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

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

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

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

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

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

PEJAKIITMOHHBIM COBET

Brixogut 4 pasa B rof
W3naercs ¢ 2017 T.

IIPEJICEJATEJID

Mapunxun H.0., 1-p Mei. HayK, npod., 3aB. kadenpoil akymiep-
CTBa U I'MHEKOJIOTHH, peKTop, HoBocubupcKkuil rocyjapcTBeHHbIN
MenuuHckuii yausepcureT (HoBocubupcek)

IJIABHBIN PEJTAKTOP

ITocnenosa T.H., n-p Men. HayK, pod., 3aB. kKadenpoii Tepamnum,
TeMaToJIOTHH U TPAaHCQY3UOJIOTHH (BaKyIbTeTa MOBBIIIEHHUA KBa-
sudUKaUU 1 TpodeccHoHaIbHON TePENoATr0OTOBKH Bpadek, po-
pexTop 1o HayuHO# pabore, HOBOCHOUPCKUIA TOCYIapCTBEHHBIN
MenuiuHcKknii yHusepcureT (HoBocubupcek)

3AMECTUTEJIb IVTABHOTO PEJTAKTOPA

Kysneyosa B.I'., i-p Men. HayK, npod. kadenpsl HHOEKIMOHHBIX
60s1e3Hell, HoBocuOUPCKUii rOCyAapCTBEHHBIN MeIUIIMHCKUN YHU-
Bepcutet (HoBocnbupcek)

OTBETCTBEHHBII CEKPETAPD

Baxaposa K.JI., pepaxrop V3maTenbcko-noaurpaduuecKoro neH-
Tpa, HoBOCHOUPCKUI rocyjapCTBEHHBIH MEeJUIIMHCKUH YHUBED-
cureT (HoBoCHGHPCK)

Boegoda M.H., i-p Me/l. HayK, pod., rupektop PeepasbHoOro uc-
CJIeZIOBATEILCKOTO IIeHTpa hyHIaMeHTaIbHON U TPAHC/ISIITUOHHON
menunuHbl (HoBocuOUpPCK)

I'pom6 C., 1-p MequIuHbL, pod., PyKOBOAUTEND JiellapTaMeHTa
cynebHol MenunuHbl yHUBepcutera Cerases (Bopmo, ®paHmus)
Jasudosuv U.M., i-p Men. Hayk, npod. kadenps! dakyabTeT-
CKOW U TOJIMKJIMHUYECKOH Tepaluy ¢ KypcoM SHIOKPUHOJIOTHHY,

JlaTbHEBOCTOYHBIN TOCYZJaDCTBEHHBIA MEIUIUHCKUN YHUBEPCH-
TeT (XabapoBck)

2Koanoe B.B., n-p mez. Hayk, upod., aupexkrop HUU dpapmaxo-
JIOTUH U pereHepaTuBHOU Menunuuel uM. E.JI. Tonpn6epra Tom-
ckoro HarmoHabHOTO UCCIIeI0BATEIHCKOTO METUIMHCKOTO IEH-
tpa PAH (Tomck)

Jloxwun B.H., i-p MeJ. Hayk, npod., akagemuk HAH PK, npesu-
neHT KazaxcraHCKOH acconpanuyl pernpoAyKTUBHON MeIUIUHEI,
reHePAJIbHBIN IUPeKTOp MeskyHapOoAHOTO KJIMHIUYECKOT0 IIeHTpa
peupoaykronoruu PERSONA (KazaxcraH, AiMaThl)

Iy3swvipes B.I1., i-p vien. HayK, 1pod., akagemuk PAH, HaygHbIi py-
KOoBOuTE b ToMcKOro HanimoHaibHOTO MCCIIE/IOBATETbCKOTO Me-
JUIUHCKOTO neHTpa PAH, Hayunsiii pykoBogutesns HUU menu-
IIMHCKON TeHEeTHUKH, 3aB. Kadepol MeAuIMHCKON reHeTukn Cu-
OGUPCKOTO roCyapCTBEHHOTO MeANIIMHCKOTO yHuBepcuTera (ToMck)

Pyorcuuxa T., i-p MeTUIUHBL, IPOQ., pyKOBOJUTEb JlellapTaMeHTa
JIepMaTOoJIOTHHU U aJLJIEPToI0rui MIOHXEHCKOT0 YHUBEPCUTETa UMe-
Hu JlroBura u Makcumminana (MonxeH, lepmanust)

Cemenos B.M., n-p Mez. HayK, npod., 3aB. kKadenpoit HHGEKITNOH-
HBIX 60J1e3HeH, BUTeOCKMil rocy1apcTBEHHBIN MeUITMHCKAH YHU-
Bepcurer (Pecny6iika Benapycs, Bute6cek)

®@edepuro M., i-p MeAUIUHEL, TPO(., PYKOBOAUTEIH Kadephl Me-
JUITUHCKON OHKOJIOTHH, OT/IEJT JUATHOCTHUECKOU METUIIMHBI, KJTH-
HUKU ¥ 00II[€CTBEHHOTO 3/[paBOOXPaHeHs1, Y HUBepcuTeT MoieHbI
u Pemxo-Omunun (Uranus, MogeHna)

Ixypynuil B.A., 1-p Mez. Hayk, npod., akagemuk PAH, Hayd-
HbIH pykoBoguTesb PI'BHY «®enepanbHbIN HCCI€0BATETBCKII
1eHTp QyH/IaMEeHTaIbHOW U TPAHCIISAIIUOHHON Menuiuub» (Ho-
BOCHOHUPCK)

YUYPEAUTEJ/IDb

®I'BOY BO «HoBOCHOUPCKHIA TOCY/IAPCTBEHHBI MeTUIIMHCKUAN
yHuBepcuteT» Munszapasa Poccuu: 630091, r. HoBocubupck,
KpacHsrii poctr., 52. Ten./dake: +7 (383) 222-32-04.

E-mail: rector@ngmu.ru, Web: www.ngmu.ru

AJIPEC U3/JATEJIA Y PEJAKITUU

OI'BOY BO «HoBocHOUPCKHUY rOCyAapCTBEHHBIM MEeAUIIMHCKHIHI
yHHBepcuTeT» Munsapasa Poccun, 630091, Poceust, r. HoBocubupck,
Kpacubiii op., 52. Ten./daxe: +7 (383) 229-10-82.

E-mail: mos@ngmu.ru, Web: http://jsms.ngmu.ru



3.1. KINHUYECKA S MEJULIAHA

Abpamosuu C.I'., 1-p Me. HayK, Ipod., 3aB.
xadenpoii busnoTepanuu U KypopTOJIOTUH,
WpKyTcKasi rocyZlapcTBeHHAas MeTUIIMHCKAS
aKa/ieMusl IOCTAUILUIOMHOTO 00pa30BaHus —
unuan Poccuiickoin MeIMITUHCKON aKajie-
MUU HEIPEPBIBHOTO TPOQeCCHOHATBHOTO 00-
pazoBanus (MpKyTCcK)

Bummep H., i-p MeguIuHEL, 1pod. AemnapTa-
MeHTA IICUXUATPHUHU U IICUXOTEPAITNH, Y HUBED-
cutet 3emmernbBeiica (Benrpusi, Bymamemnrr)

Heanosa JI.A., i-p Mel. HayK, Ipod., 3aB. Ka-
dbenpotii sunokpuHoIOrNK, KybaHckuii rocy-
JIapCTBEHHBIN MeJMINHCKUN YHUBEPCUTET
(Kpacuozap)

Kapbvuwesa H.B., n-p Me. HayK, pod., 3aB.
xadenpoit nHPEKINOHHBIX 60Ie3HEH ¢ Kyp-
com JII1O, AntalicKuii rOCy/IapCTBEHHBIN Me-
JIUIUHCKUN yHUBepcuteT (bapHay)

Kyaewos B.M., n-p Men. Hayk, mpod. kade-
ZIPBI aKyIIepcTBa U ruHekosoruu, Hosocu-
OUPCKUI roCyZapCTBEHHBIH MeIUIIUHCKUT
yuausepcuret (HoBocubupck)

Kypywuna O.B., i-p MeJi. HayK, 11pod., 3aBe-
nytomuii kadeapoi HeBpostoruu, Boarorpaz-
CKUU TOCy/IapCTBEHHBIA MEJUIIUHCKUN YHU-
Bepcuret (Bosrorpan)

MoauaHosa E.E., 1-p MeJi. HayK, JIOIIEHT Ka-
denpsr paxyIbTETCKON U MOTUKIMHUIECKON
Tepanuu, AMypcKas rocyZJapcTBeHHasA Me/Iu-
nuHckasn akajemus (BiaarosereHck)

Momom A.Il., i-p Men. HayK, Ipod. kade-
JIPBI CECTPHHCKOTO Jlesa, AJITaliCKuil Tocy-
JIapCTBEHHBIN MEJUIMHCKUI YHUBEPCUTET
(Bapuayur)

Mopovik A.B., n1-p Meq. HayK, Upod., 3as.
xadenpoil GpTUsHATPUH, IYIBMOHOIOTHU
1 UHOEKINOHHBIX 6ose3Held, OMCKHUH ro-
CyAapCTBEeHHBIH MeJUITUHCKUN yHUBEPCHU-
Tet (OMCK)

Hunawvcon I1., n-p MegunuHbl, 1pod. renapra-
MeHTa KJIMHUYECKUX HayK, JIYH/ICKUI YHUBED-
curer (IIBenwus, JIynn)

Oxnonkos B.A., 0-p MeJ. HayK, Ipod., pek-
Top, PesrepanbHBIA HAyYHO-KINHUYECKAH
L[EHTP PeaHNMAaTOJIOTHH U PeabUINTOIOTUN
(Mocksa)

CazumosaI'.P., i-p MeJi. HayK, Ipod., 3aB. Ka-
denpoii rocnuTaNIBHON NEIUATPUH € KypCOM
II0CJIeINTUIOMHOTO 06pa3oBaHus, ACTpaxaH-
CKUU rocy/lapCTBeHHBIH MeJUIIUHCKUN YHU-
BepcuTeT (AcTpaxaHs)

Ceasmuyxas B.I'., n-p 6uon. Hayk, npod.,
[JIABHBIN HAyYHBIA COTPYAHUK J1A60PATOPUHU
SH/IOKpUHOIOTHH, Pe/lepaTbHBIN UCcile/[0Ba-
TeJIBCKUH IEeHTP PyHIaMEeHTaIbHON U TPaHC-
ssiponHo# Meaunuabl (HoBocHGMpCK)

Cenvresuu O.A., 1-p MeJl. HayK, pod., 3aB.
kacepoii meinaTpyUn, HEOHATOJIOTHH U IIEPH-

PEJAKITMOHHAA KOJIVJIETUA

HATOJIOTHH C KyPCOM HEOTJIOKHOU MENIIUHBL,
J]aIbHEBOCTOYHBIH rOCyAapPCTBEHHBIN M-
uHCKui yHuBepeuret (XabapoBck)

Cwmaruna U.B., 1-p mez. HayK, pod., 3aB. Ka-
(enpoii HeBpoIOTHY U HEUPOXUPYPTUH C Kyp-
com IT10, AnTaiickuii rocy/1lapcTBEHHBINA Me-
nunuHCKn yauepeuteT (BapHayr)

Tpogpumenxo H.H., 1-p MeA. HAYK, JIOIEHT,
3aB. kadenpoll KINHUIECKOU ayIeproo-
TUH U IMyJIbMOHOJIOTUH, IPKyTCKast rocyaap-
CTBEHHAs MEJUILIMHCKAA aKaJIeMU ITOCTIe/IU-
IIJIOMHOTO o6pasoBanus — ¢unuan Pocenii-
CKOU MEZIMIIMHCKOH aKa/IeMHIH HEIIPEPhIBHOTO
mpodeccroHaTpHOro 06pasoBanust (MpKyTCK)

®edopos HU.A., 1-p MeA. HAYK, [OIEHT, 3aB.
xadenpoi QaKkyJIbTETCKON IMeAUATPUU UM.
H.C. Twopuno#i, HOxHo-Ypanbckuii rocygap-
CTBEHHBIN MeIUIUHCKUI yHuBepcuret (Ye-
JIAOMHCK)

QDununiox O.B., o-p MeJl. HayK, Ipod., 3aB. Ka-
enpoii dbruznarpuu u myspMonosoruu, Cu-
OUPCKUI rOCYZapCTBEHHBIH MEAUITHHCKUT
yuusepcuret (Tomck)

Xapoduxosa C.A., i-p Men. HayK, npod., 3aB.
xadespoii IepMaTOBEHEPOJIOTHH U KOCMETO-
soruu, CHOMPCKUH TOCYapCTBEHHBIN MeIH-
nuHckuil yausepeureT (Tomck)

Xoxnosa 3.A., n-p Mez. HayK, Ipod., 3aB. Ka-
denpoit nadexnronupix 60me3Hel, HoBo-
Ky3HEIKU{ TOCyapCTBEHHBIA HMHCTUTYT YCO-
BEPILEHCTBOBAHUSA Bpauel — pruinan ®PI'EOY
JITIO «Poccuiickass MEAUIIMHCKAS aKaJeMUsT
HeNPepPbIBHOTO ITPOdeCCHOHATBHOTO 00pa3o-
BaHus» (HOBOKy3HeIK)

Xpanun A.A., 1-p MeJ. HayK, Tpod. Kadeapbl
JIepMaToJIOTHH U KocMeTtosioruu, HoBocubup-
CKUU ToCy/lapCTBEHHBIA MEJUIIUHCKUN YHU-
BepcureT (HoBocubupck)

I[xait B.B., i-p Men. HayK, npod., 3aB. Ka-
enpoli mepuHATONIOTHH, aKyLIepcTBa U I'H-
HeKkostoruu, KpacHOAPCKUI rocyapcTBeH-
HBIH MeIUIMHCKUH YHUBEPCUTET UM. IPOd.
B.®. BoitHo-fIcenerkoro (KpacHOsIpCK)

Ilanownux H.HU., n-p Men. HAyK, npod.,
3aB. kKadepoil IponeneBTUKH BHYTPEH-
Hux 6ose3Helt, F0xxHO-Ypasibckuii rocyaap-
CTBEHHBIH MeUIIUHCKHUH yHUBepcuTeT (Ye-
JII6UHCK)

Axoumos /I.A., 1-p MeJl. HayK, npod. kade-
ZIpbl GapMaKOJIOTHH, KJINHUYECKOH dapma-
KOJIOTHH U JJOKa3aTeJbHOU MeaunuHsl, Ho-
BOCHOUPCKUN TOCY/ITAPCTBEHHBIA MEIUIUH-
ckuii yausepcureT (HoBocubupck)

3.3. MEJJUKO-BUOJIOTUYECKUAE HAYKH

Ansbves @.B., 1-p Me[l. HAyK, Tpod., 3aB. Ka-
denpoii cynebuoit meaununsl, KpacHosp-
CKHH TOCy/IapCTBEHHBIN MeUIIMHCKANA YHU-
BepcuteT M. Ipod. B.®. BoitHo-fcenenkoro
(KpacHosipck)

Kasauxos E.JI., i-p Mefi. HayK, Ipod., 3aB. Ka-
(benpoii marosoruueckuii aHATOMUU U Cyze0-
HOU MequIuHEl UM. ipod. B.JI. KoBanenko,
IOsxHO-YpasIbCcKUY TOCYyaPCTBEHHBIN MeIn-
nuHCKu yauBepeurteT (YeassouHCeK)

Jloegunos C.B., 1-p MeJi. HayK, Ipod., 3aB. Ka-
dempoit rucTosorNY, SMOPUOJIOTHH U IIATO-
storun, CHOUPCKUI roCy/1apCTBEHHBIN Mein-
nuHcKud yausepeureT (Tomck)

Hadees A.IN., n-p viea. HAyK, Ipod., 3aB. Ka-
denpoit maronoruueckuit anaromuu, HoBo-
CUOUPCKUH rocyJapCTBEHHBIN MeIUIIUHCKUT
yuausepcuret (HoBocubupck)

ITempex M., n-p MeaUIUHBI, IPOd., PYKOBO-
JIUTEJTb JieTlapTaMeHTa I1aTOJIOTHIecKol pu-
suosorun YuuBepcurera I[losarkoro (Ye-
xust, OJIOMOYTII)

Casonosa E.H., n-p Mei. HayK, Ipod., 3aB. Ka-
(enpoit HopMaJIIbHOH U TATOJIOTUYECKOH Pu-
3MOJIOTHH, IPOPEKTOP 110 HAY4YHOH pabore,
JlaIbHEeBOCTOUHBIH TOCY/JapCTBEHHBIH Me/in-
uHCKu yHuBepeuret (XabapoBck)

Illegena A.H., ni-p MeJ. HaykK, 1pod., 3ame-
CTHTEJIb JUPEKTOPA 10 HayYHOU paboTe, VH-
CTUTYT XUMUYECKOH Orosoruu u GbyHaaMeH-
tanpHOi MeguiuHel CO PAH (HoBocubupcek)

3.4. PAPMAITEBTUYECKHUE HAYKU

benoycos M.B., n-p apM. HayK, JIOLIEHT, 3aB.
kadepoii papmaneBTryeckoro aHaauza, Cu-
OGUPCKUI rOCyJapCTBEHHBIH MEAUIIUHCKUN
yausepcuret (Tomck)

JKapuxos A.FO., n-p 6UOJ. HayK, JOIEHT,
3aB. kadeapoi papMakosoruu um. npood.
B.M. BproxaHoBa, IPOPEKTOP 10 HAYYHOU
pabore U MHHOBAaIUAM, AJITAalCKUI TroCy-
JlapCTBEHHBIY MEJUIIUHCKUN YHUBEPCUTET
(bapnayn)

Kapaxynosa E.B., n-p dapm. HayK, npod. Ka-
enpb! yrpaBiieHNsA 1 5BKOHOMUKH papMarIiu,
CubupCKuii rocyJapCcTBEHHbIH MEAUIIMHCKUN
yuusepcuret (Tomck)

Jlaspenmvesa JI.H., n-p dbapMm. HayK, J10-
IIeHT, 3aB. Kade/[poH yIpaBJIeHnus U SKOHO-
MUKH papManud, fekaH GpapMareBTHIECKO-
ro dakysbrera, ApocIaBCKUH rocyjapCTBeH-
HBIH MeJJUIIMHCKUH yHUBepcuTeT (SIpociiasiib)

Maoonosg I1.I'., n-p Mei. HayK, Tpod., 3aB. Ka-
empoit papmaxosorun, KINHUIECKOH (ap-
MAaKOJIOTHH H ZIOKa3aTeIbHOU MeuIHbI, Ho-
BOCHUOMPCKUI TOCYAapCTBEHHBIN MeUIIHH-
ckuii yausepcurer (HoBocubupck)

Domunbvix C.I., A-p MeJ. HaAYK, IOIEHT, 3aB.
kadenpoi GapMakoJIOTUU, KINHUUIECKOH
dapmaxostoruu, OMCKUI TOCYZapCTBEHHBIN
MeauIuHCKuH yHuBepcutet (OMCK)
Illepmaesa K./]., n-p dapm. HayK, mpod., 3aB.
xadepoii OpraHu3aluy U yrpasieHus dap-
MarleBTHYecKoro jiesa, FOskno-KazaxcraHckas
menunuHckas akagemus (IIsimkenT, Ka-
3axCcTaH)

TloamnucaHo B mevats 27.03.2023.

Jlata BBIXO/Ia B CBET 28.03.2023.
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Ortrevarano B Tunorpaduu Msaareabeko-
nonurpadudeckoro nearpa HI'MY, r. HoBocu-
6upCK, yJI. 3aJ1ecCKOro, 4.

E-mail: sibmedizdat@mail.ru,

ten.: (383) 225-24-29

Koppexkrypa E.B. Ezopos
KoMmmbioTepHast BepCTKa U AU3aHH
T.B. Cob6onesa




ISSN 2542-1174

JOURNAL of SIBERIAN
MEDICAL SCIENCES

Vol. 7, No. 1 (2023)

The Journal of Siberian Medical Sciences is a successor to the “Medicine and Education in Siberia” online media that
has been published since 2006. By the decision of the Presidium of the Higher Attestation Commission of the Russian Fed-
eration, the journal is included in the List of periodicals recommended for the publication of works by applicants for scientific
degrees.

The Journal of Siberian Medical Sciences is registered with the Federal Service for Supervision of Communications,
Information Technology and Mass Media (Roskomnadzor). Registration certificate PI No. FS 77-72398 dated Febr. 28, 2018.

The Journal of Siberian Medical Sciences is indexed in the RSCI, registered in CrossRef since 2018, all articles are

Quaterly
Founded in 2017

indexed using a DOI digital identifier.

The editors of the journal observe the guidelines of the Committee on Publication Ethics (COPE).

Articles submitted for publication in the journal are independently reviewed and checked for originality. When reprinting
materials from the Journal of Siberian Medical Sciences, reference to the source is required.

The magazine is distributed free of charge. Distribution area: Russian Federation, CIS countries, foreign countries. The elec-
tronic version (annotated content) is available at: http://jsms.ngmu.ru, https://elibrary.ru

EDITORIAL COUNCIL

CHAIRMAN

Marinkin I1.0., MD, Dr. Sci. (Med.), Prof., Head of the Department
of Obstetrics and Gynecology, Rector, Novosibirsk State Medical
University (Novosibirsk)

EDITOR-IN-CHIEF

Pospelova T.I., MD, Dr. Sci. (Med.), Prof., Head of the Department of
Therapy, Hematology and Transfusiology, Vice-Rector for Research,
Novosibirsk State Medical University (Novosibirsk)

DEPUTY CHIEF EDITOR

Kuznetsova V.G., MD, Dr. Sci. (Med.), Prof. of the Department
of Infectious Diseases, Novosibirsk State Medical University
(Novosibirsk)

EXECUTIVE SECRETARY

Zakharova X.L., editor of the Publishing and Printing Center,
Novosibirsk State Medical University (Novosibirsk)

Voevoda M.I., MD, Dr. Sci. (Med.), Prof., Academician of the
Russian Academy of Sciences, Head, Federal Research Center for
Fundamental and Translational Medicine (Novosibirsk)

Gromb S., MD, PhD, Prof., Head of the Department of Forensic
Medicine, Bordeaux Segalen University (France, Bordeaux)

Davidovich I.M., MD, Dr. Sci. (Med.), Prof., Department of Faculty
and Polyclinic Therapy with a Course of Endocrinology, Far Eastern
State Medical University (Khabarovsk)

Zhdanov V.V.,MD, Dr. Sci. (Med.), Prof., Head, Scientific Research
Institute of Pharmacology and Regenerative Medicine named after
E.D. Goldberg, Tomsk National Research Medecal Center of the
Russian Academy of Sciences (RAS) (Tomsk)

Lokshin V.N., MD, Dr. Sci. (Med.), Prof., Academician of the Na-
tional Academy of Sciences of the Republic of Kazakhstan, President
of the Kazakhstan Association of Reproductive Medicine, General
Director of International Clinical Center for Reproductology PER-
SONA (Kazakhstan, Almaty)

Puzyrev V.P.,MD, Dr. Sci. (Med.), Prof., Academician of the Russian
Academy of Sciences, Scientific Director of the Tomsk National Re-
search Medical Center of the Russian Academy of Sciences, Scientific
Director of the Scientific Research Institute of Medical Genetics,
Head of the Department of Medical Genetics (Tomsk)

Ruzicka Thomas, MD, PhD, Prof., Head of Department of Der-
matology and Allergy, Ludwig-Maximilian University of Munich
(Germany, Munich)

Semyonov V.M., MD, Dr. Sci. (Med.), Prof., Head of Department
of Infectious Diseases, Vitebsk State Medical University (Republic
of Belarus)

Federico M., MD, PhD, Prof., Head of the Department of Medical
Oncology, Department of Diagnostic Medicine, Clinical and Public
Health Care of the University of Modena and Reggio Emilia (Italy,
Modena)

Shkurupiy V.A., MD, Dr. Sci. (Med.), Prof., Academician of the
Russian Academy of Sciences, Scientific Supervisor of the Fed-
eral Research Center for Fundamental and Translational Medicine
(Novosibirsk)

FOUNDER

Novosibirsk State Medical University:

52, Krasny Prospect, Novosibirsk, 630091, Russia.
Tel./fax: +7 (383) 222-32-04

E-mail: rector@ngmu.ru, Web: www.ngmu.ru

EDITORIAL OFFICE AND PUBLISHER ADDRESS
Novosibirsk State Medical University:

52, Krasny Prospect, Novosibirsk, 630091, Russia.

Tel./fax: +7 (383) 229-10-82.

e-mail: mos@ngmu.ru, web: http://jsms.ngmu.ru



3.1. CLINICAL MEDICINE

Abramovich S.G., MD, Dr. Sci. (Med.), Prof.,
Head of the Department of Physiotherapy and
Balneology, Irkutsk State Medical Academy of
Postgraduate Education — Branch of the Rus-
sian Medical Academy of Lifelong Professional
Education (Irkutsk)

Bitter Istvan, MD, PhD, Prof., Chair Depart-
ment of Psychiatry and Psychotherapy, Sem-
melweis University (Hungary, Budapest)

Tvanova L.A., MD, Dr. Sci. (Med.), Prof., Head
of the Department of Endocrinology, Kuban
State Medical University (Krasnodar)

Karbysheva N.V., MD, Dr. Sci. (Med.), Prof.,
Head of the Department of Infectious Diseases
with a Postgraduate Education Course, Altai
State Medical University (Barnaul)

Kuleshov V.M., MD, Dr. Sci. (Med.), Prof. of
the Department of Obstetrics and Gyneco-
logy, Novosibirsk State Medical University
(Novosibirsk)

Kurushina O.V., MD, Dr. Sci. (Med.), Prof.,
Head of the Department of Neurology, Vol-
gograd State Medical University (Volgograd)

Molchanova E.E., MD, Dr. Sci. (Med.), Associ-
ate Prof., Department of Faculty and Polyclinic
Therapy, Amur State Medical Academy (Bla-
goveshchensk)

Momot A.P.,MD, Dr. Sci. (Med.), Prof. of the
Department of Nursing, Altai State Medical
University (Barnaul)

Mordyk A.V.,MD, Dr. Sci. (Med.), Prof., Head
of the Department of Phthisiology, Pulmo-
nology and Infectious Diseases, Omsk State
Medical University (Omsk)

Nilsson Peter M., MD, Prof., Department of
Clinical Sciences, Lund University (Lund,
Sweden)

Okhlopkov V.A., MD, Dr. Sci. (Med.), Prof.,
Rector of the Federal Research and Clinical
Center for Resuscitation and Rehabilitology
(Moscow)

Sagitova G.R., MD, Dr. Sci. (Med.), Prof.,
Head of the Department of Hospital Pediatrics
with a Postgraduate Education Course, Astra-
khan State Medical University (Astrakhan)

Selyatitskaya V.G., MD, Dr. Sci (Biol.),
Prof., Chief Researcher, Laboratory of En-
docrinology, Federal Research Center of
Fundamental and Translational Medicine
(Novosibirsk)

Senkevich O.A., MD, Dr. Sci. (Med.), Prof.,
Head of the Department of Pediatrics, Neo-
natology and Perinatology with the Course
of Emergency Medicine, Far Eastern State
Medical University (Khabarovsk)

EDITORIAL BOARD

Smagina I.V.,MD, Dr. Sci. (Med.), Prof., Head
of the Department of Neurology and Neuro-
surgery with a Postgraduate Education Course,
Altai State Medical University (Barnaul)

Trofimenko I.N., MD, Dr. Sci. (Med.), Associ-
ate Prof., Head of the Department of Clinical
Allergology and Pulmonology, Irkutsk State
Medical Academy of Postgraduate Educa-
tion — Branch of the Russian Medical Academy
of Lifelong Professional Education (Irkutsk)

Fedorov I.A., MD, Dr. Sci. (Med.), Associate
Prof., Head of the Department of Faculty
Pediatrics named after N.S. Tyurina, South
Ural State Medical University (Chelyabinsk)

Filinyuk O.V., MD, Dr. Sci. (Med.), Prof.,
Head of the Department of Phthisiology and
Pulmonology, Siberian State Medical Univer-
sity (Tomsk)

Khardikova S.A., MD, Dr. Sci. (Med.), Prof.,
Head of the Department of Dermatovenereo-
logy and Cosmetology, Siberian State Medical
University (Tomsk)

Khokhlova Z.A., MD, Dr. Sci. (Med.), Prof.,
Head of the Department of Infectious Disea-
ses, Novokuznetsk State Institute for Ad-
vanced Medical Education — Branch of the
Russian Medical Academy of Lifelong Profes-
sional Education (Novokuznetsk)

Khryanin A.A., MD, Dr. Sci. (Med.), Prof.
of the Department of Dermatovenereology
and Cosmetology, Novosibirsk State Medical
University (Novosibirsk)

Tskhay V.B., MD, Dr. Sci. (Med.), Prof., Head
of the Department of Perinatology, Obstetrics
and Gynecology, Krasnoyarsk State Medical
University named after professor V.F. Voyno-
Yasenetsky (Krasnoyarsk)

Shaposhnik I.I.,, MD, Dr. Sci. (Med.), Prof.,
Head of the Department of Propaedeutics of
Internal Diseases, South Ural State Medical
University (Chelyabinsk)

Yahontov D.A., MD, Dr. Sci. (Med.), Prof. of
the Department of Pharmacology, Clinical
Pharmacology and Evidence-Based Medi-
cine, Novosibirsk State Medical University
(Novosibirsk)

3.3. MEDICAL AND BIOLOGICAL SCIENCES

Alyabev F.V.,MD, Dr. Sci. (Med.), Prof., Head
of the Department of Forensic Medicine, Kras-
noyarsk State Medical University named after
prof. V.F. Voyno-Yasenetsky (Krasnoyarsk)

Kazachkov E.L., MD, Dr. Sci. (Med.), Prof.,
Head of the Department of Pathological
Anatomy and Forensic Medicine named after
prof. V.L. Kovalenko, South Ural State Medical
University (Chelyabinsk)

Logvinov S.V., MD, Dr. Sci. (Med.), Prof., Vice
Rector for Study, Head of the Department of
Histology, Fetology and Cytology, Siberian
State Medical University (Tomsk)

Nadeev A.P., MD, Dr. Sci. (Med.), Prof., Head
of the Department of Pathological Anatomy,
Novosibirsk State Medical University (No-
vosibirsk)

Petrek Martin, MD, PhD, Prof., Head of
the Department of Pathological Physiology,
Palacky University of Olomouc (Czech Re-
public, Olomouc)

Sazonova E.N.,MD, Dr. Sci. (Med.), Prof., Head
of the Department of Normal and Pathologi-
cal Physiology, Vice-Rector for Research, Far
Eastern State Medical University (Khabarovsk)

Shevela A.I., MD, Dr. Sci. (Med.), Prof.,
Deputy Director for Research, Institute of
Chemical Biology and Fundamental Medicine
of the Siberian Branch of the Russian Academy
of Sciences (Novosibirsk)

3.4. PHARMACEUTICAL SCIENCES

Belousov M.V., MD, Dr. Sci. (Pharm.), Asso-
ciate Prof., Head of the Department of Phar-
maceutical Analysis, Siberian State Medical
University (Tomsk)

Zharikov A.Yu., Dr. Sci. (Biol.), Associate
Prof., Head of the Department of Pharmaco-
logy named after professor V.M. Bryukhanov,
Vice-Rector for Research and Innovation, Altai
State Medical University (Barnaul)

Karakulova E.V., Dr. Sci. (Pharm.), Prof. of
the Department of Management and Eco-
nomics of Pharmacy, Siberian State Medical
University (Tomsk)

Lavrenteva L.I., Dr. Sci. (Pharm.), Associate
Prof., Head of the Department of Management
and Economics of Pharmacy, Dean of the
Faculty of Pharmacy, Yaroslavl State Medical
University (Yaroslavl)

Madonov P.G., MD, Dr. Sci. (Med.), Prof.,
Head of the Department of Pharmacology,
Clinical Pharmacology and Evidence-Based
Medicine, Novosibirsk State Medical Univer-
sity (Novosibirsk)

Fominykh S.G., MD, Dr. Sci. (Med.), Associate
Prof., Head of the Department of Pharmaco-
logy, Clinical Pharmacology, Omsk State
Medical University (Omsk)

Shertaeva K.D., Dr. Sci. (Pharm.), Prof.,
Head of the Department of Organization and
Management of Pharmaceutical Affairs, South
Kazakhstan Medical Academy (Kazakhstan,
Shymbkent)

Signed for printing on 27.03.2023.

Date of publication 28.03.2023.

Format 60x84/8. Color Copy paper. Style
Georgia. Quiers 18,84. Circulation 1000 copies.
Ed. No. 36¢.

Printed in the printing house of the Publishing
and Printing Center of the Novosibirsk State
Medical University, 4, Zalessky str., Novosibirsk.
E-mail: sibmedizdat@mail.ru,

tel.: (383) 225-24-29

Proofreading by E.V. Egorov
Design by T.V. Soboleva




JOURNAL of SIBERIAN Tom 7
MEDICAL SCIENCES N1 (2023)

COOEP>KAHVE

OPUVIMVIHATIbHbIE NCCTIIEOOBAHUA

Hemuanunosa O.B5., Cumonosa E.II. [lepMaToyiorniecKrie IPOsBIEHU, aCCOIUUPOBAHHbBIE C HOBOU
KOpPOHABHUPYCHOU HH(PEKIHEN B 0cTPOM 1 mtocTocTpoM nepuozie COVID-19. . . . .. . ..ot 7

lepuwesa /I.A., Ixonmos /I.A., Jynuuesa O.B. Oco6eHHOCTH TeUeHHs UIIIEMUYECKON 60IE3HU cepAala
30 1 (0T 0037 20 (001 888 (=) 0) % (02 (= 18

ITempoea E.B., IIonosa T.®., I pubauesa H.A., Il[lenankesuu JI.A., /lenucosa O.A. OueHka KadecTsa
JKU3HU Y HEOTIEPUPOBAHHBIX OOJIBHBIX MOJIO/IOTO BO3pacTa Mmocjie IepeHeceHHOTo cybapaxHOUJaIbHOTO
DN 010)=10) 2 3076 02 G- (X 31

Bbondapesa E.A., Pewwemnuxos /[.B., bypoea JI.I'., Iampywes C.C., 3axapoea JI.H.,
Eecmponoe A.H., Illyavy 3.9. V13yuenne aHTHOAKTEpPUAIBHBIX CBOMCTB HOBBIX IIPOU3BOIHBIX KOoernHa
B OTHOIIIEHUH YCJIOBHO-TTATOTEHHBIX OAKTEPUI TN UIETO « « « o v v v o v et et et et e e e e e e e e e e e e a5

s

Ceausepcmos I1.B., Kupuenxo A.H., ITo3deesa H.A., [Tuuyz2una Y.B. 9bdeKTHBHOCTD

PEHTTeHOJIOTUYECKUX METO/IOB JUATHOCTUKY HECTAOMIBHOCTH TO3BOHOYHO-ABUTATETHHOTO CETMEHTA

B IHEHHOM OTIEIIC. & « « v v v v v e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 53

Illebynsaesa A.10., Heuynaeea H.H., Boponyosea E.B., Boitmko M.C., IIocneaoea T.U. OueHka
KaydecTBa *KU3HU 00JIbHBIX THM@oMol XomKKuHa B fie00Te 3a001€BaHUA U IIOC/Ie IepeHeCeHHON
XUMHUOJIYYEBOM TEPATIHI . + « o 4 v v v v ot v it vt e et e et et e e e e e e e e et e e e e e 684

Aaexcandpoea T.H., Iaukuna A.C., Muxaiinroea E.C., Aymenwaroc A.U., ITocneaoea T.U.
IIUTOKUHOBBIH CTATYC OOJIBHBIX XPOHUIECKIM MUEJIOTIEHKOBOM . . &« v v v vt v et et e e e e e e et e e e e e 77

3a6anoea B.E., Epwoe K.U., Ceasaxoea M.C., /Ieonoe H.II., Baiikaaoe I'.H., ®ypcosa A.2K.,
Haodeees A.Il., Madonoe II.I'. KJieTouHbIH cOCTaB 9KCIIEPUMEHTATFHOM XUMUYECKOHU PAHbI POTOBUITHI
II0CJIe BO3/IEHCTBUSA IETMINPOBAHHBIMU (epMEHTAMHU THATYPOHUABBI U CYOTHUIMBHHA . « .« « v v v v v v e v e e e e e 89

ITo3onaxoea A.E. Pa3zpaboTka TEXHOJIOTHUECKOH CXeMbl IPOU3BO/ICTBA U UCIBITAHUS CIIPEsT HA3aTbHOTO
JULS JIEUEHUS QJUIEPTHUYECKOTO PHHHITA . « « v« « o v v v e e v e e et e e e e et e e e e e e e e e e e e e e e e e 110

Tuavuenxo /1.A., bubux E.FO., @®poaos K.A., /Touenxo B.B., Kpusoxoavicko C.I'., Bamuwesa I'.A.,
Kemoea E.C. BiusiHrie HOBBIX YaCTHYHO TUAPUPOBAHHBIX MUPUANHOB, IIPOMU3BOAHBIX IMAHOTHOATIETAMI/IA,

Ha MOPQOJIOTHYECKHE [TOKA3ATEIH TIEUEHHU KPBIC C JIEKCAMETA30HOBBIM CAXAPHBIM JIHA0ETOM . . .« .« v v v v v v v v v e . 118

Kaecmep E.B., Eavtikomos B.A., Kaecmep K.B. CpaBHUTEIbHBIN aHAIN3 TMHAMHKHI KJIMHHUKO-(QYHKITHOHATBHBIX
ocobeHHOCTeN MeTabomdeckoro cuHapoMma y 60spHbIX XOBJI, mepeHecnx HOBYI0 KOPOHABUPYCHYIO HHpeKIuIo. . . . 1 32

Oo630P

Oxymuckan E.U., Caczumosa I'.P., Myp3oea O.A., /loromka3una T.A., /loaomxa3un A.C.
Echinococcus granulosus. KITMHIUECKHAM CITYUAT + « « v v v v v v v e v e e e e et e e e e e e ettt e e 1498



JOURNAL of SIBERIAN volume7;
MEDICAL SCIENCES  No-*(z023)

CONTENTS

ORIGINAL RESEARCHES

Nemchaninova O.B., Stimonova E.P. Dermatological manifestations associated with a novel coronavirus
infection in the acute and post-acute period of COVID-19. . . . . . . .ottt i i i e e e e e e 7

Derisheva D.A., Yakhontov D.A., Dunicheva O.V. Features of the course of coronary artery disease
in the post-COVID Period . . . . . .. ottt e e e e 18

Petrova E.V., Popova T.F., Gribacheva I.A., Shchepankevich L.A., Denisova O.A. Assessment
of the quality of life in non-operated young patients after subarachnoid hemorrhage . . . . .. ................ 31

Bondareva E.A., Reshetnikov D.V., Burova L.G., Patrushev S.S., Zakharova L.N., Evstropov A.N.,
Shults E.E. Study of the antibacterial properties of new caffeine derivatives against opportunistic pathogenic
DACLEria TN UTETO. .« . o o e i e e e e e e e e e e 45

Seliverstov P.V., Kirienko A.N., Pozdeeva N.A., Pichugina U.V. The effectiveness of radiological
methods for diagnosis of instability of the spinal motion segment in the cervical spinal region. . . .. .. ......... 53

Shebunyaeva Ya.Yu., Nechunaeva I.N., Vorontsova E.V., Voytko M.S., Pospelova T.I. Quality
of life assessment in patients with Hodgkin’s lymphoma at disease onset and after chemoradiotherapy. ......... 64

Aleksandrova T.N., Lyamkina A.S., Mikhailova E.S., Autenshlyus A.I., Pospelova T.I. Cytokine
profile of patients with chronic myeloid leukemia. . . . ... ... ... ... .. . .. .. . 77

Zabanova V.E., Ershov K.I., Selyakova M.S., Leonov N.P., Baykalov G.I., Fursova A.Zh.,
Nadeev A.P., Madonov P.G. Cellular composition of an experimental chemical injury of the cornea
after exposure to PEGylated hyaluronidase and subtilisin enzymes. . . .. .. ....... .. .. .. .. .. .. .. ... .. 89

Pozdnyakova A.E. Development of a process flow diagram for the manufacturing and testing of a nasal spray
for allergic rhinitis treatment . . . . . . .. .. 110

Tilchenko D.A., Bibik E.Yu., Frolov K.A., Dotsenko V.V., Krivokolysko S.G., Batishcheva G.A.,
Ketova E.S. The effect of new partially hydrogenated pyridines, cyanothioacetamide derivatives, on the liver
morphological parameters in rats with dexamethasone-induced diabetes mellitus . ..................... 118

Klester E.B., Elykomov V.A., Klester K.V. Comparative analysis of the dynamics of clinical and functional
features of the metabolic syndrome in COPD patients who had a novel coronavirus infection. . . ... ... ....... 132

REVIEW

Okunskaya E.I., Sagitova G.R., Murzova O.A., Dolotkazina T.A., Dolotkazin A.S. Echinococcus
granulosus. Clinical Case . . . . . . . .. o 149



VIIK 616.5:[616.98:578.834.1 DOI: 10.31549/2542-1174-2023-7-1-7-17

JlepMmaTosioruueckue MpoABJI€HUA, ACCOIIUNPOBaHHbIE
C HOBO KOPOHAaBUPYCHOU MH(peKIuen
B OCTPOM H mocrocrpom nepuojge COVID-19

0.b. Hemuanunosa', E.I1. CumonoBa’

@I'EOY BO «Hosocubupckuil 2ocydapcmeentblil meduyuHckuil ynusepcumem» Munaopaesa Poccuu, Hosocubupck,
Poccus

2HHH mepanuu u npoduraxmuueckoit meduyurst — puauan OI'GHY «DedepanvHolil uccaedosamensekuil yeHmp
Hnemumym yumoaoauu u eenemuxu» CO PAH, Hosocubupck, Poccus

AHHOTAIIUA

BBengeHwue. [lepMaTOJOrHYECKUE IPOSBIEHUS HOBOH KOPOHABUPYCHOHN NH(MEKINHU, BRI3BAHHOU BUPycoM SARS-
CoV-2, oTMevaroTcs B pa3Hble IEPUO/bI 32a0071€BaHUSA U UHOTZIA MOTYT OBITh €IUHCTBEHHBIM IposBiieEneM COVID-19.
HecMoOTpsI Ha TO, UTO B HACTOSAIEE BPEMs CYyTOUHBIH IPUPOCT HOBBIX 3a60JI€BIINX KOPOHABUPYCHOH nHbeKIuel B Poc-
cuiickoii ®enepariuu HeOOJIBIION, BOIPOCHI CBOEBPEMEHHON JIMArHOCTHKH, JeueHHUs U npoduiaktuku COVID-19
COXPAHSIOT CBOIO aKTyaIbHOCTB, a OTIBIT, IPUOOPETEHHDIN 32 BpeMsI aHEMUH, HMeET HeOIleHUMOe MTPAaKTHIEeCKOe 3Ha-
JeHue.

IT e 1 b . O1nEeHKa IEPMATOJIOTHYECKUX ITPOSBJIEHUHN, aCCOITUUPOBAHHBIX C HOBOM KOPOHABUPYCHOH HH(]EKIINEN, BBI3BaH-
HO SARS-CoV-2, B octpsiii nepuoy; COVID-19 1 B TOCTKOBUHBIHN IIEPUO,.

MaTtepuanabs U MeToOJBbl. [IpoBefieHO KOTOPTHOE HECPABHUTEJIBHOE OIIHCATEIHHOE UCCIIeZIOBAHUE 120 YeJl.
B Bo3pacre 48—72 roja (44 MyX4uHBI, 76 3keHIuH), nepeHecinx COVID-19 He paHee 4eM 12 HeJ| Ha3a/l.
Pes3yabTarTsl . V3MeHEHHUA KOKH U €€ IPUIATKOB OTMeYaIUCh ¥ 72 (60 %) nmanueHToB. Y 7 (9.7 %) ues. aep-
MAaTOJIOTUYECKHE CHMITOMBI MTOSBUINCH B OCTPBIH epuog COVID-19 u O6bLyH NpeACcTaBIeHbl KPAIMBHUIIEH, TIEPHUO-
MOZI0OHBIMU U3MEHEHUSIMU KOKH CTOII, OTEYHOU SPUTEMOHU JIUIIA U TPY/U, 3yZIOM U THIIEpecTe3uel KOKHU. B IByX ciry-
Yasx BBICBIIIAHUA HA KOKE IPEZIIeCTBOBAIN MOABJIEHUIO PECTUPATOPHBIX IPU3HAKOB KOPOHABUPYCHON MHQEKIINH.
JlepMaToJIOTHYEeCKYEe IPOSBIEHUS TOCTKOBUAHOTO CHHAPOMA MMeJIU MECTO Y 94.4 % OOJIbHBIX, U3 HUX B 60.3 % ciy-
JaeB IMarHocTupoBaHa AuddysHas ajomnenus, B 48.5 % — Kcepo3 KOXKHU ¢ 3y/IOM /WU [TapecTe3uei, B 23.5 % — OHU-
XOTIaTUH, B 14.7 % — BIEPBbIe BOBHUKIIKE JIEPMATO3bI, B 38.2 % ciIyyaeB — coueTaHHE HECKOJIBKUX JIEPMaTOJIOTHYe-
CKUX ITaTOJIOTUH.

3akinwueHHue. Cpeau nopakeHui Koxu, acconuupoBaHHbIx ¢ COVID-19, MOKHO BBIZIETUTH CHUMIITOMBI, TUITAY-
HBbIE /IS OCTPOTO MepHo7ia 3a00JIeBaHUsI, U IPU3HAKH, XapaKTePHbIE 1JIsI TOCTKOBHU/THOTO cUHApoMa. MaHudecraius 1ep-
MaTOJIOTUYECKUX CHUMIITOMOB B OCTpbIH nepuos COVID-19 MOXKET CJIy»KUTh HHANKATOPOM HHQEKIINH, CIIOCOOCTBYS ee
CBOEBPEMEHHOM JMATHOCTUKE. 3HAHUSA O JIePMATOJIOTHYECKHUX IIPOSBJIEHHAX IIOCTKOBU/IHOTO CHHJIPOMA II03BOJIAT IIpa-
BIJIBHO IIPOBECTU TUATHOCTUYECKUH ITOUCK U HABHAYUTD a/IEKBATHOE JIEUEHUE.

Kmuoueente cnrosa: COVID-19, Bupyc SARS-CoV-2, nepmarosiorudeckrie IposABIeHUs, IOCTKOBUAHBINA CUH/IPOM.
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Dermatological manifestations associated with a novel coronavirus
infection in the acute and post-acute period of COVID-19

0.B. Nemchaninova', E.P. Simonova®

Novosibirsk State Medical University, Novosibirsk, Russia

2Research Institute of Therapy and Preventive Medicine, Branch of the Federal Research Center Institute of Cytology
and Genetics, Novosibirsk, Russia

ABSTRACT

Introduction. Dermatological manifestations of a novel coronavirus infection caused by the severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) are observed in the different periods of the disease, and can sometimes be
the only manifestation of coronavirus disease 2019 (COVID-19). Despite the fact that at present the daily increase in new
cases of coronavirus infection in the Russian Federation is small, the issues of timely diagnosis, treatment and prevention
of COVID-19 remain relevant, and the experience gained during the pandemic is of invaluable practical importance.

A i m . Evaluation of dermatological manifestations associated with a novel coronavirus infection caused by SARS-CoV-2
in the acute period of COVID-19 and post-acute one.

Materials and methods. Acohort non-comparative descriptive study of 120 people aged 48—72 years
(44 men, 76 women), who had COVID-19 no earlier than 12 weeks ago, was carried out.

R e sults. Changesin the skin and its appendages were observed in 72 (60%) patients. In 77 (9.7%) people, dermato-
logical symptoms appeared during the acute period of COVID-19 and were represented by urticaria, pernio-like skin lesions
of the feet, edematous erythema of the face and chest, itching and hyperesthesia of the skin. In two cases, skin rashes pre-
ceded the onset of respiratory signs of coronavirus infection. Dermatological manifestations of post-COVID syndrome
occurred in 94.4% of patients, of which diffuse alopecia was diagnosed in 60.3% of cases, skin xerosis with itching and/or
paresthesia in 48.5%, onychopathy in 23.5%, new-onset dermatoses in 14.7%, and in 38.2% of cases — a combination of
several dermatological disorders.

Conclusion. Among the skin lesions associated with COVID-19, we can identify symptoms typical of the acute
period of the disease and signs characteristic of post-COVID syndrome. The dermatological manifestation during the acute
period of COVID-19 can serve as an indicator of infection, contributing to its timely diagnosis. Knowledge of the dermato-
logical manifestations of post-COVID syndrome will allow us to correctly conduct a diagnostic search and prescribe ade-
quate treatment.

Keywords: COVID-19, SARS-CoV-2, dermatological manifestations, post-COVID syndrome.
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BBEJAEHUE

Yacrora BCTPEYAEMOCTH JI€PMATOJIOTHUECKUX
MIPOSIBJIEHUH HOBOM KOPOHABUPYCHOU HHMEKIINH
COVID-19, BbpI3BaHHOU BupycoMm SARS-CoV-2
(severe acute respiratory syndrome coronavirus 2),
BechbMa BapuabesibHA U COCTABJISIET, IO JIAHHBIM
JIUTEPATYPHI, OT 0.2 % B MEPBBIX IMyOJIUKAIUAX 10 35
% 110 OoJIee TTO3AHUM OIeHKaM [1—12]. Taxkoi 60Jib-
oM pasbpoc B 3HAYEHUSAX OOYCJIOBJIEH TEM, UTO B
60J1ee paHHUX HCCIIEIOBAHUIX He ObLIO YUTEHO, UTO
JIEPMATOJIOTHYECKUE CUMIITOMBI MOTYT BO3BHUKATH U
Ha MO3[[HUX CTAAUAX MH(EKIMOHHOTO MPOIiecca, B
TOM YHCJIE [TOCJIE TOTO, KaK APYTHe TUIIHMYHbIE BUPYC-
HbIE TIPOSIBJIEHUS yKe perpeccupoBaiu [13]. Kpome
TOTO, UMeeT 3HAUEHUE U TO, YTO IUATHOCTHKA U3Me-
HEHUH CO CTOPOHBI KOXKU U €€ IIPUAATKOB He Bceraa
MIPOBO/IWJIACH C yYacTHEM Bpaua-jepmarosiora [3].

INTRODUCTION

The frequency of occurrence of dermatological
manifestations of a novel coronavirus infection
COVID-19 (coronavirus disease 2019) caused by the
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is highly variable and, according to
the literature, ranges from 0.2% in the first publica-
tions to 35% in later ones [1—12]. Such a wide spread
in values is due to the fact that earlier studies did not
take into account that dermatological symptoms can
also occur at the later stages of the infectious pro-
cess, including after other typical manifestations of
viral infection have already regressed [13]. In addi-
tion, it is also important that the diagnosis of changes
in the skin and its appendages was not always per-
formed with the participation of a dermatologist [3].
Potekaev et al. proposed a classification of dermato-
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H.H. [ToTexaeBbIM C COaBT. ObLIA TIPEJIOKEHA CJIE-
Jlyro1ras KiaaccuuKanusa JepMaToIOTHIECKUX IIPO-
apiaeHuil COVID-19: 1-4 rpynna — aHTHUTHI KOXKU;
2-51 TPyIIIa — KOPENoJOoOHbIE CHITTA ¥ WHQEKITHOH-
HbIE DPUTEMBI; 3-s1 TPyINa — IamyJa0-CKBAMO3HBIE
CBIIIM M PO3OBBIN JMIIAW; 4-A Tpynmna — IamyJio-
BE3UKYJIE3HbIE BBICHIIIAHUS; 5-5 TPYIIa — TOKCHKO-
JlepMun; 6-s1 TPyIIla — KPamuBHUIQA; 7-51 TPyIIa —
apTuUIHATbHBIE TOPAKEHUS KOXKU [3, 14].

3a Tepuoy; MAHAEMHUHU IOSIBUIOCH JIOCTATOYHO
0OJIBIIIOE KOJUYECTBO MyOJUKAIUH € OMKMCAaHUEM
YaCTOThl U KJIMHHUYECKUX XapAKTEPUCTUK J€PMAaTO-
norudeckux cumnromoB COVID-19. Tak, Hanpumep,
MISATHUCTO-TIAIMYJI€3HbIe BBICHIITAHUS BCTPEUYAIOTCS Y
21-87 % mnamueHTOB C KOPOHABUPYCHOW WH(EK-
[el; TEPHUOIIOIOOHbIE U3MEHEHUS KOXKH (IICeBJI0-
00MOpOXKEHHs) MOSBJISAIOTCA V 74—100 % [erei u
TIO/IPOCTKOB, ¥ MOJIO/IBIX JIIOJZIEN — B 40 % CyIy4aes, a
y i1y, 60J1ee cTapIiiero Bo3pacra — JIUIIb B 15 % city-
yaeB. YacrtoTa paszsutusa COVID-19-acconuupoBaH-
HOU KPaIUBHUIIBI KOJIEOJIETCS B MIpeiesiaX OT 10 JI0
30 %, Be3UKYJIE3HO-0YJIJIE3HOU CHIITH — OT 6 /10 35 %.
Y 3-6 % mnamueHTOB BBISABIAIOTCA IOPAKEHUA B
BHUJIE CETYATOTO JIMBENO, YV 1.5—4 % — MATHUCTO-
reMopparuyeckasi Cbilb, y 14 % — reMaHTHOMBI, Y
35 % — Kcepo3 KOXKH, y 6 % — HEKpO3 KOKH, MHOTO-
¢opmHas sKecyAaTUBHASA SpUTEMa OIICAHA C YacTO-
TOH OT 4 70 28 %, mpuyeM varie y aeTen [1, 10, 11,
15—21]. Kpome Toro, omucaHbl Cydau IMOPaXKEHUS
CJIU3UCTOH 000JIOUKHU MOJIOCTH PTA U KOHBIOHKTUBBI
[22—24]. JIOBOJIBHO YacTO HPU KOPOHABHUPYCHOU
uadexnuu COVID-19 cTpazaoT NPpUAATKH KOXKU —
BOJIOCHI ¥ HOTTH [11]. B wacTHOCTH, ajionenus jaua-
rHocTupyeTcst y 17—-80.6 % marueHToB [11, 25, 26],
SIBJISIACH OJHUM U3 HauboJiee pacrIpoCTpaHEHHbIX
JIEpPMATOJIOTUYECKUX CHMIITOMOB ITOCTKOBU/IHOTO
cuHzIpoMa [25, 26], a oHuxOECTPpOUH — 60JIEee UeM
y TpeTH OOJIbHBIX [26].

Jepmarosioruueckre TMOpa*keHusi MOTYT MaHU-
¢ecTupoBaTh B pa3Hble MePUOABI 3a00JI€BAHUS: B
12.5—-15 % cay4aeB OHU ObLIM HEPBBIMH CHUMIITO-
mamu COVID-19, mpejiliecTBOBIN HAdaJly JIMXO-
PaJIKU ¥ JIPYTHM CHCTEMHBIM IIpU3HaKaM. Tak, I10
pe3ysbTaTaM IPOCIEKTUBHOTO OOIIeHAIMOHAIb-
HOI'O KOHCEHCYCHOTO HCCJIeZJOBAaHUA 375 CJIydaeB
KOXXHBIX TposiBiieHnii COVID-19, mpoBesieHHOrO B
Hcmanuu, y 15 % MaIrieHTOB MOSB/ISINCH BE3UKY-
JIe3Hble BBICHIIIAHUA HA paHHeU cTaiuu MHQEeKIU-
OHHOTO IIPOIeCcca, IPEJIIECTBYsI JAPYTUM CHMIITO-
MaMm 3abosieBanua [20]. OxHAakKo B OOJIBIIMHCTBE
ciayyaeB (y 59—69.4 % maIeHTOB) KOKHBIE TIPOSB-
JIEHUs] BOSHUKATU HA MO3HUX CTA/TUAX HHQPUITIPO-
BaHuA SARS-CoV-2, nocsie nosABJIeHUs PYTUX IPU-
snakoB COVID-19 [10, 13, 15, 18, 20, 22], u ObLIH

logical manifestations of COVID-19: group 1 — cuta-
neous vasculitis; group 2 — morbilliform rashes and
infectious erythema; group 3 — papulosquamous
rashes and pityriasis rosea; group 4 — papulovesicu-
lar rashes; group 5 — toxicodermias; group 6 — urti-
caria; group 7 — artificial skin lesions [3, 14].

During the pandemic, a fairly large number of
publications have appeared describing the frequency
and clinical characteristics of dermatological symp-
toms of COVID-19. So, for example, maculopapular
rashes occur in 21—87% of patients with coronavirus
infection; pernio-like skin changes (pseudochil-
blains) appear in 74-100% of children and adoles-
cents, in young people in 40% of cases, and in older
people only in 15% of cases. The incidence of COVID-
19-associated urticaria ranges from 10 to 30%, vesic-
ulobullous rash — from 6 to 35%. In 3—6% of patients,
lesions in the form of livedo reticularis are detected,
in 1.5—4% — macular and hemorrhagic rash, in 14% —
hemangiomas, in 35% — skin xerosis, in 6% — skin
necrosis, exudative erythema multiforme is from 4 to
28% of cases, more often in children [1, 10, 11, 15—21].
In addition, cases of lesions on the oral mucosa and
conjunctiva have been described [22—24]. Quite
often, skin appendages, such as hair and nails, are
affected by COVID-19 infection [11]. In particular, in
17—80.6% of patients an alopecia is diagnosed [11,
25, 26], being one of the most common dermatologi-
cal symptoms of post-COVID syndrome [25, 26], as
well as onychodystrophy in more than a third of
patients [26].

Cutaneous lesions can manifest in different peri-
ods of the disease: in 12.5-15% of cases, they were
the first symptoms of COVID-19, and preceded the
onset of fever and other systemic signs. Thus, accor-
ding to the results of a prospective nationwide con-
sensus study of 375 cases of skin manifestations of
COVID-19, conducted in Spain, vesicular rashes
appeared in 15% of patients at an early stage of the
infectious process, preceding other symptoms of
the disease [20]. However, in most cases (in
59-69.4% of patients), skin manifestations
occurred in the late stages of SARS-CoV-2 infec-
tion, following other signs of COVID-19 [10, 13, 15,
18, 20, 22], and were represented by purpura, urti-
caria, pseudochilblains, as well as maculopapular,
papulosquamous and vesiculobullous rashes [17,
18, 20, 27]. Post-COVID lesions of the skin are most
often manifested by signs of vasculitis, toxicoder-
mia, and urticaria [28].

It should be emphasized that skin lesions may be
the only manifestation of coronavirus infection.
According to Fernandez-Nieto et al., the frequency of
such cases exceeds 8% of the total number of patients

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



Hemuanuwnosa O.F., Cumonosa E.I1. / Journal of Siberian Medical Sciences T. 7, N° 1 (2023)

IIpe/ICTABJIEHBI IyPITyPOH, KPAITUBHHUIIEH, TICEBI000-
MODOXKEHHSAMH, a TaKXKe MAaKyJIO-TIalyJIe3HbIMH,
MaIyJI0-CKBAMO3HBIMU U BE3UKYJI0-OyJIE3HBIMHU
BRICBIIAHUAMU [17, 18, 20, 27]. IlocTKOBHIHbBIE
MOpaKeHUsI KOXKHBIX ITOKPOBOB YaIlle BCErO IIPOsIB-
JIIIOTCA TIPU3HAKaMHM BACKYJINTA, TOKCUKOJIEPMUU,
KpamuBHHUITHI [28].

CrenyeT oiUepKHYTH, UYTO KOXKHBIE ITPOSIBJIEHUSA
MOTYT OBITh €JUHCTBEHHBIM IIPOSBJIEHNEM KOPOHA-
BupycHoii nndekmuu. [Io mamaemm D. Fernandez-
Nieto et al., yacTora Takux cay4aeB IpeBbiiiaer 8 %
OT OOIIEro YKcsia MaueHTOB ¢ MOATBEPIKIEHHBIM
nuarHozom COVID-19 [18]. Hanpumep, onricaH K-
HUYECKHUH CIy4yad, KOrja IMePBhIM U €JMHCTBEHHBIM
cumnromom COVID-19 B mepuoj MaHHdecTalinu
3aboJieBaHUsA ABJSJIACH KpaUBHUIA [29], a y 21.3—
55 % TAlIUeHTOB €JUHCTBEHHBIM CHMIITOMOM
COVID-19 O0bLIM TEpHHUONOAOOHBIE H3MEHEHH
KOXH [27, 30].

B martoreHese pas3BUTUS [[€PMATOJIOTHYECKUX
nposiByieHnit COVID-19 BbIJIeIAI0T HECKOJIBKO MeXa-
HU3MOB: UMMYHHBIM OTBeT HEINOCPEeJCTBEHHO Ha
BUPYCHBIE HYKJIEOTHUAbI (JTUMOIUTAPHBIA BaCKY-
JIUT) ¥ peaKIvs Ha CUCTEMHbIE IIPOIECCHI, BHI3BAH-
HbIE€ BUPYCOM (aKTHBAIMs TYYHBIX KJIETOK, KJIETOK
Jlanrepranca, CUCTeMbl KOMILJIEMEHTA U IIPOKOAry-
JITHTHOH cpezipl) [1, 11, 31]. [Ipu rucrosiornueckoM
HCCIIeTOBAHUY KOXKU O0JIbHBIX HOBOH KOPOHABUPYC-
HOU MHQEKITUEN OTPEEAIOTCS MUKPOAHTHOTIATHH
B BUJIE JIECTPYKTUBHO-IIPOAYKTHUBHOTO TPOMOOBa-
ckysuTa [32].

HecmoTps Ha TO, UTO B HacTOsAIIee BPEMS CyTOU-
HBIU IPUPOCT HOBBIX 3a00JIEBIITUX KOPOHABUPYCHOM
uHpeknuen B Poccuiickoii ®enepanuu HeOOTBIION,
BOIIPOCHI CBOEBPEMEHHOU JUATHOCTUKH, JIEUeHUA U
npodunaktuku COVID-19 cOXpaHAIOT CBOIO aKTy-
aJIBHOCTb, a OIIBIT, IPUOOPETEHHBIN 3a BpEMs IIaH-
JIEMUY, UMeEET HEOIeHNMOe IIPAaKTHYeCcKoe 3Ha-
YeHHe.

HOEJb NCCJIEJOBAHUA

OrneHKa 7epMaTOIOTHUECKIX IPOSBIEHUN, acco-
IIMMPOBAHHBIX C HOBOH KOpOHaBUPYCHOU WHGOEK-
nuel, Bpi3BaHHOU SARS-COV-2, B ocTpblil Ieproz,
COVID-19 1 He paHee 4yeM yepe3 12 HeJ| IocJie Iepe-
HECEeHHOTO0 3a060s1eBaHus (B TOCTKOBUHBIN TEPHOJ).

MATEPUAJIBI 1 METO/IbI

Ha 6aze HUU Tepanmu u npodriakTUIecKOn
Mmenuuabl — ¢wmana PI'BHY «®enepanbHbIi
HCCIIeTOBATEIBCKUHA 1eHTP MHCTUTYT IUTOIOTHN U
regetukn» CO PAH (HoBocubupck) mpoBezieHO
KOTOPTHOE HeCpaBHUTEJIbHOE OIHcaTeIbHOe Hcce-
JTOBaHUeE 120 YeJl. B BO3PACTeE OT 48 /10 72 JIeT, U3 HUX

with a confirmed diagnosis of COVID-19 [18]. For
example, a clinical case has been described where the
first and only symptom of COVID-19 during manifes-
tation of the disease was urticaria [29], and in 21.3—
55% of patients, the only symptom of COVID-19 was
pernio-like skin changes [27, 30].

In the pathogenesis of dermatological manifesta-
tions of COVID-19, several mechanisms are distin-
guished: an immune response directly to viral nucle-
otides (lymphocytic vasculitis) and a reaction to sys-
temic processes caused by the virus (activation of
mast cells, Langerhans cells, the complement sys-
tem and procoagulant environment) [1, 11, 31]. His-
tological examination of the skin of patients with a
novel coronavirus infection reveals microangiopa-
thy in the form of destructive-productive thrombo-
vasculitis [32].

Despite the fact that at present the daily increase
in new cases of coronavirus infection in the Russian
Federation is small, the issues of timely diagnosis,
treatment and prevention of COVID-19 remain rele-
vant, and the experience gained during the pandemic
is of invaluable practical importance.

AIM OF THE RESEARCH

Evaluation of dermatological manifestations
associated with a novel coronavirus infection
caused by SARS-COV-2 during the acute period of
COVID-19 and not earlier than 12 weeks after the
disease (in the post-COVID period).

MATERIALS AND METHODS

A cohort non-comparative descriptive study of
120 people aged 48 to 72 years, of which 44 (36.7%)
men and 76 (63.3%) women (p < 0.01) who had
COVID-19 no earlier than 12 weeks ago, was carried
out at the Research Institute of Therapy and Preven-
tive Medicine, Branch of the Federal Research Cen-
ter Institute of Cytology and Genetics (Novosibirsk).
Symptoms of the acute period of the disease were
evaluated by anamnesis data obtained during an
interview of patients and an analysis of medical
records. Statistical processing included the descrip-
tion and analysis of quantitative and qualitative data
obtained during the examination and the interview
of patients. To assess the relationship between the
parameters, the Student’s t-test and the Mann-Whit-
ney U-test were used (U, is the empirical value
of U).

RESULTS
Changes in the skin and its appendages occurred
in 72 out of 120 patients, which accounted for 60%.
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44 (36.7 %) my:;kumHbl B 76 (63.3 %) KeHIUH
(p < 0.01), nepenecrux COVID-19 He paHee yeM
12 "Hen Hazaz. OleHKa CHUMIITOMOB OCTPOTO ITEPHOA
3a00J1eBaHUS TPOBOAMIACH HA OCHOBAHUM aHAMHe-
CTUYECKUX JIAHHBIX, [TOJIyYEHHBIX IIPH OIIPOCE MAIH-
€HTOB, U aHAJIN3a MEIUITMHCKUX KapT. CraTucruye-
ckasg o0OpaboTKa BKJIIOYAJa OIMCAHWE W aHAJIU3
KOJIMUECTBEHHBIX U KAYECTBEHHBIX JIAHHBIX, MOJIY-
YEeHHBIX IIPU OCMOTPE U OIpOCce MHaIlUueHTOB. JlJis
OIIEHKU B3aUMOCBS3H MEXKAY IIapaMeTpaMU HCIIOJIb-
30BaINCh t-Kputepuil CrbrosieHTa W U-KpuUTepuu
Manna — VYutau (U, - sMIMpHuYecKoe 3Haue-
Hue U).

PE3YJ/IBTATDBI

V3MeHeHHA KOKU U ee IPUIATKOB UMeIN MeCTO
y 72 U3 120 MaNHeHTOB, HaXOAUBIITUXCS 0T HAOJTIO-
JIEHHEM, UTO COCTaBUJIO 60 %. 10151 2KeHIIUH ObLIa B
2.8 paza 6oJibllle, YeM My:KUHH (53 KEHIIUHBI IPO-
THUB 19 MY>KUYUH).

Y 7(9.7 %) 4en. 1epMaTOJIOTHYECKHE CAMITTOMBI
MOABWINCH B ocTphIi epuoy; COVID-19. IIpu sTom
V IBOUX BBICBHIITAHUS B BUJI€ KPATUBHUIIBI ¥ IEPHUO-
MOZI00HBIX U3MEHEHHUH KOKHU CTOII I10 TUILY IICEBJIO-
06MOposkeHHsT (CHUMIITOM «KOBUIHBIX ITaJIbIIEB»)
BO3HUKJIN 32 2—3 JHA JI0 MOSABJIEHUS PECIUpATOpP-
HBIX TPU3HAKOB KOPOHABUPYCHOH wWHeknuu. B
OCTaJIBHBIX 5 CIIy4asX U3MeHEHUs KOXKHU U CIU3U-
CTBIX 000J10U€eK MaHU(DECTUPOBATIN OJTHOBPEMEHHO C
npyrumu cumnromamu COVID-19 u 6puta mpen-
CTaBJIEHbI YPTUKAPHBIMU BBICBIIAHUAMU, Pa3IUTOH
OTEYHOU SpUTEMO JINIA U TPY/JU, TeHEPATU30BaH-
HBIM 3yZIOM U runepecresueil koxxu. Ciaeayer oTme-
TUTb, YTO Y TPOUX INAITMEHTOB JIepMaTOJIOTHYeCcKre
cumntToMbl COVID-19, mosiBUBHIMECS B OCTPBIM
neproy 3ab0s1eBaHUsI, 3aTEM PETPECCHPOBAIIH, HO B
IIOCTKOBHU/THOM II€PHO/ie BHOBB Pa3BUJIACh IepMAaTO-
JIoTAYecKas IMaToJIOTUs, HO Y2Ke APYroro Xapakrepa.
Y 65 (90.3 %) manueHTOB U3MEHEHHs KOXKHU U ee
IIpUJIATKOB BIIEPBBIE MOABUJINCH B ITOCTKOBUIHBIHN
nepuoa. Takum o6pa3oM, 1epMaTOJIOTHIECKUE TTPU-
3HAKU IIOCTKOBUHOTO CUHpOMa UMeJIN MecTo y 68
(94.4 %) 6OJIBHBIX.

B rpymime 6osibHBIX ¢ MaHUbecTaueld 1epMaTo-
JIOTUYECKOH CUMIITOMATUKA B OCTPBIH IEPHOJ
COVID-19 y 4 maiueHTOB PETUCTPHUPOBATIUCH €/IU-
HUYHBIE WIN MHOXXECTBEHHbBIE 3YyJAIINE YPTUKap-
Hble BbICHIIAHUA. [lepHHONOOOHBIE ITOPaKEHUS
KOXKU cToll («KOBUHBIE TAJIBIBI») UMETH MECTO Y
3 4eJl., IpUYeM B OJIHOM CJIydyae OHH COYETAJIUChH C
WHOEKITMOHHOW 3PUTEMOU Ha TPYAU U JIUIE U C
[MOpa’KeHNEM CJITM3HUCTON ODOJIOUKHU IIOJIOCTU pTa B
BUJIe TUIIEPEMHUH U MHUKPOBE3UKYJl HA CJIM3UCTOM
HEDA.

The share of women was 2.8 times higher than that
of men (53 women versus 19 men).

In 7 (9.7%) patients dermatological symptoms
appeared during the acute period of COVID-19. At
the same time, rashes in the form of urticaria and
pernio-like skin lesions (pseudochilblains) on the
feet appeared in two people 2—3 days before the
onset of respiratory signs of coronavirus infection.
In the remaining 5 cases, changes in the skin and
mucous membranes manifested simultaneously
with other symptoms of COVID-19 and were repre-
sented by urticarial, diffuse edematous erythema
of the face and chest, generalized pruritus, and
hyperesthesia of the skin. It should be noted that
in three patients, the dermatological symptoms of
COVID-19, which appeared in the acute period of
the disease, then regressed, but in the post-COVID
period, dermatological pathology developed again,
but of a different nature. In 65 (90.3%) patients,
changes in the skin and its appendages first
appeared in the post-COVID period. Thus, cutane-
ous signs of post-COVID syndrome occurred in 68
(94.4%) patients.

In the group of patients with dermatological
symptoms in the acute period of COVID-19,
4 patients had single or multiple itchy urticarial
rashes. Pernio-like lesions of the skin of the feet
occurred in 3 patients, and in one case they were
combined with infectious erythema on the chest and
face, and with lesions of the oral mucosa in the form
of hyperemia and microvesicles on the palatal
mucosa.

In the post-COVID period, the leading pathology
of the skin and its appendages was diffuse alopecia,
which was detected in 41 patients (more often in
women), which accounted for 60.3% of the total
number of this group. Clinical signs of skin xerosis
were noted in 33 (48.5 %) cases and were accompa-
nied by skin itching and/or paresthesia in the form of
tingling, burning, creeping sensations. In 16 (23.5%)
people dermatological symptoms of post-COVID
syndrome were onychopathy, which in 10 (62.5%)
patients was represented by thinning and fragility of
the nail plates. In addition, by 2 cases of each type of
onychodystrophy — in the form of Beau lines and lon-
gitudinal ridges on the nail, as well as by 1 case of
cyanosis of the nail bed and leukonychia were diag-
nosed.

In 10 people with confirmed SARS-CoV-2 infec-
tion in the history, dermatoses were diagnosed that
first appeared at least 12 weeks after recovery from
COVID-19, which accounted for 14.7% of the total
number of patients who had cutaneous signs of post-
COVID syndrome. Among them, in 2 people allergic
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B MOCTKOBHAHOM TIEPHUOJie JIUAUPYIOIIEH 10
YacToTe IMATOJIOTHEH KOXKH U ee IPUIAATKOB OKa3a-
Jgach auddysHas anomnenus, KoTopas Obljla BBIAB-
JIeHa Y 41 nanueHTa (Jaie y JKeHII[UH), YTO COoCTa-
BWJIO 60.3 % OT 00IIed YUCIIEHHOCTH 3TOU T'PYIIIIHI.
KnuHuueckue mpu3HaKU KCepo3a KOXKU OTMEUIHCh
B 33 (48.5 %) ciydasix ¥ COIPOBOKAAIUCH 3YAOM
KOJKU Y/WJIN TIapecTe3uel B BUJIE ONIYIIEHUH MTOKa-
JIBIBAHUs, JMOKEHUs, «IIOJI3aHUsA Mypaliek». Y 16
(23.5 %) yes. nepMaTOJIOTUUYECKUMH CHUMIITOMaMU
ITOCTKOBUIHOTO CHUHApPOMAa SIBIJINCh OHHXOIIATHH,
KOTOpbIe Y 10 (62.5 %) mamueHToB ObLIN PE/CTaB-
JIEeHbl WCTOHYEHHWEM U JIOMKOCTHIO HOTTEBBIX ILIa-
ctuH. KpoMme Toro, 66110 AMATHOCTHPOBAHO I10 2 CIIy-
Yyasi OHUXOAUCTPOdUH B BU/Ie JTUHUH Bo 1 IpOz0sIb-
HBIX OOPO3/T HOTTS U 10 1 C/Iy4alo IIHAaHO3a HOTTe-
BOTIO JIOKA U JIEHNKOHUXHU.

¥ 10 ues. ¢ moaTBEpKIeHHON NHpeKneln SARS-
CoV-2 B anaMHe3e ObUIH TUAaTHOCTUPOBAHEKI JiepMa-
TO3BI, BIIEPBbIE BO3HUKIIKE CIIYCTs HE MEHee 4eM
12 Hej mocie BbI3ZopoBiieHus or COVID-19, uto
COCTaBUJIO 14.7 % OT OOINero 4ucjaa MallueHTOB,
MMEBIIINX I€PMATOJIOTMYECKUE MPU3HAKUA IIOCTKO-
BUIHOTO cuHApoMa. Cpefu HUX V 2 Uesl. ObLI BEPH-
(unupoBaH ajepruyecKkuil AepMaTuT, y 2 — cebo-
PEUHBIN JEPMATHT, Y OCTAJIBHBIX OBLIIU JUATHOCTHU-
pOBaHbI MHOKECTBEHHbIE T€EMAHTUOMbI, COUETaHUe
reMaHTHOM W BaCKYJIUTa, XOJIO/I0Bas KpalWBHUIIA,
UIMOIIATUYECKasT DK3eMa KHCTeH, KaHAWI03 KpyI-
HBIX CKJIAJIOK U THIIEPIUTMEHTAIUSA KOXKHU Juna (1o
1 cirygato). CiezryeT OTMETHTh, 4TO y 26 del. (38.2 %
oT 0oO0IIero umesaa MalMeHTOB € IMMOCTKOBUIHBIMU
U3MeHEeHUsI KOJKH U ee MPUJIATKOB) PErHUCTPUPOBa-
JIUCh COYETAHUS HECKOJIPKHUX JIEPMATOJIOTHYECKUX
mposiBjieHuH. Yalie BCero UMejao MECTO COUeTaHHe
aJIOTIEIUHU ¢ APYTUMH cUMIITOMaMu. Tak, ayonerus
coueTasach ¢ KCEpo30M KOXKH y 21 601pHOTO (80.8 %
OT OOIIETO KOJIMYECTBA CIyYaeB COYETAHHOW IaTo-
JIOTHH), C OHUXOMATUAMU — ¥ 7 (26.9 %), ¢ BbICHITIA-
HUSAMU Ha KoxKe — y 4 (15.4 %).

OBCYXKJIEHUNE

B pesynbraTe ucciaenoBaHUs ObLIA BBIABIIEHA
BBICOKAsl YaCTOTa BCTPEUAEMOCTH JIepMAaTOJIOTHYe-
CKHUX IIPOSIBJIEHUH HOBOW KOPOHABHPYCHOU HH(]EK-
MU — B 60 % ciIyuaeB, YTO OOBACHAETCS OCHOBHBIMU
MeXaHU3MaMH BO3HUKHOBEHHUs KOXKHBIX Hapyle-
Huii mpu COVID-19. IlatoreHes 5THUX COCTOSTHHI
HU3y4yeH HeJI0CTATOYHO, O/THAKO, UCXO/S U3 JTAaHHBIX
JIUTEPATYPHI, TPABOMOUYHBIMU CYUTAIOTCS HECKOJIBKO
Teopuil. Bo-neprix, Bupyc SARS-CoV-2 BbI3bIBaeT
pasButHe JUM@OUUTAPHOTO BACKYJINUTA, KOTOPBIH
WHJIyIUPYeTCsA [UPKYJIUPYIOIUMHA HUMMYHHBIMH
KOMIUIEKCAMH, AKTUBUPYIOIIUMH ITUTOKUHBI [15].

dermatitis was verified, 2 had seborrheic dermatitis,
the rest were diagnosed with multiple hemangiomas,
a combination of hemangiomas and vasculitis, cold
urticaria, idiopathic eczema of the hands, candidiasis
of large folds and hyperpigmentation of the skin of
the face (1 case each). It should be noted that 26 peo-
ple (38.2% of the total number of patients with post-
COVID changes in the skin and its appendages), the
combinations of several dermatological disorders
were recorded. Most often there was a combination
of alopecia with other symptoms. Thus, alopecia was
combined with skin xerosis in 21 patients (80.8% of
the total number of cases with combined pathology),
with onychopathy — in 7 (26.9%), with skin rashes —
in 4 (15.4%).

DISCUSSION

The study revealed a high frequency of occur-
rence of dermatological manifestations of a novel
coronavirus infection — in 60% of cases, which is
explained by the main mechanisms of skin disor-
ders in COVID-19. The pathogenesis of these condi-
tions is not well understood, however, based on the
literature data, several theories are considered
valid. First, the SARS-CoV-2 virus causes the devel-
opment of lymphocytic vasculitis, which is induced
by circulating immune complexes that activate cyto-
kines [15]. Second, the immune response to SARS-
CoV-2 infection causes the activation of Langerhans
cells, which in turn leads to vasodilation and spon-
giosis [33]. A significant role is also played by the
development of microthrombosis, which leads to a
decrease in blood flow to the system of skin micro-
circulatory vessels, hypoxia, and the associated
accumulation of deoxygenated blood in the venous
plexuses [34]. And, finally, activation of the hemo-
coagulation cascade with the development of infec-
tion-mediated disseminated intravascular coagula-
tion is possible [35].

Dermatological symptoms were diagnosed by us
in the different periods of the disease, but in most
cases, skin manifestations occurred in the post-
COVID period, which corresponds to the data of
other authors [10, 11, 13, 15, 18, 20, 22, 25].

Evaluation of clinical data showed that the der-
matological symptoms of a novel coronavirus infec-
tion differ in clinical polymorphism, can combine
with each other and manifest themselves as changes
in the skin and its appendages, as well as in visible
mucous membranes. According to the results of this
study, which are consistent with the literature data,
mucosal lesions are typical only for the acute period
of COVID-19, and lesions of the skin appendages are
typical for the post-COVID period [11, 22—26].
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Bo-BTOpBIX, UMMYHHBIH OTBeT Ha HHGeKInI0 SARS-
CoV-2 BBI3bIBaEeT aKTHUBAIMIO KJIeTOK JlaHrepranca,
YTO, B CBOIO OUePe/lb, IPUBOIUT K BA30AWIATAIIUU U
cnoHrnoay [33]. 3HaunMas poJib OTBOAUTCA U pas-
BUTHIO MUKPOTPOMOO30B, IPUBOAIINX K YMEHbIITEe-
HUIO IPUTOKA KPOBH K CUCTEME KOXKHBIX MUKPOITHP-
KYJIITOPHBIX COCYZOB, TUIIOKCHU U K CBI3aHHOMY C
HEel HaKOIUIEHHIO JIE30KCUTEHUPOBAHHOU KPOBU B
BEHO3HBIX CIUIETEHUAX [34]. 1, HaKOHEI], BOBMOXKHA
aKTUBAIM KacKaZla TEeMOKOATYJISAIUH C Pa3BU-
THeM UHQEKIUOHHO-onocpeoBaHHoro JIBC-cun/-
poma [35].

JlepMaroyiornuecKkye MPU3HAKU JIUAaTHOCTHPOBA-
JINCh HAMU B PasHble Ieprojbl 3a001eBaHNsA, HO B
OOJIBIIIMHCTBE CJIyYaeB KOKHbIE MTPOSIBIEHHUS BOZHU-
KM B IOCTKOBUIHBIN IIEPUOJ, UYTO COOTBETCTBYET
JIAHHBIM JIPYTHX aBTOPOB [10, 11, 13, 15, 18, 20, 22, 25].

OreHKa KIMHUYECKUX JaHHBIX IIOKa3aja, duTo
JIEPMATOJIOTHYECKHe CHMIITOMBI HOBOM KOPOHABHU-
PpycHO! NHGEKIH OTINYAIOTCSA KITMHUIECKIM ITOJIH-
MOpPGU3MOM, MOTYT COUYETATHCSA MEXKTY COOOM U TIPo-
SIBJIATHCSA U3MEHEHMSIMHU KaK CO CTOPOHBI KOXKHU U ee
IIPUIATKOB, TaK U BUIAUMBIX CJIU3UCTBIX O0OJIOYEK.
ITo pe3yspTaTaM HACTOSIIETO MCCIIEIOBAHUSA, COTJIA-
CYIOIIMMUCS C JAHHBIMHU JINTEPATYPHI, HMOPaKEHUE
CJIMBUCTBIX 000JIOUEK XapaKTEpHO TOJIBKO I
ocrporo nepuoga COVID-19, a nmopaskeHue IIpUjaT-
KOB KOKH — JIJIs1 TOCTKOBUTHOTO ITepuoza [11, 22—26].

CamMbIMU pacCIpOCTPAHEHHBIMU JIEPMAaTOIOTHYe-
CKMMHU TpPU3HAKAMH IIOCTKOBHUIHOTO CHHpOMA
OBLIH aJIOTEIUs U KCePO3 KOXKU, UTO He TPOTUBOpE-
YHUT pe3ysibTaTaM JIPYTUX HCCJIEJIOBAaHUUA [25, 26,
36]. OHUXOTIATUU BCTPEUAINCH MOYTH y YETBEPTH
MMAIEHTOB U OBLIN CJIEZICTBUEM HAPYIIEHUS MUKDPO-
OUPKYIANUN B 00JIaCTH HOTTEBOrOo MaTpukca. IIpu
sTOM 6O0JIee YeM B IIOJIOBUHE CIIyYaeB UMEJIO MECTO
HMCTOHUYEHHE U JIOMKOCTb HOTTEBBIX IJIACTHH.

VizMeHEeHHs BOJIOC X HOI'TEH OOBACHSAIOTCS TEM,
4yTo Iocje TmepeHeceHHON wuH@exnuu COVID-19
HaOIIOAaeTCs UMMYHOTPOMOO3, ITOCTKOBHUIHBIH
BACKYJIUT MHKPO- M MAaKPOCOCY/IOB B OacceliHe KOXKH
U ee IpuAaTKOB. OTCyTCTBUE YOEUTETLHON CBA3H
MEX/Iy BBICOKOW TeMIlepaTypod U asonernuei
(U, = 656) Takxe 1aeT BO3MOXKHOCTb [10JIaraTh, 4TO
COVID-19-acconuupoBaHHbIe NIOpPa’keHus NpUAaT-
KOB KOJKU — 3TO HE Pe3YJIbTaT HHTOKCUKAIINHU Opra-
HHU3Ma, a IIPOIleCC, CBABAHHBIA C HAPYIIEHUAMH
MUKPOITUPKYJISIUY B KOXKe, HapyIIeHHeM TPOPUKH
BOJIOCSTHBIX (DOJUTHKYJIOB U MATPUKCA HOTTS, & TAKXKE
C CHCTeMHBIM XapaKTepOM BocHaieHus [11].

3AK/IOYEHUE

[ToparkeHUs KOKU SBJAIOTCSI YACTHIM KJIMHUYE-
CKHUM CUMIITOMOM HOBOH KOPOHABUPYCHOU MH(PEK-

The most common dermatological manifesta-
tions of post-COVID syndrome were alopecia and
skin xerosis, which does not contradict the results of
other studies [25, 26, 36]. Onychopathies occurred
in almost a quarter of patients, and were the result of
impaired microcirculation in the nail matrix. At the
same time, thinning and fragility of the nail plates
occurred in more than half of the cases.

Changes in hair and nails are explained by the
fact that after COVID-19 infection, immunothrom-
bosis, post-COVID vasculitis of micro- and mac-
rovessels of the skin and its appendages are observed.
The absence of a convincing relationship between
high fever and alopecia (U, = 656) also suggests
that COVID-19-associated lesions of the skin append-
ages are not the result of intoxication of the body, but
a process associated with impaired microcirculation
in the skin, impaired trophism of hair follicles and
the nail matrix, as well as with the systemic nature of
inflammation [11].

CONCLUSION

Skin lesions is a common clinical set of symptoms
of a novel coronavirus infection caused by the SARS-
CoV-2 virus, which is confirmed by observations
made during the COVID-19 pandemic. Skin rashes
can appear at different stages of the disease. They
can be divided into two groups: skin symptoms asso-
ciated with the acute period of the infectious process,
and changes in the skin and its appendages, charac-
teristic of post-COVID syndrome. Considering the
data we obtained, that in almost 10% of cases derma-
tological symptoms manifested during the acute
period of COVID-19, sometimes even preceding the
appearance of respiratory signs of coronavirus infec-
tion, skin manifestations of the disease can serve as
an indicator of infection, contributing to its timely
diagnosis. The knowledge of the dermatological
manifestations of post-COVID syndrome will allow
to correctly conduct a diagnostic search and pre-
scribe adequate treatment.
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Uy, BhI3BaHHOU BuUpycoM SARS-CoV-2, uto moj-
TBEPIKAAIOT HAOJIONEHUs, CeJIaHHble B TIEPHO
nmagaemun COVID-19. Beichimanusa Ha KOXKE MOTYT
MIOSIBJIATHCSA B Pa3JIMUHbIE CPOKH 3a0osieBanus. 1x
MOKHO Pa3/ejUTh Ha J[BE T'PYIIIBI: KOXKHBIE CUM-
IITOMBI, ACCOIIMMPOBAHHBIE C OCTPHIM IIEPHO/IOM
UHQEKINOHHOIo IIpoliecca, U U3MEHEeHU KOXU U
ee MPHUJIATKOB, XapaKTepHbIE JJIs MOCTKOBUJIHOTO
CUH/pOMA. YUUTHIBasA [10JIydeHHbIe HAMU JaHHBIE O
TOM, YTO IIOYTHU B 10 % cJiydaeB JiepMaToJoruye-
CKH€e CHUMIITOMBI MaHU(ECTHUPOBAJIN B OCTPBIU
nepuoa, COVID-19, nmake HWHOTZIA TPEIIECTBYS
MOABJIEHUIO PEeCIUPATOPHBIX IIPU3HAKOB KOPOHA-
BUPYCHOU MHQEKIUY, KOKHbIE TPOsBIeHUs 3a60-
JIeBaHUSA MOTYT CIIy>KUTh UHAUKATOPOM UH(EKIINH,
cIrocoOCTBYs ee CBOEBPEMEHHOU JUATHOCTHKE. 3HA-
HUA O A€PMATOJOTHUYECKUX MPOSABIEHUAX MOCTKO-
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Oco0eHHOCTH TeueHHUs HIIIEMUYECKON 00JIe3HH cepana
B MIOCTKOBUIHOM IIE€PHUO/IE
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AHHOTAIIUA

BBepgenue. Ilangemusa kopoHaBupycHol nadekuuu (COVID-19) nponoskaeTcs yxe 0osiee ABYX JieT U B 3HAUH-
TeJILHOU Mepe BIUSAET Ha PYTUHHYIO KJIMHUYECKYI0 TPAKTUKY. HecMOTpsT HA MHOTOUHCIEHHBIE MTyOJIMKAI[AN O TIOPaYKEHUH
cep/na B octpoit paze COVID-19, HeZIOCTATOYHO JIAHHBIX, KACAIOIIUXCS JUHAMUKHA COCTOSIHUS Y OOJIBHBIX UIIIEMUYECKOMN
6ose3ubio cepana (MBC) mocie nepeHecenHoM nHpeKNH, BhizBaHHOU SARS-CoV-2. BiaustHuE OT/Ta/IEeHHBIX TIOCIEICTBUHI
3a00JIeBaHMS HA COCTOSIHUE CEPJETHO-COCYIUCTON CHCTEMBI ITePEHECITNX HHPEKIUIO TPEOYET TIIATETHHOTO U3YIEeHHUS.

IT e 1 b . OUEHUTH KIMHUKO-JIA00PATOPHYIO KAPTUHY U XapaKTep [TopakeHHs KOPOHAPHOTO pycia y 60mpHbIX IBC ¢ mepe-
HeceHHOU KopoHaBupycHOU nHbekueir COVID-19 Jierkol WIu CpeTHETSIKEION CTENIEHN B CPOKU OoJIee 12 HeZl.
MaTtepuaabs uW MeTO/Bbl. [IpoBefeH aHAIU3 KIWHUYECKHUX, JIAOOPATOPHBIX MTOKa3aTesled U KOPOHAPHBIX
anruorpaduii 118 6ospHBIX UBC B Bo3pacrte 46—67 jiet (cpeaHuii Bo3pact 60.2 + 6.1 rojja) mocjie mepeHeceHHOH ceposio-
THYECKU MOJTBEPKAEeHHON nH(peKnuy, BeI3BaHHOU SARS-CoV-2, naBHOCTBIO OoJiee 12 Hez. BosbHbIE OBUTH pacupeze-
JIEHBI HA 2 TPYIIIIBL: B 1-10 TPYIITY BOILTH 60 60JbHBIX, epeHecnx COVID-19 B jierkoii popme, BO 2-10 — 58 GOJIBHBIX €O
cpenHeTskesbIM TedenneM COVID-19.

PesynasbTarts. Y 6onpasix UBC co cpennerskensiv TeuenueM COVID-19 B 0cTpOM IEPHO/IE UMEH MecTo bosiee
BBICOKHE YPOBHU 0HCHOTO apTEPUATBHOTO JIABJIEHHUs, OOJIBINAsI YaCTOTa HEKOHTPOJIUPYEMOI apTepUaIbHON THIIepTEeH-
3UH, 3HAYMMOTO MHOTOCOCYFICTOTO MIOPAYKEHUSI KOPOHAPHOTO PYCJIa ¥ OPAKEHHI MarUCTPAIbHBIX COCYZIOB, YeM Y 60JIb-
HbIx BC, nepenecmnx nndexuio COVID-19 B sierkoii dopme. [Ipu cpaBHEHIH ITOKa3aTesel 9X0Kapanorpaduu y 601b-
HBIX CO cpenHeTsKenpM TeuenrneM COVID-19 okaszasnuch 60siee HU3KHe 3HaYeHUs PaKIIU BEIOPOCA JIEBOTO JKEJIY/I0UKa,
YTO BIIOJIHE coTJiacyeTcsi ¢ 6osiee BbICOKUMHU 3HaYeHUsAME NT-proBNP y TaHHBIX TAITHEHTOB.

3akniwueHue. [anuentsl c UBC, nepenecmrie COVID-19 cpe/iHeH CTENEHU TAKECTH B OCTPOU CTAIUH UH(DEKIU-
OHHOTO ITPOIIECCa, COCTABJIIOT 0COOYIO IPYIIITY PUCKA TIOCTIEYIOIIEro 6oiee TAKEI0ro T€YeHUsI OCHOBHOTO 3a00JI€BaHMUS.
Kaoueswte caoga: COVID-19, TOCTKOBU/THBIN CHHIPOM, HIIIEMUYecKas 00JIe3Hb cep/iiia, KopoHapoaHruorpadus.

O0pasen nmurupoBaHnusna: Jlepumesa /[.A., fIxoutoB /I.A., [lyanueBa O.B. OcoGeHHOCTH TEUEHUs UIIIEMU-
YecKoW 00JIe3HH cep/iia B oCTKoBUAHOM mepuone // Journal of Siberian Medical Sciences. 2023;7(1):18-30. DOI:
10.31549/2542-1174-2023-7-1-18-30

Features of the course of coronary artery disease
in the post-COVID period

D.A. Derisheva', D.A. Yakhontov!, O.V. Dunicheva?

Novosibirsk State Medical University, Novosibirsk, Russia
2 Novosibirsk Regional Clinical Cardiology Dispensary, Novosibirsk, Russia

ABSTRACT
Introduction. Thecoronavirus disease 2019 (COVID-19) pandemic has been going on for more than two years
and is significantly affecting routine clinical practice. Despite the numerous publications on heart damage in the acute
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phase of COVID-19, there is not enough data regarding the dynamics of cardiovascular system condition in coronary artery
disease (CAD) patients after the infection caused by SARS-CoV-2. The influence of the long-term consequences of the dis-
ease on cardiovascular system condition of patients who have had infection requires careful study.

A im . To assess the clinical and laboratory picture and coronary lesion nature in CAD patients with mild or moderate
course of COVID-19 infection after at least 12 weeks.

Materials and methods. Theanalysis of clinical, laboratory parameters and coronary angiography of
118 CAD patients aged 46—67 years (mean age 60.2 + 6.1 years) after a serologically confirmed SARS-CoV-2 infection at the
lapse of 12 weeks was carried out. The patients were divided into 2 groups: group 1 included 60 patients with a mild
COVID-19, group 2 included 58 patients with a moderate COVID-19 course.

Results. CAD patients with a moderate course of COVID-19 in the acute period had higher values of office blood
pressure, higher incidence of uncontrolled arterial hypertension, major multivessel lesions of coronary arteries and lesions
of the main vessels than CAD patients with mild COVID-19. When comparing echocardiographic parameters in patients
with moderate COVID-19, the lower parameters of the left ventricular ejection fraction were found which is quite consistent

with the higher NT-proBNP values in these patients.
Conclusion.

CAD patients, who have had moderate COVID-19 in the acute phase of infectious process, constitute

a special risk group for a subsequent more severe course of the underlying disease.
Keywords: COVID-19, post-COVID syndrome, coronary artery disease, coronary angiography.

Citation example: Derisheva D.A., Yakhontov D.A., Dunicheva O.V. Features of the course of coronary artery
disease in the post-COVID period. Journal of Siberian Medical Sciences. 2023;7(1):18-30. DOI: 10.31549/2542-1174-
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BBEJIAEHUE

ITocnencTBus HOBOM KOPOHAaBUPYCHOU HHGpEK-
MY SBJISIOTCS OJTHUM W3 IJIaBHBIX BBI3OBOB MHUPO-
BOMY 37IpaBOOXpaHEHUI0. B HacTosIee BpeMs HaKa-
IUTUBAIOTCSI TAaHHBIE, JIEMOHCTPUPYIOIIHE BBICOKYIO
YaCTOTy Kap/IMOPECITUPATOPHBIX CUMIITOMOB U yBe-
JIMYEHHEe PUCKA Pa3BUTHUA U JeKOMIIEeHCAIuu
cepaedHo-cocyauctou 3abonesanuit (CC3) y mamu-
€HTOB B OTJAJIECHHOM IIEPHOJIe TI€pEHECEHHOU
nHdexknuu, BeizBanHon SARS-CoV-2 [1, 2].

[TocTKOBUTHBIN CUHPOM, TaKKe U3BECTHBIN KaK
long COVID — MyJIbTHCHUCTEMHBI CHMIITOMOKOM-
IUIEKC, XapaKTEPUBYIONIUMCA HAJTUYHUEM CHMIITO-
MOB, BO3HUKIIIMX B CPOKHU OoJiee 12 HeJl ¢ MOMEHTa
manudecraruu COVID-19, He CBA3aHHBIX C UHBIMU
3a0071€BaHUAMHU [3, 4]. AKTyaJbHOCTb HU3Y4YEHUS
TMOCTKOBHU/THOTO CHUH/IPOMA OIIPEJIEJISIETCS] TEM, UTO
JIIOAe ¢ JAaHHOM IIaTOJIOTHEeH CTAaHOBUTCH BCe
60JIbIIIe ¥ OHU OTJIMYAIOTCS BEChMa MO3aUuYHOMN KJIU-
HUYecKol KaptuHO# [5]. He cayuaitno BO3 BBena
cnenuaabHbid kog Uo9 B MKB-10 — «CocrosiHue
nocsie COVID-19» [6]. OcoOble KTMHUYECKUE XapaK-
TEPUCTUKH PacCMaTPpUBAEMbIM CHHJIpOM mpuobpe-
TaeT y nanueHToB ¢ BepuduuuposaHHeiMu CC3,
MIOCKOJIBKY Y HHUX MOKET YXYAIIaThCSA IMPOTHO3 B
cpaBHeHuM ¢ neperecmmmu COVID-19 nanueHTaMu
0e3 KapJMOBaCKYJIAPHOU naTtosioruu. [loaTBepxae-
HHUEM JIAaHHOTO IIOJIOKEHUS SBJIAETCH YBEJTMUYEHHE
00OpallaeMoCTH MaI[ieHTOB 110 IOBO/TY JiecTabHIn3a-
WU apTepuajbHOro namieHus (All) u umemuye-

INTRODUCTION

The consequences of a novel coronavirus infec-
tion are one of the main challenges to the world
health care. Currently, data are accumulating which
show a high incidence of cardiorespiratory symp-
toms and an increased risk of developing and
decompensating cardiovascular diseases (CVD) in
patients in the long-term period of SARS-CoV-2
infection [1, 2].

Post-COVID syndrome, also known as long
COVID, is a multisystem symptom complex charac-
terized by the presence of symptoms that have devel-
oped more than 12 weeks after the onset of COVID-
19, and are not associated with other diseases [3, 4].
The relevance of studying post-COVID syndrome is
determined by the fact that there are more and more
people with this pathology and they have a very
mosaic clinical picture [5]. It is no coincidence that
the WHO introduced a special Uo9 code in the ICD-
10 — Post COVID-19 condition [6]. The syndrome
acquires special clinical characteristics in patients
with verified CVD, since their prognosis may worsen
in comparison with COVID-19 patients without car-
diovascular pathology. This statement is confirmed
by an increase in the number of patients seeking
treatment for blood pressure (BP) destabilization
and coronary artery disease (CAD), as well as an
increase in cardiovascular mortality [7, 8].

According to the national ACTIV SARS-CoV-2
registry, 79.8% of patients with COVID-19 had
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ckout bosiesnu cepyna (MBC), a Takske poct Kapauo-
BaCKyJIIPHOI JieTasibHOCTH [7, 8].

ITo manuBIM OTeuecTBeHHOTO perucrtpa AKTUB, y
79.8 % manuenToB ¢ COVID-19 umenuch COMyTCTBY-
fompie 3abo/ieBaHHUs, 4Yallle BCEr0 — CEPAEYHO-
COCyAUCTHIE: apTepuasibHas runepreHsus (Al) —
55.4 %, oxxupenue — 35.5 %, UbC — 20.6 %, caxap-
HBIH Auaber 2-ro TUma — 17.5 %, XpoHUUecKast cep-
meunas HemocrarouHocth (XCH) — 16.3 %. Ilanu-
euthbl ¢ CC3, Bo3HUKITUMHU de novo Ha (poHe uHDU-
nupoBanusa SARS-CoV-2, nepenocuniu COVID-19 B
OoJtee TsKeEII0H (popMe, OBLIIH CTapIIIe U Yallle HMeJTH
O’KHpEHHE 110 CPABHEHHUIO C MallieHTaMu 0e3 BIep-
BBIE BBIABJIEHHBIX 3a00/1€BaHUI [9].

B peTpocneKTUBHOM KOTOPTHOM HCCJIEIOBAHUH,
MIpOBeJIEHHOM B Bestmko6puTanuu, 66110 TpOaHAIIH-
3UPOBAHO COCTOSTHUE 3I0POBBS IIOUTH 48 THIC. Yell.,
TOCHUTATU3UPOBAHHBIX 10 TmoBoxy COVID-19.
O1eHKa IPOBOJIWIIACH B TE€UYEHHE 140 JIHEW IOCye
BBIIIUCKM U3 CTAal[MOHapa B CPaBHEHUW C IaI[ieH-
TaMH, TOCHUTAIM3UPOBAHHBIMH I10 JIDYTUM MIPUYH-
HaM (KOHTpPOJIb), COMOCTABUMBIMU IO JeMorpadu-
YEeCKUM U KJIMHUYECKUM xapakrepuctukam. Okaza-
JIOCh, YTO PUCK IOBTOPHOW TOCIHUTAIM3ANUN U
CMepTH B TeUeHHe Trojia II0CJIe II€PEHECEHHOTO
COVID-19 6bLI COOTBETCTBEHHO B 3.5 U 7.7 pasa
BBIIIIE, YEM B I'PYIIIE KOHTPOJIsA. Ha 1000 uest., BbITH-
caHHBIX U3 00abpHUIBI ocae COVID-19, B TeueHue
rojja OBLIO AMATHOCTUPOBAHO 66 HOBBIX CJIy4YaeB
TSDKEJIBIX OCJIOKHEHHH €O CTOPOHBI Cep/AeYHO-
COCY/THCTOH CHCTEMBI [10].

Yxynmenue teuenusa xpoHumdeckux CC3 Moxker
OBITH OOYCJIOBJIEHO UX JIEKOMIIEHCAIIHEH BCJIEZICTBHE
HECOOTBETCTBHS  BO3POCIIMX  MeTa0OJIMUECKHX
MOTPeOHOCTEN U CHIDKEHHs CEPIEYHOr0 pe3epma,
0oJIbIllell BEPOSITHOCTH pPa3pbiBa aTepPOCKJIEPOTHYE-
CKOH OJIATIIKY IIPU BUPYC-UHYITUPOBAHHOM BOCIIaJIe-
HHH, BBICOKUM PHUCKOM TPOMOOTHYECKUX OCJIOKHE-
HUH, BKJII0Yas TPOMOO3 CTEHTOB BCJIEZICTBHE ITPOKOA-
ryJisTHTHOTO 3d@deKTa BocnaseHus [11-13,] 3HAYH-
TeJIbHBIM HapyIlleHHEM I1apaMeTpPOB CBEPThIBAHUS
KpoBH [14], 4yTO 0OyCJIOBJIEHO MHOTO(AKTOPHOH
MaToU3NOJIOTHUECKON PUPOion 3abosieBanus [15].

HecMoTpst Ha MHOTOYHCIEHHBIE MyOJIUKAIUN O
opaXkeHuu cepAana B ocrpoit ¢paze COVID-19, Hemo-
CTAaTOYHO CHCTEMATH3UPOBAHHBIX JAHHBIX, Kacaro-
MUXCA AUHAMHKHU cocTosiHuA y GoapHbix UBC B
TIOCTKOBU/THOM IIEPUO/IE, U OTCYTCTBYIOT KJIMHUYE-
CKHE PEKOMEH/IAITUH 110 BEJIEHUIO TAKUX TallEHTOB.

ITEJIb NCCJIEJOBAHUA

OneHUTh KINHUKO-JIA00PATOPHYI0 KapTHHY U
XapakTep MOpaKeHUs KOPOHAPHOIO pycya y 00JIb-
HbIX IBC ¢ nepeHeceHHON KOPOHABUPYCHOM NHOEK-

comorbidities, most often cardiovascular: arterial
hypertension (AH) — 55.4%, obesity — 35.5%, CAD —
20.6%, type 2 diabetes mellitus — 17.5%, chronic
heart failure (CHF) — 16.3%. Patients with de novo
CVD due to SARS-CoV-2 infection had a more severe
form of COVID-19, were older, and were more likely
to be obese compared with patients without newly
diagnosed diseases [9].

Aretrospective Great Britain cohort study analyzed
the health status of nearly 48 000 people hospitalized
for COVID-19. The evaluation was carried out within
140 days after discharge from the hospital in compari-
son with patients hospitalized for other reasons (con-
trol), similar in demographic and clinical characteris-
tics. It turned out that the risk of re-hospitalization
and death within a year after COVID-19 was 3.5 and
7.7 times higher, respectively, than in the control
group. Per 1000 people discharged from the hospital
after COVID-19, 66 new cases of severe cardiovascular
complications were diagnosed during the year [10].

Worsening of the course of chronic CVD may be
due to their decompensation as a result of a mis-
match between increased metabolic requirements
and a decrease in cardiac reserve, a greater likeli-
hood of atherosclerotic plaque rupture in virus-
induced inflammation, a high risk of thrombotic
complications, including stent thrombosis due to the
procoagulant effect of inflammation [11—13,] a sig-
nificant impairment of blood coagulation parameters
[14], which is due to the multifactorial pathophysio-
logical nature of the disease [15].

Despite the numerous publications on heart dam-
age in the acute phase of COVID-19, there are insuf-
ficiently systematized data regarding the dynamics of
the condition in CAD patients during the post-
COVID period, and there are no clinical guidelines
for the management of such patients.

AIM OF THE RESEARCH

To evaluate the clinical and laboratory picture
and the nature of coronary lesion in CAD patients
with mild or moderate COVID-19 infection after
more than 12 weeks from its onset.

MATERIALS AND METHODS

In order to assess the clinical, laboratory param-
eters and the state of the coronary artery bed of CAD
patients who had serologically confirmed COVID-19,
more than 12 weeks ago, 118 patients aged 46—67
years (mean age 60.2 + 6.1 years; 77 men and
41 women) with classes I-III stable angina were
examined on the basis of the Novosibirsk Regional
Clinical Cardiology Dispensary. The diagnosis of
CAD was made taking into account the clinical mani-
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et COVID-19 jierko#i Wiiu cpeiHeN CTEIEHU TsKe-
CTHU B CpOKH OoJiee 12 Hel.

MATEPUVAJIBI 1 METO/IbI

C 1esIpI0 OIIEHKH KJIMHUYECKUX, J1a00paTOPHBIX
IOKa3aTeJlel W COCTOSIHUS KOPOHApPHOTO pycjia
6osbHbIX VIBC, mepeHecHnx CepoJIOTHYECKU II0J-
tBepxkaeHHbIE COVID-19 aBHOCTBIO 60JIee 12 He,
Ha 6aze 'bBY3 HCO «HoBocubupckuii o6s1acTHOM
KJIWHUYECKUN  KapAWOJOTUYECKUH  JTUCIIaHCED»
obcste/ToBaHO 118 MaIeHTOB B BO3pacTe 46—67 JeT
(cpemuuii Bodpact 60.2 + 6.1 rofa; 77 MYXXUYUH U
41 SKeHINWHA) C€O CTAa0WIBHOH CTeHOKapauei
I-1III pyukuonanpHOrO Kitacca. [lnaraos MBC cra-
BWICS HA OCHOBAaHUM KJIWHUYECKUX IPOSBJIEHUH
(TMOUYHBIE AHTUHO3HBIE OOJIH, IOJIOKUTEIbHBIN
5 dekT HUTPATOB) B COYETAHHUU C OJHUM WJIN
HECKOJIbKUMH U3 IIPECTaBJIEHHBIX IIPU3HAKOB:
JIOKYMEHTHPOBAHHBIN OCTPBIH MHGPAPKT MUOKapza
(UM) pnaBHOCTBIO OOJiee 6 MecC, IIOJIOMKUTEIbHBIN
HATrpy30YHBIUA TECT; IMOATBEPIKIEHUE HIIIEMUU MHUO-
KapZla TIpH XOJTEPOBCKOM MOHUTOPHUPOBAHUH;
Iopa’keHrue KOPOHAPHOTO PyCJia, BHIABIEHHOE IIPU
KopoHaporpaguu. Bce manueHTH IMOAIHCAIIN
JIOOPOBOJIBHOE COTJIaCcHe Ha yyacTHEe B HCCJIeI0Ba-
HUH B COOTBETCTBUM C MEXIAYHAPOJHBIMH 3THUYE-
ckumHu TpeboBanusmu BO3 (JKenesa, 1993).

Crenens Tsxxectu COVID-19 B ocTpoM mepuose
OTIPEJIEJISTH COTJIACHO BpeMeHHBIM MEeTOUYECKUM
PEKOMEHIAIUSM I10 PO UIIAKTHKE, THAaTHOCTHKE U
JIEUeHUI0 HOBOH KOPOHOBHUPYCHOU MHMpeKnuu (15-1
BEpCUS) OT 22.02.2022 [16]. JIerKo# cTerneHu TsKe-
CTU COOTBETCTBOBAIU JINX0OPajika 70 38 °C, Hajmuue
KaIuis, c1abocTu, 60Jieli B TOpJie U OTCYTCTBHE KPHU-
TEPUEB CPEIHETSIKEJIOTO U TSKEJIOr0 TeUeHHUs.
CpemHeTsIKENI0e TeUYeHHe JUArHOCTHPOBAIUA IIPH
TOBBIIIIEHNU TeMmeparypsl Tesaa > 38 °C; umciao
JbpIXaTesbHbIX ABvkeHud (YJJ]) > 22 B 1 MuUH;
OJIBIIIIKE TPU (PUBUUECKUX HArpy3KaxX; U3MEHEHHUX
npu KoMmnbioTepHo# Tomorpaduu (KT) (penTtreno-
rpaduu), TUMMUYHBIX JJIsI BUPYCHOTO ITOPa’KeHUs;
SpO, < 95 %; C-peaxtuBnbiii 6e10K (CPB) chiBO-
POTKHM KpoBH > 10 mr/J1; PaO,/FiO, < 300 MM pT. cT.;
HapyLIEHUsIX CO3HAHUsS, CHUCTOJINUYECKOM apTepH-
apHOU saBieHuu (CAJ]) < 9O MM pT. CT. WJIU JTHA-
CTOJIMYECKOM apTepuasibHoM gaBiennu (JTA])
< 60 MM PT. CT.), AUype3€e MeHee 20 MJI/ 4.

OO6citesloBaHHbIE OBLIM pacIipesiesieHbl Ha JIBe
rpynmsl. B 1-10 rpynmy Bonwia 60 MaueHToB C JIer-
KO CTEeNeHbI0 TsKecTu 3a00JieBaHUS B OCTPOM
nepuojie (cpelHUU Bo3pacT 56.3 + 6.6 roza), BO
2-10 — 58 MaIMEeHTOB C CPEAHETSIKEIBIM TeUeHHEM
3a00JIeBaHUS B OCTPOM Iepuojie (CpeaHuil BO3pacT
60.9 + 5.6 roga). AHamHecTHuYecku AaBHocTh UBC B

festations (anginal pain, effectiveness of nitrates) in
combination with one or more of the following char-
acteristics: verified acute myocardial infarction (MI)
more than 6 months ago, positive stress test; myo-
cardial ischemia confirmed by Holter monitoring;
coronary lesion detected by coronary angiography.
All patients signed a informed consent to participate
in the study in accordance with the International
Ethical Guidelines of the WHO (Geneva, 1993).

The severity of COVID-19 in the acute period was
determined according to the Temporary Guidelines
for the Prevention, Diagnosis and Treatment of a
Novel Coronavirus Infection (Version 15) dated Feb-
ruary 22, 2022 [16]. Mild severity corresponded to
fever up to 38°C, coughing, weakness, sore throat
and the absence of criteria for moderate and severe
course. Moderate course was diagnosed in fever up
38°C; respiration rate > 22 per 1 min; shortness of
breath during physical exertion; changes in com-
puted tomography (CT) (radiography), typical of a
virus-related lesion; SpO, < 95%; serum C-reactive
protein (CRP) > 10 mg/l; PaO,/FiO, < 300 mm Hg;
impaired consciousness, systolic blood pressure
(SBP) < 90 mm Hg or diastolic blood pressure (DBP)
< 60 mm Hg, diuresis less than 20 ml/h.

The examined patients were divided into two
groups. Group 1 included 60 patients with
mild COVID-19 in the acute phase (mean age
56.3 £ 6.6 years), group 2 included 58 patients with
moderate COVID-19 in the acute phase (mean age
60.9 + 5.6 years). The history of CAD in group 1 was
4.2 + 0.5 years, in group 2 it was 3.9 + 0.6 years
(p > 0.05). Previously, 17 (28.3%) patients of the
1st group and 14 (24.0%) patients of the 2nd group
underwent coronary angioplasty.

Exclusion criteria were acute coronary syndrome
or verified MI < 6 months ago, post-infarction left
ventricular aneurysm, any form of atrial fibrillation,
severe heart disease, CHF with reduced ejection frac-
tion (EF), morbid obesity, implanted cardiac pace-
maker, severe anemia, severe pulmonary hyperten-
sion, oncological diseases and other clinically signifi-
cant comorbidities.

Laboratory examination, in addition to conven-
tional tests, included the determination of the con-
centration of N-terminal pro-B-type natriuretic pep-
tide (NT-proBNP) by enzyme immunoassay and
D-dimer. Clinical diagnostics included exercise
stress test (treadmill test) or myocardial scintigraphy
and cardiac ultrasound using an Acuson Aspen ultra-
sound machine (USA). All patients underwent diag-
nostic coronary angiography according to M. Jud-
kins (1967) using a Philips INTEGRIS BH 3000
angiographic system.
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1-¥ TpyTITIe COCTaBMJIIA 4.2 + 0.5 TO/Ia, BO 2-1 TPYIIIE —
3.9 £ 0.6 roza (p > 0.05). Panee 17 (28.3 %) nmanuen-
TaM 1-H Irpymnmsl U 14 (24.0 %) 60JIHBIM 2-1 TPYIIIBI
MIPOBE/IeHa AHTUOIIACTHKA KOPOHAPHBIX aPTEPHH.

KpurepusaMm HEBKIIOUEHUS SBJISUIUCH OCTPBIN
KOPDOHApHBIH CHHAPOM JIHO0 BepuHUIMPOBaHHBIN
MM paBHOCTBIO < 6 Mec, mocTuH(pAPKTHAsT aHEB-
pH3Ma JIEBOTO JKEJYJ0UKa, Jobas ¢popma Gudbpui-
JISIIIUY TIPEAICEPANH, TSKeIble TOPOKH cepana, XCH
€O CHIDKEHHOU (paknuei Bpibpoca (OB), mopou-
HOe OXXKUpeHUe, UMIUIAHTHPOBAHHBIN 3JIEKTPOKap-
IUOCTUMYJIATOP, BBIPAKEHHAs aHEMWUS, TsKeIast
JIETOYHAsl TUIEPTEH3UsI, OHKOJIOTHYECKas MaToJIO-
TUA U IpyTHe KINHUYECKH 3HAUYNMBIE COITyTCTBYIO-
1ue 3aboyieBaHus.

JlaGopaTopHOe HCCIe0BaHHE, TTOMHMO OOIIe-
IIPUHATBIX METOJIOB, BKJIIOUAJIO OIIpeJieJieHre KOH-
neHTpanuy N-TepMUHAIBHOTO hparMeHTa Ipe;e-
CTBEHHHUKA MO3TOBOTO HATPUHYPETHYECKOTO IIel-
tia (NT-proBNP) meromom nMMyHOGEPMEHTHOTO
aHanmza u D-gumepa. IHCTpyMeHTaIbHAS TUATHO-
CTHKAa BKJIIOYAJa HArpy30YHOEe TEeCTHPOBAHHE
(TpenMumII-TeCT WM CIUHTHTpadHsA MUOKapja) u
VJIBTPA3BYKOBOE UCCJIEZIOBAHUE CEP/IIla Ha almmapare
Acuson Aspen (CIIIA). Bcem mamueHTaM ObLIa
BBITIOJTHEHA JIMATHOCTUYECKAs KOpOHaporpadus mo
M. Judkins (1967) Ha aHTHOrpadUIECKOH YCTAHOBKE
Philips INTEGRIS BH 3000.

CraTucTHuecKyto 00paboTKY IAHHBIX ITPOBOJIAIN
C WCIOJB30BaHUEM IpOTPaMM jamovi 2.2.5, MS
Excel. IIpumeHsIun MeTOABI IMapaMeTPUUECKON U
HelapaMeTpuueckol cratuctuku. OrmpesnesieHne
JTOCTOBEPHOCTU PA3JIMUNN MEXAYy KaueCTBEHHBIMHU
[IOKA3aTeJIIMU CPABHUBAEMBIX TPYIII ITPOBOJUIIN C
momoIbio Kputepus 2. IIpoBepky pacnpezneneHus
KOJINUECTBEHHBIX IIOKa3aTesiell Ha COOTBETCTBHE
HOPMaJbHMY 3aKOHY pacIpeeeHus OCYIIecT-
BJISLTY € IIOMOIIIBIO KpuTtepus Kosimoroposa — Cmup-
HoBa. [Ipy HEHOpPMAaIPHOM pacIpezie/IeHUU puMe-
HAJMU Hellapamerpuueckuil U-kpurtepuii MaHHa —
YutHu. 111 oOHAPYKEHUSA PABTUIUN MEK/TY KOJIU-
YeCTBEHHBIMU MPU3HAKAMHU, PaCIpe/ieJieHne KOTO-
PBIX He OTJIMYAJIOCh OT HOPMAJIbHOTO, TPUMEHSIN
t-kputepuii CThIOZIEHTA JJIA HE3aBHUCHUMBIX BBIOO-
pok. JlocToBepHOCTh KO03(h(UIIMEHTOB pazIuduit
MIPUHUMAJIY IPU 3HAYEHUH P < 0.05.

PE3YJ/IBTATDI

JlaBHOCTh  TIEpEHECEHHOH  KOpPOHAaBHUPYCHOU
nHpeknuu COVID-19 cocraBisina 3—15 Mec 10
MOMEHTAa BKJIIOUEHHS IAIIUEHTOB B HCCIIEIOBAHUE.
Beuin  rocmUTANM3UpPOBAaHBI B HHQEKIMOHHBIE
rocriuTanu 33 (56.8 %) marueHTa 2-i rpyIInb; Hau-
€HTBI 1-U IPYIIIBI JIEYUIIUCh aMOyJIaTOPHO.

Statistical data processing was carried out using
jamovi 2.2.5 and MS Excel. The methods of paramet-
ric and non-parametric statistics were used. The sig-
nificance of differences between the qualitative indi-
cators of the compared groups was determined using
the 2 test. Verification of the normality of the distri-
bution of the quantitative indicators was carried out
using the Kolmogorov-Smirnov test. In case of non-
normal distribution, the non-parametric Mann-
Whitney U-test was used. To detect differences
between quantitative variables, the distribution of
which did not differ from normal, Student’s t-test
was used for independent samples. The significance
of the difference coefficients was taken at a value of
p < 0.05.

RESULTS

The duration of COVID-19 infection was 3-15
months before the inclusion of patients in the study.
Thirty three (56.8%) patients of the 2nd group were
hospitalized; patients of the 1st group were treated
on an outpatient basis.

Arterial hypertension occurred in the vast major-
ity of patients of group 1 (57 people — 95.0%) and
group 2 (57 people — 98.2%) groups. The history of
AH was 12.3 + 9.3 and 15.5 + 9.7 years in groups 1
and 2, respectively. Controlled AH occurred in 35
(58.0%) patients in group 1 and in 28 (48.0%)
patients in group 2. Uncontrolled AH occurred sig-
nificantly more often in patients of group 2 — 29
(60.3%) versus 22 (36.6%) in group 1 (p < 0.05). SBP
was significantly higher in the group with moderate
COVID-19. The body mass index (BMI) in patients of
group 1 was 28.8 + 4.9 kg/m?, in patients of group 2
it was 31.4 + 4.2 kg/m? (p < 0.05), however, the inci-
dence of obesity in the groups did not differ signifi-
cantly. The clinical characteristics of the examined
patients are presented in Table 1.

In the post-COVID period, in 21 (35.0%) patients
of the 1st group and in 22 (37.9%) patients of the 2nd
group, the course of stable CAD worsened, which was
manifested by a decrease in exercise tolerance, an
increase in frequency and severity of anginal attacks,
and an increase in the nitrates requirements. Effort
angina was diagnosed for the first time in the post-
COVID period in 10 (16.6%) patients of group 1 and
in 11 (18.9%) patients of group 2.

When analyzing the course of CAD in the post-
COVID period, effort angina class III was diagnosed in
29 (50.0%) patients of the 2nd group and in 17 (28.3%)
patients of the 1st group (p < 0.05). In four patients in
each group, microvascular angina was verified.

Prior to COVID-19, 15 (25.0%) patients of group 1
and 17 (29.3%) patients of group 2 had MI. In the 1st
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ApTrepuasibHasg THIIEPTEH3US HMeJIa MeCTO y
MOJABJISIONIEr0 4YMcja IalueHToB 1-u (57 uen. —
95.0 %) u 2-# (57 yen. — 98.2 %) rpynm. JluTennb-
HOoCcTh A" cocraBmiia 12.3 + 9.3 1 15.5 + 9.7 ro/ia B 1-i
U 2-U rpyIIax coOTBeTCTBeHHO. KoHTposupyemast
AT umena mecto y 35 (58.0 %) marueHTOB B 1-i
rpyune uy 28 (48.0 %) Bo 2-i1. HekoHTpoMpyemas
AT BcTpeuasiach 3HAYMMO dYalle y OOJIBHBIX 2-U
rpynnsl — 29 (60.3 %) npotus 22 (36.6 %) B 1-i
rpyane (p < 0.05). CA/l 6bUI0 3HAUMMO BBINIE B
rpynne nepeHeciiux COVID-19 cpenHeTskesoro
Teuenus. Mugexkc maccol Tesa (MMT) y manueHToOB
1-# IPYNIIBI cOCTaBUII 28.8 + 4.9 KI'/M?, y TaIllHEeHTOB
2- Tpynnsl — 31.4 + 4.2 kr/M? (p < 0.05), OTHAKO
YacToTa 0KUPEHUs B TPYIIIaX 3HAYMMO He OTIMYa-
nack. KiimHUYeckasi XapakTepucTHKa 00OcseoBaH-
HBIX IIPEJICTaBJIeHa B TaOJI. 1.

B nocTtkoBuHOM Tepuoze y 21 (35.0 %) maiu-
eHTa 1-U Tpynnsl U y 22 (37.9 %) manueHTOB 2-H
TPYIIIBl YXYJIIWIOCh TeueHue crabwiabHou WBC,
YTO TMPOSABJISIOCH CHIKEHHUEM TOJIEDAHTHOCTH K
¢usmueckoll HarpysKe, ydyallleHHEM U yCUJIEHUEM
AHTWHO3HBIX IPUCTYIIOB, YBEJIUUYEHUEM IOTPEeOHO-
CTH B HUTpaTaxX. Hayjnuue cTeHOKapAUU HATPSIKe-

Ta6smua 1. KiinHuvyeckas XxapaKTeprUCTHKa GOIbHBIX
Table 1. Clinical characteristics of patients

group, 15 (25.0%) patients had type 2 diabetes melli-
tus, and 6 (10.0%) patients had glucose intolerance
(GI). Among patients of group 2, diabetes mellitus
occurred in 14 (24.1%) patients, GI — in 5 (8.6%).
Chronic kidney disease (CKD) was detected in all
patients of both groups, while stage 3b CKD was
found only in patients with a moderate course of
COVID-19 (6 people — 10.3%); and stage 3a CKD was
diagnosed in 19 (31.6%) patients with mild COVID-19
and in 16 (27.5%) with moderate one; finally, stage 2
CKD - in 41 (68.2%) patients in the 1st group and in
36 (62.0%) in the 2nd group. Chronic obstructive
pulmonary disease and bronchial asthma occurred in
2 (3.3%) patients in group 1 and in 6 (10.3%) patients
in group 2. Atherosclerotic lesions of the brachioce-
phalic arteries, hemodynamically insignificant, were
detected in 29 (48.3%) patients of the 1st group and
in 34 (58.6%) patients of the 2nd group.

In all patients of the 1st group, the contractility of
the left ventricle (LV) was preserved, and in 6 (10.3%)
patients of the 2nd group, CHF was detected with a
slightly reduced EF. Class I CHF was diagnosed in 46
(76.0%) patients of the 1st group and in 32 (55.1%)
patients of the 2nd group, class 2A CHF — in 23

Iloka3aTesb 1-a rpynna / Group 1 2-a rpynna / Group 2

Indicator (n=60) (n=58) p
Bospacr, siet / Age, years 59.3+6.7 60.9 +5.6 >0.05
UMT, kr/m? | BMI, kg/m? 28.8+49 314+42 <0.05
JunutensHoctb UBC, et / Duration of CAD, years 4.2+0.5 39+0.6 >0.05
Crenokapaus Hanpspkenus / Effort angina, n (%):

®K 1/ class1 18 (30.0) 11 (19.0) >0.05
®K 11 / class 11 25 (41.6) 18 (31.0) >0.05
K III / class 111 17 (28.3) 29 (50.0) <0.05
Jle6I0T cTeHOKap/AUK B IOCTKOBU/JHOM MIEPUO/ie 10 (16.6) 11 (18.9) >0.05
Onset of angina pectoris in the post-COVID period

JnutenpHocTb AL et / Duration of AH, years 12.3£9.3 15.5+9.7 >0.05
KouTtposnupyemasi AI' / Controlled AH, n (%) 35(58.0) 28 (48.0) >0.05
HexonTposupyemas AT / Uncontrolled AH, n (%) 22 (36.6) 29 (60.3) <0.05
CAJl, MM pt. cT. / SBP, mm Hg 136.0 £ 6.6 149.5 +23.3 <0.05
JA/J, MM pt. cT. / DBP, mm Hg 84.1+8.0 89.7 £ 6.8 >0.05
YCC, ya./muH | HR, bpm 63.3+8.4 66.1 £10.9 >0.05
Kypenue / Smoking, n (%) 31 (51.6) 26 (44.0) >0.05
OTsaroweHnHas HacseacTBeHHOCTH 1o CC3, n (%) 28 (46.6) 21(36.2) >0.05
Hereditary taint with CVD, n (%)

Oxupenue / Obesity, n (%) 24 (40.0) 24 (48.2) >0.05

Mpumedyanue. UMT - ungekc Maccel Tesa; UBC - nmemudeckas 60s1e3Hb cepana; PK - yHKIMOHaNIbHBIN KJacc; AT - apTepuasibHas
runeprensus; CA/l - cuctosimyeckoe apTepuasbHoe JaBieHue; JJA/l — auacTonndeckoe aprepuaibHoe gasyaeHue; YCC - yucso cepieyHbIx

cokpatieHui; CC3 - cep/ie4HO-COCYAUCThIe 3a60J1eBaHUS.
Note.
blood pressure; HR - heart rate; CVD - cardiovascular diseases.

BMI - body mass index; CAD - coronary artery disease; AH - arterial hypertension; SBP - systolic blood pressure; DBP - diastolic
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HUSI TUAaTHOCTUPOBAHO BIIEPBBIE B ITOCTKOBUIHOM
repuojie y 10 (16.6 %) GOJIBHBIX 1-U TPYIIBI U Y 11
(18.9 %) 1y 2-11 TPYIIIIHI.

IIpu ananuse teueHusa MBC B IOCTKOBUIHOM
nepuoie 111 pyarnmonanbubld kaace (PK) creno-
Kap/Inu HaTIPsDKEeHUs TUarHOCTUPOBaH y 29 (50.0 %)
ManueHToB 2-# rpynnsl Uy 17 (28.3 %) marueHToB
1-# rpynsl (p < 0.05). Y deThlpex MalueHTOB B KaK-
oM rpymnne BepuUIMPOBAHA MHUKPOCOCYAUCTAS
CTEHOKaPAUSI.

Jlo 3aboneBanust COVID-19 nepenecniu MM 15
(25.0 %) 601BHBIX 1-1 rpynmbl u 17 (29.3 %) 60Jb-
HBIX 2-1 rpynnsl. Y 15 (25.0 %) O0JIBHBIX 1-U TPYIIITBI
HUMeJICS caxapHbIU quaber 2-To Tuma, y 6 (10.0 %) —
HapyllleHne ToJiepaHTHocTH K rioko3e (HTT).
Cpeziu 6OJIBHBIX 2-1 TPYIIIIBI CAXapHBIN AUA0ET IMe
MecTo y 14 (24.1 %) namuentos, HTT — y 5 (8.6 %).
Xpouuueckas: 6ose3Hb mouek (XBII) ObLia BBISAB-
JIeHa Y BeeX IMaIfueHToB obeux rpymi, mpu aTom XBIT
cTazuu 30 MMeJIa MECTO TOJIBKO Y OOJTBHBIX CO CPe/I-
HeTsxesbIM TedyenueM COVID-19 (6 gen. — 10.3 %);
XBII craguu 3a Obl1a BeIsiBJIEHA Y 19 (31.6 %) 60J1b-
HBIX C JerkuM teueHueM COVID-19 u y 16 (27.5 %)
co cpennetsikenbiM; XBIT craanu 2 — y 41 (68.2 %)
60J1bHOTO B 1-# rpynme u 'y 36 (62.0 %) Bo 2-i1. Xpo-
HUYeCcKas OOCTPYKTHBHAsA 0OJIE3HB JIETKUX U OPOH-
XHaJIbHAsI acTMa UMeJTH MecTo y 2 (3.3 %) 6OIbHBIX B
1-ti rpyne 1y 6 (10.3 %) — BO 2-i. ATEPOCKJIEpOTH-
YecKkoe IopakeHue OpaxuornedaybHbIX apTepui,
reMOJJUHAMUYECKH HE3HAYMMOE, BBISBJIEHO y 29
(48.3 %) 6071bHBIX 1-H TpyIIIBI U Y 34 (58.6 %) 60b-
HBIX 2-1 TPYTIIIHL.

V¥ Bcex OOJIBHBIX 1-H TpyHIbl ObLIa COXpaHeHa
COKpaTUTeJbHASA CIIOCOOHOCTH JIEBOTO IKEIYAOYKA
(JI2K), ay 6 (10.3 %) OOJIbHBIX 2-1 TPYIIIIHI BBISBIEHA
XCH c HeszHauutesibHO cHmkeHHOU ®B. XCH cra-
U 1 IUATHOCTHPOBAHA Y 46 (76.0 %) OOIBHBIX 1-T
rpynumsl 1y 32 (55.1 %) 6oybHBIX 2-1 rpymbsl, XCH
craauu 2A —y 23 (39 %) 60JBHBIX 1-H IPYNIIBI Uy 14
(23.3 %) 6ospHBIX 2-11 rpymnnbl; XCH craguu 26 —
TOJIBKO Y 2 (3.4 %) GOJIBHBIX 2-1 TPYIIIIHIL.

MenukameHTO3HY10 Tepanuio 1o nosoay UbC u AT’
rocjie IepeHeceHHON KOPOHAaBUPYCHOU MH(MEKIUU B
1-¥ rpymre noaydand 55 (91.6 %) marueHToB, BO 2-U
rpymne — 54 (93.1 %) nanuenra. B cocras Tepanuu BXo-
JIWTH JIe3aTPETaHTbhl, CTATHHBI, (3-aIpeHO0I0KATOPBI,
0JIOKATOPHI MEJJIEHHBIX KAJIbI[HEBhIX KaHAJIOB, NHTH-
OUTOPHI AHTMOTEH3WHIIPEBPAIIAIOIIETO (PepMeHTa,
capTaHbl, IPOJIOHTUPOBAHHbIE HUTPATHI B UHAVBH/LY-
JTbHBIX KOMOWHAIIHSIX U JIOBUPOBKAX.

VY 60J1bHBIX 06€UX TPyl He OOHAPYKEHO 3HAYHU-
MBIX Pa3JINYUH B 3HAUEHUAX OCHOBHBIX OMOXUMUYe-
CKUX ITOKazaTesiel — ob1ero xosecrepuHna (XC), XC
JIMIIONPOTEUI0B HU3KOM ttoTHocTH (JIITHII), Tpu-

(39%) patients of the 1st group and in 14 (23.3%)
patients of the 2nd group; class 2B CHF — only in 2
(3.4%) patients of the 2nd group.

In the 1st group, 55 (91.6%) patients received
drug therapy for CAD and AH in the post-COVID
period, in the 2nd group - 54 (93.1%) patients. Ther-
apy included antiplatelet agents, statins, [3-blockers,
slow-channel calcium blockers, angiotensin-convert-
ing enzyme inhibitors, sartans, long-acting nitrates
in individual combinations and dosages.

In patients of both groups, no significant differ-
ences were found in the values of the main biochem-
ical parameters — total cholesterol (CH), low-density
lipoprotein (LDL) cholesterol, triglycerides and basal
glycemia (Table 2). In the vast majority of patients,
the lipid spectrum did not reach the target values.

The plasma NT-proBNP concentration in patients
of both groups was beyond the reference values, but
the values of NT-proBNP in patients of the 2nd group
(510.6 + 56.7 mmol/1) significantly exceeded those in
patients of the 1st group (213.7 + 87.6 mmol/l),
P < 0.005. The levels of basal glycemia did not differ
significantly between the groups (6.0 + 1.8 mmol/l
and 6.2 + 1.9 mmol/l, respectively), the value of post-
prandial glycemia in patients of the 1st group
(7.0 + 1.9 mmol/1) was significantly lower than in
patients of the 2nd group (7.9 + 2.0 mmol/l). The
concentration of glycated hemoglobin in patients of
both groups was beyond the reference values, but did
not differ significantly. The plasma fibrinogen level
in patients of group 2 (5.1 + 0.8 g/1) was significantly
higher than in patients of group 1 (3.7 £ 0.8 g/1)
(p < 0.005) (see Table 2).

When analyzing the echocardiographic data,
there were no significant differences in most indica-
tors. However, the left ventricular ejection fraction
(Simpson’s method) in patients of the 1st group
(63.2 + 4.8%) was significantly higher than in
patients of the 2nd group (54.4 + 3.6%) (p < 0.05),
although its values in both groups were within the
reference range (Table 3).

During angiography, an analysis was made of the
frequency and severity of lesions of the coronary ves-
sels, primarily the main arteries. No lesions in coro-
nary arteries were found in 5 (8.3%) patients of the
1st group and in 4 (6.8%) patients of the 2nd group.
Hemodynamically significant lesions of the coronary
arteries (>70%) occurred in (63.3%) patients of the
1st group and in 44 (75.8%) patients of the 2nd
group. In patients of the 1st group, single-vessel cor-
onary artery disease was most common (16—26.6%),
two-vessel coronary artery disease occurred in 8
(13.3%) patients, and multivessel coronary artery
disease occurred in 6 (10.0%) patients. In the 2nd
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IJIMNEPUIOB U 0OazalbHOU TimKeMudn (Tabi. 2).
¥ nogasisioniero 60JIbIIMHCTBA TAIIMEHTOB TOKAa3a-
TeJI JIUMHUIHOTO CIEKTPA He JOCTUTATIU I[eJIEBBIX
3HAYEHUH.

Konnentpanuss NT-proBNP 1m1asmbl y 60JIBHBIX
0o0erx TPyII BBIXOJWIA 32 PAaMKH pedepeHCHBIX
3HAYEHWH, HO Tpu 3ToM 3HadyeHus NT-proBNP y
60JIbHBIX 2-1 TPymIH (510.6 + 56.7 MMOJIb/JI) 3Ha-
YHUMO IPEBBINIAIA TAKOBbIE Y OOJIBHBIX 1-U TPYIIIIHI
(213.7 £ 87.6 MMOJIB/ 1), p < 0.005. YPOBHH 6a3aib-
HOH TJIMKEMUM 3HAYUMO He Pa3jinvaiach B TPYIIIax
(6.0 £ 1.8 1 6.2 + 1.9 MMOJIb/JT COOTBETCTBEHHO),
1I0Ka3aTesJb IOCTHPAHAUAIBHON TIJIUKEMUH Y
60JbHBIX 1-H Tpymmbl (7.0 + 1.9 MMOJb/JI) OBLI
3HAUNMO HIDKE, YeM y OOJBHBIX 2-H TPYIIIIbI
(7.9 £ 2.0 Mmmosb/1). CojleprkaHEe TJIMKHPOBAHHOTO
reMorIo0uHa Yy 60JIBbHBIX 00X TPYIII BHIXOIIIIO 33
paMku pedepeHCHBIX 3HAUEHUH, HO JOCTOBEPHO He
OTJINYAJIOCh. YPOBEHb (UOPHHOTEHA IUIA3MBI Y
60IbHBIX 2-F rpynmsl (5.1 £ 0.8 1/71) OBUI 3HAYUMO
BBIIIIE, YeM Y OOJIBHBIX 1-U Tpymmsl (3.7 + 0.8 /1)
(p < 0.005) (cMm. Tab1. 2).

[Ipu aHa/IM3e AAHHBIX 3XOKAPAHOTrPadUIECcKOro
obciesoBaHUsA He OBLJIO BBISIBJIEHO JOCTOBEPHBIX
pasyM4Yui 10 OOJIBPIIMHCTBY IOKazaTesaed. OHaKo
dbpaknus BeIOpoca JIeBOTO KeTyouka o CUMIICOHY

group hemodynamically significant multivessel cor-
onary artery disease was found in 10 (17.2%) patients;
two-vessel coronary artery disease — in 10 (17.2%),
and single-vessel — in 16 (27.5%) patients (Table 4).

In patients of the 1st group, the lesions of the
main trunk of the left coronary artery were not
detected, while 4 (6.8%) patients of the 2nd group
had the lesions of the above mentioned localization.
Besides, in patients of the 1st group, compared with
patients of the 2nd group, the other main arteries
were less often affected (anterior interventricular,
diagonal, circumflex), although the significance of
the differences was determined only in relation to
the frequency of lesions of the right coronary artery
(RCA) (Table 5).

The frequency of in-stent restenosis after previ-
ous percutaneous coronary interventions (PCI) in
the post-COVID period did not differ significantly in
patients of both groups and amounted to 8 (47.0%)
in group 1 and 5 (35.7%) in group 2 (p > 0.005). All
these patients underwent reintervention.

DISCUSSION

The course of CAD in the post-COVID period has its
own characteristics in patients with mild to moderate
COVID-19 infection. CAD patients with a moderate

Ta6una 2. BruoxuMUyecKue I0Ka3aTeJ I KPOBH 06C/1eJ0BaHHBIX 60JIbHBIX
Table 2. Biochemical parameters of the blood of the examined patients

Iloka3aTesib 1-arpynna / Group1l 2-arpynna / Group 2
Parameter (n=60) (n=58)

061 uii xonectepuH, MMmosb/a | Total cholesterol, mmol/1 48=+1.6 47+13 >0.05
XC JITTHIL, mMouss/a | LDL cholesterol, mmol/I 28+1.2 2.7+09 >0.05
XC JIIBIIL, mmousib /a1 | HDL cholesterol, mmol/1 1.4+£04 1.30£0.3 >0.05
Tpurnunepubl, MmMosib/a | Triglycerides, mmol/1 20x14 2016 >0.05
KpeatunuH, Mmosb/ia | Creatinine, mmol/1 99.0 + 14.1 100.7 £ 28.0 >0.05
CK®, mn/mun/1.73 M? | GFR, ml/min/1.73 m? 65.4+10,1 59.8+16.3 >0.05
MoueBas kucaota, MMoJb/J | Uric acid, mmol/1 325.5+73,8 355.4+93.1 >0.05
BasasnbHas rimkeMus, Mmosib/ | Basal glycemia, mmol/1 6.0+1,8 6.2+1.9 >0.05
[locTnpaHauasbHast IVIMKEMUS], MMOJIb /J1 7.0£1,9 79+2.0 <0.005
Postprandial glycemia, mmol/1

[ukupoBaHHbIN reMoryio6uH / Glycated hemoglobin, % 6.6+1,5 7.2+20 >0.05
Kasnuii, Mmosib /a1 | Potassium, mmol/1 4.3+0,4 42+04 >0.05
CPB, mr/a | CRP, mg/1 9.5+6,2 9.5+5.1 >0.05
dubpuHoreH, r/xa | Fibrinogen, g/1 3.7£0,8 5.1 +0.8 <0.005
NT-proBNP, MmMosib/a1 | mmol/1 213.7+87,6 510.6 £ 56.7 <0.005
D-pumep, Mkr/a | D-dimer, pg/l 227.9+36,3 322.4 +86.3 >0.05
CO3, mm/4 | ESR, mm/h 10.1+9.3 14.1+£129 >0.05

[Ipumeuanwue. XCJIHII u JINBII - Xxo/1ecTepUH JUNONPOTEUAOB HU3KOH U BBICOKOH IJIOTHOCTH COOTBeTCTBeHHO; CK® - ckopocTh
kay6oukoBo ¢uabrpauuy; CPB - C-peaktuBHbId 6esiok; NT-proBNP - N-TepMuHanbHbIA ¢parMeHT NpeAlleCTBEHHUKA MO3TOBOI'O
HaTpuiypeTudeckoro nentuja; CO3 — ckopocTb oceZjlaHUA 3PUTPOLUTOB.

N o t e. LDL and HDL cholesterol - low- and high-density lipoprotein cholesterol, respectively; GFR - glomerular filtration rate; CRP -
C-reactive protein; NT-proBNP - N-terminal pro-B-type natriuretic peptide; ESR - erythrocyte sedimentation rate.
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y OOJIBHBIX 1-U rpymmsl (63.2 + 4.8 %) ObLIa 3HA-
YUMO BBIIIE, YeM Y OOJbHBIX 2-H TPYIIIbBI
(54.4 £ 3.6 %) (p < 0.05), XOTs ee 3BHAYEHUS B 00EUX
rpyImax ObUTH B IpeieiaX pepepeHCHBIX ToKa3aTe-
et (tabir. 3).

B mpormecce aHrHOrpaUIeCcKOro MCCIeT0BAHUS
ObLTT POBEJIEH aHAIU3 YacTOThl U BBIPAYKEHHOCTHU
MOpaskeHUsI KOPOHAPHBIX COCYZIOB, B IIEPBYIO OdYe-
penp MarucTpajbHBIX apTepuil. HemszmeHeHHbIe
KOpOHAapHbIE apTepuu OOHapykeH®Bl y 5 (8.3 %)
OOJIBHBIX 1-H TPyHIbl UV 4 (6.8 %) OONBHBIX 2-H
rpynnsl. [eMoIMHAMUYECKH 3HAYNMOE OPAKEHIE
KOPOHApHBIX aprepuil (>70 %) WMeEI0 MecTo ¥y
(63.3 %) 6OMBHBIX 1-H TPyIIBI U Y 44 (75.8 %) 60s1b-
HBIX 2-1 rpynnbl. Y GOJIBHBIX 1-5 TPYNITBI HANO0JIEe
YacTO BCTPEYAIOCH 1-COCYMCTOE MOPasKeHHe KOPO-
HapHBIX apTepuil (16—26.6 %), 2-cocyaucToe mnopa-
JKeHrue uMmesio mecto y 8 (13.3 %), MHOTOCOCYAH-
cToe — y 6 (10.0 %) nanueHToB. Bo 2-1 rpymme remo-
MUHAMUYECKA 3HAYMMOE MHOTOCOCYIUCTOE IIopa-
JKeHHee KOPOHAPHBIX apTepuil 6bUI0 y 10 (17.2 %)
MAIEeHTOB; 2-COCY/IUCTOE MOPasKeHe UMEJIOCh Y 10
(17.2 %) u 1-cocyaucroe — y 16 (27.5 %) maIueHToB
(Tabi. 4).

Y 60JIbHBIX 1-H TPYIIIBI HOPAKEHUS CTBOJIA JIEBOU
KOPOHApHOUM apTepuu BBISABJIEHO He OBLIO, B TO
BpeMs Kak ¥ 4 (6.8 %) GOJbHBIX 2-11 TPYIIBI HMe-
JIach TaHHAs JIOKAIM3ANKs TOpaKeHUsA. Y O0JIbHBIX
1-1i TPYIIIIBI II0 CPAaBHEHUIO ¢ OOJIBHBIMHU 2-H PYTIITBI
peke OpaXKayInCh U IPyTUE MAaTUCTPAJIbHbBIE apTe-

course of COVID-19 had a history of significantly higher
office SBP, a higher incidence of uncontrolled hyper-
tension, and a higher class of effort angina compared
with patients with a mild course of COVID-19.

In the post-COVID period, the concentration of NT-
proBNP, as an early marker of myocardial dysfunction,
in CAD patients group with the moderate course of
COVID-19 was significantly higher than in CAD
patients with the mild course of infection in the acute
phase, although the values of NT-proBNP in both
groups of patients went beyond the reference indices.

Hyperfibrinogenemia is the most common
marker of the acute COVID-19-associated coagulop-
athy, and has been found in patients hospitalized for
COVID-19 [13]. We found a significantly higher
plasma fibrinogen level which was beyond the refer-
ence range in CAD patients with moderate COVID-
19, compared with patients who had mild COVID-19,
but already in the post-COVID period.

When comparing echocardiographic parameters
in CAD patients who had moderate COVID-19 in the
acute period, a lower left ventricular ejection fraction
was found, which is consistent with their higher NT-
proBNP values.

In the post-COVID period, in CAD patients with
the moderate course of COVID-19 infection, the
hemodynamically significant lesions of the coronary
bed are more often detected, and the main vessels,
primarily the RCA, are affected more frequently.
However, there were no significant differences in the

Ta6smna 3. leMogrHaMU4YecKye MoKasaTe/ U 06c/1eJ0BaHHbIX 60JIbHbBIX

Table 3. Hemodynamic parameters of the examined patients

Iloka3aTe b 1-a rpynna / Group 1 2-g rpynna / Group 2
Parameter (n=60) (n=58)

AopTa, cM / Aorta, cm 3.3+0.4 3.4+0.3 >0.05
JI, cMm / LA, cm 3.8+0.3 39+0.4 >0.05
3CJIK, cm / PWLV, cm 1.1+£0.2 1.2+0.1 >0.05
MXII, cm / IVS, cm 1.2+0.2 1.3+1.1 >0.05
UMMJIXK, r/m | LVM], g/m:

MYKYMUHBI / men 133.2+31 136.5 +£34.3 >0.05
JKEeHILUHBI / women 117 + 26.8 119 £28.1 >0.05
YnapHbii 06beM, M1 / Stroke volume, ml 64 +4.7 63 +14.0 >0.05
Koneuno-cucrosnyeckuii pasmep, M 3.6x0.1 3201 >0.05
End-systolic dimension, cm

KoneuHo-uacTosnyeckuil pasmep, cM 53%0.1 50+0.1 >0.05
End-diastolic dimension, cm

®paknus Beiopoca / Ejection fraction, % 63.2+4.8 544 +3.6 <0.05
®paxkuus ykopoyenus / Fractional shortening, % 341x3.1 31926 >0.05
CAJIA, MM pr. cT. / PASP, mm Hg 243%6.1 27.0%7.0 >0.05

Ipumedyanue. JI-nesoe npeacepaue; 3C/IXK - 3aaHs5 cTeHka sieBoro xenyzaodka (JIXK); MXKIT - MexokenyjouKoBasi Ieperoposika;
HUMMJIK - napekc Mmaccel Muokapga JI2K; C/IJIA - cuctonnyeckoe fiaBJieHUe B JIETOYHOU apTepUM.

Note.
pulmonary artery systolic pressure.

LA - left atrium; PWLV - posterior wall of the left ventricle (LV); IVS - interventricular septum; LVMI - LV mass index; PASP -
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Ta6smmua 4. XapakTep nopaykeHUsl KOpOHAPHbIX apTEPH ¥ 06C/1eJ0BaHHBIX 6OJBHBIX, n (%)
Table 4. The nature of coronary artery lesions in the examined patients, n (%)

XapakTep nopaxxeHus

1-arpynna / Group1 2-arpynna / Group 2

Lesion nature (n=60) (n=58)

HensmeHeHHble KOpOHApPHbIE COCY/Ibl 5(8.3) 4 (6.8) >0.05
No lesions in coronary vessels

[TopakeHHe reMoiMHaMU4YeCKH He3sHauuMoe (<50%) 33 (55.0) 30 (51.0) >0.05
Hemodynamically insignificant stenoses (<50%)

[TorpaHnYHOE MopaXkeHWe KOPOHApHbIX apTepui (50-70%) 32 (53.0) 26 (44.8) >0.05
Intermediate coronary artery stenoses (50-70%)

leMoiMHAMHUYEeCKH 3HAYUMble CTEHO3bI

Hemodynamically significant stenoses:

1-cocynucroe nopaxkeHue / single-vessel disease 16 (26.6) 16 (27.5) >0.05
2-cocynucToe nopaxkeHue / two-vessel disease 8(13.3) 10 (17.2) >0.05
3-cocyauctoe nopaxeHue / three-vessel disease 8(13.3) 8(13.8) >0.05
MHOT'0COCYAUCTOE MopakeHue (>3 cocynoB) 6(10.0) 10 (17.2) >0.05

multivessel disease (>3 vessels)

Ta6una 5. Jlokannsanusa reMoJHHAMHUYeCKH 3HAaYMMbIX TOPAKEHUH KOPOHAPHBIX apTePUH y 06C/1eJ0BaHHBIX 601bHBIX
Table 5. Localization of hemodynamically significant lesions of the coronary arteries in the examined patients

ApTepusa 1-a rpynna / Group 1 2-a rpynna / Group 2

Artery (n=60) (n=58)

JleBasi kopoHapHas (cTBoJ) / Left coronary (main trunk) 0 4(6.8) <0.05
[lepeaHss mMexokenygoukoBas / Anterior interventricular 24 (40.0) 29 (50.0) >0.05
[uaronanbHas / Diagonal 10 (16.6) 15 (25.8) >0.05
Orubaromas / Circumflex 15 (25.0) 11 (18.9) >0.05
BeTBb Tynoro kpast / Obtuse marginal artery 8(13.3) 8(13.7) >0.05
[IpaBas xopoHapHas / Right coronary 18 (30.0) 25 (43.0) <0.05

puUU: IepeHsAA MEXIKEIy/I0UKOBasd, IUaroHaIbHasd,
orubaromas, X0oTs 3HAUYUMOCTb Pa3INduil Ompese-
JIMJIACH TOJIBKO B OTHOIIEHUH YACTOTHI MTOPAKEHUS
npaBoii kopoHapHoii aptepuu (ITKA) (tab. 5).

YacToTa pecTeHO30B II0CJIe paHee MTPOBEIeHHBIX
YPECKOKHBIX KOPOHAPHBIX BMelraTeabcTBax (YKB)
CO CTEHTUPOBAaHHUEM B ITIOCTKOBUIHOM IIEPHOJIE 3HA-
YUMO He Pa3jInJanach y OGOJIbHBIX 00euX TPYII U
cocraBuia 8 (47.0 %) B 1-i rpyniie u 5 (35.7 %) BO
2-1i (p > 0.005). Bcem 5TUM nanueHTaM BBITTOJTHEHbI
nosTopHble UKB.

OBCYXJIEHHNE

Teuenre UBC B MOCTKOBUHOM IIepHO/iE MMeEET
CBOM OCOOEHHOCTH Y TIAIIUEHTOB, II€PEHECIINX
COVID-19 7erkodl u CpefHEN CTeleHH TKECTH.
bonpubie UMBC co cpenHeTs:KeNbIM TedeHueM
COVID-19 B aHaMHe3€e UMeJIH 3HaunMO 00Jj1ee BhICO-
kue 3HaueHus1 opucHoro CAJl, GOJIBIIYI0 YACTOTY
HeKOHTpostmpyeMout Al', GoJsiee BRICOKHMH KJlace cTe-
HOKap/IWU HAIPsI’KEHUsI B CDAaBHEHUH C TTAI[HEHTaMU
¢ terkuM TeueHuem COVID-19.

frequency of in-stent restenosis in comparison with
the mild COVID-19 convalescents.

CONCLUSION

The data obtained indicate that CAD patients,
who have had moderate COVID-19 in the acute phase
of the infectious process, constitute a special risk
group for the subsequent more severe course of the
underlying disease. It is possible that the aggravation
of the course of CAD in a setting of previous corona-
virus infection is associated with the addition of
respiratory failure typical for this disease, fibrotic
changes in lung tissue with aggravation of cardiopul-
monary failure and coagulopathy.

CAD patients who had COVID-19 in the long-term
(post-COVID) period require special attention and
timely assessment of the cardiovascular system to pre-
vent cardiovascular complications, one of the predictors
of which is the severity of the disease in the acute phase.
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B 1mocTKOBUZHOM Ilepuojie  KOHIIEHTpAIUsd
NT-proBNP, kak paHHero mapkepa MHOKapAuasb-
HOoU mucdyHKIUU, B rpymnie 6oiapHbIX BC, nves-
mux cpeaHetsikesnoe teuenrne COVID-19, 6pL1a 3Ha-
9uMO BbIIIe, yeM Yy 60sbHBIX UBC ¢ jerkum Teue-
HHEM UHQDEKINU B OCTPOM IIEPHOJIE, XOTS 3HAUEHUS
NT-proBNP B 06enx rpymmax mammueHTOB BIXOAMIN
3a paMKH pedpepeHCHOTO HHTePBaJIa.

I'unepubprHOreHeMUs1  sSIBJIsAeTCA  HauboJee
JacTeiM MapkepoMm octpoit COVID-19-accorum-
POBaHHOH KOATyJIONATUH, OHA OOHAPYKEHA Y IMaIfy-
€HTOB, Trocrmutamu3upoBaHHbix ¢ COVID-19 [13].
Hamu BbIsABIIEH 3HAUMMO 60Jiee BBICOKHI YPOBEHB
(pubprHOTEeHA TIA3MbI, BBIXOJIAIIUN 32 paMKH pede-
peHcHOro nHTEpBasa, y 60mbHbIX BC, mepeHeciux
COVID-19 cpeHETSIKEIION CTENIEHH, 110 CPABHEHUIO
¢ OOJIbHBIMHU, TE€PEHECITUMHU 3a00JIeBaHUE JIETKOU
CTENEHU, HO y?>Ke B IOCTKOBUIHOM IEPHO/IE.

IIpu cpaBHeHUM IIOKa3arejiell 3XOKapAuoOrpa-
¢un y 6ospHBIX IBC, NTepeHecnx B OCTPOM IEepH-
one COVID-19 B cpenHetspkenoi popme, oOHaApPY-
’keHa Oostee HUBKasg Qpakiys BbIOpoca JIEBOTO
JKeJIyZI0UKa, YTO BIIOJTHE coTryiacyeTcs ¢ 6oJiee BBICO-
KUMU 3HaueHuAMU y HuX NT-proBNP.

V¥ 6ompuabix UBC, nepenecuiux COVID-19 cpen-
HEeTsDKEJIOW CTelleHW, B TIOCTKOBUHOM IIEPHUOIE
yaie BBIABJIAIOTCA TeMOJUHAMHYECKH 3HAUYNMBIE
MOpakeHUsI KOPOHAPHOTO PyCJIa U ¢ OOJIbIIEH YacTo-
TOH IOPAKAIOTCS MaruCTPAIbHBIE COCYZBI, B IEPBYIO
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paHee UMIUTAHTUPOBAHHBIX CTEHTOB B CPAaBHEHUH C
pexoHBasiecrieHTaMu, nepenecrumu COVID-19 jrer-
KOH CTEIIEHU TAKECTH.

3AK/IOYEHUE

[TosryueHHBIE JJAHHBIE CBU/IETELCTBYIOT O TOM,
urto 6ospaBIE VIBC, epenecne COVID-19 cpenne-
TSPKEJIOW CTENEHH B OCTPOU CTaAuM WHQEKITUOH-
HOTO IIPOIIeCCa, COCTABJISIOT 0COOYIO TPYIIILYy pHCKa
MOCJIEAYIONIEro OoJiee TSKEJIOTO TEUYeHUs OCHOB-
HOrO 3a0oJieBaHUA. BO3MOXKHO, yTs)KeJIeHUe Tede-
aus IBC na doHe nepeHeceHHOU KOPOHABUPYCHOM
WHOEKITUH CBSA3aHO C IMPUCOETUHEHUEM THITUUYHBIX
JUUTsl BTOTO 3a00JIeBaHUs JIbIXaTeILHON HEJI0OCTaTOu-
HOCTH, GUOPO3HBIX NU3MEHEHUH B JIETOYHOU TKAHHU C
ycyryOJIeHHEM CepAeYHO-JIETOYHON HET0CTaTOYHO-
CTH ¥ KOAryJIOIaTuH.

IMTanuentsr ¢ UBC, mepeneciime COVID-19, B
OTHaJIeHHOM (IIOCTKOBUJIHOM) IIEpUOZie TPeOYIOT
0cOO0TO BHUMAHHMS M CBOEBPEMEHHOH OIIeHKHU
COCTOSIHUSA CEP/IEUHO-COCYIUCTON CUCTEMBI JIJIS IIPO-
QUWIAKTHKH CepAeYHO-COCYAUCTBIX OCTOKHEHUH,
O/THUM W3 IIPETUKTOPOB KOTOPBIX SBJISIETCSA CTEIIEHD
TSIPKECTH TedeHUs 3a001eBaHUs B OCTPOH dase.

KoH@IHUKT HHTEPECOB. ABTOPHI 3asBJISIOT 00
OTCYTCTBUHU KOH(JIMKTA UHTEPECOB.
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OuneHka KauecTBa »KU3HU Y HEOMMEPUPOBAHHBIX OOJIbHBIX
MOJIOJAOTO BO3pacTa MmocJjie NepeHeCeHHOro Cy0apaxHOu JaJIbHOTO
KPOBOM3/IUAHUA

E.B. Ilerposa!, T.®. [Tonoga!, 11.A. I'pubauena’, JI.A. IllemankeBuy’, O.A. JleHucona?

'@I'BEOY BO «Hogocubupckuil 2ocydapcmeeHHblil MeduyuHckuil yHusepcumem» Munadpasa Poccuu, Hosocubupck,
Poccun

2I'bY3 HCO «I'ocydapcmeenHasn kaunuveckas boavHuya N 1», Hosocubupck, Poccus

AHHOTAIIUA

BBepgeHue. BHracrosmee BpeMs /I OIPENETEHNS YPOBHSA COIMATBHO-9KOHOMUYECKOTO 0JIaronoIydus OT/Ieb-
HBIX WIEHOB 001IecTBa WK COIIMATIBHBIX TPYIIII BCe Yallle UCI0JIb3YeTCs IOHATHE «KadeCTBO JKU3HU», KOTOPOe IIpejJiara-
€TCsl paccMaTpUBaTh KaK CTENeHh KOM(DOPTHOCTH HHAUBUAYYMa, KaK BHYTPH cebsI, TAK U B paMKax CBOEro 00IIecTBa. To
II03BOJISIET OTIPEIENIUTE (PAKTOPHI, CIOCOOCTBYIOIIHE OO0 YIIYUIIEHHIO KU3HH, JIUO0 ee yXyAlleHno. IMEHHO [T03TOMY
H3yJYeHHe KaYecTBa KU3HHU, KAK UHTETPATIBHON XapaKTEPUCTUKHU (HU3UUECKOTO, IICUXO0JIOTHIECKOTO, SMOIIMOHAIBHOTO U
COIMAJIHOTO COCTOSTHUSI 0JIbHOTO, OCHOBAaHHOM Ha €r0 CyO'beKTUBHOM BOCIIPUSTHH, Da3UPyeTCsl HA TPEX COCTABJISAIONIUX:
MHOTOMEPHOCTH, M03BOJIAOIIEH nuddepeHINPOBAaHHO ONPEIEIUTh BIUAHNE 00JIE3HH U JIeUeHUsI Ha COCTOsIHUE 00JIb-
HOT0; U3MEHAEMOCTH BO BpEMEHU B 3aBUCUMOCTH OT COCTOSHUS 00JIBHOTO; y4acTHs O0JIBHOTO B OLIEHKE CBOET'0 COCTOSHUS,
YTO SIBJISIETCST HanboJiee IIeHHBIM TI0Ka3aTesieM OOIIEro COCTOSIHUs GOTBHOTO.

IT e 1 b . OleHKa KaUeCTBA KU3HU y HEOTIEPUPOBAHHBIX OOJIBHBIX MOJIOIOTO BO3pACTa IOCJIe TEPEHeCEHHOTO cybapax-
HouzganbHoro kpopoussusuus (CAK).

MaTepuanas W MeTOJB5Bl . BuccaeroBanue Bonun 165 60ybHBIX, TepeHecnx CAK (76 my»x4auH, 89 xKeH-
II[MH; CPEJHUH BO3pacT 48.82 + 5.29 roz1a). Bce 60JIbHBIE IPOIILIN KOMILIEKCHOE 00CIIeZI0OBaHME, BKIIOUaBIiee c60p kaaod
Y aHaMHe3a C BbIABJIEHUEM COCYUCTBIX (PaKTOPOB PUCKa, KoMIbioTepHyIo ToMmorpaduio (KT) u KT-anruorpaduto, aom-
GaIbHYI0 TYHKIIMIO, TPAHCKPAHUAJIBHYIO JIOILIEPOrpaduIo, yIbTPAa3BYKOBOE HCCJIEIOBAaHHUE MAaruCTPATIbHBIX COCY/IOB
TOJIOBHI U IIIEU, Cep/Ia, OPTAaHOB OPIOIITHON MOJIOCTH. BereTaTBHOE obecrieueHre OIEHHUBAIH 10 IIKaJIe BETeTaTHBHBIX
peakuuii A.M. BefiHa, 0OIIYIO ¥ ICUXUIECKYIO ACTEHUIO — 110 oPOCHUKY MFI-20, KOTHUTHUBHYIO cpepy — ¢ IpIMEHEHHEM
OaTapeu CIEIUATBHBIX TECTOB, IICUXO3MOI[MOHAJIBHBIA CTATyC — IO IKaJe PEAKTUBHOW U JIMYHOCTHOU TPEBOKHOCTH
Ch.D. Spielberger, nenpeccruBHble paccTpoiictBa — o mikajge I'amuibToHa. OIleHKa KayecTBa KU3HU IIPOBOJMJIACH C
ncnosb3oBaHreM HOTTHHIeMCKOTro Npoguis 3[0pOBBS.

PesynbTar bl . CHIDKeHHe KauecTBA *KU3HU B pesysibraTe nepeHeceHHOT0 CAK y JIHI] MOJIO/TOTO BO3pacTa 3aBH-
CeJIO OT YPOBHS CTUTMATH3AINH U ONIPE/IEIISIIOCH BBIPAXKEHHOCTBIO IICUXOBETeTATUBHBIX HAPYIIIEHUH, CHMIITOMATHYECKOH
00IIel ¥ MCUXUYEeCKOH aCTeHUH, PEAaKTUBHON U JIMYHOCTHOHM TPEBOXKHOCTH, JAETPECCUBHBIX PACCTPONCTB, KOTHUTHBHBIX
HapyIIeHu .

3axkgmwueHHUe. VIMEHHO HHTerpajgbHas OleHKA KAuecTBA JKU3HU fBJIAETCA OCHOBOIIOJIATAIOUIUM BEKTOPOM B
IIPOCIEKTUBHOM Ha0JII0[ieHUuY 00¢c/IeJOBAaHHON KaTeropruu OOJIbHBIX, U, HECMOTPSI Ha OTCYTCTBHE 09aroBOi HEBPOJIOTHYe-
CKOHM CUMIITOMATHUKH y GOJIbIIIEH YaCTH MAIUEHTOB, CYIIIECTBYET HEOOXOAUMOCTh BKJIIOUEHUS UX B peabMINTAIIMOHHbIE
IIPOrPAMMBIL.

Karoueenble cao8a: KavecTBO KU3HH, CyDapaxHOHIAIbHOE KPOBOUM3JIUSHUE, HEOIEPHPOBAaHHBIE GOJIBHbIE, MOJIOIOM
BO3pacT.

Oo6pasen murupoBaHusn: Ilerposa E.B., I[Tomosa T.®., I'pubaueBa U.A., IllenankeBuu JI.A., Jlenucosa O.A.
O1eHKa KayecTBa KU3HHU Y HEOTIEPUPOBAHHBIX OOJIBHBIX MOJIOZIOTO BO3PACTA IOCJIE TIEPEHECEHHOTO Cy0apaxHOU/IATb-
Horo kposoususaus // Journal of Siberian Medical Sciences. 2023;7(1):31-44. DOI: 10.31549/2542-1174-2023-7-1-
31-44
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Assessment of the quality of life in non-operated young patients
after subarachnoid hemorrhage

E.V. Petrova', T.F. Popova’, I.A. Gribacheva‘, L.A. Shchepankevich!, O.A. Denisova?

Novosibirsk State Medical University, Novosibirsk, Russia

2Novosibirsk City Clinical Hospital No. 1, Novosibirsk, Russia

ABSTRACT

Introduction. Currently, to determine the level of social and economic well-being of individual members of
society or social groups, the concept of “quality of life” is increasingly being used which is proposed to be considered as the
degree of comfort of an individual, both within himself and within his society. This allows you to identify factors that either
improve life or worsen it. That is why the study of quality of life, as an integral characteristic of the physical, psychological,
emotional and social state of a patient, based on his subjective perception, is stated on three components: multidimension-
ality, which allows to differentially determine the impact of disease and treatment on the patient’s condition; variability in
time depending on the patient’s condition; participation of a patient in the assessment of his condition, which is the most
valuable indicator of his general state.

A im . Assessment of the quality of life in non-operated young patients after subarachnoid hemorrhage (SAH).
Materials and methods. Thestudy included 165 patients with SAH (76 men, 89 women; mean age
48.82 + 5.29 years). All patients underwent a comprehensive examination, which included the collection of complaints and
anamnestic data with the identification of vascular risk factors, computed tomography (CT) and CT angiography, lumbar
puncture, transcranial dopplerography, ultrasound examination of the main vessels of the head and neck, heart and
abdominal organs. The vegetative state was assessed according to the A.M. Vein’s Questionnaire of Autonomic Disorders,
general and mental fatigue — according to the Multidimensional Fatigue Inventory (MFI-20), cognitive ability — using a
test battery, psycho-emotional status — according to the Spielberger’s State-Trait Anxiety Inventory, depressive disorders —
according to the Hamilton Depression Rating Scale. Quality of life was assessed using the Nottingham Health Profile.

R e s ult s . Thedecreasein the quality of life as a result of SAH in young people depended on the level of stigmatization
and was determined by the severity of psycho-vegetative disorders, symptomatic general and mental fatigue, state and trait
anxiety, depressive disorders and cognitive impairments.

Conclusion. Itistheintegral assessment of quality of life that is the fundamental vector in the prospective obser-
vation of the examined patients, and, despite the absence of focal neurological symptoms and signs in most patients, there
is a need to refer them to rehabilitation programs.

Keywords: quality of life, subarachnoid hemorrhage, non-operated patients, young age.

Citation example: Petrova E.V., Popova T.F., Gribacheva I.A., Shchepankevich L.A., Denisova O.A. Assessment
of the quality of life in non-operated young patients after subarachnoid hemorrhage. Journal of Siberian Medical Sci-
ences. 2023;7(1):31-44. DOI: 10.31549/2542-1174-2022-7-1-31-44

BBEJIEHUE

B Hacrosilllee BpeMs I OINpeNeIeHUsT YPOBHSA
COITUATTFHO-9KOHOMUYECKOTO OJIArOIOIyIs OT/AEIb-
HBIX WIEHOB OOIECTBA IUIM COITHMAIBHBIX IPYIII BCe
yaIe WCIOJIb3YeTCsl TOHATHE «KAYeCTBO JKU3HU»
(KJK), xoTopoe CTaji0 OHUM W3 IPHOPHUTETHBIX
HaIpaBJIeHUH COBPEMEHHOU METUITUHBI ¥ TTO3BOJIIIO
BO BCE COBPEMEHHbIE MCCJIEJIOBAHMA BBECTU TEPMUH
«Ka4eCTBO JKU3HU, CBA3aHHOE CO 3/IOPOBBEM» —
Health-Related Quality of Life (HRQOL) [1—6].

Pexomenanuu BceMupHOU opraHu3amnuu 371pa-
BooxpaHeHus (BO3) mpemiararor paccMaTpuBaTh
HRQOL kak creneHb KoMGOPTHOCTU UHAUBUAYYMA,
KaK BHYTpH ce0s1, TaK U B paMKaX CBOEro 0OIIeCcTBa,
YTO TO3BOJISIET OIPEAETUTH (HAKTOPHI, CIIOCOOCTBY-
IOIYe WJIN YJIyYIIeHUIO0, WIN YXYAIIEHUIO JKU3HU.

INTRODUCTION

Currently, to determine the level of socio-eco-
nomic well-being of individual members of society or
social groups, the concept of “quality of life” (QOL) is
increasingly used, which has become one of the pri-
ority areas of modern medicine and has made it pos-
sible to introduce the term Health-Related Quality of
Life (HRQOL) [1-6].

The World Health Organization (WHO) propose
to consider HRQOL as the degree of comfort of an
individual, both within himself and within his society,
which allows you to determine the factors that con-
tribute to either improving or worsening life. That is
why the study of quality of life, as an integral charac-
teristic of the physical, psychological, emotional and
social state of a patient, based on his subjective per-
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ViMeHHO NO3TOMY HM3yueHHe KauecTBa JKU3HU, KaK
WHTErPaJIbHOM XapaKTEPUCTUKH (PUUUIECKOTO, TICU-
XOJIOTUYECKOTO, SMOIMOHAJIIBHOTO U COI[UAJIBHOTO
cocTOsTHUS OOJIbHOTO, OCHOBAHHOHW Ha €ro cyObhek-
TUBHOM BOCIIPUATHH, 6a3UPYETCS HA TPEX COCTABJISA-
IOIINX: MHOIOMEPHOCTH, IT03BoJIAIoNIel tuddepen-
LIMPOBAHHO OIPEZIETUTh BIUAHNE OOJIE3HU U Jieue-
HUS Ha COCTOsTHYE 60IFHOTO; U3BMEHSIEMOCTH BO Bpe-
MEHH B 3aBUCHUMOCTU OT COCTOSTHUsI OOJILHOTO; yJa-
cTusA OOJIBHOTO B OIlEHKE CBOETO COCTOSIHHSA, YTO
siBJIsieTCsl HauboJiee MIEHHBIM TOKa3aTeIeM OOIIero
cocTostHUSA 60JIBHOTO [1—-6].

HeobxonmM0O yIUTHIBATh U T€ ACIEKThI KauecTBa
JKH3HU, KOTOPBIE CBA3aHBI HE TOJIBKO C HAPYIIIEHHEM
dyukuu B pesysbrare 60JIE3HU, HO U C HapyIe-
HHEM OBITOBOHM W COITUAJIBHOUM aJlalTallUel U MOTYT
paccMaTpuBaThCA KaK HHTErpajibHas XapaKTepH-
CTHKA, HAa KOTOPYI0 HA/J0 OPUEHTHUPOBATHCSA IIPHU
oreHKe 3 GEKTUBHOCTH JieueHus OOJIbHBIX [2, 4, 5].

B Hacrosiiiiee BpeMs HAKOIUIEHO JIOCTaTOYHO
JIAHHBIX O TOM, YTO COCY[IMCTasl MATOJIOTHS TOJIOB-
HOTO MO3Ta OTPUIIATEJIPHO BJIUSET He TOJIBKO Ha
(usnueckre, HO U HA MICUXUYECKHUE U COIHATILHBIE
aCITeKTHI JKU3HH MalueHTa [7—10]. ATO Mo3BOJISET
BKJIIOUUTH [T0OKA3aTeJIN KauecTBa KU3HU Kak JI0CTO-
BepHbIe KPHUTEPUHU OIEeHKH 3(GEKTUBHOCTU IIPO-
rpaMM KOMILIEKCHOU Tepauu Y 60JTBHBIX C OCTPBIMU
U XPOHUYECKUMH I1epeOpOoBacKyIApHBIMU 3a60J1e-
BaHUSAMH B CTPYKTYPY KJIMHUYECKUX IPOSBIECHUN.

¥ nur Mosiozoro Bo3pacTa cybapaxHOUJAbHOE
kpoBousiusuue (CAK), kak mpaBuio, MMeeT aHEB-
pU3MaTHYeCKOe IIPOUCXOXKIEHHEe, B €ro OCHOBE
JIeKaT ~ KOHCTUTYIHMOHAJIBHO-aHATOMUYECKHE U
(pyHKIIMOHANTBHBIE HADPYIIEHUA, XapaKTepHbIE I
CUCTEMHOTO JUCILIACTHYECKOTO IMpoIlecca: Koauye-
CTBEHHBIE U KaUeCTBEHHbIE U3MEHEeHHUsI KPAaHUOBEP-
TeOpaJIbHOTO TIepexo/ia B COYETAHUH C aHOMAaJIMEN
Ppa3BUTHSA pOMOOBHIHOTO MO3Ta, TUIIOILJIACTHYECKOE
CTPOEHUE COCY/IOB TOJIOBHOTO MO3Ta, HE3aMKHYTBIH
Buiusues Kpyr 4 Ap.

ITEJIb NCCJIEAOBAHUA

V3yuuTh UCXOABI CYyOAPAXHOUIAIIBHOTO KPOBO-
W3JIUSHYS Y HEOTIEPUPOBAHHBIX GOJIBHBIX MOJIOIOTO
BO3pACTa U OIIEHUTH UX KAYECTBO XKUZHHU.

MATEPUAJIBI 1 METO/IbI

Beuta m3ydyeHa rpymnma u3 165 dYesl., HAXOUB-
IIUXCSA Ha JIeueHWH B PermoHasIbHOM COCYAHCTOM
nentpe N 1 r. HoBocubupcka. Cpemu obcienoBaH-
HBIX ObLIO 76 (46.1 %) MyxuuH U 89 (53.9 %) xkeH-
IUH, CpeJIHUN Bo3pacT — 48.82 £ 5.29 [Me = 44;
Mo = 60; K-S p < 0.01; Lilliefors p < 0.01] roga. Boss-
Hble OBLIM pas/ieJieHbl Ha BO3PACTHBIE TIPYIIIIBI

ception, is based on three components: multidimen-
sionality, which allows to differentially determine the
impact of disease and treatment on the patient’s con-
dition; variability in time, depending on the patient’s
condition; participation of the patient in the assess-
ment of his condition, which is the most valuable
indicator of the general state of the patient [1-6].

It is also necessary to take into account those
aspects of quality of life that are associated not only
with impaired function as a result of disease, but also
with impaired daily life and social adaptation, and
can be considered as an integral characteristic that
should be guided by when assessing the effectiveness
of patient’s treatment [2, 4, 5].

Currently, there is enough evidence that vas-
cular pathology of the brain negatively affects not
only the physical, but also the mental and social
aspects of the patient’s life [7—10]. This makes it pos-
sible to include life quality indicators as reliable cri-
teria for evaluating the effectiveness of combined
therapy programs in patients with acute and chronic
cerebrovascular diseases in the structure of clinical
manifestations.

In young people, subarachnoid hemorrhage
(SAH), as arule, has an aneurysmal origin, it is based
on constitutional, anatomical and functional disor-
ders characteristic of a systemic dysplastic process:
quantitative and qualitative changes in the cranio-
vertebral junction in combination with an abnormal
development of the rhombencephalon, hypoplastic
structure of the cerebral vessels, variations of the
circle of Willis, etc.

AIM OF THE RESEARCH

To study the outcomes of subarachnoid hemor-
rhage in non-operated young patients and assess
their quality of life.

MATERIALS AND METHODS

A group of 165 people who were treated at the
Regional Vascular Center No. 1 in Novosibirsk was
studied. Among those examined, there were 76
(46.1%) men and 89 (53.9%) women, the mean age
was 48.82 + 5.29 [Me = 44; Mo = 60; K-S p < 0.01;
Lilliefors p < 0.01] years. The patients were divided
into age groups according to the WHO classification.
According to the conventional examination of a
patient with SAH (formalized medical history), com-
plaints and anamnestic data were collected with the
identification of vascular risk factors, determination
of comorbidity with an assessment of its severity, a
typical neurological examination, computed tomog-
raphy (CT) and CT-angiography, lumbar puncture,
transcranial dopplerography, ultrasound (US) exam-
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cormacHo kiaaccudukarmuu BO3. CorsacHo craH-
nmapty obcnenoanus 6ospHOTO ¢ CAK (hopmamzo-
BaHHAas ucTOpUs 60JIE3HU) MPOBOAMICA cOOP KaI00
U aHaMHe3a C BBIABJIEHUEM COCYQUCTHIX (HAKTOPOB
PHCKa, OTIpe/ieJIEHUE COIMYTCTBYIOIIEH COMAaTHIECKON
MATOJIOTUM C OIEHKOU ee TsYKEeCTH, KJIACCHUECKHI
HEBPOJIOTUUECKUH OCMOTP, KOMITBIOTEPHAs TOMOTPa-
¢usa (KT) u KT-aaruorpadwus, srombanbHass MyHK-
Iusi, TpaHCKpaHUAJIbHAs AOIUieporpadus, yaibTpa-
3ByKOBOEe (¥3) ucciieloBaHiEe MarUCTPAJIbHBIX COCY-
JIOB TOJIOBBI W IIIEW, CEPAIA, OPraHOB OPIONIHOUN
moJsiocTu. BereraTuBHOE oOecrieueHHe OIIEHUBAJIOCH
TIO IIIKaJIe BEreTaTUBHBIX peaknuii A.M. Beiina (1998)
B mojudukanuu B.JI. TonyGeBa (2010). O6mas u
MICUXUYECKasi aCTeHUsI OLEHUBAJIACh IO OMPOCHUKY
Multidimensional Fatigue Inventory (MFI-20).

JUisi MBy4YeHUs COCTOSTHUSI KOTHUTUBHOU cepbl
ObUIM  HCHOJIb30BaHbI: MoOHpeasbcKkas —IIKajaa
OIIeHKH KOTHUTUBHBIX QpyHKIuH (Montreal Cognitive
Assessment — MoCA), TecT «3ay4yuBaHUE 5 CIOB»
(Words List Recall, ADAS-Cog), Tect Bekciepa Ha
moBTOpeHue nudp, Tect «pucoBanue uyacoB» (Clock
Drawing Test — CDT), Tect Ha BepbasibHbIE accoIiua-
[UY: JTUTEPAIbHBIE U CEMAaHTUYECKHUE KaTErOpHasb-
HBIE, TECT «3auepKUBaHue udp». [ oneHku mcu-
XO03MOIMOHAIBPHOTO CTaTyca IPUMEHsIACh IIKaia
PeakTUBHOH ¥ JIUYHOCTHOH TpeBoskHOCTH Ch.D.
Spielberger (1970) B momudukanuu FO.A. XanuHa
(1976). JlenmpeccuBHBIE PACCTPOUCTBA BBISBIISIIUCH C
npuMeHeHueM Iikaibl [ammibroHa (Hamilton
Depression Rating Scale - HAM-D).

O1leHKa KaueCcTBa }KM3HU IPOBOIIIIACH C KCIIOJIb-
3oBaHreM HoTTHHTeMCKOTO NpPOGWIs 3/I0POBbS,
ImepBasl YacTb KOTOPOTO IIOKA3BbIBAET BJIMSHHE
0oJIE3BHM HaA IapaMeTpbl ITOBCETHEBHOU KU3HH
manueHTa, BTOpasi — CAaMOOIIEHKY BJIUSHUS COCTOS-
HUS 3/T0POBbsI HAa IOBCETHEBHYIO JKU3Hb.

KpuTepusiMyu HEBKJIIOUEHUS SIBUJINCH: [IEPEBOJ] B
HEHPOXUPYPIUUECKOe OT/AeIEHUE JIJI1 OIIePaTUBHOTO
JIeYeHus, JIeKOMIIEHCUPOBAHHASI  COIYTCTBYIOIIAS
coMaTUYecKasl MaToJIOTHs (cepieyHasi HeIOCTATOU-
HOCTb, 3200JIeBaHUSI JIETKUX, IIEYEHH U TI0YEK, 00JIe3HHU
KPOBH, HEOIUTACTHUECKHE IIPOIIECCHI, TSXKEJIbIH caxap-
HBIA JuabeT, THUIOTUPEO3, TUPEOTOKCHUKO3 U Jp.),
oTka3 60s1pHOr0. OrpaHUYEeHHs 110 BO3PACTy He ObLIO.

Jln3aiiH uccaefoBaHUs MOJTHOCTHIO COOTBETCTBO-
BaJI MEKYHAPOJHBIM U POCCUICKIM 3aKOHO/IATEb-
HBIM aKTaM O IOPUANYECKHUX U STUUECKUX IPUHITUIIAX
MeJIUKO-OMOJIOTHYECKUX UCCIIEZIOBAHUH TAKOTO POJA.

CraTuCTHYECKU aHAIU3 TOJIyIeHHBIX Pe3yIbTa-
TOB TIPOBEJIEH C UCIOJIb30BAHUEM CTATUCTHUYECKUX
nporpamm Excel uz makera Microsoft Office 2007
(CIIIA), Statistica for Windows, v.10.0. [ljis1 mpo-
BEpPKU THIIOTE3bI O COOTBETCTBUHU BHIOOPOUYHBIX pac-

ination of the main vessels of the head and neck,
heart, abdominal organs. The state of autonomic
nervous system was assessed according to the
A.M. Vein’s Questionnaire of Autonomic Disorders
(1998) modified by V.L. Golubev (2010). General and
mental fatigue was assessed using the Multidimen-
sional Fatigue Inventory (MFI-20).

To study the cognitive sphere state, the following
tests were used: the Montreal Cognitive Assessment
(MoCA), “learning five words” — Five-Words Test
(Words List Recall, ADAS-Cog), the Wechsler Adult
Intelligence Scale — the test for repeating sequences
of numbers, the Clock Drawing Test (CDT), the Word
Associations Test (literal and semantic categorical),
the Digit Cancellation Test. To assess the psycho-
emotional status, the Spielberger’s State-Trait Anxi-
ety Inventory (1970) modified by Yu.A. Khanin (1976)
was used. Depressive disorders were identified using
the Hamilton Depression Rating Scale (HAM-D).

The assessment of the quality of life was carried
out using the Nottingham Health Profile, the first
part of which shows the impact of the disease on
patient’s daily life, the second — the self-assessment
of the state of health impact on daily life.

The exclusion criteria: transfer to Neurosurgical
Department for surgical treatment, decompensated
somatic comorbidities (heart failure; lung, liver and
kidney diseases; blood diseases; neoplastic pro-
cesses; severe form of diabetes mellitus, hypothy-
roidism, thyrotoxicosis, etc.), patient’s refusal. There
was no age limit.

The design of the study fully complied with inter-
national and Russian legislative acts on the legal and
ethical principles of biomedical research of this kind.

Statistical analysis of the results was carried out
using Excel Microsoft Office 2007 (USA), Statistica
for Windows, v.10.0. To test the hypothesis about the
correspondence of sample distributions to the nor-
mal distribution, we used a comparison of means
(M — arithmetic mean, Me — median, Mo — mode), as
well as the Kolmogorov-Smirnov test (K-S) and the
Lilliefors’ test. The results of the normality test indi-
cated that the absolute majority of the parameters did
not have a normal distribution in the combined group
and individual clinical subgroups of patients. For the
subsequent analysis of quantitative indicators, non-
parametric statistical methods were used. Data were
presented as Me [25%; 75%], where Me is the median,
25% are the lower and 75% are the upper percentiles.
In comparing two independent samples, the Mann-
Whitney test was used, the analysis of more than two
independent samples was carried out using the Krus-
kal-Wallis test, the Duncan’s test. When analyzing
qualitative indicators, two-tailed Fisher’s exact test
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IpefieIeHui TeOpeTUYeCKOMY HOPMaJbHOMY pac-
npefeseHuio I'aycca — Jlamiaca HCIIOJIb30BaJINCh
cpaBHeHHe cpenHux (M — cpenHeit apudmerude-
ckoit, Me — menuanbl, MO — MOJIBI), @ TAaKXKe KPUTE-
puii KommoropoBa — CmupnoBa (K-S) u kpurepuit
Jlwumuedopca (Lilliefors). PesynbraThl mpoOBEpKU
HOPMAJIbHOCTH YKa3bIBAJI, YTO aOCOIOTHOE 0OJIb-
IIMHCTBO ITOKa3aTesel He MMeJIi HOPMaJIbHOTO pac-
npezieieHus B 00beIMHEHHOH TPYIIIe U OTAETbHbIX
KJIMHUYECKUX MOATPYIIax 60IbHBIX. [ mociemsy-
IOIETO aHaJIN3a KOJMYECTBEHHBIX IIOKa3aTesel
HCIO0JIb30BAJINCH HellapaMETPUUYECKUE CTATHCTHYE-
CKHe OIIeHKHU 1 MeTOZpI aHAIN3a. J[JaHHbIe IIpe/icTaB-
asamu B Buze Me [25 %; 75 %], rme Me — menuana,
25 % — HUXXHUE U 75 % — BepxHHUe IepLeHTUJIH.
B nporiecce cpaBHeHUs IBYX HE3aBUCUMBIX BEIODOPOK
npumensn U-kpurepuii (ManHa — YUTHU), Ucce-
ZoBaHMe 6oJiee IByX HE3aBUCUMBIX BBIOOPOK ITPOBO-
JIUJIOCH C WCIIOJIb30BaHHEM Kpurepusa Kpackema —
Yomnnuca, Tecra Jlyakana. IIpu ananuse kadecTBeH-
HBIX IPU3HAKOB KCIIOJIH30BAJIA IBYCTOPOHHUH TOY-
HBIN KpuTepuii @uiiepa. OnpeseseHre HaIpaBieH-
HOCTHU U CUJIbI CBSI3U MEXKY U3y4JaeMbIMHU IT0OKa3aTe-
JIIMU IIPOBO/IMJIH C IIOMOIIIbIO PAHTOBOTO Hellapame-
TPUUECKOTO KOPPEJAIUOHHOrO aHaiuza no Crup-
MeHy. Pe3ysbTaT IpescTaBIIsUI B BUJE 3HAUEHUS
k03bdUIeHTa KOPPEJAIUA I U JOBEPUTEIHHOU
BEPOATHOCTH P.

PE3YJIBTATDBI 1 OBCY KAEHUE

CortacHo Jiu3aiiHy uccieloBaHusA, Bce OOJIbHBIE
OBLIH pa3/iesIeHbl Ha TPYIIIHI [0 BO3pacTy. B mepByio
TPYIILy BOILIN IAI[MEHTHI MOJIOJIOTO Bo3pacra (o
45 JIET — 93 YeJl.), BTOPYIO COCTaBHJIH JIUIIA CPETHETO
Bo3dpacra (45—59 JIeT — 25 4eJl.), TPEThI0 — TOKU-
JIOTO U CTap4yecKoro Bospacta (ot 60 yet u 6osee —
47 4ei.), OOBEIUHUTh KOTOPBIX IO3BOJIUJIA TOMO-
TeHHOCTh OCHOBHBIX ITOKa3aresied, a TakkKe MaJio-
YHCJIEHHOCTh JIWI[ CTapuecKkoro Bospacra. IIpose-
JIEHHOE KCCJIeJIOBAaHUE HUMeET OOJIBIIYI0 COIUAJIb-
HYI0 3HQUUMOCTB, TIOCKOJIBKY JIBE TPETU BBHIOOPKU
COCTAaBWIM JIMI]A TPYAOCHOCOOHOTO  BO3pacTa.
B cBsA3U ¢ OTCYTCTBHEM OUEBUAHBIX IPUUUH (POPMU-
pOBaHUA MATOJIOTHYECKOrO IIpoIlecca y JIUI[ MOJIO-
JIOTO BO3pAcTa B paMKax CTaHJIAPTHOTO UAarHOCTHU-
YECKOTO JITOPUTMA ObUT IPENUPHUHAT PacIIupeH-
HBIU TTOUCK JIOMIOJIHUTEFHBIX (DAKTOPOB PHCKA pa3-
ButHsa CAK ¢ moMOIIbI0 HHCTPYMEHTAIBHBIX U J1a60-
paTtopHbIXx MeTof0B. Ilpum aHanusze JaHHBIX
KT-anrmorpadum u Y3 pomseporpaduu cocyioB
roJIOBBI OOpalaau Ha cebs1 BHUMaHHE 0COOEHHOCTH
CTPOEHHUs COCYAHCTOIO pycjla TOJOBHOTO MO3Ta.
V3MeHeHUs COCYIOB TOJIOBHOTO MO3Ta IIOYTH C O/IH-
HAKOBOW YaCTOTOH BCTPEYAIIHCH BO BCEX IPYIIIAX, HO

was used. Determination of the direction and strength
of the relationship between the studied indicators
was carried out using Spearman’s correlation analy-
sis. The result was presented as the value of the cor-
relation coefficient r and the confidence level p.

RESULTS AND DISCUSSION

According to the study design, all patients were
divided into age groups. The first group included
young patients (up to 45 years old — 93 people), the
second group consisted of middle-aged people (45—
59 years old — 25 people), the third — geriatric patients
(aged 60 and older — 47 people), which were com-
bined due to the homogeneity of the main indicators,
as well as the small number of geriatric patients. The
study is of great social significance, since two-thirds
of the sample were working-age people. Due to the
absence of obvious reasons for the formation of the
pathological process in young people, an extended
search for additional risk factors for the development
of SAH using clinical and laboratory methods was
undertaken as a part of the standard diagnostic algo-
rithm. When analyzing the data of CT angiography
and ultrasound dopplerography of the vessels of the
head, the structural features of the vascular bed of
the brain attracted attention. Changes in cerebral
vessels were observed almost with the same fre-
quency in all groups, but in the group of young
patients, in contrast to the geriatric group, hypopla-
sia of vessels was significantly more common (87.1%
and 4.3%, respectively, p < 0.0001), aplasia (77.4%
and 2.1%, p < 0.0001), vessel tortuosity (100% and
29.8%, p < 0.0001), as well as variations of the circle
of Willis (70.9% and 2.1%, p < 0.0001), which refers
to congenital dysplastic changes. In the geriatric
group, in contrast to young people, atherosclerotic
changes predominated with signs of vessel recalibra-
tion (100% and 2.2%, respectively, p < 0.0001).

According to clinical and mathematical character-
istics, the heterogeneity of the group of young people
attracted our attention, which led to repeated ran-
domization; as a result two subgroups were formed:
one of them included patients predominantly with
the 3rd degree of stigmatization (young 1 — an aver-
age score of 28.0 [27.0; 29.0]), the other — with the
1st and 2nd degree (young 2 — an average score of 8.0
[7.0; 13.0]). At the same time, it was found that in the
young 2 subgroup with a relatively low level of stig-
matization, significantly more often than in all other
subgroups (p < 0.0001), the II-III degree nephropto-
sis and other anomalies of kidneys were detected,
which explained the presence of early arterial hyper-
tension (AH) in this group of patients. This circum-
stance was the reason for the evaluation of additional

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

35



ITemposa E.B. u dp. / Journal of Siberian Medical Sciences T. 7, N° 1 (2023)

B TpyIIIIE MAIUEeHTOB MOJIOOTO BO3PACTa, B OTIUYKE
OT CcTapIlled BO3PACTHOU TPYIIIbI, IOCTOBEPHO YaIlle
OTMEUAINCh TUIOIIas3us cocynoB (87.1 u 4.3 %
COOTBETCTBEHHO, P < 0.0001), arasus (77.4 u 2.1 %,
p < 0.0001), MATOJIOTHYECKAsT WU3BUTOCTHh (100 H
29.8 %, p < 0.0001), a TaK}Ke HeE3aMKHYTHIN Buiu-
31eB KpyT (70.9 1 2.1 %, p < 0.0001), YTO OTHOCUTCS
K BPOXKJEHHBIM JUCIUIACTHYECKUM HW3MEHEHUSM.
B crapiieii BO3pacTHOM TpyIIle, B OTJIMUHE OT JIKI]
MOJIOZIOTO BO3PACTa, IPeobIIailayii aTepOCKIEPOTH-
YecKre U3MEHEHUs ¢ MPU3HAKAMU IePEKaTUOPOBKHU
cocyzoB (100 1 2.2 % COOTBETCTBEHHO, P < 0.0001).

[To KJIMHUKO-MaTEMaTHYECKUM XapaKTEePHUCTH-
KaM oOparrasa Ha ce6s BHUMaHHEe HEOTHOPOHOCTh
TPYIIIBI JIUI] MOJIOJIOTO BO3pacTa, YTO IMPUBEIO K
TIOBTOPHOMW PaH/IOMU3AIUH, B Pe3yJIbTaTe KOTOPOU
ObUTH cPOPMHUPOBAHBI J[BE TTOATPYIIIBI: B OHON W3
HUX OKa3aJIuCh OOJIbHBIE TIPEUMYIIECTBEHHO C 3-H
CTEIEHBI0 CTUTMATH3AINH (MOJIOZbIE 1 — CPeTHUH
6asn 28.0 [27.0; 29.0]), B Ipyro#l — ¢ 1 U 2-1 cTemne-
HbIO (MOJIOZBIE 2 — cpemuuil 6aymt 8.0 [7.0; 13.0]).
OMHOBPEMEHHO YCTAaHOBJIEHO, YTO B IIOATPYIIIE
MOJIO/IbIE 2 ¢ OTHOCUTEJIPHO HU3KUM YPOBHEM CTHT-
MaTHU3aIuy JIOCTOBEPHO dYallle 10 CPABHEHUIO CO
BCEMHU JPYTUMU ToAarpynnamMu (p < 0.0001) BbIAB-
nsncst Hedpponros 11 u 111 crenenu u ipyrue aHoma-
JIUU TIOYEK, YeM OOBACHSIOCh HATMYHE Y JaHHOU
IpyIIbl OOJIBHBIX PAHHEN apTepUaTbHON TUIlepTeH-
3un (AT'). 9TO 0OCTOATENIHCTBO SABUJIOCH IIOBOJOM
JUIs OLIEHKU JIOTIOJTHUTEJIBHBIX COCYZUCTBIX (haKTO-
poB pucka. OueBUHBIM (PAKTOM SBUJIOCH TO, UTO B
MO/ITpyTIIIe MOJIOAbIE 1 HauboJiee YacThIMHU JIOTIOJI-
HUTEJIbHBIMH  COCYJUCTHIMU (aKTOpAaMH pHCKa
SIBJISUTUCH (pUBMUECKOe TTepeHanpsikenue (63.0 %) u
JUTUTETbHOE TICHXO3MOITMOHAJILHOE HAaIpsI?KeHNe
(31.5 %). DTO POJTHUT €€ C MOATPYIIION MOJIOZBIE 2:
p =0.8790; p = 0.9713. Ho B TO ke BpeMs ITOATPYIIILY
MOJIO/IbIE 2 OTJIWYAJIO OT IOATPYIIIBI MOJIOZABIE 1
BBICOKOE pacIpocTpaHeHue 3a00JieBaHUU CepAlla,
KypeHHe, SHIOKPHUHOIIATHHU, IIOBBIIIIEHHAs Macca
TeJIa U TUCTUITHIEMUH, YTO TPUOJIHIKAIIO €€ K ITOKa-
3aTeJIsIM CPeJTHEeH U cTapliell BO3PaCTHBIX TPYIIIL.

[TockoJsibKy y GOJBHBIX C IepeOpOBaCKYSAPHON
narosiorrer Booobime u rnocae CAK B 4aCTHOCTH coue-
TaHHe DMOIMOHATHHO-aP(PEKTUBHBIX, BEreTaTUB-
HBIX U JENIPECCUBHBIX HaAPYIIEHUH IPUBOJUT K
JIOTIOJTHUTEJIBHOMY ~ YCYTYOJIEHWIO  HapyIlIeHHH
MaMsATH, BHUMAaHUA, JUHAMUKHA TICUXUYECKUX TIPO-
[IECCOB, TTPAaBUJIbHAS M CBOEBPEMEHHAsI UX OIEHKA,
TOYHAs JJUATHOCTUKA U JIEUEHUE B3TUX PACCTPOUCTB
BQKHBI, B TOM YHCJIE U JIJISI IPEJOTBPAIIEHNS CHU-
JKEHUS KauecTBa JKU3HHU.

[Ipy mnpoBeneHUHM  HEUPOIICHUXOJOTUUECKOTO
TECTUPOBAHUs BO BCEeX OOCJIEJOBAaHHBIX TPYyIIIax

vascular risk factors. The obvious fact was that in the
young 1 subgroup the most frequent additional vascu-
lar risk factors were physical overstrain (63.0%) and
long-term psycho-emotional stress (31.5%). This
makes the 1st young subgroup related to the 2 sub-
group: p = 0.8790; p = 0.9713. But at the same time,
the young 2 subgroup was distinguished from the
young 1 subgroup by a high prevalence of heart dis-
ease, smoking, endocrinopathies, overweight and
dyslipidemia, which brought it closer to the indica-
tors of the middle-age and geriatric groups.

Since in patients with cerebrovascular pathology
in general and after SAH in particular, the combina-
tion of affective emotional, autonomic and depres-
sive disorders leads to an additional aggravation of
impairment of memory, attention, and dynamics of
mental processes, their correct and timely assess-
ment, accurate diagnosis and treatment of these dis-
orders are important, among other things, for pre-
venting the quality of life decline as well.

When performing neuropsychological testing,
varying in severity cognitive impairments were
detected in all examined groups. The need for testing
was due to the fact that the vast majority of patients
with SAH of all ages had low mood, anxiety, fear,
suspiciousness, memory loss, combined with
increased irritability, irascibility, difficult attention
shifting. All these manifestations have occurred in
various combinations and with varying degrees of
severity in different age groups, and partially masked
the severity of true cognitive decline.

To determine the level of true cognitive decline,
patients were presented with a battery of psychomet-
ric tests on days 19—21 post the disease onset
(Table 1), which made it possible to clarify the degree
of cognitive sphere impairment, also taking into
account the level of education.

An analysis of the level of education showed that
in the group of young people (both subgroups),
patients with secondary and higher education pre-
dominated — 53—-56.9%, which significantly distin-
guished it (p < 0.05) from the geriatric group (11—
23.4%). The middle-age group occupied an interme-
diate position (9—36.0%) and had no significant
differences (p > 0.05) from other examined groups.

In all examined age groups, indicators of mnestic,
neurodynamic and visual-spatial functions were
changed in comparison with age-related reference
range. A detailed analysis showed that mnestic func-
tions in the geriatric group reached the level of demen-
tia disorders (22.0 [21.0; 23.0]), which significantly
distinguished it from both subgroups of young patients
with indicators of 26.0 [22.0; 28.0] and 25.0 [23.0;
27.0], respectively (p < 0.001). This fact can be easily
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BBISIBJISUINICh KOTHUTHBHBIE HAPYIIIEHUS PA3HOU CTe-
[IeHU BBIpa’KeHHOCTU. HeoO6X0IMMOCTh IPOBEeIEHU S
TeCTUPOBaHUsA Obly1a 06yCIOBIEHA TEM, YTO V T0/A-
Bisoniero oospmuHerBa 60bHBIX CAK Bcex BO3-
pacToB oTMevaynuch MOHWKEHHOE HACTPOEHHE, Tpe-
BOTa, CTpax, MHUTEJIbHOCTD, OCTabJIeHe TaMATH B
COUYETAHUU C IMOBBIINIEHHOW Pa3fpakKUTETbHOCTHIO,
BCIIBUIBYMBOCTHIO, 3aTPYIHEHHEM IE€PEKIII0UaeMOo-
cTH. Bee 3TH IPOSIBJIEHHS BCTPEYATUCH B PA3TUYHOM
KOMOWHAITUN U C PA3JIMIHOH CTEIEHBIO BBIPAKEH-
HOCTU B Pa3HBIX BO3PACTHBIX I'PYMIIAX U YACTUYHO
MAaCKUPOBAJIN BBIPAYKEHHOCTh HCTHHHOTO KOTHH-
TUBHOTO CHUKEHUSI.

J17151 oTipesiesieHNsl YPOBHS UCTUHHOTO KOTHUTHUB-
HOTO CHHWKEHUs IMalueHTaM Ha 19—21-e CYyTKHA OT
Havasia pa3BUTH 60JIE3HU IPeIbABIIIIACh OaTapes
IICUXOMETPUYECKUX IIKAJ (TabJI. 1), YTO TO3BOJISLIIO
VTOYHUTh IVIyOMHY HapylIeHHH B KOTHUTHUBHOMU
cdepe, B TOM YHCIIE ¢ yYETOM YPOBHS 00pa30BaHUs.

Ananu3 ypoBHs 00pa3oBaHHUsA IOKa3aja, 4TO B
rpyIIie MOJIOZBIX (06eHX MOArpyIIax) npeobiaianu
MAIUEHTHl CO CPEJHUM CIEIUATbHBIM U BBICIINM
obpazoBaHUEM — 53—56.9 %, UTO JJOCTOBEPHO OTJIH-
yasio ee (p < 0.05) OT crapiieil BO3PACTHOHN IPYIIIIHI
(11—23.4 %). CpenHssi BO3pacTHas TpyIla 3aHU-
MaJia MPOMeKyTOUHOe (9—36.0 %) IOJIOKEeHNE U He
MMeJia IOCTOBEPHBIX OTIINYHH (p > 0.05) OT JPYyTUX
obcIeTyeMbIxX TPyYTIIL.

Bo Bcex 06ce0BaHHBIX BO3PACTHBIX TIPYIIIAX
ObLIM M3MEHEHBI IMOKa3aTeJI MHECTUYECKUX, HeH-
POAMHAMHUYECKUX U 3PUTEIHHO-IIPOCTPAHCTBEHHBIX
(pyHKIIU 110 CPAaBHEHUIO C BO3PACTHBIMI HOPMAaMHU.
JleTalIbHBIA aHAIU3 IOKA3aJl, YTO MHECTHYECKHe
(¢yHKIMH B cTaplieil BO3pacTHOH IpyIiie JOCTUTAIN
VPOBHS JIEMEHTHBIX pAaCCTPOUCTB (22.0 [21.0; 23.0]),
YTO JIOCTOBEPHO OTJIMYAJIO €€ OT 0OeUX IMOATPYIII
MOJIOZIBIX TAITMEHTOB C IOKa3aTeasaMHu 26.0 [22.0;
28.0]1 25.0[23.0; 27.0] coOTBETCTBEHHO (P < 0.001).
ITOT (BAKT JIETKO OOBACHUM pPA3HBIMHU HOPMATHB-
HBIMH TIOKA3aTeJISIMU JIJISI PA3JTMIHBIX BO3PACTHBIX
KaTeropuil 60sbHBIX. Ecyiu i1 crapimeir Bo3pact-
HOH TPYIIbIl UMeJIOCh 3aKOHOMEPHOE YCyTYOJIeHHe
KOTHUTHBHOTO ZIeUINTA B YCIOBUIX OCTPOTO COCY-
JIUCTOTO COOBITHUS, TO JJI MOJIOJIbIX IIAI[EHTOB KOT-
HUTHBHOE CHIDKEHUE CYIECTBEHHO BBIXOJMJIO 3a
paMKu BO3pacTHOU HOpMBI. IlokazaTenn HeHpoau-
HAMUYECKUX U  3PUTEJIbHO-IIPOCTPAHCTBEHHBIX
(DyHKIUI TaKKe JOCTUTATH YPOBHS JTOCTOBEPHBIX
omnuni (p < 0.001), IpUYEM BTO Kacajaoch He
TOJIBKO OTJIMYUU MEXK/y TPYIIIION MOJIOJIBIX U CTap-
el BO3pacTHOM TPYMIION, HO U GOJIHBIX CPETHETO
Bospacra (p < 0.05). [losyueHHBIE JaHHBIE CBUE-
TEJIbCTBOBAIM O TOM, YTO Y IOZABJISIONIETO 0OOJIb-
IIMHCTBA MAEHTOB UMEH MECTO YMEPEHHBIE KOT-

explained by different reference values for different
age group of patients. If for the geriatric group there
was a regular exacerbation of cognitive deficit in the
setting of an acute vascular event, then for young
patients the cognitive decline significantly went beyond
the reference range. Indicators of neurodynamic and
visual-spatial functions also reached the level of sig-
nificant differences (p < 0.001), and this concerned
not only the differences between the young and geriat-
ric groups, but also middle-aged patients (p < 0.05).
The data obtained indicated that the vast majority of
patients had moderate cognitive impairments, mild
and severe dementia. At the same time, it should be
noted that differences were also revealed between the
young 1 and young 2 subgroups: in the young 2 sub-
group, the signs of mnestic and visual-spatial disor-
ders only tended to be more pronounced (p > 0.05),
while the indicators of neurodynamic impairments
reached a significant level (p < 0.05), which was to
some extent explained by the adverse effect of the main
vascular risk factors (AH) in the young 2 subgroup.
When conducting a correlation analysis with an assess-
ment of the relationship between the severity of a cog-
nitive defect with age, severity of SAH, and the pres-
ence of major and additional risk factors, a direct cor-
relation was obtained ( = 0.628; p = 0.0001).

Due to the fact that cognitive impairments in
their manifestations are associated with emotional
and personality disorders, which could be aggra-
vated during an acute vascular event, it became nec-
essary to assess the level of state and trait anxiety. As
follows from Table 2, the level of state anxiety dif-
fered in severity in all the examined groups and was
explained by the reaction to the acute development
of the pathological process. Trait anxiety was signifi-
cantly higher in young people, and reached the level
of pronounced disorder. At the same time, the indi-
cators significantly differed (see Table 2) from those
in the middle-age and geriatric groups of patients.
Perhaps, this was due to uncertainty about the future
and required further observation.

The assessment of cognitive functions and the
level of anxiety suggests an obligatory study of the
level of depressive disorders (Table 3). When analyz-
ing the qualitative indicators of the severity of
depression, it was found that in the young 1 sub-
group, patients with no signs of depression or with a
mild degree of it prevailed, which in the aggregate
amounted to 91.2%, and practically did not differ
from the indicators of the young 2 subgroup — 81.8%.
At the same time, the indicators of the level of depres-
sion in the middle-age and geriatric groups for the
number of symptomatic patients, were 21.0% and
29.0%, respectively, which did not significantly dis-
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Ta6smua 1. /laHHble HEHPONCHUX0IOIMYECKOT0 TECTUPOBAHUSA 06C/IeJOBaHHBIX 60JIbHBIX B BO3PACTHBIX Ipynnax (6aJibl),

Me [25 %; 75 %]

Table 1. Data of neuropsychological testing of examined patients in different age groups (points), Me [25 %; 75 %]

CpepHsas
IMoka3aTenb Mouoapie 1 Mouioabie 2 :;;Ez(:ﬂaa
Indicator Young 1 Young 2 Middle-age

group

Crapmas
BO3pacTHasA
rpynna
Geriatric

group

Iokazameau muecmuueckux ynkyuli / Indicators of mnestic functions

[MamsaTe (MoCA-tect) / Memory (MoCA) 206.0 [22.0; 28.0] 25.0 [23.0; 27.0] 23.0[22.0; 24.0]

22.0 [21.0; 23.0]

Tect Bekcnepa (onepaTuBHas NaMsATh U KOHIEHT-
panusi) / Wechsler Test (immediate memory and
concentration):

noBTOpeHue Ludp Brepes
repeating of digits forward

noBTOpeHHe HUdp Ha3ax
repeating of digits backwards

TecT «3ayunBaHue natu ciaoBy» / Five-Words Test:

HeMe/[JIEHHOE BOCIIPOU3Be/IeHUE
immediate recall

oTcpoyeHHOe BocnpousBegeHue / delayed recall

8.0 [6.0; 8.0]

7.0 [4.0; 8.0]

5.0 [4.0; 6.0]

4.0 [3.0; 6.0]

7.0[6.0;8.0]  6.0[5.0;80]  5.0[2.0;8.0]

6.0 [4.0;9.0]  4.0[3.0;4.0]  3.0[2.0; 4.0]

40[4.0;50]  3.0[2.0;3.0]  2.0[2.0;3.0]

3.0[2.0;40]  2.0[1.0;3.0]  1.0[1.0;2.0]

Iokazamenu Hetipodunamuyeckux ynkyuil / Indicators of neurodynamic functions

JlutepanbHble acconuanuu / Literal associations

KaTeropuasnbHble acconpanuu
Categorical associations

TecT «3auepkuBaHue udpp»
Digit Cancellation Test:

KOJIMYECTBO IPAaBUJ/IbHO 3a4€PKHYTHIX LUPP
number of correctly cancelled

KOJIN4eCcTBO olM60K / number of errors

18.0 [15.0; 19.0] 16.0 [14.0; 18.0] 15.0 [13.0; 16.0]
19.0 [16.0; 20.0] 16.0 [14.0; 17.0] 14.0 [13.0; 16.0]

22.0 [20.0; 23.0] 21.0 [20.0; 23.0] 19.0 [16.0; 21.0]

2.0 [2.0; 3.0]

13.0 [12.0; 15.0]
13.0 [13.0; 14.0]

14.0 [14.0; 16.0]

3.0[2.0;50]  5.0[4.0;60]  8.0[6.0;10.0]

Ioxazameau 3pumesnvHo-npocmpaHcmeeHHbsix pyukyuil / Indicators of visual-spatial functions

MoCA
Tect «pucoBanue yacoB» / Clock Drawing Test

9.0 [7.0; 10.0]
9.0 [7.0; 10.0]

8.0 [7.0; 9.0]
8.0 [7.0; 9.0]

7.0 [6.0; 7.0]
7.0 [5.0; 8.0]

5.0 [4.0; 6.0]
6.0 [4.0; 7.0]

IpumMmeyaHnue.

N o t e . MoCA - Montreal Cognitive Assessment.

HUTHBHBIE, JIETKHE JeMEHTHble U BBIpaKEHHBIE
JleMeHTHbIe paccTpoiicTBa. I1pu sToM ciesyeT 3aMe-
THUTb, YTO MEKY MOJIrPYIIIIaMH MOJIO/IBIE 1 U MOJIO-
JIble 2 TaK’Ke BBIABJISJINCH PA3INYUA: B IIOATPYIIIE
MOJIOJIbIE 2 IOKa3aTe I MHECTUYECKUX U 3pUTEIBHO-
MIPOCTPAHCTBEHHBIX HAPYIIIEHUH MMETU TOJTbKO TEH-
JIeHIuio K 0oJiee BBIPAKEHHOMY IIPOSBJIEHUIO
(p > 0.05), B TO BpeM: KaK IIOKa3aTeIN HeHPOuHa-
MHYECKUX HApYIIEHUH JOCTUTAJIN JIOCTOBEPHOM
pasHULKI (p < 0.05), YTO B KAKOU-TO Mepe 00bsACHS-
JIOCh HeGJIaTONPUATHBIM BIIMSTHHEM OCHOBHBIX COCY-
IUcThIX (pakTopoB pucka (AI) B moarpymie MoJo-
nple 2. IIpu mpoBefieHUU KOPPEJIAIMOHHOTO aHa-
JIU3a ¢ OIeHKOM B3aMMOCBA3U BBIPAKEHHOCTH KOT-
HUTUBHOTO /iedeKTa ¢ Bo3pacToM, TsaxkecTbio CAK u
HQINYHEM OCHOBHBIX U JIOTIOJTHUTEJIBHBIX (AKTOPOB

MoCA - Montreal Cognitive Assessment (MoHpeaJsibcKas IIKaja OLeHKH KOTHUTUBHBIX QYHKIUH).

tinguish these groups from each other, but reached a
statistical difference compared to the young 1 and
young 2 subgroups. It should be noted that it was in
in the middle-age and geriatric groups, that patients
with moderate and severe depression prevailed
(79.0% and 71.0%, respectively) versus 8.8% and
18.2% in the young 1 and young 2 subgroups.
Qualitative indicators (HAM-D scores) corre-
sponded to quantitative ones by significance.
Increased total score of depression in the groups of
young patients related to the questions “Work and
activities,” as well as “Psychological anxiety,” which
entailed uncertainty about the future, and retaining
one’s job, etc. In the groups of patients of middle age
and older age, the most pronounced changes were
noted in the questions “Depression, hopelessness,
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pHCKa ToJIyuyeHa MpsMasi KOPPeJISIIUOHHAS 3aBUCH-
MocTh (1 = 0.628; p = 0.0001).

B cBsi3u ¢ TeM, UTO KOTHUTHBHBIE HAPYIIEHUs B
CBOUX IIPOSIBJIEHUSX CONPSIKEHBI ¢ SMOIMOHAIBHO-
JIMYHOCTHBIMU PACCTPONCTBAMU, KOTOpPHIE MOTJIH
yCyTyOJIAThCA B YCJIOBHSAX OCTPOTO COCYAHCTOTO
cOOBITHS, BO3HUKJIA HEOOXOJUMOCTh B OIl€HKE
VPOBHSI PEaKTUBHON U JIMYHOCTHOHN TPEBOKHOCTH.

Kak cienyer u3 tabi. 2, ypOBeHb PEaKTUBHOU
TPEBOXKHOCTH OTJIMYAJICS BBIPAXKEHHOCTHIO BO BCEX
00cJIe/TOBAaHHBIX TPyMIax U OOBICHSJICA peakIueHr
Ha OCTpPOe Pa3BHUTHE ITaTOJIOTHYECKOTO IIpOIlecca.
JIMYHOCTHAs TPEBOKHOCTH ObLIA IOCTOBEPHO BBIIIIE
U JIOCTUTAJIA YPOBHSA BBIPAKEHHOU Y JIUI[ MOJIOJIOTO
Bo3pacra. [Ipu 3TOM nokasaTesm JOCTOBEPHO OTJIH-
yaynuch (cM. TabJI. 2) OT TAKOBBIX B IPYIIIaX MaI[deH-
TOB CPEZIHETO U CTapIIero Bo3pacra. Bo3amoxkHo, 3T0
OBLIO CBABAHO C HEYBEPEHHOCTHIO B 3aBTpAITHEM
JTHE U TpeOOBAJIO JTaJIbHEHIIIEro HaOTI0IeHUA.

OrneHKa KOTHUTHUBHBIX (PYHKIIUA U YPOBHS Tpe-
BOXKHOCTH TIpEIoaraeT OOJINTaTHOE HCCIeI0Ba-
HUE YPOBHS JIETIPECCUBHBIX pacCTPOUCTB (Tabs. 3).
[Tpu ananm3e KaYeCTBEHHBIX [TOKA3aTeJIel CTEleHN
BBIPYKEHHOCTH JIEIPECCUH OBIJIO YCTAHOBJIEHO, UTO
B HO/TPYIIIIE MOJIOZbIE 1 MPeobJia/iau MaIUeHThl ¢
OTCYTCTBUEM ITPU3HAKOB IEIIPECCUU HUJIH C JIETKOH ee
CTENIEHBIO, KOTOPblE B COBOKYIHOCTH COCTaBHJIN
91.2 %, UTO MPAKTUYECKU HE OTJIMYAJIOCH OT IIOKa3a-
TeJIeH MoArpymIbl Mososble 2 — 81.8 %. IIpu sTom
IOKa3aTeJIn YPOBHSA JIENIPECCUU B CPeTHEN U CTap-
el BO3PACTHBIX TPYIINAX 10 KOJUYECTBY IMAIHEH-
TOB COCTAaBIJIU 21.0 U 29.0 % COOTBETCTBEHHO, UTO
JIOCTOBEPHO HE OTJIMYAJIO STH IPYIIIBI MEXKY COOOH,
HO JTOCTUTAJIO CTATUCTUYECKOHN PA3HHUIIBI IO CPABHE-
HUIO C IOATPYNIIIAMU MOJIOZBIE 1 1 MosIozbIe 2. Crie-
JlyeT OTMETUTh, YTO UMEHHO B CPEJTHEH M cTapIien
BO3PACTHBIX TPyIIaxX Ipeo0safav TalieHThl CO
cpefHEN U TSKEJIOW CTENEeHbI0 jienpeccuu (79.0 U
71.0 % cOOTBeTCTBEHHO) ITpOTUB 8.8 1 18.2 % B 1O~
rpymmax MOJIOZbIE 1 M MOJIOJIBIE 2.

helplessness, uselessness,” “Feelings of guilt,” and
“Somatic anxiety.”

To assess the autonomic nervous system state (the
predominance of sympathetic or parasympathetic
influence), at baseline the patients were evaluated
according to the Vein’s Questionnaire of Autonomic
Disorders (1998) modified by V.L. Golubev (2010).
When interpreting the data of the questionnaire filled
out by patients, it turned out that the average score in
the young 1 subgroup was 49.0 [44.0; 53.0], and in
the young 2 subgroup — 31.0 [27.0; 35.0], which sig-
nificantly distinguished these groups from each other
(p = 0.006). Another situation was observed in the
middle-age and geriatric groups. Thus, the average
score in the group of middle-aged patients was 14.0
[12.0; 18.0], in the geriatric group — 15.0 [13.0; 16.0],
which did not statistically distinguish one group from
another. On the other hand, a significant statistical
difference (p < 0.0001) was found between the group
of young patients and the geriatric group both in gen-
eral and by subgroups (Table 4).

This revealed pattern was confirmed in the analy-
sis of the second part of the questionnaire filled out
by a doctor (see Table 4). Thus, in the young 1 sub-
group, the average score was 73.0 [68.0; 75.0], which
significantly differed from the young 2 subgroup —
57.0 [53.0; 59.0] (p = 0.0023). In the group of mid-
dle-aged patients, the average score was 27.0 [24.0;
31.0], which did not differ significantly from the
value of the geriatric group — 24.0 [22.0; 27.0]
(p = 0.6066). A more strong significance of the dif-
ference in the mean values, both when filled out by a
patient and a doctor, was obtained by comparing the
young 1 subgroup and the middle-age group
(p < 0.0001), as well as the young 1 subgroup and the
geriatric group (p < 0.0001), while the significance of
the difference between these indicators between the
young 2 subgroup and the middle-age and geriatric
groups was p < 0.0010. In addition, a direct correla-
tion was found between the scores obtained when

Ta6una 2. [lokazaTesn peakTUBHON U INYHOCTHOW TPEBOXKHOCTH y 60JIbHBIX Nocsie nepeHeceHHoro CAK (6asbi),

Me [25 %; 75 %]

Table 2. Indicators of state and trait anxiety in patients after subarachnoid hemorrhage (points), Me [25%; 75%]

Cpeanuii CTtapmmuit o
Mosiogbeie 1 MoJsogbie 2 P MeXAYy KIMHUYeCKHMH rpynnamMu (kpurepuii HplomeHa -
BO3pacT BO3pacT -
T Young 1 Young 2 . Keiinca)
PEBOMHOCTL (n=68) (n=11) IGUIGRES WL ETERE p between clinical groups (Newman-Keuls test)
Anxiety (n=19) (n=31)
1 2 3 4 1-2 1-3 1-4 2-3 2-4 3-4
PeakTuBHas 55.0 49.0 44.0 43.0 0.0006  <0.0001 <0.0001 0.0007 <0.0001 0.3879
State [52.0;58.0]  [44.0;50.0] [42.0;46.0] [41.0;46.0]
JlnyHocTtHas ~ 47.0 45.0 34.0 32.0 0.0023  <0.0001 <0.0001 <0.0010 <0.0010 0.6066
Trait [45.0;48.0]  [42.0;46.0] [33.0;35.0] [30.0;35.0]
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Ta6/mmua 3. AHa/IM3 KaueCTBEHHbIX U KOJIMYeCTBEHHBIX I0Ka3aTe el JeNpecCUBHBIX PACCTPONCTB GOJIBHBIX IOCIIE
nepeHeceHHOro CAK B Bo3pacTHbIX rpymnmnax (mkana laMunbToHa), aée. (%)
Table 3. The analysis of qualitative and quantitative indicators of depressive disorders in patients after subarachnoid

hemorrhage in age groups (HAM-D), abs. (%)

D MeXAy KINHNYeCKMMH rpynnamMu (TOYHbINH KpUTEpPUit

Monogsie 1 Monogsie 2 CpeHuii Crapmmuii dumepa c TIONPaBKOH Bonq)epponn,v Asss HAM-D
Young 1 Young 2 BO3pacT BO3pacTt (6anbl) - KpuTepHii Hblome.na - Keiisica) )
Iokasartenn (n= 68) (n=11) Middle age Olderage p between clinical groups (Fisher’s exact test with
Indicator - - (n=19) (n=31) Bonferroni’s correction, for HAM-D (points) - Newman-
Keuls test)
1 2 3 4 1=2 1-3 1-4 2-3 2-4 3-4
Hopma 27 (39.7) 2(18.2) 2(10.5) 1(3.2) 0.0006 <0.0001 <0.0001 0.0007 <0.0001 0.0007
No depression
Jlerkas crenenp 35 (51.5) 7 (63.6) 2(10.5) 8(25.8) 0.8320 <0.0001 0.0007 <0.0001 0.0006 0.0043
Mild depression
Cpennsisi crenedb 5 (7.3) 1(9.1) 12 (63.2) 18 (58.1) 0.7854 <0.0001 <0.0001 <0.0001 <0.0001 0.6066
Moderate
depression
Tsokenast crenenb 1 (1.5) 1(9.1) 3(15.8) 4(12.9) <0.0001 <0.0001 <0.0001 0.0047 0.0871 0.2064
Severe depression
HAM-D 9.0 10.0 15.0 18.0 0.8989 0.0429 0.0328 0.0431 0.0452 0.7214
(6asnel / points),  [6.0; 14.0] [7.0; 14.0] [15.0; 15.0]  [15.0; 20.0]

Me [25%; 75%)]

[IpumevyaHnue.
N o t e . HAM-D - Hamilton Depression Rating Scale.

KauecrBennsnle nokasarenu (6ayuier HAM-D) mo
VPOBHIO JIOCTOBEPHOCTH COOTBETCTBOBAIU KOJIMYE-
CTBEHHBIM. [IOBBINIEHHBIE TIOKA3aTEJH YPOBHS
JIEIIPECCHH B TPYIIIAX MOJIOABIX HAI[HEHTOB KACAJIICh
pPYOpUK «paboOTOCIOCOOHOCTh U JESATENHHOCTb», a
TaKKe «IICUXUYecKas TPEBOTa», YTO BJIEKJIO 3a COOOH
HEYBEPEHHOCTh B 3aBTPAIIHEM JHE, COXPAaHEHHH
pabouero mMecra u T.[. B rpymnmax maiuaeHTOB CpPeJI-
HEro W CTapIllero Bo3pacra Haubosiee BhIpAKEHHBIE
M3MEHEHUs] OTMEUaINCh B PyOpHKax «II0/[aBJIE€H-
HOCTb, 0€3HAJIEKHOCTb, OECIIOMOIIHOCTh, HEHYX-
HOCTB», «4yBCTBO BUHBI» U «COMaTHYECKAs TPEBOTa».

JIs OLleHKHW BereTaTUBHOTO obecnevyeHwus (Ipe-
obJiaflaHre CUMIIATHYECKOTO WJINM IapacuMIilaThHye-
CKOTO BJIUSIHUS ) IEPBOHAYAIHLHO OOJIbHBIE OIIEHUBA-
JIUCH TIO IIIKaJIe BEreTaTUBHBIX peakuii A.M. Beiina
(1998) B Mmoguduxaruu B.JI. T'oxy6esa (2010). ITpu
WHTEPIPETAIMN JIAHHBIX OIPOCHUKA, 3aIOJIHsIe-
MOTO MalfeHTaMH, OKa3aJI0Ch, YTO CPETHUI OalT B
MTOZTPYTIIIE MOJIOJIBIE 1 COCTABUII 49.0 [44.0; 53.0], a
B MOATPYIIle MOJO/Able 2 — 31.0 [27.0; 35.0], 4TO
JTOCTOBEPHO OTJIMYAJIO STHU TPYIIBI APYT OT ApyTra
(p = 0.006). JIpyras cutyariusi HabJII0a7IaCh B TPYTI-
Max IAaIUeHTOB CpeIHENW W CTapiled BO3PACTHBIX
rpynm. Tak, cpegHuil 6as1 B TpyIIle MaIlUEHTOB
CpefHEro Bo3pacTa cocTaBwia 14.0 [12.0; 18.0], B
TPYIIIIe cTapIiero Bospacra — 15.0 [13.0; 16.0], 4TO
CTATHCTUYECKH HE OTJIMYAJIO OAHY TPYIIY OT JPy-
roii. 3aTo OpLTa OOHAPY’KEeHa CylllecTBeHHasl CTaTH-
cTryeckas pazHuna (p < 0.0001) MeXIy TPYIIIoi

HAM-D - Hamilton Depression Rating Scale (ukasa l'amMmunbToHa).

filling out the questionnaire by a patient and a doctor
(r=0.87; p = 0.0035).

The results obtained indicate that disorders of
autonomic regulation are relevant for young people,
and their severity directly depends on the level of
stigmatization (see Table 4). The obtained data can-
not be compared with similar ones, since no source
was found in the available literature that would
reflect the mental and autonomic nervous system
state in patients with SAH, which is most likely due
to the study of the neurosurgical aspect of the prob-
lem primarily.

Another essential manifestation is organic symp-
tomatic fatigue, which largely determines the course
of the pathological process, affecting performance,
anxiety levels and social adaptation. Due to the fact
that in patients with SAH, there are contraindica-
tions for assessing physical fatigue and activity level
according to the MFI-20, thus, only general and
mental fatigue were assessed according to the rec-
ommendations.

In all examined subgroups, an increase in the
level of general and mental fatigue was noted:
young 1 — 17.0 [13.0; 18.0] and 18.0 [14.0; 21.0]
points; young 2 — 17.0 [14.0; 19.0] and 18.0 [15.0;
20.0] points; the middle-age group — 18.0 [15.0;
19.0] and 18.0 [14.0; 20.0] points; geriatric group —
18.0 [14.0; 19.0] and 19.0 [17.0; 22.0] points, respec-
tively. It is obvious that the level of both general and
mental fatigue in all subgroups was approximately
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Ta6smmua 4. OLeHKa BereTaTUBHON JUCOYHKIHMH B Pa3HbIX BO3PACTHBIX IPYIIaX ¥ 60JbHbIX 0C/IE IepeHeCEHHOT0
cy6apaxHOUJAJbHOTO KPOBOU3JIUSAHUS B 3aBUCMMOCTHU OT YPOBHS cTUrMaTu3anuu (6assl), Me [25 %; 75 %]
Table 4. Assessment of autonomic dysfunction in different age groups in patients after subarachnoid hemorrhage depending

on the level of stigmatization (points), Me [25%; 75%]

MoJiogbeie 1  MoJsoabie 2 Gurzp i BEToriit] P MeXAY KIMHUYeCKHMH rpynnamMi (KpuTepun
BO3pacT BO3pacT =

Young 1 Young 2 . HelomaHa - Keitica)
SR (n=68) (n=11) Sillearre - QliErEss p between clinical groups (Newman-Keuls test)
Indicator (n=19) (n=31) g

1 2 3 4 1-2 1-3 1-4 2-3 2-4 3-4
3anoyiHeHO 49.0 31.0 [27.0; 14.0 15.0 0.0006 <0.0001 <0.0001 0.0007 <0.0001 0.3879
MaueHTOM [44.0; 53.0] 35.0] [12.0; 18.0] [13.0; 16.0]
Filled out by a
patient
3anoyiHeHO 73.0 57.0 27.0 24.0 0.0023 <0.0001 <0.0001 <0.0010 <0.0010 0.6066
BpauoM [68.0; 75.0] [53.0;59.0] [24.0; 31.0] [22.0; 27.0]
Filled out by a
doctor
YpoBeHb 28.0 8.0 18.0 7.0 <0.0001 <0.0001 <0.0001 0.0001 0.7677 <0.0001
crurmMarusanuu  [27.0;29.0]  [7.0; 10.0] [17.0; 21.0] [6.0; 9.0]

Stigmatization
level

MaIeHTOB MOJIOZIOTO BO3PACTa U CTapIllei BO3PACT-
HOU TPYNIIOHN U B II€JIOM U IO IToATpyHnam (tabJ. 4).
ObHapy:keHHass 3aKOHOMEPHOCTh HAaIlJIa CBOE
MTOAITBEPIK/IEHNE TIPH aHAIN3€e BTOPOM YacTH OIpOo-
CHUKa, 3aII0JITHEHHOU BpauoM (cMm. Tabi. 4). Tak, B
IIO/ITPYTIIIE MOJIOJIbIE 1 CPEHUI 6T COCTaBUII 73.0
[68.0; 75.0], uTO cyIIECTBEHHO OTIUYAIOCH OT IIO/I-
TPYIIIIBI MOJIOZBIE 2 — 57.0 [53.0; 59.0] (p = 0.0023).
B rpymme OOJIBHBIX CpETHETO BO3pacTa CpeIHUU
6asiT cocTaBUI 27.0 [24.0; 31.0], UTO CyIIeCTBEHHO
He OTJINYAJIOCh OT ITOKAa3aTesIs CTapIlell BO3PaCTHON
TPYIIIBI — 24.0 [22.0; 27.0] (p = 0.6066). Bosee y6e-
JIUTETbHAS IOCTOBEPHOCTh PA3HUIIBI CPETHUX BEJIH-
YMH, KaK MPY 3alI0JTHEHWH MAIUEHTOM, TaK U Bpa-
yoM, ObLIa TIOJIyYeHa MPU CPABHEHUM IOZATPYIIIHI
MOJIOZABIE 1 © TPYNIbl CPEIHEro Bo3pacTa
(p < 0.0001), a Tak)ke TOATPYIIIBI MOJIOJIbIE 1 U
cTapIield BO3pAcTHOU Tpynmbl (p < 0.0001), B TO
BpeMsI KaK JIOCTOBEPHOCTh PA3HUIIBI HTHX ITOKA3aTe-
JIefl MeJly MOATPYNIION MOJIOZble 2 U cpefHed U
cTapiieid  BO3pPACTHOM  TPYIIIOW  COCTaBJsIa
P < 0.0010. Kpome ToTrO, BBIsIBJIEHA TIPsIMAasi KOppe-
JISITUOHHAS 3aBUCUMOCTh MEJKY IOKAa3aTesIsIMH B
basutax, MOJMYYEHHBIMU IIPU 3AIMOJHEHUU OIIPO-
cHUKa 00JIbHBIM U BpauoM (1 = 0.87; p = 0.0035).
[TonyueHHBIE PEBYJIBTATHI CBHUETEIHCTBYIOT O
TOM, YTO BEreTaTHUBHBIE PACCTPOHCTBA SIBJIAIOTCS
aKTyaJIbHBIMH JIJIS1 JTUIT MOJIOZIOTO BO3PACTa, IPUIEM
WX BBIPAKEHHOCTh HAMPSIMYIO 3aBHUCUT OT YPOBHS
crurmarusanuu (cM. Tabut. 4). [TonyueHHbIE JaHHBIE
He TMIPE/ICTABIISIETCS BO3MOKHBIM CPAaBHUTD C aHAJIO-
TUYHBIMH, ITOCKOJIbKY B JIOCTYITHOU JIUTEpPAType He
OBLIO OOHAPYKEHO HU OJTHOTO MCTOYHHKA, B KOTO-
poM OBbI OTparkajicsi IICUXOBETeTaTHUBHBIM CTATyC Y

the same (p > 0.05). Thus, the fact that all examined
patients had organic symptomatic fatigue in the
acute phase of SAH was confirmed.

Since emotional and volitional, cognitive, anxiety
and depressive disorders, and fatigue have a signifi-
cant impact on functioning and communication with
the external environment, it is customary to take
them into consideration in the integral assessment of
quality of life. In this study, the Nottingham Health
Profile was used to assess quality of life indicators,
the first part of which showed the impact of a disease
on the parameters of patient’s daily life, the second —
self-assessment of the impact of the state of health
on daily life. In all age groups in Part I of the Notting-
ham Health Profile, unidirectional changes were
detected, which mainly concerned indicators of the
energy level, physical activity and emotional reac-
tions. At the same time, there was no significant dif-
ference in indicators between the groups. Pain in
young people was manifested in a significantly lesser
degree (p < 0.001) than in middle-aged and geriatric
patients. Sleep disturbances were also more pro-
nounced in the middle-age and geriatric groups with
an even greater degree of significance (p < 0.0001).
Social isolation in all groups practically did not suf-
fer, which was explained by the timing of testing
(19—21 days). For the same reason (days 19—21), the
parameters of Part II of the Nottingham Health Pro-
file were not evaluated. Re-testing was carried out
during the study of catamnesis after 5—7 months
only in a part of patients (absence from check-up,
change of residence, refusal, the reason was not
established). At the same time, it was found that in
the elderly, according to all subscales of Part I of the
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6ospHBIX ¢ CAK, uTO, BeposATHEE BCETO, OOBACHSIETCS
U3ydYeHUEeM MpPeXJe BCEro HEWPOXUPYPTUUYECKOTO
acmekTa mpobJIeMbl.

JpyruM OOJHUTaTHBIM IIPOSIBJIEHUEM  SBJISETCS
OpraHuyvecKas CUMIITOMATUYeCKas acTE€HUs, YTO BO
MHOI'OM OIIpeJiesiseT TeueHue IaTOIOTHYecKOTo Ipo-
mecca, BIUsAsA Ha paboTOCIOCOOHOCTH, YPOBEHD Tpe-
BOTH U COITUAJILHYIO JIalITAlNIO. B CBA3M ¢ TeM, UTO ¥
60pHBIX ¢ CAK MMeIoTCSI MTPOTHBOIOKA3AHUS JIJIsS
OIIeHKU (pMBUYECKOH acTeHUU U YPOBHA aKTUBHOCTH
mo ompocHuky MFI-20, coryiacHO peKoMeHaaIlusAM
OIIEHUBAJIHICh TOJILKO O0IIAst ¥ IICUXUYeCKast aCTEHH.

Bo Bcex ob6creyeMbIX MOATPYIIIAX OTMEYAIOCh
MOBBIIIIEHNE YPOBHsS OOIEH U TCUXMYECKOU acTe-
HUK: MoJjoAble 1 — 17.0 [13.0; 18.0] u 18.0 [14.0;
21.0] 6asa; Mmosoapie 2 — 17.0 [14.0; 19.0] u 18.0
[15.0; 20.0] 6asta; cpemHsass Bo3pacTHAs TpyImna —
18.0 [15.0; 19.0] u 18.0 [14.0; 20.0] 6ay1a; crapiias
Bo3pacTtHasd rpymmna — 18.0 [14.0; 19.0] u 19.0 [17.0;
22.0] 6ay1a cooTBeTCTBEHHO. OUEBUHBIM ABJIAETCS
TOT (PaKT, YTO YPOBEHb U OOIIEN, U MCUXUUECKOH
acTeHUHU BO BcexX IOJIpyNax ObLT IpUOIN3UTEIbHO
onuHakoB (p > 0.05). Takum 06pazom, MOTYIHIT
MIOATBepKAeHNEe (PAKT HAIMUNSA Y BCeX 00CIeI0BaH-
HBIX OOJIBHBIX OPTaHUYECKOW CHUMIITOMATHUYECKOH
acreHuu B octpoit ctaguu CAK.

[ToCKOJIBKY 9MOIIOHATFHO-BOJIEBIE, KOTHUTHB-
HBle, TPEBOXKHO-JIETIPECCHBHBIE U aCTEHUUYeCKHe
paccTpoiicTBa OKa3bIBAIOT CYIIECTBEHHOE BJIUSHHUE
Ha QYHKIIMOHNPOBAHME U CBSI3b C BHEITHEHN CPEIOH,
IIPUHATO YUUTHIBATh UX [IPU UHTETPAJIBHON OIlEHKE
KauyecTBa KU3HU. B HacToAIEM HCCIeIOBAaHUH I
OIleHKM IIOKa3aTesiel KadecTBa >KU3HU HCIOJIb30-
Basicsa HoTTuHreMcKu MpoduIb 3/10POBbs, IIEPBast
YacTh KOTOPOTO MOKAa3bIBAeT BIUSAHUE OOJIE3HH Ha
IapaMeTpsl MOBCEAHEBHOU JKU3HU IAIIUEHTa, BTO-
pas — caMOOIIEHKY BJIMSHUS COCTOSHUS 37[0POBbS
Ha TIOBCETHEBHYIO JKU3HBb. Bo Bcex 00C/IeI0BaHHBIX
BO3pacTHBIX rpynmnax B I wactu HorrmHremckoro
podwIsa 3/0POBbsS BBIABJIJINCH OJHOHAIIPABJIEH-
Hble MU3MEHEHUs, KOTOPble KAacaJCh B OCHOBHOM
IoKaszareyiel SHepru4yHocTH, (GU3NYECKOH aKTHB-
HOCTH U SMOIIMOHAJIBHBIX peaknuil. [Ipu sTOM
JIOCTOBEPHOH pa3HUIIBI TTOKa3aTeJIed MeXAy IpyI-
[IaMU He OTPe/IesIsIoch. BosieBbIe OIIyIeHuUs Y JIHI]
MOJIOJIOTO BO3pacTa IPOSBJISUIUCH B JIOCTOBEPHO
MEHBbIIIeH cTeleHN BBIPAKEHHOCTH (P < 0.001), UeM
y JIMI[ CpeHero U crapliero Bo3pacra. Paccrpoii-
CTBO CHA TaK’Ke ObLIO OOJIBIIIE BHIPAIKEHO B CPEHEH
U CTapIledl BO3PACTHBIX TPYIIAX ¢ elle OOoJbIne
CTENeHbI0 0cTOBEPHOCTH (p < 0.0001). Conmans-
Hasl U30JIANUA BO BCEX TPYIIAX MPAKTUYECKU HE
CTpaziayia, uTo OOBACHIIOCh CPOKAMU MPOBEIEHUS
TecTupoBaHusa (19—21-e cytku). Ilo 3TOH Ke MpH-

Nottingham Health Profile, there was a slight posi-
tive trend, which determined the same level of qual-
ity of life. In young people in both subgroups, all
indicators significantly changed for the better, but
did not reach reference values, and therefore an
additional control group was made, consisting of
people of comparable age and level of stigmatization
in undifferentiated connective tissue disease, but
without SAH. The analysis of the results showed that
even in the late follow-up period (after 5—7 months),
for all subscales of Part I of the Nottingham Health
Profile, the indicators showed a significantly subst-
santial decrease in the quality of life of patients with
SAH, which was confirmed by the results of Part IT of
the Nottingham Health Profile, and was accompa-
nied by a deterioration in professional activity,
housekeeping, relationships with loved ones, etc.

CONCLUSION

The whole complex of revealed disorders was pre-
sented in all age groups, but had different prevalence
and degree of manifestations and, ultimately, deter-
mined the quality of life of patients. It should be
noted that a comprehensive assessment of clinical,
mental and autonomic, emotional and volitional,
cognitive disorders and fatigue, followed by a study
of the quality of life in patients of different age who
had suffered SAH, judging by the literature sources,
has not been carried out previously.

The decrease in quality of life because of subarach-
noid hemorrhage in young people depended on the
level of stigmatization, and was determined by the
severity of mental and autonomic disorders (young 1
group — 73.0 [68.0; 75.0] points; young 2 group —
57.0 [53.0; 59.0] points; p = 0.0023), symptomatic
general fatigue (17.0 [13.0; 18.0] and 13.0 [11.0; 15.0]
points, respectively, p = 0.0031), symptomatic men-
tal fatigue (18.0 [15.0; 20.0] and 13.0 [11.0; 14.0]
points, respectively, p = 0.0001), state anxiety (55.0
[48.0; 58.0] and 49.0 [44.0; 50.0] points, respec-
tively, p = 0.0006) and trait anxiety (47.0 [45.0; 48.0]
and 45.0 [42.0; 46.0] points, respectively,
p = 0.0023), depressive disorders (9.0 [6.0; 14.0] and
10.0 [7.0; 14.0] points, respectively, p = 0.8989), cog-
nitive impairments, equivalent in both groups.

Thus, it is the integral assessment of the quality of
life that is the fundamental vector in the prospective
follow-up of the examined group of patients, and,
despite the absence of focal neurological symptoms
in most patients, there is a need to include them in
rehabilitation programs.
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yrHe (19—21-e CyTKH) OlleHKa mapaMetpos 11 wactu
Horruaremckoro npoduiist 340pOBbs HE MPOBOJU-
snack. IIoBTOpHOE TecTMpoBaHUE OBLIO MPOBEAEHO
IIpU U3y4YeHUU KaTaMHe3a uepe3 5—7 MeC TOJIbKO Y
YaCcTH MaIlMeHTOB (HesBKa HA OCMOTP, CMEHA MeCcTa
JKUTEJIbCTBA, OTKAa3, MpUUYMHA HE YCTAaHOBJIEHA).
[Ipu 5TOM OBUIO BBHISBJIEHO, YTO Y JIUIL ITOKUJIOTO
BOo3pacra 1o BceM cybmrkanam I wactu Hortuarem-
ckoro npoduisd 340pOBbs HaMeTHJIach He3HAauU-
TeJbHas MOJIOXKUTEJIbHASA JUHAMUKA, YTO OIIpeie-
JISJIO TOT K€ YPOBEHDb KAUECTBA KU3HU. Y JIUI] MOJIO-
JIOTO BO3pacTa B 00erX MOATPYIIIIaxX BCe MOKA3aTeTH
JIOCTOBEPHO M3MEHWJINCH B JIYUIIIYIO CTOPOHY, HO He
JIOCTUTJI HOPMAaJIbHBIX 3HAUEHHUU, B CBA3U C YEM
ObUTa CcO3/laHA IOMOJTHUTEIbHAS KOHTPOJIbHAS
TpYIIa, COCTOAINAs U3 JIUI[ COMOCTAaBUMOIO BO3-
pacra 1 ypoBHs CTUTMATU3AIUU B YCIOBUAX HeAU -
¢epeHIMPOBAaHHON JIUCIJIA3UHM COETUHUTETHLHOU
TKaHu, HO 6e3 CAK. AHa/u3 pe3ysIbTaToB MOKa3all,
YTO Jlaske B OTCPOUYEHHBIH mepuoy (uepes 5—7 mMec)
o BceM cybmkanam I yactu HoTTuHTEMCKOTO IIpO-
¢uns 3/10poBbA MOKa3aTead JOCTOBEPHO YKa3bI-
BaJIM HA CYIIECTBEHHOE CHIKEHNE KauyecTBA KU3HU
nanueHToB, nepeHeciinx CAK, 4yTo moaTBep:kaa-
soch pesysabratami II vactu HoTTUHreMCKOro mnpo-
¢usis 3M0pOBHS U COMPOBONKJIAIOCH YXyJIIIEHUEM
mpodeCcCHOHAIBHON  JIeSITEJTbHOCTH, Be/IEHUS
JIOMAIIlHEr0 XO3AMCTBA, OTHOIIEHHH C OJM3KUMU
JIIOABMH | T.T.

3AK/IIOYEHUE

Bechb KOMIUIEKC BBISABJIEHHBIX HAPYIIEHHH OBLI
IIPE/ICTABJIEH BO BCEX BO3PACTHBIX IPYIIIIAX, HO UMeJl
Pa3JIMYHYI0 PACIPOCTPAHEHHOCTH U TIIyOUHY ITPOSIB-
JIECHW# U, B KOHEYHOM CYeTe, OIPEEIsii YPOBEHb
KauecTBa KU3HHU ManueHToB. CielyeT OTMETHTD,
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HOTO c0 3/10poBbeM // KauecTBeHHasI KJIMH. PAKTHKA.
2010;1:36-38.

2. I'yce E.W., Uykanoa E.U., UykanoB A.C. XpoHu-
yeckas 1epe6poBacKy/IsApHas HEIOCTaTOYHOCTh. M.,
2018. 189 c.

3. Knumona JI.A. OcoOGEHHOCTH TEUYeHHs XPOHHUECKOH
1epebpasIbHOM UIIEMHUH B CTAPIIIHUX BO3PACTHBIX TPYII-
Iax B JHHAMHUKE BOCCTAHOBUTEJIBHOU TEPATIUU B YCJIO-
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Tpa: aBroped. AKC. ... KaH/. MeJl. HayK. HoBoCUOHUPCK,
2009. 26 c.
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YTO KOMILJIEKCHAsI OIleHKAa KJIMHHYECKHUX, IICHXOBe-
TeTaTUBHBIX, aCTEHUYECKHUX, SMOITHOHATIHHO-
BOJIEBBIX, KOTHUTHUBHBIX HAPYIIEHUH C IOCIEAYIO-
UM HCCJIEJTOBAHUEM KauyecTBA KU3HHU y OOJIBHBIX
pasHoro Bo3pacrta, nepenecmux CAK, cyzis mo smre-
paTypHBIM UCTOUYHHKAM, PaHee He ITPOBOIUIACS.

CHMXKeHUEe KaJyecTBa JKU3HU B Pe3yJIbTare Iepe-
HECEHHOTO Cy0apaxHOUAAIBHOTO KPOBOUBIUIHUSA Y
JIUI] MOJIOJTIOTO BO3pAacTa 3aBUCEJIO0 OT YPOBHS CTHTI-
MAaTHU3aIUU U OIPEJIEISIIIOCh BRIPAKEHHOCTHIO TICH-
XOBETreTaTUBHBIX HapylieHuii (Mosoabie 1 — 73.0
[68.0; 75.0] 6amna; mooabie 2 — 57.0 [53.0; 59.0]
bayuta; p = 0.0023), CUMITOMATHYECKOH OOIIeH
acreruu (17.0 [13.0; 18.0] u 13.0 [11.0; 15.0] 6asna
COOTBETCTBEHHO, p = 0/0031), CHMITOMAaTUYECKOH
ncuxuyeckor acrenuu (18.0 [15.0; 20.0] u 13.0
[11.0; 14.0] Gamna COOTBETCTBEHHO, p = 0.0001),
PeaKTUBHOH TpeBOKHOCTH (55.0 [48.0; 58.0] 1 49.0
[44.0; 50.0] 6anna cCOOTBETCTBEHHO, p = 0.0006) U
JIMYHOCTHOH TpeBOKHOCTH (47.0 [45.0; 48.0] 1 45.0
[42.0; 46.0] 6ayta COOTBETCTBEHHO, p = 0.0023),
JIETIPECCUBHBIX PacCTpPOUCTB (9.0 [6.0; 14.0] 1 10.0
[7.0; 14.0] 6anna cooTBeTCTBEHHO, p = 0.8989), KOT-
HUTHUBHBIX HapyIIeHWH, paBHO3HAYHBIX B 00eHXx
rpyIIax.

Taxum 06pa3oM, UMEHHO HHTerpajibHasl OI[eHKa
KauecTBa JKU3HU SBJAETCS OCHOBOIIOJIATAIOIAM
BEKTOPOM B IPOCIIEKTHUBHOM HaOJII0ZIEHUH 00CIIeI0-
BAHHOU KaTeropuu GOJIbHBIX ¥, HECMOTPS Ha OTCYT-
CTBUE OYaroBOM HEBPOJIOTUUECKON CUMITOMATUKU Y
OOJIBIIIEN YaCTHU MAMEHTOB, CYIIIECTBYET HEOOXOTH-
MOCTh BKJIIOUEHHs] WX B peabHIUTaIllHOHHBIE MIPO-
rpaMMBblI.

KoH@IUKT HHTEPECOB. ABTOPHI 3asBJISIOT 00
OTCYTCTBUU KOH(JIMKTA UHTEPECOB.
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HN3yueHue aHTUOAKTEepHUAJbHbIX CBOVCTB
HOBBIX IIPOU3BOHBIX KO(EernHa B OTHOIIIEHUH
YCJIOBHO-IIATOT€HHbBIX OaKTEpHUH in vitro

E.A. bonjapesa’, /I.B. Pemernukon?, JI.I'. Byposa?, C.C. [TaTpymies2, JI.H. 3axaposa!,
A.H. Epcrponos?, 9.9. llynbi?

'@I'OY BO «Hogocubupckuil 2ocydapcmeeHHbiilt meduyuHckuil yHusepcumem» Munadpasa Poccuu, Hosocubupck,
Poccusa

2@I'BYH Hogocubupckuil uHcmumym opeanuveckoil xumuu um. H.H. Bopoxcuoea CO PAH, Hosocubupck, Poccus

AHHOTAIINA

BBegeHnue. HeBocmpuUMUYNBOCTh MUKPOOOB KO MHOTUM KJIacCaM aHTHMHUKDPOOHBIX IPENApAaTOB fBJISETCA IJIO-
6aIbHOH YTPO30H /IS 37I0POBbsI UeJIOBEKA U OOYCIOBIUBAET HEOOXOAMMOCTD ITIOMCKA HOBBIX COEMHEHHH, 001 aloINX
IIPOTHBOMHUKPOOHBIM /IECTBUEM, C HU3KOH TOKCHYHOCTBHIO U IIOTEHITHAIBHO IIUPOKUM CIIEKTPOM OHOJIOTHYECKOH aKTHB-
HOCTH.

Il e 1 b . WByuurs in vitro cnocOOGHOCTh HOBBIX ITPOU3BOHBIX KCAHTUHOB (KodenHa, 1-0yTriTeo6poMuHa U 7-0yTriire-
odwutHA) MOAABIATH pocT Staphylococcus (S.) aureus, Bacillus (B.) cereus, Escherichia (E.) coli u Pseudomonas (P.)
aeruginosa.

MaTepuanb U METOJ B . AHTUOAKTEPUAIIbHASA AKTUBHOCTD IPOU3BOHBIX KCAHTUHOB, CHHTE3UPOBAHHBIX
B J1JabOpaTOpUY MEUITMHCKON XuMuu HoBOCHOUPCKOTO HHCTUTYTA Ooprannueckor xumuu uM. H.H. Boposknosa CO PAH,
U3yJasach in vitro MeTOJOM CEPUHHBIX Pa3Be/IEHUU B MKUIKOH IUTATEIbHOU CpeZie B OTHOILIEHUH KYyJIbTYp S. aureus,
B. cereus, E. coli u P. aeruginosa.

Pes3ynbTart bl . Tpu Bemecrsa, B TOM YHUC/IEe UCXOAHBIE CYyOCTAaHITUN — KOMENH U 7-0yTHITe0OUITNH, aHTHOAKTe-
PHATBHBIX CBOHCTB B OTHOLIEHUH TECT-MUKPOOOB He IPOsBUIH. Bee nccese/joBaHHbIe TPOU3BO/IHBIE KCAHTUHOB He HOZa-
BJsiu poct E. coli u P. aeruginosa; 9 COeAMHEHMH, COIepKAIIMX (pparMeHTs 3UPOB aMUHOKUCIOT WK alleTHIEHOBBIH
3aMeCTUTEh B HOJIOKeHHH C-8 KCAaHTHHOBOTO OCTOBA, NPOSIBIJIM AaHTUOAKTEPUAJIBHYI0 AKTUBHOCTH B OTHOIIEHUH
S. aureus u (unn) B. cereus.

3akai04eHHue. IIpuusydeHNN CIOCOOHOCTH IPUPO/THOTO KCAHTHHA KOQENHA U 12 €ro IPOU3BOAHBIX [IOZABIATh
POCT KyJIBTYp YCJIOBHO-IIATOTEHHBIX OaKTepUil BbIABIEHbI aHTUOAKTEPUAJIbHBIE CBOMCTBA Y Psi/ia AMUHOKHCIOTHBIX IIPO-
U3BOAHBIX B OTHOIIEHUU S. aureus u B. cereus. Hannydmmii 3¢dbexT npoieMOHCTPUPOBAIIN COeJUHEHVISI, COZEPIKAIITE
dparmenTsr a¢pupoB anbda- u 6era-amuHOKUCTIOT (L-BanuHa u Gera-peHn-6eTa-alaHNHA), YTO OMPEENAET IePCIeK-
TUBHOCTD JTAJIbHEHIIINX UCCII€ZI0BAHUM.

Knaroueenle caoea: xodenH, KCAaHTHHBI, aHTHOAKTepUaabHasd aKTUBHOCTh, Staphylococcus aureus, Bacillus cereus,
Escherichia coli, Pseudomonas aeruginosa.

O0pasen murupoBaHusna: boumapesa E.A., Pemernukos /I.B., Byposa JI.T., ITatpymes C.C., 3axaposa JI.H.,
EscrponioB A.H., Illyneiy 9.5. M3yueHne aHTUOAKTEPHATBHBIX CBOMCTB HOBBIX TPOU3BOHBIX KOENHA B OTHOIIEHUH
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Study of the antibacterial properties of new caffeine derivatives
against opportunistic pathogenic bacteria in vitro

E.A. Bondareva!, D.V. Reshetnikov?, L.G. Burova?, S.S. Patrushev?, L.N. Zakharova’,
AN. Evstropov?, E.E. Schults®

Novosibirsk State Medical University, Novosibirsk, Russia

2N.N. Vorozhtsov Novosibirsk Institute of Organic Chemistry, Novosibirsk, Russia

ABSTRACT

Introduction. The resistance of microbes to many classes of antimicrobial drugs is a global threat to human
health and necessitates the search for new compounds with antimicrobial activity, with low toxicity and a potentially wide
range of biological activity.

Aim. Tostudy in vitro the ability of new xanthine derivatives (caffeine, 1-butyltheobromine and 7-butyltheophylline) to
inhibit growth Staphylococcus (S.) aureus, Bacillus (B.) cereus, Escherichia (E.) coli and Pseudomonas (P.) aeruginosa.
Materials and methods. Theantibacterial activity of xanthine derivatives synthesized in the Laboratory of
Medicinal Chemistry of the N.N. Vorozhtsov Novosibirsk Institute of Organic Chemistry was studied in vitro using serial
dilutions in a liquid nutrient medium against S. aureus, B. cereus, E. coli and P. aeruginosa cultures.

Results. Three substances, including the starting material — caffeine and 7-butyltheophylline, did not show antibac-
terial properties against test microbes. All xanthine derivatives studied did not inhibit the growth of E. coli and P. aerugi-
nosa; 9 compounds containing fragments of amino acid esters or an acetylene substituent in the position of the C-8 xan-
thine backbone showed antibacterial activity against S. aureus and (or) B. cereus.

Conclusion. When studying the ability of natural xanthine caffeine and 12 of its derivatives to inhibit the growth
of cultures of opportunistic bacteria, antibacterial properties against S. aureus and B. cereus were revealed in a number of
amino acid derivatives. The best effect was shown by compounds containing fragments of alpha- and beta-amino acid
esters (L-valine and beta-phenyl-beta-alanine), which determines the prospects for further research.

Keywords: caffeine, xanthines, antibacterial activity, Staphylococcus aureus, Bacillus cereus, Escherichia coli, Pseudo-
monas aeruginosa.

Citation example: Bondareva E.A., Reshetnikov D.V., Burova L.G., Patrushev S.S., Zakharova L.N., Evstropov
AN, Shults E.E. Study of the antibacterial properties of new caffeine derivatives against opportunistic pathogenic bac-

teria in vitro. Journal of Siberian Medical Sciences. 2023;7(1):45-52. DOI: 10.31549/2542-1174-2022-7-1-45-52

BBEJAEHUE

Bo3HUKHOBeHHE MUKPOOHOU HEBOCIPHUUMYHBO-
CTH K aHTUOMOTHKAM IIPEJICTABIIAET COOOH I106aIIb-
HYIO0 yTPO3y IJIs1 3/T0pPOBbs yesioBeka. Ocobyio 03a60-
YEeHHOCTh BO BCEM MHPE BBI3BIBAET PACIPOCTpaHe-
HU€e KJIUHUYECKUX HU30JIATOB, 00JIa/aI0NUX YCTO-
YUBOCTHIO KO MHOTHM KJIacCaM aHTUMHKPOOHBIX
mpernaparoB. KoJMYeCTBO IITAMMOB CPEId MHUKPO-
6OB-OIIIOPTYHUCTOB, TaKuX Kak Staphylococcus (S.)
aureus, Escherichia (E.) coli, nocrosiazo pacrert. ITo
MMEIOIITUMCS JAHHBIM 710 56 % BbI/IeJIsIeMbIX METHU-
[WUTMHPE3UCTEHTHBIX IITAMMOB S. aureus HEBOC-
MPUUMYHUBBI K 3—7 TPYIIaM aHTUMHUKPOOHBIX IIpe-
maparos [1, 2]. B EBpornie oTMeueH BBICOKHH YPOBEHD
BCTPEYAEMOCTH METHUIWITIMHPE3UCTEHTHBIX MU30J1I5-
TOB S. aureus — 16.9 %. B Poccuu cpeay HO30KOMU-
aJIPHBIX IITAMMOB S. aureus 4acToTa METUIIMJLINH-
PEBUCTEHTHBIX H30JIATOB JOCTUTaeT 24.9 % [3].
Cepbes3Hoii poOIEeMOU ABJISETCS MHOXKECTBEHHAasI
JiekapcTBeHHas ycroiuusocTs E. coli. Ha ceropusi-

INTRODUCTION

The emergence of microbial resistance to antibi-
otics is a global threat to human health. The spread
of clinical isolates that are resistant to many classes
of antimicrobial drugs is of particular concern world-
wide. The number of strains of opportunistic
microbes, such as Staphylococcus (S.) aureus,
Escherichia (E.) coli, is constantly rising. According
to available data, up to 56% of methicillin-resistant
strains of S. aureus have resistance to 3—7 groups of
antimicrobial drugs [1, 2]. In Europe, there is a high
level of occurrence of methicillin-resistant isolates of
S. aureus — 16.9%. In Russia, among nosocomial
S. aureus isolates, the frequency of methicillin-resis-
tant isolates reaches 24.9% [3]. A serious problem is
multidrug resistance of E. coli. To date, more than
60% of E. coli strains are resistant to cephalosporins,
including third-generation cephalosporins [4]. The
high resistance of Pseudomonas (P.) aeruginosa to
antibiotics is associated with the formation of biofilm
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HUH 7ieHb 6ostee 60 % mrrammoB E. coli HeUyBCTBU-
TeJIbHBI K 11epaIOCIIOPHUHAM, B TOM YHCJIE K 1edato-
CIIOPUHAM TPEThETrO MOKoJIeHus [4]. Bpicokas cro-
cobuocts Pseudomonas (P.) aeruginosa mpoTHBO-
CTOSITh aHTUOMOTHKAM CBsI3aHa ¢ (pOPMUPOBAHUEM
OUOIJIEHKU U TIOSIBJIEHUEM PE3UCTEHTHBIX K 0O0JIb-
[IIOMY KOJIMYECTBY JIEKAPCTBEHHBIX CPEJICTB KJIETOK-
rmepcucTepos [5].

BrimrenssiokeHHOe OOYCIOBJIUBAET HEOOXOMU-
MOCTh IIOMCKA HOBBIX COEQMHEHHH, 00J1aJafoIuX
MIPOTUBOMHUKPOOHBIM JIEHCTBHEM, B TOM UHCJIE IIPO-
THB YCJIOBHO-IIATOTEHHBIX MHUKPOOPTAHU3MOB, C
HU3KOH TOKCUYHOCTHIO U MOTEHIIUAIBHO HIUPOKUM
CIIEKTPOM OHOIOTHYeCcKOH akTuBHOCTH. CylliecTBeH-
HOe 3HaUeHWE B IOKCKE UMeEET JIOCTYIIHOCTh HCXO0-
JTHOTO ChIPBsI, BO3MOKHOCTH JIJIsI XUMHUYECKOH MOJTH-
(puKanmuy ¥ HATIPABJIEHHOTO YCUJIEHUs] OHOJIornye-
CKOU aKTUBHOCTH ITEPBUYHBIX CyOCTAHITUH.

IMpupoaHbIl 1,3,7-TPUMETUIKCAHTHH KO(penH
HCIIOJIb3yeTCsI B KauecTBe OMOCTUMYJIAITOPA B MEAU-
nuHe [6, 7] ¥ Ipe/icTaBIIsieT HECOMHEHHBIH HHTEPEC
KaK COeIWHEHUe-TUep Ui pa3paboTKh HOBBIX
areHTOB C LIEHHOM OMOJIOTHYeCKON aKTHBHOCTBIO U
MMOHM)KEHHOW TOKCUYHOCTHIO [8]. BHuMaHuUe mpu-
BJIEKAIOT HCCJIEJIOBAHUsI, HAIIpaBJIeHHbIe Ha BBeEJE-
HUE 3aMeCTUTENIEeH M0 moJioKeHu0 C-8, MOCKOIBKY
3aMelleHre KCAHTUHOB II0 3TOMY ITOJIOKEHUIO
[TO3BOJISIET IIPEIOTBPATUTD UX OBICTPOE OKUCIEHNE B
mpoiiecce Metabon3Ma 1, BO3MOYKHO, ITOBJIUATH Ha
aHTUMHKPOOHBIE CBOMCTBA cybcTaHuu [9, 10].

ITEJIb UCCJIEJIOBAHUSA

N3yunTs in vitro cnocoOHOCTh HOBBIX ITPOU3BO-
JTHBIX KCAHTHHOB (Ko(denHa, 1-0yTHATe0OpOMUHA U
7-0yTriITeOpUIUINHA) TOJABJIATH POCT S. aureus,
E. coli u P. aeruginosa.

MATEPUAJIBI 1 METO/IbI

B pabore 6butH HCCiIEIOBAHBI HCXOJIHBIE CYO-
crauiuu (kodenH, 1-6yTUITEOOPOMUH U 7-OyTHIITE-
obWUINH) W TPOU3BOAHBIE, CUHTE3UPOBAaHHBIE B
sabopatopunu MemUWIMHCKON xumun HosocubOup-
CKOTO WHCTHUTYTa OPraHUYECKOH XUMUHM HM.
H.H. Boposxiosa CO PAH. Peaxkiueir 8-6pomkode-
WHA C TUAPOXJIOPHIAMH METHJIOBBIX WA TPET-
OyTHIIOBBIX 3P UPOB aIb(a-aMHUHOKUCIIOT: TIIUIMHA,
L-BanuHa, peHWIIIUIMHA, (PeHMTATAHNHA, METHO-
HUHA WIX MeTWIOBbIM 3dupom Oera- U omera-
aMHUHOKHCJIOT Oera-asaHuHa, OeTa-peHun-6era-
aJlaHWHA U Q-aMHUHOIIEJIAPTOHOBOH KHUCJIOTHI CUHTE-
3UPOBAIN COOTBETCTBYIOIINE IIPOU3BOIHBIE, COJIEP-
Jkamue (QparMeHThl aMHHOKHCIJIOT B IIOJIOKEHUH
C-8 xodeuna: Dr-vl, Dr-gc, Dr-pg, Dr-pl, Dr-mt,
Dr-in, Dr-pge, Dr-pn. IIpousBosiHBIE IIypHHOBBIX

and the appearance of persister cells that are tolerant
to a large number of drugs [5].

The above makes it necessary to search for new
compounds with antimicrobial activity, including
against opportunistic microorganisms, with low toxicity
and a potentially wide range of biological activity. The
availability of raw materials, opportunities for chemical
modification and targeted enhancement of biological
activity of starting material are essential in the search.

Natural 1,3,7-trimethylxanthine caffeine is used
as a biostimulator in medicine [6, 7] and is of
undoubted interest as a lead-compound for the
development of new agents with valuable biological
activity and low toxicity [8]. Attention is drawn to
studies aimed at the introduction of substituents at
the C-8 position, since the substitution of xanthines
at this position prevents their rapid oxidation during
metabolism and, possibly, affects the antimicrobial
properties of the substance [9, 10].

AIM OF THE RESEARCH

To study in vitro the ability of new xanthine
derivatives (caffeine, 1-butyltheobromine and
7-butyltheophylline) to inhibit the growth of
S. aureus, E. coli and P. aeruginosa.

MATERIALS AND METHODS

The starting material (caffeine, 1-butyltheobro-
mine and 7-butyltheophylline) and derivatives synthe-
sized in the Laboratory of Medicinal Chemistry of the
N.N. Vorozhtsov Novosibirsk Institute of Organic
Chemistry were studied. During the reaction of 8-bro-
mine-caffeine with hydrochlorides of methyl or tert-
butyl esters of alpha-amino acids: glycine, L-valine,
phenylglycine, phenylalanine, methionine or methyl
ester of beta- and omega- amino acids of beta-alanine,
beta-phenyl-beta-alanine and 9-aminopelargonic acid
were synthesized the corresponding derivatives con-
taining fragments of amino acids in the C-8 position of
caffeine: Dr-vl, Dr-gc, Dr-pg, Dr-pl, Dr-mt, Dr-in, Dr-
pge, Dr-pn. Derivatives of purine alkaloids Dr-172 and
Dr-174 were synthesized by the reaction of 8-bromine-
7-butyl theophylline or 8-bromine-1-butyltheobro-
mine with beta-alanine methyl ester hydrochloride. To
determine the effect of the nature of a substituent at
the C-8 position of xanthine backbone, the antibacte-
rial activity of compound Dr 250-4 containing an acet-
ylene substituent at the C-8 position was investigated.

The following strains were used as test cultures:
S. aureus ATCC 6538 FDA 209P, B. cereus ATCC
10702, E. coli ATCC 25922, and P. aeruginosa ATCC
9027. These strains were received from the collection
of the State Research Center for Applied Biotechnol-
ogy and Microbiology, Obolensk settlement.
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ankanouzioB Dr-172 u Dr-174 cuHTE3UpOBau IO
peakmuu 8-6pom-7-0yTriiTeopruinHa HIu 8-6pom-
1-0yTHITEOOPOMUHA C TUAPOXJIOPUAOM METHUIIOBOTO
aupa Oera-asanuna. [y ONpeneseHus BIUSHUSI
MPUPO/BI 3aMecTUTeNs B nosioxkeHuu C-8 KcaHTH-
HOBOTO OCTOBAa HCCJIEIOBAIA AaHTUOAKTEPUATHHYIO
aKTUBHOCTh coefuHeHUs Dr 250-4, cofepiKaIiiero
alleTUJIEHOBBIH 3aMeCTUTENIb B IostoxkeHnu C-8.

B xauecTBe TECT-KyJIbTYp  HCIIOJIb30BAHbI
mraMMmbl S. aureus ATCC 6538 FDA 209P, B. cereus
ATCC 10702, E. coli ATCC 25922 u P. aeruginosa
ATCC 9027 u3 xomneknuu ®BYH «I'ocynapcrseH-
HBIU HAYYHBIU [EHTP MPUKJIATHON MUKPOOHOJIOTUH
¥ OMOTEXHOJIOIUU », Toc. O00JIEHCK.

KynpruBupoBaHue 6akTepHii MPOBOAMIN HA ara-
poBO# 1 Oy/IbOHHOU cpesax MroJutepa — XUHTOH B
a3pOOHBIX YCIOBUSAX pH TeMieparype +37 °C. Bpems
KYJITUBUPOBAHUA COCTaBJIsIO 1—2 CyT. AHAIU3
AHTUOAKTEPUAIBHON aKTUBHOCTU IPOBOZIIN METO-
JTOM TI0CJIEZIOBATEIbHBIX PA3BE/IEHUH B JKUIKOU Cpeie
B 001meM obveme 1 M. Bee coenrHeHus mpesBapu-
TeJIBHO PACTBOPSJIN B 0.05 MJI IUMETHIICYIbGOKCH A
U IOBO/IVUIH JIO HY>KHOH KOHIIEHTPALH 0.9% PacTBO-
poM xJytopuzia HaTpus. BHocUMYTO /103y KyJIbTyp Gak-
Tepuil onpeziesisin 1o Mak ®apsiaHly ¥ KOHTPOJIU-
POBIH KOJIMYECTBO JKU3HECTIOCOOHBIX KJIETOK BhICE-
BOM Ha IUIOTHYIO ITUTATeJIbHYIO cpexy (TabIt. 1).

OTcyTCTBHE TPHU3HAKOB POCTa B JKHUAKOH cpere
KOHTPOJIIPOBJIM IIyTEM BBICEBA HA IIOBEPXHOCTH
arapoBOil cpezibl C TOCJIEAYIOIIeH WHKyOaruel B
CTAaHJAPTHBIX YCJIOBHUSX. B KauecTBe OTpHIlATENh-
HOTO KOHTDPOJIA TeCT-KyJIbTYPY BHOCKHJIM B 1 MJI
Oy/JIbOHA U KyJIbTUBUPOBAIU B TEX YK€ YCJIOBHUAX C
MIOC/IEAYIONIUM II0CEBOM HA arapoByI0 MUTATEIbHYIO
Cpey U y4eToM pocTa GaKTepui.

JIJ1s1 K&KJTOTO COeUHEHM s, IPOSBUBIIETO aHTH-
OaKTepUAIIBHYI0 AKTUBHOCTb, OIpEAESIIA MUHH-
MaJIbHYI0 HHTHOHPYIOIIyIo KoHIeHTpanuio (MUK) —
HAVWMEHBIIYI0 7103y BeIecTBa, IMOJHOCTHIO IO/a-
BJIABIIYIO pocT Oakrepuit [11, 12]. ITo pesynbpratram
IIATH TOBTOPHBIX 9KCIIEPIMEHTOB PACCUUTAIIU CPEJI-
Hue 3HaueHua MUK u ctaHiapTHYIO TOTPENTHOCTb.

MogenupoBaHue TJIEHKOOOPAa30BaHUSA IIPOBO-
Iy Ha ¢pparMeHTax MOJTMBUHIIXJIOPUIHON UHTY-
6aIOHHOH TPyOKM, KOTOPHIE MTOJTHOCTHIO TIOTPYIKa-

Ta6smmua 1. BHocuMble 103bl 6aKTEePUATBHBIX KYJIBTYP
Table 1. Inoculated doses of bacterial cultures

The bacteria were cultured on Mueller Hinton agar
and Mueller Hinton broth under aerobic conditions at
a temperature of +37°C. The culturing time was 1—2
days. The analysis of antibacterial activity was carried
out using the serial dilutions method in a liquid
medium in a total volume of 1 ml. All compounds were
previously dissolved in 0.05 ml of dimethylsulfoxide
and brought to the desired concentration with 0.9%
sodium chloride. The applied dose of bacterial cul-
tures was determined according McFarland standard,
and the number of viable cells was assessed by inocu-
lating a dense nutrient medium (Table 1).

The absence of signs of growth in the liquid
medium was verified by plating on the surface of the
agar medium, followed by incubation under stan-
dard conditions. As a negative control, the test cul-
ture was introduced into 1 ml of broth and cultured
under the same conditions, followed by plating on an
agar medium and evaluation of bacterial growth.

For each compound that showed antibacterial
activity, the minimum inhibitory concentration
(MIC) was determined, i.e. the smallest dose of the
substance that completely inhibited bacterial growth
[11, 12]. Based on the results of five repeated experi-
ments, the average values of the MIC and the stan-
dard error were calculated.

Modeling of film formation was carried out on
fragments of a polyvinyl chloride tracheal tube,
which were completely immersed in a liquid nutrient
medium with appropriate dilution of the substance,
after which a dose of S. aureus was inoculated. On
the second day, the tube fragment was withdrawn,
washed using 0.9% sodium chloride, and immersed
in a 0.02% ethylenediaminetetraacetic acid solution
for 10 min to detach bacterial cells; then the obtained
material was plated on a dense nutrient medium
with the subsequent determination of the MIC.

RESULTS AND DISCUSSION

As a result of the studies, it was found that the
starting material — caffeine, 7-butyltheophylline and
beta-alanine derivative of 7-butyltheophylline
(Dr-172) — did not show antibacterial properties. All
xanthine derivatives did not inhibit the growth of
E. coli and P. aeruginosa.

Nen/nm | No. BakrepuaiabHas KyabTypa / Bacterial culture HHokymom, KOE/0.1 mu1 | Inoculum, CFU/0.1 ml
1 S. aureus ATCC 6538 FDA 209P (6.39 £ 0.87)x103
2 B. cereus ATCC 10702 (6.50 +0.76)x103
3 E. coli ATCC 25922 (6.61+£0.70)x103
4 P aeruginosa ATCC 9027 (6.06 +1.11)x103
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JINCH B JKUAKYIO MIUTATEJIHHYIO CPEZy C COOTBETCTBY-
IOIIUM pa3BeJIEHUEM HUCCIeAyeMOU CyOCTaHIUH,
IOCJIe Yero BHOCHJIA ITOCEBHYIO 103y 30JIOTHUCTOTO
cradmwiokokka. Ha BTopble cyTku pparmMeHT TpyOKU
W3BJIEKAJIH, ITO/IBEPTajil OTMBIBKE C HCIIOJIb30BA-
HHEM 0.9% pacTBopa XJIOpUja HaTPUs, 3aTeM IToMe-
A B 0.02% PacTBOP 3THWIEHANAMUHTETPAYKCYC-
HOU KHCJIOTBI Ha 10 MUH J|JIsI OTKpEIUIEHUs OaKTepH-
QJIbHBIX KJIETOK U Jlajlee MPOU3BOJMIN BBICEB Ha
IUIOTHYIO IUTATEIbHYI0 CPeAy C TOCIEIYIOIINM
omnpeznenenuem MUK.

PE3YJ/IBTATBI 1 OBCYKAEHUE

B pesysibrare IpoBeZiIeHHBIX UCCIIEJOBAHUN yCTa-
HOBJIEHO, 4YTO WCXOJHbIE CcyOCcTaHIIMU KOQeuH,
7-0yTHITEODWTHH U OeTa-aIaHUuHOBOE TTPOU3BOI-
Hoe 7-OytmwirteobwuinHa (Dr-172) anTubGakTepu-
aJIbHBIX CBOWCTB HE MPOSBIWIN. Bee uccieoBaHHBIE
MIPOUBBO/THBIE KCAHTUHOB He MOJaBJisiu pocT E. coli
u P. aeruginosa.

Cpenu  cyOGcraHIuii, MOAABJIABIINX  POCT
S. aureus (TabJ1. 2), HAUIYYIIYIO aKTUBHOCTH TIOKA-
3aJIU COeIUHEHMUS, cofiepskalue GpparMeHThl TPET-
OoytuwinoBoro 3dupa L-anmmua — Dr-vl (MUK =
= 333.2 + 57.78 MKIr/MJI) U MeTWUJIOBOro 3dupa
B-penmn-B-amanmaa — Dr-pn (MUK = 408.4 =+
+ 91.65 MKkT/MuT). CoeTUHEHHE, COZIEPIKAIIIEE B KCAH-
THHOBOH CTPYKTYpe (pparMeHT JUTMHHOIIENIOYETHON
aMHUHOKHUCJIOTH  (9-aMUHOTIEJTADTOHOBOH  KHC-
J0Thl) — Dr-pg, HOJIHOCTBIO WHTHOHPOBAJIO POCT
KYyJBTYpBL S. aureus B n03e 483.3 + 44.1 MKr/m,
Dr-pl — B nmosze 583.3 + 63.33 MKr/mi. Y Tpex
Bemects MWK ObUIM BBIINIE M COCTABUJIN: [JIA
kodenH-MeTronuHa Dr-mt — 850 + 76.36 MKr/mu,
Juisi  kKodenH-Oerta-amanuna Dr-in — 866 +
+ 66.67 MKr/mui, Ui IIPOU3BOJHOTO KOQEeUH-
muiuaa Dr-ge — 916.7 + 60.09 Mkr/mt. MUK s
OeTa-aJITaHUHOBOTO IMPOU3BOAHOTO 1-0yTHITEOOPO-
muHa Dr-174 cocraBuia 666.7 £ 60.09 MKI/MJI, 4TO
Hwke, ueM MUK mis GeTa-aJlaHUHOBBIX IIPOU3BO-
IHBIX KodernHa Dr-in u 7-0ytunreodumnaa Dr-172
(866 + 66.67 MKr/Mia 1 >1000 MKI/MJI COOTBET-
ctBeHHO) (cM. Tabs. 2). ITpousBogHOe KodenHa
Dr-pgc He TpOABUIIO aHTUOAKTEPUATLHOU aKTHBHO-
CTH B OTHOIIIEHUU S. aureus.

Jlns1 HarboJiee aKTUBHBIX B OTHOIIIEHUHU S. aureus
coequueHnit — Dr-vl u Dr-pn usyumin cnoco6HOCTh
IMO/IaBJIATh 0Opa30BaHUE OMOIUIEHKU HA MOBEPXHO-
CTH UHTYOAIlMOHHOHN TpPYOKH. BelecTBo, comeprka-
mee (parmeHT TpeT-OyTHIOBOTO 3dupa L-BaauHa
(Dr-vl), momaBsaiIo crocoGHOCTh K IIJIEHKOOOpas3o-
BaHuio B MUK = 266.7 + 16.67 MKr/MJ1, a IPOU3BO-
JHOe KodewnHa, cojepikainee Oeta-deHni-6era-
aanuH (Dr-pn) — 8B MUK = 275 + 25 MKr/mL.

Among the substances that inhibited the growth
of S. aureus (Table 2), the compounds containing
fragments of L-valine — Dr-vl tert-butyl ester
(MIC = 333.2 + 57.78 ug/ml) and -phenyl-3-alanine
methyl esters — Dr-pn (MIC = 408.4 £ 91.65 pug/ml)
showed the best activity. The compound containing a
fragment of a long-chain amino acid (9-aminopelar-
gonic acid) — Dr-pg in the xanthine structure, com-
pletely inhibited the growth of S. aureus culture at a
dose of 483.3 = 44.1 pg/ml, Dr-pl — at a dose of
583.3 + 63.33 pug/ml. In three substances, the MIC
was higher and amounted to: 850 + 76.36 ug/ml for
caffeine-methionine Dr-mt , 866 + 66.67 ug/ml for
caffeine-beta-alanine Dr-in, 916.7 + 60.09 pg/ml for
caffeine-glycine derivative Dr-gc. The MIC for the
beta-alanine derivative of 1-butyltheobromine
Dr-174 was 666.7 + 60.09 pg/ml, which is lower than
the MIC for the beta-alanine derivatives of caffeine
Dr-in and 7-butyltheophylline Dr-172 (866 <+
+ 66.67 ug/ml and >1000 pg/ml, respectively) (see
Table 2). The caffeine derivative Dr-pgc showed no
antibacterial activity against S. aureus.

For the compounds most active against S. aureus,
Dr-vl and Dr-pn, the ability to inhibit biofilm forma-
tion on the surface of the endotracheal tube was
studied. The substance, containing a fragment of
L-valine tert-butyl ester (Dr-vl), inhibited the film
formation at MIC = 266.7 + 16.67 ug/ml, and the caf-
feine derivative containing beta-phenyl-beta-alanine
(Dr-pn) — at MIC = 275 + 25 pug/ml.

Nine amino acid derivatives were able to inhibit
the growth of B. cereus culture (Table 3). Substances
that inhibited the growth of S. aureus at a concentra-
tion > 500 pg/ml showed lower MIC values for inhib-
iting the growth of B. cereus. For caffeine-phenylala-
nine Dr-pl, this indicator was 150 + 25 pg/ml, for
caffeine-methionine Dr-mt — 150 + 17.68 pg/ml and
for caffeine-beta-alanine Dr-in — 150 + 25 ug/ml.
Hybrid compounds Dr-pg, Dr-pge, Dr-vl had MIC
values equal to 233.3 + 16.67, 225 + 25 and
206.2 + 29.54 pg/ml, respectively. The caffeine-beta-
phenyl-beta-alanine derivative Dr-pn had an antibac-
terial activity against B. cereus in higher concentra-
tions (MIC = 366.7 + 66.67 ug/ml). The caffeine-gly-
cine derivative (Dr-gc) — MIC = 583.3 + 83.33 ug/ml
showed even less activity against B. cereus.

Thus, all derivatives of caffeine and 1-butyltheo-
bromine, containing fragments of amino acid methyl
esters at the C-8 position of the xanthine backbone,
showed antibacterial activity against S. aureus and/
or B. cereus test strains.

Additionally, the antibacterial activity of
8-ethinylcaffeine (Dr 250-4) containing an acetylene
substituent at the C-8 position of the xanthine back-
bone was determined. This compound completely
inhibited the growth of S. aureus at a concentration
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Ta6auna 2. AHTHGaKTepHaIbHAs aKTUBHOCTD IPOU3BO/IHBIX KOQEHHA, COAePKaAINX aMUHOKHCIOTHbIe pparMeHThl,

B OTHOIIIEHUH S. aureus

Table 2. Antibacterial activity of caffeine derivatives, containing amino acid fragments, against S. aureus

MuHMMaIbHasi MHFHGUPYIOLIAsA KOHIEHTPALUs, MKT /MJI

KB, RO G Minimum inhibitory concentration, pg/ml
1 Dr-pg 4833 +44.1

2 Dr-pl 583.3+63.33

3 Dr-mt 850 + 76.36

4 Dr-in 866 + 66.67

5 Dr-vl 333.2+57.78

6 Dr-gc 916.7 £ 60.09

7 Dr-pn 408.4+91.65

8 Dr-174 666.7 + 60.09

9 Dr-172 >1000

JleBATh aMUHOKHCJIOTHBIX IIPOU3BOAHBIX OKa3a-
JINICH CIIOCOOHBI TOPMO3UTH POCT KYJIBTYPHI B. cereus
(tabs. 3). BeriectBa, KOTOpble MHTHOUPOBATIUA POCT
S. aureus B KOHIIEHTPAIINH > 500 MKT/MJI, TOKa3aJIu
Menbline 3HaveHuda MUK, nopasadromue poct
B. cereus. Jlna xodeun-denmnananuaa Dr-pl sator
[IOKa3aTeJIb COCTABUJI 150 + 25 MKT'/ MJIL, 1151 KO erH-
MeTHOHHWHA Dr-mt — 150 + 17.68 MKr/mia um s
kodeunn-0era-aianuna Dr-in — 150 + 25 MKI/MIL
I'ubpunnsie coeauuenust Dr-pg, Dr-pge, Dr-vl
umenu 3HaueHus MUK, paBubie 233.3 + 16.67,
225 + 25 U 206.2 + 29.54 MKI/MJI COOTBETCTBEHHO.
IIpousBosmHoe  KodenH-OeTa-deHMI-6eTa-aTaHuH
Dr-pn oka3piBasio aHTHOAKTEPHATIBHOE JIEHCTBHE B
OTHOIIIEHNHU B. cereus B 60jiee BBICOKUX KOHIIEHTpA-
musax (MUK = 366.7 + 66.67 mkr/mi). Eiie MeHb-
IIyl0 aKTUBHOCTh B OTHOIIEHWUU JAHHOTO TeCT-
MUKpoOa MIPOSBUIO IIPOU3BOAHOE KODENH-TIIUIINH
(Dr-gc) — MUK = 583.3 + 83.33 MKT/MJL.

Taxkum 06pa3oM, Bce MPOU3BOAHBIE KOdenHA U
1-6ytunteobpoMuHa, cozep:kamue  (GparMeHThbI

of 587.5 + 59.07 pug/ml and inhibited the growth of
B. cereus at a concentration of 383.3 + 72.65 pug/ml.

CONCLUSION

The ability of natural xanthine caffeine and 12 of its
derivatives to inhibit the growth of four cultures of
opportunistic bacteria was studied. In most amino
acid derivatives of caffeine, the antibacterial proper-
ties against S. aureus and B. cereus have been revealed.
The best effect was demonstrated by compounds con-
taining fragments of alpha- and beta-amino acid esters
(L-valine and beta-phenyl-beta-alanine), which deter-
mines the prospects for further research.
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Ta6auna 3. AHTHOGaKTepHaIbHAst aKTUBHOCTD NPOM3BOAHBIX KOQEHHA, COAePKalluX aMUHOKHCIOTHbIe pparMeHThl,

B OTHOIIEHUHU B. cereus

Table 3. Antibacterial activity of caffeine derivatives, containing amino acid fragments, against B. cereus

MuHUMAaIbHAsA MHFUGUPYIOIasi KOHIeHTPALUs, MKT /MJI

MR LD, IS AR TS Minimum inhibitory concentration, pg/ml
1 Dr-pg 233.3+16.67

2 Dr-pl 150 + 25

3 Dr-mt 150+ 17.68

4 Dr-in 150 + 25

5 Dr-pgc 225+ 25

6 Dr-vl 206.2 £ 29.54

7 Dr-gc 583.3£83.33

8 Dr-pn 366.7 £ 66.67

9 Dr-174 708.3 £41.67
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METHJIOBBIX 3(GUPOB aMHUHOKHUCJIOT B IIOJIOKEHUU
C-8 KCaHTHHOBOTO OCTOBA, IIPOSBUJIN AaHTUOAKTEPH-
QJIPHYI0O aKTHUBHOCTH B OTHOIIIEHHU TECT-IITaMMOB
S. aureus v/unu B. cereus.

JlomotHUTEITHHO ObLIA OIIpesiesieHa AaHTHOAKTEPH-
ajibHas aKTHUBHOCTH 8-sTHHIWIKOGenHA (Dr 250-4),
coZiepoKaIero aneTuIeHOBBIN 3aMecTUTe b B I0JIO-
skeHnu C-8 KCaHTHMHOBOTO OCTOBA. DTO COEAUHEHUE
IIOJIHOCTHIO MHTUOUPOBAJIO POCT S. aureus B KOHIIEH-
Tparuu 587.5 + 59.07 MKI/MJI U TOJABJISIO POCT
B. cereus B koHIIleHTpanuu 383.3 + 72.65 MKTr/MJL.

3AK/JIOYEHUE

Bruta u3ydeHa cnocoOHOCTh MPUPOIAHOTO KCAH-
TUHA KOdErnHa U 12 ero IMPOU3BOJHBIX MO/IABJIATH
POCT YeThIPEX KYJIBTYP YCIOBHO-IIATOTEHHBIX OaKTe-
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AP heKTUBHOCTH PEHTTEHOJIOTHUECKHUX METOA0B JTHATHOCTUKH
HECTAa0MJIBbHOCTHU ITO3BOHOYHO-/IBUTaATEJIBHOI'O CerMeHTa
B IIIEMHOM OT/eJie

I1.B. CenuepcroB!, A.H. Kupuenko?, H.A. [lo3geesa’, ¥.B. [luuyruna’

'‘OI'BHY «Hpxymckuil Hay4YHblll yeHmp Xxupypauu u mpasmamonao2uu», Upkymck, Poccus

2@I'bYH Hprxymeckuil HayuHbiil yenmp CO PAH, Hpxymck, Poccus

AHHOTAIIUA

BBenenue. CranmaprHas cioHAuIorpadus siBisercs 6a30BbIM METO/IOM JIyUeBOU JUATHOCTUKH, UCIIOJIB3YETCS
KaK CKpUHUHTOBOE 00CJIeZIoBaHNE AIMeHTOB. PeHTreHorpadus mo3BoJisieT 00beKTUBHO OIIEHUTh QaHATOMHYECKOE COCTO-
sIHWE TTO3BOHOYHO-/IBUTATEJIbHBIX CETMEHTOB B IIEHHOM OT/IeJIe TTO3BOHOYHUKA, OIPE/IEJIUTh MIEPUOJ] TEUEHHUS OCTEO-
XOH/IPO3a ¥ TAKTHKY JaIbHEHIIEro 00CIeIoBaHuUs 1 JieueHus. Pa3InyHble BU/IbI CMEIeHUH TO3BOHKOB BCTPEYAIOTCS 3HA-
YHUTEIHLHO Yallle, YeM 3TO MOXKHO OIIPE/IeTUTD IIPU PEHTTeHOrpad Uy MO3BOHOYHUKA B CTAH/IAPTHHIX ITPOEKIIUAX, B PE3YJIh-
TaTe CMeIleHU BO3HUKAET 60JIEBOH CHHIPOM.

Il e 1 b . M3yuenue 3pPeKTUBHOCTH TPAUITUOHHBIX METOIOB ITUATHOCTUKU HECTAOWIFHOCTH TT03BOHOYHO-/[BUTATEb-
Horo cermenTa (IT/IC) B m1eiiHOM OT/€JIe TO3BOHOYHHUKA.

Martepuans uU MeTO/bl . [log HamuM HaOIIOJIEHHEM HaxXOAWIOCh 50 TAIUEHTOB (CpeIHUI BO3pacT
50.6 + 2.19 T0/1a), TOCTYNUBINKX B KIUHUKY ®TBHY « UpKyTCKUI HayYHBIH IIEHTP XUPYPTUU U TPABMATOJIOTHI » (HEHpO-
XHUPYPTUUECKOE OT/IEJIEHNE) ¢ AUArHO30M: OCTEOXOH/IP03 IT03BOHOYHUKA Y B3pOCJIbIX (ko 1o MKB-10 — M42.1). Jluist qua-
rHOCTUKHU HecTabwibHOCTH [1/IC HCIIOTIb30BATUCH TPAAUITHOHHBIE METO/IbI: 0030pHAas peHTreHorpadus B IPsSMOU 1 H0KO-
BOU IIPOEKIUSX, PYHKIMOHATIbHAS CIIOHAUIOTpadus.

Pes3ynbTarbl. YCTAHOBJIEHO, UYTO HANOOJIEE YACTO BCTPEYAIOTCS N3MeHEHUsI, XapakTepHble 1uis 11 u 111 nmepruooB
OCTEOXOH/IP03a: BhIIPSIMJIEHUE IIEHHOTO JIOPA03a — y 48 ues. (96 %), CHUKEHHE BBICOTHI MEKIIO3BOHKOBBIX JIUCKOB — Y
46 4en. (92 %), CKOIIEHHOCTh TIEPEHUX OTIEJIOB TeJ IIO3BOHKOB — V 48 uest. (96 %), CKIepo3 3aMbIKATeIbHBIX IIACTH-
HOK — y 37 uesL. (74 %), Hamn4yre KpaeBbIX KOCTHBIX padpacTaHuil — y 45 4ei. (90 %).

B os103keHI N MaKCUMAaIbHOTO CTU0aHus U pa3rubaHus B mporiece (opMHUPOBAHUS TATOJOTHIECKOH TOIBUKHOCTU MEXK-
IIO3BOHKOBBIX CETMEHTOB OKa3a/IMCh BOBJIedeHHbIMHU II03BOHKM C —C, , B TO BpeMs Kak 103BoHKH C 1 C OCTaBajImCh cTa-
OMJIBHBIMH.

HecrabuapHOCTD OTHOTO IIEWHOTO TO3BOHKA ObLIa BIsABJIEHA Y 15 anueHToB (30 %). HauboJee yacto Habsr0/1a71u n3061-
TOYHYI0 MOOWJIBHOCTD 2 TIO3BOHKOB — y 22 ueJl. (44 %), peke 3 MO3BOHKOB — Y 5 ManueHToB (10 %). CMelieHue 4 MO3BOH-
KOB BCTPEYAIOCH IOBOJIBHO PEJIKO — ¥ 2 MAIeHTOB (4%).

TIpu anasm3e MaHHBIX PYHKIIMOHAIHHOH CIIOHIMIOTPAdUH IIEHHOTO OT/IeJIa TO3BOHOYHUKA MbI yCTAHOBHUJIH, UYTO HECTA-
6unbHOCTh [1/IC y manueHTOB Ha OHE JIereHepaIuy MEeKIIO3BOHKOBOTO JINCKA Pa3BUBaeTCs HauboJiee 4acTo B CIIEYIO-
mux cermentax: C, —C, — 13 uen. (26 %), C,~C — 34 uen. (70 %), C, ~C, — 29 uen. (58 %), C,—C , — 12 uen. (24 %).
3akinoueHHue. Hecrabunbaocts [1/IC mo-mipexxHeMy ocTaeTcs aKTyaJIbHON IPOOJIEMOU HEBPOJIOTHUU M HEUPOXU-
pypruu. Metosi 0630pHO# peHTreHoTpaduu MO3BOJISIET BBIABUTH JIMIIL KOCBEHHbIE Mpu3Haku HectabuwibHoctu I1J1C.
Jluarsoctrka MeToZoM (PyHKITHOHAIBHOH CrIoHAUI0orpaduu Mo3BoMIa BepuduiiupoBath HectabunbHOCTh [1/IC TOIBKO
B 36 % ciyuaes.

Kmouesnble cao8a: MeXIO3BOHKOBBIM JIUCK, OCTEOXOH[PO3, PEHTreHOJIOTHYEcKas JAUAarHOCTHKA HEeCTaOWJIbHOCTU
IM03BOHOYHO-J[BUTaTEIbHOI'O CETMEHTA.

Oo6pasen murtupoBanua: CemusepcroB I1.B., Kupuenko A.H., [TozgeeBa H.A., ITnuyruna Y.B. dddexrus-
HOCTH PEHTTEHOJIOTHYECKUX METO/IOB TUATHOCTHKHU HECTAOUIPHOCTH I03BOHOYHO-/IBUTATEIHHOTO CETMEHTA B IIIEHHOM
otzese // Journal of Siberian Medical Sciences. 2023;7(1):53-63. DOI: 10.31549/2542-1174-2023-7-1-53-63
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The effectiveness of radiological methods for diagnosis
of instability of the spinal motion segment
in the cervical region

P.V. Seliverstov’, A.N. Kirienko?, N.A. Pozdeeva', U.V. Pichugina’

Irkutsk Scientific Center for Surgery and Traumatology, Irkutsk, Russia

2Irkutsk Scientific Center of the Siberian Branch of the Russian Academy of Sciences, Irkutsk, Russia

ABSTRACT

Introduction. Standard spine radiography is the basic method of radiodiagnosis, used for screening. X-ray
imaging allows you to assess the anatomy of spinal motion segments in the cervical spine, determine the period of osteo-
chondrosis and the tactics of further examination and treatment. Various types of dislocation of vertebrae are much more
common than can be determined by spinal radiography in standard projections; as a result of dislocation, a pain syndrome
occurs.

A i m . Tostudy the effectiveness of conventional methods for diagnosis of instability in the spinal motion segment (SMS)
in the cervical spine.

Materials and methods. Weobserved 50 patients (mean age 50.6 + 2.19 years) who were admitted to
the Clinic of the Irkutsk Scientific Center for Surgery and Traumatology (Neurosurgical Department) with a diagnosis
Adult osteochondrosis of spine (ICD-10 code — M42.1). Conventional methods were used to diagnose SMS instability: plain
radiography in anteroposterior and lateral projections, functional cervical spine radiography.

Results. Itwas stated that the most common changes are characteristic of II and III periods of osteochondrosis:
straightening of cervical lordosis — in 48 patients (96%), decrease in intervertebral disc height — in 46 patients (92%),
anterior wedging of vertebral bodies — in 48 patients (96%), endplate sclerosis — in 37 patients (74%), presence of marginal
osteophytes — in 45 patients (90%).

In maximum flexion and extension, the C —C,, vertebrae were involved in the formation of pathological mobility of the
intervertebral segments, while the C, and C,, vertebrae remained stable.

Instability in one cervical vertebra was revealed in 15 patients (30%). Most often, excessive mobility of 2 vertebrae was
observed — in 22 people (44%), less often of 3 vertebrae — in 5 patients (10%). The dislocation of 4 vertebrae was quite
rare — in 2 patients (4%).

When analyzing the data of functional cervical spine radiography, we have found that the SMS instability in patients with
intervertebral disc degeneration develops most often in the following segments: C —~C,, — 13 people (26%), C,—C,, — 34
people (70%), C,,~C, — 29 people (58%), C,~C,, — 12 people (24%).

Conclusion. TheSMS instability still remains an urgent problem in neurology and neurosurgery. Plain radiogra-
phy reveals only indirect signs of SMS instability. Diagnosis by functional spondylography made it possible to verify the
SMS instability only in 36% of cases.

Keywords: intervertebral disc, osteochondrosis, X-ray diagnostics of spinal motion segment instability.

Citation example: Seliverstov P.V., Kirienko A.N., Pozdeeva N.A., Pichugina U.V. The effectiveness of radiologi-
cal methods for diagnosis of instability of the spinal motion segment in the cervical region. Journal of Siberian Medical
Sciences. 2023;7(1):53-63. DOI: 10.31549/2542-1174-2022-7-1-53-63

BBEJIEHUE INTRODUCTION

Ilo JAaHHBIM CTAaTHCTHUKN 60)IeBI>Ie CUHAPOMBI
Yyalle BCEro BO3HUKAIOT B IIEWHOM OTZAEJIe II03BO-
HOYHHKA. Biaroymaps ceoemy 0co60My CTPOEHUIO U
0COOEHHOCTAM OHMOMEXaHUKM, DTOT OTHEI II03BO-
HOYHHMKA 00J1a/jaeT MaKCUMAaJIbHOM CBOOOMOM /BU-
skeHu# [1-5].

II[BI/I)KE!HI/L?I B HIefIHOM oTaesie IIO3BOHOYHHKA
OCYIIIECTBJISIIOTCSA IO CIHUPaiF, HA OJHO VIJIOBOE
JIBUPKEHUE IPUXOTUTCS OHO JTUHeHHOoe. HampuMmep,
(excus u sKcTEH3UA HA YPOBHe LIEHHOTO OTZesa

According to statistics, pain syndromes most
often occur in the cervical spine. Due to its special
structure and biomechanics, this part of the spine
has maximum mobility [1-5].

Movements in the cervical spine are executed in a
spiral, and for every angular movement there is one
linear movement. For example, flexion and exten-
sion at the cervical spine level are combined with lat-
eral dislocation. Body lateroflexion (side bend) is
combined with the forward movement of the joints.
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IM03BOHOYHHUKA KOMOUHUPYIOTCS C OOKOBBIM CMeITe-
HueMm. Jlarepodekcus TynoBuina (HAKJIOH B CTO-
pOHY) coueTaeTcsl C ABIKEHHEM CYCTaBOB BIIEDEI.
Poramusa coBepmiaercsi ¢ KpaHUQIBHBIM CMeIle-
HUeM. DTH MPU3HAKU HAZ0 YUUTHIBATH MIPU OIEHKE
(QYHKIMOHAJIBHBIX CHHUMKOB IIEHHOrO  OTAesaa
MM03BOHOYHMKA [6—10]. Ecytt Ha peHTreHOrpamMmax
MMeeT MECTO JIaTepaJIbHOe CMeIleHue TeJsl T03BOH-
KOB, TO Y TTAITUEHTA MOKeT OBITh JINOO0 ITOBBITIIEHHAS
9KCTeH3Us, JTN00 IIocKas mes. /171 Mo3BOHKA BeIU-
YMHA JIOp103a Wiu Kudosa OyaeT Takoi, YToObl B
JIPYTOH IIJIOCKOCTU He OBLIIO JIATEPaJIbHOTO CMeIlle-
HUS, TaK Kak UW30BITOYHAA WU HEAOCTAaTOUHAs
(brexcust BOCIPUHUMAETCSI OPTaHU3MOM KaK COBEP-
IIEHHOE ABUKeHue [11—14].

CranmaprHas cnoHguiorpadus siBisercs 6aszo-
BBIM METOJIOM JIyYEBOU JAUATHOCTUKH, HCIIOJIBb3YETCs
KaK CKpUHHHTOBOE 00cJIe/IoBaHue maueHTos [15—18].

BrIpa)keHHOCTh OCTEOXOH/[PO3a PEHTIeHOJIOTH-
YeCcKH He KOPPEeJIUPYeT C KIMHUYECKOU KapTUHOM.
I'71aBHBIME TTaTOTEHETUYECKUMU (PAaKTOpaMU SIBJISI-
IOTCSI KOMIIPECCHOHHBIE MEeXaHU3MBI U pedIIeKTOp-
HbI€ BJIUSHUsS, COMPOBOXKIAMIINECS BOCIAUATEb-
HBIM IIPOIIECCOM, MUKPOUIMPKYJISATOPHBIMU pac-
CTPOMCTBAMH U UX coueTaHHeM [19—22]. J/lereHepa-
TUBHBIN MPOIECC HAYMHAETCS C MEXKIIO3BOHKOBOTO
JIMCKa, U JINIIIb 3aTEM BOBJIEKAIOT JPYTHE CTPYKTYPHI
(mapy>xHas TpeTh GUOPO3HOTO KOJIbIIA MEKIIO3BOH-
KOBOT'O JIUCKA, 3a/THSSI IPOJIOJIbHASA, JKEJITasI, MEKO-
CTHCTAsI CBA3KHU, TapaBepTeOpaIbHbIe MBIIIIIHI, TEIA
II03BOHKOB, JyTOOTPOCTYAThIE CYCTaBbI), KOTOpBIE
OTBEYAIOT 32 COXPAHHOCTH €ro (PYHKIMOHAJILHOTO
cocrosiaus [23—28].

CranpapTHas cioHAUIOTpadusA MO3BOJISAET 00D~
eKTHUBHO OIEHUTh AaHATOMHUYECKOe COCTOSHHE
[I03BOHOYHO-/IBUTATEJIbHBIX CEIMEHTOB B IIEHHOM
OTJleJie TIO3BOHOYHUKA, OMPENENIUTh IepUoj Teue-
HUS OCTEOXOH/IP03a U TAKTUKY JaJIbHEUIIero oocue-
JIOBaHUA U JieueHusd [29—35].

PaszynuHble BUABI CMEIEHUH TO3BOHKOB BCTpe-
YaoTCsA 3HAYUTEIBHO Yallle, YeM 3TO MOXKHO OIIpe-
JIeJIUTh TIPU PeHTreHOoTpauu ITO3BOHOUHHKA B
CTaH/APTHBIX IPOEKIUAX. B pe3ysiprare cMeneHui
BO3HHKAET 60JIeBOU cuHApPOM [36—38].

IOEJIb NCCJIEAOBAHUA

Nzyuenne 3DOEKTUBHOCTH  TPATUITUOHHBIX
METOJIOB JTUATHOCTHUKHU HECTAOWUJIBHOCTH IMO3BOHOY-
Ho-mBuraresbHoro cermenta (IIZIC) B 1meiiHoM
OT/ieJie IO3BOHOYHUKA.

MATEPUAJIBI 1 METO/IbI

Ilox  HamuMm  HaOJIIOAEHUEM  HAXOAHJIOCHh
50 TalMEeHTOB, CPETHUHN BO3pacT 50.6 + 2.19 roja.

Rotation is performed with cranial dislocation. These
signs should be taken into account when evaluating
radiographs of the cervical spine [6—10]. If there is a
lateral dislocation of vertebral bodies on radio-
graphs, then a patient may have either increased
extension or flat neck. For a vertebra, the magnitude
of lordosis or kyphosis will be such that there is no
lateral dislocation in the other plane, since excessive
or insufficient flexion is perceived by the body as a
perfect motion [11—14].

Conventional spine radiography is the basic
method of radiodiagnosis and is used as a screening
[15—18].

The severity of osteochondrosis radiographically
does not correlate with a clinical picture. The main
pathogenetic factors are compression mechanisms
and reflex effects, accompanied by an inflammatory
process, microcirculatory disorders and their combi-
nation [19—22]. Degenerative process begins with
the intervertebral disc, and only then other struc-
tures are involved (the outer third of the annulus
fibrosus of the intervertebral disc, the posterior lon-
gitudinal, yellow, interspinous ligaments, paraverte-
bral muscles, vertebral bodies, facet joints), which
are responsible for the preservation of its functional
state [23—28].

Conventional spine radiography makes it possi-
ble to assess the anatomy of the cervical spinal seg-
ments, to determine the period of osteochondrosis
and the tactics of further examination and treatment
[29-35].

Various types of vertebral dislocation are much
more common than can be determined by using radi-
ography of the spine in standard projections. As a
result of dislocation, a pain syndrome occurs [36—38].

AIM OF THE RESEARCH

To study the effectiveness of conventional meth-
ods for diagnosis of instability of the spinal motion
segment (SMS) in the cervical region.

MATERIALS AND METHODS

We observed 50 patients, mean age 50.6 + 2.19
years. All patients were admitted to the Clinic of the
Irkutsk Scientific Center for Surgery and Traumatol-
ogy (Neurosurgical Department) with a diagnosis
Adult osteochondrosis of spine (ICD-10 code — M42.1).

The distribution of patients depending on gender,
age, neck length and period of osteochondrosis is
presented in Table 1.

To diagnose SMS instability, conventional meth-
ods were used: plain radiography in anteroposterior
and lateral projections, and functional radiography
of the spine.

Journal homepage: http://jsms.ngmu.ru
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Ta6/mua 1. Pacnipesiesnienve nauveHToB (n = 50) 10 1oJiy, BO3pacTy, AJMHE LIeH, IEPHOAY OCTEOXOHAPO3a
Table 1. The distribution of patients (n = 50) by gender, age, neck length, osteochondrosis period

IIpusHak / Sign

3uauenue / Value

ITos / Gender:

MY>KYUHBI / male 13

skeHIIUHEI / female 37
Bospacr, et / Age, years 50.6 + 2.19
Juna meu, cm / Neck length, ecm 16.5 + 2.11
ITepuog ocreoxonaposa / Period of osteochondrosis:

1I 36%

111 64%
p>0.5.

Bce manmenTel moctynuiu B kauHuky PI'BHY
«VIpKyTCKHI HAayJIHBIH IEHTP XUPYPIHU U TPaBMa-
TOJIOTUN» (HEHPOXUPYPIUUECKOE OT/IEJIEHUE) C THa-
rHO30M: OCTEOXOHAPO3 MTO3BOHOYHUKA Y B3POCJIBIX
(xom mo MKB-10 — M42.1).

PacripesienieHue manueHTOB B 3aBHUCUMOCTH OT
10J1a, BO3pacTa, JUIMHBI IIIed U IePUo/ia OCTEOXOH-
ZIP03a IIPeCTaBIeHO B TA0I. 1.

Jlina puargocTuky HecrabmiabHocT I1J1C UeIosib-
30BAJIUCH TPAJUIIMOHHBIE METO/IbI: 0030pHasT PEHT-
regorpadus B IpsAMOU U OOKOBOH ITPOEKITUSAX,
¢yHKIMOHAJIBHASA CIOHAUIOTpaduUsl.

CraTuctuyeckas obpaboTka MOJIyYeHHBIX
pe3yJIbTaTOB BBINOJIHEHA C UCIOJIB30BaHUEM IIPO-
rpammeI Biostat (p > 0.5).

PE3YJ/IBTATDBI 1 OBCYKIAEHUE

B TeueHUHM OCTEOXOHJIPO3a MO3BOHOYHUKA PA3-
JmyarT yeThipe repuogia (A.M. OcHa, 1973, 1984):

I mepuog — GecCUMNTOMHOE TeYeHHEe C TOUKHU
3pEeHUsI PEHTTEHOJIOTHIECKOH fuarHoCTHKH. [Iponc-
XOUT THAPOPOOHBIN U TUAPOGUIBLHBINA AUCOATaHC
B IIYJIBIIO3HOM sI/Ipe, €T0 BHYTPHUAMCKOBOE IepeMe-
meHue, oO0yCJIOBJIEHHOE HAYAJIBHBIMU SIBJIEHHUSMU
nereHepanuy. KiImHUYeCKWe CHMIITOMBI — JIOKQJIb-
Hasi 00JIe3HEHHOCTh Ha YPOBHE MTOPAYKEHHOTO JINCKA,
JIUCKaITHsI. MOTYT MOSIBJISITBCS OOJIH B PYKE IO TUILY
HEBPUTOB, apTPUTOB, a Takke 0o B obJsactu
Cep/ilia, CUMYJIUPYIOIINE CTEHOKAPIUIO.

II nepuoy — nepuoj HectabmabHOCTH I1/]C. Xapak-
TEPU3YETCS IIPOTPECCHPOBAHKMEM JIETEHEPATHBHBIX
U3MEHEHUH B TOPaKEeHHOM [iucKe (CHIIKEHUE
BHYTPUITYJIBIIO3HOTO JIABJIEHUSI, BBICOTHI JIMICKA, pac-
IUIacThIBaHUE (DUOPO3HOTO KOJIBIIA), KOTOPBIE COMPO-
BOJKJIAIOTCsSI OOJIEBBIM CHHJIPOMOM C JIOKQJIbHBIMH
0oJsiAMU B IIEHHOM oTzese. MOoKeT MpOoIoJLKaAThCs
2—3 rozxa. IIporpeccupoBaHHE HEBPOJIOTHYECKOU
CHMIITOMATHKHU HaOJII0faeTcs 10 ypoBHA 36 % ciy-
YyaeB, a yactora 60Jiu KosiebieTes 10 ypoBHs 34 % [4].

Statistical processing of the results was carried
out using the Biostat program (p > 0.5).

RESULTS AND DISCUSSION

During osteochondrosis of the spine, four periods
are distinguished (A.I. Osna, 1973, 1984):

period I — asymptomatic course in terms of X-ray
diagnostics. There is a hydrophobic and hydrophilic
imbalance in the nucleus pulposus, its shift within
the disc due to initial degeneration. Clinical symp-
toms are local pain at the impaired disc level, dyscal-
gia. There may be pain in the hand by the type of
neuritis, arthritis, as well as chest pain, simulating
angina pectoris.

period II — the period of SMS instability. It is
characterized by the progression of degenerative
changes in the impaired disc (decrease of pressure in
the nucleus pulposus, disc height, flattening of the
annulus fibrosus) which are accompanied by pain
syndrome with local pain in the cervical spine. It may
take 2—3 years. The progression of neurological
symptoms is observed up to the level of 36% of cases,
and the frequency of pain reaches up 34% [4].

period III — the period of the complete disc rup-
ture, followed by protrusion and (or) sequestration
of the pulpy nucleus of the disc (possibly with frag-
ments of the annulus fibrosus and hyaline plates).

period IV — the period of osteochondrosis of the
cervical spine. It is characterized by the spread of the
degenerative process to other elements of the inter-
vertebral junction.

The results of radiography of the examined group
are presented in Table 2.

Based on the results of X-ray examination (in
anteroposterior, lateral projections, in maximum
flexion, extension), it was found that the most com-
mon changes are characteristic of period II and III of
osteochondrosis. These include: straightening of cer-
vical lordosis (96%, n = 48), loss of height of the
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IIT mepuoa — mepuoz MOJHOTO paspbiBa JIUCKA,
BCJIEJT 32 KOTOPBIM IPOHCXOJUT BBIISUYNBAHUE H
(mnu) cexkBecTpanusi MAKOTHOTO sifjpa JiucKa (BO3-
MOXKHO, ¢ hparMeHTaMu (pUOPO3HOTO KOJIBIIA U T'Ha-
JINHOBBIX IIJIACTUHOK).

IV mepuojs — mepuoz; OCTEOXOHAPO3a IIEHHOTO
OT/ieJia TTO3BOHOYHUKA. XapaKTEPU3yeTCsl pacIipo-
CTpaHEeHUEM JIETeHEPATUBHOTO IIpoIecca Ha APYTHe
5JIEMEHTHI MEKITO3BOHKOBOTO COUIEHEHUA.

PesynpraThl peHTreHorpadguu - obciieryeMoi
TPYIIIIBI ITPEJICTABJIEHBI B TA0JI. 2.

Ha ocHOBaHWU pe3yJIbTATOB PEHTTEHOJIOTHYE-
CKUX HCCIIe/IOBAHUH (B IPSIMOIL, D0KOBOI MPOEKIUH,
B ITOJIOKEHUH MaKCUMAaJIbHOTO CTHOaHUs, pa3ruda-
HUs) YCTaHOBJIEHO, YTO HauboJjiee 4acTo BCTpeda-
I0TCA U3MeHeHus1, XxapakrepHble 114 11 u 111 mepuo-
JIOB OCTEOXOH/P03a. K HUM OTHOCATCS: BBIIIPSMIIE-
HUe IIeiHoro Jyiopao3a (96 %, n = 48), cHUKeHHe
BBICOTBI MEKIIO3BOHKOBBIX AUCKOB (92 %, n = 46),
CKOIIIEHHOCTh IIE€PEJHUX OT/EJIOB TeJ ITO3BOHKOB
(96 %, n = 48), cxyIep03 3aMBbIKATEIbHBIX IUIACTUHOK
(74 %, n = 37), HaIMUYKeE KPaeBbIX KOCTHBIX pa3pac-
TaHu# (90 %, n = 45) (puc. 1).

Takum 06pa3zoM, MbI IOITBEPAUIHN, UTO JAHHBIH
METO]T UCCJIEIOBAHUS O3BOJISIET OIEHUTbh MOP(O-
JIOTHYECKOE COCTOSIHIE BCEX BJIEMEHTOB II03BOHOY-
Huka. OfHAKO TPU OlleHKe W3MeHEHHH, Xapak-
TEPHBIX JJIsi BTOPOTO IIEpHOJiIa OCTEOXOHZpO3a —
nepuoga HecrabwibHOcTu II/IC, ¥orma 1po-
rpeccupoBaHUe JIeTeHepaTUBHOTO IpoIlecca MpH-
BOJIUT K CMEIEHHUIO TeJI IO3BOHKOB OTHOCUTEIHHO
JIpYT ApyTa, CTaHIapTHAS CIIOHIHIOTpadUs M03BO-
JISIeT BBISBUTH JIUIIIH KOCBEHHbIE TPU3HAKYU HECTa-

intervertebral disc (92%, n = 46), anterior wedging
of vertebral bodies (96%, n = 48), endplate sclerosis
(74%, n = 37), presence of marginal osteophytes
(90%, n = 45) (Fig. 1).

Thus, we confirmed that this method allows us to
assess the morphological state of all elements of the
spine. However, when evaluating the changes charac-
teristic of the second period of osteochondrosis — that
of SMS instability, when the progression of degenera-
tive process leads to dislocation of vertebral bodies
relative to each other, standard spondylogram can
reveal only indirect signs of SMS instability (straight-
ening of cervical lordosis, loss of height of interverte-
bral discs, anterior wedging of vertebral bodies).

The reflection of the complex interaction and
work of many elements of the spine is its functional
state.

In maximum flexion and extension, the C —C,,
vertebrae (36%, n = 18) were involved in the forma-
tion of pathological mobility of the intervertebral
segments, while the C, and C,, vertebrae remained
stable (Fig. 2). Instability of one cervical vertebra
was detected in 15 patients (30%). An excessive
mobility of 2 vertebrae was the most frequently
observed variant. Thus, simultaneous dislocation of
2 vertebrae was diagnosed in 22 patients (44%),
less often — of 3 vertebrae — in 5 patients (10%).
Dislocation of 4 vertebrae was quite rare — in
2 patients (4%).

When analyzing the results of functional radiog-
raphy of the cervical spine, we have revealed that
instability in the spinal motion segment in patients
with intervertebral disc degeneration develops most

Ta6.1upa 2. YacToTa BCTpeyaeMOCTH PEHTTeHOJIOMMYeCKUX TPU3HAKOB OCTE0X0HAP03a, 1 (%)
Table 2. The prevalence of radiographic signs of osteochondrosis, n (%)

Ilepuon

0CTEOXOHApPO3a . . 0

Period of osteo- PeHTreHos10ru4ecKnii Ipu3HaK / Signs n (%)

chondrosis

I PeHnTrenHeratuBHbIN / Radiolucent 1(2)

11 BeinpsiMmsienue meiHoro Jopgo3a / Straightening of cervical lordosis 48 (96)
CHmxenue BbicoTbl MI1/| / Height loss of the IVD 46 (92)
CKOIIEeHHOCTDb EepPeHUX OT/AEJIOB TeJl T03BOHKOB / Anterior wedging of vertebral bodies 48 (96)
Hecra6uabnocts [1/1C / SMS instability 18 (36)

I JlonoJIHUTEIBHO K BhIlIeNepeyrcleHHbIM Tpu3HakaM / In addition to the features listed above:
CkJ1ep0o3 3aMbIKaTeJIbHBIX IIacTHHOK / Endplate sclerosis 37 (74)
Hasnuue KpaeBbIX KOCTHBIX pa3pactaHuil / Presence of marginal osteophytes 45 (90)
Cnonpuioaptpo3s / Spondylarthrosis 30 (60)

v 3nauuTespHOe cHMKeHUe BbIcoThl MII/J] / Significant height loss of the IVD 2(4)
MaccuBHbIe KpaeBble KOCTHbIe pa3dpacTaHus / Massive marginal osteophytes 5(10)
CnonzunoapTpo3s / Spondylarthrosis 2(4)

[IpumMevyaHue.
N o t e . IVD - intervertebral disc; SMS - spinal motion segment.

MII/J - Mmexxn03BOHKOBbIH AuCK; [1/JC - MO3BOHOYHO-/|BUrAaTEJIbHbIA CEIMEHT.
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Puc. 1. Corunorpamma naruenTa 1. B mpsamoii (A) u 60koBoii (B) mpoekiusax
Fig. 1. The spondylogram of patient Sh.; anteroposterior (A) and lateral (B) projections

o6unpHOcTH II/IC 1O3BOHOYHUKA (BBIIPAMIIEHHE
eHHOT0 JI0p/i03a, CHUKEHUE BBICOTBI
MEXKITO3BOHKOBBIX JIUCKOB, CKOIIIEHHOCTh Iepe-
HHUX OT/IEJIOB TEJI TO3BOHKOB).

OTpakeHHEM CJIOKHOTO B3aUMOJIEHUCTBUA U
paboThl MHOXKECTBA BJIEMEHTOB ITO3BOHOYHHKA
SIBJISIETCS €ro (PYHKITMOHAJIBHOE COCTOSTHHE.

B mosiockeHuM MaKCUMAaJIbHOTO CTHOAHUSA U pas3-
rubauusi B mporece (GOPMHUPOBAHUSA IMATOJIOTHYE-
CKOU TIOJBMIKHOCTU MEIKIIO3BOHKOBBIX CETMEHTOB
OKasauch BoBneueHHbIMHU 1103BoHKHU C —C (36 %,
n = 18), B To BpeMA Kak no3BoHku C, u C ocraBa-
Juch crabwibHbIMEH (puc. 2). HecrabuibHOCTD
OTHOTO IIEeHHOTO II03BOHKA ObLIA BBISABJIEHA Y
15 maruenToB (30 %). Haubosiee yacto HabI0MaIN
U30BITOYHYI0 MOOMJIBHOCTH 2 IO3BOHKOB. Tak, cme-
[I[eHre OJTHOBPEMEHHO 2 IMO3BOHKOB JIMAaTHOCTHUPO-
BaHO y 22 uel. (44 %), peke 3 MO3BOHKOB — Y 5 TaI-
eHTOB (10 %). CMmelleHHe 4 T03BOHKOB BCTPEYAJIOCH
JIOBOJIBHO PEJIKO — y 2 MaIrueHToB (4 %).

IIpun aHaymze pe3yabTaTOB (QYHKIIMOHAIHBHON
CIIOHAWIOTpaduU IMIEHHOTO OT/esa MMO3BOHOYHHKA
BBISBJIEHO, YTO HECTaOWIbHOCTh I103BOHOYHO-
JIBUTATEJILHOTO CEerMeHTa y IalueHTOB Ha ¢oHe
JleTeHepaIu MEKIIO3BOHKOBOTO JIHCKA pPa3BHUBAa-
erca HauboJiee YacTo Ha cJle/lyloIux ypoBHax: C —
C,—26%(n=13),C,—C,—70%(n=34),C,~C,—
58 % (n =29), C,—C,, — 24 % (n = 12) (Tabi1. 3).

Eme Ha paHHeM 3Talle JlereHEpaTUBHOTO IIPO-
1ecca IMOCTeNeHHOE CHUKEHHE BBICOTHI JICKA Hapy-

often at the following levels: C ~C,, — 26% (n = 13),
C,—C, —70% (n=34),C,—C,—58 % (n=29),C,—
C,; —24% (n = 12) (Table 3).

Even in the early phase of the degenerative pro-
cess, a gradual height loss of intervertebral disc
interfere with the normal functioning of the whole
SMS, including two adjacent vertebrae, interverte-
bral disc, joints, surrounding muscles, and liga-
ments. The development of the degenerative process
is facilitated by an excessive static and dynamic load,
hereditary predisposition. The intervertebral disc
loses fluid, loses its cushioning function and becomes
more sensitive to mechanical load. The annulus
fibrosus becomes thinner, cracks appear in it, the
nucleus pulposus is displaced to the periphery. The
facets of the intervertebral joints run into each other,
which leads to subluxation and dislocation of the
vertebrae.

The resulting SMS instability increases the sensi-
tivity of the spine to injury or sudden movements,
accelerates degenerative changes that can become a
source of pain.

In addition to spine radiography, all 50 patients
underwent magnetic resonance imaging (MRI),
which made it possible to assess the process of inter-
vertebral disc degeneration. The main signs of the
process: low signal intensity on T2-weighted images
of the intervertebral disc — 96% (n = 48), deforma-
tion of the subarachnoid space — 68% (n = 34), liga-
mentous hypertrophy — 74% (n = 37), marginal
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Puc. 2. Cnonunorpadus naiuenra 1. mpu MakcuMaIbHBIX pasrubanuu (A) u crubanuu (B)
Fig. 2. The spondylography of patient Sh; maximum extension (A) and flexion (B)

aetT HopMasibHOe pyHKITMOHupoBanue Becero I1/1C,
BKJIFOUAIOIIEr0 JBa CMEKHBIX MO3BOHKA, MEKIIO3-
BOHKOBBIH JIUCK, CyCTaBbI, OKPY>KAIOIIHE UX MBIIIIITHI
U CBA3KU. Pa3BUTHIO JleTeHEepaTHBHOTO IIpoIecca
CIIOCOOCTBYIOT: U30BITOUHAS CTaTHYECKas U JUHA-
MHuYecKas Harpyska, HacJIe[ICTBEHHAs IPeapacio-
JIO3KEHHOCTh. MeKITO3BOHKOBBIH JIUCK TEPSAET BOJLY,
yTpadYuBaeT aMOPTU3AIMOHHYIO (PYHKIIHIO U CTAHO-
BUTCSA 0OO0Jiee UyBCTBUTEJIBHBIM K MEXaHHYECKOU
Harpyske. PuOPO3HOE KOJIBII0 UCTOHYAETCS, B HEM
TIOSIBJISIIOTCST TPEIIUHBI, MYJIBIIO3HOE SIIPO CMeIa-
ercs k nepudepuu. CycraBHble (paceTKu B MEKII03-
BOHKOBBIX CyCTaBax «HAae3KaloT» JIpyr Ha Apyra,
YTO NTPUBOAUT K IIOJIBBIBUXY U CMEIIEHUIO II0-
3BOHKOB.

BosHukaromas B urore HecrabuiabHOcTh I1JIC
TIOBBIIIIAET YYBCTBUTEJIBHOCTh ITO3BOHOUHUKA K
TpaBMe WJIN PE3KUM JIBUKEHHSM, YCKOPSIET JlereHe-
paTuBHBIE U3MEHEHWUs, KOTOpbIE CIIOCOOHBI CTaTh
HCTOYHUKOM OOJIH.

JIOTIOJTHUTEJIPHO K  CHOHAWIOTpad®UU  BCEM
50 malnueHTaM ObLIa IPOBe/leHa MaTrHUTHO-PE30-

osteophytes — 86% (n = 43), narrow spinal canal —
24% (n = 12), disc herniation — 14% (n = 7). How-
ever, an MRI study cannot assess whether there is
instability in spinal motion segments, which are sub-
ject to the degenerative process, and to what extent
the dislocation of the vertebrae relative to each other
can occur.

Despite the revealed changes on X-ray examina-
tion in anteroposterior, lateral projections, in maxi-
mum flexion and extension, which are characteris-
tic of periods II-III of osteochondrosis, such as
height loss of the intervertebral disc, anterior wedg-
ing of vertebral bodies, presence of marginal osteo-
phytes, endplate sclerosis, straightening of cervical
lordosis, the SMS instability in the studied group
was detected only in 36% of cases (n = 18). There-
fore, the main task of a doctor is the early detection
of vertebral dislocations, when it is possible to suc-
cessfully apply preventive measures, rational treat-
ment and, with the help of proper employment, sta-
bilize the existing, but still small dislocation of the
vertebrae.

Ta6supa 3. YacToTa BCTpeyaeMOCTH HeCTa6UIbHOCTH B T03BOHOYHO-ABUTaTeIbHOM CETMEHTE, N
Table 3. The prevalence of instability in the spinal motion segment, n

Ilepuon ocreoxoHgpo3a / Period of osteochondrosis

YpogeHns / Level
II

11 1A%

CII_CIII 5

Cm_clv 28
CW—CV 29
CV—CVI 16

6 -
12
10
4

N N W
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HaHcHas Tomorpadus (MPT), koropas mo3BoJinia
OIIEHUTH TPOIIECC JETeHEPAIIMH MEKIIO3BOHKOBOTO
nucka. OCHOBHBbIE MMPU3HAKK IPOIlecca: CHUKEHUE
WHTEHCUBHOCTHU CHUT'HaJIa Ha T2-B3BeIIeHHBIX TOMO-
rpaMmax OT MeXKIIO3BOHKOBOTO Aucka — 96 %
(n = 48), nebopmarus cybapaxHOUAAIBHOTO IIPO-
cTtpaHcTBa — 68 % (n = 34), runeprpodus CBA30Y-
Horo ammapara — 74 % (n = 37), KpaeBble OCTeO-
utbr — 86 % (n = 43), y3KUi TO3BOHOUHBIN KaHA —
24 % (n = 12), Tpblka ucKa — 14 % (n = 7). OgHAKO
npu MPT-uccieqoBanuu HEBO3MOKHO OIEHUTb,
WMeeTCS JIU HeCTaOMJIPHOCTD B ITO3BOHOYHO-/IBUTA-
TEJIbHBIX CETMEHTAaX, KOTOPbBIE ITO/[BEPKEHBI JIereHe-
paTUBHOMY IMpPOIIECCY, U B KaKUX IpeeaaX MOTYT
MMPOUCXOJUTh CMEIEeHHUsI TIO3BOHKOB OTHOCHTEIHHO
Apyr Apyra.

HecmoTpss Ha BBIABJIEHHBbIE W3MEHEHHSA IIPU
PEHTTEeHOJIOTUYECKUX HCCIIEIOBAHUAX B IPSIMOH,
OOKOBOU IIPOEKIHAX, IIPH MaKCHMaJIbHOM Cruba-
HUU U pasrubaHuu, KOTOPhIE XapaKTepHbI st 11—
ITI mepro0B OCTEOXOHAPO3a, TAKUE KAK CHUXKEHUE
BBICOTHI MEKIIO3BOHKOBOTO JHCKa, CKOIIEHHOCTHb
MepeHUX YIJIOB TeJ IO3BOHKOB, HATMYHE KPAEBBIX
KOCTHBIX pa3pacTaHUU, CKJIEPO3 3aMBIKATEIbHBIX
IUIACTUHOK, BBINIPSMJIEHHE IIIEHHOr0 JIOP/03a,
HecrabwipHOCTh [IJIC B wmcciexyeMoil rpyime
BBISIBJISIETCS TOJIBKO B 36 % cirydaes (n = 18). I1oa-
TOMY IJIaBHOU 3aj7lauedl Bpaya SBJISETCA PaHHee
BBISIBJIEHHE CMEIeHUII MMO3BOHKOB, KOTZA MOKHO
VCHEITHO TPUMEHUTh MPOGUIAKTUIECKHE MepO-
MPUATHS, PAIMOHAJIBHOE JIEYeHUE U C ITOMOIIBIO
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CONCLUSION

The SMS instability still remains an urgent prob-
lem in neurology and neurosurgery. Plain radiogra-
phy in anteroposterior and lateral projections reveals
only indirect signs of the SMS instability. The diag-
nostics using functional spondylography in maxi-
mum flexion and extension positions verifies the
SMS instability in only 36% of cases.
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MIPaBUJIBHOTO TPYAOYCTPOMCTBA CTAOMIU3UPOBATH
HACTYNIUBIINE, HO eIle HeOOJIbIINE CMeIleHUs
II03BOHKOB.

3AK/IOYEHUE

Hecrabuwipaocts I1/IC mo-mpeskHEMY OCTaeTcs
aKTyaJIbHOM TPOOJIEMOUM HEBPOJIOTUM U HEHUPOXH-
pypruu. MeTox 0630pHO# peHTreHOrpaduu B Ips-
MOM U OOKOBOW MPOEKIHUAX IT03BOJISET BBISIBUTH
JIMIIH KOCBEHHBIE NTpu3HaKu HectabwmwibHOoCcTH T1/1C.
Jlyuarsoctuka MeTo/IoM (PYHKIIMOHAJIBHOHN CHOH[U-
Jiorpaduu B MOJIOKEHUH MaKCUMAaTbHOTO CTHOAHMUS
u pasrubanus Bepudunupyer HectabuibHOCTD [17]C
BCero B 36 % ciyudaes.

KoH}IMKT HHTEPECOB. ABTOPHI 3asBJISIOT 00
OTCYTCTBUH KOH(JINKTA HHTEPECOB.
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Onenka KauecTBa ;KU3HU 00JIbHBIX TUMGPOMON XOAKKUHA
B 1e010Te 3a00JI€eBAaHUA U MMOCJIE TIEPEHECEHHOU
XUMHOJJIyUE€EBOU TEPANTUU
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AHHOTAITUA

BBegewnwue. IIporpecc B moHnMaHuu 6uosoruu aumMmdomsl Xomxkuna (JIX) u yaydiiieHne moX0/[0B K TPOTHUBO-
OIIyX0JieBO Tepamnuu JIX MO3BOJIMJIN IMOBBICUTH BBIKMBAEMOCTh OOJIBHBIX Ha BeexX aTamax 3abosieBanus. Tak, 5-JeTHSs
ob11as BBDKHUBAEMOCTh COCTaBJIsIeT Oostee 85 % maske y maruenTtoB ¢ III-IV cragusmu 3aboseBanus. OQHAKO paHHUE
OCJIO’KHEHUSI U OTAQJIEHHBIE ITOCIIEICTBUA KOMOMHIPOBAHHON XUMHOJIYIeBON TePAIUU OCTAIOTCA aKTyaIbHON IpobJe-
MOM, CHU’KasI KAYeCTBO KU3HU HaIlEHTOB.

IT e 1 b . OIEHUTHh KAYECTBO KU3HU OOIBHBIX JIX B pa3Hble IEPUO/IbI 3a00IEBAHUS: B MOMEHT JIMAaTHOCTHKH OITyXO0JIe-
BOTO IPOIIeCcca U TOCJIE IPOBEAEHUS IPOrPAMMHON MOJIUXUMUOTEPATIUH.

MaTepuaab U MEeTO]/ bl. BuccienoBanue BKIOUYEHHI 46 O0JIBHBIX C BIIEPBbIE BhIsIBJIEHHOH JIX, rociuTra-
JINBUPOBAHHBIX B remaTosioruyeckue otaenenns IBY3 HCO «Topojckas kinHudeckast 6oapHUIA NO 2» 1 TBY3 HCO
«T'ocynapcrBenHas HoBocubupckas obsactHass KinHUYecKass OospHHUIA» T. HoBocubupcka. I'pynma KOHTPOJIA Mpesi-
CTaBjieHa 46 YCJIOBHO 3/I0POBBIMU JIIOJIbMH, HE MMEIOIIUMU OIIYXOJIEBOTO Mpoliecca Win OOOCTPEHHS XPOHHUECKUX
3aboJieBaHUM. B KauecTBe MHCTPYMEHTA JJIs OIEHKH KadyecTBa JKU3HU HCIIOJI30BAJICA CTAH/IAPTHBIN ompocHUK SF-36
Health Survey.
Pes3yunbrTartbl . KadecTBo )ku3HU 6OJIBHBIX OBLIO IOCTOBEPHO BBIIIIE Y OOJIBHBIX B 1€0I0Te 3a00I€BAHIA, YEM IIOCTIE
IIPOBE/IEHUSA CIIENU(DUIECKON TPOTUBOOIYX0JIEBOH Tepanuu. B cpaBHEHUH C KOHTPOJIBHOH I'PYIIION, y manueHTos ¢ JIX
KakK JI0 HayaJsia JIeUeHUs, TaK U [T0CJIe IepeHEeCEHHOW XUMHUOJIyUeBOU TepaITii OTMEUYEHO yXy/IeHne (PU3UIECKOTO COCTO-
STHUS, BJIUSAIOIIETO HA ITOBCE/THEBHYIO JIEATEIBHOCTD. TaKKe ¢ yBeJTMYEHNEM KyPCOB IIPOTHUBOOITYX0JIEBOM TEPAIIHH JIOCTO-
BEPHO YXY/IIIaJI0Ch SMOI[HOHATBHOE U (PU3HUECKOe 37I0POBhe 60IBHBIX JIX, a HHTEHCUBHOCTH 00JIEBOTO CHHAPOMA ObLia
BBIIIIE Y TIAIEHTOB C PACIIPOCTPAHEHHBIMU CTAANAMU 3a00I€BaHUS.

3aKJO4YeHUe. BHacrosiee BpeMs OIEHKA KaYeCTBa *KU3HH Yy MAI[UEHTOB C OIyXOJIEBBIMHU 3a00JIEBAHUAMU
CUCTEMBI KPOBU B J1e0I0Te 3a00J1€EBAHUSA U IOCJIE IPOTHBOOITYX0JIEBOH TEPAIIUY MOKET [TIOMOYb B JIOCTHIKEHUU ONITUMAJIb-
HBIX PE3yJIBTATOB TEPAIIMH C COXPAaHEHUEM BBICOKOTO YPOBHsI KaueCcTBa *KU3HH.

Knmoueswnle croea: mumdoma X0o/KKUHA, KAUeCTBO KU3HH, 3(PHEKTUBHOCTD TEPATIUH, TOKCUYHOCTH TEPATIUH.
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Quality of life assessment in patients with Hodgkin’s lymphoma
at disease onset and after chemoradiotherapy
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ABSTRACT

Introduction. Anadvanceinunderstandingthe biology of Hodgkin’s lymphoma (HL) and improved approaches
to anticancer therapy of HL allowed increasing the survival of patients at all stages of the disease. Thus, the 5-year overall
survival is more than 85% even in HL patients with III-1V stages. However, early complications and long-term effects of
combined chemoradiotherapy remain an urgent problem, reducing the quality of life of patients.

A im . To assess the quality of life of patients with HL in different periods of the disease: at the time of diagnosis of the
tumor process and after multiagent chemotherapy programs.

Materials and methods. Thestudyincluded 46 patients with newly diagnosed HL, hospitalized in the
Hematology Departments of the City Clinical Hospital No. 2 and the Novosibirsk Regional Clinical Hospital. The control
group was represented by 46 apparently healthy people without a tumor process or exacerbation of chronic diseases. The
SF-36 Health Survey was used as a tool for assessing the quality of life.

R e s ults . The quality of life of patients was significantly higher in patients at onset of the disease than after specific
anticancer therapy. Compared with the control group, in patients with HL, both before the start of treatment and after
chemoradiotherapy, a deterioration in the physical condition affecting daily activities was noted. Also, with an increase in
the in the number of courses of anticancer therapy, the emotional and physical health of patients with HL worsened sig-
nificantly, and the intensity of pain syndrome was higher in patients with advanced stages of the disease.
Conclusion. Currently, the assessment of the quality of life in patients with hematologic malignancies at onset of
the disease and after anticancer therapy can help achieve optimal therapy results while maintaining a high level of quality
of life.

Keywords: Hodgkin’s lymphoma, quality of life, efficacy of therapy, toxicity of therapy.
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BBEJAEHUE

Jlumdoma Xomxkuna (JIX) sBisieTcss 310Kade-
CTBEHHBIM KJIOHAIHHBIM B-KJIeTOYHBIM JTUMQOIIPO-
nudepaTUBHBIM HOBOOOpPa30BaHUEM, XapaKTEPU3Y-
IOIMUMCSA HaJIMYUEM B OIyX0JeBOM cybcTpaTe
HEMHOTOYHCJIEHHOH MOIYJISAINHI KJIETOK XO/[PKKHHA,
Bepesosckoro — Pusa — [IlTepubepra, a Tak:Ke JaKy-
HapHBIX, MyMUGUIUPOBaHHbIX U LP-kiteTok. Mmy-
HO(EHOTHUIT MMATOJIOTUYECKUX KJIETOK IIPEJICTaBJIEH
caeayomumu Mapkepamu: CD30+, CD15+, cimabo
BeIpaskeHHBIM PAX5+ U B 20-40 % ciy4aeB —
CD20+ [1]. ITporpecc B nonuManuu buosioruu JIX u
yIIydIlleHWe MO/IX0/I0B K IIPOTUBOOIIYX0JIEBOM Tepa-
MU TIOBBICWUJIA BBI)KMBAEMOCTb OOJIBHBIX Ha BCEX
sTamnax 3aboseBaHusa. Tak, 5-JIeTHSIS 001as BBIXKU-
BaeMOCTh COCTaBJIsAeT OoJiee 85 % Aaxe y MaIlueHTOB
¢ III-1V cragusamvu 3aboseBanus. O HAKO paHHHE
OCJIO’KHEHUSI W OTJIJIEHHBIE IOCIEJCTBHAS KOMOH-

INTRODUCTION

Hodgkin’s lymphoma (HL) is a malignant clonal
B-cell lymphoproliferative neoplasm characterized
by the presence of a small population of Hodgkin’s,
Reed-Sternberg cells, as well as lacunar, mummified
and lymphocytic and histologic cells in the tumor
substrate. The immunophenotype of pathological
cells is represented by the following markers: CD30+,
CD15+, mildly expressed PAX5+ and, in 20—40% of
cases, CD20+ [1]. An advance in understanding the
biology of HL and improved approaches to antican-
cer therapy increased the survival of patients at all
stages of the disease. Thus, the 5-year overall sur-
vival is more than 85% even in HL patients with ITI-
IV stages. However, early complications and long-
term consequences of combined chemoradiotherapy
are becoming an increasingly urgent problem for the
global medical community as the number of HL sur-
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HUPOBAaHHOW XWUMHOJIYYEBOU TEpANUH CTAHOBSTCS
Bce 0oJiee aKTyaJbHOH IIPOOJIEMOH AJIsI MHPOBOTO
MEJUIIITHCKOTO COODIIECTBA 110 Mepe YBEJTMYEHUS
yycsia IalueHToB, usaeunsiinxes ot JIX [2]. Hau-
6oJlee YaCTO BCTPEUAIOIIMMUCA TOKCUYECKUMHU
a¢ddeKTaMu XUMHOJYYEBOTO JIEUEHUS SIBJISIOTCS
MOpa’keHus NeYeH! (TOKCUYECKUH relaTUT, XPOHHU-
yeckas MeYeHOUHAs HeJOCTaTOYHOCTDH), CepPAEeUHO-
COCYZAMICTOHN U ABIXaTeJIbHOU cucTeM (OCTPBIN KOPO-
HapHBIM CUH/JPOM, HMOPOKHU KJIAIAHHOTO aliapara
Cep/illa, IUJIEBPUTHI, MEPUKAPIUTHI, XPOHUYECKAs
ZIbIXaTebHasA HeJIOCTATOYHOCTH), UMMYHOIe(pUITUT-
HbIE COCTOSIHHS, a TAKMKe HH/IOKPUHHBIE PACCTPOU-
CTBA U CKeJIETHO-MBIIIEYHble W3MeHeHus [2-5].
Puck X BO3HUKHOBEHUS CBSI3aH C BAPUAHTOM Tepa-
AW, BO3PACTOM MAI[UEHTOB, KOMOPOUIHBIM (HOHOM
u apyrumu pakropamu [3].

YuuteIBas BBICOKYIO KypabesbHOCTH JIX, M0OsI0-
JIOH TPYAOCIOCOOHBIA BO3PACT OCHOBHOHU TPYIIIBI
MalUeHTOB, UX CTPeMJIEHHE K CO3/JaHUI0 CEMbH H
JIETOPOK/IEHUIO, OCOOBI IPHOPUTET MPHOOpPETaeT
BOIIPOC O KAYEeCTBe JKU3HU 3TUX 00JIbHBIX. COTIacHO
OTIpeJieJIEHUI0 BceMUPHON opraHu3anuu 31paBooX-
paHeHus, TepMUH «KadecTBO ku3HU» (KOK) oxBaThI-
BaeT (pUBHUECKOE, TICUXO0JIOTHUECKOEe, SIMOI[UOHAIIb-
HOE U COITMAJIbHOE 3/TOPOBbE UeJI0BEeKa, OCHOBAaHHOE
Ha €r0 BOCIPHUATHH CBOETO MeCTa B 00IIeCTBe.

ITEJIb UCCJIE/IOBAHU A

OrneHka KayecTBa KU3HU 60IbHBIX JIX B pa3Hbie
MEPUObI 3a00/IEBAHUA: B MOMEHT [UATHOCTHKHU
OIIyXOJIEBOTO MPOIecca M IMOC/Ie MPOBEIEHUsS MPO-
rpamMMHO¥ nosuxumuoTepanuu (I1XT).

MATEPUAJIBI 1 METO/IbI

JuzaliH uccieloBaHusA: 00CEpBAIOHHOE IIPO-
CIIEKTUBHOE HcciiesioBaHue. [IpoTokos uccienoBa-
HUA O00OPEH JIOKAJIbHBIM 3THYECKHUM KOMHTETOM
®I'BOY BO «HoBocubupckuili rocyapCTBEHHBIH
MEIUIMHCKUE yHUBepcuTeT» Munsapasa Poccuu
(mpoTokoJI OT 30.11.2020 NO 129). Bce BKIIOUEHHBIE
B HCCJI€ZIOBAHUE TAIIUEHTHI JIAJIA COTJIace Ha yda-
cTue B uccaeaoBaHuu. OCHOBHYIO TPYTILY COCTaBHIIN
46 GOJIBHBIX C BIIepBbIe BIsABIeHHOM JIX. Pactpesne-
JieHre OOJIBHBIX IO MOJIY OBLIO CIIEAYIOIINIM: MY3K-
yuH — 24 (52 %), xeHuH — 22 (48 %). CpenHuit
BO3pacT narueHToB ¢ JIX Ha MOMEHT Uccie[0BaHUA
cocraBui 38 [32, 46] seT (maHHBIE MpE/ICTABJIEHBI
KakK MejinaHa [25-1; 75-1 nepreHTib]. O6cienoBa-
HHEe U JiedeHue OoJIbHBIX JIX OCyIEeCTBIsIOCh B
YCJIOBHAX TeMaTosioruueckoro otaeneHus I'BY3
HCO «I'opoackas kiuHUYeckas 0osibHUIIA NO 2» 1
reMaToJI0THYECKOr0 OTAEIEHHUs ¢ 0JIOKOM acerTruye-
ckux naynat I'BY3 HCO «T'ocynapcerBennas Hosocu-

vivors increases [2]. The most common toxic effects
of chemoradiotherapy are drug induced liver injury
(toxic hepatitis, chronic liver failure), cardiovascular
and respiratory disorders (acute coronary syndrome,
valvular heart disease, pleurisy, pericarditis, and
chronic respiratory failure), immunodeficiency
states, as well as endocrine disorders and musculo-
skeletal changes [2—5]. The risk of their occurrence
is associated with the treatment regimen, age of
patients, comorbidities, and other factors [3].

Given the high curability of HL, the young work-
ing age of the main group of patients, their desire to
create a family and give birth to a child, the issue of
these patients’ quality of life acquires special prior-
ity. According to the definition of the World Health
Organization, the term “quality of life” (QoL) covers
the physical, psychological, emotional and social
health of a person, based on his perception of his
place in society.

AIM OF THE RESEARCH

Assessment of the quality of life of patients with
HL in different periods of the disease: at the time of
tumor process diagnosis and after multiagent che-
motherapy (MCT).

MATERIALS AND METHODS

Study design: observational prospective study.
The study protocol was approved by the local Ethics
Committee of the Novosibirsk State Medical Univer-
sity (No. 129 dated November 30, 2020). All patients
gave consent to participate in the study. The main
group consisted of 46 patients with newly diagnosed
HL. The distribution of patients by sex was as fol-
lows: men — 24 (52%), women — 22 (48%). The mean
age of patients with HL at the time of the study was
38 [32, 46] years (data are presented as median
[25th; 75th percentile]. The examination and treat-
ment of patients with HL was carried out at the
Hematology Department of the City Clinical Hospital
No. 2 and the Hematology Department with a Block
of Aseptic Wards of the State Regional Clinical Hos-
pital (Novosibirsk) as part of the provision of high-
tech and specialized medical care. Treatment with
the ABVD regimen (doxorubicin, bleomycin, vincris-
tine, dacarbazine) at the stage of remission induction
was performed in 12 patients, the BEACOPP regimen
(bleomycin, etoposide, doxorubicin, cyclophospha-
mide, vincristine, procarbazine, prednisolone) — in
27 patients, the ABVD regimen with escalation to the
BEACOPP regimen — in 77 patients. The total number
of courses performed ranged from 2 to 8 cycles.
According to the results of therapy, all patients
achieved significant clinical and hematological
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Oupckasg obsiacTHAsg KJIWHUYECKas OOJIBHHIA»
(HoBocubOupCK) B paMKaxX OKa3aHUSA BBICOKOTEXHO-
JIOTUYHOU U CHENHATU3NPOBAHHOU MeIUIIMHCKOU
nomortu. Kype ABVD (zoxcopyourniys, 6J1eOMHUITNH,
BUHKPHCTHH, Jakapba3wH) Ha JTalle HHAYKIUHN
pemMuccuu 6bUI IPOBeZieH y 12 nmaruenToB, BEACOPP
(6s1eOMUITMH, TOTIO3U/T, JOKCOPYOUIIHH, ITUKI0(OC-
damuy, BUKpHUCTHH, IPOKapOa3uH, TPETHU30JI0H) —
y 27 O6osbHBIX, Kypc ABVD c¢ »ackamarueir 10
BEACOPP —y 7 yesr. CyMMapHO KOJIMYECTBO TIPOBE-
JIEHHBIX KypCOB COCTaBHJIO OT 2 Ji0o 8 muksoB. Ilo
pe3yJbTaTaM Tepanuu Bee MaIieHThl JOCTUTJIN 3HA-
YUMBIX KJIMHUKO-T€MaTOJIOTUUECKUX ITOKa3aTesel B
BHUJ/IE YMEHbBIIIEHUsI 00beMa OITyXOJIEBOH Macchl U
HUBEJUPOBAHUS CUMIITOMOB OOIIE€ll MHTOKCUKAIIH
(B-cuMIITOMOB).

B KOHTpOJBbHYIO TpyHily OBbLIO BKJIIOYEHO 46
VCJIOBHO 3/TOPOBBIX JIUII, HE UMEIOIIHUX OIIyX0JIEBOTO
mpoliecca Win 000CTpeHUs] XpPOHUUECKUX 3a00J1eBa-
HUH: 26 (57 %) *KeHIIWH U 20 (43 %) My>K4uH, cpes-
HUH Bo3pact — 37 [29; 51] JeT.

B kauectBe wuHCcTpyMeHTa a4 ouneHkun KK
HCIIOJIB30BAJICSI  CTAHJIAPTHBIA OMpOCcHUK SF-36
Health Survey c oreHko# 36 IyHKTOB, CTPYIIIUPO-
BaHHBIX B 8 mikas: ¢usnueckoe (PyHKITMOHHUPOBA-
Hue (®®P); poseBoe QYHKIIMOHUPOBAHHE, O0YCIOB-
JeHHoe duszmyeckum cocrossHueM (PO®); unHTeH-
CHUBHOCTH TejiecHOU Oosim (MIB); obimee 370poBbe
(03); xusHecnocobHocTs (PK); comuanbHOE GYHK-
nuonuposanue (CP); posieBoe PyHKITMOHUPOBAHUE,
00yCJIOBJIEHHOE  SMOIMOHAJIBHBIM  COCTOSTHHUEM
(P9®); ncuxmueckoe 3710poBwe (I13) [6, 7].

OPD (Ppusuueckoe QPYHKIIMOHUPOBAHUE)
TpeJicTaBJIsieT cOOOH CTeleHb OrpaHUYEeHHUsI BBITIOJI-
HseMbIX (PU3UYECKHX HArpy30K, K KOTOPBIM OTHO-
caTress xompba, caMooOCay>KMBaHHE, MOAHATHE U
IepeHoCKa TSKECTeH, MOIbeM IO JIECTHHIE U JIp.
3HaUYUTeIbHbIE OTPAHUYEHUs (PU3UUECKON aKTHUB-
HOCTH, CBSI3aHHbIE C (DUBUYECKUM COCTOSHHEM,
MpeJICTaBJIeHbl HU3KHMHU B3HAYEHUsAMU JJAHHOTO
IoKa3areJisl.

PO® (posieBoe (pyHKIIMOHHPOBAHHE, O0Y-
CJIOBJIEHHOE (DUBUUYECKHM COCTOSTHHUEM) — 3TO
BO3MOKHOCTD BBITIOJTHEHUS ITOBCETHEBHOU JIEATEITb-
HocTH. HU3Kue moKa3aTeiu o 3TOH IIKaJIe OTPaKAIoT
3HAYNTEIbHbIE OTPAHUYEHUS TTOBCETHEBHON AKTHB-
HOCTH, 00YC/IOBJIEHHBIE (PUBMUECKIM COCTOSTHUEM.

B (MHTEHCHBHOCTH TEJECHOH 00Jn)
XapaKTepu3yeT CTelleHb BIUSHUA 00U Ha e3KeTHEB-
HyI0 (U3UUECKYI0 aKTUBHOCTh — UEM HIDKE ITOKa3a-
TeJIN JAHHOU IIKaIbl, TeM 0OJiee BBIPAJKEHBI Orpa-
HUYEHUS.

03 (oGmee 3aOopoBBE) — CYOBEKTUBHAS
OIleHKa OOJIbHBIM CBOETO COCTOSIHHUS 3I0POBbS B

improvement, such as a decrease in the volume of
the tumor mass and reversal of symptoms of general
intoxication (B-symptoms).

The control group included 46 apparently healthy
individuals without a tumor process or exacerbation
of chronic diseases: 26 (57%) women and 20 (43%)
men, mean age 37 [29; 51] years.

The SF-36 Health Survey was used as a tool for
assessing the quality of life with an evaluation of
36 items grouped into 8 scales: Physical Functio-
ning — PF; Role-Physical Functioning — RP; Bodily
pain — BP; General Health — GH; Vitality — VT; Social
Functioning — SF; Role-Emotional Functioning —
RE; Mental Health — MH [6, 7].

PF (Physical Functioning) is the degree of
limitation of physical activities, which include walk-
ing, self-care, lifting and carrying weights, stair
climbing, etc. Significant limitations of physical
activities associated with physical condition are rep-
resented by low scores of this indicator.

RP (Role-Physical Functioning) is the ability
to perform activities of daily living. Low scores on
this scale reflect significant limitations in daily activ-
ities due to physical condition.

BP (Bodily Pain) characterizes the degree of
influence of pain on daily physical activities — the
lower scores on this scale, the more pronounced lim-
itations.

GH (General Health) is a patient’s subjective
assessment of their state of health at this point. Low
scores correspond to the low health assessment.

VT (Vitality) is an indicator of subjective sensa-
tions of vitality; lower scores reflect a feeling of wea-
riness, fatigue in patients.

SF (Social Functioning) determines the
degree of limitation of social interactions associated
with the physical or emotional state of patients. Low
scores demonstrate a significant limitation of com-
munication and social contacts.

RE (Role-Emotional Functioning) charac-
terizes the degree of difficulties of daily living associ-
ated with the emotional state of patients. Low scores
reflect limitations in activities of daily living associ-
ated with deterioration of patients’ emotional state.

MH (Mental Health) is a general indicator of
emotions and mood. Low scores indicate the pres-
ence of depressive symptoms, anxiety, and the pre-
dominance of negative emotions.

The range of each indicator is from 0 to 100
points, where 100 points characterizes complete
health, i.e. the higher the quality of life, the higher
the score of the scale.

The scales were grouped into two main compo-
nents: 1) the physical component of health, which
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JIAHHBII MOMEHT BpeMeHU. HU3KHe I0Ka3aTesau
COOTBETCTBYIOT HU3KOU OI€HKE 3/I0POBbSI.

7K ((kM3HEeCmoCcCOOHOCTh) — ITOKA3aTeb Cy0h-
E€KTUBHBIX OIIYIIEeHUN JKU3HEHHOW AaKTHUBHOCTH,
0oJiee HU3KHUE TIOKA3ATETH OTPAYKAIOT UyBCTBO YTOM-
JIEHHOCTH, YCTAIOCTH TAIEHTOB.

C® (conmumanbHOe (PYHKIIOHUPOBAHUE)
OTIpeJieJIsieT CTENeHb OTPAHNYEHHU S COIIMATbHbBIX B3a-
UMOJIEUCTBUH, aCCONMUPOBAHHYIO € (DU3HYECKUM
WM SMOITMOHAJIBHBIM COCTOSTHHEM MarueHToB. Hus-
KUe 3HAaYeHUs JIEMOHCTPUPYET 3HAYUTEJIbHOE Orpa-
HUYEeHUe OOIEHNS U COITUATbHBIX KOHTAKTOB.

P3® (poseBoe GpyHKIIMIOHUPOBAHUE, 0O0y-
CJIOBJIEHHOE€ 3MOIIHOHAJBHBIM COCTOSHHEM)
XapaKTePU3YeT CTeleHb TPYAHOCTEN, BOBHUKAIOIIUX
B IIOBCE/THEBHOM JIEATEIbHOCTH U CBSI3aHHBIX C HMO-
IIMOHAJILHBIM COCTOSTHUEM 00JIbHBIX. HHU3KHe moka-
3aTeJM OTPAKAIOT OTPAHUYEHUs eXKeTHEBHOM
AKTUBHOCTH, aCCOITUMPOBAHHBIE C yXy/AIIIEHHEM 3MO-
IIMOHAJILHOTO COCTOSHUS IIAaIl[IEHTOB.

I3 (Imcuxuueckoe 3A0OPOBHE) SBJIAETCSA
Oo0IIMM ITOKa3aTeJIeM SMOIUK U HacTpoeHus. Husz-
K€ 3HAUEHUS CBUIETETBCTBYIOT O HAJTUYUH JIETIPec-
CUBHBIX IIepEKUBAHUM, TPEBOTH, MpeobsiajaHuu
OTPUIIATEIHHBIX DMOIIH.

Jlnama3oH KasKJI0oro IMOKa3aTeJsisl COCTAaBJISIET OT O
110 100 6asIoB, T7e 100 6aJIIOB XapaKTepHU3yeT I0JI-
HOE 37I0pOBbe, T.€. YEM BBIIIIE KAYECTBO KU3HU, TEM
0oJiee BHICOKOU OIIEHKOU IpeJicTaBIeHa IITKaJIa.

IIkasbl TPYIIIUPOBAJIUCEH B JIBA OCHOBHBIX ITOKA-
3aresisi: 1) (PUBHYECKUH KOMIIOHEHT 3/I10POBbS,
BKJIIOYAIOIIUA B cebs mKasbl: O, PO, B, 03, u
2) TMCUXWYECKUH KOMIIOHEHT, IIPe/ICTaBIeHHbBIN
mkanamu: 2K, CO, PO® u I13. ITozcuer u 06paboTka
pe3yJIbTaTOB  OBLIM  BBIIIOJIHEHBI €  IIOMOIIIBIO
WHCTPYKIIUU 110 06paboTKe JaHHBIX, TOJIYYEHHBIX C
IIOMOIIIBI0 onmpocHuKa SF-36, IpeacTaBIEeHHOTO
KoMITaHuel «JdBujieHC — KimmHuKO-(papMakooru-
YecKue uccaenopanus» [8].

[Moncuer u 06paboTKa PE3yJsIPTATOB BBITIOJIHS-
JIUCH TIyTEM CYMMHUPOBAaHUs 0aJlyIOB, MOJIyYeHHBIX
IIPY OTBETaX Ha BOMPOCHI 10 PU3UUECKOMY UJIH TICHU-
XUYECKOMY KOMIIOHEHTAaM 3/I0POBbSI  COOTBET-
CTBEHHO.

CraTucTUuecKWi aHaIu3 JaHHBIX IIPOBENEH C
HCIIOJIb30BaHUEM Iporpamm Statistica 10.0 u IBM
SPSS Statistics 26.0 (IBM, CIIIA). YuuTtbsiBasi, 4TO
pacmpenesienre GOJIBIIMHCTBA U3YYEHHBIX TPU3HA-
KOB OBLJIO OTJIMYHBIM OT HOPMAaJIbHOTO, IIPUMEHSLIH
METO/[bI HellapaMeTPUYECKON CTaTUCTHUKH, BKJIFOYA-
IOI[I€ PAHTOBBIA KOPPEJIAIMOHHBIN aHamu3 Crup-
MeHa, U-kputepuit ManHa — YUTHU /11 HE3aBUCH-
MBIX BBIOOPOK. 32 KDUTUYECKUH YPOBEHD JIOCTOBED-
HOCTHU Pa3Inyuil IPUHUMAJIH P < 0.05.

includes the PF, RP, BP, GH scales, and 2) the men-
tal component, represented by the VT, SF, RE, and
MH scales. The interpretation of the results was per-
formed using the guides provided by the Evidence
Clinical and Pharmacological Research Company [8].

The interpretation of the results is performed by
summing up the scores obtained when answering
questions on the physical or mental components of
health, respectively.

Statistical data analysis was carried out using Sta-
tistica 10.0 and IBM SPSS Statistics 26.0 (IBM, USA)
software. Given that the distribution of most of the
studied variables was non-normal, nonparametric
methods were used, including Spearman’s rank cor-
relation test, Mann-Whitney U-test for independent
samples. The value of p < 0.05 was taken as the criti-
cal level of significance of differences.

RESULTS

According to the survey, the quality of life on 6
out of 8 scales was significantly higher in patients at
onset of the disease (group 1) than in patients who
underwent specific anticancer therapy (group 2)
(Table 1): PF = 85 [65; 95] and 75 [55; 90] points,
p = 0.02; GH = 70 [60; 82] and 52 [40; 67],
p = 0.00007; VT = 65 [60; 80] and 55 [30; 65],
p = 0.000005; SF = 88 [63; 100] and 63 [50; 75],
p = 0.0002; RE = 67 [33; 100] and 33 [0; 67],
p =0.001; MH = 80 [64; 88] and 60 [48; 76] points,
P = 0.00002, respectively.

Compared with the control group, in HL patients
both before treatment (50 [0; 100] and 75 [50; 100]
points, p = 0.03) and after chemoradiotherapy (50
[0; 75] and 75 [50; 100] points, p = 0.00008), there
was a deterioration in physical condition affecting
daily activities (professional and household work).
These results at the onset of the disease are probably
associated with the presence of symptoms of intoxi-
cation and paraneoplastic reactions, more often
manifested by severe general fatigue and weakness,
pain syndrome, including bone pain and arthralgia.

To identify the relationship between the scores
obtained on the main scales for assessing QoL and
the clinical and therapeutic parameters of patients
with HL, a rank correlation analysis was performed
(Table 2). As expected, a negative relationship was
found between the number of courses of specific
anticancer therapy in patients with HL and the total
score reflecting the physical component of health: PF
(r=-0.36,p = 0.01), RP (r = —0.40, p = 0.004), BP
(r=-0.43, p = 0.002) and GH (r = —0.36, p = 0.01).
An increase in the volume and intensification of the
HL patients treatment is expected to lead to the
development of toxic effects of anticancer therapy
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PE3YJIBTATBI UCCJIEJOBAHUA

CorylacHO TPOBEJIEHHOMY OIIPOCY, KadecTBO
JKU3HU 110 6 I1KasaM 13 8 G0 JJOCTOBEPHO BHIIIIE ¥
00JIbHBIX B /1e0I0Te 3a601eBaHus (Tpymnmna 1), 4eM y
MalUeHTOB, TEPEHECIINX CIEUDUIECKYIO TPOTUBO-
OmyxoJieByIo Tepamnuio (rpymmna 2) (tabs. 1) u cocra-
suo: @@ = 85 [65; 95] u 75 [55; 90] Gamnos,
p =0.02; 03 =70[60; 82] u52[40; 67], p=0.00007;
K =65[60;80]u55[30;65], p=0.000005; CO =88
[63; 100] u 63 [50; 75], p = 0.0002; PAD = 67 [33;
100] u 33 [0; 67], p = 0.001; 113 = 80 [64; 88] u 60
[48; 76] 6annoB, p = 0.00002 COOTBETCTBEHHO.

B cpaBHeHHU ¢ KOHTPOJIBHOU TPYNIIOH, Y HaIH-
enToB ¢ JIX kak 10 Hauasa jgedenus (50 [0; 100] u 75
[50; 100] 6asmoB, p = 0.03), TaK U MOCJIE TIEPEHECEH-
HOU XUMHOJIy4eBOH Tepanuu (50 [0; 75] u 75 [50;
100] 6a/UI0B, p = 0.00008) OTMEUEHO YXY/AIIEeHHE
(pUBMIECKOTO COCTOSHUSI, BJIMAIOIIETO Ha ITOBCE-
HEBHYIO aKTUBHOCTH (I1podheccroHaIbHAST U IOMAIII-

associated with the metabolism and direct action of
cytostatics. The emotional state of patients with HL
also deteriorated when using more courses of MCT
(r = -0.35, p = 0.015). At the same time, the mental
health of the subjects had a positive relationship with
the follow-up duration since diagnosis (r = 0.35,
p = 0.01). Considering that the majority of examined
patients with HL at the time of the survey had already
achieved positive results of therapy, these results
may indicate stabilization of the psychological com-
ponent of health and satisfaction with achieving
remission of the disease. According to the results of
data analysis on all scales of the questionnaire, there
was found a tendency towards a negative relation-
ship between the patient’s age and his physical func-
tioning (r = —0.27, p = 0.059).

The decrease in the HL patients’ QoL as a whole
did not depend on the extent of tumor extent; how-
ever, there was a slight trend towards lower results

Ta6smmna 1. CpaBHeHUe pe3ybTaToB onpoca 1no SF-36 Health Survey 6o1bHBIX JIX U JTUL KOHTPOJIbHOM TPYTIIIBI
Table 1. Comparison of the results of the SF-36 Health Survey in the main and control groups

ManuenTsl ¢ JIX go [IXT IlapueHTsl ¢ JIX mociie KoHnTposib
Kpurepuii (rpynma 1) IIXT (rpynmna 2) (rpynma 3)
Inpdica?or Patients with HL before  Patients with HL after Control p
MCT (group 1) MCT (group 2) (group 3)
n=46 n=46 n=46
®P / PF 85 [65; 95] 75 [55; 90] 92.5[75; 100] p,,=0.02
p,,=0.0002
p,,=0.12
PO® / RP 50 [0; 100] 50 [0; 75] 75 [50; 100] p,,=0.1
p,,=0.00008
p,,=0.03
Wb / BP 84 [72; 100] 84 [64; 100] 84 [52;100] p,,=0.5
p, ,=0.68
p,,=02
03 /GH 70 [60; 82] 52 [40; 67] 72 [57; 82] p,,=0.00007
p,,=0.0006
p,,=09
K/VT 65 [60; 80] 55[30; 65] 70 [55; 80] p,,=0.000005
p,,=0.0001
p,,=04
Cd /SF 88[63; 100] 63 [50; 75] 75[63; 100] p,,=0.0002
p,,=0.002
p,,=05
P9® / RE 67 [33;100] 33 [0; 67] 67 [33;100] p,,=0.001
p,,=0.00003
p,,=04
13 / MH 80 [64; 88] 60 [48; 76] 72 [56; 84] p,,=0.00002
p,,=0.03
p,,=0.08

[IpumMmeuvyaHnue.

JIX - numdpoma Xomxkkuna; [IXT - nonuxumuortepanusi; PP - ¢usnuveckoe dpyHkiyuonuposanue; POD - posepoe

YHKIIMOHUpPOBaHUeE, 00ycI0BIeHHOe GU3UYeCKUM cocTosiHueM; UB - MHTeHcHBHOCTH TesecHOM Gosy; O3 - obujee 310poBbe; XK -
»Ku3Hecnoco6HocTb; CP - conuanbHoe ¢GyHKIUOHHpoBaHUe; PI® - posieBoe GyHKIMOHUPOBAaHHE, OGYCIOBJEHHOE 3MOLHOHATbHBIM

cocrosinueM; [13 - ncuxuyeckoe 3J0pOBbe.
Note

. HL - Hodgkin’s lymphoma; MCT - multiagent chemotherapy; PF - Physical Functioning; RP - Role-Physical Functioning; BP - Bodily

Pain; GH - General Health; VT - Vitality; SF - Social Functioning; RE - Role-Emotional Functioning; MH - Mental Health.
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HAA TPYZOBas JIEATEJIBHOCTD). [laHHbIE Pe3yJIbTaThI
B 71e010TE 3200J1€BaHMsI, BEPOSITHO, CBSI3aHBI C HAJIH-
YreM CUMIITOMOB HHTOKCUKAITUHU U ITapaHEeOIIaCTH-
YeCKHX peaKI[Ui, Jarle MPOsIBIISIONTUXCS BRIPAKEH-
HOU 00IIel yTOMJISIEMOCTBIO B ¢J1a00CThI0, 60JIEBBIM
CUHZIPOMOM, BKJIFOUAIOIIM OCCAJITUU U apTPAJITHH.

J1151 BBIABJIEHUS B3aUMOCBSI3€l MEXKIY KOJIude-
CTBOM 0aJIJIOB, IOJIyY€HHBIX TI0 OCHOBHBIM IITKAJIaM
ornenku KK, ¥ KIMHUKO-TEPANIEBTUYECKUMU TIapa-
MetpaMu 00JibHBIX JIX OBLI NPOBEAEH PAHTOBBIH
KOPPEJISIMHOHHBIA aHamu3 (Tabs. 2). Oxumaemo
BBISIBJIEHA OTPHUIATEJIbHAs B3aUMOCBA3h MEKIY
KOJINYECTBOM ITPOBEIEHHBIX KypCOB creruduye-
CKOU IIPOTHBOOITYXOJIEBON TEPAITUU y HAIEHTOB C
JIX m cyMMapHBIM KOJIMYECTBOM 0asUIOB IO IIIKa-
JlaM, OTpakaomuM (U3NYECKUH KOMIIOHEHT 3710-
poBbsi: @O (r= -0.36, p = 0.01), PO® (rr = -0.40,
p = 0.004), Ub (r = -0.43, p = 0.002) u O3
(r=-0.36, p = 0.01). YBestmueHuie 00beMa U UHTEH-
cuduranuu jedeHus: 60bHbIX JIX oxumaeMo npu-
BOJIUT K TOSIBJIEHUIO TOKCUYECKUX 3D HEKTOB MIPOTH-
BOOIIYXOJIEBOH Tepamnuu, CBA3aHHBIX C MeTaboIu3-
MOM U HEIOCPEICTBEHHBIM JIeHCTBUEM ITUTOCTATH-
KOB. DMOIMOHAJILHOE COCTOSHUE OOJBbHBIX JIX
TaKKe YXyALIIAIOCh ITPU UCIOJIb30BAHUM OOJIBIIIETO
kosimyectBa KypcoB IIXT (r = -0.35, p = 0.015).
BmecTe ¢ TeM ICUXUYECKOE 3/I0POBbE 00CIenyeMbIX

on scales reflecting the patient’s physical function-
ing, general health, his mental health (Fig. 1). At the
same time, the intensity of pain syndrome was higher
in patients with advanced stages of the disease than
in patients with early manifestations of HL. (p = 0.04).

Probably, the appearance of pain syndrome is
associated not only with the extranodal involvement:
bone tissue in 1 patient (2%), pleura in 1 (2%), deep
back and thigh muscles in 5 (10.9%), internal abdom-
inal muscles in 1 (2%) patient, but also with the
development of the syndrome of compression of vital
organs by large conglomerates of lymph nodes in 9
(19.6%) patients. Arthralgia and bone pain, recorded
in 7 (15.2%) patients, may be associated with mani-
festations of paraneoplastic reactions.

One of the distinguishing features of lymphopro-
liferative diseases, including HL, is the development
of systemic intoxication (B-symptoms), which
includes: unspecified fever above 38°C, profuse
sweating at night, and weight loss >10% in 6 months.
However, despite the presence of symptoms of tumor
intoxication, in 18 (39.1%) patients with HL at the
onset of the disease, the scores of the questionnaire
did not differ significantly in comparison with 28
(60.9%) patients without these symptoms: PF — 77
[57; 85] and 65 [50; 90] points, p = 0.75; RP — 50
[0; 75] and 50 (0; 75), p = 0.66; BP — 100 [71; 100]

Ta6suna 2. Koppessinuu nokasartesieil KaueCcTBa )KU3HU C KJIMHHUKO-TEPANEBTUYECKUMH ITapaMeTpaMu
Table 2. Correlations of quality of life indicators with clinical and therapeutic parameters

KosimyecTBO KypcoB /I/IMTE/IBHOCTH

KosunyecTBO

Kputepuit Bo3spact M[XT 3a60/1eBaHUs BOBJIEYEHHBIX 061acTteil Iliomaab Tena, M*
Indicator Age Number of MCT Duration of the Number of sites Body area, m?
courses disease involved
®d / PF -0.27 -0.36 0.16 -0.22 -0.07
p=0.059 p=0.01 p=0.28 p=0.14 p=0.64
POd / RP -0.18 -0.40 0.25 -0.02 -0.09
p=0.20 p =0.004 p=0.08 p=0.88 p=0.54
Wb / BP -0.07 -0.43 0.14 -0.19 -0.16
p=0.62 p =0.002 p=0.32 p=0.19 p=0.26
03 /GH -0.01 -0.36 0.10 -0.09 0.09
p=0.90 p=0.01 p=0.48 p=0.52 p=0.53
K/VT -0.01 -0.23 0.27 -0.09 0.09
p=0.92 p=0.11 p=0.06 p=0.54 p=0.52
Cd /SF -0.11 -0.28 0.24 -0.23 -0.02
p=0.44 p=0.052 p=0.09 p=0.12 p=0.87
P3® / RE -0.08 -0.35 0.07 -0.16 0.07
p=0.58 p=0.015 p=0.63 p=0.26 p=0.64
13 / MH -0.05 -0.21 0.35 -0.20 0.06
p=0.73 p=0.14 p=0.01 p=0.17 p=0.68

IpumMeyaHnue.

[IXT - nosuxumuorepanus; PP - ¢usnueckoe PyHkiuuonuposanue; POP - poseBoe PyHKIMOHHpOBaHHE,

06ycyioBJIeHHOe $U3nYecKUM cocTosiHueM; B — MHTeHCUBHOCTb TesiecHOUM 6osiu; O3 - obuiee 310poBbe; XK - xusHecnoco6HoCcTh; CP -
conpaabHoe GyHKIMOHUpPOBaHUe; PO - posieBoe GyHKIMOHHPOBaHHE, 00YCI0OBIEHHOE IMOLMOHAIBHBIM cocTostHUeM; [13 - ncuxudeckoe

3/10pOBbE.
Note.

MCT - multiagent chemotherapy; PF - Physical Functioning; RP - Role-Physical Functioning; BP - Bodily Pain; GH - General Health;

VT - Vitality; SF - Social Functioning; RE - Role-Emotional Functioning; MH - Mental Health.
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HUMEJIO TIOJIOKUTETHHYI0 B3AUMOCBS3b C IJIUTEIHHO-
CThIO HAOJIIO/IEHUSI OT MOMEHTA IIOCTAHOBKH JHa-
raHo3a (r = 0.35, p = 0.01). YUUThIBasI, YTO OOJIBIITHNH-
CTBO 00cIeryeMbIx 60JIbHBIX JIX Ha MOMEHT oIpoca
y3Ke JIOCTHTJIN OIITUMAJIbHBIX PE3YJIbTATOB T€PAITUH,
yKa3aHHbIE PE3YJIBTAThl MOTYT CBU/IETETLCTBOBATD O
CcTabMIN3auy  TICUXOJIOTUYECKOT0  KOMIIOHEHTA
37I0POBbsI U YIOBJIETBOPEHHOCTH OT JOCTHIKEHUS
pemuccuu 3aboseBanus. [1o pesysbrataM aHaau3a
JIAaHHBIX 10 BCEM IITKAIaM OIPOCHUKA OTMeUeHa TEeH-
JIEHITUSI K OTPHUIATEIbHOW B3aMMOCBSI3H BO3pacTa
60JIbHOTO € ero GU3NIECKUM PYHKIIIOHUPOBAHUEM
(r=-0.27, p = 0.059).

Camxenne KK y 601pHbIX JIX B 11€JI0M He 3aBHU-
CeJI0O OT PACIPOCTPAaHEHHOCTU OIIYXOJIEBOTO IIPO-
Ijecca, OJTHAKO OTMeUYeHa He3HAUUTEeJIbHAS TeH/IeH-
nus K OoJjiee HU3KUM pe3ysbTaTaM II0 IIKaJaM,
oTpakaomuM ¢dusuyeckoe GYHKIIMOHUPOBaHUE
MarueHTa, o0IIKe MoKa3aTe/ I KU3HeIesITeIbHOCTH
U IICUXUYECKOe 37I0pOoBbe OosibHOTO (pHC. 1). BMecTe
C TeEM WHTEHCHUBHOCTh 0OJIEBOTO CHHApOMAa ObLIa
BBIIIIEe Y OOJIBHBIX € PACIIPOCTPAHEHHBIMH CTATUSIMU
3a00j1eBaHMsl, YEM V TTAI[HEHTOB C PAHHUMH IIPOSIB-
sneansamu JIX (p = 0.04).

BeposTHO, nosiBeHne 60J€BOT0 CHHAPOMA CBS-
3aHO HE TOJIBKO C BOBJIEYEHUEM B OIIYyXOJIEBBIH IIPO-
I[ecC SKCTPAHOATBHBIX OPTAHOB: KOCTHOH TKaHU Y
1 maruenTa (2 %), weBpbl y 1 (2 %), TIyOOKUX MBIIIIIT
cuuHbl U Oezep v 5 (10.9 %), BHYTPEHHHUX MBIIIII]
JKUBOTA y 1 (2 %) manuenTa, HO U ¢ Pa3BUTHEM CHH-
JpoMa CAaBJIE€HUs MAaCCUBHBIMH KOHTIJIOMEpaTaMu
JUMdOY3I0B KU3HEHHO Ba’KHBIX OPraHOB y 9
(19.6 %) GONBHBIX. APTPAJITUU U OCCAJITHU, 3aPUK-
cupoBaHHble HaMu y 7 (15.2 %) oOcaemoBaHHBIX
MMaIeHTOB, MOTYT OBITH CBSI3aHBI C IPOSIBJIEHUSIMU
[MapaHeoIIACTUYECKUX PEAKITHI.

OnHOHN W3 OTJIMYUTEJIHHBIX UepT JIUMMQOIPOTIH-
(deparuBHbIX 3abosieBaHui, B TOM uucie u JIX,
SIBJISIETCS] PA3BUTHE CUHApPOMAa OOIed MHTOKCHUKA-
uH (B-cuMITOMOB), K KOTOPOMY OTHOCSTCSI: HEMO-
TUBUPOBAaHHAsA JIUXopaaka Bolire 38 °C, mpodysHas
HOYHAasI IOTIMBOCTh U CHIMKEHHE MACChI Tejia >10 %
3a 6 mec. OffHaKO, HECMOTPsI HA HaJIMUUE CUMIITO-
MOB OITyX0JIEBOM MHTOKCUKAINH, y 18 (39.1 %) 60J1b-
HbIX JIX B febroTe 3a00/ieBaHUs MMOKA3aTeIU KA
OTIPOCHUKA CYIIECTBEHHO HE OTINYAINCH OT ITOKa3a-
tesert 28 (60.9%) nanueHToB 6€3 TaHHBIX ITPU3HA-
koB: ®® — 77 [57; 85] u 65 [50; 90] 6as10B, p = 0.75;
PO® — 50 [0; 75] u 50 (0; 75), p = 0.66; Ub — 100
[71; 100] 1 77 [62; 100], p = 0.35; O3 — 46 [37; 62] n
52 [40; 67], p = 0.56; XK — 50 [27.5; 62.5] u 55 [35;
60], p = 0.94; C® - 63 [50; 75] u 63 [50; 75], p =
0.49; PO® — 33 [0; 50] u 33 [0; 67], p = 0.49; 113 —
58 [50; 72] u 64 [48; 76] 6anna, p = 0.73 cOOTBET-
CTBEHHO.

and 77 [62; 100], p = 0.35; GH — 46 [37; 62] and 52
[40; 67], p = 0.56; VT — 50 [27.5; 62.5] and 55
[35; 60], p = 0.94; SF — 63 [50; 75] and 63 [50; 751,
p = 0.49; RE — 33 [0; 50] and 33 [0; 67], p = 0.49;
MH - 58 [50; 72] and 64 [48; 76] points, p = 0.73,
respectively.

To assess the impact of the anticancer therapy regi-
men on the quality of life of patients with HL, all sur-
veyed patients were divided into three groups: the first
group — 10 (21.7%) patients who treated with the
ABVD regimen; the second group — 26 (56.6%)
patients treated with the BEACOPP regimen; the third
group — 10 (21.7%) patients treated with the ABVD +
BEACOPP regimen. Comparison of the results of the
survey in patients with HL, depending on the regimen
of chemotherapy, is presented in Table 3.

PF, GH, and MH scores were higher in patients
treated with the ABVD regimen, which may be due to
the lower toxicity of the regimen. However, the
scores on the RP, VT, RE scales were higher in
patients treated with the BEACOPP regimen, which
is probably due to the use of this regimen in patients
with the advanced stages of the disease, severe symp-
toms of systemic intoxication (B-symptoms), pain
syndrome, reversing in the setting of MCT.

When comparing the results of therapy of patients
treated with the ABVD regimen (group 1) and
patients treated with the BEACOPP regimen
(group 2) with the data for group 3 of patients with a
combination of ABVD and BEACOPP, no statistically
significant results were found. However, there was a
trend towards an increase in RP, VT, SF and RE
(comparison of groups 1 and 3) and PF, RP and SF
(comparison of groups 2 and 3) in patients after a
combination of treatment regimens. The data
obtained are most likely associated with less toxic
effects of the ABVD regimen and better tolerance to
anticancer therapy in patients with HL due to a
decrease in the number of BEACOPP courses.

A history of radiation therapy in patients with HL
showed significant differences in quality of life indi-
cators only on the SF scale, which amounted to 50
[50; 75] and 63 [50; 75] points, respectively, in
patients with and without radiation therapy. Proba-
bly, the restriction of social contacts, a decrease in
the level of communication due to the deterioration
of the physical and emotional state is associated with
side effects of this type of therapy, as well as with the
preservation of the residual volume of tumor.

DISCUSSION

In this work, we analyzed the quality of life in
patients with HL at onset of the disease and after
anticancer therapy. The study of QoL is becoming

Journal homepage: http://jsms.ngmu.ru
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Il ONEeHKW BJIMSHUSA BapHaHTA IPOBEJEHHOU
crrerupUIECKOU ITPOTHUBOOITYXOJIEBOM Tepaluu Ha
Ka4yecTBO KU3HU 00JbHBIX JIX Bce MalueHThI, Ipo-
[IeIe aHKETUPOBAaHUE, ObLIU pacIpe/iesieHbl Ha
TPHU TPYIIBL: IepBas rpymmna — 10 (21.7 %) naiueH-
TOB, IOJIyYUBIINX TEpPANNIO II0 NpoTokoay ABVD;
BTOpas rpymna — 26 (56.6 %) 60JIbHBIX, TOJTYIHUBIIIHX
nevenue 1o npotokorxry BEACOPP; tpetba rpynmna —
10 (21.7 %) maIyeHTOB, MOJYYUBIITUX KOMOUHHUPO-
BaHHyI0 Tepanuio ABVD + BEACOPP. CpaBuenue
pes3ysibTaToB omnpoca y 60abHBIX JIX B 3aBUCHMOCTH
ot cxemb! [IXT mpencrasieHo B Tabi. 3.

[Tokaszarenu ®®, O3 u [13 ObUIH BBIIIE y TAITUEH-
TOB, MPOIIEJIINX XUMHOTEPAIHUIO II0 IPOrpaMme
ABVD, 4TO MOKET OBITh CBSI3aHO C MEHBIIIEH TOKCHY-
HOCTBIO BBIOPAHHOTO MPOTOKOJa. OJHAKO KOJIude-
¢TBO 6as10B 10 1iKasiaMm POO, K, PO® 6bu10 BhIIIIE ¥
MMAIUEHTOB, TIOJyYUBIINX JIEYEeHUE II0 IPOTOKOJIY
BEACOPP, uro, BeposITHO, 00YCIJIOBJIEHO HCIIOIH30Ba-
HHEM BTOH ITPOrpaMMBbl Y O0JIBHBIX C PACIIPOCTPAHEH-
HBIMH CTaJIUsIMU 3a00JI€BAHUSA, BRIPA’KEHHBIMU CHM-

increasingly relevant, given the annually growing
number of patients with this pathology, as well as the
ever-rising number of patients who have achieved
remission due to the advances in the diagnosis and
treatment of HL. Our results are consistent with the
German Hodgkin Study Group trials HD13, HD14,
and HD15. Thus, in all three trials, already at diagno-
sis of HL, clinically significant deviations in the phys-
ical and psycho-emotional components were identi-
fied compared with reference values of German pop-
ulation. The HD13 trial, which analyzes changes in
QoL parameters in patients with HL at the early
favorable stages, showed the most pronounced
decrease on the scales of emotional and physical
functioning, while the maximum scores were found
in patients with advanced stages of HL. The results of
the survey obtained after MCT are consistent with
the datarepresented in our study and show a decrease
in most indicators with minimal scores on the scales
of social, physical and emotional functioning, as well
as fatigue [9].

Ta6suna 3. CpaBHeHMe KaueCcTBa U3HHU 60JIbHBIX TUMG$OMOU X0/PKKHMHA B 3aBUCUMOCTH OT IPOrPaMMBI

HOJIMXUMHUOTEPANUU

Table 3. Comparison of the quality of life of patients with Hodgkin’s lymphoma depending on the multiagent chemotherapy

regimen

ABVD BEACOPP ABVD + BEACOPP
KpuTtepuii (rpynmna 1) / (group 1) (rpynma 2) / (group 2) (rpynna 3) / (group 3) D
n=10 n=26 n=10

oP / PF 80 [50; 85] 72.5 [55; 85] 82.5[60; 90] p,,=087
p,,=0.38
p,,=0.30

PO®® / RP 37.5[0; 50] 50 [0; 75] 62.5 [25; 75] p,,=0.63
p,,=0.18
p, ,=0.90

Wb / BP 92 (72;100] 84 [70; 100] 79 [41; 100] p,,=0.96
p, .= 047
p, ;=029

03 /GH 53.5[20; 67] 48.5 [40; 62] 51 [42; 70] p,,=0.56
p, ,=0.55
p,,=0.78

XK/VT 45[10; 60] 52.5[30; 65] 55 [45; 60] p,,=0.32
p,,=035
p,,=0.82

Cd /SF 56.5 [50; 75] 63 [50; 75] 69 [50; 88] p,,=0.72
p,,=05
p,,=0.57

P2® / RE 16.5 [0; 33] 33 [0;100] 33 [0; 67] p,,=023
p, ,=0.14
p,,=0.84

13 / MH 64 [36; 72] 60 [52; 76] 58 [48; 76] p,, =042
p, ,=0.40
p, ,=0.87

[IpumMmeuvyaHnmue.

PP - dusuyeckoe ¢yHKIMOHUpPOBaHUe; PPD - posieBoe yHKLUHMOHHMpOBaHUE, 06YCIOBJIEHHOE (U3NYECKUM

cocrossHueM; UB - HHTeHCHBHOCTB TeslecHOM 6os1H; O3 - o61ee 310poBbe; K - )xHu3Hecnoco6HoCTh; CP - connanbHoe PyHKIMOHUPOBAHUE;
P3® - posieBoe GYyHKIIMOHUPOBAHHUE, 00YCIOBIEHHOE IMOLHOHATIBbHBIM COCTOsIHUEM; [13 - CUXMUYecKoe 3/J0pOBbe.
N o t e . PF-Physical Functioning; RP - Role-Physical Functioning; BP - Bodily Pain; GH - General Health; VT - Vitality; SF - Social Functioning;

RE - Role-Emotional Functioning; MH - Mental Health.
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nToMaMu o0Ied MHTOKcuKanuu (B-cummTomamn),
60JIEBBIM CHH/IPOMOM, OBICTPO HCYE3AIOMIMME Ha
¢oue mposesienus nporpammHoi ITXT.

[Tpu cpaBHEHUM pe3yJILTATOB TEPAIIUM MAI[UEH-
TOB, IOJIYyYaBIINX JIeYeHHEe 1O IpoTokoay ABVD
(rpymma 1), 1 GOJBHBIX C BAPHAHTOM TepAaIHU II0
npotokosry BEACOPP (rpymma 2) ¢ JaHHBIMU, TIOJTY-
YEHHBIMU y 3-U TPYIIIBI HAI[UEHTOB C KOMOWHALINEH
ABVD u BEACOPP, craructudyecku 3HAUUMbBIX
pe3yJIbTaTOB BBISIBJIEHO He OBbLIO, OJHAKO ObLIa
OTMeuYeHa TeHJEHIUs K YBEJIUYEHUIO0 MOKa3aTesei
POO, K, C® u PAD (cpaBHeHue rpymi 1 u 3) u PO,
PO® u CO (cpaBHeHHE TPyNIl 2 U 3) Y MAIUEHTOB
mocjie KOMOUHAIUY ITporpaMM Tepanuu. [lomyden-
HbIE IaHHbIe, HanboJiee BEPOSITHO, CBA3AHBI C MEHB-
e BBIPA’KEHHOCTHIO TOKCUYECKUX (D (DEKTOB MPO-
rpaMMbl ABVD u siyuiiiell nepeHOCUMOCTBIO CIIeLU-
(uueckoit Tepanuu y 60sbHBIX JIX 32 cUeT yMeHbB-
meHus kosmdectsa kypcoB BEACOPP.

[TpoBenieHne JydueBOM Tepanmuu B aHAMHe3e Yy
60s1pHBIX JIX MOKa3a10 3HAYUMBbIE OTJIUYHUS B TIOKA-
3aTeJISIX KadyecTBAa JKU3HU TOJBKO 1o mkane CO,
KOTOPBIE COCTABJISIIIU 50 [50; 75] 1 63 [50; 75] 6ata
COOTBETCTBEHHO Y IAIUEHTOB C IIPOBEJEHUEM JIyde-
BoU Tepanuu U 6e3 Hee. BeposTHO, orpaHuYeHHe
COLMIBHBIX KOHTAKTOB, CHIDKEHHE YPOBHs 0OIe-
HUS B CBA3U C yXy/IIlleHueM (GU3UIeCKOT0 U SMOITUO-
HAJIBHOTO COCTOSTHHSI aCCOIIMUPOBAHO C MPOSBIEHU-
sIMH TTOO60YHBIX 3(PHEKTOB JAHHOTO BU/A TEPAIIHH, a
TaKKe ¢ COXpaHEHHEM OCTaTOYHOT0 00'beMa OITyXOJIH.

OBCYXKJIEHUNE

B nmanHO! paboTe MpOBEJIEH aHAIN3 KadecTBa
JKU3HU y nanueHToB ¢ JIX B s1ebi0Te 3a601€BaHUA U
ocJIe MIPOBeJIeHNs crenuduIecKor IPOTHBOOILYXO-
neBou Tepanuu. Mzyuenme KK craHoBuTCA BCe
0oJiee aKTyaJIbHBIM, YIUTHIBAS €KETOAHO PACTYIIEe
KOJINYECTBO MAI[UEHTOB € 5TOH MATOJIOTHEH, a TAKXKe
IIOCTOSIHHO YBEJINUMBAIOIIEECS YHCJIO OOJIBHBIX,
JIOCTUTIINX peMuccuu, byaroziaps JOCTHKEHUAM B
obsacTu quarHoctuku u Tepanuu JIX. Pe3ysnbrarsl,
MOJIy4YeHHbIE HAMU, COOTBETCTBYIOT JIAaHHBIM HCCJIe-
nmosanuit HD13, HD14 u HD15 'epMaHCKOM IpyIITbI
o uzydenuto JIX. Tak, BO BcexX Tpex UCCIeI0BAHUAX
y>Ke€ Ha MOMEHT IIOCTAaHOBKH auarHosa JIX Obuiu
BBIABJICHbl KJIMHUYECKU 3HAYMMble OTKJIOHEHUA B
(pu3nUecKUX W ICUXO3MOIMOHAIBHBIX cdepax 1o
CpaBHEHUIO C HeMelKoU pedhepeHTHOH oMy IAIHeN.
Uccnenosanue HD13, ananusupyroiiee n3MeHEHNE
nokazaresierr K)K y 60opHbBIX JIX Ha paHHUX 6J1aro-
MIPUATHBIX CTA/IUAX, TI0KA3aJI0 Hanbosiee BhIPAKEH-
HOe CHIKeHHe IoKasaTesell 1o IIKajaM 5MOIHO-
HaJIBHOTO U GU3NUecKoro GyHKIIMOHUPOBAHUS, IPU
5TOM MaKCHUMaJIbHble 3HAUeHUsI ObUTH 0OHAPYKEHBI
y MalMEeHTOB C PacIpoCTPpaHeHHbIMU cTaguamu JIX.

CONCLUSION

In the modern practice of a hematologist, an
assessment of QoL in patients with hematological
malignancies is of current importance, since for the
patients themselves, the effectiveness of therapy is
important both in achieving remission and in main-
taining their adaptation in society, the possibility of
daily life activities and employment. The SF-36
Health Survey is a relevant, simple, accessible and
validated tool for assessing the main components of
physical and mental health in patients with HL in
real-life clinical practice. An increase in the sample
of patients, as well as a dynamic study of the QoL of
patients with HL in accordance with gender and age
using the SF-36 Health Survey, allows achieving
optimal treatment results along with maintaining a
high level of quality of life in this category of patients.

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

PesynpraTel onpoca, MoJydeHHbIe ITocae IIpoBese-
Hud IIXT, cornacyrores ¢ JaHHBIMU, OTPAXKEHHBIMU
B HAIlleM UCCJIEIOBAHUH, U IIOKA3BIBAIOT CHUKEHUE
OOJIPIIIMHCTBA TTOKA3aTes el ¢ MUHUMAJIBbHBIMU 3HA-
YeHUAMH I10 IIKaJaM COIIUIbHOTO, GPU3NYECKOI0 U
SMOIIMOHAJIBHOTO (PYHKIIMOHUPOBAHUA, a TaKXKe
ycranoctu [9].

SAK/IIOUEHWE

B coBpemMeHHOU mpakTHUKe Bpada-reMaToJiora
orenka KJK y OOJBHBIX reMo0JIacTO3aMU UMEET
aKTyaJIbHOE 3HAUEHUE, TaK KaK JJIs CAMHUX MalliueH-
TOB 3(P(PEKTUBHOCTH IPOBOJAMMOMN TEpANNU BasKHA
KaK B JIOCTIDKEHUHU PEMICCUU, TAK ¥ B COXPAaHEHUH
HX aJlanTalii B OOIIEeCTBE, BOBMOXKHOCTH ITOBCE/-
HEBHOH >KU3HENIEATEJIbHOCTH U TPY/IOYCTPOUCTBA.
OnpocHUK KauecTBa KU3HU SF-36 ABiAeTCA aKTy-
QJIBHBIM, IPOCTBIM, JOCTYIIHBIM W BaJAUPOBAH-
HBIM MHCTPYMEHTOM JIJISI OIEHKU OCHOBHBIX COCTaB-
JIAIOMUX (PUUIECKOTO U MCUXUYECKOTO 3/I0POBbS Y
manueHToB ¢ JIX B pealbHOU KJIWHHUYECKOU ITpaK-
THKe. YBeJnUYeHre BBIOODKHU IMAIIMEHTOB, a TaK¥Ke
IIpOBe/IeHNE AMHAMHUYECcKOro wucciemoBanus KK
nanyeHToB ¢ JIX B COOTBETCTBUH C IIOJIOM U BO3pac-
TOM C HCIOJIb30BaHHEM OINpocHUKA SF-36 mo3Bo-
JIsIeT OOUTHCS ONTUMATBHBIX PE3YIbTATOB TEPATTNU
¢ COXpaHEHUEM BBICOKOTO YPOBHS KAUECTBA KU3HHU Y
JTAHHOU KaTeropuul OOJIbHBIX.

KoH}IMKT HHTEPECOB. ABTOPHI 3asBJISIOT 00
OTCYTCTBUH KOH(INKTA HHTEPECOB.
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IIUTOKUHOBBIN CTAaTyC 0OJIBHBIX XPOHUYECKUM MHUEJI0JIENKO30M
T.H. Anekcanaposa’, A.C. Jlamkuna!, E.C. Muxaiiosa® 2, A.1. Ayrennuttoc® 2, T.U. [Tocneosa*

'@I'OY BO «Hogocubupckuil 2ocydapcmeeHHtbiilt meduyuHckuil yHusepcumem» Munadpasa Poccuu, Hosocubupck,
Poccusa

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

AHHOTAIIA

BBemeHnue. V3MeHeHHE CEKPEIIUH IIUTOKUHOB OMUCAHO IIPU MHOTHUX BapHaHTaX 3JI0KAYECTBEHHBIX HOBOOOpa-
30BaHUHU. fBIAACH KIIOUEBBIM MEINATOPOM MEKKJIETOUHBIX B3AUMO/IEHCTBUI, OHU MOTYT BHOCUTH BKJIQ/l B PAa3BUTHE
PE3UCTEHTHOCTA K BO3JEHCTBHUIO TAPTETHHIX U IIUTOCTATUYECKUX IPENApPATOB IIPU XPOHUYECKOM MUEJIOJIEHKO3e
(XMT).

Il e 1 5. OueHUTh B3aNMOCBA3b MEXK/Y ITOKa3aTeIsIMH ITUTOKMHOBOTO CIeKTpa y marueHToB ¢ XMJI u adgdexkTuBHO-
CTBIO TAPTeTHOU Tepanuu uHruouropamu tuposnnkuHas (MTK).

MaTepuans U MeTO/]B5B . [IpoBefeHO KOJIMUECTBEHHOE OIpe/ieieHre KOHI[EHTPAIIUH CAeAYIOIINX IIUTO-
kuHOB — TNF-q, IL-10, IL-2, IL-4, IL-6, IL-10, IL-18, IFN-a B cbiBOpoTKe KpoBH 60s1bHBIX XMJI (n = 60) U YCJIOBHO 3/10pO-
BBIX JIUI[ — JIOHOPOB KPOBH (n = 22) ¢ MOMOIIbI0 UMMyHObepMeHTHOTO aHanu3a (UDA). ®azy 3ab6oeBaHUA U TIIYOUHY
oTBeTa ompeaensu mo kpurepusm European Leukemia Net 2020 1. Crpatudukarusa 60apHbx XMJI 110 TpyIIIam pucka
npousBoamIach mo mikaaam Sokal (1984), EUTOS long-term survival (ELTS) (2016). 'emaTosioruueckasi 1 HETeMaTOJIOTH-
YyecKasi TOKCUYHOCTh OIIEHUBAJIACh IO IITKaJIe HeKeJIaTebHbIX ABaeHni HanunonanpHoro nHerutyTa paka (NCI CTCAE
v.5.0, 2017).

PesyanbTarthl . YCTAHOBJIEHO, YTO KOHI[EHTPAI[US HEKOTOPHIX M3yYaeMbIX IIUTOKUHOB B TpyIiie OOJIbHBIX
XMJI 6bly1a TOCTOBEPHO BHIIIE IO CPABHEHHUIO ¢ KOHTPOJAbHOU rpynmnoii: TNF-a — 2.80 u 0.70 ur/mi, p < 0.001,
IL-6 — 3.10 1 0.70 ur/mu1, p < 0.001, IL-18 — 296.40 1 122.10 ur/mJ, p < 0.001, IL-10 — 5.15 1 0.95 r/mi, p < 0.001,
IFN-a — 5.60 u 4.00 1r/mii, p = 0.006 coorBeTcTBeHHO. Cpeiu 60bHBIX XMJI ypOBEHD IIUTOKUHOB BaphbUPOBAJI B
3aBUCUMOCTH OT YPOBHA MoJieKyasapHoro orBeta U Buza UTK. BosbHbIe, He ocTUTIIIHE OOJIBIIOTO MOJIEKYISAPHOTO
otBeta (BMO), xapakTepu30BaJKCh JOCTOBEPHO OOMbIUM ToBBIIeHHEM cekperuu TNF-a, IL-6 u IL-1p (6.65 u
2.30 ur/mi, p = 0.004, 9.40 u 2.80 ur/mi, p < 0.001, 3.69 u 0.88 ur/mi, p = 0.004 COOTBETCTBEHHO) II0 CPABHE-
HUIO ¢ 60spHBIMEU ¢ BMO. OnHako TOAbKO IL-6 SBJISIJICA CTATUCTUYECKH 3HAYMMBIM ITPOTHOCTUYECKUM (PaKTOPOM,
BAUAIOIUM Ha goctukeHue BMO (oTHomleHHWe MIAHCOB — 1.131, JIOBEPUTEJNBHBIA HHTEPBaI — 1.015—1.260,
p = 0.025). Cpeau 6OJIBHBIX, TOJIYUAOIIUX TEPATUI0 UMaTHHIOOM, ypoBeHb TNF-a 0Ka3ajicsi HUKe 110 CPaBHEHUIO
¢ 60JIBHBIMU, MTOJIYYAKIIUMU HUJIOTUHUO, 1a3aTUHUO 1 603yTHHUO (2.10, 4.00, 6.85 U 4.25 IIT/MJI COOTBETCTBEHHO,
p = 0.013).

3akKkJJo4YeHUe. Pesynbrarel UcCIeOBAaHUA IIPOJIEMOHCTPUPOBAIN NoBhIIeHue cekperuu TNF-a, IL-6, IL-18,
IL-10 u IFN-a y 6016Hb1x XMJI, 4TO MOKET YKa3bIBATh HA UX BAXKHYIO POJIb B MexaHu3Max naroreHe3a XMJI. Y G0JIbHBIX,
He mocruriux BMO, BeisiBsieHbl Oosiee Boicokue ypoBHH TNF-a, IL-6 u IL-1, npu sTom IL-6 SBIAJICSA CTATHCTUYECKH
JIOCTOBEPHBIM (PAaKTOPOM, BJIHUSAIONIUM Ha ocTmkernrne BMO.

Kmuioueeble cnr06ea: XpOHUYECKUH MUEIOIEHKO03, HHTUOUTOPHI THPO3UHKUHAZ, IIUTOKUHEI.
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ABSTRACT

Introduction. Altered cytokine secretion has been described in many types of cancer. Being a key mediator of
intercellular interactions, they can contribute to the development of resistance to targeted therapy and cytostatic drugs in
chronic myeloid leukemia (CML).

Aim. To evaluate the relationship between cytokine spectrum indicators in patients with CML and the effectiveness of
targeted tyrosine kinase inhibitors (TKI) therapy.

Materials and methods. Quantitative determination of the concentration of cytokines TNF-a, IL-1j3, IL-2,
IL-4, IL-6, IL-10, IL-18, IFN-a in blood serum of patients with CML (n = 60) and apparently healthy blood donors (n = 22)
was carried out using enzyme-linked immunosorbent assay (ELISA). The phase of the disease and the depth of molecular
response were determined according to criteria of the European Leukemia Net 2020. Stratification of CML patients by risk
groups was carried out according to the Sokal (1984), EUTOS long-term survival (ELTS) (2016) scores. Hematological and
non-hematological toxicity was assessed according to the National Cancer Institute Common Terminology Criteria for
Adverse Events (NCI CTCAE v.5.0, 2017).

Results. It was found that the serum concentration of a number of cytokines in the group of patients with CML was
significantly higher compared to the control group: TNF-a — 2.80 and 0.70 pg/ml, p < 0.001, IL-6 — 3.10 and 0.70 pg/ml,
p < 0.001, IL-18 — 296.40 and 122.10 pg/ml, p < 0.001, IL-10 — 5.15 and 0.95 pg/ml, p < 0.001, IFN-a — 5.60 and
4.00 pg/ml, p = 0.006, respectively. Among patients with CML, the level of cytokines varied depending on the level of
molecular response and the type of TKI. Patients who did not achieve a major molecular response (MMR) were character-
ized by a significantly greater increase in the secretion of TNF-q, IL-6 and IL-1f (6.65 and 2.30 pg/ml, p = 0.004, 9.40 and
2.80 pg/ml, p < 0.001, 3.69 and 0.88 pg/ml, p = 0.004, respectively) compared with patients with MMR. However, only
IL-6 was a statistically significant prognostic factor influencing the achievement of MMR (odds ratio 1.131, confidence
interval 1.015-1.260, p = 0.025). Among patients receiving imatinib therapy, the level of TNF-a was lower compared to
patients receiving nilotinib, dasatinib and bozutinib (2.10, 4.00, 6.85 and 4.25 pg/ml, respectively, p = 0.013).
Conclusion. Theresults of the research demonstrated increased secretion of TNF-a, IL-6, IL-18, IL-10, and IFN-a
in CML patients, which may indicate an important role in the pathogenesis of CML. TNF-a, IL-6, and IL-1 levels were
higher in patients who did not achieve MMR, and IL-6 was a statistically significant predictor the achievement of MMR.
Keywords: chronic myeloid leukemia, tyrosine kinase inhibitors, cytokine.
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BBE/IEHUE

I[IpuMeHeHVEe  WHTHUOUTOPOB  THPO3UHKHUHA3
(UTK) mpu xpoHmYeckoM Muesosenkose (XMJI)
ITO3BOJIMJIO Kap/IMHAJIBHO U3MEHUTh IIPOTHO3 32060-
JIeBaHUs, B pe3yJIbTaTe CPEIHsIA IPOJOJIKUTEb-
HOCTD KM3HU TaKHX OOJIBHBIX CTajia COIOCTaBHMAa C
OOIIENOMyIAIIMOHHON. Y OOJIBHBIX C XPOHUUYECKOU
dazoii (Xd) XMJI, mosyyaBIIUX TEPATHIO UMATUHH-
0OOM B IIepBOU JIMHUU, 10-JIETHAS OOIasi BbIKUBae-
MOCTh cocTaBisieT 82—85 % [1, 2]. OxHako, HECMO-
TpsA Ha BBICOKOcHenuduyeckoe BoszeicTeue, UTK
He CIOCOOHBI TOJTHOCTHIO 3JIMMUHHPOBATDH JielKe-
muyeckre cTBosIoBble KiaeTku (JICK), mostomy B
HacTosIIIee BpeMs OOIBIITMHCTBO MAITUEHTOB HYKa-
eTcsl B MOKU3HEHHOH Tepamuu. IlepcucTupoBaHue

INTRODUCTION

The use of tyrosine kinase inhibitors (TKI) in
chronic myeloid leukemia (CML) allowed to radically
change the prognosis of the disease. As a result, the
average life expectancy of such patients became com-
parable to that of general population. In patients with
chronic phase (CP) of CML treated with imatinib as
first-line, the 10-year overall survival rate is 82—85%
[1, 2]. However, despite the highly specific effects,
TKI is not able to completely eliminate leukemic stem
cells (LSCs), so currently most patients need lifelong
therapy. The persistence of LSCs observed in 60% of
patients with an optimal response to TKI is one of the
mechanisms for the development of resistance to
therapy and disease progression [3, 4].
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JICK, Habsromaemoe y 60 % OOJIBHBIX C ONTHMAJIb-
HbIM oTBeToM Ha WUTK, ABisfeTcda ofHUM U3 Mexa-
HU3MOB Pa3BUTHUA PE3UCTEHTHOCTU K TEPANUU U
IporpeccupoBaHus 3a60seBaHus [3, 4].

B mHacrosmiee BpeMs MOJIEKYJSAPHBIE MeXa-
HU3MBI, PETYIUPYIONINE JIyOUHY dpaIUKAIUN OILy-
XOJIEBOTO KJIOHA, Maji0 U3ydeHbl. B TmociemHue
roZibl B paMKaxX IOWCKA HOBBIX TePaNeBTHUYECKUX
MUIIIeHeld u3y4daeTcsi poJjb UMMYHHON aucdyHK-
WY B maToreHe3e 3a00eBaHusA. B 310pOBBIX KiIeT-
KaX MMMYHOJIOTUUECKHUHA TOMeOCTa3 IMOJep KUBa-
eTCs MUTOKWHAMHY, CEeKPETHPYEMBIMU T'e€MOIIO3TH-
yeckuMu crBosioBbIMH KieTkamu (I'CK) u kiet-
KaMH KOCTHOMO3TOBOT'O0 MUKPOOKpY»keHust (KMM).
SABNAACH BAXKHBIM DJIEMEHTOM MEKKJIETOUHOTO
B3aUMOJIEHCTBUS, [IUTOKUHBI IPUHUMAIOT YIaCTHE
B PETyJIAIMU IIPoIleccoB mposudeparuu, agudde-
peHIupoBKY u anonro3sa [5]. IIpu Tpancdopmanmu
HOPMaJIPHOTO Te€MOII033a B abeppaHTHBIA ITUTO-
KHUHBI CIOCOOCTBYIOT MOAAEPIKAHUI0 MIposudepa-
THUBHOTO IIOTEHIIMAJIA  OIYXOJIEBBIX  KJIETOK-
MPENIIECTBEHHUKOB U II0J]aBJIEHUI0 ITPOTHUBOOILY-
X0JIEBOTO UMMYHHUTETA [ 5, 6].

HccertemoBanus MOCHEIHUX AECATUIECTHH CBHIE-
TEJIbCTBYIOT O TOM, UTO U3MEHEHUE CEKPEINH IHTO-
KHUHOB BHOCUT BKJIaJl B Pa3BUTHE MHOTHX 3JI0Kaye-
CTBEHHBIX HOBOOOPA30BaHUI, B TOM UKCJIE MHEJIO-
nponudepatuBHbIx Heormnasud (MIIH) [7]. /Toka-
3aHa CBA3b MEXKJY THUIIEpCEKpeIrell MPOBOCIAIN-
TEJIbHbIX ITUTOKMHOB M KOHCTHUTYIIHOHAJIbHBIMHU
CHMIITOMaMH, a TAKKE PICKOM Pa3BUTHS TPOMOOTH-
YeCKHUX OCJIOJKHEHU N npu KJIACCUYECKUX
Ph-ueratusubix MITH [8, 9]. OmHako mpejicraBiie-
HUA O POJIU MUTOKMHOB B natoredese XMJI HeogHO-
3HAYHBI. /13 OIbITAa HECKOJIBKUX HCCIIE0BATETbCKUX
TPYIII U3BECTHO, YTO B MEXaHU3MAaX Ipoirdeparunu
JIEHKEMHUYECKHUX KJIETOK MOTYT IPUHUMATH y4acTHe
IL-1, IL-2, IL-6, TGF-B u TNF-a [10]. Hanpuwmep,
6bL10 MoKazaHo, uTo TNF-a ctocobeTByeT BhIKHBae-
MOCTH 3JIOKQUECTBEHHBIX KJIETOK 3a CUET I10JIaBJie-
Hus mpoiieccos amontosa [11]. TGF-, TNF-a, IL-4 u
IL-10, saBassick aHTaroHucramu Oenxos MHC II
KJlacca, YJacCTBYIOT B MeXaHU3MaX YCKOJIb3aHUs
JICK ot ummyHHOTO Hazi3opa [6]. [unepakcnpeccus
peuentopa IL-1 (IL-1RA), TNF-a u TGF-§ na JICK
npu XMJI mo3BoJifieT KJIeTKaM NepCUCTUPOBATh B
COCTOSTHUH TIOKOSI U, CJIEZIOBATENIbHO, N30eraTh Tepa-
MIEBTUYECKOTO BO3AeHCcTBYA [12, 13]. Bosbiioi nuTe-
pec TpejicTaBsAOT nonbITkun KoMmbuHanmu MTK c
6JI0KaTOpaMM CUTHAJIbHBIX IIyTEH OIpezieeHHbIX
OUTOKWHOB JJIsI TIPEOJIOJIEHUSI PE3UCTEHTHOCTU K
Tepanuu. Ha sKcriepuMeHTaIbHBIX MOJIENIAX ObLIO
MIPOZIEMOHCTPHUPOBAHO, UTO COBMECTHOE IPUMEHe-
uue UTK u 6;10katopos IL-1, TGF-f u TNF-a mpuso-

Currently, the molecular mechanisms regulat-
ing the extent of eradication of a malignant clone
are poorly understood. In recent years, the role of
immune dysfunction in the pathogenesis of the
disease has been studied as part of the search for
new therapeutic targets. In healthy cells, immuno-
logical homeostasis is maintained by cytokines
secreted by hematopoietic stem cells (HSCs) and
bone marrow microenvironment cells (MMCs).
Being an important element of intercellular inter-
action, cytokines take part in the regulation of pro-
liferation, differentiation and apoptosis [5]. Dur-
ing the transformation of normal hematopoiesis
into aberrant cytokines contribute to the mainte-
nance of the proliferative potential of tumor pro-
genitor cells and the suppression of antitumor
immunity [5, 6].

Studies of recent decades indicate that altered
cytokine secretion contributes to the development of
many malignant tumors, including myeloprolifera-
tive neoplasms (MPNs) [7]. The relationship
between hypersecretion of proinflammatory cyto-
kines and constitutional symptoms, as well as the
risk of thrombotic complications in classical Ph-neg-
ative MPNs has been proven [8, 9]. However, the
ideas about the role of cytokines in the pathogenesis
of CML are ambiguous. It is known from the experi-
ence of several research groups that IL-1, IL-2, IL-6,
TGF-B and TNF-a can contribute to leukemic cell
proliferation [10]. For example, TNF-a has been
shown to promote the survival of malignant cells by
suppressing apoptosis [11]. TGF-p, TNF-a, IL-4 and
IL-10, being antagonists to MHC-II proteins, are
involved in LSCs evading of host immune surveil-
lance [6]. Overexpression of IL-1 receptor antago-
nist (IL-1RA), TNF-a and TGF-$ on LSCs in CML
allows cells to persist in a resting state and, conse-
quently, avoid therapy exposure [12, 13]. Of great
interest are the attempts to combine TKI with the
signaling pathways cytokine blockers to overcome
therapy resistance. It has been demonstrated in
experimental models that the combination of TKI
and IL-1, TGF-B and TNF-a blockers leads to an
enhanced eradication of the malignant clone com-
pared with only TKI therapy [14, 15].

Thus, at present, a comprehensive assessment of
the cytokine system is an urgent direction in the
study of BCR-ABL-independent mechanisms of
tumor progression and resistance to TKI.

AIM OF THE RESEARCH

To evaluate the relationship between cytokine
spectrum indicators in patients with CML and the
effectiveness of targeted TKI therapy.
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JIUT K OoJiee TUIyDOKOW B3PajUKAIIUU OILYyXOJIEBOTO
KJIOHA 10 cpaBHEeHHI0 ¢ MoHOoTepamueid U'TK [14, 15].

Takum o6pa3oM, B HACTOSIIee BPeMs KOMILIEKC-
Hasl OIlEHKA CUCTEMBI IUTOKUHOB SBJISIETCS aKTyaTh-
HBIM HampaBjeHueM B wusyueHum BCR-ABL-
HE3aBUCHMBIX MEXaHU3MOB OITyXOJIEBOM IpOrpec-
cuu u pesucreHTHOCTH K ITK.

IIEJIb UCCJIE/IOBAHUSA

OneHuTh B3aUMOCBA3b MEXAY IIOKa3aTeJIAMHU
IUTOKMHOBOTO CIIeKTpa y manueHToB ¢ XMJI u
addexTuBHOCTHIO TapreTHOU Teparuu UTK.

MATEPUAJIBI 1 METO/bI

B uccnenoBanue BKIIOYEHO 60 O0gbHBIX XMJI,
Habsromaromuxes B AY PCCA «PecnybsmkaHcKast
6onmpHuIla NO 1 — HanuoHaJIbHBIA IIEHTP Meau-
nuabl» (fxyrck) u I'BY3 HCO «Topoackas KIMHU-
yeckas OosibHUIIA N2 2» (HoBocuOUpCK), a Takke
22 YCJIOBHO 3/I0POBBIX IOHOPA B KAUECTBE KOHTPOJIh-
HOU rpymmbl. KpuTepusamMu BKJIIOUEHUS B HCCIIENO-
BaHUE SBJISUINCH: 1) nuarHo3 XMJI, moaTBep:k/ieH-
HBI B COOTBETCTBHU C PEKOMeHAANUAMU Bceemmup-
HOU OpraHM3aIliH 37[paBOOXpaHeHUs], 2016; 2) BO3-
pact crapmie 18 ser; 3) Hamu4uue JOOPOBOJIBHOTO
HHOOPMUPOBAHHOTO coryiacus. VcememoBanue ofo-
OpeHOo JIOKAJIBHBIM 3THYECKUM Komurerom OI'BOY
BO «HoBocubupckuil rocyzapCcTBeHHBIA MeUIIIH-
CKUU yHUBepcHuTeT» MuH3apaBa Poccun (IIpoToOKOI
Ne 129).

HcenenoBaHre MHUITUHPOBAHO B JieKabpe 2020 T.
Bcem 601bHBIM HAa MOMEHT BKJIIOUEHUS B HCCIIEIO-
BaHUeE BBIMTOJIHAIOCh KIHHUYECKOE 00CIe/TOBaHE, B
COOTBETCTBHU € KJIMHUYECKUMHU PEKOMEHJIAIUSIMHU
2020 T. [16]. Oupenenenve daspl 3a00I€BAHUA U
IJIyOWHBI OTBETA ITPOBOJIUIIOCH COTJIACHO KPUTEPUSIM
European Leukemia Net, 2020 [17]. B ge6rote 3a60-
JieBaHus Bce 60s1bHBIE B XD cTpaTudUIMPOBAHBI Ha
rpynnsl pucka mo mkanam Sokal, 1984 u EUTOS
long-term survival (ELTS), 2016. I'emaTosiorude-
CKasg M HereMaToJIOTHYecKas TOKCUYHOCTh KJIaCCH-
¢umupoBasachk 1o IIKaJie OMEHKHN HeXKeaTeJTbHBIX
sapnennii HammonanpHOro wmHcTHTyTa paka (NCI
CTCAE v5.0), 2017.

I'pymniy KOHTPOJISI COCTABWJIN 22 KIWHUYECKH
3710pOBBIX JJoHOpPa HOBOCHOMPCKOTO KJIIMHUYECKOTO
neHTpa KpoBu. CpeTHUI BO3PACT JOHOPOB COCTaBHJI
33 £ 9 rojia; pacupezieieHue o moJy: 11 (50 %) skeH-
muH U 11 (50 %) My>KIUH.

BoJIbHBIM | JTUIIAM KOHTPOJILHOH TPYIIIIBI ITPOBE-
JIEHO KOJIMYECTBEHHOE OIIpesieJIeHe YPOBHS ITUTO-
kuuoB TNF-a, IL-1B, IL-2, IL-4, IL-6, IL-10, IL-18,
IFN-a B ChIBOPOTKE KPOBH METOJIOM MMMYyHOdep-
MeHTHOTO aHanu3a (MIPA) ¢ momoIpio Habopa pea-

MATERIALS AND METHODS

The study included 60 patients with CML which
were follow-up at the Republican Hospital No. 1 —
National Center of Medicine (Yakutsk), and City
Clinical Hospital No. 2 (Novosibirsk), as well as
22 apparently healthy blood donors as a control
group. The inclusion criteria were: 1) diagnosis of
CML, confirmed in accordance with the World
Health Organization recommendations, 2016; 2) age
over 18 years; 3) availability of voluntary informed
consent. The study was approved by the Local Ethics
Committee of the Novosibirsk State Medical Univer-
sity (Protocol No. 129).

The study was initiated in December 2020. All
patients at baseline underwent a clinical examina-
tion, in accordance with the clinical recommenda-
tions for management of adult patients with CML
[16]. The phase of the disease and molecular response
were determined according to criteria of the Euro-
pean Leukemia Net 2020 [17]. At the onset of the dis-
ease, all patients in CP were stratified into risk groups
according to the Sokal (1984) and EUTOS long-term
survival (ELTS, 2016) scores. Hematological and
non-hematological toxicity was evaluated according
to the National Cancer Institute Common Terminol-
ogy Criteria for Adverse Events (NCI CTCAE v5.0,
2017).

The control group consisted of 22 apparently
healthy blood donors of the Novosibirsk Clinical
Blood Center. The average age of donors was 33 + 9
years; gender distribution: 11 (50%) women and 11
(50%) men.

Quantitative determination of the concentration
of TNF-q, IL-1B, IL-2, IL-4, IL-6, IL-10, IL-18, and
IFN-a cytokines in blood serum by enzyme-linked
immunosorbent assay (ELISA) using a BEST ELISA
diagnostic kit (Vector-Best, Novosibirsk, Russia).
The study was conducted on the basis of the Central
Research Laboratory of the Novosibirsk State Medi-
cal University.

Statistical analysis was carried out using StatTech
v. 2.8.4 (Stattech LLC, Russia). Comparison of the
two groups by a quantitative indicator having normal
distribution was performed using the Student’s
t-test, and with a non-normal distribution — using
the Mann-Whitney U-test. The direction and tight-
ness of the correlation between the two quantitative
indicators were evaluated using the Spearman’s rank
correlation test. To assess the probability of achiev-
ing a major molecular response (MMR, BCR-ABL
transcript level < 0.1 %, MR3°) depending on the
cytokine level, the logistic regression and receiver
operating characteristic (ROC) analysis were used.
The threshold value of the quantitative variable at
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reatoB UPA-BECT (AO «Bekrop-becr», HoBocu-
6upck, Poccust). McceieioBanue mpoBeieHO Ha O6aze
LIEHTPAJIbHOH HAyYHO-UCCIIeIOBATETBCKON Jabopa-
Topuu HOBOCHMOMPCKOTO TOCY/ITApCTBEHHOTO MeJU-
[IMHCKOTO YHUBEPCUTETA.

CTaTHCTUYECKUN aHATN3 POBOJWIICA C UCIIOJb-
3oBaHueM mporpammbl StatTech v. 2.8.4 (00O
«Crarrex», Poccus). CpaBHeHHE JBYX TpPYII IIO
KOJIMYECTBEHHOMY II0Ka3aTeJi0, UMEIOIEMy HOP-
MaJIbHOEe paclpejiesieHre, BBIIOJIHAIOCh C IIOMO-
mpio t-kpurepusi CTbIOJIeHTa, a IPH pacIipesesie-
HUH, OTIMYAIOIIEMYCA OT HOPMAJIbHOTO — € IIOMO-
mpio U-kpurepusa Mauna — Yutau. Hanpasiienue u
TECHOTA KOPPEJIAIMOHHON CBSSH MEXIy JBYM:
KOJIMYECTBEHHBIMU ITIOKA3aTESIMU OIEHUBAIUCH C
IOMOIIbI0 K03 @UIIEeHTa PAHTOBON KOppesAIuu
CrnupmeHa. /1711 OIleHKU BEPOSTHOCTU JOCTHKEHUS
6ospiioro MosiekysisipHoro otBeta (BMO, skcmpec-
cust BCR-ABL < 0.1 %, MO3°) B 3aBUCHUMOCTH OT
YPOBHSI IUTOKUHOB IIPUMEHSJINCh METOJ, JIOTHUCTH-
yeckoit perpeccun u ROC-ananmus. Paspensmoinee
3HaUYeHUe KOJINYeCTBEeHHOTO IIPU3HaKa B TOUKe cut-
off ompenesnsioch O HAaWBBICIIEMY 3HAYEHUIO
ugaexkca IOpena. BiusHme ¢akropa cuuTasoch
JIOCTOBEPHBIM, eCJIu 3HaueHue miommaau moy ROC-
KPUBOU € HIDKHEN TpaHUIEN 95% JIOBEPUTETIHHOTO
uHTepBaia (JIN) 610 Gosiee 0.50, a 3HAUEHHUE P —
MeHee 0.05.

PE3YJIBTATDBI 1 OBCY KAEHUE

Ha MOMeHT MHUITUUPOBAHUS UCCIIEZIOBAHUS BCe
6osbHBIE ObLTH cTpatuduuupoBansl B XO XMJIL.
Teparus nepBoy JUHUA UMATHHHOOM ITPOBOTUIIACH
39 (65 %) 6ombHbIM, UTK BTOpPOro MOKOJIEHUS
(UTK2) — Hu10TUHUO, 1a3aTUHUO U 603YyTHHUO — BO
BTOPOH U MOCJIEAYIOMINX JIMHUSAX OJIydasT 21 maru-
eHT (35 %). IlIlpuunnamu nepexona uHa UTK2 Bo BTO-
pyIo JUHUIO OBUTH: 1) Hey/laua JiedueHUs] UMaTUHU-
00M B CTaHZApTHOU /103€e V 9 (42.86 %) OOJIbHBIX,
2) HENepeHOCHMOCTb Tepaluu UMAaTUHUOOM y 12
(57.14 %) OGosbHBIX. Ilepexoa Ha TPETHIO JIMHUIO
Tepanuu y 5 00JbHBIX (8.3 %) OCyIecTBIIEH BCIEN-
CTBUE HEIePEHOCHUMOCTH IMpernapara BTOPOH JTUHUHU
(pa3BuTHE  TEMATOTOKCHUYHOCTH,  ILIEBPAIBHBIX
BBIIIOTOB, JUapen), y 1 namueHTta (1.67 %) — us-3a
Heyzauu Tepanuu. Ha MOMEHT IpOBeJEeHUs UCCIIe-
nmoBanuss BMO gocturHyT y 10 60bHBIX (16.7 %),
ybokui MostekyaapHbIl oTBeT (I'MO MO+°) (BCR-
ABL < 0.01 %), MO#5(BCR-ABL < 0.0032 %) u MO5°
(BCR-ABL < 0.001 %) y 42 (71.2 %) GOJIbHBIX.

C MOMeHTa TUarHOCTUKY 3a00JI€BaAHUS IIPOTPEC-
cupoBanue 70 ¢assl akceneparuu (PA) u 61acTHOTO
kpusa (BK) mabmozanocs v 2 (3.3 %) GOJBHBIX C
HaJIMYKEM [IOIIOTHUTEIHHBIX XPOMOCOMHBIX aHOMA-

the cut-off point was determined by the highest
Youden’s index. The influence of the factor was con-
sidered significant if the area under the ROC curve
with the limit of 95% confidence interval (CI) was
more than 0.50, and p < 0.05.

RESULTS AND DISCUSSION

At baseline all patients had CP of CML. The first-
line therapy with imatinib was performed in 39
(65%) patients, the second-generation TKI (TKI2) —
nilotinib, dasatinib and bozutinib — in the second
and subsequent lines — were receive by 21 patients
(35%). The reasons for switch to TKI2 in second-line
were: 1) failure of treatment with imatinib at the
standard dose in 9 (42.86%) patients, 2) intolerance
to imatinib therapy in 12 (57.14%) patients. Switch to
third-line therapy in 5 patients (8.3%) was realized
due to intolerance to the second-line drug (develop-
ment of hepatotoxicity, pleural effusions, diarrhea),
in 1 patient (1.67%) — due to failure of therapy. At
baseline MMR was achieved in 10 patients (16.7%),
deep molecular response (MR+°) (BCR-ABL <
< 0.01%), MR#5 (BCR-ABL < 0.0032%) and MR5°
(BCR-ABL < 0.001%) — in 42 (71.2%) patients.

Since diagnosis of the disease, its progression to
accelerated phase (AP) and blast crisis (BC) was
observed in 2 (3.3%) patients with additional chro-
mosomal abnormalities in the karyotype. After
achieving CP, they were successfully performed an
allogeneic hematopoietic stem cell transplantation
(allo-HSCT).

Detailed clinical characteristics of the patients
included in the study are presented in Table 1.

According to the results of the study, it was found
that in CML, the secretion of IL-10, IL-6, TNF-a and
IL-18 increases to the greatest extent, the serum con-
centration of which exceeded the values of the con-
trol group by 5.4, 4.4, 4.0 and 2.4 times, respectively
(Table 2).

The analysis of the relationship between the level
of cytokines revealed positive correlations between
proinflammatory cytokines IL-6 and IL-18 (r = 0.535,
p < 0.001), IL-6 and TNF-a (r = 0.687, p < 0.001),
IL-18 and TNF-a (r = 0.460, p < 0.001). IL-10, being
by nature an anti-inflammatory cytokine, it directly
correlated with IL-6 (r = 0.583, p < 0.001), TNF-a
(r = 0.594, p < 0.001) and IL-18 (r = 0.490,
P < 0.001). The presence of a noticeable positive cor-
relation indicates the mutually stimulating ability of
cytokines, triggering a cascade release reaction in
response to malignant transformation, and the syn-
ergism of their effects. It is known that in the early
stages of tumor transformation, TNF-a-dependent
activation of NF-kB and MAPK signaling pathways
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aui B kapuorune. I[locie goctmkenns X® wum
VCIIENTHO ITPOBEJIEHA aJIJIOTeHHAs TPAHCIIAHTAIIHSA
reMOIIO3THYECKUX CTBOJIOBBIX KJ1eTOK (am1o-TI'CK).

[TogpobHast  KJIWHWYECKAas  XapaKTePHCTHKA
0OJIPHBIX, BKIIOUEHHBIX B HCCIIEOBAaHHE, IIPE/ICTAB-
JieHa B TabJI. 1.

[To pesynbraTaM HCCIEAOBAHUSA YCTAaHOBJIEHO,
gro npu XMJI B HaubOJIbINIEN CTENIEHH YCHUITUBAETCS
cekpenusa IL-10, IL-6, TNF-a u IL-18, ceiBopoTou-
Hasl KOHIIEHTPAIUs KOTOPBIX IIpeBbIIIaa IOKa3a-
TeJIM KOHTPOJIBHOU TIpynmbl B 5.4, 4.4, 4.0 U B
2.4 pa3a COOTBETCTBEHHO (TabI. 2).

stimulates the synthesis of proinflammatory cyto-
kines (IL-1, IFN-y, IL-2, IL-6 and IL-8), chemokines
and transcription factors [18—20], which form a spe-
cific microenvironment, contributing to the predom-
inant proliferation of tumor cells. Further, in
response to tumor antigens, macrophages synthesize
anti-inflammatory cytokines, in particular, IL-10,
which inhibits the activity of antitumor immunity
[21—23]. The pro-oncogenic properties of IL-10 are
confirmed by the results of meta-analysis of 21 stu-
dies that demonstrated a correlation of high levels of
1L-10 with worse survival rates [24].

Ta6smmna 1. KnnHuyeckas XapaKTepUCTUKA IPYIIbI 60J1bHbIX XMJI

Table 1. Clinical characteristics of patients with CML

Xapaxkrepuctuku / Indicator

3HaueHus / Values

Bospacr, roger, M + SD (95% /11/Q1-Q3) | Age, years, M + SD (95% CI /Q1-Qs)

My K4HHBI : 3keHIIUHbI / Men : women, n (%)
®aza 3a6oseBanus / Phase of the disease:
xpoHuveckas / chronic, n (%)

55 + 13 (52-59)
20 (33.3) : 40 (66.7)

60 (100.0)

I'pynna pucka mo Sokal Ha MOMeHT ycTaHOBJIeHUs AMarHosa, n (%)

Sokal risk group at diagnosis, n (%):
HU3KUH puck / low risk

NpoOMeXyTO4YHbIN puck / intermediate risk
BbICOKUH puck / high risk

23 (38.3)
22 (36.7)
15 (25.0)

['pymmna pucka o ELTS Ha MOMeHT ycTaHOBJIeHUS AUarHo3a, n (%)

ELTS risk group at diagnosis, n (%):
HU3KUH puck / low risk

NpoMeXyTO4YHbIHN puck / intermediate risk
BbICOKUH puck / high risk

Tepanus / Therapy, n (%):

MMaTUHUG / imatinib

HUIOTUHUG / nilotinib

nasatuHu6 / dasatinib

603yTHHUG / bozutinib

MeZinaHa AJIMTeJNbHOCTH Tepanuu, Mec / median duration of therapy, months, Me (Q,-Q,)

OtBet / Response, n (%):

BMO ne pgocturnyTt / MMR is not achieved
MO3.0 / MR3.0

MO4.0 /MR4.0

MO4.5 / MR4,5

MOS.O / MR5.0

27 (45.0)
20 (33.3)
13 (21.7)

39 (65.0)
9 (15)

8 (13.3)

4 (6.7)

60 (4-180)

8 (13.3)
10 (16.7)
6 (10.0)
11 (18.3)
25 (41.7)

KinHuko-na6opaTtopHble nokasatesu / Clinical and laboratory parameters:

nerikonuthl / leukocytes, x10°/1, Me (Q,-Q,)

remoryio6buH, /i, M = SD (95% /1) | hemoglobin, g/1, M + SD (95% CI)
TpoMm6ouuTel, x10°/1, Me (Q,-Q,) | platelets, x10°/1, Me (Q,-Q,)

JIATL En/n, Me (Q,-Q,) | LDH, U/1, Me (Q,-Q,)
renatomerasus / hepatomegaly, n (%)
criieHoMerasus / splenomegaly, n (%)

6 (5-7)

122 +15 (118-127)
233 + 87 (209-257)
206 (190-233)

14 (23.3)

10 (16.7)

[IpumMmevyaHue.

XMJI - XxpoHu4eckui Muesosieiikos; M + SD - cpesHee U ero cranfapTHoe OTKJOHeHUe; [JU - noBepUTeIbHbBIN

uHTepBas; BMO - 60J1b1110# MoJieKyIsspHbIH oTBeT; MO0, MO*0, MO*5, MO - riy6okuii MosieKy/asipHblit oTBeT; JI/II - TakTaTAerugporeHasa.

Note.

CML - chronic myeloid leukemia; M + SD - mean and its standard deviation; CI - confidence interval; MMR - major molecular

response; MR*’, MR*?, MR*®, MR*® - deep molecular response; LDH - lactic dehydrogenase.
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Ta6una 2. KoHneHTpanusa GUTOKUHOB (1r/Mut) 601bHBIX XMJI 11 y 3/[0pOBBIX JIUI]
Table 2. Cytokine concentration (pg/ml) in CML patients and in healthy individuals

I'pynna / Group Me /M £ SD Q1-Q3/95% n D
TNF-a
BosbHble / Patients 2.80 1.58-5.58 60 <0.001*
KonTtposbHas rpynna / Control group 0.70 0.23-1.48 22
IL-2
BoJsibHble / Patients 0.78 0.78-0.78 60 0.099
KonTposbHas rpynna / Control group 0.78 0.78-0.78 22
IL-16
BosibHbIe / Patients 0.88 0.88-2.17 60 0.073
KonTpospHas rpynna / Control group 0.88 0.88-1.04 22
IL-6
BosbHble / Patients 3.10 1.85-5.12 60 <0.001*
KonTtposnwHas rpynna / Control group 0.70 0.45-0.97 22
IL-18
BosbHble / Patients 296.40 208.80-402.27 60 <0.001*
KonTposbHas rpynna / Control group 122.10 92.00-188.30 22
IL-4
BosabHble / Patients 3.89+1.35 3.54-4.24 60 0.090
KonTposbHas rpynna / Control group 336091 2.95-3.76 22
IL-10
BosbHble / Patients 5.15 2.50-6.60 60 <0.001*
KonTposibHas rpynna / Control group 0.95 0.95-0.95 22
IFN-a
BosbHble / Patients 5.60 4.00-9.80 60 0.006*
KonTposbHas rpynna / Control group 4.00 4.00-5.60 22

* Pazyinuus okasaTesieil CTaTUCTHYECKH 3HaYUMBI (p < 0.05).
Differences are statistically significant (p < 0.05).

IIpu aHanM3e B3aMMOCBA3U YPOBHA LIUTOKUHOB
MeK/1y cOO0M BBIABJIEHBI IIOJIOKUTETBHBIE KOPPEJIA-
OUU MeXJly IPOBOCHAJIUTENHbHBIMU LUTOKUHAMU
IL-6 u IL-18 (r = 0.535, p < 0.001), IL-6 u TNF-a
(r = 0.687, p < 0.001), IL-18 u TNF-a (r = 0.460,
p < 0.001). IL-10, sSBJIsSISICh TI0 CBOEI IIPUPOJIE MIPO-
TUBOBOCIAJIUTEIBHBIM IIUTOKUMHOM, IIPSAMO KOppe-
gupoBas ¢ IL-6 (r = 0.583, p < 0.001), TNF-a
(r=0.594, p < 0.001) u IL-18 (r = 0.490, p < 0.001).
Hanmuyre 3aMeTHON TOJIOKHUTETHLHOU KOPPEJISIU-
OHHOH CBA3U CBU/ETEJICTBYET O B3aUMOCTUMYJIU-
pyIoIell CIIOCOOHOCTH ITUTOKWHOB, 3aIyCKaIoIein
KACKaJHyI0 PEaKIUI0 BBHICBOOOXK/IEHHSA B OTBET HA
OILyX0JIeByI0 TpaHchOpMaluioo, U CHHEpPrusMe HX
a¢gPexToB. VI3BeCTHO, UTO HA pAaHHUX 3TAIaX OILyXO0-
nesou Tpancopmanuu TNF-a-3aBucumasi akTuBa-
nusA curHaabHbIX nmyTed NF-xB u MAPK crumynn-
PYeT CHHTE3 MPOBOCIATUTEbHBIX TUTOKUHOB (IL-1,
IFN-y, IL-2, IL-6 u IL-8), X*eMOKHHOB 1 (aKTOPOB
TpaHCKpHUNIUH [18—20], KOTOpBIEe 0OPA3YIOT CHEIH-
(pryeckoe MUKPOOKPYKEHUE, CIIOCOOCTBYIOIIIEE ITpe-
HUMYyIIeCTBEHHON ITpoindepanuu OIyX0JIeBbIX KJIe-

The analysis of the relationship of clinical and
laboratory parameters with cytokine profile revealed
a direct correlation between the level of IL-18 and
leukocytes (rxy = 0.351, p = 0.008), as well as IL-18
and stab neutrophils (rw = 0.349, p = 0.029), which
is probably due to its ability to stimulate GM-CSF
production [25]. Similarly, in the work of Zhang et
al., high levels of IL-18 correlated with initial leuko-
cytosis, as well as CD34+ cell expression and
myeloid blast cell immunophenotype, whereby the
role of IL-18 in leukemic cell proliferation was
assumed [26].

In the group of patients with CML, the level of
cytokines varied depending on the extent of molecu-
lar response and the type of TKI. Thus, patients
receiving imatinib were characterized by signifi-
cantly lower TNF-a levels compared to patients
receiving nilotinib, dasatinib and bozutinib (2.10,
4.00, 6.85 and 4.25 pg/ml, respectively, p = 0.013).
It can be assumed that imatinib, which is a non-
selective tyrosine kinase inhibitor, has a stronger
inhibitory effect on TNF-a.

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

83



Aunexcandposa T.H. u dp. / Journal of Siberian Medical Sciences T. 7, N° 1 (2023)

ToK. Jlajiee, B OTBeT Ha OIyXOJIeBble AHTUTEHBI
MakKpodaru CHUHTE3UPYIOT IPOTUBOBOCIIATIUTEb-
HbIE [TUTOKUHBI, B YacTHOCTH [L-10, KOTOpBIN yTHE-
TaeT aKTUBHOCTH MPOTUBOOITYX0JIEBOT'O UMMYHUTETA
[21—23]. IIpoonkorenubie cBoictBa IL-10 moa-
TBEPXKJAIOT PE3yJIbTaThl MeTaaHaIu3a 21 paboThl,
IIPOJIEMOHCTPUPOBABIIINE KOPPEJIAIHUI0 BBICOKOTO
ypoBH: IL-10 ¢ XyAIMMU IOKa3aTe/ISIMUA BbIKHBae-
MocCTH [24].

[Ipu aHayMm3e B3aUMOCBSI3U KJIWHHKO-JIabopa-
TOPHBIX TIOKa3aTesJieldl C IMTOKHHOBBIM CTaTyCOM
BBISIBJIEHA TIPsIMasi KOPPEJIAIUOHHAS CBA3b MEXKAY
ypoBHeM IL-18 w JelikonuTamMu (rxy = 0.351,
p = 0.008), a Takxe IL-18 u masOUKOSIAEPHBIMU
HeuTpodIaMu (rw = 0.349, p = 0.029), 4TO, BEPO-
SITHO, OO'BSICHSIETCS €r0 CIIOCOOHOCTHIO CTHMYJIHPO-
BaTh mpoayknuioo GM-CSF [25]. AHajorWyHO B
pabore B. Zhang et al. Beicokuii ypoBens IL-18 kop-
peJIUpoBasl ¢ HAaYaJbHBIM JIEHKOIIUTO30M, a TaKXKe
skcmpeccueii kaetok CD34+ W MOHOOJIaCTHBIM
(eHOTHUIIOM OJIACTHBIX KJIETOK, HA OCHOBAHUH UYETO
MpeJnoJIoKeHa poJib IL-18 B mposudeparuu jgerke-
MUYECKHUX KJIETOK [26].

B rpynne nanuentos ¢ XMJI ypoBeHb IUTOKMHOB
BapbUPOBAJ B 3aBHUCHUMOCTH OT YPOBHS MOJIEKYJISIP-
Horo otBeta v Tuna UTK. Tak, 60/1bHbBIE, TIOTYYAIOITHE
Tepanui0 UMATHHUOOM, XapaKTEPH30BAJIUCh JIOCTO-
BepHO Oostee HU3KUM ypoBHeM TNF-a 110 cpaBHEHUIO ¢
00JIbHBIMH, TTOJTYYATOITUMU HUJIOTUHUO, 1a3aTUHUO U
603yTHHUO (2.10, 4.00, 6.85 U 4.25 OT/MJI COOTBET-
CTBEHHO, P = 0.013). M0O>KHO IPE/TIOIOKHUTb, UTO HMa-
TUHUO, SABJISIOIIMICS HECEIEKTUBHBIM UHTHOUTOPOM
TUPO3UHKNHA3, OKas3biBaeT Ha TNF-a Gostee CHTBHBIN
UHTAOUPYIOIUHA 3D HEKT.

Bosnbubie, He mocturmue BMO, xapakrepu3oBa-
JIUCH JIOCTOBEPHO 00Jiee BBICOKMMHU KOHIIEHTpAI[U-
svu IL-6, TNF-a u IL-1B (Tabs. 3), 94TO I03BOJIsAET
MIPEIIOIOKUTh UX POJIb B PA3BUTHU PE3UCTEHTHO-
ctu k UTK.

Heb6sarompustHas mporsocruyeckasi posb 1L-6
OoTMeueHa TakKe B paboTax Apyrux aBTOpoB. Tax,
BBICOKas KOHIleHTpanus [L-6 cpeau 601pHBIX XMJI
ObLIa acCOIMUPOBAHA C PUCKOM TpaHCcGOPMAIlHH B
BK, HemocTu)keHUs PpaHHETO MOJIEKYJISIPHOTO
OTBETa W HU3KUMU IOKa3aTeIsIMU OecIiporpeccuB-
HOM BbDKHMBaeMocTu [27, 28]. B cooTrBeTcTBUHU C
STOMU F'UIOTE30H HAaMU ObLIN pa3zpaboTaHbl IPOTHO-
CTHYECKHE MOJIeJIU JUIA OIEHKU BEPOATHOCTH
noctmxkenuss BMO B 3aBUCUMOCTHY OT yPOBHS IIUTO-
kuHoB TNF-a, IL-1f u IL-6. Cpenu u3ydeHHBIX
IIUTOKHUHOB TOJIBKO IL-6 ABJSIJICA CTaTHUCTHYECKU
3HAUYMMBIM MIPOTHOCTUYECKUM (HaKTOPOM, BIIUSIO-
M Ha goctrxkenre BMO (OIII (oTHoOLIEeHKE IaH-
coB) — 0.884, 95% I — 0.794—0.985, p = 0.025).

Patients who did not achieve MMR were charac-
terized by significantly higher concentrations of IL-6,
TNF-a and IL-1p (Table 3), which suggests their role
in the development of TKI resistance.

The unfavorable prognostic role of IL-6 is also
noted in the works of other authors. Thus, a high
concentration of IL-6 among CML patients was
associated with the risk of transformation into BC,
failure to achieve an early molecular response and
low rates of progression-free survival [27, 28]. In
accordance with this hypothesis, we have developed
prognostic models to assess the probability of
achieving MMR depending on the level of TNF-q,
IL-1P and IL-6 cytokines. Among the studied cyto-
kines, only IL-6 was a statistically significant prog-
nostic factor affecting the achievement of MMR (OR
(odds ratio) 0.884, 95% CI 0.794—0.985, p = 0.025).
In the developed predictive model, the area under
the ROC curve was 0.897 + 0.045 (95% CI 0.808-
0.985), which indicates a high predictive ability.
The threshold value of IL-6 serum concentration at
the cut-off point, which corresponded to the highest
Youden’s index, was 0.909. The non-achievement of
MMR can be predicted when the IL-6 concentration
is greater or equal to this value. The sensitivity and
specificity of the model were 100.0% and 78.8%,
respectively.

Despite the lack of prognostic significance of
IL-1 and TNF-q, in the group of patients without
MMR, the concentration of IL-1 was 4.19 times
higher, and the concentration of TNF-a was
2.89 times higher than in patients who achieved
MMR. A comparative analysis of the IL-18 concen-
tration between the general cohort of CML patients
and the control group also showed no significant
differences. The available data do not allow us to
draw unambiguous conclusions about the role of
IL-18 in the development of CML. The increase in
IL-1B secretion is selective in the group of patients
without MMR, which is probably due to the overex-
pression of the IL-1 receptor accessory protein
(IL1-RA) mainly on BCR-ABL-positive cells [28].
Thus, more research involving a larger number of
patients with varying levels of molecular response
is required to determine the prognostic role of IL-1
and TNF-a.

CONCLUSION

The current study demonstrated an increase in
TNF-a, IL-6, IL-18, IL-10, and IFN-a secretion in
patients with chronic CML, suggesting that these
cytokines play an important role in the pathogenesis
of CML. At the same time, the study showed that
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Ta6auna 3. KoHneHTpanusa DUTOKUHOB (1r/mut) y 601bHbIX XMJI B 3aBUCHMOCTH OT IPOTHBOOIYX0JIEBOTO OTBETA
Table 3. Cytokine concentration (pg/ml) in CML patients depending on response to treatment

BoabHbie XMJI / Group of CML patients Me Q,-Q, D

TNF-a
BMO ectb / MMR positive (n = 52) 2.30 1.50-4.62 0.004*
BMO Het / MMR negative (n = 8) 6.65 5.97-19.35

IL-2
BMO ectb / MMR positive (n = 52) 0.78 0.78-0.78 H/o|n/d
BMO Het / MMR negative (n = 8) 0.78 0.78-0.78

IL-16
BMO ectb / MMR positive (n = 52) 0.88 0.88-2.04 0.004*
BMO HeT / MMR negative (n = 8) 3.69 1.85-9.10

IL-6
BMO ectb / MMR positive (n = 52) 2.80 1.70-4.22 <0.001*
BMO Het / MMR negative (n = 8) 9.40 5.35-20.70

IL-18
BMO ectb / MMR positive (n = 52) 296.40 217.10-400.00 0.664
BMO HeT / MMR negative (n = 8) 294.90 173.20-655.55

IL-10
BMO ectb / MMR positive (n = 52) 4.85 2.20-6.60 0.100
BMO HeTt / MMR negative (n = 8) 6.25 5.80-6.60

IL-4
BMO ectb / MMR positive (n = 52) 3.67 2.93-4.69 0.281
BMO Het / MMR negative (n = 8) 4.07 3.66-4.80

IFN-a
BMO ectb / MMR positive (n = 52) 5.60 4.00-9.80 0.850
BMO HeT / MMR negative (n = 8) 5.60 4.00-10.10

[IpuMevyaHnusd:
* Pa3inuus nokasaTesiel craTUCTHYeCcKH 3Ha4YUMBlI (p < 0.05).
Notes:
* Differences are statistically significant (p < 0.05).

B paspaboTaHHO! IPOTHOCTUYECKOU MOJEIHU ILJIO-
maas moa ROC-kpuBo#l cocraBmia 0.897 £ 0.045
(95% O — 0.808-0.985), 4TO CBUETETHCTBYET O
BBICOKOU ITPOTHOCTHUYECKOH criocobHocTH. [Toporo-
BO€ 3HaUEHHNE CHIBOPOTOUHOU KOoHIleHTpamuu 1L-6
B Touke cut-off, KoTOpoMy COOTBETCTBOBAJIO HaH-
BBICIIEE 3HaUeHHe wHHAekca IOmeHa, cOCTaBHIIO
0.909. Henoctmkenne bMO MOXHO TPOTHO3UPO-
BaTh Ipu 3HaueHUU [L-6 BbIIe TAHHOW BEJTUUHUHBI
WIN paBHOM ed. UyBCTBUTEJHLHOCTh U CIIeIUpII-
HOCTb MOJIEJTH COCTABMJIN 100.0 1 78.8 % cooTBeT-
CTBEHHO.

HecMoTpst Ha OTCYTCTBHE JIOCTOBEPHOU ITPOTHO-
cruueckoit 3naunmoctu IL-1f u TNF-a, B rpymme
6ospHBIX 6€3 BMO konnentpanus IL-1 6puia B
4.19 pa3sa BbIlIle, a koHIeHTparusa TNF-a B 2.89 paza
BBIIIIE [0 CPABHEHUIO ¢ OOJBHBIMH, JOCTUTIIAMHU
BMO. IIpu cpaBHUTEJIFPHOM aHAJIN3€e KOHIIEHTPAIIUN
IL-1f mexay obieit koroptoiét 6osibHbIX XMJI u
KOHTPOJIPHOM TPYIIION Takke He ObLIO IOJIydYeHO
JIOCTOBEPHBIX OTIMUMi. VMeroliuecs MaHHBIE He

XMJI - xpoHUYeCKUH MUeso1eliko3; BMO - 6os1bIoi MoJIeKyJISIpHBIN OTBET; H/O — He OIpe/iesIeHO.

CML - chronic myeloid leukemia; MMR - major molecular response; n/d - not defined.

patients who did not achieve MMR were character-
ized by significantly higher concentrations of TNF-a,
IL-6 and IL-1, and IL-6 was a statistically significant
factor influencing the achievement of MMR.

There was no significant difference in the levels
of IL-18, IL-10 and IFN-a in the groups of patients
who achieved and did not achieve MMR, which
probably indicates the preservation of potential pro-
oncogenic mechanisms at a sufficiently high level
even in patients who achieved an optimal response
to therapy. These mechanisms may partially explain
the loss of MMR when the TKI therapy is discontin-
ued. However, to clarify the prognostic significance
of each of the cytokines, it is necessary to conduct
additional studies on a larger sample, including
patients in different phases of the disease and with
different levels of cytogenetic and molecular
response.
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[IO3BOJIAIOT C/IEJIaTh OJTHO3HAYHBIE BBIBOJBI O POJIH
IL-1f B pasButuu XMJI. IloBbIlIEHHE CEKPEIUH
IL-1p usbupatesnbHo B rpymme 6osbHbIX 6e3 BMO,
YTO, BEPOSATHO, OOYCJIOBJIEHO THIIEPIKCIIPECCHEN
mobaBouHoro mpoTewHa perentopa IL-1 (IL1-RA)
npeuMmyiiiecTBeHHO Ha BCR-ABL-1010:XKUTEIBHBIX
kietkax [28]. Takum o6pas3om, 71 yTOYHEHHUSA TTPO-
rHoctuyeckoil posn IL-1f u TNF-a Heo6XomaumMbl
JAJIbHEUININe WCCIE0OBAHMUSA, BKIIIOYAIONIE OO0JIb-
Iee KOJINYECTBO OOJIBHBIX € Pa3INYHBIM YPOBHEM
MOJIEKYJIIPHOTO OTBETA.

3AK/IOYEHUE

Hacrosamee wuccienoBanre INIPOJEMOHCTPUPO-
Bajsio nosbilieHue cekpenuu TNF-a, IL-6, IL-18,
IL-10 u IFN-a B rpyniie DaiMeHTOB ¢ XpPOHUYECKOU
dazoit XMJI, 4TO MOKET CBUETETHCTBOBATD O BAXK-
HOH POJIM JJAaHHBIX ITUTOKUHOB B MeXaHU3Max IaTo-
reseza XMJI. IIpu 3ToM B Hcciie0BAaHUM TOKA3aHO,
gTo Ui OOJIBHBIX, He nocturmux BMO, xapak-
TEPHBI JIOCTOBEPHO (0Jiee BBHICOKHE KOHIIEHTPAIUH
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K/1eTOUYHBIN COCTaB 9KCIIEPUMEHTAJIbHON XUMHUYECKOU PaHbI
POTOBUIIBI NOCJIE BO3/IENCTBUSA NETMJINPOBAHHBIMU (pepMeHTaMu
THAJTYPOHHUIA3bI U CYyOTUIN3UHA

B.E. 3abanosa® 2, K.1. Epmos* 2, M.C. Censkosa’, H.II. Jleonos?, I'.11. Baiikainos® 2,
AXK. dypcosa®?, A.Il. Hanees!, I1.I'. MagoHOB" 2

@I'6OY BO «Hogocubupckuil 2ocydapcmaertblii meduyuHexuil yHusepcumem» Muwnsdpasa Poccuu, Hosocubupck, Poccus

2HHcmumym kauHuveckol u akcnepumeHmanvHoil aumgponoauu — guauan ®PI'BHY «DedepanvHulil
uccaedosamensvekuil yenmp HHemumym yumoaoauu u 2eHemuxu» CO PAH, Hosocubupck, Poccus

AHHOTAIIUA

BBegeHUe. BywmoBuax XUMIIECKOTO IOBPEXK/IEHHS POTOBUIIBI CYIIECTBEHHO HApYyIIaeTcs ee KJIETOYHAA CTPYK-
Typa, Hy»K/Ia1oLascs B 9KCTPEHHOH BbIcOKOAN( depeHITNPOBAHHON pereHepanuu 6e3 BIPAXKeHHOT0 IPOIXGEPATUBHOTO
KOMITOHEHTA BOCIIQJIEHUS U DKCIIAHCUHM MMMYHOKOMIIETEHTHBIX KJIETOK JJISl CO3/IaHMA aHTHMHUKPOOHOIO IOTeHIHasa.
C mespio papMaKosIOTUYECKO WHUITUAIIMK STHX MPOIIECCOB MATOTEHETHUECKN 000CHOBAHO MCCIIEOBAHUE JIOKAJTIBHOTO
puMeHeHUs (PepMeHTHBIX MTPENapaToB MIPOTHBOBOCIATUTEILHOTO IEHCTBUSA, TAKUX KaK CyOTHJIM3UH U THATYPOHUIA3A.
IT e 1 b . V3y4uTh BIUSHHUE THATYPOHUIA3BI U CYOTHUIN3MHA, TETHJINPOBAHHBIX 10 TEXHOJIOTUHU 3JIEKTPOHHO-JIyYE€BOTO
CHHTe3a Ha NOoJIudTIIeHIHKoIe (II9T), Ha KOHMYeCcTBO MMMYHOKOMIIETEHTHBIX KJIETOK B 00JIACTH XUMUYECKOU PaHBI
POTOBHUIIBI IIPU UX CYOKOHBIOHKTUBAJIBHOM H MECTHOM BBEJIEHUU.

MaTtepuans U MeToOo/abl . Ha28kposukax BEIIIOJTHEHO SKCIIEPUMEHTAIbHOE HCCIeJ0BaHNe BIUAHUSA dep-
MEHTOB THAJIYPOHHUA3bl U CYOTHJIM3WHA, METHINPOBAHHBIX MO TEXHOJIOTUU PASMANMOHHOTO CHHTE3a, Ha KJIETOYHBIH
COCTaB XUMUYECKOH PaHbI POTOBHUIIBL. TpaBMy POTOBUIIBI MOZEIUPOBAIIN, HCIIOIB3YSI METOAUKY IIEJI0UHOTO 0xxora ObeH-
Gepra. B mpaBbIii I71a3 3JKUBOTHOT'O MECTHO FUIH CYOKOHBIOHKTUBAILHO BBOAMUICA I 19T -cyOTrn3ud niu [19T -ruaypoHugasa
B 3aBHCHMOCTH OT I'PYIIITBI PACIIPEIEIeHN s, JIEBBIH IJ1a3 }KHBOTHOTO HCIIOJIb30BAJICA KaK KOHTPOJIb — B HETO BBOAYIIHN 0.9%
NaCl. ITocste mpoBezieHYsI SKCIIEPUMEHTA BBIITOJIHEHA SHYKJIeaIis [J1a3 JKUBOTHBIX. [10/TydeHHbIH GHoMaTepHUas UCII0JIb30-
BaJIU /11 IIPUTOTOBJIEHHA TUCTOIOTHYECKUX IIPENIapaToB ¢ MOCIeLYIOIUM UX MOP(OIOrHYecKUM H3ydeHHEM.
PesynbTart bl . OOIEe KOTUIECTBO KIETOK B IPYIIIaX MECTHOTO M CyOKOHBIOHKTUBAJILHOTO NpuMeHeHus [19T-
cyOTIIIM3HHA cOCTaBUIIO 43 (40; 52) u 73 (33; 92), a CyOKOHBIOHKTHBAJIBHOTO NpuMeHeHus [19T-ruaaypoHuiassl — 46
(37; 61), 4TO OKa3aJIOCh BHIIIE KOJIMYECTBA KJIETOK IpU ImpuMeHeHUU 0.9% NaCl B sTux rpynnax (p < 0.01) U BbIIIe
(p < 0.0001) KOIMUECTBA KJIETOK B IPYIIIIE MECTHOTO IpuMeHeHwus [19-ruanyponnassl. O6Iee KOJIUMIECTBO KIIETOK IIPH
MecTHOM BBeieHnu [19-TramypoHuas3s! COCTaBWiIO 15 (13; 16), Mpu MecTHOM npuMeHnennn 0.9% NaCl B jaHHO# rpymme —
takke 15 (14; 18) (p = 0.38). KosmuectBo HelTpodhuaoB mpu npuMenenunu [19T-cybTuaN3MHA cOCTaBUIO 1 (1; 2) IpHU
MeCTHOM U O (0; 1) Mpu CyOKOHBIOHKTUBAJIFHOM NMPUMEHEHUH, a Ipu npuMeHennn [13T-ruanyponuzassl — 0 (0; 0) Kak
DX MECTHOM, TaK U CyOKOHBIOHKTHBAJIBHOM ITyTU BBE/ICHUSI.

3akunwueHHue. Beegenue IIA-ruamypoHnia3sl CyOKOHBIOHKTUBAIBHO U [I9T-cyOTHIN3MHA KaK MECTHO, TaK U
CyOKOHBIOHKTHUBAJIBHO ITPUBOJIUT K YCHJIEHHON MHUTPAIIUN HIMMYHOKOMIIETEHTHBIX KJIETOK B 30HY XUMUYECKOTO IIOBPEXK-
JIeHUsI POTOBHUIIBI, IIPH 5TOM MUTpanys HeHTpodrIoB He3HauuTesbHA. OHA IOJHOCTHIO OTCYTCTBYET IIPU IIPUMEHEHUH
TI3T-ruanypoHu/ia3bl CyOKOHBIOHKTUBAIBHO. MecTHOe mpuMeHeHue [13T-ruaaypoHn1as3bl HE BI3BIBAET BHIPAXKEHHOTO
KJIETOYHOTO OTBETa MMMYHOKOMIIETEHTHBIX KJIETOK B 00JIACTU XMMHYECKOH paHbl POTOBHIIBI, U 3D(EKT MpUMEHEHUs
cpaBHUM c ipuMeHenreM 0.9% NaCl.

Kaoueenle cao6a: NernIvpoBaHHAs THATYPOHUA3, IETHINPOBAHHBIN CyOTUIN3UH, XUMHUUECKast TPaBMa IJ1a3a, Kile-
TOYHBIN COCTaB PaHBI.
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Cellular composition of an experimental chemical injury
to the cornea after exposure to PEGylated hyaluronidase
and subtilisin enzymes

V.E. Zabanova* 2, K.I. Ershov*2, M.S. Selyakova, N.P. Leonov?, G.I. Baykalov*2, A.Zh. Fursova®2,
A.P. Nadeev', P.G. Madonov* 2

Novosibirsk State Medical University, Novosibirsk, Russia

2Institute of Clinical and Experimental Lymphology, Branch of the Federal Research Center Institute of Cytology
and Genetics, Novosibirsk, Russia

ABSTRACT

Introduction. Under conditions of chemical damage to the cornea, its cellular structure is significantly dis-
rupted, requiring emergency highly differentiated regeneration without an expressed proliferative component of inflam-
mation and expansion of immunocompetent cells to gain an antimicrobial potential. For the purpose of pharmacological
initiation of these processes, the study of the topical administration of anti-inflammatory enzyme preparations, such as
subtilisin and hyaluronidase, is pathogenetically justified.

A im . To study the effect of hyaluronidase and subtilisin, PEGylated (polyethylene glycol — PEG) using the technology
of electron beam synthesis on the number of immunocompetent cells in the area of the corneal chemical injury during their
subconjunctival and topical administration.

Materials and methods. Anexperimental study of the effect of PEGylated hyaluronidase and subtilisin
enzymes, on the cellular composition of the corneal chemical injury was performed on 28 rabbits. Corneal injury was mod-
eled using the Obenberger alkali burn technique. PEG-subtilisin or PEG-hyaluronidase was applied topically or subcon-
junctivally into the right eye of the animal, depending on the group, the left eye of the animal was used as a control — it was
treated with 0.9% NaCl. After the experiment, enucleation was performed. The biomaterial obtained was used to prepare
tissue specimens for morphological examination.

R e sults. Thetotal count of cells in the groups of topical and subconjunctival administration of PEG-subtilisin was
43 (40; 52) and 73 (33; 92), and subconjunctival injection of PEG-hyaluronidase — 46 (37; 61), which was higher than the
count of cells when using 0.9% NaCl in these groups (p < 0.01) and higher (p < 0.0001) cell numbers in the group of topical
administration of PEG-hyaluronidase. The total count of cells with topical application of PEG-hyaluronidase was 15 (13;
16), with topical application of 0.9% NaCl of this group — also 15 (14; 18) (p = 0.38). The neutrophil count with the use of
PEG-subtilisin was 1 (1; 2) with topical and o (0; 1) with subconjunctival administration, and with the use of PEG-hyaluron-
idase — 0 (0; 0) both with topical and subconjunctival administration.

Conclusion. The administration of PEG-hyaluronidase subconjunctivally and PEG-subtilisin both topically and
subconjunctivally leads to an increased migration of immunocompetent cells to the area of the corneal chemical injury,
while the migration of neutrophils is insignificant. It is completely absent when PEG-hyaluronidase is injected subconjunc-
tivally. Topical administration of PEG-hyaluronidase does not induce a pronounced cellular response of immunocompe-
tent cells in the area of the corneal chemical injury, and the effect of the application is comparable to that of 0.9% NaCl.
Keywords: PEGylated hyaluronidase, PEGylated subtilisin, chemical eye injury, cellular composition of a wound.
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BBEJIEHUWUE

Porounia — 310 4yactb GUOPO3HON 000JIOYKHU
IJ1a3a, KOTOpast He MMeeT HU KPOBEHOCHBIX, HU JINM-
(¢atmueckux cOCy/I0B U BBITIOIHAET PYHKITUIO XUMHU-
YecKoro, GpU3NIecKoro u OHOJIOTHYECKOTO HGapbepa.
KpoBeHOCHBIE cOCYybI TEPUINMOATIBHOU  CETH,
MIPEJICTABJIAONMKE COO0U TreMaToodTATbMUYECKUH
6apbep, SIBJISIOTCS CBOETO POJIa BXOTHBIMHU U BBIXOJI-
HBIMU BOPOTaMHU JIJI UMMYHHBIX KJIETOK. VX Murpa-

INTRODUCTION

The cornea is a part of the fibrous membrane of
the eye that has neither blood nor lymphatic vessels,
and functions as a chemical, physical and biological
barrier. The perilimbal network, which is the blood-
ocular barrier, is a kind of entrance and exit gates for
immune cells. Their migration into the cornea pro-
vides antimicrobial protection and anti-inflamma-
tory processes following its damage. According to
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0¥ B POTOBUIly O0ecreYnBaeT aHTUMHUKPOOHYIO
3alUTy ¥ MPOTUBOBOCIAIUTENBHBIE IPOIECCHI
rocse ee mnoppexkaeHus. [1o coBpeMeHHBIM IIpes-
CTaBJIEHUSAM IIOBEPXHOCTh POTOBHIIBI M KOHBIOH-
KTUBBI CBsI3aHa ¢ JUM@POUIHON TKaHBIO (Mucosa-
associated lymphoid tissue — MALT). MALT noBepx-
HOCTH IJla3a MOJIJIeP’KUBAeT OaylaHC MEXK/Ty BOCIa-
JIUTEJTFHOM WUMMYHHOM peakIiell Ha ITaTOT€HHbIE
areHThI ¥ TOJIEPAHTHOCTHIO K HEATOTeHHBIM (haKTO-
paMm, MpeoTBpaIas, TaKUM 00pa3oM, pa3BHUTHE
MMOCTOSTHHOM BOCHAJIUTENbHOU peaknuu. CucteMon
MALT onocpe/iytoTcs BociajeHHUe IJIa3HOU MOBEPX-
HOCTH, CHHJIPOM CyXOT'O IJ1a3a, aJuIepruuecKre 3a60-
JieBaHusI, TpaBMa. KJIeTOYHOE IPEeICTaBUTETHCTBO
MALT-cucteMbl IPOUCXOAUT M3 KOCTHOIO MO3ra U
THMYCA.

Perenepariyisi SIUTEINUS POTOBUIIBI ITPOUCXOTUT
3a CUeT SIUTEIUATbHBIX CTBOJIOBBIX KJIETOK, KOTO-
pble pacrosaralores B JIMMOAJTbHOU HUIe (ITaau-
cazpl Porra). PereHepaiinii pOrOBHITHI CITOCOOCTBYET
aKTUBHBIA cuHTe3 uHTepsieHkuHoB (IL-6 u IL-10),
KOTOPBIA  OCYIIECTBJISIETCSA SIUTEHATbHBIMU U
MUMMYHHBIMH KJIETKaMu [1]. B skcriepuMenTax ycra-
HOBJIEHO, 4UTO IL-6 ycuiauBaeT MUTPALIUIO KJIETOK U
3KUBJIEHUE paH SIUTETUATbHBIX KJIETOK POTO-
BUIIBI KPOJUKOB [2—4]. IL-10 mopaBisieT mMpoOayK-
M0 IIPOBOCHAJIUTEPHBIX ITUTOKUHOB, HHTEp(de-
poHa, mpoJindepaTUBHBIN OTBeT T-KJIETOK HA aHTHU-
TeHbl U MUTOTEHBI, a TaK:Ke CEKPEIUI0 aKTUBUPO-
BaHHBIMH MOHouUTaMu IL-1-06eta, ®HO-ambpda
(dbakTopa Hekposa omyxoinu) u IL-6 [2].

XuMuueckast TpaBMa POTOBUIIHI SIBJISIETCS OTHUM
W3 CaMBIX PACIPOCTPAHEHHBIX TIOBPEXKIEHUH TJIa3a.
[To cBoedl maTOMHU3UOJIOTHUUECKOH CYIIIHOCTHA 3TOT
Mpoliecc IMPOXOAUT BCEe TPU CTAAMU BOCIIATEHUS.
IIpu 5TOM €CTh HECKOJIPKO BeECbMa BaKHBIX 0COOEH-
HOCTEH, KOTOpbHle, B OTJIMYHE OT XHUMHUUYECKOTO
MOBPEXK/IEHUS MATKUX TKAHEH U CIU3UCTBIX, 00y-
CJIOBJIMBAIOT BBICOKUU PUCK WHBAJIUIU3UPYIOIIHX
OCJIOKHEHUH. [1pH SITUTETHOCTPOMATBHBIX ITOBPEK-
JIEHHUSIX POTOBUIIBI IIUTOKUHBI, BRLICBOOOKIAEMbIE 13
TIOBPEXK/IEHHOTO snuTenus, Bkiawodas [L-1 m ®PHO-
asbda, OMOCPEAYIOT THOEJh KEpaTOIUTOB dYepes
cucremy JsmranzoB Fas-Fas. BrDkusiime keparto-
IUTHI, KOTOPBIE HE ITOABEPIJIMCH ATIONTO3Y, MOJTYJIH-
pyoTCA mocTynamiiuM B crpoMmy IL-1 ana npous-
BOZICTBA XEMOKHHOB, BKJIOYasi MOHOITUTAPHBIN
XEeMOTAaKCUYECKUH U  aKTHUBUDPYIOIIUU  dakTop
(MCAF), rpaHy/I0IIUTaApHBINA KOJIOHUECTUMYJIUPYIO-
muit pakrop (G-CSF), HeHTpodUIbHBIA aKTUBUPY-
romui nentus (ENA-78) 1 MOHOIUTaPHBINA HEUTPO-
wipHBI xeMoTakcuueckunn (akrop (MDNCF).
KeparoiuThsl mOABEPTralOTCs MUTO3Y Yepes 12—24 U
II0CJIe TPAaBMBI C JJAJIbHEHIIIEH CIIOCOOHOCTHIO -

modern concepts, the surface of the cornea and con-
junctiva is bound with lymphoid tissue (mucosa-
associated lymphoid tissue — MALT). Ocular surface
MALT maintains a balance between the inflamma-
tory immune response to pathogens and tolerance to
non-pathogenic factors, thus preventing the deve-
lopment of a permanent inflammatory response. The
MALT system mediates inflammation of the ocular
surface, dry eye syndrome, allergic diseases, and
trauma. The cell subset of the MALT system origi-
nates from the bone marrow and thymus.

Regeneration of the corneal epithelium occurs
due to epithelial stem cells which are located in the
limbal niche (palisades of Vogt). Corneal regenera-
tion is facilitated by the active expression of interleu-
kins (IL-6 and IL-10), which is carried out by epithe-
lial and immune cells [1]. Experiments have shown
that IL-6 enhances cell migration and wound healing
of rabbit corneal epithelial cells [2—4]. IL-10 sup-
presses the production of pro-inflammatory cyto-
kines, interferon, the proliferative response of T cells
to antigens and mitogens, as well as the secretion of
IL-1 beta, TNF-alpha (tumor necrosis factor) and
IL-6 by activated monocytes [2].

Chemical injury of the cornea is one of the most
common eye injuries. Pathophysiologically, this pro-
cess goes through all three stages of inflammation. At
the same time, there are several very important fea-
tures that, in contrast to chemical injury of soft tis-
sues and mucous membranes, determine a high risk
of disabling complications. In epithelial-stromal
injuries of the cornea, cytokines released from the
damaged epithelium, including IL-1 and TNF-alpha,
mediate keratocyte apoptosis via the Fas-Fas ligand
system. Keratocytes that evaded the apoptosis are
modulated by stromal IL-1 to produce chemokines,
including monocyte chemotactic and activating fac-
tor (MCAF), granulocyte colony-stimulating factor
(G-CSF), neutrophil activating peptide 78 (ENA-78),
and monocyte-derived neutrophil chemotactic factor
(MDNCF). Keratocytes undergo mitosis 12—24 h
after injury with a further ability to differentiate into
fibroblasts and myofibroblasts and express a less
organized collagen-fibrillar structure of the stroma,
which contributes to scar formation [5].

Under conditions of chemical damage to the cor-
nea, its cellular structure is significantly disrupted,
requiring emergency highly differentiated regenera-
tion without a pronounced proliferative component
of inflammation and expansion of immunocompe-
tent cells to gain an antimicrobial potential. For the
purpose of pharmacological initiation of these pro-
cesses, the topical application of enzyme prepara-
tions, which are actively used in surgical and thera-
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(depenmupoBaThcss B Gpubpobmactel 1 MuopuOpo-
6J1aCThI U DKCIIPECCUPOBATH MEHEee OPraHU30BAHHYIO
KOJIJIAr€HOBO-QUOPUIIISIPHYIO CTPYKTYPY CTPOMBI,
YTO crrocoOCeTByeT (OpMHUPOBaHHUIO pydmia [5].

B yCiIoBUAX XUMHYECKOTO IOBPEXKIEHUS POTo-
BUIIBI CYIIIECTBEHHO HAapYIIAeTcs ee KJIeTOYHas
CTPYKTypa, HYKJAIOIIASACA B HKCTPEHHOH BBICOKO-
nuddepeHIIUPpOBAHHON pereHeparuu 0e3 BbIpa-
JKEHHOTO TPOIU(EepaTHBHOTO KOMIIOHEHTA BOCIIA-
JIEHUSA U DKCIAHCUU UMMYHOKOMITETEHTHBIX KJIETOK
JUIA  CO3JIJaHWSA AHTUMUKPOOHOTO IOTEHIHAaa.
C menpio HapMakKOJIOTUUECKON HHUIUAIAU STHUX
MPOIIECCOB  BeChbMa  IEPCIEKTHUBHO  BBITJISIUT
JIOKQJIbHOE TIpUMeHeHNe (pepMEHTHBIX IPENapaToB,
KOTOpbI€ aKTUBHO HCIOJIB3YIOTCSA B XUPYPTUUYECKOM
U TepameBTHYeCKOU mpaktuke [6, 7]. [Ipemaparst
THAIyPOHU/IA3bl U CYyOTWIM3WHA ABJAIOTCA dep-
MEHTHBIMH JIEKAPCTBEHHBIMU CPEICTBAMHU, KOTOPbIE
B HACTOSAIINI MOMEHT He TOJIyYHJIH IITUPOKOTO IPH-
MeHEHHsI B JiedeHUHW 3a00JIeBaHUA PpPOTOBUIIHIL.
OnHako 3TH (PepMeHTHI IUPOKO HCIIOJIB3YIOTCA B
YPOJIOTHH, THHEKOJIOTHH, a TAKXKE B JIeUeHUHN 3200-
JIEBAHUU JIETKUX U MeYeHU OJiarogapss CBOUM aHTHU-
nposindepaTUBHBIM U (PUOPUHOJIUTHUECKUM CBOM-
cTBaM. B mocsiesiHue rofbl MOSBUIIOCH MHOTO OTede-
CTBEHHBIX INyOJUKaNMid O IPUMEHEHUH HOBOTO
KJIacca MPOTEOIUTUYECKUX (PepMEeHTHBIX Ipernapa-
TOB — cyOTIIN3WHOB [8]. 3a pybexoM CTaThu O MpHU-
MeHEeHUH! CyOTUIN3WHOB IMOSIBIJINCH 18 JieT Hazaf
[0]l. Y3 Bcero MHOrOOGpa3us MPOTEOJTUTHUECKUX
(epMeHTOB CYOTHJIMBUHBI  BBIAEJISAIOTCS  JABYMS
OCHOBHBIMU CBOMCTBAMI: 1) OHU He 00JI1aai0T CalT-
crenu(pUYHOCTPI0 10 OTHOIIEHUI0O K COUETAHHIO
aMIHOKHUCJIOT B OEJIKOBOM MOJIEKYJe, KOTOpas, B
CBOI0O OYepesib, CYIIECTBEHHO OTPAHUYMBAET BO3-
MOKHOCTHU TIPUMEHEHUS TEPATIEBTUUECKOTO IIPOTEO-
Jn3a; 2) CyOTUIN3WHBI NMPEUMYIIECTBEHHO THJIPO-
JIN3YIOT Te OeJIKOBBIe MOJIEKYJIBI, KOTOPBIE yTPaTHIIU
CBOIO HATUBHYIO IJIOOYyJy, TU0OO BCJIEACTBHE Pa3py-
[IeHUA YETBEPTUYHOU U TPETUYHOU CTPYKTYpHI U
IpeBpaIeHnsi B OEeJKOBBIA JETPUT, JUOO BCied-
CTBHUE MOJIMMEPHU3ANNH, KaK Hampumep, bubpuHo-
TeH, IpeBpaTuBIIniicsa B pudbpuH [10].

B Hacrosiee BpeMs CyIIecTBYeT HECKOIBKO OH-
[IMHATHHBIX PENapaToB rHAypOHUA3hI (THaTypO-
HaT-3H/10-B-N-aleTUIreKCO3aMUHU/Ia3bl  — KO/
depmenTa (K®) 3.2.1.35). [llupokoe pacmpocTpaHe-
Hue nonyuuau Jluaasa, Jlourugasa, Poungaza. Jlan-
HbIE TpemnapaTsl MMOJIYYaloT U3 CEMEHHUKOB KpYII-
HOTO pOTaTOro CKOTa (TeCTHKYJIApHAas THaJypOHH-
nmaza). TecTUKy/IspHAs TUAIYPOHU/a3a SIBJISAETCS
4-TJIUKAHOTUIPOJIA30H, a ee crelnuduueckrie cyo-
CTpaThl — IVIMKO3aMHUHOIVIMKAHBI (THAIypPOHOBAs
KUCJIOTa, XOHIPOUTUH, XOHAPOUTUH-4-CyJIbdar,

peutic practice, looks very promising [6, 7]. Hyal-
uronidase and subtilisin preparations are enzyme
drugs that are not currently widely used in the treat-
ment of corneal diseases. However, these enzymes
are widely used in urology, gynecology, and in the
treatment of lung and liver diseases due to their anti-
proliferative and fibrinolytic properties. In recent
years, many domestic publications have appeared on
the use of a new class of proteolytic enzyme prepara-
tions, subtilisins [8]. Abroad, the articles on the use
of subtilisins appeared 18 years ago [9]. Of the vari-
ety of proteolytic enzymes, subtilisins are distin-
guished by two main properties: 1) they do not have
site-specificity for the combination of amino acids in
a protein molecule which, in turn, significantly limits
the possibilities of using therapeutic proteolysis; 2)
subtilisins predominantly hydrolyze those protein
molecules that have lost their native globule, either
due to the destruction of the quaternary and tertiary
structure and transformation into protein detritus or
due to polymerization, such as fibrinogen, which has
turned into fibrin [10].

Currently, there are several officinal preparations
of hyaluronidase (hyaluronate-endo-p-N-acetylhe-
xosaminidase — Enzyme Commission number
3.2.1.35). Lydase, Longidaza, Ronidaza are widely
used. These drugs are obtained from the testes of
cattle (testicular hyaluronidase). Testicular hyal-
uronidase is a 4-glycanohydrolase, and its specific
substrates are glycosaminoglycans (hyaluronic acid,
chondroitin, chondroitin-4-sulfate, chondroitin-6-
sulfate), which form the basis of the connective tis-
sue matrix. As a result of depolymerization (break-
ing the bond between C—1 acetylglucosamine and
C—4 glucuronic or iduronic acids), under the influ-
ence of hyaluronidase, glycosaminoglycans lose
their basic properties: viscosity, the ability to bind
water, metal ions, the formation of collagenous pro-
teins into fibers becomes more difficult, the perme-
ability of tissue barriers increases, the movement of
fluid in the intercellular space is facilitated, the elas-
ticity of the connective tissue increases. The chemi-
cal properties of hyaluronidase are very successfully
converted into pharmacological effects and allow us
to consider it as a promising pharmaceutical sub-
stance for the treatment of traumas and degenera-
tive diseases [11—19].

The pathogenetic rationale for the use of subtili-
sin in chemical injury of the eye lies in the proteolysis
of the cellular and protein detritus of the wound, a
kind of general cleaning of the wound bed for subse-
quent repair of the cellular subset de novo. The role
of hyaluronidase is the modification of the intercel-
lular matrix for migration and facilitated homing of
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XOHZPOUTHH-6-CYIb(DAT), COCTABJISIONINE OCHOBY
MaTpUKCA COeAMHUTEIbHON TKaHU. B pesysbraTe
nmemosuMepusanuu (paspbiBa cBsa3u Mexay C—1
aneTwiIriokodammia u C—4 IJIIOKYpOHOBOM WJIHN
HUJIypPOHOBOU KHCJIOT) IIOf] BJIMSTHUEM THAIYPOHH-
Jla3bl [VINKO3aMUHOTJIMKAHBI TEPSIIOT CBOM OCHOB-
HBIE CBOICTBA: BSI3KOCTH, CIOCOOHOCTH CBS3BIBATH
BO/ly, HOHBI METAJUIOB, 3aTpyAHsAeTcsa GOPMUPOBa-
HUe KOJUJIAT€HOBBIX OEJIKOB B BOJIOKHA, YBEJIMUMBA-
eTcs POHUIAEMOCTb TKaHEBBIX OapbepoB, 0bJerdya-
eTcsl JIBIDKEHUE JKUJKOCTH B MEXKJIETOYHOM IIPO-
CTPAHCTBE, YBEJTMUNBAETCS DJIACTUYHOCTD COETMHU-
TeJIbHOU TKaHU. XUMUUeCKHe CBOWCTBA THATyPOHU-
Jla3bl BeChbMa YCIEITHO KOHBEPTUPYIOTCA B (apma-
Kostoruueckrie 3¢ @EeKTH U MO3BOJISIOT PacCMaTPHU-
BaTh €e B KauecTBe IIepCIeKTUBHOU apmalrieBTruye-
CKOU CyOCTaHIIMU JJIs JIEUEHUs] TPAaBMaTUUECKUX U
JleTeHepaTUBHBIX 3a60sieBaHuli [11-19].

[TaTroreHeTnueckoe OOOCHOBAHWE NPUMEHEHUS
CyOTHIM3WHA TIPU XUMHYECKOH TpaBMe IJiasza
3aKJIIOUAeTCss B MPOTEOJIN3€e KJIETOYHO-OEIKOBOTO
JIETPUTAa PaHbI, CBOETO POJia TeHEPATbHOH YyOOpKe
PpaHeBOTOo JI0Ka JJ1A TOCIIeAYIONIel pernapanuy Kie-
TOYHOTO MaccuBa de novo. Posib THATTyPOHHUIA3BI —
MOANGDUKAIUA MEXKKIETOYHOTO MAaTPUKCA Ui
MHUTpanuu U OOJIETYEeHHOTO0 XOMMHIA KJIETOK-
MIPEIIIeCTBEHHUKOB JIJIsl BOCIIOJIHEHUS IIOCTTPAaBMa-
THYECKOTO TKAHEBOTO iepeKTa.

ITpumeneHue GETKOBBIX JIEKAPCTBEHHBIX ITpelia-
paToB uMeeT psJ OOIEN3BECTHBIX OTPAHUYEHUH —
HU3Kas CUCTeMHas U TKaHeBas OWOAOCTYITHOCTS,
aJJIEPTOTeHHOCTh, HMMYHOT€HHOCTb. OTH HENO0-
CTaTKU YCIIENIHO YCTPAHSIOTCSA MPU UMMOOHMIN3a-
oy OEeJKOBBIX NPENapaToB Ha WHEPTHBIX HOCUTE-
JISIX, HAI[pUMeEp, Ha mosuaTuiaeHraukosne (I191) —
nerwnupoBanuu. OTHUM U3 METO/OB METUINPOBA-
HUS SIBJISIETCS DJIEKTPOHHO-JIyYeBOH CUHTE3, KOT/Ia B
IIOTOKE YCKOPEHHBIX 3JIEKTPOHOB, OOPa30BAHHOM
WMIIYJIbCHBIM JIMHEHHBIM YCKOPHUTEJIEM, MPOMCXO-
JIUT KOHBIOTAINA OEJIKOBOU MOJIEKYJIBI C IIOJIUMEp-
HBIM HoOcuTesieM [20, 21]. BeskoBble mnpemaparTsl,
IIO/IBEPTIITHECS DJIEKTPOHHO-JIYUEBOMY TETHINPO-
BAaHUIO, COXPAHSIOT CBOIO HATUBHYIO (hapMaKOJIOTH-
YeCKyI0 aKTUBHOCTbH, IIPH 3TOM CYILIECTBEHHO YJIyd-
IIAIOT CBOU (papMaKOKUHETUYECKUE U TOKCHUKOJIOTH-
YecKre XapaKTEePUCTUKU.

CyOTHIN3UH U THATYPOHUA3a MOTYT IPOSBIIATH
IUTIOPUTIOTEHTHBIE 3 GEKTH Ha TKAHEBOM YPOBHE,
0COOEHHO B YCJIOBHUSIX IATOJIOTUYECKOTO IIPOIIecca.
ITockosbKy XuUMUYecKasi TpaBMa ryasa Oy/ieT WHU-
IIUUPOBATh HECKOJbKO CAHOTEHHBIX IPOIECCOB,
IIpEeZICTaBIISIETCS] HEOOXOAMMBIM OIEHUTH BJIMSHHE
n3y4JaeMbIX HGepMEHTOB Ha KJIETOUHBIN COCTAaB PAHbI
B YaCTH MPEJCTABUTETHCTBA OCHOBHBIX UMMYHOKOM-

progenitor cells to compensate for a post-traumatic
tissue defect.

The use of protein drugs has a number of well-
known limitations — low systemic and tissue bio-
availability, allergenicity, immunogenicity. These
shortcomings are successfully eliminated by immo-
bilization of protein preparations on inert carriers,
for example, on polyethylene glycol (PEG) -
PEGylation. One of the PEGylation methods is elec-
tron beam synthesis, when a protein molecule is con-
jugated with a polymer carrier in a stream of acceler-
ated electrons generated by a pulsed linear accelerator
[20, 21]. Protein preparations undergoing electron-
beam PEGylation retain their native pharmacologi-
cal activity, while significantly improving their phar-
macokinetic and toxicological characteristics.

Subtilisin and hyaluronidase can exhibit pluripo-
tent effects at the tissue level, especially under patho-
logical conditions. Since chemical injury to the eye
will initiate several sanogenic processes, it seems
necessary to evaluate the effect of the studied
enzymes on the cellular composition of the wound in
terms of the pool of the main immunocompetent
cells, the local presence of which will determine the
final success of damage regeneration.

AIM OF THE RESEARCH

To study the effect of hyaluronidase and subtilisin
PEGylated by the electron beam synthesis technol-
ogy, on the number of immunocompetent cells in the
area of the corneal chemical injury with their sub-
conjunctival and topical administration.

MATERIALS AND METHODS

The studied preparations PEG-hyaluronidase and
PEG-subtilisin were provided by Siberian Center of
Pharmacology and Biotechnology, JSC (Novosibirsk,
Russia). Electron beam PEGylation of both enzymes
was carried out on polyethylene oxide (Macro-
gol-1500) under a beam of accelerated electrons at a
dose of 1.5 Mrad, generated by a pulsed linear accel-
erator ILU-10 (manufactured by the Budker Insti-
tute of Nuclear Physics, Novosibirsk). PEG-subtilisin
is a light yellow lyophilized powder with an enzy-
matic activity of 5400 IU per 1 g of dry matter, easily
soluble in crystalloid and colloidal solutions. Experi-
mental dose — 300 IU/ml. PEG-hyaluronidase is a
light gray lyophilized powder with an enzymatic
activity of 2800 IU per 1 g of dry matter, easily solu-
ble in crystalloid and colloidal solutions. Experimen-
tal dose — 150 IU/ml.

Laboratory rabbits are a conventional experimen-
tal test system for studying the specific activity of
ophthalmic drugs. The study was performed with 28
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METEHTHBIX KJIETOK, JIOKAJIbHOE MPUCYTCTBHUE KOTO-
PbIX OyzieT 00yCI0BIUBATh KOHEUHBIH yCIIEX pereHe-
palyu MoBpeKIAEHUs.

IIEJIb NCCJIEJOBAHUA

V3yyuTh BIWSHUE THATYPOHUAA3BI U CyOTHIIH-
3WHA, MTETHJINPOBAHHBIX IO TEXHOJIOTUU 3JIEKTPOH-
HO-JIy4€BOT'O CHHTE3a, Ha KOJIMYECTBO UMMYHOKOM-
IETEHTHBIX KJIETOK B 00JIACTM XMMHUUYECKOU PpaHBI
POTOBUIIBI IIPU MX CYOKOHBIOHKTHUBAJIBHOM U MECT-
HOM BBEJICHHUH.

MATEPUAJIBI 1 METO/bI

Uccnenyemble npenapatsl [19I-ruanyponmujasza
u II3T-cy6Trmsun mpemoctaBieHbl AO «Cubup-
CKUH TIeHTp apMakoJIOTUd U OWOTEXHOJIOTHH»
(HoBocubupck, Poccuist). D1eKTPOHHO-JIyIEBOE [TETH-
JIMpoBaHue 000uX (PepMEHTOB IIPOBEIEHO HA MOJIHI-
TrwieHokeuae (Makporos-1500) Mo IMyYKOM YCKO-
PEeHHBIX 3JIEKTPOHOB B J103e 1.5 Mpay, co3zaBaeMbIM
UMITYyJIbCHBIM JIMHEUHBIM yckopuresnem WJIY-10
(mpomsBozicTBO — THCTUTYT siZ1epHOY PUBUKHI UMEHU
I'U. Bbymkepa CO PAH, HoBocubupck). II3I-
CYyOTWIMBHH TIPECTaBIsIeET COO0H JTHODUIU3UPO-
BAaHHBIH [TOPOIIOK CBETJIO-3KEJITOTO I[BETA ¢ hepMeEH-
TaTUBHOHN aKTUBHOCTHIO 5400 E/I B 1 T cyxoro Belie-
CTBA, JIETKO PACTBOPSIOIIUICS B KPUCTA/UIOUAHBIX U
KOJUIOWJHBIX ~ PAcTBOpaX.  JKCIIEPUMEHTAIbHAs
no3a — 300 EJI/mur. TI9T-ruanyponuiasa mpejicras-
JisIeT co60H JTMOGUIN3UPOBAHHBIHN ITOPOIIIOK CBETIIO-
ceporo 1BeTa ¢ pepMeHTaTUBHON aKTHBHOCTHIO 2800
EJI B 1 T CyXOro BelIecTBa, JIETKO PACTBOPSIOIIUICS B
KPUCTAJUIOUHBIX U KOJUIOMAHBIX PACTBOPAX). DKC-
mepuMeHTaIbHasd f03a — 150 EJI /Mt

JIabopaTopHble KPOJIUKHU ABJISAIOTCSA OOIIEeITPUHSA-
TON HKCIIEPUMEHTAJIPHOU TECT-CUCTEMOM 110 M3yde-
HUIO CHEeNU(UIECKON aKTUBHOCTH OQTATIbMOJIOTH-
YyecKUX IiperapatoB. VccieioBaHye BHIIIOJTHEHO Ha
28 6eCIOpOIHBIX KPOJIMKAaX Maccou 3.5—4 Kr. IIpo-
[eAypa pacIpefieieHus Ha SKCIIEpUMEHTATbHbIE
IpYyIIIBI ITyTeM YepefoBaHus 1/1. Cxema ucciiezona-
HUSI IPEJICTaBJIeHa Ha PUC. 1. B mpaBbIii r71a3 JKUBOT-
Horo BBomwica [I9l-cybrmnmsua wiu [I9I-
THAJIypPOHM/Ia3a B 3aBUCUMOCTH OT TPYIIIBI pacipe-
JleJIeHUsI, JIEBBIN IJIa3 »KUBOTHOTO HCIIOJIb30BAJICS
KaK KOHTPOJIb — B Hero BBoawn 0.9% NaCl.

B »skcnepumeHTanbHON OQTAIBMOJIOTHU  JJIS
HCCJIEJTOBAHUSI XUMHYECKOM TPaBMbl POTOBUITHI
HCIIOJIB3YIOT IIeJIOUHOU oxxor mo ObGenbeprepy.
ITatosormyeckrie Ipollecchl, pa3BUBAOIINECA Y
KPOJIUKOB TIOCJIE IIeJIOYHON TPaBMbI POTOBUIIHI,
COOTBETCTBYIOT TAaKOBBIM Vy UeJIOBeKa [22]. Ity
MO/1eJ1b IIUPOKO IPUMEHSIOT BO BCEM MUDe JIJIsl U3Y-
YeHUsI perapaTUBHBIX IIPOIIECCOB B IJIa3e M paspa-

outbred rabbits weighing 3.5—4 kg. Distribution pro-
cedure to experimental groups is 1/1 alternation. The
scheme of the study is shown in Fig. 1. PEG-subtilisin
or PEG-hyaluronidase were applied to the right eye
of the animal; the left eye of the animal was used as a
control — it was treated with 0.9% NaCl.

In experimental ophthalmology, the Obenberger
alkali burn is used to study the chemical injury of the
cornea. Pathological processes in rabbits following
an alkali injury to the cornea correspond to those in
humans [22]. This model is widely used all over the
world to study reparative processes in the eye and
develop new methods of treatment. In our study, we
reproduced this classic technique using an 8 mm fil-
ter paper disk impregnated with 2.5% sodium
hydroxide (NaOH) solution. After local anesthesia
with 0.4% oxybuprocaine, disk with NaOH is applied
to the cornea. The exposure time is 5 s, after which
the conjunctiva cavity is washed with normal saline
(0.9% NaCl). The study drugs were administered
depending on the distribution group and the study
design 4 hours after the injury: with topical adminis-
tration, instillations were performed on the surface
of the cornea, 0.1 ml 8 times after 15 min; with sub-
conjunctival administration, the injections of 0.1 ml
were performed once. Animals were removed from
the experiment after 24 hours in accordance with
modern methods of euthanasia of laboratory animals
(according to Directive 2010/63/EU on the protec-
tion of animals used for scientific purposes, of the
European Parliament and the Council of the Euro-
peam Union, of September 22, 2010), followed by
enucleation of both eye. Lethal cases were recorded
during the experiment. Cases of complete damage to
the eye and the absence of the possibility of taking a
tissue specimen were also recorded.

In this study, we evaluate the cell landscape tak-
ing into account the specific biological activity of
each subset of cells. Immunocompetent cell subsets
make it possible to assess the course of the inflam-
matory process and predict the effect of the study
drugs on the processes of corneal wound repair. The
design of the experiment provided for two routes of
administration — instillations on the wound surface
and subconjunctival injection. The need for two
routes of administration is justified by the following
circumstances. To achieve pharmacological efficacy
with topical administration, the molecules of the
study drugs are not required to overcome the blood-
ocular barrier, and this, at the first glance, is a posi-
tive aspect. However, it should be taken into account
that in this experimental chemical injury the colli-
quative processes take place in the cornea with a
damage to its morphological structure. And this, in
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Pacnpenenenune

Distribution

Oto6paHo 28 KUBOTHBIX (17 = 28)
28 animals were selected

Y

Y Y Y

MecrtHOE BBeneHue CyOKOHBIOHKTHBAJILHOE BBE/ICHUE
Topical administration Subconjunctival administration
T2 -cyotrmusun (n=7) | [IDT-ruanyponnnasa (n = 7) N3I-cy6rummsun (n="7) | IIOT-ruanyponnnasa (n ="7)
PEG-subtilisin PEG-hyaluronidase PEG-subtilisin PEG-hyaluronidase

IKCNepUMEHTANIbLHOE

BO3JeiicTBHE U HA3HAYEHHE

Experimental exposure

and designation

XuMudeckast TpaBMbI POTOBHIIBI IPABOTO INIa3a (IeT0IHOH oxor mo O6eHbeprepy) U JIEBbIH IM1a3 B KaYeCTBE KOHTPOIL
Corneal chemical injury of the right eye (Obenberger alkali burn) and left eye as a control

Okcnosunus 4 4 / Exposure 4 h

Y Y

MecTtHoe BBeeHIE CyOKOHBIOHKTHBAJIBHOE BBEICHHE
Topical administration Subconjunctival administration
IIpassrii mia3: [I9T -npenapar / Right eye: PEG-drug Ipassrit mia3: [I9T -npenapar / Right eye: PEG-drug
Jlessrit rmaz / Left eye: 0.9% NaCl Jlessrit timaz / Left eye: 0.9% NaCl

3T -cyornmmsuu (n="7) | [I9I'-rnanyponnnasa (n = 7) 3T -cyornmmsuu (n="7) | [I9I-rnanyponnnasa (n = 7)
PEG-subtilisin PEG-hyaluronidase PEG-subtilisin PEG-hyaluronidase

Xon uccaenoanus / Study progress

Ha6nronenue B Teuenue 1 qus / Observation for a day

Y Y Y Y

MectHoe BBezieHHE CyOKOHBIOHKTHBAJILHOE BBE/ICHHE
Topical administration Subconjunctival administration
M2T-cy6Trnmusun (n = 7) M2T -ruanyponunasa (n = 7) [OT-cy6rumusun (n = 7) M3l -ruanyponuasa (n = 7)
PEG-subtilisin PEG-hyaluronidase PEG-subtilisin PEG-hyaluronidase

Ipasbiii ma3: 19T -cy6Trimsun | Ipassiii ria3: [I9T-ruanyponuniasa Tpasbiii ma3: IO -cy6Trimmsus | [passiii mias: IO -ruanmyponuniasa
Right eye: PEG-subtilisin Right eye: PEG-hyaluronidase Right eye: PEG-subtilisin Right eye: PEG-hyaluronidase
— 6 mIa3HBIX 010K COXpaHE€HO — 7 masHbIX S0II0K COXpaHEHO — 6 mIa3HbIX 010K COXpaHEHO — 7 rasHeIX 200K COXpaHEHO

6 eyeballs were saved 7 eyeballs were saved 6 eyeballs were saved 7 eyeballs were saved

— nepgopauns riasa (n = 1)
perforation of the eye

JleBsrit rmas: 0.9% NaCl JleBsrit rmas: 0.9% NaCl JleBsrit mas: 0.9% NaCl JleBsrit rmas: 0.9% NaCl

Left eye: 0.9% NaCl Left eye: 0.9% NaCl Left eye: 0.9% NaCl Left eye: 0.9% NaCl

— 7 ma3HbIX S0JIOK COXPAHEHO — 7 II1a3HBIX S0IOK COXpaHEHO — 7 m1a3sHbIX 010K COXpaHEHO — 7 ma3HbIX S0JIOK COXPAHEHO
7 eyeballs were saved 7 eyeballs were saved 7 eyeballs were saved 7 eyeballs were saved

DBTaHa3usl, SHyKJICALHs [JIa3, TOATOTOBKA CPE30B, BBIIOIHEHHE THCTOMOP(HOIOrHYECKOr0 HCCIEI0BaHH S
Euthanasia, enucleation, preparation of histologic sections, histomorphological study

Y Y Y Y

AHAJIU3 Pe3yJbTATOB

Data analysis

MecTtHOE BBeicHUE CyOKOHBIOHKTHBAJILHOE BBE/ICHHE
Topical administration Subconjunctival administration
M3T-cyoTrmusus (n = 7) MI3T -ruanyponuaasa (n = 7) MOT-cy6Trmmsun (n = 7) [3T-rnamyponnnasa (n = 7)
PEG-subtilisin PEG-hyaluronidase PEG-subtilisin PEG-hyaluronidase

Tpaspiii mia3: I3 -cy6tunusuy | Ipaseriit mas: [19T -ruanyponnaasa TIpaspiii mia3: 13T -cyotunusun | ITpaseiit mias: [19T -ruanypoHniasa
Right eye: PEG-subtilisin Right eye: PEG-hyaluronidase Right eye: PEG-subtilisin Right eye: PEG-hyaluronidase
— 30 cpesoB / 30 sections — 35 cpesos / 35 sections — 35 cpesoB / 35 sections — 35 cpesos / 35 sections
— uckImoueHo: 0 cpe3os — ucKioueHo: 0 cpe3oB — uckioueHo: 0 cpe3os — uckioueHo: 0 cpe3oB

excluded: 0 sections excluded: 0 sections excluded: 0 sections excluded: 0 sections
Jlesrit rmas: 0.9% NaCl JleBsrii ra3: 0.9% NaCl Jlenrit rmas: 0.9% NaCl Jlesbiii r1a3: 0.9% NaCl
Left eye: 0.9% NaCl Left eye: 0.9% NaCl Left eye: 0.9% NaCl Left eye: 0.9% NaCl
—30 cpe3oB / 30 sections — 35 cpesoB / 35 sections — 35 cpe3soB / 35 sections — 35 cpesoB / 35 sections
HcknroueHo: 5 cpe3oB KUBOTHBIX | — HCKItoueHO: 0 cpe3oB — uckiodeHo: 0 cpe3oB — uckirodeHo: 0 cpeson
¢ nep(hOPUPOBAHHBIM [IPABBIM excluded: 0 sections excluded: 0 sections excluded: 0 sections
TI1a30M
Excluded: 5 animal sections
with the perforated right eye

Puc. 1. DKcriepuMeHTaIbHbIE TPYIIIBI ¥ CXEMA UCCIIE0BAHMS
Fig. 1. Experimental groups and study design
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OOTKU HOBBIX METO/IOB JieueHUs. B Hamem uccieno-
BaHUU MBI BOCIIPOU3BEH 3Ty KJIACCHYECKYIO METO-
JIUKY, WCIIOJIB3Ysl OUCK (IIBTPOBAJIBHOU Oymaru
JHaMeTpoM 8 MM, MPOIHUTAaHHBIN 2.5% pacTBOPOM
rugpokeuy Hatpus (NaOH). ITocite MecTHOU aHe-
cTe3uu 0.4% uHOKauHa Auck ¢ NaOH nmocpezacrsom
aNUINKAIN HAaHOCUTCS Ha pOroBHUIly. Bpems skc-
MO3UIUA — 5 C, MOCJIe Yero KOHBIOHKTUBAJIbHAS
II0JIOCTH TIPOMBIBAETCS (PU3UOJOTHIECKUM PACTBO-
pom (0.9% NaCl). Hcciemyemble mpemnapaThl BBOIU-
JINCh B 3aBUCUMOCTU OT TPYIIIIBI PACIpeiesIeHUus U
JIU3aifHa DKCIIEpUMEHTa Yepe3 4 U IOCjIe TPABMBI:
IIpU MECTHOM BBEIEHHUU BBIIOJHIINCH HHCTHILIA-
[ Ha TIOBEPXHOCTH POTOBUIIHI 10 0.1 MJI 8-KpaTHO
yepe3 15 MHH, NIPH CYOKOHBIOHKTHBAJIBHOM —
BBIIIOJTHEHBI WHBEKIUU 1O 0.1 MJ OJHOKDATHO.
BriBe/ieHNE JKUBOTHBIX U3 DKCIIEPUMEHTA OCYIIECT-
BJISIJIOCH Yepe3 24 U B COOTBETCTBHUU C COBPEMEH-
HBIMH METO/IaMU 3BTAaHA3UH J1a00PATOPHBIX KUBOT-
HbIX (cormacHo JIupektuBe 2010/63/EU 1o oxpane
JKHUBOTHBIX, HCIIOJIb3YEMBIX B HAYYHBIX IIeJIsX, EBpo-
neiickoro Ilapmamenta u CoBera EBpormeiickoro
Coro3a 0T 22 ceHTS0PsI 2010 T.) C TOCIEAYIOIIEH DHY-
KIeanuenn oboux rias. JleTaapHble CIydau B XOfe
9KcrepuMeHTa (ukcupoBainch. Ciydau IOJIHOTO
TIOBPEXKAEHUs TJIa3a U OTCYTCTBHE BO3MOXKHOCTH
BBIZIEJIEHUS MAKPOIIPenapaTa yIUThIBAJIUCE.

B nanHOM HCCiieZloBAaHUY MBI IIPOBO/HIM JI€TAJIU-
3alMI0 KJIETOUHOTO Mei3aka ¢ yueToM creluduye-
CKOU OMOJIOTMUECKON aKTUBHOCTH KaXKIOU TPYIIIIBI
KJIeTOK. [0y Ay IMMYyHOKOMIIETEHTHBIX KJIETOK
MIO3BOJISIIOT OIIEHUBATh TE€UEHHE BOCIIAIUTEIHLHOTO
Iporiecca U MPOTHO3UPOBATh BO3/IEHCTBHE H3ydae-
MBIX IIPENapaToB Ha IIPOIECCHl permapanuy poro-
BUIlBL. /[M3alfHOM BKCIIEpUMeHTa IpeaycMaTphBa-
JIOCh ZIBA TIYTH BBEIEHUSA — WHCTUWUIAIINU Ha paHe-
BYIO ITIOBEPXHOCTh U CYyOKOHBIOHKTHBAIBHOE BBeJe-
uue. Ob0ocHOBaHME HEOOXOIMMOCTH JABYX CIIOCOOOB
BBEZIEHUs OOYCIJIOBJIEHO CJIEAYIOIIUMHU OOCTOSTEIhb-
crBaMu. [Ipy MECTHOM IPUMEHEHHU ULl JOCTHKe-
Hus (apmakosorunyeckor 3¢pHeKTUBHOCTH HE Tpe-
OyeTcsi TPeOZOJIEHUSI MOJIEKYJIAMU HCCIEAYEMBIX
mpernaparoB 0¢TaJIbMOreMaTHIecKoro Oaprepa, U
3TO, HA MEPBBIN B3IJIA, SIBJISETCS MOJIOKUTETHHBIM
kayecTBOM. OJTHAKO CJIeAyeT MPUHUMATh BO BHIMA-
HHE, YTO B JIAHHOW SKCIEPUMEHTAJIbHOU XUMHUYe-
CKOIl paHe MMEIT MECTO OBbITh KOJUTUKBAI[MOHHBIE
IIPOIIECCHI B POTOBUIIE C HApPyIIeHHEM ee MOPGOJIO-
TUYECKOH CTPYKTYPBL. A 3TO, B CBOIO OYepenp,
3aTpyaHsaer quddy3rnoHHbIE IPOIECCHI JIEKAPCTBEH-
HBIX IIPENapaToB B 00JIaCTH MOBPEXKIEHHOU TKAHU.
Taxske cienyer yYuThIBaTh 3(pPeKT cMbIBAHUSA TIpe-
napatoB. CyOKOHBIOHKTHBAJILHOE BBEJIEHHE C yue-
TOM KOPOTKOTO Tpaduka B o6acTh TuMba U mocsie-

turn, hinders the diffusion processes of drugs in the
damaged tissue. The effect of washing off drugs
should also be taken into account. Subconjunctival
administration, in the context of a short traffic to the
limbus region and subsequent diffusion into the
wound from the area of intact cornea, can be consid-
ered as a tissue depot of drugs.

The biomaterial obtained was fixed in 10% neutral
buffered formalin. Sections up to 5 um thick were
made on a rotary microtome, stained with hematoxy-
lin and eosin according to the conventional method.
For the preparation of histological sections, a TP1020
tissue processor (Leica, Germany), an EG1160 histo-
embedder (Leica, Germany), a RM2235 rotary micro-
tome (Leica, Germany), and an Autostainer XL auto-
mated slide stainer (Leica, Germany) were used.
A morphometric study was performed using a grid of
121 points with a test area of 5.6x105 um? at 400 mag-
nification. The numerical density (Na) of inflamma-
tory cell infiltrate and the number of cell types (neu-
trophils, macrophages, plasma cells, eosinophils)
were calculated. Histological sections were studied
using a Leica DM2500 microscope equipped with a
DFC295 digital color camera (Leica, Germany). For
statistical processing, a morphological examination
of samples was carried out; in each section, 10 fields
of view were analyzed at 400 magnification.

Statistical analysis of the data was carried out
using MedCalc v. 11.3.3 (MedCalc Software), STA-
TISTICA 8 (StatSoft, Inc.) and Microsoft Office Excel
2007. The data on the absolute cell count in sections
are presented as median and quartiles. Checking the
normality of the distribution of variables (the num-
ber of cells) was carried out using the Shapiro-Wilk
test (for n < 60). For normally distributed data, the
F-test was used to check the assumption of homoge-
neity of the variances. The Kruskal-Wallis test was
performed for intergroup analysis of quantitative
indicators in 3 or more groups, followed by post-hoc
comparison using the Dunn test, additionally
adjusted using the False Discovery Rate (FDR) calcu-
lated by the Benjamini-Hochberg method. To com-
pare the quantitative data of two related (correlated)
samples, the Wilcoxon test was used to calculate p.
Contingency table analysis was used to compare
binary outcomes of eye integrity after chemical
injury, treatment, and completion of the follow-up
period. For unrelated (non-correlated) outcomes,
the Fisher’s exact test was used, since the number of
outcomes (n) in one of the cells of fourfold contin-
gency table was less than 5. For related (correlated)
outcomes, fourfold contingency tables were built for
paired proportions, and the McNemar’s test was
applied with the determination of the mean p value.
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nyrotied nuddysnn B paHy U3 30HBI HEIIOBPEKIEH-
HOH POTOBHITBI MOKET PACCMATPUBATHCA KaK TKaHe-
BOE€ JIETI0 JIEKAPCTBEHHBIX ITPETIapaTOB.
[ToryueHHBIN OOMaTepras (PUKCUPOBAIIH B 10%
HelTpasbHOM pactBope dopmanrHa. Ha porammon-
HOM MHKPOTOME H3TOTaBJIUBAIN CPE3bl TOJIIHMHOMN
JIO 5 MKM, OKPAaIIIHBAJIK UX T€MATOKCUIMHOM U 303H-
HOM IIO CTaHZapPTHOM MeToAuKe. B pabore mist mpu-
TOTOBJIEHUS TUCTOJIOTUYECKUX ITPENapaTOB HCIIOJIb-
3oBay anmapat TP1020 (Leica, 'epmanus), cras-
o i 3anuBku EG1160 (Leica, epmanust), poTa-
OHOHHBIH MUKpoToM RM2235 (Leica, I'epmanus),
ammapar i OKpaIllMBaHUs MHKPOIIpEapaToB
Autostainer XL (Leica, I'epmanust). MopdomeTpu-
YecKoe UCCIIeZI0BaHIE TPOBOAUIIN € IOMOIIBIO CETKU
U3 121 TOYKH TECTOBOU IUIOIIAIBIO 5.6 X105 MKM? IIPHU
yBeu4deHnn 400. [10ACUUTHIBAIN YUCTIEHHYTO ILIOT-
HocTb (Na,) KJIeTOK BOCIIaIuTEeIbHOTO HH(HIBTPATA,
KOJIMYECTBO THUIIOB KJIETOK (HEUTPODUIIBI, MaKpO-
daru, mrazmonuTsl, 303uHOGMWIBI). [HcTOIOTHYE-
CKUe Cpe3bl N3yJayii Ha CBETOBOM MUKpOcKortie Leica
DM2500, ocHamenHOM kKamepou DFC295 (Leica,
T'epmanwnst). J[jisi craTHCTHYECKON 0OpabOTKU IMPO-
BOAWJIOCH MOP(OJIOTUYECKOe W3yUeHHe IIpemapa-
TOB, B K&XJIOM cpe3e ObLIO TPOAaHATTM3UPOBAHO TI0
10 T0JIeH 3peHus IPU YBEJIMUEHUH 400.
CrartucTuuecKuil aHaIN3 AAHHBIX IIPOBEAEH C
ucnosb3oBanreM mnporpamm  MedCale v. 11.3.3
(MedCalc Software), STATISTICA 8 (StatSoft, Inc.) u
Microsoft Office Excel 2007. Jlanubie 06 aGCOTIOTHOM
KOJINUECTBE KJIETOK B cCpe3axX IIPeJCTABJIEHbI KakK
MezaHa u KBapTwin. [IpoBepka HOPMaJILHOCTH pac-
IpesieyIeHnsT KOJIMYECTBEHHBIX MMPU3HAKOB (KoJmue-
CTBa KJIETOK) ITPOBOIMJIACH C KCIIOJIb30BAHUEM KPHUTE-
pus IManupo — Yunka (it n < 60). i JaHHBIX,
HMMeIOIUX HOPMAJILHOE pacIipefieyieHue, HUCIO0JIb30-
Baics F-TecT /IS TPOBEPKH IPEATIONIOKEHUS 00
OTHOPOZIHOCTH Jihcriepcuii. BrimonneHn Ttect Kpa-
cKesia — YoJsutrca IJist MeKTPYTIIIOBOTO aHAII3a KOJTH-
YeCTBEHHBIX IIOKazaTesiell B 3 U OoJiee rpymmax c
ITOCJIETYIOIITUM allOCTEPHUOPHBIM CPAaBHEHUEM C ITOMO-
II0 TecTa J[aHHa, IOTIOJTHUTETFHO CKOPPEKTHUPOBAH-
HOTO C ITOMOIIBI0 KO3 GUITHEHTA JIOKHBIX OTKPBITHH
(FDR) Benmxamuuu — XoxOepra. JIjisi cpaBHEHHA
KOJIMYECTBEHHBIX JAHHBIX JIBYX CBS3AHHBIX (KOppe-
JIUPYIOIINX) BBIOOPOK HCIIOJIB30BAIN TECT BHIIKOK-
COHA ¢ HOPMAJILHOM alIPOKCUMAITHEN IS pacyeTa p.
Jlisi cpaBHeHUsT OMHAPHBIX KCXOJIOB II€JIOCTHOCTH
IVIA3HOTO sI0JI0KA IMOCJIE XUMUYECKON TPaBMBbI, IIPH-
MeHEeHUsI Tepalliy U 3aBepIeHus eproia Habroie-
HUS TPUMEHSJICS aHAJIU3 TaOJINI CONPSKEHHOCTH.
Jlns HecBsi3aHHBIX (HEKOPPETUPYIOIIUX) HCXO/IOB
KCIIOJIb30BAaH TOYHBIM TecT Puiliepa, Tak Kak YHUCIIO
HUCXO/oB (n) B OAHOM U3 sUYEEK YEThIPEXIIOJIHLHOHU

Statistical hypotheses were considered confirmed at
p < 0.05, for post-hoc comparisons at p < 0.0125.

RESULTS

There were no cases of non-survival to euthanasia.
Among the study groups, no effect of the therapy for
chemical eye injury on the frequency of corneal perfo-
rations was revealed (Fischer’s exact test — 1.0). In the
topical PEG-subtilisin administration group, the injec-
tion of PEG-subtilisin did not increase the incidence of
corneal perforations compared with the administra-
tion of 0.9% NaCl (McNemar’s mean p = 0.5).

The total number of cells (Fig. 2) in the groups of
topical and subconjunctival administration of PEG-
subtilisin was 43 (40; 52) and 73 (33; 92), respec-
tively, and 46 (37; 61) with subconjunctival adminis-
tration of PEG-hyaluronidase which turned out to be
higher than cell numbers with 0.9% NaCl treatment
in these groups (p < 0.01) and higher (p < 0.0001)
cell numbers than in the topical PEG-hyaluronidase
administration group. The total number of cells in
topical administration of PEG-hyaluronidase was
15 (13; 16) versus topical application of 0.9% NaCl —
15 (14; 18) in this group (p = 0.38). The number of
neutrophils in case of PEG-subtilisin was 1 (1; 2) with
topical and o (0; 1) with subconjunctival administra-
tion, and in case of PEG-hyaluronidase o (0; 0) both
with topical and subconjunctival route of adminis-
tration (Table 1).

On Fig. 2 we see an increase in the total count of
immunocompetent cells in eye tissues following the
topical and subconjunctival administration of PEG-
subtilisin and subconjunctival administration of
PEG-hyaluronidase compared with 0.9% NaCl
(p < 0.05) in corneal chemical injury. Topical admin-
istration of PEG-hyaluronidase showed no pro-
nounced cellular response to chemical injury to the
eye compared with topical and subconjunctival
administration of PEG-subtilisin and subconjun-
ctival administration of PEG-hyaluronidase
(p < 0.0001). With topical administration of PEG-
hyaluronidase, the cellular response does not differ
in comparison with the control (NaCl 0.9%).

On Fig. 3 we can see the effect of the studied drugs
on the lymphocyte count in the eye tissues. PEG-sub-
tilisin instillations did not cause an increase in the
number of lymphocytes in the eye tissue (no differ-
ence compared to the control group — 0.9% NaCl,
p = 0.3). Topical administration of PEG-hyaluroni-
dase reduces the response of lymphocytes to chemi-
cal injury to the eye compared with the control
group — 0.9% NaCl (p < 0.0001) and compared with
all experimental groups (p < 0.0001). With subcon-
junctival administration of PEG-subtilisin and PEG-
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TabIUIBI OBLIIO MEHBIIIE 5. JIJIs CBA3aHHBIX (KOppEJTH-
DYIOIIMX) KCXO/IOB IIOCTPOEHBI YETHIPEXIIOIbHbBIE
TaGJIUIIBI /1T TAPHBIX IPOTIOPIIIH U IPUMEHEH KpHU-
Tepuii MakHemapa c orpejiesieHueM CpeTHEro 3HaUe-
HUA p. CTaTUCTUYECKUE TUIOTE3Bl CUYUTAIUCH TOJ-
TBEPKJEHHBIMU IIPU YPOBHE 3HAUUMOCTU p < 0.05,
U151 aIIOCTEPHOPHBIX CPAaBHEHUU IIPU P < 0.0125.

PE3YJ/IBTATDBI

CrrydaeB HeZIOKUTHS /I0 DBTaHA3WU He 3apUKCH-
poBaHo. Cpesi TPYIIIT UCCIEIOBAaHUS HE BBISIBJIEHO
BJIUSTHUE TIPOBOAWUMOHN Tepamuu IPH XUMUYECKOH
TpaBMe IJIaza Ha 4acToTy nepdopariuii riasa (Tou-
HBIU TecT @umiepa — 1.0). B rpynme «MectHOe BBe-
nenue I19T-cyGTwinsuna» BBefeHue I19T-cyOTH-
JIN3UHA He MOBJIUSJIO Ha YBEJIUYEHNEe YaCTOThI Iep-
(opanumii ry1a3a Mo CpaBHEHHIO C BBeZeHHEM 0.9%
NaCl (cpennee p mo MakHemapy — 0.5).

Ob11ee KOJIMYECTBO KJIETOK (pHUC. 2) B TPyIIax
MECTHOTO U CYyOKOHBIOHKTUBAJIHHOTO MPUMEHEHUS
I13r-cybTmnusuna coctaBwio 43 (40; 52) u 73
(33; 92) COOTBETCTBEHHO, a CYyOKOHBIOHKTUBAJIBHOTO
npumeHeHus [13T-ruamyponunassl — 46 (37; 61),
YTO OKA3aJI0Ch BBIIIE KOJIMYECTBA KJIETOK IIPH MPHU-
MeHeHuu 0.9% NaCl B atux rpynmax (p < 0.01) u
BeIIIE (p < 0.0001) KOJIMYECTBA KJIETOK B TPYIIIE
MeCTHOTO  TpuMeHeHus IIDI-ruasypoHHUAA3HI.
OOb111ee KOJTMYECTBO KIJIETOK IIPU MECTHOM BBEJIEHUH
[T -ruaypoHua3bl COCTaBUIIO 15 (13; 16) MPOTUB
MecTHOrO IpuMeHeHus 0.9% NaCl — 15 (14; 18) B
nmanHo# rpymie (p = 0.38). KosnuecTBo HEeWTpOodU-
0B mpu mpuMeHeHmu I[I9I-cyOTmimamHa cocra-
BWIO 1 (1; 2) mpu MecTHOM U O (0; 1) Ipu CyOKOHB-
IOHKTUBQJIBPHOM MPUMEHEHUU, a TPU MPUMEHEHUU
I3 -ruasyporuassl O (0; 0) KaK IPU MECTHOM, TaK
U cyOKOHBIOHKTUBAJIIBHOM IIyTH BBeeHU: (TabII. 1).

Ha puc. 2 nmokazaHo yBesmyeHue O0IIero KoJu-
YecTBa HWMMYHOKOMITETEHTHBIX KJIETOK B TKaHSIX
IJlaza TO0CJIE MECTHOTO U CYOKOHBIOHKTUBAJIBLHOTO
npuMeHeHus [19T-cyOTmwin3mHa U CyOKOHBIOHKTH-
BaJIbHOIO IpuMeHeHus II9I'-ruanypoHuzassl II0
cpaBHenuio ¢ 0.9% NaCl (p < 0.05) npu xumMuye-
CKOH TpaBMe pOTOBHUIBI. [IpM MecTHOM BBe€HUH
[13T-ruanypoHuIa3bl HET BRIPAKEHHON KJIETOYHOHN
peakIuy B OTBET Ha XUMUYECKYI0 TPABMY IJjia3a 110
CPaBHEHHIO C MECTHBIM U CyOKOHBIOKTUBAIHHBIM
npuMeHeHueMm II9T-cyOTwinsmHa U CyOKOHBIOH-
KTUBAJIbHBIM TpuMeHeHueM II9T-ruanypoHuia3bl
(p < 0.0001). IIpu wmecrHom BBegeHunm II9I-
rHAJIyPOHHUIA3BI KJIETOYHBIN OTBET I10 CPABHEHUIO C
koHTposieM (NaCl 0.9%) He oTimyaercs.

Ha puc. 3 mpencTaBieHO BIUSHUE U3y4aeMbIX
[IpEeIapaToB Ha coziep;KaHue JTUMQPOIUTOB B TKAHIX
miaza. Uacerwuisaiuu [190-cy6THIn3nHa He BBI3bI-

hyaluronidase, the response of lymphocytes was
more pronounced compared with topical administra-
tion (p < 0.0001 and p < 0.0001, respectively) and
the control (p < 0.0001 and p < 0.0001, respectively).

As can be seen from Fig. 4, both study drugs
increase the plasma cell count (p = 0.01 for the group
of topical administration of PEG-subtilisin, and
p < 0.0001 for the rest groups compared with the
corresponding control group — 0.9% NaCl). With
subconjunctival administration of PEG-subtilisin
and PEG-hyaluronidase, a larger plasma cell pool is
formed compared with topical administration of the
drugs (p < 0.0001 and p < 0.0001, respectively).

Topical and subconjunctival administration of
PEG-subtilisin, as well as subconjunctival adminis-
tration of PEG-hyaluronidase, causes an expressed
migration of eosinophils from blood flow (Fig. 5)
compared with control groups (p = 0.008 compared
with the group of topical administration of PEG-sub-
tilisin and p < 0.0001 compared with the corre-
sponding other experimental groups). This effect is
most expressed with subconjunctival use of PEG-
subtilisin. Topical administration of PEG-hyaluroni-
dase not only does not cause such an effect
(p < 0.0001 compared with other experimental
groups), moreover, the eosinophil count is 2 times
less than when using 0.9% NaCl (p < 0.0001).

The use of PEG-hyaluronidase and PEG-subtili-
sin topically and subconjunctivally causes an increase
in the macrophage count (Fig. 6) compared with the
use of 0.9% NaCl (p = 0.004 and p < 0.0001, respec-
tively). The greatest manifestation of this effect is
observed with the subconjunctival administration of
PEG-subtilisin (p < 0.0001 compared with topical
administration of PEG-subtilisin, and p = 0.0001
and p = 0.005 compared with topical and subcon-
junctival administration of PEG-hyaluronidase,
respectively). Topical administration of PEG-hya-
luronidase does not cause this effect (p < 0.0001
compared with other experimental groups and
p = 0.0009 compared with 0.9% NaCl).

The neutrophil count in the administration of
PEG-subtilisin was 1 (1; 2) with topical and o (0; 1)
with subconjunctival, and with the use of PEG-hyal-
uronidase 0 (0; 0) both with topical and subconjunc-
tival route of administration (see Table 1). Analysis
of these data revealed that PEG-subtilisin instilla-
tions lead to a significant increase in the neutrophil
count (Fig. 7) compared with the administration of
0.9% NaCl (p = 0.01) and topical and subconjuncti-
val administration of PEG-hyaluronidase (p < 0.0001
and p = 0.0007, respectively). With topical adminis-
tration of PEG-subtilisin, this effect is more pro-
nounced (p < 0.0001 compared with its subconjunc-
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Wilcoxon's test (for comparing paired samples), p < 0.0125 (PEG-groups and control groups 0.9% NaCl)

Puc. 2. O011ee KOJIMIECTBO MMMYHOKOMIIETEHTHBIX KJIETOK B 00JIACTH XUMHUYECKOU TPABMbI POTOBHUIBI TIOCTIE BBEJIEHISI
HU3yJ4aeMbIX Ipenaparos (1 — rpynna «MectHoe BBesieHue [19T-cybTIINBHHA»; 2 — rpymna «MectHOe BBesieHue I19T-
THAJIyPOHU/A3bI»; 3 — rpymniia « CyODKOHBIOHKTHBaIbHOE BBesieHue 119-cyoTunnsunar; 4 — rpynna « CyGKOHBIOHKTU-

BasibHOE BBesieHue [Tl -ruanyporuaspi»; MB I19T-¢ — mecTHOe BBezieHue [1AT-cybTrmnusuna; MB ®/c — MecTHOe BBe/ie-
HEe 0.9% NaCl B rpynne 1; MB II9T-r — mectHOe BBenieHue 19T -ruanyponugassl; MB @/r — MecTHOe BBesieHUE 0.9%
NaCl B rpymme 2; CB I19T-¢ — cyOKOHBIOHKTHBAIbHOE BBezieHue 19T -cyoTrnsuna; CB @/c — cyOKOHBIOHKTUBAIBHOE

BBejsieHue 0.9% NaCl B rpymie 3; CB II9T-r — cyOKOHBIOHKTHBaIbHOE BBesieHue [19T-ruamyponniasbl; CB @/t — cyOKOHD-

IOHKTUBaJIbHOE BBesieHue 0.9% NaCl B rpymme 4)

Fig. 2. The total number of immunocompetent cells in the area of the corneal chemical injury after administration of the
study drugs (1 — topical PEG-subtilisin administration group; 2 — topical PEG-hyaluronidase administration group; 3 —
subconjunctival PEG-subtilisin administration group; 4 — subconjunctival PEG-hyaluronidase administration group;
TaPEGs — topical administration of PEG-subtilisin; TaS/s — topical administration of 0.9% NaCl in group 1; TaPEGh —
topical administration of PEG-hyaluronidase; TaS/h — topical administration of 0.9% NaCl in group 2; SaPEGs — subcon-
junctival administration of PEG-subtilisin; SaS/s — subconjunctival administration of 0.9% NaCl in group 3; SaPEGh —
subconjunctival administration of PEG-hyaluronidase; SaS/h — subconjunctival administration of 0.9% NaCl in group 4)

BAIOT POCTA KOJIMYECTBA JTUMQOIUTOB B TKAHU IJ1a3a
(HET OT/IMYU 10 CPAaBHEHUIO C KOHTPOJIBHOU TPYTI-
moii — 0.9% NaCl, p = 0.3). MecTHOe TIpUMeHEHHEe
[19I'-rranypoHnAa36l yMEHBIIAET JTUM(POIUTAPHBINA
OTBeT Ha XUMUYECKYyI0 TPAaBMy I7Ia3a II0 CPAaBHEHUIO
¢ KOHTPOJIbHOM Tpymmoi — 0.9% NaCl (p < 0.0001) u
II0 CPaBHEHUIO CO BCEMH OKCIIEPUMEHTAIbHBIMU
rpynmnamu (p < 0.0001). IIpu cyOKOHBPIOHKTHBAJIBHOM
npumenenun [13C-cy6Tunusuna u I19T-ruamypo-
HU/1a3b1 TUMGOIUTAPHBIN OTBET BBIPAIKEH CHJIbHEE
II0 CpPaBHEHUIO € MECTHBIM IpUMeHeHHeM
(p < 0.0001 U p < 0.0001 COOTBETCTBEHHO) W KOH-
TposieM (p < 0.0001 U p < 0.0001 COOTBETCTBEHHO).
Kak BusHO U3 puc. 4, 06a n3ydaeMbIx IIpeliapara
VBEJIUYUBAIOT COZIEp:KaHue IUIa3MOIUTOB (P = 0.01
s rpynnel «MectHoe BBenmenme I[19T-cybrmimu-
3WHA» U p < 0.0001 J7I OCTAJIBHBIX I'PYIII IO CPaB-
HEHUI0O C COOTBETCTBYIOLEH KOHTPOJIBHOM TIpym-

tival injection). The results of the use of PEG-hya-
luronidase and 0.9% NaCl are comparable (no
differences: p = 0.22 for local administration and
p = 0.36 for subconjunctival one).

DISCUSSION

PEG-subtilisin, regardless of the route of its
administration, and PEG-hyaluronidase in subcon-
junctival injections leads to an increase in the immu-
nocompetent cell count in the area of the corneal
chemical injury compared with administration of
0.9% NaCl (see Fig. 2). With PEG-subtilisin instilla-
tion and subconjunctival adminisration of PEG-
hyaluronidase, the immunocompetent cell count in
the area of the corneal chemical injury increases by
3.5 times, and with subconjunctival administration
of PEG-subtilisin, by 5 times (see Fig. 2). Character-
istically, subconjunctival administration has a great
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post-hoc: Tect [lanHa ¢ koadduipeHtrom benpramunn — Xox6epra (FDR)

post-hoc: Dunn test with the Benjamini-Hochberg false discovery rate

* Tect BU/IKOKCOHA (/151 CpaBHEHUs! apHbIX BBIOOPOK), p < 0.0125 (13T -rpymmsl ¥ rpymst kouTposs 0.9% NaCl)
Wilcoxon's test (for comparing paired samples), p < 0.0125 (PEG-groups and control groups 0.9% NaCl)

Puc. 3. KomnyectBo 1MMGbONKUTOB B 061aCTH XMMHYECKOHM TPAaBMbI POTOBHUIIBI ITOCJIE BBEIEHUS N3YUaeMbIX [TPENapaToB
(1 — rpymnma «MectHoe BBefieHre [19T-cybTrin3nna»; 2 — rpymnmna «MecTHoe BBeieHue [19-TnaypoHuaasbl»;
3 — rpynna «CyGKOHBIOHKTHBAIbHOE BBeZeHue [I19T-cybTinn3uta»; 4 — rpynmna « CybKOHbIOHKTHBAIbHOE BBE/IEHUE
II3T -ruanyponuasbi»; MB I19T-¢c — MecTHOe BBezienue 1191 -cyotunusuna; MB ®@/c — mectHoe BBezieHHE 0.9% NaCl
B rpymre 1; MB I19T-r — MmecTHOe BBezieHue 119 -ruanyponunasel; MB @/t — MecTHOe BBezieHue 0.9% NaCl B rpyme 2;
Cg II9T-c — cyOKOHBIOHKTUBAJIbHOE BBeJleHue [19T-cyOoTrinsuna; CB @/c — cyOKOHBIOHKTHBAJIBHOE BBEJIEHUE
0.9% NaCl B rpymre 3; CB I[I9I'-r — cyOKOHBIOHKTUBAJIbHOE BBe/leHHe [T -riuaypoHuiassl;
CB @/r — cyOKOHBIOHKTHBaIbHOE BBeieHre 0.9% NaCl B rpyrine 4)
Fig. 3. The lymphocyte count in the area of the corneal chemical injury after administration of the study drugs
(1 — topical PEG-subtilisin administration group; 2 — topical PEG-hyaluronidase administration group; 3 — subconjuncti-
val PEG-subtilisin administration group; 4 — subconjunctival PEG-hyaluronidase administration group; TaPEGs — topical
administration of PEG-subtilisin; TaS/s — topical administration of 0.9% NacCl in group 1; TaPEGh — topical administra-
tion of PEG-hyaluronidase; TaS/h — topical administration of 0.9% NaCl in group 2; SaPEGs — subconjunctival adminis-
tration of PEG-subtilisin; SaS/s — subconjunctival administration of 0.9% NaCl in group 3; SaPEGh — subconjunctival
administration of PEG-hyaluronidase; SaS/h — subconjunctival administration of 0.9% NaCl in group 4)

moii — 0.9% NaCl). [Ipu cyOKOHBIOHKTUBAJIHLHOM
BBemennu II9T-cyormwinsuna u II9T-ruamypoHu-
Z1a3bl hopMupyeTcs: 6OIBIINHT ITyJT IIJIA3MOIIUTOB 110
CpaBHEHHUIO C MeCTHBIM IIpPUMeHeHHeM IIperapaToB
(p < 0.0001 1 p < 0.0001 COOTBETCTBEHHO).
MecTHOe W CYOKOHBIOHKTUBAJIBHOE BBEJIEHUE
[19I'-cyOTHIN3MHA, a TAKXKe CYOKOHBIOHKTUBAIIBHOE
npuMmeHeHnne  II9I-ruamypoHuziassl  BBIBBIBAET
BBIPKEHHYI0 MUTPAIIUIO 503UHO(UIIOB U3 KPOBO-
TOKa (PHC. 5) TI0 CPABHEHUIO C KOHTPOJIBHBIMH TPYII-
namu (p = 0.008 o0 cpaBHEHMUIO ¢ TpymIoi «Mect-
Hoe npuMeHeHne [19T-cyOoTmm3uHa» U p < 0.0001
110 CPAaBHEHHUIO C COOTBETCTBYIOIIUMU JIPYTUMU KC-
MepUMeHTIPHBIMU rpynnamMu). Haubosee BbIpa-
JKeHHOe IIposBJIeHre JaHHOoro 3¢ deKTa oTMedaeTcs
Ipu CyOKOHBIOHKTHBIBHOM IpuMeHeHuu [I9I-
cyorwinsuHa. MectHoe npuMeHenue I[IDT-rmasy-

stimulating effect on cell migration to the wound.
The route of 0.9% NaCl administration has virtually
no influence on cell migration. Thus, subconjunctival
administration of the study drugs provides a tissue
depot with a prolonged pharmacological effect.
When instilled on the wound surface, the study
drugs virtually do not increase the lymphocyte
count compared to the control, and subconjunctival
administration of both enzymes increases their
count by more than 2 times (see Fig. 3). At the same
time, there is no difference between the drugs in
terms of the effect on lymphocyte count. The fact of
accumulation of lymphocytes is of positive impor-
tance, since these cells of the MALT system are
endowed with immune memory without marked
effects of alteration on tissues. Their presence in
the area of tissue degeneration will provide antimi-
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* TecT BUIKOKCOHA (/151 CPaBHEHHs MapHbIX BbIOOPOK), p < 0.0125 (TTAT-rpynmsl 1 rpymmbl KoHTposs 0.9% NaCl)
Wilcoxon's test (for comparing paired samples), p < 0.0125 (PEG-groups and control groups 0.9% NaCl)

Puc. 4. KosinuecTBo I1a3MOIUTOB B 00JIACTH XUMUYIECKOU TPABMBI POTOBHUIIBI TIOCJIE BBE/IEHVSI U3YYAEMbIX [IPEIAPATOB
(1 — rpynma «MectHoe BBefieHue [1DT-cybTrIn3nHa»; 2 — rpymmna «MectHoe BBeieHue [19-TnaniypoHuaasbl»;
3 — rpynna «CyOKOHBIOHKTHBaIbHOE BBeZieHre [19T-cybTinnsuHa»; 4 — rpynmna « CybKOHbIOHKTHBAJIBHOE BBE/IEHUE
I19T-ruanyponuasbl»; MB I19T-¢c — MecTHOe BBezienue 119 -cyotrnusuna; MB ®@/c — mectHOe BBezieHHe 0.9% NaCl
B rpytie 1; MB I19T-r — mectHOe BBeZeHue [19T-ruanypouuaass; MB @/t — mectHOe BBezeHue 0.9% NaCl B rpymre 2;
Cg I[13T'-¢ — cyOKOHBIOHKTHBANbHOE BBe/leHue [19T-cyoTrn3nna; CB /¢ — cyOKOHBIOHKTHBAIBHOE BBEZICHHE
0.9% NaCl B rpymiie 3; CB I19T-r — cyOKOHBIOHKTHBAIbHOE BBe/ieHHe 19T -ruamypoHuiassl;
CB ®/r — cyOKOHBIOHKTUBAIbHOE BBeeHe 0.9% NaCl B rpyme 4)
Fig. 4. The plasma cell count in the area of the corneal chemical injury after administration of the study drugs
(1 — topical PEG-subtilisin administration group; 2 — topical PEG-hyaluronidase administration group; 3 — subconjunc-
tival PEG-subtilisin administration group; 4 — subconjunctival PEG-hyaluronidase administration group; TaPEGs — topi-
cal administration of PEG-subtilisin; TaS/s — topical administration of 0.9% NaCl in group 1; TaPEGh — topical adminis-
tration of PEG-hyaluronidase; TaS/h — topical administration of 0.9% NaCl in group 2; SaPEGs — subconjunctival admi-
nistration of PEG-subtilisin; SaS/s — subconjunctival administration of 0.9% NaCl in group 3; SaPEGh — subconjunctival
administration of PEG-hyaluronidase; SaS/h — subconjunctival administration of 0.9% NaCl in group 4)

POHI/IA3BI He TOJIBKO He BBI3bIBAET TAKOTO 3¢ dekTa
(p < 0.0001 IO CpaBHEHUIO C APYTUMHU DKCIIEPUMEH-
TQJIBHBIMHU TIpynnamu), 0Oojee TOro, KOJIUYIECTBO
503UHOGUIIOB B 2 Pa3a MeHbIIle, YeM IIPU IpUMeHe-
Huu 0.9% NaCl (p < 0.0001).

[Tpumenenue 19T -ruamypoHna3sl CyOKOHBIOH-
KTUBWIbHO U II9T-cyOTH/IM3MHA CYOKOHBIOHKTU-
BJIHHO BBI3BIBAET YBEJIMUEHHE KOJIMUECTBA MaKpO-
(aros (puc. 6) 1o cpaBHEHUIO C IPUMEHEHUEM 0.9%
NaCl (p = 0.004 u p < 0.0001 COOTBETCTBEHHO).
Hawubospiiee  mposBiaeHue JaHHOTO  dddekra
HaboaeTess MpU CyOKOHBIOHKTUBAJIBHOM BBele-
Huu [19T-cy6TrnsnHa (p < 0.0001 10 CPABHEHHIO C
MeCTHBIM mnpuMeHeHneM [I9T-cyOTmwinsuHa U
P = 0.0001 4 p = 0.005 10 CPABHEHHUIO C MECTHBIM U
CYOKOHBIOHKTUBAJIBHBIM NpuMeHeHneM II9T-rua-
JIypOHU/Ia3bl COOTBETCTBEHHO). MeCTHOe TpHUMeHe-

crobial and anti-inflammatory effects which ulti-
mately will not hinder the regeneration of the
injured cornea.

Regardless of the administration route of both
drugs, they increase the plasma cell count 2—3 times
compared to 0.9% NaCl (see Fig. 4). An increase in
plasma cell count can provide local implementation
of acquired immunity which should also be regarded
as a positive effect.

Both routes of administration of PEG-subtilisin
lead to marked eosinophilia. PEG-hyaluronidase
increases the eosinophil count only when adminis-
tered subconjunctivally (see Fig. 5). It is likely that
the presence of a drug with large molecules leads to a
rapid migration of eosinophils from blood vessels.
This is quite alarming for subtilisin, since eosino-
phils are capable of extracellular cytolysis and stimu-
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* TecT BH/IKOKCOHA (/151 CDaBHEHHsI TTapHBIX BHIOOPOK), p < 0.0125 (IO -rpymms! 1 rpyrmst Koutpost 0.9% NaCl)
Wilcoxon's test (for comparing paired samples), p < 0.0125 (PEG-groups and control groups 0.9% NaCl)

Puc. 5. KonruectBo 503MHOGUIIOB B 00I1aCTH XMMUYECKOH TPABMBbI POTOBHIIBI ITOC/IE BBEIEHUS N3YIaeMbIX IPEIapaTOB
(1 — rpynima «MectHoe BBezeHue [19-cyoTrnn3una»; 2 — rpymmna «MecTHoe BBeieHue [19-ruaaypoHuia3sl»;
3 — rpynna « CyOKOHBIOHKTUBAIbHOE BBeZieHue [19T-cyOTrin3uHa»; 4 — rpynna « CyOKOHBIOHKTUBAJIBHOE BBeZIEHIE
[T -ruanyponuasbi»; MB I19T-¢c — MecTHOe BBezienue [19T-cyotunnsuna; MB ®@/c — mectHoe BBezieHue 0.9% NaCl
B rpymie 1; MB II9T'-r — mectHOe BBesieHue I19T-ruanyponnaassr; MB @/ — MecTHOe BBesieHHEe 0.9% NaCl B rpymie 2;
Cs I[13T'-¢ — cyOKOHBIOHKTHBANIbHOE BBesleHue [19T-cybTrun3nna; CB @/c — cyOKOHBIOHKTHBAIBHOE BBEZICHIE
0.9% NaCl B rpymre 3; CB [I9I'-r — cyOKOHBIOHKTUBAIbHOE BBe/IeHHe [T -riaypoHuiassl;
CB ®@/r — cyOKOHBIOHKTUBAJIbHOE BBeZieHHe 0.9% NaCl B rpyme 4)
Fig. 5. The eosinophil count in the area of the corneal chemical injury after administration of the study drugs
(1 — topical PEG-subtilisin administration group; 2 — topical PEG-hyaluronidase administration group; 3 — subconjuncti-
val PEG-subtilisin administration group; 4 — subconjunctival PEG-hyaluronidase administration group; TaPEGs — topical
administration of PEG-subtilisin; TaS/s — topical administration of 0.9% NaCl in group 1; TaPEGh — topical administra-
tion of PEG-hyaluronidase; TaS/h — topical administration of 0.9% NaCl in group 2; SaPEGs — subconjunctival adminis-
tration of PEG-subtilisin; SaS/s — subconjunctival administration of 0.9% NacCl in group 3; SaPEGh — subconjunctival
administration of PEG-hyaluronidase; SaS/h — subconjunctival administration of 0.9% NacCl in group 4)

Hue II9I'-rmanmypoHHn/a3spl He BBI3BIBAET JAHHOTO
addekTa (p < 0.0001 MO0 CPaBHEHUIO C IPYTUMH DKC-
[IEPUMEHTTHHBIMU TPyNIaMU U p = 0.0009 II0
cpaBHeHHIO ¢ 0.9% NaCl).

KosmyectBo HEHUTpOMIIOB IIpU NPUMEHEHUU
[19T'-cyOTrm3uHa COCTaBIIIO 1 (1; 2) IPU MECTHOM U
0 (0; 1) Ipu CYyOKOHBPIOHKTHBAJILHOM IIPUMEHEHUH, &
npu npuMeHeHuu [19T-ruanyponniassr 0 (0; 0) Kak
IIPA MECTHOM, TaK U CyOKOHBIOHKTHBIHPHOM ITyTH
BBezieHUs (cM. TabJ1. 1). AHAJIN3 STUX JAHHBIX BBIABIIL,
yto MHCTIWUIANMU [19T-cyOTHIN3MHA TPUBOAAT K
JIOCTOBEDHOMY YBEJIMYEHHUIO YHCJIA HEUTPO(DIIIOB
(puc. 7) mo cpaBHeHui0 ¢ BBeZieHHeM 0.9% NaCl
(p = 0.01) U MECTHBIM U CyOKOHBIOHKTHBAJILHBIM BBE-
nenveM [I3T-rmanypoHuziasel (p < 0.0001 U
P = 0.0007 cOOTBETCTBEHHO). [Ipy MeCTHOM IpHMe-
HeHuu [19T-cyOTHIN3MHA JTaHHBIN 9D @EKT MTPOSBIII-

lation of fibroblasts. From this point of view, the
administration of PEG-hyaluronidase can be consid-
ered safe only in the form of instillations.

A marked effect of macrophage accumulation is
observed only with subconjunctival administration
of PEG-subtilisin (see Fig. 6). The migration of mac-
rophages to the area of damage is aimed at primary
phagocytosis, local production of nitric oxide from
arginine, and enhancement of endothelial repair and
angiogenesis. From this position, the effect of sub-
conjunctival administration of PEG-subtilisin can be
considered positive.

The use of PEG-hyaluronidase does not affect the
migration of neutrophils when administered topically.
PEG-subtilisin slightly increases the migration of neu-
trophils (see Fig. 7). Neutrophils are able to realize
oxidative stress/respiratory burst with the release of a
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* TecT BH/IKOKCOHA (/151 CDaBHeHHs! TIapHbIX BbIOOPOK), p < 0.0125 (IIOT-rpymms! 1 rpyrirst Koutposs 0.9% NaCl)
Wilcoxon's test (for comparing paired samples), p < 0.0125 (PEG-groups and control groups 0.9% NaCl)

Puc. 6. KosmmuectBo Makpodaros B 06JIaCTH XMMUYECKOH TPaBMbI POTOBHUIIBI ITOCJIE BBEIEHUS N3YIaeMbIX ITPENapaToB

(1 — rpynna «MectHoe BBeZieHUE [IDT-cyOTHIN3UHAY ; 2 —

rpynma «MectHoe BBeZieHUe [191'-ruanypoHuiassl»;

3 — rpynna «CyOKOHBIOHKTHBAJIBHOE BBe/leHre I19T-cyOTmnsnHa»; 4 — rpynmna « CyOKOHBIOHKTUBAIBHOE BBEZIEHUE
[I3T-rranyponuaasbi»; MB II9T-¢ — mecTHOe BBezieHue 19T -cybTinusuna; M @/c — mectHOe BBezieHME 0.9% NaCl
B rpymre 1; MB [19T-r — mecTHOe BBezieHue [19T-ruamyponuaass; MB @/t — MmectHOe BBeZieHue 0.9% NaCl B rpyme 2;
Cg II3I'-¢ — cyOKOHBIOHKTHBAIBHOE BBe/leHNe I19T-cyOoTmmmnsnHa; CB @/c — cyOKOHBIOHKTUBAIBHOE BBE/IEHUE
0.9% NaCl B rpymie 3; CB II9T-r — cyOKOHBIOHKTHBAIbHOE BBesieHre 19T -ruaiypoHuiashl;
CB ®@/r — cyOKOHBIOHKTHBAIbHOE BBe/IeHue 0.9% NaCl B rpyme 4)
Fig. 6. The macrophage count in the area of the corneal chemical injury after administration of the study drugs
(1 — topical PEG-subtilisin administration group; 2 — topical PEG-hyaluronidase administration group; 3 — subconjunc-
tival PEG-subtilisin administration group; 4 — subconjunctival PEG-hyaluronidase administration group; TaPEGs — topi-
cal administration of PEG-subtilisin; TaS/s — topical administration of 0.9% NaCl in group 1; TaPEGh — topical adminis-
tration of PEG-hyaluronidase; TaS/h — topical administration of 0.9% NaCl in group 2; SaPEGs — subconjunctival admin-
istration of PEG-subtilisin; SaS/s — subconjunctival administration of 0.9% NaCl in group 3; SaPEGh — subconjunctival
administration of PEG-hyaluronidase; SaS/h — subconjunctival administration of 0.9% NaCl in group 4)

etcsi cuibHee (p < 0.0001 0 CPaBHEHUIO € CYOKOHD-
IOHKTUBAJIBHBIM €T0 BBe/IeHNEeM). Pe3ysibTaThl BBeZie-
Hus II9T-ruamyponuaassl U 0.9% NaCl comocra-
BHUMBI (HET OTJIMYHH: p = 0.22 /11 MECTHOTO IPUMe-
HEHUA U P = 0.36 711 CyOKOHBIOHKTUBAIBHOTO).

OBCYXKJIEHUE

[TpucyrcrBue II9T-cyOTHIN3MHA HE3ABUCUMO OT
MyTH ero BBeAeHus u [13-rnasypoHuaass! npu cy6-
KOHBIOHKTUBAJIBHOM IIyTH BBEIEHHsA IPUBOIUT K
VBEJTMYEHHUIO YKC/Ia UMMYHOKOMIIETEHTHBIX KJIETOK
B 00J1aCTH XUMUYECKOH PaHbl POTOBUIIHI 10 CPaBHE-
HUio ¢ BBeseHueM 0.9% NaCl (cm. puc. 2). Ilpu
vHCTHLIANYUH [19T-cybTHIn3nHa U CyOKOHBIOHKTH-
BaJIbHOM npuMeHeHuu [13l-TrasypoHuassl KOIU-
YeCTBO MMMYHOKOMIIETEHTHBIX KJIETOK B 00JIacTH
XMMUYECKON pPaHbl POTOBUIIBI YBEJMYUBAETCS B

large amount of reactive oxygen species, and also have
significant phagocytosis potential. Their presence in a
corneal wound may have an adverse after-effect due to
alteration of intact cells of the wound. Arguing from
the standpoint of the effect of cytotoxicity on the cell
subpopulation of the wound, the absence of the effect
of enhancing neutrophil migration by the studied
preparations, should be considered as a positive phe-
nomenon, especially for PEG-hyaluronidase.

CONCLUSION

Administration of PEG-hyaluronidase subcon-
junctivally and PEG-subtilisin both topically and
subconjunctivally leads to increased migration of
immunocompetent cells to the area of the corneal
chemical injury, while the neutrophil migration is
insignificant. It is completely absent when PEG-hyal-
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Cpasrenue rpynn koutposs 0.9% NaCl: tect Kpackena — Yonnuca, p = 0.79

Comparison of control groups 0.9% NaCl: Kruskal-Wallis, p = 0.79

* TecT BH/IKOKCOHA (/151 CpaBHEHHS! TTapHBIX BEIOOPOK), p < 0.0125 (I3 -rpynms! 1 rpymmkl Koutposst 0.9% NaCl)
Wilcoxon's test (for comparing paired samples), p < 0.0125 (PEG-groups and control groups 0.9% NaCl)

Puc. 7. KonuuectBo HEUTPODUIOB B 001ACTH XUMHUUYECKOU TPABMbI POTOBUIIBI IIOCJIE BBEJIEHUS U3YUAEMBIX IIPENIapaTOB
(1 — rpynmna «MectHoe BBefieHue [19T-cybTrin3una»; 2 — rpymnmna «MectHoe BBeieHHe [1A-THnaypoHuaasbI»;
3 — rpynna «CyOKOHBIOHKTHBaIbHOE BBeZieHHe [19T-cyOTinnsuHa»; 4 — rpynmna « CyOKOHBIOHKTUBAJIBHOE BBEJIEHUE
I3 -ruanyponuaassi»; MB I19T-¢ — mectHOe BBeZieHue [19T-cyoTunusuna; M @/c — mectHOe BBezieHMe 0.9% NaCl
B rpymre 1; MB [19T-r — MmecTHOe BBezienue 19T -ruanyponuaassl; MB @/t — MecTHOe BBezieHue 0.9% NaCl B rpytie 2;
Cg I[13T-¢ — cyOKOHBIOHKTUBAIbHOE BBesleHue [19T-cyoTrm3nna; CB @/c — cyOKOHBIOHKTHBAJIBHOE BBEJICHIE
0.9% NaCl B rpymrie 3; CB [19T-r — cyOKOHBIOHKTHBAJIbHOE BBe/ieHre [ -rnaniypoHuiashl;
CB ®@/r — cyOKOHBIOHKTUBAIbHOE BBezeHHE 0.9% NaCl B rpyre 4)
Fig. 7. The neutrophil count in the area of the corneal chemical injury after administration of the study drugs
(1 — topical PEG-subtilisin administration group; 2 — topical PEG-hyaluronidase administration group; 3 — subconjuncti-
val PEG-subtilisin administration group; 4 — subconjunctival PEG-hyaluronidase administration group; TaPEGs — topical
administration of PEG-subtilisin; TaS/s — topical administration of 0.9% NacCl in group 1; TaPEGh — topical administra-
tion of PEG-hyaluronidase; TaS/h — topical administration of 0.9% NaCl in group 2; SaPEGs — subconjunctival adminis-
tration of PEG-subtilisin; SaS/s — subconjunctival administration of 0.9% NaCl in group 3; SaPEGh — subconjunctival
administration of PEG-hyaluronidase; SaS/h — subconjunctival administration of 0.9% NacCl in group 4)

3.5 pasa, a npu CyOKOHBIOHKTUBAJILHOM BBEJIEHUU
[19T-cyoTriinsuHa — B 5 pa3 (cM. puc. 2). Xapak-
TEPHO, UYTO CYOKOHBIOHKTUBAIPHOE BBeZIeHUE 00JIa-
ZaeT OOJIBIIMM CTUMYJIUDYIOIIAM BJIUSHHEM Ha
MUTPALMIO KJIETOK B oOsiacTh paHbl. Ha addekr
MUTPAIUU KJIETOK IyTh BBeAeHusA 0.9% NaCl mpax-
TUYECKH HE OKa3bIBaeT BJIUsAHMA. TakuM ob6pazom,
CYOKOHBIOHKTHBAJIPHOE BBEJIEHHUE  HCCIIENYEMbBIX
IIpernaparoB obecrieynBaeT TKAaHEBOE JIETIO C ITPOJIOH-
TUPOBaHHBIM (DAPMAaKOJIOTHUYECKUM BO3/IEHCTBUEM.
ITpu MHCTWLIAIINH HA TIOBEPXHOCTh PAHBI HCCITe-
JTlyeMble TpernapaThl IPAKTUYECKU HE YBEIUIUBAIOT
KOJIMYECTBO JINM(OI[UTOB 110 CPABHEHUIO C KOHTPO-
JieM, a CyOKOHBIOHKTHBAJIBHOE BBeJleHUE 000X dep-
MEHTOB YBEJIMYHBAET UX KOJIMUECTBO GOjiee 4eM B
2 pasa (cMm. puc. 3). [Ipu 5TOM 1O BIUSHUIO HA YUCIIO
JuMGOLIUTOB MeX/Iy NperapaTaMy Pa3HUIII HET.

uronidase is used subconjunctivally which character-
izes this therapy regimen as safer and more effective
in chemical injury of the cornea due to the absence of
intact cell alteration.

Topical administration of PEG-hyaluronidase
does not cause an expressed cellular response of
immunocompetent cells in the area of the chemical
injury of the cornea, and the effect is comparable to
the use of 0.9% NaCl which differs from the effect of
PEG-subtilisin and PEG-hyaluronidase adminis-
tered subconjunctivally. The absence of its pharma-
cological effect when applied topically characterizes
the safety profile of PEG-hyaluronidase for this route
of administration.

The use of PEG-subtilisin subconjunctivally causes a
pronounced response of immunocompetent cells which
may be unsafe given the proteolytic effect of the drug.
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®akT HAKOIUIEHHUA JTUMPOIUTOB UMEET IIO3UTUBHOE
3HaUeHHe, MOCKOJIbKY 3TH KiaeTku MALT-cucrembl
HaJleJIeHbI UMMYHHOHM TaMATHI0O 0e3 BhIPaKEHHBIX
3¢ deKToB abTepaliiy Ha TKaHU. VX TpUCYTCTBUE B
30HE TKAHEBOM JereHepaiuu Oyaer obecrneynBaTh
AHTUMHUKPOOHOE U IPOTHBOBOCIIAJIUTENIbHOE JeH-
CTBHE, UTO B UTOTe He OyZET CIePKUBATH IIPOIECCHI
pereHepanuy NOBPEXAEHHONW POTOBHUIIBL.

HesaBucumo oT myTH BBeZleHUsI 000HUX Ipernapa-
TOB OHH B 2—3 pasa YBeJIUYUBAIOT COZEp:KaHUe
IJIAa3MOITUTOB I10 cpaBHEeHNIO 0.9% NaCl (cm. puc. 4).
Poct kosinuecTBa IJIA3MOITUTOB MOXKeT obecredu-
BaTh JIOKAIBHYIO DeIH3aIHi0 IIPUOOpPEeTEHHOTO
UMMYHHUTETA, YTO TAKXKE CJIEAYET PACIEHUBATh KaK
MIOJIOKUTEJIBHBIN (DaKT.

O6a mytu BBenmeHus [19I-cyOTHIMBHUHA TPUBO-
JIAT K BbIpakKeHHOHU 303uHOGmInu. [13T-ruamypo-
HU/a3a yBeJIWYUBaeT cojeprKaHue 303UHOMUIOB
TOJIBKO IIPU CYOKOHBIOHKTHBAILHOM BBEJIEHUH (CM.
puc. 5). BeposiTHO, HaKT IPUCYTCTBUSA KPYITHOMOJIE-
KYJIIPHOTO TIpeliapara MpUBOAUT K OBICTPOU MUTpa-
U 303UHO(UIOB U3 KPOBEHOCHBIX COCYZ0OB. ITO
JTOCTATOYHO TPEBOKHO BBITJISIUT B OTHOIIIEHUH CYO-
TWJIN3WHA, TOCKOJIBKY D03UHO(UIBI CIOCOOHBI K
BHEKJIETOYHOMY ITUTOJIN3Y U CTUMYJIANUU (pubpo-
6sacroB. C 5TO# TOuKM 3peHUs u BBefeHue [19I-
THAJIyPOHHU/IA3bl MOXKHO CUHUTATh 0Oe30IacHBIM
TOJIPKO B BUJIe MHCTHJUIAIINH.

BeipaskeHHBIN 3¢ dekT HAKOIUIEHU MaKpodaros
OTMEYAETCs TOJIBKO IIPU CYOKOHBIOHKTUBAJIBHOM BBe-
nmenusi [19T-cyormwimsuHa (cM. puc. 6). Murpanus
MakpodaroB B 30Hy IOBPEXKJIEHUS UMeET IeIb OCy-
IECTBUTH IIEPBUYHBIH (Paroruros, MECTHYIO IIPOIyK-
IIMIO OKCH/IA a30Ta U3 ApTMHUHA, YCUINTH PETIapaIiiio
sH7I0TeNus U aHruorenes3. C sTol mo3unuu 3pdext
CyOKOHBIOHKTUBAILHOTO BBEJICHUA I191-
CYOTH/IH3MHA MOKHO CIUTATD ITOJI0KUTETHHBIM.

[Ipumenenue II9T-ruamypoHuzia3pl He OKA3bI-
BAIOT BJIUAHUA HA MUTPALUI0 HEUTPOUIOB IpuU
MeCTHOM BBenieHUU. [I9-cyOTH/IMBUH He3HAUH-
TeJIbHO YBEJITNYHUBAET MUTPAIIUI0 HEUTPODUIOB (CM.
puc. 7). HeldTpoduabl CrocoOHbI pean30BbIBATh
OKCHJIQaHTHBIA CTpeCC/peCcrupaTOPHBIA B3PBIB €
BBIXO/IOM OOJIBIIIOTO KOJIMYECTBA AKTHUBHBIX (HOPM
KHCJIOPOZA, a TaK:Ke 00J1a7]al0T BRIPAXKEHHBIM (paro-
IUTO30M. VX IPUCYTCTBHE B PAHE POTOBUIIBI MOXKET
MMeTh He6JIaTONPUATHOE TTOCIIEACTBHE U3-3a aJIbTe-
panuu HeloBpPEXX/IEHHBIX KJIETOK paHbl. Paccyxas
C TO3UIUY BJIUAHUSA IUTOTOKCUYHOCTH HA KJIETOU-
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SAK/IIOUEHUWE

Beegenue [13T-ruanypoHnia3bl CyOKOHBIOHKTH-
BaIbHO U [I9T-cyOTH/IN3MHA KaK MECTHO, TaK U Cy0-
KOHBIOHKTUBAJIFHO IIPUBOJIUT K YCHJIEHHOH MHTpa-
MY UMMYHOKOMIIETEHTHBIX KJIETOK B 30HY XUMHUYe-
CKOT'O TIOBPEK/IEHUS POTOBHIIBI, IPU 3TOM MUTpa-
U HeUTpodIoB He3HAUNTETbHA. OHA ITOJTHOCTHIO
OTCyTCTBYeT Ilpy lpuMeHeHuH [I9T-ruanypoHuassl
CyOKOHBIOHKTHBAJIBLHO, UTO XapaKTEPU3YeT JIAHHYIO
cxeMy Tepamnuu Kak 6osiee 6e30macHyo u 3 heKTHB-
HyI0 TIpH XUMHYECKOM TpaBMe pOTOBUIIBI H3-3a
OTCYTCTBHSA aJIbTEPAIIUU HENOBPEKEHHBIX KIIETOK.

MectHoe npumMmeHeHue [19I-ruanypoHusassl He
BBI3bIBAET BBIPA’KEHHOTO KJIETOYHOI'O OTBETa UMMY-
HOKOMIIETEHTHBIX KJIETOK B O0JIACTH XMUMUYECKOH
paHbl poroBurpl, a 3pdeKT cpaBHUM C IpHUMeHe-
HureM 0.9% NaCl, uro oinuaercs ot adpdexra [13T-
cyotunusuHa u 19T -TuaaypoHu/1a3bl, BBEJEHHBIX
CyOKOHBIOHKTUBAIBHO. OTCyTCTBHE ee hapMaKoJIo-
rudeckoro 3addexra Ipd MeCTHOM IPUMeHEeHUU
xapakTepusyer mpoduiab 6esomacHoctu I[19I-rua-
JIyPOHH/IA3bI IIPU JIAHHOM THUIIEe BBEIEHUA.

[Ipumenenue I[19T-cyOTHMIM3WHA NPU CyOKOHDB-
IOHKTUBQJIPHOM IIyTH BBEJIEHUS BBI3BIBAET BBIPA-
JKEeHHBIH OTBET MMMYHOKOMIIETEHTHBIX KJIETOK, UTO
MOXKET OBITh He0e30IIacHO, YIUTHIBASA IIPOTEOJTUTH-
JecKoe JieficTBUE Ipernapara.

Brxiiag B HamucaHue cratbu (IIPOBeJIEHUE
SKCIIepUMEHTaIbHbIX pabor — B.E. 3abamHoBa,
K.U. Epmos, .. BalikajioB; HalTuCaHWE CTaThbU —
I1.I'. MayioHOB; peztlaktTupoBanue cratbu — A K. Oyp-
coBa, A.Il. Hamees, IL.I. MajoHoB; paspaboTka
ausarna ucenegopanus — I1.T. Magonos, H.II. Jleo-
HOB; CTATUCTUYECKUH aHAJIN3 TAaHHBIX, OpOpMIIeHHE
crateu — B.E. 3abanosa, I'.11. Baiikanos).

KoH}IuKT nHTEPECOB. ABTOPHI 3aABJIAIOT 00
OTCYTCTBUU KOH(JIMKTA UHTEPECOB.
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PazpadoTKa TEXHOJIOTHYECKON cXeMbI IPOU3BO/ICTBA U UCIIBITAHUS
cIpesi HAa3aJIbHOTO /I JIEUeHUS aJIJIepruiecKkoro puHuTa

A.E. ITo3guAKOBa

ITamueopckuil meduxo-gapmayesmuueckuil uHcmumym — guauan ®I'6OY BO «Boazoepadckuil 20cy0apcmeetHblil
MeduyuHckuil yHusepcumem» Munsdpasa Poccuu, [Tamuzopck, Poccus

AHHOTAIIA

BBeeHue. HazaapHOe BBeIeHNUE SIBIISETCS OITUMATIBHBIM CLIOCOOOM BBE/IEH IIPEapaTa Jisi IOCTHKEHHS MaKCH-
MaJIbHOM GMO/IOCTYITHOCTH IIPX MECTHOM JiedeHUH 3a00JIeBaHNI HOCA U OKOJIOHOCOBBIX ITa3yX. biiaromaps yio6¢TBy mpu-
MEHEHHUs ¥ BO3MOXKHOCTH JI03UPOBAHUS, CIIPEN HA3aJIbHbBIE CTAIHM TPEAIOUYTUTETHHBIM CIIOCOO0M JTOCTaBKM aKTHBHBIX
apmarneBTHUeCKIX cybcTaHIIMHA. B 5TOH cBA3M GBI pa3paboTaH COCTAaB U TEXHOJIOTHA HOBOT'O CIIPes Ha3aJIbHOTO JIJIs JIeve-
HUS QJUIEPTHYECKOr0 PUHUTA Ha OCHOBE (ekcodeHaIMHA THAPOXIOPH/IA ¥ TPOU3BOAHOTO IJIMIIUPPU3MHOBOH KUCIOTHI.
Il e 1 b . IIpoBeneHue papMaieBTHKO-TEXHOIOTMUECKIX UCIIBITAHII [JIs1 PAa3pabOTAHHOTO PaHee COCTaBa CIIPEst HA3aJIb-
HOTO JIJIs1 JIEUE€HUs aJJIEPIUYECKOr0 PUHUTA U Pa3pabOTKa TEXHOIOTHIECKOM CXEMBI er0 TPOU3BO/ICTBA.
MaTepuaas U MeTo[bl. Mcrmomp3oBanuch cyocrannuu dexcodeHaiMHA THAPOXIOPH/IA U AMMOHUSA IJIH-
nuppusuHata. Onpe/essivi OTHOPOJHOCTb MACChI I03bI CIIPes Ha3aJIbHOTO U KOJIMYECTBO /103 B YIIAKOBKE COTJIACHO COOT-
BETCTBYIOIEH craThe I'ocyapcTBeHHOH (apMakolen; KpaeBOH yros CMauyuBaHUA, Gakes U yToJl paciblia — COIVIACHO
METOZIMKAM U3 JINTEPATYPHBIX JAHHBIX.

PesynbTarThl . BXxoJe 3KCIEPUMEHTAIFHOTO OIPE/EIEHNS XaDAKTEPUCTUK KPAEBOT0 yIJIa CMadynuBaHus U dakesa
pacmbiia 6611 BBIOpaH akTyaTop mpousBozicTBa Coster Tecnologie Speciali S.p.A. (Mtanus), KOTOPbIi o6ecrieynBaI Hau-
JIydIllee pacripe/iesieHue Kaleslb Ipenapara 1 c03/[aBajl MaKCHMaJIbHYO IUTOIaab (hakesia pacisiia — 392.13 + 28.075 MM2.
B pesysibTaTe UCIBITAHUI IO ONIPEIETIEHUI0 CPEeTHEN MACChI ZI03BI U IPOBEPKHU OAHOPOAHOCTH JO3UPOBAHUS YCTAHOBHIIH
COOTBETCTBHE TPEeOOBAHUAM JIEHCTBYIONIEH hapMaKoneiiHOH cTaThu. IIpoBe/ieHHbIE KOMILJIEKCHBIE UCCIIEIOBAHUS TT03BO-
JIFUIA COCTABUTD TEXHOJIOTUYECKYIO CXEMY ITPOU3BOJICTBA HA3aJIBHOTO CIPes IPOTUBOAJIEPIHYECKOTO IeCTBUA.
3axkJui04eHHue . [IpoBeeHHOE UCCIEJOBAHIE IIO3BOJIMIIO ONIPEAEIIUTD P hapMaIeBTHKO-TEXHOJIOTHUECKUX ITOKa-
3aresiell, XapaKTePU3YIOLUX CIIPeil Ha3aIbHbIHN, U IPEJIOKUTH ONTUMAIBHYI0 TEXHOJIOTUUECKYIO CXEMY IIPOU3BOZCTBA.
Karouesvie caoea: cripeii, MHTpaHa3aabHOE BBE/IeHUE, aJUIEPTMIeCKUH PUHHT, 6;10KaTOPbl H -THCTaMIHOBBIX PeIlenTo-
POB, IPOTHBOAJVIEPTUIECKOE CPEZICTBO.

OGpasen murupoBaHuA: [lo3ausakoBa A.E. PazpaboTka TEXHOJIOTUYECKOM CXeMbI IPOM3BO/ICTBA U UCIIBITA-
HUs CIIpesi Ha3aJIbHOTO /JIs JIeueHus ajieprudeckoro puauTa // Journal of Siberian Medical Sciences. 2023;7(1):110-
117. DOI: 10.31549/2542-1174-2023-7-1-110-117
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and testing of a nasal spray for allergic rhinitis treatment
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ABSTRACT
Introduction. Nasal administration is the optimal way to administer the drug to achieve maximum bioavailability
in the topical treatment of nasal and paranasal sinus diseases. Due to the ease of administration and the possibility of dos-
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ing, nasal sprays have become the preferred way of active pharmaceutical substances delivery. In this regard, the composi-
tion and technology of a new nasal spray for the allergic rhinitis treatment based on fexofenadine hydrochloride and glycyr-
rhizic acid derivative was developed.

Aim. To conduct the pharmaceutical and technological tests for the previously proposed nasal spray composition for the
treatment of allergic rhinitis and to develop a process flow diagram for its manufacturing.

Materials and methods. The substances used were fexofenadine hydrochloride and ammonium glycyrrhi-
zinate. The weight uniformity of the nasal spray dose and the number of doses in the package were determined according
to the corresponding article of the State Pharmacopoeia; the contact angle, the spray plume, and the spray angle were
determined according to the methods from the literature data.

Results. During the experimental determination of the characteristics of the contact angle and the spray plume, an
actuator manufactured by Coster Tecnologie Speciali S.p.A. (Italy) was selected which provided the best distribution of
drops of the preparation and created the maximum area of the spray plume — 392.13 + 28.075 mm?. As a result of tests to
determine the average dose weight and the uniformity of dosing, compliance with the requirements of the current pharma-
copoeia monograph was established. Comprehensive research enabled the development of a process flow diagram for the
manufacturing of anti-allergic nasal spray.

Conclusion. The conducted research made it possible to determine a number of pharmaceutical and technological
indicators characterizing nasal spray, and to propose the optimal process flow diagram for its manufacturing.
Keywords: spray, intranasal administration, allergic rhinitis, H, histamine receptor blockers, anti-allergic drug.
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BBEJIEHUE

HazasnpHOe BBefieHUE SIBJISIETCS ONMTHUMAIBHBIM
ciocoboM BBeZIEHUs IIperapara A JTOCTHIKEHUS
MaKCHUMAaJbHOM OWOMOCTYIHOCTU IIPH MECTHOM
JleueHUH 3a00JIeBAaHUH HOCA U OKOJIOHOCOBBIX
[1a3yx, B TOM YHCJIE JJIEPTHYECKUX U Heajleprude-
CKUX PUHUTOB U CUHYCUTOB. AJJIepTUYecKUi pUHUT
3HAYUTEJIPHO YXY/IIAeT KAauecTBO JKU3HU, YTO, B
CBOIO OYepe/lb, BeleT K TPYAOBOH U COIHMAIBHOM
Zle3a/jaliTalliy, HENPOAYKTUBHOU JIesTeJbHOCTH,
CHIDKEHHIO paborocrmocobHOCTH, mpobsieMaM B
y4eOHOM IIpoIlecce y IIKOJIBbHUKOB U CTYAEHTOB,
HapyILIeHUIO CHA.

AnuTeNni HOCA UMEET BBICOKYIO CTelleHb CHA0-
JKeHHSI KPOBEHOCHBIMU COCYAAMU U 00ecreynBaer
OTHOCUTEIbHO BBICOKYIO CKOPOCTh BCACHIBAHUSA, TaK
KaK OTCyTCTBYeT 3(PdeKT «IepBUYHOHN remaruye-
CKOHM BJIUMUHANMM». ODTH MPEUMYIIECTBA I03BO-
JISIIOT HUCIIOJIb30BAaTh HOCOBYIO IIOJIOCTH B KadyecTBe
QJIbTEPHATUBHOTO IIyTH BBEJIEHUS JIEKAPCTBEHHBIX
CPEJICTB U IIPU MAJUIMATUBHOM nomornu. biaromaps
yZ100CTBY NIPUMEHEHUS U BO3MOXKHOCTH JIO3UPOBa-
HUS, CIIPer Ha3aJbHbIE CTIN IPEANOYTHTETHHBIM
c10co00M JIOCTaBKU aKTHUBHBIX (DapMalleBTHUUECKIX
cybcrauiuii. B aT0# cBs3u 6B pa3paboTaH COCTaB U
TEXHOJIOTHsI HOBOTO CIIpest Ha3aJIbHOTO JJIS1 JIEUEeHUST
aJJIepruyeckoro puHUTa Ha ocHoBe dekcodeHa-
JIMHA TUAPOXJIOPU/IA U IPOU3BOJHOTO IVTUITUPPU3HU-
HOBOM KMCJIOTHI [1].

INTRODUCTION

Nasal administration is the optimal way to
administer the drug to achieve maximum bio-
availability in the topical treatment of nasal and
paranasal sinus diseases, including allergic and
non-allergic rhinitis and sinusitis. Allergic rhini-
tis significantly impairs the quality of life which,
in turn, leads to work dysfunction and social mal-
adjustment, nonproductive activity, decreased
performance, problems in the educational pro-
cess of schoolchildren and students, and sleep
disorders.

The nasal epithelium has a lot of blood vessels
and provides a relatively high rate of absorption,
since there is no first-pass hepatic elimination. These
advantages make it possible to use the nasal cavity as
an alternative route for drug administration and in
delivering of palliative care. Due to the ease of use
and the possibility of dosing, nasal sprays have
become the preferred way of delivery of active phar-
maceutical substances. In this regard, the composi-
tion and technology of a new nasal spray for the
treatment of allergic rhinitis based on fexofenadine
hydrochloride and glycyrrhizic acid derivative was
developed [1].

AIM OF THE RESEARCH

To perform pharmaceutical and technological
tests for the developed nasal spray composition for
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IOEJIb NCCJIEAOBAHUA

ITpoBectu (apmareBTUKO-TEXHOIOTHYECKIIE
WCIBITAaHUA JJIsI Pa3paboTaHHOTO cOCTaBa CIIpes
HA3JIBHOTO JJISI JIeUeHUsI aJUIEPTUYECKOTO PUHUTA
Y TIPEJIJIOKUTDH TEXHOJIOTHUECKYIO CXEMY €T0 ITPOU3-
BOJICTBA.

MATEPUAJIBI 1 METO/IbI

B pabore ObLTN HCIOIB30BAHBI CYOCTAHIINH (DEK-
codenaguna ruapoxsiopuga (Ind-Swift Laboratories
Limited, WHausa) W aMMOHHSA TIJIMIUPPU3MHATA
(BAO «Budurex», Poccus). dxkcnepuMeHTaTIbHbBIE
HCCJIeTOBAHUS MTPOBOIUIUCEH TIPU IOMOIIH CIIEYIO-
Iero 0o0OPYZOBaHUsA: 103aTOPHl ABTOMAaTHYECKHE
Jlennumet (Thermo Scientific) (Poccus), MUKPOCKOTI
DJIEKTPOHHBIN «AJsbTaMu» C IUMPPOBOH KaMepoit
UCMOS03100KPA-U-NA-N-SQ-NA (Poccus),
¢oroammapar Canon EOS 1200D (Amonwus), ycra-
HOBKA JIJIs OTIpeziesieHus (pakesia pacibLia.

dapMareBTHKO-TEXHOJIOTUUECKHE  HCIBITAHUSA
BKJIIOUAIU B cebs1 obs3aTesibHble (hapMaKOIeHHbIe
MeTobI (oIpesiesieHre OHOPOTHOCTH MAacChl JI03bI
¥ KOJIMYECTBA /103 B YIIAaKOBKE), KOTOPbIE ITPOBO/IAIIN
corsacHo obImel (apmakomneiinon cratbe (OPC)
1.4.1.0002.15 «A3p030JU U COpPEU», U JAONOJHU-
TeJIbHbIE, COTJIACHO METOJUKAM W3 JIMTEPATypPHbIX
JTAHHBIX — OTpeZIeJIEHNE KPAaeBOro yrjia CMauuBa-
HUA, pakesa U yriia pacmbiia [2].

UcceoBaHre KpaeBOTO yIJIa CMauMBaHUSI
Kamesjab pa3pabaThiBaeMOro COCTaBa CIIpes IIPOBO-
JIATA METOJIOM JiesKalllel Karid ¢ TIOMOIIBIO DJIeK-
TPOHHOrO MHKpockona «Anpramu» (Poccus) c
WCIIOJIb30BAHHEM  aBTOMATHYECKOTO  J103aTopa
kamenb Jlennumer. Ha IOBEpXHOCTh IIpeaBapH-
TEeJIbHO MO/ITOTOBJIEHHBIX THTAHOBBIX ILJIACTUH HAHO-
CWJTH KAIUTIO UCIBITYeMOTO PACTBOPA C MUCIIOJIb30Ba-
HHEeM aBTOMAaTHUYECKOTO /Io3aTopa Kamesb. TUTaHo-
ByI0 IUIACTHHY C KaIlUlel HCCIeoBajid COTJIACHO
MeToauKe, npeainoxenHor M.I'. Kucenesbim [3]. Bo
BCEX DKCIIEPUMEHTAIHHBIX OIPEAEJIEHUAX HCIIOJIb-
30BaJIM KAIUIM PACTBOpPa OJUHAKOBOTO oOBeMa.
Karurto ocBeIiaan KICTOUHHKOM CBeTa, a ee PO UIb
(pukcupoBanu mpu noMoIy MU@POBON KaMephl U
KaMephl MUKPOCKOIIA, MPOEIUpPYIOIIed usobpaxe-
HHe Ha KommbioTep. IlosiyueHHOe H300paKeHHE
Kar obpabatsiBasiv B mporpamMme Adobe Photo-
shop, u ompenessin HeoOXOMUMbIE JJIsI pacdera
KpaeBOro yIJIa CMauyMBaHUS IapaMeTphl KaIUIu.
W3MepeHHsT TPOBOJUWIM B TpeX IMOBTOPHOCTSX,
omubKa He MpeBbIIIaIa £3 %.

OmnpenesneHue yria U ¢dakega paciblia IMPOBO-
OUWIA C TIOMOINBI0 CHEIUAIBHOU YCTAHOBKU JJIS
perucrpanuu otmevyaTka ¢akesa pacmbuia Ha GOTO-
Oymare ¢ momoiibio porokamepst Canon EOS 1200 D

allergic rhinitis treatment, and to propose a process
flow diagram for its manufacturing.

MATERIALS AND METHODS

The substances of fexofenadine hydrochloride
(Ind-Swift Laboratories Limited, India) and ammo-
nium glycyrrhizinate (CJSC Vifiteh, Russia) were
used in the work. Experimental studies were carried
out using the following equipment: autosamplers
Lenpipet (Thermo Scientific) (Russia), an Altami
electronic microscope with a UCMOS03100KPA-U-
NA-N-SQ-NA digital camera (Russia), a Canon EOS
1200D camera (Japan), a device for detection a spray
plume.

Pharmaceutical and technological tests included
mandatory pharmacopoeial methods (determination
of the weight uniformity of the dose and the number
of doses in the package), which were carried out
according to the General Pharmacopoeial Mono-
graph 1.4.1.0002.15 Aerosols and sprays, and also
additional, according to the methods from the litera-
ture data — determination of the contact angle, spray
plume and spray angle [2].

The study of the contact angle of drops of the
developed spray composition was carried out by the
sessile drop method using an Altami electron
microscope (Russia) and an autosampler Lenpipet.
A drop of the test solution was applied to the sur-
face of the pre-prepared titanium plates using the
autosampler. The titanium plate with a drop was
examined according to the method proposed by
M.G. Kiselev [3]. In all experiments, drops of a
solution of the same volume were used. The drop
was illuminated by a light source, and its profile
was recorded using the digital camera and micro-
scope camera imaging on a computer. The resulting
drop image was processed in Adobe Photoshop, and
the drop parameters necessary for calculating the
contact angle were determined. The measurements
were carried out in three replicates; the error did
not exceed +3%.

The determination of the spray angle and the
spray plume was carried out using a special device
for registering the print of the spray plume on photo-
graphic paper using a Canon EOS 1200 D camera
under ultraviolet light exposure [4, 5]. Processing of
the results was carried out using Adobe Photoshop
and MS Office Excel.

RESULTS AND DISCUSSION

The contact angle formed by the vectors of sur-
face tension forces directed tangentially to the sur-
faces of the solid—liquid and liquid—air interface was
39.8066 + 0.3387°. The result obtained indicates
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B yITPadUOIETOBOM CBeTe [4, 5]. O6paboTKy moy-
YEHHBIX Pe3YJIbTATOB IPOBOINIIH ¢ TOMOIIbio Adobe
Photoshop u MS Office Excel.

PE3YJ/IBTATDBI 1 OBCY KAEHUE

Yron cmaumBaHus, 0O0pa30BaHHBIA BEKTOpAMU
CHUJI IOBEPXHOCTHOTO HaTsKeHUs, HallPaBJIeHHBIMU
I10 KacaTeJIbHOU K IOBEPXHOCTSIM Pas/iesia «TBEPIOe
TEJIO — YKUAKOCTh» U «IKHUKOCTh — BO3MyX», COCTa-
B 39.8066 + 0.3387°. IlonyueHHBIH pe3ysbTaT
CBUJIETEIBCTBYET 00 0OeCreYeHur COCTaBOM JIOCTa-
TOYHO OOJIBIIIOW IUIOIIAJN KOHTAKTa KalleJib pa3pa-
6aTBIBAEMOTO CIIPEesi C MOJIEJIbHOH IJIACTUHOM [3, 6].

OmnpezeeHne XapaKTepUCTUK (pakesia paciblia
IIPOBOAMJIOCH JIJIsI OIEHKHM KauyecTBAa BBHIOPAHHBIX
axkTyaTopoB. [lapameTpsl olleHUBATU BU3YaJdbHO U
[0 IUIOWIQI 3apernuCTPUPOBAHHBIX OTIEYATKOB
[7]. B skcmepuMeHTe IO ompejeyieHUI0 ¢akesa
pacmbuia  OBIM  HCHBITAHBI 14 03UPYIOLIUX
YCTPOUCTB Ppas3jiUYHbIX (UPM-IPOU3BOAUTENEN.
YeraHoBuiH, 4TO A AKTyaTOPOB XapaKTEPHU30Ba-
JINCHh CTPYHHBIM THIIOM HICT€YEHUS — 0Opa30BbIBa-
JINCh KaIUITM KPYIHOTO pa3Mepa, HepaBHOMEDPHO
pacrpeneneHHble 10 30HAM ¢akesia pacublIa. YTroi
pacmbuIa y TaKMX aKTyaTOpoB ObLI MeHee 30°, a
IJIOIAAL — 10 50 MM>.

AXTyaTOpBI ¢ MAJIOU IJIOIIA/IBIO (paKesa pacbpLia
(MeHee 150 MM?) CO3/1aBJIM HE3HAUUTEIHHYIO ILJIO-
IaJb KOHTAKTA IIpernapara B HOCOBOU IOJIOCTU CO
CIIUBUCTOH OOOJIOUKOH. AKTyaTOp IIPOHM3BOJICTBA
Coster Tecnologie Speciali S.p.A. (Utanus) obecre-
YMBaJ HAWIyYIllee pacrpejiejieHne Karesb Ipera-
para B CpaBHEHUHU C JPYTHUMHU U CO3[1aBajJl MAKCHU-
MaJIBHYIO IUIOIanb akesna pacmbuia 392.13 +
+ 28.075 MM2 Yros pacmbLia COCTaBWI 53.6 +
+ 3.762° [8].

OmnpernesieHre KOJIMUECTBA /103 B YIIAKOBKE U UX
Macchl MMPOBOJIMJIM IIyTeM B3BEIIUBAHUS CIpesl BO
(1axkoHe ¢ aKTyaTOpOM IT0CJIE BBICBOOOIK/IEHUS KaXK-
JIOH J103BI U OTOpachIBaHUA ee Yepe3 KaKJble 5 C.
AHajiornyHbIe AeUCTBUS MOBTOPsIu 7 pa3. [lo pas-
HOCTY BBIYHCJISITA Maccy JI03bI, BBICBOOOTUBITIEHCS
W3 YIaKOBKU. VcnbITaHUe IPOBOAWIN JJIA 10 /03.
Pe3ynpTaThl MCIBITAHUM NIPEJCTaBIEHBI B TAaOJ. 1.
VlcnibITaHus IPOBOAYIIH /IJIS1 ABYX BUJIOB YIIAKOBKU —
(bs1aKOHBI TEMHOTO CTEKJIA U MOJIMMepPHbIe MaTOBbIE
¢IrakoHBI.

Cpenmussi mMacca J03bl cocTaBwiIa 0.0498 T.
B pesynpTraTe UCHIBITAHUH Kak/as U3 10 UHIUBUAY-
JIBHBIX MAacC OTKJIOHSETCS OT CpeAHed Macchl Ha
BEJINUMHY, HE IPEBBIMIAIOIIYI0 5 %, UTO COOTBET-
cTByeT TpeOOBaHUAM JeHCTBYyIOIIEH (apmakoei-
HOH craThbu. CTeleHb YBaKyalluyd IPH 3TOM COCTa-
BmwIa 99 %. JlaHHBIN ITOKa3aTes b TAK)Ke XapaKTePU-

that the composition provides a sufficiently large
contact area of the drops of the spray under develop-
ment with the model plate [3, 6].

The characteristics of the spray plume were deter-
mined to assess the quality of the selected actuators.
The parameters were evaluated visually and by the
area of the registered prints [7]. In the spray plume
determination experiment, 14 actuators from vari-
ous manufacturers were tested. It was found that a
number of actuators were characterized by a jet type
flow — large droplets were formed, unevenly distrib-
uted over the spray plume zones. The spray angle of
such actuators was less than 30°, and the area was up
to 50 mm?>.

Actuators with a small area of the spray plume
(less than 150 mm?) created an insignificant contact
area of the drug with the mucous membrane of the
nasal cavity. The actuator manufactured by Coster
Tecnologie Speciali S.p.A. (Italy) provided the best
distribution of drops of the drug in comparison with
others and created a maximum area of the spray
plume 392.13 + 28.075 mm?. The spray angle was
53.6 + 3.762° [8].

The determination of the number of doses in the
package and their weight was carried out by weigh-
ing the spray in a vial with an actuator after each
dose was released and discarding it every 5 s. Similar
actions were repeated 7 times. The weight of the dose
released from the package was calculated from the
difference. The test was performed for 10 doses. The
results are presented in Table 1. The tests were car-
ried out for two types of packaging — amber glass
vials and polymeric matted vials.

The average weight of the dose was 0.0498 g. As a
result of the tests, each of the 10 individual weights
deviates from the average weight by an amount not
exceeding 5%, which meets the requirements of the
current pharmacopoeia monograph. The degree of
release was 99%. This indicator also characterizes
the selected package as meeting the requirements.

The number of spray doses in an amber glass vial
with a polymeric actuator Coster Tecnologie Speciali
S.p.A. according to the results of 3-fold tests was
198 + 2. The number of spray doses in a polymeric
vial with an actuator Coster Tecnologie Speciali
S.p.A. resulting from 3-fold tests was also 198 + 2.

The conducted comprehensive studies allowed
us to make an optimal process flow diagram for the
manufacturing of nasal spray of anti-allergic action.
Considering that the development of process proce-
dures is standardized, among other things, by the
order of the Ministry of Industry and Trade of the
Russian Federation No. 916 dated 06/14/2013 (ed.
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Ta6auna 1. Pe3ysnbTaThl H3y4YeHHs OJAHOPOJHOCTH MacChl A03bI CIpest
Table 1. Results of the study of the weight uniformity of the spray dose

OTKJ/IOHEHHuE OT
cpeJHeN MaccChl 503bI

Macca f03bl1 cipest

Homep 103561 (d1akoH TeMHOTO

OTKJ/IOHEHHUE OT

Macca 0361 .
cpegHeH Macchl 03bI

cnpes (¢p1akoH

T eI o Deviation from the  Nommepmbi),r DU

of the dose Weight of the dose . Weight of the dose .
(amber glass vial), g EEEUTEEIG (polymeric vial), g PRI

of the dose, % of the dose, %

1 0.048 3.6 0.049 1.6

2 0.050 0.4 0.050 0.4

3 0.051 2.4 0.050 0.4

4 0.051 2.4 0.050 0.4

5 0.049 1.6 0.048 3.6

6 0.050 0.4 0.051 2.4

7 0.049 1.6 0.050 0.4

8 0.050 0.4 0.050 0.4

9 0.051 2.4 0.051 2.4

10 0.049 1.6 0.049 1.6

CpenHee 3Hauenue 0.0498 168 0.0498 136

Average value

3yeT BLIOPAHHYIO YIIAKOBKY KaK y/TOBJIETBOPSIOIIYIO
TpebOBaHUAM.

KosmyectBo 103 crpes Bo (uiakOHE TEMHOTO
CTeKJIa ¢ moJuMepHbIM akTyaTtopoMm Coster Tecno-
logie Speciali S.p.A. B pe3ysbrate 3-KpaTHBIX UCIIbI-
TaHUH cocTaBuiIo 198 + 2. KosmuecTBO 7103 CIipes B
nostuMepHOM ¢utakoHe ¢ akryatopoM Coster Tecno-
logie Speciali S.p.A. B pe3ysbrare 3-KpaTHBIX UCIIbI-
TaHUU TAKKE COCTABIIIO 198 + 2.

[TpoBeieHHBIE KOMIUIEKCHBIE — HCCJIE/IOBAHUS
MIO3BOJIMJIM COCTABUTH ONITHUMAJIbHYIO TEXHOJIOTHYe-
CKYIO CXEMY IIPOM3BOICTBA HA3aJIBHOTO CIIPEs IIPO-
TUBOAJUIEPTUYECKOTO JEHCTBUA. YUHUTHIBAsA, YTO
pa3paboTKa TEXHOJIOTHIECKOTO perjaMeHTa IIPOU3-
BOJICTBA HOPMHUPYETCS B TOM YHCJIe TpUKa3oM MuH-
npomTtopra Poccuu ot 14.06.2013 N2 916 (peza. oT
18.12.2015) «0O6 yrBepkaenuu I[IpaBui HajUIEeKa-
el MPOU3BOJCTBEHHOU MPAKTUKW» [9], /71 opra-
HU3AIUU U OCYIIEeCTBJIEHUS ITPOU3BOICTBA HEOOXO-
QMO YYHUTHIBATh IIOKAa3aTeau KadecTBa ((pusmko-
XUMHYeCKHe U (apMalieBTHKO-TEXHOJIOTHIECKHE)
Mpe/ITIaraeMoro JIEeKapCTBEHHOTO Mperapara Ha JTa-
nax «TexHosiormueckuii mpouecc 4», «YIaKOBKa,
MapKHUPOBKa, OTIPy3Ka 5». TeXHOJIOrHYecKas cxeMa
cocransieHa B cooTBeTcTBUU ¢ OCT 64-02-003-2002
(puc. 1) u BKIIIOYAET TPU STara BCIOMOTATEIHHBIX
paboT (IIoAroTOBKA IPOU3BO/ICTBA, IIOJIyIEHIE BOJBI
OUMINIEHHOH U HEIOCPe/ICTBEHHAS TIO/ITOTOBKA (ap-
MaIeBTHUYECKUX CYOCTAHIIUH U YIIAKOBOYHOT'O MaTe-
puasia); TEXHOJIOTHUECKUH IPOIECC U3TOTOBJIEHUSA

dated 12/18/2015) “On approval of the Rules of
Good Manufacturing Practice” [9], for the organi-
zation and implementation of production, it is nec-
essary to take into account the quality indicators
(physical-chemical and pharmaceutical-technolo-
gical) of the proposed medicinal product at the
stages “Technological process 4,” “Filling, packa-
ging, labeling 5.” The process flow diagram is drawn
up in accordance with the Industry Standard 64-02-
003-2002 (Fig. 1) and includes three stages of pre-
paratory work (preparation of production, obtain-
ing purified water and direct preparation of phar-
maceutical substances and packaging material);
technological process of spray manufacturing (dis-
solution of fexofenadine hydrochloride, prepara-
tion of an ammonium glycyrrhizinate solution in a
solvent mixture, mixing of solutions of medicinal
product and administration of preservative), filling
in vials with a screw-down actuator and an overcap,
packing in a cardboard package, labeling the fin-
ished product in accordance with current require-
ments and sending it to a warehouse. Simultane-
ously, pH indicators and visual characteristics —
color, lack of sediment are monitored. Each stage of
the technological process is carried out according
to Good Manufacturing Practice requirements, and
the critical stages of the process flow for the manu-
facturing of nasal spray have been validated accor-
ding to [9].
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| ToroBast npoxykuwst / Finished product |

Y

Ha cknapn / In storage

BP 1.1 [ToaroroBka BEHTHIISILIMOHHOIO BO3yXa
PWs 1.1 Preparation of ventilating air
B KaHAIM3ALIIO
BP 1.2 | [IpuroTossienue 1e3MHPUIUPYIOMNX PACTBOPOB | | Otxozbl into sewers
PWs 1.2 Preparation of disinfectant solutions Wastes
Cannraphas 06padoTKa
BP13 Tonroroka noMemeHnii | o | o 1BP 1 HHTapH ?[om}e)meHTnﬁ b
PWs 1.3 Preparation of premises PWs 1| Sanitization of : . Barmocgepy
on of premises IMotepu into the atmosphere
| .
BP 1.4 TloxroroBka 060pyIOBaHHs < Losses
PWs 1.4 Preparation of equipment
BP 1.5 IMoxroroBka nepconana
PWs 1.5 Staff training
BP2 IoxroroBka BBl OUHIIIEHHON
PWs 2 Preparation of purified water
BP 3.1 OTmepHBaHKUE BOJBI OUHIEHHOH
PWs 3.1 Measuring of purified water
B arMocepy
BP 3.2 | [IpurotoBnenue pacTBopa HaTpus ruApokcuaa 5% c Y Y Buara into the atmosphere
PWs 3.2 Preparation of 5% sodium hydroxide solution Moisture
IToarotoBka ChIpbst
BP33 Orseumnpanne ADC | o | o |BP3 U YIIaKOBKH 5 anvocde
PWs 3.3 Weighing of APS PWs 3 Preparation of raw Coth Pi’l
materials and package Torepu | into the atmosphere
ISP 3.;&4 OTBemnBanue Bcnomoya;qnhl{},;x BCIICCTB | Losses B KAHATH3LHMIO
Ws 3. Weighing of excipients into sewers
BP35 TloaroroBka 1akoOHOB M aKTyaTOpOB ”
PWs 3.5 Preparation of vials and actuators
TII 4.1 PactBopenue pexcodeHaanna THAPOXIOpUIa
TP 4.1 B LIIEJIOYHOM PacTBOpe
Dissolution of fexofenadine hydrochloride
in an alkaline solution
TII4.2 IIpuroroBiienne pacTBOpa aMMOHUS B arMocdepy
TP 4.2 TIMIUPPU3NHATA B CMECH PACTBOPUTEINICH Y Buara into the atmosphere
Preparation of ammonium glycyrrhizinate Moisture |~
solution and solvent mixture TIT4 | TIpurorosnenne pacTsopa
€| TP 4 cripest
TI14.3 CmeumBanne pacteopos JIC | o | Kx, Kr | Preparation of the spray ~ Barmocdepy
TP 4.3 Mixing of solutions of the MP CC, TC solution TTotepu | into the atmosphere
Losses
TII 4.4 | CMemmBanue pactBopa JIC ¢ BOJOI OYHIIEHHOM B KaHAU3aLMIo
TP 4.4 | Mixing a solution of the MP with purified water Info sewers
TIT 4.5 PacTBOpenue koHcepBaHTa
TP 4.5 Dissolution of the preservative
B arMocepy
YMO 5.1 ®acoBka pacTBopa BO (NIaKOH C aKTyaTopoM " Brara into the atmosphere
. Filling the solution into a vial with an actuator i >
FPL 5.1 i YMO 5 ®dacoBka, yrnaKkoBKa, Moisture
YMO 5.2 MapkupoBka NepBUYHON YIAKOBKH FPL5 MapKUpOBKa
FPL 5.2 Labeling of primary package Kx, Kt Filling, packaging,
£op P £ CC.TC &p labilingg Hexkonaunuonuele | Ha yTHIN3ALHIO
YMO 5.3 dacoBKka crpesi BO BTOPHUYHYIO YIIAKOBKY > YIIAKOBKH for disposal
FPL5.3 Filling of the spray in secondary package Sub-standard
Y packages

Puc. 1. TexHosiornueckasi cxeMa IIpOU3BO/ICTBA CIIpest TPOTUBOAJLIEPTUYECKOTO /iericTBusi (BP — BcriomoraTebHbIe

pabotbr; AQC — akTuBHas1 papmarnepTuyeckas cydcrannus; TII — TexHoTOrHUecKkuii mporiecc; YMO — yIakoBKa,

MapKUPOBKA, OTTPy3Ka; Kx — KOHTpoJb xumudeckuil; KT — KoHTpoJIb TexHoIornyeckuit; JIC — ieKkapcTBEHHOE CPEZICTBO)

Fig. 1. Process flow diagram of anti-allergic spray manufacturing (PWs — preparatory works; APS — active pharmaceutical

substance; TP — technological process; FPL — filling, packaging, labeling; CC — chemical control;
TC — technological control; MP — medicinal product)
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cupest (pactBopeHue QekcodeHauHa TUIPOXIIO-
puia, MPUTOTOBJIEHHE PACTBOpA IVIUIMPPU3UHATA
aMMOHHUS B CMECH PAaCTBODUTENIEHN, CMeEIIUBaHUE
pacTBOpOB JIEKAPCTBEHHBIX CPEJCTB U BBeJleHHE
KOHCepBaHTa), (pacoBKy BO (IaKOHBI ¢ 3aBUHYUBA-
IOIUMCA aKTyaTOPOM M 3alUTHBIM KOJIIIAYKOM,
VIAKOBKY B KapTOHHYIO ITAUKy, MapKUPOBKY T'OTO-
BOU IPOJIyKIIMH B COOTBETCTBUH C JEHCTBYIOIIUMHE
TpeOGOBaHUSAMHU U OTIPABKy ee Ha ckiaz. I[lapas-
JIEJTPHO OCYIIeCTBJISAETCA KOHTPOJIb 3a IIOKasare-
asMu pH ¥ BU3YaIbHBIMH XapaKTEPUCTHKAMU —
[IBET, OTCYTCTBUE Ocajika. Kaskaas cTagus TEXHOIIO-
rUYeCcKoro Ipoliecca OCyIecTBIIAeTCA COIIacHO Tpe-
6oBanusiMm GMP, a KpuTHUECKHE 3TAbl TEXHOJIOTH-
YeCcKOW cXeMbl IMPOW3BOJICTBA HA3aJIBHOTO CIIpest
MIPOIILTA BAJIUATIMIO COTJIACHO [9].

3AKJIIOYEHUE

[TpoBesieHHOE WCCIIEOBAHUE ITO3BOJIMJIO OIIpe-
IenuTh  psaf dapMareBTUKO-TEXHOJIOTHUYECKUX
IOKa3aTeJIed, XapaKTepHU3YIONIUX CIIPed Ha3aIb-
HBIH, U NPEJIOKUTDh ONTUMAJIBHYI0 TEXHOJIOTHYE-
CKYIO CXeMy ero npowu3sBozicTBa. Cripeil Ha3aIbHBIA
OLIEHUBAJIH TI0 ITOKA3aTeJISIM: KOJTMIECTBO /103 B yIia-
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CONCLUSION

The performed study made it possible to deter-
mine a number of pharmaceutical and technological
indicators characterizing nasal spray, and to propose
an optimal process flow diagram for its manufactu-
ring. Nasal spray was evaluated according to the fol-
lowing indicators: the number of doses in the pack-
age, the weight uniformity of the spray dose, the
spray plume and the spray angle, as well as the con-
tact angle. Studies to define the optimal shelf life will
allow to assess the quality and stability of the drug,
as well as to determine whether the selected packa-
ging meets the requirements of regulatory documen-
tation.

KOBKE, OZTHOPOJITHOCTh MACCHI JI03bI CIpes, (hakes u
YTOJI PACIIbLIA, a TAK}Ke KPaeBOH yroJyl CMaynuBaHUA.
UccnemoBaHusl O OIpPENEJIEHUIO ONTUMAJIbHOTO
CPOKa FOIHOCTH ITO3BOJIAT OIEHUTH KAYECTBO U CTa-
OWJIPHOCTD JIEKADCTBEHHOTO IIperapaTa, a TaKiKe
YCTAaHOBUTh, COOTBETCTBYET JIM BBIOpAHHAs YyIia-
KOBKa TpeOOBAaHUAM HOPMAaTUBHOU JIOKYMEHTAIHH.
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BinsiHue HOBBIX YaCTUYHO 'MIPUPOBAHHBIX TUPUINHOB,
IPOU3BOAHBIX IINAHOTHOAIIETAMHUAA, HA MOP(OJIOrHUEeCKHe
IMMOKa3aTeJIt IIeYeHH KPBIC C IEKCAMETa30HOBBIM CaXapHbIM
ANa0eToOM
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AHHOTAIIUA

BBenenue. Habaze HayduHO-UCCIIEIOBATETHCKOH J1abopaTopun «XUMaKe» JIyraHCKOTO TOCY/JapCTBEHHOTO YHHU-
BepcuTeTa UM. Biagumupa Jlasis HaMu CUHTE3UPOBAHBI M OTOOPAHBI HA OCHOBE BUPTYaJIbHOTO OMOCKPHHIHTA 4 00pasia
IIPOMBBO/IHBIX YACTUYHO THAPHUPOBAHHBIX MUPHUIUHOB, COZEPIKAIINX B UETBEPTOM IOJIOKeHUH (pypaHOBBIH ¢pparmMeHT
(srabopaTtopHblie mHGPBI — CV-150, CV-140, €V-083 U jen09-039), BAUSIHUE KOTOPHIX HA TEUEHHUE JIEKCAMETa30HOBOTO
caxapHoro juabera (C]I) mpe/icTaBsisieT HHTEPEC.

Il e 1 b . M3yuuTh MOpGdOSOTHUECKHE TTOKA3ATENN [TeYeHHN KPBIC MEPHOZA BBIPAYKEHHBIX CTAPUECKUX M3MEHEHUHA Ha
MOJIeJIA [IEKCAMETa30HOBOIr0 caxapHOro auabera Ha (oHe bapMaKOKOPPEKI[MH HOBBHIMH YaCTHYHO I'H/[PHPOBAHHBIMHU
MUPHUIUHAME, TPOM3BOITHBIMHY ITHAHOTHOAIIETAMU/IA.

MaTepuaab U METO/]Bbl . DKCIEPUMEHT IPOBOAMIN HA 92 18-MeCAYHBIX OeIbIX GECIOPOIHBIX KPhICAX-
camIax, IMyTeM BBeIEHUs per 0S 4 00pas3loB 1,4-AUTHAPONUPHANHA B J03€ 1 MI/KT I KaKIOH OT/AETbHON TPYIIIBI
JKMBOTHBIX C lekcaMeTa3oHOBBIM C/I. ITapasiiessbHO UCIIOIb30BaT KOHTPOJIBHYIO (JIeKCaMeTa30HOBBIH T1abeT) U MHTAKT-
HYIO TPYIIIIBI *JKUBOTHBIX (0€3 MHAYIHPOBAHHOTO CTEPOUIHOTO caxapHoro auabera). JlekcameTa3oH BBOJUJICSA HA MPOTS-
JKeHHUH 13 cyT. IHTaKTHAs ¥ KOHTPOJIbHAS IPYIIIA JKUBOTHBIX HACYUTHIBAIIA 12 0c00€ei. UeThIpe OIIBITHBIE IPYIIIIBI JKIUBOT-
HBIX COCTOSUTH U3 17 0co0el B KaXk/I0U rpymrie. JKUBOTHBIE OIBITHBIX TPYIII ITOJIyYaIu Yepes KeIyA0YHbINA 30H]T OJTHO U3
SKCIIePUMEHTAIBHBIX COEUHEHNH CV-150, CV-140, cv-083 U jen09-039 U3 pacueTa 1 MI/KI Macchl TeJjia Ha IPOTAKEHUU
21 CyT.

Pes3yanbTartTh . Ha OpOTSKEHUU DKCIIEPUMEHTA OT MO3/THUX OcaokHeHn# C/] moru6J1o 10 JKUBOTHBIX. ['besb
6bLIa 3aperucTpUpPOBAHA B KOHTPOJIBHOH U OMBITHBIX I'PYIIIAaX, HOJIYYaBIINX B KauecTBe GapMaKOKOPPEKIIUU COe/IH-
HeHHs1 cv-083 U jen09-039. HambGosee BhIpaKe€HHAsl TeaTOMErayidsi YCTAHOBJIEHA Y JKHUBOTHBIX KOHTPOJIBHOU
rpynmsl, abCoJI0THAS Macca IIeYeHH COCTaBUIIa B cpefiHeM 16.43 T (3.4 % OT Macchl Tesia) MpU HOKA3aTeNsAX ¥ JKUBOT-
HBIX WHTAKTHOM TPYHIIBI 14.44 T (2.8 % or maccel Tena). Macca me4eHH KPBIC, MOJIYYABIIUX COEJUHEHHE CV-150,
cocTaBuia 12.90 T (2.74 % OT Maccel Tesa). MUHUMAaIbHOE KOJTUYECTBO TATOJOTUYECKUX U3MEHEHUN TeueHn ObLIo
BBISIBJIEHO Y KMBOTHBIX, MOJIYYaBIINX YACTHYHO THAPHUPOBAHHBIM MUPUAUH CV-083, YacTOTa KOTOPBIX COCTaBUJIA
28.6 %. MakcuMasbHOE KOJINYECTBO MATOJIOTHYECKUX U3MEeHEHUH ObLJI0 3apEerUCTPUPOBAHO Y dKUBOTHBIX KOHTPOJIb-
HOU I'PYIIBI, IOJyYaBIINX JeKcaMeTa30H 0e3 koppeknuu — 88.9 %. Y KpbIC HHTAKTHOU IPYIIIBI U3MEHEHUH IeYeHH
BBISIBJIEHO HE OBLIIO.

3aKka04YeHHUe. Brpynnax jKUBOTHBIX, TOJYIABIINX (HAPMAKOKOPPEKIHIO COETUHEHUAMHU CV-150 U CV-140, B
XO0JIle SKCIIEPUMEHTA HAOII0IAIUCH TI0JIOKUTETbHBIE METAOOTMUECKHE U TICUXOCOMATHYEeCKe N3MEHEHUs. B 3TUX OmbIT-
HBIX TPYIIIIaX OTCYTCTBOBAIA CMEPTHOCTh. COTJIACHO HEKPOIITUIECKIM HCCIIEIOBAHUSAM Y OTUX COeAMHEHUH Obl1a 00HAPY-
’KeHa TelaTOPOTEKTOPHAS aKTUBHOCTh. Pe3yIbTaT MpUMEHEeHUs COeUHEHUs CV-083 HOCUT COMHUTEJIBHBIN XapaKTep.
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CoenrHeHHE jen09-039 He 0KA3aJI0 HUKAKOTO TOJIOXKUTEHbHOTO BIUSHUSA HA TEUEHHUE JIEKCAMeTa30HOBOTO CaXapHOTO
nuabera.
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ABSTRACT

Introduction. Onthebasis of the Chemex Scientific Lab of the Vladimir Dahl Lugansk State University we have
synthesized and selected 4 samples of partially hydrogenated pyridine derivatives via in silico screening, containing a
furan fragment in the fourth position (codenamed cv-150, cv-140, cv-083 and jen09-039), the effect of which on the course
of dexamethasone-induced diabetes mellitus (DM) is of interest.

Aim. To study the morphological parameters of the liver of dexamethasone-induced diabetic rats during a period of
pronounced senile changes in the setting of pharmacological treatment with new partially hydrogenated pyridines, cyano-
thioacetamide derivatives.

Materials and methods. The experiment was carried out with 92 18-month-old albino male rats, by
administering per os 4 samples of 1,4-dihydropyridine at a dose of 1 mg/kg to each individual group of animals with
dexamethasone-induced diabetes mellitus. Simultaneously, a control group (dexamethasone-induced diabetes) and a
group of intact animals (without steroid-induced diabetes) were used. Dexamethasone was administered for 13 days. The
intact and control group of animals consisted of 12 individuals. Four experimental groups of animals consisted of 17 indi-
viduals in each group. Animals of the experimental groups received one of the study compounds cv-150, cv-140, cv-083 and
jen09-039 via gastric tube at a dose of 1 mg/kg body weight for 21 days.

Results. During the experiment, 10 animals died from late complications of DM. Death was recorded in the control
and experimental groups treated with cv-083 and jen09-039 compounds. The most pronounced hepatomegaly was found
in animals of the control group, the absolute liver weight averaged 16.43 g (3.4% of body weight) with indicators in intact
animals group of 14.44 g (2.8% of body weight). The liver weight of rats treated with the cv-150 compound was 12.90 g
(2.74% of body weight). The minimal number of pathological changes of the liver was detected in animals receiving par-
tially hydrogenated pyridine cv-083 — 28.6%. The maximum number of pathological changes was registered in control
animals receiving dexamethasone without pharmacological treatment — 88.9%. No liver changes were detected in intact
rats.

Conclusion. Positive metabolic and psychosomatic changes were observed during the experiment in groups of
animals treated with cv-150 and cv-140 compounds. There was no mortality in these experimental groups. According to
necroptic study, hepatoprotective activity was found in these compounds. The result of using the c¢v-083 compound is
questionable. The jen09-039 compound did not have any positive effect on the course of dexamethasone-induced diabetes.
Keywords: pyridine derivatives, dexamethasone-induced diabetes, liver.
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BBEJIEHUE

Takoe oci0KHEHHE, KaK CTEPOUIHBIN caxapHbIN
nuabet (CJT), ©U3BECTHO ellle cO BpeMeH IEPBBIX IPHU-
MeHeHu riokokoptukocrepousioB (FKC) B kinHu-
YeCKOH MpaKTUKE JJIS JIEUeHUs] PA3TMUHbBIX XPOHHU-
YecKUX 3a00JIeBaHUH, UMEIONIUX COOTBETCTBYOIIINE
JUIST 5TOTO TIOKa3aHUs. YKe ¢ Hadajia 1940-X IT.
HCIIOJIb30BaHUE TTIOKOKOPTUKOUTHOHN TEPATIHU JIJIst
JledeHHs1 ayTOMMMYHHBIX 3a00JIeBaHUN O3HAMEHO-
BaJIOCh MacCOM OCJIOKHEHUH, CBA3aHHBIX ¢ MeTabo-
JIMYECKUMHU HapyIeHussMHu [1]. TecHas cBSA3b MEKIY
BEPOSITHOCThI0 BO3HUKHOBEHUs 3a00JIEBaHHUS U
JT030U ¥ CXeMOM JIeYEHHU S IIIPOKO OCBEIIlEHA B JIUTE-
patype [2, 3]. MexaHu3Mbl AUAOETOTEHHOTO JeH-
crBus I'KC MHOrorpaHssl, cpeii OCHOBHBIX MOKHO
Ha3BaTh WHAYKIIVIO PE3UCTEHTHOCTH K MHCYJIUHY U
JUCHYHKITUIO OCTPOBKOBBIX KJIETOK IIOJIKETyA0U-
HOM »Kese3bl [4].

[TangeMuss HOBOM KOPOHABUPYCHOU HHQEKITUHN
(COVID-19) cmnocoberBoBasia erne OOJbIIEH aKTya-
JIM3anuu JaHHOU po6iieMbl. CHCTEMHBIE KOPTUKO-
CTEPOUIBI CIIOCOOHBI TOJIABJIATH ITUTOKUHOBBIA
IIITOPM U CHU?KATh PUCK Pa3BUTHUS OCTPOTO pecrupa-
TOPHOTO JIUCTPECC-CHHAPOMA, IIOBBINIAS, TAKUM
06pa3oM, BepOSITHOCTb OJIATONPUATHOTO MCXOZa
COVID-19. Mcnoab3oBanue cucreMHbix I'KC sBiis-
€TCsI HEJIOPOTUM U JIOCTYITHBIM JIEUeHHUEM, KOTOPOe
MOKET MPUMEHATHCA B TJI0OATBHBIX MaciTabax [5].

Hanuune y marmuenta ¢ COVID-19 komopous-
HOTO COCTOSIHUS He CIIOCOOCTBYeT 6JIarOIpPUATHOMY
ucxony 3abosieBaHusA. Tak, coOrJlacHO HCCJIe/IOBa-
HHUSM 4YacTora Tsikesioro reuenuss COVID-19 6bLi1a B
1.3—3.9 pa3a BbIlIIIe, a YaCTOTA JIETATLHBIX UCXO/IOB B
1.5—4.4 pasa BbIIIIE Yy JIIOJEH ¢ caxapHbIM AUa0eTOM
10 CPaBHEHUIO C MaIueHTaMu 0e3 3TOU MaTOJIOTUH
[6], a coueTanue CJI, oKUpEHUS U apTEPUAIIBHOU
TUNIEPTEH3UN YBEJIMYMBAET PHCK JIETAJIHHOTO
KCXO0/1a TTOYTHU B 5 pas [7]. Eciiu mpuHATh BO BHUMAa-
HUE, 9To 86 % 60s1bHBIX C/] cTpa/iaroT M30BITOYHOMN
MAacCCOU TeJIa UJIU 0’KUPEHUEM, CTAHOBSTCA IIOHATHBI
WCTUHHBIE MacmTabbl mpobsiembl [8]. ITomumo
9TOTO, CJIEJ[yeT YYUTHIBATh HEMOCPEJCTBEHHOE
IATOTOKCcHUYeckoe Bosaercreue SARS-CoV-2 Ha
B-KJIETKM TOJKETYIOUHON >KeJie3bl, TelaTOIUTHI,
MHOLMTHI U T.7. [IOBpeK/ieHre B-KIETOK sIBJISETCS
HETIOCPEJICTBEHHOW TPUYMHOU BO3HHUKHOBEHUS
WHCYIUHOIeDUITUTA, CHUKEHHUs] YPOBHS COOCTBEH-
HOT'O MHCYJIMHA U, KaK CJIEJICTBUE, TUIIEPTIMKEMUH.
U TOKHMHOBBIA IITOPM JOTIOJTHUTETHHO YCUJIUBAET
WHCYJIMHOPE3UCTEHTHOCTh U, TAKUM 00pa3oM, ycy-
rybsiseT runepryimkeMuio [9]. 'unepryimkemus cBs-
3aHa ¢ yxyameHueMm nportHosza COVID-19 u saBada-
eTCs He3aBHCUMBIM MPETUKTOPOM TSIKEJIOTO Tede-
Hus 3a60s1eBanus [10]. [ToBpexkeHre renaToruToOB

INTRODUCTION

Such a complication as steroid-induced diabe-
tes mellitus (DM) has been known since the first
use of corticosteroids (CS) in clinical practice for
the treatment of various chronic diseases having
appropriate indications for their administration.
Since the early 1940s, the use of glucocorticoid
therapy for the treatment of autoimmune diseases
has been marked by a mass of complications asso-
ciated with metabolic disorders [1]. The close rela-
tionship between the probability of disease occur-
rence and the dose and treatment regimen is
widely covered in the literature [2, 3]. The mecha-
nisms of the diabetogenic action of CS are multi-
faceted, among the main ones are induction of
insulin resistance and dysfunction of pancreatic
islet cells [4].

The pandemic of a novel coronavirus infection
(COVID-19) has contributed to an even greater
urgency of this problem. Systemic corticosteroids are
able to suppress the cytokine storm and reduce the
risk of acute respiratory distress syndrome, thus
increasing the likelihood of a favorable outcome of
COVID-19. The use of systemic CS is an inexpensive
and affordable care that can be applied on a global
scale [5].

The presence of a comorbid condition in a
patient with COVID-19 does not contribute to a
favorable outcome of the disease. Thus, according
to studies, prevalence of severe COVID-19 was
1.3—3.9 times and mortality was 1.5—4.4 times
higher in people with diabetes compared to
patients without this pathology [6], and the com-
bination of diabetes, obesity, and hypertension
increases the risk of death by almost 5 times [7]. If
we take into account that 86% of DM patients are
overweight or obese, the true scale of the problem
becomes clear [8]. In addition, the direct cytotoxic
effect of SARS-CoV-2 on pancreatic [3-cells, hepa-
tocytes, myocytes, etc. should be taken into
account. Damage to [-cells is the direct cause of
insulin deficiency, a decrease in the level of native
insulin and, as a consequence, hyperglycemia. The
cytokine storm additionally enhances insulin
resistance and, thus, exacerbates hyperglycemia
[9]. Hyperglycemia is associated with a worsening
of the COVID-19 prognosis and is an independent
predictor of the severe course of the disease [10].
The lesion of hepatocytes and myocytes leads to
increased insulin resistance [11].

With the use of CS, the risk of diabetes mellitus
onset, decompensation of the glycemic profile, and
the occurrence of transient hyperglycemia
increases. For this reason, it is particularly urgent
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U MUOITUTOB BeJleT K YCUJIEHHUIO WHCYJIMHOPEe3UC-
TEHTHOCTH [11].

Ha ¢doHe npuema IiIl0KOKOPTUKOU/IOB TOBBIIIIA-
eTcsi PHUCK MaHH(ecTaluu caxapHoro auabera,
JIEKOMIIEHCAIIUH [VIMKEMHUYECKOT0 Mpoduia, a
TaKKe BO3HUKHOBEHUs TPAH3UTOPHON THIEPTJIU-
kemuu. [To aToM mpuyrHe 0000 AKTYaTbHBIM SIBJISI-
€TCs MOUCK MPUHITATTHATIFHO HOBBIX JIEKAPCTBEHHBIX
Cpe/icTB, He TOJBKO 35(P@EKTUBHO CHUKAIOIIUX
cofieprKaHue TIII0KO3bI B KPOBH, HO TaK:Ke HOPMAaJIu-
3YIOIUX OOMEHHBIE MPOIECCHI, JIEsKAIINE B OCHOBE
narorenesa C/I.

B Hay4JHBIX IyOJIMKAUAX ITOCJIEHETO JIeCATHIIE-
TUSI HEPEJKO BCTPEUYAlOTCA JaHHBbIE O OHOJIOTHYE-
CKOH aKTHUBHOCTHU OT/I€JIbHBIX ITPOU3BOHBIX ITHAHO-
THoaneraMmusia. Tak, IMOKAa3aHO, YTO HEKOTOpbIe
00pasIpl MHAHOTHOAIIETAMUIA 00J1a/]al0T BHICOKOU
renaToONMpPOTEKTOPHON [12—14] W aHAIBreTUYECKOH
[15, 16] aKTHBHOCTBIO, BRIPA’KEHHBIMU ITPOTHBOBOC-
MaJTUTENbHBIM [17, 18], aHTHAEIpeccaHTHBHIM [19],
aHaJIenTUYeCcKuM [20] ¥ aganToreHHbIM [19]
a¢dexramu.

IMpeaBapuTeIbHO HaMHU OB MPOBEAEH BUPTY-
aMbHBI  OMOCKPUHUHT  CHHTE3HWPOBAaHHBIX Ha
0aze HAyYHO-UCCIJIEOBATEIHCKOH  J1aOOpaTOPUH
«Xumakce» (JIyraHCKUU TOCYIapCTBEHHBIN YHUBED-
cuteT uM. Biagumupa [lass) 170 HOBBIX IIPOU3BO-
JTHBIX JTU- U TETPATUJIPOITUPHUINHOB [21] C HCIIOJIB30-
BaHUEM CJIEAYIONUX OHJIAaWH-pecypcoB: SwissTar-
getPrediction (Swiss Institute of Bioinformatics;
http://swisstargetprediction.ch/index.php), Online
SMILES Translator and Structure File Generator
(U.S. National Cancer Institute; https://cactus.nci.
nih.gov/translate/), OPSIN: Open Parser for
Systematic IUPAC nomenclature (University of
Cambridge, Centre for Molecular Informatics;
https://opsin.ch.cam.ac.uk/).

OToOpaHHbIE € TMOMOIINBIO STHUX IIPOrpaMM
YEeThIPE HOBBIX MIPOU3BOIHbBIX MUPUIUHA SBJISIIOTCS
HanboJIee MePCIEKTUBHBIMU, C YYETOM IIPEATIOIIara-
eMbIX OuoMuIleHeH, i (GapMaKOKOPPEKIIUH
TUIIEPTJIMKEMHUYECKOTO cocTosiHusA. X yabopaTop-
HbIE MHUDPBI — CV-150, cV-140, cv-083, jen09-039 u
COOTBETCTBYIOIIlEE XUMHYECKOE CTPOEHHE MPE/ICTaB-
JIEHBI Ha PHUC. 1. ITH COEAUHEHUS SIBJISIOTCI 00BbeK-
TaMu U1 JAIbHEUIINX HAIUX JOKIUHUYECKUX
HCCJIEZIOBAHUN I10 U3YYEHHIO TUIIOTJIMKEMUYECKON
AKTUBHOCTH.

[TepeyeHb MOTEHITMAJBHBIX  OHMOJIOTHYECKUX
MUIIIEHEH, K KOTOPBIM BBIIIENePeYrCIeHHbBIE COEU-
HEHUs TIPOSIBUWIN BBICOKYIO CTEIleHb CPOJICTBA
in silico, oka3zajcsg OCTATOYHO Pa3HOOOPA3HBIM.
Cpemu camMbIX BEPOATHBIX TOYEK IPUJIOKEHUS
MOKHO [TEPEYUCTUTH CIIeIYIOIIIHE:

to search for fundamentally new drugs that not only
effectively reduce blood glucose, but also normalize
the metabolic processes underlying the pathogene-
sis of DM.

In scientific publications of the last decade, data
on the biological activity of some cyanothioacet-
amide derivatives are often found. Thus, it has been
shown that some cyanothioacetamide derivatives
have high hepatoprotective [12—14] and analgesic
[15, 16] action, pronounced anti-inflammatory [17,
18], antidepressant [19], analeptic [20] and adapto-
genic [19] effects.

Previously, we conducted in silico screening of
synthesized compounds on the basis of the Chemex
Scientific Lab (Vladimir Dahl Lugansk State Uni-
versity) 170 new derivatives of di- and tetrahydro-
pyridines [21] using the following resources: the
Swiss Target Prediction developed by scientists at
the Swiss Institute of Bioinformatics (http://swiss-
targetprediction.ch/index.php), Online SMILES
Translator and Structure File Generator (U.S.
National Cancer Institute; https://cactus.nci.nih.
gov/translate/), OPSIN: Open Parser for System-
atic IUPAC nomenclature (University of Cambridge,
Centre for Molecular Informatics; https://opsin.
ch.cam.ac.uk/).

Four new pyridine derivatives selected with the
help of these webtools are the most promising, tak-
ing into account the expected targets for pharmaco-
logical treatment of hyperglycemic state. Their labo-
ratory codenames — cv-150, cv-140, cv-083, jeno9g-
039 and the chemical structure are shown in Fig. 1.
These compounds are objects for our further preclin-
ical studies of hypoglycemic activity.

The list of potential biological targets to which the
above compounds showed a high affinity in silico
turned out to be quite diverse. Among the most likely
targets the following can be named:

« different adenosine receptors (cv-150, cv-083,
jen09-039);

« glycogen synthase kinase-3 beta (GSK 3) (cv-
140, cv-083, jen09-039);

 different endothelin receptors (EDNRA wu
EDNRB) (cv-140, cv-083, jen09-039);

« different cannabinoid receptors (CB1 u CB2)
(cv-150, cv-083, cv-140);

« rhodopsin-like G protein-coupled receptor 119
(Gpr119) (cv-140, cv-083).

In addition to the general affinity trends for cer-
tain biological targets, the compounds we have
selected also have unique differences. Thus, the
cv-150 compound is likely to action on corticosteroid
receptors (NR3CI), enzyme system of the micro-
somal liver cytochrome P-450 (CYP2Cg9, CYP2Ci9
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Fig. 1. Structural formulas and laboratory codenames of 4 new pyridine derivatives

* aJIEHO3WHOBBIE DPEIENTOPhI Pa3HBIX KJIACCOB
(cv-150, cv-083, jen09-039);

« depMeHT KHHa3a-3-IIMKOTEHCUHTA3bl Oera
(GSK 3p) (cv-140, cv-083, jen09-039);

e DHJIOTEJINHOBHIE PEIENTOPHl PAa3HbIX THUIIOB
(EDNRA u EDNRB) (cv-140, cv-083, jen09-039);

* KaHHAOWOWIHBIE PELEeNTOPhl PA3HBIX THUIIOB
(CB1u CB2) (cv-150, cv-083, cv-140);

e pozmoncuHONOAOOHBIH penentop Gpriig (cv-
140, cv-083).

[ToMuMO OOITUX TEHAEHIINI CPOJICTBA K OIpE/Ie-
JIEHHBIM OMOJIOTUYECKUM MHUIIIEHSIM Y OTOOPaHHbIX
HAMU COeIMHEHUU eCThb M YHUKAIbHBIE OTJIMUMSL.
Tax, 1711 coeTUHEHUS CV-150 XapaKTEPHO BEPOATHOE
BOBJIEMCTBHE HA PEIENTOPhl TIIOKOKOPTHUKOUIOB
(NR3CI), depmeHTHYIO CcHCTEMY MUKPOCOMAJIBHOU
cucTteMbl IledeHH 1uroxpoma P-450 (CYP2Co,
CYP2C19 u CYP2EI) u cepOTOHHHOBBIN pPeLENTOp
(HTR6). [lns coequHeHUA CV-140 MPOTHO3UPYETCS
BO3/IEHICTBHE Ha OPEKCHHOBEIE perienTopsl (Hertr1 u
Hertr2), depmeHT MOHOAMUHOOKCHZA3y THUMma A
(MAO-A), peuentops! k aurunoreH3uny 11 tumna 1A u
1B (Agtr1 u Agtrib) u penenTops! k fobaMuHy 2-T0 H
3-ro tuna (DRD2 u DRD3). [lj1s1 coequHeHus cv-083
BO3MOKHO B3aMMOJIEHICTBHE C CUTMa-OITHOUTHBIMI

and CYP2EI), and serotonin receptor 6 (HTR6). The
effect on orexin receptors (Hertr1 and Hertr2),
enzyme type A monoamine oxidase (MAO-A), angio-
tensin II type 1A and 1B receptors (Agtr1 and Agtrib),
and dopamine receptors 2 and 3 (DRD2 and DRD3)
is predicted for the cv-140 compound. For the cv-083
compound, an interaction with sigma receptors (Sig-
mar1), dopamine receptor 4 (DRD4), serotonin
receptors 2A, 2B, 2C (HTR2A, HTR2B, HTR2C) is
possible. For the compound jen09-039, an action on
the angiotensin converting enzyme (ACE), arginine
vasopressin 1a and 2 receptors (AVPR1a and AVPR2),
renin receptors (Ren1) and neprilysin (membrane
metalloendopeptidase — MMe) is probable.

Taking into account the above possible mecha-
nisms of action on a living organism, the hypoglyce-
mic, hypotensive, adaptogenic, antidepressant
effects of synthesized compounds can be expected in
vivo. It is likely that there is a regulating action on
metabolic processes in the form of an organ protec-
tion, in particular due to normalization of peripheral
blood circulation, which is especially important in
diabetes mellitus. In addition, it is possible to nor-
malize the activity of the nervous system in sleep-
wake rhythm disorders, which is very relevant for
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petierrropamu (Sigmari), 10baMHUHOBBIMU PEIENITO-
pamu 4-ro tumna (DRD4), cepOTOHHHOBBIMHE PEIETO-
pamu 2-ro tuna noaTumnos A, B, C (HTR2A, HTR2B,
HTR2C). [lns coenuHeHHsI jen09-039 BepPOATHO
BO3/IEHICTBHE HA aHTHOTEH3UHITPEBPAIIIAIONTHUH (pep-
meHT (ACE), perienTopsl Ba3ompeccrHa TUTIOB 1a U 2
(AVPR1a u AVPR2), penentopsl peHuHa (Reni) u
HelponenTy/ Henprtu3ud (Mme).

YuuThpiBasg BHIIIENIEPEUHCIEHHbIE BO3MOXKHbBIE
MeXaHU3Mbl BO3/IEWCTBUS Ha KUBOU OPTaHU3M,
MOXKHO OXKHJATh 1IN VIV0 THUIIOTJIMKEMUYECKUH,
TUTIOTEH3UBHBINA, aIalITOTeHHBIN, aHTHIEIPECCAHT-
HBIH 5(Q@eKThl CUHTE3UPOBAHHBIX COEJUHEHUM.
BeposiTHO HasMUUe pPETyJIMPYIOIETO JIEUCTBUS HA
MeTaboJInuecKue IPOIEeCChl B BUIE OPTaHOMPOTEK-
TOpHOTO 3 deEKTa, B YJaCTHOCTU 32 CUET HOPMAaJIN3a-
oy nepudepruueckoro KpoBooopalieHusi, 4To 0Co-
OeHHO BO)KHO IIPHU caxapHoM auabere. Kpome 3TorO,
BO3MOYKHA HOPMAaJIU3AIUA JIeSITeIbHOCTA HEPBHOU
CHUCTEMBI B YCJIOBUSAX HApPYIIEHUS PUTMOB CHA H
60 PCTBOBAHUS, YTO OUEHDb aKTYaJIbHO IIPU TOHM WJIH
WHOU (opMe OKUpEeHHUs U MeTaOOJIMYECKOM CHH-
JIDOME B TIEJIOM.

Bes mpeyBesrmueHus MOXKHO CKa3aTh, YTO HA JIAH-
HBIH MOMEHT HAOJIIOMAIOTCS HECKOJIBKO OJHOBpE-
MEHHO MMPOTEKAIOIINX U YCYTYOJISIOMKX JIPYT Apyra
maHAeMuii UHQEKIMOHHOTO U HEWH(EKIIMOHHOTO
npoucxoxkaeHus. [laaaemMusavu HeUH(EKITHOHHON
MPUPOJIBI JIABHO HPHUHITO CYUTATHh ITOCTOSHHBIA
poct uymcia 3aboJIEBIIMX CAaXapHBIM JUA0ETOM,
CEepAeYHO-COCYTUCTBIMU 3a00IEBAHUSMU U OKUPE-
HueM. [IalieHThI ¢ BBIIIENepeYrncIeHHBIMU 32601e-
BaHUSAMM COCTABJIAIOT TPYIIIY PHCKA B CIyyae 3apa-
JKEeHUs KopoHaBupycoM. KomiuiekcHasi mpobJiema
TpebyeT KOMILJIEKCHOTO TI0/IX0/[a, II03TOMY CBOEBpE-
MEHHBIM U aKTyaJIbHBIM CJI€JyeT CYUTATh IIOUCK
HOBBIX JIEKAPCTBEHHBIX COEIMHEHUUN HE TOJIBKO C
TUTIOTJIMKEMHUYECKON aKTUBHOCTBIO, HO U C IPYTUMHE
CBOMCTBAMU, HAIIPABJIEHHBIMHU HA KOPPEKIINIO MeTa-
6oynueckux HapymeHuil. Ha aTom ¢ oHe oueHs mep-
CIIEKTUBHO BBIIVIAIUT OOIIHMpPHAs TPYIA COeUHE-
HUH YaCTUYHO T'UJIPUPOBAHHBIX MUPUIUHOB.

IIEJIb NCCJIEAOBAHUA

Usyuenne MOpGOJIOTHUECKUX  ITOKasaresei
IleYyeHU KpBIC IIEePHOJia BBIPAXKEHHBIX CTapPUYeCKUX
U3MeHEeHUH ¢ IeKCAaMeTa30HOBBIM CaXapHbIM Jiuabe-
ToM Ha ¢oHe (papMaKOKOPPEKIIMU HOBBIMU dYac-
TUYHO TUJPUPOBAHHBIMU MUPUAUHAMH, IIPOU3BO-
JIHBIMU ITHAHOTHOAI[eTAMU/IA.

MATEPUAJIbI 1 METO/IbI

HccnenoBaHua NPOBOAUIN B COOTBETCTBUH C
MpaBWIaMU KAa4eCTBEHHOHW JIaOOpaTOPHOU Mpak-

one or another form of obesity and metabolic syn-
drome in general.

It is no exaggeration to say that, at the moment,
there are several simultaneously occurring and
aggravating pandemics of infectious and non-infec-
tious origin. Pandemics of non-infectious nature
have long been considered to be a constant increase
in incidence of diabetes, cardiovascular diseases and
obesity. Patients with the above diseases constitute a
risk group in case of infection with coronavirus. This
problem requires an integrated approach; therefore,
the search for new pharmaceuticals not only with
hypoglycemic activity, but also with other properties
for treatment metabolic disorders should be consid-
ered timely and relevant. Thereby, an extensive
group of compounds of partially hydrogenated pyri-
dines looks very promising.

AIM OF THE RESEARCH

To study the morphological parameters of the
liver of dexamethasone-induced diabetic rats during
a period of pronounced senile changes in the setting
of pharmacological treatment with new partially
hydrogenated pyridines, cyanothioacetamide deriva-
tives.

MATERIALS AND METHODS

The experiments were conducted in accordance
with the rules of Good Laboratory Practice, estab-
lished requirements for preclinical research in the
Russian Federation (Order of the Ministry of Health
of the Russian Federation No. 708n of August 23,
2010), as well as the recommendations of the Euro-
pean Convention for the Protection of Vertebrate
Animals used for Experimental and other Scientific
Purposes (1997).

The experiment was carried out on 92 18-month-
old albino male rats weighing 340—640 g, obtained
from the vivarium of the St. Luka Lugansk State
Medical University, in the winter period — in the lab-
oratory of the Department of Fundamental and Clin-
ical Pharmacology. The animals received food and
water in unlimited quantities. Given the high degree
of variation in the weight of experimental animals,
the groups were formed in such a way that the aver-
age weight of rats in the group was approximately
the same — 478—-502 g.

Initially, the animals were divided into 2 groups.
A group of intact animals (12 individuals) and an
experimental group (80 individuals). Modeling of
dexamethasone-induced diabetes was carried out in
the experimental group. To do this, dexamethasone
was injected into the intraperitoneal space for 13 days
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THKH, YCTAaHOBJIEHHBIMH TPEOOBAHUAMU K JIOKJIU-
HUYECKUM uccaeoBanuaM B PO (mpuka3z MuHuH-
CTEPCTBA 3/IPABOOXPAHEHUS U COIMAIBHOTO Pa3BU-
tus Poccuiickoit ®enepanuu ot 23 aBrycra 2010 T.
N2 708H), a Takke mpaBWiIaMu B MeXyHapOI-
HBIMU peKOMeHJanusaMu EBporeickoli KOHBeH-
[IMU 110 3aIIHUTe I03BOHOYHBIX }KUBOTHBIX, UCIOJIb-
3YeMBIX B DYKCIEPUMEHTAIBHBIX HCCIE0BAHUAX
(1997 1.).

OKCIIEPUMEHT MIPOBOAWIIN HA 92 OeJbIx Oecrio-
POZHBIX 18-MeCAYHBIX KPhICAX-CaMIIaX MacCOH 340—
640 1, nosyyeHHbIX u3 BuBapua ['Y JIHP «Jlyran-
CKHUH rocy/IapCTBEHHBIN MeIUIINHCKUY YHUBEPCUTET
umenu Cearutesns Jlyku», B SUMHUE IEpUO/ B J1a60-
paropun kadeaps! QyHIaMeHTAJIbHON U KJIMHHUYE-
ckoil ¢papmakosiorud. ;JKUBOTHBIE OJIydaIyd KOPM U
BO/ly B HEOTPAHHYEHHOM KOJIUYECTBE. YUUTHIBAS
BBICOKYIO CTEIIEHb BapUAIIUH 10 MACCE ITOIOIBITHBIX
JKUBOTHBIX, TPYIIBI ObUTH CHOPMHUPOBAHBI TAaKUM
00pa3oM, 4YTOOBI CpemHsAs Macca KpbIC B TPYIIIE
ObLIa TPUMEPHO OIMHAKOBOMH — 478—502 T.

V3HavasibHO JKWUBOTHBIE OBUIM pa3/iesieHbl Ha
2 rpynmnsl. I'pynma MHTAKTHBIX JKUBOTHBIX (12 OcCo-
6eii) u ombiTHAs rpynmna (80 ocobeit). B ombITHOM
TpyIIe MOAETUPOBATN JIeKCAMETAa30HOBBIH caxap-
HBIA uabeT. JIJ1A 3TOro BBOJHMJIM BO BHYTPHOPIO-
IIIHHHOE MTPOCTPAHCTBO JIEKCAMETa30H Ha MPOTsKe-
HUM 13 CyT U3 pacyera 125 MKr/Kr [22]. Kpbic onbIT-
HOH TPYIIIBI, B CBOIO OYEPENh, PA3/IE/IIIIN Ha OFHY
KOHTPOJIBHYIO (12 JKHUBOTHBIX) M UYETBHIPE OIBITHEIE
rpynnsl (MO 17 >KUBOTHBIX). KWBOTHBIE W3 KOH-
TPOJIBHOU I'PYTIIIBI, KAK M HHTAKTHBIE *KUBOTHBIE, 10
KOHIIA SKCIIEpUMEHTAa He IMOJIBEPTaIUCh HUKAKOMY
BO3/IeHcTBUIO. ?KUBOTHBIE U3 OMBITHBIX TPYIII ITOJIY-
yayu 4yepes JKeJIy[OUHBIN 30H/ OJTHO U3 JKCIIEPHU-
MEHTJIbHBIX COEUHEHUH — CV-150, CV-140, cv-083
1 jen09-039 U3 pacyeTa 1 MI/KI Macchl Ha IIPOTsIKe-
HUH 21 CYT.

Ha npoTsokeHUM BCeX STalloB JKCIEPUMEHTa
MIPOBOJIMJINCh BU3yaJIbHbIe HAOJIONEHNS 32 BHEII-
HUM BUJIOM >KMBOTHBIX, a TAKXKE 32 UX IIOBeJleHYe-
CKUMHU peakiuaMu. I10 OKOHYaHUHU SKCIIepUMeEHTa
OBLIO OCYIIECTBJIEHO KOHTPOJIBHOE B3BEIIMBAHIE
Ka)1010 *KHUBOTHOTO (M, ), mocsie yero 6bLia mpo-
BeJleHa DBTaHA3UsA BCEX IIIECTH TPYIII 3 KUBOTHBIX IIOJ
a¢upHbIM Hapko3oM. C y4eTOM IUPKAJHBIX PHUT-
MOB, 5BTAHA3UI0 OCYIIECTBJISUIM B OFHO U TO K€
BpeMs CYTOK (B 9 U yTpa) ¢ u3BJieueHreM u3 OpIol-
HOH TOJIOCTU IEYeHU JJIsI MPOBEAEHUs OpraHoMe-
TPUYECKUX UCCIIEOBAHUM.

[TeyeHnb OCMATPUBAIN HA MPEMET IATOJIOTAYE-
CKUX HW3MEHEHWH, U3MEPSJIU C WCIOJIb30BAHUEM
TOPCHOHHBIX BecoB ee maccy (M ). B aTom skenepu-
MEHTe BIIEPBble NMPUMEHSIACH CIIENHAIBLHO paspa-

at a dose of 125 pg/kg [22]. The rats of the experi-
mental group, in turn, were divided into one control
group (12 animals) and four experimental groups (17
animals each). Animals from the control group, as
well as intact animals, were not exposed to any effects
until the end of the experiment. Animals from the
experimental groups received one of the experimen-
tal compounds — cv-150, cv-140, cv-083, and jeno9-
039 at a dose of 1 mg/kg of the weight for 21 days via
gastric tube.

During all stages of the experiment, there were
visual observations of the appearance of animals, as
well as their behavioral reactions. At the end of the
experiment, a control weighing of each animal (W )
was carried out, after that animals all six groups were
euthanized under ether anesthesia. Taking into
account circadian rhythms, the euthanasia was per-
formed at the same time of day (at 9 a.m.) with the
removal of the liver from the abdominal cavity for
organometry.

The liver was examined for pathological changes,
its weight was measured using a torsion balance
(Worg). In this experiment, a novel method of volum-
etry of the internal organs of laboratory animals was
used for the first time [23]. The use of the volume
displacement method by means of a graduated cylin-
der and a standard syringe kit simplified obtaining
the exact value of the rat liver volume (Vmg), despite
the complex spatial configuration of this organ. In
order to preserve the structure of the organ, normal
saline was used as the displaced liquid. Based on the
data obtained, the calculations of the relative weight
of the liver were made (W _ =W /W . -100%) and

liver density (p =W,/ VO:)I. S

For each data set, the mean value (M), standard
error (m), root-mean-square deviation o, variance of
values 0 and coefficient of variation V were calcu-
lated. The calculations were carried out using Micro-
soft Excel 6.0. The evaluation of statistical signifi-
cance was determined using the Student’s test

(p < 0.05).

RESULTS AND DISCUSSION

At the stage of modeling steroid-induced diabe-
tes, when dexamethasone was administered to ani-
mals of experimental groups, a stable decrease in
body weight was recorded in all rats. In the group of
intact animals, on the contrary, the body weight of
the rats increased. During this period, observation of
animals testified to significant differences in the
appearance and behavioral reactions of the experi-
mental animals from intact ones, characteristic of
the DM pathogenesis.
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OoTaHHAsT METOJIMKA BOJIIOMETPUU BHYTPEHHUX
OpraHOB J1aOOPATOPHBIX JKUBOTHBIX [23]. Vcmosib3o-
BaHWE METO/Ia BBITECHSIEMOU >KUKOCTU IIOCPEs-
CTBOM IPUMEHEHHS MEPHOTO ITWJIMHJIpa U Habopa
CTAHZIAPTHBIX MEIUIMHCKUX IIIIPUIEB YIIPOCTHIIO
MOJIyYeHHe TOUHOTO 3HaUeHHUsI 00beMa IeYeHHN (Vopr)
KPBICBI, HECMOTPS Ha CJIOKHYIO ITPOCTPAHCTBEHHYIO
KOH(Uryparuo 31oro oprada. C 1ej1bio COXpaHeHUs
CTPYKTYpbI OpraHa B KauyecTBE BBITECHAEMOU >KU/I-
KOCTH OBLI HCIIOJIb30BaH (PUBHOJIOTHUECKUI pac-
TBOP. VICXO0/1s1 M3 OJIyYeHHbIX TaHHBIX OBLIH ITPOU3-
BeJIEHHBI pacueThl OTHOCUTEJIBHOW MAaCChl IT€UYEeHU
™M, = MOpr / M - 100 %) ¥ IUIOTHOCTH IEeYeHU
(p=M,,/V,).

JIJ1s KadKI0ro MacCcUBa JAHHBIX ObLIO BEIYMCIEHO
cpenHee 3HaueHue (M), cranymaptHas omubka (m),
CTaHJIJApTHOE CPEIHEKBAJ[PATUUYHOE OTKJIOHEHUE O,
JUCIiepCcHusi 3HAaUYeHUW 0° U Ko3((UIMEeHT Bapua-
nuu V. PacueTsl NPOBOAWJINCH C MOMOIIBIO IIPO-
rpammbl Microsoft Excel 6.0. OreHKy craTucTiHue-
CKOU 3HAYMMOCTH HPOBOJIWJIN C IIOMOIIBIO KpUTe-
pus CrpiofenTa (p < 0.05).

B

PE3YJ/IBTATBI 1 OBCYKAEHUE

Ha srame MojeupoBaHUsI CTEPOUHOTO caxap-
HOro nuabera, KOTa OMBITHBIM IPYIIIaM KUBOTHBIX
BBOJIWJICA JIeKCAMETa30H, V BCeX KPBIC 3apUKCUPO-
BaHO cTaOMJIPHOE CHIJKEHUE MacCChl Tela. B MHTaKT-
HOI TpyIIlle, HAIIPOTUB, Macca TeJa KPbIC YBEIUYIHU-
BaJIach. B aTOT mepuo/ HabIII0/IeHNEe 32 JKUBOTHBIMHU
CBUJIETEJILCTBOBAJIO O CYIIECTBEHHBIX OTIUUHAX
BHEIIIHETO BU/IA U ITOBEAEHUYECKUX PEAKIIUH OIIBIT-
HOM TPYIIIBI OT UHTAKTHOM, XapaKTEPHBIX JIJIs I1aTO-
reresa C/I.

Ha srame dapMakoOKOppeKIUU KHUBOTHBIE BOC-
CTaHABJIMBAJIU IOTEPSHHYIO MacCy TeJia. TO HabJIIo-
JlaJIoch B KOHTPOJIbHOH U BO BCEX UETHIPEX OMBITHBIX
rpymnmnax. IIOMHMO 3TOTO, YJIydIIajioch COCTOSHUE
IIEPCTAHOTO TOKPOBAa, HAYa/IM 3a)KUBAaTh PaHbl U
s13BBI (IIOSIBUBIIIMECST HA BTalle MOJEJTHUPOBAHUA) U
YMEHBIIAJIACh YACTOTA IIPOSIBJIEHHH arpeccuBHOTO
moBeieHusA. Ha mpoTspkeHUU SKcliepuMeHTa ObLia
3aduKcupoBaHa THOENb 10 KUBOTHBIX. [lorubirme
JKUBOTHBIE WMEJIH SIBHO BBIPDA’KEHHBIE IIPU3HAKHU
MO3/THUX COCYJUCTBIX OCJIOKHEeHUH. CMEPTHOCTh B
KOHTPOJIPHOM TpYIIe COCTaBWJIA 4 >XUBOTHBIX
(25 %), B ONBITHOU TpymIle — cV-083 3 KUBOTHBIX
(17.6 %) 1 B OIIBLITHO TPYIITIE jen09-039 — 4 KUBOT-
HBIX (23.5 %). B MHTAKTHOI TpyIlle M OIMBITHBIX
rpyInax, MOJay4aBIIUNX YACTHYHO TUPHUPOBAHHBIE
MUPUIUHBI CV-150 U CV-140, CMEPTHOCTDb KPBIC HAMHU
3apervcTpupoBaHa He ObLia.

PesynbraThl M3MEPEHUH U PACUYETOB IIPEICTAB-
JIeHBI B Ta0JI. 1.

At the stage of pharmacological treatment, the
animals regained their lost body weight. This was
observed in the control group and in all four experi-
mental groups. In addition, the condition of hair
coat improved, wounds and ulcers (which appeared
at the modeling stage) began to heal, and the fre-
quency of aggressive behavior decreased. During
the experiment, the death of 10 animals was
recorded. The dead animals had pronounced signs
of late vascular complications. Mortality in the con-
trol group was 4 animals (25%), in the experimental
group cv-083 — 3 animals (17.6%), and in the exper-
imental group jen09-039 — 4 animals (23.5%). In
the group of intact animals and the groups of exper-
imental animals receiving partially hydrogenated
pyridines cv-150 and cv-140, we did not register rat
mortality.

The results of measurements and calculations are
presented in Table 1.

Although the dynamics of a decrease and increase
in body weight took place, as can be seen from
Table 1,eventually, the dynamics of their numerical
values do not have statistical significance in all
experimental groups, and in the control group.
A constant and stable increase in body weight in the
intact group reliably indicates the continuation of a
slow weight gain characteristic of the period of pro-
nounced senile changes and is within 0.01-0.2% of
body weight daily [24].

According to the data from Table 1, the liver
weight was minimal in the group of intact ani-
mals, both in absolute and relative terms. The
minimum liver weight was detected in the experi-
mental group cv-150, the absolute value of which
was less than that in the group of intact animals.
However, the relative weight of the liver of this
group of animals was comparable with the same
indicator in the group of intact animals. The max-
imum liver weight, both in absolute and relative
terms, was recorded in animals of the control
group. An intermediate position for liver weight is
occupied by groups of animals that received phar-
macological treatment with cv-150 and cv-140
compounds, the relative weight indicators of
which do not have significant differences between
each other. The indicators of the absolute liver
weight of rats in the experimental group jenog-
039 are close to the indicators of the intact ani-
mals. However, given the relatively small body
weight of the animals themselves, the relative
liver weight indicator has the maximum value
among the experimental groups and is close to
that in the control group.
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Ta6smmua 1. /[uHaMuvecKasi XapaKTepHUCTHKA U3MEHEHUsI MacChl TeJIa, TOKa3aTe/IM OTHOCUTEbHON U a6COJIIOTHON Macchl,
06'beMa U IJIOTHOCTH MeYeHH JIab0PaTOPHbBIX XKUBOTHBIX CO CTEPOU/IHBIM CaxapHbIM A1abeToM U GpapMaKoOKOppeKIuen
MPOM3BOJHBIMHU [IHaHOTHOAIlETAMK/IA — YACTUYHO I'HAPUPOBAHHBIMU MTUPUJUHAMHA

Table 1. Dynamic characteristics of body weight changes, indicators of relative and absolute weight, volume and density of
the liver of laboratory animals with steroid DM and treatment with cyanothioacetamide derivatives - partially hydrogenated

pyridines
Ipupoct/
LT L KoHeyHast CHHXKeHHE A6coTI0T- 06bem Ili10oTHOCTB
Iloka- Macca Tesa OTHOCHUTE/Ib-
MaccaTeJa MacchlTe/la Hag Macca ne4yeHH INeYeHH
I'pynna 3a- KHBOTHOTO = = oro (%) e (1) HasA Macca (cv) (r/cw?)
KUBOTHBIX e (0] (r) Inocrease/ Absolute T () Liver Liver
Animals Indi- Baseline . . . Relative liver .
Final body decrease liver weight . volume density
cator body - . weight (%) 2 g
. weight (g) in body (8) (cm?) (g/cm?)
weight (g) weight (%)
WHTaKTHas M 481.75 514.25 107 14.44 2.80 14.00 1.03
Intacltz m 16.26 21.43 3 0.80 0.09 0.80 0.01
(n=12) o? 3174.20 5510.09 0.0121 7.673 0.096 7.618 0.0009
o 56.34 74.23 0.110 2.77 0.310 2.76 0.030
\Y 11.7 14.4 10.3 19.2 11.1 19.7 291
KontposibHas M 489.86 485.29 100 16.43 3.40 16.08 1.02
Contgol m 34.60 29.35 5 1.33 0.21 1.16 0.01
(n=9) o? 8377.81 6030.24 0.0177 12.328 0.308 9.411 0.0012
o 91.53 77.65 0.133 3.51 0.555 3.07 0.035
\Y 18.7 16.0 13.3 21.4 16.3 19.1 3.41
OnbITHas M 492.73 470.60 96 12.90 2.74 12.42 1.04
Expiggnental m 19.66 19.28 1 0.68 0.09 0.61 0.03
(CVL ) o? 5799.07 5576.97 0.0033 6.925 0.135 5.558 0.0129
(n=17)
o 76.15 74.68 0.058 2.63 0.367 2.36 0.113
Y 15.5 15.9 6.0 20.4 13.4 19.0 10.9
OnbITHas M 492.21 494,29 101 15.13 3.05 14.62 1.03
Expii}iglental m 14.42 12.84 1 0.55 0.06 0.38 0.01
(CVL ) o? 2909.41 2306.37 0.0015 4.303 0.047 2.048 0.0030
(n=17)
o 53.94 48.02 0.038 2.07 0.216 1.43 0.055
\Y 11.0 9.7 3.8 13.7 7.1 9.8 5.34
OnbITHas M 502.38 487.46 97 14.90 3.07 13.60 1.10
Expgg;nental m 14.49 20.89 3 0.71 0.11 0.71 0.02
EZ‘: 14)) o? 2728.09 5675.44 0.0096 6.490 0.15 6.527 0.0040
o 52.23 75.34 0.098 2.55 0.387 2.55 0.063
\Y 10.4 15.5 10.1 17.1 12.6 18.8 5.75
OnbITHAsA M 477.67 476.50 99 14.73 3.15 13.71 1.08
E%%%Fi(l)l;ental m 23.26 27.04 2 0.61 0.12 0.60 0.02
81 Z 1'3) ) o? 6493.33 8773.91 0.0053 4,422 0.17 4.274 0.0037
o 80.58 93.67 0.073 2.10 0.418 2.07 0.061
\% 16.9 19.7 7.3 14.3 13.3 15.1 5.65

JlmHaMUKa CHIDKeHHs W Habopa Maccel Tesa
JKUBOTHBIMH XOTh U MMe€JIa MECTO, OJJHAKO B KOHEU-
HOM HTOTe, KaK BUJHO W3 TabJ. 1, YUCJIEHHbBIE HX
[I0Ka3aTeJId He MMEIOT CTATUCTUYECKON 3HAYNMOCTH
BO BCEX OINBITHBIX TPyHIax U TPYIIe KOHTPOJIA.
IToCTOSTHHBIN M CTAOMJIBHBIA POCT MacChl Tejia B
WHTAKTHOH TPYIIIIEe JIOCTOBEPHO CBUJIETEIBCTBYET O
MIPOZIOJKEHUN MeJIJIEHHOro Habopa Macchl Tesia,
XapaKTePHOTO /IS MEepPHo/ia BBIPAKEHHBIX cTapye-

In addition to such important indicators as the
relative and absolute weight of the liver, the volume
of this organ was also measured. The new indicator
allows us to calculate the density of the organ, which
was not previously mentioned in the literature. In
our opinion, the study of such indicator as the den-
sity of organ of an animal is quite important, since
the organ density depends on its structure and indi-
rectly reflects its physiological state.
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CKUX U3MEHEHUU, U HaXOAUTCsA B Ipefiesax 0.01—
0.2 % Macchl TeJjia eXKeTHEBHO [24].

CorylacHO TpeCTaBJIEHHBIM B TaOJI. 1 JJAHHBIM,
Macca IevYeHH OKa3ajlach MUHUMAIBHOU B MHTAKT-
HOH TpyIIIe >KUBOTHBIX, IPUYEM KaK IO abCOJIOT-
HOMY, TaK U II0 OTHOCUTEJIBHOMY ITOKa3aTeJIio.
MuHuManpHasg Macca IedeHH Oblla BBISBIIEHA B
OTIBITHOU TPYIIIE CV-150, aOCOTIOTHBIN IOKa3aTeh
KOTOPOH OKa3aJicsi MeHbIIIe TAKOBOTO B MHTAKTHOM
rpynne. OIHAKO OTHOCUTEJIbHAs Macca IIeYeHU B
STOU TpYIIIIe KUBOTHBIX OKa3ajaach COIIOCTAaBUMOMU C
AHJIOTHYHBIM IOKa3aTeJleM B MHTAKTHOH TPYIIIIE.
MaxkcuManpHasA Macca IedeHd, Kak B aOCOJIOTHBIX,
TaK U B OTHOCHUTEJIbHBIX II0 OTHOIIEHHWIO K Macce
TeJIa JKUBOTHBIX [TOKA3aTeJISAX, ObLIa 3aPErUCTPUPO-
BaHA Y MOJOMNBITHBIX JKUBOTHBIX KOHTPOJIBHOH
rpyminsl. IIpoMeKyTOUHOE MOJI0KEeHHE 0 TT0Ka3aTe-
JISIM MAacCChl TTIeYeHH 3aHUMAIOT TPYIIIHI JKUBOTHBIX,
OJTyJaBHINX (HapMaKOKOPPEKIIUIO COeAUHEHUIMU
CV-150 U CV-140, OTHOCUTEIbHbIE TOKA3aTe TN MaCChl
KOTOPBIX HE WMEIOT MeXAy c0oO0H I0CTOBEPHBIX
oTyinunii. ITokazaTenu abCOTIOTHON Macchl IeUeHn
KPBIC B OIIBITHOM I'PyTIIIe jen09-039 GJIU3KH K TOKa-
3aTeyIIM MHTAKTHOU rpynnbl. OJIHAKO, yUUTHIBAsA
CPaBHUTEJIBHO HEOOJIBIIYI0 Maccy Tela CaMHX
JKMBOTHBIX, I10Ka3aTejb OTHOCUTEJIHHOM MAacChl
IeYyeHn WMeeT MaKCHUMAaJIbHOe 3HauyeHUe Cpeau
OTIBITHBIX TPYIII U OJIM30K K TAKOBOMY B KOHTPOJIb-
HOU TpyTIIE.

[ToMuMO TaKUX BaXKHBIX [TOKa3aTesel, KaK OTHO-
cuTesbHas U abCOJIIOTHAS Macca IeYeHH KUBOTHBIX,
TaKkKe ObUT M3MepeH 00beM 3TOro opraHa. HoBbIi
[I0KA3aTeJb IO3BOJIIET BBIYUCIUTh ILIOTHOCTH
OopraHa, 4ero paHee B JINTepaType HE BCTPEYAJIOCh.
ITo HallIeEMy MHEHUIO, UCCIIEZIOBAaHNE TAKOTO ITOKa3a-
TeJIs, KaK IJIOTHOCTh OPraHa KUBOTHOTO, SIBJISIETCS
JIOCTATOYHO BaYKHBIM, IIOCKOJIBKY IIJIOTHOCTh OpraHa
3aBUCHUT OT €0 CTPYKTYPHI I KOCBEHHO OTPaXKAET €T0
Gu3M0IIOTIUECKOE COCTOSTHUE.

CorylacHO TIOJyYeHHBIM JAHHBIM, 3HAYeHUA
IUIOTHOCTH TIeUYeHH JKUBOTHBIX KOHTPOJIBHOM
TPYIIIBL, & TAKIKE OIBITHBIX TPYIIII CV-150 U CV-140 He
UMEIOT JIOCTOBEPHBIX OTJIMYUN B CPaBHEHUH C
WHTAKTHBIMU KpbIcaMU. [IJIOTHOCTb TeUYeHH KpPbIC
rpymn cv-083 1 jen09-039 CYIIECTBEHHO BBIIIIE, YeM
B I'PYIIE HHTAKTHBIX )KUBOTHBIX — 1.10 U 1.08 r/cM3
COOTBETCTBEHHO IPOTHUB 1.03 T/CM® B WMHTAKTHOH
rpymIe.

Pe3ynpTaThl BU3YaJIBHOTO OCMOTpA IEYEHU DKC-
MIEPUMEHTAIBHBIX JKUBOTHBIX IPEJCTaBIEHbI B
TabJI. 2.

Kak BusHO 13 TabJ1. 2, MaTOJIOTHYECKUX U3MeHe-
HUH B WHTAKTHOU TpYIIIEe 3aperHCTPUPOBAHO HeE
6bL10. [TeueHb STUX YKUBOTHBIX KMeJIa HOPMTHHYIO

According to the data obtained, the liver density
values of animals in the control group, as well as
experimental groups cv-150 and cv-140, have no sig-
nificant differences in comparison with intact rats.
The liver density of rats in the cv-083 and jenog-
039 groups is significantly higher than in the group
of intact animals. Their values were 1.10 and
1.08 g/cms3, respectively, versus 1.03 g/cm3 in the
intact group.

The results of visual observation of the liver of
experimental animals are presented in Table 2.

As can be seen from Table 2, no pathological
changes were registered in the group of intact ani-
mals. The liver of these animals was of a normal
dark crimson color. In the control group, patho-
logical changes were found in 88.9% of cases, and
in 77.8% of cases, the liver of rats of the control
group had a whitish gray color, which is character-
istic of cholestatic hepatitis caused by corticoste-
roids [25].

As compaired to the control group parameters,
there were no statistically significant differences in
the experimental group jeno9-039 — the per cent of
animals with pathological liver changes in this group
was 84.6. In the experimental group cv-083, patho-
logical liver changes characteristic of cholestatic
hepatitis were found in 28.6% of cases. In the groups
of experimental animals treated with the partially
hydrogenated pyridines cv-150 and cv-140, patho-
logical changes occurred in 41.2 and 47.1% of cases,
respectively, and the presence of only whitish color
of the organ when using the compound cv-083 — in
209.4% of cases.

CONCLUSION

According to observations of metabolic and psy-
chosomatic changes during the experiment, there
was a positive dynamic of changes in groups of ani-
mals treated with the studied cv-150 and cv-140
compounds. An important factor is the absence of
mortality in these groups. Necroptic study con-
firms the hepatoprotective activity of these com-
pounds. The c¢v-083 compound also had a positive
effect on the liver of the animals; however, the high
mortality and the maximum liver density in this
group cast a doubt on the feasibility of its use as a
hepatoprotector in steroid-induced diabetes in the
future. The jen09-039 compound did not have a
positive effect on the course of dexamethasone-
induced diabetes.
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Ta6smmna 2. Pe3y/sibTaThl HEKPOIITUYECKOT0 HCC/I€/J0BAaHUS [TeYeHH J1ab0paTOPHbBIX *KUBOTHBIX CO CTEPOU/IHBIM CaxapHbIM
nuabetoM U papMaKOKOppeKIel NPOU3BOAHBIMY [IMAHOTHOALETAMK/IA — YACTUYHO TM/PUPOBAHHBIMU MUPUUHAMU
Table 2. Results of necroptic study of the liver of laboratory animals with steroid DM and treatment with cyanothioacetamide

derivatives - partially hydrogenated pyridines

HepaBHOMepHas Ham4yue
I'pynmna >KUBOTHBIX Hopma ACHBETKA HHGUALTpaTa Besiecas okpacka Bcero
Animals Standard pacit para . Whitish color Total
Uneven color Presence of infiltration
WuTakTHas / Intact 12 0 0 12
KonTtposrbHas / Control 1 1 1 7 9
OnbiTHBIE / Experimental:
cv-150 10 1 1 5 17
cv-140 9 1 2 5 17
cv-083 10 0 0 4 14
jen09-039 2 0 3 8 13

TEMHO-MAaJIMHOBYIO OKPACKy. B KOHTPOJIBLHOH rpyIIiie
[1aTOJIOTUYeCcKHe N3MeHeHUusA IIpoABUInNch B 88.9 %
cJIydaeB, IpuyeM B 77.8 % ciydaeB nedeHb y KpPBIC
U3 KOHTPOJIBHON TpYyHIbl UMesa 0Oeyieco-cepyio
OKpacKy, YTO XapaKTEePHO /JIsI XOJIECTaTUIECKOTO
rernaTuTa, BHI3BIBAEMOIO IVIIOKOKOPTHKOCTEPOU-
Jamu [25].

JloCTOBEPHO 3HAUMMBIX Pa3JIUYUl B CpaBHe-
HUU C TIOKa3aTeJsAMH KOHTPOJBHOU TIPYHIBI B
OIBITHON TPyIIIEe jen09-039 He HaAOJIAANOCh —
IIPOLIEHT >KUBOTHBIX C OOHAPYKEHHBIMH IIaTOJIO-
rUYeCKHMHU U3MeHEeHUAMH IeYeHHU B 5TOH rpyIme
coctaBui 84.6. B onibITHOM rpyIime cv-083 matosio-
ruyecKre W3MeHEeHUs IeYeHH, XapaKTepHBIE I
X0JIECTATUYECKOTO TelaTuTa, HaOJII0aINCh B
28.6 % ciyyaeB. B ONBITHBIX IpyIIIax *XUBOTHBHIX,
[OJIyYaBIINX YACTHYHO TUAPUPOBAHHBIE IHPHU-
JUHBI CV-150 U CV-140, IIaTOJIOTUYECKHe U3MeHe-
HUSA BCTPEYAJIUCH B 41.2 U 47.1 % cJIydyaeB COOTBET-
CTBEHHO, 4 HAJIMYHE TOJIBKO OeJ1ecCO OKPACKH IIPH
HCIIOJIb30BAHUU COEMHEHUs cv-083 — B 29.4 %
cJIy4daes.
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SAK/IIOUEHUWE

CorJiacHO HaOJIIO/IEHUAM 32 METaO0JTMIECKUMH U
IICUXOCOMATUYECKUMU U3MEHEHUsMU B X0/le KCITe-
pHUMeHTa, UMeJIa MECTO IOJIOKUTEIbHAST THHAMUKA
W3MEHEHUU B TpPYIIAax >KUBOTHBIX, ITOJIyYaBIINX
(apMaKOKOPPEKITUIO HCCIEAYEMBIMU COEIMHEHU-
SIMH CV-150 U €V-140. BaxkapIM dakTOpOM fABISAETCSA
OTCYTCTBHE CMEPTHOCTH B 3THUX rpynnax. Hekponru-
YecKre HCCIIEZOBAHUs IOJITBEPIKIAIOT TelaToIpo-
TEKTOPHYIO aKTUBHOCTh STUX COeAWMHeHWH. Bemre-
CTBO CV-083 TaKKe OKa3bIBAET II0JIOKUTETHHOE BO3-
JIeHiCTBUE Ha IMeYeHb KUBOTHOTO, OJTHAKO BBICOKAS
CMEPTHOCTh ¥ MAaKCUMAaTHHBIHN ITOKA3aTeNb IIJIOTHO-
CTH TIE€YEHU B 3TOH TIpPYIIE CTABUT IO COMHEHUE
11e71ecO00Pa3HOCTh €ro HCIIOJIb30BAHUA B KauecTBe
renaTopPOTEKTOPA IIPU CTEPOUTHOM CaXapHOM JIHa-
Oete B Oymymem. CoeIlMHEHE jen09-039 HE OKa3bl-
BaeT MOJIOXKUTEJIPHOTO BJIMSHUS HAa TEUeHUE JeKCca-
MeTa30HOBOTO caxapHOro auabera.
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CpaBHUTEJBHBIN aHAJINU3 TUHAMUKN KINHUKO-(QYHKIIMOHAJIbHBIX
0CO0EHHOCTEN MEeTa00INUYEeCKOro cuHapoma y 60abHbIXx XOBJI,
nepeHecIInX HOBYI0 KOPOHABUPYCHYIO MH(EKITUIO

E.b. Kitecrep, B.A. Ensikomos, K.B. Knecrep

@I'BOY BO «Aamatickuil 2ocydapcmeeHHblil MeduyuHckuil yHusepcumem» Munadpasa Poccuu, Bapnaya, Poccus

AHHOTAIIMA

BBegeHue. HacerogHAnHUHN IeHb yCTAHOBIIEHO, UYTO GAKTOPAMU PUCKA Pa3BUTHSI HOBOH KOPOHABUPYCHOU HHOEK-
nuu (HKW), moMUMO IOKHJIOTO BO3pACTa U XPOHUUYECKOH 0OCTpyKTUBHOU Oosie3nu Jyierkux (XOBJI), sBistoTes meTabo-
Judeckre 3a00JieBaHUsI, TAKUE KaK OXKUPEHHUe, caXapHbIU auaber, aprepuanbHas runepreH3us (Al), HeayJKoroJsibHas
skupoBasi 0ose3np nevyenn (HAYKBIID), o6beHeHHBIE IOHATHEM «MeTabosmueckuil cuaapom» (MC). B To ke Bpemst
HKH crnoco6cTByeT BOSHUKHOBEHHIO U YTSKEJIEHHUIO KIMHUYEecKHX IposaBieHnd MC. AHAJOIHYHO BOCCTAHOBJIEHUIO
JibIXaTesIbHOM GyHKIuu y jun, nepeHecminx HKV, npezpcraBisercsa akTyaabHBIM aHAIN3 HApyLUIEHUN YIJIEBOJAHOTO U
JIUTIATHOTO OOMEHOB B OTZaJIEHHOM IIEPHO/Ie Toce epeHeceHHOH octpoii HKU y 6osbHBIX XOBJI.

IT e 1 5. V3y4uTh B CPABHUTEJIBHOM aCIEKTe JUHAMUKY KIMHUYECKUX U (PYHKIIMOHAIBHBIX XaPAKTEPUCTUK MeTa00ITH-
yeckoro cuszipoma y 6osbHbIXx XOBJI, nepeneciiux HKI.

MaTtepuaab uW MeTO/bl. [loxg HAONIOIEHHEM B TeUeHHE 12 MeC B TepalneBThueckoM otaesieHuun KI'BY3
«T'opojckas nmonukiauHuKa NQ 9» r. Bapraysa Haxomunock 385 amOysiaropHbix 601bHBIX XOBJI, KoTOpBIE OBUIH pas/ie-
JIeHsI Ha 2 rpymbl: I rpymmna — 55 60apHbIX 6€3 MC, II rpynma — 330 60apHBIX ¢ MC. ITpu olieHKe pacnpezieaeHus 60b-
HBIX I10 II0JIy OOJIBIITMHCTBO COCTABJISUTH MY»KIUHBL. CpelHUI BO3pacCT MaueHToB I rpynmsl cocTaBui 65.2 + 11.1 TO/a,
II rpynmet — 63.7 + 9.8 roza (p, , > 0.05). I'pynmy I1I (cpaBHenu:A) cocraBun 120 nanuenTos ¢ MC 6es XOBJI, comnocra-
BHUMBIX II0 BO3PACTY U MOJIy. Y BceX OOJIbHBIX IIPOBOAMINCH COOp ka0, aHaMHe3a, (PpU3UKaJIbHBINA OCMOTP, JJabopaTop-
Hble (OI[eHKa COCTOSIHUS YTIJIEBOJTHOTO, JIUIIMTHOTO OOMEHOB, IEYEHHU U MTOYEK) U WHCTPYMEHTAJIbHbIE (3JIEKTPOKAP/IUO-
rpadwus, sXokapauorpadus) UCCIIeOBaHUs; OLIEHUBAJIUCH JieMorpaduecKue moKa3aTesa, GakTop KypeHus, JJTUTEb-
HocTh XOBJI, Hasmmuue OCI0’KHEHUH U KOMOPOUHOM ITaTOJIOTHH.

Pesynbrartn . HKM BuaBienay 15 (27.3 %) 60sbHbIX I rpynmnet, y 169 (51.2 %) 6oababIx 11 rpynmst (p, ; < 0.05).
B xonTtpospHoii rpynne HKW pquarnocruposana y 52 (43.3 %) 60nbHBIX (p,, , > 0.05). IToctkoBuanbiil cunapom (NICE,
2020) AUArHOCTUPOBaH y 6.7 % nanueHToB I rpymibl, y 34.3 % nanuentos II rpymnnsl (p < 0.05) u'y 18.4 % marmueHTOB
III rpymimet (p > 0.05). BelsBIeHa IpsiMasi CHJIbHAs KOPPEJISAIIMOHHAS CBA3b BOSHUKHOBEHUS IIOCTKOBUIHOTO CUHPOMA C
BBIPQJKEHHOCTBIO HAPYIIEHUH YIJIEBOZHOIO OOMeHa 10 3HAUeHHAM HH/IeKCa BUCIIEPAIIBHOTO OKUPEHUS U UH/EKCA HHCY-
smHopesucteHTHOCTH (HOMA-IR) (7" = 0.74 ¥ 0.72 COOTBETCTBEHHO; P < 0.05). I10 GOJIBIIMHCTBY KIMHUYECKUX U J1abopa-
TOPHBIX IIOKa3aTesiell OTpUIaTeIbHas JMHAMIKA COXPAHAIACh 10 6-TO MecAla ¢ YIydlIeHueM K 12-My MeCAIy: YPOBEHD
XOJIECTEpUHA JIUIIOIPOTENU/IOB BHICOKOU IUIOTHOCTU M TJIIOKO3bI CHUBWJICSH, UHJIEKC Macchl Testa 6e3 xkupa (FFMI) ysenu-
yuies (p < 0.05), 0AHAKO YHUCJI0 OOJIBHBIX C BBICOKIM HOPMAaJIbHBIM apTepHabHbIM AaBaeHneM U Al' cTaTUCTUYECKY 3Ha-
YHUMO YBEJIMUUIIOCH K 12-My MecsIly rociie nepeHecerHoit HKU, nocruras 92.4 % y nanuenTtos I rpynms (p < 0.05).
3aknwueHnue. HKU vame gquarHoctupoBaHa y 6osbHbIX ¢ MC Ha ¢one XOBJI, nmpu Hasmuuuu (GHaKTOPOB PHICKA:
noxkuou Bodpact, XOBJI, oxxupenue, AT'. IIOCTKOBU/THBIN CHHPOM BBISIBJIEH Y KaK/I0T0 TpeThero naiuenTta ¢ MC Ha ¢poHe
XOBJI ¢ OJIOXKUTEJIPHON TUHAMUKOM HAPYIIIEHUs YTJIEBOTHOTO U JIUITUAHOTO OOMEHOB K 12-My MecsIty Habsmoaenus. Al ¢
Ppa3BUTHEM OCJIOKHEHHH (JracTomyeckas qucyHKIHsA, abITOMHHATIbHOE OXKUpeHue u accoriuupoBanHast HAYKBIT) xapak-
TEPU30BAJIACH HEOJIATOIPHUATHBIM, IPOTPeCCUPYOIUM TedeHreM y nanueHToB ¢ MC Ha ¢pone XOBJI B OT/1aJIEHHOM Iepu-
ozie ocsie nniepeHecenHort HKY, uTo 06ycyioBInBaeT He0OX0/IMMOCTh PAHHETO HavaJIa TepAaui KOMOPOU/THOM TaTOJIOTHH.
Kouesnle cnroea: MeTaboIMUecKuil CHHIPOM, XpPOHUYECKAsi 00CTPYKTUBHAsA 00JI€3HB JIETKUX, HOBAasi KOPOHABUPYCHAS
nH@eKIUs.
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Comparative analysis of the dynamics of clinical and functional
features of the metabolic syndrome in COPD patients who had
a novel coronavirus infection

E.B. Klester, V.A. Elykomov, K.V. Klester

Altai State Medical University, Barnaul, Russia

ABSTRACT

Introduction. Todate, it has been established that risk factors for the development of a novel coronavirus
infection (NCI), in addition to advanced age and chronic obstructive pulmonary disease (COPD), are metabolic diseases
such as obesity, diabetes mellitus, arterial hypertension (AH), non-alcoholic fatty liver disease (NAFLD), united by the
notion of “metabolic syndrome” (MS). At the same time, NCI contributes to the onset and aggravation of the clinical
manifestations of MS. Similar to the restoration of respiratory function in subjects who had NCI, it seems relevant to ana-
lyze the disorders of carbohydrate and lipid metabolism in the long-term period after acute NCI in COPD patients.

A i m . Tostudyinacomparative aspect the dynamics of clinical and functional characteristics of the metabolic syndrome
in COPD patients who had NCI.

Materials and methods. Weobserved for 12 months in the Therapeutic Department of the City Health
Centre No. 9, Barnaul, 385 COPD patients, which were divided into 2 groups: group I — 55 patients without MS, group II —
330 patients with MS. When assessing the distribution of patients by sex, the majority were men. The mean age of patients
in group I was 65.2 + 11.1 years; in group II — 63.7 + 9.8 years (p,_, > 0.05). Group III (comparison) consisted of 120
patients with MS without COPD, comparable in age and gender. Complaints, anamnestic data of all patients were collected.
Physical examination, laboratory (assessment of carbohydrate, lipid metabolism, liver and kidney function) and clinical
(electrocardiography, echocardiography) examinations were carried out. Demographic indicators, smoking habit, duration
of COPD, presence of complications and comorbidities were assessed.

R esults . NCIwasdetectedin 15 (27.3%) patients of group I, in 169 (51.2%) patients of group II (p, , < 0.05). In the
comparison group, NCI was diagnosed in 52 (43.3%) patients (p,,_,, > 0.05). Post-COVID syndrome (NICE, 2020) was
diagnosed in 6.7% of patients in group I, in 34.3% of patients in group II (p < 0.05), and in 18.4% of patients in group IIT
(p > 0.05). A direct strong correlation was found between the occurrence of post-COVID syndrome and the severity of
carbohydrate metabolism disorders according to the values of the visceral adiposity index (VAI) and the insulin resistance
index (HOMA-IR) (r = 0.74 and 0.72, respectively; p < 0.05). For most clinical and laboratory indicators, the negative
dynamics persisted until the 6th month with improvement by the 12th month: the levels of high-density lipoprotein cho-
lesterol and glucose decreased, the fat free mass index (FFMI) increased (p < 0.05), however, the number of patients with
high normal blood pressure and AH increased statistically significantly by the 12th month after NCI, reaching 92.4% in
group II (p < 0.05).

Conclusion. NCIismore often diagnosed in patients with MS in combination wih COPD, in the presence of risk
factors: advanced age, COPD, obesity, AH. Post-COVID syndrome was detected in every third patient with MS and COPD
with the positive dynamics of carbohydrate and lipid metabolism disorders by the 12th month of the follow-up. AH with the
development of complications (diastolic dysfunction, abdominal obesity, and associated NAFLD) was characterized by an
unfavorable, progredient course in patients with MS in combination with COPD in the long-term period after NCI, which
necessitates early initiation of therapy for comorbidities.

Keywords: metabolic syndrome, chronic obstructive pulmonary disease, novel coronavirus infection.
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BBEJAEHHNE

ITo AaHHBIM SMHAEMHUOJIOTMYECKUX HCCIIeI0Ba-
HUI pacIpOCTPAaHEHHOCTh XPOHHYECKOH OOCTPyK-
TuBHOU Oosie3Hu Jjerkux (XOBJI) ¢ obcrpyknuen
> 2-H CTEeIeHH CPEeJIU JIHI] CTapIIie 40 JIET COCTABJIAET
OoJsiee 15 % — MaHHAsA MATOJIOTUA 3aHUMAET JINUPY-
IOIllFie TMO3UIIUUA B CTPYKTYpPE JIETOUHBIX 3a00JieBa-
HUH (0K0JI0 90 %) [1]. AGOMUHANBHOE OXKUPEHHE

INTRODUCTION

According to epidemiologic research, the preva-
lence of chronic obstructive pulmonary disease
(COPD) with airflow obstruction > 2 grade among
people over 40 years of age is more than 15% — this
pathology occupies a leading position in the struc-
ture of pulmonary diseases (about 90%) [1]. Abdom-
inal obesity (AO) is observed in 75% of patients with
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(AO) Habsromaercst y 75 % nanueHToB ¢ XOBJI u
aCCOITMUPOBAHO C COIYTCTBYIOIIUMH 3a00JIeBaHU-
SIMH, TAKUMU KaK THIEPTOHUS, JUCIIUIUJEMUS U
Iuaber, 00beJUHEHHBIMH OHATHEM «MeTaboIruye-
cxkuii cuaapom» (MC) [2, 3]. MC y 60oapHBIX XOBJI
VBEJIMUUBAET PHUCK Pa3BUTHs caxapHOro guabera
2-ro tumna (C/]2) B 5 pa3 1 yABaBaeT PUCK PA3BUTHSA
CEepIeUHO-COCYTUCTHIX 3a00I€EBaHUH B TEUEHUE CIIe-
JIyIOIIuX 5—10 JieT [4]. TlosiBieHre HOBOTO IITaMMa
KOpOHaBHpyca B Jiekabpe 2019 T. CIIOCOOCTBOBAJIO
VTSDKEJIEHUI0 TIpO0JIeMbl  MeTab0JIMYEeCKOTO CHH-
npoma y 60bHBIX XOBJI, 4TO 00YCIOBIEHO CXOXKe-
CTHI0 KJIMHUYECKUX ITPOSIBJIEHUH HOBOW KOPOHABH-
pycuoii wHpekun (HKIM), MOCTKOBUAHOTO CHH-
nipoma u XOBJI, c710:KHOCTHIO JUATHOCTUKU, TIOTEH-
[IHAJIBHOU TSIKECThI0 TEUEHUS W B3aHUMOOTATOIIE-
HHeM 3THX maTtoyioruid. boswHble XOBJI, napunn-
poBanuble SARS-CoV-2, mpeicTaBaAOT cOO0H ys3-
BUMYIO TPYIIIY C OCJIO)KHEHHBIM T€YEHHEM KOMOP-
OUHOI, IPEK/IE BCETO CEPAEUHO-COCYAUCTOH, TIaTO-
JIOTHH ¥ YaCTO HEOJIAaTONPUATHBIM UCXOI0M O0JIE3HU
[5, 6]. B aTO# cBSI3U TMpe/CTaBIAETCS AKTyaJIbHBIM
IPOBECTH aHAIN3 KJIMHUYECKOU KapTHUHBI MeTabo-
JIMYECKOro cuHApoMa y 6osbHbIX XOBJI B mocTko-
BU/IHBIN TTEPHOI.

IEJIb NCCJIEJOBAHUA

V3yuuTh B CpPaBHUTEJIBHOM AacCIeKTe JMHAMUKY
KJIUHAYECKNX U (QYHKIIMOHAIBHBIX XapaKTEPUCTUK
MeTabosnueckoro cuHApoMa y 6osbpHBIX XOBJI,
nepenecmx HKU.

MATEPUAJIBI 1 METO/bI

Pabora BbBINONHsJIACH HA KJIWHUYECKOU Oase
WHCcTuTyTa KIMHUYECKOH MEIUIIMHBI, COTJIACHO
IUIaHy HayuyHBIX ucciaenoBanuiit ®I'bOY BO «Anraii-
CKHI TOCYZAapCTBEHHBIN MEIUIIMHCKUI YHUBEPCH-
ter» MunsapaBa Poccun. Ilog HabmomeHueM B
TeueHUe 12 MeC B TEPANEBTUYECKOM OT/AEJIEHUU
KI'bY3 «I'opoxackas nonukianHuka N2 9» 1. bapHa-
yiIa Haxomwinuch 385 aMOysIaTOPHBIX OOJIBHBIX
XOBJI, KoTOpBle OBLIN pasfie/ieHbl HAa 2 TPYIIIHL:
I rpynma — 55 GospHBIX 06e3 MC, II rpymma —
330 Gosbubx ¢ MC. IIpu olieHKe pacnpeseaeHust
OOJIPHBIX IO IOJIY OOJIBIIMHCTBO COCTABJISUIN MYXK-
yuHbl. CpeIHUI BO3PACT MAI[UeHTOB | rpyIIbI cocTa-
BuJI 65.2 + 11.1 roja, II rpynmsr — 63.7 £ 9.8 rona
(p, , > 0.05). I'pynmy III (cpaBHeHHUs) coCTaBHIA
120 nmanuenToB ¢ MC 6e3 XOBJI, cormocTaBUMBIX 110
BO3PAacCTy | MOJIy.

Kpurepnu BKIIOUEHNUS: TOIMICAHHOE HHDOPMU-
poBaHHOEe 10OPOBOJIBHOE COIJIACHE MallieHTa Ha
yuacrue B uccieoBannn; 6opHbie XOBJI, kak npu

COPD and is associated with concomitant diseases
such as hypertension, dyslipidemia and diabetes,
united by the notion of “metabolic syndrome” (MS)
[2, 3]. MS in COPD patients increases the risk of
type 2 diabetes mellitus (T2DM) by 5 times and dou-
bles the risk of cardiovascular disease over the next
5—10 years [4]. The emergence of a new strain of
coronavirus in December 2019 contributed to the
aggravation of the problem of metabolic syndrome in
COPD patients, which is due to the similarity of the
clinical manifestations of a novel coronavirus infec-
tion (NCI), post-COVID syndrome and COPD, the
complexity of diagnosis, the potential severity of the
course, and the mutual aggravation of these patholo-
gies. COPD patients infected with SARS-CoV-2 rep-
resent a vulnerable group with a complicated course
of comorbid, primarily cardiovascular, pathology
and often an unfavorable outcome of the disease [5,
6]. In this regard, it seems relevant to analyze the
clinical picture of the metabolic syndrome in COPD
patients during the post-COVID period.

AIM OF THE RESEARCH

To study in a comparative aspect the dynamics of
clinical and functional characteristics of the meta-
bolic syndrome in patients with COPD who had NCI.

MATERIALS AND METHODS

The study was carried out at the clinical base of
the Institute of Clinical Medicine, according to the
research plan of the Altai State Medical University.
We observed 385 COPD patients on an outpatient
basis for 12 months in the Therapeutic Department
of the City Health Centre No. 9, Barnaul. They were
divided into 2 groups: group I — 55 patients without
MS, group II — 330 patients with MS. When assess-
ing the distribution of patients by sex, the majority
were men. The mean age of patients in group I was
65.2 + 11.1 years; in group II — 63.7 + 9.8 years
(p,_, > 0.05). Group IIT (comparison) consisted of
120 patients with MS without COPD, comparable in
age and sex.

Inclusion criteria: signed voluntary consent of the
patient to participate in the study; patients with
COPD, both in the presence and in the absence of
concomitant pathology.

Exclusion criteria: severe cardiovascular diseases
(acute myocardial infarction (AMI), class III-IV
angina pectoris, unstable angina pectoris); T1iDM,
T2DM with HbA1c > 9%; circulatory decompensa-
tion (class III chronic heart failure (CHF)); malig-
nant neoplasms; liver and kidney diseases in the
stage of decompensation; taking systemic steroids;
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HAJIUYUM, TaK U MPU OTCYTCTBHHU COIYTCTBYIOIIEH
MMaTOJIOTHH.

Kputepuu HEBKIIOUEHUs: TsKEJble CepIeTHO-
cocynuctele 3abosieBaHus (OCTPBIA MH(PAPKT MHO-
kapga (OVIM), creHokapaus HamnpsokeHus I[11-IV
(yHKITMOHATBFHOTO KJIacca, HeCcTabWJIbHAsS CTEHO-
kapausi); CII1, C/I2 c ypoaem HbA1c > 9 %; nekom-
neHcaruu kpoBooOpamenus (III cragus xpoHHYe-
ckoii cepmeunoii HemocraTtounoctu (XCH)); 3oka-
YecTBEHHbIE  HOBOOOpa3oBaHuUs;  3ab0JeBaHUS
TIeYeH! U TIOYEK B CTAJIMU JIEKOMIIEHCAI[UH; IIPUEM
CUCTEMHBIX CTEPOUJIOB; 3JIOYIIOTpebIeHrne aTKOTro-
JIeM; TIaTOJIOTHSI OITIOPHO-ABUTATEIBHOTO allliapaTa C
HapylieHueM (pyHKITUH.

B uccemoBaHye BKIIOUAINCDH MTAIIMEHTHI C paHee
JuarsoctupoBanHod XOBJI, cooTBeTCTBYIOIIEN KPU-
TepusiM HalnmoHaIbHBIX KJIMHUYECKUX PEKOMEH/Ia-
1wl 1o AuarHoctuke u siedennio XOBJI, mepecmotp
2018 1. [7]. MeTabouueckuii CHHAPOM JHUATHOCTH-
POBaH COIVIACHO peKOMeHAANusAM MeKyHapOo HO!
deneparuu muabera (2006) [8], mpu Hamuuuu AO ¢
OKPY?KHOCTBIO TUTHH 60siee 80 ¢M Y JKEHIIUH U O0J1ee
04 CM y MY>KYHH B COYETAHUH KaK MHHUMYM C JIBYMsI
U3 CIIEAYIONINX YeThIpeX GaKTOPOB:

1) noBsIenue TpuruIepuioB (TT) > 1.7 MMoJIb/ 1;

2) CHWIKEHHE YPOBHs JIUIIONPOTEU/IOB BBICOKOH
wiotHocTu (JITIBII) < 1.03 MMOJIb/JT y MYy»KYUH U
< 1.29 MMOJIb/JI y KEHIIIUH WIN JeUeHne HapyIie-
HUH JUIIUIHOTO 00MeHa;

3) TOBBIIIIEHNE apTepHaIbHOTO naByienus (AJl):
cucrosimaeckoe (CAJT) = 130 MM PT. CT. H/WIu IHa-
crosmaeckoe (JIAJ]) = 85 MM pr. cT. vutu sieuenue AT

4) TIOBBIIIIEHNE  TJIIOKO3bl BEHO3HOW KpPOBHU
> 5.6 MMOJIb/J1 HATOIAK WK paHee JUATHOCTHPO-
BaHHbIN C/12.

Huarnoctuka u jseduesue HKU mpoBoguiocs B
COOTBETCTBHH € BpeMeHHBIMH MEeTOAUYEeCKUMHU
pexomenpanuamu «I[IpodriakTuka, JUAarHOCTHKA U
JledeHNe HOBOM KOpPOHABUPYCHOH HHbeKIUU
(COVID-19)», akTyaJIlbHBIMH Ha MOMEHT OKa3aHWS
IIEPBUYHOU MEJIMKO-CAaHUTAPHOHN OMOIIH [9, 10].

VY Bcex mHaIlMEHTOB MPOBOAUJICA cOOpP Kayoo,
a"HaMHe3a, GUBUKAJIBHBIA OCMOTP. AHTPOIIOMETPH-
YEeCKOe UCC/IeIOBAaHUE BKJIIOUAJIO OIIpeJieJIeHne
nHgexkca maccel tena (MMT), oTHoleHus 00beM
tanuu/o6bem 6enmep (OT/OB), olleHKy Kap/iumeTa-
Oostrmyeckoro pucka. VHIeKC KOMOPOUTHOCTH OIle-
uuBasu 1o M.E. Charlson et al. (1987) B moguduka-
nuu R.A. Deyo et al. (1992). IIpoBoiuiack s1abopa-
TOpHAs JUATHOCTHUKA HAPYIIEHWH YIJIEBOJTHOTO U
JIMOUZHOTO OOMEHOB, (YHKIUM I€YEHU, ITOYEK.
Ompeziesisiii KOMIIO3UITMOHHBIN COCTAaB OpraHU3Ma
O6uonMmeaaHCHBIM MeToZoM. OIeHKy WHJIEKCa BUC-
nepanbHoro oxkupenus (MBO, VAI) mpoBogunu c

alcohol abuse; pathology of the musculoskeletal sys-
tem with impaired function.

The study included patients with previously diag-
nosed COPD that met the criteria for the National
Clinical Guidelines on Diagnosis and Treatment of
COPD, 2018 revision [7]. Metabolic syndrome is
diagnosed according to the recommendations of the
International Diabetes Federation (2006) [8], in the
presence of AO with a waist circumference of more
than 80 cm in women and more than 94 ¢cm in men,
in combination with at least two of the following four
factors:

1) elevated triglycerides (TG) = 1.7 mmol/l;

2) elevated level of high-density lipoproteins
(HDL) < 1.03 mmol/l in men and < 1.29 mmol/I in
women or lipid metabolism disorder treatment;

3) elevated blood pressure (BP): systolic (SBP)
> 130 mm Hg and/or diastolic (DBP) > 85 mm Hg or
treatment of hypertension;

4) elevated fasting venous blood glucose > 5.6 mmol/1
or previously diagnosed T2DM.

Diagnosis and treatment of NCI was carried out
in accordance with the Interim Guidelines for Pre-
vention, Diagnosis and Treatment of a Novel Coro-
navirus Infection (COVID-19), relevant at the time of
provision of primary health care [9, 10].

Complaints, anamnestic data were collected from
all patients. Physical examination was carried out.
An anthropometric study included determination of
body mass index (BMI), waist-hip ratio (W/H),
assessment of cardiometabolic risk. The Charlson
comorbidity index was determined using the modifi-
cation by R.A. Deyo et al. (1992). Laboratory diag-
nostics of disorders of carbohydrate and lipid metab-
olism, liver and kidney function was carried out. The
body composition was determined by the bioimped-
ance method. The visceral adiposity index (VAI) was
determined taking into account gender differences.
The fatty liver index (FLI) was calculated; liver fibro-
sis was assessed by the NAFLD (non-alcoholic fatty
liver disease) fibrosis score. Clinical examination for
all patients included electrocardiography, echocar-
diography.

Statistical processing of data obtained was car-
ried out using the methods of variation statistics on
Statistica 8.0 software with a preliminary analysis of
the distribution of all studied indicators. Statistical
analysis of data was carried out using Statistica for
Windows v.11.0. For a comparative analysis of nor-
mally distributed data, the analysis of variance
(ANOVA) was used. To compare non-parametric
indices between two independent groups, the Mann-
Whitney test was used; for several groups — the Krus-
kal-Wallis test. The x* test was used to compare the
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yU4eTOM TeHZEPHBIX pa3anyuil. PaccuuTteiBamu
uHaeke crearo3a nedenn (FLI), ¢ubpo3 meueHun
oneHuBaIM 1o mKkaite ¢ubposa neueHu (NAFLD
fibrosis score). MHCTpyMEHTaJIbHOE HCCIIEOBAHIE
JUIs1 BCEX TAITUEHTOB BKJIIOYAJIO MIPOBEZEHUE DIIEK-
Tpokapauorpaduu, sxokapanorpabum.
CraTtuctuyeckyo 06pabOTKy IMOJyIeHHBIX TaH-
HBIX OCYIIECTBJISUIM C IIOMOIIbI0 METO/[0OB BapHa-
IIMOHHOU CTATUCTHUKU C MCIIOJIb30BAaHHEM IaKeTa
nporpamm Statistica 8.0 ¢ mpegBapuTeIbHBIM aHA-
JIN30M 3aKOHA PpAaCIpeJieJIEeHUs BCEX H3Y4aeMbIX
mapameTpoB. CTaTHCTUYECKUU aHAJU3 JTaHHBIX
OCYIIECTBJISUIN C ITIOMOIIIBIO0 TpOorpaMMbl Statistica
for Windows v.11.0. /i1 cpaBHHUTEJIHHOTO aHa-
JIN3a YUCJIOBBIX TAHHBIX IPU HOPMAJILHOM UX pac-
Ipe/ieJIEHUH HCIIOJIb30BAJIM METOJ] JUCIEpPCHOH-
Horo aHanuza ANOVA. Jlisa cpaBHeHUs Helapa-
METPUUYECKUX TapaMeTPOB MeXKAY IByMs He3aBU-

CUMBIMM TpyNIaMU IPUMEHAJH  KPUTEPUU
ManHa — YUTHU, i1 HECKOJIBKUX I'PYIII — METO/
Kpackena — VYosmca. [Ina cpaBHeHHA 4YacTOT

OmMHapHOro IpHW3HAKA MCIOJIb30BAIN KPHUTEPHUH
¥2. Jyia TabuI COMPSKEHHOCTH C 1-U CTENEHbBIO
cBo6OBI (2X2) IPUMEHAIH TIONpaBKy Meiitca, a
€CJTH OKHUIaeMOoe YHCJI0 HaOJII0leHUH B JII0001 13
KJIETOK TabJINIBI CONPAKEHHOCTH OBLIIO MeHee 5 —
TouHbIll kpurepuit ®umepa (F), ¢ ykaszanuem
BEJIMYUHBI P JJIA JIByXCTOPOHHETO €r0 BapHaHTA.
3aBUCHUMOCTD MEXKY PA3JIMIHBIMU I0KA3aTeIsIMU
OTIPE/IeIANIN MyTeM KOPPEIAIMOHHOIO U perpec-
CHOHHOIO aHajiu3a ¢ pacueToM KoaddumueHrta
koppessiiuu [TupcoHa (r) U KpUTEpHUs PAHTOBOU
koppenanuu Cnupmena (R). Iy Bcex BUIOB aHa-
JiI3a 32 YPOBEHb CTATHUCTHYECKOH 3HAYMMOCTH
IPUHUMAJIH P < 0.05.

PE3YJ/IBTATDBI

HKIM wvame BoigBIsIach y OosbHBIX 11 U
III rpynmsl O CpaBHEHUIO C NAUEeHTaMU | IpyIbl,
6e3 CTaTUCTUYECKU 3HAUYMMBIX PA3JIMUUA BO3HHUK-
HoBenust HKU cpenu 11 u III rpynm (p > 0.05). B To
JKe BpeMs COXpaHeHUe KIMHUYECKUX IIPOSIBIEHUN B
TedyeHHe 12 Hex nociie nepeHecenHod HKU (s1our-
koBua) mexkay I u Il rpynmaMu BISBHJIO CTATHUCTH-
YecKue pas3jInyusd, U Jaxke CIycTs 6 Mec IIocjie Iiepe-
HeceHHOU HKU xamHU4Yeckue MPOSIBJIEHUA COXpa-
HAJINCH y KaXKJOTO TpeThero nanuenTa 11 rpynmnel, y
nanuenTos I u 111 rpynn sums y 6.7 % (p < 0.05) u
18.4 % (p > 0.05) (puc. 1).

[MIpu puHAMHYEeCKOM HAOJIIOEHUN B TeUeHUe
ro7la U3 MCCIeNOBAHMUA OBLIN HCKIIOUEHBI 14 TaIu-
€HTOB: /IBa — U3-32 0epeMeHHOCTH, /IBa — B CBS3U
C OTBHE3/I0M B JIPYTOU PETHOH, TPU — B CBA3U C BBIAB-
JIEHHBIMHU IIOCJIe 1-TO BU3UTA OHKOJIOTMYECKUMU

frequencies of a binary variable. For contingency
tables with the 1st degree of freedom (2x2), the
Yates’s correction was applied, and if the expected
number of observations in any of the contingency
table cell was less than 5 — the Fisher’s exact test (F),
indicating the p value for its two-sided variant. The
relationship between various indicators was deter-
mined by correlation and regression analysis with
the calculation of the Pearson’s (r) and Spearman’s
rank correlation (R) coefficients. For all types of
analysis, p < 0.05 was taken as the level of statistical
significance.

RESULTS

NCI was revealed more often in patients of groups
IT and IIT compared with patients of group I, without
statistically significant differences in the occurrence
of NCI among groups II and III (p > 0.05). At the
same time, the persistence of clinical manifestations
for 12 weeks after NCI (long COVID) between groups
I and II revealed statistical differences, and even
6 months after NCI, the clinical manifestations per-
sisted in every third patient of group II, in patient
groups I and III only in 6.7% (p < 0.05) and 18.4%
(p > o0.05) (Fig. 1).

During one year follow-up, 14 patients were
excluded from the study: two due to pregnancy, two
due to departure to another region, three due to
malignant diseases diagnosed after the 1st visit,
seven patients refused to participate in the study due
to unwillingness to undergo laboratory and radio-
graphic examination, all patients from group II.

The analysis of changes in the frequency of occur-
rence of MS components in COPD patients who had
NCI was performed (Table 1).

A statistically significant decrease in AO, TG and
HDL cholesterol was revealed 6 months after NCI,
with an increase exceeding the pre-COVID level
(according to TG and HDL cholesterol) by the end of
the follow-up in patients of groups II (p < 0.05) and
III. Negative dynamics characterized such indicators
as an increase in the number of patients with
SBP > 130 mm Hg and/or DBP > 85 mm Hg, and
glucose > 5.6 mmol/l or T2DM during the first
6 months of the follow-up. In addition there was a
trend towards a decrease in the number of patients
with elevated glucose levels after 12 months. The
number of patients with high normal BP and arterial
hypertension (AH) increased progressively. The
number of patients with hypertriglyceridemia did
not change by the end of the follow-up which was
unidirectional for all groups.

A comparative analysis of the main indicators of
carbohydrate metabolism in the analyzed groups of
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s N N N
[ rpymnmna/group Il rpynna/group [l rpynna/group
(n=55) (n=330) (n=120)
\ | J J | J
s N
HKH/NCI - 15 HKH/NCI - 169 HKH/NCI - 52
(27.3 %) (51.2 %) (43.3 %)
\ J J J
s N N
Jlour-koBuj/Long COVID - 3 Jlour-koBug/Long COVID - 62 Jlour-koBuz/Long COVID - 18
(20 %) (45.6 %), n =136 (36.0%),n=50
\ J J J

14 nckaroveHsl + 23 ymepJsio
norozga: 19 - go 1 mec, 20 - go 3 mec,
21 - pgo 6 Mmec - utoro 132
14 were excluded + 23 died within
ayear: 19 - up to 1 month, 20 - up
to 3 months, 21 - up to 6 months -
atotal of 132

3 ymepJio fjo roja: \
2 - B cTayuoHape, 1 - 1o 3 mec -
uroro 49
3 died within a year:
2 -in hospital, 1 - up to
3 months - a total of 49 /

[MocT-koBUA/Post-COVID - 1
(6.7 %)

[MocT-koBUA/Post-COVID - 46
(34.3%),n=134

[MocT-koBUA/Post-COVID - 9
(18.4 %), n =49

J

Puc. 1. Yacrora BbIsIBJIEHUS IOCJIEJICTBUN HOBOH KOPOHABUPYCHOUM MH(EKITUU B HAOII0JAEMBIX I'PYIIIIaxX
Fig. 1. The frequency of sequelae of a novel coronavirus infection (NCI) in the observed groups

3a00JIEBaHUSAMU, CEMb IAI[MEHTOB OTKA3aJUCh OT
yJacTHs B CBA3H C HEXXeJaHUEeM MTPOXOAUTh 1abopa-
TOPHbIE ¥ PEHTTEHOJIOTUYECKHE HCCIIEIOBAHUS B
JMIMHAMUKe, BCe MaIueHThl u3 II rpymimsl.

IIpoBesieH aHaIM3 UBMEHEHUM YaCcTOTHI BCTpeda-
emocty koMmroHeHTOB MC y 60s1bHBIX XOBJI, nepe-
Heciiux HKU (ta6. 1).

BBISIBJIEHO CTATHUCTHYECKU 3HAUMMOE CHHKEHHE
AO, TT u xonecrepuna (XC) JITIBII yepes 6 mec, ¢
VBEJIUYEHUEM, IPEBBIIIAIIINM JOKOBUIHBINH ypO-
BeHb (1o TT u XC JITIBII) K koHIly mepuoaa HabJIio-
nenus y manuerTos I (p < 0.05) u III rpymm. Otpu-
[aTesbHas JUHAMUKA XapaKTEpPU30BaJia TaKHe
TTOKa3aTesu, KaK yBeJanueHune uynciia 60abHbIx ¢ CAJT
> 130 MM pt. cT. u/unu JIAJl = 85 MM pT. CT. ¥ ypOB-
HEM IJIIOKO3bI > 5.6 MMoJib/1 wiu CJI2 3a mepBbie
6 Mec HabJIOZEHYS, IPU 3TOM OTMeUYeHA TeH/IeHITHS
K CHIDKEHHIO KOJIMYECTBA IMAI[MEHTOB C ITOBBIIIEH-
HBIM COZIEpP>KaHUEM IJIIOKO3bI yepe3 12 mec. Yucio
OOJIBHBIX C BBICOKUM HOPMAaJIBHBIM ypoBHeM AJl u
aprepuanbHOU runepreHsuen (AI) mporpeccuBHO
VBEJTUYHUBAIOCH. YHCIIO MAI[UEHTOB C TUIIEPTPUTIIH-
nepuzeMuel He W3MEHWIOCh K KOHIy Iepuoja
HAOJIOIEHUs,, YTO WMEJO OJIHOHAIIPABJIEHHBIN
XapakKTep BO BceX HAOII0IaeMBIX TPYyIIIaX.

[IpoBesieH CpaBHUTEJBHBIN AHAJIN3 OCHOBHBIX
IOKa3aTeJIel yTJIEBOJTHOTO OOMeHa y aHaJIU3Hpye-
MBIX Ipynn 6osbHBIX B AuHamuke: 70 HKU, uepes
6 u 12 mec ntocsie HKU (Tabu1. 2).

patients over time was carried out: before NCI, 6 and
12 months after NCI (Table 2).

It should be noted a decrease in BMI in patients
of group I after 6 months, followed by an increase by
the year of follow-up, while in patients of groups II
and III, BMI elevates only after NCI, which is prob-
ably due to aggravation of MS — a statistically signifi-
cant difference one year after NCI in group II, with a
statistically significant decrease in FFMI by the end
of the follow-up.

A statistically significant increase in WC, the vis-
ceral adiposity index, as well as indicators of carbo-
hydrate metabolism (fasting glucose, HbA1ic, HOMA-
IR index) was found, which was most pronounced in
patients of group II.

In our study, the fat free mass index (FFMI) tends
to decrease, more pronounced in patients of
group II — from 15.5 [15.2; 16.1] to 14.9 [14.6; 15.3]
kg/m? (p < 0.05) — than in group I. These indicators
are associated with HDL parameters in COPD.
A decrease in fat free mass in COPD patients is often
associated with loss of muscle and bone tissue which
makes BMI of little value for COPD patients, since
two patients with the same BMI can differ greatly in
adipose tissue.

A direct strong correlation was found between the
occurrence of post-COVID syndrome and the sever-
ity of carbohydrate metabolism disorders by the VAI
and HOMA-IR (r,, = 0.74; ',y ae = 0-72; P < 0.05).
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Ta6smmua 1. /[uHaMyKa U3MEeHEeHHH 4acTOThl BCTPEYaeMOCTH KOMIIOHEHTOB METa60JIHYECKOTO CHH/IPOMa B aHAJTU3UPYEMBIX
rpymnmax 60JbHbIX, N (%)
Table 1. Dynamics of changes in the frequency of occurrence of metabolic syndrome components in the groups of patients, n (%)

I'pynna 601bHBIX / Group

KoMnoHeHThI MeTa60/I1u4eCKOro CHHApPpOMA
Metabolic syndrome components I II 11 p
XOBJI / COPD XOBJIu MC / COPD and MS MC /MS

A6[[OMI/IH3]II:HO€ OXXHpeHue

Abdominal obesity:
o HKU / before NCI 3(20.0) 155 (100.0) 52(100.0) p,,<0.05
pIIfIII > 005
yepes 6 mec / after 6 months 6 (40.0) 121 (90.3)* 43 (87.8)% p,, <0.05
pII—III > 005
yepe3 roy / after 1 year 8(53.3) 132 (100.0)* 49 (100.0)* p, ,<0.05
pII—III > 005
Tr > 1.7 mmonw/n / TG > 1.7 mmol/1:
o HKU / before NCI 9 (60.0) 100 (64.5) 30 (57.7) p,,>0.05
Pywm> 0.05
yepes 6 mec / after 6 months 6 (40.0) 65 (48.5)% 23 (46.9) p,,>0.05
Pywm=> 0.05
yepe3 roy after 1 year 9 (60.0) 89 (67.4)* 30 (61.2) p,,>0.05
pII—III > 005
JITBII < 1.03 MM0OJIb/ /1 Y MY>KYHH
U < 1.29 MMoOJIb/ /1 y eHIIUH
HDL < 1.03 mmol/l in men
and < 1.29 mmol/l in women:
o HKU 4 (26.7) 61 (39.4) 17 (32.7) p,, > 0.05
Pywm> 0.05
Yyepes 6 Mec 3(20.0) 79 (59.0) % 19 (38.8) p,, <0.05
Py < 0.05
yepes rof, 3(20.0) 69 (52.3)* 17 (34.7) p,, <0.05
pII—III < 005
CA/Zl 2130 MM pT. cT. u/unu JA/] = 85 MM pT. CT.
SBP = 130 mm Hg and/or DBP = 85 mm Hg:
1o HKH / before NCI 6 (40.0) 127 (81.9) 37 (71.1) p,, <0.05
Py > 0.05
yepes 6 Mec / after 6 months 9 (60.0) 119 (88.8) 38 (77.6) p,, <0.05
Pyw= 0.05
yepes roj after 1 year 9 (60.0) 122 (92.4)* 39 (79.6) p,, <0.05
pII—III < 005
[oko3a > 5.6 mmoub /1 nnu C/|2
Glucose > 5.6 mmol/l or T2DM:
1o HKU / before NCI 6 (40.0) 101 (65.2) 27 (51.9) p,,>0.05
Pyw= 0.05
4epes 6 Mec / after 6 months 11 (73.3) 118 (88.1)* 39 (79.5)*% p_,>0.05
pII—III > 005
yepes roj after 1 year 7 (46.7) 101 (76.5)* 33(67.3) p,, <0.05
pll*lll > 0'05

Ipumeuanusa: XOBJl - xpoHHyeckas OGCTPyKTHBHasi 6GoJie3Hb Jerkux; MC - Mertabonuueckud cunapom; HKU - HoBas
xopoHaBupycHas uH$exnusa; TI' - Tpurnunepuger; JIIBII - sunonporensas! BelcOKoH muoTHOocTH; CA/l - cuCToJIMYecKoe apTepHhaJbHOe
nasjyienue; 1A/l - nuactosiMyeckoe apTepuanbHoe JaBieHue; C/[2 - caxapHbld fuabeT 2-ro TUNa.

* CTaTUCTHYECKU 3HAYMMble PA3/IMuUs MeX/y JaHHBIMH Ji0 U depe3 6 Mec nocie HKU; * craTucTHYecKH 3HAYMMble Pa3dyuUs MEXAY
JlaHHBIMU Yepe3 6 Mec U 4epes rog nocie HKHU; 2 cratuctuyeckn 3Hauumble pasauuus (p < 0.05) mexay ganaeiMu o HKU v gepes rog
HaOJII0JeHU .

N o t e s : COPD - chronic obstructive pulmonary disease; MS - metabolic syndrome; NCI - novel coronavirus infection, TG - triglycerides;
HDL - high-density lipoproteins; SBP - systolic blood pressure; DBP - diastolic blood pressure; T2DM - type 2 diabetes mellitus.

* Statistically significant differences between data before and 6 months after NCI; * statistically significant differences between data at
6 months after and one year after NCI; 2 statistically significant differences (p < 0.05) between data before NCI and one year after NCI.
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HeobOxonumo ormetuth cHMkeHne MT y 60y1b-
HBIX | rpynmel uepes 6 Mec ¢ MOCaeyI0IUM yBeIu-
YeHHeM K IOy HabJII0IEeHUH, B TO BpeMs KaK y 60J1b-
HbIx 1T u III rpynn UMT nocsie HKU Tosbko yBenu-
YUBAETCS, YTO, BEPOSATHO, CBSI3AHO C YCYTYOJIeHHEM
MC — craTuCTUUYECKU 3HAYUMOE OTJINYNE Yepes3 IO/l
nocyie HKU Bo II rpynrie, npu CcTaTUCTAYECKU 3HA-
YHMOM YMEHbBIIIEHUH UH/EKCa Macchl Tejia 6e3 skupa
(FFMI) K xoHITy iepuoia HabJTIoieHuUs.

YCTaHOBJIEHO CTATHUCTHYECKH 3HAYUMOE YBEJIU-
yenne OT, mHJEKca BHCIEPATbHOTO OXKUPEHHs, a
TaKKe J1aOOPATOPHBIX IIOKA3aTesIed YTJIEBOJTHOTO
obMena (ypoBHS TJIIOKO3BI Haromak, HbA1c,
naaexca HOMA-IR), MakcHUMaJbHO BBIpasKEHHOE Y
nanueHToB I rpynnsl.

B mnposenenHoM Hamu ucciaenoBanuu FFMI
UMeeT TEHJEHIIUIO K CHIKEHUIO, 0oJjiee BhIpasKeH-
Hoe y marueHnToB II rpymmsl — ot 15.5 [15.2; 16.1] 710
14.9 [14.6; 15.3] kr/m? (p < 0.05), ueM y I rpynmsbI.
ITHU TOKa3aTeJ N aCCOIMMPOBAHBI C IapaMeTpaMu
JITIBII mpu XOBJI. CHmkeHue 6€3:KUPOBOMA MaCCHL y
6ospHBIX XOBJI wacro coderaeTcsi C TOTeped
MBIIIEYHON M KOCTHOM TKaHM, 4uTO Aenaer MMT
Maso uH@opMmaTUBHBIM y mnanueHToB ¢ XOBJI,
IIOCKOJIBKY JIBa MalyeHTa ¢ OJAWHakoBeiM UMMT
MOTYT CHJIBHO Pa3jIndyaThCs 110 JKUPOBOU TKAHU.

BeifBiieHa mpsiMasi CuJIbHAsh KOPPEJIAIMOHHAS
CBSI3b BOBHUKHOBEHUS ITOCTKOBU/THOTO CHHJIpOMA C
BBIPAYKEHHOCTHIO HAPYIIEHUH YTJI€BOAHOTO 0OMeHa
no unpexkcam MBO m HOMA-IR (r,,, = 0.74;
Tuomar = 0-72; P < 0.05).

[IpoBefileH CpaBHUTEJBLHBIN AaHAJIN3 OCHOBHBIX
IoKaszaTeJjiel CepJleYHO-COCYyUCTON CcHCTEMBl U
JIMIIATHOTO OOMEHa B aHAJIM3UPYEMbBIX TpyIIIax
6ospHBIX 10 HKHW, uepe3 6 u 12 MecCsIeB IOCe
(Tabi. 3).

Hapsity ¢ aTuM 0OHApPYKEHO, YTO y MAIEHTOB C
HaAPYIIEHUAMU YIJIEBOAHOTO OOMEHa PErucTpUpoO-
BaJIOCh YBEJIUUEHHE CPETHUX 3HAYEHUU KaK CHUCTO-
JIM4YecKoro (139 MM pT. CT. IPOTUB 133.5 MM PT. CT.
(I rpymma); 140 MM PT. CT. IPOTUB 137 MM PT. CT.
(IT rpymma); 137 MM PT. CT. IPOTHUB 126 MM PT. CT.
(III rpynma); p < 0.001), TaK U JIHACTOJHIECKOTO
(p < 0.001) apTepuaJILHOTO aBJIEHUS 3a HAabII0AA-
€MbIU IEPUO/I, TIPU 3TOM YCTAaHOBJIEHA MPSAMAs KOP-
pesAIuoHHas CBA3b Mexy nokasatensamu CAJl u
KOHIIEHTPallued TJIIOKO3bl B IIa3Me KPOBH HATO-
mak (r = 0.43; p = 0.04) (cM. Tabs. 3). BeisaBieHa
TeHZeHIUA K yBeaudeHuto YCC uepe3 6 mec mnpu
CHWJKEHWU CPeJHUX 3HAYEeHUU 10 JIOKOBHUIHOTO
YPOBHsI, OTHAKO /IOCTHIKEHUS IeJIEBBIX ITOKa3aTe-
JIed He TIPOU30IILIO.

ITo TecTy ¢ 6-MUHYTHOI XOAbOOH OTMEUEHO CHU-
JKEHWE TOJIEPAHTHOCTA K (PUBUUECKOU Harpyske,

A comparative analysis of the main indicators of
the cardiovascular system and lipid metabolism was
carried out in the groups of patients before NCI,
6 and 12 months after NCI (Table 3).

Along with this, it was found that in patients with
disorders of carbohydrate metabolism, an increase
in mean values both systolic (139 mm Hg versus
133.5 mm Hg (group I); 140 mm Hg versus 137 mm
Hg (group II), 137 mm Hg versus 126 mm Hg (group
IIT; p < 0.001) and diastolic (p < 0.001) blood pres-
sure over follow-up was recorded, while a direct cor-
relation was revealed between SBP indicators and
fasting plasma glucose concentration (r = 0.43;
p = 0.04) (see Table 3). There was a trend towards an
increase in heart rate after 6 months with a decrease
in mean values to the pre-COVID level but the target
indicators were not achieved.

According to the 6-minute walk test, a decrease in
exercise tolerance was noted, reaching statistically
significant differences only in patients of group II —
from 305 m to 270 m after 6 months with a slight
deterioration in a year — 264 m. In patients of group I
and III, statistically significant differences were not
recorded.

Comorbidities, assessed by the Charlson comor-
bidity index, are more often diagnosed in patients of
group II (see Table 3).

A moderately strong direct correlation was found
between the level of cardiometabolic risk (CMDS system
score) and creatinine with the frequency of post-COVID
syndrome (r, .. =0.56;T, = 0.63;p < 0.05).

There was a strong direct correlation between the
severity of NCI and age (r = 0.72; p < 0.05), waist
circumference (r = 0.83; p < 0.05), Charlson comor-
bidity index (r = 0.76; p < 0.05), a medium strength
direct correlation — with the indicators of the VAI
(r = 0.57; p < 0.05) and glucose level (r = 0.63;
p < 0.05), moderate strength with BMI (r = 0.47;
p < 0.05) and indicators of SBP ( = 0.39; p < 0.05),
TG (r = 0.41; p < 0.05), and HDL cholesterol
(r = 0.41; p < 0.05) (see Tables 2, 3).

Using the values of WC, BMI, HDL, TG, VAI was
determined. Correlation analysis showed that VAI
directly depends on the presence of liver steatosis in
a patient (r = 0.63; p = 0.02), WC value (r = 0.54,
p = 0.04), fasting plasma glucose (r = 0.55, p = 0.03).

The correlation analysis revealed relationships
between the CMDS and BMI score (r = 0.58,
p =0.01), WC (r = 0.63, p = 0.007), hepatic steatosis
degree (r = 0.62, p = 0.02) in patients of group II.
When analyzing hepatic steatosis and fibrosis, statis-
tical differences between groups I and II were found
only by steatosis and during the long-term period
(one year after NCI).
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Ta6smmua 2. /[uHaMrKa U3MeHeHH 0CHOBHbIX 0Ka3aTeJIel YIJIeBOJAHOTO 06MeHa B aHAJIM3UPYEMbIX IPyINax 60JIbHbBIX
Table 2. Dynamics of changes in the main indicators of carbohydrate metabolism in the groups of patients

I'pynna 60/1bHBIX / Group

Moxka3arens / Indicator I II I X5 p
X0BJI / COPD X0BJIu MC / COPD and MS MC / MS
UMT, kr/m? | BMI, kg/m?*
o HKU / before NCI 25[23; 26] 30 [29; 32] 32[30; 33] Xx*=18.0
p=0.00
yepes 6 mec / after 6 months 23 [21; 25] 31[29; 32] 32 [31; 34] X2 =15.0
p=0.00
yepe3 roj / after 1 year 24 [21; 25] 31 [30; 33]* 33 [31; 34] x2=17.1
p=0.00
OKpY>XHOCTb TaJIuH, CM
Waist circumference, cm:
1o HKU / before NCI 87.5 [85; 90] 99 [96; 104] 100 [96; 104] x? =835
p=0.02
yepes 6 Mec / after 6 months 86.5 [85; 90] 100 [97;106] % 102 [98; 105] X2 =9.67
p=10.01
yepes roy / after 1 year 87 [85; 90] 102 [99; 107]* 104 [99; 108]* x> =10.7
p=0.01
FFMI, kr/m? | kg/m?:
o HKU / before NCI 17.1[16.9;17.3] 15.5[15.2;16.1] 16.7 [15.6; 17.05] x*=21.1
p=0.00
yepe3 6 mec / after 6 months 16.9[16.1;17.3] 15.1[14.7;15.5]* 16.1[15.3; 16.8]*% x*=30.6
p=0.00
yepe3 rog, / after 1 year 16.7 [16.1; 16.9]* 14.9 [14.6; 15.3]* 15.6 [14.8; 16.7]* x*=21.8
p=0.00
UBO, 6anabl / VAI points:
o HKU / before NCI 1.59[1.11; 1.75]  2.38[1.89; 2.37] 1.72[1.54;1.88] x?=56.7
p=0.00
yepes 6 Mec / after 6 months 1.59[1.33;1.75]  2.43[2.23; 2.61]% 1.99 [1.79; 2.35]*% x*=39.3
p=0.00
yepes royj / after 1 year 1.59[1.35; 1.75]  2.56/2.57 [2.45; 2.68]** 2.43[2.32; 2.54]* x*=37.7
p=0.00
YpoBeHb IUIIOKO3bI HATOLIAK, MMOJIb /JT
Fasting plasma glucose, mmol/1:
1o HKU / before NCI 4.9 [4.2;5.2] 6.2 [5.9; 6.5] 6.3 [5.6; 6.5] X*=8.76
p=0.00
yepes 6 mec / after 6 months 5.2 [4.5; 5.5] 6.4 [6,1; 6.6] 6.3 [5.8; 6.5] X2=9.13
p=0.00
yepe3 rog / after 1 year 5.4 [4.9; 5.5] 6.6 [6.3; 6.8] 6.4 [5.9; 6.5] x> =9.26
p=0.00
HbA1lc, MMosib/a1 | mmol/1:
o HKU / before NCI 5.7 [5.4; 5.9] 6.4 [6.2; 6.6] 6.2 [5.9; 6.3] X =744
p=0.00
yepes 6 Mec / after 6 months 5.9 [5.6; 6.2] 6.6 [6.3; 6.8] 6.4 [6.0; 6.5] X*=7.28
p=0.00
yepes royf / after 1 year 6.1[5.8; 6.3] 7.0 [6.6; 7.2] 6.6 [6.3; 6.7] xX2=7.16
p=0.00
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OxonuaHue Tab6.1. 2 / Ending of Table 2

I'pynna 60/1bHBIX / Group

Iloka3satesib / Indicator 1 111 xX5p
XO0BJI / COPD XOBJI u MC / COPD and MS MC / MS
HOMA-IR:
o HKH / before NCI 2.1[1.9;2.3] 3.8[3.0; 4.0] 3.9[3.5;4.1] x> =10.7
p=0.00
yepe3 6 Mec / after 6 months 2.5[2.1;2.7] 4.0 [3.5;4.2] 4.3 [3.6; 4.5] x=10.1
p=0.00
yepe3 rog / after 1 year 2.9[2.6;3.3] 4.3 [3.8;4.5] 4.4 [3.9; 4.6] xX*=9.8
p=0.00

[IpuMevyaHHUu4a:

XOBJI - xpoHHYeckass OGCTpPyKTHBHasi GoJie3Hb Jerkux; MC - Mertabosmueckuil cuugpom; HKU - HoBas

kopoHaBupycHas uHpekuusi; UMT - unzaekc maccol Tesa; FFMI - unzekc macenl Tesa 6e3 xupa; MBO - HHeKC BUCLEpAIbHOT'O OXKUPEHUS;
HbA1lc - rmukupoBaHHbIH reMorino6uH; HOMA-IR - HHAEKC HHCYJIMHOPE3UCTEHTHOCTH.

JlaHHble npeJicTaBJeHbl Kak MeJjMaHa [25-i; 75-i npoLeHTHIb].

* CTaTUCTUYECKU 3HAYUMBbIe pasanuus (p < 0.05) yepes 6 Mec; * cTaTUCTHYECKH 3HAUYMMBble passindus (p < 0.05) Mexxy JaHHBIMY Yepe3 6 U
12 Mec; 2 ctaTUCTUYECKHU 3HaYKMMble pasinaus (p < 0.05) mexay aanubiMu 1o HKHW u yepes roj Ha6i0jeHU .

Notes:

COPD - chronic obstructive pulmonary disease; MS - metabolic syndrome; NCI - novel coronavirus infection; BMI - body mass

index; FFMI - fat free mass index; VAI - visceral adiposity index; HbA1lc - glycated hemoglobin; HOMA-IR - insulin resistance index.

Data are presented as median [25th; 75th percentile].

* Statistically significant differences (p < 0.05) after 6 months; * statistically significant differences (p < 0.05) between data after 6 and
12 months; # statistically significant differences (p < 0.05) between data before NCI and one year after NCIL.

JIOCTUTAIOIIEE CTATUCTUYECKN 3HAUMMBIX PA3TUIUI
TOJIBKO y TanueHToB II rpynmbl — ¢ 305 710 270 M
yepes 6 Mec ¢ He3HAUUTETbHBIM YXy/IIIIEHUEM uepes
ros — 264 m. Y naruenTos I u I1I rpynn cratucruye-
CKM 3HAYMMBbIX Pa3INYUil He 3aPETUCTPUPOBAHO.

KomopbOumabie 3a00/1eBaHUS U COCTOSIHUS, OIle-
HUBAEMbIE 110 UHEKCY KoMopbuaHoctu YapsicoHa,
yaie JAUarHOCTHPOBAHBI y MaiueHToB Il rpymmbl
(cm. Taba. 3).

BoisiByIeHA cpeHeH CUITbI IPsiMasi KOPPEJISAIHOH-
Has CBs3b YPOBHS KapAHMOMETabOJIHMYECKOTO pUCKa
(mkana CMDS) u KpeaTWHHWHaA C YacTOTOU ITOCT-
KOBHUJTHOTO cuHpoMma (r = 0.56; .. = 0.63;
p < 0.05).

OTMeueHa CHJIbHAs TIpSAMas KOPPEJISAIHOHHAS
cBs3b crerneHu Tsikect HKU ¢ Bo3pacrom (r = 0.72;
p < 0.05), obbemoMm Tasmu (r = 0.83; p < 0.05),
WHEKCOM KOMOpOuaHOCTH 110 YapJsicony (r = 0.76;
P < 0.05), CpeJIHEH CHJIbI IPSIMasi KOppeJISIHOHHAs
cBsA3b — ¢ nokazatessimu UBO (r = 0.57; p < 0.05) u
YPOBHEM TJIIOKO3HI (1" = 0.63; p < 0.05), yMEPEHHOU
cwibl — ¢ UMT (r = 0.47; p < 0.05) U IMOKa3aTeJIsIMHU
CAl (r=0.39; p <0.05), TT (r = 0.41; p < 0.05) u XC
JITIBII (r = 0.41; p < 0.05) (cM. TabI. 2, 3).

Ucnonws3ys 3uauenus OT, MMT, JIIIBII, TT,
onpenessutu UBO. KoppeAanuoHHbIH aHAIN3 TIOKa-
31, yro UBO HampsAMy!0 3aBUCUT OT HaJIWNYUA Y
rmarnyeHTa crearos3a nedeHu (r = 0.63; p = 0.02),
BesimunHbI OT (7" = 0.54; p = 0.04), YPOBHA TJIIOKO3bI
HaTomaK (r = 0.55; p = 0.03).

[IpoBe/ileHHBIN KOPPEJISIMOHHBINA aHaIU3 OOHa-
PY?KIJI B3aUMOCBSI31 KOJIMUECTBA OAJLJIOB TI0 IIIKaJIe
CMDS co 3nauenunem UMT (r = 0.58; p = 0.01), OT

KpeaTUHUH KMP

Statistically significant differences in a decrease
in myocardial systolic function in the study groups
could not be identified.

Mortality during the follow-up period was
recorded statistically significantly higher among
patients of group II (14.8% compared with 5.8% in
group III, p < 0.05), with 73.9% of them on an in-
hospital basis and 26.1% — outpatient basis. In group
II1, hospital mortality also prevails — 2/3 died in hos-
pital, during the acute period of the disease.

In a comparative analysis of surviving and
deceased patients, the factors influencing the fatal
outcome were (as the odds ratio decreased): age,
severity of NCI, polymorbidity (the combination of
AH + obesity + chronic kidney disease and
AH + DM + CHF + obesity had a significant negative
effect on the prognosis).

DISCUSSION

The study included a comparative analysis of the
dynamics of clinical and functional characteristics of
the metabolic syndrome in patients with COPD who
had NCI. The high frequency of confirmed NCI,
reaching 51.2% in patients of group II, is explained
by the interaction of SARS-CoV-2 with ACE-2 recep-
tors (largely expressed in the lungs, heart), in the
presence of risk factors: advanced age, COPD, obe-
sity, arterial hypertension. According to data from
Wuhan, China, up to 76% of NCI patients still have at
least one symptom 6 months after discharge [11],
and 45% patients on an outpatient basis present
complaints after more than 11 months [12]. In the
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Ta6smmua 3. /[luHaMuKa U3MeHEeHUH OCHOBHBIX IOKa3aTeJsield cepAedHo-COCYJUCTON CUCTEMbI U JIMITUIHOTO 0OMeHa

B aHAJIM3UPYEMbIX IpyINnax 60JbHbIX

Table 3. Dynamics of changes in the main indicators of the cardiovascular system and lipid metabolism in the groups of patients

I'pynna 601bHBIX / Group

. I I 111
1| Indicat 40 F
apametpe! / Indicators XOBJI /COPD  XOBJIuMC / COPD and MS MC / MS HEDL
(n=15) (n=132) (n =49)
CA/l, MM pT. cT. / SBP, mm Hg:
nio HKU / before NCI 133.5[129; 134] 137 [130; 142] 126 [118;131] x*=19.9
p=0.000
yepes 6 mec / after 6 months 134 [129; 137] 138 [131; 145] 131[126;138] x*=9.89
p=0.007
yepes rog / after 1 year 139 [132; 144] 140 [136; 145]* 137 [128; 140]* x*=8.07
p=0.018
Wupekc komopougHocTy YapscoHa
Charlson comorbidity index:
o HKU / before NCI 312; 4] 4[3; 6] 6 [5; 6] x*=16.9
p=0.00
yepes 6 Mec / after 6 months 3[2; 4] 5[4; 6] 6 [5; 6] x>=15.0
p=0.00
yepe3 rog / after 1 year 3[2;4] 5[4; 6] 6 [5; 6] x=17.1
p=0.00
[llxana CMDS, 6asibr / CMDS system, points:
nio HKH / before NCI 1[1;1] 3[3; 4] 3[3; 4] x*=7.33
p=0.03
yepes 6 Mec / after 6 months 1[1;1] 4 [3; 4] 4[3; 4] x*=11.1
p =0.004
yepe3 rog / after 1 year 1[1;1] 4[3; 4] 4[3; 4] x?=0.00
p=1.00
Xonectepus JITHII, mr/an
LDL cholesterol, mg/dl:
1o HKU / before NCI 2.91[2.7;3.1] 3.5[3.1; 3.6] 3.3[2.9;3.5] xX2=9.2
p =0.004
yepe3 6 Mec / after 6 months 3.0[2.8; 3.3] 3.7 [3.4; 3.8] 3.5[3.1;3.7] x> =8.76
p=0.000
yepes roj / after 1 year 3.3[3.0; 3.5] 4.2 [3.8; 4.6] 3.7 [3.5; 4.0] x*=12.8
p=0.003
XonectepuH JIIBII, MMosb /a1
HDL cholesterol, mmol/1:
no HKU / before NCI 1.3[1.1; 1.45] 1.08[1.01; 1.14] 1.12[1.00; 1.14] x*=10.5
p=0.004
yepes 6 mec / after 6 months 1.19[1.10; 1.30] 1.05[0.92; 1.15] 1.06 [0.95; 1.12] x*=11.7
p=0.009
yepes rog / after 1 year 1.13[1.05; 1.28] 1.04 [0.90; 1.10]* 1.08 [1.00; 1.18] x*=9.27
p=0.007
TpUIIHLLEPU/IbI, MMOJIb/JT
Triglycerides, mmol/1:
1o HKH / before NCI 1.05[0.96; 1.25] 1.95[1.81; 2.06] 1.61[1.41;1.78] x*=13.7
p=0.00
yepes 6 Mec / after 6 months 1.20[1.06; 1.34] 2.08[1.91; 2.18] 1.71[1.53;1.88] x*=14.1
p=0.010
yepe3 roj / after 1 year 1.31[1.17;1.48] 2.10[1.99; 2.15] 1.91[1.80;2.19] x*=11.7
p=0.000
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OkoHvaHue Tab6s1. 3 / Ending of Table 3

I'pynna 601bHBIX / Group

I

II III

I[Mapame Indicators 2 p, F
pameTpet / XOBJI /COPD  XOBJIuMC / COPD and MS MC / MS 2l
(n=15) (n=132) (n=49)
WHpekc cTeaTo3a nmeyeHu
Fatty liver index:
1o HKH / before NCI 33.6[31.6;37.7] 38.5[34.9; 41.4] 38.5[34.9;41.4] x*=0.41
p=081
yepe3 6 Mec / after 6 months 35.4[32.2;379] 39.6[36.3;42.0] 38.9[35.2;41.6] x*=1.56
p=0.28
yepes rog, / after 1 year 37.8[32.9;38.4] 43.8[36.9;43.3] 39.4[37.4;42.0] x*=4.78
p=0.04
[llkana pubpo3a meyeHU
NAFLD fibrosis score:
10 HKH / before NCI -1.7[-23;-1.6] -0.3[-0.7;0.1] -0.9[-0.5;0.2] x*=0.67
p=0.49
yepe3 6 mec / after 6 months -1.4[-2.0;,-1.2] -0.2[-0.3;0.3] -0.5[-0.5;0.2] x*=1.12
p=032
yepe3 rof / after 1 year -1.1[-1.8;-1.0] 0.3[-0.1;0.7] -0.1[-0.4;0.3] x*=2.63
p=0.10
Juacronndeckast JucHyHKUUs
Diastolic dysfunction:
no HKH / before NCI 4 (26.7) 48 (31.0) 19 (36.5) F_ > 0(.)06%5
pII—III > 0.
yepes 6 mec / after 6 months 4 (26.7) 88 (65.7)* 25 (51.0) F_,<0.05
pII*III > 0'05
yepes rof / after 1 year 6 (40.0) 94 (71.2)% 29 (59.2)* Py < 0(.)0055
pII—III > 0.

IpumMmeuyaHnmue:

XOBJI - xpoHuyeckast 06CTPYKTUBHAs 60Jie3Hb Jierkux; MC - Metabosnyeckuit cuapom; CA/Jl - cuctosnyeckoe

apTepuasbHOe AaByeHue; mkana CMDS - opuruHanpHas BaluAMPOBAaHHASA LIKasa OLleHKH KapJuoMeTab0JIn4ecKoro piucka, paspaboTaHHast
F. Guo, D.R. Moellering, W. Garvey; JITTHII - iunonpoTteunabl HU3Kkoi muiotHocty; JITBII - iunonpoTenibl BbICOKOHM MJIOTHOCTH.

JlaHHBIE TTpe/icTaB/IeHbl KaKk MeAuaHa [25-1; 75-1 nponenTuan] u n (%).

* CTaTUCTUYECKH 3HaUYUMBble pa3nunuus (p < 0.05) yepes 6 Mec; 2 cTaTUCTUYECKU 3HAaYUMble pas3iunuus (p < 0.05) mexay ganabivu o HKU u

yepes roj, HabJII0JeHNUH.
Notes:

COPD - chronic obstructive pulmonary disease; MS - metabolic syndrome; SBP - systolic blood pressure; CMDS - Cardiometabolic

Disease Staging system original validated cardiometabolic risk score developed by F. Guo, D.R. Moellering, W. Garvey; LDL - low-density

lipoproteins; HDL - high-density lipoproteins.
Data are presented as median [25th; 75th percentile] and n (%).

* Statistically significant differences (p < 0.05) after 6 months; 2 statistically significant differences (p < 0.05) between data before NCI and one

year after NCI.

(r = 0.63; p = 0.007), CTENEHBIO CTEATO3a IEYEHU
(r = 0.62; p = 0.02) y naruenTtoB II rpymnsl. [Ipu
MIPOBEIEHUHN aHAJIN3a cTeaTo3a U Gpubpo3a meueHu
cratucrudeckue pasnnuud Mexzay 1 u II rpynnamu
YCTAHOBJIEHBI TOJIBKO 10 CTEATO3Y U B OTJAJIEHHBIN
niepuoy (uepes roj mocsie HKI).

CraTtucTuyecKky 3HAUNMBIX PAa3JIMUYUH CHIKEHUS
CUCTOJINYECKOHN QYHKIIMYM MHOKap/a B aHATIU3HpYe-
MBIX TPYIIIaX OOJIbHBIX BBISIBUTH HE YAAIOCH.

JleTasIbHOCTP 3a IEPHOJ] HAOIIOIEHUS PETUCTPHU-
poBajIach CTaTUCTUYECKHM 3HAYMMO BBIIIE Ccpeau
marerToB II rpymmsl (14.8 % 1o cpaBHeH™HIO € 5.8 %
B III rpymme, p < 0.05), IPU 3TOM U3 HUX Ha TOCIIHU-
TaJIbHOM BTalie — 73.9 %, Ha ambys1aTopHOM — 26.1 %.
B III rpynme Tak:ke mpeoOJsafiaeT TOCIHUTAIBHAS

study, post-COVID syndrome was diagnosed in 6.7%
of patients in group I, in 34.5% of patients in group II
(p, , < 0.05), and in 18.4% of patients in group III.

It should be noted that ACE-2 is also expressed in
the endocrine part of the pancreas, contributing to the
development of insulin resistance and impaired insulin
secretion, which is confirmed by a direct strong correla-
tion between the occurrence of post-COVID syndrome
and the severity of carbohydrate metabolism disorders
according to the VAT and HOMA-IR score.

The study shows that the unfavorable effect of
NCI, even in the absence of long and post-COVID, is
manifested by an increase in the number of people
with impaired carbohydrate and lipid metabolism
(for example, an increase in the number of patients
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JIETAILHOCTD — 2/3 YMEPJIA B CTAIlHOHAPE, B OCTPHIN
nepuos 3a601eBaHUA.

[Ipu cpaBHUTEIPHOM aHAIWU3€ BBDKUBIIUX U
YMEPIINX MaIeHTOB (HAKTOpaMH, BIUAIIINMHU Ha
JIETAJIbHBIA UCXO/, 6bUTH (TI0 Mepe YObIBaHUsI OTHO-
IIIeHU IIIAHCOB): BO3pacT, TsukecTh HKV, mosmmmop-
OMAHOCTh (3HAUMMBIM OTPUIATEIBHBIM BIIUSHUEM
Ha MpoTHO3 obsasianu coueranue Al + oxkupenue +
xpoHudeckas 6osie3Hp mouek u A" + CJ + XCH +
O’KHUpEHUe).

OBCYXKJIEHUE

B pamkax mccsenoBaHUsA IPOBE/IEH CPABHUTEb-
HBIU aHAJIN3 AUHAMHUKYA KINHUYECKUX U (YHKIIUO-
HaJIbHBIX XapaKTEPUCTHK MeTaboJHMYeCKOTO CHH-
npoma y 60bHBIX XOBJI, nepenectrnx HKU. Brico-
Kas yacTtora nojreepxkaennor HKU, qocruraromnias
y narnueHToB 11 rpynmsl 51.2 %, 00bsACHAETCA B3au-
mozerictBueM SARS-CoV-2 c¢ penenrtopamu ACE-2
(B 3HAUUTEJIPHOW CTENEHH SKCIIPECCUPYEMBIMH B
JIETKUX, Ceplle), IPU HAIUINU (AKTOPOB pHCKA:
noxxuwioi Bo3pact, XOBJI, oxxupeHue, apTepruaib-
Has runepreH3us. COIIacHO JAHHBIM, ITOJIyYeHHBIM
B Yxane, Kuraii, 10 76 % manueHTOB, IEPEHECIINX
HKU, mo-npexkHeMy OeCIIOKOUT IO KpaliHel Mepe
OJIUH CHMIITOM 4epe3 6 Mec IOocjie BhIMUCKH [11], 1
45 % aMOyJIaTOPHBIX IAIIMEHTOB IIPEbABIISIOT
3kaso0kbI ciryctst 6osiee 11 Mec [12]. B mpoBeneHHOM
HCCJIEIOBAHUY IIOCTKOBUJHBIA CHUHIPOM JIMATHO-
CTUPOBaH y 6.7 % mauueHToB | rpynnsl, y 34.5 %
GonpupIx II rpymmer (p, , < 0.05) uy 18.4 % —
III rpyminoel.

Crnenyer oTMeTuTh, uTOo ACE-2 Takke sKcIpeccu-
pyercss B DOHIOKPUHHOW 4YaCTH TIO/KEITyIOUHOMN
JKeJie3bl, CII0COOCTBYSI Pa3BUTHIO HHCYJIMHOPE3U-
CTEeHTHOCTH U HapYyIIeHUI0 CEKPelly NHCYJINHA, UTO
MOATBEPKaeTcs MPAMON CHUJIBHON KOppeJIALNOH-
HOH CBSI3bI0 BOSHUKHOBEHHS ITOCTKOBHIHOTO CHH-
ZIpoMa C BBIPAKEHHOCTHIO HApYyIIIeHUH yT1eBOTHOTO
obmena o uazaexcam UBO u HOMA-IR.

B pabore nmokaszaHo, 4To HEOJIATONIPUATHOE BJIHUS-
Hue nepeHeceHHo HKU, nake mpu oTcyTCTBUH
JIOHT- U TIOCTKOBU/A, IPOABJIAETCA yBEJIUYEHHEM
Yucsa JIAL, ¢ HapylIeHUeM YIJIEBOJHOTO W JIUIIH[I-
HOTO 00MEeHOB (HaIpUMep, YBEJTHYeHHe uyrcyia 60JIb-
HbIX ¢ C/I/ HapylIeHreM TOJIEPAHTHOCTHU K IJTIOKO3€
(HTT) / mapymenuem riaukemuu Hartormak (HI'H),
HEaJKOTOJIbHOH  »KUPOBOH  0OJIE3HBIO  IIeYeHU
HAMKBII). Tak, y mOJI0BUHBI HAIMEeHTOB | rpymmsl K
KOHITY TIEpHO0/ia HAaOJTI0IeHYsI BIIEPBbIE OBLI TUATHO-
crtupoBaH MC.

W3BecTHO, YTO JIUNHUABI YIACTBYIOT B BUPYCHOM
maroreHese M naTopU3NOJIOTUN BUPYCHBIX 3a00J1e-
BaHUH. JINNUABI HE TOJIBKO COCTABJIAIOT 000JIOUKY

with diabetes/impaired glucose tolerance (IGT)/
impaired fasting glycemia (IFG), NAFLD). Thus, MS
was diagnosed newly in half of the patients of group
I by the end of follow-up.

Lipids are known to be involved in viral pathogen-
esis and pathophysiology of viral diseases. Lipids not
only make up the envelope of the virus, but are also
involved in viral replication and invasion. Viruses
always contain lipids involved in membrane fusion
and replication during invasion and release from the
host cell membrane. Numerous studies [13, 14] con-
firm our results, indicating that lipid profile indices,
such as total cholesterol, HDL cholesterol and LDL
cholesterol, are significantly altered in COPD patients
after NCI (a manifestation of metabolic reprogram-
ming). The exact role and mechanisms of this lipid
phenomenon are not yet clear; however, the effect of
cholesterol as an immune regulator or indirectly act-
ing via signaling pathways, has been established,
which may be a possible therapeutic target [14].

With diagnosed post-COVID syndrome (primar-
ily according to clinical and anamnestic data), the
laboratory confirmed disorders of carbohydrate and
lipid metabolism, persisted for at least 6 months.
With further follow-up, we were able to confirm the
possible reversibility of the carbohydrate metabo-
lism disorders in the long-term (after 12 months),
which was characterized by a decrease in patients
with IGT / IFG from 88.1% to 76.5% in group II with
the most pronounced disorders (p < 0.05) in the set-
ting of active monitoring in accordance with the cur-
rent guidelines. Similar data are presented in the
works of both domestic authors [15] and our Chinese
colleagues [16]. So, when following-up 2509 adults
and 849 children in the clinics of Sechenov Univer-
sity, the prevalence of post-COVID syndrome
decreased between the 6th and 12th months of the
follow-up; in every third adult and every tenth child,
clinical manifestations persisted up to the 12th
month of the follow-up.

Despite the fact that earlier foreign studies [17]
did not report that AH is a risk factor for post-COVID
syndrome, the study revealed a relationship between
already diagnosed and newly diagnosed AH and
post-COVID syndrome after 12 months, which is
consistent with the data of Pazukhina et al. [15].

The low FFMI index, reaching a maximum
decrease by the end of the follow-up in patients of
group II — 14.9 [14.6; 15.3] kg/m? has previously
been identified as a predictor of mortality in COPD
patients, independent of lung function decline [4],
highlighting the importance of muscle mass and
function in the overall pathology of COPD. Muscle
loss is found in 40% of patients with COPD, and the
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BHUPYCa, HO TAKKE YIACTBYIOT B PEIUIMKAI[UH 1 HHBA-
3UM BHUpyca. B cocraB BHUPYCOB BCErza BXOJST
JIUTIU/IBI, YYACTBYIONIAE B CAUSHUU W PEIUIUKAITUU
MeMOpaH BO BpeMsi IPOHUKHOBEHUSI U BBICBODOXK e~
HUA U3 MeMOpaHbI KJIETKU-X035IMHA. MHOTOYHCIeH-
HbIE WCCIIEZIOBAHUsA [13, 14] HOATBEP:KAAIOT HAIIH
PEe3yJIbTaThl, CBUIETEIBCTBYIOIINE O TOM, YTO ITOKa-
3aTey JIUMUAHOTO MPOMMIIss, TaKhe Kak OOIUH
xomnecrepuH, xonecrepus JIIIBIT u JITTHII, y mamu-
eHtoB ¢ XOBJI mocie nmepenecernort HKIM 3Haun-
TeJIbHO U3MeHEHbI (IPOsIBJIEHHE META0OTHMYECKOTO
nepenporpaMMupoBanus). TouHass posb B Mexa-
HHU3MBI 3TOTO JIUITUHOTO (pEHOMEHa MTOKa He SICHBI,
OTHAKO YCTAHOBJIEHO BJIUSHHUE XOJIECTEPHHA KakK
WMMYHHOTO PeryJisiTopa JIn0O OIOCpeIOBAHHO Ha
CUTHAJIbHBIE ITyTH, YTO MOKET OBITh BO3MOXKHOU
TepamneBTUYECKON MUIIIEHBIO [14].

[Ipu AUarHOCTUPOBAHHOM ITOCTKOBUIHOM CHH-
JIpoMe (Ipek/ie BCEro IO KJIMHUKO-aHAMHECTH-
YeCcKHM JAHHBIM) HapyIIEeHWs VIJIEBOJHOTO U
JIMIIUTHOTO OOMEHOB, IOJITBEPKAEHHbIE Jabopa-
TOPHBIMH JJAHHBIMH, COXPAHSUJINCh B TEUEHHE II0
Kkpaiineii Mmepe 6 mec. [Ipu nanpHeleM HabJI0/E-
HUHU HaM yIaJ10Ch ITOATBEPAUTD BOBMOKHOCTH 00pa-
THMOCTH HapyIlleHUu! YIJIeBOJHOTO OOMeHa B OT/Ja-
JieHHBIe (Uepe3 12 Mec) CPOKH, UYTO XapaKTEPU30Ba-
Jock ymeHnbirenneM 60apHbIX ¢ HTT/ITH ¢ 88.1 mo
76.5 % Bo Il rpynme c Hambosiee BbIpa*KEHHBIMH
HapymeHussMu (p < 0.05) Ha (OHe aKTHBHOTO
HaOJIFO/IEHUs] COTJIACHO JIEHCTBYIOIIIUM PEKOMEeH1a-
OUsAM. AHAJOTHYHBIE JaHHBIE IIPE/ICTABJIEHBI B
paboTax Kak OTeuecTBEHHBIX aBTOPOB [15], Tak u
HAIIIUX KATaHCKUX KoJuier [16]. Tak, mpu HabI0e-
HHUU 2509 B3POCJIBIX U 849 JleTel B KJIMHUKAX YHH-
Bepcutera wuM. CedeHOBa PaCHPOCTPAHEHHOCTH
ITOCTKOBHTHOTO CUH/IPOMAa CHU3WJIACh MEXKAY 6-M U
12-M MecsaMu HaOJIIO/IeHNsA, Y KK/IOTO TPEThEro
B3POCJIOTO U KaXK/IOTO JECSITOTO pebeHKa KINHUYe-
CKHE MPOSBJIEHUs] COXPAHSJINCh HA 12-M MeCsAIe
HabIIoAeHNA.

HecMmoTpst Ha TO, UTO B IPOBEIEHHBIX PAHEE 3aPy-
OeXXKHBIX HCCIIEZIOBAHUSX [17] HEe cOObIIaIoch O TOM,
uto Al aBaseTcs ¢GaKTOpOM pucCKa MOCTKOBU/IHOTO
CHHJIpOMa, IPOBEJEHHOE KCCIEIOBAHNE BBISBHIIO
CBSI3b MEXK/Y YK€ JIMarHOCTUPOBAHHOH WM BIIEPBBIE
BBISIBJIEHHOH AI' M TIOCTKOBHUJIHBIM CHHIAPOMOM
yepes 12 Mec, UTo corsacyercs ¢ gauabiMu E. I1agy-
XHUHOH U cOaBT. [15].

Huzkuit maneke FFMI, nocturanomuil K KOHITY
repro/ia HabJIi0/IeHUs MAaKCUMAIbHOTO CHYYKEHUS ¥
marerToB II rpynmel — 14.9 [14.6; 15.3] Kr/m2,
paHee ObUT HUJIEHTHDUIHPOBAH KaK IPETUKTOD
cMmeptHOocTu OT XOBJI, HE3aBUCUMO OT CHUXKEHU
(YHKIMU JIETKUX [4], UTO MOUYEPKUBAET BAXKHOCTH

prevalence and degree of wasting is exacerbated in
patients with NCI in the history. In addition to the
loss of muscle mass and strength, phenotypic
changes occur in COPD patients who had NCI.
Although the lung pathology is largely irreversible in
COPD, the inherent adaptability of muscle tissue
offers therapeutic possibilities against muscle atro-
phy and allows to restore or delay the progression of
this aspect of the disease in order to improve patients’
quality of life. This may explain the absence of statis-
tically significant changes in BMI in groups I and III,
with the dynamics of abdominal obesity.

As is known, NAFLD does not exist on its own,
but is usually associated with metabolic syndrome
and diseases of the cardiovascular system, primarily
with AH. In this regard, the abbreviation NAFLD has
recently been revised: the abbreviation MAFLD
(metabolic associated fatty liver disease) has been
introduced. Portincasa et al. [13] showed an increase
in liver fibrosis after NCI and recommended long-
term follow-up of patients with NAFLD after NCI to
record further progression of the pathological pro-
cess in the liver; it is consistent with the study, that
have shown an increase in both the fatty liver indices
and NAFLD fibrosis score. Further research is
required in this area.

Our results also allow us to speak about the unfa-
vorable impact of NCI on the LV myocardium, which
is manifested by the deterioration of its structural
and functional condition. Already a year after NCI,
the number of individuals with reduced and moder-
ately reduced ejection fraction increased by 18.1%
(p < 0.05), which indicates a progressive deteriora-
tion of myocardial function in the long-term period
after the disease in some patients who had recovered
from the disease.

CONCLUSION

NCI is more often diagnosed in patients with MS
in combination with COPD, in the presence of risk
factors: advanced age, COPD, obesity, AH. Post-
COVID syndrome was detected in every third MS
patient with concomitant COPD, which had positive
dynamics of carbohydrate and lipid metabolism dis-
orders by the 12th month of the follow-up. AH with
the development of complications (diastolic dysfunc-
tion, abdominal obesity, and associated NAFLD) was
characterized by an unfavorable, progressive course
in patients with MS in combination with COPD in the
long-term period after NCI, which necessitates early
initiation of therapy for comorbidities.
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MBIIIIEYHOH Macchl U GYHKIIUU B OOIIEH aTOJIOTHH
XOBJI. IToTepst MBIIIEYHON MacChl 0OHAPYKUBAETCS
vy 40 % nanuenToB ¢ XOBJI, pacripocTpaHeHHOCTD U
CTelleHb UCTOLIEHUS YCYTYOJISAIOTCA Y MAI[eHTOB C
nepenecenHor HKI. B pomnosiHeHwe Kk morepe
MBIIIIEYHON Macchl U CwiIbl y manueHToB ¢ XOBJI,
neperHecminx HKW, mpoucxogar dbeHOTUNMUECKUE
u3MeHeHHUs. X0Ts narosiorus jierkux npu XOBJI B
3HAYNTEJIbHON CTeleHu HeoOpaTHMa, IMpPUCYIast
MBIIIETYHON TKAHU aJAaTUBHOCTh OTKPHIBAET Tepa-
MIEBTUYECKHE BO3MOKHOCTH i1 GOPHOBI ¢ MbIIIEY-
HOU arpodueld ¥ TO3BOJISIET BOCCTAHOBUTH WJIN
OTCPOUYUTH IIPOIPECCHPOBAHIE STOTO acmeKTa 3a60-
JIeBaHUs, YTOOBI YJIYUIIUTh KAUeCTBO *KU3HU TaIlH-
€HTOB. DTUM, BO3MOXKHO, O0BSICHSETCA OTCYTCTBHE
CTaTHCTUYECKU 3HAaYMMbIX usMeHeHuil IMT B I u
III rpynnax, mpu [fuHAMUKe a6ITOMAHIBHOTO OXKH-
peHus.

Kax usBectHo, HAYKBII He cyiiecTByeT cama 1o
cebe, a OOBIYHO ACCOIIMUPYETCS ¢ METabOTHUECKUM
CHH/IDOMOM U 3a00JIEBAaHUAMH CEPAEYHO-COCY/IHC-
TOHW CHUCTEMBI, B IEPBYIO ouepenb ¢ Al'. B aTol cBs3u
abbpesuatypa NAFLD (HAJKBII) memaBHO 6bLia
mmepecMOTpeHa: BBefieHa abbpeBumatypa MAFLD
(ckmpoBast 60J1€3HD IEUEHH, CBA3aHHAS ¢ MeTab0JIH-
yeckoii aucdyukimeii). P. Portincasa et al. [13] moka-
3au ycusieHue ¢ubpo3a ImeueHu 1ocyie mepeHeceH-
Hoit HKU u pekomMeH10BaIN JIJTUTENILHOE HAOJITIO/E-
gue 3a nanuenrtamu ¢ HAMKBIT nociie HKU, uTo0bI
JIOKyMEHTHPOBaTh JlaJIbHelIlee MporpeccupoBaHue
[1aTOJIOTUYECKOT0 IIpoliecca B IIeUYeHH, UYTO COTJIacy-
€TCsl C TIPOBEJIEHHBIM HCCJIEI0BAHMEM, TOKA3ABITUM
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VBeJIMUEHHEe MH/IeKCA KaK II0 IIKaJle CTeaTo3a, TaK U
o mkase ¢ubposa neyeHu. B aToit obsactu Tpeby-
I0TCS aJIbHEHIIINE UCCIeIOBAHMA.

Harmu pe3ysibTaThl TaKKe TO3BOJISIIOT TOBOPUTH O
HeOJIAarONpUATHOM BJIUSHHUU TepeHeceHHOH HKU
Ha Muokap JIK, uTo mposBiseTcs yXyAllleHneM ero
CTPYKTYPHO-(GYHKIIMOHAJIBHOTO COCTOSAHUA. YiKe
yepes roy1 mocsie nepenecenHor HKM aucsio Jmry co
CHIDKEHHOU W YMEPEHHO CHWKEHHOHU (Qpakiuei
BBIOpOCa BbIpocyio Ha 18.1 % (p < 0.05), UYTO TOBOPUT
0 IIPOTPECCUPYIOIIEM, Y YACTH I1ePEOOIEBIINX, VXY~
meHnn (QYHKIUA MHOKapAa B OT/IaJIEHHbIE CPOKH
mocsie 3a601eBaHUA.

SAK/IIOYUEHWE

HKM! uarne quarsoctupoBaHa y 60bHbIX ¢ MC Ha
¢one XOBJI, npu Hayimuuu HaKTOPOB pUCKA: TTOKHU-
Jsiott Bospact, XOBJI, oxxupenue, Al'. [IoCTKOBUTHBIN
CHUH/IDOM BBIABJIEH Y KQXK/IOTO TPEThero malueHTa ¢
MC na ¢one XOBJI ¢ MOJIOKUTETHHON JUHAMUKON
HApYIIEeHUsI YIJIEBOHOTO W JIMITUIHOTO OOMEHOB K
12-My MecsIy HabioieHus1. Al' ¢ pa3BUTHEM OCIIOK-
HeHu# (quacrosiueckas AUCHYHKITUS, aOTOMUHATb-
HOe oxkupeHue u accoruupoBannast HAYKBIT ) xapak-
TepU30Bajiach HEOJIATOMPHUATHBIM, ITPOTPECCUPYIO-
muM TeuenreM y nanueHToB ¢ MC Ha ¢pone XOBJI B
OTJIAJIEHHOM IIepuozie mnocye nepeHecenHor HKU,
YTO 0OYCIIOBJIMBAET HEOOXOAUMOCTH PAaHHET0 Havasia
Tepanuu KOMOPOUTHOH MTaTOJIOTHH.

KoH@IUKT HHTEPECOB. ABTOPHI 3asBJISIOT 00
OTCYTCTBUU KOH(JIMKTA UHTEPECOB.
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Echinococcus granulosus. KniuHuyeckuu ciaydau
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AHHOTAIINA

IXHUHOKOKKO3 — cepbesHast IIpobiieMa JJIsi COBpeMeHHOro yesioBeuecTBa. CrennUUHbIX KIMHUYECKUX TPOsIBJIEHUH JaH-
Hoe 3ab0JIeBaHNE He MMEET, OTHAKO OCJIOKHEHHSA MOTYT oKaszaTbes daTtanbHbIMU. Echinococcus granulosus siBisercs
SHZIEMHUYHBIM JIJIsI ACTpaxaHCKO# obsactu Bo3OyauTesneM. C K&KIbIM FOZIOM Ha TEPPUTOPUU ACTPaxaHCKOH 06J1aCTH yBe-
JIMYUBAETCS YHCIIO CJIyYaeB 3apaKeHUs YesIOBeKa HXMHOKOKKOM. Yalle BCero KUCThI BO3OYAUTENsT OOHAPYKUBAIOTCS B
neuenu (85 %) u jerxkom (0 15 %). Ceparne (Bcero 0.4—2 %), cesie3eHKa, MOYKKU U TOJIOBHON MO3T MOPA’KATCA 3HAUU-
TeJIbHO pexke (1—5 % Ha Bce JIOKAJIW3aluu). B craTthbe mpesicTaBieH KJIMHUYECKUH CJIydail 60JIBHOTO € 3XHHOKOKKO30M
cep/lia ¥ a0PThI, TOJIOBHOTO MO3Ta, BhI3BaHHBIM Echinococcus granulosus.

Knaroueeswle caosa: Echinococcus granulosus, KINHUYECKUN CIydail, THAATH/IHBIH SXUHOKOKKO3, 5XMHOKOKKO3 CepAIa
U MO3Ta.

O0pasen murtupoBaHmusa: OkyHckas E.U., CarutoBa I'.P., Mypsosa O.A., lonotkaszuna T.A., JTonotkazus A.C.
Echinococcus granulosus. Knunnueckuii ciayuait // Journal of Siberian Medical Sciences. 2023;7(1):149-?. DOI:
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Echinococcus granulosus. Clinical case
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ABSTRACT

Echinococcosis is a serious problem for modern mankind. This disease has no specific clinical manifestations, but its com-
plications can be fatal. Echinococcus granulosus is endemic for the Astrakhan Region. Every year, the number of cases of
human infection with Echinococcus granulosus is increasing on the Astrakhan Region territory. Most often Echinococcus
granulosus cysts are found in the liver (85%) and lung (up to 15%). The heart (only 0.4—2%), spleen, kidneys, and brain are
damaged much less frequently (1—5% for all locations). The article presents a clinical case of a patient with echinococcosis
of the heart and aorta, brain caused by Echinococcus granulosus.
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and brain.
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BBEJAEHHNE

IXMHOKOKKO3 UYeJIOBEKAa SBJISIETCS 300HO30M,
BBI3BIBAEMBIM JIEHTOUHBIMH uepBsiMu poja Echino-
coccus. Echinococcus granulosus sipyisieTcsi dHJie-
MHYHBIM JJIsi ACTpaxaHCKOW 00J1acTH BO30yAHTE-
gem. C KaXKJIbIM TOZIOM Ha TEPPUTOPHUU AcTpaxaH-
CKOH 00JIaCTH YBEJIMIMBAETCS YHCIIO CJIyYaeB 3apa-
JKEHHUS YeJIOBeKa SXHHOKOKKOM. Yalle BCero KMCThl
BO30yuTENsA 00HAPYKUBAIOTCA B IeueHu (85 %) u
sgerkom (o0 15 %). Cepaue (Bcero 0.4—2 %), ceie-
3€HKa, IOYKHU U TOJIOBHOI MO3T IIOPAKAI0TCA 3HAUH-
TeJIbHO pexe (1—5 % Ha Bce Jiokanmuzaiuu). Bo3oy-
IUTEeeM SXMHOKOKKO3a sIBJIsIeTcs1 IemneHb Echino-
coccus granulosus, KOTOPbI Tapa3UTUPYET HA ILIO-
TOSIAHBIX KMBOTHBIX. OXMHOKOKKO3 OTHOCHUTCH K
TSKEJIBIM TTapPa3UTaAPHBIM 3a00I€BAHUAM U B CBOEM
Pa3BUTHH BCeria IPOXOAUT CTaIUI0 GOPMUPOBAHUS
kucT. I[IpomMerKyTouHbIE X03s€Ba MapasuTa — 4esio-
BEK U CEJIbCKOXO3SIMCTBEHHBIE KUBOTHBIE. OKOHUA-
TeJIbHbIE X0351€Ba, HApUMepP co0aKH, 3aparKarTcs,
moejiasi BHYTPEHHOCTH KUBOTHBIX C 3XUHOKOKKO-
BBIMU KHCTaMH [1]. 3apakeHue 4YejoBeKa MOXKET
MIPOUCXOJUTh Yepe3 CJIM3UCTbIE ODOJIOUKH IKEy-
JIOYHO-KHUIIIEYHOTO TPaKTa, JbIXaTeIbHBIX MyTeH U
Jlerkux (B OCHOBHOM Ha NACTOMINAX) U PaHEBYIO
MMOBEPXHOCTD. fIHI]a 5XMHOKOKKA BEChMa YCTOMUHMBEI
K BO3/IEHCTBUIO KJIMMAaTHYECKUX (DAKTOPOB U B OTIpe-
JIeJIEHHBIX YCIOBUAX CIIOCOOHBI OCTABATHCA JKM3HE-
CIIOCOOHBIMM B TE€UEHHE HECKOJbKUX HEJeNb HJIN
JIaske MecsieB. /lnarHo3 SXMHOKOKKO03a OCHOBBIBA-
€TCs Ha JAaHHBIX KJIMHUYECKOT'O U SIIUAEMUOJIOrIYe-
CKOTO aHaMHe3a, pe3ysbTaTaX HHCTPYMeEHTAJTbHbIX
HCCIEIOBAaHUH U CEPOJIOTHYECKUX peakiuii. Hacro-
PaKMBATh MOJKET BIUAEMUOJIOTHIECKUH aHAMHES —
KOHTakKT ¢ cobakamu, XapakTtep mpodeccun (pas-
JleJIKa IIKYP, CTPUIKKA OBEIl, OXOTHUYUU TPOMBICEJT,
paboTa macTyxomM, MEXOBOE ITPOU3BOJICTBO), IIOE3KU
B OHJIEMUYHbBIE PETHOHEI [2].

KiimHuueckasi KapTUHA 9XHHOKOKKO03a HeCITeI-
(muHa, UMeeT MHOKECTBO MACOK: B OHUX CIIydastX
3a00JIeBaHNe MPOTEKAET MAaJIOCUMIITOMHO, B JIPYy-
TUX — IMPOSIBJIAETCS MPOTPECCUPYIOITUMHE 32 KOPOT-
KO€ BpeMs kajo0aMu, B-TPEThUX — Cpasy pa3BHUBa-
IOTCSI BBIPA’KEHHBIE OCTphbIE SBJIEHHA. B TeueHue
OTIPE/IEJIEHHOTO BPEMEHU SXWHOKOKKO3 Ccep/la
MOKET BOOOIIe HE WMETh KJIHHUYECKHX IIPOsIBJIE-
HUH; MHOTHE aBTOPHI YKa3bIBAIOT HA TO, YTO IIPH-
OJIUBUTENIPHO V 30—40 % OOJbHBIX 3a00JieBaHHE
MOXKET IIPOTEKATh COBEPIIEHHO OECCHMIITOMHO,
BIUIOTH /10 MOMEHTa BHE3AITHOTO Pa3BUTHUSA OCJIOXK-
HeHUI [3]. DXMHOKOKKO3 TOJIOBHOIO MO3Ta MOKET
[IPOSIBJISITHCS OOII[EMO3TOBBIMH, OYaTrOBBIMH, HHTOK-
CHUKAIIMOHHBIM, aCTEHOBET€TATUBHBIM U IMCIOKAIIH-
OHHBIM CHUMIITOMaMHU U cHHApoMamu. HezaBucumo

INTRODUCTION

Human echinococcosis is a zoonosis caused by
tapeworms of the genus Echinococcus. Echinococ-
cus granulosus is endemic for the Astrakhan
Region. Every year, the number of cases of human
infection with Echinococcus granulosus is increas-
ing in the territory of the Astrakhan Region. Most
often Echinococcus granulosus cysts are found in
the liver (85%) and lung (up to 15%). The heart
(only 0.4—2%), spleen, kidneys, and brain are
invaded much less frequently (1—-5% for all loca-
tions). The causative agent of echinococcosis is
tapeworm Echinococcus granulosus, which para-
sitizes carnivorous animals. Echinococcosis refers
to severe parasitic diseases and in its development
always goes through the stage of cyst formation.
Intermediate hosts of the parasite are humans and
farm animals. Definitive hosts, such as dogs,
become infected by eating the animal viscera with
echinococcal cysts [1]. Human infection can occur
through the mucous membranes of the gastroin-
testinal tract, respiratory tract and lungs (mainly
in pastures), and the wound surface. Echinococcus
eggs are highly resistant to climatic factors, and
under certain conditions are able to remain viable
for several weeks or even months. Diagnosis of
echinococcosis is based on clinical and epidemio-
logical data, the results of clinical tests and sero-
logical reactions. An epidemiological history can
be alarming — contact with dogs, the nature of a
profession (hide trimming, sheep shearing, hunt-
ing, shepherd work, fur production), trips to
endemic regions [2].

The clinical picture of echinococcosis is nonspe-
cific, has many masks: in some cases, the disease is
asymptomatic, in others it manifests itself with com-
plaints progressing in a short time, and thirdly, acute
signs develop immediately. For a certain time, echi-
nococcosis of the heart may not have clinical mani-
festations at all; many authors point out that in
approximately 30—40% of patients, the disease can
be completely asymptomatic, up to the moment of
sudden development of complications [3]. Echino-
coccosis of the brain can be manifested by cerebral,
focal, intoxication, brain dislocation symptoms and
syndromes, as well as by dysautonomia and asthenia.
Regardless of the type of parasites and their number,
affection of one or both brain hemispheres, the intra-
cranial hypertension syndrome comes to the fore
when patient visits a doctor. Epileptic seizures,
cramps in the limbs or paresis of the limbs depend on
the localization of the parasite. In addition, pelvic
organ dysfunction and/or mental disorders may be
reported [4].
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OT BUJIa IIapa3UTa U ero KOJIUMYEeCTBA, MTOPaKEHU
OJTHOTO MJIK 0OOUX TOJIYIIIaPUL TOJIOBHOTO MO3Ta, Y
0OJIbHBIX HA IEPBBIH IJIAH IPHU OOpAIEeHNN K Bpady
BBICTYIAeT THIEPTEH3UOHHBIH CHHAPOM. OIUJIEI-
TUYECKHe MPUIIAJIKU, CYIOPOTH B KOHEYHOCTSAX WU
rape3 KOHEYHOCTEH 3aBUCAT OT JIOKAJIM3AINY TIapa-
3uta. Kpome TOro, MOryT OTMeYaThCs HapyIIEHUS
(YHKIIMM Ta30BBIX OPraHOB W/WIM TICUXUUYECKHE
paccrpotictBa [4].

OXUHOKOKKO3 JIOCTATOYHO PACIPOCTPAaHEH W,
HECMOTPS Ha TO, YTO MOPA’KeHUeE CePAIa P 3TOH
[IaTOJIOTUH SIBJISIETCA JIOCTATOYHO PEIKUM, HE0OXO0-
MO TIOJIHOe 00cJie[loBaHHe IaleHTa ¢ IepPBUY-
HOH JIOKaJM3alMed KUCT B JIPYTHUX 00JIacTAX.
VimMeHHO mO3TOMY B 00s3aTEJILHOM HOPSIAKE HEOO-
XOZIMO BBITIOJIHATh TPAHCTOPAKAJIBHYIO 3XOKap-
nuorpaduio (9xoKI') Kak MPOTOKOJIBHBINA METOJ, Y
BCeX MAIUEHTOB ¢ SXMHOKOKKO30M JIIOO0H JIOKATH-
3anuu. OnpeJieJIeHHYI0 CJIOXKHOCTh B IMAaTHOCTUKE
NpeACTaBisgeT Hecmenuduueckass KIUHUYECKas
KapTUHA, KOTOpas He T03BOJISET TOCTOBEPHO 3aI0-
JIO3PUTH INATHO3 SXUHOKOKK03a. OJTHAKO COUeTaH-
Hble U, Ha TEePBBIA B3IJIA/, HE CBA3aHHBIE JIPYT C
IpyroMm 3kajobbl (60711 B TPYQHOH KJIETKE BHE
Harpy3KH, yTOMJIIEMOCTb, AUCKOMGOPT), HEBPOJIO-
TUYeCcKas CUMIITOMATHUKA MO3BOJISIOT 3aI0/I03PUTH
MHOKECTBEHHOCTh MOPAKEHUH PAa3JIMIHOMN JIOKa-
auzanuu [5].

Ha nmepBoM MecTe cpey OCJIOKHEHUN SXUHOKOK-
KO3a CTOUT HAarHOEHWE KHUCTBHI, 3aTEM — €€ Pa3phIB.
B cirygae pa3psiBa KUCTBHI pa3BUBAeTCSA KAaPTHUHA aHA-
(prIaKTHYECKOTO II0Ka, a B MOCJIEAYIOIIEM MOKET
BO3HUKHYTh MHOKECTBEHHBI SXUHOKOKKO3 OpIOII-
HOU WJIY IUIEBPAJIBHOU IOJIOCTEMN, IIPOUCXOIUT JUC-
CEeMUHAIUsA TpoIlecca B IPYTHeE OTEJbI IMOPaXKeH-
HOTO JIETKOTO WJIU B APyroe Jierkoe. [[pyruM ucxo-
JIOM fABJIIeTCSA KanbliudUKanus KucT. Takol ncxon,
HECOMHEHHO, ObIBaeT dallle, 4eM IPeI0JIararT,
ITOCKOJIbKY CIyYalHble HAXOJAKH HEOOJIBIINX 00bI3-
BECTBJIEHHBIX KUCT HEPEJKH, [P 3TOM HHBA3US OT
MOMEHTA 3apaKeHHsl 70 CaMOU3JIEUeHHUs MOKET
IIPOTEKATh COBEPIIEHHO 6ECCUMIITOMHO [6].

OCHOBHBIM B TPODUIAKTUKE 3apPaKeHU IXUHO-
KOKKOM SIBJISIETCSI COOJIIOZIeHNE TPaBWI JIMYHOM
TUTHEHBl U HEAOMyIeHWe IMONaJaHUus B POT SIHI]
reJbMHUHTA (C MepcTy cobak, 0OBEKTOB OKPYKAIO-
el cpenbl, 3arpsi3HEHHBIX (HeKaTUIMU UHBA3UPO-
BAaHHBIX JKUBOTHBIX). HeMas10BaXKHBIMU SBJISIOTCS U
BeTepHHAPHBIE MEPOIPUATHs, HAIpaBIeHHbIE Ha
VTHIN3AIUI0 OOEHCKHUX OTXOJIOB 3apa’KeHHBIX OBEIl
(HemomyIeHre CKapMJIMBaHHUSA WX cobakam, IIpo-
MBIIUJIEHHBIM IIYIIHBIM 3BepPsM), CBOEBPEMEHHOE
BBISIBJIEHE WHBAa3UPOBAHHBIX COOAK U UX JETesb-
MUHTU3a1u [7].

Echinococcosis is quite common and, despite the
fact that the lesion of the heart is quite rare in this
pathology, the complete examination of the patient
with primary localization of cysts in other areas is
necessary. That is why, it is mandatory to perform
transthoracic echocardiography (EchoCG) as a per-
protocol examination method in all patients with
echinococcosis of any localization. A certain diffi-
culty in the diagnosis is a non-specific clinical pic-
ture which does not allow one to reliably suspect
echinococcosis. However, the combined and, at first
glance, unrelated complaints (chest pain without
exercise, fatigue, discomfort), neurological symp-
toms suggest a multiplicity of lesions of different
localization [5].

In the first place, among the complications of
echinococcosis is suppuration of a cyst, then its rup-
ture. In case of a cyst rupture, a picture of anaphylac-
tic shock develops, and subsequently the multi-organ
echinococcosis of the abdominal or pleural cavities
may occur, dissemination to other parts of the dam-
aged lung or to another lung occurs. Another out-
come is calcification of cysts. This outcome is
undoubtedly more common than expected, since the
incidental findings of small calcified cysts are not
uncommon, while the invasion from the moment of
infection to self-healing can be completely asymp-
tomatic [6].

The main thing in the prevention of hydatid dis-
ease is the personal hygiene rules observance, and
exclusion of helminth eggs ingestion (from the hair
of dogs, environmental objects, contaminated with
the feces of infested animals). Also important are
veterinary measures aimed at the utilization of
slaughterhouse offals of infected sheep (prevention
of feeding them to dogs, farm fur animals), timely
detection of infested dogs and their dehelminthiza-
tion [7].

AIM OF THE RESEARCH

To present a clinical case of a patient with echino-
coccosis of the heart and aorta, brain caused by Echi-
nococcus granulosus.

MATERIALS AND METHODS

The diagnosis of echinococcosis of the heart and
aorta, brain, caused by Echinococcus granulosus
was made in accordance with international clinical
guidelines, conventional standards for the diagnosis
and treatment of patients with echinococcosis. Clin-
ical examination was based on the analysis of anam-
nestic data, complaints of the patient, his physical
examination. A clinical examination, including IgG
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ITEJIb UCCJIEJIOBAHUSA

[IpescTaBUTh KIWHUYECKUN C/Iydail G0JIBHOTO C
HXUHOKOKKO30M Cep7lla U a0PThl, TOJIOBHOTO MO3Ta,
BbI3BaHHBIM Echinococcus granulosus.

MATEPUAJIBI 1 METO/bI

Jnarno3 «3XWHOKOKKO3 CEPAIa U a0PThI, TOJIOB-
HOTO Mo3ra, BeI3BaHHBIN Echinococcus granulosus»
IIOCTaBJIE€H B COOTBETCTBUHM C MEXKIYHAPOAHBIMU
KJIMHUYECKUMU PeKOMEeHJallusAMM, COBPEMEHHBIMU
CTaH/IApTAMU JUATHOCTUKU W JieueHUs OOJIbHBIX
SXHHOKOKK030M. KitnmHmueckoe ob6ciieoBanme ObII0
OCHOBAaHO Ha aHa/JIM3€ aHAMHECTUYECKUX JAaHHBIX,
’Kay106 OOJIBHOTO, €ro OCMOTpe W (U3UKATILHOM
uccaeoBanuu. [IpoBeeHo JabopaTopHOE UCCITIE0-
BaHUe, BKJIIOUYaBIllee UMMYHO(pEPMEHTHBIN aHAIN3
(U®A) na IgG x Echinococcus granulosus. TIpose-
nmeHa xkommbiotepHas tomorpadusa (KT). TommuHa
cpesa cocrasiisia 5 MM. [IJIOTHOCTh OPraHoOB U TKa-
Hel omnpenensin B equaunax XayHcowina (ExX).
BeinosiTHEHAa MAarHUTHO-PE30HAHCHAs ToMorpadus
(MPT) rosioBHOTO MO3Ta B aKCHAIbHOH, (PPOHTAIIb-
HOH, caruTTaJabHON mpoekiusx B T1, T2, T2 dark
fluid, DWI mocsiezioBaTeIbHOCTSIX, TOJIIIMHA CPE30B
54 1 MM 6€3 KOHTPACTHOTO YCUJIEHHUS.

KJINHUYECKUUA CJIYVUAN

[MTamuent A., 1949 1. poxzaeHud. Iloctynun B
®OI'BY «DenepasnbHBIN IEHTP CEPAEUHO-COCYAUCTOH
xupyprun» MuwunsgpaBa P® (r.  AcrtpaxaHb)
14.06.2018 B CBfI3U C OCHOBHBIM 3a00JIEBaHHEM:
AHeBpHU3Ma BOCXO/ISIIETO OT/IEIA A0PTHI 6.3 cM (KOz
mo MKB-10 — I71.2) ¢ kanobaMu Ha OBIIIKY IIPH
(usuueckoll Harpyske, Kamiejab ¢ MOKPOTOH C IIpO-
JKWIKaMH U CTYCTKaMH KPOBHU, PEAKO — «CEKYH/I-
Hble» HapYyIIeHUs CO3HAaHUA. J[aHHBIE KAJTOOBI
Hayasu OecliOKOWTh MaIfeHTa B TeueHUe IOCJIe-
Hero Mecsara. AHaMHe3 JKU3HU: WHQOEKITMOHHBIN
aHaMHe3 He OTATOIeH. XpoHu4yecKue 3a00JIeBaHMA
orpuraet. B anamHese 40 jieT Ha3as ObLT KOHTAKT C
JKUBOTHBIMH (OBI[bI). OTIepaTUBHBIE BMEIIATEIHCTBA
orpuriaer. JIeKapCTBEHHBIH U aJIJIEPTOJIOTHYECKUN
aHaMHe3 CIOKONHBI. HaciezicTBEHHOCTh He OTATO-
IeHa IO CEPAEYHO-COCYIUCTBIM 3a00JIeBAHUAM,
apTepuanbHOU TUNepTeH3UU. BperHble IPUBBIYKHU
orpumnaet. He paboraer, B JIuCTe HETPYAOCIOCOOHO-
CTH He Hy)X/aercs. V3 snuiaHaMHe3a: IOCTOSTHHOE
MeCTO KUTEeJIbCTBA — pecmyOsmka larecran. IIpo-
JKMBAJI B TOPOJZICKON KBapTHPeE, YCIOBUSA Y OBIETBO-
purenbHble. I'WrueHa mWTaHUA ~—COOJIIOIAIACK.
B TeueHue rozja KOHTaKT C JOMAaIIHeH KOIIKOH. 3a
42 rona no obparenus paboran Ha oBuapHe B Kazax-
crade. OXOTHJICA Ha ITHILY 32 20 JIET 10 O0pAIEHHU.

enzyme immunoassay (EIA) for diagnosis of Echi-
nococcus granulosus, was conducted. Computed
tomography (CT) was performed. The slice thick-
ness was 5 mm. Density of organs and tissues was
determined in Hounsfield units (HU). Magnetic res-
onance imaging (MRI) of the brain was performed
in the axial, frontal, sagittal planes in T1, T2, T2
dark fluid, diffusion-weighted imaging (DWI)
sequences, slice thickness 5 and 1 mm without con-
trast enhancement.

CLINICAL CASE

Patient A., born in 1949. He was admitted to the
Federal Center for Cardiovascular Surgery (Astra-
khan) on June 14, 2018 due to the main disease: Tho-
racic aortic aneurysm (ICD-10 code — I71.2) 6.3 cm
with complaints of shortness of breath during physi-
cal exertion, productive cough with blood streaks
and clots, rarely — short-term impairments of con-
sciousness. These complaints began to disturb the
patient during the last month. Anamnesis vitae: no
infections in the history. Chronic diseases are denied.
Forty years ago there was a contact with animals
(sheep). Operative interventions are denied. Medici-
nal and allergic reactions are without abnormalities.
There is no hereditary taint of cardiovascular dis-
eases, arterial hypertension. Bad habits are denied.
The patient does not work, does not need a disability
certificate. From the epidemiological anamnesis:
permanent place of residence — the Republic of
Dagestan. He lives in a city apartment, housing con-
ditions are satisfactory. Food hygiene is observed.
During the year, a contact with a domestic cat. We
found that 42 years before searching for medical
care, he worked at a sheepfold in Kazakhstan. The
patient was bird hunting 20 years prior to consulting
a doctor.

Objectively: General state is satisfactory. Con-
sciousness is clear. Mesomorphy component of
somatotype. Subcutaneous adipose tissue is mod-
erately developed, unevenly distributed — mainly
in the abdominal area. Height — 161 cm, weight —
74 kg. Heart rate — 80 bpm, blood pressure —
120/90 mm Hg, respiratory rate — 17 beats per
minute, body mass index — 28.5, body tempera-
ture — 36.5°C. The skin is of normal color, moder-
ate humidity, clean, normal skin turgor. Visible
mucous membranes of normal color. On palpation,
the thyroid gland is not enlarged soft, painless.
Peripheral lymph nodes are not enlarged, soft on
palpation, do not adhere to the surrounding tis-
sues. Bones and joints are not changed visually, no
tenderness on palpation. On examination, the
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O6pexkTuBHO: OOIIEe COCTOSHUE YIOBJIETBOPHU-
tenbHOE. Co3HaHUe sicHOe. TesocokeHne HOPMO-
creHnyeckoe. [T0IKOKHO->KUPOBasi KIeTYaTKa pas-
BUTA YMEPEHHO, pacIpeiesieHa HEpaBHOMEPHO, IIpe-
HUMyIIecTBeHHO B 006s1acTH kuBoTa. Poct 161 cMm, Bec
74 Kr. Yacrora cep/leYHBIX COKpalleHu# —
80 yza./muH, apTepuaIbHOe IaBiaeHne — 120/90 MM
PT. CT., YHCJIO ABIXATEIHHBIX IBIKEHUH — 17 B 1 MUH,
WHJIEKC Macchl Teya — 28.5, TeMIiepaTypa Teaa —
36.5 °C. KoxxHble TOKPOBBI OOBIYHOHN OKPACKU, YMe-
PEHHOH BJIQXKHOCTH, YHCTHIE, TYPrOp KOXKH COXpa-
HeH. Bupmmble ciiu3ucteie 06bI9HOTO 1BeTa. [{uTo-
BUJIHAS JKeJie3a MAJIbIIaTOPHO He YBEJIMYeHAa, MsAT-
Kasi, 6e30osiesHenHas. [lepudepuueckue sumbar-
YyecKre y3JIbl He YBeJTMYEHBI, IPU MaIbIIalluy MsT-
KHe, He CTIAsHBI C OKPYKAIIMUMU TKaHaMu. Koctu u
CyCTaBbl BU3YAJIbHO HEe U3MEHEHBI, IIPU HaJIbIalii
6e36osie3nenHble. [Ipu ocMoTpe 06JacTh cepara
BU3YQJIBHO HE U3MEHeHa, BEPXYIIIEIHBIH TOJUOK He
naspnupyercs. [IepkyTopHO: IpaHUIIBI OTHOCHUTEb-
HOH CepZIeYHOH TYIOCTH PACIIUPEHBI BJIEBO HA 2 CM
OT CPEeIHEKITIOYNYHON JUHUH. [Ipu ayCKyJIbTalluu:
TOHBI Cep/Ilia IPUTJIYIIEeHb!, IyMOB HeT. [Tyipcanus
Ha nepudepUyuecKnx apTepusix coxpaHeHa. JIbrxa-
HUe yepe3 HOC cBoOomHOe. ['py/IHAS KIeTKa MJIHNH-
ZIprUYecKoil OpMBI, CHMMeTpPUYHAs, P Iajblia-
1uu 6e360s1e3HEHHAA. ['0710COBOE IpOKaHKE IIPOBO-
IUTCS PaBHOMEPHO. IIepKyTOpPHO: B3BYK SICHBIU,
serounsld. IIpu aycKyapTaluu JIbIXaHHE BE3UKY-
JISIPHOE, TIPOBOJUTCSI BO BCE OTENIbI, XPUIIOB HET.
ABBIK BJIAXKHBIA, YHNCTBIA. ATNIETHUT COXpPaHEH.
JKuBoT yBennueH B oObeMe 3a CUET IIOJKOXKHO-
JKMPOBOH KJIETYATKH, IIPU MAJIBIIAIIUN MATKUH, 6€3-
6ose3HeHHbBIN. [leueHb He BBICTYHAET M3-TIOZ Kpas
pebepHOl myTu, TpaHUIBI IedeHH 10 KypJiosy:
9—8—7 cMm. Cene3eHka He nasbpnupyercs. CTys pery-
aspHbIA. Mouencnyckanue cBobogHoe. IIpu ocmo-
Tpe MOSICHUYHOHU 00JIaCTH — BU3YaIIbHO HE H3Me-
HeHa. [Touxku He manpnupyroTcs. [lepudepuueckux
oTekoB HeT. Carypaius KpoBu 96 %.

[Tposeneno obenenopanue: KT ¢ koHTpacTupoBa-
HHUEM TPYJHOM KJIETKU — JIUarHOCTUPOBAHA MEIIOT-
yaras aHeBPU3Ma BOCXOJAIIETO OT/IeJIa A0PTHI, MHO-
JKeCTBEHHBIE KUCTHI (TIOTHOCTH /10 30 EnX) ¢ paBHO-
MEepHOU TOJIIITUHOHN CTeHKH (70 0.3 ¢M), pazMepaMu
OT 0.5 710 6.5 CM, pacIoJIOKEeHHbIE B 00I1aCTH KOPHS
aopThl, MO IPABOU WM MEPETHEN ITOJYOKPYKHOCTH
BOCXOJISAIIEH a0PThI, MEXK/Y A0PTOH U JIEBBIM IIPE[-
cepzareM, o MPaBOH MTOJIyOKPY?KHOCTH AYTH A0PTHI, B
00JIacTH KPBIIIU U 3aJHEN CTEHKH JIEBOTO IIpeicep-
JIWsI, TIO TIepeiHeN U 3aIHeH MOJIyOKPY:KHOCTH BEPX-
Hel I0JI0U BeHbI, B 00JIACTH IIPABOY AaTPUOBEHTPUKY-
JIIpHOU OOPO37bI, KIEPEIN OT BBIBOJAHOTO OT/ENA
IIPaBOTO YKEJIY0YKA, BEPXYIIIKHU IIPABOTO XKETY/TOUKA,

region of the heart is not visually changed, the apex
beat is not palpable. On percussion: an area of rela-
tive cardiac dullness is extended to the left by 2 cm
from the midclavicular line. On auscultation: muf-
fled heart sounds, no murmurs. Pulsation in the
peripheral arteries is preserved. Nasal breathing is
free. The chest is cylindrical, symmetrical, no ten-
derness on palpation. Vocal fremitus is carried
evenly. On percussion: the sound is clear, pulmo-
nary. On auscultation: vesicular breath in all parts
of the lungs, no wheezing. The tongue is moist and
clean. Appetite is preserved. The abdomen is
enlarged due to subcutaneous adipose tissue, soft,
no tenderness on palpation. The liver does not pro-
trude below the costal margin, the liver borders
according to Kurlov: 9—8-7 cm. The spleen is not
palpable. Stool is regular. Urination is free. When
examining the lumbar region - visually not
changed. The kidneys are not palpable. There are
no peripheral edemas. Blood saturation 96%.

The examination performed: contrast-enhanced
CT of the chest — a saccular aneurysm of the ascend-
ing aorta was diagnosed; multiple cysts (density up
to 30 HU) with a uniform wall thickness (up to
0.3 cm), from 0.5 to 6.5 cm in size, located in the
region of the aortic root, along the right and the
anterior semicircle of the ascending aorta, between
the aorta and the left atrium, along the right semi-
circle of the aortic arch, in the region of the roof and
posterior wall of the left atrium, along the anterior
and posterior semicircle of the superior vena cava,
in the region of the right atrioventricular sulcus,
anterior to the right ventricular outflow tract, the
right ventricular apex, behind the left ventricular
lateral wall. An examination of sputum was carried
out: purulent, with a large number of leukocytes and
macrophages, with pneumococci being isolated.
MRI of the brain was performed in the axial, frontal,
sagittal planes in Ti, T2, T2 dark fluid, DWI
sequences, slice thickness 5 and 1 mm, without con-
trast enhancement. In the anterolateral part of the
frontal lobe of the right hemisphere, a rounded cys-
tic formation is determined with a maximum size up
to 2.7 cm, with a wall of uniform thickness up to
1.5—2 mm. Similar numerous cyst formations rang-
ing in size from 0.3 to 3.2 cm, located in a group in
the lateral and inferolateral parts of the frontal lobe
of the right hemisphere, exerting a mass effect in the
form of compression of the Sylvian fissure, pushing
the superior temporal gyrus downwards, without
detectable perifocal edema. Linear zone of gliosis in
the cortical-subcortical regions of the parietal lobe
of the left hemisphere, up to 1.5 cm length. Single
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3a OOKOBOH CTEHKOM JIEBOTO JKEJy/IOUKa. BrImosHeH
OOIIUH aHAJIU3 MOKPOTBI: XapaKTep THOWHBIN, 60JIh-
I10€ KOJIMYECTBO JIEUKOITUTOB U MaKpodaros, Bbijie-
JeHbl THeBMOKOKKHU. IIpoBemena MPT rososHOrO
MO3Ta B aKCUAJIBHOU, (PPOHTATILHOH, CATUTTAIHBHOU
npoekiusax B T1, T2, T2 dark fluid, DWI nocienosa-
TEJILHOCTSIX, TOJIIIMHA CPe30B 5 M 1 MM, 0e3 KOH-
TPACTHOTO yCcuIeHUs. B nepenHeaTepasbHBIX OT/E-
Jlax JIOOHOHM JTOJIM TIPABOTO TOJIyIIApUs OIpeesis-
eTCsT OKPYTJION (DOPMBI KHCTO3HOE 00pa30BaHUE MaK-
CUMAaJIbHBIMU pa3MepaMH JI0 2.7 CM CO CTEHKOH paB-
HOMEDHOH TOJIIUHBI A0 1.5—2 MM. AHJIOTHYHBIE
MHOTOUVCJIEHHbIE KHUCTO3HBIE 00pa30BaHUs pasMe-
paMmu oT 0.3 JI0 3.2 cM, PacIoJIoKeHHbIe TPYIIION B
JlaTepajibHbIX M HIDKHEJIaTepPaIbHBbIX OT/esaxX Jio0-
HOH JI0JTH TIPABOTO TOJIYIIIAPHs, OKa3bIBAIOIINE 00D-
€MHOe BO3/IeHiCTBHE B BHJIE CHAABJICHUS CUJIbBUEBON
IeJId, OTTeCHEHUS BepXHEH BHUCOYHOM H3BUJIMHBI
KHU3Y, 6e3 onpe/iesiseMoro nepudoKaJIbHOTO OTEKA.
JImHelHas 30HA ITTH03a B KOPKOBO-CYOKOPTHKATLHBIX
OT/IeJIax TEMEHHOU J0JIU JIEBOTO MOJIyIIapUs IPOTS-
JKEHHOCTBIO 10 1.5 ¢cM. EMHUYHbBIe 09aKKU aHTHOIIa-
TUYECKOTO XapakTepa B IEPUBEHTPUKYJIAPHBIX U
KOPKOBO-CYOKOPTHUKAJIBHBIX ~ OTAEIaX —IOJIyIIapuil
pasmepamu 70 0.2 cM. IlepuBeHTpUKYJIAPHBIH IJINO3.
BokoBbIE KETyIOUKN CUMMETPUYHBI, ITUPUHON HA
ypoBHe Tea1 D = S = 1.0 cm. 11, IV xxemynouku pacno-
J0keHbl cpeinHHO. 11 sxermyouex 1o 0.7 cm. Kopru-
KaJIbHBIe OOPO37bI JIEBOTO IIOJYIIAPUs, CUJIbBHEBA
[eJb JIEBOTO TOJIyIIapUs YMEPEHHO paCIIUpEHBI.
3puTtesibHblE HEPBBI CHUMMETPUYHBI, PETPOOYIHOAp-
HOE IMPOCTPAHCTBO CBOOOIHO. XHnazma 6e3 0coOeHHO-
creit. Tunodus o6bpIYHONM MHTEHCUBHOCTH. MP-cur-
Hajla B CTPYKTypax CTBOJIAa MO3ra, MO3KeuKe He
BBIABJIEHO. BuiiMble yepermHo-MO3rOBbIe HEPBHI Oe3
ocobenHocrel. 1lucrepHaIbHbIE MPOCTPAHCTBA 3a]1-
Hell YyepemHou sMKH 0e3 MaTOJOTHYEeCKUX BKJIIoUe-
HUH. BpUIO 3a110/103pEHO MAPa3UTOIOTHUECKOEe IIPO-
ucxoxzenue BplaBaeHHbIX npu MPT u KT xucr.
Brimosnen QA Ha IgG k 5XUHOKOKKY. Pe3ynprart:
MOJIOZKUTEIBHBIN — 4.6.

BosipHOM OBLT KOHCYJIBTUPOBAH MMapa3UTOJIOTOM:
BBIABJIEHO INIPOTUBOIIOKAa3aHUE IS XUMHUOTEpAluu
anpbeH/1a30710M. KOHCY/IbTHPOBAH HEUPOXUPYPTOM,
TopakajabHbIM Xxupyprom I'bY3 AO «Ajekcanapo-
MapuuHckass o61acTHAsI KIMHUYECKas OOJIBHUIA»:
[IePBBIM 3TAIlOM PEKOMEH/IOBAHO BHITIOJIHUTH PE3€eK-
M0 aHEBPU3MBI A0PThI C OJITHOBPEMEHHBIM yaaJe-
HUEM 5XMHOKOKKOBBIX KHCT CepAlla, CpeZlOCTEHUs.
ITanueHT OBLT BHITHCAH. YUHUTHIBAsA PACIIPOCTPAHEH-
HOCThb IIpollecca, J1aHO HampasjeHue B OIAY
«HMUI netipoxupypruu um. akaj. H.H. Bypaernko»
JUIA pellleHus] BOoIpoca 00 3TATHOCTH XUPyprude-
CKOT'O JIEUeHU S U PUCKAX OIIEPATHBHOTO BMeEIIaTETh-

foci of angiopathic nature in the periventricular and
cortical-subcortical regions of the hemispheres up
to 0.2 cm in size. Periventricular gliosis. The lateral
ventricles are symmetrical, with a width at the level
of bodies D = S = 1.0 cm. The third and fourth ven-
tricles are located medially. The third ventricle is up
to 0.7 cm. Cortical sulci of the left hemisphere, Syl-
vian fissure of the left hemisphere are moderately
dilated. The optic nerves are symmetrical, the retro-
bulbar space is free. The optic chiasma without
abnormalities. The pituitary gland of normal inten-
sity. No MR signal was detected in the structures of
the brain stem and cerebellum. Visible cranial
nerves without abnormalities. Cisternal spaces of
the posterior cranial fossa without pathological
inclusions. The parasitic origin of the cysts detected
by MRI and CT was suspected. The IgG EIA for diag-
nosis of Echinococcus granulosus was performed.
Result: positive — 4.6.

The patient was consulted by a parasitologist: a
contraindication for chemotherapy with albenda-
zole was revealed. He was consulted by a neurosur-
geon, thoracic surgeon at the Aleksandro-Mariinsky
Regional Clinical Hospital: the first step was to per-
form resection of an aortic aneurysm with simulta-
neous removal of echinococcal cysts of the heart and
mediastinum. The patient was discharged. Given
the distribution of the process, a referral was made
to the N.N. Burdenko National Medical Research
Center for Neurosurgery to determine the stages of
surgical treatment and the risks of surgical inter-
vention, taking into account the extent of lesion by
parasitic cysts. The patient died 2 months after dis-
charge.

According to the patient’s wife, the cause of
death was acute heart failure. The source and
route of transmission of the causative agent of this
disease have not been identified. Perhaps, the
contact have occurred while working with sheep in
Kazakhstan. It is possible that Echinococcus gran-
ulosus, previously brought on shoes, could be on
the cat’s fur.

CONCLUSION

This clinical case testifies to the importance of the
alertness of specialists in terms of contagious dis-
eases, the risks of complications, masks of clinical
manifestations, as well as the importance of preven-
tive measures that exclude the infection of the popu-
lation.
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CTBa ¢ yueToM 00beMa MOpaKeHUsI MapasuTapHbIMHU
kucramu. [lanieHT ymMep CIIyCTs 2 MecC I0CJIe BBITTHU-
cku. Co ¢JIOB CynpyTd HanueHTa, IPpUIYUHOU CMEPTH
TOCJIY?KWJIA OCTpas cep/iedHas HeI0CTaTOYHOCTb.
VcTOYHMK U IyTH Tepefiadyu BO30YAUTENS JAHHOTO
3a00J1€BaHKsA TaK U He BbIABJIEHBI. BO3MOMXKHO, KOH-
TAaKT IPOU30IIES BO BpeMs pabOThI ¢ OBIAMU B
Kasaxcrane. He wuckiaroueHo, uro Echinococcus
granulosus, TpeIBapuUTEIbHO TPUHECEHHBIH HAa
00yBH, MOT OKa3aThCs Ha IIEPCTH KOIIKH.
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CBEJEHUA NJId ABTOPOB

TPEBOBAHMWA K ITPEJOCTABJIEHUIO
MATEPHUAJIOB VI ITYBJIMKAIITNN
B JOURNAL OF SIBERTAN MEDICAL
SCIENCES

B Journal of Siberian Medical Sciences (mayee —
JSMS) ny6auKyI0TCs HayIHbIe 0030pPHI U CTATHH 10
MEIUIMHCKUM HayKaM, IMOATOTOBJIEHHbIE TI0 MaTe-
puajiaM OpUTHHAJIBHBIX HAYYHBIX KCCIIEAOBAHUMU.
JSMS BBIXOJIUT 4 pasa B rof.

TpeboBanmus, mpeabABIsIeMble K ITyOIUKaIu-
sam B JSMS, chopMmynupoBaHbI ¢ yueToM TpeboBa-
HUH, IPEbABISIEMBIX K PEIEH3UPYEMBIM HAYUHBIM
WU3JIAaHUSAM, B KOTOPBIX JIOJI?KHBI OBITH OITyOJIMKOBa-
HBI OCHOBHBIE HAyYHbIE PE3YJIBTAThI JUCCEPTAIIAH
Ha COMCKaHWE YUEeHOU CTENeHHM KaHAuaaTa U JOK-
TOpa HaYK.

CraTbu, OTIIpABJIEHHBIE AaBTOPAMU B JIPyTHE W3-
JIaHUs U/WJIU HalledyaTaHHbIE PaHee B HUX, K OIIy0-
JINKOBAHUIO HE MTPUHUMAIOTCS.

I[Ipu omucaHUM HAYUYHO-UCCIIETOBATEIbCKUX
KJIMHUYECKUX pabOT ¢ NIpHUBJIEYEHHEM YeJIOBEKA
B KauecTBe O0BEKTA HCCJIEOBAHUSA aBTOPHI JIOJIK-
HBI YKa3aTh, COOTBETCTBOBAJIN JIU OHU MeEKIyHa-
POIHBIM U POCCHHCKMM 3aKOHOJIATEJIbHBIM aKTaM
0 IOPUJINYECKUX U STUUECKUX IIPUHITUIIAX METUKO-
OMOJIOTUUECKUX UCCIIEIOBAHUE Takoro poja. He j1o-
IyCKaeTcsI WCIOJIb30BaHUE (DaMUIUHN, WHUIHNAJIOB
OOJIBHBIX U HOMEPOB HCTOpUH Oose3nu. IIpu omu-
CAaHWUM SKCIEPUMEHTOB Ha >KUBOTHBIX HEOOXOmU-
MO yKa3aTh, COOTBETCTBOBAJIO JIX COJIEPKAHUE U UC-
MTOJIb30BaHUeE JIAOOPATOPHBIX JKUBOTHBIX ITPABUJIAM,
MPUHATHIM B YUPEXKASHUU, PEKOMEHJAIUAM HaIU-
OHAJILHOT'O COBETA I10 MCCJIEIOBAHUSIM, HAIIMOHAIb-
HBIM 3aKOHAM.

ABTOpCKHeE IIpaBa coOI0a0TCS B COOTBETCTBUH
¢ I'paxxkganckum kogekcoMm Poccutickont Oenepariuu
(4. 4) 1 ApyTUMH TEUCTBYIONTUMH HOPMATHBHBIMU
JIOKYMeHTaMU. ABTOPBI HECYT IOJTHYIO OTBETCTBEH-
HOCTb 32 COJIepKaHKe CTaTewn.

B penakuuo JSMS aBTOpBI OJI:KHBI IIpeOCTa-
BUTb:

1) 9/1eKMpPOHHYI0 8epcurd Cmamvu, IMOJITOTOB-
JIEHHYIO B COOTBETCTBUH C TPEOOBAHUAMHU K 0(pOpM-
JIEHHIO CTaTeH, M3JI0KEHHBIMU HUKE;

2) opu2uHa/n cmamsu B TIEYaTHOM BHUJIE C YKa3a-
HHUEM Topojia, AaThl, GaMHUJINHU C TOAIIHUCHI0 KaXK/I0-
ro aBTopa (Ha MocJie/THEH cTpaHuIle), BU3ou «B me-
YyaTh» U MOAIUCHIO (HA IIePBOH CTpPaHUIlE) 3aBey-
omero kageapoi MM WHOTO JOJIKHOCTHOTO JIUIIA
opraHu3aIiuy, Ha 6a3e KOTOPOU BBIIIOJIHEHO HCCJIe-

JIoBaHUE. ABTOPBI IIPEIOCTABJISIOT CTAThU B pelak-
IO JIMYHO HJIH 110 TIOYUTE;

3) coenacue Ha TyOJMKaAmuoO cratbu B JSMS
1 00pabOTKy MepCOHAJIBHBIX TAHHBIX aBTOPOB (3a-
TIOJTHSIETCS KaXKbIM aBTopoM) (cM. Ha catite HTMY:
WWWw.ngmu.ru/cozo/mos);

4) nasa corpynaukop ®I'BOY BO HI'MY MuH-
a3apaBa Poccuu (mamee — HI'MY) — axcnepmuoe
3axarveHue OTAesa KOOpAWUHAIMU (eaepabHbIX
MIporpaMM, KOHKYPCHBIX ITPOEKTOB ¥ MHHOBAI[HOH-
HOTO Pa3BUTHsA YIpPaBjeHUSA IO HayKe, MHHOBAIIU-
ssM 1 mHpopMaTusanuu HI'MY (cm. www.ngmu.ru);
JUIs CTOPOHHUX aBTOPOB — HANpas./ieHue Ha onyo-
AuxkoeaHue Ha (GpUPMEHHOM OJIaHKEe OpraHH3aIlUH,
Ha 6a3e KOTOPOU BBIIIOJTHEHO OPUTHHAJIPHOE HAYY-
HO€ HCCJIeIOBAHHUE, 3a MOJIUCHI0 OTBETCTBEHHOIO
JOJI?KHOCTHOTO JIMIIA.

IIPABIJIA O®OPMJIEHHU A PYKOITUCEA

1. TexcT crarpu HAOUpPaeTcsA B TEKCTOBOM PeIaK-
tope Microsoft Word, Open Office u ap., Bce mosis
2 cM, mpudt Times New Roman, kersip 12, Mex-
CTPOUHBIN UHTepBaJ 1,5. TekeT cTaThul HEOOXOAMMO
HaAmpaBuTh B pefaknui JSMS B Bujie OT/eTbHOTO
¢daiina ¢ ykazanuem ®1O nepBoro aBropa — MBa-
HoB UM.U. Teker.doc. Jlomyckaercs: oTmpaBka dari-
Jj10B B popmarax doc, docx.

2. ®110 aBTOpPOB HAOUPAETCS CTPOYHBIMH OYK-
BaMHU KypCHBOM Ha DYCCKOM sA3bIKe. VHMIMabl
omermaoTes nepexn damuinei aBropa. [lopanoxk,
B KOTOPOM OYAYT YKa3aHbI aBTOPHI, ONPe/IeISIeTCs
HUX COBMECTHBIM pellleHUeM.

3. Topon m mHazBanme MecT pabOTHI ABTOPOB
0OPMJIAIOTCSI CTPOUYHBIMU OyKBaMU KypPCHBOM
Ha PyCCKOM fA3BIKe.

4. CraTbs [OJ/DKHA co/ep:KaTh aHHOTAILUIO
Ha PYCCKOM sI3bIKe. B aHHOTAI[UM JIOJKHBI OBITH U3-
JIO}KeHBbl IIeJId KCCJIe[IOBaHUs, OCHOBHBIE IIpOlie-
IIypPbI, pe3yJIbTAaThl OPUTHHAJIBHBIX HCCIIETOBAHUI
u BBIBOABL. IloJ1 aHHOTAI[MEN TToMelaeTcs mo/A3aro-
JI0BOK «KUTioueBble cj10Ba», IIOCJIE HErO A0 10 KJI0-
YeBBIX CJIOB WJIN KOPOTKHUX (pas, KOTOpble OyayT
CII0COOCTBOBATh MPABUJIBHOMY HWHJIEKCHPOBAHUIO
CTaThbU B IIOMCKOBBIX CHCTeMax U CUCTeMax [IUTHUPO-
BaHUsA. AHHOTAIIMIO HEOOXOAUMO HAIIPABUTH B pe-
gaknuio JSMS BMecTe ¢ TEKCTOM CTaTbU B BHUJIE OT-
nesibHOTO haiiia ¢ ykazanuem @O mepBoro aBTo-
pa — WBanoB WU.U. auHorarus.doc. Takske mpemo-
CTaBJIAIOTCA CBEJEHUA O KOKI0M U3 aBTOPOB: (paMu-
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JIUS, UM, OTYECTBO (IIOJTHOCTBHIO HA PYCCKOM SI3bIKE
U B TPAHCJIUTEPALINH), YUeHble 3BAHUA U YUeHAas CTe-
IIeHb, I0JKHOCTh, MECTO paboThl, pabounii TesiehoH
U a/Ipec BJIEKTPOHHOU mouThI (e-mail). CBesieHus He-
00X0TUMBI JIJIs1 0OpabOTKU IMyOIUKAIUK B Oase JTaH-
HbIX PoccHiicKOro WHAEKCa HAYYHOTO ITUTUPOBAHUS
U PYTHUX CUCTEMAX IUTHPOBAHUA. AHHOTAIUS, KJTIO-
yeBble ¢JI0Ba, nHGopManusa 06 aBTopax U Ha3BaHUe
VUPEKIEHUH JAOJI’KHBI OBITh TaK)Ke IIPeIOCTABIEHbI
Ha aHIJINHACKOM f3bIKeE.

5. TabuIbl MOMEINIAIOTCS B TEKCT cTaTbu. Ta-
OJIUIIBI TOJIKHBI OBITH ITPOHYMEPOBAHBI TIOCJIENI0-
BaTeJIbHO B COOTBETCTBUU C MOPAAKOM, B KOTOPOM
OHH VIIOMHHAIOTCA B TeKcTe (Hampumep, Tabu. 1,
TabJ. 2 U T. 71.).

6. PucyHKHU BCTaBJIAIOTCA B TEKCT CTATBHH, a TaK-
JKe IIPeJIOCTABJIAIOTCS B BHJIE OT/AEIbHBIX IPOHYMe-
poBaHHBIX ¢ailoB ¢opmara .jpg niu .gif ¢ paspe-
meHueM He MeHee 300 dpi. PUcyHKU OJKHBI OBITH
KOHTPACTHBIMU U YETKUMHU, OYKBBI, HUGPBI U CHM-
BOJIBI HA HUX JIOJI’KHBI OBITh PA3JIMUUMBI. PHUCYHKa-
MU CYUTAIOTCA I'padUKy, peHTreHorpaMMbl, GHOTo-
rpaduu wau Jro0ble Jpyrue rpaduueckue 00beK-
Th1. ®oTOrpadun el He TOJIKHBI ObITH Y3HaBae-
MBIMH, JTUOO K HUM JIOJKHO OBITH ITPUJIOZKEHO ITHCh-
MEeHHOe paspellleHre Ha UX IMyOauKauo. PucyHkn
JIOJKHBI OBITh MPOHYMEPOBAHbI IMOCJIEI0OBATETHHO
B COOTBETCTBUU C MOPSIKOM, B KOTOPOM OHH BIIED-
BbI€ YIIOMHUHAIOTCSI B TEKCTE — PHUC. 1, PUC. 2 U T. [I.
[Moamucu pasMenialTcs B TEKCTE IO PUCYHKAMHU.
B nmoamucax k mukpodororpadusaM ykKasblBaeTcsA
CTEIeHb YBeJTMYEHU U CII0COO OKPACKHU.

7. B TeKcTe cTaThU UCIOJIB3YIOTCS CIIETYIOIIHE 3a-
TOJIOBKHU: BBeJIEHUE, IIeJIh MCCJIEZIOBAHUS, MaTepra-
JIBI 1 METOJIbI, PE3YJIBTATHI U 00CYK/IeH1e, 3aKITI0Ue-
HUeE, CIIUCOK JINTEPATYPHI.

8. Hcmonb3yoTes TOJIBKO CTaHZAPTHBIE OOIIIe-
MpUHATHIE coKpaleHus (abbpesuarypsl). He mpu-
MEHSIOTCS COKpAIlleHusI B Ha3BaHUU cTaThu. I[loji-
HBI TEPMUH, BMECTO KOTOPOT'O BBOAUTCS COKpAIIe-
HUe, J0JKEH IIPEAIIeCTBOBATh IIEPBOMY UCIIOJIH30-
BaHUIO TOTO COKPAIIEHUS B TEKCTE.

9. O06s13aTeIPHO HAJIMYUE CITHCKA JIUTEPATYPHI.
Bubnnorpaduyueckue CCbIKM B TEKCTE CTATbU Ja-
I0TCsA apabckuMu 1udpaMu B KBaJpaTHBIX CKOO-
KaX, B IIOJTHOM COOTBETCTBUU C HyMepaIuel crrcka
suTeparypsl. CCUIKY B TeKCTe CTAaThU JIOJIKHBI /1a-
BaThCs MOCJIEIOBATEIBHO IO Bo3pacTanuio: [1]...[2]...
[3]... u T.1. Pa3BepHyTOE OMMCaHUE UCTOUHUKA B CITH-
cke ymutepaTypsl npegoctasisoTesa mo 'OCT 7.0.5-
2008. Crucok JuTepaTypshl A0JKEH COZlep:KaTh IIy-
OGmKaIuu 3a MocJIeIHueE 5 JIeT. B crimcke siurepary-
pbI Bce MH(POPMAIMOHHbBIE UCTOYHUKU IT€PEIUCIIA-
IOTCs B MOPSIZIKE UX ITUTHPOBAHUS.

10. Pegaxnus JSMS Gepet Ha cebss mprcBOeHUE
KaXk/Iol mybsinKyeMo# cratbe HoMepa Y/IK u ocy-
IIECTBJIEHUE TIOJTHOTO TIepeBO/ia CTAaThU HA aHIVIMHU-
CKUU A3BIK.

11. CTaTbH, HE COOTBETCTBYIOIIHE YKA3aHHBIM pe-
JlakIend TpebOBaHUAM, K OITyOJIMKOBAHUIO HE TIPHU-
HUMAIOTCA.

IMOPAAOK PEITEH3MMPOBAHUA
PYKOIIUCEN, TIPUHUMAEMBIX
AJIA ITYBJINKAIIN N

1. Pykomucu crared, HOCTYIIHUBIINX B PEJAKITHIO,
HAIPABJISAIOTCA ISl PEIEH3UPOBAHUS UIeHAM pe-
JIAKIIMOHHOTO COBETA C IEJIbI0 UX DKCIIEPTHOU OIleH-
K{ Ha IpeJMeT COOTBeTCTBHUsA TpeboBaHuAM JSMS
u Bricimeii arTecTallMOHHOM KoMuccuu Iipu MuHU-
crepcTBe oOpa3oBaHus u HayKu PO.

PerieH3eHTBI YBEIOMJIAIOTCA O TOM, UTO B IIEJISAX
obecrievueHNsI aBTOPCKUX U APYTUX HEHMMYIIECTBEH-
HBIX IIPaB IPHUCJIAHHbIE PYKOIIUCH He ITOJIJIEXKAT pas-
IANIEHUI0, KOTUPOBAHUIO, PACIIPOCTpaHEHUI0. Pe-
[IEH3UPOBAHUE ITPOBOIUTCSI AHOHUMHO.

ITpu oTKa3e B HAIIpABJIEHNHU Ha PelleH3UPOBaHUE
IIpe/ICTaBJIEHHON aBTOPOM PYKOITHCH PEJIaKIvs Ha-
IIpaBJIsieT aBTOPY MOTUBHUPOBAHHBIN OTBET B DJIEK-
TPOHHOM BUJIE.

Pepaknusa »KypHasia IO MHCHBMEHHOMY 3aIlpOCy
HaIpaBJIsIeT aBTOPAM peIEeH3UN HA IOCTYIUBIINE
MaTepuasibl B 3JIEKTPOHHOM BHJIe. ABTOPBI 00sI3aHbI
Y4eCcTh 3aMeYaHUs PENEH3EHTOB H BHECTH B CTaThIO
COOTBETCTBYIOIIIHE UCIIPABJIEHUS UJIU IIPEIOCTABUTH
MOTHUBHUPOBAHHBIN OTBET O HECOIVIACUHU C 3aMeYaHU-
sIMU pelleH3€eHTa.

PemakmyonHas KoJUIETHsi IPUHUMAET DPellleHue
0 BO3MOXKHOCTHU IYOJIMKAIIUU CTAThU UJIM OTKJIOHS-
€T ee IO pe3yJIbTaTaM PelleH3NPOBAHHUA.

Penensun XpaHATCS B peIaKIINU JKypHAJIA B Te-
YyeHUe 5 JIET C MOMEHTA Iy INKaIIH.

2. Pepaknipielt He IOMTyCKAIOTCA K Iy OJIMKAT[AH:

— CTaTbhHU, TEMATHKA KOTOPBIX HE COOTBETCTBYET
HAayYHOMY HAIIPaBJIEHUIO KYyPHAJIA;

— CTaThH, aBTOPHI KOTOPBIX OTKA3BIBAIOTCSA OT
TEXHHYECKOH JOpaOOTKU CTaTew;

— CTaTbhH, aBTOPBI KOTOPHIX HE BHECIIN KOHCTPYK-
TUBHBIE 3aMEUaHUs PEIeH3eHTa B TEKCT CTaThbU
U He IIPEJI0CTaBUIIN MOTHUBHUPOBAHHBIN OTBET O HECO-
IVIACHU C 3aMEYAHUSIMHU PEIleH3eHTA.

B ciryyae OTKJIOHEHU S CTaThH PEJAKIINS HATIPaB-
JISIET aBTOPY MOTHBHPOBAHHBIA OTKa3. Pemakius
JSMS He XpaHUT PYKOIIUCU, HE IPUHATHIE K IeUa-
TH. Pykonucu, mpuHATHIE K ITyOJINKAN, He BO3Bpa-
IAI0TCA.
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