population of Japan

G. von Fingerhut!, A. Meguro!, K.Yu. Makarov?, Yu.O. Kim?, E.G. Kondyurina?, L.A. Yakovleva?

'University of Tsukuba, Tsukuba, Japan

2Novosibirsk State Medical University, Novosibirsk, Russia

ABSTRACT

Introduction. Theproportion of pure alcohol (PA) per capita in the Russian Federation (RF) is high, and moder-
ate alcohol consumption is important for elderly Russians. In 2008, the Ministry of Health, Labor and Welfare of Japan
(the Japanese are considered one of the healthiest nations in the world) recommended a daily moderate consumption of
less than 20 g/day of PA. In the Russian Federation, recommendations on daily moderate alcohol consumption for elderly
persons have not yet been introduced.

Aim . To clarify the factors associated with the daily moderate PA consumption and its physical and social effects on the
elderly people, using in reference the recommendations for the Japanese population, in order to consider the possibility of
their adaptation among the Russian population.

Materials and methods. Across-sectional study was conducted among 770 elderly Russians aged 60 years
and older. Methods of descriptive statistics were used to process the obtained data. Odds ratio (OR) and 95% confidence
interval (CI) were calculated. A logistic regression analysis was performed, with a sample stratified by gender.
Results. The logistic regression analysis among drinking participants found correlations between consumption of
more than 20 g of PA per day with gender (OR = 0.582; 95% CI: 0.351-0.966), hypertension (OR = 0.384; 95% CI: 0.223—
0.661), living alone (OR = 0.453; 95% CI: 0.256—0.803), the reason for alcohol intake — stress relief (OR = 4.580; 95% CI:
2.313—9.069), enjoyment of life (OR = 3.015; 95% CI : 1.207-7.531), drinking alone (OR = 2.480; 95% CI: 1.079—5.703)
and with the family (OR = 2.586; 95% CI: 1.506—4.439). As a result of the stratified analysis, it was found that among male
participants, alcohol consumption significantly correlated with hypertension (OR = 0.216; 95% CI: 0.090—0.521), the
desire to reduce stress (OR = 2.530; 95% CI: 1.043—6.136), drinking alone (OR = 5.454; 95% CI: 1.699—17.510) and with
the family (OR = 4.934; 95% CI: 2.003—12.154). Among women, alcohol consumption significantly associated with living
alone (OR = 0.455; 95% CI: 0.228-0.907), the desire to reduce stress (OR = 5.274; 95% CI: 2.092—13.299), and enjoy life
(OR = 4.669; 95% CI: 1.218—17.899) and drinking alcohol in the family (OR = 2.077; 95% CI: 1.069—4.033).
Conclusion. The introduction of daily moderate alcohol consumption is crucial for improving the health and life
expectancy of elderly Russians. However, the attempt to adapt the Japanese health policy for the Russian Federation
showed no significant difference in the health characteristics of elderly people, indicating the need to introduce other pos-
sible cutoffs for daily moderate alcohol consumption. Excessive alcohol consumption occurred among Russian older peo-
ple drinking alone and to relieve stress, which indicates a risk of social isolation and misunderstanding of doses for alco-
hol’s sedative effects. Family drinking may result in higher daily alcohol consumption among elderly people, whereas
gender differences in alcohol consumption with a cutoff of 20 g per day need to be considered, especially among women.
The effect of moderate alcohol consumption on hypertension requires further study.

Keywords: Russia, elderly people, alcohol, moderate alcohol consumption, 20 g/day, socialization, family, stress, Japan,
health care.
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BBEJIEHUE

B 2010 r. Poccuiickas ®eneparys 3aHuMasa Tpe-
The MECTO B MHUPE 110 YPOBHIO ITOTPEOIEHUS JIKOTOJIS
Ha Jiy1ry HacejieHus [1]. B mepuosn ¢ 2010 o 2016 T.
moTpebJieHe aJKOTOJsA CYIIECTBEHHO CHU3HJIOCH C
15.8 11 B rox (34 r/neHs) 10 11.7 71 B roA (26 r//1eHb)
yucroro aynkoross (YA) Ha ayury Hacenenus [1]. Tem
He MeHee JI0JIsI CMepPTeH, CBA3aHHBIX C YIoTpebJie-
HUEM JIKOTOJIsA, IO-TIPEeKHEMY BBICOKA — 21.6 % [1].
ITockoIBKY ¢ BO3PaCcTOM Macca OT/IeIbHBIX OPTaHOB U

INTRODUCTION

In 2010, the Russian Federation ranked third in
the world in terms of per capita alcohol consumption
[1]. Between 2010 and 2016, alcohol consumption
decreased significantly from 15.8 1 per year
(34 g/day) to 11.7 1 per year (26 g/day) of pure alco-
hol (PA) per capita [1]. Nevertheless, the proportion
of deaths associated with alcohol consumption is still
high — 21.6% [1]. Since individual organ mass and
resting metabolic rate decrease with age [2], and the
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CKOPOCTb MeTaboJIn3Ma B COCTOSTHUH TIOKOSI YMEHb-
maTes [2], a BausHUE YyIIOTPeOIeHns aTKOTOJIS Ha
3710pPOBbE MOKIJIBIX JIIOZIEN MeeT J-00pa3HyIo CBA3h
[3—5], MOXKUIBIM JIIOJSIM CTAHOBUTCSI OCOOEHHO
OTIaCHO TOIEP;KUBATh TOT K€ YPOBEHb MOTpebIie-
HHUS aJIKOTOJISl, YTO U B MOJIOJIOM BO3pacTe. YUUTHI-
Basi BEICOKOE TTOTpeOJIEHNE aTKOTOJIsA cpeau PoccusaH
[1], HemenbHBIE pEKOMEHAAIIMH 10 YMEPEHHOMY YIIO-
TpeOJIEHHUI0 aJIKOTOJISI MOTYT OBITh BOCIIPHHSTHI
HEOJTHO3HAYHO, TOT/IA KAK BBEJIEHHE PEKOMEHIAITUHI
110 THEBHOMY yMepeHHOMYy MoTpebienuo YA oco-
OEHHO BayKHO JIJI51 3/I0POBBSI TTOKUJIBIX POCCHSH.

B 2008 r. MunucrepcrBo 37paBOOXpaHEHUs],
TPy/Zla ¥ COIMATbHON TOJUTUKU SAMOHUM (STTOHITBI
CUUTAIOTCS OJITHOM M3 CaMbIX 3/[0POBBIX HAIIUU B
MHpPE) PEKOMEHJIOBAJIO €KEJHEBHOE YMEpPEHHOE
notpebsienre YA B KoanuecTBe MeHee 20 T [6]. AHa-
JIOTUYHOE KOJIMUECTBO TAK)KE PEKOMEH/IOBAHO JJIA
€KeJITHEBHOTO YMEPEHHOTr0 YIIOTpPeOJIEHUsS B cOcell-
HuX ¢ Poccuiickoit esepariyeii crpaHax, TaKUX Kak
Apwmenus [7] u I'pysus [8], ctpansr baxtuu u ban-
KaHCKOTO pernoHa — Xopsatus [9], bocuus u I'ep-
nerosuHa [10], Anbauwus [11] u CioBenus [12]; cTpa-
Hax ¢ 0oJiee XOJIOJHBIM KJIMMATOM, TaKUX Kak PuH-
asanusa [13] 1 HopBerus [14], a Takxke B [lIBeiina-
puu [15], JTtokcemOypre [16], ®paunuu [17], ABeTpa-
snu [18] u Cunramype [19].

B Hammx NpeapIAyIIUX HCCIIEIOBAHUAX CPEIH
TTOKUJIBIX JTIoZiel FITOHUU elKeTHEBHOE yMePEeHHOe
notpebsieane 20 T YA ObUIO CBSI3aHO C aKTHBHBIM
obpazom xku3HU [20]. Hackoysibko HaM M3BECTHO, B
JIPYTHX CTPaHaXx MO00HBIX UCCIEA0BAHUH HE TTPOBO-
qwiock. B Poccuiickont desepanyii peKOMeH AN
10 €3KeJITHEBHOMY YMEPEHHOMY ITOTPEDOJIEHUIO aJTKO-
TOJISI CPEY TIOKUJIBIX JIFO/IEH BCe ellle He BBE/IEHBI,
9TO TEPBOE HCCIEOBAaHUE, B KOTOPOM H3Y4aroTCs
BJIMSIHUE MOTpeOJIeHus 20 T/neHb YA Ha KauyecTBO
JKUBHU, QUBUYECKUE U COIUATbHBbIE (PAKTOPHI, CBSI-
3aHHBIE C YIIOTPEOJIEHNEM AJIKOTOJISI OTHOCHUTEIHLHO
VKa3aHHOTO KOJIMUECTBA, & TAK:Ke IMPUYUHBI ITOTPe-
OJIEHUST ATTKOTOJISI CPEU TTOKUITBIX POCCHUSH.

IIEJIb NCCJIEAOBAHUA

BrisiBsieHue (akTOpOB, CBA3AHHBIX C €XKE/HEB-
HBIM yMepeHHbIM oTpebienneM YA u ¢ ero ¢pusu-
YECKHMU U COLIMAJIbHBIMU IIOCJIEICTBUAMU Cpeau
TIOKIJIBIX JIFOJIEH, COTJIACHO PEKOMEHIAITUAM JJIst
SATIOHCKOM TIOIYJIAIUH, C IeJIbI0 PACCMOTPEHUS BO3-
MOKHOCTA TPUMEHEHUS JTUX PEKOMEHAIUU AJIs
HaceseHusa Poccuu.

MATEPUAJIBI 1 METO/IbI

KpOCC-CeKIII/IOHHOQ HuccieaoBaHue OBLIO IIpoBe-
J€HO IIOCPEACTBOM AaHKETHOT'O OIIpOoCa B IIEPUO/J C

impact of alcohol consumption on the health among
elderly has a J-shaped association [3-5], it becomes
especially dangerous for elderly people to maintain
the same level of alcohol consumption as in young
age. Given the high alcohol consumption among
Russians [1], weekly recommendations for moderate
alcohol consumption may be perceived ambiguously,
while the introduction of recommendations for daily
moderate consumption of PA is especially important
for the health of elderly Russians.

In 2008, the Ministry of Health, Labor and Wel-
fare of Japan (the Japanese are considered one of the
healthiest nations in the world) recommended a
daily moderate intake of PA in an amount of less
than 20 g[6]. A similar amount is also recommended
for daily moderate consumption in neighboring
countries of the Russian Federation such as Armenia
[7] and Georgia [8], the Baltic and Balkan coun-
tries — Croatia [9], Bosnia and Herzegovina [10],
Albania [11] and Slovenia [12]; countries with colder
climates such as Finland [13] and Norway [14], as
well as Switzerland [15], Luxembourg [16], France
[17], Australia [18] and Singapore [19].

In our previous studies among elderly people in
Japan, a daily moderate intake of 20 g of PA was
associated with an active lifestyle [20]. To the best of
our knowledge, no such studies have been conducted
in other countries. In the Russian Federation, rec-
ommendations for daily moderate alcohol consump-
tion among the elderly have not yet been introduced,
and this is the first study investigating the effects of
PA consumption of 20 g/day on the quality of life,
physical and social factors associated with alcohol
consumption relative to the specified amount, and
also reasons for alcohol consumption among elderly
Russians.

AIM OF THE RESEARCH

Revealing of factors associated with daily moder-
ate PA intake and its physical and social effects
among the elderly, according to the recommenda-
tions for the Japanese population, in order to con-
sider the possibility of their applying to the Russian
population.

MATERIALS AND METHODS

The cross-sectional study was conducted as a
questionnaire survey between April 3 and June 30,
2019 among elderly Russians aged 60 and over. To
conduct the survey, we came into contact with rep-
resentatives of organizations that support the
health of elderly people living in the studied regions,
and recruitment was carried out. Criteria for the
study participant selection: age 60 and older, resi-
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3 ampeJis 1o 30 HIOHSA 2019 T. CPeIU MOKUIIBIX POC-
CHUSIH B Bo3pacTe 60 JieT u crapiie. /[y mpoBeieHus
ompoca ObLI yCTAHOBJIEH KOHTAKT C IPEJCTaBUTE-
JISIMU OPTaHU3AIHNH I10 TTOIEPIKKE 37I0POBBS TOKHU-
JIBIX JIFOJIEY, TIPOKUBAIOIIHX B UCCIEAYEMBIX PETHO-
HaX, U TPOBeJIeH peKpyTHHTr. Kpurepuu orbGopa
PECIIOH/IEHTOB: BO3pacT 60 JIET U CTapIlle, IPOKU-
BaHHE B IIEPHUOJi IIPOBEJEHUS FWCCJIEIOBAaHUSA B
r. Bmagusocroke u IIpumopckom kpae, r. HoBocu-
6upcke u HoBocubupckoir 061aCTH U CIIOCOOHOCTH
CaMOCTOATEBLHO 3aII0JTHUTh aHKETy. PecIioH/IeHThI
ObUIM «HE AJKOIOJIMKAMHU» U He MMEJIU HUCTOPHUH
aynkorosm3Ma. Beibopka u3 428 ues. 6pu1a HE0OXO-
JIMA JIJIsT TOYHOTO OIpesie/IeHUs YPOBHS 3HAUMMO-
cTtH 5 1 10 % [21].

OCHOBHBIMHU ITApaMeTPaMH, KOTOPbIE XapaKTEPH-
30BaJIN PECIIOHJIEHTOB, ObUTH: BO3PACT, I10JI, MHJIEKC
maccol Tesia (MMT), MeIUITHHCKOE JIeUeHUE, TTPOKHI-
BaHUe, paboOUYHil cTaTyc, cTaTyc (PU3HMIECKON aKTHUB-
HOCTHU Ha MEPHUOJI POBEJIEHUs UccieloBaHus. [y
OIIEHKU KauecTBa *KU3HU HCIIO0JIH30BaJICSA OMPOCHUK
Short Form-8 Health Survey (SF-8): onpeaessiiacsk
cymma 0ayuioB 1o (GUBUYECKOMY KOMIIOHEHTY 3]10-
poBbst (Physical Component Score (PCS)) u mcuxu-
YecKoMy KOMITOHeHTY 3710poBbst (Mental Component
Score (MCS)). Kpome TOro, 71l OIIEHKH YpPOBHA
JIETIPECCUH UCITOIh30BaIach repruaTpuiecKas Ikaa
nemnpeccun — Geriatric Depression Scale (GDS). s
OIlEHKH KadecTBa CHA IIPUMEHSJICA OIPOCHUK
Pittsburg Sleep Quality Index (PSQI) u, B uacTHOCTH,
obmuii 6asn > 6, CBUAETENIBCTBYIONUA O HapyIIle-
HUAX cHa [22].

KacaresbHO mpueMa aJKoroJisi HCIOJIb30BATUCH
CJIEAYIOIIFE BOMPOCHI: TEKyIllee YIOoTpeOIeHue
QJIKOTOJIs, THUI BBIITUTOTO AJIKOTOJIS, KOJHMYECTBO
(MJI) BBIMMUTOTO 3a OAWH JieHb, MPUUYMHA MpHEMa
JIKOTOJIsl, TIApTHEDP II0 YIOTPeOJIEHUI0 aIKOTOJIS.
KosmuectBo YA paccunThIBasoCh sl TAKUX HATIUT-
KOB, KaKk IHMBO, CAaMOTOH (HEIMCTHUIIMPOBAHHBIN
AJIKOTOJIPHBIN HAINMTOK), BUHO, BUCKH, ITOPTBEUH,
BOJIKa, OpeHiu U /ip. Ha OCHOBE 3THX JTAHHBIX KOJIU-
YeCTBO JHEBHOTO MOTPeOJIEHUs aJKOTOJIsI B TpaM-
MaxX aHAJM3UPOBAJIOCH IO KOJUYECTBY AJKOTOJIS B
Kaxk7oM HanuTke. Ilockosibky KosmyecTBo YA,
cofiepsKaIlerocss B OTHOM U TOM K€ KOJIMYECTBE
MWUTHJIUTPOB AJIKOTOJIBHOTO HAIIUTKA, BADhUPYET B
3aBHCHMOCTH OT THIIA aJKOTOJIbHOTO HAIUTKA, JJIs
IepeBo/ia KOJIMYECTBA TMOTPEDOIEHHOTO aJIKOTOJIST B
KouuecTBO YA mcIosp3oBasach caeaymoomas Gop-
MyJia

Yucreiii askoross (r) = CiupTHOe (MIT) X
x Copeprkanue aiakorosisi (%)/100 x 0.8,

rzie 0.8 — yJieJIbHBIN Bec 3TaHou1a (T/Mr).

dence during the study period in Vladivostok and
Primorsky Krai, Novosibirsk and the Novosibirsk
Region, and the ability to fill out the questionnaire
on their own. The respondents were non heavy
drinkers and had no history of alcohol addiction. A
sample of 428 elderly Russian people was neces-
sary to accurately determine the significance level
of 5and 10% [21].

The main parameters that characterized the
respondents were: age, gender, body mass index
(BMI), medical treatment, residence status, work
status, physical activity for the period of our study.
To assess the quality of life, the Short Form-8 Health
Survey (SF-8) was used: the sum of points for the
physical component of health (Physical Component
Score (PCS)) and mental component of health (Men-
tal Component Score (MCS)) was determined. In
addition, the Geriatric Depression Scale (GDS) was
used to assess the level of depression. The Pittsburg
Sleep Quality Index (PSQI) was used to assess sleep
quality, and, in particular, a total score of > 6, indi-
cating sleep disorders [22].

Regarding alcohol intake, the following questions
were used: current alcohol consumption, type of
alcohol, amount (ml) drunk per day, reason for
drinking, drinking partner. The amount of PA was
calculated for drinks such as beer, moonshine (undis-
tilled alcoholic beverage or samogon), wine, whiskey,
port wine, vodka, brandy, etc. Based on these data,
the amount of daily alcohol consumption in grams
was analyzed by the amount of alcohol in each drink.
Since the amount of PA contained in the same
amount of milliliters of an alcoholic beverage varies
depending on the type of the latter, the following for-
mula was used to convert the amount of alcohol con-
sumed to the amount of PA

Pure alcohol (g) = Alcohol (ml) x
x Alcohol content (%)/100 x 0.8,

where 0.8 — specific gravity of ethanol (g/mg).

The ethanol content, depending on the type of
alcohol, was taken as follows: beer — 5%, moon-
shine — 50%, wine — 12.5%, whiskey — 43%, port
wine — 20%, vodka — 40%, brandy — 40% [6, 23]. For
example, 500 ml of drunk beer equaled 20 g of PA.

The analysis included drinking and non-drinking
participants, then, after excluding the drinking par-
ticipants who did not report the daily amount of
alcohol consumed, a two-group analysis was con-
ducted regarding the amount of PA (20 g/day) rec-
ommended for the Japanese population by the Min-
istry of Health, Labor and Welfare of Japan [6]. Sha-
piro-Wilk test, Mann-Whitney U-test, t-test
(unpaired), ¥* test, and logistic regression analysis
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CozeprkaHue 5TaHOJIA B 3aBHCHMOCTH OT THIIA
CIIUPTHOTO MPUHUMAJIOCH CJIETYIOIINM: ITUBO — 5 %,
CcaMOroH — 50 %, BUHO — 12.5 %, BUCKH — 43 %, TIOp-
TBEHH — 20 %, Bogika — 40 %, 6peHau — 40 % [6, 23].
Hanpumep, 500 MJI BBIIUTOTO IHBA PaBHSJIUCH
20T YA.

[TpenmeToM aHanM3a OBUIM MBIOIINE U HEIBIO-
e YYaCTHUKH, 3aTeM, IOCJIE UCKIIOUEHUS IThIO-
IUX YYACTHUKOB, KOTOPBIE HE YKA3JIU €KeTHEBHOE
KOJINYECTBO MOTPeBIIIEMOTO AIKOTOJIA, OBLII IIPOBE-
JIEH aHAJIN3 MEXKY ABYMS TPYIIIAMHA OTHOCUTEIBHO
kosuuecTBa YA (20 r/1€Hb), pEKOMEH/IyeMOro JIJist
SITOHCKOTO HaceyieHus1 MUHUCTEPCTBOM 3/IPABOOX-
paHeHus, Tpyzna u OsarococrosiHusa fAmnoHuu [6].
Tect ITanupo — Yuuka, U-tect ManHa — YUTHHU,
t-TecT (HEMTapHBIH), TECT ¥ ¥ JIOTUCTUYECKUU perpec-
CHOHHBIN aHAIN3 TTPOBOJIUJIUCH C TIOMOIIBIO TAKeTa
nporpamm SPSS Statistics 24. [l mpoBepku HOP-
MaJIbHOCTH HCIIOJIb30Basicsa TecT llanupo — Yuika.
J1151 HelpepBIBHBIX IIEPEMEHHBIX IIPOBOIUJICA I-TECT
(memapusiii) u U-tect Manna — YutHu. J[is mokasa-
TeJIel, COOTBETCTBYIOIIUX HOPMAJIbHOCTU, WCIOJIb-
30Bayica t-Tect (HemapHbIl), a U-tect ManHa —
YutHu — U1 TOKaszaTesield, He COOTBETCTBYIOIIUX
HOPMAaJIbHOCTH. [[JI KaTeropuaabHON IepeMeHHON
HCIIOJIB30BAJICS TECT ¥°. YPOBEHb CTAaTHCTUUYECKOU
3HAYUMOCTH ObLIT MeHee 5 %. [[Jis BbIABIeHUs dak-
TOPOB, CBA3AHHBIX C MOTPEeOJIEHNEM aJIKOTOJISA, OBLI
MIPOBEJIEH JIOTUCTUUECKUH PETPECCUOHHBIN aHATU3 C
KOJINYECTBOM IOTpebsisieMoro YA B KauecTBe 3aBU-
cuMoil mepemeHHOU. Kpurepusamu orbopa He3aBU-
CHUMBIX MEPEMEHHBIX ObUTH (PAKTOPBI, IO KOTOPHIM
Ha0JII0IaIach CTATUCTUUECKAs 3HAYUMOCTh MEIY
IByMs TPYIIaMU, a JJIA IOCJIEJHEr0 aHaIu3a
BBIOOPKA ObLIa cTpaTUUITUPOBAHA 110 MOJTY.

OT pecroHEHTOB OBLIO MOJIYUYEHO MUCHbMEHHOE
coryacuie, a KOMUTET 110 MEIUIIUHCKON 3THKe YHU-
Bepcurera L[yKyObl 0100PWII IAHHOE HCCIE0BAHIE
N 1307.

PE3YJ/IBTATDI

Bcero B wWccaenoBaHUM NPUHSIA —ydacTHe
770 PECIOHIEHTOB, U3 KOTOPBIX 430 YIOTPEOIISIN
ankoroyib. Ilocie uckimouenus 6 (1 %) IbOIUX
VYaCTHUKOB JTaJIbHEUINNNA aHAJIU3 OTHOCUTEJIHHO
notpebsenuss YA 20 r/meHpb ObLI IPOBEJIEH CPEAU
424 TIBIOIIUX YYACTHUKOB.

B TabJ1. 1 mpezicTaB/IeHbl XapaKTEPUCTUKU HEITbIO-
UX U TBIOIIMX YYaCTHHKOB. Bo3pacT ydacTHHKOB
HENBIONel Tpynmnbl (cpemHee + KBaJIpaTHYHOE
OTKJIOHEHHE) cOoCTaBMJa 73.0 + 7.0 rojma, UMT —
27.0 + 4.5, TeH/IEPHOE pacIpefieJieHue — 91 MyK-
ynHa (26.3 %), 255 kel (73.7 %). YUacTHUKH,
YIOTPeOJIAIONNE  aJKOrOJIb, OBUIM  MOJIOXKE:

were performed using the SPSS Statistics 24 soft-
ware package. Shapiro-Wilk test was used to test for
normality. For continuous variables, the t-test
(unpaired) and the Mann-Whitney U-test were per-
formed. The t-test (unpaired) was used for normal
data and the Mann-Whitney U-test was used for
non-normal ones. For the categorical variable, the ¥
test was used. The level of statistical significance was
less than 5%. To identify factors associated with alco-
hol consumption, a logistic regression analysis was
performed with the amount of PA consumed as the
dependent variable. The selection criteria for inde-
pendent variables were factors for which there was
statistical significance between the two groups, and
for the final analysis, the sample was stratified by
gender.

Written consent was obtained from the respon-
dents, and the Medical Ethics Committee of the Uni-
versity of Tsukuba approved this study No. 1307.

RESULTS

A total of 770 respondents took part in the study,
of which 430 consumed alcohol. After exclusion of
6 (1%) drinkers, further analysis with a cutoff a
20 g/day PA intake was conducted among 424
drinkers.

Table 1 presents the characteristics of non-drin-
king and drinking participants. The age of partici-
pants in the non-drinking group (mean + standard
deviation) was 73.0 + 7.0 years, BMI — 27.0 * 4.5,
gender distribution — 91 men (26.3%), 255 women
(73.7%). Participants who drink alcohol were
younger: 70.2 + 5.1 years (p = .001), they were
almost equally distributed by gender — 215 men
(50.7%) and 209 women (49.3%) (p = .001), and
had an overall greater a high BMI of 28.2 + 5.5
(p = .006). Among the SF-8 scores, PCS score was
significantly lower in non-drinkers than drinkers, at
35.1 + 8.1 and 40.1 + 8.8, respectively (p = .001).
Hypertension prevailed among non-drinking
respondents — 240 (69.4%) people (p = .001), as
well as cardiovascular diseases — 195 (56.4%) peo-
ple (p = .001). The GDS score was significantly
higher in non-drinking participants, 4.7 + 2.9, com-
pared to 3.9 + 3.3 in drinking participants (p = .001).
Fewer members of the non-drinking group worked —
24 (6.9%), compared to 58 (13.7%) drinkers
(p = .003). Similarly, as a daily routine, 11 (3.2%)
non-drinking respondents played sports, compared
with 41 (9.7%) of the drinking group (p = .001). In
terms of sleep characteristics, non-drinkers showed
a lower prevalence of sleep disturbances at 185
(53.5%) compared to 269 (63.4%) in the drinking
group (p = .005).
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TaGauna 1. XapakTepUCTUKH HENBIOIINX U IBIOIUX YUACTHUKOB
Table 1. Characteristics of non-drinking and drinking participants

Bcero Henpionue IIpronue
ITokazaressb / Parameter Total Non-drinking Drinking P
(n = 770) (n = 346) (n = 424)
Bospacr (1et) / Age (years) 71.4 + 6.2 73.0 £ 7.0 70.2 + 5.1 .001*
ITon / Gender:
MY?KCKO#H / male 306 91 215 .001**
skeHckui / female 464 255 209
UMT / BMI 27.6 + 5.1 27.0 + 4.5 28.2 + 5.5 .006*
GDS 4.3+3.1 4.7 £ 2.9 3.9+3.3 .001*
SF-8:
PCS 37.9+ 8.8 35.1 + 8.1 40.1 + 8.8 .001*
MCS 47.1+7.1 47.1+7.0 47.2+7.2 9107
PSQI 6.9+ 3.6 6.9 £ 3.9 6.9+ 3.4 .262
Hapymenus cua / Sleep disorders (PSQI = 6):
na / yes 454 185 269 .005**
HeT / no 316 161 155
Tunepronus / Hypertension:
na / yes 487 240 247 .001**
HeT / no 283 106 177
JIunabet / Diabetes:
na / yes 117 62 55 .057°
HeT / no 653 284 369
CepieuHO-COCyJUCThIE 3a00IEBAHUS
Cardiovascular diseases:
na / yes 370 195 175 .001**
HeT / no 400 151 249
IIpoxuBaHue B onuHOouecTBe / Living alone:
na / yes 212 89 123 .310°
HET / no 558 257 301
Pa6ora / Job:
na / yes 82 24 58 .003**
Her / no 688 322 366
dusnyeckrie yIpaskHeHUs / CopT3at
Physical exercise / gym:
na / yes 52 11 41 .001**®
Her / no 718 335 383
KosinuecTBO pa3roBOpoB B ZIeHb
Number of conversations per day:
o) 112 41 71 .310°
1 132 62 70
2 127 59 68
3 95 48 47
4 102 41 61
5 u 6osee / and more 202 95 107

IMlpumeuyaHnus: *¥p< 0.0l cpeaHee + KBaJpaTUUYHOE OTKJIOHEHHE; ® 110 KPUTEPHIO X2; * p < 0.05; T U-kputepuii ManHa — YUTHU.

3HaueHwus is1 mokaszaresneit Bospacr, UMT, GDS, SF-8, PSQI naHb! B Buzie cpeiHee + KBaJ[paTUYHOE OTKJIOHEHUE.

UMT — unziexc macenl Tesia; GDS — Geriatric Depression Scale; SF-8 — Short Form-8 Health Survey: PCS — cymma 6a/110B 110 GusnuecKkomy

KOMIIOHEHTY 3710poBbsi, MCS — cymMa 6aJIIoB 110 IICHXHYECKOMY KOMIIOHEHTY 3710poBbsi, PSQI — Pittsburg Sleep Quality Index.

Notes: *p<o0.01mean + standard deviation; ® according to the ¥ test; * p < 0.05; T Mann-Whitney U-test. Values for parameters Age,
BMI, GDS, SF-8, PSQI are given as mean + standard deviation.
BMI — body mass index; GDS — Geriatric Depression Scale; SF-8 — Short Form-8 Health Survey: PCS — Physical Component score, MCS —

Mental Component score, PSQI — Pittsburg Sleep Quality Index.
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70.2 £ 5.1 roaa (p = .001); OBLIU IOYTH OJTTHAKOBO
pacIpesiesieHbl 10 oIy — 215 MYX4UH (50.7 %) u
209 KeHIIUH (49.3 %) (p = .001) U UMeU B 1IEJIOM
Oosiee BBICOKUM moKazareab MMT 28.2 + 5.5
(p = .006). Cpenu ornenok o SF-8 onenka o PCS
OblyIa 3HAUNUTEHPHO HIKE Y HEMBIOIINX YUACTHUKOB,
YeM y IbIOIUX, cOCTaBUB 35.1 + 8.1 u 40.1 + 8.8
0asyia cooTBETCTBEHHO (p = .001). 'unieproHUs npe-
obylafiazia y HENbIONUX PECIOHAEHTOB — 240
(69.4 %) uen. (p = .001), KaK U CEPAETHO-COCYTUCTHIE
3abosieBaHusA — 195 (56.4 %) uen. (p = .001). [Toka-
3atesb 10 GDS ObLT 3HAYUTENIHHO BBIIIE Y HEIBIO-
IUX YYACTHUKOB — 4.7 + 2.9, IO CPaBHEHWIO C
3.9 + 3.3 y IBIOIIUX YYACTHUKOB (p = .001). MeHbIIIe
VYACTHUKOB HEMbIOIEH Tpymmbl pabotamu — 24
(6.9 %) mo cpaBHeHuio ¢ 58 (13.7 %) TpOIMUMU
(p = .003). AHAQJIOTHYHO B KauyeCTBe €XKeJIHEBHOU
pyTHHBI 11 (3.2 %) PECIIOHEHTOB HEMBIOIIEH IPYIIITHI
3aHUMAJIUCh CIIOPTOM, TIO0 CpaBHEHWIO ¢ 41 (9.7 %)
YyeJ. B rpymme nepiomux (p = .001). Uto kacaercs
XapaKTEPUCTUK CHA, HEMbIOIINE yYUYaCTHUKH ITOKa-
3aJI MEHBIIYI PACIPOCTPAaHEHHOCTh HapyIIEeHUH
cHa — 185 (53.5 %) 4yes., O CpPaBHEHHIO C 269
(63.4 %) yaacTHUKAMHU MBIOIIEH IPpynis (p = .005).

B Tab:1. 2 mpe/icTaBIeHbI 00IIIIE XaPAKTEPUCTUKHU
MPIOIIUX YYACTHUKOB OTHOCHTEJIBHO JTHEBHOTO
notpebnenuss YA B kosmuectBe 20 T. Cpenu
424 ydacTHUKOB 121 (28.5 %) uyen. ymotpeb6Jisiit
MeHee 20 T YA B zieHb, a 303 (71.5 %) — 6ojiee 20 T.
CpenHuil Bo3pacT TeX, KTO YIoTpebsisiyi 6osiee 20 T
YA B s1eHb, ObLT HUKE — 69.8 + 4.9 TO/1a IO CpaBHe-
HUIO C TEeMH, KTO YIOTpeO/ss MeHee 20 T —
71.2 + 5.4 Toza (p = .013). Cpeiv y9aCTHUKOB TPYIIIIBI
¢ 60pIIIIM TOTpEbJIEHNEM aJIKOTOJIA ITPeodIagaTn
MY>XYUHBI — 174 (57.4 %), TOTJa Kak B Tpymme ¢
MEHBIIIUM ITOTPeOIEeHHEM aKOTOJISI — >KEHIUHBI
(80 (66.1 %)), uTO IOKA3AIO CTATUCTUYECKH 3HAUM-
MyI0 pasHuIy (p = .001). 'ulepTOHUS 3HAYUTETHLHO
mpeobJiaziajia Cpel YIYACTHUKOB, YIOTPEOISIBIINX
6osee 20 1 (p = .001). Cpenn y4acTHUKOB, YIIOTpe-
OonaBIux 6osiee 20 T YA B ieHb, ITpeobiiaanu oau-
Hokue (p = .005), paboTaroliue TMOKUIbIE JIFOIH
(p = .040), xKoTOpBIEe HaIlle MOCEIaTd CIOPT3aJI
(p = .038) u umenu GosIbIIIEE KOJTUYECTBO PA3TOBO-
PoB B ZieHb (p = .022). He 6b1710 06HAPYKEHO CTATH-
CTUYECKU 3HAYUMBIX PABIUUYUN MEXKAY TEMHU, KTO
ynoTpebJisii MmeHee U 60siee 20 T YA B /ieHb, HU 110
WNMT, uu mo nokazarensm GDS. Urto kacaercs
OLIEHKM KaudecTBa »KM3HU, TO oneHka PCS ObLia
BBIIIIE Y TEX, KTO YIOTPeOJIsiT MeHee 20 TI/AeHb —
40.3 £ 7.5, IO CPABHEHHIO C TEMU, KTO YIOTPEOIsII
OoJiee 20 T//1eHb — 40.1 £+ 9.3, HE TTOKa3aB CTATHUCTH-
yeckod 3Hauumoctu (p = .919). [Tokazatenp MCS
OB BBIIIE CPEIN TEX, KTO MUJI Oojiee 20 T/AeHb —

Table 2 presents the general characteristics of
drinking participants relative to the daily intake of
PA in the amount of 20 g. Among 424 participants,
121 (28.5%) people consumed less than 20 g of PA
per day, and 303 (71.5%) — more than 20 g. The
average age of those who consumed more than 20 g
of PA per day was lower — 69.8 + 4.9 years compared
with those who consumed less than 20 g — 71.2 + 5.4
years (p = .013). Among the participants in the group
with more alcohol consumption, men predomi-
nated — 174 (57.4%), while in the group with less
alcohol consumption — women (80 (66.1%)), which
showed a statistically significant difference
(p = .001). Hypertension significantly predominated
among participants who consumed more than 20 g
(p = .001). Participants who used to drink more than
20 g of PA per day were dominated by single
(p = .005), working elderly persons (p = .040), who
went to the gym more often (p = .038) and had more
conversations per day (p = .022). No statistically sig-
nificant differences were found between those who
consumed less than and more than 20 g of PA per
day, neither in BMI nor in GDS scores. In terms of
quality of life, the PCS score was higher for those
who consumed less than 20 g/day, 40.3 + 7.5, com-
pared to those who consumed more than 20 g/day,
40.1 + 9.3, showing no statistical significance
(p = .919). The MCS score was higher among those
who drank more than 20 g/day — 47.2 + 7.4 com-
pared to those who drank less than 20 g — 47.0 + 7.0,
also not showing statistical significance (p = .708).
As for sleep characteristics, sleep disorders predom-
inated among participants in the higher alcohol con-
sumption group (184 (43.4%) people) compared
with 85 (20.0%) participants in the lower alcohol
consumption group, which did not show statistical
significance (p = .066).

Table 3 shows the reasons for drinking alcohol
and the presence/absence of a drinking partner in
the groups of drinking respondents. Most partici-
pants drinking more than 20 g/day preferred to
drink for stress relief (p = .001), enjoyment of life
(p = .001), and better sleep (p = .001). In terms of a
drinking partner, 78 (18.4%) participants who con-
sumed more than 20 g of PA per day drank alone
(p = .001), compared with 10 (2.4%) participants in
the group who consumed less than 20 g per day.
Moreover, 145 (34.2%) of those who consumed more
than 20 g of PA per day drank alcohol with their fam-
ilies, compared with 34 (8.0%) of the less drinking
group, showing a statistically significant difference
(p = .001).

Table 4 shows the results of a logistic regression
analysis between two groups of drinking participants
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Tao6uuna 2. O01re XapaKTEPUCTUKU TBIOIUX YIACTHUKOB OTHOCUTEJIBHO TIOTPEOJIEHUS 20 T//IeHb YUCTOTO aJTKOTOJIS
(n=424)
Table 2. General characteristics of drinking participants with a cutoff of 20 g/day of pure alcohol (n = 424)

JIHeBHOE OTpeGIeHne JIlHeBHOE MOTpeGIeHne
ITokaszarenasn / Parameter AJIKOTOJIA < 20 T q AJIKOTOJIA = 20 T q P
Daily alcohol consumption < 20 g Daily alcohol consumption > 20 r
(n =121) (n=303)
Bospacrt (s1eT) / Age (years) 71.2 + 5.4 69.8 + 4.9 .013*
ITost / Gender:
MYy>KCKOH / male 41 174 .001**
skeHckuii / female 80 129
UMT / BMI 28.4+5.2 28.1+5.6 .250
GDS 3.7+3.1 4.0 £ 3.3 .620
SF-8:
PCS 40.3+7.5 40.1+ 9.3 .919
MCS 47.0 £7.0 47.2 +7.4 7081
PSQI 7.1+ 3.0 6.9+ 3.5 .329
Hapymenus cHa / Sleep disorders
(PSQI = 6):
na / yes 85 184 .066°
HET / no 36 119
T'unepronus / Hypertension:
na / yes 91 156 .001**
HET / no 30 147
JTuab6er / Diabetes:
na / yes 16 39 .922°
HeT / no 105 264
CepneuHo-cocyucThIe
3aboJieBaHUs
Cardiovascular diseases:
na / yes 51 124 .817°
HET / no 70 179
IIpoKuBaHKE B OTMHOYECTBE
Living alone:
na / yes 47 76 .005%**
HeT / no 74 76
Pa6ora / Job:
na / yes 10 48 .040%°
HET / no 111 255
dusnyeckrie yupaKHeHus /
CIIOPT3aJT
Physical exercise / gym:
na / yes 6 35 .038%°
HeT / no 115 268
KosnuecTBO pa3roBOpOB B /IEHD
Number of conversations per day:
0 13 41 .022%¢
1 22 50
2 19 62
3 16 25
4 20 32
5 u 6osee / and more 56 70

IIpumeuaHnusa: *p<o0.05 *p <0.01; ° 1o Kpurepuio x* T U-kpurepuii ManHa — YUTHHU.

3uauenus /151 mokasatesieir Bospacr, UMT, GDS, SF-8, PSQI naub! B Buzie cpe/iHee + KBajipaTHuHOe OTKIoOHeHue. UMT — uHeKe Macchl
tena; GDS — Geriatric Depression Scale; SF-8 — Short Form-8 — Health Survey: PCS — cymma 6aiioB 1o pusnueckoMy KOMIIOHEHTY
3710poBbst, MCS — cymMa 6aJUI0B 0 IICUXUYIECKOMY KOMIIOHEHTY 3710poBbs, PSQI — Pittsburg Sleep Quality Index.

Notes: *p<0.05;*p < 0.01; « according to the ¥ test; T Mann-Whitney U-test.

Values for parameters Age, BMI, GDS, SF-8, PSQI are given as mean + standard deviation. BMI — body mass index; GDS — Geriatric
Depression Scale; SF-8 — Short Form-8 — Health Survey: PCS — Physical Component score, MCS — Mental Component score, PSQI —
Pittsburg Sleep Quality Index.
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Ta6uuna 3. [IpuunHb ynotpebieHus aKOToJIA U HaJIMYKe,/OTCYTCTBHE TapTHEPA 0 YIIOTPe6JIEHHUIO B IPYIIIaxX

PECIIOHAEHTOB OTHOCUTEJIBHO KOJIMYEeCTBA 20 T YA B eHb (Tl =

424)

Table 3. Reasons for drinking and presence/absence of a drinking partner in respondent groups with a cutoff

of 20 g of PA per day (n = 424)

JIHeBHOE IoTpedIeHne
AJIKOroJif < 20 T

JIHeBHOE IOTpedIeHue
AJKOTOJIA = 20 T

EOKasaTem, Daily alcohol Daily alcohol p
arameter . 5
consumption < 20 g consumption = 20 g
(n=121) (n=303)

Ipuuuna ynompebaenus / Reasons for consumption

Custue crpecca / Stress reduction:

na / yes 18 106 .001*
HeT / no 103 197

ITonyuenue ymoBosberBust / Getting pleasure:
na / yes 15 58 .097
HeT/ no 106 245

Hacnaxxnenue xusnbio / Enjoyment of life:
na / yes 7 60 .001*
HeT/ no 114 243

O6menne / Communication:
na / yes 2 7 .672
HeT/ no 119 296

3a komnanuio / In a social setting:
na / yes 66 141 .136
HeT/ no 55 162

Yto06s! siyuite criath / To sleep better:
na / yes 2 34 .001*
HeT/ no 119 269

ITapmnep / Partner

B omuHOUKy / By oneself:
na / yes 10 78 .001%
HeT/ no 111 225

B kpyry cembu / In the family:
na / yes 34 145 .001*
HeT/ no 87 158

C napysssamu / With friends:
na / yes 80 182 .088
HeT/ no 41 121

* p < 0.01 10 KPUTEPHIO X>.
P < 0.01 according to the ¥ test.

47.2 £ 7.4 TIO CPAaBHEHUIO C TEMH, KTO IUJI MeHee
20T — 47.0 7.0, TAaK)Ke He IOKa3aB CTATUCTUYECKOU
3HaunMocTu (p = .708). UTo Kacaercs xapakTepu-
CTHUK CHAa, TO HapyIIeHUs CHa Mpeobsafaan cpeau
VYaCTHUKOB TPYMIbI ¢ 0Oojiee BBHICOKUM YPOBHEM
rotpebsieHus akoroJs (184 (43.4 %) des.) o cpas-
HeHHo ¢ 85 (20.0 %) yyacTHUKAaMU TPYIIIBI ¢ 6osiee
HUBKUM YPOBHEM ITOTPeOJIEHUs aJIKOTOJIS, YTO He
[T0Ka3aJI0 CTATUCTHYECKOU 3HAUYUMOCTH (P = .066).
B Tabs. 3 mpeacTaBiieHbl IPUYHUHBI yIIOTpedie-
HUS aJIKOTOJISI U HaJIM4YKe,/OTCYyTCTBUE TTapTHEPA I10

YHOTpPeOJIEHUIO aJIKOTOJIA B TPYIINAX IBIONIUX

for a daily intake of 20 g of PA. The independent
variables used for the logistic regression analysis
were age, gender, hypertension, living alone, job,
exercise/gym, number of conversations per day, rea-
son for drinking — stress relief, enjoyment of life,
sleep improvement; drinking partner — by oneself, in
the family. The logistic regression analysis found a
correlation between consumption of more than 20 g
of PA with gender (OR = 0.582; 95% CI: 0.351—
0.966), hypertension (OR = 0.384; 95% CI: 0.223—
0.661), living alone (OR = 0.453; 95% CI: 0.256—
0.803), the reason for alcohol consumption — stress
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Tabuura 4. JIOTHCTHUECKUH PErpecCHOHHBIH aHAIN3 THEBHOTO IIOTPEOIEHN 20 T aJIKOTOJIA B UCCIIEyeMOi IpyIie
MIOJKWIBIX POCCHSH (1 = 424)

Table 4. Logistic regression analysis of a daily consumption of 20 g alcohol in the studied group of elderly Russians
(n=424)

95% AOBEPUTEIbHBIN HHTEPBA

IToxazarean LS 95% confidence interval
Parameter sl P
LL UL
Bospacr / Age 0.978 0.930 1.027 .372
ITon / Gender 0.582 0.351 0.966 .036*
T'unepronus / Hypertension 0.384 0.223 0.661 .001%*
IIpoxxuBaHVe B OIUHOYECTBE 0.453 0.256 0.803 .007*
Living alone
Pa6ora / Job 1.652 0.716 3.812 .239
dusnyeckre yrpakHeHUA / CIOPT3al 1.850 0.660 5.184 242
Physical exercise / gym
KosimuecTBO pa3roBopos B JiIeHb 1.035 0.904 1.185 .615
Number of conversations per day
IIpuunHa ynorpebyieHus
Reasons for consumption:
cusrtue crpecca / stress reduction 4.580 2.313 9.069 .001%*
HacIakIeHue Jku3nbio / enjoyment of life  3.015 1.207 7.531 .018*
4uTOOBI Jiydlrie cnath / to sleep better 4.817 0.974 23.838 .054
ITaptHep / Partner:
B 0ZiuHOUKY / by oneself 2.480 1.079 5.703 .033*
B Kpyry ceMbu / in the family 2.586 1.506 4.439 .001%*

*p <0.05; ¥* p < 0.01. Tect Xocmepa — Jlemernioy p = .506, AIUCKPUMUHAHTHAA NIpeJicKa3aTeslbHasA IIeHHOCTh — 71.5 %, TOUKa OTCeYeHuUs:
JHeBHOe oTpebiieHune ankoross (r): < 20 = 0, = 20 = 1. LL — Hkuuil npeaes, UL — BepXHUU npezest.

O6paTHOe ucKIIoUeHre (OTHOIIIEHNE TPaB/I0No1001s): BO3PACT, IOJI (MYKCKOU = O, }KEHCKUH = 1); TUIIEPTOHUSA (HET = O, /1a = 1); ’KU3Hb B
onurHOYecTBe (HET = 0, Zla = 1); pusuUecKre yrpaxHeHus / cnopt3ai (Het = 0, /ja = 1); paboTa (HeT = 0, /ja = 1); IPUYNHA YIIOTPeOIeHU —
cHATHE cTpecca (HeT = 0, /ja = 1), HacJIaXK/eHHe KU3HBI0 (HET = 0, /1a = 1), YTOOBI JIydllle crath (HeT = 0, 1a = 1); HapTHEP — B OJ{UHOYKY
(mer = 0, 1a = 1), B KpyTy ceMbu (HET = O, 71a = 1).

* p < 0.05; ** p < 0.01. Hosmer-Lemeshow test p = .506, discriminant predictive value — 71.5%, cutoff point: daily alcohol consumption
(g): <20 =0, = 20 = 1. LL — lower limit, UL — upper limit.

Reverse exclusion (likelihood ratio): age, gender (male = o, female = 1); hypertension (no = 0, yes = 1); living alone (no = 0, yes = 1);
physical exercise/gym (no = o, yes = 1); job (no = 0, yes = 1); the reason for use — stress reduction (no = 0, yes = 1), enjoyment of life

(no = 0, yes = 1), to sleep better (no = 0, yes = 1); partner — alone (no = 0, yes = 1), in the family (no = o, yes = 1).

PECIOH/IEHTOB. BOJIBIITMHCTBO YUaCTHUKOB, IIBIOIUX
6oJiee 20 T/7eHb, IPEAIOYNTAIIH [IUTD C [IEJIBI0 CHSA-
THs cTpecca (p = .001), I HACTAAXK/IEHUS KU3HBIO
(p = .001) u s ayuniero cHa (p = .001). Yo kaca-
eTcd IapTHepa IO YHOTpeOJIeHHWI0 ajkorosis, 78
(18.4 %) ydacTHUKOB, YIOTpeOJABIINX Oojiee 20 T
YA B f1eHb, TN B OAUHOYKY (p = .001), I10 CpaBHe-
HUIO ¢ 10 (2.4 %) yJacTHUKaMU U3 IPYIIIBI YIOTpPe-
OnABIIMX MeHee 20 T B JieHb. bosiee TOro, 145
(34.2 %) y9aCTHUKOB U3 TeX, KTO yHOTpeOJIsi bosee
20 r YA B JIeHb, IUJIU JIKOTOJIb B KPYTY CEMbH, 110
cpaBHEHUIO ¢ 34 (8.0 %) yuacTHUKaAMH MeHeE IbIo-
Ied TPYIIBI, YTO MOKA3aJI0 CTATUCTHYECKU 3HAUM-
My10 pazHuiy (p = .001).

B Tabi1. 4 mpeacTaByieHbI pe3yJIbTaThI IOTUCTHYE-
CKOTO PErpecCHOHHOT0 aHAIN3a MEK/Y ABYMS TPYII-
[IaMH IBIOIIUX YIACTHUKOB OTHOCHUTEILHO JTHEBHOTO
npueMma 20 T YA. He3zaBucuMbpIMH IepeMeHHBIMHU,
KCIO0JIb30BAHHBIMU JIJIsI JIOTUCTUYECKOTO PErPecCu-

reduction (OR = 4.580; 95% CI: 2.313—9.069), enjoy-
ment of life (OR = 3.015; 95% CI: 1.207—7.531), alco-
hol drinking alone (OR = 2.480; 95% CI: 1.079—
5.703) and in the family (OR = 2.586; 95% CI:
1.506—4.439).

Tables 5 and 6 there are results of the gender-
based stratified analysis for men and women, respec-
tively. Among men, alcohol consumption significantly
correlated with hypertension (OR = 0.216; 95% CI:
0.090-0.521), alcohol consumption for stress reduc-
tion (OR = 2.530; 95% CI: 1.043—6.136), drinking
alone (OR = 5.454; 95% CI: 1.699—17.510) and in the
family (OR = 4.934; 95% CI: 2.003-12.154). In
women, drinking was significantly correlated with
living alone (OR = 0.455; 95% CI: 0.228-0.907),
drinking for stress reduction (OR = 5.274; 95% CI:
2.092-13.299), and enjoyment of life (OR = 4.669;
95% CI: 1.218-17.899), alcohol consumption in the
family (OR = 2.077; 95% CI: 1.069—4.033).
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Tab6uuna 5. JIOTHCTUUEeCKHH PerpecCHOHHbBIN aHAJIU3 JTHEBHOTO MTOTPEOJIEHUS 20 T aJIKOTOJIs CPEJIH MTOKUIIBIX POCCUSH,

CTpaTU(UITUPOBAHHBIN /IS MYKYUH (N = 424)

Table 5. Logistic regression analysis of 20 g alcohol daily consumption among elderly Russians, stratified for men (n = 424)

95% OBEPUTETHHBIA HHTEPBAJ

IToka3saTenasb 21'1;1:1(21(1)1: e 95% confidence interval
Parameter . p
0Odds ratio
LL UL

T'unepronus / Hypertension 0.216 0.090 0.521 .001**
Pa6ora / Job 5.229 0.644 42.469 122
IIpuunHa ynotpebJieHus: — CHATHE 2.530 1.043 6.136 .040*
cTpecca
Reasons for consumption — stress
reduction
ITaptHep / Partner:

B 0JIUHOYKY / by oneself 5.454 1.699 17.510 .004*

B Kpyry cembu / in the family 4.934 2.003 12.154 .001%*

*p < 0.05; ** p < 0.01. Tect Xocmepa — Jlememoy p = .085, IUCKPUMUHAHTHAA IIpeJicKa3aTesIbHAA [IEHHOCTh — 80.9 %, TOUKA OTCEUeHUsI:
JIHEeBHOe moTpebieHue ankoross (r): < 20 = 0, = 20 = 1. LL — Hkuwuit npexaes, UL — BepXHUH npezest.

O6paTHOe ucKIoYeHre (OTHOIIIEHHE ITPaB/oIoo0ust): TuepToHus (HeT = 0, 7ja = 1); paborta (HeT = 0, 1a = 1); IPUYNHA YIOTPeOJIeHUA —
cHsATHE cTpecca (Her = 0, 1a = 1); MapTHeP — B OJUHOUKY (HET = 0, A1a = 1), B KPyry ceMbu (HET = 0, /1a = 1).

* p < 0.05; ** p < 0.01. Hosmer-Lemeshow test p = .085, discriminant predictive value — 80.9%, cutoff point: daily alcohol consumption (g):

<20 =0, > 20 = 1. LL — lower limit, UL — upper limit.

Reverse exclusion (likelihood ratio): hypertension (no = 0, yes = 1); job (no = 0, yes = 1); the reason for the use — stress reduction (no = o,
yes = 1); partner — alone (no = 0, yes = 1), in the family (no = 0, yes = 1).

OHHOTO aHa/IN3a, OBLIU BO3PACT, II0JI, THIIEPTOHUSI,
MPOKUBAHUE B OJIMHOYECTBE, paboTa, pU3UUECKHe
VIIpayKHEHUsI / CIIOPT3aJjl, KOJIMYECTBO Pa3rOBOPOB B
JleHb, IPUYMHA YIOTPEOJIEHUs QJIKOTOJISI — CHSTHE
cTpecca, HacHaKAeHUE JKU3HbIO, YTOOBI JIydIlle
cIaTh, MApTHEP I10 YIOTPEOJIEHUI0 aJIKOTOIA — B
OZIMHOYKY, B KPYTY CeMbU. B pe3ysibrare Jioructuye-
CKOTO PErpeccCHOHHOro aHaim3a ObUIa OOHApy:KeHa
KOppEJIAUA MEXIY yIoTpebieHueM 6osee 20 T YA
u nosiom (OII = 0.582; 95% JU: 0.351-0.966),
runiepronueit (OI = 0.384; 95% JI1: 0.223-0.661),
npoxkuBanueM B ojuHOuecTBe (OII = 0.453; 95%
II: 0.256—0.803), IpUUUHOM YIIOTPEOIEHUS AJIKO-
rosisi — cHATue crpecca (OIIl = 4.580; 95% JU:
2.313—9.069), HacaaxaeHue xu3npo (Ol = 3.015;
95% IU: 1.207-7.531), ynoTpebIeHHEM aJIKOTOJIs B
onuHouky (OIII = 2.480; 95% JIN: 1.079—5.703) U B
kpyry cembu (OIII = 2.586; 95% JI1: 1.506—4.439).
B TabJ1. 5 1 6 IpesicTaBIeHbl pe3yIbTaThl CTPATH-
(pUIIMPOBAHHOTO aHAIM3a HA OCHOBE T10J1a JIJIsl MY3K-
YMH U JKEHIIUH COOTBEeTCTBeHHO. Cpefu My KUhH
yroTtpebJieHre ajKoToJisi 3HAYUTEIBHO KOPPEIUpO-
Basio ¢ runepronuei (Ol = 0.216; 95% JIN: 0.090—
0.521), ynotrpebJeHUEM aJIKOTOJIS JJIs CHHKEHWUS
crpecca (OIII = 2.530; 95% JA1: 1.043—6.136), ymo-
TpebiiennemM ankorosisi B oguHOUKy (O = 5.454;
95% JAU: 1.699—17.510) 1 B Kpyry cembu (OII =
4.934; 95% AU: 2.003—12.154). Y JKeHIIUH yIOTpe-
OJieHUe aJIKOTOJISI 3HAUUTEJIPHO KOPPEIUPOBAJIO C

DISCUSSION

Features of associations of quality of life and
moderate alcohol consumption among elderly
Russians

The drinking participants were younger than the
non-drinking ones, mostly worked, exercised more
often, had a higher PCS score, and a greater preva-
lence of sleep disorders. No statistical significance
was found in any of the health-related indicators of
quality of life between two groups of participants
consuming less and more than 20 g/day of PA. The
data obtained in the present study are consistent
with previous results among elderly Japanese with a
cutoff of 20 g/day [20]. However, statistical signifi-
cance in quality of life was found among both drink-
ers and non-drinkers: a higher PCS score of 40.1 in
the drinking group compared to 35.1 in the non-
drinking group, indicating better physical health
among drinking respondents.

A paradoxical relationship has already been
reported between better physical health and alcohol
consumption among Russians aged 18 and over [24].
With regard to moderate alcohol consumption, a
study among Russian men of working age showed
that complete abstinence from alcohol was associ-
ated with a lower PCS score compared to those who
consumed from 101 (28 g/day) to 191 (52 g/day) per
year, while no statistical significance was observed in
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TaGauna 6. JIOTHCTHYeCKU PErPeCCHOHHBIN aHAIN3 IHEBHOTO TOTPEGJIEHHSI 20 T QJIKOTOJIS CPE/IU MOKIIIBIX POCCHUSH,
crpaTuUIMPOBAHHBIN JUIs XKeHITUH (N = 424)
Table 6. Logistic regression analysis of 20 g alcohol daily consumption among elderly Russians, stratified for women

(n=424)
Oraomenue 957 JOBEPUTEIHHBIA HHTEPBA
IToxa3zaTtesb MIAHCOB 95% confidence interval
Parameter g p
Odds ratio
LL UL
Tunepronus / Hypertension 0.532 0.270 1.050 .069
IIpoxuBanve B 0IUHOYECTBE 0.455 0.228 0.907 .025%
Living alone
IIpuunHa ynorpebieHus
Reasons for consumption:
cHsTHE cTpecca / stress reduction 5.274 2.092 13.299 .001**
HacJIaK/ieHne Ku3Hbpio / enjoyment of life 4.669 1.218 17.899 .025%
ITaptuep / Partner:
B ofiuHOUKY / by oneself 2.562 0.860 7.635 .001
B Kpyry ceMbH / in the family 2.077 1.069 4.033 .031*

*p <0.05; ** p < 0.01. Tect Xocmepa — Jlemeroy p = .345, JUCKPUMUHAHTHaA IIpefickasaTeIbHasA [EHHOCTb — 61.7 %, TOUKA OTCeYeHUs:
JiHeBHOe oTpebsieHune ankorossi (r): < 20 = 0, > 20 = 1. LL — Hkaui npeaes, UL — BepxXHUi npezest.

O6parHoe uckIoYeHre (OTHOIIEHNE IPABAOIIO00Us): THIIEPTOHUS (HeT = O, 1a = 1); IPOJKUBAHUE B OlHOYECTBe (HET = 0, Aa = 1);
puYnHa ynoTpebeHus — cHATHe cTpecca (HeT = 0, 1a = 1), HacJIaK/eHue JKU3HbI0 (HeT = 0, Zla = 1); HapTHEP — B OJJUHOUKY (HET = O,
Jia = 1), B KpyTy ceMbH (HeT = 0, fa = 1).

*p < 0.05; ** p < 0.01. Hosmer-Lemeshow test p = .345, discriminant predictive value — 61.7%, cutoff point: daily alcohol consumption (g):
<20 =0, > 20 = 1. LL — lower limit, UL — upper limit.

Reverse exclusion (likelihood ratio): hypertension (no = 0, yes = 1); living alone (no = 0, yes = 1); the reason for use — stress reduction

(no = o, yes = 1), enjoyment of life (no = 0, yes = 1); partner — by oneself (no = 0, yes = 1), in the family (no = o, yes = 1).

npoxkuBanueM B ojpuHOouectBe (Ol = 0.455; 95%
JIN: 0.228-0.907), ynoTpebIeHueM aJIKOTOJIS [IJIs
cumwxkenus crpecca (Ol = 5.274; 95% JIN: 2.092—
13.299) u HacaaxkAeHus xKku3Hp0 (O = 4.669; 95%
JIU: 1.218-17.899), ymoTpebiieHHEM AajKOTOA B
kpyry cembu (OII = 2.077; 95% [AU: 1.069—4.033).

OBCYXKJIEHHUNE

Oco6eHHOCTM accouMaLmii KauecTBa XU3HU U
ymepeHHOro notpebaeHns ankorona cpegu no-
YKUAbIX POCCUAH

[Ipro1ye y9aCTHUKUA OBLTU MOJIOJKE HENBIOIINX,
B OCHOBHOM paboTasiu, yalle 3aHUMAaJINUCh pusuye-
CKUMH VIPOKHEHUSAMHU, UMeIU 0ojiee BBICOKUH
6assm PCS u GOJIBIIYI0 pacpoCTpaHEHHOCTh Hapy-
meHu# cHa. CTaTUCTUYECKON 3HAYMMOCTHU He OBLIO
00HAPY?KEHO HU B OJTHOM W3 CBS3AaHHBIX CO 37[0PO-
BbEM IIOKA3aTeJIel KauecTBa KU3HU MEXKY JIBYMsI
IpyIIaMyu y4aCTHUKOB, YIIOTPEO/IABIINX MeHee U
6osiee 20 1/menp YA. IlosiyueHHBIE B HACTOSIIEM
HCCJIEZIOBAHUH JTAHHBIE COOTBETCTBYIOT PE3YJIbTaTaM
HAIIIero MPEbIAYIIEro UCCAET0BAHUA CPEIHU TOXKHU-
JIBIX  SATOHIIEB  OTHOCHUTEJBHO  YIOTPEOJIEHUs
0 r/nmensb [20]. TeM He MeHee CcTaTUCTHUYECKAs 3HA-
YUMOCTh B KayecTBe JKU3HH ObLIa OOHapy)KeHa
Cpey MBIONUX U HEMBIOIHUX YIYACTHUKOB HCCIIEI0-

the MCS measure [25]. In the current study among
elderly Russians, no association was found between
PCS and MCS scores and consumption of more or
less than 20 g of PA per day, however PCS scores
were higher in elderly drinkers compared to non-
drinkers.

One of the reasons for this may be the peculiarity
of countries where moderate alcohol consumption is
not normative. In China, where moderate alcohol
consumption is not widespread, abstainers have
been shown to exhibit worse PCS values than drink-
ers [26]. However, in the United States, a country
where moderate drinking is widespread, moderate
drinkers had better health than abstainers [27]. Due
to the fact that moderate drinking is not widespread
in the Russian Federation, as in China, abstainers
show worse PCS values than drinking older people.
The reasons for this are unknown, but due to the lack
of factors that stop high alcohol consumption in old
age, physical illness may be one of the reasons for
alcohol withdrawal [28], which may be a factor in the
deterioration of physical health among non-drinking
elderly people.

Although there are many studies supporting the
health benefits of moderate alcohol consumption,
alcohol should not be recommended to non-drink-
ers [29]. It is for this reason that this article focuses
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BaHus: 6osiee Bbhicokui Oamn PCS — 40.1 B rpymme
yIOTPeOJIABIINX QJIKOTOJIb 10 CPAaBHEHUIO € 35.1 B
TpyIIIle He YIOTPeOJISBIINX aJIKOTOJIb, YTO CBH7E-
TEJICTBOBAJIO O JIydllleM (U3HIECKOM 3/I0POBbE
MIHIOIITUX PECTIOH/IEHTOB.

Vike cooOIaoch O CyIIECTBYIOIEH IapajioK-
CaJIbHOU CBSIBU MEXY JIyJIIUM (HU3UUECKUM 3]10-
POBBEM U IIPUEMOM QJTKOTOJISI CPEJTH POCCHUSH B BO3-
pacre 18 jsiet u crapiie [24]. UTo KacaeTcss yMepeH-
HOTO TIOTPeOJIEHUS] aJIKOTOJISI, TO HCCIeOBaHHE
Cpeyl POCCUUCKUX MYKUHH TPYAOCIIOCOOHOTO BO3-
pacra mokasaJjio, 4YTo ITOJTHOE BO3/IEPKAHUE OT aIKO-
TOJIsI accoruupyercss ¢ 0ojiee HUBKUM OalsIoM IO
PCS 1o cpaBHEHHIO C TEMU, KTO YIIOTPEDIISA OT 10 JI
(28 r/menn) 10 19 71 (52 r/7€Hb) B TOJI, IPU 9TOM CTa-
THUCTUYECKOU 3HaunMOcCTH B orieHke MCS He Hab110-
Jlastock [25]. B TekyieM uccie0BaHUN CPETH 0K~
JIBIX POCCHSAH He ObLIO OOHAPYKEHO CBS3H MEXKIY
onenkamu PCS u MCS u norpebieHuem 6osiee Wim
MmeHee 20 T YA B zeHp, ogHaxo onenka PCS ObpLia
BBIIIIE Y MBIONIUX TOKUJIBIX JIFO/IEH 110 CPaBHEHUIO C
HETBIOIUMU.

OfHOW M3 MPUYMH 3TOTO MOXKET OBITh OCOOEH-
HOCTb CTpaH, IJie YMePeHHOe MOoTpebseHre aTKo-
rosid He ABjdeTcsa HopMaTuBHBIM. B Kutae, rie yme-
peHHOe TIOTpebJIeHWEe aIKOTOJIsI He ABJIAETCS
IIUPOKO PACIPOCTPAaHEHHBIM, OBLJIO TIOKAa3aHO, UTO
BO3JIEPKUBAIOIIKECS IEMOHCTPUPYIOT Xy/AIINE 3HA-
yenus PCS, yuem neronnue j1oau [26]. Bmecre ¢ Tem B
CIIIA, cTpaHe, T/ie yMEPEHHOE YIIOTPeOIeHNE aTKO-
TOJISI IIUPOKO PACIPOCTPAHEHO, YMEPEHHO IBIOIIHE
UMEJTU JIyJIllee 37J0POBbE, UEM BO3/IEPKUBAIOIIHECS
[27]. B cBs13u ¢ Tem, uro B Poccutickoit emepanuu
yMepeHHOe YIoTpeOeHne aJKOTOJIsI He TOJIydHIo
IIUPOKOr0 pacupocTpaHeHus, Kak u B Kurae, Bo3-
JIEPKUBAOIINECS JIEMOHCTPUPYIOT Xy/IIINe 3Haue-
Hus PCS, ueMm ynoTpebJIsiolie aIkoT0Ib TOKUIIbIE
smoau. [IpuauHbBI 5TOr0 HEU3BECTHHI, HO U3-3a OTCYT-
cTBUST  (PAKTOPOB, OCTAHABJIMBAKOIINX BBICOKOE
oTpebJIeHHE AJIKOTOJIs B TIOJKUJIOM Bo3pacTe, hU3u-
Jeckre 3a00JIeBaHUA MOTYT OBITh OTHOU M3 IPUUHH
OTKa3za OT aJIKoroJisi [28], UTO MOKET SIBIAThCA (pak-
TOPOM YXYAIIEHUS (PU3UUECKOTO 3/I0POBBS CpEIu
BO3/IEPKUBAOIIIXCS TTOKUIIBIX JIIOJIEH.

HecMoTpst Ha TO, YTO CyIIECTBYET MHOKECTBO
HCCIIEZIOBAaHUH, TTOATBEPIKAAIOIIMNX TTOJIb3Y I 3710~
POBbsI YMEPEHHOTO yIOTPeOJIEHUS aTKOTOJIA, aIKO-
TOJIb HE CJIEAYET PEKOMEH/IOBATH HEITBIOIIUM JIFO/ISIM
[29]. IMeHHO MO 3TO¥M NMPUYHHE B JAHHOU CTaThe
OCHOBHOE BHUMAaHHE yJIEJISETCSA MBIOIIUM JIIOAM U
JIHEBHOMY ToTpebieHnio YA cpe/iu MhIONINX TTOKHU-
JIBIX JIIOZIeH. B Hacrosiiee Bpems KpaWHe BaskKHO
pa3BUBaTh OCBEIOMJIEHHOCTH B BOIIPOCAX yMEPEH-
HOTO TMOTPeOJEHUsT aJKOTOJIsI W PACIpPOCTPAHATH

on drinkers and daily intake of PA among elderly
drinkers. Currently, it is critical to develop aware-
ness of moderate alcohol consumption and spread
information about the consequences of moderate
PA consumption among elderly drinkers, as rec-
ommended by the Japanese Ministry of Health,
Labor and Welfare [6]. Specific patterns in the
characteristics of quality of life of elderly Russians
require further research and emphasize the intro-
duction of recommendations for daily moderate
consumption of PA.

Use of alcohol among the elderly as a sedative

Elderly Russians who consumed more than
20 g/day of PA were 4.5 times more likely to report
drinking alcohol to relieve stress and 3 times more
likely to enjoy life compared to those who consumed
less than 20 g/day. According to previous reports,
elderly people often use alcohol as a self-medication
for mental problems and to relieve stress [30]. In our
previous study among elderly Russians living in
Vladivostok and Primorsky Krai, alcohol consump-
tion above 21 g/day was also associated with stress
reduction [31]. The results of this study confirm the
data of previous studies showing that alcohol is often
used to relieve stress among elderly Russians. Elderly
Russians consumed more than 20 g/day for stress
reduction, however, no association was found in the
prevalence of depression assessed by the GDS or
MCS scores between the two groups. This suggests
that elderly Russians misunderstand the doses of
alcohol to achieve a sedative effect and abuse alcohol
for this purpose.

Moreover, our previous results have shown a
higher risk of social isolation among Japanese elderly
who drink more than 20 g/day and enjoy life by
drinking more alcohol per day [20]. Similarly, in this
study, consumption of more than 20 g of PA per day
among elderly Russians was 3 times more likely to be
associated with enjoyment of life, while consumption
of more than 20 g of PA per day was 2.5 times more
common among elderly Russians who drink alone
than among those who drink less than 20 g/day.
Moreover, the logistic regression showed an associa-
tion between older adults living alone and alcohol
consumption less than 20 g/day, while drinking
alone was more common among those who con-
sumed more than 20 g/day. This suggests that,
regardless of residence status, older adults who con-
sumed more than 20 g of PA per day preferred to
drink alone, which is in line with the findings of pre-
vious studies indicating an association of excessive
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nHGOPMAIIUIO O MTOCJIEJCTBUAX YMEPEHHOTO IOTpe-
Onennst YA cpeny TBIOMIUX MOKHUJIBIX JIIOAEH, Kak
PEKOMEH/IOBAHO SITOHCKUM MUHHCTEPCTBOM 37pa-
BOOXpaHeHUsl, Tpy/ia u 6sarococrosuus [6]. Cremu-
(uyeckre 3aKOHOMEPHOCTH B XapaKTEPUCTUKAX
KauyecTBa JKU3HHU IOKUJIBIX POCCHUSH TPEOYIOT Tab-
HEUIUX WCC/IEOBAaHUN M MPUJIAIOT 0coboe 3Haye-
HUE BBEJIEHUIO PEKOMEHJANUI 110 JTHEBHOMY yMe-
peHHOMY TTOTpebiieHno YA.

Ucnonb3oBaHue ankorona cpegm NoKUAbIX Nto-
p,eii B Ka4yecTBe cefgaTtTuBHOro cpeacrea

[Toxxuple poccusiHe, yIOTpeOssomue 6osee
20 r/neHs YA, B 4.5 pasa yaiie yKa3bIlBaJId Ha YIIO-
TpebJieHre aJIKOToJIsA B IeJISAX CHATHA CTpecca U B
3 pasa yaile — HOJIydeHHUs YAOBOJIbCTBUS OT YKU3HU
10 CpPaBHEHUIO C TEMHU, KTO YIOTPeOJs MeHee
20 1/nenb. CoryiacHO MpeAbIAYIINM OTYeTaM, MOKH-
JIbIE JIIOZI YACTO HCIOJIB3YIOT AJIKOTOJIb B KaUecTBe
caMOJIEUEHUs TIPU MICUXUYECKUX MpoOseMax U Jijist
cHATUA cTpecca [30]. B HaleM mpebIayieM ucciie-
JIOBAHUU CPEU IOKUJIBIX POCCHUSH, MTPOKUBAIOIIHX
B I. Bmagusocroke u I[IpuMopckoM kpae, yroTpebiie-
HHe aJIKOroJis O0Jiee 21 I'//ieHb TaKKe ObLIO CBA3aHO
co cHsATHEM cTpecca [31]. Pe3yIbTaThl JaHHOTO KCCIe-
JIOBAHUS TTOATBEPIKAAIOT PE3YJIbTAThI MPEIbIAYIITNX
KCCJIEIOBAHNH, TOKA3BIBAIOIIIX, YTO aJIKOTOJIb YaCTO
HCIIOJIb3YETCS JIJIST CHATUS CTPECcca CPEI MOKHIIIBIX
poccusiH. [Tokuiible poccHsiHe ymoTpebssiiu Oosiee
20 T/IeHb C IeJIBI0 CHATHUS CTPecca, OHAKO He ObLITO
0OHaPYKEHO HUKAKOH CBSI3U B PACIIPOCTPAHEHHOCTH
Jenpeccuu o GDS win ontenkax MCS mexay 5TUMU
JIByMsI TPYIIIIaMH. DTO TOBOPUT O TOM, UTO ITOKHJIbIE
poccusiHe HEPaBUWJIBHO MMOHUMAIOT J03bI aJTKOTOJIS
JUISL IOCTYKEHUS ceJIaTUBHOTO dddeKTa U 3JI0yIIo-
TPEOJIAIOT AJTKOTOJIEM B THX IEJIAX.

Bosiee Toro, Hamwu TpEeAbIAYIIHAE PE3yIbTAThI
IIOKa3au 0oJiee BBICOKUH PUCK COIUAIBHOU U30JISI-
MY CPEAH SATTOHCKUX MOKUJIBIX JII0/IeH, BHITUBAIO-
mux 0oJiee 20 T'/AeHb U MOJIyYaroIIuX YI0BOJIbCTBHE
OT ’KU3HU 3a CUeT MOoTpedeHus1 6OJIBIIEr0 KOTuye-
CTBa aJIKOTOJIA B JIeHb [20]. AHAJIOTUYHO B JJAHHOM
uceaeoBanuu moTpebiienue 6osee 20 T YA B /ieHb
Cpeay MOKIJIBIX POCCUSIH OBLIIO B 3 pasa yalre CBs-
3aHO C ITOJIYUeHHEM YA0BOJILCTBUSA OT KU3HH, TOTAA
Kak moTpebsieHue 6osiee 20 T YA B IeHb BCTPEUAIOCHh
B 2.5 pasa yallle CpeIH MOKHUIbIX POCCUSH, BIOIIIX
B OAMHOYKY, Ye€M CpeIUd TeX, KTO IIbeT MeHee
20 1/7eHb. Bosiee Toro, JorucTUYECKasi perpeccus
IOKa3ajla CBSI3b IPOKUBAIOIIUX B OJHMHOYECTBE
MOKWIBIX JIIOJIEH ©  YIOTpeOJIEHUEM aJIKOTOJIs
MeHee 20 T/7ieHb, TOTJa KaK yImoTpeOIeHne aTKo-
roJisl B OIMHOYKY BCTPEUYAJIOCH Yallle B TPyIIe TeX,
KTO ymnoTpebJisiy 6ojiee 20 T//eHb. TO TOBOPUT O

alcohol consumption with the risk of social isolation
among older people [32].

The results of the present study show that the use
of alcohol for sedation is often misunderstood by
elderly Russians and leads to increased alcohol con-
sumption and risk of social exclusion. The specifics
of drinking to relieve stress should be taken into
account in moderate drinking education and the
implementation of moderate drinking policies
among older people.

Social factors associated with excessive alcohol
consumption among elderly Russians

The obtained data show that elderly Russians
who consume more than 20 g of PA per day, com-
pared with those who consume less, are 2.5 times
more likely to drink in the family, while the major-
ity of female drinkers drink less than 20 g/day, and
most drinking men — more than 20 g/day. Previous
studies on family alcohol consumption among
older adults have shown higher alcohol consump-
tion among drinking spouses compared to non-
drinkers, as well as gender differences in alcohol
use, with women drinking more alcohol to support
their spouses’ drinking attitudes [33]. In terms of
moderate alcohol consumption, only one study was
found on household alcohol consumption among
older adults. C. Reczek et al. suggested that exces-
sive drinking by the husband contributes to an
increase in alcohol consumption by the wife, how-
ever, moderate consumption by the wife, on the
contrary, effects a decrease in the consumption of
alcohol by the husband over time [34]. In our study,
PA consumption of less than 20 g/day was associ-
ated with gender, indicating that most women con-
sumed less alcohol than men, while men consumed
more than 20 g/day and drank frequently in the
family. According to [34], higher alcohol consump-
tion in the family by men may influence women’s
attitudes towards alcohol, and this may be one of
the reasons why participants consuming less than
20 g/day suffer from hypertension. Given the
greater social control and binary influence of both
spouses on each other in old age [35], it is impor-
tant to take into account the nature of family rela-
tionships in relation to alcohol consumption. Alco-
hol withdrawal or reducing the amount of alcohol
consumed by one spouse was positively correlated
with a decrease in the amount of alcohol consumed
per week by the other spouse [36]. This needs to be
taken into account in families of older people, with
particular attention to women, in order to spread
information about moderate daily alcohol con-
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TOM, YTO BHE 3aBUCHMOCTH OT CTATyCa IIPOKIBAHUS
TIOKHJTBIE JIFOJTH, YIIOTpeOIsBIIre 6osee 20 T YA B
JleHb, MPEIOUYUTATN MUTh B OJUHOYKY, UTO COOT-
BETCTBYET PE3YJIbTATaM MPEABIIYIINX HCCIIEI0BA-
HUH, YKa3BbIBAIOIIUX Ha CBA3b YPE3MEPHOIO YIIOTpe-
GJIEHUST QJIKOTOJISI C PUCKOM COITUAJIBHON M30JISIIHH
Cpeau MOXKUJIBIX JTIofiel [32].

Pe3ynpTaThl HACTOAIIETO UCCIEIOBAHUA IOKA3HI-
BAaIOT, UTO KCIIOJIb30BAHHE AJIKOTOJIS B IEJIAX JOCTHU-
JKeHUs ceZaTUBHOIO 3¢ddeKTa 4acTo HenpaBUIbHO
[IOHMMAeTCsI HOKIJIBIMU POCCUSHAMU U IPUBOJUT K
VBEJIUYEHUIO MOTPeOIEHUsI QJIKOTOJISI U PHUCKaM
conuaabHON m3ossanuu. OcobeHHOCTH ymoTpebIie-
HUS QJIKOTOJIA C IIeJIBI0 CHATHUS CTpecca HeoOX0auMOo
VUHUTBIBATh B XOJl€ TPOCBETHTEIHCKOU PabOTHI IO
YMEPEHHOMY IOTPeOJIEHUI0 aJIKOTOJIA U peayn3a-
MY TTOJTUTUKY YMEPEHHOTO ITOTPe0IeHN A aIKOT OIS
Cpeu TMOKUJIBIX JIIOZIEN.

CoumanbHble GaKTOPbI, CBA3aHHbIE C Ype3mep-
HbIM ynoTpebsieHMemM anKkorona cpeam noxu-
NIbIX POCCUAIH

ITonyueHHBIE PE3YAbTATHI ITOKA3BIBAIOT, UTO
MTOKUJTbIE POCCUSTHE, TTOTpebIstomue 6osee 20 T YA
B JIeHb, II0 CPAaBHEHHUIO C TEMHU, KTO IOTpeOJisieT
MeHbIIle, B 2.5 pasa dYallle MPEeANOYUTaIT IUTh B
KPYTY CEMbU, IIPU 3TOM OOJIBIITMHCTBO MBIOIINX KEeH-
IIMH BBIIIMBAIOT MeHee 20 T'/leHb, a OOJIBIIHHCTBO
MBIOIIUX MY>KUHH — GoJiee 20 r/meHb. [Ipeapiayire
HCCIIEZIOBAaHUA O TMOTPeDOJIEHUU aJIKOTOJISI B CEMbeE
cpeau TOXKUJIBIX JIIOJIEN TTOKa3aau 0oJiee BBHICOKOE
oTpebJIeHe aTKOTOJIS CPEH MBIOUX CYIIPYTOB 10
CpPaBHEHUIO C HETTBIOIIIUMH, a TAK3KE TeH/IEpPHBIE Pa3-
JINYUA B YIOTPEOSIEHUU aJIKOTOJIS, KOT/IA KEHIIHbI
YHOTPEOJIAIOT GOJIBIE aJKOTOJIA, UTOOBI TOMIEp-
JKaTh OTHOIIIEHUE K aJIKOTOJII0 CBOUX CyIpyToB [33].
Ecsii roBOpuTh 060 yMEPEHHOM IOTPEOJIEHUH AJTKO-
roJist, TO OBLJIO HAK/IEHO TOJIBKO OIHO UCCIE0BAHUE,
TOCBSAIIEHHOE TOTPEOJIEHUIO AJIKOTOJIA B CEMbE
noxunbivu soabmu. C. Reczek et al. mpepamosio-
JKUJIM, UTO Ype3MepHOoe YIIOTpebJieHre aaKOTOoJIs
MY>KEM CIIOCOOCTBYET YBEJIMUYEHUIO IOTPebIeHus
JIKOTOJIsI KEHOU, OJTHAKO YMEpPEHHOe yroTrpebe-
HUE aJIKOTOJIS ’KEHOM, Ha000POT, BIAUIET Ha CHIKE-
HHUE TOTPeOJIEHUS] AIKOTOJISI MYXEM C TedueHHeM
BpeMeHH [34]. B Hamem uccienoBaHum HabJIIOA-
Jach CBsI3b ymortpebsienuss YA MmeHee 20 T//IeHb C
II0JIOM, UTO CBH/IETEJBCTBYET O TOM, YTO OOJIBIIIMH-
CTBO >KEHIIUH MOTPEO/IAI0T MEHBIIE aKOTOJIsI, YeM
MY>KUHMHBI, TOTZIa KaK MY>KUHHBI TIOTPeOIIsLIN 60s1ee
20 T//IeHb W YacTo BBINUBAIU B ceMbe. COIyiacHO
[34], 6osibiiee moTpebIeHIE AJIKOTOJISA B CEMbE MY3K-
YMHAMU MOJKET BJIMSATh HA OTHOIIEHHE KEHIIUH K
JIKOTOJII0, U 3TO MOKET OBITh OJHOW U3 HPUYUH

sumption — less than 20 g. Although gender diffe-
rences and family characteristics in alcohol con-
sumption were not considered in this study, higher
alcohol consumption was found in the family,
which makes it important to educate about moder-
ate alcohol consumption in the families of older
people.

Association between daily intake of 20 g PA
and hypertension

Participants consuming more than 20 g of PA per
day were less likely to develop hypertension
(OR = 0.384; 95% CI: 0.223—0.661). This correlates
with previous studies showing an association
between moderate alcohol consumption and the
prevalence of systemic hypertension [37]. However,
it is important to consider the fact that the majority
of study participants consuming less than 20 g/day
were women (OR = 0.582; 95% CI: 0.351-0.966)
living alone (OR = 0.453; 95% CI: 0.256—0.803).
P. Lloyd-Sherlock et al. and H. Matsuda et al. indi-
cate the prevalence of hypertension among single
elderly women [38, 39]. This may be another reason
that less alcohol consumption is associated with the
prevalence of hypertension. Since the effect of alco-
hol consumption on arterial stiffness, especially in
the elderly, has a J-shaped association and specific
gender differences [5], there is insufficient evidence
of a positive effect of daily alcohol consumption of
more than 20 g per day on hypertension. J-shaped
associations in alcohol consumption and hyperten-
sion [3, 4] indicate the need to introduce other norms
for daily alcohol consumption in future studies and
to continue investigating the effect of moderate alco-
hol consumption on hypertension among elderly
Russians.

Applicability of the Japanese model

Despite the attempt to apply the Japanese model
of moderate alcohol consumption to elderly Rus-
sian people in this study, the daily PA consumption
of more or less than 20 g of PA per day did not show
significant differences among respondents. The
moderate PA consumption recommended for the
Japanese population was lower than the median of
21 g/day intake presented in our study carried out
in Vladivostok and Primorsky Region [31], and
lower than the median of 32 g/day consumption
presented in our study conducted in the Novosi-
birsk Region [40].

The relatively low alcohol level in the recom-
mended daily PA intake for the Japanese population,
may be due to their racial origin. Representatives of
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TOTO, YTO YYaCTHUKHU, NOTPeOJIA0NEe MeHee
20 T/7eHb, CTPAJAIOT THUIEPTOHUEH. YUUTHIBAA
OOJIBIIINI COITUATIBHBIN KOHTPOJIb U GUHAPHOE BIIUSI-
HEe 000X CYIIPYTOB APYT HA IpyTa B IIOXKUJIOM BO3-
pacre [35], BaXKHO IPUHUMATH BO BHUMAaHHE XapaK-
Tep CEMEeHBIX OTHOIIIEHUH B CBA3H C TOTpebIeHneM
ankoroiid. ITpekpamnieHnue ynoTpebeHus aJKoroJis
WIN CHIJKEHUE KOJINUECTBA BBIIUTOTO OJHHUM U3
CYIIPYTOB MOJIOXKUTEJIbHO KOPPEJMPOBAJIIO CO CHU-
JKEHHEM KOJIMYECTBA BBIIIUTOTO B HEJEJIO JIPYTHUM
cyripyroMm [36]. DTO HEOOXOAMMO YUYHUTHIBATH B
CEeMbsIX MMOKUJIBIX JIIOJIEH, yesisis 0co00e BHUMAHIE
JKeHIIHAM, YTOOBI PaCIPOCTPAHATh NHPOPMAIUIO
00 yMEpeHHOM JTHEBHOM NOTPeOJIEHUH aJIKOTOJISA —
MeHee 20 T. HecMOTps1 Ha TO, UTO TeH/IepHbIE Pa3Iu-
YW U CeMelHble XapaKTePUCTUKU B MOTpeOIeHNH
aJIKOTOJISI HE PACCMATPUBAJIUCH B JJAHHOM HCCJIEJ0-
BaHUM, OBLIO BHISBJIEHO 00Jiee BBICOKOE MOoTpebie-
HUE QJIKOTOJISI B KPYI'Y CEMbH, UTO IPHUAAET BaXK-
HOCTbH IIPOCBEIIEHHIO B 00JIaCTH yMEPEHHOTO IOTpPe-
OJIEHUS aJIKOTOJISI B CEMBSIX MTOXKUJIBIX JIIOJIEH.

CBA3b exkegHeBHOro norpebneHus YA B Konu-
yectse 20 r c rMnepToHunen

YuactHuky, ynorpebsomniue 6oiee 20 T YA B
JIeHb, UMeJTH 6oJiee HU3KYI0 BEPOSITHOCTh PA3BUTHUS
runiepronuu (Ol = 0.384; 95% JIU: 0.223-0.661).
ATO KOppEJUpyeT ¢ MPEAbIAYIIUMU HUCCIeNOBAHU-
SIMH, TTOKAa3aBIIMMHU CBSI3b YMEPEHHOTO IMOTpebJie-
HUS aJIKOTOJIsSI ¢ PACIIPOCTPAHEHHOCTHIO CHUCTEMHOM
runieproHnu [37]. OJIHAKO Ba)KHO YYUTHIBATH TOT
¢akT, 9TO GOJBIIUHCTBO YYACTHHKOB HCCIEI0BA-
HUS, yIIOTPEOJIAIOMIX MeHee 20 T/IeHb, ObLIN XKeH-
muHamu (OII = 0.582; 95% JI1: 0.351—0.966), Ipo-
skuBaBIuMu B onunouectse (Ol = 0.453; 95% JIU:
0.256—0.803). Uccienoauus P. Lloyd-Sherlock et
al. u H. Matsuda et al. cBuieTe/IbCTBYIOT O Pacipo-
CTPAaHEHHOCTH TUIIEPTOHUHN CPEAU OJUHOKUX TOKHU-
JIBIX 2KEHIIUH [38, 39]. 9TO MOKeT OBIThH ellle OHOH
MPUYUHOU TOTO, YTO MeHbIIlee MOTpebIeHNEe TKO-
TOJISI CBSI3aHO C PACIPOCTPAHEHHOCTHIO THUIIEPTO-
HUU. B cBSA3W C TeM, YTO BJIMAHUE IOTPebJIEHUs
JIKOTOJIs HA JKECTKOCTh apTEPUN, 0COOEHHO y TTOKH-
JIBIX JIIOZIeH, uMeeT J-00pa3HyIo CBsA3b U Creludu-
YecKUe reH/iepHble pasingus [5], HeT JOCTaTOYHBIX
JIOKQ3aTeJIbCTB TIOJIOKUTEHbHOTO BJIUSHUSA JTHEB-
HOTO TIOTPebJIeHHUsI aJIKOTOJIsI OoJiee 20 T B JIeHb Ha
TUIIEPTOHUIO. J-0O0pa3HbIe aCCOIUAIIUU B IIOTpedie-
HUU JIKOTOJIA U TUIEPTOHUU [3, 4] yKa3bIBalOT Ha
HEOOXOMMOCTh BBEJIEHUSA JIPYTUX HOPM €KeTHEB-
HOTO MOTPeOIEHUS ATKOTOJISI B Oy TyIIIUX UCCIET0BA-
HUAX U MPOJOJDKEHUS U3YYEHU BIUSHUA YMEPEH-
HOTO TTOTPebJIEHNs aJTKOTOJIs Ha TUIIEPTOHUIO CPETN
TTO?KHJIBIX POCCHSTH.

Mongoloid race have low activity of aldehyde dehy-
drogenase 2 (ALDH2), a protein involved in the
elimination of alcohol from the body, and therefore
are not able to consume a lot of alcohol [41]. It is
likely that the recommendations for appropriate
daily moderate consumption of PA may vary depend-
ing on this fact. Although there is no official report on
the racial composition of the population of the stud-
ied regions in the Russian Federation, different
regions showed different amounts of daily PA con-
sumption.

Yet, the Japanese model may be suitable for the
city of Vladivostok and Primorsky Krai of Russia,
which is located closer to Asia and shows a lower
amount of PA consumption per day. However, tak-
ing into account our previous studies in certain
regions of the country, showing different norms for
alcohol consumption [31, 40], the introduction of
the recommended moderate amount of PA con-
sumption at the federal level does not seem possible
at the moment. In the case of a multi-ethnic country
such as the Russian Federation, the introduction of
reference of a moderate alcohol consumption suit-
able for all Russian citizens is an issue requiring fur-
ther study.

Study limitations

1. Obstructive sleep apnea syndrome was not
taken into account in this study. The drinking par-
ticipants were dominated by younger males with
higher BMI. Among Russian men, alcohol consump-
tion and elevated BMI were associated with a higher
risk of obstructive sleep apnea syndrome [42].
Obstructive sleep apnea syndrome is widespread
(41%) among elderly Russians with a BMI above 28
[43]. This fact correlates with the results of the pres-
ent study, according to which the BMI was 28.2
among the drinkers, and showed statistical signifi-
cance for the drinking and non-drinking groups
(p = .006). This may also be the reason why statisti-
cal significance of sleep disorders between the drink-
ers and non-drinkers was found (p = .005). Further
study of the prevalence of obstructive sleep apnea
syndrome and its association with moderate alcohol
consumption among elderly Russian people is
needed.

2. This is a cross-sectional study, and the cause-
effect relations between moderate alcohol con-
sumption and the presence of medical conditions is
not clear. It is difficult to ascertain whether the par-
ticipants already had hypertension at the time of
the study and intentionally abstained from alcohol,
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MpumeHumocTb AMNOHCKOMN moagenu

HecMOTpsi Ha MOMBITKY MPUMEHHUTH SITOHCKYIO
MOJIEJIb YMEPEHHOTO NOTPeOJIEHUsT aJIKOTOJsA K
MOKWJIBIM POCCHUSIHAM B JIAHHOM UCCJIEIOBAHUH,
IHeBHOe MoTpebsieHre YA B rpymmax ynorpebsisis-
mux OOJIbIlle U MEHBIle 20 T He MOKAa3aJIo CyIe-
CTBEHHBIX Pa3Inuiil. YMepeHHoe oTpebienne YA,
PeKOMeH/IOBaHHOE JJIs SITOHCKOTO HAaCeJIeHUs, OKa-
3aJI0Ch HIDKE, YeM MeJhaHa 21 T/IeHb, IPeJCTaB-
JIEHHas1 B HAIlEM HCCJIEIOBAHUM, ITPOBEJEHHOM B
r. BmaguBocroke u [IpumMopckoM kpae [31], u HKe,
yeM MeZnaHa 32 T//leHb, IPe/CTaBJIeHHAs B HAIIIEM
HCCIIe/IOBaHUM, TpoBeeHHOM B HoBocuOupckou
obsactu [40].

OTHOCUTETPHO HU3KHH YPOBEHb AQJIKOTOJIS B
peKoMeHIanuAX 1o motpedsenuro YA B JieHb I
SITOHCKOTO HAaceJIeHUs] MOKeT ObITh 00yCIOBJIEH
PpacoBOi IPHUHAJIJIEIKHOCTHIO ATOHCKOTO HACEJIEHMUS.
[IpescTaBUTE T MOHTOJIOUTHON pachl UMEIOT HU3-
KYI0 aKTUBHOCTb  aJIbJAETUETUIPOTEHA3BI 2
(ALDH2) — Oesika, y4acCTBYIOIIETO B BBIBEJIEHUU
JIKOTOJIsI U3 OPraHW3Ma, II03TOMY M HE CIIOCOOHBI
MOTPEOJIATh MHOTO AJIKOTOJIs B 1ieJioM [41]. BrosiHe
BEPOSITHO, YTO PEKOMEHJAIMH II0 COOTBETCTBYIO-
eMy JTHEBHOMY YMeEPeHHOMY yIoTpebseHur YA
MOTYT MEHATHCS B 3aBUCHUMOCTU OT 3TOTO (akKTa.
XoTa opUIHATBEHOTO OTYETA O PACOBOM COCTaBe
HACeJIEHUs HCC/IeNyEMBIX PErMOHOB B Poccuiickoi
denepanuu HeT, pa3Hble PETHOHBI IIOKA3aJIU Pa3HOe
KOJIMYECTBO JTHEBHOTO MoTpebaeHus YA.

TeM He MeHee SAMMOHCKAas MOJIEJIb MOKET IOJIOUTU
Juid r. Bnagusocroka u IIpumopckoro kpas Poceun,
PpacIoyIoKeHHOTo OJIrKe K A3UH U IEMOHCTPUPYIO-
I[ero MEHbBIIee KOJTUUECTBO THEBHOTO ITOTPEDIeHUS
YA B nienp. OgHaKO, IPUHUMAsA BO BHUMAaHUeE HaIIA
MIpeABIIYIIIE UCCIEOBAHNSA B OT/IEJIbHBIX PETHOHAX
CTpaHbl, IOKA3bIBAIOIHE Pa3HbIE HOPMBI YIIOTpE-
OseHUsT ayKOTOJIsA [31, 40], BBeieHUE PEKOMEHI0-
BAHHOTO yMepeHHOro obbeMa ynorpebiienus YA Ha
deneparbHOM YPOBHE Ha JJAHHBIA MOMEHT HeE IIpe/I-
CTaBJIAETCA BO3MOXKHBIM. B ciIyuae Takoi MOJIUIT-
HHUYECKOU CTpaHbl, Kak Poccuiickas ®eneparus,
BBEJIEHHE HOPMBI YMEPEHHOTO IMOTPEOIEHUS aJTKO-
roJisi, TOAXOJAINEro Ui BceX Tpakaan Poccuw,
SIBJISIETCSI BOIIPOCOM, TPEOYIOIINM JTaJIbHEHIIIero
U3yYeHUs.

Ol'paHMl'IEHMFl nccneposaHua

1. CUHZIpOM OOCTPYKTHBHOTO AITHO3 CHA He OBLI
IIPUHAT BO BHUMaHUE B JAaHHOM HCCJIeJOBAaHUU.
Cpeniu ynoTpebsIsABIINX aJIKOTOJIb YUaCTHHUKOB IIpe-
obstamanu 60Jiee MOJIO/IbIE MYKUUHBI C O0JIee BhICO-
kuM nokazatesieM VIMT. Cpenu pOCCHICKUX MyX-
YuH ynoTpebJieHne aIKoroJis U NOBbIeHHbIH UMT

or whether higher levels of alcohol consumption
contributed to improved cardiovascular perfor-
mance. Given the previously shown positive effect
of moderate alcohol intake on the course of coro-
nary heart disease [44] and cardiovascular pathol-
ogy [45, 46], the association of PA consumption
above 20 g/day and hypertension requires further
study.

CONCLUSION

To improve health and increase life expectancy of
elderly Russians, the moderate alcohol consumption
is crucial. However, a study in reference to the
amount of daily alcohol consumption recommended
by the Japanese health system, applied to elderly
Russians, did not reveal a significant difference in
the health characteristics of elderly people. As a
result of the study, we found that:

1. There were no differences in the assessment of
quality of life and physical factors in elderly Russians
who consumed more or less than 20 g of PA per day,
which suggests the need to introduce other reference
values for moderate alcohol consumption.

2. Excessive alcohol consumption has occurred
among elderly Russians who drink alone and to
relieve stress, which indicaties the risk of social isola-
tion, misunderstanding of alcohol doses for sedation,
and need for education in this group on moderate
alcohol consumption.

3. Alcohol consumption in the family may lead to
higher daily alcohol consumption among elderly
Russians. Gender differences in household intake of
20 g PA per day should be taken into account, espe-
cially among women, and need to be explored in fur-
ther studies.

4. Consumption more than 20 g of PA is not a
treatment for hypertension, and further scientific-
based evidence of an association between moderate
alcohol consumption and hypertension among
elderly Russians is needed.

Acknowledgement. The team of authors
expresses their sincere gratitude to the elderly peo-
ple living in Novosibirsk and the Novosibirsk Region,
Vladivostok and Primorsky Krai, as well as to all the
staff of the Novosibirsk State Medical University, the
Pacific State Medical University and the University
of Tsukuba for their support of this study.

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

90

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



von Fingerhut G. et al. / Journal of Siberian Medical Sciences Vol. 6, No. 2 (2022)

aCCOITMUPOBAIIUCH ¢ 60JIee BBICOKIM PUCKOM Pa3BHU-
THUsI CHHJIpOMa OOCTPYKTHBHOTO amHO3 cHa [42].
CuHApOM OOCTPYKTHBHOTO aITHO3 CHA IIMPOKO pac-
IpocTpaHeH (41 %) cpeiu MOKUIIBIX poccussH ¢ UMT
BhIIIE 28 [43]. DTOT GaKT KOPpeSUpyeT ¢ pe3ysIbTa-
TaMH HACTOSIIETO WCCJIEZIOBAHUSA, COTJIACHO KOTO-
prim UMT cocraBus 28.2 cpefit NbIOIMUX YIYACTHU-
KOB U IOKa3aJ CTAaTHUCTUYECKYI0 3HAUUMOCTDH JJIsI
YHOTPEOJIABIINX U HE YHIOTPeOJISABIINX AJIKOTOJIb
rpyutl (p = .006). DTO TaKKe MOKET OBITh TPUUUHOUN
TOTO, YTO CTATUCTHUYECKas 3HAUYUMOCTh PaCCTPOU-
CTBa CHa ObLIa OOHApYKEHA MEXKAY MBIOIIUMU U
HENBIOIUMU OKUIJIBIME JIIOABMU (p = .005). Heob6-
XOZIUMO JayIbHeNIIee U3yUeHne PaclIpoCTPAHEHHO-
CTH CHUHJIpOMAa OOCTPYKTHBHOT'O AaITHOD CHA U €r0
CBSI3U C yMEePEHHBIM HOTPeOIEHHEM aJIKOTOJISA CPeIU
TIOXKUJTBIX POCCHSTH.

2. JTO KpPOCC-CEKIIOHHOE WCCJIeZIOBAaHUE, U
[IPUYUHHO-CJIE/ICTBEHHAS CBA3b MEX/Ly YMEPEHHBIM
oTpebIeHueM aTKOTOJIA ¥ HATnureM 3a601eBaHII
He sicHa. TPyAHO yCTaHOBUTb, OBLJIA JIU Y YIACTHUKOB
y)Ke THIIEPTOHHMS HAa MOMEHT HCCJIEZIOBAHUS U OHU
HaMePEeHHO BO3/EPKUBAJIUCH OT IPUEMa AJIKOTOJIS
win Ke 0oJjiee BBICOKUH YPOBEHBb IOTPebIeHUs
QJIKOTOJISI  CIIOCOOCTBOBAJI  YJIyUIIEHUIO PabOThI
CEeP/IEYHO-COCY/TUCTOU CHUCTEMBI. YUUTHIBAs paHee
IIOKA3aHHOE TOJIOKUTEIHHOE BIMSHIE YMEPEHHOTO
IpueMa ajKoroJii Ha TeUeHWe WIIEMUIECKON
6oJie3HU cep/ina [44] ¥ cepAeuHO-COCYAUCTRIX 3260~
JieBaHUH [45, 46], cBs3b ymorpebsieHus YA Gosee
20 r/AeHb W TUIEPTOHHU TPeOyeT JabHEUIIEro
U3y4YeHUs.

3AK/IIOYEHUWE

s yiydineHus 3/0POBbsl U YBEJIUUYEHUs IIPO-
JIOJKUTEIFHOCTH KU3HHU MOKUJIBIX POCCUSH KpaiiHe
BOKHO YMepeHHOe NoTpebieHne aakoroysa. Tem He
MeHee HCC/Ie[IOBAaHUE OTHOCUTEIBHO KOJIMYEeCTBa
€Ke/THEBHOTO YIOTpebJIEeHUA aJIKOTO0JIsA, PEKOMEH-
JIOBAaHHOTO SAIIOHCKOM CHCTEMOU 3/IpaBOOXpaHEHUs,
B IPUMEHEHHH K ITOKUJIBIM POCCHUSHAM He BBIBUIIO
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CYIIIeCTBEHHOU pa3HUIIBI B XapAKTEPHUCTHUKAX 37I0PO-
BbsI TIOJKUJIBIX JIIO/IeH. B pesysibraTte mpoBeeHHOTO
WCCIIEZIOBAHUS MbI YCTAHOBHJIH, UTO:

1. He O6bUIO pa3inuuii B OllEHKE KAYeCTBA KU3HU
1 pusndecKux (GakTOPOB Y MOKUIIBIX POCCHUSIH, YIIO-
TpebIABIIUX OOJIBIIIE UM MeHbIIe 20 T YA B JieHb,
YTO TOBOPUT O HEOOXOJAMMOCTU BBEJIEHUS JPYTUX
HOPM YMEPEHHOTO OTPeOIEHUS aTKOTOJIA.

2. YUpesmepHoe MOTpeOJIEHUE AJTKOTOJISI MMEJIO
MECTO CPEJIH MOXKUJIBIX POCCHSH, IBIOIINX B OJUHO-
yecTBe W JJIA CHATHA CTPecca, YTO YKa3bIBaeT Ha
PHCK COIUATIPHOU U30JIAIUY, HETTPABUIIBHOE IIOHHU-
MaHUe JI03 AJIKOTOJISA JIJIS JIOCTHKEHUA CEaTUBHOTO
sddexTa U HEOOXOAMMOCTh IPOCBETUTETHCKOUN
paboThI B 3TOH TpyIINle IO YMepeHHOMY HoTpebJie-
HUIO aJIKOTOJIA.

3. YnorpebieHre aaKoroJIsl B CEMbEe MOYKET TIPH-
BeCTH K 0oJiee BHICOKOMY JHEBHOMY MOTPEOJIEHHIO
QJIKOTOJIA CPeAy MOXKWJIBIX poccusiH. ['eHJiepHbIE
pasiuuus B motpebseHun 20 T YA B IeHb B CEMBbsIX
JIOJI’KHBI OBITh yUTEHBI, 0COOEHHO CPE/IU *KEHIIUH, U
TpeOyIOT U3yUeHUs B JAIbHEUIIINX HCCIIEIOBAHUSIX.

4. Yuorpebsienre YA B kosiruecTBe 6oJiee 20 T He
SIBJISIETCSI CITOCOOOM JIeUeHUs] TUTIEPTOHUU, U He00-
XOJIUMBI TaJIbHEHIIIEe HAyIHO 0O0CHOBAHHBIE JIOKA-
3aTeIbCTBA CBSI3U MEXKy YMEpPEHHBIM HoTpebie-
HUEM AJIKOTOJISI W TUIEPTOHHEN CPEM TOMKHJIbIX
pOCCHSIH.

buaarogapuocru. KosieKTuB aBTOPOB BbIpa-
JKaeT HCKPEHHIOI  0JIarofapHOCTh  MOXKUJIBIM
JIoniAM, npoxkuBatonuM B HoBocubupcke u Hoso-
cubupckoit obactu, Baagusocroke u ITpumopckom
Kpae, a Takke BceM coTpyaHukaM HoBocubupckoro
TOCY/JapCTBEHHOTO MEJUITUHCKOTO YHUBEPCUTETA,
THX00KEaHCKOTO TOCYZAPCTBEHHOTO MEITUIIMHCKOTO
YHUBepcUTeTa W YHuBepcurera L[ykyObl 3a 1mOJI-
JIep>KKY JaHHOTO HCCIIe/IOBaHUA.

Kokt nHTEPECOB. ABTOPHI 3aABJIAIOT 00
OTCYTCTBUU KOH(JIMKTA UHTEPECOB.
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NHoTponHbIe 3P PeKThl H30JTUPOBAHHOIO CEPAIla KPBICHI IIPU
KOpPOHapHOU nepdy3uu UMMOOMIN3UPOBAHHBIMU CYOTUIN3UHAMU

I'.U. baitkanos® 2, H.II. Jleonos!, I1.T. Magonos®2, K./. Epmos® 2, K.I. baxapea', M.C. CosiyiatoBat

HHUH xauHuveckou u akenepumeHmanvHoll aumg@onozuu — guauan @IBHY «Dedeparvhulil uccaedosamenvexull
yeHmp Hnemumym yumono2uu u 2enemuxu CO PAH», Hosocubupck, Poccus
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AHHOTAITUA

BBeneHue. BHacrosmee BpeMsa UMMOOWIN3UpoBaHHbIe cyOTHIN3UHBI (IMC) UCIIOTB3YIOTCA B KauecTBe GUOPUHO-
JINTHUYECKOTO areHTa aHTUTPOMOOTHYECKHUX JIEKAPCTBEHHBIX cpeicTB. Biusuue MMC Ha COKpPATHTENbHYIO (DYHKIIHIO
cep/ia paHee He ObLUIO H3YUEHO.

Il ens. U3yunTh BiussHUE KOpoHapHOU nepdysun MMC Ha COKpaTUTENbHYI0 (DYHKIUIO HU30JIMPOBAHHOTO CEPALA
KDBICHI B OKCIIEPIMEHTE.

MaTepuasnb U METOJBl. B ucerenoBanuy UCIOIb30BaHA MO/IENIb KODOHAPHOU peTporpagHoi nepdysuu
M30JINPOBAHHOTO cep/ra Kpbichl o JlanreHzopdy pactBopamu MIMC B pa3HBIX KOHIIEHTPAIUAX. B sKcneprMeHT ObLIIO
BKJIIOUEHO 50 KpbIc-caMIloB. 2KHBOTHBIE ObLIN pa3ziesieHbl Ha 5 TPYII: 1- IPyIIa — KOHTPoabHaA (cepana, nepdysupye-
MBbIe TOJIBKO pacTBopoM Kpebca — XeH3zessiiTa) U 4 ONBITHBIE IPYNIIBL — cepAla, nepdysupyemsle pactBopoM MIMC B KOH-
LEHTPAIUAX 170, 340, 510 u 1020 EJI/11 cooTBeTcTBeHHO. COKpaTUTENBHYIO DYHKIHIO (MHOTPONIHBIH 5 deKT) H30I1po-
BAHHOTO Cep/Ia KPHICHI OIEHUBAJIN TI0 IIOKA3ATEJIO IaBJIEHHsI, PA3BUBAEMOTO JIEBBIM kerynoukom (JIJDK).
PesyasTarTsl. Ilepdysus H30IupOBAaHHOTO cepAIia KpbIchl pactBopoM IMC B TeueHMe 40 MUH BBI3BIBAET ITOJIOKUTENb-
HBII THOTPOIHBIH 3¢ ()EKT BO BceX ONBITHBIX rpymax. [Ipu koHteHTpanuu 170 E/1/1 adbdext HaboaeTces ¢ 10-i MUHYTHI, IPH
6oJiee BEICOKUX KOHIIEHTPAIMSAX — € 5-1 MUHYTHL. JlyTuTeIbHOCTh Hapactanust addekra nmpu npuMmenenny VImMC B iuana3oHe 7103
170—510 E]J1/1 iposiBiisieTcst 10 20-1 MUHYTHI, a IIPHU UCIIOIB30BAHUU /1036l 1020 EJI/1 — 10 30-11 MUHYTBL 3aTeM OTMeYaeTcst
octabienue nHOTpoItHOro dddekra. B rpymmax KUBOTHBIX ¢ BBeieHHeM VIMC B KOHIIeHTparuu 340—1020 EJl/n1 otmeuaercs
camkenye JIJIDK k 40-1 MUHyTe, HO 3HAUEHVsI 3TOTO ITOKA3aTeJIs OCTAIOTCS BBIIIIE II0 CPABHEHHIO C KOHTPOJIBHOH IPYITIIOH.
3aknwuenue. [lepbysus n3omupoBaHHOro cepAna pactBopoM VMC IOBBIIIAET COKPATUTEIBHYI0 aKTUBHOCTH
n30upoBaHHOTO cepyna. [Tpu nepdysun UmC Habaogaercs ysenuuenue JJJIK. THOTpOHBIN 3P dEKT UMeeT 10303aBU-
CUMBIH XapaKTep B PA3JINYHBIX BDEMEHHBIX TOUKAX.

Karoueente caosa: nMMOOUIN3UPOBAHHBIE CYOTUIU3UHBI, COKPATUTEJIbHAs CIIOCOOHOCTD cepALa, TpomboBazum.

OOpasen nmurupoBaHu#A: baiikanos I'.1., Jleonos H.II., Magonos II.T., Epmios K.U., Baxapesa K.U., Conpga-
ToBa M.C. IHOTpOMHBIE 3(PGhEKTH H30TUPOBAHHOTO CEPAIA KPHICHI IPU KOPOHAPHOM mepdy3uu UMMOOUIN3UPOBAH-
HbIMU cyoTtwuduHamu // Journal of Siberian Medical Sciences. 2022;6(2):96—107. DOI: 10.31549/2542-1174-2022-
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Inotropic effects of an isolated rat heart under the coronary
perfusion with immobilized subtilisins
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ABSTRACT
Introduction. Immobilized subtilisins are currently used as a fibrinolytic agent in antithrombotic drugs. The
effect of immobilized subtilisins (ISs) on the contractile function of the heart has not been previously studied.

TlocTymuia B peJakIiiuio 09.04.2022 Received 09.04.2022

IIporwia peneH3upoBaHue 15.06.2022 Revised 15.06.2022

ITpunaTa K My6IuKanuu 16.06.2022 Accepted 16.06.2022

Aemop, omeemcmeeHHblll 3a nepenucky Corresponding author

Baiikanos I'epman Hropesuu: ®I'BOY BO «HoBocubupckuii rocynap- German I. Baikalov: Novosibirsk State Medical University, 52, Krasny
CTBEHHBI MeJMIMHCKUN yHuBepcureT» Munszapasa Poccuu. 630001, prosp., Novosibirsk, 630091, Russia.

r. HoBocubupck, KpacHsrii mmp., 52. E-mail: gbaikalov@yandex.ru

E-mail: gbaikalov@yandex.ru

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



Baikalov G.I. et al. / Journal of Siberian Medical Sciences Vol. 6, No. 2 (2022)

Aim . To study the effect of coronary perfusion with immobilized subtilisins (ISs) on the contractile function of an iso-
lated rat heart in an experiment.

Materials and methods.Thestudy used a Langendorff model of coronary retrograde perfusion of an iso-
lated rat heart with solutions of ISs at different concentrations. The experiment included 50 male rats. The animals were
divided into 5 groups: group 1 — control (hearts perfused only with Krebs-Henseleit solution) and 4 experimental groups —
hearts perfused with a solution of ISs at concentrations of 170, 340, 510 and 1020 IU/], respectively. The contractile func-
tion (inotropic effect) of the isolated rat heart was assessed in terms of the pressure developed by the left ventricle (LVP).
Results. Perfusion of an isolated rat heart with a solution of ISs for 40 min causes a positive inotropic effect in all
experimental groups. At a concentration of 170 IU/I, the effect is observed from the 10th minute, at higher concentrations —
from the 5th minute. The duration of the effect’s rising when using ISs in the dose range of 170—510 U/l manifests itself up
to the 20th minute, and when using a dose of 1020 U/1 — up to the 3oth minute. Then there is a weakening of the inotropic
effect. In groups of animals with the introduction of immobilized subtilisins at a concentration of 340—1020 U/], there is a
decrease of LVP by the 40th minute, but the values of this indicator remain higher compared to the control group.
Conclusion. Perfusion of the isolated heart with a solution of ISs increases the contractile activity of the isolated
heart. When the heart is perfused with ISs, there is an increase of LVP. The inotropic effect is dose-dependent at various
time points.

Keywords: immobilized subtilisins, cardiac contractility, Trombovazim.
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BBEJAEHHNE

B Hacrosiiiee BpeMsa HMMOOWIN3UPOBAHHBIE
cyormwnusuabel (MUMC) HCIONB3YIOTCA B KadyecTBe
(pUOPUHOTIUTHIECKOTO areHTa AHTUTPOMOOTHYE-
CKHX JIeKapCTBEHHBIX cpencTB [1—4]. B Poccun
3aperUCTPUPOBAH  JIEKAPCTBEHHBI  Ipemapar
TpomboBazum Ha ocHOBe VIMC B KauecTBe TPOMOO-
JINTHUKA JIJI JIedeHUs 0CTPOTo nHdapKTa MHOKapza
(rmodunusar ns uHQy3Un) U BEHO3HOH HeJl0CTa-
TOYHOCTH (Karcysibl A1 IpueMa BHYTpPh). OcHOBa
dapmakogunamuku MmMC — npsmoe ¢ubpuHOIHA-
THYECKOe ielicTBre Ha GUOPUHOBBIN KapKac U mpsi-
MOE€ IIPOTEOJIUTUYECKOE — HA KJIETOUHO-0ETKOBBII
neTpuT Tpomba. PapMaKoIOTHMUECKU AKTHBHBIM
unrpeaueaTom mC saBisieTcss mpoTenHasa — Cyo-
TIIN3WH. Ha aTamne perncTpanmmoHHbBIX HCCIIE0BA-
Hult Bonpoc o BauaHuu MMC Ha COKpaTUTEIbHYIO
dyHKIIMIO cep/ilia He U3y4yeH. B sKkciepuMeHTa -
HOU (papMaKoJIOTUH MPUMEHSETCS MOZETb U30JIH-
POBaHHOTO cepjilia KpbIckl o JlanreH10pdY, KOTO-
pas MO3BOJIAET YCTAHOBUTH (DapMaKOJIOTUUECKUe
o dexTl mpemapaToB 06e3 yJacTHs HEPBHOU U
TYMOpaJIbHOU cucteM perysaanuu [5—7]. Cokpatu-
TeJIbHYI0 GYHKIUIO0 (MHOTPONHBIN 3P deKT) n301-
POBaHHOTO cepAIla KPBICH MOYKHO OI€HUTH I10 IaB-
JIEHHIO, Pa3BUBAEMOMY JIEBBIM kestyzioukoM (1K)
[8-10].

IIEJIb NUCCJIEAOBAHUA

N3yunTs BausHEE KOpOoHapHOU nepdysun MmC
Ha COKPATUTEJIbHYIO0 (DYHKIIMIO H30JUPOBAHHOTO
cepAla KpbIChl B 9KcIiepuMeHTe 110 JlanreHiopdy.

INTRODUCTION

Currently, immobilized subtilisins (ISs) are used
as a fibrinolytic agent in antithrombotic drugs [1—4].
In Russia, the drug Trombovasim based on ISs has
been registered as a thrombolytic agent for the treat-
ment of acute myocardial infarction (lyophilisate for
infusion) and venous insufficiency (capsules for oral
administration). The basis of the pharmacodynamics
of ISs is a direct fibrinolytic effect on the fibrin scaf-
fold and a direct proteolytic effect on the cellular pro-
tein detritus of the thrombus. The pharmacologically
active ingredient of ISs is a proteinase — subtilisin. At
the stage of registration studies, the issue of the ISs’
effect on the contractile function of the heart has not
been studied. In experimental pharmacology, the
Langendorff-perfused rat heart is used, which makes
it possible to establish the pharmacological effects of
drugs without the participation of the nervous and
humoral regulatory systems [5-7]. The contractile
function (inotropic effect) of the isolated rat heart
can be assessed by the pressure developed by the left
ventricle (LVP) [8-10].

AIM OF THE RESEARCH

To study the effect of coronary perfusion of ISs on
the contractile function of an isolated rat heart in the
Langendorff experiment.

MATERIALS AND METHODS

The experiments were performed according to the
classical Langendorff method [11]. Perfusion through
coronary vessels was performed at a constant pres-

Journal homepage: http://jsms.ngmu.ru
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MATEPUAJIBI 1 METO/IbI

OKCIEPUMEHTHI BBITIOJIHEHBI 10 KJIACCHYECKOU
meronuke Jlaurenmopda [11]. Ilepdysuio uepes
KOPOHApHBIE COCYZABl ITPOBOAIJIN IPU ITOCTOSTHHOM
naBimennu 80 MM pr. cr. B kauectBe mepdysata
rcnosb3oBasics pacTBop Kpebea — Xensessiira (pH —
7.4, TeMmreparypa — 37.5 °C), KOTOPBIN SBJISJICS KOH-
TPOJIEM U PACTBOPUTEJIEM JIJIsA UCCIIEAYEMOTO TIperna-
pata. [I1s amekBaTHON OKCUTeHAIUU cep/ra nepoy-
3MOHHBIM PacTBOP Hachlmasicsa kapborenom (95% O,
u 5% CO,). Muorponusii apdexr NMC onenupascsa
I10 TIOKA3aTeJsI0 JaBJIeHUs B JIEBOM KeyZouke. Jlis
PETUCTpAIVH JaBIeHUs UCIO0Ih30BAIN DAJUIOHUUK B
IIOJIOCTH JIEBOTO JKeyzouka. OOBeM IKUIKOCTH,
[0/IaBaeMblli B OA/UIOHYHK, COOTBETCTBYET HIDKHEH
rpaHUIle KPACHON BEPTUKAIHLHOH IIIKAJIBI 10 OTMETKH,
paBHOI1 0.25 B. Jlajiee curHas ocTynai Ha aHaJIOTOBO-
1 poBoil MpeobpazoBaTesIb U 3aTEM HA IEPCOHAIH-
HBI KOMIIbIOTEp. [laHHBIE O CHJIEe COKpAIIeHUs
JIEBOTO KeJTy/TouKa IIPeJICTABJIEHbI B BU/Ie 3HAUEHUH
HaNpPsPKEeHHUsI B BOJIbTAxX (BBICOTA IMHMKA), U3MEPEH-
Horo Ha ocruwuiorpade DiSco 2 (OO0 «Motop-
Macrep», Poccust). IIo OKOHYAHUU SKCIIEPUMEHTA
[IOJIyJYeHHbIe JIaHHBIE BBICOTHI IHKA BHOCWIH B
tabsuiyy Excel, 1 mporpamma aBTOMaTH4ecKy Iepe-
CUMTHIBAJIA 3HAYEHUS U3 BOJIBT B MM PT. CT.

OKCIIEpUMEHTHl TNPOBEJEHbl HAa 50 KpbICaX-
caMmIiax JJUHUU Bucrap maccoit 280—320 1. JKuBot-
Hble OBLIN pasziesieHbl Ha 5 TPYII (B KaXKAOU II0
10 ocobeit): 1-f Tpynma — KOHTPOJIbHAfA, CEPALA,
nepdy3upyemMbie TOJIbKO pactBopoM Kpebeca — XeH-
3€JITITA; U 4 ONBITHBIE TPYIIIBI — CePAIa, nepdy3u-
pyemble IMC B KOHIleHTpanusx 170, 340, 510 u
1020 Ex/n coorBercTBenHO. KoHIlEHTpaIuu cooT-
BETCTBYIOT TepalleBTUYECKUM J103aM JIeKapCTBEH-
Horo npenapara Ha ocHoBe MIMC. B onbITHBIX Ipyn-
Ilax 1o McTeYeHNU 20 MUH nepdysuu Ha (oHe cTa-
OmIpHON paboThl cepama B mepdysaT BHOCHINCH
NwmC B pacueTHOU 03e. MOMEHT BBEJIEHUS UMMO-
OMJIM3UPOBAHHBIX CYOTHUJIN3UMHOB B IEP(Y3UOHHBIA
pactBop obo3Hauasicsi Kak Touka O (HyseBas
MuHyTa). B aT0# Touke JIJIK cuuTaeTcss MCXOJHBIM.
ITepdysus uccsesyeMbIM IIperapaToM IIPOJOJIKa-
Jjach B TeueHue 40 muH. Vsmenenns JIJDK dukcu-
poBasIuCh HaA 5, 10, 20, 30 U 40-H MUHyTaX. B KOH-
TPOJILHOU T'PYIIIIE C O-H 10 40-10 MUHYTY Ilepdy3us
mpousBoiuIach pactBopoM Kpebea — XeHsenaiira.

CratucTuueckuil aHaIW3 JAHHBIX IIPOBENEH C
ucmosb3oBanueM mporpamm  MedCale  11.3.3
(MedCalc Software), STATISTICA 8.0 (StatSoft,
Inc.) u Microsoft Office Excel 2007. Ilokazarenun
JlaBJIEHHSA B JIEBOM JKeJIy/I0UKe B IPYyIIIaxX Ha dTamax
HCCIIeTOBAHMUS, 2 TAK)Ke PA3HOCTH ITOKA3aTeJIel 1aB-
JIeHUsA B JIEBOM JKeJIy/IouKe MeIy dTallaMu Hcciie-
moBauusi (AT) mpezicraBieHbl KaKk MeJUAHHbIE U

sure of 80 mm Hg. Krebs-Henseleit solution (pH —
7.4, temperature — 37.5°C) was used as perfusate,
which was the control and solvent for the studied
drug. For adequate oxygenation of the heart, the per-
fusion solution was saturated with carbogen (95% O,
and 5% CO,). The inotropic effect of ISs was assessed
by the LVP value. To register the pressure, a balloon
was used in the cavity of the left ventricle. The volume
of liquid supplied to the balloon corresponds to the
lower limit of the red vertical scale up to a mark equal
to 0.25 V. Then the signal was sent to an analog-to-
digital converter and then to a personal computer.
Data on the strength of contraction of the left ventri-
cle are presented in the form of voltage values in volts
(peak height) measured on a DiSco 2 oscilloscope
(Motor-Master LLC, Russia). At the end of the exper-
iment, the obtained peak height data was entered into
an Excel spreadsheet, and the program automatically
recalculated the values from volts to mm Hg.

The experiments were carried out on 50 male
Wistar rats weighing 280—320 g. The animals were
divided into 5 groups (each with 10 individuals):
group 1 — control, hearts perfused only with Krebs-
Henseleit solution, and 4 experimental groups —
hearts perfused with ISs at concentrations of 170,
340, 510 and 1020 U/], respectively. Concentrations
correspond to therapeutic doses of a ISs-based drug.
In the experimental groups, after 20 min of perfu-
sion, ISs were introduced into the perfusate at the
calculated dose in stable heart function. The moment
of introduction of ISs into the perfusion solution was
designated as point 0 (zero minute). At this point,
the LVP is considered as a baseline. Perfusion with
the studied drug lasted for 40 min. Changes in the
LVP were recorded at 5, 10, 20, 30 and 40 min. In the
control group, perfusion was performed with Krebs-
Henseleit solution from the oth to the 4o0th minute.

Statistical data analysis was carried out using
MedCalc 11.3.3 (MedCale Software), STATISTICA
8.0 (StatSoft, Inc.) and Microsoft Office Excel 2007.
The LVP in the groups at the study stages, as well as
the difference in the left ventricle pressure between
the study stages (AT) are presented as median and
interquartile ranges. Verification of the normality of
the distribution of quantitative parameters was car-
ried out using the Shapiro-Wilk test. For data with a
normal distribution, an F-test for homogeneity of
variances was used. For the intergroup comparison
of the repeated-measure analysis of variance (RM-
ANOVA) was used. Given that some of the data had a
different distribution from normal and some data
showed inhomogeneity of variances, a logarithmic
transformation of the data was performed before
RM-ANOVA. During the RM-ANOVA, the Green-
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MeKKBapTUJIbHBIE iuana3oHbl. [IpoBepka HOpMasb-
HOCTH paclipe/iesIeHus KOJIMYeCTBEHHBIX IIPU3HAKOB
IIpOBeJieHa ¢ UcIoIb30BanueM kpurepus llanupo —
Yunka. lna gaHHBIX, UMEIOIIUX HOpPMaJbHOE pac-
TpeJiejieHne, UCIoab30Basica F-Tect 714 mpoBepKu
IIpeATOoJIoKeHNsI 00 OJTHOPOHOCTHU JTUCIIePCH. J{Jis
MEKTPYIIIOBOTO CPABHEHUS IOBTOPHBIX U3MEPEHUH
HCIIO/Tb30BAH JVCIIEPCUOHHBIA aHAIN3 IOBTOPHBIX
usmepeHnii (RM-ANOVA). YuuthiBas, 4TO YacTh
JIAaHHBIX UMeJla OTJINYHOEe OT HOPMaJIBHOTO paclipe-
JleJIeHe W HEeKOTOpble JIaHHbIe MOKa3bIBAIU HEro-
MOTEHHOCTh JIUCIEPCUH, IIepef] IIPOBeJeHHEM
RM-ANOVA sBrIlIOSIHEHA JiorapudMuyeckas TpaHc-
¢opmanusa gansbix. I1pu nposegenuun RM-ANOVA
oneHuBasics koaddunuent chepuunoctu I'punxa-
yca — I'eiicepa, KOTOPBIH HCIOJIB30BAaH B KauecTBe
MIONIPABOYHOr0 KO3 UIMEeHTa, TPUMEHEHHOTO K
CTemeHsIM CBOOO/IBI, UCIOJIb3YEMBIM JIJIsI pacuera p
JUIs  HaOofaeMoro 3HaueHus F. Pesyiabrarhl
RM-ANOVA mnpencraBjieHbl KaK MEXIPYIIIOBOU
a¢dexr — BSE (pasHuna mexy rpymniaMu) U BHY-
Tpurpynmnossie 3ddektst — WSE (F — pasHuia
MeXAy u3MepeHusMH U G - F — pasHHUIla MEXAY
U3MepEeHUs MU B 3aBUCUMOCTH OT IPUHA/IJIEXKHOCTH
k rpynne). [Tocie BemosHennss RM-ANOVA mpu
HAJIUYUHU 3HAYUMBIX (p < 0.05) MEXTPYIIOBBIX U
BHYTPUTPYIIIOBBIX 3(pDeKTOB BHITOTHEHBI post hoc
a"anusbl. Tect @puaMaHa UCIOIB30BAJICA IJIA BHY-
TPUTPYIIIIOBOTO aHAJIN3a MOBTOPHBIX U3MEPEHUH C
MOCJIEAYIONUM alOoCTEPUOPHBIM CPaBHEHUEM C
IIOMOIIbI0O TecTa BHJIKOKCOHA ¢ IpUMeHeHHeM
nonpaBku boHdeppoHu K 3HaueHUio p; tect Kpy-
cKaja — Yojuiuca — JijIs MeXXIPYIIIOBOIO aHalIn3a
KOJIMYECTBEHHBIX [TOKa3aTesell B 3 U OoJjiee rpyIinax
C TOCJIEAYIOINM aIllOCTEPUOPHBIM CpaBHEHUEM C
nomo1nbio Tecta KonoBepa — Ulamana.

PE3YJIBTATBI 1 OBCY KAEHUE

Hnsa onenku BiauaHus nepdpysun MUmC Ha cuimy
MBIIIEYHBIX COKPAIIeHUH HW30JIMPOBAHHOTO CepAIa
[IPOBOJIWJIACHh PETUCTpaIis /IaBjIeHUs], pa3BHUBae-
MOTO KapUOMUOIIUTAMH B JIEBOM JKEJIy/IOUKE.
B cooTBeTCTBMU ¢ METOOJIOTHEH OKCIIEPUMEHTA
STOT TMOKAa3aTesb MPEACTABIISIET COOOU IaBeHUE B
0a/UTOHe, HAXOAAMIEMCA B JIEBOM JKEJIYyZIOUKE, U
BBIpakaeTcs B MM PT. cT. B Tabs. 1 mpeicTaBIeHbI
nudposele 3HaueHus /IJIDK Bo Bcex mcceiemyemMbIx
rpymnax, BKJIO4Yas KOHTPOJIbHYIO, Ha BCEX BPEMeEH-
HBIX ATalaX 9KCIEPUMEHTA.

IOnsa ynobcTBa aHaimmu3a STOTO IIOKA3aTesis
octpoeH rpaduk (puc. 1). OueBUIHO, UTO 1IEPPyY-
315 U30JINPOBAHHOTO cepAna pactBopom VimC mpu-
BOJIUT K HAPACTAHUIO CUJIBI CEPIEUHBIX COKPAIleHUH
IIpU BCEX KOHIIEHTPAIUAX UCCIeAyeMOro IIpenapara
10 cpaBHEHHIO ¢ nepdysueir pacteopom Kpebca —

house-Geisser sphericity index was estimated, which
is used as a correction factor applied to the degrees of
freedom used to calculate p for the observed value of
F. The results of RM-ANOVA are presented as an
intergroup effect — BSE (difference between groups)
and intragroup effects — WSE (F — difference between
measurements and G - F — difference between mea-
surements depending on group membership). After
RM-ANOVA was conducted, post hoc analyses were
performed in the presence of significant (p < 0.05)
intergroup and intragroup effects. The Friedman test
was used for intragroup analysis of repeated mea-
surements followed by a posteriori comparison using
the Wilcoxon test with the Bonferroni correction to
the p value; the Kruskal-Wallis test was used for
intergroup analysis of quantitative indicators in 3 or
more groups followed by a posteriori comparison
using the Conover-Inman test.

RESULTS AND DISCUSSION

To assess the effect of perfusion with ISs on the
strength of muscle contractions of an isolated heart,
the pressure developed by cardiomyocytes in the left
ventricle was recorded. In accordance with the meth-
odology of the experiment, this indicator represents
the pressure in the balloon located in the left ventri-
cle, and is expressed in mm Hg. Table 1 shows the val-
ues of the LVP in all the study groups, including the
control group, at all time stages of the experiment.

For the convenience of analyzing this indicator, a
graph has been constructed (Fig. 1). It is obvious that
perfusion of the isolated heart with a solution of ISs
leads to an increase in the strength of heart contrac-
tions at all concentrations of the studied drug compared
to perfusion with a Krebs-Henseleit solution. Change in
myocardial contractility is an increase followed by a
decrease in the LVP. This circumstance dictates the
need to analyze the dynamics of changes (difference) of
this indicator (AT) at the stages of the experiment.

The analysis of the dynamics of changes (AT —
difference) in the LVP in the experimental and con-
trol groups between the stages of the study is pre-
sented in Table 2.

After 5 min of perfusion with a solution of ISs,
there was an increase in the LVP for all concentra-
tions (p < 0.05) compared with the control (Fig. 2).

At the next time interval (5—10 min), there was an
increase in the dynamics of the LVP in all experimen-
tal groups (p < 0.05) compared with the control
group. A similar trend was observed when analyzing
the dynamics of the LVP and up to the 20th minute
(Fig. 3, 4).

In the period from the 20th to the 30th minute of
perfusion, the dynamics of myocardial contractility

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

99



Bbaiikanos I''H. u dp. / Journal of Siberian Medical Sciences T. 6, N° 2 (2022)

TaGauna 1. 3HaYeHNUsI JAaBIEHH B JIEBOM YKeJIyZ[0UKe, MM PT. CT.
Table 1. Values of pressure in the left ventricle, mm Hg

I'pynma 0 MHH 5 MUH 10 MUH 20 MUH 30 MUH 40 MUH P
Group 0 min 5 min 10 min 20 min 30 min 40 min

UmC 170 EIl/n 79 (71; 82) 81(73;84)# 88(81;91)#* 02(88;108)#* 88 (86;97)#* 82 (78;86)# <o0.001t
ISs 170 U/1

(n=10)

UMC 340 ENl/n 77(70;86) 86 (84;92)#* 94 (89;101)#* 102 94 (86; 97)#* 90 (81;91)#* <0.001T
ISs 340 U/1 (95; 108)#*

(n=10)

UmC510 E/m 72(70;91)  81(70;98)#* 87(81;102)#* 94 (86;103)#* 88(80;99)#* 82 (75;94)#* <0.001T
ISs 510 U/1

(n=10)

UmC 1020 El/n 73 (68;91) 80 87(81;105)#* 94 (88; 110)#* 99 97 (78; 115)#* <0.001T
ISs 1020 U/1 (74; 102)#* (90; 104)#*

(n=10)

KonTposs 69 (64;72) 70(65;72)  73(68;75)% 73 (70;76)*  73(68;76)* 71(68;76)*  <0.001T
(p-p Kpebca —

XeHx3eJ11Ta)

Control (Krebs-

Henseleit solution)

(n=10)

p 0.34% 0.03* 0.002% 0.0009* 0.0007* 0.0035%
IIpumeuanus: RM-ANOVA: unzekc chepuunocrtu I'punxayca — leficepa — 0.629; BSE-G: F = 3 . 93, p = 0.008; WSE-F:

F=102.92,p < 0.001; WSE-F - G: F =

4.65, p < 0.001.

JlaHHbBIe MpesicTaBIeHbl Kak MeauaHa (25-i; 75-# mporenTns); * Tecr Kpyckana — Yosutuca; # p < 0.05 Teer Konosepa — Mnmana
(cpaBHEHHMeE ¢ KOHTPOJIbHOU IpymIoi); T Tect ®puamana; * p < 0.0083 Tect BUIKOKCOHA /17151 HAPHBIX BHIOOPOK (CpaBHEHUE ¢ HAYAIbHBIM

3TAIoM).

Notes: RM-ANOVA: Greenhouse-Geisser sphericity index — 0.629; BSE-G: F = 3.93, p = 0.008; WSE-F: F = 102.92, p < 0.001;

WSE-F - G: F = 4.65, p < 0.001.

Data are presented as median (25th; 75th percentile); * Kruskal-Wallis test: # p < 0.05 Conover-Inman test (comparison with the control
group); T Friedman test; * p < 0.0083 Wilcoxon test for paired samples (comparison with baseline).
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RM-ANOVA:

Sphericity GG = 0.629

BSE-G: F = 3.93, p = 0.008
WSE-F: F = 102.92, p < 0.001
WSE-F- G: F = 4.65, p < 0.001

—0— 170 EZU/n (U/))
{7 340 EZU/n (U/D)
“ 510 I/ (U/)
—L = 1020 EJ1/x (U/D)

I p-p Kpebea — Xenxsensiirta
Krebs-Henseleit solution

Puc. 1. I3MeHeHNe 1aBJIeHUs] B JIEBOM 2KeJIyI0UKe IPpH Hepdy3un H30IMPOBAHHOTO CEPAIIA B UCCIIEAYEMBIX IPYIIIAX
pactBopom NMC B pa3HOil KOHIIEHTPAIMY U KOHTPOJIBHBIM PACTBOPOM
Fig. 1. Changes in the LVP during perfusion of an isolated heart in the studied groups with a solution of ISs at different

concentrations and the control solution
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Tab6suna 2. Paznocts nuamenenus JIJI2K (AT) B OIIBITHBIX U KOHTPOJIBHOH IPYIIIAX MEXK/Y STallaMU UCCIIEIOBAHUS
Table 2. The difference in the change in LVP (AT) in the experimental and control groups between the stages of the

study

I'pynna AT, AT AT

2(5-10)

3(10-20)

AT
AT AT o6ui(0-40)
4(20-30) 5(30-40) ATgeneral (0-40)

nwmC 170 EIl/n -5.4 -6.5 -7.5

5.4 (2.2; 8.6)% 5.9(3.2;10.8)# —5.9 (-11.8; —3.2)#

ISs 170 U/1 (-10.8; —1.1)# (-9.7; —4.3)# (-17.2; —2.2)#

(n=10)

UMC 340 Ell/n  —6.5 -8.1 -7 9.7(5.4;10.8)% 5.4 (5.4; 6.5)* —9.7(-18.3; -5.4)%
ISs 340 U/1 (-10.8; -5.4)% (-10.8; -5.4)% (-14; -5.4)%

(n=10)

WmC 510 EJl/n -9.1 -4.8 -5.9 5.9 (-1.1;7.5) 5.9(4.3;10.8)# —8.6 (-17.2; —6.5)#
ISs 510 U/1 (-10.8; -5.4)% (-6.5;-4.3)% (-9.7; -3.2)%

(n=10)

NmC1020 ENl/n  -5.9 -7 —5.4 —5.4 6.5 -13.4

ISs 1020 U/1 (-10.8; =5.4)# (-8.6; —3.2)# (-6.5;-4.3)% (-8.6;5.4) (—=6.5; 11.8)#  (=36.6; —10.8)#
(n=10)

Koutposs -0.5(-2;1)  -3(-3;-2) -1(-2;-1) 1(0;2) 1(0;2) -3(~4;-2)

(p-p Kpebea —

XeHxazessamnra)

Control (Krebs-

Henseleit solution)

(n=10)

p 0.0006* 0.0001* 0.0024* 0.001% 0.03* 0.0015%

IlpuMeuanue. JlaHHbIE IPeACTABIEHBl KaK MenuaHa (25-i; 75-i npoueHTwb); * Teer Kpyckana — Yosutuca; # p < 0.05 Tecr
Y

KonoBepa — lumana (cpaBHEHUE ¢ KOHTPOJIBHOM TPYIIIION).

N ot es. Dataare presented as median (25th; 75th percentile); * Kruskal-Wallis test; # p < 0.05 Conover-Inman test (comparison with

the control group).

Xenzenanra. MIsMeHeHNe KOHTPAKTUIBHOCTH MHO-
Kap/ia IpeJICTaBiIsgeT co00H MOBBINIEHUE C ITOCTIENY-
OIMM CHIKeHueM nokasaress JJDK. 9to obcrosi-
TEJIbCTBO IUKTYET HEOOXOAMMOCTD IPOBEIEHUS aHA-
JI3a JUHAMUKY U3MEeHEHUH (Pa3HOCTH) ATOTO IMMOKAa-
3aresisi (AT) Ha sTanax SKCIEepUMEHTA.

Ananus nuHamuku uszmenenunit (AT — pazHOCTD)
JJIJK B OIBITHBIX U KOHTPOJIBHOU TPYIIaX MEXKIY
STallaMH UCCJIeI0BAHISA IIPE/ICTaBIIeH B Ta0II. 2.

Yepes 5 muH nepdysuu pacrsopom UmC otme-
vaercsa mpupoct JJIPK ps Bcex KOHIEHTpAIUi
(p < 0.05) IO cpaBHEHMUIO C KOHTPOJIEM (pHC. 2).

Ha ciemyroriieM BpeMeHHOM OTpe3Ke (5—10 MUH)
OTMEUAJIOCh YBeJIUYeHUe JIMHAMUKU II0Ka3aTesisd
JIJIK BO Beex ONBITHBIX rpymmax (p < 0.05) IO cpaB-
HEHUIO ¢ TPYNION KOHTPOJIA. AHAJIOTUYHBIN TPEH/]
Habsromancsa npu aHanuse auHamuku JIJDK u o
20-U MUHYTHI (pHC. 3, 4).

B mepuos ¢ 20-#i mo 30-10 MUHYTY Nepdy3uu
JIMHAMHUKa KOHTPAKTWJIHBHOCTA MHOKap/ia IoKa3asia
TpPEeH/| Ha CHIDKeHHe (BO3BpAT K MCXOJHBIM 3Haue-
HUSM) TOJIBKO B Irpymiax ¢ KoHentpanueit imC 170
u 340 EJI/n (puc. 5). IIpu atrom 3Hauenus JJJIK (cm.
TabJI. 1, pUC. 1) BO BCEX IPYIIIIaX OCTABAJIUCH BHIIIE
s3HaueHn# JIJI2K B KOHTPOJIbHOI IpyIIIe.

B mepuoj ¢ 30-# mo 40-10 MUHYTY Iepdy3uu
JUHAMUKA KOHTPAKTIJIPHOCTH MHOKapAa uMesa
TPEH/] Ha CHIKEHHE BO BCEX OIBITHBIX TPYIINAX, YTO

showed a downward trend (return to baseline val-
ues) only in groups at a ISs concentration of 170 and
340 U/I (Fig. 5). At the same time, in all groups the
values of the LVP (see Table 1, Fig. 1) remained above
the values of the LVP in the control group.

In the period from the 30th to the 40th minute of
perfusion, the dynamics of myocardial contractility
tended to decrease in all experimental groups, which
indicated a weakening of the inotropic effect of ISs
and a return of the LVP to the baseline values (Fig. 6).
At the same time, in all groups the LVP values (see
Fig. 1, Table 1) remained higher than the LVP values
in the control group.

In the diagram shown on Fig. 7, the dynamics of
the LVP increase under the perfusion with ISs and
Krebs-Henseleit control solution during the entire
time of the experiment is displayed. All the concen-
trations of ISs have an increase in the LVP compared
to the control group (p < 0.05).

Thus, the perfusion of an isolated heart with a
solution of ISs increases the pressure in the left ven-
tricle, which, in turn, indicates a positive inotropic
effect caused by them. The onset of the effect depends
on the concentration of the ISs in the solution. At a
concentration of 170 U/], an increase in the pressure
in the left ventricle is detected from the 10th minute,
at higher concentrations — from the 5th minute. The
duration of the increase in the effect when using ISs
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4(20730))
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Puc. 6. Paznocts nudmenenus JIJIK B ONBITHBIX M1 KOHTPOJIBHOU TPYIIIIAX Ha 40-U MUHyTe niepdysun AT,
Fig. 6. The difference in changes of the LVP in the experimental and control groups at the 40th minute of perfusion (AT

CBUJIETEIHCTBOBAJIO 00 OCIabJIeHuM HWHOTPOITHOTO
nevicteusa ImMC u BoszBpate JIJI2K K ncxomHBIM 3Ha-
vyeHusaM (puc. 6). [Ipu srom 3Hauenus /JJIK (cm.
TabJ1. 1, PUC. 1) BO BCEX TPYIINAX OCTABAJIUCH BBIIIIE
3HaueHUH [IJI?K B KOHTPOJIBHOH TpyTIIIe.

Ha quarpamwme, rpezicTaBJieHHOM Ha PHUC. 7, 0Tpa-
’)KeHa auHamMuka npupocra JJIK mpu nepdysuu
VmC u koHTpOsIBHBIM pacTBopoM KpebGca — Xense-
JIIATA B TeUeHUeE BCero BpeMeHU SKCcIepuMeHTa. Bee
koHueHTparuu MmC nmetor npupocrt JIJI2K 1o cpas-
HEHWUIO ¢ TPYNIOHN KOHTPOJIA (P < 0.05).

Takum o6paszoM, mepdy3us HU30JIUPOBAHHOTO
cep/illa pacTBOPOM MMMOOMJIM3UPOBAHHBIX CyOTH-
JIM3VHOB YBEJIUYUBAET [aBJIeHHE B JIEBOM KeJIy-
JIOUKe, 4TO, B CBOIO OUepesb, CBUJIETETBCTBYEeT 00
00yCJIOBJINBAEMOM MMU TOJIOKUTEIBHOM MHOTPOII-
HoM 3ddekre. Hauano sadderra 3aBUCUT OT KOH-
nentparuu UmC B pactBope. IIpu KoHIleHTpamuu
170 EJl/n yBenuueHHe IABJIEHHUS B JIEBOM JKey-
JIOUKe OOHApPYKUBAETCS ¢ 10-H MUHYTHI, IpU OoJiee
BBICOKUX KOHIIEHTpAlUAX — ¢ 5-H MUHyTHL. [au-
TeJIbHOCTh HapacTaHus 3ddeKrra mpu mpuMeHEeHUU
NmC B nuamasoHe 103 170—510 EJ[/n1 nposiBisieTcs
0 20-d MUHYTHI, a IIPHU HCIOJB30BAHUU [[03BI
1020 EJI/n1 — 1o 30-if MUHYTBL. 3aTeM OTMEYAEeTCs
yMeHblIeHUe 3Toro sddexra. IIpu nmpumeHeHUU
NmC B ntoze 170 EJI/n1 HAa 40-1 MUHYTE OTMeEYaeTcs

5(30-40)

)

5(30—-40)

in the dose range of 170—510 U/l is manifested up to
the 20th minute, and when using a dose of 1020 U/1 -
up to the 3oth minute. Then there is a decrease in
this effect. When using ISs at a dose of 170 U/I, at the
4oth minute the left ventricle pressure indicators
return to the baseline values, which are comparable
with the indicators of the LVP of the control group at
the 40th minute of the experiment. In groups of ani-
mals with perfusion of ISs at concentrations of 340—
1020 U/I, there is a decrease in the LVP by the 40th
minute, but the values of this parameter remain
higher than in the control group.

CONCLUSION

The data of the study demonstrate a positive ino-
tropic effect of the isolated heart perfusion with ISs
(thrombolytic drug, Trombovasim). The inotropic
effect is dose-dependent at various time points. The
positive inotropic effect combined with the direct
thrombolytic effect of ISs makes it possible not only
to prevent a decrease in cardiac output, but also to
realize its increase in the setting of a regional (coro-
nary) circulation accident caused by a critical event,
for example, myocardial infarction.
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Fig. 7. Dynamics of changes in the LVP in the experimental and control groups during the entire time of the experiment

(AT

BO3BpaT IIOKAa3aTesied JABJIEHUS B JIEBOM JKEJIy-
JI0UKe K MCXOJHBIM 3HaUeHUAM, KOTOpble CDABHUMBI
¢ mokazatenamu [IJIXK KOHTpPOJIBHON TpymnIbl Ha
40-U MUHYTE KCIIEpUMeHTA. B rpymmax :KUBOTHBIX
¢ mepdysueri MMC B KOHIEHTpamusx 340—
1020 EJI/n1 otmeuaercsa cumxkenue JJJIXK K 40-i
MHHYTe, HO 3Ha4YeHUs 5TOT0 II0Ka3aTesis OCTAI0TCs
BBIIIIE IT0 CPABHEHHIO C KOHTPOJIBHOU I'PYIIIOHN.

3AK/IOYEHUE

JlaHHbBIe TIPOBEJIEHHOIO UCCJIEOBAHUA JIEMOH-
CTPUPYIOT TOJIOKHUTEJIbHBIA WHOTPOIHBIN 3] derT
nepdysuu uzoauposanHoro cepamna MmMC (tpombostu-
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Biansaaue pakropa MHOTOILIOAUA IIPU MHAYITHPOBAHHOM
0epeMEeHHOCTH Ha MeEPUHATAIbHBbIE UCXO/IbI

J.A. Kuamrr!, 11.0. Mapunkun?, M.K. Cob6osieBa® 2

'@I'BEOY BO «Hogocubupckuil 2ocydapcmeeHHblii MeduyuHckuil yHusepcumem» Munzdpasa Poccuu,
Hosgocubupck, Poccus

2Meduyumckuii yenmp «ABHI[EHHA» I'K «Mamb u /flums», 2. Hogocubupck, Poccus

AHHOTAIIA

BBengenwue. Ilpu unaynupoBanHou 6epemenHoctu (I1B) BaxkHelnM HeOIaronpusTHBIM (haKTOPOM, BJIMSIOIIAM
Ha IepUHATAIbHBIE UCXOJbI, ABJIAETCA ATPOTeHHOE MHOTOIUIO/INE. AKTHBHOE BHEIPEHUE B IIPAKTUKY METO/IUK, CHIKAIO-
I[UX PUCK MHOTOIUIO/IMSA, C OJTHOM CTOPOHBI, U BeieHue Vb B crielnnaym3upOBaHHbBIX MEUITUTHCKHUX IEHTPAaX, UMEIOIIIX
OIBIT PabOTHI C JAHHON KaTeropruen MamueHToK — ¢ JIPYTOW, MOTYT YJIyUlIUTh IIEPHUHATAJIbHBIE UCXO/bI.

Il en». AHaJU3 NMEPUHATAIBHBIX UCXO/IOB NP WHJIYIMPOBAHHOUW OJTHOILJIOJTHOM M MHOTOIUIOJHOU GepeEMEHHOCTH C
ILIeJIBIO OI[EHKH BKJIaZia (paKTOpa MHOTOILIONUS B HEGJIATONIPUATHBIE TIOCIE/ICTBUSA JJIS 37I0POBbsl HOBOPOK/IEHHBIX U €TI0
AKTYaJIbHOCTH JIJIS1 COBEPIIIEHCTBOBAHUS BCIIOMOTATEIbHBIX PENPOAYKTUBHBIX TEXHOJIOTHH.

MaTepuans u MeTObl. IIpOBEEHO PETPOCIIEKTUBHOE UCCJIE/IOBAHNE aHTE-, HHTPA- U PAHHEr0 HEOHa-
TQJILHOTO IIEPUO/Ia Y 672 JIeTel, pOXKAEHHBIX B yeI0BUAX Menunuackoro rentpa «ABUIIEHHA» (r. HoBocubupck) 3a
Iepuo/ ¢ 2006 1o 2015 1. O611as1 BHIOOPKA ObLIa pa3/iesieHa Ha 3 TPYIIILL: 1-51 — JIETH, POK/JIEHHBIE OT OIHOILIOHOU B
(n = 345); 2-1 — 1eTH, pOKAEHHbBIE OT MHOTOILIOAHOU 1B (n = 177); 3-1 — 1eTH, POK/IeHHbIE OT OJHOIJIOTHOH CIIOHTAH-
Houi 6epemenHoctu (OCB, n = 150) 6e3 Oecrmiousi B aHAMHE3€ POJIUTENIEN, TPAaBUHOCTD U IMAPUTET OBLIN PaBHBI.
Mcnosib30BaH KJIMHUKO-aHAMHECTUYECKUH METO/I, C OLIEHKOW OCHOBHBIX ITAPaMETPOB COCTOSHHUS 3/I0POBBS JETEH U
poauTesnen.

PesynabTartsl . BeIiBI€HO, YTO IPU UHAYIIUPOBAHHOU MHOTOILIOHOH 1B /rocToBEpHO yaiie (p < 0.001) IO CpaBHE-
HHUIO C OJTHOIUIOHON V1B IMarHOCTHPYIOTCA TaKHe OCJIOKHEHUS, KaK YTP03a IIPEPHIBAHUSA U IIPEK/IEBPEMEHHBIX POJIOB,
HCTMUKO-IIEPBUKAIbHASA HEJIOCTATOYHOCTD, TPEFKIIAMIICHSA U IUIATleHTaPHbIE HapyIIeHu:A. [Ipy 5TOM B YCJIOBUSX CIIeIHa-
JIMBUPOBAHHOTO IIEHTPA OOJIBIIUHCTBO ZieTel OT V1B O6bLI0 POK/IEHO IOHOIIIEHHBIMU, KaK IIPYU OTHOIIONHOMU (94.5 % city-
YaeB), TAK U [IPU MHOTOILIONIHOM (52.5 % ciryuaeB) 6epeMeHHOCTX. JItoOas nHAyIIMpOBaHHAsA 6epeMEHHOCTh OTHOCUTCA K
IPYIIIE BBICOKOTO aKyIIEPCKOTO PUCKA, HO CBOEBPEMEHHAS KOPPEKIUA OCJIOKHEHUH 3HAYUTEIbHO YIIyUIIaeT IepuHa-
TaJIbHbIE UCXO/IBI.

3aknwueHdue. b orHOCUTCA K TPyIIle BHICOKOTO aKyIIEPCKOTO PHCKA, KOTOPBIM 3HAYUTEIHLHO BO3PACTAET
IIPU MHOTOIUJIOHOU OepeMeHHOCTH. BesieHre maphl ¢ 6ecniofeM B aHAMHeE3€ B YCIOBUAX CIIEIHATU3UPOBAHHOTO
IleHTpa ¢ obeclieueHueM IMPEEMCTBEHHOCTH Ha BCEX ATAlaX OT MOMeHTa o0pallleHus B KJIIMHUKY /10 POK/IeHUs peObeHKa
II03BOJISIET, HECMOTPSA Ha Pa3BHUTHE OCJIOKHEHUU, 00ECIIEUYUTH POXK/IeHUe OOJIBIINHCTBA JIeT€H MPHU JIOHOIIEHHBIX
cpokax (Kak ImpH OJHOIUIOAHOW, TaK U IIPU MHOTOILJIOJHOW OepEeMEHHOCTAX) U IIPU OJHOIUIOIHON OepeMEeHHOCTH
MIPUBOJIUT K POK/JIEHUIO JIETeH, 10 OCHOBHBIM IOKA3aTeJIAM 3/I0POBbs CXOXKHUX C IETHbMU OT CIIOHTAHHO BO3HUKIIEH
6epeMEeHHOCTH.

Kmouesnsle caoea: MHOTOIUIONNE, HHAYIUPOBaHHAsA OepeMeHHOCTh, BPT, mepuHaTasbHbIe HUCXOZBI, 37J0pOBbE HOBO-
poxzenHbIx, DKO.
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The effect of multiple gestation on perinatal outcomes in assisted
reproductive technology pregnancy
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ABSTRACT

Introduction. Inassisted reproductive technology pregnancy (ARTP), the most unfavorable factor affecting peri-
natal outcomes is iatrogenic multiple gestation. Active introduction into practice of techniques that reduce the risk of
multiple pregnancy, on the one hand, and management of ARTP in specialized medical centers with experience in working
with this category of patients, on the other, can improve perinatal outcomes.

Aim . Analysis of perinatal outcomes in assisted singleton and multiple pregnancies in order to assess the contribution
of the multiple gestation factor to adverse health outcomes for newborns, and its relevance for improving of assisted repro-
ductive technology.

Materials and methods. Aretrospective study of the ante-, intra- and early neonatal period was carried out
in 672 infants born at the Medical Center AVICENNA (Novosibirsk) for the period from 2006 to 2015. The total sample was
divided into 3 groups: 1st — infants from singleton ARTP (n = 345); 2nd — infants from multiple ARTP (n = 177); 3rd —
infants from singleton spontaneous pregnancy (SSP) (n = 150) without infertility in the parental history, gravidity and
parity were equal. A clinical and anamnestic method was used, with an assessment of the main parameters of the health
status of infants and parents.

Results. Itwasrevealed that complications such as threatened miscarriage and preterm labor, cervical insufficiency,
preeclampsia, and placental disorders are diagnosed significantly more often in multiple ARTP (p < 0.001) compared with
singleton ARTP. At the same time, in the setting of a specialized center, the majority of infants from ARTP were full-term,
both in singleton (94.5% of cases) and in multiple (52.5% of cases) pregnancies. Any assisted reproductive technology
pregnancy belongs to the group of high obstetric risk, but timely correction of complications significantly improves perina-
tal outcomes.

Conclusion. ARTP belongs to the group of high obstetric risk, which increases significantly with multiple gestation.
Management of an infertile couple in a specialized center with continuity at all stages from the moment of contacting the
clinic to the birth of a child allows, despite the development of complications, to ensure the birth of full-term infants (both
in singleton and multiple pregnancies), and in singleton pregnancies it leads to the birth of children, in main health indica-
tors similar to those from a spontaneous pregnancy.

Keywords: multiple pregnancy, assisted reproductive technology pregnancy, ARTP, perinatal outcomes, newborn health,
in vitro fertilization.
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BBEJIEHUE

I'ymo6anpHas mpobsiemMa GECIIONHSA B HACTOSIIEe
BpeMs [1, 2] U aKTUBHOE Pa3BUTHE BCIIOMOTATEJIb-
HBIX PenpoAyKTUBHBIX TexHosiorui (BPT) o6ycios-
JIMBAIOT HEOOXOTMMOCTH IIOKCKA PEIIEeHUH He TOJIBKO
JUUIS HACTYIUIeHUs1 OepeMeHHOCTH KaK TaKOBOU, HO U
JUIS YIIyYIIeHHs [TeEPUHATATBHBIX UCXOJI0OB UHIYIIH-
poBanHoii 6epemennoctu (UB).

JIobas wHAYynMpoBaHHAs OepeMEHHOCTb B aKy-
IIIEPCTBE OTHOCUTCA K TPYIIE BBICOKOTO PHCKA, B
cBsA3U ¢ 6oJiee 3pesIbIM BO3PACTOM POJIUTENIEH U OTSI-
TOIIIEHHBIM COMATHYECKUM AaHAMHE30M K MOMEHTY
HACTyIUIeHus1 OepeMeHHOCTH [3—5]. JIJIUTEIHHOCTH
GeCIUIoIUsl, UMEIOIIHNICS HETaTUBHBIN PEITPOYKTHUB-
HBIH ONBIT U CBSI3aHHBIE C 3TUM (HAKTOPOM IICHXO03-

INTRODUCTION

The current global problem of infertility [1, 2] and
the active development of assisted reproductive tech-
nology (ART) necessitate finding solutions not only
for to conceive as such, but also to improve the peri-
natal outcomes of assisted reproductive technology
pregnancy (ARTP).

Any assisted reproductive technology pregnancy
in obstetrics belongs to the high-risk group, due to
advanced age of the parents and positive somatic
health history at the time of pregnancy [3—5]. The
duration of infertility, the negative reproductive
experience and the psychoemotional characteristics
of women associated with this factor can also affect
the outcomes of ARTP [6, 7]. At the same time, most
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MOIIMOHAIbHBIE OCOOEHHOCTH KEHIIIUH TaK}Ke MOTYT
OKa3bIBaTh BAUAHUE Ha Hcxo/bl UB [6, 7]. [Ipu sTom
OOJIBPIIMHCTBO KCCJIE0OBATENIEd OTMEUAT yBeIude-
HHE B pa3bl HETaTHBHBIX IEPUHATAIBHBIX HCXOJIOB
KakK JUId JKeHIIUH, TaK U JUId JieTeld IpU MHOTOILIO/-
Hoti Ub (MUB) [8—10]. ITpu MUB cyiiecTBeHHO BO3-
pacraeT u aKyIIepCKU PUCK B CBA3H ¢ O0JIee YacThIM
pa3BUTHEM OCJIOKHEHUH GepeMEHHOCTH, UTO 3aTPY/I-
Hs€eT 3aBepllieHre OepeMeHHOCTH B CPOK [11—13].
OmHUM U3 BeAyIIUX HeOJIAaronpUATHBIX (HaKTOPOB,
BJIMAIOIINX HA COCTOSIHUE 3/I0POBbsI HOBOPOXKEH-
HbIX TIpu VB, B GOJIBIITMHCTBE HCCIEOBAHUM TaKiKe
npusHaeTcs (akTop MHoromwionus [14—17]. B To ke
BpeMs MHOTOIUIofiue B ciaydyasx Wb sapiserca mps-
MBIM U B HacToslllee BpeMs HeJIOCTaTOYHO KOHTPO-
JIUPYEMBIM CJIEJICTBUEM IIPUMEHEHUs COOCTBEHHO
BPT, nostoMy BHeZI[peHHE B IPAKTUKY METO/IOB, CIIO-
COOHBIX CHU3UTH PUCK HACTYIIEHUS] MHOTOIUTO/IUS B
nporpammax BPT, coxpansaer CBOIO aKkTyaJIbHOCTbD.

B Hacrosmiee BpeMs coryiacHO Ipukazy MuHH-
cTepcTBa 3ApaBooxpaHeHus PO or 31.07.2020
No 803H «O mopsjke HCIOJIb30BAaHUS BCIOMOTa-
TeJIPHBIX PENpPOAYKTUBHBIX TEXHOJIOTHH, MPOTUBO-
MIOKa3aHUAX U OTPAHUYEHHUAX K UX IPUMEHEHUIO»
JIOITyCKaeTcsl TepeHoc He Oosiee 2 3MOPUOHOB B
mosocth MaTtku [18]. Cieayer OTMETUTD, UTO U IO
WU3JIaHUA HTOr0 IpHKas3a IIPAKTUKA yMeHbIIEeHUs
YrCJIa IEPEHOCUMBIX SMOPHOHOB Ipu BPT akTrBHO
MIPUMEHJIACh, YTO MHO3BOJIMJIO CYIIECTBEHHO CHH-
3UTh MNPOLEHT MHoromwiofgusa. Tak, o JAaHHBIM
oTuera Poccuiickoil acconpanuy PpernpoiyKIUN
yenoBeka (PAPY) 3a 2019 I. [0 MHOTOILIOJHBIX
POZIOB B CBEXKMX IIUMKJIAX COCTaBjAaa 12.2 % A
JIBOEH U 0.2 % JIJIsl TPOEH, a JIJIsl IEPEHOCcAa pa3MOPO-
JKEHHBIX 9MOPHUOHOB — 11.5 U 0.2 % COOTBETCTBEHHO
[19]. JIna cpaBHeHHs B 2007 T. 3TH ITOKa3aTeIU
coCTaBJISIN 24.6/1.4 U 15.4/1.5 % COOTBETCTBEHHO
[20]. Hecmotps Ha To, uTo Tipu VB mIpoIieHT MHOTO-
IUTOZINS CYIIIECTBEHHO IIPEBBINIAET TAKOBOU B ITOILY-
JISIIUY, TEHAEHIUA K CHIDKEHHIO UM CJIa MHOTOILIIO -
HbIX OepemeHHOcTelr mnpu BPT mpencrasisercs
00Ha/Ie)KUBAIOIIEH B IJIAHE ITPOTHO3A JIJISI 3/T0POBbSI
MaTepu U pebeHka. B To ke BpeMms, HeCMOTps Ha
UMeIOIHeCcs MOATBEPK/EHUA TOr0, UTO IIPU OFHO-
wiogHoH 1B prcK 0C/IO’KHEHUH KaK /715 YKEHIIUHBI,
ee BBIHAIITMBAIOIIEH, TaK U JIUIsI 37I0POBbsI HOBOPOXK-
JIEHHBIX JIeTell 3HAUUTEJILHO CHIKAeTCs [21], TeM He
MeHee JacTh HCCIIeZI0BaTe el KOHCTATHPYIOT BbICO-
KHUU PUCK HEOJIATONIPUATHBIX IEPUHATATHHBIX UCXO0-
0B (TIpekJieBpEMEHHBIX POJIOB, HEOHATAJIbHOH
3abosieBaeMocTH U cMepTHOCTH) pu 1B BHe 3aBu-
CHMOCTH OT KOJIMUECTBA ILJIOZ0B [22, 23].

Eme ogauM pakTopoM, MO3BOJIAIOIIUM CHU3UTD
yucso HebJaronpusaTHbIX ucxonoB UB, saBasercs

researchers note a several time increase in the
adverse perinatal outcomes for both women and
children in multiple ARTP (MARTP) [8-10]. In
MARTP, the obstetric risk also increases significantly
due to the more frequent development of pregnancy
complications, which makes it difficult to complete
the pregnancy on time [11—-13]. One of the leading
unfavorable factors affecting the health of newborns
with ARTP is also recognized in most studies as the
factor of multiple gestation [14—17]. At the same
time, multiple gestation in cases of ARTP is a direct
and currently insufficiently controlled consequence
of the ART itself, so the introduction into practice of
methods that can reduce the risk of multiple preg-
nancy in ART programs remains relevant.
Currently, according to the order of the Minis-
try of Health of the Russian Federation dated July
31, 2020 No. 803n “On the procedure for using
assisted reproductive technologies, contraindica-
tions and restrictions on their use”, transfer of no
more than 2 embryos into the uterine cavity is
allowed [18]. It should be noted that even before
the issuance of this order, the practice of reducing
the number of transferred embryos during ART
was actively used, which made it possible to sig-
nificantly reduce the percentage of multiple preg-
nancies. Thus, according to the 2019 report of the
Russian Association of Human Reproduction
(RAHR), the proportion of multiple births in fresh
cycles was 12.2% for twins and 0.2% for triplets,
and for the frozen-thawes embryo transfer — 11.5
and 0.2%, respectively [19]. For comparison, in
2007 these figures were 24.6/1.4 and 15.4/1.5%,
respectively [20]. Despite the fact that the percent-
age of multiple gestations in ARTP significantly
exceeds that in the population, the trend to a
decrease in the number of multiple pregnancies
with ART seems to be encouraging in terms of the
prognosis for the maternal and infant health. At
the same time, despite the available evidence that
in singleton ARTP, the risk of complications for
both woman and newborns is significantly reduced
[21], nevertheless, some researchers state a high
risk of adverse perinatal outcomes (premature
birth, neonatal morbidity and mortality) in ARTP
regardless of the number of fetuses [22, 23].
Another factor that can reduce the number of
unfavorable outcomes of ARTP is the treatment of
infertility, management of ARTP, and childbirth in
specialized perinatal centers under the supervision
of specialists with sufficient experience in manage-
ment this category of patients [24, 25]. However,
studies summarizing the data on the comprehensive
interdisciplinary managing of a couple in the treat-
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JeueHue Oecrutonusi, Besienue MIB u pojsl B yeio-
BUAX CHEIUATU3UPOBAHHBIX IMEPUHATAIBHBIX IIE€H-
TPOB TOA HAGIIOEHUEM CIIENHAIUCTOB, 00J1a/1a0-
IUX JTOCTATOYHBIM OITBITOM BEJIEHUS JAHHOU KaTe-
TOpUU NAaIMEHTOB [24, 25]. O/THAKO HCCIIeIOBAHUS,
06o01IatoIie JaHHBIE 0 KOMILJIEKCHOMY MEXKIHC-
NUIIMHAPHOMY COIIPOBOK/IEHUIO Tapbl IIPU Jiede-
HUU Oecrurofusi, TeYeHUN OEPEMEHHOCTH U POJIOB,
HaOJIIOZIEHUI0 3a HOBOPOXK/IEHHBIM, HEMHOTOYKC-
JieHHbI. [loATOMY TIpe/CTaBJISIETCS AKTyaJIbHOU
OIleHKA BIUSAHUA (PAaKTOpPAa MHOTOILIO/US HA UCXO/bI
NB, BBIpaKEHHOCTh HEOJIATONMPHUATHBIX MOCTE/-
CTBUH JIJIS1 3/TOPOBBSI HOBOPOIK/IEHHBIX B CPAaBHEHUH
¢ oytHOILIONHOM B 1Mo pe3ysibraTraMm KOMILJIEKCHOTO
conpoBokaeHus VB B ycI0BUAX CIeIMaTH3UPOBaH-
HOTO IIepUHATAIBHOTO IIEHTPA.

IIEJIb ICCJIEJIOBAHUSA

CpaBHUTEIBHBIN aHAINU3 TTEPUHATATBHBIX HCXO-
JIOB TIPU WH/IyITUPOBAaHHOW O/THOTIJIOHOU U MHOTO-
IUIOJHON OEepEMEHHOCTH C IeJIbI0 OIEHKH BKJIa/Ia
daxkTopa MHOTOIIOAMS B  HeOJIATONMPUATHBIE
TIOCJIEJICTBUS JIJISI 37JOPOBbsI HOBOPOXK/IEHHBIX U €T0
AKTYaJIbHOCTH JIJISI COBEPIIIEHCTBOBAHUS BCIIOMOTa-
TEJIbHBIX PEMPOIYKTUBHBIX TEXHOJIOTHH.

MATEPUWAJIBI 1 METO/IbI

[IpoBe/IeHO PETPOCIEKTUBHOE HCCIIEI0OBAHHE
aHTe-, UHTPa- ¥ PAaHHETO HEOHATAIIHLHOTO IIEPUO/A Y
672 5teTel, pOXK/IEHHBIX B YCJIOBUAX MeUITMHCKOTO
meaTpa (ML) «kxABUITEHHA» (r. HoBocubupck) 3a
epuos ¢ 2006 1o 2015 r. O61as BEIGOPKA BKIIIO-
Yajia 3 TPYMIIBL: 1-1 — JIETH, POKJIEHHbIE OT OJTHO-
IUIOJHOM HWHyIupoBaHHOW OepemenHoctu (OUB)
(n = 345); 2-1 — meTH, POKJIEHHBIE OT MHOTOILIO/-
HOH WHAYIUPOBAaHHON OepemeHHOCTH (N = 177);
3- — JIETH, POKJEHHBIE OT OJTHOIIOJTHOU CITOHTaH-
Hoii 6epemennoctu (OCB, n = 150) 6e3 Gecrtoiusi B
aHaMHe3e POJIUTeJIEH, TPaBU/THOCTD U TAPUTET ObLITU
paBHbBL. VCIosb30BaH KIMHUKO-aHAMHECTHYECKHUH
METOJ], C OIEHKON OCHOBHBIX IApaMETPOB COCTOS-
HUS 37I0POBbS JKEHIIUH U JIETEH.

Cnaygan 3b@eKTUBHOTO JieueHUsl OecIIofus C
HCIIOJIb30BAaHUEM PEINPOAYKTHUBHBIX TEXHOJIOTHH U
TedeHHe OEePEMEHHOCTH y JKEHINWH H3Yy4YajIuch B
rmapax HIPEUMYIECTBEHHO >KUTEJIEH MeraroJiuca,
6e3 medunuTa TUTAaHUSA U B OTHOCUTEIBHO OJTHOPO/I-
HOU COITMAJILHOM TpyIile. B GOJIBIIMHCTBE CIydaeB
BCe ATaIlbl JieueHus1 OecIuiosi, BeeHus: bepeMeH-
HOCTHU U B 100 % cJIyuaeB POJIbl IPOXOUIIH B yCIIO-
BUX OJTHOTO IieHTpa. [10 JaHHBIM POAUIIBHOTO OT/E-
nenuss MI[ «ABUIIEHHA», 3a mnepuop 2006—
2015 IT. IeTH, PokieHHbIe OT VB, cocraBuim 20.6 %
OT OOINEero 4Yucjia HOBOPOXKIAEHHBIX. Kpurepuu

ment of infertility, the course of pregnancy and child-
birth, and monitoring the newborn are few. There-
fore, it seems relevant to assess the impact of the
multiple gestation factor on outcomes of ARTP, the
severity of adverse health effects for newborns in
comparison with singleton ARTP, based on the
results of comprehensive management of ARTP in a
specialized perinatal center.

AIM OF THE RESEARCH

Comparative analysis of perinatal outcomes in
assisted reproductive technology singleton and mul-
tiple pregnancies in order to assess the contribution
of the multiple gestation factor to adverse conse-
quences for newborns and its relevance for improv-
ing assisted reproductive technology.

MATERIALS AND METHODS

A retrospective study of the ante-, intra- and early
neonatal period of 672 infants born at the Medical
Center (MC) AVICENNA (Novosibirsk) for the
period from 2006 to 2015 was carried out. The total
sample included 3 groups: 1st — infants from single-
ton assisted reproductive technology pregnancy
(SARTP) (n = 345); 2nd — infants from multiple
assisted reproductive technology pregnancy
(n = 177); 3rd — infants from singleton spontaneous
pregnancy (SSP) (n = 150) without parental infertil-
ity; gravidity and parity were equal. A clinical and
anamnestic method was used, with an assessment of
the main parameters of the health status of women
and children.

Cases of effective infertility treatment using
reproductive technologies and the course of preg-
nancy in women were studied in couples predomi-
nantly residents of the metropolis, without nutri-
tional deficiencies and in a relatively homogeneous
social group. In most cases, all stages of infertility
treatment, pregnancy management, and in 100% of
cases, childbirth took place in one center. According
to the labor and delivery unit of the MC AVICENNA
for the period of 2006—2015, infants from ARTP
accounted for 20.6% of the total number of new-
borns. Criteria for inclusion in the main groups: all
infants from ARTP born in the specified period.
Exclusion criteria: children from singleton sponta-
neous pregnancy that were conceived after the treat-
ment of parental infertility. A retrospective analysis
of prenatal records and birth histories (n = 582),
newborn histories (n = 672) was performed. An anal-
ysis of 432 outpatient records of women who under-
went infertility treatment at the MC AVICENNA
made it possible to retrospectively evaluate their
reproductive history.
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BKJIIOUEHUS B OCHOBHBIE TPYIIIIBI: BCE HOBOPOXKZEH-
Hble oT B, posk/ieHHbIE B yKa3aHHbBIH 1epuo;i. Kpu-
TEPUU WCKIIOUEHUs: JIeTH, POXKAEHHbIE OT OJHO-
IUTOTHOU CIIOHTAaHHON OepeMEeHHOCTH, HACTYIIHB-
el 1mocsie jiedeHus: Oecrutomus pojureseil. Bt
BBITIOJTHEH PETPOCIEKTUBHBIN aHAIN3 OOMEHHBIX
KapT ¥ UCTOPUH pozoB (n = 582), nctopuil pa3BUTUA
HOBOPOXX/IEHHOTO (n = 672). AHaimm3 432 amOysia-
TOPHBIX KapT KEHIUH, KOTOPBIM ITPOBOUJIOCH
neuenne Oecmwiogusa B yeiaoBusax MI[ «ABU-
IHEHHA», 103BOJIMI PETPOCIHEKTUBHO OIeHUTh
PenpOyKTUBHBIA aHAMHE3.

CratucTuyeckuii aHATU3 MTOJIYyIeHHBIX PE3YIbTA-
TOB IPOBOJIWJICA TIPU IOMOIIY ITaKETa HPOrpaMMm
Statistica 7.0 (Statsoft, CIITA). [I11 TpOBEPKH THIIO-
Te3bl O IMPUHAJJIEIKHOCTH WCCIEAYEMOU BBIOOPKU
HOPMaJIbHOMY B3aKOHY pacIpeJieJIeHUsI HCII0JIb30-
BaHbI cTaTucTUUeckue kputepuu llamupo — Yuika.
J1J151 KOJTIMYeCTBEHHBIX TPU3HAKOB PACCUNUTHIBAIIICH
cpenHee 3HaueHue (M) U ero cpeHEKBaJIpATHIHOE
orksioHeHue (SD), 11 KauyecTBEHHBIX — abCOJIIOT-
Hag BesmuuHa (n) u gosas (%) or obmiero obobeMa
rpymmnsl. I OLIEHKU PasInduil Mey TpyHinamMu
10 KOJINYECTBEHHBIM ITePEMEHHBIM C HOPMAIHHBIM
pacmpenenenneM TpuMeHsics t-kputepuil Crbio-
neHTa. JJisi OIeHKM 3HAaYUMOCTH pacIpe/ieieHus
Ka4yeCTBEHHOTO IIPU3HAKa MEXK/y TPYIIIIaMu IIpUMe-
HsIU Kputepui X2 [TupcoHa miv TOUHBIA KPUTEPUI
Qumepa. Kputnuyeckuil ypoBeHb 3HAYUMOCTH (p)
IIpYU TPOBEpPKE TUIOTE3 NMPUHUMAIU PABHBIM 0.05
(Ipu 3HaYeHWHW p MeHbIIE 0.001 P YKa3bIBAIH B
dopmate p < 0.001). Hacrosiiee ucciefnoBaHue
oobpeHO KOMHUTETOM 10 3TUKe HoBOCHOMPCKOTO
TOCYIApPCTBEHHOTO MEAUIIUHCKOTO YHUBEPCUTETA
(mmpotokos N2 39 ot 29.12.2011). Bce nanpieHThI 10/1-
nucaau “HHOPMHUPOBAHHOE coTjiacue Ha 00paboTKy
[IEPCOHAIBHBIX AAHHBIX. B pabore 6GBUIH HUCIIOIB30-
BaHbI /IENIEPCOHAIN3UPOBAHHBIE JIAHHBIE.

PE3YJ/IBTATBI 1 OBCYKIAEHUE

OTtpunartespHoe BaUsAHUE PaKTOpa MHOTOILJIOIUA
Ha TeueHue 6EPEMEHHOCTH U 3I0POBbE HOBOPOIK/EH-
HBIX, BHE 3aBHCHMOCTU OT CIIOCO0A BO3HHUKHOBEHUS
0OepeMeHHOCTH, U3BECTHO JJABHO U OBLIO TOJTBEPK-
JIEHO B HACTOSIIIIEM HCCJIEIOBAaHUM. VI3BECTHO TaKXKe,
uro j1i06ast 1B B aKylepcTBe OTHOCUTCS K GepeMeH-
HOCTH BBICOKOTO PHCKA W MPOTEKAET C OCIOKHEHU-
sIMH, B TOM YHCJIE ¥ OHOILIOAHAS, YTO MOKET OKa3bI-
BaThb CYIIECTBEHHOE BJIMSIHHE Ha IlepUHATaJIbHbIE
ucxonpl. I1oaToMy OBLI TIPOBEIEH CPaBHUTEJIBHBIH
aHAJIN3 OCJIOKHEeHUH Teuenusa 1B, B 3aBUCHMOCTH OT
¢gaxTopa MHOTOIUIOZUS, a TAK)Ke aHAJIN3 TeYeHUs
OTHOILIOHOM OepeMeHHOCTH B 3aBUCUMOCTH OT CITO-
coba ee BO3HUKHOBeHH (TabII. 1).

Statistical analysis of the data obtained was car-
ried out using the Statistica 7.0 software package
(Statsoft, USA). The Shapiro-Wilk test was used as a
normality test. For quantitative traits, the mean
value (M) and its standard deviation (SD) were cal-
culated; for qualitative traits — the absolute value (1)
and rate (%) of the total volume of the group were
calculated. The Student’s t-test was used to assess
differences between groups on quantitative variables
with a normal distribution. To assess the significance
of the distribution of a qualitative trait between
groups, the Pearson’s ¥ test or the Fisher’s exact test
was used. The critical significance level (p) for testing
hypotheses was taken equal to 0.05 (for p values less
than 0.001, p was indicated in the format of
p < 0.001). This study was approved by the ethics
committee of the Novosibirsk State Medical Univer-
sity (protocol No. 39 dated December 29, 2011). All
patients signed an informed consent to the process-
ing of personal data. The depersonalized data were
used in this research.

RESULTS AND DISCUSSION

The negative impact of the multiple geastation
factor on the course of pregnancy and the health of
newborns, regardless of the mode of conception, has
long been known and was confirmed in this study. It
is also known that any ARTP in obstetrics is a high-
risk pregnancy with complications, including single-
ton one, which can have a significant influence on
perinatal outcomes. Therefore, a comparative analy-
sis of the complications of the course of ARTP was
carried out, depending on the multiple gestation fac-
tor, as well as an analysis of the course of a singleton
pregnancy, depending on the mode of conception
(Table 1).

The threatened miscarriage, which persists
throughout the pregnancy, is more common in the
group of women with MARTP: in 8 (13%), in the
SARTP group — in 23 (6.7%) cases (p = 0.05). How-
ever, with MARTP, only 1 pregnancy ended at
32 weeks of gestation, the rest — at a period of
34 weeks or more of gestation, and 2 of them at a
period of 38 weeks. In the SARTP group, with a con-
tinuing risk of miscarriage throughout pregnancy,
20 (87%) pregnancies ended at term. In singleton
pregnancy, there were no significant differences in
the frequency of threatened miscarriage, which per-
sisted throughout the entire period: in the SARTP
group — in 23 (6.7%) cases, in the SSP group — in 4
(2.7%) cases (p = 0.07).

The study confirmed that in multiple pregnancy
the risk of adverse outcomes for the fetus is higher
(antenatal fetal death (036.4) in twins was regis-
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Ta6uuna 1. CTpyKTypa oCIoKHeHU OepeMeHHOCTH, abc¢. (%)

Table 1. Structure of pregnancy complications, abs. (%)

ITaTrosorusa (kox MKB-10)
Pathology (ICD-10 code)

I'pynnmai1—OWUB TIpynma2- MHWB TI'pynmna3— OCBb
Group 1 — SARTP Group 2 - MARTP Group 3 — SSP P

(n =345) (n=87%) (n = 150)

Vrposa npepbiBanust bepeMenHoctd 291 (87.5) 83 (95.4) 95 (63.3) p,_,= 0.035
(020.0) p,_,=0.035
Threatened miscarriage of pregnancy

(020.0)

Yrpo3sa npexeBpeMeHHBIX POZIOB 28 (8.1) 55 (63.2) 9 (6.0) p, ,<0.001
(047.0) p,_,=0.414
Threatened of preterm labor (047.0)

Ipesxnammcus (014.0, 014.1) 41 (11.9) 29 (33.3) 32 (21.3) P, ,< 0.001
Preeclampsia (014.0, 014.1) p,_,= 0.007
IlnanenTapusie HapytieHus (043) 90 (26.1) 40 (46.0) 49 (32.7) p, ,<0.001
Placental disorders (043) p,,=0.134
HerMuko-niepBUKaIbHASA 47 (13.6) 36 (41.4) 8 (5.3) p, ,<0.001
HezocraTouHocTh (034.3) p,_,=0.007

Cervical insufficiency (034.3)

Ilpumeuanus: OUB — oxgHOIUIONHAS UHAYIUPOBaHHAs OGepeMeHHOCTh; MUB — MHOTrOIIOAHAS MHAYIMPOBAHHAs OEPEMEHHOCTD;

OCB — opHOIUIOAHAS CIIOHTAHHAS GEPEMEHHOCTb.
* KostmuecTBo sxeHInUH ¢ MUB.

Notes: SARTP - singleton assisted reproductive technology pregnancy; MARTP — multiple assisted reproductive technology

pregnancy; SSP — spontaneous singleton pregnancy.
* Number of women with MARTP.

VYrposa npepriBaHusI OepPEMEHHOCTH, COXPAHSIIO-
asics B TeUeHHe Bcell 6epeMEeHHOCTH, Jallle BCTpe-
vaercs B rpymnme xkeHmuH ¢ MUB: y 8 (13 %), B
rpymie OUB — B 23 (6.7 %) ciyuasax (p = 0.05). Tem
He MeHee pu MIB ToipKo 1 GepeMeHHOCTD 3aBep-
IIMJIACh TP CPOKE 32 HeJl TeCTallid, OCTaJIbHbIE —
IIpU CPOKe 34 Hesn U boJiee TecTaluu, a 2 U3 HUX IPU
cpoke 38 Hen. B rpynine OUB, npu coxpansAonemMes
pUCKe IpephIBAHUS B TeUeHUe Beell OepeMeHHOCTH,
20 (87 %) GepeMeHHOCTEll 3aBEpIINIOCH B CPOK.
ITIpu oxHOMIOLHON 6EpPEMEHHOCTH OCTOBEPHBIX
OTJINYUH 10 YacTOTe YTPO3bI IPEPHIBAHUS OepeMeH-
HOCTH, COXPAHSIIONIENCS B TeUEeHHE BCETO MEPUOJA,
BBISIBJIEHO He Ob10: B rpynie OVIB — B 23 (6.7 %)
cnyyasx, B rpymme OCB — B 4 (2.7 %) (p = 0.07).

[TpoBeneHHOE MCCIEIOBAHNE TOATBEPAUIO, UTO
npu MDB Belllle puck HEOGJIATONPUATHBIX HCXO0OB
JUis 1wiona (ObpLIa 3aperucTpHpoBaHA aHTeHATaIb-
Has rubesns wioga (036.4) B IBOHE, BTOPOH pebe-
HOK OBLJI U3BJIEYEH IIPU CPOKE 34 HeJ TeCTallHu).
ITeprHaTasbHBIE UCXO/BI IPEICTABIEHBI B TAOJI. 2.

HecmoTps Ha TO, YTO BO BpeMs 6epeMEHHOCTH He
OBLIO BBISBJIEHO JOCTOBEPHBIX PA3JIMUMH IO IIATO-
JIOTUYECKUM COCTOSTHUSIM BHYTPHUYTPOOHOTO IITIOJIA,
CBSI3aHHBIM C (PYHKIIMOHAJIBHBIMU HAPYIIEHUSIMU B
IUTalleHTe, KOJIWYECTBO JIeTel, POXKAEHHBIX C IPU-
3HAaKaMM HapylleHUs BHYTPUYTPOOHOTO POCTa,
6bw10 BhIIe B rpynne MUB. [Ipu MUB getu gaine
PpOKIUTHICh HEOHOIIEHHBIMU, YTO TPebOBAIO IPO-
BeJleHUsI MHTEHCUBHOHN Tepanuu B paHHEM HeOHa-

tered, the second infant was removed at 34 weeks of
gestation). Perinatal outcomes are presented in
Table 2.

Despite the fact that during pregnancy, there
were no significant differences in the pathological
conditions of the fetus associated with functional
disorders in the placenta, the number of infants born
with signs of intrauterine growth disorders was
higher in the MARTP group. With MARTP, children
were more often born prematurely, which required
intensive care in the early neonatal period. At the
same time, it should be noted that most of the
infants — 93 (52.5%) with MARTP were born at a ges-
tational age of 37 weeks or more, including one trip-
let. The most early term delivery with MARTP was
29 weeks, the most late was 40.5 weeks. Birth inju-
ries were represented by cephalohematomas, chil-
dren were born during spontaneous and emergency
operative delivery. In the AP group, regardless of the
number of fetuses, the planned operative delivery
prevails, which is consistent with the data of most
studies [1, 13, 16, 17, 22], since the high cost of preg-
nancy is taken into account. Such tactic fully justifies
itself, which was confirmed in our study, since it sig-
nificantly reduces the number of children with
asphyxia and neonatal aspiration syndromes, espe-
cially in singleton pregnancies.

The general condition of infants at birth and the
main indicators of physical development are pre-
sented in Table 3. Severe condition at birth in full-
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TaGauna 2. Vcxozipl 6EpEMEHHOCTH U €€ OCJIOKHEHNsI, CBSI3aHHBIE C COCTOSTHUEM BHYTPHYTPOOHOTO 10713, abe. (%)
Table 2. Pregnancy outcomes and its complications associated with the state of the fetus, abs. (%)

ITaroaorusa (kox MKB-10)

Pathology (ICD-10 code) (n = 345)

I'pynna1—-OWB TI'pynna2- MWBb Ipynna3-— OCb
Group 1 — SARTP Group 2 - MARTP Ipynna3 -SSP p

(n=177) (n = 150)

OcnoxcHeHUs GepeMeHHOCNU, C8A3AHHbIE C COCTNOSHUEM 8HYMPUYMpoOHO20 n10da
Complications of pregnancy associated with the state of the fetus

ITaTosiornuecKue COCTOSTHUS 42 (12.2) 29 (16.4) 33 (22.0) p,,=0.185
BHyTpuyTpobOHOTO wIoza (036.3, 036.5) p,_,= 0.005
Pathological conditions of the fetus
(036.3, 036.5)
Hcxoowt 6epemennocmu / Pregnancy outcomes
PopopaspeliieHue npu cpoke < 37 HeJl 19 (5.5) 84 (47.5) 4 (2.7) p, ,<0.001
Delivery at < 37 weeks D, ,=0.174
IT1aHOBOE OIlEpaTUBHOE 124 (35.9) 82 (46.3) 15 (10.0) p,,=0.021
pozopasperenme P, ,<0.001
Planned operative delivery
IKCTPEHHOE OTIepaTHBHOE 68 (19.8) 89 (50.3) 24 (16.0) p, ,<0.001
pojiopaspelenme P, ,=0.319
Emergency operative delivery
CaMoIIpou3BOIbHbBIE POJIBI 153 (44.3) 6(3.4) 111 (74.0) p, ,<0.001
Spontaneous delivery p,_,<0.001
Poxxpenue manosecHoro mwioga (Pos) 33(9.6) 51 (28.8) 14 (9.3) p,,<0.001
(Bcero) p,,=0.917
Low birth weight fetus (Poj5) (total): p,,=0.135
B TOM YHCJIe TIPU CPOKe MeHee 37 Hex 5 (15.1) 15 (29.4) 0 p,,=0.128
including at less than 37 weeks
BuyTrpuytpoOHasi runiokcusi, achukeust 4 (1.2) 4(2.3) 7(4.7) p, ,=0.339
ipu pogax (P20, P21) P, ,=0.017
Intrauterine hypoxia, asphyxia at birth
(P20, P21)
HeonaTasibHBIE aCTMPAITIOHHbBIE 10 (2.9) 2 (1.1) 10 (6.7) p, ,=0.194
cuszpomsl (P24.0-8) D,_,= 0.049
Neonatal aspiration syndromes (P24.0—8)
PonoBas TpaBma (P10—P15) 17 (4.9) o 2(1.3) p,,=0.003
Birth injury (P10-P15) D,_,=0.055
T'ocnurasmaanyss HOBOPOXKAEHHOTO B 41 (11.9) 75 (42.4) 23 (15.3) p, ,<0.001
OT/IeJIEHHE peaHuMaIuu (BCero) p,,=0.301
Hospitalization of a newborn to the
intensive care unit (total):
B TOM YHCJIE IPU CPOKE MeHee 37 Hell 14 (34.1) 65 (86.7) 4 (1.7) p, ,<0.001
including at less than 37 weeks p,_,=0.003

IIpumeuanue. OUB — ogHOIWIIONHAS UHAYNUPOBaHHas GepemeHHOCTh; MUB — MHOroIIofiHas WH/YIUPOBaHHAs GepEMEHHOCTb;

OCB — ozHOIUIOHASA CIIOHTAHHAA O€PEMEHHOCTb.

N ot e. SARTP - singleton assisted reproductive technology pregnancy; MARTP — multiple assisted reproductive technology pregnancy;

SSP — spontaneous singleton pregnancy.

TaJbHOM Ilepuozie. IIpu 3TOM CTOUT OTMETUTH, UTO
OoJtbIias yacTh Jietel — 93 (52.5 %) npu MWD 66t
POKIEHbI TP CPOKaX TecTaluu 37 Hex u 6osee, B
TOM YHCJIE OF/HA TPOHHA. MUHUMAaIBHBIN CPOK PO/IO-
paspemienusa npu MUDB cocraBun 29 Hen, Makcu-
MaJbHBIA — 40.5 He/l. PojioBble TpaBMBI IIPEICTaB-
JieHbl KedasoreMaToMaMu, JE€TU OBLIH POXKIAEHBI
IIPU CaMOIIPOM3BOJIbHBIX U HKCTPEHHBIX OIlepaTUB-
HBIX pozax. B rpynne 1B, BHe 3aBUCUMOCTHU OT KOJIU-
YecTBa ILUIOZIOB, MpeobsIaZiaeT IIaHOBOE OMEPATUB-

term newborns is due to a systemic infectious pro-
cess (3 cases), congenital pneumonia (3 cases) and
aspiration syndrome (1 case). In premature new-
borns from MARTP, a severe condition was more
often registered at birth: 48 (57.2%) cases, with
SARTP - 5 (26.3%) (p = 0.015). Data on premature
infants due to the small number of observations in
the group of spontaneous pregnancy (SP) cannot be
reliable, however, it is noteworthy that not a single
child in the SSP group was born in a satisfactory con-
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HO€ pO/I0pa3pelleHe, YTO COTJIACYeTCs C JAHHBIMU
OOJIBIIMHCTBA HCCAeAOBaHMU [1, 13, 16, 17, 22],
IIOCKOJIBKY VUHUTBIBAETCS BBICOKAs II€HA JOCTUTHY-
TOH OGepeMEeHHOCTH. DTa TaKTHKA IOJIHOCTHIO cebs
OTIPABABIBAET, UTO OBLIO MOATBEPIKAEHO B TAHHOM
WCCJIEJIOBAHUY, IIOCKOJIBKY CYIIIECTBEHHO YyMEHb-
IIaeT KOJIMYECTBO JIETEH, POJK/IEHHBIX B aCOUKCUU U
C HeOHATAJIbHBIMHU aCITUPAIMOHHBIMU CHHAPOMAaMH,
0c0OEHHO IIpY O/THOILIOTHON 6epEMEHHOCTH.
OOb111ee cOCTOSTHUE JIeTEN ITPU POKAEHUH  OCHOB-
HbIE MTOKa3aTeu (PU3UUECKOTO Pa3BUTHUS MIPEICTAB-
JieHbI B TabJ1. 3. Tsxestoe COCTOSIHUE TIPU POXKIAEHUN

dition, while in the group of children from SARTP
were 5 such infants (26.3%). Indicators of physical
development (except for body weight) in preterm
infants from ARTP did not differ. The average body
weight was significantly lower in infants from
MARTP - 2158.1 g, in SARTP — 2457.4 g (p = 0.011).

As a result of the study, it was found that by the
time of birth, the total number of infants, regardless
of gestational age, with growth retardation and mal-
nutrition, also prevailed in the MARTP group: 46
(26%) infants, in the SARTP group — 32 (9.3%) infants
(p < 0.001), but among preterm infants, the data were

Ta6suna 3. [TapameTps! GU3HIECKOTO Pa3BUTHUS U 00II[ee COCTOSTHUE ieTel rpu poxaeHun, M (SD)
Table 3. Indicators of physical development and general condition of infants at birth, M (SD)

I'pynna1— OUB Ipynma2-—MMHWDB I'pynna3— OCb

gl‘:ﬁz;f:fm’ Group 1 — SARTP Group 2 — MARTP I'pynma3—SSP p
(n=345) (n=177) (n =150)
JloHoweHnHble HosopoxcdeHHbvle / Full-term newborns
n=326 n=93 n=146 -
Cpok pojiopaspeliieHus, HeJL 39.2 (1.0) 37.9 (0.8) 39.5 (1.0) p, ,<0.001
Term delivery, weeks p,.,=0.029
OrieHKa 110 1Kase Anrap / Apgar score:
1-A MUHyTa 7.9 (0.6) 7.8 (0.5) 7.7 (0.7) p,_,= 0.129
at 1 min p,,=0.014
5-51 MUHYTa 8.6 (0.6) 8.5 (0.6) 8.5 (0.7) p, ,=0.105
at 5 min p,_,= 0.066
CocrosiHue Ipu poxKaAeHnH, abe. (%)
Condition at birth, abs. (%):
VAOBJIETBOPUTEIHHOE 303 (92.9) 68 (73.1) 130 (89.0) p, ,<0.001
satisfactory p,_,=0.156
CpeJTHEH CTETIEHU TSIKECTH 17 (5.2) 24 (25.8) 10 (6.8) p, ,<0.001
moderate severity D= 0.488
TAKEII0e 6 (1.9) 1(1.1) 6(4.2) p,_,= 0.601
severe D= 0.148
Macca Tena, r / Body weight, g 3490.2 (476.9) 2763.6 (350.0) 3450.5 (443.7) p, ,<0.001
b, ,=0.393
JmuHa tena, cm / Body length, cm 52.8 (2.2) 49.0 (2.0) 52.6 (2.3) pl_z < 0.001
p,,=0.343
OKpPY>KHOCTH TOJIOBBI, CM 34.7 (1.3) 33.4 (1.2) 34.3 (1.4) p,,<0.001
Head circumference, cm p,_,= 0.005
OKpY>KHOCTB TPYAH, CM 34.1(0.6) 31.6 (1.1) 33.7 (1.6) p, ,<0.001
Chest circumference, cm p,,=0.013
HedoHouueHHble HOBOpOXcOeHHble / Preterm newborns
n=19 n=_84 n=4 -
Cpoxk pojiopaspelienus, HeJ, 35.3 (0.7) 34.4 (1.9) 34.6 (1.2) p, ,=0.036
Term delivery, weeks p,,=0.130
OreHKa 110 1mKase Amnrap / Apgar score:
1-1 MuHyTa / at 1 min 7.4 (0.5) 7.2 (0.7) 6.8 (0.5) p, ,=0.262
D, ,=0.034
5-s1 MuHyTa / at 5 min 8.0 (0.2) 7.8 (0.6) 7.6 (0.5) p, ,=0.033
D,_,= 0.066

IMIpumevuanue. OUB — ogHOIIIONHAS MHAYIMPOBAaHHAs GepeMeHHOCTh; MUB — MHOTOILIIOAHAS HH/IYIIUPOBaHHAsS O€PEMEHHOCTH;

OCB — ofHOILIO/{HAS CTIOHTaHHAsA GEPEMEHHOCTb.

N ot e. SARTP - singleton assisted reproductive technology pregnancy; MARTP — multiple assisted reproductive technology pregnancy;

SSP — spontaneous singleton pregnancy.
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V IOHOIIIEHHBIX HOBOPOXK/IEHHBIX 00YCIOBIEHO TEYe-
HHEM TeHEPATU30BAHHOTO WH(MEKIMOHHOTO IIPO-
necca (3 cayuast), BpOXKIAEHHOH MTHEBMOHUEH (3 C1y-
Yyas) U acIUpPaAIlMOHHBIM CHHAPOMOM (1 caydaii). Y
HEJJOHOIIIEHHBIX HOBOpPOXKJeHHbIX oT MUWDB wuamie
OBLIO 3apETHCTPUPOBAHO TSKEIOE COCTOSTHHE IPH
poxaenun: 48 (57.2 %) ciayuaes, mpu OUB — 5
(26.3 %) (p = 0.015). /laHHbBIE IO HETOHOIIEHHBIM
JIETAM B CIWIy MaJIOUYUCIIEHHOCTH HAOJIOeHUN B
rpymme crnoHTaHHOH GepemenHoctu (CB) He moryT
OBITH JIOCTOBEPHBIMH, TEM HE MeHee OOpalaer Ha
cebs1 BHUMaHUe, UTO HU oivH pebeHok B rpyrmine OCh
He ObLT POK/IEH B YIOBJIETBOPUTEILHOM COCTOSIHHH,
B TO BpeMs Kak B rpyire aereid ot OMb takux gerei
65U10 5 (26.3 %). IlapameTpbl GU3UYECKOTO Pa3BU-
T (KpoMe Macchl Tejla) Y HETOHOIIEHHBIX HOBO-
poxxaeHHbIX oT b He nMenn pasyimunii. CpemHsis
Macca Teja ObLTIa JJOCTOBEPHO MEHBIIE Y JIeTeH OT
MWUB - 2158.11, mpu OUB — 2457.4 1 (p = 0.011).

B pesysbraTe ucciaenoBaHuSA ObLIO BBIABJIEHO,
YTO K MOMEHTY POKAEHHUS 0011ee KOJTUUECTBO JETEH,
BHE 3aBHUCHUMOCTH OT CpPOKa TeCTalluy, UMEIOIINX
3aMe/lJIEHde POCTa M HEIOCTATOYHOCTh IUTAHUS,
Tak:ke mpeobiazanio B rpynme MUB: 46 (26 %)
nereir, B rpynme OB — 32 (9.3 %) pebeHka
(p < 0.001), HO TPU BTOM CPeAN HETOHOIIEHHBIX
HOBOPOKIEHHBIX JJAHHbIE ObLTU CPaBHUMBI (TabI1. 4).
Cpenu nereir or MUB, pazBuBaBIIUXCS B OTUHAKO-
BBIX YCJIOBHAX, YUCJIO JIETEU C 3aJ|€PKKON BHYTPH-
YTPOOHOTO pa3BUTHUSA IPeobIaiaeT B TPYIIE JTOHO-

comparable (Table 4). Among children from MARTP
who developed under the same conditions, the num-
ber of infants with intrauterine growth retardation
prevails in the group of full-term newborns (p =
0.003), which is also quite understandable, since the
needs of the fetus increase significantly in the late
fetal period. The study showed that in singleton preg-
nancy there are no differences in the frequency of
intrauterine growth retardation and fetal malnutri-
tion in the comparison groups, which contradicts the
data of many studies noting a greater number of low
birth weight infants with any ARTP [14, 26, 27].

An analysis of the structure of diseases and path-
ological conditions in newborns (Table 5) showed
that the MARTP group was dominated by pathologi-
cal conditions characteristic of preterm children:
respiratory distress syndrome, neonatal jaundice,
and intraventricular hemorrhages. When analyzing
the general condition at birth, it was revealed that
children from MARTP are less tolerant to the birth
process even at full term: every fourth infant is born
in a state of moderate severity and endures the period
of early adaptation worse, which manifests itself in
transient disorders of the brain status in newborns
(cerebral ischemia ) in the form of a hyperexcitability
syndrome, more common in this group. There were
no significant differences in the main diseases in the
early neonatal period in children from singleton
pregnancy, with the exception of disorders of the
brain status (in the form of cerebral ischemia), asso-

Tao6uuna 4. 3amezyieHre POCTa U HEAOCTATOYHOCTD TUTAHUS Y HOBOPOIKIEHHBIX, abc. (%)
Table 4. Growth retardation and malnutrition in newborns, abs. (%)

ITokasareuas / Indicator

I'pynmna 1 — OUB
Group 1 — SARTP

I'pynna 2 — MUB
Group 2 — MARTP p

(n =345) (n=177)
JlonoutenHvle HosopodicOeHHble / Full-term newborns
n =326 n=93
Bcero ciryuaeB 3aMe/jIeHUs pOCTA U HEJIOCTATOYHOCTU TUTaHusA 27 (8.3) 33 (35.5) <0.001
Total cases of growth retardation and malnutrition:
MaJsioBecHbIH Jiu1s I'B* oz (P05.0) 17 (63.0) 18 (54.5) 0.510
low weight fetus for gestational age (P05.0)
MaJIbli pazmep mioza st I'B* (Pos.1) 10 (37.0) 15 (45.5) 0.510
small fetus size for gestational age (P05.1)
HedonouteHHvle HO8OPOicOeHHble / Preterm newborns
n=19 n=_84
Bcero ciryuaeB 3aMe/[JIEHUs pOCTa U HEJIOCTATOYHOCTU TUTaHUSA 5 (26.3) 13 (15.5) 0.265
Total cases of growth retardation and malnutrition:
MaJIOBECHBIN JIJIsI TECTAIMOHHOTO Bo3pacta 1o (P05.0) 3 (60.0) 9 (69.2) 0.719
low weight fetus for gestational age (P05.0)
MaUTBIH pa3zmep IUI07ia JJ1s TeCTalMOHHOTo Bo3pacta (P05.1) 2 (40.0) 4 (30.8) 0.719

small fetus size for gestational age (P05.1)

IIpumeuanue. OUB — ogHOIUIOIHAS HH/IYI[IPOBaHHAsI GepeMeHHOCTh; MUB — MHOTOIUIO/IHAS HH/IYIITUPOBaHHAs GEPEMEHHOCTb.
N ot e. SARTP - singleton assisted reproductive technology pregnancy; MARTP — multiple assisted reproductive technology pregnancy.
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[IEHHBIX HOBOPOXKAEHHBIX (P = 0.003), UYTO TaKKe
BIOJIHE 00BSICHUMO, ITOCKOJIBKY B MO3HEM (eTaab-
HOM IIEPHOJIE CYIIIECTBEHHO BO3PACTAIOT HOTPEOHO-
ctu wioaa. B ucciemoBaHuM OBLIO MOKa3aHO, UTO
IIpU OJTHOILJIOJTHON GepeMEeHHOCTH HeT OTJIMYUH I10
YacToTe 3aMeJIeHUsT BHYTPUYTPOOHOTO pocra u
HapyIIEHWH MUTAaHUA IJI0/Ia B TPyNIIaX CPaBHEHUS,
YTO MPOTUBOPEUUT JJAHHBIM MHOTHX UCCIE€OBAHUI,
OTMEYAIoIIUX OO0JIbIllee KOJHUYECTBO MaIOBECHBIX
nereit ipu sirobout UB [14, 26, 27].

AHaM3 CTPYKTYPHI 3a0071€BAaHUH U MTaTOJIOTHYE-
CKHUX COCTOSTHUHM Y HOBOPOXKIEHHBIX (TabJI. 5) IOKa-
3aJ1, yTo B rpyniie MUB npeobiazaoT maToyiorunye-
CKHE COCTOSTHUSI, XapaKTEePHBIE JIJISI HEJTOHOIIIEHHBIX:
pEeCIIpaTOPHBIN JIUCTPECC-CHHIPOM, HEOHaTaJlb-
HBIE KEJITYXH, BHYTPHUIKETYIOYKOBbIE KPOBOUBIIHS-
uus. [Ipu aHamu3e oOIIEro COCTOSTHUS TIPH POXKIE-
HUHU BBISIBJIEHO, UTO JieTu or MWD meHee Tose-
PaHTHBI K IIPOIIECCY POJIOB Jla’Ke IPU JOHOIIIEHHOM
CpPOKe: Ka’KJIbIi UeTBEPThIH pebEeHOK pPOXKIaeTcs B
COCTOSTHUHU CPEJTHEH CTEIIeHH TSKECTH U XYKe Tepe-
HOCHT IIEPHO]T pAHHEH a/IalITAIluH, UTO IIPOSABIIAETCS
B MPEXOASAIIUX HapYIIeHUsAX IepeOpaIbHOro CTa-
Tyca y HOBOPOK/IEHHBIX (1lepeOpaibHOU UIIIEMUH) B
BHJIE CHHJIPOMA TUIEPBO30YIMMOCTH, Yallle BCTpe-
Yalouxcsi B 3TOH rpymie. JlOCTOBEPHBIX OTIUYHI
110 OCHOBHBIM 3200JIEBAaHUSM B PAHHEM HEOHATaJsIb-
HOM IIEPHO/JIE Y JIETEH OT OHOILIOTHON GepeMeHHO-
CTHU BBISIBJIEHO He OBLIO, 32 UCKJIIOUEHUEM HapyIle-
HUH niepeGpasIbHOTO cTaTyca (B BuzE nepebpaabHOi
WIIIEMUH), CBSI3aHHOU C 00Jiee YacThIM POXKIEHUEM
nereii B rpymme or OCB B achukcuu u ¢ acnuparu-
OHHBIMU cuHpoMaMu. OOIee KOJIMYECTBO aHOMa-
JIMA W BPOXKJEHHBIX ITOPOKOB PAa3BUTHSA B TpyIIax
He OTJINYaeTcs M HaXOAUTCS B IIpejiesiax 00IIenomny-
JIAIOHHBIX 3HAUEHUH.

Y 0oHOIIEHHBIX HOBOPOKAeHHbIX 0T MUD cpex-
HSSI TPOJIOJI’KUTEIHHOCTh TPEeObIBAHUS B CTAI[HO-
Hape ObLJIa JIOCTOBEDHO BBINIE II0 CPAaBHEHUIO C
JIETBMHU OT OJTHOIUIOJTHOW Oe€pEMEHHOCTH, COCTAaBHUB
6.2 (2.2) nus (p < 0.001). IIpu ogHOILITOAHOM Gepe-
MEHHOCTH, BHE 3aBUCMOCTHU OT CII0CO0a ee BO3HUK-
HOBEHHsI, KOJJUUECTBO KOUKO-AHEH HE OTJINYAIOCh:
OUB - 4.7 (1.7) nusa, OCB — 4.6 (1.4) aus. B rpymme
HEJIOHOIIIEHHBIX HOBOPOK/IEHHBIX /IOCTOBEPHBIX
OTJIMYUH B JUTUTEJIBHOCTH TPeObIBAHUSA B CTAI[AO-
Hape BbISBJIEHO He OBLIO.

Takum 00pa3oM, B HACTOSIIEM WCCIIEIOBAHUU
OBLIO MTOATBEPIKIAEHO, UTO IIPH OJIMHAKOBOM CIIOCO0E
BOBHUKHOBEHUST OEPEMEHHOCTH OCHOBHBIM HEraTHB-
HBIM (AaKTOPOM, BJIUSIOIIUM HA IE€PHUHATAJIbHbIE
WCXOJIbI, SABJISIETCS MHOTOIUIOZYE, UTO COTIJIACOBBIBA-
ercs ¢ JAHHBIMU OOJIBIIMHCTBA KMCCIENOBAHUM [11—
17]. uaymupoBaHHass MHOTOIUIOIHAS OEpeMEHHOCTb

ciated with a more frequent birth of infants in the
group from SSP with asphyxia and aspiration syn-
dromes. The total number of abnormal development
cases and congenital malformations in the groups
does not differ and is within the general population
values.

In full-term newborns from MARTP, the average
length of hospital stay was significantly higher com-
pared to infants from singleton pregnancies, amount-
ing to 6.2 (2.2) days (p < 0.001). In singleton preg-
nancy, regardless of the mode of conception, the
number of bed-days did not differ: SARTP — 4.7 (1.7)
days, SSP — 4.6 (1.4) days. In the group of premature
newborns, there were no significant differences in
the length of hospital stay.

Thus, in the present study, it was confirmed that
in the same mode of conception, the main negative
factor affecting perinatal outcomes is multiple gesta-
tion, which is consistent with the data of most stud-
ies [11—17]. ARTP was complicated much more often,
ends with premature birth which affects the condi-
tion of newborns with characteristic pathological
states and diseases associated with prematurity.
This also affects their condition at birth and is the
main reason for intensive care in the early neonatal
period, which leads to a longer stay of infants in a
hospital. At the same time, the management of
MARTP in a specialized center allows the majority of
infants to be born at full-term gestation, which is
essentially important for their further growth and
development.

The data obtained showed that, despite the fact
that ART pregnancy belongs to a high-risk group
and is more often accompanied with complications,
its management in a specialized center allows most
children to be born at full-term in singleton preg-
nancies and do not differ in basic characteristics
from children born from spontaneous pregnancy,
which also contradicts the data of a number of stud-
ies [22, 23]. The chosen tactics of labor manage-
ment with a predominance of planned operative
delivery in ART allows children to be born in a sat-
isfactory condition and reduce the number of
infants born with asphyxia and aspiration syn-
dromes.

CONCLUSION

ART pregnancy belongs to the group of high
obstetric risk, which increases significantly with
multiple pregnancy. Management of an infertile
couple in a specialized center with continuity at all
stages from the moment of contacting the clinic to
the birth of a child allows, despite the development
of complications, to ensure the birth of most infants
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Ta6auua 5. Crpykrypa 3a00/1€BaHMil ¥ IATOJIOTHYECKUX COCTOSIHUMN y JIETell B pAHHEM HEOHATAIbHOM IIepUojie, abe. (%)
Table 5. Structure of diseases and pathological conditions in infants in the early neonatal period, abs. (%)

3ab6oseBanue/cocroaHue (KoJx
MKB-10)

I'pynna1—- OHWB I'pynna2- MWDB I'pynna3-— OCb
Group 1 — SARTP Group 2 - MARTP Group 3 — SSP P

Disease/state (ICD-10 code) (n=345) (n=177) (n=150)

PecniuparopHble HapyleHus, BO3HUKIHE 30 (8.7) 67(36.9) 17 (11.3) p, ,<0.001
B IlepuHaTabHOM Ttepuojie (P22—P24) D,,= 0.364
Respiratory disorders in the perinatal

period (P22—P24)

CUHIPOM HOBOPOIKZEHHOTO OT MaTepu ¢ 3 (0.9) o) 0 p, ,= 0.206
nuaberom (P70.0, P70.1) D,,=0.244
Newborn syndrome of the diabetic

mother (P70.0, P70.1)

JIpyrue HapyuieHus 11epebpaJIbHOTO 41 (11.9) 63 (35.6) 32 (21.3) p, ,<0.001
craTyca HOBoposkaeHHoro (P91) p,_,= 0.007
Other disorders of the newborn’s brain |

status (P91)

BHyTpMIKEIy0UYKOBBIE KDOBOUBIHUAHUA 11 (3.2) 14 (7.9) 6(4) p, ,=0.017
(P52) p,_,= 0.654
Intraventricular hemorrhages (P52)

TemonuTnueckas 601e€3Hb IJI0A 11(3.2) 1(0.6) 5(3.3) p, ,= 0.062
u HOBOpOkieHHoro (P55—P57) P,_,=0.953
Hemolytic disease of the fetus and

newborn (P55-P57)

MNudexknuonnbie 601e3HY, crienuduynbie 22 (6.4) 6(3.4) 9 (6.0) p, ,=0.151

JUIs IepuHaTaIbHOTO niepuoza (P35-P39) D= 0.866
Perinatal specific infectious diseases

(P35-P39)

HeonaranbHast »KeTyXa, 00ycyioBneHHass 26 (7.5) 28 (15.8) 8(5.3) p, ,=0.003
Ype3MepPHBIM T€MOTU30M, JAPYTUMH p,,=0.373
¥ HeyTOYHeHHbIMU npuunHamu (P58—P59)

Neonatal jaundice caused by excessive

hemolysis, other and unspecified causes

(P58-P59)

Anomasuu passutus (Q00—Q99) (Bcero) 63 (18.3) 45 (25.4) 29 (19.3) p,,=0.058
Abnormal development (Q00—Q99) (total) p,,=0.792
BpozKieHHbIE TIOPOKU Pa3BUTHS, 12 (3.5) 6(3.4) 7(4.7) p, ,= 0.952
nozJiekale oos13aTeJIbHON D, ,=0.523

perucrpanuu coriacHo Ilpukaszy M3 PO
N2 268 (0T 10.09.1998)

Congenital malformations subject to
mandatory registration, according to

the Order of the Ministry of Health of
the Russian Federation No. 268 (from
10.09.1998)

Ilpumeuanue. OUB — ogHOILIONHAA UHAYNUPOBaHHAA GepeMeHHOCTh; MIIB — MHOrOIUIOAHAA MHAYIUPOBAHHAsA GepeMeHHOCTD;

OCB — onHOIUIOAHAS CIIOHTAHHASI GEPEMEHHOCTb.

N ot e. SARTP - singleton assisted reproductive technology pregnancy; MARTP — multiple assisted reproductive technology pregnancy;

SSP — spontaneous singleton pregnancy.

3HAUUTEJILHO dYallle NPOTEKAeT C OCJIOKHEHUSIMHU,
3aBEPIIAETCS MPEKIEBPEMEHHBIMU POIAMH, UTO CKa-
3BIBAETCS HA COCTOSTHUY HOBOPOXK/IEHHBIX JIeTe, nMe-
IOIUX XapaKTepHbIE MATOJIOTHMYECKUE COCTOSHUS H
3a0071€BaHNsA, CBA3AHHBIE C HEJOHOIIEHHOCTHIO0. JTO
’Ke OTpaKaeTcs ¥ Ha UX COCTOSTHUU IIPHU POXKJIEHUHN U
SIBJISIETCSI OCHOBHOH NPUYWHOM IIPOBENEHUs] WHTEH-
CHUBHOU Tepamuy B PaHHEM HEOHATAJILHOM IEPUO/IE,
YTO MPUBOAUT K OOJiee JTUTETHPHOMY IMPeOBIBAHUIO
JleTell B YCJIOBHUSAX cTalloOHapa. B To ke Bpems Bejie-

at full-term (both in singleton and multiple preg-
nancies), and in a singleton pregnancy, it leads to
the birth of children, according to the main indica-
tors of health, similar to children from a spontane-
ous pregnancy.
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Hue MWD B yc10BUAX ClIENUAIN3UPOBAHHOIO LIEHTpa
II03BOJISIET POJTUTHCSI OOJIBIITMHCTBY JeTel PU JT0HO-
IIEHHBIX CPOKAaX TeCTallu¥, YTO IIPUHIINIIHAIBHO
BaKHO /IS UX JATBHEUIIIETO POCTA U Pa3BUTHA.

[TosyueHHBIE aHHBIE TOKA3ATH, YTO, HECMOTPS
Ha TO, YTO HHAYIIMPOBaHHAs OEPEMEHHOCTh OTHO-
CUTCS K TPYyIIE BBICOKOTO PHCKA U Yallle COIIPOBO-
JKJTAETCST OCJIOXKHEHUSIMH, €€ MEIUIIMHCKOE COIPO-
BOXK/IEHUE B YCJIOBUSAX CIEIIHAIN3UPOBAHHOTO IE€H-
Tpa TMO3BOJIET MPHU OJHOIUIOAHON OepeMEeHHOCTU
OOJIBIIIMHCTBY JIeTed POXKAATHCA B CPOK U 110 OCHOB-
HBIM XapaKTePUCTUKAM He OTJINYAThCSA OT HOBOPOIK-
JIEHHBIX, POJUBIIMNXCS OT CIHOHTAHHO BO3HHUKIIEH
0OepeMeHHOCTH, YTO TaK:Ke IMPOTUBOPEUUT JTAHHBIM
psna uccaenoBaHuii [22, 23]. BeiOpaHHass TaKTHKA
BeJIeHUsI POJIOB C IpeobJiiaJlaHreM IIJIAaHOBOTO OIle-
PaTUBHOTO pOIOPa3pPeIleH s IPU HHAYIIUPOBAHHOMH
OepeMeHHOCTH TO3BOJIAET POAUTHCSA AETIM B YAO-
BJIETBOPUTEIHBHOM COCTOSTHUH W YMEHBIIIUTD YHCIIO
JleTel, POJK/IEHHBIX B aCOUKCUM U C aCHUPAIHOH-
HBIMH CUHIPOMAaMHU.
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SAK/IIOYEHUWE

WHpynupoBaHHas OepeMEHHOCTh OTHOCUTCH K
TpyIIEe BBICOKOTO AKYIIEPCKOTO PHUCKA, KOTOPBIH
3HAYUTEJIPHO BO3PaCTaeT TP MHOTOILJIOJTHOU Gepe-
MeHHOCTH. BesleHue mapbl ¢ GeciuiofireM B aHaM-
He3e B YCJIOBUAX CHEIUAJIM3UPOBAHHOTO IEHTpA C
obecrieyeHnEM IPEEMCTBEHHOCTH Ha BCEX ATAIax OT
MOMeHTa oOpallleHHs B KJIUHHUKY /0 DPOXK/IEHHS
pebeHKa MO3BOJISIET, HECMOTPSI Ha PA3BUTHE OCJIOXK-
HEHUH, 00eCTIeYUTh POK/IeHHE OOJIBIIIMHCTBA IETEH
IIPH JIOHOIIIEHHBIX CPOKaX (KaK IPU OJHOILJIOHOM,
TaK ¥ IPU MHOTOIUIOAHOM GepeMEHHOCTSIX) U MpU
OJTHOTUIOTHOW OepeMEHHOCTU IMPUBOAUT K POKIE-
HUIO JIETeH, 110 OCHOBHBIM IIOKA3aTEJISAM 37]0POBbs
CXOXKUX C JIETBMU OT CIIOHTAHHO BO3HUKIIEH Oepe-
MEHHOCTH.
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Pa3zpaboTrka MmeToguKHu onpeaerenusa am@porepunuaa B
crneKTpodoToOMETPUIECKUM METOAOM B OMOJIOTUYECKHUX Cpeaax

JI.B. IlamkoBa, E.A. IBaHOBcKas, A.B. JIlurocraes

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

AHHOTAIIUA

BBemenue. PazpaboTka METOZOB OIpeZieIeHUsI KOHI[EHTPAIIMH ITPUMEHSIEMbIX POTHBOMUKPOOHBIX MPENapaToB
IIPY Pa3JINYHBIX TATOJIOTUYECKUX COCTOSTHUSIX OPraHU3Ma IIPEJICTaBIIsIET OOJIBIIION HHTEPEC.

IT e 1 » . PazpaboTka MeTOIMKY KOJIMYECTBEHHOTO OIIpe/iesIeHus aM(pOTepUIIHA B B CBIBOPOTKE KPOBH.
MaTtepuaab U MeTO/Bbl. VCIOMb30BaIN JIEKAPCTBEHHBIN TpernapaT aMm@oTrepuiinHa B /i1s1 mpUTroTOBIIeHUS
pactBopoB. ONTHUECKYIO IJIOTHOCTh PACTBOPOB OIIPE/IEJISIIN CIIEKTPODOTOMETPUIECKIM METO/IOM.

PesdynbpTartsl . AUpoOUpOBaHA METOMKA KOJIMYECTBEHHOTO OMpesiesieHus: ampOoTepuiliHa B B pacTBope HaTpus
XJI0pu/ia, Harbosiee 6JIU3KOM 10 COCTABY K GHOJTIOTHYECKUM JKUIKOCTAM. CTaTUCTHUECKUH aHATIN3 TIOKA3aJI, YTO OIITHOKA
MeTO/Ia OTIpeie/IeHNsI KOHIleHTpauu am@oTepuniHa B He nmpeBbImaer 10 %.

3akno4eHUue. PazpaboraHa yaubunupoBaHHAA METOIUKA CIIEKTPO(DOTOMETPHUECKOTO OIIpe/ieieHus aMmboTepu-
nuHa B B chIBOpOTKE KpoBU. Hali/leHbl ONTHMAJIbHBIE YCIIOBUS OIpezieieHUuss aM(pOTEPUITTHA B OHOJIOTUYECKUX KUIKO-
CTAX: pACTBOPUTEJD — 0.9% pacTBOp HATPUA XJIOPU/IA, IJINHBI BOJIH — 363, 383 1 406 HM, t — 3—6 °C, onipe/iesiesieMble KOH-
[EHTPAINHU — OT 1.0 - 1072 /10 1.0 + 1075 MT'/JI.

Kmuoueente cnroea: amdoTepuIuH B, cbIBOpOTKa KPOBH, KOJIMUECTBEHHOE OIIpe/iesieHne, ClIeKTpOhOTOMeTpHU .

Oo60pasen nmutupoBaHwua: Ilamkosa JI.B., iBanoBckas E.A., JlurocraeB A.B. PazpaboTka METOAMKU OIIpeie-
sneHus amdorepunuHa B ciekTpodoTOMETpUUECKIM METO/IOM B Grostoruyeckux cpezax // Journal of Siberian Medical
Sciences. 2022;6(2):122—130. DOI: 10.31549/2542-1174-2022-6-2-122-130

Development of a technique for amphotericin B determination
by spectrophotometric method in biological fluids

L.V. Pashkova, E.A. Ivanovskaya, A.V. Ligostaev

Novosibirsk State Medical University, Novosibirsk, Russia

ABSTRACT

Introduction. The development of methods for determining the concentration of antimicrobial drugs used in
various pathological conditions of the body is of great interest.

Aim . Development of a technique for quantitative determination of amphotericin B in blood serum.

Materials and methods. The drug amphotericin B was used for the preparation of solutions. The optical
density of the solutions was determined by the spectrophotometric method.

Results. The method of quantitative determination of amphotericin B in sodium chloride solution, which is the clos-
est in composition to biological fluids, has been tested. Statistical analysis showed that the error of the method for deter-
mining the concentration of amphotericin B does not exceed 10%.
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Conclusion. A unified method of spectrophotometric determination of amphotericin B in blood serum has been
developed. The optimal conditions for the determination of amphotericin in biological fluids were found: the solvent —
0.9% sodium chloride solution, wavelengths — 363, 383 and 406 nm, t — 3—6°C, detectable concentrations — from 1.0 - 102

to 1.0 - 105 mg/1.

Keywords: amphotericin B, blood serum, quantitative determination, spectrophotometry.
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BBE/JIEHUNE

CaMBbIM YacTbIM BHIOM MUKO3a ABJISETCS KaH M-
7103 [1]. B cicke BO3OyuTeIEN KAHIU/I03a JTUAUDY-
onee mecro 3aunuMaet Candida (C.) albicans. dtum
BUIOM I'PHOOB BbI3bIBaeTcs Oosiee 80 % KaHIUI0-
30B. OjiHako WHGEKIHsA MOKeT ObITh BbI3BAaHA W
npyrumu Bugmamu: C. tropicalis, C. parapsilosis,
C. krusei, C. lusitaniae.

Korma Tepamusi CHCTEMHBIX MHUKO30B TaKHMU
aHTHOMOTHUKAMHU, Kak (JIyKOHA30J, He [aeT
addexTa, ciaemyer MPeANOIOKUTh, UTO KaHAHI03
BBI3BAaH IPHUPOHO-PE3UCTEHTHBIMU BUJAMH KaH-
nu, sanpumep C. krusei. B aTux caydasx peKoOMeH-
JlyeTcst IPOTUBOrPHUOKOBast Tepamnusi 3G GeKTUBHBIM,
HO MOTEHITHAIPHO TOKCHYHBIM IIpernapaToM aMdo-
TepuiiuHoM B [2].

Amdotepurua B (pyHrunzon) okassiBaeT GyHru-
[OUIHOE JEHCTBUE IITHPOKOTO CIIEKTPA, BBICOKO
3¢ PeKTUBEH IPU CUCTEMHBIX U TJIyOOKHX MHKO32aX:
KaHUZ03€, acleprusiese, KPUITOKOKKO3€e, JIEr0U-
HBIX MUKO3aX u Jip. [Ipemnapar JOBOJIbHO TOKCUYEH,
HO B psifie CIy4aeB €ro MPHUMEHSIOT B CBS3H C €ro
6oJtbIoH 3P PeKTUBHOCTHIO [1].

71 KOHTPOJIA TOKCUYHOCTU U 3¢ PeKTUBHOCTU
MIPOBOIUMOTO JI€UEeHHs, U3ydeHUus: (hapMaKOKUHeE-
THYECKHUX IIapaMeTPOB HeOoOXOoJMMa ajieKBaTHas U
JIOCTOBEPHAsI HH(POPMAITUA O KOHIIEHTPAIUH [Tpera-
para B KpOBH, IoJiyuyaemasi 61arogaps UCII0Ib30Ba-
HUIO B aHAJIN3€ BHICOKOUYBCTBUTEIbHBIX METO/IOB, K
KOTOPBIM OTHOCATCA (PUBUKO-XUMUYECKHUE, B TOM
yucyie crekTpodoToMeTpuueckuii Meror [3-5],
MIUPOKO UCTIOIb3YEMBIN B (PapMaKOJIOTHUH, TOKCUKO-
joruu U dapManuu JJjA aHaJIu3a JIEeKapCTBEHHBIX
cpencts [6].

B Hacrosiiiiee Bpemsi METOJI CIIEKTPODOTOMEPUH
MPUMEHSETCS U Pa3BUBAETCA B CHJIY IIEJIOTO psia
MPUHITUITHAIBHBIX JOCTOMHCTB, 4 UMEHHO: OTHOCH-
TEJIbHOH IPOCTOTHI M JIEIIEBU3HBI armapaTypbl,
60JIBIIIOTO Pa3HOOOPA3UsI OIIPE/IEISIEMBIX BEIIECTB B
MIUPOKOM Jarna30He UX KOHIIEHTPAIUi, J0CTaTOu-
HOU YyBCTBUTEILHOCTH, CEJIEKTUBHOCTH U HKCIIPECC-
HOCTH, BBICOKOH aBTOMATH3AIlUU H3MEPUTETHHOTO
nporiecca [3—5].

INTRODUCTION

The most common type of mycosis is candidiasis
[1]. Candida (C.) albicans occupies a leading place
in the list of pathogens of candidiasis. This type of
fungi causes more than 80% of candidiasis. How-
ever, the infection can also be caused by other spe-
cies: C. tropicalis, C. parapsilosis, C. krusei,
C. lusitaniae.

When therapy of systemic mycoses with antibiot-
ics such as fluconazole has no effect, it should be
assumed that candidiasis is caused by naturally
resistant Candida species, for example C. krusei. In
these cases, antifungal therapy with the effective but
potentially toxic drug, amphotericin B is recom-
mended [2].

Amphotericin B (Fungizone) is a broad-spectrum
fungicidal agent, and is highly effective in systemic
and deep mycoses: candidiasis, aspergillosis, crypto-
coccosis, pulmonary mycoses, etc. The drug is quite
toxic, but in some cases it is used due to its great
effectiveness [1].

To control the toxicity and effectiveness of the
treatment, to study the pharmacokinetic parameters,
the adequate and reliable information on the concen-
tration of the drug in the blood is necessary, which
can be obtained through the use of highly sensitive
analytical methods, which include physicochemical,
and among them the spectrophotometric method
[3—5], widely used in pharmacology, toxicology and
pharmacy for analysis of drugs [6].

Currently, the spectrophotometry method is used
and developed due to a number of fundamental
advantages, namely: relative simplicity and afford-
ability of the equipment, a wide variety of deter-
mined substances in a wide range of their concentra-
tions, sufficient sensitivity, selectivity and rapidity,
high automation of the measuring process [3—5].

In this regard, it is of interest to study the possi-
bility of using spectrophotometry for pharmacoki-
netic studies, in drug quality control and for the
purposes of therapeutic monitoring of amphoteri-
cin B [6].
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B cBsA3M ¢ 3TUM IIpe/iCTaBIIsIeT HHTEPEC U3YUeHe
BO3MO’KHOCTH HCIOJIb30BAHUS CIIEKTPODOTOMEPUH
JUIst hapMaKOKHMHETUUECKUX UCCIEOBAaHUM, B KOH-
TpOJIE KauyecTBa JIEKAPCTBEHHBIX CPEACTB W JJIA
1eJiel TepareBTHYECKOr0 MOHUTOPUHTA aMdoTepu-
muHa B [6].

IIEJIb ICCJIEJIOBAHUSA

PaspaboTka IpoCToii, TOUHOM 1 HEJTOPOTOH METO-
JINKU KOJIMYECTBEHHOTO OIpe/ieieHuss aMdoTepu-
nuHa B B CBIBOPOTKE KPOBH.

MATEPUAJIBI 1 METO/IbI

B xauectBe 00beKTA HCCIEIOBAHUS OBLIT UCIOJIb-
30BaH Inpemnapar amdorepurinaa B i npurorose-
HHUA pacTBopa, npousBeZieHHbIH OAO «AKIMOHEDP-
Hoe Kypranckoe o01ecTBO MEIUITMHCKHX ITpenapa-
ToB U ussiennii «Cunres» (r. Kypras, Poccust), pac-
TBOPUTEJIH — IUMETWICYIbMOKCH U 0.9% pacTBOp
HATpUs XJIOPHU/A, OCAAUTENh — CIUPT STUJIOBBII
95.6%.

ONTUYECKYI0 IIJIOTHOCTh PACTBOPOB U3MEPSIU
Ha crnektpodoromerpe CD-56 (Poccus) B kKroBeTax
10 MM OTHOCHUTEJIBHO pacTBoputess. Beamuuny pH
OIpeZiesIsIN ¢ IOMOIIBI0 YHUBEPCAJIBHOTO HOHO-
Mepa «AHUOH 4100» (Poccus) [7].

PE3YJIBTATDBI 1 OBCYXKJIEHNE

J1J151 IPUTOTOBJIEHUS UCXOTHOTO PacTBopa amdo-
TepunuHa B Opanm 0.0250 T mpemapara W mome-
[T B MEPHYIO KOJIOY BMECTHMOCTBIO 25 MJI, pac-
TBOPSUIH B 15 MJI JUMETHIICYIH(MOKCHU/IA ¥ JIOBOIIH
00beM pacTBOpa JUMETUIICYIbMOKCHIOM 0 METKH.
V3 moJIyueHHOTO pacTBOpa OJIHOBPEMEHHO TOTO-
BIJIH JIBA PACTBOpPA: MEPBHIN — 5 MJI HCXOTHOTO pac-
TBOpAa BHOCWJIM B MEPHYHIO KOJIOY BMECTHMOCTHIO
50 MJI ¥ IOBOJTUJI 00'bEM PACTBOPA CITUPTOM METHU-
JIOBBIM JI0 MeTKH (pacTBOp 1); BTOPOH — 1 MJI UCXO-
JTHOTO PacTBOpa BHOCHJIU B MEPHYIO KOJIOY BMECTH-
MOCTBIO 200 MJI U JIOBOJIMJIA 00BEM PACTBOPA CITHP-
TOM METHJIOBBIM JI0 METKH (PacTBOp 2).

PervcTpupoBayl CIEKTPHI MOTJIOMIEHUS PACTBO-
POB 1 ¥ 2 B KIOBETE C TOJIIIIUHOH CJIOS 10 MM, UCTIOJIb-
3ys B KQUeCTBE PACTBOPOB CPABHEHMUS JUMETUIICYITb-
doxcur — cupT METHUJIOBBIH (1:9) — TS pacTBopa 1
U CITUPT METUJIOBBIN — JIJIsI PaCTBOpA 2.

CHexTp MOTJIOIIeHUs IS CTAHAAPTHOTO 00pasna
pacrBopa 1 B Jjuamas3oHe JIJIUH BOJH 260—300 HM
HMMeJI MAaKCUMYMbI TIOTJIONIEHU TIPU 273 U 283 HM;
CIEKTD MOIVIOMIEHUs JI CTAaHZAPTHOTO oOpasia
pacrBopa 2 B JuamnasoHe JIJINH BOJH 350—420 HM
MMeJI MaKCHMyMbl TIOTJIOIIeHUs npu 363, 383 u
406 HM.

AIM OF THE RESEARCH

Development of a simple, correct and inexpensive
method for the quantitative determination of ampho-
tericin B in blood serum.

MATERIALS AND METHODS

As the object of the study, amphotericin B pro-
duced by JSC Sintez (Kurgan, Russia) was used for
the preparation of a solution, dimethyl sulfoxide and
0.9% sodium chloride solution were used as solvents,
95.6% ethanol — as a precipitator.

The optical density of the solutions was measured
on a SF-56 spectrophotometer (Russia) in 10 mm
cells relative to the solvent. The pH value was deter-
mined using a universal Anion 4100 ion meter (Rus-
sia) [7].

RESULTS AND DISCUSSION

To prepare a stock solution of amphotericin B,
0.0250 g of the drug was taken and placed in a 25 ml
flask, dissolved in 15 ml of dimethyl sulfoxide, and
with the latter, the volume of the solution was
brought to the mark. Two solutions were simultane-
ously prepared from the resulting stock solution: the
first — 5 ml of the stock solution was placed into a
50 ml flask, and with methyl alcohol the volume of
the solution was made to the mark (solution 1); the
second — 1 ml of the stock solution was placed into a
200 ml flask, and with methyl alcohol the volume of
the solution was made to the mark (solution 2).

Absorption spectra of solutions 1 and 2 were
recorded in a cell with a layer thickness of 10 mm,
using dimethyl sulfoxide and methanol (1:9) — for
solution 1, and methanol — for solution 2, as blank
solutions.

The absorption spectrum for the standard sample
of solution 1 in the wavelength range of 260—-300 nm
had absorption peaks at 2773 and 283 nm; the absorp-
tion spectrum for the standard sample of solution 2
in the wavelength range of 350—420 nm had absorp-
tion peaks at 363, 383 and 406 nm.

To select optimal conditions for sample prepara-
tion, 3 ml of venous blood was taken, in the fasted
state, without the addition of any reagents. The
obtained blood samples were centrifuged for 10 min-
utes, and the serum was analyzed. According to the
literature data, quantitative analysis of medicines is
carried out, as a rule, in a protein-free blood filtrate,
i.e. after protein precipitation in one way or another.
Precipitation is carried out using three groups of
methods [3, 8, 9]:

1) addition of water-miscible organic solvents
(ethanol, methanol, acetone, etc.): typically
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s moabopa ONTUMAIBbHBIX YCJIOBUU mpPobOo-
IIOATOTOBKYM 3a0Upasii 3 MJI BEHO3HOU KPOBH,
HaTOIaK, 6e3 mobaByieHHs KaKUX-JIMOO peareH-
ToB. ITosydeHHble 0Opas3I[bl KPOBU IOJBEPTaIu
neHTpudyrupPOBAHUIO B TE€UEHHE 10 MUH U UCCTIe-
JIOBaJin CHIBOPOTKY. COTJIacHO JIUTEPATyPHBIM
JIAHHBIM KOJIMUECTBEHHBIH aHAIN3 JIEKAPCTBEH-
HBIX CPEJICTB MTPOBO/IUTCS, KaK MMPaBuiIo, B 6e36e-
KOBOM (pUJIbTpaTe KPOBH, T.€. IOCJIE OCAKEHUS
0enKOB TeM WM HHBIM cmocobom. OcakaeHue
IIPOBOJIUTCS C UCIIOJIb30BAHUEM TPeX IPYIII METO-
noe [3, 8, 9]:

1) mobaBJIeHHEe CMEITUBAIONIUXCSA ¢ BOJOU Opra-
HUYECKUX PACTBOPUTEsEH (9TaHOJI, METAHOJI, ale-
TOH | T.JI.): KaK [IPABUJIO, UCIIOJIb3YETCS 5—10-Kpat-
HOE€ KOJINYECTBO PACTBOPHUTENSI 10 CPABHEHHUIO C
00'beMOM TTPOOHI;

2) no6aBjieHNEe XUMUYECKUX aT€HTOB /I Koary-
JIAIUYA OEJIKOB: KHUCJIOTHI (TPUXJIOPYKCYCHOM, XJIOp-
HOI1), HOHOB TsJKeJIBIX METaJLJIOB (HampuMmep, 6apusi)
U T.JI.;

3) TepMuyeckas o6paboTka.

U3 BBINIE ONTMCAHHBIX METO/IOB OCAKAEHUs OesI-
KOB HamboJiee TPHUEMJIEMBIM OKAa3aJiCsA IEPBBIA: B
Ka4yecTBe OCAJIUTEJIS MCIOIb30BAJICS OpPTaHUYeCKUI
peareHT — B3TaHON 95.6%, OJsiarozaps KOTOPOMY
JIOCTUTAJIOCH [TOJTHOE OCaXKAeHHe OEJIKOB U3 MO/IE/b-
HOTO pactBopa (chIBOpoTKa B amdoTepeud B), uro
IMO3BOJIMJIO HCIIOJIb30BATh JIAHHBIA CIIOCO0 ITpobo-
IIOATOTOBKHU JIJISI KOJIMYECTBEHHOTO OIPEeIeHUs
KOHIIEHTpAIIUU TIpernapaTa B GHOJIOTHYECKOM 00b-
exte (pH = 5-6).

Merofika OCaXK[eHUsl: K 1.6 MJI CHIBOPOTKH
nobasysn 8.4 M1 95.6% sTaHo 1, YTOOBI KOHEUHAs
KOHIIEHTpAIus cocraBuia 75—80 %; cmech Harpe-
BaJIM /IO KUTIEHUA B T€UeHUE 1—2 MUH, OXJIaQXKIaIH,
HeHTpU(YTHPOBAIM B TEUEHHUE 10 MUH U OT/IEJIsIN
HAaJIOCAIOUHYIO KUIKOCTh. 3aTeM TOTOBHJIN Pa3Be-
JleHust Ha 0.9% pacTBOpe HATpuUsi XJI0puaa (MeTo[0M
pasbaBieHus), TeMIepaTypa HaTpus xJiopu/a Oblia
He BhIIIe 6 °C.

B kauectBe )OHOBOTO pacTBopa ObLI HCIIOJIB30-
BaH PAcCTBOP 0.9% HATpUs XJIOPU/IA, TAK KaK METO-
JIUKY HeoOX0uMO OBLIO aIallTUPOBATDH ISl CHIBO-
POTKU KpoBU (puc. 1).

CrnexTp HATPHUSA XJIOPU/IA TOATBEPIK/AET UHCTOTY
(douoBoro pacrsopa. Hatpust xstopuz npu pazbasie-
HUHU amoTepUIHA B He BIHMsAET HA CHEKTP MOJY-
yeHHOro amM(pOTepUIMHA B 1 €ro aHATUTHYECKOTO
CUTHaJIA.

Il TpUTOTOBJIEHUS HCXOJAHOTO pacTBOpa C
KOHI[eHTpanuen 1.0 - 1072 Mr/J1 B MEPHBIA CTaKaH-
YUK HAa 10 MJI TOMeINaJIu 0.1 MI' CTaHZApTHOTO

5—10 times the amount of solvent compared to the
sample volume is used;

2) addition of chemical agents for protein coagu-
lation: acid (trichloroacetic, perchloric), heavy metal
ions (for example, barium), etc.;

3) baking.

Of the above described methods of protein pre-
cipitation, the first one turned out to be the most
acceptable: an organic reagent, 95.6% ethanol, was
used as a precipitator, thanks to which complete pre-
cipitation of proteins from the model solution (serum
and amphoterecin B) was achieved, which allowed
using this method of sample preparation for quanti-
fying the concentration of the drug in a biological
object (pH = 5-6).

Precipitation method: 8.4 ml of 95.6% ethanol
was added to 1.6 ml of serum to make the final con-
centration 75—-80%; the mixture was heated to a boil
for 1—2 min, cooled, centrifuged for 10 min, and the
supernatant was separated. Then dilutions were pre-
pared using a 0.9% sodium chloride solution (by
dilution), the temperature of sodium chloride was no
higher than 6°C.

A 0.9% sodium chloride solution was used as the
blank solution, since the technique had to be adapted
for blood serum (Fig. 1).

The spectrum of sodium chloride confirms the
purity of the blank solution. Sodium chloride when
diluting amphotericin B does not affect the spectrum
of the resulting amphotericin B and its analytical sig-
nal.

To prepare the stock solution with a concentra-
tion of 1.0 - 1072 mg/1, 0.1 mg of a standard substance
(dissolved substance according to Technical Specifi-
cations) was placed in a 10 ml dosing cup and a 0.9%
sodium chloride solution was added to the mark.
Preparation of a standard sample solution with a
lower concentration was carried out by serial dilu-
tion of the stock solution. So, to prepare a standard
solution with a concentration of 1.0 - 1073 mg/1, 1 ml
of the stock solution was placed in a 10 ml dosing
cup, and the volume of the solution was adjusted
with 0.9% sodium chloride to the mark. Thus, solu-
tions with a lower concentration were obtained by
serial dilution. Then 0.5 ml of 0.9% sodium chloride,
0.5 ml of precipitated serum, 0.1 ml of the drug solu-
tion in sodium chloride with a concentration of
1.0 - 1023 mg/1 were placed into a 10 mm cell — thus a
dilution of 1.0 - 10*mg/1 was obtained. 0.9% sodium
chloride was used as a blank solution.

The spectrum had absorption peaks at wave-
lengths of 363, 383 and 406 nm (Fig. 2).

From Fig. 2 it can be seen that the substances
contained in the serum did not interfere with the
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Puc. 1. CriekTp 0.9% pacTBOpa HaTPUsA XJIOPH/IA OTHOCUTEJIBHO BOIbI
Fig. 1. Spectrum of a 0.9% sodium chloride solution relative to water

BelllecTBa (PacCTBOPEHHOTO BelecTBa Mo TexHmye-
ckuM ycsopusMm (TY)) u mo6aBiasiin 0.9% pacTBop
HATpHUs XJIopuja /1o MeTku. [IpurorossieHue pac-
TBOpA CTAaHAAPTHOTO 00pa3Iia ¢ MeHbIIeH KOHIEH-
Tpanued MTPOBOAWIH IIyTEM II0CJIEIOBATEIHHOTO
pasBeJieHUsI UCXOTHOTO pactBopa. Tak, Jjisd MpUro-
TOBJIEHUsI CTaHJIAPTHOTO PacTBOpa C KOHIIEHTpa-
ouei 1.0 - 1073 MI/JI 1 MJI HCXOJHOTO PacTBOpa
IIOMeEIaJI B MEPHBIHN CTAaKAaHUKUK Ha 10 MJI U 00beM
pactBopa JOBOAWIN 0.9% HATPUSA XJIOPUIOM M0
MeTku. TakuM o0Opa3om, IIyTeM II0CJIe0BATENh-
HOTO pa3BeJIeHUs MOJIYYaId PaCTBOPHI C MEHBIIEH
KOHIIeHTpaIueun.

Jlajlee B KIOBETy TOJIIIUHOU 10 MM HaJIUBAJIA
0.5 MJI 0.9% HaTpUsA XJIOPHUAA, 0.5 MJ OCAKAEHHOU
CBIBOPOTKH, 0.1 MJI PacTBOpa Ipernapara B HATPHUSI
XJIOpU/Zie C KOHIEHTpanueH 1.0 - 1073 MI/J1 — TaKuUM
0o6pa3oM Mosy4yaaoch pa3BefieHue 1.0 - 1074 Mr/JL
B kauecTBe pacTBOpa CpaBHEHHUs WCIIOJIH30BAIU
0.9% HaTpus XJIOpUZ.

CriekTp MMeJl UKW TOTJIONEHHA TPHU JJIMHAX
BOJIH 363, 383 1 406 M (puc. 2).

W3 puc. 2 BUHO, YTO BEIECTBA, COJIEPIKAIIIECS
B CBIBOPOTKE, HE MeNIaJId ONpezieieHuIo aMm@poTepu-
nuHa B, Tak Kak B CIIeKTpe HOTJIoeHus aMm(oTepu-
nuHa B, 3aperucTrpupoBaHHOM B JMalla3oHE 240—
600 HM, HAOJTIOTAJINCh XapaKTePHBIE JIJIs1 HETO MaK-
cuMyMbI — 363, 383 u 406 HM, Kak u B TY 714 cTaH-
JlapTHOTO 0OpasIa.

determination of amphotericin B, since in the
absorption spectrum of amphotericin B in the range
of 240-600 nm its characteristic peaks were
observed — 363, 383 and 406 nm, as in the Technical
Specifications for the standard sample.

To confirm the correctness of the developed
method, spike recovery experiments were carried out
(Tables 1—4). For the quantitative determination of
amphotericin B, the standard addition method was
used, according to which the concentration of the
substance being determined was calculated by the
formula

Cx= [(Cst : Vadd) / (Vc + Vadd) ’ Ix/ (I

m — L),
where C_— the concentration of the substance being
determined, g/ml;

C, — the concentration of the standard substance,
g/ml;

V. .4 — the volume of the addition of the standard
solution, ml;

V_ — the volume of the solution in the cell, ml;

I_- signal value of the analyte, pA;

I =1I,+I,pA(l,, - theanalytical signal value
of the standard solution addition, pA).

Analyzing Table 1, it can be concluded that with
an amphotericin B concentration of 1.0 - 107 mg/l,
the error did not exceed 10%, and the limit of quanti-

tative determination was 0.00001 mg/1.
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Puc. 2. Cuextp amdorepuniiHa B B CbIBOPOTKe € KOHIIEHTPAIUAMU 1.0 - 1073 ¥ 1.0 - 1074 M1/ 1,
pasbaBieHHOH 0.9% PacTBOPOM HATPHUSI XJIOPUAA
Fig. 2. Spectrum of amphotericin B in serum with concentrations of 1.0 - 107 and 1.0 - 1074 mg/1
diluted with a 0.9% sodium chloride solution

JI7si TOATBEpIKIeHUsI TPaBUJIBHOCTH paspabo-
TaHHOH METOIUKH ITPOBEJIN SKCIIEPUMEHT 110 METOY
«BBeJIeHO-HalieHo» (TabJ1. 1—4). J[J1a KoaudecTBeH-
HOTO ompeseneHuss ampoTepuniia B ObLT UCIIOTb-
30BaH METO/] CTaH/JAPTHBIX JI00aBOK, COTJIACHO KOTO-
pOMY KOHIIEHTPAI[UIO OIPEEIIeMOro BelllecTBa
paccuuTsiBaIU 10 GopMyJie

Cx= [(Ccr . VJ106) / (Vﬂ + Vuo6) : Ix/ (Isum - Ix)]’

rae C — KOHIEHTPAIHsA OIPE/IeJIAEMOr0 BElecTBa,
r/MT;
C_, — KOHIIEHTpAIMsA CTaHAPTHOTO BEIIeCTBa, T/MJI;
V 6 — 00eM 100aBKY CTAHAAPTHOTO PACTBOPA, MJL;
V. — o0beM pacTBopa B A4eliKe, MJI;

The advantage of the proposed method was rapid-
ity — the time of a single analysis was 1 min (with the
sample preparation — 15 min, including preparation
of samples from 2 to 10 biological objects simultane-
ously).

CONCLUSION

For the first time, the optimal conditions (wave-
length, precipitator, temperature regime, range of
detectable concentrations) of the method for deter-
mining amphotericin B by spectrophotometric
method in blood serum were determined: A = 363,
383 and 406 nm; the solvent — a 0.9% sodium chlo-

TaGauma 1. Pe3ybTaThl TeCTa «BBEIEHO-HAU/IEHO» TIPU OMPeIeIEHUN KOHIIEHTpaIuu aMmdoTepuiinaa B B CbIBOPOTKe

KPOBH

Table 1. The results of the spike recovery experiment in determining the concentration of amphotericin B in blood serum

HNcruHHOE 3HAUYEeHHEe IoaymmpuHa qOBEpH- .
e usMepaemot Cpenusist CranpaprHoe ,..."oro MHTepBaIa OTHOCI/ITeJII)H]%II/I
(o e T )t BBIGOPKA X OTKJIOHEHME (x _ X ).10 NPOLEHT OIMGKH
n/m cp Standard P . Relative error
The true value Average sample P Confidence interval
No. 8 PI€ deviation half-width percentage
of the measured S.10-6 alf-wi . € %
parameter p, mg/1 2 X-X )-10 2
1 0.01 1.186 - 1072 1234.4 1143.0 9.64
2 0.001 1.229 - 1073 136.2 126.0 10.27
3 0.0001 1.400 - 1074 0.153 0.141 10.10
4 0.00001 1.443 - 1075 1.573 1.457 10.10
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Taouna 2. Pe3ysibTaTsl OIEHKH IOBTOPSEMOCTH Pa3pabOTaHHOU METOAVKY OIIpe/ie/IeHUsA KOHIIeHTPALlUH

amdoTepHunHa B B CHIBOPOTKE KPOBU

Table 2. The results of the repeatability assessment of the developed method for determining the concentration

of amphotericin B in blood serum

Homep uzmepenus
Measurement number

Konuenrpanusa amporepunuHa B B CHBIBOPOTKE KPOBH, MI'/JI
Amphotericin B concentration in blood serum, mg/1

0.01186
0.01188
0.01179
0.01188
0.01183
0.01145
0.01226
0.00985
0.01388
0.01186

O O o W N =

-
o

IIpumeyanue. Merposornueckie XxapakrepucTuku: X = 0.01186; S = 1.234 - 1073 &€ = 9.64 %.
N o t e. Metrological characteristics: X, = 0.01186; S = 1.234 - 107%; € = 9.64 %.

I — BenvuuHa CUIHaIa OINPEJEJIAEMOro Bele-
CTBa, MKA;

I, = Il106 + 1, MKA (I;ma — BeJINYMHA aHAJIUTUYe-
CKOTO0 CHUTHaJIa JI00AaBKH CTaHJAPTHOTO  pac-
TBOpA, MKA).

Ananmusupys tabJ. 1, MOKHO C/IeJIaTh BBIBOJ, UTO
MIpY KOHIleHTpanuu amdorepuiiuaa B 1.0 - 1075 mr/
ommOKa He IpeBBINaIa 10 %, a Ipeje KoJamde-
CTBEHHOTO OIPEIETIEHHS COCTABUII 0.00001 MT/JI.

[IpenmyiiecTBOM  TPEJJIOKEHHOH — METOJIMKH
Obl1a HKCIPECCHOCTH — BPEMSI €ITUHUIHOTO aHAJIN3A
coCTaBIsI0 1 MHUH (C IpOBeEHHEM ITPOOOIIOATO-
TOBKHU — 15 MUH, BKJII0Yasi IPOOOTIO/ITOTOBKY OT 2 JI0
10 OMOJIOTHYECKUX 00BEKTOB OHOMOMEHTHO).

ride solution; t — from 3 to 6°C; range of detectable
concentrations — from 1.0 - 1072 t0 1.0 - 1075 mg/1.

Optimal conditions for the preparation of blood
serum sample for the determination of amphoteri-
cin B were selected, while the volume of analyzed
samples ranged from 0.5 to 1.0 ml, which will
allow for pharmacokinetic studies of patients to be
conducted in a sparing mode. The optimal protein
precipitator has also been established, at which
the precipitation of proteins in the biological sam-
ple under study (blood serum) occurs most com-
pletely.

The technique can be used to monitor concentra-
tions with the selection of individual doses of the

Tab6ouna 3. Crarucruueckas 06paboTKa pe3ysIbTaToB BHYTPUIA00PATOPHOU MPEIU3UOHHOCTH (YMCJIO CTETIEHEN
cBo6o/1e1 F = 10, I0BepUTEIbHASI BEPOATHOCTD P = 95 %, KPUTHUECKOE 3HaUeHue t-kpurepust CThio/ieHTa = 2.28)

Table 3. Statistical processing of the results of intra-laboratory precision (number of freedom degrees F = 10, confidence
probability p = 95%, critical value of the Student’s t-test = 2.28)

Homep nsmepenusa MerTtpoJsioruueckas XxapakTepHuCTHKA AnamnTuk I AnamnTuk IT

Measurement number Metrological characteristics Analyst I Analyst IT

1 Cpennee 3Hauenue amdorepunuta B, mr/im 0.01186 0.01172
Average value of amphotericin B, mg/1

2 Jucnepcus S? 2.1769 - 1077 2.0054 - 1077
Dispersion S?

3 CraHIapTHOE OTKJIOHEHUE S 1.234 - 1073 0.934 - 1073
Standard deviation S

4 OTHocHuTe IbHAsA OIINOKA €, % 9.64 9.05

Relative error ¢, %

IIpumeuanue. Kpurepuii ®umepa (F = 1.21); 3HaueHue t-kpurepus CTbIO/IEHTa = 0.01; 3HAYEHHS CTATUCTUYECKH HE 3HAYHUMBI

(p = 0.994841).

N o t e . The Fisher’s criterion (F = 1.21); the Student’s t-test value = 0.01; values are not statistically significant (p = 0.994841).
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TabGuuna 4. Pe3ysibrarhl OnpesiesieHus BHyTPHIabopaTOPHOU MPENU3HOHHOCTH
Table 4. Results of determination of intra-laboratory precision

Copnepxkanue MeTpoJsioruueckue
Hcnonanurenb Homep uzmepenus am¢orepunuHa B, Mr/;1  XxapakTepuUCTHKH
Executor Measurement number  Amphotericin B content, Metrological
mg/1 characteristics

Ananutuk I 1 0.01186 ch (n=10) = 0.01186
Analyst I > 0.01188 S =1.234-1073

3 0.01179 €=9.64 %

4 0.01188

5 0.01183

6 0.01145

7 0.01226

8 0.00985

9 0.01389

10 0.01186
Ananuruk IT 1 0.01082 X, (n=10) = 0.01172
Analyst IT 2 0.01262 S=0.9342-107

3 0.01193 €=9.05%

4 0.01152

5 0.01182

6 0.01162

7 0.01083

8 0.01261

9 0.01261

10 0.01084
SAKJIIOYEHUE drug, and the detection of the drug in biological

Bnepseie ompeziesieHbl ONTUMAJIbHBIE YCIOBHS
(UTIHA BOJTHBI, OCA/TUTENh, TEMIIEPATYPHBIA PEXKUM,
JIUaTIa30H OIpeZesIIeMbIX KOHIIEHTPAllMi) MeTo-
KU ompezeneHus amdoTepuriuaa B crexrpodo-
TOMETPUYECKUM METOJIOM B CHIBOPOTKE KpOBH:
A = 363, 383 1 406 HM; pacTBOPUTETh — 0.9% pac-
TBOp HaTpus XJIopuza; t — ot 3 1o 6 °C; quanasoH
omnpezeaseMbIX KOHIEHTpAMid — OT 1.0 + 1072 0
1.0 - 1075 Mr/ 1.

[Tomo6pansl ONTUMAaIbHBIE YCIOBHSA ITPOOOIIO/-
TOTOBKHU CHIBOPOTKH KPOBH /151 OTIpeJiesieHus aM(o-
TepuniuHa B, mpu 3TOM 06BEM aHATU3UPYEMBIX
00pasIoB COCTAaBUJI OT 0.5 /10 1.0 MJI, YTO TIO3BOJIUT
MPOBOAUTh (DapMaKOKWHETHYECKUE HCCIIENOBAHUSA
MaNMEeHTOB B MaAseM pexkuMe. Takke yCTaHOBJIEH
ONTHMAJIbHBIH OCAJIUTENIh OEJIKOB, MPH KOTOPOM
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AHHOTAIIUA

B 0630pe 0600111eHBI COBPEMEHHBIE IPEZICTABJIEHNsA 0 POJIH reMarosHIedantndeckoro 6aprepa (I'9B) B passuruu auMpom
LeHTpaIbHON HepBHOH cucteMbl (ITHC). B HacTosIIIee BpeMs YCTaHOBJIEHO, UTO I'DB sABJIseTCsA BBICOKOAKTUBHOMN CTPYKTYPOH.
C 0Z1HOII CTOPOHBI, OH 3allUIIAeT TKAaHb MO3Tra OT XUMUYeCKUX, (GU3NUECKUX U UHBIX BO3/IEHCTBUH, a ¢ APYrof — YHUKAIBHO
npucnocobiieH i nepeaayn curianos Mexay [THC u apyrumu yactsamu opranusma. Kierku I'9B pearnpyioT Ha CUTHAIIBL,
nocrynatonye u3 [THC mwim KOMIapTMEHTOB KPOBH, KOTOPBIE MOTYT CTUMYJIMPOBAaTh U3MEHEHUs B UX OapbepHBIX, TPAHC-
IIOPTHBIX U CEKPeTOPHBIX PyHKIMAX. IMMyHHasA npusuiernpoBaHHocTs ITHC He abcosmoTHa. B HOpMe SKeTpaBazariis JUM-
ormuros uepes I'DB uMeer pelarolee 3HaYeHUe /111 KMMYHHOTO HaZI30pa B HEPBHOU TKAHH, XOTS U XKECTKO PETyJINPYeTCs.
IToBpexnaenue I'DB sABiseTcsa OJHUM U3 IIEHTPAIbHBIX 3B€HbEB B ITaTOreHe3e MHOTUX 3a00J1eBAaHUM HEPBHOH CUCTEMBI, a
Hecrnenuduyeckas NPOHUIAeMOCTh I'D6 MOXeT cyllecTBEHHO BO3pAcTaTh IIPU Pa3IMYHON COMATHYeCKOH IaTOJIOTHU.
B 1iesiom uMMyHoJIorHYeckas JUCYHKIUSA U BOCIIAJIEHUe — OCHOBHBIE (DaKTOPBI B HApyIIeHuH esocTHocTH I'96. Mexa-
HHU3MBI MeTacTa3upoBaHus 3710kadecTBeHHBIX 1uMboM B ITHC ocTarores Mason3ydeHHbIMH, XOTA YoKe celuac IOHATHO,
YTO JIJIA UX OCYLECTBJIEHNs HEOOXOIUMBI B3AUMO/IEHCTBUA MEXK/Y [IUPKYJIUPYIOIIMMHY OIlyX0JIEBBIMU KJIETKAMHU U KOM-
no”He"Tamu ['DB, py 5TOM HeKOTOpBIe IIUTOKUHBI MOTYT JIeHiCTBOBATh KaK aTTPAKTAHTBI JJI MeTACTa3UPYIOIINX KJIETOK,
a mpoliece pasBUTHUA OITyXOJIM BKJIIOYAeT B ce0s HEeCKOJIbKO 3TAIoB OT 9KCTpaBa3allly JI0 JIOKaJIbHOM nposnudepanu u
aKTUBAIIMU HEOAHTUOTIeHe3a.

Kmuioueasvtle cao6a: HEXOMKKUHCKast TMMQOMA, reMaTosHelhaTIecKuii Gapbep, aToreHes, IieHTpaIbHasA HEPBHAA CHCTEMA.
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ABSTRACT
The review summarizes modern researches about the role of the blood-brain barrier (BBB) in the development of lympho-
mas of the central nervous system (CNS). Currently, it has been established that the BBB is a highly active structure. On the
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one hand, it protects the brain tissue from chemical, physical and other influences, and on the other hand, it is uniquely
adapted for transmitting signals between the CNS and other parts of the body. BBB cells respond to signals from the CNS
or blood compartments that can stimulate changes in their barrier, transport, and secretory functions. The immune privi-
lege of the CNS is not absolute. Normally, extravasation of lymphocytes through the BBB is crucial for immune surveillance
in nervous tissue, although it is tightly regulated.

Damage to the BBB is one of the central links in the pathogenesis of many diseases of the nervous system, and the nonspe-
cific permeability of the BBB can increase significantly in various somatic pathologies. In general, immunological dysfunc-
tion and inflammation are the main factors in the violation of the BBB integrity. The mechanisms of metastasis of malig-
nant lymphomas in the CNS remain poorly understood, although it is already clear that their implementation requires
interactions between circulating tumor cells and BBB components, while some cytokines can act as attractants for meta-
static cells, and the process of tumor development includes several stages from extravasation to local proliferation and
activation of neoangiogenesis.

Keywords: non-Hodgkin’s lymphoma, blood-brain barrier, pathogenesis, central nervous system.
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AIUAEMHAOJIOIUS IIOPAYKEHU A
IIEHTPAJIbHOM HEPBHOM CUCTEMBI
IIPU JUOPY3HOU B-KJIETOYHOM
KPYITHOKJIETOUHOM JINM®OME

Juddysnas B-kinerouyHas KpYIMHOKJIETOUHAS
mumpoma (JIBKKJI) sBnsiercss Hambosiee YacThIM
BapHaHTOM HEXO/KKUHCKUX JuMoM (710 30—40 %
Bcex cyIy4yaeB 3a00JIeBaHUsA) U IPEJICTABIISIET COOOU
OGMOJIOTUUECKH TeTepOTeHHOe 3a00JIeBaHNIE, B KOTO-
POM BBIIEJIIIOT pPAa3IN4YHble KJIWHUYECKHUE BapH-
aHThI [1, 2]. Kak mpaBuiio, 3a601eBaHe BOSHUKAET B
CHEIUATTM3UPOBAHHBIX  JUMQOUAHBIX  OpraHax.
Opnaxko mo Tpetu JIBKKJI MoryT BO3HUKATh B DKC-
TPaHOJTAIBHBIX YYACTKAX, YaIlle BCETO B JKETY0UHO-
KHUIIIEYHOM TPaKTe, KOXKe U MATKUX TKAHAX, KOCTSIX
WIN MOYEIOJIOBOM TPAaKTe, a TaKiKe IeHTPaTbHOHU
HepBHOH cucreme (ITHC) [3, 4].

OueBUIHO, YTO CYIIIECTBYET HEY/IOBJIETBOPEHHAS
MMOTPEOHOCTh B JUATHOCTHYECKUX WHCTPYMEHTAX,
HOBBIX TIO/IXOJIaX K CTPaTH(MUKAIMU HA TPYIIIIbI
pucka 1 Metofax nmpoduiakTuku nopaxesnus [THC
y manuenTtoB c¢ JIBKKJI. Bmecre ¢ TeM peakoCTh
JBKKJI ¢ BoBineuenueMm ITHC, TssxecTh OOJIBHBIX U
OTpaHHUYEHHAs JAOCTYIHOCTb Il OUOIICHH IOpa-
JKEHHOHN MO3TOBOH TKaHU IIPENATCTBYIOT aKTUBHOMY
HU3yYEeHHUIO JIAHHOH OIYXO0JIH, a Hallle TOHUMAaHHE ee
0COOEHHOCTEH OCTaeTcsl BeChMa OrpaHUYeHHBIM [5].

Ilepsuunaa JABKKJI ITHC saBiserca camocTos-
TeJIbHOU (opmMoil JsuM@OM, BCTpEUYAETCs PETKO
(oxo0s10 5 % HOBOOOpa30BaHUN IEHTPAJIBHON HEPB-
HOU CHCTEMBI U 1—2 % BCeX CIyYaeB HEXOKKIUHCKUX
JuMGbOM) U B OOJIBIITMHCTBE CJIyYaeB 3aKaHINBAETCS
daTanpHO. MeanaHa >KU3HU OGOJIBHBIX COCTABJISET
3.5—7 Mec [6]. JIJis omyxoJin XapaKTepHO IHopaske-
HHE TOJIOBHOTO MO3ra, CIIMHHOTO MO3Ta, YePenHo-

EPIDEMIOLOGY OF CENTRAL NERVOUS
SYSTEM DAMAGE IN DIFFUSE LARGE
B-CELL LYMPHOMA

Diffuse large B-cell lymphoma (DLBCL) is the
most common variant of non-Hodgkin’s lymphomas
(up to 30—40% of all cases) and is a biologically het-
erogeneous disease with various clinical variants [1,
2]. As a rule, the disease occurs in specialized lym-
phoid organs. However, up to a third of DLBCL can
occur in extranodal sites, most commonly in the gas-
trointestinal tract, skin and soft tissues, bones or
genitourinary tract, and the central nervous system
(CNS) [3, 4]

Clearly, there is an unmet need for diagnostic
tools, new approaches to risk stratification, and
methods for the prevention of CNS involvement in
patients with DLBCL. At the same time, the rarity of
DLBCL involving the CNS, the severity of patients,
and the limited availability of the affected brain tis-
sue for biopsy hinder the active study of this tumor,
and our understanding of its features remains very
limited [5].

Primary DLBCL of the CNS is an independent
form of lymphomas, is rare (about 5% of neoplasms
of the central nervous system and 1—2% of all cases of
non-Hodgkin’s lymphomas) and in most cases ends
fatally. The median life of patients is 3.5—7 months
[6]. The tumor is characterized by lesions in the
brain, spinal cord, cranial nerves, eyes, and menin-
ges in the absence of tumor foci outside the CNS
[6, 7]. According to the type of involvement of parts
of the nervous system, it can be classified into lepto-
meningeal, parenchymal, ocular, or combined
lesions [8]. At the same time, spinal cord lesions are
extremely rare in primary DLBCL of the CNS [9].
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MOB3TOBBIX HEPBOB, IJIa3 U MO3TOBBIX O0OJIOUEK B
oTcyterBue ouarop omyxonu BHe L[HC [6, 7]. ITo
THITy BOBJIEYEHUS OT/AEJIOB HEPBHON CHCTEMBI OHA
MOXKeT OBITh KJacCH(UIIPOBAHA HA JIENTOMEHHH-
reaJbHbIE, IAPEHXUMATO3HbIE, [JIa3HbIE JTH KOMOU-
HUpoBaHHBIe mopakeHus [8]. IIpu sTom mopake-
HUA CIMHHOTO MO3Ta KpaiiHe peKo BCTPEedaroTCs
npu nepsuunon JIBKKJI ITHC [9].

ITopaxenue IITHC MoxxeT BOBHUKATh ¥ BTOPUYHO
nipu JIBKKJI, 06bIYHO B TEYEHHE TIEPBOTO IO IIOCTIE
JIMaTHOCTHKY CUCTEMHOM OITyXoyu [10, 11]. Bropuu-
Hoe nopaxkenue IITHC mpu cucTeMHBIX BapHaHTaXx
JIBKKJI perucrpupyetcs IpruOJIU3UTETBHO B 5 % CITy-
YaeB U MOKeT BO3HUKATh Ha PA3JIMYHBIX TATaX IPO-
rpeccuu omyxostu [12]. OHO peiko 0OHAPYKUBAETCA B
JlebI0Te CHCTEMHOTO 3a00JIeBaHUs, MOXKET MaHU(e-
CTUPOBAaTh B TeYEHUE HECKOJbKUX MECAIEB IOCse
BepudUKaIUU INArHO3a, YTO MOKET CBUJETEIHCTBO-
BaTh O CYIIECTBOBAHUH HEPACIIO3HAHHOTO OYara yxe
Ha MOMEHT IIOCTAaHOBKM JAuarfHosa. Takke BoBJeue-
Hue B onyxoJieBbIi mporece IIHC mpu IBKKJI moxet
BBIABJIATHCS B MOMEHT PeruinBa 3a00I€eBaHUsA, UTO
BCETZ]a XapaKTePU3yeTcsl KpaiiHe He6IarOIpUsATHBIM
MPOTHO30M JIJIsl KM3HU NanueHTa [5, 13]. Tak, meau-
aHa oO0IIel BBIKMBAEMOCTU ITAIIEHTOB, MMEIOIINX
petuaus JIBKKJI ¢ nmopaxxkenuem ITHC, cocrasiser
BCEro HECKOJIBKO MecsAIes [10].

ITo cpoky BOBHUKHOBEHUS U XapaKTepy BOBJIeUe-
HUA HEPBHOM CHCTEMBI BTOPUYHOE BOBJIEUEHHE
IIHC npu /IBKKJI M0:KHO pas/ieJIUTh Ha TPU Bapu-
aHTa: cucreMHas JuM@oMa, coueTanasacs ¢ mopa-
sxkenreM [[THC B mebrore 3ab0s1eBaHus; TOpaKeHHe
ITHC B MOMEHT CHCTEMHOTO PEUNBA MJIH ITPOTpec-
CUpOBaHUA W HW30JUpOBaHHBIA penwauB B ITHC
(oTcyTCTBHE MOpaKEHUsI APYTUX OPTAHOB U CHUCTEM)
[14, 15].

CorylacHO JIUTEPATYPHBIM JIaHHBIM, HA MOMEHT
obHapy:xkenusi ouaros omyxosiu B IITHC mpu peru-
nBe 32001€BaHUS IPUMEPHO MOJIOBUHA AIEHTOB
UMEIOT IIPOTPECCUPYIONIYI0 CHCTEMHYIO JUMGPOMY
[3]. ¥V GonbHBIX K€ ¢ U30JIUPOBAHHBIM PEIUAHUBOM
onyxosu B ITHC cucremHOe 3a00J1€BaHIE YACTO pas-
BUBAeTCs I03Ke, B TeUeHHe HeCKOJbKUX MeCAIIEB.
Takum 00pa3oM, CHCTEMHbBIE IPOSIBJIEHUS JIUM-
(oMbl OOBIYHO COIPOBONKAAIOT OOHApPYKEHHE
[IapeHXUMAaTO3HOTO WJIM JIEITOMEHUHTeaJIbHOTO
IIopa)keH!sI HEPBHOM TKaHU [16].

ITo laHHBIM CTATUCTUKU HA JIENITOMEHUHTeaIb-
HyI0 TUMGOMY IIPUXOAUTCS JIBE TPETHU CJIyUaeB BTO-
puunbix auMdom ITHC, octanbHas yacTh MpecTaB-
JieHa TapeHXWMAaTO3HBIM MMOpa’KeHWeM mo3sra [17].
ITpu 5TOM BOBJIEUEHHE MO3TOBBIX 000JI0UEK MOXKET
OBITH PE3YJIBTATOM IIPSIMOTO PACIIPOCTPAHEHUS OITY-
XOJI C COCEIHUX KOCTHBIX OYaroB, reMaTOT€HHOH

CNS involvement can also occur secondary to
DLBCL, usually within the first year after the diagno-
sis of a systemic tumor [10, 11]. Secondary CNS
involvement in systemic DLBCL is recorded in
approximately 5% of cases and may occur at various
stages of tumor progression [12]. It is rarely detected
at the onset of a systemic disease, it can manifest
itself within several months after the verification of
the diagnosis, which may indicate the existence of an
unrecognized focus already at the time of diagnosis.
Also, the involvement of the CNS in the tumor pro-
cess in DLBCL can be detected at the time of disease
recurrence, which is always characterized by an
extremely unfavorable prognosis for the patient’s life
[5, 13]. Thus, the median overall survival of patients
with recurrent DLBCL with CNS involvement is only
a few months [10].

According to the time of occurrence and the
nature of the involvement of the nervous system, the
secondary CNS involvement in DLBCL can be divided
into three variants: systemic lymphoma, combined
with CNS lesions at the onset of the disease; the CNS
lesions at the time of systemic relapse or progression
and isolated recurrence in the CNS (absence of
lesions in other organs and systems) [14, 15].

According to the literature data, at the time of
detection of tumor foci in the CNS with a relapse of
the disease, approximately half of the patients have
progressive systemic lymphoma [3]. In patients with
isolated tumor recurrence in the CNS, systemic dis-
ease often develops later, within a few months. Thus,
systemic manifestations of lymphoma usually
accompany the detection of parenchymal or lepto-
meningeal lesions of the nervous tissue [16].

According to statistics, leptomeningeal lym-
phoma accounts for two thirds of cases of secondary
CNS lymphomas, the rest is represented by paren-
chymal lesion of the brain [17]. At the same time, the
involvement of the meninges can be the result of
direct spread of the tumor from neighboring bone
foci, hematogenous dissemination, or spread along
the neurovascular bundles [11].

Parenchymal lesion of the CNS in lymphoma can
be manifested by single or multiple foci, have a peri-
ventricular and/or superficial location [9]. Based on
neuroimaging data, it is impossible to differentiate
secondary CNS lesions in DLBCL and primary CNS
lymphoma [18], although there is evidence that sec-
ondary brain damage in DLBCL is mainly mani-
fested by multiple supratentorially located foci,
while single foci are characteristic of primary CNS
lymphoma [16].

The addition of rituximab, a targeted drug of
monoclonal antibodies to CD20, to standard chemo-
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JIICCEMHUHAIY WJIN PaclpocTpaHeHUs IO COCy-
JIMCTO-HEPBHBIM ITyyKaMm [11].

ITapenxumaro3Hoe nopaxkenue IJTHC npu aum-
pome MOKET MPOABIATHCA €JUHUYHBIM WJIN MHO-
JKECTBEHHBIMU OuaraMmu, UMeTh [1IepUBEHTPUKYJISAD-
HOe U/WIu TIOBEPXHOCTHOE pacmosiokeHue [9]. Ha
OCHOBe JIJaHHBIX HeHpOBU3yaIM3aInii HEBO3MOXKHO
nuddepennuposats BTopuuHble nopakeHus [THC
npu JIBKKJI u nepBuunyo sumdpomy ITHC [18],
XOTSI UMEIOTCS JJAHHbBIE, UYTO BTOPUYHOE ITOpaKeHNe
moasra npu JIBKKJI B 0CHOBHOM IIpOABJIAETCA MHO-
JKECTBEHHBIMH CYIPAaTEHTOPHUAIBHO PACIIOIOXKEH-
HBIMH OYaraMu, TOTZA KaK /IS MEePBUYHOU JIFM-
dowmsr ITHC xapakTepHbl eIUHUYHBIE OUaru [16].

JlobGaBJileHre TapreTHOrO Iperapara MOHOKJIO-
HaIbHBIX aHTuTesn K CD20 purykcumaba K CTaH-
JIApTHON XUMHOTepanuu 3aboJieBaHUs, K COXKaJle-
HUIO, HE CHU3WIO YaCTOTY PEIUUBOB JAaHHOU OIy-
XOJMW ¢ TOpakeHHeM HEePBHOM TKAaHU B CBA3U C
MaJIBIM IIPOHUKHOBEHMEM ero 4epe3 reMaTo3HIle-
dammueckuii 6apbep (I'D6). Mennana uHTEPBAIA OT
nocranoBku auarHosa JIBKKJI qo Bosieuenus ITHC
TaKKe MPAKTUYECKU He U3MEHWIACh U COCTABJIAET
oT 6.5 710 7 Mec.

COBPEMEHHDBIE ITPEACTABJIEHUA
O CTPOEHN 1 ®YHKIINU I'EMATO-
OHINEPAIMYECKOI'O BAPHLEPA

TemaTosHIedamueckuii 6apbep IMPEACTABISAET
co00ll aHATOMUYECKYIO CTPYKTYPY, OTTPAaHUIMBAIO-
IIIyI0 HEPBHYIO TKaHb OT KPOBEHOCHOM CUCTEMBI Opra-
HHU3Ma, KOTOPasI BKJIIOUAET B ce0s1 CrIeIMaTn3uPOBaH-
HbIE COCYJUCTble Oapbephl: TeMaTOPETUHAJIbHBIN,
reMaTOHEPBHbIN, TeMaTOJAOUPUHTHBIA U TeMaTo-
CIIMHHOMO3TOBOH. DNUTeNINaTbHble KJIETKU COCYIU-
CTOTO CIUIETEHHS TeMaTOJIMKBOPHOTO Oaphepa u
TAHULUTBI, PACIIOJIOKEHHBIE BJI0JIb PAHUIL JKeJIy/I04-
KOB UM OKOJIOKEJIy/IOUKOBBIX OpPTaHOB, MOTYT CYH-
Tarbcsa orhesaMu I'Db, MOCKOJIbKY OHHM TakXke IIpe-
JIOTBPAIIAIOT HEPeryJInpyeMoe IIONaJaHue KOMIIO-
HEHTOB KpOBU B CIMHHOMO3IOBYIO JKUJKOCTb U
WHTEPCTUITAAIBHYIO JKUIKOCTb TOJIOBHOTO MO3ra [19].

OtcyrerByeT I'Ob B 1m1ecTy aHATOMUYECKUX 30HAX
ITHC, GOJIBIITUHCTBO U3 KOTOPHIX YUACTBYIOT B IIPO-
Ieccax HeUpOTyMOPAJIbHOHN PEryJIsIIUK: POMOOBUI-
Hasg SMKa, MIUIIKOBUIHOE TeJI0, HEeUpOrumnodus,
MIPUKpeIUIEeHHAasA IUIACTUHKA, CyOMOPHUKAIBHBIA U
CyOKOMHUCCYypaJIbHBINA OpTaHbI [19].

Ha xsietounom ypoBHe I'Sb cocTout u3 sHjoTe-
JINATIBHBIX KJIETOK, aCTPOLIUTOB, IIEPUITUTOB, HEHPO-
HOB, Makpo¢aroB MUKPOIJINH, a TAKXKE BHEKJIETOU-
HOTO MaTPHUKCA U ITMKOKAJIUKCA, KOTOPbIE BXOJAT B
COCTaB HEMPOBACKYJIAPHOU enuHULBI [20] (puc. 1).

therapy of the disease, unfortunately, did not reduce
the recurrence rate of this tumor with damage to the
nervous tissue due to its low penetration through the
blood-brain barrier (BBB). The median interval from
the diagnosis of DLBCL to CNS involvement also
remained virtually unchanged and ranged from 6.5
to 7 months.

MODERN IDEAS ABOUT THE STRUCTURE
AND FUNCTION OF THE BLOOD-BRAIN
BARRIER

The blood-brain barrier is an anatomical struc-
ture that separates the nervous tissue from the circu-
latory system of the body, which includes specialized
vascular barriers: blood-retinal, blood-nerve, blood-
labyrinth and blood-spinal cord. Epithelial cells of
the choroid plexus of the blood-cerebrospinal fluid
barrier and tanycytes located along the borders of
the ventricles and periventricular organs can be con-
sidered as components of the BBB, since they also
prevent the unregulated entry of blood components
into the cerebrospinal fluid and interstitial fluid of
the brain [19].

There is no BBB in six anatomical zones of the
CNS, most of which are involved in the processes of
neurohumoral regulation: rhomboid fossa, pineal
body, neurohypophysis, lamina affixa, subfornical
and subcommissural organs [19].

At the cellular level, the BBB consists of endothe-
lial cells, astrocytes, pericytes, neurons, microglia
macrophages, as well as extracellular matrix and gly-
cocalyx, which are part of the neurovascular unit
[20] (Fig. 1).

The most apical structures in endothelial cells are
the tight junctions. Their main transmembrane com-
ponents are claudins, occludin, and adhesion mole-
cules. Below the tight junctions, there are adherens
junctions formed by transmembrane proteins — cad-
herins and nectins [21].

The luminal surface of endothelial cells is lined
with glycocalyx. It prevents the direct effect of plasma
components on the endothelial luminal membrane,
and also functions as a mechanosensor and signal
transmitter to the endothelium [22].

Endothelial cells perform barrier, transport, met-
abolic functions, as well as induce the differentiation
of astrocytes and support the functions of pericytes.
The latter ones form the second cell layer in capillar-
ies and postcapillaries [23]. They are very closely
attached to endothelial cells and share a basement
membrane with them. The basement membrane of
microvessels is composed of laminins, collagen IV,
fibronectin, glycosaminoglycans, and glycoproteins.
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Fig. 1. Structure of the blood-brain barrier, neurovascular unit (according to [20])

Hawubosee amukaJbHBIMU CTPYKTYPAMU B 9HZOTE-
JIMAJIbHBIX KJIETKAX SIBJIAIOTCS IUIOTHBIE COETUHEHUA.
WX OCHOBHBIE TpaHCMEMOpPaHHbIE KOMIIOHEHTHI —
KJIayZIUHbI, OKKJIIOJIMH U MOJIEKYJIBI aare3un. Hinke
IUIOTHBIX KOHTAKTOB PACIIOJIOXKEHBI ITPUCOETNHIIO-
e KOHTaKThl, 00pa30BaHHbIE TPAaHCMEMOPAHHBIMH
OesTKkaMu — KaJ[repuHaMU 1 HEKTHHaMH [21].

IIpocBeTHYI0 TIOBEPXHOCTh 3HOTEJTHAJIBHBIX
KJIETOK BBICTWJIAET TJIMKOKaIukc. OH TIpefoTBpa-
IaeT MpSMOe BO3JIEHUCTBHE KOMIIOHEHTOB ILIa3MbI
Ha DSHJIOTEJUAJIBHYI0 IIPOCBETHYID MeMOpaHy, a
TakyKe BBINOJHsAET GYHKIIUM MeXaHoceHcopa U
IepeJladul CUTHAJIOB B BHIOTENNH [22].

JH/IOTETNAIbPHBIE KJIETKHM BBHIMIOJIHAIOT Gapbep-
HYI0, TPAHCIIOPTHYI0, 00MEHHYI0 (QYHKITUH, a TAaK:Ke
UHAYOUPYIOT U@ @epeHnpoBKy acTpPOIUTOB U
MOIEP>KUBAIOT (PYHKIMK MepUIUToB. Ilociemnue
00pa3yIoT BTOPOH KJIETOUHBIN CI0H B KATMJLIAPAX U
nocTkanwuisipax [23]. OHU OYeHb TECHO IPHUKpe-
IUIEHbI K SHJIOTETUIHHBIM KJIETKAM U HMEIOT
obmryro ¢ HuUMu 6asaynbHy0 MeMOpaHy. bazanpHas
MeMOpaHa MHKPOCOCY/IOB COCTOUT U3 JIAMHUHUHOB,
kosutaresa IV, GubpoHeKkTHHA, TIMKO3aMHUHOTINKA-
HOB U TJIMKOIPOTeNHOB. OHAa QYHKIIMOHUPYET KaK
KapKac, TPHUKPEIJIEHWE SHJOTEIUS Ha KOTOPBIM

It functions as a scaffold, the attachment of the endo-
thelium to which is mediated by integrins, and, along
with other components of the neurovascular unit,
contributes to the impermeability of the CNS micro-
vasculature [24].

Astrocytes are the most common type of brain
cells. Astrocyte processes surround cerebral capillar-
ies, arterioles and venules and regulate a number of
physiological processes in the CNS, such as neuro-
transmission, synaptic plasticity, functional hyper-
emia, and convective flow of the interstitial fluid of
the brain [25].

Neurons also have a significant impact on the
functioning of the BBB. In particular, they induce the
expression of BBB-associated proteins in endothelial
cells, regulate their permeability, as well as the width
of the lumen of cerebral vessels [22].

Brain microglia originates from yolk sac cells
migrating into the CNS during embryonic develop-
ment. In the adult human brain, microglial cells
are closely associated with the vasculature and
produce proinflammatory mediators (cytokines,
chemokines, nitric oxide, prostaglandins, matrix
proteases, and reactive oxygen species) [26]. An
important protective function of microglia is its
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OTIOCpeNlyeTcsI MHTeTPUHAMH, U, HAPALY C APYTUMH
KOMITOHEHTaMU HEUPOBACKYJIAPHON €IMHUIIBI, CIIO-
cOOCTBYyeT HENPOHUIIAEMOCTH MUKPOIIUPKYJIATOP-
Horo pycia ITHC [24].

AcTporThl — HauboJiee pacIpOCTPAHEHHBIA THIT
KJIETOK TOJIOBHOTO MO3ra. OTPOCTKU aCTPOIUTOB OKPY-
JKAIOT MO3TOBBIE KAIMJULAPBI, aPTEPUOJIBI U BEHYJIBI U
peryupytoT psj pusnosiornyeckux mpoteccos B [THC,
TaKMX KaK HeHWpOMeTUaIVsi, CHHAIITHYECKasl TUTACTHY-
HOCTbh, (PYHKIIMOHAIbHASI TUIIEPEMHUS M KOHBEKTUBHBIH
ITOTOK MHTEPCTUITUATTLHOM KUTKOCTH Mo3ra [25].

HelipoHBbI Tak:Ke OKa3bIBAIOT CYIIECTBEHHOE BJIU-
AHMe Ha (QyHKuuonuposanue I'Db. B wacrtHOCTH,
OHHM WHAYUUPYIOT 3Kcnpeccuro I['Db-accoruupo-
BAHHBIX OEJIKOB B DHOTEIUAJIBHBIX KJIETKaX, Pery-
JIMPYIOT UX MMPOHUIIAEMOCTbh, a TAK)Ke IIHPUHY IIPO-
cBeTa CoCcyZI0B Mo3ra [22].

MuKporiusi TOJIOBHOTO MO3Ta IIPOUCXOIUT W3
KJIETOK JKEJITOUHOTO MeIka, Murpupyiomux B [[THC
BO BpeMs 5MOpPHOHAIBHOTO pPa3BUTHA. B mosre
B3POCJIOTO YeJIOBEKA KJIETKU MUKPOTJIUU TECHO CBSI-
3aHBI C COCYAUCTOHN CETHIO U MPOAYIIUPYIOT IIPOBOC-
MaJINTeJIbHble MeNATOPhl (ITUTOKWHBI, XeMOKHUHBI,
OKCHJI a30Ta, IPOCTATJIAHANHBI, MATPUKCHBIE ITPOTE-
a3pl U akKTUBHBIE (pOpMBI Kucaoposa) [26]. Baxkuoit
3aIUTHON DYHKITMEH MUKDPOTJINU SBJISIETCS €€ CII0-
COOHOCTH OBICTPO MUTPUPOBATH B MECTA TOBPEKIE-
HUS TOJIOBHOTO MO3Ta U U3MEHATH CBOIO MOPQOJIO-
U0 ¢ 00pa3oBaHUEM CIENHATU3UPOBAaHHOU (daro-
IUTApPHOM CeTH, MpenATCTByomel nuddy3nn Bpes-
HBIX BEIIECTB B MO3TOBYIO IapEHXUMY. JJaHHBIN THII
KJIETOK TaK)Ke CII0COOCTBYeT pa3pelleHHI0 BocIase-
HUS B TOJIOBHOM MO3T€ TTOCJIEe TPABMBI [27].

Takum oOpaszom, riaBHas ¢yHKnus [9b —
O6aprepHasa. OHa 3aKJII0YaeTCs B OTPAHIMYEHUH [T0Ta-
JIAaHVS B TKAHb MO3Ta KJIETOK U BEIIECTB, TEPEHOCH-
MBIX KpoBbIO [28] (puc. 2). B ee ocHOBe siexkar cie-
ZIYIOIIYie MEXaHU3MBbI:

1) IUTOTHBIE KOHTAKTBI, KOTOPBIE IPEJ0TBPAIIAIOT
napaneuioyasApHylo  Auddys3uo  pacTBOPEHHBIX
BeIl[eCTB U KJIETOK KPOBU B MO3T;

2) CHeUaIN3UPOBAHHBIN JIUMUHBIA COCTaB
SHJIOTEJIUSI COCY/IOB MO3Tra, KOTOPBIH HHTHOUpYeT
OTIOCPEIOBAHHBIM MUKDOBE3UKYJIaMU KUJKOdas-
HBIH TPAHCITUTO3;

3) aKTHUBHOE ITPOXOK/EHIE BEIIECTB B HAIIPABJIe-
HUH MO3T — KPOBb UJIN JIUKBOP — KPOBbB 32 CUET HKC-
npeccun kietkamu [DB  6GeskoB-TpaHCIIOPTEPOB
addokca, a uMeHHO OesikoB cemerictBa ABC-
tpaHcnoprepoB (ATP-binding cassette — ABC), uro
OTPAaHUYMBAET IIOTJIOIIEHWE MO3TOM 3HAOTEHHBIX
MaKpPOMOJIEKYJT U KCeHOOUOTHUKOB [22].

Bmecte ¢ Tem HebGosbINE TUTOPUIBHBIE MOJIE-
KyJpl MOryT TiepecekaTh ['DB myrem naccuBHOU

ability to quickly migrate to sites of brain damage
and change its morphology with the formation of a
specialized phagocytic network that prevents the
diffusion of harmful substances into the brain
parenchyma. This cell type also contributes to the
resolution of inflammation in the brain after
injury [27].

Thus, the main function of the BBB is a barrier. It
is about limiting the entering of cells and substances
carried by the blood into the brain tissue [28] (Fig. 2).
It is based on the following mechanisms:

1) tight junctions that prevent paracellular diffu-
sion of solutes and blood cells into the brain;

2) a specialized lipid composition of the cerebral
vascular endothelium that inhibits microvesicles-
mediated fluid-phase transcytosis;

3) an active brain — blood or cerebrospinal fluid —
blood passing of substances due to the expression of
efflux transporter proteins by BBB cells, namely pro-
teins of the ABC transporter family (ATP-binding
cassette — ABC), which limits the absorption of
endogenous macromolecules and xenobiotics by the
brain [22].

At the same time, small lipophilic molecules can
cross the BBB by passive transmembrane diffusion.
In order to provide the brain with substrates for
energy production, synthesis of proteins and nucleic
acids, maintenance of pH and electrolytes, the trans-
port of small polar molecules (glucose, amino acids,
nucleosides, ions, prostaglandins and others)
through the cell membranes of the BBB is carried out
by soluble carrier proteins. Peptides and large pro-
teins are transported through the BBB by receptor-
mediated transcytosis and endocytosis, which are
not only energy-dependent and saturable, but also
depend on vesicular transport [29].

In addition to the barrier function, the BBB has
specialized functions that are responsible for CNS
homeostasis, nutrition and communication between
brain tissue and other parts of the body.

THE STRUCTURE AND FUNCTIONS OF THE
BLOOD-CEREBROSPINAL FLUID BARRIER

The choroid plexus of the blood-cerebrospinal
fluid barrier and tanycytes, in addition to preventing
the penetration of blood cells into the cerebrospinal
fluid and interstitial fluid of the brain, provide the
transport to the brain of a number of substances cir-
culating in the systemic bloodstream, removal of
potentially harmful substances from the brain,
release of molecules that transmit signals to cells in
the brain parenchyma, as well as response to stimuli
arising both in the brain and coming from the
blood [22].
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Puc. 2. MexaHU3Mbl TPAHCIIOPTA BEIIECTB Uepe3 reMaTosHIedamndeckuii 6aprep (mmo [28])
Fig. 2. Mechanisms of transport of substances across the blood-brain barrier (according to [28])

TpancMeMbpanHol auddy3un. B nensax ke obecre-
YeHUs MO3Ta CyOCTpaTaMu JIJIs BBIPAOOTKY DHEPTUH,
CUHTe3a 0eJIKOB M HYKJIEMHOBBIX KHCJIOT, ITOJJIED-
’)kaHuA PH W 3JIEKTPOJIMTOB, TPaHCHOPT MAaJIbIX
MOJIAPHBIX  MOJIEKYJT (TJIFOKO3BI, aMUHOKHCJIOT,
HYKJIEO3U/IOB, NOHOB, IIPOCTAIJIAH/IUHOB U JIPYTUX)
yepes KJIeTouHble MeMOpaHbl ['AB ocyiecTBiisercs
PacTBOPUMBIMH OeTKaMU-HOCUTEISIMU. [IenTumasr u
KpyInHble OesIku TnepeHocsATcss udepe3 DB myrem
PelEeNnTOP-0II0CPEOBAHHOTO TPAHCIIUTO3a U 3H/IO-
[IUTO3a, KOTOpble HE TOJIBKO JHEPrO3aBUCHUMBI U
HACBHIIIAEMbI, HO W B3aBHUCAT OT BEe3UKYJIIPHOTO
TpaHcmopra [29].

I[Momumo 6aprepHO#l dyHkiun, Db umeer cre-
IHTH3UPOBAHHbIE QYHKIINH, KOTOPbIE OTBEYAIOT 32
romeocta3 I{THC, nutanve u cBA3b MeXAy TKAHbBIO
MO3ra v IpyruMu 4aCTAMU TeJia.

The blood-cerebrospinal fluid barrier is repre-
sented by ependyma, consisting of ciliated ependy-
mocytes. According to modern concepts, these cells
provide trophic and metabolic support to the cells of
the brain microenvironment, take part in the pro-
duction and secretion of cerebrospinal fluid, ste-
roidogenesis, selective penetration of water into cells
or its removal from cells, control of the sodium level
in the extracellular fluid, and ensure the formation of
the ependymal (blood-cerebrospinal fluid) bar-
rier [28].

The barrier role of ependymocytes is provided by
the presence of different types of intercellular con-
tacts and anchor proteins. In the area of the apical
surface, ependymocytes are interconnected by means
of adherens junctions; in the middle part between
the cells there are gap junctions. The same contacts
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CTPOEHUE U ®YHKIINN
TEMATO/JINKBOPHOI'O BAPHEPA

Cocynucroe  CIUIeTeHHE — TeMaTOJIMKBOPHOTO
6appepa W TAHUIUTHL, ITOMUMO IIPEIOTBPAIEHUS
MIPOHUKHOBEHUS B CIMHHOMOB3TOBYIO JKH/IKOCTb U
MHTEPCTUIUAIIBHYIO >KUJIKOCTh TOJIOBHOTO MO3Ta
KJIETOK KPOBH, 00ECIEeYHBAIOT TPAHCIOPT B MO3T
pAla TUPKYJUPYIOIIUX B CHCTEMHOM KPOBOTOKE
BEIIeCTB, VyJaJIEHHEe IOTEHIHATbHO  BPEIHBIX
BEIIleCTB U3 MO3Ta, BbIIEJIEHIE MOJIEKYJI, IIepefato-
IITUX CUTHAJIBI KJIETKaM B IapEHXMMe MO3Ta, a TAaKKe
pearupoBaHue Ha CTHMYJIBl, BO3HUKAIOIIUE KaK B
MO3Te, TaK U MPUXO/SAIINE U3 KPOBH [22].

FeMaTOTMKBOPHBINA Oaphep IpPeICTaBIEH SIIE€H-
MO, COCTOSAIIEH M3 PECHUTUYATHIX SIIEHAUMOIIN-
TOB. COIJIACHO COBPEMEHHBIM ITPE/ICTABJIEHUAM, 3TH
KJIETKU OKa3bIBAIOT TPOPUUECKYI0 W MeTabosmde-
CKYIO HOJIZIEP:KKY KJIETOK MUKPOOKPY>KEeHUSA MO3Ta,
MIPUHUMAIOT YIacTHe B BRIPAOOTKE U CEKPEINU Liepe-
OpOCITMHAJIBHOU KUJIKOCTH, CTEPOUIOTEHE3Ee, N30H-
paTeIbHOM NPOHUKHOBEHUH BOABI B KJIETKU WJIH
BBIBEJIEHUH €€ U3 KJIETOK, KOHTPOJIe YPOBHS HATPUS
BO BHEKJIETOYHOM KUJKOCTH U 00eCIeunBaioT $hop-
MUPOBaHHE CaMOT0 3IE€HUMAIBHOTO (reMaTOIHK-
BOpHOTO) 6apbepa [28].

BaprepHas posip 5IEHJUMOIUTOB ObOecrevdnBa-
€TCSI HUTMIUEM PA3HBIX TUIIOB MEKKJIETOUHBIX KOH-
TaKTOB M SKOPHBIX OesIkoB. B obmactu anukaabHOM
MMOBEPXHOCTU AIEHAUMOIUTHI COETUHIIOTCA MEXKIY
€000 IIOCPE/ICTBOM a/IT€3UBHBIX KOHTAKTOB, B CPE/I-
Hell yacTu Mexy KJIeTKaMM IIPHUCYTCTBYIOT Inejie-
BbIe KOHTAKThI. Takue e KOHTAKTHl UMEIOTCS MEKITY
SIIEHIUMOLUTAMU U acTponuTamu. Kpome sToro, B
otmenbHbIX obsactsax ITHC smeHauMOIATEI COeIH-
HSIOTCS IOCPEJICTBOM IIOTHBIX KOHTAKTOB [30].

B xesymoukax Mosra sleHANMAaIbHblE KJIETKU
COBMECTHO C MHKpOCOCyZilaMu (HOPMUPYIOT COCYAH-
CTO€ CIUIETEHNE, IPOAYIIUPYIOIIee JINKBOP. Y JTIoei
obpasyercsi 0K0JIO 500—600 MJI JINKBOpA B ieHb. OH
obecrieurBaeT MUTATEJIPHYI0 M TOMEOCTATUUECKYTO
Cpezy JIIsl MO3Ta U IUPKYJIUPYET Yepes JKeTyT0IKO-
BbIe, CyDapaxHOU/IaJIbHbIE U IIAPABACKYJIAPHBIE ITPO-
CTPaHCTBA, a TaKXKe uyepe3 IapeHXUMY T'OJIOBHOTO
Mo3ra. JINKBOP MOJTHOCTHI0 0OMEHUBAETCS B UeJIOBe-
YeCKOM MO3Te IIPUMEPHO TPILKABI 32 CYTKHU [30].

Cocynucroe crjieTeHuE SBJISIETCS UMMYHOAKTHB-
HOHN TKaHbl0. OHO MpEACTaBJISIET COOOU IUIOIIAIKY
JU11 oOMeHa JIEMKOIMTOB W MMMYHHOTO Haj30pa.
Ero xjieTku akTUBUPYIOT SKCIPECCUIO IIPOBOCIIAIH-
TeJIbHBIX [IUTOKUHOB, MOJIEKYJI KJIETOUYHOH aJ/Ire31H
M ITJIAaBHOT'O KOMILJIEKCa THCTOCOBMECTUMOCTH [21].

Bosbliry1o posih B IOZ/IEp;KaHUY TOMEOCTa3a MO3ra
UTPAIOT CHEIVAIN3UPOBAHHbIE KJIETKU SIIEHIUMbI —
TAHUITUTHI, KOTOpble MOPQOJIOTHUECKU OTINYAIOTCA
OT KyOOBU/IHBIX 3IIEH/IUMAJIbHBIX KJIETOK, BBICTHJIAI0-
IITHIX JKEJIYZ0YKY, TEM, UYTO Y HUX HET PeCHUUEK.

exist between ependymocytes and astrocytes. In
addition, in certain parts of the CNS, the ependymo-
cytes are connected through tight junctions [30].

In the ventricles of the brain, ependymal cells,
together with microvessels, form the choroid plexus
producing cerebrospinal fluid. Humans produce
about 500—600 ml of cerebrospinal fluid per day. It
provides a nutrient and homeostatic environment
for the brain and circulates through the ventricular,
subarachnoid, and paravascular spaces, as well as
through the brain parenchyma. Cerebrospinal fluid
is completely turned over in the human brain approx-
imately three times per 24-hours [30].

The choroid plexus is an immunoactive tissue. It
is a platform for the exchange of leukocytes and
immune surveillance. Its cells activate the expres-
sion of pro-inflammatory cytokines, cell adhesion
molecules, and the major histocompatibility com-
plex [21].

An important role in maintaining brain homeo-
stasis is played by specialized ependymal cells — tan-
ycytes, which morphologically differ from the cuboi-
dal ependymal cells lining the ventricles in that they
do not have cilia.

MECHANISMS OF CHANGES IN BBB
PERMEABILITY AND RELATIVE IMMUNE
PRIVILEGE OF THE CNS

The BBB permeability changes with the course of a
person’s life: it is the highest in the first weeks of a child’s
life and extremely low in old age [21]. At the same time,
the BBB is not static; it interacts with the CNS microen-
vironment and responds to its needs. Thus, its permea-
bility can change under the action of signals from endo-
thelial cells to astrocytes and neurons.

An increase in the BBB permeability, strictly
speaking, is considered a pathological condition. The
BBB disruption refers to a barrier dysfunction due to
the loss of tight junctions, macropinocytosis, forma-
tion of fenestrae or cannula/vesicle-tubular struc-
tures, which allows substances such as serum pro-
teins to enter the CNS. However, the term “BBB dis-
ruption” is often used much looser to describe the
changes that allow leukocytes to enter the brain tis-
sue [31].

There are several interrelated mechanisms that
disrupt the barrier function of the BBB [21]:

1. Mechanical disruption of the BBB integrity,
which leads to the endothelium dysfunction and
hemorrhage into the brain tissue, and can be associ-
ated not only with traumatic brain injury, but also
with intracranial hemorrhage and reperfusion injury
after cerebral ischemia.
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MEXAHW3MbI USMEHEHUWA ITPOHUITAE-
MOCTAU I'9b 1 OTHOCUTEJIbHAA NTMMYH-
HAA ITPUBWIETNTPOBAHHOCTDB ITHC

[Iponunaemocts I'DBb MeHseTcA ¢ TeueHUEM
JKM3HU YesioBeKa: HauboJiee BHICOKA OHA B IepBbIE
HeJleJIN JKU3HU pebeHKa M KpallHe Majia B CTapo-
ctu [21]. [Ipu sTom I'DB He craTuyeH, OH B3aUMO-
neiictByeT ¢ Mmukpocpenoil IIHC u pearupyer Ha ee
notpe6HOCTH. Tak, €ro NPOHUIIAEMOCTh MOKET
MEHATHCA MO JEHWCTBUEM CHUTHAJIOB OT HHIOTEJIH-
JIHHBIX KJIETOK K aCTPOIUTAM U HEMPOHAM.

[ToBeimenue nmponuriaemoctu I'D6, crporo roBops,
CUMTAETCs MATOJIOTHYECKUM cocTosiaueM. [lox Hapy-
mreHreM I'9B TOHMMATOT TOTEPI0 HOPMAaJIbHOH Gaphep-
HOH (DYHKITUH B pe3yJIbTaTe yTPAThl IVIOTHHIX KOHTAK-
TOB, fBJIEHUS MAaKpPOIHMHOIIUTO3a, OOpa30BaHUI
(eHecTp WK KaHIOJb/BE3UKYJI0-TPYOUATHIX CTPYKTYP,
uTo TI03BOJIsAeT MpoHUKaTh B IITHC Takum BerecTBam,
KaK ChIBOPOTOUHbBIE Oesku. OTHAKO TEPMUH «HapyIIle-
Hue I'9b» wacro ucrosbayercss ropaszno 6ojiee CBO-
0OTHO /151 OTTUCAHUS M3MEHEHWH, TTO3BOJIAIOIINX ITPO-
HHKaTh B MO3TOBYIO TKaHb JIEHKOITATAM [31].

CylecTByeT HECKOJIBKO B3aUMOCBA3AHHBIX JPYT
C /IpyroM MeXaHW3MOB, HapyIIAIIIHUX OaphbepHYIO
dyuknuio I'96 [21]:

1. MexaHuueckoe HapyllleHHue 1eJI0cTHOCTU ['9b,
YTO IPUBOJUT K TTOBPEKAEHUIO SH/IOTEINS U KPOBO-
U3JIUAHUIO B TKAHb MO3Ta U MOKET OBITh CBSI3aHO HE
TOJIBKO C YEPETHO-MO3TOBON TPAaBMOU, HO U BHYTPH-
JepelnHbIM KPOBOU3JIUAHHEM U penepdy3nOHHON
TpaBMOU IIOCJIE UIIIEMUH MO3Ta.

2. BocniasieHue, KOTOPOE SIBJISIETCS KJTFOUEBBIM OHO-
JIOTHYECKUM IIPOIECCOM B OTBET Ha TPABMBbI 1 TH(DEK-
[IMH, TaK)Ke MPUBOAUT K U3MEHEHUIO0 OAPbEPHBIX U
unrepdeiicupx Qynkuuii ['D6. Hanprumep, npu Hell-
poBocnasieHuu WU CHUCTEMHOM BOCIIQINTEIHLHOM
TIpo1iecce MOBPeXKeHNe IVIOTHBIX KOHTAKTOB 3H/I0Te-
JINOITUTOB MOXKET MPOUCXOAUTH IO/ BO3JIEUCTBHEM
Mezuaropa BocrnaseHus IL-1B, a MMEHHO: JaHHBIN
WHTEPJIENKUH TPUBOAUT K CHIDKEHUIO SKCIIPECCHU,
HapYIIEHUI0 JIOKAJIU3aUN WIN IOCTTPAHCIIAINOH-
HOH MOAUMUKAIIH OEJIKOB IJIOTHBIX KOHTAKTOB.

lpyrue BoCIaJUTENIbHBIE MEIUATOPhl — Opagu-
KUHUH, TUCTAMUH, CEDOTOHNH, apaxul0HOBasA KHC-
JIOTa — TOBBIIAIOT MapanesuUTIoIAPHYI0 IPOHUIIae-
mocTh I'9b. Takke BO BpeMsl CUCTEMHOTO BOCIIasie-
HUSA TIPOUCXOJUT JleTpajialiusd TJIMKOKAJINKcAa U
0a3aJIbHOM IUIACTUHKU, YTO MPUBOJUT K YBEIUYE-
HUI0O TPOHUIIAEMOCTH 3JHJIOTEJIUS W TMOBBINIEHUIO
a/ire3uu JIEMKOITUTOB K cTeHKe cocy/ioB B ITHC.

3. IIpoHUKHOBEHUE JIEWKOIUTOB B ITapaBaCKy-
JIAPHOE IPOCTPAHCTBO MO3TA.

Ecin panee ITHC paccmarpuBanack Kak abco-
JIIOTHO WMMYHOIIDUBUJIETHPOBaHHAsA 00J1acTh, B
HACTOsII[ee BPEMSI CUMTAETCS, YTO UMMYHHAasi IIPUBU-

2. Inflammation, which is a key biological process
in response to injury and infection, also leads to
changes in the barrier and interface functions of the
BBB. For example, in neuroinflammation or a sys-
temic inflammatory process, damage to tight junc-
tions of endotheliocytes can occur under the influ-
ence of the inflammatory mediator IL-13, namely:
this interleukin leads to a decrease in expression,
altered localization, or post-translational modifica-
tion of tight junction proteins.

Other inflammatory mediators — bradykinin, his-
tamine, serotonin, arachidonic acid — increase the
paracellular permeability of the BBB. Also, during
systemic inflammation, the degradation of the glyco-
calyx and basal lamina occurs, which leads to an
increase in endothelium permeability and an adhe-
sion of leukocytes to the vessel wall in the CNS.

3. Migration of leukocytes into the paravascular
space of the brain.

If earlier the CNS was considered as an absolutely
immunoprivileged area, it is now believed that the
immune privilege of the CNS is relative [22]. It is
believed that leukocytes in a healthy brain paren-
chyma are absent or occur in extremely small quanti-
ties. Their content in the cerebrospinal fluid of a
healthy person can reach up to 5000/ml, and about
80% of the cells are CD4+ T cells. Thus, in the cho-
roid plexus and meningeal compartments, T cells
contribute to the immune defense of the brain, medi-
ate responses to a brain tissue lesion and also regu-
late the physiological functions of the CNS [32].

Astrocytes are immunologically active elements
and are a type of cells in the CNS that express the
major histocompatibility complex class II [25].

Pericytes also contribute to the immune
response in the nervous tissue. Due to their prox-
imity to endothelial cells, they are powerful modu-
lators of BBB functions, causing increased BBB
permeability through physical dissociation of cells
or secretion of factors (cytokines, chemokines) that
alters endothelial diffusion, which facilitates the
transport of immune cells to the brain, causes the
spread of neuroinflammation by stimulating both
resident and recruited from the bloodstream
immune cells [22].

The exchange of immune cells between the blood
and the brain under normal conditions is a highly
regulated process. Their migration in the CNS may
occur through the postcapillary venules into the sub-
arachnoid space, through the blood-cerebrospinal
fluid barrier of the choroid plexus into the cerebro-
spinal fluid, and through the blood-brain barrier into
the brain parenchyma. The process of their “cross-
ing” of the vascular wall can occur via trans- or para-
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nerupoBanHocTh ITHC otHOcuTenpHa [22]. Cuwnra-
€TCs, UTO JIEUKOIUTHI B 3/I0POBOU IMapeHXHUMe T'OJI0B-
HOT'O MO3Ta OTCYTCTBYIOT MJIM BCTPEYAIOTCS B KpaiHe
HebosbInX KosimdectBax. Cojiep:kaHue WX B JIUK-
BOpE 37I0POBOTO UEJIOBEKA MOXKET JIOCTUTATh 10
5000/M1 1 okoyio 80 % wierok sBisAwTess CD4+
T-kerkamu. Taxk, B COCyZINCTOM CIUIETEHUU U MEHUH-
reaJIbHbIX KOMIIapTMeHTax T-KJIETKH BHOCAT CBOH
BKJIaJ] B UMMYHHYIO 3aIllUTy MO3Ta, OIOCPEIYIOT
PEeaKIyu Ha MMOBPEKEHUE MO3TOBOUM TKAaHHU, a TAKIKE
perynupytot ¢usunosmorunueckue ¢pynknuu [THC [32].

ACTDOITUTBHI SABJISIIOTCA UMMYHOJIOTHYECKH aKTHB-
HBIMH 3JIEMEHTaMU U IIPEICTABJISIOT COOOH TUTI KJTe-
Tok B IIHC, sKcIIpeccHpyIOIIX OCHOBHON KOMILIEKC
rucrocosmectumoctH 11 kaacea [25].

CBoii BKJIa/I BUMMYHHBIN OTBET B HEPBHOU TKaHU
BHOCAIT U MEePUIUTHI. Biiarozaps cBoei GJIM30CTH K
SH/IOTEJIUAJIbHBIM KJIE€TKAM OHHU SIBJISTIOTCSA MOII-
HBIMH Mozyiaropamu ¢yHkiud I'DB, BbI3bIBasg
MOBBIIIEHHYIO poHUIlaeMocTb ['9b nmyrem ¢pusmnue-
CKOU IUCCOITMAITUY KJIETOK UJIN CEKpeny (GaKTOPOB
(IMTOKMHOB, XeMOKWHOB), H3MEHSIOIINX SHA0TEIN-
anpHyl0 Aud@ysu, 9to o006Jierdyaer TPaHCIOPT
WMMYHHBIX KJIETOK B MO3T, BBI3bIBAE€T PACIPOCTPa-
HEeHUe HEeHWpOBOCHAJIEHHSA IIyTEM CTUMYJIAIMH Kak
PE3UIEHTHBIX, TAK U PEKPYTUPOBAHHBIX M3 KPOBO-
TOKa MMMYHHBIX KJIETOK [22].

OOMeH UMMYHHBIMH KJIETKAMHU MEK/Ty KPOBBIO U
MO3TOM B HOPME SIBJISETCA CTPOTO PETYIUPYEMBIM
nporeccoM. Jkerpasaszanusd ux B LIHC mosxkeT rmpoxo-
JIUTH Yepes3 MOCTKATMISIPHbIE BEHYJIbI B CyDapaxHO-
WUJIAJIbHOE MTPOCTPAHCTBO, Yepe3 TeMaTOJTUKBOPHBIH
Gapbep B COCYIUCTOM CIUIETEHUU B JIMKBOP U depe3
reMaTo3HIeDaTNIECKUH 6apbep B TAPEHXUMY MO3Ta.
[Tporece «mepecekaHUsI» UMU COCYAUCTOH CTEHKU
MOZKET ITPOUCXOIUTD TPAHC- WU HapalesITIoIsIPHO U
BKJIIOUAET B ce0s1 pAMT CTaUN afire3uH, IepeKaThIBa-
HUS, 3aXBaTa, MPOIOJI3aHUA U Tuarnezesa [33].

Cocynucras cucrema [THC, Gytyust CTPYKTYpHO U
(PYHKIMOHAIBHO OTJIMYHON OT JApPYyTUX OPTaHOB,
OTJIMYAeTCs B CBOEM KOHTPOJIE MUTpanuu JUMGpOo-
nuToB. HauapHbIE CTaIUH ITPOIecca OTIOCPEYIOTCS
B3aUMOJIEVCTBHEM MOJIEKYJI aire3ur (CEeJIEKTUHOR)
SHJIOTEJTUAIBHBIX KJIETOK € [VIMKOIPOTEUIaMHU
(uHTErpUHAMU) IMOBEPXHOCTH AKTUBUPOBAHHBIX
aumornutoB. Tak, mosiekysna aaresuu ICAM-1 skc-
mpeccupyercss B OOJIBIIIOM KOJHYECTBE B COCy/Iax
IIHC, 1 mosTOMy cYyUTaeTcsA, YTO OHA MOKET UTPaTh
Ba)KHYIO POJIb B PEKPYTUPOBAHUH KJIETOK U3 KPOBO-
obpaieHus B TKaHb Mo3ra [34].

B pesysnbraTe B3aMMOJEUCTBUA MENKIYy XEMOKH-
HAMHU, CEKPETHUPYEMBIMH SHAOTEHEM, U COOTBET-
CTBYIOIIIUMH XEMOKUHOBBIMH PEIENTOPAMHU, DKC-
MpeCcCUpPyeMbIMU Ha JIUMQOIUTAX, TPOUCXOIAT KOH-
(opmanoHHbIE U3MEHEHUsI WHTETPHUHOB, CIIOCO0-

cellular pathway and includes a number of stages of
adhesion, rolling, trapping, crawling and diapede-
sis [33].

The CNS vascular system, while structurally and
functionally distinct from other organs, differs in its
control of lymphocyte migration. The initial stages of
the process are mediated by the interaction of adhe-
sion molecules (selectins) of endothelial cells with
glycoproteins (integrins) of the surface of activated
lymphocytes. For example, the adhesion molecule
ICAM-1 is highly expressed in the CNS vessels, and
therefore it is believed it can play an important role
in cell recruitment from the blood circulation to the
brain tissue [34].

As aresult of the interaction between chemokines
secreted by the endothelium and the corresponding
chemokine receptors expressed on lymphocytes,
integrins undergo conformational changes, thereby
contributing to their firm adhesion to endothelial
cells. Further, lymphocytes “crawl” along the endo-
thelial barrier against the blood flow, which is also
mediated by selectins. Activation of the intracellular
part of the adhesion molecule stimulates the rear-
rangement of the endothelial cell cytoskeleton, which
facilitates the diapedesis of cells through it into the
perivascular space of the brain [34].

The lymphocyte can also migrate in the blood —
brain direction just at the sites of tight junctions,
weakened under the influence of pro-inflammatory
factors. Selectins expressed by endothelial cells are
retained in intracellular vesicles called Wiebel bod-
ies. The latter respond to inflammatory mediators,
providing rapid regulation of selectin expression on
the luminal membrane. Since endothelial cells are
the main CNS cells expressing the IL-1R1 receptor
(type 1 receptor for IL-1), IL-1f is an important
mediator that ensures the transport of leukocytes
through the BBB during both neuroinflammation
and general inflammatory responses of the

body [33].

MECHANISMS OF CROSSING THE BBB BY
TUMOR LYMPHOCYTES

The stages of migration of lymphoma -cells
through the BBB are similar to the penetration of
normal lymphocytes into the CNS, while the differ-
ences are due to different physiological, molecular,
and mechanical characteristics of healthy immune
and tumor elements (Fig. 3) [35]. It has been estab-
lished that the adhesion of tumor cells occurs at the
level of capillaries and postcapillary venules. At the
same time, they require much more time for extrava-
sation in the CNS. Arrested in the vasculature of the
brain cells first take an elongated shape, and then
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CTBY# TEM CaMbIM UX ITPOYHOH a/ir€3UHU K SHAOTETU-
IBbHBIM KJIeTKaMm. [lanmee JIMMQOUIUTHI «IIOJI3YT»
BJIOJIb DHIOTEIMAJILHOTO Gaphepa IPOTHUB KPOBO-
TOKa, YTO TaKKe OIIOCPEZI0BAHO ceJIeKTUHAMU. AKTH-
BaIsA BHYTPUKJIETOUHON YaCTH MOJIEKYJIbI aJ[T€31H
CTUMYJIUPYET IepeCTPOUKY IIUTOCKEJIETa HHOTETH-
oIuTa, YTO 00JIeryaeT quaresie3 Yepe3 Hero KJIeToK
B IIEPUBACKYJIAPHOE IIPOCTPAHCTBO Mo3ra [34].
JImmdorur Takke MOXKET MHUTPUPOBATh B
HaIlpaBJIeHUU KPOBb — MO3T HENOCPEJCTBEHHO B
MeCTax IUIOTHBIX KOHTAKTOB, «OCJIAOJIEHHBIX» O]
JIECTBHEM TIPOBOCIIAJIUTEIbHBIX (PAKTOPOB. IKC-
IpeccupyeMble  SHJIOTEJIUIBHBIMH  KJI€TKaMU
CEJIEKTHUHBI Y/IeP>KUBAIOTCS BO BHYTPUKJIETOUHBIX
Be3UKYyJIaX, Ha3bIBaeMbIX Tesiamu Bubers. [Tocen-
HUe pearupyloT Ha MeANaTOPhl BOCHAayeHH:d, obe-
creunBasi ObICTPYIO PEryJIAINI0 SKCIPECCUU CeJIeK-
THHOB Ha MPOCBETHOH MeMbpaHe. [T0CKOIbKY 9H/I0-
TeJIMOLUTHI ABJIAIOTCA OCHOBHBIMU KieTkamu LTHC,
skcnpeccupyomumu  pernentop IL-1R1 (penernrop
1-ro tTuma k IL-1), IL-1[ sBJsieTcs Ba’KHBIM MeIHATO-
poM, o0ecmeunBaOIUM TPAHCIOPT JIEHKOIIUTOB
yepe3 I'9B kak mpu HEWPOBOCHAJIEHUH, TaK U IPU
00IIEBOCTIATUTEIHHBIX PEAKITUAX Opranusma [33].

MEXAHWU3MbI ITEPECEYEHUA I'9b
OIIYXOJIEBBIMU JINMM®OILIUTAMMN

dranbl MUTpanuy JUMGOMHBIX KJIETOK Yepes
I'Sb uMeroT €X0/ICTBO ¢ IPOHUKHOBEHUEM HOpMaJlb-
vpix siuMoorutoB B ITHC, oriuuusa ke o6ycsIoB-
JIEHBI PAa3JIMYHBIMHA (DU3HUOJIOTUUYECKMMU, MOJIEKY-
JIIPHBIMHA U MEXaHUYECKUMH XapaKTePUCTHKAMU
37I0POBBIX MMMYHHBIX U OIIYXOJIEBBIX BJIEMEHTOB
(puc. 3) [35]. YcraHoBI€HO, YTO a/ire3usl OMyXOJie-

XeMOKHUHBI, CEJIEKTHHBI, HHTEIPUHBI
Chemokines, selectins, integrins

round up and stretch the walls of the vessels. Diape-
desis itself through holes in the endothelium proba-
bly proceeds quickly, but it takes several days for
metastatic elements to reach the extraluminal posi-
tion. Although extravasation of individual cells is the
dominant mechanism for the formation of brain
metastases, in some cases the intravascular prolifer-
ation of tumor cells can occur, leading to complete
vascular obstruction and disruption of the BBB [36].

Some studies have shown that patients without
CNS lymphoma had significantly lower levels of
MMP-9 (matrix metalloproteinase 9), CCL2 (C-C
motifligand 2), sVCAM-1 (soluble vascular cell adhe-
sion molecule-1) in cerebrospinal fluid in compari-
son with patients with the nervous tissue involve-
ment, which was not observed when studying these
molecules in blood serum. These data indicate a
higher specificity of cerebrospinal fluid biomarkers
compared to serum biomarkers in predicting and
diagnosing lymphoma metastasis in the CNS [37].

sVCAM-1 is involved in the arrest of tumor cells
and their subsequent extravasation through the
brain endothelium. A higher level of its expression
may increase the possibility of tumor cells interact-
ing with the endothelium and their migration into
the CNS [38].

Cytokines and chemokines play an important role
in the processes of BBB crossing by lymphoma cells.
They modulate interactions between tight junction
proteins, which are the first barrier that cells must
overcome to enter the CNS. It is also known that
CCL2, CXCR4/CXCL12 and CXCR5/CXCL13 (che-
mokine receptors of the CXC family) play an impor-
tant role in the CNS tropism of diffuse large B-cell

MeTa}'IJIOHpOTeI/IHaSI:I, rerapuHasa

Metalloproteinases, heparinase VEGF

@&
U

OmnyxoJsieBbIi Anresus Tpancmurpanus ®daza «IIOKOsI» Herpaganusa ¥3510B0ii pocr,
suMporuT K CTEHKe Y UHBA3UsA B IIEPUBACKYJIIPHOM 9KCTPANEJLTIOJIIPHOTO HEOAHTHOTEeHe3
B KPOBOTOKE cocyza Transmigration TIPOCTPAHCTBE MaTpHKca Nodular growth,
Tumor-infiltrating ~ Adhesion and invasion Non-cycling phase Degradation neoangiogenesis
lymphocyte to the vessel in the perivascular space  of the extracellular
in the bloodstream wall matrix

Puc. 3. drambsl MeTacTa3upoBaHust TUMGOMHBIX KJIETOK Yepe3 reMaTosHIehaTndeckuii bapbep
Fig. 3. Stages of lymphoma cells metastasis through the blood-brain barrier
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BBIX KJIETOK ITPOUCXO/UT HA YPOBHE KAMWJUIAPOB U
MIOCTKANTMJUIAPHBIX BeHyJI. [Ipu aTOM UM TpebyeTcst
3HAYUTEIHLHO OOJIBIIIE BpEMEHH /ISl SKCTPaBa3aIiinu
B IIHC. 3ayiep>xaHHbIe B COCYTUCTOU CETU TOJIOBHOTO
MO3Ta KJIETKM CHayaja NPUHUMAIOT BBITSHYTYIO
(opmy, a 3aTeM OKPYIJISAIOTCS U PACTATUBAIOT CTEHKH
cocyznoB. CaM Jiuamesie3 yepes OTBEPCTUS B SHZOTE-
JINY, BEPOSTHO, IPOTEKAET OBICTPO, HO JIOCTHUKEHUE
MEeTaCTaTHYECKIMU DJIEMEHTAMHU SKCTPATIOMITHAITb-
HOTO IIOJIOJKEeHUS 3aHHMMAaeT HeCKOJIbKO JHeU. XOoTs
SKCTpaBa3alMs OTAEbHBIX KJIETOK SBJISETCS IOMU-
HUPYIOIIUM MEXaHU3MOM (POPMUPOBAHUS MeTacTa-
30B B F'OJIOBHOM MO3T€, B HEKOTOPBIX CJIy4asiX MOXKET
MPOUCXOAUTH BHYTPHUCOCYIUCTAs Mposiudeparus
OIIYXOJIEBBIX KJIETOK, YTO IPHUBOJUT K IIOJTHOH
obcTpyKIuu cocyzia 1 Hapyiienuio ['95 [36].

B HeKOTOpBIX HCCIeIOBAaHUIX OBUIO TOKa3aHO,
yro marueHTsl 6e3 mopaxkenus LIHC mmumdomoit
UMeTd 3HaYyuMo OoJiee HuU3KWe ypoBHU MMP-9
(MaTpuKkcHas MeTa/UIONpPOTEMHAa3a Q — matrix
metalloproteinase 9), CCL2 (xeMOKHH cemelcTBa
CC — C-C motif ligand 2), sVCAM-1 (pacTBopumast
dbopma MoJIeKyIbI AATE3UN COCYIUCTOTO DHIOTEITUS
Ttuma 1 —soluble vascular cell adhesion molecule-1) B
JINKBOPE B CPABHEHUU C TTAIIIEHTaMU C BOBJIEYEHEM
HEPBHOH TKAHU, UTO He HAOJIIOIAJIOCH IIPU U3YUEHUH
JIAHHBIX MOJIEKYJI B CBIBOPOTKE KPOBHU. JTHU JIAHHbBIE
VKa3bIBAIOT Ha 60J1ee BHICOKYIO CENU(PUIHOCTH OMO-
MapKepoOB JIMKBOpPA IO CPaBHEHHUIO C CHIBOPOTOY-
HBIMH OMOMapKepaMH B IPOTHO3UPOBAHUU U JHA-
THOCTHKe MeTacTazupoBanus tuMdomsl B ITHC [37].

PactBopumass ¢dopma MOJIEKYJIBl  aATe3UU
sVCAM-1 ygacTByeT B 3aJlepKKe OIIyXOJIEBBIX Kile-
TOK U [TOCJIEAYIONIEN X SKCTPaBa3aluy yepes SH0-
TeJIN TOJIOBHOTO MO3Ta. BoJjiee BHICOKUI ypOBEHD €€
SKCIIPECCHU MOKET YBEJTMIUBATH BO3MOKHOCTD B3a-
HUMOJIENICTBUSA OIyXOJIEBBIX KJIETOK C HH/IOTETHEM U
npounkHoBenus ux B [THC [38].

Baxkuyro posip B mporieccax mnepecedyeHus ['9b
JAUM(OMHBIMU KJIETKAMHU WTPAOT LUTOKUHBI U
XeMOKUHbI. OHU MOZYJIUPYIOT B3aUMOJIENCTBIE
MexXy OelKaMU IUIOTHBIX KOHTAKTOB, SIBJISIOIIU-
MHUCS IIEPBBIM 6aPhEPOM, KOTOPBIUA KJIETKU JOJIKHBI
npeonosiety Ay nomnazanus B I[HC. HsBecTHO
takke, yto CCL2, CXCR4/CXCL12 u CXCRj/
CXCL13 (peunenTopbl xeMOKHHOB ceMmeirictBa CXC)
UTPAIOT BA)KHYIO posib B TponusMme Kk ITHC kietok
nuddys3HON B-KyIeTOUHOU KPYHTHOKJIETOYHOHN JIMM-
¢dompr. IMutokun CCL2 MOXKeT MpOAyIUpOBATHCS
HEUpOHAMHM, ACTPOIIUTAMU, MHUKPOTJIMEN, a TaKxkKe
KJIETKAMH COCYJIUCTOTO CILIETEHUs. Y MAINEeHTOB C
BrOpuuYHBIM nopaxkenuem [{HC sumbomoit ormeua-
€TCs1 BHAUUTENIbHO OoJstee Bhicokuil ypoBeHb CCL2 B
JIMKBOPE, Y€M B CBIBOPOTKE KpOBH [37].

lymphoma cells. The cytokine CCL2 can be produced
by neurons, astrocytes, microglia, and choroid plexus
cells. Patients with secondary CNS lymphoma have
significantly higher CCL2 levels in cerebrospinal
fluid than in serum [37].

Proteolytic enzymes produced by cells involved in
inflammatory processes and capable of destroying
almost all macromolecules in the extracellular
matrix, called matrix metalloproteinases, as well as
vascular endothelial growth factor (VEGF), disrupt
the integrity of tight junctions. And MMP-9 is also
crucial for the cleavage of the basement membrane,
which facilitates the penetration of tumor lympho-
cytes into the CNS [22].

Thus, according to the studies, such molecules as
MMP-9, CCL2, sVCAM-1 play an important role in
the metastatic cascade of lymphoid tumors. Their
elevated levels correlate with metastasis of leuke-
mias and lymphomas in the CNS. It is also possible
that they are closely associated with increased tro-
pism of tumor lymphoid cells to the vascular endo-
thelium of the nervous tissue [37].

SURVIVAL MECHANISMS OF MALIGNANT
CELLS IN THE CNS

Studies show that for the successful formation of
tumor foci in the CNS, malignant cells must not only
reach the brain vascular system, attach to the endo-
thelial cells of microvessels, extravasate into the
parenchyma, but also be able to further proliferate in
the brain tissue and induce neoangiogenesis [39].

The BBB, as described above, is the densest endo-
thelial barrier in the body and creates an obstacle to
the movement of not only solutes, but also cells. Due
to these properties, it can play a dual role in the for-
mation of metastases: on the one hand, protecting
the CNS from the penetration of tumor cells, and on
the other hand, actively participating in the protec-
tion of metastatic cells after their penetration into
the nervous tissue [36].

Experiments have shown that the contribution of
endothelial cells to the spread of tumor cells through-
out the body is apparently organ-specific. While in
the lungs and liver, endotheliocytes crawl onto the
surface of metastatic cells, in the brain, their retrac-
tion is observed. It has been suggested that after the
migration of tumor cells into the CNS, the BBB is
restored and prevents the delivery of drugs and
immune cells to the tumor [36].

BBB endothelial cells may provide an ideal
environment for the survival of tumor cells in the
CNS in close proximity to them. After crossing the
BBB, metastatic elements are not only protected
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ITporeosuTiyeckue ¢depMeHThI, BbIpabaThIiBae-
Mble YIACTBYIOIIMMU B BOCIATIUTEIBHBIX IIPOIIeccax
KJIETKaMH U CIIOCOOHBIE Pa3pyllaTh IMPaKTHUECKH
BCe MaKPOMOJIEKYJIbI, Haxo/AIuecs B MeKKJIeTO4-
HOM MaTpHKcCe, Ha3bIBaeMble MATPUKCHBIMU MeTaJsl-
JIOTIPOTENHA3aMH, a TaKXKe COCYAHUCTBIN DHJIOTEIH-
anpHbIA dakTop pocta (VEGF) Hapymaror mesoct-
HOCTbH IUIOTHBIX KOHTAaKTOB. A MMP-9 elne u numeet
pelaioliee 3HaYEHUE JIJIsl PacIlleIIeH s 6a3aIbHOM
MeMOpaHbl, YTO 00JIerJyaeT MPOHUKHOBEHUE OITyXO-
seBbIx tuMdorutoB B [THC [22].

Taxum 06pa3oM, COTIIACHO MTPOBEAEHHBIM HCCIIE-
JIOBaHHUAM, Takue MoJekysbl, kak MMP-9, CCL2,
SsVCAM-1, urpaloT Ba)XKHYI0 pOJIb B MeTacTaTuie-
CKOM Kackajie omyxosjed JUM@OUIHON MPUPOIHI.
VIx moBBIIIIEHHBIE YPOBHU KOPPEIUPYIOT C MeTacTa-
3upoBaHueM Jeliko3oB u jgmuMmdom B IJHC. Bos-
MOXKHO TaK’Ke, UTO OHU TeCHO CBSI3AHBI C yCHJIEHNEM
TpOIIU3Ma OIIyXOJIEBBIX JIUMQOUIHBIX KJIETOK K
SH/IOTEJIUIO COCY/TOB HEPBHOM TKaHU [37].

MEXAHW3MbI BBIZKNBAHU A 3JI0KA-
YECTBEHHBIX KJIETOK B ITHC

UccenenoBaHus TMOKA3bIBAIOT, YTO JJIA YCIEII-
Horo o6pasoBanus ouaros omyxosu B ITHC 371o0xaue-
CTBEHHbIE KJIETKH JIOJI?KHBI HE TOJIBKO JIOCTUYb COCY-
JIUCTOX CHCTEMBI MO3Ta, IPUKPEMUTHCSA K SHJIOTEH-
QIBHBIM KJIETKAM MHUKDPOCOCY/IOB, 3KCTPaBa3UpPO-
BaTh B IIAPEHXHUMY, HO €Ille ¥ OBITh CIIOCOOHBIMH
Jlajiee TpoTueprupoBaTh B MO3TOBOU TKAHU U UH/TY-
IMPOBaTh HEOAHTHOTeHe3 [39].

I'9b, kak OBLIO ONMHCAHO BBIIIE, MPEJCTABIISET
€000 camMbIH IJIOTHBIM SHAOTETUAIBHBIN 6apbep B
OpraHU3Me U CO3/a€eT IPEISTCTBUE ISl IBUKEHUS
HE TOJIbKO PACTBOPEHHBIX BEIECTB, HO U KJIETOK. 3a
CYET HTHUX CBOMCTB OH MOXKET UTPATh JIBOSAKYIO POJIh
B (GOPMHUPOBAHUU METACTA30B: C OJHOU CTOPOHHI,
zamuiaa [JHC oT NpOHUKHOBEHHUS OIIyXOJIEBBIX
KJIETOK, & C JPYyrOd — aKTUBHO YYacCTBYs B 3aIUTE
METACTaTHYECKUX KJIETOK ITOC/Ie TPOHUKHOBEHUS UX
B HEPBHYIO TKaHb [36].

B skcriepumeHTax MOKa3aHO, YTO BKJIA/T SHOTEITH-
JTBHBIX KJIETOK B IIPOIECCHI PACIIPOCTPAHEHHU S OITyXO0-
JIEBBIX KJIETOK I10 OPTaHU3MY, ITO-BHIIMOMY, OpTaHO-
crernuduued. B To BpeMs Kak B JIETKUX M II€UEHH
5HJIOTETUOIUTHI « HAIIOJI3aI0T» Ha TIOBEPXHOCTH MeTa-
CTAaTHYECKHX KJIETOK, B TOJIOBHOM MO3Te HabJTI0/IaeTCst
WX peTpakiusA. BpICKa3aHO IIPEJIIOIOKEHNE, YTO
TI0cJIe IPOXOXK/IeHNA OIyXoJieBbIX ki1eTok B [THC I'9b
BOCCTAaHABJIMBAETCS U  IMPEIATCTBYET  JIOCTaBKe
JIEKAPCTB 1 IMMYHHBIX KJIETOK K OITyX0JH [36].

IHIoTeMnaTbHbIE KIeTKU ['9B MoryT obecreyn-
BaTh HJIEAJBHYIO CPeAy JUIsl BBDKUBAHHSA OIyXOJe-
BbIX KJIeToK B ITHC B Hemocpe/icTBEHHOH 0JIM30CTH
ot Hux. [locse nepeceuenusn I'Sb meracraTuueckue

from the body’s immune surveillance, but also the
cellular components of the nervous tissue itself are
able to release substances favorable for tumor
growth [40].

Once in the CNS, the growth and spread of malig-
nant cells depends entirely on the establishment of
an adequate blood supply. The activity of angiogen-
esis is determined by the balance between proangio-
genic and antiangiogenic molecules at the local tis-
sue level. It can occur both due to true germination —
i.e. by branching of new capillaries from pre-existing
vessels, and be the result of expansion, splitting and
fusion of pre-existing vessels caused by the prolifera-
tion of endothelial cells in the blood vessel wall.
VEGF plays a key role in physiological and patholo-
gical neoangiogenesis. It stimulates not only the pro-
liferation and migration of endothelial cells, but also
induces the expression of metalloproteinases by
these cells [41].

In conclusion, we would like to note that the pro-
cess of metastasis is highly selective for cells that can
complete all stages of this process. In addition, the
following fact attracts attention: some types of malig-
nant neoplasms metastasize to the brain more often
than others [42]. It is believed that most primary
tumor cells are capable of metastasizing, their dis-
semination occurs very early, and this phenomenon
may be based on specific genomic changes in malig-
nant cells [43].
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3JIEMEHTHI HE TOJIbKO 3alUINEeHbl OT WUMMYHHOTO
HAJ[30pa OpraHU3Ma, HO ellle U KJIETOYHbIE KOMIIO-
HEHTBhI CAMOU HEPBHOU TKAaHH CIIOCOOHBI BBIZIEJIATH
BeIllecTBa, 6JIaTOMIPUATHBIE JIJISI POCTa OIIYyX0JIH [40].

[Tocsie monaganusa B ITHC pocr u pactnpocTpaHe-
HU€ 3JI0KAYECTBEHHBIX KJIETOK IOJIHOCTHIO 3aBUCUT
OT YCTQHOBJIEHHS a/IeKBATHOTO KPOBOCHAOGXKEHWSI.
AXTHBHOCTh aHTHOTEHEe3a ompezessercs OaylaHcoM
MEX/Ty MPOAHTHOTEHHBIMH U AHTHAHTHOT€HHBIMHU
MOJIEKYJIAMHU Ha JIOKA&JIPHOM TKaHeBOM ypoBHe. OH
MOKET IIPOUCXOIUTD KaK 32 CYET UCTUHHOTO ITpopac-
TaHUS — T.€. [yTEM Pa3BETBJIEHUs HOBBIX KaITHJLIA-
POB U3 YK€ CYIIECTBYIOIIUX COCYIOB, TaK U SBJIATHCS
pe3yJIbTaTOM pacCIIUpPEHHs, PaCHIeNJIEHUs U CIIUs-
HUSI paHee CYIIEeCTBOBABIINX COCY/IOB, BBI3BAHHBIX
mpostudeparnyeil 3H/10TeTNAIBHBIX KJIETOK B CTEHKE
KpOBeHOCHOTO cocyzia. Pakrop pocra cocynoB VEGF
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WUTPaeT KJIIYEBYIO POJIb B (PU3UOIOTUUECKOM U I1aTO-
JlorudeckoM HeoaHruorenese. OH CTUMYJIUPYET He
TOJIBKO MPOTHdEPALINIO K MUTPAIIUIO SH/IOTETNAITb-
HBIX KJIETOK, HO U UHYIUPYET SKCIIPECCUIO MEeTasI-
JIOTIPOTENHA3 STUMU KJIETKaMHU [41].

B saksoueHHre XO4YEeTCs OTMETHUTh, YTO IMPOIEeCe
MEeTacTa3uPOBAHUS SIBJISIETCS BBHICOKOCETEKTUBHBIM
JUTSI KJIETOK, KOTOPbIE MOTYT 3aBEPIIUTb BCE ATATIBI
aTtoro mporecca. Kpome Toro, obpaimiaer Ha cebst
BHUMAaHUe CJIEAYIONINI GaKT: HEKOTOPbIE BUbI 3J10-
KaueCTBEHHBIX HOBOOOpA30BaHUU dallle APYTHUX
JIAIOT MeTacTasbl B MO3T [42]. IIpu aTOM cunTaercs,
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CBEJAEHUA /14 ABTOPOB

TPEBOBAHUWA K ITPE/TOCTABJIEHUIO
MATEPUVAJIOB JJIA ITYBJIMKAIITN
B JOURNAL OF SIBERTIAN MEDICAL
SCIENCES

B Journal of Siberian Medical Sciences (manee —
JSMS) nmy6iukyoTCcs HayuYHbIe 0030PbI M CTAThU 10
MEJUIIMHCKUM HayKaM, IOATOTOBJIEHHBIE TI0 MaTe-
pyazaM OpUTHHAJIBHBIX HAYYHBIX HCCJIETOBAHUM.
JSMS BBIXOZIUT 4 pasa B rof.

TpeboBaHUsI, MPeAbABISAEMbIE K ITyOJIUKAIH-
am B JSMS, chopmynupoBaHsl ¢ yueToM TpeboBa-
HUH, IPeIbIBIISIEMBIX K PEIEH3UPYEMBIM HAYUHBIM
U3JaHUSAM, B KOTOPBIX JOJIKHBI OBITH OIyOJIMKOBA-
HBl OCHOBHBbIE HAay4HbIE Pe3yJIbTAThl JUCCEPTAIIUH
Ha COWCKAHUE yYEHOU CTEIeHHW KaHJIWAATa U JIOK-
TOpa HayK.

CraTbu, OTIIpaBJIeHHbIE aBTOPAMU B JPyTHE U3-
JlaHUSA W/WJIA HalledyaTaHHbIE paHee B HUX, K OIry0-
JINKOBAHUIO HE TPUHIUMAIOTCS.

I[Ipu omucaHwu HAYYHO-UCCJIEIOBATETBCKUX
KJIMHUYECKNX PaboT C TMpUBJIEUEHHEM YesOBeKa
B KauecTBe 0OBEKTa HCCIIEZIOBAHUA aBTOPBI JTOJIXK-
HBl YKa3aTh, COOTBETCTBOBAJIA JI OHHU MEXKIyHa-
POZIHBIM M POCCHUHCKHM 3aKOHOJIATEJIbHBIM aKTaM
0 IOPUAUYECKUX U ITUUECKUX MPUHITUTIAX MeINKO-
OMOJIOTUUECKHUX HCCIIeIOBAHUH Takoro poja. He j1o-
IIyCKAEeTCS WCIIOJIb30BaHUE (PaMUIUH, WHUINAJIOB
OOJIBHBIX U HOMEPOB HcTOpuil Oose3nu. IIpu omu-
CAaHUHU DKCIIEPUMEHTOB Ha >KHUBOTHBIX HEOOXOIH-
MO YKa3aTh, COOTBETCTBOBAJIO JIU COZIEpKAHNE U HC-
[10JTh30BAHUE JIAOOPATOPHBIX JKUBOTHHIX IIPABUIIAM,
MPUHATHIM B YUPEXKASHUN, PEKOMEHAIINAM HaIU-
OHAJIBHOTO COBETA IO UCCJIE0OBAHUIM, HAITHOHAIb-
HBIM 3aKOHaM.

ABTOpCKUeE ITpaBa cobJII0AI0TCS B COOTBETCTBUH
¢ 'paxkmarckum xkogekcom Poccuiickoit @enepanun
(4. 4) ¥ IPyrUMU AeHCTBYIONUMH HOPMATUBHBIMU
JIOKyMeHTaMH. ABTOPHI HECYT IIOJIHYIO OTBETCTBEH-
HOCTH 32 COZIep KaHUe CTaTel.

B pepakuuio JSMS aBTOpPHI I0JI2KHBI IIPEOCTA-
BUTH:

1) 2/€KMPOHHYI0 8epculd Ccmambvll, IMOJITOTOB-
JIEHHYIO B COOTBETCTBUHU C TPEOOBAHUSIMHU K 0DOPM-
JIGHUIO CTaTel, N3JI0KEHHBIMHU HIKE;

2) opueuHaa cmamosu B IEYaTHOM BHJIE C YKa3a-
HHeM TOpO/a, aThl, GAMUINHU C HOAIIUCHI0 KaXK/10-
ro aBTopa (Ha ImocJie/THeH cTpaHuIle), BU3ou «B me-
YaTh» U MOZIUCHIO (Ha TIEPBOH CTpaHUIIE) 3aBEY-
o1ero Kadeapol MM MHOTO JO0JIKHOCTHOTO JIUIIA
opraHusaiuy, Ha 6a3e KOTOPOU BBIIIOJIHEHO HCCJIe-

JIOBaHUE. ABTOPBI IIPEIOCTABJISIOT CTAThU B pe/laK-
U0 JIMYHO WJIH TI0 TIOUTE;

3) coenacue Ha TyOJMKamuoO cratbd B JSMS
1 00pabOTKy IepCOHAJIbHBIX TAHHBIX aBTOPOB (3a-
MTOJTHSIETCS KaK/IbIM aBTOpoM) (cM. Ha catite HTMY:
Www.ngmu.ru/cozo/mos);

4) nnsa corpynaukoB ®I'bOY BO HI'MY Mun-
3apaBa Poccuu (mamee — HIMY) — asxcnepmuoe
3axaroueHue OTAeNa KOOpAWHAIMHU (eaepasibHbIX
MIporpaMM, KOHKYPCHBIX ITPOEKTOB ¥ MHHOBAI[HOH-
HOTO Pa3BUTHs YIIPaBJEHUS MO HAyKe, MHHOBAIIH-
aM 1 uHGopmaruzanuu HC'MY (cm. www.ngmu.ru);
JUIS CTOPOHHUX aBTOPOB — HANpas./ieHue Ha onyo-
AuxosaHue Ha GUPMEHHOM OJIaHKE OpPraHU3aIluH,
Ha 6a3e KOTOPOU BBINIOJIHEHO OPUTHHAJIPHOE HAYY-
HOE HCCJIeJIOBaHUE, 32 IMOAINCHI0 OTBETCTBEHHOTO
JTOJIXKHOCTHOTO JIUIIA.

ITPABUJIA O®OPMJIEHHU A PYKOITUCEM

1. Tekcr crarbu HaOMpPaeTCs B TEKCTOBOM PelaK-
tope Microsoft Word, Open Office u zp., Bce mos
2 cM, mpudt Times New Roman, kersip 12, Mex-
CTPOYHBIN HHTEPBAJ 1,5. TEKCT cTaThb HEOOXOHMO
HaIpaBUTh B pefakiuio JSMS B Bujie OT/eJTbHOTO
¢daiina ¢ ykazanuem ®MO nepsoro aBropa — MBa-
HOoB W.U. Tekcr.doc. Jlomyckaercst oTmpaBka daii-
J10B B popmartax doc, docx.

2. ®11O aBTOpPOB HAOUpAETCS CTPOYHBIMH OYK-
BaMU KYPCHUBOM Ha PyCcCKOM s3bIKe. VIHHUITHAIIBI
moMeImaTes nepexn damuinei aBropa. [lopsanoxk,
B KOTOPOM OYAYT YKa3aHbI aBTOPBI, ONPe/IeIsIeTCs
HX COBMECTHBIM PeIlIeHHeEM.

3. T'opon m HazBanme MecT pabOTHI aBTOPOB
0hOPMIISIIOTCSI CTPOYHBIMH OyKBaMU KypPCHBOM
Ha PYCCKOM SI3BIKE.

4. CraThsi [ODKHA COJIEPIKATh AHHOTAIIMIO
Ha PYCCKOM sI3bIKE. B aHHOTAI[UM JIOJKHBI OBITH M3-
JIOKEHBI IIeJIM HCCJIeZIOBAaHUsI, OCHOBHBIE IIpOIIe-
IypBl, pe3yJIbTaThl OPUTHHAJIBHBIX HCCJIETOBAHUI
u BeIBOABL. IloJ1 aHHOTAI[MeN TToMelaeTcs mo/A3aro-
J10BOK «KiIroueBnle c10Ba», IOCJIE HEro JI0 10 KO-
YeBBIX CJIOB WJIN KOPOTKHUX (pas, KOTOpble OyayT
CIIOCOOCTBOBATh MPABUJIBHOMY WHJIEKCHPOBAHUIO
CTaThU B IIOMCKOBBIX CHCTEMAX U CHCTEMaxX LIUTHPO-
BaHUA. AHHOTAIIMIO HEOOXOMMO HAIIPABUTh B pe-
gaknuio JSMS BMecTe ¢ TEKCTOM CTaTbU B BHJIE OT-
nesibHOTrO (haitia ¢ ykazanuem @O mepBoro aBTo-
pa — HWBanos WU.U. auHorarus.doc. Takske mpemo-
CTaBJIAIOTCA CBEJIEHU O KaXK/I0M U3 aBTOPOB: haMu-
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JIvsl, ©UMsI, OTYECTBO (IIOJTHOCTHIO HA PYCCKOM SI3BIKE
U B TPAHCJIUTEPAIIUH), VIEHBIE 3BAaHUSA U YUEHAs CTe-
MeHb, IOJIKHOCTh, MeCTO pPaboThl, pabounii TeaedoH
U aJipec 3JIEKTPOHHOM mouThI (e-mail). CBegeHust He-
00X0/TUMBI JIJIs1 00pabOTKH ITyOIUKAIUK B Oase TaH-
HbIX PoccuiicKkoro MHAEKCa HAYYHOTO ITUTHPOBAHUS
U IPYTHUX CUCTEMAX IUTHPOBAHMUA. AHHOTAIUS, KITIO-
JeBbIe CJIOBa, MHGopMarusa 06 aBTopax U Ha3BaHUE
VUpEeXIEeHUH JOJIKHBI OBITh TAK)Ke IPEIOCTABIEHbI
Ha aHTJIMHACKOM SI3bIKE.

5. TabyuIbl MOMeEIAl0TCs B TEKCT cTaTbu. Ta-
OJIUIIBI AOJIKHBI OBITH ITPOHYMEPOBAHBI TIOCJIENI0-
BaTEJIBHO B COOTBETCTBUU C MOPAAKOM, B KOTOPOM
OHH YIIOMHHAIOTCA B TeKcTe (Hampumep, Tabu. 1,
TabJ. 2 U T. 71.).

6. PUCyHKU BCTaBJISAIOTCA B TEKCT CTAThU, & TaK-
JKe TIPEJIOCTABIISIIOTCS B BUJIE OTIEJIBHBIX IIPOHyMe-
poBaHHBIX (daiisioB ¢opmaTa .jpg uau .gif ¢ paspe-
1ieHrieM He MeHee 300 dpi. PUCYHKU J0/KHBI OBITH
KOHTPACTHBIMH M YETKUMH, OYKBBI, ITUGPHI U CHM-
BOJIBI HA HUX JIOJI’KHBI OBITh Pa3JIMIUMBI. PHCyHKa-
MU CYUTAIOTCA I'padUuKy, peHTreHorpaMMmel, GoTo-
rpadpuu winu Jro0ble Jpyrue rpadguueckue 0ObeK-
Tbl. ®oTOrpadu JIro/Iel He TOJIKHBI ObITh Y3HABae-
MBIMU, JINOO K HUM JIOJI>KHO OBITH ITPUJIOZKEHO ITHCH-
MEHHO€e pa3pellieHre Ha UX MyOJIuKamuo. PucyHkn
JIOJKHBI OBITh IMPOHYMEPOBAHbBI IOCJIEI0OBATETHHO
B COOTBETCTBUU C MOPSAIKOM, B KOTOPOM OHHU BIIED-
BbI€ YIIOMHUHAIOTCS B TEKCTE — PHUC. 1, PUC. 2 U T. .
IMoamucu pa3MenialoTcs B TEKCTE IO PUCYHKAMHU.
B nmoamucax k mukpodororpadusaM ykasblBaeTcA
CTelleHb YBEJTUUYEHHU S U CII0OCOO OKPACKH.

7. B TeKCTe cTaThU UCIOJIB3YIOTCS CIIEIYIOIIHE 3a-
TOJIOBKU: BBeJIEHUE, IIeJIb FCCJIEZIOBAHUS, MaTepua-
JIBI ¥ METO/IbI, PE3YJIBTATHI U 00CYKIeHTE, BaKJTI0Ue-
HUe, CIIUCOK JINTEPATyPHI.

8. Hcnonp3yoTes TOJIBKO CTaHZAPTHBIE OOIIe-
MpUHATHIE cOoKpaieHus (abbpeBuarypsl). He mpu-
MEHSIOTCS COKpAIlleHusI B Ha3BaHUU cTarthu. [loji-
HBI TEPMUH, BMECTO KOTOPOT'O BBOAUTCS COKpAIIe-
HUE, JIOJIKEH IIPEIIECTBOBATh IIEPBOMY HCIIOJIB30-
BAHUIO 3TOTO COKPAII[EHUS B TEKCTE.

9. O6sI3aTeIPHO HAJIMYHUE CIIHCKA JIUTEPATYPBL.
Bubsmorpaduueckre CChIJIKU B TEKCTE CTAThH Jla-
I0TCsA apabckuMH IudpaMu B KBaJpaTHBIX CKOO-
KaXx, B IIOJTHOM COOTBETCTBUHU C HyMepaImueH crrcka
suteparypbl. CCHIJIKH B TEKCTE CTATHH JOJIKHBI J1a-
BaThCA MOCIEA0BATEIBHO 110 Bo3pacTanuio: [1]...[2]...
[3]... u T.1. Pa3BepHyTOE OMMCaHUE UCTOUHUKA B CITH-
cke ymutepaTypsl npegoctapiasgoTcesa no 'OCT 7.0.5-
2008. Cnucok JUTepPaTyphl AOIKEH COAEPKATD IIy-
OymKaIuu 3a MocJIeIHue 5 JIeT. B crmcke siurepary-
pbl Bce HH(POPMAIIMOHHBIE UCTOYHHUKHU ITEPEUHCIIS-
IOTCS B MOPSIZIKE UX ITUTHPOBAHUS.

10. Pepaknusa JSMS Geper Ha cebsi IpUCBOEHHE
KaKJIo0i my6mkyemoi cratbe HOMepa YK u ocy-
I[ECTBJIEHUE TIOJTHOTO IIepeBO/ia CTAaThU HA aHIVIMHU-
CKUU SI3BIK.

11. CTaThH, HE COOTBETCTBYIOIIME YKA3aHHBIM pe-
JlakIend TpebOBaHUAM, K OITyOJIMKOBAHUIO HE TIPHU-
HUMAIOTCA.

IIOPATOK PEIIEH3MPOBAHUA
PYKOIIUCEN, IPUHUMAEMBIX
AJIA ITYBJINKAITN

1. Pykomnucu craTel, HOCTYNUBIINX B PeJJaKIIUIO,
HAIIpaBJIAIOTCA JJI pelleH3UPOBaHUA 4YJeHaM pe-
JIAKITMOHHOTO COBETA C IIeJIBI0 UX HKCIEPTHOU OlleH-
KU Ha NIPEAMET COOTBETCTBU:A TpeboBaHUAM JSMS
u Bricimeii arrecTanimoHHOM KoMuccuu ripu MuHU-
crepcTBe oOpa3oBaHus U HayKu PO.

PerieH3eHTHI yBeJOMJIAIOTCA O TOM, UTO B LIEJIAX
obecrieueHNsI aBTOPCKUX U APYTUX HEHMMYIIECTBEH-
HBIX [IPAB IPUCJIAHHBIE PYKOIIMCH He TOJIJIeKaT pas-
IIalleHUI0, KOIIMPOBAHUIO, paclipocTpaHeHu1o. Pe-
[IeH3UPOBaHUe IIPOBOIUTCA aHOHUMHO.

[Ipu oTka3e B HAIIpaBJIeHUH Ha PelleH3UPOBaHUE
IIPeICTaBJIEHHOM aBTOPOM PYKOIMCU PeJlaKIus Ha-
IIpaBJIsieT aBTOPY MOTHUBHUPOBAHHBIN OTBET B DJIEK-
TPOHHOM BUJIE.

Pepaknua >kypHasia 10 NHCBMEHHOMY 3allpocy
HaIlpaBJisieT aBTOpPAM pelieH3UuN Ha IMOCTYIIUBIINE
MaTepuasIbl B 3JIEKTPOHHOM BHJIe. ABTOPBI 00sI3aHbI
y4ecTb 3aMedaHUs PelieH3eHTOB U BHECTU B CTaThIO
COOTBETCTBYIOIIYE UCIIPABJIEHU S UJIH IIPEJIOCTAaBUTh
MOTHUBHPOBAHHBIA OTBET O HECOIVIACUU € 3aMeYaHU-
SIMU pelleH3eHTa.

PepaknyonHas Kojjlerns NPUHUMAaeT pelleHue
0 BO3MOXKHOCTHU ITyOJIMKAITUU CTAThU WUJIM OTKJIOHS-
eT ee II0 pe3yJIbTaTaM pelleH3UPOBaHUA.

Periensun xpaHATCA B peJlaKLIU KypHaJia B Te-
YeHUe 5 JIET C MOMEHTa Iy OJINKaIIHH.

2. Peflak1iuieii He IOMyCKAIOTCA K ITyOJIMKAIIAH:

— CTaTbH, TeMaTHKa KOTOPBIX HE COOTBETCTBYET
HAy4YHOMY HaIlpaBJIeHUIO }KypHaJIa,;

— CTaTb{, aBTOPbl KOTOPBIX OTKAa3bIBAIOTCA OT
TEXHUYECKOU TOpabOTKHU CTaTel;

— CTaTbhH, aBTOPBI KOTOPHIX HE BHECIIN KOHCTPYK-
THUBHbIE 3aMe4YaHUs pelleH3eHTa B TeKCT CTaTbu
Y He IPeI0CTaBUIIM MOTUBUPOBAHHBIN OTBET O HECO-
IVIaCUU C 3aMeYaHUAMU pelleH3eHTa.

B cityyae OTKJIOHEHU S CTaThU PEJAKIIN S HATIPaB-
JIIET aBTOPY MOTHBHPOBAHHBIA OTKa3. Pemakius
JSMS He XpaHUT pyKOIIMCH, He IPUHATHIE K IeYa-
TH. PyKonvcu, IpuHATHIE K ITyOJINKAIIHT, HE BO3BPA-
I[AI0TCA.
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