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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 GbuU3noTEPANUU U KypOPTOJIOTUH,
VpKyTcKas rocyZjlapcTBeHHas MeIUIIMHCKAs
aKa/ieMus IOCTAUILIOMHOTO 00pa3oBaHus —
unnan Poccuiickoit MeAUIIMHCKON aKajie-
MUU HEIIPEPHIBHOTO PO ECCHOHATBHOTO 00-
pasoBanus (UpkyTck)

Bbummep H., 1-p MeIUITUHEL, Ipod. Jenapra-
MeEHTa IICUXUATPHH U IICUXOTEPAITHH, Y HUBED-
cutet 3eMMmerbBeiica (Benrpus, Bynamemrr)

Hearosa JI.A., n-p MeZi. HayK, 1pod., 3aB. Ka-
denpoii srtokpuHOIOTUH, KybaHCKUI TOCY-
JIAPCTBEHHBINA MEIUIMHCKUN YHUBEPCUTET
(KpacHomap)

Kap6vuuesa H.B., n-p Mei. HayK, Ipod., 3aB.
xadenpoit nHGEKIUOHHBIX O0Ie3HEH ¢ Kyp-
com /IT10, AstalicKuii rOCy/IapCTBEHHBIN Me-
JIUIUHCKUN yHUBepcuteT (bapHay)

Kosanenko A.B., n-p MeJl. HayK, 1pod., 3aB.
Kadepoii HEBPOJIOTUU, HEHPOXUPYPIUH, Me-
JIUIITHCKOHM T€HEeTUKU U MEIHUIIMHCKON pe-
abwinrarnuy, KeMepoBckuil rocyZiapcTBeH-
HBIM MeauIMHCKUN yHUBepcuTeT (Kemeposo)

Kynewos B.M., n-p meJ1. HayK, npod. kade-
JIpBI aKylIepcTBa U ruHekosoruu, HoBocu-
OUPCKUH rocyZapCTBEHHBIH MeIUITUHCKUN
yuusepcuret (HoBocubupck)

Kypywuna O.B., n-p MeJ. HayK, 1pod., 3aBe-
nyrornuii kadepoii HeBpostoruw, Bosrorpas-
CKHUI TOCyJapCTBEHHbIN MEeJUIIMHCKUH YHU-
BepcureT (Bosarorpanm)

Moauanosa E.E., i-p MeJl. HayK, IOLIEHT Ka-
denps! paxyapTeTCKON U NOTUKINHIYECKON
Tepanuu, AMypcKas TocyZlapcTBeHHAs Me/IH-
nuHckas akajemus (BiaarosereHck)

Momom A.Il., i-p Mef. HayK, Ipod. kadeapsl
CECTPHHCKOTO JleJ1a, AJTalicKuii rocy/ilapCTBeH-
HBIH MeUIIMHCKU yHuBepcuteT (BapHayo)

Mop0bix A.B., 1-p Me[. HayK, Ipod., 3aB. Ka-
denpoii prusmarpun, MyILMOHOJIOTHN U HH-
(exnunonubIX Gose3nelt, OMCKUU rocyzaap-
CTBEHHBIH MeTUITMHCKUH yHUuBepcuTeT (OMCK)

Huavcon I1., i-p meuiuHbl, 1pod. gemnapra-
MEHTA KJIMHUYECKUX HayK, JIyH/ICKHI yHUBED-
curer ([IBenwst, JIyHm)

Oxnonkos B.A., n-p Meq. HayK, Ipod., peKTop,
DeyepasIbHBIN HAYYHO-KJIMHUYECKUH IIEHTP pe-
aHUMATOJIOTHH ¥ peabruturosioruu (Mocksa)

Cazumosa I'.P., i-p Me1. HayK, Tpod., 3aB. Ka-
(bempoii rocnUTATEHON IETUATPHUH C KYPCOM
MTOCJIEUTITIOMHOTO 00pa3oBaHusi, ACTpaxaH-
CKUU TOCy/IapCTBEHHBIA MEJUIUHCKUN YHU-
BepcureT (AcTpaxaHb)

Censmuyxas B.I'., i-p 6uon. Hayk, npod.,
IJIABHBIA HAYYHBIH COTPYAHUK JIA00PaTOPUU
3H/I0OKpUHOIOTHH, De/tepaTbHbIN HCCIIe/[0Ba-
TeJIbCKUH LeHTP (PyHAaMeHTaIbHOM U TPAHC-
nsauoHHo MeaunuHab! (HoBocubupek)

PEJAKITMOHHAA KOJIVJIETUA

Cenvresuu O.A., 1-p MeJl. HayK, pod., 3aB.
xadenpoii neguaTpUY, HEOHATOJIOTHH U IIePU-
HATOJIOTHH € KypCOM HEOTIOKHOH MeTUIIIHE],
JlaJIbHEeBOCTOUHBIH TOCy/JapCTBEHHBIH Me/in-
nuHCKAN yHuBepcuteT (XabapoBck)

Cwmaruna U.B., 1-p mez. Hayk, npod., 3aB. Ka-
(enpoii HeBpoIOrHH 1 HEUPOXUPYPTUH C Kyp-
com IT10, AnTaiickuii rocy/ilapcTBEHHBIA Me-
IuIuHCKUN yauBepcureT (BapHay)

Tpogumenxo HU.H., n-p MeA. HAYK, JIOLEHT,
3aB. kadeApOH KINHUIECKOH ayjIeproyo-
THH U ITyJIBMOHOJIOTHH, VIpKyTCcKas rocynap-
CTBEHHAs MeJUIIMHCKAsA aKaZleMUs ITOCIIe -
IJIOMHOTO o6pasoBanus — ¢ruman Poccuii-
CKOH MeJIMIINHCKOM aKaIeMIY HEIIPEPBIBHOTO
npodeccroHansHOro 06paszoBanus (VpKyTck)

®edopos H.A., I-p MeJ1. HayK, IOIIEHT, 3aB. Kade-
nipoit pakysprerckoi nequarpun uM. H.C. Tro-
puHOH, FOKHO-YpabCKUH TocyapcTBEeHHBIA
MeUIUHCKUH yHuBepceuTeT (Yessi0nHCK)

Quauniok O.B., o-p Me[l. HayK, Ipod., 3aB. Ka-
denpoit prusuarpuu u myspbMoHosoruu, Cu-
OUPCKUH rocyZapCTBEHHBIH MeIUIIUHCKUN
yuusepcuret (Tomck)

Xapouxosa C.A., n-p Mef. HayK, Ipod., 3aB.
xadeapol IepMaTOBEHEPOJIOTHH U KOCMETO-
snoruu, CHOUPCKUH rocyJapcTBEHHBIN Meu-
nuHCKui yHuBepcuTtet (ToMck)

Xoxnosa 3.A., n-p MeJ. HayK, Ipod., 3aB. Ka-
denpoit nndexnnonusix 601e3Hell, HoBo-
KY3HEI[KUH rOCyapCTBEHHBIN HHCTHUTYT yCO-
BepIeHCTBOBAHUA Bpadel — puinan PI'BOY
JIIO «Poccuiickass MeAuLMHCKAs akaJeMUs
HEIPEPBIBHOTO PO EeCCHOHATIBHOT0 06pas3o-
Bauwusi» (HOBOKy3HEIK)

XpaHun A.A., 1-p MeJi. HayK, Ipod. kadeapbl
JlepMaToJIOTHH U KocMeTostoruu, HoBocubup-
CKUH rocy/lapcTBeHHBIH MeJUIIUHCKUN YHU-
BepcureT (HoBocu6GUpCK)

I[xaii B.b., i-p Men. HayK, npod., 3aB. Ka-
denpoil mepuHATOJIOTHH, aKYIIIEPCTBA U TH-
Hekosioruu, KpacHOsIpPCKHUE rocyiapcTBeH-
HBIA MEIUIUHCKUN YHUBEPCUTET UM. IPOD.
B.®. Boitno-fIcenernkoro (KpacHOspCK)

IIanowHux U.H., n-p MeJ. HayK, 11pod., 3aB.
xadepoil MponeIeBTUKY BHYTPEHHUX 60J1e3-
Hel, OKHO-YpanbcKuil rocyjapCTBEHHbBIN
MeAuIUHCKIH yHuBepcuTet (Uesms6uHCK)

Axoumos /I.A., 1-p MeJl. HayK, npod. kade-
JIpbI (hapMaKOJIOTUH, KIMHUYECKOH dhapma-
KOJIOTHH U [JOKa3aTeJbHOU MeAunuHsl, Ho-
BOCHOUPCKUN TOCY/IAPCTBEHHBIA MEIUI[UH-
ckuii yausepcureT (HoBocubupck)

3.3. MEJIJUKO-BHOJIOTUYECKUAE HAYKH

Ansbves @.B., 1-p Me[. HAyK, Tpod., 3aB. Ka-
dbenpoit cynebHoit menuiuuel, KpacHosp-
CKHH rOCy/IapCTBEHHBIN MeIUIIMHCKUN 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)

Tloamnucano B mevats 18.12.2023.

JlaTa BBIXOZIa B CBET 19.12.2023.

@opmar 60x84/8. Bymara Color Copy. l'apauTypa
Georgia. Y. neu. J1. 17,76. Tupax 1000 9K3.

Usa. N2 189c.

Ortrevarano B Tunorpaduu Msaareabeko-
nonurpadpudeckoro nearpa HI'MY, r. HoBocu-
6upCK, yJI. 3aJ1eCCKOro, 4.

E-mail: sibmedizdat@mail.ru,

ten.: (383) 225-24-29

Koppexkrypa E.B. E2opos
KommneiorepHas Beperka T.B. Cobonesa
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Mopdosroruueckre 0CO0EeHHOCTH U MUKPOOHNOTAa TOHKON KUIIKH

A.B. Kysuenos!, O.B. Copokun?, JI.IO. Koctuna', M.A. Kapnios!, A.Il. Hagees?, B.B. /loaros?,
A.A. T';ta3koB!

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

2000 «Bedal' enemuxa», Hosocubupck, Poccus

AHHOTAIIUA

BBegeHue. HecMOTps HAa CBOIO IPOTSXKEHHOCTH M QYHKITMOHAIIBHOE PA3HOOOpa3yre, TOHKAs KHIIKa PacCMaTpHUBa-
eTcs IIPU XUPYPrUYeCcKUX ONEPANNAX KaK eIUHBIN OpraH, 6e3 4eTKOTo JieJIeHHs Ha oT/esbl. [TpobieMa HeCOCTOSATETbHO-
CTHY KUIIEYHBIX aHACTOMO30B JI0 CUX TIOp He pellleHa U COCTaBJIAET OT 3.4 710 15.3 % c ieTaabHOCThIO /10 18.6 %. BrisaBieHue
QHATOMHYECKUX 0COOEHHOCTeH pasHBIX OTZEJIOB TOHKON KUIIKM U UX COAEPKUMOTO HMeeT IIPAaKTHYecKoe 3HaueHHe B
XUPYPTUUECKOH MPAKTHKE C IO3UIIUU TPODIIAKTHKY OCT0KHEHUH.

IT e 1 b . BriABiieHHEe MOPG)OTIOTHUECKUX OCOOEHHOCTEH PAa3HBIX OTEJIOB TOHKOH KUIITKA X MHUKPOOHMOTBI.
MaTepuanb U MeTO/Jbl . [IpoBegeHO u3yvueHre 26 OPraHOKOMIUIEKCOB TOHKOW KUIIIKK HA JTalle ayToll-
cuu. Ha pa3HOM yziasieHus OT cBA3KH TpeiTra n3ydeHsl MOpGOIOTHIecKre 0COOEHHOCTH TOHKOH KHIIIKH, COCTAB BHYTPH-
IIPOCBETHOU MUKPOOHOTBHI, a TAKIKeE JIENKOITUTapHast WH(MUIBTPAIUS CTEHKU KUIITKH.

PesynbTartsl . Mopdosornueckue XapaKTePUCTHKN TOHKOH KUIIKK HOCAT KaK MHUBUAYAIbHBIN (IJIMHA), TAK U
ob1iepacupocTpaHeHHbIH (M3MeHeHe BEHO3HOH apXUTEKTOHUKH U IIOCTENIEHHOE YMEHBIIIEHNe THaMeTpa KUIIIKU B Kay-
JTaJIbHOM HaIpaBJIeHUH) XapakTep. KoJnyecTBO M KJIETOYHBIN COCTaB JIEHKOIUTOB B CTEHKE TOHKOH KUINIKHU MPUOIN3U-
TeJIbHO OJIMHAKOBBI, UTO 00ECIIeYBaeT PABHYIO HMMYHOJIOTHYECKYIO 3aI[UTY BHE 3aBUCUMOCTH OT YAAJEHHOCTU OT CBA3KHU
Tpeiitiia. KoHrieHTpaus MUKPOOHBIX MTOMYJIAINN U MX KAUeCTBEHHBIH COCTaB MEHSIOTCS Ha pA3HOM IPOTSKEHHUH TOHKOH
KHUIIKYU, C IIOCTEIIEHHBIM IIOBBIIIEHHEM K TEPMHHAIBHOMY OTZesy. VI3MeHeHUs KadyeCTBEHHOTO U KOJINYECTBEHHOTO
COCTaBa MUKPOOUOTHI B ITPOCBETE KUIIKK He IPUBOAUT K U3MEHEHHUIO JIeHKOIIUTAPHOH peakIuH.

3akawueHHe . [[puIUIaHUPOBAHUU U IPOBEIEHUN XUPYPTUUECKOH OMIEPAIIIH HEOOXOAMMO YIUTHIBATD HATUYIHE
pasHoro o6beMa 1 BUIOBOTO COCTaBa OaKTEPHUATBHON MAaCChI, a TaKXKe MOP(OJIOTHUeCKe 0COOEHHOCTU Pa3HbBIX OT/EJIOB
TOHKOU KUIITKU.

Kaoueenle cao8a: TOHKAS KUMTKA, MOPGOJIOTHA, MUKPOONOTA KUIIETHIKA, XUPYPIUYecKast Oleparus.

Oo60pasen murupoBaHusna: Kysuenos A.B., Copokun O.B., Kocruna JI.IO., KapioB M.A., HaneeB A.Il., {o-
roB B.B., I'tazkoB A.A. Mopdosioradeckre 0COOEHHOCTA U MUKpOoOroTa ToHKo# kutiku // Journal of Siberian Medical
Sciences. 2023;7(4):7-22. DOI: 10.31549/2542-1174-2023-7-4-7-22

Morphological features and microbiota of the small intestine

A.V. Kuznetsov’, O.V. Sorokin?, L.Yu. Kostina*, M.A. Karpov', A.P. Nadeev?, V.V. Dolgov?,
A.A. Glazkov*
‘Novosibirsk State Medical University, Novosibirsk, Russia

2VedaGenetics LLC, Novosibirsk, Russia

ABSTRACT
Introduction. Despiteitslength and functional diversity, the small intestine is considered during surgical oper-
ations as a single organ, without a clear division into segments. The problem of intestinal anastomotic leakage has not yet
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been resolved, and its proportion is from 3.4 to 15.3%, with a mortality rate of up to 18.6%. Identification of the anatomical
features of different segments of the small intestine and their contents is of practical importance in surgery in terms of
prevention of complications.

A i m . Identification of morphological features of different segments of the small intestine and their microbiota.
Materials and methods. Anexamination of 26 samples of the small intestine during autopsy was per-
formed. The morphological features of the small intestine, its intraluminal microbiota composition, as well as leukocyte
infiltration of the intestinal wall were studied at different distances from the ligament of Treitz.

R e s ults. The morphological characteristics of the small intestine are both individual (length) and common (changes
in venous architectonics and a gradual decrease in intestinal diameter in the caudal direction). The number and cellular
composition of leukocytes in the wall of the small intestine are approximately the same, which provides equal immuno-
logical protection regardless of the distance from the ligament of Treitz. The concentration of microbial communities and
their qualitative composition change at different lengths of the small intestine, with a gradual increase towards the termi-
nal segment. Changes in the qualitative and quantitative composition of the microbiota in the intestinal lumen do not lead
to changes in the leukocyte reaction.

Conclusion. When planning and performing a surgical operation, it is necessary to take into account the pres-
ence of different volumes and species composition of the bacterial load, as well as the morphological characteristics of
different segments of the small intestine.

Keywords: small intestine, morphology, intestinal microbiota, surgery.
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BBEJAEHUE

IIpu upoBesmeHUN Je4eOHBIX MAHUIYJIANWH U
omnepanuii Ha TOHKOU KHUIIIKE OHA OOBIYHO paccMa-
TpHBaeTcs Kak eIMHbIN opraH 6e3 yueTa aHaTOMUYe-
CKHX OCOOEHHOCTEH pa3HBIX OTAEJIOB, a TaKXKe
MUKpPOGJIIOpEl U XapakTepa xumyca [1]. OO6meuns-
BECTHOe JleJleHHe TOHKON KHIIKH Ha 12-TIepCTHYIO,
TOIIYI0O W IOZAB3JAOIIHYIO HE JaeT YETKOTO OTBETa,
I7le 3aKaHYMBAETCS TOIAS M HAYNHAETCS IT0/[B3/I01II-
Has Kuika. ONUCHIBAIOTCA JIUIIb HAanOoJIee Xapak-
TepHbIe AHATOMHUYECKHE U MOP()OJIOTUUECKUE TTPHU-
3HAKU BTUX OT/IeJIOB. BosbIIas MpoTs»KeHHOCTh TOH-
KO KHIIIKY JIeJIaeT ee YacThIM yUYaCTHUKOM Pasjiny-
HBIX ITATOJIOTHUECKUX IIPOIIECCOB B OPIONIHOM MOJIO-
cru. IIpoHUKamye paHeHUs, yIIeMJIEHHE TPBIK,
3aBOPOTHI, 3200JIEBAHUA U OIyXOJIH TOHKOU KHUIIKU
B OOJIBIIIMHCTBE CJIy4aeB TPeOYIOT OIEPATHBHOTO
yZIaJIeHHs YacTH OpraHa C ero JaJbHeUIINM BOCCTa-
HOBJIeHHeM. HecocToATebHOCTh KUIIEYHOTO IIBa
JI0 CHX TIOp SIBJISIETCS TPO3HBIM OCJIOKHEHHEM B
abIOMUHAILHOU XUPYPIUU, OCOOEHHO B YCJIOBHSX
neputonuta [2, 3]. Ilpu dopmupoBaHUN IEepBUY-
HBIX TOHKO-TOHKOKHIIIEUHBIX aHACTOMO30B UX HECO-
CTOATEJIBHOCTB IOCTUTAET 3.4 %, & TPU TOBTOPHBIX —
0 10.9—15.3 % c jeTanbHOCTBIO 10 18.6 % [4, 5].
[Ipu HaMOXKEHUU KUIIIEYHOTO IIBA OOJIBIIYIO POJIh
WUTPAIOT MECTHBIE YCJIOBUsS, HAJIMYNE MEPUTOHUTA,
M3MeHEeHHBIN InaMeTp KUIIKU U 00lilee COCTOSHUE
marenTa. Vmeronuecs: crocoObl MPOo(UIaKTUKH
HECOCTOATEIHHOCTH KHUIIIEYHOTO IIBA UMEIOT Pa3HO-

INTRODUCTION

When carrying out medical procedures and sur-
geries on the small intestine, it is usually considered
as a single organ without taking into account the
anatomical features of different parts, as well as the
microflora and nature of the chyme [1]. The well-
known division of the small intestine into the duode-
num, jejunum and ileum does not give a clear answer
where the jejunum ends and the ileum begins. Only
the most characteristic anatomical and morphologi-
cal features of these segments are described. The
large extent of the small intestine makes it a frequent
participant in various pathological processes in the
abdominal cavity. Penetrating wounds, hernia stran-
gulation, volvulus, diseases and tumors of the small
intestine in most cases require surgical removal of
part of the organ with its further restoration. Intesti-
nal suture failure is still a serious complication in
abdominal surgery, especially in the presence of
peritonitis [2, 3]. When primary ileoileal anastomo-
ses are formed, their failure reaches 3.4%, and with
reoperations — up to 10.9-15.3% with a mortality
rate of up to 18.6% [4, 5]. When creating an intesti-
nal anostomosis, the local conditions, presence of
peritonitis, altered intestinal diameter and the
patient’s health status play an important role. The
existing techniques for preventing an intestinal
suture failure are multidirectional, but so far they
have not been able to completely solve the problem
[6-8].
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HaIpaBJIEHHBIA XapaKTep, HO IMOJIHOCThIO ITPobJIeMy
ITOKa OHU PENINTh He cMorutu [6—8].

MukpoOuOTa KHIIEYHUKA TaKKe UTPAET BAYKHYIO
poJib Kak B (YHKIMOHHPOBAHHUHU 3JI0POBOTO Opra-
HU3Ma, TaK U B BOCCTAHOBJIEHWH MAIMEHTa ITOCTE
omepanuu [9—11]. B psge ciydaeB oHa MOXKET
SIBJIAThCS  YACThIO JIedeOHBIX MeporpusaTuil [12].
Paznnuust B MUKpodJIope TOHKOU U TOJICTON KUIIIKHA
COMHEHHU He BBI3bIBAIOT [13, 14]. I3yueHre MUKpO-
(J10pBhI TOHKOUW KHIIIKK 3aTPYIHUTEIHBHO BBUJY €€
MPOTSKEHHOCTH W MHPOOJIEMAaTHYHOCTH aTpaBMa-
TUYHOTO B3SITUS KHUIIIEYHOTO COAEPKUMOTO U3 Pas-
HBIX OT/IeJIOB. B oTyiMuHMe OT Keyry/iKa, 12-TIEPCTHOHN
KHUIIKY U TOJICTOM KUIIIKK, UCIIOJTh30BAHHE DH/IOCKO-
MMUYECKOTO Crocoba MpU HU3ydYeHWUU TOIEH U TOA-
B3JIOIITHON KHUIIKHA OYeHb OTpaHu4eHo. VccaemnoBa-
TeJIM, KaK MPABUJIO0, OTPAHUYNBAIOTCS MOJIYUEHUEM
MaTepuayia nmpu (GUOPOraCTPOCKOIIUU U3 IMPOKCH-
MaJIbHOTO (JIBEHAIIATHIIEPCTHON KHWIIKHA) H JUC-
TaTbHOTO (TP GUOPOKOIOHOCKOIINH) OTAEI0B TOH-
KOU KHIKH. J[OTIOJIHUTEIBHOU MPOOJIEeMON BSHJI0-
CKOITMYECKOTO HM3YYEHUs] TOIIEH W ITOAB37OIIHOHN
KUIIKA SABJIsSIETCS WX CBOOOAHAS TOJBUKHOCTH B
OpIOIITHOK IIOJIOCTH B OTJIMYHE OT TOJICTOH H
12-TIEpCTHON KUWIIKH, (DUKCHPOBAHHBIX B OIpeEJie-
JIEHHBIX MecTax. 9TO 3aTPYAHSIET MPOIecC HAHU3BI-
BaHUS KUIIIKW Ha aliiapar v cOopa CTEHKU KUIIIKUA B
cxtaaxu (cOopuBaHue), /s o0ecrieYeHus JaTbHeH-
mnrero mpoaBmkeHus [15]. Takum oO6pazom, OCHOB-
Hasl 4aCcTh TOHKOU KHUIIKH OCTAETCS MaJIOZOCTYITHOH
JUIsT TPWKU3HEHHOTO U3y4YeHHss MOpPQOJIOTHH U
MHUKPOGIIOPH! [16], B TO BpeMs: Kak Mopdosioruye-
CKHe 0COOEHHOCTH PAa3HBIX OT/IEJIOB TOHKOU KHIITKH
U UX MUKPOOHOTA HY:KIAIOTCSA B JAJIbHEUIIIEM H3Y-
YEeHUU U YUeTe TIPU IIAHUPOBAHUHN XUPYPTUUECKOH
OIIepaIlfi, a TAK}Ke B [I0CIE0TIEPAIITIOHHOM IIEPUOIE.

ITEJIb UCCJIEJIOBAHUSA

BoisiBsieHne Mop@osiornueckux 0coOeHHOCTeH
PAa3HBIX OT/IEJIOB TOHKOH KHUIIKU U UX MUKPOOUOTHI
y JIIOZiell ¢ pa3JIuYHbIMH aHTPOIOMETPUYECKUMHU
JIAHHBIMU Pa3HOTO I10JIa U BO3pacTa.

MATEPUAJIBI 1 METO/IbI

ITpoBeneHo wusyueHHe 26 OPraHOKOMILJIEKCOB
TOHKOH KHIIKH TIPU IaTOJIOT0AaHATOMUYECKOM
BCKPBITUH IAIUEHTOB, YMEPIITUX OT IPUYHH, HE CBSI-
3aHHBIX C 3a00JIEBAHUAMU KEJIYZOUHO-KHUIIIEYHOTO
tpakta (PKKT), He mosy4yaBIIMX aHTHOAKTEPUAIIb-
HYIO TepaIuio, COpOEHTHI WU CJIa0UTETbHBIE ITPemna-
patbl. BpeMeHHOI TPOMEKYTOK UCCIIEIOBAHUS — 10
12 4 mocje cMepTH. MaKpOCKOIMHYECKH U3ydaiu
OOIIYI0 MPOTSI?KEHHOCTh TOHKOU KUIIKU OT CBSI3KH
TpeidToa 70 MIEOLEKAJIBHOTO YIJIa, €€ HUaAMETP,

The intestinal microbiota also plays an important
role both in the functioning of a healthy body and in
the patient’s recovery after surgery [9—11]. In some
cases, it may be a part of therapeutic measures [12].
The differences in the microflora of the small and
large intestines are beyond doubt [13, 14]. Studying
the microflora of the small intestine is difficult due to
its extent and the difficulty of atraumatic sampling
from different parts of the small intestine. Unlike the
stomach, duodenum and ileum, the use of endoscopy
in the study of the jejunum and ileum is very limited.
The examiners, as a rule, limit themselves to obtain-
ing samples from the proximal segment (duodenum)
during the upper gastrointestinal endoscopy, and
from distal segment of small intestine — during colo-
noscopy. An additional problem in endoscopic exam-
ination of the jejunum and ileum is their free mobil-
ity in the abdominal cavity, in contrast to the colon
and duodenum, which are fixed in certain places.
This complicates the process of stringing the intes-
tine onto the tube and in folding of the intestinal wall
for moving forward [15]. Thus, the main part of the
small intestine remains inaccessible for intravital
study of morphology and microflora [16], while the
morphological features of different parts of the small
intestine and their microbiota require further study
and with planning a surgical operation, as well as in
the postoperative period.

AIM OF THE RESEARCH

Identification of the morphological features of
different parts of the small intestine and their micro-
biota in people with different anthropometric char-
acteristics, various gender and age.

MATERIALS AND METHODS

We examined 26 samples of the small intestine
during autopsy of patients who died from causes not
associated with gastrointestinal diseases, who did
not receive antibacterial drugs, sorbents or laxatives.
The time range of the examination was up to 12 hours
after death. The total length of the small intestine
from the Treitz ligament to the ileocecal angle, its
diameter, the number and diameter of the mesen-
teric vessels were examined macroscopically. When
investigating the vasculature, veins were examined
as an important part of the return of blood from the
intestine to the hepatic portal system, and directly
related to the morphology and function of the intes-
tine. An additional factor was that veins did not col-
lapse after cardiac arrest and that, unlike arteries,
they were clearly visible. The duodenum was not
included in the examination due to its significant dif-
ferences from other parts of the small intestine: short
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KOJIMYECTBO M IMAMETP BBIXOJAIIUX U3 OPbIXKEHKH
cocy/1oB. I[Ipu U3ydeHUH COCYJUCTOMN CETU HCCIIEO-
BJIM BEHBI, KAK BAJKHYIO YacTh BO3BpaTa KPOBHU OT
KHUIIKU B TIOPTAJIbHYIO CHCTEMY TI€UEHH U HATIPSIMYTO
CBA3aHHYI ¢ Mopdosiornedl U (GyHKIMEH KHUIIKH.
JonosHuTeTbHBIM (aKTOPOM OBLIO UX HECIaJIeHUe
IOCJIe OCTAaHOBKHU Cep/illa U TO, UTO, B OTJIMYHE OT
aprepuii, OHM OBUIH XOPOIIO BUAHBI. /[BeHaIaTH-
MepCTHAs KUIIKA He OblIa 33/1efiCTBOBaHA B HCCIIE-
JIOBAHUU II0 NMPUYUHE €€ CEePhEe3HBbIX OTJIUYHU OT
JIDYTUX OTJEJI0B TOHKOU KHUIITKH: MaJION MPOTSKEH-
HOCTH, 0cO60TO KPOBOCHAOKEHUSI, OTCYTCTBUS OPbI-
JKEHKH, YaCTUYHO 3a0PIONIMHHOTO PACIIOJIOKEHUS,
TECHOU CBSI3U C KETYHBIMH ITPOTOKAMH U TTO/KEITY-
JIOYHOM 2KeJIe30H, a TaKXKe ee XOpOoIleld U3y4eHHO-
CTH BCJIE/ICTBHE DHIOCKOITNYECKOH IOCTYITHOCTH.

Jis orcuera JUIMHBI TOHKOHM KHIIKH ObLia
BbIOpaHa cBsidka TpeHTIla, Kak TOCTOSHHAs |
JIOCTyIIHAsI aHATOMHUYECKask CTPYKTypa. 3abop mpob
JUTSI MUKPOIIPEIapaTOB BBITIOJIHSJIN Ha PACCTOSTHUU
ot cBsA3ku Tpeltna B 10, 100, 200, 300 U 400 CM.
B cityuae AJTMHBI KMIITKH CBBIIIE 400 CM IOCIEHIOI0
po0y 6pajiu B 10 CM OT WJIEOLIEKAJIBHOTO yTJIa.

T'ucrosioruueckyie mpenapaTbl TOTOBWIN IIyTEM
¢ukcanuu B 10% HEUTpaIIbHOM (POPMATUHE, IPOBE-
JIeHUsI yepe3 CEpUI0 CIIMPTOB BO3PACTAOIINEN KOH-
IEHTPaluy U 3akjIioueHusn B napadpuu. Ha Mukpo-
tome Microm HM355S (Thermo Scientific, CIIIA)
HU3TrOTABJIMBAJIA TUCTOJIOTHYECKHE CPE3bI TOJIITUHON
5—6 MKM, OKpAaIllUBaJId T'€MAaTOKCUJIMHOM W 303H-
HOM. ['HCTOJIOTHYECKOe HCCIeOBaHME TTOYIYEHHBIX
CpPE30B IPOBOJIMJIN C HCIOJIB30BAaHUEM CBETOBOTO
Mukpockona AxioStar (Carl Zeiss, 'epmanus) u
3aKPBITON TECTOBOU CHCTEMBI U3 25 TOYEK ILIOIIA-
JIbI0 1600 MKM? TIpU yBEJIUYEHUU B 400 pa3 B
Q0 TOJIAX 3peHUs JJId KaKAOTO OT/Aesia TOHKOM
KUMKA. [1071cCIUTHIBAIN 00BbEMHBIE IIJIOTHOCTH COCY-
7108 (VV), Ipy OMOIIY OKYJISIPp-MUKPOMETpPa H3Me-
PSTM ¥ BBIYUC/SUIM CPeIHUE JUaMeTPhl COCYZIOB
CTEHKH KUIIKN (MKM).

KosinyecTBeHHBIH M KauyeCTBEHHBIM COCTaB
MHUKPOOUOTHI U3YYaIU C IIOMOIIBIO TECT-CUCTEMBI
«Kosnono®sop 8» (000 «Anwdanab», Poccus) Ha
6aze OO0 «Benmal'eneruka» (HoBocubupck, Poc-
cus) nyteMm ITI[P-ananmn3a mpob KUIIIEUHOTO COJIEP-
JKMMOTO, TTOJIYYEHHOTO M3 COOTBETCTBYIOIIUX OT/IE-
JIOB TOHKOU KHIIIKA BO BPEMs ITAaTOJIOTOAHATOMUYE-
CKOTO BCKDBITHs, XPAHUBIIUXCS B TePMETHUHBIX
KOHTelHepax Ipu TeMmIiiepatype —20 °C 10 nposeje-
HUA uccaenoBaHus. [lokasaresnpb obmier OGaxkrepwu-
ampHON Maccel (OBM) ompezensii 1o 0O0IIHM,
XapaKTePHBIM 71 BCEX MHUKPOOPTaHU3MOB OakTe-
pUaTbHBIM TeHaM (JIMIOIOJINCAXapUJibl, OeIKu
Membpanbl, yuactku JJHK) wiu ux coueTaHusM.

length, special blood supply, absence of mesentery,
partially retroperitoneal location, close connection
with the bile ducts and pancreas, as well as the high
level of knowledge due to its accessibility for endo-
scopy.

To measure the length of the small intestine, the
Treitz ligament was chosen as a permanent and
accessible anatomical structure. Samples for slides
were taken at a distance of 10, 100, 200, 300 and
400 cm from the ligament of Treitz. If intestinal
length was over 400 cm, the last sample was taken at
10 cm from the ileocecal angle.

Tissue specimens were prepared by fixation in
10% neutral formalin, passing through alcohol baths
of increasing concentration and embedding in paraf-
fin. Histological sections 5—6 um thick were made
using a Microm HM355S microtome (Thermo Scien-
tific, USA) and stained with hematoxylin and eosin.
Histological examination of the sections obtained
was carried out using an AxioStar microscope (Carl
Zeiss, Germany) and a closed test system of 25 points
with an area of 1600 um? at 400 magnification in
90 fields of view for each segment of the small intes-
tine. The volumetric density of the vessels (Vv) was
calculated, and the median diameters of the intesti-
nal wall vessels (um) were measured and calculated
using an eyepiece micrometer.

The quantitative and qualitative composition of
the microbiota was assessed using a Colonoflor 8 kit
(Alphalab LLC, Russia) on the basis of VedaGenetics
LLC (Novosibirsk, Russia) by PCR of samples of
intestinal content from the corresponding segments
of the small intestine during autopsy, which stored in
sealed containers at a temperature of —20°C. The
total bacterial load (TBL) was determined by com-
mon bacterial genes, characteristic of all microor-
ganisms (lipopolysaccharides, membrane proteins,
DNA sites), or their combinations.

For statistical processing of the results obtained,
Statistica 10.0 software (StatSoft Inc., USA) was
used. The probability of significant differences
between the compared average values (M + m) was
determined using the Student’s t-test under the con-
dition of the normal distribution of values in the
variation series and the Mann-Whitney U-test. Dif-
ferences were considered statistically significant at
p < 0.05.

RESULTS AND DISCUSSION

It was not possible to identify a direct relation-
ship between the length and diameter of the small
intestine based on gender and weight-height indica-
tors. For example: at the same age, a man with a
height of 185 cm and a weight of 120 kg had a small

10
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a1 craTuCTUYeCKOH OOpabOTKU IOJIyUEeHHBIX
PEe3yJIbTAaTOB HCIIOJIb30BAJIM Iporpammy Statistica
10.0 (StatSoft Inc., CIIIA). BepoATHOCTH IOCTOBEP-
HOCTH DA3JIMYUN MeXKJIy CPaBHUBAEMBIMH CpeZ-
HuUMH BemauHamu (M + m) ompeesnsuiu ¢ moMo-
mpio t-kputepus CThIOZIEHTa TPU YCJIOBHUU HOP-
MaUIBHOTO pacIipefieIeHusl BeJIMYUH B BapHAI[UOH-
HOM pAAay u U-kputepusa ManHa — YutHu. Paznuuus
CUHTAJIM  CTATUCTHYECKU JIOCTOBEPHBIMH  IIPHU
p < 0.05.

PE3YJIBTATDBI 1 OBCY KAEHUE

[IpsaMoi 3aBUCUMOCTH MEXK/Ty JJIMHON U Juame-
TPOM KHIIIKH I10 TIOJIOBOMY U BECOPOCTOBOMY ITOKAa-
3aTeJII0 BBIABUTH HE yAaaoch. JIia mpumMepa: Mpu
paBHOM Bo3pacTe y MYXYHUHBI pocToM 185 cM U
BECOM 120 KT JI/TUHA KUIIIKA COCTABUJIA 455 CM, a Y
MY?KUYHHBI POCTOM 178 ¢M U BecoM 60 KI' — 530 CM.
JIMvHA KUIIKK BCerja uMeJsia WHIAWBUAYAJIbHBIN
xapakTep. Bo BceX WM3yUeHHBIX CIydasx AuaMeTrp
0THOOOPa3HO MEHSICS 110 XOY BCEH JITHHBI KUIITKH:
B MPOKCUMAaIBHBIX OT/IeJIaX TOHKAs KHUIIKA MMeJia
HauOOJIBIINN AUAMETD, K AUCTATLHOMY OTJIeJly OH
3aMeTHO yMeHbIasics (puc. 1).

Tak, 3HaUMMOE yMeHbIIIEHUE JIHaMeTpa TOHKOU
KUIIKU Ha 18.4—29.3 % TPOUCXONIO Ha YPOBHE
200 CM B CPaBHEHHHU C YPOBHEM 10 CM OT CBSI3KU
Tpe#iTiia, ¥ AUAMETP MPOAOJIKAT YMEHBIIATHCS, YTO
0O'BSICHSIETCST TIOCTETIEHHBIM BCACBIBAHUEM JKUIKOH
YacTH XUMyca W yMeEHbIIIEHHEeM ero oobema. /lua-
METpP TOHKOM KHIIIKM MOKET UMETh BOKHOE 3HaUe-
HUE I TMMOHUMAaHUsA IPOTHO3a PA3BUTHSA YPOBHS
0OTYypaIlMOHHOU KHIIIEYHON HEMPOXOAUMOCTH IIPH

(o))
o

intestine length of 455 cm, and a man with a height
of 178 cm and a weight of 60 kg had a small intestine
length of 530 cm. The length of the small intestine
always was individual. In all the studied cases, the
diameter changed monotonically along the entire
length of the small intestine: in the proximal seg-
ments the small intestine had the largest diameter;
towards the distal segment it noticeably decreased
(Fig. 1).

Thus, a significant decrease in the small intestine
diameter by 18.4—29.3% was at the level of 200 cm
compared to the point of 10 cm from the Treitz liga-
ment, and the diameter continued to decrease which
is explained by the gradual absorption of the liquid
phase of the chyme and a decrease in its volume. The
diameter of the small intestine may be important for
understanding the prognosis of the development, the
grade of obturation ileus when a foreign body, a
bezoar passes through the intestinal lumen, as well
as determining the width of an intestinal anastomo-
sis, which should be comparable to the diameter of
the intestine at the site of its creating.

The venous vasculature at the border of mesen-
tery and intestine along the entire length of the
intestine changed in a strictly defined sequence
(Fig. 2, 3). In the proximal segments of the small
intestine, there were fewer vessels, the distance
between them was greater, and they were larger in
diameter. In the distal segments of the small intes-
tine, the veins were more frequent and located
closer to each other, while their caliber decreased.
The identified direct relationship between the
number of vessels along the entire length of the
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Puc. 1. /[uamMeTp TOHKOM KHIIKU Ha Pa3HOM yZaJeHuu oT cBsi3ku TpeitTia (cm) (p = 0.000345)
Fig. 1. Diameter of the small intestine at different distances from the ligament of Treitz (cm) (p = 0.000345)
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(p = 0.0395) ) )
Fig. 2. Average values of the number of vessels per 10 cm of the mesenteric margin
at different distances from the ligament of Treitz (p = 0.0395)

MIPOXOXK/IEHUH B IIPOCBeTe KUIIKY HHOPOIHOTO TeJla,
6e30apa, a TakKe OIPE/IEJIEHUsA IIUPUHBI KUIIEeU-
HOTO aHACTOMO3a, KOTOPBIH JI0JKeH OBITh COIIOCTa-
BHM C IHAMETPOM KHIIIKU B MECTE €T0 HAJIOKEHUS.
BeHosnasi cerb B obsacté  OPBIXKEEUHO-
KHUIIIEYHOI'0 Iepexo/ia o Beel J/IMHe KUIITKU U3Me-
HAJIACh B CTPOTO OIPEJIeJIEHHON II0CIe0BATEIbHO-
cru (puc. 2, 3). B npokcuMaIbHBIX OT/I€JIaX TOHKON
KHUIITKA COCYZIOB OBLIIO MEHBIIIE, PACCTOSTHUE MEKIY
HuMU OOoJIbINe, a B IMAMETPe OHU KpymHee. B muc-
TaJIBHBIX OT/IeJIaX TOHKOUM KHUIIIKY BeHBI pacIoJsiara-
JINCh Yale U OJImKe APYT K JIPYyTy, IPU 3TOM UX
KamuOp yMeHbIIasIcs. BrIABIeHHAs mpsMas CBA3b
MeX/[y KOJINUYeCTBOM COCY/IOB Ha IPOTSIXKEHUU Bcel

intestine and the distance between these vessels
was observed for all samples studied. For the pur-
poses of objectivity, the ratio of the number of ves-
sels not only to the length, but also to the diameter
of the intestine was studied. The direct relation-
ship between the diameter of the intestine and the
number of vessels, the distance between them and
the diameter of the vessels was also confirmed: the
larger the diameter of the intestine, the fewer the
number of vessels, but of a larger caliber, the intes-
tine contains in an examined area. We associate
massive vessel branching into small veins in the
medial and distal segments with the active process
membrane digestion and absorption, which
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Puc. 3. CpeiHue 3HAUEHMS KOJIMYECTBA COCY/IOB HA 10 CM OPBIKEEUHOTO Kpast
B 3aBHCHMOCTH OT PACCTOSHUS MeKAY cocyaamMu (p = 0.001)
Fig. 3. Average values of the number of vessels per 10 cm of the mesenteric margin depending on the distance
between the vessels (p = 0.001)
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Puc. 4. CpesiHee OTHOIIIEHUE IIAMETPA KHIIIKU K KOJIMIECTBY COCYZIOB B 10 CM OPbDKEEYHO-KUIIIETHOTO rtepexoza (p = 0.1283)
Fig. 4. Average ratio of the intestinal diameter of the small intestine to the number of vessels at 10 cm
at the border of mesentery and intestine (p = 0.1283)

JJIMHBI KUIMTKHU W PACCTOAHUEM MEXAY 3TUMHU COCY-
JaMU IIpocCiIeXKnBaiaCb Ha BCEX N3YYEHHBIX OPraHoO-
KoMILIEKCaX. JIJisi OOBEKTHBHOCTH OBLIO HM3YYEHO
COOTHOIIIEHUE KOJIMYECTBA COCY/IOB HE TOJIBKO K
JUIMHe, HO U K JuaMeTpy KUIIKH. IlpAmasd cBA3b
MeXay AuaMeTpoM KHUIIIKU U KOJIMYECTBOM COCYyAO0B,
PaCCTOAHNEM MEXJAY HUMHU U JUAaMETPOM COCyaOB
TaK)Ke IIOJITBEPAMJIACh: YeM OOJIbllle THaMeTp
KHUIIKA, TeM MEHbIllee KOJIHUYECTBO COCYIOB, HO
OoJiee KPYITHOTO Kasinubpa CO/IEPKUT KUIIIKA Ha JTaH-
HOM ydJacTke. MacCCHBHOE BETBJIEHHE Ha MEJIKHE
BEHBI B CPEITHUX U JAUCTATIBHBIX OT/IE/IAX CBA3bIBAEM
C aKTHBHBIM IIPOIIECCOM IIPUCTEHOYHOTO IMHUIIEBape-
HUS U BCACBIBAHUS, TPEOYIOITHUX XOPOIIETO IMPOKCH-
MaJIBHOTO IIOPTAJIBHOTO KPOBOTOKA (PHC. 4, 5).

require good portal blood flow in the proximal
parts (Fig. 4, 5).

One of the objectives of the study was to identify
differences in the density of the cellular infiltrate
(leukocytes) and its qualitative composition (plasma
cells lymphocytes, eosinophils and neutrophils) in
the intestinal wall, and to assess the luminal micro-
flora at different distances from the ligament of
Treitz. Cellular infiltration was not unambiguous in
all samples and differed in specific peculiarities
which, in general, meet the whole picture of the trend
of the average indicator (Fig. 6).

In the proximal segments of the intestine, close
to the area of the ligament of Treitz, the number of
leukocytes in the wall was maximal. By the middle
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Puc. 5. COBOKYIIHOCTb CTATUCTHYECKUX JTAHHBIX IT0 OTHOIIIEHHIO THAMETPA KUIITKU K PACCTOSHUIO MEK/Y cocyziaMu (p = 0.058818)
Fig. 5. Statistical data on the ratio of the intestinal diameter to the distance between vessels (p = 0.058818)
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Puc. 6. O011ee KOJIMUECTBO JIEMKOIIUTOB B CTEHKE KHUIIKY HA PAa3HOM y/JJaJIeHUH OT cBsa3ku Tpeitrna (p = 0.38671)
Fig. 6. The total number of leukocytes in the intestinal wall at different distances from the ligament of Treitz (p = 0.38671)

OnHOM M3 3a/au MCCIEOBAHNUA ObLIIO BBISBIIE-
HHUE Pa3JIUYUi IUIOTHOCTH KJIETOYHOTO WHQHIIb-
Tpara (JIEHKOIIUTOB) M €r0 KaueCTBEHHOT'O COCTaBa
(T1a3sMonuThI, JTUM@OIUTEI, S03UHODUIBI U HEH-
TpO(HUIIBI) B CTEHKE KUIIIKH U OlleHKa MUKPODJIOPHI
B IIPOCBETE HA pA3HOM Y/aJIEHUU OT CBA3KHU TpelTia.
Kiterounass nHGuIbTpanusa He ObLIa OJHO3HAYHOU
BO BCeX Mpo0axX M OTIMYAJIACh WHJIMBUJLYyJTbHBIMU
0COOEHHOCTSIMH, KOTOPbIE B II€JIOM He Hapyllaau
o0mmiell KapTUHBI TpeHAA CPEIHEro I0Ka3aTesisd
(puc. 6).

B mpoKCHUMaIbHBIX OT/eNIaX KUIIKW, TPUOIU-
JKEHHBIX K 30He CBA3KHU TpenTIa, KoJHUeCTBO JIek-
KOITUTOB B CTEHKe OBbLJI0 MakcuMaabHbIM. K cepe-
JINHE JUITMHBI TOHKOW KHIIKWU, HA YPOBHE 200 CM
3TO KOJIMYECTBO CHUKAJIOCh HA 20.6 %, HA YPOBHE
300 CM YMEHbBIIAJIOCh Ha 29.8 % u OBLIIO MHHH-
MaJIbHBIM. B TepMUHa/JIBHOM OTZEJie, HA 400 CM,
KOJIMYECTBO KJIETOK HECKOJIBKO BO3PaCTajio, HO BCe
PaBHO 110 CPAaBHEHHUIO C HAYAJIbHBIM OT/IEJIOM TOH-
KOH KHUIIKU OBLIIO HUXKE Ha 24.9 %. BeposATHO, 5TO
CBSI3aHO C PA3HBIM XapaKTEPOM COLEPIKUMOTO TOH-
KO KHUIIKH B IMPOKCHMAaJIbHOM U JUCTAIBHOM
oT/esaxX. B mpokcuMaibHOM OT/ieie UMeeTC s KpyT-
HOparMeHTHPOBAaHHAsA, cj1abo MepeMelIaHHas C
depMeHTAaMM W KEeJYBID IHINA, COJepKalas
MHUKpO(dIIOpYy, NPHUIIEANIYI0O ¢ HEW U3 BHEIIHEH
cpennl. IlocTemeHHO XapaKTEPUCTHKH XUMyca
MEHSIOTCS, OH CTAHOBUTCS KUJKUM, II0J[BEPTAETCs
BHYTPUIIPOCBETHOMY W IPUCTEHOUYHOMY IHIINEBA-
PEHHIO, BHENTHAS MUKPOGJIIOpa MOIaBIISIETCA Iep-
CUCTUPYIOIEH MHKPODIOPON KHIIKU. JIOrHIHO
MpeAnoJiaraTb, 4To HEOOXOJUMOCTh KJIETOUHOTO
UMMYHHUTETa Oy/IeT BbIIIIE HMEHHO B IPOKCHMAJIh-
HBIX OTzesiaXx. HebobIIOH IMOABEM KOJIMYEeCTBA

of the small intestine length, at the level of 200 cm,
this amount decreased by 20.6%, at point 300 cm,
it decreased by 29.8% and was minimal. In the ter-
minal part at the level of 400 c¢m, the number of
cells increased slightly, but still, compared to the
proximal small intestine, it was lower by 24.9%.
Probably, this is due to the different nature of the
small intestine content in the proximal and distal
segments. In the proximal part, there is coarsely
fragmented food, poorly mixed with enzymes and
bile, containing microflora that came with food
from the external environment. Gradually, the
characteristics of the chyme change, it becomes liq-
uid, undergoes intraluminal and membrane diges-
tion, the external microflora is suppressed by the
intestinal one. It is logical to assume that the need
for cellular immunity will be higher in the proximal
segments. A slight increase in the number of leuko-
cytes in the terminal small intestine is associated
with the proximity of the Bauhin’s valve and peri-
odic reflux of intestinal content.

The cellular composition of leukocytes in differ-
ent segments of the small intestine is presented in
Table 1.

In all parts of the small intestine, 88.1-91.8% of
all cells were lymphocytes and the number of B lym-
phocytes (plasma cells) was on average 40.8%
greater, which indicates the most important role in
the non-inflamed intestine of humoral immunity
that is provided by plasma cells. The number of
neutrophils which destroy foreign microorganisms
mainly by phagocytosis is somewhat greater in the
proximal segments of the intestine, which is
explained by the penetration of the external micro-
flora with food. Subsequently, as the microflora is
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Ta6una 1. KineTouHbll COCTaB JIEHKOIMTOB B PA3HbIX OT/e/1aX TOHKOU KUILKH, %
Table 1. Cellular composition of leukocytes in different segments of the small intestine, %

OTaen
KHIIeYHHKa,
paccrosiHue oT
cBs3ku TpeiiTia
Segment of the
intestine, distance
from the ligament

JIumdpouuTel, %
Lymphocytes, %

I1azmMonuThl, %
Plasma cells, %

JInMpouMTHI +
M/1a3MOIUTHI, %
Lymphocytes +
plasma cells, %

Jo3uHopuUIBI, %
Eosinophils, %

HeiliTpopuisl, %
Neutrophils, %

of Treitz

10 cm / cm 33.5+1.61 56.6 £ 1.67 90.1 0.6 +0.22 9.2 +0.88
100 cm / cm 36.0 £ 1.81 54.6 £ 1.93 90.6 0.5+0.28 89 +1.17
200 cMm / cm 37.2+1.69 509 +1.63 88.1 0.8+0.25 11.1+1.14
300 cMm / cm 32.3+1.51 58.4 +1.56 90.7 2.1+£0.50 7.1+£0.76
400 cM / cm 409 +1.61 50.9 +1.68 91.8 1.0+ 0.38 7.2+0.79

JIEUKOIIUTOB B TEPMHUHAJIBHOM OT/ieJIE TOHKOU
KUIIIKW CBSI3BIBAEM C OJIM30CTHIO OayTHHHEBOU
3aCJIOHKU U TIEPUOUYECKUM pedIIIOKCOM TOJICTO-
KHIIIEYHOTO COEPIKUMOTO.

KiteTouHBIN cOCTaB JIEHKOIIUTOB B Pa3HBIX OT/E-
JlaX TOHKOU KHIIIKY IIPeICTaBJIeH B Ta0JI. 1.

Bo Bcex oraenax ToHkoW Kummku 88.1-91.8 %
BCEX KJIETOK COCTABJISIA JIUMQOIHTHI, IPUIEM
KOJINUeCTBO B-uMdoriuTos (I1a3MonuToB) G610 B
cpeHeM Ha 40.8 % 0oJibIlle, YTO TOBOPUT O Ba’KHEH-
el POJIM B HEBOCIAJIEHHOUW KHUIIKE UMEHHO T'yMO-
PaJIbHOTO UMMYHHTETA, KOTOPBIH 1 00€CTIeurBaETCs
mwiagmonuramMu. KosndectBo HeWTpOdUIOB, YHH-
YTOKAMOIIUX YyKEPOTHbIE MUKPOOPTaHU3MBI ITPEU-
MYyIIIECTBEHHO IyTeM (Haronurosa, B HaYaJIbHbIX
OT/ieJIaX KUIIKHA HECKOJIBKO OOJIBbIIE, YTO OOBSICHS-
eTcsi MPOHUKHOBEHHEM BHEITHEH MHUKPODIIOpPHI ¢
nuiei. B panpHelinieM, MO Mepe 3JIMMHHAIMH
nomnasiied MUKpPOQJIOpbl KOJIUYeCTBO HeHUTpodu-
JIOB COKpaIaercs Ha 21.7 %. B cpeiHel 30He KUIIIKH,
Ha ypOBHE 200 CM, OTME€YaJud KPaTKOBPEMEHHOE
U3MeHEeHHEe KJIETOUHOTO COCTaBa: CHI)KEHHE ILIa3-
MOIIMTOB Ha 10.1 % ¥ yBeJIMYEHHE HEUTPO(PHIIOB HA
20.6 %. DTO CcBA3BIBa€M CO 3HAUYUMBIM COKpalle-
HHEM JuaMeTpa KUIIKA WUMEHHO B 9TOU 30HE IMpPH
aKTUBHOM IIPOIIeCCe TPUCTEHOYHOTO MMUIT[EBAPEHUS,
YTO BeZleT K 3aMeJJIEHUIO MPOXOXK/IEHUS XUMyca U
VBEJIMUEHUI0 BPEMEHU €ro KOHTAKTa C KHUIIEeYHOU
cTeHKOU. PocT 303uMHOMMIBHOU WHOUIBTPAU B
KOHEUHBIX OT/ejlaXx KUIIKH Ha 66.6—250 %, oue-
BU/IHO, CBSI3aH C CeHCHOWIM3aluell HemepeBapeH-
HBIMU IIPOJYKTAMH, OCTABIIUMHUCS B KHUIIKE ITOCTIE
BcachlBaHUs. B MaysibHEHIIEM 3TU MPOAYKTHI MOKHU-
HYT KHUIIKY U OyyT TOTOBUTHCA K YTWJIU3AIMU B
KaJIOBBIX Maccax. Hesb3si MOJIHOCTHIO UCKTIOUHUTD U
BIMsAHME pedJlokca TOJICTOKUIIEYHOM MHUKDO-
(G10psl B TEPMUHAJBHBIX OTEJAX, BBI3BIBAIOIINX

eliminated, the number of neutrophils decreases by
21.7%. In the medial intestine, at the level of 200
cm, a short-term change in cellular composition
was noted: a decrease in plasma cells by 10.1% and
an increase in neutrophils by 20.6%. We associate
this with a significant reduction in the diameter of
the intestine in this particular segment during the
active process of membrane digestion, which leads
to a slowdown in the chyme passage and an increase
in the time of its contact with the intestinal wall. An
increase in eosinophilic infiltration in the terminal
part of the intestine by 66.6—250% is apparently
associated with sensitization by undigested content
remaining in the intestine after absorption. Subse-
quently, this content will be eliminated from the
intestine after being prepared for fecal excretion.
The influence of reflux of colonic microflora in the
terminal segments, which causes a cellular eosino-
philic reaction of the intestinal wall, cannot be com-
pletely excluded.

The microflora of the intestinal lumen in its dif-
ferent segments (TBL) showed a wide range of values
with tendencies towards both rapid growth and
decline (Fig. 7).

The first increase of TBL was noted at the entrance
to small intestine, which is due to the penetration of
a large amount of exogenous microflora from the
stomach and duodenum, obtained from food. The
initial amount of microflora progressively decreases
from the proximal to the medial segments of the
intestine. The lowest value of the indicator was reg-
istered at 100 cm from the ligament of Treitz, after
which the indicator recovered, and in the terminal
segments of the organ, the TBL value exceeded the
baseline level. We explain this plot by the maximal
implementation of the bactericidal effect of bile and
pancreatic juice precisely in the medial segments
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maccel (KOE Ha 1 T KHIIIEYHOTO COZEPKIMOTO0)

B IIPOCBETE KUIITKK HA Pa3HOM OT/IaJIEHHH OT cBsA3ku Tpeiitna (p = 0.402653)
Fig. 7. The average value of the total bacterial load (CFU per gram of intestinal content),
in the intestinal lumen at different distances from the Treitz ligament (p = 0.402653)

KJIETOUHYI0 B03WHO(DUIBHYI0 PEaKIUI0 CTEHKH
KHIIKH.

MukpodJiopa IpocBeTa TOHKOH KHIIIKH B €€ pas-
HbIX otryeniax (OBM) mokasasia CIWIIKOM pa3HbIe
3HAUYEHUs: WUMEIOTCA TEHJEHIIMU KakK K OypHOMY
pocCTy, TaK U majieHuto (puc. 7).

[TepBsiit mogbrem OBM 0BT OTMEYEH Ha BXOJIE€ B
TOHKYIO KHIIIKY, UTO 00YCJIOBJIEHO IPOHUKHOBEHUEM
U3 KEeJIYKA U 12-TIEPCTHOU KUIITKH OOJIBIIIOTO KOJIH-
YecTBa HK30T€HHOH MUKPOQJIOPHI, IIOCTYIAIOIIEH C
nuiied. VcxoHoe KOJIMYeCcTBO MUKPOGJIIOPHI TIPO-
IPECCUBHO CHIIKAETCS OT MPOKCUMAJIBHBIX K CPEJI-
HUM OTJeJlaM KHUIIKA. MaKCHMAaJbHBIH IPOBas
IoKasaTeJis PETUCTPUPOBAIN HA 100 CM OT CBA3ZKH
TpefiTiia, mocjae 4ero moxkasarejib BOCCTAHABIUBA-
eTcA U B TEpPMUHAJIBHBIX oTAesax OBM mpeBbiiaeT
HCXOJHBIN YpoBeHb. Takoil rpaduk 0ObsACHAEM MaK-
CUMAaJbHOU peanusanueli OaKTEePUIIUIHOTO JIeH-
CTBUS JKEJIYM U MTAaHKPEATHYECKOTO COKA MMEHHO B
CPeIHUX OT/eNax, I/le WX KOHIEHTpAIus eIle
BBICOKA, JMAMeTp KHUIIKA yMEHbIIAeTCsl U BpeMs
KOHTaKTa ¢ MHKpodopou ysennuuBaercs. [Ipu
JIJIbHEUIIIEM JIBMKEHUU XUMYyca OaKTEPHUIIUTHBIN
o dekT cHIKaeTca U BHYTPUIIPOCBeTHasA (opa
BOCCTAHABJIMBAETCS C €€ MaKCHUMAaJbHBIM IIMKOM
Tepe;JT BXOZI0OM B TOJICTYIO KUIIIKY.

B wucciemoBaHUM TPOCTEKEHA CBA3h MEXIY
0011el bakTepuaJbHOW MacCOH B ITPOCBETE KUIITKU 1
OOIIIMM KOJIMUECTBOM KJIETOK (JIEMKOIIUTOB) B
CTeHKe KUIIKH (puc. 8).

JIOTUYHO TIpe/IoaraTh, YTO JOJKHBI OBITH 3J1e-
MEHTBI MPSIMOU 3aBUCUMOCTHU MENK/Y YBEJIMUeHUEM

where their concentration is still high, the intestinal
diameter decreases, and the time of contact with
microflora increases. During further movement of
the chyme, the bactericidal effect decreases, and the
intraluminal flora is restored with its maximal peak
before entering the colon.

The study revealed the relationship between the
total bacterial load in the intestinal lumen and the
total number of cells (leukocytes) in the intestinal
wall (Fig. 8).

It is logical to assume that there should be ele-
ments of a direct relationship between an increase in
TBL in the intestinal lumen and the total number of
leukocytes in the intestinal wall as a reaction of the
macroorganism to microbial agents and vice versa: a
decrease in both TBL and the total number of leuko-
cytes. However, for the data obtained, such correla-
tion and direct relationship were not found. This
suggests that the segment of small intestine, its
diameter, vascularization, nature of the chyme, etc.
are of paramount importance. It is possible that the
saprophytic microflora that predominates in any
segment of the intestine is affected by leukocyte infil-
tration less, than the predominating pathogenic
microflora. There also may be other factors influenc-
ing changes in this ratio.

The content of bifidobacteria throughout the
intestine shows slight fluctuations with a gradual
increase towards the terminal segment (Fig. 9).
A similar picture was observed for the dynamics of
lactobacilli, which shows the relative constancy of
the saprophytic flora in the non-inflamed intes-
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Fig. 8. Change in the average value of the total number of leukocytes in the intestinal wall depending on the average value
of the total bacterial load in the intestinal lumen (CFU per gram of intestinal content) (p = 0.716451)

OBM B npocBeTe KUIITKH B 00I1Eero KOJIMYecTBa JIek-
KOILIUTOB B CTEHKE KUIIIKU KaK PeaKIus Ha MUKPOO-
HbIE aT€HTHI — ¥ HA000POT: CHIKeHusA kKak ObM, Tak
1 00OIIIero KOJIUYecTBa JIEHKOUTOB. OIHAKO B IOJIY-
YeHHBIX JAHHBIX TAKOU KOPPEJISIIUY He ITOIyIeHO U
MIPSMOM 3aBUCUMOCTH HET. DTO TOBOPUT O TOM, UTO
[IePBOCTENIEHHOE 3HAUEHNE HMEET OT/eJ KUIIKHU, eT0
IIMaMeTp, BaCKY/LIPU3aLNs, XapaKTep XIUMyca U T.JI.
He uckiroueHo, uTo Ha canpoPUTHY0 MUKPOdII0pY,
peobJIaAtoNIyI0 B KAKOM-JIHO0 CETMEHTEe KHUIIKH,
JleKoruTapHas MHQUIbTPAIUs B KUIIKEe BO3JeH-
CTByeT MeHbIIle, YeM Ha IIpeobiialaHue IaTOreHHOU
MHUKPOGJIIOPHL. BO3MOXKHO, IMEIOTCS U ApyTHe dak-
TOPBI, BJIUSIONINE HA H3MEHEHHE S5TOr0 COOTHO-
LIEHS.

Conepxxanue 6udumobakTepuii Ha BCEM MPOTSI-
JKEeHUU KUIIKY IOKa3bIBAeT HE3HAUUTEIbHBIE KOJIe-
6aHUs C IOCTENIEHHBIM YBEJTUUEHNEM K TEPMUHAIIb-
HoMy oTaeny (puc. 9). CX0xXyH KapTHHY HabJIio-
JlaJTy JJTsl AUHAMUKHU JIAKTOOAKTEPU, UTO ITOKa3bI-
BaeT OTHOCUTEJIBHOE IIOCTOSHCTBO canpodUTHON
(boppl pu HEBOCHMAJIEHHON KUINKe. B mpokcu-
MaJIBHOM OT/ZeJsle, Ha BXO/le B KUIIKY HabJro1aercs
HECKOJIBKO OOJIbIIeE KOJIMYECTBO JIAKTOOAKTEPHUH,
9TO OOBACHUMO UX (QYHKIMEH «IpUBPATHUKA»,
WUTPAIOIIEr0 BAXKHYIO POJIb B 0OeclieueHUUn MeCT-
HOTO KHUIIIEYHOro UMMyHHUTeTa. Ha ypoBHE 100 cM
oT cBa3ku TpelTiia MPaKTHYECKH JJIsI BceX OakTe-
PHUATBHBIX areHTOB ITOKA3aHO CHUIKEHHE IOKa3a-
tesist. VlckiaoueHue coctaBui nmokasarenb Candida
KaK MpeJCTaBUTeNb TpUOO0B. [lTaHHBIH (PaKT MOXKHO
00BACHUTH TyOUTEIHPHBIM JIEHCTBUEM Ha OaKTepUH
IIEJIOYHOHN Cpeibl U IPOTEOIUTHUECKUX (hepMeH-
TOB B 3TOM OT/iesie KUITKU. Mukpodiopa oburaer u
(YHKIMOHUPYET B MEHSIOIIENCA KUJKOH cpezie

tine. In the proximal part, at the entrance into the
intestine, a slightly larger numbers of lactobacilli
are observed, which can be explained by their gate-
keeper which plays an important role in ensuring
local intestinal immunity. At the level of 100 cm
from the ligament of Treitz, a decrease in the indi-
cator is revealed for virtually all bacterial agents.
The exception was Candida as a representative of
fungi. This fact can be explained by the destructive
effect on bacteria of the alkaline environment and
proteolytic enzymes in this part of the intestine.
Microflora lives and operates in the changing liq-
uid environment of the digestive tract; it ensures
luminal symbiotic digestion in the intestine under
the influence of bile acids and pancreatic hydro-
lases. The composition of the luminal microflora
depends on the substances present, pH and other
factors that determine the qualitative and quanti-
tative composition of adapted to them luminal
microbial communities. The luminal microbiotope
is subject to fluctuations in the composition and
concentration of microbial communities. As the
distal segments of the small intestine are
approached, the total number of bacteria increases
and additional species appear. The concentration
of microbial communities and Escherichia spp., as
the chyme moves, shows their steady increase in
distal direction. The examination of microflora in
our study showed a picture similar to the intravital
assessment of microflora by other authors [17],
which indicates the possibility and reasonability of
studying fresh postmortem samples of the small
intestine.

Our research showed that there were morpholo-
gical differences between various segments of the
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Fig. 9. The average value of bacterial strains in the small intestine at a different distance from the ligament of Treitz

MMUIEBAPUTELHOTO TPaKTa, OHA O00eCcleuynBaeT
MMOJIOCTHOE CHUMOMOHTHOE MHIIeBapeHHue B IIPO-
CBeTe KUIIKU 0] JIEUCTBUEM JKETYHBIX KHUCJIOT U
MMaHKpeaTu4yecKux Tuziposa3. CocraB MOJIOCTHOHU
MUKPOGJIOPHI 3aBUCUT OT COCTaBa BelecTB, pH u
JIPYTUX TIapaMeTpPOB, OMPEJIESIONINX KauyeCTBEeH-
HBIH U KOJIMYECTBEHHBIA COCTAB aalITHPOBAHHBIX
K HHM TIOJIOCTHBIX MHUKDPOOHBIX ITOMYJISI[HAH.
ITosiocTHOM MUKPOOUOTOI TOJIBEPIKEH KoJiebha-
HUAM II0 COCTaBy W KOHIIEHTPAIMd MHUKPOOHBIX
nonyasiui. Ilo Mepe TpUOJUKEHUS K JTUCTATh-
HBIM OTJI€JIaM TOHKOHM KHUIIIKH 00Ilee KOJIUYECTBO
OakTepuil BO3PACTAET, MOSABJIAIOTCA JIOMOJTHUTEIb-
Hble BHU/bI. KOHIEHTpAIlUX MUKPOOHBIX IOMYJIs-
Oui ¥ SIIEPUXUN 10 Mepe HNPOABUKEHHUA XUuMyca
IMOKa3bIBAIOT UX CTAOWJIBHOE IOBBIIIEHHE B JIHIC-
TaJIbHOM HallpaBJieHuH. V3yueHre MUKPO]JIOPHI B
HAIllEM WCCJIEJOBAHUY TOKA3aJI0 CXOXKYI0 KapTHUHY
¢ MPUKU3HEHHBIM U3yYeHHEM MHUKPOQJIOPHI JIpY-
TUMHU aBTOpPaMU [17], YTO TOBOPUT O BO3ZMOKHOCTH
U 11eJ1eCO00Pa3HOCTU U3YUYEHHS CBEKETO TOCTMOP-
TaJIBHOTO MaTeprajia KAIIKH.

[IpoBezieHHOE HCCIIEIOBAHME [TOKA3AJI0, UTO Me-
10TCsT MOP(QOJIOTHYECKHE OTINYMS PA3HBIX OT/EJIOB
TOHKOU KHIIIKH, & TAK}KE B KOJIMYECTBEHHOM U Kaye-
CTBEHHOM COCTaBe COJIeprKalllelicsi B HUX MHUKpPO-
¢opsl. J[imHA TOHKOU KHUIIIKY BCETIA MeJia WH/TU-
BHU/IyaJIbHBIN XapaKTep U He 3aBHCEJIAa OT BO3PAcCTa,
1ojla U POCTO-BECOBBIX TIIOKa3aTesiell malueHTa.
JluamMeTp TOHKOHM KHIIIKU IMPOTPECCHBHO yMeHbIIIa-
€TCS OT MPOKCUMAJIBHBIX OT/EJIOB V CBA3KHU TpenTiia
K INCTJIBHBIM B cpe/iHeM Ha 48.1 %. BeHosHas cocy-

small intestine, as well as in the quantitative and
qualitative microbial composition. The length of the
small intestine always had an individual character
and did not depend on the age, gender, height and
weight of the patient. The small intestine diameter
progressively decreases from the proximal segments
at the ligament of Treitz to the distal part by an aver-
age of 48.1%. The venous vasculature network of the
proximal intestine has a smaller number of vessels
and a greater distance between them at the border of
mesentery and intestine. Towards the distal seg-
ments of the small intestine, the vascular architec-
ture changes, the veins become smaller, their num-
ber increases and a distance between them is
decreasing.

The number of lymphocytes that support the state
of local intestinal immunity does not differ signifi-
cantly in all segments of the intestine. Accordingly,
the risks related with surgical manipulations on dif-
ferent segments of the intestine, from the point of
view of the immune defense of the intestinal wall are
approximately the same. A stable indicator of lym-
phocytic infiltration of the intestinal wall and the dis-
tribution of saprophytic microflora provide equal
protection in all its parts.

Significant changes in the leukocyte response
of the intestinal wall depending on changes in
intraluminal TBL have not been established. The
key influence, probably, have the morphological
characteristics of the intestinal segment: distance
from the ligament of Treitz, diameter, vasculariza-
tion and other factors. An increase or decrease in
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JIACTAs CETh IPOKCUMAJIbHBIX OT/I€JIOB KUIIIKU MeeT
MeHbIllee KOJIMUECTBO COCYZOB, OOJIbIllee PacCTOsI-
HUe MEeXAy HUMHU B OpbIKeeUHO-KUIIIEYHOM IIepe-
xoze. K qucTaspHBIM OT/Ies1aM TOHKOH KUIITKY apXU-
TEKTOHHUKA COCYZIOB MEHSIETCsI, BEHbI CTAHOBSIITCS
6oJlee MEJIKUMU, UX YHCJIO BO3PACTaeT, U PACCTOsI-
HUe MeXy HIMU COKpPAIaeTcs.

KonuuectBo uMGOIMTOB, 00ECIIEUNBAIOIIUX
paboTy MeCTHBIX UMMYHHBIX IIPOILIECCOB B KHIIIKE,
He HMeeT 3HAUMMBIX OTJIMYUH BO BCEX OT/esIax
kuiiku. COOTBETCTBEHHO PUCKU IPU MPOBEIEHUH
XUPYPrUYECKUX MAHUITYJISIIUH HA PA3HBIX OTAEIaX
KUIIKYU, ¢ MO3WIUN HUMMYHHOH 3aIlUTBl CTEHKHU
KUIIIKYU, IPUMEPHO OJIMHAKOBBI. Y CTOWUMBBIN ITOKa-
3aresb JIUMGOUUTAPHON HHPUIBTPAIIUU CTEHKU
KUIIKU U paclpejiejieHue canpoUTHON MUKPO-
dbopsl 06eceunBaOT PAaBHYIO 3AIUTY BO BCEX €€
OT/IeJIax.

3HAUYNMBIX MepeMeH JIEWKOIUTAPHOU peaKInu
CTEHKU KUIIIKY HAa U3MEHeHNe BHYTUPUIIPOCBETHOM
OBM =He ycranoBiyieHo. KitoueBoe BiIMAHHE, Ode-
BHU/THO, OKa3bIBAIOT MOPGOJIOTUUECKIE XapaKTepH-
CTUKHU OT/ieJla KHIIKH: OTJAJIEHHOCTh OT CBA3KH
TpeiitTna, AuaMeTp, BacKyJIApHU3alUsa U JApyrue
¢akTopel. YBesuueHue uiau ymeHbllleHne OBM B
Pa3HBIX OT/leJIaX TOHKOW KHUIIKU He IPUBOJUT K
VBEJIMUEHUIO JIEMKOLUTAPHONH OTBETa B CTEHKe
KUIIKW, TaK KaK YPaBHOBEIINBAETCS IyMOPAIb-
HBIMH (paKTOpaMU 3aIMUTHI (PKeT4b, MaHKpeaTuye-
CKHUH COK U T.JI.) © HOPMaJIBHOH pabOTON KUIIIKH C
U3MeHEeHHEeM KaudecTB Xumyca. IIpum HapymieHun
paboThl eYeHU, TOIKETYIOYHON JKeIe3bl U TOH-
KOW KHUIIIKM TaKoW OaslaHC MOKET OBITh HapyIIeH,
YTO TIpPUBEJET K BO3HHUKHOBEHUIO PA3JINYHOHN
KUIIIEYHOH IMaTOJIOTHUH.

OtMmeueHna TeHAeHIUA cHuKenus OBM u KoH-
[EHTPAIM: MUKPOOHBIX HOMyJAUuN (6aKTepousbl,
6ucdunobakTepun, JaKTOOAKTEPUU, DIIEPUXUU) B
HAYaJIbHOW 30HE HAa YPOBHE 100 CM OT CBSI3KH
TpelTIa ¥ MOCTENIEHHOE €€ TTOBBIIIIEHHE B CPEHEH U
JIUCTAILHOM 30HE TOHKOH KUIIIKY, HAYUHAS C YPOBHS
200 cM. KosmyectBO MUKPOGJIOPHI K TEPMUHAJIb-
HBIM OT/IeJIaM HapacTaeT U IPEBBIIIAeT HCXOTHBIHN
ypoBeHb. KOHIIEHTpaIuu MUKPOOHBIX MOIYJISIIAN
6ucdnnobakTepuil U SUIEPUXUHA MMOKA3BIBAIOT CTa-
OMJIPHOE NOBBINIEHNE B AVCTAJIFHOM HaIlPaBJIEHUH.
C mosunuu obbeMa MHKPOOHON Macchl TOHKOM
KUIITKW PUCKU 00CEMeHEHUs IPU BCKPBITHU KUIITKHI
B HAYaJIbHOM U JIMICTAJIBHOM OTZ€JIaX BBIIIE, YEM B
CPeTHUX OT/IeJIax.

3AK/IIOYEHUE

ITpoBeneHHOE HCCTeIOBAHIE TI03BOJISET CIEIaTh
CJIeMTyTOIHe BHIBOIBI:

TBL in different parts of the small intestine does
not lead to an increase in the leukocyte response in
the intestinal wall, as it is balanced by humoral
protective factors (bile, pancreatic juice, etc.) and
normal intestinal function with changes in the
quality of the chyme. In case of liver, pancreas and
small intestine disorders, this balance can be dis-
turbed which will lead to various intestinal
diseases.

There was a tendency to a decrease in TBL and
the concentration of microbial communities (Bacte-
roides spp., bifidobacteria, lactobacilli, Escherichia
spp.) in the proximal segment at the level of 100 cm
from the ligament of Treitz and its gradual increase
in the medial and distal segments of the small intes-
tine, starting at the point of 200 cm. Towards the
terminal segments, the amount of microflora
increases and exceeds the baseline level. Concentra-
tion of Bifidobacterium spp. and Escherichia spp.
shows a stable increase in the distal direction. In
terms of the volume of microbial load of the small
intestine, the risks of contamination during entero-
tomy in the proximal and distal parts are higher than
in the medial segments.

CONCLUSION

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

1. The morphological characteristics of the small
intestine are both individual (length) and common
(changes in venous architecture and a gradual
decrease in intestinal diameter in the caudal direc-
tion).

2. The number and cellular composition of leuko-
cytes in the wall of the small intestine are approxi-
mately the same, which provides equal immune pro-
tection regardless of a distance from the Treitz liga-
ment.

3. The concentration of bacterial communities
and their qualitative composition change at different
lengths of the small intestine, with a gradual increase
towards the terminal part. Changes in the qualitative
and quantitative composition of the microbiota in
the intestinal lumen do not lead to changes in the
leukocyte reaction.

Thus, when performing a surgery, it is necessary
to take into account the different volumes and com-
position of the bacterial load as well as the morpho-
logical characteristics of different segments of the
small intestine.
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1. Mopdosornueckrie XapaKTepUCTUKH TOHKOM
KHUIIKA HOCAT KaK MHAUBUAYATIbHBIN (I/TMHA), TAK U
oblIepacnpocTpaHeHHbI (M3MeHEeHHe BEHO3HOH
apXUTEKTOHUKU U ITOCTEIIEHHOE YMEHbIIIeHNEe aua-
MeTpa KHIIKM B KayJaJbHOM HAaIpPaBJIEHUN)
xXapakTep.

2. Kosin4yecTBO U KJIETOUYHBIHA COCTaB JIEHKOIUTOB
B CTEHKE TOHKOU KHIIKH MPUOJIU3UTEIBHO OfUHA-
KOBBI, UTO OOECIIEYHNBAET PABHYI0 HMMYHOJIOTHYE-
CKYI0 3aIlUTy BHE 3aBUCHUMOCTH OT YAAJIE€HHOCTU OT
cBsa3ku TpenTna.

3. KoHnenTpanus MUKPOOHBIX MOMYJISIINH U UX
KayeCTBEHHBIH COCTAaB MEHSIIOTCS Ha Pa3HOM ITPOTSI-
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HccaenoBanne aHTUHOIUIENTUBHBIX CBOMICTB
HOBBIX IPOU3BOJAHBIX 3-aMHUHOTHEHO[2,3-b]nupuauna
U 1,4-AUTHUAPONMUPUANHA B TECTE TEILIOBON MMMEPCHUHU XBOCTA
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AHHOTAIIUA

BBenaeHnue. BHacrosiee BpeMs ITOUCK HOBBIX BBICOKOA(h(MEKTUBHBIX U OE30MACHBIX OOJIEYTOAIIINX CPECTB
SIBJISIETCST aKTYaJIbHBIM HAIIPaBJIEHHEM COBPEMEHHBIX (DAPMAKOIOTUYECKUX HCCIIEZIOBAHMH.

Ifenp McCcaAemOBAaHUSA. VByUnTb aHTUHOIHUIENTHBHYIO aKTUBHOCTH JECATH 0OPA3IOB HOBBIX MTPOU3BO-
JTHBIX 3-aMHUHOTHEHO[2,3-b|IupuArHa U 1,4-TUTUIPOMUPUANHA B KJIACCHUECKOM TECTE TEIIOBOM HMMEPCHH XBOCTA.
MerTon s . CuHTEe3WpOBaHHBIE HAMH Ha 0a3e HAYYHOW-HCCIIENOBATENBCKON Jaboparopun «Xumake» (JIyraHckui
rOCylapCTBEHHBIN yHUBEpCUTET M. Biagumupa Jlasisi) 340 HOBBIX MPOU3BOAHBIX MAHOTHOANIETAMU/A OBUTH TIOBEP-
THYTBI BUPTYaJIbHOMY OHOCKPHUHUHTY. B pesysibraTe GbLTH BRIOPAHBI 10 COEIMHEHNH, HANOO0JIe€ TEPCIIEKTUBHBIX /1151 hap-
MaKOKOPPEKIUU 60IeBOr0 CUHpOMA. B akcmepuMenTe (TeCT TEMIOBOH UMMEPCHH XBOCTA) UCIIOJIB30BAN OEJIBIX KPhIC-
CaMIIOB, pacIpeziesIeHHbIX Ha 13 TPYII, 10 10 0co0el B KaK0H: HHTAKTHAsA, KOHTPOJIbHAA (0.9% pacTBOp HATPHUSA XJIO-
puza), cpaBHeHHs (MeTaMU30JI HATPHsA) U 10 OIBITHBIX (110 YHCIY BBOAUMBIX coeiuHeHu). COeMHEHNs BBO/IUIJIN BHY-
TPHIKEJTYIOYHO B /T03€ 5 MT/KT 3a 1.5 U /IO MOTPYKEHUS XBOCTA B TOPSYYIO BOJIY.

Pes3ynbTarThl . YCraHOBJIEHO, YTO OTUETJIHBO BBIPAKEHHYI0 AHAJBIETHYECKYI0 AKTUBHOCTH MPOSBUIUA TPHU
obpa3ria ¢ sjaboparopHeiMu mudpamu AZ420, AZ331 u AZ383. IlokazaTesib BpeMEHU OT/IEPTUBAHUS XBOCTa KPBIC 3THX
OTIBITHBIX TPYIII COCTABUII OT 31.4 ¢ (AZ331) 110 46.4 ¢ (AZ383), Ipu 3TOM CTeNeHb JOCTOBEPHOCTH PA3IUYHUH P C TOKa3a-
TeJIIMH KOHTPOJIBHOM TPYIIIIBI COCTAaBUIIA OT 0.00073 (AZ420) 110 0.00018 (AZ383).

3akKkJUYeHUe. YCTAHOBIEHBI YeThIPE HOBBIX MPOU3BOIHBIX 3-aMUHOTHEHO[2,3-b]IupuaAnHA U 1,4-TUTUAPOIIH-
PUIMHA C BBICOKOH aHATBTETHYECKON aKTUBHOCTHIO, IIEPCIIEKTUBHBIX IS JAIbHEHIINX JOKIMHIYECKAX UCCIIET0OBAHUT.
Kaoueesle croea: KOH/IEHCUPOBAaHHBIE TUEHOITUPU/IVHBI, 1,4-TUTHAPOTHOTHPUAUHDI, aHTUHOIUIIETITHBHbBIE CBOUCTBA.

OG6pasen mutTupoBaHuna: bubuk N.B., Pposos K.A., lonierko B.B., Kpuokosbicko C.I'., Bubuk E.FO. Uccremosa-
HY€ aHTUHOIUIIENTHBHBIX CBOVICTB HOBBIX IIPOU3BO/IHBIX 3-AMUHOTHEHO[ 2,3-b [IUpH/INHA U 1,4-TUTHIPOTIUPUIMHA B TECTE Te-
wioBoi uMmepcru xBocra// Journal of Siberian Medical Sciences. 2023;7(4):23-34. DOI: 10.31549/2542-1174-2023-7-4-23-34

Investigation of antinociceptive properties of new derivatives
of 3-aminothieno[2,3-b]pyridine and 1,4-dihydropyridine
in the tail immersion test
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ABSTRACT
Introductio n.Nowadays, the search for novel painkillers that exhibit both high efficacy and safety profiles is an
essential problem of modern pharmacological research.
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A im . To study the antinociceptive activity of ten samples of new derivatives of 3-aminothieno[2,3-b]pyridine and
1,4-dihydropyridine in the classical tail immersion test.

M eth ods. 340 newcyanothioacetamide derivatives that were synthesized by us at the Chemex Research Laboratory
(Vladimir Dahl Lugansk State University) underwent in silico screening. As a result, 10 compounds were selected that were
the most promising for the pharmacological management of pain. In the experiment (tail immersion test), albino male rats
were used, divided into 13 groups, 10 animals in each: the intact group, the control group (0.9% sodium chloride solution),
the comparison group (metamizole sodium) and 10 experimental groups (according to the number of administered com-
pounds). The compounds were administered intragastrically at a dose of 5 mg/kg 1.5 h before immersing the tail in hot
water.

R e s ults.Itwasestablished that three samples with codenames AZ420, AZ331 and AZ383 showed a significant anti-
nociceptive activity. The tail-flick time of rats in these experimental groups ranged from 31.4 s (AZ331) to 46.4 s (AZ383),
while the significance of the differences p in comparison with the values of the control group ranged from 0.00073 (AZ420)
to 0.00018 (AZ383).

Conclusion s.Fournew derivatives of 3-aminothieno[2,3-b]pyridine and 1,4-dihydropyridine with high analge-
sic activity, promising for further preclinical studies, have been identified.

Keywords: fused thienopyridines, 1,4-dihydrothiopyridines, antinociceptive properties.
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BBEJAEHUE

B coBpeMeHHOM MUpE, Ta3Ke HECMOTPS HA PA3HO-
obpasue JieKapCTBEHHBIX MTPENapaToB s KYITHPO-
BaHUsA 0OJIU, aKTyaJabHOH NMpOOJIEMON B MEIUIIH-
CKOU TPAKTHKE SIBJISIETCS a7IeKBaTHAsI, PAI[HOHAIIb-
Has u 6e3omacHass ¢papMakoTepanus 60JIeBOr0 CHH-
npoma [1—3]. Haubosee yacToii mpuauHON obparie-
HUsI TAI[HEHTOB 32 MEIUIMHCKON MMOMOIIBIO SIBJISI-
etcst 60J1b, UYTO 0COOEHHO XapaKTePHO JJIsT CTOMAaTO-
JIOTHYeCKOU MpakTuku. OIHAKO, sSBJISASACH KpaliHe
HEIMIPUATHBIM CHMIITOMOM, OOJIb CJIy’KUT BaKHEH-
UM KJIUHUYECKUM OPUEHTHUPOM JIJIs IOJIHOIIEH-
HOTO JTMaTHOCTUPOBAHUS U PAI[MOHAIBLHOTO Ha3HA-
yeHus: ¢apmakorepanuu [4-6]. IlosHOUEHHOE
ycrpaHeHune 00Jid, 0COOEHHO Ha MpefoleparuoH-
HOM U TIOCJIEONIEPAIIMOHHOM JTale, CIYKUT KPUTe-
pHEeM KayecTBa CTOMAaTOJIOTHUUECKOTO ieueHust [7, 8].
IIpu 3TOM B HaCTOsIIIlee BpeMs BpayaM PasInyHOMN
CTIEIUAIN3AINY He BCET/ia YIaeTCs JOCTUYD TIOJIHO-
[IEHHOTO 60JIEYTOJIAIONIETO U TPOTHBOBOCIATIUTE -
HOTO JIEHCTBUA U N30€KaTh HeKeIaTeIbHbIX 3 dek-
TOB B mpoliecce ¢papmakoTepanuu. HecrepouiHbie
npoTtuBoBocnauTesbHble cpeacrBa (HIIBC) obuia-
JIal0T 3HAYUTEIbHBIM KOJIMUYECTBOM M BBIPAYKEHHO-
CTHIO HEOJIATOTIPUATHBIX BO3JIEUCTBUM, a UMEHHO
VJIBLIEPOTEHHBIM, T€MATOTOKCUYECKHUM, TelaTOTOK-
CHYECKUM, KapJMOTOKCHYECKUM U HepPOTOKCHYe-
ckuM dpdexramu [9]. B aTOM CBsI3U HayUHbBIE HCCTIE-
JIOBaHWS, CIIOCOOCTBYIOIIE IIOUCKY HOBBIX O0JIEyTO-
JITIOIIUX CPEZICTB C BHICOKUM MpOodrieM 6e30macHo-
CTH, OCTAIOTCSI AKTYaJIbHBIMU Ha CETOTHSATITHUN JIEHb.

INTRODUCTION

Nowadays, even despite the variety of painkillers,
an urgent problem in medical practice is adequate,
rational and safe pharmacotherapy of pain syn-
drome [1—3]. The most frequent reason for patients
to seek medical help is pain, which is especially true
in dental practice. However, being an extremely
unpleasant symptom, pain is the most important
clinical requirement for correct diagnosis and
appropriate pharmacotherapy [4—6]. Appropriate
pain management, especially at the preoperative
and postoperative stages, is a criterion for the qual-
ity of dental treatment [7, 8]. At the same time, at
present, doctors of various specializations are not
always able to achieve complete analgesic and anti-
inflammatory effects and avoid undesirable effects
during pharmacotherapy. Nonsteroidal anti-inflam-
matory drugs (NSAIDs) have a number of adverse
side effects, namely ulcerogenic, hematotoxic, hepa-
totoxic, cardiotoxic and nephrotoxic ones [9]. In this
regard, scientific research contributing to the search
for new analgesics with a high safety profile remains
relevant.

Over the last decade, new organic compounds
from several cyanothioacetamide derivatives have
been of particular interest for scientists in the field of
chemistry, biology, pharmacology and medicine,
since cyanothioacetamide is an affordable and poly-
functional reagent widely used in synthetic organic
chemistry. One of the main uses of cyanothioacet-
amide is the synthesis of a wide range of S,N-hetero-
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B nociiesiHee ecaTIIeTHE HOBbIE OPTaHUYECKHE
COEIMHEHUS U3 Psiia MPOU3BOJHBIX ITMAHOTHOAIE-
TaMHJA IPEICTABJISIOT OCOOBIM MHTEpeC I yue-
HBIX XUMHYECKOT0, OMOJIOTHYECKOr0, (papMaIreBTH-
YeCKOTO0 W MEJUIIMHCKOTO MPOQUIIs, ITOCKOJIbKY
[MAaHOTHUOAIETAMU/T SIBJISETCSA JOCTYIIHBIM U TIOJIU-
(PYHKIIMOHAJIBHBIM PEareHTOM, IIIPOKO HUCIIOJIh3ye-
MBIM B CHHTETUYECKOH OPTraHUYECKOW XUMUHU.
OnHUM U3 TJIaBHBIX HANPABJIEHUU HCIIOIb30BAHUSI
[IMAaHOTHOALIETAMU/IA SIBJISETCS CHUHTE3 IIHPOKOTO
Kpyra S,N-TeTepOIUKINYECKUX COeTUHEHNH, K BaXK-
HEAIMM U3  KOTOPBIX  CJIEAYET  OTHECTH
3-nuaHonupuauH-2(1H)-THoHkI [10—12].

[TpousBoiHbIE IMAHOTHOAIETAMU/IA B HACTOSI-
Iee BpeMs MOXKHO CUHUTATh MEePCIeKTUBHBIMU OGHO-
JIOTUYECKU aKTUBHBIMHU COEJMHEHHUSAMU C Pa3HO-
obpasubIMu (hapMaKOAUHAMUYECKUMHU CBOWCTBAME
[13—-16]. 9TO u BBICOKAsA MPOTUBOBUPYCHAS AKTHB-
HOCTb, IPOTHBOBOCIIAJIUTEIHbHBIE U AHAJIENITHYECKHE
cBoiicTBa [17—-19]. Kpome aTOTO, pE3yabTaThl HCCIe-
JIOBAaHUU OCTPOU ITepopasIbHOU TOKCUYHOCTH IIPOU3-
BOJHBIX IIMAHOTHOAIIETAMHU/A 1N VIVO MOKA3aJIH, UTO
OHU UMEIOT HU3KYIO0 TOKCUYHOCTh (4—5-1 KJTacc TOK-
CUYHOCTH).

ITEJIb UCCJIEJIOBAHUSA

V3yyeHre aHTHHOIUIENITUBHOW aKTUBHOCTHU
HOBBIX TPOU3BOJIHBIX 3-aMHHOTHEHO[2,3-b]mupu-
IUHA ¥ 1,4-AUTHAPONUPUANHA B KJIACCUYECKOM
(apmMaKkoJIOTUUECKOM TEeCTe€ TEIJIOBO WMMMEPCHH
XBOCTA.

MATEPUWAJIbI 1 METO/IbI

Ha moAroroBuTesIbHOM 3Tarie mepes; pa3pabor-
KOU /Ti3aliHa SKCIIEPUMEHTA JIJIs1 OTIPEZIeJIEHUS] Hau-
0oJ1ee IEPCIIEKTUBHBIX COEUHEHNH C yIETOM IIpes-
[oJIaraeMbIX OMOMHUIIIEHEeH i (dapMaKOKOPpeEK-
uu 60JIEBOTO, BOCIAJIMTEIHFHOTO WU JIMXOPAI0U-
HOTO CHHIPOMOB MBI IIPOBEJIN BUPTYAJIbHBIA OHO-
CKPUHUHT 340 CHHTE3WPOBAHHBIX HaMHU Ha 0Oase
Hay4YHO-HCCJIEI0BATEIBCKON J1abopaTopuu  «XHUM-
3Kc» JIyraHCKOTO TOCY/JapCTBEHHOTO YHUBEPCUTETA
M. Biragumupa Jlans HOBBIX IPOU3BO/IHBIX I[UAHO-
THOAIETAMU/Ia C WCIIOJIb30BAHUEM  CJIEAYIOIUX
pecypcoB: Swiss Target Prediction (Swiss Institute of
Bioinformaties;  http://swisstargetprediction.ch/
index.php), PASS Online (http://www.
pharmaexpert.ru/passonline/predict.php), OSIRIS
Property Explorer (http://www.organic-chemistry.
org/prog/peo/) [20—22].

B pesysbraTe 6bLTH BBIOPAHBI /I€CATH 00pPa3IIOB
HOBBIX TETEPOIUKJINYECKUX COEJUHEHUMN, COIEP-
JKAIUX — 3-aMUHOTHEHO[2,3-b]uupuinHOBbIE U
1,4-IUTUAPONIMPUINHOBBIN (PparMeHTHI, Hanbosee

cyclic compounds, the most important of which
include 3-cyanopyridin-2(1H)-thiones [10-12].

Currently, cyanothioacetamide derivatives can be
considered promising biologically active compounds
with diverse pharmacodynamic properties [13—16],
as follows: antiviral activity, anti-inflammatory and
reinforcing properties [17-19]. In addition, the
results of in vivo studies of acute oral toxicity of cya-
nothioacetamide derivatives showed that they have
low toxicity (toxicity grade 4—5).

AIM OF THE RESEARCH

To study the antinociceptive activity of new deriv-
atives of 3-aminothieno[2,3-b]pyridine and 1,4-dihy-
dropyridine in the classical tail immersion test.

MATERIALS AND METHODS

Before developing the study design to identify the
most promising compounds taking into account bio-
targets for pharmacological pain management,
inflammatory, or febrile syndromes, we performed
in silico screening of 340 new cyanothioacetamide
derivatives synthesised by us at the Chemex Research
Laboratory (Vladimir Dahl Lugansk State Univer-
sity) using the following resources: Swiss Target Pre-
diction (Swiss Institute of Bioinformatics; http://
swisstargetprediction.ch/index.php), PASS Online
(http://www.pharmaexpert.ru/passonline/predict.
php), OSIRIS Property Explorer (http://www.
organic-chemistry.org/prog/peo/) [20—22].

As aresult, ten samples of new heterocyclic com-
pounds containing 3-aminothieno[2,3-b]pyridine
and 1,4-dihydropyridine fragments were selected,
the most promising ones taking into account the
putative biotargets for pharmacological manage-
ment of pain in vivo. These samples were code-
named AZo23, AZ169, AZ213, AZ257, AZ331,
AZ383, AZ420, AZ729, AU04271 and AU04288.
The structure and chemical formulas of the new
heterocyclic compounds selected in this way are
shown in Fig. 1. According to the results of in silico
screening, their biotargets are arachidonate 5-lipox-
ygenase, cyclooxygenase-2, phospholipase A2,
phosphodiesterase, prostanoid, somatostatin, ade-
nosine and cannabinoid receptors. Having planned
a series of in vivo experiments to study the analge-
sic and anti-inflammatory profile of the synthesized
compounds, among the recommended various clas-
sical pharmacological tests, we chose the tail
immersion test.

The experiment was carried out on 130 outbred
albino male rats weighing 250—280 g, received from
the vivarium of the St. Luka Lugansk State Medical
University during autumn-winter period in the labo-
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MEPCIEKTUBHBIX C YIETOM IIPEAII0IATaeMbIX OOMHU-
meHed Uit (hapMaKOKOPPEKIUH 00JIEBOTO CUH-
apoMma in vivo. dto ob6pasupl ¢ J1abOPATOPHBIMU
mudpamu: AZ023, AZ169, AZ213, AZ257, AZ331,
AZ383, AZ420, AZ729, AU04271 um AU04288.
CrpykTypa u xuMuueckue GpopMysIbl HOBBIX TETEPO-
OUKJIAYECKUX COeINHEHUH, OTOOPAHHBIX TAKUM
obpaszoM, IpuBeZieHbI HA PUC. 1. BuoMuIeHamu s
HUX I10 Pe3yJIbTaTaM BUPTYyaJIbHOTO OMOCKPUHUHTA
SIBJISTIOTCSI apaXH/I0HAT-5-JTUIIOKCUTEHA3a, IIUKI00K-
cureHasa-2, ¢ocdonumnaza A2, ¢ochoauscrepasa,
MIPOCTAHOUHbIE, COMATOCTATUHOBBIE, AIEHO3UHO-
Bble U KaHHaOmouaHsle penentopsl. CIIAHIPOBAB
cepuio papMaKoJIOTHUECKUX HCCIEOBAHUN B OIIbI-
Tax in Vivo 1o U3y4eHUI0 6OJIEYTOIAIONIEH U IPOTH-
BOBOCITUINTEIPHOU aKTUBHOCTH CHHTE3MPOBAHHBIX
COeZIMHEHUH, Cpefu PEKOMEHJIyeMbBIX Pa3IMIHBIX
KJIaccuyecknx (hapMaKOJIOTHYECKUX TECTOB MbI
BBIOPAJIH TECT TEIJIOBON UMMEPCHUHU XBOCTA.

IJKCIEPUMEHT MPOBEEH Ha 130 OesbIx Oecro-
POZIHBIX KpbICax-caMIlax Maccol 250—280 T, HOJIy-
yeHHbIX U3 BuBapus I'Y JIHP «JIyrancku#i rocymap-
CTBEHHBIN MeIUITMHCKUH yHUBepcuTeT uMeHu CBs-
turesis JIyku» (JITMY) B oceHHe-3UMHUM TIEPHUO]] B
saboparopuu kadenpsl GyHAAMEHTATbHOU U KJIU-
HU4Yeckol (apmaxosioruu. PanzoMusanus mpoBo-
JIJIaCh METOZIOM «KOHBEPTOB».

JKuBoTHBIE OBLIN pacIpesiesieHbl B UHTAKTHYIO,
KOHTPOJIBHYIO (KpbICaM BBOAWIN 2 MJ 0.9% pac-
TBOpa HATPUS XJIOPUA BHYTPUIKEIYAOYHO 10 IPO-
BeJZleHUsI TeCTa), cpaBHeHUs (pedepeHTHYIO) (IOTy-
YyaBIIre MEeTaMU30JI HATPUA) U 10 OIBITHBIX TPYIIIL,
10 KOJIMUECTBY HCCIIEAYEMBIX HOBBIX ITPOU3BOIHBIX
KOHJ/IEHCUPOBAHHBIX 3-aMUHOTHEHO[2,3-b]nupunu-
HOB U 1,4-JUTHAPONUPUAVHA. B kakmoi rpymme
OBLIIO 10 10 KPBIC.

VccenoBaHus IpOBEIEHBI B COOTBETCTBHH C ITPHU-
Ka3zoM MWuHHCTEPCTBA 37[paBOOXpaHeHus Poccwhii-
ckoii ®enepanyii OT 1 ampeyisi 2016 r. N2 199H
(O6 yrBep:kaenuu [TpaBrt HajIeKalel sabopaTop-
HOU TpakThKu). Ha NpOTSIKEHWH BCETO Iepuoja
WICCJIEZIOBAHUH JKUBOTHBIE HAXOJWINCH TOA HabJIIO-
ZIEHHEM O CBOOOJTHBIM JIOCTYTIOM K BOJIE U ITHIIIE, YTO
cootBercTByeT ['OCT 33044-2014 «IIpuHIUIIBI HAJ-
Jiexkaned J1abopaToOpHOU IIPAKTUKU» (YTBEPXKIEH
npukazoM PenepasbHOTO areHTCTBA IO TEXPETYJIIH-
POBAaHUIO M METPOJIOTUH OT 20 HOAOpA 2014 T.
N@ 1700-ct). VcenenoBatue 0100peHO KOMUCCHEH TI0
6uostuke JITMY (IIpoTOKOJI OT 01.11.2021 T. NQ 6).

Cpenu OOIIENIPUHATHIX METO/IOB OIEHKU TePMU-
yeckoil 60y HamMu ObLI BBIOpaH TECT TEIUIOBOH
MMMEPCHHM XBOCTA, OCHOBAHHBIM HAa CIIMHAJIHLHOM
¢iexcopHOM pedriekce B OTBET Ha MOTPYKEHUE XBO-
CTa B TOpsAYyIO BoAy. bosieBoe paznpaskeHue Moje-

ratory of the Fundamental and Clinical Pharmacol-
ogy Department. Randomisation was performed
using the envelope method.

The animals were divided into the intact group,
the control group (rats were injected with 2 ml of
0.9% sodium chloride solution intragastrically before
the test), the comparison (reference) group (received
metamizole sodium) and 10 experimental groups,
according to the number of new fused derivatives of
3-aminothieno[2,3-b]pyridines and 1,4-dihydropyri-
dine. There were 10 rats in each group.

The study was carried out in compliance with
the order of the Ministry of Health of the Russian
Federation dated April 1, 2016 No. 199n (On
approval of the Rules of Good Laboratory Prac-
tice). Throughout the whole study, the animals
were under the supervision having free access to
water and food, which corresponds to GOST
33044-2014 “Principles of Good Laboratory Prac-
tice” (approved by order of the Federal Agency for
Technical Regulation and Metrology dated Novem-
ber 20, 2014 No. 1700-st). The study was approved
by the Commission for Bioethics of the St. Luka
Lugansk State Medical University (protocol dated
November 1, 2021 No. 6).

Among the conventional methods for thermal
pain assessment, we chose the tail immersion
test, based on the spinal flexor reflex in response
to immersion of a tail in hot water. Painful stimu-
lation was induced by immersing the tail into a
vessel with water heated to 50-54°C, recording
latency of response. Analgesic activity was
assessed by prolongation of the tail-flick time
after exposure according to [23]. Metamizole
sodium (Analgin, Pharmstandard OJSC) at a dose
of 7 mg/kg was used as a reference drug for ani-
mals of the reference group. Ten samples of the
original newly synthesized compounds were
administered via a gastric tube at a dose of
5 mg/kg for 1.5 hours before the start of thermal
exposure. This dosage was chosen as optimal
based on a previously conducted experiment on
the dosage for other cyanothioacetamide deriva-
tives. According to the guidelines for preclinical
studies of new biologically active compounds, the
criterion for analgesic effect is considered to be a
significant increase in latency of the response
after substance administration.

Statistical processing of the obtained results was
carried out according to [24] and using conventional
formulas and statistical methods characterizing
quantitative variability. When processing experi-
mental data, we determined the arithmetic mean of
the latency duration before the onset of tail-flick a;
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O_CH3

Br
N S 0
AU04288 [3-amuH0-4-(2-dypuin)-6,7-guruapo-5H-unkaoneHTalb] AU04271 3-amuHo-N-(4-6pomodennn)-4-(2-dypun)-5,6,7,8-
THeHo[3,2-e|mupuAnH-2-u](4-MeToKcuPeHUT)MeTAaHOH TeTParuApoTHeHo[2,3-b]XuHOINH-2-Kap6oKcaMus,
AU04288 [3-amino-4-(2-furyl)-6,7-dihydro-5H-cyclopenta[b] AU04271 3-amino-N-(4-bromophenyl)-4-(2-furyl)-5,6,7,8-
thieno[3,2-e]pyridin-2-yl] (4-methoxyphenyl)methanone tetrahydrothieno[2,3-b]quinoline-2-carboxamide

AZ023 [3-amunO0-4-(5-MeTna-2-dypun)-5,6,7,8- AZ729 [3-amuHO0-4-(5-MeTnn-2-dypui)-5,6,7,8-
TeTParuApoTHeHo|2,3-b]|XxuHoNnH-2-1i](PpeHnsn)MeTaHOH TeTparuApoTHeHo|2,3-b|xuHonnH-2-uu)(3-6pomodeHns)MeTaHOH
AZ023 [3-amino-4-(5-methyl-2-furyl)-5,6,7,8- AZ729 [3-amino-4-(5-methyl-2-furyl)-5,6,7,8-
tetrahydrothieno(2,3-b]quinolin-2-yl](phenyl)methanone tetrahydrothieno[2,3-b]quinolin-2-yl](3-bromophenyl)methanone

N ()
\CH3
o)

0]

AZ420 5-unano-4-(2-pypun)-N-(2-MeTokcudpennn)-6-({2-[(3- AZ383 5-npaHo-6-({2-[(4-3ToKCcHbeHNT)aMUHO|-2-0KCOITHII}
MeTOKCU}EHUT)aMUHO|-2-0KCO3TUI}THO)-2-MeTH1-1,4- THO)-4-(2-dypun)-2-metun-N-(2-metundenun)-1,4-
JUTHJPIUMPUAUH-3-Kap6oKcaMu/, JUTHJIPONIUPU/IMH-3-KapOoKcaMu /|
AZ420 5-cyano-4-(2-furyl)-N-(2-methoxyphenyl)-6-({2-[(3- AZ383 5-cyano-6-({2-[(4-ethoxyphenyl)amino]-2-oxoethyl}thio)-4-
methoxyphenyl)amino]-2-oxoethyl}thio)-2-methyl-1,4- (2-furyl)-2-methyl-N-(2-methylphenyl)-1,4-dihydropyridine-3-
dihydropyridine-3-carboxamide carboxamide

Puc. 1. CtpykrypHbIe HOpMyIIbl U Ha3BaHUA 110 HoMeHKIaType NIOITAK
JUTS ICCIIEyEMBIX 3-aMUHOTHEHO[ 2,3-b]TUPUIUHOB U 1,4-TUTUAPONUPH/IAHOB
Fig. 1. Structural formulas and International Union of Pure and Applied Chemistry (IUPAC) names
of the studied 3-aminothieno[2,3-b]pyridines and 1,4-dihydropyridines
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O
HaC/

AZ331 5-nuaHo-4-(2-dypui)-N-(2-MeTokcudpeHu)-6-
{[2-(4-MeTOKCUDEHNT)-2-0KCO3THUI| THO}-2-MeTHI-1,4-
JUTHAPOTIMPUUH-3-Kap6oKcaMuz,

AZ331 5-cyano-4-(2-furyl)-N-(2-methoxyphenyl)-6-
{[2-(4-methoxyphenyl)-2-oxoethyl]thio}-2-methyl-1,4-
dihydropyridine-3-carboxamide

Br

O

AZ213 6-{[2-(4-6poModeHH)-2-0KCOITUI| THO}-5-I[HaHO-
4-(2-bypun)-2-meTun-N-(2-metundenun)-1,4-1uru JponupuMH-
3-kap6oKcaMuz
AZ213 6-{[2-(4-bromophenyl)-2-oxoethyl]|thio}-5-cyano-4-(2-furyl)-
2-methyl-N-(2-methylphenyl)-1,4-dihydropyridine-3-carboxamide

T
o}

P

NH

HiC N
H
(0]
Br

AZ257 6-{[2-(4-6poModeHU)-2-0KCOITUI | TUO }-5-1IHaHO-
4-(2-dypun)-N-(2-meTokcudenun)-2-mMmeTun-1,4-
JUTHAPOTUPUAH-3-KapOOKCaMH/

AZ257 6-{[2-(4-bromophenyl)-2-oxoethyl]|thio}-5-cyano-
4-(2-furyl)-N-(2-methoxyphenyl)-2-methyl-
1,4-dihydropyridine-3-carboxamide

NH | | %N

HaC HsC

Iz

AZ169 6-(6ensnnTHo)-5-1MaHo-4-(2-dypun)-N-(2-
MeTOoKcUdeHU1)-2-MeTHJI-1,4-1UruIponupuIH-3-KapooKcaMu /g
AZ169 6-(benzylthio)-5-cyano-4-(2-furyl)-N-(2-methoxyphenyl)-2-
methyl-1,4-dihydropyridine-3-carboxamide

Oxonuanue puc. 1 / Ending of Fig. 1

JIMPOBAJIH IIPH MOTPY;KEHUU XBOCTA B COCY/I C BOZOH,
Harperoi 10 50—54 °C, perucrpupysi JaTEeHTHBIH
[IepUo/i peakiuu. AHaJbreTudyecKas aKTUBHOCTH
OIlEHHUBA/IACh 110 YIJIMHEHHIO BPEMEHH pEaKIINH
OTZIeprUBaHusi XBocTa coryacHo [23]. B kauectse
mperapara CpaBHEHHs JJIS JKMBOTHBIX pedepeHT-
HOH TpYIIBl KCIIOJIH30BAH METAMU30JI HATPHUSA —
Anansrut (OAO «®apmcranaapt») B J103€ 7 MI/KT.
JlecsaTh 00pas31i0B OPUTHMHAIBHBIX BHOBb CHHTE3HUPO-

dispersion of o2 values relative to the arithmetic
mean; standard deviation o; variation coefficient V.
The significance of differences was calculated accord-
ing to the Wilcoxon signed-rank test in comparison
with the control group of animals. To construct plots
and determine the degree of the significance of dif-
ferences, the R language and Rstudio software (ver-
sion 4.0.5) were used; to visualize the results —
R packages ggplot2, ggrepel, ggsignif.
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BAHHBIX COEJUHEHUU BBOJWJIU UepPEe3 JKEeJTyIOUHBIH
30H/I B J103€ 5 MI/KT 3a 1.5 4 /10 Hayaja TepMude-
CKOTO BO3/IeHCTBUA. JTa TO3UPOBKA ObLia BHIOpaHa
KaK ONTHUMaJIbHAsI Ha OCHOBAHWHU paHee IMPOBeIeH-
HOT'O 9KCIIEPUMEHTA 110 J030BOMY PEKUMY IS IPY-
TUX MPOU3BOJHBIX ITHaHOTHOAneTamuza. CorsacHo
PYKOBOJICTBY O JOKJIMHUYECKUM HCCIENOBAHUAM
HOBBIX OMOJIOTHYECKH aKTUBHBIX COEJITMHEHUH, KPHU-
TeprUeM aHaJIbreTUYecKoro 3ddeKTa MPUHATO CUU-
TaTh JIOCTOBEPHOE YBEJTMUEHHE JIATEHTHOTO ITEPUOA
peaxIuu mmocjie BBeZieHusI BEelecTna.

Cratuctuueckass  0o0paboTka  IMOJIYYEHHBIX
pe3ybTaTOB MPOUM3BOAMIACH COTJIACHO [24] u ¢
HCIIOJIb30BAHUEM H3BECTHBIX (GOPMYJ U METOZOB
MaTeMaTUYEeCKON CTAaTUCTUKU, XapaKTEePU3YIOIIeH
KOJIMYECTBEHHYI0 M3MEHUYUBOCTh. IIpu 06paboTke
DKCIEPUMEHTAIbHBIX JTAHHBIX OIPENessIIN Cpel-
Hee apudMeTUYECKOe BpeMeHU JIATEHTHOTO MepH-
o/1a JTo HaYaJIa OTIEPTUBAHUSA XBOCTA d; IUCIIEPCUIO
3HAUYEHUH 0° OTHOCUTEJIBHO CpeHero apudMeTH-
YeCKOT0; CpeHEKBa/IpATHYECKOE OTKJIOHEHUE O;
koadpunment Bapuanuu V. JloCTOBEpHOCTh OTJIH-
YUH PaACCUMTHIBAJIU 110 YUIKOKCOHY B CPAaBHEHUH C
KOHTPOJIBHOM TPYIION KUBOTHBIX. J[Jis1 mOCTpoe-
HUsI rpadUKOB U YCTAHOBJIEHUS CTEITEHU JOCTOBEP-
HOCTH pa3/JIMYUi HCIIOJB30BaTK s3BIK R, Mmpo-
rpammbl Rstudio (Bepcus 4.0.5); i BU3yasIn3a-
Uy pe3ysibTaToB — R 6ubsnmoreku ggplot2, ggrepel,
ggsignif.

PE3YJ/IBTATBI

B Hammem 5KcIIepUMEHTAIBHOM MCCJIEIOBAHUU
CpeJlHHe YNC/IeHHble 3HAYEHUsI BPEMEHU OTAepru-
BaHUA XBOCTA U3 cOCyZia ¢ ropsiueil BopoH y KpbIC
KOHTDOJIPHOUM Tpynmbl 06e3 (GapMaKOKOPPEKIIHH
COCTAaBJIAIOT 9.4 c. IIpenBapuTesbHOE BBENEHHE
MeTaMH30JI1a HaTpusA KpblcaM pedepeHTHOHN IPYIIIbI
YBEJINYUBAET €ro /10 14.2 C.

[TosryueHHBIE B TECTE TEIJIOBOU MMMEPCHH XBO-
CTa JlaHHBle, CBUJIETEIBCTBYIOIINE O HAJUYUU B
criekTpe hapMakoimHAMUIecKuX 9 (HEKTOB OT/IE/Th-
HBIX HOBBIX OPUTHHAJIBHBIX KOHZEHCHPOBAHHBIX
IIPOU3BO/IHBIX THEHONUPHUANHOB U 1,4-TUTUIPOIIHU-
PUAMHOB aHTUHOIUIIENTUBHBIX CBOUCTB, IIPEJICTaB-
JieHsl Ha puc. 2. Kak BUIHO M3 IPUBEJEHHBIX Ha
PUCYHKE JIaHHBIX, Y JKUBOTHBIX IISITH OIIBITHBIX
TPYII, TMOJyYaBIINX Pa3IUdHble 00pasI(bl U3ydae-
MBIX IIPOU3BOJHBIX KOHEHCHPOBAHHBIX THUEHOIIU-
PUAVHOB ¥ 1,4-UTHIPOTUONIMPUIUHOB C Jlabopa-
TopHBIMH mudppamu AZ257, AZ169,AZ729, AU04271
u AU04288, Bpemsa OTIepruBaHUA XBOCTa COCTa-
BWIO OT 7.8 /10 10.2 c¢. JIOCTOBEPHBIX OTJIMUMH /I
HUX B CpPaBHEHUHM €O 3HAUYEHUAMU KOHTDPOJIbHOU
TPYIIIBI HE YCTAHOBJIEHO.

RESULTS

In our study, the average tail-flick time in rats of
the control group without analgesia was 9.4 s. Pre-
liminary administration of metamizole sodium to
rats of the reference group increases it to 14.2 s.

The data obtained during the tail immersion
test, which indicate the presence of antinocicep-
tive properties in the pharmacodynamic effect
range of certain new original synthesized deriva-
tives of thienopyridines and 1,4-dihydropyri-
dines, are presented in Fig. 2. As can be seen from
the data in the figure, in animals of five experi-
mental groups that have received various samples
of the studied derivatives of fused thienopyri-
dines and 1,4-dihydrothiopyridines with code-
names AZ257, AZ169, AZ729, AUo04271 and
AUO04288, the tail-flick time ranged from 7.8 to
10.2 s. Significant differences for them in com-
parison with the values of the control group were
not revealed.

Among the experimental groups of animals, a
new derivative of 1,4-dihydropyridine AZ213 exhib-
ited analgesic activity similar to the reference drug
(metamizole sodium) (Fig. 2).

The results obtained indicate that a new heterocy-
clic compound, a derivative of fused thienopyridines
AZo023, showed moderate analgesic activity two-fold
higher in comparison with the reference drug (met-
amizole sodium). Its ability to increase the latency of
tail-flick from a container of hot water averages
28.0s.

Three samples leading in terms of the presence of
antinociceptive properties showed a significant anal-
gesic activity. These are compounds AZ331, AZ420
and AZ383.

The tail-flick time in the experimental group,
which received a compound from a series of 1,4-dihy-
dropyridine derivatives AZ331 via a gastric tube
according to the study design, averaged 31.4 s for the
group, while the significance of differences p com-
pared with the values of the control group was
0.00037. When compared with the values in the
comparison group, the studied indicator exceeds the
latter by 2.21 times.

The synthesized new derivative of 1,4-dihydro-
pyridine AZ420, administered 9o min before the test
to rats of the corresponding experimental group,
according to the results of the studies, can signifi-
cantly increase the tail-flick time in comparison with
the control group (p = 0.00073) up to 42.6 s. This is
three times more than when using metamizole
sodium under similar conditions.

According to the results of our studies, the high-
est analgesic activity in this pharmacological test was

Journal homepage: http://jsms.ngmu.ru
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Puc. 2. JIJIUTeIbHOCTD JIATEHTHOTO BPEMEHH OT/IEPTUBAHMS XBOCTA Y KPBIC PA3JIMYHBIX TPYIIIT
C IIOKA3aTeJsIMH JIOCTOBEPHOCTH B TeCTe YUIKOKCOHA
Fig. 2. The duration of latency of tail-flick in rats of different groups and the significance level according
to the Wilcoxon signed-rank test

Cpeny ONBITHBIX TPYII KUBOTHBIX B IIPOBEEH-
HOM DKCIIEPUMEHTE aHAJIOTUUHYIO ITpernaparTy cpas-
HeHUs (MeTaMH30JI HATPHSA) aAHAJIBIETHUYECKYIO
AKTUBHOCTbH IIPOSABJISIET HOBOE TPOU3BOAHOE 1,4-/1H-
TUApONUpUINHA ¢ mudpom AZ213 (cM. puc. 2).

[TosrydeHHBIE B BKCIEpHUMEHTE Ha JiabopaTop-
HBIX KHUBOTHBIX PE3YyJIbTAThl CBUJIETEIBCTBYIOT O
TOM, YTO YMEpPEHHYI0 OO0JIEyTOJISIONIYI0 AaKTHB-
HOCTb, JIBYXKPAaTHO IIPEBBINIAIOINIYI0 TaKOBYIO Y
mmpenapaTta CpaBHEHHSA — MeTaMH30Ja HaTpus,
II0Ka3aJ10 HOBOE TeTEPOIUKINYECKOe COeTUHEHNE,
MIPOU3BOIHOE KOHJIEHCUPOBAHHBIX THEHOITHPHU/IH-
HOB ¢ 1abopaTopHbIM udpom AZ023. Ero crioco6-
HOCTb YBEJIMUUBATH JIATEHTHOE BpPeMs OT/IepPTrUBa-
HHsI XBOCTA U3 COCYZA C TOPSYEH BOIOU COCTABJISET
B cpefHeM 28.0 c.

OTYeT/IMBO  BBIPAKEHHYI0  aHAJIbTETUYECKYIO
aKTUBHOCTb ITPOSIBIJIN TPU 00pasIa-ujiepa B IJIaHe
HJIWYUS aHTUHOIWMIENTUBHBIX CBOWCTB — 5TO
coequHeHwus ¢ mudpavu AZ331, AZ420 u AZ383.

Bpemsi oTmepruBaHHS XBOCTa KpPBIC OITBITHOH
TPYIIIB, HOJYYaBIIUX Yepe3 JKeIyJOUHBIN 30H/ 10
cxeMe SKCIEpUMEeHTa CoeIMHeHNe U3 pAJjia JepuBa-
TOB 1,4-AUTUAPOTHUPUAUHA ¢ mudpom AZ331, cocTa-
BUJIO B CPEZTHEM 31.4 C IO TPYIIIE, IPU 3TOM CTEIIEHD
JIOCTOBEPHOCTH Pa3INYUM p 110 CPaBHEHUIO C IOKa-
3aTeJIIMH  KOHTPOJIbHOH  TPyHIbI  COCTaBHJIA
0.00037. CpaBHUBAs CO 3HAUEHUAMH B IPYIIIIE CPAB-
HEHUs, WCCIEAyeMbIH II0Ka3aTesb IPEBOCXOTUT
IOCJIeTHYE B 2.21 pasa.

CHHTEe3uPOBaHHOE HOBOE IIPOU3BOTHOE 1,4-TUTH-
JiportmpuAnHa oA, mudpoMm AZ420, BBOAUMOE 3a
90 MUH JI0 IIPOBEJIEHUSI TECTA KPhICAM COOTBETCTBY-
IOIled ONBITHOW TPYHIIBI, IO pe3yJibTaTaM IIPOBe-

demonstrated by a dihydropyridine derivative AZ383
(tail-flick time — 46.4 s). This is 3.27 times higher
than in animals received metamizole sodium.

Thus, the tail immersion test, carried out on out-
bred albino rats, showed the presence of analgesic
activity in the five studied derivatives of
3-aminothieno[2,3-b]pyridine and 1,4-dihydropyri-
dine. The leaders in terms of analgesic properties are
samples codenamed AZ331, AZ420 and AZ383. They
are 2.21—3.27 times more effective than metamizole
sodium.

In the future, the prospects for our research will
be to confirm their analgesic activity using other
classical tests, to identify the antiexudative effects of
these compounds, as well as study their acute and
chronic oral toxicity.

Dynamic follow-up of laboratory animals for
3 days after the pharmacological experiment showed
that rats of all experimental groups did not visually
differ in behavior from rats of the control and refer-
ence groups.

DISCUSSION

In recent years, a very popular trend in drug
development is synthesis of so-called hybrid mole-
cules [16—19]. This concept is based on the combina-
tion in one molecule of fragments with different
pharmacotherapeutic properties bound directly or
through a flexible spacer. The consequence of such
conjugation may be an increase in the effect of a drug
due to more effective binding to the protein target,
emergence of new types of activity, elimination of
side effects, or a decrease in drug resistance. The
compounds we synthesized consist of both pharma-
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JIEHHBIX HCCJIEJIOBAaHUHA CIOCOOHO JIOCTOBEPHO B
CpPaBHEHUH C KOHTPOJILHOU Ipynmo# (p = 0.00073)
YBEJTUYUBATH BPEMsI OTAEPTUBAHUS XBOCTA U3 COCY/IA
¢ TopsTYel BOAOM J10 42.6 C. DTO TPOEKPATHO OOJIBIIIE,
yeM IocjIe IPUMeEHEHU s MEeTaMU30J1a HaTPHUs B aHa-
JIOTHYHBIX YCIOBHUSX.

CamyIo BBICOKYIO 0OJIEYTOJISIONIYI0 AKTUBHOCTD
II0 pe3yJIbTaTaM HaIlIUX HCCIEOBAHUN B 3TOM dap-
MAaKOJIOTHYECKOM TECTEe IIPOSIBUJI IEPUBAT TUTHUAPO-
nupuanHa ¢ Ja60paTOpHBIM Iudpom AZ383 (Bpems
OT/IEpTUBaHUA XBOCTa — 46.4 c). TO B 3.27 pasa
6oJibllle TIOKA3aTesisl Y >KUBOTHBIX, IIOJIyYaBIIHX
MeTaMU30J1 HaTPHI.

Takum 006pa3oM, TECT TEMJIOBOH UMMEDPCHUH XBO-
CTa, IPOBEJIEHHBIN ¢ OeJIBIMU OECTIOPOHBIMU KPbI-
caMu, MOKa3ayl HAJINYKMeE AHAJIbIeTUYeCKON aKTHB-
HOCTU Y IISITU HCCJIEAYEMBIX IIPOU3BOJIHBIX 3-aMU-
HOTHEHO[2,3-b]nupuanna u 1,4-IUTUIPOITUPUANHA.
Jlunepamu B miaHe 60JIeyTOSIONIUX CBOMCTB SIBJISA-
foTcs1 00pas1el ¢ mudpamu AZ331, AZ420 u AZ383.
Onu s¢ddexTBHEe MeTaMU30Jla HATpUs B 2.21—
3.27 pasa.

B nasnpHelIIeM nepceKTHBAMU HAIIINX UCCIIEZ0-
BaHUU OyIyT MOATBEPKIEHHE UX AHAIBTETUUECKOH
AKTUBHOCTH B JIPYTHX KJIACCHUECKUX TECTAX, BBISB-
JIeHNe aHTUAKCCYIaTUBHBIX 3G HEKTOB JaHHBIX COe-
JMUHEHUH, a TaK)Ke U3y4JeHUe UX OCTPOH U XpOHUYe-
CKOM ITepOPATTbHOU TOKCUYHOCTH.

Hab6nronenue B AHAMUKe Ha MIPOTSKEHUU 3 CYT
mocsie  (GapMaKOJOTHYECKOTO JKCIIEPUMEHTa 3a
J1a60PATOPHBIMU KUBOTHBIMHU IIOKA3aJ10, YTO KPHICHI
BCeX OIBITHBIX IPYII BU3YATIBHO I10 OBEJEHYECKOH
AKTUBHOCTH HE OTJINYAJIUCH OT KPhIC KOHTPOJILHOM U

pedepeHTHOM rpy1iI.

OBCYXXKJIEHHNE

B nocsienHue ro/ipl BechMa MOy IAPHBIM HAIIPaB-
JIeHuEeM pa3pabOTKU JIEKAPCTBEHHBIX CPEZICTB SIBJIsA-
eTCsl CHHTE3 TaK HAa3bIBAEMBIX THOPHUIHBIX, WJIN
MYJIBTUMOZIQJIbHBIX, MOJIEKYJI [16—19]. JlaHHAasA KOH-
LENIus OCHOBAHA HA COENVMHEHUU B OJHOH MOJie-
KyJie ¢parMeHTOB C PA3JIUUHBIM (papMaKoTepareB-
TUYeCKUM IpoduIeM, CBA3aHHBIX HEIOCPE/ICTBEHHO
6o uvepe3 rubkuii crericep. CiencTBUEM TaKOU
«KOHBIOTAIIUU» MOKET OBITh YCHUJIEHUE JEeHCTBUSA
mpenapara 3a cuer 6osiee 3Q)(HEeKTHBHOTO CBA3BIBA-
HUSI C TPOTEMHOBOH MHUIIEHBIO, BO3HHUKHOBEHHE
HOBBIX BUJIOB AKTUBHOCTH, YCTPAaHEHHE ITOOOYHBIX
3(pdeKTOB UMM CHUKEHUE PE3UCTEHTHOCTH K IIpena-
pary. CUHTe3UpOBAaHHbIE HAMU COEIMHEHUS HECYT
dapmakodopHbie ¢GparMeHThl TUEHONHUPUANHA
b0 1,4-AUTUAPONUPUANHA, C OJHOM CTOPOHBI, U
dapmakodopHbIil QYPWIBHBIH  (5-MeTHIPYPUIb-
HBIH) OCTaTOK — C APYTOM.

cophoric fragments of thienopyridine or 1,4-dihy-
dropyridine and the pharmacophoric furyl (5-meth-
ylfuryl) residue.

The pronounced antinociceptive activity of the
leader sample, thienopyridine AZ420, that we
have revealed in the animal experiments, are
comparable with the results of previously in silico
screening. It should be noted that this biologi-
cally active compound can potentially affect the
activity of serine/threonine protein kinase, phos-
pholipase A2, arachidonate 5-lipoxygenase and
beta-secretase.

The sample codenamed AZ331, selected from the
Chemex laboratory’s abundant library of novel
organic compounds, can bind to collagenase-3, phos-
pholipase A2, arachidonate 5-lipoxygenase and
endothelial ET(A) and ET(B) receptors. This corre-
lates with our findings of relatively high analgesic
activity.

The third leading sample in the study is a new
1,4-dihydropyridine derivative codenamed AZ383.
According to the results of the target prediction, this
compound has the potential to bind to arachidonate
5-lipoxygenase and act upon adenosine receptors A1
and A2B and COX-2.

CONCLUSION

Experiments conducted in vivo using the tail
immersion test for ten new thienopyridine and
1,4-dihydropyridine derivatives showed the pres-
ence of a significant antinociceptive activity when
used at a dose of 5 mg/kg in the followed three com-
pounds:

e AZ420 (5-cyano-4-(2-furyl)-N-(2-methoxyphe-
nyl)-6-({2-[(3-methoxyphenyl)amino]-2-oxoethyl}
thio)-2-methyl-1,4-dihydropyridine-3-carboxamide)
(3 times more effective than metamizole sodium);

« AZ331 (5-cyano-4-(2-furyl)-N-(2-methoxyphe-
nyl)-6-{[2-(4-methoxyphenyl)-2-oxoethyl]thio}-2-
methyl-1,4-dihydropyridine-3-carboxamide) (2.21
times more effective than metamizole sodium);

« AZ383 (5-cyano-6-({2-[(4-ethoxyphenyl)ami-
no]-2-oxoethyl}thio)-4-(2-furyl)-2-methyl-N-(2-
methylphenyl)-1,4-dihydropyridine-3-carboxamide)
(3.37 times more effective than metamizole sodium).

Also, a new thienopyridine derivative AZo023
([3-amino-4-(5-methyl-2-furyl)-5,6,7,8-
tetrahydrothieno[2,3-b]quinoline-2-yl](phenyl)
methanone) showed a high level of analgesic activity
(2 times more effective than metamizole sodium).
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BrIsiBJIeHHbIE HAMH B 9KCIIEDUMEHTE Ha JKUBOTHBIX
OTYETJIUBO BHIPAKEHHBIE aHTHHOIUIENITUBHBIE CBOM-
crBa y obpasma-iuziepa — TUEHONMUpHAUHA AZ420
COIIOCTABUMBI C ITOJIyU€HHBIMU PaHee Pe3yJIbTaTaMu
BUPTYaJIbHOTO 6rocKpuHUHTA. CIleyeT OTMETUTD, UTO
TIOTEHITUATIBHO 3TO OHMOJIOTHUECKU AKTUBHOE COETHHE-
HUE CIIOCOOHO BJIUATH HA aKTUBHOCTb CEPUH-TPEOHUH
MMPOTENHKUHA3BI, docdomunassl A2, apaxujOHAT-5-
JINTIOKCUTEHA3bI U OeTa-CeKpeTasbl.

OToOpaHHBIN U3 OOIMTUPHON OUOTHOTEKH JJabopa-
TOpUM «XUMIKC» HOBBIX OPTAHUYECKUX COETUHEHUN
obpaszer; ¢ s1abopatopHbIM IuGpoM AZ331 MOKET
CBSABBIBATHCS € KOJUIareHa3ou-3, pocdorumazoit A2,
apaxuIoHAT-5-JINIIOKCUTEHA30H U DHJI0TeTHAJIb-
HBIMU penenrtopamu tTuna ET-A u ET-B. 9to koppe-
JIUpyeT C TOJy4YeHHbIMM HAMHU JIAHHBIMH OTHOCH-
TEJIHO BBICOKOM aHAJIbIeTUYECKON aKTHUBHOCTH.

TperbuM 00pa3nOM-JIHIEPOM B TPOBEAEHHOM
WCCJIEZIOBAHUM  fIBJISIETCA  HOBOE  IIPOU3BOJIHOE
1,4-TUTHAPONIUPUANHA € JJaOOPATOPHBIM MIU(ppPOM
AZ383. 91O coefuHEHUE IO pe3yJbTaTaM IpeJU-
KTOPHOTO aHAJIN3a MOTEHIIMAJIbHO UMEET BO3MOK-
HOCTh CBSI3BIBATBHCS C apaxXuOHAT-5-TUMIOKCUTEHA-
301, BO3/IEHCTBOBATh HA aJIeHO3UHOBBIE PEIENTOPHI
A1 u A2B u I1OT'-2.

3AKJIOYEHUE

JKCcIepruMeHTaTbHbIE UCCIIEIOBAHNUS, ITPOBEEH-
HBIE IN VIVO B TECTE TEIIOBOU UMMEPCUHU XBOCTA JIJIsI
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JIECATH HOBBIX IIPOM3BOIHBIX THEHOIUPHUAWHA U
1,4-AUTUPONMPUANHA, IOKA3AIH HAJTUYNE MaKCH-
MaJIPHO OTYETJINBO BBIPAKEHHBIX AHTHHOIIUIIEI-
THUBHBIX CBOWCTB IIpU IPUMEHEHHUHW HX B Ji03e
5 MI'/KT' Y TPEX HUKEIPUBE/IEHHBIX COETUHEHUN:

o AZ420 (5-mmuano-4-(2-bypun)-N-(2-MeToKCHU-
denunn)-6-({2-[(3-MmeTokcudpeHu)aMuHo]-2-
OKCOJTHJI }THO)-2-METHUJI-1,4-TUTUPOUPUUH-3-
kapbokcamun) (adpdbekTHBHEE MeTaMHU30J1a HATPUS
B 3 pasza);

e AZ331 (5-ntmano-4-(2-pypur)-N-(2-MmeToKCcH-
dbennn)-6-{[2-(4-MeTOKCUDEHUIT)-2-0KCOITHUI |
THO}-2-METHJI-1,4-TUTUAPOTUPUTUH-3 -
kapOokcamuy) (3ddeKTHBHEE METAMU30J1a HATPUs
B 2.21 pa3za);

» AZ383 (5-nmano-6-({2-[(4-aTokcudenmwn)amu-
HO]-2-0KCO3TUJI }THO)-4-(2-pypu)-2-meTui-N-(2-
MeTUAPEHUN)-1,4-TUTUAPOTUDPUSUH-3-
kapOokcamuy) (3 deKTHBHEE METaMU30J1a HATPHUs
B 3.37 pasa).

TaxKe [0CTATOYHO BBICOKYIO OOJIEYTOJISIIOILYIO
AKTUBHOCTH IIPOSIBJISIET HOBOE IIPOUBBOJTHOE THEHO-
nmupuguHa ¢ 1mmdpom AZo23 ([3-amuHO-4-(5-
MeTui-2-pypui)-5,6,7,8-TeTparuporreno[2,3-b]
XUHOJMUH-2-w1](heHmwn)meranon)  (addeKkTrBHEe
MeTaMH30J1a HAaTPUsA B 2 pasa).

KoH@uuKT HHTEPECOB. ABTOPHI 3aBJIAIOT 00
OTCYTCTBUY KOH(JINKTA UHTEPECOB.
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CpaBHUTEJIBHBIN aHAIN3 (PapMaAKOTEXHOJIOTHYECKHX
XapaKTEPUCTUK TBEPAbIX AUCIIEPCUM ajI0eHa30.1a,
MOJIY4Y€HHbBIX MEXaHOXUMUYECKHM TBePA0(Pa3HbIM CHHTE30M

10.1. Tuxomuposa', H.O. Kapabunnesa', E.C. MeresneBa?, B.I1. EBceenko?, A.B. Jlymkun?,
M.B. 3enukmaHn?

@I'bOY BO «Hogocubupckuil 2ocydapcmeeHHtblilt meduyuHckull yHusepcumem» Munadpasa Poccuu, Hosocubupck,
Poccus

2@I'BYH Hucmumym xumuu meepdo20 meaa u mexaHoxumuu CO PAH, Hosocubupck, Poccus

AHHOTAIIUA

BBengeHnwue. AnGeHIa301 — aHTUIIPOTO30WHBIM M AHTHTEJIbMUHTHBIN IIpernapaT IIUPOKOTO CIIEKTpa JIeWCTBUS,
00J1a/1a101UH TAKKe TPOTHBOOIIUCTOPXO3HBIM JIEHCTBUEM. B HacTOsAIIIEe BpeMs aKTyaJIbHON CTAaHOBUTCS ITP06JIeMa IMOBbI-
IIeHust GUOZIOCTYITHOCTH aI6eH/1a301a 15 JIeYeHH ] CUCTEMHBIX T'eJIbMUHTO30B U 1apa3uTo30B. OHIM U3 IyTel yiIyJIie-
HUS BCACBIBAEMOCTH aJI0€HIa30J1a CTAHOBUTCS TIOBBIIIIEHNE €0 PACTBOPUMOCTH B BOJIE 32 CUET 0OPa30BAHM MEKMOJIEKY-
JISIPHBIX KOMILJIEKCOB C ITOJIMCAXapUOM apabWHOTAJIAKTAHOM IIPU MEXaHHUYECKOW 00paboTKe MX cMecell B YCIJIOBHSX
MHTEHCUBHBIX MEXaHUYECKUX BO3ZeicTBUl. TBepaas aucnepcus anbeHas3osa ¢ apabuHOraTIaKTaHOM, ITOJIydeHHasT Mexa-
HOXVMUYECKHM METOZIOM, NMeeT 60Jiee BEICOKYIO BOJ[OPACTBOPHUMOCTb, & TAK3KE IIPOSIBJISIET TOBBIIIEHHYIO aHTUT€JIbMITHT-
HYIO, B TOM YHCJIe IPOTUBOOIINCTOPXO3HY0, (hapMaKOJIOTHYECKYI0 AKTUBHOCTD, He BbI3bIBAs TOKCHUECKOTO JIEHCTBHUSA Ha
KJIETKU [T€YEHH, IT0 CPAaBHEHUIO ¢ OHUITMHAIBHBIMHY IIPerapataMu abeH1a3071a.

IT e 1 b . V3yueHne PUBUKO-XUMHUECKHUX U TEXHOJIOTHIECKUX XapaKTEPUCTUK TBEPBIX TUCIIEPCUil aybeH/1a3071a ¢ apa-
OUHOTAIAKTAHOM, ITOJIYUE€HHBIX MEXaHOXUMUUECKUM CIIOCOOOM.

MaTtepuanbs u MeTo b . Cvech cybcTaHIME abeH/1a3071a M Apa0MHOTIAKTaHA ITO/IBEPTaJIM MeXaHUJIe-
CKOI1 00pabOTKe B IIAPOBBIX MEJIBHUIIAX JJIsI TOJIyIeHUsI TBEPBIX JUCIIEPCHI, B MACCOBBIX COOTHOIIEHUSIX 1:5, 1:10, 1:20,
[IPO/IOJIKUTENIFHOCTD MEXaHUYeCKO# 00paboTKH COCTaBIIsIIA 2, 8 U 24 U COOTBETCTBEHHO. POPMY U paszMep YacTHUI] HCXO-
JIHBIX CyOCTaHIMI U ITOJIyYeHHBIX TBEP/BIX JUCIIEPCUH ONIPEe/IsIM METOAAMU ONTUYECKOH U 3JIEKTPOHHOM CKaHUPYIO-
e Mukpockonuu. OpakIMOHHBIN COCTaB KPYIHBIX (DPAKITUH TBEP/IBIX AUCIIEPCHE OTIPEEIISIM METOIOM CUTOBOTO aHa-
JIN3a, OLEHKY MEJIKOIUCIEPCHOH (PpaKIuU MPOBOJUIN C IOMOIIBI0 METO/Aa AMHAMUYECKOTO aHAIN3a HU300parKeHui
CBINTyYUX MaTepuasaoB. Onpe/ieeHIe TEXHOJIOTHUECKUX XapAKTEPUCTHK IIPOBOUIIH € TOMOIIBIO OOIIENPUHATHIX Gapma-
KOIIEMHBIX METOIUK.

PesyunbTarTsl . Brpouecce uccienoBanus ObLIH OJIyUeHbI SKCIIEPUMEHTAIbHBIE JJaHHBIE 0 Ghusnueckux (bopma
U pazMep 4actul], GpaKIUOHHBIH cocTaB) U (HapMaKOTEXHOJIOTUYECKUX CBOHCTBAX (CHIIYyYeCTh ITOPOIIKOB, HACHIITHASL
IJTIOTHOCTD U IJIOTHOCTH MOPOIIKOB TIOC/IE YCAIKH, UHEKCh XaycHepa u Kappa) anbeHzazona u apabuHOTaIaKTaHA, a
TaK)Ke UX TBEP/BIX TUCIEPCUH, TOJTyYeHHBIX MEXaHOXUMUIECKUM TBEPA0(}A3HBIM CHHTE30M.

3akJoueHHe. IlopesyrbraTamMm UCCIET0BAHUS OTPe/IEIEH 00paser TBEPAOU JUCIIEPCUH aIbeH1a3071a U apabu-
HOTaJIaKTaHa (COOTHOIIIEHUE — 1:5, BpEMsI MEXaHOOOPaOOTKHU — 2 U) C ONTUMAIbHBIMUA (PU3UKO-XUMHUYECKUMH U TEXHOJIO-
TUYECKUMH CBOWCTBAMH JIJIsl JIAJIbHEHIIIETO UCIIOJIb30BAHUS €0 B TEXHOJIOTUH MTOJIyUYEeHUS [TePOPATTbHON JIEKAPCTBEHHOM
opmbl. BbIsIBIIEHHBIE TOCTATOUHO HUBKHE TEXHOJIOTHUECKHUE [I0KA3aTeIN OCTAIBHBIX UCCIIEyeMbIX TBEPABIX JUCIIEPCUI
ambeH/1a3071a ¢ apabMHOTAIAKTAHOM OTIPEIEIIAIOT HEOOXOUMOCTh MOA60pA ONTUMAJIBHOTO COCTaBa BCIIOMOTATEIbHBIX
BeIIECTB B X0/Ie JaIbHeHIIel (hapManeBTHIeCcKol pa3paboTKu.

Kaouesnsle caosa: anbeHnasos, apabMHOTIAKTaH, TBEPAble JUCIEPCHU, MEXaHOXUMHUYECKHH METOJ, 3JIEKTPOHHAS
MUKpOCcKonusi, GPaKI[MOHHBIH COCTAB.
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A comparative analysis of pharmacotechnological characteristics
of albendazole solid dispersions obtained by mechanochemical
solid-phase synthesis

Yu.I. Tikhomirova', N.O. Karabintseva’, E.S. Meteleva?, V.I. Evseenko?, A.V. Dushkin?, M.V.
Zelikman?

Novosibirsk State Medical University, Novosibirsk, Russia

2[nstitute of Solid State Chemistry and Mechanochemistry, Novosibirsk, Russia

ABSTRACT

Introduction. Albendazoleis abroad-spectrum antiprotozoal and antihelminthic drug which also has an anti-
opisthorchiasis effect. Currently, the problem of increasing the bioavailability of albendazole for the treatment of systemic
helminthiasis and parasitosis is becoming urgent. One way to improve the absorption of albendazole is to increase its water
solubility due to the formation of intermolecular complexes with arabinogalactan, a plant polysaccharide during mechani-
cal treatment of their mixtures under intense mechanical treatment. The solid dispersion of albendazole with arabinoga-
lactan, obtained by the mechanochemical method, has higher water solubility, and also increased antihelminthic, including
against Opisthorchis spp. infection, pharmacological activity, without toxic effect on liver cells, compared with the officinal
preparations of albendazole.

A im . Thestudy of physicochemical and technological characteristics of solid dispersions of albendazole with arabino-
galactan obtained by the mechanochemical method.

Materials and methods. Amixtureofalbendazoleand arabinogalactan substances was ball milled to
obtained solid dispersions, in a ratio of 1:5, 1:10, 1:20; the duration of mechanical treatment was 2, 8 and 24 hours. The
shape and particle size of the parent substances and the obtained solid dispersions were determined by light and scanning
electron microscopy. The particle size distribution of coarse fractions of solid dispersions was determined by sieve analysis,
fine fractions — by dynamic image analysis of bulk materials. The determination of technological characteristics was per-
formed using conventional pharmacopoeial methods.

R e s ults. Duringthestudy, experimental data were collected on the physical (shape and size of particles, particle size
distribution) and pharmacotechnological properties (powder flowability, bulk density and tapped density of powders,
Hausner’s ratio and Carr’s index) of albendazole and arabinogalactan, as well as their solid dispersions obtained by mech-
anochemical solid-phase synthesis.

Conclusion. According to the results of the study, a sample of solid dispersion of albendazole and arabinogalac-
tan (ratio 1:5, mechanical treatment time 2 hours) with appropriate physicochemical and technological properties was
determined for use in the technology of further oral dosage form obtaining. The revealed rather low technological param-
eters of the rest solid dispersions of albendazole with arabinogalactan determine the need to select the optimal composi-
tion of excipients during further pharmaceutical development.

Keywords: albendazole, arabinogalactan, solid dispersions, mechanochemical method, electron microscopy, particle
size distribution.

Citation example: Tikhomirova Yu.l., Karabintseva N.O., Meteleva E.S., Evseenko V.I., Dushkin A.V., Zelik-
man M.V. A comparative analysis of pharmacotechnological characteristics of albendazole solid dispersions obtained by
mechanochemical solid-phase synthesis. Journal of Siberian Medical Sciences. 2023;7(4):35-49. DOI: 10.31549/2542-
1174-2022-7-4-35-49

BBEJIEHHNE INTRODUCTION

Anbennmazos (AB3) — aHTUITPOTO30HHBIN 1 AHTH- Albendazole (ABZ) is a broad-spectrum antipro-
TeJIBMUHTHBIN TIpernapar IIMPOKOTO CIIEKTpa Ael- tozoal and antihelminthic drug of the benzimidazole
CTBUSA TPYIIBI OeH3UMUa301akapbomara (puc. 1). carbamate group (Fig. 1). It is active against both
OH TpOABIAET AaKTUBHOCTh B OTHOIIEHHUU KakK intestinal and tissue forms of parasites; it is rapidly
KHUIIIEYHBIX, TaK U TKAaHEBBIX (POPM Iapa3UTOB; metabolized in the liver during initial passage with
OBICTPO MeTaboIU3UpYeTCs B IIeUeHU IIPU IepBUY- the formation of a metabolite — albendazole sulfate,
HOM NIPOXOK/IEHUU ¢ 00pa3oBaHHeM MeTabosnTa — which is the main effective substance in the treat-
anbenmazona cysnbdara, KOTOPBIH SBJISIETCS OCHOB- ment of tissue infections. Because ABZ in oral admin-
HBIM 3G (PEKTUBHBIM BEIECTBOM IIPU JIEUeHUH TKa- istration is absorbed poorly (<5%) [1], and in the
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HeBBIX MHGEKIUN. B cBA3K ¢ TeM, YTO IpU IePO-
pansHOM npueme AB3 abcopbupyeTcst oueHb c1abo
(<5 %) [1], a Ipu JleueHUHN CUCTEMHBIX TeJIbMUIHT-
HBIX UHBA3WUH, TAKUX KaK SXUHOKOKKO3 F HEHPOIIH-
CTUIIEPKO3, MPEANOoJaraercsa IPOIOIKUTETHHOE
JledeHue BBICOKMMH Jo3aMu Ab3 Ha paHHUX cTa-
JIUSIX 5TUX 3a00J1€BaHUM, BO3MOXKHO 3HAYUTEIbHOE
MOBBIIIIEHNE PpHCKA Pa3BUTUA HeXKeJaTeJIbHBIX
oOOYHBIX sABJIeHUI [2, 3].

Kpowme Toro, Ab3 saBisieTcs: 3ppeKTUBHBIM IIPO-
THUBOOIIMCTOPXO3HBIM CPEJICTBOM, ITPUMEHSAIOITAMCS
JUTS JIeYEHUsI OCTPOU U XPOHIUUIECKOH dopm 3aboJte-
BaHUA. [Io cpaBHEHUIO C TPA3UKBAHTEJIOM, IIOCTABKH
kotoporo B Poccuiickyio ®enepariuio orpaHUYeHbI,
JIAHHBIM mpemapar MeHee sddektuBeH [2, 4, 5].
ITockonbky AB3 cTaHOBUTCA aJIbTEPHATUBHBIM
CPEAICTBOM JIJIf JIEUEHHUs OIKCTOPX03a B YCJIOBHAX
JledunuTa Mpa3suKBaHTeN A, aKTYaJIbHOU CTAHOBUTCS
rpobJsieMa MoBbIIIeHus: ouomoctymHocTd AB3 s
JIeYeHUs CUCTEMHBIX TeJIbMUHTO30B U IIapa3uTO30B.

OpgHUM U3 IyTed yJIydllleHus BCAChIBAEMOCTHU
ADB3 3a cueT MOBBIIIEHUS €70 PACTBOPUMOCTHU B BOJIE
SIBJIAETCS crmocob, TpesioKeHHblH panee B HUU
XUMHUHU TBepaoro Tejna um MmexaHoxumuu CO PAH,
KOTOPBIN 3aKJIFOYAETCSA B 00pa30BaHUH MEKMOJIEKY-
JISIPHBIX KOMILJIEKCOB C ITOJIUCAaXapuoM apabuHora-
nakTanoM (AIY), mpu MexaHU4YecKoi o0paboTKe HX
cMecell B YCJIOBUSX WHTEHCHBHBIX MeEXaHUUYECKHUX
BO37eticTBH [6—8]. YeTraHOBIEHO, UTO TBEP/AS JC-
nepcus (T/]) AB3 ¢ apabuHOTraJIaKTaHOM, TIOJTyYeH-
Hasi MeXaHOXMMHYECKUM MeTOJIOM, UMeeT Oosee
BBICOKYIO BOJIOPACTBOPHUMOCTD, & TaKXKe MPOABIIAET
MIOBBIIIEHHYI0 IIPOTHBOOIHUCTOPXO3HYIO (dapMako-
JIOTHYECKYI0 aKTUBHOCTh, HE BBI3bIBAs TOKCHYE-
CKOTO IEHCTBUA Ha KJIETKU II€YEHH, II0 CPABHEHHUIO C
ucxoaHou cyberanmueit AB3 [9, 10].

Bri6op A" B kauecTBe HOCUTEIISI 0OYCIIOBJIEH OCO-
OEHHOCTSAMU ero XUMHYECKOTO CTPOEHHS KaK TalaK-
TAHCO/IEPIKAIIETO IOJINCaXapu/ia, KOTOPBIH o0Ja-
JlaeT BBICOKOM PACTBOPUMOCTHIO B BOJIEe, YHUKAJIHHO
HUBKOU  BABKOCTBIO  PAaCTBOPOB,  HEBBICOKHUM
MOJIEKYJISIPHO-MAaCCOBBIM pacIipejieJieHHeM, a TAaKXKe
MIPOSIBJISIET CBOKWCTBA MPeOUOTUKA U SABJISIETCS OHO-
pasiaraeMbIM [4, 11]. CylllecTBEHHBIM IMpEUMYyIIie-
CTBOM apaOHHOTAJIAKTaHA Tepe] IPYTUMU O10I0TH-
YeCcKH aKTUBHBIMU IIOJIHCAXapUJIaMHU SIBJISIETCS €r0
JIOCTYIIHOCTH [11].

s pasipHeled pa3paboTKH coCTaBa U TEXHO-
JIOTHU TIOJy4YeHUs JIeKapCTBEHHOU GOPMBI A
[epOpaJIbHOr0 IPUMEHEHHS Ha OCHOBE TBEPABIX
nucnepcuii AB3 ¢ AT' HE0OXOUMO ITPOBECTH CPaB-
HUTEJIBHBIA aHATN3 QU3UKO-XUMUYECKUX U TeXHO-
JIOTUYECKUX XapPaKTEPHUCTUK TBEPABIX JTUCIEPCUU.
Pe3yspTaThl HCCIEOBAHUA IIPOJEMOHCTPUPYIOT

treatment of systemic helminthic invasions, such as
echinococcosis and neurocysticercosis, the long-
term therapy with high doses of ABZ in the early
stages of these diseases is assumed, a significant
increase in the risk of undesirable side effects is pos-
sible [2, 3].

In addition, ABZ is an effective agent for treat-
ment of acute and chronic forms of opisthorchiasis.
Compared with praziquantel, whose supplies to the
Russian Federation are limited, this drug is less
effective [2, 4, 5]. Since ABZ becomes an alternative
for the treatment of opisthorchiasis in conditions of
praziquantel shortage, the problem of increasing the
bioavailability of ABZ in systemic helminthiasis and
parasitosis therapy becomes relevant.

One way to improve the absorption of ABZ by
increasing its water solubility is the method pro-
posed previously at the Institute of Solid State Chem-
istry and Mechanochemistry, which consists in the
formation of intermolecular complexes with arabi-
nogalactan (AG), a plant polysaccharide during
mechanical treatment of their mixtures under the
intense mechanical treatment [6—8]. It was found
that the solid dispersion (SD) of ABZ with arabinoga-
lactan obtained by the mechanochemical method has
higher water solubility, and also increased pharma-
cological activity against Opisthorchis spp. infection,
without toxic effect on liver cells, compared with the
officinal preparations of ABZ [9, 10].

The choice of AG as a carrier is conditioned by
peculiarities of its chemical structure as a galactan-
containing polysaccharide, which has a high water
solubility, an extraordinary low viscosity of solu-
tions, a low molecular mass distribution, and also
exhibits prebiotic properties and is biodegradable [4,
11]. A significant advantage of arabinogalactan over
other biologically active polysaccharides is its avail-
ability [11].

For further development of the composition and
technology of obtaining an oral dosage form based
on solid dispersions of ABZ with AG, it is necessary
to carry out a comparative analysis of the physico-
chemical and technological characteristics of solid
dispersions. The results of the study will show the
nature of the influence of the mechanochemical
effect on the properties of ABZ and will allow deter-
mining the appropriate drug-to-carrier mixture ratio
and the time of mechanochemical treatment.

AIM OF THE RESEARCH

Study of physico-chemical and technological
characteristics of solid dispersions of albendazole
with arabinogalactan obtained by the mechano-
chemical method.
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XapakTep BJIUAHUA MEXaHOXHMHYECKOTO BO3/eH-
cTBUSA Ha cBoiicTBa AB3 W TO3BOJIAT OIPEJIENIUTH
ONTHMAaJIbHbIE IAPAMETPhI MACCOBOTO COOTHOIIIEHU S
JIEKaPCTBEHHOI'O BeIlecTBa K HOCUTEJI0 U BpeM:A
MeXaHOXHUMUUYECKOH 00paboTKHY.

ITEJIb NCCJIEJOBAHUA

V3yuenve GUBUKO-XUMHUYECKUX U TEXHOJIOTHAYE-
CKHUX XapaKTEPUCTUK TBEPABIX JUCIEPCUN anbeH/1a-
30J1a ¢ apabMHOTAJIAKTAHOM, ITOJIyUYeHHBIX MEXaHO-
XUMUYECKHUM CITOCOOOM.

MATEPUAJIBI 1 METO/bI

B pabotre HCIIOIH30BATIN aKTHUBHYIO (apMales-
trueckyto cyocranmnuio (ADC) anbenmazona (Wuhan
Dasen Biotechnology Co., Ltd., Kuraii). AB3 mpen-
cTaBiser coboit Gesblii Min GeTOBAaTHIN MTOPOIIOK.
PactBopuM B AUMETHUIICYTHMOKCH/IE, CUIBHBIX KUC-
JIOTaX ¥ IIeJsIoYaX, IUVIOX0 PACTBOPUM B METHJIOBOM
cnupTe, xJI0podopMe, YKCYCHOATHJIOBOM 3dUpe,
MIPaKTHYECKH He pACTBOPUM B Bo/ie. /[[aHHbBIE 10 pac-
TBOPUMOCTH IIO3BOJISIIOT OTHECTH CyOCTAHITUIO KO
IT xiaccy 6uodapManeBTUUECKOH KiaccudUKaIy-
OHHOU CHCTEMBI.

B kadecTBE BCIOMOTATEJIBHOTO  BEIECTBA-
HOCHUTEJISI WCIOJIb30BAJIN apabWHOTaIaKTaH, Cy0-
CTaHITUs — TIOPOIIIOK, ¢ cojiepskanueM Al 96.2 % (AO
«Ametuc», TY 9325-008-70692 152-08). ITomcaxa-
puj, IMOJydaeMblil U3 JpEeBECUHBI JIMCTBEHHUIIBI
cuOUpPCKOM W JiMcTBeHHHITBI I'menumua [11]. s
MakpoMOJIeKysbl AI' XapakKTepHO BBICOKO Pa3BeT-
BJIEHHOE CTPO€HUe; IJIaBHAs IIellb COCTOUT U3 3Be-
HbEB TaJaKTO3bl, OOKOBBIE IIENN — U3 3BEHBEB apa-
OMHO3BI U FaJIAKTO3HI (CM. pHC. 1). OTa CTPYKTYpHAs
0CODEHHOCTH CIOCOOCTBYET 0OPA30BAHUIO IIPOYHBIX
MEXMOJIEKYJISIPDHBIX KOMILIEKCOB C JIEKApCTBEH-
HBIMH IIpeliapaTaMu, a TaK:Ke 00yCIOBIINBAET U30U-
parenbHOe IIPOHMKHOBEHUE uYepe3 MeMOpaHHbIe
Oapbepbl, Osarojaps ueMy apabWHOTralaKTaH
MOXKHO KCIIOJIb30BATh JJIs1 MOBBIIIEHHUS BCACHIBAe-
MOCTH JIPYTUX JIEKAPCTBEHHBIX CPEJCTB, XapaKTePH-
3YIOIIUXCSA HU3KOU OMOIOCTYITHOCTHIO [4, 6,7, 9—13].

Cybcraunus AT mpezcrasiisieT co6oii aMOpGHBIN
IIOPOIIIOK, CBETJIO-KOPUYHEBOTO IIBeTa, Oe3 3araxa,
HMeeT CJIQJIKOBAThIH BKyC. PAaCTBOPUM B XOJIOZHOM
Bozie (5 T/100 MJI), IpU HarpeBaHUH PACTBOPUMOCTh
Bo3pacraer [11].

J1J151 IOy YeHUs TBEPABIX JUCIIEPCUH UCIIOTb30-
BTN MEXaHOXUMHUIECKYI0 00paboTKy cyxux oOpas-
noB AbB3 u AT’ B mponopnuu 1:5, 1:10 1 1:20 COOT-
BeTcTBeHHO. MexaHo0o6paboTKka cMecH IPOBOIU-
Jlach € TPUMEHEHHEM POTAIMOHHOHN (BaJIKOBOM)
MesgbHUIBI BM-1. B KauecTBe MeJIOIIUX TeJl
HCIIOJIb30BAJINCH CTAIbHBIE INMapbl (MapKa CTau

MATERIALS AND METHODS

An active pharmaceutical substance (APS) of
albendazole (Wuhan Dasen Biotechnology Co.,
Ltd., China) was used in the study. ABZ is a white or
whitish powder. It is soluble in dimethyl sulfoxide,
strong acids and alkalis, poorly soluble in methyl
alcohol, chloroform, ethyl acetate, virtually water
insoluble. Solubility data allow the substance to be
assigned to Class II of the biopharmaceutical clas-
sification system.

Arabinogalactan, a powder with AG content of
96.2%, was used as an auxiliary carrier (Ametis JSC,
Technical Conditions 9325-008-70692 152-08).
Arabinogalactan is a plant polysaccharide obtained
from Siberian larch and Dahurian larch wood [11]. A
highly branched structure characterizes the AG mac-
romolecule; the main chain consists of galactose
units, the side chains consist of arabinose and galac-
tose units (Fig. 1). This structural feature contributes
to the formation of strong intermolecular complexes
with drugs, and also conditions selective penetration
through membrane barriers, so that arabinogalactan
can increase the absorption of other drugs with low
bioavailability [4, 6, 7, 9—13].

The substance of AG is an amorphous powder,
light brown, odorless, with a sweet taste. It is soluble
in cold water (5 g / 100 ml). When heated, the solu-
bility increases [11].

To obtain solid dispersions, mechanochemical
treatment of dry ABZ and AG samples was used in a
ratio of 1:5, 1:10 and 1:20. The mechanical treat-
ment of the mixture was carried out using a rotary
BM-1 mill. Steel balls (steel ShX-15) with a diameter
of 15 mm, and loading of balls 675 g were used as a
grinding medium. The duration of mechanical
treatment was 2, 8 and 24 hours. The samples of
solid dispersions obtained by mechanochemical
synthesis were fine powders, light beige in color,
odorless, during storage forming lumps that disin-
tegrate on grinding.

The determination of the technological properties
of ABZ, AG and their solid dispersions was per-
formed in accordance with the requirements of the
State Pharmacopoeia, XIV ed.: description, sieve
analysis, flowability of powders, bulk density, com-
pressibility.

The determination of the shape and sizes of par-
ticles of the parent substances and their solid disper-
sions was performed by light microscopy using a
Micmed-1 version 2 microscope (LOMO JSC, Rus-
sia) and by scanning electron microscopy using a
TM-1000 microscope (Hitachi, Japan).

To determine the particle size distribution of the
parent substances and their solid dispersions, a sieve
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Puc. 1. CtpykrypHble GopMysl: A — aybeHa301a; B — apabuHOraIakTaHa;
C — anbeniazosa u apabuHOrasakTaHa (Ipe/mosaraeMas CTpyKTypa)
Fig. 1. Structural formulas: A — albendazole; B — arabinogalactan;

C — albendazole and arabinogalactan (putative structure)
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III1X-15) fuaMeTpoOM 15 MM, 3arpy3Ka ImaposB 675 T.
IIpoIOIKUTENTPHOCTh MEXaHUYECKOU 00paboTKH
cocrasiisiyia 2, 8 v 24 4. [ToslyueHHbIE MEXaHOXUMH-
YECKUM CHHTE30M 00pasIlbl TBEPBIX JUCIEPCHH
MIPEJICTABJISLIIN COO0Y MEJTKOTMCIIEPCHBIE TIOPOIIIKH,
cBeTJI0-0exkeBoro I1Bera, 0Oe3 3amaxa, IpU XpaHe-
HUHU 00pasyolue KOMKH, paciaaroliuecs Mpu Ux
pacTupaHum.

OmpeziesieHre TEXHOJIOTUYECKUX CBOHCTB AB3,
AT ¥ ¥IX TBEPBIX TUCIEPCUI TIPOBOJUIIUA B COOTBET-
ctBUM ¢ TpeboBaHusAMHU ['ocymapcrBeHHON (papma-
koneu XIV um3maHuA: omuMcaHue, CUTOBOW aHAIN3,
CTEIleHb CBIIYYECTH IOPOIIKOB, HACHIITHAA ILJIOT-
HOCTb, IIPECCYEMOCTb.

Omnpenesnenrie GOPMbI I pa3MeEPOB YACTHUI] UCXO-
JTHBIX CyOCTAHIIMH U UX TBEPABIX TUCIIEPCUI TTPOU3-
BOJWJI METOJIOM OINTHYECKOH MHKDPOCKOIIHU C
IIOMOIIbI0 ONTHYECKOTO MHUKpPOCKoma Mukmena-1
BapuaHT 2 (AO «JIOMO», Poccust) 1 METO/IOM 3JIEK-
TPOHHOU CKAaHUPYIOIIEH MUKPOCKOITUU C TIOMOIIIHIO
Mukpockona TM-1000 (Hitachi, fAmonus).

Jlns onpeneneHust GpakIMOHHOTO COCTABa UCXO-
JTHBIX BEII[ECTB U TBEP/bIX JUCIIEPCUE ObLI ITPOBEIEH
CUTOBOI aHAJIN3 B COOTBETCTBUHU C 001I1el (hapMako-
nerinout cratbein (OPC) 1.1.0015.15 «CUTOBOM aHa-
au3». PacripesiesieHe pa3MepoB YacTHUI[ METKO Y-
crepcHON (pakiuu ObLIO U3MEPEHO OTAENBHO C
ITOMOIIBI0 aHAJIU3aTopa pazMepa U (POPMBI YACTHUI]
Camsizer X2 (Microtrac MRB). /Iji1 5TOro HCIIOJIb-
30BaH METOJ] IMHAMUUYECKOTO aHajau3a usobpaxe-
HUH CBHIIYYUX 00pasIioB. ITUM METOJIOM IOJIyuyeHa
XapaKTEPUCTUKA, Ha3blBaeMasi BHYTPEHHEH IIHPU-

analysis was carried out in accordance with the gen-
eral pharmacopoeial monograph (GPM) 1.1.0015.15
Sieve Analysis. The particle size distribution of the
fine fraction was measured using a Camsizer X2 par-
ticle analyzer (Microtrac MRB). For this purpose, the
method of dynamic image analysis of bulk samples
was used. This method allowed to obtain a character-
istic called the internal particle width (x__, , um). Itis
equal to the smallest of all the maximal chords of the
particle projection. The dependence diagram of x_ .
and its frequency distribution in relation to the vol-
ume q3(x) is presented (Fig. 2):

q,(x) = dQ,(x) / dx,

where dQ,(x) is the total distribution (percentage of
passage), in relation to volume.

This characteristic shows the sieve mesh size
through which this particle is sifted, and thus, is con-
sistent with the distribution measured by the sieve
analysis method.

The determination of bulk density, flowability
and slope angle was performed in accordance with
the GPM.1.4.2.0016.15 Powders Flowability Grade
[14].

Based on the values of bulk density, the Haus-
ner’s ratio and the Carr’s index were calculated, by
the values of which flowability and compressibility
are assessed (Table 1). The reference value of the
Hausner’s ratio should not exceed 1.36, and the
Carr’s index is allowable up to 26% [15].

Formulas for calculating:

Hausner’s ratio (H): H = p, / p;

—— AB3 / ABZ
AT / AG

—— AB3+AT (1:5) 24
ABZ +AG (1:5) 2 h

——— AB3 + AT (1:5) 84
ABZ + AG (1:5) 8 h

—— AB3+AT (1:5) 244
ABZ + AG (1:5) 24 h
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Puc. 2. JluarpamMma 3aBUCHMOCTHA X, . ¥ €€ YACTOTHOE PACIPE/Ie/IEHAE B OTHOLIEHUH K 0GbeMy g, /ULt anbensasona
(AB3) u apabuHoranakrana (Al') U UX TBEP/ABIX IUCIIEPCHI B COOTHOIIEHUH 1:5 C pA3HBIM BpeMEHEeM MeXaH000paboTKH

Fig. 2. The dependence diagram of x

¢ min

and its frequency distribution in relation to g, volume for albendazole (ABZ)

and arabinogalactan (AG) and their solid dispersions in a ratio of 1:5 with different mechanical treatment time

40

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



Tikhomirova Yu.I. et al. / Journal of Siberian Medical Sciences Vol. 7, No. 4 (2023)

Ta6una 1. Onenka nuHekcoB XaycHepa u Kappa
Table 1. Estimation of the Hausner’s ratio and Carr’s index

IIpeccyemocTts / Compressibility

UHpekc XaycHepa / Hausner’s ratio

Hnpekc Kappa / Carr’s index, %

Ouenb xopouias / Very high 1.00-1.11
Xopoiuuas / High 1.12-1.18
Cpennss / Medium 1.19-1.25
YnoBnetBopuTesbHas / Acceptable 1.26-1.34
[lnoxast / Low 1.35-1.45
Ouenb mioxas / Very low 1.46-1.59
OuyeHb-o4eHb m10xas / Very-very low >1.60

10
11-15
16-20
21-25
26-31
32-37
>38

HOM yacTunsl (x, ., MkM). OHa paBHA HaMMeHbIIen
U3 BCEX MAKCUMAaJIbHBIX XOPJ MPOEKIIUU YaCTHIIHI.
IIpezcraBieHa guarpaMma 3aBHCHUMOCTH X, . H ee

YaCTOTHOE pacClpeesieHrne B OTHOIIEHUHN K O6’beMy
q,(x) (puc. 2):

q,(x) =dQ,(x) / dx,

rae dQ,(x) — cymmapHoe pacupezenenue (% npo-
XO3K/IEeHHsI), B OTHOIIIEHUU K 00beMy.

JTa XapaKTepUCTHKAa IIOKa3bIBaeT paszmep
STYEUKHU CUTA, CKBO3b KOTOpPOE IIPOCEETCs JIaHHAs
YacTUIla, U, TAKUM 00pa30M, COTJIaCyeTCs ¢ pacipe-
JleJIeHueM, W3MEPEeHHBIM METOJIOM CHUTOBOTO aHa-
J3a.

OmpeziesieHre HACBIITHOTO 00'beMa, CHITTyYecTH U
yIJIa €CTECTBEHHOTO OTKOCA OCYIIECTBJISJIH B COOT-
BeTcTBUM ¢ ODC.1.4.2.0016.15 «CTeneHb ChIIIyuecTu
ITOPOIIIKOB» [14].

Ha ocHOBaHMU 3HAYE€HWUH HACBHIITHOUN IIJIOTHOCTU
paccuuThIBaIiM MHAEKC XaycHepa U uHjzekc Kappa,
[0 BEJIMYMHAM KOTOPBIX OIIEHHUBAIOT CHIMyYECTh U
CKUMaeMocTh (Tabsi. 1). 3HaueHHWe HHeKca Xayc-
Hepa He JIOJDKHO IpeBbImaTh 1.36, a uHjaeke Kappa
CUHTAETCsI PUEeMJIEMBIM JI0 3HaUeHus 26 % [15].

dopMyJIbl pacueTa HHIEKCOB:

unznexc Xaycuepa (H): H =p_/ p;

unzaexkc Kappa (C): C =100 - (py -p)/ Py
I/ie p, — HACBIIHAS IUIOTHOCTH [OCI€ YIUIOTHEHNS;

p — HACBIITHAS IJIOTHOCTD /IO YIUIOTHEHHUS.

M crosib30BayiiCch METO/IbI IEPBUYHON U BTOPUY-
HOH CTaTUCTHIECKOH 00PaOOTKY JAHHBIX.

PE3YJIBTATDBI 1 OBCY KAEHUE

ITo aHHBIM MHUKPOCKOTTMYECKOTO HMCCIIETOBAHUS
UCXOAHOH cyOcraHiuu AB3 ycTaHOBJIEHO, YTO
YaCTHUIIBI JIEKAPCTBEHHOTO BEIECTBA MMEIOT HeIpa-
BWIBHYIO, VIJIOBaTO-IUIACTUHYATYI0O (opMy ¢
OCTPBIMH YIJIAMUA W HEPOBHOH IOBEPXHOCTHIO, Pas-
MepBhI COCTABJIAIOT 10—30 MKM (puc. 3).

Mukpockonuyeckoe uccieoBanue Al' 10 mexa-
HOOOpPabOTKM MOKa3ajio, YTO OCHOBHAS Macca ero

Carr’s index (C): C=100-(p,— p) / p,s
where p, is tapped density;

p is bulk density (baseline).

The methods of primary and secondary statistical
data processing were used.

RESULTS AND DISCUSSION

According to the results of microscopic examina-
tion of the parent substance of ABZ, it was found that
the particles of the pharmaceutical substance have
irregular, angular-laminar shape with sharp angles
and uneven surface, the dimensions are being
10—30 um (Fig. 3).

Microscopic examination of AG before mechani-
cal treatment showed that the bulk of its particles
have a regular spherical structure with a smooth sur-
face and the voids of various sizes inside. The AG
particle size ranges from 10 to 100 um. The AG
microscopic examination, namely the presence of
spherical particles and voids between them, allowed
us to suggest the prospects of using AG as a carrier
and matrix for ABZ.

The comparative microscopic analysis of solid
dispersions of ABZ with AG, which were obtained by
solid-phase mechanochemical treatment in a BM-1
mill in a mass ratio of 1:5, 1:10, 1:20 during 2, 8 and
24 hours, showed a significant change in the shape
and size of the initial particles. For particles of solid
dispersions, the shape of polyhedra is characteristic;
many projections, irregularities and roughness on
the particle surface are observed, there is with a com-
plication of the shape, as well as microparticle aggre-
gation (Fig. 4).

The particle size of solid dispersions ranged from
5to 30 um. At the same time, the significant increase
in the number of particles with a smaller size occurs
in solid dispersions of ABZ and AG with a mass ratio
1:20 and a milling time of 24 hours.

When studying the size of particles of ABZ and
AG and their solid dispersions, it was found that in
the parent substance of ABZ, the largest mass con-
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TM-1000_5125

L D3.6 x600 100 um

TM-1000_5131

Puc. 3. 91eKTpOHHO-MUKPOCKOTIYecKue (pororpaduu HCXOMHOU cyOcTaHINu anbenaazona (A1)
1 apabuHoranakrana (B2). Yeesuuenue (yB.) x600
Fig. 3. Electron microscopic images of the parent substance of albendazole (A1) and arabinogalactan (B2).
Magnification (magn.) x600

YaCTUI] UMeeT IPAaBUJIbHYIO CHEepUUECKYyI CTPYK-
TYpY C IJIaIKOH MOBEPXHOCTHIO U HAJTUUNEM BHYTPHU
MyCTOT Pa3JINUYHOro pasmepa. Pazmep wactuiy AT
COCTaBJIfAET OT 10 710 100 MKM. Pe3ysibTaTsl MHKPO-
CKOIIMYECKOTo uccienoBanusd Al', a UMEeHHO HaIU-
yue yacTull cheprudecKoi GopMbI U IIyCTOT MEXKIY
HHUMH, TI03BOJIMJIO IPEAIOJIOXKUTh IEPCIEKTUBBI
ucnonb3oBanuss Al B KadecTBe HOCUTeNST —
martpursl A AB3.

CpaBHUTENBPHBIH MHKPOCKOIMIMYECKUN aHAIN3
TBepabix aucnepcuii AB3 ¢ A, KoTopble mOJIy-
Yajayu mMyTeM TBepAoGda3HOH MeXaHOXUMHUUECKOH
o0paboTku B MesbHUIIE BM-1 B MacCOBOM COOTHO-
IIeHUH 1:5, 1:10, 1:20 B TeueHUe 2, 8 U 24 4 COOT-
BETCTBEHHO, IIOKa3ajl CYIIeCTBEHHOe U3MeHeHUe
¢dopMBI W pasmMepoB HCXOAHBIX dacTurm. s
YaCcTHUIl TBEPABIX JUcIepcHil xapakTepHa (opma
MHOTOTPAaHHUKOB, HAaOJIIOAIOTCA MHOTOYHCIIEH-
HBIe BBICTYIIbI, HEPOBHOCTH U IIEPOXOBATOCTU HA
IIOBEPXHOCTHU YaCTHUI], NPOUCXOAUT YCJIOKHEHUE
dopMbl, a TakKe sBJIEHUE arperanuu MHUKpOdYa-
crur (puc. 4).

Pasmep uacrury TBepAbIX AUCIEPCHH COCTABUII
oT 5 A0 30 MKM. [Ipu sTOoM HabiI0/1aeMoOe 3HAYU-
TeJIbHOE yBEJIWYeHHE YACTHI[ ¢ MEHBIINM pa3Me-
POM IIPOUCXO/IUT B TBEPABIX JUCIEPCUAX C COOTHO-
menneM AB3 u AT 1:20 u BpemeHeM MexaHOOOpa-
0OTKHU 24 U.

IIpu m3yuennu ¢paxiuoHHOro cocraBa Ab3 u
AT' 1 UX TBepJbIX AUCHEPCUH YCTAaHOBHWJIH, UTO B
HUCXOHOU cyOcTannmu AB3 Haunbosplliee MaccoBoe
cozeprkanue yactury (66.65 %) cocrapisiia dpax-
U ¢ pa3MepoM OT 0.1 710 0.2 MM. B ucxosHo# cy6-

tent of particles (66.65%) was a fraction with a size
from 0.1 to 0.2 mm. In the parent substance of AG,
the bulk (62.39%) consisted of particles with a size of
less than 0.1 mm.

As a result of milling, a change in the particle size
occurs, and this process is influenced by both the
ratio of the solid dispersion components and the
time of mechanical treatment. When mechanically
treating a mixture of ABZ and AG for 24 hours, the
content of the fine fraction (less than 0.1 mm) on
average increases to 50% of the total mass of the
solid dispersion. In the mechanical treatment mode
for 8 hours, a significant content of the fine fraction
in relation to the total volume of the solid dispersion
is also observed in the solid dispersion. In the sample
of the dispersion of ABZ and AG in a ratio of 1:5 and
mechanical treatment for 8 hours, an increase in the
fraction of particle size less than 0.1 mm to 36% of
the total mass was observed. The lowest content of
the fine fraction was found for the solid dispersion of
ABZ and AG (1:5) and the mechanical treatment
time of 2 hours, that amounted to 7.52% of the total
mass of the dispersion, which, of course, will cer-
tainly further result in the reduction of solid disper-
sion dusting and aggregation of microparticles with
each other.

The mass content of an excipient influences the
particle size of solid dispersions. The content of par-
ticles passing through a 0.1-mm-mesh-size sieve is:
in the solid dispersion of ABZ + AG (1:10) and the
mechanical treatment time of 2 hours — 29.73%, in
the sample of ABZ + AG (1:20) and 2-hours mechan-
ical treatment — 16.89% (Table 2).
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Puc. 4. neKTpOHHO-MHUKpOCKonueckue poTorpadun TBepAbIX quctepcrii anbenaasona (AB3) ¢ apabuHoOraIakTaHOM
(AT) (C—AB3 + AT' (1:5) 2 4; C1 — AB3 + AT (1:5) 8 u; C2 — AB3 + AT' (1:5) 24 u; D — AB3 + AT (1:10) 2 u; D1 — AB3 + AT
(1:10) 8 u; D2 — AB3 + AT' (1:10) 24 4; E — AB3 + AI' (1:20) 2 u; E1 — AB3 + AI' (1:20) 8 u; E2 — AB3 + AT (1:20) 24 4).
¥VB. X2500
Fig. 4. Electron microscopic images of albendazole (ABZ) solid dispersions with arabinogalactan (AG) (C — ABZ + AG
(1:5) 2 hours; C1 — ABZ + AG (1:5) 8 hours; C2 — ABZ + AG (1:5) 24 hours; D — ABZ + AG (1:10) 2 hours; D1 — ABZ + AG
(1:10) 8 hours; D2 — ABZ + AG (1:10) 24 hours; E — ABZ + AG (1:20) 2 hours; E1 — ABZ + AG (1:20) 8 hours;

E2 — ABZ + AG (1:20) 24 hours). Magn. x2500

crannuu A’ ocHOBHYI0 Maccy (62.39 %) cocTaBiisiu
YACTHUIIBI C PA3MEPOM MeHeE 0.1 MM.

B pesynbTaTe MEXaHUUECKOTO BO3/IEHCTBUS IIPO-
HUCXOJUT U3MeHeHue (ppaKIMOHHOTO COCTaBa, MPU-
yeM Ha STOT IPOIECC BIUAIOT KaK COOTHOIIEHHE
KOMIIOHEHTOB TBEPZIOH [IUCIIEPCUU, TaK U BPEMs
MexaHooOpaboTku. Ilpu MexaHO0OpabOTKe cMecH
AB3 u AT B TeueHUe 24 U cofiep>KaHUE MEJIKOJH-
cuepcHoil ppakinuu (MeHee 0.1 MM) YBEJTUUUBAETCS
B CpefiHeM JI0 50 % oT o0Iel Macchl TBEPAOU JuC-
nepcud. [Ipu pexxrme MexaHOOOPAOOTKH B TeUEHHE
8 u B TBep/0¥ [TUCIIEPCUY TaK:Ke HabJII0gaeTes 3Ha-
YUTEJIPHOE COZIEPXKAHME MEJIKOJUCIIEPCHON (pak-

Due to the fact that the most monodisperse com-
position was detected for the solid dispersion
obtained after 2 hours, then samples of solid disper-
sions with different ratios of ABZ and AG were com-
pared, but obtained after 2 hours. The analysis
results showed that in the solid dispersion with a
mass ratio of ABZ to AG of 1:5, the bulk comprises
particles with a size of 0.2—0.3 mm, whereas in sam-
ples with a ratio of 1:10 and 1:20, the higher content
of the fine particle fraction with a size of less than
0.1 mm is observed.

When analyzing the composition of the fine par-
ticle fraction by the method of dynamic image anal-
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Ta6una 2. Pe3ysibTaThl CATOBOTO aHA/IM3a UCXOAHBIX CyOCTAaHIIMH a6eH/1a30J1a M apabUHOTraIaKTaHa U UX TBEPABIX

JUCIepCUi

Table 2. Results of the sieve analysis of the parent substances of albendazole and arabinogalactan and their solid dispersions

HaumeHoBaHue 06pa3ua

I'paHUYHbIEe pa3Mepbl YacTUL, ppaKnuii, MM

Boundary sizes of fraction particles, mm

Sample

-1,0..+0,5 -0.5...+0.315 -0.315...+0.2 -0.2..+0.1 -0.1...+0
Anbenpason m,r/g 0.018 0.336 2.716 13.330 1.073
Albendazole X%  0.09 1.68 13.58 66.65 5.365
Apa6uHorasakTaH m,r/g 0.005 0.013 0.166 6.011 12.479
Arabinogalactan X%  0.025 0.065 0.83 30.06 62.39
An6enpnasosn + apabuHoraiakTtad (1:5) 2 4 m,r/g 0.761 1.285 6.983 3.216 1.128
Albendazole + arabinogalactan (1:5) 2 hours X, % 507 8.57 46.55 21.44 752
An6enpason + apabuHoranakrtas (1:5) 8 4 m,r/g 0.42 1.739 1.749 5.681 5.402
Albendazole + arabinogalactan (1:5) 8 hours X, % 2.8 11.59 11.6 37.87 36.01
An6enpasos + apabuHoranakTad (1:5) 24 4 m,r/g 0.357 1.603 7.569 2.359 3.112
Albendazole + arabinogalactan (1:5) 24 hours  y o4 2.38 10.69 50.46 15.75 20.75
An6enpazon + apabuHoranaktat (1:10) 2 4 m,r/g 0.199 0.823 1.269 6.449 4.46
Albendazole + arabinogalactan (1:10) 2 hours  x o4 1.33 5.49 8.46 42.99 29.73
An6enpasos + apabuHorasnakTa (1:10) 84 m,r/g 0339 1.933 2.122 5.615 4.447
Albendazole + arabinogalactan (1:10) 8 hours o4 2.26 12.87 14.15 37.43 29.65
An6enpasosn + apabuHoranakTtad (1:10) 24 4 m,r/g 0.089 2.586 2.005 1.858 7.544
Albendazole + arabinogalactan (1:10) 24 hours  x oy 0.59 17.24 13.37 12.39 50.29
An6enpazos+ apabuHoranakrtad (1:20) 2 4 m,r/g 0.571 0.697 3.056 7.125 2.533
Albendazole + arabinogalactan (1:20) 2 hours  x o4 3.81 4.65 20.37 475 16.89
An6enpaasosn + apabuHoraiakTtad (1:20) 84 m,r/g 1.367 1.357 1.027 6.683 3.947
Albendazole + arabinogalactan (1:20) 8 hours x, % 911 9.05 6.85 44.55 26.31
An6enpason + apabuHoranakrtas (1:20) 24 4 m,r/g 0.164 1.327 1.170 3.198 8.032
Albendazole + arabinogalactan (1:20) 24 hours x, % 1.09 8.85 7.8 21.32 53.55

[IpuMmevyaHnue.
Note.

MY [T0 OTHOIIIEHUIO K 0011eMy 06'beMy TBEPI0H AuC-
nepcuu. B o6pasue qucnepcuu AB3 u AT' B COOTHO-
IIEHUH 1:5 U IpU MexaHoobpaboTke 8 u HabOAa-
JIOCh yBeJIMYeHUE (Ppakiuu ¢ pasMepoM YacCTHII
MeHee 0.1 MM 10 36 % ot obmieii maccel. HanboJstee
HHUBKOE COJIepKaHUe MEJIKOJUCIIEPCHON (pakiuu
OBLIO YCTAaHOBJIEHO JUUIs TBepaou aucnepcuu AB3 u
AT (1:5) ¥ BpeMeHeM MexaHO00pabOTKH 2 U M COCTaB-
JISIO 7.52 % OT 00I1el Macchl UCIIEPCHH, YTO, 6e3y-
CJIOBHO, CKa’KeTcsl B JIAJIbHEHUIIIEM HAa YMEHbBIIIEHUH
MIBLIEHHUSI TBEPOH AUCIIEPCUN U arperanuu MUKPO-
YaCTHUI] JIPYT C IPYTOM.

Ha ¢pakmuoHHBIA cOCTaB TBEPJBIX JUCIIEPCHH
OKa3bIBAET BJIMSHIE MAaCCOBOE CO/IEPKAHKE BCIIOMO-
raTeJbHOTO BelectBa. CoJiep;kaHue YacTHlIl, IPOXO-
JIAIAX Yepe3 CUTO, C Pa3MepoOM SUYEeHKH 0.1 MM
cocTaBJseT: B TBepyoii aucnepenu AB3 + AT (1:10) u
BpeMeHeM 00paboTku 2 4 — 29.73 %, B 0o0Opasie
AB3 + AT (1:20) 24 — 16.89 % (TabI. 2).

B cBsi3u ¢ TeM, 4TO HanboJIee MOHOAUCIIEPCHBIH
coctaB OBbLI BBISIBJIEH IS TBEPAOHU JUCIIEPCUH,

m - Macca GpaKIny; X — cofiepKaHne GPaKIUY OT 061Iel MacChl HaBECKH.
m - fraction mass; x - fraction content of the total sample weight.

ysis of bulk samples, it was found that in mechani-
cal treatment for 8 and 24 hours, in solid disper-
sion, the highest frequency distribution of particles
with a size of less than 20 um is observed, compared
with the sample that had 2 hour mechanical treat-
ment (Fig. 2).

A comparison of the results of the fine particle
fraction distribution dependence on the volume of
samples of solid dispersions with mechanical treat-
ment of 2 hour duration, but with different mass
ratios, showed no significant differences in particle
sizes.

Thus, the results of the sieve analysis of solid dis-
persions and dynamic image analysis of bulk sam-
ples made it possible to establish that a higher uni-
formity for the particle size distribution is provided
in mechanical treatment for 2 hours, which will
ensure the future dosing accuracy during the techno-
logical process.

In the simultaneous mechanochemical treat-
ment of ABZ and AG, changes in their technological
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IIOJIyYeHHOU B Te€UYeHHe 2 U, jjajiee ObLJIO IMPOU3Be-
JIEHO CpaBHeHHEe OOpa3IlOB TBEPIbIX AMCIIEPCHUI,
cozep:kamux pasHoe cooTHomieHue Ab3 u AT, HO
IOJTyYeHHBbIX B TeUeHWe 2 4. PesysbTaThl aHAIM3a
MIOKA3aJIM, YTO B TBEPJAOH IUCIEPCUU C MACCOBBIM
cootHomeHneM AB3 k Al 1:5 OCHOBHYIO Maccy
COCTAaBJISIOT YaCTHUIIBI C Pa3MepPOM OT 0.2—0.3 MM,
TOTZ]a KaK B 00pasiiax ¢ COOTHOIIIEHHEM 1:10 U 1:20
HabofaeTcss OoJlee BBICOKOE COZEPIKAHUE MEJTKO-
JIUCIIEPCHOU (DpAKIIUU YACTHI] C pa3MepOM MeHee
0.1 MM.

[Ipu ananu3e cocTaBa MeJIKOAUCIEPCHOU (pak-
I METOJIOM JIMHAMHYECKOTO aHAIM3a U300paske-
HUH CBIMyYnX OOPa3IOB YCTAHOBWJIM, UYTO IIPHU
pexxume 8 U 24 4 MexaHOOOpPaOOTKH B TBEPAOH JTHC-
IIeEpCUH OTMEeUaeTcss HauboJiee BBICOKOE YACTOTHOE
pacrpejiejieHHEe YacTHI[ pa3MePOM MeHee 20 MKM,
II0 CPAaBHEHUIO C 00PA3IIOM B PEIKMME 2 U MeXaHuJe-
CKOTO BO3/IEHCTBUA (CM. pHUC. 2).

CpaBHeHHe pe3yJIbTaTOB 3aBUCHMOCTH YaCTOT-
HOT'O pacIipe/iesIeHUs MeJIKOAUCIIepCHOM hpakiuu B
OTHOIIIEHUH K 00beMy OOpa3IlOB TBEPJIBIX JHUCIEP-
CHH ¢ peKMMOM MeXaHOOOpabOTKK 2 4, HO C pas-
HBIMH MaCCOBBIMH COOTHOIIEHHUSIMH IIOKA3aJI0, YTO
CTATUCTUYECKU B3HAYUMBIX Ppa3JIUYdd pa3sMepPOB
YyacTull He HabJTIojaeTcs.

Taxum 006pa3oM, pe3ysIbTaThl METOZOB CUTOBOTO
aHaJIW3a TBEPABIX JUCIHEPCUA U JUHAMUYECKOTO
aHaM3a U300paKEeHUH ChIMyYnx 0OPasIioB IO3BO-
JIVJTU YCTAHOBUTD, UTO IPH PEKUME 2 U MEXaHOXU-
MHUYECKOTO BO3[eHcTBUs obecrieunBaercs 0Oosiee
BBICOKasi CTENeHb OJHOPOJHOCTH B OTHOIIEHUH
(paKIMOHHOTO COCTaBa, UTO 0OECIIEUUT B JaJTbHEN-
IIIeM B XO7l€ TEXHOJIOTHYECKOTO IPOIlecca TOYHOCTh
JIOBUPOBAHUA.

B mporecce coBMeCTHOH MeXaHOXUMUYECKOU
06paboTku AB3 u AI' TpOUCXOMAT TaKKe U3MeHe-
HUS WX TEXHOJIOTUYECKHX CBOUCTB. IIpeccyemocTh
(cmocoGHOCTH MaTepHasia MPeCcOBATHCSA) UCXOTHOU
cyocranuu AB3, onieHuBaemas o uHekcam Kappa
u XaycHepa, XapaKTepU3YeTCsl KaK «IJIOXasi»
(MHJIEKCHI COCTaBJISIOT 27.45 % W 1.38 cOOTBeT-
CTBEHHO), YTO HCKJII0YaeT BO3MOJKHOCTH CyOCTaH-
nun AB3 mosBepraTbCs MPAMOMY ITPECCOBAHUIO.
B To >xe BpeMsI HCXOAHAS ITPECCYEMOCTh CYOCTAHITUN
AT omeHeHa Kak «0ueHb xopomasa» (nHaekcsl Kappa
u XaycHepa cocTaBiAoT 7.89 % u 1.08 cooTBeT-
crBeHHO). Ilocsie MeXaHWYecKoro BO3JIEHCTBHSA Ha
AB3 c Al' HabI0/1AJIOCH YIyUIIEHHE TPECCYEMOCTU
TBepAbIX aucnepcuit. MHAekc XaycHepa TBEPHAbIX
JIUCIIEPCHH COCTABJISI OT 1.12—1.34, mHAeKe Kappa —
16—25 %, 4TO XapaKTepU3UPYET IPECCYEMOCTh TBEP-
JIBIX JTUCIIEPCUM KaK «CPEJHIOI» U «YIOBJIETBOPH-
TeJIbHYI0O» U T03BOJIET PACCMATPUBATH TaOJIETKU

properties also occur. The compressibility (ability
of a substance to be pressed) of the parent sub-
stance of ABZ, estimated by the Carr’s index and
Hausner’s ratio, is low (27.45% and 1.38, respec-
tively), which excludes the possibility of the sub-
stance of ABZ to be directly pressed. At the same
time, the initial compressibility of the AG substance
was assessed as very high (the Carr’s index and
Hausner’s ratio are 7.89% and 1.08, respectively).
After mechanical treatment of ABZ with AG, an
improvement in the compressibility of solid disper-
sions was observed. The Hausner’s ratio for solid
dispersions ranged from 1.12-1.34, the Carr’s
index — 16—25%, which characterizes the compress-
ibility of solid dispersions as medium and accept-
able, and allows us to consider tablets as a possible
dosage form for further development.

The lowest Carr’s index of 12.2% and the Haus-
ner’s ratio of 1.14 were found in the solid dispersion
of ABZ and AG in a mass ratio of 1:10 with a mechan-
ical treatment time of 24 hours, which allows us to
assess the compressibility of this solid dispersion as
high. The highest compressibility coefficient is
observed in solid dispersions obtained in mechanical
treatment for 2 hours. For solid dispersions of ABZ
and AG (1:5), 2-hours mechanical treatment, the
compressibility coefficient is 24, for the sample of
solid dispersion of ABZ with AG (1:20), 2-hours
mechanical treatment — 25 (Table 3).

According to the results of the flowability assess-
ment, it was established that the parent substances
of ABZ and AG do not possess flowability. After
mechanical treatment and changes in the shape and
size of particles, it would be possible to assume an
improvement in the parameter. But the complica-
tion of the particle shape during the alignment of the
particle size did not lead to an increase in the flow-
ability of solid dispersions, regardless of the ratio of
ABZ and AG in the dispersion and the mechanical
treatment time.

Thus, the study made it possible to characterize
the solid dispersions of ABZ with AG in the term of
the suitability of obtaining an oral dosage form (tab-
lets, capsules), as well as to identify the properties of
the dispersion that require correction by preliminary
granulation or the addition of excipients.

CONCLUSION

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

1. Solid dispersions of ABZ with AG as a carrier
obtained by solid-phase mechanochemical treat-
ment are characterized by changes in physical prop-
erties. For solid dispersions of ABZ with AG, in com-
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Ta6.mupa 3. TexHOJIOrMYeCKHe CBOMCTBA a16eHAa30J1a, apabHOTaJaKTaHa U UX TBEP/bIX JUCIEPCUI
Table 3. Technological properties of albendazole, arabinogalactan and their solid dispersions

HachinnHas njJ10THOCTS, I‘/MJI

HHpekc

Bemecrso/TBepaas Pe:xxum mexaHo- Density, g/ml Koadppunuenr Xayc- HUHaekc
S 06paboOTKH npeccyeMoCTH Hepa Kappa
gubstal:lce /solid dispersion Mechanical A0 yIJIOT- nocje ymiaor-  Compressibi- Haus- Carr’s
p treatment HeHus HeHUus lity coefficient ner’s index
bulk density tapped density ratio

Anb6enpmazon Be3 06paboTku 0.37 0.51 28 1.38 27.45

Albendazole No treatment

ApabuHoranakTaH Bes 06paboTku 0.35 0.46 7.69 1.08 7.89

Arabinogalactan No treatment

An6enpmason + 24 / hours 0.53 0.69 24 1.30 23.20

le)sﬁﬂ(;wfalﬂamaﬂ (1:5) 84 / hours 0.69 0.80 13.79 116 13.75
endazole +

arabinogalactan (1:5) 2449 / hours 0.59 0.74 20.59 1.25 20.27

Anbenpmaszon + 24 /hours 0.56 0.71 22.20 1.27 21.13

2117;614:0”1113“% (1:10) 84 / hours 0.71 0.54 24.32 1.31 23.94
endazole +

arabinogalactan (1:10) 244 / hours 0.72 0.82 12 1.14 12.20

An6enpgason + 24 /hours 0.53 0.70 25 1.32 24.30

Zﬁ’gﬁﬂgorﬁﬂamaﬂ (1:20). 84 / hours 0.58 0.70 16.67 1.20 17.14
endazo’e + 244 / hours 0.58 0.71 19.20 1.22 18.31

arabinogalactan (1:20)

KaK BO3MOXKHYIO JIEKapCTBEHHYI0 (popMy JUJIf 1aylb-
HeUmen pazpaboTKU.

Haubonee nuskuii unzekc Kappa 12.2 % u
uHjeKc XaycHepa 1.14 yCTaHOBJIEH Y TBEPAOU JUC-
nepcuu AB3 u AT' B MacCOBOM COOTHOIIIEHUHU 1:10
C BpeMeHeM MeXaHOOOpabOTKH 24 U, UTO IO3BO-
JIsIeT OI[€HUTH IIPECCYyEMOCTh JAHHOU TBEP/IOH JTHC-
IEPCUH KaK «Xopolryo». CaMblid BBICOKHUH KO3(-
(uueHT TpeccyeMOCTH OTMEYAEeTCA Y TBEPJIBIX
IUCIIEPCUH, ITOJIYIEHHBIX Yepe3 2 4 MeXaHooOpa-
6otku. [l tBepapix aucnepcuii AB3 u AT (1:5)
2 4 K03dULIMEHT IPECCYEMOCTH PaBEH 24, A
obpasma TBepaod aucnepcuu AB3 c¢ AT (1:20)
2y — 25 (Tabi. 3).

[To pesynbraTaM IIPOBEEHHBIX HCCIIEIOBAaHUN
CBIITyYECTH YCTAHOBIUIH, UTO UCXOJHBIE CYOCTAHIINH
AB3 u AT ceimyyecThio He 006J1aatoT. B pesysbrare
MeXaHU4YeCKOH 00paboTKu u u3MeHeHUs: GOPMBI U
pa3MepOB YACTHI] BOBMOXKHO OBLIIO ObI HPEAIoJio-
JKUTHh YJydllleHHe Iokasaresd. Ho ycimoskHeHUe
(opmBbl yacTuI] Ipu BEIPAaBHUBAHUY (PPAKIIHOHHOTO
cocTaBa He IPUBEJO K IIOBBIIIEHUIO CBIIIYYECTH
Macchl TBEPZBIX JIUCIEPCHI BHE 3aBUCHMOCTH OT
cootHomeHusa Ab3 u AIl' B sucnepcuu U BpeMeHU
MEeXaHHUUYeCKOro BO3AeHCTBHUA.

Taxkum 00pa3oM, IIPOBeEHHBIE HCCIIEOBAHUSI
TIO3BOJIMJIM OXapaKTEPU30BaTh TBEP/bIE JUCIIEPCUU
AB3 c AT’ ¢ TOuKU 3peHUs IPUTOJHOCTH MOIyIeHUA
IepoOpaJIbHON JIeKapCTBEHHOW (opMbl (TabseTKH,
KaIICYJIbl), a TaK)Ke BBIIBUTH CBOUCTBA JIUCIIEPCHH,
Tpebyrolre KOPPEKTUPOBKU IIyTEM IIPEBAPUTEIIb-

parison with the substance of ABZ, a change in the
shape and size of particles has been revealed.

2. For solid dispersions of ABZ and AG, a change
in the particle size distribution composition has
been established. The dependence of the particle size
distribution on the mechanical treatment time is
revealed. The most monodisperse composition of
solid dispersions is observed during mechanical
treatment for 2 hours.

3. Solid dispersions of ABZ are characterized by a
2-fold improvement in the compressibility compared
to the parent substance of ABZ.

4. The mechanochemical treatment of ABZ does
not affect its flowability.

5. The appropriate mass ratio of components for
obtaining a solid dispersion of ABZ with AG is 1:5,
and the mechanical treatment time being 2 hours.

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

HOTO TpaHY/JIMPOBAHUA WX BBEAEHHUA BCIIOMOra-
TEJIbHBIX BEIIECTB.

3AK/IOYEHUE

ITposenennoe uccie0BaHue I03BOJIAET C/Ie/IaTh
cJIe/lyIoIHe BBIBOJIBL:

1. TBepaple aucnepcuu AB3 ¢ HCIOJIB30BAaHUEM
AT' B KaudecTBa HOCHUTeJIA, IIOJy4€HHbIE METOAOM
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TBepAo(a3HOU MeXaHOXUMHYECKOU 00paboTKH,
XapaKkTepusyloTcs  Hn3MeHeHHeM  (QU3UYeCKHUX
cBoiicts. [Iyis TBeppIx Aucnepcuii AB3 ¢ Al B cpas-
HeHUU ¢ cyOcTanuer AB3 ycTaHOBJIEHO U3MEHEHHE
¢opMbI 1 pa3zMepa YaCTHII.

2. Jlna TBepabix aucnepcuit AB3 u AT ycra-
HOBJIEHO H3MeHeHHe (GPAKIHUOHHOTO COCTaBa.
BriaBieHa 3aBUCHUMOCTh GPAKIIMOHHOIO COCTaBa
OT BpeMeHU MeXaHH4ecKkoro Boszeicteusa. Hau-
6oJjiee MOHOZHCIIEPCHBIA COCTaB TBEPABIX JHC-
nmepcuid HabJOmaeTcs MPU MexaHooOpaboTke B
TedyeHHe 2 4.
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HN3yueHHne OpraHu3amuoOHHbBIX IIPO0JIEM pa3sMelleHUA allTeYHBIX
opranusanui (Ha npuMmepe HoBocuOupckoi 061acTm)

0O.A. bopucosa, 1.A. /I:xynaposa

@I'BOY BO «Hosocubupckuil 20cydapcmeetHbilil meduyuHckuil yHusepcumems» Munzdpasa Poccuu, Hosocubupck, Poccus

AHHOTAIITUA

BBepgenue. IlepeHachlleHne KPYIHbIX FOPOJOB AITEYHBIMHI OPraHU3AIUAMY U OObEIMHEHNE UX B CETH BEJET K
MIOBBIIIEHUIO KOHKYPEHIINY MeXK/Ty HUMU, B TO JKe BPEMsI B CEJIbCKUX HacCeJIEHHBIX ITYHKTAX Y HaceJIeHUs 3a4acTylo OTCYT-
CTBYeT BO3MOXKHOCTh IIPHOOPETEHN S JIEKAPCTBEHHBIX NIPENapaToB HENOCPECTBEHHO B MeCTax IPOXKUBAHUS, IIOCKOJIBKY
HeT QYHKIIMOHUPYIOIIHNX alITEYHBIX OPTAaHU3AIMH. B 3THX YCIOBUAX HEOOXOAMMA ONMITUMHU3AIUS PA3MeEIeHUsI alITEYHBIX
opranusaruii (AQ), KOTOpoe 3aKOHO/IATeTPHO HIKAK HE PErJIAMEHTHPOBAHO.

IT e 1 b . OueHKa CTellEHU KOHIIEHTPAUuU hapMaleBTHIeCKOTo PhIHKa P® 1 aHAIN3 pa3MeleHUs alTeuYHbIX OpraHu3a-
U B MyHHUIIUIAIBHBIX 00pa3oBaHusax HoBocubupckoi 06acTé B 2021 T.

MaTepuans HW MeTOJB . MarepuajaMu HCCIETOBAHUSA CIIYKIJIN JIAHHBIE €IMHOTO peecTpa JIMIEH3UI
DenepasbHOM CITy»KOBI 110 HaZI30PY B cdepe 3[paBOOXpaHeHNs, a TakKe 0T4eThl Komnanuu DSM Group, cTaTUCTHYeCKUe
ceegenuda 'BY3 HCO «MemuuuHckuil WHGOPMAIIMOHHO-aHAJIMTHYECKUN IIEHTP», CBEJIEHUSA O KOJHMYECTBE AlTEYHBIX
opranuzanuii ceppuca 2I'IC o 10 MyHUIIMTIIATBHBIM 0Opa3zoBaHuAM HoBocuOUPCKOH 001aCTH U OTAEIBHO IO 10 pario-
HaMm r. HoBocubupcka. MeToabl HCCIeTOBAaHUA: KOHTEHT-aHAIN3, HOPMATHUBHBINA, WHAEKCHBIH METOJ, SKOHOMHKO-
CTaTUCTUYECKHUH, PErPECCUOHHBIN aHAN3.

PesynabTarts . PaccunraHHbI HAMHU WHAEKC XeppuHaais — XUpIIMaHa 3a 2021 T. — 427.69 O3BOJIUJI YCTaHO-
BUTbH, 4TO apMaleBTUUECKUI PBIHOK Poccun siBiseTcss HUBKOKOHIIEHTPUPOBAHHBIM, HU O/IHA alITeyHas CeTh He UMeeT
JIOMUHHUPYIOIIETO MTOJIOKEHMS Ha PBIHKE, TO3TOMY HOPMbI aHTUMOHOIIOJIBHOTO PETYJINPOBAHUS PhIHKA HE IPUMEHUMBI B
HACTOSIIEE BPEMSI.

PaccunranHOe cpesiHee 3HaueHHE (AKTUUECKOIO KOJIMYECTBA HACeJIeHH:d, IpuxozdAieroca Ha ofHy AO B 10 paiioHax
r. HoBocubupcka, coctaBuiio 26.26 Toic. uesl. HauMeHbIllee KOJIMUeCTBO HacesieHus Ha ojiHy AO Habmozaercs B LleH-
TpaJIBHOM pailOHe TOPOIa; MPUOBLIIBHOCTD UX pabOTHI 00€CIIeYNBAETC s 3a CUET BHICOKOTO TpadHKa IIOCETUTEIIEN B OyiHIE
JIHU ¥ OJIM3KOTO PACIIOIOKEeHU JIeJIOBBIX IIeHTPOB. Ha 0CHOBe IOJIy4eHHBIX JAHHBIX YCTAHOBJIEHO, YTO B KAXK/I0M U3 pai-
oHOB T. HoBocubupcKka KOJIMUeCTBO HacesleHusI, mpuxozsiieecs Ha onHy AO, B 10—15 pa3 MeHbIlle HOPMATHBOB, PaCCUH-
TAaHHBIX [10 METOANYECKUM pekoMeHanuam M3 PO.

PaccuntanHOe 3HaUeHHe (GAKTUUECKOTO KOJIUIECTBA HACEJIEHUs, IPUXOAAIIErocs Ha oAHy AO B MyHHUITUIIATBHBIX 00pa-
30BaHuAX HoBocubupckon 061acTH, COCTABUIIO 15.321 ThIC. Yes. Cpeau MyHHUITMIATBHBIX 00pazoBaHuil HoBocubupckoi
o6J1acTu TOJIBKO B p.1. KoJIbIIOBO HAGIIOIAETCS COOTBETCTBHE KOJIMUECTBA AIITEK YKCITY KUTEJIEH, B OCTAJIbHBIX palloOHaX
YCTaHOBJIEH U30BITOK aIlTeK, AUCOUIAHC UX Pa3MellleHuUs .

Tak»ke ObLIO YCTAHOBJIEHO, UTO B IIEHTPAJIbHBIX PAHOHHBIX OosibHUIIAX HOBOCHOUPCKOH o6sacTu apMareBTUIECKYIO
JIeSATETBHOCTD OCYIIECTBIISIOT 1013 060CO0IEHHBIX CTPYKTYPHBIX O PA3/IETIeHIH.

3aknwueHUe. BoaiaeH poct komunuectBa AO U ycuyieHHe HEPABHOMEDPHOTO UX paCHpeziesieHus] — U30BITOK B
TOPOACKUX MyHHUITUIIAIFHBIX 00PA30BAHMAX U HEJTOCTATOK B CEJIbCKUX HACEJIEHHBIX IIYHKTAX, YTO IIPUBOJUT K 3aTPyAHeE-
HUIO JIEKAPCTBEHHOTO 00ecreyeHus], MapaIoKCaIbHOMY MOBBIIIEHHUIO IieH. bosbmumHcTBOo AO HoBOocuOUpcKkoi ob1acTu
OTHOCHUTCS K CETeBBIM CTPYKTypaM, HeoOXoAuMa ONTHMU3AIUA Pa3MelleHusA alTeYHbIX OPraHu3alui I MOBBIIIEHUS
(buBMUECKOH JOCTYITHOCTHU JIEKAPCTBEHHBIX ITPETapaToB.

Knaoueswvle cao6a: JOCTYIIHOCTh, alTeYHble OPTaHU3AIUH, AllTEUHbIE CETH, pa3MelleHue, MHAeKc XepbuHmans —
XwupiiMaHa.

Oo6pasen mutupoBauua: bopucoa O.A., JkymapoBa N.A. 3ydyeHre OpraHH3aIl[MOHHBIX IPOOJIEM pas-
MeIlleHUs alTeYHbIX opranusanui (Ha npumepe HoBocubupckoi obacru) // Journal of Siberian Medical Sciences.
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Study of organizational challenges of pharmacy location
(a case of the Novosibirsk region)

O.A. Borisova, I.A. Dzhuparova

Novosibirsk State Medical University, Novosibirsk, Russia

ABSTRACT

Introduction. Theoversaturation of large cities with pharmacies and their consolidation into networks leads to
increased competition between them, while at the same time, in rural settlements, the population often does not have the
opportunity to purchase medications in their places of residence, since there are no pharmacies. In these conditions, it is
necessary to optimize the location of pharmacies which is not regulated by law.

Aim . An assessment of the pharmaceutical market concentration in the Russian Federation and analysis of the phar-
macy location in municipalities of the Novosibirsk region in 2021.

Materials and methods. Weused data of the Unified Register of Licenses of the Federal Service for Sur-
veillance in Healthcare, as well as reports from the DSM Group, statistical data of the Medical Information and Analytical
Center of the Novosibirsk region, data on the number of pharmacies from the 2GIS app for 10 municipalities of the Novo-
sibirsk region and separately for 10 districts of the city of Novosibirsk. Research methods: content analysis, normative and
index methods, economic and statistical, and regression analyses.

Results. The Herfindahl-Hirschman index calculated for 2021 — 427.69 — allowed us to establish that the Russian
pharmaceutical market is low-concentrated, no single pharmacy network has a dominant position in the market, therefore,
at present, norms of antimonopoly regulation of the market are not applicable.

The average value of the actual number of population per pharmacy in 10 districts of Novosibirsk was 26.26 thousand
people. The smallest number of people per pharmacy is observed in the Central district of the city; the profitability of their
work is ensured by a high consumer traffic on weekdays and the close location of office buildings. Based on the data
obtained, it was established that in each of the districts of Novosibirsk, the number of population per pharmacy is 10—15
times less than the standards calculated according to the Guidelines of the Ministry of Health of the Russian Federation.
The actual number of population per one pharmacy in the municipalities of the Novosibirsk region was 15.321 thousand
people. Among the municipalities of the Novosibirsk region, only in the worker’s settlement Koltsovo there is a correspon-
dence between the number of pharmacies and the number of residents; in other areas there is an excess of pharmacies and
an imbalance in their location.

It was also found that in the central district hospitals of the Novosibirsk region, pharmaceutical activities are carried out
via 1013 separate structural divisions.

Conclusion. Anincreaseinthe amount of pharmacies and an enhancement of their uneven distribution have been
revealed, namely, an excess of parmacies — in urban municipalities and a shortage — in rural settlements, which leads to
difficulties in provision of medicines and a paradoxical price increase. Most pharmacies in the Novosibirsk region belong
to pharmacy networks; optimization of the pharmacy location is necessary to increase the accessibility of medicines.
Keywords: accessibility, pharmacy, pharmacy networks, location, Herfindahl-Hirschman index.

Citation example: Borisova O.A., Dzhuparova I.A. Study of organizational challenges of pharmacy location
(a case of the Novosibirsk region). Journal of Siberian Medical Sciences. 2023;7(4):50-60. DOI: 10.31549/2542-1174-
2022-7-4-50-60

BBEJIEHUE

HeyxoHHBIM pocT (papMaleBTHUYECKOTO PHIHKA
Poccuy TPUBE €ro YYaACTHUKOB K IIOMCKY HOBBIX
crioco0OB HEIEHOBOH KOHKypeHIIUM B 6opbbe 3a
JIOSUTBHOCTD IIOTPEOUTEIA.

ITo cocTossHMIO HA 1 AHBAPA 2021 T. B Poccuu cym-
MapHO OCYIIECTBJISIIO PaboTy 69.1 THIC. AllTEYHBIX
opranuzanuii (AO). ITo cpaBHEHHIO ¢ 2020 T. UX
KOJINYECTBO YMEHBIIMIOCh HA 1.5 THIC. OOBEKTOB.
CokpallleHHe KOJIMYEeCTBAa aNTEeYHbIX OpraHU3aIni
OBLIO 00YCIOBIEHO OOIIIEIKOHOMUUECKUMU IIPOOIe-

INTRODUCTION

The steady growth of the Russian pharmaceutical
market has led its participants to search for new
ways of non-price competition in a struggle for con-
sumer’ loyalty.

As of January 1, 2021, a total of 69.1 thousand
pharmacies operated in Russia. Compared to 2020,
their number decreased by 1.5 thousand facilities.
The reduction in the number of pharmacies was due
to general economic problems, including a drop in
household incomes, as well as the loss of the ability
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MaMH, B TOM YHCJIE [TaJIeHUEeM JIOXO0/I0B HaceJIeHUs, a
TaKKe TOTeped BO3ZMOYKHOCTH IIPUMEHSTh €IUHBIN
HaJIOT Ha BMEHEHHBIH JI0X0/T B OTHOIIIEHUH ITPOAKH
MapKUPOBAaHHOT'O TOBApa.

B nesnom mo crpaHe anteyHas WHGPACTPYKTypa
pasBUBaJIach 3a CUET CETEBBIX ANTEUHBIX OPraHU3a-
nui. Tak, obIree KOJIMYecTBO allTeK B COCTABE CeTel
BBIPOCJIO 32 2020 T. Ha 2521 00BEKT, BCETO HA HAYAJIO
2021T. ceTn 00BeAUHsUTH 52 118 anrek. [ToTepu enu-
HUYHBIX alITEYHBIX OPraHU3AIUNA B POBHUYHOM Cer-
MeHTe (papMareBTHYEeCKOTO PhIHKA COCTABUJIU 3a TOJ
4060 OOBEKTOB, Ha CETOAHAIIHUN [eHb B Hallel
CTpaHe MPEICTABJIEHO 15 178 HE3aBUCUMBIX anTekK [1].

ITo mamHBIM Accoluanuy HE3aBHUCHUMBIX allTek,
OCHOBHOH TpeHJ] Ha poccuiickoM (apmareBTuye-
CKOM DPBIHKE — IepeHachIIeHUe KPYITHBIX TOPOIOB
anTeuYHbIMU CETSIMH, UYTO BEJIET K ITOBBINIEHUIO KOH-
KypeHIIUU MeXKy HUMH [2]. B TO ke BpeMsi B ceJib-
CKUX HACEJIEHHBIX MYHKTaX y JKUTEJIEU 3a4acTyio
OTCYTCTBYeT BO3MOKHOCTH IPUOOpPETEHUs JieKap-
CTBEHHBIX MPENapaToB HEMOCPEJICTBEHHO B MeCcTax
MPO’KUBAHUSA, MMOCKOJIbKY HET (DYHKIIMOHHUPYIOIIHX
anTeuYHbIX OpraHu3aIlni.

Jlpyrast xapakTepHasi 0COOeHHOCTh (hapMalleBTH-
YecKoro pbIHKa Poccuu — mporiecc oObeIMHEHUs
anTeKk B CETH — KOHCOJIUAAIS, KOTOpas ¢ KayKIbIM
rogoM HabupaeT 060poThl. Tak, B 2014 r. 66110 3ape-
TUCTPUPOBaHO 52.4 Thic. AO. IIpu 3TOM JIOKaJIbHBIE
ceTu 3aHUManu 35 % (apMaleBTUYECKOTO PHIHKA,
MaJIOJIOKaJIbHBIE — 23 %, peTHOHAJIBHBIE — 9 %, deze-
pasibHBIE — 16 %, a OIUHOYHBIE aniTeku — 17 %. Torga
Kak B 2021 T. U3 69.1 THIC. allTeK 10 Bcell Poccum Ha
JIOKaJIbHBIE allTeYHbIe CETH MPUXOIUIIOCh 24 %, Ha
MaJIoJIOKaJIbHbIe — 16 %, Ha pernoHayibHbIE — 16 %
(mpupoct coctaBu 7 %), Ha denepanabHbie — 29 % (Ux
JIOJIST yBeJIMYWIach Ha 13 %), a Ha OJIMHOYHBIE
aInTeKu — JINIIb 15 % (cokpaiieHue Ha 2 %) [3].

JluHaMMKa KOJIMYECTBA AlITEYHBIX OPTaHU3aIUH
B 2014 ¥ 2021 I'T. IpPeJiCTaBJieHa Ha puC. 1.

Bompoc orpaHuYeHUs KOJIWYECTBA aNTEUHBIX
OpraHu3aIuil HeOAHOKPATHO MOAHUMAJICS B CPEJ-
CTBaX MaccoBOM MHGPOPMAIINH, HA PA3JIMYHBIX (POPY-
MaX, IIPaBUTEJbCTBEHHBIX 3aCeJaHUAX W OQUIH-
aJIbHO OTpa’keH B HECKOJbKUX ¢parmeHTax «Crpa-
Teruu pa3BUTUA (apMaleBTUYeCKOU ITPOMBIIIIEH-
Hoctu P® Ha mepumos 10 2030 T.», pa3paboTaHHOHN
MUHIIPOMTOPTOM U OIyOJIMKOBAHHOH B Hadase
HI0JIs 2018 T.

B paszgene CrpaTeruu, MOCBSAIIIEHHOM, B YaCTHO-
CTH, BJIUSHHUIO KOHKYPEHTHOTO W AHTHUMOHOIIOJIb-
HOTO peryJupoBaHus Ha (apMaleBTHUECKYIO
OTpacJib, yKkazaHo: «OJHUM U3 Ba)KHEHUIITUX BOIPO-
COB KOHKYPEHTHOHW ITOJIUTUKA B PO3HHUYHOM Cer-
MEHTE... Hy?KHO CUMTATh BOIIPOC OTPAaHUYEHUS KOJIH-

to apply the single tax on imputed income for the sale
of labeled goods.

In the country as a whole, the pharmacy infra-
structure developed at the expense of pharmacy net-
works. Thus, the total number of pharmacies within
the networks increased in 2020 by 2521; in total, at
the beginning of 2021, the networks united
52 118 pharmacies. The losses of individual pharma-
cies in the retail segment of the pharmaceutical mar-
ket over the year amounted to 4060 facilities; today
there are 15 178 independent pharmacies in our
country [1].

According to the Association of Independent
Pharmacies, the main trend in the Russian pharma-
ceutical market is the oversaturation of large cities
with pharmacy networks, which leads to increased
competition between them [2]. At the same time, in
rural settlements the population often does not have
the opportunity to purchase medications in their
places of residence directly, since there are no oper-
ating pharmacies.

Another feature of the Russian pharmaceutical
market is networking of pharmacies (their consoli-
dation), which is gaining momentum every year.
Thus, in 2014, 52.4 thousand pharmacies were regis-
tered. At the same time, local networks occupied 35%
of the pharmaceutical market, small-locality ones —
23%, regional ones — 9%, federal ones — 16%, and
independent pharmacies — 17%. While in 2021, out
of 69.1 thousand pharmacies throughout Russia,
local pharmacy networks accounted for 24%, small-
locality ones — 16%, regional ones — 16% (an gain of
7%), federal ones — 29% (their share increased by
13%), and for single pharmacies — only 15% (reduc-
tion by 2%) [3].

Dynamics of the number of pharmacies in 2014
and 2021 is shown in Fig. 1.

The issue of limiting the number of pharmacies
has been repeatedly raised in the media, at various
forums, government meetings and is officially pre-
sented in several parts of the “Strategy for the Deve-
lopment of the Pharmaceutical Industry of the Rus-
sian Federation until 2030,” developed by the Minis-
try of Industry and Trade and published in early July
2018.

In the section of the Strategy, dedicated, in par-
ticular, to the impact of competition and antimonop-
oly regulation on the pharmaceutical industry, it is
stated: “One of the most important issues of compe-
tition policy in the retail segment... should be consid-
ered the issue of limiting the number of pharmacy
organizations in order to improve the quality of ser-
vice when dispensing medicines, which in actually
associated with a threat to life and health of the pop-
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Fig. 1. Dynamics of the number (in thousands) of pharmacies in the Russian Federation in 2014 and 2021

YeCcTBa aNTEYHBIX OPTaHU3AIUH C IEIHI0 MOBBIIIIE-
HUs KauecTBa OOCIY:KMBAHUs IIPU OTIIyCKE JIeKap-
CTBEHHBIX CPEJICTB, YTO B JIEHCTBUTEILHOCTH COIIPS-
JKEHO C YTPO30H KU3HU U 370POBBI0 HACEJIEHUS».
Vrnomunaetcs B CrpaTeruu u mpobsieMa KOHCOJIH/Ia-
MY aIlTeYHbIX OPraHW3alMH B aNnTeYHbIe CETHU:
«YBeJqIMueHHEe KOJUYECTBA AaNTeK B IIOCJIETHUE
JIECSITD JIET, CHUKEHUE [IE€H U MOBBIIIIEHNE JIOCTYITHO-
CTH JIEKAPCTBEHHBIX CPEJCTB [ HACEJIEeHU
Ha MpaKTHUKe O0EepHYJIHUCh POBHO OOPATHOW CTaTH-
CTHKOM C TOUKU 3pEHUs KOHKypeHIIUU. [Ipoucxoaut
[IoCJIeI0BaTeIbHAA KOHCOTU/IAINSA alITEYHBIX CETEM,
IIeHbl HA BCe 3HAYUMBIE BUBI IMPOAYKIIMH PACTYT
MMEHHO W3-32 KOHKYDEHI[UU MEXK/y AalTeudHbIMU
CeTSAMU B IIOTOHE 32 GOHyCaMU OT IPOU3BBOJUTEIIEN,
anTeKu OTKPBIBAIOTCS TOJBKO B MECTaX C BBICOKUM
[MOTOKOM TOTEHIMAJIbHBIX MOKyIaTesield, B IPUH-
I[MIIe He pelras BOIIPOCHI JIOCTYITHOCTH JIEKAPCTBEH-
HBIX CPEJICTB C YUETOM TEPPUTOPUAJIBHBIX 0COOEH-
HocTel B Poccuiickoit @epeparium».

Taxkum obpaszom, mpobsiema aucbaIaHnca pasme-
IEHUS alITEYHBIX OPTAHU3AI[UH B TOPOACKUX U CEJTb-
CKUX MYHHUIIUNAJIBHBIX 0OpPa30BaHUIX, & COOTBET-
CTBEHHO, IpoOsieMa (QUBUYECKOH JIOCTYITHOCTU
JIEKAPCTBEHHOH IMOMOIIM B CEJIBCKUX ITOCEJIEHUSIX
OCTaeTCs aKTyaIbHOU.

IEJIb NCCJIEJOBAHUA

OrneHKa CTelleHU KOHI[EHTpaluu (apMareBTH-
4ecKkoro peiHKa PO m aHanus3 pasMenieHus anrTed-
HBIX OpPraHM3alHUi B MyHHUIUIAIBHBIX 00pasoBa-
Husix HoBocnbGupcko# 061acTi B 2021 T.

ulation.” The Strategy also mentions the problem of
consolidation of pharmacies into pharmacy network:
“The increase in the number of pharmacies in the
last ten years, a price drop and the increase in medi-
cines’ accessibility of medicines for the population in
practice have resulted in exactly the opposite statis-
tics from the point of view of competition. There is a
consistent consolidation of pharmacy network,
prices for all essential products are rising precisely
because of competition between pharmacy network
in pursuit of benefits from manufacturers, pharma-
cies are opening only in places with a high customer
traffic, in principle, without solving the issues of
accessibility of medicines, taking into account terri-
torial features in the Russian Federation.”

Thus, the problem of imbalance in the location of
pharmacies in urban and rural areas and, accord-
ingly, the problem of accessibility of medicinal care
in rural settlements remain relevant.

AIM OF THE RESEARCH

Assessment of the concentration of the pharma-
ceutical market in the Russian Federation and the
analysis of pharmacy location in municipalities of
the Novosibirsk region in 2021.

MATERIALS AND METHODS

We analyzed data of the Unified Register of
Licenses of the Federal Service for Surveillance in
Healthcare, as well as reports on the ratings of phar-
macy networks from the DSM Group, statistical data
of the Medical Information and Analytical Center of
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MATEPUAJIBI 1 METO/bI

AHaJIM3UPOBAJIUCH JIAHHBIE €IHMHOTO peecTpa
nuneHsuit deepasbHON CIyKObI 10 HAA3Z0PY B
chepe 3/IpaBOOXpAHEHUS, a TAaKKE OTUETHl O pew-
THHTAaX anTeuyHbIX ceTell kommanuu DSM Group,
cratuctuueckue ceegenusa I'bY3 HCO «Memunus-
CKUil MH(POPMAINOHHO-aHAUIUTHIECKUN IEHTP»,
CBEJIEHUSA O KOJIMYECTBE ANTEUYHBIX OpraHU3aAI[UHN
cepuca 2I'IC mo 10 MyHHITUIIATIBHBIM 06pa3oBa-
HUAM HoBocHOMPCKOW 00J1aCTH UM OTJIEJIBHO II0
10 pationam r. HoBocubupcka.

Jlna aHanmza pa3MeleHus] alnTeYHbIX OpraHu3a-
MU 10 MyHUIIUTIATbHBIM 00pa3oBanusam HoBocubup-
CKOW 006J1aCTH MCIIOJIb30BAINCH MeToANUecKre PeKo-
MeHanuu Munzapasa PO ot 16.10.1997 N2 97/111 [4].

[IpuMeHsITUCh CJIEIYIOIIEe MEeTOIbI UCC/IeI0Ba-
HUA: KOHTEHT-aHAJIU3, HOPMATUBHBIM, WHIEKCHBIH
METO/I, SKOHOMHKO-CTAaTUCTUUECKHN, PErPeCcCHOH-
HBIA aHAJIU3.

JoctymHOCTh (apManeBTUUYECKOH IOMOIUA —
OZIMH W3 BaKHEUIITNX COIHAIbHO-3KOHOMHYECKUX
IOKa3aTeJIed Pa3BUTHS CUCTEMBI 3/I[paBOOXPaHEHUS],
XapaKTEPUIYIOIUN COCTOSHHUE YPEryJIUpOBaHUS
HOPMAaTHUBHOTO W OPTaHU3AIMOHHOTO obecrieueHus
BO3MOKHOCTH TIOJIyYeHUS KBTU(PUIIMPOBAHHOU
(apmarneBTHYECKOH TTOMOIITH.

JoctymHOCTh  (bapMalieBTUYECKOH  ITOMOIIN
MpeJlyCMaTPUBAET JIBE COCTABJAIOIINE — (U3NYe-
CKYIO B COITUTHbHO-9KOHOMHYECKYTO.

dusnueckas COCTABJIAIONIAs AOCTyIHOCTU (ap-
MAIeBTHYECKOH TIOMOIINM OIpPEEAET IPeJIoKe-
HHE HACEJIEHUI0 KAYEeCTBEHHBIX JIEKAPCTBEHHBIX
npenapaTtoB (JII1) B Hy?>KHOM KOJIMYECTBE U aCCOPTH-
MEHTE, Pean3yeMbIX IIPeKJie BCEro uepes amnTed-
HYIO ceTh. BaskHBIM KpuUTepreM 00OeclieueHuss 3TOT0
BUJIa JIOCTYITHOCTU (hapMaIeBTUUECKON TTOMOIIHN
SIBJISTFOTCSI 3aKOHOZIaTEJIbHO YTBEPIK/IEHHbIE reorpa-
(¢uueckue (ycraHOBJIEHWE HOPM IEIIEXOTHOU
JIOCTYITHOCTH MEXK/y anTeKamMu) U JeMorpaduue-
ckue (ycTaHOBJIEHHE HOpMAaTHBa KOJIMYECTBA JKUTeE-
JieH, KOTOpOoe Z0JI?KHA OOC/Ty’KHUBATh OJ[HA aITeKa)
HOPMBI pa3MelleHus] yUPEeReHUH 37paBoOXpaHe-
HUSI, KOTOPBIE OCYIIECTBIISIIOT POZHUYHYIO Peain3a-
nuro JIIT Hacesrenuto. Takue HOpMBI HallpaBJleHbl HA
peryiupoBaHue o0Iel YHCIeHHOCTH allTeK U pari-
OHAJIPHOCTD UX Pa3MelleHus.

JlJ1s1 peaiu3aniuu eI UCCIeZ0BaHus HaMU ObLT
paspaboTaH MeTOAWYECKHH TO/IXO0Jl, KOTOPBIH Ha
IIEpPBOM 3Talle BKJII0YAJI ONpe/ieJIeHHe CTENIEHU KOH-

[EHTPAIlMd  POCCUUCKOrO  (papMaleBTHYECKOTO
PBIHKA 110 MHAeKCY Xepduuaais — XupiimaHa:
n
2
HHI = ) Si’,
i

the Novosibirsk region, data on the number of phar-
macies from the 2GIS app in 10 municipalities of the
Novosibirsk region and separately for 10 districts of
Novosibirsk.

To analyze the location of pharmacies in the
municipalities of the Novosibirsk region, the Guide-
lines of the Ministry of Health of the Russian Federa-
tion dated October 16, 1997 No. 97/111 were used [4].

The following research methods were used: con-
tent analysis, normative, and index methods, eco-
nomic and statistical and regression analyses.

Accessibility of pharmaceutical care is one of the
most important social and economic indicators of
the development of the healthcare system, character-
izing the state of regulatory and organizational main-
tenance for the provision of appropriate pharmaceu-
tical care.

Accessibility of pharmaceutical care has two com-
ponents — both physical availability and afforda-
bility.

The physical component, or availability, of phar-
maceutical care determines the supply of high-qual-
ity medicines to the population in the required quan-
tity and range, sold primarily via the pharmacy net-
works. An important criterion for this aspect of
accessibility of pharmaceutical care is the legally
approved geographical (establishing standards for
pedestrian availability between pharmacies) and
demographic (establishing a standard for the num-
ber of residents one pharmacy should serve) stan-
dards for the location of health care insitutions that
carry out retail sales of medicines to the population.
Such standards are aimed at regulating the total
number of pharmacies and the rationality of their
location.

To achieve the goal of the study, we developed a
methodological approach, which at the first stage
included determining the concentration of the Rus-
sian pharmaceutical market using the Herfindahl-
Hirschman index:

HHI = iSiz,

where S; is the share of each out of the 20 largest
pharmacy networks, based on the ranking of net-
work by turnover in the pharmacy commercial mar-
ket [5].

At the next stage, an assessment of the accessibil-
ity was carried out which included calculating the
actual number of people per pharmacy in different
districts of the city of Novosibirsk, calculating the
standard load on a pharmacy in accordance with the
Guidelines of the Ministry of Health [4], which spec-
ified the standards for the location of pharmacy (in
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rae Si — oA KaKIOW W3 20 HauboJiee KPYITHBIX
alTeYHbIX CETEN, UCXO/A U3 JAHHBIX PEUTHHTA CETEH
110 060POTY Ha AITEUHOM KOMMEPUYECKOM PBIHKE [5].

Ha ciiemyromem sTarie MpoBOIWIIN OIEHKY (hU3HU-
YeCKOH JIOCTYITHOCTH, KOTOpas BKJIIOYasia pacyuer
(akTHUECKOTO KOJIMYEeCTBA HACeJIEHUs], IPUXOs-
Ierocsi Ha 1 alTeKy B pa3HbIX paiioHax ropoaa Hoso-
cubupcKa, pacueT HOpMaTHUBa HArpPy3KU Ha amTed-
HYI0 OPraHU3aI[UI0 B COOTBETCTBUM C METOJUYE-
CKUMH peKOMeHjanusaMu MuH3zzapasa [4], B KoTo-
pbIX OBUIM YyKa3aHbl HOPMATHBBI pa3MeNIeHUs
anTeYHbIX OpraHuM3anuii (B 1eJiOM IO CTpaHe Ha
8.5 ThIC. YeJ. JOJIKHO IPUXOJUTHCS IO OJTHOU
arnTeKe: B TOpojie — Ha 10.2 ThIC., B ceJie — Ha 6.2 ThIC.
YeJi.), U CpaBHEHUE TOJTyYeHHbIX 3HAUEHU .

Pacuer Ji1s1 TOPOJICKMX MYHHITAIATIBHBIX 00pa30-
BaHUU IPOU3BOAUIICS 10 HPOpMyJIe

Y =27.6 -0.0287-X —1.420-X,

rae Y, — HOpMaTHBHBIN IOKa3aTesIb — YHC/IO JKHUTe-
JieH, 00CITy;KUBaeMbIX OJTHOM TOPOZICKOM allTeKOM;

X — peanusanus JekapcTBeHHbIX cpecTs (JIC) u
MeauIMHCKUX usaenuii (M) B pacueTe Ha OHOTO
TOPOJICKOTO 2KUTEJIA 32 aHAIM3UPYEMBIH rof (ThIC.
py6.);

X, — unciio papManeBTUIeCKUX CIeIHaIICTOB C
BBICIIUM M CpeJIHUM 00Opa3oBaHHWEM Ha 10 ThIC.
TOPOJICKUX JKuTesen (Jer.);

27.6 — MOCTOSIHHBIN KO PUIINEHT YpaBHEHUS;

0.0287 1 1.420 — K03dGULIEHTHI ITpU HaKTOPAX.

Pacuer 71 CeIbCKUX MYHUIIMTIAJIBHBIX 00pa3o-
BaHUU IMPOUBBOUIICS 10 POpMYyJIe

Y, =9.65-0.04773 -X3 + 1.475 -X4,

rae Y, — HOpMaTUBHbIM [OKa3aTesIb — YUCIO KUTe-
JIeH, 00CITy;KUBAaEMBIX OJTHOU CEJIbCKOU alTEKON;
X3 — peanusarnus JIC u MU B pacuere Ha OZHOTO
CEJIbCKOT'O JKUTEJIS 33 aHAIM3UPYeMBIH 1o (ThIC. Py0.);
X, — 4ucII0 Bpavell Ha 1000 CeJIbCKUX JKHUTeIeH;
9.65 — IIOCTOAHHBIN K03 DUITUEHT ypaBHEHN;
0.04773 11 1.475 — KO3 DUIIHEHTHI ITPH (PaKTOpaAX.
ITpy 3TOM YYWUTHIBAJIU, YTO JJIs IOBBIIIEHUS
¢usnueckoit  goctymHocTH — (apMalneBTHUEeCKOU
IIOMOIIX B CEJIbCKUX MYHUITUIIAJIBHBIX 00pa3oBa-
HUAX, B cooTBeTcTBUM ¢ Ilocranosienuem IIpaBu-
TEJIBCTBA OT 03.04.2020 T. N2 440 «O mpopjieHuu
JIeCTBUS pas3pelleHull M HHBIX OCOOEHHOCTSX B
OTHOIIEHUU PAa3pElINTeNbHON IeATEeJTbHOCTH B
2020—-2022 TO/AaX», MEIUIIMHCKHE OPTaHU3aIUU
TIOJTYYIUTH JINIEH3UN Ha (apMaIeBTUUIECKYIO JIesi-
TeJIbHOCTh B YIIPOIIEHHOM nopszke [6]. 9To mo3Bo-
JIUJIO B 2022 T. OCYIIECTBJIATh OTIIYCK JIEKAPCTBEH-
HBIX IIPENapaToB uepe3 060cobIeHHbIEe TOApa3Iesie-
HUA MEIUIIMHCKUX OpraHusanui (ambysiaTopuw,

the country as a whole, there should be one phar-
macy per 8.5 thousand people; in the city — per
10.2 thousand, in the village — per 6.2 thousand peo-
ple), and comparison of the values obtained.

The calculation for urban municipalities was
made using the formula

Y, =27.6 -0.0287- X —1.420-X,,

where Y is standard indicator: the number of resi-
dents served by one urban pharmacy;

X is sales of medicines and medical devices per
city resident for the analyzed year (thousand rubles);

X, is number of pharmacists with higher and sec-
ondary education per 10 thousand urban residents
(people);

27.6 is constant coefficient of equation;

0.0287 u 1.420 are coefficients of factors.

The calculation for rural municipalities was made
using the formula

Y,=9.65-0.04773 - X, + 1.475 - X,

where Y, is standard indicator: the number of resi-
dents served by one urban pharmacy;

X, is sales of drugs and medical devices per rural
resident for the analyzed year (thousand rubles);

X, is number of doctors per 1000 rural residents;

9.65 is constant coefficient of equation;

0.04773 u 1.475 are coefficients of factors.

At the same time, it was taken into account that
in order to increase the access to pharmaceutical
care in rural municipalities, in accordance with
Government Decree No. 440 of April 3, 2020 “On
the extension of permits and other features regard-
ing licensing activities in 2020-2022,” medical
facilities received licenses for pharmaceutical activ-
ities under a simplified procedure [6]. This made it
possible in 2022 to dispense medications via sepa-
rate divisions of medical organizations (ambulance
station, medical station and medical and obstetric
station, centers (departments) of general medical
(family) practice) in the absence of pharmacies in
rural settlements.

Another Government Decree dated March 12,
2022 No. 353 “On the specifics of licensing activi-
ties in the Russian Federation in 2022 and 2023”
also establishes changes in the licensing procedure,
which simplifies the procedure itself and helps
increase the accessibility of pharmaceutical care in
rural areas.

RESULTS AND DISCUSSION

The Herfindahl-Hirschman index we calcu-
lated for 2021 was 427.69 which is significantly
less than 1000. This allowed us to determine that
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denpamepckue u QeapAnIepcKo-aKyIepcKyue MyH-
KTbI, IeHTpbl (OoTHeneHusi) oOIEed BpayeOHOU
(ceMeifHOI) MPAKTUKHU) TIPU OTCYTCTBUHU B CETBCKUX
HaceJIEHHBIX ITyHKTaX allTeYHbIX OpraHU3aIHH.

Ewme oxuo Ilocranosienue IlpaBuresnbcTBa OT
12.03.2022 N¢ 353 «O6 0COOGEHHOCTSX pa3zpelu-
TEeJILHOU JiesiTesTbHOCTU B Poccuiickont @enepanuu B
2022 ¥ 2023 rojiax» TakyKe yCTaHABJIMBAET U3MeHe-
HUS B MPOIEAYPE JUIEH3UPOBAHUS, YTO YIIPOIIAET
caMy TpOLEAYpPY, CIIOCOOCTBYET  IOBBIIIEHUIO
JIOCTYITHOCTH (PapMaIneBTHYECKON IMOMOIIU B CEJTb-
CKHUX HACEJIEHHBIX IMYHKTAX

PE3YJ/IBTATDBI 1 OBCY KAEHUE

PaccuntaHHBIE HaMu WHJIEKC XeppuHpais —
XupiiMasa 3a 2021 T. COCTaBUJII 427.69, YTO 3HAUU-
TEJIbHO MEHbIIe 1000. TO MO3BOJIUJIO YCTAHOBUTD,
gro (hapMalleBTHYECKUH PBHIHOK Poccuu sBisieTcs
HU3KOKOHIIEHTPUPOBAHHBIM, HU OJHA amnTedHas
ceTh He WMeeT 3HAUeHUs JO0JU PhIHKA 35 % U He
MOKET HMETh JIOMHHUPYIOIIETO IIOJIOKEHUS Ha
PBIHKE B cooTBeTCcTBUH ¢ DelepaibHBIM 3aKOHOM OT
26.07.2006 N? 135-®3 «O 3amuTe KOHKYPEHLIIUU»,
II03TOMY HOPMBI aHTHMOHOIIOJIBHOTO PETYJIMPOBa-
HUS PHIHKA HEe IPUMEHUMBI B HACTOsAIIEe BpeMs, a
3HAYMT, U 3aKOHOJIATEJILHOTO PEryJIUPOBAaHUSA Orpa-
HUYEHUS YUCJIEHHOCTH alITEYHBbIX OPTAaHU3AIUH HET.

ITo naunawiM cepBuca 2I'MiC B 2021 . B T. HoBOCU-
OUpCKe OCYIIECTBIsIN  (PapMaIeBTUUECKY0 Jiesi-
TesbHOCTh 937 AO, uTo cocrassisieT 63.6 % oT 00111ero
ux Kosimuectsa B HoBocubupckoii obactu. B ocHOB-
HOM amlTeKH PaCIOJIOKeHbl B IEHTPAJIbHOU YaCTH
ropojia ¥ Ha OCHOBHBIX TPAHCIIOPTHBIX MarucTpa-
JISIX — B MeCTax ¢ 60Jiee BHICOKUM TpabUKOM KJIMEH-
ToB (puc. 2). [Ipu 5TOM 3aMeTeH SIBHBIH JepUITUAT
anTexk B yacTHOM cektope T. HoBocubupcka. bosee
paBHOMeEpHAsA CUTyaIlusl B MUKPOpPaHOHaX BBICOKO3-
TAYKHOU 3aCTPOUKH — HO J]a’Ke TaM 3a9acCTyI0 allTEKN
HaXOJISITCS PSAJIOM JIPYT C IPYTOM, HalIpuMep BOJIU3H
OCTaHOBKU 00III€eCTBEHHOTO TPAHCIIOPTA.

Ha Ttepputopuu HoBocubupckoii obiactu pas-
MeleHbl Bcero 535 AQO, HA KOTOpble HMPUXOJUTCS
qyTh O0Jiee 589 ThIC. YeJsI. HaCeIeHU .

Taxk ke, kak u 6obnHCTBO AO Pocenu, — mpak-
THYECKU BCE U3 HUX IPUHAJIEKAT K TOU WJIU HHOU
anreyHol cern. HanboJsiee pacipoCcTpaHeHbl CIey-
IOIIlKe anTeuHble ceTH — « HoBocubupcekast anteuHast
ceTh» (93 pmimana), «Papmakorneiika» (56 punua-
joB), «Hosb 6onb» (54 dunnana), «AmnTeka OT
cxtana» (53 dummana), «O3epku» (39 punmuanosn),
«Pamyra» (32 dwinana), «dmenbBeiic» (30 dumna-
J10B), «Mesoaus 310poBbsi» (27 duntnanos), «Iap-
MOHHA 370poBbsi» (21 ¢dunuan), «CII-papm»
(19 dmmanos). Ha /oo anTek TOJBKO BBIIIEYKa-

the Russian pharmaceutical market is low-con-
centrated; no pharmacy network has a market
share of 35% and cannot have a dominant posi-
tion in the market in accordance with the Federal
Law of July 26, 2006 No. 135 “On the Protection
of Competition,” therefore, the standards of anti-
monopoly regulation of the market are not appli-
cable at the present time, which means that there
is no legislative regulation of limiting the number
of pharmacies.

According to the 2GIS app data, in 2021, 937 phar-
macies carried out pharmaceutical activities in
Novosibirsk, which is 63.6% of their total number in
the Novosibirsk region. Pharmacies are mainly
located in the central part of the city and on major
traffic routes — in sites with higher customer traffic
(Fig. 2). At the same time, there is a clear shortage of
pharmacies in the areas of detached housing of
Novosibirsk. The situation is more uniform in high-
rise residential areas — but even there, pharmacies
are often located next to each other, for example,
near public transport stops.

On the territory of the Novosibirsk region there
are 535 pharmacies, which account for just over 589
thousand people.

Just like most pharmacies in Russia — almost
all of them belong to one or another pharmacy
network. The most common pharmacy networks
are the following: Novosibirskaya Aptechnaya
Set’ (93 branches), Pharmacopeyka (56 branches),
Nol’ Bol’ (54 branches), Apteka ot Sklada
(53 branches), Ozerki (39 branches), Raduga
(32 branches), Edelweiss (30 branches), Melo-
diya Zdorovya (27 branches), Garmoniya Zdoro-
vya (21 branches), SP-pharm (19 branches). The
share of pharmacies of the abovementioned net-
works alone accounts for 45.3% of the total num-
ber of pharmacies in the city.

The calculated average value of the actual number
of people per pharmacy in different districts of the
city of Novosibirsk was 26.26 thousand people. The
obtained quantitative values of normative indicators
were compared with the actual number of residents
served by one pharmacy. The calculation results are
presented in Table. 1.

As we see from Table 1, the smallest number of
population per pharmacy is observed in the Cen-
tralniy district. Pharmacy’s profitability in the
Centralniy district is ensured by a high consumer
traffic on weekdays and the proximity of office
buildings. Based on the data obtained, we can con-
clude that in each of the districts of Novosibirsk,
the number of population per pharmacy is 10—15
times less than the standard values calculated
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Puc. 2. Pacriosio’keHre anTeuHbIX OpraHu3anyi Ha kapre r. HoBocnbupceka (ckpunmor kaptsl 2I'VIC)
Fig. 2. Location of pharmacies on the map of Novosibirsk (screenshot of the 2GIS app map)

3aHHBIX CETeH MPUXOAUTCA 45.3 % OT 06IIero yucia
AO B ropoge.

PaccunTanHoe cpenHee 3HaueHNe PAKTHIECKOTO
KOJIMYECTBA HACEJIEHUS, MPUXOIAIIETOCA HA OJIHY
anTeKky B pasHBIX pailioHax ropoza HoBocmbOupcka,
COCTaBUJIO 26.26 TbIC. ues. [losyueHHBIE KOJTUYeE-
CTBEHHBIE 3HAUYEHUs HOPMATHUBHBIX IIOKa3aTeJlen
CPaBHUBAINCH ¢ PAKTUUECKUM KOJIUYECTBOM KUTeE-
Jiel, obcmykuBaeMbix ojiHoU AQO. PesyspraThl pac-
YETOB MPEJICTABJIEHBI B TA0J. 1.

Kak BusHO 13 TabJ1. 1, HAMMEHbIIIee KOJIUIECTBO
HacesieHus: Ha ojiHy AO HaOogaercs B LleHTpaib-
HOM pairone. ITpubputbHOCTH paboTsr AO B IleH-
TPAJIbHOM palioHe 00ecIieunBaeTCs 3a CUET BBICO-
KOTO TpaduKa noceTutesiedl B Oy/iHUE THU U OJIU3-
KOT'O PacCIIOJIOKEHUS JIEJ0BBIX IIeHTPOB. Ha ocHOBe
MOJIyYeHHBIX JAHHBIX MOKHO CJIeJIaTh BBIBOJ, UTO B
Ka’KJIoM U3 parioHOB T. HoBocHOMpCKa KOJTMUECTBO
HaceJieHus, npuxozsiieecs Ha ogHy AO, B 10—15 pa3
MeHbIIle HOPMaTUBOB, PACCUUTAHHBIX 110 MeTOAYe-
ckuM pexkomeHmauusm M3 P®. Ilpu coxpansio-
IUXCS TEHAEHIUAX Pa3BUTUs (hapManeBTHUECKOTo
PBIHKA OTCYTCTBHE KOHTPOJIA 32 POCTOM KOJIMYECTBA
AO MOKeT IIpUBECTH:

according to the Guidelines of the Ministry of
Health of the Russian Federation. With ongoing
development trends in the pharmaceutical market,
lack of control over the growth of the number of
pharmacies can lead to:

« unavailability of medicines;

« paradoxical rise in medication prices;

« reduction in the quality of pharmaceutical care
to the population;

« excessive pressure to purchase medicine;

« consolidation of pharmacies into pharmacy net-
works.

Next, we carried out similar calculations for
those municipalities of the Novosibirsk region for
which data were obtained from the Medical Infor-
mation and Analytical Center of the Novosibirsk
region (Table 2). The calculated value of the actual
number of population per pharmacy in the munici-
palities of the Novosibirsk region was 15.321 thou-
sand people.

As can be seen from Table 2, in the work settle-
ment of Koltsovo, there is a correspondence between
the number of pharmacies and the number of resi-
dents. In other respects, there is also an excess of
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Ta61mua 1. PeByJIbTaTbI ucciaeg0oBaHudA (baKTI/I‘-IeCKOFO KOJIN4€eCTBA HACeJIeHUd, NpUuxoaduerocd Ha ogHy aliTe4HYyrO

opranusanuto (AO), no palioHam r. HoBocu6upcka

Table 1. Study results of the actual number of people per pharmacy by districts of Novosibirsk

HopmaTtuBHOe
dakTu- = CooTBeTCTBUE
YucaeH- dakTu- 4YHCII0 XKUTeJIEH, PacueTHas
yecKas pac4yeTHBIM
HOCTb yecKoe 06CIy)KMBaeMbIX  Harpyska Ha
Harpyska Ha - HOPMaTHBHBIM
. HaceJIEHUS, KOJIM4YECTBO oaHoM AO, AO, ThIC. YeJI.
Paiion AO, ThIC. YeJI. . NoKa3saTeJ/JsiM
. ThiC. yesr.  AO ThIC. YeJI. Design load .
District . Actual load Compliance
Population, Actual Standard number on pharmacy, _ .
on pharmacy, . with calculated
thousand amount of of residents served thousand
. thousand standard
people pharmacies by one pharmacy, people o
people indicators
thousand people
Jl3ep>KUHCKUI 174.36 110 1.585 20 26.26 Het
Dzerzhinskiy
Kenesnomopoxuelt 64.97 87 0.746 20 26.26 Het
Zheleznodorozhniy
3aeJIbIIOBCKUM 149.1 114 1.313 20 26.26 Het
Zaeltsovskiy
KanuHuHCKUH 200.7 117 1.715 20 26.26 Het
Kalininskiy
Kuposckuit 186.41 136 1.37 20 26.26 Het
Kirovskiy
JleHUHCKUI 302.803 183 1.654 20 26.26 HeTt
Leninskiy
OKTAOPBCKUH 225.879 151 1.495 20 26.26 Het
Octyabrskiy
[lepBomakickuii 87.91 50 1.758 20 26.26 Het
Pervomaiskiy
CoBeTcKuH 141911 70 2.027 20 26.26 Het
Sovetskiy
LleHTpasbHbIN 78.8 121 0.65 20 26.26 Het
Centralniy

® K QUBUUECKOU HEOCTYITHOCTH JIEKAPCTBEHHBIX
MpernapaTos;

® 11apaI0KCAIbHOMY IIOBBIIIIEHHIO IIEH Ha JIeKap-
CTBEHHBIE IIPEnaparhl;

® CHIDKEHHIO KauyecTBa
IIOMOIIY HACEJIEHUIO;

® Ype3MEPHOMY HAaBA3BIBAHUIO MPUOOPETEHUS
JIEKapCTBEHHBIX CPEJICTB;

o KoHcosmpanuu AO B aITEUHBIE CETH.

Jlasiee HaMU NMPOBeZIEHbl AHAJIOTUYHBIE PACUETHI
JUIST TeX MYHHIUIAJIbHBIX oOpasoBaHuii HoBocu-
Oupckou 00J1acTH, /ISl KOTOPBIX OBLIN MOJIyYeHBI
nanguble 'BY3 HCO «Menunuackuil mHGOpMAI-
OHHO-aHAJTUTUYECKUH IeHTp» (TabJ1. 2). Paccuuran-
HOe 3HaueHHe (PaKTUUECKOrO0 KOJMYEeCTBA Hacese-
HUS, TPUXOSAIIETOCS Ha OJHY anTeKy B MYHHUIIHU-
MaJIbHBIX 0O0paszoBaHuax HoBocubupckoit obiacTwy,
COCTaBUJIO 15.321 ThIC. YEJI.

Kak BuzHO 13 TabJ1. 2, B p.1. KosbiioBo Habs10/1a-
€TCsI COOTBETCTBHE KOJIMUECTBA AlTEK YKCITY JKUTe-
Jed. B ocTtasibHOM Tak»Ke MMeeTcs H30BITOK allTek,
HO 37iech OoJiee oueBHUIeH AucbaaHe pa3MeleHus,
TaK Kak OOJIBIITMHCTBO allTEK PACIIOJIOKEHBI B paii-

dapmarneBTHUECKOT

pharmacies, but here the location imbalance is more
obvious, since most pharmacies are located in
regional centers, reducing the access to medicinal
care in rural settlements, especially in those remote
from district centers.

We also found that all central district hospitals
of 30 municipalities of the Novosibirsk region have
licenses for pharmaceutical activities for storage,
retail sales and dispensing of drugs. The total
number of drug dispensing outlet — structural
divisions of medical facilities is 1013. The number
of dispensing outlets varies from 17 to 56, with the
largest number located in the Tatarskiy, Toguchin-
skiy, Iskitimskiy municipal districts — more than
50, and the smallest — in the Kochkovskiy munici-
pal district — 17.

CONCLUSION

The study showed that the pharmaceutical mar-
ket in the Novosibirsk region is low-concentrated,
and at the same time, the uneven distribution of
pharmacies is increasing — an excess in urban
municipalities and a shortage in rural ones, which,
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Ta6smmna 2. Pe3ysbTaThl HCC/iej0BaHUSA GpaKTUIECKOT0 KOJIMUECTBA HAceJIeHUs, TPUXO/SAIIErocsl Ha O HY allTeYHYO
opraHuzanuio (AO) no MyHUIMNIATbHBIM 06pa3oBaHusiM HoBocu6UpCcKoi o61acTu
Table 2. Study results of the actual number of population per pharmacy in municipalities of the Novosibirsk region

dakTH- HopMmaTuBHOe CooTBeTCTBHE
- PacyeTHas
DaKTH- Yeckas YHCJI0 XKUTeJIel, Harpvakaga  PACIETHBIM
YucaeHHOCTh Harpyska 06C/Ty>KMBaeMbIX py: HOpMa-
4eckoe - aNTeYHYIH0
HaceJIEHUS, Ha AO, Teic. oaHoM AO, THUBHBIM
MyHHIMnaJibHOE KOJIUN4eCTBO ceTb, ThIC. YeJl.
TBIC. YeJl. 4eJ1. TBIC. YeJl. . NnoKasaTesaM
o6pa3oBaHue . AO Design load on .
L. Population, Actual Standard number Compliance
Municipality Actual . a pharmacy .
thousand load on of residents served with
amount of network,
people harmacies pharmacy, by one pharmacy thousand calculated
p thousand network, thousand standard
people s
people people indicators
r. bepack 103.58 47 2.204 13 15.321 Het
Berdsk, town
r. Uckutum 56.6 31 1.83 12 15.321 Het
[skitim, town
Berdsk, town
p.n. Kosibyoso 164.67 11 14.97 13 15.321 Jla
Koltsovo, work
settlement of
KosibiBaHCKU 24.043 5 4.81 6.2 15.321 Het
paiion
Kolyvanskiy district
KoueHeBckuit 46.129 19 2.427 6.2 15.321 Her
paiion
Kochenevskiy
district
MoLIKOBCKUH 42.145 18 2.34 6.2 15.321 Het
paiion
Moshkovskiy
district
OpabiHCKUH palioH 35.94 17 2.114 6.2 15.321 Het
Ordynskiy district
ToryuynHckumn 56.63 25 2.265 6.2 15.321 Het
paiion
Toguchinskiy
district
YepenaHOBCKHUM 47.551 15 3.17 6.2 15.321 Het
paiion
Cherepanovskiy
district

OHHBIX IIEHTpaX, YMEHbIasl JOCTYITHOCTb JieKap-
CTBEHHOM IIOMOIIM B CEJIbCKHX IIOCEJIEHMAX, TEeM
0oJiee B OTAAJIEHHBIX OT PAHOHHBIX I[EHTPOB Hace-
JIEHHBIX ITyHKTaX.

Takske HAMU YCTAaHOBJIEHO, UTO BCE IEHTPAIbHbIE
paiioHHbIe OOJTBHUIBI 30 MYHHUIIUIAIBHBIX 00pa30-
BaHuid HoBocuOUpCcKoW 001aCTH UMEIOT JIUIIEH3UH
Ha dapMaIeBTUUECKYIO IesITeTbHOCTh B YACTH Xpa-
HEHUs, PO3HUYHON TOPrOBJAM M OTIIycKa JieKap-
CTBEHHBIX IpEnapaToB i MEIUIIUHCKOTO IIpHUMe-
Henwus. Obliiee KOJIMUECTBO IIYHKTOB OTIIYCKA JIEKap-
CTBEHHBIX IIPEIIAPATOB — CTPYKTYPHBIX MO paszese-
HUH MeTUIMHCKUX OPTaHU3aIUN COCTABJIsSET 1013.
KosinuecTBO IMyHKTOB OTIIyCKa BapbUPYET OT 17 0
56, TP TOM HAaUOOJIBIIIEE UX KOJTUYECTBO PACIIOJIO-

in turn, leads to adverse consequences: difficulty
in providing medicines, paradoxical increase in
prices, loss of the main function — providing phar-
maceutical care to the population. Most pharma-
cies are part of pharmaceutical network structures.
Without controlling the growth of pharmacy net-
works, it is possible that individual pharmacies
will be squeezed out, and the risk of monopoliza-
tion of the retail sales in the Russian pharmaceuti-
cal market increase. It is necessary to optimize the
location of pharmacies to increase the accessibility
of medicines.
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s)keHo B Tarapckom, ToryumHckom, VICKUTHMCKOM
MYHUITUITATBHBIX palioHax — 6oJiee 50, a HAMMEHb-
mee — B KOUKOBCKOM MyHUIIHIIAJIBHOM palioHe — 17.

3AK/IOYEHUE

B pesysipTaTe IpOBeZIeHHOTO UCCIIeJ0BAHUSA YCTa-
HOBJIEHO, 4YTO (papmaneBTudyeckuii peiHOKk HCO
ABJIAETCA HU3KOKOHIIEHTPUPOBAHHBIM, U IIPU 3TOM
yCUJIMBaeTCs HepaBHOMepHoOe pacipesesnerue AO —
U30BITOK B TOPOJICKUX MYHUIIMIIAJIBHBIX 00pa3oBa-
HUAX U HEJIOCTAaTOK B CEJIbCKUX, YTO, B CBOIO OYe-
penp, OPUBOAUT K HEeOJIATONPHUATHBIM IIOCTIENI-
CTBHAM: 3aTPYJHEHUIO JIEKADCTBEHHOIO obecreve-

CIITNCOK JINTEPATYPbDI

1. RNC Pharma mpencrasisier o6HoBienue BJI. Ilepe-
much anTek B Poccun 3a iekabpb 2020 1. URL: https://
rncph.ru/news/25_02_2021 (mata  obpareHus:
11.08.2023).

2. ACHA. Acconuanus HezaBucuMbIx antek ACHA pac-
CKazajia, KOMY BBITOJHO W30BITOYHOE KOJIMUECTBO
anrek B Poccuu. URL: http://promrf.ru/text/100931.
html (ata o6parenus: 11.08.2023).

3. /Jorysosa B., KasmHoBckas E. KosinuecTBo 0AMHOYHBIX
amnTeK MOCTOSIHHO pacreT // ®apManeBTHYECKU BeCT-
Huk. 2021. URL: https://pharmvestnik.ru/content/
news/Kolichestvo-odinochnyh-aptek-postoyanno-
rastet.html (maTa o6pamenus: 11.08.2023).

4. O mnpuHOUIAX pasMelneHus (dapMaleBTUUeCKUX
(amTeyHBIX) OpPraHU3alMil M HOPMATHBAX PAa3BUTHS
CeTH alTeK, OOCIYyKUBAIOIIUX HacejaeHue. Meromu-
YecKrue PEeKOMEHJAIUHU I TMPAKTUUECKUX U Hayd-
HBIX paboTHHUKOB NO 97/111 (yrB. MuH3gpaBom P®
16.10.1997). URL: https://base.garant.ru/4179038/
(mara obpareHus: 11.08.2023).

5. DSM Group. PedTHHr anTeYHbIX CETEd IO UTOTaM
2021 r. URL: https://dsm.ru/news/2163/ (mara obpa-
IIeHus: 11.08.2023).

6. O npojjieHuH AeCTBUSA Pa3pelleHnii U HHbIX 0CO0eH-
HOCTSIX B OTHOIIIEHUH Pa3PEIIUTETbHOM eI TeIbHOCTH
B 2020—2022 rozax: IlocranosieHue [IpaBuTeILCTBA
0T 03.04.2020 T. N2 440. URL: https://docs.cntd.ru/
document/564603690 (naTa obparienus: 11.08.2023).

CBEJAEHUNA Ob ABTOPAX

BopucoBa Oubra AsiekcaHapOBHA — KaHz. dapma-
LIeBT. HayK, /IOLleHT KadeJ[pbl yIpaBJeHUus U SKOHO-
MUKHM apManuy, MeAUIMHCKOro U (apManeBTH-
yeckoro ToBapoBezieHuss ®TBOY BO «HoBocubup-
CKHUU TroCyZJapCTBEHHBIN MEIUITUHCKUN YHUBEPCUTET»
Munsapasa Poccun, HoBocubupck, Poccus.

Jxynaposa Mpuna AslekceeBHa — J-p (apManesT.
HayK, JIOLIeHT, 3aBe/ylonuil kadeapoil ynpasjieHus u
SKOHOMHUKHU (papManuu, MeJUITUHCKOTO U ¢dapMares-
Tryeckoro ToBaposenienus ®I'6OY BO «HoBocubup-
CKUU TOCYZapCTBEHHBIH MEAUIIMHCKUN YHHUBEPCUTET»
Munszgpasa Poccnu, HoBocubupcek, Poceus.

60

HHsA, [1apa/IOKCaJIbHOMY IIOBBIIIEHUIO IIE€H, yTpaTe
[JIaBHOH QYHKIHNY — OKa3aHUs GapMaIeBTUIECKOH
oMoIIy HacesjeHuio. BoabmuHeTBO AO ABIISAIOTCA
CeTEBBIMU CTPYKTypaMu. bes3 KOHTpoJIA pocTa anTey-
HBIX CETEH BO3MOKHO BBITECHEHUE OIUHOYHBIX AO 1
[IOBBIIIIEHNE PHUCKA MOHOIOJIM3AIUN PO3HUYHOTO
cekTopa apMareBTUIeCcKoro phiHKa Poccuu. Heo6-
XOZIUMa ONTUMU3AIUA pasMeIleHUs alTeuHbIX
OpraHU3aIU JJ18 HOBBIIIEHU QU3UUECKOH JI0CTYII-
HOCTH JIEKAPCTBEHHBIX ITPETIaPATOB.
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HN3yueHre BO3MOKHOCTH KOJIHUYECTBEHHOTO OIIpe/e/IeHUs
METALJICOAEPKAIIEr0 JIEKAPCTBEHHOT0 BEIeCTBAa B IPUCYTCTBUHU
META/LINYECKHX MpUMecel Ha nmpuMepe papMalneBTHIEeCKOH
CyOCTAaHIIIH BHCMYTa CyOCa/IUINIaT

A.A. Busep, E.A. IBanOBCKaA

@I'bOY BO «Hogocubupckuil 2ocydapcmeettblit meduyuHckull yHugepcumem» Munadpasea Poccuu

AHHOTAIIUA

BBeeHUue. AHaIU3 MeTaUIOB B papMaleBTHUECKOH IPAKTHKE UCIIOIb3YeTCs KaK JJIsl KOJIMIECTBEHHOTO OIIpesie-
JIEHUsI OCHOBHOTO BEIIIECTBA, TAK U IIPU UCCJIEIOBAHNH HIIEMEHTHBIX IpUMecel. /IJIs1 MeTayIcoiepKaliiX JeKapCTBEHHbBIX
CPEZICTB OUEeHb BaXKHO, YTOOBI METOUKY aHATN3a ObUTH CIennUIHBIMH U JINIIIEHHBIMH MEIAIONIETO BIUSHUS 2JIEMEHT-
HBIX IPUMeceH.

IT e 1 b . V3ydyeHHe BIMSAHUS DJIEMEHTHBIX IPUMeCEH Ha KOJIMYECTBEHHOE OIpeziesieHre (papMalieBTHIeCKOH cyOcTaH-
MY BUCMYTa CyOCaTUIIHIAT.

MaTepuanb U METOJBHl . BKauecTBe HCIBITYeMOro 00pasiia UCIOIb30BATIACH aKTUBHAs dapMalleBTuue-
CKas cyOCTaHINA BUCMYTA CyOCATMIIMIIAT, TOJIydeHHas IBYM: Pa3HbIMHU criocobamu. CTaHjapTHbIE 06pa3Iibl 3JIeMEHTHBIX
puUMecei MeJii, CBUHIIA U cepebpa rOTOBIIMCH B KOHIIEHTPAIUSX ¢ MAaKCUMAJIbHBIM COJIEP’KAaHMEM IIPUMeCeH COTJIacCHO
EBpomnefickoit ®apmaxornee. AHATIN3 IPOBOMIICS METOZOM HHBEPCHOHHOH BOJIBTAMIIEPOMETPUH.

Pe3ynbTart bl . BHeceHUe pAaCTBOPOB 3JIEMEHTHBIX IIPUMeCceH MeIH, CBHHIIA U cepeOpa KakK OT/AeJIbHO, TaK U CMECH
BCEX TPEX PACTBOPOB He BBI3bIBAET IOSBJIEHIS CUTHAIA HA BOJIbTAMIIEPOTPAMME, COOTBETCTBYIOIIETO TUKY BUCMyTa. IIpu
KOJINYECTBEHHOM OIpe/ieIeHny (hapManeBTHUECKOH CyOCTaHIIMHM BHUCMyTa CyOCATHIMIIAT 3HAYEHUS COOTHOIIEHUS
BBICOTHI IIMKA PaBHAIUCH WX OBLIN 6JIM3KH 100 %.

3akawueHHUe . IIpUcCyTcTBHE 2JIEMEHTHBIX IPUMECEH Me/IH, CBUHIIA U cepebpa He OKa3bIBAeT MEIIAIOIIEro BIIH-
SIHUS HA KOJTMYECTBEHHOE OIIpeiesieHre CyOCTaHIIMKM BUCMYTa CYyOCAIMITIIAT METO/IOM HHBEPCUOHHOW BOJIBTAMIIEPOME-
TPHH.

Kaoueesble ca08a: THBEPCUOHHAS BOJIBTAMIIEDOMETPH S, BUCMYTa CYOCATHITNIIAT, JIEMEHTHBIE IIPUMECH.

OOpasen murupoBaHua: Busep A.A., IBanoBckas E.A. V3yueHre BOBMOKHOCTH KOJTUYECTBEHHOTO OTIPE/Ie-
JIEHHUS MeTLJICOZIepKaIIero JIeKapCTBEHHOT'O BEllleCTBA B IPUCYTCTBUU MeTAINUECKUX IIpIMecel Ha IpuMepe dap-
MalleBTUUYECKOM cyOcTaHIUU BUCMyTa cybcanummiar // Journal of Siberian Medical Sciences. 2023;7(4):61-67. DOI:
10.31549/2542-1174-2023-7-4-61-67

Studying the possibility of quantification of a metal-containing
medicinal substance in the presence of metal impurities using
bismuth subsalicylate as an example

A.A. Vizer, E.A. Ivanovskaya

Novosibirsk State Medical University

ABSTRACT

Introductio n.The analysis of metals in pharmaceutical practice uses both for the quantification of an active
ingredient and for assessment of elemental impurities. For metal-containing drugs, the analytical methods must be specific
and free from the interference of elemental impurities.
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A i m . To study the influence of elemental impurities on the quantification of the pharmaceutical substance bismuth sub-
salicylate.

Materials and methods.Asa test sample the active pharmaceutical substance bismuth subsalicylate
was used obtained by two different ways. Standard samples of elemental impurities of copper, lead and silver were pre-
pared in concentrations with the maximum impurity content according to the European Pharmacopoeia. The analysis was
carried out by stripping voltammetry.

R e s ult s .Theaddition of solutions of elemental impurities of copper, lead and silver, either separately or as a mixture
of all three solutions, does not cause the appearance of a signal on the voltammogram corresponding to the bismuth peak.
When quantifying the pharmaceutical substance bismuth subsalicylate and comparing the peak height values, the ratio of
the indicators turns out to be equal or close to 100%.

Conclusio n.Thepresence of elemental impurities of copper, lead and silver does not interfere with the quantifica-
tion of the pharmaceutical substance bismuth subsalicylate by stripping voltammetry.

Keywords: stripping voltammetry, bismuth subsalicylate, elemental impurities.

Citation example: Vizer A.A., Ivanovskaya E.A. Studying the possibility of quantification of a metal-containing
medical substance in the presence of metal impurities using bismuth subsalicylate as an example. Journal of Siberian
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BBEJAEHUE

B cBsi3u ¢ MHOrooOpasueM NpUMEHEHHUS JieKap-
CTBEHHBIX CDEJICTB B MeauIluHe U (apmanuu Ha
MPOTSZKEHUM MHOTHX JIET MPOUCXOIUT HelpepbhIB-
HBIH ITOMCK HOBBIX UX HCTOYHUKOB. CEeroJiHs B IIpakK-
TUKE TPUMEHAIOTCA JIeKapCTBEHHbIE IIpernapaThl
PAa3JIMYHOTO MPOUCXOKEHUA, B TOM UKCJIE CHHTE-
THYECKOTO, OMOJIOTUYECKOTO HJIM MUHEPAJIBHOTO.

B kxauecTBe HCTOYHHMKOB METa/IJIOB B COCTaBe
JIEKapCTBEHHBIX IIPENapaTOB MOTYT BBICTYIAThb KaK
KOMITOHEHTBI COCTaBa, TaK U AJIEMEHTHbIE TPUMECH.
Kaxk usBecTHO, B cOCTaB abCOJIIOTHOIO OOJIBIIIMHCTBA
JIeKapCTBEHHBIX IIPEapaToB BXOAAT aKTUBHBIE (hap-
MareBTHYecKkre cybcraHmuu (0603HAUaeMble Kak
JIeACTBYIOIIME BelllecTBa), 00ycoBauBaoiue dap-
MaKOJIOTHYeCKyl0 3¢G@eKTHBHOCTh, W BCIIOMOTra-
TeJIbHbIE BEIECTBA, WUCIOJIb3yEMbIE JIJISI JIOCTHKE-
HUs TpeOyeMbIX XapaKTepUCTUK npemnaparta. 1 dap-
MaleBTHYECKHe CyOCTaHIIMH, M BCIOMOTATebHBIE
BEIIlECTBA MOTYT SIBJISIThCSI HCTOYHHUKAMH METAJLIOB.

Kpome TOrO, B JIEKAPCTBEHHBIX CPEJCTBAX BO3-
MOKHO MPHUCYTCTBHE DJIEMEHTHBIX IIpUMeceil. diie-
MEHTHBIMH IPUMECSMU SIBJISIOTCA TOTEHIIHATHLHO
TOKCHUYHbIE XUMUYECKUE BJIEMEHTHI, IIPUCYTCTBYIO-
1€ B OKPYKAaWIIeH cpele MpU IIPOU3BOJICTBE
JIEKAPCTBEHHOT'O CPEJICTBA, HO HE BXOJSAIIHE B €ro
coctaB. VICTOYHMKAMM DSJIEMEHTHBIX IIpUMecei
MOTYT OBITh BEIECTBA, A00aBsAeMble MPU ITPOU3-
BOJICTBE (HampuMep, KaTaJIu3aTOPbl WU PEAKTUBBI-
MeTaJIJIbI), IpuMecH (apMalleBTUUecKuX cyOcTaH-
[MH, BCIOMOTATEIbHBIX BEIECTB U BOJIBI, IPUMECH
U3 COCTaBa ITPOU3BOJICTBEHHOIO OOOpY/OBAHUS B
pe3yJbTaTe IepeHoca ¢ KOHTaKTHUPYIOIIEH MOBEpX-
HOCTH, a TaKKe KOMIIOHEHTBI YIIAaKOBKHU, KOTOPBIE
TIOSIBJISIIOTCST B IIPOIIECCE BHIMBIBAHUA [1].

INTRODUCTION

Due to the diversity of uses of drugs in the
fields of medicine and pharmacy, there has been a
continuous years long search for new sources.
Currently, medicines of various origin are used in
practice, including synthetic, biological or
mineral ones.

Sources of metals in the composition of medi-
cines can be both formulation components and
elemental impurities. As is well known, the vast
majority of medicinal products include active
pharmaceutical substances (active ingredients),
which determine pharmacological activity, and
excipients, which are used to achieve the required
characteristics of a preparation. Both pharmaceu-
tical substances and excipients may be sources of
metals.

In addition, medicines may contain elemental
impurities. Elemental impurities are potentially
toxic chemical elements present in the environment
during the drug manufacturing but not included in
its formulation. Sources of elemental impurities may
be substances added during manufacturing (for
example, catalysts or reagent metals), impurities of
pharmaceutical substances, excipients and water,
impurities from content of production equipment as
a result of transfer from the contacting surface, as
well as components of package that appear due to
leaching [1].

Currently, various methods of qualitative and
quantitative analysis used for metal-containing
drugs have been included in the State Pharmaco-
poeia. These methods are both chemical and
physicochemical [2].
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B nacrosmuit MomeHT B ['ocymapcrBenHyro ®ap-
MAaKOIIEI0 BHECEHBI PAa3JINYHbIE METO/IbI KAUeCTBEH-
HOTO U KOJWYECTBEHHOTO aHAIN3a, IPUMeHsIeMble
JUI  JIEKAPCTBEHHBIX  CPEZACTB,  COJEPIKAIIUX
MeTaJlIbl. /[aHHBIE METOBI ABJIAIOTCA KaK XUMUYe-
CKHUMH, TaK U GUBUKO-XUMHUYECKUMU [2].

dapmanieBTHUYECKas CyOCTaHITUA BUCMYyTa cybca-
JIMITAJIAT caMa 10 cebe ABJSETCA COeINMHEHUEM
MeTtasia. Kpome TOro, COIIacHO YacCTHBIM CTaThAM
EBpomeiickoii ®apmakonen u ®apmakomneu CIIIA,
JUIsL 9TOU CyOCTaHITUM HOPMHPOBAHBI CJIETYIOIITE
BJIEMEHTHbIE TIPUMECH — MeJlb, CBUHEIl U cepebpo.
Hopma EBpomnetickoii ®apmakornen HaxO[UTCA Ha
yYpoBHe He 6osiee 50, 20 U 25 PpM COOTBETCTBEHHO,
Torzaa kak Hopma ®@apmaxornieu CIIIA osiuHakoBa 71
BCeX TPeX 3JIEMEHTOB U PaBHA He 0oJiee 10 ppm Jist
KaXJ1010 [3, 4]. MeTo 1 KOJTMUeCcTBEHHOTO OTpeiese-
HUS B 00eUX CTaThsAX — KOMIUIEKCOHOMeTpus. I1pu-
CYTCTBUE DJIEMEHTHBIX IIPUMecell He MOXKET B CyIIle-
CTBEHHOH CTEIeHW IIOBJIMATh HA pe3yJabTaT KOM-
IJIEKCOHOMETPUYECKOTO TUTPOBAHUS, TaK KaK UyB-
CTBUTEIHHOCTh MOJOOHBIX METOUK HE HACTOJIBKO
BeJINKA.

C 1eJ1pI0 YCOBEPILIEHCTBOBAaHUA (apMaleBTuue-
CKOT'O aHaJIM3a BUCMyTa cyOcanumuiaTa Oblia pas-
paboTaHa MeTOIMKA €ro KOJIMUEeCTBEHHOTO OIpesie-
JIeHUs MEeTOJIOM WHBEPCHOHHOU BOJIbTaMIIEPOMeE-
Tpuu. J[aHHBIA MeTO/I aHATN3a B HACTOSIIIUA MOMEHT
He sABJisieTcs (papMaKOIEHHBIM, OJHAKO 00JasaeT
PAOM TPEUMYIIECTB, B YACTHOCTH, BBICOKOH UYB-
CTBUTEJBHOCTBIO, CIENU(GUIHOCTHIO U BO3MOXKHO-
CTHIO OJTHOBPEMEHHOTO aHAJM3a CMeced BeIeCTB.
Tak Kak IpU KOJIMUECTBEHHOM OIpejiesieHuu dap-
MaIeBTUYECKON CyOCTAaHIIMU NPOBOAUTCS AHAIU3
coZiep:KaHUs BUCMYTa, BAXKHO YCTAaHOBUTH, BJIUSAET
JIM TIPUCYTCTBYE BJIEMEHTHBIX IIPUMeCel Ha YPOBHE
HOpPMBI (hapMaKONEWHOH crernuuKaIuy Ha MOIy-
YeHHBIN pe3yJsIbTar.

ITEJIb UCCJIE/IOBAHUSA

W3yyeHre BIUSHUS 2JIEMEHTHBIX [pUMeCed Ha
KOJIMUECTBEHHOE OIIpe/iesieHre (hapMaleBTHIECKON
CcyOCTaHITMHU BUCMYTa CyOCaTHUIIIIIAT.

MATEPUWAJIbI 1 METO/IbI

B kauecTBe OOBEKTa HCC/IEOBAHUS MPUMEHS-
J1ach CyOCTaHINA BUCMYTA CyOCATUIIMIIAT ITPOU3BO/I-
ctBa ®I'BYH WHCTUTYT XUMHUU TBEpPZOTO Tejda U
MmexaHoxumuu Cubupckoro otzenenuss PAH
(UXTTM CO PAH), Poccusi, Toly4eHHasA C UCIIOJIb-
30BaHUEM JIBYX CITIOCOOOB cHHTe3a (0003HAUEHBI KaK
NXXTM-1 u UXXTM-2). Crioco6bI TTOIyYEHNS JaH-
HBIX (hapMaleBTUYeCKIX CyOCTaHITNH He IPeInoa-

The pharmaceutical substance bismuth sub-
salicylate is a metal compound itself. In addition,
according to the individual monographs of the
European Pharmacopoeia and the US Pharmaco-
poeia, the following elemental impurities are nor-
malized for this substance: copper, lead, and silver.
The European Pharmacopoeia reference value is set
at no more than 50, 20, and 25 ppm, respectively,
while the US Pharmacopoeia specifies the same
limit for all three elements and it does not exceed
10 ppm for each [3, 4]. The method of quantifica-
tion, specified in both monographs, is complexo-
metric titration. The presence of elemental impuri-
ties cannot significantly affect the result of com-
plexometric titration, as the sensitivity of such
methods is not high enough.

To improve the pharmaceutical analysis of bis-
muth subsalicylate, a method for its quantification
by stripping voltammetry was developed. Currently,
this method is not pharmacopoeial but has several
advantages, in particular, high sensitivity, specificity
and the ability to simultaneously analyze mixtures of
substances. Since quantification of the pharmaceuti-
cal substance involves an analysis of the bismuth
content, it is important to determine whether the
presence of elemental impurities at the level of the
pharmacopoeial reference value affects the result
obtained.

AIM OF THE RESEARCH

To study the influence of elemental impurities on
the quantification of the pharmaceutical substance
bismuth subsalicylate.

MATERIALS AND METHODS

An object of study was the substance bismuth
subsalicylate produced by the Institute of Solid State
Chemistry and Mechanochemistry (ISSCM) of a
Siberian Branch of the Russian Academy of Sciences,
Russia, obtained using two methods of synthesis
(codenamed ISSCM-1 and ISSCM-2). For obtaining
these pharmaceutical substances metal reagents or
catalysts did not use [5].

The measurements were carried out on a TA-4
voltammetric analyzer (Tomanalit LLC, Tomsk)
using VALabTX software supplied with the kit. The
analysis was carried out in a two-electrode cell, a
mercury film electrode (amalgam) was used as a
working electrode, and a silver chloride electrode
was used as a reference one.

All reagents had the qualification “chemically
pure” or “pure for analysis”.

Journal homepage: http://jsms.ngmu.ru
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raloT HCIOJb30BAaHUSA META/UTNYECKUX PEaKTUBOB
TN KaTaITu3aTopoB [5].

W3MmepeHus TPOBOJAMJINCH HA BOJIbTaMIIEPOME-
TpuueckoM a"anuzaTope TA-4 (OO0 «HIIII «Tomb-
aHaIUT», T. TOMCK) C UCIIOJIb30BAHUEM IPOrPaMM-
Horo obGecnedyenus VALabTX, mocraBisseMoro B
KOMILJIEKTe. AHAJIN3 OCYIIECTBJISAJICA B JIBYX3JIEK-
TPOJHOH sUeiiKke, B KayecTBe pabovero ajaekTpoza
HCIIOJIb30BAJICA PTYTHBIH IIJIEHOUHBIH DJIEKTPOZ
(amaspraMHBIN), B KadyecTBe 3JIEKTPOJA CpaBHe-
HUSA — XJIOPCEPEOPSHBIH.

Bce nmpuMeHsieMble peaKTHUBBI UMeJU KBATU(DU-
KaIUI0 «XUMUYECKH UHCTBIM» WM «YUCTBIN MJIsd
aHaIM3a».

B KxauecTBe pacTBOPUTEJISI /IJIsl IPUTOTOBJIEHUS
pactBopa BHCMyTa cyOcayJMIiiiaTa W OCHOBHOTO
(OHOBOTO 3JIEKTPOJIUTA TPUMEHSJICA BOJHBIN pac-
TBOP, COZiep>Kaniuii 0.2 M a30THOU KUCIOTHI U1 0.2 M
HaTpUs HUTpPATA.

AHaJIM3 MPOBOJWJICA COIJIACHO [6] mpu ciiemyro-
IUX YCJIOBHUAX: IOCTOSAHHOTOKOBass ¢dopma pas-
BEPTKH, IOTeHIMAI 0.008 B, mowck moreHnmama
(mmamaszoH) 0.500 B, moreHIan nepemenTuBaHUA
1.100 B, morenmnuan ycrnokoenus 1.100 B. JlauTesnn-
HOCTH IMepeMeIIUBaHuA 30 C, JUINTEJIbHOCTh WHTE-
TPUPOBAHUSA 20 MC.

CraHzilapTHBIE PAcTBOPBI MEAM, CBUHIIA U cepe-
Opa OB MPUTOTOBJIEHBI ITyTEM PACTBOPEHUS METN
cynbdara, CBUHIIA HUTpATa ¥ cepedpa HUTpaTa COOT-
BETCTBEHHO B PACTBOpE a30THON KUCJIOTHI 6.5 % ¢
TIOCJIETYIONNM Pa3BeIeHUEM ITOJIyYeHHBIX PaCTBO-
POB TeM Ke pacTBOPHUTEJIEM 10 TpeOyeMOU KOHIIEH-
Tpanuu. YTOoOBI HCCIEAOBATh MAaKCUMAJIBHO BO3-
MOJKHOE COJlep;KaHue IIpUMecel, MCIIO0JIb30BaJIUCh
PacTBOPHI C KOHIIEHTpAI[Ued MeIH, CBHHIIA U cepe-
6pa 0.005, 0.002 1 0.0025 % (50, 20 u 25 ppm)
OTHOCHUTEJIbHO KOHIIEHTPAITUU BUCMYyTa CyOCaTUIIH-
JlaTa B UCIBITYEMOM PacTBOPE.

PE3YJ/IBTATBI 1 OBCYKIEHUE

JI7s1 OLleHKH BJIMSTHUSL 3JIEMEHTHBIX IpUMecei
MeJIH, CBUHIIA U cepedpa Ha KOJINYECTBEHHOE OIIpe-
JleJIeHre BUCMYTa aJIMKBOTHI CTaHJIJAPTHBIX PACTBO-
POB Mezu, CBUHIIA U cepebpa ObLTH BHECEHBI K POHO-
BOMY 2JIEKTPOJIUTY T10 OT/IeJIbHOCTHU. COIJIACHO ITOJTy-
YEHHBIM IAHHBIM, AaHAJIUTUYECKUH CUTHAJI, COOTBET-
CTBYIOIIIUH MWKy BUCMyTa, OBLI paBeH HYJIIO
(0.000 MKA) M1 KaKIOU B3JIeMEHTHOW ITPUMECH.
Kpome Toro, aHaJIOTHYHBIH Pe3ysIbTaT ObLT MOJIyYeH
IIPU BBEZIEHUH CMECH BCEX TPEX PACTBOPOB.

[TpoBeZieHO HCCIIEOBAHUE MEIIAIOIIEro BJIHSI-
HUA BJIEMEHTHBIX IIPUMecel IIPU COBMECTHOM IIPU-
CYTCTBUM B PacTBOpe C aHAJM3UPyeMOU cyOCcTaH-
nped. /171 5Toro nepBOHAYIHLHO OBLI ITOJIyY€eH CUT-

An aqueous solution containing 0.2 M nitric acid
and 0.2 M sodium nitrate was used as a solvent to
prepare a solution of bismuth subsalicylate and the
main background electrolyte.

The analysis was performed according to [6]
under the following conditions: direct-current
sweep, potential 0.008 V, potential range
0.500 V, mixing potential 1.100 V, damping
potential 1.100 V. Mixing duration 30 s, integra-
tion duration 20 ms.

Standard solutions of copper, lead and silver were
prepared by dissolving copper sulfate, lead nitrate
and silver nitrate, respectively, in a 6.5% nitric acid
solution, followed by diluting the solutions obtained
with the same solvent to the required concentration.
To study the maximum impurity content, solutions
with concentrations of copper, lead and silver of
0.005, 0.002 and 0.0025% (50, 20 and 25 ppm)
were used relative to the concentration of bismuth
subsalicylate in the test solution.

RESULTS AND DISCUSSION

To assess the influence of elemental impurities of
copper, lead and silver on the quantification of bis-
muth, aliquots of standard solutions of copper, lead
and silver were added separately to the background
electrolyte. According to the data obtained, the ana-
lytical signal corresponding to the bismuth peak was
equal to zero (0.000 pA) for each elemental impu-
rity. In addition, a similar result was obtained when
adding a mixture of all three solutions.

We carried out a study of the interfering inter-
ference of all three elemental impurities in the
solution with the test substance. For this purpose,
a signal from the background electrolyte was ini-
tially obtained, and then a signal from a solution
of the pharmaceutical substance bismuth sub-
salicylate was obtained according to the quantifi-
cation method. Then a spiked sample of the cor-
responding elemental impurity was added and
the procedure was repeated. The analysis was
also carried out by adding standard solutions of
copper, lead and silver simultaneously. A typical
voltammogram of a solution of bismuth sub-
salicylate with the addition of a mixture of stan-
dard solutions of elemental impurities is shown
on Fig. 1.

The interfering effect was assessed by the ratio of
analytical signals of bismuth subsalicylate (peak
height, pA) before and after introducing the addition
using the following formula: RPH =V _, / V, , where

ba’

RPH is the ratio of peak height values (%); V,, — peak
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Haj (OHOBOTO 3JIEKTPOJIUTA, 3aTEM CUTHAJ pac-
TBOpa (apManeBTHYECKOH CyOCTAaHIIUU BHCMYyTa
cybcaunuiIaT, IPUTOTOBJIEHHOTO COIJIACHO METO-
JIUKe KOJIMYEeCTBEHHOTO OIpe/ieJIeHNs. 3aTeM K JJaH-
HOU MmpoOe BHOCWIIM JIOOABKY CTaHJQPTHOTO pac-
TBOpPA COOTBETCTBYIOIIEH 3JIEMEHTHOU IMpPUMECU U
OBTOPsUIN aHatu3. Taxke aHaIN3 OBLT MPOBEAEH
IIpU BBEAEHUN CTAaHJAPTHBIX PACTBOPOB MeEH,
CBUHIIA ¥ cepebpa omHOBpeMeHHO. TUmnyHast BOJIbT-
aMIeporpaMma pacTBopa BUCMyTa CyOcaumuiaTa ¢
JI0OABKOU CMECH CTaHI[APTHBIX PACTBOPOB 3JIEMEHT-
HBIX IpUMecel moKa3aHa Ha puc. 1.

Memarotiee BIMSHIE OLIEHEHO 110 COOTHOIIIEHUTO
AHUINTHYECKUX CUTHAJIOB BHCMYTa cyOcayumuiaTa
(BbICOTA IIMKA, MKA) 10 ¥ IOCJIe BHECEHUA J00aBKHU

EJ Kanan A / Canal A

(PR BN

B ®on / Background
4

4.5
P
3.51
3]
251
2
1.5

iy, ot o
- 1 o o =~
R L T S

Tok [MKA] / Current [pA]

M Ipo6a / Sample

height after the addition (pnA); V,, — peak height
before the addition (uA). The results obtained (aver-
age values of three measurements) are presented in
Table 1. According to the data presented, the addi-
tion of elemental impurities does not significantly
affect the recovery of bismuth during quantification;
the ratios of peak height values in all cases were equal
to or close to 100%.

It should be noted that other electrodes or cells
are usually used to analyze these elemental impuri-
ties. For example, to determine silver on the devices
manufactured by Tomanalit LLC, a carbon-contain-
ing electrode is used, and to measure copper and
lead, a three-electrode cell is used (amalgam elec-
trodes are used as working electrodes, silver chloride

=101 ]

M [lo6aBka / Addition

in >

-0.4

—t—11
-0.2 2 0.2
Motennuan [B] / Potential [V]  [¥]

RO=lE

Puc. 1. BosipTamneporpamMmma pacTBopa HCIIbBITyeMOoro obpasna ¢ COBOKYITHOH J06aBKOU
CTaH/IapTHBIX 00pa3IIOB MeY, CBUHIIA U cepebpa
Fig. 1. Voltammogram of a solution of the test sample with addition all three standard samples of copper, lead and silver
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Ta6smmua 1. Pe3ysbTaT KOJIMYECTBEHHOTO OIIpe/ie/IeHUsl BUCMYTa CyOcaIMIMIaTa B UCIBITYeMbIX pACTBOPAX CyGCTaHLIUU

Jl0 ¥ IT0CJIe BHECEHUS J06ABKHU 3/IEMEeHTHbBIX IpUMecer

Table 1. The results of the quantification of bismuth subsalicylate in the test solutions before and after adding elemental

impurities
BbicoTa nuKa g0 BeicoTa nuka mocsie CooTHoLIEHHNE
BHECEeHUs J06aBKH, BHeCEeHHU: J06aBKH, 3HaYeHHH BBICOThI
LDz MKA MKA nuka, %
Addition . . b
Peak height before the Peak height after the The ratio of peak
addition, pA addition, pA height values, %
Hcnovimyemvlii o6paszey UXXTM-1 / ISSCM-1 sample
CrangapTHbIA pacTBop Meu 50 ppm 2.526 2.527 100.0
Standard solution of copper 50 ppm
CTaHJapTHBIN pacTBop cBUHIA 20 ppm 2.491 2.491 100.0
Standard solution of lead 20 ppm
CrangapTHBIA pacTBOp cepebpa 25 ppm 2.499 2.496 99.9
Standard solution of silver 25 ppm
OJlHOBpEMEHHOE BBeJIEHHE BCEX TPeX 2.515 2.518 100.1
CTaH/JapTHBIX PACTBOPOB
All three standard solutions simultaneously
Hcnovimyemvlii o6paszey UXXTM-2 / ISSCM-2 sample
CrangapTHBIA pacTBop Megu 50 ppm 2.618 2.615 99.9
Standard solution of copper 50 ppm
CtaHJapTHBIN pacTBop cBUHIA 20 ppm 2.631 2.633 100.0
Standard solution of lead 20 ppm
CTaHJjapTHBIN pacTBoOp cepebpa 25 ppm 2.621 2.634 100.5
Standard solution of silver 25 ppm
OZHOBpeMeHHOe BBeJleHHe BCexX Tpex 2.629 2.637 100.3

CTaH/ApPTHBIX PaCTBOPOB
All three standard solutions simultaneously

no crepyomein ¢opmyne: CBn = Bm / B,
rae CBi — COOTHOIIIEHNE 3HAaYEeHUH BBICOTHI ITHKA
(%); Bn, — BbICOTa MK [I0C/IE BHECEHUs n00aBKH
(MKA); Bi, — BbICOTa IIMKa /10 BHECEHUs] A00aBKH
(MxA). [TomyueHHbIe pe3yIbTATHI (CpeIHIE 3HAYE-
HUs TpeX HU3MEPEHUU) IpeCTaBJeHbl B TaOJ. 1.
CorstacHO IpUBEIEHHBIM JaHHBIM, BHECEHHE 00a-
BOK 3JIEMEHTHBIX IIPUMeECeH CyIeCTBEHHO He BJIH-
sIeT Ha U3BJI€YEHNE BUCMYTA IPHU KOJINYECTBEHHOM
OIpe/ie/IEHUU, COOTHOIIEHUSI 3HAUEHUH BBICOTHI
MMUKa BO BCeX CJydasX PaBHSJINCh WA OBLIH
O61u3KH| 100 %.

Heob6xomuM0 OTMETHUTh, UTO JJIs aHAIW3a JlaH-
HBIX DJIEMEHTHBIX IPUMECEeH 0OBIYHO MPUMEHSIOTCS
JIPYTHE 2JIEKTPOBI WK siueiiku. Tax, 7711 onpeaesie-
Hus cepebpa Ha mnpubopax mupowusBogctBa OO0
«HIIIT «TomMbpaHAIUT» UCIOJB3YIOT YIJIEPOACOAEP-
JKaIUH BJIEKTPO/I, a AJIsI aHAIN3a MeIU U CBUHIIA —
TPEX3JIEKTPOAHYI0 sIUeliKy (aMajbraMHbIE BJIeK-
TPOJIbI UCIIOJIB3YIOTCSA B KauecTBe pabouux, xjaopce-
pebpsiHble — KaK BCIIOMOTATEeJIbHbIE BJIEKTPObI U
BJIEKTPObI cpaBHeHU:A) [7]. JaHHBIN GaKT TOI0JI-
HHUTEJBHO CHIKAeT BEPOSITHOCTH MEIIAIOIIEro BJIH-
SIHUS B XO7Ie aHaIN3a.

electrodes — as secondary and reference electrodes)
[7]. This fact further reduces the likelihood of inter-
ference during the analysis.

According to the results obtained, when adding
copper, lead and silver in quantity of 50, 20 and
25 ppm, respectively, relative to the concentration of
bismuth subsalicylate in the test solution, there is no
signal on the voltammograms overlapping the bis-
muth signal during the quantification. The method
for the quantification of bismuth subsalicylate is spe-
cific and accurate for possible elemental impurities
of the substance.

CONCLUSION

During the study, it was found that the presence
of elemental impurities of copper, lead and silver at
the level of reference value of individual pharmaco-
poeial monographs does not interfere with the quan-
tification of the the substance bismuth subsalicylate
by stripping voltammetry.

Conflict of interest. The authors declare no
conflict of interest.
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CorytacHO TIOJIyYeHHBIM pe3yJibTaTaM, MPU BHeE-
ceHnu 0OABKU MeJI, CBUHIA U cepebpa B Komye-
CTBax 50, 20 U 25 Ppm OTHOCUTEJIFHO KOHIIEHTpPa-
MY BHCMyTa CyOCaJTMIIMJIAaTAa B HCIIBITYEMOM pac-
TBOpE Ha BOJIbTAaMIIEPOTPAMMAax OTCYTCTBYET CHI-
HaJI, HAKJIaJbIBAIOIINNCA HAa CUTHAJ BUCMYTa IPHU
KOJIMYECTBEHHOM OTpeziesieHnn. MeTo/iiKa Koudae-
CTBEHHOTO OIIpEeJIeJIEHUs] BUCMyTa CyOcayMIjuiaTa
ABJIAETCA cHeUUIHON U MPaBUJIHHON B OTHOIIIE-
HUM BO3MOJKHBIX 3JJIEMEHTHBIX IIPUMeced cyO-
CTaHIUH.
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AHTHUKOATryJISTHTHasA aKTUBHOCTHh TPAaBbl HOHEU PYCCKOM
(Nonea rossica Steven)

O.M. [Josnranosa, B.B. Besmuko, M.E. Kapramosa, K.1. Epmos, [I.C. Kpyrios

@I'BOY BO «Hosocubupckuil 2ocydapcmeetHbilil meduyuHckuil yHusepcumems» Munzdpasa Poccuu, Hosocubupck, Poccus

AHHOTAIIA

BBeseHUe. AHTHKOATYJSTHTHI BXOAAT B IPOTOKOJIBI JIEUEHHS Psiia 3a00I€eBaHUH CEP/IEIHO-COCY/TUCTON CUCTEMBI.
Nonea rossica Steven mpezcTap/sieT HayYHbIH UHTEPEC B KAUECTBE MCTOUHUKA OMOJIOTHYECKH aKTHBHBIX COEIUHEHUH,
00J1a/Taf0NUX CBOMCTBAMU HENIPSIMOTO aHTUKOATYJISTHTA.

Hens mcCccaenOBAaHUSI. V3ydeHHe aHTHKOATY/ISTHTHONW aKTHBHOCTH CyMMAapHBIX M3BJIEUEHUUN U3 TPABbI
HOHEU PYCCKOU.

MaTtepuanb U MeTO/bl . CyxXod 9KCTPAKT MOJIYyYaad U3 TPABBI C HCIIOJIB30BAHUEM 70% DTAHOJIA, 3aTEM
BKCTpareHT yAassuid. VcceieloBaHEe aHTUKOATYJITHTHOTO JEHCTBUSA TPOBOUIIH N vivo (36 KpbIc-camIoB TuHUU Wistar)
C UCIO0JIb30BAHUEM TPOTPOMOMHOBOTO TeCTa. B KauecTBe mpenapara cCpaBHEHHsI UCIIOJIb30BAIN Bap(dapuH B 7103aX, PEKO-
MEH/IOBAHHBIX NHCTPYKI[UEH 110 TPUMEHEHUIO.

Pes3ynbTart bl . McoieayeMblil 9KCTPAKT B 103€ 1.7 T'/KT MOKA3aJ1 aHTUKOATYJISTHTHYIO aKTUBHOCTbD, COTIOCTABUMYTO
C IIpernapaTroM cpaBHeHU: (IPOTPOMOUHOBOE BpeMs — 31.3 + 1.27 U 33.42 + 1.33 C COOTBETCTBEHHO).
3axknueHue. HoHesd pycckas — MePCIEKTHBHOE PACTEHHE /IS BHEPEHUs B MEAUIIMHCKYIO IPAKTUKY B Kade-
CTBe aHTHKOATYJITHTHOTO CPE/ICTBA HEMIPSIMOTO TUTIA JIEHCTBHS.
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BBEJAEHHNE

Vi3MeHeHUs B CHCTEME TEMOCTa3a UTPAIOT KJIIO-
YeByI0 IaTOT€HETUYECKYI0 POJIb IPU Pa3BUTHU
[aTOJIOTHYECKUX  COCTOSIHWHM, B  YacCTHOCTH,
CepZIeYHO-COCYAUCTOM cucteMbl (MHGPAPKT MHO-
Kap7ia, WHCYJIT, TpoMOoaMboauss u p.). IIporo-
KOJIBI JIeueHUsI 3a00JIeBaHUM, COMPOBOK/IAOIITUXCS
CKJIOHHOCTBIO K TpOM06006pa30BaHUIO, BKJIIOYAIOT
AHTHUKOATYJISHTHBIE CPEZICTBA. BBIEJISAIOT 2 IPyIIIbI
AHTHKOATYJISHTOB: IPsIMble — OBICTPOTO IEHCTBUS
(remapun), abdekTUBHbIE in Vitro U in vVivo, u
HempsMble (aHTarOHUCTHI BUTaMuHa K) — muresns-
HOTO AeiicTBusa (BapdapuH, GEeHUHANOH, alleHOKY-
MapoJI), JEUCTBYIOT TOJBKO N ViVO U MOCJIE JIATEHT-
HOTO IEPHO0/Ia, KOHKYPEHTHO WHTUOUPYIOT PemyK-
Tazy BuTaMuHa K, ueM TOPMO3ST aKTHBHPOBAHIE
[IOCJIE/IHETO B OpraHU3Me U OJIOKUPYIOT CHHTE3
K-BUTaMUH3aBUCUMBIX IUIa3MEHHBIX  (PAKTOPOB
remocrasa — II, VII, IX, X [1].

OJIHUM 13 OCHOBHBIX IIPEUMYIIECTB aHTHUKOATY-
JITHTOB HENPSIMOTO THIIA JEHCTBUS SABJISETCS BO3-
MOXKHOCTh WX JUINTEJIBHOTO IIPUMEHEHHs, YTO
[I03BOJISIET MIPOBO/IUTH HE TOJIBKO JIEYEHUE, HO U
npodWIAKTUKY TPOMOO30B U  TPOMOOIMOOTHUH.
CBoiicTBaMU aHTUKOATYJITHTA HEIIPSIMOTO JIEACTBUS
00J1a/1a10T COeZIMHEH NS HA OCHOBE 4-THIPOKCUKYMa-
puHa — auKyMapuH (3,3'-MeTHI-IH-4-TUAPOKCHU-
KyMapuH), CUHKyMap (4-Tumpoxcu-3-[1-(4-HuT-
podeHm)-3-0KCOOYTHII |-KyMapyH), Bapdapun
(4-runpoxcu-3-(3-okco-1-beHnI0yTHIT)-KyMapyH).
Ha cerofiHANMIHUI /IeHb B CTAH/IAPTAX JIEYEHUS HAU-
6oJiee IIMPOKO INpUMeHseTcs IpemnapaT «Bapda-
pun» [2].

VI3BeCTHBI AaHTUKOATYJISIHTHBIE CBOHCTBA pacre-
HUH, KOTOpbIe OOYCJIOBJIEHBI CO/IEPKAHUEM B HUX
[JIMKOTIENITUIOB U (DEHMIITPOTIAHOUIHBIX COETIHE-
HUH, GI1aBOHOUAOB U uX n30MepoB [2]. [Ipemapatsl
Ha OCHOBE IENTH/IHbIX COETMHEHUH SBJIAIOTCSA aHTH-
KOAryJITHTaMHU WpsMOro aeictBus [3] co Bcemu
mpucynMu UM Hepocratkamu. C TOYKHM 3peHUs
HMCTOYHUKOB OMOJIOTHYECKH aKTUBHBIX COEJUHEHUN
(BAC), oba/iaroIux CBOKMCTBAMU HEIIPAMOTO aHTH-
KOAryJISTHTA, IPEZICTABJISIOT HHTEPEC PACTEHUS PO/IA
Nonea cemeiictBa 6ypaunnkoBbie (Boraginaceae).
IIpencraButenu posa Nonea o61agaoT aHTUKOATY-
JISHTHBIMH [4, 5], TPOTUBOBOCIAJIUTETLHBIMH, ITPO-
TUBOMUKDOOHBIMU [6], TPOTHBOTPHOKOBBHIMH U
AHTHOKCHJIAHTHBIMH cBoiictBamu [7]. CymmapHbie
usBieuenusi u3 Nonea micrantha Boiss. & Reut.
OKa3bIBAIOT HHTUOUPYIOIIEE IeCTBUE HA alleTHUIIXO-
JIMHACTEpa3y U OYyTHPUIXOJIMHACTEPA3Y, UTO JIeJIaeT
ATOT BUJI IIEPCIEKTUBHBIM /151 GUTOTEPATINY HEBPO-
Jiorudeckux paccrporicts [8]. B Poccuu Haunbosee
YacTo BCTpevalTcs 5 BUAOB pozxa Nonea: HOHes

INTRODUCTION

Changes in the hemostatic system play a key
pathogenetic role in the development of pathological
conditions, in particular, the cardiovascular system
(myocardial infarction, stroke, thromboembolism,
etc.). Treatment protocols for diseases accompanied
by a tendency to thrombosis include anticoagulants.
There are 2 groups of anticoagulants: direct-acting
(heparin), effective in vitro and in vivo, and indirect-
acting (vitamin K antagonists) (warfarin, phenindi-
one, acenocoumarol), that act only in vivo and after
latency, competitively inhibit vitamin K reductase,
thus impeding the activation of the latter and sup-
pressing the synthesis of vitamin K-dependent fac-
tors II, VII, IX, X in the body [1].

One of the major advantages of indirect anticoagu-
lants is the possibility of their long-term use, which
allows not only treatment, but also prevention of
thrombosis and thromboembolism. Properties of an
indirect anticoagulant have compounds based on
4-hydroxycoumarin — dicoumarin (3,3’-methyl-di-4-
hydroxycoumarin), syncumar (4-hydroxy-3-[1-(4-
nitrophenyl)-3-oxobutyl]-coumarin), warfarin (4-hyd-
roxy-3-(3-oxo-1-phenylbutyl)-coumarin). To date,
warfarin is the most widely used in clinical practice [2].

Anticoagulant properties of plants are known.
This properties are due to the content of glycopep-
tides and phenylpropanoid compounds, flavonoids
and their isomers [2]. Peptide drugs are direct anti-
coagulants [3] with all inherent disadvantages.
From the viewpoint of sources of biologically active
compounds (BAC) with the properties of an indirect
anticoagulant, plants of the genus Nonea of the
Boraginaceae family are of interest. Representa-
tives of the genus Nonea have anticoagulant [4, 5],
anti-inflammatory, antimicrobial [6], antifungal
and antioxidant properties [7]. Total extracts from
Nonea micrantha Boiss. & Reut. have an inhibitory
effect on acetylcholinesterase and butyrylcholines-
terase, which mskes this species is promising for
herbal therapy of neurological disorders [8]. In
Russia, 5 species of the Nonea genus are most com-
mon: Nonea lutea Rchb. ex DC., Nonea flavescens
Fisch., Nonea rosea Link., Nonea caspica G. Don,
and Nonea rossica Steven, of which only Nonea
rossica Steven has an extensive distribution area
and a sufficient resource potential for harvesting in
our country [9]. Nonea rossica Steven is not used as
an officinal preparation because of the low level of
its study, however, taking into account the experi-
ence of folk medicine and phylogenetic affinity with
other species of the genus, it can be assumed that
anticoagulant properties are present in extracts
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sxentas — Nonea lutea Rehb. ex DC., HoHes »xeTero-
mast — Nonea flavescens Fisch., HoHest po3oBast —
Nonea rosea Link., HoHes Kacuwuiickasg — Nonea
caspica G. Don. u HoHes1 pycckasi — Nonea rossica
Steven, U3 KOTOPBIX TOJIBKO HOHEs PycCKas MMeeT
OOIIUPHBIN apeaj U JIOCTATOUYHYIO PeCypCHYyIO 6asy
JUIsl 3aTOTOBKHU HA TEPPUTOPHUHU HAIIEH CTpaHbI [9].
Hownest pycckasi BCeACTBHE MaJIOW U3YyYEHHOCTH B
opUIMHAIIPHOW MEIUIIHE HE HWCIOJIb3yeTcs,
O/THAKO C YYETOM JAHHBIX HAPOJHOU MEJUIIUHBI 1
(uytoreHeTHUECKOr0 POJCTBA C JPYTUMH BHAAMHU
poZia MOXKHO WpeArnosaraTh HaJIU4Yde aHTUKOATY-
JISHTHBIX CBOWCTB y W3BJIEYEHHU W3 TPaBbl HOHEU
pycckoii. B xo/ie TpoBeIeHHBIX HAMU HCCIeI0BAHUH
OBLIO yCcTaHOBJIEHO Hanmuuue B cocraBe BAC HoHen
PYCCKOM TaKUX TPYII, KAK OKCHKOPHUYHbBIE KUCIOTHI,
dnaBoHOUBI, TONHMGIIABAHOBBIE  COENUHEHUS,
MOJTUCaXapUAbI, KYMapHUHBI U cCAallOHUHEI [10]. Taxoke
ObL1a BISIBJIEHA U30MpaTesIbHAsi AKTUBHOCTH U3BJIE-
YeHWH U3 HOHEW PYCCKoM B oTHoIeHuu Staphylo-
cocCUS aureus, 9TO CBA3aHO C HAJIMUKUEM B €€ COCTaBe
(p;1aBOHOUTHOTO KOMILJIEKCA — HOHea3u|a u Koewn-
HOU KucaoThl [11]. Hapsiay ¢ GakTepUIIMAHBIM IeH-
CTBHEM HAINYHE B COCTaBE KyMapUHOBBIX COE/IHE-
HUH MOXKeT OOyC/JIOBJIMBAaTh aAHTHKOATYJISTHTHYIO
aKTUBHOCTb U3BJIEYEHNH U3 TPABbI HOHEU PYCCKOH.

ITEJIb UCCJIEJIOBAHUSA

V3yueHre aHTUKOATYJIAHTHOU aKTUBHOCTH CyM-
MAapHBIX U3BJI€UEeHN 13 TPAaBbl HOHEN PYCCKOH.

MATEPUAJIBI 1 METO/IbI

OObeKTaMU HCCIEAOBAHUA CIIY’KIJIM HACTOH U
CYXOM 5KCTPAKT M3 HAJ3eMHON YacTu HOHEU pyc-
ckoit. OOpasnbl HCCIEAYEMbIX pPAaCTeHUU ObLIH
coOpaHbl B OKPECTHOCTSX . BopoOreBo KosbiBan-
ckoro pationa HoBocubupckoii obiactu (55°31°
CEeBEPHOM IHUPOTHI, 82°57’ BOCTOYHON /IOJITOTHI) HA
OCTEITHEHHOM JIyTe€ B IIEpUOJ, LIBETEHUS B HIOJIE
2022 1. CoOpaHHOE ChIPhe TOBOIUIIOCH 10 BO3IYIIIHO-
CyXOro cocTosIHUs (BO3AYIIHO-TeHeBas CyIIKa 6e3
JTOCTYIIA IIPSIMOTO COJTHETHOTO CBETA).

s yrounenus cocraBa BAC KymapuHOBOH IIpH-
POJIbI B JIEKAPCTBEHHOM PACTHUTEIHHOM ChIpbe (JIPC)
HOHEN PYCCKOH ObUIO IIOJIy4eHO W3BJIEUEHHE C
HCIOJIb30BAHMEM B KauecTBe SKCTpareHTa 95%
CIIPTA 3THUJIOBOTO (COOTHOIIIEHUE 1:50) IO OOIIENPH-
HATON Metonmke [12]. K mosyuenHoMy duabTpary
IIPUINBAIN PABHBIN 00beM 5% CIIMPTOBOTO pacTBOpa
KaJTvs TUAPOKCUIA U CJIeTKa oZorpeBaiu. PacTBop ¢
00pa30oBaBIIMMCSA OCAZKOM IIEHTH(MYTHPOBAIN CO
CKOPOCTBI0 8000 006./MUH B TeueHUe 10 MUH, 0CaZIOK
BBICYIIIMBAJIN ¥ B3BEIINBAIN. 3aT€M PACTBOPSLIIU OCa-
JIOK B BOJIe OUUIIIEHHOH U OIIPE/IesISIN YIbTpadrosie-

from Nonea rossica Steven herb. Our studies
showed the presence of hydroxycinnamic acids, fla-
vonoids, polyflavane compounds, polysaccharides,
coumarins and saponins in the Nonea rossica com-
position [10]. The selective anti-Staphylococcus
aureus activity of extracts from Nonea rossica Ste-
ven was also revealed, which is because of the pres-
ence of a flavonoid complex — noneazide and caffeic
acid — in its composition [11]. Along with the bacte-
ricidal effect, the coumarin compounds of Nonea
rossica Steven may cause anticoagulant activity of
extracts from the herb.

AIM OF THE RESEARCH

Study of anticoagulant activity of total extracts
from Nonea rossica Steven herb.

MATERIALS AND METHODS

The study objects were an infusion and a dry
extract from the aboveground part of Nonea rossica
Steven. Samples of the plant were collected in the
vicinity of the village of Vorobyovo, Kolyvansky dis-
trict, Novosibirsk region (latitude: 55°31’, North,
longtitude: 82°57’, East) in a steppe meadow during
the flowering phase in July 2022. The collected raw
materials were brought to an air-dry state (air-drying
in the shade).

To clarify the composition of coumarin BAC in
medicinal raw materials of Nonea rossica, an extrac-
tion was obtained using 95% ethyl alcohol as a sol-
vent (ratio 1:50) according to the conventional
method [12]. An equal volume of a 5% ethanolic
potassium hydroxide solution was added to a filtrate
obtained and slightly heated. The solution with a
precipitate was centrifuged at 8000 rpm for 10 min;
the precipitate was dried and weighed. Then the pre-
cipitate was dissolved in purified water, and an ultra-
violet (UV) absorption spectrum was determined
using a SF-56 spectrophotometer (OKB Spectr LLC,
Russia).

The study of anticoagulant activity was carried
out in vivo, for which appropriate dosage forms
were obtained. To obtain a dry extract, the raw
material was crushed to a particle size of 1 mm,
placed in a flask and filled with 70% ethyl alcohol at
a ratio of 1:20. The flask was heated under reflux in
a water bath at 55°C for 60 min, cooled with con-
tinuous stirring for 60 min. After cooling, the
extract was centrifuged at 8000 rpm for 15 min to
remove fine impurities. A supernatant was drained,
and the extraction was evaporated by convective
drying at 30—40°C.
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TOBBIH (Y®) crieKTp u3BIeYeHUs Ha ClieKTpogdhOoTOME-
Tpe CP-56 (OO0 «OKB Criektp», Poccust).

UccnegoBanue aHTHKOATYJITHTHOTO JIEHUCTBUSA
IIPOBOJIWIINA 1N VIVO, IJISA Uero IMOJIyYaJI COOTBET-
CTBYIOIIIYE JIeKapCTBeHHBIE GOPMBI. IS TOTyIeHUs
CYXOTO BKCTPAKTa ChIpbe M3MeJIbUaid JI0 pa3zmepa
YacTUIl 1 MM, IIOMEIAIN B KOJIOY U 3aJIUBATH 70%
CIHUPTOM STUJIOBBIM B COOTHOIIEHHU 1:20. Koiby ¢
MIPUCOETUHEHHBIM  OOpPaTHBIM  XOJIOAWJIBHUKOM
BBIZIEP:KUBAJIN HA BOJASHOU OaHe IMpU TeMIIepaType
55 °C B TeueHue 60 MUH, OXJIQKJAJIU TIPU HeIpe-
PBIBHOM IlepeMelnuBaHuu B TeueHue 60 muH. [Tocite
OXJIQXK/IEHUS DKCTPAKT IEHTU(DYTUPOBATIU CO CKOPO-
¢Thi0 8000 00./MHUH B T€UeHHE 15 MUH JJIs yaase-
HUSI MEJIKOJUCIEPCHBIX puMecei. Hamocamounyio
JKHU/IKOCTD CJTMBIM U U3BJI€UEHUE YIAPUBAIN KOH-
BEKTUBHOU CYIIIKOU ITpU TeMIiepaType 30—40 °C.

Hacroii mosyuasiu 1mo oOIIENpUHITON METOAMKE.
CoIpbe, U3MEJIbBYEHHOE /0 Pa3Mepa YacTUIl 1 MM,
MIOMEITH B KOJIOY W 3aJTUBAJIA BOJOH B COOTHOIIIE-
HUU 1:20 U BBIJIEP?KUBATN HA KUIIAIIEH BOZSTHOM OaHe
1 4, OXJIQKIQIH TIPU HEPEPHIBHOM IIEepEMEINBAHNN
B TeueHue 1 4. [Tocse oxnaskeHusa GUIBTPOBATIHL.

B kauecTBe mpemnapara cpaBHeHUs ObLT BhIOpaH
npenapaT «BapdapuH» — OCHOBHON aHTUKOATYJIAHT
HENPsIMOTO THIIA JIEUCTBUS B PYTHHHOU KJIUHHYE-
CKOI IIpaKTHKe.

IKCIIEpUMEHT in Vivo TPOBEEH Ha 36 KphICax-
caMmIiax JuHuK Wistar maccoir 200—220 r. YKusot-
HbI€ HAXOJIUJIUCh B CTAH/IAPTHHIX YCJIOBUSX BUBAPHS
Ha OOBIYHOM THUIEBOM pAIMOHE U CBOOOZHOM
JIOCTyIle K BO/Ie U THINE. YCJIOBUS COJIEPIKAHUA U
MaHUIYJISAIUA € JKUBOTHBIMH COOTBETCTBOBAJIH
CTaHAAPTAM, YCTAHOBJIEHHBIM B HOPMATHBHBIX
JIOKYMEHTaX, perjiaMeHTUPYIOIHX paboTy ¢ abopa-
TopHbIMU kuBoTHbIME (IIpukasz Munzapasa Poc-
CHUU OT 01.04.2016 N2 199H «O06 yrBep:kaenuu [Ipa-
BUWJI HaJIJIEXKAIel 1TaO0paTOPHOU TPAKTUKU» , XeJTh-
CUHKCKasl JIeKjapaius O TYMaHHOM oOOpalleHuu C
JKUBOTHBIMH (1996)). Bce sKcllepuMeHTaIbHbBIE
MaHUIYJISAIAH 1 3a00p 06pa3IioB IPOBOIUIIH B OJTHO
U TO JKe BpeMs.

JKuBoTHBIE OBUTH pa3/iesieHbl Ha YeThIPE TPYIIITbI
(Tabs1. 1), B Ka¥KIOH 110 9 KpbIC. BceM Kpbicam oivH pas
B CYTKU B T€UEHHUE 4 THEH BHYTPUIKETYZOYHO BBOVITH
PpacTBOpHI BOOBEME 0.5 MJI Ha 100 T MACCHI TeJIa JKUBOT-
HOTrO. YKUBOTHBIM TIEpBOH TPYIIIBI (MHTAKTHASA) BBO-
JIATH TUCTWUIUPOBAHHYIO BOJY; KUBOTHBIE BTOPOH
TPYIIBI [TOJIyYaJId HACTOH TPaBbl HOHEU PYCCKOU U3
pacJera Ha CyXOd BeC — 1.7 T/KT; JKHBOTHBIE TPETbeH
TPYIIBI TOJyYaId CIUPTOBOM SKCTPAKT U3 TPAaBbI
HOHEW PpYCCKOW B aHAJOTMYHOU J03€; ueTBepTas
rpymma (KOHTpOJIbHAS) IOJIydasia IIperapar cpaBHe-
HUs — BapdapyH B 103€ 0.215 MI/KT.

An infusion was obtained according to the con-
ventional technique. The raw material, crushed to a
particle size of 1 mm, was placed in a flask with water
at a ratio of 1:20 and incubated in a boiling water
bath for 1 h, cooled with continuous stirring for 1 h.
After cooling, it was filtered.

As a reference drug, warfarin was chosen — the
main indirect anticoagulant in routine -clinical
practice.

The in vivo experiment was carried out on
36 Wistar male rats weighing 200—220 g. The ani-
mals were kept under standard conditions of the
vivarium with normal diet and free access to water
and food. The conditions of keeping and manipula-
tions of animals complied with the standards estab-
lished in the regulatiory documents concerning
experiments involving laboratory animals (Order of
the Ministry of Health of the Russian Federation No.
1991, 01.04.2016 “On Approval of the Rules of Good
Laboratory Practice”; Declaration of Helsinki
(1996)). All experimental manipulations and sam-
pling were carried out at the same time.

The animals were divided into four groups
(Table 1), 9 rats in each. Solutions in the volume of
0.5 ml per 100 g of body were administered to all rats
intragastrically once a day for 4 days. Distilled water
was administered to animals of the first group
(intact); animals of the second group received infu-
sion of Nonea rossica herb at a dose of 1.7 g/kg on
dry weight basis; animals of the third group received
the Nonea rossica ethanolic extract at a similar
dose; the fourth group (control) received a reference
drug, warfarin, at a dose of 0.215 mg/kg.

The anticoagulant activity was assessed using a
prothrombin time test. Accomplish this, on the
fifth day blood was taken from the tail vein from
anesthetized animals into test tubes with 5.5-aque-
ous sodium citrate 3.8% at a ratio of 1:9. To obtain
blood plasma, centrifugation was performed at
3000 rpm for 15 min at 18 to 25°C. The resulting
plasma was transferred to clean test tubes. The
determination of prothrombin time (PT) was per-
formed using an APG4-402P coagulometer (Tech-
nomedica LLC, Russia) and Thromboplastin kit
for determining PT in vitro (SPD Renam, Russia).
The method is based on determining the clotting
time of citrated plasma under the action of a mix-
ture of thromboplastin and calcium ions. The time
from the addition of thromboplastin and calcium
ions to the test plasma until the fibrin clot forma-
tion was assessed. The time of fibrin clot forma-
tion depends on the activity of factors of the extrin-
sic and intrinsic coagulation pathways (II, V, VII,
X). For this, 50 pl of the tested plasma was heated
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Ta6auna 1. /lusaiin vccies0BaHus
Table 1. The study design

I'pynna »KUBOTHBIX

Group of animals BBoauMmbie pactBopsl / Injected solutions Jlo3a / Dose

1 JuctunnupoBaHHas Boga / Distilled water -

2 Bo/iHBIN 3KCTPAKT TPaBbl HOHEU PYCCKON 1.7 r/xr (g/kg)
Aqueous extract of Nonea rossica herb

3 CoUpTOBOM 3KCTPAKT TPaBbl HOHEU PYCCKOM 1.7 r/xr (g/kg)
Ethanolic extract of Nonea rossica herb

4 Bapdapun / Warfarin 0.215 mr/xr (mg/kg)

O1eHKy aHTUKOATYJISHTHOTO AeHCTBUS IPOBO-
JIIHA C UCIIOJIb30BAHUEM NPOTPOMOMHOBOTO TECTA.
Jna 2TOr0 y HAPKOTHU3WPOBAHHBIX JKUBOTHBIX HAa
IIATHIE CYTKU U3 XBOCTOBOW BeHBI OPaJIH KPOBD B ITPO-
6upku ¢ 3.8% 5,5-BOTHBIM IIUTPATOM HATPHUS B COOT-
HOIIIeHNH 1:9. 171 moJIyYeHus I1a3Mbl KPOBU IIPO-
BOJIWJIN IIeHTpU(dyrupoBaHye npu 3000 00./MUH B
TedeHUe 15 MUH IpHU TeMmIepaType oT 18 mo 25 °C.
ITosyueHHyI0 IIA3My HEPEHOCIJIN B YHCTBHIE IIPO-
6upku. OmnpejiesieHre IPOTPOMOMHOBOTO BPEMEHU
(ITB) IpoBOIMIIN HAa aBTOMATHYECKOM KOATryJI0MeTpe
ATIT'4-402I1 (OO0 HIIII «Texnomemuka», Poccust) ¢
HCII0JIb30BaHNEM Habopa peareHTOB JJIs OIpejiesie-
uus I[1B in vitro «Tpombortactur» (HITO «Penam»,
Poccust). Metost OCHOBaH Ha OIpeJieJIEHUN BPEMEHH
CBEPTHIBAHUSA IIUTPATHOH IIJIa3MBI KPOBU IO, JieHi-
CTBHEM CMECH TPOMOOILIACTMHA U MOHOB KaJIBIIHSL.
Omnpeensyiu BpeMs OT MOMEHTa JJ00aBJIE€HUs TPOM-
6oITacTUHA M WOHOB KaJbIUA K HCCIENyeMOH
I1a3zMe 710 MOMeHTa 06pa3oBaHusA crycTka hpubpuHa.
Bpems obpasoBaHus crycTka ¢GubOpHHA 3aBUCHT OT
aKTUBHOCTH (DAaKTOPOB BHEIITHETO U OOIIero myrei
ceeproeiBanus (11, V, VII, X). /171 5TOT0 50 MKJI HCCIe-
IyeMOH IIJIa3Mbl IIPOTPEBAIM IIPH TeEMIEPAType
37 °C B TeueHUe 1 MUH, 3aTeM J100aBJIAIN 100 MKJI
TPOMOOITACTUH-KAJIBIIUEBOH cMecHn U (UKCUPO-
BaJIM BpeMsI 00pa30BaHUSA CTYCTKA.

ITo pesyspTaTam 5KCIEPUMEHTOB CTATUCTHIECKU
BBIUUC/ISUIA CPeJlHee 3HAaueHUe BBIOODKH U CTaH-
JIapTHYIO OMNOKy cpexHero. Vcrmosib30Baiy maker
nporpamm STATISTICA 8.0 (StatSoft, Inc., CIITA).
IIpoBepka HOPMAJILHOCTU pacCIpe/iesIeHUsT Koaude-
CTBEHHBIX IIPU3HAKOB IIPOBEZIEHA C HCIIOJIb30Ba-
HueM kputepud lllanupo — Yuuka. /loCTOBEpHOCTD
pasIuuuil MeKy TPYIIIaMU OIeHUBAIU TI0 KpUTe-
puto MaHHa — YuTHU. Paznuunsa cUuTainuch AOCTO-
BEPHBIMH IIPU P = 0.95.

PE3YJ/IBTATDBI 1 OBCYKIEHUE

[TpoBeneHHasA peakIys CO CIIMPTOBBIM PAaCTBO-
pPOM Kajius THAPOKCU/IA, M3BECTHAS KaK JIAKTOHHAS
mpo6a, /layia MOJIOKUTEIbHBIA Pe3yJIbTaT, UTO TOJ-

at 37°C for 1 min, then 100 pl of a thromboplastin-
calcium mixture was added, and the time of clot
formation was noted.

Based on the results of the experiments, the mean
value of the sample and the standard error of the
mean were statistically calculated. We used STATIS-
TICA 8.0 software (StatSoft, Inc., USA). The normal-
ity of distribution of quantitative characteristics was
evaluated using the Shapiro-Wilk test. The signifi-
cance of differences between the groups was assessed
by the Mann-Whitney test. The differences were sig-
nificant at p = 0.95.

RESULTS AND DISCUSSION

The reaction with an ethanolic solution of potas-
sium hydroxide, known as a coumarin test, gave a
positive result, which confirmed the presence of sub-
stances of coumarin nature in the composition of
Nonea rossica herb. Analysis of the obtained UV
spectrum of extraction (Fig. 1) allowed us to con-
clude that 2-hydroxycinnamic acid was present in
the extraction.

Indeed, the standard sample of 2-hydroxycin-
namic acid has 2 characteristic minimal peaks (at
240 and 295 nm) and two maximal ones (at 266 and
311 nm), and the extraction under study also has two
minimal peaks (at 241 and 297 nm) and two maximal
ones (at 267 and 314 nm). The similarity of the spec-
tra suggests, a precipitate obtained during the cou-
marin test sample, comprises 2-hydroxycinnamic
acid, which was formed because of the alkaline
hydrolysis of a coumarin nature substance (Fig. 2).

The content of 2-hydroxycinnamic acid, taking
into account the mass of the resulting precipitate,
was 0.7 + 0.1%.

To assess the anticoagulant activity, the method
and frequency of drug administration were cho-
sen — in our study, we took as a basis the patient
information leaflet for warfarin, according to which
for patients who had not taken the drug, the initial
dose is 5 mg/day (2 tablets) during the first 4 days
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Puc. 1. YO-crieKTp uccieayemMoro pactsopa (A) u 2-TUIpOKCUKOPUYHOU KucsoThI (B) [13]
Fig. 1. The UV spectrum of the test solution (A) and 2-hydroxycinnamic acid (B) [13]

TBEP/IWJIO IIPUCYTCTBHUE B COCTABE TPABHI HOHEU PYC-
CKOH BeIeCTB KyMapHWHOBOH TNPUPOABL. AHAIU3
nosyaeHHoro Y®-crekTpa wusBiedeHus (puc. 1)
IIO3BOJIJI C/I€JIaTh BBHIBOJ] O HAJIMYWHU B U3BJIEYEHUN
2-TUAPOKCUKOPUIHON KUCIOTHI.

JlefiCTBUTETBHO, CTaH/IAPTHBIN obpaserg
2-TH/IDOKCUKOPUYHOM KHUCJIOTHI UMEET 2 XapaKTep-
HBIX MUHUMyMa (IIPU 240 U 295 HM) U JIBA MaKCHU-
MyMma (pum 266 u 311 HM), a HCCIelyeMoe U3Beye-
HUe TaKKe MMeeT JBAa MHUHHUMyMa (IIpH 241 U 297
HM) U /iBa MakcuMyMa (IIpu 267 u 314 HM). Bansoctsb
CIIEKTPOB TI03BOJISIET YTBEPKATh, UTO MOIYIEHHBIN
B pe3yJIbTaTe JIAKTOHHOM IIPOOBI 0CAJIOK COCTOUT U3
2-TUAPOKCUKOPUYHOH KUCJIOTHI, KOTOpas o6pa3oBa-
JIach B Pe3yJIbTaTe MeJI0YHOTO THAPOJIN3a BEIEeCTBa
KyMapHUHOBOH MPUPOAEI (pHC. 2).

CozeprkaHue 2-TUAPOKCUKOPUYHOU KHUCJIOTBI C
YUETOM MAaCChl MOJIYYEHHOTO OCa/IKa COCTaBUJIO
0.7+ 0.1%.

of therapy. On the 5th day, the international nor-
malized ratio (INR) is determined and, under this
indicator, a maintenance dose of the drug is pre-
scribed. In this experiment, we used the dose of
warfarin in terms of weight (in kilograms) and con-
sidering the interspecies dose transfer coefficient
[14]. During the study, it was found that PT in rats
with the administration of warfarin at a dose of
0.215 mg/kg increases 2.5 times relative to the con-
trol values (Table 2).

After administration of a 10% infusion of Nonea
rossica herb to animals at a dose of 1.7 g/kg once a
day for 4 days, on the 5th day the anticoagulant activ-
ity of blood plasma did not change relative to the
control values. This fact is explained by the absence
of the coumarin fractions in the aqueous extraction,
which are the leading inhibitors of the synthesis of
coagulation factors (indirect-acting anticoagulants)
of plant origin.

X X
_—
+KOH F °
o) o) OH \OH

KyMapuH
coumarin

2-THAPOKCHKOPHYHAS KHCIIOTA
2-hydroxycinnamic acid

Puc. 2. [1]eJ109HON TUAPOIN3 KyMapHHa
Fig. 2. Alkaline hydrolysis of coumarin
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Ta6s1upa 2. Pe3ysbTaThl IPOTPOMOGUHOBOIO TECTA Y KPBIC HA 5-€ CYTKHU 9KCIIePUMEHTa
Table 2. Results of the prothrombin time test in rats on the 5th day of the experiment

I'pynna xuBoTHBIX / Group of animals

IlpoTpoMGHHOBOE BpeMs, C
Prothrombin time, s

JuctunininpoBanHas Bojia (koHTposb) / Distilled water (control)
BoJiHBIH 5KCTPaKT TpaBbl HOHeH pycckoll / Aqueous extract of Nonea rossica herb
CnupTOBOM 3KCTPAKT TpaBbl HOHeH pycckoi / Ethanolic extract of Nonea rossica herb

Bapdapun / Warfarin

13.63 £ 0.98
13.7 £0.85
31.3+1.27*
3342 +1.33*

* JlocTOBEPHOCTb Pa3/IMYUK 110 CPaBHEHHIO € KOHTpoJsieM p < 0.001.
* Significance of differences compared to the control p < 0.001.

Jl1 OIleHKM AaHTUKOATYJITHTHON aKTUBHOCTH
6bLT BBIOpaH crtocob U KpaTHOCTh BBEIEHUS IIpera-
paToB — B HaIleM WCC/IEIOBAHUM MBI B3sUIH 3a
OCHOBY MHCTPYKIIHIO II0 IpUMeHeHU0 BapdapuHa,
COIJIACHO KOTOPOU JIJIs MAIlMeHTOB, He IMPUHUMAaB-
X paHee IIpemapar, HadaJabHas /1032 COCTABJISET
5 mr/cyT (2 TabJeTKu) B TeueHUe MEPBBLIX 4 IHEH
tTepanuu. Ha 5-11 IeHb JIeUeHUs OIPe/IesIAeTCs MeXK-
ZIyHapoJHOe HopMatn3oBaHHOe oTHomIeHne (MHO)
U, B COOTBETCTBHU C 3TUM IIOKa3aTejieM, Ha3HaYa-
eTCsI OJIIEPKUBAIOIIAs 103a IIpernapaTa. B nanaom
SKCIIEpUMEHTE MBI HCIIOJIb30BAIU /103y BapdapuHa
B IlepepacueTe Ha Maccy (B KHWJIOTpaMMax) U C yde-
TOM KO03(p(dUIIMEeHTa MEeKBHUJIOBOTO IIepeHoca 103
[14]. B xoze ucciemoBaHus yCTaHOBIJIEHO, UTO I1B y
KPBbIC [IPU BBe/IeHUH BapdapuHa B 7103€ 0.215 MI'/KT
VBEJTUYUBAETCSA B 2.5 Pa3a OTHOCUTETHFHO KOHTPOJIb-
HBIX 3HaueHuH (Tabi1. 2).

ITocye BBemeHUA 10% HACTOSI TPABHI HOHEU PycC-
CKOI JKHBOTHBIM B JIOBUPOBKE 1.7 T/KT 1 pa3 B JIeHb B
TeueHUe 4 JHEH Ha 5-€ CYyTKH aHTHUKOATYJITHTHAS
aKTUBHOCTH IIJIa3MbI KPOBU He U3MeHsIACh OTHOCH-
TEJIbHO KOHTPOJIbHBIX 3HaueHWH. J[aHHBIA QakT
OOBACHSIETCS OTCYTCTBHEM IIPU BOZHOM CIIOCOOE
SKCTpParupoBaHusA GpaKINU KyMapHHOB B PACTBOPE,
KOTOpble U SIBJISIIOTCS BEIYIIUMH WHTAOUTOpPAMU
cuHTe3a (HaKTOPOB CBEPTHIBAEMOCTU KpOBHU (HeIps-
MBIMHU aHTHUKOATYJIAHTAMH) PACTUTEJIBHOTO IIPOMC-
XOKEHUS.

BBenenne ;KUBOTHBIM 3KCTPAKTOB, IMOJIYIEHHBIX
IIpH 3KCTPATUPOBAHUH 70% STUJIOBBIM CIIMPTOM B
J103e 1.7 T/KT, MPOJIEMOHCTPUPOBAJIO YBEJTHMUEHHE
I1B B 2.3 pasa (110 CpaBHEHUIO C KOHTPOJIEM) U HKBH-
BJIEHTHOE JIeHiCTBUE B CPABHEHUHU C CHHTETUYECKUM
IperapaToM CpaBHEeHUs — Bap(papuHOM.

YcraHOBIEeHHAs aHTUKOATYJISHTHASA aKTUBHOCTH
HMEHHO CIIUPTOBOTO W3BJIEUEHUS U OTCYTCTBHUS
TAKOBOU Yy BOJHOTO 00ycJOBIeHA THAPODOOHBIMU
CBOMCTBAMHU KYMapHWHCOZEPKAIINX COEJUHEHUN U
COOTBETCTBEHHO HX OTCYTCTBHEM B BOJIHBIX PACTBO-
pax. MoXXHO ¢ BBICOKOH CTENEHBIO BEPOSITHOCTHU
[IpeAIIOoJIaraTh HAJWYMEe B COCTaBE HOHEHW PYCCKOM

The administration to animals of extracts
obtained by 70% ethyl alcohol extraction at a dose
of 1.7 g/kg showed a 2.3-fold increase in PT (com-
pared with the control) and an equivalent effect in
comparison with the synthetic reference drug, war-
farin.

The revealed anticoagulant activity specifi-
cally of ethanolic extraction and the absence of
such in aqueous one is due to the hydrophobic
properties of coumarin-containing compounds,
and, hence, their absence in aqueous solutions. It
is possible to assume with a high probability the
presence of coumarin oxyderivatives in the com-
position of Nonea rossica (for example, 4-oxy-
coumarin), which have possibilities to inhibit the
synthesis of plasma proteins such as prothrom-
bin, proconvertin, Christmas and Stuart factors
in the liver. According to phytochemical study,
coumarin or coumarin-like substances [15] (posi-
tive coumarin test) and their derivatives are
present in the aboveground part of Nonea ros-
sica, which inhibit the synthesis of vitamin
K-dependent hemostatic plasma factors and
exhibit the properties of an indirect anticoa-
gulant.

During the administration of the extracts, the
condition of the rats was satisfactory. The adminis-
tration of drugs for 4 days did not lead to a signifi-
cant change in body weight relative to the controls.
The rats showed no signs of anxiety; no changes in
appetite, secretions, the condition of mucous mem-
branes, hair, skin were recorded.

CONCLUSION

The results obtained allow us to consider Nonea
rossica Steven as a promising plant for introduction
into medical practice as an indirect-acting anticoag-
ulant agent.

Conflict of interest. The authors declare no
conflict of interest.
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OKCHUIIPOU3BOIHBIX KyMapuHa (HAIpuMep, 4-OKCH-
KyMapuHa), KOTOpble 00/1a7]al0T CBOHCTBAMU MHTH-
OUpOBaTh B MeUYeHU CUHTE3 OEJIKOB IJIa3Mbl KPOBU
MMPOTPOMOWHA, TPOKOHBEPTHHA, dakTopoB Kpucr-
maca u Croapra. I[lo maHHBIM (PUTOXUMUUECKOTO
CKpPUHUHTA B HA/I3eMHOU YaCTU HOHEU PYCCKOH IpU-
CYTCTBYIOT KYMapHH WX KyMapHHOIIOZ0OOHBIE Bellle-
ctBa [15] (mosoxkuTenbHAsA JAKTOHAsI Mpoba) W UX
JIepUBaThl, KOTOPBIE IO/IABJISIOT CHHTE3 K-BUTaMUH-
3aBHCHUMBIX IUIa3MEHHBIX (DAKTOPOB reMocTaza Hu
MIPOSIBJISIIOT CBOMCTBA HEMPSMOT'O aHTUKOATYJISAHTA.
Bo BpeMs1 BBeJIEHHUS 9KCTPAKTOB COCTOSTHUE KPBIC
OBLIO y/IOBJIETBOPUTETHLHBIM. BBeIeH1E TpenapaToB
B TedeHHe 4 JIHEH He IPUBEJI0 K JIOCTOBEPHOMY
W3MEHEHUI0 MacCChl TeJIa OTHOCUTETHbHO KOHTPOJIb-
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HOW TPYIIIBI JKUBOTHBIX. KPBICHI HE MIPOSIBIISLIN IPHU-
3HAKOB OECIOKOWCTBa, He ObLIO 3aUKCHPOBAHO
W3MEHEHUs alllleTUTA, BbIJAEIEHUH, COCTOSHUS CIIU-
3UCTBIX, IIIEPCTH, KOKH.

3AK/IOYEHUNE

ITosmyueHHble pe3ysbTaThl IIO3BOJIAIOT paccMa-
TPUBAaTh HOHEIO PYCCKYI0O B KAYECTBE MEPCIEKTUB-
HOTO pacTeHUs ]I BHEJAPEHUS B MEIUIIMHCKYIO
MPAKTUKY B KaUeCTBE aHTUKOATYJISHTHOT'O CPEZICTBA
HEINPSMOTO TUIIA JeHCTBUA.

KoHdmKT HHTEPECOB. ABTOPHI 3asBJISIOT 00
OTCYTCTBUH KOH(INKTA NHTEPECOB.
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KianHauko-aHaMmHecTUuecKue (pakTopbl pUCKa
aHTEHATAJbHOU CMEPTH JOHOUIEHHOTO ILI0AA

E.JI. KazaukoB, A.B. UmxkoBckas, 9.A. Kazaukosa, I0.A. CemeHOB

@I'BOY BO «FOxcHo-Ypanvckuil 2ocydapemeerHblil meduyuHckuil yHugepcumem» Munsdpasa Poccuu, YeasbuHck,
Poccus

AHHOTAIIUA

BBepgeHnue. CymecrByolye HHCTPyMeHTAJIbHbIE U JJA0OPATOPHBIE METOABI OIEHKY BHYTPHUYTPOOHOTO COCTOSHUSA
IIJI0/1A ABJIAIOTCS KOCBEHHBIMU U YaCTO UMEIOT HU3KYIO IPOTHOCTHYECKYIO 3HAUMMOCTh. MeX/ly TeM ompeziesieHre GaKkTo-
POB pHICKa aHTeHATaJIbHON CMEPTH IJI0/Ia Ha JIOHOIIIEHHOM CPOKe OepeMEHHOCTH C OIIEHKOH MX MMPOTHOCTHYECKOW 3HAYHU-
MOCTHU U BO3MOXKHOH IPEAOTBPATUMOCTH HEOGIArONPUATHOTO IIEPUHATAILHOTO UCX0/]A TTO3BOJIUT BBIABUTH IyTU CHUKE-
HUSI YPOBHS MEPTBOPOK/IA€MOCTH ITOTEHIIMAJIBHO KU3HECTIOCOOHBIX HOBOPOKEHHBIX.

IHenp mccanepnoBaruasa. OnpenennuTs KIMHUKO-aHAMHecTHYecKe (DaKTOPBI PUCKa aHTEHATAIBHON CMePTH
JIOHOIIIEHHOTO IIJI0ja Ha TeppuTopuu Yerss6uHCKON 001acTH.

MaTepuanas U MeTOJHBl . IIpoBeieH PeTPOCIEKTUBHBIN aHAIN3 MEIUIIMHCKON JOKYMEHTAIINH BCEX CIIy-
YaeB aHTEHATAJIBHOU CMEPTHU ILIOJIA HA CPOKe OEPeMEeHHOCTU 37 Hesl O THeU — 41 Hext 6 JHeH, 3aperuCcTPUPOBAaHHBIX HA
Tepputopun Yeass6MHCKOM 06JIaCTH € 2019 110 2021 T. BTN BbI/I€JIEHBI IBE TPYIIIIBI: TPYIIIA 1 — JKEHIIUHBI C aHTEHATAJIb-
HOHM CMEPTHIO JIOHOIIEHHOTO 110712 (158 MalueHToK), TPYIINa 2 — JKeHIIUHBI CO CBOEBPEMEHHBIMHU POZAMH YKHUBBIM TLIO-
oM (50 HaIyeHToK).

PesyansbTarTsl . KeHIINHBI c aHTEHATAJIBHON CMEPTHIO IOHOIIEHHOTO IVIOZA CTATUCTHYECKH 3HAYNMO YJallle IIpo-
JKUBIH B T. YesOWHCK M KPYIHBIX roposax YeassOWMHCKON 006J1acTH, UMEJIN CPeJIHee CIeIlUaJbHOe 0Opa3oBaHUe U
KypwiH TabaK; sIBJISUINCH IIepBOOepeMeHHBIMU HJIH TOBTOPHOOEPEMEHHBIMY ITEPBOPOAAIIUMU; Y TAKHX YKEHIITUH CTaTH-
CTHYECKH 3HAUMMO dYallle BCTPEYAINCh BOCIAJTHTEJIbHbIE OOJIE3HHM JKEHCKHUX TAa30BbIX OPraHOB, THIEPTOHUYECKAs
6071e3Hb, 3a00JI€BAHNA SHAOKPUHHOW CHCTeMBbl U creruduueckre nHbEKIHOHHbIe 3a00meBanus (BUY-undexnus,
renatut C 1 TyOepKyse3). bepeMeHHOCTb y TaKUX JKEHINUH CTATUCTUYECKU 3HAUMMO Yallle OCJIOXKHSAIACh BBI3BAHHOU
OepeMEeHHOCTHIO THIIEPTEH3HEeN 6e3 3HAUNTEIbHOU MMPOTENHYPHH; CaXapHBIM InabeToM, pa3BUBIIIHUMCS BO BpeMs Oepe-
MEHHOCTH; BBI3BAHHBIMU O€PEMEHHOCTHIO OTEKAMH; JIOXKHBIMU CXBATKaMU 10 37 IOJIHBIX HeJleJIb OepeMeHHOCTH; IIa-
[IEHTAPHBIMHU HAPYIIEHUSMH; HEJOCTATOYHBIM POCTOM ILJIOJIA, TPEOYIOIINM MPEIOCTABIEHHS MEJUIIMHCKOW TOMOIIH
MaTepH; OCTPHIMU PECIIUPATOPHBIMH WHGbeEKIUAME. HermocpescTBeHHOE BIMSHUE HA BOBHUKHOBEHUE aHTEeHATaJIbHOM
CMepPTH IUIOZA Ha JIOHOIIEHHOM cpoKe 6epeMeHHOCTH OKa3bIBAIOT clejyloliue GakTophl: IuIepToHuYecKkas 00JIe3Hb B
aHaMHe3e, yMepeHHas NIpesKJIaMIICHs, [IJIalleHTapHble HApYIIeHNuA U 33/lepKKa POCTa IUI0ZA, BhIABJIEHHBIE IIpU Oepe-
MEHHOCTH.

3axknwueHHue. IIpuHUMYNY PaKTOPOB PHCKA, HETIOCPEACTBEHHO BJIHIONINX HA BOSHUKHOBEHNE aHTEHATAIIb-
HOH CMEPTH JIOHOIIEHHOTO IUIO/Ia, CUUTAeM Iles1ecO00pa3HbIM POiopaspelleHre Ha CPOKe 37 Heflesb O iHeH — 38 Hezesb
O /iHel 6epeMEHHOCTH C 11eJIbI0 CHIPKEHUs PUCKA HeGIarONPUATHOTO UCX07ia 6epeMeHHOCTH.

Knaoueentle caoea: aHTeHATAIbHASA CMEPTh JOHOLIEHHOTO IIJI0Ja, MEPTBOPOXK/IaeMOCTh, (haKTOPHI PUCKA [TepHHATAIb-
HOU CMepTH, KyIacCu(UKaIus MPUINH aHTEHATATbHON CMEPTH.

Oo6pasen murupoBaHuna: KazaukoB E.JI., YmwkoBckas A.B., KazaukoBa 3.A., CemenoB l0.A. KinHMKO-
aHaMHecTHYecKre (aKTOPhl PUCKA aHTEHATAJIBHON CMEPTHU /IOHOIIeHHOTOo wioza // Journal of Siberian Medical Sci-
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Clinical and anamnestic risk factors for antenatal death
of a full-term fetus

E.L. Kazachkov, A.V. Chizhovskaya, E.A. Kazachkova, Yu.A. Semenov

South Ural State Medical University, Chelyabinsk, Russia

ABSTRACT

Introduction. Currentclinical and laboratory methods for assessing the intrauterine growth of a fetus are indi-
rect and often have a low prognostic significance. Meanwhile, the determination of risk factors of antenatal death of a full-
term fetus with the assessment of their prognostic significance and the possible preventability of adverse perinatal outcome
will identify ways to reduce the stillbirth rate.

A im . Determine the clinical and anamnestic risk factors for antenatal death of a full-term fetus in the Chelyabinsk
region.

Materials and methods. Aretrospective analysis of the medical records of all cases with antenatal fetal
death at 37 weeks 0 days — 41 weeks 6 days of pregnancy, registered in the territory of the Chelyabinsk region from 2019 to
2021, was carried out. Two groups were assigned: group 1 — women with antenatal death of the full-term fetus (158 patients),
group 2 — women with live full-term births (50 patients).

R e sults. Women with antenatal death of the full-term fetus statistically significantly more often lived in the city of
Chelyabinsk and big cities of the Chelyabinsk region, had secondary vocational education and used to smoke tobacco; they
had first or second pregnancy and first delivery. Among these women, female pelvic inflammatory diseases, hypertension,
endocrine system diseases and specific infectious diseases (HIV infection, hepatitis C and tuberculosis) were statistically
more common. These women had statistically more pregnancy-related complications such as hypertension without sig-
nificant proteinuria; diabetes mellitus arising in pregnancy; gestational edema; false labour up to 37 full weeks of preg-
nancy; placental disorders; maternal care for poor fetal growth; acute respiratory infections. The following factors have a
direct impact on antenatal death at full-term pregnancy: a history of hypertension, moderate pre-eclampsia, placental
disorders, and fetal growth retardation.

Conclusion. Inthe presence of risk factors directly affecting the occurrence of antenatal death of a full-term
fetus, we consider it appropriate to deliver at 37 weeks 0 days — 38 weeks 0 days of pregnancy in order to reduce the risk of
an adverse outcome of pregnancy.

Keywords: antenatal death of a full-term fetus, stillbirth, risk factors for perinatal death, classification of antenatal death
causes.

Citation example: Kazachkov E.L., Chizhovskaya A.V., Kazachkova E.A., Semenov Yu.A. Clinical and anam-
nestic risk factors for antenatal death of a full-term fetus. Journal of Siberian Medical Sciences. 2023;7(4):77-94. DOIL:
10.31549/2542-1174-2022-7-4-77-94

BBEJIEHUE

Ha coBpeMeHHOM B5Tamne pa3BUTUA MeJUIIUHBI
mpobsieMa aHTeHATAIBHON OXPAHbI IJI0JIA OCTAETCS
HepeleHHOH. PazpaboTaHHbIE WHCTPYMEHTAJIbHBIE
1 1ab0opaTOpHbIE METO/bI OIIEHKU COCTOSHUSA ILJI0/IA
BO BpeMs 0OepeMeHHOCTU SIBJISIOTCSI KOCBEHHBIMH,
YacTo CyOhEKTUBHBIMU U IIOPOUH HU3KOYYBCTBUTEb-
HbIMU [1—3]. Kak pesysbraT — €MKEerojHbIH pPOCT
MEPUHATAIPHON 3a00JIEBAEMOCTH U CMEPTHOCTH,
CYIIIECTBEHHBIN BKJIAJI B KOTOPYHO BHOCHUT MEPTBO-
poxknaemoctb. Tak, Ha Tepputopuu Poccuiickoi
denepanyu B 2020 T. OTMeUeH abCOJIIOTHBIA ITPH-
POCT uHKCIa MEPTBOPOKIAEHHBIX 10 CPAaBHEHHUIO C
IpebIIyIUMU TOIaMH: B 2019 T. — 8101 cyryyai
(MepTBOPOKAAEMOCTD — 5.44 %o0), B 2020 T. — 8192
caydass (MepPTBOPOXKIAeMOCTh — 5.67 %o) [4].

INTRODUCTION

At the present stage of the development of medi-
cine, the problem of antenatal fetal protection
remains unresolved. Conventional clinical and labo-
ratory methods for assessing the intrauterine fetal
growth are indirect, often subjective and sometimes
of low sensitivity [1—3]. As aresult, the annual growth
of perinatal morbidity and mortality, a significant
contribution to which is stillbirth. Thus, in the Rus-
sian Federation in 2020, an absolute increase in the
number of stillbirths compared to previous years was
noted: in 2019 — 8101 cases (stillbirth rate — 5.44 %o),
in 2020 — 8192 cases (stillbirth rate — 5.67 %o) [4]. In
the Chelyabinsk region there is a similar trend: in
2019, the number of stillbirths was 196 (stillbirth
rate — 6.28 %o), and in 2020 — 221 (stillbirth rate —
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B YenabuHCcKOI 00J1acTH HAOJIIOMAETCA CX0KAA TEeH-
JIEHITHS: B 2019 T. YMCJIO MEPTBOPOIK/IEHHBIX COCTA-
BWIO 196 (MepTBOpOXKIaeMOCTh — 6.28 %o), a B
2020 T. — 221 (MepPTBOPOKIaeMOCTh — 6.8 %o) [5].
BaXHO OTMETHUTH, UTO B GOJIBIITHHCTBE CIYYAEB IO/
rmorubaeT /0 Havasa POJOBOH JEATEbHOCTH, IPHU
5TOM YCJIOBHO BBIJIEJISIIOT JIBE KPUTHYECKHE TOUKH
BO BpeMsi OEPEMEHHOCTH: Ha CPOKE 24 HEJ U MOCye
39 Hepn [6]. CorylacHO JIMUTEPATYpHBIM JAHHBIM, B
IIEPBOM CJIydae aHTeHaTaJIbHAasA CMEPTD ILJI0/IA Jalle
BCEro HACTYITaeT BCJIEACTBHE XPOMOCOMHBIX aHOMA-
JINU, BPOXKJEHHBIX IIOPOKOB Pa3BUTUA U UHQEKIU-
OHHBIX 3a00JIEBAaHUM, BO BTOPOM CJIydae OIpesie-
JIUTD HETTOCPEICTBEHHYIO IPUUMHY 3aTPYAHUTETHHO
[7, 8]. Tak, B Poccuiickoii ®esepanuu B 2020 T. B
4.7 % cay4aeB MEPTBOPOXKJIAEMOCTH IPUYHUHA
CMEPTH He yCTaHOBJIeHa [6].

B TeueHue mocieqHuX 10 JIeT HabI0gaeTcss 000-
CTpeHUe JAeMOrpadUYecKOr0 KpU3Kca HE TOJIBKO B
Poccutickoii ®emepariivi, HO U B MHPE B IEJIOM.
OrMeueHo, uTo Haubojiee BBICOKHE IIOKa3aTeIn
MEPTBOPOXKIAEMOCTU PETUCTPUPYIOTCS B PA3BUBAIO-
muxcs crpanax (Hanpumep, B [Takucrane — 46 %o,
Hurepuu — 42 %o), HU3KHE — B Pa3BUTHIX CTPaHAaX,
Takux Kak CuHramyp u OuwisHaus — 2 %o [6]. B
Coenunennbix IllTaTax AMepUKH JaHHBIA MMOKa3a-
TeJIb COCTABJISIET 5.96 %o [8]. CHMIKEHHE POKIaeMO-
CTU U CTapeHUe HaceJIeHHs 3aCTaBJISIET UCKATh CIT0-
coOBbI TIPEOIOJIEHUST CIOKUBIINEHCA CUTyallMid He
TOJIBKO TyTEM CTUMYJIUPOBAHUS POKAEHUS JBYX U
OoJiee JieTell B ceMbe, HO U OIPENeIeHUs] TPUIUH
«He0AaTONMPUATHBIX» IEPUHATATIBHBIX HCXO/I0B YiKe
UMeloIencss 6epeMeHHOCTH, 0c000e BHUMaHUE yie-
JISIeTCsl aHTEHATAJILHON CMEPTH TLJI0/IA Ha JIOHOIIEH-
HOM CpOKe 6epeMeHHOCTH.

B Hacrosiiiee BpeMsi IPOBEJIEHO 3HAUUTEIHHOE
KOJIMYECTBO HCCJIEIOBAHUHN IO M3YyUYEeHUIO U aHa-
U3y TPUYWH aHTeHATaJIbHOM CMEPTH ILJIOJa, B
KOTOPBIX aBTOPHI OECCIIOPHO CTaBAT Ha IIepBOE
MECTO TPYIIIIY OCTPBHIX AaHTEHATAJIbHBIX OCJIOMKHE-
HHUH, a UMEHHO BHYTPUYTPOOHYIO TUTIOKCHIO TJI0/1a,
KaK OCHOBHYI0O (IIE€PBOHAYAIBHYI0) MIPUUYUHY
cMepTH IIozia (Jactora BCTPEYaeMOCTH, IO JaH-
HBIM Pa3HBIX aBTOPOB, BapbUpyeT oT 80.5 /10 88 %)
[4, 8—14]. lanee maHHbBIE pa3HATCS B 3aBUCUMOCTHU
OT CTPaHbI, UCIOJIb3yeMOU KJIACCU(PUKAIIUYU TIPH-
YUH MEPTBOPOXKAEHMsA, BBIODAHHOW KOTOPTHI
HCCIEMyEMBIX. ATO CBA3aHO C OTCYTCTBUEM €THOUN
MEXYHAPOAHOU JIeUHUITUN U KJIacCCHU(HUKAITAHN
BHyTpUYTPOOHOU cMepTH 1wioza. Tak, B HACTOsIIee
BpeMs HacUUThIBaeTcs 6osiee 80 pa3JIMYHBIX KJIac-
cuduKanui, MpU 3TOM He BCE U3 HUX pacCMaTpH-
BAIOT MPHUYMHBI UMEHHO aHTEHATaJbHOU CMEpTH
IUIOJIa, a B [EJIOM BKJIFOYAIOT pa3IudHbIe (PAKTOPHI

6.8 %o) [5]. It is important to note that in most cases,
a fetus dies before the onset of labour, while two crit-
ical points are conditionally distinguished during
pregnancy: 24 weeks of pregnancy and after 39
weeks [6]. According to the literature, in the first
case, the antenatal fetal death most often occurs due
to chromosomal anomalies, congenital malforma-
tions and infectious diseases, in the second case, it is
difficult to determine the immediate cause of death
[7, 81. So, in the Russian Federation in 2020, in 4.7 %
of cases of stillbirth, the cause of death was not estab-
lished [6].

Over the past 10 years, an aggravation of a demo-
graphic crisis has been observed not only in the Rus-
sian Federation, but also in the world as a whole. It is
noted that the highest stillbirth rate are recorded in
developing countries (for example, in Pakistan —
46 %o, Nigeria — 42 %o), the low ones — in developed
countries, such as Singapore and Finland — 2 %o [6].
In the United States of America, this indicator is
5.96 %o [8]. A decrease in the birth rate and popula-
tion ageing forces the ways to overcome the problem
not only by stimulating the birth of two or more chil-
dren in a family, but also to determine the causes of
adverse perinatal outcomes. Special attention is paid
to the antenatal fetal death at full-term pregnancy.

Currently, a lot of studies have been performed
on the research and analysis of the causes of antena-
tal fetal death in which the authors, undoubtedly, put
in the first place a group of acute antenatal complica-
tions, namely, intrauterine hypoxia as the main (ini-
tial) cause of fetal death (with the incidence, accord-
ing to different sources, varying from 80.5 to 88%)
[4, 8—14]. Next, the data vary depending on the
country, the classification of the causes of stillbirth,
and the selected study cohort. This is due to the lack
of a unified international definition and classification
of intrauterine fetal death. So, at present, there are
more than 80 different classifications while not all of
them consider the causes of antenatal death specifi-
cally, but generally include various factors of perina-
tal death [9, 15, 16]. The most widely used classifica-
tion for national monitoring of perinatal mortality
was developed in the UK — the CODAC system, which
includes 94 subcategories coding causes and associ-
ated conditions of stillbirth [16].

In 2016, WHO issued recommendations on the
use of the International Classification of Diseases to
perinatal mortality (ICD-10) (ICD-PM) [13]. It is
clear that the causes of ante-, intranatal and early
neonatal death can overlap but at the same time they
can have completely different triggers and develop-
ment mechanisms. In the Russian Federation, the
first place is occupied by intrauterine hypoxia (92%),
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MepuHATaJIbHONH cMepTH [9, 15, 16]. HawubGosee
IIMPOKO UCIIOJIb3yeMas KyiaccuUKaIus JJ1s Hallu-
OHAJIPHOTO MOHHUTODWHTA MEPUHATAJIHHON CMEPT-
HocTu ObL1a pazpaboTaHa B BenukoOputaHuu —
cucrema CODAC, Bxiouamomas 94 MoapyOpUKH,
KOJTUPYIOIINE IPUUUHBI U COMYTCTBYIOIIHE COCTOSI-
HUsI MEPTBOPOKIeHU [16].

B 2016 r. BO3 BrillycTUIa peKOMeHJAUU II0
MPUMEHEHUI0 MEXAYHAPOJHOH KJIacCupUKAIINT
6ome3neit (MKB-10) K cyiyuasiM cMepTH B IepUHA-
tastbHOM nepuosie (MKB-IIC) [13]. IToHATHO, YTO
MPUYMHBI aHTE-, THTPAHATAJIPHOW U PaHHEN HeOHa-
TaJIBHON CMEPTH MOTYT IEPEKJIUKATHCS, HO B TO K€
BpeMsI OHU MOT'YT UMETh COBEPIIIEHHO Pa3HbIE ITyCKO-
Bble (PAKTOPHI U MeXaHW3Mbl pasButusi. B Poccuii-
ckoli denepanyyl IEPBOE MECTO 3aHUMAET BHYTPHY-
TpoOHasA THUIOKcHs mioza (92 %), BTOpoe MeCTo —
Ipynna BpOXK/IEHHBIX aHOMAanuu, nedopmarnuit u
XPOMOCOMHBIX HapymeHu# (5.4 %), Ipu 3TOM Hau-
60J1ee 4acTo OTMEYAIOTCS MHOKECTBEHHBIE ITOPOKH
Pa3BUTHSA U IOPOKU CEPIEIHO-COCYAUCTON CUCTEMBL.
Ha TperbeM MecTe HAXOAATCA APYTHE HAPYIIEHUS,
BO3HHKAIOIHE B aHTEHATAJILHOM Iiepuoie (2.6 %),
BKJIIOYAs DHIOKPUHHBIE U MeTa00TNUECKUE OCIIONK-
HEHUs EPUHATAIBLHOTO IEPUoaa [4, 14].

B 2018 r. B.JI. KoBasieHKO U COaBT. ObLI ITPOBEIEH
CPaBHUTEJIHBIH aHAJIN3 MEePUHATAIBHOH CMepT-
HOCTU ¥ €€ BO3MOXKHOH IPEIOTBPATUMOCTH B
ropojiax-merarosucax (Yenssomack u HoBocuObupek)
Ha ocHoBaHuu CKaHIWHABCKO-BaJaTUICKOH KjIaccH-
(ukanym. B 1aHHOM HCCIe0BAHUY HA IIEPBOM MECTE
OKaszajlach AaHTeHaTaJbHas TIubeap IUIoma 0Oe3
3a/IepKKU BHYTPUYTPOOHOTO pocTa U 6e3 BPOK/eH-
HBIX IIOPOKOB Pa3BUTH HA CPOKe 28 Hesr 6epeMeHHO-
ctu u 6osee [15]. Ilpu aTOM, CcorylacHO Kyiaccuduka-
IUH, TaHHAs KaTETOPHs OTHOCUTCS K IIPeIOTBPATH-
MBIM TIPUYHMHAM CMEPTH IUIOZa HA COBPEMEHHOM
STare Pa3BUTHA IEPUHATATIEHON MEUITHEI.

BaXHO OTMETHUTBH, UTO caMa 10 cebe aHTeHATAIb-
Hasi TUIIOKCHUS IVIO/A SIBJISAETCS BTOPUYHOU IO OTHO-
[IEHUIO K IUIAlleHTApHBIM HapylneHusMm [8]. dtor
dakT 060CHOBBIBaeT HEOOXOAMMOCTb BbIZIETIEHUS
(paxTOpOB pHCKa aHTeHATAJILHOU CMEpPTU Ha dTare
IperpaBujJapHOU MTOATOTOBKY U BO BpeMs OepeMeH-
HocTH. COTJIaCHO JINTEPATYPHBIM IAHHBIM, K HAaHU060-
Jlee 4acThIM «HEMEJUIMHCKUM» (aKTOpaM pPHCKa
OTHOCSITCSA: HEeOJIArOmOIyYHble OBITOBBIE, COIUATH-
HbI€ U TICUXOJIOTUYECKUE YCIIOBHUS, BO3PACT MaTEPH
cTapiie 30 JIEeT, STHUUeCKas TPUHAJIEKHOCTD, HU3-
KUU YPOBEHH 00pa30BaHMsl, BpEIHbIE YCJIOBUSA TPy/Aa
u Tabakokypenue. Cpen «MeTUIIMHCKUX» BbIZe-
JISIIOT: CcOMaTW4ecKue 3a00JIeBaHUS  KEHIIUHBI
(game oKUpeHHE), HHAYIIUPOBAHHYIO OepeMeH-
HOCTb, OTSATOIIEHHBIH aKyIIepCKO-THHEKOJIOTHYe-

the second place is taken up by a the group of con-
genital anomalies, deformities and chromosomal
disorders (5.4%), while the most often notes of mul-
tiple congenital anomalies and cardiovascular mal-
formations. In the third place, there are other disor-
ders that occur in the antenatal period (2.6%),
including hormonal and metabolic complications of
the perinatal period [4, 14].

In 2018, Kovalenko et al. performed a compara-
tive analysis of perinatal mortality and its possible
preventability in the metropolitan cities (Chely-
abinsk and Novosibirsk) on the basis of the Scandi-
navian-Baltic classification. In this study, the ante-
natal fetal death without fetal growth retardation
and congenital malformations at 28 weeks of preg-
nancy and more occupied the first place [15]. More-
over, according to the classification, this entity
belongs to the preventable causes of fetal death at the
present stage of the development of perinatal
medicine.

Itis important to note that antenatal fetal hypoxia
itself is secondary in relation to placental disorders
[8]. This fact justifies the need to determine the risk
factors of antenatal death at the stage of preconcep-
tion care and during pregnancy. According to the lit-
erature, the most common “non-medical” risk fac-
tors include: unfavorable living, social and psycho-
logical conditions, maternal age over 30 years,
ethnicity, low level of education, hazardous working
conditions and tobacco smoking. Among the “medi-
cal” risk factors are: somatic diseases of a woman
(often obesity), pregnancy after assisted reproduc-
tion, positive obstetric-gynecological history [6,
10—12]. At the same time, in the study of Kurtser
et al. (2011), considering intrauterine fetal hypoxia,
which caused its death, it was noted that patients
with this outcome did not reveal a significant fre-
quency of extragenital or gynecological pathology.
The leading position had chronic or acute placental
disorders (fetal growth retardation, placental abrup-
tion, uterine rupture) and pathology of the umbilical
cord. Interestingly, in 4 % of cases, the cause of intra-
uterine hypoxia was not identified neither during
pregnancy nor during a post mortem examination
[17]. Moreover, in most studies there is no data on
the degree of influence of the aforementioned factors
on the unfavorable outcome of pregnancy — antena-
tal fetal death, and there is no unified risk scale for
this complication

In 2018, Remneva et al. presented a prognostic
scoring scale of antenatal fetal death at full-term
pregnancy, in which such factors as specific chronic
infections, young age, manual labour, infection of
the genitourinary tract, arterial hypertension, smok-
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CKHUl aHaMHe3 [6, 10—12]. B To ke BpeMs B HiccIie1o-
Banuu M.A. Kyprepa u coaBT. (2011), paccMaTpuBa-
IONUX BHYTPUYTPOOHYIO THUIIOKCHIO ILIOZA, CTaB-
IIYI0 IPUYHHOHN €ro CMEPTH, OTMEUEHO, YTO Y ITaIu-
€HTOK C JJAHHBIM HCXO/IOM He BBISIBJIEHA 3HAUUMAas
YacToTa HKCTPAareHUTAJIbHON WJIM THHEKOJIOTHUYe-
CKOH maToJioTuu. Besyiiee MecTo 3aHUMAIOT XPOHU-
YecKHe WIN OCTphble IUIAIleHTApHbIe HapyIIeHUs
(3ameprkka pocra IIoza, OTCJIOMKA IJIAIEHTHI, Pa3-
PBIB MAaTKH) U MAaTOJIOTUA IIYIOBUHBL VHTEpecHO,
U4TO B 4 % CIy4yaeB TNpPHUYHMHA BHYTPUYTPOOHOU
TUIIOKCUU IUIOZIa He ObLIa BBISIBJIEHA HU BO BpPeMs
OepeMeHHOCTH, HU TIPU IaTOJIOTOAHATOMHYECKOM
ucciaenoBanuu [17]. Ilpu 3TOM B OGOJIBIITUHCTBE
HCCJIEIOBAHUH OTCYTCTBYIOT TaHHBIE O CTENIEHU BJIU-
STHUS BBIJIEJIEHHBIX (DAKTOPOB HA HEOJIATOIPUATHBIN
nucxosn 0OepeMeHHOCTH — AHTEHATAIBHYI0 CMEPTh
IUIO/IA, U He CYIIECTBYeT eINHOM IITKaIbl PUCKA TaH-
HOTO OCJIO>KHEHWUS.

B 2018 r. O.B. PemHeBo# u coaBT. ObUIA TIpE-
CTaBJIeHA IPOTHOCTHUYECKasl OasUTbHAs MIKaJIa pUcKa
AHTEHATUIHPHOU CMEpPTHU IUIOZA HA JAOHOIIEHHOM
CPOKe, B KOTOPOH BBIJIeJIEHBI Takue (PaKTOPHI, Kak
cnenuduueckue XpoHHUYecKrne WHQEKINU, OHBIH
BO3pacT, QU3NYECKUN TpyZ, UHQEKIUU yPOreHH-
TQJIBHOTO TpPaKTa, apTepuajgbHass THIEPTEH3UA,
TabaKOKypeHHue, HaJTMYrue BarHHUTOB U BaruHO30B,
MHOroBozaue. [Ipu sTom Hanbosiee 3HAUUMBIMU U3
HUX aBTOPBI CYUTAIOT XPOHUYECKUE crienudriecKie
UHGEKIUYU MaTepHy, TAaKhe KaK BUPYCHbIE TEeIIaTUTHI,
TyOepKyse3 U cuduinc, oneHnBaeMble B 4 6asia, B
TO BpeMs Kak MH(EKIIUU MTOJIOBBIX IyTel OIleHeHbI
suirb B 1 6au1. Takoe pasiudure MOXKET OBITH CBsI-
3aHO C TEM, YTO BAarWHUTHI U BAarHMHO3bI SBJISIOTCS
JIETKO JMAarHOCTUPYEMBIM U KOPPUTHUPYEMBIM (ak-
TOPOM IIpU TPAaMOTHOM BeJIeHHU OepeMeHHOCTH B
OTJINYHe OT XpoHWYeckux mHbekuil. HTepecHoO,
YTO B IIPEJCTABJIEHHON IIKAJIE OTATONEHHBIN
aKyIIepCKO-THHEKOJIOTUYECKUH aHaMHe3 He pac-
cMaTpuBaeTcs Kak GaKTOp PHUCKA B CBA3U C HEZOCTA-
TOYHBIM BJIMSTHUEM Ha MEepUHATAIBHBIA ucxon [1].
CJI0KHO OIIEHUTH MTPOTHOCTUYECKYIO IIEHHOCTDb pas-
paboTaHHOU IIKAIBI M BO3MOXKHOCTh €€ IIpUMeHe-
HUS TIOBCEMECTHO, VUHUTHIBASA PErHOHAJIbHBIE 0OCO-
OGeHHOCTH, BIHUAIOIINE HA TeueHre OepeMeHHOCTH.

Taxkum 06pa3oM, HEOAHO3HAUHbBIE TAHHBIE pas-
JIMYHBIX UCCJIEIOBAHUN IO OIPEJIeJIEHUI0 BeIYIITUX
(axkTOpOB prCKA AaHTEHATAIBPHOU CMEPTH IUIOZA,
0COOEHHO Ha JIOHOIIEHHOM CpOKe OepeMeHHOCTH,
00yCJIOBJIMBAIOT ~ HEOOXOJUMOCTh  JTAJTbHEUIIIETO
IIOMCKA W TIPOBEJeHUs aHaIn3a (HaKTOPOB PHUCKA C
OII€HKON HUX IPOTHOCTUYECKOU 3HAYUMOCTU U BO3-
MOKHOU TIPEIOTBPATUMOCTH HEeOJIarompusTHOTO
[IEPUHATAILHOTO UCXO/IA.

ing, the presence of vaginitis and vaginosis, and
polyhydramnios are marked. In the meantime, the
authors consider the most significant of them to be
chronic specific infections of the mother, such as
viral hepatitis, tuberculosis and syphilis which are
estimated at 4 points, while genital tract infections
are estimated at only 1 point. This difference may be
due to the fact that vaginitis and vaginosis are an eas-
ily diagnosed and treatable factor with appropriate
management of pregnancy, unlike chronic infec-
tions. Interestingly, in the presented scale, the posi-
tive obstetric-gynecological history is not considered
as a risk factor due to insufficient effects on the peri-
natal outcome [1]. It is difficult to assess the prognos-
tic value of the developed scale and the possibility of
its widespread use, given the regional features affect-
ing the course of pregnancy.

Thus, the ambiguous data of various studies on
determining the leading risk factors of antenatal fetal
death, especially at full-term pregnancy, necessitate
further search and analysis of risk factors with an
assessment of their prognostic significance and pos-
sible preventability of an adverse perinatal outcome.

AIM OF THE RESEARCH

To determine the clinical and anamnestic risk
factors for antenatal death of a full-term fetus in the
Chelyabinsk region.

MATERIALS AND METHODS

A retrospective analysis of all cases of antenatal
fetal death at 37 weeks o0 days — 41 weeks 6 days of
pregnancy, registered in the Chelyabinsk region from
2019 to 2021, was carried out. Participants of the
study were divided into two groups: group 1 — women
with antenatal death of the full-term fetus
(158 patients); group 2 — women with live full-term
births (50 patients). The study is based on the analy-
sis of the medical records: birth history (Form No.
096u), gravidity and parity history (Form No. 111/y-
20), an autopsy report of the fetus, stillborn or live-
born (Form 013/u), form No. 32 of Russian Statistics
Committee.

Inclusion criteria for group 1: medical check-up
for pregnancy in an antenatal clinic, the availability
of medical records (birth history, gravidity and par-
ity history, autopsy report of stillborn), antenatal
fetal death at 37 weeks 0 days — 41 weeks 6 days of
pregnancy.

Inclusion criteria for group 2: medical check-up
for pregnancy in an antenatal clinic, the availability
of medical records (birth history, gravidity and par-
ity history), full-term delivery with a live fetus
(37 weeks o days — 41 weeks 6 days).
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ITEJIb UCCJIEJIOBAHUSA

OmnpezniesiuTh KJIWHUKO-aHAMHeCTHYecKre (ak-
TOPBI PUCKA AaHTEHATAIIBHOU CMEPTH JIOHOIIEHHOTO
10712 Ha Tepputopuu YensabuHCKo# 061aCTH.

MATEPUAJIBI 1 METO/bI

[IpoBejieH peTPOCIEKTUBHBIN aHAIN3 BCEX CITY-
YyaeB aHTEHATaJIbHOW CMEPTH IJIOZIa Ha CpOKe
OepeMeHHOCTH 37 HeJl O JHEU — 41 HeJ 6 JHeH,
3aperucTPUPOBAHHBIX Ha Tepputopuu YenasaOuH-
CKOH 00J1acTH ¢ 2019 110 2021 1. JIJ1g 3TOr0 OBLIN
BBIJIeJIEHBI CJIEAYIOIME IPYIINbL: TPYNIa 1 — JKeH-
IUHBI ¢ AaHTEHATAJbHON CMEPTHIO JOHOIIEHHOTO
wioza (158 manueHToK); TPyIa 2 — )KEeHIIUHBI CO
CBOEBPEMEHHBIMH POJAMH JKHUBBIM  ILJIOZIOM
(50 mamuenTok). MccnegoBanne 0OCHOBAHO Ha aHa-
JIM3€e JAHHBIX METUIIUHCKOU TOKYMEHTAI[UH MMaI-
€HTOK: ucTopus pozoB (bopma N2 096y), HHAUBU-
JyajibHasg KapTa OepeMeHHOH U POAUIbHUIBI
(dbopma N2 111/y-20), IPOTOKOJI MATOJIOTOAHATO-
MHYECKOTO BCKPBITHSA IJI0/Ia, MEPTBOPOKIAEHHOTO
WX HOBOPOXKAeHHOTO (popma 013/y), dopma N2
32 Poccrara.

Kputepuu BKIIOUEHHS [JISI TPYIIBI 1: JUCIAH-
CEpHBIH yUeT 110 6epeMEHHOCTH B YKEHCKON KOHCYJTh-
Ty, HAJIWNYUE METUIMHCKOU JOKYMeHTAIlMu
(ucTopus posi0B, HHAUBHUAYaJIbHAA KapTa OepeMeH-
HOU W POAWIBHUIIHI, TPOTOKOJI TATOJIOTOAHATOMMU-
YEeCKOr0 BCKPBITHS MEPTBOPOKJIEHHOTO), aHTEeHa-
TaJbHAs CMEpPTh IUIOZa Ha CPOKe OepeMeHHOCTH
37 HeZl O IHEU — 41 HeJl 6 THEeH.

Kputepuu BKJIIOUEHUS JIUISI TPYIIIBI 2: JUCIAH-
CEPHBIU yUeT 110 6epeMEHHOCTH B KEHCKOUN KOHCYJTh-
Taliy, HaJIUYHEe METUIMHCKOW JIOKYMEHTAIIMH
(ucTopus posI0B, MHAUBHUAYaAJIbHAsA KapTa OepeMeH-
HOU W POJIMJILHHIIBI, CBOEBPEMEHHBIE POIbI (37 HEJ
O JHeH — 41 Hex, 6 AHel) >KUBBIM ILJIOIOM.

Kpurepun HeBKJIIOUEHUS: CPOK OEepeMEHHOCTH
MeHee 37 HeJl U 42 Hepl U 0oJee, HEAOCTYITHOCTh
MEIUITMHCKOMN TOKYMEHTAIIH.

CTaTHCTHYECKUH aHaIWu3 MPOBOJHIA C IIOMO-
b0 IaKeTa cratuctuueckux mporpamm MedCale
(version 20.110, Benbrus, 2022). KosinuecTrBeHHbIE
JTaHHBIE MIPE/ICTaBJIEHbI B BU/I€ MEeTUAHBI U MHTEPK-
BapTwiIbHOrOo pasmaxa (Me; Q1—Q3), KadecTBeH-
Hble JaHHbIE OMHCAHBI abCOJIOTHBIMU U OTHOCH-
TEJILHBIMHA YacTOTaMH. [IpUMEHSIU KpUTEPUHU
ManHa - VYwutHH, ¥* (xw-xBazpat) IlupcoHa,
duinepa. /1715 OlEHKU BAUSHUS BbISIBJIEHHBIX KJTH-
HUYeCKUX (PaKTOPOB HAa BO3HUKHOBEHUE aHTEHA-
TQJIHHON CMEPTH JIOHOIIEHHOIO IIJIOAA HCIIOJIB30-
BaJIi PETPECCUOHHYIO MOJIEb MTPOMOPIIHOHATBHBIX
puckoB Koxkca.

Exclusion criteria: gestational age <37 weeks and
>42 weeks of pregnancy, unavailability of medical
records.

A statistical analysis was performed using Med-
Calc software (Version 20.110, Belgium, 2022).
Quantitative data are presented as a median and
interquartile range (ME; Q1—Q3), qualitative data
are described by absolute and relative frequencies.
The Mann-Whitney, Pearson’s chi-squared, Fisher’s
tests were used. To assess the influence of clinical
factors identified on the occurrence of antenatal
death of a full-term fetus, the Cox regression model
was used.

RESULTS

An analysis of cases of antenatal death of a full-
term fetus registered in the Chelyabinsk region in
2019—2021 showed that this complication most often
occurred in group II of maternity hospitals: 30 cases
(65.2%) in 2019, 47 (81%) in 2020 and 41 cases
(69.5%) in 2021. In group I of health care facilities —
4 (8.7%), 2 (3.4%) and 1 (1.7%) cases, respectively,
and in group I1T — 11 (26%), 9 (15.5%) and 17 (28.8%),
respectively. In 2019 and 2020, antenatal fetal death
at the level I of medical care was caused by prema-
ture separation of normally implanted placenta in
50% of cases, and in 2021 — in 100%.

Comparative social characteristics of female
patients in the study groups are presented in Table 1.

As can be seen from Table 1, the age of all women
in the study groups was reproductive — 31 (26—35)
years in group 1 and 29 (24—34) years in group 2,
without statistically significant differences. Patients
with antenatal death of a full-term fetus were statis-
tically significantly more likely to live in Chelyabinsk
and big cities of the Chelyabinsk region, had
secondary vocational education and were tobacco
smokers.

The structure and incidence of somatic diseases
in female patients of the study groups is presented in
Table 2.

As follow from Table 2, in patients with antena-
tal fetal death, diseases characterized by high
blood pressure (hypertension), endocrine diseases
and specific infectious diseases (HIV infection,
hepatitis C and tuberculosis) were statistically sig-
nificantly more common. At the same time, endo-
crine diseases and specific infectious diseases were
important in the totality, and not each disease sep-
arately.

Assessment of obstetric and gynecological data
(Table 3) showed that women with antenatal death
of a full-term fetus were statistically significantly
more likely to be primigravidae or multigravidae pri-
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PE3YJ/IBTATDI

AHanu3 cIydaeB aHTEHATAIBHOM CMEPTH JOHO-
IIEHHOTO ILJIO/IA, 3aPETUCTPUPOBAHHBIX HA TEPPUTO-
puu YenssOuHCKOU 0b6J1acTu B 2019—2021 IT., IIOKa-
3aJI, YTO yallle BCero JaHHOe OCJIOKHEHNe BCTpeda-
Jiock Bo I rpymie yupexaeHni po/IOBCIIOMOKEHHUS:
30 ciaydaeB (65.2 %) B 2019 T., 47 (81 %) B 2020 T. 1
41 cayyaii (69.5 %) B 2021 1. B I rpynmne MmeuiuH-
ckux opranuzanuii — 4 (8.7 %), 2 (3.4 %) u 1 (1.7 %)
cJIydai cooTBeTCcTBEHHO, a B III rpymme — 11 (26 %),
9 (15.5 %) u 17 (28.8 %) coorBeTcTBEHHO. B 2019 1
2020 T. aHTeHaTaJIbHAsA CMEPTH IUTo/1a Ha I ypoBHe
OKa3aHWsS MEJUITMHCKON moMoInu ObLia o0ycIoB-
JIeHa TIPEXK/IEBPEMEHHOH OTCIIOHKON HOPMaJIbHO
pAacCIIOJIOXKEHHOH IUTANeHThI B 50 % CJIy4aeB, a B
2021T. — B 100 %.

B Tabs. 1 mpescTaBieHa CpaBHUTEIbHAS COIH-
aJIbHAsI XapaKTEPUCTUKA MAIMEeHTOK HCCIIeAYeMbIX
TpyTI.

Kak BuziHO 13 TabJ1. 1, BO3pACT BCEX JKEHIINH B
HCCJIeTyeMbIX TPYIIIaX COOTBETCTBOBAJI PEMPOMIYK-
TUBHOMY — 31 (26—35) TO/ B rpyIie 1 u 29 (24—34)
JIeT B rpyirie 2, 6e3 CTaTUCTUYECKH 3HAUUMBIX pas-
guuynii. [lanyeHTKH C aHTeHATaJIbHOM CMEPTHIO
JIOHOIIIEHHOTO IIJT0/IA CTATUCTHIECKU 3HAUNMO Yalle
npoxkuBasin B UYesnsaOMHCKe U KPYIHBIX TOPOAax
YensaOuHCKOU 006J1aCTH, UMEJIN CPe/THEE CIEeIUAITb-
Hoe 0bpa3oBaHUe U Kypuiiu Tabax.

CTpyKTypa U 4acToTa BCTPEYAEMOCTH COMaTHIe-
CKHX 3a00JIeBaHUHA Yy TMAIMEHTOK HCCIIEAYeMbIX
IPYIII IIpeZICTaBIeHa B Ta0JL. 2.

Kaxk ciiemyer u3 Tabs1. 2, y MaliieHTOK C aHTEHa-
TQJIBHOU CMEPTHIO IIJIO/IA CTATHUCTUYECKH 3HAYKUMO
yame BCTpevYaysnch OOJIE3HH, XapaKTEePU3YIOIIECs
IIOBBIIIIEHHBIM KPOBSHBIM JIaBJIeHHEM (TUIIEPTOHU-
yeckass 0oJie3Hb), 3aboJieBaHUsA SHAOKPUHHOHN
cucTteMbl U crnenudmieckue NHPEKIUOHHBIE 3260~
neBanus (BUY-undekius, rematutr C U TybepKy-
ne3). Ilpu »ToM 3aboneBaHUS SHAOKPUHHOU
cucrteMbl U crnenudmieckne nHPEKIUOHHBIE 3200~
JIeBaHUsS UMeJIN 3HAaueHHe B COBOKYITHOCTH, a He
Kaxkoe 3a00JieBaHUE B OT/IEJIBHOCTH.

O1eHKa aKyIIEPCKO-THHEKOJIOTUYECKOTO CTaTyca
(Tabs. 3) moOKasasa, YTO JKEHIUHBI C aHTEHATAJb-
HOH CMEPTHIO JIOHOIIEHHOTO IIJI0/IA CTATUCTUYUECKH
3HAYMMO Yallle SBJISUINCH IIepBOOepEMEHHBIMU HJIH
ITOBTOPHOOEPEMEHHBIMH IIEPBOPOAAIINMU. Y TAKUX
JKEHIIWH CTaTHCTUYECKH 3HAUYMMO dYalle BCTpeua-
JINICh BOCITAJINTEJIbHBIE OOJIE3HU JKEHCKUX Ta30BbBIX
OPTaHOB.

B cooTBeTCTBUU ¢ KpUTEpUSIMHU BKJIIOUEHHS BCe
MMAIIEHTKY COCTOSIT HA YUETe B dKEHCKOU KOHCYJIb-
TaIllY, aHAIU3 PETYJIIPHOCTH HAOJIIO/IEHUS HE BbIfA-
BIJI BHAYUMBIX Pa3TUIU.

miparae. In these women, inflammatory diseases of
female pelvic organs were statistically significantly
more common.

In accordance with the inclusion criteria, all
patients were registered and checked-up at the ante-
natal clinic. As analysis revealed, the regularity of
follow-up did not differ significantly.

The analysis of the course of pregnancy in women
of the study groups showed that statistically signifi-
cant complications of pregnancy in case of antenatal
death of a full-term fetus include: pregnancy-induced
hypertension without significant proteinuria; diabe-
tes mellitus arising in pregnancy; gestational edema;
false labour before 37 completed weeks of pregnancy;
placental disorders; maternal care for poor fetal
growth, and diseases of the respiratory system com-
plicating pregnancy (namely acute respiratory infec-
tion) (Table 4).

To assess the influence of the considered clinical
factors on the occurrence of antenatal fetal death, the
Cox regression model was used (Table 5).

According to the data from Table 5, in women
with antenatal fetal death at full-term pregnancy,
compared with women with full-time live births,
strong risk factors influencing the occurrence of the
studied outcome are a history of hypertension and
moderate pre-eclampsia, placental disorders or fetal
growth retardation detected during ongoing preg-
nancy. We constructed a plot of the dependence of
survival of full-term fetuses on the delivery time in
the presence of significant risk factors being revealed
(Fig. 1).

This plot clearly shows a decrease in the survival
of full-term fetuses when delivered at a later gesta-
tional age. Thus, with delivery at 37—38 weeks, the
survival ranges from 80 to 100%, even in the pres-
ence of significant risk factors, and after 40 weeks of
pregnancy, it is less than 40%.

DISCUSSION

Over the past 5 years, the analysis of the causes of
antenatal death of a full-term fetus and the search for
modifiable risk factors that directly determine the
outcome of pregnancy have given not only medical
and social, but also political and demographic sig-
nificance. First, preventing antenatal fetal death at
full-term pregnancy is considered as a reserve for
reducing the stillbirth rate; secondly, the proportion
of full-term fetuses that died in utero tends to steadily
increase in the structure of perinatal mortality. Thus,
according to Statistical Form No. 32, the proportion
of antenatal death of full-term fetuses in the Che-
lyabinsk region in 2019 was 24.4% (48 cases), in
2020 — 26.2% (58 cases), and in 2021 — 29.4%
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Ta6auna 1. ConnanbHast XapaKTepUCTHKA MALMeHTOK UCCIeyeMbIX IPYII
Table 1. Social characteristics of female patients in the study groups

I'pynna 1 / Group 1 I'pynna 2 / Group 2
Iloka3arte/ib (n=158) (n=50)
Parameter p

a6e. / abs. % a6c. /abs. %
Bospacr (s1eT), Me (Q1-Q3) / Age (years), Me (Q1-Q3) 31 (26-35) 29 (24-34) 0.420
Crapiue 30 jsiet / Over 30 years old 88 55.6 27 54.0 0.833
[IpoxuBaHMe B cesbCKOM MecTHOCTH / Living in rural areas 37 234 13 26.0 0.710
[IpoxkuBaHKe B MaJbIX ropojax Yesa6uHCKON 06/1acTH 1 0.6 19 38.0 <0.001
Living in towns of the Chelyabinsk region
[IpoxkrBaHKe B KpyNHbIX Toposax Yesnss6MHCKOU 06/1acTH 120 75.9 18 36.0 <0.001
Living in big cities of the Chelyabinsk region
Bpak 3apeructpupoBaH / Registered marriage 108 68.3 40 80.0 0.114
Bpak He 3apeructpupoBaH / Not registered marriage 35 221 6 12.0 0.116
He 3amy»xem / Unmarried 15 9.4 8.0 0.749
Briciiee o6pasoBanue / Higher education 42 26.5 19 38.0 0.123
Cpe/iHee crieniajibHOe 06pa3oBaHUE 89 56.3 20 40.0 0.044
Secondary vocational education
CpefiHee o61iee o6pa3oBanue / General secondary education 12 7.6 16.0 0.079
OcHoBHoe 06111ee o6pa3oBaHue / Basic education 15 9.4 3 6.0 0.444
Pa6ouas cnenuanbHocTb / Trade job 11 6.9 2 4.0 0.451
Cayxamast / Employee 78 49.3 29 58.0 0.288
Jlomoxozsiika / Housewife 63 39.8 17 34.0 0.457
Yuawascs / Student 6 3.8 1 2.0 0.540
WHpuBuayanbHbll npeanpuauMartessb / Self-employed 0 0.0 1 2.0 0.240
Ta6akokypenue / Tobacco smoking 37 23.4 5 10.0 0.039
HapkoTuueckas 3aBucumocts / Drug addiction 1 0.6 0 0.0 0.573
Pycckas / Russian 116 73.4 35 70.0 0.637
Tatapka / Tatar 15 9.4 4 8.0 0.749
Kazamka / Kazakh 0 0.0 1 2.0 0.240
Tamxuuka / Tajik 5.7 6 12.0 0.134
Y36euka / Uzbek 2 1.2 1 2.0 0.563
Bamkupka / Bashkirian 13 8.2 3 6.0 0.607
ApMsaHka / Armenian 3 1.9 0 0 >0.999

AHanu3 TeueHUss OepEMEHHOCTH Yy IKEHIIHUH
HCC/IelyeMbIX TPYIII ITOKA3aJl, YTO K CTATUCTHUECKHU
3HAYNMBIM OCJIOKHEHUAM O€peMEeHHOCTU IIPY aHTe-
HAaTaJIbHOM CMEPTH IOHOIIEHHOT'O IIJI0/]a OTHOCATCS:
BbI3BaHHas1 6EPEMEHHOCThIO0 THIIEPTeH3us 6e3 3Ha-
YHUTEJIbHON IPOTENHYPUM; CaXxapHBIA Amaber, pas-
BUBIIHICA BO BpeMs OepeMEeHHOCTH; BBI3BAHHBIE
6epeMeHHOCTHIO OTEKU; JIOXKHBIE CXBATKH JI0 37 MOJI-
HBIX HeZleTh OepeMeHHOCTH; IUIalleHTapHbIe Hapy-
IIeHUsI; HEJIOCTATOYHBIA POCT IUIOJA, TPeOYIOIHHI
MIpeZI0CTaBIEHUS] MEAUITMHCKOM TIOMOIIY MaTepPH, U
0OJIE3HH OPTAaHOB JBIXaHWS, OCJIOKHAMOIINE Oepe-
MeHHOCTh (2 WMEHHO OcTpas pecnupaTopHas
nHbekIus) (Tabir. 4).

s OleHKU BIIUSHUS PACCMATPUBAEMBIX KIIU-
HUYECKUX (AaKTOPOB HA BO3HUKHOBEHHE aHTEHa-
TJIBHOU CMEPTH II0/Ia ObLIa MCII0JIb30BAHA Perpec-

(56 cases). This trend can be seen in the Russian
Federation as a whole [18, 19].

Our analysis of available medical and social data
revealed the following statistically significant risk
factors: living in Chelyabinsk and big cities of the
Chelyabinsk region; presence of secondary voca-
tional education; presence of hypertension, endo-
crine diseases, several specific infections (HIV infec-
tion, hepatitis C and tuberculosis). The results
obtained are consistent with the previous studies of
risk factors for antenatal fetal death starting at
22 weeks of gestation. Thus, Sonchenko et al. (2017),
Ivanova et al. (2020), Husak et al. (2020) also noted
the contribution of low education level and tobacco
smoking. Unfavorable living and psychological con-
ditions, heavy manual labour can be considered as
universal risk factors for antenatal fetal death at pre-
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Ta6auna 2. CTpykTypa 3a60/1eBaeMOCTH COMAaTUYE€CKUMH 3a60/IeBaHUAMH M 4aCTOTA WX BCTPEYAEMOCTH Y MALlUEHTOK
UCCJIe/lyeMbIX IPYIIIT
Table 2. The structure and incidence of somatic diseases in female patients of the study groups

I'pynna 1 / Group 1 I'pynna 2 / Group 2

Iloka3aTesb (n=158) (n=50)
Category p

a6¢c. /abs. % a6c. /abs. %
[10-115. Bosie3Hu, XapakTepHU3yIoLIrecs MOBbIIIEHHBIM 14 8.8 0 0.0 0.020
KPOBSIHBIM JlaBJIeHHuEM
[10-115. Hypertensive diseases
[13.9. l'unepToHnyeckas 601e3Hb 14 8.8 0 0.0 0.020
[13.9. Hypertension
E00-E90. Bosie3HH 3HAOKPHUHHOU CUCTEMBI 76 48.1 13 26.0 0.006
E00-E90. Endocrine diseases
E66-E66.9. OxxupeHue 50 31.6 10 20.0 0.114
E66-E66.9. Obesity
E10-E14. CaxapHblit fuabeT 2 1.2 0 0.0 >0.999
E10-E14. Diabetes mellitus
E06.3. AyTOUMMYHHBIA TUPEOUAUT 24 15.1 3 6.0 0.092
E02. CyOK/IMHUYECKUU TUIIOTUPEO3 BCIECTBUE HOAHON
HEeJI0CTaTOYHOCTH
E06.3. Autoimmune thyroiditis
EO02. Subclinical iodine-deficiency hypothyroidism
N10-N16. Ty6ynouHTepCcTULUAIbHbIE 60/I€3HU IIOYEK 21 13.2 11 22.0 0.137
N10-N16. Renal tubule-interstitial diseases
N20-N23. MoyekameHHas 60JIe3Hb 2 1.2 0 0.0 >0.999
N20-N23. Urolithiasis
N11.0. Heo6CTpyKTUBHBIN XPOHUYECKUH THeJIOHEPPUT 19 12.0 11 22.0 0.080
N11.0. Nonobstructive reflux-associated chronic pyelonephritis
B18, B20-B24. UHdeKIMoHHbIe 3a60/1€BaHUS 12 7.6 0 0.0 0.045
B18, B20-B24. Infectious diseases
B20-B24. BUY-undeknus 9 5.7 0 0.0 0.085
B20-B24. HIV disease
B18.2. Xponuyeckuii BUpycHbIl renatut C 3 1.9 0 0.0 >0.999
B18.2. Chronic viral hepatitis C
A15-A19. TyGepkynes 2 1.2 0 0.0 >0.999
A15-A19. Tuberculosis
183. Bapuko3Hoe paciiupeHre BeH HUXKHHUX KOHEUHOCTeH 9 5.7 4 8.0 0.558
[83. Varicose veins of lower extremities
H52.1. Muonus 15 9.5 4 8.0 0.749
H52.1. Myopia
K20-K31. Bosie3Hu nuieBo/a, xeayiKa u 9 5.7 1 2.0 0.288
JIBEHA/IATUIIEPCTHON KUILKH
K20-K31. Diseases of esophagus, stomach and duodenum
K29.5. XpoHryecKkni racTpUT HeyTOYHEHHbBIH 7 4.4 1 2.0 0.437
K29.5. Chronic gastritis, unspecified
K28. l'acTpoetoHanbHas A3Ba 2 1.2 0 0.0 >0.999
K28. Gastrojejunal ulcer
]30-]47. XpoHuveckue 60/1€3HU BEPXHUX U HUKHUX 7 4.4 0 0.0 0.130
JIbIXaTeJbHBIX My TeH
J30-J47. Chronic diseases of upper and lower respiratory tract
J45. BpoHxuasnbHas acTMa 2 1.2 0 0.0 >0.999
J45. Asthma
J42. XpoHUYeCcKU GPOHXUT 2 1.2 0 0.0 >0.999
J42. Chronic bronchitis
]35.0. XpoHHUeCKUHM TOH3UJLITUT 3 19 0 0.0 >0.999
]35.0. Chronic tonsillitis
D50. XKenesonepunurHas aHeMus 70 443 22 44.0 0.970

D50. Iron deficiency anemia

Journal homepage: http://jsms.ngmu.ru 85



Kasauxos E.JI. u dp. / Journal of Siberian Medical Sciences T. 7, N° 4 (2023)

Ta6auna 3. AKylepcKko-THHEKOJIOTHIeCKU aHaMHe3 y MAlHeHTOK UCCIeAyeMbIX Py
Table 3. Obstetric and gynecological history in patients of the study groups

I'pynna 1 / Group 1 I'pynna 2 / Group 2
Iloka3aTesb (n=158) (n=50)
Parameter, category p
a6c. /abs. % a6e. / abs. %
[lepBo6epemenHble / Primigravidae 65 411 12 24.0 0.029
[ToBTOpHOGEpEMEHHbIE U IEPBOPOASILLE 17 10.7 12 24.0 0.018
Multigravidae and primiparae
[ToBTOpHOGEpPEMEHHBIE U TOBTOPHOPOASILHE 76 48.2 26 52.0 0.631
Multigravidae and multiparae
Jle610T cexcyanbHOH xu3HU (16 JIeT U MeHee) 37 23.4 10 20.0 0.615
Sexual debut (16 years or younger)
N70-N77. BocnanuTtebHble 60J1€3HU XKEHCKUX Ta30BbIX 37 23.4 20 40.0 0.022
OpraHoB
N70-N77. Inflammatory diseases of female pelvic organs
N72. BocnanuTesbHas 60/1e3Hb LIeHKU MaTKU 27 17.0 14 28.0 0.091
N72. Inflammatory disease of cervix uteri
N71. BocnanuTenbHas 60/1e3Hb MaTKH, KpOMe LIEHKH MaTKU 10 6.3 6 12.0 0.190
N71. Inflammatory disease of uterus, except cervix
003. CamonpousBosibHBIN a6opT / 003. Spontaneous abortion 23 14.5 6 12.0 0.649
004. MeaunuHckuit abopt / 004. Medical abortion 65 411 14 28.0 0.096
002.0. [Toru6bee miaogHoe sio / 002.0. Blighted ovum 7 4.4 5 10.0 0.141
034.2. [locsieonepaniMOHHBIA py6el; MaTKH, TPEOYIOMINH 36 22.7 12 24.0 0.859
npeoCTaBIeHUs] MEJULIMHCKOW TIOMOIIY MaTepU
034.2. Maternal care due to uterine scar from previous surgery
N97. Becruiogue / N97. Infertility 5.7 3 6.0 0.936
WHpyunpoBaHHas 6epeMeHHOCTb 2 1.2 2 4.0 0.244
Pregnancy after assisted reproduction
026.2. MeMIIMHCKAsA TOMOLLb KEHIIMHE C IPUBBIYHBIM 5 3.1 1 2.0 >0.999
HeBblHAlIMBaHHEM GepeMeHHOCTH
026.2. Pregnancy care of habitual aborter
D25. Jleitiomuoma matku / D25. Leiomyoma of uterus 11 6.9 4 8.0 0.805

CHOHHAs MOJEJb IPOIOPIUOHAIIBHBIX PHCKOB
Koxkca (Tab1. 5).

CoriacHO JJaHHBIM, IPEJICTABJIEHHBIM B Ta0JI. 5,y
JKEHINWH, UMEIOIUX aHTEeHATAIbHYIO0 CMEPTH ILI0/A
Ha JIOHOIIIEHHOM CPOKe OGepeMeHHOCTH, 10 CpaBHe-
HUIO C JKEHIIMHAMH CO CBOEBPEMEHHBIMU POJIAMU
JKUBBIM IUIOZIOM 3HAUUMBIMU (PaKTOPaMH PHCKA,
BJIUSAIOIIMMA Ha BO3HUKHOBEHHE H3y4aeMOro
KCXOMa, SBJISIOTCA HAJU4YUe TUINEPTOHUYECKOH
00JIe3HN B aHAMHe3€ U Pa3BUTHE YMEPEHHOH IIpe-
SKJIAMIICUY, IUIAIEHTADHBIX HAPYIIEHWH WU
3a7IepP’KKU POCTa IUIOJA, BBISIBJIEHHBIE [P HACTOS-
mel 6epemenHoctu. Hamu ObL1 mTOCTpoeH rpaduk
3aBUCUMOCTH BBIKMBAEMOCTH IIJIOJIOB HA JIOHOIIIEH-
HOM CpPOKe OepeMeHHOCTH OT CPOKa POo/iopaspeliie-
HUS IPU HAJIMYUY BBISBJIEHHBIX 3HAUNMBIX (PaKTO-
poB pucka (puc. 1).

Ha panHOM rpaduke YeTKO NPOC/IEKHBAETCS
CHIDKEHHE BBDKHBAEMOCTH JIOHOIIEHHBIX ILJIOZIOB
IIPU POZIOpa3pellieHuu Ha 0(ojiee IMO3/HEM CPOKe
recraiiu. Tak, mpu pojOpa3pelieHUy Ha CPOKe

term and full-term pregnancy [6, 11, 12]. Interes-
tingly, our study did not show statistically significant
differences for mother’s age over 30 years and her
ethnicity, although our sample was larger than in the
abovementioned studies. Speaking about social
aspects, it should be noted that, according to the lit-
erature, living in a city is one of the risk factors for
antenatal fetal death [4], which is consistent with our
data — 75.9% of women with antenatal death of the
full-term fetus lived in cities of the Chelyabinsk
region. Nadeev et al. (2010) presented opposite data:
registered marriage and higher education are associ-
ated with antenatal death of a full-term fetus [20].
Interestingly, the risk factors also included the lack
of regular job in patients with this outcome. This dif-
ference in the data obtained, in our opinion, is due to
various conditions: sample size, regional peculiari-
ties, time of the study. In addition, the abovemen-
tioned factors are nonspecific and can indirectly
influence the development of many different condi-
tions. It is worth noting that in their work, Pasternak,
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Ta6una 4. OcyioxkHeHUs1 6epeMeHHOCTH Y MallMeHTOK HUCCIeyeMbIX TPy
Table 4. Complications of pregnancy in female patients of the study groups

I'pynna 1/ Group 1 TIpynna 2 / Group 2

IloxasaTesib (n=158) (n=50)

Category p
a6c¢. /abs. % a6e. / abs. %

013. Bri3BaHHasl 6epeMeHHOCTbIO TMIePTeH3MsI 6e3 3HaUUTeAbHOH 25 15.8 0 0.0 0.002

npotenHypuu / 013. Pregnancy-induced hypertension without
significant proteinuria

014.0. [IpeskaaMicusa cpeiHeH TAXKECTU 6 3.7 0 0.0 0.163
014.0. Moderate pre-eclampsia

014.1. lIpeaksamncus Tsokenas / 014.1. Severe pre-eclampsia 4 2.5 0 0.0 0.574
024.4. CaxapHblii uabeT, pa3BUBLIMICSA BO BpeMsl OEpEMEHHOCTH 45 28.4 2 4.0 <0.001

024.4. Diabetes mellitus arising in pregnancy

023.4. UndeKysa MOYEBBIX NyTel NpU 6epeMeHHOCTH 17 10.7 6 12.0 0.807
HeyTOYHeHHas (6eCCUMITOMHasI GaKTepPUypHs)

023.4. Unspecified infection of urinary tract in pregnancy

(asymptomatic bacteriuria)

N70-N77. BocnanuTesbHble 60J1€3HU >KEHCKUX TAa30BbIX OPraHOB 28 17.7 6 12.0 0.341
N70-N77. Inflammatory diseases of female pelvic organs

N72. BocnanuTtesnbHas 60J1€3Hb IIEHKH MAaTKH 25 15.8 6 12.0 0.509
N72. Inflammatory disease of cervix uteri

N71. BocnanuTesnbHble 60J1€3HM MaTKH, KpoMe IIeHKH MaTKH 3 1.9 0 0.0 >0.999
N71. Inflammatory diseases of uterus, except cervix

N89. /lpyrue HeBocla/JUTeNbHbIe 60JIE3HU BJAarajuila 47 29.7 11 22.0 0.288
N89. Other noninflammatory disorders of vagina

B37.3. Kanu/103 BYyJIbBBI M BarMHbI 25 15.8 7 14.0 0.756
B37.3. Candidiasis of vulva and vagina

N89.8. bakTepuanbHbiii BaruHo3 / N89.8. Bacterial vaginosis 22 13.9 4 8.0 0.270
021. YpesmepHast ppoTa 6epeMeHHbIX 5 3.0 2 4.0 0.674

021. Excessive vomiting in pregnancy

099.0. AHeMUs, OCTIOXKHSOMIAst 6epeMEHHOCTD, IETOPOXKIeHHE U 68 43.0 19 38.0 0.530
nocsepooBbid nepuog / 099.0. Anemia complicating pregnancy,
childbirth and the puerperium

012.0. Bei3BaHHbIe 6EPEMEHHOCTBIO OTEKU 24 15.1 2 22.0 0.037
012.0. Gestational edema
099.6. bosie3Hy opraHoB NUILeBapeHHs], 0CJA0XKHSAOLIMe 2 1.2 0 0.0 >0.999

6epemMeHHOCTB (renato3) / 099.6. Diseases of the digestive system
complicating pregnancy (hepatosis)

047.0. JloxkHble CXBAaTKH 10 37 MOJIHBIX HEJieJIb 6EPEMEHHOCTHU 68 43.0 13 26.0 0.031
047.0. False labour before 37 completed weeks of gestation

034.3. cTMUKO-1lepBUKaJIbHAs HEJOCTATOYHOCTD, TpebyoLias 5 3.1 0 0.0 0.340
peloCTaBJIeHUs MeJUIIMHCKON TOMOILM MaTepy
034.3. Maternal care for cervical incompetence

043. [lnaneHTtapHble HapymeHus / 043. Placental disorders 58 36.7 2 4.0 <0.001

036.5. HegocTaTo4yHbIH pOCT 10/, TPEOYIOLWUM pejocTaBIeHus: 22 13.9 0 0.0 0.005
MeJMIIMHCKOH TOMOIIM MaTepy
036.5. Maternal care for poor fetal growth

043. [lnanenrapHble HapymeHus / 043. Placental disorders 19 12.0 0 0.0 0.010
036.5. HegoctaTo4yHbIH poCT /1043, TPEOYIOLMH TPeL0CTaBlIeHUs

MeJMIMHCKON TOMOIM MaTepu

036.5. Insufficient fetal growth requiring maternal medical care

042. IIpexxieBpeMeHHbIN pa3pbIB IJIOAHBIX 060J109EK 24 15.1 11 22.0 0.263
042. Premature rupture of membranes

U07. KopoHaBupycHasi ”HQeKIHS BO BpeMsi 6epeMeHHOCTH 4 2.5 0 0.0 0.574
U07. Coronavirus infection during pregnancy

099.5. boJsie3HH OpraHoOB JibIXaHUsl, OCJOXKHSOLIMEe 6epEMEHHOCTh 52 329 4 8.0 <0.001
(ocTpble peciipaTOpHbIE HHOEKIUH)

099.5. Diseases of the respiratory system complicating pregnancy

(acute respiratory infections)
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Ta6ymmna 5. OLeHKa BJIUSHUS KIMHUYECKUX PaKTOPOB Ha BO3HUKHOBEHNE aHTEHATaJbHOM CMEPTH IJI0/A Ha JOHOIIEHHOM
CpoKe GEpEMEHHOCTH
Table 5. Assessment of the influence of clinical factors on the occurrence of antenatal fetal death at full-term pregnancy

dakTopsI pUCcKa G BT ELs T-ypoBeHB 95% AU
Risk factors B DL T-level Py 95% CI

Standard error
[13.9. 'unepToHuyeckas 60/1e3Hb 0.63 0.28 5.13 1.89 1.09-3.28 0.023
113.9. Hypertensive heart and renal disease
014.0. [IpeakyiaMncus cpefiHEN TAKeCTH 0.90 0.42 4.51 2.47 1.07-5.71  0.033
014.0. Moderate pre-eclampsia
036.5. HejocTaTouHbIN POCT MJ10/1a, TPEOYIOLINI 0.46 0.21 4.42 1.58 1.03-2.43 0.035
peJioCTaBAeHNs MeJUIIMHCKONW TOMOIIY MaTepHy
036.5. Maternal care for poor fetal growth
043. [lnaueHTapHble HApYLIEHUSs 0.43 0.19 5.14 1.54 1.06-2.26  0.023
043. Placental disorders
[IpoxuBanue B YesnsiGuHCKe 0.04 0.22 0.04 1.04 0.67-1.62 0.838
Living in Chelyabinsk
[IpoxkrBaHue B KPYNHBIX ropojax Yesnss6uHCKOU 0.12 0.22 0.32 1.13 0.73-1.75  0.569
o6JlacTu
Living in big cities of the Chelyabinsk region
CpeZiHee clieliuajbHOE 06pa3oBaHue 0.14 0.17 0.61 1.15 0.81-1.63 0.432
Secondary vocational education
E00-E90. 3a6osieBaHUs 3HAOKPUHHOMN CUCTEMBI, 0.08 0.18 0.23 1.09 0.76-1.57 0.629
paccTpolcTBa MUTAHUS U HapyLIeHUs: oOGMeHa
BelleCcTB
E00-E90. Endocrine, nutritional and metabolic
diseases
B18. XpoHu4eckuil BUPYyCHbIN renaTUT 0.62 0.32 3.63 1.86 0.98-3.54 0.056
B20-B24. Bosie3Hs, Bei3BaHHasg BUY
B18. Chronic viral hepatitis
B20-B24. HIV disease
[lepBoGepeMeHHbIE 0.21 0.28 0.56 1.23 0.70-2.17  0.452
Primigravidae
[ToBTOpHOGEpPEMEHHBIE IEPBOPOJSIIIE 0.12 0.28 0.20 1.13 0.65-1.97 0.653
Multigravidae and primiparae
N71, N73. Bociayiute/ibHbIe 60JIE3HU KEHCKUX -0.02 0.21 0.01 0.97 0.64-1.47 0.897
Ta30BbIX OPTraHOB
N71, N73. Inflammatory diseases of female pelvic
organs
013. BoI3BaHHas1 6epeMeHHOCThIo runepTeHsus 6e3  0.31 0.24 1.54 1.36 0.83-2.22  0.213
3HAYMTEJbHOH NPOTEUHYPUHU
013. Pregnancy-induced hypertension without
significant proteinuria
024.4. CaxapHblil uabeT, pa3BUBLINICS BO BpeMs 0.24 0.19 1.52 1.27 0.86-1.89 0.216
6epeMeHHOCTH
024.4. Diabetes mellitus arising in pregnancy
012.0. Boi3BaHHBIE 6€pEMEHHOCTBIO OTEKH <0.01 0.25 <0.01 1.00 0.60-1.64 0.997
012.0. Gestational edema
047.0. JloxkHbI€E CXBAaTKH A0 37 MOJHBIX HeJleIb 0.04 0.20 0.05 1.04 0.69-1.56 0.821
OGepeMeHHOCTHU
047.0. False labour before 37 completed weeks
of gestation
099.5. BosiesHM OpraHoB JpIXxaHud, ocaoxHAwmue -0.02  0.18 0.01 0.98 0.68-1.41 0913
6epeMeHHOCTb (OCTpbIE pecIupaTOpHbIe
HHEKLHH)

099.5. Diseases of the respiratory system
complicating pregnancy (acute respiratory
infections)
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Puc. 1. ['padvk BBDKUBAEMOCTH IUIOJIOB HA JIOHOIIEHHOM CPOKE 0EPEMEHHOCTH TP HAJIMYUY 3HAYUMBIX (PaKTOPOB
PHCKa aHTE€HATAJIBHOM CMEPTH ILJIO/IA B 3aBUCHMOCTH OT CPOKA POJIOB
Fig. 1. Survival of full-term fetuses in the presence of significant risk factors for antenatal fetal death depending
on the delivery time

37—38 Heji BBIKHBAEMOCTh COCTaBJIAET OT 80 110
100 % pake IPU HAJIMYUU 3HAYUMBIX (PAKTOPOB
pucka, a mociie 40 Hesl 6epeMeHHOCTH — MeHee 40 %.

OBCYKAEHUE

B TeueHue moc/ieHUX 5 JIET AHAIU3 HPUIUH
AHTEHATUIHPHOU CMEPTH JIOHOIIEHHOTO IUIOAA U
ITONCK MOAUQUIUPYEMBIX (DAKTOPOB PHUCKA, HEIO-
CPeJICTBEHHO OOYCJIOBJIMBAIONINX JAHHBIA HCXOZ
OepeMeHHOCTH, TIpUOOpENl HE TOJBKO MEIUKO-
COI[MAJIbHYIO, HO M IOJIMTUKO-/IeMOTrpaduuecKyo
3HAYNMOCTh. Bo-TIepBBIX, TpeIOTBpallleHre aHTEHA-
TQJIBHOU CMEPTH IUJIO/IA HAa JIOHOIIEHHOM CpOKe
6epeMEHHOCTH PAacCMaTPUBAETCS KaK PE3ePB CHU-
JKeHUsI YPOBHSI MEPTBOPOXK/IA€MOCTH; BO-BTOPBIX,
JIOJIs1 JTOHOUIEHHBIX IUIOZIOB, IOTHUOIINX BHYTPU-
YTPOOHO, UMeeT TEH/IEHITUIO K CTAOMIIBHOMY POCTY B
CTPYKType IepHHATaJIbHON cMepTHOCcTH. Tak,
COIJIACHO CTATHCTUYECKOHN OTUeTHOH dhopme NO 32
J10JIsI aHTEHATAJIbHO IOTHOIINX JIOHOIIEHHBIX IIO-
0B B YesrssOMHCKOM 00J1aCTH B 2019 TI. COCTaBHJIA
24.4 % (48 ciydaes), B 2020 1. — 26.2 % (58 ciy-
YyaeB), a B 2021 I. — 29.4 % (56 ciyuaen). [lanHas
TeHJIEHIIH MTPOCIIEKUBAETCA U B 1eI0M 110 Poccuii-
ckoit Penepanuu [18, 19].

ITpoBe/IeHHBII HAMH aHAIU3 IOCTYITHBIX MEIUKO-
COIMAJIBHBIX XapPaKTEPUCTUK BBIIBWII CJIEIYIOIINE
CTATUCTUYECKU 3HAYNMbIe (DAaKTOPBI PUCKA: IPOXKH-
BaHUe B YessiOMHCKe U KPYIHBIX ropojiax YensaouH-
CKOHM 00J1acTH; HAJIWYHE CPEIHEro CIENHaTbHOTO
o0pa3oBaHus; HAINYNE TUIIEPTOHNYECKOH O0JIe3HH,

Kovalenko (2009) have identified such pregnancy
complications as anemia, hypertension in late preg-
nancy, and polyhydramnios being risk factors [21],
which partly correlates with our data.

The presence of obesity as an underlying disease
aggravating a health status which was identified by
the abovementioned authors as a risk factor, did not
have statistical significance in our study, as well as a
positive obstetric and gynecological history, includ-
ing infertility and recurrent miscarriage.

When comparing the risk factors we have identi-
fied with the risk factors presented in the risk scale
for antenatal death of full-term fetuses developed by
Remneva et al. (2018), we noted a coincidence in the
presence of chronic specific infections, tobacco
smoking, arterial hypertension and inflammatory
diseases of female pelvic organs [1]. It is interesting
that the presence of chronic specific infections had
statistical significance as a totality (2 or more infec-
tions in one patient), and not each disease individu-
ally. Urinary tract infections were quite rare in our
study and did not have statistical significance, while
arterial hypertension and inflammatory diseases of
female pelvic organs were the main significant anam-
nestic risk factors. Tobacco smoking in general is
associated with the development of many pathologi-
cal processes, and therefore is a low-specific risk
factor.

Interestingly, no associations with the parity were
found in any of the abovementioned studies. At the
same time, Kovalenko et al. (2013) noted that more
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3a00/IeBaHUN OHAOKPUHHOU CHUCTEMBI; HAJTUYNE
HECKOJIbKUX crenudnueckux wHeknuin (BY-
nndexnus, renatut C u TyOepkysies). [losyueHHbIE
pe3yJIbTaThl COIVIACYIOTCS C IPOBEAEHHBIME paHee
HcclefIoBaHUAMU (HAaKTOPOB PUCKA aHTEHATAIBHOM
CMepTH IUIO/Ia HaUMHas ¢ 22 Hefl 6GepeMeHHocTH. Taxk,
B ucciaenoBanuax E.A. CoHueHKO W coaBT. (2017),
N.. VBaHoBa u coabt. (2020), }0.K. I'ycak u coasrT.
(2020) Tak:ke 0OTMeUeH BKJIa/l HU3KOTO YPOBHS 06pa-
30BaHUSA © TabakoKypeHusa. Hebsaromosydnsie
OBITOBBIE W TICUXOJIOTUYECKUE YCJIOBUSI, TSKEIBIA
(usuueckuii Tpys MOKHO pacCMaTpPUBATh B KAUECTBE
«YHUBEpCAJIbHBIX» (DAKTOPOB PUCKA aHTEeHATAJIbHOU
CMEPTHU IUIoZ]a KaK Ha HEJOHOUIEHHOM CPOKe, TaK U
Ha JIOHOIIIEHHOM CpOKe OepeMeHHocTH [6, 11, 12].
HHTepecHO, YTO HAIlle WCCIIEIOBAHUE HE IOKA3aJI0
CTaTUCTUYECKU 3HAYMMBIX Pa3ININI OTHOCUTEIHHO
BO3pacTa MaTepy CTapiie 30 JIeT U ee 3THUUYECKOH
MPUHAJJIEXKHOCTH, XOTSA TIpEeACTaBJIeHHAs HaMH
BBIOOpKa ObLIA IITHPE, YEM B BBIIENIEPEUHCTIEHHBIX
HCCIIeIOBAaHUSAX. [OBOpSI O COLMAJIBHBIX ACIEKTaX,
HeoOXOUMO OTMETUTBb, YTO, COIVIACHO JIUTEPATYP-
HBIM JIaHHBIM, IIPOJKUBAaHUE B TOPOJIE SIBJIETCS
omHUM U3 (AaKTOPOB PHICKA aHTEHATATLHON CMEPTH
wiona [4], 94To corsyiacyercsi ¢ MOJydeHHbIMHU HaMH
JAHHBIMU — 75.9 % *KEHIIUH ¢ aHTeHATaJIbHOU CMep-
THIO JIOHOIIEHHOTO IUIO/IA TPOXKUBAIU B KPYITHBIX
ropoyiax YesssOumHCKON obsactu. B ucciemoBanum
A.TI1. HageeBa u /ip. (2010) IPUBOASATCS IPOTHUBOIIO-
JIOKHBIE JIAHHBIE: TTPOXKUBAHUE B 3aPETUCTPHUPOBAH-
HOM Opake W HaJWJHe BHICIIEr0 06pa30BaHUS aCCO-
[IUUPOBAHO C AHTEHATAJIBHOH CMEpTHIO JIOHOIIEH-
HOTO 1wIoza [20]. IHTepecHO, YTO K (pakTOpaM pucKa
TakyKe OTHECEHO OTCYTCTBHE ITOCTOSHHOU PabOTHI y
MalMeHTOK C JIAHHBIM HcxofioM. Takas pasHuna B
MTOJTyY€eHHBIX JAaHHBIX, Ha HAIIl B3IV, 00yC/IOBIeHA
Pa3TMIHBIME YCJIOBUAMU: 0O'bEMOM BBIOOPKH, PETH-
OHAIBHBIMU OCOOEHHOCTSIMH, BpeMeHEM ITPOBeJIEHIS
ucciiefioBanus. Kpome Toro, BbIIeniepedncIeHHbIE
(akTops! ABIAIOTCA HecllenUUHBIMU U MOTYT KOC-
BEHHO BJIMSATH HAa PA3BUTHE MHOKECTBA PA3HBIX IIPO-
meccoB. CTOUT OTMeTHUTH, uTo B pabore A.E. ITacrep-
Haka, B.JI. KoBaseHnko (2009) dakTopamMu pucka
Ha3BaHBl TaKUe OCJIOXKHEHUs OepeMeHHOCTH, Kak
aHeMUsl, TUIIepPTEH3UBHBIE PACCTPOMCTBA HA TIO3THUX
Ccpokax OepeMeHHOCTH U MHOTOBOAMeE [21], UTO oTYa-
CTU KOPpeJIUpPYeT C HAIINMU JaHHBIMU.

Hanmune o)kupeHus Kak OCHOBHOTO 3a00JI€BaHuA,
OTATOIIAIONIETO COMATUYECKUII aHAMHEe3, KOTOpOe
OIIpe/ieJIeHO BBINIEYKa3aHHBIMUM aBTOpPAMM Kak (ax-
TOp PHUCKA, B HAIIIEM KCCJIETOBAHUK HE UMEJIO CTaTU-
CTUYECKON 3HAUMMOCTH, TaK K€ KaK U OTATOIIEHHBIN
aKyIIepCKO-THHEKOJIOTMIECKU aHAMHE3, B TOM YHCIIe
GecIuto/ive ¥ MPUBBIUHOE HEBBIHAIIIBAHME.

than 50% of women with antenatal death of a full-
term fetus were primigravidae or primiparae [22]. In
our study, 55.6% of patients with antenatal death of
a full-term fetus were primigravidae or multigravi-
dae primiparae. Some authors noted that in primipa-
rae, fetuses are most often born in a state of asphyxia
[23], and in multiparae, fetuses are most often born
with signs of hypoxic ischemic encephalopathy [24].
In our opinion, these complications are more associ-
ated with the intranatal period than with the antena-
tal one.

As for the complications during pregnancy, we
identified the following: maternal — pregnancy-
induced hypertension without significant protein-
uria also comes to the fore, then diabetes mellitus
arising in pregnancy, gestational edema, false labour
before 37 completed weeks of pregnancy, and respi-
ratory diseases, complicating pregnancy; fetal — pla-
cental disorders and maternal care for poor fetal
growth. In the study by Seksenova et al. (2017) also,
the leading place among the possible causes of ante-
natal fetal death is assigned to decompensated pla-
cental insufficiency [10]. Polyhydramnios which was
noted by Remneva et al. (2018) did not have statisti-
cal significance in the study and practically did not
occur in patients.

The sudy of Baev et al. (2022) showed the impor-
tance of the young age of pregnant women (under
20 years), presence of obesity, missed abortion and
endometrial hyperplasia in a history [14]. In our
study, the higher incidence of obesity (31.6%), diabe-
tes mellitus (1.2%) and thyroid diseases (15.1%) in
women with antenatal death of the full-term fetus
were in the picture, while only presence of several
endocrine diseases in one patient simultaneously
had statistical significance.

Baev et al. (2022) also noted the significance of
gestational diabetes mellitus and anemia. But after
completing the analysis, the authors presented data
on the low specificity of these risk factors, therefore
their use for the purpose of the studied outcome pre-
diction is inappropriate, while the timely diagnosis
and treatment will be necessary to prevent ante- and
intranatal fetal hypoxia [14].

In turn, in our study, all statistically significant
risk factors were analyzed using the Cox regression
model, which allowed us to prove the direct impact
of hypertension in the history and moderate pre-
eclampsia, placental disorders and fetal growth
retardation, diagnosed during pregnancy, on the
occurrence of antenatal fetal death at full-term preg-
nancy. According to the dependency plot between
the survival of full-term fetuses and the delivery time
(Fig. 1), it is possible to draw a conclusion about the
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[Ipu cpaBHEHWUH BBIJIEJIEHHBIX HaMU (HhAaKTOPOB
pucka ¢ ¢dakTopaMu PHUCKAa, MPECTABJIEHHBIMH B
IIIKaJie PUCKa aHTeHATaJIbHOW CMEPTH JIOHOIIIEHHBIX
IUIOZI0B, paspaboranHou O.B. PemHeBO#l u coaBrT.
(2018), oTMeueHO CcOBMaieHNE 0 HATUUMIO XPOHU-
yeckux crenududecknx WHOEKIui, TabakoKype-
HUS, apTEPUAIHLHON TUIEPTEH3UH U BOCHAJIUTETb-
HBIX O0JI€3HEH KEHCKUX Ta30BBIX OpraHoB [1]. MHTe-
PECHO, UTO HaJIUYKe XPOHUUECKUX CIEeNUDUIECKUX
WHOEKITUNA UMEJIO CTaTHUCTUYECKYI0 3HAYUMOCTH B
COBOKyMHOCTH (2 nHdeKIun u 60JIee y OHOM mamu-
€HTKH), a He Kakoe 3a00J1eBaHIe 110 OTAEIbHOCTH.
NHbeKIMY MOYEBBIBOJSAIIUX IyTEH BCTPEYAIIUCH
JTOCTAaTOYHO PEIKO Y UCCIIEIyEMbIX HAMH MAIlEHTOK
U HEe UMEJIN CTATUCTUYECKON 3HAUYMMOCTH, B TO K€
BpeMs apTepHuaJibHasl TUIIEPTEH3US U BOCTIAJIUTETb-
Hble 00JIE3HH KEHCKUX Ta30BBIX OPTaHOB SIBUJINCH
OCHOBHBIMH 3HAUMMBIMU aHAMHECTHYECKUMU (Ppak-
TopaMH pucka. TabakOKypeHHe B I[€JIOM CBS3aHO C
pa3BUTHEM MHOKECTBA IATOJOTUYECKUX IIPOIeC-
COB, B CBSI3H C YeM SIBJISETCS HUBKOCIEIU(DUIHBIM
¢axTopom pucka.

HHTEepecHO, YTO 3aBUCUMOCTHU OT IIAPUTETA POZIOB
He OBLIIO BBISBJIEHO HU B OJTHOM K3 IEPEYHCIEHHBIX
ucciaenoBanuii. Bmecre ¢ Tem B pabore B.JI. Kopa-
JIeHKo u 7ip. (2013) oTMeueHo, uTo Gosiee 50 % »KeH-
IIMH C AaHTEeHATaJIbHOW CMEPTHI0 JOHOIIEHHOTO
IUI071a OBLIM TIEPBOOEPEMEHHBIMU HJIM TIEPBOPOJIS-
My [22]. B Hamem uceaemoBanuu 55.6 % maru-
E€HTOK C AaHTEeHATaJbHOU CMEPTHIO JOHOIIEHHOTO
IUI071a OBLITH TTIEpBOOEPEMEHHBIMHE HJTU IIOBTOPHOOE-
PEMEHHBIMU TEPBOPOAAIIUMU. HEKOTOPBIE aBTOPHI
VTBEPIK/IAIOT, UTO Y IEPBOPOJISIINX KEHIIMH Hanbo-
Jlee Y9acTo POKJIAIOTCSA IIJIOABI B COCTOSHUM achUK-
cun [23], a y TOBTOPHOPOASIIUX — C IPU3HAKAMH
TUMIOKCUYECKU-UIIIeMUYeCKOU sHIledaIonaTuu
[24]. Ha Ham B3I/, JAaHHBIE OCJI0KHEHUA B 00JIb-
el CTeleH! CBSI3aHbl C MHTPAHATAIBHBIM IEPHO-
JIOM, YeM C aHTeHATaJIbHBIM.

Yro Kacaercs OCJIOKHEHWH, BBISABJIEHHBIX BO
BpeMsi OEpeMEHHOCTH, TO CO CTOPOHBI MaTEpPH Ha
TIEPBBIH IJIaH TaKKe BBHIXOJUT BhI3BaHHAs OepeMeH-
HOCTBIO THIIEPTEH3US 0€3 3HAYUTETbHOU IMPOTENHY-
puH, 3aTeM caxapHbIi AuabeT, Pa3sBUBIIMHACA BO
BpeMs 6epeMeHHOCTH, BhI3BAaHHbIE OHEpPEMEHHOCTHIO
OTEKH, JIOJKHBIE CXBATKH JIO 37 IOJIHBIX HEJEb Oepe-
MEHHOCTH M 0O0JIE3HU OPTaHOB ABIXaHUS, OCIOKHSI-
foipe 6epeMeHHOCTh, a CO CTOPOHBI IIo/Ia — ILIa-
[IeHTapHble HapYIIeHUs ¥ HeJIOCTaTOYHBIA pPOCT
IJI0Za, TPEOYIOMIME TPEA0CTABIEHUS MEAUITHHCKON
rmomoIu matepu. B ucciemopannu A.b. CekceHOBOM
u ap. (2017) TakKe BeAyIlee MECTO CPESU BO3ZMOXK-
HBIX MPUYHUH aHTEHATAJTbHOW CMEPTH ILIOJIa OTBE-
JIEHO JIeKOMIIEHCHPOBAHHOU ILIAllEHTAPHON HEJI0-

appropriate date of delivery in the presence of risk
factors which are identified in pregnancy. We believe
that it is advisable for such patients have early elec-
tive delivery at 37 weeks 0 days to 38 weeks 0 days in
the absence of indications for elective cesarean
section.

CONCLUSION

The data obtained indicate the independent
impact of a complex of risk factors (maternal hyper-
tension, moderate pre-eclampsia and prenatal pla-
cental disorders and/or fetal growth retardation) on
antenatal fetal death at full-term pregnancy. One of
the main ways to prevent this outcome is a rational
choice of term and mode of delivery. We consider it
appropriate to deliver at 37 weeks 0 days — 38 weeks
o days of pregnancy.

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

cratounoctu [10]. Beimenennoe O.B. PemueBoii u
coaBT. (2018) MHOTOBO/IME HE MMEJIO B HCCJIEIOBA-
HUU CTATHCTUYECKOH 3HAUMMOCTH M HPAKTUUYECKH
He BCTPEYAJIOCH Y MAIHUEHTOK.

Uccnenosanue O.P. BaeBa u coaBT. (2022) nmoxa-
3aJI0 3HAYMMOCTh IOHOTO BO3pacTra OepeMeHHBIX
JKeHIMUH (MOJIOKE 20 JIET), HUINYHUS OXKUPEHHU,
Hepas3BUBaIIeHcss 6epeMeHHOCTH U THIIEPILIACTH-
YEeCKHX IPOIIECCOB SHIOMETPHSA B aHaMHese [14].
B HameMm ucciieloBaHUM 3TO HAIUIO OTPAKEHHE B
OOJIBIIIEHl  YAaCTOTE BCTPEUAEMOCTH  OXKUPEHUS
(31.6 %), caxapHoro quabera (1.2 %) u 3a007eBaHUN
IIUTOBUIHOM KeJie3bl (15.1 %) y *KEeHIIUH ¢ aHTeHa-
TaJIbHON CMEPThIO JIOHOMIEHHOTO ILI0/Ia, TIPH 3TOM
CTAaTUCTUYECKYI0 3HAUMMOCTh UMEJIO TOJIbKO HaJTH-
Yre HECKOJIbKHX 3a00JieBaHUN  3HAOKPUHHOU
CHCTEMBI ¥ OZ{HOM TAaIlHEHTKHU.

O.P. BaeBbIM U coaBT. (2022) TakKe ObLIa OTMe-
YyeHa 3HAYMMOCTH CaXapHOro auabeTa, pa3BUBIIE-
rocsi BO BpeMs bepeMeHHoOCTH, 1 anemuu. Ho mocie
MPOBEJIEHUsI aHAJIM3a aBTOpaMU OBLIM IIPECTaB-
JIEHBbI JIaHHBIE O HU3KOU CIenu(pUIHOCTA JIAHHBIX
$aKTOpOB PHCKA, B CBA3H C YEM HCITOJIb30BAHUE UX C
IIeJIBI0 IPOTHO3UPOBAHUsA HeleaecooOpa3Ho, B TO
BpeMsl KaK X CBOEBpPeMEeHHas JIMarHOCTUKA U KOp-
pekIus 6yeT HeoOXoAMMOK TPOPUIAKTHKON aHTe-
¥ UHTPaHATAJIbHON TUIIOKCUH IUIO/A [14].

B cBOIO Oouepesp, B HAIIEM HCCIIEJOBAHUU BCE
CTATUCTUYECKH 3HAYUMble (aKTOPhI pHCKA ObLIN
MMPOAHAJIU3UPOBAHBI € IIOMOIIBI0 PErpecCHOHHOU
MOJIEJIM TIPOIIOPITUOHAIBHBIX PHUCKOB Kokca, dro
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ITO3BOJIMJIO HAM JIOKa3aTh HETIOCPEICTBEHHOE BJIHSI-
HHE TUIIEPTOHUYECKOUN 0O0JIE3HU B aHAMHE3E U yMe-
PEHHOIl TPEesKJIAMIICHH, IUIAlleHTapHBIX HapyIie-
HUH U 3a/Iep>KKH POCTa IUIOZA, BBISBJIEHHBIX MPHU
OepeMeHHOCTH, Ha BOBHUKHOBEHUE aHTEHATaJIbHOU
CMEPTH IJIOZIA Ha JIOHOIIIEHHOM CpOKe GepeMeHHO-
ctu. CorsytacHO rpadUKy 3aBUCMOCTH BbIXKHBAEMO-
CTH JIOHOIIIEHHBIX IIOZIOB ¥ CPOKA POJIOB (CM. pHC. 1),
MOXKHO CZIeJIaTh BBIBOJ 00 ONTHMAJIBHOM CPOKE
pofiopaspellieHysi IpU BBISABJIEHUH Y TallMEHTKH
VKa3aHHBIX (PAKTOPOB PHCKA BO BpeMs OepeMeHHO-
cru. Ilosaraem, YTO TakMM MalMEHTKaM I[€JIECO-
00pa3HO MPOBOAUTD IPOTPAMMHPOBAaHHBIE POJBI HA
CPOKe OT 37 HeJl O JTHEH 710 38 HeJ| O JHEel IPU OTCYT-
CTBUU MOKA3aHUH K IUIAHOBOMY POJOPa3pPeIIeHHI0
IyTEeM OIlepaIliU KecapeBa ceueHusl.
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SAK/IIOUEHWE

ITosyyeHHBIE TaHHBIE CBUJIETEJILCTBYIOT O He3a-
BHCHMOM BJIMSTHUHM COBOKYITHOCTU (DaKTOPOB PHCKa
(runeproHmuecKoil 60JIE3HN B aHAMHE3€ y MaTepH,
pa3BUTHE YMEPEHHOH IIPE3KIAMIICHM U IIpeHa-
TQJIBHO JUATHOCTUPOBAHHBIX IIJIAIIEHTAPHBIX HApy-
IIEHUH W/WIN 3a7iep>KKU POCTa IUI0/|a) HA aHTEHa-
TaJbHYI0 CMEPTh IUIOJIA HA JOHOIIEHHOM CPOKE
6epemenHocTy. OJIUH U3 OCHOBHBIX CIIOCOOOB IIpe-
JIOTBPAIEHUA JAHHOTO MCXOZA — 5TO PAlMOHAJIb-
HBIH BEIOOD CPOKa U MeTo/ja poziopasperineHust. Cuu-
TaeM IieJiecOOOpa3HBIM pO/IOpa3pelleHre Ha CPOKe
37 HeJ O THeH — 38 HeJt O THel 6epeMeHHOCTH.

KoH@uUKT HHTEPECOB. ABTOPHI 3aBJISIOT 00
OTCYTCTBUU KOH(JINKTA UHTEPECOB.
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MareMmaTu4dyeckas MOJAeJIb IPOrHO3UPOBAaHUA PUCKA
ACNIUPUHOPEIUCTEHTHOCTH U CEPAEUYHO-COCYTUCTHIX OCIOKHEHUN
y nanqueHToB ¢ UbC nmocjie KoOpoHapHOro HIyHTUPOBAHUSA

JI.A. Ananbes?, I.I1. Koctriouenko', A.B. 3atees?, I'.B. I'pubosa?, C.C. JIeckoBa?, E.A. Cy660THH?

KT'BY3 «Kpaesas kauHuueckas bonasHuya», bapnaya, Poccus

2@I'BOY BO «Aamaiickuil 2ocyodapcmeeHHblil meduyuHckuil yHusepcumem» Munsdpasa Poccuu, Bapraya, Poccus

AHHOTAIIUA

BBegenue. Ilocie npoBeaenus onepanuu KoponapHoro myHtrupoBanus (KIII) B ycsIOBUSIX HCKYCCTBEHHOTO KPOBO-
obpamenusi (K) ocraercs HepeneHHOU TpobiieMa MpopIaKTUKA TPOMOO30B COCYAMICTOTO IIIYHTA BCJIEACTBHE (OPMU-
poBaHus heHOMeHa UH/YIMPOBAHHON aCTUPUHOPE3UCTEHTHOCTH (AD).

Il e nnp. VByunuTh KIMHUKO-IA60pATOPHBIE IPU3HAKH, CBSI3aHHBIE C Pa3BUTHEM A, a TAKKe OLIEHUTh 3HAYEHUE JaH-
HOTO (peHOMEHA B PUCKE PA3BUTHUs CepeuHO-cocyaucThix ocmoxkHeHun (CCO) y marnuentoB ¢ UBC, onepupoBaHHBIX
metonoM KIII B yesmoBuax UK, ¢ moMomipo MaTeMaTUYECKOTO MOAEIUPOBAHUS.

MaTepuaJJbl U METO/ bl. BucciaenoBaHue BKIIOUEHO 260 My>KIHH B BO3PaCTe OT 45 710 70 JieT (58.2 + 6.8 rozia)
¢ quarHosoM uiemuyeckoi 6osiesnu cepana (MBC) (crabunbHas creHokapaus HanpsikeHus [1-IV QyHKIIMOHATIBHOTO
kiacca (PK) (234 uen.) u 6e36osneBas unemus muokapaa [I-IV @K (26 gesn.)). Bce manueHThI OIyJIaau CTAaHAAPTHYIO
TEpAIuIo, BKIIOYAIIIYIO $-a[peH0OI0KATOPbI, HHTUOUTOPhl AHTHOTEH3UH-TIPEBpAIIaioero ¢GepMeHTa, HUTPAThI, CTa-
TUHBI U alleTUICATUITIOBYI0 KucaoTy (ACK). PeBackysisipusanust MHoKapza BeimosiHeHa MetoioM KIII B yesmoBusix UK.
3a60p KPOBH /11 OLIEHKH J1abopaTopHbIX (hakTopoB pucka (PP) Ap mpoBoawICs Ha TPeX ATalax: 1) Ha JI0TOCHUTATIbHOM
arare — 1o onepanuu KIII; 2) B paHHEM MOC/IEONIEPAIIMOHHOM TIEpHoJie — Yepe3 2 cyTok mociie KIII; 3) B oTmasieHHOM
riepuosie — cuycts 1 rog mocsie KIII. Bee 260 manueHTOB B J0OMEPAIIMIOHHOM ITepUO7ie OBLTH UCXOTHO aCTUPUHYYBCTBU-
TeabHBIMHU (AY). AKTUBHOCTb CHCTEMHOTO BOCIAJIUTEIFHOTO OTBETA HA OMEPATUBHOE BMENIATETHCTBO OLEHUBAIACH 110
KOHIIEHTPAINHU UHTepIeiKknHa-6 (MJI-6) 1 BhicOKOUyBCTBUTENBHOTO C-peakTrBHOTO Gesika (BuCPB) B cChIBOPOTKE KPOBH,
a CTereHb BBIPAKEHHOCTH DH/IOTETHONATHH — I10 YPOBHIO sHA0Te nHA-1 (9T-1). Takke Mcceie[oBaaIn arperamuoHHy0
aKTHUBHOCTH TpoMOoIuTOB (AAT). K acnupuHpe3ucTeHTHBIM (AP) manueHTaM Mbl OTHOCHJIU TeX JIUI, y KOTOPBIX AAT He
JIOCTHUTAJIA IleJIeBbIX 3HaueHu Ha ¢oHe npuema ACK B 103€ 100 MT/CyT U CHIDKaIACh MeHee YeM Ha 50 % B CDaBHEHHH C
HMCXO/HBIMU TTapaMerpaMu. JIJisi aHIN3a BIUSHUSA PA3JIMUHBIX (PakTOpoB (MpeaukTopoB) Ha AAT nmpuMeHsICS METOJ,
JIMHEWHOTO TIOIIAr0BOTO PErPECCHOHHOTO aHAIN3A C BKJIIOUEHHUAMHU. [[Jyis onleHKU BiausgHuA Ap Ha puck passutus CCO
HCII0JIb30BAJICS METO/] OMHAPHOH JIOTUCTUYECKOU PETPECCUH, IS OTIEHKH CBA3U KITMHUKO-Tab0paTOPHBIX IIPEUKTOPOB C
PUCKOM pa3BUTHUA KOHKpPeTHBIX BU1I0B CCO — JIMHEHBIN TUCKPUMUHAHTHBIN aHamu3. B kauectBe CCO paccmaTpuBasin:
penuanB creHokapanu, nHdapkT Muokapaa (MIM), nekommeHcaiuo cepaednoi Hemocratounoctd (CH) 1 BHe3amHyo
KOPOHAPHYIO CMEepTh.

PesyanbTarthl. Ap BbisiBIeHa y 122 vell. (46.9 %) Ha 2-e cyrku nocyie KIII. Ata koropra mamueHTOB BbIZieJieHa B
OCHOBHYIO rpymmy. B rpymnmy cpaBHeHus Borun 138 uen. (53 %), Y KOTOPBHIX COXPAHUIACH ACHUPUHUYBCTBUTEIHLHOCTD
(Au). Cmycts TOJ TIOCTIe OTIEpaTUBHOTO BMemaTesabeTBa (Ha (oue mpuema ACK B 103e 100 Mr/cyT) mosst AP maiueHToB
YMEHBIIWIACh 10 62 Yel., COCTaBUB 24 % OT UCXOAHBIX AU mMarueHTOB B JOOMEPAIMOHHOM mepuoze. bruio mpoBeeHo
CpaBHEHHE B JIBYX IPyIIax O0JIbHBIX TAKUX MMOKazaTesnel, kak NJI-6, BuCPB, 9T-1, AAT Ha Bcex Tpex aramax o0ciejoBa-
Hus, a BpeMs UK u xouyecTBo KopoHapHbIX yHTOB (KKIII) — HermocpecTBeHHO ocsie BoinosiHeHus KIII. B ocHOBHOM
rpynne (AP mamueHThI) BbISBJIEHBI 3HAUUTEIHLHO 00Jiee BHICOKUE ITOKA3ATENN UCCIIEyEMBIX IIaPAMETPOB, UeM B I'PYIIIE
cpaBHeHUs (CTATHUCTUYECKH IOCTOBEPHBIE) KaK Ha 2-€ CYyTKH, TaK U CIycTs 1 roA moce mposezerus KII. CCO BbIsBIEHBI
y 53 u3 260 ues. (20.4 %) npu HAGIOZIEHUHU B TeueHue rofa. OHU paclpeesInCh CIeTYIONIIM 06pa3oM: PEIUINB CTe-
HOKapauu — 37 uell. (14.2 %); UM — 7 gen. (2.7 %); nekommnencarust CH — 5 yes. (1.9 %); BHe3ammHas KOPOHapHAs CMepPTh —
4 4en. (1.5 %). Bena pazpaborana MaTeMaTuyecKas MOZeb i nporao3upoBanus pucka CCO nmocse KIII ¢ nenbro yiryd-
IIEHUS OT/TAJIEHHOTO IIPOTHO3a [TOCJIE ONIEPATHBHOTIO BMEIIATeIbCTBA. B pesysibTaTe perpecCHOHHOTO aHAIN3a HaMuU ObLia
MOJIydeHa COBOKYITHOCTh U3 IATH IIPEUKTOPOB, CTATUCTUYECKN 3HAUNMO cBA3aHHBIX ¢ AAT: 9T-1, NJI-6, BuCPB, Bpems
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UK, xKIII. YpaBHeHue perpeccui, o3poJiAmoliee CIporHo3uposaTh 3HadeHue AAT Ha 2-e cyTtku nocse KIII, numesno Buna:
AAT = 34.40 + 0.45 - 1JI-6 + 0.92 - 3T1 + 0.25 - Bpemsa UK + 0.73 - BuCPb + 0.13 - kKIII, re 34.40 — cBOOOIHBIH UJieH
YpaBHEHHS.

Takum 06pa3oMm, Mo BbrarcaeHHOH BemanHe AAT MOKHO OGyZIeT Cy/TUTh O HAUIMYUH JTU00 A4, 1160 Ap /7151 KOHKPETHOTO
nHauBuayyMa. [Ipu onenke B3anmocBsasu Ap ¢ puckom CCO y nanuenTos nocste KIII B yeinoBusax K meTomom 6uHapHOM
JIOTUCTHYECKOH perpeccuul ObUIO orpesiesieHo, YTo AAT sABJIfAeTCsA CTaTHCTHYECKH 3HAYNMbIM IPDOTHOCTUYECKUM (haKTo-
poMm a1 CCO (2 = 21.0; p = 0.013). C TOMOIIBIO AUCKPUMUHAHTHOTO aHAJIN3A CO3/JaHa MaTeMaTudecKas MOJieslb, I03BO-
JIAOIIAsA OIIPe/ie/INTh BepoATHOCTb pa3BuTua CCO onpezeneHHbIX BUAOB y nanuenTos nocie KII B ycimosuax UK.
3akKJI04eHHue. BoipaxkeHHOCT cucTeMHOr0 BocnanuresbHoro oreera Ha KIII B yesroBusax MK Biusier Ha pazBuTue
WHIyIUPOBaHHOU Ap. [TepcucTeHINA CHCTEMHOU BOCIIAJINTEIFHOU PEaKIIy aCCOLMUPOBaHa ¢ IIPOJIOHTanuei Ap B oTia-
JIEHHOM II0CJIEOTIEPAIOHHOM IIepro/ie. PerpecCHOHHBIN aHAIN3 BBIABUJI B2KHYIO POJIb MAPKEPOB CHCTEMHOT'O BOCITAJIH-
TeJILHOTO oTBeTa u sHoTesnonaruu (MJI-6, BuCPb, 9T-1) B pazBuTuu peHomeHa Ap y Hal[MEeHTOB, IEPEHECIIINX OIepa-
nuto KIII B yenousax K. MaTemaTuyeckas MO/ieJlb, CO3/laHHasA IIPU IIOMOIITY JUCKPUMUHAHTHOTO aHAJIN3a, C TOYHOCTBIO
mporHo3a 87 % Mo3BOJIAET MpecKa3aTh BepoAaTHOCTh pa3BuTus CCO (penuaus crenokapanu, UM, nexommnencaiius CH,
BHe3aIHasi KOPOHAPHAsl CMEPTh) Y MaIueHTOB, nepeHecuux onepaiuio KIII B ycaousax UK. K 3HaunMbIM akTopam
pucka CCO oTHOCSATCSA: ITUTEIBHOCTD HaX0XKAeHus nanueHTa B yeaoBusax UK, semunast AAT, NJI-6, BuCPb 1 T-1. Kop-
PeKIsA JaHHBIX GAKTOPOB ITO3BOJIUT YIIYUIIUTh OTAAJIEHHBIH IPOrHo3 mocye onepanuu KIII y manuentos ¢ UBC.
Kaouesnble cao8a: KOPOHAPHOE IIyHTUPOBaHUe, aCIIUPUHOPE3UCTEHTHOCTD, IIPOBOCHAINTE/IbHbIE IIUTOKUHBI, CUCTEM-
HBII BOCIIQJINTEJIbHBIN OTBET.

Oo60pasen murupoBaHusna: AranneB /[.A., Koctiouenko I'.11., 3ateeB A.B., I'pubona I'.B., Jleckosa C.C., Cy6-
6otuH E.A. MaTemaTtuyeckas MOZEb IPOTHO3UPOBAHUS PHUCKA ACIUPUHOPE3UCTEHTHOCTH U CEP/IEIHO-COCYTUCTHIX
ocokHeHn# y manueHtoB ¢ UBC mocae xoponapHoro myHtupoBanus // Journal of Siberian Medical Sciences.
2023;7(4):95-112. DOI: 10.31549/2542-1174-2023-7-4-95-112

A mathematical model for predicting the risk of aspirin resistance
and cardiovascular complications in patients with coronary artery
disease after coronary bypass surgery

D.A. Ananiev!, G.I. Kostyuchenko!, A.V. Zateev?, G.V. Gribova?, S.S. Leskova?, E.A. Subbotin?

‘Regional Clinical Hospital, Barnaul, Russia

2Altai State Medical University, Barnaul, Russia

ABSTRACT

Introduction. After on-pump coronary artery bypass grafting (CABG) surgery, the problem of prevention of
bypass graft thrombosis, following the development of the phenomenon of induced aspirin resistance (Ar) remains unre-
solved.

Aim . To study the clinical and laboratory signs associated with the development of Ar, as well as to assess the signifi-
cance of this phenomenon in the risk of cardiovascular complications (CVC) in patients with coronary artery disease (CAD)
which who underwent on-pump CABG surgery, using mathematical modeling.

Materials and methods. Astudyincluded 260 men aged 45 to 70 years (58.2 + 6.8 years) with a diagnosis
of CAD (stable angina pectoris of II-IV functional class (FC) (234 people) and silent myocardial ischemia of II-IV FC (26
people)). All patients received conventional therapy, including beta-blockers, angiotensin-converting enzyme inhibitors,
nitrates, statins and acetylsalicylic acid (ASA). Myocardial revascularization was performed by on-pump CABG. Blood
sampling for the assessment of laboratory risk factors (RF) of Ar was carried out at three stages: 1) at the prehospital
stage — before CABG; 2) at the early postoperative period — 2 days after CABG surgery; 3) in the long-term postoperative
period — 1 year after CABG surgery. At baseline, during the preoperative period, all 260 patients were aspirin sensitive (AS).
Systemic inflammatory response to surgical intervention was assessed by the level of interleukin-6 (IL-6) and highly sensi-
tive C-reactive protein (HSRP) in the blood serum, and endotheliopathy was assessed by the level of endothelin-1 (ET-1).
Platelet aggregation activity (PAA) was also studied. We classified as aspirin resistant (AR) patients, those individuals
whose PAA did not reach target values while they were taking ASA at a dose of 100 mg/day, and decreased by less than 50%
compared with the baseline parameters. To analyze the impact of various factors (predictors) on PAA, the linear stepwise
regression analysis with inclusions was used. Binary logistic regression was used to assess the influence of Ar on the risk of
developing CVC, and linear discriminant analysis — to assess the relationship of clinical and laboratory predictors with the
risk of developing specific types of CVC. Recurrence of angina pectoris, myocardial infarction (MI), decompensation of
heart failure (HF) and sudden cardiac death were considered as CVC.
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Results. Arwasdetected in 122 people (46.9%) on the 2nd day after CABG. This cohort of patients constituted the
main group. The comparison group included 138 people (53%) who remained aspirin sensitive (AS). A year after surgery
(and taking ASA at a dose of 100 mg/day this year), the proportion of AR patients decreased to 62 people, amounting to
24% of AS patients at baseline in the preoperative period. In two groups of patients, we compared such indicators as IL-6,
HSRP, ET-1, PAA at all three stages of the study, while the cardiopulmonary bypass time (CBT) and the number of coro-
nary bypass grafts (NBGs) — immediately after the CABG. In the main group (AR patients), much higher levels of the stud-
ied parameters were revealed than in the comparison group (statistically significant) both on the 2nd day and 1 year after
CABG. CVC were detected in 53 out of 260 people (20.4%) during one year follow-up. They were distributed as follows:
recurrence of angina pectoris — 37 people (14.2%); MI — 7 people (2.7%); decompensation of HF — 5 people (1.9%); sudden
cardiac death — 4 people (1.5%). A mathematical model was developed to predict the risk of CVC after CABG in order to
improve the long-term prognosis after surgery. As a result of the regression analysis, we got a set of five predictors that are
statistically significantly related to PAA: ET-1, IL-6, HSRP, CBT, NBGs. The regression equation, which allows predicting
the value of PAA on the 2nd day after CABG, had the form: PAA = 34.40 + 0.45 - IL-6 + 0.92 - ET-1 + 0.25 - CBT +
+ 0.73 - HSRP + 0.13 - NGBS, where 34.40 is the absolute term of the equation.

Thus, according to the calculated PAA value, it will be possible to concluded the presence of either As or Ar for a particular
individual. When assessing the relationship of Ar with the risk of CVC in patients after on-pump CABG, using binary logis-
tic regression, it was determined that PAA is a statistically significant prognostic factor for CVC (x* = 21.0; p = 0.013). Using
discriminant analysis, a mathematical model has been created to evaluate the probability of developing certain types of
CVC in patients after on-pump CABG.

Conclusion. Thegrade of systemic inflammatory response to on-pump CABG affects the development of induced
Ar. The persistence of a systemic inflammatory reaction is associated with the prolongation of Ar in the long-term postop-
erative period. The regression analysis revealed an important role of systemic inflammatory response markers and endo-
theliopathy (IL-6, HSRP, ET-1) in the development of the phenomenon of Ar in patients undergoing on-pump CABG. The
mathematical model, created by utilizing discriminant analysis, makes it possible to predict with the accuracy of 87% the
probability of developing CVC (recurrence of angina pectoris, MI, decompensation of HF, sudden cardiac death) in patients
who underwent on-pump CABG. Significant risk factors for CVC include: CBT, the levels of PAA, IL-6, HSRP and ET-1.
Correction of these factors’ parameters will improve the long-term prognosis in patients with CAD after CABG.
Keywords: coronary artery bypass grafting, aspirin resistance, proinflammatory cytokines, systemic inflammatory
response.
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BBEJAEHHNE

VckyccTBEHHOE  SKCTPAKOPIOPAIBHOE KPOBO-
obparnenue (MK), 6e3yc/ioBHO, pacuIupsieT BO3MOXK-
HOCTH KapAHUOXUPYPTUUYECKUX PEKOHCTPYKTUBHBIX
omeparnuii Ha KOPOHAPHBIX apTEPHUAX CEPAIA, UTO
[I03BOJISIET ITPOBOJIUTH KOPOHAPHOE IIYHTUPOBAaHHE
(KIIT) mpu 110601 JIOKATU3aIMH aTePOCKIEPOTHYE-
CKOTO IOP)KEHUsA KOPOHAPHBIX apTEPUU W CyIIe-
CTBEHHO YJIy4IIaTh KA4eCTBO U IIPOIOJIKUTETHHOCTD
JKU3HU TMAIIUEHTOB C HIIEMHUYECKOH 00JIe3HBIO
cepana (MUBC). OyiHako, HECMOTPSI Ha JIOCTUTHYThIE
yCIIEXH B COBEPIIEHCTBOBAHUY XUPYPTUUECKUX TeX-
HOJIOTUU TPOBEJEHUsS PEBACKYJISIPU3AIUN MHUO-
Kap/ia, 0CTaeTcs HepeleHHOU mpobiema 3 deKTuB-
HOHM BTOPHYHOH NPOGUIAKTHKUA TPOoM0OO3a COCy/U-
CTOTO IIIYHTA U IPYTUX OCJIOKHEHUH [1].

OOLIENTPHUHATEIM CTAHAAPTOM BTOPHUYHOM IIPO-
(unakTuku TpombO3a ILIYHTA, IPOBOAUMON IoOCse
KIII, sBisgercsa HasHaueHHE AalleTHJICAJIUIINIOBOM

INTRODUCTION

Cardiopulmonary bypass, of course, expands the
possibilities of cardiac reconstructive operations
involving coronary arteries, which allows to use cor-
onary artery bypass grafting (CABG) for any localiza-
tion of atherosclerotic damage to the coronary arter-
ies and significantly improve the quality of life and
life expectancy in patients with coronary artery dis-
ease (CAD). However, despite the advances in surgi-
cal technologies for myocardial revascularization,
the problem of effective secondary prevention of
bypass graft thrombosis and other complications
remains unresolved [1].

The gold standard for secondary prevention of
bypass graft thrombosis after CABG is the prescrip-
tion of acetylsalicylic acid (ASA) [2]. However, some
patients (45—-60%), who underwent CABG surgery,
turned out to be resistant to the disaggregation activ-
ity of ASA in the early postoperative period, and it is
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kucsotel (ACK) [2]. OpgHako yacTh manueHToB (45—
60 %), onmepupoBaHHbiXx MeronoMm KIII, oka3sbiBa-
IOTCSI HEBOCIHPUUMUYUBBIMU K [l€3aTPEraHTHOMY
addexty ACK B panHeM IOCIE0NIePAalHOHHOM ITEPH-
oJle, IPUYEM U3BECTHO, YTO DTO XaPAKTEPHO TOIHKO
TS JIATI, ONIEPUPOBAHHBIX B ycoBusax MK [3].

[To mauHBIM psAza aBTOPOB popMUpOBaHUE HEHO-
MeHa aCIUPUHOPE3UCTEHTHOCTH (Ap) CONMPSIIKEHO €
MOBBIIIIEHHBIM PHUCKOM TPOMOUPOBAHUS COCYAH-
CTOTO TpaHCIUIaHTaTa M 6ojiee BBICOKOH CMEpPTHO-
CTBIO MAIUEHTOB [4—6]. HecMOTps Ha myOIMKaIiuio
3HAYUTEJILHOTO KOJIMYECTBA PabOT B 3TOM HaImpaBs-
JIEHUH, TMPUYNHBI M MEXaHU3MbI AP OCTAIOTCS 0
KOHIIA He U3YUEeHHBIMU.

B 9TOIl CBA3M aKTyaJ bHBIM HaIlpaBJIEHUEM B
reMaTOJIOTUM W CEePAEYHO-COCYAMCTON XUPYPTIUH
SIBJISIETCS BBIABJIEHNE KJIMHUKO-J1a00PAaTOPHBIX IIpe-
JIUKTOPOB, CBA3aHHBIX C PA3BUTHEM AP, a TaKKe
OIleHKA JIAaHHOTO (eHOMeHa B PHCKE Pa3BUTHUA
cepaeaHo-cocymucThIx ocnoxkHeHui (CCO) y manu-
eHTtoB ¢ IBC, onepuposannbix MerogoM KIII B ycsio-
Busix K [7, 8]. BeiaBieHue npeinkTOpoB Ap sIBJIS-
eTCsl BAKHBIM HaIpaBJeHUEM B paMKax MePOIpHUs-
TUH, HATIPABJIEHHBIX HA MPODUIAKTUKY 3TOTO (DeHO-
M€eHa, CIIOCOOCTBYIOIUM CHIKEHHIO PUCKA OCJIOXK-
Henu nmocie KII u yoydimeHHIo MPOTHO3a IOCTIe
omeparuu [9].

HOEJb NCCJIEJOBAHUA

V3yauth KIMHUKO-71a00paTOpHbIE IPHU3HAKU,
CBA3aHHBIE C pa3BUTHEM Ap, a TaxKe OIEHUTH JaH-
HbIU (peHOMEH B prcke pazButua CCO y MammeHToB ¢
NBC, onepupoBannbix MerozioM KIII B yesroBusax UK,
C IIOMOIIIbIO MaTeMaTU4eCKOT0 MO/IeIMPOBAHUA.

MATEPUAJIBI 1 METO/IbI

IIpoBeneHO NIPOCHEKTHUBHOE
CpaBHUTEJIBHOE HCCIelOBaHUe.

Kputepum BKIIOUEHNA B UCCJIEJOBAHNE:

* MY?>KUMHBI B BO3pacre /10 70 JIeT;

e cTabwiIbHAsl CTeHOKapus HampsokeHus [[-IV
dyuknuonanbHoro kiacca (®K), moaTsep:KaeHHas
aHruorpaduell W TOJIOKUTEIBHBIMU HArpy304-
HBIMU ITpobamMu;

* TOKa3aHUA K KODOHAPHOMY LIYHTUPOBAHUIO 110
IaHHBIM KopoHapoaHnruorpaduu (KATD);

e Hajnuuue HHOOPMHPOBAHHOIO COIJIacUd Ha
NIpOBeJIeHNe HCCIIe/IOBaHUA.

Kpurtepun HcKII0YeHUA U3 UCCJIeIOBAHUA: JKeH-
CKUI T1I0JI; TlepeHeceHHBI WHGApPKT MHOKapzia
MeHee 6 Mec Ha3aJ; IepeHeCceHHOe OCTpoe HapyIle-
HHEe MO3TOBOTO KpOBOOOpAIlleHHs MeHee 6 Mec
Has3aJ[; HaJInuue XpOHUYIECKOH cep/ileuHol HezjocTa-
tou”octd (CH) III-IV ®K mo NYHA co cHukKeHueM

OJTHOIIEHTPOBOE

known that this is typical only for individuals who
underwent on-pump CABG [3].

According to several authors, the phenomenon of
aspirin resistance (Ar) is associated with an increased
risk of bypass graft thrombosis and a higher mortality
level of patients [4—6]. Despite the publication of a sig-
nificant number of works in this direction, the causes
and mechanisms of Ar remain not fully studied.

In this regard, arelevant direction in hematology
and cardiovascular surgery is the identification of
clinical and laboratory predictors associated with the
development of Ar, as well as the assessment of this
phenomenon in the risk of cardiovascular complica-
tions (CVC) in patients with CAD after on-pump
CABG [7, 8]. Identification of predictors of Ar is an
important direction among of measures for prevent-
ing this phenomenon, contributing to reducing the
risk of complications after CABG and improving the
prognosis after surgery [9].

AIM OF THE RESEARCH

To study clinical and laboratory signs associated
with the development of Ar, as well as to assess this
phenomenon in considering the risk of developing
CVC in patients with CAD after on-pump CABG
using mathematical modeling.

MATERIALS AND METHODS

A prospective single-center comparative study
was conducted.

Inclusion criteria:

« men under the age of 70;

« stable angina pectoris of functional class (FC)
II-IV according to the results of angiography and
positive exercise tolerance tests;

« eligibility for coronary artery bypass grafting
according to coronary angiography (CAG);

« the presence of the signed informed consent to
conduct participate in the study.

Exclusion criteria: female gender; myocardial
infarction <6 months ago; acute cerebovascular acci-
dent <6 months ago; chronic heart failure, NYHA
ITI-1V with reduced left ventricular ejection fraction
(LVEF) <40% according to the echocardiography
results; atrial fibrillation; severe concomitant dis-
eases that negatively affect the prognosis (chronic
obstructive pulmonary disease, hepatic and renal
failure, oncopathology); combination of CAD with
valvular heart disease; Ar at baseline.

In 2014—2018 years, 260 men aged 45—70 years
(58.2 + 6.8 years) with a diagnosis of CAD (stable
angina pectoris and silent myocardial ischemia) were
examined on the basis of the Cardiac Surgery Depart-
ment of the Regional Clinical Hospital (Barnaul).
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dpakmuu BbIOpOca JseBoro skenyaouka (PBJIK)
<40 % 10 pe3yJsbTaTaM 3XOoKapjuorpaduu; HaIu-
yre GUOPUILIAIUN TIPEICEPINI; HAUTUUHE TAKEIIbIX
COITyTCTBYIOIUX 3a00JIeBaHUM, OTPULIATEIBHO BJIU-
SIFOIIUX Ha IMPOTHO3 (XpOHHWYECKash OOCTPYKTUBHAS
60J1e3Hb JIETKUX, TEYEHOUHAS U [TOUeUHAasT HeJ0CTa-
TOYHOCTb, OHKOIIATOJI0rHs1); coueranue VIBC ¢ marto-
JIOTHEH KJIAIaHOB Cep/Ilia; UCXOTHasA Ap.

B 2014—2018 rT. Ha 6a3e KapAUOXUPYPTUUECKOTO
otnenenuss KI'bY3 «Kpaepas ximHHYecKas 0OJIb-
Huna» (r. bapHays) obcienoBaHO 260 My>KYHUH B
Bo3pacre 45—70 JieT (58.2 + 6.8 rozia) ¢ AMATHO30M
NBC (crabuibHast cTeHOKapAus U 6e300s1eBas uille-
MU MUOKapaa). B manHoe ucciieloBanye He ObLUIH
BKJIIOUEHBI JKEHIITUHBI B CBA3H C MaJIbIM KOJIUYe-
CTBOM IAIIMEHTOK, KOTOPbIM ObLIO mokazano KIII.
CrabunbHas creHokapaus II @K 6buta guarHocTu-
poBaHa y 66 uein. (25 %), III ®K — y 116 (45 %),
IV ®K — y 52 yes. (20 %). BezbosieBast uieMust MUO-
Kapza OpL1a BhIsIBJIEHA Y 26 et (10 %). [1pu ucce-
moBanun ®BJDK ObUIH TOJyUeHBI CIIEAYIOIIHE
pesysbTaThl — cHmKeHue PBJIK Gostee 50 % BbISIB-
JeHa y 50 % OospHBIX, DBJIXK or 40 510 50 % —
v 38 % u ®BJIJK 0T 30 110 40 % — y 12 % GonbHBIX. ITo
nmaHHbiM KAT 146 marnueHToB (56 %) uMeJu 2 mopa-
JKeHHbIe apTepuu, 88 manueHToB (34 %) — 3 u 6071ee
CTEHO3UPOBAHHBIE KOPOHAPHBIE apTEPUH, 26 TaIH-
eHTOB (10 %) — 1 IOpa’KEHHYI0 apTEPHIO0 CO CTEHO-
30M Oosiee ueM 70 % IpocBeTa cocyaa. Aprepruanb-
Hasl THIEPTeH3us Obuia y 164 TAIUEHTOB, aTepo-
CKJIEPO3 apTepPU# TOJIOBHOTO Mo3ra — y 138 uelr.,
aTepoCKJIEpO3 apTepuil HIKHUX KOHEYHOCTEH —
Yy 42 4es., o)KUpeHHe — y 26 4yes. Bce manueHTsI
MOJIy4yayId CTAaHJAPTHYIO Tepanuio, BKJIIOYAIOLIYIO
[(-aspeH06I0KaTOPhl, MHIHMOUTOPHl AHTHOTEH3UH-
npeBparmamoiiero ¢gpepMeHTa, HUTPAThl, CTATUHBI U
ACK. MeTozoM XWUPYPrHYECKOTO JeUeHHs ObLia
peBackynsapusanusa mMuokapza — KIII B ycinoBuax
UK. Mbl npuiepKUBJINCh IPUHIUIIA JIOCTHKEHUS
MaKCUMaJIbHON peBacKyJIApU3aIllil MUOKapza u
BBITOJIHSTH IITYHTHPOBAHUE BCEX CTEHO3HMPOBAHHBIX
6osiee yeM Ha 70 % OT MPOCBETA COCyZla U JHaMe-
TPOM He MeHee 1.5 MM KOPOHApHBIX apTepuil [10].
JITATEIhHOCTDh OKKJIIO3UHM aOPTHhI BO BpeMsl OIlepa-
MU 3aBHCEJIAa OT KOJIMYECTBA BHIIIOJIHEHHBIX IIIyH-
TOB. [Ipy BBIIOJTHEHUH OJIHOTO LIIYHTa BPEM OKKJIIO-
3UHM A0PTHI COCTAaBHWJIO B CpPeIHEM 11.2 + 2.4 MUH,
JIByX IIYHTOB — 26.5 + 6.5 MHH, TpeX IIYHTOB —
40.3 + 8.2 muH. Bpemsa UK B rpymme Ap 6nU10
110.1 + 15.4 MUH, B TpyIIle aCTUPUHOUYYBCTBUTEIb-
HocTH (Au) — 71.0 + 6.8 muH. Cpeqiu Bcex 260 maru-
eHTOB, mnoaBeprHyTbix KIII, CCO pasBwiuch y
20.4 %. ITOT ypoBeHb BeposATHOCTU pa3sutus CCO
paccMaTpuBaM KaK allPUOPHBIN U B JaJIbHEHIIEM

Women were not included in this study due to the
small number of patients who were eligible for CABG.
Stable angina pectoris of FC II was diagnosed in
66 people (25%), FC III — in 116 (45%), FC IV — in
52 people (20%). Silent myocardial ischemia was
diagnosed in 26 people (10%). While assessing the
LVEF, the following results were obtained: LVEF
decrease >50% was detected in 50%, from 40 to
50% — in 38%, and from 30 to 40% — in 12% of
patients. According to the results of CAG, 146 patients
(56%) had two affected arteries, 88 patients (34%) —
three or more stenotic coronary arteries, 26 patients
(10%) — single affected artery with stenosis >70% of
the vessel lumen. Arterial hypertension  had
164 patients, cerebral artery atherosclerosis —
138 people, lower extremity atherosclerosis — 42 peo-
ple, obesity — 26 people. All patients received con-
ventional therapy, including beta-blockers, angioten-
sin-converting enzyme inhibitors, nitrates, statins
and ASA. The method of surgical treatment was myo-
cardial revascularization — on-pump CABG. We
adhered to the principle of achieving the maximal
myocardial revascularization and performed bypass
surgery of all coronary arteries with stenosis >70%
and with a diameter of at least 1.5 mm [10]. The dura-
tion of aortic occlusion during surgery depended on
the number of bypass grafts (NBGs). When perform-
ing one bypass graft, the aortic occlusion time aver-
aged 11.2 + 2.4 min, two bypass grafts —
26.5 + + 6.5 min, three bypass grafts — 40.3 + 8.2 min.
Cardiopulmonary bypass time (CBT) in the Ar group
was 110.1 £ 15.4 min, in the aspirin sensitivity (As)
group — 71.0 =+ 6.8 min. Among all 260 patients
undergoing CABG, CVC developed in 20.4%. This
level of probability of CVC was considered as a priori
and was later used to calculate the dependence of
platelet aggregation activity (PAA) with the risk of
CVC by binary logistic regression. The most signifi-
cant CVC in the long-term postoperative period
(1st year after CABG) were: recurrence of angina pec-
toris — 37 people (14.2%); myocardial infarction
(MI) — 7 people (2.7%); decompensation of HF —
4 people (1.5%); sudden cardiac death — 4 people
(1.5%). Blood sampling for the assessment of labora-
tory risk factors (RF) of Ar was carried out at three
stages: 1) at the prehospital stage — before CABG;
2) in the early postoperative period — 2 days after
CABG; 3) in the long-term period — 1 year after CABG.
To assess systemic inflammatory response in
blood serum by the enzyme immunoassay using
diagnostic kits from Peninsula Laboratories Interna-
tional, Inc. (USA), the concentrations of interleu-
kin-6 (IL-6), highly sensitive C-reactive protein
(HSRP) and endothelin-1 (ET-1) were determined.
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HCIIOJIb30BAJIM TP PacueTe CBA3U arperaruoHHOMN
akTUBHOCTH TpoMbonuToB (AAT) ¢ puCcKOM pa3BH-
tuss CCO wmeTomoM OWHAPHOW JIOTHCTUYECKOH
perpeccuu. Haubosee 3naunmpivMu CCO B oTiaieH-
HOM IIOCJIEOTIEPAIIOHHOM Ttepuoyie (1-Ui roJi mocsie
KII) Obutu: penuauB CTEHOKApAUU — 37 dYell.
(14.2 %); uadapkt muokapza (MM) — 7 uen. (2.7 %);
mexomneHcanus CH — 4 uwen. (1.5 %); BHe3amHas
KOpOHapHasi CMePTh — 4 4esl. (1.5 %). 3ab0p KpoBU
IUIA OLleHKU J1abopaTopHbIX (akTopoB pucka (DP)
Ap npoBoAMIICS HA TPeX 3Tamax: 1) Ha IOTOCIIUTAIb-
HOM a3Tare — 1o onepaiuu KIII; 2) B panHeM mocJe-
OIlepallMOHHOM Ilepuojie — depes 2 cyT nocie KIII;
3) B OT/IAJIEHHOM IIepHoJie — yepes 1 roj rmocsie KIII.
J1J1s1 OTIEHKY aKTHUBAIIHU CUCTEMHOTO BOCIIATATE b~
HOTO OTBETA B CHIBOPOTKE KPOBU HMMMYyHO(hEPMEHT-
HBIM METO/IOM IIPU IIOMOIIY IMArHOCTUIECKUX HA0O-
poB ¢upmel Peninsula Laboratories International, Inc.
(CIIIA) omipesesisiii KOHITEHTPAITUIO HHTEPJIEUKHUHA-6
(1JI-6), BBICOKOUYBCTBUTENHLHOTO C-pPeakTHBHOTO
6eska (BuCPB) u suporenmnaa-1 (9T-1).
Uccnenoanne AAT mpoBOAWIN C TOMOIIBIO
YeThIpeXKaHAJIBHOTO JIA3EPHOTO aHAJIN3aTopa arpe-
raruu TpombonintoB CHRONO-LOG Aggregometers
(CIIIA) o cranmapTHOM MeToauKe, onrcaHHou 3.C.
Bapkaranowm [11]. B kauecTBe WHyKTOpa arperamuu
KICIIOJIB30BAIH PAcTBOp afpeHannHa («TexHosorus-
Cranzmapr», Poccus) B KOHIEHTpaIruu 10 MKT/MJI,
TaK Kak a/IpeHaJINH B CPABHEHUU C PYTUMH UHIYK-
topamu (A/I® u KoJlareHoOM) B GOJIBINIEN CTENEHU
orpakaet 11OI'-1-3aBUCUMBIH IIyTh aKTUBALIH TPOM-
OOLIMTOB, KOTOPBIH, KaK H3BECTHO, M30UPaATEIHLHO
6s10xupyercs npenaparamu rpymmbs ACK [10].
AcniupuHUYBCTBUTENBHBIMU (AY) marueHTaMu
MBI CUUTAJIH TEX JIUII, Y KOTOPBIX PETYJIAPHBINA IpUeM
ACK cmocobctBoBan cHmkeHuto AAT Ha 50 % u
60Jee B CpaBHEHUU C UCXOTHBIMU 3HAUEHUSMU, UTO
CBUJIETEJILCTBOBATIO 00 3 deKkTuBHOCTH Je3arpe-
rauTHo mpodminaktuku. K AP mammeHTam MBI
OTHOCWJIU TeX Jiull, y KoTopbix AAT Ha doHe mpuema
ACK He mocTurasa mejeBbIX 3HaUeHUH U CHIUKAJIACh
MeHee 4eM Ha 50 % B CpPaBHEHHUH C HCXOJHBIMH
mapamMerpaMu. [1000HBIN TOAXO/ B BBISABJIEHUH AP
OIIHCaH PAZOM HcciiesoBaresier [11—13].
[TpoBenenue wccieoBaHusl ObLIO 0OHOOPEHO
JIOKAJIBHBIM 3THU4YeckuM komureroM @®I'BOY BO
«AJITaiCKUU TOCY/IapCTBEHHBIA MEUITUHCKUNA YHU-
BepcuteT» MuH3sgpasa Poccuu u coorBeTcTBOBasIO
STUYECKUM HOpMaM XeJIbCUHKCKOH JIeKJIapariuu
(2013). Bce 6ospHBIE TIOATIMCAIH WH(POPMUPOBAH-
HOEe CoIJIacue Ha yJacTHe B HCCJIEJIOBAHUH.
s oneHKHU cBA3U u3ydaeMbix OP ¢ hpeHomeHOM
Ap 1o ux BAUAHUIO Ha UHAMUKy AAT npumensiu
METOJi JIMHEHHOTO IIOIIaroOBOTO PErpecCOHHOTO

PAA was determined using a four-channel con-
figuration light transmission CHRONO-LOG
aggregometer (USA) according to the conventional
procedure described by Barkagan [11]. An epineph-
rine solution (Technology-Standard LTD, Russia) at
a concentration of 10 ug/ml was used as an aggrega-
tion inducer, since epinephrine, in comparison with
other inducers (ADP and collagen), largely reflects
the COX-1-dependent pathway of platelet activation,
which, as is known, is selectively blocked by drugs of
ASA group [10].

We considered aspirin sensitive (AS) patients to
be those individuals in whom regular intake of ASA
contributed to a decrease in PAA by 50% or more in
comparison with baseline values, which indicated
the effectiveness of disaggregant prevention. We
identified as AR patients those individuals in whom
PAA did not reach the target values while taking ASA
and decreased by less than 50% compared to the
baseline parameters. A similar approach to the Ar
detection has been described by a number of
researchers [11—13].

The study was approved by the local Ethical Com-
mittee of the Altai State Medical University and com-
plied with the ethical standards of the Helsinki Dec-
laration (2013). All patients signed informed consent
to take part in the study.

The linear stepwise regression analysis with
inclusions was used to assess the relationship of the
studied RFs with the phenomenon of Ar, based on
their influence on the dynamics of PAA. To assess the
Ar impact on the risk of CVC, binary logistic regres-
sion was used; and to assess the relationship of clini-
cal and laboratory predictors with the risk of devel-
oping individual types of CVC linear discriminant
analysis was used. Data processing and graphic pre-
sentation of the results were carried out using Statis-
tica 10 and Excel 2007 programs.

RESULTS

Before surgery, all 260 people (100%) had As
(PAA 35.4 + 3.3%) according to the study design. The
levels of IL-6 (2.6 + 0.3 pg/ml), HSRP (2.5 +
+ 0.3 mg/1), ET-1 (1.2 + 0.2 fmol/ml) did not exceed
the reference values, and platelet count was
182.9 + 14.0 thousand/ml, which also corresponded
to the reference value.

At the second stage of the study (2nd day after
CABG), in 122 people (47%) Ar was detected by
changes in the level of PAA level in comparison with
the baseline value (PAA 65.6 + 7.2 vs 35.4 + 3.3%;
P < 0.001). This cohort of patients constituted the
main group. The comparison group included
138 people (53%) in whom As remained (PAA
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aHa/IN3a ¢ BKIYEeHUAMU. 11 OLleHKU BIAUAHUA Ap
Ha puck pa3BuTus CCO HCIoIb30BaI MeTO1 OUHAP-
HOU JIOTUCTHYECKON PErpeccud, i OLEHKHU CBA3HU
KJIMHUKO-JIA00PATOPHBIX MPEIUKTOPOB C PHCKOM
pasBuUTHA KOHKpPeTHbIX BHIOB CCO — JIMHEWHBIN
JMUCKPUMUHAHTHBIN aHamun3. O6paboTKy MaHHBIX U
rpaduueckoe IpesicTaBjIeHUE PE3YJIbTATOB IIPOBO-
JUJIA C TIOMOIIBI0 KOMIIBIOTEPHBIX IIPOIPAMM
Statistica 10 u Excel 2007.

PE3YJ/IBTATDI

Jlo omepaTMBHOTO BMeIIATEIbCTBA Y BCEX
260 uei. (100 %) 6bu1a ucxomuas Au (AAT 35.4 +
+ 3.3 %) IO YCJIOBHIO JM3aliHA HCCIEIOBAHHA.
YpoBau WNJI-6 (2.6 + 0.3 nur/m), BuCPb (2.5 +
+ 0.3 mr/a), 9T-1 (1.2 + 0.2 PMoJIb/MJI) HE BBIXO-
JINJTY 32 paMKH pedepeHCHbIX 3HaUYeHUH, a YPOBEHb
TPOMOOITUTOB COCTABJISI 182.9 + 14.0 THIC./MKJI, UYTO
TOKE COOTBETCTBOBAJIO HOPMAJIbHBIM ITOKA3aTEJISIM.

Ha Bropom »Tame wuccienoBaHusi (2-e CyTKH
rocsie KIII) y 122 ges. (47 %) OpLia BeisiBJIeHA Ap 110
n3MeHeHnIo ypoBHA AAT B CpaBHEHHU C UCXOTHBIM
sHauenueMm (AAT 65.6 + 7.2 vs 35.4 = 3.3 %;
P < 0.001). ATa KOropra MamueHToB ObLIa BbI/IeJIeHa
B OCHOBHYIO TpyIlly. B rpymmy cpaBHEeHHs BOIILIN
138 uen. (53 %), y KoTopbIx coxpaHsitach Au (AAT
40.6 £ 3.5 VS 35.4 = 3.3 %; p > 0.05). Paznuuus B
ypoBHe AAT mexay rpynnamu AP u AY 6bUTH cTaTh-
CTUYECKH 3HAUYUMBIMU Ha 2-e cyTku mnocjae KIII
(65.6 + 7.2 vs 40.6 + 3.5 % COOTBETCTBEHHO;
P < 0.001) (Tab. 1).

B obeux uccireryeMbIx rpymnmnax — ocHOBHOH (AP)
u cpaBHeHUs (AY) — OTMeUeH 3HAYUTEJIbHBIH POCT
KOHITeHTpaIuu B KpoBu MJI-6 Ha 2-e CyTKH IMOCjIe
omepanuu (23.0 + 3.6 M 12.1 + 3.7 VS 2.6 + 0.3 1/ MJI;
P < 0.001, p < 0.01 cooTBeTcTBeHHO). [Ipn sTOM B
OCHOBHOI TpyImIe cpenHee 3HaueHue NJI-6 ObLIO
JIOCTOBEPDHO BBIIIlE, YeM B TpYIIle CPaBHEHUsS
(23.0 £ 3.6 vs 12.1 £ 3.7 ir/MJT; p = 0.043). Takke B
obenx rpynmax ObUI 3HAYUTEIBHO 0OJiee BBICOKHI
ypoBeHb BUCPD B KpOBH 110 CpPABHEHUIO C NCXOIHBIM
(20.0 £ 3.3 1 11.2 £ 2.7 VS 2.5 + 0.3 MI'/J; p < 0.001,
P < 0.01 COOTBETCTBEHHO), HO B OCHOBHOH TpYIIIIEe
BUCPD cyIiecTBEHHO IPEBBIIIAT TAKOBOU B TPYIIIE
cpaBHeHHUSA (20.0 £ 3.3 VS 11.2 + 2.7; p = 0.042).
CpaBHUTENBHBIN aHaMN3 ypoBHA DT-1 B rpymmax AP
u AY Ha 2-e CyTKH IOKa3aJI, YTO B 00euX Ipymax oH
ObLI BBIIIE HCXOAHOTO 3HaueHus (15.8 + 3.5 u
7.1 £ 2.4 Vs 1.2 £ 0.2 PpMoJb/J1; p < 0.005, p < 0.01
COOTBETCTBEHHO), U B rpynne AP jgaHHBIN HOKa3a-
TeJIb ObJI CTATHCTHYECKH 3HAYMMO BBIIE, YEM B
rpynne AY (15.8 + 3.5 vs 7.1 = 2.4 GbMoib/7;
P = 0.040). KonudectBO TPOMOOITUTOB B ITUPKYJIH-
pYyIOIEed KPOBH Ha 2-€ CYTKH YBEJIMYMJIOCH 32 CUET

40.6 + 3.5 Vs 35.4 + 3.3 %; p > 0.05). Differences in
the level of PAA between the AR and AS groups were
statistically significant on the 2nd day after CABG
surgery (65.6 + 7.2 vs 40.6 + 3.5%, respectively;
p < 0.001) (Table 1).

In both groups, the main (AR) and comparison
(AS), there was a significant increase in the concen-
tration of IL-6 in the blood on the 2nd day after sur-
gery (23.0 £ 3.6 and 12.1 + 3.7 vs 2.6 + 0.3 pg/ml;
P < 0.001, p < 0.01, respectively). At the same time,
in the main group, the average value of IL-6 was sig-
nificantly higher than in the comparison group
(23.0 £ 3.6 vs 12.1 + 3.7 pg/ml; p = 0.043). Also, in
both groups, there was a significantly higher level of
HSRP in the blood compared to the baseline level
(20.0+3.3and 11.2 £ 2.7vs 2.5 + 0.3 mg/1; p < 0.001,
P < 0.01, respectively), but in the main group, HSRP
significantly exceeded that in the comparison group
(20.0 £ 3.3 Vs 11.2 + 2.7; p = 0.042). A comparative
analysis of the ET-1level in the AR and AS groups on
2nd day showed that in both groups, it was higher
than the baseline level (15.8 + 3.5 and 7.1 + 2.4 vs
1.2 + 0.2 fmol/l; p < 0.005, p < 0.01, respectively),
and in the AR group this indicator was statistically
significantly higher than in the AS group (15.8 + 3.5
vs 7.1 + 2.4 fmol/l; p = 0.040). The platelet count on
2nd day increased due to compensatory thrombocy-
tosis in both groups — in the main group to
445.9 + 35.0, and in the comparison group to
472.2 + 32.1 thousand/ml, which was statisti-
cally significantly more than before surgery
(182.9 + 14.0 thousand/ml; p < 0.005, p < 0.01,
respectively). The groups did not differ from each
other in this indicator (445.9 + 35.0 Vs 472.2 + 32.1,
respectively; p = 0.956).

At the third stage of the study (1 year after sur-
gery while taking ASA at a dose of 100 mg/day), the
proportion of AR patients decreased from 122 to
62 people, amounting to 24% of the AS patients in
the preoperative period. In 198 (76%) AS patients,
the average values of PAA (34.2 + 3.2%) reached the
target values and virtually did not differ from the
baseline values (35.4 + 3.3%) in the preoperative
period (p > 0.05). In this group, the levels of IL-6,
HSRP and ET-1 also decreased to the baseline values
and did not differ significantly from them.

On the contrary, in the AR group, the average val-
ues of PAA were elevated relative to the preoperative
values (64.1 + 7.0 vs 35.4 + 3.3%; p < 0.01). The con-
centration of IL-6, HSRP and ET-1 tended to
decrease, but did not reach the baseline values, and
was elevated relative to the preoperative level
(5.70 £ 0.62vs 2.6 + 0.3 pg/ml, p < 0.05; 8.10 £ 1.40
vs 2.5 £+ 0.3 mg/ml, p < 0.02; 9.8 + 3.2 vs 1.2 £
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Ta6smmua 1. CpaBHUTEIbHBIA aHA/IN3 KJIMHUKO-/1a60paTOPHBIX apaMeTpos rpynn A4 u AP nanueHTOB Ha aTanax

HCCieJOBaHUA

Table 1. Comparative analysis of clinical and laboratory parameters of AS and AR patients at stages of the study

Jlo onepanumn

2-e CYTKH NOoCJie onepanuu

1 roj mocJie onepanuu

Before surgery 2nd day after surgery 1 year after surgery
AR AP / AR LRI AP / AR
(rpynma (rpynma
IlapameTpsbl (ocHOBHas (ocHOBHas
A4 / AS cpaBHeHHuH /[ cpaBHeHUA /[
Parameters - . rpynna / D, - rpynna / D,
n=260 comparison - 2 comparison . o8
roup) main group) group) main group)
g n=122 n=62
n=138 n=198
1 2 3 4 5
AAT / PAA (%) 354+33 40.6 + 3.5 65.6 + 7.2* <0.001 34.2+3.2 64.1 +7.0* <0.001
WUJI-6 (tr/ma) 2.6+0.3 12.1 £3.7* 23.0 + 3.6* 0.043 290+0.53 5.70 £ 0.62* 0.024
IL-6 (pg/ml)
BYCPB (Mr/xn) 25+03 11.2 £ 2.7% 20.0 + 3.3* 0.042 3.20+1.70 8.10 + 1.40* 0.018
HSRP (mg/1)
3T-1 (dpmosb/ma) 1.2 +0.2 7.1 +2.4* 15.8 + 3.5* 0.040 0.83+0.21 9.8 + 3.2* <0.001
ET-1 (fmol/ml)
TpoMGOLUTEI 182.9 + 14.0 472.2+32.1*  4459+35.0* 0956 257.5+22.6* 267.8+289* 0968
(TbIC./MKJIT)
Platelets
(thousand/ml)
Bpemsa UK (MuH) - 71.0+6.8 110.1+15.4 0.001 - - -
CBT (min)
kKII / NBGs - 2.1+0.2 32+03 0.022 - - -

IpumMmevyaHU4d:

AY - acnuprH4YYBCTBUTe/IbHbIE NManueHTbl; AP - acnupuHpe3ucTeHTHble nanueHTbl; AAT - arperanMoHHast

aKTHUBHOCTb TpoMGouuToB; WJI-6 - unTepeiikuH-6; BYCPB - BbICOKOUYBCTBUTENbHBIA C-peakTUBHBIN 6esok; IT-1 - angorenun-1; UK -
HCKycCTBEHHOe KpoBooGpaienue; KKII - kosin4ecTBO KOpOHAPHBIX LIYHTOB.
* PagHHLa CTAaTUCTUYECKH JOCTOBEPHA 10 CPABHEHHIO C UCXOJHLIM 3HaueHHeM (rpynna AY 0 onepanuu).

Note:

AS - aspirin sensitive patients; AR - aspirin resistant patients; PAA - platelet aggregation activity; IL-6 - interleukin-6; HSRP -

highly sensitive C-reactive protein; ET-1- endothelin-1; CBT - cardiopulmonary bypass time; NBGs - number of bypass grafts.
* The difference is statistically significant compared to the baseline value (the AS group before the surgery).

KOMITEHCATOPHOTO TPOMOOIUTO3a B O0EHX TIpyI-
Iax — B OCHOBHOM /IO 445.9 + 35.0, a B TPyIIIIe CpaB-
HEHUS JI0 472.2 + 32.1 ThIC./MKJI, YTO OBLIO CTaTH-
CTHYECKHd B3HAYUMO OOJIbllle, YeM [0 OIepamuu
(182.9 £ 14.0 THIC./MKJI; p < 0.005, P < 0.01 COOTBET-
CcTBEHHO). Mexay coboil 10 JaHHOMY ITOKa3aTesIio
TPYIIIIBI HE Pa3/INYaInCh (445.9 £ 35.0 VS 472.2 + 32.1
COOTBETCTBEHHO; P = 0.956).

Ha Tperpem sTame uccienoBaHus (CIycTs 1 TO
10CJIe OTIEPAaTUBHOTO BMEIIATe/IbcTBA Ha (DOHE IPHU-
ema ACK B mo3e 100 mr/cyt) mosisi AP marueHTOB
YMEHBIIWIACH € 122 70 62 4es., COCTaBUB 24 % OT
ncxoaHbIXx AY MarueHToB B 00IEPAITOHHOM IIEPHU-
oze. Y 198 (76 %) AY marueHTOB CpeIHIE 3HAUEHUS
AAT (34.2 + 3.2 %) IpUOJTU3UINCH K 1IeJIEBBIM 3Ha-
YEeHHSM U IMPAKTHYECKH HE OTJIMYAINCh OT HCXO-
IHbIX TokazaTeseit AAT (35.4 + 3.3 %) npenomnepa-
OUOHHOTO Tepuoza (p > 0.05). B mamuoi#l rpymme
ypoBuu NJI-6, BuCPB u IT-1 Takke CHUIKAJINUCH /10
HUCXOMHBIX 3HAUYEHUH U CTAaTUCTUYECKU JOCTOBEPHO
He OTJIMYAJINCh OT HUX.

+ 0.2 fmol/ml, p < 0.01, respectively). Statistically
significant differences in PAA, IL-6, HSRP and ET-1
between groups of AR and AS patients remained one
year after surgery (64.1+7.0vs 34.2 + 3.2, p < 0.001;
5.70 £ 0.62 Vs 2.90 + 0.53, p = 0.024; 8.10 + 1.40 Vs
3.20 £ 1.7, p = 0.018; 9.8 + 3.2 vs 0.83 + 0.21,
p < 0.001, respectively). Consequently, 1 year after
surgery in the AR group, it was possible to state the
persistence of systemic inflammatory response and
associated endotheliopathy. Platelet count decreased
in both groups — AR and AS to the reference range,
but remained at a higher level relative to the baseline
values (267.8 + 28.9vs 182.9 + 14.0, p < 0.05; 257.5
22.6 vs 182.9 + 14.0, p < 0.05, respectively).

Thus, during the analysis of clinical and labora-
tory parameters in the main and comparison groups,
the following patterns were revealed at various stages
of the study. By the end of the second day after on-
pump CABG, signs of systemic inflammatory
response and endotheliopathy were revealed in both
groups as an increase in the concentration of IL-6,
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Hamporus, B rpynne AP manueHTOB cpefiHUeE
3HaueHUsa AAT ocTaBaIMCh IOBBIIIEHHBIMY OTHOCH-
TEeJIbHO IIPeIOIePAIlHOHHOTO 3HaUeHU (64.1 £ 7.0 %
vs 35.4 + 3.3 %; p < 0.01). Comep:kaHue B KpOBU
NJI-6, BuCPb u 9T-1 umMeso TEHAEHIIUIO K CHIKE-
HUIO, OJTHAKO HE JIOCTUTAJI0O UCXOJHBIX 3HAYEHUH U
COXPAHAJIOCh IIOBBIIIEHHBIM OTHOCHUTEJIBHO IIpeJi-
OIIEepPaIMOHHOTO YPOBHA (5.70 + 0.62 Vs 2.6 + 0.3 1ir/ MU,
P < 0.05; 8.10 £ 1.40 Vs 2.5 + 0.3 MI/MJI, p < 0.02;
0.8 + 3.2 vs 1.2 £ 0.2 $MOJIB/MJI, p < 0.01 COOTBET-
cTBeHHO). CTaTHUCTUYECKU 3HAYMMBbIE PA3JIMYUA 10
AAT, NJI-6, BuCPb u 9T-1 mexay rpynnamu AP u
AY nanueHTOB COXPaHAJMNCH Yepes3 roji Iocje olle-
pamuu (64.1+7.0Vs 34.2 £ 3.2, p < 0.001; 5.70 £ 0.62
VS 2.90 + 0.53, p = 0.024; 8.10 + 1.40 VS 3.20 + 1.7,
p =0.018; 9.8 + 3.2 vs 0.83 + 0.21, p < 0.001; COOT-
BeTCTBEHHO). CiieloBaTeIbHO, CIYCTS 1 TOf HOCTe
OIIEPAaTUBHOTO BMeIaTeJIbcTBa B rpymie AP mamu-
€HTOB MOXXHO OBLIIO KOHCTATUPOBATH ITEPCUCTEHIIHIO
CHCTEMHOTO BOCHAJIUTEJIBHOTO OTBETA U CONPAKEeH-
HOH ¢ HUM dHoTenuonatn. KosmyectBo TpomM60-
IIUTOB CHU3WIOCH B 00enx rpynmax — AP u AY — o
pedepeHCHOro UHTEpPBaa, HO OTHOCUTEJIBHO UCXO-
JTHOTO 3HAUYEHUs COXPAHsIOCh Ha 0ojiee BBICOKOM
ypoBHe (267.8 + 28.9 vs 182.9 + 14.0, p < 0.05;
257.5 + 22.6 vs 182.9 + 14.0, p < 0.05 COOTBET-
CTBEHHO).

Takum 06pa3om, B Ipollecce aHAIN3a KIMHUKO-
J1ab0paTOPHBIX MTOKazaTesen B rpynmnax AP (ocHOB-
Had rpynna) u AY (rpymnmna cpaBHEHH:) Ha pas3yInd-
HBIX STallax MCCIIEA0BAHUA ObLIN BBISBIEHBI CIIELY-
o1ue 3akoHoMepHocTy. K nexony 2 cyr nocsie KIII B
yesoBussx WK BBIABJIEHBI NPU3HAKU CUCTEMHOTO
BOCHJINTEJIBHOTO OTBETAa M HHJOTEJHONATUU B
obenx rpynnax HaOJOJIEHUsA B BHJE IOBBIIIEHUS
KoHIleHTpanuu B kpoBu WJI-6, BuCPb u 9T-1.
OnHaKo BRIPAXKEHHOCTD 3TUX ITPOIIECCOB ObLIA CyIIe-
CTBEHHO BbIIIIE B TpyIiie AP manueHToB, 1 3T0 OBLIO
COTPSIIKEHO C TOBBIINIEHUEM arperaliioOHHON aKTHUB-
HOCTH TPOMOOIIUTOB HECMOTPSI Ha IPUEM ACIIUPUHA.
B koHIle mepBOro roja Iocje oIepaluy y 4acTu
MMAIMEeHTOB COXPAHAJINUCh NIPHU3HAKU CHCTEMHOTO
BOCHJINTEJIHOTO OTBETA, OHJOTEJUONATUH, a
TaKKe, HA UX (DOHE, MOBBIIIEHHONU arperanuoHHON
AKTUBHOCTH TPOMOOIIUTOB, UTO CBU/IETETHCTBOBAJIO
0 Hannuuu y Hux Ap. KosmuecTBO KOpOHapHBIX
myHtoB (KKII) u Bpemsa jiurenpHOCTH MK 6BLIO
6o0sb1e B rpymie AP, uem B rpymnme AY (3.2 + 0.3 vs
2.1 £ 0.2, p = 0.02; 110.1 £ 15.4 VS 71.0 + 6.8 mMuH,
P = 0.001 COOTBETCTBEHHO). Bo3M0OkHO, 5TO mOCITy-
JKIJIO IPUYUHOM 60JIee cephe3HBIX CIBUTOB B U3yUa-
€MBbIX ITapaMeTpax B rpynie AP manueHTos.

B pesysibTaTe perpecCHOHHOTO aHaIn3a I10JIydeH
PS4 IPEAUKTOPOB, IMOKA3aBIIUX CBOIO CBA3b ¢ AAT

HSRP and ET-1 in the blood. However, the severity
of these processes was significantly higher in the
group of AR patients, and this was associated with an
increase in platelet aggregation activity despite tak-
ing aspirin. At the end of the first year after surgery,
some patients showed signs of systemic inflamma-
tory response, endotheliopathy, as well as, in the set-
ting of the abovementioned, increased platelet aggre-
gation activity, which indicated the presence of Ar in
them. NBGs and CBT parameters were higher in the
AR group than in the AS group (3.2 £ 0.3 vs 2.1+ 0.2,
p = 0.02; 110.1 + 15.4 VS 71.0 + 6.8 min, p = 0.001,
respectively). This may have caused more serious
shifts in the studied parameters in the AR group.

As a result of the regression analysis, a number of
predictors were obtained that showed their associa-
tion with PAA (Table 2). Age, LVEF, severity of coro-
nary artery (CA) stenosis, platelet count were excluded
from the model, since their relationship with PAA did
not show statistical significance (p > 0.05).

As a result, we got a set of five risk factors signifi-
cantly associated with PAA: ET-1, IL-6, HSRP, CBT,
NBGs (highlighted in bold in Table 2). The results of
the analysis showed that in total, the predictors we
obtained, got have a statistically significant effect
(F = 12.2; p < 0.012) on the value of PAA.

IL-6 (standardized regression coefficient beta
(SRC beta) is 0.453) affects the PAA level more than
other factors. Further, the predictors were arranged
in descending order of significance of the association
with PAA: ET-1 (SRC = 0.390), CBT (SRC = 0.175),
HSRP (SRC = 0.152), NBGs (SRC = 0.118).

The regression equation, which allows predicting
the value of PAA, was taken the form

PAA =34.40 + 0.45 - IL-6 + 0.92 - ET-1 +
+ 0.25 - CBT + 0.73 - HSRP + 0.13 - NBGs,

where 34.40 is the absolute term of the equation.

Considering the signs of coefficient B, it can be
observed that all predictors have a positive effect on
the response values (PAA).

To assess the relationship of induced Ar (based
on the PAA level) with the risk of CVC in patients
after on-pump CABG, we used binary logistic
regression.

The results of the analysis showed that PAA is a
statistically significant prognostic factor for CVC
(2 = 21.0; p = 0.013):

p=1/(1+eV),

where p is probability of CVC, %;

Y =-3.734 + 0.109PAA.

If probability we calculated exceeded the value of
the prior probability of CVC, then the patient was
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(Tabus. 2). Bospacr, ®BJI)K, ypoBeHb CTEHO3a KOPO-
HapHbIX aprepuil (KA), KoiudecTBO TPOMOOIIMTOB
OBLTH MCKJIIOUEHBI U3 MOJEU, TaK KaK UX CBSA3b C
AAT He moOKasaja CTAaTUCTUYECKONW 3HAYMMOCTU
(p > 0.05).

B utore Hamu ObLIa MOJIydeHa COBOKYITHOCTD M3
naT (PaKTOPOB PUCKA, CTATUCTUYECKH 3HAYUMO
cBsi3aHHBIX ¢ AAT: 9T-1, NJI-6, BuCPb, Bpemsa UK,
KKIII (BbIAesieHbI B Ta0JI. 2 MOTYKUPHBIM). Pe3yb-
TaThl AHAIN3A [T0KA3aJIH, YTO B COBOKYITHOCTH TIOJIY-
YeHHbIE HAMHU ITPEJUKTOPHI OKa3bIBAIOT CTATUCTHUYE-
cku 3Haunmoe BiausHue (F = 12.2; p < 0.012) Ha
BesmnunHy AAT.

Bosee ipyrux dakTopoB BiaMsAeT HA ypoBeHb AAT
nokasatesib JI-6 (cranmapTu3oBaHHBIA KO3(pdu-
nueHt perpeccuu (CKP) 6eta paBeH 0.453). Jlanee
MIPEJTUKTOPHI PACTIOJIOKHJIUCH IT0 YOBIBAHUIO 10 3HA-
yumocTH cBsa3u ¢ AAT: 9T-1 (CKP = 0.390), Bpems
UK (CKP = o0.175), BuCPb (CKP = 0.152), xKIII
(CKP = 0.118).

YpaBHeHUE perpeccud, O3BOJIAIOIIEE CIIPOTHO-
3upoBaTh 3HaueHue AAT, umesno Buj,

AAT = 34.40 + 0.45 - 1WJI-6 + 0.92 - 9T-1 +
+ 0.25 - Bpemsa UK + 0.73 - BuCPB + 0.13 - kKIII,

r7ie 34.40 — CBOOOXHBIN UJIeH YpaBHEHUS.

assigned to a group with a high risk of CVC. The prior
probability of CVC corresponding to the proportion
of patients with CVC (20.4%) was calculated by the
formula: 53 / 260 - 100 = 20.4 %, where 53 is the
number of cases of all CVC, 260 is the total number
of the study participants.

When analyzing the adequacy of the regression
model, it was revealed that the sensitivity of the
model was 92.5%, the specificity was 65.2%, which
indicates a good predictive capability of this model.
The significant predictive accuracy is also indicated
by the high value of the lower limit of the confidence
interval of the odds ratio of 8.0—66.2 (Table 3).

Discriminant analysis was used to decide, which
variables distinguish (discriminate) patients with
four types of CVC (recurrence of angina pectoris, M1,
decompensation of HF, sudden cardiac death) and
with the absence of these complications.

The main idea of discriminant analysis is to deter-
mine whether classes of objects differ in some com-
binations of variables (predictors), and then use
these variables to predict affiliation of new objects
with a particular class. It is important to emphasize
that discriminant analysis takes into account not
only the isolated influence of a factor on the classifi-
cation result, but also the effects of the mutual influ-

TaGJmua 2. PeByfleaTbI perpecCMoHHOI'o aHaJiu3a JJid OLleHKH CBA3U NPEeJUKTOPOB ACIUPUHOPE3UCTEHTHOCTH C YyPOBHEM

AAT (n = 260)

Table 2. Results of regression analysis to assess the relationship of aspirin resistance predictors with the PAA level (n = 260)

HToru perpeccuu AJisi 3aBUCMMOI1 nepeMeHHOM: AAT
R =0.84, R2 = 0.75, ckoppeKkTupoBaHHbIi R2 = 0.72
F(9.250) = 12.20, p = 0.012, cranAapTHas1 omK6Ka oueHku: 3.10

I[lapameTpsbl
Parameters

Regression results for the dependent variable: PAA
R =0.84, R2 = 0.75, adjusted R2 =

0.72

F(9.250) = 12.20, p = 0.012, standard estimation error: 3.10

BETA Cta. omr. BETA

Cta. omn. B

BETA Standard error BETA E Standard error B A p

CBOGOHBIN YJIeH - - 34.395 7.552 455 <0.001
Absolute term

U-6 /IL-6 0.453 0.063 0.451 0.063 7.15 <0.001
3T-1/ET-1 0.390 0.069 0.918 0.163 5.63 <0.001
Bpems UK / CBT 0.175 0.062 0.253 0.089 2.84 0.005
BuCPE / HSRP 0.152 0.058 0.734 0.283 2.60 0.010
kKIII / NBGs 0.118 0.065 0.125 0.069 2.11 0.041
OBJIK / LVEF 0.117 0.065 0.125 0.069 1.83 0.148
Ctenos KA / CA stenosis 0.117 0.063 0.173 0.094 1.85 0.149
TpomMGoUUTHI 0.105 0.060 0.194 0.111 1.75 0.252
Platelet count

Bospacr / Age -0.113 0.065 -0.136 0.078 -1.74 0.320

[IpumMevyaHUue:

AAT - arperanoHHast aKTUBHOCTb TpoM6ouuTOB; CTA. ol — cTaHJApTHas olubka; UJI-6 - uHTepeNKUH-6;

IT-1 - supoTenun-1; UK - uckyccTBeHHOe KpoBoo6paieHue; BUCPB - BbIcCOKOUYBCTBUTEbHBIN C-peakTHBHBIN 6es0k; KKIII - kosndecTBO
KopoHapHbIX lyHTOB; ®BJIXK - dpakyusa Beibpoca seBoro xenynouka; KA - kopoHapHas apTepus.

Note:

PAA - platelet aggregation activity; IL-6 - interleukin-6; ET-1 - endothelin-1; CBT - cardiopulmonary bypass time; HSRP - highly

sensitive C-reactive protein; NBGs - number of bypass grafts; LVEF - left ventricular ejection fraction; CA - coronary artery.
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YuursiBas 3Haku K03 duiireHToB B, BUgHO, 4TO
BCe MPEUKTOPBI OKA3bIBAIOT MTOJIOKUTEIHHOE BITUSI-
HYe Ha 3HauyeHus oTKInKa (AAT).

Il ONEeHKH CB3U HWHYIIUPOBAHHOW Ap (1o
ypoHio AAT) ¢ puckom pazsutuss CCO y marueHToB
nocste KIII B ycimoBusax MK Hamu ucnosb3oBascs
MeTo, OMHAPHOU JIOTUCTUYECKOH pErpecCcuu.

PesynbTaTel aHasu3a mokazanu, uto AAT aBisa-
€TCsI CTATUCTUYECKH 3HAYUMBIM ITPOTHOCTUYECKUM
daxropom g1 CCO (2 = 21.0; p = 0.013):

p=1/0+e"),

r7ie p — BepoATHOCTh Bo3HUKHOBeHUsA CCO, %;

Y =-3.734 + 0.109AAT.

Ecmm paccunTaHHas BEpOATHOCTH IIPEBBIIIAJIA
3HaYeHue anpuopHou BepostHoctu CCO, TO manu-
€HTa OTHOCWJIU K Ipymnine ¢ BbicokuM puckom CCO.
Anpuopnas BeposaTHOCTh CCO, COOTBETCTBYIOIIAS
none maruenToB ¢ CCO (20.4 %), Obl1a paccuynTaHa
o popmysie: 53 / 260 - 100 = 20.4 %, T7ie 53 — YHUCITIO
ciayyaeB Bcex CCO, 260 — o0I1ee YMCI0 yIaCTBYIO-
[UX B UCCIEZIOBAHUH TTAITHEHTOB.

[Tpu aHayIM3e aJIEKBATHOCTH MTOJIyYeHHOH perpec-
CHOHHOU MOJIeJI OBLJIO BBIABJIEHO, YTO YYBCTBH-
TEJILHOCTh MOJIEJIM COCTaBWjIa 92.5 %, crenudud-
HOCTb — 65.2 %, UTO CBHETEJIBCTBYET O XOPOIIEH
IPOTHOCTHYECKON CIIOCOOHOCTH JAaHHOU MOJETH.
Ha 3HauuTEIbHYIO0 TOYHOCTD IIPOTHO3a YKA3bIBAET U
BBICOKOE 3HAUEHWE HUKHEU TPAHUIIbI JIOBEPUTETh-
HOTO WHTepBajJla OTHOIIEHUs IaHcoB 8.0—66.2
(Tabi. 3).

JI1sl IpUHSATHS PeIleHus: O TOM, KaKHe IepeMeH-
HbIe Pa3JINYAIOT (IUCKPUMUHUPYIOT) MAIUEHTOB C
verbipbMa TUIaMu CCO (penuguB CTEHOKApAUH,
UM, nexommnencarust CH, BHe3amHasi KOpOHapHAas
CMepTh) U C OTCYTCTBUEM STHUX OCJIOKHEHUH, UCIIOTh-
30BaJICs TUCKPUMUHAHTHBIM aHAJINU3.

OcHOBHasA wjes JUCKPUMHUHAHTHOTO aHAIU3a
3aKJII0YAETCS B TOM, UTOOBI OIIPEJIENIUTD, OTJIHYAIOTCS
JIA KJIaCChl OOBEKTOB 0 KaKUM-JIM00 KOMOMHAISIM
TepeMeHHBIX (PEIUKTOPOB), K 3aT€M HCIIOJIb30BaTh
9T TIEpeMeHHbIe, UTOOBI MpEeJICKa3aTh JJI HOBBIX
00BEKTOB TPUHAJIEKHOCTE K TOMY WJIA HHOMY

ence of factors (diagnostic signs) on each other. As a
result of the stepwise analysis, significant predictors
were identified that make the maximal contribution
to discrimination. Their coefficients, which differ
from zero, are highlighted in Table 4 in bold. The rest
diagnostic variables were excluded from the analysis,
since their influence was statistically insignificant
(Table 4).

According to Table 3, using the obtained values of
the coefficients, a linear model containing the equa-
tions of discriminating functions was constructed:

1) Without CVC = —27.6 + 1.90 - PAA — 0.39 x
x CBT + 0.33 - HSRP + 0.34 - IL-6 + 0.06 - ET-1;

2) Recurrence of angina pectoris = —22.8 +1.21 x
x PAA + 0.47 - IL-6 + 0.25 - HSRP + 0.09 - CBT +
+ 0.05 - ET-1;

3) MI = -33.4 + 1.32 - CBT + 1.21 - PAA + 0.41 x
x IL-6 + 0.32 - HSRP + 0.13 - ET-1;

4) Decompensation of HF = —39.05 + 1.19 - PAA +
+ 0.68 - IL-6 + 0.59 - HSRP + 0.31 - CBT + 0.05 x
x ET-1;

5) Sudden coronary death = —102.9 + 2.00 x
x CBT + 1.54 - PAA + 1.22 - IL-6 + 0.63 - HSRP +
+ 0.05 - ET-1.

The significance of the contribution to the classi-
fication of each term corresponding to the diagnostic
sign is determined by its location in the equation. If
it is necessary to predict the class of complications
for new patients, all five equations are calculated,
while a particular patient will belong to the class of
complications corresponding to the maximal value of
the function with a probability of 87%.

Table 5 shows the proportions of correct cases of
classification of patient that characterize the classifi-
cation accuracy of the discriminant model. Thus, the
classification was carried out correctly for 92% of
patients without CVC, 73% with recurrence of angina,
57% with MI, 60% with decompensation of HF and
for 75% with sudden cardiac death. 33 errors were
made in 260 cases. The overall classification accu-
racy was 87% (Table 5). In columns under the group
names, prior probabilities (p) are given — the
observed proportions of patients in each group.

Ta6iuna 3. PesysibTaThl aHa/IM3a Ka4eCTBA PETPECCHOHHON MOZeTH

Table 3. Results of the regression model quality analysis

Ha6siopaembie IIpeackasaHHbIe pe3y/abTaThl JloJ1s1 BepHBIX O6mas xoJs OTHOUIEHHE

pe3y/abTaThl Predicted results NMPOrHO30B BEPHBIX NPOrHO30B MmaHcoB (AU 95%)

Results Proportion of true Total share of true  Odds ratio (CI 95%)
CCO/CVC  Her CCO /No CVC prognoses (%) prognoses (%)

CCo/cve 49 4 92.5 70.8 23.0

Her CCO / No CVC 72 135 65.2 (8.0-66.2)

[IpumMmevyaHUue.
Note:

CCO - cepae4HO-coCyAUCTbIe Oca0)KHeHUS; /I - JoBepUTeNbHBIN HHTEpBaL.
CVC - cardiovascular complications; CI - confidence interval.
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KJaccy. BayKHO MO/TUepKHYTh, UYTO B JUCKPUMUHAHT-
HOM aHaJIN3€ YYUTHIBAETCSA HE TOJIBKO M30JIMPOBAH-
Hoe BiufHUe akTopa Ha pe3ysbTaT Kiiaccuduka-
Y, HO U 3PdEKTHl B3AUMHOTO BIUSAHUSA (PaKTOPOB
(muarHoCTHUECKUX IPU3HAKOB) APYT HA JIpyTa.

B pesysibTare MomaroBoro aHajan3a ObUTH BbIZIe-
JIeHbl 3HAUUMble TPEIUKTOPBI, BHOCAIE MaKCH-
MaJIbHBIM BKJIQJT B AUCKpUMUHANUIO. VX k03ddu-
IUEHTHI, OTJIMYAoIINecss OT HyJdA, BbIJEJIEHBI B
TabJ. 4 TONMYKUPHBIM. OCTaIbHBIE JUATHOCTHUYE-
CKHe IPU3HAKU ObUIM MCKJIIOUEHBI U3 aHAJIN3a, TaK
KaK UX BJIUSAHUE OKa3aJI0Ch CTATUCTHYECKU He3Ha-
4YUMBIM (cM. TabJI. 4).

[To manHBIM TabJ. 3, UCHOJIB3Ys IOJyUYeHHbIE
3HaUYeHUs K03(hPUINEHTOB, IOCTPOWIN JUHENHYIO
MO/IeJIb, COJIepsKalllyl0 ypaBHEHUs AUCKPUMUHUPY-
oImuX QYHKITAH:

1) Be3d CCO = —27.6 + 1.90 - AAT — 0.39 - Bpems
U1K + 0.33 - BuCPB + 0.34 - 1JI-6 + 0.06 - 9T-1;

2) PernuiuB creHOKapauu = —22.8 + 1.21 - AAT +
+ 0.47 - WJI-6 + 0.25 - BuCPb + 0.09 - Bpemsa
UK + 0.05 - 9T-1;

3) UM = —33.4 + 1.32 - Bpems UK + 1.21 - AAT +
+ 0.41 - JI-6 + 0.32 - BuCPb + 0.13 - 9T-1;

4) JexomneHncanuss CH = —39.05 + 1.19 - AAT +
+ 0.68 - JI-6 + 0.59 - BuCPbB + 0.31 - Bpema UK +
+ 0.05 - 9T-1;

Ta6smmna 4. 3HauuMble IPeJUKTOPBI MOJeN
Table 4. Significant predictors of the model

Table 6 shows the values characterizing the
degree of discernibility of the groups — the Mahala-
nobis distance. The most clearly distinct groups have
large squares of the Mahalanobis distances. The
maximal difference is observed between the groups
“Without CVC” and “Sudden cardiac death” (103.3),
and the minimal degree of difference between the
groups “MI” and “Recurrence of angina pectoris”
(5.9) (Table 6).

Thus, we have developed a four-dimensional
mathematical model based on discriminant analysis,
which allows us to predict the risks of four types of
CVC in patients after on-pump CABG surgery with
high accuracy. The most important prognostic signs
of CVC are identified.

DISCUSSION

The present study showed a high frequency
(46.9%) of the development of induced Ar on the 2nd
day after on-pump CABG. But an even more impor-
tant fact was that Ar persisted by the end of the 1st
year after surgery in 24% of patients. Several studies
indicate Ar develops in the early postoperative
period. Thus, in an observational prospective bicen-
tric cohort study conducted in clinics in Germany
(400 patients), Ar was detected in 51.5% of patients
on the 3rd day after CABG with an increase in their

dyHKIMU KJIaccudUKaUM AJisl JUHEHHBIX YpaBHEHU A
Classification functions for linear equations

Llapame’rpu Bbe3 CCO CreHokapausa UM Jexomnencauuss CH BHe3anmHasa
IETIHEHTERS Without Angina MI Decompensation KOpOHapHas CMepTh

CVC pectoris 2.7 % of HF Sudden cardiac death
79.6 % 14.2 % 1.9 % 1.5 %

CBoGoaHbIN yieH / Absolute term  -27.63 -22.82 -33.39 -39.05 -102.86

J9T-1/ET-1 0.058 0.047 0.128 0.052 0.052

n-6 / IL-6 0.340 0.473 0.413 0.679 1.222

BuCPB / HSRP 0.325 0.251 0.321 0.587 0.627

AAT / PAA 1.899 1.209 1.206 1.193 1.542

Bpemsa UK / CBT -0.390 0.089 1.323 0.311 2.004

Tpom6ouuTs! / Platelet count 00 0.0 0.0 0.0 0.0

kKII / NBGs 0.0 0.0 0.0 0.0 0.0

®BJIX / LVEF 0.0 0.0 0.0 0.0 0.0

Crenos KA / CA stenosis 0.0 0.0 0.0 0.0 0.0

Bospacr / Age 0.0 0.0 0.0 0.0 0.0

[IpumeuvyaHnue.

CCO - cepaevHo-cocyaucTble ocyioxkHeHus; UM - nHdapkT Muokapzaa; CH - cepiedyHasi HeJJOCTaTOUHOCTb;

IT-1 - sanzoTenun-1; UJI-6 - uHTepseHKUH-6; BUCPB - BbICOKOYYBCTBUTENbHBIM C-peakTUBHBIN 6esiok; AAT - arperanioHHasi akTHBHOCTb
TpoM6ouuToB; UK - mckyccTBeHHoe kpoBooGpauieHue; KKII - kosnyecTBo KopoHapHbIX yHTOB; ®BJ/IK - dpakyus BeiGpoca JieBOro

x)enynouka; KA - kopoHapHasi apTepus.
Note:

CVC - cardiovascular complications; MI - myocardial infarction; HF - heart failure; ET-1 - endothelin-1; IL-6- interleukin-6; HSRP -

highly sensitive C-reactive protein; PAA - platelet aggregation activity; CBT - cardiopulmonary bypass time; NBGs- number of bypass grafts;

LVEF - left ventricular ejection fraction; CA - coronary artery.
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5) BHe3zanmHas kopoHapHas cMepTh = —102.9 +
+ 2.00 - Bpemsa UK + 1.54 - AAT + 1.22 - JI-6 +
+ 0.63 - BuCPb + 0.05 - 9T-1.

3HAYNMOCTD BKJIa/Ia B KJIACCUDUKAIIHIO KAK/IOTO
¢J1araeMoro, COOTBETCTBYIOIIETO IUATHOCTUYECKOMY
MIPU3HAKY, OIpPEENsIeTCs €ro PacloOKEeHHeM B
ypaBHeHUH. Ecau HeoOXOAHMMO CIIPOTHO3HUPOBATH
KJIaCC OCJIOKHEHUH /I HOBBIX IAIIUEHTOB, PACCUH-
THIBAIOT BCE IIATH YPaBHEHHH, IIPU 3TOM KOHKDET-
HBIH MaInueHT Oy/1eT OTHOCUTBCS K KJIACCy OCTIOKHE-
HHUH, COOTBETCTBYIOIIEMY MaKCHMaIbHOMY 3Hade-
HUI0 QYHKITUU C BEPOSITHOCTHIO 87 %.

B Tabn. 5 moOKasaHbl JOJU BEPHBIX CJIyIaeB
KJIaccu(UKAIIUK TAIUEHTOB, XapaKTEPU3YIOIUX
TOYHOCTh KJIACCU(UKAIUU JTUCKPUMHUHAHTHOH
mojiesin. TakuM oOpaszom, KiaccupuKaius mpope-
JleHa TPaBHJIBHO Ui 92 % marnueHToB 0e3 CCO,
73 % ¢ penuINBOM cTeHOKapauu, 57 % ¢ IM, 60 %
¢ nexkommneHcanueit CH u misa 75 % ¢ BHe3amHOU
KOPOHApHOU cMepThio. JlomyieHo 33 OMHOKH B
260 ciayuasx. O6IIas TOYHOCTh KyiaccupUuKaIuu
cocraBuiaa 87 % (cm. Tabi. 5). B mossx cToa0IioB
I10/T HA3BaHUSAMH TPYIIIT YKa3aHbI alIPUOPHBIE BEPO-
ATHOCTU (p) — HabJo/laeMble [OJU TAI[EHTOB
Ka’K/I0U TPYIIIIHIL.

B Tabs1. 6 mokazaHbl BEJTUYUHBI, XapAKTEPU3YIO-
II[A€e CTENEHb PA3JIMYMMOCTU TPYII — PACCTOSHUS
Maxanano6uca. Haubosiee 4eTKO OTIMYAIOIIHECS
TPYIIIBIl UMEIT OOJIbIIFE KBajpaThl PaCCTOSHUU
Maxanano6uca. MakcuMaabHOE pasjindue HabJIio-
JlaeTess MeXAy KiacCu(pUKAIlMOHHBIMUA TPYyIIIaMHU
«besd CCO» u «BHezamHass KOpOHapHasi CMEPThb»
(3HaueHue 103.3), a MUHUMAaJIbHAS CTEIIEHb PA3JIH-

proportion to 71.3% by the 5th postoperative day [3].
Ozkan et al. studied data from 80 patients who
underwent CABG. In the preoperative period, Ar was
detected in 23 patients (28.75%), 7 days after CABG —
in 31 (38.75%) (out of 31 people, only 8 did not have
Ar at baseline), after 15 days — in 25 (31.25%) [13].
The authors reported a decrease in the frequency of
Ar by the 15th day after CABG virtually to the base-
line values (23 vs 25 people) and conclude that the Ar
is transient in nature, with its rapid reverse develop-
ment. Our data contradict the results obtained by
Ozkan et al., since Ar in some patients that under-
went CABG persisted by the end of the 1st year. These
circumstances need further study.

Thrombocytosis and platelet activation in
response to CABG are often cited as the cause of
postoperative Ar. This leads to an increase in the
production of thromboxane, which the standard
dose of ASA needs more time to block [11, 12]. In our
work, we also found thrombocytosis on the 2nd day
after CABG in both study groups (p < 0.05). Thus,
the platelet count increased by about 2.5 times com-
pared to the baseline level. At the same time, there
were no differences in the platelet count between the
AR and AS groups by the 2nd day. Also, by the 1st
year end, the platelet count in the blood in both
groups decreased simultaneously to reference values
without a significant difference between AR and AS
patients. However, a significant difference from the
baseline values of the preoperative period remained
in both groups. We did not notice significant differ-
ences in the dynamics of platelet count in the AR and
AS groups at different stages of the study, and there-

Ta6smmna 5. MaTtpuIa pesynbraToB knaccudukanuy CCO ¢ moMolbio AUCKPUMHUHAHTHOTO aHaIN3a
Table 5. Matrix of the results of CVC classification using discriminant analysis

Jonsa
NpaBUIbHBIX Peuuaus Buesannas JlekoMneH-
p Be3 CCO  cTreHOKapauu KOpOHapHasa
I'pynna NPOrHo3os, % - UM canusa CH
. Without Recurrence cMepTh
Group Proportion . MI . Decompen-
_ CvC of angina Sudden cardiac X
(n=260) of cases of A 2.7 % sation of HF
79.6 % pectoris death

accurate 9 % 1.9 %

prediction % L T 0
Be3 CCO / Without CVC 92 190 10 5 0 2
Peuuus creHoKapauu 73 2 27 5 1 2
Recurrence of angina pectoris
UM / MI 57 0 1 4 1 1
Jlekomnencanusi CH 60 0 1 1 0 3
Decompensation of HF
BHe3anHast KopoHapHasi cMepTb 75 0 0 1 3 0
Sudden cardiac death
Bcero / Total 87 192 39 16 5 8

IIpumMedyaHue.
HabJiro/jaeMble CJIy4au; KOJIOHKH — CIPOrHO3MPOBAHHbIE CIIyYaH.
Note:
cases.

CCO - cepzeyHo-cocyaucTbie ocnokHeHUsT; UM - nHbapKT Muokapza; CH - ceppednas HefocTaTO9HOCTD. CTPOKH —

CVC - cardiovascular complications; MI - myocardial infarction; HF - heart failure. Lines - observed cases; columns - predicted
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Ta6mmua 6. XapakTepucTHKa CTENEHHU Pa3JIM4MMOCTH TPy

Table 6. Characteristics of the degree of discernibility of groups

KBagpaTbl paccTossHUi MaxaiaHoG6uca
Squares of the Mahalanobis distances

I'pynmna

Group Peuuaus CTeHOKaPAHM UM BHe3anHast Nexomnencanua CH
Recurrence of angina MI KOpPOHAapHasA CMePTb o o tion of HF
pectoris Sudden cardiac death p

Be3 CCO / Without CVC 22.6 17.9 103.3 8.3

Peuugus cTreHOKapauu - 5.9 69.8 12.4

Recurrence of angina pectoris

UM / MI - 18.1 80.5

BHe3anHad KopoHapHas CMePTb  — - 82.3

Sudden cardiac death

[IpumeyvyaHnue.
Not

uud — Mexxay rpynnamu «MM» u «Penugus cTeHO-
Kapaun» (3HaueHue 5.9) (Tabir. 6).

Takum ob6pa3om, Hamu ObLIa pa3paboTaHa YeThI-
pexMepHas MaTeMaTudeckas MoOjiejlb, OCHOBaHHAas
Ha MeToJle JUCKPUMUHAHTHOI'O aHaIn3a, 103BOJIA-
101I1as MPOTHO3UPOBATh pUcKU YyeTbipex BuioB CCO
y manpeHnToB 1ocsie KIII B yesoBusx UK ¢ BeICOKOM
TOYHOCTBIO. BrIziesienbr Hanbosiee Ba>KHbIE IIPOTHO-
cruueckue npusHaku CCO.

OBCYXKJIEHUE

B HacTosieM HccieZJoBaHUU MPOJEMOHCTPHUPO-
BaHa BbICOKas 4yacToTa (46.9 %) pa3sBUTUA HHIYIIH-
poBaHHOI Ap Ha 2-e cyTkH mocje oneparuu KIII B
yesoBusax UK. Ho eme 60s1ee BaxKHBIM (DaKTOM SIBU-
JIOCh TO, UTO Ap TIEPCUCTHPOBAJIA K UCXOJTy 1-TO To7ja
IOCJIe OTIEPAaTUBHOTO BMEIIATEhCTBA Y 24 % TIpO-
OIIEPUPOBAHHBIX MAIUEHTOB. B psje paboT ykasbi-
BaeTcsl, YTO Ap pa3BHBAaeTCs B PaHHEM I10C/IeO0Tepa-
nHOHHOM mepuojie. Tak, B 00cepBalliOHHOM IIpPO-
CIIEKTUBHOM JIByIIEHTPOBOM KOTOPTHOM HCCJIEIOBA-
HUH, TPOBEJEHHOM B KIMHUKaX [epmanuu (400
manueHToB), Ap O6b171a OOHApyKeHa y 51.5 % marueH-
TOB Ha 3-u cyTkH nocsie KIII ¢ ysesmnuenneM ux 1011
710 71.3 % K 5-My IIOCJIEOIIEpAIIMOHHOMY JIHIO [3].
H. Ozkan et al. uzyyanu jgaHHBIe 8O IAIMEHTOB,
kotopbeiM mpoBeneHo KIII. B mpepomneparuoHHOM
nepuojie Ap ObUtia BBIABJIEHA Yy 23 MaIUEHTOB
(28.75 %), mocie KIII uepes 7 ¢yt — y 31 (38.75 %)
(113 31 gest. TOJIBKO Y 8 He OBLIIO UCXOHOU Ap), Uepes
15 nHer — y 25 (31.25 %) [13]. ABTOpPBHI KOHCTATH-
PYIOT CHIKEHMeE YacTOThI Ap K 15-My AHI0 mocsie KIIT
MPAKTUYECKHU JI0 UCXOTHOHU (23 VS 25 Yesl.) U JIeJIaloT
BBIBOJT O CKODOTEYHOM XapakTepe Ap, ¢ ee ObICTPHIM
oOpaTHBIM pasBuTHeM. Halu /laHHbIe BCTYHAIOT B
MPOTUBOpPEUYHE C pe3yJIbTaTaMHU, I0JydeHHBIMH
H. Ozkan et al., mockoIbKy Ap y YaCTH ITPOOIIEPHPO-

CCO - cepmeuHo-cocyaucTble ocaoxxHeHUsT; UM - nndapkTt Muokapza; CH - cepaeyHas HeZJoCTaTOYHOCTbD.
e : CVC - cardiovascular complications; MI - myocardial infarction; HF - heart failure.

fore could not associate postoperative thrombocyto-
sis with the development of Ar. Also, thrombocyto-
sis, as a predictor, was excluded from the regression
analysis model, since its association with PAA did
not show statistical significance.

It is recognized that systemic inflammatory
response syndrome develops in the setting of on-
pump CABG because of surgical trauma, activation
of blood components in the cardiopulmonary circuit,
ischemic/reperfusion injury, aortic cross-clamping,
hypothermia and release of endotoxins [14, 15]. In
many studies devoted to this problem, tumor necro-
sis factor alpha, IL-1, IL-6, IL-8, CRP are tested as
markers of inflammatory response [16, 17]. Simulta-
neously with the inflammatory reaction, develops
endotheliopathy and activation of platelet vascular
and coagulation components of platelet takes place
[15]. An important consequence of such processes is
the development of graft stenosis by the 1st year end
after surgery in 10—25% of cases [1]. In our work, we
used IL-6, HSRP and ET-1 as indicators reflecting
integratively the associated processes of inflamma-
tion and endotheliopathy. Expectedly, by the end of
the 2nd day after surgery, a significant increase in
1L-6, HSRP, ET-1 was recorded in the AS and AR
groups. However, in the AR group, the levels of
markers were statistically significantly higher (1.9,
1.8, 2.2 times, respectively) than in the AS group.
A year after the CABG surgery, in the group of AR
patients, the levels of IL-6, HSRP, ET-1 remained
elevated relative to the baseline, while in AS patients
these indicators decreased to reference values. This
circumstance allowed us to bind these two facts
together — Ar and high values of markers of systemic
inflammatory response and endotheliopathy.

As a risk factor for postoperative Ar, CBT is con-
sidered [3, 13]. We have also identified such associa-
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BAHHBIX OOJIBHBIX TEPCHUCTUPOBAA K HCXOLY 1-TO
roza. JlaHHbIe OOCTOSITEBCTBA HYK/IAIOTCA B JJaJTb-
HeHUIeM U3yJyeHn .

B kauecTBe IpUYMHBI IOCTOIEPALIMOHHON Ap
YacTOo Ha3bIBAIOT TPOMOOIIUTO3 U AKTUBAIIUIO KPOBSI-
HBIX IJ1acTUHOK B oTBeT Ha KIII. 9to mpusogut k
pocCTy mpoAyKnuu TpoMOOKCaHA, KOTOPBIH He ycIie-
BaeT G10kHpoBaTh cranAapTHas po3a ACK [11,12]. B
Hallel paboTe MbI TaK:Ke BBISIBIJIN TPOMOOITUTO3 Ha
2-e cytku nocste KIII B 06enx vccieryeMbIX TPYIIIax
(p < 0.05). Tak, KOJIMYECTBO TPOMOOITUTOB YBEJTU Y-
JIOCh IPUMEPHO B 2.5 pasa MO CPaBHEHUIO C MCXO-
JHBIM ypoBHeM. IIpu sToM pasjiuuuil 1o Kojauye-
cTBy TpoMbonuToB Mexxay rpymnmamu AP u AY ko
2-M CyTKaM BBIABJIeHO He ObL10. Takike K HCXOmy
1-TO TOZIa KOJTMYECTBO TPOMOOIITOB B KPOBU B 06enx
Ipynmnax CHUKAJIOCh CHHXPOHHO /10 pedepeHCHBIX
3HAUEHUH 6e3 JTOCTOBEPHOM pa3HUIIbI MeXTy AP u
AY nmanyeHTaMH, OJHAKO CTAaTUCTUYECKU 3HAUNMOE
OTJINYYE OT UCXOJHBIX 3HAUEHUH J00MIEPAIIHOHHOTO
Iepro/ia COXpaHsUIOCh B 00eux rpymmax. MbI He
OTMETWJIN CYyIIECTBEHHBIX PAa3JIMYU{ B JIUHAMHUKE
KOJIMYECTBA TPOMOOITUTOB B rpynnax AP u AY namu-
€HTOB Ha Pa3HbIX ATAllaX UCCIIEJOBAHUA U TTOITOMY
He CMOTJIU CBSA3aTh IIOCTOMEPAIMOHHBIA TPOMOOITH-
TO3 ¢ pazButueM Ap. Tak:ke TPOMOOITNTO3, KaK IIpe-
JTUKTOP, OBLIT ICKJTIOUEH U3 MOZIETU PETPECCOHHOTO
aHaJIn3a, Tak Kak ero cBsA3b ¢ AAT He mokasasa cra-
TUCTUYECKOHN 3HAUNMOCTH.

O61enpru3HaHHBIM sABJIsAeTcA dhakT, uyTo mpu KIII
B ycioBuax MK pazBuBaercsa cHHAPOM CHCTEMHOTO
BOCIIQJIUTEIFHOTO OTBETA KAK CJIEZCTBHE XUPYPTHU-
YeCKOU TpaBMBbl, aKTUBAIIM KOMIIOHEHTOB KPOBU B
koHType anmapara UK, umemuyeckoro/penepdysu-
OHHOTO MTOBPEXK/IEHUA, TIEPEKATHSA A0PThI, THIIOTEP-
MUH U BBIJIEJIEHUS DHIOTOKCUHOB [14, 15]. Bo MHO-
TUX UCCJIEIOBAHUSAX, TIOCBSAIIEHHBIX STOH IpobeMe,
B KayecTBe MapKepOB BOCIAJIUTETHHOTO OTBETA
TeCTUPYIOT HaKTOp HeKposa omyxoiu ainbda, NJI-1,
nJI-6, NJI-8, CPB [16, 17]. OmHOBPEMEHHO C BOCITA-
JINTEJIbHOU peakIued pa3BUBAETCSA SHJIOTETHOIA-
TUSI U aKTHUBAIMSA TPOMOOIIUTAPHO-COCYIUCTOTO U
KOAryJIsIIIMOHHOTO 3BEHBEB TPOMOOOOpa30BaHUSA
[15]. BaKHBIM CJIEJICTBHEM TAaKUX IPOLIECCOB SBJIA-
eTcs pa3BUTHE CTEHO3a IIyHTa K HCXOJly 1-T0 roja
1ocjie OIepaTUBHOTO BMeNIAaTeJbCTBA B 10—25 %
caydaeB [1]. B cBoeil paboTe MbI HCIIOJIB30BAJIH
NJI-6, BuCPb u 9T-1 B KauecTBe IMOKa3aTesieil, UHTe-
rPaTUBHO OTPAXKAIOIIUX COIPSKEHHbIE IIPOIeCCh
BOCHIQJIEHUS U DHIOTEJTHONATHU. 3aKOHOMEPHO K
HCXOJy 2-X CYTOK IIOCJIE OIIEPATUBHOTO BMEIIaTe h-
cTBa B rpynnax AY u AP marueHTOB ObLIT 3aperu-
CTPUPOBAH cyliecTBeHHbIH pocT NJI-6, BuCPB, 9T-1.
Opnaxo B rpynne AP nanueHTOB ypOBHU MapKepoB

tion. A similar dependance was typical for NBGs. It
was found that the AR group had a higher NBGs, con-
sequently therefore, a longer CBT (3.2 + 0.3 Vs
2.1 + 0.2, p = 0.02; 110.1 £ 15.4 VS 71.0 + 6.8 min,
p = 0.001, respectively). Probably, not only an
increase in the duration’s of patient’s contact blood
with the cardiopulmonary circuit played a role here,
but also the volume of surgical trauma. Wand et al.,
using multiple linear logistic regression analysis, got
the following independent predictors of Ar — the area
under the curve of platelet aggregation in the TRAPt-
est (p < 0.0001), the platelet count on 5th postopera-
tive day (p = 0.009) and CBT (p = 0.01) [3].

Regression analysis revealed the important role
of markers of systemic inflammatory response and
endotheliopathy (IL-6, HSRP, ET-1) in the develop-
ment of the phenomenon of Ar in patients after on-
pump CABG surgery. Using binary logistic regres-
sion analysis, it was found that the value of PAA
determines the degree of risk of developing CVC
during the year after surgery.

Several studies indicate the frequency of the most
common CVC after on-pump CABG during the 1st
postoperative year: sudden cardiac death — 2.5%,
non-fatal MI — 3.7%, repeat revascularization — 3.2%
[18]. For a 5 year postoperative follow-up, such CVC
as sudden cardiac death — 3.0%, MI — 1.5%, repeat
revascularization — 3% are indicated [19]. These data
are consistent with the frequency of CVC after sur-
gery in our study: recurrence of angina — 14.2%;
MI - 2.7%; sudden cardiac death — 1.5%; decompen-
sation of HF — 1.5%. To assess the relationship of the
clinical and laboratory predictors with the risk of
developing a certain type of CVC, we used linear dis-
criminant analysis. The equations obtained make it
possible to predict the risks of four types of CVC in
patients after on-pump CABG with high accuracy.

CONCLUSION

Despite the publication of a significant number of
papers, the causes and mechanisms of induced Ar
associated with on-pump CABG remain not fully
understood. In our study, we have demonstrated the
relationship between the development of the phe-
nomenon of the induced Ar with an increase in the
levels of markers of systemic inflammatory response
and endotheliopathy (IL-6, HSRP, ET-1), as well as
CBT and NBGs. Identification of the Ar predictors is
an important direction among measures aimed at
preventing this phenomenon, which will reduce the
risk of complications after CABG and improve the
prognosis after surgery.
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OBLIM CTAaTHUCTHYECKH 3HauuMo BbiIe (B 1.9, 1.8,
2.2 pasa COOTBETCTBEHHO), ueM B rpymne AY. Yepes
roz nocisie KIIT otmedeHo, yTo B rpynme AP nanues-
TOB COXPAHSJIUCH NOBBIIIEHHBIMU ypoBHU WJI-6,
BuUCPB, 9T-1 oTHOCUTEIPHO UCXOAHBIX 3HAYEHUH, B
TO BpeMA Kak y AY nanueHToB JaHHbIe IOKa3aTeIn
CHIDKAQJIUCh /10 HOPMAaJIbHBIX 3HaueHUU. JlaHHOE
00CTOATEIHCTBO ITO3BOJIJIO HAM CBS3aTh JiBa (hakTa
BOEJUHO — Ap U BBICOKHE IIOKa3aTeJu MapKepoB
CHCTEMHOTO BOCIIQJIUTEJIBHOTO OTBeTa U 3HOTe-
JINOTIATHH.

Kak ¢akrop prcka nmocronepanioHHONH Ap pac-
CMAaTpUBAETCs JIIUTEIbHOCTh HAXOXK/EHUs OIepu-
pyemoro Ha ammapare UK [3, 13]. MbI Takke BbIsI-
BIJIM Takylo acconmaruio. [logjobHas 3aBUCUMOCTh
Oputa xapakrepHa u i KKII. Beuto ycraHoBIEHO,
uyro B rpymnme AP Ob10 GOJIbIlIEe KOJIUYECTBO IIIyH-
TOB U, CJIEZIOBATEJIBHO, OOJIbIIAS JTUTETFHOCTD IIpe-
OopBaHuA B yemoBusix MK (3.2 + 0.3 vs 2.1 £ 0.2,
p = 0.02; 110.1 + 15.4 Vs 71.0 + 6.8 MuH, p = 0.001
COOTBETCTBEHHO). BeposiTHO, 371eCh CHITPAJIU CBOIO
pOJib He TOJBKO YBeJWUYeHUEe JIUTEJHbHOCTH Bpe-
MEHHU KOHTaKTa KpOBHU HarnueHTa ¢ koHtypom MK, HO
u obbeM omeparuoHHOHN TpaBMbI. S. Wand et al.,
HCIIOJIb3YsI METOJT MHOKECTBEHHOH JIMHEWHOU JIOTH-
CTUYECKOU perpeccuu, IOJIyIHId CAeAyIolie He3a-
BUCHUMbIE TIPETUKTOPHI AP — Iuromaap moj KpuBOu
arperaruu TpomborutoB B TRAP Tecte (p < 0.0001),
KOJINYECTBO TPOMOOIIMTOB Ha 5-H MOCJIe0nepaIuoH-
HBIU 1eHb (p = 0.009) u Bpemsa UK (p = 0.01) [3].

C DIOMOIIBbI0 PErPECCHMOHHOr0 aHaau3a ObLIa
BBIsIBJIEHA Ba)KHAs POJIb MAapPKEPOB CUCTEMHOTO BOC-
nanenus u suporesmonaruu (MUJI-6, BuCPB, 9T-1) B
pasButuu peHoMeHa Ap y HalleHTOB, IIepeHeCIINX
oneparuio KIII B yesousix K. C moMoripio MeToia
OWHAPHOHN JIOTHCTUYECKOH perpeccuu ObLIO yCTa-
HOBJIEHO, uTOo BesimunHa AAT ompeziesiser creneHb
pucka passutusa CCO B TeueHUe rojia mocje onepa-
TUBHOT'O BMeIIaTeIbCTBA.

CIIMCOK JIUTEPATYPBI

1. Gurbel P.A.,, Navarese E.P., Tantry U.S. The optimal
antithrombotic regimen to prevent post-CABG adverse
events: an ongoing controversy // Eur. Heart J.
2019;40(29):2441-2443. DOI: 10.1093/eurheartj/
ehz263.

2. Labuz-Roszak B., Horyniecki M., Lacka-Gazdzik B.
Acetylsalicylic acid in the prevention and treatment of
cardiovascular diseases // Wiad Lek. 2018;71(8):1608-
1614.

3. Wand S., Adam E.H., Wetz A.J. et al. The prevalence
and clinical relevance of ASA nonresponse after car-
diac surgery: A prospective bicentric study // Clin.
Appl. Thromb Hemost. 2018;24(1):179-185. DOI:
10.1177/1076029617693939.

B psge pabor ynmomuHaeTcs yactora Haubosiee
yacrto Berpevaromuxcesa CCO nocse KIII B yesmoBuax
UK nipu HabJI07IeHUY B T€UEHUE 1-TO Tofja: BHe3arl-
Hasi KOpOHapHas CMepTh — 2.5 %, HedaTaIbHBIN
UM - 3.7 %, moBTOpHAas peBacKy Apu3anus — 3.2 %
[18]. IIpu 5-7eTHEM Cpoke HAOJIIONEHUS YKa3bIBa-
orest takue CCO, kak BHe3amHasi KOpOHapHas
cMepThb — 3.0 %, UM — 1.5 %, mOBTOpHAas peBacKyJs-
puzanus — 3 % [19]. Tu JaHHBIE COTJIACYIOTCS C
gacrotodi CCO, pa3BUBIIHUXCSA MOCJIE ONIEPATHBHOTO
BMeIIIaTeJIbCTBA B HAIllleM HaOJIIO/IEHUN: DPElUINB
creHOKapauu — 14.2 %; UM — 2.7 %; BHe3amHas
KOpOHapHas cMepTh — 1.5 %; ekomneHncanus CH —
1.5 %. [y OIleHKU CBSI3W U3y4YaeMbIX KJIUHUKO-
J1abOpaTOPHBIX MPEAUKTOPOB C PUCKOM Pa3BUTHSA
ompeniesienHoro Buzla CCO MBI  UCIIOJIB30BAJIU
JIMHEUHBINA AUCKPUMHUHAHTHBINA aHanu3. [lomxydyeH-
Hble YpaBHEHUA [T03BOJIAIOT IPOIrHO3UPOBATh PUCKU
ueThIpex Bu10B CCO y maruenTos nocse KIII B yesio-
Busx MK c BPICOKOH TOUHOCTHIO.

3AK/IIOUEHUWE

HecmoTpss Ha myOJMKanUe 3HAYUTEIHHOTO
KOJIMYecTBa paboT, IPUYUHBI U MEXaHU3MBI HUHY-
nupoBaHHOU Ap, accouuupoBanHoi ¢ KIII B ycio-
Busax UK, ocraroTca 10 KOHIA He U3y4eHHbIMU. MbI
B CBOEl paboTe MpOAEMOHCTPUPOBAJIH CBSA3b Pa3BU-
TuA deHoMeHa HHJIyIUPOBAHHOU Ap ¢ IOBBIIIe-
HHEM YPOBHEU MapKEPOB CHCTEMHOTO BOCIIAJIUTEb-
Horo orBera u sHporenuonaruu (MJI-6, BuCPB,
9T-1), a Takke BpemeneMm MK u KKIII. Boisaiaenue
MIPEAUKTOPOB AP fABJIsIETCA BAXKHBIM HalpaBIeHUEM
B PaMKaX MEPOIPUATUN, HaIIPaBJIEHHBIX HA TPODU-
JIAKTUKY 3TOr0 (heHOMEHA, YTO IO3BOJIUT CHU3UTH
puck ocioxkHeHud nocsie KIII v ysrydimuTh TporHo3
TocJjie oIepaIuu.

KoH@uIukT HHTEpPECOB. ABTOPHI 3aABJIAIOT 00
OTCYTCTBUU KOH(JINKTA HHTEPECOB.
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Ioaxox k JiedeHUI0 0aKTEPUATIHBHOIO BATUHO3Aa C MIPUMEHEHUEM
KOMILIeKca 0akTepruodaron

Y.B. ITunenxkas, 1.0. Mapunkun, K.}0. Makapos, T.M. CokosioBa

@I'BOY BO «Hoegocubupckuil 2ocydapcmeeHHblil mMeduyuHckuil ynugepcumem» Muxadpasa Poccuu, Hosocubupck,
Poccus

AHHOTAIIUA

BBenaeHue. PadHOOOpa3HBIE CXeMbI JieueHHs OaKTepHaabHOTO BaruHo3a (BB) ctaBaAT nepes KIMHUIICTOM BOIIPOC
BBIOODA a/1eKBATHOU Tepalliy JaHHOTO 3a001eBaHUA.

Il e 1 b . YoyumneHue pe3ysIbTaTOB KOMIUIEKCHOTO JIEUEHHS KEHINWH PENPOAYKTUBHOTO BO3pacTa ¢ OaKTepUabHBIM
BaruHO30M ITyTEM MECTHOTO IPUMEHEHUS IPENapaToB MOJINBAJIIEHTHBIX OaKTeproGharos.

MaTtepuaans U MeETO/] Bl . BbUIO IPOBEJEHO ITPOCIIEKTUBHOE UCC/IE/IOBAHNE C yUYACTHEM 120 HAIUEHTOK OT
18 110 45 J1eT ¢ )xa1006aMU Ha IATOJIOTHYECKHUE BIJIEJIEHHS U3 ITOJIOBBIX ITyTel, HaanureM BB, moATBep:K/IEHHOTO KPUTEPH-
svu R. Amsel. [TarueHTKH 6bUTH pa3ieieHbl Ha 4 TPYIIIIBI 0 30 Yesl. B 3aBUCHMOCTH OT MeTo/ia Jieuenusi bB: rpymma 1 —
METPOHU/Ia30J1 B resieBoi (popMe MHTPABarMHAJIBHO COBMECTHO C IIperapaToM IojuBajieHTHoro 6akrepuodara (I1BB)
«@aroruH» (resib) JJIs1 MECTHOTO TIPUMEHEHHUs; TPYIINa 2 — KINHAAMUANMH (KpeM) HHTpaBaruHaJIbHO coBMecTHO ¢ [IBB
«®@aroruH» /IS MECTHOTO IPUMEHEHUSI; TPYIINA 3 — XJIOPTeKCUNH OUTIIIOKOHAT B BU/IE BJIATAJIUIITHBIX TA0JIETOK COBMECTHO
¢ IIBB «®arorus» /11 MECTHOTO IIPUMEHEHN; IPYIIa 4 — Ipernapar OpHH/a30sa 500 Mr, HeoMuIinHa 65 000 EJI, npex-
HHM30JI0HA 3 MT, 9KOHAa30J1a 100 MT («DJIbKHUHAa») cOBMECTHO ¢ [IBB «®aroruH» 7y MECTHOTO IPUMEHEHUS.
PesyunbrTarsl . Yepes 10—14 aHel nocste cananuy 3G (GeKTHBHOCTS METPOHUAA301a /IJIs BATMHAIBHOTO IIPUMeEHe-
HUs B KOMIUIEKCHOM IIPIMEHEHUHU COBMECTHO ¢ resieM «Paroruu» Ha ocHOBaHUM kputepreB R. Amsel cocraBuia 60.00 %,
KJIMHIAMUITIHA IS BJIATATUAIITHOTO TPUMEHEHHUs COBMECTHO ¢ TesieM «DaroruH» — 73.33 %, XJI0PreKCUInHa OUTITIOKO-
HaTa /i1 BaTHHAJILHOTO IPUMEHEHUsT COBMECTHO C rejieM «®arorun» — 43.33 %, KOMIIEKCHOTO IIpernapaTa «JIbKIHA»
COBMECTHO c resieM «®Parorun» — 96.67 %.

3akunoueHHe. KoMbrHanuio npernapaToB «AIpKUHA» U «ParoruH» 1e1ecoo6pasHo UCIO0Ib30BATh B KIIMHUYE-
CKOH IIpaKTHKe /IS JOCTHKEHUs JIyYIIUX pe3ysbTaToB jedeHus BB, Tak kak 5Ta KOMOMHAIUA OKasajach Hanbosee
3¢ dexTHBHOMH.

Kaoueesle caoea: 6akTepuaabHblil BarmHo3, 6akTeprodar, darotepamnus, KOMOMHUPOBAaHHAsI Teparusi, METPOHHU/IA-
30J1, KJINHAAMUIIUH, XJIOPTEKCUJINH, «DJIbKUHA», «ParoruH».

O0pasen murupoBaHusa: [lwienkas Y.B., Mapunakun 1.0., Makapos K.1O., CokonoBa T.M. ITogxon k jieue-
HUIO0 6aKTepUaTbHOTO BarMHO3a ¢ MPUMeHeHeM KoMIulekca 6akrepuodaros // Journal of Siberian Medical Sciences.
2023;7(4):113-123. DOIL: 10.31549/2542-1174-2023-7-4-113-123

An approach to the treatment of bacterial vaginosis using
a bacteriophage cocktail

U.V. Piletskaya, I.0. Marinkin, K.Yu. Makarov, T.M. Sokolova
Novosibirsk State Medical University, Novosibirsk, Russia
ABSTRACT

Introduction. Avarietyof treatment regimens for bacterial vaginosis (BV) pose to the clinician the question of
choosing appropriate therapy for this disease.
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A i m . Improving the results of combination treatment of reproductive-age women with bacterial vaginosis by topical
application of polyvalent bacteriophages.

Materials and methods. Aprospective study involving 120 female patients from 18 to 45 years old with
complaints of abnormal vaginal discharge, diagnosis of BV confirmed by the Amsel criteria was performed. The patients
were divided into 4 groups of 30 people, depending on the treatment regimen for BV: group 1 — metronidazole (gel) intra-
vaginally + preparation Phagogyn (gel), polyvalent bacteriophage (PVB) for topical application; group 2 — clindamycin
(cream) intravaginally + Phagogyn for topical application; group 3 — chlorhexidine gluconate (vaginal tablets) + Phagogyn
for topical application; group 4 — Elzhina (ornidazole 500 mg, neomycin 65 000 U, prednisolone 3 mg, econazole 100 mg)
+ Phagogyn for topical application.

Results. 10-14 days after the treatment, the effectiveness of metronidazole for vaginal application in combination
with Phagogyn according to the Amsel criteria was 60.00%, clindamycin intravaginally in combination with Phagogyn —
73.33%, chlorhexidine gluconate intravaginally with Phagogyn — 43.33%, Elzhina + Phagogyn — 96.67%.
Conclusion. The combination of Elzhina with Phagogyn is feasible for use in clinical practice to achieve better
results in the treatment of BV, since this combination turned out to be the most effective.

Keywords: bacterial vaginosis, bacteriophage, phage therapy, combination therapy, metronidazole, clindamycin,
chlorhexidine, Elzhina, Phagogyn.
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BBE/IEHHNE

Bakrepuasnpabiii BarmHO3 (BB) mpexcrasiser
coboli WH(QEKIMOHHBIA HEBOCIAIUTENbHBIA IIPO-
1ecc, KOTOPBIH OTHOCHUTCS K CAMBIM PacIIPOCTPaHEH-
HBIM K3 3a00JIeBAHUH KEHCKOM IOJIOBOH CHCTEMBI.
Ilo pa3nUUHBIM JAHHBIM YaCTOTa BCTPEUYAEMOCTH
BB B momysisinusax cocrasiseT oT 12 10 80 % [1].

O6menpu3HaHHbIMU pakTopaMu pas3Butus BB
SIBJISTFOTCS: 3400J1€BAHUSA M COCTOSTHUSI, TPUBOISIINE
K IMMYHO/IE(DUITUTY: aBUTAMUHO3, CTPECCHI, XPOHH-
yeckre 3ab0sieBaHUs, JJIUTETHHBIA MPUEM aHTHU-
OHMOTHKOB U T.JI.; UCIIOJIb30BaHE BHYTPUMATOUHBIX
KOHTPAIENITHBOB, MECTHBIX KOHTPAIIENITHBHBIX IIpe-
[apaToB, BJIATAJINIIIHbIE COIPUHIIEBAHUSA U T.II., UTO
MPUBOJAUT K YTHETEHHI0O MECTHOTO HMMYHUTETA;
rOpMOHAJIbHAS TEpAIus U BO3pACTHBIE TOPMOHATh-
Hble U3MEHEHUS U CBS3aHHAsA C 3TUM AUCHYHKIUS
SIMYHUKOB; aKTUBHAs II0JIOBAsl >KU3Hb C HECKOJIb-
KHMH IIOJIOBBIMH TIapTHEpaMu; HWHQEKIMOHHBIE
3abosieBaHuA Baraauma [2].

OCHOBHBPIMH METOZJaMHU JHUATHOCTHUKU OaKTepH-
QJIPHOTO BarmHO3a B PAa3BUTHIX CTPAHAX SIBJISIOTCS
pH-MeTpusi, aMUHHBIN TECT M MUKPOCKOIIUS BJIara-
JUIIHOTO Maska. OZHAKO JaHHBIE METOAbI 00Ja-
JIAI0T HU3KOU YyBCTBUTEIHHOCTHIO, UYTO CBSA3aHO C X
CyOBEKTUBHOCTHIO, OTCYTCTBHEM HaJJIexKaIlel Mo/-
TOTOBKH B 00JIACTH MUKPOCKOIIUHU. MOJIEKYIAPHBIE
METO/bI aMIUTU(UKAIMOHHOU JUArHOCTHKHU 00Jia-
JIatoT 6OJIbIIIEl YyBCTBUTEBHOCTHIO U CHEITU(PUIHO-
cThI0 B irarHocTuke BB [3]. UyBcTBUTETBHOCTD KPH-
tepueB R. Amsel a1 auarHoctuku BB cocraBiser
92 % u cuenuduaHOCTb — 77 % [4]. Meton «®emod-

INTRODUCTION

Bacterial vaginosis (BV) is an infectious non-
inflammatory disease that is one of the most com-
mon diseases of the female reproductive system.
According to various data, the incidence of BV in
populations ranges from 12 to 80% [1].

Well-recognized factors for the development of
BV are: diseases and conditions leading to immuno-
deficiency: vitamin deficiency, stress, chronic dis-
eases, long-term use of antibiotics, etc.; the use of
intrauterine devices, spermicidal contraceptives,
vaginal douching, etc., which leads to local immune
suppression; hormonal therapy and age-related hor-
monal changes, associated with ovarian dysfunction;
sexual activity involving several partners; vaginal
infectious diseases [2].

The main methods for diagnosing bacterial vagi-
nosis in developed countries are pH-metry, the
amine whiff test and vaginal smear microscopy.
However, these methods have low sensitivity, which
is due to their subjectivity and lack of appropriate
training in the field of microscopy. Molecular ampli-
fication-based diagnostic methods have greater sen-
sitivity and specificity in diagnosing BV [3]. The sen-
sitivity of the Amsel criteria for diagnosing BV is 92%
and the specificity is 77% [4]. The Femoflor test
allows to compare the content of specific representa-
tives of normal and opportunistic vaginal microflora
with the total bacterial load (TBL) using real-time
polymerase chain reaction (RT-PCR). The method
has high sensitivity and specificity and enables the
detection of anaerobic microflora [5].

114

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



Piletskaya U.V. et al. / Journal of Siberian Medical Sciences Vol. 7, No. 4 (2023)

JIOp» MO3BOJISIET CPABHUBATH COJIEP:KAHIE KOHKPET-
HBIX IIPe/ICTaBUTEIel HOPMO- U YCJIOBHO-TIATOTEH-
HOH MHKPOOHOTHI ¢ 00IIIel GaKkTepruasIbHON Maccoi
(OBM) c moMoIIpl0 MOJTUMEPA3HON IEMHON peak-
ouu B pexume peanbHoro Bpemenu (ITIIP-PB).
Merton 06s1ajiaeT BBICOKOM UYBCTBUTEJIBHOCTHIO U
cneru(pUIHOCTHIO U TTO3BOJISIET BBIABJIATH aHAIPOO-
Hyio ¢iopy [5].

HeobOxoaumocts ieueHnss BB BeI3BaHa T€M, 4TO B
40—-50 % ciyiyuaeB OH IIPUBOJUT K BATUHUTAM, SIBJISI-
ercsi (HaKTOPOM PHUCKA JJisi BOBHUKHOBEHHUs paka
meikn Matky, BUY-mHGUIUpOBAaHUA U JAPYTUX
WHOEKITUN, TepeTaIoTUXCs TOJIOBBIM IyTeM [6—12].
Hutpo3amMuHbI, KaKk TPOAYKTHl MeTabou3Ma aHa-
5po0OB, TakKe SBJIAIOTCI CAMOCTOSATEBHBIMU
kodepMeHTaMU KaHIleporeHesa [13].

Ha cerogusamHuii eHb aHTUOAKTEpUATIbHAS
Tepanus sABJseTCs OCHOBOH jieuenusi BB [14]. Jlus
CHIDKEHHUS YaCTOThI BEPOATHBIX OCTIOKHEHUH IIpes-
MIOYTHUTEJIbHEE TPUMEHATh IMpenapaTtbl MeCTHOTO
JlecTBUsl (MHTpaBaruHaIbHBIE). Takke MeCTHOe
IIpUMeHeHNe aHTHOAKTEpPHAJIbHBIX IIPENapaToB
XapaKTepu3yeTcs MPOCTOTON U y1obeTBOM [15, 16].

Kombunaruu u3 6akreprodaroB u aHTUOMOTHU-
KOB yBeTUuuBaioT 3¢ GEeKTUBHOCTD JIEUEHUsI, TOSIB-
JISIETCS] CHHEPTU3M, IPUBOJAIINHI K OBICTPOU 3paiu-
KaI[U¥ MAaTOTeHHBIX OAKTEPUU MPU HUCIOJIb30BAHUH
cyOJIeTaTbHBIX KOHIIEHTPAIIUA aHTUOMOTHUKOB W
(dara, yacTo ¢ yBeIuueHNEM BUPYJIEHTHOCTH (paros.
Kombunarusi Oaktepuodara ¢ aHTHOHMOTHKOM
MOXKET TNPOPIIAKTUPOBATh 0Opa3oBaHHE pe3U-
CTEHTHBIX OakTepuii [17]. Mcnonb3oBanne aHTHOAK-
TePUAJIBHBIX ITPENIAPAaTOB COBMECTHO C 6akTeproda-
oM crIocOOCTBYeT OBICTPOMY Pa3pyIIeHHI0 OHOTLIe-
HOK ¥ 3 GEKTUBHON 3pafiuKaIiu BO30yAUTeIsSI. DTO
00yC/IOBJIMBAE€T MEHBIIYI0 AHTUOAKTEPUATHHYIO
Harpy3Ky Ha opranusm [18, 19].

[TonuKOMIIOHEHTHBIE Tpenaparbl GakTepuoda-
roB Haubosiee yOOHBI JJIsI IPUMEHEHUs, TaK Kak
MOHOKOMITOHEHTHBIE IIPENapaTsl MOKHO UCIIOIH30-
BaTh TOJIBKO IIOCJIE OIIPE/IEJIEHUS UyBCTBUTEIBHOCTH
OakTepuii K KOHKpeTHOMY (ary [20].

V3syueHrne arodyBCTBUTENIBHOCTH — YCIOBHO-
MaToreHHOU (JIOpHI y skeHIUH ¢ BB Ha mpumepe
53 JKEHIUH PEeNpPOIyKTUBHOTO MEPHO/IA IT0KA3AJIO,
YTO B [I€JIOM MHKPOOHOTa 6HuoTona 60jiee UyBCTBU-
TeJIbHA K rejieBoil ¢popme Gakrepuodara (91 %) mo
CpaBHEHUIO C JKUAKUMH hopmamu [21].

ITEJIb UCCJIE/IOBAHUSA

ViyuieHne pe3ysibTaTOB JieWeHUs >KeHIIUH
pernponykTuBHOTO Bo3pacra ¢ BB myrem mobasite-
HUA K TPASUIIMOHHOMY JIEYEHUIO IIpenapaTosB II0JIN-
BaJIEHTHBIX 6akTeprodaros.

The need for treatment of BV is due to the fact
that in 40—50% of cases it leads to vaginitis and is
a risk factor for cervical cancer, HIV infection and
other sexually transmitted infections [6-12].
Nitrosamines, as products of anaerobic metabo-
lism, are also independent coenzymes of carcino-
genesis [13].

Today, antibacterial therapy is the mainstay of BV
treatment [14]. To reduce the number of possible
complications, it is preferable to use topical (intra-
vaginal) drugs. Also, topical use of antibacterial
drugs is characterized by simplicity and convenience
[15, 16].

Combinations of bacteriophages and antibiotics
increase the effectiveness of treatment; synergy
arises leading to rapid eradication of pathogenic bac-
teria when using sublethal concentrations of antibi-
otics and phage, often with an increase in phage viru-
lence. The combination of a bacteriophage with an
antibiotic can prevent the development of resistant
bacteria [17]. The use of antibacterial drugs in com-
bination with a bacteriophage promotes the rapid
destruction of biofilms and effective eradication of
the pathogen. This results in a lower unfavorable
antibacterial load on the body [18, 19].

Multicomponent preparations of bacteriophages
are most convenient for use since monocomponent
preparations can be applied only after determining
the sensitivity of bacteria to a specific phage [20].

A study of the phage sensitivity of opportunistic
microflora in women with BV using the example of
53 female patients of reproductive-period showed
that, in general, the microbiota of the biotope is more
sensitive to bacteriophage as a gel form (91%) com-
pared to liquid dosage forms [21].

AIM OF THE RESEARCH

Improving treatment outcomes for women of
reproductive age with BV by adding polyvalent bac-
teriophages to conventional treatment.

MATERIALS AND METHODS

A study was carried out in 2018—2023 at the clin-
ical bases of the Department of Obstetrics and Gyne-
cology of the Novosibirsk State Medical University
(NSMU): City Outpatient Clinic No. 1, Novosibirsk
(Antenatal Clinic of the Central District), NSMU
Medical Consultative Center clinic, and also on the
basis of the Institute of Chemical Biology and Funda-
mental Medicine, Novosibirsk. The study involved
120 patients aged 18 to 45 years. Inclusion criteria
were: visiting the antenatal clinic with complaints of
abnormal vaginal discharge, diagnosis of BV, con-
firmed by the Amsel criteria at the initial consulta-
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MATEPUAJIBI 1 METO/bI

VccnemoBaHue IPOBOAMIOCH B 2018—2023 IT. Ha
KJIMHUYECKUX Oazax Kadeapbl aKylepcTBa U THHe-
kosorun ®I'BOY BO «HoBocubupckuii rocymap-
CTBEHHBI MeIUIMHCKUN yHuBepcuteT» (®PIBOY
BO HI'MY): TAY3 HCO «I'opojickast KIIMHUYECKast
nosuknHUKa NO 1» 1. HoBocmbOupcka (GkeHCKas
KOHCyIbTanus lleHTpanpHOTO paiioHa), KJIMHUKA
«MeauIMHCKUH KOHCYJIbTaTUBHBIN 1eHTp» PTHOY
BO HI'MY, a tak:xe Ha 6a3e VIHCTUTyTa XUMIUIECKOH
6uosioruu u pyugamentanbuoii CO PAH. B uccie-
JIOBAaHUM TPUHSIN yJacTHe 120 MaIlMEeHTOK B BO3-
pacre ot 18 110 45 siet. Kpurepuu BrIioueHus: obpa-
IIEHHE B JKEHCKYI0 KOHCYJIBTAIIUIO C kajobaMu Ha
MaTOJIOTHYECKUE BBIZIEJIEHUs] U3 IOJIOBBIX IIyTeH,
Hamnuyue bBB, IIOATBEPKAEHHOTO KPUTEPUAMHU
R. Amsel npu mnepsuyHom mnpueme. Kpurepuu
WCKJIIOUEHUs: BO3pPACT MeHee 18 JieT W crapiie
45 1eT; 6epeMEeHHOCTH U ITO/I03PEHIE Ha HEe; IeJIOCT-
HOCTb JIEBCTBEHHOHN IIJIEBBI; QHOMAJIUM IIOJIOBBIX
OpPraHOB; HECOCTOATEHBHOCTh MBIIII] TA30BOTO /IHA;
BBISIBJIEHHBIE NHGEKINH, ITepeaIoIuecs II0JI0OBBIM
myTeM; oOHapy»keHUe aHTUTeN K Treponema palli-
dum, HBsAg, HCV, BUY; ocTpble BoCaIUTETbHBIE
3a00J1€BaHNSA MATK{, IPUAATKOB, BBISIBJIEHHBIE 110
O00BEKTUBHBIM JJAaHHBIM U Pe3yJIbTaTaM YJIbTPa3BY-
KOBOT'O HICCJIEIOBAHUS.

Ha mepBoM Bu3WTE NAIMEHTKU ITOIHCHIBATIN
MHGOPMUPOBAHHOE coIJIacue, IIPOBOAMIIACH IIPO-
BepKa COOTBETCTBUS KPUTEPUAM BKIIOUeHUs. [Tocie
[IPOBEIEHNA HAKTEPHUOCKOIIIIECKOTO UCCIIEZOBAHUS
OT/IeJIIeMOT0 33/THETO CBojia Biaranuina, pH-mert-
PUM BIATJIUIIHBIX BBIZIEJIEHUA 1 AMHUHHOTO TECTa C
OT/IeJIIEMBIM 33JTHETO CBOJA BJIarajvIa ¥ IIOA-
TBEp)K/leHUA 1o KpurepusaM R. Amsel nuarnosa
«baKTepHaJIbHbI BarmHO3» IPOBOAWIN aHAJIU3
BJIATQJTUIITHOTO OHMOITEHO3a METO/IOM IOJITMEPA3HOU
[[eITHON peakIuu B PeKUMe PeaJlbHOIO BpeMeHU —
«®emodIop-16>».

Jlasee B 3aBUCHUMOCTH OT IPUMEHSIEMOTO METO/Ia
JleyeHUs MAlleHTKU ObLTH Pa3/iesIeHbl Ha 4 TPYIIIbL:

1-1 (n = 30) — JIeueHHe METPOHHU/IA30JI0M B TeJie-
Bo (popme (0.75 %) MHTPABATMHAIBHO I10 5 MJI 1 pa3
B CYTKHU B TeUeHUe 5 JJHel COBMECTHO C IIperapaToM
nosmBasieHTHOTO GakTeprodara (IIBB) «®arorun»
JUUISL MECTHOTO TIPUMEHEHUs Ha 00JIacTh HAPYKHBIX
IIOJIOBBIX OPTaHOB 3 MJI 2 pa3a B CYTKU B TeUeHHe
14 THEMH;

2-51 (n = 30) — JleYeHre KINHJAMUIITHOM: KpEM
2% 5.0 T UHTPABarMHAJIBHO 1 Pa3 B CYTKHU B TeUeHUe
7 IHeHl coBMecTHO ¢ mpemnapatoMm [IBB «®arorun»
JUISL MECTHOTO NIPUMEHEHUs Ha 00JIacTh HAPYKHBIX
IIOJIOBBIX OPTaHOB 3 MJI 2 pa3a B CYyTKU B TeUeHHe
14 THEMH;

tion. Exclusion criteria were: age under 18 years and
over 45 years; pregnancy and suspected pregnancy;
hymenal integrity; genital abnormalities; deficient
perineum; identified sexually transmitted infections;
detection of antibodies to Treponema pallidum,
HBsAg, HCV, HIV; acute inflammatory diseases of
the uterus and adnexa, identified by clinical data and
results of ultrasound.

At the first visit, the patients signed an informed
consent, and compliance with the inclusion criteria
was checked. After bacterioscopic examination of the
posterior vaginal vault discharge, pH-metry of vagi-
nal discharge and the amine whiff test of the poste-
rior vaginal vault and confirmation of the diagnosis
of bacterial vaginosis according to the Amsel criteria,
an analysis of the vaginal biocenosis was carried out
using the Femoflor 16 real-time polymerase chain
reaction test.

Further, depending on the treatment regimen,
the patients were divided into 4 groups:

group 1 (n = 30) — metronidazole, gel (0.75%)
intravaginally, 5 ml once a day for 5 days + Phagogyn,
polyvalent bacteriophage (PVB) for topical applica-
tion to the external genital area 3 ml twice a day for
14 days;

group 2 (n = 30) — clindamycin, cream (2%), 5.0 g
intravaginally once a day for 7 days + Phagogyn for
topical application to the external genital area 3 ml
twice a day for 14 days;

group 3 (n = 30) — chlorhexidine gluconate,
16 mg, 1 vaginal tablet twice a day for 7 days + Pha-
gogyn for topical use on the external genital area
3 ml twice a day for 14 days;

group 4 (n = 30) — Elzhina (ornidazole 500 mg,
neomycin 65 000 U, prednisolone 3 mg, econazole
100 mg) 1 vaginal tablet once a day for 6 days + Pha-
gogyn for topical application to the of external geni-
tal area 3 ml twice a day for 14 days.

At the second visit, after 10—14 days, a control
examination of the patients was carried out, which
included bacterioscopy of vaginal smears, the amine
whiff test, measurement of pH of the posterior vagi-
nal vault discharge, as well as an analysis of the vagi-
nal biocenosis using RT-PCR. Adverse reactions
were identified, the proportion of patients that were
completely cured was determined, cases of ineffec-
tive therapy were recorded; the percentage of com-
plications treatment was assessed.

RESULTS AND DISCUSSION

The mean age of the patients included in the study
was 28.86 + 7.20 years. There was no statistically
significant difference in age between the groups. An
examination was carried out on the day when the
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3-1 (n = 30) — JleueHHue XJIOPTEKCUITTHOM OUTJIIO-
KOHATOM: 16 MT I10 1 BATHHAJIBHOU TabJIETKE 2 pa3a B
CYTKH B TeUEeHHUE 7 JIHEH COBMECTHO C IIperapaToMm
I[IBb «®aroruH» J11 MECTHOTO INPUMEHEHU:A Ha
00J1acTh HAPY>KHBIX ITOJIOBBIX OPraHOB 3 MJI 2 pa3a B
CYTKHU B TEUEHUE 14 THEH;

4-5 (n = 30) — JleueHUe IperapaToM OPHUIA30J1a
500 mr, HeomunuHa 65 000 EJI, mpenHusosoHa
3 Mr, s5K0Ha30s1a 100 mr (OHIID) («dapkuHa») 10
1 TabJIeTKe BO BJIATAJIMINE 1 pa3 B CyTKU B TeUEHUE
6 nueii comecTHO ¢ IIBB «®aroruu» Ajiss MECTHOTO
pUMeHeHUs Ha 06J1aCTh HapY»KHBIX ITOJIOBBIX Opra-
HOB 3 MJI 2 Pa3a B CyTKU B TEUEHUE 14 THEU.

Ha BropoMm BH3HTE, Yepe3 10—14 JHEN ITPOBOAU-
JIOCh KOHTPOJIBHOE 00C/Ie/ToBaHUE MTAIIMEHTOK, BKJIIO-
yapIiiee 0aKTEPHOCKOIIMUECKHe UCCIeZI0OBaHNE ByIara-
JIMITHBIX MAa3KOB, aMHHHBINA TecT, u3MepeHue pH
OTJIEJIIEMOTO 33J{HETO CBOZ]A BJIATIMINA, & TaKXKe
aHAJIN3  BJIATAJIMINHOTO  OWOIEHO3a  METOJIOM
[IIT1P-PB. BeiABisAnu HexesaTeJIbHbIE peaKIUH,
OTIpeJIeJIsIN JI0JII0 MAIEHTOK C TTIOJTHOU U3JI€YeHHO-
CTBIO M PETUCTPUPOBAIN cyiydyan HedDhEKTUBHOCTU
MIPOBEICHHOU TEPATINH, & TAKKE OIEHUBAJIU ITPOIEHT
Pa3BUBIIHXCA OCJIOKHEHUH TIOCIIE JIEUEHUA.

PE3YJ/IBTATDBI 1 OBCY KAEHUE

CpemHuil BO3pacT NAIMEHTOK, BKJIIOYEHHBIX B
uceaenopanue, coctaBui 28.86 + 7.20 roga. CraTtu-
CTUYECKHU 3HAYNMOTO Pa3INYHsI 110 BO3PACTY B IPyII-
max He ObUT0. ObOCIE0BAaHNE TTPOBOAUIIOCH B JIEHD
Ha3HAuUeHHUs JIEUeHUs, Ha 7-U JiIeHb U 4Yepe3
10—14 AHEH II0cjIe JIeUeHUs.

[TareHTKH BCEX TPYNI MPENBABIISIN KATOOBI
Ha TaTOJIOTUUYECKUE BbIJIeJIEHUA U3 TOJIOBBIX IIyTeH.
JloCTOBEpHBIX pa3Iuunii 1o kpurepusm R. Amsel 1o
JedyeHus1 He 66110 (P > 0.05).

ITo manusiM IT1[P-PB oTHOCUTETBHBIN HOPMOTIE-
HO3 ompeziessicsad B 26.67 % ciydaeB B KaxXAoHU
rpymre. /IoCTOBEpHBIX Pa3IMYUid B OOHApY:KEHUH
IUCOMO30B B HCCIEAYEMBIX TPYIIaX BHIABJIEHO He
65w10 (p > 0.05). Pe3ybTaThl HHTEPIIPETHPOBAIUCH
caeayomuM 00pa3oM: yMEpPEHHOE OTKJIOHEHUE OT
KPUTEPUEB HOPMBI — YMEPEHHBbIN AMUCOMO03, BbIpa-
JKEHHOE OTKJIOHEHHUE OT KPUTEPUEB HOPMBI — BbIpa-
JKEHHBIHA JUCOMO03; THIIBI IucOr03a: a3pOoOHBIHN, aHa-
SPOOHBIN U CMeNIaHHBIN AUCOMO03 — OMpPeNesIsIUCh
Ha OCHOBAHUU IPEBBIIIIEHUS TOPOTOBBIX 3HAYEHUH
MHKPOOPTaHU3MOB [22].

KosnnuectBo 6GakTepuii mo manHbiM III[P-PB
OBIO WIEHTUYHBIM B HCCIAEAYEMBIX TOJTPYIIIIaxX
(p =1.0).

B crpykrype mpezncraBuTesiell  006JUTaTHO-
aHa’pOOHOU (DJIOPHI, ACCOIUMPOBAHHOU ¢ OaKTEpU-
aJIbHBIM BaruHo30M, upeobiananmu Gardnerella

treatment was assigned, on the 7th day and
10—14 days after treatment.

Patients of all groups complained of abnormal
vaginal discharge. There were no significant differ-
ences according to the Amsel criteria at baseline
(p > 0.05).

According to the results of RT-PCR, relative nor-
mocenosis was determined in 26.67% of cases in
each group. There were no significant differences for
dysbiosis in the study groups (p > 0.05). The results
were interpreted as follows: moderate deviation from
the reference range is moderate dysbiosis; pro-
nounced deviation from the reference values is pro-
nounced dysbiosis; types of dysbiosis: aerobic,
anaerobic and combined dysbiosis were determined
based on exceeding the reference values of microor-
ganisms [22].

Bacterial count according to RT-PCR data was
identical in the study subgroups (p = 1.0).

Gardnerella vaginalis + Prevotella bivia + Por-
phyromonas predominated in the structure of repre-
sentatives of the obligate anaerobic flora associated
with bacterial vaginosis; there were no significant
differences in their detection for groups (p = 0.22).
Differences in the groups were significant in the
detection of Eubacterium spp. due to higher count of
these pathogens in group 3 (p = 0.001); Sneathia
spp. + Leptotrichia spp. + Fusobacterium spp. —
higher count in groups 1 and 4 (p = 0.001), as well as
Atopobium vaginae — to maximal count in groups 2
and 4 (p < 0.001). Taking into account the fact that,
according to the current understanding of bacterial
vaginosis, the formation of the biofilm of Gardner-
ella vaginalis plays a key role in the pathogenesis of
BV and the presence of Gardnerella in the biofilm is
a characteristic feature only of bacterial vaginosis,
although the disease is polyetiological, we can con-
clude that the sample is representative [15].

In group 1, all patients had an increase in pH
(5.8 £ 0.66) of vaginal discharge being examined
using the Colpo-test strips. The amine whiff test was
positive in 28 (93.33%) patients. The mean white
blood cell count in the posterior vaginal vault during
microscopy was 5.66 + 4.05; clue cells were identi-
fied in 28 samples (93.33%). In bacteriologic culture,
the opportunistic pathogens were not detected.
10 days after the end of the treatment, the symptoms
of the disease disappeared completely in 18 women
(60.00%). The amine whiff test was positive in
5 cases (16.67%) (p < 0.001); clue cells during
microscopy of vaginal smears were found in
5 patients (16.67%) (p < 0.001); fungal mycelium —
in 6 (20.00%). The mean white blood cell count in
smears was 5.70 + 6.57. Bacteriological examination
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vaginalis + Prevotella bivia + Porphyromonas,
JIOCTOBEPHBIX PA3JIMYUUA B UX OOHAPYKEHHUU B IOJI-
rpymnax He 6pU10 (p = 0.22). Paziuyus B MOATPYI-
max ObLIN IOCTOBEPHBI ITPH BhIsIBJIeHNH Eubacterium
Spp. 3a c4eT OOJIBIIETO BHISBJIEHUs JIAHHBIX BO30Y-
nuresed B 3-i rpymme (p = 0.001), Sneathia spp. +
Leptotrichia spp. + Fusobacterium spp. 3a cuer
0OJIBIIIETO BBISABJIEHUS B IpyInax 1 v 4 (p = 0.001), a
Takxke Atopobium vaginae 3a cueT HaubOJIBIIIETO
KOJIMYECTBA BO 2-1 U 4-# rpymmax (p < 0.001). C yue-
TOM TOTO, YTO, COTJIACHO COBPEMEHHBIM IIPE/ICTaBIIE-
HUSAM O OaKTepuaJibHOM BarmHoO3e, OOpa30BaHHE
ouomenku Gardnerella vaginalis urpaer xiode-
BYIO pOJIb B IaToreHese bB u mpucyrcrBue rapzie-
peJUIbl B OUOIIEHKE SIBJIAETCA XapaKTePHOH 0coOeH-
HOCTBI0O MMEHHO OaKTepHaJbHOTO BarWMHO3a, XOTs
3a00I€eBaHHEe U SABJIAETCA IOJUITHOJOTHUHBIM,
MOXKHO C/IeJIaTh BBHIBOJ O TOM, UTO BBIOOPKA SIBJIS-
€TCsI perpe3eHTaTUBHOM [15].

B 1-# rpytme y Bcex 00ciie/TOBaHHBIX OBLIO BBISB-
siero nosbiiienne pH (5.8 + 0.66) BIaraJaumiHOTO
COZIEPIKUMOTO C HCIIOJIb30BAHUEM TECT-IIOJIOCOK
«KosbIio-TecT». AMUHOTECT OKa3aJICs IIOJIOKUTE b
HBIM Yy 28 (93.33 %) nmanueHTok. Cpe/iHee Koude-
CTBO JIEHKOITUTOB B 3aJITHEM CBOJIE€ BJIATAJIHUINA MIPHU
MHKDOCKOIIMHU BJIAaTAJIUIIHBIX Ma3KOB COCTaBUJIO
5.66 + 4.05, KJIT0UeBBIE KJIETKU BBISIBJIEHBI B 28 TIPO-
6ax (93.33 %). B nmoceBax Ha yCJIOBHO-ITATOTEHHYIO
MUKpOGJIOpY BO30OyAUTENN HE BbIABIEHBI. Yepes
10 [AHeH IIocje OKOHYAHWA JIEUEHHUS CHUMIITOMBI
3a00JIeBaHUsI TIOJTHOCTBIO HMCUE3H Yy 18 KeHIUH
(60.00 %). AMHHOTECT OKa3aJsICs IMOJIOKUTEILHBIM B
5 caygasnx (16.67 %) (p < 0.001), KI0UYeBbIe KJIETKH
IIPY MUKPOCKOITMH BJIATAJTHIIHBIX Ma3KOB OOHAapy-
JKEeHBI y 5 TanueHTok (16.67 %) (p < 0.001), muIe-
Jii# rpuboB — y 6 (20.00 %). CpeiHee YUCIIO JIEUKO-
IIUTOB B Ma3Ke COCTAaBWJIO 5.70 * 6.57. [Ipu 6akTepu-
OJIOTUYECKOM HCC/IEIOBAHUU OT/IEJISIEMOTO 3aHETO
cBojia BJjarajauina ObuiM  BeiABAeHBl Candida
albicans y 6 mamueHTOK (20.00 %), Enterococcus
faecalis — y 1 (3.33 %). Ilo mauubiM IIL[P-PB
IOOUTHCSA HOPMOIIEHO3a yaayioch y 23 (76.67 %)
(p < 0.001) manueHTOK, KomuuectBo Gardnerella
vaginalis + Prevotella bivia + Porphyromonas B
oTHoIleHnu OoJtee 11 % k o61eit OBM cokpaTuioch
10 2 (6.67 %) cayuaeB (p < 0.001), Eubacterium
spp- — 10 4 (13.33 %) (p = 0.003). Taxxke gocro-
BEpHO YMEHBIIUIOCh cofep:kanue Megasphaera
spp. + Veillonella spp. + Dialister spp. u Atopobium
vaginae B OT/AEJsIEMOM 3aJJHETO CBOJA BJarayIHIIa
(p < 0.05).

Taxkum o06pasoMm, 3(PeKTUBHOCTH MeTPOHUZA-
30J1a JIJIs1 BATHHAJIBHOTO MPUMEHEHUS] B KOMILIEKC-
HoM npuMeHeHud c [IBb Ha ocHOBaHUU KpuTepueB

of the posterior vault discharge revealed Candida
albicans in 6 patients (20.00%), Enterococcus fae-
calis in 1 (3.33%). According to RT-PCR data, nor-
mocenosis was achieved in 23 (76.67%) (p < 0.001)
patients; Gardnerella vaginalis + Prevotella bivia +
Porphyromonas count in relation to more than 11%
of TBL decreased to 2 (6.67%) cases (p < 0.001),
Eubacterium spp. — to 4 (13.33%) (p = 0.003). The
number of Megasphaera spp. + Veillonella spp. +
Dialister spp. and Atopobium vaginae also signifi-
cantly decreased in the posterior vault discharge
(p < 0.05).

Thus, the effectiveness of metronidazole for vagi-
nal application in combination with PVB according
to Amsel criteria was 60.00%. In 5 (16.67%) patients,
the drugs did not show their effectiveness. In 6
(20.00%) cases, the use of metronidazole in combi-
nation with PVB caused vulvovaginal candidiasis,
and in 1 (3.33%) patient — vaginitis.

When examining the posterior vaginal vault dis-
charge in patients of group 2, the amine whiff test
was positive in 29 (96.67%) women; clue cells were
found in 28 (93.33%). An increase in pH was
recorded in all patients — 5.70 + 0.70. The mean
white blood cell count in smears from the posterior
vaginal vault was 5.0 + 3.50 per field of view. In the
microbial culture of the posterior vaginal vault for
opportunistic flora, the pathogen was not detected in
any of the patients. After 10 days, the symptoms res-
olution was in 22 (73.33%) patients (p < 0.001). In
all patients during microscopy of smears from the
posterior vaginal vault, the mean white blood cell
count was 5.13 + 3.67; the amine whiff test remained
positive in 4 (13.33%) (p < 0.001); clue cells were
found in 4 (13.33%) (p < 0.001), fungal mycelium —
in 3 (10%). Bacteriological examination of the poste-
rior vault discharge revealed Candida albicans in 3
(10%) patients, Escherichia coli — in 1 (3.33%).
According to the results of RT-PCR, 25 patients
(83.33%) achieved normocenosis and lactobacilli
count in the ratio of 51-100% to TBL (p < 0.001).
A decrease in Gardnerella vaginalis + Prevotella
bivia + Porphyromonas (p < 0.001), Eubacterium
spp. (p < 0.001), Sneathia spp. + Leptotrichia spp. +
Fusobacterium spp. (p = 0.01), Megasphaera spp. +
Veillonella spp. + Dialister spp. (p = 0.004), Pepto-
streptococcus spp. (p = 0.008), Atopobium vaginae
(p = 0.003) count in the posterior vault discharge
was found after the treatment.

Thus, the effectiveness of clindamycin for vaginal
application in combination with PVB according to
the Amsel criteria was 73.33%. The scheme did not
show effectiveness in 4 (13.33%) patients. Vulvovagi-
nal candidiasis because of the use of clindamycin in
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R. Amsel cocraBuia 60.00 %. Y 5 (16.67 %) uccieny-
eMBbIX IIpelapaThl He IOKa3au CBOI 3(PdeKTuB-
HOCTb. B 6 (20.00 %) cilyuasix mpuMeHeHUe MeTPO-
HUja3ona B komiuiekce ¢ IIBB cmposonmpoBasio
BYJIbBOBarMHAJIBHBIN KaHJIU/I03, ay 1 (3.33 %) mamu-
€HTKH Pa3BUJICS BaTMHUT.

[Ipu ucciieToBaHUY OT/AESEMOTO 3a/THETO CBO/IA
BJIATAJINIA y MAIUEHTOK 2-H TPYIIbl aMHHOTECT
0KazaJICs MOJIOKUTETBHBIM ¥ 29 (96.67 %) KeHIIHH,
KJIIOUEBBle KJIETKH OOHapyxkeHbl y 28 (93.33 %).
[ToBbimenne pH 3aperucTpupoBaHo y Bcex 0bciezo-
BaHHBIX — 5.70 * 0.70. CpeiHee KOJTUYECTBO JIEHKO-
IIUTOB B OT/IEJIIEMOM 3a/THETO CBOJA BJIaTAJIMINA —
5.0 £+ 3.50 B IOJie 3peHus. B mmoceBe OTAeIs1€MOT0
3aJTHETO CBO/IA BJIATAIHUINA Ha YCIOBHO-ITATOTEHHYIO
¢opy BO30OyAUTENb HE BBISBIEH HU Y OJHOH W3
manyeHToK. Yepes 10 JHEH CUMIITOMBI 3a00J1€BaHUS
IIOJTHOCTBIO PErpeccupoBaiiu y 22 (73.33 %) mamueH-
TOK (p < 0.001). Y Bcex 06¢IeIOBaHHBIX IIPU MUKPO-
CKOIIUK OT/EJIAEMOr0 3aJHEero CBOJa BJarajuiia
CpeJlHee YKCIIO JIEHKOIUTOB COCTaBWIIO 5.13 + 3.67,
aMHUHOTECT OCTaJICS TIOJIOKUTEIHHBIM ¥ 4 (13.33 %)
(p < 0.001), KJTIOUEBBIE KJIETKU OOHAPYKUBAJIUCH Y 4
(13.33 %) (p < 0.001), Mmuniesnnii rpuboB —y 3 (10 %).
[Ipu 6aKTEpPHOJOTUYECKOM HCCIIEJIOBAHUU BJIara-
JIUITHOTO OT/IeJisieMoro y 3 (10 %) mamueHTOK BbIsB-
neubl Candida albicans, Escherichia coli — y 1
(3.33 %). IIpu mpoBeeHUN 00C/IEIOBAHUS METO/IOM
[TIIP-PB gocru:keHre HOPMOILEHO3Aa U COZlePKAHUA
JlakToOaKTeEpUH B OTHOIIEHWH 51-100 % k OBM
6bL10 v 25 (83.33 %) manueHToK (p < 0.001). BpLIO
JIOCTUTHYTO yMeHblileHne KoaudectBa Gardnerella
vaginalis + Prevotella bivia + Porphyromonas
(p < 0.001), Eubacterium spp. (p < 0.001), Sneathia
spp. + Leptotrichia spp. + Fusobacterium spp.
(p = 0.01), Megasphaera spp. + Veillonella spp. +
Dialister spp. (p = 0.004), Peptostreptococcus sSpp.
(p = 0.008), Atopobium vaginae (p = 0.003) B oT/ie-
JISIEMOM 3a/THETO CBO/IA TTOCJIE CAHAI[HH.

Takum o6pazoM, 3G(EKTUBHOCTD KJIMHIAMU-
[MHA JIJIsI BJIATAIUIIHOTO IIPUMEHEHHS COBMECTHO C
I1Bb no mamubsiM kputepueB R. Amsel cocrasuia
73.33 %. Cxema He moka3asa 3PPEKTUBHOCTU Y 4
(13.33 %) obcnenoBaHHBIX. ByJIbBOBarmHaJIBHBIN
KaHAUZ03 HAa (POHe NMpUMeHEHUs KIMHAAMHUIIMHA
coBMectHO ¢ IIBB paszBuiics y 3 manueHToK (10 %),
BaruHUT — y 1(3.33 %).

[Tpu uccieIOBaHUM OT/IEJISIEMOTO 33/THETO CBOJIA
BJIATAJIUINA Y TANHEHTOK 3-H TPYIIbl aMUHOTECT
0BT TOJIOKUTENBHBIM Yy 28 keHITUH (93.33 %),
KJTIOUEBBIe KJIETKU IPU MUKPOCKOIIMHU O0HAPYKEHbI
y 26 (86.67 %). Y Bcex KeHIIUH pH BaraJauiHoro
OT/IeJIsIeEMOTO OBLIO BBICOKMM — 5.9 + 0.8, cpezHee
YHCII0 JIEUKOIUTOB — 6.03 + 3.58. IIpu 6akTeproio-

combination with PVB developed in 3 patients (10%),
vaginitis — in 1 (3.33%).

In patients of group 3, the amine whiff test of the
samples from the posterior vaginal vault was positive
in 28 women (93.33%); clue cells during microscopy
were detected in 26 (86.67%). In all women, pH of
the vaginal discharge was high — 5.9 + 0.8; the mean
white blood cell count was 6.03 + 3.58. On bacterio-
logical examination of the posterior vault discharge
for opportunistic flora, no pathogens were found in
any patients. 10 days after the end of the treatment,
the complete resolution of the symptoms of the dis-
ease was in 13 women (43.33%) (p < 0.001). The
amine whiff test remained positive in 9 (30.00%)
(p < 0.001) patients. According to the results of bac-
teriological examination, clue cells remained in 9
(30.00%) patients (p < 0.001), fungal mycelium — in
6 (20.00%); the mean white blood cell count was
5.83 + 4.71. In the microbial culture from the poste-
rior vaginal vault Candida albicans was revealed in 6
(20%) samples, Streptococcus spp. — in 1 (3.33%).
According to the results of RT-PCR, normocenosis
was achieved in 19 (63.33%) patients (p = 0.001); the
number of lactobacilli in the ratio of 51-100% to TBL
was 70% (p < 0.001). A decrease in Gardnerella vag-
inalis + Prevotella bivia + Porphyromonas
(p < 0.001) to 10% in relation to 11% or more to TBL,
as well as Eubacterium spp. (p < 0.001),
Megasphaera spp. + Veillonella spp. + Dialister spp.
(p = 0.005) and Atopobium vaginae (p = 0.008) was
achieved.

Thus, the effectiveness of chlorhexidine gluconate
for vaginal application use in combination with PVB
was 43.33% according the Amsel criteria. The combi-
nation proved to be ineffective in 9 (30%) patients.
Vulvovaginal candidiasis occurred in 6 (20%)
patients, vaginitis — in 2 (6.67%).

In group 4, all patients had a positive amine whiff
test of the vaginal discharge, pH was increased —
6.17 + 0.38. On bacterioscopy of the smear from the
posterior vault, clue cells were found in all patients;
white blood cell count was 5.70 + 4.19. On bacterio-
logical examination of the vaginal discharge for
opportunistic flora, pathogens were not revealed.
After 10 days of treatment with Elzhina in combina-
tion with PVB, 29 (96.67%) patients noted the com-
plete reverse of symptoms (p < 0.001). The amine
whiff test remained positive in 1 (3.33%) case
(p < 0.001); clue cells during bacterioscopy of vagi-
nal smears were found in 1 (3.33%) case (p < 0.001).
The mean white blood cell count in smears was
4.53 * 3.04. Bacteriological examination of the vagi-
nal discharge did not reveal growth of pathogenic
microflora. According to the results of RT-PCR, in 29

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

119



Huneykasn Y.B. u dp. / Journal of Siberian Medical Sciences T. 7, N° 4 (2023)

THYECKOM HCCJIEJIOBAHUM OTEISEMOr0 3aHEr0
CBOZIa BJIAraJIMINA Ha yCJIOBHO-TIATOTEHHYIO (GJIOpY
BO30yuTeNN He OOHAPYKEHbBI HU y OZHOH U3 00cite-
JIOBaHHBIX. Uepes 10 AHEH Mocjie OKOHYAHUA Jieve-
HHsI CUMIITOMBI 3200JI€BaHUS ITOJIHOCTHIO PETPECCH-
poBasu y 13 keHIuH (43.33 %) (p < 0.001). AMuUHO-
TECT OCTJICS IIOJIOKHUTEJIBHBIM y 9 (30.00 %)
(p < 0.001) manueHTOK. ITpN 6aKTEPHUOCKOTMUECKOM
WCCIIEZIOBAHUY KJIIOUEBbIE KJIETKU COXPAHSINCH Y 9
(30.00 %) nmanueHTOK (p < 0.001), MUIIEJTUNA TPH-
60B — y 6 (20.00 %), cpefiHee YHCIIO JIEHKOIIUTOB
coctaBwio 5.83 + 4.71. B 0GakTepuosoruyeckom
IIOCeBe OT/E/ISEMOr0 3aJHEr0 CBOJAA BJarajuiia
obuapy»kennl Candida albicans B 6 (20 %) mpobax,
Streptococcus spp. — B 1 (3.33 %). I1o pe3yspratam
[TIIP-PB HopMoOIleHO3a yJajoch MOOUTbCA y 19
(63.33 %) marueHTOK (p = 0.001), KOJTHYECTBO JIaK-
TOOAKTEPUH B OTHOIIEHUHU 51—-100 % k OBM cocra-
BIWJIO 70 % (p < 0.001). Yaysoch TOOUTHCA CHIDKE-
uust Gardnerella vaginalis + Prevotella bivia +
Porphyromonas (p < 0.001) 10 10 % B OTHOIIIEHUU
11 % u 6onee k OBM, a taxxe Eubacterium spp.
(p < 0.001), Megasphaera spp. + Veillonella spp. +
Dialister spp. (p = 0.005) u Atopobium vaginae
(p = 0.008).

Takum o6paszoMm, 3hGEKTUBHOCTh XJIOPTEKCH-
JUHA OWIJIIOKOHATa ]IS BaTMHAJIBHOTO IIpUMeEHe-
"Hua c¢ IIBb cocraBuia mo AaHHBIM KPUTEPUEB
R. Amsel 43.33 %. HesdpdexkrrBHa KOMOMHALMA
okazasiach y 9 (30 %) marreHTOoK. BysibBOBaruHaab-
HBIN KaH/IU03 BOBHUK Y 6 (20 %) MarlueHTOK, Baru-
HUT — y 2 (6.67 %).

B 4-1i rpymme y Bcex o0cC/IeZIOBaHHBIX OBLI ITOJIO-
SKUTEJIHBIM aMUHOTECT C BJIATAIUIIHBIM OT/esisie-
mbIM, pH moBbIIIIEH — 6.17 + 0.38. [Ipu 6akTEpHOCKO-
MMUHU OT/IEJISIEMOTO 33/THETO CBOJ|A BJIATAIMINA y BCEX
MMalMeHTOK 0OHAPYKEeHbI KJII0OUEBbIE KJIETKH, CPeIHEe
YUCIIO JIEHKOIIUTOB COCTABHUJIO 5.70 + 4.19. ITpu 6ak-
TEPUOJIOTUYECKOM HCCJIEZIOBAHUM  BJIATAJIUIIIHOTO
COZIEPKUMOT0 Ha YCJIOBHO-IIATOTEHHYI0 MUKPOGIIOPY
BO30y/IUTENIN HE BBIsABIEHBI. Yepes 10 AHEH mocie
OKOHYaHUA JiedyeHus npenaparoMm OHIID coBmecTtHO
¢ IIBBb 29 (96.67 %) mamyueHTOK OTMETHJIM IIOJIHOE
HMCUYE3HOBEHNE CUMIITOMOB 3a00s1eBaHusA (p < 0.001).
[To103XUTETPHBIN AMUHOTECT COXPAaHIIICS B 1(3.33 %)
caydae (p < 0.001), KIIOYEBBIE KJIETKH IIPH MUKPO-
CKOITMM BJIATAJIUIIHBIX Ma3KOB OOHApYKEeHbI B 1
(3.33 %) ciyuaae (p < 0.001). CpejiHee YUCIO JIEHKO-
LIUTOB B MasKe — 4.53 + 3.04. [Ipu 6akTepuosormnyie-
CKOM MCCJIEZIOBAHUY COIEPKUMOTO BIATATHIIA POCTA
aToreHHo MUKpPOQJIOPHI He BbIABIIEHO. [10 pe3ysb-
taram ucciaenopanus IILP-PB y 29 (96.67 %) »xeH-
IIUH JOCTUTHYT HOPMOIIEHO3 (p < 0.001) U KOJude-
CTBO JIAKTOOAKTEPUU B OTHOIIIEHUH 51—100 % k¥ OBM

(96.67%) women, the normocenosis (p < 0.001) and
the count of lactobacilli with the ratio of 51-100% to
TBL (p < 0.001) were achieved. A significant decrease
in Gardnerella vaginalis + Prevotella bivia + Por-
phyromonas (p < 0.001), Eubacterium spp.
(p < 0.001), Sneathia spp. + Leptotrichia spp. +
Fusobacterium spp. (p = 0.003), Megasphaera
spp. + Veillonella spp. + Dialister spp. (p = 0.003),
Peptostreptococcus spp. (p = 0.01) and Atopobium
vaginae (p = 0.003) count in samples from the pos-
terior vaginal vault discharge was achieved.

Thus, the effectiveness of the combined drug
Elzhina together with PVB was 96.67%. This drug
combination proved to be ineffective in 1 (3.33%)
patient.

10—14 days after the treatment, significant differ-
ences were revealed in all four groups according to
the Amsel criteria (p < 0.05). Abnormal vaginal dis-
charge, clue cells, positive amine whiff test and pH >
4.5 were recorded significantly less often in group 4.

According to the results of RT-PCR, 10—14 days
after the treatment, the indicators of normocenosis
significantly differed in the groups (p < 0.05). Nor-
mocenosis was more often detected in group 4 com-
pared to group 1. There were no significant differ-
ences in relation to groups 2 and 3.

The lactobacilli count in the posterior vaginal
vault discharge also differed significantly in the ratio
of 0—10% to TBL in the groups after the treatment
(p < 0.05). These differences are due to the differ-
ence between group 4 and groups 1 and 3.

Differences in the detection of representatives of
anaerobic flora after the treatment were found for
Gardnerella vaginalis + Prevotella bivia + Porphy-
romonas (p = 0.01) due to a significantly lower
count in group 4. There were also differences in
Megasphaera spp. + Veillonella spp. + Dialister
spp- (p = 0.04) detection due to the absence of these
pathogens in groups 2 and 4 after the treatment.
The detection of Lachnobacterium spp. + Clostrid-
ium spp. (p = 0.05) varied: it was the highest in
group 1.

CONCLUSION

The effectiveness of metronidazole for vaginal
application in combination with PVB according to
the Amsel criteria was 60.00% (group 1); clindamy-
cin for vaginal use together with PVB — 73.33%
(group 2), chlorhexidine gluconate for vaginal appli-
cation in combination with PVB — 43.33% (group 3),
the combined drug, Elzhina with PVB — 96.67%
(group 4). According to the result of RT-PCR, the
effectiveness was assessed in achieving normoceno-
sis and was 76.67% in group 1, 83.33% — in group 2,
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(p < 0.001). Yoanocs AOCTUTHYTH IOCTOBEPHO 3HAUH-
Moro ymensiienusi Gardnerella vaginalis + Prevo-
tella bivia + Porphyromonas (p < 0.001), Eubacterium
spp. (p < 0.001), Sneathia spp. + Leptotrichia spp. +
Fusobacterium spp. (p = 0.003), Megasphaera spp. +
Veillonella spp. + Dialister spp. (p = 0.003),
Peptostreptococcus spp. (p = 0.01) u Atopobium
vaginae (p = 0.003) B OT/EJISIEMOM 33JTHETO CBOJA
BJIATQJIMIIIA.

Takum 06pazoM, 3¢ PEeKTUBHOCTH KOMILJIEKCHOTO
npenapata OHIID coBmectHo c¢ IIBB cocraBmiia
96.67 %. HeapdexkTrBHA KOMOMHAIMSA IIpEIapaToB
okazasach y 1 (3.33 %) manueHTKU.

Uepes 10—14 JTHEH MTOCIIE JIEYEHUs BO BCEX YEThIPEX
rpymmnax ObLTH BBISIBJIEHBI IOCTOBEPHBIE PA3JIUUUS 110
kputepusM R. Amsel (p < 0.05). JlocTOBEepHO pexe
MIATOJIOTHYECKYE BBIZIEJIEHUsI U3 TIOJIOBBIX Iy TeH, KITI0-
YyeBble KJIETKH, IOJIOKUTEIbHBI aMUHOTECT U 3HAUe-
Hue pH > 4.5 perucTpupoBaIuch B 4-i rpy1e.

ITo mamubiv ITIIP-PB uepes 10—14 jHel mocie
JIeUeHUsI JIOCTOBEPHO pa3jIMyYaIUCh IOKA3aTeu
HOPMOIIEHO3a B  UCCJIEAYEMBIX  IOATPYIIIaX
(p < 0.05). HopmorieHno3 yaire ObLT BBISBJIEH B 4-U
TpyIIIe O OTHOIIEHHUIO K 1-H rpymie. Ilo oTHOIIE-
HUIO K TPYIIIAM 2 U 3 [TOCTOBEPHBIX PA3JIHYNH BbISB-
JIEHO He OBbLIO.

Tak:ke JOCTOBEPHO PA3IMYaJIOCh KOJIHUYECTBO
0OHaApY’KEHHBIX JIAKTOOAKTEpUH B 3aJlHEM CBOJE
BJIATAJINIIA B OTHOIIIeHUHU 0—10 % k OBM B rpynmax
nocsie yiedyeHus (p < 0.05). JlaHHbIe pa3audus o0y-
CJIOBJIEHBI Pa3HUIEN MeX]y 4-U IpyNmou u rpyn-
maMu 1 ¥ 3.

Pasznuuus B oOHAPYKEHUU MTPEICTABUTEIeH aHa-
3pOoOHOU (IIOPHI TTOCIIE JieueHUsI ObLIN BHISIBJIEHBI B
otHomenun Gardnerella vaginalis + Prevotella
bivia + Porphyromonas (p = 0.01) 3a c4eT JIOCTO-
BEpHO MEHBIIEN YaCTOThl MX OOHAPYXKEHUS B 4-i
rpynmne. Taxke paszyimuanuch mnokasarenu Mega-
sphaera spp. + Veillonella spp. + Dialister spp.
(p = 0.04) 3a cuer OTCYyTCTBHSA JAHHBIX BO30OYyIUTE-
JIeW BO 2-U U 4-U TpyIIax IMOcje MPOBeIeHHOH Tepa-
nuu. Paznuuanack BeisiByisieMocTb Lachnobacterium
spp. + Clostridium spp. (p = 0.05) — oHa ObL1a camast
BBICOKAS B 1-U TPYIIIIE.
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63.33% — in group 3, and 96.67% — in group 4. The
combination of Elzhina with PVB showed the maxi-
mal effectiveness which is due to the comprehensive
action of Elzhina; the minimal effectiveness showed
the combination of chlorhexidine gluconate with
PVB, since chlorhexidine is an antiseptic that is
active against viral particles that are part of PVB.

Thus, to achieve better results in BV treatment,
the use of Elzhina with PVB, Phagogyn combination
is feasible in clinical practice.
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3AK/IOYEHUE

AddekTUBHOCTH METPOHU/IA30J1A JIJISI BATUHAJIb-
HOTO IpuMeHeHus B kombuHaruu ¢ [IBB Ha ocHOBa-
Hun kputepueB R. Amsel cocraBwia 60.00 % (1-1
rpynna), KJIMHAAMUIIMHA JJIs BJIATAJIUIIHOTO MIPHU-
MeHeHus coBMecTHO ¢ [IBB — 73.33 % (2-s rpynma),
XJIOPTeKCU/INHA OWIJIIOKOHATA JUUIsi BarWMHAIBHOTO
npuMeHeHUs1 B kombuHanuu ¢ [IBb — 43.33 % (3-1
rpymmna), KOMIUIeKcHoro mpemapara OHIID
coBmecTHO ¢ [1BB — 96.67 % (4-s rpynmna). 1o gaH-
vpiM [IIIP-PB sdderTuBHOCTh OIleHUBAIaCh B
JIOCTH?KEHUH HOPMOIIEHO3a U COCTaBjaja B 1-U
rpytmie 76.67 %, Bo 2-11 — 83.33 %, B 3-11 — 63.33 %, B
4-1 rpynmne — 96.67 %. HaubGospinyio sddeKkTus-
HOCTb ITOKa3asia KomOuHanus npernaparoB OHIID u
[I1BB, uTro 00yC/I0BJIEHO KOMILIEKCHBIM JIEHCTBHEM
OHOIII, HauMEHBIIYI0 — KOMOWHAIUS XJIOPTEKCH-
nuHa ouraiokoHara ¢ [IBB, Tak Kak XJIOpreKCUIuH
SIBJISIETCA QHTHUCENTHKOM, aKTUBHBIM B OTHOIIIEHUU
BUPYCHBIX YaCTHUI], BXOAAIUX B cocTaB IIBb.

Takum o00pa3oM, KOMOWHAIIUIO I[pPENapaToB
OHIID «3amxkuHa» u I[IBE «®aroruH» 1eseco-
00pa3sHO HCHOJIB30BaTh B KJIMHUYECKOW ITPAKTHKE
JUIA JOCTHXKEHUA JIyUIIINX Pe3ysIbTaToB Tepanuu bB.

KoHdmKT HHTEPECOB. ABTODHI 3asBJISAIOT 00
OTCYTCTBUH KOH(INKTA NHTEPECOB.
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AHHOTAITUA

BBeenue. [IpoussogHoe 1,4-6eH30aMa3enuH-2-0Ha (mmudp — PAV-0056) B muamasoHe 7103 0.1—10 MT'/KT OKa3bl-
BaeT B DKCIIEPUMEHTE BHIDAKEHHOE AaHAIBIeTUUYECKOe JIeUCTBUE KAaK AaHTArOHUCT PELeNTOPOB OpaJuKIHUHA 1-TO TUIIA.
IIpencrasisercsa akTyaIbHBIM JIOKJIMHUYECKOE N3y4yeHre apMaKOKUHETHKN HOBOTO IIOTEHIINAJIbHOTO AHAIBI€THKA IIPU
Pa3HBIX IYTAX BBEJIEHUA.

ITens. Onenurh hapMakOKHHETHUECKHE ITapaMeTPhI, OHOIOCTYIIHOCTh M TPAHCMEMOPAHHBIN TPAHCIOPT IIPOU3BO-
JIHOTO 1,4-6eH3oauasenun-2-oaa PAV-0056.

Martepuanans u MerTosl . Coenunenne PAV-0056 B 7103ax 0.1, 1 ¥ 10 MT'/KI' BBOAWIU B 1% BOJHOM PacTBOpe
TOJTUBUHUJITTUPPOJIH/IOHA B 3KEJIYZIOK U B BEHy KpbIcaM-caMiiaM (Bo3pacT 1.5—3 Mec) ctoka Sprague Dawley maccoii Tesa
250—300 r. C MOMOIIBI0 METO/1a MaCC-CIIEKTPOMETPUH OIIPEEIIAIN KOHIEHTPAIUIO BelectBa PAV-0056 B m1azme KpoBH
KpBbIC Yepe3 AMCKPeTHbIe HHTePBAJIbI BpeMeHU. V3yuanu dapMakoKHHETUYECKHE TapaMeTpPhI 1 abCOIIOTHYI0 OH0I0CTYII-
HOoCcTh PAV-0056. ITporunaemocts Mosiekys PAV-0056 depe3 KJIE€TOYHBIN MOHOCJION U3y4dayid Ha 21-7THEBHOU KYJIBTYpe
KJIETOK KOJIOPEKTAIbHOM KapiuHOMBI (Caco-2).

Pe3yabpTaThl. AGCOMOTHASA OHOLOCTYIIHOCTS IIPOU3BOHOTO 1,4-0eH3011a3ennH-2-0Ha PAV-0056 I1pu BBe/IeHNU B
JKeJIyJIOK KPBICaM B JI03€ 0.1 MT'/KT COCTaBJIsAeT 10.1 + 6.1 %, B 7103€ 1 MT/KT — 2.2 + 0.1 %, B 7103e 10 MI/KT — 6.4 + 0.8 %.
Cucremnas skcnozunusa AUC v makcuMasbHas KoHIeHTpanus C B IJIa3Me M3MEHAIOTCA JIMHEHHO ¢ yBeIMYE€HHEM JI03bl
PAV-0056 ¢ 0.1 710 10 MT/KT (k03 DUIIMEHTHI TUHEWHOU JIETEPMUHAIINN R?COCTABJISIOT 0.9767 ¥ 0.9976 COOTBETCTBEHHO).
Coenunenne PAV-0056 BcacbiBaeTcs U3 TOHKOTO KUIIIEYHUKA B TEYEHHE 1 U U JJMMUHHUPYETCA U3 IUIA3Mbl B TEUEHHUE 5 4.
ITocsie BBesieHUA B BeHy coeffuHeHue PAV-0056 3/IMMUHUDYeTCS B TeUeHUe 0.5 9. AHaJIbreTUK XapaKTepu3yeTcs 00IIUM
kupencoM (Cl)) 83.16 j1/kr/4 u He ABJAETCA CyOCTPATOM IJIMKONpOTenHa P.

3axknioueHHue . JIunobuwibHOEe IPOU3BOJHOE 1,4-0eH30/1Ma3enH-2-0Ha PAV-0056 NIpY BBEJIEHUH B JKEJTYTOK BCa-
CBHIBAETCS M3 TOHKOTO KUIIIEYHUKA TaCCUBHOU T y3ueii ¢ GMO0CTYITHOCTHIO He Gostee 10.1 + 6.1 %. JIuneliHas dpapma-
KOKHMHETHKA U OTCYTCTBUE B3aUMO/IEHCTBHA C IVIMKOIPOTEMHOM P II0O3BOJIAIOT OLleHHBaTh coefuHeHne PAV-0056 kak
MTOTEHIUATbHBIN HEOTTMOUHBIN aHABIETHK C XOPOITUM TpodrieM 6e30macHOCTH.

Knaoueswle croea: npon3BogHoOE 1,4-0eH301a3eMH-2-0Ha, KPBICH, (PapMaKOKHHETHYECKIE IIapaMeTPhl, JHHEHHOCTD
dbapmakoxnHeTHKH, aOCOTIOTHAST OMOJOCTYITHOCTD, TPAHCMEMOPAHHBIH TPAHCIIOPT.
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Pharmacokinetics of the bradykinin antagonist derivative
1,4-benzodiazepin-2-one in the experiment

A.E. Aliforenko® 2, V.V. Bykov*2, A.V. Bykova?, V.S. Motov?, K.E. Kozhukhovskiy?, V.I. Pavlovskiy?,
V.A. Khazanov?, A.I. Vengerovskii'

1Siberian State Medical University, Tomsk, Russia

2Innovative Pharmacological Research LLC (Iphar, LLC), Tomsk, Russia

ABSTRACT

Introduction. The14-benzodiazepin-2-one derivative (codenamed PAV-0056), in a wide range of low doses
0.1—10 mg/kg has a pronounced analgesic effect as bradykinin receptor type 1 antagonist. Preclinical study of the pharma-
cokinetics of a new potential analgesic with different routes of administration in appropriate doses seems to be relevant.
A im . To evaluate the pharmacokinetic parameters, bioavailability and transmembrane transport of the 1,4-benzodiaz-
epin-2-one derivative PAV-0056.

Materials and methods. PAV-0056 at doses of 0.1, 1 and 10 mg/kg was administered in a 1% aqueous
solution of polyvinylpyrrolidone into the stomach and vein of male Sprague Dawley rats (age 1.5—3 months) weighing
250—300 g. We determined the plasma concentration of PAV-0056 in the blood of rats at discrete time intervals using
mass spectrometry. The pharmacokinetic parameters and absolute bioavailability of PAV-0056 were studied. The perme-
ability of PAV-0056 through a cell monolayer was studied on a 21-day cell culture originated from of colorectal carcinoma
(Caco-2).

R e s ult s . Theabsolute bioavailability of the 1,4-benzodiazepin-2-one derivative PAV-0056 after administration into
the stomach of rats at a dose of 0.1 mg/kg is 10.1 £ 6.1%, at a dose of 1 mg/kg — 2.2 + 0.1%, at a dose of 10 mg/kg —
6.4 + 0.8%. Systemic exposure AUC and maximum plasma concentration C___change linearly with increasing dose of PAV-
0056 from 0.1 to 10 mg/kg (coefficients of determination R? are 0.9767 and 0.9976, respectively). PAV-0056 is absorbed
from the small intestine within 1 h and eliminated from plasma within 5 h. After intravenous administration, PAV-0056 is
eliminated within 0.5 h. The analgesic has a total clearance (Cl,) of 83.16 1/kg/h and is not a P-glycoprotein substrate.
Conclusion. Thelipophilic derivative of 1,4-benzodiazepin-2-one, PAV-0056 after administration into the stom-
ach is absorbed from the small intestine by passive diffusion with a bioavailability of no more than 10.1 + 6.1%. Linear
pharmacokinetics and no interaction with P-glycoprotein allow PAV-0056 to be positioned as a non-opioid analgesic with
a good safety profile.

Keywords: 1,4-benzodiazepin-2-one derivative, rats, pharmacokinetic parameters, linearity of pharmacokinetics, abso-
lute bioavailability, transmembrane transport.

Citation example: Aliforenko A.E., Bykov V.V., Bykova A.V., Motov V.S., Kozhukhovskiy K.E., Pavlovskiy V.I.,
Khazanov V.A., Vengerovskii A.I. Pharmacokinetics of the bradykinin antagonist derivative 1,4-benzodiazepin-2-one in
the experiment. Journal of Siberian Medical Sciences. 2023;7(4):124-137. DOI: 10.31549/2542-1174-2022-7-4-124-137

BBEJAEHUE

Ha ocHOBe MOJIEKYJIADHOTO AM3aiHA U U3YIEeHU
CBSI3U «CTPYKTypa — apbuHUTET K GEH30/[Ma3EIIHO-
BBIM peLEeNTOpaM — QHAIBrEeTUYECKas aKTUBHOCTH»
ObLIa CIPOTHO3WPOBAaHA U CHHTE3MPOBAHA HOBas
MOJIEKyJIa — MeTWI-2-(7-HUTPO-2-0KCO-5-PeHUI-3-
NPOMOKCHU-2,3-AUTUApPO-1H-0eH-
30[e] [1,4] nnazenun-1-wr)anerat (mudp PAV-0056).
CoracHO pe3yJibTaTaM MOJIEKYJIIPHOTO JIOKHHTa
coenuHenne PAV-0056 siBJIsieTCS aHTarTOHUCTOM Opa-
JAMKHHUHOBOTO perenTopa 1-ro tTuna (B) [1].

Coenunenne PAV-0056 oka3bIiBaeT B 3KCIEPU-
MEHTe BBIPAKEHHOE AHAIBTETUUECKOE JEHCTBHE:
MPEMATCTBYET PA3BUTHIO OOJIEBBIX PEAKIINN B OTBET

INTRODUCTION

Based on molecular design and studying the
“structure—affinity for benzodiazepine receptors —
analgesic activity” relationship, a new molecule,
methyl-2-(7-nitro-2-oxo-5-phenyl-3-propoxy-2,3-
dihydro-1H-benzo[e][1,4]diazepin-1-yl)acetate
(codenamed PAV-0056) was predicted and synthe-
sized. According to the results of molecular docking,
the PAV-0056 compound is bradykinin type 1 recep-
tor (B) antagonist [1].

The compound PAV-0056 has a significant anal-
gesic effect in the experiment: it prevents the devel-
opment of pain in response to intraperitoneal injec-
tion of acetic acid solution, subplantar administra-
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Ha BHYTPUOPIOIIIMHHYI0 HHBEKITHIO PACTBOPA YKCYC-
HOH KHUCJIOTHI, CyOILUTaHTapHOE BBeJeHMe OpauKu-
HuHA U popmanuHa [2]. B mo3ax 0.1-1 MI/Kr 3TO
BEIIIECTBO HE YCTYIAET 10 BhIPA’KEHHOCTH aHaJIbre-
THYeckoro 3¢ dekra IukI0peHaKy HaTpUsA U TpaMa-
J10J1y B 3(P(HEKTUBHBIX 7103aX 10 U 20 MT/KT' COOTBET-
ctBeHHO [2]. ITpomsBogHOE 1,4-0€H30/1Ma3EH-2-
oHa PAV-0056 TOpMO3UT 5KCCyZAINIO ITIPU SKCIIEPU-
MEHTJIPHOM BOCHAJIEHUU, BEI3BAHHOM OpaIMKUHU-
HOM, He IIOBPEXKIAET CIIU3UCTYI0 000I0UKY JKETyIKA
B /103ax 70 50 MT/Kr (500 TepameBTUUECKUX /103).
Jna  coeguHeHuss PAV-0056 He XapakTepHBI
3¢ dekTsl TPOUBBOAHBIX 1,4-O0eH307a3enHA —
AHKCUOJIUTUYECKUH, CEIaTUBHBIH, CHOTBOPHBIA M
LeHTPaJIbHBI MUOPEJIAaKCUPYIOIIUH, OTCYTCTBYET
aAAUKTHUBHBIN ToTeHnual [3].

N3yuyenve papMakKOKHHETUKU HOBBIX (papMako-
JIOTHYECKN AaKTHUBHBIX BEIEeCTB B JKCIIEPUMEHTE
sABJIseTcs 00s3aTeTbHBIM 3TAllOM IIPU pa3paboTke
OPUTUHAIBHBIX JIEKAPCTBEHHBIX CPEICTB. JTU IKC-
[IepUMEHTAIbHBIE JIAHHBIE HEOOXOAUMBI I IIPO-
THO3UPOBAHMUSA IIyTH BBEJEHUSA U JI03bI JIEKAPCTBEH-
HOTO CpEJICTBa, Pa3pabOTKH ONTUMAJIBHOU JIeKap-
CTBEHHOH (OPMBI, 06eCIIeunBaIOIIeN HEOOXOIUMYIO
OMOMOCTYITHOCT, W (PapMaAKOJIOTHYECKYI) AKTHB-
HOCTb [4, 5].

[TpencrapiseTcs akTyaJbHBIM U3ydeHue papma-
KOKMHETHKHA HOBOTO IIPOW3BOJHOTO 1,4-OeH30/11a-
3enuH-2-0Ha (PAV-0056) y KPBIC IIPU Pa3HBIX MyTIX
BBEJIEHUS.

ITEJIb UCCJIE/IOBAHU A

OneHuth (apMaKOKMHETHYECKHE TIMapaMeETPBHI,
OHOJTIOCTYITHOCTh M TPAaHCMEMOpPAHHBIH TPAHCIIOPT
MMPOU3BOJIHOTO 1,4-0eH30/1Ha3ennH-2-0Ha PAV-0056.

MATEPUAJIBI 1 METO/bI

Coenunenne PAV-0056 mpenocTaBieHO 1
HCCIIEOBAHUS KOMITaHUEeH-TIpaBoobJIaiaTesieM.
Mot mpbleir u kpoic addexruHas gosa (ED, )
coequHenusi PAV-0056 B 3aBHCUMOCTU OT MOJEIU
0oy cocraBysieT 0.01—1 MTI/KT, IOJIyJIeTaabHas
J03a (LDSO) — GoJiee 2000 MT/KT.

IKCIEePUMEHTHI TPOBOJIWJIN Ha 160 CBOOOIHBIX
OT TIaTOTeHHOW (JIOPHI KpbICaX-caMIlaX CTOKa
Sprague Dawley maccoii Tena 250—300 T (Bo3pact
1.5—3 Mec). Kpsic coziepkanu B 6apbepHOM BUBapUU
B IUIACTUKOBBIX KjIeTKax (1o 5 ocobei) mpu TeMrie-
parype 20—26 °C, OTHOCUTEJIbHOHN BJIAKHOCTU BO3-
Jyxa 30—70 %, BO3AyxooOMeHe 15 0OBEMOB/4 U
peryimpyemMoM CBETOBOM pexkuMe (12:12 1). Hccire-
JIOBaHUE OJIOOpPEHO JIOKAJbHBIMUA STUUYECKUMHU
KOMHUTETaMH, IIPOBE/IEHO B COOTBETCTBUH C MTOJIOKE-
HUAMU EBpONEericKOW KOHBEHITUHU 110 3aIuTe J1abo-

tion of bradykinin and formalin [2]. At doses of 0.1—1
mg/kg, this substance is not inferior in the severity of
the analgesic effect to diclofenac sodium and trama-
dol at effective doses of 10 and 20 mg/kg, respec-
tively [2]. The 1,4-benzodiazepin-2-one derivative,
PAV-0056 inhibits exudation in bradykinin-induced
inflammation and does not damage the gastric
mucosa at doses up to 50 mg/kg (500 curative doses).
The PAV-0056 compound is not characterized by the
effects of 1,4-benzodiazepine derivatives — anxio-
Iytic, sedative, hypnotic and myorelaxant; there is no
addictive potential [3].

Experimental studying the pharmacokinetics of
new pharmacological active substances is a manda-
tory stage in the development of original drug.
These experimental data are necessary to predict
the route of administration and dose of a drug, and
develop the appropriate dosage form that provides
the necessary bioavailability and pharmacological
activity [4, 5].

It seems relevant to study the pharmacokinetics of
a new 1,4-benzodiazepin-2-one derivative (PAV-
0056) in rats using different routes of administration.

AIM OF THE RESEARCH

To evaluate the pharmacokinetic parameters,
bioavailability and transmembrane transport of the
1,4-benzodiazepin-2-one derivative, PAV-0056.

MATERIALS AND METHODS

The PAV-0056 compound was provided for
research by the copyright holder. For mice and rats,
the effective dose (ED50) of the PAV-0056 compound
depending on the pain model is 0.01—1 mg/kg, the
50% lethal dose (LD, ) is more than 2000 mg/kg.

Experiments were carried out on 160 pathogen-
free male Sprague Dawley rats weighing 250-300 g
(age 1.5—3 months). The rats were kept in a vivarium
in plastic cages (5 animals each) at 20—26°C, relative
airhumidity of 30—70%, air exchange of 15 volumes/h
and controlled light conditions (12:12 h). The study
was approved by Local Ethical Committees and con-
ducted in accordance with the provisions of the
European Convention for the Protection of Verte-
brate Animals used for Experimental and other Sci-
entific Purposes (Strasbourg, 1986) in compliance
with the principles and rules of Good Laboratory
Practice. To exclude the influence of food on phar-
macokinetics, animals fasted for 16 h before the start
of the experiment.

The 1,4-benzodiazepin-2-one derivative (PAV-
0056) was administered once into the stomach of
rats at doses of 0.1, 1 and 10 mg/kg in 0.5 ml of a 1%
aqueous solution of polyvinylpyrrolidone (Ashland
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paropHbIX KUBOTHBIX (CTpacOypr, 1986) ¢ cobitroze-
HHUEM MPUHIHIIOB ¥ MPaBUJI HAJIeKaIen yabopa-
TOPHOW TPAKTUKHU. J[[JIsI WCKIIOUeHUs BIIUSHUSI
Uiy Ha GapMaKOKUHETHKY *KUBOTHBIE TOJIOHAITN B
TeueHUe 16 U 10 Hauayia SKCIIepUMeHTa.

[TpousBosHOe 1,4-6eH30nMa3enuH-2-0Ha (PAV-
0056) BBOJIMJIM OJHOKPATHO KPBHICAM B JKEJIYZIOK B
J103ax 0.1, 1 ¥ 10 MT'/KT B 0.5 MJI 1% BOJIHOTO pac-
TBOpa mnosmBHHUINUpposauaoHa (Ashland Inc.,
CIIA). Joswr BemectBa PAV-0056 BbIOpaHbl Ha
OCHOBaHHU Pe3yJIHTATOB PAHEe IPOBEIEHHBIX HCCIIe-
JIOBAaHWM aHAJIbIeTUUECKOU aKTUBHOCTH (Uama3oH
3P PEeKTUBHBIX /103 0.1—1 MI/KT) U TOKCHYHOCTH
(MakcuMasnpHas IepeHOoCHMas 1032 IPH MHOTO-
kpaTHOM BBeZieHuu 10 Mr/kr). CoemuHenue PAV-
0056 BBOAWIN KpbICAM BHYTPUBEHHO B JI03€
0.004 MT'/KT B 0.3 MJI 1% BO/THOT'O PACTBOpA ITOJIUBHU-
HWIMUpPpoaugoHa. OrpaHUYeHUs B 103€ BBOAUMOTO
B BEHY BEIECTBA CBA3AHBI C €0 HU3KOU PACTBOPU-
MOCTBIO U IIPEJIEJIBHO JIOIYCTUMBIM 00BEMOM KU~
KOCTH JIJIsl UHBEKIUH.

Il 3abopa KPOBHU KPHIC TTIOMEIAIN Ha 3 MUH B
KaMepy, IIOCTEIEHHO 3aIOJIHAEMYI0 TUOKCHUIOM
yriIepo/ia, puKCUpoBan oTepio pediekcos, Gpaiu
KPOBb U3 MOJIOCTH CEP/IIA U BHIBOAWIN U3 SKCIEPHU-
MeHTa [IEPBUKAIIBHOH Jiuciokaruei. [Ipu BBegeHUN
coenuHeHUsA PAV-0056 B KeJyZIoK IPOOBI KPOBU
Opasty 10 HavasIa SKCIepUMEHTA U uepes 15, 30, 60,
120, 240, 480, 960 U 1440 MHUH IIOCJ€ BBEIEHUSA
BeIl[eCTBA, IIPU BHYTPUBEHHOM BBEIEHUU — /IO UHB-
eKIIUU U Jepes 5, 15, 30, 60, 120, 240, 480 U 1440
MUH II0CJIe BBE/IEHUA. BpeMeHHbIe TOUKH BBIOPAHBI
Ha OCHOBAHUM IPEIbIAYIINX MUIOTHBIX UCCIIEI0OBA-
HUil (apMakOKUHETUKH coeAuHeHUus PAV-0056.
B kaxJ101f BpeMeHHOU TOUKe 3a00p KPOBH IIPOU3BO-
JIWJICA Y 5 KPBIC.

OO0pas1bl KPOBU COOHMpPAIN B MPOOHUPKHU C Trema-
pusom Hatpus (50 EJl/mun). [lirazmy nostyganu meH-
TpudyrupoBaHueM MpU 1500 g B TeUeHHUe 15 MUH,
nomeranu B npobupku Eppendorf, memeznmeHHO
3aMOPAKUBAIN B JKHUJIKOM a30Te U XPAaHWIU IIPU
TeMiieparype —70 °C 10 TPOBeIeHUs aHAIN3A.

s omnpeneneHuss KOHIIEHTPAIIMU IIPOU3BO-
JHOrO 1,4-OeH307MasenuH-2-0oHa PAV-0056 B
IIa3Me HCIOJIb30BaIn Macc-criekrpomerp QTRAP
4500 (AB Sciex, CIITA) B KOMILJIEKCE C KUIKOCTHBIM
xpomarorpadom Infinity 1260 (Agilent Technologies,
Inc., CIIA). Xpomatorpaduueckoe pasziesieHne
IIPOBO/IMJIA HA aHAJIUTUYECKON KOJIOHKE PazMepoM
75x2 MM, 3ar0JHEHHON copbeHToM ProntoSil-120-
5-C18 AQ ¢ guamerpom uacrun 5 MM (OO0 UX
«9xoHoBa», Poccusi) B pexxume M30KPATHIECKOTO
BJIIOUPOBAHUA. [y KUJKOCTHO->KUJIKOCTHOH BKC-
TpakIuu OHOJIOTHYeCcKre 00pasIlbl IepeMelnBaIu

Inc., USA). Doses of PAV-0056 were selected based
on the results of previous studies of analgesic activ-
ity (effective dose range 0.1—1 mg/kg) and toxicity
(maximum tolerated dose with multiple dose of
10 mg/kg). The compound PAV-0056 was adminis-
tered intravenously to rats at a dose of 0.004 mg/kg
in 0.3 ml of a 1% aqueous solution of polyvinylpyr-
rolidone. Limitations in the dose for intravenous
administration are associated with its low solubil-
ity and the maximal permissible volume of liquid
for injection.

To take blood samples, rats were placed for 3 min
in a chamber gradually filled with carbon dioxide;
loop of reflexes was recorded; blood was taken from
the heart cavity, and the animals were euthanized by
cervical dislocation. When PAV-0056 was adminis-
tered into the stomach, blood samples were taken
before the start of the experiment and 15, 30, 60,
120, 240, 480, 960 and 1440 min after administra-
tion of the substance; intravenously — before admin-
istration and 5, 15, 30, 60, 120, 240, 480 and
1440 min after administration. The time points were
selected based on previous pilot studies of the phar-
macokinetics of PAV-0056. At each time point, blood
was taken from 5 rats.

Blood samples were collected in test tubes con-
taining heparin sodium (50 U/ml). Plasma was
obtained by centrifugation at 1500 g for 15 min,
placed in Eppendorf tubes, immediately frozen in
liquid nitrogen and stored at —70°C.

To determine the concentration of the 1,4-ben-
zodiazepin-2-one derivative, PAV-0056 in plasma,
a QTRAP 4500 mass spectrometer (AB Sciex, USA)
was used in combination with an Agilent 1260
Infinity chromatograph (Agilent Technologies,
Inc., USA). Chromatographic separation was per-
formed using a 75x2 mm column filled with a
ProntoSil-120-5-C18 AQ sorbent with a particle
diameter of 5 um (Institute of Chromatography
EcoNova, LLC, Russia) in the isocratic elution
mode. For liquid-liquid extraction, biological sam-
ples were mixed with 0.01 ml of 20% ortho-phos-
phoric acid solution and 1.5 ml of diethyl ester
using a Vortex V-3 laboratory shaker (Elmi Ltd,
Latvia). The aqueous organic phase of the sample
was precipitated in an SL 16 centrifuge (Thermo
Scientific Inc., Germany). The organic solvent was
evaporated in a RVC 2-18 CDplus vacuum concen-
trator (Martin Christ Gefriertrocknungsanlagen
GmbH, Germany).

Chromatographic analysis was performed under
the following conditions: mobile phase — 0.1% solu-
tion of formic acid in acetonitrile (0.25 ml of 98%
formic acid solution was diluted to a total volume
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¢ 0.01 M1 20% pactBopa opTodochOPHON KUCIOTHI
U ¢ 1.5 MJI JUSTWIOBOTO 3dupa Ha 1abopaTopHOM
metikepe Vortex V-3 (Elmi Ltd, JlaTBus). BoaHo-
opraHuyeckymo (asy obpasna ocakaiu B IeHTPH-
dyre SL 16 (Thermo Scientific Inc., T'epmanus).
OpraHuyvecKuii paCTBOPUTEJIb YIIAPUBAJIA B POTAIIH-
OHHOM BakyyMHOM KoHUeHTpaTope RVC 2-18
CDplus (Martin Christ Gefriertrocknungsanlagen
GmbH, I'epmanus).

XpomarorpaduuecKkuil aHAJIU3 MPOBOJIUIN TIPU
CJIeTyIONUX YCJIOBUAX: TOABMXKHasA ¢daza — 0.1%
pacTBOp MypaBBUHOW KHCJIOTHI B alleTOHUTPUIIE
(0.25 M1 98% pacTBOpa MypaBbUHOU KUCJIOTHI IOBO-
JUAUTH aIllETOHUTPHJIOM JI0 00111ero obbemMa 250 MI);
CKOPOCTh TIOTOKA 3JII0EHTAa — 0.4 MJI/MUH; 00beM
BBOZUMOH POOBI — 5 MKJI; CKOPOCTH BBOZIA ITIPOOBI —
200 MKJI/MUH; BpeMs aHaJU3a — 2 MUH; CpeHee
BpeMA yAep:KHUBaHUA coefuHeHUsa PAV-0056
COCTaBJIsIO 0.60 = 0.06 MHH; TUIl UOHU3AIUU —
TypOO3JIeKTpOCIpeld mpu arMochepHOM J1aBiie-
HUH (+); IETEKTUPOBAHUE — PEKUM MHOKECTBEH-
HBIX MOJIEKY/ISApHBIX peaknuii (MRM); ananusupye-
Mble Tepexonibl — Mm/zZ 412.0 — 324.0; 2HEPrus
coymapeHus — 31 5B; TemmepaTypa HCTOYHHKA
HOHOB — 350 °C; HampsKeHHEe NCTOYHUKA UOHOB —
5400 B. MeTronuka KOJIMYEeCTBEHHOTO OIIpe/ieIeHUA
BemiectBa PAV-0056 B 11a3Me KpbIC ObLiIa BIIEPBBIE
paspaboTaHa W BaJTUAWUPOBAHA IEPEN HCCIEIOBA-
HHEeM coryiacHO TpeboBanussM EMA u FDA [6, 7].

Xpomarorpaduueckre JJaHHbIE 00pabaTHIBAIN C
IIOMOIIbI0 TIPOTPaMMHOTO obOecrieueHuss Multi-
Quant 3.0 (AB Sciex, CIITA). Konnenrtpamuu PAV-
0056 pacCUUTHIBAIIM METOZOM abCOJIIOTHON Kayiu-
O6poBkH 1o TwIOIAAu nukKa PAV-0056 (y = kx + b).
Ha ocHOBaHUU IOJIyYeHHBIX 3HAUEHUN KOHIIEHTpA-
IUH OBLIU TIOCTPOEHBI YCpeTHEHHbIe (hapMaKOKIHe-
TUYeCcKue Mpoduiu.

PacuerHbrii  K03bQUIIMEHT  pacupeneseHus
H-oKTaHoJ1/Boja log P ana PAV-0056 BhIUMCISIN
¢ mnomompo mporpamMmbl  ChemDraw  Ultra
v.12.0.2.1076 (PerkinElmer Inc., CIIIA).

[Iponunaemocts coeauHeHuss PAV-0056 uepes
KJIETOYHBII MOHOCJION H3ydayil Ha 21-JHEBHOU
KyJbType KJIETOK KOJIOPEKTAJIbHOH aJ/IeHOKapIu-
HoMmbl (Caco-2) ¢ moMomplo Tecr-cucreMbl Multi-
Screen (Millipore Corp., CIITA). KyabpTypy KieTox
rosydayii U3 POCCHUHCKON KOJUIEKIMH KJIETOUHBIX
KYyJIBTYP NMO3BOHOYHBIX HcTUTYTa tutosoruu PAH
(r. Caukr-IlerepOypr). Coemunenue PAV-0056
7100aBJIsAIN B KOHITEHTpanuu 1 MKM U B TeueHUe 2 4
MU3yJYaJIM €r0 TPAHCIOPT B mpsAMoM (A—B, or amu-
KaJIbHOU K 6a3osiaTepasibHOH MeMOpaHe, CBoOOIHAas
muddysusa) u obpaTHoM HampapieHuu (B—A, or
6asosiaTepasIbHON K aNMKaJbHOM MeMOpaHe, CBO-

of 250 ml with acetonitrile); eluent flow rate —
0.4 ml/min; sample volume — 5 pl; sample adding
rate — 200 ul/min; analysis time — 2 min; the aver-
age retention time of PAV-0056 — 0.60 + 0.06 min,;
type of ionization — turbo electrospray at atmo-
spheric pressure (+); detection — multiple molecu-
lar reaction mode (MRM); study transitions — m/z
412.0 — 324.0; collision energy — 31 eV; ion source
temperature — 350°C; ion source voltage — 5400 V.
The PAV-0056 quantification method in rat plasma
was first developed and validated before the study
according to the requirements of the EMA and FDA
(6, 71.

Chromatographic data were processed using
MultiQuant 3.0 software (AB Sciex, USA). PAV-0056
concentrations were calculated using the absolute
calibration method based on the peak area of PAV-
0056 (y = kx + b). Based on concentration values we
obtained, averaged pharmacokinetic profiles were
plotted.

The n-octanol/water partition coefficient, log P
for PAV-0056 was calculated using ChemDraw Ultra
v.12.0.2.1076 (PerkinElmer Inc., USA).

The permeability of the PAV-0056 compound
through a cell monolayer was studied on a 21-day
cell culture originated from colorectal adenocarci-
noma (Caco-2) using a MultiScreen plate (Milli-
pore Corp., USA). The cell culture was obtained
from the Russian collection of vertebrate cell cul-
tures of the Institute of Cytology of the Russian
Academy of Sciences (St. Petersburg). PAV-0056
was added at a concentration of 1 uM, and its
transport in the onward direction (A—B, from api-
cal to basolateral membrane, free diffusion) and
reverse direction (B—A, from basolateral to apical
membrane, free diffusion and active transport
with the participation of P-glycoprotein) was stud-
ied for 2 h [8]. PAV-0056 is a lipophilic aromatic
compound, molecular weight of 411.4 Da, the mol-
ecule contains H-bonds and a positively charged
atom of nitrogen at physiological pH values. Sub-
stances with these characteristics are substrates of
P-glycoprotein [9]. In this regard, it was relevant
to study whether the PAV-0056 compound is a
substrate of this transporter.

As control compounds, we used a substance with
low intestinal permeability — ranitidine, a com-
pound with high permeability — propranolol and a
P-glycoprotein substrate — rhodamine 123 (all by
Sigma-Aldrich, USA). The effect of P-glycoprotein
on the transmembrane molecular transport of PAV-
0056 was assessed after adding the inhibitor of this
transporter, cyclosporine A, to the medium of incu-
bation [9].
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6omuas auddysus U aKTUBHBIA TPAHCIIOPT C y4a-
ctueM riukornporenHa P) [8]. PAV-0056 sBisiercs
JUNOGUIbHBIM apPOMAaTUYECKUM COEAUHEHUEM C
MOJIEKYJIIDHON Maccoll 411.4 /la, B MoJieKyJie IIpu-
CYTCTBYIOT BOJIOPOJIHBIE CBSI3M U ITOJIOKUTEJIBHO
3apsUKeHHBIM aTOM a30Ta HPU (QU3UOJIOTUUECKHUX
3HaueHuAX pH. BemecTBa ¢ TaknMu XapaKkTepUCTHU-
KaMH SIBJISIIOTCS cyOcTparamu IyinKonporernHa P [9].
B cBsA3M ¢ 5TUM OBUIO aKTyaJIbHBIM U3YYUTH, SIBJIs-
ercsi yiu coeguHeHne PAV-0056 cybcrpaTtom maH-
HOTO TpaHCIIopTepa.

B xauecTBe KOHTPOJIBHBIX COEIUHEHUN UCIIOJIb-
30BaJIU BEMIECTBO C HU3KOU KUIITEYHOH ITPOHUIIae-
MOCTBI0O — DPAHUTUJUH, COEAUHEHHE C BBICOKOH
MPOHUIAEMOCTBI0O — TPOIPAHOJION U CyOCTpaT
rauKonporenHa P — pomamun 123 (Bce — Sigma-
Aldrich, CIIIA). BiausiHue riaukomporenHa P Ha
TpaHCMEeMOpPaHHBIH TPAHCIOPT MOJeEKya PAV-
0056 OIlEHUBAJIU TOCJe J00aBJIEHUS B CpPeny
WHKyOalMd WHTUOUTOpa HSTOTO TpPaHCIOPTepa
nukjaocnopuna A [9].

Koaddumnuent xaxymencs NTPOHUIAEMOCTU
(Papp, cM/c) BBIUHCISAIHU IO ciaeaywoined ¢op-
myJie [10]:

b v, [ €O
ap ~ | Area - Time C,(0) |

rae V, — o6beM (M) B aKLIENTOPHOM JIyHKE, PaBHbIM
0.25 VI TPAHCIIOPTA B IPSIMOM HampaBjaeHuu A—B
“ 0.09 JUIsl TPaHCIOpTa B 0OpaTHOM HAaIpaBJIEHUH
B-A;

Area — mIOIIa[b MOBEPXHOCTH, COCTABJIAIONIAS
0.11 cM? 1111 96-JIYHOYHOTO IJIaHIIIeTa;

Time — BpeMms TpaHcmopTa (7200 c);

C,(t) — mromaznb oA XpoMaTOrpapuYecKuM
IIUKOM aHaJIUTa, HOPMHUPOBAHHAs HA CUTHAJ BHY-
TpeHHero craHzapTa Tosoyramuza (Sigma-Aldrich,
CIIA) B KOHIIEHTPAIIUH 100 HT/MJI B aKIIENTOPHOU
JIyHKE TI0CJIE DKCIIEPUMEHTA;

C,(0) — mnomans 1OJ XpoMaTorpapuYecKuM
[IMKOM aHAJINTa, HOPMHUPOBAaHHAsA HA CUTHAJT BHY-
TPEHHEro CTaH/iapTa TOJA0yTaMuia B KOHIIEHTPAITUU
100 HI'/MJI B JOHOPHOH JIYHKE.

VHeke acMMMeTpHUU TPAHCIOPTA OIpPEAesIsIn
KaKk YacTHOe OT JejeHus KodhUIMEeHTa KaKy-
Iercsl TPOHUIIAEMOCTH B o6paTHOM B—A u mpsiMmom
A-B HampaBJIeHUSX.

dapMaKOKUHETHUECKHE T0KA3aTeTU PACCUUTHI-
BaJin C MOMOIIBI0 mporpammbr Microsoft Excel
(Microsoft, CIIIA). [TaHHbIE, TOAUNHAIOIINECS HOP-
MaJIbHOMY 3aKOHY pacIpeiesIeHusI, IPeCTaBIeHbI B
BU/JIE CPeJTHEr0 3HAYEHUsI U CTAH/IAPTHOTO OTKJIOHE-
Huss (M + SD), He HOAUUHSAIOIINECS — B BHJIE MeIM-
ane! (Me) u uHTEpKBAapTHWILHOTO paszmaxa (Q1; Q3).

The apparent permeability coefficient ®,,, cm/s)
was calculated using the following formula [10]:

oo ( v, M ) ]
app Area - Time ) | C,,(0)
where V, — volume (ml) in the acceptor well, equal to
0.25 for transport in the A—B and 0.09 for transport
in the B—A directions;

Area — surface area of 0.11 cm? for a 96-well plate;

Time — transport time (77200 s);

C,(t) — area under the chromatographic peak of
the analyte, normalized to the signal of the reference
value of tolbutamide (Sigma-Aldrich, USA) at a con-
centration of 100 ng/ml in the acceptor well after the
experiment;

C,(0) — area under the chromatographic peak of
the analyte normalized to the signal of the internal
standard tolbutamide at a concentration of 100 ng/
ml in the donor well.

The transport asymmetry index was determined
as the quotient of the apparent permeability coeffi-
cient in the B—A and A-B directions.

Pharmacokinetic parameters were calculated
using Microsoft Excel (Microsoft, USA). Normally
distributed data are presented as the mean and stan-
dard deviation (M + SD), non-normally distributed
ones — as the median (Me) and interquartile range
(Q1; Q3). Differences between samples were assessed
in the first case using the Student t-test, and in the
second case using the Mann-Whitney U-test [11].
Differences were considered statistically significant
at p < 0.05. The magnitude of the linear relationship
(correlation) between two normally distributed vari-
ables was assessed using the coefficient of linear
determination (R?).

RESULTS AND DISCUSSION

After a single administration into the stomach of
rats of the 1,4-benzodiazepin-2-one derivative,
PAV-0056 at doses of 0.1, 1 and 10 mg/kg, its
plasma concentration reached a maximum (T )
after 0.8-1.3 h and amounted to 1.4, 13 and
305 ng/ml, respectively (Fig. 1). This is consistent
with the data on the pharmacodynamics of the sub-
stance obtained during previous studies. The PAV-
0056 compound has a significant anti-inflamma-
tory effect on the bradykinin-induced edema model
1.5 hours after administration and exhibits a maxi-
mum analgesic effect in the formalin test 15—45 min
after administration [2]. The lower limit of quantifi-
cation of the analytical method for PAV-0056 in rat
plasma was 0.1 ng/ml. The analgesic effect of the
PAV-0056 compound occurs at a plasma concen-
tration of 1 ng/ml.

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

129



Anugopenko A.E. u dp. / Journal of Siberian Medical Sciences T. 7, N° 4 (2023)

Paznuus Meskry BRIOOpKaMU OIlEeHUBAJIUA B IIEPBOM
ciaydae 1o t-kpurteputo CThIOZleHTa, 2 BO BTOPOM —
mo U-kputepuio Manua — Yutuu [11]. Cratuctuye-
CK{ 3HAYUMBIMU CUNTAIN Pa3JIMYus Ipu p < 0.05.
BesnunHa JUHEHHOU CBA3U (KOPPEJIAIHA) MEXKITY
JIByMs TI€pEMEHHBIMHU, pacupesieJieHHe KOTOPBIX
MIO/TYMHSIJIOCh HOPMAJIbHOMY 3aKOHY pacIlipesiese-
HUf, OLEHUBAIN C TOMOIIbI0 Koadduimenra
JIMHEHHOH leTepMuHaruu (R?).

PE3YJ/IBTATDBI 1 OBCY KAEHUE

ITocste OHOKPATHOTO BBEIEHHS KPBICAM B 3KEJIy-
JTOK TIPOU3BOJTHOTO 1,4-0eH30/1Ma3ennH-2-0Ha PAV-
0056 B 7103aX 0.1, 1 ¥ 10 MT'/KT €ero KOHIIEHTPAIUs B
wiasme jgocrurasa makcumyma (T ) ugepes 0.8—
1.3 4 ¥ cocTaBjsia 1.4, 13 U 305 HI/MJ COOTBET-
CTBeHHO (puc. 1). DTO coryiacyercss ¢ JJAHHBIMH O
dbapmakoguHaAMUKE H3y4aeMOTO BEIECTBAa, IOJIy-
YeHHBIMH B paHee MPOBEIEHHBIX HCC/IEIOBAHUIX.
Coenunenne PAV-0056 o6samaer BBIpa:KEHHBIM
[IPOTHBOBOCIAIUTEILHBIM JI€HCTBUEM HA MOZEH
OpaIMKUHIHOBOTO OTeKa 4epe3 1.5 U Iocjie BBeJe-
HUS W TPOSBJISET MaKCUMAaJIbHBI aHaIbreTHye-
ckuii d3¢ddekT B (QOpPMATUHOBOM TECTE CITyCTs

350

300

250

200

150

Konnentpanus PAV-0056, Hr /M
PAV-0056 concentration, ng/ml

100

Systemic exposure (AUC — area under the con-
centration-time curve) of the PAV-0056 com-
pound in administration at a dose of 0.1 mg/kg
into the stomach was 2.0 (0.6; 50.9), at a dose of
1 mg/kg — 64.6 + 23.1, at a dose of 10 mg/kg —
1764 + 641.3 ng x h/ml (Table 1). The maximal
plasma concentration C_, and systemic exposure,
AUC increased linearly when the dose of PAV-
0056 was increased to 100 curative doses. The
coefficients of linear determination R* are close
to 1 and amount to 0.9976 and 0.9767, respectively
[12], which indicates the predictability of changes
in concentration in response to an increase in
studied dose range (Fig. 2 and 3). This is consis-
tent with the dose dependence previously revealed
of the analgesic effect of PAV-0056 in the formalin
test [2].

In Fig. 4 shows the averaged pharmacokinetic
profile of PAV-0056 in the plasma of rat after a
single intravenous administration at a dose of
0.004 mg/kg.

The calculated initial plasma concentration of the
PAV-0056 compound in rat after a single intrave-
nous administration at a dose of 0.004 mg/kg was

10 mr/kr (mg/kg)
1 mr/kr (mg/kg)
0.1 mr/kr (mg/kg)

0 4 8 12

16 20 24

Bpems, 4 / Time, h

Puc. 1. YcpenHeHHble hapMaKOKUHETHUECKHE TPO(UIN IIPOU3BOTHOTO 1,4-0eH301na3enuH-2-0Ha PAV-0056
B IJIa3Me KPOBH KPBIC IIOCTIE OTHOKPATHOTO BBEJIEHUS B JKEJIYOK B /103aX 0.1, 1 ¥ 10 MI/KT (n = 5)
Fig. 1. Averaged pharmacokinetic profiles of the 1,4-benzodiazepin-2-one derivative, PAV-0056 in the blood plasma
of rats after a single administration into the stomach at doses of 0.1, 1 and 10 mg/kg (n = 5)
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Ta6una 1. PapmakoKMHeTHYeCKUE TOKa3aTe Iy NPpou3BogHoro 1,4-6eH3soaunasenuH-2-ova PAV-0056 nocsie 0JHOKpaTHOTO

BBeJIeHHUs B XKeJIYZI0K KpbicaM B fj03ax 0.1, 1 u 10 Mr/kr

Table 1. Pharmacokinetic parameters of the 1,4-benzodiazepin-2-one derivative, PAV-0056 after a single administration into

the stomach of rats at doses of 0.1, 1 and 10 mg/kg

IMoka3aTenb
Indicator

Jo3a PAV-0056, mr/kr / Dose of PAV-0056, mg/kg

MakcuMasibHas KOHLeHTpauus B mia3me (C ), Hr /M

Maximal plasma concentration (C__ ), ng/mlmax

BpeMms focTKeHuss MaKCUMasbHOM KoHIeHTpanuu (T ), 4
Time to reach the maximal concentration (T, ), h

[lnomaab nofi KpUBOH «KOHIeHTpanus — BpeMs» (AUC ), Hr x u/Mi

Area under the concentration-time curve (AUC, ), ng x h/ml
[lepuof nosysnuMuHaL U (T1/z)' 4

Half-life (T, ), h

Cxopoctb BcacbiBanus C  /AUC 4

Absorptionrate C_ /AUC_ h

0.1 1 10

1.4 (1.3;14.9)* 13.0+4.7* 304.9 £ 62.6
0.8(0.4;1.3) 1.3+0.7 1.3+0.8

2.0 (0.6; 50.9)* 64.6 +23.1* 1764.0 £ 641.3
13.0x6.1 3.5+£1.6% 4.9 £ 3.0**
0.67 (0.56; 1.11) 0.21 £ 0.08** 0.18 £ 0.06**

* CTaTUCTHYeCKH 3HAYMMble OTVIMYHS OT I0Ka3aTeJel pu BBeAeHUH BelectBa PAV-0056 B 1o3e 10 mr/kr (p < 0.05).
Statistically significant differences compared to the indicators in administration of PAV-0056 at a dose of 10 mg/kg (p < 0.05).
** CTaTUCTUYECKH 3HAUYMMble OTJIMYUS OT II0Ka3aTesel npy BBeJeHUH BemecTBa PAV-0056 B no3se 0.1 mr/kr (p < 0.05).
Statistically significant differences compared to the indicators in administration of PAV-0056 at a dose of 0.1 mg/kg (p < 0.05).

15—45 MUH mocie BBeneHus [2]. HwkHUN mpenen
KOJINUECTBEHHOTO  OIpEeZe/IEHUs] aHAJUTUYECKOU
METOJIMKM /I BellecTBa PAV-0056 B m1asme KpbIc
COCTaBJIsT 0.1 Hr/MJI. AHAJIBreTHYecKud 3pGeKT
coenuHeHUs PAV-0056 HaunMHaeT NPOABJIATHCS YKe
MIPY KOHIIEHTPAIIUH B IIJIa3Me 1 HT/MJI.

CucremHas skcnosuiusg (AUC — mromazb Mof,
KPDUBOU «KOHIIEHTpAIlUsi — BPEMsA») COeAMHEHUs
PAV-0056 npu BBeZIEHUH B 7I03€ 0.1 MI'/KT KpbICaM B
JKeJTyJTOK cocTapisiia 2.0 (0.6; 50.9), B 103€ 1 MT/KT —
64.6 + 23.1, B 7103€ 10 MT/KT — 1764 + 641.3 HT X 4/MJI
(rabsm. 1). MakcumanpHas Koumenrpamua C B
mwia3Me u cucremHas skcrnozunus AUC npu yBenu-
4eHUH 71036l BellecTBa PAV-0056 /10 100 TepaneBTH-
4ecKUX /103 Bozpactaiu yiuHelHo. KoadduimeHnTsl
JIMHEWHOU JieTepMHUHANU R? OJIM3KH K 1 U COCTaB-
JISTIOT 0.9976 U 0.9767 COOTBETCTBEHHO [12], 4TO yKa-
3pIBAa€T HA IPEJCKA3yeMOCTh W3MEHEHUsI KOHIIEH-
TpalM¥ B OTBET HA YBEJIUUYEHHE JIO3bI B HCCIIEA0OBAH-
HOM Juarna3oHe (puc. 2 u 3). ITO COTJIacyeTcs ¢ ycTa-
HOBJIEHHOU paHee 0303aBUCUMOCTHIO aHATbTeTHYE-
ckoro addekra coenunenuss PAV-0056 B popmanu-
HOBOM Tecre [2].

PacueTHas HavasibHAs KOHIIEHTPAIIUSA COE/IHHE-
HUsA PAV-0056 B I1a3Me KpbIC IIOCJIE OTHOKPATHOTO
BHYTPUBEHHOTO BBEZIEHUsI B /03€ 0.004 MT/KT
cocrapysia 66.4 (59.6; 70.7) HT/MJ, TIOKa3aTeslb
AUC 6bu1 paBeH 13.8 (12.4; 17.1) HT X 4/MJI, IEPUO/T
MOJIySJIMMUHAIINHT — 0.5 + 0.4 4 (Tab1. 2).

Ha puc. 4 npezcrasiieH ycpeHeHHbIN papMako-
KUHEeTH4YecKud mnpoduiab BemecTBa PAV-0056 B
IUIa3Me KPBIC TIOCJIE OJTHOKPATHOT'O BHYTPUBEHHOTO
BBEJIEHUS B J103€ 0.004 MT/KT.

66.4 (59.6; 70.7) ng/ml, AUC was 13.8 (12.4; 17.1)
ng x h/ml, half-life — 0.5 + 0.4 h (Table 2).

The molecule of PAV-0056 is a weak base; its
structure does not contain radicals with acidic prop-
erties; at pH > 7, the substance is predominantly in a
non-ionized state. The gastric emptying time in rats
does not exceed 20 min [13], therefore, the rapid
achievement of the maximal concentration (within
1 h) is due to simple diffusion of non-ionized mole-
cules of PAV-0056 in the proximal small intestine.

The penetration rate of a substance through the
small intestine epithelium depends on its lipophi-
licity. According to our data, compound PAV-0056
dissolves well in non-polar solvents. The n-octa-
nol/water partition coefficient, log P is 3.51, which
characterizes the PAV-0056 compound as lipo-
philic [14].

In an experiment with the Caco-2 cell culture, the
rate of PAV-0056 transport in the A—B direction
without cyclosporine A is comparable to that of the
value of lipophilic propranolol (log P = 3.03 [15]) and
significantly exceeds the value of the less lipophilic
ranitidine (log P = 0.3 [16] ]) (p < 0.05). For the
P-glycoprotein substrate, rhodamine 123, the asym-
metry index is >2 (actual value is 29.2) without
cyclosporine A and <2 (actual value is 1.29) after the
addition of cyclosporine A (Table 3). For the PAV-
0056 compound, the transport asymmetry index is
1.85. Consequently, the PAV-0056 substance does
not undergo active transport from a cell and is not a
substrate of P-glycoprotein [8].

Data obtained for Caco-2 cells suggest that the
combined use of the analgesic, PAV-0056 with
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Jlo3a PAV-0056, mr/xr | Dose of PAV-0056, mg/kg

Puc. 2. 3asucumocts C_ 0T 103bI IPOU3BOJHOTO 1,4-0eH30/Ma3ennH-2-0Ha PAV-0056 B J1a3Me KPOBU KPBIC
ocJie OJTHOKPATHOTO BBEJIEHHUS B JKEJIY/IOK B /103aX 0.1, 1 ¥ 10 Mr/KT (n = 5)
Fig. 2. Dependence of C__ on the dose of the 1,4-benzodiazepin-2-one derivative, PAV-0056 in the blood plasma
of rats after a single administration into the stomach at doses of 0.1, 1 and 10 mg/kg (n = 5)

Moznexkysna PAV-0056 siBsieTcs cabbIM OCHOBA-
HUEM, B €€ CTPYKTYPE OTCYTCTBYIOT PAIKAJIbI C KHC-
JIOTHBIMU CBOWCTBaMH, BelriecTBO 1ipu pH > 7 Haxo-
JIUTCSI TPEUMYIIECTBEHHO B HEWOHH3UPOBAHHOM
COCTOSIHMU. BpeMmsi  39BaKkyanuu  COZEPKHUMOTO
JKeJTyJIKa Y KPBIC He IIPEBBIIIAET 20 MUH [13], mosToMy
OBICTPOE JTOCTMIKEHWE MAaKCUMAaJIbHOU KOHIIEHTpa-
nuu (B TeyeHue 1 94) o0ycI0BJIeHO TTpocTor auddy-
3Uell HEMOHU3UPOBAaHHBIX MOJEKya PAV-0056 B
MIPOKCUMAJIFHOM OTZleJIe TOHKOTO KHUIIIEUHHUKA.

P-glycoprotein inducers and inhibitors will not
affect its plasma concentration and pharmacologi-
cal effect. This is especially important for the treat-
ment of pain in cancer patients taking anticancer
drugs, most of which are P-glycoprotein inhibitors
[9, 17]. Increased activity of P-glycoprotein in can-
cer should not reduce the analgesic activity of PAV-
0056.

Judging by the high total clearance (Cl) value
of 83.16 1/kg/h (a volume of plasma released from
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Jloza PAV-0056, mr/kr | Dose of PAV-0056, mg/kg

Puc. 3. 3aBucumocts AUC OT /103bI IPOU3BO/THOTO 1,4-0eH30/11a3enuH-2-ona PAV-0056
ocyIe OJTHOKPATHOTO BBEJIEHHUSA B JKEJIY/IOK B /103aX 0.1, 1 ¥ 10 MT/KT (n = 5)
Fig. 3. Dependence of AUC on the dose of the 1,4-benzodiazepin-2-one derivative, PAV-0056
after a single administration into the stomach at doses of 0.1, 1 and 10 mg/kg (n = 5)
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Ta6smmua 2. apMakoKMHETHYECKHE [T0Ka3aTes U MPOU3BoAHOro 1,4-6eH30auazenuH-2-oHa PAV-0056 nocsie ojHOKpaTHOTO

BHYTPUBEHHOI0 BBe/leHHUs KpbicaM B fo3e 0.004 mr/kr

Table 2. Pharmacokinetic parameters of the 1,4-benzodiazepin-2-one derivative, PAV-0056 after a single intravenous

administration to rats at a dose of 0.004 mg/kg

Iloka3aTessb / Indicator

Jannble / Data

HauanbHas koHnenTpanus B riasme (Cy), Hr /M
Initial plasma concentration (C ), ng/ml

[l1omazapb noj KpUBOK «KOHLEHTpanus — Bpems» (AUC ), Hr x 4/Mi1

Area under the concentration-time curve (AUC, ), ng x h/ml

[lnowazab noj KpUBOH «KoHIEeHTpanus-BpeMsa» (AUC ), HT x 4/mi

Area under the concentration-time curve (AUC, ), ng x h/ml

[lepuop nosyaiMMuHAU (Tl/z), y / Half-life (Tl/z), h

66.4 (59.6; 70.7)
13.8 (12.4; 17.1)

13.1 (11.2; 14.6)
0.5+ 0.4

CkopocTh IPOHUKHOBEHUs BEIIECTBA YePe3 AIIH-
TEJIUH TOHKOIO KHMIIEUHHKA 3aBHCHUT OT €ro JIMIIO-
¢wrbHOCTH. 10 HAMIMIM JAaHHBIM coeauHeHUe PAV-
0056 XOPOIIIO PAaCTBOPSIETCS B HEMOJISIPHBIX PACTBO-
puresisix. PacueTHbIH K03GPUITMEHT paclpeeeHus
H-OKTaHOJI/Bozia log P paBeH 3.51, UTO XapaKTepu-
3yeT coeiuHeHe PAV-0056 kak unoduiabHoe [14].

B skcnepumenTe ¢ KyabTypol kierok Caco-2
CKOPOCTh TpaHcmopTa coeauHeHus PAV-0056 B
HanpasieHnu A—B 6e3 nukiiocmopuHa A comocra-
BUMa C IOKazaTesjeM JUNO(GUIBHOTO IPOIPaHO-
snoina (log P = 3.03 [15]) u 3HaUUTEIBHO ITPEBOCXO-
JIAT TIOKa3aTes b MeHee JTUIMO(PUIFHOTO PAHUTH/THA
(log P = 0.3 [16]) (p < 0.05). 151 cyberpaTa TJIMKO-
nporerHa P pojaMuHa 123 WHJEKC aCHMMETPUH
cocrapyisier >2 (dakTuueckoe 3HAUEHUE 29.2) B
OTCYTCTBUH ITUKJIOCIIOpHHA A U <2 (dakTuueckoe
3HaYeHUeE 1.29) mocse 700aBAeHNUS TUKIOCIIOPUHA A

70
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50 1
4—0:-
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20 o

10 ‘\
- - T =

Konuentpanus PAV-0056, Hr/ma
PAV-0056 concentration, ng/ml

the substance every hour that significantly exceeds
the volume of plasma in rats), PAV-0056, if admin-
istered intragastrically, is rapidly eliminated from
the plasma, which is likely associated with the
activity of plasma esterases (there is an ester bond
in the structure of the PAV-0056 molecule) or the
distribution of the analgesic into tissues and
organs.

The apparent volume of distribution (V,) of the
PAV-0056 compound of 60 1/kg significantly exceeds
the volume of body fluids of a rat. This also indicates
possible plasma esterase-induced metabolism or
extravascular distribution of PAV-0056.

The absorption rate of PAV-0056 decreased as
the intragastrically administered dose increased
from 0.1 to 10 mg/kg. This limitation is caused by a
decrease in the completeness of dissolution of the
substance administered in large quantities (the sub-

I
0 4 8

T T T T
12 16 20 24

Bpewms, 4 / Time, h

Puc. 4. YcpenHeHHbIH GapMaKOKUHETHUECKUH TPOQUIH TPOU3BOAHOTO 1,4-0eH30/1na3enH-2-oHa PAV-0056
B IJIa3Me€ KPOBH KPBIC ITOCJIE OJHOKPATHOTO BHYTPUBEHHOTO BBEJIEHUS B ZI03€ 0.004 MT/KT (n = 5)
Fig. 4. Averaged pharmacokinetic profile of the 1,4-benzodiazepin-2-one derivative, PAV-0056 in the blood plasma
of rats after a single intravenous administration at a dose of 0.004 mg/kg (n = 5)
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Ta6smmua 3. [[poHKUIIaeMOCTh U aCHMMETPHS TPAHCIIOPTa BellecTB Ha Mojesu Caco-2
Table 3. Permeability and asymmetry of transport of the substance on the Caco-2 model

HNHpekc ACUMMETpHUHA

BemecTBO P A-B,x10°%cm/c P__B-A,x10°cM/c  TpaHcmoprta I[IpoHuTaeMocTh
app app re

Substance (cm/s) (cm/s) Transport asymmetry Permeability

index

PAV-0056 20.5+£0.52* 37.9+£8.30 1.85 Boicokas / High

PAV-0056 + nuksocnopuH A 29.9 + 0.86 27.5+1.27 0.92 Bricokas / High

PAV-0056 + cyclosporine A

Popamun 123 0.31+£0.01 8.94 £ 0.46 29.2 Huskas / Low

Rhodamine 123

Popmamun 123 + 0.32+£0.01 0.41 +£0.01 1.29 Huskas / Low

LIUKJIOCIOPHUH A

Rhodamine 123 +

cyclosporine A

Panutuaus / Ranitidine 0.71 £0.05 - - Huskas / Low

[IponpaHo.ion / Propranolol 16.7 + 0.98 -

- Bricokas / High

[IpuMevyaHUud:

P~ K03pPUIHMEHT KaXKyLIeHCs MPOHULAEMOCTH /ISl TpaHcnopTa B npsiMoM (A-B) u o6paTHoM (B-A) HanpaBJ/ieHUSIX.

* CTaTUCTHUYECKH 3HAYMMble OTJIMYHSA 110 CPaBHEHMIO C NIOKa3aTesieM paHUTHAMHA (p < 0.05).
N o te: P, _ -coefficient of apparent permeability for transport in the A-B and B-A directions.

* Statistically significant differences compared to ranitidine (p < 0.05).

(tabi. 3). s coepunenus PAV-0056 HHIEKC aCHM-
METPUH TpaHcmopra cocrasiser 1.85. Cienoba-
TeJIbHO, BelllecTBO PAV-0056 He mnoaBepraercs
aKTUBHOMY TPAHCIIOPTY M3 KJIETKU U HE SIBJISETCS
cybctparoMm rinkonporernHa P [8].

[Tosrygennable Ha KieTkax Caco-2 JaHHbIE TO3BO-
JISTFOT TIPE/IIIOJIOKUTh, YTO COBMECTHOE IIPUMEHEHE
aHaipreTuka PAV-0056 ¢ UHAYKTOpaMHU W UHTHOU-
TOpaMH TJIMKOIPOTEeNHAa P He OKa’KeT BIUSHUA Ha
€ro KOHIIEHTPAIUIoO B IjladMe U (papMakoJiormye-
ckuil 3(pdext. OTo 0cOOEHHO BAXKHO JUUISI TEpAIUH
00JIEBOTO CHHJpOMA y TAIIMEHTOB C OHKOJIOTHYe-
CKUMH 3200JIeBaHUSMU, TPUHUMAIOIUX ITPOTHBO-
OIyXOJIEBBIE JIEKAPCTBEHHBIE CPEJICTBA, OOJIBIITHUH-
CTBO U3 KOTOPBIX SIBJAIOTCS HHTUOUTOPAMU TJIUKO-
nporerHa P [9, 17]. [loBblllIeHHAs] aKTUBHOCTbD TJIH-
KOIpoTenHa P IIpU OHKOJIOTHYECKUX 3a00JIEBAHUAX
He JIO/DKHA YMEHbIIATh aHAJIBTeTUYECKYI0 AKTUB-
HOCTh PAV-0056.

Cyz4 110 BBICOKOMY 3HAYEHUIO OOIIETO KJIMpPEH A
(Cl,), paBroro 83.16 ji/kr/4 (OT BemecTBa Kax/bIid
vac ocBoOOXKmaeTcsa 00beM ILIa3Mbl, 3HAYUTEIHHO
MIPEBBIIAIOIIUI 00BEM IIa3MbI KPbIC), COETUHEHIE
PAV-0056 1pu BBEJIEHUH B KEJIYOK OBICTPO BJIH-
MHUHUPYETCS U3 IJIa3Mbl, YTO, BEPOSTHO, CBSI3aHO C
JleCTBHEM 3CTepas MIa3Mbl (B CTPYKTYPE MOJIEKYJIIbI
PAV-0056 ecTb ca0kHOB(MUPHAS CBSI3b) WM pac-
TpeJieJIeHUEM aHAJIbIeTHKA B TKAHU U OPTaHbI.

OueBuznbiil 06beM pacupenenenus (V,) coenu-
HeHus:t PAV-0056 60 Ji/KI' 3HAUUTEIBHO MTPEBOCXO-
JIUT OOBEM SKUIKHX CpeJi OPTaHU3Ma KPBIChI. DTO
TaKKe YKa3bIBaeT HAa BO3MOKHBIA METAa00JIM3M IIO]

stance is virtually water insoluble, the approximate
volume of solvent required to dissolve 1 g of the sub-
stance is more than 10 000 ml).

The absolute bioavailability of the 1,4-benzodiaz-
epin-2-one derivative, PAV-0056 when adminis-
tered intragastrically at a dose of 0.1 mg/kg is
10.1 + 6.1%, at a dose of 1 mg/kg — 2.2 + 0.1% , ata
dose of 10 mg/kg — 6.4 + 0.8%. Low bioavailability
may be a consequence of low gastrointestinal absorp-
tion of molecules of PAV-0056, presystemic elimina-
tion in intestinal or liver cells, and metabolism by
plasma esterases [18].

CONCLUSION

The lipophilic derivative of 1,4-benzodiazepin-2-
one, PAV-0056 administered into the stomach is
absorbed from the small intestine by passive diffu-
sion with a bioavailability of no more than 10.1 +
6.1%. A wide therapeutic range, absence of psycho-
tropic effects, linear pharmacokinetics at doses up to
100 curative doses and no interaction with P-glyco-
protein allow the 1,4-benzodiazepin-2-one deriva-
tive, PAV-0056 to be positioned as a potential non-
opioid analgesic with a good safety profile.

Financing. The study was carried out with
financial support.

Conflict of interest. The authors declare no
conflict of interest.
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JIeCTBUEM 3CTepas IIa3Mbl WK Ha pacIipe/ieJieHne
PAV-0056 BO BHECOCYZUCTOM IIPOCTPAHCTBE.

CkopocTb BcacbiBaHUA BeliecTBa PAV-0056 cHU-
JKaJlach IIPU yBEJIUYEHUU BBOJAUMOU B JKEJYIOK
JTO3BI € 0.1 710 10 MT/KT. Takoe orpaHHUYeHNEe BHI3BAHO
VMEHBIIIEHUEM ITOJIHOTHI PACTBOPEHUS BEIECTBa,
BBEJIEHHOTO B OOJIBINTUX KoJimdyecTBax (cybcraHIus
MpaKTUYECKX HEpPAaCTBOpUMA B BOJEe, MIPUMEPHBIH
00'beM paCTBOPUTEJIS, HEOOXOIUMBIH JIJISI pacTBOpe-
HUA 1T cyOcTaHuH, — 60s1ee 10 000 MJI).

AbGcosoTHast  OMOZOCTYIIHOCTh  ITPOU3BOHOTO
1,4-0eH30/1nazenuH-2-0Ha PAV-0056 1Ipu BBeZIeHUU
B JKeJIYJIOK B 7I03€ 0.1 MT'/KT cocTaBJIseT 10.1 + 6.1 %, B
J03e 1 MT/Kr — 2.2 + 0.1 %, B /103e 10 MI/KT —
6.4 + 0.8 %. Huskast OM0I0CTyITHOCTh MOYKET SIBJIATHCS
CIe/ICTBUEM HU3KOTO BCachIBaHUS MoJiekysl PAV-
0056 B KeIyA0UHO-KUIIIEYHOM TPAaKTe, IMPECHUCTEM-
HOM DJIMMUHALIMH B KJIETKAX KAIIIEUHUKA UJIH [IEUeHH,
a Takke MeTaboIM3Ma 3cTepa3aMu I1a3Mel [18].
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SAK/IIOYUEHWE
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muddysueit ¢ OHOOCTYIHOCThIO He  OoJiee
10.1 £ 6.1 %. Illupokuil TepaneBTHYECKUHN AHAaIa-
30H, OTCYTCTBHE IICUXOTPOIHBIX 3(HEKTOB, JIIHEN-
HadA papMaKOKHHETHKA B 103aX BIUIOTH 10 100 Tepa-
MEeBTUYECKUX JI03 U OTCYTCTBHE B3aUMOJIEHCTBUA C
IJINKOIIPOTEMHOM P II03BOJIAIOT MO3UIIOHUPOBATH
IIPOM3BOJIHOE 1,4-0eH301a3ennH-2-0Ha PAV-0056
KaK MOTEHI[UAJIbHBIA HEONHOUAHBI aHAIBIETHK C
XOopomuM npodrieM 6e301acHOCTH.
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Mopdos1oruueckKkue 0CO0EHHOCTH MOBPEKAeHU, chopMUPOBaAB-
IINXCS OT AENCTBUA TEXHUIECKOTO JJIEKTPUIECTBA B BOJE

3.B. laBbizioBa, E.10. Kasmuuua, H.M. Auuukos, [1.9. Jlazapes, M.K. CmupHoB, E.A. Jlebenenko,
P.A. Haceipos

@I'BOY BO «Canxm-ITemepbypackuil 2ocyoapcmeerHblil neduampuyveckuil meduyuxckuil ynugepcumem» Munsopasa
Poccuu, Canxm-ITlemepbype, Poccus

AHHOTAIIUA

B crarbe npe/cTaBIeH S9KCIEPTHBIN CIydail MOpaKeHUsI TEXHIHUECKUM 3JIEKTPUUECTBOM B BOJie (TPYII A€BYIIKY C TPU3HA-
KaMU TEPMHUYECKOTO 03K0Ta ObLI OOHAPY>KEH B BAHHOH KOMHATe, PAOM HAXOIHJICA ITO/ICOEANHEHHBIA K JIEKTPUYECKOU
ceru TesiepoH). BpLUIO IPOBEIEHO CYIEOHO-THCTONIOTHYECKOE HCC/IE0BAHIE IOBPEKIEHHDBIX TKaHEH. ABTOPbI U3YUNIH
THCTOJIOTHYECKYIO KAPTHUHY 3JIEKTPOMETKHU U M3MEHEHUE IEPMbI, BbI3BAaHHOE JIEHCTBUEM JIEKTPUUECKOTO TOKA B BOJHOM
cpeze. BpIsiBIIIM, UTO, BO-TIEPBBIX, MOP(OJIOTHUecKass KapTUHA 3JIEKTPOMETKH, CGOPMUPOBABIIENCS B BOJIE, OTIPEEIIs-
€TCs KaK 3JIEKTPOXUMUYECKUM [TOBPEKIAIONINM /IeHICTBHEM, CBSI3aHHBIM C PA3BUTHEM 3JIEKTPOJIUTHUECKUX IIPOLIECCOB B
TKaHX, TAaK U TEDMUYECKUM BO3ZIEHCTBUEM; BO-BTOPBIX, MACCUBHOMY TPaBMAaTHYECKOMY BO3/IEHCTBUIO IIO/IBEPIKEHBI HE
TOJIPKO KO’Ka U TOJKOXKHO-’KMPOBAsl KJIETUATKA, HO TJIyOrKesIeKalie TKaH|, YTO JIOJPKHO YIUTHIBATHCS MPU OKA3aHUH
MEUITUHCKOM TOMOIITHM ITOCTPA/IaBIINM C HECMEPTEJIbHOH 3JIEKTPOTPABMOMT.

Knaouesnble ca08a: 31eKTpOMETKA, HEKPO3, TEPMUYECKOE JEHCTBYE JIEKTPUIECKOTO TOKA.

Oo0pasen nmurupoBaHua: /laseoa 3.B., Kasmmauna E.1O., AunukoB H.M., Jlazapes I1.9., CmupHoB M.K.,
Jlebenenko E.A., HaceipoB P.A. Mopdosornyeckine 0co6eHHOCTH TMOBPEXAEHNH, chOPMHUPOBABIIIUXCS OT JE€HCTBHUSA
TEXHUYECKOTO 3JIeKTpUIecTBa B Bozie // Journal of Siberian Medical Sciences. 2023;7(4):138-145. DOI: 10.31549/2542-
1174-2023-7-4-138-145

Morphological features of damage caused
by technical electricity in water

Z.V. Davydova, E.Yu. Kalinina, N.M. Anichkov, P.E. Lazarev, M.K. Smirnov, E.A. Lebedenko,
R.A. Nasyrov

St. Petersburg State Pediatric Medical University, St. Petersburg, Russia

ABSTRACT

The article presents an expert case of electrical injury from technical electricity in water (the corpse of a girl with signs of a ther-
mal burn was found in the bathroom, nearby there was a telephone connected to the electrical network). A forensic histological
examination of the damaged tissues was carried out. The authors studied the histological picture of the electrical mark and
changes in the dermis caused by electrical current in water. It was revealed that, firstly, the morphological picture of the electrical
mark in water is determined by both the electrochemical damaging effect associated with the development of electrolytic pro-
cesses in tissues and thermal exposure; secondly, not only the skin and subcutaneous fat, but deeper tissues are subject to mas-
sive traumatic effects which should be taken into account when the treatment of patients with non-fatal electrical injuries.
Keywords: electrical mark, necrosis, thermal effect of electrical current.
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BBEJAEHUE

CoBpeMeHHYIO KU3Hb HEBO3MOXKHO ITPE/ICTABUTD
0e3 HCII0JIb30BaHUS BJIEKTPUUECKOTO TOKAa. TexXHU-
YeCKHU IIporpecc, IIOBBINIEHHE KauecTBA KU3HU
JII0JIell Hepa3pBIBHO CBSA3AHBI C IPHUMEHEHUEM 3JIeK-
TPUYECKOTO TOKa B PA3JIUUYHBIX 00s1acTsAX U cdepax
YeJIOBEUECKOU JIeATeSIbHOCTH. IlepBbIA  cirydait
BJIEKTPOTPABMbBI OT JIEMCTBUS TEXHUYECKOTO JJIEK-
TPpUYECTBA IPHU CIAYYaHHOM COIPUKOCHOBEHHHU C
TOKOBEIYIIUMH YacTAMU omrcai Jlepya e Me3ukyp
B 1860 r. [1]. Uncao sKCHepTH3 CiiydaeB CMePTeTb-
HOTO TIOPAYKEHUS BJIEKTPUUYECKUM TOKOM B IIpaK-
THKE SKCIIEPTHBIX MOJipasjiesieHnit biopo cymebHo-
MeIUIMHCKON 3sKcnepTusbl CaHkT-Ilerepbypra B
2017 I'. COCTaBWIO 21, B 2018 T. — 14, B 2019 T. — 19,
B 2020 T. — 19.

CnexTp 06CTOATEIIBCTB MOJIyUEeHHS TPABM OT JIeH-
CTBUSI BBICOKOTO M HU3KOTO HANPSKEHUS IIHPOK. Y
JleTeld OHU, KaK MPaBWJIO, IIPOUCXO/AT B JOMAIITHUX
VCJIOBUSAX; Y IOAPOCTKOB — CBA3AHBI C JIETKOMBICJIEH-
HBIMHU IIOCTYIIKAMH BHE POJUTEJICKOTO JIOMa; Y
B3POCJIBIX — ABJISIOTCA CJIEJCTBHUEM, MPEXK/E BCETO,
OITMOOYHBIX MPOMECCUOHATBHBIX AEHCTBUH WJIH
HECUYACTHBIX CJIy4aeB Ha IMPOU3BOJICTBE. DTO MOXKET
OBITH PE3YJIPTATOM CJIYYaHHOTO KOHTAKTa C BHICOKO-
BOJIBTHBIMU Ka0eJIsIMU, Pa3TUYHBIX TPAHCIOPTHBIX
aBapuil WM CJIEJICTBUEM HE3aKOHHBIX JIEHCTBUH
(Bampmanusma) [2].

UccnemoBaHusi 3apyOeKHBIX YUEHBIX ITOKA3bI-
BAIOT, YTO CMEPTHOCTH OT BJIEKTPUUECKOU TPABMbI B
Havasie XXI B. BAppUpyeT OT O 10 25 % B 3aBUCUMO-
CTH OT TSXKeCTH mopaxkeHus [3]. Jlaske KpaTKoBpe-
MEHHBI KOHTaKT C TOKOHECYIIel IIOBEPXHOCTHIO
[PUBOAUT K YAaCTUYHOMY WJIA TIOJTHOMY HEKPO3Y
OT/IeJIbHBIX aHATOMUYECKUX 00JiacTel, pa3BUTHIO
MMOJIMOPTaHHOU HexocTaTouHocTH [4]. B Hamnbosee
TSKEJIBIX CITyJasX THOes b IOCTPAIABIIETO ITPOUCXO-
JTUT U3-32 OCTAHOBKU CEPEUYHOU esITETbHOCTH WU
MAaCCHBHOT'O KPOBOTE€UEHHUs BCJIE/ICTBUE HAPYIIIEHUs
[IEJIOCTHOCTH CTEHOK KPYITHBIX cocynos [5]. [TocTpa-
JIaBIlIFe OT 3JIEKTPUUYECTBA B HAIlle BPEMs COCTaB-
JISIIOT OKOJIO 5 % OT IOCTYIIUBIIKX B O?KOTOBBIE II€H-
TPBI 10 BceMy Mupy. HecMOTpst Ha HeOOJIBIITYIO I0JTI0
BJIEKTPOTPABMbI B CTPYKTYype OKOTOBOTO TpaBMa-
TU3Ma, OHA fABJIAETCA HauboJee TSKEJION U paspy-
[IUTEIHFHOHN, TPUBOJA K WHBAJMTHOCTA U BBICOKOH
JIETAJIBHOCTH. DJIEKTPOTPaBMa IPeobiiaiaeT y MyK-
YUH TPYZOCIIOCOOHOTO BO3PACTA U COCTABJIIET OKOJIO
1.7 % cpeayd TOCIUTAIU3UPOBAHHBIX B OXKOTOBBIE
IeHTpPHI. JIeTaTbHOCTh 3aBUCHUT OT BO3PAcCTa, O0IIIei
IJIOIIA/TH IOPAKEHMUS U ILUIOIIA/IH TITyOOKOTO 02KOra.
IIpu s/1eKTPOTPaBME B OIIEPATUBHOM JIEUEHUU HY K-
JTAIOTCS 2/3 MOCTPAJIaBIINX, IPU 3TOM 30.9 % maru-
€HTOB TPeOYIOTCS BHICOKOTEXHOJIOTHIHBIE MUKPOXH-

INTRODUCTION

Modern life cannot be imagined without the use
of electric current. Technological advances and
improving the quality of life of people are inextrica-
bly linked with the use of electric current in various
fields and areas of human activity. The first case of
electrical injury due to accidental contact with live
parts was described by Leroy de Mésicourt in 1860
[1]. The number of examinations of electrocution
cases in the practice of units of the Bureau of Foren-
sic Medicine of St. Petersburg in 2017 was 21, in
2018 — 14, in 2019 — 19, in 2020 — 19.

The range of circumstances of high- and low-vol-
tage electrical injuries is wide. In children, they usu-
ally occur at home; in adolescents — are associated
with frivolous actions outside the house; in adults —
are, first of all, a result of erroneous actions or indus-
trial accidents. This may be the result of due to an
accidental contact with high-voltage cables, various
traffic accidents, or a consequence of illegal actions
(vandalism) [2].

Studies by foreign authors show that mortality
from electrical injury at the beginning of the 21st
century varies from o0 to 25% depending on the sever-
ity of the injury [3]. Even short-term contact with a
live surface leads to partial or complete necrosis of
individual anatomical areas and the development of
multiple organ failure [4]. In the most severe cases, a
patient dies due to cardiac arrest or massive bleeding
caused by large vessel walls’ destruction [5]. Patients
with electrical injury now account for about 5% of
those admitted to burn centers around the world.
Despite the small proportion of electrical injuries in
the structure of burn injuries, it is the most severe
and devastating, resulting in disability and high mor-
tality. Electrical injury predominates among men of
working age and accounts for about 1.7% among
patients hospitalized in burn centers. Mortality
depends on age, total body surface area damaged
and area of deep burn. In case of electrical injury, 2/3
of patients need surgical treatment, with 30.9% of
patients requiring high-tech microsurgical opera-
tions, and 29.1% requiring amputation [6, 7].

Electrical injury is formed either through direct
contact with an electrical conductor, or from a step
voltage arising from the voltage difference between
two parts of the body touching the ground near a
lying wire; its formation is also possible through an
arc contact (in cases with high-voltage currents).
According to the literature, at the site of contact of
the current carrying conductor with the body, a skin
lesion forms called an electrical mark. In typical
cases, it is a round or oval-shaped dense vallate area
of the skin (with a sunken bottom and roller-like
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pyprudueckue omepanuiv, a 29.1 % — aMIIyTalluu
(6, 71.

dnexTporpaBMa (popMupyercs JuO0 IPU HEIO-
CPEICTBEHHOM KOHTAKTE C IIPOBOJIHUKOM 3JIEKTPH-
YEeCKOro TOKa, JINOO OT «IIarOBOTO HAIPSKEHUS»,
BO3HHKAIOIIETO M3-32 PA3HOCTH IMOTEHITUAJIOB JIBYX
yacTeH Tesa, KacaroIluXCsl 3eMJIN BOIU3H JIeKAIIEro
MIPOBO/IA; TAaK:Ke BO3MOIKHO ee 00pa3oBaHUe U Yepes
JIyTOBOM KOHTAaKT (B CIy4asiX ¢ TOKAaMH BBICOKOTO
HanpspkeHus). CoryiacHO JIAaHHBIM JIMTEPATYyphI, B
MeCTe COIPUKOCHOBEHUSI TOKOHECYIET0 IIPOBO-
JIHUKA C TeJIoM (opMHUpyeTCsl TOBPEKIEHUE KOXK-
HOTO TIOKpOBa — 3JIEKTPOMETKA. B TUMMYHBIX CITy-
Yasx OHA MPEeJICTaBJIsAeT cOO0I OKPYIJION UIN OBAJIb-
HOU (OpMBI IVIOTHOBATBIN Y4aCTOK KOKU € 3aIa/ia-
OIIM JIHOM U BaJIMKOOOPA3HO IPHUIIOHSITHIME
KpastMu, ¢ OJIeJTHO-KeJITOH, cepo-0elofi Wi cepo-
JKeJITOU OKpackoil. opMUpOBaHHE 3JIEKTPOMETKHU
00yCJIOBJIEHO MEXaHUYECKUM, TEIIOBBIM, 3JIEKTPO-
XUMHYECKUM TOBPEXKIAIOIINM JIEHCTBHEM TOKA Ha
opranusMm [1]. TerioBoe BO3/IeHCTBHE BOBHUKAET B
pesyJibTaTe TpaHChOPMAIUH JIEKTPUUECKON HHEP-
THU B CHUJIy COIIPOTUBJIIEMOCTH TKaHeH. Temmosomy
JIECTBUIO TOKA B OOJIBINEN CTEIEHH TIOJIBEPIKEHBI
TKaHU C HU3KOU YAEeJTbHOU 3JIEKTPOIPOBOJHOCTHIO.
MeHHO B TKaHAX, 00J1a/Iaf0IHUX BBICOKMM COIPO-
TuBJIeHHeM (KO’Ka, KOCTHASA TKaHb), B COOTBETCTBUH
¢ 3akoHOM JIkoysis — Jlenna (Q = I2Rt), TpOUCXOTUT
BbIJIeJIEHHE HAanOOJIBIIIETO KOJIMYecTBa Teria. Kou-
YeCTBO BBIIEJISIONIETOCS TeIIa IPSAMO MPOIIOPIIHO-
HAJIbHO CHJIE TOKA, 3JIEKTPUYECKOMY COIPOTHBIIE-
HUIO TKAHEeH U JJINTEIbHOCTA KOHTaKTa. UeM BBIIIe
HaIpsDKEHWe, TeM OOJIbIlle BBIZIEISIeTCS TeIlla B
MecTax KOHTAKTa, TJle ¥ BO3HUKAIOT 0k0Th. Corpo-
TUBJISIEMOCTh TKAHEH ABJISETCA OJHHUM W3 TJIaBHBIX
(axkTOpOB, 00YCIOBIMBAIOIINX TIXKECTH BJIEKTPOO-
JKora. YYacTKaMH JIOKQJIU3aIUU  3JIEKTPUUIECKHUX
0’KOTOB SIBJIAIOTCSI B OCHOBHOM MeCTa BXOAa H
BBIXO/Ia DJIEKTPHUUYECTBA Ha KOJKe, TaK Kak OHa 00Jia-
JlaeT BBICOKOW CONPOTHUBJIAEMOCTBIO. TeroBast
SHeprus, obpasyiolasicsi Opu TpaHchoOpMaIUu
BJIEKTPUYECKON HHEPTUU, MPUBOJUT K KOATYJISAI[UHN
U HeKpoTu3amuu TKaHed. I[locie TmpeomosieHus
COTIPOTUBJISIEMOCTH KOKH BJEKTPUYECKAS HHEPTHs
CJIEAYET IO IyTH HAWUMEHBIIETO COIMPOTUBIIEHUA —
10 HEPBHOU TKaHU ¥ KPOBEHOCHBIM COCY/IaM, IIOpa-
JKas OKPYKAOIIUe TKAHU ¥ IPHUBO/S K 00IITHUM H3Me-
HEHUAM. DJIEKTPOXUMUUYECKHE U3MEHEeHUs, BO3HU-
KalolllFie B pe3yJIbTaTe JIEUCTBUs DJIEKTPUUECKOTO
TOKA, MPUBOAT K arperanui GOPMeEHHBIX DJIeMEH-
TOB KPOBH, U3MEHEHHI0 OajlaHCa NOHOB BHE W BHY-
TPH KJIETOK, MOJIsIpu3anuu 6eJIkoB. B pesysbrare y
aHOJla BO3HMKAET KOATyJIAIUOHHBIA HEKpPO3, a y
KaToJla — KOJUIMKBAIIMOHHBIN. MexaHuuyeckoe JIer-

raised edges), of pale yellow, gray-white or gray-yel-
low color. The formation of an electrical mark is due
to the mechanical, thermal, electrochemical damag-
ing effect of electrical current on the body [1]. Ther-
mal effect is a result of the transformation of electri-
cal energy due to high tissue resistance. Tissues with
a low electrical conductivity are more susceptible to
the thermal effect of current. It is in tissues with high
resistance (skin, bone tissue), in accordance with the
Joule-Lenz law (Q = I?Rt), that the greatest amount
of heat is released. The amount of heat released is
directly proportional to the current power, the elec-
trical resistance of tissues and duration of contact.
The higher the voltage, the more heat is released at
the contact sites, where burns occur. Tissue resis-
tance is one of the main factors determining the
severity of an electrical burn. The localization for
electrical burns are mainly the inlet and outflow
points of electricity on the skin, as it has high resis-
tance. Heat energy generated during the transforma-
tion of electrical energy leads to coagulation and
necrosis of tissue. After overcoming the fastness of
the skin, the electrical energy follows the path of
least resistance — through nervous tissue and blood
vessels, affecting surrounding tissues and leading to
general changes. Electrochemical changes caused by
the action of an electric current lead to blood cells
aggregation, changes in the ionic balance outside
and inside cells, and protein polarization. As a result,
coagulative necrosis occurs at the anode, and colli-
quative necrosis — at the cathode. The mechanical
action of current occurs due to the direct transition
of electrical energy into mechanical energy. Mechan-
ical action manifests itself in the formation of tissue
dissection and ruptures, bone fractures.

However, there are also publications that indicate
that electrical injury in aquatic environments is char-
acterized by the formation of an atypical electrical
mark as bubbles without liquid content, as well as
electrogenic edema: density and pallor of the skin
surrounding the area of the electrical mark. Macro-
and microscopic examination of such an electrical
mark does not reveal signs of grade III-IV thermal
burns and thermal damage to hair in the area of the
electrical mark, and there is no metallization of the
skin [8].

AIM OF THE RESEARCH

Investigation of morphological changes and fea-
tures of damage caused by electricity in water.

CASE REPORT

The corpse of a girl was brought to the Thanato-
logy Department of the Bureau of Forensic Medicine
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CTBHE TOKA BO3HHUKAET 3a CUYET IPSAMOTO Iepexofa
BJIEKTPUYECKON SHEPTUM B MeXaHUYECKYIo. [Iposs-
JISIETCST MeXaHU4YecKoe JielcTBue B (OPMUPOBAHUU
paccioeHWii u Pa3pbIBOB TKaHEH, IIEPEIOMOB
KOCTel.

OnHako WMEIOTCS U TMyOJIUKAMH, B KOTOPBIX
VKa3bIBAETCSA, UTO JJIS DJIEKTPUUECKOH TPaBMBI B
BOJTHOU CpeJle XapaKTepHO 0Opa3oBaHUE HETHUITHY-
HOH 2JIEKTPOMETKHU B BHJE Iy3bIpei 0e3 JKUIKOTO
COZIEP’KMMOTO, a TaKXKe DJIEKTPOTEHHOTO OTeKa:
IUIOTHOCTh ® OJIEAHOCTh KOXKH, OKpYKaIoIIer
o6s1acTh ayeKTpoMeTKu. [Ipr Makpo- ¥ MUKPOCKO-
IIMYECKOM WCCJIEZJOBAHUU TAaKOU 3JIEKTPOMETKU He
BBIABJIAIOTCA NPU3HAKU TEpMUYECKUX 0:K0ros 11—
IV cTemeHW M TEpMHYECKOTO MOPaXKEHUs BOJIOC B
30HE BJIEKTPOMETKH, OTCYTCTBYeT MeETAJUTH3AI[Us
koxu [8].

IIEJIb NCCJIEAJOBAHUA

N3yuenue MOpdOIOTUIECKUX UBMEHEHUU U 0CO-
OeHHOCTE!N TTOBpEXKIeHUH, C(OOPMHUPOBABIIUXCA OT
JIeMCTBUS TEXHUYECKOTO 3JIEKTPUYECTBA B BOJIHOM
cpefie.

AKCIIEPTHBIN CJIYVUAN

B TanaTtosiornueckoe otziesieHue bopo cyzme6HO-
MeIUIUHCKONH  dkcrneptu3bl  Caukr-IlerepOypra
IIOCTYTIFJI TPYH JIeBYIIKU. 113 006CTOATENIHCTB IIpOKC-
IIIECTBUS U3BECTHO, UTO TPYII JIEBYIIKY ObLI 00OHAPY-
JKEH MaTepbhlo B BAHHOU KOMHATe, ¢ NpU3HAKaMHU
TEPMUYECKOI0 03KO0Ta, PAJIOM HAXOAWJICA IIO/ICOe/ -
HEHHBIH K BdJeKTpudeckoil cetu TesnedoH. Ha
MOMEHT OCMOTpPa MeCTa IIPOUCIIECTBUS Boa ObLia
CIyIIeHa, MOOWUIBHBIN TeledOH U 3apsaka ObLIH
U3BATHI CJIe/ICTBeHHBIMU opraHamu. Ilo npegsapu-
TeJBbHBIM JAHHBIM JIaBHOCTb HACTYIJIEHUS CMepTH
cocTaBJisyia OK0JIO 10—14 4.

ITpu Hapy:XKHOM HCCJIEZJOBAaHHH Tpyna oOHApy-
JKEHBbI CJIeAyIolllNe TIOBPEXKAEeHUA: Ha JIaJOHHOHU
IIOBEPXHOCTU IPABOM KHUCTU KOXKAa CEPOBATO-
KpacHOBATO-KeJITOBATOIO IIBeTa, MeXIy 1-M U 2-M
najabllaMU KOXKa OTCYTCTBYeT, OTOJIsAA IO COXIIYIO
JKeJITOBATYIO KJIETUATKY U cyxoxkmnus. Ha mepegueit
IIOBEPXHOCTU I'Py/iu caeBa B npoeknuu VII mexpe-
OepbsA, Ha (OHE KEITOBATO-KPACHOBATOTO II0/ICO-
XIIIEro ydacTka pasMepoM 8x5 cM, oIpefesseTcs
cepoBaToe BCIlyYMBaHUE 3IHJIepMHCA, pPa3MepoOM
6x3 cM, 6€e3 KUJIKOTO COIEPKUMOT0 BHYTPH.

[ BBIABJIEHUA NPU3HAKOB, XapaKTEPHBIX JJIA
JIEVICTBUSI TEXHUYECKOTO BJIEKTPUYECTBA, 00s13a-
TeJIbHBIM SIBJISIETCSI TIPOBEJIEHUE CY/1e0HO-TUCTOJIO-
rU4YecKoro uccjeopanus. Kycouku KoXKu ¢ IOBpeX-
JIEHUSAMU II0CJIe CTaHJApTHON THCTOJIOTUYeCKOH
MIPOBOAKYU 3aJIUBAJIM B TMapaduH, U3TOTaBIUBAIN

of St. Petersburg. The incident circumstances: girl’s
corpse was found by her mother in the bathroom,
with signs of a thermal burn; nearby there was a tele-
phone connected to the electrical network. At the
time of the incident scene inspection, the water was
drained, cell phone and his charger were seized by
the investigative authorities. According to prelimi-
nary data, the duration of death was about 10—14 h.

A visual examination of the corpse revealed the
following injuries: on the palmar surface of the right
hand, the skin is grayish-reddish-yellowish in color;
between the 1st and 2nd fingers, there is no skin, and
dried yellowish tissue and tendons are exposed. On
the anterior chest wall, in the left seventh intercostal
space, in the midst of the yellowish-reddish dried
area 8x5 cm in size, the grayish swelling of the epi-
dermis 6x3 cm without liquid contents inside is
determined.

To identify the signs characteristic of technical
electricity action, it is mandatory to conduct a foren-
sic histological examination. After standard histo-
logical processing, pieces of the skin with the lesions
were embedded in paraffin; serial sections 0.3—
0.5 um thick were prepared, and stained with hema-
toxylin and eosin; Masson trichrome staining was
additionally used (to identify necrotic changes in tis-
sues). Changes in the epidermis and dermis in the
area exposed to the damaging factor were studied in
the specimens; then a comparative analysis of the
identified microscopic signs was carried out. Sam-
ples were photographed using a Nikon DS-Fig digital
camera mounted on a Nikon Eclipse 80i microscope.

A histological examination of the damaged skin
on the anterior chest wall revealed a wave-like defor-
mity of skeletal muscle bundles with focal loss of
contour and cross-striation of fibers (Fig. 1).

Microscopic examination revealed signs of ther-
mal effect of the current: deep extensive fibrinoid
necrosis of the epidermis, dermis, hair follicles; flat-
tening of the epithelial layer of the epidermis, with
homogenization of layers and a site of coagulative
necrosis (Fig. 2).

Areas of nuclear elongation in the basal, granular
and lucid layers of the epidermis with palisade
stigma, with single irregularly rounded voids forma-
tion, caused by electrochemical action of the electric
current and associated with the ionic imbalance in
tissues were observed (Fig. 3).

Masson trichrome staining revealed yellow dif-
fuse areas in skeletal muscles at the site of the elec-
trical mark. Thus, both routine hematoxylin and
eosin staining and additional Masson trichrome
staining demonstrated necrotic changes in the tis-
sues (Fig. 4).
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CepUIHbIE CPe3bl TOIIIUHOHN 0.3—0.5 MKM, OKpaIIu-
BaJIM TEMATOKCUJIMHOM U 303UHOM; IOIIOJIHUTETHHO
OBLII0 UCIIOIB30BAHO TPUXPOMHOE OKpAIIMBaHUE TI0
Maccony (211 BBISIBJIEHUS HEKPOTHUUECKIX U3MEHe-
HU B TKaH:X). B mpemnapaTax usydaau U3MeHeHUs
SUUZIEpMUCA M JIEPMBI B 00JIACTH BOB3JIEHCTBUA
MIOBPEXK/AAIOIIEro (paKkTopa, 3aTeM IIPOBETH CPABHU-
TeJIbHBIA aHAIU3 BISBJIEHHBIX MUKPOCKOITMUECKUX
npusHakoB. O6pasipl (oTorpadgupoBasn ¢ IMOMO-
mpio nrdposoi kamepsl Nikon DS-Fi3, ycranos-
JienHOH Ha Mukpockortie Nikon Eclipse 80i.

IIpy TUCTOJIOTUYECKOM HCCIIEOBAaHUU JledeKTa
KOXKH C TepeJHel IMOBEPXHOCTU TPYAHON KJIIETKH
BBISIBJIEHA BOJIHOOOpasHas jedopMaius IyJyKoB
CKEJIETHBIX MBIIIII C 0YaroBOH IOTEpel KOHTypa U
MIOTIEPEYHON MCUePUYEHHOCTH BOJIOKOH (pHC. 1).

MUKPOCKOIIMYECKOE HCC/Ie/IOBAHHE  BBISBUIIO
[IPU3HAKH TEPMHUYECKOTO JIEHCTBUSA TOKA: TITyOOKUI
OOIIUPHBIA (PUOPUHOUAHBIA HEKPO3 DIUAEPMICA,
ZIEPMBI, BOJIOCSHBIX (DOJUTUKYJIOB, YIUIOIIEHHE DIIH-
TEJTNAIBHOTO IUIACTa BIIH/IEPMUCA, TOMOTEHU3AIUA
CJI0EB W YYAaCTOK KOATYJIAIMOHHOTO HEKpPOo3a
(puc. 2).

Hab6nrojanuch y4YacTKU  BBITATUBAHUA — sA/IED
6a3aJIbHOTO, 3€PHUCTOTO U OJIECTAIIETO CJIOEB SIIH-
Jlepmuca ¢ o0pasoBaHUEM (DUIYD «UaCTOKOJIA», C
€IMHUYHBIMH  HEIPABHUJIbHO-OKPYIJIBIMHA  IIyCTO-
TaMH, 4TO OOYCJIOBJIEHO DJIEKTPOXUMHUYECKUM Jeli-

Analysis of the data obtained allowed us to con-
clude that the morphological picture of the electric
mark due to the action of electrical current in water
is determined by both the electrochemical damage
associated with the development of electrolytic pro-
cesses in tissues and thermal effects. It is worth not-
ing that not only the skin and subcutaneous fat, but
the deeper tissues are subject to massive traumatic
effects.

CONCLUSION

For the electrical mark due to the action of techni-
cal electricity in both aquatic and ordinary environ-
ments, the characteristic microscopic signs are cell
elongation, presence of bubbles inside the stratum
corneum, and detachment of epidermis from dermis.
The presented case showed that the specificity of the
manifestation of the electrochemical and thermal
damaging effects of electrical current in the aquatic
environment is determined not only by the depth of
the coagulative necrosis itself, but also by the dam-
age to surrounding tissues which is characterized by
a deep spread of necrosis in soft tissues, which indeed
should not remain unaddressed in the treatment of
patients with non-fatal electric injury.

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

Puc. 1. dnexktpomeTka. BomHOOOpasHas nedopmalius myuyKkoB CKEJIETHBIX MBIIIIIL C 0YaroBOH MOTepel KOHTypa U IoTe-
PEYHOH HCUePUEHHOCTH BOJIOKOH. OKpacka reMaTOKCHJIMHOM U 03UHOM. YBeaudeHue (yB.) X100
Fig. 1. The electrical mark. The wave-like deformity of skeletal muscle bundles with focal loss of contour and cross-
striation of fibers. Hematoxylin and eosin staining. Magnification (magn.) x100
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Puc. 2. JnekTpoMeTKa. BoITsruBanue siiep KIeTok anuzepmuca. QUrypsl «IeTOK» HIH «4aCTOKOIa»
B 30He MPOXOZKZEHUs ToKa. OKpacKa reMaTOKCHIMHOM U S03UHOM. YB. X200
Fig. 2. The electrical mark. Epidermal nuclear elongation. Brush- or palisade-shaped epithelial cells
in the area exposed to electric current. Hematoxylin and eosin staining. Magn. x200

Puc. 3. dnexrpomerka. [ry6oKkuil o61upHbIi GHOPUHONTHBIN HEKPO3 AIHAEPMUCA, IEPMBI,
BOJIOCSHBIX (hosiKys10B. OKpacKka reMaTOKCHIMHOM U S03UHOM. YB. X100
Fig. 3. The electrical mark. Deep extensive fibrinoid necrosis of the epidermis, dermis, hair follicles.
Hematoxylin and eosin staining. Magn. x100

Puc. 4. MbliieyHast TKaHb C IepeHel IOBEPXHOCTH IPY/IHON KJIeTKU. HeKpo3 OTeIbHBIX CKEIETHBIX MBIIIIEYHBIX BOJIO-
KOH, QYKCUHOMIIIbHBIE YIACTKU HEKPO3a COEAMHUTENIFHON TKAHU: A — OKpPacka reMaTOKCIJIMHOM M 303WHOM, YB. X50;
B — TpuxpomHoOe okpamuBaHue 1o MaccoHy, yB. X400
Fig. 4. Muscle tissue from the anterior chest wall. Necrosis of individual skeletal muscle fibers, fuchsinophilic areas of
connective tissue necrosis: A — hematoxylin and eosin staining, magn. x50; B — Masson trichrome staining, magn. x400
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CTBUEM TOKa, CBA3aHHBIM C HapyIIeHUEM HOHHOTO
paBHOBecHUs B TKaHAX (pHUC. 3).

[Ipu TPUXPOMHOM OKpaIlIUBaHUU 10 MaccoHy B
CKeJIETHBIX MBIIIIAX B IPOEKIUU (POPMUPOBAHUA
BJIEKTPOMETKH OOHapy:KeHbI TUdPy3HbIE paccesH-
HbIE€ YYACTKH KeJITOro mBeTa. Takum obpaszom, U
PYTUHHAsA OKpacka reMaTOKCUWIMHOM U 303UHOM, U
ZIOTIOJTHUTEJIBHOE OKpAIINBaHueE IT0 MaccoHy mpojie-
MOHCTPUPOBIN HEKPOTUUYECKUE U3MEHEHUS B TKa-

HsX (puc. 4).

AHaJIN3 OJYYEHHBIX JAHHBIX ITO3BOJIMII 3aKJIIO-
YUTh, YTO MOP(OJIOTHYECKAS KapTHHA 3JIEKTPO-
METKHU, COOPMUPOBABIIIENUCS OT JEUCTBUSA DIJIEKTPU-
YECKOro TOKa B BOJIE, OIIPE/IEIISIETCA KaK DJIEKTPOXH-
MHYECKUM TOBPEXKJAIINM JeHCTBUEM, CBA3aH-
HBIM C PAa3BUTHEM 3JIEKTPOJTUTHIECKUX IIPOIIECCOB B
TKaHAX, TAK 1 TEPMHYECKUM BozzaercTBreM. CTOUT
OTMETHUTD, YTO MACCUBHOMY TPaBMaTHYECKOMY BO3-
JIEICTBUIO TIOABEP’KEHBI HE TOJIPKO KOXKa U
MTOJIKOKHO-3KMPOBasi KJIETUaTKa, HO TIryOrKkesexka-
K TKaHHU.
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3AK/IOYEHUE

s snekrpomerky, cpopMupoBaBlenics ot Jiei-
CTBUS TEXHUYECKOTO JIEKTPUYECTBA KaK B BOJHOM,
Tak U B OOBIYHOM cpejie, XapaKTEPHBIMU MUKPOCKO-
NUYECKUMU NPU3HAKAMU ABJAIOTCA yJUIMHEHUE
KJIETOK, HUINYHE Iy3bIpell BHYTPU POTOBOTO CJIOS,
OTcJIauBaHUe 3IIN/IepMIca OT fiepMbl. [IpesicTaBieH-
HBIM SKCIEPTHHIN c/Iy4yal IoKasaj, uyTo cruenudmd-
HOCTH IIPOSIBJIEHUS 3JIEKTPOXUMUYIECKOTO U TEPMU-
YeCKOTO IIOBPEXK/IAIOIIEero eHCTBUS 3JIeKTpude-
CKOTO TOKa B BOZHOU cpezie 00ycIoOBJIeHa HE TOJIBKO
IJIyOMHOH CaMOTO KOaTyJISIHOHHOTO HEKPO3a, HO U
IopakeHNeM OKDY’KAIOIIUX TKaHeH, /I KOTOPOTo
XapaKTepHO TIyOOKOe pacIpoCTpaHEeHHe HEKPO3a B
MATKUX TKAHX, YTO, O€3YCIIOBHO, HE JOJI?KHO OCTa-
BaTbcsA 06e3 BHUMAaHUA IIPY OKa3aHUU METUIIMHCKON
IIOMOII[A TOCTPAZaBIIMM C HECMEPTEJIbHON BdJIeK-
TPOTPaBMOH.

KoH@uuKT HHTEPECOB. ABTOPHI 3aBJISIOT 00
OTCYTCTBUU KOH(JINKTA UHTEPECOB.
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TPEBOBAHUNA K ITPEJOCTABJIEHNIO MATEPUAJIOB
JJIA ITYBJINKAIIMN B JOURNAL OF SIBERTAN MEDICAL SCIENCES

B Journal of Siberian Medical Sciences (manee —
JSMS) ny6IuKyI0TCs HaydHble 0630phI U CTaThH IO
MEJIUITMHCKUM HayKaM, ITOATOTOBJIEHHBIE TI0 MaTe-
puajiaM OpWTHMHAJIBHBIX HAyYHBIX HCCJIEJOBAHHUU.
JSMS BBIXOIUT 4 pasa B rof,.

TpeboBanus, TpeAbABIsIeMble K ITyOIUKAIU-
aM B JSMS, copmynupoBaHbl ¢ yuyeToM TpeboBa-
HUU, TPEbSIBISIEMBIX K PEIIEeH3UPYEMbIM HAy YHBIM
WU3JTAaHUAM, B KOTOPBIX JIOJI?KHBI OBITH OIyOJTUKOBA-
HBI OCHOBHBbIE HAayYHbIE Pe3yJIbTAThl UCCEPTAIIUI
Ha COWICKAaHWE YUYEHOU CTENEeHH KaHJuaaTa U JOK-
TOpa HayK.

CraTby, OTIIpAaBJIEHHbIE aBTOPAMU B JIPyTHE W3-
JIaHUs W/WIA HalleyaTaHHbIe pPaHee B HUX, K OIy0-
JINKOBAaHUIO HE TPUHUMAIOTCS.

I[Ipy onucaHUM HAYYHO-UCCIIENOBATEIHCKHUX
KJIMHUYECKUX paboT ¢ MIpHBJIEYEHUEM YeJOBeKa
B KauecTBe OObEKTa MCCJIEZIOBAHUS ABTOPBI JOJIK-
HBI YKa3aTh, COOTBETCTBOBAJIA JIU OHH MeEKIyHa-
POAHBIM M POCCUHCKHUM 3aKOHOJATEJIbHBIM aKTaM
0 IOPUIMYECKUX U DTUUECKUX MPUHITUIIAX METUKO-
OUOJIOTUUECKUX UCCIIeIOBAaHUH Takoro poja. He mo-
IyCKAETCS HCIOJIb30BaHUE (PaMUJINNA, WHUIAATIOB
OOJIBHBIX U HOMEPOB HcTopuil Oose3nu. IIpu omu-
CAaHUM SKCIEPUMEHTOB Ha JKHUBOTHBIX HEOOXOmH-
MO YKa3aTh, COOTBETCTBOBAJIO JIU COZIEPIKAHIE U UC-
ITOJIb30BaHUE JIAOOPATOPHBIX }KUBOTHBIX ITPABHUJIAM,
MPUHSATHIM B YUPEKJIEHUH, PEKOMEHTAIUAM HaIlu-
OHAJILHOT'O COBETA II0 MCCJIEIOBAHUAM, HAITHOHAb-
HBIM 3aKOHAM.

ABTOpCKHE ITpaBa cOOJIIOIAIOTCS B COOTBETCTBUU
¢ I'paxkganckum kogexkcoM Poccutickon ®enepariuu
(4. 4) ¥ APYTUMH JAEUCTBYIOIUMU HOPMATHUBHBIMU
JIOKyM€eHTaMH1. ABTOPBI HECYT IIOJIHYIO OTBETCTBEH-
HOCTb 32 COJIEp>KaHUE CTaTewn.

B penmaknuio JSMS aBTOpHI IOJKHBI TIPEAOCTA-
BUTB:

1) 2/1eKMPOHHYIO 8epculd CMambvll, MOATOTOB-
JIEHHYIO B COOTBETCTBUH C TPEOOBAHUAMH K 0(pOPM-
JIEHUIO CTaTeU, U3JI0KEHHBIMU HUKE;

2) opu2uHa/n cmamsu B IEYaTHOM BHU/JIE C yKa3a-
HUEM TOpPOJia, IaThl, GaMUIUU C TIOAIIUCHI0 KaXKI0-
ro aBTopa (Ha mocJieJIHEN CTpaHHUIlE), BU30H «B Tie-
YyaTh» U IOAIUCHIO (HA IIEpBOI CTPAHHUIIE) 3aBeEy-
o1ero kadgepoi MM WHOTO JOJIPKHOCTHOTO JINIIA
opraHu3saiuu, Ha 6a3e KOTOPOU BBHITIOJIHEHO HCCIIE-
JIoBaHUE. ABTOPBI TIPEIOCTABJSIOT CTaTbU B PelaK-
MO JIMYHO UJIH TI0 TIOYTE;

3) coenacue Ha TyOJHKaANUo0 cTatbu B JSMS
u 00paboTKy TepCOHAJIbHBIX JTaHHBIX aBTOPOB (3a-
MOJTHSIETCS KaK/IbIM aBTOpoM) (cM. Ha carite HTMY:
https://jsms.ngmu.ru/zayavlenie_jsms.doc);

4) nns corpyauukos ®I'BOY BO HI'MY Mus-
3npaBa Poccuu (manee — HI'MY) — axcnepmHoe
3axaoveHue OTAesa KOOpAWUHAIMH (deaepabHbIX
MIPOrpaMM, KOHKYPCHBIX MPOEKTOB U MHHOBAIIOH-
HOTO Pa3BUTHUSA yIPaBJIEHUs II0 HayKe, MHHOBAI[U-
sam u uapopmatusanuu HI'MY (cm. www.ngmu.ru);
JULsT CTODOHHHUX aBTOPOB — HanpasaeHue Ha onyo-
AuxosaHue Ha (GpupMeHHOM OJIaHKE OpraHH3aIlUH,
Ha 6a3e KOTOPOH BBITIOJIHEHO OPUTHHAJIPHOE HAy4-
HO€ HCCJIeJIOBAHME, 3a IOJIUCHI0 OTBETCTBEHHOIO
JIOJIZKHOCTHOTO JINIIA.

ITPABUJIA O®OPMJIEHHU A PYKOITUCEN

1. TekcT cTaThu HAOUPAETCS B TEKCTOBOM peZlaK-
Tope Microsoft Word, Open Office u ap., Bce mosns
2 cMm, mpudt Times New Roman, kerip 12, Mex-
CTPOYHBIN HHTEPBAJI 1,5. TekeT cTaThbul HEOOXOAMMO
HampaBuTh B pefaknuio JSMS B BUJie OTAEIBHOTO
daitna ¢ ykazanuem ®11O nepBoro aBropa — MBa-
uoB WU.U. tekct.doc. JlomyckaeTcst oTmpaBka daii-
Ji0B B popmartax doc, docx.

2. ®MIO aBTOpOB HAOWpaeTCs CTPOUYHBIMH OYK-
BaMM KYPCHUBOM Ha PyCCKOM s3bIKe. VIHHITMAIIBI
nomermaoTcs nepex damuaneir apropa. [lopanok,
B KOTOpPOM Oy/IyT YKa3aHbI aBTOPBI, OIIPENIEIAETCS
UX COBMECTHBIM peIlleHUeM.

3. Topon u HazBaHue MecT pabOTHI aBTOPOB
oopMIISIOTCA CTPOYHBIMU OyKBaMH KypPCHBOM
Ha pyCCKOM f3bIKe.

4. CraTbs [IOJDKHA COZEp:KaTh AaHHOTAIIHIO
Ha PyCCKOM fI3bIKE. B aHHOTAIIUH JIOJI?KHBI OBITH U3-
JIO’KEHBl IeJIM HCCJIe/JOBaHUA, OCHOBHBIE IIpOlle-
JIlypbl, pe3yJIbTaTbl OPUTUHAJIBHBIX HCCIEAOBAHUN
¥ BBIBOJIBL. [10J1 aHHOTAIIMEN TTOMeEIaeTcs MoI3aro-
J10BOK «KitoueBbie c10Ba», IOCjae HEro 10 10 K-
YeBBIX CJIOB WJIM KOPOTKHUX (pas, KOTOpble OyayT
CIIOCOOCTBOBATh TPABUJIBHOMY HMHEKCHPOBAHUIO
CTaThU B IIOMCKOBBIX CUCTEMax U CUCTeMax LIUTHUPO-
BaHUsA. AHHOTAIIMIO HEOOXOJUMO HAIIPABUTh B pe-
gaxmuio JSMS BMecTe ¢ TEKCTOM CTaThbU B BHUJIE OT-
nenpHOTO (daiia ¢ ykazanuem ®1O mepBoro aBTo-
pa — WBanoB WM.U. annorarus.doc. Takike mpezo-
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CTaBJIAIOTCA CBEJIEHIUS O KaXKA0M U3 aBTOPOB: haMu-
JINSA, UM, OTYECTBO (IIOJTHOCTBHIO HA PYCCKOM SI3BIKE
U B TPAHCJIUTEPAIINH), YUeHbIe 3BAHUSA U YUeHasI CTe-
TIeHb, TOJKHOCTh, MECTO PaboThl, pabounii TeaedoH
U aJipec 3JIeKTPOHHOM mouThI (e-mail). CBezeHus He-
ob6xoauMBI 711 06paboTKY MybIuKaIuii B 6ase gaH-
HbIX Poccniickoro nHAeKca HAYIHOTO ITUTHPOBAHUS
U PYTUX cCUCTEMaX IUTUPOBAHMA. AHHOTAIUS, KITI0-
yeBble CJI0Ba, nHpoOpManus 06 aBTopax U Ha3BaHUeE
VUpEXIEHUH AOJKHBI OBITh TAKXKe ITPEIOCTABIEHBI
Ha aHTJIMHACKOM SI3bIKE.

5. TabauIpl MOMENAIOTCS B TEKCT cTaThu. Tabu-
IIbI JIOJKHBI OBITH MTPOHYMEPOBAHBI IIOCIIETIOBATETHHO
B COOTBETCTBHUU C ITOPSAKOM, B KOTOPOM OHH YIIOMH-
HAIOTCsA B TeKcTe (Harmpumep, TabJl. 1, Tabst. 2 U T. 11.).

6. PucyHKU BCTaBJIAIOTCA B TEKCT CTATBhH, a TaK-
JKe IIPeJIOCTABJIAIOTCS B BHJIE OT/E/IbHBIX IIPOHYMe-
poBaHHBIX (ailioB ¢opmara .jpg win .gif ¢ paspe-
meHueM He MeHee 300 dpi. PucyHku mOJKHBI OBITH
KOHTPACTHBIMU U YETKUMHU, OYKBBI, HUGPBI U CHUM-
BOJIBI HA HUX JIOJI’KHBI OBITh PA3JIMUUMBI. PHUCyHKa-
MU CYHTAIOTCA I'padUuKy, peHTreHorpaMMbl, GhOTo-
rpaduu wau JroOble Jpyrue rpaduueckue 0ObeK-
ThI. ®oTOrpadu el He TOJIKHBI ObITH Y3HABae-
MBIMH, JTUOO K HUM JIOJKHO OBITH ITPUJIOZKEHO ITHCh-
MeHHOe paspellleHre Ha UX IIyOJuKaiuo. PucyHkn
JIOJKHBI OBITh MPOHYMEPOBAHbI IMOCJIEIOBATETHHO
B COOTBETCTBUU C MOPSAIKOM, B KOTOPOM OHHU BIIED-
BbI€ YIIOMHUHAIOTCSI B TEKCTE — PHUC. 1, PUC. 2 U T. [I.
IMoamucu pa3MenialTcs B TEKCTE IOJT PUCYHKAMHU.
B nmoamucax k mukpodororpadusaM ykKasblBaeTcsA
CTEIeHb YBeJTMYEHU U CII0CO0 OKPACKHU.

7. B TEKCTe CTaThU UCIIOJIH3YIOTCS CIIEAYIONIHUE 3a-
TOJIOBKU: BBeJIEHUE, IIeJIh FCCJIEZIOBAHUS, MaTepra-
JIB 1 METOJIbI, PE3YJIBTATHI U 00CYK/IeH1e, 3aKITI0Ue-
HUeE, CIIUCOK JINTEPATYPHI.

8. Hcnonb3yoTes TOJIBKO CTaHZAPTHBIE OOIIIe-
MpUHATHIE cOKpameHus (abbpesuarypsl). He mpu-
MEHSIOTCS COKpAIlleHUsI B Ha3BaHUU cTaThu. I[loji-
HBI TEPMUH, BMECTO KOTOPOT'O BBOAUTCS COKpAIIe-
HUe, JOJKEH IIPEAIIeCTBOBATh IIEPBOMY UCIIOJIH30-
BaHUIO TOTO COKPAIIEHUS B TEKCTE.

9. O06s13aTeIPHO HAJIMYWE CITHCKA JIUTEPATYPHI.
Bubnuorpaduyueckue CChIKM B TEKCTE CTAThU Ja-
I0TCsA apabckuMu 1udpaMu B KBaJpaTHBIX CKOO-
KaX, B IIOJTHOM COOTBETCTBUU C HyMepaIuel crucka
suTeparypsl. CCUIKU B TeKCTe CTAaThU JIOJIKHBI /1a-
BaThCs MOCJIEIOBATEIBHO IO Bo3pacTanuio: [1]...[2]...
[3]... u T.1. Pa3BepHyTOE OMMCaHUE UCTOUHUKA B CITH-
cke yutepaTypsl npegoctapiasgoTesa mo 'OCT 7.0.5-
2008. Crucok JuTepaTypshl AOJKEH COZlep:KaTh IIy-
OGmKaIuu 3a MoCJIeIHUE 5 JIeT. B crimcke siurepary-
pbI Bce MH(POPMAIMOHHBIE UCTOYHUKU IT€PEIUCIIA-
IOTCs B IOPSIZIKE UX ITUTHPOBAHUS.

10. Pegaxmus JSMS Gepet Ha cebs mpucBOeHUE
KaXK/Iol mybsinKyeMo# cratbe HoMepa Y/IK u ocy-
IIECTBJIEHUE TIOJTHOTO IIepeBO/ia CTaThU HA aHIVIMH-
CKUU A3BIK.

11. CTaThbH, HE COOTBETCTBYIOIIHE YKA3aHHBIM pe-
JlakIend TpebOBaHUAM, K OITyOJIMKOBAHUIO HE TIPU-
HHUMAIOTCA.

IMOPAAOK PEITEH3MMPOBAHUA
PYKOIIUCEN, TIPUHUMAEMBIX
AJIA ITYBJINKAIIN N

1. Pykomucu crared, HOCTYIIHUBIINX B PEJAKITHIO,
HAIPABJISAIOTCA ISl PEIEH3UPOBAHUS UIeHAM pe-
JIAKIIMOHHOTO COBETA C IEJIbI0 UX DKCIIEPTHOU OIleH-
K{ Ha IpeJMeT COOTBeTCTBHUsA TpeboBaHuAM JSMS
u Bricimeii arTecTallMOHHOM KoMuccuu Iipu MuHU-
crepcTBe oOpa3oBaHus u HayKu PO.

PerieH3eHTBI YBEIOMJIAIOTCA O TOM, UTO B IIEJISAX
obecrievueHNsI aBTOPCKUX U APYTUX HEHMMYIIECTBEH-
HBIX IIPaB IPHUCJIAHHbIE PYKOIIUCH He ITOJIJIEXKAT pas-
IANIEHUI0, KOTUPOBAHUIO, PACIIPOCTpaHEHUI0. Pe-
[IEH3UPOBAHUE ITPOBOIUTCSI AHOHUMHO.

ITpu oTKa3e B HAIIpABJIEHNHU Ha PelleH3UPOBaHUE
IIpe/ICTaBJIEHHON aBTOPOM PYKOITHCH PEJIaKIvs Ha-
IIpaBJIsieT aBTOPY MOTUBHUPOBAHHBIN OTBET B DJIEK-
TPOHHOM BUJIE.

Pepaknusa »KypHasia IO MHCHBMEHHOMY 3aIlpOCy
HaIpaBJIsIeT aBTOPAM peIEeH3UN HA IOCTYIUBIINE
MaTepuasibl B 3JIEKTPOHHOM BHJIe. ABTOPBI 00sI3aHbI
Y4eCcTh 3aMeYaHUs PENEH3EHTOB H BHECTH B CTaThIO
COOTBETCTBYIOIIIHE UCIIPABJIEHUS UJIU IIPEIOCTABUTH
MOTHUBHUPOBAHHBIN OTBET O HECOIVIACUHU C 3aMeYaHU-
sIMU pelleH3€eHTa.

PemakmyonHas KoJUIETHsi IPUHUMAET DPellleHue
0 BO3MOXKHOCTHU IYOJIMKAIIUU CTAThU UJIM OTKJIOHS-
€T ee IO pe3yJIbTaTaM PelleH3NPOBAHHUA.

Penensun XpaHATCS B peIaKIINU JKypHAJIA B Te-
YyeHUe 5 JIET C MOMEHTA Iy INKaIIH.

2. Pepaknipielt He IOMTyCKAIOTCA K Iy OJIMKAT[AH:

— CTaTbhHU, TEMATHKA KOTOPBIX HE COOTBETCTBYET
HAayYHOMY HAIIPaBJIEHUIO KYyPHAJIA;

— CTaThH, aBTOPHI KOTOPBIX OTKA3BIBAIOTCSA OT
TEXHHYECKOH JOpaOOTKU CTaTew;

— CTaTbhH, aBTOPBI KOTOPHIX HE BHECIIN KOHCTPYK-
TUBHBIE 3aMEUaHUs PEIeH3eHTa B TEKCT CTaThbU
U He IIPEJI0CTaBUIIN MOTHUBHUPOBAHHBIN OTBET O HECO-
IVIACHU C 3aMEYAHUSIMHU PEIleH3eHTA.

B ciryyae OTKJIOHEHU S CTaThH PEJAKIINS HATIPaB-
JISIET aBTOPY MOTHBHPOBAHHBIA OTKa3. Pemakius
JSMS He XpaHUT PYKOIIUCU, HE IPUHATHIE K IeUa-
TH. Pykonucu, mpuHATHIE K ITyOJINKAN, He BO3Bpa-
IAI0TCA.

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