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Journal of Siberian Medical Sciences siBiisieTcst mpeeMHUKOM 5KypHaia « Mezuipaa u oopazopanue B CHoupu» (roz u3maHus
2006). Pemrennem npesuzpyma BAK PO skypHas BKIIOUEH B IlepedeHb EPHOANYECKHUX U3/IaHNN, PEKOMEH/IOBAHHBIX JIJIst
myGrKkanuu paboT COMCKATEEN YUEHBIX CTEIEHE.

2Kypuau 3aperucrpupoBat B ®esiepanbHoi ciy»k0e 1o Hagzopy B cdepe CBA3H, HHPOPMAIMOHHBIX TEXHOJIOTHH 1 MACCOBBIX
koMMyHuKaui (PockomHai3op). 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 uaeHTuduxaropa DOL.

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

Cratby, Ipe/icTaB/IeHHbIE K IIyOJIUKAIIUY B JKypHaJle, IPOXOAAT He3aBUCHMOE PElleH3UPOBAHUE U IPOBEPAIOTCA HA OPUTH-
HasbHOCTG. [IpHu mepeneyaTke MatepuaioB u3 skypHaia Journal of Siberian Medical Sciences ccpiika Ha HCTOYHHK 06513a-
TeJIbHA.

2Kypran pacnpocrpansercs 6ecruiaTHo. Teppuropus pacnpocrpasHenus: PO, crpanst CHI, 3apyOeskHbIe CTpaHBIL. JJEK-
TpPOHHas Bepcusi (AHHOTHPOBAaHHOE COZIEPIKAHKE) TOCTYIIHA [0 afpecam: http://jsms.ngmu.ru, https://elibrary.ru

PEJAKIIMOHHBIN COBET

IIPEACEJATEJIb
Mapunxun H.0., 1-p Mea. Hayk, npod., 3aB. kKadeapoit akyiiepcrsa
U THHEeKoIorud, HOBOCHOUPCKU rOCy/1apCTBEHHBIH MeIUIIMHCKUN

yuausepcuret (HoBocubupck)

IJIABHBI PETAKTOP

IHocnenosa T.H., i-p Mefi. HayK, Ipod., 3aB. Kadeipoii Tepauu, reMa-
TOJIOTHH U TpaHCcdy3nosoruu HaxyibTera MOBBIIIEHN KBAIN(DUKAIIHI
1 mpoecCHOHaIBHOM Mepeo/IrOTOBKH Bpayel, IPOPEKTOP 110 HayYHOH
pab6ote, HoBocrOUpCKHii roCyAapCTBEHHBIN METUIIMHCKUN YHHBEPCUTET

(HoBocubupck)

3AMECTUTEJIb ITTABHOI'O PEJAKTOPA
Kysneyosa B.I'., i-p Mezi. HayK, pod. kKadenpbl THPEKITMOHHBIX 60J1e3-
Hell, HoBocubupcKkuil rocyiapcTBeHHBIN MeUITHHCKUAN YHIBEPCUTET

(HoBocubupck)

OTBETCTBEHHBII CEKPETAPDH

Baxaposa K.JI., pepakrop M3aarebcko-noaurpapuyecKoro 1eHTpa,
HoBocubupckuil rocyAapcTBeHHBIN MegunHCKul yHuBepeuret (Ho-
BOCHUOMPCK)

Boesoda M.H., n-p ven. Hayk, npod., qupexkrtop PenepaabHOro uc-
CJIeJIOBATEIbCKOTO IeHTpa QyHAAMEHTAJIbHON U TPAHCIAIUOHHON
meanunuasl (HoBocu6upCek)

I'pom6 C., i-p MeauIuHbL, Tpod., PyKOBOAUTEI JlellapTaMeHTa cy/1e6-
HO MeunuHbl yHuBepcuTera Cerasie (bopio, ®paHiiust)

Jlasudosuu H.M., n-p Men. Hayk, nupod. kabeapsl GakyIbTeTCKONH 1
MIOJIUKJIMHUYECKOH TePANuU ¢ KypCOM dHOKPUHOJIOTHH, [labHeBO-
CTOYHBIN IOCY/IaPCTBEHHBIN MeTUITMHCKUHN YHIBepcuTeT (XabapoBek)

2K0awnose B.B., 1-p MeJ. HayK, npod., aupekrop HUU dapmakosioruu
u pererepatuBHoi Meaunuusl uM. E.JI. Tonbabepra Tomckoro Haru-
OHAJIFHOTO UCCIIEZ0BATEIBCKOTO MeguIiHCKoro rienTpa PAH (Tomck)

JloxwuH B.H., n-p MeJi. HayK, npod., akagemuxk HAH PK, npesunent Ka-
3aXCTAHCKOU aCCONMAIINY PENPO/IyKTUBHOM MEUITIHBI, TeHePaTbHbIN
JIUpeKTOp Mex/lyHapOTHOTO KIIMHUYIECKOTO IEHTPA PEIPO/IYKTOIOTHH
PERSONA (KaszaxcraH, AiMaTbI)

IIysvipes B.I1., i-p MeA. Hayk, Ipod., akageMuk PAH, HayIHBIH pyKOBO-
nuress Tomckoro HarioHaibHOTO HCC/Ie10BaTETBCKOTO MEAUITTHCKOTO
nentpa PAH, HayuHbIi pykoBoauTesib HUW MeIUITMHCKON TeHeTHKH,
3aB. Kadeapoit MeUIMHCKON reHeTHKH CHOUPCKOTO rocyZIapCTBEHHOTO
MenuIuHCKOro yHIBepeuTeTa (ToMck)

Pyorcuuka T., 1-p MeAULIUHBL, TPOd., PYKOBOAUTEb JenapTaMeHTa
JIEpMAaTOJIOTUHU U AJJIEPToJIorny MIOHXEHCKOTO YHUBEPCUTETa UMEHH
JlionBura u Makcumminana (MiouxeH, ['epmanust)

Cemenos B.M., n-p MeJi. HayK, Ipod., 3aB. kadenpoli NHOEKIMOHHBIX
6oste3neit, ButebCckuii rocyJapCTBEHHbIH MEAUIUHCKUN YHUBEPCUTET
(Pecny6iuka Benapych, Bute6cek)

®edepuko M., 1-p MeTUIMHBL, TPOd., PYKOBOJUTEIb Kadheaphl Meu-
IMHCKOM OHKOJIOTUH, OT/IEN JUATHOCTHYECKOU MEUITIHBI, KTUHUKY U
00IIIeCTBEHHOTO 3/IpaBOOXpaHeHus, YHuBepcuTeT MojieHs! U Pezko-
Avwnuu (Mranus, Mozena)

IlIxypynuit B.A., n-p MeJ. Hayk, npod., akajeMuk PAH, HayIHBIH
pykoBoautens ®TBHY «®efepabHbIH HCCIEA0BATENBCKUN EHTP
yHIaMeHTaNIBHOM U TPAHCAAIMOHHON MeuIuHbl» (HoBOCHOUPCK)

YUYPEAUTEJ/IDb

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

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

AJIPEC U3/JATEJIA Y PEJAKITUU

®I'BOY BO «HoBocrOHpCKUY rOCyAapCTBEHHBIA MEeAUIIUHCKHIHA
yHuBepcuTeT» Munspasa Poccrn, 630091, Poceust, r. HoBocubupck,
Kpacubliii op., 52. Ten./daxe: +7 (383) 229-10-82.

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



3.1. KIMHUYECKASI MEOULIMHA

Abpamoguu C.I'., o-p Mef. HayK, pod., 3aB. Ka-
enpoti pusnorepanuy u Kypoprosioruy, IpyT-
CKas TOCYZ]APCTBEHHAS METUIMHCKASA aKaJIeMUs
MIOCTAMIIOMHOTO o6pa3oBanusi — duuan Poc-
CHICKOH MEUITUHCKOH aKa/IeMUH HEITPEPHIBHOTO
npodeccroHabHOrO 06pazoBanus (MPKyTCK)

bummep H., 1-p MeAUIUHEL, IPod. AenapTa-
MeHTa ICUXUATPUHU U ICUXOTEPAINH, Y HUBED-
curet 3emMmerbBeiica (Benrpus, Bygamemnr)

Escmponos A.H., -p MeJl. HayK, npod., 3aB.
kadepoil MUKPOOHOJIOTUH, BUPYCOJIOTHHI
1 uMMyHoJsiorun, HoBocuGupCcKuii rocyap-
CTBEHHBIN MeqUUUHCKUN yHUBepcuter (Ho-
BOCHOUPCK)

Kapbvuuesa H.B., 1-p MeJi. HayK, npod., 3aB.
xadenpoit nHGEKIMOHHBIX 60IE3HEH € KypcoM
JIII0, AntalicKuii rocyapCTBEHHBIN Me/TUIIH-
ckuii yausepceureT (BapHaysr)

Kosanenxo A.B., n-p MeJ. Hayk, mpod., 3aB.
kadenpoil HEBPOJIOTUH, HEUPOXUPYPTUH,
MEJUIIMHCKON T€HETHKHU U MENIIMHCKOH pea-
6wminranuu, KeMepoBckuii rocyjapcTBeHHBIN
MenunuHcKuil yausepeutet (Kemeposo)
Kyaewos B.M., i-p MeJ1. HayK, Ipod. kadeapbl
aKyIlIepcTBa ¥ THHEKOJIOTHH, HoBocHOUpCKUit
TOCYZJAPCTBEHHBIN METUITUHCKUI YHUBEPCUTET
(HoBocubupck)

Kypywuna O.B., n-p MeJi. HayK, 1pod., 3aBe/ty-
o1 kaderpoii HeBposioruu, Bosirorpaickuii
rOCy/IapCTBEHHbBIN MEIUIIMHCKUN YHUBEPCUTET
(Bostrorpay)

Moauanosa E.E., 1-p Men. HayK, JOLIEHT Ka-
denpsl GakyIbTETCKON U MOTUKINHUYECKON
Tepanuu, AMypcKas rocy/lapcTBeHHas Me/y-
nuHCKas akagemus (BiarosereHck)

Momom A.IL., n-p Mez. HayK, npod. kadeaps
CECTPUHCKOTO JieJia, AJITaliCKHiA TOCy/IapCTBEH-
HBIA MeAUIUHCKHH yHUBepcuTeT (BapHayor)

Mopouvik A.B., n-p Men. HayK, npod., 3aB.
kadenpoit GpTU3HATPUU, IYJIBMOHOJIOTHU U
nHEKINOHHBIX Oosie3Hel, OMCKU rocygap-
CTBEHHBIH MeANIIMHCKUY yHUBepcuTeT (OMCK)
Huawvcon I1., ni-p MeUIHEL, Ipod. AenapTra-
MeHTa KJIMHIHYECKUX HayK, JIYH/ICKUI YHUBED-
curert (IIBenwus, JIynn)

Oxnonkos B.A., n-p MeJi. HayK, Ipod., PeKTop,
DesiepasibHBIA HAYYHO-KJIUHUYECKUM LIEHTP
PeaHrMaToIOTHH U peabunTosioruu (MockBa)

Caeumosa I'.P., i-p Men. HAyK, 1pod., 3aB.
Kadepoi TOCIUTAIBHOU IIeIUATPUH C KyPCOM
MTOCJIEANILUIOMHOTO 00pa30BaHus, AcTpaxaH-
CKHH ToCy/ZlapCTBEHHBIN MeIUIIMHCKUN YHU-
BepcureT (AcTpaxaHp)

Cawmoiinosa FO.I'., i-p Mex. HayK, npod., py-
KOBOZAUTENb LleHTpa KIMHUYECKUX HCCIIeNI0-
BaHUU, 3aB. kadeapol meIuaTpPUU C KypcoM
3HJIOKPUHOJIOTHH, NTPod. Kadeapsl Gakyib-
TETCKOU Tepamuu ¢ KypcoM KINHUYECKOU
dapmakosorun, CHOMPCKUH rocy/1apCTBEHHBIN
MenunuHcKui yauBepeutet (Tomck)

PEJAKIITMOHHAA KOJIVJIETUA

Ceasmuykas B.I., n-p 6uos. Hayk, nupod.,
[VIABHBIA HAYYHBIA COTPYAHHUK J1abOPATOPUU
9HJIOKpUHOIOTUHU, PelepasibHbIi ncce1oBa-
TEJIbCKUH 1eHTP QyH/IaAMEHTAIbHON U TPAaHC-
sAuoHHOM MeannnHbl (HoBOCHOUPCK)

Cenvkesuu O.A., 1-p MeJ. HaykK, npod., 3aB.
xadepoli neinaTpuK, HEOHATOJIOTUH U IEPU-
HATOJIOTHH C KyPCOM HEOTIOJKHOU MeJUIIMHBL,
J1aIbHEBOCTOYHBIHN TOCY/IaPCTBEHHBIM M-
IUHCKUY yHUBepcuTeT (XabapoBck)

Cmaeuna HU.B., 1-p Mej. HayK, npod., 3aB.
xadenpoll HEBPOJIOTUH U HEHPOXUPYPTHUU C
kypcoMm /IT1IO, Antaiickuil rocy/iapcTBeHHbIN
MeAUIMHCKIH yHuBepcuTeT (BapHayir)

Tpogpumenxo HU.H., n-p MeJ. HAyK, JIOIEHT,
3aB. Kae[poii KIIMHUIECKOH aJIJIEPTOJIOTUH U
IyJIbMOHOJIOTUH, VIPKyTCKasi rocyiapCTBEHHAS
MEIUIMHCKAS aKaZleMUsI TIOCIEUIIIOMHOTO
obpasoBanus — unuan Poccuiickoit meau-
IMHCKOU aKaJIeMUU HEMPEePBIBHOTO mpodec-
CHOHAJILHOTO 00pa3oBanus (MPKyTCK)

®edopos U.A., i-p MeJi. HayK, IOIEHT, 3aB. Kade-
npoit dakysprerckoit nexuarpun um. H.C. Tro-
puHoO#, FOKHO-YpasbCKUi TOCY/1apCTBEHHBIN
MeUIMHCKUH yHUBepenuTeT (YensiOnHCK)

Quaunrok O.B., 1-p MeA. HayK, npod., 3aB.
kadenpoil pTU3MATPUU U MYJIHBMOHOJIOTUH,
CubUpPCKHi TOCY/IapCTBEHHBIM MeUIIUHCKUI
yausepcureT (Tomck)

Xapouxosa C.A., 1-p Mel. HayK, npod., 3aB.
xadenpoi epMaTOBEHEPOJIOTHH U KOCMETO-
sorun, CUOUPCKUI rocy/lapCcTBEHHbIN Meu-
nuHCcKu yauBepeureT (Tomck)

Xoxnosa 3.A., i-p MefI. HayK, Ipod., 3aB. Kade-
Jipoii nHMEKIMOHHBIX 60s1e3Hel, HOBOKy3HeKuii
TOCyZapCTBEHHBIN HHCTUTYT YCOBEPIIEHCTBOBA-
HuA Bpauel — prman PTBOY JIT10 «Poccuiickas
MeJUIIMHCKAsA aKaJleMHs HEeIIPEPHIBHOTO IIPO-
eccronampHOTO 06pazoBanus» (HoBOKy3HEIK)

Xpsanun A.A., 1-p Mez. Hayk, npod. kadeaps
JIepMaToJIoOTHH U KocMeTosioruu, HoBocu-
OUPCKUU TOCylapCTBEHHBINH MeJIUIIUHCKUI
yausepcurer (HoBocubupck)

I[xait B.b., n-p Men. HayK, npod., 3aB. Ka-
denpoil mepuHATOJIOTHH, aKyIIEepCTBA U
ruHekosioruu, KpacHosipckuil rocyaapcTBeH-
HBIH MEJUIUHCKUN YHUBEPCUTET UM. IIPOD.
B.®. Boitno-fcenenxoro (KpacHosipck)

Illanownux H.H., 1-p MeJ. HayK, Ipod., 3aB.
kacde/[poii poIe/IeBTUKY BHYTPEHHUX 60J1e3-
HeH, 0xHO-YpanbcKuil TOCyAapCTBEHHBIN
MeAUIMHCKIH yHuBepcuTeT (YesaOuHCK)

Axonmos JI.A., -p Mep. HayK, 1pod. kadenpo
apmakosioruu, KIMHUYECKOH (papMaKoIoruu
1 JIOKa3aTesIbHON MeuuHbI, HoBocuOupCKuit
rOCyZJapCTBEHHBIN MEIUITMHCKUH YHHBEPCHUTET
(HoBocubupck)

3.3. MEANKO-BUOJIOTM4YECKUE HAYKU

Ansbves @.B., 1-p Me1. HayK, npod., 3aB. kKade-
JIpo#i cyneOHON MeuIrHbI, KpacHOApCKuit ro-
Cy/IapCTBEHHBIN METUIIMHCKAN YHIUBEPCUTET UM.
pod. B.®. Boitno-fcenerxoro (KpacHospck)

Kasaukoe E.JI., n-p mep. Hayk, npod., 3aB.
kadepoii TaTOJIOTHUECKU aHATOMUH U CY-
Jie6HOM MeaunuHbI uM. 1pod. B.JI. KoBaneHko,
HOxHO-YpasbCKUi rocyiapCTBEHHBIN Meu-
uHCKu yHuBepeuret (Yeasi0uHCK)

Jloeguros C.B., 1-p Mez. HayK, npod., 3aB.
kadeapod rUCTONOTHU, IMOPUOJIOTUU U
nuTosioruu, CHOUPCKHUI rocy/japCTBEHHbIN
MeaunuHCKui yHuBepcutet (ToMcek)

Haodees A.IlL., n-p vien. HayK, mpod., 3aB. Ka-
denpoit maronoruvyeckuii anaromuu, Hoso-
CUOUPCKUH TOCY/IapCTBEHHBIH MEIUITUHCKUI
yuusepcuret (HoBocH6UpCK)

ITempex M., n-p MeJUIMHBI, TIPOQd., PyKOBO/IH-
TeJIb lenapTaMeHTa aToJIOTIecKol (hru3noso-
v YHusepcurera [Tonarkoro (Yexvist, OsoMoy1r)

Casuenxo C.B., 1-p MeJl. HayK, npod. kade-
Zipbl cynebHol MenunuHbl, HoBocMOUpCKMit
TOCYZIAPCTBEHHBIN METUITUTHCKUH YHUBEPCUTET
(HoBocubupck)

Casonosa E.H., i-p Men. HayK, npod., 3aB.
kadespoil HOpMaJIbHOU U MATOJOTUYECKOU
dusnosoruu, MpopeKTOp MO HAyYHOU paboTe,
JlaIbHEBOCTOYHBIH IOCYyAapCTBEHHBIA Meu-
IUHCKUU yHUBepcuTeT (XabapoBck)

Illesena A.H., n-p Mef. HayK, Ipod., 3aMeCTU-
TeJIb AUPEKTOPA 10 HAy4yHOU paboTte, THCTUTYT
XUMUYeCKOi Guosoruut ¥ QyHAaMeHTATbHON
meaunabl CO PAH (HoBocrbupek)

3.4. DAPMALEEBTUYECKUE HAYKN

Benoycos M.B., n-p dapm. HayK, TOIEHT, 3aB.
kadenpoil papmaleBTUUECKOTO aHAIU3a,
CubupCKUil TOCYIapCTBEHHBIA MeUIIUHCKUI
yuausepcureT (Tomck)

2Kapuxos A.JO., 1-p 6uo. HayK, JIOLEHT, 3aB.
kadenpoit papmakosnornu um. mpod. B.M. Bpro-
XaHOBA, IPOPEKTOP [0 HAaydyHOU pabore u
WHHOBAUMAM, AJITAUCKUNA TOCYZapCTBEHHBIN
MeAUIUHCKIH yHUBepcuTeT (BapHayon)
Kapaxynosa E.B., n-p dapM. Hayk, npod. Ka-
(benpsl yrpapieHus U 9KOHOMUKH (papmanuu,
CubupCcKuil TOCy/IapCTBEHHBIM MeUIIUHCKUN
yausepcuret (Tomck)

Jlaspenmvwesa JI.1., n-p dapM. HayK, JOIEHT,
3aB. Kadepoil ynpaBjieHUsI U S9KOHOMUKHU
dapmanuu, fekan papmarneBTHYECKOro da-
KyJnbTeTa, fpociaaBckuil rocysapcTBeHHbIN
MeIUIMHCKUN yHuBepcuTeT (SIpociiasiib)

Madonos I1.I'., i-p Men. HayK, 1pod., 3aB.
xadenpoit papMaKoJIOTUH, KINHHIECKOU
apmakosoruu u J0Ka3aTeIbHON MEUIIHBL,
HoBocubupckuii rocy1apcTBEHHBIA METUIIUH-
ckuii yausepeureT (HoBocubupcek)

@omunvix C.I., i-p MeJl. HayK, JOLIEHT, 3aB.
kadenpoi GapmMakoJOTUN, KINHUIECKOU
dapmaxosorun, OMCKUH TOCYAapCTBEHHBIN
MeaunHCKH yHuBepcutet (OMCK)

Illepmaesa K./., n-p dapm. HayK, ipod., 3aB.
kadeIpoii OpraHu3aIuy U yrpasJieHus papma-
eBTHYecKoro seia, lOxxuo-KazaxcraHckas me-
munuHckas akagemus (IpivkenT, Kazaxcran)

IloamnucaHo B mevars 17.12.2025.

Jlata BbIX0/1a B CBET 18.12.2025.
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Bausxaue tpunentuaa Leu-Ile-Lys Ha ciu3UCTYIO 000I0UYKY
JKeJIyAKa B 9KCIIEPUMEHTe

A.10O. XKapuxkos, O.H. Masxko, W.I1. Bobpos, A.C. Kanpaunkwuii, C.H. Hyp3saii, I'.B. ’Kapukosa,
E.O. Hazaposga, K.C. Pygenko

@I'BOY BO «Aamaiickuil 2ocydapcmeeHHtblil MeduyuHckuil yHusepcumem» Munzdpasa Poccuu, Bapnaya, Poccus

AHHOTAITUA

BBegeHUue. Bpicokasg pacnmpoCTpaHEHHOCTh SI3BEHHOH 00JIE3HU JKEJIy/IKA, 4 TAKXKE €€ MOJIUITHOJIOTUIHOCTD 060-
CHOBBIBAET AKTYyaJIbHOCTh Pa3pabOTKU HOBBIX CPEZCTB, 3G(EKTUBHBIX IIPU TAHHOHN MAaTOJIOTUH. PaHee OBLJIO BBIABIIEHO
MIPOTHUBOsI3BEHHOE JieticTBue Tpunentua Leu-Ile-Lys (LK-3) B AKCIEepUMEHTATbHBIX YCIOBUSAX MPU TaCTPOMATUSIX pas-
JIMYHOTO reHes3a. [l yTOUHEHHUSA MeXaHHU3Ma JeHCTBUA YKa3aHHOTO COeJUHEHUs HeoOXOMMO IPOBECTH YIIyOIeHHOe
SKCIIEPUMEHTAIHPHOE UCCIIEI0BAHNE €T0 BIUSHUS HA CIIU3UCTYI0 000104Ky skeyaka (COXK).

II e 1 » . U3yunTs BausaHue tpunentuaa LK-3 Ha COXK B skciepuMeHTaIbHBIX YCIOBUAX.

MaTepuanb U METObl. DKCIEPUMEHT IPOBOJUIN HA 16 KpbIcax Wistar. BeIessiyii HHTaKTHYIO TPYIIILY
U Tpynny BBeneHus tpunentuza LK-3 (BHYTpUIKeIyZO4dHO, 7 AHEH, 11,5 Mr/Kr). IIpoBoawIn maToMopdoIoruyeckoe
HccIIeIoBaHNe JKeJIYIKOB HKCIePUMEHTAIbHBIX KpbIc. VI3ydyanu obuyio rucrosorndeckyio kaptuny COXK, uzmepsiu ee
TommuHy. KpoMe TOro, NpoBO/IMIN HCCIe0BaHUE IIJIOTHOCTH M COCTaBa BOCIAJINTEIBHOTO HHMUIIBTPATA U OIIPe/lesIAIn
nHpekc Hakorienusa JIHK B aapax kieTok meeuHbix ot/es10B COXK.

PesynbTartbl . Makpo- U MUKPOCKOIIMUECKUX naTosornueckux ndmeHeHuin COK He GbUIO BBISABJIEHO B 00eHX
SKCIIePUMEHTAIbHBIX TpyIax. Beenenne tpumnenrtuza LK-3 BbI3BasIO CTATUCTUYECKU 3HAYMMOE YBEJTMYEHUE TOJIIITMHBI
CTU3UCTOU 0DOJIOUKH JKeJTy/IKa B 1,4 pa3da OTHOCUTEIbHO MHTAKTHOU rpymibl. Kpome Toro, nnjekc Hakorienus JTHK B
KiIeTkax meedHslx otzenoB COXK y Kpblc, MOABEPTHYTHIX BBeZleHUIO TpumenTuaa LK-3, ObUT B 1,2 pasa BhIIIE, YEM Y
WHTAKTHBIX *KUBOTHBIX. IIpu 3TOM B S-(hase kieTouHoro nukia Ha GoHe BBeZeHUu:A Tpunentuaa LK-3 Haxoauiaocs 100 %
HCCIelyeMbIX KJIETOK IIPOTUB 75 % B UHTAKTHOU I'PYIIIIE.

3akKkJ0UYeHHe . BHYTPIIKeNyOUYHOE 7-THEBHOE BBeieHHe Tpunentuaa LK-3 (11,5 Mr/Kr) Kpbicam BBI3BAJIO yBe-
smyenue ToamuHbl COK 1 noBBIIIEHNE /T0JIN KJIETOK, HaXoAAmuxcd B S-dase KJIeTOUHOTO ITUKIIA.

Kaoueesste caosa: tpunentuy Leu-Ile-Lys, cimsucras 0607049Ka KeTyaKa, KppIckl Wistar.

O6pasen muruposBanuA: Kapuxos A.10., Mazko O.H., Bo6pos W.1I1., Kanpaunkuii A.C., Hypsaii C.H., ’Ka-
puxosa I'.B., Hazaposa E.O., Pynenko K.C. Bausanue tpunentuaa Leu-Ile-Lys Ha cIM3UCTYI0 060I0UKY JKeTyKa B
skcniepuMenTe // Journal of Siberian Medical Sciences. 2025;9(4):7-14. DOI: 10.31549/2542-1174-2025-9-4-7-14

Effect of the tripeptide Leu-Ile-Lys on the gastric mucosa
in an experiment

A.Yu. Zharikov, O.N. Mazko, I.P. Bobrov, A.S. Kalnitsky, S.N. Nurzai, G.V. Zharikova,
E.O. Nazarova, K.S. Rudenko

Altai State Medical University, Barnaul, Russia
ABSTRACT

Introduction. Thehigh prevalence of gastric ulcer, as well as its multiple etiologies substantiate the urgency of
developing new drugs effective in this condition. Previously, the antiulcer effect of the tripeptide Leu-Ile-Lys (LK-3) was
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revealed under experimental conditions in gastropathies of various origins. To clarify the mechanism of action of this com-
pound, an in-depth experimental study of its effects on the gastric mucosa (GM) is necessary.

A i m . To study the effect of the tripeptide LK-3 on GM under experimental conditions.

Materials and methods. The experiment was performed on 16 Wistar rats. All animals were divided
into two groups: the intact group and the group with intragastric administration of the tripeptide LK-3 (for 7 days, 11,5 mg/
kg). Pathomorphological examination of the stomachs of experimental rats was performed. A histological picture of the GM
was examined, and its thickness was measured. In addition, the density and composition of the inflammatory infiltrate, as
well as the DNA replication index in the nuclei of cervical GM cells were determined.

Results. During gross and microscopic examination, no pathological changes in the GM were revealed in either
experimental group. The tripeptide LK-3 administration caused a statistically significant increase in GM thickness, by
1,4 times, compared to the intact group. In addition, the DNA replication ratio in cervical GM cells in rats treated with LK-3
was 1,2 times higher than in intact animals. At the same time, 100% of the cells studied were in the S-phase of the cell cycle

after administration of LK-3, compared to 75% in the intact group.

Conclusion.

A 7-day intragastric administration of the tripeptide LK-3 (11,5 mg/kg) to rats caused an increase in

GM thickness and in the proportion of cells in the S-phase of the cell cycle.
Keywords: Leu-Ile-Lys tripeptide, gastric mucosa, Wistar rats.
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BBEJAEHUE

SIzBeHHas OOJIE3HD JKEJIY/IKA SBJISIETCSA OJHOU W3
Haubosiee pACIPOCTPAHEHHBIX IATOJOTUU Cpeau
BHYTpeHHUX 0oJsie3Hell uesoBeka [1]. YuuTeiBas
MHOTO(aKTOPHOCTS (QOPMHUPOBAHUS YKA3aHHOU
[IaTOJIOTHU [2], NMOMCK HOBBIX IPOTHUBOSA3BEHHBIX
CPEJICTB SIBJISETCS OJHUM U3 aKTyaJIbHBIX HAIIPaBJIe-
HUH COBPEMEHHOH (apMaKoJIOTHIeCcKOU HAyKU.

B 1mpoBe/leHHBIX HAMU paHee HCCIETOBAHUAX
MIPOJIEMOHCTPUPOBAHO MIPOTUBOSI3BEHHOE JIEHCTBHE
tpurnentuga Leu-Ile-Lys (LK-3) Ha doHe sKcmepu-
MEHTAJIBHBIX TacTPONATHI Pa3JINYHON 3THOJIOTUH
[3—6]. B TO ke BpeMs TOYHBIN MeXaHU3M PA3BUTHS
ykazaHHOro addeKTa IIpyu BBeeHUU UCCIIeyeMOro
Bell[eCTBa HA JJAHHBIM MOMEHT He fICeH.

B cBs13U C BBIIIECKA3aHHBIM ITIPE/ICTABJISIET HHTE-
pec yriybieHHOe nsyuenue BiausHus LK-3 Ha cau-
3uCTyI0 060104Ky Kemyaka (COXK).

IEJIb MCCJIEAOBAHUA

W3yuenue Biuanud tpunentusa LK-3 sa COX B
SKCIIEpUMEHTAIBHBIX YCIOBUSAX.

MATEPUAJIBI 1 METO/IbI

WccnenoBanus poBe/ieHbI HA 16 KpbIcax-camIiax
croka Wistar, mosygyeHHbIX B THCTUTYTE ITATOJIOTHH
u reretuku CO PAH (r. HoBocubupck). JKUBOTHBIX
paszies Ty HOPOBHY HA UHTAKTHYIO TPYIIILY U IPYILILY
BBegieHus1 LK-3 1 cozieprkasii B 00IIUX KIIETKAX IPH
IIOCTOSIHHOM JIOCTYIIE K BOJI€ U IIUTAHUIO, COOTBET-
CTBYIOIIIEMY CTaHJIAPTHOMY J1abOpaTOPHOMY paliu-

INTRODUCTION

Gastric ulcer disease is one of the most com-
mon pathologies in internal medicine [1]. Given
the multifactorial nature of the development of
this condition [2], the search for new anti-ulcer
agents is one of the most relevant areas of modern
pharmacology.

Our previous studies demonstrated the anti-ulcer
effect of the tripeptide Leu-Ile-Lys (LK-3) in experi-
mental gastropathy of various etiologies [3—6]. How-
ever, the precise mechanism underlying this effect
following the administration of that substance
remains unclear.

In the context of the mentioned above, an in-
depth study of the effect of LK-3 on the gastric
mucosa (GM) is of interest.

AIM OF THE RESEARCH

Study of the effect of the tripeptide LK-3 on GM
under experimental conditions.

MATERIALS AND METHODS

The study was performed on 16 male Wistar
rats obtained from the Institute of Cytology and
Genetics, Siberian Branch of the Russian Academy
of Sciences (Novosibirsk). The animals were
divided equally into an intact group and an LK-
3-administered group and were kept in communal
cages with continuous access to water and food
corresponding to standard laboratory diet. Ani-
mals of the LK-3 group were administered with the
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oHy. 7KuBoTHBIM rpynnsl BBegeHu LK-3 exxelTHeBHO
IIPOBO/TUAJIN BHYTPIDKETYTOUHYIO UHDBEKITUIO
11,5 MTI/KT HCCJIE[yeMOTO BEIIECTBA ITOCPEICTBOM
30H7a [3]. Uepe3 7 AHEU Mocae Hadaia SKCIEPH-
MEHTa KUBOTHBIX TI0/[BEPTajIi 9BTAHA3UU U B3STHIO
JKeJIYIKOB /IS IPOBEAIEHUs MAaKPO- M MUKPOCKOITH-
YECKOro MmaToMop¢OJI0THIECKOTO HCCIEOBAHUA.

[TpemapaThl KEJIYAKOB SKCIEPUMEHTATbHbBIX
JKUBOTHBIX TIOJTOTABJIMBAIN [0 TPAAUIIMOHHON
MeroauKe Ha obopymoBanuu ¢bupmbl Sakura (fmo-
uusa) [7]. T'mcronmoruyeckre cpesbl OKpaIIMBAIHA
reMaTOKCHJIMHOM U 303UHOM. TakiKe OCyIIeCTBIIsIIH
TUCTOXUMHYECKYI) OKpPacKy Ha HEUTpabHbIE TJIH-
ko3amuHorukaubl [[udd-peaktuBom 1o Mak-
ManHycy M Ha KUCJIble TJIMKO3aMHHOTJIUKAHBI 1%
PacTBOPOM IBITUAHOBOTO CHHEro Ha 3% YKCYCHOU
kuciote (pH 2,5) mo Ctuameny.

[MposnndepaTUBHYI0 aKTUBHOCTh KJIETOK IIIEeU-
HbIX ot1iesioB COXK ompenensiu ¢ mpuMeHeHUEM
mopdomerpruueckoi mporpammbl  «BumeoTect-
Mopdosiorus 5.2». YCI0OBHUSA OCBEIEHUS U TTOPOTH
SIDKOCTU U3MEPSEMBIX 00beKTOB (0—250 e1.) ObLTH
OIMHAKOBBIMH JIJISI BCEX M3MePeHu . B KaskIoM city-
gae onpegenanu coaepkanne JIHK B aAxpax
25-30 WHTephA3HBIX KJIETOK, a TaKKe B SApax
25 MaJIbIX TKAHEBBIX IUM(OIIUTOB B 3TOM K€ Cpe3e.
Cpenuee copep:xanue JJTHK B sape masoro aumdo-
oUTa MPUHUMAIW 3a JUIUIOHU/HOE 3HadeHue (2¢).
Jlasiee CTPOWIM THUCTOTPAMMBbI pacIpe/iesIeHUs
IIEEYHBIX DHTEPOIUTOB IO WHAEKCY HAKOIUIEHUS
JHK (MH/IHK) B sizpe.

OneHUBaIM  IUIOTHOCTh  BOCHAJIUTEIHHOTO
WHQWIBTPATA B 5 IMOJIAX 3PEHUS IPU YBEJIUUYEHUH
MHKpPOCKOIIa X400. TydHble KJIETKU ONpPENEIsIN C
rmoMoIpio Habopa BioVitrum (Caukt-IleTepoypr).
PaccunThIiBasIN TIPOIIEHTHOE COZIEP:KAHUE KOMIIAKT-
HBIX U JIETPAHYJIUPYIOIMHUX (POPM TYUHBIX KJIETOK.
[Mudpossie MukpodoTorpadpuu MUKPOIPENAPATOB
mostyqastu ¢ momoinbio Mukpockona Nikon Eclipse
E200 (Anonwus) u cucremsl Busyamudanuua MC-LCD
4K (Poccus). MopdomeTpuyeckre U3MePeHUs 0Cy-
IEeCTBJIAIN IIPU HOMOIIY MOPHOMETPUYECKOH IIPO-
rpammbl « BugeoTect-Mopdostorus 5.2».

CratucTUuecKWil  aHaIu3 MPOBOAWIN  IIPU
IIOMOIIA MporpamMmbl Statistica 10.0. Oupenpensin
cpefHee 3HAUYEHUE W CTAHJAPTHYIO OIIHOKY cpes-
Hero (M + m). CTaTUCTUYECKYIO 3BHAYUMOCTD Pa3JI-
YWH BBISABJISUTH C UCIOJIb30BaHUEeM KpuTepus CThio-
JleHTa. Pasimuus mpu3HaBaju B KQUECTBE CTaTUCTH-
YeCcKH 3HAUYUMBIX IIPHU p < 0,05 [8].

PE3YJ/IBTATDBI

Makpockonnuyecku COXK B UHTaKTHOH TpyIIIe
BBITJIAZEa OJieCTAIeH, IIagKOoH, CKIAAKA ObLIN

test substance at a dose of 11,5 mg/kg intragastri-
cally via a gavage [3]. Seven days after the start of
the experiment, the animals were euthanized, and
their stomachs were removed for gross and micro-
scopic examination.

Stomach samples from experimental animals
were processed using conventional methods and
equipment from Sakura (Japan) [7]. Histological
sections were stained with hematoxylin and eosin.
Histochemical staining for neutral glycosaminogly-
cans was also performed using McManus’ periodic
acid-Schiff technique and for acidic glycosaminogly-
cans using a 1% solution of alcian blue in 3% acetic
acid (pH 2,5) according to Steedman.

The proliferative activity of cervical GM cells was
determined using the VideoTest-Morphology 5.2
program. Lighting conditions and brightness thresh-
olds for the measured objects (0—250 units) were the
same for all measurements. In each case, the DNA
amount in the nuclei of 25—-30 interphase cells, as
well as in the nuclei of 25 small tissue lymphocytes in
the same section was determined. The average DNA
amount in the nucleus of a small lymphocyte was
taken as the diploid value (2¢). Then, histograms of
the cervical enterocyte distribution were plotted
based on the DNA replication ratio (DNARR) in the
nucleus.

The inflammatory infiltrate density was assessed
per 5 high-powered fields at 400 magnification. Mast
cells were identified using a BioVitrum kit (St. Peters-
burg). The percentage of compact and degranulated
mast cells was calculated. Digital micrographs of the
slides were obtained using a Nikon Eclipse E200
microscope (Japan) and an MC-LCD 4K imaging
system (Russia). Morphometric measurements were
performed using the VideoTest-Morphology 5.2
morphometric software.

Statistical analysis was performed using Statis-
tica 10.0. The mean and standard mean error
(M + m) were calculated. Statistical significance of
differences was determined using the Student’s
t-test. Differences were considered statistically sig-
nificant at p < 0,05 [8].

RESULTS

During gross examination, the GM of the intact
rats appeared shiny and smooth, with moderate
folds. Histological examination of the GM of intact
animals revealed no pathological changes. The
folds were low, the valleys were narrow, covered
with the columnar epithelium having light eosino-
philic cytoplasm. The deep sections of the GM
were represented by the tubular glands with a
cuboidal cell lining. The glands were closely adja-
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Puc. 1. Ciiuzucras 060J109Ka TeJla KeTy/iKa SKCIePHIMEHTAIbHBIX KPBIC
(A — uHTakTHasA rpynna; B — rpynna BBenenus tpunentuaa Leu-Ile-Lys).
Okpacka reMaTOKCHJIMHOM U 203UHOM. YBeJIHUEHHE X100
Fig. 1. Gastric mucosa of experimental rats
(A — intact group; B — Leu-Ile-Lys-administration group). Hematoxylin and eosin staining. Magnification x100

BBIpa’KE€HBl yYMepeHHO. [Ipu THUCTOJIOTUYECKOM
uccaemoBanuu B COXK HMHTAKTHBIX >KHBOTHBIX
[MaTOJIOTUUECKUE W3MEHEHUSA OTCYTCTBOBAJIH.
Banuku ObLIM HEBBICOKUMH, SIMKUA Y3KHUMU,
MMOKPBITHIMH IPU3MATHYECKUM BJIIUTEJIHEM CO
CBETJION 303WHODUIBHOM IMUTOIIa3MOH. ['y6o-
kue otaenbl COXK mpencraBieHBl TPyOUATHIMU
JKeJie3aMU ¢ BBICTHJIKON M3 KyOHMUYEeCKUX KJIETOK,
JKeJIe3bl TECHO IIPUJIEKAIIH APYT K APYTY, MeXKKe-
Je3ucrasi cTpomMa ckyaHas. [1oIcTU3UCThIN CI0U
IIpe/ICTaBJIeH PHIXJION COEIMHUTEIHPHOU TKAHBIO C
HeOOJIBIIIUM KOJIUYECTBOM YMEPEHHO IOJIHO-
KPOBHBIX TOHKOCTEHHBIX cocyZoB (puc. 1, A). Ha
atom ¢GoHe B rpymie BBemeHus LK-3 makpocko-
nuuecku COXK BoIryisifena GJecTsaInei, riIajaKkou,
CKJIQZIKU OBLIIY BBIPA’KeHbI YMEPEHHO, ITaTOJIOTH-
yecKre H3MEHEHHs CIAU3UCTON O000JI0UKH He
00HAPYKUBAJIUCH: SA3BBI, DPO3UHU OTCYTCTBOBAJIH
(puc. 1, B).

IIpu MOpdOMETPUYECKOM HCCIEAOBAHUHU TOJI-
muHa COJK HMHTAKTHBIX KUBOTHBIX COCTaBUJIA
435,7 + 5,8 mkMm. Ha aTom (oHe B rpyrimne BBeZeHUs
LK-3 BeiMumHA yKa3aHHOrO ITOKa3aTess BO3pac-
Taya B 1,4 paza (p = 0,0000001) U COCTaBUJIA
592,8 + 20,5 MKM.

IIpu rHCTOXMMHUYECKUX OKpAaCKax Ha KHUCJIblE U
HelTpanpHble MyKomoaucaxapuzpl B COXK kak
WHTAKTHBIX }KUBOTHBIX, TAK U ITOJ[BEPTHYTHIX 7-THEB-
HOMy BBeJleHHI0 LK-3 ompegesnsiack HHTEHCUBHAs
peaxius.

[II0THOCTP BOCHAJIUTESBHOTO WUHOUIbTpAaTa B
nojicnusuctoM citoe COMK MHTAKTHBIX KpbIC COCTa-
BwIa 22,6 + 1,6 KiIeTku (KJ1.), Ha (OHEe BBeJEHUS
LK-3 — 18,0 + 2,1 k1. B 5 TIOJISIX 3pEHUS IIPU YBEJIHA-
YeHUU MUKPOCKOIIA X1000. [Ipu 3ToM 303MHOGUIBI
B UHTAKTHOU T'PYIIIE COCTaBUIH 37,0 + 3,43 %, HEH-
Tpodus — 3,6 + 1,6 %, TumbonuTh — 13,4 + 1,3 %,

cent to each other, the stroma between the glands
was sparse. The submucosa was composed of loose
connective tissue with a small number of moder-
ately plethoric thin-walled vessels (Fig. 1, A). Dur-
ing gross examination of stomachs from the LK-3
group rats, GM appeared shiny and smooth, with
moderate folding; no pathological changes in the
mucosa were detected — without ulcers and ero-
sions (Fig. 1, B).

Morphometric examination showed that the
GM thickness in intact animals was 435,7 + 5,8 um.
In the LK-3 group, this indicator increased by
1,4 times (p = 0,0000001) and amounted to
592,8 + 20,5 um.

Histochemical staining for acidic and neutral
mucopolysaccharides in the GM of both intact ani-
mals and those exposed to a 7-day administration of
LK-3 revealed an intense reaction.

The inflammatory infiltrate density in the intesti-
nal submucosa of intact rats was 22,6 + 1,6 cells, while
after LK-3 administration it was 18,0 + 2,1 cells per
5 high-powered fields at 1000 magnification. At the
same time, eosinophils in the intact group accounted
for 37,0 + 3,43%, neutrophils — 3,6 + 1,6%, lympho-
cytes — 13,4 + 1,3%, plasma cells — 5,3 + 0,5%, fibro-
blasts — 34,2 + 2,8%, and mast cells — 6,5 + 1,45%. The
count of dense mast cells was 75,5 + 6,3%, and degran-
ulating mast cells — 24,5 + 6,3%. In the LK-3 adminis-
tration group, the count of eosinophils was
28,3 + 2,0%, neutrophils — 3,3 + 1,4%, lymphocytes —
16,6 + 0,9%, plasma cells — 6,8 + 0,9%, fibroblasts —
32,3 + 3,6%, mast cells — 12,7 + 1,4%. The count of
compact mast cells was 79,7 + 6,3%, and degranula-
ting mast cells — 20,3 + 3,7%.

DNA ploidy analysis of cervical GM cells in intact
rats revealed the DNARR was 3,75¢ + 0,1. At the
same time, 25% had the DNARR of 3¢, and 75% of
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Puc. 2. 'ucrorpaMma, xapakTepusyolias Haiuure IposirndepaTuBHBIX KJIOHOB KJIETOK
B CJIMBUCTOH 000JIOUKE JKEJTyJIKA Y HHTAKTHBIX JKHBOTHBIX
Fig. 2. The histogram characterizing the presence of proliferative cell clones in the gastric mucosa of intact animals

IUTa3MaTUYECKUEe KJIETKU — 5,3 + 0,5 %, hpubpobia-
CTHI — 34,2 + 2,8 % u TyuHbBIE KJIETKU — 6,5 + 1,45 %.
Ty4HBIX KJIETOK KOMIIAKTHOTO THIIA  OBLIO
75,5 = 6,3 %, a KJIETOK JerpaHyJasapHOTO TUIA —
24,5 + 6,3 %. B rpynmne BBenenns LK-3 uncio s03u-
HO(pMIOB cocTaBwiIoO 28,3 + 2,0 %, HEUTPODUIOB —
3,3 £ 1,4 %, tuMporuToB — 16,6 + 0,9 %, Ia3MaTH-
YecKUux KJIeTOK — 6,8 + 0,9 %, dubpobiacTtoB —
32,3 + 3,6 %, TYUHBIX KJIETOK — 12,7 + 1,4 %. Huciao
TYIHBIX KJIETOK KOMIIAKTHOTO THIIA COCTaBUJIO
79,7 £+ 6,3 %, a KJIETOK JerpaHyJIsIDHOTO THIIA —
20,3 £ 3,7 %.

[Ipu Mo METPUUECKOM HCCIIEIOBAHUU KJIETOK
mreeyHbIx yuyacTkoB COXK nHTakTHBIX Kphic MH/THK
cocTaBu 3,75¢C + 0,1. IIpu sTom 25 % numenu MHAHK
3¢, a 75 % wierok — UHJIHK 4c¢ (puc. 2). Takum
obpasoM, 75 % KJIETOK HaXOAWIUCh B S-daze Kie-
TOUHOTO ITUKJIA.

Ha atom ¢one MH/ITHK mociie 7-aHEBHOTO BBe-
geHusa LK-3 110 cpaBHEHUIO ¢ MHTAKTHBIMHU >KUBOT-
HBIMH BBIPOC B 1,2 pasza (p = 0,0001) U COCTABHJI
4,6c £ 0,2; 50 % KJIeTOK B mieedHbIx otAenax COXK
umenu MHJIHK 4c, 45 % — 5¢ u 5 % — 7c (puc. 3).
Takum o6pasom, B S-¢pase KJIETOUHOTO ITUKJIa HAX0-
awich 100 % kietok. Ilpm stom 50 % KieTok
WMeJI BBICOKYIO TPOIU(EPAaTUBHYI0 AKTUBHOCTb,
Tak kak umeau MH/IHK ot 5¢ o 7c.

the cells had the DNARR of 4c¢ (Fig. 2). Thus, 75% of
the cells were in the S-phase of the cell cycle.

The DNARR ratio after 7 days of LK-3 adminis-
tration increased by 1,2 times (p = 0,0001) compared
to intact animals and amounted to 4,6¢ + 0,2; 50% of
the cervical GM cells had the DNARR of 4¢, 45% —
5¢, and 5% — 7c (Fig. 3). Thus, 100% of the cells were
in the S-phase of the cell cycle. Moreover, 50% of the
cells had high proliferative activity, since they had
the DNARR from 5c to 7c.

DISCUSSION

A 7-day administration of LK-3 to experimental
rats led to a statistically significant increase in GM
thickness compared to intact rats. Furthermore, an
increase in the proliferative activity of GM cells,
manifested by a statistically significant increase in
DNARR, is noteworthy.

The data obtained are generally consistent with
the results of our previous studies, in which the
anti-ulcer effect of LK-3 was expressed quantita-
tively as a decrease in the depth of GM ulcerative
lesions both in comparison with the control and
the groups receiving the comparator drug, omepra-
zole [4, 5].

It is worth noting that the dipeptide Leu-Ile in
experiments promoted an increased cell prolifera-

% 60 50
45
40 -
20
5
0 : : : __‘
4c 5c 6¢c Tc

Puc. 3. l'ucrorpamma, xapakTepusyromias Halnuue Ipoanu@epaTuBHbIX KJIOHOB KJIETOK
B CJIU3UCTOM 000JI0UKE JKEJIy/IKA B TPyIIe BBeZeHus Tpumentra Leu-Ile-Lys
Fig. 3. The histogram characterizing the presence of proliferative cell clones in the gastric mucosa
in the group receiving the tripeptide Leu-Ile-Lys

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

11



2Kapuxoe A.FO. u dp. / Journal of Siberian Medical Sciences T. 9, N? 4 (2025)

OBCYXKJIEHUNE

ITokaszaHo, uTo 7-AHeBHOE BBefenue LK-3 1abo-
PaTOPHBIM KPBICAM CIIOCOOCTBOBAJIO CTATUCTHIECKHU
3HauuMoMy yBesudeHuto Toamuabl COXK oTHOCH-
TeJIbHO UHTAKTHBIX KpbIc. Kpome Toro, o6paraer Ha
cebs1 BHHUMaHHE YyBEJIWYEHHE MPOJIHpEPATUBHON
aktuBHOCTU KiieTok COXK, mposBUBIIIeecsa CTaTUCTU-
4JecKkd 3HauuMbIM yBesmuennem MH/ITHK.

[TonyyeHHBIE JAHHBIE B II€JIOM COTJIACYIOTCA C
pesyJibTaTaMy HaIlllUX IPEABIAYIINX UCCIeOBAaHUH,
B KOTODPBIX IPOTUBOsI3BeHHOE JieticTBue LK-3 Kosm-
YeCTBEHHO BBIPAXKAJIOCh B YMEHBIIEHUU IIyOHUHBI
a3BeHHbIX JedekToB COJK Kak IO CpaBHEHUIO C
COOTBETCTBYIOIIIMM KOHTPOJIEM, TAK U OTHOCUTEILHO
IPYIIIL, HOJIYYaBIINX [IperapaTr CpaBHEHUs OMeIpa-
o1 [4, 5].

Crout oT™MeTuTh, uTo Aunentuy Leu-Ile B akcie-
PUMEHTATBHBIX YCJIOBUSIX CIIOCOOCTBOBA YCUIEHUIO
npoaudepanyiu KIETOK, aCCOIMUPOBAHHOMY C CUT-
HQIBHBIM IIyTeM HeHWpoTpoduyeckoro dakropa
mo3ra [9].

BepositHO, uccnenyembri tpunenuy; LK-3 npsamo
WJIN KOCBEHHO IIPOSIBIISET CBOMCTBA (haKTOpa pocTa,
uro noATBep:kaaercs ypenunuenuem MH/IHK u nonn
KJIETOK, HAXO/IsAmuxcs B S-(pase KJIETOUHOTO I[UKJIA.
Jaaubiii 3 GEKT, B CBOKO OUepe/lb, CIIOCOOCTBOBAI
CTAaTUCTUYECKU 3HAUYNMOMY yYBEJIUUEHHUIO TOJIIUHBI
COXX, 3apuKCcHpOBAaHHOMY B paMKax HACTOSAIIETO
HccaeJOBaHuA.

3AKVIIOYEHUNE

Tpunentuzn Leu-lle-Lys mpu BHyTpUIKETyI0U-
HOM BBeZIeHUU J1abOpPaTOPHBIM KPbICAM B TEUEHHE
7 mHeH criocobeTByeT yBeamdeHuo Toamuabsl COXK
U IOBBIIIIEHUIO JTOJIU KJIETOK, HaxXoAAIuxcs B S-daze
KJIETOYHOT'O IIUKJIA.

duHaHCcUpOBaHUE. lccieoBaHNe IPOBEEHO
B PaMKaX BBIINOJHEHUS TOCYJaPCTBEHHOTO 3a/IaHUs
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tion associated with the brain-derived neurotrophic
factor signaling pathway [9].

Probably, the LK-3 tripeptide studied directly or
indirectly exhibits growth factor properties, as evi-
denced by the increase in the DNARR and the pro-
portion of cells in the S-phase of the cell cycle. This
effect, in turn, contributed to the statistically sig-
nificant increase in GM thickness observed in this
study.

CONCLUSION

The tripeptide Leu-Ile-Lys, when administered
intragastrically to laboratory rats for 7 days, is bene-
ficial in an increase in both the GM thickness and the
proportion of cells in the S-phase of the cell cycle.
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AHHOTAIIUA

BBegenue. HazHaueHue IpsAMbIX OpayibHBIX aHTUKOATYISHTOB (ITOAK) mamnueHTaM MOKHI0OT0 BO3PACTa aCCOIMHU-
POBAHO C IOBBIIIEHHBIM PUCKOM Pa3BUTHS OCJIOXKHEHUH B CPABHEHUH € 001el momyssinuei. IIpex/ie Bcero, To CBA3aHO
¢ HatnuueM (paKTopoB pUCKa — MOAUDUIIUPYeMbIX M HeMoAgupuIupyeMsbIx. Iy1aBHbIMU MOAUGUIPYEMBIMU (haKTOPaMHU
pucka IIOAK- 3aBHCHUMBIX TeMOPPArnyecKUX OCJI0KHEHNN SABJIAIOTCA IOJIUIIPArMa3ys U HexKeJlaTeIbHbIe JIEKAPCTBEHHbBIE
B3aMMO/IEACTBUA. YUeT I04euHOH GYHKIINY TaKKe BaykeH. V3ydueHNe JaHHBIX BOIIPOCOB KpaliHe aKTyaJIbHO I IIOUCKA
PaBHOBeCHsI B COOTHOIIIEHUH TI0J1b3a/BPEJ] IPH JIEYEHUH MAIIMEHTOB MOKIJIOTO BO3PACTa.

IT e 1 b . Ouenka dakropoB pucka pazsutus [IOAK-3aBuCHMBIX OCIIOKHEHUH B YCJIOBUSAX IOJIUIIPATMA3HH Y TAITUEHTOB
IIO2KUJIOTO BO3pacTa.

MaTepuasbl U METO/ bl. BperpocrieKTHBHOM OZJHOIIEHTPOBOM HCCJI€ZIOBAHUY IPUHAJIO yYacTHe 503 Maru-
€HTa, HabJTI0/IeHe 32 KOTOPBIMHE IIPOBOZIIIOCH C alpeJis M0 CeHTAOph 2024 T. [TanuenTts! npuHuManu [IOAK o moBozgy
OCTOAHHOU (hopMBI GUOPHUIIIANNY NIPeACEPIUM, IPH 5TOM y HUX He ObUIO TSXKeJBIX TeMOpparndecKux OCJIOKHEeHUH
(kpuTepuii uCKIIOUeH ). Mbl IPUMEHSITH METO/] aHKETUPOBAHUS, B X07le KOTOPOTO COOUPAIHCH CBEZIEHHS O TIPUHIMAae-
MBIX IIpenapaTax, CTaXke IIprueMa aHTUKOATYJIAHTA U CTaTyce IIOYEeTHOH (PYHKITUU.

PesynsbTarTn . HezaBucumpivu pakropamu [TOAK-3aBUCHMBIX OCJIOKHEHUH B HCCIIEIyeMOU TpyIIie ObUINA OJHO-
BpPEMEHHBIH IpreM npernaparos (6ostee 6), HU3Kas CKOPOCTh KIIyOOUKOBOH QHIIBTPALINY — MeHee 45 M1/ MuH/ 1,73 M2 Kpome
TOTO, BbISIBJIEHA B3AMOCBA3b MEK/Y OBBIIIEHHBIM PHCKOM IreMOPPAaruniecKUxX OCJIOKHEHUH U OZTHOBPEMEHHBIM IIPHEMOM
TIOAK c onpeziesieHHBIMH JIeKaPCTBEHHBIMU IIPerapaTaMy, BAUAIIUMY Ha papMaKOKMHETUKY aHTUKOATYJIAHTA.
3akuniueHue. [Ipunasnauennn [IOAK siumam moxusroro Bo3pacra ¢ BhIIIEONUCAHHBIMH (PaKTOPAMH PUCKA CJIe-
JIyeT TIIATeJIbHO OIeHUBATh COOTHOIIIEHHE M0J1b3a/Bpe/] Ha3HAYaeMOT0 aHTHKOATYJ/ISIHTa, IPOTHO3UPOBATh PUCK KPOBOTE-
JeHU! U n30eraTh HeXKeJIaTeIbHbIX JIEKAPCTBEHHBIX B3aUMO/IEHCTBUH B YCIIOBUSAX MOJIUIIPATMA3HH.
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ABSTRACT

Introduction. Theuse of direct oral anticoagulants (DOACs) in elderly patients is associated with an increased
risk of complications compared to the general population. First of all, this is due to the presence of risk factors — modifiable
and nonmodifiable. The main modifiable risk factors for DOAC-related hemorrhagic complications are polypharmacy and
adverse drug interactions. Consideration of renal function is also important. The study of these issues is extremely impor-
tant for finding a balance in the benefit-harm ratio in the treatment of elderly patients.

Aim . Assessment of risk factors for the development of DOAC-related complications in elderly patients with poly-
pharmacy.

Materials and methods. Aretrospective single-center study involved 503 patients who were followed-up
for April-September 2024. Patients were treated with DOACs for persistent atrial fibrillation, while they did not have
severe hemorrhagic complications (exclusion criterion). A questionnaire survey was used, during which data on medica-
tions taken, the duration of anticoagulant treatment, and renal function were collected.

Results. The independent factors associated with DOAC-related complications in the study cohort were polyphar-
macy (concomitant use of over 6 medications) and a reduced glomerular filtration rate of less than 45 ml/min/1,73 m=.
Furthermore, a correlation between an increased risk of hemorrhagic complications and the concomitant intake of DOACs
with specific drugs that affect the anticoagulant’s pharmacokinetics was identified.

Conclusion. When prescribing DOACs to elderly patients with the risk factors described above, the benefit-harm
ratio for the prescribed anticoagulant should be carefully evaluated, the risk of bleeding should be predicted, and adverse
drug interactions should be avoided in patients with polypharmacy.

Keywords: direct oral anticoagulants, risk factors for hemorrhagic complications, polypharmacy, chronic kidney disease.

Citation example: Kondrakhin A.P., Silina E.G., Chernyaeva M.S., Maksimov M.L., Sychev L.V. Assessment of
the risk of complications associated with the use of direct oral anticoagulants in elderly patients with polypharmacy.
Journal of Siberian Medical Sciences. 2025;9(4):15-23. DOI: 10.31549/2542-1174-2025-9-4-15-23

BBEJIEHUE

Jluma moXKmiIoro Bo3pacra — ocobas rpymma
MaIMeHTOB, XapaKTEepPU3YIoIasacs BBICOKOU pac-
MIPOCTPAaHEHHOCTHIO MTOJTUMOPOUTHOCTH, B CBSA3H C
KOTOPOHM MAaIMeHTaM YacTO IPUXOIUTCS IPUHHU-
MaThb OOJIBIIIOE KOJTUUECTBO mpemnapaTos [1]. Beien-
CTBHE 3TOTO YBEJIUYNBAETCSA PUCK PAa3BUTHUS HeEXKe-
JIaTeJbHBIX  JIEKAPCTBEHHBIX  B3aUMOJIEHCTBU.
Taxke BaKHOU MPOOJIIEMOH SABJSAETCA HAIMUNE
VHBOJIIOTUBHBIX BO3PaCT-aCCOIMMUPOBAHHBIX OCO-

INTRODUCTION

Older adults are a special group of patients char-
acterized by a high level of polymorbidity, due to
which patients often have to take a large number of
medications [1]. As a result, the risk of adverse drug
interactions increases. Another important problem
is the presence of age-related involutional changes,
among which a decrease in liver enzyme activity and
in renal filtration function, and other indicators are
of great importance [2].
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OEHHOCTEH, Cped KOTOPBIX OOJIBIIIOE 3HAYEHHE
UMEIOT CHUJKEHVEe aKTUBHOCTU (hepMEHTOB ITeUeHH,
¢pupTpanoHHON QYHKIMU IIOYEK U JIpyTHUe IOoKa-
3arenu [2].

ITo JaHHBIM COBPEMEHHOM JIUTEPATYPhl 0COOEH-
HOCTH (YHKIMOHUPOBAHUSA OPraHU3Ma IIOKUJIOTO
YyeJIoBEKa 3HAUMMO BIIUIOT Ha GapMaKOKHHETUKY U
(apmMako[UHAMUKY JIEKAPCTBEHHBIX CPEICTB, YTO
yaile BCEro CHIKAET UX TEPATIEBTUUYECKUHA UHJIEKC.
YuuTeIBaTh TaHHBIE 0COOEHHOCTH HEOOXOIUMO TIPU
NPUHATAU PeIIeHusT 0 Ha3HAYEeHWH IPernaparos,
MIOTEHITHAJIIBHO  YBEJIMUMBAIOIIUX  CBOOOAY  OT
(aTasbHBIX OCTIOKHEHUH [3].

K momo6HbIM TperapaTtaM OTHOCSATCS IIPsIMbIe
opanbuble aHTUKOATYJIAHTHI (IIOAK). X HazHaue-
HUe TpU PUOPWIUISAINY TIPEJCEPAUNA CITOCOOCTBYET
«3amuTe» OT B5MOOJIOTEHHBIX COCYAUCTHIX KaTa-
CTpo®, XOTSA U TOBBIIMIAET PUCK T'€MOPPATUUECKIX
OCJIO}KHEHHH.

TmarenbHbI aHaAMU3 (PAKTOPOB PHUCKA ITO3BO-
JIsIeT HAa3HAUUTH ONTUMAIBHYIO (papMaKOTepaIuio,
aCCOIMUPOBAHHYIO C HAKOOJIbIIIEH CBOOOION KAaK OT

TpOM6OTI/I‘{eCKI/IX, TaK W OT TeMOppAaru4eCcKux
OCJIOKHEHUMH.
IIEJIb NCCJIEAOBAHUA

OneHNUTh DPHUCKH Pa3BUTHS TeMOPpParuyecKux
OCJIO’)KHEHUH y MallMeHTOB, IPUHUMAIOIIUX IIpera-
parel u3 rpynnsl IIOAK B ycioBHAX IOJIUIIpAr-
Ma3uu.

MATEPUAJIBI 1 METO/IbI

JlaHHOEe HCcCIeIOBaHUE SIBJISIETCS PETPOCIIEKTHB-
HbIM (HaAOJIIO/IeHNe 3a MallueHTaMH, ITPUHUMAIO-
mumu [TOAK), oHOIIEHTPOBBIM (cOOUpaInch KJIu-
HUYECKHE [aHHblE U3 apPXUBOB OJHOTO YUPEK/Ie-
HU), HEPAHIOMU3UPOBAHHBIM (B CHJIY JOCTATOYHO
CTPOTHX KPUTEPHUEB BKJIIOUEHUS ¥ MCKIIOUEHUs HE
yaJI0Ch coOpaTh JOCTATOYHO OOJIBIIYI0 BBIOOPKY
JUTs TIPOBEZIeHUs paHoMu3aiuu). B uccaenoBanuu
y4acTBOBAJIM 503 MAalMeHTa, TOCHUTATM3UPOBAH-
HBIX B CTAIIMOHAD TOCIHTAJIS JJIS BETEPAHOB BOMH
No 2 (MockBa) ¢ arnpesis o CeHTsA0pb 2024 T. [Taru-
€HThl TMPUHUMAIN pUBApoOKcabaH, mgaburaTpas,
anukcabaH B CBA3U C HEKJIAITAHHOW PUOPIIIIANHEN
TIpeJicepaArH.

ITpuUMEHSIN OMPOCHUK-AHKETY, aHATU3UPOBATIH
aHaMHe3 U KInHu4YecKkre ganubie. CoOupasu cBese-
HUS O MIPUHUMAEMBIX Ipelaparax, CTake Mpuema
AHTUKOATYJISTHTA, TAHHBIE O TOYE€YHOU QYHKITUH.

Kpurepnu BKIIOUEHUA:

1. Ambynatopusiii mpuem ITOAK (amukcabas,
puBapokcabaH, jaburaTpaH) MO IOBOJY ITOCTOSIH-
HOH GOPMBI (PUOPIUIALINY TIPEACEPAUN.

According to modern literature, the functional char-
acteristics of the organisms of the frail elderly people
significantly impact the pharmacokinetics and phar-
macodynamics of drugs, which most often decreases
their therapeutic potential. These should be considered
when deciding on the prescription of drugs that poten-
tially increase freedom from fatal complications [3].

Such drugs include direct oral anticoagulants
(DOACsS). Their use in atrial fibrillation helps to pro-
tect against thromboembolic vascular catastrophes,
although it increases the risk of hemorrhagic compli-
cations.

A thorough analysis of risk factors makes it pos-
sible to prescribe optimal pharmacotherapy, which is
associated with the greatest freedom from both
thrombotic and hemorrhagic complications.

AIM OF THE RESEARCH

To assess the risk of hemorrhagic complications
in patients taking DOACs under polypharmacy con-
ditions.

MATERIALS AND METHODS

This study is retrospective (patients taking
DOACs were followed-up), single-center (clinical
data were collected from the archives of a single facil-
ity), and non-randomized (due to the relatively strict
inclusion and exclusion criteria, it was not possible
to obtain a sufficiently large cohort for randomi-
zation). The study involved 503 patients hospitalized
in Hospital of War Veterans No. 2 (Moscow) for
April-September 2024. Patient took rivaroxaban,
dabigatran, and apixaban for non-valvular atrial
fibrillation.

A questionnaire survey was used, medical history
and clinical data were analyzed. Data on the medica-
tions taken, duration of anticoagulant therapy, and
renal function were collected.

Inclusion criteria are following:

1. Outpatient DOAC therapy (apixaban, rivaroxa-
ban, dabigatran) for persistent atrial fibrillation.

2. Absence of major bleeding, hemorrhagic and
spinal strokes that led to hospitalization.

3. The presence of polypharmacy. In this study, in
accordance with the international definition of the
concept, by polypharmacy we meant the concomi-
tant intake of over 5 drugs (including DOACs).

4. The presence of chronic kidney disease (CKD),
stages 2—4. By CKD, we meant a persistent decrease
in the glomerular filtration rate (GFR), determined
by the Cockeroft-Gault formula.

5. Elderly and senile patients: the study included
patients over 65 years of age, which is a cut-off for
the old age onset.
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P
Kpurepuii oTkiuka mis I'emopparuueckue
MHOT0()aKTOPHOTO aHAIIH3a OCJIO)KHEHHUS
Response criterion for multivariate Hemorrhagic
analysis complications
I ]
s | |
N\
DakTOPbI, BIUAIOIINE Ha KpUTEPUI
orkirka (MANOVA) XBIT Tonunparmasus Bospact
Factors influencing the response CKD Polypharmacy Age
criterion (MANOVA)
N N J
Jpyrue $haKkTopsl, K KOTOPbIM e e h
HNPUMEHSUINCh HHBIE METOJIBI Hexenarenshbie
CTAaTUCTHYECKOH 06pabOTKH Cram XBII JICKapCTBCHHBIC
Other factors to which other CKD stages B3aMMO/ICHCTBIA
statistical processing methods 2,3a,3b,4 /?g:ei;iii?);l;g
L were applied )

Puc. 1. [Tuzaiin uccaenosanus (XBII — xporuueckast 601e3Hb IIOYEK)
Fig. 1. Study design (CKD — chronic kidney disease)

2. OrcyTcTBHEe  «OOJIBIIUX»  KPOBOTEUYEHUH,
reMOpparuyeckKux M CIUHAIBHBIX WHCYJIBTOB,
MTOBJIEKIIINX 32 COOOH rOCITUTAIN3AIIHIO.

3. Hannuwme nosmnparmasuu. B naHHOM HCcie-
JIOBAaHUMY, B COOTBETCTBUU C MEXK/TYHAPOAHBIM OIIpe-
JleJIeHUeM TIOHATHA, IO, IOJUMparMa3ued Mbl
MIOHUMAaJTH OJHOBPEMEHHEBIN ITpreM OoJiee 5 mpemna-
paros (Bxitouast [IOAK).

4. Hanmure xponuueckoit 6ose3nu mouek (XBIT)
craguu 2—4. [Tog XBII Mbl HoApasyMeBad CTOMKOE
CHIDKEHME CKOPOCTH KiIy60ukoBo# drtbrpanuu (CK®D),
onpeziessieMoit 1o popmyse Kokpodra — 'osra.

5. IToKnsI0# 1 cTapuecKuil BO3pacCT MAI[eHTOB: B
Hceie/IoBaHNe BOILIN MallMeHThl cTapiie 65 JjieT —
IIOPOTOBOE 3HAUEHKe Hauasia MOKIJIOT0 BO3pacTa.

Kpurepuu uckiatodeHns:

1. OTKa3 manueHTa OT MpefoCTaBIeHUs KINHU-
YeCKUX JJAHHBIX JIJISI YUACTUS B UCCIIEIOBAHUM.

2. CMepTh B TeUEHUE IEPHO/Ia HAOIIOIeHUS.

3. Ilporpeccupyioiiee wu3MeHeHHe IOYEUHOU
¢dyukuuu — 3HauuTenbHOe CcHIbKeHHe CK® Ha
15—30 MJI/MUH/1,73 M2 32 3 MeC U MeHee.

4. JlekoMneHcansl ~ COMAaTHYECKOTO  CTaTyca,
HaJINY¥e XOTs ObI OJTHOHN TOCITUTAIN3AINHY 32 IIEPUOJ
HaOJII0IeH s,

5. Hanuuwne «6oJbIINX» KPOBOTEUEHHUH B aHAM-
He3e.

JAusaiH wucciaeaoBaHud. Tak Kak Hallen
1[eJIbI0 ObLIa OIlEHKA PHUCKOB Pa3BUTHSA reMopparu-
yeckux ocyioxkHeHudl npu mnpueme IIOAK, wmbI
HCIIOJIb30BAJIM CTATUCTUIECKYIO0 00Pa0OTKY TaHHBIX
JI7I TIOCTPOEHUs IIPOTHOCTUYECKON Mozienu. B naH-

Exclusion criteria are following:

1. The patient’s refusal to provide clinical data for
participation in the study.

2. Death during the follow-up.

3. Progression in renal dysfunction: a significant
decrease in GFR by 15—30 ml/min/1,73 m? within
3 months or less.

4. Decompensation of somatic status, presence of
at least one hospitalization during the follow-up.

5. History of major bleeding.

Research design. Since our aim was to assess
the risks of DOAC-induced hemorrhagic complica-
tions, we used statistical data processing to create a
predictive model. Under these conditions, the most
appropriate statistical processing method was multi-
variate analysis of variance (MANOVA) (Fig. 1).

We also used methods of descriptive statistics.
Nonparametric tests were used to compare the sam-
ples, since the data samples compared had most often
non-normal distribution (in particular, the Kol-
mogorov-Smirnov test). All statistical calculations
were performed using the Statistica software package.

Differences in the safety of the DOACs
investigated. Of the minor bleeding, nasal and gin-
gival ones were most often noted (Fig. 2). More than
84% of complications occurred in the first year of
DOAC use. In 78% of cases of minor bleeding, it was
decided to discontinue the DOAC.

When comparing the incidence of rivaroxaban-
and dabigatran-induced complications using the
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HBIX YCJIOBUSX HauOoJiee MOAXOMIAIINM METOO0M
CTAaTUCTUYECKOH 00paboTKH OB MHOTO(aKTOPHBIN
nucrepcronnbii ananms (MANOVA) (puc. 1).

Tak:ke MBI HCIIOJB30BIM METOMBI OIHCATEhb-
HOU CTaTUCTUKU. /[JIs1 cpaBHEHUs BHIOOPOK IIpUMe-
HSUTU HellapaMeTpUYecKre KPUTEPUH, TaK KaK CpaB-
HUBaeMble COBOKYITHOCTH Yallle BCEr0 HE COOTBET-
CTBOBAJIM 3aKOHYy HOPMAJIBHOTO PpaCIpe/eIeH s
(B yactHOCTH, KpuTepuit KosmoropoBa — Cmup-
HOBa). Bce craTucTHueckue pacueTbl TPOBOAMINCH
C UCIIOJIb30BAaHUEM IIaKeTa Imporpamm Statistica.

PE3YJ/IBTATBI

Pazyimuusa B 0€30MACHOCTH HCCIEXYEMBIX
ITOAK. U3 BBISBJIEHHBIX «MaJIBIX» KPOBOTEUEHUH
yalle BCEro OTMeUaINCh HOCOBBlE U JleCHEBbBIE
(puc. 2). Bosee 84 % ocyIOKHEHUN TPOUCXOIUIIN B
nepBeiii rox mpuema IIOAK. B 78 % ciyuaes
«MaJIbIX» KPOBOTEUEHUH ObLIO NPUHATO PelIeHue
orMmeHuUTh ITOAK.

[Ipu cpaBHEHHHM BCTPEYAEMOCTH OCJIOKHEHUU,
BO3BHHMKABIIUX IIOCJIe IIpHEMa puBapokcabaHa u
Jlaburarpana, ¢ IOMOIIBIO allOCTEPUOPHOTO KPUTe-
pus lledde pasnuyus ObUIM CTATHCTHYECKU HE
3HAYUMBI (p = 0,167). IIpu cpaBHEHUH BCTpeYaeMo-
CTH OCJIOKHEHHUU Ioc/e MpueMa amukcabaHa ObLTH
BBISIBJIEHBI CTATUCTUYECKU 3HAYUMBIE OTINYUS OT
IoKasareJsiell IePBOM U BTOPOI TPYIIIHI (p = 0,021 U
P = 0,037 COOTBETCTBEHHO).

PerpeccuoHHblii aHa/IN3 (PAKTOPOB PHUCKA
«MAaJIBIX» TEMOPPArnvYecKUX OCJA0KHEHUH IIPU
npueme IIOAK B ucciexyemoii koropre. [Ipu
IIPOBEIEHNH MHOTO(aKTOPHOT'O PErPECCHOHHOTO aHa-
Jin3a OBLTIO BBIABJIEHO HECKOJIBKO HE3aBUCUMBIX (haK-

Scheffe’s test, differences were not statistically sig-
nificant (p = 0,67). When comparing the incidence of
apixaban-induced complications, statistically signifi-
cant differences were found from the values of the
first and second groups (p = 0,021 and p = 0,037,
respectively).

Regression analysis of risk factors for
minor DOAC-induced hemorrhagic compli-
cations in the study cohort. Multivariate regres-
sion analysis revealed several independent risk fac-
tors for hemorrhagic complications: GFR less than
45 ml/min/1,73 m? (odds ratio 6,6, confidence inter-
val (CI) 0,95 [1-30,1], p = 0,05); concomitant intake
of over 6 drugs (odds ratio 3,5, CI 0,95 [0,03-5,0],
p = 0,01). Age was also a risk factor for hemorrhagic
complications, but there was no direct association
with developing minor bleeding while taking DOACs
(p = 0,131).

Adverse drug interactions. An increased risk
of hemorrhagic complications was observed when
taking certain medications in combination.

CKD-independent adverse drug interactions.
Upon detailed analysis, it turned out that, regardless
of creatinine clearance, moderate correlations
(p < 0,05) were found between the presence of hem-
orrhagic complications and taking rivaroxaban with
metoprolol or diltiazem, tamsulosin and beclometh-
asone (0,3 < r < 0,5). The combination of dabigatran
with rosuvastatin correlated with occurring compli-
cations (r = 0,57). The combination of dabigatran
with furagin or haloperidol showed a moderate cor-
relation (0,3 < r < 0,5). There was a moderate cor-
relation when apixaban was co-administered with
novobismol (r = 0,31).

HocoBble, 1eCHEBBIC KPOBOTCUCHUS
Nasal and gingival bleeding
Maro4Hble KpOBOTEICHHS

Uterine bleeding

Kesymouno-KuIIeYHBIE KPOBOTEUCHHUSI
Gastrointestinal bleeding

H @ B §m

['emaTOMBI, KPOBOU3MUSHUA
Hematomas, purpura

Puc. 2. OCHOBHBIE OCIIO}KHEHUSI, CBA3aHHbIE C IPHEMOM IIPSIMBIX OPATbHBIX AHTHKOATYJITHTOB
Fig. 2. The main complications associated with direct oral anticoagulant intake
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TOPOB pHCKa TeMopparmdyeckux ocyokaeHmii: CK®
MeHee 45 MJI/MUH/1,73 M2 (OTHOIIIEHHE PHUCKOB 6,6,
nmoBeputenbHbIi  umHTEpBaT (W) 0,95 [1-30,1],
P = 0,05); OTHOBPEMEHHBIH ITpHeEM OoJiee 6 TIpernapa-
TOB (OTHOIIEHHWE PHUCKOB 3,5, AW 0,95 [0,03-5,0],
p = 0,01). Bospact Taxxe ObUT paKTOPOM pHCKA pas-
BUTUSI TEMOPPATMUYECKUX OCJIOKHEHUH, OJHAKO He
OBLIIO IPSMOH CBA3U C PA3BUTHEM «MAaJIBIX» KPOBOTe-
yenwnii Ha Gpone npuema ITOAK (p = 0,131).
He:xeaTeIbHbIE JIEKAPCTBEHHBIE B3aNMO-
JnericTBusA. [TOBBIIIEHHBIN PUCK Pa3BUTHsI TeMOPpa-
THYECKUX OCJIOKHEHHUH OTMeYasICs TP KOMOUMHUPO-
BaHHOM IIpHEME OT/IeJIbHBIX ITPEapaToB.
HedxcenamenvHbvle aexkapcmeeHHbvle 83aumodeti-
cmeus, He 3asucumbvle om XDBII. Tlpu peraabHOM
aHaJIM3e O0Ka3aJioCh, UTO BHE 3aBUCHMOCTH OT KJIH-
peHca KpeaTWHHHA ObUIH BBISABJIEHBI YMEpPEHHbIE
KOPPEJISITUOHHBIE CBA3H (P < 0,05) MEXKy HaTUIHEM
reMOpparuyecKux OCJIOKHEHWH W TPUEMOM pUBa-
poxcabaHa ¢ METOIIPOJIOJIOM FUTH JUITHA3EMOM, TaM-
cy7103UHOM U O6exomera3oHoMm (0,3 < r < 0,5). Coue-
TaHWe JaburatpaHa ¢ po3yBaCTaTUHOM KOPPEJIHPO-
BaJI0O C IIOSIBJIEHHEM OCIOXKHeHun (r = 0,57).
Coueranue ke jaburarpana ¢ GpyparuHOM HIH rajio-
TIEPU/I0JIOM TIOKA3aJI0 YMEPEHHYI0 KOPPEJISAIMOHHYIO
¢BsA3b (0,3 < 1" < 0,5). OTMeuaach yMepeHHasi Koppe-
JIIMAOHHASL CBS3b IIPU OJHOBPEMEHHOM IIpHEMeE
anukcabaHa ¢ HOBoOHuCcMOJIOM (1" = 0,31).
HedxcenamenvHovle snexkapcmeeHHble 83aumodeti-
cmeus, 3asucumvle om XBI1. C yBemuueHEM CTa/INU
XBII 3aperucTprpOBaHHBIX HeXKeJIaTeJIbHBIX JIeKap-
CTBEHHbBIX B3aMOJIEHCTBUN (BBIPAYKABIITUXCS B PA3BU-
THUU TeMOPParunvecKux OCJIOKHEHUH) ObLIO OOJIbIIIE.
Hmxe mpencrapiseM o0Iue TEHIEHIUN HeKe-
JIaTENbHBIX JIEKAPDCTBEHHBIX B3aUMOJIEUCTBUU B
3aBHCHMOCTH OT cTaguu XbII:

e Cramgus 2 (n = 164): TOBBIIIEHHBIH PHUCK
reMOpparunyecKux OCJIOKHEHHUU BCTpeJasICs
y HaIeHTOB, TPUHUMAIOIINX OeTa-apeHo-
6s10KaTopslI (1 = 0,123284, p = 0,02). Takxke
OTMEUYAJINCh CJ1a0ble KOPPEJISIIUU  MEXKTY
reMOpparun4ecKuMH OCIOKHEHUSMHU U TPHU-
€MOM HMHTHOUTOPOB IPOTOHHOW ITOMIIBI,
HEUPOJIENTUKOB M AHTUTUCTAMHHHBIX IIpe-
mapatos (p < 0,05 BO BCEX CJIy4asx).

e Cranus 3a (n = 185): BbIABIEHA KOPPEJISAITUS
MEK/y BOSHUKHOBEHHEM TreMOpparndecKux
ocnoxxkHeHnH u npuemoM ITOAK u Bazogua-
TaTopos (I = 0,15, p = 0,002).

e Cramus 3b (n = 33): BbIABJIEHBI YMEpPEHHbIE
KOpPEJISAIIMU ~ MEXKJY  BO3HHUKHOBEHHEM
reMOpparunyeckux OCJIOKHEHUH U MPUEMOM
npenapatoB I[IOAK u Gera-aapeHobJI0KaTO-
poB (xoaddurnuenT xkoppeasinuu 0,284414,

CKD-dependent adverse drug interactions. With
an increase in the stage of CKD, there were more
reported adverse drug interactions (hemorrhagic
complications).

Below we present the general trends of adverse
drug interactions depending on the stage of CKD:

« Stage 2 (n = 164): an increased risk of hemor-

rhagic complications occurred in patients
taking beta-blockers (r = 0,13284, p = 0,02).
There were also loose correlations between
hemorrhagic complications and use of proton
pump inhibitors, antipsychotics, and antihis-
tamines (p < 0,05 in all cases).

« Stage 3a (n = 185): a correlation between
hemorrhagic complications and the intake of
DOACSs and vasodilators was found (r = 0,15,
p = 0,002).

« Stage 3b (n = 33): moderate correlations
between hemorrhagic complications and the
intake of DOACs and beta-blockers were
found (r = 0,284414, p = 0,019976), as well
as the intake of DOAC and anti-glaucoma
drugs (r = 0,419573, p = 0,000598).

« Stage 4 (n = 117): a correlation between
hemorrhagic complications and the intake of
DOACs and antiparkinsonian drugs was
found (r = 0,173702, p = 0,005491).

DISCUSSION

DOACs are a group of drugs that are widely used
due to their good safety profile, no need for constant
coagulation monitoring, and a convenient dosage
form [4]. However, prescribing DOACs to elderly and
senile patients is associated with an increased risk of
hemorrhagic complications compared with middle-
aged and young patients. The reason for the increased
risk of such complications lies in a change in the drug
pharmacokinetics due to a decrease in hepatic enzyme
activity and renal clearance in the elderly [5].

Another important feature of geriatric patients
is polypharmacy. To date, there are a number of
patients taking over 5 medications concomitantly,
and the START/STOPP criteria for drug discon-
tinuation are still limited in their application.
Hence, the problem of need for identifying risk
factors for hemorrhagic complications amid DOAC
intake in this cohort of patients is relevant [6].
Thus, according to [7, 8], GFR <30 ml/min/1,73
m? is the indication for dabigatran withdrawal,
and GFR <15 ml/min/1,73 m? is the indication for
apixaban and rivaroxaban withdrawal. Our study
showed that these figures are underestimated: in
GFR <45 ml/min/1,73 m?, in the elderly patients
with polypharmacy, there is already a fairly high
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p = 0,019976), a Takxke npuemoM IIOAK u
IIPOTUBOIJIAYyKOMHBIX IpernapaToB
(r = 0,419573, p = 0,000598).

« Cragus 4 (n = 117): oTMeueHa KOPPEeJISIHsA
MesK/Iy PasBUTHEM reMOpparundecKux 0CI0xK-
Henuit u npuemom I[IOAK u mpoTuBomap-
KUHCOHUYECKUX IIpenapaToB (koadduimeHt
KOppEJIANHU 0,173702, p = 0,005491).

OBCYXKJIEHUNE

I[IOAK - rpymnma IpenapaTroB, IIOJYYHBIINX
IIMPOKOE IIPUMEHEHHE B CBSA3U C XOPOIIUM IPOodu-
JieM 6e30I1acHOCTH, OTCYTCTBHEM HEOOXOAMMOCTH B
IIOCTOSTHHOM MOHHUTOPHUHTE KOATYJISIMOHHOTO 3BeHa
reMocrasa, y00HOoU (hOpMOU JIEKAPCTBEHHOT'O CPeI-
cTBa [4]. BMecTe ¢ TeM HazHaueHUe IIpenapaToB U3
JIAaHHOU TPYHIbI HAIUeHTaM IOXKWIOTO U CTapue-
CKOTO BO3pacTa AacCOLMHPOBAHO C IOBBIIIEHHBIM
PUCKOM Pa3BUTHSA reMOPParuyecKux OCI0KHEHUN B
CPaBHEHHH C THAI[MEHTAaMU CPEIHETO W MOJIOJIOTO
Bospacra. IIprynHA MOBBIMIEHHOTO PHCKA TaKHUX
OCJIO’KHEHUH KpoeTcsl B U3BMeHeHUH papMaKOKHHe-
THKU IIPENapara B CBSA3U CO CHIKEHNEM aKTUBHOCTHU
(bepMeHTOB U TMOYEYHOTO KJIMpEHca IpenapaTta B
OpraHu3Me IMOXKHUJIOTO YeJloBeKa [5].

Takke BaskHOU 0COOEHHOCTHIO TepUATPUUECKOU
KOTOPTHI AIMEHTOB ABJIAETCS mounparmasus. Ha
CETOHAIIHUY IeHb UMeeTCs JOCTAaTOYHO O0JIbIIoe
KOJIMYECTBO TAI[MEHTOB, NPUHUMAIONUX 0osee
5 mpemapaToB omHoBpeMeHHO, a START/STOPP
KpPUTEPHHU /JI1 OTMEHBI IIpernapaToB IIOKa IpuMe-
HSIIOTCSA JOCTAaTOYHO OrpaHuueHHO. OTCI0/Ia aKTy-
aJILHOCTD IIP00JIEMBI — HEOOXOTUMOCTh OIIpeJieie-
HUA PaKTOPOB PUCKA FeMOPPArnYecKuX OCJIO0KHe-
Huii Ha ¢done npuema IIOAK B jganHOU Koropte
manueHToB [6]. Taxk, corsacHo [7, 8], CK® <30 mu1/
MHH/1,73 M? ABJIA€TCA KPUTEPUEM JIJIA OTMEHBI
nmaburarpana, a CK® <15 mu/MuH/1,73 M2 — KpUTe-
pueM JUIsT OTMEHBI almuKcabaHa U puBapokcabaHa.
Hamre mccienoBaHue IOKa3asno, YTO 3TH HUQPHI
sanmwxkenpl: npu CK® <45 mi/munH/1,73 M2 B
KOTOpTe IMAI[UEeHTOB IIOXKHJIOTO BO3pacTa ¢ IIOJIH-
nmparmMasueil y»ke ecTh JJOCTaTOYHO BBICOKUI pUCK
KPOBOTEUEHHH, B CBSA3H C uUeM TpebyeTcs TIma-
TEJIPHO MOAXOAUTh K HA3HAUEHUI0 aHTHUKOATYJISH-
TOB ¥ HCKJIIOYATh MojguduipyeMmble (GaxkTopsl
puCKa — TOJUIparMasvui0 MW HeXKeJaTeJIbHbIe
JIeKapCTBeHHbIE B3aNMO/IECTBUSA.

SAK/IIOYEHUNE

ITpoBeneHHOE UCCIeIOBaHUE TI03BOJIAET C/IeIaTh
cJie/iyIoliye BbIBOJIbI:

1. [IOAK-3aBucumble reMopparuieckie OcCJIOXK-
HEHUs acCOIMUPOBAHBI C MOJIUIparMasueil (OTHO-

risk of bleeding, and therefore, it is necessary to
carefully prescribe the anticoagulants and exclude
modifiable risk factors — polypharmacy and
adverse drug interactions.

CONCLUSION

The study performed allows us to draw the fol-
lowing conclusions:

1. DOAC-related hemorrhagic complications are
associated with polypharmacy (odds ratio 3,5,
CI 0,95 [0,03-5,0], p = 0,01) — taking over 6 drugs
concomitant, and GFR less than 45 ml/min/1,73 m?
(odds ratio 6,6, CI 0,95 [1—30,1], p = 0,05).

2. An increased risk of hemorrhagic complica-
tions was observed amid concomitant intake of cer-
tain medications:

» CKD-independent adverse drug interactions:
taking rivaroxaban with metoprolol or diltia-
zem, tamsulosin and beclomethasone
(0,3 < r < 0,5); taking dabigatran with rosu-
vastatin (r = 0,57); taking dabigatran with
furagine or haloperidol (0,3 < r < 0,5); taking
apixaban with novobismol (r = 0,31).

+ CKD-dependent adverse drug interactions:
with decreasing clearance, the risk of minor
bleeding increases when DOACs are co-
administered with beta-blockers in CKD stage
3b (r = 0,284414, p = 0,019976), with anti-
glaucoma drugs in CKD stage 3b (r = 0,419573,
p = 0,000598), with antiparkinsonian drugs
in CKD stage 4 (r = 0,173702, p = 0,005491).

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

IIeHue PuckKos 3,5, A1 0,95 [0,03—5,0], p = 0,01) —
pueM Oosiee 6 mpenapaToB ogHOBpeMeHHO u CK®
MeHee 45 MJI/MUH/1,73 M? (OTHOIIIEHHE PUCKOB 6,6,
11 0,95 [1-30,1], p = 0,05).

2. [lOBBIIEHHBIA PHUCK TIeMOPPArHYeCcKHUX
OCJIO’)KHEHUH OTMeuasicsi TPHU OJHOBPEMEHHOM
mpueMe OITpeJleJIeHHBIX JIEKAPCTBEHHBIX IIpera-
paTos:

e HeXeJIaTeJIbHbIE JIEKAaPCTBEHHBIE B3aMMO-
JlefictBus, He 3aBUcUMble OoT XbBII: mpuem
puBapokcabaHa ¢ METOIIPOJIOJIOM WJIU JIHJI-
THA3€eMOM, TaMCYJIO3UHOM U OeKJIoMeTas3o-
HoMm (0,3 < r < 0,5 ); IprUeM JaburatpaHa c
posyBactatuHOM (r = 0,57); pueM aabura-
TpaHa ¢ (yparuHOM WJIH TaJIOIEPHUI0JIOM
(0,3 < r < 0,5); mpueM anukcabaHa ¢ HOBO-
6ucmosiom (r = 0,31).
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e HeXKeJIaTeJIbHbIE JIEKAPCTBEHHBIE B3aUMO-
JerictBusi, 3aBucUMble OT XbBII: ¢ ymeHbIe-
HUEM KJINPEHCA TOBBIIIAETCS PUCK «MAJIBIX»
KPOBOTEUEHUH TP KOMOMHHUPOBAHHOM ITPH-
eMme ITOAK c Gera-aspeHobGIOKaTOpaMu IpU
XBII craguu 3b (r = 0,284414, p = 0,019976),
C IPOTHBOIJIAYKOMHBIMHE IIpeliapaTaMy Ipu
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OcTpblii KOPOHAPHBINA CHHAPOM Y JIUIL MOJIOZOTO  CPETHETO
BO3pacTa B 3aBHCHMOCTH OT XapaKTepa opakKeHUus
KOPOHAPHBIX apTepPUuin

I.A. Axonros!, }0.0. Ocranuna’, 3.®. Arnernunos?, /[.A. Younuua'

'@I'BOY BO «Hogocubupckuil 2ocydapcmeeHHbiil meduyuHckuil yHusepcumem» Munadpaea Poccuu, Hosocubupck,
Poccus

2AO «Bexmop-becm», Hogsocubupckas 064., p.n. Koavyoso, Poccus

AHHOTAIIMA

BBenenwune. Nmemuueckas 60se3ub cepana (MUBC), u B wacTHOCTH OCTphIii KOpoHapHbIi cuHapoM (OKC), mpo-
JIOJIPKAeT OCTaBaThCsA BeAyllel IPUYNHON cMepTHOCTH B Poccnn, 00ycyioBIuBas 3HaYNUTEIbHBIE COIIUAIbHO-9KOHOMUYe-
ckue notepu. [IoMUMO TpafiMIIMOHHBIX (DAKTOPOB PHICKA, B IATOTeHEe3e HEOJIArONPUATHBIX MCXO/IOB KJIIOUEBYIO POJIb
WUTPAIOT CUCTEMHOE BOCIIAJIEHHE, OITOCPEZ0OBAHHOE ITPOBOCIAIUTEIBHBIMY IIUTOKIMHAMH, 1 ITOBBIIIIEHUE COCYUCTOMN JKeCT-
KOCTH. B CBA3H ¢ 3TUM H3yUYeHHE B3aHMMOCBA3U MEX/IY aKTHBHOCTBIO STHX IPOIECCOB, TSKECTHIO ITOPAKEHUA KOPOHApP-
HOTO pycia u xapaktepoM Teuenrss OKC y manueHTOB MOJIOJIOTO U CPETHETO BO3PACTA IPEZCTABIISET COOO aKTyaIbHYIO U
HEZIOCTATOYHO U3YYEHHYIO0 HAYIHYIO0 TPOobIeMy.

IT e 1 b . OueHUTH OCOOEHHOCTH KJIMHIUYECKOH KaPTUHBI, XapAKTEP CUCTEMHOTO BOCIAJIEHHS U TOKA3aTeJIN COCYACTOM
skectkocTH 1Ipu OKC y GOJIBHBIX MOJIOZIOTO U CPETHEr0 BO3PACTa B 3aBUCHMOCTH OT CTEIIEHH ITOPA’KEHUsSI KOPOHAPHBIX
apTepui.

MaTepuanb H MeTOJ 5 .B uccaeroBanne BKIOYEHB! 84 marnuenTa (64 My>KYHUHBI, 20 KEHIINH) B BO3-
pacre 37—60 JIET, TOCIUTATIM3UPOBAHHBIX TI0 NMOBOAY MH(MapKTa MUoOKapaa (22,6 %) win HecTabUIbHON CTEHOKapAUU
(77,4 %). Ha ocHOBaHUU JJaHHBIX KOPOHApOAHTHOTrpadUy MAIeHTOB PA3JIe/IIJIN Ha JIBe TPYIIIBI: ¢ TeMOJIUMHAMIYECKH
3HAYUMBIMU (>70 %) — 1-51 TPyIIIa ¥ IOTPAHUYHBIMU (50—70 %) 1160 HEOOCTPYKTUBHBIMH (<50 %) CTEHO3aMH KOpOHap-
HbIx apTepuii (KA) — 2-s1 rpymma. Y Bcex yUaCTHUKOB UCC/IEZI0BAHMS OTIPEE/ISIIN YPOBEHb HHTep elikunoB WJI-1, JI-6,
NJI-8, NJI-4, NJI-10 B my1a3Me KPOBU U OIEHUBAIN apPTEPUAJIBHYIO KECTKOCTh IIyTEM H3MEPEHUs CKOPOCTH ITyJIbCOBOM
Bostabl (CIIB), cocyincTOro Bo3pacTa u cepieHo-JI0bKeYHOro cocyauctoro unaexca (CJICIH).

Pes3yabTarThbl. [lalueHTH C TeMOAUHAMUYECKH 3HAUUMBIMU cTeHO3aMH KA (1-s1 rpymna) XxapakTepru30BaIiCh
6ostee TsokenpIM TeueHneM MBC: mocToBepHo yaiie oTMevyanuch UM, MHOrococyucToe mopaxeHnue KA 1 upeckox-
Hble KOPOHAapHbIEe BMENIATEJTbCTBA. B 3TOM rpylille Tak:Ke Yallle BCTPEUYAJINCh OKHPEHUEe M XpOHHUUYecKas 00JIe3Hb
IoYeK. Y MaIlMeHTOB 2-H IPyNIbl 0Ka3ayach BhIlle KOHIeHTpanus 1JI-8, Torna kak y manueHToB 1-H rpynmnbl ObLIa
BeIllle kKoHHeHTpanusa WNJI-6. ITokazatenu cocyguctoit xkectkoctu CIIB m CJICU 3HAaUMMO HE OTIUYAIINICH MEXKIY
IpyHIaMH, OJTHAKO BO 2-H IpyIIe BBISBIEHA TEHAEHIHA K 00jlee HU3KOMY COCYyILCTOMY BO3DAacTy B CDaBHEHHH C
[IaCIIOPTHBIM.

3axknamo4YeHHe . YIaIUEeHTOB MOI0JI0T0 U cpefHero Bo3pacta ¢ OKC BeIABIIEHEI cllenuruecKrie MapKephl, aCCo-
[IUUPOBAHHBIE C TsKecThIo mopaskeHs: KA. BosipHBIE ¢ reMoMHAMUYECKU 3HAYMMBIMY CTEHO3aMU XapaKTEPU30BAINCh
OTHOCUTEJIbHBIM IIOBBIIIIeHHeM YpoBHA VJI-6, B TO BpeMs KaK IIPU IOTPAHUYHBIX ¥ HEOOCTPYKTHUBHBIX CTEHO3aX 3HAUNUMO
noBblmacs ypoBens 1JI-8.

Knaroueewle caoea: ocTphlil KOPOHAPHBIN CUHIPOM, MOJIOZION U cpeHUI BO3pAcCT, aTepOCKIepo3, KOPOHAPOAHTHOIPa-
(us, cocynucras ;KeCTKOCTh, BOCIIATUTETbHBIE MAPKEPDI, UHTEPJIEHKUHBI.
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Acute coronary syndrome in young and middle-aged patients
depending on the grade of coronary artery lesion
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Novosibirsk State Medical University, Novosibirsk, Russia

2Vector-Best, Novosibirsk region, Koltsovo work settlement, Russia

ABSTRACT

Introduction. Coronaryartery disease (CAD), and acute coronary syndrome (ACS) in particular, remains the
leading cause of mortality in Russia, resulting in significant socioeconomic losses. Beyond traditional risk factors, proin-
flammatory cytokine-related systemic inflammation and increased vascular stiffness play a key role in the pathogenesis
of adverse outcomes. Therefore, investigating the relationship between the activity of these processes, the severity of
CAD, and the course of ACS in young and middle-aged patients represents a relevant and pressing, and understudied
problem.

A i m . To assess the features of clinical presentation, the nature of systemic inflammation and vascular stiffness indices
in young and middle-aged ACS patients depending on the grade of coronary artery lesion.

Materials and meth od s .Thestudyincluded 84 patients (64 men, 20 women) aged 37—60 years, hospi-
talized for myocardial infarction (MI) (22,6%) or unstable angina (77,4%). Based on the results of coronary angiography,
patients were divided into two groups: with hemodynamically significant (>70%) — group 1 and intermediate (50—70%) or
non-obstructive (<50%) coronary artery (CA) stenosis — group 2. All participants underwent testing for plasma interleu-
kins (IL-1pB, IL-6, IL-8, IL-4, and IL-10); besides, arterial stiffness was assessed by measuring pulse wave velocity (PWV),
vascular age, and cardio-ankle vascular index (CAVI).

R esults. Patients with hemodynamically significant CA stenoses (group 1) had a more severe CAD course: myocar-
dial infarction, multivessel CAD, and percutaneous coronary interventions were significantly more common. Obesity and
chronic kidney disease were also more common in this group. Patients in group 2 had higher IL-8 concentrations, while
those in group 1 had higher IL-6 concentrations. Vascular stiffness indices (PWV and CAVI) did not differ significantly
between the groups; however, a trend toward a lower vascular age compared to the chronological age was revealed in
group 2.

Conclusion. Specific markers associated with the severity of CA lesion were identified in young and middle-aged
patients with ACS. Patients with hemodynamically significant stenoses had a relative increase in IL-6 levels, while those
with intermediate and non-obstructive stenoses had significantly elevated IL-8 levels.

Keywords: acute coronary syndrome, young and middle age, atherosclerosis, coronary angiography, vascular stiffness,
inflammatory markers, interleukins.
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BBEJAEHHNE

Nmemuyeckas 6oe3ub cepana (MBC) ocraercs
BeJlylllel MPUUYMHON CMEPTHOCTH M WHBAJIHUAN3A-
OUU HaceJIeHUs TPYAOCIHOCOOHOTO BO3pacTa BO
BCEM MHUpe, B TOM yuciie u B Poccuiickoit ®enepa-
uuu [1, 2]. HecMoTpsi Ha 3HaUUTEIbHbIE YCIIEXH B
IUAaTHOCTHKE W JiedeHuUW, B Poccuu B 2023 T. Ha
nomo UBC mpunwiocs 53,5 % J1eTaqbHOCTU, CBSA-
3aHHOU ¢ 0OJIE3HIMU CUCTEMBI KPOBOOOpaIeHus,
U IIOYTH YeTBEPTH (24,7 %) Beex ciyuaeB cMepTH [3].
Octpeiii kopoHapubIfl cuaapoMm (OKC) saBisercs
OMTHOW W3 TPOTHOCTUYECKU HeOIarompusaTHBIX
¢dopm MBC u acconmupoBaH C BBICOKUM PHUCKOM
pa3BUTUS  TMOBTOPHBIX  CEPEYHO-COCY/TUCTHIX

INTRODUCTION

Coronary artery disease (CAD) remains the lead-
ing cause of death and disability among the working-
age population worldwide, including the Russian
Federation [1, 2]. Despite significant advances in
diagnosis and treatment, in Russia in 2023, CAD
accounted for 53,5% of mortality associated with cir-
culatory system diseases and almost a quarter
(24,7%) of all deaths [3]. Acute coronary syndrome
(ACS) is one of the prognostically unfavorable forms
of CAD and is associated with a high risk of recurrent
cardiovascular complications [4]. In 2022, according
to the monitoring data from the Russian Ministry of
Health, almost 450 000 cases of ACS were regis-
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OCJIOKHEHUH [4]. B 2022 r. 10 JaHHBIM MOHHTO-
punra Mwuu3sgpaBa Poccuu OBLIO 3apervucTpPHUpPO-
BaHO MOUYTH 450 Thic. caydaeB OKC, mpu sTtom
150 TBIC. MAIIMEHTOB OBLIN TOCIMUTAITU3UPOBAHBI C
guaraosom OKC c¢ moagpemoMm cermenTta ST u
287 tric. — ¢ OKC 6e3 mognema cermenTa ST. I'ocmu-
TaJbHAsA JIETAJIBHOCTD y JIUI] ¢ WH(PAPKTOM MHO-
Kapza cocTaBmwiaa 10,9 %, a obIuii IoKa3aTeslb
sneranpHOCcTH Ipu OKC nocrur 5,6 % [4]. Bmecte ¢
TEM JIOJIsI TIAIUEHTOB MOJIOKE 45 JIET CPEIH BCEX
nepeHeciux UM cocrasiset 11—-18 %, 94TO accoiu-
HPOBAaHO CO 3HAYUTEJIBHBIMU COLHAJIBHO-J3KOHO-
MUYeCKUMU noTepsAMH [5]. HecmoTps Ha kaxKyty-
10CS HUBKYIO PACIIPOCTPAHEHHOCTH B ATOX BO3pacCT-
vHou rpynme, OKC y manmeHTOB MOJIOAOTO H
CpeJTHETO BO3pAacTa BHOCUT 3HAUUTETbHBIN BKJIAJT B
CTPYKTypy 3a00JIeBaeMOCTH U CMeEPTHOCTU. Bo3-
HukHoBeHue OKC B M0J10710M BO3pacTe IIPUBOJUT K
JUTITEJIBHOH yTpaTe TPYyA0CIOCOOHOCTH, HEOOXOTH1-
MOCTH JTOPOTOCTOSIIIETO JIeYEHUS U peabInuTaIliH,
YTO HOAUYEPKUBAET HEOOXOJAUMOCTh YIJIyOJIEHHOTO
U3YYEHUs JJAHHOU IATOJIOTHUH Y 3TOU KaTEeropuu
OOJIBHBIX JIJIsI COBEPIIIEHCTBOBAHUS TEPAIINH U IIPO-
(punakTHYECKUX MEePONIPUATHH.

[ToMuMO TPaAUIIHOHHBIX (PAKTOPOB PHUCKA, TAKUX
KaK JUCIUIINIEMUs], KypeHHE, OKMPEHNEe U apTepH-
ajyibHad TUIEPTEH3HUs, pacCMaTPUBAIOTCA U JAPyrue
MMOTEHIIUAJIPHBIE IPEIUKTOPHI HEOJIaTONPUATHBIX
ucxogos MBC, B ToM uuciie y JIUI] MOJIOJIOTO BO3-
pacra [6].

B Hacrosiiee Bpemsi B IaToreHe3e aTepOCKJIe-
posa u atepoTpomM0b03a OOIENTPU3HAHHOM ABJISIETCS
pOJIb CHCTEMHOTO W JIOKAJbHOTO BOCHajsieHus [7].
JloxazaHO, YTO KIMMYHOOIIOCPEOBAaHHBIE BOCIIAJIU-
TeJIbHBbIE 3200JIEBAHUSA B OTCYTCTBUE TPAAUIIMOHHBIX
(akTOpoB pHCKa CHOCOOCTBYIOT DPa3BUTHIO Cep-
JIEUHO-COCY/TUCTBIX COOBITHH, a aKTUBHOCTH BOCIIa-
JIEHUs, 10 HEKOTOPBIM JIAaHHBIM, OKa3bIBAETCA BaXK-
Hee ero MpoAoJnKUTeNbHOCTH [7]. CyImecTBeHHYIO
POJIb B 3TOM IIPOIIECCE UTPAIOT MPOBOCIAJIUTETHHBIE
IUTOKUHBI, B YACTHOCTH, WHTepaerkuHbl (MJI).
Hau6ostee nzyuena posib utokusos UJI-1p u NJI-6,
KOTOpPBIE YCUJIMBAIOT IPOBOCHAJUTEILHBIA U IIPO-
TpomboTrueckuit kackas npu OKC. WNJI-1p unmgymu-
pyer skcupeccuo WJI-6, aAre3uBHBIX MOJIEKYJT U
MPOKOATYJISHTHBIX (akTOpoB. B cBOIO ouepenp,
NJI-6 HaNpsAMYI CTUMYJIUPYET BHIPAOOTKY MaKpo-
¢aramu TkaHeBOro akTOpa U MAaTPUKCHBIX MeTaJl-
JIOTIPOTENHA3, YTO MOKET IMPUBOJTUTH K JIeCTaOMIIH-
3aI[UM  aTEPOCKJIEPOTUUECKOU OJISAIIKH W TPOM-
603y [8]. /IpyruMu HeMaJIOBa;KHBIMH MapKepaMH,
POJIb KOTOPBIX OCTAETCA HEOJTHO3HAYHOH, SBJISIOTCS
WJI-8, NJI-4 u NJI-10. 1JI-8, KOTOPBIH TaK:Ke COAEP-
JKHUTCSA B aTEPOCKIIEPOTUYECKOH OJISIIKE, YCHIUBAET

tered, of which 150 000 patients were hospitalized
with a diagnosis of ST-segment elevation ACS and
287 000 with non-ST-segment elevation ACS. In-
hospital mortality in patients with myocardial infarc-
tion was 10,9%, and the overall mortality rate due to
ACS reached 5,6% [4]. However, the proportion of
patients under 45 years of age among all patients
with myocardial infarction is 11—18%, which is asso-
ciated with significant socioeconomic losses [5].
Despite the apparent low prevalence in this age
group, ACS in young and middle-aged patients con-
tributes a lot to the structure of morbidity and mor-
tality. The occurrence of ACS at a young age leads to
persistent disability, expensive treatment and reha-
bilitation, which emphasizes the need for an in-depth
study of the pathology in this category of patients to
improve therapy and preventive measures.

In addition to traditional risk factors such as dys-
lipidemia, smoking, obesity and arterial hyperten-
sion, other potential predictors of adverse outcomes
of CAD are also considered, including in young indi-
viduals [6].

In recent years, the role of systemic and local
inflammation in atherosclerosis and atherothrom-
bosis is well-recognized. It is proven that immune-
mediated inflammatory diseases in the absence of
the conventional risk factors contribute to the
development of cardiovascular events, and activity
of inflammation, according to some data, is more
important than its duration [7]. Proinflammatory
cytokines, in particular interleukins (IL), play a
significant role in this process. The role of IL-1f3
and IL-6, which enhance the proinflammatory and
prothrombotic cascade in ACS, has been best stu-
died. IL-1p induces the expression of IL-6, adhe-
sion molecules and pro-coagulant factors. In turn,
IL-6 directly stimulates the production of tissue
factor and matrix metalloproteinases by macro-
phages, which can lead to atherosclerotic plaque
destabilization and thrombosis [8]. Other impor-
tant markers, the role of which remains controver-
sial, are IL-8, IL-4 and IL-10. IL-8, which is also
contained in the atherosclerotic plaque, enhances
the adhesion of leukocytes to the endothelium and
promotes their infiltration, aggravating local
inflammation and increasing the risk of plaque
rupture [9]. IL-4 and IL-10, being anti-inflamma-
tory markers, block the activity of IL-1B, IL-6,
TNF-a and provide a protective effect by streng-
thening the fibrous cap of the plaque and ventricu-
lar remodeling after myocardial infarction [10].
The level and ratio of these biomarkers may not
only reflect the activity of inflammation, but also
correlate with the severity of CAD [9].
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aJIre3uIo JIEMKOIIUTOB K SHOTEJIUIO U CIIOCOOCTBYET
UX NHOUWIBTPALIUH, YCYTYOJIsIs MECTHOE BOCIIJIEHIE
Y TOBBIIIAsg PUCK paspbiBa Osamiku [9]. UI-4 u
NJI-10, ABAAACH IPOTHUBOBOCHAIUTEIBHBIMU Map-
Kepamu, OJIOKUpyIOT akTuBHOCTE WJI-1P, WJI-6,
®HO-a u o0Ka3bpIBalOT INPOTEKTHUBHOE JelCcTBHE
myreM — yKpervleHus:  (GUOPO3HON  MOKPBILIKU
OJIAIIKY, DPEMOJEINPOBAHUSA KEJIYAOYKOB IIOCTIe
nHpapKTa MHOKapza [10]. YpoBeHb U COOTHOIIIEHKE
9TUX OMOMAapKEpPOB MOXKET HE TOJIBKO OTPaKaTh
aKTUBHOCTH BOCIIJINTEJIFHOTO IIPOIlecca, HO U KOp-
PeIMpoBaTh C TXKECTHIO MOPaKEHUsI KOPOHAPHOTO
pycra [9].

[TapasnespHO ¢ aKTUBAIMEeN BOCHAJINTEIHHBIX
MapKepoB, 6OJIbIIIOE BHUMAHUE YAEJAETCS POJIH
COCYZIMICTOH KECTKOCTU KaK MHTETPAIBLHOTO IOKA-
3aTeJisl KapAUOBACKYIAPHOTO pucka. [loBeimeHme
JKECTKOCTH apTePUAIIbHON CTEHKH, OCHOBHOH
METOJT U3MePEHUsI KOTOPOH — OIleHKa CKOPOCTH
myabcoBodt BostHBI (CIIB), sBysieTcs He3aBUCH-
MBIM MPEAUKTOPOM HeOJIAaTONPUATHBIX CEPAETHO-
COCYZIUCTBIX COOBITUH [11]. YBenuueHwe cocy-
JIIUCTOU JKECTKOCTU MOXKET CBHUJIETEJIHCTBOBATH O
NpekIeBPEMEHHOM CTapeHHU COCYZOB M acco-
IHUPOBATHCSA ¢ 60JIee PACIIPOCTPAHEHHBIM U TSIKe-
JIBIM TIOpa’KEHHEM KOPOHAPHBIX apTepuil [12].
I[Tomumo 3omortoro cranzapra — CIIB — cyge-
CTBYIOT U JIpyTHE MOKA3aTeJN OIEHKHU COCYIUCTOMN
JKECTKOCTH, KOTOPbIe MOTYT OBbITh UCIIOJIb30BAHBI B
KayecTBe IPOTHOCTUUECKOTO MapKepa: HHJEKC
ayrMeHTaIuu (HA), JIOZIBIXKEUHO-ILJIeYEeBOH
unzekc (JITIN), cep/ieYHO-JIONBIKEUHBIA COCY/IH-
creiii uagexkc (CJICH). IMocnennuii 6611 paszpabo-
TaH C IeJIbI0 YCTPAHEHUsS OCHOBHOTO HEJIOCTATKa
CIIB — 3aBucumocTu oT A/l B MOMEHT U3MeEPEHUS.
[TporHocTuyeckass IMEHHOCTh 3TUX IIapaMeTpPOB
HEOJTHOKPATHO TMPOJIEMOHCTPUPOBAHA, OJHAKO
aumib CIIB u JITIV BHeceHBI B aJITOPUTMBI OIIEeHKU
CEPAEYHO-COCYAUCTOTO pucKa [13].

Takum o6pazom, GopMUpPYeETCs THUIIOTE3a O CyIIle-
CTBOBAHUHU B3aNMOCBI3U MEXKY XapaKTepOM Teue-
Hua OKC, cremeHbl0 MOpakeHUs KOPOHAPHOTO
pycia, aKTHBHOCTBIO CHCTEMHOTO BOCHAJIEHUS U
MIOBBIIIIEHNEM COCYZUCTOH >KeCcTKOCTH. lI3yueHme
STUX B3aMMOCBS3€EH Y MAIieHTOB MOJIOZIOTO U CPEe-
HEro BO3pacTa OCTAeTCS AKTYaJbHOH W HeJOCTa-
TOYHO U3YYEHHOU MTPOOIEMOT.

IIEJIb NCCJIEAJOBAHUA

N3yuuth 0cOGEHHOCTU KJIMHUYECKON KapTHUHBI,
XapaKTep CHCTEMHOTO BOCHAJIEHHUS U IOKa3aTesu
cocynucroi xkectkoctu pu OKC y 60JIbHBIX MOJIO-
JIOTO U CpefHero Bo3pacTa B 3aBUCUMOCTHU OT CTe-
IIeHU TOpaKEHU T KOPOHAPHBIX apTepuid (KA).

In parallel with the activation of inflammatory
markers, much attention is paid to the role of vascu-
lar stiffness as an integral index of cardiovascular
risk. Increased arterial stiffness, the main measure-
ment method of which is detection of pulse wave
velocity (PWV), is an independent predictor of
adverse cardiovascular events [11]. Increased vascu-
lar stiffness may indicate premature vascular aging
and be associated with more widespread and severe
coronary artery (CA) lesion [12]. In addition to the
gold standard, PWV, there are other indices of vascu-
lar stiffness that can be used as a prognostic marker:
augmentation index (AI), ankle-brachial index (ABI),
and cardio-ankle vascular index (CAVI). The latter
was developed to eliminate the main drawback of
PWV - its dependence on blood pressure at mea-
surement. The prognostic value of these parameters
has been repeatedly demonstrated; however, only
PWYV and ABI have been included in the algorithms
of cardiovascular risk assessment [13].

Thus, a hypothesis is generated regarding the
existence of a relationship between the course of
ACS, grade of CA lesion, activity of systemic inflam-
mation, and increased vascular stiffness. Investigat-
ing these relationships in young and middle-aged
patients remains a relevant and understudied issue.

AIM OF THE RESEARCH

To study the features of clinical presentation, the
nature of systemic inflammation and vascular stiff-
ness indices in young and middle-aged ACS patients
depending on the grade of CA lesion.

MATERIALS AND METHODS

The study included 84 patients (64 men,
20 women) aged 37—60 years, average age of 58 years,
hospitalized in the Regional Vascular Center of the
Novosibirsk Regional Clinical Cardiology Dispensary
for myocardial infarction (MI) (19 patients, 22,6%) or
unstable angina (65 patients, 77,4%). All study par-
ticipants provided informed voluntary written con-
sent. Exclusion criteria were severe ACS (acute heart
failure Killip III-IV), severe anemia, permanent or
persistent atrial fibrillation, chronic kidney disease
(CKD) above stage 3b, chronic heart failure NYHA
ITI-IV, cancer in the active phase, acute infectious dis-
eases, autoimmune diseases, mental illness, familial
hypercholesterolemia, chronic diseases in the acute
phase, diabetes mellitus type 1 and insulin-dependent
diabetes mellitus type 2.

Based on the results of coronary angiography,
patients were divided into two groups: group 1
(n = 60) included patients with hemodynamically
significant (>70%) CA stenosis, group 2 (n = 24) —
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MATEPUAJIBI 1 METO/bI

[Tox HaOIIOZEHHEM HAXOAWIWUCHh 84 TMaryeHTa
(64 My>KYMHBI, 20 KEHIIIUH) B Bo3pacTe 37—60 JIET,
CpeTHUH BO3pacT — 58 JIeT, roCIuTaIn3uPOBAaHHBIE
B PETHMOHAJIBHBIA COCYAUCTHIN HeHTp pu HoBocu-
OUpPCKOM 00J1aCTHOM KJIMHUYECKOM Kap/IHOJIOTHYe-
CKOM JIMCIIAHCEpE IO TOBOJTy WH(ApKTa MUOKapaa
(M) — 19 (22,6 %) 1160 HecTabUIBLHON CTEHOKAP-
quu — 65 (77,4 %). Bece y4acTHUKU HCCIIeIOBAHUS
MOAUCAIH  WHOOPMHUPOBAHHOE  J10OPOBOJILHOE
cornacue. KpuTepusiMu HCKJIIOUYEHUsS SBJISJINCH
Tsikestoe Teuenne OKC (ocTpast cepeuHast HeocTa-
tourocts III-IV mo Killip), anemust Tsikenon cre-
IIeHW, TOCTOSIHHAs WJIM IMEePCHCTHpYIomas dopma
pubprIAIMY TpecepaAnii, XpoHHUYecKass 00JIe3Hb
nouek (XBII) Beime craauu 36, XpOHUUECKas Cep-
JledHast HeIOCTaTOYHOCTD (PYHKITMOHAJIBHOTO KJ1acca
III-IV mo NYHA, onkoJiornueckue 3a00JieBaHUs B
aKTUBHOU (pase, ocTpble NHOEKIIMOHHBIE 32001eBa-
HUS, ayTOMMMYHHBbIE 3a00JieBaHUs, MCUXUYECKHE
3aboyieBaHUsI, CeMeHHass THIIEePX0JIeCTEPUHEMUsI,
XpOHUYeCKHe 3a00JIeBaHUA B CTAANH OOOCTPEHMS,
caxapHbIf AuaberT 1 THIA U WHCYJIMHO3aBUCUMBIH
caxapHBIF AuabeT 2 TUIA.

ITo pesysipTraTaM KOpOHapOaHTHOTpadUU TaIH-
€HTbl OBUIM pacIupezesieHbl Ha JIBe TPYIIbL: 1-s
(n = 60) — c reMOAMHAMUYECKH 3HAUNMBIMU (>70 %)
creHozamu KA, 2-s1 (n = 24) — ¢ mOrpaHUYHBIMH
(50-70 %) creHO3aMH U C HEOOCTPYKTHBHBIM
(<50 %) mopaxenuem KA.

Bcem yuacTHUKaM uccae0oBaHUSA ObLIO ITPOBeE-
JIEHO CTaHAAPTHOE OOIIEKIMHUYECKOe 00CemoBa-
HUe, BKJII0OYatolee cOop aHaMHe3a U GU3UKATbHBIH
OCMOTD, 00N ¥ OMOXMMUYECKHUI aHAJIN3 KPOBH,
3aMUCh  12-KAHAIBHOW  BJIEKTPOKAPIUOTPAMMBI
(9KTI) B mokoe, a3x0Kkaparorpaduyeckoe ucciaea0Ba-
Hue. JJIsT OleHKW MapKepoB CHUCTEMHOI'O BOCIIaJie-
HHUS WU3MepPsIach KOHIIEHTPAUHsA WHTEPJIEHKUHOB
ni-6, ni-io, NJI-4 nu NJI-8 B 1m1a3mMe KpPOBHU C
IIOMOIIPI0  CTAHZJAPTHOTO MMMYHO(EPMEHTHOTO
aHaau3a.

JKecTkocTh apTepuii OIeHUBAIM IIyTEM HU3Mepe-
Hua CJICHU, CIIB u JIIIU Ha churmomaHoMeTpuye-
ckom mpubope VaSera VS-1500 (Fukuda Denshi,
Anonust). V3MmepeHUs BBINOJHSAINCH, B IIEPBOU
IIOJIOBUHE JIHS B TIOJIOXKEHUH JIeXKa Ha CITUMHE TOCTIe
He MeHee YeM 10-MHUHYTHOTO OT/IbIXa.

CJICU paccumuThIBaeTCsi MPOrpaMMHBIM obectie-
yeHHeM Ipubopa aBTOMAaTUYECKHA HA OCHOBE MOJIH-
¢unmpoBanHoro ypaBHeHusa bpamBesa — Xwia,
OTIHCHIBAIOIIETO CBI3b MEK/IY CKOPOCTBIO MMYyIbCOBOM
BOJIHBI 1 MOJIYJIEM YIIPYTOCTH COCY/TUCTON CTEHKH:

CAVI = a{(2p/AP) x Ln(Ps/Pd)PWV2} + b,

patients with intermediate (50—70%) and with non-
obstructive (<50%) CA stenoses.

All study participants underwent a standard clini-
cal examination, including a medical history collec-
tion and physical examination, complete blood count
and biochemistry, 12-lead electrocardiography at
rest, and echocardiography. To assess the markers of
systemic inflammation, plasma concentrations of
interleukins IL-6, IL-10, IL-4, and IL-8 were mea-
sured using a standard enzyme-linked immunosor-
bent assay.

Arterial stiffness was assessed by measuring
CAVI, PWV, and ABI using a VaSera VS-1500 sphyg-
momanometer (Fukuda Denshi, Japan). Measure-
ments were doing in the morning in the supine posi-
tion after at least a 10-min rest.

CAVI is calculated automatically by the device
software based on the modified Bramwell-Hill equa-
tion, which describes the relationship between the
pulse wave velocity and the vascular wall elastic
modulus:

CAVI = a{(2p/AP) x Ln(Ps/Pd)PWV2} + b,

where CAVI is cardio-ankle vascular index;

a and b are constants;

p is blood density;

Ps is systolic blood pressure (BP);

Pd is diastolic BP;

PWV is pulse wave velocity;

AP is Ps — Pd.

A complete measurement procedure was per-
formed for each patient; then, the CAVI values were
obtained for the right and left sides. The arithmetic
mean value of the right and left CAVI was used for
subsequent statistical analysis.

Single-step PWV measurement was performed,
without any additional interventions, based on syn-
chronously recorded pulse waves from brachial and
malleolar arteries, electrocardiogram, and phonocar-
diogram. The distance for calculation was determined
automatically by the sphygmomanometer based on
the patient’s height. Vascular age was also determined
automatically based on the patient’s CAVI compared
to reference values preset on the device.

Statistical data processing was performed using
the Python programming language. Descriptive sta-
tistics for continuous variables are presented as the
median (Me) and interquartile range (Q1; Q3), since
the distribution of values in the study groups was
non normal. Testing for normality of distribution
was carried out using the Shapiro-Wilk test. Com-
parison of quantitative variables between two inde-
pendent groups was performed using the nonpara-
metric Mann-Whitney U-test. The choice of the non-
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rae CAVI - CJICUH;

aub — KOHCTAHTHI;

p — IUIOTHOCTH KPOBU;

Ps — cucromueckoe aprepuasibHOe aBiieHue (AJ]);

Pd — muacronngeckoe AJT;

PWYV — ckopocTb Iy 1bCOBOY BOJTHBI;

AP — 5710 Ps — Pd.

J1 KaKZIOTO MaryeHTa IIPOBOAMIACH ITOJIHAS
MpoIe/lypa U3MeEPEHUs, 10 3aBEPIIEHUU KOTOPOU
nonydanu 3HaueHus CJICU pia mpaBoil U JjieBoH
CTOPOH. [[JIsI TTOCJIEYIOIETO CTATUCTUUECKOTO aHa-
JIM3a WCIOJIb30BAJIOCH CpeHee apudMeTHUecKoe
3HavyeHUe npasoro u jesoro CJICH.

N3smepenne CIIB mpoBosinyioch OJHOMOMEHTHO,
6€e3 TOTIOJTHUTEIHHBIX BMEIIATEILCTB HA OCHOBE CHH-
XPOHHO 3aperucTPUpPOBAHHBIX IIYJIbCOBBIX BOJIH Ha
IUIEUEBBIX U JIOJIbDKeUHbIX aprepusax, IKI u ¢oHo-
KapauorpamMMe. PaccrosHue iy pacuera onpeaesis-
J10ch cOUrMOMaHOMETPOM aBTOMAaTUUeCKU Ha OCHOBE
pocra narueHnTa. COCyUCTBIA BO3PACT TaK:Ke ObLI
ompezieJieH aBToMaTtudecky Ha ocHoBe CJICU manu-
€HTa B CpaBHeHHHU ¢ pedepeHCHBIMU 3HAYEeHUAMH,
[Ipe/TyCTAaHOBJIEHHBIMU Ha IIPUOOpeE.

Cratuctuueckas 06paboTKa JAaHHBIX BBIMOJIHEHA
C HCIIOJIb30BAaHMEM f3bIKa IPOrpaMMUPOBAHUA
Python. OmnucaTesibHas CTaTUCTHUKA J|JIs1 HETIPEPHIB-
HBIX [IEPEMEHHBIX IPEJICTABJIEHA B BUJIE MeJUAHBI
(Me) u wmexkBapTuibHOro paszmaxa (Q1; Q3),
IIOCKOJIBKY pacIpefie/ieHre 3HAUEeHUU B HCCIIeye-
MBIX TPyHIlax HE COOTBETCTBOBAJIO HOPMAaJIbBHOMY
3akoHy. IIpoBepka HOPMaJIBHOCTU pacIIpejiesIeHus
IIpOBOJMJIACh ¢ TOMOIIbI0 KpuTepus Ilamupo —
Yunka. CpaBHEHHE KOJWUYECTBEHHBIX IOKa3aTesen
MEX/y IByMsI HE3aBUCHMBIMU I'PYIIIIaMU ITPOBOIY-
JIOCh € UCIOJIb30BAaHUEM HemapaMeTPHUIECKOTO
U-xputepuss Manna — YurHu. Bribop Hemapame-
TPUYECKOTO MeTOZa ObLT 00YCIIOBJIEH CIEAYIONTMU
[IPUYNHAMU: CTAaTUCTUYECKU 3HAYUMBIM OTKJIOHE-
HUEM pacipesieJIeHHi 0T HOpMaJIbHOTO (p < 0,05 0
kputepuio [[Tanmmpo — Ywika), HaTImamueM BRIOPOCOB
B JIAHHBIX, BBIIBJICHHBIX IIPU BU3YAJIbHOM aHAJIU3E
pacrpeiesieHN, HEpaBHOMEPHBIM Pa3MepOM CpaB-
HUBAEMBbIX TDYIII, HAJIMYUEM HYJIEBBIX 3HAUEHUH B
mokasaresisax. VIHTepripeTanus pe3yJIbTaTOB OCHO-
BBIBAJIaCh HA BEJIMYMHE JIOCTUTHYTOTO YPOBHS CTa-
THCTUYECKOH 3HaUNMOocTH (p). Pazmuuus cuutaanuch
CTaTUCTUYECKU 3HAUYUMBIMU IIPU P < 0,05.

PE3YJ/IBTATBI

KinnHnueckas XxapakTepPUCTHKA ITAI[EHTOB IPe/i-
cTaBieHa B Tabi. 1. BospHbIe 1-i rpynmnsl (n = 60)
OTJIMYaJIKNCh OoJsiblied  wacroron KM (28,3
(rpynmna 1)/8,3 (rpymma 2) %, p < 0,05), B TOM YHCJIE
ITIOBTOPHOT'0, MHOTOCOCYIICTOTO IIOPAYKEHUS KOPO-

parametric method was due to the following reasons:
statistically significant deviation of distributions
from normal (p < 0,05 according to the Shapiro-Wilk
test), the presence of outliers in the data identified
during visual analysis of distributions, uneven sizes
of the compared groups, and the presence of zero
values in variables. Interpretation of the results was
based on the value of statistical significance (p)
achieved. Differences were considered statistically
significant at p < 0,05.

RESULTS

The clinical characteristics of the patients are pre-
sented in Table 1. Patients in group 1 (n = 60) had a
higher incidence of MI (28,3% (group 1)/8,3%
(group 2), p < 0,05), including recurrent multivessel
CAD (66,7/20,8%, p < 0,01) and previous percutane-
ous coronary interventions (PCI) (33,3/4,2%,
p < 0,01), while the incidence of coronary artery
bypass grafting (CABG) differed insignificantly
(8,3/4,2%, p = 0,7), probably due to the small size of
group 2 (n = 24). Arterial hypertension dominated
among comorbidities, with its prevalence being more
than 90%. Obesity was more common in group 1
(55,0/33,3%, p < 0,04). In the same group, CKD
stages 2 and 3a were more often diagnosed
(24,6/4,1%, p < 0,01). At the same time, patients
with intermediate and non-obstructive CA stenoses
in their history more often had acute cerebrovascular
accident (ACVA) (3,3/16,7%, p < 0,05). The number
of patients with type 2 diabetes mellitus (21,7/12,5%,
p < 0,5) and abnormal fasting glycemia (18,3/4,2%,
p < 0,2) did not differ significantly between the
groups. Pharmacological therapy on the outpatient
basis during a year before hospitalization differed
insignificantly in patients of both groups, with the
exception of less frequent use of statins (38,3/50,0%,
P < 0,05) in group 1.

Lipid profile indices, values of inflammatory
markers and NT-proBNP are presented in Table 2.
Lipid profile analysis revealed an increase in the
mean low-density lipoprotein (LDL) values and a
predominance of patients who did not achieve their
targets in both groups. Thus, upon hospitalization
in the Regional Vascular Center, LDL values exceed-
ing the targets (1,4 mmol/l) were in 59 (98,3%)
patients with hemodynamically significant CA
lesion and in all patients with non-obstructive
lesion, while triglyceride (TG) values above
1,7 mmol/l were found in 26 (43,3%) and 7 (29,9%)
patients, respectively. The median of LDL values
was 2,90 (2,45; 3,26) in group 1 and 2,64 (2,01;
3,31) in group 2 without statistical differences
(p > 0,05). Patients in both groups had more often
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Ta6auna 1. KnuHuveckast XapaKTepUCTHKa U NalueHToB, n (%)

Table 1. Clinical characteristics of the patients, n (%)

Iloka3aTesb JHITELS NOYRLZ

Parameter Group 1 Group 2 p
(n=60) (n=24)

UM 17 (28,3) 2(8,3) < 0,05

Myocardial infarction

MHorococyAucToe nopakeHue KOpOHapHOU apTepuu 40 (66,7) 5(20,8) <0,01

Multivessel coronary artery disease

Ypecko’kHOe KOpOHApHOE BMEIATeTbCTBO 20 (33,3) 1(4,2) <0,01

Percutaneous coronary intervention

AopToKOopOHapHOE LIYHTUPOBaHUE 5(8,3) 1(4,2) 0,7

Coronary artery bypass grafting

OcTpoe HapylieHHe MO3TOBOI'0 KpOBOOGpAIeHHs 2 (4,0) 4 (16,7) <0,05

Acute cerebrovascular accident

YacToTa JOCTHXKEHUS L|eJIeBOro YPOBHs apTepuaibHoro AaBjaeHuss 30 (50) 10 (41,7) 0,08

(<130/80 mm pr. cT.)

Frequency of achieving target blood pressure (<130/80 mmHg)

ApTtepuanbHas TUIEPTEH3Us 56 (93,3) 22 (91,7) 0,8

Arterial hypertension

OxxupeHue 33 (55,0) 8(33,3) 0,04

Obesity

XpoHudeckasi 60J1e3Hb IOYEK CTaAUU 2 U 3a 14,8 (24,6) 1(4,1) <0,01

Chronic kidney disease stages 2 and 3a

CaxapHbli AuabeT 2 TUMA 13 (21,7) 3(12,5) 0,5

Type 2 diabetes mellitus

HapyuieHue riukeMyuu HaTOIIAK 11 (18,3) 1(4,2) 0,2

Abnormal fasting glucose

HapHBIX apTepuii (66,7/20,8 %, p < 0,01) U IpoBe-
JIEHHBIX paHee YPECKOKHBIX KOPOHAPHBIX BMeIIa-
tesibetB (UKB) (33,3/4,2 %, p < 0,01), B TO BpeMst
KaK YacroTa aOpPTOKOPOHAPHOIO IIYHTHPOBAHUS
(AKIII) B amaMHe3e OT/JIMYajach HE3HAUUTEHHO
(8,3/4,2 %, p = 0,7), BEPOSITHO BCJIEICTBHE MAaJIO-
YHCJIEHHOCTH 2-U TPyIIbl 601pHBIX (n = 24). Cpenu
KOMOPOUIHBIX 3a00JI€eBAaHUI TOMUHHPOBAJIA apTe-
pUasibHAs ~ TUIEPTEH3Us, PACIPOCTPAHEHHOCTD
KOTOPO¥ mpeBsbImana 90 %. OKupeHue yalie BeTpe-
yajioch B 1-H rpymme mnanueHtoB (55,0/33,3 %,
P < 0,04). B 2011 ke TpyTine 60JIBHBIX Yallle TUATHO-
crupoBanbl XBII craguu 2 u 3a (24,6/4,1%, p < 0,01).
B TO 2Ke BpeMsi y 6OJIbHBIX C IOTPAHUYHBIM U HEOO-
CTPYKTHUBHBIM IopakeHreMm KA B aHaMHese wyalie
HMMeJIO MECTO OCTPOE HapyIIleHHe MO3TOBOTO KPOBO-
obparenus (OHMK) (3,3/16,7 %, p < 0,05). Kosu-
yecTBO OOJIBHBIX C CaxapHBIM AuaberoM 2 THIIA
(21,7/12,5 %, p < 0,5) ¥ HapylIEeHHUEM TJINKEMUU
Haroiak (18,3/4,2 %, p < 0,2) 3HAYUMO He OTINYa-
JIOCHh MEXKIy TpyImnamMmu. MeluKaMeHTO3Hast TEPaITHs
Ha aMOyJIaTOPHOM BTalle B TEUYEHHE rofa, IpeIie-
CTBOBABIIIETO TOCITUTAIU3AIIUY, MAJIO OTINYAJIaCh Y
00JIPHBIX 00eUX TPYIII 32 UCKJII0UeHUeM OoJiee pej-
KOTO IprieMa cTaTuHOB (38,3/50,0%, p < 0,05) B 1-i
rpyIIIe ManueHToB.

normal values of lipoprotein a (Lp(a)) (32,77 (18,3;
100,29) / 33,18 (15,66; 133,62) nmol/l, p < 0,4)
with reference values <75 nmol / 1), as well as TG
(1,51 (1,355 1,79) / 1,28 (0,94; 1,54) mmol/l),
although TG values in group 1 were higher
(p < 0,05). An imbalance of systemic inflammation
markers was revealed in both groups. The level of
high-sensitivity C-reactive protein (hsCRP) aver-
aged 10,0 (6,29; 12,74)/8,18 (3,52; 12,85) IU/1
(reference values: up to 5 IU/1) in groups 1 and 2,
respectively, without significant differences
(p < 0,4). Patients with elevated hsCRP were 53,3%
and 37,5%, respectively. In patients of group 2, the
concentration of the proinflammatory cytokine IL-8
was higher (9,96 (8,88; 12,70)/24,15 (10,40; 38,68)
pg/ml, p < 0,01 with reference values <10 pg/ml);
while the level of the proinflammatory cytokine
IL-6 was higher in the 1st group, but within the ref-
erence range (5,59 (3,08; 8,50)/3,11 (1,44; 6,93)
nmol/]l with reference values <10 nmol/l, p < 0,01).
The levels of the cytokine IL-4 in both groups were
comparatively low and approached zero. IL-10 lev-
els did not differ in both groups: 1,64 (0,92; 2,30)
and 1,43 (0,67; 2,42) pg/ml, p > 0,5. An increase in
the level of N-terminal pro-brain natriuretic pep-
tide (NTproBNP) was diagnosed in 78,0% of
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Ta6una 2. [TokasaTesu JUOUAHOTO CIIEKTPa, MapKepbl BocnasieHus: 1 NT-proBNP
Table 2. Values of lipid profile indices, inflammation markers and NT-proBNP

PedepeHcHbIe

IlapameTp 3HaYeHUs Tpynna 1 Ipymnna 2

Group 1 Group 2 D
Parameter Reference

(n=60) (n=24)

values

JlunonpoTenHbl HU3KOM mIoTHOCTH (JIHIT), <1,4 2,90 (2,45; 3,26) 2,64 (2,01; 3,31) >0,05
MMmoJib/J, Me (Q1; Q3)
Low-density lipoproteins (LDL), mmol/I,
Me (Q1; Q3)
KosnuectBo 6osbHbIx ¢ JIHIT >1,4 MmMosnb/a, n (%) - 59 (98,3%) 24 (100%) >0,05
Number of patients with LDL >1,4 mmol/l, n (%)
Tpurnunepuast (TT), Mmosb/1, Me (Q1; Q3) <1,7 1,51 (1,35; 1,79) 1,28 (0,94; 1,54) <0,05
Triglycerides (TG), mmol/], Me (Q1; Q3)
KosingyectBo 6osbHbIX ¢ T >1,7 MMonib/i1, n (%) - 26 (43,3 %) 7 (29,2 %) >0,05
Number of patients with TG >1,7 mmol/l, n (%)
JlunonpoTeuH a, HMosb/J, Me (Q1; Q3) <75 32,77 (18,3; 100,29) 33,18 (15,66; 133,62) 0,4
Lipoprotein a, nmol/l, Me (Q1; Q3)
BbICOKOUYYBCTBUTEbHbBIN C-peakTUBHBIN <5 10,0 (6,29; 12,74) 8,18 (3,52;12,85) 0,4
6esok, ME/n, Me (Q1; Q3)
High-sensitivity C-reactive protein (hsCRP),
1U/1, Me (Q1; Q3)
KosinuecTBO GO/IBHBIX C MOBBIIEHHBIM BYCPB, - 32 (53,3 %) 9 (37,5 %) >0,05
n (%)
Number of patients with elevated hsCRP, n (%)
WJI-6, amMonb/a, Me (Q1; Q3) <10 5,59 (3,08; 8,50) 3,11 (1,44; 6,93) <0,01
IL-6, nmol/], Me (Q1; Q3)
WJI-8, nr/ma, Me (Q1; Q3) <10 9,96 (8,88; 12,70) 24,15 (10,40; 38,68) <0,01
IL-8, pg/ml, Me (Q1; Q3)
WJ1-10, ir/mu, Me (Q1; Q3) <31 1,64 (0,92; 2,30) 1,43 (0,67; 2,42) >0,5
IL-10, pg/ml, Me (Q1; Q3)
WJi-4 <4 YpoBHH conmocTaBUMO  YpoBHH comoctaBumo  >0,05
IL-4 HU3KHUe, 6JIM3KU K HYJII0 HU3KUeE, 6JIU3KU K HYJTI0

The levels are compa-  The levels are compa-

ratively low, close to ratively low, close to

Zero Zero
N-KoHIIEBOM MO3TOBOM HaTpUHypeTHdeckud <125 154,44 (110,9; 187,45) 121,3 (53,0; 190,0) >0,05
nentup (NT-proBNP), nr/mu, Me (Q1; Q3)
N-terminal pro-brain natriuretic peptide
(NT-proBNP), pg/ml, Me (Q1; Q3)
KosinyecTBO 60/IbHBIX C MOBBIIIEHHBIM - 46 (78,0 %) 10 (41,7 %) >0,05
NT-proBNP, n (%)
Number of patients with increased
NT-proBNP, n (%)

ITokasarenu JIUOHAHOTO CIEKTPA, 3HAYEHUS patients with hemodynamically significant stenoses

MapkepoB BocnaseHua u NT-proBNP npezncras-
JIeHBI B Ta0JI. 2. AHAJIN3 JIMIUHOTO CIIeKTpa oOHa-
PY>KHJI IOBBIIIEHUE CPETHUX 3HAUEHUN JIUIIOMIPOTE-
WHOB HU3KoH miotHoctu (JIHII) u mpeobsamanve
MMAIIUEHTOB, HE IOCTUTIINX HX IIeJIEBBIX 3HAUEHUH, B
obeux rpymnmnax. Tak, Mpyu rOCIUTATU3ANNN B COCY-
aucTeii 1eHTp 3HauveHus JIHII, mpessbmatoriue
nesieBble (1,4 MMOJIb/J), OBUIM BBIABJIEHBI y 59
(98,3 %) 6OABHBIX ¢ TEMOAUHAMUYECKHA 3HAYMMBIM

and in 41,7% of patients with non-obstructive CA
lesions without statistically significant differences
in mean values (154,44 (110,9; 187,45)/121,3 (53,0;
190,0) pg/ml, p > 0,05).

Comparative analysis of PWV and CAVI between
patients with obstructive and non-obstructive CAD
revealed no statistically significant differences
(p > 0,05). Median PWYV values in group 1 were 8,55
(8,09; 8,68) m/s,and in group 2 — 8,02 (7,17; 8,87) m/s.
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nopakeHueM KA 1y Bcex 60JIbHBIX ¢ HEOOCTPYKTHB-
HBIM IIOpa’KeHHEM, a 3HauyeHUs TPUTIUIEPUIOB
(TT) BeI11IE 1,7 MMOJIB/JT — Y 26 (43,3 %) 17 (29,9 %)
MaIllEHTOB COOTBETCTBEHHO. MeauaHa IToKasaTes
JIHII cocraBuia 2,90 (2,45; 3,26) B 1-# rpymmne u
2,64 (2,01; 3,31) Bo 2-# rpymnie 6e3 CTaTUCTUYECKUX
pasymunii (p > 0,05). [TarueHTHI 06EUX TPYIII Yalle
XapaKTEePHU30BAINCh HOPMAJbHBIMU 3HAYEHUSIMH
sunonpotenHaa (JII1(a)) (32,77(18,3; 100,29) /33,18
(15,66; 133,62) HMOJIB/ 11, P < 0,4) IPHU pedepEeHCHBIX
3HAUYEHUSAX <75 HMOJb/1,), a Takxke TT (1,51 (1,35;
1,79) / 1,28 (0,94; 1,54) MMOJIb/JI), XOTs 3HAUEHHUS
TI B 1-t rpynne 6buTH BhINIE (P < 0,05). B 06enx
TpyIax OIpefessicss aAucbasanc MapKepoB
CHCTEMHOTO BOCITaJIeHUsI. YPOBEHDb BHICOKOUYBCTBH-
tesibHOTO C-peaktrBHOTO 6esika (BuCPB) cocraBuit B
cpenneM 10,0 (6,29; 12,74)/8,18 (3,52; 12,85) ME/n
(mopma — go 5 ME/i) B 1-#1 u 2-# rpymmax coOTBeT-
CTBEHHO 0e3 3HAYMMBIX pasiuduil (p < 0,4); 60yb-
HBIX C IOBBIIIEHHBIMM 3HaueHusMu BUCPB ObLio
53,3 u 37,5 % COOTBETCTBEHHO. Y TAI[UEHTOB 2-U
TPYIIIIBI OKA3aJ1ach BBIIIE KOHIIEHTPAIHsI ITPOBOCIIA-
aurenpHoro murokmHa M-8 (9,96  (8,88;
12,70)/24,15 (10,40; 38,68) ur/miu, p < 0,01 mpu
pedepeHCHBIX 3HAUYEHUAX <10 ITr/MJI), B TO BpeMs
KaK YPOBEHb IIPOBOCIIAIUTEIHLHOTO TuTOKNHA NJI-6
OKazaJics BBIIIE B 1-U TpyIIIe, HO B Mpejesiax pede-
peHcHBIX 3HadueHu# (5,59 (3,08; 8,50)/3,11 (1,44;
6,93) HMOJIb/JI TIPU HOPME <10 HMOJIb/JI, p < 0,01).
VYpoBuu muroxuna WJI-4 B obeux rpymmax ObLIH
COMOCTaBUMO HU3KHMU M MPHUOJIMKUINCH K HyJIe-
BBIM 3HaUeHUAM. YpPoBHU NJI-10 He OTIUYAINCH B
obenx rpymnmnax: 1,64 (0,92; 2,30) u 1,43 (0,67; 2,42)
r/wi, p > 0,5. [ToBbieHne ypoBHs N-KOHIIEBOTO
MO3TOBOTO HATPUUYPETUUECKOTO MenTuaa
(NTproBNP) nuaraoctupoBano y 78,0 % OGOJIbHBIX C
reMOJIMHAMUYECKA 3HAYMMBIMU CT€HO3aMU H Y
41,7 % GOJIBHBIX ¢ HEOOCTPYKTUBHBIMU MOPAKEHUEM
KA 6e3 craTHCTUYECKU 3HAUMMBIX Pa3/IMIUUA Cpe-
HUX ToKazateied (154,44 (110,9; 187,45)/121,3
(53,0; 190,0) ir/M1, p > 0,05).

IIpu cpaBHUTEIPHOM aHaIM3e nokasatesieli CIIB u
CJICU mexxy maryieHTaMuy ¢ OOCTPYKTHBHBIM M HEOO-
CTPYKTHUBHBIM TOopakeHreM KA craTHCTHUeCKH 3HAYH-
MBIX Pa3JIMUUH BBIABJIEHO He ObLTO0 (p > 0,05). MemuaH-
Hble 3HayeHws1 CI1B B 1-# rpymite cocraBwm 8,55 (8,09;
8,68) M/c, Bo 2-1i rpyrire — 8,02 (7,17; 8,87) m/c. Anasio-
I'MYHast KapTrHa Habmoaaiack st CJICH: 8,35 (7,84;
8,72) u 8,05 (7,60; 8,48) M/C COOTBETCTBEHHO.

V¥ manueHTOB 06€UX TPYII HE BBISBIEHO Pa3Jiv-
YUi MeJaHbl MMACHOPTHOTO U COCYJHCTOTO BO3-
pacra: B 1-U rpynne oHa coctaBmia 58 (55; 59)/
59(54; 64) JIeT COOTBETCTBEHHO, p > 0,05; BO 2-H
rpymie — 59 (55; 60)/56 (54; 64) ner, p > 0,05.

A similar pattern was observed for CAVI: 8,35 (7,84;
8,72) and 8,05 (7,60; 8,48) m/s, respectively.

In patients of both groups, no differences were
found in the medians of chronological and vascular
age: in group 1 it was 58 (55; 59)/59 (54; 64) years,
p > 0,05; in group 2 — 59 (55; 60)/56 (54; 64) years,
p > 0,05, respectively.

DISCUSSION

The obtained results demonstrated significant
differences in the clinical and laboratory phenotypes
in young and middle-aged patients with hemody-
namically significant and non-obstructive CAD,
which provides new insights into the pathophysio-
logical mechanisms underlying ACS.

The most significant differences between the
groups were observed in CA pathology. The presence
of MI, multivessel CAD, and PCI in patient’s history
was higher in group 1, indicating a more aggressive
atherosclerotic process. The more significant pro-
gression of atherosclerosis in this cohort may be
related to such unfavorable factor as comorbidity,
namely, a higher incidence of obesity and CKD. How-
ever, the trend toward an increased incidence of
ACVA in group 2 requires further study, as it may
indicate mechanisms of cardiovascular events not
associated with CA obstruction, including a predis-
position to thrombosis.

Abnormalities in laboratory findings most often
were presented by dyslipidemia in both groups man-
ifested by non-achievement of LDL targets. At the
same time, the absence of between group differences
in key indices of lipid profile, with the exception of
TG, suggests that hyperlipidemia alone is not respon-
sible for the development of hemodynamically sig-
nificant CA lesions. This is consistent with the results
of published studies and the concept of atherosclero-
sis as a disease with multifactorial etiology, necessi-
tating a comprehensive assessment of risk factors.

In this regard, data on inflammatory markers and
vascular stiffness are of particular interest. The cyto-
kine profile imbalance identified, namely, an increase
in IL-6 in group 1 and IL-8 in group 2, may reflect
various immune-inflammatory pathways involved in
the atherosclerotic process. IL-6 is known to be a
central mediator of systemic inflammation and is
associated with the course of CAD through various
mechanisms, while IL-8 primarily stimulates leuko-
cyte migration, infiltration, and atherosclerotic
plaque destabilization.

The study revealed no statistically significant dif-
ferences in vascular stiffness indices (PWV and
CAVI) between the groups with obstructive and non-
obstructive CAD. A possible explanation for these
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OBCYKAEHUE

[TosryueHHBIE pE3YIILTATHI IPOAEMOHCTPHUPOBATIH
CYIleCTBEHHBIE PA3JIN4YUs B KIMHUKO-1ab60paTop-
HBIX (peHOTHUIIAX NAIUEHTOB C TeMOJAMHAMUYECKH
3HAYUMBIM H HEOOCTPYKTHBHBIM MopakeHrueM KA y
[IaIIIEHTOB MOJIOZIOTO W CPEJHEro BO3PAaCTa, 4UTO
yIIyOsisieT TOHHUMaHHe MaTO(PU3UOJIOTHYECKUX
MEeXaHU3MOB, Jieskallnux B ocHOoBe TeueHus OKC.

Hawubosiee 3HAUMMBIE PA3IHIUA MEXKAY TPYII-
maMy HaOJ0ZaTuch B OTHOLIEHUM KOPOHAPHOH
marosiorud. Yacrora nHdapKTa MUOKap/ia B aHAM-
He3e, MHOTOCOCYZVICTOTO IMOPA’KEHUsA KOPOHAPHBIX
apTepuii u npoBesieHHbIX paHee UKB ObLia BhIlE B
1-i TpyIllle TAIUeHTOB, YTO CBUJETEJLCTBYET O
0oJlee arpecCHBHOM TEUYEHHU AaTePOCKJIEPOTHYE-
CKOTO Tporiecca. Bo3aMo)kHO, 6ojiee BBIpaKEHHOE
IIpOrpeccUpoOBaHUEe aTepocKjIepo3a B  JAaHHOU
KOTOPTE CBA3aHO € HEOJIArOoNpUATHBIM KOMODPOWI-
HBIM (POHOM, & UMEHHO OOJIBIIIEN YaCTOTOU OKHUpe-
uus u XBII. B To :xe BpeMs BhIsIBJIEHHAsA Y OOJTBHBIX
2-f TPYHIBl TEHAEHIWsS K IIOBBIIIEHHON YacTOTe
OHMEK TpebyeT naibHENIIETO U3YyYEHUS, TOCKOIBKY
MOXKET YKa3blBaTh HAa WHbIE, HE CBA3aHHBIE C
OOCTpYKIIMEeH KOPOHAPHBIX apTEPUUA MEeXaHU3MbI
CepZIEYHO-COCYAUCTBIX COOBITUMN, BKJIIOYAs CKJIOH-
HOCTh K TPOMO00Opa30BaHHUIO.

JlabopaTopHble CIBUTHU Yallle BCETO IIPOSIBIIA-
JINCh JIUCTUIU/IEMUEH B 00eHnx rpyImmax OOJIbHBIX,
BBIPa’KaBIIIeHCs HETOCTHIKEHUEM I[€JIEBBIX YPOBHEH
JIHII. ITpu 2TOM OTCYTCTBHAE MEXIPYNIIOBBIX PA3JIU-
YUP 110 OCHOBHBIM JIMNHJAHBIM IIOKa3aTessAM, 3a
ucktouenreM TI', 03BOJIAET IPEANOIOKUTD, YTO
He TOJIbKO TUIIEPJINNHIIEMUA 00BbACHAET (POPMUPO-
BaHUE TeMOJANHAMMYECKH 3HAYMMOTO ITOPaKeHUs
KA. 9t0 coracyercs ¢ pe3ybTaTaMH MyOJTHKYEMBIX
HCCJIEZIOBAHUN W KOHIIENIHEX MHOTO(MAKTOPHOCTH
aTepockyiepo3a, O0O0yCJIOBIMBasA HEOOXOIUMOCTb
OIIeHKH (PaKTOPOB PUCKA B COBOKYITHOCTH.

B sTOl cBA3M 0COOBIN WHTEpPEC IMPENCTABIIAIOT
JJaHHble O MapKepax BOCHAJIEHUS U COCYAUCTOH
JKECTKOCTH. BBIABIEHHBIN AUCOIAHC B IIUTOKHHO-
BoM npoduie, a UMeHHO noBbimenne WJI-6 B 1-i
rpynne u NJI-8 Bo 2-11 rpymme, MOXeET OTpakaTh
pasyinuHble UMMYHOBOCIIAJIUTEIbHBIE TIYTH, BOBJIE-
YeHHBIE B  aTEPOCKJIEPOTUYECKUH  IIPOIECC.
W3BectHO, uTo JI-6 siB/IseTCA LIEHTPaIbHBIM MeJIU-
aTOpPOM CHCTEMHOTO BOCIIQJIEHWS W CBSI3aH C Teue-
HueM VBC pa3jnyHbBIMU MeXaHU3MaMH, TOI/la Kak
posts NJI-8 cocToUT NpenMyIecTBEHHO B CTUMYJIA-
OUU MUTPAIUU JIEHKOIUTOB, WHQUITPAUU U
JleCTabMIN3aIIN aTEPOCKIEPOTUYECKON OJIAIIKY.

B uccieoBaHUM He BBIABJIEHO CTAaTHCTHUUYECKU
3HAYUMBIX PA3JIMUMH B IOKA3ATEJISAX COCYAHCTOM
)kectkoctu (CIIB u CJICH) mexzay rpymmaMu c

results may be the comparable frequency of non-
achievement of BP targets in both groups. This is
consistent with the literature data showing that arte-
rial stiffness is primarily associated with BP level and
duration of arterial hypertension. At the same time,
patients in group 2 demonstrated a tendency for bio-
logical age to be run behind the chronological age,
which indirectly indicates greater arterial elasticity,
slower biological aging, and a more favorable risk
factor profile.

Differences in the frequency of statin intake in the
prehospital phase, namely, their less frequent use in
group 1, indicate a possible influence of treatment
adherence on disease progression, but prospective
studies are required to confirm this hypothesis.

CONCLUSION

The known difficulties in risk stratification in
young and middle-aged ACS patients necessitate the
search for new markers and reassessment of the
diagnostic value of existing ones. Patients with
hemodynamically significant CA lesion have both
more severe structural CA lesion, more pronounced
comorbidity and higher values of specific laboratory
markers that distinguish them from patients with
non-obstructive CAD, such as relatively elevated
IL-6 levels. Meanwhile, in the group with intermedi-
ate and hemodynamically insignificant CA stenoses,
a significantly elevated IL-8 level was found.

Comparable values of vascular age markers in
both groups suggest that vascular stiffness indices
are more closely associated with the frequency of BP
monitoring than with the severity of CAD. Despite
this, patients in group 2 showed a tendency for bio-
logical age runs behind the chronological age, which
likely reflects the influence of other factors not neu-
tralized by BP. A comprehensive assessment of these
indices may facilitate improved risk stratification
and the development of strategies for the prevention
and treatment of CAD along with aggressive lipid-
lowering and antihypertensive therapy, as more than
a half of young and middle-aged patients with ACS,
regardless of the severity of CA disease, failed to
achieve LDL and BP targets.

Limitations: design of the study (descriptive
study), which does not allow to find the causal rela-
tionships, as well as the small size of group 2, which
probably led to the absence of statistical significance
for some variables (frequency of CABG, type 2 diabe-
tes mellitus).
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OOCTPYKTUBHBIM M HEOOCTPYKTUBHBIM IMOPA’KEHUEM
KOPOHAPHBIX apTepuil. Bo3MOXKHBIM 00BsSICHEHHEM
MIOJTyYeHHBIX PE3YJIBTATOB MOXKET CJIY?KUTHh CPABHU-
Masi 4acTOTa HeJOCTHKEHU 1[eJIeBOT0 YpoBH:A Al B
0beunx rpymmax. ITO COrJIacyeTcsi ¢ JaHHBIMU JIUTe-
paTyphl, IOKAa3bIBAIOIIMMU, UTO apTepUaibHAs
JKECTKOCTh B TIEPBYI0 OYepelb aCCOIMHPOBAHA C
ypoBHeM AJl U JINTEJIBHOCTHIO apTEPUATIBHOU
THIEPTEH3WU. B TO Ke BpeMs y HAIUEHTOB 2-i
TPYIIIBI BbISIBJIEHA TEH/IEHIUS K OTCTABAHUIO OHO-
JIOTHYECKOTO BO3pacTa OT IMACIOPTHOTO, YTO KOC-
BEHHO yYKa3bIBAET HA GOJIBIIYIO 3JIACTUYHOCTD apTe-
puii, bosiee MeJIJIEHHOE OMOJIOTHUECKOE CTapeHre U
60J1ee 61aTONIPUATHBIN PODIIH (PAKTOPOB PUCKA.
Pazynuuus B yacrore mpHeMa CTaTHHOB HA JIOTO-
CIIUTAJIFHOM 3Talle, a UMEHHO X 0oJiee PeiKoe MpH-
MeHeHHe B 1-1 TPyIITie, yKa3bIBaeT Ha BO3MOKHOE BJTU-
STHUE TIPUBEPIKEHHOCTH JIEUEHUIO Ha ITPOrPECCHPOBa-
HUe 3200JI€BaHUsI, OJTHAKO IS IOATBEPIKACHUSA 3TOU
TUIIOTE3bI TPEOYIOTCSI MTPOCIIEKTUBHBIE UCCIIEIOBAHUA.

3AK/IOYEHUE

Vi3BecTHBIE 3aTpPyAHEHUS B CTPATH(OUKAIIU
pucka npu OKC y su1i; Mo10/10TO U Cpe/iHero BO3-
pacra IUKTYIOT HEOOXOAMMOCTD IIOMCKA HOBBIX Map-
KEPOB U IEPEOLEHKH JUAarHOCTUYECKON 3HAYMMO-
CTH UMeIOIUXcs. Y MaIieHTOB ¢ TeMOIMHAMUYEeCKH
3HAYNMBIM HopaxkeHreM KA oOHapy»keHa He TOJIbKO
OoJsee TspKenas CTPYKTYpHAs MATOJIOTHS KOpPOHAp-
HOTO pycia, 6ojiee BBIPAYKEHHBIH KOMOPOUTHBIH
doH, HO 1 cnenuduyeckue 1a6OPATOPHO-UHCTPY-
MEHTaJIbHbIE MapKePhI, OTJINYAIOIIYE UX OT MalyeH-
TOB C HEOOCTPYKTHBHBIM INOpaskeHHeM KA, Takue
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coronary syndrome: a narrative review // J. Epidemiol.
Glob. Health. 2021;11(2):169-177. DOI: 10.2991/
jegh.k.201217.001.

2. YcaueBa E.B., HemunoBa A.B., Kymukxosa O.M.,
®aaky U.I1. CMepTHOCTB TPY/OCIOCOOHOTO Hacesle-
HUS POCCHU OT Cep/IEYHO-COCYIUCTHIX 3ab0sIeBaHm //
TurueHa W caHATapusa. 2021;100(2):159-165. DOI:
10.47470/0016-9900-2021-100-2-159-165.

3. Ilepbakosa E.M. Jlemorpacduueckre utoru I mosy-
rogusi 2024 roga B Poccunm (wacte II) // Jemo-
ckorr Weekly. 2024. N2 1045-1046. URL: https://
demoscope.ru/weekly/2024/01045/baromo1.php
(marta o6pareHus: 10.09.2025).

4. AsepxoB O.B., Apytonsu I'.K., dymnakos [[.B. u ap.
OcTpblll KOPOHApHBIA CHHAPOM 0e3 IoJbeMa Cer-
meHTa ST ssexkTpokapauorpaMMsl. KinHudeckue
pexkomMeHaanuu 2024 // Poccuiickuil Kapauoornye-
CKUH KypHaJI. 2025;30(5):6319. DOI: 10.15829/1560-
4071-2025-6319.

KaK OTHOCUTEJBbHO TOBBINIEHHBIN ypoBeHb WJI-6.
B To ke BpeMA B IpyIIle C IOTPAHUYHBIMU U I'eMO-
JMHAMUYECKN HE3HAYNMBIMU cTeHo3aMU KA BbIAB-
JIEHO 3HAYMMOE TIOBBITIIeHne YpoBH: 1JI-8.
ComnocraBuMble 3HaU€HUA MapKEPOB COCYAUCTOIO
BO3pacTa B 00erX TPYMIaX IO3BOJIAIOT IMPEAIOJIO-
JKUTh, YTO IIOKa3aTeJy COCYIAUCTON >KECTKOCTH B
OOJIbIIIEN CTEITEHN ACCOIMUPOBAHBI C YaCTOTON KOH-
Tposist AJl, 4em c XapaKTePOM KOPOHAPHOT'O TOpake-
HuA. HecmoTps Ha 9TO, y HAIUEHTOB 2-W T'PYIIIBI
BBIABJIEHA TEH/IEHNIVSA K OTCTaBaHUIO Ouosorude-
CKOTO BO3pacTa OT MacCIOpPTHOTO, YTO, BEPOATHO,
OTpaKaeT BJIUAHUE WUHBIX (PAKTOPOB, KOTOpble He
O0pUTH HUBenpoBaHbl BausHueM AJl. KomiuiekcHas
OIlEHKa 3TUX IIapaMeTPOB MOXKET CIIOCOOCTBOBATH
COBEPILIEHCTBOBAHUIO CTPaTU(UKAIIUU PUCKA U pas-
pabotke Mep npodrutakTuky u geuenus MBC vapsy
C arpecCUBHOM THUIIOJUITUEMUYECKOU U aHTUTUIIED-
TEH3UBHOH Tepamuel, MOCKOJIbKY 0ojiee YeM II0JI0-
BUHA IAIlMEHTOB MOJIOZOTO U CpefHero Bo3pacTa ¢
OKC, HesaBucuMoO OT cTeneHu nopaxkeHus KA, ne
JOCTUTAIU IesieBbIX 3Hauenuii JIHIT u AJT.

OrpaHuYeHUAMH UCCIIEZI0BAHUS ABJISAIIICH €T0
Ju3aiiH (omucaTeIbHOE UCCIe0OBaHUE), KOTOPBIH He
II03BOJIAET YCTAHOBUTH IIPHYUHHO-CJIEACTBEHHBIE
CBA3M, a TAK)KE MaJIasl YMCIIEHHOCTh MAIIEHTOB 2-1
IPYIIBI, YTO, BEPOATHO, OOYCJIOBHJIO OTCYTCTBHE
CTATHUCTUYECKOW 3HAYMMOCTHU 110 HEKOTOPBIM I1apa-
metpam (qacrora AKII, caxapHblii fuabeT 2 THIA).

KoH}IMKT HHTEPECOB. ABTOPHI 3aABJISAIOT 00
OTCYTCTBUU KOH(JIMKTA HHTEPECOB.
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dapMaKkOKHHETHUECKHE HCCAeJOBAaHUA HOBOU CyOCTAHITHU
BOIOPACTBOPHUMOTIO CEPOCOAEPKAIIETO AHTUOKCHIAaHTA
3-(4-ruapoxcu-3,5-IMMEeTHIOE€H3UJITHO ) IIPOITMOHATA
kaausa (TP-7)

B.T. Mykyuasu', E.A. iBanoBckas', A.B. Jlurocraes?, C.B. TepenTreBa®?, H.B. Kanganuuiena,
M.II. ByxTosapos?

'PI'EOY BO «Hogocubupckuil 2ocydapcmeentblil meduyuHcKkuil ynusepcumem» Muwnadpasa Poccuu, Hosocubupck,
Poccus

2@I'bOY BO «Hogocubupckuil 2ocydapcmeetiblil nedazoauveckull yHusepcumem», Hogocubupck, Poccus

AHHOTAIIUA

BBepgewnue. [IpoBenenue bapMaKOKHHETHUECKUX (CKPUHUHTOBBIX) HCCJIEZIOBAHIH fABJISETCA KpaiiHe aKTyaJIbHbIM
JUIs1 pa3paboTKK HOBBIX CyOCTaHITUH U JieKapCcTBEHHBIX mpemnapaTos (JII1). B xo/ie aTUX MCC/IeZIOBaHUE M3yYalOTCs TaAKUe
0a30BbIe TIPOIIECCHI, KAK BCAChIBaHUE, pacipeziesieHue, Merabonnsm u BoiBesienre (ADME) jiekapcTBEHHOTO BEIeCTBa.
ITokazaTesnu HpapMaKOKUHETHKNA UMEIOT KJII0UEBOE 3HAUEHHE /IS KITMHUIUCTOB, MOCKOJIBKY IPECTABIISIOT HEOOXOH-
Mble JJaHHBIE /IJTsI OTIPEeZiesIEHUsT ONITUMAIBHBIX T03UPOBOK JIII.

Il e 1 b . V3yuuTh papMaKOKMHETUUECKHE XaPAKTEPUCTHUKNA HOBOU CYOCTAHIIMH BOZOPACTBOPUMOTO CEPOCOIEPIKAIIIETO
AHTHOKCH/IAHTA 3-(4-THAPOKCH-3,5-TUMETUIOEH3UITHO)IponinoHara kaus (TD-7).

MaTtepuaab U MeTO/bl. T®7 BBOAWIN KpbICAaM BHYTPHKEIYZOYHO B /103€ 500 MTI/KI B BU/IE PACTBOpA.
OG6pasibl KpOBY JKUBOTHBIX 3a0Upaju uepes 1,5, 3, 5, 8 ¥ 12 4 1ocJIe BBeAeHU cyOcTaHIun. Mi3aMepeHre KOHIIEHTPaIUu
T®-7 MpOBOAWIM C UCIOJB30BAHHEM METOJ[a WHBEPCUOHHOHN BOJIbTaMIIEPOMETPUM. PacueTsl (papMaKOKMHETHUECKUX
apaMeTpPOB IIPOBOIUIIN, UCIIOJIB3YST OTHOKAMEPHYIO MOe/h (apMAaKOKMHETUKH — KJIACCHYECKHUM METOZIOM 110 X0JIOIOBY
U C TOMOIIbIO TTporpaMMbl Borgia 1.03.

PesdyabTaThl. Bbulm paccuuTaHbl OCHOBHbIE (hapMaKOKWHETHUYECKHE MapaMeTpbl HOBOU cybcranmuu Td-7:
Hepuos moTyBbiBeienus (t, /2), koHcTaHTa saumMuHanuy (k ), oommit kupenc (Cl), apdexrunas konnenTpaus (C, o q)),
obwem pacnipeznenenus (V).

3aknoueHUe. McorenoBaHue MpoJIeMOHCTPUPOBAJIO OBICTPOE BbIBesieHUE (t
(Coppr
nostyBbiBeZieHus: T®-7 cocrapisieT OT 1 /10 1,5 4, YTO CBUJIETEJIBCTBYET KaK O ObICTPOM Hauasie (hapMaKOJIOTHYECKOTO

,/») 1 9Q(EKTHBHOE pacrpesieseHye
V,) T®-7 B opranusMe, 4To obecredrBaeT ero JOCTYIHOCTb I BeeX KJIeTOYHBIX M TKAHEeBHIX CTPYKTyp. Ilepuos

3¢ dexrTa, Tak U 0 JOCTATOYHO AKTUBHOM OOIIEM KJIMPEHCE.
Kmuouessle croea: 3-(4-ruipoKcu-3,5-AUMeTI0eH3uaTHO ) iporinoHat kanus (T®-7), papmakokuHeTHKa, papMako-
KHUHETHYECKasi MOJIEJIb, BOJIbTAMIIEPOMETPHSI, AHTHOKCH/IAHT, CEPOCO/IEPIKAIIINEe aHTHOKCHUIAHTHI.

OG6pasen nuurtuposaHua: Mykyaasu B.T., VIBanosckas E.A., Jlurocraes A.B., TepenrtseBa C.B., Kanganun-
nesa H.B., ByxtosspoB M.II. ®apMaKOKUHETUUECKUE HCCIETOBAHMSA HOBOHM CyOCTaHITUN BOZOPACTBOPHMOTIO CEPOCO-
JIepIKaIero aHTHOKCUAAHTa 3-(4-TUAPOKCH-3,5-ANMEeTHI0eH3UITHO)TpononarTa kaus (T®-7) // Journal of Sibe-
rian Medical Sciences. 2025;9(4):36-45. DOI: 10.31549/2542-1174-2025-9-4-36-45
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Pharmacokinetic studies of a new substance
of the water-soluble sulfur-containing antioxidant potassium
3-(4-hydroxy-3,5-dimethylbenzylthio)propionate (TF-7)

W.T. Mukundwi', E.A. Ivanovskaya!, A.V. Ligostaev',S.V. Terentyeva®2,N.V. Kandalintseva?,
M.P. Bukhtoyarov?

‘Novosibirsk State Medical University, Novosibirsk, Russia

2Novosibirsk State Pedagogical University, Novosibirsk, Russia

ABSTRACT

Introduction. Pharmacokinetic (screening) studies are particularly relevant for the development of new sub-
stances and drugs. These studies investigate the basic processes such as absorption, distribution, metabolism and elimina-
tion (ADME) of a pharmaceutical substance. Pharmacokinetic parameters are of key importance to clinicians, as they
provide data necessary for determining optimal dosages.

A im . To study the pharmacokinetic characteristics of a new substance of the water-soluble sulfur-containing antioxi-
dant potassium 3-(4-hydroxy-3,5-dimethylbenzylthio)propionate (TF-7).

Materials and methods. A TF-7 solution was administered to rats intragastrically at a dose of
500 mg/kg. Blood samples were collected 1,5, 3, 5, 8, and 12 h after administration of the substance. The TF-7 concen-
tration was measured using stripping voltammetry. Calculations of pharmacokinetic parameters were performed
using the single-compartment pharmacokinetic model — by the classical method according to Kholodov and using the
Borgia 1.03 program.

Results. The main pharmacokinetic parameters of the new TF-7 substance were calculated including half-life (t, /2),
elimination rate constant (k_), total clearance (Cl), effective concentration (C,_), and volume of distribution (V).
Conclusion. Thestudyshowed rapid (t, /2) and effective distribution (C, V,) of TF-7 in the body, which ensures
its ability to interact with all cellular and tissue structures. The half-life of TF-7 ranges from 1 to 1,5 h, indicating both a
rapid onset of pharmacological effect and quite rapid elimination from the body.

Keywords: potassium 3-(4-hydroxy-3,5-dimethylbenzylthio)propionate (TF-7), pharmacokinetics, pharmacokinetic
model, voltammetry, antioxidant, sulfur-containing antioxidants.

Citation example: Mukundwi W.T., Ivanovskaya E.A., Ligostaev A.V., Terentyeva S.V., Kandalintseva
N.V., Bukhtoyarov M.P. Pharmacokinetic studies of a new substance of the water-soluble sulfur-containing anti-
oxidant potassium 3-(4-hydroxy-3,5-dimethylbenzylthio) propionate (TF-7). Journal of Siberian Medical Sciences.
2025;9(4):36-45. DOL: 10.31549/2542-1174-2025-9-4-36-45

BBEJIEHUE

B c10KHOM B3aMMOJEHCTBUM KU3HU U CMEPTH
BHYTPH KJIETOYHBIX CTPYKTYP OKHCJIUTETbHBIA
CTpecC BBICTYIIAET B POJIM CKPBITOTO IPOTUBHUKA,
CIIOCOOCTBY# Pa3BUTHUIO IIIMPOKOTO CIIEKTPA MaTOJIO-
TUd, OT HeupojiereHepanuu 70 paka [1]. Cpenu
AHTHOKCHJIAHTOB 0c000€e 3HAUeHHEe UMEIOT BOZOpac-
TBOPUMBIE CEPOCOIEPIKAIINE aHTUOKCHIAHThI OJ1a-
roJiapsi yHUKaJIbHbIM XUMHYECKUM CBOKCTBAM CEPHI,
KOTOpbI€ TO3BOJISIOT UM HWHHUIIUUPOBATH MOIIHBIE
OKHCJINTEIbHO-BOCCTAHOBUTEILHBIE peaxknuu.
Takue MOJIEKYJIbI, KaK TJIyTaTUOH, OCHOBHOM aHTH-
OKCUJIAHT OPTaHM3Ma, U €ro CHUHTETHYECKHWe aHa-
JIOTH, Takue Kak N-alleTWIIHUCTENH, HCIOJIb3YIOT
PEaKTUBHYIO CIIOCOOHOCTHh THOJIOBBIX T'PYIII, YHUY-
TOKas OTACHBIE PAIMKAJIBI U BOCCTAHABJIUBAS Y-
rHue aHTHOKCHAAHTHI [2]. X pacTBOPUMOCTD B BOJIE

INTRODUCTION

In the complex interaction of life and death
within cellular structures, oxidative stress acts as a
hidden enemy, contributing to a wide range of
pathologies, from neurodegeneration to cancer [1].
Among antioxidants, water-soluble sulfur-contain-
ing antioxidants are of importance because of the
unique chemical reactivity of sulfur which allows
them to be a trigger for powerful redox reactions.
Molecules such as glutathione, the main antioxi-
dant of the human body, and its synthetic ana-
logues, such as N-acetylcysteine, use the reactivity
of thiol groups, destroying dangerous radicals and
restoring other antioxidants [2]. Their water solu-
bility provides an extremely wide access, facilitating
movement through the blood and cytoplasm and
penetration into tissues where fat-soluble agents
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obecrieurBaeT GecIiperne/IeHTHBIN JTOCTYI, obJierdast
repeMeIreHre Yepe3 KpoBb U ITUTOILIa3My U IIPO-
HUKHOBEHHE B TKAHU, Ky/la HE MOTYT IIPOHUKHYTh
JKHPOPACTBOPUMEIE areHThl. B (apmakosioruu sTu
JIBA CBOWMCTBA IIPEJICTABJISAIOT COOOH OTrPOMHBIH
TIOTEHIINAJI, SABJISIONINUCSI OCHOBOW TepareBThYe-
CKHX BMEIATEJIbCTB, HAIIPABJIEHHBIX HA CHIKEHIHE
TOKCHYHOCTH JIEKAPCTB M pAaCIIMPEHUE CTPATErvu
JleyeHusi 3a00JIeBaHUN, B OCHOBE KOTOPBIX JIEXKHUT
okucIuTENbHOE ToBpexAeHue [3]. I1o mepe mpo-
JIOJKEHUSI WCCIENOBAHUM, ITOCBAIIEHHBIX POJIH
CepocosiepsKaIuX AHTHOKCUJIAHTOB B MOZYJISIIUH
KJIETOUHBIX CUTHAJIOB U BOCIIAJIEHUS, OTKPBIBAIOTCS
HOBbIE TOPWBO0HTHI, JlaBas HAJEXKIy Ha JIeUeHHe
3ab0JIeBaHUI, KOTOPbIE PAHBIIE CYUTAIIUCH HE MO/I-
JTAIOIIIUMUCS JieueHuo. [1osBIeHre BOJIOpacTBOPH-
MBIX CEDHHCTBIX aHTHOKCHIAHTOB — 3TO HE IIPOCTO
Hay4YHOE JIOCTIIKEHHE, a CMeHa IapaJIuTMbl B 00J1a-
CTH JIeUeHu [4, 5].

[TpoBenenue GapMaKOKUHETUUECKUX (CKPHU-
HUHTOBBIX) UCCJIEJOBAHUN SIBJSIETCS aKTyaJlbHBIM
JUIT pa3pabOTKHU HOBBIX CyOCTAaHIIUH H JieKap-
CTBEHHBIX mpenapaTtoB. [lokazaTenu papMaKoOKu-
HETUKH MMEIOT KJIIUYeBOe 3HAaUeHHUEe /I KJIMHH-
[IHCTOB, ITOCKOJIbKY IPEJICTaBJSIOT HEOOXOIIMbIE
JIaHHBIE 7151 OTpPeieIeHUST OITUMAJIbHBIX I03UPO-
BOK JIEKAPCTBEHHBIX cpeacTB [6]. UToOBI ympo-
CTHUTB JIOCTATOYHO CJIOKHBIHN MpoIiecc hapMaKOKHU-
HETUYECKOTO HCCIe0BAHMs, UCIIOIb3YIOTCA MaTe-
MaTHYeCKHe MOJIeJIH, CPelu KOTOpPhIX Haubosiee
IPOCTOU sIBJISIeTCSl OJTHOKaMepHash MOjesib. JTa
MOjiesIb faeT 6a30Bble MPECTABIEHUS O BcachlBa-
HHUU, pacipeiesieHuH, MeTab0Iu3Me U BhIBEJIeHUH
(ADME) siekapCTBEHHBIX BEIIECTB B OpPraHU3ME,
YTO JIeJIaeT ee KpaliHe BocTpebOBaHHOM B hapMma-
xoJsioruu [7].

ITEJIb UCCJIE/IOBAHUSA

Wzyunth (HapMaKOKHHETHUYECKHE XapaKTepH-
CTUKH HOBOMU CyOCTaHIIMH BOJOPACTBOPHUMOIO CEPO-
COZIEPIKAIIET0 AHTUOKCHAAHTA 3-(4-TUIAPOKCU-3,5-
MUMeTIWI0eH3MITHO)IponunoHara Kamus (Td-7).

MATEPUAJIBI 1 METO/IbI

B HacrosIeM ucciieIoBaHUH UCIIOJIb30BAJIH CyO-
CTaHIUIO0  3-(4-TUAPOKCHU-3,5-TUMETHUIOEH3UIITHO)
npomnuonata kanus (T®-7) (cepus 160418), cunTe-
3UpOBaHHYIO Ha 6a3e kadenpol xumun HoBocubup-
CKOTO TOCY/IaPCTBEHHOI'O MEAATOrNYeCKOr0 YHUBED-
curera (HT'IIY) coBmectHo ¢ HUM XxuMun aHTHUOK-
cugaHToB (cTpyKTypHOe nozapaszesnenne HITIY), u
J1ab0PATOPHBIX KUBOTHBIX (KPBICHI-CAMKH), IIPEJ0-
CTaBJIEHHBIX BUBapueM HoBocuOUpPCKOTO Tocyaap-
CTBEHHOT'O METUITMHCKOTO YHUBEPCUTETA.

cannot penetrate. In pharmacology, these two pro-
perties represent enormous potential underlying
therapeutic interventions for reducing drug toxicity
and expanding treatment strategies for diseases
associated with oxidative damage [3]. As studies on
the role of the sulfur-containing antioxidants in
modulating cellular signals and inflammation con-
tinue, new horizons are opening, holding promise
of the treatment of diseases that were previously
considered untreatable. The appearance of water-
soluble sulfur antioxidants is not just a scientific
achievement, but a shift of the paradigm in the field
of therapy [4, 5].

Pharmacokinetic (screening) studies are relevant
for the development of new substances and drugs.
Pharmacokinetic parameters are of key importance
to clinicians, as they provide the necessary data to
determine optimal dosages [6]. To simplify the
rather complex process of pharmacokinetic research,
mathematical models are used, among which the
simplest is a single-compartment model. This model
provides basic insights into absorption, distribution,
metabolism, and elimination (ADME) of drugs in the
body, which makes it highly sought-after in pharma-
cology [7].

AIM OF THE RESEARCH

To study the pharmacokinetic characteristics of a
new substance of the water-soluble sulfur-contain-
ing antioxidant potassium 3-(4-hydroxy-3,5-dimeth-
ylbenzylthio)propionate (TF-7).

MATERIALS AND METHODS

We used potassium 3-(4-hydroxy-3,5-dimeth-
ylbenzylthio)propionate (TF-7) (batch 160418),
synthesized at the Department of Chemistry of
Novosibirsk State Pedagogical University (NSPU)
in collaboration with the Research Institute of
Antioxidant Chemistry (a structural subdivision of
NSPU), and laboratory animals (female rats) pro-
vided by the vivarium of Novosibirsk State Medical
University.

A TF-7 solution was administered intragastrically
to rats at a dose of 500 mg/kg [8, 9]. The dosage for
each animal was calculated per body weight. Blood
samples were collected 1,5, 3, 5, 8, and 12 h after
administration of the substance.

The TF-7 concentration was measured using
stripping voltammetry (SVA) method. To record
voltammograms, a semi-automatic TA-4 analyzer
was used (Tom-analit LLC, Tomsk) with VALabTx
software included. The analysis was performed by
recording polarization curves with the preliminary
electrochemical accumulation of TF-7 on the elec-
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Kppicam BHYTPIIKETYZOYHO BBOJWIN CyOCTaH-
nuio T®-7 B 103e 500 MI/KT B BUle pacTBopa [8, 9].
Jlo3upoBKa 71 KaXKJOr0 KUBOTHOTO PACCUUTHIBA-
J1ach UCXO/s1 13 Macchl Tesia. O6pasIbl KpOBH JKUBOT-
HBIX 3a0upasu uepes 1,5, 3, 5, 8 U 12 4 11ocJie BBeJe-
HUs CyOCTaHIINH.

N3mepenue koHneHTpanuu Td-7 mpoBoauiu ¢
HCIIOJIb30BAHNEM METO/Ia UHBEPCUOHHON BOJIbTaM-
nepomerpun (MBA). JIist ostyueHusi BOJIbTaAMIIEPO-
rpaMM IPHUMEHSJIN [10JIyaBTOMaTUUeCKUU aHaIn3a-
top TA-4 (OOO «HIIII «Tompanamut», T. ToMckK) ¢
nporpaMMHBIM obGecrieuennem VALabTx B koM-
IJIeKTe. AHAJIU3 OCYIIeCTBIIAIN IIyTeM PEerucTpaiuu
MIOJIIPU3ANMOHHBIX KPHUBBIX C IIPEIBAPUTETHHBIM
DJIEKTPOXUMHUYECKUM  HakorwieHuem T®d-7 Ha
IIOBEPXHOCTHU 3JIEKTPO/Ia B CTAHAAPTHHIX YCIIOBUAX B
JIBYX3JIEKTPOJTHOU sTUelKe. 32 OCHOBY B3sIJIM paHee
pa3paboTaHHYI0 METOJUKY BOJIbTaMIIEPOMETpPUYE-
ckoro ompezeneHusas T®-7 B MOAEJbHBIX PACTBO-
pax [10]. Bce npuMeHsieMble peaKTHBBI IMEJIH KBa-
JTUPUKAIII0 «XUMUUYECKHU YHUCTBIE» WJIN «UHCThIE
JULS aHAJIN3a».

[Ipumenenue merona MBA 1mo3BoMIIO € BBICO-
KOU TOYHOCTBIO OIIpe/IeINTh KoHIleHTparuu Td-7 B
OuosIoTHUeCcKUX 00pasIax, a TakKe MpoBecTu dap-
MaKOKMHETHYeCcKue wucciaenoBanua. Jlasa pacuera
(apMakOKHHETHYECKUX  IIapaMETPOB  aHAJIM3a
HCIIOJIb30BAJIaCh OJJHOKaMepHas MojeIb hapMako-
KUHETUKU. B Xoze uccienoBanusa ObLIa MpoBeeHa
IIPOBEPKAa METO/Ia HA CHIBOPOTKE KPOBU, UTO MO3BO-
JIWJIO OIIPEJIeJIUTD YCI0BU S, IPHU KOTOPBIX BO3MOKHO
obHapy’KeHHe HUCCIIeZyeEMOTO coefnHeHUs. B mpo-
Iiecce MCCIeI0BAHMs ObLTU BBISBJIEHBI IPYTHE Bellle-
CTBa, KOTOPble MOTYT HUCKa)KaThb pe3yJIbTaThl aHa-
JIN3a, II03TOMY HEOOXOTUMO ObLIO IPEeIBAPUTEIHHO
OYHMCTUTH CHIBOPOTKY KPOBH OT STHUX BEIIECTB IPHU
omnpezgeneHuu TO-7.

PE3YJIBTATDBI 1 OBCY KAEHUE

B mporiecce mpo6GOIOATOTOBKY CBIBOPOTKY KPOBHU
MBI HCIIOJIb30BATH METOJ OCAXKAEHUsI OeIKOB. DTO
BasKHAsI IPOLIEYPa, BJIUSIONAA HA TOYHOCTH IIPOBO-
JmMoro anaiausa. CylecTByeT PUCK, YTO 3HAUUTEITb-
HO€E KOJINUECTBO BEI[ECTBA MOXKET a/ICOPOUPOBATHCS
Ha KOaryJMpOBAaHHOM OeJIKe /I B3aUMOEHCTBO-
BaTh C areHTaMU, UCIOJIb3YEMBIMHU JJIT OCAKIEHUS
Oenka (HampuMep, paspylieHHe TIOJT JeHUCTBHEM
KHCJIOT, KOMILIEKCOOOpa3oBaHUe C COJIIMH MeTasl-
JIOB U T.JI.).

HauGosiee sddekTUBHBIMU peareHTaMu  JiJist
ocakieHus1 6eJIKOB ObLIH 0,375 M cepHas KHCJIOTa U
10% pactBop Bosb(dpamara HaTpus. OcaxkieHue
MIPOUBBOJIWJIN 110 METOAUKE: 4 MJI BOJbI OUHUIIEH-
HOU + 0,5 MJI CBIBOPOTKH KPOBH + 0,02 MJI KOHIIEH-

trode surface under standard conditions in a two-
electrode cell. The method of voltammetric determi-
nation of TF-7 in model solutions was used as a
basis [10]. All reagents used were qualified as “chem-
ically pure” or “pure for analysis”.

The use of SVA made it possible to precisely
determine the concentrations of TF-7 in biological
samples, as well as to conduct pharmacokinetic stud-
ies. A single-compartment pharmacokinetic model
was used to calculate the pharmacokinetic parame-
ters. Also, the method was tested on blood serum,
which allows determining the conditions under
which the test compound can be detected. During the
study, other substances were identified that could
invalidate the test results, so it was necessary to pre-
purify the blood serum from these substances when
determining TF-7.

RESULTS AND DISCUSSION

During sample procession, we used the protein
precipitation method. This is an important proce-
dure that affects the accuracy of analysis. There is
a risk that a significant amount of a substance may
be adsorbed on the coagulated protein or interact
with agents for protein precipitation (for example,
degradation by acids, complexation with metal
salts, etc.).

The most effective reagents for protein precipita-
tion were 0,375 M sulfuric acid and a 10% solution of
sodium tungstate. Precipitation was performed
according to the following technique: 4 ml of purified
water + 0,5 ml of blood serum + 0,02 ml of concen-
trated sulfuric acid + 0,5 ml of a 10% sodium tung-
state solution. The mixture obtained was placed in a
centrifuge for 5 min. The supernatant was used to
determine the blood concentration of the drug [11].
To confirm the correctness of the precipitation model
chosen, a comparative study was conducted with an
assessment by high-performance liquid chromatog-
raphy, i.e. the spike-recovery test (Table 1), was car-
ried out. It was found that the values obtained cor-
relate with each other.

Fig. 1 shows the voltammogram obtained during
the analysis of TF-7 in biological samples 1,5 h after
the substance administration.

To evaluate the pharmacokinetic parameters
obtained, a single-compartment mathematical
model for determination of adsorption was used.
Calculations were performed using Borgia version
1.03 software, designed for automated and semi-
automated analysis (Fig. 2, Table 2).

The advantage of the Borgia program is that it
allows to quickly perform computation, but cal-
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Ta6smmua 1. Pe3ynbraThl onpeseenus cogepxanusa TP-7 MeTo10M «BBeIeHO — HalIeHO» B MOZJIbHBIX pacTBOpPax

1 OGUOJIOTUYECKUX 06pasLax, Mr/ 1

Table 1. The results of the spike-recovery test for the TF-7 concentration in model solutions and biological samples, mg/1

WHBepCcHOHHAs BOJIbTAMIIEPOMETPHUSA

Bricok03¢deKTUBHAS }KUAKOCTHAS
xpoMaTtorpadus

061beKT S el g ) (R T High performance liquid chromatography
Object

BBeJIeHO HalJeHo BBeJIEHO HaliJeHo

spike recovery spike recovery
Mojie/IbHBIH pacTBOP 1,0-10° 1,1-10° 1,0-10* 1,2-10*
Model solution
Buosioruyeckuit o6pasers 4,2-107 43-1073 482107 48103

Biological sample

TPUPOBAHHON CEPHOU KHUCJIOTHI + 0,5 MJI 10% pac-
TBOpa BoJibdpamara HaTpus. [losyueHHyI0 cMech
moMeIaau B eHTpudyry Ha 5 muH. Hayrocaiounyio
JKHUJIKOCTh WCIOJIB30BATIN JJI1 ONpEJIeJIEHUs] KOH-
[leHTpaluy IIpenapara B KpoBH [11]. /I1a noaTBep:K-
JIeHUsI TTPaBUJIBHOCTH BHIOPAHHOU MOJIETN OCaK/e-
HUS IPOBEJIN CPABHUTEJIBHOE HCCIIEZIOBAHIE C OTIEH-
KOW METOJIOM BBICOKOA(DEKTUBHON KUIKOCTHOHU
xpoMmarorpauu Ha OCHOBE TeCTa «BBEJIEHO — HaM-
JleHo» (TabJ1. 1). BeIsABIIEHO, UTO ITOJTyYEHHbIE 3HAUe-
HUSA KOPPEJHPYIOT MEKY COOO0H.

Ha puc. 1 mpezcrapjieHa BOJIBTAMIIEPOTPAMMA,
MoJIyd4eHHas B xo7ie aHan3a Td-7 B 6royiornueckux
obpasinax j1abopaTOpHBIX KpBIC Yepe3 1,5 U II0cJIe
BBeJIeHU CyOCTAHITUN.

Il OIEHKU IOJIyYeHHBIX (apMaKOKHHETUJe-
CKUX IIapaMeTPOB HCIIOJIb30BAIH OJHOKAMEDPHYIO
MaTeMaTHYeCKYIO MOJIEJb C OIpe/ieJieHreM aicopo-
nun. PacueTs! IPOBOAMIIN C UCIIOJIB30BAHUEM IIPO-
rpaMMbl Borgia Bepcuu 1.03, IpefiHa3HAYeHHOU JIJIS
aBTOMATHU3UPOBAHHOTO U IOJyaBTOMATH3UPOBaH-
HOTO aHau3a (puc. 2, TabJ. 2).

[TpeumymiecTBo mporpamMmbl Borgia cocrout B
TOM, YTO OHa IO3BOJIAET OBICTPO MPOBOAUTH pPac-
YeThI, HO OIIPEJIEJISIET BCETO AT OCHOBHBIX ITapaMe-
TPOB papMaKOKNHETUKU.

Jlns mostydeHusi OOJIBIIIETO YMCJIA TTapaMeTpPOB
HaMu ObLa HCIIOJIb30BaHA KJIACCHYECKAs MOZETh
pacueta o XosiomoBy [7]. [l onrcaHus TUHAMUKU
U3MeHeHUsI KOHIIEHTPAIIUU B IIa3Me KPOBH TaKXKe
IIPUMEHSIach OJTHOKaMepHas MOZENb hapMaKOKU-
HETHKU IIPU BHECOCYIICTOM BBeJIeHUH JIEKAPCTBEH-
HOTO IIperapara ¢ y4eToM aicopOIiuu.

[Ipy wu3yyeHHUU KPUBOU «KOHIEHTpAIus —
BpeMs» (pHC. 3) UCIIOJIB3YIOT MOJIyJIoTapudMuye-
cKyio 3aBucumMocTh «1gC — t» (puc. 4). C ee momo-
B0 MOKHO paccuuTtarts B-dasy o popmye. st
BTOTO HYKHO 3HATh YToJI HAKJIOHA IPAMOH K OCH
abcruce. Jta UpsAMas ITOKA3bIBAET BEJIUYUHY
lgC — C_, koTopas sBjfgeTcA HauyaabHOH KOHIEH-

culates only five basic parameters of pharmacoki-
netics.

To obtain a larger number of parameters, we
used the classical calculation model according to
Kholodov [7]. To describe the dynamics of changes
in plasma concentrations, the single-compartment
pharmacokinetic model for extravascular drug
administration, taking into account adsorption, was
also used.

When analyzing the “concentration — time” curve
(Fig. 3), the semi-logarithmic “IgC — t” dependence is
used (Fig. 4). With its help, the f-phase can be calcu-
lated using the formula. To do this, you need to know
the slope angle of a line to the x-axis. This line shows
the value of IgC — C , which is the initial concentra-
tion. In the single-compartment model, C, depends
on drug dosage.

The use of the above mentioned findings made it
possible to apply a mathematical model to determine
the parameters that are important in drug develop-
ment. The volume of distribution V, (1) is calculated
using the following formula:

v,=D/C,

where D is drug dosage (mg); C_ is the initial plasma
concentration of the drug, determined based on the
“lgC_ - t” dependence.

The process of elimination involves biological
transformation and excretion of a drug from the
body. The elimination rate constant k  is a parame-
ter that characterizes the elimination rate of a drug
in the single-compartment model with a linear pro-
cess of elimination. The half-life t, , refers to the time
required for the plasma concentration of a drug to
decrease by 50% due to elimination. In linear mod-
els, the half-life is calculated using the following
formula:

k,=0,693/t,,.
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Fig. 1. The voltammogram of TF-7 in biological samples 1,5 hours after its administration
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Fig. 2. View of the pharmacokinetic curve of TF-7 plotted through the Borgia 1.03 program
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Ta6auna 2. PapmakokuHeTHYecKHe mapaMmeTpsbl TP-7, paccunTaHHbIE C UCIIOIb30BaHKMEM TporpamMMel Borgia 1.03
Table 2. Pharmacokinetic parameters of TF-7 calculated using the Borgia 1.03 program

Homep ’KMBOTHOTO m_ (r) t, (4) k, (47) V, (1) AUC Cl, (s1/9)
Number of the animal m_. (g) 57 (h) k, (h™) v, Cl, (1/h)
1 179,03 1,49 0,4651 20,56 2305 491

2 154,07 0,75 0,4164 27,98 1812 7,48

3 171,72 0,58 0,3193 25,58 1614 4,973

4 161,83 1,21 0,5706 29,61 1775 16,89

5 179,65 1,68 0,4112 24,67 4958 6,03

6 159,51 1,46 0,4764 29,38 2482 12,09

I pruMedaHue.m - Macca TejJa KUBOTHOIO; t1/2 — IepuoJ noJysiyBbIBEJeHHU; kE]— KOHCTAHTa CKOPOCTHU 3JIMMHUHALUU; Vd_ 06 beM

pacnpezenenus; AUC - nuiomazp nog kpugo#; Cl, - o6mui knupexc.
Note.m_ - body weight of the animal; t, , - half-life; kel— elimination constant; V- distribution volume; AUC - area under curve; Clt - total

1/2
clearance.

70 —— JKupornoe 1 / Animal 1
JKusornoe 2 / Animal 2
60 — —— JKupornoe 3 / Animal 3
50 —— JKuBornoe 4 / Animal 4
@ JKusornoe 5 / Animal 5
%0 40 — —— JKusornoe 6 / Animal 6
=
Z 30
[
2
&) 20
10 -
0 1 2 3 4 5 6 7 8
t(a/h)
Puc. 3. [TosyueHHbIe KpUBbIE «KOHIIEHTPAI[UA — BpeMs»
Fig. 3. The “concentration — time” curves obtained
IgC 4 —e— JKusornoe 1 / Animal 1
—e— JKusornoe 2 / Animal 2
JKusornoe 3 / Animal 3
—o— JKuBorHoe 4 / Animal 4
3 —e— JKusorHoe 5/ Animal 5
—e— JKusortHoe 6 / Animal 6
2
1
0
0 2 4 6 8 t(a/h)

Puc. 4. 3aBucumocts «1gC — t»
Fig. 4. The “IgC — t” dependence
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Ta6snpa 3. PapMakokrHeTHYecKUe napameTpbl TO-7, paccuuTaHHbIe 0 MeTOLY X0J1040Ba
Table 3. Pharmacokinetic parameters of TF-7 calculated by the Kholodov method

Home

munoguoro m__(r) D (mr) C t (v) C, b (mMr/n) V, (1) k,(«) Cl (n/9) D (mr) D, (mr)
Numberof m_ . (g) D (mg) g t, (h) C(mg/) V. () k,(h) Cl (1/h) D, (mg) D, _(mg)
the animal

1 179,03 90 2,72 1,53 10,0 33,088 0,4529 14,98 520,45 190

2 154,07 77 2,30 1,50 6,3 33,478 0,4620 15,47 332,11 123

3 171,72 85 2,30 1,33 8,8 36,957 0,5211 19,26 544,48 221

4 161,83 81 2,50 1,58 7,5 32,400 0,4386 14,21 376,78 134

5 179,65 90 2,78 1,33 10,0 32,374 05211 16,87 545,12 221

6 159,51 80 231 1,63 5,0 34,632 0,4252 14,72 264,91 92

[Ilpumevyanue. m_ - MaccaTesa KUBOTHOro; D - fo3a npenapara; C - HayaJbHask KOHLEHTpauus; t

12~ nepuon nosyBbIBEeAeHHUH;

C,,, ~ 2P dexTuBHAsA KOHIeHTpanus; V,~ 06beM pacnipe/ieieHus; k  — KOHCTaHTa CKOPOCTH 3iMMUHanuY; Cl - 061uii kivpeHc; D, - HavaabHas

b
A03a; D_ - mojsepxuBaroias 1o3a.

Note: m

anim

- body weight of the animal; D - dose of the drug; C, - initial concentration; t

- half-life; C; - effective concentration; V-

1/2 eff

volume of distribution; kel— elimination rate constant; Clt— total clearance; D, - initial dose; D_ - maintenance dose.

Tpanuen. B onHokamepHo# mozesnu C 3aBUCUT OT
JIO3BI IIpernapara.

Hcosb30BaHHE  BBINIEYKA3aHHBIX  JAHHBIX
MTO3BOJIJIO IIPUMEHHUTh MATEMATHUYECKYI0 MOJIETh
JUIsl OTIpeieIeHusI [apaMeTpPOB, UMEIOIUX 3Haue-
HHEe Tpu pPa3paboTKe JIeKapCTBEHHBIX CPEJICTB.
O6bem pacmpeziesnenusa V, (J1) pacCMThIBaeTCsA O
cenymwoleii bopmyIie:

vV,=D/C,

e D — nosa npenapara (mr); C, — Haua/JbHasl KOH-
I[eHTpAaIys [perapara B IJIa3Me KPOBH, OIIpe/iesisie-
Masg Ha OCHOBaHMHU rpaduka sasucumoctu 1gC, ot
BpeMeHU t.

ITporecc 3TMMIHALIMN BKJIIOYAET B cebs 6rosoru-
Jeckue TpaHCchOpPMAIUU U BbIBEJEHIE IIpelapara u3
opranusma. KoHCTaHTa CKOPOCTH SJIMMMHAIMU K
MIPeJICTaB/IIET COOOH TOKA3aTe b, XapaKTEPUIYIOIIHIA
CKOPOCTh BBIBEZIEHM: IIpellaparta B paMKax O/IHOKa-
MEPHOU MOJIEIH C JIMHEWHBIM IIPOIIECCOM DJIMMUHA-
uuy. [leproz nostyBbIBeneHus t,, OLpesesIseTcst Kak
BpeMsI, 32 KOTOPOE KOHIIEHTPAIIK [IpernapaTa B KpOBU
CHIDKaeTcs Ha 50 % BCJIEICTBUE BbIBe/IeHUA. B pamkax
JINHETHOW MOJIEJTN TIePUOJ] TIOTyBBIBEIEHUS PACCUH-
TBIBAETCS 110 CJIEyIoNel (hopMyJie:

k,=0,693/ t.

Ha ocHOBaHWU IPHUMEHEHHS COOTBETCTBYIOIIUX
dopmyn 6bLIH ompeseseHbl HeoOxoauMble (apma-
KOKWHETUYECKHe apaMeTpsl (Tabi. 3).

Hcmonp3ys KraccHuecKuil MeToz, 1o popmMyiam

DH = Ca‘b@ M Vd/f' ekEI n DH= CSCI)CI) . Vd/f. (ekel — 1)

ObUTH pacCYUTAHBI TaKUe IapaMeTpbl, Kak 3¢ dek-
THUBHAsl KOHIIEHTPAIUS (Ca¢¢)’ nHavanbHasg (D) u

Based on the application of the corresponding
formulas, the necessary pharmacokinetic parame-
ters were determined (Table 3).

Using the classical method, according to the for-
mulas

D _=C,-V/f-e<andD_=C_-V,/f- (e ~1),

such parameters as effective concentration (C ), ini-
tial (D,)) and maintenance (D_) doses were calcu-
lated, which allowed to determine the therapeutic
range for monitoring the concentrations of the future
TF-7-based drug.

During the study, the conditions for the substance
sample processing by co-precipitation were selected
for the subsequent determination of concentration
using electrochemical method.

Pharmacokinetic studies of the substance TF-7
were conducted. The data obtained were calculated
in two ways: using the Borgia 1.03 program and
according to Kholodov, which indicates the possibil-
ity of using the technique in both screening, as well
as preclinical and clinical studies. The results of the
study demonstrate rapid elimination (t, ) and effec-
tive (C, V) distribution of TF-7 in the body, which
ensures its availability to interact with all cellular
and tissue structures. The half-life of TF-7 ranges
from 1 to 1,5 h, which indicates both a rapid onset of
pharmacological effect and a fairly active total clear-
ance.
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noazaepxuparomas (D ) 703bl, 4TO IIO3BOIMIIO OIIpe-
JEJINTh TEpalleBTUYECKHUU KOPUJAOp IJId MOHHUTO-
pUHra KOHIleHTpaluil Oyayliero mpemnapara Ha
OCHOBe HcciieZlyeMor cyocraniuu Td-7.

3AKJIIOYEHUE

B X0/1e TPOBEIEHHOTO HUCCIIET0BAHUSA TTIOA00PaHbI
yCJIOBUS TTPOOOIIOATOTOBKH CYOCTAHITUHM CIIOCOOOM
COOCKJIEHUS JIJIs1 TAJIbHEHIIEro OmpeieyIeHns KOH-
LIeHTPalllH 3JIEKTPOXUMUUYECKUM METOZOM.

[IpoBenens! hapMaKOKMHETUUECKHE HCCIEI0BA-
Hus cyocranuu TO-7. [TosyueHHbIE JaHHBIE pac-
CUMTaHBl JIByMS CIIOCOOAMH: C IIOMOINBIO IIPO-
rpamMmbl Borgia 1.03 1 1o X0J10/10BY, YTO CBU/IETEb-
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AHaIN3 KJIMHUKO-AeMorpauueckoro npopujia naifieHToB
C THOMHBIM THAPATAEHUTOM

C.C. Bagxaga!, C. TuBapu?, C. Arpasain?

Meduyunckuit uHemumym Paiinypa, Paiinyp, Yxammucaapx, Hnous
2MHozonpogunvras boavHuya Pusst, Pusa, Madxvsa-IIpadewt, Hnous

sHHuecmumym meduyurckux Hayk um. B.I1. Kotipaaa, /Ixapan, Henaa

AHHOTAITUA

BBepgenue. I'moiaeii ruapageHut (I'T) — XxpoHUYeCcKoe BOCIIUTeNbHOE 3a00JIeBaHUe, BEI3BAHHOE HapylleHUeM
(byHKIIMOHMPOBAaHUS MOTOBBIX JKEJIE3, C PEMUTTUPYIOIINM TUIIOM Te€YeHHsA. ITO OUYeHb TSIKEJI0e KOXKHOe 3a00JieBaHue,
KOTOpOe KpaliHe HeraTUBHO BJIMAET Ha IIOBCEIHEBHYIO JKU3Hb OOJIBHOTO.

I e 1 b . [IpoaHasM3upoOBaTh KIMHUKO-ZeMOoTpaduyeckuil mpodrib namueHTos ¢ I'T.

MaTepuans U METO/JBl . V3yJanuch KIMHUKO-eMorpaduuecKre OKa3aTesy, HOTeHI[UAIbHbIe GaKTOPbI
pHCKa U TepaleBTUYEeCKHE CTPaTerny (MeANKaMEeHTO3HbIe, XUPYPIUUecKre 1 KOMOMHUPOBaHHBIE) ¥ 200 HanueHTos ¢ I'T.
Vcnonp3ysa KOJIMYEeCTBEHHBIM METOJ| MCC/Ie/IOBaHUA U makeT rnporpaMm SPSS Bepcuu 27, mpoBesan KOPPeIANUOHHBIH,
YaCTOTHBIN, PErPECCUOHHBIN U AucnepcoHHbIH (ANOVA) aHaIN3bI TAHHBIX, TOJIYYEHHBIX B XO/I€ OIIPOCa, IIPOBEJIEHHOTO
B U3y4aeMoi koropte 60ybHbIX IT.

Pe3ysnbTaTbl . BeisiBiieHA BhIpaKEHHAS CBSA3b MEKAY TSAKECThI0 I'T U KJTMHUUECKUMU XapaKTePUCTHKAMHU (JIJTUTEITb-
HOCTH 3a00JI€BaHUs, TOCIUTAIU3AINN U COMYTCTBYIOIIAS MATOJIOTH), a TAK)Ke MeHee BhIPAKEHHBIE aCCOIUAIIUN MEKIY
TsoKecThIo I'T M MOTeHIHAIbHBIME (aKTOpaMU PHUCKA (IICHXOJIOTHYECKUMY, TeHETHUECKUMU U 00pa3oM ku3Hu). [Toka-
3aHO, YTO TepalleBTHYeCKHe CTPAaTeruy OKa3bIBAIOT 3HAUNTEJIPHOE BIIUAHNE Ha 00JIerdeHre CHMITOMOB 3a00JIeBaHH.
3aknwueHUe. JlaHHbIE, IOJYIEHHBIE B XO/I€ HCCJIEOBAHUS, CBU/IETEJICTBYIOT O HEOOXOIMMOCTH ITOHUMAHUS
Ba)KHOCTHU KJIMHUKO-/IeMOrpadUUecKUX XapaKTepHUCTHK nanyeHToB ¢ I'T' 1 nprMeHeHUs HHAUBUYATU3UPOBAHHOTO IO/ -
XO7Ia IIPY UX JIEYEHUU.

Kaoueevle ca0o6a: THOWHBIN THIPAJEHAT, KIMHUKO-eMOrpaduyecKiuil mpodib, reHeTHYecKas IpeApacIoiosKeH-
HOCTb, TSIXKECTb.

Oo6pasden murupoBaunusa: Bagxasa C.C., TuBapu C., ArpaBan C. AHaJIu3 KJIMHUKO-IeMOrpadUIeCKOTO
npoduss ManueHTOB ¢ THOHHBIM ruzpasenurom // Journal of Siberian Medical Sciences. 2025;9(4):46-60. DOIL:
10.31549/2542-1174-2025-9-4-46-60

Analysis of demographic and clinical profiles of patients
with hidradenitis suppurativa
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ABSTRACT

Introduction. Hidradenitis suppurativa (HS) is a chronic inflammatory skin disorder of sweat glands marked
by alternating periods of improvement and flare-ups. It is a serious skin condition that profoundly affects well-being of
individuals with HS.
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A i m . Toanalyze demographic and clinical profiles of patients with HS.

Materials and methods.

The demographic and clinical profiles of 200 HS patients were analyzed,

potential key risk factors were identified, and treatment patterns, including medical, surgical, and combination therapies,
were examined. Using a quantitative approach and SPSS version 27, statistical analyses (correlation, frequency, regression,
and ANOVA) of data obtained during a standard survey were conducted.

R e sults.Astrong association between the HS severity and clinical characteristics (HS duration, hospitalization and
comorbidities), as well as potential risk factors (psychological, genetic and lifestyle influences) were determined. Also, it
was shown that patterns of treatment significantly affect the symptom management and quality of life.

Conclusion.

The findings underscore the need for a comprehensive understanding of demographics and clinical

profiles in HS and using tailored treatment approaches to improve outcomes and quality of life of HS patients.
Keywords: hidradenitis suppurativa, demographic, clinical characteristics, genetic predispositions, severity.
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1. BBEJIEHUE

1.1. O01IHe cBeaeHua

Tuoitabiii ruapagenut (I'T) — XpoHUUECKoe, peru-
JIUBUPYIOIee U WHBATUAU3UPYIONIEE BOCIATUTEIb-
HOoe B3aboJieBaHHe, NPUYHHSIONIEe 3HAYNUTETbHBIE
cTpasianusa 00JIbHOMY [1]. DTO OUEHD TAKEJIOe KOXK-
HOe 3a00sIeBaHUe, KOTOPOE KpaiiHe HETaTUBHO BJIU-
sieT Ha OJyiaromnosiyure JyesioBeka [2—4]. KiimHuyecku
I'T mposiBisieTcs pa3BUTHEM MOPAKEHHUH KOXKHU B IO/~
MBIIIIEYHBIX AMKAX, IAXOBOU U aHAJIBHOHN 00JacTsX,
MPUBOJAIINM K 00pa3oBaHUIO 0OJIE3HEHHBIX y3JIOB,
abcrieccoB, CBUINEBBIX XOJIOB U pyOI10B [5]. B HacTos-
1ree Bpems I'T cunuTaeTcs: BOCIIATUTETbHBIM KOKHBIM
3a00JIeBaHNEM, BBI3BAHHBIM BOCIIAJIEHHEM BOJIOCS-
HBIX (DOJUTUKYJIOB € BBIPAXKEHHOU O0JIE3BHEHHOU
cumnToMatukon [6]. I'T acconuupoBaH ¢ HATUYUEM
MeTabOoIIYeCKOTO CHHJIPOMA, CEPIETHO-COCYAUCTOMN
U peBMaTHYECKOH MTaTOJIOTHH, KOTOPHIE B COBOKYITHO-
CTH TaKKe MOTYT OKa3bIBaTh BJIMSHIE Ha TIOBCETHEB-
HYIO ’KU3Hb MMallieHTa U puck cMmeptu. I'T' xapakrepu-
3yeTcs pa3BUTHEM KpaiiHe 00JIe3HEHHBIX ITOpaKe-
HHH, TAKUX KaK a0CIecChl [7], THOSIIEC s CBUILEBbIE
xonpl [8] m y3erykw, pacmosiokeHHbIE B TJIyOOKO B
koxke. [TopaskeHusT 0OBIYHO BOBHUKAIOT B UHTEPTPHU-
THHO3HBIX 00JIACTAX — IEepPUaHAJIBHOM, IaXOBOH U
IIO/IMBIIIIEYHOH.

CumnTombl, BbI3BaHHBIE [T, HEpemko XOpoIIo
3aMeTHBI OKPY?KAIOIIUM, YTO BBI3bIBAET JUCKOM-
¢opt y 6071bHOTO, TPUBOJUT K COIUAIIBHOUN H30JIsI-
MY U Pa3BUTHIO CTPECCOBOTO paccrporcrBa. s
manuenTa I'T wacto acconumupoBaH ¢ 06pa3oBaHUEM
U BBbIJIEJIEHWEM THOS, HENPUATHBIM 3alaxoM |
00JIbI0, UTO HETaTHBHO BJIMSET HA €r0 IOBCETHEB-
HYI0 aKTUBHOCTH U IICUXO3MOIIMOHAIBHOE COCTOSI-
HHe. PyOIipl B BOCITATUTEIbHBIE IOPAYKEHUS TAKIKe

1. INTRODUCTION

1.1. Background of the Study

Hidradenitis suppurativa (HS) is a persistent,
recurring and incapacitating inflammatory condition
associated with significant suffering [1]. It is a seri-
ous inflammatory skin disorder that profoundly
affects well-being of individuals with HS [2—4]. Clin-
ically, the sores often develop in the armpits, around
the anus, and in the groin area, leading to painful
lumps, abscesses, tunnels, or scars [5]. Also, it is
commonly known as inflammatory skin disease cat-
egorized by the inflammation of hair follicles mani-
festing painful effects [6]. HS has been linked to
metabolic syndrome, heart conditions, and rheu-
matic disorders, all of which can impact a person’s
well-being and risk of mortality. This condition is
categorized by painful lesion, which comprises
abscesses [7], draining sinus tracts [8] and deep-
seated nodules. These lesions mainly appear in inter-
triginous areas such as perianal regions, groins and
axillae.

HS causes visible symptoms that lead to discom-
fort, social isolation, and emotional distress. Patients
often experience drainage, odor, and pain, which
impact daily life and mental health. Scarring and
inflammation also limit mobility and clothing
choices [9].

The pathogenesis of HS is multifactorial and
complex [10]. It includes follicular occlusion which
triggers secondary infections after inflammation.
Several factors contribute to this process, such as
hormonal influences, obesity and smoking, genetic
predispositions [11], and environmental triggers.

Psychological aspects such as depression and
anxiety also have play an important role in exacer-
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OTPAaHUYUBAIOT JIBUTATEIFHYIO aKTUBHOCTH U BBIOOD
ozmexbl y 60mbHBIX I'T [9].

ITaTorenes I'T mocTaTOYHO CJIOKEH U 10 KOHIIA HE
sAceH [10]. OHO 13 KJIIOUEBBIX €0 3BEHbEB — OKKJIIO-
3us GOJUTHKYJIA, TPUBOZSAIIAS K PA3BUTHIO BTOPUY-
HOU WHQEKIIUY U BOCTTAJIEHUS. DTOMY CIIOCOOCTBYIOT
pasyimyHble (GAaKTOPbI, B YHUCJIE KOTOPHIX TOPMOHAIb-
Hble HapyIIeHWs, OKUPEHUe, KypeHue, reHeTude-
CKas MPeapacroJiOKeHHOCTD [11] ¥ HebJIarompusT-
HbI€E BJINSTHUS OKPYIKAIOIIEH CPEeIbl.

HapyieHuss CUXO03MONIMOHAIBHOU  cepsl,
TaKue KaK JeMPECCUs U TPEBOKHOCTbD, TAK)KE UTPAIOT
3HAYUTEIbHYIO posib B Opemenu [T s marnues-
toB [12]. CitosxHOCTh U BapuabesnbHoCTh I'T Tpebyer
OT JIeYallero Bpaya IpUMeHEeHNsT WHAUBUIYTH3H-
POBaHHOTO IMO/IX0/Ia K MAIHEHTY I10 TPUYUHE ITHPO-
KOU BapUAaTUBHOCTU CHMIITOMOB 3TOH MATOJIOTHH —
oT €160 BBIPOIKEHHBIX JI0 OYEHBb TPO3HBIX, IPUBO-
JAIAX K MHBUTUU3AUU nanueHTa. He3mopoBsii
obpa3 JKU3HU, HAIpPUMeEpP KypeHUe, OCJIOKHIET
neueHne nmanueHToB ¢ I'T U CHMIKaeT KauecTBO UX
JKU3HH [13].

B HacTosiliee BpeMs OTMEYaeTCs JAOCTaTOYHO
IIUPOKUU cIeKTp crpaTeruii tepanuu IT. dto u
CHUCTEMHbIE TIPENAPATHI, U XUPYPrUUECKOE JIEUEHHE,
U MeCTHbIE JIEKAPCTBEHHbBIE CPE/ICTBA, IIeJIb KOTO-
PBIX — yCTpaHeHUe THOSAIIUXCSA abCIleccoB U yiasie-
HUE TIOPaKeHHBbIX TKaHed [14]. CiieyeTr OTMETHTD,
yto 3pdextuBHOCTs JseueHus [T Takke 3HAUYU-
TEJIbHO BapbUPYET, UTO OIPEAEsSeTCS HATIMIHEM
COIYTCTBYIOIIIEA IATOJIOTHH, TSIKECTHIO 3ab0JieBa-
HUS ¥ OTBETOM KOHKPETHOTO TaI[eHTa Ha TEPATIHIO.
ITU pa3NINUMsA MOMUYEPKUBAIOT BAXKHOCTh IOHIMA-
HUS POJIU KJIUHUKO-ZIeMOorpapuuecKux XxapakTepu-
cTuK nanuesToB ¢ I'T g moBbieHus 3 GEeKTUBR-
HOCTHU TEPAINU JAHHOH ITaTOJIOTUU.

CrnoxxHocTH, comyTcTByomue Tepanuu [T —
HEMPaBUWIHLHO BHIOPaHHAs CTpATETUs JIeUeHUs, HU3-
Kasi OCBEIOMJIEHHOCTD Bpauel O /IaHHOU MTaTOJIOTHUH,
TIO3/IHSASA IMATHOCTHUKA U T.JI. — CIIOCOOCTBYIOT OoJiee
TsDKEJIOMy TeueHuio 3aboseBanus [15]. CrurmaTu-
3alusi, COMPOBOK/AIONIAS KOXKHBbIE 3abosieBaHUS,
MPUBOJUT K PACCTPOMCTBAM SMOIIMOHAJIBHOHU
cdepbl, pa3BUTHIO JIETIPECCUH, TPEBOKHOCTHU, UTO
errie 6osree OCJIOXKHsAET cocTosiHMe 60bHbIX ['T. 3Ha-
HHUe HeOJIaronmpusaTHBIX (pakTopoB — Tpurrepos I'T
(puc. 1) (kypeHue, ynorpebyieHue aIKOTroJIs U He3/10-
pOBO€e NIUTaHWE) YPe3BBIYAHO BAXKHO JJI BBIOOpA
5¢dGEeKTUBHOTO IJIaHA JIEUeHUs].

Taxkum 00pa3oM, IeIb HACTOSAIIErO HCCIIE0Ba-
HUS 3aKJIIOYAETCSI B U3YYEHUN KJIMHUKO-IEeMOrpa-
¢uueckoro npoduis narueHtos ¢ I'T, 4To, B cBoO
ouepenb, OymeT CHocoOCTBOBATh  IOBBIIIEHUIO
3¢bGEKTUBHOCTH TEpanuy JIIOJIEH, CTPaZAroIuX

bating the state of HS and the patient [12]. The com-
plexity and variability of HS require healthcare pro-
viders to adopt a holistic approach, as symptoms can
range from mild to severely debilitating. The unfa-
vourable life style factors such as smoking compli-
cate the HS management and contribute to a decrease
in the quality of life [13].

Current treatment choices for HS are different
and involve a range of therapies. These available
options include systemic medications, surgical inter-
vention and topical treatment intended to remove
the draining abscesses and affected tissues [14].
Moreover, the effectiveness of these treatments can
vary significantly among patients because of these
differences in comorbid conditions, disease severity,
and responses to therapy. These differences empha-
size the significance of understanding the role of
demographic and clinical profiles of HS patients to
inform effective management practices.

Challenges like inadequate treatment, low aware-
ness of doctors, and delayed diagnosis contribute to
ongoing complications for people with HS [15].
Stigma surrounding skin diseases tends to cause
emotional distress, as depression and anxiety further
compound the issues of individuals with HS. Know-
ing what factors (Fig.1) cause or trigger HS such as
smoking, alcohol consumption, and an unhealthy
diet is critical in developing effective, personalized
treatment plans.

Hence, the present study aims to investigate
demographic and clinical profiles in HS patients
and, thereby, ultimately enhance care for those
affected by this challenging condition. This over-
view highlights both clinical characteristics of HS
and its wider implications for patient well-being
and reinforcing the necessity for targeted study
efforts in this area.

1.2. Significance of the Study

The study’s examination of demographic and
clinical profiles in HS patients is crucial for under-
standing this chronic inflammatory skin disorder.
HS causes painful, recurrent abscesses that lead to
significant distress. Despite its prevalence, HS is
often underdiagnosed, resulting in inadequate treat-
ment. Identifying demographic factors helps target
at-risk populations and guide public health interven-
tions. This study can improve patient outcomes by
informing better resource allocation and treatment
strategies.

1.3. Problem Identification

Previous studies have described the clinical
features and epidemiology of HS, but detailed
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(C3C - coruanbHO-3KOHOMHUECKHH craTyc; UMT — unekc maccnl Tesia; MMPs — MaTpUKCHBIE METAJLJIONPOTEA3hI;
TNF-a — ¢akrop Hekpo3sa omyxosu-anbda; TNF-R — penentop dakropa Hekposa omyxosu; CAMP — NUKIHYeCKUi
aneHo3uH MoHodocdar; IL — unTepieiikus; IGF-1 — nHcyInHONIOAOOHBIN dakTop pocTa 1; AR — aHAPOreHOBBIH
peuenTop; TS — Tecrocrepor; DHT — quruaporecrocrepoH; 5-a R — 5-a pemykrasa; IL-1RA — antaroruct penentopa
WHTepJIEHKUHA-1)

Fig. 1. Trigger factors of hidradenitis supparativa [16]

(SES - socioeconomic status; BMI — body mass index; MMPs — matrix metalloproteinases; TNF-a — tumor necrosis factor
alpha; TNF-R — tumor necrosis factor receptor; cAMP — cyclic adenosine monophosphate; IL — interleukin;
IGF-1 — insulin-like growth factor 1; AR — androgen receptor; TS — testosterone; DHT — dihydrotestosterone;

5-a R — 5-a reductase; IL-1RA — interleukin 1 receptor antagonist)

STUM TsDKesnbIM 3abosieBanueM. Hame wmcciemoBa-
HUe€ IOCBAIIEHO aHATN3Y KaK KIMHUKO-ZieMorpadu-
YeCKHX XapaKTePUCTUK 60IbHBIX I'T, Tak U UX CBA3U
C Ka4eCTBOM JKU3HU MAI[UE€HTOB JAHHOU TPYIIIIHI.
ITosraraem, 4TO 3HAYMMOCTD TEMBI IIOTPeOYET ITPOBe-
JIEHUST HOBBIX UCCJIEIOBAHUH.

1.2. 3HAYUMOCTbH HCCJIE€TOBAHUA

V3yueHne KJIMHUKO-ZIeMOTrpadUIecKoro Ipo-
g naumenTos c I'T sBiisgeTcs KpaiiHe BaXKHBIM JIJIA
MIOHUMAHUS 3THONATOTeHe3a 3TOT0 XPOHUYECKOTO
BOCITAJIUTEIFHOTO 32601eBaHMsA KOKH. OHO COITPOBO-
JKjaercd  OOJIE3HEHHBIMH,  PEIUIMBUPYIOIINMHU
abcrieccaMu, YTO HEMHUHYEMO BeZIET K PACCTPOHCTBAM

demographic data reflecting population diversity
are lacking. Limited research exists on risk fac-
tors for the disease onset and severity such as
high body mass index (BMI), smoking, psycho-
logical influences, and genetics. This study aims
to fill these gaps by examining demographics,
clinical features, treatment patterns, and risk fac-
tors, ultimately improving understanding and
management of HS.

1.4. Research Objective

The current study emphasizes to analyse demo-
graphic and clinical profiles of patients with HS. The
study objectives are listed below:

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

49



Baodxasa C.C. udp. / Journal of Siberian Medical Sciences T. 9, N° 4 (2025)

TICUX03MOITUOHATILHOU ceprl. HecmoTps Ha mocra-
TOUHYIO PAacCIpOCTPAaHEHHOCTb B mommysaanuu, [T
HepeJIKO OCTaeTcsl HEPACHO3HAHHBIM, YTO IIPUBOJIUT
K HeahPeKTUBHOCTH HAa3HAYAEMOU Tepamnuu. BhIsaB-
JeHue JieMorpaUUecKux XapaKTEPUCTUK MOXKET
IIOMOYb OITPEIEJIUTE TPYIIIBI PUCKA 110 3TOMY 3a00J1e-
BAaHUIO B IOMYJIAIMU, YTO OyAeT CIIocOOCTBOBATH
VIIyUIIEeHUIO JUATHOCTUKY U JIEYEHUA TAHHOHU I1aTo-
goruu. Takum oOpa3oM, HACTOSIIEE UCCIIEOBAHUE
MTO3BOJIUT YJIYUIIUTh UCXObI 60IbHBIX I'T 1 moHMMA-
HUeE TOTO, Ky/Z]a JOJDKHBI OBITh HAIIPABJIEHBI PECYPCHI
CHCTEMBI 3/IpAaBOOXPAHEHUsI U KaKWUe TepalleBThYe-
CKUe cTpareruu Haubosiee 3 GEKTUBHBL.

1.3. IIpo6aema nageHTUPUKAITUA

IIpoBesieHHBIE paHee MCCIIEJOBAHUSA OCBELIAIN
KJIMHHYecKHe ocobeHHOcTH nanueHToB ¢ I'T u anu-
JIEMUOJIOTHI0 caMoro 3abosieBaHUs, HO JAaHHBIE O
JleMorpadryuecKux XapakTepUCTUKAX, OTpakaroliue
Pa3HOPOJHOCTh MOMYJIALNH, IOPAXKEHHON 3TUM
HeJIyTOM, B JINTEPATyPE OTCYTCTBYIOT. ECTh J0BOJIbHO
OTpaHUYeHHbIE CBeJleHUA O BIUAHUU paAza dakro-
poB — uHziekca Macchl Testa (UMT), kyperus, icuxo-
SMOIIMOHAJIBHOTO COCTOSIHUSA U TeHeTUYECKOH IIpe-
PACIIOJIOXKEHHOCTH — Ha CUMIITOMATUKY fiebiota I'T
U ero TsKecTb. B CBA3M ¢ 3TUM IL1eJIbI0 HAIIIero Hcciie-
JIOBaHUs OBLJIO 3aMOJIHUTh HUMEOIIHNecs ITPOoOesIbl
IMyTeM  U3Y4YeHUs  KJIMHUKO-eMOrpadUdecKux
XapaKTEPUCTHUK, CTpATeruil JjiedeHUs: u (HaKTOPOB
pucka y nanueHToB ¢ I'T, 4ToOBI Jiydllle TOHUMAThb
mpuponay 3ab0JIeBaHUS U, CJIeIOBATEIbHO, Oosiee
3 PeKTUBHO JIeUUTH OOJIBHBIX C ITOU MATOJIOTHEH.

1.4. lleau ucciaenoBaHUA

Hacrosmee uccieoBaHue HUMeJIO CIIeAyOTHE
1eJIu:
e UBY4YHTH AeMorpaduueckuii npodusb HaIu-

entoB c I'T;

*  U3YYUTh KJIUHUYECKUU MPO(UIIb MAIUEHTOB
cIT;

e OLIEHUTH BIUsHUE (HAKTOPOB PUCKA (TeHETH-
YEeCKOW  IIpeZpacIioioKeHHOCTH, obpasa

JKU3HHU U [ICHXO03MOIIMOHAIBHOTO (POHA) Ha
TsKecTh I'T

e  OLIEHUTDH UCHOJIb3YeMbIe CTPATETUH JIEUeHUS
I'T 1 ux 5 dEKTUBHOCTD B HOBHIIIIEHUH Kaye-
CTBa JKU3HHU OOJIBHBIX U OOJIETUEHUU CHUM-
IITOMOB 0OJIE3HU.

1.5. I'mmore3sl NCcaeg0BaHUA

I'umoresa 1
I'1: Ectp 3HauuTEeNbHBIE PA3JIMYUA B JIEMOrpa-
¢rueckom npodusie nanuenTos ¢ IT.

e To examine the demographic characteristics
of patients with HS.

« To evaluate the clinical characteristics of
patients with HS.

« To investigate potential risk factors such as
genetic predispositions, lifestyle and psycho-
logical factors in association with severity
of HS.

e To assess treatment patterns among HS
patients utilized and their effectiveness in
improving quality of life and managing symp-
toms.

1.5. Research Hypotheses

The research hypotheses are given below:

Hypothesis 1

Ha1: There are significant differences in the demo-
graphic characteristics among patients with HS.

Hzi : There are no significant differences in the

demographic  characteristics among patients
with HS.
Hypothesis 2

Hz2: There are significant associations between
clinical characteristics and severity of HS.

H2: There are no significant associations
between clinical characteristics and severity of HS.

Hypothesis 3

H3: There are significant relationships between
potential risk factors and severity of HS.

H3_: There are no significant relationships
between potential risk factors and severity of HS.

Hypothesis 4

Hg4: There is a significant effect of HS treatment
patterns and their effectiveness on managing symp-
toms and quality of life.

Hg : There is no significant effect of HS treat-
ment patterns and their effectiveness on managing
symptoms and quality of life.

1.6. Paper Organisation

The study is organized in the subsequent struc-
ture in which section 1 offers particularized intro-
duction concerning HS among patients. Also, it
clarifies the importance of research. Section 2 illus-
trates the methodology pursued in the present
research. In Section 3, the results executed in the
current research are indicated. In Section 4, the
results of the analysis held among patients suffering
from HS condition are discussed, as well as the
present study’s result remains deliberated with
existing studies. Finally, Section 5 presents brief
inferences concerning the current study reflected in
future recommendations.
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I‘10: Her 3HaunUTEIbHBIX pA3IUIUUA B JeMOrpa-
¢uueckom npoduie nanueHTos ¢ I'T.

I'mnoresa 2

I'2: EcTp TecHas CBA3b MEXJIy KJINHUUYECKUMU
XapakTepuCTUKaMu IanueHToB ¢ IT U TAXKeCTbIO
3a00J1€BAHUA.

I'2 : Her TecHOM CBA3M MEX/y KIMHUYECKUMHU
XapakTepuCTUKaMU IanueHToB ¢ IT U TAXKeCTbIO
3a00J1€BaHUA.

T'unmoTtesa 3

I'3: EcTb TecHadA CBA3b MKy IIOTEeHIUAIbHBIMU
¢axropamu pucka u Tskectbio I'T.

I'3,: Her TecHOH cBA3M MeXIy IOTEHIHAJIb-
HBIMU (haKTOpaMU pucKa U TskecTbio I'T.

T'unoresa 4

I'4: Crpareruu seuenus I'T 1 ux appekTuBHOCTD
OKa3bIBAIOT 3HAUUTEJIbHOE BIUSHUE Ha O0JierueHne
CUMIITOMOB 3a00JIeBaHUs U YJIyUIlleHHE KauyecTBa
JKU3HU OOJIbHBIX.

I'4: Crparerun neuenus IT u ux spdexrus-
HOCTh HE OKa3bIBAIOT 3HAUYUTEJBHOTO BJIUSHUA Ha
obJrerdyeHrie CHMIITOMOB 3a00JI€BaHUS U YIIyUIIeHIE
KauyecTBa KU3HU OOJIbHBIX

1.6. CTpykTypa crarbu

Paspnien 1 mpezicraBiisieT cob0ii BBe/IEHHE U BKJTIO-
JaeT o0IIue CBEJAEHUS O CAMOU IIaTOJIOTUH U XapaK-
TEpU3yeT B I€JIOM CTPAJAIONIUX €0 OOJBHBIX, a
TaK;Ke PaCCMaTPUBAET, B CHJIY KAKUX ITPUYHMH HACTO-
dAlee UCCIeJ0BaHNe ABJISeTCd BaXKHBIM. Pasnen 2
MIOCBSAIIIIEH METOZOJIOTUM HCCJIe/IoBaHus. Pe3ysb-
TaThl TIPE/ICTAaBJIIEHbI B paszesie 3. B pasnaene 4
0bCyKIar0TCs MOJIyYeHHbIE Pe3yIbTaTbl U COOTHO-
CATCSA C JMAHHBIMU, TOJYYEHHBIMH B XOJI€ JIPYTHX
HcciefoBaHuM. Pasmen 5 — BBIBOZBI, CAeIaHHbIe Ha
OCHOBAaHHUH Pe3yJIbTATOB IIPOBEJEHHOIO HCCIIEI0BA-
HUS, ¥ PEKOMEH/IAlNH 110 BeIeHuI0 60bHBIX [T

2. MATEPUAJIBI 1 METO/AbI

2.1. /Ilu3ayid uccjae0BaHUuA

Jluszaiin ucce0BaHus AaeT obliee Mmpe/icTaBie-
HHE O IpoleAypaXx ¥ HWHCTPYMEHTAaX, KOTOPBIE
HCIIOJIB30BAJIUCH I cOOpa TaHHBIX, HEOOXOAUMBIX
JUIsT TIDOBEJIEHHs WUcCcieloBaHus. IIpumeHeHHe
CHCTEMHOTO TIOAXO/a OOECIeunBaeT IOJIydeHHe
HaJIe’KHBIX U JIOCTOBEPHBIX Pe3yJIbTaTOB OJiaromapst
BBIOOPY MMEHHO T€X METOZOB, KOTOpPbIE MO3BOJIST
OTBETUTHh Ha IIOCTABJIEHHbIE B MCCJIEJOBAHUU
Borpocel [17]. [Iyia aHamm3a MbI HCIIOJIB30BAJIN
KOJIMYECTBEHHBIA TOJ/IXO/I, MPEAIIOIaramIuil cra-
THCTHYECKYIO OIEHKY COOpPaHHBIX U KaTErOPU3HUPO-
BAaHHBIX YMCJIOBBIX JIAHHBIX U, KaK CJIEACTBUE, 00b-
€KTHBHOCTh OTBETOB Ha BOIPOCHI, ITOCTaBJIEHHBIE

2. METHODOLOGY

2.1. Research Design

The research design outlines the procedures and
tools used to collect data for this study. A systematic
approach ensures reliable and valid results by select-
ing appropriate methods to address the research
questions [17]. The research design outlines the
overall framework of the study. This study uses a
quantitative approach, collecting and analyzing
numerical data through statistical methods to answer
research questions objectively. The quantitative
approach executes the survey method [18] to gather
primary data with support of a questionnaire on
basis of study variables and demands to implement
the analysis [19].

2.2, Study Area

The study is conducted among patients suffering
from HS condition, who are whole-hearted in the
contribution of the survey. It supports for beneficial
implementation of the present study and survey led
to support respondents. The study specifically
focused on people who have experienced this chal-
lenging condition in order to understand and analyze
demographic and clinical profiles of patients with
HS. This enhances the importance of the study and
efficient data collection.

2.3. Sample Size and Population

The sample size to be finalized after suitable anal-
ysis with an intention of obtaining precise as well
generalized outcome. The gathered valuable data for
the quantitative method aid in the sample size selec-
tion which helps to verify study objectives [20]. The
study incorporated 200 respondents for quantitative
evaluation which included marketing executives in
order to know and understand the demographic and
clinical profiles of patients with HS.

2.4. Sampling Techniques

Sampling methods help in ensuring that the
data are obtained from a given group of interest
and not from the entire accessible population [21].
Purposive sampling was utilized to pick partici-
pants who suited the goals of the research. Conse-
quently, data gathering was restricted to people
who were not only willing but also able to offer
true and quantifiable responses. The employment
of proper sampling techniques assists in selecting
participants that are congruent with the research
goals. In addition, these methods assist research-
ers in being able to distinguish between patterns
within the data [22].
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rceyetoBaTes s IMu. KoTnuecTBEHHBIN OIXO/, TIpe-
roJiaraeT MCIOJIb30BaHUA MeTozia ompoca [18] jys
cbopa TMEPBUYHBIX [TAHHBIX C ITOMOIIBI0 AHKETHI,
COCTaBJIEHHOH HA OCHOBE BBIODAHHBIX JJIA 3TOH
[IeJIN IIEPEMEHHBIX U TPeOOBAaHUH K aHATU3Y IOJIy-
YeHHBIX JaHHBIX [19].

2.2. KOHTUHIreHT HCcJIeJ0BaHUA

B ucciieoBanuy NPUHAIN y4dacTye JIMIA, CTpa-
pasmue I'T, by XapaKTepUCTUKH IIOJIHOCTBIO OTBe-
YaJIH [eJISIM UCCIIeIOBAHMUSA, YTO 00JIeTYaio BIIOJ-
HeHUe paboThl U obecrednBaIO 3(PDEKTHBHYIO
0o06paTHyIO CBA3b OT PECIIOH/IEHTOB. KOHTHHTrEHTOM
HcCyIeToBaHUS ObLTM UMEHHO JIIO/IH, B TIOJIHOU Mepe
HCIIBITABIIHE BCIO TS2KECTh cUMIITOMOB I'T, 4TO OBIIIO
BKHO JUIA IIOHMMaHWUA W HHTepIpeTaluu KJIU-
HHUKO-ZleMOorpaduyecknux XapaKTEPUCTUK IaIjheH-
TOB ¢ I'T. 9TO 06CTOATENHCTBO, KAK HAM IIPEZCTABIIA-
eTcs, IOJAUYepKUBaJI0 3HAYUMOCTb HCCJIeIOBAHUA U
CII0COOCTBOBAJIO TIOJIYYEHUIO JOCTOBEPHBIX TAHHBIX.

2.3. O6beM BBIOOPKHU

O6beM BBIOOPKH YCTAaHABJIHBAJICA B COOTBET-
CTBUM C Pe3y/IbTaTaMH IPEeABAPUTETHHOTO aHAHN3A,
IIPOBEIEHHOTO C IeJIbI0 BBIOOpAa HEOOXOAMMOTO
KOJINYECTBA PECIOH/IEHTOB JIJIs MOJIyUYeHHS TOCTO-
BEPHBIX PE3y/IbTATOB B IeJI0M. MI3BecTHO, UTO /laH-
HbIE, TIOJIyYeHHbIe TP IPUMEHEHUU KOJINJeCTBEH-
HOTO MeTO/a HCCJIEJIOBAHUS W B IPHUHATOM JJIst
HCCIEZIOBaHUA 00beMe, MO3BOJIAIOT BEPUPUITUPO-
BaTh BBIJIBUHYTHIE THIIOTE3BI [20]. OObeM BBIOOPKH
HAIlleT0 KCC/IEIOBAHUSA COCTABWJI 200 PECIIOH7EeH-
TOB, YTO, COTJIACHO WPEABAPUTEIHLHOMY aHAIU3Y,
OBLJIO JIOCTATOYHO JIJISA JOCTHKEHHS [TOCTaBJIEHHBIX
eJen.

2.4. Metoauka oTGOpa pecrioH/IeHTOB

KoppekrHas meToamka oTO0Opa MO3BOJISIET HOJIY-
YUTh HAJIE)KHBbIE JJaHHblE HMEHHO II0 IeJIEBOH
rpymie pecroHieHToB [21]. IleneBoit oT60p mpume-
HAETCS JIs1 PEKPYTUPOBAHUS YIACTHUKOB, OTBEYAIO-
IIUX IeJIsIM, TIOCTaBJIEHHBIM B KOHKPETHOM HCCJIe-
moBaHuu. Ciie/ToBaTEbHO, MBI ITOJIYYaeM CBeJI€HUS
TOJIBKO OT PECIIOH/IEHTOB, KOTOPBIE HE ITPOCTO XOTAT,
HO U MOTYT /IaTh HAJIeKHbIE U JJOCTOBEPHBIE OTBETHI
Ha BOTIPOCHI, IIOCTaBJIEHHbIE B aHKeTe. KpoMme TOTO,
BBHIOpaHHAs METOAWKA IO3BOJINJIA HAM Ha CJIEAYIO-
IIUX 3TAINAaX BBIABUTH U UHTEPIPETHPOBATH TPEH/IBI
uccaenoBanusa [22].

2.5. CoOop maHHBIX

CO60p JaHHBIX — BHAYMMBIN 3TAIl pabOThI, BJUSIO-
U HA JIOCTOBEPHOCTH IMOJIYYEHHBIX PE3YJIbTATOB

2.5. Data Collection

Data collection process is a prominent stage in
the research that impacts the worth of achieving
results through minimizing the possible errors that
could occur in the course of research [23]. In the cur-
rent study of ours, data are gathered from individu-
als afflicted with HS condition with the assistance of
the standard questionnaire to measure the demo-
graphic and clinical profiles of the patients with HS.

2.6. Data Analysis

Quantitative research approach is referred to as
systematic phenomenon by gathering data and exe-
cuting computation, statistical and mathematical
methods [24]. This approach is applied to collect
data from respondents and categorize the findings to
targeted population [25]. The finding of the quanti-
tative method in the numerical form, and those num-
bers are interpreted to determine the suitable con-
clusion for the findings. The quantitative informa-
tion realized through the structured questionnaire is
analyzed by SPSS software tool. The data obtained
are transferred into MS-Excel sheet for transparent
study variables.

Fig. 2 illustrates the process implemented in the
current study for the quantitative analysis of data by
means of SPSS software where study variables are
identified and interpreted.

3. RESULTS

3.1. Statistical Analysis

200 patients suffering from HS condition were
considered as the contributors for the current
research survey. The demographic particulars of the
participants are illustrated in Table 1.

Hypothesis 1

Frequency analysis. This analysis is performed to
identify the quantity of occurrence of particular vari-
ables and determine the predication reliability.

Table 1 shows that HS patients vary significantly
by age, gender, marital status, education, employ-
ment status, location, and income level. Most are
younger adults (especially 26—35), with a slight
female majority. Many are married and have at least
an undergraduate degree. Employment status is
diverse, with many students and unemployed, which
may affect healthcare access. Most live in urban
areas. Income data shows many report “not applica-
ble” due to being students, retired, or unemployed,
and most others earn below 50 000 per month.

Hence, H1: There are significant differences
in the demographic characteristics among
patients with HS is verified from the above analysis.
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OMIUPHUYECKOE U TOMCKOBOE MCCIIEIOBAHIE
CoOop nanHbIX — [lonydyeHne nepBUYHBIX
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questionnaire
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KonnuecTBeHHEBIN aHATHN3
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He3aBucnmble nepeMeHHbIE
Independent variables
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Crpareruu jeyenus ['T
HS treatment patterns

A

¢ ucnonb3oBanueM SPSS
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Exploratory analysis utilizing SPSS
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\

Pesynbrarsl
IIpoBepka runores
Results
Hypothesis testing
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3aBHcHMBIe IepeMeHHbIe
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CHUMITTOMBI ¥ Ka4€CTBO )KNU3HH
Symptoms and quality of life

Puc. 2. Tuzaiin vccnenoBanusi (I'T — THOMHBIN THAPAJIEHNT)
Fig. 2. Research design (HS — hidradenitis suppurativa)

MIyTeM MUHUMH3AIINH OMTHO0K, KOTOPBIE MOTYT BO3-
HHUKAaTh B XOJIe IPOBEIEHUS uccyienoBanus [23]. s
aHaIM3a COOHUPAINCH JIAHHBIE O PECIIOH/IEHTaX,
crpazapmux I'T, myTeM 3amoJiHEHUs CTaHAAPTH3H-
POBaHHOM aHKETHI.

[IpuMeHeHNE KOJMYECTBEHHOIO IIOAX0/A B
WICCIIEJTOBAaHUM TIPEIIOJIaTaeT BhIsIBJIEHUE CUCTEMa-
TUYECKUX, 3aKOHOMEPHBIX SBJIEHUU B X0/1e cObopa u
00pabOTKH JJAHHBIX U UX MOCJIEAYIONIEN UHTEPIIPe-
TallU¥ ¢ UCIIOJIb30BAaHNEM CTAaTUCTUYECKUX U Mare-
MAaTHYECKUX METO/OB [24]. DTOT MOAXO/ IPUMEHS-
eTcs 1A cObopa M KaTeropu3alui MOJIYIEHHBIX OT
1eyieBod Tpynnbl cBefeHud [25]. IlosmyueHHBIE
pe3ybTaThl, IPECTAaBJIIEHHbIE B BUJI€ YHCJIOBBIX
JIAaHHBIX, THTEPIPETUPOBAJINCh U 3aTeM (HOPMYJIH-
poBanuch BBIBOABI. KosnuecTBEHHBIE ITOKA3aTeNH,
IIOJIyueHHBble B XO/le 3allOJIHEHUsS CTaH/AapTU3UPO-
BAHHOM AaHKETBhI, AHAIM3UPOBAINCH CPEJICTBAMU
nakera nporpamm SPSS. 3aTeMm mnosydeHHBIE JlaH-
HbIe 3arpyxanuch B MS-Excel /i1 naeHTrdUKaun
IepeMEeHHBIX.

Hypothesis 2

Correlation — bivariate. The correlation test deter-
mines if a numerically significant linear and strong
association exists among two considered continuous
variables [26]. Subsequently, the present study imple-
mented Pearson’s correlation (PC) to examine the
association among clinical characteristic and HS.

Table 2 demonstrates the association between
diagnosed duration and severity of HS. The correla-
tion test performed reveals the connotation between
the patients diagnosed with HS, their comorbidities,
treatment history (ever required to hospitalize), and
severity of HS in their health status. The value
attained for p is less than 0,05 and positive 1 as cor-
relation value. Hence, there is an association between
clinical characteristic and severity of HS, since diag-
nosed duration of HS offers important information
regarding the disease’s severity, as well as history of
being hospitalized before and comorbidities of HS
patients.

Hence, H2: There are significant associa-
tions among clinical characteristics and
severity of HS is verified from the above correla-
tion analysis.
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Ha puc. 2 mokasaH mporecc, peaJn30BaHHBIA B
HACTOSIIEM HCCIETOBAHUU JUUI KOJUYECTBEHHOTO
aHaJIM3a JAHHBIX C MOMOIINBIO IIPOTPAMMHOTO 00e-
crieuenus SPSS, mpu KOTOpoM IepeMeHHbIe UCCIIe/I0-
BaHUA UJIEHTU(DUIUPYIOTCH U UHTEPIIPETUPYIOTCS.

3. PE3YJ/IBTATDI

3.1. CtaTuCTHUYECKHUM aHAIN3

B macrosAmem mcciaejoBaHUN NPUHAIN y9acTHe
200 manueHTtoB ¢ ['T. Jlemorpaduueckue xapakre-
PHCTHKH YYaCTHUKOB IIPE/ICTABIEHBI B TA0JI. 1.

T'unore3a 1
YacmomHublil aHanu3. DTOT aHAJIU3 TIPOBOAUTCS
JUI OTIpeZieJIeHUs YaCTOThl BCTPEUYAEMOCTH Ompe/ie-

Ta6auna 1. lemorpaduyeckre XapaKTEPUCTHUKHU PECIIOH/IEHTOB

Table 1. Demographic profiles

Hypothesis 3

Regression. Regression analysis is a method
commonly used for analysing the relationship
between the dependent and independent variable
of the study [27]. This technique supports in exam-
ining the association between risk factors and
severity of HS.

Independent variable (predictor): psychological
conditions, family history of HS, and dietary habits.

Dependent variable: severity of HS.

The outcomes presented in Table 3 illustrate the
association between potential risk factors and the
severity of HS showing a significant value 0,00.

Hence, H3: There are significant relation-
ships between potential risk factors and

XapakTepucTUKa KosmmyecTBo peciongenTos  Yacrora (%)
Demographic factor Number of respondents Frequency (%)
Bospacr (s1eT) 18-25 62 31
Age (in years) 26-35 74 37
36-60 52 26
crapiue 60 / Above 60 12 6
[Mon My»xckoli / Male 92 46
Gender Xenckuii / Female 108 54
CemeliHoe nosioxkeHHe XoJiocT/ He 3aMy»keM | Single 46 23
Marital status Xenar/3amy»xem | Married 126 63
PasBenien(a)/BaoBen(a) | Divorced/widowed 28 14
O6pa3oBaHue HemnoJsiHoe cpenHee 22 11
Qualification Less than high school
CpeliHee /3KBUBaJIEHTHBIA aTTeCTaT 36 18
High school/diploma equivalent
Bricuee (6akasaBpuat) 108 54
Undergraduate
Bricuiee (acnupaHTypa) 24 12
Postgraduate
PhD/nokTopanTypa 10 5
PhD/Doctorate
3aHATOCTb CtygeHT / Student 66 33
Employment status [osHas / Full time 60 30
YactuyHas / Part time 20 10
[Tencuonep / Retired 14 7
Bespa6oTHbiit / Unemployed 40 20
MecTo npoXXKuBaHUs T'opop / Urban 94 47
Location [puropog / Suburban 72 36
Cesibckasi MecTHOCTB / Rural 34 17
ExxeMecsuHbId noxos;  Hike 25 000 / Below 25 000 19 9.5
(pymuid) 25 000-50 000 23 11.5
lgﬁﬁggggg income 51 000-75 000 16 8
76 000-100 000 16 8
Bosiee 100 000 / Above 100 000 6 3
He ycranossiero / Not applicable 120 60
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JIEHHBIX II€pEMEHHBIX U HaJ[€’KHOCTU BBIBOJIOB B
LIEJIOM.

TabJ1. 1 mokasbIBaeT, uTo namueHTsl ¢ I'T 3Haun-
TEJIbHO PAa3IMYyaloTcs IO BO3pACTy, IOJY, CeMel-
HOMY ITOJIOKEHHIO, 00pa30BaAHUI0, 3aHATOCTH, MECTY
JKUTEJIbCTBA U YPOBHIO JI0X0/a. BOJIBITUHCTBO U3
HUX — MOJIO/IbIE JTIO/TH (Uallle B Bo3pacrte 26—35 JieT),
¢ HeOOJBITUM IpeobsIaflaHueM >KeHIMUH. MHOTHE
COCTOAT B Opake W MMeEIOT KaKk MUHUMYM CTeleHb
OakasiaBpa. YPOBEHb 3aHATOCTH HEOTHOPO/IEH: MHO-
rue — CTyJIeHThI B 6e3pabOTHBIE, UYTO MOKET BJIUATH
Ha JIOCTYII K MEAUIIMHCKON TOMOIIU. BoJIbIIHMHCTBO
PECIIOH/IEHTOB TPOKUBAET B TOPOJaX. YCTAHOBUTH
VPOBEHDb JI0XO7la OOJIBITUHCTBA PECIIOHJIEHTOB HE
VIQJIOCh, TOCKOJIbKY OHU CTYAEHTHI, MEHCUOHEPHI
win 0e3paboTHBIE, a OCTaJIbHbIE 3apabaThIBAIOT
MeHee 50 000 PYIIUHA B MECSIII.

Takum obpaszom, 'mmore3a 1: Ecrh 3HauM-
TeJbHBIE PAa3IUIUA B AeMorpadugecKoMm
npoduie nmamueHToB ¢ I'T' — noaTBep:kAaeTcs B
XO7le IPOBEIEHHOTO YaCTOTHOTO aHAJIN3A.

I'unoresa 2

JleymepHasn xoppeasayus. ATOT TeCT ONpeesaeT
HaJIMUNe YHCJIEHHO 3HAUYMMOU JIMHEHHOU U CUJIb-
HOU CBA3U MEXKIy JBYMs paccMaTpPUBAeMbIMH
HENpephIBHBIMU TlepeMeHHbIMU [26]. [ToaTomy B
HaCTOAIIEM HUCCIEIOBAHUN MBI HCHOJIb30BAIU KOP-
PeJISIIHOHHBIN aHau3. Huke Mbl IpUMEHsIEM KOp-
pensanuio IlupcoHa nad U3ydyeHUA CBA3U MEXKITY
KJINHUYECKNMU XapaKTePUCTUKaMU U TsKecThio I'T.

Ta6una 2. KoppessiquoHHBIN aHATU3
Table 2. Correlations

severity of HS is verified from the above regression
analysis.

Hypothesis 4

ANOVA. This test is applied for investigative the
effect of the independent variable and study objec-
tive on dependent aspect while also evaluating varia-
tions [28]. The current study executed one-way
ANOVA for finding the effect of HS treatment pat-
terns on managing symptoms.

Independent variable: treatments previously
received for HS.

Dependent variable: current treatment regimen
in managing your HS symptom.

Table 4 illustrated the ANOVA test outcome
which involved the HS treatment effect on managing
symptoms and quality of life. The obtained p value
0,00 is significant and proves the effective impact of
HS treatment such as oral medicines, topical treat-
ment, biologics, surgical intervention, and combina-
tion therapies on managing HS symptoms. Thus, HS
treatment patterns has effectiveness on managing
symptoms and quality of life.

Hence, H4: There is a significant effect of
HS treatment patterns and their effective-
ness on managing symptoms and quality of
life verified from the above ANOVA.

4. DISCUSSION

The study highlights significant differences in
demographic and clinical profiles among HS patients,

1 Tsoxectb I'T BT € LR T'ocnuTanusanus PTG
epeMeHHast Severity of HS MOCTaHOBKHU AMArHo3a st Hrsifion 3a60J/1eBaHUs
Diagnosed duration Comorbidities
Tsoxects [T KIl / PC 1 339 -,149 ,247
Severity of HS S (2-cTOpOHHMIA) ,000 ,035 ,000
S. (2-tailed)
n 200 200 200 200
Bpems c MoMeHTa KIT / PC ,339 1 446 ,743
IO S (2-croponnuit) ,000 ,000 ,000
,E[I'/IaI'HOBad g ) S. (2-tailed)
Diagnosed duration " 200 200 200 200
TocniuTanusanus KIl / PC -,149 ,446 1 ,539
Hospitalization S (2-cToponnuit) ,035 ,000 ,000
S. (2-tailed)
n 200 200 200 200
ComyTcTByIOL[HE KIT / PC ,247 ,743 ,539 1
3aboJieBaHUs S (2-cTopouHuit) ,000 ,000 ,000
Comorbidities S. (2-tailed)
n 200 200 200 200

IpumevyaHue. I'T - rHoWHbIN ruapaseHuT; KII - koppensuus [Tupcona; S. (2-CTOPOHHUI) — ABYCTOPOHHUHM YPOBEHb 3HAYUMOCTH

Note. HS - hidradenitis supparativa; PC - Pearson’s correlation.
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B TabJ1. 2 mokazaHa CBA3b MEXK/Y IUTUTETBHOCTHIO
IT u ero TsoxecThbio. [IpoBe/IeHHBIN KOPPEJISAIIHNOH-
HBIM aHAIM3 BBISABUJI ONpPEZieJI€EHHbIE B3aUMOCBA3H
MEKIY JUTUTETHHOCThIO I'T, comyTeTByomumMu 3a60-
JIEBAHUSMH, UCTOpPHEH yieueHus (ObIa T HEOOXO-
IUMOCTH TOCITUTAJIN3AINN) U OpeMeHeM 3abosieBa-
HUA JJid nanuedTa. Hajmuuuwe xoppesiAanuu oTpa-
)KajJiu 3HaYeHUs p < 0,05 U Ko3pPuiueHT
koppenauuu [Iupcona +1. CiemoBaresnbHO, cyiie-
CTBYIOT OIIp€JieJIEeHHblE CBA3U MEXAYy KINHUYe-
CKUMM XapakTepucTukamMu u Tsxecteio [T, T.e.
TaKHe XapaKTEPUCTUKH, KaK JIABHOCTh ITOCTAHOBKHU
JINarHO3a, HaJIW4YKe TOCHUTAIIN3AIUN U COIYyTCTBY-
folye 3a00JIeBaHUA NIPECTABIAIOT BAXKHbBIE CBeZle-
HUA UL OUpeeJIeHUs TAKeCTH 3abosieBaHus y
namueHTosB ¢ I'T.

Takum obpasom, 'mmore3a 2: Ecth TecHast
CBA3H MEKAY KINHUYECKUMU XapaKTepPUCTH-
kamu nanuesTos ¢ I'T u TaxkecThIo 3a00/1€Ba-
HUA — IOATBEPXKAAETCA B X0/l IIPOBEZIEHHOT0 KOP-
PeIAIMOHHOTO aHAJIN3A.

T'unoresa 3

PezpeccuonHblil aHaau3. ATOT METOJ, HIUPOKO
MIPUMEHSETCS JIJIS aHAJIN3a B3aUMOCBSI3eH MeXIy
3aBHCUMBIMU U HE3aBHUCUMBIMU IIePEMEHHBIMU B
uceaegoBanun  [27]. OH T03BOJISIET HU3YYUTH
B3aMMOCBsI3b MeKIy (QaKTOpaMH PHUCKa U TsKe-
crpio I'T.

HezaBucumas rmepeMeHHBIMH (IIPEIUKTOPaAMU) B
MPOBEJICHHOM HaMH pErpecCHOHHOM aHaJIu3e
(tabs. 3) OBLIM: IICUXOJOTHUYECKOE COCTOSIHHE,
cemernbiii aHamHe3 I'T, 0ocoOeHHOCTH HUTAHUMA, a
3aBUCUMOU IlepeMeHHOU — TsxkecThb I'T.

PesysibTaThl, Ipe/icTaBJIEHHBIE B TA0JI. 3, JEMOH-
CTPUPYIOT HAJTUYHUE CBA3H MEXK/Y TOTEHI[HATbHBIMH
daxTopamu pucka KIMHUYECKUX W TsKecTbio [T
(mOCTUTHYT 3HAUMMBIN YPOBEHH 0,00).

Taxkum ob6pazom, I'mmoreza 3: EcTh TecHasn
CBA3H MEKAY MOTEHIHAIbHBIMHU (hakTOpaMu

Ta6smmua 3. PerpeccuoHHbINM aHAIU3
Table 3. Coefficients

confirming associations between disease severity,
clinical features, and potential risk factors. It also
verifies the impact of treatment patterns on symp-
tom management and quality of life. Statistical anal-
ysis demonstrated key associations and influences
affecting HS patients.

The prevailing study [29], a Swedish registry-
based study reported high levels of overweight, obe-
sity, and smoking among pregnant HS women. Like-
wise, the current study investigates demographic
and clinical characteristics of HS patients and reports
lifestyle, psychological aspects, and genetic factors as
primary determinants for disease severity. The exist-
ing study [30] examined psoriasis as comorbidity of
HS. A significant association between psoriasis and
HS was found. But the present study focuses on vari-
ous comorbidities including psychological aspect,
providing more comprehensive view of ways these
conditions influence HS management.

In the conventional study [31], smoking, family
history, and female sex were established as key risk
factors for HS. Likewise, the current research inves-
tigates various patient populations, clinical presen-
tations, and therapeutic approaches, combining
these factors for detailed analysis. The existing
study [32] investigates the frequency of comorbidi-
ties and their impact on disease severity. Findings
indicated that various comorbidities especially meta-
bolic syndrome can be associated with the disease.
The present study explores comorbidities, their asso-
ciation with disease severity along with treatment
history. In addition, impact of lifestyle factors such
as dietary habits on severity of HS was found.

The study provides valuable insights into the
demographic and clinical profiles of patients with
HS, highlighting the diversity of those affected. Anal-
ysis of clinical characteristics reveals important asso-
ciations that can be beneficial to targeted treatments.

HecranaapTu3npoBaHHbIE

CTaHgapTU3UpOBaHHbIE

MogeJib K03¢ GUIIUEHThI K03¢ PUIUEeHThI
Model Unstandardized coefficients Standardized coefficients
B STE Beta t S

1 (Koncranrta) / (Constant) -1,852 ,135 -13,719 ,000
[lcuxosorudyeckoe cOCTOSTHUE 211 ,051 ,200 4,126 ,000
Psychological conditions
Cemelinblii aHaMHe3 [T / Family history of HS  -,654 ,054 -,650 -12,007 ,000
Oco6enHocTu nutaHud / Dietary habits 1,627 ,063 1,119 25,672 ,000
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Ta6una 4. lucniepcronHbiii ananus (ANOVA)
Table 4. ANOVA

SOS Df ME? F S
Mexnay rpynnamu / Between Groups 287,109 4 71,777 207,753 ,000
BuyTpu rpynn / Within Groups 67,371 195 ,345
Bcero / Total 354,480 199

PpUCKa 1 TAXKECTbIO IT - IMOATBEPKAAETCA B XO1€
IIPOBEAEHHOI'O pETrpeCCUOHHOTO aHa/In3a.

I'mmoresa 4

Jlucnepcuonmnliit anarusz (ANOVA). Tucnepcu-
OHHBIM aHAIN3 IPUMEHSIETCSA IS OIEHKH BIIMSTHUS
HE3aBUCUMOU IepeMEHHOU W IeJIU HCCIIEIOBAHUS
Ha 3aBUCUMYIO IIEPEMEHHYIO, a TaK¥Ke /IJIsI OI[€eHKHU
Bapuanuii [28]. MbI mpoBein 01HOMAKTOPHBIN JUC-
MEPCUOHHBIN aHAIU3 IS ONpeNeseHUs] BIIMSAHUSA
cxeM JieueHus Ha obseryenue cumnrTomos I'T.

B Tabu1. 4 mpencTaBaeHbl pe3yJIbTaThl TUCIEPCH-
OHHOTO aHaJIN3a, IT03BOJIMBIIETO OIIEHUTDH BIUSHUE
tepanuu [T Ha obseruenue cumnromoB [T u yyu-
IIIeHWe KauyecTBa JKU3HHU. He3aBUCHMOU IepeMeH-
HOU OBUIO paHee IOJIyYEHHOE JIeUeHHEe IO MOBOIY
I'T, 3aBUCHMOU IepeEMEHHOU — HaCTOAIasl cxeMa
neuyenusd I'T. IlosyyenHoe 3HaUeHue p = 0,00 ABJIA-
eTcs 3HAYMMBbIM U TOATBep:k7aeT 3hdeKTUBHOCTh
cxem I'T, BKJIFOUABIIUX IepoOpajibHbIE ITPerapaThl,
MECTHOEe JieueHue, OWOJIOTHYeCKue IIpernaparThl,
XUPYpPruyeckoe JieueHHe W KOMOWHHPOBAHHYIO
Tepanuto. Takum o6paszom, cxembl geuennst I'T moka-
3aJIM CBOIO 3((EKTUBHOCTDh B 0OJIETYEHUH CHUMIITO-
MOB 3a00JIEBAHUSA U YIIyUIIEHUU KaUecTBa KU3HHU.

Takum o6OpaszoMm, I'mmoresa 4: Crparerum
Jgevyenusa IT u ux s3¢ddekTUBHOCTH OKa3bI-
BaIOT 3HAUHUTEJIbHOE BJIHUAHHUE Ha olJierue-
HUE CHMIITOMOB 3a00/IeBaHUA U MTOBBINIEHHE
KadecTBa »KU3HU 0OJIBHBIX — ITOTBEPIK/IAETCS B
XO0/Ie IPOBEJIEHHOTO AVCIIEPCUOHHOTO aHAIN3A.

4. OBCY2KJIEHUE

[IpoBe/ieHHOE HaMU WCCJIEJOBAaHUE BBIABIIIO
3HAUHUTEJIbHbIE PABJIUYUA B JIEMOrpaUIECKOM H
KJINHUYecKOM mpoduie mamuentoB ¢ I'T, moxa-
TBEP/JIUB HAJIUUYHE B3aUMOCBSI3H MEK/TY TAKECTHIO
3a00JieBaHUsA, KIUHUYECKUMH IPOSABJIECHUSIMU H
MOTeHIUaIbHBIMU (aKTopaMu pucka. Takke
OBLJIO TIOATBEPIKIEHO BJIMSIHUE CTpATerui Jeue-
HUA Ha obJjieryeHHe CHUMIITOMOB 3a00JieBaHUS U
MOBBIIIIEHHE KadecTBa »KU3HH. CTaTHUCTUYECKHH
aHaJIU3 BBISBUJI KJIIOUEBbIe B3aUMOCBS3H U (haK-
TOpPBI, BiauAIKUe Ha TedeHue I'T' B aHanusupye-
MOU KOTOpTE.

By examining risk factors such as psychological,
genetic, and lifestyle influences, the study clarifies
contributors to disease severity, supporting the
development of personalized and preventive strate-
gies. The findings also underscore the importance of
tailored treatment approaches and their effective-
ness in symptom management. In conclusion, the
study recommends a comprehensive, individualized
approach for healthcare providers to improve out-
comes and quality of life for patients with HS.

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

B kpyIHOM IIBEJCKOM PEeCTPOBOM HCCIEN0BA-
HUU [29] coobiiaercst 0 MIUPOKOH pacIpocTpaHeH-
HOCTH (BBICOKOM YPOBHE) M30BITOYHOTO BECa, OXKH-
peHUs U KypeHus cpeau bepeMeHHbIX skeHIuH ¢ I'T.
Hame wuccnenoBanue, usydasliee jaemorpadude-
CKHe U KJIMHUYECKNEe XapaKTEPUCTHKH MAIIUEHTOB C
I'T, Takke IOATBEPAWIIO CYIIECTBEHHOE BIIMSIHUE
oOpasa KW3HU, IMCUXOJIOTUYECKOTO COCTOSIHUS U
reHEeTUYECKHUX (AKTOPOB KaK OCHOBHBIX JI€TEPMH-
HaHT TsDKecTn 3aboseBanus. R. Kjaersgaard Ander-
sen et al. [30] usyuanu ncopuas kak 3aboJieBaHUE,
comnyrerByonee I'T. Bpura ycraHoBieHa 3HaumuMas
cBsA3b Mexxay ncopuaszoMm u I'T. OgHako B Halei
paboTe MBI pacCMaTPUBAIN HE TOJIBKO Pa3JIMIHbIE
BapHaHTHI KOMOPOUTHOCTH, HO U TICUXOJIOTHYECKOE
COCTOSIHME TIAIUEHTOB, YTO JaeT OoJiee IIOJIHOE
MIPe/ICTaBJIEHUE O TOM, Kakue (PAaKTOPhI BJIUSIOT HA
TeueHUe U ucxoanl I'T.

B KOHBEHIIMOJBbHAIBLHOU HaydHOH pabote
E. Ozkur et al. [31] kmoueBbIMU (aKTOpaMH pHCKa
BO3HUKHOBeHUA ['T TpU3HAHBI KypeHHe, CEMENHBIN
anamue3 I'T u xeHckuil mos. Mbl Takke U3ydaau
JeMorpapuueckyio CTpaTUUKAIUIO MAIUEeHTOB,
KJIMHUYECKUE MTPOSBJIEHUS U TePAIIEBTHUECKUE IO/~
XOJIbl, O0OBeAUHSAST 3TU (PAKTOPHI IS JETATBHOTO
anaymmsa. T.K.U. Uzuncakmak et al. [32] uccnemo-
BaJIM YaCTOTY COITyTCTBYIOIIUX 3a00JIEBAHUN U WX
BAUAHME Ha TsKecTh ['T. Pe3ysibTaThl moKasajiu, 4To
pasyimyHasi COMYTCTBYIOIAS TATOJIOTHs, OCOOEHHO
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MeTabOJTUYEeCKUA CHHJI[POM, MOKET OKa3bIBaTh
cyliecTBeHHOe BiusAHUE Ha TskecTh ['T. Mbl Takoke
W3YyYaii, KaK CBS3aHA COIyTCTBYIOIIAsI ITATOJIOTHUS C
TSKECThI0 3a00JI€eBaHUsA, PABHO KaK W IPEJbIAyIee
JiedyeHue, 00pas KU3HU U 0COOEHHOCTH MUTAHUS KaK
¢axTOphI, OKA3BIBAIOIIHE BIUSIHUE HA TSKECTD 1T

5. BAKJIIOUEHUE

Hame wuccienoBaHue IIpeAoCTaBUIO BaXKHYIO
nHdOpMAIUIO 0 AeMorpaduIecKOM U KIIMHUYECKOM
npodwune mnarueHtoB c¢ [T, 1mokasaB HeOZHOPO-
HOCTb 3TOH I'PYIIITBI GOIBHBIX. AHATU3 KJIIMHUYECKUX
XapaKTEPUCTUK BBIABWJI BaKHbIe B3aMMOCBA3H,
KOTOpbIe MOTYT OBITh HCIIOJIB30BAHBI JJISI paspa-
OOTKM CTpaTerwil I|eJIeHANPaBJIeHHOH Tepanuu.
N3syuasa Takue ¢GakTOphl PUCKa, KaK IICHUXOJIOTHYe-
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CKOEe COCTOsIHMe, ceMeWHbIl aHamHe3 I'T u oOpas
JKU3HHU, UCCIIEIOBAHUE BBIABIIIO (DAKTOPHI, BIUSIIO-
e Ha TSOKECTh 3a00JIeBaHMS, UTO CIIOCOOCTBYET
pa3paboTke MepCOHAIM3UPOBAHHBIX M MPOdUIIaK-
THYECKUX CTPATETHH JIeUeHHs. Pe3ysbTaThl TaKKe
MMOYEPKUBAIOT BAKHOCTh WHJIMBUJIyJTU3UPOBAH-
HBIX cxeM JieyeHus nanuenTos ¢ I'T u ux adpdexrus-
HOCTbH B 00JIETUEHUH CHMIITOMOB. Pe3ysibTaThl, KOTO-
pble MBI TOJIYYHJIU, IO3BOJIAIOT PEKOMEH0BATH
MEIUIMHCKUM pabOTHUKAM HCIIOJIb30BAHUE KOM-
IUIEKCHOT'O MHAVBUAYAJIU3UPOBAHHOTO OJIX0/A JJIsI
VJIyYIIEHUsI Pe3yJbTaTOB JIeYeHUs W KadecTBa
JKu3HU nanueHTos ¢ I'T.

KoHduKT HHTEpEeCcoB. ABTODHI 3asABJIAIOT 00
OTCYTCTBUU KOH(JINKTA UHTEPECOB.
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KiimHuKo-1a00oparopHas XapakKTepHUCTUKA KJIEIE€BOTr0
sHHedanTa B HoBocuOupckoun 06J1acTu B 2024 T.
C BBISABJICHHEM MPETUKTOPOB TAMKECTH

A.C. Yasaunosa!, I1./1. Ypycosa®2, 9.0. Arnernunos3, B.B. [IpoBoposa?, E.1. KpacHoBa?,
B.T'. Kysnenosa?, JI.JI. Ilo3gaAkoBa"

I'BY3 HCO «Hogocubupckas 0b6.aacmHas kKauHuveckas uHgexyuonnas boavHuya», Hogocubupck, Poccus

2@I'bEOY BO «Hogocubupckuil 2ocydapcmeeHtblil MeduyuHckuil ynusepcumem» Munadpasa Poccuu, Hosocubupck,
Poccus

3A0 «Bexmop-becm», Hosocubupck, Poccus

AHHOTAIIMA

Beegewnue. KiemeBoii Bupycubiii sunedanut (K39) — TpaHcMuccuBHOe 3a001€BaHue, SHAEMUYHOE /1Jisi HoBoCH-
6upckoii obsactu (HCO). 3abosieaemocts K3 nHa Tepputropuun HCO TpeBBIIIAET CPEHEPOCCUICKHE ITOKA3aTeNu B
2,7-5,8 pasza. Hecmotps Ha TO, yTO MHQpEKINA ABJIsAeTCA BaKIuHOynpassemord, B HCO u3 rosa B T0J pETUCTPUPYIOTCS
JletanpHble caydan. [na 3anmagHoi Cubrpy xapakTepHa IUPKYJIANUA CHOMPCKOTO MOJTUIIA BUPYCA, XapaKTepU3yIoIe-
rocs TedeHueM c nopaxenueMm ITHC B 2/3 ciyuaes, a B 20—30 % NPOSBJIIEHUS HOCAT OYaroBbII XapakTep ¢ BHICOKUM
PHCKOM JIETIBHOCTU WM CTOMKON MHBAIUAN3ALIUM.

IT e 1 b . IIpoananusuposath ciaydau K9 y nanpenToB 'BY3 HCO «T'opojckast nHGEKITMOHHAS KIMHUYEeCKast 00JIbHUATIA
No 1» (TUKB N¢ 1) r. HoBocubupcka u yCTaHOBUTD (DAKTOPBI, BIUAIONINE HA HOPMY U TAKECTh TeUeHHs 3a00IeBaHUA Y
HEIIPUBUTBIX MAIMEHTOB, a TAK)KE IIPENKTOPBI PAHHETO IIPOrHO3a HEOJIATOMIPUATHOTO TAKEIOro TeueHus K9.
MaTtepuaab W METOJ B . [IpoaHATU3UPOBAHBI KIMHUKO-3IIH/IEMUOJIOTHYECKUE U JabOpaTOpHbIe ITOKa3a-
Tenu y 68 601bHBIX ¢ Auarao3om K9, rocnuranmusupoBanubix B TTIKB N 1 B 2024 r. JIuxopaiounas opma 3aperucrTpu-
poBaHay 32 % manueHToB, MEHHHTeaIbHaA — Y 41,5 %, ouaroBble GopMbI — ¥ 26,5 %. JIluarHosd KO BepudunupoBaH o6Ha-
pyxeHueM aHTuTes KiaaccoB M u G x Bupycy KO merojom ”MMyHOMEPMEHTHOTO aHAIU3a. Y BCeX OOJIbHBIX MTPOBeZeHA
WHTepIperanus ooiero ananu3a Kposu (OAK), GHOXMMUYECKUX MapPKEPOB BOCITAJIEHH A, TIOKa3aTesIel INKBOPA, OTIpe/ie-
JIsI71Cs ypPOBeHb uHTepelikuHa-6 (11JI1-6) u peppuTHHA B CHIBOPOTKE KPOBU U JIMKBOPE.

PesyabTartsl . Cpequuil Bo3pact OOJIBHBIX JTUXOPAIOYHON (POPMOI cOCTAaBUII 48 + 4,2 rozia. Y BcexX O0JIbHBIX OTMeE-
JaJics JINXOPAJI0YHO-UHTOKCUKAIIMOHHBIA CUHIPOM. B OAK J1eliKoIuTO3 BBIABIIEH Y 27,3 % OOJIBHBIX, a0COJIOTHAS JTUM-
domenus — y 36,3 %. Ilopbienne C-peaktuBHoro 6eka (CPB) o6Hapy:keHO 6oJiee ueM y MOJIOBUHBI 6OJIbHBIX (54,5 %).
CpenHui Bo3pact 60IbHBIX MEHHHTEATBHOUN (POPMOIT cocTaBUII 50,3 + 5,4 ro/1a. Y GobIHHCTBa 00IbHBIX (86 %) 3a60I1€e-
BaHUeE MPOTeKaIo ¢ PeOPUIbHON JIMXOPA/IKOH, y 4 TAIIMEHTOB oTMevasics cyodebpunuret. B 93 % ciyuaeB BbISIBIIsIICS
BBIDQJKEHHBII MHTOKCUKAIIMOHHBIA M OOIIEMO3TOBOY CHHJIDOMEBI; B JINKBOPOTDAMME — IIJIEOLUTO3 JIMMGOIUTAPHOTO
xapakrepa (83,3 %) — ot 16 710 648 kierok (xi1.)/mia. B OAKy 57 % ormeuasicst IeHKOIUTO3, aOCOTIOTHAST TUM(MOIEHUST —
TOJIBKO y 14,3 % 60JbHBIX. YBesnnuenue 3Hauennil CPb ormeuasocs y 13 4es., GeppuTuHa — TOIbKO y 4 uesi. Cpenu 3a60-
JieBIINX oYaroBeiMu popmamu K3 npeobiamanu my:kuusl (77,8 %), cpeqHUi BO3pacT 49,7 + 5,1 roza. Y 61,1 % GOJIHHBIX
JIMaTHOCTHPOBAaHA MeHWHTosHIedaronosnoMuenuTudeckas Gopma K9, y ocTaspbHBIX — MEHHHTOSHIehATUTUIECKAS.
JleTasbHBINA UCXOJ] KOHCTAaTUPOBAH y 3 manueHToB. B OAK y 89 % BBIsABIIEH JIEHKOIUTO3, a0COIIOTHAS JIUMOOTIEHHS — Y
33 %. YpoBenb CPB u pepputiHa GbUT OBBIIIEH JIUIIb Y TOJIOBUHBI O0JIBHBIX. 110 pe3ysapTaTaM JIOMOQIBHON IMyHKIINH
OTMeYaJICs TJIEOIUTO3 — OT 100 /10 537 KJI./MKJI, B 27,8 % ciyyaeB — HeUTpODUIBHOTO XapakTepa. YpoBeHb NJI-6 B JIUK-
BOpe GBI BHAYUTEJILHO MOBBIIIEH — /10 600—800 Ir/MJI.

3axknoueHUe. Y HEBaKIMHUPOBAHHBIX O0JbHBIX KO Bo3pacrt, cpoku oOpalleHny 3a MEAUIMHCKOW OMOIIBIO,
YPOBEHb JIEHKOIIUTOB, JIUM(OIIEHNH, TeMAaTOKPUTA B IeprudepuIecKoi KpoBH, a Takxke nokasarenu CPb He koppesnupo-
BaJIU C TSXKECThIO 3a00JieBaHUsA. J[JIUTEIBHOCTD U BBICOTA JINXOPAJIKH, a TAK}Ke YPOBEHb JIeHKONUTO3a, 11JI-6 B KpOBU Y
nmanueHToB Oe3 mopakeHus u ¢ nopaxkeHueM ITHC 10CTOBEPHO OT/IMYAIUCH. 3HAUEHHUS IIJIEONUTO3a OBLIH JIOCTOBEPHO
BBIIIIE Y TAIIIEHTOB ¢ o4aroBeIMu popmamu K. BeisasieHo nossimienue MJI-6 B IMKBOpe MIPH TsKEJIBIX GOpMax, a TaKXKe
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IIpsMast KOPPeJANOHHASA CBA3D ¢ YPOBHEM ILJIEOLIUTO34, UYTO HauboJiee JOCTOBEPHO OTpaskaeT TskecTh npouecca B IIHC
pu K9 u MoxKeT ObITh IPEAUKTOPOM HebIaronpusaTHoro TeueHus KS. BoisgBieHHOe npeobiaianue JIUI] My>KCKOTO I10JIa
cpeny ManueHToB ¢ oyaroBeiMu Gopmamu K3, a Taxke MO3IHAA CEPOKOHBEPCUA Y 3HAUUTENBHOH J07IU OOJBHBIX —
BOTIPOCHI, TPEOYIOIINE TaTbHENIIIEro H3yUeH s Ha OOJIbIIEH MOy AU TAIIeHTOB.

Kmouesnle caosa: xienieBoi sHnedanuT, 3a6071€Ba€MOCTh, KINHIYECKHE CHUMIITOMBI, IUATHOCTHKA, JTUKBOD, 1JI-6.

OoOpaszen murtupoBaumusna: Yiaeanosa f.C., Ypycosa IL.JI., ArnernquuoB 9.0., IIpoBopoBa B.B., KpacHo-
Ba E.I., Kysuenosa B.T., [loznuskosa JI.JI. KnuHuKO-71a60paTopHas XapaKTEPUCTHKA KJIEIIEBOrO SHIledaanuTa B
HoBocu6upcKoi 061aCTé B 2024 T. ¢ BbISIBJIEHHEM NPeJUKTOPOB TsikectH // Journal of Siberian Medical Sciences.
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Clinical and laboratory characteristics of tick-borne encephalitis
in the Novosibirsk region in 2024 with identification
of severity predictors
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Novosibirsk Regional Clinical Infectious Diseases Hospital, Novosibirsk, Russia
2Novosibirsk State Medical University, Novosibirsk, Russia
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ABSTRACT

Introduction. Tick-borne encephalitis (TBE) is a transmissible disease endemic for the Novosibirsk region (NR).
The incidence of TBE in the NR is 2,7-5,8 times higher than the Russian average. Despite the fact that the infection is
vaccine-preventable, fatal cases are recorded in the NR year after year. Western Siberia is characterized by the circulation
of the Siberian subtype of the virus, which affects the central nervous system (CNS) in two-thirds of cases, and in 20-30%
of cases, manifestations are focal, with a high risk of mortality or permanent disability.

Aim. To analyze cases of TBE in patients of Novosibirsk City Infectious Diseases Clinical Hospital No. 1 (CIDCH) and
to establish factors influencing the form and severity of the disease in unvaccinated patients, as well as predictors of the
early prognosis of unfavorable severe TBE.

Materials and methods. Clinical, epidemiological, and laboratory data were analyzed in 68 patients diag-
nosed with TBE, hospitalized at CIDCH in 2024. Febrile TBE was recorded in 32% of patients, meningeal TBE — in 41,5%,
and focal TBE — in 26,5%. The diagnosis of TBE was verified by detecting immunoglobulin M and G antibodies to the TBE
virus using enzyme-linked immunosorbent assay. The results of a complete blood count (CBC), biochemistry for inflamma-
tory markers, and cerebrospinal fluid analysis were estimated in all patients, as well as levels of serum and cerebrospinal
fluid of interleukin-6 (IL-6) and ferritin were measured.

Results. The average age of patients with the febrile form of TBE was 48 + 4,2 years. All patients had fever and
intoxication. The CBC showed leukocytosis in 27,3% of patients, and absolute lymphopenia in 36,3%. Elevated C-reactive
protein (CRP) levels were found in more than half of patients (54,5%). The average age of patients with the meningeal form
of TBE was 50,3 + 5,4 years. The majority of patients (86%) had high fever, while low fever was observed in 4 patients.
Severe intoxication and general cerebral syndromes were detected in 93% of cases; the cerebrospinal fluid analysis revealed
lymphocytic pleocytosis in 83,3% of patients — from 16 to 648 cells/ml. Leukocytosis was found in 57% of cases, and abso-
lute lymphopenia — in only 14,3% of patients. An increase in CRP values was observed in 13 people, and ferritin — in only
4 people. Among patients with focal forms of TBE, men predominated (77,8%); the average age was 49,7 + 5,1 years. The
meningoencephalo-poliomyelitic form of TBE was diagnosed in 61,1% of patients, while the rest had the meningoencepha-
litic form of TBE. A fatal outcome was recorded in 3 patients. The CBC revealed leukocytosis in 89% of cases, and absolute
lymphopenia in 33%. CRP and ferritin levels were elevated in only half of the patients. Lumbar puncture results revealed
pleocytosis — from 100 to 537 cells/pl, neutrophilic in 27,8%. Cerebrospinal fluid IL-6 was significantly elevated — up to
600—800 pg/ml.

Conclusion. Inunvaccinated patients with TBE, age, time limits for seeking medical care, leukocyte count, lym-
phopenia, peripheral blood hematocrit, and CRP levels did not correlate with disease severity. Duration and grade of fever,
as well as leukocytosis and blood IL-6 levels differed significantly between patients without and with CNS involvement.
Pleocytosis levels were significantly higher in patients with focal TBE. Increased cerebrospinal fluid IL-6 levels were
observed in severe cases, as well as a direct correlation with pleocytosis levels, which most reliably reflects the severity of

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



Ulyanova Ya.S. et al. / Journal of Siberian Medical Sciences Vol. 9, No. 4 (2025)

CNS involvement in TBE and may predict an unfavorable course of TBE. The identified predominance of males among
patients with focal TBE, as well as late seroconversion in a significant proportion of patients, require further study in a

larger patient population.

Keywords: tick-borne encephalitis, incidence, clinical symptoms, diagnostics, cerebrospinal fluid, IL-6.
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BBEJAEHUE

Kitemepoit BupycHbiii sH1ledanur (KD) — 3a60-
JIeBaHUE, XapaKTepU3yIolleecs IPEUMYIEeCTBEHHO
TPAaHCMUCCHUBHBIM IIyTEM Iepefadyd B PesysbTaTe
MPUCACHIBAaHUS WJIM HAIOJI3aHUs KJIEIa, peke —
aJIMMEHTapPHBIM, BCJIEJICTBHE YIIOTPEOIEHNS MOJIOKA
UHOUIMPOBAHHBIX KO3 WX KOpOB [1]. ITpuHITATHI-
aJIbHBbIE Pa3JINdus B MacinTabax, o0IIed KapTUHe
00JIE3HU, CTPYKTYpPE U €€ KJIMHHYECKUX BapHaHTaX
Jla’ke B TEpPUTOPHUATIHHO OJIMBKHUX U TEM 0O0JIee OTaa-
JIEHHBIX JIPYT OT JpyTa MPUPOJIHBIX Odarax, Halpu-
mep B HoBocubupckoii, Tomckoi obGsiacTsix u Ha
JampHeM BocToke, ompemensiioT HeoOXOAUMOCTb
PeryyisipHON aHAINTHYECKOH paboThl U TPAMOTHOTO
JIMTHAMUYECKOTO yUeTa KJIMHUKO-3TH/IEMHOJIOTHYe-
CKHUX W TE€HETUYEeCKMX [JAHHBIX MMEHHO B CBOEM
pervoHe Kak TJIABHOTO HCTOYHUKA OIEPATUBHOH
wHOOpMAIIH JIJTS IPUHSATHS COTJIACOBAHHBIX Pelle-
HU 110 TpoduIakTUKe U Auaraoctrke K9 [2—8].

HoBocubupckas obsacts (HCO) — peruoH, sHze-
muusbii mo K9 [9]. Exxeromuo 3abosieBaeMOCTb
BapbUPYET: OT 3,08 Ha 100 THIC. HACEJIEHUS B 2024 T.
J10 7,82 B 2013 T. C BOJITHOOOpa3HbIMHU OTbeMaMH U
CIaJIaMH B 3aBHCHMOCTU OT YPOBHsS CpexHeMecsd-
HOU TeMIIepaTyphbl BO3/IyXa U BJIAYKHOCTH — ITOKa3a-
TesieH, BAUSAIOIINX Ha aKTUBHOCTD KJIEIeH, a TaKXKe
OT BUPYCOGOPHOCTH KJIEIEH — €KErOJHO MEHSIO-
IIeHcs OT MUHUMAJIBHOMI — 0,8 % B 2017 I'. 10 MaKCH-
MaJIbHOU — 2,65 % B 2009 T. U MPEBBIIIAET TAKOBYIO
B Poccuiickoit Penepanyu ot 2,7 pasa (B 2024 r. —
1,13 Ha 100 ThIC. HaceJieHus ) 710 5,8 pasza (B 2013 T. —
1,33 Ha 100 ThIC. HaceseHus) [10]. B 2024 r. 8 HCO
OTMEeYajioch CHIKeHHe 3abosieBaemoct K9 B
1,9 pasa o CPaBHEHUIO € IPEABIAYIINM ToA0M (5,94
Ha 100 ThIC. HACEJIEHHSI).

IIo mansBIM HpKYyTCKOrO Hay4YHO-HCCIIEL0BA-
TEJILCKOTO MTPOTUBOUYMHOTO HHCTUTYTA, JJIsI 3a11a/I-
Holl Cubupu XapakTepHa IUPKYJIANUSA CHOUPCKOTO
moaTuma pupyca K9 [11, 12]. Y 2/3 nanuenToB 3a60-
JleBaHWEe TPOTEKAeT C IOPAKEHUEM IeHTPaIbHOU
HepBHOU cucreMbl (ITHC), a y 20-30 % nposiByieHust

INTRODUCTION

Tick-borne encephalitis (TBE) is a disease char-
acterized primarily by transmission via tick bites or
tick crawling, and, less commonly, by alimentary
transmission, through the consumption of milk from
infected goats or cows [1]. Fundamental differences
in the scale, overall presentation of the disease,
structure, and clinical variants, even in geographi-
cally close and, especially, distant natural foci, such
as those in the Novosibirsk and Tomsk regions and
the Far East, necessitate regular analytical work and
competent dynamic recording of clinical, epidemio-
logical, and genetic data specifically in the specific
region as the primary source of latest information for
making coordinated decisions on the prevention and
diagnosis of TBE [2—8].

Novosibirsk region (NR) is a region endemic for
TBE [9]. The incidence rate varies annually: from
3,08 per 100 000 in 2024 to 7,82 in 2013, with wave-
like rises and falls depending on the average monthly
air temperature and humidity, which affect the activ-
ity of ticks, as well as on the infection rate of ticks,
which changes annually from a minimum of 0,8% in
2017 to a maximum of 2,65% in 2009, and exceeds
that in the Russian Federation by 2,7 times (in
2024 — 1,13 per 100 000 population) to 5,8 times (in
2013 — 1,33 per 100 000 population) [10]. In 2024,
the incidence of TBE in the NR decreased by 1,9 times
compared to the previous year (5,94 per 100 000).

According to the Irkutsk Research Anti-Plague
Institute of Siberia and Far East, the Siberian sub-
type of the TBE virus is characteristic of Western
Siberia [11, 12]. In 2/3 of patients, the disease occurs
with the central nervous system (CNS) involvement,
and in 20—-30% of cases, manifestations are focal in
nature with a high risk of mortality or persistent dis-
ability in meningoencephalitic and meningoence-
phalo-poliomyelitic forms of TBE. Despite the fact
that TBE is a vaccine-preventable infection, TBE
mortality is recorded in the NR each and every year —
from 1,1% in 2009 to 4,2% in 2023 [9]. It is known

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

63



Yavanosea A.C. u dp. / Journal of Siberian Medical Sciences T. 9, N 4 (2025)

HOCAT OYaroBBI XapakKTep € BBICOKUM PHCKOM
JIETAJIPHOCTU WJIA CTOMKOW WHBAIMAU3ANUU IIPU
MEHUHTOSHIIEDUTUTHUUECKON U MEHUHTO2HIedaso-
nosuoMuenutudeckoil ¢dopmax. Hecmorpsa Ha ToO,
gyro KO sBisieTcs BaKIIMHOYIIPABJIsAEMON WHOEK-
nueit, B HCO u3 rozsa B rofi perucTpupyercs jJeTaab-
HOCTb OT JAHHOTO 3aboJyieBaHus — OT 1,1 % B 2009 T.
70 4,2 % B 2023 1. [9]. 3BecTHO, UTO (DOPMBI C
nopaxeHueM 1|HC pazBuBaioTca mpenMyIiecTBEHHO
V HEIIPUBUTHIX JItoZlel. HacToTa UX BO3HUKHOBEHUA
He 3aBUCHUT OT HAJIMYUS WU OTCYTCTBUS IACCUBHOM
MMMYHU3AIUU TIPOTUBOKJIENEBHIM UMMYHOTJIO0Y-
JIMHOM € TTPpO(PIIaKTUUECKOU 1esbio. Ho, HecMoTps
Ha JocTynHocTh BakiuHanuu B HCO, oxBaT npuBUB-
kamu HacesieHusa Hosocubupcka u HCO B 2024 T.
ocraBajics HU3kuM (61 %) [9].

B nHacrosmee BpeMs psAJOM aBTOPOB IIPOaHaJIN-
3UPOBAHBI IPENKTOPHI TsKeIbIX hopm KD [13]. Ha
OCHOBAaHUU COBPEMEHHBIX TaHHBIX NH(MEKIINOHUCTEI
BBIJIEJIAIOT CJIeAlyIolllhe KJII0YeBble IPeJUKTOPBI
Ts2KeJI0To TeueHus K9, moaTBepk/ieHHblE KITUHUYE-
CKUMHU UCCJIEZOBAHUAMU U SIUJEMHUOJIOTTYeCKUMU
HaOIIOAeHUAMU:

1. JJabopaTopHbIe MapKephI:

1) TOBBINIEHHBbIE 3HAYEHUS WHTEPJIEHKUHA-6
(MNJI1-6) B TukBOpe: ypoBeHb NJI-6 >400 ur/mi Kop-
penupyeT ¢ TSXKeJNBIM HelpoBocmajeHuem. I[Ipu
ouaroBbix ¢dopmax wmemmana WJI-6 pocruraer
560,4 1r/MJI (IIPOTUB 1,5 OT/MJI IIPH JILXOPAJOUHOHN
dbopme), a ero mpsmas CBsA3b C IJIEOIMUTO30M TIO-
TBEP:K/AeT pOJb B IPOTHO3UPOBAHUU OCJIOKHE-
Huii [14];

2) BEIpaKeHHOe CHIKeHre yncsa T-1mumdonuTon
(CD3, CD4, CD8, CD25), NK- u NKT-kJ1eTOK, yMeHb-
menne KoHreHTpanuid IFNa, a Takke 3HaUYnMOe
MOBBIIIIEHUE  CcoflepKaHus IuTokuHOB  (MJI-8,
NJI-1B, IFNa, IFNy) [14];

3) orcyrcrBue IgG u Bhicokui TUTp IgM B mepBoit
CBIBOPOTKE: 00Jiee UeM y TOJIOBUHBI MAIMEHTOB C
04aroBeIMu (OpMaMHu IIpU MEPBUYHOM 00CIIEZI0BA-
HUU He onpeessuch IgG k Bupycy K9, uTo ykasbl-
BaeT Ha MO3/THIOI CEPOKOHBEPCHIO U BBICOKHI PHCK
He0JIarompHUsATHOTO ucxo/a [14—16];

4) JIEWKOIUTO3 B Mepu(epuIecKor KPOBU: yPO-
BEHb JIEHKOIUTOB 0oJiee 12x10° JI aCCOIIMUPOBAH C
nopaxkenuem ITHC [15, 16].

2. KimHuueckue u HeBpoJIOTHUYecKue IIOKa-
3aTeJu:

1) BBICOTA U JJTUTETHLHOCTD JINXOPAJKH: TEMITEpa-
Typa >39 °C, coxpaHSAIOMAsACA >7 JHEH, XapaKTepHa
2151 04aroBbIxX popm (mpotus 38 °C mpH JIUXOPaL0d-
HoW opme) [15];

2) IUTEOLIUTO3 B JINKBOPE: KOJIMYECTBO KJIETOK >500
B 1 MKJI — IPEAUKTODP OYaroBOro mopakeHus. Ilpu

that forms with CNS involvement develop predomi-
nantly in unvaccinated people. Their incidence does
not depend on the presence or absence of passive
immunization with anti-tick vaccine for prophylactic
purposes. However, despite the availability of vacci-
nation in the NR, vaccination coverage of the popula-
tion of Novosibirsk and the NR in 2024 remained
low (61%) [9].

Currently, a number of authors have analyzed
predictors of severe TBE [13]. Based on the current
data, infectious disease specialists identify the fol-
lowing key predictors of severe TBE, confirmed by
clinical and epidemiological studies:

1. Laboratory markers:

1) elevated levels of cerebrospinal fluid interleu-
kin-6 (IL-6): IL-6 >400 pg/ml correlate with severe
neuroinflammation. In focal forms, the median of
IL-6 reaches 560,4 pg/ml (versus 1,5 pg/ml in febrile
forms), and its direct relationship with pleocytosis
confirms the role in predicting complications [14];

2) a marked decrease in T-lymphocyte count
(CD3, CDh4, CDS8, CD25), NK and NKT cells, a
decrease in the IFNa level, as well as a significant
increase in the concentration of cytokines (IL-8,
IL-1B, IFNa, IFNY) [14];

3) absence of IgG and high titer of IgM in the first
serum sample: in more than half of the patients with
focal TBE, IgG to the TBE virus was not detected
during the initial examination, which indicates late
seroconversion and a high risk of an unfavorable
outcome [14-16];

4) peripheral blood leukocytosis: leukocyte count
of more than 12x10°1is associated with CNS involve-
ment [15, 16].

2. Clinical and neurological parameters:

1) grade and duration of fever: body temperature
>39°C for more than 7 days is typical for focal forms
(versus 38°C in febrile forms) [15];

2) cerebrospinal fluid pleocytosis: >500 cells/pul
is a predictor of focal lesions. In meningeal TBE, the
median is 225 cells/ul, in focal one — more than
500 cells/ul [15, 17];

3) early neurological symptoms: paresis of cranial
nerves, bulbar palsy, disorders of consciousness
(confusion — Glasgow coma scale scores of 14) [13].

Epidemiological and demographic factors:

1) mixed infections: the combination of TBE with
Lyme borreliosis (detected in 40% of patients in
endemic areas) aggravates the course of the disease.
Characteristic symptoms include high fever, arthral-
gia, and Bannwarth syndrome [17];

2) late seeking medical care: hospitalization after
the 4™ day of illness increases the risk of complica-
tions [15];
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MEeHUHTeaJTbHON (hopMe MeAraHa — 225 KJI./MKJI, [IPH
04aroBou — OoJree 500 KJI./MKII [15, 17];

3) paHHUE HEBPOJIOTUYECKHE CUMIITOMBI: TIaPE3bI
YeperHO-MO3TOBBIX HEPBOB, Oy/IbOAPHBIN CHHADPOM,
HapylIeHus1 co3HaHUA (OIIyIeHne <14 0asIoB IO
mkase I'masro) [13].

INUJEMHOJIOTUYECKHEe U
daxTopsbl:

1) MukcT-uHpeknuu: coueranrie K9 c kirereBbm
6oppennosom (KB) (BbisiByIsieTcss v 40 % OOJIBHBIX B
SHJIEMUYHBIX 30HAX) YTsOKEJISET TeueHHe. Xapak-
TEPHBI MUPEeTUYeCcKas JUXOPA/IKa, apTPAJITHHU, CUH-
npom BanuBapra [17];

2) no3ziHee obOpallleHne 3a MOMOIIBIO: TOCIIHTa-
JIU3anusa T033Ke 4-TO JHS OO0JIE3HH YBEIUUNBAET
PUICK OCJIOKHEHHH [15];

3) MOJI W BO3PACT: MYKUYUHBI COCTABJISIOT
6OJIBIIMHCTBO OOJIBHBIX OYArOBBHIMU (opMaMu.
JleTasbHOCTH BBINIE Y JIUI] CTaplie 50 Jet [13, 15,
18-20].

4. Komop6uHOCTD 1 UMMYHHBIH CTATYC:

1) OTKa3 OT BaKIUHAITUU: 100 % JIeTAJIBHBIX CIIy-
YaeB B 2024 I. 3aPETHUCTPUPOBAHBI Y HENIPUBUTHIX.
OxBar BakIMHAIlMEH B SHEMUYHBIX pallOHaX OocTa-
ercst HU3KuM [15];

2) uMMyHOJIeUITUTHBIE cocTosiHusA: BUY-mH-
dexnus, oHkosormueckue 3ab0sieBaHUS, MPUEM
UMMYyHOCyIIpeccopoB. Y nanueHToB ¢ BUY-undek-
npel ogaroBbie GopMbl KO MpOTEKAIOT C JIeTaTbHO-
CThIO >30 % [20];

3) XpOHUYECKHE coMaTHdyeckue 3aboJieBaHUs:
caxapHbIU 1uabeT, TUIepTOHUYECKasi 00JIE3HD, O3KH-
peHue, uiiemuueckas 60y1e3Hb cepya [13, 19].

JIemorpaduueckue

IIEJIb NCCJIEAJOBAHUA

IIpoananusupoBarh ciaydau KO y manueHTOB
I'bY3 HCO «T'opojckas nHpeKINOHHAs KIUHUYe-
ckas 6ospHmIa NO 1» (TMKB NO 1) (HoBocubupck) u
YCTaHOBUTH (HAKTOPBI, BIAUSIOIKE HA Gopmy 3abo-
JIeBaHUA U TSAKECTh TeUeHUs Y HeNPUBUTHIX IAIU-
€HTOB, a TaKXKe MPEAUKTOPhl PaHHEro MPOTHO3a
HeOJIArONPUATHOTO TSKEJIOTO TEYEHUS KJIEIEBOTO
sHIledanuTAa.

MATEPUAJIBI 1 METO/IbI

B snugemuueckom ce3one 2024 1. B TMKDB N2 1
TOCHUTAIU3UPOBAHEI 10 ToBOAY KD 68 ues., u3 HUX
C JTUXOPAIOUHOM hopMOoit — 22 yelt. (32 %), ¢ MEHUH-
reaqbHOU — 28 ues. (41,5 %), ¢ ouyaroBeiMH Gop-
mamu — 18 ueit. (26,5 %) (puc. 1).

My>XUMHBI COCTaBWIU 60,3 %, >KEHIIUHBI —
39,7 %. B mepBble 3 nHA 60JI€3HU MTOCTYIIIIH 23 Yel.
(33,8 %), ¢ 4-x o 10-e cyTku — 23 uen. (33,8 %),
Mo3/Hee MOCTYIUIEHNEe HabJII0/IaIoch y 22 GOJIBHBIX

3) gender and age: men make up the majority of
patients with focal forms. Mortality is higher in indi-
viduals over 50 years of age [13, 15, 18—20].

4. Comorbidities and immune status:

1) vaccination refusal: 100% of deaths in 2024
were registered in unvaccinated individuals. Vacci-
nation coverage in endemic areas remains low [15];

2) immunodeficiency conditions: HIV infection,
oncological diseases, medications with immunosup-
pressants. In patients with HIV infection, focal forms
of TBE occur with a mortality rate of >30% [20];

3) chronic somatic diseases: diabetes mellitus,

hypertension, obesity, coronary artery disease
[13, 19].
AIM OF THE RESEARCH

To analyze cases of TBE in patients hospitalized
in Novosibirsk City Infectious Diseases Clinical Hos-
pital No. 1 (CIDCH) and to establish factors influenc-
ing the form of the disease and its severity in unvac-
cinated patients, as well as predictors of the early
prognosis of unfavorable severe TBE.

MATERIALS AND METHODS

In the 2024 epidemic season, 68 people were hos-
pitalized with TBE in the CIDCH, including 22 peo-
ple (32%) with the febrile form, 28 (41,5%) — with
the meningeal form, and 18 (26.5%) — with focal
forms (Fig. 1).

Men accounted for 60,3%, women — 39,7%. In the
first 3 days of the disease, 23 patients (33,8%) were
admitted, from the 4™ to the 10" day — 23 patients
(33,8%), late admission was observed in 22 patients
(32,4%). The diagnosis of TBE in all patients was
verified by the detection of IgM and IgG antibodies
to the TBE virus. The results of a complete blood
count (CBC), biochemistry for inflammatory mark-
ers — C-reactive protein (CRP) and ferritin were ana-
lyzed in all patients. In patients with CNS involve-
ment, as well as with the febrile form and meningeal
signs, cerebrospinal fluid parameters were analyzed.
The level of blood and cerebrospinal fluid IL-6 was
determined. Detection of anti-TBE virus IgM and
IgG, as well as CRP, blood ferritin, serum and cere-
brospinal fluid IL-6 values was carried out by solid-
phase enzyme immunoassay using the reagent kits
“VectoVKE-IgM”, “VectoVKE-IgG”, “CRP-IFA-BEST
highly sensitive”, “Ferritin-IFA-BEST”, “Interleukin-
6-IFA-BEST” (Vector-Best, Russia) with assessment
of the results on a semi-automatic “Real R” photom-
eter (Vector-Best-Baltika, Russia). Quantification of
the CBC parameters was performed on an automatic
hematology analyzer Mindray 6200. Blood sampling
for IL-6 measurement was carried out simultane-
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B Jluxopanounas / Febrile
O Menunreanstas / Meningeal
@ Ouarossie / Focal

Puc. 1. Jlosist pa3anyHbIX GOPM KJIEIEBOTO dHIledarnTa y HaleHTOB,
TOCIUTATU3UPOBAHHBIX B MHPEKITNOHHYIO KJIUHIYECKy0 60mbHuIly NO 1 1. HoBocuGupcka
Fig. 1. The proportion of various forms of tick-borne encephalitis in patients
hospitalized in the City Infectious Diseases Clinical Hospital No. 1 (Novosibirsk)

(32,4 %). Inaruos K9 y Bcex manueHTOB BepubUITH-
poBaH oOHapykeHHeM aHTUTEN Kiaacca IgM u IgG k
Bupycy K9. ¥V Bcex 6OJIbHBIX TPOBEIEHA UHTEPIIPE-
tanus obiiero ananmusa kposu (OAK), 6uoxumuue-
CKHX MapKepoB BocnaieHus — C-peakTUBHOTO HeJika
(CPB) u deppurnHa. Y marueHTOB € MTOPaKeHUEM
ITHC, a Taxxke ¢ 1UxopasouHol popmoi npu HaIu-
YUM MEHUHTU3Ma AaHAJIU3UPOBAJIUCH IOKA3ATETU
aukBopa. [IpoBoamiocs onpezesnerue yposus NJI-6
B KpoBHU U JIuKBoOpe. Boiasienue IgM, IgG k Bupycy
K3, wuccnenosanue ypoBHsa CPB, deppuruna B
kpoBH, 11JI-6 B CLIBOPOTKE KPOBU U JIUKBOPE ITPOBO-
JIJTM METOJIOM TBepZ0dha3HOTO UMMYHO(DEPMEHT-
HOTO aHaJIM3a C MpUMeHeHneM HabOpOB peareHTOB
«BekToBK9-IgM», «BektoBKOI-IgG», «CPB-IDA-
BECT BBICOKOUYBCTBUTEIbHBIN », «DepputuH-1DA-
BECT», «WnaTepneiikun-6-MMPA-BECT» npoussos-
ctBa kommanuu AO «Bekrop-Becr» (Poccust) ¢
OI[EHKOW pe3yJIbTaTOB Ha I0JyaBTOMATHUECKOM
BepTUKaIbHOM (poToMerpe «Pean P» (AO «Bektop-
Becr-Bantuka», Poccus). OnpesesieHne mokasaTe-
et OAK BBINOJIHAJIN HA aBTOMAaTUYECKOM TreMaTo-
JIoTuYeckoM aHasuzaTtope Mindray 6200. 3abop
KpoBU 1y ompesenenuss WNJI-6 ocyiecTBisics
OTHOMOMEHTHO C IIPOBeIEHNUEM JIIOMOIHHON ITYHK-
LMY B JIEHb [TOCTYIJIEHU BHE 3aBUCHMOCTHU OT HaJIU-
YU WIN OTCYTCTBUA IJIEOLUTO3A.

JIOTIOTHUTETEHO BceM OOJIbHBIM METOZIOM UMMY-
HO(EpMEHTHOTO aHaJIN3a B CPOKU IOcje 14 JHeH
TOCIUTANIN3aINHN IMIPOBOJIJIOCH 00cIesoBaHNE HaA
KB — B 100 % cityuaeB ObLI IOJIyUeH OTPHUIATENh-
HBIU pe3yJbTart.

Cpenu 3abosieBmux KO ObUT 1 BaKIIMHUPOBAH-
HBIU TALMEHT ¢ JIMXOPAZOUuHON HopMoi 3aboieBa-
Hus. ITpOTHBOKJIENIEBON WMMYHOTJIOOYJIMH IIOJIy-
YTl C MPO(PUIAKTHYECKON IeJIbI0 11 OOJIbHBIX:
6 ues. c¢ smxopagouHoil ¢opmoit (27,3 %), 2 — ¢
MeHUHTeThHOH (7,1 %), 3 — ¢ 0uaroBeIMu opMaMu
(16,7 %), B 1 ciydae 3abosieBaHUE 3aKOHUYHJIOCH
JIETaJIbHBIM UCXOIOM.

ously with a lumbar puncture on the day of admis-
sion, regardless of presence / absence of pleocytosis.

Additionally, all patients were tested for Lyme
borreliosis using enzyme immunoassay after 14 days
of hospitalization. In 100% of cases, a negative result
was obtained.

Among the patients with TBE, there was one vac-
cinated patient with the febrile form of the disease.
Eleven patients were vaccinated with anti-tick anti-
bodies for preventive purposes: 6 patients — with the
febrile form (27,3%), 2 — with the meningeal form
(7,1%), and 3 patients — with focal forms (16,7%).
One patient deceased.

Statistical analysis of the data was performed in
JASP (Windows 11) using the Mann-Whitney U test,
Spearman correlation analysis, and the chi-squa-
red test.

RESULTS AND DISCUSSION

The average age of patients with the febrile form
was 48 + 4,2 years, including 12 women (54,5%) and
10 men (45,5%). Seven patients (32%) were admitted
within the first 3 days of illness, 7 patients (32%) —
from the 3™ to the 10™ day, and 8 patients (36%) —
from the 11" to the 31 day.

Throughout the hospitalization time, the body
temperature varied from normal to 40°C in 3
patients. In 9 patients, duration of fever did not
exceed 5 days, in 3 patients it exceeded 2 weeks, with
the maximum febrile period being 20 days. The most
common complaints of patients were headache and
asthenia (73%); less common were dizziness (32%),
nausea (23%), and myalgias (13.6%).

In the CBC, leukocytosis was found in 6 patients
(27,3%), and the values did not exceed 12,7x109/1.
Absolute lymphopenia from 0,14 to 1,26x109/1 was
revealed in 8 patients (36,3%). The values of the
absolute peripheral blood leukocyte and lymphocyte
counts in patients with febrile TBE did not correlate
with each other (r = 0,355, p > 0,05).
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Craructuueckuil aHaIN3 JAHHBIX IIPOBOAWIICS B
nporpamme JASP (B Windows 11) ¢ HCII0/Ib30BaHHEM
U xpurepua MaHHa — YUTHHU, KOPPEJIALMOHHOIO
anaynmza CrimpMeHa u Kputepus X 2.

PE3YJIBTATDBI 1 OBCY KAEHUE

Cpenmuuii Bo3pacT 60JIBHBIX AUXOPAOOUHOU Pop-
Mol cocTaBUI 48 + 4,2 ro/a, CpeiN HUX KEHIIUH
610 12 (54,5 %), Myk4uH — 10 (45,5 %). ITocTy-
IIWIY B TIEPBbIE 3 AH 60JIE3HH 7 MalueHToB (32 %),
¢ 3-TO 10 10-# eHb — 7 (32 %), ¢ 11-T0 1o 31-H JIeHb
6os1e3Hu — 8 manueHToB (36 %).

TemmepaTypa TeJia BapbUpOBajia OT HOPMaJIbHOH
Ha TPOTSKEHUU BCEX JHEW TOCIUTATIU3AIUN Y
3 60bHBIX 710 40 °C. Y 9 0GOJIBHBIX JJIMTEIBHOCTH
JIMXOPAJIOYHOTO CHHAPOMA He IpPEeBBIINAja 5 JHEH;
y 3 — IpeBBIIIaa 2 HeJl, MAaKCUMAaTbHAS ITPOJIOJIKU-
TEJIbHOCTh JIMXOPAZOYHOIO IIEPHOJA COCTaBHJIA
20 nHel. HanboJsiee 4acTo MaueHThbl MPebABIISIN
3ka7100bI Ha TOJIOBHYIO 0OJIb U aCTEHUYECKUU CHH-
npoM (73 %), pexke OECIOKOMJIM TOJIOBOKPYKEHHE
(32 %), TomHoTa (23 %), Muanruu (13,6 %).

B OAK nedKonuTo3 BBISIBIEH y 6 OOJIBHBIX
(27,3 %) 1 He TpeBbBIIIAT 12,7%x10° /1. AGCOTIOTHASA
suMdOoIeHus oT 0,14 710 1,26x10° /71 HabJII0aIach y
8 60J1bHBIX (36,3 %). 3HaUeHUs aOCOTIOTHOTO KOJIH-
YecTBa JIEHKOIIUTOB U JINM(OITUTOB B mepudepuye-
CKOM KPOBHU IMAITUEHTOB C JIUXOPAJIOYHON (opmoit
K9 He xopppenupoBanu Mexay cobou (r = 0,355,
p > 0,05).

[ToBbINIEHHE TEMATOKPUTA BBIIIE 40 % Kak (akT
TOKCHKOJKCHKO3a Ha (pOHE HeaJeKBaTHOTO BO3Me-
IIEHUS BOAHO-2JIEKTPOIUTHBIX IOTEPH B PE3YJIHTATE
JUTATENbHON (PeOPUIbHON JINXOPAJAKK BBISABIISIIIOCH
y 15 yen. (68 %). Ilpu aTOM Tak:ke He OTMedYaIach
KOPPEJIANUA MEXAY MMOKA3aTeIsIMUA JIEHKOIIUTOB U
reMaTOKpUTa B KpPOBU MaIueHToB (7 0,029,
p > 0,05). ITobienne CPB o6Hapy:keHO Hosiee ueM
y TIOJIOBUHBI OOJBHBIX (54,5 %) U BapbHPOBAJIO OT
12,6 /10 278 MT/J1, He KOPPEJTUPYS HU C yPOBHEM JIeH-
xouutoB B OAK, HU cO 3HAQUEeHUSAMU TeMaTOKpHUTa
(p > 0,05). B nuHaMuKe yepes 7—10 THEH C MOMEHTA
TOCIIUTAJIN3AINH Y BCEX MAIMeHTOB nokasaresib CPb
HOPMAaTU30BaJICS I CHUBUJICS JIO <10 MT/JI.

CpenHuii Bo3pacT OOJIBHBIX MEHUH2eanbHOll
dopmoti cocTaBui 50,3 + 5,4 rona. Cpeau 3a60s1eB-
IIUX TpeobIaaau My KIUHbI — 17 (61 %). B mepBbie
3 nHsA 60s1e3HU mocTywta 8 ues. (28,5 %), 7 (25 %) —
Ha 4—10-€ CyTKH OT Havasia 3ab60seBaHus U 13 60JIb-
HBIX (46,5 %) — Ha 11—-27-€ CyTKH.

Y 6osapmuHcTBa 00JBHBIX (86 %) 3abosieBaHue
MIPOTEKAJIO C BHICOKOM JIMXOPAIKOH, JIUIID V 4 TaIu-
€HTOB oTMeuasicsa cybdebpmauTer. KpatkoBpemeH-
Hasl JINXOPAJIKa JI0 5 cyT ObL1a y 6 60JIbHBIX (21,4 %),

An increase in hematocrit above 40% as a sign of
toxicosis with exsicosis due to inadequate compensa-
tion of long-term fever-induced water-electrolytic
losses was detected in 15 patients (68%). Moreover,
no correlation was observed between the blood leu-
kocyte count and hematocrit in patients (r = 0,029,
p > 0,05). An increase in CRP was found in more
than half of the patients (54,5%) and ranged from
12,6 to 278 mg/1, not correlating with either the CBC
leukocyte level, or with hematocrit values (p > 0,05).
In dynamics, 7—10 days after hospitalization, the
CRP level normalized or decreased to <10 mg/1 in all
patients.

The average age of patients with the meningeal
formwas 50,3 + 5,4 years. Men predominated among
those infected: 17 (61%). Eight patients (28,5%) were
admitted within the first three days of illness,
7 patients (25%) — on days 4—10 from the disease
onset, and 13 patients (46,5%) — on days 11—27.

Most patients (86%) experienced high fever, and
only 4 patients had low fever. Short-term fever last-
ing up to 5 days was observed in 6 patients (21,4%),
while in 11 patients (39%) it lasted for more than two
weeks, with a maximum duration of up to 27 days.
Headache was the most common complaint (93%);
nausea (57%) and dizziness (53,5%) were more com-
mon than in the febrile form, while myalgias were
rare (14,3%).

On the day of hospitalization, all patients under-
went a diagnostic lumbar puncture, which revealed
pleocytosis from 16 to 648 cells/ml. Lymphocytic
pleocytosis was observed in 83,3% of cases. The level
of pleocytosis did not depend on either the day from
the disease onset, or duration of latent period
(p > 0,05). According to the CBC, leukocytosis was in
16 patients (57%), absolute lymphopenia — only in
4 patients (14,3%). No significant correlation
between the absolute count of leukocytes and lym-
phocytes in the CBC was found (p > 0,05).

The hematocrit level increased from 40 to 54,6%
in 75% of patients. Increased CRP values were
observed in 13 patients (46,4%), reaching a maxi-
mum of 46,8 mg/ml. Ferritin level was elevated in
only 4 patients, and in patients with the meningeal
form of TBE it did not correlate with values of CRP,
leukocytosis, and pleocytosis (p > 0,05).

Focal forms of TBE developed in 18 patients:
7 (38,9%) had meningoencephalitic, and 11 (61,1%)
meningoencephalo-poliomyelitic form. Men pre-
dominated among these patients (14 (77,8%)). The
average age was 49,7 = 5,1 years. Eight patients
(47,1%) were admitted on the 2" -3 day of illness,
9 (50%) — on the 4™ —10™ day, and only one (2,9%) —
on the 14™ day.
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y 11 (39 %) OHa TIpeBbINIaJIa JBE HENIETH C MaKCH-
MaJIbHOH JIJIMTEJIBHOCTBIO [0 27 naHeil. Haumbosee
vacto (B 93 % ciiydyaeB) MaIUeHTHI JKAJIOBAUCh Ha
TOJIOBHYIO 0O0JIb; dYallle, YeM IIPU JIUXOPaJOUHOU
dopme, — Ha TOMHOTY (57 %), TOJIOBOKPYKEHHE
(53,5 %), penko becriokoMIN MUaITuu (14,3 %).

B nenb rocrnuTanmu3anuu BCeEM IMAI[AEHTaM IPO-
Be/leHa JIIoMOaIbHAS MYHKIHUSA C THATHOCTUYECKOHN
IeJIbIO, BBIABJIEH ILJIEOIIUTO3 OT 16 10 648 KIeTOoK
(x1.) B 1 M1, JIuMmbonuTapHbId XapaKTep IJIEOIH-
TO3a oTMeuasca B 83,3 % ciaydadax. YpPoBeHb ILJIEO-
IIUTO3a HE 3aBHICEJI HU OT JIHA ¢ Hadasa 3aboJieBa-
HHsA, HA OT JUTUTEJIbHOCTH WHKYOAIMOHHOTO IEPH-
oma (p > 0,05). B OAK siefikonuTO3 BBIABJIEH Y
16 manueHToB (57 %), abcosoTHasA TUM@OTIEHU —
TOJIBKO Y 4 4ell. (14,3 %). JlocToBepHOH B3amMOC-
BSI3U aOCOTIOTHOTO YHC/Ia JEHKOIUTOB U TUMMOITH-
ToB B OAK He BbIsIBJIEHO (P > 0,05).

YpoBeHb TeMaToOKpuTa y 75 % OOJBHBIX MOBBI-
majcs U JOCTUTANT 40—54,6 %. YBennueHne 3HaUe-
uuii CPb ormeuasnoch y 13 uen. (46,4 %) — Makcu-
MaJbHO 10 46,8 mr/mi. Ilokazatenb (eppuTHHA
0Ka3aJICsA MOBBIIIEHHBIM TOJIBKO Y 4 Y€, K €er0 ypo-
BeHb Y OOJBHBIX MeHHHTeThHOU dopmoit KO ne
KoppeJstpoBal co sHaueHusmu CPB, srefikonuro3a u
mwieonutosa (p > 0,05).

Ouazosble ghopmut KO pazspuiuch y 18 manueH-
TOB: ¥ 7 (38,9 %) — MeHUHTO3HIIeDaTUTHIECKA, Y 11
(61,1 %) — MeHHUHTO3HIIE(DATOMOTUOMUETUTHIE-
ckasd. Cpemu 3abGoseBHIMX MPeoOIATATH  MYXK-
uyuHbl — 14 (77,8 %). CpegHuil Bo3pacT COCTABUJII
49,7 + 5,1 roma. Ha 2—3-# ieHb 60J1€3HU TOCTYIIUIN
8 uen. (47,1 %), ¢ 4-r0 1O 10-U AeHb 00JIE3HH —
9 (50 %), Ha 14-U nmeHb 0OOJIE3HU — TOJIBKO OJUH
(2,9 %).

V¥ Bcex marnueHTOB HabJII0/1aIcsl THTOKCUKAIIOH-
HBIN CUH/IPOM B BUJIe HeOPUIIBHON, TPY/THO KYITHPY-
€MOH KapOMOHMKAIOIIUMHU CPEACTBAMU JIMXOPATKU
oT 38,5 710 40 °C IpoA0KUTETHHOCTHIO JI0 5 THEHN Y
5 marueHToB (28 %), oT 6 110 10 /el — y 7 (39 %), oT
11 710 15 AHEH — y 4 (22 %). B ogHOM ciiyuae oTMeua-
JIOCh JIByXBOJITHOBOE Te€UeHUe 3a00JIEBaHUS C KOPOT-
KHM JILXOPAJIOYHBIM IEPHUOJIOM (3 JHs) B IEPBYIO
BOJIHY U BO300OHOBJIEHHEM JIMXOPAJ0YHOIO CHH-
JipoMa Ha 7-# JieHb 00JIE3HHU MPOJOJIKUTETBHOCTHIO
10 qHEH. B oHOM citydae JIUTUTETbHOCTD JINXOPA/IKU
YCTaHOBUTD He yZajoch. Beex 60IbHBIX OeCIIoKomIa
WHTEHCHUBHAsI TOJIOBHas 60J1b, 8 uest. (47 %) mpensb-
SIBJISTHL 2KJIOOBI HA TOIIHOTY, 6 (35 %) — Ha pBOTY,
5 (29 %) — Ha MuanTuu. B ogHOM ciydae kamo0bl
BBISICHUTBH HE YJIAJIOCh, TAK KaK O0JIbHOU OBLII T0CTaB-
JIEH B COCTOSTHUH HEBPOJIOTHUECKOTO JlepUIiuTa.

V 14 uen. (78 %) HabromaCA aTAKCHYECKUHA CHH-
JIPOM B BHJI€ TOJIOBOKPY?KEHUsI, IIIATKOCTH TOXOJIKH,

All patients had symptoms of intoxication and
high fever, slow-relieving with antipyretic drugs,
from 38,5 to 40°C, lasting up to 5 days in 5 patients
(28%), from 6 to 10 days — in 7 (39%), and from 11 to
15 days — in 4 (22%). In one case, a two-wave course
of the disease was noted with short-term fever
(3 days) during the first wave and a recurrence of
fever on the 7" day lasting 10 days. In one case, dura-
tion of fever could not be determined. All patients
presented complaints of severe headache, nausea —
8 people (47%), vomiting — 6 (35%), and of myal-
gias — 5 people (29%). In one case, the complaints
could not be clarified, since the patient was admitted
in a state of neurological deficit.

Fourteen patients (78%) suffered ataxia with diz-
ziness, unsteady gait, instability in the Romberg
stance, and a negative finger-to-nose test. In
7 patients (39%), limb and tongue tremor, as well as
nystagmus were noted. Nine patients (50%) showed
signs of disordered consciousness as confusion
(Glasgow coma scale (GCS) scores of 13—14). They
were transferred from the emergency room to the
intensive care unit (ICU). Seven of them (39%) were
presented focal symptoms during the admission,
such as proximal flaccid paresis of the upper and
lower extremities; lesions of cranial nerves (CNs),
i.e. bulbar palsy was noted in 8 patients (44,4%),
palsy of facial nerves — in 4 patients (22%), oculomo-
tor nerves palsy — in 4 patients (22%), and drooping
neck — in 5 patients (28%). Nine patients (50%) were
fully conscious on admission (GCS scores of 15), but
5 of them required transfer to the ICU within the first
24 hours of hospitalization due to the progression of
neurological symptoms, such as increasing cerebral
edema and development of pareses and paralyses.
Four patients were also transferred to the ICU on the
5—6™ day of hospitalization due to a slower progres-
sion of neurological symptoms. Mechanical ventila-
tion was used in 8 of 18 patients (44,4%), including
2 patients transferred from other hospitals. The
duration of stay on mechanical ventilation ranged
from 9 to 20 days, with an average of 13 days.

In one case, mechanical ventilation was used for
one day due to death of the patient with a competing
underlying condition: Tick-borne encephalitis,
meningoencephalitic form. Acute ischemic cerebral
infarction in the left middle cerebral artery. Clini-
cally, the disease manifested with neurological symp-
toms such as confusion, right-sided spastic hemipa-
resis, pseudobulbar palsy, and facial nerve paresis.
The cerebrospinal fluid analysis revealed lympho-
cytic pleocytosis of 117 cells/ul; a diagnosis con-
firmed by ELISA detection of IgM and IgG to the
TBE virus. Intravital neuroimaging did not reveal

68

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



Ulyanova Ya.S. et al. / Journal of Siberian Medical Sciences Vol. 9, No. 4 (2025)

HEYCTOHUYMBOCTH B 1103e Pombepra u OTpHUIIATEb-
HOU MTJTBIIEHOCOBOU MMPOOBI, y 7 HAKEHTOB (39 %)—
TPEMOp KOHEYHOCTeH, fA3bIKa, HUCTArM. Y 9 0O0JIb-
HBIX (50 %) HaOIIOAQINCH MPU3HAKH HAPYIIEHUS
CO3HAHWS B BHJE OIIylleHHsA (13-14 OaIoB IO
mkase koMbl [1azro — IIKT), ©3 mpueMHOTO MOKOsI
OHU TOCITUTAIM3UPOBAHBI B OT/IeJIEHHE PeaHUMAaI[UH
u nHTeHcuBHOU Tepanuu (OPUT). ¥ 7 u3 Hux (39 %)
yKe Ha MpreMe BbIsIBJIEHAa O4aroBasi CHMIITOMATHKA
B BU/JIE TPOKCUMAJIbHBIX BSIJIBIX IIAPE30B BEPXHUX U
HIPKHUX KOHEYHOCTEH, TOPAKEHU S YEPETHO-MO3TO-
BbIX HepBoB (UMH) B Buzie Gys1b0apHOTO CUHIpOMA
OoTMeueHbI y 8 60JIbHBIX (44,4 %), VII mapet UMH -y
4 JeJioBeK (22 %), r71a30/IBUTaTEIbHBIX HEPBOB — V 4
(22 %), cuMIITOM CBHCJION IIew — y 5 den. (28 %).
JleBsTh 60JIBHBIX (50 %) MOCTYIIWIN B ICHOM CO3HA-
HuH (15 6aw10B o KT, HO ITpu 3TOM IATH U3 HUX
B TeUEHHeE MEPBHIX CYTOK TOCIIUTAIN3AIUY TTOTPe6O-
Basicsa miepeBo;, B OPUT B cBsA3UM ¢ IIporpeccupoBa-
HUEM HEBPOJIOTUYECKOU CHMIITOMATHKH B BHJE
HapacTaHUs OTeKa MO3ra W IOSIBJIEHUS Iape30B U
mapanuuer. YeTBepo MarueHToB Tak:Ke ObLIH Iepe-
BeieHbl B OPUT Ha 5—-6-€ CyTKU rociuTaaIn3aiuu B
cBsA3U ¢ 0ojiee MeJJIEHHBIM IPOTPECCUPOBAHUEM
HEBPOJIOTUYECKOW CHUMITOMATHUKU. IIpoTe3mpoBa-
HUE JIbIXaTeJIbHOU (PYHKIMY (MCKYCCTBEHHAS BEHTH-
asnus gerkux — VBJI) npoBoauiock 8 60JIbHBIM U3
18 (44,4 %), u3 HUX 2 manKeHTa AocTaBieHbl Ha IBJI
IIpYU TIEPEBOJIE U3 JIDYTUX CTAIIMOHAPOB. J[yIuTesn-
HOocTh mpebbiBanus Ha WBJI cocraBisiia oT 9 110
20 JHEH, B CpeTHEM 13 JTHEH.

B osHOM citydae ammapaTHOE JbIXaHHE OCYIIECT-
BJISZIOCH OJTHU CYTKH B CBSI3U C JIOCYTOYHOU JIETATb-
HOCTBIO OOJIPHOTO C KOHKYPHUPYIOIIUM OCHOBHBIM
3abosieBanueM: «KiereBor sHIe(aIUT, MEHUHTO-
sHiledanuTrnaeckas Gpopma. OCTpbIF UIIEMUYECKUHI
nHGAPKT Mo3ra B 6acceliHe JIEBOW CpelHell MO3ro-
BOU apTepun». KinHMYecku 3a60IeBaHIE IIPOSIBIIS-
JIOCh HEBPOJIOTUYECKON CHUMIITOMAaTHKOA B BHUJIE
OIJIyIIIEeHUs, IPABOCTOPOHHETO  CIACTHYECKOTO
remunapesa, ICceBao0yJIb0apHOTO CHHApPOMa |
rmapesa JIUIIEBOTO HepBa. [Ipu ucciieloBaHUU JTUK-
BOpa BBIABJIEH IMM(MOIUTAPHBIN IJIEOIUTO3 117 KJI./
MKJI, IUATHO3 ITOATBEPIK/IEH HA OCHOBAaHUH BBISIBJIE-
Hua metonom MDA IgM u IgG k Bupycy K3. Ilpu
HEUPOBU3yIM3allMH OYar HIIEMHH ITPU KU3HHU
060JIbHOTO HE ObLIT 0OHAPYKEH, YKa3aHHOE OCJIOKHE-
HUeE MTOITBEPIKIEHO TaTAHATOMUYECKH.

JmurensHOCTh TpebbiBanmsa B OPUT cocraBmia y
MMaIMEeHTOB ¢ MEHUHTO3HIepaTuTnIeckor popmon
OT 2 110 9 fHel (B cpenHeM 5,3 + 3,6 AHA), C MEHUH-
rosu1edaronoInoOMueTuTHYecKo popmoit — oT 7
J10 49 HeH (B cpeHeM 16,9 + 12,2 /1H:A). JIeTaTbHBIN
KCXOJl KOHCTATUPOBAH Y 3 MAIUEHTOB: Y OJTHOH 60JIb-

ischemic lesion, and this complication was confirmed
during postmortem study.

The duration of staying in the ICU ranged from 2
to 9 days (the mean 5,3 + 3,6 days) for patients with
the meningoencephalitic form, and from 7 to 49 days
(the mean 16,9 + 12,2 days) for those with the menin-
goencephalo-poliomyelitic form. A fatal outcome
was recorded in 3 patients: one 74-year-old woman
with the meningoencephalitic form and 2 patients
with the meningoencephalo-poliomyelitic form,
aged 38 and 44, consequently. The 44-year-old
patient, in addition to TBE, was diagnosed with
severe novel coronavirus infection with bilateral sub-
total lung damage, as well as HIV infection (stage of
secondary diseases 4A, remission) amid antiretrovi-
ral therapy (ART). The 38-year-old patient presented
with severe neurological symptoms, including early
onset (on the 3" day of illness during outpatient
treatment) of paresis of the neck muscles, facial
nerve, and upper extremities, with rapid progres-
sion. Comorbidities were recorded in 13 patients
(72%) with focal forms of TBE: 3 cases of HIV infec-
tion (stage of secondary diseases), two of whom were
receiving ART; 1 case of bronchial asthma; 1 case of
multiple sclerosis; and the remaining patients were
diagnosed with combined pathology: type 2 diabetes
mellitus, varying degrees of obesity, coronary artery
disease, stable effort angina, post-infarction cardio-
sclerosis, chronic kidney disease, and hypertension.
One female patient was transferred from the mater-
nity hospital in the early postpartum period.

In the CBC, leukocytosis from 9,5 to 16,4x109/1
was detected in 16 of 18 patients (89%). The leuko-
cyte count did not depend on the duration of hospi-
talization. Absolute lymphopenia — less than 1,3x103/
ml was in 6 patients (33%). The majority of patients
(14 patients (77,8%)) were admitted to the hospital
with clinical and laboratory signs of exsicosis, which
was confirmed by an increase in hematocrit from 40
to 49%. However, the levels of biochemical markers
of inflammation (CRP over 10 mg/l, ferritin over
280 ng/ml) were elevated in only half of the patients,
and reached maximum values: CRP up to 78 mg/l,
ferritin up to 500 ng/ml. Moreover, no correlation
was found between the concentrations of biochemi-
cal markers of inflammation and the level of leukocy-
tosis, pleocytosis in the cerebrospinal fluid, and
duration of hospitalization.

The lumbar puncture revealed pleocytosis rang-
ing from 100 to 537 cells/ul, which also did not
depend on the day of hospitalization. Only one
patient, hospitalized on the second day of illness, had
a pleocytosis of 16 cells/ul. Neutrophilic pleocytosis
was detected in 5 cases (27,8%).
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HOU 74 JIeT ¢ MEHUHTOHIepauTUIecKou GopmMoi
Uy 2 IaI[eHTOB ¢ MEHNHT02HIE(DAIOIOTHOMUETH-
THIecKol opmoii 38 u 44 JeT. Y manuenTa 44 JieT,
nomuMo K3, muarsoctTrpoBaHBI HOBAasA KOPOHABH-
pycHass nHQEKIUs TAKeJION CTElleHU C JIBYCTOPOH-
HUM CyOTOTaJIbHBIM MOPaKEHUEM JIETKHX, a TAKXKe
BUY-undeknus B CTaIMN BTOPUYHBIX 340071 BaHUI
4A B dase pemuccuu Ha HGOHE aHTHUPETPOBUPYCHOU
tepaniuu (APBT). ¥V manumenrta 38 jier oTMeueHa
TsDKesIas HEBPOJIOTHYeCKas CHMIITOMATHKA — PaH-
Hee nosiBJIeHUE (Ha 3-€ CyTKH 3a00JIeBaHuA HAa aMOY-
JIATOPHOM 3Talle) Mape30B MBIIII IIIeH, JIUIIEBOTO
HepBa U BEPXHUX KOHEYHOCTEU — C OBICTPBIM IIPO-
rpeccupoBaHueM. Y 13 OOJIbHBIX (72 %) 0UaroBbIMH
dopmamu KD 3zapeructpupoBaHbl KOMOPOUIHBIE
3aboseBaHusA: B 3 caydanx — BUY-unbekius B cTa-
JIUM BTOPUYHBIX 3a00JI€EBAaHUH, /[BOE U3 KOTOPBIX
nosyuanu APBT; B onHOM ciiyuae — GpOHXHAIbHAS
acTMa, B OJIHOM CJIy4ae — PacCesHHBIN CKJIepo3s, Y
OCTaJIbHBIX MAITMEHTOB HMATHOCTUPOBAHA COUYETAH-
Has TIATOJIOTUS: CaxapHBI auabeT 2-ro THIIA,
OJKUpeHUe pa3jINYHON CTeNeHH BBIPAKEHHOCTH,
umeMuueckas 0OoJie3Hb  cepAla, CTEHOKapAUs
HanpspKeHUs, NOCTUH(APKTHBIM KapAHUOCKJIEPO3,
XpoHUYecKass 0O0JIe3Hb IIOYEK, THIEPTOHUYECKas
60se3Hb. O/lHA MTaIIEHTKA IEepeBe/ieHa U3 POAIIb-
HOT'O JIOMa B paHHEM I10CJIEPOJIOBOM IIEPUOIE.

B OAK y 16 u3 18 nanuenToB (89 %) BBIABIEH
JIEHKOIIUTO3 OT 9,5 /10 16,4x10°/J1. YPOBEHD JIEHKO-
[IUTOB HE 3aBHUCEJ OT CPOKOB TOCHUTAIH3ALIHU.
AbcostoTHast UM@ONEHUsT — MeHee 1,3 ThIC./MJI
obHapy:xeHa y 6 0oJyibHBIX (33 %). BospmmHCTBO
marueHToB (14 deit. — 77,8 %) MOCTYIUIN B CTAI[HO-
Hap C KJINHUKO-1a00paTOPHBIMU IMPU3HAKAMHU TOK-
CHUKOSKCHKO032, UYTO IOJITBEPIKATIOCH IOBBIIIEHNEM
reMaToKpHuTa ¢ 40 70 49 %, HO IPU 3TOM YPOBEHb
6uoxumuyeckux Mapkepos Bocnanenus (CPb 6osee
10 mr/na, ¢depputuH O6osiee 280 HT/MJ1) OBUT TOBBI-
IIIEH JIUIIH Y TIOJIOBUHBI OOJIBHBIX U JOCTHUTAJT MaK-
cuMasibHbIX 3HaueHuil: CPB — no 78 mr/m, deppu-
THH — 710 500 HT/MJ1. [Ipu 3TOM He 0OHApyKEHO KOP-
penAnuu  MeXAy B3HAUeHUsAMU OMOXUMHYECKUX
MapKepoB BOCHaJIeHUA U YPOBHEM JIEHKOIIUTO3a,
IIJIEOIUTO3A B JINKBOPE U CPOKAMU FOCIIUTAIN3ATIIH.

[To pesynbraTaM JIIOMOAJIBHON IYHKIIMM OTMe-
YaJicsl IUIEOIUTO3 OT 100 JI0 537 KJI./MKJI, KOTOPBIH
TaKKe He 3aBUCeJI OT JIHS TOCIIUTAIN3au. JIumsb y
OJTHOTO TIAI[MEHTa, TOCIUTATU3UPOBAHHOTO HA BTO-
pble CcyTKu 3a00JIeBaHUsA, ILJIEOIUTO3 COCTABHUII
16 ki1./MKI1. B 5 cyyasx (27,8 %) BbIsBIIEH HEUTPO-
(punpHBIN XapaKTep IJIEOIUTO3A.

IIpu nposenennun M®PA Ha Hajmuume aHTUTEI K
Bupycy K39 y 12 u3 18 6ospHBIX (66,6 %) ¢ odaro-
BbIMH  (opMaMu OTMedasicsi OTPUIATETbHBIHN

When performing ELISA for antibodies to the
TBE virus, 12 of 18 patients (66,6%) with focal
forms had a negative result in the first serum
sample (absence of IgG), which subsequently
became positive when repeated at intervals of
7—10 days. Meanwhile, IgM was detected in the
first serum in all patients. This indicates late
seroconversion and may predict an unfavorable
severe course of TBE.

The average hospital stay for patients with focal
forms was 22,8 + 11,4 days, with a maximum of
49 days. Mortality rate in 2024 was 3,4%.

To identify early prognosis predictors, we ana-
lyzed various factors that could influence the form of
the disease and its severity in unvaccinated patients.

The average age of patients with febrile, menin-
geal and focal forms did not differ significantly
(Fig. 2).

Among patients with meningeal and focal forms,
there was a predominance of men, while among
patients with the febrile form — a slight predomi-
nance of women (Fig. 3).

The time from the disease onset to hospital
admission did not influence the disease form. The
minimal time of hospital admission was in patients
with focal forms (5 + 3 days), which was significantly
less than in patients with the meningeal form
(10 £ 8 days, p = 0,025).

The duration and grade of fever had significant
differences in the groups of patients without and
with CNS involvement, and did not differ in patients
with meningeal and focal forms of TBE (Table 1).

Regarding the results of laboratory tests, signifi-
cant differences in leukocyte levels in the CBC were
observed only when comparing the groups of patients
with the febrile form and those with CNS involve-
ment. However, lymphopenia, hematocrit, and CRP
levels did not differ significantly across all three
groups (Table 2).

When analyzing the level of pleocytosis in the
cerebrospinal fluid of patients with TBE, it was found
that in patients with focal forms, leukocyte count was
significantly higher than in patients with the menin-
geal form (Fig. 4).

The diagnosis of TBE was confirmed in all patients
by detecting IgM antibodies using ELISA: in the first
serum sample in 92,3% of cases and in 100% of cases
in the second serum sample, collected 5-7 days
apart. In 9 patients with the febrile form (41%) and
12 patients with focal forms (66,7%), IgG antibodies
were not detected in the first serum sample. In
patients with the meningeal form, IgG antibodies
were not detected during the initial examination in
only 2 patients (7,7%) (Fig. 5).
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Fig. 2. Average age of patients with various forms of tick-borne encephalitis

pe3yabTaT B mepBOi chIBOpOTKe (oTcyrerBme IgG),
KOTOPBIH B TaJbHEHUIIIEM IIPH ITOBTOPHOM HCCJIENIO-
BaHUU C UHTEPBAJIOM 7—10 JHEH CTAHOBUJICS IOJIO-
skUTebHBIM. [Ipu 5TOM IgM BBIABIIAINCE y3KeE B IIEP-
BOU CBHIBOPOTKE y BCeX OOJIBHBIX. DTO CBHUETEb-
CTBYeT O IO3/HEH CEPOKOHBEPCHU W MOXKET OBITh
[IPEAUKTOPOM HEOJIATONPUATHOTO TSKEJIOTO Teue-
Hua K9.

CpenHsis IUIUTEIBHOCTh MPEOBIBAaHUS B CTAI[HO-
Hape ManueHTOB C OYarOBbIMU ()OPMaMH COCTaBIIIA
22,8 + 11,4 AHA, MAaKCUMaJbHO 49 AHel. JleTanb-
HOCTb B 2024 T. HAXOJIUJIACh Ha YPOBHE 3,4 %.

151 oOHaApy:KeHUs MPEAUKTOPOB PAHHEro IpOo-
THO3a HaMHU IIPOAHATU3HUPOBAHBI Pa3IMUHbIE (Pak-
TOPBI, KOTOPbIE MOTJIU OBJIUATH Ha hopMy 3aboJte-
BaHUA U TSKECTh TEUEHUs y HENPUBUTHIX IAIU-
€HTOB.

Cpenuuii Bo3pacT OOJBHBIX JIMXOPAIOUHOM,
MEHUHTEUIPHOM W OYaroBbIMU (OopMamMu JOCTO-
BEPHO He passuyascs (puc. 2).

Cpenu 6OJBHBIX MEHHHTEIBHOW U OYarOBBHIMU
dopmamu oTMedasoch mpeobiaaHUE MYKUMH,
cpeau MaIueHToB C JIUX0PaJOuHON (popMoOU He3HA-
YUTETbHO MPe0bIa/Ialu KeHIUHbBI (puc. 3).

Cpoku mocTymieHusi 60JIBHBIX B CTAI[MOHAD HE
BIMsIM Ha ¢dopMmy B3abosieBaHusA. HaumeHblre
CPOKH JI0 TIOCTYIUIEHUs B CTAIIMOHAD OBLIH Yy MaIu-
€HTOB ¢ oyaroBbIMu ¢dopmamu (5 + 3 JHS), UTO
JIOCTOBEPHO MEHBbIIIE, YeM Y MMAI[UEHTOB C MEHUHTe-
anpHOM dhopMoii (10 + 8 gHEH, p = 0,025).

JITUTETbHOCT, W BBICOTA JIMXOPAAKHU HMETH
JIOCTOBEPHBIE Pa3IUUYKs B TPYIIIAX MaIUeHTOB 6e3
nopaxkeHus u c¢ nopakenueMm IIHC u nmpu sTom He
OTJINYINCHh y TAIEHTOB C MEHUHTEAJbHBIMHU U
ogaroBsiMu popmamu K3 (Tabur. 1).

Yto kacaercsi pe3yJIbTaTOB JIabOpATOPHOU JHa-
THOCTUKH, TO JIOCTOBEPHOCTh PpAa3JINUYUH YPOBHS
nerkoruToB B OAK HabI101a71aCh TOJIBKO IIPH COTIO-

The prevalence of late seroconversion among
patients with severe forms of TBE may predict an
unfavorable course of the disease. However, late
seroconversion in 41% of patients with mild febrile
illness may contradict this finding and requires fur-
ther study in a larger sample of patients.

Significant differences in blood IL-6 levels were
obtained only when comparing patients with
febrile and focal forms (p = 0,015) (Table 3, Fig. 6).
However, a significant difference in cerebrospinal
fluid IL-6 values was revealed in patients with
febrile and meningeal, febrile and focal (p < 0,001),
and meningeal and focal forms (p = 0,05) (Table 3,
Fig. 7, 8).

In the group of patients with focal forms, patients
with a significantly elevated IL-6 level — up to 600—
800 pg/ml predominated, while in most patients
with the meningeal form, cerebrospinal fluid IL-6
levels ranged from o to 400 pg/ml. In the majority of
patients with the febrile form, cerebrospinal fluid
IL-6 concentrations ranged from 0—2 pg/ml.

A direct correlation was found between pleocyto-
sis indices and the level of cerebrospinal fluid IL-6 in
groups of patients with meningeal and focal forms
(Fig. 9).

CONCLUSION

The study performed allows us to draw the fol-
lowing conclusions:

1. The level of cerebrospinal fluid IL-6 is the most
sensitive laboratory parameter reflecting the severity
of neuroinflammation in TBE. Its concentration sig-
nificantly increases in cases of CNS involvement
(meningeal form: median 225,1 pg/ml; focal forms:
median 560,4 pg/ml) compared to the febrile form
(median 1,5 pg/ml) (p < 0,001). A direct correlation
was found between the IL-6 level and cerebrospinal
fluid pleocytosis. High cerebrospinal fluid IL-6 levels
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Fig. 3. Distribution of patients with different forms of tick-borne encephalitis by gender (*differences between men and
women with febrile and focal forms of tick-borne encephalitis are significant according to the chi-squared test at p = 0,04)

CTaBJIEHUU TPyHI OOJBHBIX C JIUXOPAIOUHON Gop-
mou u ¢popmamu ¢ nopaxkenuem ITHC. IIpu stom
ypoBeHb TuMdoIrieHnn, remarokpura, CPb He otiu-
YaJics JOCTOBEPHO BO BCEX TpeX rpymnnax (tabs. 2).

IIpu ananm3e ypoOBHS IIJIEONUTO3a B JIMKBODE
6071bHBIX KO ycTaHOBJIEHO, UTO YV MAIIEHTOB C 0Ya-
roBeIMH (OpMaMU KOJIMYECTBO JIEHKOIIUTOB OBLIO
ZIOCTOBEPHO BBIIIE, UeM y OOJIBHBIX C MEHUHTeaJb-
HOH dopmoii (puc. 4).

Huarno3 K9 moxarBep:kieH y BceX MHAIUEHTOB
BBISIBJIEHHEM aHTUTes Kyacca IgM meromom M OA:
y>Ke B IIEPBOU CBIBOPOTKE KPOBH B 92,3 % CJIyJaeB U
B 100 % — BO BTOPOU CHIBOPOTKE, B3SITOH C HHTEPBa-
JIOM 5-7 nHeH. Y 9 GOJIbHBIX JIMXOPAJOUYHOU (op-
Mot (41 %) u 12 (66,7 %) ouaroppiMu GopMaMu B
IIePBOI CHIBOPOTKE HE OIPEAEIsTUCh aHTUTEsIa
knacca IgG. ¥V manmmeHTOB ¢ MEHUHTeaIbHOU ¢op-
MOU aHTHTeJa Kiacca IgG He BBIABIISIJIUCH IIPU MEP-
BUYHOM OOCJIETOBAHUU TOJIBKO Yy 2 TIAI[UEHTOB
(7,7 %) (puc. 5).

(>400—-600 pg/ml) upon admission to hospital can
serve as an early predictor of the risk of severe (focal)
TBE, and requires enhanced monitoring and readi-
ness for intensive care.

2. Late IgG seroconversion is a marker of a severe
TBE course: the absence of IgG to the TBE virus
(negative result) during the initial examination (first
serum sample) is significantly more often associated
with the development of focal forms (66,7% in the
absence of IgG antibodies) and the febrile form (41%
in the absence of IgG antibodies) than with the men-
ingeal form (7,7% in the absence of IgG antibodies).
Although this phenomenon also occurs in mild
forms, late IgG seroconversion (especially in combi-
nation with neurological symptoms) is an important
laboratory sign that increases alertness for a poten-
tially severe course and requires repeated serological
testing after 7—10 days.

3. Severe forms of TBE had the following clinical
and laboratory features:

Ta6auna 1. Pazsinyust BbICOTHI ¥ IPOJIO/KATETBHOCTH JIMXOPA/AKHU NPU pas3inyHbIX popmax K3I
Table 1. Differences in the grade and duration of fever in different forms of TBE

TemnepaTtypa Me Temmena- IIpogo/nKuTEIb- Me npopoJ1-

dopmb K3 (uHTepBaIbHBIN TVOBL °C P HOCTb JINXOPaAKH ’KUTEJIbHOCTHU
p pa3max) YPel, (uHTEepBa/NbHBINM pa3Max) JIMXOPAaAKH, AHEH

TBE forms Me of tempera- . :

Temperature o Duration of fever Me of duration

q ture, °C "

(interval range) (interval range) of fever, days
Jluxopaznounas / Febrile 0,8 37,9 7 5
MeHuHreanbHas / Meningeal 1,05 38,8* 10 10*
Ouarossle / Focal 0 39* 4,5 6,5

IMIpumeuanusa. K- kieuesoi sHnepanut; Me - MmenaHa.

* Pazinuus OCTOBEPHBI IPY CPAaBHEHHUH C IMXOPaZ04HOH GopMoi o KpuTepuio MaHHa - YuTHu nipu p < 0,01.

N o t e s . TBE - tick-borne encephalitis; Me - the median.

* The differences are significant when compared with the febrile form according to the Mann-Whitney test at p < 0,01.
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Ta6smmua 2. Meauana J1abopaTOPHbBIX OKa3aTe el NPpY Pa3JIM4HbIX GOpMax KJIeleBOro sHIedpanuTa

INoka3aTen JIuxopagouyHas ¢popma MeHuHreaibHas ¢popma OuaroBsbie ¢opMbI
Parameters Febrile form Meningeal form Focal forms
JletikouuTsl, x10°/21 6,31 (3,14; 12,77) 9,76 (2,14; 15,34)* 13,08 (5,9; 16,7)*

Leukocytes, x10°/1

JinmonuTsl, x10°/1 1,46 (0,14; 2,58) 1,79 (0,48; 4,75) 1,73 (0,49; 3,09)

Lymphocytes, x10°/1

TemMaTOKpHUT, % 41,7 (25; 57,1) 43 (29; 54,3) 42,6 (26; 48,9)

Hematocrit, %

C-peakTUBHBIN GeJIOK, MT'/JT 15,9 (0; 278,6) 8,9 (0; 133,9) 12.8 (0; 98,5)

C-reactive protein, mg/1

* Pazyin4us JOCTOBEPHBI IPY CPaBHEHUH C IMXOPaZ04HOH GopMoi o KpuTepuio ManHa - YuTHu npu p < 0,01.
The differences are significant when compared with the febrile form according to the Mann-Whitney test at p < 0,01.
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(*pasnuuust TOCTOBEPHBI [0 KpUTepro MaHHA — YUTHHE IIPHU P = 0,015)
Fig. 4. The median of pleocytosis in patients with meningeal and focal forms of tick-borne encephalitis
(*differences are significant according to the Mann-Whitney test at p = 0,015)
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Fig. 5. The proportion of negative IgG patients at the initial examination depending

on different forms of tick-borne encephalitis
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Ta6una 3. Meguana ypoBHs UJI-6 (1ir/mJ1) B KpOBU U JIMKBOPE Y NAI[MEHTOB C Pa3/IMYHbIMUA GOpMaMu

KJeleBoro sHnedannTa
Table 3. The median of blood and cerebrospinal fluid IL-6 levels (pg/ml) in patients with various forms of tick-borne

encephalitis

MepaunaHna yposHsa WI-6

Median of IL-6 Febrile form

JluxopagoyHas popma MeHuHreasabHas popma

Ouarossle GOpMbI

Meningeal form Focal forms

2,6 (0,3; 114,9)
1,5 (0,6; 4,7)

B kpoBu / In the blood

B nukBope / In the cerebrospinal fluid

13,2 (1,7; 55,8)*
560,4 (1,1; 769,8)**

8,2 (0,5; 44,9)
225,1 (0,5; 767,9)**

* Pa3inuMs J0CTOBEPHBI IPU CPAaBHEHUHU C JIMXOPaZL04HOM popMoii o kpuTeputo MaHHa - YuTHuU nipu p = 0,015.
The differences are significant when compared with the febrile form according to the Mann-Whitney test at p = 0,015.
** Passinyus JOCTOBEPHBI IPU CPAaBHEHUH C JIMXOPAJJ0uHON popMoii 1o KpuTeputo MaHHa — YuTHM nipu p < 0,001.
The differences are significant when compared with the febrile form according to the Mann-Whitney test at p < 0,001.
#Pa3/iM4uusi JOCTOBEPHbI IPHU CPABHEHUH MEHUHTeaIbHOHM M 04aroBbIX $OpM 10 KpUuTeputo MaHHa - YutHu nipu p = 0,05.
The differences are significant when comparing meningeal and focal forms using the Mann-Whitney test at p = 0,05.
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Fig. 6. Blood IL-6 levels in patients with various forms of tick-borne encephalitis
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Fig. 7. Cerebrospinal fluid IL-6 levels in patients with tick-borne encephalitis with and without CNS involvement

IIpeobstazjanye 1MO3/IHEH CEPOKOHBEPCHU CPEIH
MalMeHToB ¢ TskeabIMu Qopmamu K9 moxer
SIBJIATBCS IPEAUKTOPOM HeOJIarONPHUATHOTO Tede-
Hust 3abosieBanus. Ho B TO jke BpeMsI [TO3IHIS CEPO-
KOHBepCcHUs y 41 % OOJIbHBIX, IepeHecInx 3ab01eBa-
HUe B JIETKOH JINXOPaJIOuHOU dhopMe, MOXKET OIPO-
BepraTh JaHHBIH (akT U TpebyeT MATHHEHUIIIETO
n3y4yeHus Ha OoJbIIel BbIOOPKE HAI[eHTOB.

(a) focal forms of TBE were characterized by sig-
nificantly higher cerebrospinal fluid pleocytosis
compared to the meningeal form;

(b) fever is significantly higher and lasts longer in
patients with CNS involvement (meningeal and focal
forms) than in the febrile form;

(c) leukocytosis, according to CBC, is significantly
higher in patients with CNS involvement (especially
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Fig. 8. Cerebrospinal fluid IL-6 levels in patients with meningeal and focal forms of tick-borne encephalitis (*p = 0,05)
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JoctoBepHble paznanuusa ypoBHA WJI-6 B KpoBu
OBLIM TIOJIyYeHBI TOJIBKO P CPAaBHEHUM OOJIBHBIX
JIMXOPaJIOYHOU U o4aropeiMu ¢popmamu (p = 0,015)
(Tabs. 3, puc. 6). OmHAKO BHISIBJIEHA 3HAYUTEIbHAS
JlocToBepHasi pasHurna 3nauenuit 1JI-6 B 1mkBope y
MMAIMeHTOB C JIMXOPAJIOYHOH W MEHUHTeaIbHOM,
JIMXOPAJIOYHON U 04aroBeIMu (p < 0,001), a TaK¥Ke
MEHUHTeIbHOH U o4aroBbIMu popmamu (p = 0,05)
(Taba. 3, puc. 7, 8).

B rpymie 60JIbHBIX ¢ O4aroBbIMu popMamMu Ipe-
001121 TIAIUEHTRI CO 3HAUUTETFHO MOBBIIIIEHHBIM
ypoBHeM WMJI-6 — 10 600-800 1r/MuI, TOrzia KaKk y
GOJIBIIMHCTBA MAIIMEHTOB ¢ MEHUHTEATHHOH (POPMOit
ypoBeHb IJI-6 B JmKBOpe Kojebascs B Ipenesiax
0—400 Ir/MJI. Y JOMUHHUPYIOLIETO YHCJIA AI[EeHTOB
¢ TUX0paiouHol popmoii 3HaueHus NJI-6 B TUKBOpe
HAaXO/IWINCH B INATIa30He O—2 TIT/MJI.

in focal forms, median 13,08x10%/1) than in the
febrile form (median 6,31x109/1) (p < 0,01). Severe
leukocytosis on admission of a patient with sus-
pected TBE is an alarming sign that requires exclu-
sion of focal lesions.

A predominance of men was noted among
patients with focal forms (77,8%).

4. A role of routine markers is limited: parame-
ters, frequently used to assess the severity of infec-
tions (lymphopenia, blood CRP levels, hematocrit,
duration of hospitalization), did not show a signifi-
cant association with the form and severity of TBE in
our study; their changes are non-specific and cannot
be reliable predictors of TBE outcome.

5. Vaccination is a priority. Despite the availabil-
ity of vaccination in the region highly endemic for
TBE (NR), coverage of the population remains sub-

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

75



Yavanosea A.C. u dp. / Journal of Siberian Medical Sciences T. 9, N 4 (2025)

BrisiBsieHa 1npsAMas KOpPpPeIAIMOHHAsA CBA3b
ToKasaTeJied IUIeoIuTo3a ¢ ypoBHeM WNJI-6 B JIHK-
BOpE B TPyNIIaX NAallMEHTOB ¢ MEHUHTEAJIbHOU U OYa-
roBeIiMU (popMamMH (puc. 9).

3AK/JIOYEHUE

IIpoBezieHHOE HCCTIEIOBAHHE TIO3BOJISAET CLIeJIaTh
CJIeNTyTOIIHEe BBIBOIBL:

1. YpoBenb NJI-6 B IUKBOpE sBJIsAETCS Haubosiee
YYBCTBUTEJIbHBIM  JIA0OPATOPHBIM  ITOKa3aTeJIeM,
OTPaKAIOIINM TsKeCTh HelpoBocrnayieHus mpu KO9.
Ero xoHIeHTpaIus JIOCTOBEPHO IIOBBIIIAETCA IIPU
nopackenuu [THC (MeHuHTeasbHass popMa: MearaHa
225,1 1r/MJ1; oyaroBble (DOPMBI: MenraHa 560,4 Ir/
MJI) TIO CPAaBHEHHIO C JINXOPaZ0IHOH popmoii (Mmeru-
ana 1,5 ir/mi) (p < 0,001). BeisiBiieHa mpsimast Koppe-
asanusa ypoBHa WJI-6 ¢ mjieonuTo30M B JIMKBODE.
Boicokuii ypoBerb NJI-6 (>400—600 1r/mi) B JIUK-
BODE IIPH [TOCTYIUIEHUH OOJIBHBIX B CTAIIIOHAD MOXKET
CJIy’)KUTh PAHHUM IIPEIUKTOPOM PHCKA TIKEIOTO
(ouaroBoro) Teuenus K9 u tpebyeT ycuaeHUs MOHU-
TOPUHTA U TOTOBHOCTH K NHTEHCUBHOU TePAIIUU.

2. Ilo3pHaAa cepokoHBepceus IgG ABigeTcsa map-
KepoM TsKeJIoro TeueHus KO: oTcyTcTBHE aHTUTEN
IgG x Bupycy KD (orpunaresnbHbIN pe3ysbTar) mpu
IepBUYHOM 0Ocie/oBaHUU (TIepBasi CHIBOPOTKA)
JIOCTOBEPHO dYallle CBA3aHO C Pa3BUTHEM OYaroBbIX
dbopm (66,7 % npu orcyrerBuu autures IgG) u uxo-
pazmouHoii GopMbI (41 % TIpU OTCYTCTBUH aHTHUTE
IgG), yeM ¢ MeHuHreadbHOH dopmoint (7,7 % mpu
orcyrctBuu aHTuTeNn IgG). Xorsa 3TOT (PeHOMEH
BCTpedaeTcs U IPHU JIETKUX HopMax, IIO3THA Cepo-
koHBepcus IgG (0co6eHHO B COUETAaHUU C HEBPOJIO-
TUYECKOH CHUMIITOMATHKOHM) SBJISETCA BasKHBIM
J1ab0OPATOPHBIM IMPU3HAKOM, IIOBBIIIAIONIUM HACTO-
PO’KEHHOCTh B OTHOILIEHUH IOTEHITUATIBHO TXKe-
JIOTO TeueHWUs, U TpeOyeT MOBTOPHOTO CEPOJIOTHYe-
CKOTO KOHTPOJIA Uepe3 7—10 JTHEH.

3. Tsoxennie dopmel KO umenu ciepyroiye Kiu-
HUKO-JIa00paTOpHBbIE 0COOEHHOCTH:

a) ouaroBble ¢Gopmbl K3 XapakTepH30BaINChH
JIOCTOBEPHO 0oJiee BBICOKHM ILJIEOIIUTO30M B JIUK-
BOpe 10 CPAaBHEHUIO ¢ MEHUHTeaIbHON (POpMOiL;

0) JIMXOpa/iKa JOCTOBEPHO BBIIIE W IMPOJOJIKU-
TesbHee y nanueHToB ¢ nopakenueM [[HC (MeHHH-
TeJIbHOW M 04YaroBbIX ¢opMax), YeM IpH JIUXOopa-
JIOYHOU (hopMe;

B) JjietikoruTo3 B OAK /0CTOBEPHO BBIIIIE Y TIATIH-
eHtoB ¢ nopaskenueMm ITHC (ocobGeHHO mpu odaro-
BBIX (hOpMax, MeZuaHa 13,08 x109/J1), UeM IpU JIUXO-
pamounoii popme (Menuana 6,31x10°/1) (p < 0,01).
BeIparkeHHBIH JIEMKOIIUTO3 IIPU HOCTYIJIEHUU TallH-
€HTa C o/io3peHneM Ha KO — TpeBOKHBIN IPU3HAK,
TpebyomNHi NCKITIOUeHNs 04aroBOTo IOPasKeHU .

optimal (61% in 2024). All cases of severe (focal)
forms of TBE and deaths have occurred in unvacci-
nated patients.

Key practical recommendations arising from the
findings presented:

1. To introduce a measurement of cerebrospinal
fluid IL-6 in patients with suspected TBE and menin-
geal signs for early risk of severe TBE stratification.

2. Strengthen monitoring of patients with no IgG
antibodies to TBE at the initial presentation, espe-
cially in presence of neurological symptoms or high
fever, with mandatory repeat serological testing after
7—10 days.

3. Consider persistent high fever and marked leu-
kocytosis in a patient with TBE as signs requiring
increased attention and excluding progression to the
focal form.

4. Actively inform the population about the need
for a full course of vaccination against TBE as the
only reliable way to prevent severe disease and death
from this infection in endemic regions.

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

OTmedeHO peobiaziaHue MY>KUYWH cpeau 60Ib-
HBIX ouaroBbiMu popmamu (77,8 %).

4. OrpaHUYeHHAsT POJIb PYTUHHBIX MapKepOB:
ImapaMeTphbl, YacTO UCIOJIb3yeMble [UJISI OIIEHKHU
Tshkectu nHMpexknui (TuMmdonenus, ypoeab CPb B
KPOBH, TeMaTOKPHUT, CPOKH TOCIIUTAIN3AIUN), HE
IMOKA3aJIM JIOCTOBEPHOU CBA3H C (OPMOU U TshKe-
cThi0 TeueHUss KO B JaHHOM HCCI€IOBAHUU; HUX
U3MeHeHUsi HecrelnupUUYHBI U HE MOTYT OBITh
HaJIe?KHBIMU ITpeAuKTOpamMu ucxoza Ko.

5. [TpropuTeTHOE 3HAUEHNE BAKITUHOIPO(DUIaK-
Tuku. HecMOTpsi Ha JIOCTYITHOCTh BAKIIMHAIIMHU B
BbIcOKOaHIeMuuHOM perroHe (HCO), oxBar Hacese-
HUA OCTaeTcs HEONTHUMAaTIbHBIM (61 % B 2024 T.). Bee
caydan Tsokenblx (ouaroBbix) dopm K3 u serasb-
HBI€ WCXOABl 3aPETHCTPUPOBAHBI Y HEIPUBUTHIX
MIallueHTOB.

KitroueBbie mpakTHUecKie peKOMEHAIINH, BbITe-
KAaIoIIye U3 [IPe/ICTABJIEHHBIX BHIBOJIOB:

1. Baegpurs ucciaenoanue ypopasa NJI-6 B auk-
BOpe y MaIlMeHTOB ¢ mofo3peHueM Ha KO 1 MmeHUH-
reaIbHBIM CHHPOMOM JJ11 PAHHEH CTPATU(GUKAIIIHI
pHUCKa TsKeJIOTro TeUeHus.

2. Yewtuts Habs07ieHNe 32 GOJIBHBIMU C OTCYT-
crBueM anturen IgG k KO npu nepsuunHoM obpare-
HUH, OCOOEHHO NPH HAJIUYUKA HEBPOJOTHYECKOU
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CUMIITOMAaTHUKHU WU BBICOKOH JIMXOPAJKH, ¢ 00s13a-
TeJIbHBIM IIOBTOPHBIM CEPOJIOTHUECKUM HCCIIe/I0BaA-
HHUEM Yepe3 7—10 JTHEN.

3. PaccmaTpuBaTh CTONMKYIO BBICOKYIO JINXOPAIKY
U BBIPAKEHHBIN JIEHKOITUTO3 y marueHTa ¢ K9 kak
MIpU3HAKHU, TPeOYIOIHEe TOBBIIIIEHHOTO BHUMAHUS U

HCKJIIOUEHUA HpOI‘peCCI/IpOBaHI/IH B O‘-IaI‘OBYIO
bopmy.
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KiivHuKa ¥ IPOTrHO3 pPacCeAHHOr0 CKJIepo3a
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AHHOTAIIMA

BBepnenwue. Paccesunasii ckiepos (PC) siByisieTcss OJHOM M3 OCHOBHBIX IPUYHH WHBIHIUBAIUAU JIUI] MOJIOJIOTO
BO3pACTa IOCJIe TPABMATHIECKHX IIOBPEXK/IeHNH. MHOTHe HCC/IeIOBAHNS YKA3bIBAIOT HA N3MEHEHUs KJINHUYECKOU Kap-
TtuHbI PC ¢ TeueHreM BpeMeHH, UYTO OTYACTH CBA3BIBAIOT C IPUMEHEHHEeM aTOTeHeTUYECKOU Tepaui.

IT e 1 b . WByunth u3ameHnenus kanHuku PC B mepros ¢ 01.01.2003 110 31.12.2022 B r. HoBocubupcke.
MaTepuanb U MeTO]Bbl . Bucciegosanue BKIIOUEHH! 1783 nanueHTa ¢ fuarao3oM PC, mocraBieHHBIM B
epuoy, ¢ 01.01.2003 Mo 31.12.2022, MPOKUBABIIUX B I'. HoBocubupcke. Onucana KIMHUYECKas KapTUHA (CHMIITOMBI
CTPYIIHPOBAHbI 10 (GYHKIIMOHAJIBHBIM crucTeMaM mikaibl J. Kurtzke); ompenenenst denorun PC, croiikuil 6aut mo
Expanded Disability Status Scale (EDSS), HazHauasach i1 Tepamnus mpenapatamu, uamensomumu teuenne PC (IIUTPC)
U ee JIJTUTEIbHOCTD. ¥ CTaHABINBAIOCH KOJIMYECTBO CUMIITOMOB B 1e0f0Te (MOHOCHMIITOMHBIN U ITOJIMCUMIITOMHBII ), CTe-
IIeHb BOCCTAHOBJIEHUs HEBPOJIOTHUECKUX HapylieHnH. Takke mpoaHnaymsuposaHo gocrmkenne EDSS 3,0 u EDSS 6,0 B
TpyIIie «yImpassseMoro» PC ¢ yueToM Ciefylonux MoKasaTeslel: JINTeIbHOCTh 601e3HU (BpeMs OT /1ebroTa KIuHuYe-
ckuil dazpl 60Ie3HN /10 31.12.2022), HHTEepBa «/1e610T — EDSS 3,0», nHTepBai «aebior — EDSS 6,0». B nannyo rpyniy
BKJIIOUEHO 1494 TAaIeHTa, oTBeYaBImux ByM kputepusam: Tepanus [IUTPC ne meHee 6 Mec U JIUTEIBHOCTD KJIMHUYe-
ckoii (¢a3pl 60JIE3HU HE MEHee 2 JIeT.

PesyunbrTar bl . [latoreHernueckas repanus PC usmeHnsia Teuenue 6oae3nu. Kimmanueckas kapruna PC xapakre-
pH30BasIach YBeJIMUEHUEM JIOJIU TAI[HEHTOB C PEMUTTUPYIOIINM TedeHueM (¢ 52 710 75 %, p < 0,05). YMEeHBIITUIach POJIb
10J1a MAIIUEeHTOB B JIOCTIDKEHUH CTOWKOY MHBAIMJM3AIUN. YCTaHOBJIEHA O0JblIasg 3HAYUMOCTh CHMIITOMOB /e0I0Ta B
JIOJITOCPOYHOM IIPOTHO3€ CTORKOUM MHBATUAU3ANNH (p < 0,05).

3axnwueHue. Ilom Bozpact, cumntoMsl iebota PC, HCIIOIb30BAHUE NTATOTEHETUUECKOW TEPAITUK CBSI3aHBI C
PHCKOM U BEPOSATHOCTBIO JOCTHIKEHUS CTORKOH HHBATUAN3ANNH (P < 0,05).

Karoueswte caosa: paCCCﬂHHbIﬁ CKJIEPO3, UHBAJINAN3alud, KJIIMHUKA, IIDOTHO3.
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Clinical picture and prognosis of multiple sclerosis in the era
of disease-modifying therapies in the city of Novosibirsk
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iState Novosibirsk Regional Clinical Hospital, Novosibirsk, Russia
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ABSTRACT

Introduction. Multiple sclerosis (MS) is a major cause of disability among young people after traumatic inju-
ries. Many studies indicate changes in the clinical picture of MS over time, which is partly attributed to the use of pathoge-
netic therapy.

A im . To study the changes in the clinical picture of MS between 01.01.2003 and 31.12.2022 in Novosibirsk.
Materials and methods. 1783patientswith MS diagnosed inthe period from 01.01.2003 to 31.12.2022,
who lived in Novosibirsk, were included in the study. The clinical picture was described (symptoms grouped by functional
systems of the Kurtzke Expanded Disability Status Scale (EDSS)); besides, the MS phenotype, EEDSS score, and whether
MS disease-modifying therapies (MSDMTs) were prescribed indicating their duration, were determined. The number of
symptoms at the onset (mono- and polysymptomatic) and the grade of recovery of neurological disorders were assessed.
The achievement of EDSS 3,0 and EDSS 6,0 in the group of “controlled” MS was also analyzed, considering the following
indices: duration of the disease (time from the onset of the clinical phase of MS to 12.31.2022), the interval “onset — EDSS
3,0”, the interval “onset — EDSS 6,0”. This group included 1494 patients who met two criteria: MSDMTs for at least
6 months, and the duration of the MS clinical phase for at least 2 years.

R e s ults . Pathogenetic therapy of MS changed the course of the disease. The clinical picture of MS was characterized
by an increase in the proportion of patients with a remitting course (from 52 to 75%, p < 0,05). The role of the gender of
patients in achieving permanent disability has decreased. The onset symptoms were found to be of great importance in the
long-term prognosis of persistent disability (p < 0,05).

Conclusion. Gender,age, symptoms at the MS onset, and the use of pathogenetic therapy correlate with the risk
and likelihood of achieving permanent disability (p < 0,05).

Keywords: multiple sclerosis, disability, clinical picture, prognosis.

Citation example: Arkhipov LE., Prokaeva A.L., Korobko D.S., Malkova N.A. Clinical picture and prognosis
of multiple sclerosis in the era of disease-modifying therapies in the city of Novosibirsk. Journal of Siberian Medical
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BBEJIEHUE INTRODUCTION

Paccesuubii ckiiepos (PC) siBisieTcss OTHOH U3
OCHOBHBIX NMPUYUH WHBAJIUJIU3ANMUU JIUI MOJIO-
JIOTO BO3pAacCTa IOCJIe TPABMAaTHYECKHUX ITOBPEXKIe-
Huit [1]. ®akTopsl, onpenaensioiiue Teuenue PC,
VCJIOBHO JIEJIATCSI HA MPOTHOCTHYECKH 0J1arompu-
SATHBIe U HeOjaroupusaTHble. HcciemoBaTenu
MpeANPUHUMAIOT MONBITKA pa3paboTaTh MPOTHO-
CTHYECKUE IIKAJIBbI, IOMOTAIIe BpayaM oIpe/ie-
JIATH CTpaTerulo Tepanuu [2—6]. ®akTOpsl Mpo-
rao3a PC yuTeHbI B KPUTEPUAX OBICTPOIIPOTPECCH-
pYIOIIETO ¥  BBICOKOAKTHBHOTO  BapHaHTOB
3aboneBanus (manee — arpeccuBHbill PC). Arpec-
cuBHOe Teuenne PC, mo MHEHHIO OOJIBIIMHCTBA
HccyIefloBaTeNIed, XapaKTepU3yeTCs COYeTaHHueM
YaCThIX ¥ HHBATUIU3UPYIOIIUX 000CTPEHUH, paH-
Hell aKKyMyJsiliueHd MOTeHIMaJIbHO HeoOpaTUMOH

Multiple sclerosis (MS) is a major cause of dis-
ability among young people after injuries [1]. The
factors that determine the course of MS are condi-
tionally divided into two categories: favorable and
unfavorable in terms of prognosis. Researchers are
trying to develop prognostic scales to help doctors
determine their treatment strategy [2—6]. The fac-
tors of MS prognosis are considered in the criteria of
rapidly progressive and highly active variants of the
disease (hereinafter referred to as aggressive MS).
The aggressive course of MS, according to most
researchers, is characterized by a combination of fre-
quent and disabling exacerbations, early accumula-
tion of potentially irreversible disability because of
progression, and high radiological activity. Natu-
rally, this type of MS requires prescription of highly

Journal homepage: http://jsms.ngmu.ru
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WHBaJIUJU3allUU 3a C4YeT IIpOTrpecCUpPOBaHUA U
BBICOKOM PaZiM0JIOTHUUYECKON aKTUBHOCTHIO. Ecte-
CTBEHHO, UTO JJaHHBINA BapuaHT PC TpebyeT Ha3Ha-
4eHUsI BBICOKOI(M(EeKTUBHBIX IpernapaToB, U3Me-
usronux teuernue PC (ITUTPC), ans yaydiieHus
JIOJITOCPOYHOTO HPOTHO3a [7-10]. BHenpenue B
KJIUHUYECKYIO0 IPAKTUKY KpUTEpUEB OJIaronpusT-
HOTO TIpOTHO3a CyMMuUpyercsi B JAedUHUIIUHA
«1obpokauecTBeHHOT0» PC, KOTOpBIHA OIpeses-
eTcs KaK BAapUAaHT TeueHUs 3a00JIeBaHUA C OIeH-
xoii mo Expanded Disability Status Scale (EDSS)
<3,0 B TeyeHHe 10—15 JIeT C Hadvajga 0oJie3HU
[11,12]. VI3yuyeHUe U BHEeJIpEHHE B KJIUHUUYECKYIO
MPaKTUKY YeTKUX KPUTEPUEB IaHHOU e OUHUITUHU
[IO3BOJIUT PELIUTh BOIPOC O CPOKAX NPUMEHEHUA
IIUTPC u mokazaHUAX K JI€3CKAJAIIMOHHOU CTpa-
terun Tepanuu [13]. C HavyasoM HpUMeHEHUS
[IUTPC u mnosaBieHueM G6o0jiee COBEPIIEHHBIX
METOJIOB JUATHOCTUKY U OIIEHKU TeueHUs 3aboie-
BaHUA OTMeUYeHO yJiydllleHue ImiporHo3a PC
[2, 14—16]. OmHaKo JTaHHBIE O IOJITOCPOYHOM IPO-
TrHO3e «ymnpasisieMoro» PC ocTaioTcs orpaHuyeH-
HBIMU U TPeOYIOT JAIbHEHIIIEr0 YTOUYHEHU .

N3yunTh kinHUUYeckoe TeueHue PC B mepuoy ¢
01.01.2003 110 31.12.2022 B T. HoBocuOUpCKe U o11e-
HUTH BJIMSTHUE KJIMHUKO-JIeMorpaduueckux axkro-
poB Ha TeueHme O0JIEBHU, MOJIUMUIUPOBAHHOE
tepanuei [IUTPC.

B ucciemoBanue BKJIIOUEHBI 1783 manueHTa C
MTOATBEPIKEHHBIM JUarH030M PC, MoCTaBIeHHBIM B
MEePHO/T ¢ 01.01.2003 TI0 31.12.2022, TPOKUBABIINX
B HoBocubupcke. Omnucana KIMHWYECKas KapTUHA
(cMMITOMBI CTPYHNIIUPOBAHBI IO GQYHKIMOHATBHBIM
cuctemam (®C) mkaner J. Kurtzke), ompeneneHs
denorun PC (o kinaccudukamuu F. Lublin 2014 1.),
crovikuii 6aymm EDSS, HazHauasach JIM Tepamus
IIUTPC u ee AyIUTEIbHOCTh. ¥ CTAHOBJIEHO KOJIMUYeE-
CTBO CHMIITOMOB B /e0i0Te (MOHOCUMIITOMHBIN U
IIOJIMCUMIITOMHBIM),  CTE€IeHb  BOCCTAHOBJIEHUS
HEBPOJIOTHYECKUX HapylleHu# (MOJIHOE — CUM-
[ITOMBI ITOJTHOCTHIO PErPECCHPOBAIM; HEIOJHOE —
CUMIITOMBbI HE PpErpecCUpPOBIM WU YaCTUYHO
perpeccupoBaii 4yepe3 3 MeC C MOMEHTA IIOsIB-
JIEHUS).

B mocstezyrorieM npoBeieH aHAIN3 JOCTHKEHUS
EDSS 3,0, EDSS 6,0 B rpyme «ynpasiasemoro» PC ¢
YUEeTOM CJIEYIOUIUX IIOKa3aTesiei: IJINTEIbHOCTD
6ose3uu (BpeMsi OT 1e0r0Ta KJIMHUYECKUU (hasbl
0oJie3HH /10 31.12.2022.), HHTepBaT «Ae6T — EDSS
3,0», uHTEepBan «aebT — EDSS 6,0». B manHyto

effective MS disease-modifying therapies (MSDMTs)
to improve the long-term prognosis [7—10]. Imple-
mentation of the criteria for a favorable prognosis
into clinical practice is summarized in the definition
of “benign” MS, which is defined as a variant of the
disease with an Expanded Disability Status Scale
(EDSS) score of <3,0 for 10—15 years from the dis-
ease onset [11, 12]. The study and implementation of
strong criteria for this definition in clinical practice
will allow us to resolve the issue of the timing of the
use of MSDMTs and indications for a de-escalation
strategy of therapy [13]. Since the beginning of the
use of MSDMTs and the advent of more advanced
methods of diagnosis and assessment of the disease
course, an improvement in the prognosis of MS was
noted [2, 14—16]. However, data on the long-term
prognosis of “controlled” MS remain limited and
require further clarification.

To study the clinical course of MS between
01.01.2003 and 31.12.2022 in Novosibirsk and to
evaluate the influence of clinical and demographic
factors on the course of the disease in the use of
MSDMTs.

1783 patients, who lived in Novosibirsk, with con-
firmed MS diagnosed in the period from 01.01.2003
to 31.12.2022, were included in the study. The clini-
cal picture was described (symptoms are grouped by
functional systems (FS) of the Kurtzke Expanded
Disability Status Scale (EDSS)), the MS phenotype
(according to the F. Lublin 2014 classification), EDSS
score, and whether MS disease-modifying therapies
(MSDMTs) were prescribed indicating their dura-
tion, were determined. The number of symptoms at
the onset (monosymptomatic and polysymptom-
atic), the grade of recovery of neurological disorders
(complete one — the symptoms regressed completely;
incomplete one — symptoms did not regress or par-
tially regressed 3 months after the onset) were estab-
lished.

Subsequently, an analysis of the achievement of
EDSS 3,0 and EDSS 6,0 in the group of controlled MS
was carried out, taking into account the following
indices: duration of the disease (time from the onset
of the MS clinical phase to 12.31.2022), the interval
“onset — EDSS 3,07, the interval “onset — EDSS 6,0”.
This group included 1494 patients who met two crite-
ria: MSDMTs for at least 6 months and the duration of
the MS clinical phase for at least 2 years. The propor-
tion of patients who started pathogenetic therapy with
first-line MSDMTs was 90,7% (n = 1357): glatiramer
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TPYIIy BKJIIOUEHO 1494 TWANHEHTa, OTBEYaBIINX
nByMm kputepusm: tepanus [INTPC He meHee 6 mec
U JUIUTEJIBHOCTh KJIMHUYEeCKoH ¢dasbl 6osie3HU He
MeHee 2 JieT. /{01 IanueHToOB, Ha4aBIIuX ITaToreHe-
Traeckyro Tepanuio ¢ [INTPC 1-# imHUM, cocTaBuIa
90,7 % (n = 1357): raTupamepa anerat — 40,8 %
(n = 610), uaTepdepons! beta — 46,9 % (n = 701),
TepudsyHOMUZL — 2,9 % (n = 44), numetwipyma-
par — 0,1 % (n = 2). [loyia manueHTOB, HAYABIITUX
naroreHeruyeckyio Tepanuio ¢ IIMTPC 2-i1 iunuy,
cocraBuia 9,3 % (n = 137): xiaapubuH — 0,7 %
(n = 9), maramuzymab — 2,7 % (n = 40), OKpeu3y-
Mab — 5,5 % (n = 82), dunrosumon — 0,4 % (n = 6).
Hosst IIUTPC 1-# uHUK Ha 31.12.2022 COCTaBUIA
74,1 % (n = 1028): rmaTupamepa anerar — 24,1%
(n = 334), untepdepons! 6eta — 35,8 % (n = 496),
TepudyHOMUJL — 14,1 % (n = 196), nuMeTHwIhyMa-
par — 0,1 % (n = 2). Jonsa ITUTPC 2-#1 1uHum Ha
31.12.2022 coctaBwia 25,9 % (n = 358): wiaapu-
6uH — 6,5 % (n = 92), HaTanu3ymab — 6,2 % (n = 86),
okpenudymab — 11,6 % (n = 162), cHHOHUMOT — 0,9 %
(n = 11), dunrroTIMOA, — 0,7 % (11 = 7).

JIJIsT CTaTHUCTUYECKOTO aHaJN3a HCIIOJIb30BaJIN
nporpammy StatTech v. 4.1.7. KoauuecTBeHHBIE
IMOKAa3aTeJu OEHUBAJINCh HA COOTBETCTBUE 3aKOHY
HOPMAaJIPHOTO pacIIpesieJIeHus C IOMOIIbI0 KpUTe-
pus Hlanupo — Yunka (Ipu 4Yuciie UCCIeAyEMbIX
MeHee 50) win kpurepus Koimmoroposa — Cmup-
HOoBa (mpu umcie uccaeayeMbix 6osee 50). Bcee
KOJINYECTBEHHbIE ITOKA3aTeN UMeJH HEHOPMasb-
HOEe pachpejieJieHle W OIMUCHIBAIIUCH C ITOMOIIBIO
menuanbl (Me), HUJKHEr0O M BEPXHETO KBapTHJIEH
(Q1—Q3). KareropuanbHble JaHHbIE OMUCHIBAJIUCH
¢ ykazaHueM abCOJIIOTHBIX 3HAaUeHWH (n) U mpo-
eHTHBIX Jlosied (%). CpaBHeHHE JBYX TPYyHIl IO
KOJIUYECTBEHHOMY IIOKA3aTei0 BBIMOJIHSIIOCH C
nomoupio U-kputepus Manna — Yutau. CpaBHe-
HHUE TPOIEHTHBIX JIOJIEH NpPHU aHAIN3€ YeThIpex-
MOJIHBIX U MHOTOIIOJIBHBIX TaOJIHI] CONPSIKEHHO-
CTH  BBIINOJHSJIOCH C TOMOINBIO  KPUTEPUs
xu-kBagpar IlupcoHa (IIpw 3HAYEHUSAX OKHIAE-
MOTO sABJEHUA OoJiee 10), TOYHOTO KPHUTEPH
duinepa (Mpu 3HAYEHUAX OXKUJTAEMOTO SIBJIEHUS
MeHee 10). HampaBiieHue 1 TeCHOTa KOPPEJISAIHOH-
HOM CBSABH MEXY ABYMSI KOJTHUECTBEHHBIMHU TOKa-
3aTeAMU OIeHUBAJIUCh C MOMOIIbI0 K03hdUIu-
eHTa PaHTOBOU Koppessanuu CiupMeHa; Cuaa Kop-
PeAIMOHHON CBA3U — 10 miKasie Yegnoka. OnieHka
noctmxkenus EDSS 3,0 u EDSS 6,0 B 3aBucuMocCTH
OT KJIMHUKO-/IeMorpaduueckux GakTOPOB TeUEHUs
00JIe3HHM TMPOBOAWJIACH C IIOMOIIBI0 MeTo/a
Kamrana — Meliepa, perpecCHOHHOTO aHaJn3a
Kokca. Paziuuus cUMTaUCh CTATUCTUYECKUA 3HA-
YUMBIMH IIPH P < 0,05.

acetate — 40,8% (n = 610), interferons-beta — 46,9%
(n = 701), teriflunomide — 2,9% (n = 44), dimethyl
fumarate — 0,1% (n = 2). The proportion of patients
who started pathogenetic therapy with second-line
MSDMTs was 9,3% (n = 137): cladribine — 0,7% (n =
9), natalizumab — 2,7% (n = 40), ocrelizumab — 5,5%
(n = 82), fingolimod — 0,4% (n = 6). The proportion of
patients who started with the first-line MSDMTs as of
31.12.2022 was 74,1% (n = 1028): glatiramer acetate —
24,1% (n = 334), interferons-beta — 35,8% (n = 496),
teriflunomide — 14,1% (n = 196), dimethyl fumarate —
0,1% (n = 2). The proportion of those who started with
the second-line MSDMT as of 31.12.2022 was 25,9%
(n = 358): cladribine — 6,5% (n = 92), natalizumab —
6,2% (n = 86), ocrelizumab — 11,6% (n = 162), sipony-
mod — 0,9% (n = 11), fingolimod — 0,7 % (n = 7).

StatTech v. 4.1.7 software was used for statisti-
cal analysis. Quantitative variables were tested for
normality using the Shapiro-Wilk test (if the num-
ber of subjects was less than 50) or the Kol-
mogorov-Smirnov test (if the number of subjects
was more than 50). All quantitative variables had
non-normal distribution, and were presented as
the medians (Me), lower and upper quartiles (Q1—
Q3). Categorical data were described with absolute
values (n) and percentages (%). The quantitative
comparison between the two groups was per-
formed using the Mann-Whitney U test. The com-
parison of percentages during the analysis of four-
field and multi-field tables were carried out using
Pearson’s chi-square test (for expected phenome-
non values more than 10), Fisher’s exact test (for
expected phenomenon values less than 10). The
direction and closeness of a correlation between
two quantitative variables were assessed using
Spearman’s rank correlation; the strength of cor-
relations was assessed using the Chaddock’s scale.
The assessment of the achievement of EDSS 3,0
and EDSS 6,0, depending on the clinical and
demographic factors of the disease course, was
carried out using the Kaplan-Meyer analysis and
Cox regression. The differences were considered
statistically significant at p < 0,05.

RESULTS

The clinical picture of MS in the MSDMTs era

At the disease onset, the age of the patients was
29 (23—37) years. The ratio of men : women was 32%
(n =569) : 68% (n = 1214). The majority of patients
had a monosymptomatic onset — 98% (n = 1744),
mainly with visual disorders 27% (n = 485) and
brainstem lesions 22% (n = 400), with complete
recovery in 74% (n = 1318). The baseline EDSS score
was 2,0 (2,0—2,5). The baseline ratio of the remitting
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PE3YJ/IBTATDI

Kimuaunueckaa xkapruHa PC B snmoxy Tepa-
nuu ITUTPC

Ha momeHT s1e610Ta 3a601€BaHNs BO3PACT HaIlH-
€HTOB cocTaBys1 29 (23—37) Jer. CoOTHOIIEHUe
MY>KUHHBI : JKEHITUHBI — 32 % (n = 569) : 68 %
(n = 1214). Y GOJIBIIMHCTBA MAIUEHTOB MPe00J1aas
MOHOCHUMITOMHBIN 71e610T — 98 % (n = 1744), mpe-
UMYIIECTBEHHO CO 3PUTEIbHBIMU — 27 % (n = 485) u
CTBOJIOBBIMU — 22 % (N = 400) HAPYIIEHUSAMU C I10JI-
HBIM BOCCTAHOBJIEHUEM B UCXofe — 74 % (n = 1318).
CraproBeiii 6amn EDSS cocraBun 2,0 (2,0-2,5).
V3HauaIbHOE COOTHOIIIEHUE (PEHOTUIIOB PEMUTTH-
pytomuit PC (PPC) : mepBUYHO-TIPOTPECCUPYIOIITUE
PC (ITITPC) cocraBuiio 95 % (n = 1690) : 5% (n = 93)
cooTBeTcTBeHHO. K 31.12.2022 omenka mo EDSS
cocraBuwiaa 2,0 (1,5—3,5) Oaswia. JloJjig IAIeHTOB,
pocrurmux EDSS 3,0, cocraBuia 32 % (n = 565).
Jousa manueHToB, gocturmux EDSS 6,0, cocraBmia
8 % (n = 120). K 31.12.2022 coorHomenne PPC :
nporpeccupytoniue ¢denotunsl 6oseznu (IIIIPC +
BrOpuuHO-Iporpeccupytomut PC (BIIPC)) cocra-
BuJo 75 % (n = 1380) : 25 % (n = 403). Jaurennb-
HOCTB 00J1e3HH — 9,0 (5—14) roza.

«Yupasiasaemoe» TeueHue PC:
pocruxkenusa EDSS 3,0 u EDSS 6,0

Pe3ysibTaThl OIleHKN KPUBBIX JlocTHKeHUA EDSS
3,0 u EDSS 6,0, nocTpoeHHBIX € IpUMeHEeHHeM
metona Kamana — Meliepa, B 3aBUCIMOCTHU OT KJIH-
HUKO-JleMorpaduuecKkux IpeaukTopoB aebora PC
MpeZiCTaBJIeHbI B TA0I. 1.

Pe3ynbpTaThl MHOTO(MAKTOPHOTO PETPECCHOHHOTO
ananusa Kokca rpejictaByieHbl B Ta0JI. 2.

JlauHble, IpeZicTaBIeHHbIe B Ta0JI. 1 U 2, CBUE-
TEJILCTBYIOT O BJIUSHUM T10J1a TTAI[HEHTOB HA BPEMs
nocrkenus EDSS 3,0 u EDSS 6,0, a Tak:xe Ha puck
moctkennss EDSS 3,0 (p > 0,05). OmHako puck
moctikennss EDSS 6,0 y My»kuuH OBLT BBHIIIIE B
1,7 pasa (p < 0,05). Bospacr u kimHUUYeckue ¢ak-
TOPBI JIe0I0Ta, 0COOEHHO JIBUTATEIbHbIE HAPYIIIEHU
u Gospiui ctapToBbiii EDSS, okaspiBaiu BIUSHEE
B mocrmkeHunn kak EDSS 3,0, tak u EDSS 6,0
(p < 0,05).

AaHaAJINn3

«Yupasiasaemoe» TedeHue PC: goJsrocpou-
HBIHA IPOTHO3

O11ieHKa CBSI3U KJIMHUKO-ZIEMOTpahUIECKUX Ipe-
nukTopoB PC ¢ nHBaIuAu3anuel manueHToB Ipe-
craBjieHa B Ta0JI. 3.

Kak mokassIBaIOT JjaHHBbIE Ta0JI. 3, AemMorpadu-
YecKkre IIPEeIUKTOPHI «yIpaBisiemoro» PC, Takue
KaK I10JI ¥ BO3pacT Ie00Ta, BJIUSIN Ha UHBATUAN3a-
[HMIO B IIEpBBIE 5 JieT (p = 0,035) U B TEUEHUE 20 JIET

MS (RMS) : primary progressive MS (PPMS) pheno-
typeswas 95% (n1=1690) : 5% (n=93). By 31.12.2022,
EDSS score was 2,0 (1,5—3,5). The proportion of
patients who achieved EDSS 3,0 was 32% (n = 565).
The proportion of patients who achieved EDSS 6,0
was 8% (n = 120). By 31.12.2022, the ratio of RMS :
progressive disease phenotypes (RMS + secondary
progressive MS (SPMS)) was 75 % (n = 1380) : 25%
(n = 403). Duration of the disease was 9,0 (5—14)
years.

Controlled MS: an analysis of the achieve-
ment of EDSS 3,0 and EDSS 6,0

The results of the evaluation of the curves for
achieving EDSS 3,0 and EDSS 6,0, constructed using
the Kaplan-Meyer method, depending on the clinical
and demographic predictors of the MS onset are pre-
sented in Table 1.

The results of the multifactorial Cox regression
are presented in Table 2.

The data presented in Table 1 and 2 indicate the
effect of patient gender on the time to achieve EDSS
3,0 and EDSS 6,0, as well as on the risk of achieving
EDSS 3,0 (p > 0,05). However, the risk of achieving
EDSS 6,0 in men was 1,7 times higher (p < 0,05). Age
and clinical factors of the onset, especially motor
impairments and higher baseline EDSS, influenced
the achievement of both EDSS 3,0 and EDSS 6,0
(p < 0,05).

Controlled MS: a long-term prognosis

The assessment of the association of clinical and
demographic predictors of MS with disability in
patients is presented in Table 3.

As shown in Table 3, demographic predictors of
controlled MS, such as gender and age at the onset,
influenced disability in the first 5 years (p = 0,035)
and during 20 years of the disease (rxy = 0,458, mod-
erate, p < 0,001), respectively. Clinical predictors of
controlled MS affected disability for over 5 years of
the disease, except for brainstem symptoms
(p < 0,05). The EDSS score at baseline positively cor-
relates with disability at all stages of the disease
(rxy = 0,681, noticeable, p < 0,001).

DISCUSSION

In controlled MS on 31.12.2022, in comparison
with the typical course of MS on 31.12.2002, an
increase in the proportion of cases of RMS was shown
(from 52% (n = 137) to 75% (n = 1380)) amid a
decrease in the proportion of cases of SPMS (from
41% (n = 109) to 18% (n = 310)) (p < 0,05). The pro-
portion of patients with PPMS did not change (7%
(n=19) and 7% (n = 93) (p > 0,05).
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Ta6una 1. Cpoku goctikenus EDSS 3,0 u EDSS 6,0 B 3aBUCHUMOCTH OT KJIMHUKO-/leMOTrpaduuecKuX MpeJUKTOPOB AebioTa

PC, Me (Q1-Q3)

Table 1. Timings of the achievement of EDSS 3,0 and EDSS 6,0, depending on the clinical and demographic predictors of the

MS onset, Me (Q1-Q3)

Bpewmsa g0 Bpewms g0
AOCTHXKEeHUS JOCTHIKEeHUS
Iloka3aTesib / Parameter EDSS 3,0, 1eT p EDSS 6,0, 1eT p
Time to achieving Time to achieving
EDSS 3,0, years EDSS 6,0, years
[on My>xckott / Male 5(3-8) >0,05 9 (5-12) >0,05
Gender »enckuii / Female 6 (3-9) 10 (7-14)
Bospacr ge6iota Pannuii PC / Early MS 7 (3-11) <0,05* 11 (11-13) <0,05*
Age of the onset Tunuunsiit PC / Typical MS 6 (3-9) 10 (4-13)
[Mosauuii PC / Late MS 4 (1-7) 2 (2-4)
deHoTHUN PPC / RMS 6 (3-9) <0,05* 11 (8-14) <0,05*
Phenotype [IIPC / PPMS 2 (1-5) 5(2-10)
Kosi-Bo cuMnTOMOB B MOHOCHUMIITOMHBIH 6(3-9) <0,05* 10 (5-3) <0,05*
JebioTe Monosymptomatic
Number of symptoms - 1o rucumnrommiii 2(1-4) 7 (2-9)
at the onset Polysymptomatic
CUMITOMBI B Ie60Te  3pUTesbHbIE Ectb /Yes 7 (4-10) <0,05* 12 (8-15) >0,05
Symptoms at the Visual Her / No 6 (3-9) 10 (5-13)
onset CTBOJIOBbIE Ecte /Yes 7 (4-10) <0,05% 14 (11-16) <0,05*
Brainstem Her /No  6(3-9) 9 (11-16)
[lupamuiHblE Ecte /Yes 4 (2-7) <0,05* 9 (4-11) <0,05*
HapyimeHus Her / No 6 (3-10) 12 (8-15)
Pyramidal signs
KoopuHaTopHbie Ectb /Yes 3 (1-6) <0,05* 6 (4-9) <0,05*
Coordination Her/No 6 (4-10) 11 (8-14)
YyBCcTBUTEIbHbIE Ectb /Yes  6(3-9) <0,05* 8 (4-14) >0,05
Sensitive Her /No  6(3-9) 10 (7-13)
TazoBble Ecte /Yes 2 (1-4) <0,05* 7 (2-12) >0,05
Pelvic Her/No  6(3-9) 10 (5-14)
KoruutusHsbie Ectb /Yes 4 (2-6) <0,05* 9 (9 x) >0,05
Cognitive Her /No  6(3-9) 10 (5-13)
HUcxopap! nebroTa [ToTHOEe BoCCTaHOBJIEHHE 7 (4-10) <0,05* 12 (9-16) <0,05*
Outcome of the onset Complete recovery
HemnoJiHoe BoccTaHOBJIEHUE 4 (2-7) 9 (4-11)
Incomplete recovery
CrapToBad oueHkano 1-1,5 4 (3-6) <0,05* 18 (18-18) <0,05*
EDgg, GasLbl basell 2-2,5 7 (5-10) 12 (9-15)
EDSS score at baseline >3 _ 9 (4-11)

[IpumMedyaHm4da:
nporpeccupytouii PC.
* Pa3iMumsl CTaTUCTUYECKH 3HAa4YuMBI (p < 0,05).

Notes:
* Differences are statistically significant (p < 0,05).

3a00J1€BaHUS (rw = 0,458, ymepeHHas, p < 0,001)
COOTBETCTBEHHO. KiuHuueckne  IpeauKTOPbI
«yTpaBJisieMoro» PC BIIMsUIM HA WHBATUIU3AIHIIO B
cpoku OoJiee 5 JjieT O0JIE3HH, 32 UCKITIOUEHHUEM CTBO-
JIOBBIX CUMITOMOM (p < 0,05). CTapTOBBIA YPOBEHD
EDSS nonoxutenbHO KOppeaupyeT ¢ UHBAIUANU3a-
yed Ha Bcex sramax 00Jie3Hu ('}y = 0,681, 3amer-
Hasd, p < 0,001).

EDSS - Expanded Disability Status Scale; PC - paccesinnblii ckiiepos; PPC - pemuttupytomuii PC; IIIPC - nepBu4HO-

EDSS - Expanded Disability Status Scale; MS - multiple sclerosis; RMS - remitting MS; PPMS - primary progressive MS.

Demographic factors (gender, age of the onset) of
controlled MS influenced disability within the period

analyzed. However, male gender did not influence
the time to achieve EDSS 3,0 and EDSS 6,0
(p > 0,05), but contributed nonetheless to a 1,7-fold
increase in the risk of achieving EDSS 6,0 (p < 0,05).
These changes can be explained by the influence of
patients’ gender on the long-term prognosis in
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Ta6smna 2. Puck goctmkenus EDSS 3,0 u EDSS 6,0 B 3aBUCUMOCTH OT KJIMHUKO-ZeMorpadpuiecKrx NpeauKTopoB ae6oTa PC
Table 2. The risk of achieving EDSS 3,0 and EDSS 6,0, depending on clinical and demographic predictors of the MS onset

[loKasaTels EDSS 3,0 EDSS 6,0
D ———— OP; 95% AU p OP; 95% AU p

RR; 95% CI RR; 95% CI
[Tos (My»xckoit npoTuB keHckoro) / Gender (male vs. female) 1,15; 0,9-1,4 0,144 1,73; 1,1-2,8 0,031*
Tunuunblit PC npotus panHero PC / Typical MS vs. early MS  2,55; 1,6-4,1 <0,001* 2,27;0,8-6,8 0,141
[Mospuuit PC npotus panHero PC / Late MS vs. early MS 3,08; 1,7-5,7 <0,001* 5,10; 0,9-27,3 0,057
JleGI0T: MOJIMCUMIITOMHBIN TPOTUB MOHOCUMIITOMHOT'O 0,58; 0,3-1,3 0,166 0,76; 0,1-4,5 0,766
Onset: polysymptomatic vs. monosymptomatic
3puTenbHble HapyueHus / Visual disorders 1,04; 0,7-1,5 0,84 2,03;0,7-5,8 0,185
CtBoJioBble HapyieHus / Brainstem lesions 1,09; 0,8-1,6 0,641 0,93;0,4-2,4 0,885
[TupamuHble Hapymenus / Pyramidal signs 1,04; 0,8-1,4 0,829 3,07;1,5-6,4 0,003*
KoopaunatopHble HapyiieHus / Coordination disorders 1,71;1,2-2,4 0,001* 2,77; 1,3-6,1 0,012*
YyBcTBUTE/IbHBIE HapyLIeHUs / Sensitive disorders 1,04; 0,7-1,5 0,815 1,42; 0,5-3,9 0,498
TazoBble HapylieHust / Pelvic disorders 1,34;0,7-2,5 0,343 2,16; 0,8-6,1 0,149
KoruutusHble Hapyienus / Cognitive disorders 0,85;0,4-1,8 0,675 0,83;0,1-6,4 0,859
BoccTaHOBJ/IEHHE: HETIOJIHOE TPOTHUB MOJIHOTO 1,88;1,5-2,3 <0,001* 2,67;1,6-4,5 <0,001*
Recovery: incomplete vs. complete
®enotun: [1IIPC npotus PPC / Phenotype: PPMS vs. RMS 1,98; 1,4-2,8 <0,001* 1,30; 0,6-2,9 0,537
CraproBbsrii 6as1 no EDSS: 2,0-2,5 npotus1,0-1,5 1,44; 0,9-2,2 0,126 10,60;1,2-97,5 0,037*
EDSS score at baseline: 2,0-2,5 vs.1,0-1,5
CtapToBblil 6as o EDSS: 23,0 npotus1,0-1,5 - - 10,43;1,1-100 0,042*

EDSS score at baseline: 23,0 vs. 1,0-1,5

[IpumMedyaHnwu4da:
nntepsas; PPC - pemuttupyromuii PC; IIIPC - nepBuyHo-nporpeccupytomuii PC.
* Pa3Inuusi CTaTUCTHYECKH 3HaYUMBI (p < 0,05).

Notes:
PPMS - primary progressive MS.

*Differences are statistically significant (p < 0,05).

Ta6una 3. CpOKH MPOrHOCTUYECKOW 3HAYUMOCTH PpaKTOPOB J1e6H0TA pacCesiHHOTO CKIEpP03a
Table 3. Timing of the prognostic significance of the factors of the multiple sclerosis onset

EDSS - Expanded Disability Status Scale; PC - paccesinHbl1# ckepo3; OP - oTHoweHHe puckoB; /{1 - foBepUTeIbHBIH

EDSS - Expanded Disability Status Scale; MS - multiple sclerosis; RR - risk ratio; CI - confidence interval; RMS - remitting MS;

HokazaTenu 0-2 ropa 3-5 et 6-10 net 11-15ner 16-20 seT
Parameter 0-2years 3-5years 6-10years 11-15years 16-20 years
(n=167) (n=350) (n =482) (n = 440) (n=338)
[Mon / Gender - + - - -
Bo3spact ae6iota / Age of the onset +++ +++ +++ +++ +++
KoJs1-Bo cuMnTOMOB B fie6i0Te + - + - -
Number of symptoms at the onset
3puTtenbHbie HapyiieHus / Visual disorders + - +4++ + +
CtBos0BbIE HapylieHUs / Brainstem lesions - + - - -
[MupamuHble HapyeHus / Pyramidal signs +++ +++ +++ +++ ++
KoopiuHaTopHbIe HApYIIEHUS ++ +++ +H+ ++ -
Coordination disorders
YyBcTBUTeNbHBIE HapyLieHUs / Sensitive disorders - + - ++ +++
TazoBble HapyueHust / Pelvic disorders - +++ ++ - -
Koruutusnsle HapyueHus / Cognitive disorders - - - - -
BoccranoBieHue B fie6ioTe / Recovery at the onset  +++ +++ +++ +++ ++
CrapToBbii 6asi o EDSS / EDSS score at baseline  +++ +++ +4++ +++ ++
Tun Teyenus / Type of the course +++ +++ +++ +++ +
NIpumewvyaunusda: +005>p>0,01;++0,01>p>0,001; +++ p <0,001; - p > 0,05.
EDSS - Expanded Disability Status Scale.
Notes:+005>p>001;++0,01>p>0,001); +++ p<0,001; - p > 0,05.
EDSS - Expanded Disability Status Scale.
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OBCYXKJAEHUE

[Ipu «ynpasasemom» PC Ha 31.12.2022 B cpas-
HEHHUHU C <«EeCTeCTBeHHbIM» TeueHneM PC Ha
31.12.2002 MPOJIEMOHCTPUPOBAHO  yBEJIUUYEHHE
nonu ciaydaeB PPC (c 52 % (n = 137) no 75 %
(n = 1380)) npu ymensinenun joau BITPC (c 41 %
(n =109) 10 18 % (n = 310)) (p < 0,05). JloJs HanK-
enTtoB ¢ IITTPC He usmenmnach (7 % (n=19)u7 %
(n=93) (p > 0,05)).

Jemorpaduueckue dakrTopbl (o, BoO3pacT
nebioTa) «ympasisemMoro» PC BIHsIM HAa WHBAJIU-
JIN3AIAI0 B paHee yCTaHOBJIEHHBIE cPOKU. OJIHAKO
MYKCKOH TIOJI He BJIUAJI HA BPEMs JIOCTHIKEHHSA
EDSS 3,0 u EDSS 6,0 (p > 0,05), HO Bce e croco0-
CTBOBAJI YBEJTMUEHHUIO B 1,7 pa3a PUCKA JIOCTHKEHUS
EDSS 6,0 (p < 0,05). /laHHbBIe U3MEHEHUSI MOKHO
OOBACHUTHh BJIMAHUEM II0JIa IAIEHTOB Ha [I0JITO-
CPOYHBIHM IPOTHO3 IIPU arpeccUBHBIX BapuaHTax PC,
B TO BpeMsI KaK y MAI[HEHTOB C YMEPEHHON aKTUBHO-
CThIO 3abosieBanus, mpuMeHsionux [INTPC, Bius-
HUeE 110J1a ObLII0 HUBEJTUPOBAHO.

EcrecrBeHHO, uTO BKJIaj mo3zHero aebrora PC
crioco6CTBOBasI  OoJiee CYIECTBEHHOM pa3HUIlE B
nmoctkennu EDSS 3,0 (4 roma mpoTUB 7 JIET,
p < 0,05; oTHOIIeHUEe puckoB (OP) 3,08; 95% nose-
puresnbHbIA uHTEpBan (1) 1,6—5,7, p < 0,001) u
EDSS 6,0 (2 rozja mpoTuB 11 JIeT, p < 0,05; OP 4,12;
95% 111 1,02 — 16,62, p = 0,047) B CPAaBHEHUH C PaH-
HuM PC. OHaKO YMEHBIIUJIUCH Pa3/INYUA MeXIY
XapaKTepUCTUKAMHU THUINYHOTO U paHHero PC B
nmoctukennn kak EDSS 3,0 (6 jier mpoTUB 7 JIET,
p < 0,05; OP 5,1; 95% 11 0,9—27,3, p < 0,057), TaK
u EDSS 6,0 (10 jteT mpoTHUB 11 JIeT, p < 0,05; OP 2,27;
a1 0,8-6,8, p = 0,141), 4TO, BepOSITHO, OOYCIOB-
saeHo npuMmeHeHueM [IUTPC. ITonyuyeHHble JaHHbBIE
MTOATBEPIKAAIOTCSA PE3yJIbTaTaMU MTOCJIETHUX UCCIIe-
JoBaHui [17—20].

BoJIbIIMHCTBO KJIMHUYECKHX (PAKTOpPOB JebioTa
«ympasisieMoro» PC BIMsI0 HA UHBAIU/IU3AIUIO B
cpoku Oosiee 5 JjieT GOJI€3HHW, KaK B OTHOIIEHUU
nocrkenust EDSS 3,0, Tak u EDSS 6,0, uero panee
He ObIO oTMeueHO B HoBocubGupcKe HpHU «ecTe-
ctBeHHOM» Teuenuu PC [3].

3AKJIOYEHUE

«Ymupasisiembiii» PC xapakrtepusyercs 06osee
JUINTEILHON pEMUTTUPYIONIEN ¢da3ol ¢ mpeodaza-
HHUeM OJIarONpUATHBIX NPOTHOCTHYECKUX IIPU3HA-
KOB B JiebroTe 3abosieBanus. IIpu «yrmpasyisieMoM»
PC oruactu HuBenupyeTcs BIHUSHHE II0JIA U BO3-
pacra nebrora 6one3nu (s TunuaHoro PC B cpas-
HeHHUU ¢ paHHUM PC) Ha TPOTHO3 NHBAIUU3ALINH, B
TO BpeMs Kak no3aauil PC, IIITPC, a Tak:ke paHHssS

aggressive variants of MS, while in patients with the
moderate disease receiving MSDMTs, the influence
of gender was negated.

It is reasonable that the contribution of the late
MS onset promoted to a more significant differ-
ence in achieving EDSS 3,0 (4 years vs. 7 years,
p < 0,05; odds ratio (OR) 3,08; 95% confidence
interval (CI) 1,6-5,7, p < 0,001) and EDSS 6,0
(2 years vs. 11 years, p < 0,05; OR 4,12; 95% CI
1,02-16,62, p = 0,047) compared with early MS.
However, the differences between the characteris-
tics of typical and early MS decreased in achieving
both EDSS 3,0 (6 years vs. 7 years, p < 0,05;
OR 5,1; 95% CI 0,9—27,3, p < 0,057) and EDSS 6,0
(10 years vs. 11 years, p < 0,05; OR 2,27; CI 0,8—
6,8, p = 0,141), probably because of the use of
MSDMTs. The data obtained are confirmed by the
results of recent studies [17—-20].

Most of the clinical factors of the onset of con-
trolled MS influenced disability at the time exceed-
ing 5-year disease duration, both in terms of achiev-
ing EDSS 3,0 and EDSS 6,0, which had not previ-
ously been observed in Novosibirsk in the typical
course of MS [3].

CONCLUSION

Controlled MS is characterized by a longer remit-
ting phase with a predominance of favorable prog-
nostic signs at the disease onset. In controlled MS,
the effect of gender and age of disease onset (for typ-
ical MS compared with early one) on the prognosis of
disability is partially negated, while late MS, PPMS,
and early accumulation of disability (polysymptom-
atic onset with motor, pelvic disorders and incom-
plete recovery with high EDSS score at baseline) are
associated with poor long-term prognosis of MS,
which is a clinical reflection of a gradual increase in
predominance of neuroinflammation and neurode-
generation, that are controlled by MSDMTs much
worse.

The data obtained contribute to expanding indi-
cations for MSDMTs, especially highly effective
drugs, and in the near future will contribute to
resolving the issue of indications for the use of de-
escalation approach to MS therapy.
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AKKyMYJIAIVS WHBATUAU3ANUN (TTOJIMCUMITOMHBIHI
71e0I0T C ABUTATEIHHBIMY, TA30BBIMU HAPYIIEHUAMU
Y HETIOJTHBIM BOCCTAaHOBJIEHHEM C OOJIBIIIUM CTapTO-
BbIM EDSS) conpsizkeHBI ¢ XyAIINM JI0JITOCPOYHBIM
nporaoszoM PC, 4To AByfeTcA KJIMHUYECKUM OTpa-
JKEHHEM IIOCTENIEHHOT0 HapacTaHUs JOMUHHPOBA-
HUS HEWPOBOCIIAJIEHUs U HEUPOJIETEHEPAITNH, XYKe
koHTposupyeMmbix [TUTPC.

IlosiyuyeHHbIE TaHHBIE CIIOCOOCTBYIOT PACIIH-
peHHI0 TOKazaHUU [Id Ha3HAUEHHUs Tepanuu
ITNTPC, ocobenHO BBICOKO3(hHEKTHUBHBIX Mpema-
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AHHOTAIIUA

BBegeHnue. BHacrosiee BpeMs aKTyaJleH IOUCK aJIbTEPHATUB COBPEMEHHBIM aHTUOMOTHUKAM, a TAK)Ke MaTepHa-
JIOB, He 00JIa/IaloIUX Pa3ApakaroluM JIeHCTBHEM Ha OPTaHU3M, HO CIIOCOOHBIX SABJIATHCA JIEIO /I aHTUMHKPOOHBIX
BeriecTB. Mies co3iaHnsa KOMIO3UIIUY U3 MOAUGUIIIPOBAHHOIO IOJIUSTUIEHITINKOJIEBOTO TeJil U AHTUMHUKPOOHOTO Iell-
TUJIOMHUMETHKA PacCMaTPUBaeTCsA KakK IepcleKTUBHAs.

Il e 1 b . VByuuTh GUBUKO-XUMHUUECKHE MTPOIECCHI BJIEKTPOHHO-IyY€BOI0 KPOCCTMHKUHTA ITOJTUATHIIeHT UKo (I13T)
C IIeJIBIO TIOJIyYEHUs THIPOTeSIs ¢ 33JaHHBIMH CBOHCTBAMHU U CO37JaHUE HA OCHOBE STOH TEXHOJIOTHU JIeIIO-MaTPHUIIbI JIJIS
QHTUMUKPOOHOTO MENTHIOMUMETHKA.

MaTepuasnb U MeTOJBsl . llporeccy paiualiiOHHOTO 00JIyd€eH s, COUETAIONIEMY AECTPYKIUIO TIOJIMepa

U ero cmuBaHue, nogsepraiu 131 ¢ AuamnazoHoOM MOJIEKYJIAPHBIX Macc OT 400 710 40 000 Jla. M3yuasn ux cBoucTBa U
co3/IaBai KOMIO3uUIUi0 Ha ocHoBe I13T u anTUMUKpoOHOTO TenTuaoMuMeTrKa KAMII-1 (tpunentus H-Arg-Tbt-Arg-
NH-C,H,-Ph).

Pe 3y b TarT sl . e nojiydeH Npu UCHOIH30BaHUN HU3KOMOJIEKysApHOTO [I91" 1 fnana3ona /103 paiualiuu oT 1,5
110 3 Mpap wtu BeicokoMoutekysisipHoro I19T (6ostee 4000 1a) u 10361 00s1yueHus 0,25 Mpay,. [l1s focTikeHus reseobpa-
30BaHUA IyTEM KPOCCIMHKUHTA HCIIOJIH30BAJICA HU3KOMOJIEKYIApHBIN [19T (1500 a) u mo3a obayuenus 2 Mpan. B
IIOJIyYeHHBIH Telb aHTHOAKTepUaIbHbIH nentugoMuMeTnk KAMII-1 61 UMIIAHTUPOBAH 6€3 TeXHOJIOTUYECKUX CJIOXK-
HOCTeH ¢ IOMOIII0 POTAIIMOHHOTO TOMOT€HU3ATOpa. YBeJINUYeHNe JJ03bI U3JIyYeHNs ITPUBO/IMIIO K IIPOIOPIIMOHATIBHOMY
CHIDKEHUIO TeKYJIECTH TeJid.
3akJ04eHHUe. Bapuanua napaMeTpoB 3jIeKTPOHHO-JIy4eBOTO Bo3zieHcTBUA U KoHIeHTpanuu II9I nosBosser
IIOJIy4aTh TUAPOTEIN ¢ HeOOXOAUMBIMH CBOMCTBAMH JJIA ZIeTIO-MaTPULB], IpeAHA3HAUYeHHOH /I UMILIaHTanuu papma-
KOJIOTHYECKH aKTUBHBIX areHToB. KAMII-1 ynep:kuBaeTrcs B reseo0pasHoi fieno-MaTpune, u Auddysus 3Toro nenTuio-
MHMeTHKA B BOJHYIO (a3y IPOUCXOIUT ¢ HU3KOM NHTEHCUBHOCTHIO. Pa3paboTKa JaHHON TeXHOJIOTUH CO3/IaHUS AaHTHMH-
KPOOHOTO JIEKAPCTBEHHOTO CPEZICTBA IO3BOJISIET IPOU3BOUTH IPOTOTUIIBI TOTOBBIX JIEKAPCTBEHHBIX (POPM /171 MECTHOTO
IIpUMeHEHUs.

Kaouessle cao6a: NOTUITIWIEHIVINKOND, 19T, aHTUMUKPOOHBIA MENTHOMUMETHK, aHTUMUKPOOHBIE IpernapaTsl,

KAMII-1, anTHOAKTEpUATIBHBIN T'eJlb.
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Electron beam crosslinking of polyethylene glycol
for the developing an hydrogel- and peptidomimetic-based
antimicrobial drug
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ABSTRACT

Introduction. Currently, the search for alternatives to conventional antibiotics, as well as for materials that do
not exert an irritating effect on the body but can serve as a depot for antimicrobial substances, is highly relevant. The idea
of developing a composition of a modified polyethylene glycol-based gel and an antimicrobial peptidomimetic is consi-
dered promising.

A i m . To study the physico-chemical processes of electron beam crosslinking of polyethylene glycol (PEG) in order to
obtain a hydrogel with required properties and develop a depot-matrix for an antimicrobial peptidomimetic based on this
technology.

Materials and methods. PEGswith a molecular weight of 400—40 000 Da was exposed to radiation,
which involves polymer degradation and crosslinking. Their properties were studied, and a composition based on PEG and
the antimicrobial peptidomimetic CAMP-1 (tripeptide H-Arg-Tbt-Arg-NH-C H -Ph) was developed.

Results. Thegelwasobtained using low-molecular-weight PEG and a radiation dose of 1,5—3 Mrad or high-mole-
cular-weight PEG (over 4000 Da) and a radiation dose of 0,25 Mrad. To achieve gel formation by crosslinking, we used
low-molecular-weight PEG (1,500 Da) and a radiation dose of 2 Mrad. The antibacterial peptidomimetic CAMP-1 was
implanted into the gel obtained without technological complexity using a rotary homogenizer. An increase in the radiation
dose led to a proportional decrease in gel flowability.

Conclusion. Varying the electron beam exposure parameters and PEG concentration allows to obtain hydrogels
with the required properties for a depot-matrix intended to implant pharmacologically active agents. CAMP-1 is retained
in a gel-like depot-matrix, and the diffusion of this peptidomimetic into the aqueous phase occurs at low intensity. Develop-
ing this technology of an antimicrobial drug makes it possible to produce prototypes of finished dosage forms for topical
use.

Keywords: polyethylene glycol, PEG, antimicrobial peptidomimetic, antimicrobial drugs, CAMP-1, antibacterial gel.
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BBEJAEHUNE INTRODUCTION

Jleuenre WHQEKITMOHHBIX 3a00JIEBAaHUN KOXKH,
PaHEBBIX ITOBEPXHOCTEH, GOJIe3HEH COeUHUTEh-
HBIX TKaHEH IPEATOJIaraeT AOCTHKEHUE BBICOKHX
KOHIIEHTPAITUA aHTUOAKTEPUAJIPHBIX IIPENIApaTOB B
obyracTy ovara BOCHAJIMTENIBHOrO mporiecca. Tpys-
HOCTH C TIEPEHOCOM AHTHUMUKPOOHBIX IPENapaToB
13 KPOBOTOKa B IOBPEXK/IEHHBbIE TKAHU BO3HUKAIOT
M3-3a CHUIKEHUS apTEPUAILHOTO IaBJIEHUs U OTeKa
B 30HE BOCIIJIEHUs. PellleHneM sIBJISeTCS MECTHOE
aHTUOaKTepUaIbHOE BBEJEeHHE TIIPU Tepalwuy,
HaIpUMep, IepUIIPOTE3HBIX HHPeKIUi. Takoi cro-
co0 BBeZleHUs TMIPEAIIOJIATAET, YTO IIPerapaThl
JIOJDKHBI JIeMCTBOBAaTh KaK MECTHBIE pe3epBYaphl,

The treatment of infectious skin diseases, wound
surfaces, and connective tissue diseases requires
achieving high concentrations of antibacterial drugs
at the site of inflammation. Difficulties in transfer-
ring antimicrobials from blood stream to damaged
tissues are due to a decrease in blood pressure and
swelling at the site of inflammation. The solution is
topical administration of antimicrobials, for exam-
ple, in treatment of periprosthetic infections. This
method of administration suggests that drugs should
act as local reservoirs, gradually releasing antibiot-
ics, and effectively penetrate adjacent tissues. In
addition, it is important that the drugs do not lead to
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IIOCTENIEHHO BHICBOOOK/1as1 aHTHONOTHKH, U 3 deK-
TUBHO TPOHUKATh B OJu3iexaiue TKaHu. Kpome
TOTO, Ba)KHO, YTOOBI IIpeIrapaThl He MPHUBOAIN K
peaxIuaM JIOKQJIBHOTO Pa3/pa’karoIiero JeHCcTBU
U aJUIepruyeckoro otsera. [losmuMep MOTUATHIIEH-
rmikoJb (I19T7) moAXOMUT IS ATUX IIeJIeH, eCIN ero
MOANGDUITUPOBATH /IS IOJIyUeHHUs TeJisl, 4T 00JIer-
YUT BHEZPEHUE aHTUOAKTEPUAILHOTO IIperapara.

[ToMepsl €CTECTBEHHOTO M HCKYCCTBEHHOTO
IIPOUCXOKJEHUS IITUPOKO MU3BECTHBI HA CETOIHAII-
HUH 7eHb B ¢apmarneBTHdeckoil cdepe. Ocobbrit
uHTepec npezcTaBisior 13T ¢ pa3imyHOd MOJIEKy-
JISPHOW MacCOH, COIOJIMMEPHI C ATUJIEHOKCUIOM U
MIPOTIUJIEHOKCUIOM,  TaK)Ke Pa3JIMUHbIE [TOJIHCAXa-
puzbl. ATO CBA3aHO C OTCYTCTBHEM y HUX UMMYHO-
TeHHOCTH, aHTUTE€HHOCTH U TOKCUYHOCTH, a TAaKXKe C
BO3MO’KHOCTBIO MIOJTHOM OHo/Ierpaanii B OMOJIOTH-
YeckHux cucreMax. [1omaTUIEHIIMKOIN 00J1a/1a10T
BBICOKOM pPacTBOPUMOCTBIO B BOJIe U JIEMOHCTPH-
PYIOT HEOOBIUYHOE TMOBeZIeHHE B BOJHBIX PacTBOpax
Gyraromapsi CHWJIBHOMY B3aMMOJIEUCTBUIO D(PUPHBIX
MOJIEKYJI KHCJIOPOZA ¢ MOJIEKYIaMU BOJIBI.

B mocsieHue To/bI yesseTcss BHUMaHUEe CO3/1a-
HUIO (papMalleBTUUECKUX THUAPOTeJIEBBIX KOMIIO3HU-
oy, 00JIAIAIONUX AaHTUMHUKPOOHOU aKTUBHOCTHIO
[1-3]. UccnenyroTcsi apXUTEKTYpHbIE XapaKTepH-
CTHKH ITOJTUMEPHBIX TUPOTEIEH C IIeJIhI0 UX CBA3BI-
BaHUA U BBeZleHUs ¢ (GapMaKOJIOTHUECKUMU areH-
Tamu [4]. Tem He MeHee MeXaHU3MBbI, aCCOIUUPO-
BaHHBIE C PaJUAIlMOHHBIM o0OsydeHuem IIOT st
CO37IaHUS TUAPOTEJIEBBIX CTPYKTYD, €Illle HeZocTa-
TOYHO U3YYEHBI.

[MenTuapl HAXOAAT IPUMEHEHUE B TEPAIUU Pa3-
JIMYHBIX 3a00JIEBaHUH Y JIIOIEH ¢ MOMEHTA TOsIBJIe-
HUS WHCYJIMHA B 1920-X ToJlaX, ¥ Ha CETOMHAIIHUI
JleHb Ha PBIHKE JIOCTYITHO OKOJIO 100 0/I0OpPEHHBIX
MENTUAHBIX JIEKAPCTBEHHBIX IpemnaparoB  [5].
B nocienHue rogpl 0coOBIH UHTEPEC ITPEICTABIISIOT
MIEeNTU/IBI ¢ AaHTUOAKTEPUATBHON aKTHBHOCTBIO, UTO
CBS3AaHO C HEOOXOAUMOCTBIO OOpPHOBI C pacTyIew
AHTHOMOTHUKOPE3UCTEHTHOCTHIO ITATOTEHOB K TPaIU-
IIMOHHBIM aHTUOUOTHUKAM [6].

PaszpaboTka JiekapcTB Ha OCHOBE TEKYJHX T'HJIPO-
resieBpIX CTPyKTyp II9T' ¢ BBICOKOM KOHIIEHTpaInei
AHTUMUKPOOHOTO areHTa MOXKeT 3HAUUTEJIbHO YIIyd-
IIUTh PE3YJIbTAaThl JIeueHUs THOWHO-BOCIAIUTEIIb-
HBIX 3200JIeBaHUI CYCTABOB, KOXKU M MATKHX TKAHEH.

IIEJIb NCCJIEAJOBAHUA

Vzydennie pU3HKO-XUMIIECKHX [TPOLIECCOB DIIEK-
TPOHHO-JIy4eBOro KpoccmuHkuHra II9I' ¢ mesnbio
[IOJIyYeHUsI TUAPOTENA ¢ 3aJJaHHBIMU CBOHCTBAMH U
CO3/1aHIe HAa OCHOBE 3TOH TEXHOJIOTUH I€TI0-MaTPHUIIbI
JUIs1 aHTUMUKPOOHOTO IENTHIOMUMETHKA.

local irritation and allergic reactions. Such polymer
as polyethylene glycol (PEG) is suitable for these
purposes if it is modified to obtain a gel, which will
facilitate introducing an antibacterial drug.

Natural and artificial polymers are widely known
today in the pharmaceutical field. Of particular inter-
est are PEGs with different molecular weights, co-
polymers with ethylene oxide and propylene oxide, as
well as various polysaccharides. This is due to their
lack of immunogenicity, antigenicity and toxicity, as
well as the possibility of complete biodegradation in
biological systems. Polyethylene glycols have a high
water-solubility and exhibit unusual behavior in aque-
ous solutions due to the strong interaction of ether
oxygen molecules with water molecules.

In recent years, attention has been paid to the
development of pharmaceutical hydrogel composi-
tions with antimicrobial activity [1—3]. The struc-
tural characteristics of polymer-based hydrogels are
being investigated in order to bind and administer
them with pharmacological agents [4]. Nevertheless,
the mechanisms associated with PEG radiation expo-
sure for the development of hydrogel structures have
not yet been sufficiently studied.

Peptides have been used in the treatment of vari-
ous human diseases since the advent of insulin in the
1920s, and today about 100 approved peptide drugs
have reached the market [5]. In recent years, pep-
tides with antibacterial activity have been of particu-
lar interest, which is associated with the need to
combat the growing resistance of pathogens to con-
ventional antibiotics [6].

The development of drugs based on liquid hydro-
gel structures of PEGs with a high concentration of
antimicrobial agent can significantly improve the
treatment outcomes of suppurative inflammations in
joints, skin and soft tissues.

ATIM OF THE RESEARCH

To study the physico-chemical processes of elec-
tron beam crosslinking of PEGs in order to obtain a
hydrogel with specified properties and develop a
depot-matrix for an antimicrobial peptidomimetic
based on this technology.

In accordance with the aim, the objectives of the
study were formulated:

1. To identify the patterns of electron beam cross-
linking in PEG solutions and to obtain hydrogel
structures with the function of a depot-matrix.

2. To substantiate the technology of developing
an antimicrobial medicinal product based on a
depot-matrix of a hydrogel with specified properties
and an antimicrobial peptidomimetic.
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B cootBercTBUM € LeJbl0 ObUIH cHOPMYIIHPO-
BaHBI 33/1a4U UCCJIeIOBAHUA:

1. BeIABUTH 3aKOHOMEPHOCTU 3JIEKTPOHHO-JIyue-
BOT'0O KPOCCJIMHKMHTA B pactBopax 131" u nonyuurts
Ha ero OCHOBE TU/IporesieBble CTPYKTYPBHI, BBIIIOIHSA-
orpe GYyHKIUIO Ie0-MaTPHUIIbL.

2. OGOCHOBATH TEXHOJIOTHIO CO3ZAHUS AHTHUMU-
KpOOHOTO JIEKAaPCTBEHHOTr'O IIperapaTta Ha OCHOBE
JIeTIO-MaTPHUIBl TUJIPOTEJIsI C 33J@aHHBIMU CBOM-
CTBAaMHU U aHTUMHUKPOOHOTO MENTHIOMUMETHKA.

MATEPUAJIBI 1 METO/IbI

OOGBEKTHI UCCIIETOBAHUA:

1) II3I' ¢ MoOJEeKyIApPHOH Maccoi 400, 1500,
4000, 6000, 10 000, 20 000 u 40 000 Jla (OO0
«3aBOJl CHHTAHOJIOB», [I3ep:KUHCK). VIcro1b3yeMblii
JIMania30H MOJIEKYJIAPDHBIX MacC M Bapualuy KOH-
[eHTPalui MO3BOJIAIOT IIOJIYYUTH IIOJHOE IIpe-
craBjieHne 00 U3MEHEHHUAX, IPOUCXOANUX B
BOAHBIX pacrBopax II9T" mpu obsiydeHWn B 3aaH-
HBIX /103aX;

2) KOMITO3HIIMA, CO3/JaHHasd de NOVO HAa OCHOBE
II3T' u nentTunomumeTnka KAMII-1. AHTHOAaKTEPH-
aypHBIN TenTuaoMuMeTuk KAMII-1 npezcrasiser
coGoii tpunentuy H-Arg-Tbt-Arg-NH-C,H -Ph ¢
yrctoToi 98 mac.% (AO «Cubupckuii 1ieHTp hapma-
KOJIOTUHU U OuoTexHoIorun », HoBocubupcekK).

JU TOJIy4eHUsA THAPOTesa ¢ HeoOXOJUMBIMU
CBOMCTBAMU IO TEKYUECTH, CTAOVIIBHOCTH, a TAKXKe
BO3MOXKHOCTH HMIUIAHTAIUM AHTUOHWOTHKA ObLIH
IIPOBE/IEHBl SKCIIEPUMEHTHI 110 M3YYEHUI0 BOHBIX
pactBopos II3T'. [Ijis onpenesieHUs MOJIEKYIAPHBIX
Macc Ha/IMOJIEKYJISIPHBIX arperaToB, 00pasyiomuxcs
B II9T" mpu pacTBOpeHUN U 3JIEKTPOHHO-JIYIEBOM
CHHTe3e, UCII0JIb30BAJICA METO/] I'eJIb-IIPOHUKAIOIIEeH
BBICOKOA((PEKTUBHOU KUIKOCTHOH XpOMaTorpa-
dun (I'TI-BIKX). IIpumensics xpomarorpad
Agilent 1200 ¢ xonouko# PL aquagel-OH MIXED,
8 mxM. Vcnonp3oBanuch pedpakTOMETPUUIECKUH U
CIEKTPOGOTOMETPUYECKUH JleTeKTOphl. OuuIleH-
HyI0 BOJy IOJy4YaJdu Ha ycraHoBke Direct Q3
Millipore. Cranuonapsas ¢dasza: xpomaTtorpaduue-
ckasg komoHka PL aquagel-OH MIXED, 8 wmkw,
7,8x300 MM, ¢ IpeziesioM (QpaKIUOHUPOBAHUA OT
100 70 10 muH [la (mo I19T). IlogBukHas ¢asza 1:
OUHUIIEHHYIO BOJIy (DUIBTPOBAIM depe3 MeMOpaH-
HBIU KalpOHOBBIN PUIbTp (0,45 MKM) U JETa3upo-
BaJIH C IIOMOIIIBIO BOJIOCTPYHHOTO Hacoca. [ToxBmx-
Has (aza 2: ToTOBWIIN 0,1 M pacTBOp HUTpATa JIUTHUS
(LiN03><3H20) IyTeM pACTBOPeHHs 12,3 + 0,05 T B
600 MJI OUHIIeHHOUW BOjbl. Ilocite dusbrpanuu u
Jlera3aliy pacTBOp NEPEHOCUIIU B OYTHUIb IS XPO-
MaTorpaduu K Maructpaau A. DKCIIepUMeHT IIPOBO-
ZIIcs B 00€UX MOJIBIKHBIX (hazax JIsl pa3pylIeHus

MATERIALS AND METHODS

Objects of research are:

1) PEGs with molecular weight 400, 1500, 4000,
6000, 10 000, 20 000 and 40 000 Da (Zavod sinta-
nolov, LLC, Dzerzhinsk). The range of molecular
weights and concentrations used allow us to obtain a
complete picture of the changes in aqueous PEG
solutions exposed to radiation at specified doses;

2) a composition developed de novo based on
PEG and a peptidomimetic CAMP-1. The antibacte-
rial peptidomimetic CAMP-1 is a tripeptide H-Arg-
Tbt-Arg-NH-C_H -Ph with a purity of 98% by weight
(Siberian Center For Pharmacology and Biotechnol-
ogy, JSC, Novosibirsk).

To obtain a hydrogel with the required proper-
ties of flowability, stability, and the possibility of
antibacterial agent implantation, experiments to
study aqueous PEG solutions were performed. The
method of gel filtration high-performance liquid
chromatography (GF-HPLC) was used to determine
the molecular weights of supramolecular aggregates
formed in PEG during dissolution and electron
beam synthesis. An Agilent 1200 system for chro-
matography with a PL aquagel-OH MIXED column,
8 um, was used. Refractometric and spectrophoto-
metric detectors were used. Purified water was
obtained on a Millipore Direct Q3 water production
system. Fixed phase: chromatographic column PL
aquagel-OH MIXED, 8 um, 7,8x300 mm, with a
fractionation limit from 100 to 10 mln Da (PEG).
Mobile phase 1: purified water was filtered through
a nylon membrane filter (0,45 um) and degassed
using a water-jet pump. Mobile phase 2: a 0,1 M
solution of lithium nitrate (LiNnggHzO) was pre-
pared by dissolving 12,3 + 0,05 g in 600 ml of puri-
fied water. After filtration and degassing, the solu-
tion was transferred to a chromatography bottle to
line A. The experiment was carried out in both
mobile phases to destroy supramolecular aggre-
gates and identify the true molecular weight of the
particles in the solution.

Fresh solutions of the mobile phase were used.
The flow rate was 1 ml/min, and the sample volume
was 20 pl. Before each test, the column was balanced
with the mobile phase (at least 20 volumes) until a
stable base line was formed. Then, the column was
calibrated using known PEG solutions in a 0,1 M
LiNO,x3H,0 to plot a calibration curve reflecting the
relationship between output time and molecular
weight. After calibration, the samples were analyzed:
20 pl of the test solution was introduced into sam-
pling loop, and the chromatogram was recorded
automatically using the ChemStation program (Agi-
lent, USA).
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HAaJIMOJIEKYJISIPHBIX arperaToB U BBISBJIEHUS UCTHH-
HOU MOJIEKYJIIPHOHN MacChl YaCTHUII B PACTBOPE.

M crosib30BaICh CBEKENIPUTOTOBIEHHbBIE pac-
TBOPBI NOABUKHOHN (asbl. CKOPOCTh IIOTOKA COCTA-
BHWJIA 1 MJI/MUH, 2 00EM BBOJIIMOH ITPOOBI — 20 MKJI.
[Tepen KaXKIbIM TECTUPOBAHMEM KOJIOHKA YPABHOBE-
[IUBaJIach MOJBUKHOU (daszoi (He MeHee 20 00be-
MOB) /10 00pa30oBaHUs CTaOWUIbHOU 6230BOU JIMHUH.
3arem TpoOBOAWIACH KAJTUOPOBKA KOJIOHKH C
HCIIOJIBb30BAHUEM H3BECTHBIX pacTBopoB IIOI' B
0,1 M LiINO,x3H,0 s mocrpoenust KanuGpoBoy-
HOH KPHUBOH, CBA3BIBAIOIIEN BPEMs BBIXO/IA C MOJIE-
KyJsIpHOH Maccoi. [locie KamnOpOBKYU aHATIM3UPO-
BJINCH O0Pa3Ipl: 20 MKJI HCCIEAYEMOTO PacTBOpa
BBOJIMJIA B AHAJTUTUYECKYIO METITI0, a 3aIIUCh XpOMa-
TOTPAaMMBI OCYIIIECTBJISIIACH ABTOMATUYECKH C TTOMO-
mipio mporpammbl ChemsStation (Agilent, CIIIA).

B mpomecce pagmammonHoro obiydenus II9T
IIPOUCXOAT JIBa MPOIIECCa: TECTPYKIIHS OJINMeEpa ¢
00pa3oBaHUEM KapOOHWJIBHBIX T'PYIIIT U CIITHBAaHHE
II3T', uTo IPUBOJAUT K KPOCCIUHKUHTY. /[J1 BbIABIIe-
HUSI ~ KapOOHIWIBHBIX  TPYHI  HCIIOJIB30BAJICS
2,4-TUHUTPODEHWITH/IPA3UH, KOTOPBIH 00pasyeTr
OKpallleHHbIe aHATUTHYeCKre (OPMBI ¢ KAapOOHUIIb-
HBIMH CO€JUHEHUSMU, MO3BOJIAIONINE UAEHTUDU-
[IPOBATh U KOJIMYECTBEHHO ONIPEAEATH UX [7]. Pac-
TBOP  2,4-AUHUTPOGEHWITHAPA3ZUHA TOTOBUJIU,
B3BeIINBAasA Ha AaHAJTUTUYECKUX Becax 0,050 T KpHU-
CTAJLTTIECKOTO 2,4-TUHATPOGEHWITHPA3HHA
(Acros Organics); MepHBIMHU ITWIHHJPAMH OTMe-
PN 25 MJI STUJIOBOTO CIIMPTA, 10 MJI KOHIIEHTPU-
POBaHHOM COJITHOW KUCJIOTHI U 50 MJI JUCTUJIHPO-
BaHHOU Bojbl. HaBecky 2,4-muHUTpOGEHWITHPA-
3WHA PpACTBOPSUIM B KPYIVIOAOHHOU KOJIOe ¢
MPUTEPTOU KPBIIIKOW IIpU HarpeBaHuu. [losydeH-
HblE 2,4-TUHUTPO(PEHMITHAPAZOHBI XapaKTePU3y-
IOTCSI YETKUMH CIIEKTPAJIbHBIMU IapaMeTpaMHu,
[IO3BOJIAIOIIMMU IIPOBECTH HX HUAEHTHUDUKAIUIO.
J1J151 ©X XapaKTePUCTUKHU UCIIOIB3YIOT JIJTUHY BOJIHBI,
COOTBETCTBYIOIIYI0O MAKCHUMYMy IOTJIOIIEHUS, U
MOJIPHBIA KO3(hQHUITUEHT IOIJIOMEHUsI B MaKCH-
MyMe IIOTJIOIIEHU.

DJIeKTPOHHO-JIy4eBON KpoccauHKUHT 1I9I ocy-
IIECTBJISITICA HA HUMITYJIbCHOM JIMHEHHOM YCKOPH-
tese NJIY-10 (MuctuTyT snepHoi pusuku CO PAH,
npousBozcTBeHHasA miorazka 000 «COM», Hoso-
CUOHPCK) ¢ MOITHOCTBIO OOJIy4eHHs OT 0,25 JI0 3,0
Mpaz. Jo3uMeTpUUecKuii KOHTPOJIb IPOBOTUIICA C
HCITOJTh30BAHUEM PAAUOXPOMHBIX INIEHOUHBIX T03U-
MEeTPOB, MEHSIOIINX IIBET B 3aBUCHMOCTH OT JI03bI
obsyuenusi. IlneHOYHbIE TO3UMETPBI, MOABEPTIIIU-
ecsl COBMECTHOMY OOJIyIeHUIO C UCCIeTyeMbIM MaTe-
pUasioM, IPOSBJIAIOTCS IPOTPEeBaHUEM IIpH 60 + 5 °C
B CYIIWIBHOM IKady B TeueHHe 30 MUHYT. B mpo-

During radiation exposure to PEG, two processes
occur: polymer degradation with the formation of
carbonyl groups and PEG crosslinking. For identifi-
cation of carbonyl groups, 4-dinitrophenylhydrazine
was used which forms colored analytical forms with
carbonyl compounds that allow to run their identifi-
cation and quantification [7]. A solution of 2,4-dini-
trophenylhydrazine was prepared by weighing
0,050 g of crystalline 2,4-dinitrophenylhydrazine
(Acros Organics) on an analytical balance; 25 ml of
ethyl alcohol, 10 ml of concentrated hydrochloric
acid and 50 ml of distilled water were measured
using calibrated cylinders. A sample weight of
2,4-dinitrophenylhydrazine was dissolved in a
round-bottomed flask with a ground stopper and
heated. The obtained 2,4-dinitrophenylhydrazones
are characterized by clear spectral parameters that
allow their identification. To characterize them, the
wavelength corresponding to the absorption maxi-
mum and the molar absorption coefficient at the
absorption maximum are used.

Electron beam crosslinking of PEG was carried
out on an ILU-10 pulsed linear accelerator (Insti-
tute of Nuclear Physics, SFM, LLC production site,
Novosibirsk) with a radiation power from 0,25 to
3,0 Mrad. Dosimetry was performed using radio-
chromic film dosimeters that change color depend-
ing on the radiation dose. Film dosimeters that
were exposed to co-radiation with the test samples
are processed by heating at 60 + 5°C in a drying
cabinet for 30 minutes. During radiation exposure,
two film dosimeters are attached to each test sam-
ple. After processing and cooling the dosimeters
down to a room temperature, their optical absorp-
tion was measured on a spectrophotometer at a
wavelength of A = 554 nm. The comparative analy-
sis was performed with a non-irradiated film dosim-
eter. Based on the mean optical absorption of two
dosimeters for each sample, the actual radiation
dose was calculated using the WINdose program
(GEX Corporation, USA).

The design of the experiment, aimed at investi-
gating the process of electron beam crosslinking of
PEGs with various molecular weights depending on
its concentration and radiation dose, is presented in
Table 1. Each sample was analyzed in triplicate mea-
surements.

The implantation of an antibacterial peptidomi-
metic into a hydrogel depot-matrix was carried out
using an ADi145S-P-10G rotary homogenizer
(U-Therm International Limited, China) by mixing
into to evenly distribute CAMP-1 in gel.

To determine the content of the peptidomimetic
CAMP-1 in a polyethylene oxide gel, a gel with a
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Ta6una 1. [lu3aiiH 3KCepuMeHTOB 0 UCC/IeJOBAHUIO IPOLIECCOB 3JIEKTPOHHO-/Iy4eBOr0 KPOCCIUHKHHTA
nosuaTuaeHrMKos (13T ¢ pasiMyHON MOJIEKY/ISIPHOM Maccol B 3aBUCUMOCTH OT €r0 KOHL[EHTPAL[UH U [03bl 06/ 1yYeH s
Table 1. Design of experiments for electron beam crosslinking of polyethylene glycol (PEG) with various molecular weights

depending on its concentration and radiation dose

Nen/m Hccaegyemblii o6paser Coaep:xanue 13T, % Jo3a o61y4enus, Mpap

No. Test sample PEG content, % Radiation dose, Mrad

1 [13T 400 / PEG 400 5 Bes o6sydyenus / No radiation exposure
2 13T 400 / PEG 400 5 1,0

3 [13r 1500 / PEG 1500 5 Be3 o6syuenus / No radiation exposure
4 [13I' 1500 / PEG 1500 5 1,5

5 13T 1500 / PEG 1500 5 2,0

6 13T 1500 / PEG 1500 5 3,0

7 13T 4000 / PEG 4000 5 Be3 o6syuenus / No radiation exposure
8 13T 4000 / PEG 4000 5 1,0

9 13T 4000 / PEG 4000 5 2,0

10 13T 4000 / PEG 4000 5 3,0

11 [13r 6000 / PEG 6000 2 Bes o6sydyenus / No radiation exposure
12 13T 6000 / PEG 6000 2 1,0

13 13T 6000 / PEG 6000 2 2,0

14 13T 6000 / PEG 6000 2 3,0

15 [13r 10 000 / PEG 10 000 1 Bes 06sydyenus / No radiation exposure
16 13T 10 000 / PEG 10 000 1 1,0

17 13T 10 000 / PEG 10 000 1 2,0

18 13T 10 000 / PEG 10 000 1 3,0

19 [13r 20 000 / PEG 20 000 1 Bes o6sydyenus / No radiation exposure
20 13T 20 000 / PEG 20 000 1 0,25

21 13T 20 000 / PEG 20 000 1 0,50

22 13T 20 000 / PEG 20 000 1 0,75

23 13T 20 000 / PEG 20 000 0,5 0,25

24 [13I' 20 000 / PEG 20 000 0,5 0,50

25 13T 20 000 / PEG 20 000 0,5 0,75

26 [13T" 40 000 / PEG 40 000 0,5 Bes o6sydyenus / No radiation exposure
27 13T 40 000 / PEG 40 000 0,5 0,25

28 13T 40 000 / PEG 40 000 0,5 0,50

29 13T 40 000 / PEG 40 000 0,5 0,75

30 13T 40 000 / PEG 40 000 0,25 0,25

31 13T 40 000 / PEG 40 000 0,25 0,50

32 13T 40 000 / PEG 40 000 0,25 0,75

1ecce OOJIydeHHs Ha KaKAbIH HCCIeayeMblii o6pa-
3ell MPUKpPEIUIseTcsl 2 IUIEHOUHBIX JI03UMETpa.
TTocsie MPOSABKY U OXJIAKIEHUS JO3UMETPOB 10 KOM-
HATHOU TeMIepaTypbl IPOU3BOAUTCI U3MEPEHNE HX
ONITUYECKOTO IOTJIOIIEH!Us] Ha CIeKTPodOTOMETpE
[IpH JIJTMHE BOJIHBI A = 554 HM. CpaBHUTEIbHBIN aHa-
JIN3 TPOBOJWICA C HEOOJIYUeHHBIM IIJIEHOYHBIM
nosuMerpoM. Ha ocHOBe cpe/iHel BeJTMYUHBI ONTH-
YECKOT'0 IOIVIOIIEHUs JIBYX JAO3UMETPOB [JIS KaiK-
moro obpasija paccyuThIBaIach (GakTHuecKkas 703a
0o0JIyueHHsI C  HCIOJIb30BAaHWEM  IPOTPaMMBbI
WINdose (GEX Corporation, CIIIA).

JluzaiiH SKCIIEPUMEHTa, B paMKax KOTOPOTO
HCCIIEZI0BAJICSA TTPOIIECC BTIEKTPOHHO-TyYEBOTO KPOC-

CAMP-1 concentration of 0,05% was used. For
analysis purposes, 0,5 g of gel was placed in a 2 ml
centrifuge tube, then 0,5 ml of deionized water was
added. The gel was carefully re-suspended using a
glass rod, and then centrifuged for 5 min at 5000 g.
A supernatant was used without dilution. 10 ul of
the supernatant was applied to the column.
A HPLC-MS (high performance liquid chromatog-
raphy-mass spectrometry) system (Thermo Scien-
tific LCQ Fleet, USA) was used for the analysis in
the mode of selective registration of ions at m/z of
789,0 + 0,5 and 395,0 * 0,5, which correspond to
the molecular ion of CAMP-1 and its doubly charged
ion (Table 1).
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cuakuHTa 1131 ¢ pa3IuaHON MOJIEKYISPHONU Mac-
COU B 3aBHCHMOCTH OT €r0 KOHIIEHTPAIIUH U JIO3BI
obJstyueHus, mpezicTaBieH B Tabs. 1. Kaxasiid o6pa-
3ell TOIBEPTAJICST AHAIM3Y B TPEXKPATHBIX MMOBTOP-
HBIX U3MEPEHHUSIX.

BerpauBanue aHTHOAKTEPUAIBHOTO MTENTH/IOMU-
METHKa B THUIPOTEJIEBYIO JEIO-MAaTPHUILy ITPOBOIU-
JIOCh € WCIIOJIb30BAHUEM POTAIIMOHHOTO TOMOTEHU-
datopa AD145S-P-10G (U-Therm International
Limited, Kuraii) myreM BMeIIMBaHUS JJisI PaBHO-
MepHoTo pactpesiesiennss KAMII-1 B resieBoi macce.

s ompenesieHUs COJlepKaHUA MENTHIOMUMeE-
Tuka KAMII-1 B rejie IOJUATHUIEHOKCHAA OBLI
WCIIOJIP30BaH Tejb ¢ KOHIeHTparued KAMII-1
0,05 %. JI;s aHanusa 0,5 T Tejis MoMelaand B IeH-
TPpUPYKHYI0 TPOOUPKY 06BEMOM 2 MJI, TIOCJIE UETO
JobaBisn 0,5 MJI JIEMOHU30BAaHHOW BOABI. I'esib
AKKypaTHO PpEeCyCIIEHAMUPOBAJIM € IOMOIIBIO CTe-
KJIAHHON NAJIOYKH, a 3aTeM LeHTpUuQyrupoBaju B
TeUyeHHue 5 MUHYT ITPpU 5000 g. CynepHaTaHT UCIIOJTb-
3oBasicss 6e3 pasbamienusa. Ha xpomarorpaduue-
CKYI0 KOJIOHKYy HAHOCKJIM 10 MKJI CyIepHaTaHTa.
J1a aHaym3a ucmojb3oBanachk cucrema BIOXKX-MC
(BpICOKOA(DGEKTUBHAS KUAKOCTHAST XpOMAaTOrpa-
¢usa — wmacc-cnexkrpomerpus) (Thermo Scientific
LCQ Fleet, CIIIA) B peskuMe ceJIeKTUBHOM perucrpa-
MY UOHOB ¢ M/z789,0 * 0,5 U 395,0 + 0,5, KOTOpPbIE
COOTBETCTBYIOT MOJIEKyJsAspHOMYy HoHy KAMII-1 n
€ro JIByX3apsi/;THOMY HOHY.

PE3YJ/IBTATBI UCCJIEJOBAHUA

1 aHanusza ucCIeyeMblXx 00pasinoB ObLTH
[IOCTPOEHBI JIBE KATUOPOBOUHBIE IPSIMbIE HA OCHO-
BaHWM /IAHHBIX, IIOJyUYEHHBIX IIPU IPOBEJEHUU
T'TI-B9KX cranpapTHbIX pactBopoB IISI' 1o snek-
TPOHHO-JIy4eBoro obirydenus (Tabi. 2).

RESULTS OF THE RESEARCH

To analyze the studied samples, two calibration
curves were plotted based on the data obtained dur-
ing GF-HPLC of standard PEG solutions before elec-
tron beam radiation (Table 2).

The results of GP-HPLC of PEG aqueous solu-
tions after electron beam radiation are shown in
Table 3.

The electron beam radiation-exposed samples
showed significant differences in chromatographic
profiles compared to the baseline samples. Even at
low radiation doses (0,25 Mrad), significant aggrega-
tion of PEG molecules in aqueous solutions was
observed (Table 3), which lead to the formation of
supramolecular structures with extremely high
molecular weights (107—109 kDa). The size of these
structures for PEG with a molecular weight ranging
from 4000 to 40 000 Da is almost the same, which
may indicate that the reactions of structure forma-
tion do not depend on the molecular weight of PEG
and the dose applied.

The exceptions are PEGs with a molecular
weight of 400 and 1500 Da. Even an increase in
the dose to 3 Mrad does not cause a significant
raise in the molecular weight of the reaction prod-
ucts. At the same time, the peak asymmetry
observed which increases with dose raising indi-
cates the polymerization process. It should be
emphasized that the obtained particles are cova-
lently bound, but not supramolecular aggregates
(the change of mobile phase 1to 0,1 M LINO_x3H,O
solution does not cause changes in molecular
weight). We note that a particle obtained by irra-
diating PEG with a molecular weight of 4000 Da
has a molecular weight of approximately
34 000 Da, but in water it forms an aggregate with

Ta6una 2. dkcnepuMeHTa/IbHble 3HaYeHUs BpeMeHH BbIX0/la MMKOB CTaHJAPTHBIX 06pa3LoB NOoJU3TUNeH Ko ([13T)
B IIPOLIECCe TeJb-POHUKAIOIEN BbICOK03DPEKTUBHOM KUAKOCTHOH XpoMaTorpadun Ha kosoHke PL aquagel-OH MIXED

(mopBmkHas dpaza 1l u 2)

Table 2. Experimental values of peaks of standard polyethylene glycol (PEG) samples during gel filtration high-performance
liquid chromatography on a PL aquagel-OH MIXED column (mobile phase 1 and 2)

Konueﬂ'rpauml CTaHJAAPTHOroO

CraHjapTHBII o6paser,
Standard sample

o6pasua, Mr/mia

sample, mg/ml

Concentration of the standard

BpeMs BbIX0/a MUKA CTAHJAPTHOTO 06pa3na, MUH
Peak output time of the standard sample, min

nojBuxKHasA ¢asa 1
mobile phase 1

noaBMKHasA ¢pasa 2
mobile phase 2

[13I' 400 / PEG 400 0,50
[13r 1500 / PEG 1500 0,75
[13T 4000 / PEG 4000 0,75
13T 6000 / PEG 6000 0,50

13T 10 000 / PEG 10 000 0,75
13 20 000 / PEG 20 000 0,75
[13I' 40 000 / PEG 40 000 0,50

9,50 9,50
9,13 9,14
8,78 8,81
8,62 8,67
8,37 8,43
8,06 8,14
7,85 7,93
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Ta6/mmua 3. Pe3ynbTaThl MCC/1eJ0BaHUSA 00JIy4YeHHBIX BOJHBIX PACTBOPOB MOMATHIeHIHK0JIA (T1317)
MeTO/I0M TeJib-POHUKAIOIEN BbICOK03DPEKTUBHOH KUJKOCTHON XpoMaTorpadpuu
Table 3. Results of the analysis of irradiated aqueous solutions of polyethylene glycol (PEG) by gel filtration high-

performance liquid chromatography

Ne  Moseky/isipHas Macca
No. wucxogHoro II3T, [la
(xoHUEeHTpauus, %)

Jlo3a o61yyeHus,

Radiation dose,

Bpems BbIxoAa o6pasna,
Mpag, MUH
Sample ouput time, min

MosieKy/IspHas Macca o6pa3sna
nocsje o6ay4enus, /ia
Molecular weight of the

Molecular weight of Mrad irradiated sample, Da
the initial PEG, Da
(concentration, %) B BoJe B LiNO,x3H,0 B BOAE B LiNO,x3H,0
in water inLiNO,x3H,0 in water in LiNO,x3H,0
1 400 (5) 1 9,506 9,51 430 452
2 1500 (5) 15 9,137 9,143 1800 1800
2,0 9,142 - 1870 -
3,0 9,140 9,141 2000 2070
3 4000 (5) 1,0 4,493 7,987 4,66x10° 32400
2,0 4,625 8,051 3,90x10° 26 400
3,0 4,567 7,975 4,47x10° 33700
4 6000 (2) 1,0 4,625 7,832 3,99x10° 65500
2,0 4,598 7,885 4,46x10° 51000
3,0 4,609 7,877 4,41x10° 52400
5 10 000 (1) 2,0 4,376 7,687 8,70x10° 133800
2,5 4,361 7,696 9,09%10° 124 400
3,0 4,336 7,642 7,58x10° 150200
6 20000 (1) 0,25 5,052 7,628 8,36x10°® 244 200
5,320 2,36x10°8
5,828 4,27x107
8,294 19 442
0,50 4,028 6,843 1,93x10° 2805600
0,75 4,026 6,983 2,10x10° 2159200
7 20000 (0,5) 0,25 4,895 7,631 1,33x10° 138000
5,354 1,89x108
5,930 2,86x107
8,812 9300,450
0,50 4,588 7,498 5,15x10°? 270700
0,75 4,591 7,562 5,7x10° 234000
8 40000 (0,5) 0,25 4,813 7,560 1,92x10° 249 000
5,312 2,25x10°8
5,906 3,29x107
8,887 10000,1500
0,50 4,502 7,494 7,64x10° 262 700
0,75 4,477 7,563 8,50x10° 214 000
40000 (0,25) 0,25 4,695 7,745 3,47x10° 79 500
5,217 3,24x10°®
5,858 3,7x107
9,135 1853
0,50 4,545 7,766 6,18x10° 78 000
0,75 4,564 7,790 6,36x10° 70 000

PesynbraTel uccnenoBanusa meroaom ['TI-BOKX
BOJIHBIX pacTBOpoB IIAI' mocsie s1eKTpOHHO-JIyYe-
BOI 00pabOTKY IPUBEIEHHI B TA0I. 3.

OOpasIpl, MOPOIIEANINE 3JIEKTPOHHO-JIYUEBYIO
00paboTKy, MPOIEMOHCTPUPOBATIN CyII[€CTBEHHBIE
pasnuuug B xpomaTorpaduueckux Ipoduifax Io
CpPaBHEHHIO C HCXOJHBIMH OOpasnamu. Jlaxke mpu
HHUBKHUX [03ax obayuenus (0,25 Mpaj) oTMedeHa
3HaAUUTeAbHAA arperanud Mosekya [I9I' B BogHBIX
pacrBopax (cM. TabJ. 3), YTO MPUBOAUT K 00pas3oBa-

a molecular weight of approximately 109 Da. At
the same time, non-irradiated PEG with a molecu-
lar weight of 40 000 Da does not form supramo-
lecular aggregates. These data indicate a branched
structure of the particles has formed after irradia-
tion. This is also confirmed by the appearance of
luminescence in the ultraviolet spectrum (A = 192—
220 nm) of the irradiated samples, which indi-
cates an increase in the number of terminal car-
bonyl groups in PEG.
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HUIO HAJMOJIEKYJIIPHBIX CTPYKTYP CO CBEPX0OOJIb-
MU MOJIEKYJIAPHBIME Maccamu (107-109 k/la).
Paszmep stux crpykryp aus IO ¢ mosekyaapHoOU
Maccoi B uamnasoHe oT 4000 710 40 000 Jla mpakTu-
YeCKU OJJMHAKOB, YTO MOJKET YKa3bIBaTh HA OTCYT-
CTBHE 3aBHCHMOCTH PEaKIUi CTPYKTypooOpa3oBa-
HHUA OT MOJIeKyJIsIpHOU Macchl 119 u mpumense-
MOH /03HbI.

Nckntouernue coctaBadawT 13T ¢ mosekyasap-
HOW Maccod 400 u 1500 Jla. /laxke yBesaudyeHUE
JI03BI Bo3JeicTBUA 0 3 Mpaj He BhI3BIBAET 3HA-
YHUTEJPHOTO POCTAa MOJIEKYJISAPHOU MacChl IIPO-
IYKTOB peaknuu. B To ke BpeMs Habiromaemas
acHMMeTpHUs MHUKOB, YCHJIUBAIOMIASACI C POCTOM
JI03bI, TOBOPDUT O IMIpoIlecce IOJMMEpPHU3aLHUH.
CiienyeT IOJJUEPKHYTD, UTO IIOJIyY€HHBIE YaCTUIIBI
SAIBJIAIOTCA KOBAJIEHTHO CBA3AHHBIMU, a He HAJI]MO-
JIEKyJSIpDHBIMU arperatamMu (CMeHa IOJIBUKHOU
¢as3sr 1 Ha 0,1 M B pacrBOpe LiN03x3H20 He
BBI3BIBAET U3MEHEHUH B MOJIEKYJISAPHOU Macce).
OTMeTHM, UTO YaCTHIA, NOJyYeHHAas IPU 00JIy-
vyenuu [13T ¢ mosyekyasspHON Maccou 4000 [a,
“MeeT MOJIEKYJIIPHYI0O Maccy OKOJIO 34 000 /la,
HO B BOJle oOpasyeT arperat ¢ MOJIEKYJISPHOM
Maccou okoJio 109 /la. B To ke Bpems HeoOIyueH-
HBI# [13T ¢ MosiekynApHON Maccoil 40 000 [la He
¢dopMupyeT HaMOJIEKYJIIDHBIE arperaTrbl. IOTU
JlaHHBIE CBUJIETEJBCTBYIOT O PpPa3BeTBJIEHHOU
CTPYKType 4acTull, 00pa3oBaBIIuXCs IMOcae 00y-
YeHHus. DTO TaKKe MOJTBEPIK/IAeTCA MOSABJIEHUEM
cBeueHUs B yJibTpaduoseroBoM cmektpe (A =
192—220 HM) 006JIy4eHHBIX 00pa310B, YTO YKA3BI-
BaeT Ha yBeJIMUYEHNE KOJIMUECTBA KOHIIEBBIX Kap-
60HMIIBHBIX IpynI B [19T.

O6paszoBaHue TUAPOTES TIOCPENCTBOM BJIEK-
TPOHHO-JIy4E€BOTO KPOCCIMHKHHTA OOBsCHSIETCS
HaKorieHHeM B pactBopax [I9' kapOOHMIBHBIX
IPYIIIUPOBOK, JIETEKTUPYEMBIX B TJIYOOKOH yJIbTpa-
¢duoseroBoit obmactu (A = 192—220 HM). JlaHHOE
[Ipe/ITIoNIOKEHNe HAXOAUT IIOATBEpKJeHNe B JIaH-
HBIX O KOHIEHTpanuu KapOOHWIBHBIX TPYIIII
(>C=0), mnosydyeHHBIX AUDEHUITHIPASTHOBBIM
METOJI0OM, KOTOpBIe II0Ka3a/Iu yBeJNUeHne KOHIIeH-
tparuu >C=0 rpynn B 06ydeHHbIX 00pasnax [13T
B 3aBUCHUMOCTH OT JI03bI 00IyueHus (puc. 1).

[TosryueHHBle HaMU [JaHHBIE JEMOHCTPUPYIOT
OO0IIyI0 cXeMy MPOIIECCOB, MPOXOAIINX MPU DJIEK-
TPOHHO-JIyueBou 06paboTke [13T":

1. Pagrosin3 BobI:

H,O0- OH- + H*
2. O6pasoBanue paaukaios I19T:

~CH,-CH, -0 ~ + OH" — ~ CH, -~ CH+ -O ~ + H,0

The formation of hydrogel by electron beam
crosslinking is explained by the accumulation of
carbonyl groups in PEG solutions detected in the
deep ultraviolet region (A = 192—220 nm). This
assumption is confirmed by data on the concentra-
tion of carbonyl groups (>C=0) obtained by the
diphenylhydrazine method, which showed an
increase in the concentration of >C=0 groups in
irradiated PEG samples depending on the radiation
dose (Fig. 1).

The data obtained demonstrate the general
scheme of processes that are underway during elec-
tron beam irradiation of PEG:

1. Water radiolysis:

H,0 - OH" + H*
2. Formation of PEG radicals:
~CH,-CH,-O~+OH - ~CH,-CH--O~+H0

3. Depending on the conditions, the following
processes take place:
a) degradation of PEG with carbonyl group for-
mation
~CH, - CH+ -0 ~ - ~ CH, - CHO

6) PEG crosslinking

~CH,-CH- -0 ~ ~CH,-CH-O ~
+ - I
~CH, - CH- -0 ~ ~CH,-CH-O ~

Since PEG belongs to predominantly crosslink-
able polymers, electron beam crosslinking is much
more intensive severe than the destruction process,
which ultimately leads to gel formation. Fig. 2 shows
a scheme of crosslinking processes of various molec-
ular weight PEGs.

Irradiation of low- and high-molecular-weight
PEGs at the same dose leads to forming various
structures, from intermediates to crosslinked poly-
mers. A gel can be obtained using either low-
molecular-weight PEG with a radiation dose of
1,5—3 Mrad or high-molecular-weight PEG (greater
than 4000 Da) with a radiation dose of 0,25 Mrad.
We propose that the optimal approach is to change
the dose for low molecular weight. An increase in
the radiation dose leads to a proportional decrease
in gel flowability, which makes it possible to syn-
thesize a depot-matrix in accordance with certain
requirements. For example, a liquid gel is needed
to fill closed cavities, while a gel with the cohesive-
ness effect is preferable for open wounds. To
achieve gel formation by crosslinking, we used a
low-molecular-weight PEG (1500 Da) and a radia-
tion dose of 2 Mrad. The antibacterial peptidomi-
metic CAMP-1 was implanted into the gel obtained
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Puc. 1. 3aBUCUMOCTb KOHIIEHTPAIUU KApOOHUIBHBIX IPYIII B 00pa3iax MOJIUSTUIEHIJIMKOJIS OT ZI03bI 00JIy4eHuUs
Fig. 1. Dependence of the concentration of carbonyl groups in polyethylene glycol samples on the radiation dose

3. B 3aBHUCHMOCTH OT YCJIOBUH TTPOXOJIAT CIIEAYIO-
II[{E MTPOIIECCHI:

a) mectpykius [13T ¢ o6pazoBaHreM KapOOHUIIb-
HOU TPYIIIBI

~CH,-CH+-O ~ - ~CH, - CHO
6) ciuuBauue I19T

~CH, - CH- -0 ~ ~CH,-CH-O ~
+ - I
~CH,-CH--O ~ ~CH,-CH-O ~

Tak kak II9T" oTHOCUTCA K IPEUMYIIECTBEHHO
CIHIMBAIOIIAMCA IIOJIMMepaM, TO IIPOLECC 3JIeK-
TPOHHO-JIy4eBOH CIIMBKY UET HAMHOTO MHTEHCHB-
Hel, 4yeM Impoliece JeCTPYKIIUU, YTO U IPUBOJUT B
KOHEYHOM HuTOre K obpasoBaHuio reisa. Ha puc. 2
Ipe/icTaBjIieHa cxeMa mpoiljeccoB ciuBku [19T° pas-
JIMYHOU MOJIEKYJIIPHOHN MacChl.

Ob6JiryueHre B OJWHAKOBOU ZI03€ HU3KO- U KPYTI-
HoMoJIeKyJIsIpHBIX [I9T" co3zjaer pa3auyuHble CTPYK-

without technological difficulties using a rotary
homogenizer.

The development of a hydrogel- and peptidomi-
metic-based antibacterial drug prototype involves
determination of CAMP-1 in a polyethylene oxide
gel. Direct determination of a peptidomimetic by the
molecular weight scanning all components is diffi-
cult, since PEG is inevitably detected in water, which
is washed off by a wide-band eluent, complicating
the identification of CAMP-1 peaks. Fig. 3 shows the
spectra of CAMP-1 solution in aqua and aqueous gel
extraction. A pair of ions (molecular and doubly
charged) is reliably identified at an output time of
13,4 min, which corresponds to the CAMP-1 output
time in a standard aqueous solution and visually
coincides with the band intensity. However, it is not
known how close the concentration of CAMP-1
observed is to steady state one. Further, more long-
term experiments will be required to answer this
question.

WHTepMenunarsl B pacTBOpax HU3KOMOJCKYpHBIX [1017
Intermediates in low-molecular-weight PEG solutions

Pactop 12T / PEG solution

TIDT/PEG
— = O06mnyuenue -
—IOTPEG  padiation

L

KpoccnuHKUHT B pacTBOpax BEICOKOMOJEKYApHBIX [1017
Crosslinking in high-molecular-weight PEG solutions

'—\./

V

Puc. 2. DIeKTPOHHO-JIy4YeBas IMMOOWIN3AIUA MOJIEKYJT TOJIHITHIeHIHKOIIA (I19T)
Fig. 2. Electron beam immobilization of polyethylene glycol (PEG) molecules
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Puc. 3. Criektpsl pactBopa KAMII-1 B Bozie (BbICOK03((EKTUBHAS KUAKOCTHAS XpoMaTOorpad s U Macc-CIIeKTPOMETPYS)
Fig. 3. Spectra of aqueous CAMP-1 solution (high performance liquid chromatography-mass spectrometry)

TYPBI — OT HHTEPMEIUATOB /IO KPOCCIMHKIHTA ITOJTH -
Mepa. ['esib MOXKHO TTOJIYUUTh, UCIIOJIB3YsI HUBKOMO-
nekynsspHbid [191 u quana3oH A03bI pajilaliii OT
1,5 10 3 Mpajg winm BBICOKOMOJIEKYIAPHBIN 19T
(6omee 4000 [1a) c¢ mosout obiyyeHus 0,25 Mpag,.
MBI cunTaeM, 4TO ONTHMAJIbHBIM ITOAXOAOM SIBJIs-
eTcs W3MEHEHWE 03Bl IS HU3KOMOJIEKYJISIPHOU
Macchl. YBeJIMUeHUe 03bl U3JIyYeHUs MPUBOJUT K
MIPOIIOPITUOHAILHOMY CHUKEHHUIO TEKy4YeCTH TeJis,
YTO TI03BOJISIET CUHTE3WPOBATH JIEMO-MATPUIy B
COOTBETCTBHU C OIPEEIEHHBIMU TPEOOBAHUAMHU.
Hanpumep, :KUAKUH TeIb HEOOXOIUM JJIs 3aTI0JTHE-
HUS 3aKPBITHIX IOJIOCTEH, B TO BPeMSA KaK TeJb C
5¢ddeKToM HATOJHEHUSA IPEINIOUTHUTEIbHEE s
OTKPBITHIX paH. [IJ1s JocTrKeHUs Tesieo0pa3oBaHus
IyTeM KPOCCJIMHKUHTA MbI KCIIOJIb30BAJI HU3KOMO-
nexynsipabid [T (1500 /Jla) u 703y o6ay4yeHHs
2 Mpaj. B nostyueHHBIN Teslb aHTUOAKTEPHUATIbHBIN
nentugoMuMeTuk KAMII-1 ObL1 MMILIAaHTHPOBAH
0e3 TEXHOJIOTUYECKHX CJIOKHOCTEH C IIOMOIIBIO
POTAallIOHHOTO TOMOTE€HU3aTopa.

Co3ylanye MPOTOTHUIIA  AHTUOAKTEPUATHLHOTO
JIEKapCTBEHHOTO IIpernapara Ha OCHOBE TU/IPOTeis U
MEeNTHAOMUMETHKA BKJIIOYAET WHCTPYMEHTAIHLHOE

CONCLUSION

The findings of this study lead to the following
conclusions:

1. In non-irradiated PEG solutions with a molecu-
lar weight of 400—40 000 Da, PEG-PEG interactions
are absent, and supramolecular complexes are not
formed.

2. PEG irradiation leads to a dose-dependent
accumulation of carbonyl groups, which triggers the
transformation from a linear structure to a cross-
linked one, regardless of the molecular weight of the
polymer being irradiated.

3. After irradiation, high-molecular-weight
PEGs (4000—40 000 Da) undergo a transition to a
pre-gelation state, which is associated with form-
ing ultrahigh-molecular-weight intermediates and
may be determined by irradiation-induced cross-
linking. In solutions of low-molecular-weight
PEGs (400 and 1500 Da), linking processes
between individual short polymer chains occur via
a radical mechanism.

4. Variation of the parameters of electron beam
exposure and PEG concentration makes it possible to
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onpeneneHne KAMII-1 B resie noJM3THICHOKCH/A.
[IpsiMmoe ompezeseHHe IENTUAOMHMeETHKA Yepe3
CKaHUPOBAaHUE MOJIEKYJIAPHBIX MAacC BCEX KOMIIO-
HEHTOB OKa3bIBaeTcs 3aTPYAHUTEIBHBIM, TaK KaK B
Bojle HensbexxHO oOHapykuBaercs I19I7, koTopbIi
CMBIBAETCS BIIIOEHTOM C MTUPOKOU MOJIOCOH, CHITBHO
3arpyaHsas uneHtudukanuio nukoB KAMII-1. Ha
pHC. 3 IIpe/iCTaBJIEHBI CIIEKTPhI pacTBopa KAMII-1 B
BOJIE U BOJIHOM HKCTpaKIMU U3 rejs. I[lapa moHoB —
MOJIEKYJIAPHBIN U JIByX3apAAHBIA — HAJIe?KHO UJIeH-
TudUIUpyeTCa IIPU BpEMeHH BbIX0Za 13,4 MUH, 4TO
cOoOTBeTcTBYyeT BpeMeHH Bbixozga KAMII-1 B
«MOJIEJIBHOM» BOJHOM PacTBOpe U BHU3YaJIbHO
COBIIaJlaeT ¢ HTEHCHUBHOCTBIO 110J10c. OHAKO Heu3-
BECTHO, HACKOJIBKO HaOJfofjlaeMasi KOHIIEHTPAIUs
KAMII-1 6;m3ka K paBHOBECHOU. /[ BBIACHEHUS
ATOTO NOTPeOYIOTCA TaTbHEU e 60Jee MPOI0IIKH-
TeJIbHBIE DKCIIEPUMEHTHI.

3AK/IOYEHUE

[TpoBeneHHOE MCCIIEZIOBAHIE TIO3BOJIAET CIEJIATh
CJIe/lytolye BEIBO/IBL:

1. B HeoGayueHHbIx pactBopax II3T ¢ mosexy-
JIIPHOHM Macco# oT 400 70 40 000 Jla OTCyTCTBYIOT
B3aumoyieticTBus tuma I19T — I13T u He o6pasyioTes
HAaJIMOJIEKYJISIPHBIE KOMILJIEKCHI.

2. O6isyuenne IIDI' mpPUBOAUT K 710303aBUCHU-
MOMY HAaKOIUIEHHIO KapOOHUJIBHBIX TIPYIIIHPOBOK,
YTO WHUIIUUPYET MEPEXO]T OT IUHEHHOU CTPYKTYPHI
K CeTyaTod, BHE 3aBHCHMOCTH OT MOJIEKYJISPHOU
Macchl 06JIy1aeMOoro MmoJInMepa.

3. Ilocie obiyueHUsT ¥ BBICOKOMOJIEKYJIIPHBIX
19T (4000—40 000 [la) HabGsromaercs 3¢hdeKT
Iepexo/ia B COCTOSTHUE IIPe/IreJIMPOBaHNsl, UTO CBA-
3aHO ¢ 00pa30BaHUEM aCCOITUATOB C CBEPXBBICOKUMHU
MOJIEKYJIIPHBIMH MacCaMH{ B MOYKET OBITh 00YCJIOB-
JIEHO IIPOIleccOM KPOCCCIMHKUHTA, WHUIINUPOBAH-
HBIM 00JyiyueHHeM. B pacTBopax HU3KOMOJIEKYJISIP-
HbIX 13T (400 ¥ 1500 /la) IPOUCXOAAT MPOIECCHI
CBA3BIBAHUSA MEXAYy OTAEeJbHBIMU KOPOTKHUMHU
LEMSIMU MOJINMEPA 110 PAIUKATIBHOMY MEXaHU3MY.
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depot-matrix designed for the implantation of phar-
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TeTpaHI/IKJII/IH CHHZKACT IMOBPCIKACHUEC IT'IMIIINIOKAMIIA 1 MO3KCUYKAa
B MO/I€JIH JIETKOW YePEMHO-M0O3TOBOU TPABMbI Y KPBIC
IMOAPOCTKOBOI'O BO3pacra: KaHaAuaaT Ha HeperO(i)I/IJII/IpOBaHI/IE?
®.A. Abapubore, ®©.K. Hparop, I'.O. Oubeke, Y.A. Ofinua60

YHusepcumem deavmuvt Huzepa, hakyavmem 6a3o80il meduyuHwl, kagedpa aHamomuu venosexa, wmam baiisaca, 0-68
Yunbepgopc, Hueepus

AHHOTAIIUA

BBenaeHnwue. Jlerkas uepenHo-mosroBas TpaBMa (JIYMT) MoKeT cTaTh KPUTHUECKOU /IS HOPMAJIBHOTO Pa3BUTHUS
IIOJIPOCTKOBOTO OpraHMU3Ma BCJIEICTBHE TOPAXKeHUsI 00J1acTel rOJIOBHOTO MO3Ta, OTBETCTBEHHBIX 32 KOTHUTHBHBIE U IBH-
rarenpHble QyHKIUU. CoBpeMeHHbIe MeTozb! jeueHus JIYMT, ocHOBaHHBIE B OOJIBIIMHCTBE CBOEM HA OIBITE JIEUEHUS
STOTO COCTOSIHUS ¥ B3POCJIBIX, €J1a00 OPUEHTHPOBAHBI HA TIOAPOCTKOB, UTO BBI3HIBAET HEOOXOAMMOCTH Pa3paboOTKH CTpaTe-
T'UH Tepanuy JJ1s 5TOH IPYIIIBI HAI[EeHTOB.

Il e 1 b . JlaHHOE HWCCIEIOBAHUE H3yYaeT MOTEHIHAJIbHbIE HEHUPOIPOTEKTHBHBIE d(PGdEKTH TeTPAIUKINHA Y KpPBIC-
TOJIPOCTKOB cTOKa BucTap nocie JIUMT, yaensis oco60e BHIMaHUE MTOBPEKIEHUIO THITIOKaMIIAa B KOPBI MO3YKeuKa.
MaTepuainb U MeTOJBbl . [IATHaAUATH KpbIC ObUIH Pa3/iesIeHbl HA TPU IPYIIIBL: KOHTPOJIbHYIO, rpyiy ¢ JTYMT
u rpymiy ¢ JIUMT + TeTpanvKk/IvH B CyTOUHOMU 03€ 44,3 MT'/KT Macch Tesia. JIYMT 6pl1a MozieTMpoBaHa METO/IOM Ia/IAI0IIETO
Ipy3a, KOTHUTUBHBIE U MOTOPHbIE QYHKIIIH OLEeHUBAIUCH B TecTax T-00pa3HOro JJAOMPUHTA U CY:KUBAIOIIEHCsI IOPOXKKH.
PesynpTarTsl . I'umcrosornyeckuil aHaJIN3 C UCIOJIb30BAHHUEM OKDAIIWBAHUA I'eMATOKCHJIMHOM U 503WHOM H
OIIeHKA TIOBEIEHUECKUX PeaKIINi MoKas3asu, uto y Kpeic ¢ JIUMT 6e3 BBeZleHUS TETPAIUKINHA HAOTI0OIATUCh BhIPAKEH-
Hble HeraTuBHbIE U3MeHeHUA B GYHKIIMOHUPOBAHUH U CTPYKTYpPe FOJIOBHOTO MO3Ta, a TaKKe HapyllleHe KOTHUTUBHBIX 1
JIBUTATeJIbHBIX QYHKIUN. B TO jxe BpeMs y KpbIC, MTOJIyYaBUINX TETPAIIMKJINH, HETATUBHbIE U3MEHEHHS HeUPOHAJIbHON
CTPYKTYPBI U NOBE/IeHUs OBLIIN MeHee BBIPAXKEHBI, XOTS U IIOJIHOCTHIO HE BOCCTAHABIMBAJIUCH /10 YPOBHA KOHTPOJIBHOU
rpynnsl. [IpruMeHeHue TeTpaluKINHA TAKKe YMEHBIIIAI0 BOCIIAJIEHHE U OKUCIUTEIbHBIN CTPECC B TOJIOBHOM MO3TE.
3axknodeHUe . [lomyueHHble Pe3y/IbTAThI IOKA3BIBAIOT, YTO TETPALUKINH 00J1a1aeT HeHPOIIPOTEKTOPHBIM IIOTEH-
nuasoM npu JIYMT y KpbIC-ITOPOCTKOB, YTO ODOCHOBBIBAET €T0 U3yUYEHHE B KAUeCTBE KaHIUAATA /71 Iepenpo(IINpOBaHUS.
Knaoueenle c106a: 4epenHO-M0O3roBasi TpaBMa, HEHPOIIPOTEKINA, KOTHUTUBHBIE (PYHKI[UH, MOTOPHAs KOODAMHALIHA.

Oo0pasden murtupoBaHus#Aa: Abapubore ®.A., Hearop ®.K., Oubeke I'.0., OiintH60 Y.A. TeTpariuk/InuH CHIKA-
€T TMOBPEeKZEeHNEe TUIOKAMIIa U MO3KE€YKa B MOJEJIN JIETKOH YEPEHO-MO3TOBOM TPaBMBI ¥ KPBIC IIOJPOCTKOBOTO
BO3pacra: KaHauzaar Ha nepemnpodrimposanne? // Journal of Siberian Medical Sciences. 2025;9(4):105-120. DOI:
10.31549/2542-1174-2025-9-4-105-120

Tetracycline attenuates hippocampal and cerebellar damage
in a weight-drop model of mild traumatic brain injury

in adolescent rats: A candidate for drug repurposing?

F.A. Abaribote, F.C. Nwagor, G.O. Onyeke, C.A. Oyinbo

Niger Delta University, Department of Human Anatomy, Faculty of Basic Medical Sciences, Bayelsa State, Wilberforce
Island, Nigeria

ABSTRACT
Introduction. Mildtraumatic brain injury (mTBI) represents a critical risk factor for disrupted neurodevelop-
ment during adolescence, particularly affecting brain regions involved in cognition and motor function. Current treat-
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ments, which are mostly derived from adult studies, highlight a gap in addressing adolescent needs, warranting the need
for targeted therapeutic strategies.

A i m . This study explores the potential neuroprotective effects of tetracycline in adolescent Wistar rats following mTBI,
focusing on damage to the hippocampus and cerebellar cortex. mTBI poses a significant risk to brain development in ado-
lescents.

Materials and methods. Fifteen rats were divided into three groups: a control group, an injury group
only, and an injury group treated with tetracycline at a daily dose of 44,3 mg/kg body weight. mTBI was induced using a
weight-drop method, and cognitive and motor functions were assessed through T-maze and beam-walking tests.

R esults. Histological analysis using hematoxylin and eosin staining revealed that untreated rats with mTBI showed
significant neural degeneration and disrupted brain architecture, alongside impaired cognitive and motor performance. In
contrast, rats treated with tetracycline exhibited reduced neuronal damage and improved performance, although not fully
restored to control levels. The treatment also appeared to lower inflammation and oxidative stress in the brain.
Conclusion. Thesefindings suggest that tetracycline has neuroprotective potential in adolescent rats with mTBI,
supporting its consideration as a therapeutic target for drug repurposing.

Keywords: traumatic brain injury, neuroprotection, cognition, motor coordination.
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BBEJAEHUE

YepenHo-mo3roBass TpaBma (UMT) sBisiercs
OJTHUM W3 HauboJiee PACIPOCTPAHEHHBIX HEBPOJIO-
THYECKUX HApYIIEHWH U TPeJCTaBIseT coboit
CEPBE3HYIO TJI00ATBbHYTO ITPOOJIEMY JJIsA 3IPaBOOXpPa-
HeHusd. [IpumepHo 90 % ciyuaeB UMT wnaccudu-
nupytores: Kak Jierkue (JIYMT): ¢ Takoii TpaBMOM
CTIKUBAETCS OKOJIO 42 MJIH Yes. eKeroJHO, YTO
YacTO IPUBOAUT K TOCIUTAIN3AIIUY, HHBAJIUIHOCTH
wu JietabHOMY ucxony [1—3]. [Tomumo Hemocpen-
cTBeHHBIX nociaezcteuii, JIYMT cBsi3aHa ¢ [0JTO-
CPOYHBIMU OCJIOXKHEHHSIMH, TAKUMU Kak 00Je3Hb
AspriretiMepa u 6osie3Hp IlapKWHCOHA, XpPOHMYe-
CKas TpaBMaTHuecKas 3HIedasonarus, a TakkKe ¢
MOBBIIIIEHHBIM PHUCKOM CyHIU/ia [4]. ITH nanHbE
TIO/TYEPKUBAIOT CEPbE3HOCTh mociencTBul JIYMT
JUIs1 ODIIIECTBEHHOTO 3/[pAaBOOXPAHEHHU .

B To BpeMs kak MoJiofible (15—24 T0/1a) ¥ IOXKU-
Jple (=75 JIeT) JIIOAW YacTO CYUTAIOTCSA TPyNIaMu
pucka o JIYMT, opraHusm jieTel u MoJpOCTKOB He
HMeeT IIOTeHINasa, KOTOPBIH Obl cMATrdas Mocies-
ctBust JIUMT [5, 6]. Y moipoCTKOB MaTO(hU3HOJIOTHs
u ucxonsl JIUMT cyliecTBeHHO OTJIMYAKOTCA OT
TaKOBBIX V¥ B3POCJBIX BCJIEICTBUE IIPOZOJIXKAOIIIEe-
rocsi (OPMHUDOBAHHs IEHTPAJIHLHOU HEPBHOU
cucrembl [7, 8]. XoTs KJIMHUYECKHUE CHMIITOMBI
MOTYT OBITh CXO’KMMH BO BCEX BO3PACTHBIX IPYIIIAX,
y TOJIPOCTKOB, KaK IpPaBWJIO, Habsrozmaercs Oosee
MeJ[JIEHHOEe BOCCTAHOBJIEHHWE U OOJIbIIast JJIUTENb-
HOCTb HapyIIEHUH KOTHUTUBHOU cdepsl, 0cOGEHHO

INTRODUCTION

Traumatic brain injury (TBI) is among the most
prevalent neurological conditions and constitutes a
major global health burden. Approximately 90% of TBIs
are classified as mild (mTBI), affecting about 42 mln
individuals annually and frequently resulting in hospi-
talization, disability, or death [1—3]. Beyond the immedi-
ate impact, mTBI has been linked to long-term compli-
cations such as Alzheimer’s and Parkinson’s diseases,
chronic traumatic encephalopathy, and an increased risk
of suicide [4]. These outcomes underscore the significant
public health implications of mTBI.

While young adults (15—24 years) and the elderly
(=75 years) are often regarded as the most vulnera-
ble groups, children and adolescents are not immune
to the effects of mTBI [5, 6]. In adolescents, the
pathophysiology and outcomes of mTBI differ sub-
stantially from those of adults due to the ongoing
maturation of the central nervous system [7, 8].
Although clinical symptoms may appear similar
across age groups, adolescents tend to experience
slower recovery and prolonged cognitive deficits,
particularly in memory, attention, and processing
speed [9, 10]. Anatomical and physiological differ-
ences, including heightened neuroplasticity and
incomplete myelination, contribute to their distinct
vulnerability. As Mayer et al. [11] aptly described, the
developing adolescent brain functions as a “double-
edged sword,” where the same mechanisms that
facilitate recovery may amplify injury severity.
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MaMsATH, BHUMAHUA U CKOPOCTH 00paboTku MHGMOP-
Maiuu [9, 10]. AHaToMUYecKHe U (PU3HOIOTHUECKHE
pasyinuusi, BKJIIOYasl MOBBIIIEHHYI HEHPOILIaCTHY-
HOCTb 1 HE3aBEPIIIEHHYIO MUEJIMHU3AIHI0, 00YCI0B-
JIUBAIOT WX 0cobyio  ysa3BuMocTh. CorsiacHo
A.R. Mayer et al. [11], dyHKIIMOHUpPOBaHKE Pa3BUBa-
IOIErocsi MO3Ta IOAPOCTKa IOJ00HO 000010~
OCTPOMY MeUy: MEXaHU3MbI, KOTOPBIE CITIOCOOCTBYIOT
BBI3JIOPOBJIEHUIO, MOTYT ¥ YCHJIUBAaTh TSKECTh
TPaBMBI.

Hecmotpst Ha 3TH ocobenHoctu, Tema JIUYMT y
ITOZI[POCTKOB OCTAeTCs JIOCTATOYHO ¢abo paspabo-
TaHHOH, a JieueOHbIe MOAX0/ bl YaCTO OCHOBAHBI HA
JIAHHBIX, TOJIyYeHHBIX B XO/€ HCCJIeIOBAHUH
B3POCJIBIX MAIUEHTOB [7, 8]. ATOT AepUIUT JaHHBIX,
crienuUYHBIX I JTAHHOH BO3PACTHOU TPYIIIIHI,
MPENnsATCTBYET pa3paboTke 3(pHEKTUBHBIX CTPATETUH
JIeYeHUsI, yIUTHIBAIOIINX HEHPOOHOJIOTHIO TIO/IPOCT-
KOBOTO BO3pacra.

JIOTIOJTHUTENIBHBIM ~ YCTIOKHSIIONUM  (paKTOpOM
SIBJISIETCS COXPAHSAOIIASCS TMPOTUBOPEUHBOCTh B
OIpeIeJIEHUsIX W JUATHOCTHYECKHX KPUTEPHAX
JIUMT. lleneBas rpynmna BcemupHO# opranusamnuu
3apaBooxpanenusi (BO3) BoisiBuiIa 6ojiee 30 ompe-
JIeJIeHUWA W JyOJTUPYIOIIUX JIPYT Jpyra TEPMHHOB,
Takux Kak «Jerkass UMT», «HezHaunTespHass YMT»
U «coTpsiceHue mosra» [10]. Illkana kombl I1azro
(LIKT"), crapmapTHBIA HHCTPYMEHT OIIEHKU TSKECTU
TpaBMBbI, OI€HUBAET MAIMEHTOB ¢ 3—15 Oa/tamu Ha
OCHOBE 3PUTEIbHBIX, BEpOAJIPHBIX U JBUTATEIBHBIX
PpeaxIuii, OJTHAKO ee HA/IEXKHOCTh IPUMEHHUTETBHO K
JIETSIM U TIOJIPOCTKAM OrpaHuueHa [12]. AMepukaH-
CKUII KOHTpecC MO0 peabMIMTAIlIOHHON MeIHITnHE
ompenenser JIYMT Kak cOCTOSHHUE C OIIEHKOH
13—15 Gawto mo IIIKI B TeueHwe 30 MUH IIOCJIE
TpaBMBbI, OJTHAKO BapruabeIbHOCTh CHUMIITOMOB OCTa-
eTcsi 3HAYUTEJIBHOU JJa’Ke B paMKaxX 3TOrO IIOf-
xozia [13]. D9Ta AuarHocTuyeckass HEOAHOPOIHOCTD
3aTpPy/IHSET COIOCTABJIEHWE PE3YJIbTATOB pa3Iny-
HBIX HCCJIEJIOBAHUU W IIPEMATCTBYET IIPOrpeccy B
paspaboTKe cTpaTeruii TEPATIHH.

C y4eToM 5THX CJIOKHOCTEN HaOJII0/]aeTcst pacTy-
WA THTEPEC K (papMaKOJIOTHYECKUM IIperaparam,
00J1a1a10IITUM HEHPOIIPOTEKTOPHBIM TOTEHITUAIOM.
TeTpallMKJIMH, IIHPOKO HKCIIOJIb3yeMbI aHTHOWO-
THK, 00J18/1aeT TPOTHBOBOCIAJTUTETHHBIMHE, AaHTHOK-
CUJAHTHBIMM ¥  AHTHAIIONTOTHYECKUMU CBOM-
CTBAMH, KOTOpbIE CIIOCOOCTBYIOT CHHIKEHHUIO BBIpa-
sK€HHOCTH HeraTUBHBIX rocaenctsuid YMT. B ogaom
U3 HCCAeOBAHUH IOKa3aHO, YTO TETPAIUKINH
MOZIABJISIET AKTUBAIIUI0 MUKPOTJIUM U YMEHBIIAEeT
OKHCJIUTEJIBHBIA CTpecc, TEM CaMbIM COXPaHsIs
[IeJIOCTHOCTh HeUPOHOB [13]. OCHOBBIBAsICh HA OIH-
CAaHHBIX BBIIIE MEXaHU3MaX, MbI IIPEIIOJIOKIIIH,

Despite these unique considerations, adolescents
remain underrepresented in mTBI research, and
treatment approaches are frequently extrapolated
from adult data [7, 8]. This lack of age-specific evi-
dence impedes the development of effective manage-
ment strategies tailored to adolescent neurobiology.

Adding to this complexity is the persistent incon-
sistency in mTBI definitions and diagnostic criteria.
The World Health Organization (WHO) Task Force
identified over 30 definitions and overlapping terms
such as “mild TBI,” “minor TBI,” and “concus-
sion” [10]. The Glasgow Coma Scale (GCS), a stan-
dard classification tool, rates patients from 3 to 15
based on eye, verbal, and motor responses, yet its
reliability in pediatric and adolescent populations is
limited [12]. The American Congress of Rehabilita-
tion Medicine (ACRM) defines mTBI as a GCS score
of 13—15 within 30 minutes post-injury; however,
symptom variability remains wide, even within these
parameters [13]. This diagnostic heterogeneity com-
plicates cross-study comparisons and impedes ther-
apeutic progress.

Given these challenges, there is a growing interest
in pharmacological agents with neuroprotective
potential. Tetracycline, a widely used antibiotic, pos-
sesses anti-inflammatory, antioxidant, and anti-
apoptotic properties that may mitigate secondary
injury processes following TBI. Study suggests it
inhibits microglia activation and reduces oxidative
stress, thereby preserving neuronal integrity [13].
Based on these reported mechanisms, we hypothe-
sized that tetracycline may confer neuroprotective
benefits in adolescents rats with induced mild trau-
matic brain injury (mTBI) in a novel drug repurpos-
ing experiment.

Rat-to-human age equivalents are compli-
cated [14]. Weight-based and chronological age com-
parisons have been used to estimate rat-to-human
age equivalence, but these methods have limitations.
Weight, for instance, can be influenced by external
factors such as feeding practices, and overfeeding
can lead to excess weight, further complicated by diet
quality and nature [15]. Chronological age, while
straightforward, may not accurately reflect develop-
mental stage [14]. In contrast, sexual maturity pro-
vides a more reliable benchmark for comparison.
Rats typically attain sexual maturity at about
6—8 weeks of age, which is analogous to human ado-
lescence, 11—17 years [16]. Study has used sexual
maturity in the rats (which corresponds to puberty in
human) for estimate of rat-to-human age equivalent.
A rat aged 1 month is equivalent to a 6 to 8 year old
human, while a 2-month-old rat equates a human of
12 to 17 year old. Rats aged 3—4 and 6 months cor-
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YTO TETPALMKJINH MOXKeT OKa3bIBaTh HEHPOIIPOTEK-
TOpDHOE JleliCTBHE Y KpPBIC-IIOJIPOCTKOB B MOJEIU
JIYMT B pamMkax HOBOTO 3KCIIEpUMEHTA IO Iepe-
npodWINPOBAHUIO  JAHHOTO  JIEKAPCTBEHHOTO
CpeJiCTBa.

CooTBeTCTBHE BO3PACTa Y KPBIC U YeJIOBEKa sIBJIsA-
eTCsI CJIOKHBIM BOMpPOcoM [14]. [Iisi OIeHKU BO3-
pacTHOM 3KBUBAJIEHTHOCTU HCIIOJIB30BAINCH CPaB-
HEHUs Ha OCHOBE MacChl TeJla ¥ XPOHOJIOTUYECKOTO
BO3PACTa, OJTHAKO 3TH METOABI HMEIOT OTPAaHUYEHUS.
Hampumep, macca Tesia MOXKeT 3aBHCETh OT BHeII-
HUX (HAKTOPOB, TAKUX KAK PEIKUM MUTAHUA, a IIepe-
eZlaHe MOXKET IMPUBOAUTH K H3OBITOYHON Macce
TeJIa, YTO JOTOJTHUTEIBHO OCIOXKHIETCS Ka4eCTBOM
U xapakTtepoMm paruoHa [15]. XoTs XpoHOJorHnYe-
CKHI BO3pAaCT ABJISETCA JOCTATOYHO IIPOCTBIM U
yI0OHBIM IIOKa3aTeseM, OH MOXKET He TOYHO OTpa-
JKaTh CTaIVIO Pa3BUTHUsA OpraHusMa [14]. B oTinuue
OT HUX, II0JIOBAsI 3PEJIOCTh SIBJIsieTCs OoJiee HazexK-
HBIM KpUTepUeM JJIs cpaBHeHHA. Kpbichl 0OBIYHO
JTOCTUTAIOT II0JIOBOH 3PEJIOCTU IPUMEPHO K 6—8 HeJl,
YTO AQHAJIOTUYHO IOAPOCTKOBOMY BO3PACTYy Yes0-
Beka 11—17 jer [16]. B ucciemoBaHuy IO OIlEHKE
SKBUBAJIEHTHOCTH BO3pacTa KPBICBI W UeJIOBeKa
HCIIOJIb30BAJICS KPUTEPUM II0JIOBOM 3peiocTu y
KpBIC (COOTBETCTBYIOIINI ITEPHOTY ITOJIOBOTO CO3Pe-
BaHUsA y yesjoBeKka). Kppica B Bo3pacTe 1 MeC COOT-
BETCTBYeT pebeHKy 6—8 JieT, Torza Kak 2-MecsaHast
KpbICa SKBUBAJIEHTHA IOJPOCTKY 12—17 jieT. KpbIchl
B BO3pacte 3—4 U 6 MeC COOTBETCTBYIOT UEJIOBEKY
18-20 u 30—40 JyeT. B Bo3pacre ogHOTO rofia Kpbica
COIIOCTaBUMA C YEeJIOBEKOM 50—60 JeT. XOTs Ipo-
IIeCC CTapeHUsI MOXKET Pa3INJaThCs Y Pa3HBIX OCO-
Oel, KaK W y JIIOJIEH, BTa OIleHKa IO-TIPEXKHEMY
IIMPOKO IPUMEHIETCs IIPU IIPOBEJIEHUH HCCIIeI0BA-
Hul [16].

IIEJIb NCCJIEAJOBAHUA

B HacrosieM ncciaef0BaHUM, IIPEJCTaBIIAOIIEM
€060l SKCIIEPUMEHT Ha KHUBOTHBIX I10 Iepenpodu-
JIMPOBAHUIO JIEKADCTBEHHOI'O CPEJCTBA, U3Yy4daJICHA
HEUPOMPOTEKTOPHBIN MOTEHIIHAJ TETPAIMKIFHA Ha
Mo/ziesu Kpblc-noApocTkoB ¢ JIUMT. B uwacrHOCTH,
MBI OLICHUBAJIY BJIMAHHUE TETPAIIUKINHA Ha IIUTOAP-
XUTEKTOHUKY THUIIIIOKaMIla U KOpPbl MO3)KedKa, a
TakKe Ha BOCCTAHOBJIEHHE IIaMATH U MOTOPHBIX
(yHKUIMI y KPBIC-IIOJPOCTKOB cTOKa Bucerap mocie
JIUMT.

MATEPUAJIBI 1 METO/1bI

Coomeemcemeue e@o3pacmy uenosexka u
Yx00 3a ¥cueommuuvimu. Bt 0TOOpaHbI IATHAI-
1aTh KPhIC B Bo3pacTe 6—8 Hex (Maccol 130—175 T),
YTO COOTBETCTBYET IOAPOCTKOBOMY BO3PACTy YeJIo-

respond to humans aged 18—20 and 30-40 years
respectively. At one year of age a rat is comparable to
a human aged 50—60 years. Though the actual age
process may vary between individuals, just as in
humans, this estimate still finds useful applications
in research [16].

AIM OF THE RESEARCH

The present study, a drug repurposing animal
experiment, investigated the neuroprotective poten-
tial of tetracycline in an adolescent rat model of
mTBI. Specifically, we examined the effects of tetra-
cycline on histopathological changes in the hippo-
campus and cerebellar cortex, as well as its impact
on memory and motor function recovery in adoles-
cent Wistar rats following mTBI.

MATERIALS AND METHODS

Human age matching and animal care.
Fifteen rats 6—8 weeks old (130 to 175 g) were
selected to cross-match with the human adolescent
period of ages 11—17 years old [17]. We emphasized
age in cross-matching rather than weight [16, 17].
The animals were obtained from a certified breeder
in Port Harcourt, Rivers State, Nigeria. They were
acclimatized for two weeks under standard labora-
tory conditions at a temperature of 24 + 2°C, humi-
dity of 68%, and a 12-hour light-dark cycle, with free
access to water and a balanced diet. Care and experi-
mentation were conducted according to the National
Research Council guidelines (USA) for the care and
use of laboratory animals [17].

Experimental design. The rats were divided
into three groups of five animals each. Group I served
as the control and received distilled water (1 ml)
orally for four consecutive days. Group II was sub-
jected to mTBI without any post-injury treatment.
Group III was subjected to mTBI and treated with
tetracycline at a dose of 44,3 mg/kg body weight per
day, administered orally via gavage. The dose was
derived using the body surface area normalization
method, based on a human equivalent dose of
500 mg/70 kg, multiplied by the conversion factor of
6,2 for rats [13]. Tetracycline treatment commenced
two days before injury induction and continued post-
injury for a total of four days.

Induction of mTBI. The mTBI model was
induced using a modified weight-drop technique [17].
A blunt metal rod weighing 150 g was dropped from
a height of 50 cm through a PVC guide tube (2,2 cm
diameter, 1,5 m length) onto the anesthetized rat’s
head. The animal was positioned chest-down on a
scored aluminum foil placed above a foam pad in a
PVC container (38x27x27 cm). Upon impact, the foil
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Beka 11—17 Jiet [17]. IIpu moucke 5KBUBAJIEHTHOCTH
BO3pacTa YeJI0BeKa U KPbIC IPUOPUTETHHIM MbI CUH-
TaJIK BO3PACT, a He Maccy Tesna [16, 17]. JKuBoTHbIe
OBLTN TOJIyYeHbI U3 CepTU(PUITTPOBAHHOTO IEHTPa
(ITopT-Xapkopr, mrat Pusepce, Hurepus). Kusot-
HbI€ aKKJIMMATU3UPOBAJINCH B TEUEHUE JIBYX HEZETh
B CTAH/IAPTHBIX J1A00PATOPHBIX YCJIIOBUAX: TEMIIEPA-
Typa Bo3ayxa 24 + 2 °C, BiaxkHoctb 68 %, 12-yaco-
BO€ OCBEIl[eHHEe B ITUKJE Je€Hb/HOUYb, CBOOOJIHBIN
JIOCTYTI K BoJle 1 cOasaHcupoBaHHOMY KopMy. Cojiep-
JKaHUE KUBOTHBIX U IIPOBEJEHUE SKCIEPUMEHTOB
OCYIIECTBJISJIOCh B COOTBETCTBUHU C TPUHITUIIAME
HanuoHa/JIbHOIO  HCCJIEIOBATEIBCKOIO  COBETa
(CIIIA) no coziepsxaHUIO U UCIIOJIH30BAaHUIO JJabopa-
TOPHBIX *KUBOTHBIX [17].

JTuzaitn axcnepumenma. Kpeicbl ObLIH pas-
JleJIEHbI Ha TPH TPYIIIBI 10 IATH KUBOTHBIX B KarK-
moi. I'pynma I — KOHTPOJIbHAS: KPBICHI MOJIyYaId
MUCTUUTUPOBAHHYI0O BOAy (1 MJI) HEPOpPaJbHO B
TeueHue YeTbIipex MHel mopsa. I'pynmna IT — mogens
JIUMT 6e3 mociesytoero jgedenus. I'pynma IIT —
mozenb JIUMT + TeTparnukIuH B JI03€ 44,3 MT/KT
MAcCCHI TeJIa B CYTKH, KOTOPBIH BBOJIMIN IIEPOPATTHHO
yepe3 30HZ. Jlo3a paccuMTaHa C HUCIOJIH30BAHUEM
METO/]Ja HOpPMHUPOBAHUs IO ILIOIIAN TOBEPXHOCTH
TeJla Ha OCHOBE SKBHUBAJIEHTHOMU JI03bI JIJI YeJIOBEKA
(500 Mr/70 Kr), yMHOXXeHHOH Ha K03(h(PUINEHT
repecueTa Jjisi KpbIc, paBHBIN 6,2 [13]. BBemenue
TeTpAIUKJINHA HAUWMHAJIH 32 J[BA JTHA JI0 MOJIEJTHPO-
BaHUs TPaBMbI M MPOJIOJIKAIU B TEUEHHUE 2 CYTOK
rocsie JIYMT; ob1ast mpoi0/IKUTETbHOCTD JIEUeHHU s
COCTaBMJIA YETHIPE JTHS.

Modeauposarue TYMT. TUMT mozenvuposa-
HHE C WCIOJIb30BAaHUEM MOAUMDUIITPOBAHHON METO-
JIUKY T13J1arorero rpysa [17]. Tymoi MeTayuinaecKui
CTep KeHb MacCcoi 150 T cOPachIBAIU C BHICOTHI 50 CM
yepe3 Hampasiomylo I[IBX-Tpybky (muamerp 2,2
CM, JUTMHA 1,5 M) Ha IIPeJIBAPUTEIBHO aHECTE3UPO-
BAaHHYIO IIOBEPXHOCTb TOJIOBBI KpPBICHL. KHUBOTHOE
(pUKCHPOBAIIH B MOJIOKEHUH JIeska Ha TPY/IA Ha JINCTE
ATFOMUHUEBOU (DOJIbIe, KOTOPHIA pA3MEIIaTH ITOBEPX
TIOPOJIOHOBOU TOAYIIKY, HAXOAWBIIEHCA B KOHTEH-
Hepe u3 [IBX (38x27x27 cm). B MmoMeHT ymapa aio-
MHUHUEBBIA JIUCT PAa3phIBAJICA, IIO3BOJISAS KpbICE
yIacTh Ha MIOPOJIOH, YTO MUHUMHU3UPOBAJIO PUCK BTO-
pUYHOU TpaBMBI IIpU I1aJIeHUH B KOHTelHep. IIpore-
Jlypy TPOBOJAWJIN IIO7] aHECTe3WeHd KeTaMHHOM BO
n3bekaHre peakIuu Ha 0oJIeBble Pa3APasKUTENIH.
KpbIChI KOHTPOJIBHOU TPYIIIBI TIO/IBEPTATTUCH TEM K€
MAaHUITYJISAIASAM, HO 6e3 majieHus rpy3a [18].

OuyeHxa NCUXOMOMOPHO20 PHYHKUUOHU-
poearuni. OILEHKY TIOBeJeHUs IPOBOJAWINA C
HCIIOJIb30BaHHEM TecTOB T-00pa3HOTro JJabupUHTA U
CY’KUBAIOIIEHcs TOPOKKU. JIJIsi OIEeHKH MPOCTpaH-

ruptured, allowing the rat to fall onto the foam to
minimize rebound injury. The procedure was per-
formed under ketamine anesthesia to ensure loss of
response to pain stimuli. Rats in the sham control
group underwent the same handling procedures
without weight impact [18].

Psychomotor assessments. Behavioral
assessments were performed using the T-maze and
Beam walking tests. The T-maze, consisting of a start
arm and two goal arms (each 50x10 ¢cm), was used to
evaluate spatial learning and working memory
through spontaneous alternation behavior across
10 trials per rat [19, 20]. The Beam walking test
assessed motor coordination and balance using
beams of decreasing widths (4, 3, and 2 cm). The
time taken to traverse the beam was recorded for
each animal [21, 22].

Brain isolation and microtomy. At the end
of the experiment, rats were sacrificed humanely
under urethane anesthesia (1,2 g/kg) followed by
decapitation. Brain tissues, including the hippocam-
pus and cerebellar cortex, were excised and fixed in
10% formaline saline for 72 hours. Standard histo-
logical techniques were employed for tissue process-
ing, including dehydration in graded ethanol, clear-
ing in xylene, paraffin embedding, and sectioning at
10 um thickness using a rotary microtome [23, 24].
Sections were stained with hematoxylin and eosin
for general morphology and examined under a digi-
tal microscope (ScopeTek DCM500, 5.0 MP). Photo-
micrographs were captured for analysis of neuronal
morphology, myelination patterns, and structural
integrity.

Statistical analysis. Data were analyzed using
GraphPad Prism version 9.0. Results were expressed
as mean + SEM. One-way analysis of variance was
performed, followed by Duncan’s multiple range
post hoc test to determine statistical significance
between groups. Differences were considered signifi-
cant at p < 0,05.

RESULTS

Outcomes from T-maze and Beam walk-
ing tests. To elucidate the functional impact of
mTBI and the potential therapeutic effects of tetra-
cycline, performance outcomes from cognitive and
motor assessments were systematically evaluated.
Table 1 and Fig. 1, 2 present the performance out-
comes of three experimental groups: Control, Injury
only, and Injury + Tetracycline on two behavioral
assessments: the T-maze test, which evaluates cog-
nitive and motor function, and the Beam walking
test, which assesses motor coordination and
balance.
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CTBEHHOTO OPUEHTHUPOBAHUS U pabouel mamsATHu c
IIOMOIIBIO CITOHTAHHOTO YepPeJIOBAHUS B 10 HCIBITA-
HUSAX Ul KaKAOW  KPBICHI  HCIIOJIB30BAJICS
T-o6pa3HbIi JTAOUPUHT, COCTOSIIUNA U3 CTAPTOBOTO
PyKaBa u JByX OOKOBBIX PYKaBOB (KaKJbId pazme-
poM 50%10 cm) [19, 20]. JIBUTaTeIbHYI0 KOOPAHMHA-
MO0 U PABHOBECHE OIIEHUBAJIM C ITOMOIIIBIO TECTA HA
MIPOXOXK/IEHUE CYKUBAIOIIENCSA JOPOKKHU, HCIIOJIb-
3ys JTOPOMKKHU TIOCJIEI0BATEIbHO YMEHbIIAOIIEHCs
IIUPHUHEIL (4, 3 U 2 cM). JJIsT KasK70ro >KHUBOTHOTO
PEerucTpUpOBAIIN BpEMS, 3aTpaYeHHOE Ha IIPE0/IoIe-
HUe BCeH JIJIMHBI IOPOXKKH [21, 22].

H3oasyusn Mmo032a U npuzomosneHue
Muxpocpe3o8. Ilo OKOHUAHUHM SKCIEPHUMEHTA
KpBIC IIO/IBEPTajid S5BTAHA3UU TYMAHHBIM CIIOCO-
0oM — TOJ ypeTaHOBOHW aHecte3wel (1,2 T/KTr) ¢
mocyIeAyIonmend aexkanuranued. TKaHH TOJOBHOTO
MO3Ta, BKJIIOUAs THUIIOKAMII U KOPY MO3KeuKa,
U3BJIEKATU U QUKCUPOBAJIH B 10% pacTBope ¢popma-
JMHA B (UBHOJIOTUUECKOM PACTBOPE B TeUeHHUE
72 4acoB. [[Jis MPOBOJKU TKaHEW HCIIOJIb30BATIUCH
CTaHJAPTHBIE THICTOJIOTHYECKHE METO/IbI, BKIIIOYAs
JIETUIPATAINIO B 3TAHOJIE BOCXOJIAIEN KOHIIEHTPA-
1Y, IPOCBETJIEHNE B KCUJIOJIE, 3AIMBKY B mapabuH
U U3TOTOBJIEHHE CPE30B TOJIIIMHON 10 MKM Ha pOTa-
IIMOHHOM MHKpOoTOMe [23, 24]. Cpe3bl OKpaIuBaIn
reMaTOKCUJIMHOM U 303WHOM JIJIsl OLIEHKH OOIIei
Mopdosioruu U u3ydaau noz HugpoBbIM MUKPOCKO-
oM (ScopeTek DCM500, 50 MP). Bbutr moJIy4deHbl
MuKpodoTorpaduu A1 aHaau3a MophoIorun Hell-
POHOB, XapakTepa MUEJINHU3AIUA U CTPYKTYPHOH
[[EJIOCTHOCTH.

Cmamucmuueckuit aHaau3. Jlauasie ObLIn
MIPOAHAIU3UPOBAHBI C TIOMOIIBIO ITPOTPAMMHOTO
obecrnieuenus GraphPad Prism Bepcuu 9.0. Pe3yib-
TaThl IPEICTaBJIEHbl B BHUJ/IE CPETHETO + CTAHAAPT-
Has omubka cpenHero. lcrmonap3oBasin omHOMAK-
TOPHBIA JTUCIEPCUOHHBIA aHAIU3 C IMOCIEAYIOIIIM
post hoc Tectom JlyHKaHa /ISl OIIPe/IeJIEHUs CTaTH-
CTUYeCKOU 3HAUMMOCTHU paznuuuil. Pazninmuua cuu-
TJIN CTATUCTUYECKU 3HAYUMBIMU IIPH P < 0,05.

PE3YJ/IBTATDBI

Pe3yavmamsbt mecmupogaHus no npo-
xodxcdenuro T-o6paznozo aabupuHma u
cyscusarouyeiics 0opodicku. C 1eybl0 U3ydeHUs
(yHKIIMOHATIBHBIX HapylleHuH, BpI3BaHHBIX JIUMT,
U TIOTEHITUAJIBHOTO JIEYeOHOTO JEHCTBUSA TETpaIlH-
KJIHA IIPOBe/IeHa cHucTeMaTudecKas OlleHKa Pe3yJsib-
TATOB KOTHUTHBHBIX W JIBUTATEJIbHBIX ((DYHKITHO-
HJIBHBIX) TECTOB. B Tabs1. 1 u Ha pwHC. 1, 2 PEJCTAB-
JIeHBI Pe3yJIbTAaThI OLIeHKH ITOBeJIEHNs B TpeX IPyIIax
JKMBOTHBIX: KOHTDOJIBHOH, TPYIIIBI C TPaBMOH U
TPYNIBI ¢ TPABMOM, MTOJIyJaBIIEN TETPAIMKINH, — B

The results from the T-maze and Beam walking
tests reveal significant differences between the
groups. In the T-maze test, the Control group outper-
formed the other two groups, scoring 88,00% with
minimal variability. The Injury-only Group showed a
noticeable decline, with a score of 56,00%, indicating
substantial impairments due to injury. The Injury +
Tetracycline group demonstrated some recovery,
achieving 72,00%, suggesting that tetracycline may
help mitigate injury-related cognitive and motor
deficits.

For the Beam walking test, the Control group
showed the best performance, completing the task
with minimal difficulty (7,80 + 0,39 s). In contrast,
the Injury-only group faced significant challenges,
with an average time of 35,07 + 1,30 s, indicating
marked difficulties in motor coordination and bal-
ance. The Injury + Tetracycline group showed mod-
erate improvement, taking 22,07 + 0,83 s, suggest-
ing that tetracycline has a beneficial impact on motor
coordination and balance, though their performance
still lagged behind the Control group.

Histological outcomes. The histological pro-
gression from Fig. 3 illustrates a trajectory from nor-
mal cerebellar architecture to increasingly severe
degeneration. In the Control group (Panel A), the
cerebellar cortex maintains its normal structure and
cellular organization. Subsequent figures demon-
strate progressive neurodegeneration, marked by
vacuolation, cellular hypertrophy, and disorganiza-
tion, which are hallmark features of neurotoxic or
neurodegenerative conditions. The presence of reac-
tive glial cells suggests an attempt at cellular repair
or clearance of damaged neurons.

In control rats (Panel A), the cerebellar cortex
exhibits well-delineated Purkinje cells within the
Purkinje cell layer between the molecular layer and
densely packed granule cells in the granular layer,
with prominent blood capillaries and preserved cor-
tical microarchitecture. In injured rats (Panel B),
hypertrophy and degenerative changes are evident in
Purkinje and granule cells, accompanied by support-
ing glial proliferation around the Purkinje layer and
marked disruption of normal cortical organization.
In tetracycline-treated rats (Panel C), increased neu-
roglial cellularity surrounds the Purkinje cells, and
multiple vacuoles are observed within the granular
layer, indicating mild distortion of the cortical micro-
architecture).

The hippocampal photomicrographs (Fig. 4) mir-
ror a degenerative progression similar to that
observed in the cerebellum. The transition from a
normal histological appearance in the control group
(Panel A) to pronounced cytoarchitectural disrup-
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Ta6suna 1. PesysbTaThl OlleHKH 0 TecTaM T-06pa3Horo JJabMpHHTA U CY>KUBAIOIENCS JOPOXKKHI
Table 1. Performance on T-maze and Beam walking tests across groups

I'pynna T-o6pa3HbIi 1a6UPHUHT (%) Cy>kMBaIasacs JopoxKKa (c)
Group T-maze test (%) Beam walking test (s)
KouTtposbhas (A) / Control (A) 88,00 + 2,00 7,80 + 0,39
Toabko TpaBma (C) / Injury only (C) 56,00 2,00 35,07 +1,30
TpaBma + TeTpayuk/iauH (B) 72,00 £ 3,74 22,07 £0,83
Injury + Tetracycline (B)
3HayuMocCThb pas3ianunii (p < 0,05) A cymecTBeHHO oT/in4aeTcs1 oT Bu C A # B # C (cyuiecTBeHHbIe pa3Inyus
Significance (p < 0,05) B cymecTBeHHO oTsin4aeTcs ot C MeX/ly BCEMU TPpeMsI IPyNIaMH)
A is significantly different from Band C A # B # C (all three groups are
B is significantly different from C significantly different from each other)

[l pumeuaHwue. /laHHble NpeAcCTaBJIeHbl B BUJe CPeJHEro * CTaHJApTHas olKOKa cpeAHero. Pesynbrar Tecta «T-06pasHbIi
JIaGUPUHT» OTPaXKaeT MPOLEHT IPaBUIbHBIX OTBETOB; Pe3yJIbTAT TeCTa Ha IPOXOXKAeHHe CYKUBAIOIEH sl JOPOXKKH — BpeMs (C), 3aTpadyeHHoe
Ha NpOXOX/eHHe (MeHblIHe 3HAUYeHHUs] COOTBETCTBYIOT JIydllel ABUraTelbHON QyHKuun). B Tecre «T-06pa3HbId JTAGUPUHT» KUBOTHbIE
KOHTPOJIbHOW T'PyNIbl MOKa3a/IH Jy4yllive pe3y/bTaThl 10 CPAaBHEHHUIO C IPYNIION TOJBLKO TPaBMBbI U PYNIOH TpaBMbI + TeTpaluK/IWH. Ha
¢$oHe BBe/leHUs TeTpPaLMKJIMHA HAa6JII04aJI0Ch ylydlleHe [ToKa3aTeseld 1o CpaBHEHUIO C TPYNION TosbKo TpaBMbl (p < 0,05). B Tecte Ha
MIPOXOXK/IEHNEe CY>KHBAIOIeN sl JOPOXKKY Pe3yJIbTaThI 10 BCeM TpeM IpyInaM 3Ha4YUTeJbHO OTJIHNYAINCh APYT OT gpyra (p < 0,05).

N o t e . Values are expressed as mean + SEM. T-maze test (%) represents the percentage of correct responses, and Beam walking test (s)
indicates the time taken to traverse the beam (lower values reflect better motor performance). Control animals performed significantly better
than both the injury-only and injury + tetracycline groups on the T-maze test. Tetracycline treatment improved performance relative to injury-
only animals (p < 0,05). For the Beam walking test, all groups differed significantly from one another (p < 0,05).

100
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T-nabupunr / T-maze test (%)
CyxwuBatomiasicsi topokka (c¢) / Beam walking test (s)

Kontpons TpaBma TpaBma + TeTpalMKINH KonTpons TpaBma TpaBma + TeTpauUKINH
Control Injury only Injury + Tetracycline Control Injury only Injury + Tetracycline
Puc. 1. PesynbraTsl TecTpoBaHus B T-o6pa3HoM y1abu- Puc. 2. Pe3ysbTathl TecTa Ha IPOXOXKIEHUE CY>KUBAIO-
puHTe 110 Tpynam (OyKBSI a, b, ¢ ykasbIBalOT Ha 3HAYH- IIelics IOPOXKKH B Pa3HBIX Ipymiax (OyKBSI a, b, ¢ ykasbI-
Mbl€e Pa3JINYHsI MEXK/LY IPYIIIAMU — MHOTOPAHTOBBII KPH- BAIOT HA 3HAYMMbIE PA3JIMYHUS MEK/LY IPYIIIaMHA — MHOTO-
tepuii Jlyukana (p < 0,05)) paHroBbIi KpuTepuii Jlyakana (p < 0,05))
Fig. 1. Chart showing performance on the T-maze test Fig. 2. Chart showing performance on the Beam walking
across groups (different letters (a, b, ¢) indicate test across groups (different letters (a, b, ¢) indicate
statistically significant differences between groups based statistically significant differences between groups based
on Duncan’s multiple range test (p < 0,05)) on Duncan’s multiple range test (p < 0,05))
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JIByX Tectax: T-oOpa3HOM JlabupUHTE (KOTHUTHBHbBIE
U IBUTaTe/IbHbIE (DYHKIIMHN) U TECTE CYKUBAIOIIENCS
JIOPOXKKY (KOOPAWHALIKS U pABHOBECHE).

PesysbTaThl TecTupoBanus B T-o6paszHOM j1a0u-
PUHTE U Cy:KMBAIOIIENCS JOPOJKKE BBIABUIU CYIIe-
CTBEHHBIE DPA3JIHYUA MeXAy TrpynnaMmu. B Tecre
T-obpa3zHoro JiabWpWHTA KOHTPOJIbHAS TPyIIa
IoKa3ajia JIy4diliie pe3yJbTaThl [0 CPaBHEHHIO C
JIByMs ApyruMu rpynnamMu —88,00 % npu MUHU-
MaJbHOUW BapuabesbHOCTH. ['pymma >KHUBOTHBIX C
TPaBMOM MPO/IEMOHCTPUPOBAJIA BHAUNUTEIHHOE CHU-
JKeHHe — 56,00 %, UTO yKa3bIBAET HA CYIeCTBEHHbBIE
HapylIeHUs, BbI3BaHHBIE TPaBMOU. I'pymmna »KuBot-
HBIX C TPAaBMOU U BBeJIeHUEM TETPAITUKINHA TTOKa-
3aj1a OIpe/ieJIEHHOe YIIydIllleHue — 72,00 %, 4TO
II03BOJISIET IIPEATIOJIOKUTH, UTO TETPALMKIUH CIIO-
cobeH B OTIpe/ie/IEHHON CTeNeH HUBEJIUPOBATDh KOT-
HUTHBHBIE U JBUTATeJIbHbIE HAPYIIEHUs, BBI3BAH-
HbIE TPABMOH.

B Tecre Ha TPOXOKAEHUE CYKUBAIOIIEHCS
JIOPOXKKH JIYUIITUN Pe3yJIbTaT IMOKa3aia KOHTPOJIb-
Hasl TPYIIA, KOTOpas IPOILIa JUCTAHIUIO C MUHU-
MaJIbHBIMU 3aTpyAHeHusmu (7,80 + 0,39 ¢). B oTiu-
Yre OT Hee, TPYIIA >KUBOTHBIX C TPAaBMOH Ipoje-
MOHCTPUPOBAJIA 3HAUUTEJIbHBIE TPYJHOCTH IIPU
MIPOXOKIEHUH JUCTAHITUU — 35,07 + 1,30 C, UTO CBHU-
JIETEIBCTBYET O BBHIPAYKEHHOM HApYIIEHUU KOOP/IU-
HAIlMU ¥ paBHOBecUs. B rpymie >KHBOTHBIX C TPaB-
MOU + TETPAIMKJINH HaOII0IAIOCh YMepeHHOe
yJIydllleHne B TPOXOXKAEHWU JUCTAHIIUUA  —
22,07 + 0,83 ¢, UYTO CBH/IETEJIbCTBYET O IIO3UTUBHOM
BJIMSTHUY TETPAITUKINHA HA KOOPIWHAIIAIO U PAaBHO-
Becre, XOTS IOKa3aTeJIu B OTOU TPYIINIe He JOCTHU-
TaJIy YPOBHS KOHTPOJIBHOM IPYIIIBIL.

Pe3yavmambsl 2ucmoao2uiecko20 uccae-
dosaHusA. Puc. 3 WUTIOCTPUPYET MEPEXO OT HOP-
MaJIBHOM CTPYKTYpPhl MO3KeUKa K BBIPAYKEHHBIM
JleTeHEPAaTUBHBIM HM3MeHEHUsM. B KOHTPOJIbHOM
rpymne (puc. 3, A) Kopa MO3KeUKa UMeeT HOpMaJslb-
HYIO CTPYKTYPY U KJIETOUHYIO OpraHusanuio. Puc. 3,
B u C qeMoHCTpUpYeET MPOTPECCUPYIOIIYIO HEHPOae-
TeHEPAIIO, BBIPAXKAIOUIYIOCA  BaKyOJIM3aITHEH,
runeptpouelr W Je30praHu3alvedl KJIETOK, UYTO
CIIY?KUT XapaKTEPHBIMHU NMPU3HAKAMU HEHPOTOKCHU-
YeCKUX WIH HeWpo/JereHepaTUBHBIX COCTOSHUU.
Haynurie peakTUBHBIX IVIHAJIBHBIX KJIETOK CBU7E-
TEJILCTBYET 00 HAyIEeM IPOIlecce BOCCTAHOBJIEHHUS
WIN yAAJIE€HUs IOBPEKAEHHBIX HEHPOHOB.

Y KpbIC KOHTPOJIBHOU Tpymsl (puc. 3, A) B KOpe
MO3KEUKa BBIABJIIOTCSA KJIETKHU [IypKUHbBE C YETKOHN
CTPYKTYPOHA B TAHTJIMO3HOM CJIOE MENKAY MOJIEKY-
JIIPDHBIM CJI0OEM U IUIOTHO YIAKOBAHHBIMU TPaHy-
JIIPHBIMU KJIETKAMU B TPAHYJIIPHOM CJIO€, C BhIpa-
JKEHHBIMU KPOBEHOCHBIMU KANWUIAPAMH U HOP-

tion in the injured group (Panel B) suggests a tar-
geted vulnerability of hippocampal subfields, partic-
ularly the CA2—CA4 regions. Interestingly, granule
cells in the dentate gyrus appear resilient, maintain-
ing structural integrity across all conditions. The
proliferation observed in CA3 neurons (Panel C)
might reflect a neuroadaptive or inflammatory
response to damage.

In control rats (Panel A), the hippocampus shows
normal cytoarchitecture with well-defined pyramidal
neurons and intact granule cells. In injured rats
(Panel B), pronounced neuronal degeneration and
distortion are observed in the CA2 and CA3 regions,
along with presubicular degeneration and disrupted
pyramidal alignment. These alterations are consis-
tent with extensive neuronal injury and disrupted
hippocampal architecture. In tetracycline-treated
rats (Panel C), proliferated CA3 neurons and mildly
distorted CA4 neurons are evident, indicating partial
restoration of hippocampal architecture.

DISCUSSION

The long-term consequences of mTBI on the
developing brain underscore the pressing need for
the identification of potentially effective therapeutic
interventions. Precise histological and behavioral
analyses were conducted to explore the neuroprotec-
tive efficacy of tetracycline treatment in adolescent
rats following mTBI. Results reveal that tetracycline
administration markedly mitigates mTBI-induced
neuropathology, preserving neuronal integrity
within the hippocampus and cerebellar cortex. Rats
subjected to mTBI displayed significant histopatho-
logical alterations, including neuronal pyknosis,
cytoplasmic vacuolation, and architectural disorga-
nization of the hippocampal CA1 region and cerebel-
lar Purkinje cell layer, consistent with previous find-
ings [25, 26]. These observations suggest that tetra-
cycline exerts strong neuroprotective effects,
potentially offering a viable strategy for mitigating
mTBI-related neurodegeneration.

The morphological disruptions observed high-
light two critical themes: first, the region-specific
vulnerability within the hippocampus, particularly
the CA1 subfield, which is known for its dense synap-
tic activity and glutamatergic transmission, render-
ing it susceptible to excitotoxicity following injury.
Second, the cerebellum displayed diffuse degenera-
tion, with widespread loss of Purkinje and granule
cells, supporting theories that cerebellar damage
after mTBI may arise not only from direct mechani-
cal strain but also from delayed secondary injury
sequences such as mitochondrial dysfunction,
inflammation, and oxidative stress [27].
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Kuetku ITypxunse / Purkinje cells

Croit rpanyisipHBIX KileTok / Granule cell layer

MoutekyisipHbiii ciioit / Molecular cell layer

TToBpexiennslit cioi xietok ITypkunbe / Distorted Purkinje cell layer

Jlerenepanus rpaHyIsIpHBIX KiIeTok / Degenerating granule cells

Jlerenepanus kiaerok Ilypkunbe / Degenerating Purkinje cells

T'uneprpodupopanusie xierku [lypkunse / Hypertrophied Purkinje cells

T — Timansaele (onopusele) kiretkn / Glial (supporting) cells

Jlerenepanus kiaerok Ilypkunse / Degenerating Purkinje cells

Puc. 3. MukpodoTorpaduu Kopbl MO3:keuka (A — rpyImna KOHTPOJIsI; B — JKMBOTHBIE ¢ TPAaBMOI;
C — *KHUBOTHBIE C TPABMOH + TeTpanukiInH). OKpacka reMaTOKCHIHOM U D03HHOM. YBeJIMUeHHE X400
Fig. 3. Representative photomicrographs of the cerebellar cortex (A — Control group; B — Injury-only group;
C — Injury + Tetracycline group). Hematoxylin and eosin staining. Magnification x400

MaJIbHOH MHKPOCTPYKTYPOU KOpPBI. Y KpBIC C
TpaBMmoii (puc. 3, B) Habmoga0TCsA TUIepTpOodUa U
JleTeHepaTUBHbIE U3MEHEHU B KIeTKax [lypkuHbe u
rpaHyJiaxX, COIPOBOXK/IAIOIIUECH [VIMAJIBHON IPOJIH-
(deparueli BOKPYT TaHTJIMO3HOTO CJIOSI U BhIPaXKeH-
HBIM HapyIIEeHHEM apXUTEKTOHUKH KODPBL. Y KpBIC,
MOJIyYaBIIUX TeTpanukiIuH (puc. 3, C), onpenesns-
€TCsl aKTUBAIUs HEHPOTJIUU BOKPYT KJIETKOK ITyp-
KUHbE W MHOXKECTBO BaKyoJIed B 3€PHUCTOM CJIOE,
YTO CBHJIETEJILCTBYET O HE3HAYUTEIHHOM Hapylle-
HUH [IUTOAPXUTEKTOHUKU KOPBI.
Muxkpodororpabun runmokamma (puc. 4)
JIEMOHCTPUPYIOT IPOTPECCUPOBAHUE JIETEHEPALIHH,
aHajoruyHOe HabiozaeMoMy B Mo3xkeuke. [lepe-
XOZl OT HOPMaJIbHON KJIETOUHOU CTPYKTYPBI B KOH-
TPOJILHOM TpyIIe (PHC. 4, A) K BBIpa?KEHHOMY Hapy-
[IEHUI0 [IUTOAPXUTEKTOHUKU B TPYIIE C TPABMOM

Interestingly, the administration of tetracycline
appeared to mitigate some of these histological aber-
rations. The neuroprotective potential of tetracycline
and its derivatives has been widely reported [28].
Tetracyclines exert anti-apoptotic and anti-inflam-
matory effects, in part by inhibiting microglial acti-
vation and reducing the production of pro-inflam-
matory cytokines. This aligns with the reduced histo-
pathological damage observed in the Injury +
Tetracycline group, suggesting that even standard
tetracycline may exert clinically relevant neuropro-
tective action.

However, some studies have failed to replicate
the beneficial effects of tetracycline derivatives [29,
30]. The timing and dosage of administration remain
crucial, as delayed treatment or excessively high
doses may fail to confer benefit or could exacerbate
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Kamwsap / Capillary

I'panyIsipHBIe KJICTKHU B 3y0UaTOi H3BHINHE
Granule cells in the dentate gyrus

Xwunyce / Hilum

I'paHyIsIpHBIE KICTKHU B 3y0UaTOi H3BHINHE
Granule cells in the dentate gyrus

IIpecyOukyispHas 30Ha ¢ JilereHepanyei HeHpoHOB
Presubicular area with degenerating neurons

TloBpexieHHbIe HelipoHsl B 30He CA3 / Distorted CA3 neurons

IToBpesxenusre Heiiponst B 3oue CA2 / Distorted CA2 neurons

I'panynspasie kietkn / Granule cells

TloBpexiennbIe HelipoHsl B 30He CA4 / Distorted CA4 neurons

TIponudeparms HeitpoHoB B 30He CA3 / Proliferated CA3 neurons

Puc. 4. Mukpodororpaduu rummnokamiia (A — rpyiina KOHTPOJst; B — JKUBOTHBIE C TPABMOH;
C — >KHBOTHBIE C TPABMOH + TeTpanuKINH). OKpacKa reMaTOKCHJINHOM U 903UHOM. YBeJIMUEHHE X200
Fig. 4. Representative photomicrographs of the hippocampus (A — Control group; B — Injury-only group;
C — Injury + Tetracycline group). Hematoxylin and eosin staining, magnification x200

(puc. 4, B) cBuzieTeIbCTBYET O 3HAUNUTEIPHOU YA3BU-
MOCTH OIIpeJIeJIEHHBIX 30H THIIIOKaMIIa, B YaCTHO-
ctu CA2-CA4. IlpumeuaTesibHO, YTO TpaHyJISpHbBIE
KJIETKU 3y0YaTON W3BWJIMHBI IIPOSIBIISAIOT YCTONIH-
BOCTb, TMOJJEPKUBAA CTPYKTYPHYIO II€JIOCTHOCTH
TKAHU B PAaBJIUYHBIX HKCIIEPUMEHTATbHBIX YCJIO-
Busix. HaGsomaemasi mpostudepanuss HEHPOHOB B
3oHe CA3 (puc. 4, C) MOXKeT CBUETETHCTBOBATD O
HEeHUpoaanTHBHOM WJIM BOCIIAJIUTEIBHOM OTBETE Ha
MIOBpEK/IEHUE.

injury [31]. Therefore, while the results of the pres-
ent investigation are promising, they must be con-
textualized within the broader literature.

In our behavioral assessments, rats subjected to
mTBI alone demonstrated marked deficits in motor
coordination and exploratory behavior, as evidenced
by poorer performance in Beam walking and T-maze
tests. These impairments are consistent with earlier
reports [32]. The cerebellar damage observed histo-
logically may underlie the deficits in motor coordina-
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¥ KpbIC KOHTPOJIBHOU TIpynIsl (pHUC. 4, A) TUIIIO-
KaMII JIEMOHCTPUPYeT HOPMAJIbHYIO ITUTOAPXUTEK-
TOHUKY C YeTKO OIpeJesseMbIMU ITHPAMU/IATIb-
HBIMH HEHPOHAMHU U COXPAHHBIMHU T'DAHYJIAPHBIMHI
KJIeTKaMHu. Y KpbIC ¢ TpaBMou (puc. 4, B) B 30Hax
CA2 u CA3 HabJozjaeTcsi BhIpaXKeHHasi HepOHaIb-
Has JleTeHepaIus U HapyllleHue CTPYKTYPHI, a TAKXKe
JleTeHepaTHBHBIE W3MEHEHUs B IPECYOUKYJISIPHOU
00J1aCTH 1 HapyIlIeHHe CTPYKTYPhI MUPaMUIATIbHOTO
cy1051. BeIsABIIEHHBIE U3MEHEHUS COOTBETCTBYIOT Kap-
THHE OOIIMPHOTO HEHPOHAJIIBHOTO MOBPEK/EHUSA U
HapyIIeHUs] [HUTOAPXUTEKTOHUKUA THUIIIOKAMIIA.
VY Kpblc, TOJIy4YaBIIUX TeTpanukiaud (puc. 4, C),
BU3YIN3UPYIOTCA Ipondepanus HEHPOHOB B 30HE
CA3 u cnabas medopmariius HeHpoHOB B 30He CA4,
YTO YyKa3blBa€T HA YACTHYHOE BOCCTAHOBJIEHUE
[UTOAPXUTEKTOHUKY TUIIIOKAMIIA.

OBCYXKJIEHUNE

Honrocpounsie mocaenctusa jerko UMT st
(opmuUpyOIIErocss MO3Ta OIPEAESISIIOT aKTyalb-
HOCTH TIOMCKA MOTEHIHAIBHO 3(P(PEKTUBHBIX METO-
JTOB Tepamnuu. /[y u3ydeHus1 HEHPOIPOTEKTOPHOTO
MMOTEHIINAJIA TETPANMKJINHA Yy KPBIC-TIOPOCTKOB
nocsie JIYMT ObLTu IPOBENIEHBI IETAIBHBIN THCTO-
JIOTUYECKUU U TIOBeJIeHUeCKU aHanusbl. Pe3ysib-
TaThl IMOKA3BIBAIOT, YTO BBEJIEHUE TETPAIUKINHA
CYIIIECTBEHHO CHIDKAET BBHIPAKEHHOCTh HEUPOIATO-
JIOTHYECKUX H3MeHeHUH, BhI3BaHHBIX JIUMT, cmo-
coOCTBYsI COXpAHEHHIO II€JIOCTHOCTH HEHUPOHOB B
TUNIIOKaMIle U Kope Mo3keuka. Kpwicer ¢ JIUMT
JIEMOHCTPUPOBAJIM  3HAYUTEJbHBIE  H3MEHEHMU
[UTOAPXUTEKTOHUKY, BKJII0Yasl MMUKHO3 HEHPOHOB,
BaKyOJIM3AIIUIO [IUTOIIa3Mbl M HapyIIIeHHE CTPYK-
Typel B 30He CA1 TUIIIIOKAMIIa U TAHTJINO3HOM CJI0€
MO3’KEUKa, UYTO COIJIACYeTCS C JIAHHBIMH IIPEbIIY-
IIUX HUCCIefOBaHUM [25, 26]. 9TH HAOIIOAEHUS CBU-
JIETETBCTBYIOT O TOM, UTO TETPAIUKIUH OKAa3bIBAET
MOIIHOE HEUPOIPOTEKTOPHOE JEHUCTBUE U UMEET
MOTEHINAJ /I pa3paboTku 3(PpPeKTUBHOU cTpaTe-
THU KOPPEKIUU HeUpOJ/ilereHEPATHUBHBIX H3MeHe-
HuM, BpI3BaHHbBIX JIUMT.

Hab6nronaembie MOpdOJIOTHUECKHE HAPYIIEHU
VKa3bIBAIOT HA J[BA BAXKHBIX ACIEKTA: BO-TIEPBBIX,
VSA3BUMOCTD OIIPEZIEJIEHHBIX 00J1acTel TUIIIOKAMIIA,
0co0eHHO 30HBI CAl, M3BECTHOM CBOEH BBICOKOM
CHHANTUYECKOU aKTHUBHOCTBIO U IJIyTamMaTepruye-
CKOU TIepeslavyeli, 4To JieJIaeT €€ BOCHPHUUMYUBOU
K 9KCAaUTOTOKCHYHOCTH, BBI3BAHHOU TpPaBMOW;
BO-BTOPBIX, B MO3:Keuke Habsoanack nuddysHast
JlereHeparys ¢ MAaCCUBHOU ToTepel KyieTok IIypku-
Hbe U TPAHYJISIPHBIX KJIETOK, YTO IIOJITBEPIKAAET
THUIIOTE3y O TOM, UYTO IIOBPEXKJEHHE MO3XKeuKa
Boesicteue JIUMT moskeT OBITH OOYCIOBJIEHO HE

tion, while hippocampal injury likely contributes to
disruptions in spatial memory and decision-making.

Tetracycline-treated animals showed partial res-
toration of function, suggesting behavioral recovery.
These results are consistent with prior findings
showing functional improvements following tetracy-
cline or minocycline treatment [30]. Yet, other
reports have shown a dissociation between histologi-
cal preservation and behavioral improvement [33].
Reports suggest that an increased presence of neuro-
glia in both the hippocampus and cerebellum post-
injury may reflect ongoing inflammatory responses
or endogenous attempts at repair [34]. Although this
study did not directly assess glial mechanisms, previ-
ous research has shown that tetracycline derivatives
enhance recovery after brain injury by modulating
glial activity [35]. The increased neuroglial presence
observed in the hippocampus and cerebellum may
reflect a similar effect, indicating that tetracycline’s
glial modulation could underlie the partial functional
restoration seen in treated animals.

CONCLUSION

Overall, this study provides evidence supporting
the hypothesis that tetracycline, with its anti-inflam-
matory, antioxidant, and anti-apoptotic properties,
may potentially offer neuroprotection in the rat con-
cussion model of brain injury. The treatment showed
promising improvements in histological and behav-
ioral outcomes, suggesting that tetracycline could
mitigate secondary injury processes associated with
concussion injury. These findings indicate that tetra-
cycline may be a potential therapeutic target for drug
repurposing in adolescent mTBI, warranting further
investigation. Perhaps our finding may be an hypoth-
esis generating study.
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TOJIBKO TIPSIMBIM MEXaHUUYECKUM BO3ZEHCTBUEM, HO
U OTCPOUEHHBIMH KOCBEHHBIMHU IIOCJIEZ[CTBHUSAMH,
TaKUMH KaK AUCHYHKIUSI MUTOXOHAPHH, BOCIIAIe-
HHE U OKUCIUTEIBHBIN cTpecc [27].

[TprMeuaTesbHO, YTO BBEAEHHE TETPAIUKINHA
CIIOCOOCTBOBAJIO CHUIKEHUIO BBIPAYKEHHOCTH HEKO-
TOPBIX HApYIIEHUH B KJIeTKaX. B smmTeparype ecthb
HEMaJIO JIaHHBIX O HEWPOIPOTEKTOPHOM ITOTEHIIH-
aJie TeTPAIUKJINHA U ero mpou3BoAHbIX [28]. TeTpa-
[UKJIMHBI OKa3hIBAIOT AHTHATIONITOTHYECKOE U IIPO-
TUBOBOCIIAJIUTEIPHOE JIeMCTBUE, YAaCTUYHO IIOJa-
BJISIA AaKTUBAIUI0 MUKPOTJIUK ¥ CHYKAsl BBIPAOOTKY
MIPOBOCIIAJIUTEIIBHBIX IUTOKUHOB. DTO COTJIACYETCS C
YMEHbIIIEHUEM TTOBPEK/IEHUN B KJIETKAX, HabJIr0/1ae-
MbIX B rpymnne JIUMT + TeTpallukjiIuH, 4TO IIO3BO-
JISIET TPEAIOJIOKUTh, UTO TETPAIUKINH, IIUPOKO
W3BECTHBI KaK IPOTHBOMUKDPOOHBIN IIpernapar,
MOXKET OKa3bIBaTh KJIMHUYECKU 3HAUUMOE HEHpo-
IIPOTEKTOPHOE JIelicTBIE.

Bmecre ¢ TeM B psifie UCCI€I0BaHUN HE YZaI0Ch
JTOKa3aTh HAJUYUE TEPANEBTUYECKOTO MMOTEHITHAsIa
y IPOM3BOJHBIX TeTparukiInHa [29, 30]. CBoeBpe-
MEHHOCTh IPUMEHEHUs U IpaBWIbHASA JO3UPOBKA
TETpPAIUKJINHA IIO-TIPE’KHEMY HMEIOT pellaoliee
3HaUYEeHUe, IOCKOJIbKY IO3HO HAYaTOE JIEYEHUE WIIH
Yype3MepPHO BBICOKHE /O3Bl IIpernapara MOIYT He
TOJIBKO He IPUHECTH II0JIb3bl, HO W YCYIyOUTb
tpaBmy [31]. ITo aT0# mpuYMHe, HECMOTPS HA TO, UYTO
pe3yabTaThl HACTOSIIETO HCC/IEIOBAHUSA IIPE/ICTaB-
JISIIOTCSL. MHOTOOOEIIAIONIUMU, OHHU JIOJKHBI OBIThH
paccMOTpeHbI B KOHTEKCTE 00JIee IMTUPOKOTO CIIEK-
Tpa UcCcae0BaHUH.

B xo/le IOBEIEHUECKOTO TECTUPOBAHUS KPBICHI C
JIYMT neMoOHCTPUPOBAIM BBIPAXXEHHBIE Hapyllle-
HUS IBUTATEIbHON KOOPIUHAIIUY U UCCIIe/I0BATEb-
CKOTO IMTOBEJIEHUs, O YeM CBHUJIETEILCTBOBAIHN O0JIee
HU3KUE TIOKa3aTeJlM B TeCTax Ha IIPOXOXKIEHHE
CY’KUBAIOINENcs JMOpoKKH W T-obpasHoro Jiabwu-
punTta. Hayinurie 5TUX HapyIIeHUH BIOJIHE COTJIACY-
eTcsl C UMEOIUMUCS JaHHBIMU [32]. BeIsBIEHHOE B
XO7Ie TUCTOJIOTUYECKOTO HCC/IeIOBAHUS HapyIleHue
[IUTOAPXUTEKTOHUKH MO3KE€UKa MOXKET OBITH IIPH-
YUHOHN HapylleHUH JIBUraTeJIbHOU KOOPAUHAIINY, B
TO BpeMs KaK TpaBMa TUIIOKAMIIa, BEPOSATHO, CIIO-
cOOCTByeT BOBHUKHOBEHUIO HAPYIIEHUH IPOCTpaH-
CTBEHHOU IaMATU U IIPOIECCOB IPUHATHA PelIeHUH.

Y  KUBOTHBIX, IIOJyYaBIIUX TEeTPAIUKINH,
Ha0JII0a/I0Ch YaCTUYHOE BOCCTAHOBJIEHHE (YHK-
[IUH, YTO CBUZETEJIBCTBYET 00 YIIyUIIIEeHUN TTOBEeIeH-
YeCKHX peaknuil. OTH Pe3yJsIbTaThl COIJIACYIOTCA C
MPEABIIYIAMY JAHHBIMU O BOCCTAHOBJIEHUH (DYHK-
[UH ToCsIe JIeYeHUsI TETPAIMKIMHOM WJIH MIHOITH-
KJIUHOM [30]. Mex/1y TeM B JPYTHX UCCIENOBAHUAX
CBsI3b MEXK/Y COXPAHHOCTBIO KJIETOK M BOCCTAHOBJIE-
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HHUEM IIOBEIEHUYECKUX PeakIui He ObLIa yCTaHOB-
snena [33]. CorsiacHO UMEIOIINMCS JAHHBIM, O0MIHe
HEHUPOIJIUM B THIINIOKAMIIE W MO3KEUYKE II0CsIe
TpaBMbI MOKET OTpa’kaTh HAJWYHE OTBETA Ha BOC-
MajieHue WM 3aIyCK DHOTEHHBIX MPOIIECCOB BOC-
craHoBJIeHUA [34]. XOTS B JaHHOM MCCJI€IOBAHUU
IJIHaJIbHbIE MEXaHU3Mbl HAMPSIMYIO HE U3yJayIucCh,
MpebIAYIIHE PAOOTHI MMOKA3aJIH, YTO ITPOU3BOTHBIE
TeTPAIUKJINHA YJIYUYIIAlT BOCCTAHOBJIEHUE IIOCTIE
TOBPEXKIEHUST MO3Ta 3a CUET MOAYJIAIUU TIhaTb-
HOW aKTHUBHOCTH [35]. AKTuUBanusi HEHpOTJINH,
HaOJII0/laeMas B TUIIIIOKAMIIE U MO3’KEUKe, MOKET
OTpakaTh aHAJOTUYHBINA 5ddeKT, yka3piBas Ha TO,
YTO MOAYJAIUS TJIMKH TETPAIMKJIMHOM MOMKET
JIeKaTh B OCHOBE YaCTUYHOTO BOCCTAHOBJIEHUS
GYHKIUH ¥ TOJyYaBIINX €T0 JKMBOTHBIX.

3AK/IIOYEHUVE

B mesoMm faHHOe uccileloBaHUe IIpeZCTaBiIfgeT
JloKa3aTesIbCTBA B MOAJEPXKKY I'MIIOTe3BI O TOM, YTO
TeTPAIUKINH, 6J1aro/iapsi CBOUM ITPOTHBOBOCIIAJIU-
TeJIbHBIM, aHTUOKCUJAHTHBIM U aHTHAIIONTOTHYe-
CKMM CBOMCTBaM, MOXKET OKa3bIBaTh HEHPOIIPOTEK-
TOopHOE JiericTBue B Mojiesin JIUYMT y kpsic. [Ipose-
JleHHOe  JledeHUe  II0Ka3ajo  OIIpe/esieHHOe
yJydllleHHe Kak [0 pe3yJbTaTaM T'HCTOJIOTUYeCKOTO
HCCJIeIOBAHNA, TaK U IIPU OLleHKe MOBEJEHUsl, YTO
II03BOJIAET IPEJIIOJIOKUTh, YTO TeTPALUKIUH
MOKeT KOPPEeKTUPOBaTb BTOPUYHBIE IIOCJIEZCTBUS,
Bei3BaHHBIEe JIUMT. IlosydeHHBbIe HaHHBIE yKa3bI-
BAIOT HA TO, YTO TETPAIUKJINH MOKeT ObITh KaHU-
JlaToM Ha nepenpodunuposanue npu JIYMT y noz-
POCTKOB, UTO TpebyeT nabHeNIIero nsydenus. Bos-
MOKHO, I1I0JIy4YeHHble HaMU JJaHHbIE ABJIAI0TCA JIUIIb
TUIIOTe30H, BO3HUKIIEH B CBA3U C IIPOBEIEHHBIM
HCCJIeIOBAHUEM.
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Bxiag aBTOpOB

Abapubore ®.A., Hparop @.K., Oubeke I'.0. u
Oiima60 Y.A. yyacTBOBIM B pa3pabOTKe KOHIIEN-
[, U3aHHA UCCIIe/IOBAaHUSA, MOJIEJIA SKCIIEPUMEH-
TOB, aHAJIN3€e/UHTEPIIPETAIINHN JAHHBIX, HAIMCAHUH
TEKCTa CTAThH U BHECJIU 3HAYUTEJIBHBIN BKJIAJT B pa3-
paboTKy nu3aiiHa HCCIIEOBAHUSA, MHTEPIIPETAIIHIO
JIAHHBIX U IOATOTOBKY PYKOIIHCH.

Otinn6o Y.A. u Abapubore ®.A. mpoBeIN HAYyU-
HO€ PeJJaKTUPOBAHUE PYKOIIUCH.

Bce aBTOpBI 07100pUIIM OKOHYATEIBHBIN BaDHAHT
PYKOIIHCH 15 TIyOJIMKAITIH.

Bce aBTOpBI HECYT TOJIHYIO OTBETCTBEHHOCTD 3a
JTOCTOBEPHOCTH ¥ TOYHOCTh BCEX MPEJICTABIEHHBIX B
paboTe cBe/IeHHUI.

Hexymapanmus 00 HMCKYCCTBEHHOM WHTEJI-
JieKTe. VICKyCcCTBEHHBIH MHTEJIEKT ObLT UCITOIB30-
BaH JIJIS WCIPaBJIEHUs IPaMMaTHUYECKHUX OIIHOOK;
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AHHOTAIIUA

MuoMa MaTKH IIpeJICTaBIIAeT cOO0H caMyIo PaCcIIPOCTPaHEHHYIO 106POKAaYeCTBEHHYI0O MOHOKJIOHAIBHYIO OITyXOJIb y THHE-
KOJIOTHYECKHX [TalMeHTOK. /lTaHHOoe 3a00JIeBaHIe UMEET BBICOKYIO COIMAIBHYIO U 9KOHOMUYECKYIO 3HAUNMOCTD, CHUKAS
Ka4yeCTBO KU3HU, TPYIOCIOCOOHOCTh U PENPOYKTHUBHBIN MTOTEHI[UAJ B *JKEHCKOU MOMYJIAINY, SBJISSICh HAUOO0JIee 4acToi
[IPUYMHOM T'MCTEPIKTOMUY B MUpe. B HacTosiiee BpeMsi IIPOBO/IUTCS IOUCK HOBBIX (DaKTOPOB, BIUSIOUINX HA BOSHUKHO-
BEHUE U POCT MHOMATO3HBIX Y3JI0B. BMecTe ¢ TeM maToreHe3 MHOMBI MAaTKU U ITOJIHBIH CIIEKTP BO3MOXKHBIX IPUYMH Pas3-
JINYHOTO TEYEHUs OIYXOJIEBOTO POCTA OCTAETCSI HEBBISICHEHHBIM. B mmocsieiHMe rofbl Bce OOJIbINE UCCIEA0BAHUNA YKA3hI-
BAIOT HA 3HAYHUMYIO POJIb )KUPOBOH TKAHH U MPOAYIIUPYMBIX €10 aJJUIIOKUHOB B PAa3BUTHH MUOMATO3HBIX y3J10B. OCOOEHHO
B)KHBIM ITIOUCK ITOOOHBIX KOPPEJISIIIUN CTAHOBUTCS B YCJIOBUSAX SIIHUJIEMUN OXKUPEHUS B Pa3BUTHIX cTpaHax. Hacrosimumii
0030p CyMMUPYET JaHHbIE CYIIECTBYIOIINX UCCIIe0BAHNM, IPECTaBIeHHbIX HA IuTaTdopMax PubMed, Scopus, eLIBRARY,
CyberLeninka, B KOTOPBIX H3yJasioch BIUSHUIE OKUPEHUS Ha 00pa30BaHNE HOBBIX U POCT CYIIECTBYIOIINX MUOMATO3HBIX
Y3JI0B.
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ABSTRACT

Uterine fibroids are the most common benign monoclonal tumors in gynecological patients. This disease has a high social
and economic significance, as it reduces quality of life, work capacity, and reproductive potential in women, and is the most
common cause of hysterectomy worldwide. Currently, ongoing research is aimed at identifying new factors influencing the
tumorigenesis and growth of fibroid nodules. However, the pathogenesis of uterine fibroids and the full range of causes
underlying the variability in tumor growth remain insufficiently understood. In recent years, increasing evidence has high-
lighted the significant role of adipose tissue and the adipokines it produces in the development of uterine fibroids. The
search for such correlations is particularly relevant in the context of the obesity epidemic in developed countries. In this
context, we reviewed existing studies available on platforms such as PubMed, Scopus, eLIBRARY, and Cyberleninka, which
reflect current understanding of the influence of obesity on the formation and growth of uterine fibroids.

Keywords: uterine fibroids, obesity, pathogenesis, adipokines.

Citation example: Babichev V.K, Piven L.A., Kucherenko S.G., Kiseleva T.V., Khayatova Z.B., Marinkin I.0.
The role of obesity in the pathogenesis of uterine leiomyoma. Journal of Siberian Medical Sciences. 2025;9(4):121-
132. DOI: 10.31549/2542-1174-2025-9-4-121-132

Tloctymuia B peakiuio 18.08.2025 Received 18.08.2025

IIpomwna pereH3upoBaHue 23.09.2025 Revised 23.09.2025

ITpuHaATa K My6IMKAIMU 02.10.2025 Accepted 02.10.2025

Asmop, omeemcmeeHHblil 3a nepenucky Corresponding author

Babuues Banentun Koncrantunosuu: ®TBOY BO «HoBocubupckuii rocy- Valentin K. Babichev: Novosibirsk State Medical University, 52, Krasny
JIapCTBEHHBIH MeIUIIMHCKUN yHUBepcuTeT» MuH3apasa Poccun. 630091, prosp., Novosibirsk, 630091, Russia.

r. HoBocubupck, KpacHslii mpocir., 52. E-mail: vkbabichev@gmail.com

E-mail: vkbabichev@gmail.com

Journal homepage: http://jsms.ngmu.ru 121



Babuues B.K. u dp. / Journal of Siberian Medical Sciences T. 9, N 4 (2025)

BBEJAEHHNE

OskupeHue mpecTaBiseT cob0i oHy 13 Haubo-
Jiee 3HAYMMBIX ITPO0OJIEM 3/IpABOOXPAHEHHUS B COBpE-
MeHHOM wmupe. Ilo JaHHBIM Ha 2022 T. OKOJIO
890 MJIH B3POCJIBIX JIIO/IEN B MUPE CTPAJIAI0T OXKHPe-
HHEM, a OoJiee 2,5 MJIpJ UMEIOT U30BITOYHYIO MacCy
TeJIa, YTO COCTABJISET OKOJIO 43 % B3POCJIOTO Hace-
seHusi wiaHeTbl. C 1990 T. pacIpOCTPaHEHHOCTh
OKUpeHus yaBowsack [1, 2]. IIporHossl MOKasbI-
BAIOT, YTO K 2050 T. OoJjiee IOJIOBUHBI B3POCJIOTO
HaceJIEHUs U TPETH JieTeli Oy/IyT UMeTh U30BITOUHYIO
Maccy Teja Wi oxkupeHwe [3, 4]. B Poccum, mmo
pesyJsibTaTaM HAIlMOHAJIBHBIX HCCJIEIOBAHUM, OXKHU-
PEeHMEM CTPaJIaloT JI0 30 % B3POCJIOTO HACEIEHUS, a
JIOJIsI JIWI] ¢ U30BITOYHOM MAaCCOM Tejla COCTaBJISIET
55,5 % [5].

BMmecre ¢ TeM HEYKJIOHHO PacTyT U IIOKa3aTeTu
3abosieBaemMocTd MuoMoi maTku. C 1990 110 2019 T.
1o0ayibHasl CTaHJAPTU3UPOBAaHHAs II0 BO3PaCTy
3a0b0JieBa€MOCTh MHOMOM MAaTK{ YBeJIHMYWJIach Ha
6,87 % — ¢ 225,67 110 241,18 Ha 100 000 HaceJeHUs].
B 2019 r. camast BbICOKasi periOHaIbHAsI CTaHIapTH-
3MPOBaHHAsA 10 BO3pacTy 3a00JIeBaEMOCTh MHUOMOM
MaTKH HaOsoganack B Bocrounoit Erpore (582,03
Ha 100 000 HaceJIeHUs1), CPeAu CTPaH Ha IIePBOM
MecTe okaszasach JlatBus (667,14 Ha 100 000 Hace-
JeHus1), Aagee ciaeAyiorT Poccutickas ®emepanus
(586,64 Ha 100 000 HacesieHUs1) U YKpauHa (578,21
Ha 100 000 Hacenenus) [3].

VuurtbiBasg OOIIYI0 TEHEHIMIO POCTa PacIpo-
CTPAaHEHHOCTH KaK OKUPEHUsI, TAaK 1 MUOMbBI MaTKH,
KCC/IeJOBAaHHE IIaTOTEHETUYECKUX B3aMMOCBI3eH
MEK/IYy STUMH COCTOSHHSIMHU MPHOOPETaeT 0coOyro
akTyasbHOCTb. COBpeMeHHbIe pabOThI BCe Yallle yKa-
3BIBAIOT HA BJIMSTHUE JKUPOBOU TKAHU U aJTUTIOKUHOB
Ha (opMHUpOBaHHWE M POCT MUOMATO3HBIX Y3JIOB.
B Hacrosmmem o0030pe MbI MOIBITAIACH CYMMHUPO-
BaTh UMeEIOIIHECs JaHHBIE O POJIU OKHPEHUS B IIATO-
reHese MUOMBI MaTKH [6].

O KNPEHHE KAK ®AKTOP PHICKA
MUWOMBI MATKHA

CyILIEeCTBYIOT JIOKa3aTeJIbCTBA, IIO/ATBEPIK/IA0-
II[He 3HAYUMOCTh OKUPEHUSI JJIs1 PETTPOYKTHBHOTO
310poBbsA keHITUH. CooOIaerci O HECKOJIbKUX
MeXaHU3Max ero BIUSHUA, OUH U3 KOTOPHIX Mpe-
cTaBJiAeT coO0H DH/IOKPUHHYIO PEAKIIHIO, IIPH KOTO-
poii o6pazoBaHme N30BITOYHON JKHPOBOU TKAHU YBe-
JINYUBAET TpeBpallleHre TUPKYJIUPYIOIIUX aHJIPO-
TeHOB B acTporeHbl. Ilpeamosaraercs, dYTO
MOBBIIIIEHHOE TPe0Opa3oBaHKe HAAIIOUYEUYHUKOBBIX
aH/IPOTEHOB B ACTPOTEHBI JKUPOBOH TKAHBIO CIIOCOO-
CTBYeT BO3HUKHOBEHHIO U POCTY MHOMATO3HBIX

INTRODUCTION

Obesity is one of the most significant public health
problems in the modern world. As of 2022, approxi-
mately 890 mln adults worldwide were obese, and
more than 2,5 bln were overweight, which is equal to
approximately 43% of the global adult population.
Since 1990, the prevalence of obesity has doubled
[1, 2]. As per estimates, by 2050, more than a half of
the adult population and a third of children will be
overweight or obese [3, 4]. In Russia, according to
national studies, up to 30% of the adult population
suffers from obesity, and the proportion of over-
weight individuals is 55,5% [5].

At the same time, the incidence rates of uterine
fibroids (leiomyomas) are also increasing steadily.
From 1990 to 2019, the global age-standardized inci-
dence rate of uterine fibroids increased by 6,87%,
from 225,67 to 241,18 per 100 000. In 2019, the
highest regional age-standardized incidence rate of
uterine fibroids was observed in Eastern Europe
(582,03 per 100,000), with Latvia ranking first
among the countries (667,14 per 100 000), followed
by the Russian Federation (586,64 per 100 000 pop-
ulation) and Ukraine (578,21 per 100 000 popula-
tion) [3].

Given a common increase in prevalence of both
obesity and uterine fibroids, research into the patho-
genetic relationships between these conditions is
particularly relevant. Recent studies increasingly
point to the influence of adipose tissue and adipo-
kines on the formation and growth of myoma nod-
ules. In this review, we attempt to summarize the
available data on the role of obesity in the pathogen-
esis of uterine fibroids [6].

OBESITY AS A RISK FACTOR
FOR UTERINE FIBROIDS

There is evidence supporting the importance of
obesity for women’s reproductive health. Several
mechanisms of its influence have been reported,
one of which is an endocrine response in which the
formation of excess adipose tissue increases the
conversion of circulating androgens to estrogens. It
is suggested that increased conversion of adrenal
androgens to estrogens by adipose tissue contrib-
utes to the development and growth of uterine myo-
mas [7]. As an endocrine organ, adipose tissue is
responsible for the peripheral conversion of circu-
lating androgens to estrogens. Uterine myomas,
characterized by increased smooth muscle cell pro-
liferation and extracellular matrix hyperproduction
were subject to a strong influence of estrogen and
progesterone and have increased sensitivity to sex
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y3J10B [7]. Kak 9HIOKPUHHBIN OpraH, 3JKUPOBasi TKAHb
OoTBeuaeT 3a nepudepruueckoe IMpeodpa3oBaHUE
OUPKYJIUPYIONIUX aHAPOTEHOB B 3CTPOTeHbl. Muo-
MAaTO3HBIE Y3JIbI, XapaKTepU3YIOU[HUecs ITOBBIIIEH-
HOU mposiudeparyeil rjiaiIkOMbIIIEYHBIX KJIETOK U
THIEPIPOAYKIINEN BHEKJIETOYHOTO MAaTPHUKCA, KaK
HU3BECTHO, I0JIBEPKEHBl 3HAUUTETHPHOMY BIIMSTHHIO
ACTPOTEHA U MPOTECTEPOHA U UMEIOT MOBBIIIEHHYIO
YYBCTBUTEJIBHOCTH K IIOJIOBBIM CTEPOUTHBIM TOPMO-
HaMm. Takum oOpaszoMm, yBeJImYeHUe JKUPOBON TKaHHU
B OpPTaHU3Me MOJKeT MPUBECTU K TUIEPIPOAYKIINH
SCTpPOreHa ¢ ycuJeHHOM mposaudepanueid KJIETOK
MHOMEI [8].

JIpyroii MexaHu3M MPEII0JIaraeT, UTO OKUPEHHE
¢ OospIlell BEpPOSITHOCTHIO CHIKAET BBIPAOOTKY
[IeYeHbI0 IVI00YJINHA, CBA3BIBAIOIIETO II0JIOBBIE TOP-
moubl (I'CIITY), 4TO IPUBOAUT K OBBIIIIEHUIO YPOBHSI
nepudepruyecKuxX HeCBA3aHHBIX 3cTporeHoB. Cies10-
BaTeJIbHO, IUPKYJIUPYIONINE 3CTPOTEHBI MOTYT CTH-
MYJIIPOBATh IpoJindepaInio KJIETOK MHOMATO3HbIX
y3Js10B. KpoMe TOro, OBBIIIIEHHBIH OMOCHHTES XOJIe-
CTEPUHA y KEHINWH ¢ WU30BITOYHOU MacCoOH Tesa
MOXKET CHOCOOCTBOBATh BHIPAOOTKE 3CTpOreHa U
IIPOTECTEPOHA, a 3aTEM BBI3BIBATh POCT U IpoJude-
palyo MUIOMAaTO3HbBIX K1eToK [9]. Coobimaercs, 4To
CUMBACTaTUH, WHTUOUTOD 3-TUAPOKCH-3-METUII-
ryrapui-KoA-penykrassl, okasbiBaeT auddepen-
[IMPOBaHHOE BJIMSHME Ha KJIETKH MHOMBI U MUOMe-
TpUS B KOHI[EHTPAIUAX, PETYJIAPHO JIOCTUTAEMbIX
KJIMHUYECKH, BKJIIOYAs paspylleHue BHEKJIETOU-
HOTO MAaTpUKCAa MUOMBI U HHAYKIHIO allONTOTHYe-
CKMX MeXaHu3MOB [7, 9]. TpeTuii mOTEeHIIMATHHBII
MEXaHU3M IIpeJIlojiaraeT acCOIUAIUI0  MEXIY
cexperueyl auIIOKMHOB U BOCHAJIUTEIbHBIX IIUTO-
KHHOB W YpPEe3MepPHBIM HAKOIUIEHHEM >KUPOBOM
TKaHU B OPTraHU3ME.

Haubosee m3ydeHHBIMU B KOHTEKCTE BIIMSHUSI
Ha pa3BUTHE MHOMBI MATKH AJUMOKUHAMU SIBJISI-
IOTCS JIEITUH, aIUTIOHEKTHH, Pe3UCTHH, OMEHTUH U
TNFa (dakxTop Hekpo3a omyxosu o). Posb psjia aau-
IIOKWHOB B Pa3BUTUHM MUOMBI HEsCHA WJIH BOOOIIE
Hen3BecTHA. [loHWMAas, YTO W30OBITOK >KUPOBOM
TKaHU SIBJISIETCS OHUM U3 (PaKTOPOB pUCKA Pa3BU-
THUSI MUOMBI MAaTKU, MBI MOKEM OKHJIaTh, UTO aJ[U-
IIOKWHBI MOTYT CIIOCOOCTBOBATh BO3HUKHOBEHUIO U
POCTY MHOMATO3HBIX y3JI0B [10].

JlenTuH — 5T0 60K, 0OBIYHO HA3bIBAEMBIH TOP-
MOHOM chITOCTH. OH UTPAET BAXKHYIO POJIb B PETYJISI-
U SHEePreTHYeCcKUX IPOIEeCCOB, BKJIIOUAS YBEIU-
YyeHHe TOTPeOJIeHUsI SHEPTUU U YMEHbBIIIEHUE YyB-
CTBA TOJIOZIA 34 CUET CIIOCOOHOCTH IIPEO0JI0JIEBATH
reMartosHIedaTnuecku 6apbep, MHrHOUpys ceKpe-
nuio Helpomentuaa Y W menTtuza Aryta [11, 12].
Kpowme Toro, jienTHH aKTUBUPYET IPOOIHOMETIAHO-

steroid hormones. Thus, an increase in adipose tis-
sue in the body can lead to hyperproduction of
estrogen with increased proliferation of myoma
cells [8].

Another mechanism suggests that obesity is more
likely to reduce hepatic production of sex hormone-
binding globulins (SHBGs), leading to increased lev-
els of peripheral unbound estrogens. Consequently,
circulating estrogens may stimulate uterine fibroid
cell proliferation. Furthermore, increased choles-
terol biosynthesis in overweight women may pro-
mote estrogen and progesterone production and
then induce fibroid cell growth and proliferation [9].
Simvastatin, a 3-hydroxy-3-methyl-glutaryl-CoA
reductase inhibitor, has been reported to have differ-
ential effects on fibroid and myometrial cells at con-
centrations achieved in a routine clinical practice,
including destruction of the fibroid extracellular
matrix and induction of apoptotic mechanisms [7, 9].
A third potential mechanism suggests an association
between the secretion of adipokines and inflamma-
tory cytokines and excessive accumulation of
body fat.

The adipokines most studied in their influence on
the development of uterine fibroids are leptin, adipo-
nectin, resistin, omentin, and TNFa (tumor necrosis
factor a). The role of some adipokines in the develop-
ment of fibroids is unclear or unknown. Given that
excess of adipose tissue is a risk factor for the deve-
lopment of uterine fibroids, we can expect that adi-
pokines may contribute to occurrence and growth of
myoma nodules [10].

Leptin is a protein commonly referred to as the
satiety hormone. It plays an important role in regu-
lating energy processes, including increasing energy
intake and reducing hunger due to its ability to
cross the blood-brain barrier, inhibiting the secre-
tion of neuropeptide Y and agouti-related peptide
[11, 12]. In addition, leptin activates pro-
opiomelanocortin (POMC), which causes a decrease
in appetite [13], and can also affect tumor cells by
inducing inflammation, oxidative stress, inhibiting
apoptosis, and regulating angiogenesis and immune
response [14]. Three studies have examined changes
in the leptin expression in patients with uterine
fibroids compared to healthy women. Joo et al.
found no significant difference between the expres-
sion of leptin and visfatin in uterine myomas and
normal myometrium [15]. However, Markowska et
al. demonstrated that the expression of leptin and
its receptor genes occurred in uterine myomas and
the surrounding myometrium, in contrast to the
myometrium of healthy women [16]. This indicates
a potential role of leptin in the development of myo-
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koptuH (ITOMK), uTO BBI3BIBAET CHUKEHUE arlIie-
tiTa [13], 2 TaK)Ke MOKET BJIMATH HA OIyXOJIEBbHIE
KJIETKH, BBI3bIBAs BOCIAJEHUE, OKHCIUTEIbHBIH
cTpece, MHTHOUPYS aIloNTO3 WU PETYJINPYS aHTHO-
reHe3 U UMMYHHBIN OTBeT [14]. Tpu ucciemoBanus
M3y4yajad U3MeHEeHHs DKCIPECCHH JIEITHHA Y Tallu-
€HTOK ¢ MUOMOK MAaTK{ B CDAaBHEHHUHU CO 3/I0POBBIMH
skeHIuHaMu. B.S. Joo et al. He 0GHAPYKUIU 3HAYHN-
TeJIbHON Pa3HUIBl MEXY SKCIIPECCHel JIeNTHHA U
BuchaTHHA B MUOMATO3HBIX y3J1aX U HOPMaJIbHOM
sHporeaun Matku [15]. Onnako A. Markowska et al.
MIPOJIEMOHCTPUPOBAJIM, YTO SKCIIPECCHUs JIEITUHA U
€ro perenTOPHbIX TeHOB MMeJla MECTO B MHOMATO3-
HBIX y3J1aX U OKPY?KAIOIIEM UX MHOMETPUH, B OTJIH-
Yre OT MHOMETPHs 3I0POBBIX JKEHIIUH [16]. DTO
VKa3bIBaeT Ha MOTEHITHATIBHYIO POJIb JIETITHHA B pas3-
putun MuoMbl. D. Ribatti et al. BEIABMIN T0JIOKMK-
TEJIbHYI0 KOPPEJISAIUI0 MEXKIY KOJIHMYECTBOM TPHII-
Ta30I0JIOKUTEIPHBIX M JIENTHH-TIOJIOKUTETHHBIX
MAaCTOIIMTOB M AaHTHOT€HE30M B MMHOMATO3HOM
TkaHu [17]. IIoBbIIIIEHHbIE IJIOTHOCTH KAMUJUISIPOB U
VPOBEHD TPUITA30II0JIOKUTETHBIX U JIEITHH-II0JI0-
JKUTEJIbHBIX TYUYHBIX KJIETOK OTMEYAJIHCh B TKAHIX
MHOMBI TI0 CPAaBHEHUIO CO 3/I0POBOI TKAaHBIO. ['HUCTO-
JIOTHYECKOE UCCIIeIOBAaHNE MUOMBI TIOKA3aJI0 IITHPO-
KO€ paclpocTpaHeHHe TYYHBIX KJIETOK B y3JaX H
WHTEPCTUITUAIBHON CTPOME, TOT/Ia KaK 00Jiee BhICO-
KHe KOHIIEHTpAIluU uX HaOJII0anuch B 00JaCTH
KPOBEHOCHBIX cocy/10oB. Hainure MMMyHOpPEaKTHB-
HOTO JIENITHHA KaK B HOPMAJIbHOM MUOMETPHUH, TaK U
B CTEHKaX KPOBEHOCHBIX COCY/IOB OBLJIO BBISBJIIEHO C
KCITOJIb30BAHHEM HUMMYHOTHCTOXUMUYECKUX METO-
JIOB, Yero He HaOIOZaIoch B KOHTPOJIbHBIX
obpasrax. Boitee paHHUE HCCIIeIOBAaHUSA
M.R. Sierra-Honigmann et al. u D. Ribatti et al.
MMOKa3aJIx, YTO HAKOIJIEHUE TYYHBIX KJIETOK CBA3aHO
¢ yCWJIEeHHEM aHTHOreHe3a IIpU MHOMe MAaTKH [18,
19]. JlenTuH 1 TPUINTA3a, HAXO/SAIIMECS B TPaHyJIax
TYYHBIX KJIETOK, TAK)KE€ MOTYT BJIUSTH Ha yCUJIEHHE
aHTHOTeHe3a IMPH MHUOME MAaTKH. KOHIleHTparus
JIENITHHA B CHIBOPOTKE KPOBU JKEHINWH C MHOMOMU
MAaTK{d U 370POBBIX JKEHIIUH HU3Mepsjiach B JIBYX
Pa3HBIX HCCJIEIOBAHUSX, KOTOPbIE MPUIILUIH K pas-
JuuHbBIM BeIBosiaM. B.S. Dingiloglu et al. He o6Hapy-
JKIJTH CYIIIECTBEHHBIX PA3JIMYHUI B YPOBHSX JIENITHHA
B CBIBOPOTKE MEXKJly I'DYHIIONH ¢ MHUOMON MAaTKU U
TPYIIION 37I0POBBIX JKEHIUH [20]. OHAKO KOHIIEH-
Tpanusi JIENTHHA CHIKAIACh C YBEJIMUEHUEM y3JI0B.

ATUTIOHEKTHH — 3TO 0eJIOK, BBHIpAabATHIBAEMBIH
JKUPOBOU TKAHBIO, KOTOPBIH BJIUSET HA SHEPreTHYe-
CKHe TIpPoliecchl B opranusMe. Ero KoHIleHTpanus B
KPOBOTOKE OTPHUIIATEILHO KOPPETUPYET C UHIEKCOM
maccbl Tesia (IMT), ypoBHEM TPUIJIUIIEPUIOB H
WHCYJINHA U TIOJIOKUTEJIBHO — C JIUIOMPOTEUJAMH

mas. Ribatti et al. found a positive correlation
between the count of tryptase- and leptin-positive
mast cells and angiogenesis in myomatous tissue
[17]. Increased capillary density and levels of trypt-
ase- and leptin-positive mast cells were noted in
uterine myomas compared to healthy tissues. His-
tological examination of myomas showed an abun-
dance of mast cells in the nodes and interstitial
stroma, while higher concentrations were observed
in the area of blood vessels. The presence of immu-
noreactive leptin in both normal myometrium and
blood vessel walls was detected using immunohis-
tochemical methods, which was not observed in
control samples. Earlier studies by Sierra-Honig-
mann et al. and Ribatti et al. showed that mast cell
accumulation is associated with increased angio-
genesis in uterine fibroids [18, 19]. Leptin and
tryptase, which are located in mast cell granules,
may also influence the increased angiogenesis in
uterine fibroids. Serum leptin concentrations in
women with uterine fibroids and healthy women
were measured in two different studies, which came
to different conclusions. Dingiloglu et al. did not
find significant differences in serum leptin levels
between the group with uterine fibroids and the
group of healthy women [20]. However, leptin con-
centrations decreased with increasing myoma size.

Adiponectin is a protein produced by adipose
tissue that influences energy processes in the body.
Its blood concentration negatively correlates with
body mass index (BMI), triglyceride and insulin
levels, and positively — with high-density lipopro-
tein [21, 22]. Adiponectin increases insulin sensitiv-
ity and has an anti-inflammatory effect by inhibit-
ing TNFa [23] or activating anti-inflammatory
interleukins [21]. Depending on its form, adiponec-
tin binds to one of its receptors, Adipo R1 or
Adipo R2. Full-length adiponectin, which binds to
the Adipo R2 receptor, is the most common form of
this protein in the body. Globular adiponectin,
which binds to Adipo Ri, is a less common form.
Wakabayashi et al. confirmed the expression of
Adipo R1 and AdipoR 2 in uterine myoma cells and
investigated the antiproliferative effect of full-
length adiponectin in rat myoma cell culture [24].
Adiponectin had the potential to inhibit myoma
proliferation. The authors suggested that adiponec-
tin inhibits the development of myoma except in
certain conditions, such as metabolic syndrome, in
which plasma adiponectin concentrations are
reduced, as is its inhibitory effect on myoma tissue,
leading to accelerated nodule growth [25].

A significant decrease in serum adiponectin lev-
els was found in women with uterine myoma and
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BBICOKOH IJIOTHOCTH [21, 22]. AJUIIOHEKTHH I1OBbI-
IIAeT YyBCTBUTEIBHOCTD K MHCYJIMHY U OKa3bIBaeT
MIPOTUBOBOCHAJIUTEILHOE JIECTBUE, HWHTHOUDYS
TNFa [23] wiu akTUBUPYSA MPOTHBOBOCIIAJIUTEIIb-
HbIe UHTEPJIEUKUHBI [21]. AZTUIIOHEKTHUH, B 3aBUCH-
MOCTH OT (POPMBI, CBSI3BIBAETCS C OJTHUM U3 CBOUX
penentopoB — Adipo R1 wiu Adipo R2. ITosmHOpas-
MEpPHBIN aJINNIOHEKTHUH, KOTOPBIA CBSA3BIBAETCS C
peuienitopom Adipo R2, siByisieTcst Haubosiee pacmpo-
cTpaHeHHOH (opMoil 3Toro 6Gejka B OpPraHU3ME.
I'7100yIIpHBIH Ke aIUTTOHEKTHH, KOTOPBIU CBS3bIBa-
etcs ¢ Adipo R1, — meHee pactpocTpaHeHHas popma.
A. Wakabayashi et al. moaTBepAUIN 3KCIIPECCUIO
Adipo R1 u AdipoR 2 B KyleTKax MHOMbBI MaTKH U
HceeloBaIi aHTUIPosindepaTUBHBIN 3G deKT 1Mo-
HOPa3MeEPHOro AAUIMOHEKTUHA B KYJIBType MHOMa-
TO3HBIX KJIETOK KPBICHI [24]. ATUIIOHEKTHH 001811
MIOTEHITUAJIOM K WHTUOUPOBAHUIO TpoJindepannu
MHOMBI. ABTOPBI IIPE/IITOIOKIIIH, UTO aJUITOHEKTHH
TOPMO3UT Pa3BUTHE MUOMBI 32 UCKJIIOUEHUEM HEKO-
TOPBIX COCTOSTHUH, TAKUX KaK MeTa00JIMUeCKUH CUH-
ZIPOM, TP KOTOPOM KOHIIEHTPAIUs aIUIIOHEKTHHA
B IIJIa3Me CHIDKAaeTCs, KaK U ero MHTHOHpyIolee
JIefiCTBHE Ha TKAHU MUOMBI, UTO IIPUBO/TUT K YCKOPe-
HUIO POCTa y3JI0B [25].

3HAUUTEJIbHOE CHUKEHE YPOBHS aJUITOHEKTHHA
B CBIBOPOTKE KPOBU OBLJIO 0OHAPYKEHO Y *KEHIIHIH C
MHOMOH MATK{ M 370POBBIX JKEHIIUH B JPYTOM
HCeIeoBaHUM [23]. ABTODBI IPEATIONIOKIIIA BO3-
MOXKHYIO POJIb aJUIIOHEKTHHA B PA3BUTHUU MHOMBI,
peanu3yeMylo Yepe3 MHCYJIMH- WIH 3CTPOTeH-3aBU-
CUMBIH IyTU. B MHCY/IMH-3aBUCUMOM IIyTH WHCYJIU-
Homo/100HbIH dakTop pocta 1 (IGF-1) Biuser Ha pocT
MHOMBI [26, 27], a ero OMOAKTUBHOCTh 3aBUCHUT OT
beika, ceasbiBamoliero IGF1 (IGFBP-1) [28]. IGFBP-1
peryyiupyercsi WHCYJIMHOM: IOBBIIIEHHAs KOHIIEH-
Tpanus WHCYJINHA B KPOBOTOKE CIOCOOCTBYET CHU-
skeHU0 KoHIeHTpanuu IGFBP-1 B ceiBopoTke [29,
30]. CHmKeHHe KOHIIEHTPallUM aJUIOHEKTHHA
BBI3BIBAJIO YMEHBIIIEHUE YYBCTBUTEIHHOCTH K MHCY-
JIMHYy Y TOBBINIIEHNE KOHIIEHTPAIIUN HHCYJINHA B
CBIBOPOTKe [31, 32]. B acTporeH-3aBUCHUMOM IIyTH
WHCYJIUH perynupyeT BoipaboTky I'CII: moBsImieH-
Has PEe3UCTEHTHOCTh K HHCYJIMHY BBI3BIBAET IOZA-
BieHue skcrnpeccuu I'CIIT, yto, B cBOIO o4epejp,
MOXKET TPHUBECTH K YBEJIMYEHUIO KOHIIEHTPAIINH
OMOAKTHUBHOTO 3CTPOTEHA U, CJIeJI0BATENIHHO, K POCTY
MHOMATO3HbBIX y3710B [33]. o 3TOl mpuunHe BaXK-
HOCTb BCTPOTEH-3aBUCUMOTO IIyTH MOXKET OKa3aThCs
CYIIIECTBEHHOH, HO KakK peryJisiTopHble mytd E2/ERa,
tak 1 IGF-1/IGF-1R (perenTop uHCYTMHOIOA0OHOTO
(dakTopa pocra) TeCHO CBA3aHBI B KJIETKAX MHOMBI.
ITepexpecTHBIE TTOMEXU MEXKAY 3CTPOT€H- U HHCY-
JIMH-3aBUCUMBIMU IYTAMHU JEJIAI0T 00a 5TUX IIyTH

healthy women in another study [23]. The authors
suggested a possible role of adiponectin in the
development of myoma, realized through insulin-
or estrogen-dependent signaling pathways. In the
insulin-dependent pathway, insulin-like growth
factor 1 (IGF-1) influences myoma growth [26, 27],
and its bioactivity depends on IGF1-binding pro-
tein (IGFBP-1) [28]. IGFBP-1 is regulated by insu-
lin: increased insulin concentrations lead to a
decrease in serum IGFBP-1 levels [29, 30].
Decreased adiponectin concentrations resulted in
a decrease in insulin sensitivity and an increase in
serum insulin values [31, 32]. In the estrogen-
dependent pathway, insulin regulates SHBGs pro-
duction: increased insulin resistance causes SHBG
downexpression, which, in turn, can lead to
increased bioactive estrogen concentrations and,
consequently, to myoma nodule growth [33]. For
this reason, the importance of the estrogen-depen-
dent signaling pathway may be significant, but
both the E2/ERa and IGF-1/IGF-1R (insulin-like
growth factor receptor) regulatory pathways are
closely linked in fibroid cells. The crosstalk between
the estrogen- and insulin-dependent signaling
pathways makes both pathways very important in
further research on the role of adiponectin in the
development of uterine fibroids [34]. The impact of
these pathways could be minimized by reducing
the percentage of body fat, as well as by inhibiting
both pathways at different stages. Research is
ongoing into the treatment of uterine fibroids by
inhibiting the IGF-1 pathway [35]. A deeper under-
standing of this complex interplay may provide
many potential therapeutic targets, including adi-
ponectin itself.

TNFa is actively involved in inflammatory
response. It can activate intracellular pathways that
induce oxidative stress and trigger the acute phase of
inflammatory response, which, in turn, leads to cell
degradation. Moreover, TNFa stimulates phagocyto-
sis, causes fever, and increases the expression of
adhesion molecules [36, 37]. In studies on the effect
of TNFa on uterine fibroids, the authors suggest var-
ious mechanisms of action of this adipokine. Actinin
Ais a protein of the TNF[ family produced by macro-
phages and playing an important role in the regula-
tion of immunity. Protic et al. observed an overex-
pression of actinin A on co-incubation with TNFa
[38]. These results indicate that actinin A inhibits
the production of macrophage anti-inflammatory
markers and thereby increases their proinflamma-
tory effects [18]. It is also known that actinin A can
induce myofibroblastic transformation, for example,
in the liver, lungs or heart [39]. Furthermore, previ-
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OUeHb BAXKHBIMU B JAJbHEUIIUX WCC/IEIOBAHUAX
POJIY 3JTUIIOHEKTHHA B PA3BUTHH MHOMBI MaTKH [34].
BiusiHMe 3THX MyTed MOXKHO ObLIIO ObI MUHUMU3H-
pOBaTh IMyTeM YMEHBIIIEHU IIPOIIEHTA KUPA B Opra-
HH3ME, a TAK)KE ITyTeM WHTHOUPOBAHUS OOOUX ITyTEH
B pa3nuHbIX (pazax. I[IpoiomkaoTesa necyieoBaHus
I10 JIEUEHHUIO MUOMBI MAaTKH C IOMOIIBI0 MHTUOMPO-
Banus nytu IGF-1 [35]. Bosee rimybokoe moHuMaHue
ATOTO CJIOXKHOTO B3aMMO/IENCTBUSA MOXKET IIPEIOCTA-
BUTb MHOKECTBO TOTEHI[UAIBHBIX TEPATIEBTHUECKIX
LeJIeH, BKJIoJasi caM afiuIOHEKTHH.

TNFa akTHBHO y4YacTByeT B BOCIQIUTEIbHOU
peakruu. OH MOXKET aKTUBUPOBATh BHYTPHUKJIETOU-
HBIE IIyTH, KOTOpPble WHAYIUPYIOT OKUCIUTETHHBIHN
CTpece, a TakKe 3allycKaTh OCTPYyIO (pa3y BocHaIu-
TeJIbHOHN PeaKINH, UYTO, B CBOIO OUepeb, IPUBOJUT K
Jerpaganuu kietok. bosiee toro, TNFa crtumynu-
pyeT ¢aroiuTos, BI3bIBAET JTUXOPAJKY U YBETUUU-
BaeT 9KCIIPECCUI0 MOJIEKYJI, OTBETCTBEHHBIX 32 aJire-
3uio [36, 37]. B ucciemosanuax mo Biausauio TNFa
Ha MHOMY MaTKH aBTOPBI IIPE/IIIOJIAaTal0T Pa3InYHbIE
MEXaHU3MbI JIEWCTBUS D5TOTO AJUIOKHHA. AKTH-
HUH A — 6estok cemetictBa TNF[, BeipabaThIBaeMblit
MakpodaraMuu ¥ UTPAIONIUHA BaXKHYIO POJIb B PETy-
asanun umMynnaTera. O. Protic et al. mabGironmanu
MIOBBIIIEHHYIO SKCIIPECCUI0 aKTUHUHA A DU KOWH-
kybanuu TNFa [38]. 9Tu pe3ysibraThl yKa3bIBaIOT Ha
TO, UYTO AKTUHHUH A MHTHOUPYET BHIPAOOTKY MAaKpO-
(parasbHBIX MTPOTHUBOBOCHATIUTEIBHBIX MapKepPOB U
TEM CaMbIM YBEJIUYHBAET UX MPOBOCIAJIUTE/IbHBIE
addextpr [18]. Takike W3BECTHO, YTO AKTUHUH A
MOXKET BBI3bIBAaTh MHOGUOPOOIIACTUUECKYIO TPaHC-
dopmanuio, Hampumep, B IeYEHHU, JIETKUX WJIH
ceparie [39]. Kpome Toro, mpeasiIylnye uccaeaoBa-
HUS IOKA3aJIH, UTO aKTUHUH A cTUMYJTUpYyeT Gubdpo3
B JIeOMHOMAaxX 3a CYET yBEJIWUYEHHSA SKCIIPECCUH
0eJIKOB BHEKJIETOUHOTO MaTpuKca [40]. Pe3yibpraTet
HUCCIe0BaHUA ITOKaszanu, 4yTo TNFa yBesrnuyusaer
BBIPAaOOTKY aKTHHUHA A Makpodaramu, 4To, B CBOIO
ouepezib, MOXKET UTPATh POJIb B TATOT€HE3€ MUOMBL.
M. Wolanska et al. orienunu sxcpeccuto reia TNFa
u perentopoB TNF-R1, koropele obecneunBaroT
nuToToKcuueckoe AerictBrue TNFa Ha omyxoseBbie
ki1eTkd. OHU OOHAPYKUIU 00Jiee BBICOKYIO KOHIIEH-
Tparuio TNFa B 310poBOM MHOMETpPUU IO CpaBHe-
HUIO ¢ MHOMATO3HBIMH Y3JIaAMU U TOATBEPAUIN C
[IOMOIIIBIO AHTUTEJI, UTO JIOKAJIN30BAHHBIN B TKAHAX
TNFa saBisgerca SHAOTeHHbIM. Takske ObLIO ITOKa-
3aHO, uTO O0JIBIIIEE KOJTHUECTBO perentopoB TNF-R1
IIPHCYTCTBOBAJIO B MBIIIIAX MATKH, YeEM B JIEHOMUO-
Max [41]. Tlony4yeHHBIE pe3yJIbTAaThl CBH/IETENb-
CTBYIOT 0 TOM, uTO TNFa 1 ero penentopsl BIUAIOT
Ha POCT MUOMATO3HBIX y3JI0B. OTHAKO PE3YJIBTATHI,
kacarornuecs koHieHTpanuu TNFa B chIBOpoTKe y

ous studies have shown that actinin A stimulates
fibrosis in leiomyomas via the overexpression of
extracellular matrix proteins [40]. The results of the
study indicate that TNFa increases actinin A produc-
tion by macrophages, which, in turn, may play a role
in the pathogenesis of myomas. Wolanska et al.
assessed the expression of the TNFa gene and TNF-
R1 receptors, which provide the cytotoxic effect of
TNFa on tumor cells. They found a higher concen-
tration of TNFa in the healthy myometrium com-
pared to uterine fibroids and confirmed using anti-
bodies that TNFa localized in tissues is endogenous.
It was also shown that more TNF-R1 receptors were
in the uterine muscles than in leiomyomas [41]. The
results obtained indicate that TNFa and its receptors
influence the growth of uterine fibroids. However,
the results regarding serum TNFa concentrations in
women with myomas and healthy women are not
always convincing. Protic et al. showed that women
with uterine myomas had decreased serum TNFa
levels compared to the reference values of TNFa of
68,70 + 19,39 pg/ml [38]. However, in a study of Cie-
biera et al., the TNFa concentration in the group of
women with clinically symptomatic myomas was sig-
nificantly elevated compared to the control
group [42]. Furthermore, Sikorski et al. found a
slightly higher serum TNFa concentration in women
with myomas [43]. These discrepancies can be
explained by the study of Ciebiera et al., who showed
that serum TNFa concentrations vary depending on
size and location of leiomyomas and have a positive
correlation only with subserosal nodules. In cases of
intramural and submucosal myomas, the difference
is statistically insignificant. Moreover, differences in
the selection of study groups or different study meth-
odologies may lead to different results [42]. The dif-
ferences between studies indicate that methods may
be imprecise, which necessitates further research
that will clearly demonstrate the origin of TNFa in
myoma cells.

Adipose tissue is currently recognized not only as
a reservoir for energy but also as an immune organ.
In the context of obesity caused by hyperalimenta-
tion and/or decreased physical activity, the develop-
ment of insulin resistance is believed to be initiated
by inflammatory processes in adipose tissue [44].
Adipokines and inflammatory cytokines are known
to activate key signaling pathways associated with
inflammation, proliferation, autophagy, and mitosis,
and subsequently induce the development of uterine
fibroids [45]. The development and progression of
fibroids also depends on growth factors, and the
abundance of fibrous connective tissue and extracel-
lular matrix components are among fibroid’s impor-
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JKEeHIIWH ¢ MHUOMOH U 37I0POBBIX »KEHIIUH, HE BCET/IA
neybenurenbubl. O. Protic et al. moxasamu, uto y
JKEHIIMH ¢ MUOMOH MaTKH HabJII0[]aIoCch CHUKEHTE
ypoBHA TNFa B CBIBOPOTKE IO CPaBHEHUIO C KOH-
TposibHbIM 3HaueHueM TNFa, cocrasistomum 68,70
+ 19,39 nr/miua [38]. OpgHako B mccaemoBaHuu M.
Ciebiera et al. kounentpanus TNFa B rpymme xeH-
IMUH C CUMIITOMHON MHOMOH ObLyia 3HAYUTEIHLHO
MIOBBIIIIEHA TI0 CPABHEHUIO C KOHTPOJIBHOU TPYIIION
[42]. Kpome Toro, R. Sikorski et al. BwiABUIH
HECKOJIBKO 0OoJiee BBICOKYIO KoHIeHTpanuio TNFa B
CBIBOPOTKE Y JKEHIIIUH C MHOMOM [43]. 9TH pacxox-
JIEHUSI MOXKHO OOBSICHUTD HA OCHOBE HCCJIEIOBAHMUS
Ciebiera et al., koTopble TOKa3aJIx, YTO KOHI[EHTPA-
nust TNFa B chIBOPOTKe BapbUPYETCsI B 3aBUCUMOCTH
OT pa3dMepa U PaCIOJIOKEeHNS JEHOMIOM U TIOJIOXKHU-
TEJIbHO KOPPEJIUPYET TOJIBKO /IS CyOCEPO3HBIX
y3JI0B. B cityuasx MHTpaMypaIbHBIX U CyOMYKO3HbIX
MHOM pasHHUIIA CTATUCTHYECKH He3HaumMma. bosee
TOTO, Pa3JINYHs B BEIOOPE HCCIIe0BATETbCKUX TPYIIIT
WIK pa3Has METOAOJIOTHs WCCIETOBAHUSA MOTYT
IIPUBECTHU K Pa3HbIM pesysbraram [42]. [Ipomemon-
CTPUPOBAHHbBIE PA3INYUA MEXKIY HCCIETOBAHUIMUI
VKa3bIBAIOT HA TO, YTO METOJ(bI MOTYT OBITh HETOU-
HBIMH, YTO JIeJIaeT He0OX0IUMBIM IIPOBEZEHIE JATTh-
HEUIIUX KCCIEOBAaHUH, KOTOPHIE YETKO IMOKAXKYT
npoucxoxaenne TNFa B kieTkax MUOMBIL.

KupoBas TKaHb B HACTOsIIIIeE BpeMs ITPHU3HAHA HE
TOJIBKO Pe3epByapoOM SHEPTHH, HO ¥ UIMMYHHBIM Opra-
HOM. B KOHTEKCTe O’KUpPEHNs, BHI3BAHHOTO TIOBBIIIIEH-
HBIM NOTpeOJIeHNeM TTUIIY U/ VI CHIDKeHUeM (QUu3u-
YeCKON aKTUBHOCTH, CUUTAETCs, UYTO Pa3BUTHE HHCY-
JIMHOPE3UCTEHTHOCTH WHUIUUPYETCsI  IIPOIECCAMU
BOCITJIEHUSI B *KUPOBOU TKaHU [44]. V3BecTHO, 4TO
AJIUIIOKUHBI U BOCHAJIUTEIbHbIE IIUTOKIUHBI aKTUBHU-
PYIOT KJIIOU€eBbIe ITyTH, CBS3aHHBIE C BOCIIAJIEHHEM,
nposiudepanyeli, ayrodarrueil © MUTO30M, U BIOCJIE/ -
CTBUU WHYIIUPYIOT Pa3BUTHE MHOMBI MAaTKH [45].
Pa3BuTHE U IPOrpeccCHpOBaHUE MHOMBI TaKKe 3aBU-
cuT oT GaKTOPOB pocTa, MprueM oowire GUOPO3HOH
COETMHUTEIPHON TKAaHU U KOMIIOHEHTOB BHEKJIETOU-
HOTO MaTpPUKCA fBJISIETCS OHON M3 BAYKHBIX €€ 0CO-
6ennocreit. CemMelcTBO TpaHCHOPMUPYIOMIIX (PaKTO-
poB pocra (TGF), kak ofuH 13 BaXKHEUIIIUX PETYJIATO-
poB mporieccoB (pubpo3a, MOKET CIOCOOCTBOBATDH
00pa3oBaHUI0O MHOMATO3HOU TKAaHH dYepe3 IIyTH
SMAD, PI3K/Akt/mTOR, Ras/Raf/MEK/ERK u nyth
KUHAa3bI (POKATILHOM are3u [46].

Bo3mokHO, YTO TOCPEACTBOM JIIOOOTO M3 DTHUX
OMOJIOTHYECKUX MEXaHU3MOB OKUPEHHE MOKET ObITh
CBSI3aHO C YBEJIMUYEHUEM YaCTOThl BO3HUKHOBEHUS
MHOMbBI MaTKH [47]. BbLJIO MpOBeEHO HECKOJIBKO
SIUJEMUOJIOTUYECKUX UCCIIE0OBAHNM [T U3YUEHUs
CBSI3U OKUPEHUS C PUCKOM MHOMBI y JKEHIIUH B IIpe-

tant features. The transforming growth factor (TGF)
family, as one of the most important regulators of
fibrosis, can promote the formation of myoma tissue
through the SMAD, PI3K/Akt/mTOR, Ras/Raf/
MEK/ERK, and focal adhesion kinase signaling
pathways [46].

It is possible that obesity may be associated
with an increasing incidence of uterine fibroids
through any of these biological mechanisms [47].
Several epidemiological studies have been per-
formed to examine the association of obesity with
the risk of fibroids in premenopausal women, with
conflicting results: one of them reported a strong
positive association between obesity and risk of
fibroids, while others showed only a weak associa-
tion [48-50]. In 2021, a meta-analysis of the lit-
erature on this topic over the recent years (22 arti-
cles, 24 studies, 325 899 participants and 19 593
cases) was published. The meta-analysis showed a
positive, albeit nonlinear, association between
obesity rates and the prevalence/risk of uterine
fibroids (odds ratio 1,19; 95% confidence interval
1,09-1,29, p = 0,00) [51].

CONCLUSION

Obesity and uterine fibroids are two global health
problems whose prevalence continues to rise. Epide-
miological data indicate that by 2050, more than a
half of the world’s adult population will be over-
weight or obese, posing significant risks to women’s
reproductive health. Simultaneously, the incidence
of uterine fibroids is increasing, particularly in
regions with a high prevalence of obesity, such as
Eastern Europe. Despite the accumulated data,
unanswered questions remain that require further
research. In particular, large-scale clinical and
molecular studies are needed to clarify the role of
individual adipokines and cytokines in the pathogen-
esis of uterine fibroids. Furthermore, exploring the
potential of targeted therapies for metabolic distur-
bances associated with obesity to reduce the risk of
developing and progressing uterine fibroids appears
promising.

Thus, obesity is a significant modifiable risk fac-
tor for uterine fibroids, and its effects are realized
through a complex interaction of hormonal, meta-
bolic, and inflammatory mechanisms. Prevention
and treatment of obesity may be an important com-
ponent in reducing the incidence of uterine fibroids
and improving women’s reproductive health.

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

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

127



Babuues B.K. u dp. / Journal of Siberian Medical Sciences T. 9, N 4 (2025)

MeHoIIay3e, pe3yIbTaThl KOTOPhIX OKA3JIUCh IPOTH-
BOPEUYHBBIMH: B HEKOTOPBIX M3 HHUX COOOIIATIOCH O
CHJIbHOU ITOJIOXKUTEJIBHOH CBA3ZH MEXKAY 0XKUPEHUEM
U PUCKOM MHOMBI, B TO BpeMs KaK B JAPYTHX ObLaa
MOKa3aHa JIMIIE cj1abast ¢Bs3b [48—50]. B 2021 1. 6611
OIyOJIMKOBAaH MeTa-aHaJINU3 JIUTEPATYPHI HA BTY TEMY
3a MOCJIeTHUE TOZIbI, B X0/le KOTOPOTO OBLIO U3YUYeHO
22 CTaThH, IIPEJICTABJISIBIIUX 24 UCCIEI0BAHUA, KOTO-
phle BKJIIOYAIH 325 899 YIYaCTHUKOB U 19 593 CJTydasl.
AHayn3 1oKazaJl MoJI0KUTEIbHYI0, XOTS U HeJIMHEeH-
HyI0, CB3b MEXIY IIOKa3aTeJIsIMU OKHPEHUs U
pacmpocTpaHeHHOCThIO/ PUCKOM BO3HUKHOBEHUs
MHOMBI (OTHOIIIEHHE IIIAHCOB 1,19; 95% TOBEPUTEIb-
HBIA UHTEpPBAI 1,09—1,29, p = 0,00) [51].

3AK/IOYEHUE

OxypeHHe U MHOMa MATKU IPEZCTABIIAIOT cOO0M
JiBe TyI00asIbHbIE TTPOOJIEMBI 37IPAaBOOXPAHEHNUsI, pac-
MIPOCTPAaHEHHOCTh KOTOPBHIX MPOJOKAET HEYKJIOHHO
pactu. Kak MOKa3bIBAIOT SIIUIEMUOIOTHUYECKUE TaH-
HEBIE, K 2050 rofiy 00JIee ITO0JIOBUHBI B3POCJIOTO HaceIe-
HUS TJIAHETHI Oy/IeT UMETh M30BITOUHYI0 MAaccy Tesa
WIA OKUPEHHUE, YTO CO3[IAeT 3HAYUTEIbHBbIE PUCKHU
JULSL PENPOYKTUBHOTO 3/I0POBbs 2KeHIUH. OTHOBpe-
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MEHHO OTMevaeTcs YyBeJIndeHHe 3a00s1eBaeMOCTH
MHOMOK MaTKH, 0COOEHHO B PETHMOHAX C BBICOKOU pac-
IIPOCTPAaHEHHOCTHIO O’KUPEHMSI, TAKUX Kak BocTouHast
Espona. HecMOTps Ha HakOIUIEHHBbIE JJAHHBIE, OCTa-
IOTCSI HEPEIIEHHBIE BOIIPOCHI, TPEOYIOIIHE JlaTbHEN-
IIMX UCCIe0OBaHUM. B yacTHOCTH, HEOOXOAMMBI 00JIEe
MacirTabHble KIMHUYECKUE U MOJIEKYJIIPHBIE HCCITe-
JIOBAHUS JIs1 YTOUHEHUS POJIU OT/IEIBHBIX a[UIIOKU-
HOB U ITUTOKHHOB B IaToreHe3e MUOMbL. Kpome Toro,
[IEPCIIEKTUBHBIM  HANPAaBJIEHUEM IPEACTABIISETCS
W3ydeHWEe BO3MOXKHOCTEH TapreTHOH  Teparuw,
HAIlPaBJIEHHOM Ha KOPPEKIHMI0 MeTab0IHMUeCcKuX
HapPYIIEHUH ITPY O3KUPEHUH C IEJTbI0 CHIDKEHUS PHUCKA
Pa3BUTHA U IPOTPECCHPOBAHIA MUOMBI MATKH.
Takum 06pa3oM, OKUpPEHHe SIBJISETCS 3HAUM-
MBIM MoAu(UIUPYeMbIM (HAKTOPOM PHUCKA MHOMBI
MATKH, a €ro BJINSHHE PeIn3yeTcs Yepes3 CI0KHOe
B3aMMO/IENICTBIE TOPMOHAJIbHBIX, MEeTa00INUEeCKUX
U BOCHAJIUTEIBHBIX MeXaHU3MOB. [IpodumakTuka u
JleyeHUe OKHPEHUs MOTYT CTaTh Ba’KHBIM KOMIIO-
HEHTOM B CHUIKEHHMH 3a00J1eBa€MOCTH MHOMOU H
VJIyUIIIeHUH PEIPOIyKTUBHOTO 37I0POBbsI *KEHIIUH.

KoHduKT HHTEpEeCcoB. ABTODHI 3aABJIAIOT 00
OTCYTCTBUU KOH(JINKTA UHTEPECOB.
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AHHOTAIIUA

BHenpenue pacmupeHHOro HeoHaTasbHOro ckpuHuHTA (PHC) B MeAMIMHCKYIO IPakTHUKy B Poccuiickoit ®enepanuu
(P®), B cooTBeTcTBUU C IpUKa3zoM MuHucTepeTBa 3apaBooxpaHeHus P® NO 274H oT 21.04.2022 «O06 yTBep:KAeHUU
IOPsA/IKA OKa3aHUsI MEJUIMHCKOHN IIOMOIIH IalleHTaM C BPOXK/IEHHBIMU U (MJIM) HAC/IEZCTBEHHBIMU 3200IeBAHUAMM »,
CYIIIECTBEHHO IIOBBICIJIO BBIABJIAEMOCTh HACJIEACTBEHHBIX Oosie3Hell o6MeHa BemectB (HBO) y nereii. OpHako, BBULY
psAZia IPUYYH, TUarHOCTHKA OpbaHHbBIX 3a00JIeBaHUI O-TIPEKHEMY COTIPSIKEHA ¢ OOJIBIIUMHU TPYJHOCTSIMU.

B sTOM 0630p€ MBI IIPE/ICTABISIEM UMEIOIIHECS HAa HACTOSIUNA MOMEHT CBeJleHUs 00 N30BaJIEPUAHOBOM al[UIeMIH/ allu-
nypuu (MBA) — oxgnoit u3 HBO, Bxoasamux B rpyniy PHC. PaccMaTpuBaroTesl BOIPOCH! SITHIEMUOJIOTHH, STHONIATOTeHe3a,
KJIMHIYECKON MaHudecTauy, JUAarHOCTUKY U JIeYeHHUs 3TOro opdaHHOro 3a601eBaHuA. B KauecTBe MWLTIOCTPALIMH OCO-
6eHHOCTell MEZMIIMHCKOTO COIIPOBOK/AEHUS IIeJUATPUUECKUX MTAI[HEHTOB C IPEABAPUTEIHHBIM IT0JI0KUTETBHBIM PE3YJIb-
tatom PHC o IBA 1 c103KHOCTEH HA IyTH K BepupUKAIIIMHT JUATHO3a IIPEJICTABIISAEM CIIydail U3 COOCTBEHHOHN MPAKTUKH.
Knaouessble caoea: n30BaIepuaHOBas AlUIEMUS, PACITUPEHHBI HEOHATAIbHBIM CKPUHUHT, HACIEICTBEHHBIE 00JIE3HU
obmeHa, opdaHHast MaTOJIOTHS.

O6paszen nurtupoBanusa: [lanosa M.C., Benoycosa T.B., Auapromna U.B., JlebeneBa A.B. OcobeHHOCTH U
CJI0KHOCTY MEIMIIMHCKOTO COIIPOBOK/IEHMUSI IAIIMEHTOB MIPH IIOCTAHOBKE KJIMHUYECKOTO /INarH03a HAC/IeCTBEHHBIX
6os1e3Hel 06MeHa, BXOJANNX B IPYIIILY PACIHIHPEHHOTO HEOHATAIILHOTO CKPUHUHTA (Ha IPUMepe KIMHIYECKOTO CIIy-
yas u3oBasiepuanoBoi anugemun) // Journal of Siberian Medical Sciences. 2025;9(4):133-144. DOI: 10.31549/2542-
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Features and difficulties of medical supportive care for patients
in making a clinical diagnosis of hereditary metabolic diseases
from the group of extended neonatal screening

(exemplified by a clinical case of isovaleric acidemia)
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ABSTRACT
Introducing expanded neonatal screening (ENS) into medical practice in the Russian Federation (RF), in accordance with
the Order of the Ministry of Health of the RF No. 274n dated 21.04.2022 “On approval of the procedure for providing
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medical care to patients with congenital and (or) hereditary diseases”, significantly increased the detection of hereditary
metabolic diseases (HMDs) in children. However, due to several reasons, the diagnosis of orphan diseases is still fraught

with great difficulties.

In this review, we present the currently available data on isovaleric acidemia/aciduria (IVA), one of the HMDs from the
ENS group of diseases. The issues of epidemiology, etiopathogenesis, clinical manifestation, diagnosis and treatment of
this orphan disease are considered. As an illustration of the features of medical supportive care for pediatric patients with
a preliminary positive ENS for IVA, and the difficulties at the stage of verifying the diagnosis, we present a case from our

own practice.

Keywords: isovaleric acidemia, advanced neonatal screening, hereditary metabolic diseases, orphan diseases.
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BBEJAEHUE

B 2024 r. B paMKax pacHInpeHHOTO HEOHATAIb-
Horo ckpunuHra (PHC) Ha Hayiuuue HacJIe[[CTBEH-
HBIX 3200JIeBaHU OBLIO 06CIE0BAHO OKOJIO 1 MJTH
230 TBHIC. HOBOPOXKJIEHHBIX B 85 cyObekTax PO u
chopmupoBaHa Irpymnmna prucka, coctaBusiias 1,86 %
OoT 00IIero ymeiaa >XKUBOPOXKAEHHBIX AeTei. Ilop-
TBEP2K/IAIOIIYI0 JUATHOCTUKY IpoBenu y 87,12 %
JleTedl U3 TPYNIIbl PHCKA, II0 pe3yJabTaTaM KOTOPOU
BBISIBJIEHO 379 CJIyYaeB HACJIEJICTBEHHBIX O0Ie3HEH
obmena BemectB (HBO), 117 merell co cnuHaJIBHON
MBIIIIeYHOM arpodueil u 180 ciiydyaeB NMepBUYHBIX
UMMYyHO1ebUITUTOB [1].

OO1ensBecTHO, YTO paHHee BbIsiBiaeHHe HBO
MI03BOJISIET CBOEBPEMEHHO, €IIe /10 UX KIIMHUUYECKOH
MaHudecTanuy, NPUMEHUTh pAf cHerudUIecKux
JIedeOHBIX MEPOIPUATHH JJIA IPEeAOTBPAIeHH
HeOJJIaTONPUATHBIX MOCIIEACTBUH, BKJIOYAs CIyUau
JIETAJIbHOTO HMCXO0/1a, W YJIYUIIUTh KAauecTBO >KU3HU
MmanueHTos [1].

Onnoit u3 Takux HBO siBjisgercs n3oBajepruaHoBast
anuaypusi/anugemust (MBA). biarogapsi mmpokomy
BHE/IDEHUIO COBPEMEHHBIX TEXHOJIOTHH JIMaTHOCTHKY,
HaKOIIWJIOCHh OIpPe/IeJIEHHOE KOJIMYECTBO JIAHHBIX,
MTO3BOJIAIOIINX COCTABUTD B IIEJIOM IIPEJICTABJIEHHE 00
5TOM 3a00JIEBAHNU U TAKTHKE METUIIMHCKOTO U COITU-
aJIbHOTO COIIPOBOXK/IEHUS MAIlMeHTOB. Bmecre ¢ Tem
MocJieIHNEe Hay4yHble MCCJIEIOBAHUA IIPEJICTABIIAIOT
MH(OPMAIIIO O BHOBb BBIABJISIEMBIX BUJAX [IATOT€H-
HBIX U BEPOSITHO MATOT€HHBIX BADUAHTOB HYKJIEOTH/I-
HOM IIOCJIEIOBATEIbHOCTA B TeHaX U CBA3AHHBIX C
STHIMH T€HETHYECKUMU «II0JIOMKaMH» O0COOEHHOCTSIX
TeueHus 3abosieBanus [2, 3].

B HacTosmmem 0630pe OCBeIeHbl BOIIPOCHI 3THO-
IaTtoreHesa, JUArHOCTUKU, KJIMHUYECKOH KapTHHBI
U TaKTUKU BeZleHUA narueHToB ¢ IBA. ITockobKy

INTRODUCTION

In 2024, as part of the expanded neonatal screen-
ing (ENS) for hereditary diseases, about 1 230 000
newborns were examined in 85 regions of the Rus-
sian Federation (RF), and a risk group was formed,
accounting for 1,86% of the total number of live-born
children. Confirming testing was performed in
87,12% of children at-risk, which revealed 379 cases
of hereditary metabolic diseases (HMDs), 117 chil-
dren with spinal muscular atrophy, and 180 cases of
primary immunodeficiency [1].

It is well known that early detection of HMDs
makes it possible to apply a number of specific thera-
peutic interventions in a timely manner, even before
their clinical manifestation, to prevent adverse
effects, including deaths, and improve the quality of
life of patients [1].

One of these HMDs is isovaleric acidemia/acid-
uria (IVA). Due to the widespread introduction of
modern diagnostic technologies, a certain amount of
data has accumulated, allowing us to form a general
understanding of this disease and the tactics of med-
ical and social support of patients. At the same time,
recent scientific studies provide data on newly iden-
tified types of pathogenic and probably pathogenic
variants of the nucleotide sequence in genes and the
features of the disease course associated with these
genetic abnormalities [2, 3].

This review highlights the issues of etiopathogen-
esis, diagnosis, clinical picture and management of
patients with IVA. Since the description of each indi-
vidual case of orphan disease allows to expand the
understanding of the features of its development and
course, we found it possible to demonstrate not only
the features, but also the difficulties in the process of
diagnosing HMDs from the group of organic acide-
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OIHMCaHUe KaXKJOTO OT/AEJIBHOTO caydas op(aHHOTO
3a00JI€eBaHUS TO3BOJISIET PACHIUPUTDH IIPe/iCTaBIIe-
HUe 00 0CODEHHOCTSIX €r0 Pa3BUTHUSA U TEUEHUs, TO
MBI COYJIM BO3MOKHBIM IIPOZEMOHCTPHPOBATH HE
TOJIBKO OCOOEHHOCTU, HO M CJIOXKHOCTU B IIPOIfECCe
nuardoctuku HBO u3 rpymnsl OpraHudecKux aru-
JIypuii/anuaemMuii, B yactHocTH WBA, mpencraBuB
cJIyday U3 COOCTBEHHOM KIMHUYECKUH MPAKTUKH.

OITPEAEJIEHUE U IINJTEMHNOJIOTUA

NBA nupexacraBiser cobOH HAacJIeICTBEHHOE
HapyllleHrne 00OMeHa BEIeCTB, BHI3BAHHOE HU3MeHe-
HUSAMU B TeHe, KOAUpPYyoIeM (epMeHT H30Baje-
puwi-KoA-zmeruaporenasy, 4To IIPUBOIUT K €TI0 HEZ0-
CTaTOYHOM aKTUBHOCTH WJIM OTCYTCTBHIO B II€UEHH,
MMOYKaX, CKeJIETHBIX MBIIIIax, Guopobiaacrax. JJaH-
HBIN (pepMEHT OTBeUYaeT 3a OJUH M3 ITAIOB B pac-
IIEIJIEHUN JIEHITNHA, a ero AedUITUT IPUBOIUT K
HAKOIUIEHUI0 XUMUUYECKHX CyOCTpaToB B KpPOBH
[4, 5]. TIo maTodu3HOIOTHYECKON KJIacCUPUKAITUU
HacJIeICTBEHHbIX OosiesHerr WBA oTHOCHTCS K
TpyIIIe OpraHUYeCKUX aluaypui [4].

ITepBoe yIIOMUHAHUE CUMIITOMOB, XapaKTEPHbIX
s UBA, npencrasieno B 1966 r. K. Tanaka et al.
B 1967 r. M. Budd et al. onucanu cemelinbie cayyau
cpenu OOJBHBIX JIeTeW, Y KOTOPBIX TaKKe OTMeda-
Jlach KJIMHWYECKas KapTHHA JJaHHOTO 3aboJieBa-
Hus [4].

Yacrora Bo3HUKHOBeHUs1 VIBA 110 JaHHBIM pas-
HBIX aBTOPOB BechbMa BapuabesbHa. Tak, B CIIIA oHa
cocTaBJIsieT 1 cyyadl Ha 250 000, B Kutae — 1 Ha
190 000 [6, 7]. B 0T/1eJIbHO B3ATHIX KUTAHUCKHUX IIPO-
BUHIUAX YaCTOTa BCTPEYAEMOCTH COCTABJISET IPHU-
MepHO 1:85 000 [2]. B P® yacrora 3a6os1eBaHus Ha
HACTOSIIUY ITIEPUOJ] BpEMEHU He olpejiesieHa [8].

ATUOITATOTEHETNYECKHUE ACITIEKTDI

BosuukuoBenne MBA o0ycioBieHO edeKToM
reHa wusoBanepuwi-KoA-gerunporenaser — IVD B
JoKycax 15q14-q15. HacsiesjoBanue mpoucxoauT 1o
ayTOCOMHO-pelecCuBHOMY TuIlly. Ecau oba poau-
TeJIsA SIBJISTIOTCS TETEPO3UTOTAMU 110 MATOTEHHOMY
BapUaHTy HYKJIEOTHUJIHOU IIOC/IEIOBATEILHOCTH B
IVD, To Kax b1l cbC UMEET BEPOSATHOCTD 25 % OBIThH
MMOPa’keHHBIM U B 50 % CJIydaeB cTaTh O€CCHUMIITOM-
HBIM HOcUTesieM [9].

JlaHHBIN MaTOTEHHBIH BapUAHT HYKJIEOTHUTHOMN
IOCJIE/IOBATEJIPHOCTH  TMPUBOJAUT K  CHHIKEHUIO
aKTUBHOCTH (hepMEHTAa MUTOXOH/IPHAJIBHOU M30Ba-
nepuii-KoA-zeruporeHassl 4 ero HEJOCTATOUHOCTHA
B IIEUEHH, IMOYKAX, CKEJIETHBIX MbIIIIaxX u Gubdbpo-
6sacrax [9]. B cBoio ouepezb, yKazaHHAsT HeJOCTa-
TOYHOCTHh (DEPMEHTA COIPOBOXKAAETCS HAPYIIeHUEM
CHHTEe3a 3-MeTWIKPOTOHMI-KOA u3 wm3oBanmepui-

mia/aciduria, in particular IVA, by presenting a case
from our own clinical practice.

DEFINITION AND EPIDEMIOLOGY

IVA is a hereditary metabolic disorder caused by
changes in the gene encoding isovaleryl-CoA dehy-
drogenase (IVD) enzyme, which leads to its defi-
ciency or absence in the liver, kidneys, skeletal mus-
cles, fibroblasts. This enzyme is responsible for one
of the steps of leucine breakdown, and its deficiency
leads to the accumulation of chemical substrates in
the blood [4, 5]. According to the pathophysiological
classification of hereditary diseases, IVA belongs to
the group of organic aciduria [4].

The first mentioning of symptoms characteristic
of IVA was presented in 1966 by Tanaka et al. In
1967, Budd et al. described family cases among sick
children who also had a clinical picture of this dis-
ease [4].

The incidence of IVA according to different
authors is very variable. For example, in the USA, it
is 1 case per 250 000, in China it is 1 per 190 000
[6, 7]. In individual Chinese provinces, the incidence
is approximately 1:85 000 [2]. In the RF, the inci-
dence of IVA has not been determined at the present
time [8].

ETIOPATHOGENETIC ASPECTS

The occurrence of IVA is caused by a defect in the
IVD gene at loci 15q14-q15. Inheritance is autosomal
recessive. If both parents are heterozygous by the
pathogenic variant of the nucleotide sequence in
IVD, then each sib has a 25% chance of being affected
and in 50% of cases becoming an asymptomatic car-
rier [9].

This pathogenic variant of the nucleotide
sequence leads to a decrease in the activity of mito-
chondrial IVD and its deficiency in the liver, kidneys,
skeletal muscles and fibroblasts [9]. In turn, this
enzyme deficiency is accompanied by a disturbance
of the synthesis of 3-methylcrotonyl-CoA from isova-
leryl-CoA (products of leucine catabolism), which
leads to the accumulation of isovaleryl-CoA deriva-
tives in tissues and biological fluids (isovaleric,
3-hydroxyisovaleric, 4-hydroxyisovaleric acids, iso-
valerylcarnitine (Cs), isovalerylglycine, etc.). As a
result of the above processes, toxic effects of metabo-
lites occur causing the changes in the central nervous
system, liver, and bone marrow and leading to the
development of severe metabolic ketoacidosis, sec-
ondary hyperammonemia, hyperglycinemia, and
hyper-/hypoglycemia. A consequence of high renal
excretion of isovalerylcarnitine is secondary carni-
tine deficiency [5].
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KoA (mpomykToB kartaboiusma JeHIWMHA), YTO
COIIPOBOK/IAETCS HAKOIJIEHUEM B TKAHAX W OUOJIO-
THYECKUX JKUKOCTSX MPOUBBOHBIX HM30BAJIEPUII-
KoA (u3oBasepnaHOBOH, 3-TUAPOKCUH30BaJIepUa-
HOBOU, 4-TH/IPOKCHU30BAJIEPHAHOBOU KUCJIOT, U30-
Batepwikapuutuda (C5), HU30BaIepWITIUIIMHA
U 7p.). B pesysibTaTe BBIIIEOMHCAHHBIX MPOIIECCOB
BO3HHUKAIOT TOKCUUYecKre 3G PeKTh MeTaboJUTOB ¢
W3MEHEHUsMHU B IEHTPAJIbHOU HEPBHOH CHCTEME,
IeYeH’, KOCTHOM MO3Te, 00YCJIOBJIMBAS Pa3BUTHE
TSKEJIOTO METAabO0JIMYECKOTO KETOAIH/I032, BTOPUY-
HOH  TUllepaMMOHHEMHUHU,  THUIIEPIVINIIUHEMHUH,
rumnep-/runoryinkeMun.  CefCTBUEM  BBICOKOH
IMOYEYHOH SKCKPEIUY N30BaJIEPUJIKADHUTHHA SBJISI-
€TCs1 BTOPUYHAs HeJIOCTATOUHOCTh KapHUTHHA [5].

HauGoJsiee yacTo BeTpedyaeTcsi W OIHCHIBAETCS
MHOTHMH aBTOPaMH IaTOT€HHBIH BapHaHT HYKJIEO-
THUAHOHN MOCJIeJ0BaTeILHOCTA B TeHe IVD B TOUke
932C>T (p.A282V), cunraromuiics 6eCCHMITOMHON
(opmoi, Mpu KOTOPOU YaCTUYHO coXpaHeHa (ep-
MEHTAaTUBHAsI aKTUBHOCTh. OHAKO IOSBJISIETCI BCE
0oJIbIlle JAHHBIX 00 OTaIeHHBIX HEOJIATOIPUATHBIX
IIOCJIE/ICTBUSIX BBIIIEOIMCAHHBIX MEeTa00JINYeCKHUX
HapylIleHH# U Bc€ Gosblie MHGOPMAIMH O PEru-
CTpaIl¥i HOBBIX U PaHee He OMMCAHHBIX THIIOB IIaTO-
TeHHBIX BapuaHTOB reHa. Hampumep, Y. Lin et al.
(2020) BaperucTpupoBaIM TaKHEe BapHAHTHI OJTHO-
HYKJIEOTH/THOTO TOIUMOpGU3Ma, Kak C.499A>G
(p-M167V), ¢.640A>G (p.T214A), c.740G>A
(p.G247E), ¢.832G>C (p.V278L) u c.1195G>C
(p-D399H). 9T BubI HApPYIIEHUH ABJISAIOTCS MATO-
TeHHBIMH W CIOCOOHBI BBIBBIBATH CTPYKTYPHBIE
MOBPEXKIEHUs U OpraHHble AUCHYHKINH [2].

R. Rock et al. (2025) Habsrofanu 38 maeHToB ¢
WBA, u nozgasJsolee 00JIbITHHCTBO (69%) nmenu
CaMbIil pacCIpOCTPAHEHHBI NATOTeHHBIH, HO Oec-
CHUMITOMHBIA BapuaHT ¢.932C>T (p.AlagiiVal).
BMecTe ¢ TeM BBISIBJIEHBI U J[Ba HOBBIX ITATOT€HHBIX
BapuaHTa, a uMeHHO C.487G>A (p.Ala163Thr) u
¢.985A>G (p.Met329Val), npu aTom y Tpetu obcie-
JlyeMbIX OB CHMIITOMHBIH BapHaHT TeYeHUs
6osie3nu [3].

Bcero no ganHbIM sguTepatypsl nipu MBA onu-
CaHO TIOPSAJIKA 70 BHJIOB MATOTEHHBIX U BEPOSTHO
MaTOT€HHBIX BAPUAHTOB HYKJIEOTUIHOH MOCJIEZI0BA-
TEJILHOCTHU [4].

KIMHUYECKHUE ITPOABJIEHN A

ITo BpeMeHU NOABJIEHUS CUMIITOMOB Pa3jnyaioT
HEOHATAJbHYI0 M XPOHHUUYECKYI) HHTEPMUTTUPYIO-
myw dopmy 3aboseBanus. HeonaTtasbHas dopma
MaHUdECTHUPYET /10 14-TO HSA KU3HU, XPOHUUECKAS
WHTEPMUTTHUPYIONIAsI — HA MEPBOM TOAY KU3HHU U
no3aHee [2]. IBA xapakrepusyeTcsi ocTpou MeTabo-

The pathogenic variant of the nucleotide sequence
in the IVD gene, missense mutation 932C>T
(p.A282V) is most often found and described by
many authors as an asymptomatic form in which
enzymatic activity is partially preserved. However,
there are more and more data on the long-term
adverse effects of the above-described metabolic dis-
orders, and more and more information about the
identification of new and previously undescribed
types of pathogenic gene variants. For example, Lin
et al. (2020) documented such single-nucleotide
polymorphisms as ¢.499A>G (p.M167V), ¢.640A>G
(p.T2144A), c¢.740G>A  (p.G247E), ¢.832G>C
(p.V278L) and ¢.1195G>C (p.D399H). These types of
disorders are mutant and can cause structural dam-
age and organ dysfunction [2].

Rock et al. (2025) followed up 38 patients with
IVA, and the vast majority (69%) had the most com-
mon pathogenic but asymptomatic variant, c.932C>T
(p.Alag11Val). At the same time, two new pathogenic
variants were identified, namely ¢.487G>A
(p. Ala163Thr) and ¢c.985A>G (p. Met329Val), while
one third of the subjects had symptomatic IVA [3].

In total, according to the literature, about 70 types
of pathogenic and probably pathogenic variants of
the nucleotide sequence have been described in
IVA [4].

CLINICAL MANIFESTATIONS

According to the time of the onset of symptoms,
neonatal and chronic intermittent forms of the dis-
ease are distinguished. The neonatal form manifests
up to the 14™ day of life, the chronic intermittent
form — in the first year of life and later [2]. IVA is
characterized by acute metabolic decompensation:
vomiting, poor appetite, lethargy, hypotonia, seizure
disorders, and the characteristic odor of sweaty feet.
Trigger factors for metabolic crisis include fasting,
digestive disorders such as gastroenteritis, or
increased protein intake. In the neonatal form, clini-
cal deterioration often occurs within a few hours or
days after birth [3].

The literature provides limited data on the cor-
relation between genotype and phenotype of the
disease. Patients with classic IVA, which was not
diagnosed via neonatal screening, develop acute
metabolic decompensation after a short asymp-
tomatic period following birth. Within hours or
days after birth, repeated vomiting occurs, chil-
dren refuse feeding, and lose body weight. Gener-
alized hypotonia develops, accompanied by abnor-
mal movements; a distinct specific odor of sweaty
feet may be present. Characteristic laboratory
findings include severe metabolic acidosis, high
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JIMYECKOU JIEeKOMIIEHCAI[NEN B BU/IE PBOTHI, CHIKE-
HUSA aIIeTUTa, BAJIOCTU, TUIOTOHUU MBIIII, CyJI0-
PO’KHBIM CHHAPOMOM U XapaKTEPHBIM 3aIlaxoM
«IIOTHBIX HOT». TpuUrrepHpIMHU (aKTOPaMHU BO3HHK-
HOBEHUs MeTab0JIMUeCcKOro Kpu3a SIBJISIOTCS TOJIO-
naHvie, 3a00jieBaHUs OPTraHOB MHUIEBAPEHUS II0
TUITy TACTPOSHTEPUTA FJIU MOBBIIIIEHHOE TIOTpebIe-
Hue Oenka. [Ipu HeoHATaNbHOU (popMe KIMHHYE-
CKOe YXy/IIeHWe YacTO HACTyIaeT B TeueHHe
HECKOJIbKUX YaCOB WJIH JIHEH 1ocsie poxkaeHus [3].

B smTepaType mpencTaBiIeHO MaJio CBEIEHUU O
KOPPEJIANUU MEXKAY TEeHOTHIOM U (HEeHOTHIIOM
6osie3HU. Y MAIMEHTOB C KJIACCHYECKOH (hopMoit
NBA, koropasi He ObLIa JUArHOCTHPOBAHA B XOJIE
HEOHATAJIbHOTO CKPUHUHTA, Pa3BUBAETCS OCTpast
MeTaboinuecKas JeKOMIIEHCAIHS B T€YeHUE KOPOT-
KOro 0eCCHMIITOMHOTO IEPUOo/a TOCJe POXKIAEHUS.
CrycTsi HECKOJIBKO YacOB WJIU JTHEH IIOCJIe POXKIe-
HUSI BOBHUKAET MHOTOKPATHAsS PBOTA, JETH OTKA3bI-
BAIOTCS OT KOPMJIEHUS, TEPSIOT Maccy Tesia. Bo3HU-
KaeT TeHepaJIN30BaHHAs MBIIIEUHAsT THUIIOTOHUS C
MIPUCOEIUHEHUEM  TATOJIOTUYECKUX  JBIDKEHUH,
MOKET IIPUCYTCTBOBATh CIEIU(PUUECKUA 3arax
«TIOTHBIX HOT». XapaKTepHBIMH JabOpPaTOPHBIMU
KPUTEPUSAMH SIBJITIOTCS TAKEIBIH MeTa00IMIeCKit
aru03, BEICOKUH yPOBEHbD JIAKTaTa KPOBHU, KETO3 U
runepaMMoHueMus (OT 200 [0 1200 MKMOJIb/JI).
B mrazme KpoBU M30BaIepUAHOBAS KUCIOTA IIPEBBI-
[aeT 3HAUEHWS B HECKOJIBKO COTEH pas, JAPyTHe
MeTabOJIUTHI TAKKe BhICOKHE. K TaTOrHOMOHUYHBIM
IpuU3HaKaM 3a00JIEBAHUS OTHOCHUTCS BBIABJIEHUE B
MOY€ TOBBIIIEHHOTO YPOBHS H30BaJIEPUJITIIHITAHA
(oT 2000 /10 15 000 HMOJIb/CYT IPU HOPME MeEHee
15 HMOJb/cyTku). [Ipu mporpeccupoBanuu 3abosie-
BaHUSA M OTCYTCTBUHU JIEUYEHHS OTMEYAETCS YrHETe-
HUe CO3HAHUS BIUIOTH 10 KOMBI C IPUCOEIUHEHNEM
CYZIOPOKHOTO CHH/IPOMA, UYTO MOKET 3aKOHUHUTHCS
MO0 JIETATbHBIM HCXOJI0M, JILOO TSKEJIBIMH HEBPO-
JIOTHYECKUMH TIOCJIE/ICTBUAMU. MeTaboInueckue
IIPUCTYIBI PAa3BUBAIOTCS B Pa3Hble MEPUOABI JIET-
CTBa, a TaK)Ke Y B3POCJIBIX JIOJIEH, B TOM UHCJIE U Y
JIUT, Y KOTOPBIX ObLy1a paHee BbissBIeHa IBA ¢ momo-
10 HEOHATAJILHOTO CKpUHUHTA [9—13].

VY nereii ¢ UBA o mepe pocra MOKeT GOpMHUPO-
BaThCs 33/IePrKKA TICUXOMOTOPHOTO pa3BuTus. [leTu
C KJIACCHYeCKOH W PpaHO [AWMArHOCTHPOBAHHOH C
nomotpio PHC dopmoit umenu mMeTaboImyecKyro
JIEKOMIIEHCAIIUI0 B TIepUOZie HOBOPOXKIAEHHOCTH,
3a7IEP:KKy Pa3BUTUSA PEeYHU U MOTOPHOTO Pa3BUTHUSA
(kpynHOI ¥ MEJTKOU MOTOPHKH) [9, 10]. Kpome TorO,
y MaI[UEHTOB MOTYT MOSIBUTHCS PA3JIMUHbBIE IO CTe-
IIeHU BBIPAKEHHOCTH MTATOJIOTUYECKUE JBIKEHUSA B
BHJIE TPEMOpPA, JUCMETPHH, SKCTPATTUPAMUJIHBIX
paccrpoiictB. OHM BO3HHKAIOT HAa PAHHUX CTAIUIX

blood lactate levels, ketosis, and hyperammone-
mia (200—1200 umol/1). Plasma isovaleric acid
levels are elevated several hundred-fold, and other
metabolites are also markedly high. Pathogno-
monic signs of the disease include elevated urinary
isovalerylglycine levels (2000—15 000 nmol/day,
reference values: >15 nmol/day). With disease
progression and lack of treatment, impairment of
consciousness up to coma is observed, accompa-
nied by the onset of seizures, this can result either
in a lethal outcome or in severe neurological con-
sequences. Metabolic crises occur at various peri-
ods during childhood, as well as in adults, includ-
ing individuals previously diagnosed with IVA
through neonatal screening [9—13].

In children with IVA, psychomotor retardation
may develop as they grow. Children with the clas-
sic form and with early diagnosis via ENS had
experienced metabolic decompensation in the
neonatal period, as well as speech and motor retar-
dation (both gross and fine motor skills) [9, 10].
Furthermore, patients may develop abnormal
movements of varying severity, such as tremor,
dysmetria, and extrapyramidal disorders. They
manifest in the early stages of the disease, particu-
larly in children with recurrent metabolic decom-
pensations [9].

A number of studies have demonstrated impaired
cognitive abilities in patients with IVA. However,
children who received early therapy showed better
results compared to the cohort with those diagnosed
late. The lowest IQs were registered in individuals
who had experienced severe metabolic decompensa-
tions [10, 14]. During periods of metabolic disorders,
behavioral problems such as attention-deficit/hyper-
activity disorder may occur [9].

Due to bone marrow suppression during meta-
bolic crises, the development of pancytopenia, as
well as isolated neutropenia, thrombocytopenia, or
anemia, are possible [9].

In rare cases, with late onset or delayed diagnosis,
individuals with IVA may develop pancreatitis
[10, 12].

In a prospective multicenter study, in which
patients with confirmed IVA were followed up for
10 years, the effectiveness of metabolic maintenance
therapy in classical (severe) IVA is questioned [10].
It has been shown that ENS for IVA reduces the mor-
tality, but does not prevent the development of severe
neonatal metabolic decompensation, which is crucial
for a favorable neurocognitive outcome. At the same
time, patients with mild IVA had favorable neuro-
cognitive outcomes regardless of metabolic mainte-
nance therapy.
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3abo0JyieBaHuUsI, OCOOEHHO Y JIETeH C PeruIuBUPYIO-
MU MeTa00JINYECKUMHU JeKOMIIEHcAUsAMH [9].

Psp ucciieoBaHUM MTOKa3ayl HapyIlleHHe KOTHU-
TUBHBIX crIocOOHOCTel v 60JibHBIX ¢ IBA. OHako
JIeTH, KOTOPBIE TTOJIyYaJId PAHHIOK TEPATTUIO0, UMETH
60J1e€e BHICOKHE Pe3y/IbTaThl B OTJIMUHE OT KOTOPTHI C
MTO3/IHO IMaTHOCTHPOBAHHBIM 3abosieBanueM. Hau-
0oJiee HUBKHUE IOKA3aTe/ I NHTEJJIEKTA ObLJIN BbIsAB-
JIEHBI y JIWII, TIEPEHECIHINX TSKEIyI0 MeTaboue-
CKYI0 JIeKOMIIeHcanuio [10, 14]. B mepuoy merabo-
JIMYECKUX PACCTPOUCTB BO3MOXKHBI IPOOJIEMBI B
noBesieHUeckol cdepe Mo TUIy CHUHApoMa Jedu-
[MTa BHUMAaHUsA U TUIIEPAKTUBHOCTH [9].

B pesysprare momaBiieHUs (PYHKIHH KOCTHOTO
MO3Ta BO BpeMs MeTab0TNIECKUX KPU3OB BO3MOKHO
Ppa3BUTHE MAHIIUTOIIEHUH, a TaK)Ke N30JTUPOBAHHOMN
HEUTPOIIEHUH, TPOMOOIIUTOIIEHUH FJTU aHeEMUH [9].

B penkux ciy4asx IpH Mo3aHeM Havase 3a60sie-
BaHUs WJIH TO37HEN auarHocTuke y Jymr ¢ MBA
HabJIr0/TaeTcsl IaHKpeaTuT [10, 12].

B ogHOM M3 MPOCIEKTHUBHBIX MHOTOIEHTPOBBIX
HCCIIEZIOBAaHUH, B X0/Ie KOTOPOTO HAOJII0aIy alu-
€HTOB C NOATBepkAeHHOU VIBA B TedyeHue 10 JIeT,
CTaBUTCA MOl COMHeHHe 3 HEeKTUBHOCTh MeTab0TH-
YEeCKOU MO//IEPKUBAIOIIEN Tepauy P Klaccuye-
ckoni (Tsoxenoir) MUBA [10]. Beuio mokasaHoO, YTO
nposesieHne PHC, opueHTHUpOBaHHOIO Ha JaHHYIO
MMaTOJIOTHIO, CHIZKAET KOJHUYECTBO CMepTETbHBIX
CJIydaeB, HO He IIPEeJ0TBPAIaeT PAa3BUTHE TSIKETON
HeOHaTaJIbHOU MeTabOoJIMYeCcKOl JeKOMIEeHCAIluH,
YTO UMeeT pellarlee 3HaUeHue Jjisi OJIarompusT-
HOTO HEWPOKOTHUTHBHOIO McXo/a. B To ke Bpems
MaIMeHTHI ¢ JJerkoi popmoii UBA umesnu 61aronpu-
SITHbIE HEUPOKOTHUTUBHBIE UCXO/bl HE3ABUCHUMO OT
MeTaboJTMIECKOH MO/IEPKUBAIOIIEN TepAITUH.

JAUNATHOCTHUKA

CrnernuduyeckumM MeTon0M JabOpPaTOPHOH Jua-
THOCTUKH B Hamlell crpane saBisercsi PHC meTogom
taHmeMHon Macc-criekrpomerpun (TMC). Xapak-
TepHbIM npusHak MIBA — moBblllleHHE KOHIIEHTpa-
nuu Cs, cootHommenus: C5/C2 [2, 4]. C5-KapHUTHH
MMeeT HECKOJIBKO H30MepOoB (M30BaJIEpUIIKAPHU-
TUH, 2-MeTWIOYTUPUJIKAPDHUTUH WU IHUBAIOWII-
KapHUTHH). BbICOKHE YpPOBHU [JaHHBIX H30MEPOB
MOTYT OBITH CJIEZICTBUEM JPYTUX HACJIEJICTBEHHBIX
3a00JIeBaHUN, a TaKXKe CIeNU(UUECKOU Teparuu.
Tak, HanpuMep, NUBAJIONUIKAPHUTHUH fABJIAETCA IIPO-
H3BOJIHBIM aHTUOMOTHKOB (IPHHUMAEMBIX MaTEPHIO
u/uiu pebeHKOM ), COZEPIKAIINX MMBATMHOBYIO KHUC-
jory. IIpu ux npueme BO3MOXKHO IIOJIy4eHUE JIOXK-
HOIIOJIOXKUTEJIbHBIX Pe3yJIbTaToB [5, 15].

Il TIOATBEpPIKJEHUs] AMarHo3a HeoOXOoAuMO
IIPOBECTH aHAJIN3 OPTAaHUYECKUX KUCJIOT U MOJIEKY-

DIAGNOSIS

A specific method of laboratory testing in our
country is tandem mass spectrometry (TMS) within
a framework of ENS. A characteristic sign of IVA is
an increase in the concentration of Cs, the C5/C2
ratio [2, 4]. C5-carnitine has several isomers (isova-
lerylcarnitine, 2-methylbutyrylcarnitine, or pivaloyl-
carnitine). High levels of these isomers may be the
result of other hereditary diseases, as well as specific
therapies. For example, pivaloylcarnitine is a deriva-
tive of antibiotics (taken by a mother and/or child)
containing pivalic acid. When taking them, false pos-
itive results are possible [5, 15].

To confirm the diagnosis, analysis of organic
acids and molecular genetic testing (MGT) in order
to identify biallelic pathogenic variants of IVD are
necessary. When pathogenic variants of the nucleo-
tide sequence in the IVD gene are detected in a fam-
ily member, carrier testing is possible for at-risk rela-
tives, as well as prenatal and preimplantation genetic
testing [9, 16].

In the presence of neurological symptoms or in
the acute phase of the disease, computed tomogra-
phy and magnetic resonance imaging (MRI) is nec-
essary, which reveals cortical atrophy, ventricular
hypertrophy, delayed myelination, disorders in the
basal ganglia, signs of cerebral edema [4, 5].

In addition to the above mentioned, patients
should undergo echocardiography and electrocardi-
ography to detect/exclude cardiomyopathy and car-
diac arrhythmias, as well as abdominal ultrasound
for diagnosis of pancreatitis, and ophthalmoscopy —
for optic atrophy [8].

TREATMENT

The basis of pathogenetic treatment for IVA is a
diet with natural protein restriction. Particularly
important is limitation of such amino acid as leucine
(1 g of protein contains 85 mg of leucine).

As is known, the only source of protein in the first
months of a child’s life is either breast milk or stan-
dard infant formula. However, the protein content in
the diet for IVA therapy should not exceed 1,2—1,3
g/100 ml of the reconstituted product. In order to
obtain a product that meets the requirements of
nutritional therapy, in the absence of breast milk,
standard infant formulas are combined with a spe-
cialized therapeutic product in the amount required.
In particular, the therapeutic formulas registered in
the RF for children with IVA are Nutrigen 14-leu (for
children under one year of age) and Nutrigen 20-leu
(for children over one year of age) [8]. Medicinal
products are introduced into the diet gradually, at
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JIAPHO-T€HEeTUYeCKOe HCCIeJOBAaHUE C IeJIbI0 HJIeH-
TuUKAIUN OUAJUIEIbHBIX TATOTeHHBIX BAPHAHTOB
IVD. Tlpm BBIABJIEHWM IIaTOTEHHBIX BapHUAHTOB
HYKJIEOTHUITHOU IIOC/IeIOBATEIbHOCTH B reHe IVD y
YjleHa CeMbU BO3MOXKHO TECTHPOBAaHHE Ha HOCHU-
TEJIBCTBO JJISl POJICTBEHHUKOB M3 TPYNIIBI PHCKA, a
Tak)Ke IIpeHAaTaJbHOE M IPEeUMIUIaHTAIlMOHHOE
reHeTUYECKOe TeCTUpOBaHue [9, 16].

[Ipu HATMYUU HEBPOJIOTUYECKON CUMIITOMATHKH
WIK B OCTPBIM mepmoji 3abojieBaHusA HeobOXoauma
HEUPOBU3yIH3allsl METOJ0M KOMIIBIOTEPHOH U
MarHUTHO-pe30HaHCcHOH Tomorpaduu (MPT), koTo-
pas BBIABJIAET KOPTUKAJIBbHYIO aTpoduIo, pacuiupe-
HUeE JKeJIyZJOUKOB MO3Ta, 33/IeP>KKy MUETNHU3AIINH,
HapylieHus: B obsiactu 6a3ajbHBIX TAHIJINEB, IPU-
3HAKU OTeKa T'0JIOBHOTO Mo3ra [4, 5].

Kpome BrlIenepeyncieHHOro, ManyeHTaM Heob-
XOZIMO IPOBECTH 5X0KapANOrpadUIO U 3JIEKTPOKAP-
IUOTpaduIo C NEJTbI0 BBIABJIEHUs/ ICKTIOUEeHUS Kap-
JUOMUOIIATUY W HApYUIEHUU CepAIeuHOr0 PUTMa, a
TaKkyke YJIbTPa3ByKoBoe uccienoBanue (Y3U) opra-
HOB OPIOITHOU IOJIOCTH JJII JUATHOCTUKHU IMTOpake-
HUS TOJKETyJOYHOH JKeJie3bl U 0TATBMOCKOIIIIO
JUTA BBIABJIEHUSA aTpodUu 3pUTeIbHOrO Hepsa [8].

JIEHEHUE

OcHoBa mnaroreHermyeckoro Jjedenuss HMBA -
JIUETOTEPANNA ¢ OTPAHUYEHUEM KOJIMYECTBA HATY-
panbHOTO Oesika. OCOOEHHO BaKHBIM SIBJISETCS
OTpaHUYEHHE aMHHOKHCJIOTHI JieHnuHa (1 T Oenka
COZIEPIKUT 85 MT JIEHITUHA).

Kak wu3BeCTHO, €IWHCTBEHHBIM HMCTOYHUKOM
MOCTYIUIEHUs OeJIKa B II€PBBIE MECHIbI KU3HHU
pebenka sBiserca ubO TPYAHOE MOJIOKO, JIHOO
CTaHJAPTHBIE JIETCKUE MOJIOUHbIE cMecu. Bmecre ¢
TEeM cojieprKaHue Oesika mpu auerorepanuu VIBA He
JIOJDKHO TIPEBBIIIATh 1,2—1,3 T/100 MJI BOCCTAHOB-
JIEHHOTO TPOAYKTa. [[JIA TOJydYeHHUs MPOIYKTa,
VIOBJIETBOPSIOIIETO TPeOOBAHUAM JIeueOHOTO ITUTa-
HHA, TP OTCYTCTBHUU TPY/THOTO MOJIOKA CTaHIAPT-
HbIE€ MOJIOUHBIE CMECU COEINHSIOT C HEOOXOIMMBIM
KOJIMYECTBOM  CHEIUATU3UPOBAHHOTO JIe4eOHOTO
npoaykra. B yactHoctn, B P® 3aperucrtpupoBaH-
HBIMU JIEYeOHBIMH CMECSIMH /11 fieTel ¢ UBA saBiis-
1oresa «Hyrpuren 14-leu» (misa mereit 1o roza) u
«Hyrpuren 20-leu» (s mereii crapie roaa) [8].
BBoasT sieuebHbIE TPOAYKTHI B PAIIOH IIOCTENEHHO,
B KQ)K/IBIH ITpYeM IMHINY, HAYWHAaA ¢ 1/5—1/10 9acTu
CYTOYHOTO KOJIMYECTBA M IOCTEIIEHHO YBEJTUYUBAs
10 HeoOXomuMoro o0beMa, YMEeHbIIas MPU 3ITOM
JIOJII0 HaTypaJIbHBIX OeyikoB. Ilepexom Ha cMmech,
KOTopas IpejHa3HadyeHa JUIsd JeTell cTapiie Toja,
OCYII[ECTBJISIETCS IIOCTETIEHHO B TEUEHHE 1—2 HeJIETb.
Crnenuaan3upoBaHHBIN Je4eOHbIN MIPOAYKT AAETCS

each meal, starting with 1/5—1/10 of the daily amount
and gradually increasing to the required volume,
while reducing the proportion of natural proteins.
The transition to a formula for children over one year
old is carried out gradually over 1—2 weeks. The spe-
cialized therapeutic product is administered in
divided doses, 3—4 times per day for younger chil-
dren, and 2—3 times for older children. The intervals
between meals should be 2,5—3 h during the day and
no more than 4 h at night. The protein load should be
evenly distributed throughout the day. The main
energy value of the diet is provided by the carbohy-
drates (50—60%) through vegetables, fruits, juices,
sugars, and starch-containing products [8, 17].

The main laboratory sign for the effectiveness of
therapeutic nutrition is decreased blood leucine levels
(reference values: 50—160 umol/l), as well as urine
levels of 3-hydroxyisovaleric acid (reference values:
<2 mmol per 1 mol of creatinine) and isovalerylglycine
(reference values: <0,1 mmol per 1 mol of creatinine).
During dietary expansion in adolescents and adults,
neuropsychological status is assessed [8].

Due to prolonged protein restriction, there may
be growth retardation (in particular, in terms of
height), so it is important to monitor the anthropo-
metric parameters and nutritional status of a child
over time [18].

Pharmaceutical treatment consists in the pre-
scription of levocarnitine and glycine, which bind the
toxic isovalerylic residual and correct secondary car-
nitine deficiency. The dosage of levocarnitine at an
early age is 100-150 mg/kg/day in 2—3 divided
doses, at an older age — 60—80 mg/kg/day (no more
than 3 g per day). Glycine is administered per os at a
dose of 150—250 mg/kg/day; in older age, the dosage
may decrease to 60 mg/kg/day [8, 17].

In addition to the main treatment, antiepileptic
drugs and vitamins are recommended [2].

During metabolic crises, the child must be hospi-
talized in children’s hospital. Treatment in the inten-
sive care unit is aimed at relieving catabolic pro-
cesses, eliminating toxic compounds from the body
through therapeutic nutrition, increasing the dose of
glycine and L-carnitine, and correcting metabolic
acidosis, hyperammonemia, and water and electro-
Iyte imbalance. Additional dextrose administration
is also necessary for energy support [8, 10, 12].

To illustrate the features of medical management
for a patient with a preliminary positive result for
IVA during ENS, we present a case from our practice.

CASE PRESENTATION

Male newborn A., born in early 2025 from the
second pregnancy, the first extremely early prema-

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

139



ITanosa M.C. u dp. / Journal of Siberian Medical Sciences T. 9, N 4 (2025)

ZIpoOHO 3—4 pasa B CyTKU JETSIM MJIQ/IIIEro Bo3pacra
U 2—3 pasa — JIeTsM CTapIero Bo3pacra. IHTepBasIbl
MEeXJIy IpHEMaMH IHIIHN JOJDKHBI COCTABJIATH OT
2,5—3 4 AHeM u He Oosiee 4 4 HOUbIO. BenkoBas
HarpysKa JoJDKHA ObITh pABHOMEPHO pacIpezieeHa
B TeueHue aHA. OCHOBHAsI DHepreTHYecKas Ie€H-
HOCTh panrioHa 00ecrevnBaeTcs: YyIJIeBOAHBIM KOM-
MOHEHTOM (50—60 %) 3a cueT OBoOIIEeH, (PYKTOB,
COKOB, €axapoB, a TaKXKe KPaXMaJIOCOZEPKAIIIX
MPOAYKTOB [8, 17].

OCHOBHBIM J1a0OpPaTOPHBIM KpuUTepreM 3¢ dex-
THUBHOCTU JUETOTEPANIUM SIBJISIETCS  CHIDKEHUE
cozlep)kaHUs ~ JIEWIMHA B KpoBH  (HOpMa
50—160 MKMOJIb/JI) U COAEPIKAHUS 3-TUAPOKCUI30-
BaJIEpUAHOBOU KUCJIOTHI (HOpMa MeHee 2 MMOJIb Ha
1 MOJIb KPEaTHHUHA) ¥ H30BAJIEPHJITJIUIIHA (HOpMa
MeHee 0,1 MMOJIb Ha 1 MOJIb KpeaTMHHUHA) B MOYE.
B mepuon pacmupeHus THUTaHHUSA HOAPOCTKAM WU
B3POCJIBIM IIPOBOAUTCS OIlEHKA HEPBHO-IICUXUYe-
ckoro cratyca [8].

BeryencTBue yIMTENIBHOTO OrpaHUUYeHUs Oeska
MOXKET HaOII0aThCsA 3a/iepiKKa (GU3NUEeCKOro pas-
BUTHA (B YaCTHOCTM, IIO IIOKA3aTeJsAM pOCTa),
II0O3TOMY BaKHO KOHTPOJIUPOBATh AHTPOTIOMETpUYe-
CKHe IapaMeTphl U B II€JIOM HYTPUTUBHBIA CTaTyc
pebenka B nuHaMmuke [18].

MenukaMeHTO3HOE JIeUeHHe COCTOUT B Ha3HaUe-
HUU JIEBOKAPHUTHHA U TJIUIUHA, KOTOPBIE CBA3BI-
BAIOT TOKCUYHBIN U30BAJIEPUIPATUKAI U KOPPEKTHU-
PYIOT BTOPHYHYIO KADHUTUHOBYIO HEZOCTATOYHOCTb.
Jlo3upoBKa JIEBOKADHUTHMHA B paHHEM BO3pacTe
cocTaBiisieT 100—150 MT/KT/CyT B 2—3 mpHeMa, B
crapiieM Bo3pacte 60—80 Mr/Kr/cyT (He 6osiee 3T B
cytku). [JuIiuH Ha3HayaeTcs B J103e 150—250 Mr/
KI'/CyT IepOpajbHO, B CTAPIIIEM BO3PACTe J03UPOBKA
MOKET CHIKAThCA 710 60 Mr/Kr/cyT [8, 17].

B nonosiHeHNE K OCHOBHOMY JIEUEHUIO PEKOMEH-
JIyeTcs Ha3HAUeHHe 0 MOKA3aHUAM ITPOTHUBOSIIU-
JIEITUYECKUX IIPEapaToB ¥ BUTAMUHOTEpanuu [2].

B nepuoj; MeTaboIMueckunx Kpu3oB pebeHOK 00s1-
3aTEJIPHO JIOJDKEH OBITh TOCHUTAJIM3UPOBAH B JIET-
CKHMH craruoHap. JleueHre B yCJIOBUAX OTAEJIEHUS
MHTEHCUBHOU Tepalliy HAaIIpaBJIeHO Ha KyIINPOBaHUE
KaTabOJIMUECKUX MPOIIECCOB, BHIBE/IEHNE TOKCUUHBIX
COeMTHEHNH U3 OPTaHU3Ma ITyTeM KOPPEKIIUU JUETHI,
yBeJIMUEHUs 03Bl TJIUIMHA U JIEBOKADHUTHHA, KOP-
PEKIIHNIO MeTab0IMIECKOTO ali/I03a, TUIIepAMMOHLE-
MHUH ¥ BOJIHO3JIEKTPOJINTHBIX HapylneHuil. Taxke
He0o0XO/ITMO JIOTIOTHUTEIBHOE BBeZIEHHE JIEKCTPO3bI
JUUTSI DHEPTETHYECKOH moAIepKKH [8, 10, 12].

B xauecTBe miuTIOCTpanuiyi 0COGEHHOCTEN MeJH-
LIMHCKOTO COIIPOBOKJIEHUS TAI[UeHTa C IIpeBapH-
TeJIbHBIM MOJIOKUTENAbHBIM pe3yiabraTroM PHC Ha
WBA npepcraBiifgeM cIydai U3 Halled IpaKTHKU.

ture operative delivery at 28 1/7 weeks of gestation,
due to premature rupture of the membranes, detach-
ment of the normally located placenta, open type.
The pregnancy proceeded under threatened miscar-
riage at 25 weeks. Screening ultrasound during preg-
nancy revealed cervical insufficiency (CI), hemody-
namic abnormalities in the uterine arteries, single
umbilical artery, and fusion of anterior lateral ven-
tricle horns. The pregnant woman had a history of
syphilis that did not require prophylaxis during
childbirth, epilepsy, and arachnoid cyst of the right
temporal lobe. The prenatal consilium decided to
prolong the pregnancy.

At the Regional Perinatal Center, the pregnant
woman’s CI was confirmed, but without treatment,
as the woman refused further hospital stay. Antena-
tal corticosteroid prophylaxis was performed. Shortly
before delivery, bacteriological examination of secre-
tions from cervical canal has identified Streptococ-
cus agalactiae, in amount of 105 CFU/ml, and Chla-
mydia trachomatis, and a course of antibacterial
therapy (with beta-lactam penicillins) was carried
out.

Childbirth was early, premature, and operative —
at 28 + 1/7 weeks of gestation due to premature rup-
ture of the membranes and detachment of the nor-
mally located placenta, open type.

There was severe asphyxia in birth, with Apgar
score 1/3/6. The anthropometric parameters corre-
sponded to gestational age (body length 35 cm, birth
weight 940 g, head circumference 26 cm). The neces-
sary emergency care was carried out in the delivery
room of the Regional Perinatal Center, including
CPAP respiratory support with a switch to mechani-
cal ventilation for 45 h, followed by a switch back to
CPAP, and the introduction of poractant alpha twice
a day. Based on the clinical data, a clinical diagnosis
was made: Congenital pneumonia, severe respira-
tory distress syndrome. Standard empirical antibi-
otic therapy was initiated, followed by escalation and
a switch to reserve antibiotics based on the results of
microbiological monitoring. Arterial hypotension 3 h
after birth. Severe anemia developed, and blood
transfusion was performed. It should be noted that
blood sampling for ENS was performed on the 7t day
of life before blood transfusion. As a result of the
treatment, positive response was noted, and on the
15% day of life, the patient was transferred to the
Neonatal Pathology Department for further care and
treatment.

Later, the severity of health status was condi-
tioned by signs of respiratory failure due to the for-
mation and course of moderate bronchopulmonary
dysplasia. Neurological status: moderate decrease in
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KINMHUYECKHUU CJIYUAU

Maspuuk A., poXK/IeHHBIN B Hayaje 2025 T. OT
BTOPOI 6epeMEeHHOCTH, IIEPBBIX SKCTPEMAJIBHO PaH-
HUX TPEeXJeBPEMEHHBIX OIEPATHUBHBIX POJOB HA
CpoKe recranuu 28 1/7 Hefl, B CBA3U C IPeXeBpe-
MEHHBIM Pa3pPbIBOM ILIOJTHBIX 000JI0U€EK, OTCIOUKOM
HOPMAJIbHO PACIOJIOKEHHON IIAIEHTHI OTKPBITOTO
tuna. Hacrosmas G6GepeMeHHOCTh IIpOTeKasa Ha
doHe yrposs! mpepsiBaHus B 25 Hel. [Ipyu CKpUHUH-
roBelx Y3U Bo Bpems 6epeMeHHOCTH BBISBIEHBI
HCTMUKO-TIepBUKa/IbHAsA HesocrtaTouHocTh (MITH),
reMOIMHAMUYECKHe HapylIeHUs B MaTOYHBIX apTe-
pUsX, eMHCTBEHHAs apTepUsl IMyHOBUHBI, CIUSHUE
IlepeIHUX POrOoB OOKOBBIX JKEJIYJIOUKOB T'OJIOBHOTO
Mo3ra y mwiozia. B anamuese y 6epeMeHHOH mepeHe-
CEeHHBIN cuduinc, He TpeOYoUUi MPOGUIAKTUKY B
ponax, smuencus, apaxHoUJaJbHasA KHUCTA BUCOY-
HOU 71011 cupasa. [IpeHaTasbHBIN KOHCUINYM IIPHU-
HSLJI pellleHre IIPOJIOHTUPOBATh O€PEMEHHOCTD.

B ycii0BUAX mEPUHATAIBHOTO I[EHTPA OepeMeH-
HOU moxTBep:kaeHa MIIH, HO ee siedeHme He ocCy-
IIECTBJIEHO, TAK KAK »KEHII[HA OTKA3aJIach OT JajIb-
HeHIero npebbIBaHUA B CTAI[MOHApe, IPOBE/EHA
aHTeHaTaJbHasA cTeponiHasA npodriaktuka. Hesa-
JIOJITO 10 POAOpa3peIIeHus Mpu OGAKTEPHOIOTHYE-
CKOM HCCJIEIOBAHUH MaTepHasia U3 IePBUKAIBHOTO
KaHasa ObLT BbIZIeJIEH Streptococcus agalactiae B
konuuectBe 105 KOE/mut u Chlamydia trachomatis,
IPOBeZIEH KypC aHTUOAKTEpUAIBHON Tepanuu
(3amuIneHHbIe TEHUITUJLTUHBI).

Ponpl pannme, mpexzeBpeMeHHbBIE, ONEPATUB-
HBIe Ha CpOKe TecTanuu 28 + 1/7 HeJ| B CBA3U C IIpe-
JK/IEBPEMEHHBIM Pa3pbIBOM IUIOAHBIX 000JIOUEK,
OTCJIOMKON HOPMAaJIBHO PACIIOJIOKEHHOU ILIAIl€HThI
OTKPBITOTO TUIIA.

PebGeHOK U3BJI€UEH B COCTOSHUH TSIKEJION achUK-
CUU, C OLIEHKOH mo ImKase Amnrap 1/3/6 6ayios.
AHTponoMeTpUUecKHe II0Ka3aTeJId COOTBETCTBO-
BJIM CPOKY TecTaluu (JyIMHA Tejla — 35 CM, Macca
TeJIa IIPH POKJIEHUH — 940 T, OKPY?>KHOCTb TOJIOBBI —
26 cm). B poaripbHOM 3asie 06J1aCTHOTO IEpUHATAIIb-
HOTO IIeHTpa MPOBEJEHbl HEOOXO/IUMble peaHUMa-
OUOHHBIE W CTAaOWIN3AIMOHHBIE MEPOIPUATHUS,
BKJIIOUAs PEeCHUPATOPHYI0 IOJJEPKKY MeTO0M
CPAP c nepexozioM Ha anmapaTHYIO UCKYCCTBEHHYIO
BEHTWISLIUIO JIETKUX B TEUEHUE 45 U, C MOCIIEAYIO-
UM nepeBozioM BHOBb Ha CPAP, BBesleHMe TIOpak-
TaHTa ajbda ABaKAbL. 110 COBOKYIHOCTH JaHHBIX
[IOCTaBJIEH KJIMHUYECKUU JIUAaTHO3 «BPOXKIAEHHAS
IIHEBMOHUS, PECHUPATOPHBIA JUCTPeCC-CHHIPOM
TAKEJION CTeNeHN », Ha3HaueHa CTaHapTHAsA SMIIU-
pudeckas aHTUOAKTEPUAIIbHASA TEPAIHS C IIOCTIE/TY-
IoIel sckayanyvell M IepexoZioM Ha pe3epBHBbIE
AHTHOWOTHKH C YIETOM Pe3yJIbTAaTOB MUKPOOHOJIO-

motor activity and hypotonia, fatigability of reflexes.
Habilitation was recommended. During neurosonog-
raphy, the signs of immaturity, diffuse changes in the
periventricular zones, and absence of the cavity of
the septum pellucidum were revealed, and as a result
of MRI, agenesis of the septum pellucidum was diag-
nosed. At the age of 1 month and 29 days, the diagno-
sis of “retinopathy of prematurity with extremely
rapid progression and plus-disease development”
was made, therefore, an intravitreal injection of
angiogenesis inhibitor was done in both eyes.

According to the results of ENS, the presence of
hereditary metabolic disease, namely IVA, is sus-
pected. Repeated testing conducted before blood
transfusion showed a slight increase in the concen-
tration of isovaleryl-2-methylbutyrylcarnitine (C5) —
1,05 um/1 (with an upper cut-off of 1 um/I). When
consulting a geneticist, it was stated that the patient
is at-risk for the development of metabolic crises,
and MGT as well as the whole genome sequencing
were recommended; the latter was performed at the
N.P. Bochkov Research Centre for Medical Genetics
(Moscow). Pathogenic and probably pathogenic
nucleotide variants consistent with the patient’s
results of ENS have not been identified. The whole
genomic coverage was 99%. However, in this study,
the 6™ exon of the IVA gene was not analyzed. At the
time of publication of the article, it was analyzed
using Sanger sequencing.

Due to the discrepancy between the biochemical
and molecular genetic data, it was recommended for
the proband to collect urine and blood samples for
biochemical diagnostics and to conduct medical and
genetic counseling of the family. The results of MGT
are also not considered final, so an additional
extended diagnostics is required (since the 6™ exon
of the IVA gene was not analyzed, this did not allow
to definitively exclude or confirm the presence of this
orphan disease).

CONCLUSION

Despite introducing ENS in the RF, making a
definitive clinical diagnosis of several orphan diseases
from the group of HMDs for whom early therapy is
needed, primarily therapeutic nutrition, presents cer-
tain difficulties due to both the peculiarities of the
clinical variants of the disease itself and long-term
verification of genetic mutations. In addition, the
extended MGT is not provided by the compulsory
medical insurance system, which significantly length-
ens the path of doctors and patients to the final clinical
diagnosis and is sometimes accompanied by a delay in
prescribing the necessary and affordable pathogenetic
therapy for existing metabolic disorders. It should
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rUYecKoro MOHUTOpUHTa. Yepes 3 4 mociie poxze-
HUA 3aUKCHPOBAaHA apTepUaibHAs THIIOTEH3US.
Hmesio MecTo pa3BUTHE TAKEJIOM aHEMUH — BBITIOJI-
HeHa remorpaHcdysusa. CieayeT OTMETUTb, UTO
3abop kposu s PHC GbLT MpOBeZieH Ha 7-€ CYyTKH
JKU3HU JI0 MOMEHTA IIPOBEEHUS TeMOTpaHChy3HH.
B pesysipTaTe NMpOBEIEHHOTO JIeUeHUs OTMedayiach
MIOJIO’KUTEJIbHAS JUHAMUKA U Ha 15-€ CyTKHU JKU3HHU
manueHT ObLI MepeBe/leH B OTAesIeHHEe IaTOJIOTHH
HOBODOXX/IEHHBIX U HEJOHOLIEHHBIX JeTel i
JIAJIbHEUIIIETO BhIXaKUBAHUS U JIEUEHHU.

B panpHeHIEM TAMKECTb COCTOSIHUSA OIIPeJIesis-
Jlach IPU3HAKAMU JbIXaTeJIbHOU HEeL0CTaTOUHOCTH,
00yCJIOBJIEHHON (OPMUPOBAHUEM U TeUYeHUEM
OpOHXOJIETOUHOU JIUCILJIA3UU CPeAHEH CTEeleHH’
TspKecTU. HeBposiorndeckuil  cTaTyc: yMepeHHO
BBIpQJKEHHbBIE CHUKEHHE JIBUTATEIbHON aKTUBHOCTH
U MBIIIEYHAs] TUIIOTOHUsA, OBICTPAsi MCTOIAeMOCTh
pedJiekcoB. BbUIH peKOMeHIOBaHbI A0WUIUTAIIHOH-
HbIe MePONPUATHS. B TUHAMUKE 10 JAaHHBIM HEHPO-
coHorpauul BBIABJIEHbl TPU3HAKH HE3PEJIOCTH,
nuddysHble U3MEHEHUs I[ePUBEHTPUKYJIAPHBIX
30H, OTCYTCTBHE ITOJIOCTH IIPO3PAaYHOU IIEPETOPOTKH
(TTIT), a mo pesysnbraram MPT muarHocTupoBaHa
areresust [1I1. B Bo3pacre 1 Mec 29 iHEN MOCTaBIeH
JIMAaTHO3 «PETUHOIATHS HEJOHOIIEHHBIX C ITPOTpec-
CHpPOBaHUEM B JIMHAMHKE JI0 aKTHBHOTO IEPHO/IA C
pasBUTHEM ILTIOC-00IE3HI», B CBSI3U C YEM BBITIOJI-
HEHO WHTPAaBUTPUAIHHOE BBEJIEHHWE HHTHUOUTOpPA
aHruoreHesa B 06a riasa.

ITo pesynpraram PHC — nomo3penune Ha HaIM4unue
HBO, a umenno BA. IToBTOpHOE TECTUPOBAHUE, IIPO-
BEZIEHHOE JI0 reMoTpaHcQy3UH, MOKa3aJI0 He3HAUH-
TeJIbHOE IOBBIIIeHNe KOHIIEHTPALMU HU30BAJIEPUI-2-
MetwOytupwikapautuaa (C5) — 1,05 MKM/n (ipu
BepxHeli rpaHuIle HOpMbI 1 MKM /). IIpu KOHCY/IBTH-
pOBaHUU BpPayOM-T€HETUKOM KOHCTAaTUPOBAHO, YTO
MAIEHT OTHOCUTCS K TPYIIIIE PHUCKA II0 PA3BUTHIO
MeTab0TMIEeCKHX KPHU30B, U PEKOMEHIOBAHO ITPOBeIe-
HUE MOJIEKYJIAPHO-TEHETUUECKOTO  TeCTUPOBAHUA
(MI'T), mOJIHOTO TEHOMHOTO CEKBEHHPOBAHUS, KOTO-
poe 6110 BeimosiHeHO B ®T'BHY «Menuko-reHeTnye-
CKHU HAyJIHBIN NeHTp mMeHH akagemuka H.II. Bou-
KoBa». [IaTOreHHBIX U BEPOSTHO MATOTEHHBIX HYKJIEO-
TUHBIX BADUAHTOB, COIVIACYIOITUXCS € Pe3yJIbTaTaMHU
HEOHATAJIPHOTO CKPUHUHTA IAlleHTa, He BBIABJIEHO.
OO11iee MHTETPAIbHOE TIOKPHITHE TE€HOB Ha IMaHEH
cocTaBwiIo 99 %. Bmecre ¢ TeM B JaHHOM HCCJIEIOBA-
HUH 6-11 5K30H TeHa VIBA He ObUT MpOAHAIM3UPOBAH,
Ha MOMEHT IyOJIMKAITUN CTAThU ITPOBO/IUTCS €r0 aHa-
JIN3 METOJIOM IIPSIMOTO CeKBEpHUPOBaHUsA 110 CeHrepy.

B cBA3W ¢ HECOOTBETCTBUEM OHOXUMHYECKUX U
MOJIEKYJIIPHO-TEHETHYECKUX JAHHBIX OBLJIO PEKO-
MEH/IOBAHO CIaTh MOUY U IepefiaTh KPOBb IpobaHa

also be remembered that a long way to diagnosis is a
difficult aspect from a moral and ethical standpoint
for the family as a whole.

To overcome the existing difficulties, it is neces-
sary to consolidate the position of specialists involved
in the care of such a category of patients in each sub-
ject of the RF with developing interdisciplinary and
regional regulations to optimize providing medical
care to such a complex group of patients.

Conflict of interest. The authors declare no
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JUI TPOBEZIEHUSA OMOXUMUYECKOU JHUATHOCTHKH,
TaKKe ObIO PEKOMEH/IOBAHO MEAUKO-TeHETHIECKOe
KOHCYJIbTHpOBaHUe ceMbu. Pe3ynbraTel MI'T Takxke
He CYMTAIOTCS OKOHYATETBHBIMH, IIO3TOMY Tpeby-
eTcs JIOTOJIHUTEIbHBIN pacIIupeHHbIH JUarHOCTH-
YeCKUU OUCK (TIOCKOJIBKY 6-1 9k30H reHa IBA mpo-
AQHAIN3UPOBAH He ObLI, 3TO He MO3BOJIMJIO OKOHYA-
TeJIbHO OINPOBEPTHYTHh WU MOJATBEPJUTH HAIUIHE
JlaHHOTO OpdaHHOTO 3a00IEBAHYS).

3AK/IIOYEHUE

HecmoTtpsa Ha BHegpenue B PO PHC, nmocranoBka
OKOHYATEJbHOTO KJIWHUYECKOTO JHarHosa psjaa
opdaHHbIX 3a0osieBaHuit U3 rpymmnsl HBO, Hyxmaro-
IIUXCs B pAaHHEU TEPAITUH, B IIEPBYIO OUEPEb TUETO-
Tepamuu, IPeCTaBIIsSIET ONPe/ieeHHbIE CIIOKHOCTH,
00yCJIOBJIEHHBIE KaK OCOOEHHOCTSIMU KIMHHUYIECKHUX
BapHaHTOB TeYEHUS caMoro 3a0oJieBaHUS, TaK W
JUINTEJIbHOCTBI0 ~ BepU(UKAIUH  T'e€HETHYECKHUX
«TI0JIOMOK». Kpome Toro, pacmupeHHbIH ¢opmar
MIT He mpenycMOTpeH B cucTeMe 00sg3aTeIbHOTO
MEIUIMHCKOTO CTPAaXOBaHWS, YTO CyIIECTBEHHO
VJIUHSET MyTh Bpayel U MalfeHTa K 3aKII0YNTE b
HOMY KJIMHUYECKOMY JIMarHO3y U ITOPOH COIPOBO-
JK7IaeTcs 3aI103/IaHueM B Ha3HaUeHUH HeoOX0 MO
U JIOCTYITHOM MMaTOT€HETUYECKON KOPPEKITUU UMEI0-
muxcsi MeTabouuecKux HapymeHuih. Cremyer
TaKKe IOMHUTD, UTO JIOJITHH IIyTh K JUATHOBY SIBJISI-
€TCsA CI0KHBIM aCIEKTOM U C MOPAJIHHO-3THIECKHUX
MO3UIINH JJI CEMBH B I€JIOM.

Jlna  TpeojioJieHUsT HMEIONUXCS  CJIOKHOCTEN
HeoOXoAuMa KOHCOJIMJALMS ITO3ULMK  CIIeUaIi-
CTOB, YYaCTBYIOIIUX B COMTPOBOK/IEHUY TAKOU KaTeTro-
pUH HaIUEeHTOB B KaXkA0M cyobekte PO ¢ pazpabot-
KOU MEXIUCITUIUIMHAPHBIX H PETHOHAJIBHBIX I0JIO-
JKEHUH 1T ONTUMU3AINN OKA3aHUS MEIHIIMHCKOM
IIOMOIITA CTOJIb CJIOXKHOUM KaTETOPHU MAI[EHTOB.

KoH@QuIUKT HHTEPECOB. ABTOPHI 3asBJISIOT 00
OTCYTCTBUU KOH(JINKTA UHTEPECOB.
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JIncrepnos3 Kak IpUYNHA aHTEHATAJIbHOM rH0e/Iu IJ104a
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3BY300 «I'opbkosckas ueHmpaabHas pattoHHan 6oavHuya», Omckas obaacms, p.n. l'opvkosckoe, Poccus

AHHOTAIINA

Listeria (L.) monocytogenes — IrpaMIIOJIOKUTEJIbHBIN (HAKyIbTATUBHBIA BHYTPUKJIETOYHBIH IATOT€H, KOTOPBIA MOXKET
BBI3BIBATD TSIKEJIble MHOEKIUN IPH yIOTpeOIeHNH 3apaskKeHHON HUINY. PHCK pa3BUTHA U HEOJIATONPHUATHOTO MCXOAA
JcTepro3a y 6epeMeHHbBIX BBIIIe, YeM B momyJiAuu. Ha TeueHue U ncxo] 3a00JIeBaHUS BIIUsET He TOJIbKO UMMYHHBIN
cTaTyc MaKpoopraHusMa, HO ¥ TeHeTHUeCKUH BapuaHT L. monocytogenes, u nuounupyomas no3a. B cratee npencras-
JIEHBI KPATKUI 0030D JINTEPATYPHI T10 JINCTEPUO3HOU HHQEKITNN y GepEMEHHBIX U KJIMHUYECKUH CIydal THOeTH I1o/1a Ha
one pasrapa srcreprno3Hol HHGEKINH Y KeHITUHBL BO 11 TprMecTpe 6epemenHOCTH. OnKICaHbI KJIMHUYECKHE IIPOsIBIIe-
Hus 00JIe3HU y MAIMEHTKH U TaKTHUKA BefeHus. CuMnToMbl HHQEKINY, BRI3BAHHOU L. monocytogenes, Bo BpeMsl Gepe-
MEHHOCTHU ObUTH HecrenuUUHbI. Pe3ybTaThl 1ab0paTOPHOTO UCCIE0OBAHUSA TOATBEPAUIN MH(MEKIIMOHHBIH TeHe3 aKy-
IIIEPCKOH MaTOJIOTUU U MAaCCUBHOCTHh UH(MEKITUHU.

Kmouesante caosa: Listeria monocytogenes, aucmepuo3, 6epeMeHHOCTb, Hepa3BUBAIOIIasics 6epeMeHHOCTD, THOeJIb IUI0o/A.

Oo6paszen murupoBauus: Ilyssipesa JI.B., lllkabapus JI.JI., ITonsakosa T./., Tamuna E.A., Jlo6oBa E.®. JIu-
CTepro3 Kak NMpPUYMHA aHTeHaTaibHOU rubesn wioxa // Journal of Siberian Medical Sciences. 2025;9(4):145-155.
DOI: 10.31549/2542-1174-2025-9-4-145-155

Listeriosis as a cause of antenatal fetal death
L.V. Puzyreva?, L.L. Shkabarnya?, T.D. Polyakova3, E.A. Gashina!, E.F. Lobova*
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ABSTRACT

Listeria (L.) monocytogenes is a Gram-positive facultative intracellular pathogen that can cause severe infections through
consumption of contaminated food. The risk of developing and poor outcomes of listeriosis in pregnant women is higher
than in the general population. The course and outcome of the disease are influenced not only by the host’s immune status
but also by the genetic variant of L. monocytogenes and an infective dose. This article presents a brief review of the litera-
ture on listeriosis in pregnant women and a clinical case of fetal death associated with a full-blown listeriosis infection in a
woman in the second trimester of pregnancy. The patient’s clinical manifestations and management are described. Symp-
toms of L. monocytogenes infection during pregnancy were nonspecific. Laboratory findings confirmed the infectious ori-
gin of the obstetric pathology and the severity of the infection.

Keywords: Listeria monocytogenes, listeriosis, pregnancy, missed miscarriage, fetal death.
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BBEJAEHUE

WNudexus, BoidbiBaemas Listeria (L). mono-
cytogenes, Tak)Ke U3BECTHAS KaK JILCTEPUO3, IIE€pe-
JlaeTcsl TPEUMYIIEeCTBEHHO IPH YIOTpeOJeHUU B
ULy 3apaKeHHBIX IPOAYKTOB, TAKUX KaK I1epepa-
0OTaHHOE MSCO, MOJIOYHBIE IIPOJYKTHI, TOTOBBIE
COH/IBUYH, PHI0A XOJIOZHOTO KOITYEHUS, IPUTOTOB-
JIEHHBIE OBOIIY, cayaThl U GpykTe! [1]. BospmnH-
CTBO CJIy4aeB JIUCTEpHO3a KIacCCU(PUIUPYIOTCA KaK
cropaguyeckre. [pyImaMu prucka 1mo 3a60J1eBaHII0
JICTEPHO30M IIPEIK/IE BCETO ABJIAIOTCA HMMYHOKOM-
MIPOMETHUPOBAHHbIE JIMIIA, JIMIIA CTaplie 50 JIET,
OepeMeHHBbIE, HOBOPOXKIEHHbIE U Ap. 3abosieBae-
MOCTb JINCTEPHUO30M B POCCHU B TeUEHUE ITOCTIETHUX
JIeT HaXOJUTCS Ha YPOBHE €JUHHUYHBIX CIYYaeB U
cocraBisieT 0,07 Ha 100 ThiC. HacejeHusa. Tak,
HampuMep, B 2021 I. 3a00J1e710 45 uest. Puck 3apaxe-
HHUA JINCTEPMO30M OEpeMEHHBIX JKEHINUH B
10—18 pa3 BbIllle, YeM B MOMYJISIUH B 1iesioM (3a60-
JIEBAEMOCTbD OT 3 10 12 cJIydaeB Ha 100 000 yei.) [2].
Kiunuueckue mposiBjieHusi 3abosieBaHus y Oepe-
MEHHBIX MOTYT BAaPbHPOBATh OT HECCUMIITOMHOTO U
HEOCJIOKHEHHOTO TEUEHUA JI0 TSPKEJIOT0 HHBA3UB-
Horo 3abosneBanus [3]. CumTaercs, 4TO BO BpeMs
OGepeMEeHHOCTH MHUKPOOPTaHHU3M MOKET IMPOHUKATh
K IUIOZly TPaHCIUIAIlEeHTapHBIM IyTeM [4] ¥ BBI3BI-
BaTh HeOJIArONPUATHBIE ITOC/IEACTBHUA, TaKHUE Kak
XOPHOAMHUOHUT, IIPEXKAEBPEMEHHbIE POZIbI, HEOHA-
TaJIbHBIA CEICHUC, MEHMHIMT M HeoHaTaJIbHas
cvmepTh. OCOOGEHHO BBICOK PHMCK Pa3BHUTHS TAMKEIIBIX
MTOCJIEZICTBUY TIpY WHGUIIUPOBAHUU BO BTOPOM H
TPEThEM TPHUMECTPaX.

IIEJIb 1 CTPYKTYPA CTATbUA

IIpoaHanu3upoBaTh JINTEPATYPHBIE JIAHHBIE II0
JIUCTEPHO3Y Y OepEeMEHHBIX U COITOCTABUTh UX C IIPHU-
BEJICHHBIM KJIMHUYECKHUM CJIy4aeM aHTeHaTaJIbHOU
rubesu mwioza.

B 1-# yacTu pabOTHI MpeACTaBIEHbl PE3YIbTAThI
CHUCTEMATHYECKOTO IIOMCKA M aHAIU3a JOCTYITHOHU
JIUTEPATYPHI 10 JIUCTEPUO3HON MHOEKIUN y Gepe-
MEHHBIX C HCIOJIb30BAaHUEM BJIEKTPOHHBIX 0a3 /laH-
ubIx ScienceDirect, PubMed, Web of Science, Scopus
u eLIBRARY.RU. Bo 2-ii yacTu OnuChIBA€TCS KJIH-
HUYECKUH CIy4yal JIMCTEPHO03a, C MOMEHTA oOparie-
Hud nanuedTku B BY300 «I'opbKOBCKasi IEHTPAIb-
Has padionHas 6oapHuna» (CL[PB), mociemayroero
JIeYeHHUsI B THHEKOJIOTUUYECKOM OT/IeJIEHHU 00J1acT-
HOTO IepuHaTasbHOTO 1eHTpa BY300 «ObsactHast
KJInHUYecKas 6oapHUIAa» (00JaCTHOHN MepuHATATb-
HBIH IIEHTP) U HAOJII0IeHNs Bpadya-uHQpEKITHOHUCTA
[0 MECTy >KUTEeJhCTBAa. B 3-U uacTu obCyxmaeTcs
OTIMCAHHBIN CITyYan.

INTRODUCTION

Infection caused by Listeria (L.) monocytogenes,
also known as listeriosis, contracted primarily by
consuming contaminated foods, such as processed
meat, dairy products, pre-packed sandwiches, cold-
smoked fish, cooked vegetables, salads, and fruits [1].
Most cases of listeriosis are classified as sporadic.
Those at risk for listeriosis include immunocompro-
mised individuals, people over 50 years of age, preg-
nant women, newborns, and others. The incidence of
listeriosis in Russia in recent years is sporadic and
amounts to 0,07 per 100 000. For example, in 2021,
45 people fell ill. The risk of listeriosis infection in
pregnant women is 10—18 times higher than in the
general population (incidence from 3 to 12 cases per
100 000) [2]. Clinical manifestations of the disease
in pregnant women can range from asymptomatic
and uncomplicated to severe invasion [3]. It is
believed that during pregnancy, the microorganism
can get to the fetus transplacentally [4] and cause
adverse effects such as chorioamnionitis, premature
birth, neonatal sepsis, meningitis, and neonatal
death. The risk of developing severe complications is
particularly high with infection in the second and
third trimesters.

AIM AND THE ARTICLE STRUCTURE

To analyze the literature data on listeriosis in
pregnant women and compare them with the pre-
sented clinical case of antenatal fetal death.

Part 1 of this article presents the results of a sys-
tematic search and analysis of available literature on
listeriosis in pregnant women using the databases
ScienceDirect, PubMed, Web of Science, Scopus, and
eLIBRARY.RU. Part 2 describes a clinical case of lis-
teriosis, beginning with the patient’s presentation to
the Central District Hospital (CDH), subsequent
treatment at the Gynecology Department of the
Regional Perinatal Center, and follow-up with an
infectious disease specialist at her place of residence.
Part 3 discusses the case described.

LITERATURE REVIEW

L. monocytogenes, a wide-spread Gram-positive
rod-shaped pathogen, is the only Listeria species
considered pathogenic for humans. L. monocyto-
genes is a facultative aerobe. It is resistant to various
physical factors and persists for a long time in soil,
water, and vacuum packaged food products. Using
multi-locus sequence typing, four phylogenetic line-
ages of L. monocytogenes strains were identified.
Lineage I includes serotypes 1/2b, 3b, 4b, 4e, and 7.
Lineage II includes serotypes 1/2a, 1/2¢, 3a, and 3c,
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OBb30P JINTEPATYPDI

L. monocytogenes, TIOBCEMECTHO PaCIIpPOCTpa-
HEHHas IPaMIIOJIOKUTEIbHAsI KOPOTKAS MMaJI0UKa, —
eTMHCTBEHHBIA BUJT Listeria, KOTOPBIA CUYHUTAETCA
MaTOTEeHHBIM I 4YesjoBeka. L. monocytogenes
sABJIseTCs (PAKyJIBTATUBHBIM a3p0O0OM. YCTONUIMBA K
pasauyHbIM (QU3NUEeCKUM (daKTopaM, JIUTETbHO
COXpaHsieTCs B MOYBe, BOJE, MPOJYKTaxX IUTAHUS,
VIIAKOBAHHBIX B TUIIEBBIE TJIEHKH (BaKyyMHBbIE yIIa-
koBKU). Ha 0CHOBE MHOTOJIOKYCHOTO THITUPOBAHUS
rocsaeaoBaTeIbHOCTEN L. monocytogenes obpasyet
MIOITYJISIINIO U3 YeThIpeX (PUJIOT€HETUYECKUX JIMHUH.
Jlunus 1 BxIrouaer cepotunsl 1/2b, 3b, 4b, 4e u 7.
Ko II 1TuHHUM OTHOCAT CEPOTHIIHI 1/2a, 1/2¢, 3a U 3¢,
KOTOpBIE Yallle BBIABJISINUCH B MSCHBIX IPOAYKTAX
[5, 6]. JIuauu 111 u IV BBIAENAIOTCA PENKO, U TIpe-
UMYIIIECTBEHHO Yy JKMBOTHBIX, Yallle y >KBAuHBIX.
Hawubosiee yacTo MpUYMHONW BO3HUKHOBEHUS KJIH-
HUYECKH BBIPAYKEHHOTO JINCTEPHO3a  SIBJISAIOTCA
auctepun [ JTUHUHU, cepoTuna 4b ¢ KIOHATbHBIMU
kommiekcamu CC1, CC2, CC4 u CC6. Takoe Hepas-
HOMEpPHOe pacmpeziesienrne L. monocytogenes xKop-
peUpPYeT ¢ BUPYIEHTHOCTHIO M TPOITHOCTHIO 8030Y/-
Jumens k xkuineunuky murekonuramux: CC1, CC4
u CC6 sryuliie KOJIOHU3UPYIOT IPOCBET KUIIEYHUKA U
SIBJIAIOTCSL TUIIEPBUPYJIEHTHBIMH, B TO BpPeMs Kak
CCo u CC121 (u3 Il tuHUM) TUIIOBUPYJIEHTHHI [6—8].
T'unoBUpyJIeHTHBIE KJIOHBI XOPOIIIO aIAITUPYIOTCA K
VCJIOBUSAM THUIIEBOH Cpeibl, UMes JIOCTATOUHOE
KOJIMYECTBO T'€HOB, OTBETCTBEHHBIX 32 YCTOUIHUBOCTH
K CTpeccoBbIM (haKTOpPaM U TOJIEPAHTHOCTH K JI€3UH-
unupyromum cpeacrsam [9—11]. IlokasaHo, 4TO
mramMmm CC4 meMoHCTpUpyeT 6oJiee BBICOKHI TpPO-
NU3M K IUIAIleHTe MPU BHYTPUBEHHOM BBEJIEHUH
MBIIIIaM, YTO CBSI3aHO C €r0 T€HETHYECKUM Ipodu-
nem [7]. Pacupenenenue kinoHoB CC u cyOIuHUU
MOKET pas3jinJaThCsi B 3aBHCHUMOCTH OT CTPaHBI.
B Kutae u cnanun HauboJsiee pacrpocTpaHEHHBIM
apagerca tan L. monocytogenes 1 snunum CC4
[12, 13], B Bpaswiuu — L. monocytogenes 4b, 1/2a,
1/2b u 1/2c¢ [14], a B Poccun — mpeacraBuTenn Kak I
(CC1, CC2, CC7, CC4q) Tak u II (CCo) nuuum [15].
BupysieHTHOCTb TAHHOTO MUKPOOPTaHU3Ma OIIpe/ie-
JISIeTCsl €r0 CIOCOOHOCTBIO MPOHUKATH B KJIETKY-
XO35IMHA, BBIXOJAUTb U3 (HarorUTapHON BaKyoOJIH,
6bIcTpO TpOIUdEPUPOBATh BHYTPU KJIETKU U IIEpe-
MEIIATHCS C IOMOIIBI0 aKTHHA OT HH(PUITUPOBAHHOH
KJIETKU K 3/T0POBOI [16]. TH QYHKIINH KOAUPYIOTCS
10 KJII0YEBBIMU F'€HAMU, YTO ITO3BOJISIET MUKPOOPTa-
HU3MY YCKOJIb3aTh OT KJIETOYHOTO W T'YMOPAJIHHOTO
MMMYyHHUTETa MaKpOOPTaHU3Ma.

KiteTrouHo-omocpe1oBaHHBIN UMMYHHTET y Oepe-
MEHHBIX 13-3a ITOBBIIIIEHHOTO YPOBHS IIPOTeCTEPOHA
ocytabJieH, YTO YBEJIMYHUBAET PUCK BOCIIPHUUMYHBO-

which are more often detected in meat products
[5, 6]. Lineages III and IV are rarely isolated, and
predominantly in animals, most often in ruminants.
The most common cause of clinically well-presented
listeriosis is Listeria lineage I, serotype 4b with
clonal complexes CCi, CC2, CC4 and CC6. This
uneven distribution of L. monocytogenes correlates
with the virulence and tropism of the pathogen to the
mammalian intestine: CC1, CC4 and CC6 better colo-
nize the intestinal lumen and are hypervirulent,
while CCg and CC121 (from lineage IT) are hypoviru-
lent [6—8]. Hypovirulent clones easily adapt to food
environment conditions, having a sufficient number
of genes responsible for resistance to stress factors
and tolerance to disinfectants [9—11]. It has been
shown that the CC4 strain exhibits higher tropism to
the placenta when administered intravenously to
mice, which is associated with its genetic profile [7].
The distribution of CC clones and sublineages may
vary across countries. In China and Spain, the most
common type is L. monocytogenes lineage I CC4
[12, 13], in Brazil — L. monocytogenes 4b, 1/2a, 1/2b
and 1/2c [14], and in Russia — representatives of
both lineages I (CC1, CC2, CC7, CC4) and II (CC9)
[15]. The virulence of this microorganism is deter-
mined by its ability to penetrate the host cell, exit the
phagocytic vacuole, rapidly proliferate within the cell
and move with the help of actin from the infected cell
to the healthy one [16]. These functions are encoded
by 10 key genes, which allows the microorganism to
evade the cellular and humoral immunity of macro-
organism.

Cell-mediated immunity in pregnant women is
weakened due to elevated progesterone levels, which
increases the risk of susceptibility to many patho-
gens, including Listeria. The intracellular cycle of
the bacteria determines its ability to penetrate the
blood-brain and placental barriers [3], which deter-
mines the subsequent clinical manifestations of the
disease. In a pregnant woman, the clinical presenta-
tion of listeriosis can follow two scenarios: either
nonspecific obstetric signs (cramp-like abdominal
pain, induction of labor, abnormal fetal heart rate) in
75% of cases, or symptoms indicating fetal death,
which occurs in 21% of women [17]. According to the
literature, the disease occurs without fever in 85% of
women [18, 19], and the central nervous system
involvement is observed only in pregnant women
with immunosuppressive conditions and concomi-
tant diseases [19]. Studies on guinea pigs, whose pla-
cental structure is similar to that of humans, have
shown that a small number of L. monocytogenes
bacteria, entering the placenta hematogenously from
the primary foci of maternal infection (Peyer’s
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CTH KO MHOTHM IIaTOT€HaM, B TOM 4HcJIe U K Listeria.
BHYTPUKIIETOUHBIN ITUKJI MHUKpPOOa OOYCJIOBJIMBAET
€ro CIIOCOOHOCTH MPOHUKATh Uepe3 reMaTosHIeda-
JIMYECKUU W TUIaleHTapHble Oapbepbl [3], 9TO u
omnpeziesifAeT JATbHENIINE KIMHUYECKUE IPOSBIIE-
HUs 3a00sieBaHusA. Y OepeMeHHOH KEHIUHbBI K-
HUKA JINCTEPUO03a MOKET IIPOTEKATh 110 JIBYM CI[eHa-
pusM: OO0 HAYMHAET IPOSIBJIATHCS Hecrenmuduye-
CKas aKyllepckas MaToJIoTHsA (CXBaTKOOOpa3HbIe
00JIN B 3KMBOTE, PA3BUTHE POJIOBOH JE€ATETLHOCTH,
aHOMaJIbHAs YacTOTa CEePAEYHBIX COKpAIeHUH
IJI071a) B 75 % ciy4aes, OO MPEBATUPYIOT CUM-
IITOMBI, CBHJIETEJILCTBYIOIIME O THOENH IIoAA, — Y
21 % sxeHmuH [17]. Ilo maHHBIM JHTEPATYPHI 3260-
JieBaHUE MMPOTeKaeT 6e3 MOBHIIIIEHUsI TEMIIEPATYPHL y
85 % xeHiuH [18, 19], a mopaskeHUs IEHTPATbHOU
HEPBHOH CHCTEMBI OTMEUYAIOTCSA TOJIBKO Y OepeMeH-
HBIX C HMMMYHOCYIIPECCUBHBIMHU COCTOSTHUSIMH U
COMyTCTBYIOIUMU 3ab0eBaHusIMHU [19]. [Ipu uccie-
JIOBAHUSAX Ha MOPCKHUX CBHHKAX, Y KOTOPBIX CTPYK-
Typa IUIALIEHTHI CXO0XKa CO CTPYKTYPOH ILJIAlleHThI
4eJI0BeKa, BBISIBJIEHO, UTO HEOOJIbIIOr0 KOJIHYECTBa
OGakTepuil L. monocytogenes, MomnajaoIyx B Iia-
IIEHTy TeMaTOTeHHO M3 MEPBUYHBIX 0YaroB WHQEK-
nuu Marepu (melepoBbIX OJIAIIEK, IEYEeHU, cee-
3€HKH), JOCTATOYHO /ISl Pa3BUTHSA IUIANEHTAPHOU
nHbeKIuU. Bpems oT nepBUUHOro UHGUITUTPOBAHUS
JKEHIIIUHBI, IE€PBOHAYAIBHOTO CYOKJIHHHYECKOTO
Pa3MHOKEHUsA OAaKTEPHUATIBHON MOMYJISIUA B Opra-
Hax-MUIIEHAX JI0 TeMaTOTEHHOTO PaCIPOCTPaHEHUs
U TIOPaKEHHU S IIIalleHTapHO-IIOAOBOTO KOMILIEKCA
C TOSBJIEHUEM AaKYIIEPCKOU CHUMIITOMATHUKUA COOT-
BETCTBYET OTHOCHUTEIHbHO JJIUTEIHHOMY HHKYyOAIlH-
OHHOMY II€PUO/Y JINCTEPUO3a U COCTABJIAET B CPEJ-
HeM 27,5 aHed (B auamasoHe oOT 17—-67 H [0
90 aHeit) [20]. B axciepuMeHTe ¢ 06e3bsiHAMU TIOCTIE
BHYTPHUBEHHOTO BeJieHUs1 L. monocytogenes B j103e
103—104KOE Hab1071a711 MEPTBOPOZKEHHE B 16,6 %
ciaydaes, a B 103e 105—-10° KOE — B 28,6 %. OnHako
BBegeHue 03kl 102 KOE He BBI3BAJIO HUKAKHUX
HeOJIarONPUATHBIX TOCJIENCTBUN Ui 1wtona. [lpu
MaKCUMaJIbHOU /103e L. monocytogenes 10° KOE ot
MOMEHTa 3apa’kKeHUs JI0 Pa3BUTHs MepTBOPOXKIe-
HUS B CPEJHEM ITPOXOAUIIO 47 Her [21]. 1o pe3ysib-
TaTaM MUKPOOHOJIOTHUECKUX UCCIEIOBAHUH TKaHEH
YMepIIUX IUIO/IOB KOHIIeHTpanus L. monocytogenes
y 50 % cocrarisiia 1,9x10% KOE [13]. Takum obpa-
30M, TTOCJIEZICTBUA JJIs IJI0/Ia IPU HHPUITUPOBAHUH
L. monocytogenes IpsAMO KOPPEJTUPYIOT ¢ UHPUITH-
pYIOIIEeN 10301.

KrroueBast posib B uHGUIUpOBaHUU L. monocy-
togenes mpuHAMIEKUT Tpodobiaacty. CHHIUTHO-
Tpod0o061aCT, aKTUBHO KOHTAKTHUPYIOIIUUA C MaTe-
PUHCKOH KpOBBIO, OTHOCUTEJIBHO YCTOUUHUB K

patches, liver, spleen), is sufficient to develop placen-
tal infection. The time from primary infection of a
woman, the initial subclinical bacterial growth in tar-
get organs to hematogenous dissemination and pla-
cental-fetal damage with the appearance of obstetric
symptoms corresponds to a virtually long latency of
listeriosis and averages 27,5 days (ranging from
17—67 and up to 90 days) [20]. In an experiment with
monkeys, after intravenous administration of
L. monocytogenes at a dose of 103—104CFU, stillbirth
was observed in 16,6% of cases, and at a dose of 105—
10° CFU - in 28,6%. However, the administration of
a dose of 102 CFU did not produce any adverse effects
on the fetus. With the maximum dose of L. monocy-
togenes of 10° CFU, an average of 47 days passed
from the moment of infection to stillbirth [21].
According to the results of microbiological studies of
tissues of demised fetuses, the concentration of
L. monocytogenes in 50% was 1,9x10° CFU [13].
Thus, the consequences for the fetus during infection
with L. monocytogenes directly correlate with infec-
tive dose.

The trophoblast plays a key role in L. monocyto-
genes infection. The syncytiotrophoblast, which is in
active contact with maternal blood, is virtually resis-
tant to L. monocytogenes infection. The extravillous
cytotrophoblast is the primary target and a more
favorable site for microorganism entry, as demon-
strated by immunohistochemical studies. When the
placenta was infected, Listeria reentered the mater-
nal circulation and increased bacteremia, and some
studies indicated that the placenta can even be con-
sidered a reservoir of infection [20]. Trophoblast
cells do not contain class I HLA-A and HLA-B anti-
gens or class II antigens, but they express non-classi-
cal class I HLA molecules, suppressing the alloreac-
tion of uterine natural killer cells and T cells. This
mechanism of placental immune tolerance prevents
rejection of the semi-allogeneic fetus, but at the same
time cannot provide protection against intracellular
pathogens such as L. monocytogenes [22].

In cases of transplacental infection, L. monocyto-
genes passes through the umbilical vein, entering the
fetal circulation and potentially causing damage to
all organs. Furthermore, the bacteria can be shed by
the kidneys of the fetus, contaminating the amniotic
fluid. If aspiration occurs at this point, the gastroin-
testinal tract and respiratory system can become
infected. Only 5% of women with listeriosis have a
successful pregnancy [20].

CASE PRESENTATION

Patient N., 33 years old, 22 weeks of gestation,
was admitted to the Gynecology Department of the
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nabekuu L. monocytogenes. BHeBOpCHHYATHIHI
OUTOTPODOOIACT SIBJISETCA IEPBUYHOU MUIIIEHBIO 1
0ojlee  TOAXOAIIMM MECTOM TPOHUKHOBEHUS
MHUKDPOOPTaHU3MOB, YTO OBLIO I0Ka3aHO UMMYHOTH-
CTOXUMUYECKUMH HccyieloBaHusAMU. [1pu nadum-
POBaHUH IUIAIIEHTHI JIUCTEPUU TPOHUKAIN 00PATHO
B KPOBOTOK MAaTepHU U YCWINBAIN OAKTEPUEMUIO, a B
HEKOTOPBIX MCCIIEZIOBAHUAX YKa3bIBAJIOCh, UTO ILJIa-
IIEHTy MOXXKHO JJa’Ke PacCIleHWBaTh KaK pe3epByap
uHpexuu [20]. Kinetku Tpodobiiacta He comepskaT
antureHoB HLA-A u HLA-B nepBoro kjacca 1 aHTHU-
TeHOB BTOPOTO KJjIacca, HO DKCIPECCUPYIOT HeKJ1ac-
cuueckne mosiekyssl HLA mepBoro kiacca, mopa-
BJIAA QJUIOPEAKIUIO HATYPIBHBIX KWIJIEPOB U
T-KJIeTOK MaTKU. DTOT MEXaHU3M UMMYHHOU ToJIe-
PaHTHOCTH ILJIALIEHTHI IPEJOTBPAIIAET OTTOPKEHNE
[IOJIyaJUIOTEHHOTO IUIOZIA, HO B TO K€ BpeMs He
MOXKET 00ECHeUnTh 3AIIUTY OT BHYTPUKJIETOUHBIX
IMaTOTeHOB, TAKKUX KakK L. monocytogenes [22].

B cimyuae TpaHcmtaneHTapHOH —UHQEKINU
L. monocytogenes TiepeMemIalOTCA IO IYIOYHOU
BeHe, T0I1a/1asi B KPOBOTOK IJIOJIA, UTO MOXKET IPU-
BECTU K ITOPAKEHUIO BCeX ero opraHoB. Kpome Toro,
OGakTepuu MOTYT BBIZEIATHCA MOYKAMU ILJI0/IA, IPU-
BOJS K 3arps3HEHUIO0 OKOJIOIUIOMHBIX BoA. Ecim B
5TOT MOMEHT IIPOWBOUJIET aCIUPAIs, MOTYT OBITh
MHQGUITIPOBAHBl JKEJIYyIOUHO-KUIIIEUHBIH TPAKT U
ZIbIXaTeJabHas cucTeMa. VI3BeCTHO, UTO TOIBKO ¥ 5 %
OOJIPHBIX JIUCTEPHO30M KEHIIUH OepeMeHHOCTh
3aKaHYMBaeTCs 6JIaTOIPHUATHO [20].

KINMHUYECKUU CJIYUAU

[Taruentka H., 33 JsieT, 6epeMeHHOCTh 22 HeJ,
MIOCTYIIMJIA T10 HEOTJIO?KHOU ITOMOIIY B THHEKOJIOTH-
YecKoe OTjieJieHHne O00JaCTHOTO IepPUHATAIbHOTO
neHTpa r. OMcKa ¢ )karo6aMu Ha JIMXOPAJIKY B OTCYT-
CTBHE IIleBeJIEHU II07a 08.09.2024. 113 aHamHe3a
HU3BECTHO, YTO C 07.09.2024 Ha (OHE TIOJTHOTO 3710~
PpOBbs IIOBBICHJIACH TeMIlepaTypa Teja 10 39,6 °C u
MOSIBIJIUCH KAJIOOBI Ha JIOMOTY B TeJie U JUCKOM-
¢opt B x)xkuBoTe. CaMOCTOSITETHHO IIPUHUMAJIA Kapo-
MOoHMKamwIue npenaparsl. I1o pesyapratam Y3U ot
28.08.24 — GepeMEHHOCTh CPOKOM 21 HeJ| C IeH-
TPAJbHBIM TIPEJJIeKaHUEM IUIANEHThl U TPABUIb-
HBIM pa3BUTHEM IUI0J1a. [0 16:00 08.09.2024 omry-
masa meBeseHne mioga. O6paTuaach CamMOCTOSI-
tessbHO B I'IIPB. Ilpu ocMoTpe mpHU3HAKOB OCTPOTO
pecrupaTopHOro 3a00JIeBaHUs He BBIABIEHO. BhLIO
MPOBEJIEHO JKCIpecc-TECTUPOBAaHUE HA BUPYCHI
rpurmna, SARS-CoV-2 — pesysbpTaT oTpUIlaTeIbHBIH.
B o0mem aHasu3e KpoBH OT 08.09.2024: aHEMHUSA
(remory106WH 115 T/J1), TIEHKOITUTO3 CO CABUTOM (OP-
MYJIBI BJIEBO (25,1X10%/J1, TAJIOYKOSIZIEPHBIX HEUTPO-
¢unoB — 32 %) u NOBBIIEHHAS CKOPOCTh OCETAHUS

Omsk Regional Perinatal Center by emergency care
on September 8, 2024, complaining of fever and no
fetal movement. Her medical history revealed that
on September 7, 2024 her temperature rose to 39,6°C
suddenly, and she began complaining of body aches
and abdominal discomfort. She took antipyretic
drugs on her own. Ultrasound on August 28, 2024
revealed she was 21 weeks of gestation with central
placenta previa and proper fetal development. She
felt fetal movement until 4:00 PM on September 8,
2024. She then sought medical attention at the Cen-
tral Regional Hospital. Examination revealed no
signs of acute respiratory disease. Rapid testing for
influenza viruses and SARS-CoV-2 was negative.
Complete blood count (September 8, 2024): anemia
(hemoglobin 115 g/1), leukocytosis with a left shift in
the formula (25,1x109/1, band neutrophils, 32%),
and an elevated erythrocyte sedimentation rate
(ESR) (38 mm/h). Complete urinalysis: leukocytes
(2—6 per high-power field) and protein (0,6 g/1).
Gynecological examination: no fetal heartbeat,
prompting an emergency transfer to the Regional
Perinatal Center.

This woman is socially active, this is her third
pregnancy, a desired one, she regularly attends ante-
natal clinics. She is attentive to her health and had a
chest X-ray in 2023. She is a housewife and lives in a
comfortable apartment. Her previous pregnancy
resulted in the full-term delivery of a healthy child.
Her epidemiological history indicates that both her
child and her husband had a history of fever up to
38,5°C for three days and moderate abdominal pain
without diarrhea. Two weeks prior to the incident,
she had consumed sausages, BBQ, milk, and sour
cream (she purchased meat and dairy products from
a private trader at a local farmer’s market).

On admission to the Gynecology Department of
the Regional Perinatal Center: the patient’s condi-
tion is moderate. The patient is conscious. The skin is
clean, pale pink. The pharynx and visible mucous
membranes are pink, clean. Normal peripheral
lymph nodes. No meningeal and focal symptoms.
Body temperature is 38,9°C. Blood pressure: 100/70
mmHg, heart rate: 100 per minute, respiratory rate:
20 per minute. On auscultation: vesicular sound in
the lungs, without pathological sounds (wheezing,
pleural rub sound, crepitations). Heart sounds: clear,
rhythmic. Abdomen: soft, enlarged due to preg-
nancy, mild tenderness in the lower hypogastrium.
Uterus: in tone periodically. No symptoms of perito-
neal irritation. Normal physiological functions.
No edema. Lower extremities: elastic compression.
Abdominal circumference — 100 ¢cm, fundus height —
22 cm.

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

149



Iyswvipesa JI.B. u dp. / Journal of Siberian Medical Sciences T. 9, N° 4 (2025)

sputporutos (COJ) (38 mm/49). B ob1ieM KiinHUYe-
CKOM aHaJIN3e MOYM OIPENEJIsIIUCh JIEUKOIUTHI —
2—6 B moJie 3peHus, 6eaok — 0,6 r/1. IIpu ocMoTpe
THHEKOJIOTa KOHCTATUPOBAHO OTCYTCTBHE CePAIIeOu-
€HUH IJI0Zla, B CBA3BU C UYeM >KEHINWHa ObLIa DKC-
TPEHHO TIiepeBe/leHa B OOJIACTHON TEepPUHATAJb-
HBIN I[EHTP.

Kenmmua comuanbHasg, 6epeMeHHOCTb TPEThH,
JKeJIaHHAsA, PEryJsApHO Iocelaga >KeHCKYI KOH-
CYJIbTAIINIO, BHHUMATEJIbHA K CBOEMY 370POBBIO,
¢ooporpaduio mpoxoauaa B 2023 T., JOMOXO-
3sKa, MPOXKUBAaeT B GJIarOyCTPOEHHOU KBapTHUPE.
Ipensimymas GepeMeHHOCTh 3aKOHYMIIACH CPOY-
HBIMH pOJIaMU 3710poBOro pebeHka. V3 snmpemuo-
JIOTHYECKOTO aHaMHe3a HM3BECTHO, UTO B CEMbe Y
pebeHKa m cympyra OTMeYasiiCh TUIIEPTEPMUS 0
38,5 °C B TeueHHe Tpex JHEW U yMepeHHbIe 00N B
JKUBOTE 0e3 TUapelHoro CHHAPOMa. 3a 2 HeJl /IO CIIy-
YUBIIErOCs YIOTPEOJISAIN B IHIILY COCHUCKH, IIAII-
JIBIKH, MOJIOKO, cCMeTaHy (MsCO M MOJIOUHBIE IIPO-
IYKTHl TIOKyIllajla Ha MECTHOM PBbIHKE y YacT-
HOTO JINIIA).

[Tpu noCTyIJIEHNHN B THHEKOJIOTHYECKOE OT/IesIe-
HHe 00JIaCTHOTO IEPUHATAIHHOTO IEHTPa: COCTOs-
Hue OOJIPHOW cpemHel cremeHU Tsmkectu. [lamu-
€HTKa B CO3HaHUU. Ko)KHble ITOKPOBBI UHUCTEHIE,
6J1eTHO-PO30BOTO IIBeTa. 3€B U BUAUMbIE CJIN3H-
cThle 000JIOUKU pO30BBIE, umcThle. Ilepudepuyue-
ckue TUMGOy3JIbl He YBeInUeHbl. MeHUHTeaIbHON
Y 09aroBOU CUMIITOMATUKH HeT. TeMmepartypa Tesia
38,9 °C. AJ] 100/70 MM PT. CT., IIyJIbC 100 YAAPOB B
MUHYTY, 4aCcTOTa JbIXaHUA 20 B MUHYTY. B jerkux
BBICJIYIIIUBAJIOCh BE3WKYJISIDHOE JbIxaHue, 0e3
[aTOJIOTUYECKUX IIyMOB (XPHUIIOB, IIyMa TPEHUS
IJIeBPHI, kKpenurtanuu). ToOHBI cepalia siCHbIE, PUT-
MuYHBIe. JKHBOT MATKUH, YBEJIUUEH 3a cUeT Oepe-
MEHHOCTH, YMepeHHO OO0JIe3BHEHHBIH B HIKHUX
orzenax. MaTka TIlepuUOAWYeCKH TPHUXOAWIA B
ToHyc. CHMIOTOMOB pasfpa’keHusi OPIONIUHBI He
BBIABJIEHO. ®uamosiormyeckre OTHOPABJIEHUs B
HopMe. OrekoB HeT. HmKHUe KOHEUHOCTU B 3Jia-
cTUYecKol kommpeccuu. OKpPY:KHOCTb JKHUBOTA —
100 cM, BBICOTA JJHA MAaTKU — 22 CM.

Status genitalis: Hapy’kHBIE II0JIOBbIE OPIaHbI
chopMUpOBaHbI TIPABUJIBHO, OBOJIOCEHUE IO JKEeH-
CKOMy THUITy. B 3epkayax: ciu3ucTas BJIaraIHINa
THIEPEMUPOBAHHAA, IIIeHKa MAaTKU YUCTasd, [IUJINH-
ZIPUYECKOH (pOPMBI, U3 IIEPBUKATHLHOTO KaHaIa MyT-
HbIE BBIZIEJIEHUs C HEIIPUATHBIM 3amaxoM. bumany-
aJIbHOE HCCJIe/IOBAaHUe: BJIAarajIuINe eMKoe, IIeiKa
MAaTKU IIOTHOZJIACTUYECKON KOHCHUCTEHITUU, OObIY-
HBIX PA3MEPOB, HAPYKHBIHN 3€B 3aKPHIT. Tes10 MaTKU
VBEJIMYEHO JI0 22 He7Zl OepeMeHHOCTH, MATKOBATOE,
MIO/IBU?KHOE, YYBCTBUTEIBLHOE IPU OCMOTpPE, B HOP-

Genitalia: the external genitalia are normally
formed, with typical female-pattern hair growth.
Speculum examination: congested vaginal
mucosa; the cervix is cylindrical; clean, cloudy
foul-smelling discharge from the cervical canal.
Bimanual examination: the vagina is capacious;
the cervix of normal size, firm, elastic, with closed
external os. Uterine body: enlarged to 22 weeks of
gestation, rather soft, movable, tender on exami-
nation, with normal tone. Amniotic fluid is intact.
Cord-like and painless appendages. Deep vagi-
nal vaults.

Ultrasound: signs of missed miscarriage at
22 weeks based on the biparietal diameter. Marginal
placenta previa.

Complete blood count (09.09.2024): anemia pro-
gressed dynamically (hemoglobin, 96 g /1; erythro-
cytes, 3,1x10'%/1), leukocytosis with a left shift in the
formula (23,1x109/1; band neutrophils, 13%; seg-
mented, 66%) and an increased ESR (55 mm/h) per-
sisted, anisocytosis of erythrocytes.

A councilium of physicians was held, and the
primary clinical diagnosis was made: Missed mis-
carriage at 21—22 weeks of gestation. Complica-
tions: chorioamnionitis and systemic inflamma-
tory response syndrome. Placenta previa.
Concomitant conditions: moderate anemia.
A treatment plan was ascertained: emergency
cesarean section, extended surgery (hysterectomy)
if complications arise.

Twelve hours after admission, the patient under-
went cesarean section with bilateral uterine artery
ligation. Upon uterine incision, 200 ml of cloudy
amniotic fluid was removed, and a dead female fetus
weighing 489 g with no visible malformations was
removed. The placenta completely covered the inter-
nal os along both anterior and posterior uterine sur-
faces and was separated without difficulty. The uter-
ine cavity was dried with wipes, irrigated with an
antiseptic, and drained with a PVC tube, which was
brought out through the cervical canal. The uterus
has contracted, and became firm. The postoperative
period was uneventful. Pathological examination of
the fetus: intrauterine asphyxia due to intrauterine
pneumonia with a granulomatous reaction, antena-
tal death. Intrauterine antenatal death of the fetus
occurred as a result of disorder of feto-placental
blood flow in the presence of signs of placental insuf-
ficiency.

A search for the etiologic agent was performed.
Microbiological examination of the blood was triple-
negative (no microbial growth). Microscopically, in
the cervical canal, vagina, and urethra Gram-positive
rods were identified, and a culture-based analysis
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MoToHyce. Bojibl 1iestbie. [IpumaTku TSKUCTBIE, 6e3-
OosiesHeHHbBIE. CBOJIBI TJTyOOKHE.

[IpoBeneno Y3U, mo pesyabraTaM KOTOPOTO
BBISIBJIEHBI IPU3HAKY HEPa3BUBAIOIIeHCs GepeMeH-
HOCTH B CPOKe 22 HeJ[ 110 OHUITapueTaJibHOMY pas-
Mepy. KpaeBoe mipejijieskaHue 1IareHThl.

B ob6miem ananuse KpoBu (09.09.2024) B JUHA-
MHKe IpOTrpeccupoBayia aHeMus (reMorsiobuH —
96 T/, BPUTPOIUTHI — 3,1X10%2/JI), COXPaHSIINChH
JIEHKOITUTO3 CO CABUTOM BJIEBO (23,1Xx109/J1, majou-
KOSIZIEPHBIX HEUTPOGWIOB — 13 %, CerMeHTOsiep-
HBIX — 66 %) u moBbinienHass COD (55 MMm/4), mosi-
BUWJICA aHU30IIUTO3 SPUTPOIIUTOB.

Bbu1 TpoBe/IeH KOHCHJINYM, PEIlIEHHEM KOTOPOTO
IOCTaBJIeH OCHOBHOM KJIMHUYECKUH JIUarHO3:
Hepa3BHUBaIOIascsai  OepeMEeHHOCTh B CPOKe
21—22 Hen. OcJiokHEHUs: XOpuoaMHUOHUT. CUH-
JIDOM CHUCTEMHOU BOCIAIUTEILHOU pPEaKIU opra-
"HusMma. [Ipegexxanne mianeHTsl. COMyTCTBYIOIINE
COCTOSIHUSI: aHEMUs CpPEJIHEH CTeNmeHU TsKECTH.
OmpeziesieHa TaKTUKA BeJEHUS U JIEUEHUs NaIu-
eHTKU. [lokazaHo mpoBeseHUE OIEpallii MaJoro
KecapeBa CEeUeHUs B HEOTJIOKHOM IOPsJIKE, IPH
OCJIOXKHEHUAX — paclIupeHre obbemMa OIepaTHB-
HOT'O BMEIIIaTeIbCTBA (THCTEPIKTOMUS).

Yepes 12 4 0T MOMEHTA MMOCTYILJIEHUS MMaIUeHTKE
OBLIO TIPOBEZIEHO MaJIoe KecapeBo ceueHue ¢ Oumia-
TepaJIbHON IepeBA3KOM MaTO4YHBIX aprepuil. Ilpu
BCKPBITUU MAaTKU U3JIHJIUCh MyTHBIE OKOJIOTLJIOTHBIE
BOZIbI 200 MJI, U3BJIEUEH MEPTBBIU IO KEHCKOTO
mosa 0e3 BHUIMMBIX ITOPOKOB Pa3BUTHUS Maccoi
489 r. IlnameHTa IIOJTHOCTBIO IEPEKPHIBAET BHY-
TPEHHUH 3€B M0 MepefHed U 3aJHed MOBEPXHOCTU
MaTKH, OT/AesIeHa Oe3 3aTpyiHeHu. [10J10CTh MaTKu
ocymieHa candeTkamMu, IMPOMBITA AHTHCENTHKOM,
JIPEHUPOBAaHA TIOJIUBUHWIXJIOPDUAHON  TPyOKOI,
KOTOpas BbIBeZleHA 4Yepe3 LepBUKAJIbHBIN KaHall.
Marka coxkparuiack, miaoTHad. IlocieonepaninoH-
HBIH ITepuoy porekas 6e3 ocnoxkHeHu#. [Tpu maro-
JIOTOAHATOMUYECKOM HCCJI€JOBAHUN IIOZA BBIAB-
JIeHa BHYTPUYTpOOHAas acpUKCUs 1O MPUUNHE BHY-
TPUYTPOOHOH ITHEBMOHUU C TpaHyJIEMaTO3HOH
peakIiuel, aHTeHAaTaJbHAS CMEPTh. BHYTpHUyTpOO-
Hasi aHTeHaTaJIbHas CMEPTH IUIO/IA HACTYIMJIa B
pesyJsibTaTe HapyIIeHHUsA IUIAIeHTapHO-TIJI0JI0BOTO
KPOBOTOKAa NIPU HAJIUYUU I[PU3HAKOB IJIalleHTap-
HOH HEJOCTAaTOYHOCTH.

[IpoBoaMsicA TIOMCK STHOJOTUUECKOTO AareHTa.
Mukpo6HuOIOTHYECKOe HUCCIEIOBAHIE KPOBH TPEX-
KpaTHO — OTpHUIIaTeIbHOE (POCT MUKPOOPTaHU3MOB
He BbIABJIEH). MUKPOCKOIIMYECKU B IIEPBUKATILHOM
KaHajle, BJarajuile, ypeTpe BBIABJIEHBI IPaAMIIOJIO-
JKUTEJIbHBIE TTAJIOYUKH, a IIPU KyJIbTYPaTbHOM HCCIIe-
noBaHuu — L. monocytogenes 10° KOE, pe3ucreHT-

revealed L. monocytogenes (10° CFU), resistant to
cephalosporins and sensitive to ampicillin, erythro-
mycin, meropenem, and trimethoprim/sulfamethox-
azole. Additionally, L. monocytogenes was detected
in the placental villous layer and fetal membranes at
a dose of 107 CFU.

The patient received treatment: ceftriaxone
1,0 g twice a day, metronidazole 100 mg intrave-
nously, followed by a combination of imipenem
500 mg and cilastatin 500 mg 3 times a day intra-
venously.

A unique feature of this case was the prolonged
pathogen shedding, according to the results of micro-
biological analysis of vaginal samples from Septem-
ber 9, 2024 to September 17, 2024 amid antibacte-
rial therapy. After discharge, continued antibacterial
therapy was recommended.

DISCUSSION

In early pregnancy, suspecting listeriosis is
extremely difficult due to the nonspecific manifesta-
tions. In our clinical case, listeriosis in the patient
presented with a flu-like syndrome followed by
intrauterine fetal death at 22 weeks of gestation. We
can explain the rapid fetal death by a high infective
dose, specifically 10° CFU of L. monocytogenes iso-
lated from the placenta and fetal membranes. In
this case, we suspect a familial outbreak of listerio-
sis, manifested by intoxication and abdominal syn-
dromes in family members. Most likely, the infec-
tion was foodborne, with a short latency and a high
infective dose. Unfortunately, in this case, we were
unable to identify the source, as listeriosis can be
transmitted through various food products. Pre-
venting fetal death was not possible, as the patho-
gen causes irreversible changes in the placenta,
including areas of necrosis. It is known that even
women without clinical manifestations of listeriosis
can have a preterm labor. A key feature of this clini-
cal case is prolonged bacterial shedding amid anti-
bacterial therapy, which is typical for intracellular
pathogens. Treatment for listeriosis should be pro-
longed, at least 3 weeks, as recommended during
the convalescence phase. Subsequent follow-up
with an infectious disease specialist is performed
twice a year for 2 years [23].

CONCLUSION

It is extremely difficult to suspect listeriosis as a
cause of missed miscarriage in early pregnancy. If
listeriosis is suspected, microbiological and histolog-
ical examinations of the placenta and fetus are neces-
sary. Unfortunately, listeriosis testing is extremely
rare, which reduces the detection rate of this disease.
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Has K 1edaqocopruHaM, YyBCTBUTEIbHAS K AMITH-
NWLTHHY, SPUTPOMHUITUHY, MepOTIeHEMY,
TPUMETOIIPUMY/ cyabdameTokcazony. Kpome Toro,
L. monocytogenes 6pu1a OOHAPYKEHA B IJIAIIEHTE B
BOPCHHYATOM CJIO€ U IUIOJHBIX 0DOJIOUKAX B 03€
107 KOE.

IManueHTKa MOJIy4asa JedeHue: nepTpUaKCOH
1,0 T 2 pasa B JiIeHb, METPOHU/IA30JI 100 MT — BHYTPH-
BEHHO, C IOCJIe[yIolled 3aMeHOHM Ha co4yeTaHHe
MMHIIEHEMa 500 MT U IIIJIACTaTHHA 500 MT — 3 pasa
B JIeHb BHYTPUBEHHO.

Oco6eHHOCTBIO JAHHOTO CJIy4dasi ObLIO IJINTEITb-
HOE BbIJIeJIEHHE BO30YUTENS TIPU MUKPOOHOJIOTH-
YeCKOM HCCJIEJJOBAaHUM W3 BJIATAJIUINA B HEPHOJ C
09.09.24 10 17.09.24 Ha (oHE TPOBOAUMON AHTH-
bakTepuasbHON Tepanuu. I[locje BBITUCKU OBLIO
PEKOMEH/IOBAHO TPOOJI’KUTh aHTUOAKTEPUATHHYIO
Teparnuio.

OBCY K/IEHUE

Ha paHHHX cpokax 6epeMeHHOCTH 3aI0/[03PUTh
TeueHUe JIUCTepr03a KpalHe CJIOKHO 13-3a HeCIIell-
UpUIHOCTH €ro MPOsBIEHUN. B HaleM KIMHUYe-
CKOM CJIy4yae JINCTEPUO3 Yy IMAlMeHTKH IPOSBUJICA
TPUIIIONOO00HBIM CHHIPOMOM C BHYTPHUYTPOOHOU
CMepThI0 IUIOZIa Ha 22-U Hejese OepeMeHHOCTH.
BrIcTpOe HacCTyIIEHWE CMEPTHU IIJIOZA MBI MOKEM
OOBSICHUTh BBICOKOW HWHGPUIUPYIOIMIEH T030H, a
umenHo 10° KOE L. monocytogenes, BbIeIEeHHON
13 IJIAIIEeHTH ¥ IUIO/THBIX 000J104YeK. B manHOM Ccity-
Yae mpejIojaraeM HaJU4YWe CEeMEWHOro ouara
JINCTEPUO03a, MPOSBUBIIETOCS WHTOKCHKAIMOHHBIM
U a6/IOMUHAJIBHBIM CHH/IDOMAaMH Y YWIEHOB CEMBH.
Cxopee Bcero, UMeJl MeCTO IUIIEBOH MyTh 3apajke-
HUSL C KOPOTKHM HHKYOAI[MOHHBIM IE€PHUOJOM U
BBICOKOM MHOUIUPYIOIEeN 10301. K coxayeHuio, B
JIAHHOM CJIyyae HaM He YIJIOCh BHIIBUTh UCTOUHHUK,
TaK KaK 3apa’keHHe JINCTEPHO30M BO3MOKHO Uepe3
pas/IMuHble TPOAYKTHl NUTaHUA. IIpefoTBpPaTHTH
rubeJsib IJ10/1a He IPEJICTaBIIsIOCh BO3MOXKHBIM, TaK
KaK BO30yAUTENb BhI3bIBAET HEOOPATUMbIE U3MEHE-
HUA B IUIAlleHTe BIUIOTH JI0 OYaroB HEKPO3a.
W3BecTHO, UTO MaKe y KEHITUH 0e3 KIMHUYECKUX
MPOSIBJIEHUH JINCTEPUO3HOU WH(EKITUH MOTYT BO3-
HUKHYTh TpeX/eBpeMeHHble ponbl. OcoOeHHOCTH
JIAHHOTO KJIMHUYECKOTO CIydas — JIJINTeJIbHOe Oak-
TEPHUOBBIJIeJIEHNE HA (DOHE TPOBOAMMOU aHTHOAKTE-
pUATIBHOM Tepanuy, YTO CBOWCTBEHHO BHYTPUKJIE-
TOYHBIM BO30OyauTensaM. JledeHHe JiMCTEpHO3a
JIOJI?KHO OBITH JUJINTEIHHBIM, HE MEHee 3 HeJl, UTO U
OBLJI0O PEKOMEH/IOBAHO Ha JTalle PEKOHBAJIECIIEH-
nun. Jlajee TpOBOAUTCS AUCIIAHCEpHOE HabJIIOfe-
HUE BpauyoM-MHGEKIMOHNUCTOM — 2 pas3a B Troj B
TeueHue 2 JieT [23].

The low listeriosis detection rate leads to a lack of
awareness among medical practitioners about liste-
riosis. To reduce the incidence of the disease, it is
necessary to raise public awareness, including among
pregnant women, about the need to eliminate under-
cooked meat and unpasteurized dairy products,
especially those in vacuum packaging, from their
diet. Based on international experience, it is recom-
mended to create online information resources about
listeriosis for the population.

The case we described demonstrated a severe
L. monocytogenes infection in a pregnant woman
with perinatal loss. This case confirms the relevance
of listeriosis in the practice of obstetricians and gyne-
cologists, general practitioners, and infectious dis-
ease specialists.

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

3AK/IOYEHUE

3amymarbes 0 JINCTepHO3€e KaK MPpUUNHEe Hepas-
BUBIIEHCS OepeMeHHOCTH Ha PaHHUX CpPOKax
KpaliHe CJIOXKHO. B ciyuae mozio3peHus Ha JucTe-
puo3 HeoOXOMMO MPOBOAUTH MHUKPOOUOJIOTHYE-
CKO€ U THCTOJIOTHUYECKOE MCCIIEIOBAHUS IIJIAI[€HThI
u wioga. K coxanenuio, obciezjoBaHue Ha JIHCTE-
pHO3 TPOBOAUTCSA KpaliHe PeIKO, UTO CHHUIKAET
BBISIBJISIEMOCTh JaHHOTO 3aboseBanus. Hwuskas
BBIABJISIEMOCTh JINCTEPUO3a OIpeZieseT OTCYT-
CTBUE HACTOPOXKEHHOCTH Yy MPAKTHUYECKUX Bpaudei
II0 MOBOAY JIUCTEpPMO3a. [[Jis CHIDKEHUs YPOBHS
3a00J1eBaeMOCTH HEOOXOIMMO MOBBIIIATH OCBEIOM-
JIEHHOCTh HAaCeJIeHUs, B TOM 4Yucje GepeMeHHBIX
JKEHIIUH, 0 HeOOXOIUMOCTU UCKTIOUEHUS U3 PAIU-
OHAa HEJIOCTATOYHO TEPMUYECKH OOpabOTaHHOU
MSCHOH M HelacTepU30BAHHOU MOJIOUHOH IIPOAYK-
oy, 0cCOOEHHO B BAaKYyMHBIX yIIaKOBKaX. YUHUTHI-
Bas MUPOBOU OIIBIT, MOKHO IOPEKOMEHIOBATD CO3-
JaHue WHQOPMAIMOHHBIX WHTEPHET-PECYPCOB O
JINCTepUO3e 151 HaceJIeHUs.

OnucaHHBIA HAMHU CIIydail IPOIEMOHCTPUPOBA
TSIPKEJIOEe TeUeHHe JIMCTEPUO3HON nHpeKIun y Gepe-
MEHHOH ¢ IlepUuHaTaJIbHOU morepei. JJaHHBIN CiIy-
yail IMOATBEpPKJAeT aKTyaJbHOCTh JINCTEPHO3a B
MIPAKTUKE aKyIIepPOB-THHEKOJIOTOB, TEPAINeBTOB U
UHQEKITMOHUCTOB.

KoH@IUKT HHTEPECOB. ABTOPHI 3asBJISIOT 00
OTCYTCTBUU KOH(JIMKTA UHTEPECOB.
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TPEBOBAHUNA K ITPEJOCTABJIEHNIO MATEPUAJIOB
JJIA ITYBJINKAIIMN B JOURNAL OF SIBERTAN MEDICAL SCIENCES

B Journal of Siberian Medical Sciences (maiee —
JSMS) ny6IuKyI0TCs HaydHble 0630pbI U CTaThH IO
MEJIUITMHCKUM HayKaM, ITOATOTOBJIEHHBIE TI0 MaTe-
puajiaM OpUTHMHAJIBHBIX HAyYHBIX HCCJIEJOBAHHUU.
JSMS BBIXOIUT 4 pasa B rof,.

TpeboBanus, TpeabABIsIEMbIE K MIyOJTUKAIHAM
B JSMS, chopmysimpoBaHbl ¢ yueToM TpeboBaHUM,
MIPEbABIISIEMbIX K PElleH3UPYEMbIM HAyUYHBIM H3-
JIaHWUSAM, B KOTOPBIX JIOJI?KHBI OBITH OMYOJIMKOBa-
HBI OCHOBHBbIE HAayYHbIE Pe3yJIbTAThl JUCCEPTAIIUI
Ha COWICKAaHWE YUYEHOU CTENEeHH KaHJuaaTa U JOK-
TOpa HayK.

CraTby, OTIIpAaBJIEHHbIE aBTOPAMU B JIPyTHE W3-
JlaHUs W/WJIA HalleyaTaHHbIe pPaHee B HUX, K OIy0-
JINKOBAaHUIO HE MTPUHUMAIOTCS.

I[Ipy onucaHUM HAYYHO-UCCIIENOBATEIHCKUX
KJIMHUYECKUX paboT ¢ MIpHUBJIEeYEHUEM dYeJIOBeKa
B KauecTBe OOBbEKTa MCCJIEZIOBAHUS aBTOPBI JOJIK-
HBI YKa3aTh, COOTBETCTBOBAJIA JIU OHH MeEXKIyHa-
POAHBIM M POCCUHCKUM 3aKOHOJATEJIbHBIM aKTaM
0 IOPUINYECKUX U DTUUECKUX MPUHITUIIAX METUKO-
OUMOJIOTHUECKUX UCCIIeIOBaHUH Takoro poja. He mo-
IYCKAETCS HUCIOJIb30BaHUE (PaMUJINNA, WHUIAATIOB
OOJIBHBIX W HOMEPOB mcTopuil Oose3nu. IIpu omu-
CaHUM HKCIIEPUMEHTOB Ha 3KHUBOTHBIX HEOOXOIHMO
yKazaTh, COOTBETCTBOBAJIO JIU COJEPXKAHUE U HC-
ITOJIb30BaHUE JIAOOPATOPHBIX }KUBOTHBIX ITPABHUJIAM,
MPUHSATHIM B YUPEKJIEHUH, PEKOMEHTAlNAM HaIlu-
OHAJIBHOT'O COBETA II0 HCCJIEIOBAHUSIIM, HAI[HOHAJIb-
HBIM 3aKOHAM.

ABTOpCKHE IMpaBa coOJIIOIAIOTCS B COOTBETCTBUU
¢ I'paxkganckum kogekcoMm Poccutickou ®enepariuu
(4. 4) ¥ APYTUMH JAEUCTBYIONUMU HOPMATHUBHBIMU
JIOKyMeHTaMH1. ABTOPBI HECYT IIOJIHYIO OTBETCTBEH-
HOCTb 32 COJIEp>KaHUE CTaTen.

B penmaknuio JSMS aBTOpBI IOJKHBI TIPEAOCTA-
BUTb:

1) 2/1eKMPOHHYIO 8epcul0d CMambvll, MOATOTOB-
JIEHHYIO B COOTBETCTBUH C TPEOOBAHUAMHU K 0(pOPM-
JIEHUIO CTaTeH, U3JI0’KEHHBIMU HUXKE;

2) opu2uHa/n cmamsu B IEYaTHOM BHU/JIE C yKa3a-
HUEM TOPOJia, IaThl, GaMUIUU C TIOJIIHUCHIO KaKI0TO
aBTopa (Ha ImocJIe/IHeH CTpaHuIEe), Bu3ou «B meyaTp»
U TOANHUCHI0 (Ha TIEPBOM CTPAHHUIE) 3aBEAYIOIIETO
kadeapoi NI UHOTO IOJIXKHOCTHOTO JIUIA OPTaHU-
3aruy, Ha 6a3e KOTOPOH BBITIOJTHEHO HCCIIEZIOBAHUE.
ABTOPBI IIPEIOCTABISIIOT CTAThU B PEIAKITAIO JIUTHO
HJIH 110 TIOUTE;

3) coenacue Ha TyOJMKaNUo cratbu B JSMS
u 06paboTKy 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 KOOpPAWUHAINHU deaepabHbIX
IPOrpaMM, KOHKYPCHBIX MPOEKTOB U MHHOBAIIOH-
HOTO Pa3BUTHUSA yIPaBJIEHHs II0 HayKe, HHHOBAI[U-
sam u uapopmatusanuua HI'MY (cm. www.ngmu.ru);
JUIsT CTODOHHUX aBTOPOB — HanpasaeHue Ha onyo-
Auxosaxue Ha (GpupMeHHOM OJIaHKE OpraHH3AIlUH,
Ha 6a3e KOTOPOH BBITIOJTHEHO OPUTHHAJIPHOE HAyd-
HOE HCCJIEIOBAHNE, 3a IOJIUCHI0 OTBETCTBEHHOI'O
JIOJIZKHOCTHOTO JINIIA.

IIPABUJIA O®OPMJIEHH A PYKOITUCEN

1. TekcT cTaTbu 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
daiina ¢ ykazanunem ®110 nepBoro aBropa — MBa-
uoB U.U. tekct.doc. JlomyckaeTcst oTmpaBka daii-
Ji0B B popmartax doc, docx.

2. ®MIO aBTOpOB HAbWpaeTCs CTPOUYHBIMH OYK-
BaMHU KypCHBOM Ha DPYCCKOM f3blKe. VHUIMabI
noMemaTes nepex damuaneir apropa. [lopanok,
B KOTOpPOM Oy/IyT YKa3aHbI aBTOPBI, OIIPEIEIETCS
UX COBMECTHBIM pellleHUeM.

3. Topoxn u HazBaHume MecT pabOTHI aBTOPOB
oopMIISIOTCA CTPOYHBIMU OyKBaMH KypPCHBOM
Ha pyCCKOM f3bIKe.

4. CraTbs [IOJDKHA COZEp:KaTh AaHHOTAIIHIO
Ha PYCCKOM f3bIKE. B aHHOTAIUM MIOJKHBI OBITH
U3JI0KEHBI 11eJIU UCCJIe/IOBaHUs, OCHOBHBIE IIpOIle-
JIlypbl, pe3yJIbTaThl OPUTUHAJIBHBIX HCCIEAOBAHUN
¥ BBIBOJBL. [1oJ1 aHHOTAIIMEN TTOMeIaeTcs MoI3aro-
J0BOK «KitoueBbie c10Ba», IOcjae HEro 10 10 K-
YeBBIX CJIOB WJIM KOPOTKHUX (pas, KOTOpble OyayT
CITIOCOOCTBOBATh TPABUJIBHOMY WHEKCHPOBAHUIO
CTaThU B IIOMCKOBBIX CHCTeMaxX U cHUCTeMaX IUTH-
poBaHMsA. AHHOTAIUI0O HEOOXOIUMO HAIPaBUTh
B pezaknuo JSMS BMecTe ¢ TEKCTOM CTaThU B BUJIE
otnenbHOTO daiyia ¢ ykazanuem ®1O mepsoro aB-
topa — Banos W.1. annoranus.doc. Takke mpezo-

156

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



CTaBJIAIOTCA CBEJIEHMUS O KaXKA0M U3 aBTOPOB: haMu-
JINA, UM, OTYECTBO (IIOJTHOCTBHIO HA PYCCKOM SI3BIKE
U B TPAHCJIUTEPAIINH), YUeHbIe 3BAHUSA U YUeHasI CTe-
IIeHb, JOJKHOCTh, MEeCTO PaboThl, pabounii TeaedoH
U azapec deKTpoHHOU mouThl (e-mail). CBemeHust
HEeOOXOAUMBI Jiyisi 06paboTKU ImyOsnKamnui B 6asze
JIAaHHBIX PoccUiiCKOTO MHIEKCA HAYYHOTO IIUTUPOBA-
HUS U JPYTUX CHCTEMAaxX MUTHPOBAHUA. AHHOTAIUS,
KJIIOUeBBbIe CJI0Ba, MH(popMarus o6 aBTopax U Ha-
3BaHNE YUPEKIEHUN TOJDKHBI OBITh TaKiKe IMpero-
CTaBJIEHBI HA AHIJINACKOM SI3BIKE.

5. TabauIpl TOMENAIOTCA B TEKCT cTaThu. Tabu-
IIbI IOJKHBI OBITH TPOHYMEPOBAHBI IIOCIIETOBATETHHO
B COOTBETCTBUU C IIOPSAKOM, B KOTOPOM OHH YIIOMH-
HAIOTCsA B TeKcTe (Harmpumep, Tabir. 1, Tabit. 2 U T. 11.).

6. PucyHKU BCTaBJIAIOTCA B TEKCT CTATBhU, a TaK-
JKe TIPeJIOCTABJIAIOTCS B BHJIE OT/AETbHBIX IIPOHYMe-
poBaHHBIX ¢ailoB ¢opmara .jpg wiu .gif ¢ paspe-
meHueM He MeHee 300 dpi. PucyHKU mOJKHBI OBITH
KOHTPACTHBIMU U YETKUMHU, OYKBBI, HUGPBI U CUM-
BOJIBI HA HUX JIOJI?KHBI OBITh PA3JIMUUMBI. PHUCYHKa-
MU CYUTAIOTCA I'padUKU, peHTreHorpaMMbl, (HOTo-
rpaduu win J1o0ble Ipyrue rpadpudeckre 0ObeKTHI.
dotorpadun sioziell He JOJKHBI ObITh Y3HABAEMBbI-
MH, JINOO K HUM JIOJI?KHO OBITh IPUJIOKEHO ITHCH-
MEeHHOe paspellleHre Ha UX IIyOauKauo. PUucyHkn
JIOJKHBI OBITh MPOHYMEPOBAHbI IMOCJIEIOBATETHHO
B COOTBETCTBUU C MOPSAIKOM, B KOTOPOM OHHU BIIED-
BbI€ YIIOMHUHAIOTCSI B TEKCTE — PHC. 1, PUC. 2 U T. [I.
IMoamucu pa3MenialTcs B TEKCTE IOJT PUCYHKAMHU.
B nmoamucax k mukpodororpadusaM ykasblBaeTcA
CTEIeHb YBeJTMUEHU U CII0COO OKPACKHU.

7. B TexcTe CTaThbU UCIOIB3YIOTCS CJIEYIOIINE
3arOJIOBKU: BBeJIEHUE, IIeJIb UCCJIe/IOBAHN S, MATEPHU-
aJIpl U METO/BI, PE3YJIBTATHI U 00CYK/IeHUe, 3aKJTI0-
YeHUe, CITUCOK JIUTEPATYPBL.

8. Hcnonb3yoTes TOJIBKO CTaHZAPTHBIE OOIIIe-
MIPUHSATHIE COKpaleHus (abopeBuatypsl). He mpume-
HSIOTCs COKpAIleHUs B Ha3BaHUM CTaThbU. [OTHBIH
TEPMUH, BMECTO KOTOPOTO BBOJIUTCS COKpAIIEHUE,
JIOJIZKEH TIPeJIIIECTBOBATH IEPBOMY HCIIOJIb30BAHUIO
3TOTO COKPAIIEHUS B TEKCTE.

9. O06s13aTeIPHO HAJIMYUE CITHCKA JIUTEPATYPHI.
Bubnnorpaduyueckue CChIKM B TEKCTE CTATbU Ja-
I0TCsA apabckuMu 1udpaMu B KBaJpaTHBIX CKOO-
KaX, B IIOJIHOM COOTBETCTBHU C HyMepalleul CIIu-
cka suTeparyphl. CCHIIIKUA B TEKCTE CTAThU JIOJIKHBI
JlaBaThCsl TIOCJIEZIOBATENILHO 10 BO3pacTaHuio: [1]...
[2]...[3]... 1 T.n. Pa3BepHyTOE OmMMCaHUE UCTOYHUKA
B CIIMCKe JINTeparypsl npenocrtasisaioTes no 'OCT
7.0.5-2008. CIIUCOK JInTepaTy bl I0JI2KEH COZlepKaTh
myOJIMKAIIIY 32 TIOCJIeTHIE 5 JIeT. B crimicke sutepa-
TYypBl Bce MH(POPMANNOHHBIE UCTOUHUKH II€PEYC-
JISTIOTCS B TIOPS/IKE UX ITUTUPOBAHUS.

10. Pegaxnus JSMS Gepet Ha cebs mprcBOeHHE
KaXK/Iol mybsinKyeMo# crathbe HoMepa Y/IK u ocy-
IIECTBJIEHUE TIOJTHOTO IIepeBO/ia CTAaThU HA aHIVIMH-
CKUU A3BIK.

11. CTaThbH, HE COOTBETCTBYIOIIHE YKA3aHHBIM pe-
JlakIend TpebOBaHUAM, K OITyOJIMKOBAHUIO HE TIPU-
HUMAIOTCA.

IMOPAJOK PEITEH3MMPOBAHUA
PYKOIIUCEN, IPUHUMAEMBIX
AJIA ITYBJINKAIIN N

1. Pykomucu crared, HOCTYIIUBIINX B PEJAKITHIO,
HAIPABJIAIOTCA IS PEIEH3UPOBAHUSA UIeHAM pe-
JIAKIIMOHHOTO COBETA C IEJIbI0 UX DKCIIEPTHOU OIleH-
K{ Ha IpeJMeT COOTBeTCTBHUs TpeboBaHuAM JSMS
u Bricimeii arTecTallMOHHOM KoMuiccuu Iipu MuHU-
crepcTBe oOpa3oBaHus u HayKu PO.

PerieH3eHTBI YBEAOMIIAIOTCA O TOM, UTO B IIEJIAX
obecrievueHNsI aBTOPCKUX U APYTUX HEHMMYIIECTBEH-
HBIX IIPaB IPUCJIAHHbIE PYKOIIUCH He ITOJIJIEXKAT pas-
IAIEHUI0, KOTUPOBAHUIO, PACIIPOCTpaHEHUIO. Pe-
[IEH3UPOBAHUE ITPOBOIUTCSI AHOHUMHO.

ITpu oTKa3e B HATIpABJIEHUU Ha PelleH3UPOBAHUE
IIPe/ICTaBJIEHHON aBTOPOM PYKOITHUCH PEJIaKIvs Ha-
IIpaBJjIsieT aBTOPY MOTUBHUPOBAHHBIN OTBET B DJIEK-
TPOHHOM BHJIE.

Pepaknus »KypHasia 10 MHCHBMEHHOMY 3aIlpOCy
HAIpaBJIsIET aBTOPAM pEIEeH3UN HA IOCTYIHUBIINE
MaTepuasibl B 3JIEKTPOHHOM BHJIe. ABTOPBI 00sI3aHbI
Y4ecTh 3aMeYaHUs PENEH3EHTOB H BHECTH B CTAThIO
COOTBETCTBYIOIIIHE UCIIPABJIEHUS UJIU IIPEIOCTABUTH
MOTHUBHUPOBAHHBIN OTBET O HECOIVIACUHU C 3aMeYaHU-
sIMU pEelleH3€eHTa.

PemakmuonHas KoOJUIETHsI MPUHUMAET DellleHue
0 BO3MOXKHOCTHU IYOJIMKAITUU CTAThU UJIM OTKJIOHS-
€T ee I10 pe3yJIbTaTaM PelleH3NPOBAHHUA.

Penensun XpaHATCs B PeIaKIINU JKypHAJIa B Te-
YyeHUe 5 JIET C MOMEHTa Iy OJINKaIIH.

2. Pefaknipieit He IOMTYCKAIOTCA K Ty OJIMKATIAH:

— CTaThHU, TEMATHKA KOTOPHIX HE COOTBETCTBYET
HAayYHOMY HAIIPaBJIEHUIO KYyPHAJIA;

— CTaThH, aBTOPHI KOTOPHIX OTKA3BIBAIOTCSA OT
TEXHHUYECKOH JOpabOTKU CTaTew;

— CTaTbhH, aBTOPBI KOTOPHIX HE BHECIIN KOHCTPYK-
TUBHBIE 3aMEUaHUs PEIEeH3eHTa B TEKCT CTaThbU
U He IPEI0CTaBUIIN MOTHUBHPOBAHHBIN OTBET O HECO-
IJIACHU C 3aMEYAHUSIMHU PEIleH3eHTA.

B ciryyae OTKJIOHEHU S CTaThU PEJAKIIN S HATIPaB-
JIIET aBTOPY MOTHBHPOBAHHBIA OTKa3. Pemakius
JSMS He XpaHUT PYKOIHCH, HE IPUHATHIE K IT€YaTHU.
Pykomucu, mpuHATHIE K IyOJIMKAINK, HE BO3Bpa-
IAI0TCA.
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