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

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

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

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

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

2Kypnan pacnpocrpansercs 6ecruiaTHo. Teppuropus pacnpocrpaHenus: PO, crpanst CHI, 3apyOeskHbIe CTpaHBI. JJIEK-
TpPOHHas Bepcusi (AHHOTHPOBAaHHOE COZIEPIKAHKE) TOCTYIIHA [0 afpecam: http://jsms.ngmu.ru, https://elibrary.ru
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Ilysvipes B.11., n-p Mex. HayK, npod., akageMuk PAH, HayqHBIH pyko-
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Cemenos B.M., n-p MeJi. HayK, Ipod., 3aB. kadenpoli NHGEKIMOHHBIX
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®edepuko M., 1-p METUIMHBL, TPOd., PYKOBOJUTEIb Kadheaphl Meu-
IMHCKOM OHKOJIOTUH, OT/IEN JUATHOCTHYECKOU MEUITIHBI, KIMHUKY U
00IIIeCTBEHHOTO 3/IpaBOOXpaHeHus, YHuBepcuTeT MojieHs! U Pesko-
Avwnuu (Mranus, Mozena)

IIxypynuil B.A., i-p MeJ. HayK, npod., akazgeMuk PAH, HayqHBIN pyKO-
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yHuBepcuteT» Munszapasa Poccuu: 630091, r. HoBocubupck,
KpacHsrii poctr., 52. Ten./dake: +7 (383) 222-32-04.
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AJIPEC U3/JATEJIA Y PEJAKITUU

OI'BOY BO «HoBocHOUPCKHUY rOCyAapCTBEHHBIM MEeAUIIMHCKHIHI
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Kpacubiii op., 52. Ten./daxe: +7 (383) 229-10-82.

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



3.1. KIMHUYECKASI MEOULIMHA

Abpamosuu C.I'., i-p Mefi. HayK, pod., 3aB. Ka-
denpoii pusnorepanvy v Kypoprosioruy, IpyT-
CKasi roCy/IapCTBEHHASA MEJUIIMHCKASA aKaIeMUs
MOCT/AUIUIOMHOTO 00pasoBanusi — dpuman Poc-
CHICKOM MEJTUITTHCKOM aKa/IeMUH HEIIPEPHIBHO-
ro rpoceccroHaibHOro 06pazoBans (IPKyTCK)
bummep H., 1-p MeUIUHEL, IPod. AenapTa-
MeHTa ICUXUATPHUH U ICUXOTEPAIINY, Y HUBED-
curtet 3emMmerbBelica (Benrpus, Bymamemr)

Escmponos A.H., i-p MeJl. HayK, npod., 3aB.
kadepoil MUKPOOHOJIOTUH, BUPYCOJIOTHHI
1 uMMyHoJsioruu, HoBocuGUpCKuii rocyaap-
CTBEHHBIN MeqUUUHCKUN yHUBepcuter (Ho-
BOCHOHUPCK)

Kapbvuuesa H.B., 1-p MeJi. HayK, npod., 3aB.
xadenpoit nHGEKIIMOHHBIX 60Ie3HEH ¢ KypcoM
JIIO, AntalicKuii rocyapCTBEHHBIN Me/TUIIH-
ckuii yausepceureT (BapHaysr)

Kosanenxo A.B., i-p MeJi. HayK, Ipo@., 3aB. Ka-
(enpoit HEBpOIOTHH, HEUPOXUPYPTHH, MEAH-
IIMHCKOU TeHETUKH U MEIMIIMHCKOH peabuin-
Taruu, KeMepoBCKU rocyiapcTBeHHBIN MeZIy-
nuHCckui yHusepeuret (Kemeposo)

Kynewos B.M., i-p MmeJ1. HayK, npod. kadenppl
aKyIIepcTBa U ruHeKkosoruu, HoBocubupekuit
TOCYyZIapCTBEHHBIA MEUIIUHCKUAN YHUBEPCUTET
(HoBocubupck)

Kypywuna O.B., i-p MeJi. HayK, 1pod., 3aBe-
nytouuii kadenpoii HeBposioruu, Bosrorpasi-
CKUM TOCY/IAPCTBEHHBIN MEUITUTHCKIH YHUBEP-
curet (Bosrorpay)

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

Momom A.IL., n-p Mez. HayK, npod. kadeaps
CEeCTPUHCKOTO JieJia, AJITaliCKHiA TOCy/IapCTBEH-
HBII MeIMIIMHCKMH yHUBepcuTeT (BapHayo)

Mopovik A.B., 1-p Men. HayK, mpod., 3aB. Ka-
denpoit prusmaTpuu, MyJILMOHOJIOTHN U UH-
dexnnoHHbIX 6ose3HeN, OMCKHUI TOCyAap-
CTBEHHBIH MeANIIMHCKUY yHUBepcUTeT (OMCK)
Huawvcon I1., ni-p MeUIHEL, Ipod. AenapTra-
MeHTa KJIMHIHYECKUX HayK, JIYH/ICKU yHUBED-
curert (IIBenus, JIynn)

Oxnonkos B.A., n-p MeJi. HayK, Ipod., PEKTop,
DesiepasibHBIA HAYYHO-KJIUHUYECKUM LIEHTP
PeaHrMaTOIOTHH U peabunTosioruu (MocKBa)

Caeumosa I'.P., 1-p MeJl. HayK, Ipod., 3aB. Ka-
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Cawmoiinosa FO.I'., i-p MeJ. HayK, Ipod., pyKo-
BojuTesNb 1leHTpa KIMHUYECKUX HCCIIe/[0Ba-
HUH, 3aB. kKadeIpoH euaTpuu ¢ KypcoM dH-
JIOKPHHOJIOTHH, Ipod. Kadeapo! daxynabTeT-
CKOM Tepanuu ¢ KypcoM KJIMHHYeCKor papma-
kostoruu, CHOMPCKU rocy1apcTBEeHHbIH Me/iu-
nuHckuil yausepeuret (Tomcek)

PEJAKITMOHHAA KOJIVJIETUA

Censmuuyxas B.I'., n-p 6101, HayK, Ipod., I1aB-
HBII HAYYHBIH COTPY/HUK J1aG0PAaTOPUH SH/I0-
kpuHosioruu, OeziepaybHbII UCCIIEA0BATEb-
CKHH IeHTp PyHAaMEHTATbHOHN U TPAHCIIAIN-
onHOU MenuuHb! (HoBOCHOMPCK)

Cenviesguu O.A., i-p Mefi. HayK, Ipod., 3aB. Ka-
denpoii neguaTpuy, HEOHATOJIOTHH U [IEPUHA-
TOJIOTHH C KypCOM HEOTJIOXKHOH MEeAWIIMHBI,
J1aIbHEBOCTOYHBIN TOCY/IapCTBEHHBIM MeIu-
IIUHCKUU yHUBepcuTeT (XabapoBck)

Cmazuna H.B., 1-p MeJ. HayK, 1pod., 3aB. Ka-
(enpoii HeBpOIOrUY U HEHPOXUPYPTHHU C Kyp-
com JIT1IO, AstalicKuil rocy/JapCTBEHHBIN Me-
JMUIUHCKUN yHUBepcuteT (BapHayJt)

Tpogumenxo HU.H., n-p MeJ. HAyK, JIOIEHT,
3aB. KadeIpoil KIMHUYECKOH aJIJIEPTOJIOTUN
U IIyJIbMOHOJIOTUH, VIPKyTCKast TOCyZapCTBEH-
Hast MEZMIIUHCKAS AKaZIEMUSI TOCIIETUTLIOMHO-
ro obpasoBaHnust — Gunan Poccuiickoi meu-
IIMHCKOU aKa/IeMUU HEIIPEPBIBHOTO Ipodeccu-
OHaJIbHOTO 06pasoBanust (MPKyTCK)

®edopos U.A., i-p MeJi. HayK, IOIIEHT, 3aB. Kade-
nipou pakysprerckoi nexparpun um. H.C. Tropu-
HOH, KO>KHO-YPasIbCKUi rocyIapCTBEHHbIA Me/IH-
IIUHCKUH yHUBepcuTeT (Yesrs10uHCK)

Quauniox O.B., 1-p MeJl. HayK, Ipod., 3aB. Ka-
denpoit prusnaTpuu u nmysmpmonosoruu, Cu-
OUPCKUU TrOCylapCTBEHHBIH MeJUI[UHCKUI
yuausepcureT (Tomck)

Xapouxosa C.A., 1-p Mezl. HayK, npod., 3aB.
kxadenpoil epMaTOBEHEPOJIOTHH U KOCMETO-
sorun, CHOUPCKUI rocy/1lapCTBEHHbIN Meu-
nuHcKkud yauBepeureT (Tomck)

Xoxnosa 3.A., 1-p Meq. HayK, mpod., 3aB. kade-
Jipoii nHMEKIMOHHBIX 60s1e3Hel, HOBOKy3HeKuii
TOCY/JapCTBEHHBII MHCTUTYT YCOBEPIIIEHCTBOBA-
HuA Bpauel — prman TBOY JIT10 «Poccuiickas
MEIMIIMHCKAs aKa/IeMUsl HeIPEPHIBHOTO IIPO-
eccronampHOrO 06pazoBanus» (HOBOKy3HEIK)

Xpsanun A.A., 1-p Mez. Hayk, npod. kadeaps
JlepMaToJIOTUH U KocMeTostoruu, Hosocubup-
CKUH rocy/1apCTBEHHBIN METUIIUTHCKUN YHUBED-
cuter (HoBocubupck)

I[xait B.B., n-p Men. HayK, npod., 3aB. Ka-
enpoil mepuHATONOTUH, AKYIIEPCTBA U TH-
Hekosioruu, KpacHOSAPCKUI rocyfAapcTBeH-
HBIH MEJMIUHCKUN YHUBEPCUTET UM. IIPOd.
B.®. Boitno-fcenenxoro (KpacHosipck)

Illanownux H.H., 1-p MeJ,. HayK, Ipod., 3aB.
kacde/[poii pore/IeBTUKY BHYTPEHHUX 60J1e3-
Hel, FOxHO-YpasibeKuil TocyAapCcTBEHHBIH Me-
JMUIUHCKUY yHUBepcuTeT (YestsiOuHCK)

Axonmos JI.A., -p Mep. HayK, 1pod. kadenpol
apmakosioruu, KIMHUYIECKOH (papMaKoIoruu
1 JIOKa3aTesIbHON MeuuHbI, HoBocHOUpCKUit
rOCyZJapCTBEHHBIN MEIUITMHCKUH YHHBEPCHUTET
(HoBocubupck)

3.3. MEANKO-BUOJIOTM4YECKUE HAYKU

Ansbves @.B., 1-p Me1. HayK, npod., 3aB. kade-
JIpoii cyneOHON MeuIyHbI, KpacHOsApCKui ro-
Cy/IapCTBEHHBIN METUIIMHCKUN YHIUBEPCUTET UM.
pod. B.®. Boitno-fcenerixoro (KpacHosipck)

Kasaukos E.JI., i-p MeJ. HayK, Ipod., 3aB. Ka-
(enpoii maromornyecKkuil aHATOMHUH U CyAes-
HOU MenunuHbl UM. npod. B.JI. KoBaneHnko,
HOxHO-YpasbCKUi rocyiapCTBEHHBIN Meu-
uHCKu yHuBepeuret (YeasiOnHCK)

Jlozeunos C.B., 1-p MeJl. HayK, 1pod., 3aB. Ka-
dbeapoii rucTosIoruu, SMOPHUOJIOTHH U IIUTOJIO-
ruu, CHOUPCKUI TOCy/1apCTBEHHBIA MEIHIIH-
ckuil yausepcureT (Tomck)

Haodees A.I1., i-p vief1. HayK, pod., 3aB. Kade-
JIpO¥ ITaToJI0rn4ecKuii anatomun, HoBocubup-
CKUH rocy/1apCTBEHHBIN METUIITHCKUN YHUBED-
curet (HoBocubupcek)

ITempex M., i-p MeUIMHBI, IPOd., PyKOBOJIH-
TeJIb lelapTaMeHTa aToJIOTHIecKoH (hru3noso-
v Yausepcurera [Tonarkoro (Yexvist, OsoMoy1r)

Casuenxo C.B., 1-p MeJl. HayK, npod. kade-
Zipbl cynebHo MenunuHbl, HoBocMOUpCKUit
TOCY/IapPCTBEHHBIN MeIUIIMHCKUN YHUBEPCH-
tet (HoBocu6upCK)

Casonosa E.H., 1-p Me7. HayK, Ipod., 3aB. Ka-
dbeapoit HOpMaTIBPHON U ATOJIOTUYECKOH bu-
3MOJIOTHH, IIPOPEKTOP IO HAay4yHOH pabote,
JlaIbHEBOCTOYHBIH IOCYyAapCTBEHHBIA Meu-
IIUHCKUU yHUBepcuTeT (XabapoBck)

Illesena A.H., n-p Mef1. HayK, Ipod., 3aMeCTU-
TeJIb AUPEKTOPA [0 HAy4yHOU paboTte, THCTUTYT
XUMUYeCKO! Guosoruu 1 HyHAaMeHTaTbHOM
meaunuabl CO PAH (HoBocrbupek)

3.4. PAPMALEEBTUYECKUE HAYKN

Benoycos M.B., n-p dapm. HayK, TOIEHT, 3aB.
kadenpoil papmaleBTUUECKOTO aHAIU3a,
CubHupPCKUi TOCY/IapCTBEHHBIA MeTUIIUHCKUN
yuausepcureT (Tomck)

2Kapuxos A.FO., i-p GHOJI. HAyK, JIOIIEHT, 3aB. Ka-
denpoii papmakosoruu um. npod. B.M. Bpro-
XaHOBa, [IPOPEKTOP 10 HAyYHOI paboTe U UH-
HOBAIUAM, AJITAWCKAN TOCYAApCTBEHHBIN Me-
JMIUHCKAUH yHUBepcuTeT (BapHayon)
Kapaxynosa E.B., n-p dapm. Hayk, npod. Ka-
benpsl yrpapieHus U 9KOHOMUKH (papmanuu,
CubupCKUil TOCY/IapCTBEHHBIM MeUIIUHCKUN
yausepcuret (Tomck)

Jlaspenmvwesa JI.1., n-p dapM. HayK, JOIEHT,
3aB. Kaderpoii yIpaBieHus K 9KOHOMUKHU dap-
MaIMH, iekaH papMalieBTHIecKoro (akysbTe-
Ta, fIpoc/iaBcKuii rocy/JapCTBEHHBIN MeUIIH-
ckuil yauBepcureT (Spocsasib)

Madonos I1.I'., i-p mMef. HayK, npod., 3aB. Ka-
enpoii bapmakosroruu, KIMHIIECKOU hapma-
KOJIOTHH U JOKa3aTeJIbHON MeJuuHbI, HoBo-
CHUOUPCKUH TOCY/IapCTBEHHBIH MEIUITUHCKUI
yuusepcuret (HoBocH6HpPCK)

Domumnvix C.I'., i-p MeJl. HayK, JOLIEHT, 3aB.
kade/1poii hapMakoIOTHH, KIHHHYECKOH dap-
Makosioruu, OMCKUH ToCy/1IapCTBEHHBIN Me/IH-
IuHCKUU yHUBepcuTeT (OMCK)

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

TloamnucaHo B mevats 16.12.2024.
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OnpbIT IIpUMEHCHHUA JIa3€pa Ha Imapax Mmeau C ,Z[JII/IHOﬁ BOJIHbI
578 HM IIPpHU JICHCHHNHN KCAHTC/JIAa3M BCRK: C/Iyda N3 ITIPAKTUKUA

N.B. ITonomapes?, C.b. Torruunit!, C.B. Kirrouapesa?, I1.I". Botacos3
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AHHOTAIIUA

BBenenwue. Kcanrenazma Bek SIBIAETCS BEIPAYKEHHBIM KOCMETUUECKUM JIe(EKTOM U MIPUBOIUT K CHIDKEHUIO Kave-
CTBA *KU3HU NaIUeHTOB. HeceJleKTUBHBIE TEXHOJIOTHH (HAIIPUMeED, PaJIHOUYACTOTHOE BO3/IEHCTBHE U UCIIOJIb30BaHUE abJIsi-
[IIMOHHBIX JIA3€POB) MOTYT IPHUBOJIUTh K 0OPa30BaHUIO PYOIIOB, BBIMAJIEHUI0 PECHUIl U TSKEJIBIM (QYHKIIMOHAIHHBIM
OCJIOXKHEHUSIM OpraHa 3peHus (BK/IIOUAs HEMTOJTHOE 3aKPhIBAHHUE BEKA) M3-32 HEJOCTATOUYHOM TOJIIIIUHBI KOJKH.

I e 1 b . OneHuTh 3GPEKTUBHOCTD JIEUEHHUA KCAHTEIA3Mbl BEK U3JIyUeHHEM JIa3epa Ha Iapax MeH C IepMaTOCKOIIYe-
CKUM KOHTPOJIEM IIPOIlecca JIEUeHUs.

MaTtepuaab U MeTO/bl. JleueHHe KcaHTenazMmbl Bek [-IV creneHu ObLIO IIPOBEIEHO Y 47 CBETIIOKOKHUX
JKEHIIMH U MY?KYHH B Bo3pacrte 28—72 jieT. IIporieZypsl IPOBOAMIIN IPY CPEHEN MOIIHOCTH U3JIyYeH s Jla3epa Ha apax
Menu 0.6—0.8 BT, 1y1riHe BOJIHBI 578 HM, JJTUTEIFHOCTH SKCIIO3ULNHU 0.2 ¢, AUaMeTpe CBETOBOro nATHA 1 MM. Kputepuem
BBIOOpA YHEPTUH JIA3EPHBIX UMITYJIHCOB OBLIIO MAaKCUMAaJIbHOE IIOCEPEHE IIOBEPXHOCTH KCAHTEIA3MblL. JleueHrne TPOBOAU-
JIOCh 32 OJTUH CEAHC C KOHTPOJIEM PAaBHOMEPHOCTH 06pabOTKHU PU TIOMOIIH IEPMATOCKOIIHH.

PesaynabTarTs. JleueHHe ¢ IOMOIIBIO Jla3epa HA Mapax MeAH ITO3BOJIMJIO MOJTHOCTHIO Y/IAJIUTD Y BCEX MAIIEHTOB
ouaru KCaHTeJIa3Mbl BeK, B TOM uuciie IV crereHu TsSKecTH, 0e3 MOsIBJIEHNS PENUINBOB B TEUEHHE 24 MEC TIOCTIE JIEYEHUS.
3akJa04YeHUe. [[puMeHeHHe U3JIydeHH Jla3epa Ha Mapax Meu C JIVIMHOU BOJIHBI 578 HM 00€CIeursIo OTJINYHbIE
Pe3yJIbTaThl JIEUeHHsI KCAHTeIa3Mbl BeK 0e3 moO0o4YHbIX 3¢dekToB. Vcrnoap30BaHue AePMATOCKOIIUK TTO3BOJIUIIO YJIyd-
LIUTH pe3yJIbTaT IPUMeHeHUs jla3epa U PeIoTBPATUTD PEIU/IUBHI JIeUeHU .

Kmoueenbte caoea: iedeHre Ja3epoM, ja3ep Ha Iapax Mefiy, KcaHTesaa3Ma.

Oo0pasen nutupoBaHnu#a: Ilonomapes 1.B., Tomuuii C.b., Kiitouapesa C.B., Biacos IL.I'. OnbIT npuMeHeHUs
Jlazepa Ha Iapax MeJH ¢ JUIMHOM BOJIHBI 578 HM IIPH JIEUEHUH KCaHTeIa3M BeK: CJIydau U3 mpakTuku // Journal of Si-
berian Medical Sciences. 2024;8(4):7-20. DOI: 10.31549/2542-1174-2024-8-4-7-20

Experience of using a copper vapor laser at a wavelength of 578 nm
in the treatment of xanthelasma palpebrarum: a case report series

I.V. Ponomarev’, S.B. Topchiy?, S.V. Klyuchareva?, P.G. Vlasov3

Lebedev Physical Institute of the Russian Academy of Sciences, Moscow, Russia
2North-Western State Medical University named after I.I. Mechnikov, St. Petersburg, Russia
3Clinic of Phlebology, Plastic Surgery and Laser Cosmetology “Perm Phlebocenter”, Perm, Russia

ABSTRACT
Introduction. Xanthelasma palpebrarum is a marked cosmetic defect and leads to reduced quality of life in
patients. Non-selective technologies (for example, radiofrequency exposure and the use of ablative lasers) can lead to scar-
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ring, eyelash loss and severe functional disorders of the eye (including incomplete eyelid closure) because of insufficient
skin thickness.

A im . To evaluate the effectiveness of xanthelasma palpebrarum treatment with copper vapor laser radiation under der-
matoscopy control.

Materials and methods. Treatment of grade I-IV xanthelasma palpebrarum was performed in 47 fair-
skinned women and men aged 28-72 years. The procedures were performed using a copper vapor laser at an average
power of 0.6—0.8 W, wavelength 578 nm, exposure time 0.2 s, and spot diameter 1 mm. The maximum discoloring to gray
of the xanthelasma surface was the criterion for laser pulse energy selection. The treatment was performed in one session
under dermatoscopy control of treatment uniformity.

Results. Treatment with a copper vapor laser allowed complete removal of xanthelasma palpebrarum areas in all
patients, including IV degree, without recurrence within 24 months after the treatment.

Conclusion. The use of copper vapor laser radiation at a wavelength of 578 nm provided excellent results for the
xanthelasma palpebrarum treatment without side effects. The use of dermatoscopy improved the result of laser application
and prevented treatment recurrences.

Keywords: laser treatment, copper vapor laser, xanthelasma.

Citation example: Ponomarev I.V., Topchiy S.B., Klyuchareva S.V., Vlasov P.G. Experience of using a copper
vapor laser at a wavelength of 578 nm in the treatment of xanthelasma palpebrarum: a case report series. Journal of
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BBEJAEHHNE

Kcanrenasma (xanthelasma palpebrarum) ssi-
€TCs1 BADHAHTOM KCAHTOMBI C JIOKAIU3a1uel B obJ1a-
cru Bek. KcaHTesa3ma BeK OTHOCUTCSI K COEIUHU-
TEJIPHOTKAHHBIM JI0OPOKAYECTBEHHBIM OILYXOJIAM H
[peacTaBasieT coboi mamysibl Wl OJISIIIKH  Ha
MMOBEPXHOCTH BEK U MPHUJIETAIOIIEH K BHYTPEHHEMY
YIJIy T71a3a MOBEPXHOCTH HOCA B BUJIE OUATOB 3KEJITO-
BaTOH WJIW 30JIOTHCTOM OKpacku. KcaHTesmazma Bek
00yCJIOBJIEHA TIePUBACKYJISIPHBIM CKOIIEHHEM MaK-
podaros ¢ U3OBITOUHBIM CO/IEPKAHUEM JIUIIOIPOTE-
MHOB HHU3KOM IUIOTHOCTU B MANMWIIAPHOM CJIOE U
BEpXHEH YaCTH PETHKYJIIPHOTO CJIOSl JIepMbI [1].
KcaHTesiazma Bek HUKOT/IA He IO/IBepraercs oopar-
HOMY Pa3BUTHIO, HEMHBA3UBHA, HE METACTA3UPYET U
PEKO PEnUUBUPYET IOCJE MOJHOTO YAAJIEHUs, C
TEeYeHHeM BPEMEHU ee pa3Mepbhl YBEJIMUUBAKOTCH, a
ee JIOKaJIN3aI¥s MOKET CTaTh 6oJiee OOIMIUPHOHN. DTO
MOJKET IPUBECTH K IMOSBJIEHUIO0 BBIPAYKEHHBIX KOC-
METHUYECKUX /e(EeKTOB U CHIDKEHHIO KadyecTBa
JKU3HU TAI[HEHTOB.

TepMuH «kcaHTesazMa» 00pa3oBaH OT JIeBHe-
rpeveckux caoB xanthos (ckentoiit) u elasma (1a-
CTHHKA). BoJIeloT €10 B OCHOBHOM JIIO/IM B BO3PACTE,
yaire KeHIuHbl. HeKOTOpbIe aBTOPHI CYUTAOT, UTO
KCaHTeJIa3Ma MOXKET PacCMaTPUBATHCSA KaK MapKep
TSDKEJIOTO aTEPOCKJIEPO3a U IOBBIIIEHHOTO PHCKA
pasButusa uHpapKTa MUOKapnaa. IIpu mosiBieHUH
KCaHTEeJIa3Mbl HEOOXOTMMO OOPaTUThCS K JIEPMATO-
JIOTY ¥ SHIOKPUHOJIOTY JIJIs1 JUATHOCTUKY ¥ JIEYEH U
3a00s1eBaHUA.

INTRODUCTION

Xanthelasma palpebrarum is a form of xan-
thoma localizing in the eyelid region. Xanthelasma
palpebrarum refers to connective tissue benign
neoplasms and presents as papules or plaques on
the eyelid surface and adjacent to the medial can-
thus nasal surface as yellowish or golden colored
sites. Xanthelasma palpebrarum is caused by a
perivascular accumulation of macrophages with
excess of low-density lipoproteins in the papillary
layer and the upper reticular layer of the dermis [1].
Xanthelasma palpebrarum is never reversible, it is
non-invasive, non-metastatic, and rarely recurs
after complete removal. Over time, its size increases
and its localization may become more extensive.
This can lead to marked cosmetic defects and
reduced quality of life of patients.

The term “xanthelasma” is derived from the
ancient Greek words xanthos (yellow) and elasma
(lamina). It affects mostly older people, more often
women. Some authors believe xanthelasma can be
considered as a marker of severe atherosclerosis and
high risk of myocardial infarction. If xanthelasma
palpebrarum appears, it is necessary to consult a
dermatologist and endocrinologist for the diagnosis
and treatment of the condition.

Xanthelasma palpebrarum was first described in
the clinical manual by Thomas Addison and William
Gall as a diabetic xanthoma [2]. Meanwhile, xanthe-
lasma palpebrarum was depicted three centuries
earlier in the famous portrait of the Mona Lisa by
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KcaHTeazma Bek BIIEpBBIE OIMCAHA B KJIUHUYE-
cKkoM pykoBozcTBe Tomacom ApjucoHOM U Buibs-
moMm Tasom kak amabermueckas kcaHToma [2].
Mexay TeM KcaHTejla3Ma BeK Oblia m300pakeHa
TpeMsi BeKaMH paHbllle, HA 3HAMEHUTOM IOPTpeTe
Mowusr JIussl kuctu Jleonapao /la Buauu (Leonardo
Da Vinci, 1452—-1519), cjieBa OT BHYTPEHHETO yTJIa
JIEBOTO TJ1a3a.

V3BecTHO, YTO PHUCK BO3HUKHOBEHWS KCAaHTe-
JIa3Mbl BEK TOBBIIIEH IIPY HAPYIIEHUSX JIUITUJTHOTO
obmeHa, caxapHOM AuabeTe U AUCHYHKIUH IIUTO-
BUHOHU xesesnl [1]. KcanrTenasmbl SABJISIOTCS BO3-
MOKHBIMU TpU3HAKaMH HEKOTOPBIX U3 Haubosee
pacmpocTpaHeHHbBIX U CEPhe3HBIX BHYTPEHHUX 3260-
JIEBaHUU, TAKHUX KaK T'HUIIepJIUINJIEMUs, caxapHbIN
nuaber, MUPPO3 MEeYEeHH U MUKCEZEMAa, TEM CaMbIM
obecrieunBasi IieHHbIE TUATHOCTUYECKUE MO CKABKH
JULS TEpAleBTOB.

C y4eToM JIOKaTU3aIuy U PacIpOCTPAHEHHOCTH
KCAHTEeJIa3Mbl BEK BBIJIEJIAIOT 4 CTENEHU TKECTH
aToro 3aboseBanus [3]:

1 — Ipu JTIOKaTM3aIUY TOJIPKO HAa BEPXHEM BEKE;

II — mpwu JokaM3aruu B 06J1aCTU BHYTpPEHHEH
CITAaWKU BEK;

II1 — mpu JIoOKasTU3aIuy Ha CPeHEN YaCTH BEPX-
HEro U HIMYKHETO BEKa;

IV — npu nuddysHoM mopakeHHU BepxHEro u
HIKHETO BEKA, BKIIIOYAS BHYTPEHHIOIO H HAPYKHYIO
CITAaliKU BEK.

C yBesiM4YeHUEM CTeleHU TAKeCTH KcaHTejlazMa
3aMETHO YCyTyOJIsieT KOCMETHYECKUH TE(EKT B ACTe-
TUYECKU BaXKHOU 30HE, UTO CYIIECTBEHHO CHHKAET
CaMOOIeHKY U Ka4eCTBO *KU3HU NallUEHTOB.

[Tatorenes kcaHTeIa3Mbl BEK 00YCIOBJIEH U30bI-
TOYHBIM HAKOIUIEHHEM B BEPXHEM U CPEJHEM CJIOE
JiepMbl MakpodaroB ¢ (EeHOTUIIOM IEHUCTHIX KJle-
TOK, OTJIMYAIOIIUXCS ITOBBIIIEHHBIM COJIEP:KaHUEM
JIMTIONIPOTENHOB HUBKOH IIOTHOCTHU [4]. JIumormnpo-
TeUHbl HU3KON IUIOTHOCTH ABJIAIOTCA IIPOMOYTe-
paMu 3KCIPECCHU IMPOBOCHAIIUTEILHOTO U IIPO-
anruoreHHoro gakropa pocra VEGF-A, penenrropa
VEGFR-2, maTpukcHbIX MeTasionporenHas MMP-2
u MMP-9. Ilpu 3TOM BO3pacTaeT IMPOHULIAEMOCTb
CTEHOK MHKPOCOCY/IOB H IMOCJIEAYIOIee HAKOIIJIEHHE
IIEHUCThIX KJIETOK C W30BITOUHBIM COJIEPKAHUEM
JIMIIMOB B oUare KCaHTeJIa3Mbl Bek [5].

IIpu nosiBjeHUN KcaHTeaa3M TpeOyeTcs TOJIBKO
KOHCYJIbTAllUA TepareBTa U, BO3MOXKHO, SHJIOKPH-
HOJIOTQ, OJTHAKO ITAI[HEeHThI YaCTO 3aHTEPECOBAHbI B
UX yZaJeHUU 10 KOCMETUYECKUM ITPUYNHAM.

Jlazep Ha mmapax MeJiu OKa3al cBOO 3¢ ¢eKTUB-
HOCTb JUI JIEYEHHUS KCAHTOM KOXKH Pa3IUUHBIX
TUTIOB [6], a eT0 UCIIOIb30BaHUE 00ECIIEYNBAET 3HA-
YUTEJIbHOE MPEUMYIIECTBO IEPE] IPYTUMU TPau-

Leonardo da Vinci (1452-1519), to the left of the
medial canthus of the left eye.

It is known that the risk of the development of
xanthelasma palpebrarum is increased in lipid
metabolism disorders, diabetes mellitus and thyroid
dysfunction [1]. Xanthelasmas are possible signs of
some of the most common and serious internal dis-
eases such as hyperlipidemia, diabetes mellitus, liver
cirrhosis and myxedema, thus providing valuable
diagnostic clues for general practioners.

Taking into account the localization and preva-
lence of xanthelasma palpebrarum, 4 degrees of
severity of this disease are distinguished [3]:

I — only upper eyelid localization;

II — medial canthus localization;

III — localization on the middle part of the upper
and lower eyelid;

IV — in diffuse lesions of the upper and lower eye-
lid, including medial and lateral canthi.

With increasing severity, xanthelasma palpe-
brarum markedly aggravates the cosmetic defect in
an aesthetically sensitive area, which significantly
reduces patients’ self-esteem and quality of life.

The pathogenesis of xanthelasma palpebrarum is
determined by the excessive accumulation of macro-
phages with the phenotype of foam cells in the upper
and middle dermis, which are in abundance in low-
density lipoproteins [4]. Low-density lipoproteins
are promoters of the expression of proinflammatory
and proangiogenic growth factor VEGF-A, VEGFR-2
receptor, matrix metalloproteinases MMP-2 and
MMP-9. At the same time, this increases the perme-
ability of the walls of microvessels and subsequent
accumulation of foam cells with excess lipid content
in the area of xanthelasma palpebrarum [5].

When xanthelasmas appear, only a consultation
with a general practitioner and possibly an endocri-
nologist is required, but patients are often interested
in removing them for aesthetic concerns.

A copper vapor laser has shown its effectiveness
for the treatment of various types of skin xanthomas
[6], and its use provides a significant advantage over
other conventional methods. As shown in [6], the
effect of copper vapor laser therapy on the skin
microvasculature is conditioned by the destruction
of abnormally dilated vessels, optimization of tissue
blood flow and normalization of vascular tone, which
determines the anti-inflammatory effect and creates
more favorable conditions for the reparative process
in tissues. The limited penetration depth of copper
vapor laser radiation also provides additional safety
during eyelid treatment.

We performed a series of procedures with the use
of pulsed copper vapor laser for the treatment of xan-
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IIMOHHBIMH MeTozaMu. Kak mnokaszano B [6], Bius-
HUe Jla3epOTepaInuy ¢ UCIIOJIb30BaHUEM Jla3epa Ha
mapax MeZlid Ha MUKPOITUPKYJIATOPHOE PYCJIO KOXKH
IIPOUCXOAUT 3a CUET pa3pyIleHUs HMaTOJOTHUECKH
PaCIIMPEHHBIX COCY/IOB, ONTHMHU3AIUU TKAHEBOTO
KPOBOTOKA M HOPMAaJIM3AIIUU TOHYCA COCYZIOB, UTO
00yC/IOBJIMBAET MPOTUBOBOCIIAJINTENBHBIH d(PdeKT
U co3ziaeT 6oJiee 6JIaTONPUATHBIE YCIOBUS I TEUe-
HUS perapaTUBHOTO Ipollecca B TKaHsaX. OrpaHu-
YeHHAs TJIyOMHA TNPOHUKHOBEHUS W3JIyYEHUs
Jiazepa Ha mapax MeJld TakKe obecreurnBaeT JI0IoJI-
HUTEJIbHYI0 6€30TacHOCTh TP MPOBEIEHUH MIPOITe-
IIypBI JIEYEHUS HA BEKaX.

MpsI poBeJIu cepuro HAOJIIOEHUH 110 TpUMeEHe-
HUIO UMITYJIbCHOTO JIa3epa Ha apax MeJiu JIJis Jiede-
HUS KCAHTEIa3M BEeK Pa3JIUYHOH CTEIeHU TKECTH.
JIJ1s1 KOHTPOJIsI pe3yJIbTaTOB JIa3epHOU 00paboTKU
HCIT0JIb30BAJIACH IEPMATOCKOIIHA.

HOEJb NCCJIEJOBAHUA

OneHutb 5P PeKTUBHOCTD JeUeHUs KCaHTeIa3Mbl
BeK M3JIyueHHeM Jlazepa Ha Ilapax MeJu C JlepMaTo-
CKOIIMYECKUM KOHTPOJIEM IIpoliecca JeueHus.

MATEPUAJIBI 1 METO/bI

Jleuenue kcaHTena3Mbl Bek [-IV cremenu ObLIO
BBITIOJIHEHO Y 47 CBETJIOKOKHUX MaIUeHTOB (My:K-
YHH — 14, 3KEHIIUH — 33) B Bo3pacre 28—72 JIeT, Mpo-
XOAUBIINX JedeHue B JlazepHom 1reHTpe CeBepo-
3amaiHOTO MeAuInHCKoro yHuBepcutera (CaHKT-
IlerepOypr; sunensus PC-78-01-003165) u Menu-
nuHCKOM kimHuKe «Ilepmckuii  ®ebomeHTp»
(ITepmpb; aunensus JIO-59-01-004862) ¢ mas 2016
0 STHBaph 2021 T. [loyiyueHHbIe Pe3yIbTaThl OBLIN
OII€HEHBI B 3TOM HCCJIEIOBAHUH.

Bce mamueHThI 1 MUCbMEHHOE WH(MOPMHPO-
BaHHOE COTJIacHe Ha yJlaJIeHHue KCAaHTeJIa3M C ITOMO-
IIBIO JIA3EPHOTO MEJIMITMHCKOTO allliapaTa Ha mapax
menu. MccnenoBanre MpOBOIUIOCH B COOTBETCTBUH
¢ XeJIbCUHKCKUM ITPOTOKOJIOM.

AuddepeHuaIbHbIN JUATHO3 IPOBOIIIICS
C CUPUHTOMOM, 3JIaCTHYECKOH IMCEBIOKCAHTOMOUN U
OIyXOJIEBBIMU 3a00JIEBAHUAMU KOXKHU. IIpoBoju-
J1ach JIEPMATOCKOITHs, B XO/Ie KOTOPOU IpH KCaHTa-
MaTo3e BUJHBI JKEITble OJIAIIKHA, a UuX MBET
HACTOJIBKO XapaKTEPHBIH, YTO IMATHO3 HE BHI3HIBAET
COMHEHHI.

XapakTepHbIH BHENIHUUA BUA W JIOKAJIH3AIUs
KCaHTEJIa3Mbl MIO3BOJISIIOT ITOCTABUTH IUATHO3 CPA3Y
JKe [0cjIe OCMOTpPA MaIheHTa.

Jlsiss  JledeHWA KCaHTeJa3M HCIIOJIb30BaJICs
JIa3epHbIM MEIUITMHCKHUH ammapaT Ha mapax Meau
«fIxpoma-Meg»  (Ou3WMYeCKHN  HHCTUTYT  HM.
I1.H. Jlebenera PAH; perucrpaiiioHHOE yIOCTOBE-

thelasma palpebrarum of various degrees. Derma-
toscopy was used to monitor the results of laser
treatment.

AIM OF THE RESEARCH

To evaluate the effectiveness of the xanthelasma
palpebrarum treatment using a copper vapor laser
under dermatoscopic control of the treatment process.

MATERIALS AND METHODS

Treatment of xanthelasma palpebrarum grade I—-
IV was performed in 47 fair-skinned patients
(14 men, 33 women) aged 28—72 years who were
treated at the Laser Center of North-Western Medi-
cal University (St. Petersburg; license FS-78-01-
003165) and Medical Clinic “Perm Phlebocenter”
(Perm; license LO-59-01-004862) from May 2016 to
January 2021. The results obtained were evaluated
in this study.

All patients provided informed consent for xan-
thelasmas removal using a copper vapor laser. The
study was conducted in accordance with the Helsinki
Protocol.

The differential diagnosis was performed
between syringoma, pseudoxanthoma elasticuam and
skin tumor diseases. Dermatoscopy was performed,
during which yellow plaques were visible, and their
color was so characteristic that the diagnosis was
beyond doubt.

The characteristic appearance and localization of
xanthelasma allow the diagnosis to be made immedi-
ately after examining a patient.

Forthe treatment of xanthelasma, a “Yakhroma-
Med” copper vapor laser medical system (Lebedev
Physical Institute of the Russian Academy of Sci-
ences; registration certificate of the Federal Service
for Surveillance in Healthcare No. FSR 2008/03743)
was used, operating at wavelengths of 511 and
578 nm with a pulse duration of 20 ns and a pulse
repetition frequency of 16.6 kHz. The following
parameters were chosen for the procedure: average
power 0.6—0.8 W at a wavelength of 578 nm (yel-
low). Exposure time is 0.2 s. The spot diameter on
the skin surface is 1 mm. Treatment was performed
under local anesthesia or local hypothermia.

During the laser procedure, the whole surface of
xanthelasmas was treated with laser pulses until uni-
form gray discoloration. The criterion for selecting
the pulse energy was the maximum gray discolor-
ation of the whole xanthelasma surface without dam-
aging it.

Since the light spot diameter on the skin is
approximately 1 mm when using a copper vapor
laser, the clinical outcome of the treatment depends
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penue PocsgpaBHazzopa Ne ®CP 2008/03743),
paboTaromuil Ha JTMHAX BOJIH 511 U 578 HM C JJIU-
TeJIbHOCThIO UMITYJIbCOB TeHEPAIUU 20 HC U C YaCTO-
TOHN cjIe0BaHUA UMITYJIbCOB 16.6 kI'm. Ilpu mpose-
JIGHUU TIPOIEZlypbl OBbLIM BBIOPAHBI CJIEIYIOIITE
rapaMeTphbl: cpefiHAA MOIHOCTb 0.6—0.8 BT Ha »xeJ-
Tol (578 HM) JUIHE BOJIHBI TeHepanuu. Juresb-
HOCTB 9KCIIO3UIUHU 0.2 ¢. [[maMeTp CBeTOBOTO IATHA
Ha MOBEPXHOCTU KOXKU — 1 MM. JleueHre IpOBOAU-
JIOCH C WCIIOJIb30BAaHMEM MECTHOH aHecTe3WH JIHOO
IIPY JIOKAJIbHOU TUIIOTEPMHUH.

Bo Bpems JjazepHOH Ipouefypbl BCs IIOBEpX-
HOCTh KcaHTesa3M oOpabaThiBasach Ja3epHBIMHU
HUMIIyJIbCAMU JI0 PABHOMEDPHOTO nocepenus. Kpure-
pueM BbI6Opa SHEPTHU UMITYJIbCa OBLIO MAKCUMAJTb-
HOe TTI0cepeHNe BCel TOBEPXHOCTH KCAaHTeTa3Mbl Oe3
ee TIOBpeXKJeHNU .

ITockoIbKY TP UCIIOJIb30BAHIH JIA3€PHOTO aTlIa-
parta Ha mapax MeAu AuaMeTp CBETOBOTO IIATHA HA
KO2Ke COCTaBJIsIeT PUMEPHO 1 MM, OT TOYHOCTH 03U~
IIMOHUPOBAHMS CBETOBBIX IIATEH HA KOXKE 3aBUCUT
KJIMHUYECKUH pe3ysbTaT jiedeHus. [Ipu obpaborke
KCaHTesIa3M TpebyeTcsl paBHOMEPHOE U IIJIOTHOE pac-
I0JIOYKEHHE CBETOBBIX IISITEH TI0 BCEH IIIONIAN HOBO-
obpazoBaHus, 6e3 HAJIOXKEHUS U IPOIYCKOB. JlJis
IIPOBEPKH PAaBHOMEPHOI'O IOCEpEHUs Bcel IOBepX-
HOCTH KCaHTeJIa3Mbl IOCTIe OOpabOTKU JIa3epHBIM
H3JIy9eHHeM ITPOBOAIIIACH IEPMATOCKOIIHS C UCIIOJTb-
3oBanueM armmapata Heine Delta 20 Plus (I'epma-
Husg). B wiyuae obGHapyxeHus HeoOpabOTaHHBIX
YYaCTKOB Cpa3y MPOBOAMIACH IOBTOPHAsA 06paboTKa.

J17151 3aIIUTHI OpraHa 3peHus BO BpeMsI JIa3epHOH
00pabOTKH  HCHOJIB30BAJIINCH  METaJUIMYECKUe
SKpaHbI, KOTOPBIE YCTAHABIUBAJINCH Ha IIOBEPX-
HOCTbH IJ1a3a I[10cJIe IPUMEHEHUT MECTHOTO O Tab-
MOJIOTUYECKOTO AHECTETHKA.

Mecro 1a3epHOTO BO3/AelcTBUSA (poTOTpadmpoBa-
JIoch H(MPOBOA KaMEPOU /10, Cpasy IOCJIE U Yepes
1 Mec 1ocsie nporeaypsl. IPPeKTUBHOCTD JeUeHus
OIIeHUBAJIN I10 KJIMHUYECKONH MHpOpMaIuU U U30-
OpakeHUAM C IMUQPPOBON KaMepbl. 3a MarueHTaMu
Ha0JII0/]aJT! B TEUEHUE JIBYX JIET I1OCTIE JIEYEHH .

JlazepHas Tepamnus, KaK IPaBUJIO, XOPOIIIO ITepe-
Hocwiach marueHTamMu. OTek mocje IPOLETyphI
OB MUHUMAJILHBIM U KyITHPOBAJICS TPOTUBOBOCIIA-
JINTEJIBHBIMU KpeMamu. [locsie 3aBepiieHus mporie-
JTypbl KO3Ky 00pabaThIBIN 0.05% pPacTBOPOM XJIOP-
rekcuirHa burimokoHara. IToce mporeaypsl o6pa-
30BBIBAJIUCH JIETKHE KOPOUYKH. IlepBhle ABa AHA Ha
00paboTaHHYI0 IMTOBEPXHOCTh KOXKH HAHOCWIH 5%
JIEKCIIAaHTEHOJI /IBA pPa3a B JIeHb. Bce mariueHThb ObLIH
IIPOUHCTPYKTUPOBAHBI O HEOOXOJUMOCTH HE TpaB-
MHPOBaTh 00pabOTaHHbBIE YUACTKH B cIyuae oO6paso-
BaHMA KOpodeK. Uepes 10—14 JIHEH IOCJIE OTCJIOe-

on the accuracy of positioning the light spots on the
skin. When treating xanthelasmas, uniform and
dense localization of light spots over the whole area
of the neoplasm is required, without overlapping and
skipping. To check uniform becoming grayish of the
whole xanthelasma surface after laser treatment,
dermatoscopy was performed using a Heine Delta 20
Plus dermatoscope (Germany). If untreated areas
were detected, retreatment was performed immedi-
ately.

To protect the eye during laser treatment, metal
shields were used and placed on the ocular surface
after application of local ophthalmic anesthetic.

The area of laser exposure was photographed
with a digital camera before, immediately after and
1 month after the procedure. The effectiveness of the
treatment was assessed based on clinical data and
images taken by the digital camera. The patients
were followed-up for two years after the treatment.

Laser therapy was generally well by patients.
Edema after the procedure was tolerated and was
reversed by anti-inflammatory creams. After the pro-
cedure was completed, the skin was treated with
0.05% chlorhexidine gluconate. After the procedure,
thin crusts formed. For the first two days, 5% dex-
panthenol was applied to the treated skin surface
twice a day. All patients were instructed not to injure
the treated areas in case of crusting. Ten-fourteen
days after the crust peeling during the regeneration
of the epidermis, the skin acquired a natural color.
The complete healing of the treated skin surface was
completed within two weeks.

When evaluating the results, photographs of each
patient at baseline and after the treatment were com-
pared by three independent dermatologists. The
result of treatment was assessed as excellent (com-
plete cure — 90—100% improvement), very good (75—
89%), good (50—74%), average (25—49%), and weak
(<25%). All patients were followed-up for any possi-
ble complications in the treated areas of the face,
including scarring, post-inflammatory hyperpig-
mentation and hypopigmentation.

RESULTS

Treatment using a copper vapor laser made it
possible to completely remove foci of xanthelasma
palpebrarum in all patients, including grade IV cases,
with an improvement of 90—-100%.

There was no recurrence for two years after the
treatment. None of the patients had post-inflamma-
tory hyper- or hypopigmentation and there were no
scar formation during the 24 month follow-up.

To illustrate the treatment, we present a three
case report series.
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HUs KOPOUEK B IIPOIiecce pereHepanuy SMuepMuca
KOKa pruobpeTasa eCTeCTBEHHYIO OKpacky. IToHoe
3a)KUBJIEHHE OOpabOTaHHOH IOBEPXHOCTH KOXKHU
[OCJIe JIa3ePHOH IIPOLEAyPhl 3aBEPLIATIOCH B Teue-
HUE JIByX HeJIeb.

ITpu olleHKe PE3YJIbTATOB CPABHHUBAIHCH (HOTO-
rpaduy KaKJOro MalMeHTa JI0 U IOCJe JIeUeHUs
TpeMsl HEe3aBUCUMBIMH JIepMaTOJIOraMu. Pe3yspratr
JIeUeHUsI OIEHUBAJICA KAK OTJIMYHBIH (ITOJIHOE U3JIe-
YeHHe — YJIy4llleHue 90—100 %), OUYeHb XOPOIIHH
(75—-89 %), xopomuii (50-74 %), cpemHu# (25—
49 %) u cnabeiii (<25 %). Bee manueHTs! HabJI01a-
JIUCH € TOUKH 3PEHNUs JIIOOBIX BO3MOXKHBIX OCIIOMKHE-
HUH Ha 00pabOTaHHBIX y4YacTKaX JIMIA, BKJIIOYAs
obpaszoBaHuUe PyOII0B, IOCTBOCIIAJINTEILHYIO TUIIEP-
MUTMEHTAIHMIO U TUIIOTTUTMEHTAIIHIO.

PE3YJ/IBTATDI

JleyeHne ¢ MOMOIIBIO JiIa3epa HA Iapax Meau
[TO3BOJIMJIO TIOJIHOCTBIO Y/IAJTUTh Y BCEX HAI[HEHTOB
OoYyaru KCaHTeJa3Mbl BeK, B TOM uucie IV creneHu
TSKECTH, C YJIy4dIIeHHeM Ha 90—100 %.

B TeueHue ABYX JIET MTOCJIE JIEUEHUSI PEIUINBA HE
6bL10 oTMeueHO. Hu y OfHOrO U3 MalueHTOB He
HabJII0/]a7lach TOCTBOCHAINTENbHAA TUIIED- WU
TUIOMUTMEHTANMSI ¥ HE OTMEYaJIOCh BO3HUKHOBE-
HUs [IPAMOB Ha MPOTSKEHUH BCETO MTEPHOZA KaTaM-
HECTUYECKOTO HAOJIIO/IEHN B TEUEHUE 24 MEC.

JIJ1s1 WUTIOCTpaniuy MPOIecca JIEYEHUsI MbI IIPU-
BOJIM TPU KJINHUYECKUX CIIyJasi.

Kiananueckuii caydaii 1. [lamueHtka A.,
39 Jsiet. BosibHA B TeUeHUeE 3 JIET, KOTAA CTaJIa OTMe-
YaTh MOSIBJIEHUE KEJIThIX 00pa30BaHUU B 00JaCTH
VTOJIKOB IJ1a3 pazMepoM 8x11 MM (puc. 1, A).

Case report 1. Patient A., 39 years old. She was
ill for 3 years, when started to notice the appearance
of yellow formations in the canthus area of both eyes
measuring 8x11 mm (Fig. 1, A).

The results of physical examination of the general
practioner: overall health status is well. Skin, visible
mucous membranes of ordinary color. In the lungs,
vesicular breath. Respiratory rate 16/min. SaO, 97%.
Tones are rhythmic, heart rate 80/min, blood pres-
sure 120/80 mm Hg. Tongue is moist, coated at the
root. The abdomen is soft, non-tender.

The results of physical examination of the derma-
tologist: the skin and visible mucous membranes are
clean. Yellow formations in the area of the canthi,
10 mm in size, dense on palpation, slightly protrud-
ing above the skin.

No data indicating pathology were revealed.

Diagnosis: xanthelasma of the lower eyelid,
grade L.

The parameters of laser exposure were chosen in
accordance with the peculiarities of localization of
the xanthelasma (lower eyelid) and the results of
dermatoscopy (deep yellow color). Fig. 1, B shows
the results of dermatoscopic examination immedi-
ately after the treatment using a “Yakhroma-Med”
copper vapor laser (wavelength 578 nm, average
power 0.61 W, exposure time 0.2 s).

After the procedure, there was a decrease in the
volume of the xanthelasma, becoming slightly gray-
ish. Dermatoscopy of the xanthelasma, performed
immediately after the procedure (in the lower eyelid
area), showed that there was a uniform decrease in
the accumulation of yellow lumps and change in
color: the foci turned grayish, blanching and

Puc. 1. KcanTea3mbl paBoro MeIMaIbHOTO yIia r1a3a (B 00J1aCTH HUXKHETO BEKa) — OCHOBHOM OYar 10 MM, KeJITOTO
[BETA, IJIOTHBIN: A — 710 JIeueHusi; B — repmarockomnuisi (yBeJIMUeH e X10) ATOr0 04ara cpasy ImocJie JIeUeHHs Ha JTa3epPHOM
amnmapare Ha napax meau «fIxpoma-Men» (JuirHa BOJHBI 578 HM, MOIIHOCTH 0.61 BT, BpeMs 9KCIo3unuu 0.2 ¢)

Fig. 1. Xanthelasmas of the right medial canthus (lower eyelid), the main focus of 10 mm, yellow, dense:

A — at baseline; B — dermatoscopy (magnification x10) of this area immediately after the treatment using
a “Yakhroma-Med” copper vapor laser (wavelength 578 nm, power 0.61 W, exposure time 0.2 s)
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PesynbraThl (pU3HUKATIBHOTO OCMOTpa TepareBTa:
obIee COCTOSTHUE — V/IOBJIETBOpHUTENbHOE. Koika,
BUJTUMbIE CJIM3UCThIE 000JI0OUKH OOBIYHOM OKpacku. B
JIETKUX JbIXaHUE BE3UKYJISApHOe. YHC/IO JbIXaTesTb-
HbIX ABrokeHud (Y1) 16 B 1 Mun. Sa0, 97 %. ToHbI
PUTMUYHBIE, YUCJIO cepaieuHbIx cokpamenuit (HCC)
80, A/l 120/80 MM PT. cT. A3bIK BIAKHBIH, 00JI0KEH
y KopHs1. JKuBOT MATKUH, 6€30071€3HEHHBIN.

PesynpTaThl HQUBHUKATBHOTO OCMOTPA JEpPMaTO-
JIoTa: KOYKHbIE IIOKPOBBI U BUAUMbIE CJIMBUCTBIE 000-
JIOUKHU yucThie. OTMeYaeTes: HaJIMJIHe JKeJIThIX 00pa-
30BaHUM B 00JIACTH YTOJIKOB TJIa3 pa3MepoM 10 MM,
TIPY MaJIbIIAIAN IVIOTHBIE, HEMHOTO BBICTYIIAIOT HAJ
YPOBHEM KOKH.

ITpu obGcieoBaHUY TAHHBIX, CBUIETEIHCTBYIO-
IIUX O MATOJIOTUU, HE BBISABJIEHO.

JlnarHo3 — KcaHTeJIa3Mbl HM)KHHUX BEK, CTEIIeHb
TsKecTH 1.

[TapaMeTpbl JIa3epHOTO  BO3JEHCTBUS  OBLIH
BBIOpPAHBI B CBSI3U C OCOOEHHOCTSIMH JIOKQTU3AI[UH
KCaHTeJIa3Mbl HUKHETO BeKa Ijla3a U Pe3yJIbTaTaMu
JIEPMAaTOCKOTINH (0YeHb BbIPAKEHHBIN HACBIIIIEHHbIH
JKeJIThIN 1Ber). Ha puc. 1, B mokazaHbl pe3ysibTaThl
JIEPMATOCKOTIMUECKOTO HKCCJIEZIOBAHUS Cpasy II0ociie
JIeUeHus Ha JIa3epHOM ariapaTe Ha Imapax Meau
«fIxpoma-Men» (nyiiHA BOJHBI 578 HM, CpeqHSA
MOII[HOCTD 0.61 BT, UIMTEIbHOCTD SKCIIO3UIIAH 0.2 C).

[Tocie mponeaypbl OTMEYAIOCh YMEHBIIIEHHE
obpemMa 0Opa3oBaHusd, JIETKOe rlocepeHue. Jlepmaro-
CKOITMSI KCAHTEeJIa3Mbl IIPABOTO YIJIa IJia3a, BBIOJI-
HEHHas cpasy IocJie HMpoleaypsl (B 00IacTH HIK-
HEro BeKa), I0Ka3ajia, YTO HUMEETCS OJHOPOIHOE
YMEHbIIIEHNE CKOTIEHUSI KOMKOB KEJITOTO IBETa U
W3MeHEHHe I[BeTa: O4ard Iocepesu, mobJIeTHeTH U
YMEHBIITWIUCH B 00beMe. PECHUUHBIN Kpall He U3Me-
HUJICS.

Kiaunauueckuii coaygad 2. [lanmuentka E.,
56 netr. bosibHA B TeUeHUE 7 JIET, KOT/IA CTajla OTMe-
YaTh IMOSIBJIEHHE JKeJIThIX 00pa3oBaHWH B 006JacTU
VTOJIKOB IJ1a3 (puc. 2, A).

PesysbTaThl GUBUKAIHPHOTO OCMOTpA TepaIeBTa:
obIliee  COCTOsIHHME y/IOBJeTBopuTeabHOe. Kodka,
BUIUMbIE CJIU3UCTbIE 0O0JIOUKHM OOBIYHOU OKPACKH.
B nerkux sipixanue Be3ukyJsipHoe. Y/[/1 16 B 1 MuH.
Sa0, 97 %. Toubi purmuunsle, UYCC 8o, Al
130/90 MM PT. cT. f3BIK BJIAXKHBIH, OOJIOXKEH Yy
KopHS. JKUBOT MsATKHH, 6€300JIe3HEHHBIH.

PesynpTaThl HQUBHUKATBHOTO OCMOTpPA JEpPMaTO-
JIoTa: KOYKHbIE IIOKPOBBI U BUAUMbIE CJIUBUCTBIE 000-
JIOUKHU yucThie. OTMeYaeTes: HAJIMJIHeE JKeJIThIX 00pa-
30BaHUM B OOJIACTH BEPXHETO U HIDKHETO BeKa
JIEBOTO TJIa3a — O4ard OT 10 JI0 30 MM, IIpU Majblia-
MY TUIOTHBIE, HEMHOTO BBICTYIIAIOT HAJ| YPOBHEM
KOKH, JKEJITOTO IBETA, MAJbIIUPYIOTCA KaK MaIyJIbl.

decreased in volume. The eyelash line has not
changed.

Case report 2. Patient E., 56 years old. She was ill
for 7 years, when started to notice the appearance of yel-
low formations in the canthus area of the eyes (Fig. 2, A).

The results of physical examination of the general
practioner: overall health status is well. Skin, visible
mucous membranes of ordinary color. In the lungs,
vesicular breath. Respiratory rate 16/min. SaO, 97%.
Rhythmic tones of the heart, heart rate 80/min,
blood pressure 130/90 mm Hg. The tongue is moist,
coated at the root. The abdomen is soft, non-tender.

The results of physical examination of the derma-
tologist: the skin and visible mucous membranes are
clean. Yellow formations in the upper and lower eye-
lids of the left eye — foci from 10 to 30 mm, dense on
palpation, slightly protruding above the skin, yellow
in color, palpable as papules.

No data indicating pathology were revealed.

Diagnosis: xanthelasma of the upper and lower
eyelids, grade II.

The following parameters of a “Yakhroma-Med”
copper vapor laser were selected: wavelength
578 nm, average power 0.61 W, exposure time 0.2 s.
Immediately after the procedure, there was a
decrease in the volume of the xanthelasma, slightly
grayish discoloration, notably, on the upper eyelid,
the area was lighter in color (Fig. 2, B).

Case report 3. Patient A., 54 years old. He was
ill for 7 years, when started noticing the yellow for-
mations on the left and right upper eyelids (Fig. 3, A).

The results of physical examination of the general
practioner: overall health status is well. Skin, visible
mucous membranes of ordinary color. In the lungs,
vesicular breath sound. Respiratory rate 16/min.
Sa0, 97%. Rhythmic heart sound, heart rate 8o,
blood pressure 125/90 mm Hg. The tongue is moist,
coated at the root. The abdomen is soft, non-tender.

The results of physical examination of the derma-
tologist: the skin and visible mucous membranes are
clean. Yellow newformations in the upper eyelid area
of the left and right eyes — foci of 18x8 mm, dense on
palpation, slightly protruding above the skin, yellow
in color, palpated as papules.

During the examination, there was no evidence of
pathology.

Diagnosis: xanthelasma of the upper and lower
eyelids, grade I.

The parameters of the treatment using a
“Yakhroma-Med” copper vapor laser medical sys-
tem: wavelength 578 nm, average power 0.65 W,
exposure time 0.2 s. A single laser treatment made it
possible to achieve complete resolution of the area of
pathological foci (Fig. 3, B).

Journal homepage: http://jsms.ngmu.ru
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Puc. 2. KcanTena3mbl JIeBOTO yIiia ri1asa (B 061acTi BepXHEro M HIKHErO BeKa JIEBOTO [J1a3a):

A — 110 JIe4eHus1: OYary OT 10 10 30 MM JKeJITOTO IIBETa, IUIOTHbIe, HAIBIINPYIOTCS KaK Mamysisl; B — cpasy mocie
mporeyphl (OTMeuaeTcs: yMeHbIleHe 06beMa 06pa30BaHus, JIETKOE TOCEPEHIIE, IPUYEM B 06/IaCTH BEPXHETO BEKA
I[BET cBeTsIee) (JIIMHA BOJIHBI 578 HM, CpE/IHSAA MOIIHOCTD 0.61 BT, JJINTEIPHOCTD SKCIIO3UIIIH 0.2 C)

Fig. 2. Xanthelasmas of the left medial canthus (left eye, the upper and lower eyelids): A — at baseline: foci from 10 to
30 mm, yellow, dense, palpable as papules; B — immediately after the procedure (decrease in the volume, slight grayish
hue, and the upper eyelid area being lighter in color) (wavelength 578 nm, average power 0.61 W, exposure time 0.2 s)

IIpu obciieoBaHUM JTAHHBIX, CBUIETEIHCTBYIO-
IIUX O IIATOJIOTUH, He BBIABJIEHO.

JluarHos — KcaHTeJIa3Mbl BEPXHUX M HUKHUX
BEK, CTelleHb TsikecTu — I1.

Jlns sieyeHus ObLTN BBIOPAHBI CIIEAYIOIINE TIapa-
MeTphl JIa3epHOTO ammapaTa Ha Iapax Meau
«fIxpoma-Men»: pajuHa BOJIHBI 578 HM, CpeIHSA
MOIITHOCTh 0.61 BT, JJIUTEIBPHOCTh SKCIO3UIINHI
0.2 c. Cpagy mocJie mporeaypbl 0TMEYAI0Ch YMEHb-
meHne obbeMa 00pasoBaHUs, JIETKOE IIOCEPEHUE,
mpuyeM B 00JIACTH BEPXHETO BeKa I[BET CBETJIEE
(puc. 2, B).

Kaunnueckuii caydat 3. Ilanwent A.,
54 roma. bojyieH B TeueHue 7 JIeT, KOTZA CTajJl OTMe-
YaTh MOSIBJIEHUE JKEJIThIX OOpasoBaHUU cjieBa U
cIIpaBa Ha BEPXHUX Bekax (puc. 3, A).

PesynpraTel GU3NKaIBHOTO OCMOTpPA TepaleBTa:
obIiee COCTOsTHHE yIOBJIEeTBopuUTesnbHOe. Koxa,
BHU/INIMbIE CJIM3UCTBIE 000JIOUKH OOBIYHON OKPACKHU.
B nerkux ipixanue Be3ukyasapHoe. Y/1/] 16 B 1 MuH.
SaO, 97 %. Tombl purmuunsie, YCC 8o, A]l
125/90 MM PT. CT. fI3BIK BJIQXKHBIA, OOJIOKEH Yy
KOpH:A. JKUBOT MATKU, 6€3601€3HEHHBI.

DISCUSSION

Approximately two decades ago, surgery was the
only method of removing xanthelasmas, and remains
the classic modality to treat these disorders. Surgical
excision as a method for the treatment of xanthe-
lasma [3] is complicated by the risk of damage to the
eye and the small thickness of the skin in the perior-
bital region [7], as well as the need for blepharoplasty
in the treatment of grade III-IV xanthelasma. The
results of surgical removal of xanthelasmas were sat-
isfactory, especially after introducing microsurgical
techniques. However, due to the high recurrence
rate, repeated procedures in the sensitive periorbital
area were required, which led to the risk of complica-
tions, so there was a permanent search for alterna-
tive methods of xanthelasma treatment.

Using chemical peeling with trichloroacetic
acid for the treatment of xanthelasma is consi-
dered risky for the eye by most doctors because of
the non-selectivity of exposure effect controlling
the depth of treatment [8]. Treatment of small-
sized xanthelasmas was performed using plasma
ablation [9].
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Puc. 3. KcanTenasmbl B 06J1aCTH BEPXHETO BEKA JIEBOTO ¥ IIPABOTO [J1a3a pa3MepoM 18x8 mm:
A — 50 euenust; B — yepes 1 Mec mocsie Jie4eHus J1a3epoM Ha Iapax Mein
Fig. 3. Xanthelasmas in the upper eyelid area of the left and right eyes measuring 18x8 mm:
A — at baseline; B — one month after the treatment with a copper vapor laser

PesysnibraThl (QU3UKAJTBHOTO OCMOTpa JAepPMAaTO-
JIora: KOKHbIE ITIOKPOBBI ¥ BUUMbIE CJTU3UCTHIE 000-
JIOUKHU yucThie. OTMedaeTcs: HaJTMJHe JKeJIThIX 00pa-
30BaHUU B 00J1aCTH BEPXHETO BEKA JIEBOTO U IIPABOTO
rja3a — oyaru 18x8 MM, Ipu majablalyy IJIOTHBIE,
HEMHOTO BBICTYIIAIOT HAJ/l YPOBHEM KOXKH, KEJITOTO
[BETA, MAJIBITUPYIOTCA KaK MAILyJIbI.

ITpu obGcitefoBaHUU MTAHHBIX, CBUIETEIHCTBYIO-
IIMX O [IATOJIOTHH, HE BBIABJIEHO.

JluarHo3 — KcaHTeja3Mbl BEPXHHUX W HUKHHUX
BEK, CTeIeHb TsKecTH — 1.

JleueHune Ha JIa3epHOM ammnapare Ha apax Meau
«fIxpoma-Men» HpPOBOAWIOCH NPHU JJIMHE BOJIHBI
578 HM, CpeJIHEN MOIITHOCTH 0.65 BT, ytnTesbHOCTH
SKCIIO3uIu 0.2 ¢. OHOKPATHOE JIa3epHOe BO3/eH-
CTBUE IO3BOJIWJIO JIOOUTHCS IOJIHOTO pa3pelieHus
00J1aCTH MaTOJIOTUYECKUX ouaros (puc. 3, B).

OBCYXKJIEHUNE

IIpumepHO [1Ba JecCATWIETHS HA3a[, XUPYPTU:A
ObLIa €AMHCTBEHHBIM METOZIOM yIAJeHHs KCaHTe-
JIa3M M JIO CHX IIOP OCTAETCS KJIACCHYECKUM CITI0CO60M
JIeUeHUEM 3THUX 00pa3oBaHUi. XUPYPrHUUECKOe hcce-

Currently, laser treatment of xanthelasmas has
shown good results [10—17] (Table 1). The introduc-
tion of ablative laser surgery using a CO, laser or an
erbium:yttrium aluminum garnet laser has shown
high efficacy in the treatment of xanthelasmas [14, 16].

The main disadvantages of ablative laser surgery
include the following:

1. Ablative laser treatment leaves an open wound,
which renders the patient unfit for work for several
days and requires careful wound care.

2. Often, after surgical removal of xanthelasmas,
procedures have to be repeated, so the risk of recur-
rence remains the same. The risk of scar formation
arising from erroneous involvement of the subcutane-
ous layer may be insignificant as a result of single
carefully performed procedure, but with multiple pro-
cedures, the risks increase. If scars form in the xanthe-
lasma treatment area, the procedure itself turns out to
be useless because the patient came to the laser sur-
geon primarily as a result of cosmetic concerns.

3. In blepharoptosis (blepharochalasis), ablation
and thermal effect, leading to collagen shrinkage, cause
involuntary, uncontrolled and asymmetric retractions.

Journal homepage: http://jsms.ngmu.ru
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YeHUe B KAaUeCTBE METO/A /IJIs JIeUeHUsI KCAHTeIa3Mbl
[3] ociokHEHO wm3-3a OIMACHOCTH IIOBPEXKJIEHUS
opraHa 3peHHs U MaJIOU TOJIIIIUHBI KOXKU B IIEPHOP-
OuTasbHON obsiacT [7], a Taxkke HeOOXOIMMOCTH
6siepaporUIacTUKU TpU JieUeHWH KcaHtenazm 11—
IV crenenu. Pe3ysnbpTaThl XMpPYpPruU4yecKoOro yAajieHus
KCaHTeJa3M ObUIN YAOBJIETBOPUTEIBHBIMU, OCO-
OEeHHO IT0CJIE BHEAPEHUSI MUKPOXUPYPTUIECKOH TeX-
HuKH. Ho 13-3a BRICOKOU YaCTOTHI PEITUIUBOB TPEHO-
BaJINCH TIOBTOPHBIE NIPOIIEIYPHI B JIEIMKATHOU IT€PH-
OpOUTAIBHON 00J1aCTH, KOTOPbIE IPUBOJMIN K PUCKY
OCJIO?KHEHUH, TIO3TOMY IIeJI TOCTOSTHHBIH MTOVCK aJThb-
TEPHATHUBHBIX METOZIOB JIEUEHUS KCAHTETA3M.

[TprMeHeHME XUMHUYECKOTO ITUJINHTA C TPUXJIOP-
VKCYCHOU KHCJIOTOH JIJIs JIEUeHUsI KCaHTeIa3M 00JIb-
IIMHCTBO Bpadel, M3-3a HeCceJIeKTUBHOCTU BO37el-
CTBUs ¥ TPYAHOCTEH KOHTPOJIS IVIyOMHBI 00pabOTKH,
CUMTAIOT PUCKOBAHHBIM JJis opraHa 3penus [8].
JleueHne KcaHTeIa3M HeOOJIBIIIOTO pa3Mepa IMpPOBO-
JINJIOCH C IIOMOIIIBIO IJIA3MEHHOU absisanuu [9].

B HacrosImee BpeMs J1a3epHOE JieueHNe KCaHTe-
Jla3aM TOKAa3aJ0 XOpOIIHWe pe3yabTaThl [10—17]
(tabs. 1). BHenpeHuwe aGJAIMOHHON Ja3epHOU
XHPYPIHH C TIOMOLIBIO CO, nasepa unu nasepa Ha
UTTPUU-ATIOMIUHUEBOM TpaHaTe, JIETHPOBAHHOM
opbueM, IOKa3ay0 BBICOKYI0 3(DGEKTHBHOCTD IIPHU
JIeYeHUHU KcaHTeaasM [14, 16].

K uncity OCHOBHBIX HEZIOCTATKOB abJIAIIMIOHHOMN
JIa3epHOU XUPYPTHUH CJIeyeT OTHECTH CIIeAYIOIIHe:

1. JleueHue abGJIAIMOHHBIM JIa3€POM OCTABJIAET
OTKPBITYIO PaHy, UTO ZieJIaeT MaIueHTa HETPY/IO0CIIO-
COOHBIM B TeUeHHE HECKOJbKHX JHEH U TpebyeT
TINATEIFHOTO yX0/1a 3a PAaHOMH.

2. Yacro mmocjie Xupypruueckoro y/iajleHus KCaH-
TeJa3M IPOLEIYPhl MPUXOJUTCA MOBTOPATDH, I03-
TOMY PUCK PeIlU/IUBa OCTAETCs IPeKHUM. Prck pyo-
II0OB, BO3HUKAIOIIUX IIPU OMINOOYHOM BOBJIEUEHUH
IIOIKOKHOTO CJIOST, MOKET OBITh HEBEJIUK B PE3YJIb-
TaTe OJHOU TINATEJHLHO BBIIIOJTHEHHOU IPOIIETYPHI,
HO IIpU MHOTOKPATHBIX IIPOLIeZIypax PUCKU Bo3pac-
tarT. Ecyiu B 30He 06paboTKu KcaHTeaa3M 06pasy-
I0TCs PyOIIbI, IPOIleAypa caMma 1o cebe OKa3bIBaeTCs
OecIiosIe3HON, TOTOMY YTO TAI[eHTa IPUBEIU B
KaOWHET JIa3epHOT0 XUPYypra B IEPBYIO OUepeas KOoc-
METHYECKHE ITPOOIEMBL.

3. B ciyuasx omymienus Bek (6siedapoxanasuc)
absiAnuA M TepMuYeckuil ddeKT, MPUBOAAIINE K
ycajike KOJUIaT€Ha, BBI3BIBAIOT HEMPOU3BOJIbHBIE,
HEKOHTPOJIUPYEMbIE U aCHMMETPUYHbBIE PETPAKITHH.

4. AGJIAMOHHBIE JIa3epHBIE TPOLEAYPHI HECYT
puck nHGpEKIUH, 00pa3oBaHUs PyOIIOB U TUTMEHTA-
muu [16].

Bo Bpems ynajieHHs KCaHTeJIa3M, HaIpUMep, C
ITOMOII[bI0 BPOMEBOTO Jazepa [11, 14] ecTh PUCK KPo-
BOTEUEHHs, TaK Kak SPOUWEBBIN Ja3ep wHcmapser

4. Ablative laser procedures have the risk of infec-
tion, scarring and pigmentation [16].

During xanthelasma removal, for example, using
an erbium laser [11, 14], there is a risk of bleeding,
since the erbium laser vaporizes tissues without
coagulating blood vessels. In addition, ablative treat-
ment modalities require a long-term, up to 15 days,
rehabilitation period.

To overcome these problems, the use of non-abla-
tive lasers, such as, for example, a pulsed dye laser
(PDL), has proved effective for the treatment of small-
sized xanthelasmas. The use of PDL for the treatment
of xanthelasmas showed good results, but it took five
sessions to completely remove xanthelasmas [12]. The
exact mechanism of PDLlaser action on xanthelasmas
has not been fully clarified. It was assumed that the
energy of the laser pulse leads to heating and subse-
quent coagulation of the vessels of the upper dermis,
as well as damage to perivascular foam cells. Coagula-
tion of affected vessels blocks the leakage of lipids into
tissues and thereby prevents recurrence.

In contrast, the use of neodymium laser did not
have significant xanthelasma resolution: 70-75% of
xanthelasmas in patients showed no change after the
treatment [15].

As shown in Table 1, the sizes of xanthelasmas that
could be cured with various lasers did not exceed 1 cm>.

When working with laser radiation in the eyelid
region, preference should be given to laser medical
systems with a low penetration depth of radiation
into tissues. This increases the safety of the proce-
dure by reducing the likelihood of eye injury [18].

A copper vapor laser has shown its effectiveness
for the treatment of various types of skin xanthomas
[6]. Its use provides a significant advantage over
other conventional methods. The effective depth of
exposure to copper vapor laser radiation at a wave-
length of 578 nm, which corresponds to the local
peak of oxyhemoglobin absorption and is success-
fully used for the treatment of vascular skin newfor-
mations, does not exceed the thickness of the dermis
[7, 19], therefore its use in the periorbital region may
be safer compared with other type of lasers.

Treatment of xanthelasma palpebrarum and pre-
vention of its recurrence by copper vapor laser radia-
tion should be aimed at removing lipids in the focus
of xanthelasma in combination with the elimination
of the inflammatory process and remodeling of the
associated vascular bed of the papillary and upper
reticular layer of the dermis [12, 20]. Therefore, the
treatment of xanthelasma using copper vapor laser
radiation, which provides high selectivity of heating
and coagulation of dysplastic vessels, has proven to
be effective.
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Ta6.iuna 1. CpaBHeHMe Pa3JIMUHBIX JIa3ePHBIX CUCTEM [JIs JIeYeHHs KCAaHTe1a3M
Table 1. Comparison of different laser modalities for the treatment of xanthelasma

JmHa Pasmep KosinyectBO 3 8RR
Tun nasepa BOJIHBI, HM KCaHTeJla3M Hpouejayp LD KUBJICHUA,  11060unb1e 3¢ PpeKTbI
THBHOCTb HeJ, .
Type of laser Wave- Xanthe- Number of Efficac Healin Side effects
length, nm lasmasize procedures y . 8
time, weeks
AproHoBbIHi 1a3ep 514 <1 cm? 1-4 [ToHOE 1-2 Py6ueBaHue, JUcXpoMUs
[11] <1 cm? H3JieyeHue B Bricokast yacToTa
Argon laser [11] 85 % ciyvaeB penuauBOB
Complete cure Scarring, dyschromia
in 85% of cases High recurrence rate
WUmnynbcHbIld 1azep 595 <1 cm? 5 Bosiee 50 % 4 [lypnypa, oTex,
Ha KpacuTese [12] <1 cm? o4aron runepnurMeHTanus
Pulsed dye laser [12 More than 50% Purpura, edema,
of foci hyperpigmentation
KTP*-nazep [13] 532 <1 cm? 4 85.7 % 4-6 Be3 3HaYUTeNbHBIX
PTPH*-laser [13] <1 cm? M06OYHbBIX 3P PEKTOB
Without significant side
effects
Jp6ueBblii J1a3ep 2940 <1 cm? 1 100 % 2 JpuTeMa AJUTETBHOCTBIO
Ha UTTPUI- <1 cm? 1-2 Hep,
AJIIOMUHUEBOM Erythema for 1-2 weeks
rpaHaTe [14]
Erbium laser on
yttrium-aluminum
garnet [14]
HeonumoBhbIi 1064 <1 cm? 4 Huskas 3 OTek
Jla3ep Ha UTTPUH- <1 cm? Low Edema
AJIIOMUHUEBOM
rpaHare [15]
Neodymium-doped
yttrium aluminium
garnet laser [15]
CO, nasep [16] 10 600 <1 cm? 1 100 % 2-3 YacroTa peuuuBoB 13 %
CO, laser [16] <1 cm? MpU CpOKe HaGJII0IeHUS
10 mec
Recurrence rate is
13% with follow-up of
10 months
JuopHbiil nazep [17] 1450 <1 cm? 4 40-80 % 4-6 ['MnepnurMenTanus, oTeK
Diode laser [17] <1 cm? B TeyeHUe 3-4 nHel
Hyperpigmentation,
edema within 3-4 days
* KTP - potassium tytanyl phosphate (kaaui-Tutanu1-pocdaTHbIN).
PTPH - potassium tytanyl phosphate.
TKaHU, He Koaryaupys cocyabl. Kpome Toro, abis- CONCLUSION

[IMOHHBIE METO/IbI JIEUeHUs TPEOYIOT JIJIUTETHHOTO,
JI0 15 THEH, TIepHUoia peabuIuTaIuHU.

YToOBI TPEOJIONIETD 3TH MPOOJIEMBI, JJIs JIEUEHUS
HeOOJIBIITUX KCAaHTeIa3M OKa3aJoch 3(POEKTHBHBIM
MpuMeHeHre HealJISIIMOHHBIX JIa3ePOB, TAKUX Kak,
HAIpUMep, HMIIYJIbCHBIA Jia3ep Ha KpacuTese
(MJIK). Ucnonbs3oBanue WIK mi1a sedeHUs KCTaH-
Tejla3M IOKAa3aJi0 XOPOIIHe Pe3yabTaThl, HO IJIs
IOJTHOTO VAaJeHUsI KCaHTeJa3M HOoTpeboBaIoCch
msATh ceaHcoB [12]. ToyHBIM MeXaHU3M JIA3EPHOTO
BosaerictBuda MJIK Ha KcaHTesla3Mbl OCTaJICAd 10
KOHIIA He BbIsCHeH. [Ipemosaraaoch, YTO SHEPTHUs

The results of our case report series demonstrated
the high efficacy of using a copper vapor laser, includ-
ing for large grade III-IV xanthelasmas. The use of a
copper vapor laser ensured the atraumatic nature of
the procedure and excellent cosmetic results.

Xanthelasma treatment was performed on an
outpatient basis.

Dermatoscopy was used to check the complete-
ness of xanthelasma surface treatment with laser
radiation, which allows to monitor control local
color changes of xanthelasma during the procedure

Journal homepage: http://jsms.ngmu.ru
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JIa3epHOTO UMITYJIbCA TPUBOAUT K HATPEBY U IIOCJIe-
ZyIOIel KOoaryJsilluM COCY/IOB BEPXHUX CJIOEB
ZIEPMBI, a TAKKE K ITOBPEXKIEHIIO IEPUBACKYJLIPHBIX
MEHUCThIX KJIETOK. Koaryasamus maTOJIOTUYECKHX
cocynoB OJIOKHMpyeT IIpocayuBaHUEe JIUIH/IOB B
TKaHU U TEM CAMbIM IIPEIOTBPAIIAET PEIUINB.

HanpoTus, mprMeHeHUEe HEOAMMOBOTO Jiazepa
He JIaJI0 3HAYUTEJIBHOTO Pa3pelleHus] KCAHTeIa3M:
70—75 % oOpa3oBaHUl y AIUEHTOB IIOCJIE JIEUEHU S
He II0Ka3aJId U3MeHeHu [15].

Kak nokaszaHo B Tabii. 1, pa3Mephbl KCaHTeJIa3M,
KOTOpBI€ YZIaBAJIOCh BBUIEUUTHh PA3JIMYHBIMU JIa3e-
pamu, He IIPEBBIIIAIN 1 CM>.

ITpu paboTe c y1a3epHBIM U3JIyUYeHUEM B 00JIaCTH
BEeK NPEANOYTEeHUE CJIELYeT OTAABATH JIA3€PHBIM
amnmaparaM ¢ MaJIOd TJIyOMHOH TPOHUKHOBEHUS
U3JIyJeHUs B TKaHU. JTO IOBHIMIAET 6e30IacHOCTh
MIPOIIEIypPhI 32 CUET CHIDKEHUS BEPOATHOCTH TPaB-
MHPOBaHUA OpraHa 3peHus [18].

Jlazep Ha mapax Meau IOKa3as CBOIO 3(PdeKTus-
HOCTb JIJIsI JIEUEHUsT KCAHTOM KOXKH Pa3/IMYHBIX TUIIOB
[6]. Ero ucmosp30BaHue obecrieunBaeT 3HAUNUTEIHHOE
MIPENMYIIECTBO TIepe APYTUMU TPATUITHOHHBIMI
Merogamu. JddekTuBHAsA IIyOWHA BO3JAEUCTBHUSA
M3JTy4eHus Jla3epa Ha Mapax MeJy Ha XKeJITOH JITHHE
BOJIHBI 578 HM, KOTOpas COOTBETCTBYET JIOKAJIbHOMY
UKy MTOTVIOIIEHUS OKCUTEMOTIOONHA U YCIIEITHO ITPU-
MeEHseTCs VISl JIEUeHUsT COCYAUCThIX HOBOOOpa3oBa-
HUH KOKH, HE IIPEBBINIAET TOJIIHUHBI JEPMBI [7, 19],
II03TOMY €ro IpUMeHeHre B IepUopOUTaIBbHON 06J1a-
CTH MOKET OKa3aThCs 60siee 6E30I1aCHO 110 CPABHEHUIO
C IPYTUMU JIA3€PHBIMU CHCTEMAM.

JleueHne KcaHTeIa3Mbl BEK U MPODUIAKTHKA ee
penBOB WM3JIydYeHWeM Jiazepa Ha Iapax Menau
JTOJDKHBI OBITh HAIIPABJIEHBI HA y/IaJIeHUE JINITH/IOB B
ouare KCaHTeJa3Mbl B COUETAHUU C JIMKBHAAIHEH
BOCITAJIUTETFHOTO TIPOIIECCa U PEMOJIETUPOBAHIEM
aCCOITMMPOBAHHOTO C HUM COCY/IMCTOTO pycJIa Iamu-
JIIPHOTO W BEPXHETO PETHUKYJLIPHOTO CJIOS JIEPMBI
[12, 20]. [TosTOMYy JIeueHHEe KCAHTEIa3Mbl H3JIyde-
HUeM Jazepa Ha Iapax Menu, 00ecreunBaIOININM
BBICOKYIO CEJIEKTUBHOCTH HArPeBa M KOATYJIAIINH JIHC-
IIJIACTUYHBIX COCY/I0B, 0Ka3a10Ch 3 (PEKTUBHBIM.

3AK/IOYEHUE

PesysnbraThl Halled cepuu HaGJIIOZEHUN IPO/ie-
MOHCTPUPOBIN BBICOKYIO 3PPEKTUBHOCTh IIpHMe-
HEeHHUA Jlazepa Ha Iapax MeJIH, B TOM YHUCJE I
KpynHbIX KcaHTesna3M III-1IV crenenu. Ilpumenenue
Jlazepa Ha Iapax Mezu obeclieymsio aTpaBMaTHy-
HOCTHb TIPOIEAYPHl U OTJIMYHBIE KOCMETHUeCcKHe
pe3ynbraThl. JleueHue KCaHTeNa3M OBLIO BBIIOJI-
HEHO B aMOYJIaTOPHBIX YCIOBHSIX.

JI11 IpOBEPKU TTOJTHOTHI 00pabOTKU ITOBEPXHO-
CTH KCaHTeJIa3M JIa3ePHBIM U3JIyYeHHEM HCII0JIh30-

that cannot be seen with the naked eye. Thus
improving the results of laser treatment and pre-
venting relapses.

In our case report series, the treatment of xanthe-
lasma palpebrarum using copper vapor laser radia-
tion at a wavelength of 578 nm made it possible to
achieve a complete cure of the affected area without
long-term side effects (scarring or recurrence) in one
session. However, further studies involving a larger
number of patients with different skin phototypes
are needed to give an objective assessment of the
procedure in question.
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H3MeHeHHA reMaToJIOTHUYEeCKUX I0Ka3aTresjien y KpbIC

npun XpOHquCKOﬁ HHTOKCHKAIINH TAZKEJIBIMHA METaJLJiaMH
HA (I)OHe IKCIICPMMECHTAJIbHOTO aTCPOCKJIEPO3a

P.U. 6parumoB

Hayuno-uccaedosamensvckuil yenmp AsepbaiioxncaHcko20 meduyuHCKo20 yHusepcumema, baxy, Azepbaiioxcax

AHHOTAIIUA

BBeaeHue. Bo3melcTBre TSKEIBIX METAIIJIOB SIBJISETCSA Ba?KHBIM M HEZIOOIEHEHHBIM (DAKTOPOM PUCKA, UMEIOIIUM
OTHOIIIEHHE K PA3BUTHIO aTEPOCKJIEPO3a U €ro nocyeicTBUi. OJHAKO JAHHBIX O FeMATOJIOTHUYECKUX H3MEHEHUSIX IIPH aTe-
POCKJIEPO3€ BCJIEAICTBHE BO3/IEUCTBUS TSAKEJIBIX METAJUIOB B JIUTEPATYPE OOHAPYKUTh HE y/IaJI0Ch, UTO SIBUJIOCH OCHOBA-
HUEM JIJIs IPOBE/IEHUS HACTOSIIEN pabOTHI.

Ilens mccanemoBaHUsa. V3yueHne U3MEeHEHUN IeMaTOJIOTHYECKUX MTOKa3aTeJIed MPU XPOHUYECKOM BO3-
JIEWCTBUY PA3JINYHBIX TSAKEJIbIX METAJVIOB HA (DOHE SKCIEPUMEHTAIIBHOTO aTEPOCKIIEPO3a.

MaTtepuasa @ MeToO bl . VcorenoBanus MpoBeeHbI Ha 110 6e/TbIX HETMHEHHBIX KPhICAX-CaMIfaX, KOTOPbIE TIOcTIe
MOJIEJIMPOBAHUSI aTEPOCKJIEPO3a IO/IBEPTAINCH XPOHUIECKOMY BO3/IEACTBUIO TSKEJIBIX METAJIOB Uepe3 MHUTHEBYIO BOAY B
TedyeHue 60 THeN. ATepOCKIIEPO3 MoziesTupoBasics 1o V.B. CaBUIIKOMY C COABT. HA OCHOBE MYJIbTH(aKTOPHATIBHON TEOPUH Pa3-
BUTH aTEPOCKJIEPO3a U €TO MIOC/IEZICTBUH. B KauecTBe TOKCMKAHTOB HUCIIOJIb30BAHBI CY/Ib(MAT KaIMUS, HUTPAT HUKEJIS U HUTPAT
KobaspTa. I3yueHre reMaToIOTMUECKHX TTOKA3aTeJIel MPOBEIEHO Ha aBTOMATHUECKOM reMaTOJIOTHUYEeCKOM aHAIN3aTope.
PesynbTarsl . Ilocjae HHTOKCUKAIUK PA3JIMYHBIMU TSIKEJIBIMH METAJUIAMU B YCJIOBUAX SKCIIEPUMEHTAIBHOTO
aTepocKIepo3a OTMeUaeTcs: yCyrybieHrne HU3MeHEeHUH TeMaTOJIOTUYeCKUX ToKa3aTesiell, UMeBIINX MeCTO MOCJIe MOZIeTH-
poBaHus aTepockieposa. IIoBbIIIEHHOE KOJTUYECTBO JIEUKOIIUTOB, TUMQPOIUTOB, TPOMOOI[UTOB U PUTPOILIUTOB IIPU SKC-
IIEPUMEHTAJIBHOM aTePOCKJIEPO3€e MOC/Ie XPOHUYECKOW UHTOKCUKAIIMHY TSDKEJTBIMU MeTa/UITaMi HAaUWHAJIO YMEHbBIIAThCS
32 UCKJIFOUEHHEM KOJIMYECTBA TPOMOOITUTOB, KOTOPOE MIPOJI0JIKAJIO YBeIMUUBaThCSA. CHIIKEHHBIN YPOBEHDb reMOTJIOONHA
U €T0 Cpe/iHee COoJIepKaHue B SPUTPOIIUTAX, UMEBIINE MECTO IIPU SKCIIEPUMEHTATLHOM aTEPOCKJIEPO3e, TOC/Ie MHTOKCH-
KaIlU¥ MPOJIOJIKAJIA CHUKAThCS. MaKcUMaIbHbIe HAapYIIEH!UsI OTMEYaINCh K 60-M CyTKaM HHTOKCHKAIUU, a HauboJsee
pe3Kue u3MeHEHUs] OTMEeYaJINCh 1107 /IEUCTBUEM CyIbdaTa KaJiMus, 3aTeEM HUTPATA HUKEJISA U HUTpaTa KobasibTa.
3aknm04ueHHe. Haumune reMaTosOrnyecKux HapyIIeHUH IIPU XPOHUUECKON WHTOKCUKAINHU TAKEJIBIMU MeTas-
JlaMu Ha (DOHE SKCIIEPUMEHTAIIBHOTO aTEPOCKIIEPO3a JUKTYeT HEOOXOAUMOCTD yUeTa JJAHHBIX HaPYIIEHUH B KOMILJIEKCHOM
JIEUeHUU OTPABJIEHUN TSKEJIBIMU MeTa/lJIAMH, 0COOEHHO B CTAPIIUX BO3PACTHBIX TPYIINAX HAIUEHTOB C aTEPOCKIEPOTH-
YECKUM IIOBPEK/IEHUEM COCYZIOB.

Knaoueenle c1068a: 5KCIIepUMEHTATIBHBIN aTEPOCKIIEPO3, TAMKEIbIE METAILIIbI, FeMATOJIOTUUECKHIE TOKA3ATEIIH.

Oo0pasen murtupoBaHusAa: lMoparumos P.U. V3MeHeHUA TeMaTOIOTHIECKHUX [TOKa3aTesIel Y KPBIC IIPH XPOHHU-
YeCKOH MHTOKCHUKAIINHY TSKEIBIMU MeTa/UlaMy Ha (poHe SKCIIepUMEeHTaIbHOTO aTepockieposa // Journal of Siberian
Medical Sciences. 2024;8(4):21-32. DOI: 10.31549/2542-1174-2024-8-4-21-32

Changes in hematological parameters in rats with experimental
atherosclerosis under chronic heavy metal intoxication

R.I. Ibragimov

Scientific Research Center, Azerbaijan Medical University, Baku, Azerbaijan

ABSTRACT

Introduction. Exposuretoheavy metalsis an important and underestimated risk factor related to the develop-
ment of atherosclerosis and its consequences. However, data on hematological changes in atherosclerosis under exposure
to heavy metals could not be found in the literature, which was the reason for carrying out this study.
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A im . Study of changes in hematological parameters under chronic exposure to various heavy metals in experimental
atherosclerosis.

Material and methods. Theexperiments were conducted on 110 outbred male albino rats which, after
modeling atherosclerosis, were exposed to chronic heavy metals through drinking water for 60 days. The model of athero-
sclerosis was created according to 1.V. Savitsky et al., based on the multifactorial theory of the development of atheroscle-
rosis and its consequences. Cadmium sulfate, nickel nitrate and cobalt nitrate were used as toxicants. The measurement of
hematological parameters was carried out using an automatic hematology analyzer.

R e sults. Afterintoxication with various heavy metals under conditions of experimental atherosclerosis, an aggrava-
tion of changes in hematological parameters, that occurred after modeling atherosclerosis, took place. The increased count
of leukocytes, lymphocytes, platelets and erythrocytes in experimental atherosclerosis after chronic intoxication with heavy
metals began to decrease, with the exception of the platelet count which continued to increase. The increased level of hemo-
globin and mean corpuscular hemoglobin, which occurred in experimental atherosclerosis, continued to decline after
intoxication. Maximum disturbances were observed by the 60oth day of intoxication, and the most pronounced changes
were noted under exposure to cadmium sulfate, then nickel nitrate and cobalt nitrate.

Conclusion. Thepresence of hematological disorders following the long-term exposure to heavy metals in exper-
imental atherosclerosis necessitates to take these disorders into account in the comprehensive treatment of heavy metal
poisoning, especially in older patients with atherosclerotic damage to the vessels.

Keywords: experimental atherosclerosis, heavy metals, hematological parameters.
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BBEJIEHUE

3arpsi3HEHUE OKPYKAIOIIEH Cpeabl TIKEeTbIMHI
MeTa/JlaMH OKa3bIBAaeT IaryOHOe BO3JeWCTBHE Ha
3I0POBBE UeJIOBEKA U IIPUBJIEKAET BCe OOJIbIlIee BHU-
MaHWe BO BceM Mupe. BcemupHas opraHusamus
3paBOOXPAHEHMUS VKe JaBHO PACCMATPUBAET TsIKe-
JIble MEeTaJIBl KaK HauboJiee OmacHbIe JIJIsl 37I0POBBS
JIO/IE TOKCHKAHTHI [1], ¥ B II€JIOM TOKCHUYHOCTH
METaJIJIOB, BOBHUKAIOIIAS U3 Pa3HbIX MCTOYHUKOB,
SIBJISIETCS TIPOOJIEMOM BO3pacCTalollell 3HAUYUMOCTU
[2]. Tsazxenbie MeTaIBI B pe3yIbTaTe OMOAKKYMYJIsI-
MU ¥ CIIOCOOHOCTU B3aMMOJIECTBOBATH C PA3JINY-
HbBIMH (DepMeHTaMU U OGMOMOJIEKYJIaMU HU3MEHSIIOT
MHOKECTBO (PUBUOJIOTHYECKUX IPOIECCOB B Opra-
HU3Me 4YeJIoBeKa. B HacTosiInee BpeMsi OTMEYaeTcs,
YTO TOKCUYHOCTD TSI’KEJIBIX METAJLJIOB CBsI3aHA C pa3-
BUTHEM OUYEHb MHOI'UX 3a00J1eBaHui [3—6].

B suTepaType HMOCIEAHUX JIET UMEIOTCS PabOThI,
B KOTOPBIX OTMEUAETCS CBSI3b MEK/Y COJIEPKAHUEM
TSI’KEJIBIX METAJIJIOB U Pa3BUTHEM TeMaToJIOTHYe-
CKHUX HapyIIEHUH KaK y JIFJIEH, TaK U B SKCIIEPUMEH-
TAJIBHBIX HCCAEJOBAHMAX Ha KUBOTHBIX [7—9].
[lempaTphl YKa3bIBAIOT HA HAJIMYHE OTPUIATETBHOMN
CBS3H MEXK/y KOHI[EHTpAI[ed CBUHIA ¥ TEMOTJIO0H-
HOM [10], a Tak)Ke MeXIy COep:KaHUEM CBUHIIA U
KOJIMYECTBOM BPHUTPOIUTOB, CPETHUM YPOBHEM
reMOrJIO0OMHA B 9PUTPOIIUTAX U KOJIMYECTBOM TPOM-
6o1uToB [11] y zeteit. [lpyrre uccieoBaTes il OTMe-
YalT OTPULATETbHYI0 KOPPEJIAIUI0 MEXKIy YpPOB-

INTRODUCTION

Environmental heavy metals pollution affects
human health adversely and draws attention to it
worldwide. The World Health Organization has
already long considered heavy metals as the most
dangerous toxicants [1], and in general, metal toxic-
ity from different sources is a growing challenge [2].
Because of bioaccumulation and the ability to inter-
act with different enzymes and biomolecules, the
heavy metals interfere with a lot of physiologic pro-
cesses in the human body. Currently, it is considered
that heavy metal toxicity is associated with the devel-
opment of a number of diseases [3—6].

In the literature of recent years, there are works
showing the relationship between heavy metal con-
tent and hematological disorders both in humans
and experimental animals [7—9]. Pediatricians point
to the negative correlation between lead concentra-
tion and hemoglobin [10], as well as between lead
concentration and erythrocyte count, mean corpus-
cular hemoglobin and platelet count [11] in children.
Other authors note the negative correlation between
the hair mercury level in adolescents and hemoglo-
bin concentration [12].

Currently, it is known that atherosclerosis and its
consequences are the pathological basis for a num-
ber of cardiovascular and cerebrovascular diseases,
the prevalence of which is growing yearly [13, 14]. An
analysis of the literature of recent years shows that
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HEM PTYTH B BOJIOCAX Y IIOJIPOCTKOB M KOHI[EHTpPA-
el remorsioouHa [12].

CerojiHsl YETKO YCTAHOBJIEHO, UTO aTEPOCKIIEPO3
M €ro IIOCJIEJICTBUS SABJISIOTCA IIATOJOTHYECKOM
OCHOBOM MHOKECTBA CEPJIEUHO-COCY/ITUCTHIX U IEpe-
OpOBacKyJISIDHBIX 3a00JIEBAaHUU, PaCHPOCTPAHEH-
HOCTb KOTOPBIX B MUP€ YBEJTUUNBAETCA U3 TO/1a B O/
[13, 14]. AHanu3 uTepaTyphl IMOCIEIHUX JIET ITOKA-
3BIBAET, YTO BO3/IEHCTBHE TSKEJIBIX METAJLJIOB SABJIsA-
€TCs BAYKHBIM U HEJOOIeHEHHBIM (haKTOPOM PHCKa,
UMEIOIINM OTHOIIIEHNE K PA3BUTHUIO aTEPOCKIIEPO3a
¥ ero mocaeAcTBuii [15—17]. OfHAKO JaHHBIX O reMa-
TOJIOTHYECKUX N3MEHEHUSIX ITPU aTEPOCKIEPO3E IIPU
BO3JIEHICTBUH TSKEIBIX META/JIOB B JINTEPAType
0OHAPYKUTh HE YAAJI0Ch, UTO SIBUJIOCH OCHOBaHUEM
JUTSL IIPOBEJIEHUST HACTOSIIIEH PabOTHI.

ITEJIb NCCJIEAOBAHUA

I/IsyquHe BJIMAHHUA PA3TUYHBIX TAMXEJIbIX METaJI-
JIOB Ha reMaTOJIOTHYECKHE IMOKa3aTeJInu IIPU 9KCIIe-
PHUMEHTAIbBHOM aTEPOCKJIEPO3E.

MATEPUAJIBI 1 METO/IbI

IKCIEPUMEHTHI BBHITTOJTHEHBI HA 110 HEJTMHEHHBIX
OesibIX KpbICax-caMIlax, Maccoi 200—230 r. IIpu
MIPOBEJIEHUH OTIBITOB CJIEOBATN « MeXKyHapOTHBIM
PEKOMEH/IaIusAM II0 IPOBEJIEHUI0 MeINKO-OH0JI0-
TUYECKUX UCCIIEIOBAHMI C UCII0JIb30BAHHEM KUBOT-
HbIx» (CTpacoypr 1986). Kpbichl B IEPHO/ UCCIIEO-
BaHUU COJIEPKAIUCh IIPU €CTECTBEHHOM OCBeIle-
HUH, TOJyJYad CTAaHJIAPTHBIA IHUIIEBOH paIoH U
UMen cBOOOMHBIN OCTYI K BOJe U muile. JlanHoe
HCCIIEZIOBAaHUE OJ00PEHO ITUYECKUM KOMHTETOM
Azepbaii/I>KaHCKOTO MEIUITUHCKOTO YHUBEPCHUTETA.

JKHBOTHBIX pacIpeIe UM B 11 TPYIII IO 10 KPBIC
B K&KJIOU: 1-5 TPYIIIIa — UHTAKTHBIE JKUBOTHBIE; 2-51
rpyIIlia — >XKUBOTHBIE C MOJEJTUPOBAHHBIM aTepo-
CKJIEPO30M; KUBOTHBIE C SKCIIEPUMEHTAILHBIM aTe-
POCKJIEPO30M, IIO/[BEPTaBIINECS WHTOKCUKAIINMHU
cynbGhaToM KaJIMUs, COCTABUIU 3, 4 U 5-10 TPYIIIIHI;
HUTPATOM HUKEJISI — 6, 7 ¥ 8-10 TPYIIIBI 1 HUTPATOM
kobasibTa — 9, 10 U 11-10 TPYIIIBI COOTBETCTBEHHO.
WHTOKCUKAIIHA TPOBOIMJIACK HA 15, 30 B 60-€ CyTKU
JIJI KasKIOTO MeTaJljla B OT/IeJIbHOCTH.

Mojiesib  aTepocKepo3a  Cco3JjaBajiach IO
1.B. CaBuiikomy ¢ coaBT. [18], koTopast OCHOBaHA Ha
MyJIbTH(PAKTOPUATBHON TEOPUU PA3BUTHUS aTEPO-
CKJIEPO3a W €ero mocJiesicTBUi. KpbIChl IMOJydain
MEPKa30JIWJI — 25 MI/KI, METHIIPEIHU30JI0H —
0.17 MI/Kr U 15% BOJHBIA PaCTBOP STUIOBOTO
CITUPTA B CBOOOIHOM JIOCTYIIE BMECTO BOJIBI HA (pOHE
aTeporeHHOU AueThl (1 % xojecTeposia, 20 % HeHa-
CBIIIIEHHBIX U 20 % HACHIIIEHHBIX }KUPOB) B TE€UEHHE
2 Hen. [l MOATBEPIK/IEHUS aTEPOCKIEPOTUUECKUX

the heavy metal exposure is an important and under-
estimated risk factor related to the development of
atherosclerosis and its consequences [15—17]. How-
ever, data on hematological changes in atherosclero-
sis under exposure to heavy metals could not be
found in the literature, which was the reason for car-
rying out this study.

AIM OF THE RESEARCH

Study of changes in hematological parameters
under the long-term exposure to various heavy met-
als in experimental atherosclerosis.

MATERIALS AND METHODS

The experiments were conducted on 110 outbred
male albino rats weighing 200-230 g. The experi-
ments were conducted in compliance with the
requirements of the International Guiding Principles
for Biomedical Research Involving Animals (Stras-
bourg, 1986). The animals were kept in standard
vivarium conditions with natural light and free
access to water and food. This study was approved by
the Ethics Committee of the Azerbaijan Medical Uni-
versity.

Animals were divided into 11 groups (10 rats in
each group): group 1 — intact rats; group 2 — animals
with modeled atherosclerosis; animals with modeled
atherosclerosis, which were exposed to cadmium
sulfate, made up groups 3, 4 and 5; nickel nitrate —
groups 6, 7 and 8; cobalt nitrate — groups 9, 10 and
11, respectively. Heavy metal exposure was per-
formed on the 15th, 30th and 6oth days of the exper-
iment. The model of atherosclerosis was created
according to Savitsky et al. (2016) [18], based on the
multifactorial theory of the development of athero-
sclerosis and its consequences. The rats received
mercazolyl 25 mg/kg, methylprednisolone 0.17 mg/
kg and 15% ethanol-water solution in free access
instead of water amid atherogenic diet (cholesterol
1%, saturated fats 20% and unsaturated fats 20%) for
2 weeks. To confirm atherosclerotic changes, 2 weeks
after, the serum levels of cholesterol, triglycerids,
high and low density lipoproteins were measured.

After modeling atherosclerosis, the animals were
intoxicated with water-soluble salts of heavy metal at
the following doses: cadmium sulfate — 1 mg/kg,
nickel nitrate — 2 mg/kg and cobalt nitrate — 2 mg/kg
through drinking water. The stock solution of heavy
metal salt was calculated using the formula

A=(X-B)-C,

where X — coefficient equal to 6.77;
B — mean body weight of a rat;
C — mean daily water consumption by animals.
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U3MEeHEeHUU dYepe3 2 HeJA ONPENessId YPOBEHb
00IIIero XoJieCTEPHUHA, TPUTJIUIEPH/IOB, JTUIIOIIPOTE-
W/IOB HU3KOH IIOTHOCTH U JIUIIOTPOTEUIOB BBICO-
KOU IIJIOTHOCTH B CBIBOPOTKE KPOBH.

[Tocie MonmeTMPOBAaHUA ATEPOCKIEPO3a JKUBOT-
HbI€ TI0/[BEPTaTUCh WHTOKCUKAIIMU BOJIOPACTBOPH-
MBIMH COJISIMH TSI?KEJIBIX METAJIJIOB B JI03€e: CyJIbdaT
KagMHsI — 1 MT/Kr, HUTpAT HUKEJIS — 2 MT/KT U
HUTPAT KOOAJIbTA — 2 MT/KT uepe3 MUTHEBYIO BOIY.
MaTOYHBIH PACTBOP TSKEJIOTO METAJIA PACCUUTHI-
BaJjics o popmysie

A=(X-B)-C,

rae X — ko3 unmenT, paBHbIA 6.77;

B — cpegHasa macca Tesa KpbICHI;

C — cpenHecyTOYHOE TIOTPEGIEHIE BOBI KUBOT-
HBIMU.

[To OKOHYAHWM SKCIEPUMEHTA y >KUBOTHBIX
3a0Upay KPOBb /IS T€MATOJIOTUYECKOTO HCCIIE0-
BaHUsA U BBIBOAWIN UX U3 HKCIIEPUMEHTA C HCIIOJIb-
30BaHUEM THOIIEHTAJIOBOTO HapKo3a. l3yueHme
reMaToJIOTUYECKUX II0Ka3aTesedl IPOBEJEHO Ha
aBTOMATHUYECKOM T'eMaTOJIOTUYECKOM aHAIN3aTOPe
RT-7600 (Germany). Ompe/iesisiivd KOJIMUeCTBO JIeH-
korutoB (WBC), rpanysnomuroB (GRA), mumdonu-
toB (LYM), TtpombGonutoB (PLT), spuUTpOIUTOB
(RBC), xounenTpanuio remorsiiobuna (HGB) u cpen-
Heks1eTouHbIA remoryioonn (MCH).

O6paboTKy MOJyYeHHBIX ITU(PPOBBIX Pe3YJIbTa-
TOB TIPOBOJWJIN C MOMOIIbI0 mporpamm Microsoft
Excel 2010, BioStat 6.0, Statistica 10.0. I'pymmoBbie
mmoKkasaresii ObUTU PACIIOJIOKEHBI B BADUAITUOHHBIH
pAx, ¥ U KaXKAOU TPYIIBI ONPEEsIA CpeHee
apudmernueckoe 3HaueHue (M), ero craHJapTHYIO
omubky (m), TakKe yKasblBajIach IMUPHUHA 95%
nmoBeputesnbHOro nHTepBasa (P). [To mpuunne mpe-
BJIMPOBAHUSA [1aPAMETPOB, UMEBIIUX paCIIpezieie-
HUe, OTJINYHOE OT HOPMAQJIBHOTO, CTAaTHCTUYECKUI
aHAIN3 PE3YIbTATOB UCCIIENOBAHUS OCYIIIECTBIIIICS
C UCI0JIb30BAHUEM HeNlapaMETPUUIECKUX KPUTEPUEB
aHaIN3a: /IBe HE3aBHUCHUMbIE TPYIIIbI CPABHUBAJIUCH
nocpesacrtsoM U-kputepusa ManHa — YutHu. 3Haue-
HU€e YPOBHS CTaTHCTUYECKOH 3HAYMMOCTH INPUHU-
MaJIOCh IIPHU P < 0.05.

PE3YJ/IBTATDI

PesysibTaThl WCCAEAOBAaHUA TE€MATOJIOTHYECKHUX
MoKasaTesel mocjie MHTOKCUKAIIMH Cy1bhaToM Kajl-
MU Ha QOHE SKCIIEPUMEHTAIBHOTO aTEPOCKIEPO3a
mpeJicTaByieHbl B Taba. 1. Kak BumHO m3 Tabi. 1,
rmocjae MOJEJTHPOBAaHUs aTepockaepo3a Haubosee
3HAYUTEIBHO U JIOCTOBEPHO YBEJHMUYUIIOCH KOJIMYeE-
CTBO JIEUKOIUTOB — Ha 76 %, TuMGOoIruToB — Ha 28 %
U TpOMOOITUTOB — Ha 33% 110 CPABHEHHUIO C MHTAKT-

In the end of the experiment, blood samples were
taken from animals followed removing from the
experiment under anesthesia with thiopental. Hema-
tological parameters (white blood cells (WBC), gran-
ulocytes (GRA), lymphocytes (LYM), platelets (PLT),
red blood cells (RBC), hemoglobin and mean corpus-
cular hemoglobin) were measured using a RT-7600
analyzer (Germany).

The statistical processing of the obtained results
was performed using Microsoft Excel 2010, BioStat
6.0, Statistica 10.0. Variable data were arranged in
variation series, and the arithmetic mean (M), stan-
dard error (m), as well as confidence interval were
calculated for each group. Since non-normal distri-
bution prevailed, a statistical analysis was conducted
using non-parametric tests: a comparison of two
independent groups was carried out using the Mann-
Whitney test. The value of statistical significance was
assumed to be 0.05.

RESULTS

The resulting hematological parameters after
intoxication with cadmium sulfate are presented in
Table 1. As can be seen from Table 1, after modeling
atherosclerosis, the count of leukocytes, lympho-
cytes and platelets increased significantly by 76, 28
and 33%, respectively, compared with the intact
group. The count of granulocytes and erythrocytes
increased insignificantly; however, the decrease in
the mean corpuscular hemoglobin was of impor-
tance — by 15% compared with the intact group.
Such imbalance between the erythrocyte count and
hemoglobin concentration indicated relative eryth-
rocytosis associated most likely with an increase in
blood viscosity.

The subsequent intoxication with cadmium sul-
fate changed hematological parameters as follows
(Table 1). On the 15th day of intoxication with cad-
mium sulfate in experimental atherosclerosis, the
blood cell count began to increase compared with fig-
ures in the group after modeling atherosclerosis.
Thus, the leukocyte count in comparison with the
intact animals was already significantly lower — by
23%, however, 30% less, than in animals after mod-
eling atherosclerosis. The lymphocyte and granulo-
cyte counts decreased by 16 and 23%, respectively,
compared with animals after modeling atherosclero-
sis. The erythrocyte count on the 15th day of intoxi-
cation changed insignificantly; but the concentration
of hemoglobin and mean corpuscular hemoglobin
content was less than in animals after modeling ath-
erosclerosis by 9 and 11%, respectively, which indi-
cates significant qualitative changes in erythrocytes.
At the same time, the platelet count after the start of
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Ta6Jmua 1. lemaTosiornyeckue mokKasaTesau KPBIC IPX UHTOKCUKAUH CyJIb(i)aTOM KaaMHd Ha (l)OHe 3KCIIEpUMEHTaJIbHOI' O

aTepocksieposa (M + m)

Table 1. Hematological parameters of rats after intoxication with cadmium sulfate in experimental atherosclerosis (M + m)

IMocne MOA€e/IMPOBAaHUA Ilocsie MTHTOKCMKALMK HA (l)OHe ATEepPOoCKJIepo3a, CYTKHA

HNHTaKTHBIE aTepocKJepo3a After intoxication amid atherosclerosis, days
Tloxasaress Intact rats After modeling
Parameter _ . 15-e / 15th 30-e / 30th 60-e / 60th
(n=10) atherosclerosis
(n=10) (n=10) (n=10) (n=10)
WBC (10°/x) 6.67 + 0.94 11.74 £ 0.91 8.2+£0.67 6.55+0.73 5.69+0,92
WBC (10°/1) p, <0.001 p,<0.001 p,- p, < 0.02
p,<0.05 p,< 0.001 p,< 0.001
LYM (10°/x) 4.33+0.66 5.55+0.22 4.65+0.33 4.14+0.53 4.18+0.21
LYM (10°/1) p,<0.001 P, - p,- p,-
p,<0.05 p,<0.05 p,<0.01
GRA (10°/x1) 6.16 + 0.69 6.83 + 0.69 525+1.11 4.74 +0.62 4.18+0.27
GRA (10°/1) P, - p,<0.05 p,<0.001 p,<0.001
pa- p,< 0,05 p,< 0.01
RBC (10?/1) 5.63+0.67 6.39 +0.48 6.25 + 0.45 5.66 + 0.49 526+0.5
RBC (10*2/1) p,<0.05 p, - p, - p,-
p,- p,- p,<0.05
HGB (r/n) 135.5+10.7 115.4+£7.92 104.9 £5.22 98 +5.01 95.4 +5.38
HGB (g/1) p,<0.001 p,<0.001 p,<0.001 p, <0.05
p,- p,- p,<0.05
MCH (mr) 29.18+1.7 29.18 £ 2.37 26.01 £ 2.66 21.68 +£2.08 20.73 £1.13
MCH (pg) p, - p,<0.01 p,<0.001 p,<0.001
p,- p,<0.05 p,<0.01
PLT (10°/n) 336+39.9 446.1 +42.4 5334 +42.1 573.1+25.8 595,9 +21,8
PLT (10°/1) p, < 0.001 p,<0.001 p,<0.001 p,<0.001
p,<0.05 p,<0.05 p,<0.01

Mpumeuanus: WBC - neiikouuts;; LYM - suméouuter; GRA - rpanynonuts;; RBC - sputpouutsr; HGB - remorso6un; MCH -

CcpeZiHeKJIeTOYHbIN reMor1061H; PLT - TpOMGOLUTHI.

p,—TpUCPpaBHEHNHN CIAHHBIMHU IO TPYTIII€ MHTAKTHBIX )XMBOTHBIX; P, — TPU CPABHEHWH C JTAHHBIMH I10 TPYTITE€ )KUBOTHBIX C3KCIIEPUMEHTA/IbHBIM

aTepOoCKJIePO30M.

Notes: WBC - white blood cells; LYM - lymphocytes; GRA - granulocytes; RBC - red blood cells; HGB - hemoglobin; MCH - mean corpuscular

hemoglobin; PLT - platelets.

p, - in comparison with values of the intact group; p, - in comparison with values of the group with experimental atherosclerosis.

HBIMH >KHUBOTHBIMH. KOJIMYECTBO TI'pPaHYJIOIUTOB,
SPUTPOLIUTOB  YBEJIUYHUBAJIOCH HE3HAUUTEJIHHO,
OJTHAKO CpeJIHEee COJleprKaHue reMOIJIOOMHA B DPU-
TPOITUTAX OBLJIO CTATUCTUYECKH 3HAYUMO HUIKE, YEM
V MHTAKTHBIX )KUBOTHBIX, Ha 15 %. [10100HBIH Avic-
bajlaHC MeK/Ty KOJTUYECTBOM SPUTPOIIUTOB U COAEP-
JKQaHHEM T'eMOTJIOOMHA Mocjie MOJIEJTUPOBAHUS aTe-
pOCKJIEPO3a CBUIETEHCTBOBATI 00 OTHOCUTEIHHOM
SPUTPOIUTO3€E, CBSI3aHHOM, CKOPEE BCETO, C IOBBI-
[IeHUEM BSI3KOCTU KPOBH.

[Tocnenyromas MHTOKCUKAIUA CyIb(aroM Kaj-
MU U3MEHSIa TeMaTOJIOTHYECKUe TIOKa3aTeJH CJie-
JIyroimuM obpaszom (cMm. Tabs. 1). Uepes 15 cyT mocye
WHTOKCUKAIMH Cy/IbhaToM KafiMus Ha GOHE aTepo-
CKJIEPO3a TIOBBIIIIEHHOE KOJUYECTBO (POPMEHHBIX
9JIEMEHTOB KPOBU II0 CPAaBHEHUID C JIAHHBIMH
TPYIIIBl TIOCJE MOJEJIUPOBAHUA aTEPOCKIEPO3a
HAYMHAJIO YMeHbIaThcs. Tak, KOJMYECTBO JIEHKO-
[IUTOB 10 CPABHEHUIO C IMOKA3aTeJIIMH WHTAKTHBIX

intoxication continues to increase and was higher by
20% than in the group after modeling atheroscle-
rosis.

The changes with similar trend kept on increasing
in subsequent periods. On the 30th day of intoxica-
tion with cadmium sulfate, compared to the data of
the intact animals with atherosclerosis, the count of
leukocytes, lymphocytes and granulocytes increased
significantly by 44, 25 and 30%, respectively. The
erythrocyte count and hemoglobin concentration
decreased by 11 and 15%, respectively, and the mean
corpuscular hemoglobin concentration was signifi-
cantly less already — by 26%. The platelet count in
that period was significantly higher than prior to
intoxication by 28%.

By the end of the second month of intoxication
with cadmium sulfate, there were the most pro-
nounced changes: compared to the data of the intact
animals after modeling atherosclerosis, the count of
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JKUBOTHBIX OBLJIO y3Ke TOCTOBEPHO MeHbIIe Ha 23 %,
O/THAKO MEHBIIIE, UEM Y }KHBOTHBIX ITOCJIE MOJIETUPO-
BaHUs aTePOCKIIepo3a, Ha 30 %. KonmuuecTBo JUM-
(oIuTOB M TPAHYJIOIUTOB IO CPAaBHEHUIO C JIaH-
HBIMH B TPYIIIE ITOCJIE MOJETUPOBAHUS aTEPOCKIIe-
po3a cHusmioch Ha 16 U 23 % COOTBETCTBEHHO.
KosinuecTBO 3pUTPOIUTOB HA 15-€ CYTKH HHTOKCH-
KAy U3MEHSJIOCh HE3HAYUTEILHO, OJTHAKO COZIED-
JKaHHUe reMOTJIOONHA U CPeJlHEee COJIEPKAHUe TeMO-
IOOWHA B SPUTPOIUTAX OBLIIO MEHBIIE, YEM TOCTIE
MOJIEJTUPOBAHUS aTEPOCKIEPO3a, HA 9 U 11 %, UTO
CBU/IETEJILCTBOBAJIO YK€ O KAaueCTBEHHBIX H3MeHe-
HUAX B 9puTponuTtax. OHaKO KOJIMYECTBO TPOMOO-
[UTOB TIOCJIE Hadyajla MHTOKCHUKAIIUU IIPOJ0JIKAIIO
HapactaThb U ObUIO OoJibllle, YEM B TPYIIIIE IOCTIE
MOJIeJIUPOBAHUSA aTEPOCKIEPO03a, Ha 20 %.

N3meHeHus MMOA0OHOW HAIMPABJIEHHOCTH IPO-
JIOJIKAJIM HAapacTaTh B MOCJIEAYIONINE CDOKH HCCTIe-
nmoBaHus. Ha 30-e CyTKM MHTOKCUKAIUU CYIb(aToM
KaJMHS TI0 CPABHEHUIO C JIAHHBIMH B TPYIIIE ITOCTIE
MOZIEJTUPOBAHUS aTEPOCKJIEPO3a JIOCTOBEPHO CHHU-
’KaJIOCh KOJTMYECTBO JIEMKOIUTOB — Ha 44 %, TuMdOo-
[IUTOB — Ha 25 %, TPaHyJIONUTOB — Ha 30 %. Kosuue-
CTBO 3PUTPOIUTOB U TeMOIJIOOMHA YMEHBIIAIOCh Ha
11 U 15 % COOTBETCTBEHHO, a CpPeIHee COJIEPIKAHUE
reMOTJIOOMHA B SPUTPOIUTAX OBLJIO CTATHCTHYECKH
3HAYUMO MeHblIIe yke Ha 26 %. ComeprkaHue TpOM-
OOIIUTOB B yYKAa3aHHBIA CPOK HCCJIEIOBAHUS OBLIO
JIOCTOBEPHO OOJIbIIIE, YeM JI0 Hayajla WHTOKCUKAa-
nuu, Ha 28 %.

K xoHIIy 2-T0 Mecsilla MTHTOKCUKAIINH CyJIb()aTOM
KaMHsI OTMeYaJUCh MAaKCHMAaJIbHO BBIPAKEHHBIE
W3MEHEeHUs: M0 CPABHEHUIO C JAHHBIMHU TPYIIIbI
1ocjIe MOJIeJINPOBAHUSA aTePOCKIep03a KOJIUYECTBO
JIEHKOIIUTOB CHU3WJIOCH Ha 53 %, TUMQOIUTOB — Ha
25 %, TPaHyJIONUTOB — HA 39 %, SPUTPOIIUTOB — HA
17 % cootBercTBeHHO. CozleprKaHIe TeMOIVIOONHA U
CpeTHETO YPOBHs TeMOIVIOOMHA B 3PUTPOIUTAX
OBLIO CHIKEHO Y3Ke Ha 17 U 29 %. KosinuecTBO TpOM-
6o1uTOB OBLIIO OOJIBINE HA 33 %.

PesysibTaThl WCCAEAOBAaHUSA Te€MATOJIOTHYECKHUX
IoKasareyiell IoCjie WHTOKCUKAIIUU HUTPATOM
HUKeJIA Ha (HOHE DKCIEPUMEHTAIBHOTO aTepOCKIIe-
po3a TpejicTaBIeHbl B Tabi1. 2. Yepes 15 cyT mocye
WHTOKCUKAIIUK KOJIMYECTBO JIEHKOIIMTOB OBLIO
JTOCTOBEPHO MEHBIIE HA 35 % 10 CPABHEHUIO C TTOKA-
3aTeJIIMH TPYIIbI TI0CJIE MOJIEJIUPOBAHUS aTepo-
CKJIEPO3a, T.e. 10 Hayajia HHTOKcukanuu. Kommye-
CTBO JIUM(OIUTOB U TPAHYJIOIUTOB YMEHBIITHUIIOCH
Ha 15 ¥ 20 %. KoJIm4ecTBO 3pUTPOIUTOB U TE€MOTJIO-
OuHa uepe3 15 CYT IIOCJIEé UHTOKCUKAIIUU U3MeEHS-
JIOCh HE3HAUYUTEJIBHO, OJJHAKO Cpe/iHee coJlepKaHue
reMOIJIOOMHA B 3PUTPOIUTAX ObLIO MEHBINE, YeM
rmocje MOJEJIUPOBAHUSA aTepOCKiepo3a, Ha 15 %.

leukocytes, lymphocytes, granulocytes and erythro-
cytes decreased by 53, 25, 39 and 17%, respectively.
The concentration of hemoglobin and mean corpus-
cular hemoglobin was already less by 17 and 29%.
The platelet count was higher by 33%.

The obtained results of hematological tests after
intoxication with nickel nitrate in animals with
induced atherosclerosis are presented in Table 2.
On the 15th day of intoxication, the leukocyte count
was significantly less — by 35%, compared with the
parameters of the group after modeling atheroscle-
rosis, i.e. prior to the intoxication. The count of
lymphocytes and granulocytes was less by 15 and
20%, respectively. The erythrocyte count and hemo-
globin concentration on the 15th day of intoxication
changed insignificantly, however, the mean corpus-
cular hemoglobin concentration was 15% less in
comparison with animals after modeling athero-
sclerosis. The platelet count on the 15th day of
intoxication was higher by 19% than before the
exposure.

During the later time points of the experiment
after intoxication with nickel nitrate in experimen-
tal atherosclerosis, in the same manner as in intox-
ication with cadmium sulfate, hematological
changes kept on increasing. For example, on the
3oth and 60th days of intoxication, in comparison
with the parameters of the intact group with ath-
erosclerosis, the count of leukocytes, lymphocytes
and granulocytes decreased significantly by 48
and 50%, 21 and 24%, and 28 and 35%, respec-
tively. The erythrocyte count, as well as the hemo-
globin concentration, decreased on average by
10%, and on the 60th day — by 24 and 26%, respec-
tively. The mean corpuscular hemoglobin concen-
tration in the abovementioned time points was
already significantly less by 24 and 26%, respec-
tively. The platelet count on the 3oth and 60th
days of intoxication was significantly higher by 28
and 31% compared with the data of the group after
modeling atherosclerosis.

Intoxication with cobalt nitrate amid experimen-
tal atherosclerosis has shown the following changes
in hematological parameters (Table 3). On the 15th
day of intoxication in atherosclerosis the 17%
decrease in the leukocyte count was recorded, how-
ever, the lymphocyte and erythrocyte count, as well
as the concentration of hemoglobin and mean cor-
puscular hemoglobin increased insignificantly com-
pared to the data of the intact group with atheroscle-
rosis. On the 15th day of intoxication, the platelet
count was 20% higher than prior to intoxication. In
the subsequent periods of the study, hematological
parameters began to decrease, and on the 60th day,
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Ta61mua 2. lemaToJioruyeckue nokasaTesau KPbIC 10CJI€ MHTOKCUKALUX HUTPATOM HUKEJIA Ha Q)OHG JKCIIEpUMEHTAJJIbHOI'O

arepocksepo3sa (M + m)

Table 2. Hematological parameters of rats after intoxication with nickel nitrate in experimental atherosclerosis (M + m)

IMocnae MO e/IMPOBAHUA

Ilocsie MTHTOKCUKaL MU HA (l)OHe aTepocCKJ/iepo3a, CYTKH

l'l WUHTaKTHbIE aTepockJiepo3a After intoxication amid atherosclerosis, days
OKa3areJib p
Parameter Intact rats After modeling
(ﬂ = 10) atherosclerosis 15-e / 15th 30-e / 30th 60-e / 60th
(n=10) (n=10) (n=10) (n=10)
WBC (10°/x) 6.67 £ 0.94 11.74 + 091 7.55 + 0.64 6.15 + 0.59 5,87 £0,63
WBC (10°/1) p,<0.001 p, <0.05 p,- p, <0.05
p,<0.001 p,<0.001 p,<0.001
LYM (10°/n) 4.33 £0.66 5.55+0.22 4.69 £ 0.34 4.36 £0.48 4.22+£0.18
LYM (10°/1) p,<0.001 p,<0.05 P, - P, -
p,- p,<0.05 p,<0.05
GRA (10°/n) 6.16 £ 0.69 6.83 + 0.69 5.46 £ 0.95 4.87 +0.52 4.45+0.23
GRA (10°/1) P, - p,<0.05 P, <0.001 P, <0.001
p,<0.05 p,<0.001 p,<0.001
RBC (10?/n) 5.63 +0.67 6.38 £ 0.48 6.1 +0.59 5.77 £ 0.41 5.18 £ 0.32
RBC (10*2/1) p, <0.05 p,- p,- p,-
HGB (r/n) 135.5+10.7 1154+79 1104 +5.2 104.3+ 6.6 98.4 +2.8
HGB (g/1) p,<0.001 p,<0.001 p,<0.001 p,<0.001
p,- p,- p,<0.05
MCH (nr) 29.18+ 1.7 29.18 +2.37 24.8+2.17 22.29+2.05 21.42 +1.65
MCH (pg) p, - p,<0.001 P, <0.001 P, <0.001
p,<0.05 p,<0.001 p,<0.001
PLT (10°/) 336+39.9 446.1 +42.4 531 +50.7 569.8 +27.6 588.2 +21.7
PLT (10°/1) p,<0.001 p,<0.001 P, <0.001 P, <0.001
p,<0.05 p,<0.001 p,<0.001

Ipumevyanus: WBC - selikouutsl; LYM - sumdouutsr; GRA - rpanynouuts;; RBC - sputpouuts;; HGB - remorno6un; MCH -

CpeHeKJIeTOYHbIH reMorso6us; PLT - TpoMGOIUTEL.

p,—TpUCpaBHEHUH CIAaHHBIMHU IO TPYTIE UHTAKTHBIX )KMBOTHBIX; P, — IPU CPAaBHEHWH C JAaHHBIMH 110 TPYMIE )KUBOTHBIX C3KCNIEPUMEHTAJ/IbHBIM

ATEePOCKJIEPO30M.

Notes: WBC - white blood cells; LYM - lymphocytes; GRA - granulocytes; RBC - red blood cells; HGB - hemoglobin; MCH - mean corpuscular

hemoglobin; PLT - platelets.

p, - in comparison with values of the intact group; p, - in comparison with values of the group with experimental atherosclerosis.

Yuciio TPOMOOIIUTOB Ha 15-€ CYTKH I10CJIe MHTOKCH-
Kall¥ IPEBBIIIAJIO JIAHHBIE JI0 Hayajla MHTOKCHKA-
nuu Ha 19 %.

B mocsenyromnmue CpoKH HCCIIEIOBAHUS IIOCTIE
WHTOKCHUKAIIMK HUTPATOM HUKeJA Ha (oHe dKcre-
PUMEHTATLHOTO aTEPOCKJIEPO3a TaK Ke, KaK U MPHU
WHTOKCUKAIUU CyJIbGaTOM KaJ[MHs, FeMaTOJIOTHYe-
CKHe HapylleHus MpoAoJrKaId HapacTaTh. Tak, Ha
30 U 60-e CyTKH HCCJEeOBAHUS TI0 CPAaBHEHUIO C
JIAHHBIMH TPYMIIBI IIOCJIE MOJIEJTUPOBAHUS aTEPO-
CKJIEPO3a KOJIMYECTBO JIEHKOIIUTOB JIOCTOBEPHO
YMEHBIIIAJIOCh Ha 48 1 50 %, TUMGOIUTOB — HA 21 U
24 %, TpaHyJIOIUTOB — HA 28 U 35 % COOTBETCTBEHHO.
KosmmuecTBO 5pUTPOITUTOB, KaK U CO/IEP:KaHHE TeMO-
r7100MHa, Ha 30-€ CYTKU WHTOKCUKAIIMU CHIYKAJIOCh
B cpefiHeM Ha 10 %, a cmycrs 60 ¢yT — Ha 19 U 15 %
cooTBeTcTBeHHO. CpefiHee cojiep:KaHUe TeMOTJIO-
O1HA B 9PUTPOIUTAX B OTMEUYEHHbBIE CPOKHU UCCIIENI0-
BaHUs I10CJIE UHTOKCUKAIIUH OBLJIO CTATHCTUYECKH
3HAYMMO MEHBIIIE Y2Ke Ha 24 U 26 % COOTBETCTBEHHO.

the most pronounced changes were recorded. Thus,
the counts of leukocytes, lymphocytes, granulocytes
and erythrocytes showed a statistically significant
decrease by 40, 26, 21 and 16%, respectively, com-
pared with the intact group after modeling athero-
sclerosis. The concentration of hemoglobin and
mean corpuscular hemoglobin decreased already by
11 and 25%, respectively. The platelet count was sig-
nificantly higher — by 33%, compared to the data
before the exposure started.

DISCUSSION

The results of our experiments showing the
changes in hematological parameters after intoxica-
tion with cadmium sulfate, nickel nitrate and cobalt
nitrate meet the literature data on toxic effect of
heavy metals on hematological parameters as much
as in healthy people and experimental animals. Thus,
in the experiments on rats, it was shown that intoxi-
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Ta6smua 3. leMaTosiorMyecKye MoKasaTe M KpbIC IPU UHTOKCUKALIUY HUTPATOM KobasibTa Ha GOHe 3KCIepUMEHTAIBHOTO
arepockseposa (M = m)
Table 3. Hematological parameters of rats after intoxication with cobalt nitrate amid experimental atherosclerosis (M + m)

Ilocne MOAe/IMPpOBaHUA

Ilocsie MTHTOKCUKaL UMY HA (l)OHe aTepocCKJiepo3a, CYTKH

n HWHTaKTHBIE aTepOCK/JIepo3a After intoxication amid atherosclerosis, days
OKa3areJib .
Parameter Intact rats After modeling
(n = 10) atherosclerosis 15-e / 15th 30-e / 30th 60-e / 60th
(n=10) (n=10) (n=10) (n=10)
WBC (10°/.x) 6.67 + 0.94 11.74 + 091 9.73£0.7 7.89 £ 0.59 6,69 £ 0,67
WRBC (10°/1) p,<0.001 p,<0.001 p,<0.05 p,-
p,- p,<0.05 p,<0.001
LYM (10°/x) 4.33£0.66 5.55+0.22 5.24 £ 0.64 4.71+£0.45 4.11+0.33
LYM (10°/1) p,<0.001 p,<0.01 p,- p,-
p,- p,- p,<0.05
GRA (10°/n) 6.16 + 0.69 6.83 £ 0.69 7.2+1.53 6.28 +1.19 5.41 +0.59
GRA (10°/1) p,<0.05 p,- p,- p,<0.05
p,- p,- p,<0.05
RBC (10?/x) 5.63 £0.67 6.38 £ 0.48 6.09 £ 0.65 5.55 +0.46 5.34 + 0.44
RBC (10%/1) p,<0.05 p,- p,- p,-
HGB (r/n) 135.5+10.74 1154+7.92 111.8+6.73 106.9 +8.59 102.6 +5.9
HGB (g/1) p,<0.001 p,<0.001 p,<0.001 p,<0.001
MCH (nr) 29.18+1.69  29.18+2.37 27.06 + 2.46 23.44 +2.02 2195+ 1.74
MCH (pg) p,- p,£0.05 p,<0.001 p,<0.001
p,- p,<0.05 p,<0.001
PLT (10°/n) 3352+40.8 432.1+443 523.6 +20.3 523.5+18.9 576.1 +23.1
PLT (107/1) p,<0.001 p,<0.001 p,<0.001 p,<0.001
p,<0.05 p,<0.05 p,<0.001

Ipumevanus: WBC - sedikonuts; LYM - sumdouutsl; GRA - rpanysouuts;; RBC - spurtpouurts;; HGB - remorsno6un; MCH -
CpeJHeKIeTOYHbIA reMorio6uH; PLT - TpoMGOIUTEL
p,~TIpY CPaBHEHWH C JAHHBIMU 10 TPYTINe MHTAKTHBIX )KUBOTHBIX; P, ~ IPY CPAaBHEHUH C JAHHBIMH I10 TPYTIIE )KUBOTHBIX C3KCIIEPUMEHTalbHbIM

ATepPOCKJIEPO30OM.

Notes: WBC - white blood cells; LYM - lymphocytes; GRA - granulocytes; RBC - red blood cells; HGB - hemoglobin; MCH - mean corpuscular
hemoglobin; PLT - platelets.

p, - in comparison with values of the intact group; p, - in comparison with values of the group with experimental atherosclerosis.

KosiimuecTBo TPOMOOIIMTOB CITYCTS 30 ¥ 60 CYT IMOCyIe
MHTOKCUKAIUU ObUIO ZI0OCTOBEPHO GoJibIlle Ha 28 U
31 % COOTBETCTBEHHO B CPaBHEHWUU C IAHHBIMU
IPYIIIIBI TIOCTIE MOJIETUPOBAHUS aTEPOCKIIEPO3a.
VHTOKCHKAI[MA HUTPATOM KOBAIBTA ITOCTIE MO/IE-
JINPOBaHUs aTEpPOCKJIepO3a IOKa3aia CJIeAyIoInne
U3MEHEHUsI  TeMaTOJIOTHUYECKUX  ITOKazaTesiei
(Tabs. 3). Yepes 15 CyT IMOC/ie MHTOKCHKAIIUU Ha
(dboHe aTepocKIEpO3a 0TMEYAIOCH IOCTOBEPHOE CHU-
JKEHUE KOJIMYECTBA JIEMKOIUTOB Ha 17 %, OIHAKO
KOJIMYECTBO JIUM(OIIUTOB, SPUTPOIUTOB, & TaKXKe
reMOIJIOOMHA U CpeJHEro CoZiepKaHHs TI'eMOIJIO-
OGUHA B PUTPOIUTAX YMEHBITUIOCH HE3HAUUTETHHO
[0 CPABHEHHMIO C JAHHBIMHU TPYIIIBI IOCTIE MOJEITH-
poBaHus arepockyieposa. KoanuecTso TpoMGOIIUTOB
IPH 3TOM CPOKe HCC/IeZioBaHuA 6bUT0 Ha 20 %
Gostblile, UeM 10 HaYaIa HHTOKCUKAINH. B mocesmy-
I0IIMe CPOKU HCCIIEOBAHUSA KOJIUUECTBO (HOpMeH-
HBIX 3JIEMEHTOB KPOBH HAUMHAJIO CHIKATHCA, U HA
60-€ CYyTKM OTMeUaInuch 6ojiee BhIpasKeHHBIE M3Me-

cation with lead, cadmium and copper [19, 20] cause
changes in hematological parameters, namely a
decrease in the count of various blood cells, as well as
hemoglobin concentration.

It is known that bioaccumulation of heavy metals
(prone to covalent binding, which allows them to
exhibit their toxic properties) have a systemic effect
on human body [21] and lead to toxic effect on differ-
ent tissues and organs. Meanwhile, the common
mechanism in toxic effect of heavy metals is the for-
mation of reactive oxygen species, weakening of anti-
oxidant defense, inactivation of enzymes and oxida-
tive stress [22, 23]. On exposure to toxic metals,
organ dysfunction, metabolic disorders, hormonal
imbalance, immune system dysfunction occur, up to
the development of malignancies [24].

It is known that heavy metals have a tendency to
accumulate in various tissues, including blood and
bones (for example, in chronic cadmium [25] and
lead [26] poisoning). At the same time, accumulation

28
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HeHHA. Tak, CTATUCTHYECKH 3HAYMMO CHU3WJIOCH
KOJIMYECTBO JIEUKOITUTOB — HA 40 %, TUMQOIIUTOB —
Ha 26 %, IpaHyJIOUTOB — Ha 21%, SPUTPOIUTOB —
Ha 16 % COOTBETCTBEHHO B CPAaBHEHUU C JAHHBIMH B
TPYIIle IOCJie MOJEIUPOBAHUS aTepOCKIIEPO3a.
CopneprkaHre TeMOIVIOOWHA U CpelHee CO/IepIKaHue
reMOIJIOOMHA B 9PUTPOLIUTAX OBLIIO CHIKEHO yIKe Ha
11 1 25 % cooTBeTcTBeHHO. KostrmuecTBO TpoMOOITH-
TOB OBLIO TOCTOBEPHO OOJIbIIIE HA 33 % B CDAaBHEHUU
¢ JAHHBIMHY JI0 HAYaJia MHTOKCUKAIUU.

OBCYXXKJIEHHNE

[TosyueHHble HaMW JaHHBIE 10 WU3MEHEHUIO
reMaTOJIOTUYECKOTO CTaTyca IIOC/ie WHTOKCHKAI[UH
KaJIMUEeM, HUKeJIeM U KOOaJIbToM Ha (OHE IKCIEPHU-
MEHTJIHHOTO aTepOCKJIEPO3a COTJIACYIOTCS C JIUTE-
paTypHBIMU JaHHBIMHU IOCTETHUX JIET O TOKCHUYe-
CKOM JIeHICTBUH TSXKEJIBIX META/IJIOB Ha FeMaTOJI0T -
YyecKre IMOKa3aTen JJa’Ke V 3/J0POBBIX JIIO/IEH U DKC-
IMepUMEHTAIbHBIX JKUBOTHBIX. Tak, B AKCIIEPUMEH-
TaJIbHBIX pabOTax Ha KPbICAaX OTMEYAETCs, UYTO IIPHU
MHTOKCHKALIUM CBUHIIOM, KaJMHEeM H MeJbio [19,
20] TPOHUCXOAAT TEeMATOJOTUUECKUEe W3MEHEHUs,
BBIPA’KAOIIHECsS B OCHOBHOM B CHIIKEHUU KOJIUYe-
CTBA TeX WJIX UHBIX GOPMEHHBIX 3JIEMEHTOB KPOBH, a
TaK»Ke TeMOIJIO0nHa.

H3BeCTHO, YTO OMOHAKOIJIEHUE TAKEJIBIX METaJI-
JI0B (CKJIOHHBIX 00Pa30BhIBATh KOBAJIEHTHbBIE CBA3H,
YTO TO3BOJISIET UM MPOSIBJISATh TOKCUUECKHE CBOU-
CTBA) OKa3bIBAET CHCTEMHOE BO3JIEMCTBHE HA Opra-
HU3M YeJIoBeKa [21] ¥ MPUBOJIUT K Pa3TUYHOMY TOK-
CUYECKOMY BO3JIEWCTBUIO HAa pa3JIMUYHble TKAHU H
opraHbl opranusma. [Ipu 3ToM 061IUM MEXaHU3MOM
TOKCHUYECKOIO JeHCTBUA TAXKEJIbIX METAJIJIOB SBJIS-
eTcsl TeHepalusa aKTUBHBIX (POPM KUCIOPOa, OcIa-
OJieHMe aHTHOKCHAAHTHOM 3alllUThl, MHAKTHBAILUA
(epMeHTOB U OKHUCIIUTENBHBIN cTpece [22, 23]. [Ipu
BO3[IEHCTBUN TOKCHUYHBIX METaJJIOB BO3HUKAIOT
IucYHKITNA OPTaHOB, HAPYIIIEHKS 0OMEHA BEIECTB,
TOPMOHAJIbHBIN AucOaaHc, HapylleHue (GYHKIIMH
UMMYHHOH CHCTEMBI, BILIOTH /10 PA3BUTHSA 3JI0KaUe-
CTBEHHBIX HOBOOOpa3oBaHUU [24].

W3BeCTHO, YTO TAXKeJIble MEeTalIbl MMEIOT TeH-
JIGHITUI0O HaKaIlJIUBaTbCA B PAa3JIMUYHBIX TKAHSIX,
BKJIIOYAsi KPOBb U KOCTH — HAIIPUMED, IIPU XPOHUUE-
CKOM OTpaBJIEHHH KajaMueM [25], cBuHIIOM [26].
[Ipy 5TOM MPOUCXOAUT HAKOIUIEHHE TSKEJIBIX
METAJVIOB B IIOYKAX M KOCTHOM MO3r€, U4TO TaKKe
SIBJISIETCSI TIATOTEHETUYECKUM 3BEHOM HapyIIeHUs
Tpoliecca KpOBETBOPEHUsI M OTPaskaeTcsl Ha reMaro-
JIOTHYECKOM CTaTyCe.

YuutbiBass BbIIIEYKa3aHHbIE IATOJIOTHUECKHE
CIBUTHU, MPOUCXOZAIINE II07] BO3JAEHCTBUEM TsIKe-
JIBIX METAJIJIOB, MOKHO OOBSICHHUTH TOKCHYECKOE

of heavy metals in kidneys and bone marrow takes
place, which is also a component of pathogenic
mechanism in the impairment of hematopoiesis and
affects hematologic profile.

Taking into account the abovementioned path-
ological changes in hematological parameters
caused by an exposure to heavy metals, we can
explain the toxic effect of the studied heavy metals
on hematological parameters in experimental ath-
erosclerosis.

Besides, it was shown that an excess of essential
metals, such as copper, leads to destruction of eryth-
rocytes [27] and kidney tissue fibrosis, while iron
[29] and cobalt [30] excess is associated with
increased susceptibility to cardiovascular diseases.
The obtained data on toxic effect of essential element
cobalt on hematological parameters in experimental
atherosclerosis are consistent with the above find-
ings.

Thus, changes in hematological parameters after
intoxication with one or another heavy metal occur
also in experimental atherosclerosis and necessitate
the development of preventive and effective treat-
ment of hematological disorders in chronic heavy
metal poisoning, especially in older patients with
atherosclerotic damage of vessels.

CONCLUSION

The study results showed that after modeling ath-
erosclerosis, there were changes in hematological
parameters expressed mainly in an increase in the
counts of leukocytes, lymphocytes, granulocytes and
platelets. The subsequent chronic intoxication with
salts of various heavy metal was accompanied with a
gradual decrease in almost all blood cells, except for
platelets.

The maximal changes were observed by the end
of the second month of intoxication, certain quan-
titative changes in particular hematological
parameters were recorded. A directly proportional
dependence between the level of hematological
disturbances and duration of heavy metal expo-
sure was noted. The most pronounced hematologi-
cal changes were found by the end of 60th day of
intoxication.

According to the degree of severity of changes in
hematologic parameters, the studied metals can be
arranged in descending order: cadmium sulfate —
nickel nitrate — cobalt nitrate. The presence of
hematological disorders during long-term exposure
to heavy metals necessitates to take these disorders
into account in the comprehensive treatment of
heavy metal poisoning, especially in older patients
with atherosclerotic vascular damage.
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BJIMSIHUE U3YYEHHBIX HAMU TSKEJIBIX METAJJIOB Ha
reMaTOJIOTHYECKHUE IapaMeTphl MPU SKCIEPUMEH-
TQJIHHOM aTEPOCKJIEPO3E.

Kpome Toro, UMeIoTcs TuTepaTypHbIe JAHHBIE O
TOM, 4TO U30BITOK HEOOXOAUMBIX METAJJIOB, TAKUX
KaK MeJlb, IPUBOJUT K Pa3pYIIEHUI0 SPUTPOIUTOB
[27] u dubposy moueuHoi TkaHu [28], a U3OBITOK
sxesnie3a [29] u kobanpTa [30] CBA3aHBI C IIOBBIIIEH-
HOW BOCIHPHUHUMYUBOCTHIO K CEPIE€YHO-COCYIUCTHIM
3abosieBaHusAM. [losyueHHbIE HAMH JAHHBIE O TOK-
CUYECKOM JIEMCTBUHU OCCEHIUAIBHOIO BJIeMEeHTa
KOOaIbTa IIPHU DKCIEPUMEHTATILHOM aTEPOCKIIEPO3E
Ha TeMaToJIOTUYECKUE II0Ka3aTeJu COTJIACYIOTCS C
MIPUBE/IEHHBIMU BBIIIE CBEJEHUSIMHU.

Takum o6pa3oM, H3MEHEHHUs TeMaToJIOTHuYe-
CKHUX IIOKasaTesel NMpU XPOHUYECKOW MHTOKCHUKA-
UM T€M WM WHBIM TSKEJIbIM METAJIJIOM BCJIEM-
CTBHE HMX TOKCHYECKOIO BO3AEUCTBHUA BO3HUKAIOT
Tak)Xe U IPU DKCIIEPUMEHTAIFHOM aTEPOCKIIepo3e
U JUKTYIOT HeOOXOJAUMOCTh pa3paboTku mpodu-
JIAKTUYECKOTO U 3 GEKTUBHOTO JIEUYEHHST TeMaTo-
JIOTUYECKUX HApYIIeHUH B KJIMHUKE XPOHUUYECKUX
OTpaBJIEHUU TSIKEJIBIMU MeTaJlJlaMd, B 0COOEHHO-
CTH y TAaIUeHTOB C aTepPOCKJIEPOTUYECKUMU
MMOBPEK/IEHUSIMHU COCY/IOB.

SAK/IIOYEHUWE

PeSy.TIbTaTI)I IIPpOBEAEHHBIX HCCJIEIOBAaHUU TTOKa-
3aJI, 4YTO IIOCJIEe MOZEJIHPOBAHHUA aTEPOCKJIIEPO3a
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OTMEYaTNCh U3MEHEHUs] TeMaTOJIOTUYECKUX IOKa-
3aTesiell, BBIPA)KABIINECS B OCHOBHOM B IIOBBIIIE-
HUH KOJINYECTBA JIEHKOIUTOB, TUM(MOITUTOB, TPAHYy-
JIoruTOB U TpoMbouuToB. Ilocaenyromas XpoHuye-
CKasl WHTOKCHUKAIIMH COJIIMH PAa3/IMYHBIX TIKEJIbIX
METaJUIOB COIIPOBOK/AJIACh MOCTEIIEHHBIM CHIDKE-
HHEM KOJIMYECTBA IMOYTH BCeX (GOPMEHHBIX 3IeMEH-
TOB KPOBH, 34 UCKJIIOUEHNEM TPOMOOIINTOB.

MaxkcuMabHble CIBUTH HAOIIONAINCh K KOHILY
2-r0 MecsIa MHTOKCUKAIINH, UMEJIUCH JINIIh OIpe-
JleJIEHHbIe KOJIMYeCTBeHHbIE OTINYUS TEX WU UHBIX
reMaToOJIOTUYECKUX  IoKaszaTeseld. OTmeuasach
IIpAMO MPOTOPIMOHAIIBHAS 3aBUCUMOCTh MEKIY
YPOBHEM IeMaTOJIOTUUECKUX HAPYIIeHUH U ITPOJI0JI-
JKUTEJIbHOCTHIO BO3JEHCTBUS TSKEBIX METAJIOB.
MaxkcuMabHbIe HAapyIIeHHs HaOTI0SaTIUCh K KOHITY
60-X CyTOK MHTOKCUKAIIUU.

ITo cTeneHU BRIpAXKEHHOCTH U3MEHEHUH reMaTo-
JIOTUUECKHUX IOKa3aresiell B yOBIBAIOIIEM IOPSAKE
HU3y4JeHHble METJIBl MOXKHO PACIOJIOKUTE B DSA:
cyapdar KaaMus — HUTpaT HUKeJs — HUTPaT
kobanbTa. Hasimure reMaToIornaecKux HapymeHui
IIpU  XPOHUYECKON HHTOKCUKAIINU  TsKETBIMHU
MeTa/ulaMH Ha (OHE HKCIEPUMEHTAIBHOTO aTepo-
CKJIEPO3a JUKTYeT HEOOXOAMMOCTh ydeTa JTaHHBIX
HapyIIEHUH B KOMIUIEKCHOM JIEYEHUH OTPaBJIEHUH
TSOKEJTBIMU METaJIJIAMH, OCOOEHHO B CTapIIUX BO3-
PacTHBIX TpyNmax IMAnUeHTOB, MMEIOIINX aTepo-
CKJIEpOTHUECKHE TOBPEKAEHUS COCY/IOB.
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AHHOTAIIUA

BBegeHnwue. BocHOBe pa3BUTHs FACTPOMHTECTUHAIBHBIX OCIOKHEHMI XMMHUOJIYIEBOU TEPATUK Y OOJTBHBIX T€MO-
6J1acTO3aMu JIeKAT JUCOMOTHYECKHIE ITPOIIECCHI, XapaAKTEPHUIYIOIIHECs [T0/[aBJIEHHEM HOPMATbHOU MUKPOGIOPHI KUIIEY-
HUKA, aKTUBU3AIHEHN OMIMOPTYHUCTUYECKUX MUKPOOPTAHU3MOB, BBICOKIM PUCKOM HX TPAHCIOKAIIMU B HECBOMCTBEHHbIE
OGUOTOIIBI U 9H/IOTEHHBIM UHPHUIPOBaHUEeM. Ellle OTHUM 3THOJIOTHUYECKUM (DAaKTOPOM Pa3BUTHS JUCOM03a KUIIEUHUKA Y
60JIBHBIX TeMO00JIaCTO3aMU SIBJIsIETCsI TPUMeHeHue aHTHbakTepuaabHoi Tepanun (ABT) Ha doHe hebpuIbHON HEHTpOIIE-
HuH. TakuM 06pa3oM, aKTyaJIbHOCTh ITOUCKA JieueOHO-TPODIIAKTUUECKUX MEPOTIPUATUM JJIsl yMEHBIIIEHUS] KOJTUYECTBA
OCJIO’KHEHUM CO CTOPOHBI KEJIYOYHO-KHUIIIEYHOTO TPAKTa, BOBHUKAIONIUX Ha (DOHE MPOTUBOOITYXOJIEBOTO JIEUEHUS, HE
BBI3BIBAET COMHEHUM. PellleHrneM JaHHOM MpobsieMbl siBjsieTcs panronanbHas ABT u moaep:KuBaroias Tepamnus mpo-
OHMOTHUKAMHU.

IHenp mccaenmoBaHnusn. OueHurs 3PpbeKTUBHOCTh IPUMEHEHHS POOUOTUKOB Y GOIBHBIX JIMMGOMaMU B
J1eb10Te 3a00IEBAHUA C IIEJTbI0 KOPPEKITUH JUCOMOTUYECKHX ITPOIECCOB M CHH/IPOMA SH/IOTeHHOU nHTOKcuKaruu (CO).
Martepuaab ¥W MEeTO/]bl. B NPOCHEKTUBHOE PaHAOMHU3UPOBAHHOE HCCIEOBAHHE OBLIO BKJIIOUEHO
40 60bHBIX TUMpoMamu. CpeTHUN BO3PACT MAIUEHTOB COCTAaBWI 45 (34; 54.5) jer. Pacnpesenenue O0JbHBIX 110 MOy
OBLIO CIJIEAYIONUM: MYXKYUH — 4 (10 %), *keHIUH — 36 (90 %). Cpeau obcienyeMbix mpeobiazany namueHTs! ¢ I u
IV cragusamu 3aboneBanus (n = 26, 65 %). C 11e1610 o11eHKH 3 PEKTHBHOCTA TPOOUOTHKA METO/IOM CIIyYaWHOU BHIOOPKH
MaIKeHThl ObLIN Pas3/ieIeHbl Ha 2 TPYIIIBL: 20 YeI0BEK, KOTOphle, TOMUMO HonuxuMuoTepanuu (ITXT), motyyanu nepo-
PaJIbHO TPOGUOTHK B COUETAHUU C METAOHOTHKOM, M 20 TAIUEHTOB ¢ TUM(POMaMH U3 TPYIIIBI KOHTPOJIS, KOTOPbhIE TOJTY-
YaJIi TOJIBKO CTaH/IaPTHYIO Tepanuio. KoMIIeKcHas OlleHKa COCTOSTHUS MUKPOQIOPhI KUIIIEYHUKA BBIMOJIHSIACH METO-
JIOM IIOJINMEPAa3HOU IEMHOU PeaKIU B PEXKIMeE PEaIbHOTO BpeMeHU. CratrucTrdeckast 06paboTKa JaHHBIX IIPOBO/IMIIACH
¢ ucriop3oBanueM mporpammbl IBM SPSS Statistics 26.0.

PesynbTartsl . Buebore 3a607eBaHusA BRIPAKEHHBIN lepUIIUT 001eld GaKkTepruarIbHON Macchl HabO0Aaca y 7
(17.5 %) 6osbHBIX, Hebunut 6udumobakTepuil — y 29 (72.5 %) ManueHTOB, CHIKEHNE KOJIMUECTBA JJAKTOOAKTEPUH — ¥ 34
(85 %) obcenyembix. AHaspOOHBIN AucHaTaHc Mpeobiajia y IallMeHTOB ¢ arPECCUBHBIMU B-KIeTOUHBIME JTUM(pOoMaMu
B CPaBHEHUU ¢ OOJIbHBIMHY, HMEIOIINMU UHAOJIEHTHBINA BAPUAHT OIyXoiu (¥ = 4.1, p = 0.04). Mukpobuom, o6oraieHHbIH
E. coli, vaie [UarHOCTUPOBAJICS Y HMAIHEHTOB C JIOKAJTM30BAHHBIM OIYXOJIEBBIM IIPOIIECCOM B CPaBHEHUU C obCIemye-
mbiMH ¢ 11T u IV cragusamu 3aboneBanus (X2 = 4.6, p = 0.03). KiimHUYecKre IposiByieHus TUcOM03a KUIIIEUHUKA B /Ie00Te
3a00JIeBaHUA XapaKTEPU30BAINCH CIIEAYIONIUMH CHMIITOMaMu: 00JIb B JKUBOTE (1 = 4, 10 %), Mereopusm (n = 6, 15 %),
YYBCTBO HETIOJIHOTO OTIOPOXKHEHHS KUIleYHuKa (n = 2, 5 %), auapes (n = 8, 20 %). Y 60JIbHBIX, MOJIYYABIITUX B KAUECTBE
COTIPOBO/IMTEIPHOU Tepanuu MpPoOUOTHKH, KosudectBo Bifidobacterium spp. (p = 0.000005), Lactobaccilus spp.
(p = 0.00007) u Faecalibacterium prausnitzii (p = 0.003) 6bLI0 10CTOBEPHO OOJIBIIIE B CDABHEHUU C pe3yJIbTaTaMHU MalH-
€HTOB, KOTOPBIE ITOJIyYasIl TOJIBKO cTaHAapTHbIe Kypcbl I[IXT. CpaBHUTEIbHASA OlEHKA MeAHAH KOHIIEHTPAITUH GHOXMMH-
YECKHUX IIOKaszaTesiedl MPOEMOHCTPUpPOBaa, YTO y OOJBHBIX, MOJYyYaBIINX MPOOHUOTHK, KoHueHTpamusa JIJAT
(p = 0.000001) u CPB (p = 0.04) 6bLIa OCTOBEPHO HUIKE B CPABHEHHH C IPYIIIION KOHTPOJIS, He IOJIyYaBIei po- U MeTa-
6uoTtuk. Bosiee BrIpaxkeHHBIE JIEHKOIUTO3 (P = 0.0005) U YCKOPEHUE 0CETAHNS SPUTPOIUTOB (P = 0.002) 6BLIIN OTMEUYEHBI
y TalMEeHTOB W3 TPYIIBI KOHTPOJISI. BMecTe ¢ TeEM yCTaHOBJIEHO, YTO B TPYyIINe GOJIPHBIX, MOJYYaBIIUX ITPOOHUOTHUK /10
Havasia IPOTHUBOOITYX0JIEBOTO JIeUeHUsI, IOCTOBEPHO pPerKe BCTPeUasnch TOMHOTA (X = 10.9, p = 0.0009), METEOPU3M
(* = 4,3, p = 0.03), nuapes (x* = 4.2, p = 0.04), ACCOIIUUPOBAHHbIE C XUMHUOTEPATIHEH.
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3axknwueHUue. [Iucbruos KuievyHUKa y O0JIBHBIX reM0O0IaCTO3aMH UMeET MHOTO(AaKTOPHBIN XapaKTep, 00yCcI0B-
JIEHHBIH IECTPYKTUBHBIMU IIPOIECCAMHU B OPTAaHU3ME BCJIEJICTBHE POCTA M PA3BUTHSA OIYXOJIU, HApyIIeHUeM (PYHKITHUOHAb-
HOTO COCTOSIHUSI Pa3JIMYHBIX OPTaHOB, MACCUBHOH aHTHOAKTEPHAILHOM Tepalivell 1 Ha3HAUeHNEeM BBICOKUX JI03 IIUTOCTa-
TUYECKUX MpernaparoB. M crnoib30BaHne TPOOUOTUKOB B COCTaBe KOMILJIEKCHOH Tepanuu OOJIbHBIX TUM(pOMaMU MO3BOJIUT
CYIIIECTBEHHO YMEHBIIIUTD CTENIEHD BHIPA’KEHHOCTU AUCON03a KUIIIEYHUKA U YIIYUIIUTh PE3YJIbTaThl OJIUXUMHUOTEPATIUH.
Kmuouessle caosa: muMmdpoma, qucbros3, TpoOUOTHK, CUHIPOM 3HAOTE€HHOW WHTOKCHUKAIlUW, peabuiauranus, Bena-
buoruk.

O6pasenm murtupoBaHusAa: Boiitko M.C., Copokun O.B., 3unarynun C.H., Cksopuosa H.B., KopoTuenko A.A.,
Tpy6uukoBa A.A. OneHka 3G HeKTHBHOCTH IPOOUOTUKOB B KOPPEKIIUY AUCOM03a U CHHAPOMA DH/IOTEHHOU MHTOKCH-
Kanuu y 601bHbIX tuMdonpoudepaTuBabiMu 3a60aeBanusivi // Journal of Siberian Medical Sciences. 2024;8(4):33-

50. DOI: 10.31549/2542-1174-2024-8-4-33-50

Evaluation of probiotics’ effectiveness for correction
of dysbiosis and endogenous intoxication in patients
with lymphoproliferative diseases

M.S. Voitko!, O.V. Sorokin?, S.N. Zinatulin?, N.V. Skvortsova?, A.A. Korotchenko!, A.A. Trubnikova*

* Novosibirsk State Medical University, Novosibirsk, Russia

2VedaGenetika, LLC, Novosibirsk, Russia

ABSTRACT

Introduction. Thedevelopment of gastrointestinal complications of chemoradiotherapy in patients with hema-
tologic malignancies is based on dysbiotic processes characterized by suppression of normal intestinal microflora, activa-
tion of opportunistic microorganisms, high risk of their translocation to non-specific biotopes, and endogenous infection.
Another etiological factor in the development of intestinal dysbiosis in patients with hematologic malignancies is the use
of antibacterial therapy (ABT) amid febrile neutropenia. Thus, the relevance of searching for therapeutic and preventive
measures to reduce the number of gastrointestinal complications that arise in antitumor treatment is beyond doubt. The
solution to this problem is rational ABT and maintenance therapy with probiotics.

A i m . To evaluate the effectiveness of probiotics in patients with lymphomas at the onset of the disease in order to cor-
rect dysbiosis and endogenous intoxication (EI).

Materials and methods. Atotal of 40 patients with lymphomas were included in a prospective ran-
domized study. The average age of the patients was 45 (34; 54.5) years. The distribution of patients by gender was as fol-
lows: 4 men (10%), 36 women (90%). Among the subjects, patients with stages III and IV of the disease predominated
(n = 26, 65%). In order to evaluate the efficacy of a probiotic, the patients were randomly divided into 2 groups: 20 people
who, in addition to polychemotherapy (PCT), received the probiotic orally in combination with a metabiotic, and 20 patients
with lymphomas from the control group who received only conventional therapy. A comprehensive assessment of the state
of the intestinal microbiome was performed using real-time polymerase chain reaction. Statistical data processing was
performed using IBM SPSS Statistics 26.0 program.

Results. Atthediseaseonset, a pronounced deficiency of the total bacterial load was observed in 7 patients (17.5%),
a deficiency of bifidobacteria — in 29 patients (72.5%), a decrease in the lactobacilli count — in 34 (85%) patients. An imbal-
ance in anaerobic flora prevailed in patients with aggressive B-cell lymphomas compared to patients with indolent tumor
(3 = 4.1, p = 0.04). The microbiome with abundance of E. coli was more often diagnosed in patients with localized tumors
compared to those with stages IIT and IV of the disease (¥* = 4.6, p = 0.03). Clinical manifestations of intestinal dysbiosis
at the onset of the disease were characterized by the following symptoms: abdominal pain (n = 4, 10%), flatulence (n = 6,
15%), a feeling of incomplete evacuation (n = 2, 5%), diarrhea (n = 8, 20%). In patients receiving probiotics as maintenance
therapy, the count of Bifidobacterium spp. (p = 0.000005), Lactobaccilus spp. (p = 0.00007) and Faecalibacterium
prausnitzii (p = 0.003) was significantly higher compared to the results of patients who received only standard courses of
polychemotherapy. Comparative assessment of median concentrations of biochemical parameters demonstrated that in
patients receiving the probiotic, the concentration of lactate dehydrogenase (p = 0.000001) and C-reactive protein
(p = 0.04) was significantly lower compared to the control group who did not receive pro- and metabiotics. More pro-
nounced leukocytosis (p = 0.0005) and accelerated erythrocyte sedimentation (p = 0.002) were noted in patients from the
control group. At the same time, it was found that in the group of patients who received the probiotic before the start of
antitumor treatment, nausea (y* = 10.9, p = 0.0009), flatulence (x* = 4.3, p = 0.03), and diarrhea (x> = 4.2, p = 0.04) asso-
ciated with chemotherapy were significantly less common.
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Conclusion.

Intestinal dysbiosis in patients with hematologic malignancies has a multifactorial nature, caused

by destructive processes in the body due to growth and spread of tumor, disorder of the functional state of various organs,
empiric antibacterial therapy and the administration of high doses of cytostatic drugs. The use of probiotics as part of com-
bined therapy for patients with lymphomas will significantly reduce the severity of intestinal dysbiosis and improve poly-

chemotherapy results.

Keywords: lymphoma, dysbiosis, probiotic, endogenous intoxication, rehabilitation, VedaBiotic.
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BBEJIEHUE

JlocTUTHYTBIE B TMOCTEAHNE AECATUIETHSA 3HAUN-
TeJIbHBIE YCIIEXU B TEPAIIUHM OHKOTEMATOJIOTHYECKUX
3a00JIeBaHUH, CBsI3aHHBIE C BHEJIDEHUEM B KJIUHH-
YECKYIO IMTPAKTUKY CTAHAAPTU3HUPOBAHHBIX ITPOTOKO-
JIOB KOMOWMHUPOBAHHOU XUMHOJIYIEBOH Teparuw,
HOBBIX JIEKAPCTBEHHBIX areHTOB (MOHOKJIOHAJIBHBIX
aHTUTEJ, UHTHOUTOPOB HUMMYHHBIX KOHTPOJIBHBIX
TOYEK, HHTUOUTOPOB TUPO3UHKUHA3bI, UMMYHOMO-
JTyJIITOPOB) ¥ TPAHCIUVIAHTAIMOHHBIX TEXHOJIOTHH,
3aKOHOMEPHO TPHUBEJH K VBEJIHMUYEHUIO OOIIeH
BBDKHBAEMOCTH 0OOJIbHBIX. Tak, B HacCTOsIIee BpeMs
IIPU KCIOJIb30BAHUHM COBPEMEHHON ITPOTPAaMMHOM
XHMHOTEPATUA MOKHO JIOCTUYh PEMUCCUH ¥ 90 %
MMaIMeHTOB [1], IPX OCTPHIX MUEJIOU/THBIX JIEHKO3aX
MIATUJIETHSAA 001asi BBIXKUBAEMOCTh OOJIBHBIX B BO3-
pacre 70 60 JieT, 0 JAHHBIM KPYIIHBIX HCCIIEA0BA-
TEJIbCKUX TPYIII, B CPETHEM COCTaBJIsIET 40—50 %,
BappUpys OT 10 JI0 90 % B 3aBUCHUMOCTA OT
MOJIEKYJISIPHO-TEHETHUYECKUX OCOOEHHOCTEH OIy-
xonu [2—-5]. B rpymne GoapHbIX JuMdbomon Xon-
skkruHa (JIX) obmas NATUIIETHAS BBIKHUBAEMOCTD
cocrasiisieT 85—90 % Jlaxke MPU paCIPOCTPAaHEHHBIX
cTazusax 3a00JIeBaHUsA, a MMATWIETHAS Oe3peru/uB-
Has BBIKMBaeMoCTb — 75—80 % [6—10]. B neuennu
HEXOJIKKUHCKHX 3JI0KauecTBeHHBIX TuMdom (HXIT)
KCIIOJIb30BaHUE MMOJTUXUMHOTEPATINH B COYETAHUU C
MOHOKJIOHAJIbHBIMUA ~ QHTHUTEJaMH TPUBOJUT K
JIOCTH?KEHUIO TTOJIHBIX PEMUCCHU Y 50—60 % 60J1b-
HBIX C arpeccuBHBIMU juMboMamMu U y 70—-80 %
MMAIMEeHTOB C HWH/OJEHTHBIMU JMdonpoudepa-
TUBHBIMU 3a0osieBanusiMu [11]. Ilespio coBpeMeH-
HOH Tepanwy MEePBOU JIMHUHM y HmanueHtoB ¢ JIX
SABJISIETCSA U3JIEYEHHE, T.€. JIOCTHIKEHUE IS 0O0JIb-
MIUHCTBA OOJIBHBIX TAKOH K€ IPOIOJIKUTETbHOCTH
JKU3HHU, KaK y 370POBBIX CBEPCTHUKOB. OCHOBHBIM
COBPEMEHHBIM METOJIOM, IO3BOJISIOIIUM JTOOUTHCS
ITOCTABJIEHHOH 1€JTU, SABJISIETCS TOJTUXUMUOTEPATTHS
(ITXT), a ay1s1 OTAECTBHBIX TPYIIT OOJBHBIX — €€ coue-

INTRODUCTION

Significant advances in the treatment of oncohe-
matological diseases achieved in recent decades and
associated with the introduction of standardized reg-
imens of combined chemoradiation therapy, new
drugs (monoclonal antibodies, immune checkpoint
inhibitors, tyrosine kinase inhibitors, immunomod-
ulators) and transplantation methods into clinical
practice, have naturally led to an increase in overall
survival of patients. Thus, at present, with the use of
modern combined chemotherapy, remission can be
achieved in 90% of patients [1]; in acute myeloid leu-
kemia, five-year overall survival of patients under
60 years of age, according to large research groups,
averages 40—50%, varying from 10 to 90% depend-
ing on the molecular genetic characteristics of the
tumor [2—5]. In the group of patients with Hodgkin
lymphoma (HL), five-year overall survival is 85—90%
even at advanced stages of the disease, and five-year
relapse-free survival is 75—-80% [6—10]. In the treat-
ment of non-Hodgkin malignant lymphomas (NHL),
the use of polychemotherapy (PCT) in combination
with monoclonal antibodies leads to complete remis-
sions in 50—-60% of patients with aggressive lympho-
mas, and in 70-80% of patients with indolent lym-
phoproliferative diseases [11]. The goal of modern
first-line therapy in patients with HL is a cure, i.e. to
achieve for by most patients the same life expectancy
as their healthy peers. The main modern method
that allows achieving this goal is PCT, and for certain
groups of patients — its combination with radiation
therapy. High doses of cytostatic drugs and glucocor-
ticosteroids, as well as high total focal doses, have
serious impact on the function of internal organs
and, as a consequence, the quality of life of patients.

At the same time, the consequences of chemora-
diation therapy become a serious problem for
patients with oncohematological diseases, among
which a special place is given to lesions of the cardio-
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TaHWE C JIyYeBOU Tepamueil. BrICOKME 03Bl ITUTO-
CTaTHYECKUX IPEeIapaToB U IVTIOKOKOPTHKOCTEPOU-
JIOB, a TaKKe BBICOKKME CyMMapHbIE€ 0YaroBbI€ /T03bI
OKa3bIBAIOT CEPhE3HOE BIUSAHUE HA (QYHKIIUIO BHY-
TPEHHUX OpPraHOB U, KakK CJIE/ICTBHE, KadecTBO
JKU3HU MMaI[UEHTOB.

Bmecre ¢ TeM cephe3HOU TPOOIEMON I TAH-
€HTOB C OHKOTe€MAaTOJIOTHYECKUMH 3a001€BAaHUAMU
CTaHOBSITCS MTOCJIEZICTBUSA XUMUOIYIEBOTO JIEUEHN ],
Cpeln KOTOPBIX 0c000€ MECTO OTBOAUTCS IOpaKe-
HUSAM CEPAEIHO-COCYTUCTOH U IBIXaTETbHON CHCTEM
(oCTpBIit KOPOHAPHBINM CUHIPOM, KapIUOMUOIIATHS,
MIOPOKHU KJIATIAHHOTO alIapara CepAIa, IJIEBPUTHI,
[IepUKapAUTHl, XPOHHUYECKas JbIXaTeJbHas HeNO-
CTaTOYHOCTD, THEBMOGDUOPO3); SHAOKPUHHBIM pac-
CTPOHCTBAM, KOCTHO-MBIIIEYHBIM HAPYIIEHUsM,
MOPAKEHUAM  IKEIYAOYHO-KUIIEYHOTO  TpakKTa
(PKKT), neueHu 1 3KeTUEBBIBOAIIMX MIYTEH, a TAKIKE
nosuHerdponatuu [12]. CBOWCTBeHHAs] ITUTOCTATH-
YeCKHUM areHTaM OCTPas TOKCUIHOCTD, IIPEK/Ie BCETO
B OTHoIIeHUU KocTHOTO Mo3ra u KKT, pazBuBaercs
HEIOCPEeACTBEHHO B mpollecce npoBenenud IIXT, a
OCJIO’KHEHU S, CBI3aHHBIE C OT/TAJIEHHBIMU €€ IIPOsIB-
JIEHUSIMHU, MOTYT BO3HUKAThb KaK HEIIOCPEICTBEHHO
mnocjie jgedyeHus (IMIIOrOHAAM3M), TaK U B TeUEHUe
HECKOJIBKUX JieT (THeBMOGHUOPO3, SHIOMHUOKAP/IH-
aJbHBIN (PUOPO3) U Jaxke AeCATHIETHH (IIOCTMeTaxX-
POHHBIE 37I0KaYECTBEHHBIE OITyXO0JIH) ITOCJIe OKOHYA-
Hus I[IXT [13].

B ocHOBe pa3BUTHS TaCTPOUHTECTUHAIBHBIX
OCJIOXKHEHUH XUMHOJIyUYeBOH Tepanuu y OGOJIbHBIX
remobJiacTo3aMu  JIeXKaT JAUCOMOTUYECKHE IIPO-
IlecChl, XapaKTEPU3YIOIIHECA IOJaBJIeHUeM HOP-
MaJIbHOH MUKPO(JIOPHI KUIIEUHNKA, aKTUBU3aI[el
OTIOPTYHUCTUYECKUX MUKPOOPTAaHU3MOB, BBICOKUM
PUCKOM HX TPaHC/IOKAIIUU B HECBOMCTBEHHbBIE OHO-
TOIBI W DHAOTEHHBIM wuHUIMpoBaHueM. Eire
OJTHUM 3THOJIOTUYECKUM (aKTOPOM PA3BUTHUSA JUC-
6mo3a KHIEUHHKA y OOJBHBIX TreMo0JIacTO3aMH
SIBJISIETCS TIPUMEHeHUe aHTHOAKTepHUaJIbHON Tepa-
iy (ABT) Ha doHe heOpHIbHON HEUTPOTIEHHH.

B mocsienHue ro/ibl IOHUMaHUE OUOJIOTHYECKOU
pOJIH KUIIIEYHOH MHUKPOOWOTHI 3HAUUTENIBHO pac-
IIUPUIIOCHh U COCTABJIAET MIHMPOKYIO 00JIacTh Hcce-
JTOBAaHUM, OCOOEHHO B OHKOT€MAaTOJIOTUU. Y CTAHOB-
JIEHO, UTO KHUIIeUHAsT MUKPOOMOTAa — BOYKHBIA (pak-
TOP, BJIHUSAIOININNA HA META0OJHMYECKHH rOMeocTas U
HMMYHHYIO cucteMy [14]. B Hacrosiee Bpems
MHUKPOOHOM KHUIIIEYHUKA MIPEAIaTaeTcsl pacCMaTpH-
BaTh KaK OT/IEJIbHBIN YeJIOBEUYECKUH opraH. Bmecre
C TeM METO/IOB, KOTOPBIE TIO3BOJIUIN Obl HATIPSMYIO
YMEHBINATh CTEIIEHb ITUTOCTATHYECKOTO ITOBPEXK/IE-
HUS KUIIEYHOM CTEeHKH, He cymecTByeT. Takum
06pa3oM, aKTyaJbHOCTh BOIIPOCA IOUCKa JieueOHO-

vascular and respiratory systems (acute coronary
syndrome, cardiomyopathy, valvular abnormalities,
pleurisy, pericarditis, chronic respiratory failure,
pneumofibrosis); endocrine disorders, musculoskel-
etal disorders, lesions of the gastrointestinal tract,
liver and biliary tract, as well as polyneuropathy [12].
Acute toxicity inherent in cytostatic agents, primarily
in relation to the bone marrow and gastrointestinal
tract, develops directly during the course of chemo-
therapy, and complications associated with its long-
term manifestations can occur both immediately
after treatment (hypogonadism), and over several
years (pneumofibrosis, endomyocardial fibrosis),
and even decades (post-metachronous malignant
tumors) after the chemotherapy completion [13].

At the same time, the development of gastrointes-
tinal complications of chemoradiotherapy in patients
with hematologic malignancies is based on dysbiotic
processes characterized by suppression of the nor-
mal intestinal microbiome, activation of opportunis-
tic microorganisms, high risk of their translocation
to non-specific biotopes, and endogenous infection.
Another etiological factor in the development of
intestinal dysbiosis in patients with hematologic
malignancies is the antibacterial therapy (ABT) amid
febrile neutropenia.

In recent years, the understanding of the biologi-
cal role of the intestinal microbiota has expanded
significantly and is a broad area of research, espe-
cially in oncohematology. It has been established
that the intestinal microbiota is an important factor
affecting metabolic homeostasis and the immune
system [14]. Currently, the intestinal microbiome is
proposed to be considered as a separate human
organ. To date, there are no methods that would
directly reduce the degree of cytostatic damage to the
intestinal wall. Thus, the relevance of the issue of
finding therapeutic and preventive measures to
reduce the number of neutropenia-induced gastroin-
testinal complications is beyond doubt. The main
aspects in the approach to solving this problem are:
rational ABT and syndrome-based maintenance
therapy for which can be used probiotics.

In foreign literature, there are research results on
the role of probiotics in the prevention and treat-
ment of diarrhea caused by chemoradiation therapy.
Thus, Chinese colleagues presented a meta-analysis
involving a total of 1024 patients with cancer. The
results of this meta-analysis showed that the admin-
istration of probiotics before the start of PCT and
their addition to conventional symptomatic treat-
ment can obviously reduce the total diarrhea rate in
patients with cancer (odds ratio (OR) = 0.47, 95%
confidence interval (CI) (0.35, 0.63), p < 0.00001),
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MpOPUIAKTUYECKUX MEPOIPUATUH /JIs YMEHbIlle-
HHUSA KOJIMYECTBA OCJIOKHeHUU co cropoHbl JKKT,
BOBHUKAIOIIUX HAa (hOHE HEUTPOIIEHUH, HE BHI3bIBAET
comHeHus. OCHOBHBIMU AacCIIEKTaMU B TIOAXOZE K
PEILlIeHUI0 JTaHHOU HpoObJieMe SBJISIOTCA: PaIlHo-
HasbHadA ABT u cuHApOManbHAA NOepKUBAOIIAs
Tepamnusi, KOTOPOU MOXKET CTaTh Tepamus IpoOHo-
TUKaMH.

B 3apyberkHOI uTepaType BCTPEUAIOTCA PE3YJIb-
TaThl KCCIETOBAHUH O POJIU IPOOUOTHUKOB B TPOdU-
JIAKTUKE U JIEUeHUU JUapen, BBI3BAHHON XUMUOITY-
yeBOH Tepanuel. Tak, KUTAHCKUMU KOJLJIETaMu ObLIT
IIpEICTaBJIEeH METAaaHAJIN3 C ydyacTHEM B OOIIel
CJIOKHOCTH 1024 TAIMEHTOB C OHKOJIOTHYECKHUMU
3a00J1eBaHUSAMHU. Pe3ysbTaThl 3TOTO MeTaaHaIu3a
[IOKA3aJIH, UTO Ha3HAUeHUe MPOONOTHKOB /10 HaYasIa
[IXT u nobaByieHWE UX K TPATUITUOHHOMY CHMIITO-
MaTUYeCKOMY JIEYEHUIO, OUEBUIHO, MOTYT CHU3UTH
OOIIYI0 YaCTOTY ANapeN Y MAIlEHTOB ¢ PAKOM (OTHO-
menue madcoB (OIII) = 0.47, 95% AOBEpPUTETbHBIA
unrepBai (JI1) (0.35, 0.63), p < 0.00001), AUAPEIO
III-1IV crenenn (OII = 0.16, 95% U (0.05, 0.42),
P = 0.0008) U COKPaTUTbh IPOJOJKUTEIIBHOCTD 1A~
peu (cpennee pacxoxknaenue (MD) = —1.92, 95% I
(-1.96,-1.88), p < 0.00001) [15]. Y.C. Liu et al. 65110
[IPOAHATTM3UPOBAHO MIPO(DUIAKTHUECKOe JeHCTBHE
NpOOMOTHUKOB B OTHOIIEHWHM Pa3BUTHUS MYKO3UTa
IIOJIOCTH PTa, BHI3BAHHOTO IIPOTHUBOOITYXOJIEBOM
Tepanueil. B ceMu uccietoBaTEbCKUX IIEHTpax
€OO00IIaJIOCh O 3HAUUTENIBHO 6oJiee HU3KOH YacToTe
TSDKEJIOTO MYKO3UTa IOJIOCTH pTa B Ipymie 060Jib-
HBIX, IPUHUMABIIEN TPOOMOTHKH JI0 Hadaia Tepa-
nuu (OIII = 0.65, 95% IU = 0.53—-0.81, p < 0.0001).
Kpowme Toro, oTMeuasocs CHUKEHNE TOTPeOGHOCTH B
SHTEPAJIbHOM ITUTAHUH B JAHHOH I'PYTIIIe AI[EHTOB
(OI = 0.34, 95% I = 0.13-0.92, p < 0.05) [16].

He menee akTyanpHO# Mpo61eMOH JIJ1sT OHKOJIO-
rUYeCKUX OOJIBHBIX SIBJISIETCS PAa3BUTHE DHTEPOINaA-
THUM, BBI3BAHHOM JIyueBoll Tepanueil. V3BecTHO, YTO
ocTpas paAuallOHHO-UHAYIIUPOBAHHAS DHTEpOIa-
THs BOBHUKAET B TEUEHUE 3 MeC I0cjIe Ha3HAUYeHUs
JlyueBoi Tepanuu. TUNUYHBIE CHMIITOMBI BKJIIO-
YaloT Auapelo, TOIHOTY, PBOTY U CIIa3MBbI B JKHBOTE.
OTH IPOSBIEHU MOTYT BbI3BIBATh 00€3BOKIBAHUE,
BJIEKTPOJIUTHBIN AucOaslaHC W HeloedaHUe, UTO
MOXKET OTPHUIIATEJIBHO CKa3aThCsd HA COCTOSHUH
IanueHTa, IoTpebOBaTh IPEPHIBAHUSA TEPATNU WJIN
W3MeHEeHU!l B IEePBOHAYAJILHOM IUIaHE JIeYEHUs,
YTO, B CBOIO OUepPe/lb, MOXKET CHU3UTHh BEPOSITHOCTD
KOHTpOJISL OIyXoJyieBoro 3aboseBaHusA. C IIeIbI0
oneHKd  5¢P@PEKTUBHOCTH  MPOPUIAKTUIECKOTO
Ha3HAUYEHUs MPOOUOTUKOB y OOJIBHBIX OHKOJIOTHYE-
CKOro Ipodusisi, KOTOPHIM IIOKa3aHa JIyuyeBas Tepa-
nus, Y.J. Kim et al. 66110 mpoBeieHO ABOMHOE Ciie-

grade III-IV diarrhea (OR = 0.16, 95% CI
(0.05, 0.42), p = 0.0008) and shorten the duration
of diarrhea (mean difference (MD) = —-1.92, 95% CI
(-1.96, —1.88), p < 0.00001) [15]. Liu et al. analyzed
the preventive effect of probiotics on the develop-
ment of oral mucositis caused by antitumor therapy.
Seven research centers reported a significantly lower
incidence of severe oral mucositis in the group of
patients taking probiotics before therapy (OR = 0.65,
95% CI = 0.53—0.81, p < 0.0001). In addition, a
reduced need for enteral nutrition was noted in this
group of patients (OR = 0.34, 95% CI: 0.13—0.92,
p < 0.05) [16].

An equally pressing challenge for cancer patients
is the development of radiation-induced enteropa-
thy. It is known that acute radiation-induced enter-
opathy occurs within 3 months after the administra-
tion of radiation therapy. Typical symptoms include
diarrhea, nausea, vomiting, and abdominal cramps.
These manifestations can cause dehydration, elec-
trolyte imbalance, and malnutrition, which can
adversely affect the patient’s condition, require dis-
continuation of therapy or changes in the original
treatment regimen, which, in turn, can reduce the
likelihood of tumor control. In order to assess the
efficacy of prophylactic administration of probiotics
in cancer patients who are prescribed radiation ther-
apy, Kim et al. conducted a double-blind, placebo-
controlled study. The study involved 248 patients.
Patients were randomly divided into two groups.
Patients of the main group were prescribed 2 cap-
sules of the probiotic 3 thrice a day; intake began
2 weeks before the start of radiation therapy and
ended on the last day of radiation therapy. It was
found that the rate of radiation-induced diarrhea
was significantly lower in the group of patients who
received the probiotic prophylactically, compared
with the placebo group (31.6 vs. 51.8%, p < 0.001)
[17].

In addition, now, it has been established that
microbial dysbiosis may be associated with a more
aggressive course of disease and unfavorable clinical
outcome in lymphomas. Thus, Diefenbach et al.
studied the composition of the intestinal microbiota
in patients with diffuse large B-cell lymphoma
(DLBCL). It was found that the intestinal microbiota
profile before the treatment in patients with lympho-
mas already had significant differences compared to
the healthy control group (p < 0.001). At the same
time, the composition of the intestinal microbiota in
patients with DLBCL differed significantly from
patients with indolent lymphomas (p = 0.01), with a
tendency to decrease in microbial diversity in
patients with DLBCL (p = 0.08). The diversity and
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moe IUIane60-KOHTPOJHMPYEMOe  HCCIIeZIOBAHUE.
B ucciemoBaHuM MpUHATH ydacTue 248 OOJIbHBIX.
ITanuenTsl OBUIM pa3ziesieHbl HA JBE TPYIIbI CIIy-
YaiHBIM 00pa30M. BoJIbHBIM, OTHECEHHBIM K OCHOB-
HOU TrpyIire, Ha3HAYAJIUCh 2 KallCyJIbl POOUOTHKA
3 pasa B JieHb, IPHEeM HAUMHAJIY 32 2 HeJl 10 Hadasia
JIy4eBOU TEPAITNU U 3aKAHIHBAJIN [TOCJIEAHUM THEM
JIy4eBOU Tepanuu. YCTAHOBJIEHO, UYTO YaCTOTA JiHia-
peu, BBI3BAaHHOH JIy4eBOU Tepamueil, ObL1a 3HAYU-
TeJILHO HIKE B TPYIIIE MAIEeHTOB, MPOMIIaKTHYIe-
CKHU IIOJIyYABIINX MPOOUOTUK, B CDABHEHHUU C TPYyII-
o mwiare6o (31.6 mpotus 51.8 %, p < 0.001) [17].

Kpome Toro, B Hacrosiee BpeMs YCTaHOBJIEHO,
YTO MHUKDPOOHBIA JUCOMO3 MOMKET OBITh CBSI3aH C
60J1ee arpecCUBHBIM BapHUAHTOM TeueHus 3a60J1eBa-
HUS U HeOJIATONPUATHBIM KIMHUYECKUM HCXOZ0M
pu tuMpomax. Tak, C.S. Diefenbach et al. 6bu1 uzy-
YeH COCTaB KUIIEYHOH MHUKPOOUOTHI y MAIIEHTOB C
nuddy3HOU KPYHOKJIETOUHON B-KjeToOuHON JIM-
dowmoit (JIBKJI). YcraHOBIEHO, YTO COCTAB KHIIEY-
HOH MHUKDPOOHOTHI /IO JIEUEHUs y TAIUEeHTOB C JINM-
domamu yxke WMeJ CYIIECTBEHHBIE OTJIMYHSA II0
CPaBHEHHUIO CO 3JIOPOBOM TPYIIIOW KOHTPOJIS
(p < 0.001). IIpu 3TOM COCTaB KUIIEYHOH MHKPO-
6uotel y manueHTtoB ¢ /JIBKJI 3HaumTesspHO OT/IH-
Yasics OT MAIUEeHTOB ¢ UH/IOJIEHTHBIMU JINM(OMaMu
(p = 0.01), ¢ TeHZIEHIINEHN K CHIDKEHUIO MUKPOOHOTO
pasHoobOpazus y maruerTos ¢ JIBKJI (p = 0.08). Pas-
HOOOpaswe W COCTaB KHIIEYHOH MHKPOOHOTHI JI0
JiedeHUs1 JTUM@POMBI ObLTA 3HAYUMBIMU TTPEIUKTO-
pamu oTBeTa Ha Tepanuio (p = 0.01) [18]. ITomyueH-
HbIEe pe3yJbTaThl HCCIIEZOBAHUSA JEMOHCTPUPYIOT,
YTO AUCOMO03 MIPUBOIUT K CHIKEHUIO 5P DEKTUBHO-
CTH IIPOTHUBOOIIYX0JIEBOU TEPAIINH, A TAKIKE B CBA3ZH
C Pa3BUTHEM MECTHOH MMMYHOCYIIPECCHHU CITOCOO-
CTByeT 0OoJiee TsKeJIOMYy M arpECCUBHOMY TEUEHHIO
3a00s1eBaHUA.

Z. Lin et al. omucamu CTPyKTypy MHKPOOHOTHI
KHUIIIeUHUKa y narueHToB ¢ de novo JIBKJI u Bbis-
BIJIM B3aMMOCBSI3b COCTaBa MHUKPO(MJIOPHI KUIIEY-
HUKA C KJINHUYECKUMU XapaKTEePUCTUKAMH IalyeH-
TOB. DTH MapKePhI BKJIIOUAIM CTAINIO0 3a060I€BaHUA,
crparudukanuio prcka mo International Prognostic
Index (IPI) u OTBeT Ha HWMMYHOXHMHUOTEPAIIHIO.
HcenenoBanue TakKe IIOKa3a10 KOPPEJIAITUU MEKIY
CTPYKTYPHBIMHU BapHAIUAMU COCTaBa MUKPOOMOTHI
KUIIEYHUKAa ¥ UMMYHUTETOM IarueHTa. Proteo-
bacteria nomunuposanu npu JIBKJI, B To BpeMms Kak
KoynuecTBO Bacteroides ObLI0 3HAYUTETHHO CHH-
JKEHO ITI0 CPaBHEHHWIO CO 3/I0POBOU IOMMYJISATIHEN
(p < 0.05) [14].

YuurhiBasg (pparMeHTapHOCTh U MaIyI0 YHCJIeH-
HOCTb POCCHUUCKUX WCCJIEZIOBAHMH 1O JTAHHOU TeMa-
THKe, TPOBeZIeHNe COOCTBEHHOTO WCCIIENOBAHUS II0

composition of the intestinal microbiota before lym-
phoma treatment were significant predictors of
response to therapy (p = 0.01) [18]. The results of the
study demonstrate that dysbiosis leads to a decrease
in the efficacy of antitumor therapy, and also, due to
the development of local immunosuppression, con-
tributes to a more severe and aggressive course of the
disease.

Lin et al. described the gut microbiota profile in
patients with DLBCL de novo and found relationship
between the gut microbiota composition and clinical
characteristics of patients. These markers included a
disease stage, International Prognostic Index (IPI)
risk stratification, and response to immunochemo-
therapy. The study also showed correlations between
structural variations in the gut microbiota composi-
tion and patient immunity. Proteobacteria domi-
nated in DLBCL, while Bacteroides abundance was
significantly reduced compared to healthy controls
(p <0.05) [14].

Taking into account the fragmentary nature and
small number of Russian studies on this topic, per-
forming our own research on the composition of the
intestinal microbiota and assess the effectiveness of
probiotics in patients with lymphomas seems relevant.

AIM OF THE RESEARCH

To evaluate the efficacy of probiotics in patients
with lymphomas at the onset of the disease in order
to correct dysbiosis and endogenous intoxica-
tion (EI).

MATERIALS AND METHODS

A comparative prospective randomized study
included 40 subjects aged 18 to 86 years. The patients
were examined in the hematology department (head
of the department, Cand. Sci. (Med.) I.N. Nechu-
naeva) of the Novosibirsk City Clinical Hospital No. 2
(chief physician, Dr. Sci. Med., professor L.A. Shpa-
gina) as part of the provision of high-tech and spe-
cialized medical care. The patients were examined at
baseline (n = 40) and after a course of chemotherapy
(n = 40). The distribution of patients by gender was
as follows: 4 men (10%), 36 women (90%). The aver-
age age of patients with lymphomas at the time of the
study was 45 (34; 54.5) years (data are presented as
median (25; 75th percentile)). Among the subjects,
patients with advanced stages of the disease (stages
III and IV) (n = 26, 65%) and a diagnosis of DLBCL
(n = 28, 70%) predominated. The clinical, hemato-
logical and demographic characteristics of the
patients are presented in Table 1.

The diagnosis of lymphomas was made in accor-
dance with the Russian Clinical Guidelines for the
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HU3YUYEHUI0 COCTaBa MUKPOOMOTBHI KHIIEYHUKA U
oreHke 3(pHEKTUBHOCTH MPUMEHEHHUS IIPOOUOTHKOB Y
00/IbHBIX TUM(OMAMU MIPEJICTABIIIETCSA AKTyaTbHBIM.

IIEJIb NCCJIEJOBAHUA

OneHuTh 3(pHEeKTUBHOCTh IPUMEHEHUS TPOOHO-
THUKOB y 60JIBHBIX IuMdoMaMu B fiebioTe 3a60s1eBa-
HUS C IeJIBI0 KOPPEKIINH JUCOMOTUYECKUX ITPOIIec-
COB U CHHIPOMA 3H/IOT€HHOU HHTOKcHKauu (CO).

MATEPUAJIBI 1 METO/AbI

B cpaBHUTEIBbHOE MPOCIEKTHBHOE PaHIOMU3U-
pOBaHHOE HcCIeI0BaHUEe ObLIO BKIIOYEHO 40 Yes. B
Bo3pacrte oT 18 o 86 jet. O6ciefoBaHNEe OOJIBHBIX
OCYIIECTB/ISVIOCH B YCJIOBUSIX T'€MAaTOJIOTUUYECKOTO
oT/esieHUs (3aBeyIONINH OT/eIEHNEM — KaH/l. MeJl.
Hayk 1.H. Heuynaesa) I'BY3 HCO «T'opopckas Kiiu-
Huueckas G6osbHuIIA N 2» (TyIaBHBIH Bpad — JI-p
MeJ. Hayk, mpodeccop JI.A. IllmarmHa) B pamkax
OKa3aHUS BBICOKOTEXHOJIOTUYHOU U CIIEIUTU3UPO-
BAaHHOH MEIUIIMHCKOM IIOMOIIM. BoJibHbIE OBLIN
o0OcsreloBaHbl 10 Havasia JiedyeHus (n = 40) U mocye
npoBenenusn Kypca IIXT (n = 40). Pacupenenenue
OOJIBHBIX TI0 TOJIy OBLIO CJIEAYIONTUM: MYKUUH — 4
(10 %), xeHmuH — 36 (90 %). CpemHUI BO3pacT
MMaIneHToB ¢ JuMGOMaMU Ha MOMEHT HCCJIEI0Ba-
HUSA COCTaBWI 45 (34; 54.5) JeT (IaHHbIE TpeICcTaB-
JIEHBI Kak MeJinaHa (25; 75-1 neprentuin)). Cpeau
obcemyeMbix mpeobsiaziaiyd HAlUeHThl C PacIpo-
cTpaHeHHBIMH cTafusmu 3aboseBanus (III u IV cra-
mun) (n = 26, 65 %) u guarmozom JBKJI (n = 28,
70 %). KilmHUKO-TeMaToyiornyeckas u geMorpadu-
yeckasl XapaKTepPUCTHKA 00CJIelyeMbIX MalHeHTOB
IpezicTaByieHa B Ta0JI. 1.

Juarno3 auMpoOM YCTaHABIUBAJICA B COOTBET-
cTBUM ¢ PocCHICKUMH KIMHUYECKUMH PEKOMEeH /1a-
OUSMU 10 JTUATHOCTHKE W JIEUEHUIO JIMMQOIIPOIIH-
depaTtuBHbIX B3aboJsieBaHHU [11] Ha oOCHOBaHUH
TUCTOJIOTHYECKOTO W HMMYHOTHCTOXHUMUUYECKOTO
HCCIIEI0OBaHUSA OUOIICHPOBAHHOTO JIMM(PATUUECKOTO
y3Jia. BosbIIMHCTBO 06caenyeMbIx (26 MalueHToB,
65 %) uMenu B-cUMNOTOMBI, IPU 3TOM JIMXOPAZKA
Berpevastach y 18 (45 %) obcenyeMbIX, CHIKEHIE
Macchl Tesia (>10 % 3a mocsieiHIe 6 Mec) OTMETHIN
12 ves. (30 %), HOuHasA Mpody3Hasi TOTIUBOCTb 0
HaJvasia Tepanuy BBISABJIEHA Y 20 (50%) obciemye-
MbIX. BospIniasg omyxosieBass mMacca — 6ojiee 10 cM
(bulky disease) BbIsiBJIeHa y 9 manueHToB (22.5 %),
U3 HUX y OOJIBIIIMHCTBA OHA ObLjIa JIOKAJIM30BaHA B
obstactu cpesrocrenus. CluieHOMeTraanus JUarHOCTH-
poBaHa y 12 (30 %) OOJIBHBIX. DKCTpaHOAATbHbIE
nopakerus (DI1) ormedensl y 8 (20 %) manueHTOB.
HawuGosiee yacroit sokanusanueil D11 ObLIN JIeTKHAe
(n = 4; 50 %). Pexxe HaGIIOZATNCH TOPAKEHUSA

Diagnosis and Treatment of Lymphoproliferative
Diseases [11] based on histological and immunohis-
tochemical examination of biopsy samples of the
lymph nodes. Most of the subjects (26 patients, 65%)
had B-symptoms, fever occurring in 18 (45%) sub-
jects, weight loss (>10% over the past 6 months) was
observed in 12 people (30%), profuse night sweats at
baseline were in 20 (50%) subjects. A large tumor
mass — more than 10 cm (bulky disease) was detected
in 9 patients (22.5%), of which most had it localized
in the mediastinum. Splenomegaly was diagnosed in
12 (30%) patients. Extranodal lesions (EL) were in
8 patients (20%). The most common EL localization
was the lungs (n = 4, 50%). The liver (n = 2, 25%),
soft tissue (n = 1, 12.5%) and bone marrow (n = 1,
12.5%) were involved less commonly. All patients
received first-line polychemotherapy for remission
induction. Patients with DLBCL (n = 28) received
the R-CHOP (n = 24), R-miniCHOP (n = 2), R-Hyper-
CVAD (n = 2) chemotherapy. Patients with B-small
lymphocytic lymphoma (B-CLL (chronic leukemia)
phenotype) were administered polychemotherapy
according to the FCR (n = 4) and RB (n = 2) regi-
mens. Treatment of marginal zone lymphoma (n = 2)
and follicular lymphoma (n = 2) was carried out
according to the R-CVP regimen. The patient with
angioimmunoblastic T-cell lymphoma was treated
with the CHOEP regimen, and the patient with man-
tle cell lymphoma was treated with the R-Hyper-
CVAD regimen.

In order to evaluate the effectiveness of the probi-
otic and probiotic lysate with the phytocomplex in
the correction of dysbiosis and endogenous intoxica-
tion, the patients were randomly divided into
2 groups: group 1 (20 patients with stage II-IV NHL,
who, in addition to PCT, received orally the biologi-
cally active supplement (BAS) “VedaBiotic” (probi-
otic), 1 capsule at night (in excess body weight, 2 cap-
sules at night) and probiotic lysate with the phyto-
complex “Phytolysate Gastro” 1 teaspoon, dissolved
in 1/4 glass of water, twice a day 20 min before meals,
in the period between chemotherapy cycles after one
cycle of PCT. The course of administration was
21 days; group 2, 20 controls with stage II-IV NHL
who received only conventional polychemotherapy.
Clinical examination of patients was conducted in
accordance with Russian Clinical Guidelines for the
Diagnosis and Treatment of Lymphoproliferative
Diseases.

Blood biochemistry test (the level of C-reactive
protein (CRP), fibrinogen, creatinine, urea, uric acid,
lactate dehydrogenase (LDH), alkaline phosphatase
(ALP)) was performed by the colorimetric method
using an XL-640 biochemistry analyzer with an ion-
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Taﬁjmua 1. KnuHuKo-rematoJsiorudeckasi u ,quorpad)W{eCKaﬂ XapaKTepUCTHUKa o6c11e,uyeMbe NManyveHToB

Table 1. Clinical, hematological and demographic characteristics of the examined patients

Iloka3saTesnb / Parameter n %
Bcs rpymnina / Total group 40 100
[Tos / Sex:
*KeHIMHBI / females 36 90
MY>KUMHBI / males 4 10
Crazus mo Ann Arbor / Ann Arbor stage:
11 14 35
[T 10 25
I\% 16 40
B-cumntombl / B-symptoms 26 65
Bulky disease (6osibiuast omyxoseBast Macca: >_10 CM B inaMeTpe) 9 225
(large tumor mass: >10 cm in diameter)
Hoszosorunyeckas popma / Nosological form:
auddysHasa B-kieTounas kpynHoksaeToyHas juMmdoma / diffuse large B-cell lymphoma 28 70
B-MenKoxneTqua;_l nuMdoma (peHorun B-XJIJT) 6 15
B-small lymphocytic lymphoma (B-CLL phenotype)
auMoMa U3 KJIEeTOK MapruHaJbHOU 30HbI / marginal zone lymphoma 2 5
aHTMOUMMYyHo6J1acTHas T-kjaeTo4yHas iuMdoma / angioimmunoblastic T-cell lymphoma 1 2.5
domnukynapuas iuMmdoma / follicular lymphoma 2 5
MaHTHUHHOKJIeTOoYHas suMpoma / mantle cell lymphoma 1 2.5

[IpumMmevyaHnmue.
N o t e . CLL - chronic lymphocytic leukemia.

neuyenu (n = 2; 25 %), MATKUX TKaHel (n = 1; 12.5 %)
¥ KOCTHOTO Mo3ra (n = 1; 12.5 %). B kauecTBe HH/yK-
OUU peMuccuu Bce nanueHTsl nosydywiaud [IXT
I nunuu. IMamuentsr ¢ JABKJI (n = 28) mosyuasnu
XUMHOTepanum 1Mo nporokosam R-CHOP (n = 24),
R-miniCHOP (n = 2), R-Hyper-CVAD (n = 2). bosib-
HBIM B-MesnkokieTouHo# saumMdomoin (peHOTHI
B-XJIJI (XpOHHYECKHH JIEHKOIIUTAPHBIN JIEHKO3))
HazHavasnack nporpammHas IIXT mo cxemam FCR
(n =4) u RB (n = 2). Jleuenue 1uM@pOMBbI U3 KJIETOK
MapTrUHAIBHOU 30HBI (N = 2) U OJUTUKYJISAPHOHN
JuMdOMBI (n = 2) OCYIIECTBIAIOCH TI0 MPOTOKOJIY
R-CVP. [IlanueHTKe ¢ aHTHOMMMYHOOJIACTHOU
T-xireTounoi 1uMdOMON HA3HAYAIOCH JIEYEHUE TI0
cxeme CHOEP, a manyeHTKe ¢ MAaHTUHHOKIETOUHOM
aumdomoit — 1o cxeme R-Hyper-CVAD.

C nesnpio orneHKH 3G (PEKTUBHOCTH MPOOHMOTHKA U
Ji3aTa MPOOHOTHKOB ¢ (PUTOKOMILIEKCOM B KOPPEK-
nuu Aucbro3a U CHHAPOMA SHOTEHHON WHTOKCHUKA-
MU METOJIOM CJIyJIalHON BHIOOPKH MAIMEHTHI ObLTH
pasjiesieHbl Ha 2 TPYIIbBL 1-f TPyIIa — 20 Yesl. —
maruenTbl ¢ HXJI II-IV cremenu (cT.), KOTOpBIE,
riomumo ITXT, mosryyanu mepopaabHO GMOJIOTHIECKHT
aktuBHYyI0 J106aBKy (BAJ]) «BemaBuotuk» (mmpobuo-
THK) TI0 1 Karcysie Ha HOub (B cyiydae U3OBITOUHOM
Macchl TeJIa — 110 2 KarCyJIbl Ha HOYb) U JIM3aTa Ipo-
OUOTHKOB ¢ GUTOKOMILIEKCOM «DUTOIHU3AT TacTpo»
110 1 YaifHOM JIOKKe, pACTBOPUB B 1/4 cTaKaHa BOJIBI, 2
pasa B JieHb 32 20 MUH JI0 €/Ibl, B MEXKKYPCOBOM IIEPH-

XJIJ1 - XpoHUYeCcKUH JIeHKOLUTapHbIH JIeHKO03.

selective electrodes (Erba Lachema s.r.o., Czech
Republic) and the manufacturer’s test kits. Determi-
nation of the blood serum concentrations of proin-
flammatory cytokines (IL-6, IL-1f, TNF-a, IL-10)
was carried out by enzyme immunoassay using the
test kits of Vector-Best (Russia). A comprehensive
assessment of the intestinal microbiome was per-
formed using the Human Microflora test for 11 indi-
cators using real-time polymerase chain reaction at
Vector-BiAlgam, JSC (Koltsovo, Novosibirsk
Region). Intestinal dysbiosis was diagnosed accord-
ing to the following microbiological criteria (changes
in the microbiome abundance in bacterial maps of
feces):

« reduction of the total bacterial load to less than
10" colony forming units (CFU)/g;

« reduction of the Bifidobacterium spp. count to
less than 109 CFU/g;

« reduction of the Lactobacillus spp. count to less
than 107 CFU/g;

« reduction of the Escherichia coli count to less
than 10° CFU/g;

» reduction of the Faecalibacterium prausnitzii
count to less than 10® CFU/g;

« increase in the Bacteroides spp. count more
than 102 CFU/g;

« imbalance in anaerobic flora (Bacteroides spp./
Faecalibacterium prausnitzii ratio over 100);

« Staphylococcus aureus more than 104 CFU/g;
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oze nocae ogHoro craggaptHoro kypea IIXT. Kype
IpHeMa COCTaBWJI 21 JIeHb; 2-5 TPYNNA — 20 Yesl. —
rpynna cpasHeHus, nanuenTsl ¢ HXJI II-1V cr., kKOoTO-
pble TOoJIydasu TOJIBKO cTaHZapTHble Kypebl IIXT.
OO1mexkIMHIYECKOe 00ciefioBaHre OOJIBHBIX MPOBE-
JIEHO B COOTBETCTBUU ¢ POCCHICKUMU KITMHUYECKUMU
PEKOMEHAAIMAMI 110 TUATHOCTUKE U JIEUEHUIO JIUM-
donponudepaTUBHBIX 3a00JIEBAHIH.

Buoxumuueckoe ucciaenoBanue KpoBu (YpOBEHD
C-peaktuBHoro 6esnka (CPB), ¢pubpuHoreHna, kpea-
TUHWHA, MOYEBUHBI, MOUEBOH KHCJIOTHI, JIAKTAT/IE-
ruaporenassl (JIIT), menounoit pocdarassr (II[D))
BBIIIOJTHEHO KOJIODUMETPHUYECKUM METOJIOM Ha
anmmapare XL-640 C HOHOCEJIEKTHBHBIM OJIOKOM
(ISE) (Erba Lachema s.r.o., Yexus), ¢ IHOMOIIbIO
TecT-cucTeM mpousBoautesnsa. OupeneneHre KOH-
[IEHTPAIUH IIPOBOCIAINTELHBIX ITUTOKUHOB (IL-6,
IL-1B, TNF-q, IL-10) B CBIBOPOTKE KPOBU IIPOBEIEHO
METO/IOM HUMMYHO(EPMEHTHOTO aHAIN3a C TIOMO-
IbI0 TecT-cucTeM KoMmmaHuu «Bekrop-Becr» (Poc-
cus). KomIutekcHast OIleHKa COCTOSIHUSA MHUKPO-
(b10pBI KUIIEUHUKA BBIOJTHAIACH C IOMOIIIBIO TECTA
«Muxkpodsiopa yeJoBeKa» 10 11 TOKa3aTeIaM METO-
JIOM TIOJIMMEePa3sHOH IelMHON peakIUU B peasibHOM
Bpemenu Ha 6aze AO «Bexrtop-BuAsnpram» (Kosb-
noBo, HoBocubupckas o6u1.). Jlucbro3 KuleuHuKa
JIMaTHOCTUPOBAJICA TIO CIIEAYIOIINM MUKPOOHOJIOTH-
YeCKHMM KpUTEPUAM (M3MEHEHUAM KOJIMUeCTBa
MHUKPOQIIOPHI B 0aKTEPHUAJIBHBIX KapTax (heKaJIuii):

* CHIDKeHHe 00111el 6aKTepuabHOM MacChl MEHEE
10" kosmoHueobpasyomux equaur (KOE)/r;

« CHIIKeHHe KosimuectBa Bifidobacterium spp.
meHee 10° KOE/T;

 CHIDKeHHMe KosimuecTBa Lactobacillus  spp.
meHee 107 KOE /t;

« cHIDKeHHe KosnmuectBa Escherichia coli menee
10% KOE/t;

« cHkeHue kouuectsa Faecalibacterium pra-
usnitzii menee 10° KOE /t;

e yBeJMYeHUWE KojuuecTBa Bacteroides spp.
6osiee 102 KOE/T;

* BBISIBJIEHHE aHa’POOHOTO Aucbamanca (COOTHO-
mienue Bacteroides spp. / Faecalibacterium praus-
nitzii 6oJjiee 100);

« obHapy:xenue Staphylococcus aureus 6osee 104
KOE/r;

« obuapyskenue Klebsiella spp. 6osee 10* KOE/T;

« obHapyxkenue Candida spp. 60ee 10* KOE/t;

« oonapy»xkenue Clostridium difficile.

Cratuctrueckass oO6pabOTKa IOJIyYEHHBIX JTaH-
HBIX TMPOBOJIWJIACH C HKCIIOJIb30BAHHUEM IPOTPAMM
IBM SPSS Statistics 26.0 (IBM, CIIIA) u Statistica
13.0 (Dell, CIITA). /Ij1s1 omipe/ieieHrsi HOPMaJIbHOCTH
pacrpeziesieHusT N3yYaeMbIX TAHHBIX UCIIOJIb30BAIH

« Klebsiella spp. more than 104 CFU/g;

 Candida spp. more than 104 CFU/g;

« detection of Clostridium difficile.

Statistical processing of the data was performed
using IBM SPSS Statistics 26.0 (IBM, USA) and Sta-
tistica 13.0 (Dell, USA) programs. The Kolmogorov-
Smirnov test was used to determine a normal distri-
bution of the data. Considering that the distribution
of most of the studied variables was non-normal,
nonparametric statistics methods were used. Com-
parative intragroup assessments of the results were
performed using the Mann-Whitney U-test. To
assess the significance of differences between the
qualitative characteristics of the sample, the Pearson
goodness-of-fit test (x2) was used. Spearman’s rank
correlation was used to establish relationships
between clinical and hematological characteristics
and the results of lab tests. The critical level of sig-
nificance of differences was taken to be p < 0.05.

RESULTS AND DISCUSSION

Analysis of the composition of the intestinal
microbiota in patients with newly diagnosed lym-
phoma. According to the results of a comprehensive
assessment of the intestinal microbiome in patients
with lymphomas, a significant shift in the diversity of
the colonic microbiome was noted, which was char-
acterized by the presence of a severe imbalance in
the biocenosis with a pronounced deficiency of bifi-
dobacteria and lactobacilli, as well as a decrease in
the total bacterial load. Thus, it was found that at the
onset of the disease before the start of chemoradia-
tion therapy, a pronounced deficiency of the total
bacterial load had 7 (17.5%) patients, a deficiency of
bifidobacteria — 29 (72.5%) patients, a decrease in
the lactobacilli count — 34 (85%) patients with lym-
phomas. A decrease in the Escherichia coli count was
diagnosed in 5 patients (12.5%), while the microbi-
ome with abundance of Escherichia coli had 14
(350%) patients, a decrease in the Faecalibacterium
prausnitzii count in the intestinal microbiota was
detected in 9 patients (22.5%), an increase in the
Bacteroides spp. count — in 13 (32.5%). At the same
time, an imbalance of anaerobic bacteria was diag-
nosed in 20 (50%) patients with lymphomas. In
patients with newly diagnosed lymphomas, Clostrid-
ium difficile and Staphylococcus aureus were not
detected in the microbiome. In 1 patient with newly
diagnosed DLBCL, overgrowth of Candida fungi
(7x10° CFU/g) was detected. Pathological increase in
Klebsiella spp. exceeding 104 CFU/g was diagnosed
in 4 (10%) patients with lymphomas.

According to the Pearson ¥ test, an imbalance in
anaerobic bacteria was found to be more prevalent in
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kputepuil Kosmoroposa — CMmupHOBa. YuuThIBaf,
YTO pacupesiesieHre OOJIBITNHCTBA U3YUEeHHBIX ITPHU-
3HAKOB ObUIO OTJIMYHBIM OT HOPMAJIbHOTO, IIPUMe-
HAJIM MeTOAbl HelapaMeTPUYecKOW CTaTHUCTUKHU.
CpaBHUTEJIbHbIE BHYTPUTPYIIIIOBBIE OIIEHKHU Pe3yJib-
TaTOB NpPOBOAWINCh NO U-kputepuio MaHHa —
YutHuU. [1714 OlleHKU 3HAYMMOCTHU Pa3INIUuU MeXIy
KaueCTBEHHBIMH  XapaKTEPUCTUKAMH  BBHIOOPKHU
WCIOJIb30BAJIN KpUTepuil corsiacusa Ilupcona (x2).
J17151 ycTaHOBJIEHUS B3aUMOCBA3€H MeXK/Ty KINHUKO-
reMaToJIOTUYeCKUMU XapaKTePUCTUKAMU U pe3yJib-
TaTaM{ JIaOOPATOPHBIX HCCJIETOBAHUU HCIIOIH30-
BaJIM PAHTOBBIM KOPPEJALMOHHBIM aHanu3 Crnup-
MeHa. 3a KPUTHYECKHH YpOBEHb JOCTOBEPHOCTH
pasnuuuil IpUHUMAIHU p < 0.05.

PE3YJ/IBTATDBI 1 OBCY KIAEHWUE

AHaau3 cocmasa KuwlewHol Muxpobuomut y
601bHBIX C 8nepsble 8blasaeHHOU aumdgbomotl. 1o
pe3yabTaTaM IMPOBEAEHHON KOMILJIEKCHOU OIeHKH!
COCTOSIHUSL MHUKPOQJIOPHI KHUIIEYHUKA y OOJIBHBIX
suMbOMaMU OTMEYEHO 3HAUUTEThHOE H3MEHEHIE
crekTpa MHUKPOMJIOPHI TOJICTOW KHUIIKH, KOTOpPOE
XapaKTePU30BAJIOCh HAIIMYMEM TSIKEJIOTO Hapylie-
HUA OHOIIEHO3a ¢ BBIPAXKEHHBIM Jiepururom 6ubu-
JI00aKTepUi U JIAKTOOAKTEPUH, a TAKIKE CHIKEHUEM
obmmed 6akTepuasbHON Macchl. Tak, yCTaHOBJIEHO,
4yTO B /lebroTe 3a60JI€eBaHUA /10 HAYAIa XHMHUOJIyJe-
BOH Tepaliy BhIPaXKEHHBIN nedunuT obieii 6axre-
puaIbHOU Macchl Haboancs y 7 (17.5 %) 60JIbHBIX,
nedurur budugobakTepuil BoIsABIEH y 29 (72.5 %)
obcielyeMbIX, CHIDKEHIE KOJIMYEeCTBa JAKTOOaKTe-
puii otmedaniocs y 34 (85 %) 601bHBIX TIM(OMaMHU.
CHmxeHue xonuuecra Escherichia coli nuaraoctu-
poBaHoO y 5 (12.5 %) mamueHTOB, IIPU STOM MHKPO-
6uowm, oborarennsiii Escherichia coli, Bctpeuasics y
14 (350 %) uen., cHuxeHHe KoaudecTsBa Faecali-
bacterium prausnitzii B cocTaBe MHUKPOOUOTHI
KHUIIIEYHUKA BBISIBJIEHO Y 9 (22.5 %) allEHTOB, yBeE-
JnueHue KosmuecTBa Bacteroides spp. — y 13
(32.5 %) obenenyembix. ITpu 9ToM aHa®POOHBIN AHUC-
OajyiaHC IMaTHOCTUPOBAH y 20 (50 %) 06ciie/lyeMbIX ¢
suMdoMaMu. Y OOJBHBIX C BIIEPBBIE THATHOCTHPO-
BaHHBIMU JIUM(pOMaMHU He BBISBJIEHO B COCTaBe
mukpobuoma Clostridium difficile u Staphylococcus
aureus. Y 1 TaIMEHTKU C BIIEPBbIE BBIABIEHHON
JBKJI ompeneseH u30BITOUHBIA POCT T'PUOOB
Candida (7x10° KOE/r). I1aTosioruyeckoe yBeande-
uue Klebsiella spp. 6osee 104+ KOE/T nuarHoctupo-
BaHO y 4 (10%) 60JIbHBIX TUMGbOMAMHU.

B coorBercTBUM ¢ KpuTepueMm coryiacua Ilup-
COHA ¥? YCTaHOBJIEHO, UTO aHA’POOHBINA AucHaIaHC
npeobJsiazias y HManueHToB ¢ 0oJiee 3JI0KaveCcTBEH-
HBIMU BapuaHTamu JuMdbom (muddysHas B-kpymn-

patients with more malignant lymphoma variants
(diffuse large B-cell lymphoma, angioimmunoblastic
T-cell lymphoma) compared to patients with an
indolent tumor variant (B-small lymphocytic lym-
phoma (B-CLL phenotype), follicular lymphoma)
(¢ = 4.11, p = 0.04). The microbiome with abun-
dance of Escherichia coli was more often diagnosed
in patients with localized tumors compared to those
with advanced stages of the disease (III-IV)
(¢ = 4.64, p = 0.03). In patients with clinical symp-
toms of tumor intoxication (fever, profuse night
sweats, weight loss >10% over the past 6 months), a
decrease in the Faecalibacterium prausnitzii count
() = 6.25, p = 0.01) and an increase in Bacteroides
spp. count (¥* = 4.33, p = 0.03) were diagnosed sig-
nificantly more often. At the same time, the grade of
intestinal dysbiosis was associated with the bio-
chemical activity of tumor. Thus, according to the
Spearman’s correlation, in patients with newly diag-
nosed lymphomas, the Bifidobacterium spp. count
was positively correlated with the activity of LDH
(p = 0.04), AST (p = 0.01), ALP (p = 0.01), CRP con-
centration (p = 0.007) and was negatively correlated
with the percentage of lymphocytes (p = 0.007). The
Escherichia coli count was negatively correlated with
the erythrocyte sedimentation rate (ESR)
(p = 0.002), and growth of Lactobaccilus spp. cor-
related with higher ALP activity. When analyzing the
concentration of cytokines depending on the study
period, the concentration of IL-6 was 2 times higher
(p = 0.02) in patients after chemotherapy compared
to patients examined at the onset of the disease. No
significant differences in the concentration of TNF-a
and IL-1f in the study groups were found. However,
a tendency towards an increase in the concentration
of IL-1B (p = 0.051) was noted in patients who
received antitumor treatment (Table 2). The results
obtained are probably associated with the develop-
ment of hematological toxicity and the chemother-
apy-induced infectious complications, which, in
turn, can contribute to the development of a systemic
inflammatory response.

In patients at the onset of the disease, a positive
correlation was observed between the concentration
of IL-6 and IL-1f (r = 0.49, p = 0.001), TNF-a
(r = 0.40, p = 0.009), LDH activity (r = 0.38,
p = 0.01), and ALP (r = 0.36, p = 0.02). The level of
TNF-a correlated with the IL-1p level (r = 0.42,
p = 0.006). A positive correlation was observed
between IL-1 and LDH (r = 0.33, p = 0.03), and
ALP (r = 0.35, p = 0.02). An analysis of relationships
between the quantitative composition of the intesti-
nal microbiota and the concentration of cytokines at
the disease onset showed that a decrease in Faecali-
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Ta6mmua 2. KoHLeHTpanus HUTOKKMHOB (1I/MJI) B CBIBOPOTKE KPOBHU NMAaLMEHTOB C IMMGOMaMHU B 3aBUCHMOCTH OT

AJIUTEJIbHOCTHU 3a00JIeBaHMUS

Table 2. Serum concentration of cytokines (pg/ml) in patients with lymphomas depending on the duration of the disease

BoJsibHbBIE C BiepBbIe BbIsIBJIEHHOH
auMmomoii (rpynmna 1)

BosibHBIE IMMPOMaMHU NOC/Ie XUMHOIy4YeBOi
Tepanuu (rpynmna 2)

gHTOI.(PlH Patients with newly diagnosed lymphoma Patients with lymphoma after D
ytokine .
(group 1) chemoradiation therapy (group 2)
(n =40) (n =40)
IL-6 2.02 (0.78; 4.96) 4.13 (1.85; 13.05) 0.02
TNF-a 0.59 (0; 2.31) 0.79 (0.12; 3.35) 0.35
IL-18 1.73 (1.35; 3.17) 3.4 (1.7;7.6) 0.051

HOKJIETOUHAsA JHUM@OMa, aHTHOUMMYHOOJIaCTHAS
T-xseTouHas auMdoma) B CpaBHEHUH € OOTBHBIMU,
UMEIUMY HWHOJEHTHBI BapHaHT  OILYXOJIH
(B-menkoxmerounas sumdoma (berornn B-XJIL),
domnmukynapras aumdoma) (X2 = 4.11, p = 0.04).
Muxkpobuom, oboramennstit Escherichia coli, gatie
JINaTHOCTUPOBAJICA y 06CIeTyeMbIX O0JIHHBIX C JIOKA-
JIN30BAHHBIM OITyXOJIEBBIM IIPOIIECCOM B CPAaBHEHUU
¢ obciteZlyeMbIMU C PACIIPOCTPAHEHHBIMU CTaAMAMU
zaboseBanus (I1I1-1IV) (x* = 4.64, p = 0.03). Y nanu-
€HTOB C KJIMHUYECKUMHU CHMIITOMAaMH OITyXOJIEBOH
WHTOKCUKAIMKM (JiMxopajka, mnpodys3Has HOYHAS
MIOTJINBOCTh, CHIDKEHHE Macchl Tejla > 10 % 3a
mocJyiefHue 6 MeC) IOCTOBEPHO Yallle THAaTHOCTHPO-
BaJIoCh CHIKeHMe KosnuecTBa Faecalibacterium
prausnitzii (3> = 6.25, p = 0.01) U yBeJIHYEHHE
Bacteroides spp. (x> = 4.33, p = 0.03). IIpu stom
IJIyOMHA HapyIIeHUH MUKPOOUOIIEHO3a KUIIIEYHHKA
ObLIa CBsA3aHA C OMOXUMUYECKOH aKTUBHOCTHIO OITy-
X0JIEBOTO Tporiecca. Tak, COrJIacHO KOPPESIIHOH-
HoMy aHayu3y CIIupMeHa YCTaHOBJIEHO, UTO y 60JIb-
HBIX C BIIEPBBIE BBIABJIEHHBIMH JUMGbOMAMU KO-
yecTBO Bifidobacterium spp. HaXOAUIOCh B IIPAMOL
3apucumocty ot aktuBHocTH JI/IT (p = 0.04), ACT
(p = 0.01), II® (p = 0.01), kouneurpanuu CPB
(p = 0.007) 1 B 0OpaTHOM — OT MPOIEHTHOTO COOTHO-
menusa JyuMdonutoB (p = 0.007). Kosmuectso
Escherichia coli nmenio OTpUIIATEBHYIO CBA3b CO
CKOpOCTBIO  ocefjanusa  spurponutoR  (COJ)
(p = 0.002), ayBennuenue nomyJsiuu Lactobaccilus
Spp. KOPPEJIUPOBaJIO ¢ 60J1ee BEICOKOU aKTUBHOCTHIO
I[M®. IIpu aHanu3e KOHIEHTPALIUH IIUTOKWHOB B
3aBUCHUMOCTH OT IIE€PHOJa HAOJIIOIEHUS yCTAHOB-
JIEHO, UTO KOHIleHTparus IL-6 6bly1a B 2 pas3a BbIllIe
(p = 0.02) y 60IBHBIX, TEPEHECIINX KYPC XUMUOTE-
panuu, B CpaBHEHUH ¢ OOJIBHBIMHE, 00CIIelyeMbIMU B
nebrote 3abosieBaHusi. J[OCTOBEPHOH pa3HUIIBI B
kourenTpanuu TNF-a u IL-1f B ucciieayempix rpyr-
ax He BbIsABIeHO0. OJHAKO OTMEUYAETCs TEHAEHITUA K
yBenumuyeHno koHneHtpanuu IL-18 (p = 0.051) y
0OJIPHBIX, MMOJIYIUBIINX ITPOTUBOOIIYXOJIEBOE JIeUue-
Hue (Tabut. 2). [TosyyeHHbIE pE3YJIHTAThI, BEPOSITHO,

bacterium prausnitzii count was associated with a
higher concentration of the proinflammatory cyto-
kine IL-6 (Table 3).

Clinical manifestations of intestinal dysbiosis in
patients with lymphomas at the onset of the disease
were characterized by the following symptoms:
abdominal pain (dull or cramping) (n = 4, 10%);
belching, aerophagia (n = 2, 5%); flatulence (n = 6,
15%); a feeling of incomplete evacuation, fecal
urgency (n = 2, 5%); constipation (n = 12, 30%); diar-
rhea (n = 8, 20%); angulitis (n = 2; 5%); dry skin and
mucous membranes (n = 5, 12.5%).

Evaluation of the effectiveness of the probiotic
and probiotic lysate with a phytocomplex in correc-
tion of dysbiosis and endogenous intoxication.
A comprehensive assessment of the intestinal micro-
biome, carried out dynamically, showed that in
patients who received the probiotic and metabiotic
as maintenance therapy, the counts of Bifidobacte-
rium spp. (p = 0.000005), Lactobaccilus spp.
(p = 0.000071) and Faecalibacterium prausnitzii
(p = 0.003) in the intestinal microbiome were sig-
nificantly higher compared to the results of patients
who received only conventional polychemotherapy
(Table 4). No significant differences were found in
the total bacterial load, the count of Escherichia coli,
Bacteroides spp. or severity of an imbalance in aero-
bic bacteria.

It should be noted that Clostridium difficile and
Candida spp. were not revealed in the microbiome
of patients from both groups. In one patient with
DLBCL who did not receive maintenance therapy,
Staphylococcus aureus was detected in an amount
of 5x10° CFU/g. In addition, in patients who did not
receive probiotic and metabiotic therapy, an even
more significant decrease in the Bifidobacterium
spp. count in the intestinal microbiome was noted
after chemotherapy compared to the values at the
onset of the disease. Thus, the median count of Bifi-
dobacterium spp. at baseline in this group of
patients was 1x108 (3x107 — 3x10°) CFU/g, and after
chemotherapy — 3.5x10° (1x105-1x107) CFU/g
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Ta6/mmua 3. AHa/IM3 B3aUMOCBS3€l MeX/ly KOJIMYeCTBEHHBIM COCTaBOM MUKPOGHUOTHI KHILIEYHHUKA U KOHLeHTpaneH
LIUTOKHUHOB (TIr/MJI) y GOJIbHBIX C BIIepBbIe BbISBJIEHHOHN JTHUMQOMOI

Table 3. The analysis of relationships between the quantitative composition of the intestinal microbiota and the
concentration of cytokines (pg/ml) in patients with newly diagnosed lymphoma

Mukpoopranusm / Microorganism IL-6 IL-18 TNF-a
061as 6aKTepUaibHasg Macca r=0.17 r=0.02 r=0.07
Total bacterial load p=0.29 p=0.86 p=0.66
Bifidobacterium spp., KOE/r | CFU/g r=-0.13 r=-0.11 r=-0.14
p=042 p=047 p=037
Lactobaccilus spp., KOE/r | CFU/g r=0.39 r=-0.09 r=0.19
p=0.01 p=0.58 p=0.23
Escherichia coli, KOE/r r=0.10 r=0.04 r=-0.01
p=0.54 p=0.79 p=0.94
Bacteroides spp., KOE/r | CFU/g r=0.12 r=0.03 r=0.02
p=0.46 p=0.82 p=0.89
Faecalibacterium prausnitzii, KOE/r | CFU/g r=-0.33 r=0.02 r=-0.05
p = 0.04 p=0.87 p=0.76
CooTHolueHue Bacteroides spp. / Faecalibacterium prausnitzii r=-0.01 r=-0.06 r=0.02
Bacteroides spp. / Faecalibacterium prausnitzii ratio p=092 p=0.71 p=0.86

CBs3aHBI C PA3BUTHUEM T'€MAaTOJIOTUYECKON TOKCUY-
HOCTHU Y BBI3BAHHBIMU €10 NH(PEKITMOHHBIMU OCJIOXK-
HEHUSAMHU II0CJIe TEPEHEeCeHHOUW XHUMUOTepaIlnu,
KOTOpbIE, B CBOIO OUepeilb, MOTYT CIIOCOOCTBOBATH
Pa3BUTHIO CHUCTEMHOTO BOCIIAJTUTETFHOTO OTBETA.

V GospHBIX B AebioTe 3ab00s1eBaHUA OBLIIO OTMeE-
YeHO HAJINYUe TOJIOKUTETHHOU CBA3H MEXKIY KOH-
nenrpanueit IL-6 u IL-1B (r = 0.49, p = 0.001),
TNF-a (r = 0.40, p = 0.009), akTuBHOCTBIO JI/IT
(r = 0.38, p = 0.01), llI® (r = 0.36, p = 0.02). Ypo-
Beub TNF-a xoppemuposan c¢ IL-1f (r = 0.42,
p = 0.006). OTMeUeHO HaJUYHe IOJIOKUTETBHOU
koppessinyu mexay IL-1 u JIIT (r = 0.33, p = 0.03),
IM® (r = 0.35, p = 0.02). AHAJIN3 B3aUMOCBSI3eH
MeXK/y KOJUYECTBEHHBIM COCTAaBOM MUKPOOHOTHI
KHUIIIEYHUKA U KOHIIEHTPAIlHeH IIUTOKWHOB B 1e0I0Te
OTIyXOJIM TOKa3aJl, uTo cHikenne Faecalibacterium
prausnitzii COOTHOCHJIOCH ¢ O0JIee BRICOKOH KOHIIEH-
Tpalyeld MPOBOCHAJIUTEIFHOTO IUTOKMHA IL-6
(Tabi. 3).

KnuHuveckue mnposiBjieHus aucOuo3a KHIIed-
HUKA Y 60bHBIX JuMdoMamu B AebioTe 3ab0sieBa-
HUSI XapaKTEPU30BAIUCH CJIEIYIOMUMH CHUMIITO-
MaMu: 00JIb B JKUBOTE (Tymas WJIH CXBaTKOOOpas-
Hast) (n = 4, 10 %); oTpbIXKKa, aspodarus (n = 2,
5 %); MeTeopusM (n = 6, 15 %); YyBCTBO HEIIOJTHOTO
OTIOPOXKHEHU S KUINIEYHUKA, UMIIEPATUBHBIE TIO3BIBBI
Ha aedekanuio (n = 2, 5 %); obcrumarnus (n = 12,
30 %); nuapes (n = 8, 20 %); aurynut (n = 2; 5 %);
CYXOCTh KOXKH M CJIMBUCTHIX (N = 5, 12.5 %).

Ouenxa agdexmusHocmu npobuomuxka u
Au3ama npobuomuxos ¢ GumoKoMnaeKcom 8 Kop-
pexuuu oucbuo3a u cuHopoma aH002eHHOL UHMOK-
cukayuu. KoMIuiekcHas OlleHKa COCTOSTHUSI MUKPO-
(0pBI  KUIIEUHWKA, TPOBEJEHHAs B JIMHAMUKE,

(p = 0.001). A comparative assessment of median
concentrations of biochemical parameters using the
nonparametric Mann-Whitney test showed that in
patients receiving the probiotic in combination with
the metabiotic, the concentration of LDH and
C-reactive protein was significantly lower compared
to the control group naive to such therapy. Thus, the
median of LDH activity in patients receiving main-
tenance therapy for dysbiosis was 384.5 (346; 426)
U/], and in patients without maintenance therapy —
612 (486; 704) U/I (p = 0.000001). The median of
the CRP level during treatment was 4 (3; 9.3) mg/l,
and in the subjects who did not receive the probiotic
and metabiotic — 6.2 (3.9; 15.9) mg/l (p = 0.04).
More pronounced leukocytosis and accelerated
erythrocyte sedimentation were in patients from the
control group without maintenance therapy com-
pared to the group of patients who received the pro-
biotic and probiotic lysate with a phytocomplex
before the start of chemotherapy. The median level
of leukocytes in the peripheral blood of patients
from the main group was 6.45 (4.95; 7) thousand/pl,
and in the control group this index was 8 (6.5; 12.1)
thousand/ul (p = 0.0005). The median value of ESR
of patients from the control group was 28 (21; 34)
mm/h, while ESR in patients receiving the probiotic
and metabiotic was at the level of 21.5 (18; 25) mm/h
(p = 0.002).

An analysis of the cytokine concentration dynam-
ics in patients with lymphoproliferative diseases dur-
ing treatment showed that the addition of the pro-
biotic and probiotic lysate with a phytocomplex to
maintenance therapy of patients led to a statistically
significant decrease in the concentration of proin-
flammatory cytokines: TNF-a — by 9.2 times
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TaGJmua 4. Ol.leHKa KOJIN4Y€CTBEHHOI'0 COCTaBa MI/IKp06I/IOMa KHII€YHUKA Yy TIallUeHTOB C J'II/IM(l)OMaMI/I B 3aBUCHUMOCTH OT

Tepanuu

Table 4. The assessment of the quantitative composition of the intestinal microbiome in patients with lymphoma depending

on therapy
ITanueHTHI, MOJIyYaBIINe IlanueHTHI Ge3

MuKpoopraHusm NpPOGHOTHUK U JIN3aT NPOGMOTUKOB MNOAJEpPKUBaWIIel Tepanuyu

Microorganism Patients receiving the probiotic Patients without
and probiotic lysate maintenance therapy

O6uias 6aKkTeprasbHas Macca 1x10%2 6x101 0.18

Total bacterial load (7.5x10™ -3x10'%) (2x10™ -2x10%%)

Bifidobacterium spp., KOE/r | CFU/g 1.5x108 3.5x10° 0.000005
(9%x107-7.5x108) (1x10°-1x107)

Lactobaccilus spp., KOE/r | CFU/g 1x107 1x10° 0.000071
(3.5x10°-4.5x107) (1x10°-1x10%)

Escherichia coli, KOE/r | CFU/g 3x108 1x108 0.18
(1.5x10% - 6.5x109%) (1x107-1x10%)

Bacteroides spp., KOE/r | CFU/g 1x10"? 6x101 0.35
(7.5x10™ -3x10'%) (1x10'-3x10"?)

Faecalibacterium prausnitzii, KOE/r 2x10% 8.5x108 0.003
(6.5%x10°-3.5x10') (1x108-7x10%)

CootHo1eHue Bacteroides spp. / 53.9 93.7 0.52

Faecalibacterium prausnitzii (29.8-154.5) (48.5-200)

Bacteroides spp. / Faecalibacterium
prausnitzii ratio

[MoKasasia, 4To y OOJIbHBIX, [TOJIyUYaBIINX B KAUECTBE
COIIPOBOJIUTEILHON TEepanuy MPOOUOTUK U MeTa-
6uoTHK, KosmuecTBO  Bifidobacterium  spp.
(p = 0.000005), Lactobaccilus spp. (p = 0.000071) u
Faecalibacterium prausnitzii (p = 0.003) B cocraBe
KHIIIEYHOTO MUKPOOHOMa OBLIO IOCTOBEPHO GOJIBIIIE
B CPaBHEHUH C Pe3yJIbTaTaMH MMAI[HEHTOB, KOTOPbIE
IOJIydyasqu TOJIBKO cragzapTtHbele Kypcel [IXT
(Tabs. 4). He BBISIBJIEHO JIOCTOBEPHBIX OTJIUYHUI B
o0bpeMe 00IIeld OakTepuaTbHOM Macchl, KOJIMYECTBE
Escherichia coli, Bacteroides spp., BbIpayKEHHOCTU
aspobHoro mrcbaianca.

CrnenyeTr OTMETUTh, UTO y OOJBHBIX U3 00euX
rpymn Clostridium difficile u Candida spp. B cocTaBe
MHUKpobroMa He oOHapyxKeHbI. Y 1 60abHON JIBKJI,
He IIOJyyaBIIed COMPOBOJUTEIbHYI0 TEPAIIHIO,
BbIZIeJIeH 30JIOTUCTBIA cTadumokokK (Staphylo-
coccus aureus) B xonuuecTBe 5x10° KOE/r. Kpome
TOTO, Y HAI[EHTOB, KOTOPBIM HE ITPOBO/IMJIACEH Tepa-
nusi TPOOMOTHKOM ¥ METAaOMOTHUKOM, OTMEYaJIOCh
eme 0ojiee BBIPAYKEHHOE CHIDKEHHE KOJIUYEeCTBa
Bifidobacterium spp. B MUKpOOHOME KHIIIEYHUKA
Iocjie XUMHOTEPANIMA B CPaBHEHUU C IIOKasare-
JIIMM, TIOJIyYeHHbIMU B fiebore 3abomeBanus. Tak,
MeauaHa KoJinuecTBa Bifidobacterium spp. 10
Havajla Tepanud B [JAaHHOW TPyIe MaIlieHTOB
cocrapysia 1x10°% (3x107 — 3x10°) KOE/T, a mocie
npoBesieHuss Kypca IIXT — 3.5x10° (1x105—1x107)
KOE/r (p = 0.001). CpaBHHUTeIbHAS OLIEHKA MeIHaH
KOHITEHTpaIlui OHOXUMUUYECKUX II0OKazaTeJed ¢
[TOMOIIPI0 HemapaMeTPUYeCcKoro kpurepus Mau-

(p = 0.001), IL-6 — by 4 times (p = 0.04), and a sig-
nificant increase in the concentration of anti-inflam-
matory cytokine IL-10 — by 1.37 times (p = 0.02)
(Table 5). The results obtained, along with a decrease
in the concentration of acute phase markers accord-
ing to the results of blood biochemistry, confirm the
contribution of the use of the probiotic and probiotic
lysate with a phytocomplex in reducing the manifes-
tations of the systemic inflammatory response syn-
drome in patients with lymphomas, and also demon-
strate the possibility of their use as a highly effective
immunomodulatory, anti-inflammatory and detoxi-
fying agent.

At the same time, according to the Pearson ¥ test,
such symptoms as headaches (p = 0.026), nausea
(p = 0.0009), flatulence (p = 0.03), and diarrhea
(p = 0.039) associated with the treatment were sig-
nificantly less common in the group of patients
receiving the probiotic and metabiotic. The incidence
of such clinical manifestations of endogenous intoxi-
cation as weakness, insomnia, and performance dec-
rement did not differ significantly between the
groups which is probably due to the absence of remis-
sion and the still active course of the neoplastic pro-
cess at the time of the study. The structure of infec-
tious complications in patients who did not receive
the probiotic for prophylactic purposes was repre-
sented by such nosologies as pneumonia, anorectal
abscess, herpes virus infection, candidiasis, fever,
and mucositis. Moreover, stomatitis and gingivitis
were statistically significantly more common in the

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

45



Boitimxo M.C. udp. / Journal of Siberian Medical Sciences T. 8, N° 4 (2024)

Taﬁm«ma 5. KOHHBHTpaHl/IH LUTOKHWHOB B CbIBOPOTKE KPOBH IMALUEHTOB C J'II/IM(l)OMaMI/I B AVUHAMHKe Tepalnuunu l'lp06l/IOTI/IKOM

U JIN3aTOM HpO6I/IOTI/IKOB C (l)I/ITOKOMHJIeKCOM

Table 5. Serum concentration of cytokines in patients with lymphomas in the dynamics of therapy with the probiotic and

probiotic lysate with a phytocomplex

LUTOKMH, T /MJI Jlo Tepannu Ilocsie Tepanuu

Cytokine, pg/ml At baseline After therapy p
IL-6 8.09 (1.72; 137) 1.98 (0.46; 3.48) 0.04
TNF-a 3.06 (0.6; 5.2) 0.33 (0.12; 0.86) 0.001
IL-18 2.83(1.39;8.31) 2.15 (1.55; 3.51) 0.21
IL-10 5.25 (1.37; 8.73) 7.24 (4.27; 28.44) 0.02

[Ipum™Meyanue. [IpoussegeH pacyetr T-kpuTepusa BuakokcoHa.

N o t e . According to the Wilcoxon T-test.

Ha — YUTHU ITOKa3aJ1a, 4TO Y OOJIbHBIX, TOJIyUaBIIHX
MMPOOUOTHK B COYETAHUU C METAOMOTHKOM, KOHIIEH-
tpanus JI/II u C-peakTuBHOTO 6€jika ObLIa JOCTO-
BEPHO HIKE B CPAaBHEHUH C TPYIIION KOHTPOJIS, He
ITOJTy4YaBIIIed TaKyIo Tepanur. Tak, Me/lnaHa aKTHB-
Hoctu JI/IT' v GOJIBHBIX, MOJIyYaBIIUX COIPOBOIU-
TeJIPHYIO TePAIHIo 0 OBOY AUCOM03a, COCTABIISIA
384.5 (346; 426) Ex/n, a y manueHTOB 6€3 COITPOBO-
IUTeNbHON Tepanuu — 612 (486; 704) En/n
(p = 0.000001). Menuana yposuss CPb Ha ¢oHe
JledeHusi cocTanisia 4 (3; 9.3) Mr/i, a'y odcienye-
MBbIX, HE TIOJIyYaBIIUX MPOOUOTUK U METabUOTHK —
6.2 (3.9; 15.9) mr/a (p = 0.04). Bosiee BrIpaskeHHbBIE
JIEUKOIIUTO3 U YCKOPEHHE OCEJIaHUsI SPUTPOIUTOB
OBLIM OTMEUEHBI Y TTAIIMEHTOB U3 TPYIIIBI KOHTPOJIS
0e3 CONPOBOJIUTEILHON Tepalmuu B CPaBHEHUH C
IrpynIiod OOJIBHBIX, IIOJIyJaBIIUX IPOOHOTHK U
duronusar o Hauana [IXT. Meauana ypoBHs Jiei-
KOIIUTOB B leprudepuuecKkoil KpOBU y MAIUEHTOB U3
OCHOBHOHW TpyHmbl cocTaBwia 6.45 (4.95; 7)
TBIC./MKJI, @ B TPYIIIle KOHTPOJIA 3TOT IMOKa3aTesb
O6p1 paBeH 8 (6.5; 12.1) ThiCc./MKJI (p = 0.0005).
Menuannoe 3Hauernne CO 6OIBHBIX U3 KOHTPOJIb-
HOH Tpymmbl O6bLI0 paBHO 28 (21; 34) MM/4, B TO
Bpemsa kak COD maryeHTOB, MOJIYyYaBIIUX MPOOHO-
THK W MeTaOMOTHK, HaxOJWach Ha YpPOBHE 21.5
(18; 25) MM/4 (p = 0.002).

AHayi3 TUHAMUKN KOHIIEHTPAIIUH ITUTOKUHOB y
MaIryeHToB ¢ JuMdorpoandepaTuBHbIMU 3a060J1€e-
BaHUAMH Ha (oHe JIeueHUs MoKa3aJl, 4To Jo0asie-
HHE B COITPOBOIUTETHHYIO TEPATIHIO AIIEHTOB MPO-
OuoTHKa M JiM3aTa MPOOHOTUKOB C (PUTOKOMILIEK-
COM IIPUBEJIO K CTATUCTHYECKH 3HAYMMOMY CHIKE-
HUIO KOHIIEHTPAITUU TPOBOCIATUTEIbHBIX ITUTOKH-
HOB TNF-a — B 9.2 paza (p = 0.001), IL-6 — B 4 paza
(p = 0.04) U AOCTOBEPHOMY YBEJIMUEHUIO KOHIIEH-
Tpaliid  MPOTUBOBOCIAJUTEIBHOTO  ITUTOKWHA
IL-10 — B 1.37 pasza (p = 0.02) (tabi. 5). [lonyden-
Hble pe3yJIbTaThl, HAPSY CO CHIIKEHHUEM KOHIIeH-
Tparuu ocTpodazoBbIX MAPKEPOB IO JAHHBIM OUO-
XUMHYECKOTO UCCIIEIOBAHUSA, TOATBEPIKAAIOT BKJIA]T

group of patients who received only conventional
chemotherapy (2 = 4.8, p = 0.029).

Thus, at all stages of the neoplastic process,
patients have many reasons for the development of
intestinal dysbiosis. They are associated with
destructive processes in the body due to the growth
and spread of tumor, disorder of the functional state
of various organs, empiric antibiotic therapy and the
prescription of high doses of cytostatic drugs. The
use of the probiotic and probiotic lysate with a phyto-
complex in the comprehensive treatment of patients
with lymphomas will significantly reduce the severity
of intestinal dysbiosis and improve the results of
polychemotherapy.

CONCLUSION

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

1. In patients with newly diagnosed lymphomas,
significant changes in the diversity of the intestinal
microbiome were detected, characterized by the
presence of a severe imbalance of the biocenosis with
a deficiency of bifidobacteria and lactobacilli, as well
as a decrease in the total bacterial load.

2. Probiotics have cytoprotective, anti-inflamma-
tory, antioxidant and immunomodulatory effects
and are quite effective in the treatment and preven-
tion of intestinal dysbiosis and endogenous intoxica-
tion in patients with non-Hodgkin’s lymphomas.

3. The inclusion of probiotics in the comprehen-
sive treatment of patients with non-Hodgkin’s lym-
phomas will allow cytostatic therapy to be carried
out at the appropriate time without reducing the
dose of drugs.

4. The analysis of the cytokine concentration
dynamics in patients with lymphomas during treat-
ment showed that the addition of probiotics to main-
tenance therapy reduces the manifestations of the
systemic inflammatory response syndrome and
allows them to be used as a highly effective immuno-
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IIpUMeHEeHUs TPOOMOTHKA U JIN3aTa MPOOUOTUKOB C
(puTOKOMIIZIEKCOM B YMEHBIIEHHE IIPOSIBIIEHUH
peaKIuu CUCTEMHOTO BOCHAJIEHUs Y OOJIBHBIX JIUM-
dbomamu, a TakKe IEMOHCTPUPYIOT BO3MOKHOCTD FX
HCIOJIb30BAHUA B KauecTBe BBICOKO3(P(PEKTUBHOTO
MMMYHOMO/TYJIUPYIOIIETO,  MPOTHBOBOCIAIATEb-
HOTO U JIETOKCUKAIIMOHHOTO CPEZICTBA.

BmecTe ¢ TeM B COOTBETCTBUH C KDUTEPUEM COTJIA-
cus ITupcoHa ¥* yCTaHOBJIEHO, UTO B TpyIIie 00JIb-
HBIX, TOJIy4aBIIUX MPOOUOTHK U MeTaOHOTUK,
JIOCTOBEPHO peXXe BCTPEYATIUCh TOJIOBHBIE 00U
(p = 0.026), TomHOTa (p = 0.0009), METEOPU3M
(p = 0.03), nuapes (p = 0.039), aCCOITUUPOBAHHBIE C
sedeHneM. YacToTa BCTPEYAEMOCTU TAKUX KJIWHU-
YeCKUX MPOSBJIEHUN CHHAPOMA SH/IOT€HHOU UHTOK-
CHKaIliM, Kak cjaabocTh, OECCOHHMUIA, CHHKEHHE
paboToCIIOCOOHOCTH, JIOCTOBEPHO HE pasimdasiach
II0 TPYIIIaM, YTO, BEPOSTHO, CBA3AaHO C OTCYTCTBHEM
peMICCHU U BCe ellle aKTUBHBIM Te€UEeHHEM OIIyXOJIe-
BOTO IIpollecca Ha MOMEHT ucciaenoBaHua. CTpyk-
Typa WH(EKIMOHHBIX OCIOKHEHUH y GOJbHBIX, HE
MIOJTYYABIINX C TPOPUIAKTHUECKOU 1IEeJIbI0 IPOOHO-
THUK, ObLIA IIpe/CTaBJieHa TAaKUMU HO30JIOTHUAMHU,
Kak ITHEBMOHUS, IAPAlPOKTUT, TepIeTHYecKast
nHGEKIUs, KaHAUA03, JINXOPAZKa, a TAKKEe MYKO-
3uT. [Ipyn 5TOM CTOMATUT, TUHTUBUT BCTPEUYAINCH
CTAaTUCTUYECKHM 3HAYMMO Yallle UMEHHO B TPYIIIe
0OJIbHBIX, TOJIYYaBIINX TOJIBKO CTAHZAPTHBIE KYPChI
xumuorepanuu (y2 = 4.8, p = 0.029).

Takum 06pa3oM, Ha BCeX 3TAlax OIyXOJIEBOTO
mporiecca y 60JIBHBIX UMEeTCsI MHOXKECTBO IIPUYMH
JUI pa3BUTHA Aucbuosa kumevyHnka. OHU CBA3AHbI
C JIeCTPYKTHUBHBIMH TPOIECCAMH B OpTaHU3ME
BCJIEZICTBHE POCTA U PA3BUTHS OIIYXOJEBOH TKAHWU,
HapyuleHneM (GYHKIMOHAJIBHOTO COCTOSIHHSA pas-
JIMYHBIX OPTAaHOB, SMIUPUYECKUM ITPUEMOM AHTH-
OaKkTepHUaIbHBIX NIPENapaTOB U HA3HAUEHUEM BbICO-
KHUX /103 IIUTOCTATHYECKUX ITpenapaToB. Vcmonrp30-
BaHHE MPOOMOTHKA U JIN3aTa MPOOUOTUKOB B KOM-
IUIEKCHOU Tepamuu GOJBHBIX JUMGOMaMH I03BO-
JISIT CYIIECTBEHHO YMEHBIIUTD CTEIIeHb BEIPAKEHHO-
CTH 11CcOM03a KUMEYHUKA U YIIYUIITUTh Pe3yJIbTaThI
MTOJTUXUMHUOTEPATIHH.

SAKJIIOYEHUE

[TpoBeneHHOE HCCIIeIOBAaHNE TI03BOJISAET CIEIATh
CJIEIyIOIIKE BHIBO/IBI:

1. Y GOJIBHBIX C BIIEPBBIE AMATHOCTHPOBAHHBIMU
suM@oMaMU BhIABIEHBI 3HAUUTEIbHbIE U3MEHEHU
CIEKTpa MHUKPO(QJIOPHI  TOJICTOTO  KHUIIEYHUKA,
XapaKTEPUBYIOIIUECT HATHIHUEM TSXKEI0TO HapyIle-
HUsA GuorleHo3a ¢ meduiurom 6udumobakTepuii u
JIaKTODAKTEPHUH, a TAaK:Ke CHIKEHHEM 00I1el OakTe-
pHUaIbHOU MACCHI.

modulatory, anti-inflammatory and detoxifying

agent.
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2. [TpoOGHMOTUKHM OKA3bIBAIOT IUTOIPOTEKTUBHBIH,
MPOTHUBOBOCIIAJINTE/IbHBIM, AHTHUOKCHJIAHTHBIH |
MMMYHOMOYJTUPYIONTNH 3G MEKT U ABJISIOTCS JJOCTa-
TOYHO 3 PEKTUBHBIMU CPEACTBAMU JIEUEHUS U TIPO-
rTakTUKY 1UCcOHM03a KUIIIEYHUKA U CHHIPOMA SH/T0-
TeHHON WHTOKCHUKAITUH Y OOJTbHBIX HEXO/IPKKUHCKUMU
3JI0KaYeCTBEHHBIMH JINM(OMAaMHU.

3. BkitoueHme TpPOOMOTUKOB B KOMILIEKCHYIO
Tepanuio OOJIPHBIX HEXOKKUHCKUMH 3JIOKaue-
CTBEHHBIMH JUM(GOMaMU IMO3BOJUT IPOBOAUTH
IIUTOCTATUYECKYI0 TEPAIHIO0 B JIOJLKHBIE CPOKU 0e3
PEYKITUH JTO3BI IPEnapaToB.

4. AHaTN3 JUHAMUKH KOHIIEHTPAITUY [TUTOKHUHOB
y manueHToB c jumdomMamMu Ha (HOHE JeUueHUs
MOKa3aJl, YTO /00aBJIEHWE B COIPOBOJUTEIHHYIO
Tepanuio NalueHTOB MPOONOTHKOB YMEHBIIAET ITPO-
SIBJIEHUSI PEAKI[UH CHCTEMHOTO BOCIIAJIEHUS U TI03BO-
JISIeT UCII0JIb30BaTh UX B KAa4ecTBe BBICOKO3(deK-
THUBHOTO MMMYHOMO/IYTUPYIOIIEr0, TPOTHBOBOCIIA-
JINTEJIHOTO U JIETOKCUKAIIMOHHOTO CPE/ICTBA.

Hcrounuku puHaHCHUpOBaHUA. VcciemoBa-
HUE TMPOBEJEHO B PaMKaX HAYYHO-HCCJIEOBATEh-
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ckoit pabotel PI'BOY BO «HoBocubupckuit rocy-
JlapCTBEHHBINA MEeTUITUHCKUT VHUBEPCUTET»
«Onenka 3G@EKTUBHOCTH  MYJIbTUCHHOMOTUKA
(ToproBas mapka “Begabuotuk”) u siu3ara nmpobuo-
THKOB ¢ (QUTOKOMILIEKCOM (TOproBasi Mapka “@urto-
sm3at [acTpo”) B KOPPEKIIUHU IUCON03a U CHHAPOMA
SHJIOTEHHOH WHTOKCUKAIIMHU Y OOJIbHBIX JTUMQOIIPO-
depaTUBHBIMU 3200I€BAHUSIMU ».
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[MIupuHa TEJ NIEHHBIX TO3BOHKOB U IOIMEPEYHBIX OTBEPCTUM
C YY€TOM X0/a TO3BOHOYHBIX apTEPUH U JereHepaTuBHO-
aUCTpOoPUIEeCKNX N3MEHEHUN ITO3BOHOYHHUKA

A.C. Momkun', B.H. Hukosieako? 3, M.A. XajanioB!

'@I'BOY BO «Opaosckuil cocydapcmeeriniil yHusepcumem um. HU.C. Typeenesa», Open, Poccus
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AHHOTAIIUA

BBemeunwue. IlledHpld OTAEN TO3BOHOYHUKA 00JIa/Ia€T BHICOKOH IOJBMIKHOCTBIO M IOJBEPIKEH DPA3BUTHIO
JlereHepaTUBHO-ANCTpodueckux namenenunit (JIIU1). PacimmpeHue quamna3oHa BO3MOXKHOCTEH KJIMHUYECKOU JTUArHO-
CTUKH TpebyeT aKTUBHOU pa3pabOTKU aJITOPUTMOB JIJIsl CIIeNMATU3UPOBAHHBIX CPEJICTB aHaIu3a nHpopMaruu. JlaHHbIe
00 MH/IUBU/IyJIbHOW U3MEHUMBOCTH CKeJIeTa BOCTPEOOBAHBI IIPH IVIAHUPOBAHUH MAaJIONHBA3UBHBIX XUPYPIHUECKUX BMeE-
IaTeJbCTB. BasKHOU 3a7a4eil 1 uceieqoBaTes el CTalo COIOCTaBIeHe TaAKUX HAOII0MeHUH ¢ JaHHBIMU KJIMHUYECKON
MPaKTUKU. VI3yueHne aHATOMUYECKOH N3MEHYHNBOCTH aKTyaJIbHO MIPH ToucKe 6osiee 3(PpheKTUBHBIX CTIOCOO0B BBITIOTHE-
HUSI HEUPOXUPYPTHUUECKUX BMEIIATETbCTB.

IT e 1 » . CpaBHHUTEJbHBIN aHAIHN3 MONIEPEYHBIX PA3MEPOB TeJI MIEHHBIX TO3BOHKOB U MOMEPEYHBIX OTBEPCTHH C yUIETOM
X071a TT03BOHOUHBIX apTepuii (ITA) u nposiiaenui /I m03BOHOYHUKA.

MaTepuaabl U MEeTO/bl. V3ydeHbl 214 MarHUTHO-PE30HAHCHBIX TOMOrpaMM. OUpeiesisiid MOIePeYHbIH
pasmMep (ITUPUHY) TeJI MIEHHBIX TO3BOHKOB U CPEHUN MTOTIEPEUHBIN pa3Mep (IIIMPUHY) IONePeYHbIX OTBEPCTHH (paccTo-
STHUE MEXKTy MeITUaIbHOM U JIATePAIbHON CTEHKAMU TIOTIEPEUHBIX OTBEPCTHH). [IJ1s1 OIeHKH TPOIMOPIIMOHATIBHOCTHA OTHO-
IIeHUH MeK/1y BBIIIEYKa3aHHBIMH [TapaMeTPAMH PACCUUTHIBAIN CPEIHEE OTHOIIIEHUE IIIMPUHBI TOTIEPEYHBIX OTBEPCTHH K
IIOTIEpEYHOMY Pa3Mepy Tesia COOTBETCTBYIOIIETO M03BoHKA. C yueToMm JIJIU 1IeHOTO OT/ie1a TO3BOHOYHUKA U XapaKTepa
xona ITA BbIZIeJIeHBI 4 TPYIIBL: 1-51 rpyIa — 6e3 mpus3Hakos I/ u HenpsAMoIuHEeHHBIM X0/10M ITA (n = 20); 2-5 rpymma —
6e3 mpusHakoB JIJI11 u npsaMosinHeHHbIM X010M ITA (n = 89); 3-s1 rpynmna — ¢ npusHakamu J[/IV 1 HenpsIMOJTUHEUHBIM
xozoMm ITA (n = 49); 4-s rpynna — ¢ npusHakamu JIJIV u npsamosinHeRHbIM X0710M 1A (n = 56).

PesynasbTartsl. [llupuHa nonepeyHbIx OTBEPCTUH TO3BOHKOB C4—C6 pasyinyaiachk IPpU CPaBHEHUU 1-H U 2-H Pyl
Ha 0.29—0.78 MM, NIpY CpPaBHEHUHU 1-U U 3-H rpynm — Ha 0.24—0.58 MM (caeBa oTBepcTHsi O6butH mupe). lllupuna Tet
mo3BoHKOB C3, C6, C7 npu cpaBHeHUH 1-U U 4-U Tpynn pazandanach Ha 0.8—1.2 mm; mo3BouKoB C3, C7 mpu cpaBHEHUU
2-# U 3-# TpymI — Ha 0.35—0.53 MM. Cpe/iHUe 3HAUeHUs] OTHOIIEHUsI IIIMPUHBI IOTIEPEYHBIX OTBEPCTUH K IIUPUHE TeJia
ITO3BOHKA BO BCEX I'PyIIIIaX HAXOUJIUCH B IUATIA30HE OT 0.2 /10 0.29. 3HAYNMBIMHU ObLIH Pa3IUYus 1Jisi M03BOHKOB C4—C6
IIpY CPaBHEHUH 1-H U 2-# rpynin; no3BOHKOB C4, C6 — 1-# u 3-# rpynn; no3BoHKoB C5, C6 — 1-i U 4-i rpymi.
3axkniodeHue. [Ipuauarsocruke /I/[V mo3BOHOUHUKA U Pa3INYHOM xapakTepe xozia I1A joctoBepHbIe pa3inaus
OBLITA YCTAHOBJIEHBI JJISI IIIUPUHBI TeJl T03BOHKOB C6, C7. 3HAUMMBIX PA3IU4YUil He ObLIO OTMEUYEHO /sl IUPUHBI TeJl
II03BOHKOB B IPYIINAX, PA3IMYAIOIINXCS TOJIBKO XapaKTEPOM X0/1a cocy1oB. B ciyuasx orcyrerBust AU pasanans oTMe-
YEHBI JIJISI IIUPUHBI TONIEPEYHBIX OTBEPCTUH 1T03BOHKOB C4—C6 M UX OTHOIIEHUS K IIIMPHUHE TeJ T03BOHKOB. [Ipu mpsaMo-
JIMHEWHOM XO/I€ COCY/IOB CTATHCTUYECKH 3HAUMMBbIX PA3JIMUMH, CBSI3aHHBIX C BblssBiIeHueM JIJIV, 1isi TO3BOHKOB U TIOTIe-
PEYHBIX OTBEPCTHIH OTMEUYEHO He ObLIO.

Kaoueenle cro6a: 1eiHble TO3BOHKH, TIOIIEPEYHbIE OTBEPCTHUS, ITUPHUHA TesIa TO3BOHKA, IIUPUHA ITOIIEPEYHBIX OTBEP-
CTHI.
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The width of the cervical vertebral bodies and transverse foramina
with regard to the course of vertebral arteries and degenerative
and dystrophic changes of the spine
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ABSTRACT

Introduction. Thecervical spine has a high mobility and is prone to the development of degenerative and dystro-
phic changes (DDCH). Expanding the range of clinical diagnostic capabilities requires the active development of algo-
rithms for specialized information analysis tools. Data on individual variability of the skeleton are in demand when plan-
ning minimal invasive surgical interventions. The comparison of such information with clinical practice data has become
an important task for researchers. The study of anatomical variability is relevant in the search for more effective ways of
performing neurosurgical interventions.

Aim . Acomparative analysis of transverse dimensions of the cervical vertebral bodies and transverse foramina in rela-
tion to the course of the vertebral arteries (VA) and manifestations of spinal DDCH.

Materials and methods.A total of 214 magnetic resonance images were studied. The transverse size
(width) of the cervical vertebral bodies and the average transverse size (width) of the transverse foramina (the distance
between the medial and lateral walls of the transverse foramina) were determined. To assess the proportionality of the
relationship between the abovementioned parameters, the average ratio of the transverse foramen width to the width of the
body of the corresponding vertebra was calculated. Considering the DDCH of the cervical spine and the course of VA,
4 groups were identified: 1st group — without signs of DDCH and indirect VA (n = 20); 2nd group — without signs of DDCH
and direct VA (n = 89); 3rd group — with signs of DDCH and indirect VA (n = 49); 4th group — with signs of DDCH and
direct VA (n = 56).

Results. The width of the transverse foramina of the C4—C6 vertebrae differed by 0.29—0.78 mm when comparing
the 1st and 2nd groups, by 0.24—0.58 mm when comparing the 1st and 3rd groups (foramina on the left side were wider).
The width of the C3, C6, C7 vertebral bodies when comparing the 1st and 4th groups differed by 0.8—1.2 mm; at the level of
C3, C7 when comparing the 2nd and 3rd groups — by 0.35—-0.53 mm. The mean values of the transverse foramina
width/vertebral body width ratio in all groups ranged from 0.2 to 0.29. Significant differences were found for the C4-C6
vertebrae when comparing the 1st and 2nd groups; for the C4, C6 vertebrae — the 1st and 3rd groups; for the C5, C6 verte-
brae — the 1st and 4th groups.

Conclusion. Inthediagnosis of spinal DDCH and the different course of VA, significant differences were found for
the vertebral body width at the level of C6, C7. No significant differences were noted for the vertebral body width in groups
differing only in the course of VA. In the absence of DDCH, differences were revealed for the transverse foramina width of
the C4—C6 vertebrae and the ratio of the width of transverse foramina to vertebral body width. With the direct course of the
vessels, there were no statistically significant differences associated with the detection of DDCH for the vertebrae and
transverse foramina.

Keywords: cervical vertebrae, transverse foramina, vertebral body width, width of transverse foramina.
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BBEJAEHUE INTRODUCTION

IlleliHBIN OTAE IIO3BOHOYHHUKA, SIBJSISICH HAU-
0oJiee TTOABMKHOM YaCThI0 OCEBOTO CKeJIeTa, Moj-
BepIKeH Pa3BUTHIO JleTeHepaTUBHO-
JUCTPOPUUYECKUX H3MEHEHHU, OKa3bIBAIOIHNX
3HAYUTEJILHOE BJIMAHUE Ha 37I0POBbE MAI[HEHTOB.
Ha coBpeMeHHOM »dTalle pa3BUTHs HHCTPYMEH-

The cervical spine, being the most mobile part of
the axial skeleton, is prone to developing degenera-
tive and dystrophic changes that have a significant
impact on the health of patients. At the current stage
of development of clinical diagnostics, it has become
to obtain the intravital highly informative diagnostic
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TQJIHHOU JMATHOCTHUKHU CTAJIO JOCTYITHO IOJIyde-
HUE TPUKU3HEHHBIX BBICOKOMH(OPMATHUBHBIX
JIMaTHOCTUYECKUX H300pakeHul [1, 2]. BaxkHbIM
ATAloOM B JIMAarHOCTUYECKOM IIPOIlecCe CTaJl aHa-
JIU3 B3aUMHOTO OTHOIIEHUS AHATOMHYECKUX
CTPYKTYp TIO3BOHOYHHKA. LlIcIoib30BaHUE B
IOBCE/THEBHOU KJIMHHYECKOU IpPaKTHKe MOpPdo-
METPHUHU TTO3BOJIAET 3HAUUTEIHBHO PACIIUPUTH BO3-
MOKHOCTH AuddepeHINaTbHON TUaTHOCTUKH [3,
4]. B yactHOCTH, 0OJIBIIIOE BHUMAaHHE OTBOJUTCS
MHOTHMH aBTOPaMU U3yUEeHUIO BOIIPOCA aHATOMHU-
YeCKOU M3MEHUYMBOCTH COCYZOB U POJIU PA3IUU-
HBIX (AKTOPOB, BIUAKINNX Ha IepebpabHYIO
remoguHaMuky [5-7]. IIupoko wucmosb3yercs
BO3MOKHOCTh QHAJIM3UPOBATh AWUATA30HBl WH/IH-
BHU/IyaJIbHOU M3MEHUYUBOCTUA KOCTHBIX CTPYKTYD U
COTIOCTABJIATh PE3YJIbTAThl C OOINEeIOCTYITHBIMHU
CBeJIeHUSIMU, IPUMeHsIA YCTONUNBBIE AaHATOMUYE-
ckue opueHTUPHI [8]. B HacTosIee BpeMs HabJIIrO-
JlaeTcsl pacliupeHHe auana3oHa BO3MOXKHOCTEH
NpUMeHEeHUsA KJINHUYECKUX METOJIOB B JIMArHO-
CTHUKe, BEJIETCS aKTUBHAs pa3paboTKa aJiTOPUTMOB
U CIENUAJU3UPOBAHHBIX CPEJICTB aHAJM3a IOJIY-
yaemorr nHpopmarun. Onupasch Ha AaHHbIE 00
VH/IUBU/IyaJIbHOH W3MEHYHBOCTH, B YaCTHOCTHU
KOCTHBIX CTPYKTYP, aKTUBHO Pa3BHUBAIOTCS MaJjio-
WHBA3UBHbIE TEXHUKU XUPYPTUUYECKUX BMeIla-
TeabeTB [2]. BaxkHoH 3azadeli a1 McciemoBaTe-
Jiefl CTAHOBUTCS COMIOCTABJIEHHE ITOJTyYaeMbIX JaH-
HBIX HAOJIIOJIEHUH C pe3ysjabTaTaMu, HAKOILJIEH-
HBIMHU B KJIMHUYECKOH mpakTuke. IIpu aHanuse
pEeHTTeHOTpaMM BeJyIas PoJib OTBOJAUTCS OIIEHKE
BEPTUKAJIBHBIX pasMeposB AHATOMHUYECKUX
CTPYKTYp, JJid KOMIIBIOTEDHOM UM MATHUTHO-
pesonancuoi Tomorpaduu (KT u MPT) naubosee
IIeHHb W300pa’keHUs B IOMEPEYHOH (aKcHuasib-
HOU) miockoctu. CpaBHEHHE JJAaHHBIX MOpdome-
TPUU MOIEPEUYHbIX Pa3MepPOB IMO3BOHKOB JIOCTa-
TOYHO HMHGOPMATHUBHO IS PA3JIMYHBIX JTUATHO-
CTUYECKUX METO/IOB U [TO3BOJISIET IPOBOJUTD COTIO-
cTaBjIeHUE TaHHBIX B KIUHHUKeE [9, 10]. 3yueHue
AHATOMHUYECKOH M3MEHYUBOCTU 0KA3aJI0Ch OJTHUM
13 Ba)KHENIIUX (HAKTOPOB, BIUAIOIINX HA IIAHU-
poBaHue u pa3zpaboTky 6osee 3 GHEKTUBHBIX CIIO-
c00OO0B BBHITIOJIHEHUS HEUPOXUPYPTUUECKUX BMeIla-
TeJIbeTB. B Hacrosiiee Bpemsi HaOJ0/jaeTcs yBe-
JINYEeHNe KOJIMYECTBA HAyUYHBIX paboT, B KOTOPBIX
YKa3bIBAETCS, UTO COBPEMEHHASI HEHPOXUPYPTHSA C
MpUMEHEHUEM SHJIOCKOIUYECKUX TEeXHOJIOTHH
Tpebyer ocob6oro, kpaliHe BHUMATEJIHHOTO OTHO-
IIEeHUs K BOIIPOCAM aHATOMHYECKOH BapUaTHUBHO-
CTHU U TO3BOJISIET PACHIUPATH OIEPAaTHUBHbBIE
JIOCTYIIbI, IPU KOTOPBIX Ba)KeH KaK/[bIHA JIOTIOJTHHU-
TeJbHBIA MULIUMETD [11].

images [1, 2]. An important milestone in the diag-
nostic course became the analysis of the mutual rela-
tionship of anatomical structures of the spine. The
use of morphometry in routine clinical practice sig-
nificantly expands the possibilities of differential
diagnosis [3, 4]. In particular, many authors pay
great attention to the study of anatomical variability
of vessels and the role of various factors affecting
cerebral hemodynamics [5—7]. The ability to analyze
the ranges of individual variability in bone structures
and compare the results with the available data by
applying stable anatomical landmarks is widely used
[8]. Currently, there is an expansion of the range of
possibilities to apply clinical methods in diagnostics,
and active development of algorithms and special-
ized tools for analysis of the information is under-
way. Based on the data on individual variability, par-
ticularly of bone structures, minimally invasive sur-
gical techniques are being actively developed [2]. It
becomes an important task for researchers to com-
pare the data obtained with the results accumulated
in clinical practice. When analyzing radiographs, the
leading role is given to assessing vertical dimensions
of anatomical structures, while for computed tomog-
raphy and magnetic resonance imaging (CT and
MRI), images in the transverse (axial) plane are most
valuable. Comparison of morphometry data on ver-
tebral transverse sizes is quite informative for differ-
ent diagnostic methods and allows comparison of
data in clinical practice [9, 10]. The study of anatom-
ical variability has proven to be one of the most
important factors influencing the planning and
development of more effective ways to perform neu-
rosurgical interventions. Currently, there is an
increase in the number of scientific papers showing
that modern neurosurgery with the use of endoscopic
technologies requires special, extremely careful
attention to the issues of anatomical variability and
allows to expand surgical accesses in which every
additional millimeter is important [11].

AIM OF THE RESEARCH

A comparative analysis of transverse dimensions
of the cervical vertebral bodies and transverse foram-
ina in relation to the course of the vertebral arteries
and manifestations of degenerative and dystrophic
changes of the spine.

MATERIALS AND METHODS

A study was based on the analysis of 214 magnetic
resonance images of volunteers aged 18 to 84 years.
Diagnostic images were recorded on digital media
and were obtained during the examination of patients
using conventional methods in T1- and T2-weighed
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ITEJIb UCCJIEJIOBAHUSA

CpaBHUTEJIbHBIN AHATU3 MOMEPEYHBIX PA3MEPOB
TeJI IIEMHBIX I03BOHKOB U IIOIIEPEYHBIX OTBEPCTUH C
VYETOM X0/1a II03BOHOYHBIX aPTEPUU U MPOSBIIEHUN
JleTeHePATUBHO-TUCTPOPUIECKUX U3MeHeHUu!
MTO3BOHOYHUKA.

MATEPUAJIBI 1 METO/bI

VccnenoBaHue MpOBEIEHO HA OCHOBE aHAIM3a
214 MarHUTHO-PE30HAHCHBIX TOMOTpPaMM 006po-
BOJIBIIEB B Bo3pacre OT 18 710 84 jieT. Jluarnocruue-
ckue n300paskeHus ObLIM IIpe/ICTaBJIeHbI HA IHUQ-
POBBIX HOCHUTEJAX U MOJIYYEHBI B X0/ie 00ciIeoBa-
HUS TAIMEHTOB IO CTAaHZAPTHBIM METOAHKAM B
pexxumax T1, T2 u ¢ GyHKIHEH KUPOIO/IaBIeHUA
(Stir) B Tpex MpoeKIuaX Ha MATHUTHO-PE30HAHCHBIX
tomorpadax GE Brivo MR355 u Philips Intera c
HaNpAKEHHOCTHI0 MATHUTHOTO 1oJid 1-1.5 Ti1. AHa-
JI3 TOMOTPAMM BBITIOJIHSJICS C TIOMOIIIBIO CIIera-
JIN3UPOBAHHOTO  IPOTPAMMHOTO  obecreuyeHwus
Evorad RIS-PACS Workstation 2.1 u Merge
Healthcare eFilm Workstation 3.1.0 (Merge
Healthcare). V3y4yeHue quarHocTudecKux n3obpa-
JKeHUU BBITIOJTHSIOCH B pexkume T2-BU (B3BerneH-
HOoe wu300pakeHHe). AKCUAJIbHBIE TOMOTPAMMBI
BBIIIOJIHEHBI ~ IPU  00JIACTH ~ CKAHUPOBAHHUSA
200%200 MM, paspelleHHu 512X512, TJIyOUHE
1BeTa 16 6uT, TOJMIUHE cpe3a 3 MM (pa3mep IMHUK-
ceJist Ha U300paXkeHun 0.39x0.39 MM). Carurrasib-
Hble U (POHTAJIbHBIE TOMOTPAMMBI BBIIIOJHEHBI
mpu 06JIaCTH CKAaHUPOBAHUA 240X240 MM, paspe-
IIEeHUH 512x512, TyiyOuHe 1mBeTa 16 OUT, TOJIUHE
cpe3a 3 MM (pa3dMep NIHUKCeNsI Ha M300paKeHUH
0.47%x0.47 MM). Ha guarHocTmyeckux musobpaske-
HUSX C UCIOIb30BaHUEM (QYHKIUH MPOrPaMMHOTO
obecrieueHus ONPeeIsAIN: 1) IOTePEeYHbIN pa3Mep
(mupuHy) Tes MIEWHBIX MMO3BOHKOB; 2) CpPENHHUU
IONepeYHbl  pasMep (IMIMPUHY) HOIEPEUHBIX
OTBEPCTHH (paccTosHUe MeXAy MeAUaJbHOH U
JlaTepaJIbHOU CTEHKAMHU IIOMEPEYHBIX OTBEPCTHI)
(puc. 1). Ins OLleHKH TPOIOPIIMOHAIBHOCTH OTHO-
IEHUH MeXAy BBINIEYKa3aHHBIMU IapaMeTpaMu
PacCUMTHIBAJIM CpeAHEe OTHOIIEHHE IIHPUHBI
MOTIEPEUHBIX OTBEPCTUH K IOIEPEYHOMY paszMepy
TeJla COOTBETCTBYIOIIEro I03BOHKA. Hamu ObLia
BBIOpaHA OIl€HKA IMOMEPEUYHBIX PAa3MEPOB KOCTHBIX
CTPYKTYP KakK CII0COD, MO3BOJIAIOIIUHI HCIIOJIb30-
BaTh IOJIyUeHHbIE JAHHBIE HE TOJIBKO JIJISI METOZIOB
MPT u KT, HO u peHTreHOTpaduu B MPAMOH IIPO-
EKITUH.

[TosiydeHHBIE JIAaHHBIE CTPYIIUPOBAaHBI B Tab-
sunel Microsoft Excel 2007 ¢ yuetrom xapakrepa
XO7Ia TIO3BOHOYHBIX APTEPUI U BHIPAXKEHHOCTHU A~

sequences and STIR sequence in three projections
on 1—-1.5 T GE Brivo MR355 and Philips Intera MR
scanners. The images were analyzed with Evorad
RIS-PACS Workstation 2.1 and Merge Healthcare
eFilm Workstation 3.1.0 (Merge Healthcare) soft-
ware. The study of diagnostic images was performed
in T2-weighed sequence. Axial images were made
with a field of view 200x200 mm, resolution
512x512, color depth 16 bits, and slice thickness
3 mm (pixel size on the image 0.39x0.39 mm). Sagit-
tal and frontal images were performed with a field of
view of 240x240 mm, resolution of 512x512, color
depth of 16 bits, and slice thickness of 3 mm (pixel
size in the image is 0.47x0.47 mm). On the images
with the use of software functions, we have deter-
mined: 1) the transverse size (width) of the cervical
vertebral bodies; 2) the average transverse size
(width) of the transverse foramina (the distance
between the medial and lateral walls of transverse
foramina) (Fig. 1). To assess the proportionality of
the relationship between the abovementioned
parameters, the average ratio of the transverse fora-
men width to the transverse body size of the corre-
sponding vertebra was calculated. We have chosen
the assessment of the transverse dimensions of bone
structures as a method that allows us to evaluate not
only obtained MRI and CT images, but also frontal
radiographs.

The data obtained were formed into Microsoft
Excel 2007 data sheets considering the course of the
vertebral arteries and the severity of the diagnosed
degenerative and dystrophic changes at the level of
the cervical spine.

Statistical analysis was performed with the IBM
SPSS Statistics 20 and StatSoft Statistica 10 pro-
grams. The normality of distribution of quantitative
variables was assessed using Kolmogorov-Smirnov
and Shapiro-Wilk tests with the construction of his-
tograms and distribution plots. As a result, the nor-
mal distribution was confirmed for all variables.
Based on this, the mean value (M), error of the mean
(m), standard deviation (o) and coefficient of varia-
tion (CV, %) were determined for all parameters. The
assessment of significance of differences between the
studied variables was confirmed with the one-sam-
ple Student’s t-test (the critical level of significance
at p < 0.05).

In the analysis of the images, a direct course of
the vertebral arteries was in 145 cases, indirect — in
69 cases (Fig. 2).

The structure of the vertebral bodies and inter-
vertebral discs was also assessed according to the
I.P. Thompson classification, 1990. In 109 cases, no
significant degenerative and dystrophic changes of
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Puc. 1. OpHeHTUPBI, UCITOIb3YeMbI€ TPHU BHITIOJIHEHUH U3MEPEHUH, Ha MATHUTHO-PE30HAHCHOH TOMOTpaMMe
B aKCHAIBHOH (IIOMIepeyuHoit) IIocKocTr ((KEHINMHA 50 JIET, BUyaIn3alus Ha ypoBHe mo3Bouka C6, pexxum T2-BI)
(1 — mMpuHA TOMEPEYHBIX OTBEPCTHI; 2 — IIMPUHA TeJIa TO3BOHKA)
Fig. 1. Landmarks used for measurements on the magnetic resonance image in the axial (transverse) plane
(50-year-old woman, visualization at the level of the C6 vertebra, T2-weighed sequence)
(1 — width of the transverse foramina; 2 — vertebral body width)

THOCTUPOBAHHBIX JIereHEPaTUBHO-TUCTPOMUUECKIX
W3MEHEHU! Ha YPOBHE IIEWHOr0 OT/eja I03BO-
HOYHUKA.

CraTucTUYecKui aHAIN3 BBITIOJIHSIJICS C UCIIOThb-
3oBaHueM mporpamm IBM SPSS Statistics 20 u
StatSoft Statistica 10. HopmanbHOCTb pacrpezeie-
HUSI KOJIMUECTBEHHBIX IPU3HAKOB OIEHUBAJIU C
nomotbio kpurepueB Koimoroposa — CMupHOBa u
[Manupo — Yuiaka ¢ IOCTPOEHHEM THMCTOTpAMM U
rpaduKOB pacupenesieHus. B pesyabTaTe ObLI0 IO~
TBEPKAEHO HOPMAJIBHOE pacIIpesiesieHue JJIs Beex
mokasartesieli B HaOroeHnn. Vcxomsa ux 5ToTo 1A
BCeX OIIEHMBAEMbIX 3HAUEHUH OIMpPeAessiioch CPel-
Hee 3HaueHue (M), ommbka cpemHero (m), craH-
JlapTHOe OTKJIOHeHUe (0) U Ko3hUIIHEeHT Bapua-
nuu (CV, %). OlleHKa 3HAYNMOCTH Pa3Indui U3yda-
€MBIX [IPU3HAKOB IOATBEPIK/IEHA pacyeTaMU OJIHO-
BBIOOpOUHOTO t-KpuTepusi CrhiojieHTa (KpUTHYe-
CKHUH YPOBEHb 3HAUMMOCTH JIJIs BCEX OI€HUBAEMBbIX
XapaKTEPUCTHUK p < 0.05).

ITpy aHanuze TomMorpaMM B 145 HaOGJIIOIEHUIX
OTMeYeH NPAMOJMHENHBINA X0/T IO3BOHOYHOU apTe-
puy; B 69 citydasix — HEMPSAMOJIHUHENHBIA X0OJT 3TOTO
cocyzia (puc. 2).

Tax:ke NPOBOAWIACH OIlEHKA CTPYKTYPHI Tes
II03BOHKOB U MEKIIO3BOHOUHBIX JIUCKOB I10 KJIACCHU-
dukarnuu I.P. Thompson et al., 1990. B 109 ciyuasx
Ha TOMOTrpaMMax He ObLIO BBIPaKEHHBIX JIereHe-
paTUBHO-AUCTPODUIECKUX U3MEHEHUU IO3BOHOU-
HUKa. B 5TOoll rpymnme BbICOTa MEXKIIO3BOHOUHBIX
JIUCKOB M CUTHAIBI OT HUX B pexkuMe T2 ObUTH He

the spine were found. In this group, the height of the
intervertebral discs and their signals in the T2
sequence were not reduced, their structure corre-
sponded to Thompson I-II, the margins of the verte-
bral bodies were clear and even. On the other
105 images, osteochondrosis-related changes in the
intervertebral discs and vertebral bodies were
revealed. The diagnostic images showed significant
changes in the form of a decrease in the signal inten-
sity from the intervertebral discs and their height
(Thompson III-V), spondylosis, structural changes
in the area of the vertebral end plates, changes in sig-
nals from the vertebral body structures (Fig. 3).

Thus, considering the detection of degenerative
and dystrophic changes and the pattern of the course
of the vertebral arteries, four groups were identified
in the study:

1st group — absence of significant changes in the
cervical spine in combination with the indirect verte-
bral arteries (n = 20);

2nd group — absence of significant changes in the
cervical spine in combination with the direct verte-
bral arteries (n = 89);

3rd group — significant degenerative and dystro-
phic changes in the cervical spine in combination
with the indirect vertebral arteries (n = 49);

4th group — significant degenerative and dystro-
phic changes in the cervical spine in combination
with the direct vertebral arteries (n = 56).

Data on the age of volunteers in the study groups
are presented in Table 1.
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Puc. 2. Xapakrep X07a TO3BOHOYHBIX apTEpUil HA MATHUTHO-PE30HAHCHBIX TOMOTPaMMaXx B CATUTTAILHON U (PPOHTAITB-
HOH IUIOCKOCTSAX:

I, IT — npsimostmHEeNHHbIN X0 (;keHIrHA 27 JeT, T2-B1): I — Bo ppoHTaIbHOM I10cKOCTH; I — B CAarUTTaIbHOM IIJIOCKO-
cru; 111, IV — HenmpAMOJIMHEHHBIH X0/ (My»K4nHa 40 JeT, T2-BU1): III — Bo GpoHTaIBHOH IT0CKOCTH; IV — B caruTTasbHOM
IJIOCKOCTH
Fig. 2. The course of the vertebral arteries on the magnetic resonance images in the sagittal and frontal planes:

I, IT — direct (27-year-old woman, T2-weighed sequence): I — in the frontal plane; II — in the sagittal plane; III, IV —
indirect (40-year-old man, T2-weighed sequence): III — in the frontal plane; IV — in the sagittal plane

CHIKEHBI, CTPYKTypa ux coorBeTcTBoBasa I-II cre-
nmeHu no kiaccudukaruu Thompson, kpas Ten
IIO3BOHKOB 4YeTKHe, poBHBIe. Ha fpyrux 105 TomMo-
rpamMMax ObLIH BBISIBJIEHBl U3MEHEHUs MEKII03BO-
HOYHBIX IUCKOB U TeJI I03BOHKOB BCJIEJICTBUE OCTEO-
XoHZpo3a. Ha pumarHocTHuyeckux u300paKeHUIX
OBLUTH BBIpA’KEHHBbIE U3MEHEHUS B BUE CHIDKEHUS

RESULTS

The width of the transverse foramina was deter-
mined at the level of the C2—C7 cervical vertebrae
(Table 2).

When comparing the width of the transverse
foramina in groups 2 and 3, as well as in groups 3
and 4, no statistically significant differences were
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Puc. 3. OnileHKa 3HAUMMOCTU U3MEHEHUH B IIIEHHOM OT/eJIe II03BOHOUYHUKA
Ha MarHUTHO-PE30HAHCHBIX TOMOTPAaMMaXx B CAaTUTTaIbHOU 11ockocTH (T2-BI):
1 — Ge3 3HAYMMO BBIPAYKEHHBIX M3MEHEHUH B IIEHHOM OT/IeJIe II03BOHOUHUKA (My»)unHa 27 jieT); I — mpu3HaKu BbIpa-
JKEHHBIX JIeT€HEPATHBHO-AUCTPODHUECKIX H3MEHEHHU B IIIEHHOM OT/IeJIe IIO3BOHOYHUKA (3KEHII[UHA 79 JIET)
Fig. 3. Assessment of the significance of changes in the cervical spine on the magnetic resonance images
in the sagittal plane (T2-weighed sequence):
I — no significant changes in the cervical spine (27-year-old man); II — signs of significant degenerative and dystrophic
changes in the cervical spine (79-year-old woman)

MHTEHCUBHOCTH CUTHAJIOB OT MEXIIO3BOHOYHBIX
JicKOB U uX BbIcOTHI (III-V crenens mo Thompson),
SIBJIEHUST CIIOH/IWJIE3d, CTPYKTYpPHbIE M3MEHEHUS B
00J1aCTH 3aMbIKATEIbHbIX IJIACTUH, U3MEHEHH CUT-
HaJIOB OT CTPYKTYP T€JI II03BOHKOB (pHC. 3).

TakuMm 00pa3oM, ¢ yUeTOM BBISIBJIEHUS JieTeHe-
paTUBHO-AUCTPOPUIECKUX HBMEHEHUH U XapaKTepa
XO7la TI03BOHOYHBIX apTepuil ObLIN BBIIEJIEHbI
YeThIPe IPYIIIBI B MCCIET0OBAHNI:

1-s1 TpyIIIa — OTCYTCTBHE BBIPA’KEHHBIX N3MEHE-
HUH B IIEHHOM OTZeJIe II03BOHOYHHKA B COUETAHUN
¢ HENpsAMOJHMHEHHBIM XOJOM IT03BOHOYHBIX apTe-
puii (n = 20);

2-51 TpyMIla — OTCYTCTBUE BBIPAYKEHHBIX U3MEHe-
HUH B IIETHOM OT/eJIe IIO3BOHOYHUKA B COUETAHUHU
IIPAMOJIMHERHBIM XOJIOM II03BOHOYHBIX apTepUil
(n = 89);

3-1 Tpylma — BBhIPAYKEHHbIE JlereHepPaTHBHO-
nucTpoduyeckre W3MeEHEHUsT B IMIEHHOM OT/esre
[TO3BOHOYHUKA B COUETAHWHU C HEIPSIMOJIUHEHHBIM
XOJIOM TIO3BOHOUHBIX apTepuii (n = 49);

4-s1 Tpymnma — BBbIPayKEHHbIE J[ereHepaTHBHO-
nuctpoduyeckrie W3MeHEHUs B IMIEHHOM OT/esie
[TI03BOHOYHHUKA B COYETAHUM C IIPAMOJJIUHEHHBIM
X0JIOM ITO3BOHOYHBIX apTepuii (n = 56).

JlarHbIE 110 BO3PACTy JOOPOBOJIBIIEB B TPYIIIIAX
HCCIIeZIOBAHUS MIPE/ICTABIEHbI B Ta0JT. 1.

registered (p > 0.05). The parameter of interest dif-
fered at the level of C4—C6 vertebrae between groups
1and 2 (p = 0.07—0.001), with the difference between
the mean values being 0.29—0.78 mm (the foramina
on the left were 0.26—0.58 mm wider). Differences in
the sizes of the C4—C6 vertebrae in the groups 1 and
3 (p = 0.05-0.048) averaged 0.24—0.58 mm (on the
left, the foramina sizes were 0.2—0.37 mm larger
than on the right). At the level of Cs, differences were
found when comparing the 1st and 4th groups
(p = 0.021) with a difference in mean values of
0.32 mm (on the left, the width of the foramina was
0.48 mm larger); at the level of C4, when comparing
groups 2 and 4 (p = 0.049), the difference between
the mean values was 0.67 mm (the foramina on the
left were 0.41 mm wider). In all groups, the mean
sizes of the transverse foramens on the right were
smaller than on the left.

The results of the vertebral body width measure-
ments are presented in Table 3. The width of the ver-
tebral bodies in the 1st and 2nd groups, as well as in
the 3rd and 4th groups did not differ (p > 0.05). Sig-
nificant differences were noted for the C2 and C3 ver-
tebrae (p = 0.011-0.033) when comparing groups 1
and 3, the difference between the mean values was
0.1-0.47 mm. The parameter value for the C3, C6
and Cy vertebrae differed when comparing the
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Ta6smmua 1. Bo3pacT yyaCTHUKOB B IpyIIax UCCIeI0BaHuUs
Table 1. Age of participants in the study groups

C - 1-a rpynna 2-g rpynna 3-4 rpynna 4-g rpynna
TaTHCTUYECKUH NOKa3aTe b
Statistical indicator 1st group 2nd group 3rd group 4th group
(n=20) (n=89) (n=49) (n=56)
M * m, jsieT / years 36.1+9.7 328+78 543 +11.2 47.8+10.1
o, 1eT / years 13.1 10.1 14.3 12.5
CV, % 36.2 30.8 26.3 26.2
PE3YJIBTATBI groups 1 and 4 (p = 0.01-0.04) (differences from 0.8

[IupuHy NONEPEYHbIX OTBEPCTHH OIPENEIsIn
Ha ypOBHe IIeHHbIX T03BOHKOB C2—C7 (Tab. 2).

[Ipyu cpaBHeHUU NIUPUHBI IOMEPEYHBIX OTBEP-
CTUH 2-U U 3-H, a TaKKe 3-U U 4-U TPYII CTaTUCTH-
YeCKU 3HAUUMbIE PAa3/IMYUsi OTCYTCTBYIOT (p > 0.05).
V3yueHHBII mapameTp pasjndajcs Ha YPOBHE
mo3BOHKOB C4—-C6 Mexay 1-d W 2-U TpymnmnaMu
(p = 0.07—0.001), IpK 3TOM pa3HHUIIA MEKAY CPE/-
HUMU 3HAUEHUSMHU COCTaBIIA 0.29—0.78 MM (c1eBa
oTBepcTus ObLIM Ha 0.26—0.58 MM miupe). Paziu-
4 pa3MepoB Mo3BOHKOB C4—C6 1-i u 3-# rpynn
(p = 0.05-0.048) coctaBWwId B CpeHEM O0.24—
0.58 MM (cJieBa pasMepsl OTBEPCTHH ObLIM HA 0.2—
0.37 MM 60JIBIIIE, UeM cripaBa). Ha ypoBHe O3BOHKA
Cs pasiuuus 6bLUIH OTMEUEHBI IIPY CPABHEHUU 1-1 U
4-% rpynn (p = 0.021) IpU pa3HUIE MEXKAY CPell-
HUMU 3HAYEeHUsIMH 0.32 MM (CJIeBa MIUPUHA OTBEP-
cTuii OpL1a Ha 0.48 MM 60JIbIIIE); HA YPOBHE ITO3BOHKA
C4 — npu cpaBHEHUU 2-# U 4-# rpyn (p = 0.049) ¢

to 1.2 mm); for the C3 and C7y vertebrae, when com-
paring groups 2 and 3 (p = 0.04—0.035), the mean
values differed by 0.35—0.53 mm.

An assessment of the proportionality of the rela-
tionship between the morphometric characteristics
of various structures is necessary for a comprehen-
sive analysis, since these relationships reflect the
influence of deformation factors on the vertebral
anatomy. Therefore, the next stage of our study was
to calculate the ratio of the transverse foramina
width to the width of the bodies of the corresponding
vertebrae (Table 4).

When comparing the proportional ratios between
the groups 2 and 3, 2 and 4, 3 and 4, no differences
were found (p > 0.05). Statistically significant differ-
ences were noted for the C4—C6 vertebrae when
comparing the 1st and 2nd groups (p = 0.003-
0.035); for the C4, C6 vertebrae — when comparing
the 1st and 3rd groups (p = 0.023—0.048); for the

Ta6smmuna 2. [lluprHa nonepevyHbIX OTBEPCTUH LIEHHBIX TO3BOHKOB B IPYMIAaX UCCIe0BaHUS
Table 2. The width of the transverse foramina of the cervical vertebrae in the study groups

Il03BOHOK CraTCTHYECKUI IOKa3aTe/lb i'ﬂ rpymna Zaaunyand TG LU
Vertebra Statistical indicator st group AGIERD SO L
(n=20) (n=89) (n=49) (n=56)
c7 M+ m, MM / mm 5.31+0.64 5.65 +0.83 5.77 + 1.28 5.89 + 1.09
0, MM / mm 0.81 1.06 1.57 1.42
CV, % 15.27 18.79 27.19 24.09
cé6 M+ m, MM / mm 6.35+0.87 6.06 + 1.02 6.11+£0.99 6.24 + 1.06
0, MM / mm 1.18 1.33 1.47 1.49
CV, % 18.52 22.01 24.0 23.89
C5 M+ m, MM / mm 6.44 +1.07 5.82 £ 0.66 5.91 +0.68 6.12 +£0.76
o, MM / mm 1.26 0.81 0.88 0.76
CV, % 19.58 13.88 14.93 15.51
C4 M+ m, MM / mm 6.67 £ 0.89 5.89 +0.59 6.09 £ 0.80 6.00 £ 0.80
0, MM / mm 1.04 0.73 1.06 0.80
CV, % 15.57 12.46 17.38 18.89
C3 M+ m, MM / mm 6.48 +1.11 5.89 +0.63 5.92 + 0.60 6.18 £ 0.79
0, MM / mm 1.52 0.97 0.80 1.03
CV, % 23.38 16.42 13.59 16.60
C2 M+ m, MM / mm 6.80 £ 0.77 6.52 £ 0.83 6.48 £ 0.75 6.80 + 0.80
0, MM / mm 0.98 1.06 0.98 1.05
CV, % 14.41 16.33 15.08 15.42
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Ta6smmua 3. [llupyHa TeJ I0O3BOHKOB B IPyIINax UCC/IeL0BaHHUs

Table 3. The width of the vertebral bodies in the study groups

- 1-a rpynna 2-g rpynna 3-4 rpynna 4-a rpynna
LT CTa'l_‘nc'an_ecx.nn [IOKa3aTeNb 4 ot srou 2nd grou 3rd grou 4th grou
Vertebra Statistical indicator group group group group
(n=20) (n=89) (n=49) (n=56)
c7 M+ m, MM / mm 25.99 + 1.64 26.70 £ 1.42 27.05+1.46 26.79 + 1.84
0, MM / mm 2.02 1.85 1.75 2.34
CV, % 7.77 6.94 6.48 8.75
c6 M+ m, MM / mm 25.00+ 1.2 25.55+1.36 26.2 +£1.48 26.03 +1.52
0, MM / mm 1.46 1.65 1.82 2.02
CV, % 5.83 6.46 6.96 7.74
C5 M #m, MM / mm 24.86 + 1,31 25.22 +1.38 25.38 +1.47 25.80 + 1.51
0, MM / mm 1.95 1.71 1.94 1.92
CV, % 7.84 6.79 7.65 7.45
C4 M+ m, MM / mm 24.47 + 0.84 24.82 + 1.41 24.62 +1.35 25.03 +1.45
0, MM / mm 1.21 1.75 1.60 1.93
CV, % 4.94 7.06 6.49 7.73
C3 M + m, MM / mm 23.50+1.32 24.50 £ 1.43 2397 +1.23 24.70 + 1.44
0, MM / mm 1.70 1.70 1.49 1.99
CV, % 7.23 6.95 6.20 8.05
C2 M+ m, MM / mm 23.02 £ 1.04 23.74 £ 1.41 23.12+1.34 24.21+1.39
0, MM / mm 1.33 1.74 1.53 1.80
CV, % 5.76 7.32 6.62 7.45

pasHUIeH cpeIHUX 3HAUEeHUH 0.67 MM (c1eBa OTBep-
ctus ObUTHM Ha 0.41 MM Iupe). Bo Bcex rpymmax
cpeHUE pa3Mepbl MOMEPEYHBIX OTBEPCTHUH CIIpaBa
OBLIM MEHBIIIE, UEM CJIEBA.

PesysibTaThl H3MEpPEHUsI ITUPUHBI TEJI TO3BOHKOB
TpeJicTaByeHbl B Tabu1. 3. IllupuHa Te1 TO3BOHKOB B
1-U 1 2-¥ rpynnax, a Takke B 3-U U 4-U rpyniax He
passmyasnach (p > 0.05). 3HaUUMble Pa3IUUUs OTMe-
YeHbI U1 M03BOHKOB C2 1 C3 (p = 0.011-0.033) npu
CpaBHEHUH 1-U U 3-U IpyI, pa3HUIA MEXKIY Cpel-
HUMH 3HAYEHHUSMHU COCTaBJsIa 0.1—0.47 MM. Besu-
4iHa MapaMeTpa /s mo3BoHkoB C3, C6, C7 pasziu-
YyaeTcs MpU CpaBHEHUU 1-U U 4-H rpynn (p = 0.01—
0.04) (pasnuyus ot 0.8 10 1.2 MM), /I TIO3BOHKOB
C3 u C7 upu cpaBHEHUH 2-1 U 3-U rpyntl (p = 0.04—
0.035) cpefHUe 3HAYEHWs OTIUYAIUCh HA 0.35—
0.53 MM.

OreHKa MPOMOPIMOHAIBHOCTH OTHOIIEHUU
MeXAy MOP(POMETPUUECKUMH XapaKTePUCTHKAMH
Pa3JIMYHBIX CTPYKTYp HEOOXOJMMa JIJIs KOMILIEKC-
HOTO aHaJIN3a, MOCKOJIbKY STH OTHOIIEHHS OTpa-
JKAIOT BAMAHUE JAepopManuoHHBIX (AaKTOPOB Ha
aHATOMHUIO MO3BOHKOB. I103TOMY CIIEAyIOIMUM 3Ta-
[IOM HAIIIEr0 UCCIeA0BaHUSA ObLI PACUET OTHOIIIEHU S
[MIUPUHBI TTOIEPEYHBIX OTBEPCTHUH K IMUPUHE Tes
COOTBETCTBYIOIIIUX ITO3BOHKOB (TabJ1. 4).

[Ipu cpaBHEHMHM NPONMOPIIMOHAJIBHBIX OTHOIIE-
HUU MeXay 2-U U 3-U, 2-U U 4-U, 3-U U 4-U rpyn-
IMaMU pasjInduii He oTMeueHo (p > 0.05). Cratucru-

C5, C6 vertebrae — when comparing the 1st and
4th groups (p = 0.011—0.049). The mean values of
the ratios in all groups ranged from 0.2 to 0.29.

DISCUSSION

The indirect course of the vertebral arteries, which
can be associated with both spinal abnormalities [4, 9]
and progressing degenerative and dystrophic changes
[1, 6], remains an urgent issue for modern medical
practice due to the possible effect on cerebral hemody-
namics. The morphological studies of the cervical ver-
tebrae show the significant anatomical variability in
different national groups [12—15]. The authors pre-
sented the results of studying individual vertebrae
from the morphological collections of national educa-
tional institutions, which makes it possible to evaluate
bone structures with the greatest accuracy and in
depth, but without their association with clinical data.
It should be noted that lifestyle changes the redistri-
bution of functional load experienced by various seg-
ments of the spinal column, which inevitably influ-
ences human health and adaptive abilities [3]. The
complex of clinical tasks resulting from the progress-
ing degenerative and dystrophic changes in combina-
tion with the vascular bed variability has to be solved
by specialists of various profiles [8].

This study complements the available data on
assessing the size of the of the cervical spine struc-
tures using MRI [10, 11] and CT [2, 9, 16]. The results
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Ta6smmua 4. OTHOLIEHHE UPUHBI TOTNIEPEYHBIX OTBEPCTHH K IIUPHUHE TeJ I03BOHKOB
Table 4. The ratio of the transverse foramina width to the vertebral body width

Mo3BoHOK  CTaTHCTHYECKHii IOKa3aTe b }'ﬂ rpymna LTI S LI T
Vertebra Statistical indicator st group Uy Sl ALy
(n = 20) (n=89) (n = 49) (n = 56)
C7 M+m 0.20 £0.02 0.21+0.03 0.21 +0.05 0.22 £0.04
o 0.03 0.04 0.06 0.06
CV, % 13.83 20.10 28.15 26.41
C6 M+m 0.25+0.03 0.24 +0.04 0.23 +0.04 0.24 +0.04
o 0.04 0.05 0.06 0.06
CV, % 17.00 22.68 24.97 25.40
C5 M+m 0.26 £ 0.05 0.23+0.03 0.23+0.03 0.24 +0.03
o 0.06 0.03 0.04 0.04
CV, % 22.32 14.39 18.93 16.61
C4 M+m 0.27 £0.04 0.24 +£0.03 0.25+0.04 0.24 +£0.03
o 0.05 0.03 0.05 0.05
CV, % 16.95 13.20 20.60 19.93
C3 M+m 0.28 + 0.05 0.24 +0.03 0.25+0.03 0.25+0.03
o 0.07 0.04 0.04 0.04
CV, % 25.01 17.23 15.06 17.15
C2 M+m 0.29 £ 0.03 0.28 £ 0.04 0.28 £ 0.04 0.28 £ 0.04
o 0.04 0.05 0.05 0,05
CV, % 11.98 17.40 16.01 17.47

YEeCKU 3HAUMMBbIE Pa3IMYHA OTMEYEHHI /71 I03BOH-
koB C4—C6 mpu cpaBHEHUHM 1-U U 2-U TpyNIIBI
(p = 0.003-0.035); i mo3BoHKoB C4, C6 — 1mpu
CpaBHEHHH 1-i U 3-U rpymnmsl (p = 0.023—0.048);
7t no3BoukoB C5, C6 mpu cpaBHeHUH 1-U U 4-U
rpyansl (p = 0.011—0.049). CpenHme 3HAYEHUS
K03 @UIMEHTOB BO BCEX TPYIIaX HAXOJWINCHh B
Zaria3oHe OT 0.2 710 0.29.

OBCYXKJIEHUNE

HenpsMoinHeAHOCTD X0/1a TO3BOHOYHBIX apTe-
puii, KoTOpast MOKeT ObITh CBsI3aHA KaK ¢ aHOMAJTH-
SIMU IIO3BOHOYHHUKA [4, 9], TaK U ¢ IpOTrpeccupoBa-
HUEM JleTeHepaTUBHO-IUCTPODUUECKNX H3MeHe-
HUHU [1, 6], ocTaeTcs aKTyaJlbHBIM BOIIPOCOM JIJIst
COBPEMEHHON MEJIMITMHCKON IPAKTHKU B CBA3U C
BO3MOKHBIM BJIUSTHHEM Ha 1epebpaibHyI0 reMOTH-
HaMuKy. MopdoJioruuecKkre HCCIeIOBaHUs IIeH-
HBIX IIO3BOHKOB JIEMOHCTPUPYIOT 3HAYUTEIHHYIO
aHATOMHUYECKYI0 BapUATUBHOCTb B Pa3JIMUHBIX
HAIMOHAJIBHBIX TPYIINax [12—15]. ABTOPHI ITpecTa-
BUJIM PEe3yJIbTAThl U3YyUEHUS OTJIEJIbHBIX ITO3BOH-
KOB 13 MOP(OJIOTHYECKUX KOJIJIEKI[UH HAI[MOHAIb-
HBIX 00pa30BaTEIbHBIX VUPEKIEHUH, UTO TO3BO-
JISIET OIIEHWBATh KOCTHBIE CTPYKTYPHI ¢ HaubOJIb-
e TOYHOCTHIO U JIeTaJIN3alel, HO IPH 3TOM 0e3
WX CBSI3U C KJIWHUYECKUMHU JaHHBIMHU. Ciemyer
OTMETHUTD, UTO U3MeHEeHue 00pasa KU3HHU OTpaka-
eTcsi Ha IepepacupezeneHud GYHKIITOHATHHOMN

demonstrated by Nell et al. [17] were similar to ours
which were obtained for the cervical vertebral bodies
using CT data. The authors pointed to the larger sizes
of the vertebral bodies of C6, C7. Remes et al. [18]
evaluated the structure of the cervical spine in chil-
dren and adults under the age of 39 years. The
authors focused on the proportionality of vertebral
growth, the dynamics of changes in the ratios of the
width of the spinal canal based on the analysis of
radiographs. Chazono et al. [16] studied ethnic dif-
ferences in the morphometric characteristics of the
cervical vertebrae analyzing literature data obtained
with CT. The authors identified certain patterns in
the proportional relationships of the sizes of the ver-
tebral bodies and the highest values for the C6, C7
vertebrae. Tuncer et al. [2] studied a role of the ana-
tomical variability of the transverse foramina when
planning fixation surgeries based on CT data.

In our work, we tried to clarify data on the mor-
phometry of vertebral bodies, transverse foramina in
the absence and presence of signs of degenerative
and dystrophic changes at the level of the cervical
spine, considering differences in the course of the
vessels. The results of the study showed the large
sizes of the C6, C7 vertebral bodies, the larger width
of the transverse foramina on the left side, statisti-
cally significant differences in morphometric charac-
teristics for the studied parameters between the
groups with degenerative and dystrophic changes,
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Harpy3KH, UCHBITHIBAEMOU Pa3JIMUHBIMU CETMeH-
TaMH MO3BOHOYHOTO CTOJI0a, YTO HEU30EIKHO BJIH-
sIeT Ha COCTOSTHUE 3/I0POBbSI U aIaNITAIIHOHHBIE CIIO-
cobuoctu uesnioBeka [3]. KoMILieke KIMHUYECKUX
3a71ad,  OOYCJIOBJIEHHBIX  IIPOTPECCUPOBAHUEM
JleTeHEPATUBHO-TUCTPOPUUECKUX H3MEHEHUH B
COUETAaHUU C U3MEHUHBOCTHIO COCYAUCTOTO PYCJa,
IIPUXOJIUTCS PpeIIaTh CIEIUAINCTAM PAa3JIHIHOTO
npodus [8].

Hacrosmmee vccietoBaHue AOMIOTHSAET UMEIOIIH-
ecsl JaHHBIE II0 OLIEHKE Pa3MePOB CTPYKTYp Iel-
HOTO OT/IeJia ITI03BOHOYHMKA Ha ocHoBe MPT [10, 11]
u KT [2, 9, 16]. C. Nell et al. [17] mpuBogsT 6iu3Kkue
HAIlIUM Pe3yJIbTAThI, KOTOPbIE OBLIN MOJIYIEHBI [T
TeJI IIEHHBIX MO3BOHKOB IO AaHHBIM KT. ABTOpHI
oTMeuasu OOJIBIIME pa3Mephbl Tes MO3BOHKOB C6,
C7. V.M. Remes et al. [18] orieHuiu CTpykTypy Iei-
HOTO OT/IeJIa TIO3BOHOYHUKA Y JIeTell U B3POCJIBIX B
BO3pacre A0 39 JieT. ABTOPBI aKIEHTUPOBAJIN BHU-
MaHUe Ha MPOIOPIIHOHATIBHOCTH POCTA ITO3BOHKOB,
JMUHAMUKe U3MEeHEeHUH OTHOIIEHUH IITUPUHBI TO3BO-
HOYHOTO KaHaJla Ha OCHOBE aHAJINU3a PEHTIeHO-
rpamm. M. Chazono et al. [16] usyuniu sTHHYECKHE
pasimuuusi MOpP(POMETPUUYECKHX  XaPAKTEPUCTHK
IIEHHBIX TI03BOHKOB II0 JAHHBIM JIUTEPATYPHI,
ucnoab3ys slanable KT. ABTOpBHI BBIABUIU 3aKOHO-
MEpPHOCTH B IIPOTIOPIIMOHAIbHBIX OTHOIIEHUSIX Pas-
MepOB TeJI TIO3BOHKOB U HAaUOOJIbIIIE 3HAUEHUS JIJIS
mo3BoHKOB C6, C7. I. Tuncer et al. uzyuanu 3Haue-
HHe aHATOMUYECKON BapUATHUBHOCTU IOMEPEYHBIX
OTBEPCTUU IPU IUIAHUPOBAHUY CTAOMIIH3UPYIOIIIX
OIIEPATUBHBIX BMEIIATEIbCTB HA OCHOBAHUU JaH-
ueix KT [2].

B cBoeii paboTe MBI TOCTApaJIUCh YTOUHUTD CBE-
JleHusA 0 MOphOMeTpUU TeJl I03BOHKOB, IOIepey-
HBIX OTBEPCTUM IPU OTCYTCTBUU W HAJMYUU TPHU-
3HAKOB JIeT€HEPATUBHO-IUCTPODUIECKIX U3MeHe-
HUU Ha YpOBHE IIEHHOTO OT/EeJIa TO3BOHOYHHUKA C
VUEeTOM pa3jMydil B XapakTepe XO/a COCYIOB.
PesyspraThl MCCIEIOBAHUSA MIPOAEMOHCTPUPOBAIIH
606J1bIIIHIE pa3MepPBI TeJT T03BOHKOB C6, C7, GOJIBIILYIO
IIUPUHY TOMEPEYHBIX OTBEPCTUH CJI€Ba, CTATUCTH-
YeCcK! 3HAUMMBbIEe DPa3IUYus MOP(POMETPUUECKUX
XapaKTePUCTUK /I U3y4aeMbIX ITOKazaTesei
MeXKIy TPYIIaMU IPU Pa3BUTHHU JleT€HEPATUBHO-
JucTpodUYeCcKUX U3MEeHEHUH U Pa3INYHOM XapaK-
Tepe X07ia COCYZ0B. BpUIN BBIABJIEHBI CTATHCTHUE-
CKH 3HAYMMble PA3JINYUs JIJIsI ITUPUHBI TEJT TO3BOH-
koB C3, C6, C7, a TakKe JOCTOBEPHBIE PA3INUUA
JUIsl IIUPUHBI MTOIEPEYHBIX OTBEPCTUI IIO3BOHKOB
C4—C6 ¢ 601pIIINMY 3HAUYEHUSAMU B CIyYasiX OTCYT-
CTBHUSI 3HAUYMMBIX HM3MEHEHHH IIeHHOIro OTaesaa
IMO3BOHOYHUKA W MEHBIIEN IMUPUHON OTBEPCTHUH
crpaBa.

and different course of the vessels. Statistically sig-
nificant differences were found for the width of the
C3, C6, and Cy vertebral bodies, as well as significant
differences for the width of transverse foramina of
the C4—C6 vertebrae with the large values in the
absence of significant changes in the cervical spine
and a smaller foramen width on the right.
Statistically significant differences for the verte-
bral foramen width/ vertebral body size ratios were
recorded for the C4—C6 vertebrae without signs of
degenerative and dystrophic changes, but with dif-
ferent pattern of the artery course. Statistically sig-
nificant differences were established for the C4, C6
vertebrae in cases of indirect course of vessels. Dif-
ferences between the size ratios of the Cs, C6 verte-
brae were also significant when comparing the group
without signs of degeneration in the cervical spine
and the indirect course of vessels with the group,
characterized by degenerative and dystrophic
changes and the direct course of vessels.
Non-obvious statistically significant patterns in
assessing the sizes of the cervical spine bone structures
are important when searching for objective informa-
tion for a biomechanical assessment of the functional
load redistribution, identifying the areas most suscep-
tible to change. The collection and analysis of morpho-
metric characteristics of vertebrae can serve as a basis
for evaluating the possibilities of minimally invasive
and microsurgical interventions in neurosurgery [11].

CONCLUSION

In the diagnosis of degenerative and dystrophic
changes in the cervical spine and the different course of
the vessels at the cervical spine, significant differences
were revealed only for the width of the vertebral bodies
C6, Cy. No statistically significant differences were
found for the width of the vertebral bodies in groups
which were notable for the vessel course pattern only.
When comparing the results of the participants with
the direct vertebral arteries in diagnosis of degenerative
and dystrophic changes in the cervical spine, significant
differences were determined for the width of the verte-
bral bodies C2, C3. In the absence of significant changes
in the cervical spine, statistically significant differences
were found for the width of transverse foramina of the
C4—C6 vertebrae, and the ratio of their width to the
width of corresponding vertebral bodies. In the direct
course of the vessels, no statistically significant differ-
ences associated with the degenerative and dystrophic
changes were revealed in the morphometric character-
istics of the vertebral bodies and transverse foramina.
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CratucThyecku 3HAYUMbIE PA3INYUs JJIA IMIPO-
MMOPIIMOHAJIBHBIX OTHOIIEHUH MEXAY IITUPUHOU
ITO3BOHOYHBIX OTBEPCTUH U Pa3MepPOM TeJl MO3BOH-
KOB ObLTM OTMeueHbI i MO3BOHKOB C4—C6 mpu
OTCYTCTBUU NPU3HAKOB JleT€HePaTUBHO-AUCTPODU-
YeCKUX U3MeHEeHU, HO IPU Pa3JINYHOM XapaKTepe
xo7ia cocyZoB. IIpu HeNnpsAMOJIMHEHHOM IIPOXOXKIe-
HUH COCYZIOB CTAaTHUCTUYECKH 3HAUMMBIE Pa3IUUUI
OBLTH YCTAHOBJIEHBI JJis1 MO3BOHKOB C4, C6. Takke
3HAYNMBIMHU OKA3aJIUCh PA3JINYUSI MEXAY OTHOIIe-
HUAMU pa3MepoB mo3BoHKOB C5, C6 mpu cpaBHEHUU
rpynmnsl 0e3 TIPU3HAKOB HW3MEHEHHH IIeHHOTO
0T/1eJ1a TO3BOHOYHUKA U HEPSIMOJINHEWHBIM X0ZI0M
COCYZIOB C TPYNIOHU C JereHepaTUBHO-AUCTPODU-
YeCKUMHU U3MEHEHUMU U IPAMOIUHEHHBIM XO/I0M
COCYZIOB.

HesBHO BbIpaKeHHBIE CTATUCTUYECKH 3HAUNMBbIe
3aKOHOMEPHOCTU TPHU OIleHKE Pa3MepPOB KOCTHBIX
CTPYKTYp IIEHHOTO OT/eJia MO3BOHOUYHHMKA BAKHBI
IIpY TIOHCKEe OO'BEKTUBHBIX CBEJAEHUU /IS Ouomexa-
HUYECKOU OIleHKHU IepepacupenesieHus (GyHKIUO-
HJIPHOU HArpy3KH, BHIABJIEHUs HaubOJIee MOABep-
JKEHHBIX H3MeHeHusaM oOsiacreii. COOp W aHaIU3
MOPGOMETPUYECKUX XaPAKTEPUCTUK ITO3BOHKOB
MOXKET CJIY?KUTh OCHOBOU JIJISI OIEHKU BO3MOXKHO-
CTell MpUMeHEeHUs MaJIOMHBA3UBHBIX U MUKPOXU-
PYPrUYeCcKUX OIePaTHBHBIX BMEIIATEIbCTB B HEHPO-
Xupypruu [11].
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SAK/IIOUEHWE

IIpu JUarHOCTHKE JereHepaTUBHO-TUCTPODU-
YeCKUX U3MEHEHUH IIEHHOI0 OT/Ae Ia I0O3BOHOYHUKA
U PA3JIUYHOM XapaKTepe XO7a COCY/IOB IIEHHOTO
OT/eJla TI0O3BOHOYHHUKA JIOCTOBEDHBIE PA3IHIUA
OBLTH OTMEUEHBI TOJIBKO JIJISI IIUPUHBI TEJT TTO3BOH-
koB C6, C7. CTaTUCTUYECKHU 3HAYUMBIX Pa3JIUUNi HE
OBLIO BBIABJIEHO /I HIMPUHBI TEJ IIO3BOHKOB B
TPYIIIax, Pa3IMYaroIUXcs TOJHLKO XapaKTEPOM X0/1a
cocysioB. IIpu cpaBHEHHH pe3yJIBTATOB 00CIeI0Ba-
HUSA YYACTHUKOB C HENPSMOJIMHEHHBIM X07I0OM COCY-
JIOB TIPU OIIpe/ieJIEHUU JIeTeHEPAaTUBHO-TUCTPODU-
YeCKHX U3MEHEHUH [IEHHOr0 OT/ie/Ia I03BOHOYHUKA
OTIpEIENISTUCH 3HAUMMbIE Pa3JIUUMA JJIA ITAPUHBI
Tes1 o3BOHKOB C2, C3. B ciryyasx oTcyTcTBUA BhIpa-
JKEHHBIX M3MEHEHHU IIEeHHOro OT/ejia IMO3BOHOY-
HHUKa CTaTHUCTUYECKHU JOCTOBEPHbBIE PA3IUUMSA yCTa-
HOBJIEHBI /ISl IIUPUHBI TOMEPEYHBIX OTBEPCTUH
1103BOHKOB C4—C6 U uX OTHOIIEHUA K IINPHUHE Tesl
MMO3BOHKOB. IIpyM MpAMOJIUHEHHOM XOJie COCYZOB
CTATUCTUYECKH 3HAUYMMBIX Pa3JIMUUi, CBA3aHHBIX C
BBIABJIEHIEM JlereHepaTUBHO-TUCTPODHUIECKHUX
U3MEHEHUH, B MOPHOMETPUIECKUX XapPaKTEPHUCTH-
Kax TeJI IO3BOHKOB U MOTIEPEYHBIX OTBEPCTUH OTMe-
YeHO He ObLIO.

KoH@QuUKT HHTEPECOB. ABTOPHI 3asBJIAIOT 00
OTCyTCTBUYU KOH(JIMKTA UHTEPECOB.
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AHHOTAIIUA

BBegeHue. Buacrosiiee BpeMs OAHIUM U3 IPUOPUTETHBIX HATIPABJIEHUH B 00J1aCTH TyOepKyJie3a ABJISIOTCA UMMY-
HOJIOTUYECKHE UCCIIeTOBAHUSA, TTOCKOIBKY 3 (DEKTUBHOCTH JIEUEHUS U, CIeI0BATEIbHO, UCX07] 3a001€BaHUs B GOJIBIIIIH-
CTBe CJIy4aeB OTPEEISIIOTCS UMMYHHBIMU U TeHETUYECKUMU OCOOEHHOCTAMH MaKpOOPraHU3Ma.

Il e nb. Usyunth guHaAMHUKY HMUTOKUHOB (IL-6, IL-8, 1L-4, IL-10, ®HO-q, IFN-y) y GOJBHBIX C AHUCCEMUHUPOBAHHBIM
ty6epkyne3om (JICT) u bubpo3Ho-KaBepHO3HBIM TyOepKyie3oM (PKT) serkux mocsie 2 Mec crielubuyeckoi XMMUOTEPATTHH.
MaTtepuanb W MeTOJH5bl . ['pynma uccieqoBaHus MpecTaBieHa 100 OOJIBHBIMU TyOEpPKYJI€30M JIETKUX
(JICT — 48 uen., PKT — 52 yes.) B BO3pacTe OT 40 /10 69 JIET, MOIYIABIINX CIIEIUGUUIECKYI0 XUMUOTEPATIHIO B UHTEHCUBHOM
dase. Onpenesnsin KOHIEHTPAIUIO TUTOKUHOB (IL-6, IL-8, IL-4, IL-10, ®HO-a, IFN-y) 10 XMUMHOTEepauHu U IOCJIE 2 MeC
XUMHOTEPATINH, a TAaKXKe ITUTOKUHOBBIH 6amaHc (IL-6 + IL-8/IL-4 + IL-10) 710 XUMHUOTEPANIUU U TTOCIE 2 HEJl XUMHOTEPATTHH.
PesyaspTarts . ITocae 2 Mec xumuorepanuu y 60sbpHbIX ¢ JICT ycTaHOBIEHO 10CTOBEPHOE CHIKeHHe ypoBHA IFN-y,
®HO-q, IL-6, IL-10, a ypoBens IL-8 umers TeHZIeHIINIO K MOBBIIIEHNIO, OHAKO JIAHHAsA AUHAMUKA HOCUJIA CTaTUCTUYECKU
He3HAYNMBIH Xapakrep; y 601pHbIX ¢ OKT Habm0Aa10Ch T0CTOBEpHOE CHIKeHue ypoBHs IFN-y, IL-8, IL-6, a Takke IL-4 — ¢
5.6 10 5.11 it/ M1, ®HO-a — ¢ 3.6 710 3.1 TIT/MJI, OTHAKO JIaHHASI TEH/IEHITHS He HOCHJIa CTATUCTHYECKU 3HAUNMBIH XapaKTep.
1M TOKMHOBBIH GasaHC UMeJT TEHIEHITUIO K CHIDKEHUIO: ¥ 601bHBIX ¢ JICT — ¢ 7.7 10 7.48, ay 60sbHBIX ¢ PKT — ¢ 7.69 110 4.97.
3akaoueHHe . CucreMa IUTOKUHOB UTPAET BAXKHYIO POJIb B PETYJIAIMH BOCIIAIUTETHHBIX ITPOIECCOB Y OOJIbHBIX
¢ JICT u ®KT.

Kmouessle cao8a: TUCCEMUHUPOBAHHBIN TyOEpKyJie3 JIeTKuX, GuOpPO3HO-KaBEPHO3HBIA TYOEPKYJIe3 JIETKHX, IIPOTHBO-
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ABSTRACT

Introduction. Currently,immunological research is one of the priorities in the field of tuberculosis, since the
effectiveness of treatment and, consequently, the outcome of the disease in most cases are determined by the immune and
genetic characteristics of the macroorganism.

A i m . To study the dynamics of cytokines (IL-6, IL-8, IL-4, IL-10, TNF-q, IFN-y) in patients with pulmonary dissemi-
nated tuberculosis (DST) and fibrous-cavernous tuberculosis (FCT) after 2 months of specific chemotherapy.
Materials and methods. The study group consisted of 100 patients with pulmonary tuberculosis
(DST - 48 people, FCT — 52 people) aged 40 to 69 years who received specific chemotherapy in the intensive phase. The
concentration of cytokines (IL-6, IL-8, IL-4, IL-10, TNF-qa, IFN-y) was determined at baseline and after 2 months of che-
motherapy, as well as the cytokine balance (IL-6 + IL-8/IL-4 + IL-10) at baseline and after 2 weeks of chemotherapy.
Results. After 2 months of chemotherapy, patients with DST showed a significant decrease in the level of IFN-y,
TNF-q, IL-6, IL-10, and the level of IL-8 tended to increase, however, this dynamic was not statistically significant; in
patients with FCT, there was a significant decrease in the level of IFN-y, IL-8, IL-6, as well as IL-4 — from 5.6 to 5.11 pg/ml,
TNF-a — from 3.6 to 3.1 pg/ml, however, this trend was not statistically significant. The cytokine balance values tended to
decrease: in patients with DST — from 7.7 to 7.48, and in patients with FCT — from 7.69 to 4.97.

Conclusion. Thecytokinesystem playsanimportant role in the regulation of inflammatory processes in patients
with DST and FCT of lungs.
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BBEJAEHUE INTRODUCTION

ITo manabIM BceMupHOU OpraHHU3anUH 37PaBO-
oxpanenus (BO3) B 2022 r. TyOepKyse3 sBJIAICA
BTOPOH IO PAaCIpPOCTPAaHEHHOCTH MPUYUHON CMEpT-
HOCTU OT WHQEKIIMOHHBIX 3a00JIeBAHUI, BBI3BAH-
HBIX OofHUM BO3Oyautesnem [1]. K 2021 r. Poccus
nobwiach CHUKEHHUs YPOBHS 3a060JIeBaeMOCTH U

According to the World Health Organization
(WHO), in 2022 tuberculosis was the second most
common cause of death from infectious diseases
caused by a single pathogen [1]. By 2021, Russia had
achieved a reduction in the incidence and mortality
from tuberculosis (the incidence was 31.1 per
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CMEpPTHOCTH OT TyOepKyJie3a (3a601eBaeMOCTh COCTa-
BIJIA 31.1 HA 100 THIC. HACEJIEHUs, CMEPTHOCTD — 4.3)
u 6pu1a HckToueHa BO3 u3 cmrcka cTpaH ¢ BBICOKUM
OpemeHnem Tybepkysesa. Tem He meHee B Poccum
COXpaHsIeTCs BBICOKOe OpeMs TyOepKyJsies3a ¢ MHOMKe-
CTBEHHOM JIEKapCTBEHHOU YCTOWUNBOCTBIO U COUETa-
HUsA TyOepKysieza ¢ BUU-undexmumen.

B Hacrosiiiiee BpeMs OAHUM U3 IPUOPUTETHHIX
HampaBJeHUd B obsjacTu TyOepKyse3a SBIISIOTCS
UMMYHOT€HEeTUUeCKHe WCCJIeZIOBAHUs, ITOCKOJIBKY
3G GEKTUBHOCTD JIEUEHHS U, CJIEIOBATEIBHO, UCXO/
3a00J1eBaHUsI B OOJIBIIMHCTBE CJIyYaeB OIPEAesIs-
I0TCSI UMMYHHBIMU U TeHETHUYeCKUMU OCOOeHHO-
CTSIMHM MaKpoopranusma [2—-5].

V3BeCTHO, UTO TPOTUBOTYOEPKYIE3HBIT IMMYHU-
TeT XapaKTepU3yeTcsl IOBBIIIEHUEM YPOBHA HHTEP-
neiikuna (IL) IL-2, dakropa HeKposa OIyXOaud —
anmpda (TNF-a), uarepdepona ramma (IFN-y) [5-8].
VIMeHHO IPOTEeKTUBHAS POJIb HMMYHUTETA CBA3aHA C
npoaykiueil IFN-y, a Huskas 3GQpeKTUBHOCTh 00y-
CJIOBJIEHA XeJITIepaMH BTOPOTO MOPs/IKA U, KaK CJIelI-
cTBUe, poayknuen 1L-4 [9—11]. CauraeTcs, 94TO Mpo-
rpeccupoBaHUe TyOEpKyJIe3a JIETKUX CBS3aHO C TIOBbI-
IIEHHOH MPOYKIINEN TPOBOCIIATUTEIHHBIX ITUTOKH-
HOB [12, 13]. CiiemyeT OTMETUTD BaKHYTO PoJib [L-10 B
dbopMUpoBaHUU TPOTUBOTYOEPKYJIE3HOTO MMMYHH-
Teta. 3BECTHO, UTO JJAHHBIA IUTOKUH IIOJABJISET
aKTUBAIMI Makpodaros [14, 15]. I[Ipu TyOepkyses-
HON uH(peknuu IL-10 CUHTE3UpPYeTCs JIETOYHBIMH
Makpodaramu u IeHAPUTHBIMU KJIeTKaMu [16]. Yera-
HOBJIEHO, 4TO OoJiee BbICOKHE ypoBHU I1-4 u IL-10
MOTYT OKa3bIBaTh HEOJIATONPUITHOE BO3/IEHCTBIE HA
TeueHUe TyOepKysesa JIeTKuX. PaHee HaMU IIpOBe-
JIeHbI HCC/IEN0BaHMA [17], MOKa3bIBaIOIIME, UTO OojIee
BeIcOkue ypoBHH IL.-4 u IL-10 Moryr okasbIBaTh
HebJIarONPUATHOE BO3JIEHCTBHE HA TeueHue Tybep-
KyJie3a JIETKUX.

Takum o6pa3om, UccaeI0BaHUE TUHAMUKY IIUTO-
KHUHOBOTO MPoduIs v OOJIbHBIX TYOEPKYJIe30M JIer-
KUX SBJISETCS IEPCIEeKTUBHBIM HalpaBJIeHUEM U
HMMeeT BBICOKOE IIPAKTUUECKOe 3HAUeHUE JIJIsI TIOBbI-
meHus: 3¢p@GEeKTUBHOCTH KOMIIJIEKCHOTO JIEYEHUs
OOJIBHBIX TYOEPKYJIE30M.

ITEJIb NCCJIEAOBAHUA

N3yunts quHaMuky TUuTOoKUHOB (I1L-6, IL-8, IL-4,
IL-10, ®HO-a, IFN-y) y 60JIBHBIX C TUCCEMUHHUPO-
BaHHBIM TyOepkysnesom (JICT) u ¢ubposHo-
KaBepHO3HBIM TyOepkysnezom (OKT) nerkux mocie
2 Mec crienuUIecKON XUMHOTEPATINU.

MATEPUAJIBI 1 METO/bI

I'pynma uccseoBaHus IpeJicTaBIeHa 100 60J1b-
HBIMH, CTPAIAIOIINMU TyOEPKYJIe30M JIETKUX B BO3-

100 000, mortality was 4.3) and was excluded by
WHO from the list of countries with a high burden of
tuberculosis. Nevertheless, the burden of multidrug-
resistant tuberculosis and tuberculosis-HIV co-
infection remains high in Russia.

Currently, immunogenetic research is one of the
priorities in the field of tuberculosis, since the effec-
tiveness of treatment and, consequently, the out-
come of the disease in most cases are determined by
the immune and genetic characteristics of the mac-
roorganism [2—5].

It is known that anti-tuberculosis immunity is
characterized by an increase in the level of inter-
leukin (IL) 2, tumor necrosis factor alpha (TNF-a),
interferon gamma (IFN-y) [5-8]. It is the protec-
tive role of immunity that is associated with IFN-y
production, and the low effectiveness is because of
the second-order helpers and, as a result, IL-4 pro-
duction [9—11]. It is believed that progression of
pulmonary tuberculosis is associated with an
increased production of proinflammatory cyto-
kines [12, 13]. It should be noted the important
role of IL-10 in the formation of anti-tuberculosis
immunity. It is a fact that this cytokine suppresses
the activation of macrophages [14, 15]. In tubercu-
losis infection, IL-10 is synthesized by pulmonary
macrophages and dendritic cells [16]. It has been
established that the higher levels of IL-4 and IL-10
can have an adverse effect on the course of pulmo-
nary tuberculosis. Previously, we have carried out
studies [17] showing that higher levels of IL-4 and
IL-10 can impact adversely the course of pulmo-
nary tuberculosis.

Thus, the study of the dynamics of the cytokine
profile in patients with pulmonary tuberculosis is a
promising direction, and is of high practical impor-
tance for improving the effectiveness of comprehen-
sive treatment of tuberculosis patients.

AIM OF THE RESEARCH

To study the dynamics of cytokines (IL-6, IL-8,
IL-4, IL-10, TNF-q, IFN-y) in patients with pulmo-
nary disseminated tuberculosis (DST) and fibrous-
cavernous tuberculosis (FCT) after 2 months of spe-
cific chemotherapy.

MATERIALS AND METHODS

The study group comprised 100 patients who
suffered from pulmonary tuberculosis, aged 40 to
69 years who received chemotherapy in the inten-
sive phase. The mean age of the patients, accord-
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pacre oT 40 10 69 JeT, IOJIy4YaBIINMHU XUMHUOTepa-
IMI0 B UHTEHCUBHOU (aze. CpeHUI BO3paCT Haly-
€HTOB, BKJIIOUEHHBIX B WCC/IEIOBAHUE, COTJIACHO
PeTPOCIIEKTHBHOMY aHAIN3Y, COCTaBWII
54.5 + 14.5 roja. B wmcciemoBaHum mpeobsiazaiu
JIAIA MY>KCKOTO 1oJia — 88 yest.

B rpynne uccnenoBanus [ICT BoiaBieH y 48 ye.
(48.7 £ 0.8 %), OKT — y 52 uen. (52.9 + 0.7 %).
BakTeproBbIiesieHIE UMETIO MECTO Y 74 HUCCIIeye-
MbIx (68.8 + 1.8 %), orcyrcTBOBajio y 26 ue.
(26.1 + 1.7 %). InuTenbHOCTh 3a00JIEBAaHUSA COCTA-
BWIa 31.4 + 1.6 1HA.

Ormpeiesisiyid KOHIIEHTPAIUI0 ITUTOKUHOB (IL-6,
IL-8, IL-4, IL-10, ®HO-a, IFN-y) B CBIBOpOTKe
BEHO3HOH KPOBH y OOJILHBIX JIBYX BBIIIIEYKA3aHHBIX
TPYIII 10 XUMUOTEPAIIUN U II0 MPOIIECTBUU 2 MeC
JIeUeHHs], a TakKe IUTOKUHOBBIN Oamanc (IL-6 +
IL-8/1L-4 + IL-10) /10 JieueHUs U TIOCJIE 2 He Jgede-
HUS.

B rpynmne uccnegoanus y 60abHbIX JICT B 52.4 %
cIydaeB He ObLIO 3aperHCTPUPOBAHO COIYTCTBYIO-
el maTroJyioTuw, B 15 + 0.9 % ciydaeB TedyeHUe
TybepKyse3a JIETKUX OCJIOKHSJIOCHh XPOHHYECKOU
cepzieyHol HemocraTtouHocThio (XCH), He Tpebyio-
el ¢apMakoJIorHueckold Koppekuuu. B ocrasib-
HbIX caydasx JCT comyTcTBOBaJiM OCTEOXOH/IPO3 —
13.5 + 0.8 % ciyyaeB, XpOHHYeCKHH TracTpur —
9 + 0.5 %, XpOHUYECKUI OPOHXUT — 6.5 + 0.4 %, Xpo-
HUYECKUH TOH3WUIUT — 2.1 + 0.2 %, s3BeHHas
60J1€3Hb — 1.5 + 0.4 % CIIy4JaesB.

@OKT B 60.2 % ciryuaeB He COITPOBOKAJICS COITYT-
CTBYIOIIIEH TaToIoThel. B xo/e aHam3a 6b110 BBISAB-
JIEHO, U4TO B 12.7 + 1.14 % ciyuaeB OKT ocioxHsnCA
HaymmurieM XCH, He TpeOyromeli dhapmakoaornye-
CKOU KOPPEKIINH, B 12.4 £ 1.1 % — OCTEOXOHJIPO30M,
B 59 £ 0.7 % — XPOHHYECKUM OPOHXUTOM, B
5+ 0.71 % — XpOHHYECKUM raCTPUTOM, B 2.7 + 0.74 %
CJIy4aeB — XPOHHYECKUM TOH3UJLTUTOM.

Hanuune pakTopoB prcKa B X0Jie IPOBEIEHHOTO
perpocnexkTuBHOro aHanau3a 060sbHBIX JICT u OKT
MIPEJICTaBJIEHO B TA0JI. 1.

ing to a retrospective analysis, was 54.5 =+
14.5 years. The study was dominated by males —
88 people.

In the study group, DST was detected in 48 peo-
ple (48.7 £ 0.8%), FCT — in 52 people (52.9 + 0.7%).
Sputum smear positive were 74 subjects
(68.8 + 1.8%), and sputum smear negative — 26
(26.1 + 1.7%). Duration of the disease was
31.4 + 1.6 days.

The concentration of cytokines (IL-6, IL-8, IL-4,
IL-10, TNF-a, IFN-y) in venous blood serum in
patients of the two groups was determined at base-
line and after 2 months of treatment, as well as the
cytokine balance (IL-6 + IL-8/IL-4 + IL-10) before
treatment and after 2 weeks of specific therapy.

In the study group, in 52.4% of patients with DST
had no concomitant pathology, in 15 + 0.9% of cases
the course of pulmonary tuberculosis was compli-
cated by chronic heart failure (CHF), which does not
require pharmacotherapy. In the rest cases, DST was
accompanied by osteochondrosis — 13.5 + 0.8%,
chronic gastritis — 9 + 0.5%, chronic bronchitis —
6.5 £ 0.4%, chronic tonsillitis — 2.1 + 0.2%, peptic
ulcer disease — 1.5 + 0.4%.

In 60.2% of patients with FCT, a concomitant
pathology was not revealed. During the analysis, it
was found that in 12.7 + 1.14% of cases, FCT was
complicated by CHF that did not require pharmaco-
therapy, in 12.4 + 1.1% - osteochondrosis, in
5.9 £+ 0.7% — chronic bronchitis, in 5 + 0.71% —
chronic gastritis, in 2.7 + 0.74% of cases — chronic
tonsillitis.

The analysis of risk factors revealed during the
retrospective analysis of patients with DST and FCT
is presented in Table 1.

Statistical processing of the results of the study
was carried out using SPSS Statistics 26.0 program.
The study used the Wilcoxon’s test for analysis of
paired independent samples, and error of the mean
was determined. The differences were deemed statis-
tically significant at p < 0.05.

Ta6smmua 1. PacnpocTpaHeHHOCTb GaKTOPOB PUCKA Y MAIMEHTOB C AUCCEMUHUPOBAHHBIM U pUOPO3HO-KaBEPHO3HBIM
TyGepKyJIe30M JIETKHUX 110 IaHHBIM PETPOCIEKTUBHOI0 aHaiu3a (n = 100)
Table 1. The prevalence of risk factors in patients with disseminated and fibrous-cavernous pulmonary tuberculosis

according to the retrospective analysis (n = 100)

JyvcceMUHUPOBaHHBIN TyGepKy/ie3 ®PUGPO3HO-KaBEpPHO3HbIN TyGepKy/ie3

l'l_olcasa'rem, Disseminated tuberculosis Fibrous-cavernous tuberculosis
Risk factor
(n=48) (n=52)
Bospacrt, rogel / Age, years 531+1.1 573+19
Kypenue, a6c. / Smoking, abs. (M +m, %) 34 (7.2 £1.3) 25(5.3+£1.1)
YnoTtpe6JieHue anKoroJs, abe. 14 (4.7 £ 1.5) 27 (6.8+1.3)

Alcohol consumption, abs. (M + m, %)
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Cratuctrueckass 00paboTka pe3yJsIbTaTOB HCCIIe-
JIOBaHHUSI IPOBOJUJIACH C UCIIOJIb30BAHUEM IIPO-
rpamMmbl  SPSS Statistics 26.0. B wuccienoBanun
HCITOJTh30BAJICSA MTAPHBIH TeCT BUIKOKCOHA 17151 3aBU-
CHMBIX BBIOOPOK, a TaKKe OIpeJesisiiach ONIUOKa
cpenHeil. Pa3nuns CUMTATUCh CTATUCTHYECKU 3HA-
YUMBIMU TIPH P < 0.05.

PE3YJ/IBTATDBI

Bikaiiiye pe3ysibTaThl JIeueHUs OLleHUBAJINCh
B TeUYEHUE 2 MeC C MOMEHTAa FOCIUTAIN3alluH Malu-
€HTOB. B pesysibraTe IpOBOAMMOIO JIeYeHUA IIpe-
KpalleHue 0akTepUOBBIieJIeH s, BbIABIIEHHOE DaK-
TEPUOCKOITIMYECKUM U OAKTEPUOJIOTHIECKUMHU METO-
JlamMu, OBLJIO JIOCTUTHYTO Y 87 % HalleHTOB.

PesysnbpTaTel ompenenenus copep:kanusa 1L-6,
1L-8, IL-4, IL-10, PHO-a u IFN-y g0 jteueHus 1 TI0C/IE
2 mec Jieuenus y 60mapHBIX ¢ JICT u ®KT mpencras-
aensl Ha puc. 1. Comepxxanue IFN-y B CBIBOpOTKe
KpoBH y 60J1bHBIX ¢ /ICT UMeJIo TEHIEHTIINIO K CHHKE-
HUIO ¢ 65 710 23.2 IT/MJI B pe3yJIbTaTe IIPOBEIEHUS
2-MeCAYHOH XUMHOoTepanui (p < 0.01). Y GOJIBHBIX ¢
JCT otmewasioch TakKe JIOCTOBEPHOE CHIDKEHHE
ypoBHsZ ®HO-a B pe3ysibTaTe IPOBEAEHHON 2-MeCsTI-
HOH (hapMaKoTepanuu — ¢ 4.1 10 2.6 nr/mi (p < 0.05),
IL-6 — ¢ 48.6 no 12.37 ir/mu (p < 0.01), IL-10 — ¢ 7.62
J10 4.05 ur/mi (p < 0,05), a ypoBeHb 1L-8 nmest TeH-
JIEHITHIO K OBBIIIEHUIO C 40.5 /10 42.5 1T/ MJI, OZTHAKO
JIaHHAA AUHAMUKA HOCHUJIA CTAaTUCTUYECKU He 3HA4YH-
MBI xapakTep (p > 0.05) (cM. puc. 1).

RESULTS

The immediate results of treatment were evalu-
ated within 2 months from the date of hospitaliza-
tion of patients. In response to the treatment, the
bacterioscopically and bacteriologicalally confirmed
conversion was detected in 87% of patients.

The results of determining the content of IL-6,
IL-8, IL-4, IL-10, TNF-a and IFN-y at baseline and
after 2 months of treatment in patients with DST
and FCT are shown in Fig. 1. The serum concentra-
tion of IFN-y in patients with DST tended to
decrease from 65 to 23.2 pg/ml as a result of a
2-month chemotherapy (p < 0.01). In patients with
DST, there was also a significant decrease in TNF-a
levels as a result of a 2-month pharmacotherapy —
from 4.1 to 2.6 pg/ml (p < 0.05), IL-6 — from 48.6
to 12.37 pg/ml (p < 0.01), IL-10 — from 7.62 to
4.05 pg/ml (p < 0.05), and the level of IL-8 tended
to increase from 40.5 to 42.5 pg/ml, however, this
dynamic was not statistically significant (p > 0.05)
(Fig. 1).

The results of the cytokine profile determination
in patients with FCT are shown in Fig. 2. In patients
with FCT, a significant decrease in the level of IFN-y
from 65.5 to 30.6 pg/ml (p < 0.01), IL-8 — from
50.69 to 41.04 pg/ml (p < 0.05), IL-6 — from 31.57 to
9.58 pg/ml (p < 0.01), as well as IL-4 — from 5.6 to
5.11 pg/ml, TNF-a — from 3.6 to 3.1 pg/ml was found,
however, this tendency was not statistically signifi-
cant (p > 0.05).

70
65.3%%
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20 48.6%*
%\ i 40.5 42.5
5 40
&
2 30 4
~
=
23 9%
20
r 12.37%*
10
7.62%*
41% 4.02 *
0 . 2.6
Jlo XuMuoTepanuu IMocne 2 Mec XUMHOTEpAITHH
At baseline After 2 months of chemotherapy
IL-6 IL-8 IL-10 = QHO- s [FN-y

Puc. 1. /luHaMuKa UTOKWHOBOTO MPOMUIA y 6OJIBHBIX C IMCCEMUHUPOBAHHBIM TyOEPKYJI€30M JIETKUX
JIO JIeUEeHUsI U TI0C/Ie 2-MeCsYHOoU XxumuoTtepanuu (n = 48) (*p < 0.05, **p < 0.01 B mapHOM TecTe BHIKOKCOHA)
Fig. 1. Dynamics of the cytokine profile in patients with disseminated pulmonary tuberculosis
at baseline and after 2 months of chemotherapy (n = 48) (*p < 0.05, **p < 0.01, Wilcoxon’s test)
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At baseline
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Puc. 2. J[uHaMUKa IUTOKHHOBOTO MPOGWIsi y 60IBHBIX ¢ PUOPO3HO-KAaBEPHO3HBIM TyOEPKYJIE30M JIETKHIX
JI0 JIEYeHUs U TI0C/Ie 2-MeCAYHOU XumuoTepanuu (n = 52) (¥*p < 0.05, **p < 0.01 B mapHOM TecTe BrikokcoHa)
Fig. 2. Dynamics of the cytokine profile in patients with fibrous-cavernous pulmonary tuberculosis
at baseline and after 2 months of chemotherapy (n = 52) (*p <0.05, **p <0.01, Wilcoxon’s test)

PesysibTaThl OIpe/iesieHUs IUTOKUHOBOTO IIPO-
dunsa y 6onpabIx ¢ KT mpejcraBieHbl HA puc. 2.
¥ 6ompHBIX ¢ DKT 0TMeUanoch JOCTOBEPHOE CHIKE-
Hue ypoBHs IFN-y ¢ 65.5 10 30.6 ur/mi (p < 0.01),
IL-8 — ¢ 50.69 10 41.04 ur/ma (p < 0.05), IL-6 — ¢
31.57 10 9.58 ir/mu (p < 0.01), a Takxke IL-4 — ¢ 5.6
J1o 5.11 ur/mi, ®HO-a — ¢ 3.6 10 3.1 /M1, OZHAKO

T.1%

o = N W A YN X

Jlo xuMHuoTepanuu
At baseline

The results of cytokine balance assessment in
patients with DST and FCT at baseline and after
2 weeks of specific chemotherapy are presented in
Fig. 3. In patients with DST and FCT, there was a
tendency to decrease the cytokine balance towards
normalization: from 7.7 to 7.48 and from 7.69 to
4.97, respectively.

B JICT/DST
[l @®KT/FCT

IMocune 2 Hex XUMUOTEPAIUU
After 2 weeks of chemotherapy

Puc. 3. /[uHaMKKa IUTOKUHOBOTO HajtaHca y GOJIbHBIX € JUCCEMUHUPOBAHHBIM U (UOPO3HO-KAaBEPHO3HBIM
Ty6epkyse3om Jierkux (JICT u ®KT) 0 sieueHus U mocsie 2 Hejl Celnuduueckoi XuMmuoTepanuu (n = 100)
(*p < 0.05, **p < 0.01 B TapHOM TecTe BUIKOKCOHA)
Fig. 3. Dynamics of the cytokine balance in patients with disseminated and fibrous-cavernous pulmonary tuberculosis
(DST and FCT) at baseline and after 2 weeks of specific chemotherapy (n = 100) (*p <0.05, **p <0.01, Wilcoxon’s test)
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JlaHHas TEHAEHIWSA He HOCUJIa CTaTUCTUYECKU 3Ha-
YUMBIU XapakTep (p > 0.05).

PesysibTaThl OIEHKM ITUTOKMHOBOTO Oasiamca y
6ospHBIX ¢ JICT u ®KT 1o u mocse 2 Hep cuenudu-
YEeCKOW XUMHOTEpPAIUU IPE/ICTAaBJIEHbl HAa pHUC. 3.
VY 6ospHBIX ¢ JICT u ®KT oTMeueHa TEHIEHIUA K
CHIDKEHUIO IUTOKUHOBOTO OajslaHca B CTOPOHY HOP-
MaJIM3aluu: ¢ 7.7 10 7.48 u ¢ 7.69 710 4.97 COOTBET-
CTBEHHO.

OBCYXJIEHHNE

B pesysibTaTe HAIETO HCCJIEIOBAHUS YCTAHOB-
JIEHO, YTO CHCTEMA IIUTOKMHOB UTPAET BAYKHYIO POJIb
B PETYJIAIINN BOCIAJIUTEBHBIX IPOIECCOB V 0OOJIb-
HbIX ¢ JICT u ©KT.

M.U. KutaeBbIM U COABT. yCTAHOBJIEHO, YTO ITUTO-
KUHOBBIN OaJ1aHC OOJIBHBIX C BHEJIETOUHBIM TYOEPKY-
JIe30M JI0 JIEUeHHs W II0CJIe MHTEHCUBHOU (asbl
XUMHUOTEPAIIUU CYIIIECTBEHHO ITPEBHIIIAT aHAJIOTUY-
HBIA MOKa3aTesb 3/IOPOBBIX JOHOPOB (p < 0.05) U
ITOKa3aJI CZIBUT B IIPOBOCITAJINTEIHPHOM HAIIPaBJIEHHH.
B mporiecce jieueHus:t y OOJIBHBIX C BHEJIETOUHBIM
TyOepKyJIe30M OTMeUYeHA TEHEHIUA K CHUKEHUIO
[IIUTOKMHOBOTO OaJIaHCca B CTOPOHY HOpMasu3anuu. B
rpytire 60JIbHBIX ¢ KOCTHO-CYCTaBHBIM TyOEpKYIe30M
STOT IOKA3aTesib B IPOIECCE XUMHOTEPAINH CHU-
3WICA B 1.45 pasa, a B rpyIiie OOJIbHBIX TYOEPKYJIe30M
MOYETIOJIOBON CHUCTEMBI — B 1.74 pasa [18]. Otu man-
HBIE COIVIACYIOTCS C Ppe3yJIbTaTaMU IIPOBEIEHHOTO
HaMU UCCJIEZIOBAHUS.

Takum o00pa3oM, B3aUMOIEHCTBHE MHUKPO- H
MaKpOOpPraHu3Ma IpU TYOepKyJIe3HOU HHOEKIINH
SIBJISIETCS JIOCTATOYHO CJIOKHBIM MEXaHU3MOM, B
KOTOPBIH BOBJIEKAIOTCA MHOTHE 3BE€HbSI UMMYHHOU
CHUCTEMBI, a B3aMMOJEACTBUE YYACTHUKOB 3TOU
CHUCTEMBI PETryJIUpPYyeTCs MeIUaTOpaMu KJIETOUHOU
CHUCTEMBI — IUTOKUHAMH.

3AK/IOYEHUE

[TpoBeneHHOE MCCIIEIOBAHE TIO3BOJISAET CIEJIATD
CJIeflytolre BEIBO/IBL:

1. B pesysibprare 2-mecsiYyHONH XUMHOTEpANUu y
OOJIPHBIX C JVCCEMUHUPOBAHHBIM TYOEPKYJIE30M JIET-
KHX HaOJII0Z]aIoCh JIOCTOBEPHOE CHIDKEHUE YPOBHS
IFN-y, ®HO-q, IL-6, IL-10, a ypoBeHb IL-8 umen TeH-
JIEHITUIO K IOBBIIIEHUIO, OJTHAKO JAaHHAA JUHAMIKA
HOCHJIA CTATUCTUYECKH He 3HAUNMBIH XapakTep.

2.V 60y1bHBIX ¢ (pOPO3HO-KABEPHO3HBIM TyOep-
KYJI€30M JIETKUX 10 OKOHUYAHUH 2-MeCAIHOU CIIeI-
(pryeckoll XUMHOTepanuy OTMEYayoCh JIOCTOBEP-
Hoe cHmkeHUe ypoBHA IFN-y, IL-8, IL-6, a Takxke
IL-4 — ¢ 5.6 g0 5.11 ur/vit, ®HO-a — ¢ 3.6 nr/mi 10
3.1 Or/MJjI, OJHAKO JAaHHAS TEH/EHIUs He HOCHa
CTaTHUCTUYECKU 3HAUYUMBIN XapakTep.

DISCUSSION

Our study revealed that the cytokine system plays
an important role in regulating inflammatory pro-
cesses in patients with DST and FCT.

Kitaev et al. found that the cytokine balance of
patients with extrapulmonary tuberculosis at base-
line and after the intensive phase of chemotherapy
significantly exceeded that of healthy donors
(p < 0.05) and had a shift in the pro-inflammatory
direction. In the course of treatment in patients with
extrapulmonary tuberculosis, a tendency to decrease
the cytokine balance towards normalization was
noted. In the group of patients with osteoarticular
tuberculosis, this index decreased by 1.45 times dur-
ing chemotherapy, and in the group of patients with
genitourinary tuberculosis — by 1.74 times [18].
These data are consistent with the results of our
research.

Thus, the interaction of the micro- and macroor-
ganism in tuberculosis infection is a rather complex
mechanism that involves many links of the immune
system, and the interaction of participants in this
system is regulated by mediators of the cellular sys-
tem — cytokines.

CONCLUSION

The research conducted allows us to draw the fol-
lowing conclusions:

1. As a result of 2 month chemotherapy in patients
with disseminated pulmonary tuberculosis, there
was a significant decrease in the level of IFN-y, TNF-
a, IL-6,IL-10, and the level of IL-8 tended to increase,
however, this dynamics was not statistically signi-
ficant.

2. In patients with fibrous-cavernous pulmo-
nary tuberculosis, at the end of 2 months of spe-
cific chemotherapy, there was a significant
decrease in the levels of IFN-y, IL-8, IL-6, and
IL-4 — from 5.6 to 5.11 pg/ml, TNF-a — from 3.6 to
3.1 pg/ml, however, this trend was not statistically
significant.

3. At the end of 2 weeks of specific chemotherapy
in patients with disseminated pulmonary tuberculo-
sis, the cytokine balance tended to decrease — from
7.7 to 7.48, and in patients with fibrous-cavernous
tuberculosis — from 7.69 to 4.97.

4. Pro- and anti-inflammatory cytokines play an
essential role in the course of tuberculosis infection.
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3. [1o oxoHYaHUHU 2 HeJ cCeNU(PUIECKON XUMU-

oTepannu y 60JIbeIX C AHUCCEMHUHHPOBAHHBIM
TyOEepKyIe30M JIETKUX ITUTOKUHOBBIN OajiaHC UMeJ
TEHJIEHITUIO K CHUKEHHUIO — C 7.7 110 7.48, a 'y 60J1b-
HBIX ¢ GUOPO3HO-KAaBEPHO3HBIM TYOEPKYJIE30M — C
7.69 110 4.97.
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OYyHKIIMOHAJIbHOE COCTOAHYIE SPUTPOIIMTOB B YCJIOBHUAX CTPpecca,
BBI3BAaHHOTO MPeEAeJIbHO IOIMyCTUMOM (hU3NUECKOU HAarpy3Kou,
Ha (poHe mpueMa pbIObero Kupa U 030HHUPOBAHHOTO PIObEro Kupa

A.B. Jleproruna’, I1.B. fIctpebos!, I'.A. Bospunos" 2, F0.A. CrapareieBa

'OI'’AOY BO «HayuoHaawvHblil uccaedosamenvckuit Husxce2opoockuil 20cy0apcmeeHHblil yHugepcumem um.
H.HU. Jlobauescko20», Huxcnuit Hog2opood, Poccus

2@I'BOY BO «IIpugoicckuil uccaedosamenwvekuil meouyuHekuil ynusepcumem» Munsdpasa Poccuu, Huxcnuil
Hoez2opod, Poccus

AHHOTAITUA

BBepnewnwue. IlpenensHo nomycTuMble PU3NYECKHE HATPY3KH Y CIOPTCMEHOB ABJIAIOTCA MOIIHBIM CTPECCUPYIOIIAM
(akTopom 711 opraHu3Ma, KOTOPHIY BBI3BIBAET ITOBHIIIIEHNE YPOBHS CTPECC-PEATTU3YIONIUX TOPMOHOB, Cy:KEHUE COCY/IOB,
IIPUBO/A K PA3BUTHIO HAPYIIEHUH B CUCTEME MUKPOIIMPKYJIAINY, HA KOTOPYIO B 3HAUUTEIPHOU CTEIIEHN OKa3bIBAIOT BJIU-
SHHE SPUTPOLUTHI. B CBOIO ouepenp, IBHKEHNE SPUTPOIUTOB 10 MUKPOIMPKYJIATOPHOMY PYCJLy OIPeZesIseTCs COCTOsA-
HHEeM (PUBUKO-XUMHUYECKUX CBOUCTB UX MEMOPAHBI, 3aBUCAIIUX OT MOAUMDUKAIIAY KUPHBIX KUCIJIOT JTUIUHOH (passl. IIpu
3TOM IMOKA3aHO, UTO Y IPO(]eCcCHOHaIbHBIX CIIOPTCMEHOB HAOII01aeTCs AeUIUT OMera-3-II0JIMHEHACHIIIIEHHBIX JKUPHBIX
kucsot (n-3 ITHXKK). Cogep:xanue n-3 [THKK B peibbem xupe (P?K) 06ycioBiIuBaeT ero UCIoab30BaHUE B IIPAKTUKE
CIOPTUBHOH MeAuIuHbL. [Ipu 3TOM Oocraercs HesiCHBIM 3¢ dekTrBHOCTD BiausHusA P2K 1 ero 030HUpOBaHHON (OPMBI Ha
cocTrosgHUe U (QYHKIIMOHUPOBAHME SPUTPOIUTOB B YCJIOBUAX BPEMEHHOTO HApPYIIEHUs rOMeocTa3a IPH JIEeHCTBUU IIpe-
JIeTTbHBIX (GDU3UYECKUX HATPY3O0K.

IIenp paborTs . Nsyuenue aeiicrsusa P2K u ozorupoBannoro P2K (OPIK) Ha GyHKIIMOHAIBHBIE IOKA3ATEIN SPH-
TPOITUTOB B YCJIOBUSIX CTPECCA, BEI3BAHHOT'O Y KPBIC MOJIETUPOBAaHUEM (PU3UUECKON HATPY3KHU «JI0 OTKA3a».
Martepuanans u MeToOJB5s . Bpaboreuceaenoano prusaue PXK u OPK Ha MeTabosinuecKue U OKUCIIUTEIb-
HbIe [TOKa3aTeJId 3PUTPOIIUTOB, HIEKTPOGOPETHUECKYIO TIOBUKHOCTH SPUTPOIUTOB (DPIII) 1 UX arperaiuio npu Moje-
JIMPOBaHUU (PUBUYECKON HATPY3KH y Kpblc. PU3NUECKYI0 HATPY3Ky MOEJTHPOBAIH IIyTEM IJIABAHUSA JKUBOTHBIX «J0
OTKa3a» ¢ rpy30M 10 % OT Macchl Tesia. Harpy304HBIN TECT IPOBOMIN 4 Pa3a, B IEPHO/L IOCTHATPY30YHOTO BOCCTAHOBJIE-
HUA KpPBICH Tostydanu nepopanbHo PXK, OPXK (¢ 030HUAHBIM YHCIIOM 3000 WX 1500) B 3aBUCUMOCTH OT IPYIIIBL. TecTH-
POBaHUe }KUBOTHBIX TPOBOMIIN 6 pa3: ONPEIEJIsIIA NCXOAHBIN YPOBEHD ITOKA3aTes e, ITOC/Ie HATPY30YHOT0 TecTa (4 pasa)
U TIOCJIe OTMEHBI TIpenapartoB (Ha 3-# fieHs). MceieioBain KOHIEHTPAIMIO MaJIOHOBOTO uanbaeruaa (M/IA), aneHo3uH-
tpudocdata (AT®), 2,3-nudocdormunepata (JIPI), IPIID u arperaruio SPUTPOIIUTOB.

PesynbTar bl . Pusnyeckas HATPy3Ka «J0 OTKa3a» (KOHTPOJIbHAS IPYIINA) BBI3bIBAJIA POCT KOHIleHTpanuu M/IA,
curkenne DPIII, konnerrpanuu AT u 2,3-JIOT" B 3pUTPOIIUTAX, YTO COIPOBOXK/AAIOCH OBBIIIIEHNEM arperanui Spu-
TporuToB. BBezienre PIK Ha ¢oHe PUBMUECKON HATPY3KHU OIPE/IENIUIIO MEeHee BhIPA’KEHHYIO JIMIIOTIEPOKCH/IAIIHIO, TOT/A
kak BBesieHHe OPXK ¢ 030HHIHBIM YHCJIOM 3000 — MAKCHUMAJIbHO BBIPAIKEHHYIO JIUITOTIEPOKCH/IAINIO TI0 CPABHEHHUIO C
KOHTpoJsieM. HauMeHbIINHI OKUCIUTEbHBIN 3 deKT mpu GU3NIeCcKOU Harpy3Ke perucrpupoBasics npu BBegennu OPK ¢
O30HHU/ITHBIM YUCJIOM 1500. CHUKEHHE JIUITONEPOKCH/IAIIUN COITPOBOK/AJIOCH IIOBBINIEHHEM KoHIleHTparuu AT®, cHmxe-
HueM 2,3-/{®T", poctom IPIID u cHUKEeHNEM arperau 3pUTPOLIUTOB.

3akinwueHue. HcnompzoBanue OPXK (c 030HHAHBIM YKCIIOM 1500) Hanbosee 3(pheKTHBHO HUBETUPOBAJIO IIPO-
1IeCCHI B BPUTPOIUTAX, 00YCJIOBJIEHHBIE PAa3BUTHEM CTPECCA, BRI3BAHHOT'O Y KPBIC MOJIEJTUPOBaHUEM (GU3NUECKOU HATPY3KHU
«JIO OTKa3a».

Knmouesnle croea: pusmyeckas Harpy3Ka, SPUTPOLUTHI, PHIOUH JKUP, 030HUPOBAHHBIA PBIOUH KUP.

Oo6pasen murupoBaHusn: Jlepioruna A.B., fictpe6os I1.B., Bosipunos I'.A., CrapaTtesiea F0.A. OyHKITMOHAIb-
HOE COCTOSIHHE SPUTPOIUTOB B YCJIOBUAX CTPECCA, BEI3BBAHHOTO MPEEJIHHO JOMYCTUMON (PU3NMUECKON HArpy3KoH, Ha
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Functional state of erythrocytes under the extreme physical
exertion while supplemented fish oil and ozonated fish oil

A.V. Deryugina’, P.V. Yastrebov’, G.A. Boyarinov*2, Yu.A. Starateleva’

Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod, Russia
2Privolzhsky Research Medical University, Nizhny Novgorod, Russia

ABSTRACT

Introduction. Theextremephysical exertion in athletes is a powerful stress factor for the organism and causes
an increase in the level of stress hormones, vasoconstriction thus resulting in the microcirculation system disorders, which
are largely influenced by erythrocytes. In turn, the movement of erythrocytes through the microcirculatory bed is deter-
mined by the state of the physicochemical properties of their membrane depending on the type of lipid phase fatty acids.
At the same time, it has been shown that professional athletes have a deficiency of omega-3 polyunsaturated fatty acids (n-3
PUFAs). The content of n-3 PUFAs in fish oil (FO) determines its use in practice of sports medicine. At the same time, the
effectiveness of FO and its ozonated form on the state and functioning of erythrocytes under conditions of temporary
homeostasis imbalance due to the extreme physical exertion remains unclear.

Aim . Study of the effect of FO and ozonated FO (OFO) on the functional indices of erythrocytes in rats under the
extreme physical exertion.

Materials and methods. Theeffect of FO and OFO on metabolic and oxidative indices of erythrocytes,
erythrocyte electrophoretic mobility (EEM) and their aggregation during modeling of physical activity in rats was studied.
Extreme physical exertion in animals was modeled with forced swimming with a load equal to 10% of their body weight.
The weight-loaded forced swimming (stress) test was performed 4 times; during the post-exertion recovery, the rats
received FO, OFO (with an ozonide number of 3000 or 1500 — OFO-3000 and OFO-1500, respectively) depending on the
group. The animals were tested 6 times: parameters were determined at baseline, after the stress test (4 times) and after
substance withdrawal (on the 3rd day). The concentration of malondialdehyde (MDA), adenosine triphosphate (ATP),
2,3-diphosphoglycerate (DPG), EEM and erythrocyte aggregation was measured.

R e s ults. Theextreme physical exertion (control group) caused an increase in the MDA concentration, a decrease in
EEM and the concentration of ATP and 2,3-DPG in erythrocytes, which was accompanied by an increase in erythrocyte
aggregation. The administration of FO during physical exertion determined less pronounced lipid peroxidation, while the
administration of OFO-3000 determined induced the most pronounced lipid peroxidation compared to the control group.
The lowest oxidative effect during physical exertion was recorded with the administration of OFO-1500. A decrease in lipid
peroxidation was accompanied by an increase in the ATP concentration, a decrease in 2,3-DPG, an increase in EEM and a
decrease in erythrocyte aggregation.

Conclusion. Theuseof OFO-1500 most effectively eliminated the processes in rat erythrocytes induced by stress
caused by extreme physical exertion.

Keywords: physical exertion, erythrocytes, fish oil, ozonated fish oil.
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BBEJIEHUE

dusmyeckre Harpy3Kd B CIIOPTE BBICIINX JIOCTH-
JKEeHUH XapaKTepU3yIOTCA IMTOCTOSTHHO BO3PACTAIOIIEN
MHTEHCUBHOCTBIO, UTO OIpeNesisgeT HalpsKeHue
(yHKIIUN OpraHu3Ma ¢ MOCIIEAYIOIUM ITOBPEeXKIAAI0-
IIUM BJIUSTHUEM Ha Pa3JINYHbIE OPTAHbI U CUCTEMBI.
ITokazaHo, UTO eKeHeBHbIe MHTEHCUBHbIE r3nue-
CKM€e HArpy3KH IOBBIIIAIOT PUCK PA3BUTHS UIIEMU-
JecKoU O0JIe3HU CEP/IIIA, IIepeOPOBACKYJIIPHBIX 3a00-
JIEBaHUH U BEHO3HBIX TPOMOOIMOOTHUUECKIX OCIIONK-
HeHuil [1]. dPu3nyeckas aKTUBHOCTDL IO COCTOSIHUA

INTRODUCTION

Physical activities in high-performance sports are
characterized by ever-increasing intensity, which
determines the stress in human body functions with
sudsequent disorders in different organs and sys-
tems. It has been shown that daily intense physical
activity increases the risk of coronary artery disease,
cerebrovascular diseases and venous thromboem-
bolic complications [1]. Physical activity which leads
to exhaustion is a powerful stress factor for the body
[2]. Significant physical exertion causes an increase
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VTOMJIEHHSI SIBJISIETCS MOIHBIM  CTPECCUPYIOITUM
daxropom g1 opranusma [2]. 3HaunTesnbHas HUBH-
YyecKas HArpy3ka BBI3bIBA€T IIOBBIIIIEHHE YPOBHS
KaTeXOJIAMUHOB B KPOBH, Cy>KEHHE COCY/IOB, IIPUBO/IS
K Pa3BUTHIO HAPYIIIEHUH B CUCTEME MUKPOIIUPKYJIs-
nuu, HaOMIOZAaeTcs HapyIIeHHe PpeOJIOTHUYECKIX
CBOMCTB KPOBH U remocrasa [3]. Ha MuUKponupkyJis-
IIUIO U PEOJIOTUIO KPOBU 3HAUMTEJILHOE BJIUSIHUE OKa-
3BIBAIOT OPUTPOLUTHI, KOTOPBIE IPH ITOBBIIIEHHOMN
(pusrueckoll HarpysKe arperupyoor, 4TO OIpeJesis-
€TCs HapyllleHueM MeMOpPaHHBIX CTPYKTYD, BbI3BaH-
HBIM Pa3BUTHEM OKUCJIUTEJILHOTO CTPECCa U MOsIBIIE-
HHEM aKTUBHBIX (GOpM KucIopoza [4]. B cBoro oue-
penb, UMEeHHO MOAUMUKAIINS JKUPHBIX KHUCJIOT B MEM-
OpaHe SpUTPOILUTOB IMIPEJIIOJIATAET U3MEHEHUe
(pUBUKO-XMMUUECKHUX CBOHCTB MeMOpAaHBI, €€ ITPOHHU-
11a€MOCTH, JTAOMJIBHOCTH U CJIO?KHOCTH ITPOXOK/IEHUS
SPUTPOIUTA 10 MUKPOIUPKYJIApHOMY pyciy [5]. ITpu
3TOM y PO eCCHOHATIBHBIX CIIOPTCMEHOB HAOJIIO/a-
eTcst TeUITUT oMera-3 MOJIMHEHACHIIIEHHBIX KUP-
HbIX KucaoT (n-3 [THXKK) [6]. Yayuiienue KupHO-
KUCJIOTHOTO Ipouis GochOoIUITH0B MEMOPAH 3PH-
TPOLIUTOB HAOJIIONAETCS TOC/IE TIEPOPATIHBHOTO MPHU-
ema ITHKK [7]. Ucniosb3oBaHue 106aBOK € PHIOBUM
skupoM (PYK) ocHOBaHO B TOM 4HICJIE ¥ HA COJIEPIKA-
uuu B HeM n-3 [THXKK [8]. B cBot0 ouepeib, 030HUPO-
BaHue PXK BbI3bIBaeT 00Opa3oBaHHUE CpeHE- U KOPOT-
KOIIEIMIOYEYHBIX KUPHBIX KUCJIOT, KOTOPBIE 110 CPaB-
HeHUIO ¢ minHHONenoueunbiMu KK, comep:kariu-
mucs B POK, 6picTpee MeTab0IU3UPYIOTCA B KJIETKAX,
TIOBBIIIAsA UX SHEPreTHYecKud noreHnuan [9]. Ilpu
BTOM POJIb 030HUPOBAHHOTO phIObero xkupa (OPXK) B
CTIOPTE BBICIIUX JIOCTIKEHU He UCCIIeZI0BAHA, TOTAA
KaK JIEUCTBHE PHIOLETO KHUPA, KOTOPHIN IIPUMEHSIETCS
B CIIOPTHBHOU MEJUIIMHE, HA COCTOSIHHIE SPUTPOITHU-
TOB TaK)Ke M3YUeHO KpaiiHe He3HAUUTeIbHO. Kpome
TOTO, OOJIBIIWMHCTBO HCCJIEIOBAHUHA IPOBOAUTCS C
HCIoJIb30BanueM 06aBok n-3 ITHXKK u cBuzeresn-
CTBYIOT O TOM, 4YTO Bce u3BecTHble 3(h@eKThl n-3
ITHKK, Takve Kak CHUKeHHE BhIPAOOTKH BOCIIAIH-
TeJIbHBIX SHUKO3aHOUJIOB, ITUTOKHHOB U AKTHUBHBIX
¢opm KuCI0pOIa, UMMYHOMO/TYJIUPYIOIIEE e CTBIE
U ocyabJieHre BOCITIMTENIBHBIX ITPOIIECCOB, BECHMa
MIPOTHUBOPEYNBHI ¥ 3aBUCST OT COCTOSIHUSI OpTraHU3Ma
[10]. Hcxomss M3 OTMEUYEHHOIO, OCTAETCS HESICHOM
apdexrrBHOCTD BausgHusA P?K 11 ero 030HHpOBaHHOU
dbopmbl Ha cocrossHUE U (QYHKIMOHUPOBAHUE BPU-
TPOIIUTOB B YCJIOBUSIX BDEMEHHOTO HAPYIIIEHHS TOMe-
ocraza IpH JEUCTBUU TMPENETbHbIX (PU3UUECKHUX
Harpy3oK.

ITEJIb UCCJIEJIOBAHUSA

Usyuenue npeiictBus PXK u OPXK Ha dynknmo-
HaJIbHBIe IIOKa3aTead JHPHUTPOIUTOB B YCIIOBUSAX

in the blood level of catecholamines, vasoconstric-
tion, leading to microcirculatory disorders, and
imbalance in blood rheological properties and hemo-
stasis [3]. Red blood cells being aggregated under
increased physical activity, have a significant impact
on microcirculation and blood rheology which is
determined by alterations in the membrane struc-
tures caused by the developing oxidative stress and
appearance of reactive oxygen species [4]. In turn, it
is the modification of fatty acids in the erythrocyte
membrane that suggests a change in the physico-
chemical properties of the membrane, its permeabil-
ity, lability, and the complexity of erythrocyte pas-
sage through the microcirculatory bed [5]. At the
same time, professional athletes have a deficiency of
omega-3 polyunsaturated fatty acids (n-3 PUFAs)
[6]. Improvement of the fatty acid profile of erythro-
cyte membrane phospholipids is observed after oral
administration of PUFAs [7]. The use of fish oil (FO)
supplements is based, among other things, on its n-3
PUFAs content [8]. In turn, the ozonation of FO
causes formation of medium- and short-chain fatty
acids which, compared to the long-chain fatty acids
contained in FO, are metabolized in cells faster,
increasing their energy potential [9]. Besides, the
role of ozonated fish oil (OFO) in high-performance
sports has not been studied, while the effect of fish
oil, used in sports medicine, on the state of erythro-
cytes has also been studied a little. In addition, most
studies are conducted using n-3 PUFA supplements
and indicate that all known effects of n-3 PUFAs,
such as reduced production of inflammatory eico-
sanoids, cytokines and reactive oxygen species,
immunomodulatory effects and a decrease in inflam-
matory processes, are highly controversial, and
depend on the condition of the body [10]. Based on
the abovementioned, the favorable effect of the FO
and its ozonated form on the state and functioning of
erythrocytes under conditions of temporary homeo-
stasis imbalance during the extreme physical exer-
tion remains unclear.

AIM OF THE RESEARCH

To study the effect of FO and OFO on the func-
tional parameters of rat erythrocytes under condi-
tions of stress modeled with weight-loaded forced
swimming.

MATERIALS AND METHODS

The experimental study was performed on Wistar
albino male rats (n = 48) weighing 200 + 20 g. The
animals were kept in individual boxes with a natural
12-hour change of light and darkness, air humidity of
60% and its temperature of 22 + 2°C, and free access
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CTpecca, BBI3BAHHOTO Yy KpPBIC MOJIETUPOBAHUEM
(pusmuecKoil HAaTPY3KH «J[0 OTKA3a».

MATEPUVAJIBI 1 METO/IbI

OKCIIEpUMEHTAIPHOE HCC/IEIOBAHKUE IIPOBOIH-
JI0ch Ha 6eJTbIX Kpacax camiax (n = 48) muauu Wistar
Maccoi 200 + 20 T. JKUBOTHBIX COZIEp>KaIN B UH/U-
BU/IyIbHBIX OOKCAaX C €CTeCTBEHHON 12-4acOBOM
CMEHOH CBeTa W TEMHOTHI, BJIQXKHOCTBIO BO3/AyXa
60 % u ero TemnepaTtypou 22 + 2 °C, co cBOOOTHBIM
JTOCTYIIOM K Bojie u tuirle. CozieprKkaHue )KUBOTHBIX U
IIPOBOJIUMbIE C HUMU MAHUITYJISIIIUY OCYIIECTBIISIIN
B COOTBETCTBUH C HODMATUBHBIMH JIOKyMEHTaMU —
Guide for Care and Use of Laboratory Aanimals,
nmpuka3zoM MuHUcCTepcTBa 3A4paBooxpaHeHusa PO ot
1 ampesisa 2016 1. N2 199u «O6 yTBep:kaenuu Ilpa-
BUWJI HaJlJIeKallel JJabopaTopHOH MpakTHUKU». [Ipo-
BeJleHUEe HCCIeZoBaHusA ObLIO 07100peHo JIokaib-
HBIM 3THYeCKUM KoMuTeToM VI HCTUTYyTa 6UOIOTHY U
6uomenuiuHbl  HIKEroposickoro Trocy/lapCTBEH-
Horo yHuBepcutera uMm. H.1. JlobaueBckoro.

JKuBoTHBIE OBUIM paszjiesieHbl Ha 4 TPYINBL 110
12 KPBIC B KaXK/101. KOHTPOJIBHBIM JKUBOTHBIM I1€PO-
patbHO BBOAWIM duspacTBOp (1-s rpymma). Kpsic
2-I Trpynmbpl KOPMWIN PBIOBHUM KUpOM (703a
35 MTI/KT), KpbIC 3-H TPYIIBI — O30HUPOBAHHBIM
PpBIOBUM KUPOM (J103a 35 MT/KT, O30HUHOE UKCIIO
3000), KpBIC 4-d Tpymnmbl — O30HUPOBAHHBIM
pBIOBUM KUPOM (/1032 35 MTI/KT, O30HUIHOE UKCIIO
1500).

UccnenoBanusa P2K u OPJK BeinmosHsau B ®BY
«TocynapcTBeHHBI PEruOHaIBHBIN IEHTP CTaH-
JlapTU3aIid, METPOJIOTUH U UCIBITAHUH» B
MockBe, IPOTOKOJ HCHBITAaHUU NO 20423 OT
01.02.2018. MexaHU3M 030HOJIN3a BKJIIOYAJ OKUC-
JIUTEJIbHBIA PaspblB JIBOUHBIX cBsded [11]. PXK
(ucxonmublii 0Opasen) W O30HUPOBAHHBIN PHIOUIH
JKUP KOHTPOJIUPOBAJIM IO IEPOKCUIHOMY YHUCIY
(ITY, maxB/kT). [IoKa3aTEb OI[EHUBAJIA B COOTBET-
ctBun ¢ dapmakoneamu. Cienyer ormetutsh 14,
HUMeIoIIee XapaKTep HeONpe/IeJIEHHOCTU IIPU HATH-
YUH CJIEIOB 030HA U ITEPOKCHIOB B Macye. MHorue
MUPOBBIe (apMaKOIllen BHOCAT JONOJHUTETbHbIE
peKoOMeHjaniy, BKJIIOYAIOIINE YCJIOBUS IIPOBeJie-
HuA aHanusa (TeMmepaTypa, BpeMs, KOJHUUYECTBO
JKMPOB | p.). B aT0l ¢Bsi3u npu onpesenenuu [1U
B o0Opasiiax 030HHPOBAHHOTO DPBIOBETO JKUPA MbI
JIOTIOJTHUTEJIBHO BKJIIOYAJIN B YCJIOBUSA ITPOBEZEHUS
aHaju3a TeMIlepaTypy H KOJIMYeCTBO JKHUpa.
O6bruno ITY, ompenessieMble ¢ TAKUMH JIOTIOJTHE-
HUAMM, Ha3bIBAIOT O30HUAHBIMHY uyncaamu. [14 Bo3-
pacraeT B 3aBUCHUMOCTH OT KOJIMYECTBA aKTUBHBIX
¢dopM KucI0pOsIa: UEM OHO BBIIIE, TeEM OOJIBIIE B
00beKTE aKTUBHBIX (OPM KHCI0poza [12].

to water and food. Animal care and manipulations
were carried out in accordance with regulatory docu-
ments — the Guide for Care and Use of Laboratory
Animals, the Order of the Ministry of Health of the
Russian Federation dated April 1, 2016 No. 199n “On
approval of the Rules of Good Laboratory Practice”.
The study was approved by the local Ethics Commit-
tee of the Institute of Biology and Biomedicine of the
Lobachevsky State University of Nizhny Novgorod.

The animals were divided into 4 groups of 12 rats
each. The control animals were orally administered
saline solution (group 1). The rats of group 2 received
fish oil (35 mg/kg), the rats of group 3 — ozonated
fish oil (35 mg/kg, ozonide number is 3000 — OFO-
3000), and the rats of group 4 — ozonated fish oil
(35 mg/kg, ozonide number is 1500 — OFO-1500).

The studies of FO and OFO were performed at the
State Regional Center for Standardization, Metrol-
ogy and Testing (Moscow), test protocol No. 20423
dated 01.02.2018. The mechanism of ozonolysis
included oxidative cleavage of double bonds [11]. FO
(initial sample) and ozonated fish oil were controlled
by the peroxide value (PV, mEq/kg). The indicator
was assessed in accordance with pharmacopoeias. It
should be noted that PV has an uncertainty character
in the presence of ozone and peroxide traces in oil.
Many world pharmacopoeias make additional rec-
ommendations, including the conditions for the
analysis (temperature, time, amount of fat, etc.). In
this regard, when determining PV in ozonated fish oil
samples, we additionally included the temperature
and amount of fat in the conditions for conducting
the analysis. Usually, PVs determined with such
additions are called ozonide numbers. The PV
increases depending on the number of reactive oxy-
gen species: the higher it is, the more reactive oxygen
species are present in the object [12].

The forced swimming test with a load was carried
out by simulating forced swimming with the extreme
exertion using the principle of the presented swim-
ming load until the occurrence of pronounced fatigue
and the animals’ refusal to perform further action.

The load was selected in accordance with the
standard technique of animal swimming with a load
of 10% of their body weight in water at a comfort
temperature (28°C).

After weighing, 1 hour before the swimming test,
the animals were orally administered a calculated
dose of the studied substance via intragastric tube in
the study groups, and an equivalent volume of saline
solution — in the control group. 15—20 min before
testing (for correction a possible stress reaction), a
selected load was attached to the rats. At the begin-
ning of the study, the animal was immersed in the
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Tect «BopIHYK/IEeHHOE IJIaBaHUE C TPYy30M» HPO-
BOJWJIM IIyTEM MOJIEJIMPOBAHUS BBIHYKJIEHHOTO
[JIABaHUSI «JI0 OTKa3a» U CTPOWJIM IO MPHUHIUILY
TIPEeABABIISIEMON TIJIABAaTEJIbHON HArpy3ku 70 ¢Gop-
MHPOBaHUSA BBIPAXKEHHOTO YTOMJIEHUS H OTKasa
JKUBOTHBIX OT JIJaJIbHEHIIIEr0 BHIIIOJTHEHUS IEHCTBHS.

Harpysky BeIOMpasy B COOTBETCTBUU CO CTAHAAPT-
HOH METOAWKOW IJIAaBAHHS JKUBOTHBIX C TPY30M —
10 % oT Macchl Tesia B TepMOoK0odopTHOI Bozie (28 °C).

JIabopaTOPHBIM *KUBOTHBIM IIOCJIE B3BEITUBAHUS
3a 149 JI0 HAaTPY3KH C IIOMOIIIO BHYTPHKETYIOTHOTO
30H/Ia TIePOPATILHO BBOJWIU B MCCJIEAYEMbBIX TPYII-
Iax pacyeTHyIO 03y HM3y4aeMoro Iperapara, a B
KOHTPOJIBHOU TpyTIIle — 3KBUOOBEMHOE KOJTUIECTBO
(dusmosornueckoro pactsopa. 3a 15—20 MHUH 10
HaJyaia TeCTUPOBAHUA (IS CIVIAKUBAHUS BO3MOXK-
HOU CTpecc-peaklui) K KpbicaM (PUKCUPOBAIIH
momoOpaHHBI TIpy3. B Hauame wuccienoBaHUs
JKUBOTHOE 0e3 pe3KUX IBIKEHUH IOTPYKaJIH B BOLY
Oacceiina. KpurepueM npekparnieHus UCCIeI0BaHUs
B TeCTe IIPe/IeJIbHOTO TIaBAHUS SBJISLIIOCH TTOTPYKe-
HYe KUBOTHOTO Ha JHO OacceiiHa. B 3ToT MOMeEHT
JKUBOTHOE W3BJIEKAJIM U3 BOJbBI, IIPOBOKIN 3a00pD
KPOBHU U3 TObA3BIYHON BEHBI B KOJIMUECTBE 1.0 MJI
U 3aTeM OOCYIITUBAJIN CYXUM IIOJIOTEHIIEM.

Imanvt uccaedosaHun:

1-Ii 9Tanm — Tan NoKOos (MCXOMHBIN): TPOBOAWIU
BCE UCCJIENOBAHUSA A0 GU3NUECKOU HATPY3KU.

2-if 3Tan — TecT «/lo oTkaza» (1-ii Harpy304YHBIN
TECT) — 4-U JIeHb BKCIIepUMeHTa. B mepBble TpU IHS
ZI0 BBITIOJTHEHUS TecTa «J[0 OTKaza» KPBICHI IOJIY-
YaJTH MEPOPAJIHHO B HCCJIEyEMBIX IPYIIIIaX pacyer-
HYIO0 7103y U3y4aeMOro Mperapara, a B KOHTPOJIbHOM
rpyIIIie — 3KBUOOhEMHOE KOJIMUECTBO (pu3pacTaopa.
HaxkaHyHe vccie1oBaHUSA JKUBOTHBIX HA HOUb OCTaB-
Jsi 6e3 KopMa Ipu cBOOOZIHOM JIOCTYIIE K Bojie. B
JIeHb IIPOBEJIEHUsI HCCIIeIOBAHUs (4-1i JIeHb) JKUBOT-
HBIM 3a 1 4 /IO Harpy3KH MEPOPaJIbHO BBOJWIU B
HCCIIeTyeMbIX TPYIIIIaX PACUETHYIO 103y U3Yy4aeMOTO
Ipernapara, a B KOHTPOJIBHOH TPYIIIle — 9KBHOOBEM-
HOE KOJIMYECTBO (pU3pacTBopa.

3-H aTam — MEPHUOJi MOCTHATPY30YHOTO BOCCTA-
HoBJIeHUs (5 AHel). B 3TOT mepuoji KpbICHI IIOJIY-
YaJTH MEPOPAJIPHO B HCCJIEyEMBIX IPYIIIIaX pacyer-
HYIO ZI03y U3y4aeMOro Mperapara, a B KOHTPOJIbHOM
IpyIIIle — BKBHOOBEMHOE KOJIMYECTBO (DPU3PaACTBOPA.

4-1 aTan — tect «/lo oTkaza» (2-i HATPY30UHBIN
TECT).

5-H 9Tam — MEpPUoJi MOCTHATPY30YHOTO BOCCTA-
HoBJIeHUs (5 IHEH).

6-i1 aTan — Tect «J{o oTkaza» (3-H Harpy304YHBIH
TECT).

7-W 3Tall — IE€PUOJ], ITOCTHArPY30YHOTO BOCCTA-
HoBJIeHus (5 THEH).

water of the pool without sudden movements. The
criterion for stopping the study in the forced swim-
ming test was the animal’s immersion on the bottom
of the pool. At this point, the animal was removed
from the water; blood was collected from the sublin-
gual vein in the amount of 1.0 ml, and then the ani-
mal was dried with a dry towel weight-loaded.

Study stages:

Stage 1 — resting stage (initial): all manipulations
were performed before the stress test.

Stage 2 — weight-loaded forced swimming test
(1st stress test) — the 4th day of the experiment. In
the first three days before the forced swimming test,
the rats in the study groups received orally the calcu-
lated dose of the studied substance, and in the con-
trol group — an equivalent volume of saline solution.
The day before the testing, the animals were left
without food overnight with free access to water. On
the day of the testing (4th day), 1 hour before the
stress test, the animals in the study groups were
orally administered the calculated dose of the stud-
ied substance, and in the control group — an equiva-
lent volume of saline solution.

Stage 3 — post-stress recovery (5 days). During
this period, the rats in the study groups received
orally the calculated dose of the studied substance,
and in the control group — an equivalent volume of
saline solution.

Stage 4 — weight-loaded forced swimming test
(2nd stress test).

Stage 5 — post-stress recovery (5 days).

Stage 6 — weight-loaded forced swimming test
(3rd load test).

Stage 7 — post-stress recovery (5 days).

Stage 8 — weight-loaded forced swimming test
(4th load test).

Stage 9 — period of residual effect of the studied
drugs on physical activity (after substance with-
drawal for 3 days after the 4th stress test).

The duration of the experiment was 25 days.
Since the blood loss in rats with a single blood draw
was less than 7% of the circulating blood volume, the
contribution of this parameter was not taken into
account.

Methods for studying the functional state
of erythrocytes:

Erythrocyte electrophoretic mobility (EEM) was
measured using our modified microelectrophoresis
method. A suspension of washed erythrocytes was
diluted with 10 mM Tris-HCI buffer (pH 7.4), and
EEM was measured by recording the time of erythro-
cyte passing a distance of 100 um in Tris-HCI buffer
pH 7.4 at a current of 12 mA. The EEM value was
determined by the formula:
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8-11 aTanm — Tect «/lo oTkaza» (4-1 Harpy304YHbIN
TECT).

9-11 3TAIl — IEPHO/T OCTATOYHOTO BJIMAHUA IIperna-
paroB Ha (QU3MYECKYI0 HArpysky (mocje OTMEeHBI
MIPEeIapaToB B TeUEHHUE 3 THEH MOCJIe 4-TO Harpy304-
HOTO TecTa).

ITpoIoKUTETPHOCTD DKCIEPHUMEHTA COCTaBUIIA
25 gHed. ITOCKOJIBKY TIpU OJHOKPAaTHOM 3abope
KPOBH KPOBOIIOTEPS ¥ KPBIC COCTABJIsIa MeHee 7 %
o0beMa MUPKYJIUPYIOIIEH KPOBH, BKJIAJ[ JAHHOTO
rapaMerpa He yIUTHIBAJICA.

Memoodst uccaedosaHusn GYHKYUOHANL-
HO20 COCMOSHUA IPUMPOYUMO8:

VsmepeHue 351eKTPOOPETHIECKON IOBUIKHO-
ctu sputponuToB (IPIID) mpousBogUIN METOIOM
MHKpO3JieKTpodope3a B cOOCTBEHHOU MoauduUKa-
nun. CycHeH3HI0 OTMBITBIX SPUTPOIUTOB Pa3BO-
muu 10 MM tpuc-HCl 6ydepa (pH 7.4) 1 uzmepsiin
SPIID, peructpupys BpeMs MPOXOKIAEHUS SPUTPO-
nuramu paccrosHus 100 MM B tpuc-HCl 6ydepe
PH 7.4 npu cune Toka 12 MA. Bestnuunay 9PIID onpe-
JleJisny o popmysie

U=S/TH,

rae S — paccrosiHue, Ha KOTOpOe IlepeMeliainch
KJIETKU;

T — Bpems niepeMelleHns;

H — rpaguenT nnoreHnuasa.

BesnmunHy rpajjueHTa MOTeHIUAIA ONpeAesIaan
o popmyie

H=1/gx,

rae I — cuita Toka;

g — TIOTIepeYHOoe CeUeHne KaMephl;

X — YZieJIbHAS 3JIEKTPOIIPOBOIUMOCTE CpeJibl [13].

Arperanuio SpPUTPOLUTOB W3yYaJM METOOM
ONTHYECKOH MHUKDPOCKOTHUU ITyTeM IO/CUETA OFU-
HOYHBIX 3PUTPOIIUTOB U UX arperatoB. B xauecTse
CTHUMYJIATOpPA Aarperamuy WCIOJIb30BAK PACTBOD
rosiyboro gexcrpana T-2000, 20 wr/mu (GE
Healthcare) B Tpuc-HCI 6ydepe (pH 7.4). OTMbITBIE
SPUTPOLUTHl Pa3BOAWIN PACTBOPOM JleKCTpaHa (B
COOTHOIIIEHNH 1:10 110 00BeMY), U B Kamepe I'opsieBa
MIO/ICYUTHIBAJIA YKCJI0O HEATPETMPOBAHHBIX 3PUTPO-
ruToB. OOIIee YHCIIO SPUTPOLUTOB B IPOOE CUUTATIN
B uzoronnuyeckom pacrsope NaCl. YpoBeHs arpera-
ouu A paccuuThIBAIN 110 hopmyte [14]

A =100 % — (Yucsio cBOOOTHBIX (HearperupoOBaHHbIX)
SPUTPOIUTOB *x OBIIEe YHCIIO SPUTPOIUTOB ™ X
X 100 %).

N3MepeHne KOHIEHTPAIUU afeHO3UHTPHUdOC-
dara (ATD), 2,3-mudocdormmnepara (2,3-1PI)
MIPOBOIMJIA HESH3UMATHYECKUM MeToZIoM [15]. Kon-

U=S/TH,
where S is the distance that cells passed;

T is the time of passing;

H is the potential gradient.

The potential gradient value was determined by
the formula

H=1/gy,

where I is current strength;

g is the cross section of the chamber;

¥ is the specific electrical conductivity of the
medium [13].

Erythrocyte aggregation was studied by optical
microscopy by counting single erythrocytes and their
aggregates. A solution of blue dextran T-2000,
20 mg/ml (GE Healthcare) in Tris-HCl buffer
(pH 7.4) was used as an aggregation stimulator. The
washed erythrocytes were diluted with a dextran
solution (in a ratio of 1:10 by volume), and the num-
ber of non-aggregated erythrocytes was counted in
the Gorjaev’s chamber. The total count of erythro-
cytes in the sample was calculated in an isotonic
NaCl solution. The level of aggregation A was calcu-
lated using the formula [14]

A =100% — (Number of free (non-aggregated)
erythrocytes x Total count of erythrocytes ~* x
X 100%).

The concentration of adenosine triphosphate
(ATP) and 2,3-diphosphoglycerate (2,3-DPG) was
measured using a non-enzymatic method [15]. The
concentration of ATP and 2,3-DPG was determined
in a supernatant after incubation of hemolyzed
erythrocytes with trichloroacetic acid (TCA). To
determine ATP, equal volumes of TCA filtrate, 2N
HCI and 2N NaOH were mixed. Inorganic phospho-
rus (Pi), which included Pi split off from ATP after
hydrolysis and Pi before hydrolysis, was determined.
To determine 2,3-DPG, nucleotides (ATP, adenosine
diphosphate (ADP), adenosine monophosphate
(AMP)) were removed from the TCA filtrate of hemo-
lyzed erythrocytes by activated carbon adsorption
followed by centrifugation. In the supernatant, Pi
was determined (test tube 1). Another part of the
TCA filtrate underwent ashing by adding 5% magne-
sium nitrate solution and 0.36N H,SO,. Pi was mea-
sured in the supernatant (test tube 2). Then, Pi was
measured in each test tube by recording the color
density with a KFK-3 photoelectric photometer
(A = 660 nm). The concentration of Pi was deter-
mined according to the calibration curve using a
standard solution of KH,PO,. The concentration of
2,3-DPG was calculated using the formula [16]

(Pi (test tube 1) - 100 — Pi (test tube 2) - 10) / 2.

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

81



Jleproeuna A.B. u dp. / Journal of Siberian Medical Sciences T. 8, N9 4 (2024)

nenTtpanuio AT® u 2,3-/1PT onpenesnanu B cyniepHa-
TaHTe I0CJIe WHKYOAIIMU reMOJIM3UPOBAHHBIX DPHU-
TPOLUTOB ¢ TpuxiopykcycHor (TXY) kwucioroi.
IIpu onpenenennu AT® cMmemmBanu paBHbIE 00B-
embl TXY dunbrpara ¢ 2H HCl u 2H NaOH. Ompe-
nensnu HeopraHudyeckuél docdop (PH), B cocras
KoToporo Bxonua PH, oTimenuBinuiics or AT® nocie
ruapoausa, u PH 1o ruaposnu3sa. Jlid onpeseneHus
2,3-10I' uz TXY c¢uapTpara reMoIU3UPOBAHHBIX
SPUTPOLUTOB yALLIu Hykiaeotunsl (AT®, ameno-
sugaudocdpar  (AIP), ameHoszuHMOHODOCDAT
(AM®)) nyrem ajcopbIuy Ha AKTUBUPOBAHHOM
yrjae ¢ TOCIeIyOUUM LeHTPpUdYTUpOBaHUEM.
B cynepuartanTe onpesiesnisiiu PH (mpobupka 1). JIpy-
ryio yactb TXY ¢uibTpaTa MoABEPragu 030JIeHHIO,
mobapiisia 5% pacTBOp HUTpara MarHus u 0.36N
H,SO,. B cynepuaranre usmepsuiu PH (pobupka 2).
Onpenesnsann PH B Kak/10i IpOOUPKE, PETUCTPUPYS
IIOTHOCTH OKpacKu Ha poToMeTpe HOTO3IEKTpUYE-
ckoM KOK-3 (A = 660 um). Konnentpanuio PH ompe-
eI TI0 KaIMOPOBOYHOH KPHUBOH, HCIIOJIB3YS
cranzaptabii pacrsop KH PO,. Pacuer xoHueHTpa-
nuu 2,3-/1OT mpoBoamu o ¢popmyJie [16]

(PH (mpobupxka 1) - 100 — PH (mpobupka 2) - 10) / 2.

KoHIeHTpamuio  MaJIOHOBOTO  JHAJIBAETH/A
(MITA) omrpezienisiyiu o oOpa3oBaHUIO OKPAIIIEHHOTO
TPUMETHHOBOTO KOMILJIEKCA C MAKCHMYMOM IIOTJIO-
IIeHUs TIPU 530 HM IIPU PeaKIuu ¢ THo6apOouTypo-
BOU KHUCJIOTOH. [l pacuera KoHIeHTparuu MJIA
HCIIOJIB30BIH KOAMDOUITUEHT MOJISIPHOU SKCTHHK-
mu E =1.56-105- M- cm [17].

Cratucrtuueckyio 06pabOTKy 3KCIIEPUMEHTATh-
HBIX JIJAHHBIX IPOBOJMJIM C KCIOJIb30BAHHEM IIPO-
rpammbl  Microsoft Excel. PaccuuThiBasim Takue
ImapaMeTphl, Kak cpegHee apudMeTnueckoe BbIOO-
POYHOH COBOKYITHOCTH M CTaH/IAPTHOE OTKJIOHEHIE
mo kputepuio CrTblofieHTa. Paziuyus CcUuTaIN
JTOCTOBEPHBIMU IIPHU YPOBHE 3HAYMMOCTH P < 0.05.

PE3YJIBTATBI 1 OBCYXKJIEHNE

Ananmu3 koHneHTpanuu AT® B spuTponurax
TOKa3aJl CAEAYONYI0 IUHAMUKY: TIPU (QPU3UIECKON
aKTUBHOCTU KOHIeHTparusa AT® cHuxanach co 2-ro
JTama MCC/IeJ0BaHUs U JI0 KOHIIA SKCIIEpUMEHTA, He
BOCCTaHaABJIMBASICH JI0 KCXOAHBIX 3HaYeHUH (TabJr. 1).
PXX u OPXK croco6¢cTBOBaIN MOBBIMIEHUIO KOHIIEH-
tpanuu AT® Ha Bcex sramax ucciaenoBaHud. [Ipu
cpaBHeHUM 3G GEKTUBHOCTH UCCIIEAYEMBIX BEIECTB
HauOoJiee 3HAYMMBblEe Pe3yJIbTaThl IIOKA3AJI0 JIeH-
ctBue OPXK-1500. Ero ucnosib3oBaHNEe MMO3BOJINIIO
TOCJIe 2 U 3-TO HarPy309YHOTO TECTA COXPAHUTDH KOH-
neaTpanuio AT® Ha ypoBHE MCXOMHBIX 3HAYEHUH
MPU CHIW)KEHUW JIAHHOTO IIOKa3aTesisi B KOHTPOJIb-

The concentration of malondialdehyde (MDA)
was determined by the formation of a colored trime-
thine complex with an absorption maximum at 530
nm during the reaction with thiobarbituric acid. The
molar extinction coefficient E = 1.56 - 105- M- cm™
was used to calculate the concentration of MDA [17].

Statistical processing of experimental data was
performed using Microsoft Excel. Parameters such
as the arithmetic mean of the set sample and stan-
dard deviation according to the Student’ test were
calculated. Differences were considered significant at
p < 0.05.

RESULTS AND DISCUSSION

An analysis of the ATP concentration in erythro-
cytes showed the following dynamics: during physi-
cal activity, the ATP concentration decreased from
the 2nd stage of the study until the end of the experi-
ment, not reaching to the baseline values (Table 1).
FO and OFO contributed to an increase in the ATP
concentration at all stages of the study. When com-
paring the effectiveness of the studied substances,
the most significant results were achieved with OFO-
1500. The use of OFO-1500 made it possible to main-
tain the ATP concentration at the baseline level after
the 2nd and 3rd stress tests with a decrease in this
indicator in the control group, and while after the 4th
stress test and after the discontinuation of the sub-
stance administration, to increase the ATP values
above the baseline level.

The dynamics of the 2,3-DPG concentration in
erythrocytes demonstrated an increase in this
indicator after the 2nd and 3rd stress tests in the
control group with a subsequent decrease relative
to the baseline level (Table 1). The use of FO and
OFO0-3000 determined maintaining the 2,3-DPG
concentration at the baseline level after the 2nd
and 3rd stress tests, comparable to the effect in the
control group — after the 4th stress test, and more
significant decrease in the metabolite compared to
the controls after substance withdrawal. The effect
of OFO-1500 determined a decrease in the concen-
tration of 2,3-DPG after the 3rd stress test and fur-
ther until the end of the experiment compared to
the baseline values. At the same time, an inverse
relationship was recorded between the dynamics
of changes in the 2,3-DPG concentration and the
ATP concentration in erythrocytes for all stages of
the experiment. Probably, the decrease in the con-
centration of 2,3-DPG occurred because of
increased ATP synthesis in the direct glycolysis
pathway.

An analysis of the EEM dynamics revealed its
increase in the experimental groups compared to the
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Ta6una 1. /luHaMuka usaMeHeHus KoHLeHTpanuu AT® (Mkmoub PH/mi kiaetok) u 2,3-JPT (MKkMosib PH/MJ KJ1eTOK)
B 3PUTPOLMTAX B UCCJIEAYEMbIX IpyNnax

Table 1. Dynamics of changes in the concentration of ATP (umol Pi/ml cells) and 2,3-DPG (umol Pi /ml cells) in erythrocytes

in the study groups

dran KoHTpoJib PK OPXK-3000 OPK-1500
Stage Control group FO 0F0-3000 0F0-1500
AT® / ATP
Ucxonubiii ypoBeHb / At baseline 2.19+0.19 217 +£0.18 2.12+0.18 2.14+£0.22
[Tocne Harpyso4yHoro Tecra
After the stress test
1 2.30+0.21 2.69 + 0.16* 2.36 £0.19 2.78 £ 0.12%*
2 1.21+£0.18% 1.61 £0.15% 2.05 + 0.14* 2.12+0.19
3 1.46 £ 0.15*% 1.64 £0.11% 1.86 £ 0.17#* 2.17 £0.16*
4 1.83 £ 0.20% 1.95+0.26 2.10+£0.37 2.78 £ 0.13#*
[Tocsie OTMEHBI BEIIECTB 1.71+£0.31 2.73 £ 0.13%* 2.88 £ 0.17%* 3.06 £ 0.16"*
After withdrawal of substances
2,3-10T" / 2,3-DPG
Ucxonubiit ypoBeHb / At baseline 11.71+1.98 11.15+1.87 11.27 +1.61 11.18 + 1.64
[Tocsie Harpy304HOTO TecTa
After the stress test
1 9.95+1.14 8.46 £2.03 6.28 +1.27* 7.60 + 1.81*
2 13.51 £1.27 11.68+1.42 13.52 £ 0.72* 10.73 £ 0.97
3 14.87 £ 0.37* 10.91 + 0.8* 11.52 £ 1.19* 8.49 + 1.03**
4 7.37 £ 1.57% 6.31 + 1.86" 9.92 +0.91* 5.36 £ 0.91*
[Tocsie OTMEHBI BEIIECTB 6.32 £1.32% 2.56 £ 0.34% 4.16 £ 0.297 2.91 £ 0.48"*

After withdrawal of substances

[IpumMeduanusa: AT® - agenosuntpudocoat; APT - gudochornuuepat; PH - pocdop Heopranmdeckuit; PXK - puioumii xxup; OPXK-
3000 - 030HUPOBaHHBIN pbIGUH KUP, 030HUAHOE Yuco — 3000; OPXK-1500 - 030HMpPOBaHHbBIN PBIGUH KUP, 030HUAHOE yncao — 1500.
*CTaTUCTHYECKH 3HaYUMble pa3inyus (p < 0.05) mo cpaBHEHHUIO C KOHTPOJIBHOM IPYIION; # cTaTUCTHYeCKH 3HaYMMBble pa3inyus (p < 0.05)

10 CPAaBHEHHIO C MHTAaKTHBIMH )KHBOTHBIMH (MCXO/HBIH yPOBEHb).

N o t e : ATP - adenosine triphosphate; DPG - diphosphoglycerate; Pi - inorganic phosphorus; FO - fish oil; OFO-3000 - ozonated fish oil,
ozonide value is 3000; OFO-1500 - ozonated fish oil, ozonide value is 1500.
*Statistically significant differences (p < 0.05) compared with the control group; * statistically significant differences (p < 0.05) compared with

intact animals (at baseline).

HOU TpyIIle, a Mocje 4-T0 Harpy30YHOrO TecTa W
1mocjie OTMEeHbl IIpernapaTroB IOBBICUTh 3HAUYEHUs
AT® BbIIIIE UCXOAHOTO YPOBHS.

JunHaMmuka koHUIEeHTpanuu 2,3-/{®I" B spuTponu-
TaXx MPOJAEMOHCTPUPOBAJa YBeJIUUYEHUE JIAHHOTO
ToKas3aTeJsis MOoCJe 2 U 3-T0 Harpy30YHOTO TecTa B
KOHTPOJIBHOH T'PYIINE C MTOCTIEAYIONIAM CHUKEHUEM
OTHOCHUTEJIbHO HCXOJHOTO YpOoBHS (cM. Tabs. 1).
HcnonwzoBanue PK u OPXK-3000 ompeaenunso
coXpaHeHHe KOHIleHTpauuu 2,3-J®I' Ha ypoBHe
HWCXOJTHBIX 3HAYEHUH IOCJIE 2 U 3-TO Harpy30YHOTO
TECTa, COIIOCTAaBUMOE C JIEHCTBUEM B KOHTPOJIbHOU
TPyIIIle — IOCJIEe 4-TO HAarpy304YHOTO TecTa u Oosee
BBIPAKEHHOE CHU?KEHNE META00JIUTA 10 CPABHEHHIO
¢ KOHTPOJIEM TIOCJIE OTMEHBI IIpernaparoB. BiausHue
OPXK-1500 ompefesnao CHUKEHUE KOHIIEHTPAI[UN
2,3-/I®T nocJie 3-ro HarPy304YHOTO TECTA U Jjajiee 710
KOHIIa KCIIEPUMEHTA 10 OTHOIIEHUIO K MCXOAHBIM
3HaYeHusAM. [Ipu 3TOM perucTpupoBaiach oopaTHast
3aBUCUMOCTh JINHAMUKU WU3MEHEHUs COJlep:KaHUs
2,3-1®T" oT IMHAMUKU U3MeHEeHUs KOHIIEHTpauu

control one, which was accompanied by a decrease in
erythrocyte aggregation (Table 2). Marked changes
in EEM were found in the groups of animals receiv-
ing FO and OFO-3000 from the 2nd stress test and
during further stages; in the OFO-1500 group — from
the 1st stress test. A decrease in aggregation was
recorded in the FO and OFO groups from the 2nd
stress test, while in the control group, an increase in
aggregation was observed after the 1st—3rd stress
tests.

Measuring the MDA concentration in erythro-
cytes revealed an increase in the parameter in all the
study groups with a maximal rise during the 2nd and
3rd stress tests followed by a subsequent decrease in
the index (Table 3). The use of OFO-1500 led to a less
significant increase in MDA compared to the other
study groups, both control and experimental. After
substance withdrawal, a decrease in the concentra-
tion of MDA below the baseline values was registered
in this group.
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Ta6auna 2. lunamuka 3PII (MkMm - cM - B!+ ¢!) u arperanuu aputpounToB (%) B HcCaeAyeMbIX IpyIIax
Table 2. Dynamics of EEM (um - cm - V- s1) and erythrocyte aggregation (%) in the study groups

JTan KoHTpo/1b PXK OP2K-3000 OPX-1500
Stage Control group FO OF0-3000 OF0-1500
JPI13 / EEM
Wcxonubiil ypoBeHb / At baseline 0.90 = 0.15 0.89 +0.10 0.85+0.10 0.87 £ 0.05
[Tocsie HAarpy304HOro TecTa
After the stress test
1 0.87 £0.10 1.02+0.20 0.98 £ 0.05 1.03+0.07*
2 0.88 £0.20 1.23 £ 0.04** 1.12 + 0.09* 1.25 £ 0.05*#
3 0.83 £0.10 1.32 £0.10** 1.22 £ 0.10* 1.37 £0.12*#
4 0.93 £0.20 1.38+0.11* 1.32 £0.10* 1.42 £ 0.14**
[Tocsie 0OTMeHBI TpenapaToB 0.86 £ 0.19 1.38 £ 0.12** 1.37 £ 0.11** 1.37 £ 0.06**
After withdrawal of substances
Arperanus sputpouuToB / Erythrocyte aggregation
Ucxonubiil ypoBeHb / At baseline 45+ 0.04 42 +0.06 43 +0.08 44 +0.12
[lepuoz nocJie HAarpy304HOTro TeCTa
After the stress test
1 47 + 0.05* 44 +0.08* 43 +0.09* 42 +0.11%
2 46 +0.02* 40 £ 0.03** 37 +0.05%* 36 + 0.08**
3 48 + 0.09* 37 £0.11* 32 +0.13* 30 +0.07**
4 44 +0.08 35+ 0.13** 29 +0.09*# 26 +0.13**
[Tocsie OTMEHBI IpenapaToB 46 +0.17 35+ 0.12% 33 +0.04** 30 + 0.06%*

After withdrawal of substances

IpumMedyaHnwu4da:

IPIID - anexTpodopeTHieckasi MOABUNKHOCTb 3pUTpouuToB; PX - pbi6uit »xup; OPXK-3000 - 030HUpPOBaHHBIN

pBIGUH )up, 030HUAHOE Yrcio — 3000; OPXK-1500 - 030HHpOBaHHBIN PBIOHH XKUP, 030HUAHOE Yucio - 1500.
*CTaTUCTUYECKU 3HaYMMble pas3inyus (p < 0.05) 1o cpaBHEHHUIO C KOHTPOJIbHOM IPyMIoi; ¥ cTaTUCTUYECKH 3HaYMMble passinyus (p < 0.05)

10 CPAaBHEHUIO C MHTAKTHBIMHU XKUBOTHBIMHU (MCXOJAHBIH YPOBEHD).
Note:
fish oil, ozonide value is 1500.

EEM - erythrocyte electrophoretic mobility; FO - fish oil; OFO-3000 - ozonated fish oil, ozonide value is 3000; OFO-1500 - ozonated

* Statistically significant differences (p < 0.05) compared to the control group; #statistically significant differences (p < 0.05) compared to intact

animals (at baseline).

AT® B spuTpoOIIUTax IIPpH BCeX BUAAX BO37EHCTBUA.
BeposiTHO, ymeHbIlleHUe KOHIeHTparuu 2,3-J0T
Mpou301ILI0 Ha ¢oHe NoBbIlIIeHHOTO cuHTe3a ATO B
NIPAMOM IIyTH IVIUKOJIN3A.

Perucrpanua punamuku IOIID BeiABUIA ee
IIOBBIIIIEHNE B OIBITHBIX I'PYIIaxX 10 CPaBHEHUIO C
IPYNIONA KOHTPOJIA, YTO COMPOBOXKAAIOCH CHUXKe-
HHUEM CTEIleHH arperanuy 3pUTPOIUTOB (Tabi. 2).
Bripakennsle nudmenenus1 OPI1I ObUIH MOTyUIEHBI B
rpynnax npu ucnosab3oBaHum PXK um OPXK-3000
HAYMHAsA CO 2-TO HATPY304YHOT'O TeCTa U Ha MOCJIeAy-
oKX sranax; B rpymnmne OPK-1500 — ¢ 1-ro Harpy-
30YHOTO TecTa. YMeHbIIIeHue arperaliiyd perucTpu-
poBasiocs B rpynne PXK u OPXK co 2-ro Harpysou-
HOTO TeCTa, TOrJla KAaK B KOHTPOJIBHOHM TIpyIIe
Ha0JII0/]aJIOCh YBeJINYEHUE arperayuy mocje 1—3-ro
HAarpy304HOT'O TecTa.

N3mepenue koHneHTparusa MJIA B spuTporiuTax
BBIAABWJIO POCT IIOKa3aTessd BO BCeX MCCIIeyeMbIX
IpyIIIax ¢ MAKCUMaJIbHBIM YBeJIMUEHUEM B XOJIe 2 U
3-TO Harpy304HbBIX TECTOB C IIOCJIEIYIOIIUM CHUKe-
HueM Inokasaress (tabu. 3). Mcnons3oBanne OPXK-
1500 NIPUBEJIO K MeHee BbIpakeHHOMY pocty MJIA

DISCUSSION

The data obtained demonstrate an increase in
lipid peroxidation (LPO) during intense physical
activity, which causes hyperoxia of muscle tissue
and overproduction of reactive oxygen species.
Activation of LPO disrupts the lipid bilayer of eryth-
rocytes [18]. LPO enhancement occurs due to the
influence of adrenaline [19], which causes the acti-
vation of phospholipase A, and, accordingly, an
increase in the content of lysoforms. In addition,
the decrease in the ATP concentration revealed in
the study can induce a decrease in the activity of
protein kinases. Alteration of protein phosphoryla-
tion-dephosphorylation cycles leads to derange-
ment of the lipid matrix. Accumulation of Ca?*, acti-
vation of Ca-dependent phospholipase A, and accu-
mulation of lysosomal fractions of phospholipids
and free fatty acids take place [18]. An increase in
the intracellular content of free calcium ions acti-
vates calpain-cysteine endopeptidase and cas-
pase-3, which leads to the transfer of phosphatidyl-
serine to the outer layer of the erythrocyte mem-
brane [20], and lysoforms, having high affinity for
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Ta6siupa 3. [JuHaMyKa KOHLeHTPaLMH MaJIOHOBOT'0 JHa/bJieTH/ia 3PUTPOLUTOB B UCCIEAYEeMbIX IPYIIaX, HMOJIb/MJI
Table 3. Dynamics of the malondialdehide concentration in erythrocytes in the study groups, nmol/ml

Jdran KoHTposib PiK OP2K-3000 OPX-1500
Stage Control groups FO OFO0 3000 OFO0 1500
Ucxonueiii ypoBeHb / At baseline  1.938 +0.143 1.946 + 0.385 1.951+0.124 1.943 £ 0.160
[Tocsie Harpy3o4HoOro Tecra
After the stress test
1 2.100 £ 0.051 2.225 +0.084* 2.388 £0.231* 2.101+£0.201
2 3.268 +0.1378* 2.880 + 0.536* 3.393 £ 0.050* 2.180 £ 0.091**
3 2.859 +0.072* 2427 £ 0.064** 3.247 £ 0.032** 2.467 £0.028*#
4 2.382 £0.130* 2.361 +0.133* 2.585 +0.080* 2.241 £ 0.050*

[Tocnie oTMeHBI IpenapaToB 2.322 +0.066*

After withdrawal of substances

2.110 £ 0.062*

2.489 £ 0.068 1.796 + 0.150**

[IpuMevyaHnusd:
pbI6UH )KUp, 030HUAHOE yucsio — 1500.

P2 - pu16uii xxup; OP2K-3000 - 030HMpPOBaHHBIN pEIGUH KU D, 030HHUAHOE YKcI0 — 3000; OPXK-1500 - 030HMpOBaHHBIN

#CraTHCcTHYeCKH 3HaUYMMble pa3nnyus (p < 0.05) mo cpaBHEHHIO € KOHTPOJBHOH IPYNIo; * cTaTUCTHYECKH 3HAaYMMble pas3inyus (p < 0.05)

10 CPAaBHEHUIO C MHTAKTHBIMHU XXUBOTHBIMHU (HCXOJHBIH YPOBEHD).
Note:

FO - fish oil; OF0-3000 - ozonated fish oil, ozonide value is 3000; OF0-1500 - ozonated fish oil, ozonide value is 1500.

# Statistically significant differences (p < 0.05) compared to the control group; * statistically significant differences (p < 0.05) compared to intact

animals (baseline).

110 CPaBHEHUIO APYTUMHU UCCIEyEMBIMU TPyHIIaMU
KaK KOHTPOJIA, TaK U ONBITHBIMU. [locie oTMeHBI
rpemnapata B JAaHHOU TpyIIle PErucTPUPOBAIIOCH
MOHMKeHUe KOoHIleHTpanun MJIA HUXKe HUCXOAHBIX
3HAYEHUH.

OBCYK/IEHUE

[TosyueHHble JaHHBIE AEMOHCTPUPYIOT yCUJIE-
HUE MPOIIECCOB ITEPEKUCHOTO OKUCIJIEHUS JIUITUI0B
(ITOJI) mpu WUHTEHCUBHOU (U3UUECKOU HATPY3KE,
YTO BBI3BIBAET TUIIEPOKCHIO MBIIEYHBIX TKAHEH U
n306bITOUHOE 06pa30BaHNE AKTUBHBIX (POPM KHCIIO-
poza. AxtuBanusa nponeccoB IIOJI Hapymiaer
JIUMUAHBIN OucsIol spuTponuToB [18]. Ycumenue
rporteccoB [TOJI mpoucxoauT mox AefcTBUEM afpe-
HaJIMHA [19], KOTOPBIA BBI3BIBAET aKTUBALUIO (OC-
¢dosnmmasel A, ¥, COOTBETCTBEHHO, POCT COZepKa-
Hus muzodopm. Kpome Toro, orMmeueHHOE B Hcce-
JIOBAaHUM CHUKeHUe KoHIeHTparuu AT® wmoxer
WHAYIIPOBATHh YMEHbBIIIEHEe aKTUBHOCTH ITPOTENH-
kuHa3. Hapymienune mporeccoB ¢ocdopuaupo-
BaHUA-TeDoCcHOPUITNPOBAHUSA OETKOB IIPUBOJIUT K
Jle30praHu3aIuy JUIHAHOTO MaTpukca. ITpoucxo-
aut Hakomrenue Ca?*, akrtuBanusa Ca-3aBUCHUMOM
dochonmunasel A, ¥ aKKyMyJIANMA JHU30(QPaAKIUG
dochomunuaoB U CBOOOAHBIX KHUPHBIX KHCJIIOT
[18]. IloBBIIIEHNE BHYTPUKJIETOYHOTO COAEPIKAHS
CBOOOTHBIX MOHOB KAJIBIIUA aKTHBHUPYET KaJIlIauH-
IUCTEUHOBYIO HHJIONENTH/Ia3y U Kaclaszy 3, UYTO
NPUBOAUT K IlepeHocy docdaTunmicepuHa Ha
BHEIIHIOI ITOBEPXHOCTh MeMOpaHbI 3PUTPOIUTA
[20], a tu30dopMBbI, 06/1a71a51 BBICOKHM CPOJICTBOM
K UHTerpajbHBIM OeJIKaM, BBITECHSIOT JpYTHe
JTAITUBI U3 OEJIKOBOTO OKPY’KEHU s, BBI3BIBAS IIepe-

essential proteins, displace other lipids from the
protein environment, causing redistribution of
membrane proteins, which ultimately changes the
erythrocyte membrane surface charge and, conse-
quently, EEM.

Changes in EEM affect the rheological proper-
ties of blood. A decrease in EEM during physical
exertion leads to an increase in erythrocyte aggre-
gation, which affects microcirculation, and blood
viscosity, that plays a significant role in the mani-
festation of tissue hypoxia [21]. Under these condi-
tions, 2,3-DPG, an allosteric regulator of hemoglo-
bin affinity for oxygen can make a certain contribu-
tion to the alleviation of tissue hypoxia. In our
experiments, an increase in the concentration of
2,3-DPG was noted after the 2nd—3rd stress test,
which determines a decrease in Hb-O, affinity and
promotes the release of O, from the Hb molecule in
tissues.

When discussing the mechanisms of FO, OFO
action during intense physical activity, it is neces-
sary to focus on several results obtained in the
study.

The use of FO and, to a greater extent, OFO-
1500, during physical activity caused a statistically
significant decrease in MDA in erythrocytes com-
pared to the control group. PUFAs are structural
and functional components of cell membranes [22],
which can promote the erythrocyte membrane
recovery and modulate lipid peroxidation during
physical activity. It has been shown that oral admin-
istration of n-3 PUFAs leads to the integration of
PUFAs in the composition of phospholipids of
erythrocyte membranes [23], changing the charac-
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pacnpejiesieHie MeMOpPaHHBIX OeJKOB, B WTOTe
MeHsEeTCs 3apsJi MeMOPaHbl SPUTPOIUTOB U, CJie-
JoBaTeIbHO, dPIII.

Nsmenenue IDOIID BiusAeT Ha PeOJOTHUECKUE
cBoricTBa KpoBu. OTMeUeHHOe NMpPU (PU3UUECKOH
Harpyske cHmxeHue JPIID BeneT K MOBBINIEHUIO
arperaiid 3PUTPOIUTOB, KOTOpas OKa3bIBAET
BJUSHUE HA MUKPOIUPKYJIANUIO, YBEJTHYUBAET
BAABKOCTH KPOBH, UTO UTPAET CyIIECTBEHHYIO POJIb
B IPOSIBJIEHUSIX TKAHEBOM rumokcuu [21]. B aTux
VCIIOBUSAX OIpENEeIeHHBIN BKJIAJ, B HUBEJIUPOBA-
HHU€ BO3HHUKAIOIIEH 'HIOKCUU TKAaHEW MOXKET BHO-
cuth 2,3-/OT", aysmocTepuIecKuH peryIsaTop CPOaI-
CTBa TeMOIJIOOWHA K KHCJI0pOoAy. B Hamwux skcire-
pUMeHTaX OTMEYEHO YBeJIMYeHUe KOHI[eHTPaI[uu
2,3-I®T" mocne 2—3-r0 Harpy304HOTO TECTa, YTO
onpezienser caumxenne Hb-O, adunnoCTH U CcIIo-
cobcTByeT BrIcBOOO)AeHMI0 O, u3 MoJiekyssl Hb B
TKaHAX.

O6cy>xnmas mexanu3Mmsbl JierictBus PXK, OPXK npu
MOBBIIIEHHON (U3NYECKOU AKTUBHOCTH, CJEAYET
OCTAaHOBUTHCH HA HECKOJIBKUX IIOJIyYeHHBIX B XO/€
paboTsI pe3yJibTaTax.

Hcnonp3oBanue npu pusnueckux Harpyskax P2K
U, B 6osblen creredn, OPYK-1500 BBI3BIBAJIO CTATH-
CTUYECKH 3HauuMoe cHukeHue MJIA B sputponu-
Tax [0 CPaBHEHUIO ¢ KOHTPOIbHOM rpynmnoi. ITHXKK
ABJIAIOTCA CTPYKTYPHBIMU U (PYHKIHOHAJIBHBIMU
KOMITOHEHTaMU KJIETOYHBIX MeMOpaH [22], uTo
MOXKET CIOCOOCTBOBATh BOCCTAHOBJIEHUIO MeEM-
OpaHbl SpUTPONUTOB U HuBenuposaTh [10JI mpu
(usnueckoin axkTUBHOCTH. [lokaszaHO, YTO IIEpO-
panbHbI npueM n-3 [THXKK npuBogut Kk BKIIIOUe-
muto ITHXKK B cocraB docdomunugos meMOpaH
SPUTPOIUTOB [23], U3MeHsA XapaKTEPUCTUKH MeM-
OpaH SPUTPOIUTOB, UTO BHIBBIBAET CHIDKEHHE HX
arperaiuu [24]. ITo Bcell BHAMMOCTH, CXOJHBIM
00pa3oM JIEHCTBYIOT U CPETHE- ¥ KOPOTKOIEMOYeY-
Hble JKK, koTopble 06pa3yioTcs B pe3ysIbTaTe 030HO-
nusa. [Ipu stom nevicteue OXKP-1500 ompezesnsier
HauMeHbIIlee OKUCIIUTEJbHOE JIelcTBUe Ha (oHe
(pusnueckoil Harpysku MO CPaBHEHUIO CO BCEMH
ucceselyeMbIMU TPYIIIaMU, TOT/Ia KaK UCI0JIb30Ba-
Hue OPJK-3000 mpuBOAUT K HAUOOJIBIIEMY IIPO-
1eccy JINIOTIEPOKCUAIINH SPUTPOIIUTOB. BeposaTHO,
TOJIyIEHHBIA 3(PdEKT 3aBUCUT OT KOHIIEHTPAIUHN
O30HHJIOB: MaJTble KOHIIEHTPAI[UH O30HUJIOB CTHMY-
JIMPYIOT TPOIlECC AHTHUOKCHUIAHTHON 3allUThI, a
0O0JIbIIIEe KOHIEHTPAIUH — YCYTYOJISIIOT OKUCJIEHIE
KJIETOK [16].

[Tpu ucnonb3oBanuu PXK u, B 60JIbIIEN CTENEHU,
OPXK 0ObUIO OTMEUEHO yBeJTMUYEHHE KOHIIEHTPAI[UHU
AT® 110 cpaBHEHUIO C KOHTPOJIBHOU rpyImoi. O30Hy
MPUCYI TUIOTJINKeMUUecKuil 3¢dekTt, 00ycmoB-

teristics of the latter, which causes a decrease in
their aggregation [24]. Apparently, medium- and
short-chain fatty acids, which are formed as a result
of ozonolysis, operate in a similar way. At the same
time, the effect of OFO-1500 determines the mini-
mal oxidative effect during physical activity com-
pared to all the studied groups, while the use of
OFO0-3000 leads to the maximal lipid peroxidation
in erythrocytes. Probably, the obtained effect
depends on the concentration of ozonides: low con-
centrations of ozonides stimulate antioxidant
defence, and high concentrations aggravate oxida-
tion in cells [16].

When using FO and, to a greater extent, OFO,
an increase in the ATP concentration was noted
compared to the control group. Ozone has a hypo-
glycemic effect due to the activation of glucose-6-
phosphate dehydrogenase. Thus, glucose absorp-
tion from blood plasma by erythrocytes increases
[25], which, apparently, contributes to a growth of
the intensity of glycolysis in erythrocytes. It is
known that an increase in the ATP concentration
in erythrocytes leads to phosphorylation of spec-
trin, ankyrin and protein 4.1R (erythrocyte mem-
brane protein band 4.1), weakening protein-pro-
tein interactions. Phosphorylation of cytoskeletal
proteins increases membrane deformability [26].
Probably, in the use of preparations of FO, the
deformability of erythrocyte membranes increases.
High deformability of erythrocytes facilitates
blood flow, which contributes to better microcir-
culation and tissue oxygenation. In addition, it is
known that deformities occur at the level of the
microcirculatory bed; erythrocytes release ATP
and cause an NO-dependent enhancement of blood
flow [27]. The increase in EEM and the decrease in
erythrocyte aggregation amid the FO and OFO
administration also contribute to the recovery of
microcirculation.

CONCLUSION

It was found that the use of FO and OFO effec-
tively modulated processes in erythrocytes caused by
the extreme physical exertion. Comparison of prepa-
rations of FO showed that the effect of OFO-1500
caused the most pronounced decrease in lipid per-
oxidation, increased glycolysis and decreased aggre-
gation of erythrocytes during in the weight-loaded
forced swimming test compared to FO and OFO-
3000.

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

86

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



Deryugina A.V. et al. / Journal of Siberian Medical Sciences Vol. 8, No. 4 (2024)

JIEHHBIA aKTUBaIMeHd TUII0K030-6-docdartmerunmapo-
resassl. [Ipu 3TOM ycuIuBaeTcs MOIJIOLIEHNE SPU-
TPOIIUTAMU TJIIOKO3bI U3 IIa3Mbl KpPOBHU [25], uTO,
0 BCEH BUUMOCTH, CIIOCOOCTBYET ITOBBIIIEHHIO
UHTEHCUBHOCTY  IJIMKOJIM3a B  SPUTPOIUTAX.
W3BecTHO, uTO NIOBBIIeHUe copep:xaHua AT® B apu-
Tporurax BezieT K ¢ochOopUINpOBaHUIO CIIEKTPUHA,
aHKUPUHA U OesKa IOJIOCHl 4.1, 0cyiabiisiss GeyoK-
GesikoBble B3anMojelicTBuA. DochopuarpoBaHue
0eJIKOB ITUTOCKeJIeTa yBeJNUHuBaeT Jedopmabersb-
HOCTh MeMOpaH [26]. BeposTHo, Ha HpoHE mpuMeHe-
Hus npemnapatoB PJK mosbimaercs gedopmupye-
MOCTh MeMOpaH 3PUTPOIUTOB. Bricokas nedopmu-
PYeMOCTh 3PUTPOLUTOB 00JIer4aeT KPOBOTOK, UTO
CIIOCOOCTBYET JIyUlllell MUKPOITUPKYJISAIUI U OKCHU-
reHanuu TKaHed. Kpome TOro, M3BEeCTHO, YTO IPHU
neopManuy Ha YpOBHE MHUKDPOIIUPKYJIATOPHOTO
pycia spUTpOIUTHI BbICBOO0KAAIOT AT® U BBHI3BI-
BaroT NO-3aBHCHMOe yBeIMUYeHHEe KPOBOTOKA [27].
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JKcCnEePpUMEeHTAIbHOE U3YYE€HHUE XPOHUYECKON TOKCUYHOCTHU
NernIMpoBaAaHHOTO UHTEep@depoHa JaaAMOo a-1

JI.A. Onetinuk, K.W. Epmos, B.E. 3abanosa, I'.11. baiikanos, K.1. baxapesa, M.C. CositaToBa,
A.O. KymiHapesko, A.A. Mysutaranues, A.Jl. PeibakoBa

HHH xaunuueckoll u sxcnepumenmanstoil aumgponozuu — guauan @I'6HY «Pedepanvhulil uccaedosamenvexuil
ueHmp HHecmumym yumoaoauu u eeHemuxu Cubupckozo omoeaeHus Poccuiickoil akademuu Hayx», Hogocubupck,
Poccus

AHHOTAIIUA

BBeneunwue. HUurepdpepons mambaa (MDPH-A), uzsectubie kak uuatepdeponst III tuma (MOH III Tuma), 1eMOH-
CTPHUPYIOT 3HAYUTEJIbHbIE IIEPCIIEKTUBBI B 00J1aCTH aHTUBUPYCHOH 3a1uThl. UOH-A cx03ku B CBOEl aHTUBUPYCHOMH aKTHB-
Hoctu ¢ U®H I Tuma, HO UMEIOT YHUKaJIbHbIE MEXaHU3MbI MHAYKIUK U QYHKIIMOHUPOBaHUS 6J1aro/iaps crenubuaHoMy
PACIIOJIOKEHUIO CBOMX pelenTopoB. Perentops! I Tuna sKenpeccupyroTes B G0IBIINHCTBE KJIETOK C AAPOM, PEIENTOPHI
NOH-A (IFN-AR1 mwn IL-28Ra) B OCHOBHOM OOHAPYKHUBAIOTCS B SIIUTEIUATBHBIX KieTKax. MOH-A MO3UIHMOHUPYIOTCS
KaK IepBasi JINHUSA 3aIIUTHI IPU MUKPOOHBIX aTaKax, II03TOMY CO3aHHe JIEKAPCTBEHHBIX IpenapaToB (JIIT) Ha uX OCHOBe
MIPE/ICTaB/IsIETCs BeChMa MEPCIEKTUBHBIM. YK€ CO37[aH MPOTOTUI sHTepanbHoro JIII Ha ocHoBe MDH-A, meruinpoBaH-
HOTO II0 TEXHOJIOTUU 3JIEKTPOHHO-Iy4eBOT0 CHHTE3a.

IT e 1 » . BaKcrmepuMeHTax in vivo U3y4IUTh 00IIMEe TOKcHUYecKue cBoiicTa JIIT NOH-A1 Ipu BHYTPHIKETYJOYHOM ITyTH
BBEJIEHUA.

MaTtepuanb u MeToO5b . JIII MOH-A1 BBOAWIN €XKeJHEBHO BHYTPIDKENYZOYHO B J103aX 2.6, 13.0 U
26.0 MKT/KT (1 Tepaneruueckas no3a (T), 5 T/] u 10 T/ cooTBETCTBEHHO) KpbIcaM U 2.6 u 13.0 MKr/Kr (1 T[] u 5 T/T) kpo-
JIIKaM OJIMH pa3 B JieHb B TeueHHe 180 gHel. J[03b! JIII paccUUTHIBATINCH JJIs KQKAOTO JKUBOTHOTO WHJIUBUJIYaJIbHO,
Hcxoz U3 Maccehl Testa. HabutozieHue 3a KpOJIMKaMU OCYIIeCTBIIANIOCH B TeueHUe BBeeHus JIIT (180 nHeil), a A1 KpbIc —
JTOTIOJTHUTEJILHO B TeueHue 30 IHeU TOoc/ie OKOHYAHUs BBeeHHUs (210 fHel). Y KUBOTHBIX OIEHUBAJIU IOKA3aTeTH
BUTAJIbHBIX (DYHKIIU, TOBEIEHYECKUE PEaKIUH, JJabopaTOpHbIe MapaMeTPhl KJIETOYHOTO U OMOXHMMHUYECKOTO COCTaBa
KPOBH, PE3YJIBTATHI 3JIEKTPOKapAuorpaduu, oKa3aTesa I reMornossa, narToMopdoaorndecKkrie Ipu3HaKy.
PesynbTartshl . Bxone uceaenoBanus He HAOIIONATIOCH JIETAIBHBIX UCXOZ0B. JKUBOTHBIE IEMOHCTPUPOBAIH CTa-
OWJIBHOE COCTOSIHYE 3/10POBbsI, 6€3 BUAMMBIX U3MEHEHUH B alllIeTUTe, BHEIIHEM BHJIe U [TOBeJleHUU. B xoze matomopdo-
JIOTUYECKOT0 aHAIN3a He O0OHAPYKeHO aHOMAaJINH, KOTOpble MOIVIM OBl yKa3bIBaTh HA HETaTUBHOE BO37IeiCTBHE BEll[eCTBa.
BrIsIBJIEHO 1OCTOBEPHOE CHUKEHHE MaCChl M K03 PUIIEHTa MacChl TUMYCA U CEJIE3€HKH Y KPBIC, ITOJIyJaBIIUX IIpenapaT
B J1o3e 26.0 MKT/KT 4epe3 180 JHeH BBeJ|eHH:A I10 CPAaBHEHHIO C COOTBETCTBYIOIIUM KOHTpoJieM. Uepe3 30 AHeH mocie
OTMEHBI IIperapaTa Macca 1 Ko3OQUINEHT MacChl TUMYCA U CeJIe3eHKH HOPMaJIM30BAIMCh BO BCEX TPYIINAX, I7e HabJIIO-
JIaJIACh OTKJIOHEHUs. MUKPOCKOIIMYECKO€e HUCCIIE0BAHNE BHYTPEHHHUX OPTraHOB KPBIC, IOJIYYABIINX MAKCHMAIbHYIO 03y
JITIT U®H-A1 (26.0 MKI/KT) Ha TIPOTsIKeHUU 180 IHEH, BBISBUIIO crienupUIecKie NU3MEHEHHUs B TUMYCE U CeJIe3eHKe, TPH
5TOM aHAJIU3 THMYCa U CeJIe3€HKHU y KPBIC, OJIyYaBUINX Gosiee HU3KYIO /103y JIIT IOH-A1 (13.0 MKT/KT), He BBIABUJ aHa-
JIOTUYHBIX ITATOJIOTUYECKUX U3MEHEHUN. JTO YKa3bIBAET HA BO3MOXKHOCTHh 3aBUCUMOCTH TOKCUYECKOTO BO3/IEHCTBUSA OT
J103bI TIpemnapaTa. Yepes 30 qHel nocae otMensl JIIT UOH-A1 Mmacca ¥ K09hUITMEHT MacChl TAMYCA U CeJIe3€HKH KPBIC,
IIOJIyYaBIIUX MaKCUMaIbHYO /103y JIIT IPH-A1, Bo3BpaIayiich K HOPMaJIbHBIM 3HAUEHUAM U He OTJIMYAJIUCH OT COOTBET-
CTBYIOLIETO KOHTPOJIA. Kak U y KpbIC, TaK M Y KPOJIMKOB IIOKA3aTeJIN IIPUPOCTA MACChI TeJla, epudepruyeckoil KPOBU U
COCTOSIHUSA KOCTHOTO MO3ra, OMOXUMHUYECKHe II0KAa3aTeIl ChIBOPOTKY KPOBH KaK Y CAMIIOB, TaK U Y CAMOK B OKCIIEDHMEH-
TaJIbHBIX ¥ KOHTPOJIPHBIX IPYIIIaX Ha IPOTsKEHHH BCETO HCCIeJ0OBAaHUA CyIIleCTBEHHO He oIndainchk. [Tatomopdoioru-
YeCKoe HCCiIeloBaHre He OOHAPYKUJIO U3MEHEHHH B TAKUX KPUTHUECKHM BAKHBIX OpPTaHAX, KaK MO3T, CEP/IIE, JIETKHUE,
IeYeHb U JPYTHE, UTO CBU/IETEJILCTBYET 00 OTCYTCTBUU HETATHUBHOTO BO3/IEHCTBUSA JIEKAPCTBA HA 3/I0POBbE U COCTOSTHUE
TKaHeU KPOJIUKOB.
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An experimental study of PEGylated interferon lambda-1 chronic
toxicity

L.A. Oleinik, K.I. Ershov, V.E. Zabanova, G.I. Baikalov, K.I. Bakhareva, M.S. Soldatova,
A.O. Kushnarenko, A.A. Mullagaliev, A.D. Rybakova

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

ABSTRACT

Introduction. Lambda interferons (IFN-A), known as type III interferons (type III IFN), demonstrate signifi-
cant prospects in the field of antivirus defense. IFN-A are similar in their antiviral activity to type I IFN, but have unique
mechanisms of induction and functioning because of the specific location of their receptors. Type I receptors are expressed
in most nucleated cells, IFN-A receptors (IFN-AR1 or IL-28Ra) are mainly found in epithelial cells. IFN-A are considered as
the first line of defense against microbial attacks, therefore, the development of IFN-A-based drugs seems very promis-
ing. A prototype of an IFN-A-based drug for enteral administration, PEGylated (polyethylene glycol) using electron beam
synthesis technology, has already been developed.

A im . To study the common toxic properties of the intragastrically administered IFN-A1-based drug in experiments
in vivo.

Materials and methods. ThelFN-Ai-based drug was administered daily intragastrically at doses of 2.6,
13.0 and 26.0 pg/kg (1 therapeutic dose (TD), 5 TD and 10 TD, respectively) to rats and 2.6 and 13.0 pg/kg (1 TD and 5 TD)
to rabbits once a day for 180 days. The doses of the drug were calculated for each animal individually, based on body weight.
Rabbits were followed-up during the drug administration (180 days), and rats — additionally for 30 days after the end of
administration (210 days). In animals, vital signs, behavioral reactions, laboratory parameters of cellular and biochemical
composition of blood, electrocardiography data, hematopoiesis parameters, pathomorphological signs were assessed.

R esults. Nodeaths were observed during the study. The animals showed a stable state of health, the absence of vis-
ible changes in an appetite, appearance, and behavior. During a pathomorphological examination, no abnormalities were
found that could indicate a negative effect of the substance. A significant decrease in the mass and mass coefficient of the
thymus and spleen was revealed in rats receiving the drug at a dose of 26.0 ug/kg after 180 days of administration compared
with the corresponding control. The thymus and spleen mass and the mass coefficient of the thymus and spleen normalized
30 days after drug withdrawal in all groups, where abnormalities were observed. A microscopic examination of the internal
organs of rats receiving the highest dose of the IFN-A1-based drug (26.0 ug/kg) for 180 days revealed specific changes in the
thymus and spleen, while analysis of the thymus and spleen in rats receiving a lower dose of the drug (13.0 pg/kg) did not
reveal similar pathological changes.This indicates the possibility of dose-dependent toxic effect of the drug. 30 days after the
IFN-A1-based drug withdrawal, the mass and mass coefficient of the thymus and spleen of rats receiving the highest dose of
the drug returned to the reference values and did not differ from the corresponding control. Both in rats and rabbits, the
indicators of body weight gain, peripheral blood and bone marrow, biochemical parameters of the blood serum in both
males and females in the experimental and control groups did not differ significantly throughout the study. The pathomor-
phological examination found no changes in such crucial organs as the brain, heart, lungs, liver, etc., which indicates the
absence of negative effect of the drug on the health and condition of the tissues of rabbits.

Conclusion. Basedon in vivo experiments to study the common toxic properties of IFN-A1-based drug in the
intragastric route of administration, it can be argued that the drug belongs to the 4th hazard class (GOST 12.1.007-76).
Keywords: chronic toxity, interferon lambda-1, PEGylation.
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BBEJIEHUE

B wHacrosiee BpeMms Bce OOJIBIINN WHTEPEC B
Tepanuy U IpopUIaKTHKe BUPYCHBIX 3a00I€BAHII
npuBiiekaer uHTepdepon (MPH) III Tuma,
IIOCKOJIBKY €ro CHCTeMa JEeMOHCTPHUPYET TOpPa3zio
00J1ee OTpaHIYEHHYIO KAPTUHY JIOKAJIU3AIlUH, OTpa-
HUYUBAsACh CJIMBUCTHIMU O00OJIOUKAMHU M aHATOMHU-
YyeCKHMMHU OapbepaMu, YTO CHIIKAET PUCK BO3MONK-
HBIX NMOO0YHBIX 3ddekToB [1, 2]. B To ke Bpems
umenHo VOH III Ttuma mepBbIMU UHIYIUPYIOTCS
[IPY BUPYCHOU UHQEKITNHU U SABJISIOTCSA JOMUHUPYIO-
MU UHTep(EpOHAMH B IEPBUYHOM ITPOTHBOBU-
pycHoMm otBeTe [ 3, 4]. Hapymenusie peakiuu UOH 1
u I Tuma cranm axuaIecoBO MATOU y MTAIUEHTOB C
COVID-19 — BbIpaboTKa 1 aKTUBHOCTHh UHTEP(DEPO-
HOB Y HUX ObUIM IIOZJaBJIEHBI, B PE3YJIbTATE YETO PA3-
BUBJIOCH TsKesnoe 3abosieBaHue, W HaOIIOMAIICA
BBICOKUU PUCK KPUTHYECKON IMHEBMOHUU U CMEPT-
HocTH [5]. B Poccuu pazpaboraHa yHUKaJIbHAA TeX-
HOJIOTUS DJIEKTPOHHO-JIYUEBOTO IETUIHPOBAHUS,
MIO3BOJIMBIIAS CO37[aTh IMETHJINPOBAHHYIO (GOpMYy
N ®H-A1, KOTOpask UMEET BBICOKYIO OHMOJIOCTYITHOCTD
IIpU DHTEPAJIHLHOM BBefieHUU [6, 7]. B AO «Cubup-
CKUH TIeHTp (apMaKOJIOTHH U OHOTEXHOJIOTHU»,
r. HoBocubupck, co3maH jlekapcTBeHHBIH ITpenapaT
(JIIT) Ha ocHOBe pekombuHaHTHOTO DH-A1, meru-
JIMPOBAHHOTO 10 TEXHOJIOTUH 3JIEKTPOHHO-JIyIEBOTO
cuHTe3a. CxeMa MOJIydeHuUs U IOCJIeAyIOero meru-
JINPOBAHUS YEJIOBEYECKOTO T'eHHO-WH)XXEHEPHOTO
HN®H-A1 oncana B matente PO Ne 2678332. Boico-
Kasg TuApoQUIBHOCTh HOMUITHIeH KON ([19T)
3HAYUTEJILHO BIIUSET HA PUBUKO-XUMIUIECKHE CBOH-
cTBa 0eKOB, MOAUGMUITTPOBAHHBIX STUM COE/IMHE-
HueM. II9T cocobeH mpuTArHBaTh BOAy OGyiarojaps
HQINYHIO aTOMOB BOJIOPOZIAa, KOTOpBIe 06pasyioT
BO/IOPOJTHBIE CBS3H C 2-3 MOJIEKYJIaMU BOJBI HA KaXK-
niyto Mostekysy II9T. 9to co3maet BOKPYT METHIHNPO-
BaHHOTO 0OeJyiKa Tak HAa3bIBa€MOE BOJHOE O0JIAKO,
VBEJIMYUBAS €r0 TUAPOAMHAMHYECKUU PaJHyC.
Takoe yBesmueHNe pasuyca CriocoOCTByeT IOBBIIIIe-
HUIO PAaCTBOPUMOCTH M OHOJOCTYIMHOCTH Oeska, a
TaKKe 3aIIUIIAeT ero OT Pa3pylIeHus] WMMYyHHOH
CUCTeMOU Uepe3 MeXaHU3MbI (HaronuTos3a 1 OICOHH-
3anuu. V3yueHa mpoTUBOBUPYCHAsI aKTUBHOCTE JITI
HN®H-A1 B oTHOIIEHUH BUPYCcOB rematuta C, ajieHo-
BUpyca u Bupyca repreca, SARS-CoV-2 [8-10].
YcranoBnensl mapaMerpbl apmakokuHeruxu JIIT
VN ®H-A1 mpu sHTEpaIbHOM IyTH BBeferHwst [11]. Co3-
JlaHVe perucTpanuoHHoro focke JIII mpexycmartpu-
BaeT TIIAaTeJIbHOE U3yYeHHe TapaMeTPOB TOKCUYHO-
cti. OQHUM U3 BOKHEHUIITNX €er0 KOMIOHEHTOB SIBJISA-
€TCs DKCIIEPUMEHTAIBHOE U3yUYeHHe OOIIeTOKCHYe-
CKOro JieiicTBuA B dhopMaTe HCCaeA0BAaHUN XPOHU-
YeCcKO’ TOKCUYHOCTH [12].

INTRODUCTION

Currently, type III interferon (IFN) is attracting
increasing interest in the treatment and prevention
of viral diseases, since its system demonstrates
much more limited localization pattern (namely,
mucous membranes and anatomical barriers),
which reduces the risk of possible side effects [1, 2].
At the same time, it is type III IFNs that are the first
to be induced in viral infection and are the domi-
nant interferons in the primary antiviral response
[3, 4]. Impaired IFN type I and III reactions became
the Achilles heel in patients with COVID-19 — the
production and activity of these interferons were
suppressed, resulting in severe disease and a high
risk of severe pneumonia and mortality [5].
A unique technology of electron beam PEGylation
(polyethylene glycol) has been developed in Rus-
sia, which made it possible to create a PEGylated
form of IFN-A1 with high bioavailability in intra-
gastrical administration [6, 7]. In the Siberian Cen-
ter of Pharmacology and Biotechnology (Novosi-
birsk) a recombinant IFN-A1-based drug, PEGylated
using electron beam synthesis technology, was
developed. The method for obtaining and subse-
quent PEGylation of the human genetically engi-
neered IFN-A1 is described in RF Patent
No. 2678332. The high hydrophilicity of PEG sig-
nificantly affects the physico-chemical properties of
proteins modified with this compound. PEG is able
to attract water due to the presence of hydrogen
atoms which form hydrogen bonds with 2-3 water
molecules per each PEG molecule. This creates a
so-called water cloud around the PEGylated pro-
tein, increasing its hydrodynamic radius. The
increase in radius improves the solubility and bio-
availability of a protein, and also protects it against
destruction by the immune system through the
mechanisms of phagocytosis and opsonization. The
antiviral activity of the IFN-A1-based drug against
hepatitis C virus, adenovirus and herpes virus,
SARS-CoV-2 has been studied [8—10]. The phar-
macokinetic parameters of the IFN-A1-based drug
in enteral administration have been determined
[11]. The development of a registration dossier of a
drug provide for a thorough study of the parame-
ters of toxicity. One of its most important compo-
nents is the experimental study of the common
toxic effect in the context of chronic toxicity [12].

AIM OF THE RESEARCH

To study the common toxic properties of the
intragastrically administered IFN-A1-based drug in
experiments in vivo.
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ITEJIb UCCJIEJIOBAHUSA

B skcniepuMeHTax in Vivo U3yYUTH OOIIINE TOKCH-
yeckue cBoricTBa JITT UOH-A1 pu BHYTPHIKETYA0U-
HOM IIyTH BBEJICHUA.

MATEPUAJIBI 1 METO/AbI

IKCIEePUMEHTHI TPOBEIEHBI Ha 120 ayTOPEIHbIX,
KOHBEHITMOHAJIBHBIX KPhICAX MacCoH 270—340 T (110
60 camMIOB U 60 CaMOK) U 24 KPOJIMKAaX MacCou
2500—3000 T (10 12 caMI0B, 12 CaMOK) II0 CXeMaM,
MIpEeJICTAaBJIEHHBIM B Ta0JI. 1 ¥ 2, B CJIEAYIONIUX JJO3HU-
POBKax: TepareBTHUECKas 03a 2.6 MKT'/KT, CpeIHS
Jlo3a 13.0 MKT/KT, BbICIIas 7103a 26.0 MKT/Kr. KoH-
TpOJIbHAsA TpyHIa KpbIC BKIOUasa 30 ocobei
(15 cammioB u 15 caMmok). KoHTpoJIbHas Tpynma Kpo-
JINKOB BKJIIOUasia 8 ocobel (4 camIiia M 4 CaMKH).
B Teuenme 180 JHEH KaKJOMy >KUBOTHOMY €3Ke-
JITHEBHO BBOJWJIACH 71032 TECTUPYEMOTro WiIH pede-
PEHTHOTO JIEKAPCTBEHHOTO CPEJICTBA BHYTPHIKEITY-
JlouHo. [lmaHoBast 3BTaHA3US KPBIC IPOBOIMIJIACH HA
90, 180 1 210-1 JIeHb SKCIIEPUMEHTA, KPOJIMKOB — Ha
180-1i IeHb SKCIIEPUMEHTA.

B xoj1ie uceeoBaHUA KpbIicaM M KPOJIUKAM IIpe-
rmapaT BBOJWJIM BHYTPIIKETYJOYHO €KETHEBHO Ha
MPOTsKEeHUHU 180 JHEH B 103aX COOTBETCTBEHHO 2.6,
13.0 ¥ 26.0 MKT/KT JJIs1 KPBIC, a JIJIST KPOJIUKOB — 2.6
U 13.0 MKr/Kr. JI03UpOBKa OIpeJiesisiyiach HHAUBHU-
JIyaJTbHO JIJISI KasKIOTO KUBOTHOTO, UCXOMS U3 €r0
Macchl Tesa. I[Ipemapar roTOBWIH, CYCIEHJIUPYS B
HebospIoM 00beMe dochaTHO-coeBoro Oydepa,
IIPY 3TOM MaKCUMaIbHbBIH 00beM UHBEKITUN He TIpe-
BBIIIAT 4—5 MI. HabiomeHne 3a COCTOSIHHEM
JKUBOTHBIX IIPOBOJIMJIOCH B IIEPHO]T BBEJIEHUS IIpe-
mapata ¥ B TeueHue 30 JHEH Iocje 3aBepIIeHus
Kypca iyt Kpbic. Habiio/ieHue 3a COCTOSTHHEM 3710~
POBBSI JKUBOTHBIX BKJIIOYAJIO €KEHEBHBIE OCMOTPHI
YTPOM U BEUEPOM JIJisl BBISIBJIEHUS ITPU3HAKOB TOK-

MATERIALS AND METHODS

The experiments were carried out on 120 conven-
tional outbred rats weighing 270—-340 g (60 males
and 60 females) and 24 rabbits weighing 2500—
3000 g (12 males and 12 females each) according to
the design presented in Tables 1 and 2, in the follow-
ing dosages: the therapeutic dose is 2.6 pg/kg, the
average dose is 13.0 pg/kg, the highest dose is
26.0 ug/ kg. The control group of rats included
30 animals (15 males and 15 females). The control
group of rabbits included 8 animals (4 males and
4 females). During 180 days, each animal was admin-
istered a daily dose of the studied or reference drug
intragastrically. Planned euthanasia of rats was per-
formed on the goth, 18oth and 210th days of the
experiment, rabbits — on the 180oth day.

During the study, the drug was administered
intragastrically to rats and rabbits daily for 180 days
at doses of 2.6, 13.0 and 26.0 pg/kg for rats and 2.6
and 13.0 pg/kg for rabbits, respectively. The dosage
was determined individually for each animal based
on its body weight. The drug was prepared by sus-
pending in a small volume of phosphate-buffered
saline, while the maximal administered volume did
not exceed 4—5 ml. The animals were followed up
during drug administration, and for 30 days after
withdrawal of the drug in rats. Animal health moni-
toring included daily examinations in the morning
and evening to identify signs of toxicity or deteriora-
tion of health, including the fatal outcomes record-
ing. The examinations were performed in the cages
or on an open surface when necessary. Regular clini-
cal examinations of animals from all groups were
performed every week throughout the study, includ-
ing the assessment of excretion, state of hair, skin,
mucous membranes, appetite, respiration and
behavioral reactions. Special attention was paid to

Ta6smna 1. /lusaiiH sKcliepUMeHTa 110 U3y4YeHUI0 XxpoHudeckoi TokcuyHocTH JIIT UPH-A1 Ha kpbicax pU 0OJHOPA30BOM
eXXeJ/IHeBHOM BHYTPMKeJIyZJ0YHOM BBeJleHUH Npenapara B TedeHue 180 fHelt
Table 1. The design of an experiment to study the chronic toxicity of the IFN-A1-based drug in rats with a single daily

intragastric administration for 180 days

Ko/sim4yecTBO )KMBOTHBIX B rpynmne
Number of animals in the group

El;z{llﬂa ﬁzzz Al /I;l{dDH-ll, Ll 90-ii 1eHb 180-ii njeHb 210-i1 feHb

P » HB/KE 90th day 180th day 210th day
3 ? 3 ? 3 ?

KouTpossb / Control 0 5 5

TepaneBTuueckas 103a

Therapeutic dose 2.6 > 5 5 5 5 5

Cpennss gosa / Average dose 13.0 5 5 5 5 5 5

Bricuias fo3a / Highest dose 26.0 5 5 5 5 5 5
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Ta6smmua 2. /[M3aiiH aKciepyuMeHTa 10 U3Y4eHHUI0 XPOHHYeCKOH TokcuuyHOoCcTH MPH-A1 Ha KposiMKax NpH eXXeJHEBHOM
0/IHOPa30BOM BHYTPH)KeJIyJOYHOM BBeJIeHUM NpenapaTa B TedeHue 180 gHe
Table 2. The design of an experiment to study the chronic toxicity of the IFN-A1-based drug in rabbits with a single daily

intragastric administration for 180 days

KoJ1-BO )KMBOTHBIX B rpynimne

Tpynna Ao3za Il UPH-A1, MKr/KT  Number of animals in the group
Group Dose, pg/kg

3 ?
KonTtposn / Control 0 4 4
TepaneBTHuyeckas mo3a / Therapeutic dose 2.6 4 4
Briciias go3a / Highest dose 13.0 4 4

CUYHOCTH WJIH YXY/AIIIEHUS 3I0POBBs, BKIIOUas PUK-
CAIHIO CIIYYaeB JIETATBHOTO Mcxoza. OCMOTPHI Ipo-
BOJIMJIUCh HEIIOCPE/ICTBEHHO B KJIETKAX HJIM Ha
OTKPBITOH TOBEPXHOCTHU IIPU HEOOXOITUMOCTH. Pery-
JISIPHBIE KJIMHUYECKHUE OCMOTPHI KUBOTHBIX U3 BCeX
TPYIII BBIIOJIHSJINCH KOKIYIO HEJIEI0 Ha IIPOTSKe-
HUU BCETO UCCJIEZIOBAHUS, BKITIOUAs OI[EHKY DKCKpe-
[IU¥, COCTOSTHUS IIEPCTH, KOXKH, CJIU3UCTHIX, aIlIe-
THTA, AbIXaHUA U MOBeAeHUYECKUX peakiui. Ocoboe
BHUMAaHNe YZe/IsJIOCh U3MEHEHUSIM B aKTUBHOCTH,
BO3OYQUMOCTH, IIOXOAKE U JIPYTUM BU3YaJIbHO
3aMETHBIM IIPU3HAKAM.

Jlns aHaymu3a J1abOpaTOPHBIX IIOKazaTeaed u
mepes BBIMIOJTHEHWEM dBTaHasuu (mepexn 90, 180,
210-M /IHEM 5KCIIEDUMEHTA) JKUBOTHBIE OCTABAJINCH
6e3 KopMa Ha HOUb. TeMmepaTypy Teyia U3MePsIIH 3a
JIEHD JIO 9BTAHA3WH C UCII0JIb30BAHUEM PEKTAIHBHOTO
3JIEKTPOHHOTO TepMoMeTpa. JIabopaTopHbIe HCcIie-
JIOBaHUs TPOBOJIMJINCh B HECKOJIBKO 3TamoB. JlJis
KpBIC Ha 90, 180, U 210-1 JIeHb, 1JIs KPOJIMKOB — Ha
90 u 180-1 JileHb. 3a00p KPOBU Y KPBIC IIPOBOHIICS
13 XBOCTOBOU BEHBI, & Y KPOJIMKOB — Yepe3 KPaeByIo
VIIIHYIO BEHY C HCII0JIb30BAaHUEM MUKPOKIOBET 00be-
MOM 0.2 MJI /IS TEMATOJIOTHYECKOTO aHAIN3aTopa
Mythic 18 Vet u GuoxumMuUecKkoro aHaauzaTopa u
HMOHCEJIEKTUBHOTO aHAIN3ATOPA 3JIEKTPOJIUTOB. [[J1s1
OILIEHKH KOCTHOMOB3TOBOTO KPOBETBODEHUS HCIIOJIb-
30BaJICSI METOJ| TOZCUETAa MUEIOKAPUOIUTOB U3
O6enpenHoi koctu. [Toueunslii MeTaboIN3M y KPBIC
aHAJIM3UPOBAJICA II0 MOKA3ATeJIAM CyTOUHOTO JIHY-
pe3sa, coziep:KaHusI TJII0KO3bI, GHINPyOHA, KETOHOB,
VZIeJIbBHOU TJIOTHOCTH, CKPBITOH KPOBH, OeJiKa, ypo-
OWJIMHOTE€Ha, HUTPHUTOB, JIEHKOIIUTOB, a TaKKe
ypoBHIO pH MOYH C UCIOJIb30BAHHEM aBTOMATHYe-
CKOTO aHAJIM3aTOpPa MOUYH U TECT-TIOJIOCOK. BomHyIo
HAarpy3Ky OCYIIECTBJISUTM IIyTEM BHYTPUIKEIY/I0U-
HOTO BBeZIEHUs IUCTUUIMPOBAHHOHN BOJIBI, PACCUH-
TAHHOU KaK 2% OT MacChI TeJIa JKUBOTHBIX.

OyHKIIMOHAJIPHOE HCCJIE/IOBAHUE CEP/IEYHO-
COCYIUCTOH CUCTEMBI KPBIC IPOBOJIUIIOCH 32 JIEHD /IO
IUIAHOBOW 3BTAHA3UU B KaKJIOH U3 DKCIIEPUMEH-

changes in activity, excitability, gait and other visible
signs.

To analyze laboratory parameters and before
euthanasia (before the goth, 180th, 210th day of the
experiment), the animals were not fed overnight.
Body temperature was measured rectally the day
before euthanasia using an electronic thermometer.
Lab tests were performed in several stages: for rats,
on the goth, 180oth, and 210th day; for rabbits, on the
goth and 18oth day. Blood samples in rats was drawn
from the tail vein, and in rabbits, through the mar-
ginal auricular vein using 0.2 ml micro cuvettes for a
Mythic 18 Vet hematological analyzer, and biochemi-
cal analyzer, and ion selective-based electrolyte ana-
lyzer. To assess bone marrow hematopoiesis, the
method of counting myelokaryocytes from the femo-
ral bone was used. Renal metabolism in rats was
assessed by the indicators of 24-hour diuresis, glu-
cose, bilirubin, ketones, specific gravity, occult blood,
protein, urobilinogen, nitrites, leukocytes, as well as
urine pH values using an automated urine analyzer
and test strips. The water load was performed by
intragastric administration of distilled water calcu-
lated as 2% of the body weight of the animals.

A functional study of the cardiovascular system
of rats was performed one day before the planned
euthanasia in each experimental group. Electrocar-
diograms (ECG) were recorded on a Poly-Spectrum-
8/V device using the standard lead-II at an amplifi-
cation of 1 mV = 20 mm, and a recording speed of
50 mm/s. Data was processed in Poly-Spectrum pro-
gram.

The effects on the central nervous system (CNS)
of rats were studied by observing their behavior in
the open field test.

Pathomorphology and histology. Immediately
after the autopsy, the organs were taken for further
study. The tissues were fixed, dehydrated, impreg-
nated with paraffin and embedded in paraffin blocks.
Using a microtome, serial thin sections of tissues
with a thickness no more than 5 pm were made which
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TJIBHBIX TPyHI. IJeKTpokapauorpaMmer (KT
3allUCHIBAJINCh C IOMOIIbI0 ycTpoiicrBa «Ilosm-
CnekTp-8/B» BO BTOpOM CTaHAZJapTHOM OTBEJIEHUU
IIPH YCWJIEHWH 1 MB = 20 MM W CKOPOCTH 3alucH
50 MM/c. O6paboTKa TaHHBIX BBINOJHSIACH B IIPO-
rpamme «Ilonu-Crexrp».

VisydyeHre BIIMAHHA HA IIEHTPATIBHYIO HEPBHYIO
cucremy (ITHC) xpbIc IpOBOAMIIOCH IIyTeM HaOJTIO-
JIeHUsA 3a WX IOBEJIEHHEM B 3KCIIEPUMEHTATbHOU
YCTaHOBKE, U3BECTHOH KaK «OTKPBITOE IIOJIE».

[Tatomopdosnorus u rucronorus. Hemnocpen-
CTBEHHO IIOCJIe BCKDBITUA 3a0Upajy OpraHbl I
JlaJbHEHIIero uccyieoBalma. TkaHN GUKCHPOBAIIH,
JeTH/IPATUPOBAJIY, IPONUTHIBAIN HapapuHOM U
BCcTpauBaIM B napaduHOBble 6si0kH. C IOMOIIBIO
MHKDPOTOMa FOTOBIJIM CEPUIHBIE TOHKHE CPE3bI TKa-
HEW TOJIIIIMHOU He 0oJiee 5 MKM, KOTOpbIE 3aTeM
OKpaIlIMBaIN FeMaTOKCUJIMHOM U 03MHOM. AHAJIN3
U OIleHKa MOP(OJIOTHYECKOTO COCTOSHHA TKaHEH
IIPOBOJIWJIUCH C MCIIOJIb30BAHUEM CBETOBON MUKPO-
CKOIIMH, YTO TO3BOJISJIO JETaJIbHO H3YUYUTH CTPYK-
TYpHbIE U3MeHEHU B 00pasax.

PE3YJIBTATDBI 1 OBCY KAEHUE

B uccienoBaHuy Ha KpbIcax, OIEHUBABIIIEM XPO-
HHUYeckylo TokcuyHocTh JIII MOH-A1  (musaitn
HCCIeIOBaHUA CM. B Tabj. 1), He HaOJII0IaI0Ch
JIeTJIbHBIX KCXO/I0B B TeUeHHe BCero Iepuoja
TeCTUPOBaHUsA. KUBOTHBIE JEMOHCTPUPOBATIU CTa-
OMJIBHOE COCTOSIHHE 37I0POBbs, 6€3 BUAUMbBIX U3Me-
HeHUH B alllleTHTe, BHEITHEM BUJle U ITOBEIEHUMU.
PerysisipHble U3MepeHUsT Macchl Tesa, a TAKXKe aHa-
JIN3BI COCTOSTHHS KPOBU U JIPYTHE OHOXUMUYECKHE
[I0OKa3aTejid He BBIABUIN 3HAUNUTEIBHBIX OTIMUMUH
MEX/y SKCIIEPUMEHTATBHBIMA W KOHTPOJIbHBIMH
rpynnamMu. JTo YKa3bIBaeT Ha OTCYTCTBUE CEPbE3HOM
TOKCUYHOCTU IIpellapata B TedeHUe JJIUTEHHOTO
BPEMEHH ero IpUMeHeHHUsI.

B mpoBemeHHOM MaTOMOPGOJIOTHIECKOM aHAa-
JIM3e B paMKax HCele/IOBaHUA XPOHUYECKOH TOKCHY-
Hoctu mpenapata JIIT M®H-A1 Ha kpbicax He 0OHA-
PY’KEHO aHOMAJIMH, KOTOPbIE MOTJIU ObI YKa3bIBaTh
Ha HeraTHBHOe BO3/ielicTBUe BellecTBa. [leTabHBIH
OCMOTP BKJIIOUQJI OII€HKY BHEIIHErO COCTOSHUS
JKUBOTHBIX, YEPEITHOW, TPY/THOU, OPIOIITHON U Ta30-
BOM TIOJIOCTEH, a TaKKe CKEeJIETHO-MbBIIIEUHOH
cucreMbl. VceenoBanus IpoBOAMINCH HA 90, 180 U
210-H JIeHb IIOC/Ie Havyasla IpUMeHEHUs Ipenapara.
Pe3ysbTaThl MOATBEPAWIN XOPOIIYIO II€PEHOCHU-
moctb JIIT UDH-A1 1 OTCYyTCTBHE XPOHUUECKOU TOK-
CHUYHOCTH, YTO JIeJIAeT ero MOTeHIINaIbHO Oe3ormac-
HBIM JIJIS1 JUIUTEJIBHOTO UCIIOIb30BaHMS.

B3BemBaHre OCHOBHBIX BHYTPEHHHUX OPTaHOB
IIpU BCKPBITUH BBISBWIO JIOCTOBEPHOE CHIDKEHHE

were then stained with hematoxylin and eosin. The
analysis and assessment of the tissue morphology
state were carried out using light microscopy, which
allowed to study in detail the structural changes in
the samples.

RESULTS AND DISCUSSION

In a rat study evaluating the chronic toxicity of
the IFN-A1-based drug (the study design, Table 1), no
fatal outcomes were observed during the entire
experiment. The animals showed a stable state of
health, without visible changes in an appetite,
appearance, and behavior. Regular measurements of
body weight, as well as hematological and biochem-
istry tests did not reveal significant differences
between the experimental and control groups. This
indicates the absence of serious toxicity of the drug
over a long term of its use.

During the pathomorphological examination as
part of the study of the chronic toxicity of the IFN-A1-
based drug, no abnormalities were found in rats that
could indicate an adverse effect of the substance. The
detailed examination included the assessment of
appearance of the animals, state of cranial, thoracic,
abdominal and pelvic cavities, as well as the muscu-
loskeletal system. The studies were conducted on the
goth, 18oth and 210th day after the start of the drug
administration. The results confirmed good tolera-
bility of the drug and the absence of chronic toxicity,
making it potentially safe for long-term use.

Weighing of the vital internal organs at autopsy
revealed a significant decrease in the mass and mass
coefficient of the thymus and spleen in male rats
received the drug at a dose of 26.0 pg/kg after
180 days of his administration compared with the
corresponding control. In females of this series, the
spleen mass and spleen mass coefficient as well as
the thymus mass coefficient were also significantly
reduced. In addition, the spleen mass coefficient was
lower in females in the group of animals that received
the drug at a dose of 13.0 ug/kg. 30 days after with-
drawal of the drug, the mass and mass coefficient of
the thymus and spleen returned to the reference val-
ues in all groups where abnormalities were observed.
The values of the mass and mass coefficient of the
other organs did not differ from the control.

The microscopic examination of the internal
organs of rats that received the highest dose of the
IFN-A1-based drug (26.0 ug/kg) for 180 days revealed
specific changes in the thymus and spleen. In the
thymus, there was a decrease in the number of cells
in the cortical and medullary regions, the appear-
ance of Hassall’s corpuscles with signs of keratiniza-
tion and foci of sclerosis. The spleen showed a
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Macchl ¥ KO3 GUITMEHTA MACCH TUMYCA U CEJIE3EHKHU
y caMIIOB KpBIC, IOJIy4aBIIMX IIpernapaTr B JI03€e
26.0 MKr/Kr, uepe3 180 gueii BBenenus JIIT NOH-
A1, IO CPAaBHEHUIO C COOTBETCTBYIOIUM KOHTPOJIEM.
Y caMOK B 3TOH CEpUU HUCCIENOBAHUA TaK:Ke ObLIU
JIOCTOBEPHO CHHKEHBI Macca cesie3eHKU U Koapdu-
LIUEHT Macchl cesjie3eHKH, a TakkKe KO3 UIUeHT
Maccel Tumyca. Kpome Toro, y caMok GBI CHIKEH
K03(hGUITIEHT MacChl CeJe3€eHKU B TPYIIE KUBOT-
HBIX, MOJIyYaBIIUX Ipernapar B /103e 13.0 MKI/KT.
Uepes 30 AHeH Iocjie OTMEHBI Iperapara Macca U
k03(hGUITIEHT MacChl TUMYyCA U CeJe3eHKH HOpMa-
JIN30BAINICh BO BCEX TPYIIAX, TAe HaOIIO[INChH
OTKJIOHEHUs. 3HaueHUs Macchl u KoadduimeHra
MAacChl OCTAJIbHBIX OPTaHOB HE OTIUYAJINCH OT KOH-
TPOJIA.

MHUKpPOCKOITMYECKOE HUCCIEI0BAHIE BHYTPEHHUX
OPTaHOB KPBIC, MOJIBEPTIINXCA JJIUTEILHOMY BO3-
JEUCTBUI0O MaKCUMaJIbHOH pmo3el JIII HMOH-A1
(26.0 MKr/XT) Ha TPOTsKEHUU 180 JHEH, BHISBUIIO
crienuduyecKre U3MEHEHHUA B TUMYCE U Cele3eHKeE.
B TuMyce HaAG6JII0/1AJIOCH YMEHBIEHNE KOJIUYECTBA
KJIETOK B KOPKOBOW M MOBTOBOU 30HaX, MOSBJIEHHE
TUMUYECKUX TeJIell ¢ MPU3HAKaMU OpPOTOBEHUS U
ouaroB ckjeposa. Cesje3eHKa JeMOHCTpHpOBaIa
yMeHblIIeHHUe Pa3MepoB JTUM@POUTHBIX (HOIJIINKYJIIOB,
0COOEHHO B MAHTHIHOM 30HE, M CHIXKEHHE O0Iel
KJIETOYHOCTU. B TO Bpemsa Kak Jipyrue OpraHbl,
BKJIIOYAs TOJIOBHOM MO3T, Cepjille, JIETKUE, IeYeHb
U JIp., He TTOKa3aIu MOP(QOIOTMUeCcKUX N3MeHeHU .
IIpu sTOM aHANIU3 MapaMeTPOB TUMYCA U CeJIe3eHKU
V KpBbIC, TTOJIy4YaBIIUX 60s1ee HU3Kyo o3y JIIT UOH-
A1 (13.0 MKT/KT), He BBISIBIJI aHAJIOTHYHBIX TATOJIO-
rUYecKuX U3MeHeHUU. JTO yKa3blBaeT HA BO3MOK-
HOCTH 3aBHCHUMOCTH TOKCHYECKOTO BO3ZENUCTBUA OT
J103BI TipenapaTa. Yepes 30 aHel nocyie orMeHbl JITT
NOH-A1 macca 1 k03DHUITMEHT Macchl TUMyca U
ceJIe3eHKU KPBIC, IOJIyIaBIINX MaKCUMAJIBHYIO 103y
JITT U®H-A1, BO3BpaIaInuch K HOPMaJIbHBIM 3Haue-
HUAM U He OTJIMYINCH OT COOTBETCTBYIOIIETO KOH-
Tposisi. BeposaTHee Bcero, B JAaHHOM CJIydae HMeeT
MeCTO peanmu3anus kjacc-cuernuduueckux sddex-
TOB OT BBezenus JIIT MPH-A1, a uMeHHO mojasJie-
HUe aKTHBHOCTHU ITUTOIIA3MaTUIECKOHN IPOTENHKH-
Ha3bl U aJIeHUJIATIINKIIA3hbI.

B mccsiefoBaHMM Ha KPOJIMKAX, OIeHUBABIIEM
XpOHUYECKYI0 TokcuuHocTh JIII MOH-A1 (muzaiiu
HCC/IeIOBaHUsA CM. B Tabil. 2), He ObLJIO OTMEYEHO
rubesiu JKUBOTHBIX, a TAKXKE U3MEHEHUs UX 00IIero
COCTOSTHUSI U Pa3jIUYUi B MOTPEOJIEHUH KOopMa W
Bozibl. Kak u y KpbIc, y KPOJIUKOB MOKA3aTeH MpH-
pocra Macchl Teja, IOKazaTesau Iepudepudeckoun
KPOBU U COCTOSIHHS KOCTHOTO MO3Ta, OHOXUMUYe-
CKHe TI0Ka3aTeu ChIBOPOTKU KPOBH KaK y CaMIIOB,

decrease in the size of lymphoid follicles, especially
in the mantle zone, and total cellularity decrease;
while other organs, including the brain, heart, lungs,
liver, etc., did not show morphological changes. At
the same time, the analysis of the thymus and spleen
parameters in rats receiving a lower dose of the IFN-
A1-based drug (13.0 pg/kg) did not reveal similar
pathological changes. This indicates the possibility
of dependence of toxic effects on the dose of the drug.
30 days after withdrawal of the IFN-A1-based drug,
the mass and mass coefficient of the thymus and
spleen of rats that received the highest dose of the
drug, returned to the reference values and did not
differ from the corresponding control. Most likely, in
this case, there is a realization of class-specific effects
caused by the administration of the IFN-A1-based
drug, namely, inhibition of activity of cytoplasmic
protein kinase and adenylate cyclase.

In a rabbit study evaluating the chronic toxicity
of the IFN-A1-based drug (the study design, Table 2),
no deaths of animals were observed, as well as
changes in their performance status and differences
in food and water consumption. As in rats, in rabbits,
body weight gain, peripheral blood and bone marrow
parameters, and biochemical blood serum values did
not differ significantly in both males and females in
the experimental and control groups throughout the
study.

A pathomorphological examination of the chronic
toxicity of the IFN-A1-based drug, administered
intragastrically to rabbits during 180 days every sin-
gle day, confirmed the absence of macro- and micro-
scopic abnormalities in the organs. Throughout the
experiment, animals, including that received the
highest dose (13.0 ug/kg), did not show changes in
such vital organs as the brain, heart, lungs, liver and
others, which shows the absence of negative effects
of the drug on the health and state of rabbit tissues.

In the course of the pathomorphological exami-
nation following long-term administration of the
IFN-A-1-based drug, the vital parenchymal organs of
rabbits were weighed to assess their mass and calcu-
late the organ mass coefficient. The analysis of data
on organ mass and mass coefficients did not reveal
statistically significant differences between rabbits in
the control and experimental groups. These results
show that the IFN-A1-based drug does not cause local
irritation and does not affect the morphological state
of the studied organs, confirming its potential safety
for long-term use.

CONCLUSION

The performed study allows us to draw the fol-
lowing conclusions:
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TaK U y CAMOK B DKCIIEPUMEHTAIBHBIX U KOHTPOJIb-
HOM TpyIlax Ha IPOTSKEHUH BCETO HCCJIEIOBAaHUS
CYIIECTBEHHO He OTJINYaJIUCh.

[TaTtomopdosoruyeckoe HcCCie/IOBAaHNE XPOHU-
yeckoi TokcuuHoctu JIIT NOH-A1, npoBesieHHOE B
TeueHrne 180 mAHEU eKeJHEBHOTO BHYTPUIKEIYI0Y-
HOTO BBEJIEHUS KPOJIMKAM, IIOJITBEPAUIIO OTCYT-
CTBHE MaKpO- U MHUKPOCKOIHUUYECKHX ITAaTOJIOTHU B
opraHax. Ha TpOTs»KeHUHW BCETO SKCIEPUMEHTa Y
’KUBOTHBIX, IOJIYYaBIIUX IIpemnapar, BKJIOUas TeX,
KTO TIOJIyYasIl MAaKCUMAaJIbHYIO /103y (13.0 MKT/KT), He
HaOJII0IATI0OCh U3MEHEHUUW B TAaKUX KPUTHYECKHX
Ba>KHBIX OpPTaHax, KaK MO3T, cep/Ille, Jerkue, IeuyeHb
U IPYTHE, YTO CBU/IETETHCTBYET 00 OTCYTCTBUY Hera-
TUBHOTO BO3JIEMCTBUA JIeKapCTBA Ha 3/I0POBbe U
COCTOSTHUE TKAHEH KPOJIUKOB.

B xozne natoMopdOIOTUYIECKOTO aHAIU3a IIOCTe
qiurenbHoro Beemenws JIII MOH-A1 mpoBomuin
B3BeIIBaHNE BAXKHBIX NTAPEHXNMATO3HBIX OPTraHOB
KPOJIMKOB JUIsI OIEHKH WX MAacChl U pacuera Koag-
¢urmuenTa maccel opraHoB. V3ydeHne JaHHBIX IO
Macce OpraHoB U Koa(duiiueHTamMm Macchl He BbIf-
BUJIO CTATHCTUYECKH B3HAYUMBIX OTJIMYHUH MEXKIY
KPOJIMKAaMH KOHTPOJIBHOU U SKCIIEPUMEHTATBHBIX
rpyni. OTU Pe3yJIbTaThl CBUETEJILCTBYIOT O TOM,
yro JITT U®H-A1 He OKa3bIBa€T MECTHOPA3IPAXKAIO-
1ero JefCTBUA U He BauAEeT Ha MOPGOJIOTUIECKOe
COCTOSIHME M3y4YaeMbIX OPraHoB, MOJATBEpK/Aas ero
MOTEHITUAJIbHYI0 0€30MaCHOCTb JIJIsl JOJITOCPOYHOTO
MIPUMEHEHUST.

SAKJIIOYEHUWE

IIpoBesieHHOE HCCIeIOBaHNE II03BOJIAET CeIaTh
CJIeZIyIOIHe BBIBOJBI:

1. [liutesnibHOE BHYTPUKeJIyI0UHOE IPUMeHeHNe
JIIT U®H-A1 He NPUBOAUT K CEPHE3HBIM H3MEHe-
HUAM B37I0POBbSl JKUBOTHBIX. KpBICBI U KPOJIUKU
MOJIyJaJTu JI03bl 2.6, 13.0 U 26.0 MKI/KT U 2.6 U
13.0 MKI/KI' COOTBETCTBEHHO ¥ COXPAHSIN CTAOUIIb-
HOe COCTOSIHHWE 3J/I0pOBbs 0e3 W3MeHEeHUH MacCh
TeJia Wiu ee npupocta. OTCyTCTBUE CIydaeB CMEPTH
JKMBOTHBIX CBUJIETEJILCTBYET O 0E30IacCHOCTH IIpe-
mnapara.

2. TIpodwns 6Gesomacuoctu JIII UPH-A1 mox-
TBePKAAaeTcsA OTCYTCTBUEM ero BJIUAHUA Ha (PyHK-
[IU1 KPOBETBOPEHMU s, IeUeHb, CEPJIEYHO-COCYAUCTYIO
U HEPBHYIO CHCTEMBI, YTO JIOKa3aHO HCCJIeJOBAaHU-
sAIMU KaK y KpbIC, TaK U Y KpoJIMKOB. Kpome Toro, He
OoOHApY>KeHO BO3ZEHCTBUA HAa (QYHKIMOHATIBHOE
COCTOsIHHE II0YEeK Y KPBIC.

3. Mopdornornyeckne aHaju3bl TOJOBHOTO
MO3ra, CepAIa, JIETKUX, IeYeHU, MOYeK U JIPYyTUx
’KM3HEHHO BA)KHBIX OPraHOB U CHUCTEM He BBIABUJIN
HUKAaKUX OTKJIOHEHUI OT HOPMBI, UYTO YKa3bIBaeT Ha

1. Long-term intragastric administration of the
IFN-A-based drug does not lead to significant changes
in animal health. Rats and rabbits that received
doses of 2.6, 13.0 and 26.0 pg/kg and 2.6 and
13.0 pug/kg, respectively, had a stable state of health
without changes in body weight or its gain. The
absence of fatal outcomes indicates the safety of the
drug.

2. The safety profile of the IFN-A1-based drug is
confirmed by the absence of its effect on the func-
tions of hematopoiesis, the liver, cardiovascular and
nervous systems, which has been proven by studies
in both rats and rabbits. In addition, no effect on the
functional state of the kidneys in rats was found.

3. Morphological analyses of the brain, heart,
lungs, liver, kidneys and other vital organs and sys-
tems did not reveal any abnormalities, which indi-
cates the absence of negative effects of the drug on
the body even at high doses administration.

4. A number of pathological signs have been iden-
tified. Signs of hypoplasia of the thymus and spleen
were revealed (a decrease in mass and mass coeffi-
cient due to decreased cellularity of lymphoid tissue
of the organs). These signs were in rats that received
the IFN-A1-based drug once daily at a highest dose of
26.0 pg/kg for 180 days on the 18oth day of the
experiment. The additional histological examination
of the lymphoid organs of rats that received the drug
at a dose of 13.0 pg/kg did not reveal such changes.
There were no similar changes in rabbits either.
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OTCYTCTBHE JIECTPYKTUBHOTO BO3/IEUCTBUSA IIpera-
para Ha OPraHU3M JIa’Ke [P BHICOKHX JI03aX.

4. YCcTaHOBJIEHO HEKOTOPOE KOJIMYECTBO aTOJI0-
TUYECKUX MPU3HAKOB. BhIsABIIEHBI IPU3HAKHU THITO-
IUTA3UH TUMYyCa W ceJie3eHKU (CHUKEHUE Macchl U
Koa3(puIeHTa Macchbl 3a CUET YMEHbIIEHHUA KJe-
TOYHOCTH JIMM(MOUHON TKAaHU OPTaHOB). DTH MPU-
3HaKW HaOI0JAIUCh y Kpbic, mnosydaBmmx JITT
NOH-A1 OAHOKPATHO €KETHEBHO B MaKCHMAaJIbHOU
Jlose 26.0 MKT/KT B TeueHue 180 aHel Ha 180-1 JieHb
MPOBEJIEHUsI  HKCIIEpUMeHTa. J[OMOJTHUTEThbHOE
THUCTOJIOTUYECKOE  HKCCJIeIOBaHUE  JIUMQOUTHBIX
OpPraHOB KpBbIC, IOJIyYaBIIHUX IpermapaT B JI03€
13.0 MKTI/KI, He BBISIBHJIO MOJO0OHBIX M3MEHEHUU.
Y KpOJWKOB TOMOOHBIX W3MEHEHHU TakKKe He
Ha0JTI0IAI0Ch.
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Bausxaue IIPOMN3BOAHbBIX OKCHHAOJIA HA PA3BHUTUC
IHO3AHMX O(i)TaJIbMOJIOI‘I/I'-IeCKI/IX HapymeHI/Iﬁ
IIPHA CTPECIITOOTOIINH-UHAYIIMPOBAHHOM CaxapHOM ,ZlI/IaﬁeTe

A.A. Cnacos?, JI.B. Haymenko?, FO.A. I'oBoposa', A.C. Tapan’, A.M. Yebanbko!, A.B. CMUpHOB!,
10.1. Benukopognas', H.A. Jlosunckasa?, E.H. be3conona?

@I'EOY BO «Boazoepadckuil 2ocydapcmeetibiil MeduyuHckuil yHusepcumem» Munzdpasa Poccuu, Boazoepaod,
Poccus

2 @I'BOY BO «Mockogckuil 2ocyoapcmeeHHblil yHusepcumem um. M.B. Jlomonocoea», Mockea, Poccus

AHHOTAIIUA

BBemenue. BPoccuu mo 1aHHBIM HA 2021 T. 3aPETUCTPUPOBAHO 5 MJIH 168.8 ThIC. GOJIBHBIX CaXapHBIM JUa6ETOM
(CIT). Odranpmonoruueckue no3auue ocnoxkuenus C/I (karapakra, peTHHOIATHUS, IJIAYyKOMa) IPUBOJAT K IIPOTPECCHUPY-
IOIeMy CHIKEHUIO 3peHHUsI BILIOTH /IO CJIEIOTHL, &, CJIEI0OBATENIBHO, K YXY/AIIEHUIO KAaYeCTBa KU3HU MAIeHTOB ¢ 1uabe-
toM. IIpodunakruka ocsnoxuHenuii CJ] HanpsAMyio cBA3aHA ¢ KOHTPOJIEM YPOBHA IVIMKEMUU, YTO HE BCEI/Ia BO3MOXKHO,
II03TOMY IIOWCK HOBBIX CPeZICTB (hapMaKoJIOrHuecKod KoppeKnuu nocyiefctBuil CJI sABjfeTcs akTyaJbHOH 3ajavei.
B paHee IpoBe/IeHHBIX HCCIEOBAHIAX CPEAH H30CTEPOB MeJIATOHIHA ObLIO BBISABIEHO coequHeHne K-165, obianaomiee
0 TaTPMOTHUIIOTEH3UBHBIMH CBOMCTBAMU

IT e 1 ». M3yuuTs BAMAHNE HOBOTO OHMOM30CTEPA MeJIATOHUHA, IPOU3BOIHOTO 3-apUINJeH-2-0KCUH/I0J1a, Ha AuabeTH-
YeCKUU KaTapaKTOTeHe3, ypPOBEHb BHYTPUIVIA3HOTO 1aByieHus (BI/]), peTHHAIBbHYIO MUKPOIIUPKYJIANHIO U GYHKITNOHAb-
HYI0 aKTUBHOCTbH CETUATKH B YCJIOBUAX CTPENTO30TOIUH-UHAynpoBaHHoro C/I.

MaTtepuanabs U MeToJB5s . Mogenuposanue C/I IpoBOAMIIU ITyTEM BBEZIEHHS B XBOCTOBYIO BEeHY KPBIC-CAMIIOB
suHuU Sprague Dawley maccoii 260—280 1 crpenrto3oTtonuHa (45 Mr/kr, rpynmna C/1). Ha npoTs:KeHHU BCETo HKCIEepPHU-
MEHTa, B TeueHHne 60 JTHeH, /I CHUKEHUA PUCKA CMEPTH OT KeTOaI[U/[03a SKCIIEpUMEHTAIbHbIE )KUBOTHBIE TTOJIKOXKHO
nostyqastu AByxdasHbiil nacyInH «Xymynua M3» (Eli Lilly, ®@panmus). C 61-ro [HsA SKCIIEPHMeHTA }KUBOTHBIM IIPOBO/IU-
Jlach MHCTHJUIANUA 0.4% pacTBopoB K-165 1 MestaToHHHA (OIBITHASA TPYIIIA U IPYIINA Tpenapara cpaBHeHus). B xoze sxe-
IIeEpUMEHTA JJIsA OIleHKU 3D (HEKTUBHOCTU N3YIaeMOro COe/IMHEHUsI OblIa IPOBe/ieHa MIPIDKU3HEeHHAas peructpanus B/,
YPOBHA IVIa3HOH MUKPOLUPKYJIAIUU U 3y1eKTpopeTuHorpadus. I[Toce sBTaHa3uu >KUBOTHBIX OblyIa IIPOBeZieHa SHyKJlea-
1A IVIA3HBIX I0JI0K, KOTOPbIe OBLIN MCIIOIB30BAHBI JJIS ITATOMOP()OJIOTHYECKOTO UCCIIEIOBAHUS U OIIPE/ieJIeHUs KOHEU-
HBIX IPOJIYKTOB IVIMKUPOBAHUS U KapOOKCUMETUTU3HHA B CTPYKTYPaX XPyCTaIHKA.

PesynabTarths . CoegunHenue K-165 B yCI0BUSX CTPENTO30TOIUH-UHAYIUPOBAHHOTO C/] CHUXKAET BBIPAXKEHHOCTH
11aToMopGhOJIOTHYECKUX IIPU3HAKOB KaTapakThl Ha 32 % (medparmMeHranys, HabyxaHue BOJIOKOH XpPyCTaInuKa, 00pa3oBa-
HUe MOPTaHUEBBIX TeJIel) U ypoBeHb BI'/] Ha 24 %, MOBBIIIAET YPOBEHD IVIA3HOH reMOMUKponepdy3uu Ha 37.5 % U OKa-
3BpIBaeT TEHJEHITUIO K YBEeJIMUEHHUIO CMEIIaHHOI'O OTBeTa TAJI0UeK U KoI6oueK.
3axkxaio4eHUe. HoBoe IpOU3BOJHOE 3-apUINJEH-2-OKCHHJIOIA — coeinHeHne K-165 — NposBiIfeT BRIpaKeHHOE
AHTHKATAPaKTAJIBHOE JIeHCTBYE, CHIXKAET ypoBeHb BI'/l y )KUBOTHBIX € SKCIIEpUMEHTAIBHBIM CJI, ClIOCOOCTBYeT yiIyuliie-
HHUIO NTapaMeTPOB MUKPOLUMPKYJIAIUN U eMOHCTPUPYeT TeHAEHIINIO K HOpMaIu3aluu OH03IeKTPUUeCKOH aKTUBHOCTH
CeTUaTKU U 00J1a/1aeT HEHPOPETUHOIPOTEKTUBHBIM JIEHCTBUEM.

Knaoueavle cro8a: caxapHbIi quaber, MeJIaToOHNH, coeinHeHne K-165, BHYTpUIIa3HOE JaBJIeHNe, KaTapaKTa, KPBICHL.
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The effect of oxindole derivatives on the development
of late ophthalmologic disorders in streptozotocin-induced
diabetes mellitus

A.A. Spasov!, L.V. Naumenko?, Yu.A. Govorova', A.S. Taran', A.M. Chebanko?, A.V. Smirnov’,
Yu.l. Velikorodnaya', N.A. Lozinskaya?, E.N. Bezsonova?

Wolgograd State Medical University, Volgograd, Russia

2 Lomonosov Moscow State University, Moscow, Russia

ABSTRACT

Introduction. InRussia,asof 2021, 5 million 168.8 thousand patients with diabetes mellitus (DM) were regis-
tered. Ophthalmologic late complications of DM (cataract, retinopathy, glaucoma) lead to a progressive decline in vision up
to blindness, and, consequently, to a decrease in the quality of life of patients with DM. Prevention of DM complications is
directly related to glycemic control, which is not always possible, therefore, the search for new pharmacological agents for
correction of the consequences of DM is an urgent task. In previous studies, among melatonin isosteres, the compound
K-165 was synthesized, which has ophthalmic hypotensive properties.

A im . To study the effect of a new melatonin bioisostere, a 3-arylidene-2-oxindole derivative, on diabetic cataractogen-
esis, intraocular pressure (IOP), retinal microcirculation and functional activity of the retina in streptozotocin-induced DM.
Materials and methods. DM wasmodeled by administering streptozotocin (45 mg/kg, DM group) into
the tail vein of male Sprague Dawley rats weighing 260—280 g. Throughout the experiment, for 60 days, to reduce the risk
of death from ketoacidosis, the experimental animals subcutaneously received biphasic insulin, Humulin M3 (Eli Lilly,
France). Since the 61st day of the experiment, the animals were instilled 0.4% solutions of K-165 and melatonin (experi-
mental group and reference drug group). During the experiment, intravital measurements of IOP, ocular microcirculation
level and electroretinography were carried out to evaluate the effectiveness of the studied compound. After euthanasia of
the animals, the enucleated eyeballs were used for pathomorphological examination and determination of advanced glyca-
tion end products and carboxymethyllysine in the lens structures.

Results. The compound K-165 in streptozotocin-induced DM reduces the severity of pathomorphological signs of
cataract by 32% (defragmentation, swelling in lens fibers, appearance of Morgagni globules) and the level of IOP by 24%,
increases the level of ocular blood microperfusion by 37.5% and shows a tendency to increase the combined response of
rods and cones.

Conclusion. Anewderivative of 3-arylidene-2-oxindole, the compound K-165, exhibits a pronounced anti-cata-
ract effect, reduces the level of IOP in animals with experimental DM, improves microcirculation parameters and demon-
strates a tendency to normalize the bioelectrical activity of the retina, and has a neuroprotective effect on the retina.
Keywords: diabetes mellitus, melatonin, compound K-165, intraocular pressure, cataract, rats.

Citation example: Spasov A.A., Naumenko L.V., Govorova Yu.A., Taran A.S., Chebanko A.M., Smirnov A.V.,
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BBEJAEHUE INTRODUCTION

B Poccuu 1o jaHHBIM Ha 2021 T. 3aPETUCTPUPO-
BaHO 5 MJIH 168.8 ThIc. GOJIBHBIX CaXapHBIM Juabe-
toMm (CII) [1]. Ocnoxxuenus CJI asasaiores B Poceuu
OCHOBHBIMHM NPHYMHAMH CMEPTH B IOMYJISI[UHN
OOJIPHBIX CAXapHBIM JJUa0ETOM 1 ¥ 2-TO TUIIOB, B IIEP-
ByI0O OYepe/b M3-32 BBICOKOTO PHCKA CEPAEYHO-
COCYZTUCTBIX OCTIOKHEHUH [2, 3]. [71a3HbBIE 3a001€Ba-
HUsL, KOTOPBIE OTHOCATCS K ITO3THUM OCIOKHEHUAM
caxapHOTO nrabera (kaTapakTa, peTHHOIIATHA, IJ1ay-
KOMa), XOTsI U He SABJISIOTCS JIeTaJIbHBIMHU, OHAKO

In Russia, as of 2021, 5 million 168.8 thousand
patients with diabetes mellitus (DM) were registered
[1]. DM complications are the main causes of death in
the population of patients with type 1 and type 2 DM in
Russia, primarily due to the high risk of cardiovascular
complications [2, 3]. Eye diseases, which are late com-
plications of DM (cataract, retinopathy, glaucoma),
although not fatal, lead to progressive decline in vision
up to blindness, and, consequently, to a decrease in the
quality of life of patients with DM [4, 5].
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MIPUBOJIAT K IIPOTPECCUPYIOIIEMY CHIKEHUIO 3pEHUS
BILIOTH /IO CJIETIOTHI, &, CJIEJIOBATEbHO, K YXYIIIe-
HHIO KaueCTBa KU3HHU MMaIlMeHTOB ¢ AuaberoMm [4, 5].

CoBpeMeHHbIE TOJIXO/IbI K UX JIEUEHUI0 BEChMa
5 PEeKTUBHBI U HEMPEPHIBHO YJIYUIIAIOTCA, HO B TO
JKe BpeMs OHU OCTAIOTCS PaIMKAIbHBIMH, UMEIOT
PsiZl cepbe3HBIX OTPAHUYEHHN U OCJIOKHEHHWH, HX
3G GEKTUBHOCTh YaCTO SIBJISIETCSI BDEMEHHOMH, y4YH-
THIBas XPOHUYECKUH XapaKTep caxapHOro auabera.
[6, 7]. [IpodrtakTrKa OCJIO}KHEHUH caXapHOTO Ja-
0eTa HAIIPSAMYIO CBA3aHA C KOHTPOJIEM YPOBHS TJIH-
KEMHH, UTO HE BCErJla BO3MOIKHO, TIO3TOMY ITOMCK
HOBBIX Cp€JICTB (HhapMaKOJIOTHUECKOU KOPPEKIUH
MOCJIEICTBUI caxapHOTro auabera SIBJISETCS aKTy-
aJIbHOH 3a7aue.

B paHee MpOBeEHHBIX HCCIEOBAHUSIX CPEIH
U30CTEPOB MeJTATOHHWHA OBLJIO BBISIBJIEHO COEIUHE-
Hue K-165, obsamaroiee 0OQTaIbMOTHUIIOTEH3UB-
HBIMHU CBOMCTBaMHU.

ITEJIb NCCJIEAJOBAHUA

V3yueHvie BIUSHUS HOBOTO OHMOM30CTEpa MeJjia-
TOHHHA, IPOU3BOAHOI'O 3-apI/I]II/IHeH-2-OKCI/IH,Z[OJIa -
K-165 Ha nrabeTHUecKuil KaTapaKTOreHes3, YPOBEHD
BHYTPHUIJIA3HOT'O [aBJIEHHA, PETHHAJIBHYI0O MHUKPO-
IUPKYJIANUI0 U (PYHKIIMOHAJIBHYIO aKTUBHOCTD CET-
YaTKA B YCJIOBHSAX CTPEIITO30TOLMH-UH/IYIIMPOBAH-
HOTO caxapHoro auabera.

MATEPUWAJIbI 1 METO/IbI

IKCIEepUMEHTHI ObLIM TIPOBEJEHBI HA 60 I0JIO-
BO3PEJIBIX KpbIcaxX-camIax JuHuu Sprague Dawley
maccoit 260—280 r (000 «HIIK Bbuorex», MockBa)
U MPOIIEIINX 2-HeIeJTbHbIA KADAHTUH B BUBApUH
HayuHoro 1ieHTpa MHHOBAIMOHHBIX JIEKAPCTBEHHBIX
cpenicTB Bosrorpasickoro rocyZjapcTBEHHOTO MeZu-
IIMHCKOTO YHUBepcuTeTa. Bee MaHuUMysIsiiiuu ¢ 1a60-
PaTOPHBIMU KUBOTHBIMH ITPOBOUJINCE C COOJTIONIE-
HHeM TpeboBaHUM J1aOOPATOPHON HPAKTHKHU IIPHU
MPOBEJIEHNH JIOKJTMHUYECKHUX HCCIIeZIoBaHUU B Poc-
cutickoii ®enepanuu (IIpuka3z MunucrepcerBa 3pa-
BooxpaHeHus1 Poccutickoit Dejrepanu ot 01.04.2016
No 199H «O06 yTBEp:KIAEHUH IPaBUJI HaJJIexKalnen
naboparopHoii mpaktuku», [OCT 33044-2014). Bce
SKCIEPUMEHTAJIPHBIE HCCIIEIOBAHUS BBITIOJHSIUCH
B COOTBETCTBUM C TPEOOBAHUSAMH [I€HCTBYIOIIETO
«PykoBo/icTBA 110 TIPOBEEHUIO JTOKJIMHUYECKUX
HCCIIE/I0OBAaHUH JIEKAPCTBEHHBIX cpeicTB» (M., 2012),
co cratbeir (cr.) 11 PemepasbHOTO 3aKOHA OT
12 ampess 2010 T. N2 61-®3 «O06 obpalieHuu Jekap-
CTBeHHBIX cpesicTB» (CobOpaHue 3aKOHO/IaTeIbCTBA
Poccutickoit ®enepamuu, 2010, N2 16, cT. 1815;
No 31, cT. 4161) u coracHo IIpaBuiam slabopartop-
HOoN mpaktuku B Poccuiickoni ®enepanmu (I'OCT

Modern approaches to their treatment are very
effective and are constantly improving, but at the
same time, they remain radical, have a number of
significant limitations and complications, their effec-
tiveness is often temporary, given the chronic nature
of DM [6, 7]. Prevention of complications of DM is
directly related to glycemic control, which is not
always possible, therefore, the search for new phar-
macological agents for correction of the conse-
quences of DM is an urgent task.

In previous studies, among melatonin isosteres,
the compound K-165 was identified, which has oph-
thalmic hypotensive properties.

AIM OF THE RESEARCH

To study the effect of a new melatonin bioisostere,
a 3-arylidene-2-oxindole derivative — K-165 on dia-
betic cataractogenesis, intraocular pressure level,
retinal microcirculation and functional activity of the
retina in streptozotocin(STZ)-induced DM.

MATERIALS AND METHODS

The experiments were performed on 60 mature
male Sprague Dawley rats weighing 260—280 g (Bio-
tech, Moscow) after a 2-week quarantine in the
vivarium of the Scientific Center for Innovative Med-
icines of the Volgograd State Medical University. All
manipulations with laboratory animals were carried
out in compliance with requirements of good labora-
tory practice for preclinical studies in the Russian
Federation (Order of the Ministry of Health of the
Russian Federation dated 01.04.2016 No. 199n “On
approval of the rules of good laboratory practice”,
GOST 33044-2014). All experiments were carried
out in accordance with the requirements of the cur-
rent “Guidelines for the Conduct of Preclinical Stud-
ies of Medicines” (Moscow, 2012), with Article (Art.)
11 of the Federal Law of April 12, 2010 No. 61-FZ “On
the Circulation of Medicines® (Collected Legislation
of the Russian Federation, 2010, No. 16, Art. 1815;
No. 31, Art. 4161) and according to the Rules of Labo-
ratory Practice in the Russian Federation (GOST
33044-2014) and the Order of the Ministry of Health
of Russia dated 01.04.2016 N 199n “On Approval of
the Rules of Good Laboratory Practice”. All method-
ological approaches complied with the requirements
of the “Guidelines for the Conduct of Preclinical
Studies of Medicine”. The procedures involving labo-
ratory animals were carried out in accordance with
the ethical standards for the treatment of animals
adopted in Directive 2010/63/EU of the European
Parliament and of the Council of 22 September 2010
on the protection of animals used for scientific pur-
poses. The experimental study was approved by the

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

103



Cnacos A.A. udp. / Journal of Siberian Medical Sciences T. 8, N° 4 (2024)

33044-2014) u Ilpukasza MwunszapaBa Poccuum oT
01.04.2016 N2 199H «O06 yrBep:kneHuu IIpaBui
HaJyTeKaIel JabopaTopHO MpakTUKU». Bee MeTo-
JIMYECKUE IIOIXOJIbI COOTBETCTBOBAIN TpPeOOBaHU-
AMU «PyKOBOJICTBA IO TPOBENEHUIO JOKJIMHUYE-
CKUX WCCJIEJOBAaHUM JIEKADCTBEHHBIX CPEICTB».
IIpouemypbl ¢ yaacTueM JiabopaTOPHBIX KUBOTHBIX
OCYIIECTBJISUIICh B COOTBETCTBHU C OSTUYECKHUMHU
HOpMaM#u 00OpalleHus ¢ 3 KUBOTHBIMHY, TPUHATHIMU B
JupextusBe EBpomneiickoro mapsiamenTta u CoseTa
Espometickoro Corsa 2010/63/EC ot 22 ceHTAOps
2010 T. 0 3aIIUTe KUBOTHBIX, HCIIOJIH3YEMBIX B HAyU-
HBIX IeJIIX. JKCIEPUMEHTAIBHOE HCCIe0BaHIE
0I00PEHO 3THYECKUM KOMHTETOM Bosrorpazackoro
TOCYIapCTBEHHOTO MEAUITMHCKOTO YHUBEpPCUTETA
(cupaBka N@ 2022/043 0T 02.12.2022).

CJI mopenupoBasin crpenro3doronuaomM (CT3),
pacTBOpeHHBIM B 0.1 M HaTtpuii-nuTpaTHOM Oydepe
(pH 4.5), KOTOpPBINI BBOJAWJIN B XBOCTOBYIO BEHY B
nose 45 mr/kr. Ha atane ¢popmuposanus CJ] (mep-
BbIe 3 fHs mociie BBeAeHus CT3) 11 npenynpexe-
HUSA THOETN KUBOTHBIX I10 IPUYHHE THITOTJIMKEMUH
JKUBOTHBIE MOJIyJaId TJTIOKO3Y BMECTE C MTUTHEBOU
Boziol (5 T Ha 100 mut). [lepBOe u3MepeHre KOHIIEH-
TpAIUU TJTIOKO3bI B KPOBU ITPOBOJUIN Yepe3 CYyTKU
nocJie BBesienus: CT3, mociie 4ero BCeM >KHBOTHBIM C
VPOBHEM TJIIOKO3bI >19.4 MMOJIb/JI JJIsl CHUKEHUS
PHICKa CMEPTH OT KETOAIU/103a Ha3HAva U JIByX(as-
Hblll uHCysmH «Xymysun M3» (Eli Lilly, ®pan-
IHs1) — KOMOMHAIIWIO MHCYJIMHOB KOPOTKOH (30 %) u
cpenHelr (70 %) TPOMOIKUTETBHOCTH JIEHCTBUS.
WMHCYyIMH BBOAWJIM TOJKOKHO B 00JIACTh XOJIKH
JKMBOTHOTO CTPOTO B IIEPUOJ] BpEMEHH 15:00—17:00
B n03e 1—4 EJI 1o ciemytomeit cxeme: mIpu YPOBHE
IJIIOKO3bl  >19.4 MMmousib/n1 — 1 EJ| wHCynuHa,
>25 MmmoJib/s1 — 2 EJI, >30 mmoib/i1 — 3 E/l, >33.3 —
4 EJI (15—20 mmonb/n — 1 EJl, 20—25 MMoyb/n1 —
2 E/1, 25—30 mmouib/i1 — 3 E/I, >30 mmosib/ 1 — 4 EJT).
KoppeKTHpoBKYy [103bl WHCYJIHHA ITPOU3BOIUIIN
1 pa3 B HEJEJIO MOCIe KOHTPOJIBHOTO OIpeeIeHHS
KOHITEHTPAITUHU TJTIOKO3bI B KPOBH DKCIIEPUMEHTATh-
HBIX KUBOTHBIX.

N3 sKcriepuMeHTa WCKIIOYAINCh KUBOTHBIE C
YPOBHEM IVIMKEMUH MEHEE 15 MMOJIb/JI.

/3 BKJIIOUEHHBIX B OKCIEPUMEHT >KUBOTHBIX
c¢OpPMUPOBATIHU 4 TPYIIIHI IO 15 0cOOel B KaXKI0M:

1. KonTposibHas Tpynma 1 — UHTAKTHBIE JKHUBOT-
HbIE, [TOJIyYaBIIIue KypcoBoe (14 /THEel) MECTHOE BBe-
JIEHHE PacTBOPHUTEJISI — JeUOHU3UPOBAHHOU BOJBI B
ob6BeMe 30 MKIJI.

2. KoHTpoJIbHAS TPyIIa 2 — JKUBOTHBIE C DKCITe-
puMmentanbabiM  CJI, 1moJydyaBiliie  KypcOBOeE
(14 mHel) MecTHOE BBeJIEHUE PACTBOPUTENIS — JEUO-
HU3UPOBAHHOM BOJIBI B 00'beMe 30 MKIJIL.

Ethics Committee of the Volgograd State Medical
University (certificate No. 2022/043 dated
02.12.2022).

DM was modeled by STZ dissolved in 0.1 M
sodium citrate buffer (pH 4.5), which was adminis-
tered into the tail vein at a dose of 45 mg/kg. At the
stage of DM modeling (the first 3 days after STZ
administration), the animals received glucose via
drinking water (5 g per 100 ml) to prevent death due
to hypoglycemia. The first measurement of blood
glucose concentration was performed 24 hours after
STZ administration; thereafter, all animals with glu-
cose concentration >19.4 mmol/] received biphasic
insulin, Humulin M3 (combination of short-acting
(30%) and medium-acting (70%) insulins) (Eli Lilly,
France) to reduce the risk of death from ketoacido-
sis. Insulin was administered subcutaneously into
the scruff of the animal’s neck strictly between 15:00
and 17:00 in a dose of 1—4 U in the following regi-
men: glucose level >19.4 mmol/l — 1 U of insulin,
>25 mmol/l — 2 U, >30 mmol/l -3 U, >33.3—-4U
(15—20 mmol/l — 1 U, 20-25 mmol/l — 2 U,
25-30 mmol/l — 3 U, >30 mmol/l — 4 U). The insulin
dose was adjusted once a week after a control mea-
surement of the blood glucose concentration in
experimental animals.

Animals with glucose level <15 mmol/l were
excluded from the experiment.

The animals included in the experiment were
divided into 4 groups (15 animals in each group):

1. Control group 1 — intact animals that received
14-day instillations of a solvent — deionized water in
a volume of 30 pl.

2. Control group 2 — animals with experimental
DM that received 14-day instillations of a solvent —
deionized water in a volume of 30 pl.

3. Experimental group 1 — animals with experi-
mental DM that received 14-day instillations of the
compound K-165 at a concentration of 0.4% in a vol-
ume of 30 pl (4 mg/ml).

4. Experimental group 2 — animals with experi-
mental DM that received 14-days instillations of the
reference substance, melatonin (Sigma, USA) at a
concentration of 0.4% in a volume of 30 pl.

The experimental groups with STZ-induced DM
included animals with glucose level >15 mmol/l. The
start of administration of the studied substance to
animals with experimental DM was the 61st day after
administration of STZ.

The studied compound K-165 was synthesized
by Associate Professor N.A. Lozinskaya at the
Department of Medical Chemistry and Fine
Organic Synthesis of the Lomonosov Moscow State
University.
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3. OmbITHAs rpynma 1 — »KUBOTHBIE C DKCIEPHU-
MeHTasbHBIM C/l, mosrygyaBIre KypcoBoe (14 JTHEH)
MeCTHOe BBeJleHUe coeinHeHus K-165 B KOHIlEHTpa-
nHu 0.4 % B 00beMe 30 MKJI (4 Mr/Mut).

4. OmpITHAsA TpyIIa 2 — KUBOTHBIE C BKCIIEPU-
MeHTIbHBIM CJI, mostyuaBinue KypcoBoe (14 AHeH)
MECTHOE BBeJIEHHE BeIlleCTBA CPAaBHEHUs MeJaTo-
HuHa (Sigma, CIIIA) B KOHIIEeHTpaIUK 0.4 % B 00b-
eMe 30 MKJL.

B skcriepuMenTanbHbIe rpymnel ¢ C, mHAYIIHPO-
BaHHBIM CT3, BKJIIOUATU 2KUBOTHBIX C YDOBHEM TJIIO-
KO3bl >15 MMOJb/JI. Hauano BBemeHUs TecTupye-
MBIX 00pAa3IIOB JKUBOTHBIM C JKCIIEPUMEHTTHHBIM
CJI — 61-i1 neup nocye Beeaenus CT3 .

Hccneayemoe coequHenne K-165 ObLI0 CUHTE3U-
poBano pgomeHToM H.A. JlosmHckoui Ha kKadeape
MEIUIMHCKOH XUMHUH M TOHKOTO OPraHUYECKOTO
cunTte3a MI'Y umenu M.B. JlomoHOCOBa.

11 TpMKU3HEHHOTO HCCIIEOBAHUS XPYCTaTU-
KOB JIaOOPATOPHBIX JKUBOTHBIX ITPOBOJIHIIN ODTaTh-
MOCKOIIHIO B PeKHUMe PeTPOUJUTIOMUHAIINN Ha TIOP-
TaTUBHOWU ImesieBol jamie — Digital hand-held slit
lamp (CIITA) ¢ dboToperucrparueii n306paskeHus B
YCIJIOBUSAX MUZPHA3a, BEI3BIBAEMOTO TPOIIMKAMUIOM
(1% pactBop, Alcon-Couvreur N.V., Benbrus). s
OI€HKH CTEIEHU TOMYTHEHU S XPyCTAIMKOB UCIIOJTh-
30BaI  MOAUMDUIMPOBAHHYIO  KJIACCH(MUKAIIIIO
P. Suryanarayana et al. [8]:

O — IIPO3PaYHbIA XPYCTAIHK;

1 — MUHHUMAaJbHas HEMPO3pPAaYyHOCTb B IIEHTpE
xpycranuka (Haauyue HeOOJIBIIOTO KOJIMYECTBa
CyOKaTCy/IApHBIX BAaKyOJIel);

2 — QUaroBble IIOMYTHEHUS B IIEHTPE U 110 IIEPHU-
depun xpycranmka («TyMaHHOe» IIOMYTHEHHE
KOpBI);

3 — IIOMyTHEHHE BCEro XpyCTanKa (IUIOTHOE
IIOMyTHEHUE sApa ¥ «TyMaHHOE» IIOMyTHEHHE
KOpBI);

4 — 3pejas KaTapakTa — IUIOTHOE ITOMYTHEHHE
KOPBI U f/Ipa XPyCTaJIUKA.

Nsmepenue BHyTpuriasHoro aasieHus (BI/I)
MPOBOJIWJIK C IOMOIIBI0 O(PTATBMOJIOTUYECKOTO
BeTepuHapHOTO ToHOMeTpa Tonovet (OuHIAHANSN),
He TpeOyIoIero IpeaIBapUTeIbHON aHeCcTe3UH
POTOBUIIBI.

Perucrpanuro riazHoON MUKPOIUPKYJIAIUN OCY-
IECTBJISUTA €  HCIOJIb3OBAaHUEM ITPOTPaMMHO-
amnmapaTtHoro komiuiekca MP150 (BIOPAC Systems
Inc., CIIIA) u gatumka urojb4daroro tuma TSD-144
(CIITA), mporpammbl AcqKnowledge 4.2. corsacHo
WHCTPYKIIUHU TPOU3BOUTEA. SOHAUPYIOIIIEe JIa3ep-
HO€ U3JIyUYeHHe IO3BOJISET MOJIYUYUTh OTPAKEHHBIHI
CHUT'HAJI U3 CJIOS TKAaHHW TOJIIUHOHA 70 1 MM, 00beM
30HINPYEMOU TKaHU cocTaBiser 1 Mm3. CymmapHast

For the intravital examination of the lenses of
laboratory animals, ophthalmoscopy was performed
as retroillumination imaging using a portable Digital
hand-held slit lamp (USA) with image capturing
amid tropicamide-induced mydriasis (1% solution,
Alcon-Couvreur N.V., Belgium). To assess the grade
of lens opacity, a modified classification of P. Surya-
narayana et al. was used [8]:

0 — clear lens;

1 — minimal opacity in the anterior pole of the
lens (a small number of subcapsular vacuoles);

2 — focal opacity in the anterior pole and cortex of
the lens (hazy opacity);

3 — hazy cortex persists and dense nuclear opacity
appears;

4 — mature cataract (dense opacity of both the
cortex and nucleus).

Measurement of intraocular pressure (IOP) was
carried out using a Tonovet veterinary tonometer
(Finland), which does not require preliminary anes-
thesia of the cornea.

Registration of ocular microcirculation was per-
formed using MP150 system hardware (BIOPAC
Systems Inc., USA) and TSD-144 needle-type sen-
sor (USA), AcqKnowledge 4.2 program according to
the manufacturer manual. Laser radiation allows
obtaining a reflected signal from a tissue layer up to
1 mm, the volume of investigated tissue is 1 mma3.
The total thickness of the sclera, choroid and retina
in rats is less than 0.5 mm. The use of the contact
technique of laser Doppler flowmetry (LDF) allows
assessing the level of microcirculation throughout
the depth of the analyzed area. Taking into account
the essentials of blood supply to the rat eyeball, as
well as the peculiarity of LDF of the anterior seg-
ment of the eye, this study allows assessing the level
of perfusion in perfusion units (p.u.) in the territo-
riy of long posterior ciliary arteries, as well as the
anterior ciliary arteries.

The functional state of the retina was assessed
using electroretinography (ERG). The ERG principle
is to record the potentials of retinal neurons in
response to a light stimulus. The assessment is based
on the amplitude of the a- and b-waves. The negative
a-wave generated by the outer segments of the pho-
toreceptors is responsible for their functional state;
the positive b-wave is responsible for the activity of
the bipolar and Miiller cells, with a possible contri-
bution of the horizontal and amacrine cells. ERG was
recorded immediately after measuring the level of
microcirculation. For this purpose, the animals were
instilled a 1% tropicamide solution (Alcon-Couvreur
N.V., Belgium) to achieve maximal mydriasis. The
rats then underwent dark adaptation for 20 min.

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

105



Cnacos A.A. udp. / Journal of Siberian Medical Sciences T. 8, N° 4 (2024)

TOJIIIWHA CKJIEPBI, COCYIUCTOU OOOJIOUKHU TyIa3a U
CEeTUATKU Y KPBICHI COCTaBJIsIeT MeHee 0.5 MM.
Hcmonb30BaHNEe KOHTAKTHOM METOJUKU JIa3€PHOM
JIonIIepoBckol  moymerpun  (JIJI®) mosBosiser
OIIEHUTDH YPOBEHb MUKPOLMPKYJIAIUN IO BCEH IJIy-
OuHe 30HANPYeMOL 001acTU. YUUThIBAsA TPUHITUITH-
JIBHYIO CXeMY KPOBOCHAOXKeHUs IJIA3HOTO sI6JI0Ka
KpBICBI, a Tak:ke 0cOOeHHOCTh mpoBeeHus JIJI®
IepeHero OTpe3Ka IJIa3a, JaHHOE WCCIeTOBAHHE
TI03BOJISIET OIIEHUTDH YPOBEHD Nep(Py3uu B epdy3u-
OHHBIX equHuNax (m.e.) B bacceHax 3aJHUX JJINH-
HBIX [IWJITHAPHBIX aPTEPHUH, a TAKKe TePETHUX IIHTH-
aApHBIX apTepuil.

OueHky GpyHKITMOHAJIBHOTO COCTOSTHUS CETYATKU
MPOBOJIMJIA C TIOMOIIBIO BJIEKTPOPEeTUHOrpadbUuu
(9PT). IIpunnun IPT 3aka0UyaeTcs B peTUCTPAIIUU
IIOTEHINAJIOB HEHPOHOB CETYATKU B OTBET HA CBETO-
BOH cTumys1. OIeHKY IIPOBOST IO aMILIUTY/I€ BOJTH
a u b. 3a QyHKIIMOHAIIBHOE cOCTOsTHUE (hOTOpEIen-
TOPOB OTBEYAeT HeraTWBHAS a-BOJIHA, TeHepupye-
Mas UX HapYKHBIMH CerMEHTaMH; 3a aKTUBHOCTH
OUIOJISIPHBIX M MIOJIJIEPOBCKUX KJIETOK, C BO3MOXK-
HBIM BKJIAZIOM TOPH30HTAJBHBIX M aMaKPHUHOBBIX
KJIETOK — TOo3uTHBHasA b-BoyHa. IPT mpoBojuiu
cpasy IocJIe PETUCTPAIUN YPOBHSA MUKPOIIUPKYJIS-
nuu. /1711 3TOrO KUBOTHBIM HHCTHJUIMPOBAIH 1%
pacteop Tponukamuaa (Alcon-Couvreur N.V., besb-
TUsA) JJIA TOJIyYeHUs MaKCHUMAaJbHOTO MUApHasa.
3aTeM KpbIC MO/BEPTAJIN TEMHOBOU afanTalid B
TeyeHUe 20 MUH. B mocsenyromeM »KUBOTHBIX Hap-
KOTH3UPOBAIIA (xsmopasrugpar (PanReac
AppliChem), 300 Mr/KT, BHyTPUOPIOMIUHHO) ¥ (PUK-
CHUPOBAJIN HA CTOJIUKE, U30JIMPOBAHHOM OT 3JIEKTPO-
MAarHUTHOTO U3JTy4eHUs. POTOBUYHBIN cepeOpIHBIi
9JIeKTPOJT (AaKTHUBHBIM) IOMeIaTId Ha POTOBUILY,
MpeABapUTEIHFHO CMOUYEHHYI0 M30TOHUYECKUM pac-
TBOPOM HATPHS XJIOPUAA I 60Jiee TIOJTHOTO KOH-
TaKTa; pebepeHTHBINA UTOIbYAThIN 3y1eKTpo EL452
(MuHYC) TOMeIaIu MOAKOKHO B 00JIaCTU Uepera;
3a3eMJISTIOIIUH UTOJIYATHIN 3s1eKTpo EL450 mome-
a7y TOAKOXKHO B 00JIACTH OCHOBAHUS XBOCTA.
Crpo6ockon TSD122A co BCHBIINIKON 6esioro ceera
MIPOJIOJIKUTETHFHOCTHIO 30 MKC U 9HEPTHEH BCITBIIITKH
180 M/IK, MOJIKIIOUEHHBIN K cTUMyJsTopy STM200
(BIOPAC Systems, Inc., CIITA), pa3Melaniu 3a CIiu-
HOU JKUBOTHOTO, perucrpanuio 9P mpoBoamau B
OTBET HA OAMHOYHYIO CTHUMYJIAIUIO. BhI3BaHHBIE
OUOIIOTEHIUAJIBI MPOIYCKAIINCh Ha yactote 5 I,
VCIJIMBAJIUCh, YCPEAHSIINCH U TIPEJCTABIISIINCH IPa-
¢duyeckm Ha BdKpaHe NOpu IoMolnu nosurpada
MP150 ¢ xommbioTepHON Tporpammoi AcqKnow-
ledge 4.2. /151 oLleHKU cTeneHU pa3BUTUA QYHKIIFO-
HaJIBHBIX TIOBPEXK/IEHUH CeTUYaTKH OIIPeeIAIN MaK-
CUMAJIBHYIO aMIUTUTYAY BJIEKTPOPETUHOTPAMMEI,

Afterwards, the animals were anesthetized (chloral
hydrate (PanReac AppliChem), 300 mg/kg, intra-
peritoneally) and fixed on a table isolated from elec-
tromagnetic radiation. The corneal silver electrode
(active) was placed on the cornea pre-moistened
with isotonic saline solution for more complete con-
tact; the reference needle electrode EL452 (minus)
was placed subcutaneously in the skull area; the
ground needle electrode EL450 was placed subcuta-
neously at the base of the tail. A TSD122A strobo-
scope with a white flash (duration 30 ps and energy
180 mJ), connected to a STM200 stimulator
(BIOPAC Systems, Inc., USA), was placed behind the
animal’s back, and ERG was registered in response
to a single stimulation. Evoked biopotentials were
recorded at a frequency of 5 Hz, amplified, averaged
and plotted on the screen using MP150 system with
AcqKnowledge 4.2 program. To assess the grade of
functional retinal damage, the maximal amplitude of
the electroretinogram was calculated as the sum of
the absolute values of the a- and b-wave peaks (coef-
ficient b/a).

After euthanasia of laboratory animals under
anesthesia (400 mg/kg chloral hydrate, intraperito-
neally), the eyeballs were removed. The right eyeball
of each laboratory animal was used for pathomor-
phological examination, and the left one — for deter-
mination of the concentration of advanced glycation
end products (AGE) and carboxymethyllysine (CML)
in the lens.

During the pathomorphological examination,
fresh modified Davidson’ fluid was used to fix the
eyeball [9]. The specimen was then dehydrated in
ascending alcohols and embedded in paraffin His-
tomix. From the obtained blocks 4—6 pm thick sec-
tions were cut using a microtome and then mounted
on microscope slides. The sections were stained
with hematoxylin and eosin-phloxacin according to
the standard technique [10]. The stained slides
were examined and photographed using an Axio-
Scope A1 microscope with an AxioCam MRcj5 digital
camera.

To assess the grade of cataract, a score from 0 to
5 was used (A.V. Smirnov, Yu.l. Velikorodnaya,
2019):

0 — no signs of cataracts;

0.5—1 — initial signs of subcapsular or cortical
cataract (vacuolization and swelling of lens fibers);

1.5—2 — local manifestations of cataract (subcap-
sular hyperplasia of epithelial cells or cortical swell-
ing of the fibers);

2.5—3 — severe cortical cataract with defragmen-
tation and swelling of lens fibers, appearance of Mor-
gagni globules;
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KOTOpAasi BBICUUTHIBAIACH KAK CYyMMa abCOJIOTHBIX
3HAYEHUH MUKOB a- 1 b-BostH (koaddunuent b/a).

ITocse sBTaHA3MK J1TAGOPATOPHBIX KUBOTHBIX IO
HapKO30M (400 MT/KT XJIOpajaTruzpara BHYTPUOPIO-
IIMHHO) IJIa3Hble SIOJIOKW ObUTH SHYKJIEHPOBAHEI.
[TpaBoe m1a3HOe AOJIOKO KaXKZOro J1abOpaTOPHOTO
JKMBOTHOTO HCIIOJIF30BAJIOCH JJIs TATOMOP(MOJIOTHYEe-
CKOTO WCCJIEJIOBAHUS, a JIEBOE — IS OIpPE/eIeHNUs
COZIEpPIKAHMA B XPYCTAIMKE KOHEUHBIX POYKTOB TJIH-
kupoBanwus (KIIT') u kapbokcumeTruusuHa (KMJT).

IIpu  mnpoBeneHUH  HTATOMOP(OJIOTHIECKOTO
HCCIeIOBaHUA Ul (PUKCAMU TJIa3HOTO sI6JI0Ka
HCIIOJIb30BAJIN CBEKEIIPUTOTOBJIEHHBIN MOANPULII-
poBanHbI pactBop /laBuiacoHa [9]. /lasee mare-
pran o6e3BOKMBaIM B Oarapee CIHPTOB BOCXO/A-
e KPeIroCTU U 3aKJII0YAITH B TapapUHOBYIO CPELY
Histomix. C moJyiyueHHBIX OJIOKOB Ha MHUKPOTOME
MIOJTyYaTl CPe3bl TOJIIIUHON 4—6 MKM U MOHTHPO-
BIN WX HA IMpeAMeTHBIe cTeksa. Cpes3bl OKpariu-
BN TeMATOKCUJIMHOM U B03UH-(PJIIOKCUHOM IIO
CTaHAAPTHOU MeTofuke [10]. Mukpormpenaparthbl
uszydanu u ¢oTtorpadrupoBaJii Ha MHUKPOCKOIIE
AxioScope A1, 060py0BaHHOM ITU(GPOBON KaMepou
AxioCam MRc5.

J17151 OLIEHKU CTelleHU KaTapaKThl UCIIOJIb30BAIH
b6aytbHYI0 cucteMy oT O 70 5 (A.B. CmupHOB,
[0.U. BetukopojHasi, 2019):

O — IPUBHAKHU KaTapaKThl OTCYTCTBYIOT;

0.5—1 — HavyaJIbHbIe TIPUBHAKHU CyOKaICyJIIPHOU
WIA KOPTUKAJIBHOU KaTapaKThbl, IPOSBIIAIOIIUECS
BaKyoJn3aIyen u HabyxaHreM BOJIOKOH XPYCTAJINKA,;

1.5—2 — JIOKaJbHbIe IPOSBJIEHUS KaTapaKThI,
BBIPA’KAOIMECs B THIEPIUIA3UU SIHUTETHATbHBIX
KJIETOK ITO7 Karcysaou (cybkaricysisipHas) uin HaOy-
XaHHUEM BOJIOKOH XPYCTaIUKa (KOPTUKAIbHASA);

2.5—3 — BRIpOKeHHas1 KOPTUKAJIbHAS KaTapaKTa C
nedparMeHTalrel u HabyxaHueM BOJIOKOH, 00pa3o-
BaHHEM MOPTaHUEBBIX TeJIEll;

3.5—4 — KOpPTHKaJIbHAsA KaTapakTa, OXBaThIBAIO-
masi BeCh XpycTanuk (medparmeHTanus u Habyxa-
HI€ BOJIOKOH, HAIMUKE «BaJIOHHBIX» KJIETOK, MOP-
TaHUEBBIX TeJIEIl IT0 BCEMY IIEPUMETPY XPYCTATIUKA);

4.5—5 — sifilepHas KaTapakTa (THaJIMHO3).

[TosiydyeHHBIE PEBYJIBTATHI CTATHUCTHUYECKH 0Opa-
6arpIBau ¢ IoMoIbio mporpamMmsel Microsoft Excel
2016 (CIIIA). /IocTOBEPHOCTh PE3YIBTATOB O TAH-
MOCKOIIUU OLIEHWBAJIM II0 KpUTEepUI0 MaHHA —
YUTHH, JOCTOBEPHOCTh AAHHBIX 0PTAIHMOTOHOME-
TPUH, UMMYHO(MDEPMEHTHOTO aHAIN3a U IaTOMOP-
(onoruueckoro ucciaeOBaHUSA — MO t-KPUTEPUIO
CrproieHTa. KauecTBeHHBIH aHAIU3 PE3YJITATOB
HCCJIEIOBAHUS MECTHO-Pa3ApaKAIOIIETO JIEHCTBUS
coenvHeHus1 K-165 MPOBOJWIN C UCIOJIH30BAHUEM
KPHUTEPUs XU-KBAAPAT.

3.5—4 — cortical cataract of the whole lens (defrag-
mentation and swelling of fibers, presence of balloon
cells, Morgagni globules along the entire perimeter
of the lens);

4.5—5 — nuclear cataract (hyalinosis).

The obtained results were processed statistically
using Microsoft Excel 2016 (USA). The accuracy of
the results of ophthalmoscopy was assessed using
the Mann-Whitney test, the accuracy of the results
of ocular tonometry, enzyme immunoassay and
pathomorphological examination — using the Stu-
dent’s t-test. A qualitative analysis of the results of
the study of the local irritation effect of the com-
pound K-165 was carried out using the chi-square
test.

RESULTS

The glucose level in laboratory animals from the
intact control group reached 15 mmol/] already on
the third day after the streptozotocin administration
and remained significantly high, exceeding the simi-
lar indicator in rats of the intact groups. In the groups
of animals that were instilled the compound K-165
and melatonin, the glucose level throughout the
experiment also remained significantly high com-
pared to the intact control group.

The development of diabetes in rats was accom-
panied by weight loss, polyuria, polydipsia, polypha-
gia — clinical signs characteristic of severe DM. The
animals were anergic and apathetic.

The ophthalmoscopy (retroillumination imaging)
shows that in animals from the intact groups lenses
remained clear until the end of the experiment (lens
opacity grade 0) (Table 1). In animals with DM, by
the 3rd month of the study, grade 3 of lens opacity
was noted and the grade of cataract was 2.5 (the val-
ues statistically significantly differed from intact ani-
mals at p < 0.05).

The pathomorphological examination of the lens
showed that the experimental animals with induced
DM had all the signs of cataract: vacuolization, swell-
ing and defragmentation of lens fibers with the pro-
duction of balloon cells, Morgagni globules develop-
ment, as well as abnormal nuclear trapping by the
fibers (Fig. 1, A). In one rat with induced DM, sub-
capsular proliferation of epithelial cells in the ante-
rior pole of the lens was detected (Fig. 1, B).

In most cases, animals developed cortical and
peripheral types of cataracts. The grade of lens dam-
age by morphological signs varied from moderate
pathological changes to the development of almost
complete cataracts. In experimental animals, which
were instilled melatonin for correction of the dia-
betic complications, morphological signs of moder-
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PE3YJ/IBTATDBI

YpoBeHb rimkemMuu y 1abopaTOPHBIX KUBOTHBIX
W3 TPYNIIBl UHTAKTHOTO KOHTPOJIS y:Ke Ha TPETHH
JleHb 110CJIe BBE/IEHUS CTPENTO30TOIMHA IIPEBBINIAI
15 MMOJIb/JI X OCTaBaJICSI JOCTOBEPHO BBICOKHUM, ITpe-
BOCXOZfI QHAJIOTUYHBIN IT0OKA3aTeNb Y WHTAKTHBIX
KpbIc. B rpymmax ;KMBOTHBIX, KOTOPBIM WHCTHJLIU-
poBasnu coequHeHue K-165 U MeJaTOHUH, YPOBEHD
IJIIOKO3Bl HA TPOTSDKEHUHM DHKCIIEPHMEHTA TaKKe
OCTaBaJICA JIOCTOBEPHO BBICOKUM IO CPABHEHUIO C
TPYIIION MHTAKTHOTO KOHTPOJIS.

PazButne npmabera y KpBIC COIIPOBOXKIAJIOCH
moTepey Beca, MOJIUypHUeH, MOJUAUIICueN, morrda-
ruefl — KJINHUYECKUMH IMPU3HAKAMH, XapaKTep-
HbIMH JUiA TspReod ¢opmber C/l. JKuBoTHbIE ObLTH
BAIJIBIMU U alIaTUIHBIMU.

B pesysbTaTe IpoBeIeHHON 0 TATBMOCKOIINY B
pPeKMMe pPeTPOWJUIIOMUHANNYN OBLIO YCTAHOBJIEHO,
YTO y MHTAKTHBIX JKMBOTHBIX XPYCTaJIUKH OCTaBa-
JIUCh MIPO3PAYHBIMHU JI0 KOHIIA SKCIIEPUMeHTa (CcTe-
IIeHb IIOMYTHEHUsS XpyCTaIuKoB O) (Tabm. 1).
¥ xuBoTHBIX ¢ CII K 3-My Mecsly HCCIeT0BAHUA
pa3BHUBaJIaCh CKOPee 3-s1 CTEIeHb TOMYTHEHUS XPY-
CTaJINKOB, M CTENEHb IIOMYTHEHUs COCTaBWJIA 2.5
(mokazaresu CTaTUCTUYECKH 3HAYMMO OTJIMYAIOTCS
OT UHTAKTHBIX JKUBOTHBIX IIPHU P < 0.05).

ITpoBenerHOe mMaTOMOP(OIOTHUECKOE HCCIIENO-
BaHUe XpyCTaJMKa II0Ka3ajio, YTO Yy IOOIBITHBIX
JKUBOTHBIX ¢ WHAynupoBaHHBIM CJI oTMeuann Bce
NIPU3HAKA PAa3BUTHUS KATAPAKTBI: BAKyOJIM3aIlUs,
HabyxaHue u JAedparMeHTalis XpPYyCTaJIHMKOBBIX
BOJIOKOH ¢ 00pa3oBaHyeM OaJIJIOHHBIX KJIETOK, (pop-
MHPOBAHUEM MOPTaHHUEBBIX TeJIel, a TaKKe aHO-
MaJIbHBIM YZIepKaHUEM s/iep BOJIOKHAMHU (puc. 1, A).
¥ omgHO# KphIch ¢ nHAYIPOoBaHHBIM C/I 6bL1a 06Ha-
pyKeHa cyOKarcyssapHas npoaudepanus KIeTOK
SIIUTENA B [IEPe/IHEN 30He Xpycranuka (puc. 1, B).

B GospImHCTBE CIy4aeB y JKHUBOTHBIX pa3BHBa-
JINCh KOPTUKAJIbHBIN U TepudepuuecKuil BU/IBI KaTa-

ate diabetic cataracts were also found: swelling, vac-
uolization and partial defragmentation of lens fibers
mainly in the equatorial regions of the cortical layer
of the lens (Fig. 2).

In experimental rats which were instilled the mel-
atonin bioisostere, compound K-165, pathological
changes in the lens caused by long-term hyperglyce-
mia were expressed poorly. In most cases, the main
manifestations of cataract were observed in one of
the equatorial regions of the lens and were character-
ized by local swelling of lens fibers and abnormal
nuclear trapping (Fig. 3). Scoring the grade of cata-
ract revealed a significant decrease (by 32%) in path-
ological changes in the lens of experimental animals
with induced DM and conjunctival instillation of the
compound K-165.

Thus, according to the morphological study
results, the substance K-165 had a greater potential
for correcting cataract manifestations in laboratory
animals with induced diabetes.

The experiment revealed that in rats with diabe-
tes mellitus, IOP increased compared to intact ani-
mals (by 36% in the control group with DM), and the
IOP level in laboratory animals that received instilla-
tions of the compound K-165, decreased by 24%
compared to animals with DM (Table 2). In the group
of animals that were instilled melatonin, the IOP
level decreased by 25% compared to the group of ani-
mals with streptozotocin-induced DM.

According to the results of the microcirculation
analysis in the control group with DM, the level of
retinal microcirculation decreased by 36% (p < 0.05)
compared to the intact control group (Table 2). In
the group of animals receiving the compound K-165,
the level of retinal microcirculation significantly
increased by 37.5% compared to the group of ani-
mals with DM. In animals receiving melatonin, a
tendency to increase the level of microcirculation by
20.4% was observed in comparison with the group of

Ta6auna 1. Biusauue coegnHenns K-165 1 MeslaTOHHMHA Ha CTENEHb TOMYTHEHUS XPYCTAIMKOB IIPU CTPEITO30TOLMH-

WH/yLIUDOBAaHHOM CaxapHoOM JiuabeTe

Table 1. The effect of the compound K-165 and melatonin on the grade of lens opacity in streptozotocin-induced diabetes

mellitus

I'pynna / Group

CTeneHb NOMYTHEHUS XPYCTAINKOB
Degree of lens opacity

KouTposb 1 (uuTakTHbIe) / Control 1 (intacts)

KonTposn 2 (caxapHbiii fuabet) / Control 2 (diabetes mellitus)
CaxapHbld auabet + MesaToHuH / Diabetes mellitus + melatonin

CaxapHbii guabet + K-165 / Diabetes mellitus + K-165

0
2.5+0.25"
1.8+0.2
1.2 £ 0.24*

# [loka3aTesl CTATUCTUYECKH 3HAYUMO OT/INYAKTCS OT FPyNibl KOHTPoJs 1 (MHTaKkTHBIE) pu p < 0.05; kpuTepuit ManHa - YuTHH.
The values with statistically significant differences compared to control group 1 (intacts) at p < 0.05; Mann-Whitney test.

* [lokaszaTesy CTATUCTUYECKU 3HAYMMO OTJIMYAIOTCS OT IPYNINbI KOHTPOJIsA 2 (caxapHbIi AnabeT) npu p < 0.05; kputepuit MaHHa - YUTHH.
The values with statistically significant differences compared to control group 2 (diabetes mellitus) at p < 0.05; Mann-Whitney test.
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Puc. 1. ®parMeHT XpyCTAIVMKA IOJ[OIBITHON KPBICHI C HH/IY[POBAHHBIM CAXaPHBIM [HA6ETOM, OKPACKA TeMATOKCHIINH-
H03WHOM, yBeIn4YeHHe x200 (A) u cybrancysispHast nposudepariis KJIEeTOK B IepeAHEi 30He XPYCTaINKa,
OKpAaCKa reMaTOKCIJINH-203UHOM, yBeJndeHue x400 (B)

Fig. 1. A lens fragment of the experimental rat with induced diabetes mellitus, hematoxylin and eosin staining,
x200 magnification (A) and subcapsular cell proliferation in the anterior pole of the lens, hematoxylin and eosin staining,
x400 magnification (B)

paxkr. IIpy 5TOM cTeneHb BHIPAXKEHHOCTHU MTOBPEK/IE-
HUS XPYCTAINKA [0 MOP(OJIOTUUECKUM MTPU3HAKAM
BapbHUPOBAIACH OT YMEPEHHBIX I[ATOJIOTUIECKIX
HM3MEHEeHUH /10 Pa3BUTHA IPAKTUIECKU ITOJTHOH KaTa-
PaKThl. Y IOAOMBITHBIX JKUBOTHBIX, KOTOPBIM B Kaue-
CTBE CPEeJICTBA KOPPEKIIUY TUA0ETUIECKUX OCIIOKHE-
HUU WHCTWUIMPOBIA MEJIATOHHH, TakKKe oOHapy-
JKUBATH MOPQOJIOTUYECKUE TTPU3HAKY CPETHEBBIPA-
JKEHHON JTnabeTWyYecKOW KaTapakThl: HabyxaHUe,
BaKyoJIM3aIUA U YacTHYHAA JieparMeHTaIusa BOJIo-
KOH XpYCTaJHMKAa B OCHOBHOM B 3KBaTOPUAJIbHBIX
30HAX KOPKOBOTO CJIOS XpyCTaIuKa (puc. 2).

animals with DM, though did not differ significantly
from it.

The assessment of the electrophysiological state
of the retina showed that streptozotocin-induced
DM in animals leads to electrophysiological changes
in the retina ( Table 2). Thus, the b/a coefficient sig-
nificantly decreased by 38% compared to the average
value in intact animals, which, in turn, confirms the
literature data that the earliest sign of deterioration
in visual function during the experimental DM is a
decrease in the amplitudes of wave potentials. When
correcting streptozotocin-induced DM with the com-

Puc. 2. PparMeHT XpyCTaJNKa [OIONBITHON KPHICHI U3 IPYIIIBI «CaXapHbIH 1HabeT + MeTaTOHUH».
Okpacka reMaTOKCHINH-303MHOM. YBeIHUEHNE X200
Fig. 2. A lens fragment of the experimental rat from the group of animals with diabetes mellitus and instillation
of melatonin. Hematoxylin and eosin staining. Magnification x200
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Puc. 3. ®parMeHT XpyCcTayuKa MO/IOMBITHOM KPHICHI U3 TPYIIIBI «CaXapHBbIii [uaber + coequnenue K-165».
Okpacka reMaTOKCIJIMH-203UHOM. YBeJINUEHHE X200
Fig. 3. A lens fragment of the experimental rat from the group of animals with diabetes mellitus and instillation of K-165.
Hematoxylin and eosin staining. Magnification x200

Y NOAONBITHBIX KPBIC, KOTOPBIM HHCTHJUIHPO-
BasT GMOM30CTEp MeJIaTOHUHA — coeinHeHne K-165,
[aTOJIOTHYECKHE W3MEHEHUs B XpYyCTaJIuKe, 00y-
CJIOBJIEHHBIE JUIUTEJTLHON THIIEPIIUKEMHUEN, OBLIH
c1a60 BBIpAKEHBI. B GOJIBIIIMHCTBE CIyYaeB OCHOB-
HbIE IIPOSIBJIEHUS KaTapaKThl HA0OJII0/TAJTUCH B OTHOM
13 HKBATOPHAJIBHBIX 30H XPYCTAJINKA U XapaKTePH-
30BAJIUCH JIOKAJIbHBIM HAaOyXaHUEM XPYCTATTMKOBBIX
BOJIOKOH ¥ aHOMAJIbHBIM yZiep:KaHueM sazep (puc. 3).
Pacuer cpenHero 6ajyia CTeleHH BBIPA’KEHHOCTH
KaTapaKThl BBIABUJI 3HAUUMBIN XapaKTep yMeHbIIe-
HUA (Ha 32 %) MPOSBIEHUH MATOJIOTHYECKHUX IPO-
[[eCCOB B XPyCTaJWKe IOJONBITHBIX »KHUBOTHBIX,
KOTOPHIM KOHBIOKTUBAJIBHO BBOJIWJIM COEIUHEHHE
K-165 na done nnaymnuposansHoro C/I.

Takum 06paszom, 10 JAHHBIM MOP(OIOTHIECKOTO
HCcCaenoBaHuA BerecTBo K-165 ob1amano GOIBIINM
MIOTEHIINAJIOM KOPPEKIIVH MPOSBIEHUHA KATaAPAKTHI Y
J1a00paTOPHBIX KUBOTHBIX ¢ HHAYIIUPOBaHHEIM C/I.

B skcnepumeHTe GBLIO BBISBJIEHO, UTO Y KPBIC C
C/] noseiuanocs BI'/] 1o cpaBHEHUIO ¢ ”HTAKTHBIMU
JKUBOTHBIMU: Ha 36 % — B rpymnne kontposas C/, a
ypoBeHnb BI'/] y 1ab0paTOpHBIX KUBOTHBIX, TIOJTyYaB-
IUX WHCTWUIANUU coequHeHus K-165, cHmkaics
Ha 24 % 110 CpaBHEHUIO ¢ }kuBOTHBIMH ¢ C/] (Tabur. 2).
B rpymme >KUBOTHBIX, KOTOPBIM HHCTHJLTHPOBAJIH
MeJaToHuH, ypoBeHb B/l cHmxkasncs Ha 25 % 10
CPaBHEHUIO C TPYNION >KUBOTHBIX CO CTPEITO30-
TOIUH-UH/IyIIIPOBAHHBIM T1a0ETOM.

[To pesyspraTaM aHaaM3a MapaMeTPOB MHUKPO-
OUPKyAAnuu B Tpymnme KoHTposs ¢ CI ypoBeHb
PETUHAIBHOW MUKDPOIUPKYJISAIMH CHIDKAJICSI Ha
36 % (p < 0.05) IO CPaBHEHUIO C TPYMIION MHTAKT-
HOTO KOHTpOJIA (cM. Tabi. 2). B rpyIine KUBOTHBIX,

pound K-165 and melatonin, a tendency to an
increase in the combined response of rods and cones
was observed compared to the group of animals with
streptozotocin-induced DM.

DISCUSSION

In this study, melatonin was used as a reference
drug. Extensive studies have shown its presence in
important structures of the eye, such as the retina,
iris, ciliary body, lens, and lacrimal gland [11—14].

Melatonin plays a key role in the suppression of
cataract formation due to its various properties. A sig-
nificant decrease in the incidence of cataract was
found after melatonin treatment, accompanied by
favorable changes in oxidative stress markers and an
increase in the activity of antioxidant enzymes [15]. In
a model of early type 2 DM in adult rats, melatonin
pellets were implanted subcutaneously. After 12 weeks
of treatment, melatonin, which did not affect glucose
metabolism in control and diabetic rats, prevented a
decrease in a-waves, b-waves of the electroretinogram
and oscillatory potential amplitude, as well as an
increase in retinal lipid peroxidation, NOS activity,
TNF-q, glial fibrillary acidic protein of Miiller cells
and vascular endothelial growth factor levels. In addi-
tion, melatonin prevented a decrease in retinal cata-
lase activity. These results demonstrate that melato-
nin protects the retina from alterations observed in an
experimental model of diabetic retinopathy (DR)
associated with type 2 DM [16]. Furthermore, the
experimental data indicate that exogenous melatonin
and its analogs effectively reduce IOP in animals and
patients with glaucoma. Melatonin primarily acts
through specific receptors (MT1, MT2, and the puta-
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Ta6una 2. Biusauue coeguHenust K-165 1 MeslaTOHHHA Ha ypOBeHb BHYTPUIJIA3HOTO AaBJenus (M + o),
MUKpOUUpKysanuu (M + m) u koadpdunueHT b/a mpu cTPenToO30TOLHH-UHAYLIUPOBAHHOM caxapHoM jJuabeTte (M + m)
Table 2. The effect of the compound K-165 and melatonin on the level of intraocular pressure (M * ¢), microcirculation
(M + m) and the b/a coefficient in streptozotocin-induced diabetes mellitus (M + m)

BIJI, MM pr. CT. YpoBeHb KoadpPpunuent

I'pynna / Group IOP mm H MUKPOUUPKY/ISILNY, I1.€. b/a, oTH. en.
! & Microcirculation level, p.u. Coefficient b/a, a.u.

KoHTposb 1 (MHTaKTHbIE) 9.45 +0.45 2237.0 £242.2 0.34 +0.09
Control 1 (intact)
(n=15)
KoHTposb 2 (caxapHblil juabeT) 12.9 £ 0.95* 1426.7 £ 45.0* 0.21 + 0.04*
Control 2 (diabetes mellitus)
(n=15)
CaxapHbiii fua6et + K-165 9.8+0.51* 1962.4 + 204.9% 0.27 £0.01
Diabetes mellitus + K-165
(n=15)
CaxapHblil juabeT + MeJJaTOHHUH 9.6 + 0.58" 1771.7 £ 256.7 0.24 £0.01

Diabetes mellitus + melatonin
(n=15)

[Ipumeyanwus: BI/]-BHyTpuriasHoe JjaBjeHHUe; M.e. - Nepy3MOHHbIE €JMHUIBI; OTH. e/l. — OTHOCUTEJIbHbIE e/[HHHUIIBI.
*[lokasaTeJy CTATUCTUYECKH 3HAYMMO OTJIMYAIOTCS OT IPYNIbl KOHTPoJIsl 1 (MHTaKTHBIE) IpH p < 0.05; t-kpuTepuit CThrofieHTa.

# [lokasaTes M CTATUCTHYECKH 3HAYMMO OTJIMYAIOTCS OT IPYNIbI KOHTPOJIA 2 (caxapHbIi auabeT) npu p <0.05; t-kputepuii CThloeHTa.
N o t e : IOP - intraocular pressure; p.u. - perfusion units; a.u. - arbitrary units.

* The values with statistically significant differences compared to control group 1 (intacts) at p < 0.05; Student’s t-test.

# The values with statistically significant differences compared to control group 2 (diabetes mellitus) at p < 0.05; Student’s ¢t-test.

moJlydaBIiux coequnenne K-165, ypoBeHb peTH-
HAJIbHOW MUKPOIUPKYJIAIMN JTOCTOBEPHO IIOBBI-
mascs Ha 37.5 % 1o CpaBHEHHIO C TPYIIIION KUBOT-
HbIX ¢ C/I. Y JKMBOTHBIX, IIOJIyYaBIINX MEJIATOHUH,
HabJI0faMach TEHAEHIUA K YBEJTHYEHUIO YPOBHS
MUKPOIUPKYJIAIUA Ha 20.4 % 10 CPaBHEHHIO C
rpyMIo ;KUBOTHBIX ¢ C/I, XOTsI J0CTOBEPHOTO OTJIU-
uus He ObLIO.

ITpu ucc/IeIOBAaHUM JIEKTPODU3HOIOTHUECKOTO
COCTOSIHUSI CETYATKU BBISBJIEHO, YTO CTPENTO30-
TOIUH-UHAYIIMPOBAHHBIN 11abeT y 3)KMBOTHBIX IIPHU-
BOJUT K 3JIEKTPO(PU3UOIOTHNIECKUM U3MEHEHUAM B
ceruatke (cm. Tabsm. 2). Tak, xkosddumuent b/a
JIOCTOBEPHO CHIMzKasics Ha 38 % 10 CpaBHEHMIO CO
CPEeIHUM 3HAaYE€HHEM y HHTAKTHBIX ’KHBOTHBIX, 3TO,
B CBOIO O4Yepejb, IMOATBEPKIAIOT JIUTEPATYPHbIE
JIaHHBIE O TOM, YTO HanboJiee PaHHUM CHTHAJIOM
VXYAIIEHUsI 3PUTENbHON (QYHKIWH MPU Pa3BUTHU
C]I B DKCIIEpUMEHTE SIBJIAETCA CHUKEHHE aMILIUATY
BOIH moreHnuaioB. Ha ¢oHe koppekunuu crpem-
TO30TOLMH-UHAYIIUPOBAHHOTO auabera CoequHe-
aueM K-165 1 MejaTOHMHOM HaOJII05a1ach TEH/IEH-
[IMA K YBEJIMYEHHUIO CMEIIAHHOTO OTBETa MMaJoyeK 1
KOJIOOYEK IO CPAaBHEHUIO C FPYIIOH JKUBOTHBIX CO
CTPENTO30TONHH-UHYIIUPOBAHHBIM JUA0ETOM.

OBCYXKJIEHUNE

B nanHOM uccienoBaHUN MEJIATOHUH HUCIIOJIb30-
BaJId B Ka4YeCTBE 3TAJIOHHOI'O IIperapara. O6I.HI/Ip-

tive MT3) expressed abundantly in cells of the retina
and ciliated epithelium. Stimulation of these recep-
tors, especially in the ciliary body, results in decreased
aqueous humor secretion, thereby reducing IOP [17].
Although melatonin holds promise as a potential ther-
apeutic agent for a number of eye diseases, particu-
larly in the context of its antioxidant, anti-inflamma-
tory and neuroprotective properties, its topical appli-
cation as eye drops remains challenging due to the
instability of the molecule in aqueous solution and
poor effectiveness of the delivery to the posterior pole.

Streptozotocin-induced DM was chosen because
it allows for experimental modeling diabetic catarac-
togenesis, neuro- and retinopathies, diabetic neovas-
cularization, and ophthalmic hypertension.

Melatonin prevented the development of lens
opacity, which is confirmed by the ophthalmoscopy
and pathomorphological findings. It also contributed
to a decrease in IOP, improved microcirculation
parameters, and prevented a decrease in a- and
b-waves of the electroretinogram. The conclusion
about the protective role of melatonin in DR is con-
sistent with the previously findings [18].

A new derivative of 3-arylidene-2-oxindole, the
compound K-165 exhibits a significant anti-cataract
effect on the lenses of laboratory animals with strepto-
zotocin-induced DM, surpassing melatonin in activity.

Simultaneously with the study of the lens, the
effect of the compound K-165 on changes in the struc-
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HbIE€ WCCJIEIOBAHUS BBIABUJIN €r0 IPHUCYTCTBHE B
BOKHEUIIINX CTPYKTypax IJ1a3a, TAKUX KaK CeTyaTKa,
pazy»kHast 060I04YKa, ITUIUAPHOE TEJI0, XPYCTATUK U
ce3Has Jkejesa [11—14].

MeJtaTOHUH UTPaeT KIIOYEBYIO POJIb B IO/IaBJIe-
HUM O0Opa3oBaHUs KaTapakKThl OJiarojiaps CBOUM
pa3HOO6GpPa3HBIM CBOHCTBAM. BBISBIIEHO 3HAUNTEITb-
HOe CHIDKeHHe 3a00J1eBaeMOCTH KaTapaKTOH ITOCyIe
JIeueHUs] MeJIAaTOHHHOM, CONPOBOXK/aroleecs GJia-
TONPUATHBIMU H3MEHEHHUSIMH MapKepOB OKHUC/IH-
TeJIbHOTO CTpecca W YCHJIEHHUEM aKTUBHOCTH aHTHU-
OKCUZAHTHBIX (pepMeHTOB [15]. B Mozmenn panHero
CHA2 y B3pOCABIX KpBIC >KUBOTHBIM IIOJIKOKHO
UMIUIAHTUPOBAIN TpaHyJIbl MeJjlaTOHMHA. Yepes
12 HeJT JIeYeHUsI MeJIATOHUH, He BJIMABIIUH HA MeTa-
60JIN3M TJIIOKO3bI Y KOHTPOJIBHBIX U A0 TUUECKIX
KDBIC, IPEIOTBPAIIAJ CHUKEHUE a-BOJIH 3JIEKTPOpe-
TUHOTPAMMBbI, b-BOJIH M aMIUTUTYABl KOJebaTesb-
HOTO IMOTEHIHaJa, a TaKXKe yBeJMYeHUe IepeKuc-
HOTO OKHCJIEHHSA JIUMHJIOB CETYATKH, aKTUBHOCTH
NOS, TNF-a, rinanbHOro GUOPH/LIAPHOTO KUCIIOTO
Oeska k1eTok Mriosiepa u dakTopa pocra SHAOTeE-
ausa cocynoB. Kpome Toro, MeysaTOHUH NpeOTBpA-
Iajg CHIKEHNEe aKTHMBHOCTU KAaTajla3bl CETUATKHU.
ITU Ppe3yJIbTAThl IOKA3bIBAIOT, YTO MeEJIATOHUH
3aIHIIAET CETYATKY OT U3MEHEHUN, HAOII0]aeMbIX
B DKCIEPUMEHTAJIIBHOU MO rabeTHIecKoi
perunonatuu (/IP), cBA3aHHOU C AMAGETOM 2-TO
tina [16]. Kpome Toro, skcriepuMeHTaIbHbIE TaH-
HbI€ CBUIETEJIBCTBYIOT O TOM, YTO SK30T€HHBIH MeJa-
TOHUH U ero a"ajaoru 3¢ deKTUBHO cHIKaT BTy
JKUBOTHBIX U TAIIUEHTOB C TIJIayKOMOU. [lelicTBue
MeJIAaTOHWHA B TIEPBYIO OYEPENb OCYIIECTBIIAETCS
yepe3 crenuduueckne penentopsl (MT1, MT2 u
npesiiosiaraeMbiii MT3), OOMJIBHO B3KCIIPeCcCUpyIo-
II[AeCs B KJIETKAX CETUATKU U MePIaTeIbHOM AIIUTe-
suu. CTUMYJIAIUA STUX PEleNnTOpOB, 0COOEHHO B
[WJINAPHOM TeJie, IPUBOJIUT K CHIKEHHIO CEKPEIINH
BOJSIHHCTOI BJIarW, TeM caMbIM cHuKas BIJT [17].
HecMoTpst Ha TO, UYTO MEJATOHUH SIBJIAETCS IIEp-
CIEKTUBHBIM B KauecTBe ITOTEHI[UAIBHOTO TepareB-
TUYECKOTO CPEJICTBA MPU Psfie IVIa3HBIX 3ab0seBa-
HUH, 0COOEHHO B KOHTEKCTE €r0 aHTUOKCUIAAHTHBIX,
IIPOTUBOBOCHATIUTENBHBIX M HEUPOIPOTEKTOPHBIX
CBOWICTB, €0 MeCTHOE MPUMeHEHNE B BU/IE TJIa3HBIX
KalleJib OCTaeTcs CJIOKHOU 3azjaueldl U3-3a HeCTa-
OMJIBHOCTH MOJIEKYJIBI B BOTHOM PAacTBOpPE M HU3KOU
3(pPeKTUBHOCTU JJOCTABKU K 33/THEMY IIOJIIOCY.

CTpenTo30TOIMH-UHAYIMPOBAHHBIN caxapHBIN
nrabet ObLT BEIOpAH, TAK KAK OH IIO3BOJISIET B DKCITE-
PUMEHTATBHBIX YCIOBUIX MOZETUPOBATH AHAOeTH-
YeCKUU KaTapaKToreHe3, HeHWpO- M PETUHOIIATHUH,
IabeTUIEeCKyl0 HEOBACKYJIAPU3AINI0, 0(pTaTIbMO-
THIIEPTEH3UIO.

ture and function of the retina in experimental DM
was investigated. The early cataract formation in dia-
betic animals and decreased transparency of ocular
media complicated direct ophthalmoscopy of the fun-
dus oculi. However, functional methods made it pos-
sible to analyze the effect of the compound K-165 and
the reference drug on the development of DR. Laser
Doppler as a part of the experiment study made it pos-
sible to reveal a positive effect of the compound K-165
on the level of perfusion of ischemic tissues in diabetic
animals: a significant increase in the level of ocular
microcirculation was observed in the group of animals
that received the compound K-165. Photoreceptor
neurodegeneration up to apoptosis is an integral com-
ponent of DR pathogenesis and is manifested by a
decrease in the amplitude of a-wave of the electroret-
inogram [19, 20]. With the correction of streptozoto-
cin-induced DM by the compound K-165, a tendency
to increase in the combined response of rods and
cones was observed compared to the group of animals
with streptozotocin-induced DM. Therefore, the com-
pound K-165, having a positive effect on functional
changes in hyperglycemia, demonstrated retinopro-
tective properties in uncontrolled diabetes mellitus.

CONCLUSION

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

1. A new derivative of 3-arylidene-2-oxindole, the
compound K-165 promotes the delayed opacity for-
mation in the chrystalline lens, surpassing the refer-
ence drug melatonin in activity, and reduces IOP by
24% (p < 0.05) compared to animals with DM from
the control group.

2. The compound K-165 decreases the severity of
morphological signs of lens pathology by 32%
(defragmentation and swelling of lens fibers, migra-
tion of the anterior epithelium to the poles and to the
posterior surface of the lens, and appearance of Mor-
gagni globules) compared to animals with DM from
the control group.

3. The compound K-165 promotes an increase in
the level of ocular blood microcirculation by 37.5%
(p < 0.05) and demonstrates a tendency to normaliza-
tion of the retinal bioelectrical activity compared to
laboratory animals with DM from the control group.
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MenaTOHUH MPENATCTBOBAJ PA3BUTHIO IIOMYyTHe-
HUA XPYCTQJINKOB, YTO IOATBEpXKJaeTcs JaHHBIMU
0(TATEMOCKOIIMYECKOTO KOHTPOJIA M maToMopdo-
JIOTHYECKOTO HCcCIeoBaHus. Takike OH CIIOCOOCTBO-
Bl cHmwkeHuro BIJl, yiaydlieHW0o I1apamMeTpoB
MHUKPOIUPKYJ/IAIUU U IIPEIOTBPAIlla] CHIKEHHUE a-
u b-BOJTH 371€KTPOpEeTUHOTPAMMBbI. BBIBOA O 3amuT-
HBIX QYHKIUAX MesaToHUHA ipu JIP corsacyercs ¢
3aKJIIOUeHUsMY, paHee OMyOJTUKOBAHHBIMU B JIUTE-
paTypHBIX HCTOUHUKAX [18].

HoBoe 1mpousBofHOE  3-apuinfieH-2-OKCHH-
Jona — coepuHenue K-165 nposBiAgeT BBIpAKEHHOE
aHTUKaTapaKTaJIbHOE JleHCTBHEe Ha XpyCTaJIUKU
J1abOPATOPHBIX JKUBOTHBIX CO CTPENTO30TOIHH-
uaAyIupoBaHHbIM C/I, TpeBOCX0/1s1 IO AKTUBHOCTH
MeJIATOHUH.

[TapannenbHO HCCIIEJOBAHUIO XPYCTaJIUKa U3Y-
Jasioch BAUsAHHUE coenuHeHusa K-165 HA U3MeHeHUs
CTPYKTYPBI U GYHKIIUU CETYATKU B YCJIOBUAX DKCIIEe-
puMeHTaspHOTO nuabera. PanHee pasBuTHe Karta-
paKkThl y nrabeTUYecKUX >KUBOTHBIX U CHIDKEHUE
MIPO3PAaYHOCTU ONTUYECKUX cpej] 3aTPYAHAIO Hello-
CPEICTBEHHBIH O(TAIBMOCKOITUYECKUNA KOHTPOJIh
3a COCTOSHHEM TJIazHoro AHa. OjiHaKo (QYHKIHMO-
HaJIbHbIE METOZbI HCC/Ie0BAaHUA IO3BOJIMJIN IIPO-
aHAJIU3UPOBaTh BIUAHUE coefnHeHuA K-165 u npe-
napara cpapHeHus Ha passurue IP. [IposenenHasn B
paMKax SKCIepUMEHTAJIbHOM JacTu Jia3zepHas JIOIl-
iepoBckasg (IOyMeTpus II03BOJIMJIA BBIABUTH
MIOJIOKUTEJIPHOE BIMAHUE coenuHeHus K-165 Ha
ypoBeHb Tiepdy3uU HUINEMU3NPOBAHHBIX TKAHEH Yy
JAuabeTUYeCcKuX >KUBOTHBIX: HaOJIIONATIOCh OCTO-
BEPHOE TOBBIIIIEHNE YPOBHA IVIa3HONH MUKPOIIUPKY-
JIALIAY B TPYIIIe }KUBOTHBIX, KOTOPBIM BBOJUJIU CO€-
nuHenne K-165. Heliposiereneparus ¢gotopenenTo-
POB BIUIOTH /IO allONTO3a ABJISAETCSA HEOTHEMIIEMBIM
KOMIIOHEHTOM natoreHesa /IP u mpossisgercsa cCHU-
JKeHMeM aMIUINTY[bl a-BOJIHBl 3JIEKTPOPETHUHO-
rpamMmsI [19, 20]. Ha ¢oHe KOppeKIuu CTPenTo30-
TOIMH-UHIYIIIPOBAHHOTO JAuabera COeUHEHHEM
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K-165 Habsromanack TeHIEHITUS K YBEJTUYEHHUIO CMe-
IIAHHOTO OTBETAa MaJIOYeK M KOJIOOUEeK II0 CpaBHe-
HUIO C TPYIIOH KUBOTHBIX CO CTPENTO30TOIMH-
WHAYIUPOBAHHBIM auabetoM. CiemoBaTesbHO, coe-
nuHeHue K-165, MO3UTHUBHO BjWAS Ha (PYHKITUO-
HaJIbHbIE U3MEHEHUsA MPU TUIEPIJINKEMUH, IIPOJie-
MOHCTPUPOBaJIO HEHPOPETUHOIIPOTEKTUBHBIE CBOM-
CTBa [P HEKOMIIEHCUPOBAHHOM CaxapHOM /inabere.

3AK/IOYEHUE

IIpoBesieHHOE HCCIIeIOBAHME TIO3BOJISAET C/IEIaTh
CJIEYIOIIAE BBIBOJIBI:

1. HoBoe mpou3BOjHOE 3-apUIHEH-2-0OKCUH-
nona — coenuHenne K-165 crocoOCTBYeT 3azieprkke
00pa3oBaHUsA ITOMYTHEHUSI B XPYCTaJIUKaX, IIPEBOC-
XOJA TI0O aKTUBHOCTH TIperaparT CPaBHEHHUSA MeJIaTo-
HUH, U cHKaeT BI'/] Ha 24 % (p < 0.05) 10 cpaBHe-
HUIO C 3KMBOTHBIMH C T1aOETOM U3 TPYIIITHI KOHTPOJIS.

2. Coenunenue K-165 cHM>KaeT BBIPa’KEHHOCTh
MOP(OJIOTUUECKUX MMPU3HAKOB IMATOJIOTUN XpyCTa-
juka (Ha 32 % yMmeHbInaeT aedparMeHTaIdi0 U
HabyxaHue BOJIOKOH XPYCTaIMKA, MUTPAITUIO TIEpeT-
HETO 3MUTEUSA K T0JII0cCaM U Ha 3a{HIOI0 TTOBEpX-
HOCTb XpYCTaJIMKa, OOpa3oBaHHE MOPTraHUEBBIX
TeJIelr) 0 CPABHEHUIO C JKUBOTHBIMH C T1abeTOM U3
TPYIIIBI KOHTPOJIA.

3. Coenunenue K-165 crmocob6CTBOBYeET IOBBIIIIE-
HHUIO YPOBHSA TJIA3HOU T€MOMUKPOITUPKYJIAINU Ha
37.5 % (p < 0.05) U IeMOHCTPUPYET TEHIEHITHIO K
HOpMAaJIU3aluu  OHO3JIEKTPUUECKOH aKTUBHOCTH
CETYATKU 10 CPABHEHUIO C JIAOOPATOPHBIMU 3KUBOT-
HbIMH ¢ C/] 13 KOHTPOJIBHOM TPYIIIIHI.
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AHHOTAITUA

BBenaewuwue. Ilepuunbie T-kimerounsie tumdpomsr koxxu (TKJIK) mpencTaBiisiioT cOO0M TeTepOTeHHYI0 TPYIITY 9KC-
TPAHOJAJIBHBIX HEXOJPKKUHCKUX JUM@OM, KOTOpble Ha MOMEHT IIOCTAHOBKM JHAarHo3a JIOKAJIBHO OTPAaHUYUBAIOTCH
koxkel. Tuarnocrrka TKJIK yacTo 3aTpyAHeHa, TIOCKOJIbKY Ha OIIpe/IeJIEHHBIX 9TallaX Pa3BUTHSA 3TOTO reM00J1acTo3a nMe-
I0TCSI KJIMHUYECKUE CXO/[CTBA C TAKMMH HEOITyXOJIEBBIMH JIEPMATOJIOTHYECKUMHE 3200JIeBAaHUAMU, KAaK XPOHHYECKUH HK3e-
MaTO3HBIH JIEPMATHUT, ICOPUA3, KPACHBIA BOJIOCAHOU JINIIAN WM TpUOKoBble nHbeknuu. B matorenese TKJIK yuacTByIOT
KaK reHeTHYeCKHUe, TaK U SIIUreHeTH4Yeckue GakTopsl, B yacTHOoCcTH, MUKpOPHK (MuPHK).

IT e 1 b . Beuaeinenune MuPHK, nossossromux nuddepeniuposats TKIIK ot qo6pokauectBeHHbIX 06pazoBanuii (J10)
KOKH, U OIIpeieIeHHe X POJIU B TeHETHYECKUX IIyTAX, yIacTByomuX B pazsutuu TKIIK.

MaTtepuanb U MeToab . Merogom IIIIP ¢ 06paTHOI TpaHCKPHUIIMEH B PEAIBHOM BPeMEHH IIPOBEZEH
aHau3 ypoBHeH skcupeccun MUPHK-181a, -155, -574, -148b, -191, -264a, -21, -124, -221, -200b, -20a, -92a, -145, let-7a u
let-7d B 5 dukcupoBaHHBIX (GOPMATMHOM U 3IUTHIX mapadUHOM 006pasnax GHOICUU KOXKU MAIEHTOB C AHATHO30M
«TKJIK», a Takske 20 06pasiiax OUOICUY KOKH MAIlHEHTOB € IUarHO30M «IICOpHa3» (KOHTPOJIbHAS TPYIIa).
PesyunbTartbl . CpaBHUTEIbHBIH aHATU3 YpoBHEH skcupeccun MUPHK mexay obpasnavu TKIIK u IO nokazast
CTAaTUCTUYECKH 3HAYNMOe yBesinueHue yposHeir MuPHK-181a, -155, -574, -148b 1 -191 B ommyxos1eBbIX 06pasnax (p < 0.05).
B xome ROC-ananusa ycranosieHo, uro MuPHK-155 u MuPHK-181a aBIst0TCA BPICOKOUYBCTBUTEIBHBIMU U CIIEITA(DUY-
HBIMU Mapkepamu A1 auarsoctuku TKIIK.

3aka104eHUe. AHanus ypoBHel skcripecc MUPHK MoxkeT OBITh IEPCIIEKTUBHBIM HHCTPYMEHTOM IS TU(-
(epeHIIMaNBHON AMATHOCTUKHU J€PMATOTPOMHBIX JUMGOUIHBIX TeMO0OJIACTO30B U HETeMOIIOATUYECKUX OoJie3Hel
KOXKH.

Kmuoueente cnrosa: vukpoPHK, nepBuunble kokHble T-Ki1eToUHbIE TUMGOMBI, HEXOPKKHHCKHE JTUM(POMBI.
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MicroRNA expression profile in the diagnostic substrate
of primary cutaneous T cell non-Hodgkin’s lymphoma
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ABSTRACT

Introduction. Primary cutaneous T cell lymphomas (CTCL) are a heterogeneous group of extranodal non-
Hodgkin’s lymphomas that are locally limited to the skin at diagnosis. The diagnosis of CTCL is often difficult, since at
certain stages of development, this hematological malignancy has clinical similarities with non-neoplastic dermatological
diseases such as chronic eczematous dermatitis, psoriasis, lichen ruber, or fungal infections. Both genetic and epigenetic
factors, in particular microRNAs (miRNAs), are involved in the pathogenesis of CTCL.

A i m . Toidentify the miRNAs that differentiate CTCL from benign skin lesions (BSL) and determine their role in genetic
pathways involved in the development of CTCL.

Materials and meth ods. Realtimereverse transcription PCR was used to analyze the expression levels
of miRNA-181a, -155, -574, -148b, -191, -26a, -21, -124, -221, -200b, -20a, -92a, -145, let-7a, and let-7d in 5 formalin-fixed
paraffin-embedded skin biopsy samples from patients with CTCL and 20 skin biopsy samples from patients with psoriasis
(control group).

Results. Comparative analysis of miRNA expression levels between CTCL and BSL samples showed a statistically
significant increase in the levels of miRNA-181a, -155, -574, -148b and -191 in tumor samples (p < 0.05). ROC analysis
showed that miRNA-155 and miRNA-181a are highly sensitive and specific markers for the diagnosis of CTCL.
Conclusion. Analysisof miRNA expression levels may be a promising tool for the differential diagnosis between
dermatotropic lymphoid hematological malignancies and non-hematological skin diseases.

Keywords: microRNA, primary cutaneous T cell lymphomas, non-Hodgkin’s lymphomas.
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BBE/JIEHUE

[lepBuuHbIle KOKHBIE JTUMQPOMBI IPEACTABIISIOT
cO0OU TeTEepOTeHHYIO TPYIIIYy SKCTPAHOAATHHBIX
HEXOKKMHCKUX JUMGOM, KOTOPble HAa MOMEHT
MTOCTAHOBKHU JMarHo3a JIOKAJIbHO OTPAHUYMBAIOTCS
KOxel [1]. B oTsimune OT HOOAJIBHBIX HEXOIKKIH-
CKHX JIUM(OM, OOJIBIITUHCTBO U3 KOTOPHIX ITPOHCXO-
JIAT U3 B-KIeTok, mpuMepHO 75 % MEePBUYHBIX KOK-
HBIX JIUM(POM UMEIOT T-KJIeTOUHOE MPOUCXOKEHIE
[2]. MuarHocThka T-KyIeTOYHOU JTUMGPOMBI KOXKU
(TKJIK) ocHOBaHa Ha COYETAHUU KJIUHUYECKOH Kap-
TUHBI 3a00JIEBaHMUS, THCTOJIOTHYECKOTO KCCIEI0BA-
HUsL OHOINTaTa KOKHOTO JIOCKYTa U JOMOJIHUTEb-
HBIX J1abOPATOPHBIX TECTOB, TAKUX KaK MPOTOUHAs
IUTOMETPHUsI Tepudepuyeckor KpPOBH W aHAIU3
KJIOHAJIbHOCTH perientopoB T-kinetok [3]. PanHssa

INTRODUCTION

Primary cutaneous lymphomas are a heteroge-
neous group of extranodal non-Hodgkin’s lympho-
mas that are locally limited to the skin at diagnosis
[1]. In contrast to nodal non-Hodgkin’s lympho-
mas, most of which are B-cell derived, approxi-
mately 75% of primary cutaneous lymphomas are of
T-cell origin [2]. The diagnosis of cutaneous T-cell
lymphoma (CTCL) is based on a combination of
clinical presentation, histological examination of
skin biopsy specimens, and additional laboratory
tests such as flow cytometry of peripheral blood and
the analysis of T-cell receptor clonality [3]. Early
diagnosis and accurate classification are important
for selecting treatment modalities, as lymphomas
can vary significantly in grade, prognosis, and
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MUaTHOCTUKA M TOYHasg KiIaccuPUKAUUA HMEIOT
BaKHOE 3HaUeHUeE JJIs1 BHIOOPA BAPDUAHTOB JIEUEHNS,
IIOCKOJIBKY JTUM(OMBI MOTYT CYIIECTBEHHO Pa3JIH-
YaThCsA 10 CTElleHU 37I0KaYECTBEHHOCTH, IIPOTHO3Y U
oTBeTy Ha Jieuenue [4]. Jluaraocruka TKJIK gacro
3aTpyAHEHA, ITOCKOJIBKY Ha OIpeeeHHbIX 3Tarmax
Pa3BUTHA 3TOTO TeM06J1acTo3a UMEIOTCS KIMHUYe-
CKHe CXOZICTBA C TAKMMU HEOITyX0JIeBbIMU 3a00J1eBa-
HUAMU KOXKM, KaK XPOHHUYECKHUHM 5K3eMaTO3HBIU
JlepMaTHUT, TCOpHa3, KPacHbIA BOJIOCSHOM JIMINIAH,
JIEKapCTBEHHbIE JEPMOIIATUM WIA TI'PUOKOBBIE
nHbekuu [5]. Kpome Toro, ormedarnTcs cirydaun
OZTHOBpEeMeHHOro Hajnuud y namnueHnra kak TKIIK,
TaK W 1ncopuasa [6]. PeTpocreKkTUBHBIE HCCIEIOBA-
HUS TIOKA3aJid, YTO JJIS TOCTAHOBKH OKOHYATENb-
HOTO JTMaTrHO3a MOXKET IOTPeOOBAThCA 10 4 JIET U
HECKOJIbKO Ouoricuil koxku [2]. Ha paHHUX cTagusax
3aboseBanus kieTku TKJIK npucyTCTBYIOT TOJIBKO B
HeOOJIBIIIOM KOJIMYECTBE, W aKTyaJbHOU 3ajlauer
SIBJISIETCS TIOMCK MOJIEKYJIIPHO-TEHETHYECKUX Map-
KEpOB, CIOCOOHBIX IOBBICUTH TOYHOCTH PAHHETO
pacro3HaBaHUA JaHHOU omyxosu. VcenenoBanus B
9TOM 00JIaCTH CIIOCOOCTBYIOT MOHUMAHUIO MOJIEKY-
JspHOro yaHamadTa, jgexaiero B ocHoBe TKJIK, u
BBISIBJIEHUIO HOBBIX INATHOCTUYECKUX OOMapKepPOB
[7, 8]. Y. Zhang et al. mokasasnu, uro ananus TOX u
PDCD1 ctiocoben muddepeHIIpoBaTh pAHHUN TPU-
OOBHUIHBIM MUKO3, ABJIAIONIMICI Hanbojiee 4yacTom
kauanyeckon popmoit TKIIK, ot mo6pokadecTBeH-
Horo siepmaTtuta [9]. M. Nebozhyn et al. otmeuaror,
yTO aHanu3 5 reHoB — STAT4, GATA-3, PLS3, CD1D
u TRAIL 1103BOJISIET C BBICOKOH TOYHOCTHIO HUIEHTH-
¢unuposate mnanuentoB ¢ TKJIK npu ananuze
MOHOHYKJIEAPHBIX KJIETOK Iepudepuieckoil KpOBHU
[10]. B gpyroii pabore mpejjiaraeTcs UCIOIb30Ba-
HUe aHajau3a jJKcrpeccun reHa TMEM244 xak
MIOTEHIIUAJIBHOTO  JUAarHOCTUYECKOTO  Mapkepa
KpoBH, oTnyatomiero moarunsl TKIJIK u mobpoka-
YyecTBeHHYI0 spuTpozepmuio [11]. L.V. Litvinov et al.
B CBOEM HCCJIEZIOBAHUU IOATBEPAWIN, UTO TEHBI
TOX, FYB, LEF1, CCR4, ITK, EED, POU2AF, IL26,
STAT5, BLK, GTSF1 u PSORS1C2 nuddepeniu-
QJIbHO  DKCIIPECCUPYIOTCS MEXKJY PasIMYHBIMU
TKJIK u mo6pokadecTBEHHBIMH O00pa30BaHUSAMHU
KoXxu [5].

B martorenese TKJIK y4acTBYIOT Kak reHeTuye-
CKHe, TaK U dIUreHeTnueckue pakrops [12]. Moau-
¢dukamnusa rucronos, metwauposanue J[HK u abep-
panTHas skcrnpeccusi MEKpoPHK (MmuPHK) sBis-
IOTCSI DIUTEHETUYECKUMHU COOBITUAMU, Y4YaCTBYIO-
UMY B pa3BuTuu u nporpeccupoBanun TKIIK [13].
U. Ralfkiaer et al. BoiaBuau 38 muPHK, xoTopbie
b depeHITIAIBHO SKCIIPECCUPYIOTCA MEXKAY T'PU-
OOBHUIHBIM MHUKO30M Ha PAaHHEH CTaUU U aTOIHYe-

response to treatment [4]. Diagnosis of CTCL is
often difficult because at certain stages of develop-
ment, this hematological malignancy has clinical
similarities with such non-neoplastic skin diseases
as chronic eczematous dermatitis, psoriasis, lichen
ruber, drug-induced dermopathies or fungal infec-
tions [5]. In addition, Scott et al. reported the cases
of coexistence of psoriasis and cutaneous T cell lym-
phoma [6]. Retrospective studies have shown that it
may take up to 4 years and several skin biopsies to
make a final diagnosis [2]. In the early stages of the
disease, CTCL cells are small in numbers, and the
search for molecular genetic markers that can
improve the accuracy of early diagnosis of this
tumor is an urgent task. Research in this field con-
tributes to the understanding the molecular land-
scape underlying CTCL and the identification of
new diagnostic biomarkers [7, 8]. Zhang et al.
showed that the TOX and PDCD1 analysis is capable
of differentiating early mycosis fungoides, which is
the most common clinical form of CTCL, from
benign dermatitis [9]. Nebozhyn et al. note that
quantitative PCR of 5 genes — STAT4, GATA-3,
PLS3, CD1D and TRAIL allows for reliably identifi-
cation of patients with CTCL analyzing peripheral
blood mononuclear cells [10]. Another study pro-
poses the use of the analysis of the TMEM244 gene
expression as a potential diagnostic blood marker
that distinguishes CTCL subtypes from benign
erythroderma [11]. Litvinov et al. confirmed that the
genes TOX, FYB, LEF1, CCR4, ITK, EED, POU2AF,
IL26,STAT5, BLK, GTSF1 and PSORS1C2 being dif-
ferentially expresses between different CTCL and
benign skin lesions [5].

Both genetic and epigenetic factors are involved
in the pathogenesis of CTCL [12]. Histone modifica-
tion, DNA methylation, and aberrant expression of
microRNAs (miRNAs) are epigenetic events involved
in the development and progression of CTCL [13].
Ralfkiaer et al. identified 38 miRNAs that are differ-
entially expressed between early-stage mycosis fun-
goides and atopic dermatitis, and also described the
dynamics of changes in miRNA expression levels
during CTCL progression [14]. Another authors
reported that a useful tool based on the analysis of
the expression of miRNA-155, miRNA-203 and
miRNA-205 was developed which allows for the
identification of CTCL markers in blood plasma with
high sensitivity and specificity [15].

Although a number of papers have been pub-
lished to date aimed at studying the role of miRNAs
in the development and progression of CTCL, there
are still insufficient diagnostic markers for routine
diagnosis.
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CKUM JepMaTUTOM, a TaKKe OTMETWJIN JUHAMUKY
U3MeHeHusl ypoBHeH skcrupeccunun MUPHK mpu mpo-
rpeccupoBannu TKJIK [14]. B npyrom wuccienosa-
HUH OTMEYaeTcs, YTO pa3paboTaH Kjiaccu(pUKaTop
Ha OCHOBe aHanu3sa akcnpeccuu MuPHK-155 1 oTHO-
mrennss MEPHK-203/MuPHK-205, T03BO/IAIOIINH ¢
BBICOKOW UYyBCTBUTEJIbHOCTHIO U CIEIU(MUIHOCTHIO
unentudunuponate Mapkepbl TKJIK B 11azme
KpoBu [15].

XoTsl Ha CETOMHSANIHUY JIeHb OIyOJIUKOBAH P
paboT, HaTlpaBJIeHHBIX HA u3ydyeHue posu MuPHK B
pasButuu u nporpeccuposanuu TKJIK, quarsoctu-
YEeCKHX MapKepOB JUISI PYTUHHOW JIMaTHOCTUKU BCE
ellle HeJI0OCTaTOYHO.

IMEJIb NCCJIEAJOBAHUA

Briasienue muPHK, mozBosistonux quddepeH-
nupoBaTh TKJIK oT mo6pokauecTBeHHBIX 00pa3oBa-
HUH KOKU, U OIIpefiesIeHNe UX POJIU B TeHeTUUeCKUX
MyTsX, y9acTByomux B tuMdomorenese TKIIK.

MATEPUAJIbI 1 METO/IbI

KimHauueckne oOpasupl. B uccienoBanue
BKJTIOUEHBI 5 (PUKCUPOBAHHBIX (DOPMAIITHOM U 3aJTH-
Thix mapadunom (FFPE) o6pa3noB 61MonTaToB KO-
HOTO JIOCKYTa ITalIUEHTOB C IO/ATBEPKIEHHBIM JIHa-
rHo3oM «TKJIK», a Tak:ke 20 o0OpasioB Ouomcuu
KOXK{ TaIEHTOB C YCTAHOBJIEHHBIM JIHATHO30M
«TICOpUas», KOTOpble chOPMUPOBATH KOHTPOJIHHYIO
rpymiy aob6pokadecTBeHHbIX 00pasios (10). Mare-
pua 6bLI ITOJTyUeH ¢ cobITIoieHIeM TpeOOBaHUH pOC-
CHICKOTO 3aKOHOJIATEJILCTBA, OT KAXKOTO IMaI[UeHTa
MIOJIy4YeHO MHChMEHHOe WH(MOPMUPOBAHHOE COTJIa-
cre, Bce maHHbBIe ObuIM 00e3myeHnl. Hacrosiee
WCCJIE/IOBAaHNE OZI0OPEHO STUYECKUM KOMHUTETOM
HoBocuOUpPCKOro rocyAapCTBEHHOTO MEIUITHHCKOTO
yHuBepcuTeTa (IpoTokos N2 158 oT 21.03.2024).

Boigeaenue oomeit PHK us FFPE. B mpo-
OUpKy, cofiepIKaIlyio Tpu napadpuHOBBIX cpe3a 6uo-
ITaTa TKAaHU B 00bEME 15 MKM JIJISI TIOCIIEAYIOIIEH
nenapadbUHU3ANNUH, 00ABIIAIN 1 MJI MUHEPAJIBHOTO
Macsa. 3aTeM MNPOOUPKY BCTPSXUBAIM B TEUEHHE
10 ¢ 1 THKyOUpOBaIU B TepMOIIeiikepe mpu 65 °C u
1300 00./MUH B TeueHHWe 2 MHH. 3areM 00OpPas3IbI
LIEeHTPUQPYTUPOBAIH TPHU 13 000—15 000 g B Teue-
HEe 4 MuH. HazocamouHyto KUAKOCTh VAN, HE
paspymas ocagok. K ocagky mobapysim 1 Mu1 96%
STAHOJIA, 3aT€M BCTPSAXUBAJIN B TeUeHUE 10 C U IeH-
TPpUPYTUPOBAIH TIPU 13 000—15 000 g B TeUeHUE
4 muH. Hajioca/1ouHyI0 KUAKOCTD YIAJIAIN, HE Pa3-
py1Ias ocasiok, 3aTeM J00aBJIsLIH 1 MJI 70% 3TaHOJIA
U IeHTpUQyrupoBasu npu 13 000—15 000 g B Teue-
Hue 2 MUH. I10JIy4eHHBIN 0Ca/IOK /lajiee HCII0JIb30-
BaUIH J|J151 BBIZIEJIEHUST HYKJIEMHOBBIX KUCJIOT.

AIM OF THE RESEARCH

To identify miRNAs that differentiate CTCL from
benign skin lesions and to determine their role in
genetic pathways involved in CTCL lymphoma-
genesis.

MATERIALS AND METHODS

Clinical samples. A study included 5 formalin-
fixed paraffin-embedded (FFPE) skin flap biopsy
samples from patients with a confirmed diagnosis of
CTCL, as well as 20 skin biopsy samples from patients
with a verified diagnosis of psoriasis, which formed
the control group of benign samples (BS). The mate-
rial was obtained in compliance with the require-
ments of Russian legislation, each patient provided
written informed consent, and all data were deper-
sonalized. This study was approved by the Ethics
Committee of the Novosibirsk State Medical Univer-
sity (Protocol No. 158 dated 21.03.2024).

Isolation of total RNA from FFPE. One mil-
liliter of mineral oil was added to a tube containing
three 15-um paraffin-embedded tissue biopsy sec-
tions for subsequent deparaffinization. The tube was
then shaken for 10 s and incubated in a thermoshaker
at 65°C and 1300 rpm for 2 min. The samples were
then centrifuged at 13 000—15 000 g for 4 min.
A supernatant was removed without disrupting the
precipitate. One milliliter of 96% ethanol was added
to the precipitate, shaken for 10 s, and centrifuged at
13 000—15 000 g for 4 min. The supernatant was
removed without disrupting the precipitate, then
1 ml of 70% ethanol was added and centrifuged at
13 000—15 000 g for 2 min. The obtained precipitate
was then used to isolate nucleic acids.

Each sample was added 600 pl of lysis buffer. The
samples were incubated in the thermoshaker for
15 min at 65°C. An equal volume of isopropanol and
10 pul of magnetic sorbent were then added. A solu-
tion was thoroughly mixed and kept at room tem-
perature for 5 min. After centrifugation for 10 min at
14 000 g, the supernatant was removed and the pre-
cipitate was washed with 500 pl of 70% ethanol and
300 pl of acetone. The obtained RNA was dissolved
in 290 pl of deionized water.

Selection of miRNAs. The studied miRNAs
were chosen based on the literature data. A panel of
15 miRNAs was formed: miRNA-181a, -155, -574,
-148b, -191, -26a, -21, -124, -221, -200b, -204a, -92a,
-145, let-7a and let-7d. For normalization, miRNA-
103a was used, which was selected based on [16]. All
oligonucleotides were synthesized at Vector-Best
(Novosibirsk, Russia). Oligonucleotides were
selected using the PrimerQuest tool (https://
eu.idtdna.com/ (accessed June 1, 2020)). The
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K kaxkmomy obpa3sity 100aBiisiyii 600 MKJI JIU3H-
pymotero 6ydepa. O6pasipl 6bLIH HHKYOHMPOBAHbI B
TepMollleiikepe B TeueHUe 15 MUH 1pu 65 °C. 3aTeM
ObUT 106aBIEH paBHBI 00BEM H30MPOIAHOTA U
10 MKJI MarHUTHOTO copbeHTa. PacTBop ObLI TIIa-
TeJIbHO TepeMelllaH W BBIZEpPIKaH IPU KOMHATHOH
TeMIlepaType B TeueHue 5 MUHyT. [Tocyie nenTpudy-
TUPOBAHUsA B TEUEHHE 10 MUH IIPH 14 000 g Ccymep-
HATaHT ObLI yZlaJIeH, & 0CaI0K ObLIT IPOMBIT 500 MKJI
70% 3TaHOJIAa W 300 MKJI areToHa. [losyuyeHHYIO
PHK pactBopmwin B 290 MKJ J€HOHU3UPOBAHHOU
BOJIbI.

Bob16op muPHK. Crnektp uccnenyemprx MuPHK
OB COCTaBJIEH HA OCHOBE JINTEPATYPHBIX JAHHBIX.
bruta cdopmupoBana mnanenp usz 15 MuPHK:
muPHK-181a, -155, -574, -148b, -191, -26a, -21, -124,
-221, -200b, -20a, -92a, -145, let-7a u let-7d. dsa
HopMasm3anuu ucnosab3zoanu MuPHK-103a, koro-
pas Obl1a BRIOpaHA HA OCHOBE JINTEPATYPHBIX JaH-
HBIX [16]. Bce OJIMTOHYKJIEOTH/IBI OBLITA CHHTE3UPO-
Banbl B AO «Bekrop-Becr» (HoBocubupck, Poccust).
OJIUTOHYK/IEOTHIBI OBLIM BBHIOPAHBI C IOMOIIBIO
uHcrpymenTta PrimerQuest (https://eu.idtdna.com/
(mara obpaieHus: 1 HIOHA 2020 T.)). 3HaueHune E
BapbHUPOBAJIOCH B THATIa30HE 92.5—99.7 % B 3aBUCH-
MOCTH OT UCIIOJIb3YEMOU CUCTEMBI.

O6OparHas TpaHcKkpunmnusa. s cuHTe3a
kommiemeHntapuo JIHK (x/IHK) o6parHyio
TPAHCKPUIIIAIO IMPOBOJAWJIN B 00BbeMe 30 MKIL.
PeakuoHHast cMech Ccozeplkajia 3 MKJ obpasia
PHK u 6ydepHBIi pacTBOp A1 00paTHOU TpaHC-
kpunmuu (OT) ¢ mpaiimepom OT (AO «BexTop-
Bect», HoBocubupck, Poccus). Kouuenrpamus
obmeit PHK wmaxommnace B amama3oHe 120-—
180 HI/MKJ; OITHYECKas IJIOTHOCTb 260/280 u
260/230 cocTaBisiyia >1.9 U >1.5 COOTBETCTBEHHO.
PeaknuoHHyo cMech MHKyOupoBaiu mnpu 16 °C B
TeueHUe 15 MHUH, 3aTeM Ipu 42 °C B TeueHUe
15 MUH, [IOCJI€ Yero MPOBOAUJIN TEIJIOBYIO MHAK-
TUBanuio npu 95 °C B TeUeHUE 2 MUH.

IIITP B peaJbHOM BpeMEHHU. IKCIPECCUI0
muPHK onenuBanu metrogom I111P B peassbHOM Bpe-
MEHHU C UCII0JIb30BaHHEeM cucTteMbl getekiuu CFX9g6
(Bio-Rad Laboratories, Hercules, CA, CIITA). O61uii
00BbeM KaXKAOW pEeaKIMOHHOH CMeCH COCTaBJISI
30 MKJ; peakIIMOHHAs CMeCh cojiep:kKaja 3 MKJI
k/IHK, 1x IIIIP-6ydep (AO «Bekrop-becr», Poc-
cust), 0.5 MKJI KaXK/IOTO TIpaiiMepa U 0.25 MKJI 30H7a
¢ /iBoHOUW MeTkou. ITpotokos TP 6bL1 ciiemyro-
UM: HHKyOarus npu 50 °C B TeYeHHEe 2 MUH, 3aTeEM
mpeABapuTeIbHAs JleHaTypanusa npu 94 °C B Teue-
HHE 2 MUH, 3aTeM 50 ITUKJIOB JeHaTyparuu (94 °C B
TeueHue 10 ¢), oTkura u yamuHeHus (60 °C B Teue-
HUE 20 C).

E value varied in the range of 92.5—99.7% depending
on the system used.

Reverse transcription. For complementary
DNA (cDNA) synthesis, reverse transcription was
performed in a volume of 30 pl. A reaction mixture
contained 3 pl of RNA sample and a buffer solution
for reverse transcription (RT) with RT primer (Vec-
tor-Best, Novosibirsk, Russia). The concentration of
total RNA was in the range of 120—-180 ng/ul; the
absorbance of 260/280 and 260/230 was >1.9 and
>1.5, respectively. The reaction mixture was incu-
bated at 16°C for 15 min, then at 42°C for 15 min,
finally, heat inactivation was performed at 95°C for
2 min.

Real-time PCR. The miRNA expression was
detected by real-time PCR using a CFX96 detection
system (Bio-Rad Laboratories, Hercules, CA, USA).
The total volume of each reaction mixture was 30 pl;
the reaction mixture contained 3 pl cDNA, 1x PCR
buffer (Vector-Best, Russia), 0.5 pul of each primer,
and 0.25 pl of a double dye probe. The PCR protocol
was as follows: incubation at 50°C for 2 min, then
pre-denaturation at 94°C for 2 min, then 50 cycles of
denaturation (94°C for 10 s), annealing, and exten-
sion (60°C for 20 s).

Statistical analysis. The analysis was per-
formed using the Mann-Whitney U-test and Statis-
tica v13.1 software. Values of p less than 0.05 were
considered statistically significant. Diagnostic values
were assessed using ROC analysis and IBM SPSS
software.

RESULTS

Comparative analysis of miRNA expres-
sion levels between CTLC and benign sam-
ples. The comparative analysis of miRNA expres-
sion levels between CTLC and BS showed a statisti-
cally significant increase in the levels of miRNA-181a,
-155, -574, -148b and miRNA-191 in tumor samples
(p < 0.05) (Table 1). Below, we will consider miRNAs
for which the median expression levels between
CTLC and BS differ by more than 2 times.

To investigate the possibility of using miRNA-
181a and miRNA-155 as new potential biomarkers
for the differential diagnosis between CTCL and BS,
we performed ROC analysis for two selected cohorts.
Fig. 1 shows the ROC curves for miRNA-155 and
miRNA-181a, and Table 2 presents the AUC, sensi-
tivity, and specificity values of the studied biomark-
ers. The results indicate that miRNA-155 and
miRNA-181a are highly sensitive and specific mark-
ers for the diagnosis of primary CTCL.

Analysis of the miRNA-mRNA interaction
network. Next, we performed bioinformatic analy-
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Cratucrtuueckuii aHammu3. AHAIU3 OBUI
BBITIOJIHEH € UCcnoJIb30BaHueM U-kputepusa ManHa —
YutHu Ha mnporpaMMHOM matdopme Statistica
v13.1. 3HaUYeHUs p MeHee 0.05 CIUTAIUCH CTATUCTU-
YecKH 3HAYMMBIMHU. J[MarHOCTHYECKHe 3HaYeHUs
ObpUIH OIleHEeHBI ¢ moMoIbio ROC-aHanu3a Ha mpo-
rpammHoO# nmatgopme IBM SPSS.

PE3YJ/IBTATDBI

CpaBHUTEJBHBII aHAJAU3 YPOBHEH JKC-
npeccun MuPHK me:xay oopasmamu TKJIK u
J10. CpaBHUTEIBHBIN aHATNU3 YPOBHEN SKCIPECCUU
MuPHK mexny obpasumamu TKJIK u /IO moxazan
CTaTUCTUYECKN 3HAYMMOE YBEJIUYEHHE YpPOBHEH
muPHK-181a, -155, -574, -148b u MuPHK-191 B ormy-
X0JIEBBIX obpasiax (p < 0.05) (tabs. 1). [lasee Mbl
oynem paccmatpuBath MUPHK, 1711 KOTOpPBIX Menu-
aHHbIE 3HAYEHWUS YPOBHEH OKCIIPECCUH MEXKIY
TKJIK u 1O pasimyatorces 6oJyiee ueM B 2 pasa.

JJ1s1 uccyieoBaHUs BO3MOXKHOCTU HCITOJIH30Ba-
Husa MmuPHK-181a u MmuPHK-155 B KauecTBe HOBBIX
MIOTEHITHAJIBHBIX OMOMapKepoB s muddepeHIu-
anmpHOU guarHoctuku TKJIK u IO MBI mpoBenn
ROC-ananu3 B 1ByX BbIOpaHHBIX KOTOpTax. Ha puc. 1
nokazanbl ROC-kpussle 11a MuPHK-155 u MuPHK-
181a, a B Tab.1. 2 mpezicTaBiiensl 3HaueHusa AUC, uyB-
CTBUTEJIbHOCTH U CIENU(PUUYHOCTH TECTUPYEMBIX
O6uoMapkepoB. Pe3ysibTaThl IIOKa3bIBAIOT, YTO
muPHK-155 u MuPHK-181a sABiAI0TCS BBICOKOUYB-
CTBUTEJIbHBIMH W CIEITU(PUIHBIMUA MapKepaMu JJist
nuar"Hoctuku nepsuynort TKIIK.

sis for the target genes of miRNA-155 and miRNA-
181a, which were statistically significantly associated
with the diagnosis of CTCL. The data on miRNA tar-
get genes involved in such biological pathways as
Pathways in cancer, Cell cycle, Apoptosis and T cell
receptor signaling were obtained from the Kyoto
Encyclopedia of Genes and Genomes (KEGG) data-
base. We identified a total of 85 experimentally con-
firmed targets using MirTarbase v9.0, of which
64 genes are involved in the regulation of cancer-
associated pathways. It is significant that some of the
target genes are controlled by both miRNAs. Thus,
the genes KRAS, CDKNiB, STAT3, PTEN, FOS,
SMAD2, ETS1, CTNNB1 are regulated by both
miRNA-155 and miRNA-181a. The obtained data are
presented using the capabilities of the miRNet 2.0
resource (Fig. 2). MiRNet is a miRNA-centric net-
work visual analytics platform (https://www.mirnet.
ca/miRNet/home.xhtml).

DISCUSSION

The comparative analysis of miRNA expression
levels between CTCL and benign samples showed a
statistically significant increase in the levels of
miRNA-181a, -155, -574, -148b and miRNA-191 in
tumor samples (p < 0.05).

Blood cell division and maturation occur during
an intensive and complex process known as hemato-
poiesis, which can be regulated by various mecha-
nisms, including miRNAs [17]. Georgantas et al.
showed that miRNA-17, -24, -146, -155, -128, and

Ta6suna 1. CpaBHUTEIbHBIN aHaIU3 YypoBHel akcnipeccun MUPHK Mexx iy o6pasuamu T-k1eToYHOH TIUMQOMBI KOXKH

Y 106pOKayeCTBEHHbBIMU 00pa3IaMu

Table 1. The comparative analysis of miRNA expression levels between cutaneous T cell lymphoma and benign samples

Paszsinuue ypoBHe#H 3Kcnpeccuu

LS Difference in expression levels p

mMuPHK-181a / miRNA-181a 2.68 0.001129
MuPHK-155 / miRNA-155 2.51 0.006716
MuPHK-574 / miRNA-574 1.58 0.008916
MuPHK-148b / miRNA-148b 1.38 0.024250
MUPHK-191 / miRNA-191 1.36 0.004933
MuPHK-26a / miRNA-26a 1.35 0.363042
MuPHK-21 / miRNA-21 1.01 0.800618
MuPHK-124 / miRNA-124 -1.43 0.129632
MuUPHK-221 / miRNA-221 1.01 0.587358
MuPHK-200b / miRNA-200b -1.78 0.079586
MuPHK-20a / miRNA-20a -1.13 0.363042
MuPHK-92a / miRNA-92a -1.13 0.971262
MuPHK-145 / miRNA-145 1.05 0.587358
let-7a 1.33 0.150435
let-7d 1.27 0.325181
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Puc. 1. ROC-xpusble 111 MuPHK-155 (A) 1 MuPHK-181a (B) mpu nuddepeHinaabHON TUATHOCTHKE
Mexay T-kaeTouHo# TuMGpOMOU KOXKHU U I0OPOKaYeCTBEHHBIMU 00pa3iaMu
Fig. 1. ROC curves for miRNA-155 (A) and miRNA-181a (B) in the differential diagnosis between cutaneous
T cell lymphoma and benign samples

Anamus ceru B3aumopaeincrsua MmuPHK —
MPHK. Jlasiee MbI mpoBesu 6HOMH(POPMATHIECKUH
aHau3 1eneBbix renoB MuPHK-155 u MuPHK-181a,
CTAaTHUCTUYECKN 3HAUYMMO CBS3aHHBIX C JUATHOCTH-
kot TKJIK. 13 6a3sl ganubix Kyoto Encyclopedia of
Genes and Genomes (KEGG) mosiyueHbl JJaHHBIE O
reHax-muineHsx MuPHK, BoBjieueHHBIX B Takue
6uosornueckue mytH, kak Pathways in cancer, Cell
cycle, Apoptosis u T cell receptor signaling. Msl
UIeHTU(PUIUPOBAIIU B O0IIIEH CIIOKHOCTU 85 IKCIIe-
PUMEHTAILHO MOATBEPK/IEHHBIX MUIIIEHEH ¢ IIOMO-
mpio MirTarbase v9.0, U3 HUX 64 reHa y4acTBYIOT B
PEryJisiiiuil TyTeH, acCOIUUPOBAHHBIX C PAKOM.
CTOUT OTMETUTbh, UTO YACTh '€HOB-MUIIEHEN HaXO-
nutrest moj, koHtposieM obeunx MuPHK. Tak, reHbl
KRAS, CDKN1B, STAT3, PTEN, FOS, SMAD2, ETS1,
CTNNB1 perynupywores kak MuUPHK-155, Tak u
muPHK-181a. [TosyyeHHble faHHBIE TTPE/ICTABIEHBI
C UCIOJIb30BAaHWEM  BO3MOXKHOCTEH  pecypca
miRNet 2.0 (puc. 2). MiRNet npesacrasisier coboi
wiaThopMy BU3yaTIbHON aHAMUTHKH ceTu MHPHK
(https://www.mirnet.ca/miRNet/home.xhtml).

-181a orchestrate the differentiation of hematopoi-
etic stem cells, noting the special role of miRNA-155
in the regulation of myelopoiesis and erythropoiesis
[18]. Another authors reported that miR-181a regu-
lates erythroid cell enucleation via the regulation of
Xpo7 expression [19]. MiRNAs are regulators of nor-
mal hematopoiesis; therefore, their aberrant expres-
sion can contribute to the development of hemato-
logical malignancies [17].

In addition to the fact that miRNAs regulate
erythropoiesis, megakaryopoiesis, and granulopoi-
esis, they are also important participants in the dif-
ferentiation pathway of B and T lymphocytes [20].
Rodriguez et al. found that miRNA-155 plays a key
role in lymphopoiesis and function of the immune
system [21]. Seddiki et al. showed that miRNA-155
has a high level of expression in both B and T cells
and is involved in the formation of the transcrip-
tome of lymphoid cells and, in particular, in the dif-
ferentiation of T cells [22]. Tan et al. found that
miRNA-155, -181b, -15a, -16, -15b, -34a, -9, -30, let-
7a, -125b, -217 and miRNA-185 modulate the

Ta6una 2. 3navenusi AUC, 4yBCTBUTENbHOCTHU U cienuouyHocTH st MUPHK-155 u MuPHK-181a npu
nuddepeHIHaIbHON AUATHOCTHKE MeXAY T-KJIeTOUHOH TMMPOMOM KOXKHU U A,06poKaueCTBEHHBIMU 06pa3naMu
Table 2. AUC, sensitivity, and specificity values for miRNA-155 and miRNA-181a in the differential diagnosis between

cutaneous T cell lymphoma and benign samples

YyBCTBUTEJILHOCTD / Sensitivity, %

CnenuduaHocts / Specificity, %

MuPHK / miRNA AUC
MUPHK-155/miRNA-155 0.889 80
MUPHK-181a/miRNA-181a 0.95 80

83
84

122
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Puc. 2. Anayiu3 renoB-muiieHeir MuPHK-155 u MuPHK-181a ¢ ucnoss3oBanuem miRnet 2.0.
Cunue pom6b1 — MuPHK, cepble 1 ¢proieToBble pOMObI — UX TeHbI-MHUIIIEHU
Fig. 2. The analysis of miRNA-155 and miRNA-181a target genes using miRnet 2.0.
Blue diamonds are miRNAs, gray and purple diamonds are their target genes

OBCYKIAEHUE

CpaBHUTEBHBIA aHAJTU3 YPOBHEU SKCIIPECCHH
MuPHK mexay obpasmamu TKJIK u JIO moxasan
CTaTUCTUYECKU B3HAYMMOE YBEJIUYEHHE YPOBHEH
muPHK-181a, -155, -574, -148b u MmuPHK-191 B ormy-
X0JIEBBIX 0Opa3siiax (p < 0.05).

[enenre u co3peBaHNe KJIETOK KPOBU ITPOUCXO-
JISIT B XOJle MHTEHCUBHOTO W CJIOKHOTO IIPOIlecca,
U3BECTHOTO KaK reMOII033, KOTOPBIN MOKET PEryJIH-
poBaTbCA PA3JIMYHBIMU MEXaHU3MAaMH, BKJIOYast
muPHK [17]. R.W. Georgantas et al. mokasasiu, 4To
MuPHK-17, -24, -146, -155, -128 u -181a KOHTpOJIN-
pyor guddepeHIPOBKY T'eéMOIIO3TUUYECKUX CTBO-
JIOBBIX KJIETOK, OTMETUB 0co0yt0 posb MuPHK-155 B

expression of genes involved in B-cell maturation
[23]. Grigoryev et al. identified 71 miRNAs differen-
tially expressed during the immune response, in
particular, 12 miRNAs with increased expression:
miRNA-221, -210, -98, -29b, -155, -218, -455, -449,
-548d, -222, -132, and -18a and miRNAs with
decreased expression: miRNA-181a, -223, -224,
-150, -146b, -126, -127, -376a, -100, -99a, -125b,
and -26a in activated T lymphocytes [24]. Dynamic
changes in miRNA production may be an important
regulator of gene expression during T cell differen-
tiation [25]. Li et al. described significant dynamics
of miRNA-181a expression during T cell maturation

[26]. The level of miRNA-155 expression is regu-
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PEryJIsIIUY MUEeJIONos3a U 3puTporos3a [18]. B apy-
TOM HCCJIEIOBAHUU OTMeYeHO, uTo miR-181a pery-
JIMPYeT SHYKJIEAIUIO SPUTPOUTHBIX KIETOK ITOCPE/I-
CTBOM PEryJISANUU dKcrpeccuu Xpo7 [19]. MuPHK
SIBJISIOTCS PETYJIATOPAMU HOPMAJIBHOTO KPOBETBO-
peHus, CJIeJIoBaTebHO, UX abeppaHTHasA HKCIIpec-
CHs MOKET CIIOCOOCTBOBATh PA3BUTHIO T€MAaTOJIOTH-
YeCKUX OIyXoJsel [17].

I[Tomumo Toro uto MuPHK perynupyroT sputpo-
11033, MErakapuolios3 U TPaHyJION033, OHU TaKKe
SABJISIIOTCS BAXKHBIMHM yJYacTHUKaMU myTu audde-
peHnupoBku B- u T-mumdoruros [20]. A. Rodriguez
et al. ycranosuin, uro MmuPHK-155 urpaer xiode-
ByI0O poJib B JsiuMdoros3e U GyHKIIMOHUPOBAHUU
uMMyHHOI crcteMbl [21]. N. Seddiki et al. mokasasnu,
uyro MuPHK-155 nmeeTr BBICOKUI YPOBEHBb HKCIIPEC-
cuM Kak B B-, Tak u T-kjeTkax u ygyactByeT B popMu-
POBaHUM TPAHCKPHUIITOMA JIMM(POUIHBIX KJIETOK U, B
yacTHOCTH, B nuddepeniuposke T-kierox [22].
L.P. Tan et al. ycranoBwiu, uto MmuPHK-155, -181b,
-15a, -16, -15b, -34a, -9, -30, let-7a, -125b, -217 u
MuPHK-185 MoyiupyIOT 5KCIpeccuio reHoB, y4a-
CTBYIOIIMX B  co3peBaHuW  B-wierok  [23].
V.A. Grigoryev et al. BoiaBuiu 71 MuPHK, nudde-
PEHIIUAIBHO 9KCIIPECCUPYIOLLYIOCA IPU UMMYHHOM
OTBETE, B YacTHOCTHU, 12 MUPHK c OBBIIIEHHON DKC-
npeccueit: MuPHK-221, -210, -98, -29b, -155, -218,
-455, -449, -548d, -222, -132 u -18a u MuPHK c¢
MOHIKEHHOU sKcmpeccued: MuPHK-181a, -223,
-224, -150, -146b, -126, -127, -3764a, -100, -99a, -125b
U -26a B aKTUBUPOBaHHBIX T-mumdonutax [24].
JnHamuyeckre usMeHeHus B npoayknuu MuPHK
MOTYT OBITb BaKHBIM PETYJISATOPOM OKCIPECCUH
reHOB BO BpeMms nuddepernupoBku T-kieTok [25].
Q.J. Li et al. onucasu cyniecTBEHHYIO JUHAMUKY 9KC-
npeccun MuPHK-181a Bo Bpema co3peBaHusa
T-xsetok [26]. YpoBenb MuPHK-155 perynupyercs
Ha  pa3auuHbIX craausax  AuddepeHnupoBKU
T-xeTok [27]. B apyrom wucciaenoBaHUU OTMeYa-
erca, uro MuPHK-181a yuactByeT B pa3BUTHU U
aktTuBanuym  T-KJIeTOK U  NIPOTUBOBUPYCHBIX
T-KJIETOYHBIX peaKIUAX, & CHHKEHHE SKCIPECCUHU
MuPHK-181a B T-mumdonurax MoKeT crocoOCcTBo-
BaTh BOBHUKHOBEHUIO BO3PACTHBIX /1eHEKTOB a/1al-
TuBHOTO UMMyHHTeTa [28]. MUPHK siBiistoTCSI KTHO-
YeBBIMU PEryIATOPaMH IIMPOKOTO clieKTpa dyHza-
MEHTAJIbHBIX KJIETOYHBIX IIporeccoB [29]. ITpu aTom
HapylleHUe aKTUBAI[UH F€HOB, YYaCTBYIOIIUX B IIPO-
sudepanuu KiaeTok, [uddepeHIIMpOBKe WIH alloll-
TO3€, CBA3aHO C BOBHUKHOBEHUEM U IIPOTPECCUPOBA-
HUEM IeJIOTO psifia omyxosieid. Takum o06pasom,
MuPHK MOTyT BBINOJHATH POJIb OHKOTEHOB HJIN
CYIIPECCOPOB OILyX0JIeH, B 3aBUCUMOCTH OT QYHKIINH
TeHOB-MHUIIIeHeH, KOTOPbIe OHU PETYJIUPYIOT [30].

lated at different stages of T cell differentiation [27].
Another authors showed that miRNA-181a is
involved in the development and activation of T
cells and antiviral T cell responses, and a decrease
in miRNA-181a expression in T-lymphocytes can
contribute to age-related defects in adaptive immu-
nity [28]. MiRNAs are key regulators of a wide
range of essential cellular processes [29]. Moreover,
deactivation of genes involved in cell proliferation,
differentiation, or apoptosis is associated with the
occurrence and progression of a number of tumors.
Thus, miRNAs can act as oncogenes or tumor sup-
pressors, depending on the regulated function of
the target genes [30].

We performed bioinformatic analysis and
found that miRNA-155 and miRNA-181a regulate
64 target genes related with cancer-associated bio-
logical pathways, with 8 genes — KRAS, CDKN1B,
STAT3, PTEN, FOS, SMAD2, ETS1, CTNNB1 are
regulated by both miRNAs. PTEN is one of the
most frequently inactivated tumor suppressor
genes, and changes in PTEN levels are observed in
a wide range of human cancers, including hemato-
logical malignancies [31]. A decrease in PTEN lev-
els was detected in T cell acute lymphoblastic leu-
kemia, diffuse large B cell lymphoma, and mantle
cell lymphoma [32]. The ETS1 proto-oncogene is a
transcription factor that is essential to the lym-
phoid cell development and functioning. Its role as
both an oncogene and a suppressor is noted
depending on the type of lymphoma, as well as the
importance of a cellular landscape in the function
of ETS1 [33]. To date, the role of STAT3 as a medi-
ator of development, normal physiology, and
pathology of many diseases, including cancer, has
been well studied [34]. STAT3 is an oncogenic
driver in several types of B cell lymphoma and
most T cell lymphomas [35]. Sommer et al. showed
that STAT3 is an oncogene and protects CTCL
tumor cells from apoptosis [36]. In addition,
STAT3 can operate as an oncogene in CTCL by
inhibiting the expression of miRNA-22, which is a
tumor suppressor [37]. The development and pro-
gression of CTCL is based on a complex cascade of
signaling pathways involving both miRNAs and
their target genes, and changes in these signaling
networks promote malignant proliferation and
survival and migration of T cells, inflammation
and suppression of immune regulation of malig-
nant T cell clones, forming a special microenviron-
ment in the affected skin areas, that stimulates
disease progression [38, 39]. Further studies of
miRNA-mRNA interactions will expand our
knowledge of the pathogenesis of CTCL.

124

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



Veryaskina Yu.A. et al. / Journal of Siberian Medical Sciences Vol. 8, No. 4 (2024)

Ms! mpoBest OGMOMH(POPMATHIECKUN AHAIN3 U
BBIABWIM, 4YTO 1o KoHTposeM MuPHK-155 u
muPHK-181a HaxogaTcsa 64 reHa-MuIlleHu, KOTOPbIE
CBSI3aHBI C OHMOJIOTUUECKUMU IYTSMH, aCCOIUUPO-
BaHHBIMHU C pakoM, npu 3ToM 8 reHoB — KRAS,
CDKN1B, STAT3, PTEN, FOS, SMAD2, ETS1,
CTNNB1 HaxonsTcs 1moj, KouTposaeM obeux MuPHK.
PTEN saBisieTcs OQHAM 13 HanboJIee 4acTo MHAKTH-
BUPYEMBIX T€HOB-CYIIPECCOPOB OIYXO0JIeH, U U3MEHe-
Hue ypoBHell PTEN HabofjaeTcs B IIUPOKOM CITEK-
Tpe BUJIOB paKa y ues0BeKa, BKJII0Uasi reMaToJIoTu-
yeckue narosoruu [31]. CHukeHue ypoBHsa PTEN
oTMeueHO Tpu T-KJIeTouyHOM ocTpoM JuMdobacT-
HOM JIeiko3e, Juddy3HOH B-KpyIHOKIETOUHOHU
aumdome, MaHTHHHOKJIETOUHOU Jumdome [32].
[Iporooukoren ETS1 sBisiercs ¢GakTOpoM TpaHC-
KPHIIIUU, HEOOXOAUMBIM JJII PA3BUTHA U (PYHKITH-
OHUPOBAHUSA JIUMQPOUIHBIX KJIETOK. OTMeYaeTCs ero
POJIb KaK OHKOTEHA, TaK M CyIpeccopa B 3aBUCHUMO-
cTtd oT Tumna JuMdoM, yKasblBaeTcsi Ha BaXKHOCTh
KJIeTOYHOro KoHTekcra B ¢ynknuu ETS1 [33]. Ha
CeTOHANIHUH IeHb X0POo1lIo u3ydeHa posiib STAT3 B
KauyecTBe MeJIATOPa Pa3BUTHSA, HOPMAJIbHOU HU3H-
OJIOTUM W TATOJIOTHM MHOTHX 3a00JIeBaHUH, BKIIIO-
vas pak [34]. STAT3 siByisieTcss OHKOT€HHBIM JIpaii-
BEPOM B HECKOJIbKUX THIIAX B-K1eTOUHOH TUM(POMBI
u OospuinHeTBe T-kiaerouHbix Jjgumdom [35].
V.H. Sommer et al. mokazanu, uto STAT3 siByisieTcs
OHKOT€HOM M 3alluliiaeT onyxosieBble kietku TKIIK
or amomnTo3a [36]. Kpome toro, STAT3 MoKeT
BBIIIOJIHATH CBOIO posib OHKoreHa npu TKJIK 3a cuer
nojiaByieHus skcnpeccur MuPHK-22, apisiomerics
cympeccopoM omyxosiel [37]. B ocHoBe pa3Butus u
nporpeccupoBanus TKJIK JIeKUT C/I0KHBIN KacKas
CUTHAJIBHBIX ITyTeH, BKIoUamImux kak MuPHK, tak
Y UX TeHbI-MHIIIEHH, 1 U3BMEHEHUS B 3TUX CUT'HAJIb-
HBIX CETSIX CITOCOOCTBYIOT 3JI0OKAUECTBEHHOU ITPOJIHU-
¢epanuu U BBDKUBAHUIO U MUTpanuu T-KJIETOK,
BOCIIJIEHUIO U TIO/IABJIEHUI0 UMMYHHOHN PEryJIsAIiuu
3JIOKQUECTBEHHBIX KJIOHOB T-KJIETOK, cO3/1aBast B
30HE KOJKHBIX IMODPAKEHUH O0COOYI0 MHKDPOCPENY,
KOTOpasi CTUMYJIUPYET MPOTPECCUpOBaHUe 3a0o0Jie-
BaHus [38, 39]. JlaspHele uccieI0BaHNS B3au-
moperictBuil MuPHK — MPHK mo3BosiAT paciuvupuThb
3HaHus B o0acTu natorenesa TKIIK.

Ha ocaoBe ROC-anasmza MbI IIOKa3ajd, 4TO
muPHK-155 u MmuPHK-181a sBasAI0TCS BBICOKOUYB-
CTBUTEJIBHBIMH U CIIENU(PUUHBIMUA MapKepamMu JJis
auaraoctuku TKIIK.

Ha ceropHsAIHuN eHb He BI3bIBA€T COMHEHUS,
yrto MuPHK SBSIOTCS MepCneKTUBHBIMU OGrOMap-
KepaMu Il PAaHHETO BBISABJIEHUS W OIEHKU IIPO-
THO3a B-KJIETOUHBIX HEXOJKKUHCKUX B3JIOKaue-
crBeHHBIX tuMPpom (B-HX3JI) [40]. OcHOBHOI Mac-

Based on ROC analysis, we showed that miRNA-
155 and miRNA-181a are highly sensitive and specific
markers for the diagnosis of CTCL.

There is currently no doubt, that miRNAs are
promising biomarkers for the early diagnosis and
assessing the B cell non-Hodgkin’s lymphomas
(B-NHL) prognosis [40]. The main data set obtained
is based on the study of B-NHL, and papers focusing
on the role of miRNAs as biomarkers of CTCL are
significantly smaller.

Talaat et al. demonstrated that miRNA-93 is an
additional diagnostic tool that will allow for early
diagnosis of mycosis fungoides [41]. Serensen et al.
described differential expression of miRNA-155,
-142, and miRNA-146b when comparing mycosis
fungoides with psoriasis-related skin lesions [42].
Ralfkiaer et al. developed a score based on the analy-
sis of miRNA-155, -203, and miRNA-205 expression
levels with high specificity and sensitivity for differ-
ential diagnosis between CTCL and non-neoplastic
skin diseases [16]. Shen et al. propose using a combi-
nation of miRNA-155, -200b, -203, -142 and miRNA-
130b to verify CTCL and benign inflammatory der-
matosis [43].

Drawing a parallel between the data published
already and the miRNA spectrum in our study, we
can conclude that we also observe a statistically sig-
nificant increase in the expression of miRNA-155
(p < 0.05). At the same time, we did not find signifi-
cant changes in the expression of miRNA-200b in
the tumor substrate of T cell non-Hodgkin’s lympho-
mas with primary skin lesions.

CONCLUSION

Generally, despite the search for prognostic
markers in CTCL is a present-day and relevant
task of molecular biology, the data obtained have
not yet been integrated into routine clinical prac-
tice. To validate the data obtained, multicenter
studies are needed, including large analysis set.
The study of a great number of molecular bio-
markers involved in the pathogenesis of CTCL
will allow the development of a more advanced
diagnostic system and personalization of cytore-
ductive therapy.
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CUB IIOJIyYeHHBIX JAaHHBIX OCHOBAaH Ha HCCJIE/IOBa-
Huu B-HX3JI, u 3HaUUTENbHO MEHbIIlE HAYYHBIX
pabor, HampaBJIeHHbIX Ha usydeHue posu MuPHK
kak 6momapkepoB TKJIK.

I.M. Talaat et al. mokazasnu, yro MuPHK-93 mipen-
cTaBjseT coOOH IOMOJHUTEIBHBIN JUArHOCTUYE-
CKUH WHCTPYMEHT, KOTOPBIM IIO3BOJIUT IPOBOJUTH
PaHHIOK JIMAaTHOCTUKY IPUOOBUHOTO MHUKO3a [41].
S.T. Serensen et al. ormerniu auddepeHnnANTBHYIO
skcnpeccuio MuPHK-155, -142 u MmuPHK-146b nipu
CpaBHEHUH T'PUOOBUAHOTO MUKO3a C TOPAKEHUAMU
koxxu 1pu ncopuase [42]. U. Ralfkiaer et al. paspa-
6ortanu xiIaccuuKaTop, OCHOBAHHBIN Ha aHAIU3E
ypoBHel skcrpeccuu MUPHK-155, -203 u MmuPHK-
205, C BBICOKOU CHENU(MUIHOCTHIO U UyBCTBUTEH-
HOCTBIO Ui AuddepPEeHIUATBHON JINaTHOCTUKHA
mexxay TKJIK 1 HeomyxosieBbIMU 32001€BAaHUSIMHU
koxku [16]. X. Shen et al. mpeaararoT ucoIb30BaTh
kombOuHaruio MuPHK-155, -200b, -203, -142 u
MuPHK-130b s Bepudukanuu TKIIK u 106poka-
YeCTBEHHOTO BOCIIAJIUTEIHLHOTO JiepMaTo3a [43].

[TpoBoasa mapasiens ¢ y»Ke OIMyOJTHKOBAHHBIMU
JaHHbIMU U cuektpoM MUPHK, nipoananusuposaH-
HBIM B HACTOSIIEM HCCIIEJOBAHUU, MOXKHO CJI€JIaTh
BBIBOJI, UTO MBI TaKKe HAOJII0aeM CTaTHUCTUUECKH
3HauYMMoe yBeJMn4eHne ypoBHA skcnpeccuu MuPHK-
155 (p < 0.05). BmecTe ¢ TeM HaMU He OTMEUYEHO 3Ha-
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AHHOTAITUA

BBeaenue. Becruioaue y ;KeHITUH OCTAETCS TPYHO Pa3pPEITUMON COITUATBHON U MEIUITUHCKOU ITPOOIEMOH, 0CO-
GeHHO B CJIy4yae IMAarHO3a «XPOHUYECKUH SHIOMETPUT» C BADHAHTOM TOHKOTO SHIOMETPUS.

IT e 1 b . WByunTh KIUHUKO-MOP(DOIOTHUECKTE OCOOEHHOCTH HTIOMETPHsI TP OECIUIONUH Y JKEHIIUH, HATIPABISIEMBIX
Ha BKCTPaKOpIIOpaIbHOe omtogoTBopeHue (AKO).

MaTepuasns ©U MEeTO/] bl . V3yudeHbl KJIMHUYECKUE JIAHHBIE U PE3yJIbTAThl UMMYHOTHCTOXUMHYECKOTO
HCCIIeTOBAHMS OHIOMeTpHA y 181 HantpaBaeHHOH Ha DKO u posiopas3pelieHHOH JKeHIUHBI B Bo3pacte 30 [22; 38] yeT. [Tpu-
YMHAMU HAPYIIEHUs PENPOYKTUBHOM GYHKIINY ObUTH «TOHKUH SHAOMETPUL» (1-5 rpymIa — 64 MalleHTKH); HETPOXO/IH-
MOCTb MaTOUYHBIX TPy0 (2- rpyIna — 55 *KeHIIUH) U My»KCKOH dakTop 6ecrioaus (3-4 rpynna — 62 ciydas). Obcrenopanne
MAIEHTOK BKJIIOUAJIO B cebsl yJIbTPa3BYKOBOE HCCIeIOBaHUeE. B maiinenp-0nonrarax sH10MeTpus repes nmpoueaypoi IKO
OIIEHUBAJIN KOJIMYECTBO TUHOIIOIUN B SIIUTENINH, U3ydasu skcrpeccuto HLA-DR u scrporeHoBbix (ER) 1 mporecTepoHOBBIX
(PR) perenTopoB ¢ IOMOII[bI0 UMMYHOTHCTOXUMUHY. [IpUMEHSITH METO/TbI HelTapaMeTPUUYECKOH CTATUCTHKH.
Pes3yunbTartshl . YKeHIUH ¢ OecruioareM, HanpasiaeHHbIX Ha DKO, B cekpeTOpHYI0 (Hasy UK BbIABIEH HU3KUH
MPOLIEHT MMHOTIOIN Y 3TUTeNNsA B 9HA0MeTpun. CamMble HU3KHe okazaTenu skcnpeccurt HLA-DR, ER u PR penenropoB —
B 9H/IOMETPHUH MAITHEHTOK C HEIPOXOAMMOCTHIO MATOUHBIX TPYO. IIpK 3TOM y MallIeHTOK ¢ TOHKUM DH/IOMETPHUEM — CPaB-
HUTEJIbHO BBICOKHe NToKa3aTesu sKkcrpeccuu ER u PR B sanutennu. dxenpeccrsa ER u PR B cTpoMasibHBIX KJIETKAaX SHIOMe-
TpUs HE UMeJIa CTATUCTUYECKH 3HAUMMBIX PA3JIMYUH IPU MAPHBIX CPABHEHUSX.

3aKJO4YeHUe. YIAUEHTOK C TOHKUM 3HIOMETpHEM (POPMUPOBAHUE TTUHOIIOIUA KMEET BBICOKYIO IUATHOCTH-
YeCKyI0 3HAaUMMOCTbD JJIl PELIeITUBHOTO CTaTyca, MoATBep:K/AeHHoro ERA-TecTom, 11 He NMeeT 3aBUCUMOCTH OT SKCIIPec-
cuu PR penenTopos B 3nIUTEINU U CTPOME.

Knaoueswle crosa: Geciiofive y sKeHIUH, TOHKUH 9H/IOMEeTPUH, MHHOIIOIUH, S9KCTPAKOPIIOPATIFHOE OILIOIOTBOPEHHUE,
IIPOTECTEPOHOBBIE PENENITOPHI, HUMMYHOTHICTOXUMHS.

Oo60pasen murupoBaHusna: Bomuek A.B., Makapos K.IO., Kynemos B.M., Aiinarysioa C.B., Mapunkusn 1.0.
Knunnko-mopdosiornaeckre 0COOEHHOCTH 9HAOMETPUS U OECIUIOANH Yy XKEHIIHUH, HanmpasisaeMbix Ha OKO // Jour-
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Clinical and morphological features of the endometrium
in infertility in women referred for IVF
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‘Novosibirsk State Medical University, Novosibirsk, Russia
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ABSTRACT
Introduction. Infertilityin women is being a difficult social and medical problem for resolving, especially in the
case of a chronic endometritis diagnosis with a variant of so called “thin” endometrium.
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A i m . To study the clinical and morphological features of the endometrium in infertility in women referred for in vitro
fertilization (IVF).

Materials and methods. The clinical data and results of immunohistochemical examination of the
endometrium were studied in 181 women aged 30 [22; 38] years who were referred for IVF and gave birth. The causes of
reproductive dysfunction were thin endometrium (group 1, 64 patients), fallopian tube obstruction (group 2, 55 women)
and male factor infertility (group 3, 62 cases). The examination of patients included ultrasound imaging. In Pipelle biopsies
of the endometrium before the IVF procedure, the number of pinopodia in the epithelium was assessed, the expression of
HLA-DR and estrogen and progesterone receptors (ERs and PRs, respectively) was measured using immunohistochemis-
try. Nonparametric statistical tests were used.

Results. Inwomen with infertility referred for IVF, a low percentage of endometrial pinopodia in the epithelium
was detected in the secretory phase of the cycle. The lowest expression rates of HLA-DR, ERs and PRs were found in the
endometrium of patients with tubal obstruction. At the same time, patients with thin endometrium had relatively high
expression rates of ERs and PRs in the epithelium. The expression of ERs and PRs in endometrial stromal cells did not have
statistically significant differences in pairwise comparisons.

Conclusion. Inpatients with thin endometrium, the formation of pinopodia has a high diagnostic significance for
the receptive status confirmed by the ERA test, and does not depend on the PRs expression in the epithelium and stroma.
Keywords: female infertility, thin endometrium, pinopodia, in vitro fertilization, progesterone receptors, immunohis-
tochemistry.
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BBEJAEHUE

JoctmxeHne 0ojiee BBICOKHX ITOKa3aTeleld POXK-
JTa€MOCTH Ha 9Tale UMILIAHTAIIMU SMOpPHOHA YesIo-
BEKa IOCTOSTHHO HAXOJUTCA B IEHTPE BHUMAaHUS
Bpadvel-pernpoayKTOJIOTOB B IIEHTpPaxX BCIIOMOTa-
TEJIPHBIX PENPOAYKTUBHBIX TexHosioru (BPT). ITpu
ucnob3oBanuu BPT vacrora ycrienrHon nmMIianTa-
[IY OTHOCUTEJIPHO KOJIMYECTBA IIEPEHOCOB AMOPHO-
HOB COCTaBJIAET MPUOIU3UTETBLHO 30 %; IPU 3TOM
YacToTra penuAuBUpYIONed  Heda)HEeKTUBHOCTH
UMIUIAHTAIlUH, T.€. TPH WIH 00Jiee HEYauHbIX IIepe-
HOCA Y YKEHIIIH, IPOIIEJIIINX SKCTPAKOPIIOPATILHOE
omnonotBopenue (OKO), nocturaer 10 % [1].

B GosipIIMHCTBE CIy4yaeB ePBUYHOE OecIionue,
UJINOMATUYECKUE BBIKUJBIIIK IIPU IPUBBIYHOM
HeBbIHaIMBaHuU OepemenHoctu (ITHB), kak u Hey-
nauu uMiuiantanuu npu JKO, accomuupoBaHbl ¢
HapyIIEHUEM CEKPETOPHOU TpaHchOpMAIUU SHJI0-
MeTpusi, 00yCJIOBJIEHHOH HEJIOCTATOUHOCTHIO JIIOTE-
WHOBOU (pa3bl OBapHaJIbHO-MATOYHOTO IIUKJIA C
HeaJIeKBaTHOCTHIO PeaKIUuH Ha mporecrepoH. Cia-
OyI0 pelnenTOpHYI UyBCTBUTEIBHOCTb SHAOMETPHS
CBABBIBAIOT C BOCIAJIMTEIbHBIMU H/WJIH ayTOUM-
MYHHBIMY HapyIIEHUAMU, B TOM YHCJIE U3-32 IITUPO-
KOUM pacipoCTpaHEHHOCTH BO30OyAUTEIEN XPOHUYE-
CKUX MHQeKIni u 6eCKOHTPOJIBHOTO HCIOJIb30Ba-
HUA aHTUMHKPOOHBIX ITperapaTos [2, 3].

OfHON M3 CyIIEeCTBEHHBIX HeOJIarOMPHUSTHBIX
IpUYNH OeCIUIONNSA Y KEHIIUH CYUTAETCS TOHKHI
SHJIOMETpUH [4], acconmUpOBaHHBINA ¢ OoJiee HU3-

INTRODUCTION

Achieving higher fertility rates during human
embryo implantation is a constant focus of reproduc-
tive physicians in assisted reproductive technology
(ART) centers. When using ART, the rate of success-
ful implantation relative to the number of embryo
transfers is approximately 30%; however, the rate of
recurrent implantation failure, i.e. three or more
unsuccessful transfers in women who have under-
gone in vitro fertilization (IVF), reaches 10% [1].

In most cases, primary infertility, idiopathic mis-
carriages in recurrent pregnancy loss (RPL), as well
as implantation failures in IVF, are associated with
impaired secretory transformation of the endome-
trium caused by luteal phase insufficiency with non-
specific response to progesterone. A low sensitivity
of the endometrial receptors is associated with
inflammatory and/or autoimmune disorders, includ-
ing due to the widespread prevalence of pathogens of
chronicinfections and non-rational use of antimicro-
bial drugs [2, 3].

One of the significant unfavorable causes of infer-
tility in women is considered to be so called “thin”
endometrium [4] associated with lower birth rates
followed by planned pregnancy which is largely due
to implantation failure. The formation of thin endo-
metrium is considered as an outcome of chronic
endometritis with or without an autoimmune com-
ponent [5, 6] or is regarded as a primarily degenera-
tive process, i.e. endometriopathy with insufficient
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KHMH TIOKa3aTeJIIMU peau3aluu IUIaHUDPYyEeMOU
OepeMeHHOCTH, UTO B 3HAUUTEJHHON CTEIIEHU CBsI-
3aHO C Heyjaded wuMIUIaHTanuu. OopMHpPOBaHKE
TOHKOTO SHJIOMETPUS UHTEPIPETUPYIOT KaK HCXO]T
XPOHUYECKOTO SHIOMETPUTA C HAJTUUHEM UJIH OTCYT-
CTBUEM ayTOMMMYHHOU KOMIIOHEHTHI [5, 6] subo
PpacIieHHUBAIOT KaK IEPBUYHO JUCTPOGHUIECKUH ITPO-
mecc, T.e. DHOMETPUOIMATHS C€ HEJZOCTATOUHOH
CEKpeTOPHOU TpaHCchOpMaIel JHIOMETPUs, He
COOTBETCTBYIOIIIEl HOPMAaJIbHBIM  ITUKJIMYECKUM
W3MEHEHHUAM, HeOOXOAUMBIM [IJII HMILIAHTALIAN
0J1aCTOIMCTHI U BBIHAIIWBAHUSA OepeMeHHOCTH [7,
8]. ¥ nanueHTOK ¢ TOHKUM 3H/IOMETPUEM B apKyaT-
HOU apTepuu MaTKH OOHAPY?KEHO 3aMe/jIeHue Kpo-
BOTOKA, U JieueHue BUTaMuHOM E, L-aprunuaom u
OUTPaTOM CcuijeHaduIa, KOTOPbIE YBEJIHMYHUBAIOT
KPOBOTOK B apKyaTHOM apTepUH MaTKH, CIIOCOOCTBO-
BaJIO yTOJIIEHUIO dHAOMeTpusA [9]. OmHaKo B 60JIb-
[IUHCTBE CJIyJaeB peabuIuTaIvs TOHKOTO 3HA0OMe-
Tpusi TpebyeT OOJIBIITNX YCUITHH B CBSI3H C TOPIIH/IHO-
¢TI0 (PeHOTHUTIIA JJa’Ke TIPU TePAIIUK ACTPOTeHAMU U
BO3/IEICTBIY HU3KHUMHU JI03aMH aclIUpuHa [10].

IIEJIb NCCJIEJOBAHU A

V3yuuTh KJIMHUKO-MOPGOJIOTHYECKHE 0COOeH-
HOCTH DSHJIOMETPUSA IpPU OeCIUIONANH Y >KEeHIIVH,
HanpasiisieMbIx Ha 9KO.

MATEPUAJIBI 1 METO/IbI

IIpoBezieHO peTPOCHEKTUBHOE KOTOPTHOE HCCIIe-
JIOBaHUeE B paMKax IIPOCIIEKTUBHOTO UCC/IeIOBaHUsA,
HU3y4eHbl KINHUKO-UHCTPYMEHTAIbHBIE I0Ka3aTeIn
U pe3yJsIbTaThl UMMYHOTHCTOXUMUYECKOIO UCCIIe0-
BaHU:A 3HAOMETPUA y 181 HanpasieHHON Ha KO u
pOZiOpa3pelleHHON KeHIIUHbBI B Bo3pacre 30 [22;
38] ner B cranmonapax I'bY3 HCO «T'ocynmapcrsen-
Hasg HoBocubupckas obs1acTHas KIMHUYecKast 60J1b-
mura» U I'BY3 HCO «HoBocubupckuii Topoickoi
KJIVMHUYECKUH TepUHATAJIBHBIA I€HTDP», SBJIAIO-
muxcsd KINHAYecKUMHU 0aszaMu kadenpsl akyuiep-
CTBa W TuUHeKosoruu HoBocubUpcKoro rocyzmap-
CTBEHHOT'O MeJMLIIMHCKOrO0 yHUBepcurera. Kpure-
pUM BKJIIOYEHUA B HCCIeOBaHUE: YCIIeIIHO POJO-
paspeleHHbIe JKeHIIUHBI B Pe3yJIbTaTe GepeMeHHO-
cTH, HacTynuBiIen ¢ momoipio DKO cobeTBeHHBIME
oonuTaMu, 1 UH(POPMUPOBAHHOE coIJlache Ha yda-
cTHe B HUccaeoBaHUU. Kputepum HCKIIOUEHUA:
MANUEHTKH C TIIyOOKUM HHQUIBTPATHBHBIM HJIO-
MeTPHO30M, OHKOJIOTHYECKUMH 3a00JIeBaHUAMH,
BUY-undexnue, cucTeMHBIMU 3a00J1€BaHUSIMH,
ABJIAIIUMUCA IPOTUBONOKAa3aHUuAMU K BPT.

[TprurHamy OecIiytofius U HaIlpaBjIeHUA HA
JKO ObUTu HaApyIIeHUs PEleNTHBHOCTU 3HIOMeE-
TpUSA IIPU XPOHUUECKOM DH/IOMETPUTE C BADUAHTOM

secretory transformation of the endometrium that
does not correspond to the normal cyclic changes
necessary for blastocyst implantation and pregnancy
[7, 8]. In patients with thin endometrium, a low
blood flow was found in the arcuate artery of the
uterus, and treatment with vitamin E, L-arginine and
sildenafil citrate, which increase blood flow in the
arcuate artery of the uterus, contributed to thicken-
ing of the endometrium [9]. However, in most cases,
recovery of thin endometrium requires great efforts
due to the torpidity of the phenotype even with estro-
gen therapy and administration of low doses of aspi-
rin [10].

AIM OF THE RESEARCH

To study the clinical and morphological features
of the endometrium in infertility in women referred
for IVF.

MATERIALS AND METHODS

A retrospective cohort study within the frame-
work of a prospective investigation was performed.
Results of clinical investigation and immunohisto-
chemical examination of the endometrium in
181 women aged 30 [22; 38] years referred for IVF
and delivered in the Novosibirsk Regional Clinical
Hospital and the Novosibirsk City Clinical Perinatal
Center, which are clinical bases of the Department of
Obstetrics and Gynecology of the Novosibirsk State
Medical University, were studied. Inclusion criteria
were: women who had successful delivery as a result
of pregnancy achieved through IVF with their own
oocytes, and informed consent to participate in the
study. Exclusion criteria are: deep infiltrating endo-
metriosis, malignant diseases, HIV infection, sys-
temic diseases that are contraindications to ART.

The causes of infertility and reasons for referral to
IVF were disorders of endometrial receptivity in
chronic endometritis, a variant of thin endometrium
(group 1, 64 female patients); tubal obstruction
(group 2, 55 female patients) and male infertility fac-
tor (group 3, 62 female patients). Endometrial thick-
ness was measured using ultrasound, and the num-
ber of pinopodia in the epithelium (expressed as
persents) was assessed in Pipelle biopsies taken in
the secretory phase of the cycle before an IVF proce-
dure at a 400-fold magnification. The expression of
HLA-DR (inflammatory cell activation marker) and
estrogen (ERs) and progesterone (PRs) receptors
was measured using immunohistochemistry (IHC)
and presented in points. In addition, the native endo-
metrial samples from 13 patients from group 1 were
examined at the Igenomix laboratory (Spain) which
holds a patent for the development of a specific
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«TOHKOTO BHAOMETpusi» (1-s rpymma — 64 Mamu-
€HTKH); HEIMPOXOJUMOCTh MAaTOYHBIX TpyO (2-s
IpyIIa — 55 KEHIUH) U MYKCKOU ¢dakTop Gecruio-
mus (3-a1 rpynma — 62 ciydas). C momompio Y3U
U3MEPSUTH TOJIIIUHY SHJOMETPHUs, a B MaUIeTh-
buomnTarax, B3ATHIX B CEKPETOpHyH Gasy IuKIa
nepes pornenypoi OKO, mpu yBesimueHUH B 400 pa3
OIEHUBAJIN KOJIMYECTBO MUHOIIOAUN STUTEHOIH-
TOB (BBIPQJKJIM B IIPOIIEHTAX), 4 TAKIKE C TIOMOII[HIO
nMmyHorucroxumun (UT'X) usyyamu SKCIIPeCCHIo
HLA-DR (Mapkep aKTHBaIuU KJIETOK BOCIAJIEHUS)
u acrporeHoBbix (ER) u mporecrepoHoBbix (PR)
penenTopoB, KOTOPYIO BeIpaKayu B Oasmax. Kpome
TOTO, y 13 TAIUeHTOK 1-d TPYyHIbl HaTUBHbIE
006pa3sIfbl PHAOMETPHUs ObLIN HCCIIeIOBAHbI B J1a60-
paropuu Igenomix (Mcmanus), o6J1aiaroniei maTeH-
TOM Ha Pa3pabOTKy cCIerudUIecKOr0 MHUKPOUHIIA
Ha OCHOBe Hpoduss sKcmpeccun 6ojiee 50 TEeHOB
(Endometrial Receptivity Array, uiu ERA), koto-
PbIil IT03BOJISET OLEHUTDH «BOCIIPUUMYUBOE COCTOSI-
HUe SHIOMETPUS YesioBeKa» (T.e. PEeleNTUBHOCTh
SHJIOMETPUS) JJIA JUATHOCTUYECKUX U TepaleBTH-
YeCcKHX Iiesei [11].

O6cnenoBanue U HAOJIOZEHNE MMAITUEHTOK IIPO-
BOJAWJIM C WX MHUCBMEHHOTO WHOOPMHPOBAHHOTO
corjiacusi B COOTBETCTBHU C 3aKOHOJIATEILCTBOM
Poccutickoii ®@enepaniul ¥ STUYECKUMHU MPUHIHA-
IMaMu TPOBENEHUs MEIUITMHCKUX HCCIeI0OBaHUM,
HU3JIO’KEHHBIMH B XeJbCUHKCKOU JleKiapanuu Bee-
MHUPHOH MEIUIIMHCKOU acconuanuu. MceaegoBanue
0100peHo ATUYECKUM KoMuTeToM HoBocuOUpCcKOTO
rOCyZIJapCTBEHHOTO MEJUIIMHCKOTO YHUBEPCHTETA
(mporoxos N@ 111 0T 29.11.2018).

s cratucTuyeckodl 06pabOTKU CBeAeHUs O
MaIeHTKaX, BKIOYas MACIOPTHYIO YacTh, KIUHH-
YecKre XapaKTePUCTUKHU U Pe3Y/IbTaThl MHCTPYMEH-
TAJIBHBIX U JIAOOPATOPHBIX HCCIIEZIOBAHUUA O Teue-
HUU OCHOBHOTO 3a00JIeBaHUS U COIYTCTBYIOIIEH
[aTOJIOTHH, OBLTN 3aKOAUPOBAHbI U BBEZIEHBI B 6a3y
JIAHHBIX, CO3/IAaHHYK C TIIOMOIIBI IPOTPAMMBI
Microsoft Excel. Ijns craTUCTHYECKOro aHaau3a
KCITOJIb30BAJIN POrpaMMHOe obecrieuerre RStudio
(http://www.rstudio.com/). HopmaspHOCTH pac-
TIpeJieJIeHUs] TT0Ka3aTeJIed B TPYIINax MPOBEPSIIH C
nomo1bio kputepus lllanupo — Yuika, ¥ TOCKOJIBKY
OHAa OTCYTCTBOBaJia, JAaHHbBIE IIPE/ICTABJIEHBI B BUE
menuanbl (Me), mepBoro u TpeThero kBaptmwien (Q1;
Q3). [IpuMeHsTH METOABI HETTapaMeTPUUIECKOH cTa-
THCTUKH: BHYTPUTPYIITIOBbIE CPABHEHUS ITPOBOJIAIIH
C TIOMOIIBI0 KPUTEPHS BIIIKOKCOHA; MEXKTPYIIIIOBBIE
MapHble CPaBHEHUS JJAHHBIX — C MTOMOIIBIO KpUTE-
pusa ManHa — YUTHU; MHOKE€CTBEHHbBIE MEKTPYIIIIO-
Bble CpaBHEHHs — C IIOMOINBIO KpuTepus Kpa-
ckesia — Yosutuca. Vcnosip3oBanyu KpUTepun X st

microarray based on the expression profile of more
than 50 genes (Endometrial Receptivity Array —
ERA), which allows one to assess the “receptive state
of human endometrium” (i.e. endometrial receptiv-
ity) for diagnostic and therapeutic purposes [11].

The examination and follow up of patients was
carried out with their written informed consent in
accordance with the legislation of the Russian Fed-
eration and the ethical principles of medical research
set out in the Helsinki Declaration of the World Med-
ical Association. The study was approved by the Eth-
ics Committee of the Novosibirsk State Medical Uni-
versity (Protocol No. 111 dated November 29, 2018).

For statistical processing, data on patients,
including personal information, clinical characteris-
tics and results of clinical investigation and lab tests
characterizing the underlying disease and concomi-
tant pathology, were coded and entered into a data-
base created using Microsoft Excel. RStudio software
(http://www.rstudio.com/) was used for statistical
analysis. A normal distribution of variables in groups
was checked using the Shapiro-Wilk test, and since it
was absent, the data are presented as the median
(Me), the first and third quartiles (Q1; Q3). Nonpara-
metric statistical tests were used: comparisons
between groups were performed using the Wilcoxon
test; paired comparisons between groups — using the
Mann-Whitney test; multiple comparisons between
groups — using the Kruskal-Wallis test. The ¥ test
was used to evaluate binary data. Differences were
considered statistically significant at a level of
p < 0.05.

RESULTS AND DISCUSSION

In patients of group 1 (with chronic endometritis
as the main cause of infertility), the endometrial
thickness in the mid-secretory phase of the cycle was
less than 7 mm, which had statistically significant
differences compared to the values of the other two
groups (Fig. 1). It is noteworthy that in group 2 in
which the cause of infertility was the inflammation-
induced fallopian tube obstruction, the endometrial
thickness was reduced in many cases, which can be
regarded as the development of endometriopathy,
atrophic changes in the uterine mucosa as a result of
long-term inflammation [7, 8].

Differing by endometrial thickness, group 1 and
group 2 were virtually indistinguishable from each
other in the number of pinopodia visually assessed in
Pipelle biopsies during the secretory phase of the
cycle. Pinopodia are protrusions up to 10 pum on the
apical surface of endometrial epithelial cells that
appear on the 20th and 21st days of the cycle (can
vary within 5 days) and characterize endometrial
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OIIeHKY OMHAPHBIX JaHHBIX. Pazinuns cuyuraiu cra-
TUCTUYECKU 3HAUMMBIMU IIPU YPOBHE P < 0,05.

PE3YJ/IBTATBI 1 OBCYKIEHUE

¥ manueHTOK 1- rpynisl (¢ XpOHUYECKUM 3H0-
METPUTOM KaK BeAyIeld IPUYNHON Oecruromus)
TOJILHA SH/IOMETPUS B CPeHE-CEKPETOPHYIO (azy
OBapUAJIbHO-MATOUYHOTO IIMKJIA COCTaBUJIA MeHee
7 MM, CTATUCTHYECKU 3HAYUMO OTJINYASCh OT ITOKa-
3aTesied ByX Apyrux rpynn (puc. 1). O6paiaer Ha
cebs1 BHUMAaHUeE, YTO BO 2-1i rpymne, ¢hakTopom bec-
IUIOJUs. B KOTOPOHM SIBUJIACh HEMPOXOJIUMOCTD
MaTOYHBIX TPyO B pe3yJbTaTe BOCIAIUTEIHLHOTO
Iporiecca, TOJIIIMHA SHAOMeTpUsI ObLIa CHIKEHA BO
MHOTUX KJIWHUYECKUX HAOJIONEHUSIX, UYTO MOXKHO
paciieHuBaTh KaK pPa3BUTHE SHAOMETPHONATHU —
arpodpUUECKOT0 M3MEHEHUs CIU3UCTOU 000JIOYKH
MAaTKH B UTOTe JIUIUTEJIbHOI0 BocaaeHus [7, 8].

OTyInyasck 1o TOJIITUHE SHIAOMETPHA, 1-1 U 2-1
TPYIIIBI TPAKTHYECKU HE OTIMYAIUCH APYT OT ApyTa
[0 KOJINYECTBY MUHOIOUHN, BUBYAIIbHO OLl€HUBae-
MBIX B Iainesb-OMONTaTax B CEKpeTOpHYIO a3y
nuksia. [IMHOMOANM — 3TO BBIPOCTHI 10 10 MKM Ha
alMKaJIbHOU MOBEPXHOCTH 3IUTETUATIBHBIX KJIETOK
SH/IOMETPHU, KOTOPbIE MOABJIAIOTCA HA 20-U U 21-U
JTHA OBAapUATIBbHO-MATOYHOTO ITUKJIA (MOTYT BapbHU-
poBaThCsA B Mpesieiax 5 CyT) U XapaKTEPUBYIOT BOC-
MIPUUMYHUBOCTD (PEIENTUBHOCTD) H/IOMETpHU [12].

receptivity [12]. The percentage of epithelial cells
with pinopodia in group 3 showed a statistically sig-
nificant increase compared to the values of the other
two groups (Fig. 2), which once again confirms the
highly informative value of this long-described and
available for analysis marker [13].

Among the molecular markers detected by IHC and
currently used in routine practice for the diagnosis of
endometrial receptivity in patients with infertility, the
role of cell surface receptors (HLA-DR) of antigen-pre-
senting cells, which bind foreign peptide (including
bacterial) antigens and autoantigens, is recognized. In
our study, the HLA-DR expression was significantly
reduced, below the diagnostic significance, in the endo-
metrium of patients in group 2 relative to groups 1 and
3, which did not differ from each other (Fig. 3). HLA-
DR expression is considered as a marker of activation
of cells involved in inflammation, however, a decrease
in the HLA-DR level, reflecting a deficiency of antigen-
presenting cells in the endometrium, according to [14],
can serve as a general biomarker for the diagnosis of
infertility in women, despite the major role of inflam-
mation in the pathogenesis of chronic endometritis as
the main reason of infertility.

The epithelium and stroma of the endometrium,
rapidly renewing during reproductive age, are highly
sensitive to sex steroids. Insufficient PR expression
due to inadequate level and/or reception of estro-
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Puc. 1. [Tokazareny TOIIIMHBI SH/IOMETPUSA B CEKPETOPHYIO dazy nukiia. OueHb BHICOKAS CTATHCTHYECKAs 3HAYUMOCTD
ornunii (kputepuii Kpackesa — Yosurrca) Mesay rpynamMu ¢ HAUMEHBIIUMU [T0KA3aTeJISIMU B 1-i TPyIIe
(BapHaHT «TOHKOTO SHIOMETPUS»)

Fig. 1. Endometrial thickness indices in the secretory phase of the cycle. Very high statistical significance of differences
(Kruskal-Wallis test) between groups with the lowest indices in group 1 (variant of “thin endometrium”)
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Puc. 2. Huzkue u MpakTUYECKU OJIUHAKOBBIE TI0KA3ATE/ I IIMHOIIOUI SITUTEIHS B SHAOMETPHUH ITAIIUEHTOK
1-U ¥ 2-1 rpynn B cekpeTopHyo ¢asy nukia. Kpurepuii Kpackena — Yosunuca
Fig. 2. Small and almost identical indicators of epithelial pinopodia in the endometrium of patients
of groups 1 and 2 in the secretory phase of the cycle. Kruskal-Wallis test

[IponeHT 3MUTETUONUTOB C MMHUHOMOMUAMHA B 3-U
IpYIIIEe CTATUCTHYECKH 3HAYMMO IIPEBBICUI II0Ka3a-
TEeJTU JIPYTUX JBYX TPYIH (PHUC. 2), UTO elle pa3 MoJ-
TBEPK/JAeT BBICOKYI0 HH(MOPMATHUBHOCTh 3TOTO
JIaBHO OITMCAHHOTO U JIOCTYITHOTO /71 aHAJIN3a Map-
kepa [13].

Cpenu BbIABIIAEMBIX ¢ omoInbpio UI'X Momeky-
JISIPHBIX MapKEPOB, B HACTOSIIEE BPEMS UCIIOJIb3Yye-
MBbIX B pyTHHHOU PAKTHUKE 711 INaTHOCTUKHU Pellen-
TUBHOCTHU SHIIOMETPUS Y MAIMEHTOK ¢ Oecruioauem,
[IPU3HAHA POJIb PEIENTOPOB KJIETOYHOUN IIOBEPXHO-
cru (HLA-DR) aHTHUTeH-IIPE3EHTUPYIOIIHX KJIETOK,
KOTOpbI€ CBSI3BIBAIOT NENTUAHBIE UYKEPOJHbIE (B
TOM 4HcJIe OaKTepHUaIbHbIe) AHTUTEHBI U ayTOAHTH-
resbl. B Hamem uccnenosanuu skcnpeccus HLA-DR
OKazajach CTAaTUCTUYECKU 3HAYMMO CHHKEHHOM,
HIDKE JUArHOCTHYECKOH 3HAYMMOCTH, B DHJIOMeE-
TPUM MAIUEHTOK 2-U TPYNIBbI OTHOCUTEIHHO 1-U U
3-H IPYIIII, He OTIMYAOIINXCA MEXK/IY co00H (puc. 3).
dxkcmpeccuto HLA-DR paciieHUBalOT Kak MapKep
AKTHUBAIlMU KJIETOK, YJaCTBYIOIINX B BOCIAJIEHUH,
opHako cHmkeHue ypoBHA HLA-DR, oTpakaromiee
IepuIUT AHTUTEH-NPE3eHTUPYIONIUX KJIETOK B
SHIOMETPUH, COTJIACHO [14], MOKET CITY>KUTH OOIIIUM
O6moMapKepOM /ISl AUATHOCTUKY OECILIONUs Y XKeH-
IIUH, HECMOTPsI Ha OOJIBIIYI0 POJIb BOCHAJIEHUS B
rmaToreHe3e XpOHUYECKOTO SHJIOMETPUTA KaK TJIaB-
Horo dakTopa becrIoaus.

BricTpo oOOHOBAIOIINECA B PENPOAYKTHBHOM
BO3pacTe SMUTENN U CTPOMa HHIOMETPHUS BBICOKO

gens often underlies luteal phase deficiency [15].
Since morphological immaturity of the endometrium
can be observed even with sufficient progesterone
production, not only the level of steroids in the body
is important, but also the preservation of all path-
ways to exert the hormonal effect. In the panel of
IHC markers of endometrial receptivity in infertility,
the analysis of ER and PR expression in the epithe-
lium and stroma is mandatory. In the endometrial
epithelium, the ER expression was the highest in
patients of group 1 and lowest in patients of group 2,
with the differences between all groups being statis-
tically significant (Kruskal-Wallis test) (Fig. 4).
Moreover, the ER expression in stromal cells did not
have statistically significant differences in paired
comparisons (in groups 1, 2 and 3, respectively, 174
(142—211), 157 (144—180) and 176 (161—199) points,
p = 0.21). Similar results were obtained for the
expression of PRs in endometrial stromal cells (in
groups 1, 2 and 3, respectively, 178 (147—221), 172
(147—222) and 175 (145—208) points, p = 0.73).

In contrast to the pattern of the ER expression in
the endometrial epithelium, the PR expression in
thin endometrium of group 1 did not differ from that
of group 3 which was virtually unaltered receptive
endometrium. However, the PR expression was
reduced in the epithelium of group 2 relative to
groups 1 and 3 (Fig. 5).

Controversies about the diagnostic role of pino-
podia, steroid receptors and many other molecules
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Puc. 3. 9xcupeccuss HLA-DR cratucTiyecKy 3HAUNMO CHIKeHa (HHUKe TOPOTOBBIX 3HAYEHU) B SH/IOMETPUH TAIHeH-
TOK 2-§ TPYIIIBI OTHOCUTEIBHO 1-H U 3-H IPyIII, HE OTJIMYAOIIUXCA MeKay coboit. Kpurepuii Kpackesna — Yosutuca
Fig. 3. The HLA-DR expression is statistically significantly reduced (below the threshold values) in the endometrium
of patients in group 2 compared to groups 1 and 3, which do not differ from each other. Kruskal-Wallis test

YyBCTBUTEJIBHBI K IOJIOBBIM cTepouaM. Hemocra-
TOouHadA dKcrpeccusa PR B ¢BA3U ¢ HeasieKBaTHBIMU
cofiep:KaHUeM H/WIU pereniiueil 5cTPOreHOB YacTo
JIEKUT B OCHOBE HEJOCTAaTOYHOCTH JIIOTEMHOBOU
dazpr ukia [15]. TIocKOIBKY aske TIPU JOCTATOY-
HOU NPOAYKIINY [TPOTeCTepOHA MOXKET HAOII0IAThCS
«MopdoJIoruyecKkas He3peJoCTb» HHAOMETPHUS, TO
BaKeH He TOJIBKO YPOBEHb CTEPOUIOB B OPraHU3ME,
HO U COXpaHeHHe BceX IyTeH peanusanuul ropMo-
HaspHOTO 5ddekra. B manmemu WMIX mapkepoB
PELenTUBHOCTH SHJIOMETPUS IpU OecIuioguu 00si-
3aresieH aHanu3 skcrpeccu ER u PR B snutenuu u
ctpoMe. B snutenuu smoMmeTrpus skcrpeccus ER
OKa3zasiach HauOOJIbIIIEH Y MATUEHTOK 1-U TPYIIBI 1
HauMeHbIIeNH — y TallMeHTOK 2-1 TPYIIIHI, IpUYeM
pasaInyusa MeXAy BCEMHU IPyNIIaMH CTaTUCTUUYECKHU
3HaunMbl (kpurtepuii Kpackena — Yosutuca) (puc. 4).
IIpu sTom akcnpeccusa ER B cTpoManbHBIX KJIE€TKAX
He 1MeJia CTaTUCTUYECKU 3HAUUMBbIX Pa3IMIUi Ipu
MMapHBIX CpaBHEHUSAX (COOTBETCTBEHHO B 1, 2 U 3-H
rpynnax 174 (142—211); 157 (144—-180) u 176 (161—
199) 6asioB, p = 0.21). AHAJIOTUYHBIE PE3yJIbTaThl
IIOJIy4eHBbl U I dKcipeccnu PR B cTpomMasibHBIX
KJIETKax 3HA0MeTpHs (COOTBETCTBEHHO B 1, 2 U 3-H
rpymmnax 178 (147—221); 172 (147—222) u 175 (145—
208) 6a/IoB, p = 0.73).

B orinuue ot xapakrepa skcrpeccun ER B snu-
TEeJINU SHIOMETPHsA, 3Kcrpeccus PR B smurenuun
TOHKOTO H/IOMETPUs 1-1 TPYIIIbI HE OTJINYAIACH OT

(hormones, cytokines, integrins, enzymes, etc.) that
are involved in the blastocyst-maternal endome-
trium interaction to achieve implantation, have
induced the search for a reliable panel of molecular
markers of receptivity [16]. This research group has
developed and patented the ERA test — a molecular
diagnostic tool based on the specific transcriptomic
signature that identifies receptive endometrium in
natural and artificial (e.g., during hormone replace-
ment therapy) cycles. Based on the results of ERA
testing, the Igenomix laboratory makes an assess-
ment of the endometrial window of implantation
(WOI): for example, delayed WOI, i.e. prereceptive,
advanced WOI, or postreceptive, and unusually short
windows of receptivity, the best time (window) for
implantation (Fig. 6). This allows personalization of
the time of embryo transfer in IVF procedures [17].
Based on the results of ERA testing, 13 patients
from group 1 were divided into 3 subgroups with pre-
receptive (5 cases), receptive (4 cases) and postre-
ceptive (4 cases) status. Despite the small number of
samples, the PR expression in the epithelium and
endometrial stroma was analyzed, and statistically
significant differences were not revealed, however, a
comparison of the percentage of pinopodia of epithe-
lial cells showed their diagnostic significance (Fig. 7).
Thus, based on a small number of clinical obser-
vations, we have shown that the epithelial pinopodia
in the endometrium in the secretory phase of the
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Puc. 4. B snuTenuu 3HI0METPHS SKCIIPECCHA 3CTPOreHOBbIX penentopos (ER) HanboiblIas — y HaMeHTOK 1-1 TPYIIIHI,
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(xputepuii Kpackesna — Yosutuca)

Fig. 4. The expression of estrogen receptors (ER) in the

endometrial epithelium was highest in patients of group 1

and lowest in patients of group 2. The differences between all groups are statistically significant (Kruskal-Wallis test)

3-1 rpynIsl — GaKTUYeCKH HEM3MEHEHHOTO, Pelel-
TUBHOTO 3H/1I0MeTpus. OxHako skcupeccus PR 6pu1a
CHIIKEHA B SIIUTEINHU 2-U TPYIIIb OTHOCUTEJIHHO 1-1
u 3-¥ rpynn (puc. 5).

cycle are a noteworthy diagnostic marker of the
implantation window, which has been re-evaluated
by other researchers. The implantation window is a
4—5-day period of the cycle during which successful
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Fig. 5. The progesterone receptors (PR) expression in the
from group 3 (women with male infertility factor),
(Kruskal-

epithelium of the thin endometrium of group 1 did not differ
and in group 2 it was statistically significantly lower
Wallis test)
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TECT ERA (AHAINN3 PELUENTUBHOCTU 3HOOMETPUA)
TEST ERA (ANALYSIS OF ENDOMETRIAL RECEPTIVITY)

[HaHHble nauveHTa WHdopmaums o6 obpasue OaHHble KNUHUKK
Patient’s data Sample information Clinic’s data

Ne MmeguuuHckon | I Oata noctynnenuss  27/04/2022 Knunuka:
KapTbl: marep Clinic:
Medical card No.: B naGoparopwuio: .
Delivery date TNevawwmn
to a laboratory: Bpay:
Physician:
Tun matepuana: O6pasel TkaHu aHgomeTpusi  [aTta Bblgaum 07/05/2022
Sample type: Sample endometrial tissue 3aKnoYeHNn: Ne nyHkuun:
Date of conclusion: Puncture No.:

®.1.0./Full name: Elena MporecTepoH: MeHbLue 1 Hr/mn
Progesterone: Less than 1 ng/ml

[Oata poxaeHusi: 17/06/1974 [ata namepenus: 18/04/2022

Date of birth: Date of measurement:
[Harta Ha4yana npuema 18/04/2022 7:00 PM
nporecTepoHa:
Date of progesterone
intake:
[ara 6uoncuu: 23/04/2022 2:00 PM
Biopsy date:
Tun umkna: HRT (115 yacoB)
Cycle type: (115 hours)

PE3YNBTAT NCCIIEOBAHUA /| RESEARCH RESULT:
MPEPELIENTUBHbIA / PRERECEPTIVE

3akntoyeHne: nepeHoc aMbproHa(-oB) Ha cTagum BnacTouncTbl pekoMeHaoBaHo nNpoBoanTb Yepes 130 + 3 yaca nocne Havana
npvema npenaparta nporectepoHa (Ha 1 AeHb no3xe Gruoncun TkaH S3HAOMETPUS B paMKax A4aHHOrO NCCMEeaoBaHNs).
[MosTOpHasa 6uoncus sHAoMeTpus He TpebyeTtcs.

Conclusion: transfer of embryo(s) at the blastocyst stage is recommended 130 + 3 h after intake of progesterone

(one day after endometrial biopsy). Repeat endometrial biopsy is not required.

Baw pesynerat / Your result

. N

________‘

-

MpepeuenTUBHbIN PeuenTuBHbIN MocTpeuenTUBHbLIN
Prereceptive Receptive Postreceptive

WHTepnpeTtauus pesynsrata uccneposanus / Result interpretation:

CornacHo AaHHbIM nabopatopun Igenomix, y 89% >eHLnH ¢ NoAo6HbLIM NPodUneM 3KCNpeccun reHoB B paMkax Liykna

C 3aMeCTUTeNbHOI ropMOHarnbHOM Tepanven ypoBeHb MakCMMarnbHOM peLlenTMBHOCTM 3HAOMETPUA HacTynaet Ha 1 AeHb
noaxe (AN 95% [86—91%]). MoBTOpHOI BGUONCUM 3HOAOMETPUSA B JAHHOM Cryyae He TpebyeTcs. YunTbiBas NonyYeHHbli
pe3ynbTaT, nepeHoc aMbproHa(-oB) Ha cTaguy BnacTouucTbl cnegyeTt NpoeoanTb Yepes 139 + 3 yaca nocne nepsoro npnema
npenapara nporecTepoHa.

B cnyyae amb6puoHa(-oB) TpeTbero AHs pa3BUTUSA NepeHoC AoMKeH ObiTb NpoBeAeH Ha 2 AHSA paHblLUe.

According to the Igenomix laboratory data, 89% of women with a similar gene expression profile in a cycle with hormone
replacement therapy the level of maximum endometrial receptivity cames 1 day later (Cl 95% [86—91%)]). In this case, repeat
endometrial biopsy is not required. Given this result, transfer of embryo(s) at the blastocyst stage should be performed

139 + 3 h after the first intake of progesterone.

In case of day 3 of embryo culture, transfer should be carried out 2 days earlier.

Puc. 6. Ilpumep 3axmouenuss ERA-TecTHpOBaHUS SHOMETPHS Y TAIIMEHTKH 1-H IPYIIIIEI ¢ 6eCIIoiueM
Fig. 6. An example of the conclusion of ERA testing for the endometrium in a patient in group 1 with infertility

KonTtpaBepcuu 0 MarHOCTUYECKON POJIU ITHHO- implantation of the blastocyst can occur, usually dat-
MIOINH, CTEPOUHBIX PENENTOPOB U MHOTHX JIPYTHX ing from the 19th—20th day of the idealized 28-day
MOJIEKYJT (TOPMOHBI, IUTOKUHBI, UHTETPUHBI, dep- cycle. The first steps in dating this window by estab-

MEHTHl W T.HI.), KOTOpble IPUHUMAIOT Y4acTHe BO lishing a set of morphological criteria for assessing
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B3aMMOJIECTBUH OJIACTOIUCTBI W MATEPHUHCKOTO
SHZIOMETPUS JJ1A IOCTIKEHNUA UMILJIAHTAINYT, THIY-
[IUPOBAJIU MIOUCK HA/IEIKHOM TIAaHETU MOJIEKYJISIPHBIX
MapKepOB perenTuBHOCTH [16]. JlaHHO# HccieoBa-
TEJILCKOU I'PYIIION ObLI pa3paboTaH U 3a11aTEHTOBaH
ERA-TecT — MOJIEKYJIAPHBIN JUarHOCTUYECKUH
WHCTPYMEHT, OCHOBAaHHBIM Ha crenuduyueckoi
TPAaHCKPUITOMHOU IIAHEJIU, KOTopas UAeHTUDUIH-
PYeT BOCIPUHUMUYMBBIN SHIOMETPUH B €CTECTBEHHDIX
U UCKYCCTBEHHBIX (HAIpUMep, IPU 3aMeCTUTETLHOM
ropMoHoTepanuu) nukiaax. [lo urory ERA-tectu-
poBaHus jaboparopus Igenomix BbIJJaeT 3aKIIi0Ue-
HHe 00 WHTEPIpeTaluy COCTOSHUA obpasma —
HaIpUMeD, CTATYC PEIENTHBHOCTH «OTCPOUEHHBIN»,
T.e. «IPEPENENTUBHBIN», ¥ IPYTUX — «IOCTPEIen-
TUBHBIN», U MOTYT OBITh HEOOBIYHO KOPOTKHE «OKHA
BOCIIPUUMYUBOCTH» — HAWIYYIIUH IEPHOJ] Bpe-
MeHH (WIH «OKHO») JJIs1 UMIUIaHTanuH (puc. 6). 9to
[I03BOJISIET MEPCOHAIM3UPOBATh BpeMs IepeHoca
sMmbpuoHa B caydasx KO [17].

I[To utoram ERA-TecTrpoBaHusA 13 HaIMeHTOK
1-U TPYNIIBI pa3feTHINCh Ha 3 MIOATPYIIIEI C IIpepe-
[ENTUBHBIM (5 HAOJIOZIeHU), PENENTUBHBIM (4) U
MOCTpENEenTUBHBIM (4) cratycom. HecmoTpss Ha
MaJioe KOJIMYEeCTBO 00pasIioB, ObLiIa TpOaHATTU3UPO-
BaHa skcnpeccusa PR B anuTennu u crpome 3H10Me-
TPUS U CTATUCTHYECKU 3HAUMMBbIE PA3JINUMsA He
BBISIBJIEHBI, OJTHAKO CPAaBHEHUE IIPOIEHTA IMIHOIIO-
U SIUTEINOIUTOB IOKA3JI0 HX JIMATHOCTHUYE-
CKyI0 3HAYUMOCTH (puc. 7).

the development and receptivity of the endometrium
were made [13, 18], but then came a period of declin-
ing interest in pinopodia with the search for molecu-
lar markers of endometrial receptivity.

In recent clinical studies pinopodia are associ-
ated with the favorable fertility outcomes in women,
and since they are directly associated with the
increased progesterone levels, the potential useful-
ness of these hormonally regulated cellular biologi-
cal structures in predicting or improving implanta-
tion in clinical settings is promising. There has been
renewed interest in pinopodia [19].

Answers to complicated questions of women with
infertility management which have a critical impor-
tance for clinical practice and reproductive health,
are needed, and further experimental and clinical
studies to elucidate the cellular and molecular mech-
anisms are necessary as well [20].

CONCLUSION

In women with infertility of various origins,
referred for IVF, the low and virtually identical for-
mation of epithelial pinopodia in the endometrium
was revealed in the secretory phase of the cycle. For-
mation of pinopodia has high diagnostic significance
for the receptive status of the endometrium, con-
firmed by the ERA test, in patients of group 1 with
infertility (chronic endometritis with thin endome-
trium) and does not depend on the expression of
progesterone receptors in the epithelium and stroma.

n=5 n=4 n=4
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Ipepenenmensbnt / Prereceptive

Peuerrmuerpnt / Receptive

IMoctpenenmuerbnt / Postreceptive

ERA-¢denotun 3an0oMetpus / ERA phenotype of endometrium

Puc. 7. DopMupOBaHUE THHOMIOAUI UMeET BBICOKYIO AHATHOCTHUECKYO 3HAUUMOCTb JIJIs PELIENITUBHOTO CTaTyca
SH/IOMETPUsL, TOATBEPKIEHHOr0 ERA-TeCTOM, y IAIMEHTOK 1-U IPYIIIIBI ¢ OECIIOANEM
(XpOHHUYECKHH SH/IOMETPUT C TOHKHUM 9H/IOMETPHEM)
Fig. 7. The pinopodia formation has a high diagnostic significance for the receptive status of the endometrium, confirmed
by the ERA test, in patients of group 1 with infertility (chronic endometritis with thin endometrium)
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Taxkum o6pazom, Ha HeOOJIBIIOM KOJIMUECTBE
KJIMHUYECKUX HaO/I0JeHUH HaMH II0Ka3aHO, YTO
MUHOIIOANY DIHUTENNS B SHAOMETPUU B CEKPETOP-
Hy10 $azy IUKIa ABJIAIOTCSA 3aC/TyKUBAIOIIUM BHH-
MaHHS  JMATHOCTUYECKHMM  MapKepOM  «OKHa
UMIIQHTAI[UW», K IePeolleHKe KOTOpPOTro obpaTH-
JINCh U JIpyTHe uccienoBarenud. OKHO HUMILIAHTA-
U — 95TO 4—5-JIHEBHBI IIEpUOJi OBapHAJIHLHO-
MAaTOYHOTO ITUKJIA, B T€YEHNE KOTOPOTO MOXKET IIPO-
W30UTH HOpMAaJbHAas WMIUIAHTAIUS OJIACTOIIVICTHI,
OOBIYHO JIATHPYEMBIU C 19—20-TO JHS UJI€TU3UPO-
BaHHOTO 28-7THEBHOTO NUKJIA. [IepBble 11aru B JaTH-
pOBaHHUM STOTO OKHA — YCTAHOBJIEHHE HAabopa MOp-
(onormueckux KpUTEpUEB JIUIA OIEHKH PA3BUTUS U
PelleNTUBHOCTU 3HAOMETPHUsI — ObUIH CZesIaHbl [13,
18], HO 3aTeM HACTYHHUJI IEPHOJ OTKa3a OT BHUMa-
HUS K ITHOIIO/TASIM C TIOMCKOM MOJIEKYJISIPHBIX Map-
KEPOB PEIENTHBHOCTU SHIOMETPUSI.

HenaBHue KIMHUYECKUE WCCIETOBAHUS CBA3BI-
BAIOT BBICOKHI YPOBEHDb DKCIPECCUU ITUHOIIOIUU C
6JIaTOTIPUATHBIM IPOTHO30M B OTHOIIEHHHU Gep-
TWIBHOCTH Y KEHIUH, W IOCKOJIbKY UX HaJIU4ue
HAIPSIMYIO CBS3aHO C IOBBIIIEHUEM YPOBHs IIPOTe-
CTepOHa, MOTEHIINAIbHAS T0JIE3HOCTh 3TUX TOPMO-
HAJIBHO PETryJIHUPYEMBIX KJIETOUHBIX OMOJIOTUUECKIX
CTPYKTYP B IPOTHO3UPOBAHWH WX YIIyUIIEHUU
MMIUIQHTAIUA B KJIUHUYECKHUX YCIOBUIX SIBJISETCS
MHoroobermatoeii. [ToABuICS HOBBI HHTEpeC K
MMUHOIIOAUAM [19].

Heob6xonuMbl OTBETHI Ha CJIOXKHBIE BOIIPOCHI
BeZleHUsI TAIUeHTOK, MMEIOIIe pellarollee 3Have-
HUe Il KJIMHUYECKOU NMPAKTUKU U PENPOYKTHB-
HOTO 37I0POBBS, U MIOUEPKUBAETCS HEOOXOIUMOCTh
JAJIbHEUIIINX SKCIIEPUMEHTATBHBIX U KIMHIYECKUX
WCCIIEIOBAHUM JIJI NU3YyUEHUsI KJIETOYHBIX U MOJIEKY-
JIIPHBIX MEXaHU3MOB [20].

3AK/IOYEHUE

VY xeHImUH ¢ OecriofeM pasjIMYHOTO TeHe3a,
HatpasiyieHHbIX Ha KO, B cekpeTopHy10 a3y IukiIa
BBISIBJIEHO HU3KOE U IIPAKTUYECKU OJJHAKOBOE Op-
MUPOBAaHHUE IMUHOIOAUN SIUTEINS B DHIOMETPHUHU.
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The HLA-DR expression showed a statistically
significant increase (below threshold values) in the
endometrium of patients with tubal obstruction. The
ER expression in the endometrial epithelium is high-
est in patients with thin endometrium, and lowest in
patients with tubal factor infertility. The PR expres-
sion in the epithelium of thin endometrium in
patients from group 1 did not differ from group 3
(women with male infertility factor) and shows a sta-
tistically significant increase in patients with tubal
infertility. At the same time, the ER and PR expres-
sion in endometrial stromal cells had no statistically
significant differences in paired comparisons.
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dopMupoBaHUE TUHOMOIUN HMEET BBICOKYIO JHa-
THOCTUYECKYIO 3HAUNMOCTB JIJIS1 PEllelITUBHOTO CTa-
Tyca SHAOMETPHUA, TOATBepkAeHHOTO ERA-TecToM,
y MaIeHTOK 1-U TPy ¢ OecrioueM (XpoHIUe-
CKUU HHJIOMETPUT C TOHKHM 3DHJIOMETPHUEM) U HE
UMeeT 3aBUCUMOCTH OT HKCIIPECCHUU IIPOTeCTEPOHO-
BBIX PEIENTOPOB B SIIUTEIUU U CTPOME.

Akcnpeccuss HLA-DR craructudecku 3HAUYUMO
CHIKeHa (HIDKe MOPOTOBBIX 3HAUEHUN) B DHAOME-
TPUU NAIUEHTOK C HEMPOXOAMMOCTHI0 MATOUHBIX
TpyO. Akcnpeccusa ER B snuTe My HI0METPUSA HaU-
0oJIpIIast — y MAIUEHTOK C TOHKUM YHJIOMETPHUEM,
HauMeHbINIasi — y MaIUeHTOK C TPYOHBIM OecIuio-
nueM. Jkcnpeccrsi PR B anuTe Ny TOHKOTO 3H7IOMe-
TpHUA 1-H TPYIIBI HE OTJINYAJIACh OT 3-U TPYIIBI —
JKEHIIUH ¢ MY»XCKUM (akTopoM Oecruronus u ObLIa
CTAaTUCTUYECKH 3HAYMMO MEHbIIIeH Ipu TpyOHOM Oec-
wioguu. [Ipu stom skcnpeccusa ER u PR B crpomass-
HBIX KJIETKaX SHAOMETPHS He NMeJIa CTATHCTHIECKH
3HAYMMBIX Pa3/IMUUH [IPU MAPHBIX CPABHEHUAX.

KoH@uuKT HHTEPECOB. ABTOPHI 3aABJIAIOT 00
OTCYTCTBUU KOH(JINKTA HHTEPECOB.
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JIMarHOCTHKA U JIeYeHHe TPOMO003a IMMOJIOCTH IIPABOr0
JKeJyTOUKa y 00JIbHOM ¢ TPOMOO3IMOOIMEH JIETOYHON apTepHH,
aCCOIIMUPOBAHHOM C TA2KeJJI0ou MTHeBMOoHHueln (KinHuueckoe
HaOJII0AeHue)

T.JI. Manbuenko?, 1.[. I{eiimax!, /I.E. Boraues!, T.A. KopamioBa?, M.E. [{efimax!

1@I'BOY BO «Aamaiickuil 2ocydapcmeeHHblilt meduyuHckuil yHusepcumem» Munadpasa Poccuu, bapHaya, Poccust
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AHHOTAITUA

BBegenwue. Tpombo3 mosoctu mpaBoro xkeaymouka (IDK) sBiseTcs peIKuM JKU3HEYTPOKAIOIIUM OCJIOKHEHHEM
MIPaBOKEJIYZIOUKOBOU CEP/IEYHON HEIOCTATOYHOCTH, pa3BUBAIOINIMMCS Ha (DOHE BEHO3HBIX TPOMOOIMOOTIUUECKHUX OCIIONK-
HEHUH, TsOKeTbIX MHGEKIUHA HUKHUX JIbIXaTeIbHBIX IyTeH.

Il e 1 . OOMEH OIBITOM JIUATHOCTUKU U JIEUEHHS MAIUEHTOB ¢ TpoM6o30M mosioctu I12K Ha (oHe TsKeIol THEBMO-
HUH.

Martepuanans W MEeTO /bl . 3ydaau UCTOPUIO OOJIE3HU CTAIMOHAPHOTO OOJIBHOTO M apXUB MEJIUITMHCKHIX
JTOKYMEHTOB, BKJTIOUAsi pe3yJIbTaThl Ja00PATOPHBIX, GYHKIHOHATIBHBIX U JIYUEBBIX METO/IOB TUATHOCTUKH.
PesyanbTartbl. IIpeacraBieHo KINHAYECKOE HAOIIO/IEHNE TAIUEHTKH 19 JIET, Y KOTOPOH KJIMHUYECKasi KapTUHA
OCTPOM MPABOKEJTYIOUKOBOU CEP/IEYHON HETOCTATOYHOCTH ¥ TPOMOO03a IOJIOCTH MPABOTO KEJIyI0YKa BO3HUKIIA Ha (OHE
TSAKEJIOW ITHEBMOHUH.

3akinoueHHe. CBOeBpeMEHHAs JUATHOCTUKA U JIEUEHUE OCTPOU ITPABOKEIYZOUKOBOU CEP/IEUHON HEZIOCTATOU-
HOCTH, JIETOUHOH TpoM603M6osmn, TpoM6o3a mostocTy I1XK MOTYT yIydiinTh UCXO/bl U CHU3UTD JIETAJIBHOCTH OOJIBHBIX C
TSAKEJI0H THEBMOHUEH.

Kuioueenle caoea: BHYTPUCEPEIHBIN TPOMO03, TPOMO03MOOIH s JIETOUHOU apTEPUH, OCTPasi TPABOXKEYA0UKOBAs CEP-
JlegHas HeJ0CTaTOYHOCTD.

O0pasen murupoBaHusa: Manpuenko T./I., [letimax U1.f., Boraues /I.E., Kopawiosa T.A., Ileiimax M.E. [Tu-
arHOCTHKA U JieueHHe TPoMO03a IOJIOCTH IPABOTO JKEJIyAOYKa y OOJIBHOW ¢ TPOMOOSMOOJIMEN JIETOYHON apTEPHUH,
aCCOITMUPOBAHHON € TshKesIol mHeBMoHUeH (KnmHuueckoe Habmozenue) // Journal of Siberian Medical Sciences.
2024;8(4):143-160. DOI: 10.31549/2542-1174-2024-8-4-143-160

Diagnosis and treatment of right ventricular thrombosis
in a female patient with pulmonary thromboembolism
associated with severe pneumonia (Case report)

T.D. Malchenko?, I.Ya. Tseimakh', D.E. Bogachev’, T.A. Kornilova2, M.E. Tseimakh'

Altay State Medical University, Barnaul, Russia

2City Hospital No. 5, Barnaul, Russia

ABSTRACT
Introduction. Rightventricular (RV) thrombosis is a rare life-threatening complication of right heart failure
developing amid venous thromboembolic complications and severe lower respiratory tract infections.
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A i m . Exchange of experiences in the diagnosis and treatment of patients with RV thrombosis associated with severe

pneumonia.
Materials

and methods. Westudied a history of the inpatient and the archive of medical records,

including the results of lab tests, functional diagnostics and radiologic imaging.

R e s ults. Thearticle presents a case report of a 19-year-old female patient, in whom the clinical picture of acute right
heart failure and RV thrombosis occurred amid severe pneumonia.

Conclusion. Timelydiagnosis and treatment of acute right heart failure, pulmonary thromboembolism, and RV
thrombosis can improve outcomes and reduce mortality in patients with severe pneumonia.

Keywords: intracardiac thrombosis, pulmonary thromboembolism, acute right heart failure.
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BBEJAEHUE

TpomboTrueckue ©u  TPOMOO3IMOOIUUECKHE
OCJIOJKHEHUS IUPOKO PACIIPOCTPAHEHBI IPU PECITH-
patopubix uHbeKuAx. CpefHsis pacupoCTpaHeH-
HOCTH TpoMO03MOosnu Jierounou aprepuu (TIJIA)
y TOCIUTAIU3UPOBAHHBIX GosibHBIX ¢ COVID-19 B
VCJIOBUAX MPUKU3HEHHOU IUATHOCTUKU BapbUPYET
B IMAIIa30HE OT 13 710 32 %, B 3aBUCHUMOCTH OT TSI2Ke-
ctu 3abosieBanus [1, 2]. B mepuose mocie mepexe-
ce”Horo 3abosiesanuss COVID-19 jintebHo, 601ee
6 Mec, COXpaHAIOTCS MTOBBINIEHHBIE PUCKH TPOMOO-
30B TJIyDOKUX BeH HIKHUX KOHEUHOCTEH U TeHIeH-
U K yBesndeHuto pucka TOJIA [3].

BHebosibHUUHAs ITHEBMOHUS ACCOIUUPYETCS C
MOBBIIIIEHHBIMU PUCKAMU BEHO3HBIX TPOMOO30B U
T3JIA, mOCTUTAIOITUMU B OTAEJIEHUAX HHTEHCUBHOMN
Tepanuu 10.7 % y NalMEHTOB, HEe MTOJIyYaBIITUX IIPO-
(prmakTHUecKOl aHTHUKOATYJIIHTHOW Tepamuu, u
6.4 % — Ha GoHE IpUMEHEHUS AaHTHKOATYJISTHTOB [4,
5]. ¥ rociuTaIu3upoOBaHHbBIX MMAIUEHTOB ¢ BHEOOJTh-
HUYHON TTHEBMOHHEN B3HAYUTEJIBbHO BO3PACTAIOT
PUCKU Cep/IeYHO-COCYIUCThIX OCJIOKHEHUH, BKJIIO-
yas cepAeYHyK HEeJ0CTaTOYHOCTh, ITPOTrPECCHPYIO-
Y0 apUTMUIO0, HHDAPKT MUOKap/ia, reMopparuye-
CKUH WJIN UIMIEMUYECKHUU WHCYJIBT, TPAH3UTOPHYIO
WIIEMUYECKYIO aTaky, JOCTUTas KyMYyJIsTUBHOHU
YaCTOTHI /10 26 % IPH TAKEJIOM TeueHnU 3a601eBa-
Hus [6, 7].

B SIULEMUOJIOTHYECKOM HCCJIEIOBAHNH
T.C. Clayton et al. (2011) ¢ ucII0/Ib30BaHKEM U3 HA
«CJIy4ali-KOHTPOJIb» TOTBEPIKIEHA POJIb TAKEJIOU
IMHEBMOHUW W JIPYTHUX TSKEJIBIX PECIUPATOPHBIX
WHEKIUNA KaK HEe3aBUCHUMBIX (AKTOpOB pHCKA
TOJIA [8]. ABTOpaMu yCTaHOBJIEHO, UTO V HaIlHEH-
TOB, [IEPEHECIITUX TSIKEIbIE PECITUPATOPHbBIE HH(DEK-
MY, BKJIIOYABIIIAE OCTPBIN JIJAPUHTHUT, OCTPBIN OPOH-

INTRODUCTION

Thrombotic and thromboembolic complications
are common in respiratory infections. The average
prevalence of pulmonary thromboembolism (PTE)
in hospitalized patients with COVID-19 in antemor-
tem diagnosis varies from 13 to 32%, depending on
the severity of the disease [1, 2]. In the period after
COVID-19, increased risks of deep vein thrombosis
of the lower extremities and a tendency to an
increased risk of PTE persist for a long time, more
than 6 months [3].

Community-acquired pneumonia is associated
with increased risks of venous thrombosis and PTE,
reaching 10.7% in intensive care units in preventive
anticoagulant-naive patients and 6.4% with the use
of anticoagulants [4, 5]. In hospitalized patients with
the community-acquired pneumonia, the risks of
cardiovascular complications, including heart fail-
ure, progressive arrhythmia, myocardial infarction,
hemorrhagic or ischemic stroke, transient ischemic
attack, significantly increase, reaching a cumulative
frequency of up to 26% in severe cases of the disease
[6, 71.

In an epidemiological case-control study by Clay-
ton et al. (2011), the role of severe pneumonia and
other severe respiratory infections as independent
risk factors for PTE was confirmed [8]. The authors
found that patients who had severe respiratory infec-
tions, including acute laryngitis, acute bronchitis,
pneumonia, and productive cough, had an increased
risk of developing deep vein thrombosis within a
month, and an increased risk of developing PTE
within three months. The increased risk of develop-
ing these venous thromboembolic complications
persisted up to a year.
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XUT, THEBMOHUIO U IPOAYKTUBHBIN KallleJib, B Teue-
HUe MecsIa HabJII0acsa MOBBIIIEHHBIH PUCK pas-
BUTHS TpoM0OO3a TJIyOOKUX BEH, & B TEUEHHE TPeX
MeCSIIIEB — IIOBBINIEHHBIA pHUCK pa3BuTus TIJIA.
[TOBBINIEHHBIH PHUCK Pa3BUTUS 3THX BEHO3HBIX
TPOMOOIMOOTINIECKHUX OCIOKHEHUH COXPAHSICS 0
roza.

BripakeHHbIE HAPYIIIEHUs JIETOYHOM TeMONHA-
MUKU ¢ OPMUPOBAHUEM OCTPOU MPABOXKEITYOUKO-
Bol cepzieuHou HepocratouHoctu (OTIPKCH), B psaze
crydaeB (pOpMUPYIOIIKECs Y MAIIUEHTOB C TSAMKETOH
mHeBMOHMEN, TIJIA, MOTyT TIpeACTaBIATh YTPO3Y
JKU3HH TanueHToB [9—12]. HemocpencrBeHHast
yTpo3a KU3HU B ATHX CUTYAIMSAX MOXKET OBITH 00Y-
CJIOBJIEHA PA3BUTHEM TPOMOO3a B IIOJIOCTH IIPABOTO
JKeJTyZIouKa. JJOMOTHUTETbHBIMU (PaKTOPaMU PHUCKA
TpoM603a TOJIOCTU TPABOTO KEJIYAOUYKA y TMaI[ieH-
TOB C TSKEJIBIMU ITHEBMOHUSAME MOTYT ObITh TAJIA ¢
pacrIpocTpaHeHHON OKKJIFO3UEN KPYITHBIX JIETOYHBIX
apTepui, JUIaTallMOHHAS KapIUOMUOIIATHS.

IIEJIb ICCJIEJIOBAHUSA

OOMeH OIBITOM JAWATHOCTUKU U JIEUEHUS Taly-
€HTOB C BHYTPHCEPIEYHBIM TPOMOO30M, aCCOIUHUPO-
BaHHBIM C TS)KEJIOH ITHEBMOHHEH M TpomMb603MOO-
JIMEe’ JIETOYHOU apTepHH.

MATEPUAJIBI 1 METO/IbI

Knunuueckoe HaOJIOZleHHE MAIUEHTKH IIPeJi-
CTaBJIEHO HAa OCHOBE KOMILJIEKCHOTO U3yUeHUs UCTO-
puu OOJIE3HU CTAITHOHAPHOTO OOJIBHOTO W apXWBa
MEUIIIHCKUX JIOKYMEHTOB, BKJIIOUAsl Pe3yJIbTAThI
J1a60PaTOPHBIX, GYHKIIMOHAIBHBIX U JIyIEBBIX METO-
JIOB uarHOCTUKU. Ileprosi HAOIIOIEHUS COCTABIII
21 geHb. [TybuKkanus KIMHUYECKOTO HAOIOEeHMS
nosyumia onobpenune Komurera no satuxe ®I'bOY
BO «AnTalicKuii TOCY/IapCTBEHHBIM MEIUITMHCKUN
yHuBepcuteT» Munaapasa Poccun (mpotokos NO 6
OT 24 Masi 2024 T).

KINHNYECKOE HABJIIOZIEHUE

[TarueHTKa 19 JIeT pOAWJIACh U TMPOKUBAIA B
AsraiickoM Kkpae. B mepuon, mpenmrecTBOBaBIINN
rOCIUTAIN3aIMNA, UMesjda IpU pocre 168 cm Bec
70 KT, HH7IEKC Macchl Tesa 24.8 kr/m2. HacnencrBeH-
HBIH aHaMHe3 1O 3a00JI€EBAaHUSM CHCTEMbI KPOBO-
obparreHus He ObLT OTATOIEH: OTCYTCTBOBAJIU JaH-
HBIE 0 C/TyYasiX BHE3AITHOU CepAIeYHOI CMEPTH, apUT-
MHHU, OCTPBIX COCYIMICTBIX 3a00JIEBAaHUSAX y POJ-
CTBEHHUKOB 110 OTI[OBCKOW W MATEPUHCKOH JIMHUM.
He ycranoBjieH mpueM IepopaibHBIX KOHTpAIlEel-
THBHBIX IPenapaTtoB B aHamHe3e. OTCyTCTBOBaIU
JIaHHbIE O JIEKAPDCTBEHHOW WJIM HAPKOTHYECKOU
3aBUCHUMOCTH.

Severe disturbances of pulmonary hemodynam-
ics with the development of acute right heart failure
(ARHF), which in some cases occur in patients with
severe pneumonia, PTE, may pose a threat to the
lives of patients [9—12]. An immediate threat to life
in these situations may be due to the development of
thrombosis in the right ventricular cavity. Additional
risk factors for right ventricular thrombosis in
patients with severe pneumonia may be PTE with
extent occlusion of large pulmonary arteries, dilated
cardiomyopathy.

AIM OF THE RESEARCH

Exchange of experiences in the diagnosis and
treatment of patients with intracardiac thrombosis
associated with severe pneumonia and pulmonary
thromboembolism.

MATERIALS AND METHODS

The case report of the patient is presented on the
basis of a comprehensive study of a medical history
of the inpatient and the medical records, including
the results of the lab tests, functional diagnostics and
radiologic imaging. The hospital stay comprised
21 days. The publication of the case report was
approved by the Ethics Committee of the Altai State
Medical University (protocol No. 6 dated May 24,
2024).

CASE REPORT

A female patient, aged 19, was born and resided in
the Altai Territory. Before hospitalization, she had
body height 168 cm, weight 70 kg, and body mass
index of 24.8 kg/m?2. No hereditary taint of circula-
tory diseases: no data on cases of sudden cardiac
death, arrhythmia, or acute vascular diseases in rela-
tives on her mother’s and father’s sides. No taking
oral contraceptives. No data on drug dependence
and substance abuse.

The acute deterioration of the condition was pre-
ceded by a complicated course of a soft tissue abscess
in the middle third of the left forearm. Two weeks
after lancing the abscess, symptoms of intoxication
presenting as myalgia, general fatigue and tempera-
ture rising to 39° C appeared in the outpatient set-
ting, with a short-term decrease when taking non-
steroidal anti-inflammatory drugs. On the 5th day
after the signs of infectious inflammation appeared,
a dry paroxysmal cough started, on the 6th day —
rapidly increasing shortness of breath. On October
29, 2022, on the 6th day from the onset of the dis-
ease, the patient was urgently hospitalized with a
diagnosis of severe pneumonia, severe hypoxemic
respiratory failure and acute hypotension in the
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Pa3BUTHIO OCTPOTO YXYIIIEHUS COCTOSTHUS IIPEI-
IIECTBOBAJIO OCJIOKHEHHOE TeueHHe abcriecca MAT-
KHUX TKaHeHd B 00J1acTU CpelHel TPETH JIEBOTO Mpe-
wIeubs. Uepes 2 Hep ITOCIIe BCKPHITHA abcriecca MAT-
KUX TKaHed B aMOyJIATOPHBIX YCJIOBUSAX IOSBUJINCH
CUMIITOMbI HHTOKCUKAIIUU B BUJIE MUAJITHH, O0IIIeH
c1aboCTH U MOBBIMIEHUST TEMIIEPATypsI 710 39 °C, ¢
KPaTKOBPEMEHHBIM CHIKEHUEM IIPU IIPHEMe HecTe-
POUAHBIX IPOTUBOBOCIAIUTEIHHBIX JIEKAPCTBEH-
HBIX cpeZicTB. Ha 5-11 IeHb mocjie MOsBJIEHUS CUM-
IITOMOB HMH(PEKINOHHOTO BOCHAJIEHUS IOSIBUIICSI
CYXOH HpPHUCTYNOoOpa3HbIi Kalllesib, Ha 6-1 JeHb —
OBICTPO YCHIMBAIOWIASICA OJIBINIKA. 29.10.2022, HA
6-1 IeHb OT Hauasia 3a00JieBaHNsA, aleHTKa ObLIa
SKCTPEHHO TOCIIUTAIM3UPOBAHA C JUATHOCTUPOBAH-
HOM TS2KeJION THEBMOHUEH, TS3KeJION THIIOKCeMIde-
CKOU JIbIXaTeJIbHOW HEOCTATOYHOCTBI0O U OCTPOH
TUIIOTOHUEN B OT/IeJIeHVE PeaHNMAaIlu U HHTEHCHUB-
Hoti Tepanuu (OPUT). OneHKa KpUTEPUEB CETICHCA
mo mkase SOFA oT 29.10.22 cocraBuja 7 0ayjIioB
[13]. B anamHe3e »Ku3HU ObLIN YCTAHOBJIEHBI JKeJIe-
3o/1epUIIUTHAS aHEMUS CPeJTHEH CTEIeHH TSXKECTH,
sI3BeHHAsI OOJIE3HD JKeJTy/IKa BHE 000CTPEHUS, TICU-
XOBEreTaTUBHBIN CUH/IPOM C TAHUYECKUMHU aTaKaMu
(10 maHHBIM aMOYJIATOPHOM KapThI).

0O0630pHas peHTreHOTrpadus rPyAHON KJIETKH OT
20.10.2022 TI0Ka3aja ABYXCTOPOHHIO HH(UIbTpa-
[IUIO JIETOYHOH TKAHU C GOIBIINM 00heMOM BOBJIE-
JyeHUsT OOOUX JIETKUX, YTOJIIIEHUE MEK0JIEBON
IJIEBPHI CIIPaBa, paclIupeHre TEHHU Cep/lia B MoIe-
peunuxke. [11eBpaibHbIE CHHYCHI OBLITA CBOOOHEI.

[TanpenTKa mosrydasia SMINPUYECKYI0 aHTHMU-
KPOOHYIO TEPATIHIO B COOTBETCTBUU C AKTyaIbHBIMH
KJIMHUYECKUMU PEKOMEH/IAUAMU [14]; B MOCIEAy-
IOIIEM ITPOBOAMJIACH STHOTPOIIHASA Tepamusl, ¢ yde-
TOM BBIZIEJIIEMBIX B MOKPOTE M KPOBH OaKTepPUAIIb-
HBIX BO30yauTesed, UX UyBCTBUTEJIIBHOCTH K QHTH-
O6uoTukaM. JledeHue TsKEJIOW IMTHEBMOHUU C TIEP-
BOTO JIHsI TOCIUTAIN3AIMHI BKJII0YAJI0 IPUMEHEHHE
AHTHUKOATYJITHTHOHM Tepanuy — SHOKCAMapuH 60 Mr
2 pasa B IeHb, UTO COOTBETCTBOBAJIO IUATIA30HY IIPO-
MEXyTOUHOU J03bI 5TOTO HU3KOMOJIEKYJISIPHOTO
remapuHa — He MeHee 50—75 % OT Jie4eOHOU JT03bI
WJIH TIOJTKOKHO >40 MT 2 pasa B IeHb, MAKCUMAJIbHO
npubIMKasACh K JieueOHOW /03€e DHOKcAllapuHa —
IIOIKOKHO 1 MT'/KT 2 pa3a B CYyTKH [15, 16]. B cBsa3u ¢
Hea(pPeKTUBHOCTHIO KUCIOPOJIOTEPATIUU C TIEPBOTO
JTHsI TOCIIUTAJIN3AIUHY B TeueHre 8 CyTOK MalneHTKe
MIPOBO/IMJIACHh WHBA3WBHAS BEHTWJIAIUA JeTKuxX. Ha
(poHE KOMOMHUPOBAHHOW 3THOTPOITHON aHTHOAKTE-
PUQIBHOM TEpamuU COCTOSHUE TMAIMEHTKU 3HAYU-
TeJIbHO YJIYYIIWIOCh M TO3BOJIWIO 06.11.2022, 10
TOCIUTANNU3AINHN B IIyJIbBMOHOJIOTUYECKOE OTJesIe-
HUe, OTMEHUTH PECITUPATOPHYIO HOIEPIKKY.

intensive care unit (ICU). The SOFA score on Octo-
ber 29, 2022 was 7[13]. Patient’s life history revealed
moderate iron deficiency anemia, gastric ulcer
(remission), and psychovegetative syndrome with
panic attacks (according to the outpatient medical
records).

A chest radiograph on October 29, 2022 showed
bilateral infiltration of lung tissue with involvement
of a large volume of both lungs, thickening of the
interlobar pleura on the right, and cardiac shadow
widening in cross-section. The pleural recesses were
clear.

The patient received empirical antimicrobial
therapy in accordance with the current clinical guide-
lines [14]; subsequently, etiotropic therapy was car-
ried out, taking into account the bacterial pathogens
in sputum and blood and their antibiotic sensitivity.
Treatment of severe pneumonia from the first day of
hospitalization included the use of anticoagulant
therapy — enoxaparin 60 mg twice a day, which cor-
responded to the intermediate dose range of this low
molecular weight heparin — at least 50—75% of the
therapeutic dose, or subcutaneously 240 mg 2 twice
a day, as close as possible to the therapeutic dose of
enoxaparin — subcutaneously 1 mg/kg 2 times a day
[15, 16]. Due to the ineffectiveness of oxygen therapy,
from the first day of hospitalization, the patient was
on invasive mechanical ventilation for 8 days. Amid
combined etiotropic antibacterial therapy, the
patient’s condition improved significantly and made
it possible to discontinue respiratory support on
06.11.2022, before hospitalization in the pulmonol-
ogy department.

When evaluating the dynamics of chest X-rays as
of 07.11.2022, amid a decrease in the area of infiltra-
tive changes, the signs of lung tissue destruction
appeared as multiple thin-walled annular cavities
with unclear external contours, of various diameters.
A small volume of pleural effusion appeared in both
pleural cavities. Given the negative X-ray dynamics,
a decision was made to transfer the patient to the
pulmonology department.

At the pulmonology department of a general hos-
pital in Barnaul, the patient was diagnosed with
respiratory infection pathogens: on November 14,
2022, SARS-CoV-2 coronavirus RNA was detected in
nasopharyngeal swabs using nucleic acid amplifica-
tion; from 08.11.2022 to 29.11.2022, Klebsiella spp.
105 CFU/ml was detected in sputum culture. Penicil-
lin-resistant Staphylococcus aureus was detected in
the patient’s blood for the first time on 03.11.2022,
and subsequently — on 08.11.2022.

Based on the clinical investigation, the patient
was diagnosed with a combined disease: coronavirus
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ITpu oleHKe peHTreHOrpaMM OPTraHOB IPYIHOHN
KJIETKU B IUHAMUKE OT 07.11.22 Ha ¢OHE YMeHbIIIe-
HUS IO WHOWIBTPATUBHBIX U3MEHEHUH T0sI-
BIJINCHh NPU3HAKU AECTPYKIIUU JIETOUHOU TKAHU B
BUJIe MHOKECTBEHHBIX TOHKOCTEHHBIX KOJIBIIEBU-
HBIX ITIOJIOCTEN C HEYETKUMHU HAPYKHBIMU KOHTY-
paMu, passIuyHOTO auaMeTrpa. B obeux rreBpasib-
HBIX IIOJIOCTSIX NOSBWICA IUIEBPIBHBIN BBIIOT
He6OJIBIIOTO 06'beMa. YUUTHIBasI BBISIBJIEHHYIO OTPHU-
[IaTeJIbHYI0 PEHTTEHOJIOTHIYECKYIO IMHAMUKY, OBLIO
IIPUHSATO peIleHue O IePEBO/Ie NAIUeHTKHU B CIIeI-
AJIM3UPOBAHHOE ITYJIbMOHOJIOTUUECKOE OT/IeJIEHHE.

B mysIbMOHOJIOTHYECKOM OT/EJIEHHH MHOTOIIPO-
¢ubHOM 60IBHUTIBI T. BapHaysia y narueHTKH orpe-
JIeJIAUTACH BO30YZIUTENTN PECITUPATOPHON MH(MEKIINN:
14.11.2022 B Ma3KaX W3 HOCOIVIOTKU BBIZEIEHA
METOZIOM AaMIUTUUKAIUYN HYKJIEUHOBBIX KHCJIOT
PHK xoponasupyca SARS-CoV-2, ¢ 08.11.2022 1o
20.11.2022 B MOKPOTe BBIAEJSIIACH KYJIBTYPATIHHBIM
metozom Klebsiella spp. 105 KOE/mi1. Staphylococcus
aureus, yCTOWYUBBIN K MEHUIWJUIUHY, ObLTT BBIJIEJIEH
B KPOBH ITAIIIEHTKH BIEPBbIE 03.11.2022, B TIOCJIEY-
IOIIEM ITOBTOPHO BBIZIEJIATICA B KPOBH 08.11.2022.

Ha ocHoBaHuUM TPOBENEHHOTO OOC/IEIOBAHUSI
ManeHTKe OCTAHOBJIEH AMArHO3 KOMOMHUPOBAH-
HOrO 3a00JieBaHUA: KOPOHABUPYCHAA WHQPEKIIHOH-
Has 6ose3ub (COVID-19), moATBep:K/IeHHAST BBIE-
seHueM B jbixaTeabHbIX IyTax PHK SARS-CoV-2;
TspKesasg BHEOOJIbHMYHAS JIBYCTOPOHHSSA ITHEBMO-
HUS, accOIMUpoOBaHHas ¢ uHbekued Staphylo-
coccus aureus, Klebsiella spp. OcioxHeHUsIMU 3260~
nesanus 6putH cerncuc (SOFA — 7 6auioB), ocTpas
JIbIXaTeJIbHAasl HEI0CTATOYHOCTh TUIIOKCEMUUECKOTO
Tuna, nposeneHue VBJI B Teuenue 8 cyTok.

ITpu nocTymIeHNH B IyJIbMOHOJIOTHYECKOE OT/Ie-
JIeHHe, 10 IAHHBIM KJIMHUYECKOTO aHaIn3a KPOBH,
BBISIBJSUINCh QHEMHUYECKUU CHHAPOM, YMeEpPEeHHBIH
HEUTPOGHIHHBIN JTIEHKOIUTO3 (Tabs. 1). C 10-ro JHA
TOCIUTAIN3ANH  OTMEeYajach  HOPMAaIH3aIus
O0IIero KOoJIMYecTBa JIEMKOIUTOB, abCOIIOTHOTO
KOJIMYECTBA HMX CyONOMYJIAIUH. AHEMUs COXpaHs-
Jlach B T€UeHUE BCETO MepHo/ia TOCIIUTATIN3AINH, C
TIOJIOXKUTEJIPHON JUHAMUKONU YBEJIUYEHUS COMIEP-
JKQHUS SPUTPOIUTOB, YPOBHA reMOTI00MHA U reMa-
Tokputa KpoBu. Ha dboHe ysydrieHus mokasaresei
KpacHOH KPOBU U JIEUKOIIUTAPHOHN peaKIuu Ha BOC-
IajieHue B IIEPUOJ, TOCIUTAIN3AINH B IIyJIbMOHOJIO-
THYECKOM OT/IeJIEHUH OTIPEJIEsIsIach 303UHOMDUIIUS
KPOBH — IIO-BUANMOMY, KaK TPAH3UTOPHAS PeaKIUs
B IIEPUOJT BOCCTAHOBJIEHUSI UMMYHHOI'O OTBETa IIPHU
00paTHOM pa3BUTHU TsKEJIOU pecnupaTopHOH
nH}pEKIuU.

Vi3MeHeHHUA cO CTOPOHBI OMOXMMHMYECKUX ITOKa-
3aTesiell KPOBU IPU MOCTYIVIEHUU XapaKTepU30Ba-

infectious disease (COVID-19) confirmed by the
detection of SARS-CoV-2 RNA in the respiratory
tract; severe community-acquired bilateral pneumo-
nia associated with Staphylococcus aureus, Klebsi-
ella spp. Complications: sepsis (SOFA score 7), acute
hypoxemic respiratory failure, mechanical ventila-
tion for 8 days.

On admission to the pulmonology department,
according to the blood cell count, anemia and mod-
erate neutrophilic leukocytosis were diagnosed
(Table 1). From the 10th day of hospitalization, the
leukocyte count and the absolute number of their
subpopulations were normalized. Anemia persisted
throughout the whole period of hospitalization, with
positive dynamics of an increase in the erythrocyte
count, hemoglobin and hematocrit levels. Amid
improved red blood cell counts and leukocyte
response to inflammation during hospitalization in
the pulmonology department, eosinophilia was
determined — apparently, as a transient reaction
during the immune response restoration and the
reversal of a severe respiratory infection.

Changes in blood biochemistry upon admission
were characterized by hypoproteinemia and hypoal-
buminemia, as well as a severe shift in a number of
inflammatory markers: a six-fold increase in C-reac-
tive protein, a marked increase in procalcitonin, and
ferritin. In tests assessing the general state of the
hemostasis system, clinically significant changes
consisted of an increase in the plasma concentration
of D-dimers by more than 10 times compared with
the upper limit of the reference range along with an
insignificant increase in the concentration of fibrino-
gen on the 10th day of treatment in the pulmonology
department.

Insignificant hypocoagulation, mainly based on
activated partial thromboplastin time, was, appar-
ently, due to the anticoagulant therapy. No changes
in the gas composition or acid-base balance were
revealed upon transfer to the pulmonology depart-
ment.

Based on the results of the investigation on the
first day of hospitalization in the pulmonology
department, it was concluded that the symptoms of
multiple organ failure had been reversed; sepsis cri-
teria in the patient had not been identified since
November 9, 2022.

When analyzing the high-resolution computed
tomography (HRCT) data from November 09, 2022,
areas of increased pulmonary parenchyma density of
the ground-glass type were identified in all fields of
both lungs, the denser areas of infiltration in the
right middle and lower lobes peribronchially, with
ill-defined and uneven contours. Besides, destructive
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Ta6smmua 1. Pe3ynbraTsl B JUHAMUKE 0OLIUX KIMHUYECKUX aHAJIU30B y NalMeHTKU 19 JIeT B NepHo/ rocIMTaIu3aluu

B [IyJIbMOHOJIOTUYECKOM OT/leJIeHUH

Table 1. Dynamics of the results of the lab tests of a 19-year-old female patient during hospitalization in the pulmonology
department

porasates podepenctinie SHAICHU 09112022 19.11.2022 27.11.2022
Kaunuueckuii anaaus kposu / Blood cell count
IputpouuTs (x10*2 KaeTOK/JN) 4.00-6.00 3.07 3.35 3.78
Red blood cells (x10*? cells/1)
Hb (r/n) | (g/1) 120-160 93 103 116
Ht (%) 36.0-48.0 30 32.5 34.6
MCH (nr) | (pg) 27.0-31.0 30.3 30.7 30.8
MCV () | (1) 82.0-95.0 97.7 96.9 91.4
RDW-CV (%) 11.5-14.5 13.2 14.4 -
JletikonuTsl (x10°k1eTOK /1) 4.00-9.00 14.95 6.41 4.6
White blood cells (x10° cells/1)
Heitrpodusr (%) / Neutrophils (%) 50.00-70.00 83 47 43
He#tpoduisl (x10?keTok/n) | Neutrophils (x10%cells/l)  2.00 - 7.00 10.47 2.93 1.9
JlumdouuTsl (x10°kaetok/n) | Lymphocytes (x10°cells/1)  0.80-4.00 3.35 2.5 2.3
Jo3unoouibl (x10°kaeTok/n) | Eosinophils (x10° cells/1) 0.02-0.40 0.49 0.69 -
Bazodubl (x10°knetok/n) | Basophils (x10° cells/1) 0.00-0.10 0.01 0.01 -
MounouuTsl (x10°kaeTok/.1) | Monocytes (x10° cells/1) 0.12-0.90 0.63 0.28 -
Tpom6GonuTel (x10°knetok/n) | Platelets (x10° cells/1) 160-400 358 269 280
Buoxumuueckuti aHaaus kposu / Biochemistry
Bunupy6un o6muii (Mkmosib/ ) | Total bilirubin (umol/1) 1.70-21.00 8.56 5 -
AcnapraramuHoTpaHcdepasa (ex./n) 0.00-31.00 19.74 16 -
Aspartate aminotransferase (units/1)
AnanvH-TpaHcaMuHasa (ez./a) | Alanine transaminase (units/I) 0.00-40.00 24.19 28.7 -
06wmumii 6enok (r/n) | Total protein (g/1) 65.00-85.00 53.53 - -
Anbbymun (r/n) | Albumin (g/1) 35.00-50.00 27.58 - 38.82
MoueBrHa (MMoJib/a1) | Blood urea nitrogen (mmol/1) 1.70-8.30 4.12 1.95 -
KpeatunuH (Mkmosib/a) | Creatinine (pmol/1) 80.00-115.00 70.64 78.59 -
[roko3a (Mmosib/ ) | Glucose (mmol/1) 4.40-6.60 7.44 4.53 -
Harpwuii (Mmosb/n1) | Sodium (mmol/1) 130.00-156.00 138.78 134 -
Kanunit (Mmosib /) | Potassium (mmol/1) 3.40-5.30 4.25 3.77 -
C-peakTHBHbI 6es1ok (Mr/u) | C-reactive protein (mg/1) 0.00-10.00 66.57 1.71 4.21
[poxanbuuToHuH (Hr/mi) | Procalcitonin (ng/ml) <0.05 0.114 0.053 -
JlaktaTeruaporeHasa (ef./nn) 135.00-225.00 188.94 126.13 -
Lactate dehydrogenase (units/1)
®epputun (Mr/a) | Ferritin (mg/1) 15.00-150.00 926.1 640.5 389.6
OcHogHble nokazameau cemocmasa / Main parameters of hemostasis
1B (c) / PT (s) 9.7-11.8 12.4 11.3 -
ATITB (c) / APTT (s) 21.6-28.7 37.2 36.9 30.4
dubpuHoreH (r/a) | Fibrinogen (g/1) 1.70-4.20 4.28 3.47 -
D-pumeps! (Mr/na) | D-dimers (mg/1) <0.5 5.34 2.2 -
AHau3 24308020 cocmMaga u KUCA0MHO-0CHOBHO20 cocmosiHusl kposu / Blood gas composition and acid-base balance
p,0, (MM pT. cT.) / (mm Hg) 80-100 108 - -
p,0,/ FiO, 2400 514 - -
A-aDO, (MM pr. cT.) / (mm Hg) 7-13 10 - -
Konnentpanus HCO,” (Mmosib/a) | HCO,” concentration (mmol/l) 22-28 30.5 - -

Il pumeuadnue. Hb-remornobun; Ht - rematokput; MCH - cpenHee comepkanue reMoryo6uHa B apurpouutax; MCV - cpeaHuit
06beMapuTponuToB; RDW-CV - mupuna pacnpeeneHus spuTporutos; [1B-nporpom6uHoBoe Bpems; AIITB - akTUBHpOBaHHOE NAapIKaJIbHOE
TpoMmbonacTHHOBOe BpeMs; p,0, - MaplanbHOe jaB/ieHne KHCI0po/ia B apTepranbHoi kpoBy; Fi0, - dpakius MHCIUpaTopHas KUCJI0po/a;
A-aDO0, - aybBe0JIsIpHO-apTepUaIbHbINA [PA/IUEHT [JaBJICHHSL.

N o t e . Hb - hemoglobin; Ht - hematocrit; MCH - mean corpuscular hemoglobin; MCV - mean corpuscular volume; RDW-CV - red cell
distribution width, coefficient of variation; PT - prothrombin time; APTT - activated partial thromboplastin time; p,0, - partial pressure of
arterial oxygen; FiO, - fraction of inspired oxygen; A-aDO, -alveolar-arterial oxygen tension.

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



Malchenko T.D. et al. / Journal of Siberian Medical Sciences Vol. 8, No. 4 (2024)

JIVICh TUTIONIPOTEHEMUEH U TUII0AIbOYMUHEMIEH, a
TaKKe 0CTPO(hA30BHIM CJIBUTOM II€JI0TO PsiZia BOCIIa-
JIUTEJIPHBIX MapKepPOB: MIECTUKPATHOE YBEJINUYEHUE
C-peakTuBHOTO 0€JiKa, BBIPAIKEHHOE YBEJIMUEHHE
[IPOKAJIBIUTOHNHA, deppUTHHA. B TecTax oIeHKH
OOIIETO COCTOSTHUS CHCTEMBI TeMOoCTa3a KJIMHUYe-
CKH 3HAUUMBIMU U3MEHEHUAMHU ObLIN YBeJIMUeHHe
KOHIIEHTpanuu B 1azme D-mumepoB Oosiee ueM B
10 pa3 mo CpaBHEHUIO C BEPXHEH rpaHuIei pede-
peHcHOTrO WHTepBaia Ha (GOHE HE3HAUUTEIHHOTO
yBeJINYEeHUs] KOHIIEHTpanuu (puOpHUHOreHa HA 10-U
JI€HD JIEUeHUs B IYJIbMOHOJIOTHUECKOM OTIEIEHUNU.

HesnauuresibHasI TUMIOKOATYJIAINS, TPEUMYIIIE-
CTBEHHO II0 [T0KA3aTe0 aKTHBUPOBAHHOTO MapITu-
JIBHOTO TPOMOOILIACTUHOBOTO BPEMEHU, MO-BUIU-
MOMYy, ObLIa O0YCIJIOBJIEHA MPOBOIMMOM aHTHUKOATY-
JITHTHOU Tepamnuei. I3MeHeHn# ra30BOTO COCTaBa U
KHCJIOTHO-OCHOBHOTO COCTOSTHHSI KPOBHU IIPU Iepe-
BOJIE B IIYJIBMOHOJIOTUYECKOE OTEeIEHNE BBISBIIEHO
He OBLTIO.

ITo pesynbraTaM 00OC/I€IOBAaHUS B MEPBBIN J€Hb
TOCHUTAIN3ANNH B IIyJIBMOHOJIOTUYECKOE OT/IeJIe-
HUe OBLI cJleJIaH BBIBOJ O KYIIUPOBAHUY CUMIITOMOB
MTOJTMOPTAaHHON HEOCTATOUYHOCTH, KPUTEPUU CeIl-
CHuca y HaIUeHTKH C 09.11.2022 He BBISBJISIIUCH.

ITpu aHanM3e JAHHBIX KOMIBIOTEPHOU TOMOTIpA-
¢um Bbeicokoro paspemenus (KTBP) or 09.11.22
OBLIH BBISBJIEHBI 110 BCEM JIETOYHBIM ITOJISIM 00OMX
JIETKUX 30HBI IMOBBIIMIEHHON IUIOTHOCTU JIETOUHOU
MapeHXuMbl 10 THUIIy «MaTOBOTO CTEKJa», OoJiee
IUIOTHBIE YYACTKU HHOIIBTPAIINHU B CPEJTHEH 1 HUK-
HEeH JI0JIAX cIpaBa MePUOPOHXUAIBHO, ¢ HEUETKUMHU
U HEPOBHBIMU KOHTypamu. Ha aToMm ¢oHe mo BceM
JIETOYHBIM TIOJISIM BU3YAJIU3UPOBATIUCH PA3HOKAJIN-
OepHbIe JIeCTPYKTUBHBIE IIOJIOCTU C HEPABHOMEDPHO
VTOJIIIIEHHBIMU CTEHKaMU, KOJIMYECTBEHHO OOJIbIIE
B BEPXHUX JIOJISIX, OT 0.4 CM B IUAMETPE J0 KPYITHOH,
pasMepoM 4.0x3.0 CM B BOCBMOM CerMeHTE JIEBOTO
JIETKOTO C KUJIKOCTHBIM COJIEPKUMBIM, C TsXKaMU K
wieBpe. bpoHXMaNbHBIE PA3BETBIEHUS C YTOJIIIEH-
HBIMH CTE€HKaMU OPOHXOB BHU3YAJIHU3UPOBAIUCH JI0
cybcerMeHTapHBIX OPOHXOB, 6€3 HapYIIIeHUs ITPOX0-
JIIUMOCTH. B IJIEBpIBHBIX TOJIOCTSX C 00X CTOPOH,
a TakKe B IIOJIOCTU IIePUKAP/A OTIPEEAICA BBIIIOT
B HeOOIBITIOM 00BeMe (pHUC. 1).

YuuTeIBas BBIpQKEHHOE YBeJIMUEHHE IIa3MeH-
HOTO cojiep:KaHusl D-mMepoB ¢ MOMEHTa TOCIIUTA-
nuzanuu B manaty OPUT 29.10.22, Hanmuuue y 60J1b-
HOH JApyrux (akTOpOB PHUCKA BEHO3HBIX TPOMOO-
SMOOJIMYECKUX OCJIOKHEHUU, BKJIIOUAS TMKEIIYIO
JIbIXaTeJbHYI0 HEJOCTaTOYHOCTb, IpeObIBaHUE B
OTJleJIEHUY WHTEHCUBHOM Tepamuy, MMMOOMIN3a-
[UI0 B TeueHUe 8 CYTOK, JUATHOCTUYECKUE YCUIIUS
Bpayvei 6pLIN HAIIPaBJIEHbI, IOMUMO OIleHKH S dek-

cavities of different sizes with unevenly thickened
walls were visualized in all fields of the lungs, quanti-
tatively larger in the upper lobes, from 0.4 cm in
diameter to large, 4.0 x 3.0 cm in size, in the eighth
segment of the left lung with liquid contents, with
bands to the pleura. Bronchial branches with thick-
ened bronchial walls were visualized up to the sub-
segmental bronchi, without airway obstruction. In
the pleural cavities on both sides, as well as in the
pericardial cavity, a mild effusion was detected
(Fig. 1).

Taking into account the marked increase in
plasma D-dimer levels from the moment of hospital-
ization in the ICU on October 29, 2022, the presence
of other risk factors for venous thromboembolic
complications in the patient, including severe respi-
ratory failure, stay in the ICU, immobilization for
8 days, the efforts of doctors were focused, in addi-
tion to assessing the effectiveness of pneumonia
treatment, on the timely diagnosis of PTE.

Electrocardiographic monitoring at the time of
admission did not reveal any pathological changes
except tachycardia. On October 30, 2022, repolariza-
tion abnomalities along the inferior lateral wall were
detected, which showed no progress over time, but
on November 02, 2022, polytopic extrasystoles were
recorded amid tachycardia.

The echocardiography (EchoCG) technique and
evaluation of its results complied with the recom-
mendations for quantitative assessment of the struc-
ture and function of the cardiac chambers using the
reference values of the Nomenclature and Standards
Committee of the American Society of Echocardiog-
raphy in the adapted translation into Russian, 2012
[17]. During the EchoCG examination on October 29,
2022 in the ICU, pericardial effusion was detected
without signs of left ventricular compression (thick-
ness of the pericardial fluid layer behind the poste-
rior wall of the left ventricle during diastole was
4 mm). Minimal regurgitation on the valves of the
heart and pulmonary artery was observed. During
the repeated EchoCG on November 9, 2022, revealed
enlargement of the right ventricular outflow tract
and the fibrous ring of the valve and the pulmonary
artery (PA) trunk, a change in the flow shape in the
PA with a decrease in acceleration time were detected
(Table 2). Using continuous-wave Doppler tech-
nique, based on the peak gradient of pulmonary
regurgitation flow, an increase in the mean pulmo-
nary artery pressure to 31 mm Hg, an intense spec-
trum of tricuspid regurgitation flow with an increased
maximal velocity of 3.2 m/s compared to the refer-
ence values were determined. The calculated systolic
pressure in the right ventricle was 46 mm Hg. At the
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A B

I ——

Puc. 1. KomnsiotepHas Tomorpadus JIeTKUX BBICOKOTO pa3peleHus:

A — peKOHCTPYKITHUSA BO GPOHTATBHOHN MPOEKINK; B — akcHaIbHBIN CKaH Ha YPOBHE BEPXHEH TPETH TPaxeu,
17-H neHb 3a60seBaHusA (OIHCAaHUE JJAaHO B TeKcTe); C — KOMIIbIOTEPHAS TOMOTpadUs OPraHOB IPYAHON KJIETKH,
17-1 1eHb 3a00JIeBaHUS: TUAPOIIEPUKAP/L MAJIOTO 00heMa
Fig. 1. High-resolution computed tomography images:

A — frontal view; B — axial view at the level of the upper third of the trachea, 17th day of the illness
(description was given in the text); C — chest computed tomography, 17th day of illness: mild hydropericardium

TUBHOCTH JIEUEHUs THEBMOHUY, HA CBOEBPEMEHHYIO
JuarHoctuky TOJIA.

ITIpu snexTpokapauorpaduveckoM MOHUTOPHU-
POBaHUM HA MOMEHT IOCTYIJIEHUsI KPOME TaXUKap-
UM HUKAKUX IIaTOJIOTUYECKUX U3MEHEHHH He
HaOJII0IaI0Ch. 30.10.22 OBLIIO BBISABJIEHO Hapylle-
HIE TIPOIIECCOB PENOJIPU3AINH 110 HIXKHEOOKOBOM
CTeHKe, KOTOPOe He IMPOTPEeCCHPOBAJIO B IMHAMUKE,
HO 02.11.22 Ha ¢OHE TAXUKAPAUU PErucTPUpPOBA-
JIach TIOJIUTOITHAS DKCTPACUCTOIIUS.

MeTomuka TpOBeAEHUs  dXOKapauorpaduu
(9x0KI") u omeHKa ee pe3yJbTaTOB COOTBETCTBO-
BaJIU PEKOMEH/IAIUSIM 10 KOJTUYECTBEHHOU OI[eHKe
CTPYKTYPHI U PYHKIINU KaMep CEPAIA C HCIOJIb30-
BaHUEM HODMATHUBHBIX BeJHMYMH KOMHUTETa II0
HOMEHKJIAType U CTaH/IapTaM AMEPUKaHCKOTO 3X0-
KapAauorpaduvecKkoro oOIIecTBa B aJalTHUPOBAH-
HOM IIepeBO/ie Ha PYCCKUU SA3BIK, 2012 T. [17]. [Ipn
IxoKTI-uccneqoBanuu oT 29.10.2022 B OPUT ompe-
JIeJIAJICS TTepUKAPIUATbHBINA BBIIOT O0€3 TPU3HAKOB
CAABJIEHUsI JIEBOTO JKeNIyAouyKa (TOJMIIMHA CJI0S
IepuKapAraJIbHONU KUIKOCTH 32 3aJ[HEH CTEHKOU
JIEBOTO JKeJIyAOUYKa B HACTONY — 4 MM). OTMeua-
Jlach MUHUMAQJIbHAsl perypruTanus Ha KialaHax
cep/AIa v JIETOYHOU apTepuu. [Ipu MOBTOPHOM MPO-
BegeHnu IXOKI' oT 09.11.2022 OBLIN BBHISABJIEHBI
paciIvpeHne BBIHOCAIIETO TPAKTa IIPABOTO JKEJy-
mouka U (puOPO3HOTO KOJblla KJIallaHa U CTBOJIA
snerouHoil aprepum (JIA), usmeHenue GOpPMBI
oToka B JIA ¢ yMeHbIIIEHHEM BpeMEHU YCKOPEHU
(Tabs. 2). B peskxuMe HeMPePHIBHOTO JIOMILIEPA, IO
NMIKOBOMY TPaJUeHTy IIOTOKA PETypTUTAIlUHU Ha
KJIallaHe JIETOYHOW apTepuu, ObLIN OIpejesIeHbI
yBeJIMUEHHUE CPETHETO aBJIeHUs B JIETOYHOMU apTe-
pUH 710 31 MM PT. CT., HHTEHCUBHBIN CIIEKTP IOTOKA

same time, pathological aortic and mitral regurgita-
tion was not determined using Doppler color
imaging.

During the treatment, according to the EchoCG
data from November 28, 2022, there was a sig-
nificant improvement and normalization of the
abovementioned parameters, resolution of peri-
cardial effusion. Considering the dynamics of
EchoCG results during the treatment, the dynamic
changes in the size of the right ventricle and pul-
monary artery trunk, Doppler parameters of
blood flow through the tricuspid valve and pul-
monary artery valve, the identified changes were
assessed as characteristic of ARHF. No signs of
chronic pulmonary hypertension were revealed in
the patient.

During echocardiography on 09.11.2022, a small
amount of fluid was detected in the pericardial
cavity — 4 mm behind the inferior wall of the left ven-
tricle during diastole. In echocardiographic signs of
ARHF, an additional mean intensity formation,
linked with the interventricular septum with a long
peduncle, measuring 18x10 mm was visualized in
the right ventricle outflow tract under the pulmonary
valve leaflets (Fig. 2).

The additional formation was assessed as a
thrombus of the right ventricle outflow tract. In addi-
tion, movable thread-like formations linked with the
floating part of the thrombus were identified
(Fig. 2, C).

CT angiography revealed a 10x15x8 mm filling
defect in the right ventricular cavity, as well as
uneven filling of the lobar arteries and orifices of the
segmental arteries with contrast on both sides due to
the parietal filling defects.
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Ta6mmua 2. Pe3ynbTaThl 3X0KapAuorpapuieckoro Uccae 0BaHusA NalMeHTKH 19 JieT ¢ TsKes10H MTHEBMOHUEH,
OCJIOKHHUBLIEHCcA TPOM603IMO0IMeH JIerouHOM apTepruy U TPOMOO30M I0JIOCTH NPABOTO KeJIy0uKa, Ha GoHe JieyeHus
Table 2. Results of the echocardiographic examination of a 19-year-old female patient with severe pneumonia complicated by

pulmonary thromboembolism and right ventricular thrombosis, during treatment

Mokazares PedepeHcHBbIE
3HaYeHus 09.11.2022 28.11.2022
Parameter
Reference values
JluHeliHble usmeperus, B-pexcum / Linear measurements, B-mode
MMJIX (r) / LVM (g) 66-150 110 110
MMJDK/IIT (r/m?) | LVM/TBA (g/m?) 44-88 65 65
Tosmuna MKIT (cm) / Thickness of IVS (cm) 0.6-0.9 0.9 0.9
Tosmmuna 3CJIXK (cm) / Thickness of PLVW (cm) 0.6-0.9 0.8 0.8
Pazmepul u 06vembl 1€8020 dceaydouka / Left ventricular dimensions and volumes
K/IP (cm) | EDD (cm) 3.9-5.3 4.2 4.2
KJP/TIT (cm/M?) 2.4-3.2 2.5 2.5
K10 (ma1) / EDV (ml) 56-104 79 79
KJ0/NIT (ms/m?) | EDV/TBA (ml/m?) 35-75 47 47
KCO (ma) / ESV (ml) 19-49 27 20
KCO/MIT (ms1/m?) | ESV/TBA (ml/m?) 12-30 16 12
®pakuus Bei6poca (%) / Ejection fraction (%) >55 66 74
Pasmeput IDK u JIA / RV and PA dimensions
bazanbubiil guametp [1XK (cm) / RV basal diameter (cm) 2.0-2.8 2.5 2.0
Cpepuuit suametp [1K (cM) / Mean RV diameter (cm) 2.7-3.3 3.1 2.7
[IpopoabHbIi pasmep 12K (cMm) / Longitudinal RV size (cm) 7.1-7.9 7.7 7.3
Pasmep BbIHOCsALero TpakTa [DK Ha kiananom JIA (cm) 1.7-2.3 3.0 2.2
RV outflow tract size above the valve of pulmonary trunk (cm)
Pasmep JIA (cm) / PA size (cm) 1.5-2.1 2.6 2.0
dpakyus usmMmenenus miomwanu IDK (%) 32-60 56 45
Fraction of change in RV area (%)
/JlonosHumeibHble AuHeliHble pasmepul / Additional linear dimensions
Pasmepsl sieBoro npeacepaus (cM) / Left atrium size (cm) 2.7-3.8 3.6 3.6
Mauiblit fuaMeTp npaBoro npeacepaus (cm) 2.9-4.5 3.4 3.4
Right atrium minor diameter (cm)
JluameTp KopHs aopTsl (cM) / Aortic root diameter (cm) 2.4-3.0 2.9 2.9
JnameTp HKHeH nosioi BeHsl (cM) / Inferior vena cava diameter (cm)  1.5-1.7 1.7 1.5
Jonnaepozpaguueckue usmeperus / Doppler measurements
CucTOIMYeCKUU I'PaZIJUeHT Ha a0pTa/IbHOM KJjanaHe (MM PT. CT.) <13 6 5
Aortic valve systolic gradient (mm Hg)
CHcTOJIMYeCKU TPaZIueHT Ha KJanaHe JIA (MM PT. CT.) <9 4 3.4
Pulmonary systolic gradient (mm Hg)
MakcuMasnbHbIY IPaIMEHT perypruTanuu Ha kiaanase JIA (MM pt. ct.) <15 26 <15
Maximum pulmonary regurgitation gradient (mm Hg)
MaxkcuMa/IbHbIN TPaJIMeHT perypruTalny Ha TPUKYCIH/aIbHOM <25 41 20
KJIanaHe (MM pT. CT.)
Maximal tricuspid regurgitation gradient (mm Hg)
MaxkcuMaJsibHast CKOPOCTb TPUKYCIHAAIBHOMN peryprutanuu (M/c) <2.8 3.2 2.2
Maximal tricuspid regurgitation velocity (m/s)
Cucrosinvyeckoe JjaBieHue B JIA (MM pT. CT.) <30 46 25
Systolic pressure in PA (mm Hg)
Cpeznnee faBsenue B JIA (MM pT. CT.) <20 31 <20

Mean pressure in PA (mm Hg)

[l pumeuyanue. MM/IX - mMacca Muokapza sieBoro xkeayzpouka; [T - muowaas nopepxHocTH Tesa; MXKII - Mexokenypo4koBas
neperopozka; 3CJIXK - 3asHaa cTeHKa JieBoro »xenyfodyka; K/IP - koHeuHo-AnacTonndeckuil pasmep; KJO - KOHEYHO-AMACTOIUYECKUN

06beM; KCO - koHeyHO-cucTonyeckuit o6beM; [12K - npaBbiil xxenyouek; JIA - jeroyHasi aprepus.

N o t e . LVM - left ventricular mass; TBA - total body area; IVS - interventricular septum; PLVW - posterior LV wall; EDD - end-diastolic
dimension; EDV - end-diastolic volume; ESV - end-systolic volume; RV - right ventricle; PA - pulmonary artery.
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TPUKYCIU/IAJBHON peryprutanuu ¢ yBeJIn4eHHOU
10 CPABHEHUIO ¢ pepepeHCHBIMY 3HAUeHUAMU MaK-
CUMAaJIBHOH CKOpOCThIO 3.2 M/c. PacueTHoe cucTo-
JIMYecKoe /aBjieHHe B IIPABOM JKeJIyJO4Ke COCTa-
BWIO 46 MM pT. cT. [Ipu 3TOM Ha AOpTaJIBPHOM H
MUTPJILHOM KJIallaHAX MMaTOJOTHUYECKOU perypru-
TaIlUU B peKUMe IIBETOBOTrO JIOIILJIEpa He omIpeje-
JISITIOCH.

Ha ¢one neuenus, no pganaeiMm OxoKI ot
28.11.2022, HAOJIIOAATIOCh 3HAUUTEJIBHOE YIIydlIle-
HUe ¥ HOPMAaJIM3allys BHIIIEONMCAHHBIX IIOKa3aTe-
JIel, pa3pellieHue epuKapAuaJIbHOTO BBIIIOTA. YUU-
ThIBasg JUHAMUKY Iokasaresed IxoKI' Ha ¢one
JledeHUs, JVWHAMHUYECKHe W3MEHEHHUs pPa3MepOB
MPaBOTO >KeJIyI0UKA M CTBOJIA JIETOYHOU apTepud,
JlonmieporpapuIecKux mokaszaTesiell KpOBOTOKA I10
TPUKYCIUIATPHOMY KJIAIAHy U KJIAllaHy JIETOYHOM
apTepuH, BbIsIBJIEHHbIE U3MEHEHUS PACIEHEHBI KaK
xapakrepHble Juia OIIDKCH. IIpusHakoB XpoHUYe-
CKOU JIETOYHOUW THUIEPTEH3UH Yy THAlNHEHTKU He
BBISABJIEHO.

IIpu nposegennu IxoKI' 09.11.2022 B MOJIOCTH
IeprKap/a OIpPeeaaIoch HeOObIIIOe KOJIHMIECTBO
JKUKOCTHU — 4 MM 32 HIKHEHN CTEHKOH JIEBOTO JKeJTy-
nouka B mmacrony. Ha done sxokapauorpaduye-
ckux cumiTomMoB OIIDKCH B BBIHOCAILEM OTAEsIE
ITXK nop crBopkamu kiianasa JIA 6pUI0 BUByaIU3U-
pOBaHO JONOJHUTENbHOE O0OpasoBaHUE CpemaHeln
WHTEHCUBHOCTY, CBA3aHHOE C MEXKETyI0IKOBOH
IIepEropofiKON  UIMHHOM  HOXKKOW, pasMepoM
18x10 MM (puc. 2).

JlonostHUTEIBHOE 0Opa3oBaHue ObLIIO PacieHEHO
Kak TPOMO BBIHOCSIIETO OT/eJIa IMPABOTO IKEJy-
mouka. Kpome Toro, ObUTH BBISABJIEHBI MOABIKHbBIE
HUTEBU/IHbIEe 00Pa30BaHNsA, CBA3AHHBIE C QIIOTUDPY-
Iolel yacTeio Tpomba (puc. 2, C).

IIposenenue KT-anruorpadguu mo3BOJIUIO BbIA-
BUTH B IIOJIOCTHU IIPABOTO JKEIYA0UKA TedeKT HaIo-
HEeHUA 10x15x8 MM, a TaK:Ke HEPABHOMEPHOE 3aT10J1-
HeHUe KOHTPACTOM JIOJIEBBIX U yCThEB CEerMeHTap-
HBIX apTepPUH ¢ 00eNX CTOPOH BCJIEJCTBHE HAJIMIUS
MIPUCTEHOYHBIX /Ie()eKTOB HATIOJTHEHUA.

Takum obOpazom, ObLIT IOATBEPIKIAEH TPOMOO3
[IOJIOCTH TIPABOTO JKEJIYy0YKA U JIBYXCTOPOHHSIS
T3JIA B cTasuu BOCCTaHOBJIEHUS JIETOUHOTO KPOBO-
TOKA, KOTOPAas U IBUJIACh HanboIee BEPOSITHOM MPH-
YHHOW OCTPOH TPABOKEIYIOUKOBOH CEPAEIHON
HEJIOCTATOYHOCTH.

1 UCKIII0UeHUA DHJIOTeHHBIX (DaKTOPOB TPOM-
60 unny MpoBeeHo UCCIIeZI0OBAHNE CHCTEMBI TeMO-
CTa3a, BhIsIBUBIIIEE HEJOCTATOYHBIA aHTUKOATYJIAHT-
HBIM TMOTeHIuay cucteMbl mpoteuHa C (tabi. 3).
B To BpeMs Kak CHIDKEHHE aKTHBHOCTU aHTUTPOM-
6una III MOXHO OOBACHUTH XapaKTEPHOH 1A TsIKe-

Thus, thrombosis of the right ventricular cavity
and bilateral PTE in the stage of restoration of pul-
monary blood flow were confirmed which was the
most likely cause of acute right heart failure.

To exclude endogenous thrombophilia factors,
a study of the hemostasis system was performed
which revealed an insufficient anticoagulant
potential of the protein C system (Table 3). While
a decrease in the antithrombin III activity can
explaine by coagulopathy characteristic of severe
respiratory infection and sepsis, a decrease in the
anticoagulant potential of the protein C system
required clarification of the causes in the addi-
tional research. Alterations in the protein C sys-
tem can be due to a deficiency of both the antico-
agulant itself and its cofactors — thrombomodu-
lin, free protein S. Coagulation factor V resistance
to protein C is the most clinically significant dis-
order causing a decrease in the anticoagulant
potential of this system. Among the acquired
causes of resistance to protein C, the most com-
mon is the presence in the blood plasma of anti-
bodies produced by the immune system against
the body’s own phospholipids of cell membranes
(so-called lupus anticoagulant, a marker of
antiphospholipid syndrome). The patient’s hemo-
stasis system examination revealed no signs of
antiphospholipid syndrome. The most important
congenital causes of resistance to protein C
include mutation of the coagulation factor V
(Leiden) gene, which is an established risk factor
for venous thromboembolic complications [18].
To exclude this type of hereditary thrombophilia,
it is necessary to study the genetic risk factors for
thrombophilia.

The complexity of this case was that the patient
was diagnosed with clinically obvious thrombo-
philia which manifested itself by pulmonary
thromboembolism and the right ventricular
thrombosis, during severe pneumonia, during the
period of its reversal and during the relief of sep-
sis, therefore it was necessary to provide appro-
priate anticoagulant therapy. At the same time, it
was necessary to take into account the risks of
bleeding. To assess the risk of venous thrombo-
embolic complications (VTEC), an adapted Rus-
sian version of the IMPROVE DD score was used,
and to assess the risk of bleeding, an adapted Rus-
sian version of the IMPROVE score [19] was used.
The risk of recurrent VTEC in the patient turned
out to be increased, amounting to >5 on the
IMPROVE DD (Table 4). When using the
IMPROVE score, no factors of increased risk of
bleeding were identified.
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Puc. 2. 9X0KapiMOrpaMMBbI OT 09.11.2022:

A — B BBIBOZIHOM OT/I€JI€ IIPABOTO JKEJIyJOUKA 107} CTBOPKAMU KJIAllaHa JIETOYHOU apTEPHH JIOIUPYETCS AOIOJTHUTEIBHOE
obpaszoBaHue cpeIHEH NHTEHCUBHOCTH, CBSAIBAHHOE C MEXKEJTYZI0UYKOBOH I1ePErOpOIKOH JITTMHHON HOXKKOH,
pasmepoMm 18x10 MM; B — kpaeBast GuioTHpyIOas 4actb 06pa3oBaHUsA Pa3MePOM 9X10 MM IIAPOBHUIHOHN (HOPMBI;

C — HUTEBH/IHOE MO/IBUKHOE 00Pa30BaHIe, CBSI3aHHOE ¢ (PIIOTUPYIOIIEH YacThi0 TPOMOa
Fig. 2. Echocardiograms from 09.11.2022:

A — in the left ventricular outflow tract, under the pulmonary valve leaflets, an additional formation of mean intensity
is localized, linked with the interventricular septum by a long peduncle, measuring 18x10 mm; B — marginal floating
part of the formation measuring 9x10 mm, spherical in shape; C — thread-like movable formation linked
with the floating part of a thrombus

JIOU PecIIUpaTOPHOH NHGMEKITUN U CEIICHCca KOaTyJI0-
matuel, CHIDKEHUEe AHTHKOATYJITHTHOTO IOTEHITU-
ayma cucrembl npotenHa C TpeGOBaJIO yTOUHEHUS
IIPUYNH B XOJIe JOTIOJTHUTEJIbHBIX UCCJIEI0BAHIHI.
K mapymenuam B cucteme nporernHa C MOXKeT IIpU-
BOAUTH NePUIHUT KaK CAMOTO AaHTHKOATYJISTHTA, TAaK U
ero Ko(akTopoB — TPOMOOMOY/IMHA, CBOOOHOTO
npotenHa S. Pe3ucteHTHOCTH K mpoTenHy C koary-
JIAITUOHHOTO hakTopa V sBjsieTcss HanboJsiee KIIMHU-
YeCcKH 3HAYMMBIM HapyIIEHUEM, BbI3BIBAIOIINM
CHIDKeHMe aHTHUKOATYJIAHTHOTO ITOTEHI[HAIa B 3TOH
cucreme. Cpeau NPUOOPETEHHBIX NPUUYUH pe3U-
CTEHTHOCTH K npoTenHy C Hambosee 4acTOU SIBIIs-
eTcs IPUCYTCTBUE B IIJIa3Me KPOBU aHTHUTEJ, BhIpa-
OaThIBaeMbIX MMMYHHOU CHCTEMOH IPOTHB CO00-
CTBEHHBIX (OCcONUINIOB KIETOUHBIX MeMOpaH
(Tfax Ha3bPIBAEMOrO BOJYAHOYHOTO aAHTHUKOATY-
JITHTa — Mapkepa aHTHGOCHOTHUIUTHOTO CHUH-
Ipoma). Y malMeHTKU 10 Pe3yJIbTaTaM HCCJIeI0Ba-
HUS CHCTEMBI reMOCTa3a He BBISBIEHO IIPHU3HAKOB
aaTudocoIUIUIHOTO cuHpoMa. K BakKHeUIIum
BPOXK/IEHHBIM ITPUYNHAM PE3UCTEHTHOCTH K IIPOTe-
nHy C OTHOCHUTCA MyTallus TeHa KOaryJIsAIMOHHOTO
daxropa V (Leiden), siBisroIascs yCTaHOBJIEHHBIM
(akTOopoM pHICKa BEHO3HBIX TPOMOOIMOOINUECKIX

Based on the standardized assessment of the risks
of thrombotic and thromboembolic complications,
taking into account the exclusion of high-risk factors
for bleeding in the patient, a decision was made to
continue anticoagulant therapy with a regimen
adjustment: enoxaparin was discontinued and a
direct oral anticoagulant, rivaroxaban was pre-
scribed at a dose of 20 mg per day.

During the treatment, positive clinical and labo-
ratory dynamics were noted: a decrease in body tem-
perature to subfebrility, in leukocytosis, in the con-
centration of C-reactive protein and procalcitonin
(Table 1).

During the control CT on November 23, 2022, a
positive dynamics in the course of bilateral septic
pneumonia in the stage of regression were revealed —
obliteration of small cavities of destruction, a signifi-
cant decrease in infiltrative changes. During the con-
trol EchoCG on November 27, 2022, no additional
formations in the RV were visualized; changes char-
acteristic of acute right heart failure were not
detected.

On November 29, 2022, the patient was dis-
charged from the hospital with clinical recovery and
transferred to be followed up in the outpatient set-
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Ta6una 3. [TokazaTesn CUCTEMBI FeMOCTa3a y NalUeHTKH 19 JIeT ¢ TsKeI0H THEBMOHHWEN, 0CJIOXKHUBILIEHCsT
TPOM6G03MGOJIMEN JIEFOUHOU apTEPUU U TPOMOO30M IOJIOCTH TPABOTO XKeJYA04YKa
Table 3. Hemostasis system parameters in a 19-year-old female patient with severe pneumonia complicated by pulmonary

thromboembolism and right ventricular thrombosis

PedepeHcHbI  Pe3ynbTaT Hcc/ieJ0BaHUA
Iloka3aTesib WHTepBaJ Ha 11.11.2022
Parameter Reference Test result
values as 0of 11.11.2022
[IpoTpoMOGUHOBOE BpeMsl CBEPThIBaHUS MJ1a3Mbl (C) 10.0-13.2 13.1
Prothrombin time (s)
MexiyHapojHOe HOpMaIM30BaHHOE OTHOLIEHHe (ef.) 0.90-1.20 1.19
International normalized ratio (units)
AKTUBUPOBaHHOE NMaplMajbHOE TPOMOOIJIACTUHOBOE BpeMs 23.0-33.0 37.3
CBepTHIBaHUs IJ1a3MBlI (C)
Activated partial thromboplastin time (s)
KoHueHTpanus ¢ubpuHoreHa B miaasme no Kiaycy (r/a) 2.0-4.0 4.3
Plasma fibrinogen concentration according to Claus (g/1)
TpoM6rHOBOE BpeMs CBEpPThIBAHUS MJIa3MBbl (C) 14.0-21.0 19.8
Thrombin clotting time of plasma (s)
Koarynsuuonnast aktuBHocTb pakrtopa VIII (%) 70.0-150.0 92.3
Coagulation activity of factor VIII (%)
KoarynsimoHHast akTUBHOCTB pakTopa IX (%) 70.0-120.0 111.4
Coagulation activity of factor IX (%)
Koary/isiiuoHHbIEe TeCThI Ha ONpe/ie/ieHue BOTYaHOYHOT0 OTpunaresbHbli  OTpULATENbHBINA
aHTHUKOAryJIAHTa Negative Negative
Coagulation tests for lupus anticoagulant
AxTtuBHOCTB aHTUTpOoM6UHA III (%) / Antithrombin III activity (%) 80.0-120.0 112.6
AHTUKOAry/JsIHTHBIM NOTeHLMaJl cucTeMbl npoTernHa C, 0.69-1.56 0.62
HOpMaJIM30BaHHOE OTHoOlIeHue (ex.)*
Anticoagulant potential of the protein C system, normalized ratio (units)*
AxTHBHOCTB IJ1a3MuHoreHa (%) / Plasminogen activity (%) 75.0-125.0 124.2
AxTtuBHOCTB dakTopa ¢poH Busnebpanga (%) 70.0-130.0 72.0
Von Willebrand factor activity (%)
Xlla-3aBucumblit dubpruHoau3 (MuH) / Xlla-dependent fibrinolysis (min)  4.0-10.0 9,0
Arperauusi TpoMGOIMTOB, UHAYLUPOBaHHas aapeHaanHoM (%) 61.0-81.0 61.0
Adrenaline-induced platelet aggregation (%)
Arperanuusa TpoM60LUTOB, UHAYLIUPOBaHHas afieHo3uHgudocdarom (%) 65.0-85.0 64.0
Adenosine diphosphate-induced platelet aggregation (%)
Arperauusit TpoMGOIMTOB, UHAYLUPOBaHHas pucToMUuLuHOM (%) 65.0-85.0 72.0

Ristomycin-induced platelet aggregation (%)

* AHTI/IKanyﬂﬂHTHbIﬁ NoTeHlHaJ/Jl CUCTEMbI IIPOTEHUHA C onpezeJsisJicd B TeCTe «IIPOTEHUH C io6an» - CKpUHHUHIOBOE HUCC/ieOBaHUE [IJiA

BbISIBJIEHHUsI U3MeHeHUH B cucTeMe npoTenHa C.

The anticoagulant potential of the protein C system was determined using a global test for detecting changes in the protein C system.

ocioxkHenny [18]. JIJisi MCKJIIOUEHHMs S5TOrO THIIA
HACJIEJICTBEHHON  TpoMOOQMINK  HEOOXOIHMO
HCC/Ie/IOBaHUE TeHEeTUYeCKUX (HaKTOpPOB pHCKA
TpoMbObIITHH.

CJI0KHOCTh JJAaHHOTO KJIMHUYECKOTO CJIydast
3aKJII0Yayiach B TOM, UTO y HAIlMEHTKH ObLIA JTha-
THOCTUPOBAaHA KJIMHUYECKHU sIBHASA TpoMOodmius,
MPOSBUBIIASACSA JIETOYHOH TPOMOOIMOOIEH |
TPOMOO30M IOJIOCTH MIPABOTO KETYA0UKa Ha GHoHE
TAKEJION IMHEBMOHUU, B IIepUoZie 0OpaTHOTO ee
Pa3BUTHSA U IPU KYIIUPOBAHUH CENITHYECKOTO IIPO-
Iecca, B CBSI3U C YeM OBbLIO HEOOXOAUMO MPOBeEIe-
HUe aZIeKBAaTHOU aHTUKOATY/IAHTHOH Tepanuu. [Ipu
9TOM HEOOXOJUMO OBLIO YIeCTh PUCKU KPOBOTeUe-

ting . The patient was recommended testing for poly-
morphic genetic markers of hemostasis system pro-
teins to exclude endogenous risk factors for throm-
botic and thromboembolic complications, and to be
followed up by a cardiologist to assess the outcomes
of acute right heart failure and determine further
management tactics. The patient was given recom-
mendations for secondary pharmacological preven-
tion of VTEC : 12 hours after stopping subcutaneous
administration of enoxaparin, start regular intake of
rivaroxaban — one 20 mg tablet once a day, which is
consistent with the experience of the drug use in clin-
ical trials on the effectiveness of VTEC prevention in
non-surgical patients [15, 20].
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Ta6mmua 4. OLeHKa pycKa BEHO3HBIX TPOM6G03MO0IMYECKUX OCJI0XKHEHUH Y alldeHTKH 19 JieT B epuo/| roCIUTaIN3aLUH B
MyJIbMOHOJIOTHYECKOM OT/IeJIEHUH 110 IOBOAY TSXKeJI0H MHEBMOHUH, OCJIOXKHUBIIENCS] TPOM603MO0JIMEH JIETOYHOM apTepun
Y TPOMOO30M MOJIOCTHU MPABOTO KeJNYA04Ka, o mkase IMPROVE DD

Table 4. Risk assessment of venous thromboembolic complications in a 19-year-old female patient during hospitalization

in the pulmonology department for severe pneumonia complicated by pulmonary thromboembolism and right ventricular

thrombosis, using the IMPROVEDD score

daxkTop pucKa

OueHkKa B 6a/iax*

Risk factor Score in points *
Tpom603 r1y60KUX BeH/TpoM603M60IIHS JIEFOUHOM apTepur B aHaMHe3e 3
Deep vein thrombosis/pulmonary thromboembolism in a history

YpoBeHnb D-iMepa = 2 pa3a BepxHel IpaHUlLbl HOPMbI 2
D-dimer level = 2 times the upper limit of the reference range

W3BecTHas TpoM6oduausa (aebunut nporerna C uau S, pakrop V (JleiijeH), Bo4aHOYHbBIN 0-2%*
AQHTHUKOATYJSHT)

Known thrombophilia (protein C or S deficiency, factor V (Leiden), lupus anticoagulant)

[lapes iy napajsny HWXKHUX KOHEYHOCTel / Paresis or paralysis of the lower extremities 0
3/10Ka4ecTBEHHOE HOBOOOpa3oBaHHe (KpoMe MeJlaHOMbI KOXKH) B JII060e BpeMs NocjaeHue 5 JeT 0
Malignant neoplasm (except skin melanoma) at any time in the last 5 years

[IpeGriBaHMe B OTAeeHUH (6J10Ke) HHTEHCHBHOM Tepanuu / Stay in the intensive care unit 0

[losiHast UMMOGUIM3aLUA 27 cyT (HaXOXK/JeHUE B KPOBATH WUJIM Ha CTYJIE C BBIXOOM B TyasieT Wiu 6e3 Hero) 0
Complete immobilization 27 days (staying in bed or on a chair with or without access to the toilet)

Bospact >60 set / Age >60 years
HUtoro / Total

*[Ipu cyMMe 6a/yIoB 22 PUCK BEHO3HBIX TPOMG0IMBOTNYECKUX OCT0XKHEHUH CYUTAETCS MTOBBIIIEHHBIM.
If the score is 22, the risk of venous thromboembolic complications is considered increased.
** OLleHKa TpebyeT 1006 CcIe[0BaHuUs B aMOYJIaTOPHBIX YCJIOBUSIX AJ1s1 UCKJIIOUEHHUsI BpOXKeHHOTo ledunurta npoternHa C, myrauuu ¢axkropa V

(Leiden).

The assessment requires additional examination in the outpatient settings to exclude congenital protein C deficiency and factor V (Leiden)

mutation.

HUU. /{1 OIEHKU pUCKa BEHO3HBIX TPOMO03MOO-
JINYECKUX OCJIOKHEHUH HCIIOJIb30BAIN aIalITUPO-
BAaHHYI0 BEPCHUI0 HA PYCCKOM f3BIKE IIKAJIbI
IMPROVE DD, a7151 O11eHKH pricKa KDOBOTEUYEHUH —
aJJalITHPOBAHHYIO0 BEPCHUI0 HA PYCCKOM SI3bIKE
mikansl IMPROVE [19]. Puck mOBTOPHBIX BEHO3-
HBIX TPOMOO3IMOOJTNUECKUX OCJIOKHEHUU y IMallu-
€HTKU 0Ka3aJICs MOBBIIIEHHBIM, COCTABHB I10 IITKaJIe
IMPROVE DD =5 6amn08 (Tab1. 4). [Ipu ucnoas3o-
BaHWU TporHocruyeckodl mkanasl IMPROVE He
OBLIO BBIABIEHO (DAKTOPOB IMOBBIIMIEHHOTO PHCKA
KPOBOTEUEHUH.

Ha ocHOBaHMM CTaHZAPTU3UPOBAHHOHN OIlEHKU
PHMCKOB TPOMOOTHYECKHX U TPOMOOSIMOOTHUECKUX
OCJIOXKHEHUH, C YYEeTOM WCKIIUYeHUs (GaKTOPOB
BBICOKOT'O PHCKA KPOBOTEUEHHH y MAIIUEHTKH OBLIIO
MPUHATO PeIleHHe O MPOMODKEHUU aHTUKOATy-
JITHTHOH Teparuyl ¢ KOppeKIuel pexruMa: mpekpa-
IIEHO [TPUMeHeHNe SHOK calapuHa U Ha3HAUeH M-
MOH OpaJIbHBIM aHTUKOATYJISTHT — pUBapokcabaH B
J103€ 20 MT B CYTKU.

Ha ¢one mpoBogmMoro JedeHusi oTMevasnach
MIOJIOJKUTEJIbHASL  KJIMHUKO-JIabopaTtopHas JIWHA-
MHKa: CHUKEHUE TEMIIEPATYPHOH peakIuu JI0 CyO-
(eOpUIbHBIX 3HAUYEHHH, YMEHbBIIEHUE JIEHKOIHU-
TO3a, CHIDKEHHe KOHIeHTpanuu C-peakTHBHOTO
Oeska U MMPOKaJIbIIUTOHNHA (CcM. TabJI. 1).

DISCUSSION

This case report presents the features of the
course of severe pneumonia complicated by right
ventricular thrombosis and bilateral PTE, the diffi-
culties of diagnosis and determination of treatment
tactics for this combined pathology. Among the risk
factors for the development of thrombotic and
thromboembolic complications, in addition to severe
respiratory failure, staying in a critical condition in
the intensive care unit, it is necessary to note the
combination of highly contagious pathogens of respi-
ratory infection present in the patient’s respiratory
tract: coronavirus SARS-CoV-2, bacterial pathogens
Staphylococcus aureus, Klebsiella spp.

Severe pneumonia associated with COVID-19,
bacterial infection and sepsis are assessed by experts
as independent risk factors for VTEC requiring mon-
itoring and correction of key indicators of coagulopa-
thy, primarily plasma concentration of D-dimers
[20—22]. The highest frequency of PTE is noted by
researchers in hospitalized patients with COVID-19,
with a pooled estimate of 32% (95% confidence inter-
val (CI) 25—40%), despite the conventional preven-
tive anticoagulant therapy with heparins [22, 23]. In
patients with community-acquired pneumonia, the
prevalence of VTEC in intensive care units reaches
cumulative rates of 10.7% (95% CI 9.0—12.6) in pre-
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IIpu nposegenuun koHTposabHOro KT-uccieno-
BaHUsA OT 23.11.2022 ObLIA BBISIBJIEHA TOJIOMKUTEb-
Has JUHAMUKA TeYeHUs IBYCTOPOHHEN CcenTude-
CKOU ITHEBMOHHUHU B CT/IMU 0OPATHOTO Pa3BUTHUS —
obJiuTepalis MeJIKUX T0JIOCTEN JIeCTPYKIIUY, 3Ha-
YUTEJIbHOE YMeHbIeHe NHPUIbTPATUBHBIX U3Me-
HeHui. [Tpu koHTpOIEHOM IX0KI-HCcmeq0BaHUYT OT
27.11.2022 JIOTIOJTHUTEIbHBIX 0O0pa3oBanuii B [DK He
BU3YIN3UPOBAIOCH; U3MEHEHUS, XapAKTEPHBIE JIJIs
OCTPOH TIPaBOXKEJTYJIOUYKOBOU CEPIEUHOUN HEJI0CTa-
TOYHOCTH, HE BBIABJISIIIUACS.

20.11.22 ManueHTKa OblIa BBIMTUCAHA U3 CTAIIHO-
Hapa ¢ KJIMHUYECKUM BBI3ZIOPOBJIEHUEM U IIEpeBe-
JleHa Ha aMOysaTOpHOe HabsozeHue. PekomMeHz0-
BAHO HCCJIEIOBAHME TOJMMOP(PHBIX T€HETUUECKIX
MapKepOB OEJTKOB CHCTEMBI TeMOCTa3a IS UCKIIIO-
YeHUs DHJIOTEHHBIX (AKTOPOB pHCKa TpoMbGOTHUUe-
CKHX U TPOMO0IMOOTNIECKUX OCI0KHEHUH, Ha0JTI0-
JleHUe KapAuoJiora JUIs OLIEHKU HCXOZIOB OCTPOH
MIPaBOXKEIYOYKOBON CEPIEYHON HEIOCTATOYHOCTH
U OIpeNiesieHUs] JaJbHEHIe TaKTUKU HaOJIIo/e-
Hus. IlanneHTKe TaHBI peKOMEH/IAuU 10 BTOPUY-
HOU (papMaKoJIorTHYecKo NPOPUIAKTHKE BEHO3-
HBIX TpOMO03MOOIMUYecKux ocaoxkHeHud (BTIO):
yepes 12 4 [IocJIe IpeKpalleHus I0JKOKHOTO BBe/ie-
HUS DHOKCANlapUHA HAuYaTh PETYJISAPHBIN MpHeM
puBapokcabaHa — ogHy TabJIeTKy 20 MT OJIMH Pa3 B
JIeHb, YTO COOTBETCTBYET ONIBITY IIPHUMEHEHUs IIpe-
mapara B KJIMHUYECKHUX UCCIeIOBAaHUAX 3 PEKTUB-
Hoctu mpodunaktuku BTIO y Hexupyprudeckux
00JIbHBIX [15, 20].

OBCYXKJIEHUE

B 1aHHOM KJIMHIYECKOM HaOJIIOZIEHUH ITPeJICTaB-
JIeHBI OCOOEHHOCTU TeUeHUs TsKeJIOH ITHEeBMOHUH,
OCJIOKHEHHOH TPOMOO30M IIOJIOCTH IIPABOTO KEJTy-
Jlouka U ABycroponHeit TAJIA, TpyAHOCTH AHArHO-
CTUKHU W OIIpe/ieJIeHUs] TAKTUKH JIEYeHUs IIPU 3TOH
coueTaHHOH nmarosiorun. Cpeau GpakTOpoOB pHcKa pas-
BUTUS TPOMOOTHYECKMX U TPOMOOIMOOTINUECKIX
OCJIOKHEHWH, IIOMUMO TSKEJI0H JbIXaTeJIbHOI HeI0-
CTaTOYHOCTH, NPeObIBAaHUA B KPUTHYECKOM COCTOSI-
HUU B PEAHUMAIIMOHHOM OT/AEJIEHUH, CJIeJIyeT OTMe-
TUTb COUETAHNE BHICOKOIIATOTEHHBIX HH(MEKITMOHHBIX
BO30y/IUTENIEN PECIUPATOPHON WH(MEKIINH, MIPUCYT-
CTBOBABIIUX B /IbIXaTeJTbHBIX IYyTAX MAIMEHTKU:
kopoHasupyca SARS-CoV-2, 6akTepruayibHbIX IaTO-
reHoB Staphylococcus aureus, Klebsiella spp.

Tsxesible TTHEBMOHHWH, AaCCOIIMMPOBAHHBIE C
COVID-19, GakreprasbHO WHGEKIUEH U CEICH-
COM, OILIEHMBAIOTCS SKCIEPTAMU KaK He3aBUCHMBIE
(akTOphl pHICKA BEHO3HBIX TPOMOOIMOOJIMUECKUX
OCJIO’KHEHUH, TPEOYIOIINX KOHTPOJISI U KOPPEKITUH
KJIIOUEBBIX IIOKaszaTesedl KoarysomaThu, Ipexxze

ventive anticoagulant-naive patients, and 6.4% (95%
CI 5.4—7.6) in thromboprophylaxis with anticoagu-
lants [24, 25]. Among the reasons limiting the effec-
tiveness of heparins in patients with severe pneumo-
nia associated with COVID-19 and sepsis, acute
coagulopathies associated with the “cytokine storm”,
with sepsis-induced apoptosis of neutrophilic leuko-
cytes with the release of neutrophil extracellular
traps have been intensively studied in recent years
[26—28]. These mechanisms are a manifestation of
the relationship between maladaptive immune
response and activation of reactions of hemocoagu-
lation in patients with severe respiratory infections,
which trigger widespread damage to the vascular
endothelium, capturing the microcirculatory bed,
impaired blood supply of the organs, thrombotic and
thromboembolic complications.

Despite the relatively low prevalence of right ven-
tricular thrombosis in patients with severe pneumo-
nia, this complication has a significant impact on the
risk of hospital and long-term mortality of patients,
requiring increased efficiency of diagnosis and treat-
ment, taking into account the risks of adverse effects
of therapy and comorbid factors [9—12]. It should be
noted that to date, conventional criteria for assessing
the risk of venous thromboembolic complications,
including PTE, venous thrombosis, depending on the
stratification of hospitalized non-surgical patients,
taking into account the pathogenetic features of
inflammation and the risk of acquired coagulopathy
in these conditions, which complicates the assess-
ment of the prognosis and feasibility of preventive
use of anticoagulants.

A special feature of this case report was the devel-
opment of pulmonary thromboembolism after the
reversal of sepsis symptoms with the effective etio-
tropic and pathogenetic therapy of pneumonia. At
the same time, the development of right ventricular
thrombosis was not accompanied by clinical, labora-
tory or electrocardiographic signs of myocarditis.
The patient had no signs of previous chronic circula-
tory diseases. In our opinion, one of the possible
causes of atypical conditions for the development of
thrombotic and thromboembolic complications may
be hereditary thrombophilia, which was preliminary
confirmed by identifying dysfunctions of the pro-
tein C system, in the absence of criteria for sepsis-
induced coagulopathy or disseminated intravascular
coagulation syndrome according to laboratory hemo-
stasis testing. In this case report, the tactic of diagno-
sis and treatment correction of thrombophilia asso-
ciated with the severe pneumonia and COVID-19 are
demonstrated and critically analyzed. The criterion
for the effective correction of manifesting thrombo-
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BCEro IJIa3MeHHOU KOHIIeHTpanuu D-uMepos [20—
22]. HauboJiee Bpicokas yacrtora TIAJIA ormeuaercsa
HCC/IeTIOBATEISIMHU Y TOCITUTATU3UPOBAHHBIX 0O0JIb-
HBIX ¢ HHQPEKITUOHHBIM 3aboeBanuemM COVID-19, ¢
00beTMHEHHON OIIEHKOU 32 % (95% JoBepHUTE -
HbIi uaTepBai (J{1) 25—40 %), HeCMOTps Ha IPOBe-
JleHue CTaH/JapTHOU NpOoQUIAKTUYECKONH aHTUKOA-
TYJITHTHOH Teparnuu remapuHamu [22, 23]. ¥ namu-
€HTOB ¢ BHEOOJIbHUYHOHN MTHEBMOHUEN pacrpocTpa-
HeHHOCTh BTOO gocTuraer B OTAeIeHUAX NHTEHCHUB-
HOU Tepanuy KyMyJISTHBHBIX IOKazaTesaed 10.7 %
(95% AU 9.0—12.6) y mMaIneHTOB, He MOJIyYaBIIUX
NpoUIaKTUUECKON aHTUKOATYJITHTHOU Tepanuu, u
6.4 % (95% AU 5.4—7.6) Ha HOHE AaHTUKOATYJISTHT-
HOH TpoMbonpodunaktuku [24, 25]. Cpexu npu-
YUH, OIPAaHUYUBAOIINX 3(PEKTUBHOCTD rellapuHOB
y GOJIBHBIX C TSXKEJTBIM TEYEHHEM ITHEBMOHUH, aCCO-
nuupoBanHol ¢ COVID-19, celicucoM, B OCIIEHHIE
TOJIbl MHTEHCHUBHO H3Y4YarOTCS OCTPbIe KOaryJsora-
THH, aCCONMUPOBAHHBIE C CHHAPOMOM «ITHTOKHWHO-
BOTO IITOpPMa», C CEICUC-UHYIIUPOBAHHBIM aIlOI-
TO30M HEUTPOQUIBHBIX JIEHKOIIUTOB C BBICBOOOMK-
JIeHuEM HeUTPOGHIHHBIX BHEKJIETOYHBIX JIOBYIIIEK
[26—28]. 9T MexaHU3MBI SABJISAIOTCA MPOSBIECHUEM
B3aUMOCBSI3U MEKY /1€3a/JAlITUBHBIMU PEAKITASIMH
MMMYHHOTO OTBETAa U aKTHUBAIlMEN reMOKOATyJIAIH-
OHHBIX PeaKIUi y OOJIBHBIX C TXKEJIBIMH PeCIupa-
TOPHBIMH HHQPEKIUAMU, KOTOPble HWHHUIIMHUPYIOT
pacrpocTpaHeHHOE TOBPEXKAEHUE DH/IOTEIHUSA COCY-
JIOB, 3axBaTbhIBasg MUKPOIIUPKYJISATOPHOE PYCIIO,
HapyIIeHUsI KPOBOCHAOKEHUSI OPTaHOB, TPOMOOTH-
YecKre U TPOMO0IMOOTNYECKHE OCIOKHEHHU .

HecMoTpss Ha OTHOCUTENBHO  HEBBICOKYIO
YacToTy TpoM003a IMOJIOCTU MPABOTO KEJIyA0UKa Y
MaIEeHTOB C TSKeJIOH NHEBMOHUEH, 3TO OC/IOXKHEe-
HUe OKa3blBaeT 3HAUHUTEJIbHOE BJIHSHUE HA PUCK
TOCIIUTAJILHOA U OTJAJIEHHOH JIETAJIBHOCTH OOJIb-
HbBIX, TpeOys MOBBIIIEHUA 3(PPEKTUBHOCTH pacIo-
3HABAHUA U JIEUEHUs], C YIETOM PHUCKOB HeXKesa-
TeJIbHBIX 3P (PEKTOB TEpaTuy U KOMOPOUAHBIX haK-
TopoB [9—12]. HeoOX0AWMO OTMETUTH, YTO IO
HACTOSAIIEr0 BpeMeHU He pa3paboTaHbl 00IIenpu-
HATHIE KPUTEPUH OLIEHKH PUCKA BEHO3HBIX TPOMOO-
5MOOJIMYECKUX OCJIOKHEHHH, B ToM uucie TAJIA,
BEHO3HOTO0 TpoM603a, B 3aBUCUMOCTH OT CTPATUDHU-
IUPOBAHHOM KaTETOPUU TOCIUTATIU3UPOBAHHBIX
HEXUPYPTIUYECKUX OOJBHBIX, C yUIETOM IaTOT€HETH-
YeCcKUX 0COOEHHOCTEH BOCIIAJIEHUsI U PUCKa IPUO06-
PETEHHOHM KOAaryJIONMaTUHW IPH 3TUX COCTOSTHUSX,
YTO 3aTPY/IHSET OIEHKY IIPOTHO3a U IeJiecoobpas-
HOCTH NMPO(PUTAKTAUECKOTO TPUMEHEHHS aHTUKOA-
TYJISTHTOB.

OcobEeHHOCTHIO JAaHHOIO KJIMHHUYECKOro HabJIio-
JIEHUsT SIBUJIOCh Pa3BUTHE TPOMOO3IMOOJIMH JIerou-

philia was, in addition to positive clinical and echo-
cardiographic dynamics, a significant decrease in the
plasma concentration of D-dimers during etiotropic
and adjuvant therapy, including anticoagulants.

CONCLUSION

Severe pneumonia remains a difficult disease to
treat, due to difficulties in timely diagnosis and ther-
apeutic decision, and complications that often
require a multidisciplinary approach. Thrombotic
and thromboembolic cardiovascular complications
of pneumonia often lead to the development of life-
threatening conditions, their frequency increases in
severe forms of respiratory infection.

Right ventricular thrombosis is often associated
with pulmonary thromboembolism, acute right heart
failure, and increased risks of mortality. Severe viral
and bacterial infections have been described as etio-
logic factors for this rare thrombotic event.

Timely diagnosis and effective treatment of intra-
cardiac thrombosis in individual clinical cases of
severe pneumonia can prevent the development of
irreversible cardiovascular consequences and reduce
the risk of fatal outcome.
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HOH apTepuu B IepUOJ] IOCJIE KYIUPOBAHUA CHUM-
IITOMOB ceTicuca, Ha ¢poHe 3PHEKTUBHON STHOTPOTI-
HOW U IIaTOTE€HETHYECKOU Tepamuyd ITHEBMOHHUH.
ITpu sToM pa3BuTHE TpPOMOO3a IOJIOCTH IIPABOTO
JKeJIyJIOUKa He COMPOBOXKIAIOCh KINHUYECKUMU,
J1abOpaTOpPHBIMKM WM  3JeKTpokapauorpadbuye-
CKAMH CHUMIITOMaMH MUOKapAuTa. Y NaIlUeHTKU
OTCYTCTBOBQJIM CHMIITOMBI ITPEZIIIECTBOBABIIINX XPO-
HUYECKHX 3a00JIeBaHUU CHCTEMbI KpOBOOOpare-
HuA. OZHOU U3 BO3MOKHBIX IIPUYHH HETHITUIHBIX
YCJIOBUU Pa3BUTHS TPOMOOTHUYECKUX U TPOMOOIM-
OOJIMYECKHX OCJIOKHEHUH MOKET OBITh, II0 HAIIIEMY
MHEHHIO, HACJIEZICTBEHHO O0YCJIOBJIEHHAsA TPOMOO-
unug, UYTO MOJMYYHUIIO TIPeBAPUTENIBHOE IIOJ-
TBEPIK/IEHUE [IPU BbISIBJIEHUU HAPYIIeHUH BYHKITH-
OHHUPOBAHUA CUCTEMBI TpoTenHa C, IPHU OTCYTCTBUU
KPHUTEPHUEB CEICUC-MHAYIIMPOBAHHON KOAaryJIoma-
TUU WU CUHPOMA JINCCEMUHHUPOBAHHOTO BHYTPH-
COCY/IMCTOTO CBEPTHIBAHUA KPOBU 110 IAHHBIM J1ab0-
PaTOPHBIX HCCIETOBAHUN CHCTEMBI TeMOCTa3a.
B HacrosileM KJIMHUYECKOM HaOJIIOZEHUH MpOojie-
MOHCTPUPOBaHa ¥ IO[BEPTHYTa KDUTUIECKOMY aHa-
JIN3Y TAKTUKA TUATHOCTHUKHU U KOPPEKIIMH aCCOIUU-
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poBaHHOU ¢ TspKenod mHeBMOHHer u COVID-19
TpoMbodranu. Kpurepuem 3(pheKkTHBHONU KOPpPEK-
MY MaHUQPECTHOH TPOMOODHIINY ABUIIOCH, TIOMHIMO
MIOJIO’KUTEJIBHOM KJIMHUYeCKOU U 9XoKapauorpadu-
YecKO! NUHAMUKU, 3HAUUTEJIbHOE CHIDKEHHE KOH-
neHTpanuu D-iumMepoB B IU1a3Me KpoBH Ha (oHe
STUOTPONHON U aJ/bIOBAHTHOU Tepaluy, BKJIIOYaB-
el aHTUKOATYJISTHTHI.

3AK/IOYEHUE

Tsxesass THEBMOHUS OCTAeTCS CJIOMKHBIM IS
JiedeHus1 3a060J1eBaHUEM, UTO 00YCIIOBJIEHO TPYIHO-
CTAMHU CBOEBPEMEHHOM /JIMATHOCTUKU U JIEUEHUS U
OCJIOXKHEHUSAMU, YaCTO TPeOYIOIIMMU MYJIbTUUC-
[UIUIMHAPHOTO 110/1X0/1a. TPOMOOTHUECKHE U TPOM-
605MO0IHUeCKHEe CEP/IEYHO-COCY/IUCTHIE OCJIOJKHE-
HUSI TTHEBMOHHUM HEPEJKO MHPUBOJAAT K Pa3BUTHIO
JKU3HEYTPOKAIOIIUX COCTOSTHUM, 4aCTOTa UX BO3pac-
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HUU, TPEbSIBISIEMBIX K PEIleH3UPyEeMbIM HAyYHBIM
U3JTAaHUAM, B KOTOPBIX JIOJI?KHBI OBITH OIyOJTUKOBA-
HBI OCHOBHBbIE HAayYHbIE Pe3yJIbTAThl JIUCCEPTAITUI
Ha COWICKAaHWE YYEHOU CTENEeHH KaHJuaaTa U JOK-
TOpa HayK.

CraTbH, OTIIpaBJIEHHbIE aBTOPAMU B JIPyTHE W3-
JlaHUs U/UI1 HalleYaTaHHbIE paHee B HUX, K OIy0-
JINKOBAaHUIO HE MTPUHUMAIOTCS.

Ilpy onucaHWM HAYYHO-UCCIIENOBATEIHCKUX
KJIMHUYECKUX paboT ¢ IpHUBJIEYEHHEM UYeJIOBEKa
B KauecTBe OOBEKTa HMCCJIEZIOBAHUS aBTOPBI JOJIK-
HBI YKa3aTh, COOTBETCTBOBAJIA JIU OHH MeEXKIyHa-
POAHBIM M POCCUHCKUM 3aKOHOJATEJIbHBIM aKTaM
0 IOPUIUYECKUX U DTUUECKUX MMPUHITUIIAX METUKO-
OUOJIOTUUECKUX UCCJIeTOBAaHUH Takoro poga. He mo-
IYCKAeTCs HCIOJIb30BaHUE (PaMUJINNA, WHUIAATIOB
OOJIBHBIX W HOMEPOB HcTopuil Oose3nu. IIpu omu-
CaHUM SKCIEPUMEHTOB Ha 3KHUBOTHBIX HEOOXOmu-
MO YKa3aTh, COOTBETCTBOBAJIO JIU COZIEPIKAHUE U UC-
IT0JIb30BaHUE JIAOOPATOPHBIX JKUBOTHBIX ITPABHUJIAM,
MPUHSATHIM B YUPEXKJIEHUH, PEKOMEHTAlUAM HaIlu-
OHAJILHOTO COBETA II0 MCCJIEI0BAHUAM, HAITHOHAb-
HBIM 3aKOHAaM.

ABTOpCKUE ITpaBa cOOJIIOIAIOTCS B COOTBETCTBUU
¢ I'paxkganckuM kojiekcoM Poccutickou ®enmepariuu
(4. 4) ¥ APYTUMH JAEUCTBYIONUMUA HOPMATUBHBIMU
JIOKyMeHTaMH. ABTOPHI HECYT TOJIHYIO OTBETCTBEH-
HOCTb 32 COJIEp>KaHUe CTaTeH.

B penmaknuo JSMS aBTOpBI IOJIKHBI TIPEAOCTA-
BUTbD:

1) 2/1eKMPOHHYIO 8epculd CMambvl, MOATOTOB-
JIEHHYIO B COOTBETCTBUH C TPEOOBAHUAMH K 0(pOpM-
JIEHUIO CTaTeU, U3JI0KEHHBIMU HUKE;

2) opu2uHa.n cmamsu B IEYaTHOM BHU/JIE C yKa3a-
HHEM TOpPOJia, IaThl, GaAMUIUU C TOJIUCHIO0 KaXKI0-
ro aBTopa (Ha MmocJieJlHeH cTpaHuIle), BU3ou «B me-
YyaTh» U MOAIUCHIO (HA IIEpBOI CTPAHHUIIE) 3aBELy-
o1ero kagepol MM WHOTO JOJI?KHOCTHOTO JIMIIA
opraHusaiuu, Ha 6a3e KOTOPOU BBHITIOJTHEHO HCCIIE-
JIOBaHUE. ABTOPBI IIPEIOCTABJISAIOT CTAThU B PelaK-
U0 JIMYHO WJIH TI0 TTOYTE;

3) coenacue Ha TyOJHKANUIO cTaTtbu B JSMS
u 00paboTKy TepCOHAJIBHBIX TaHHBIX aBTOPOB (3a-
MOJTHSIETCS KaK/IbIM aBTOpoM) (cM. Ha carite HTMY:
https://jsms.ngmu.ru/zayavlenie_ jsms.doc);

4) nns cotpyauukos ®I'BOY BO HI'MY Mus-
3napaBa Poccuu (manee — HI'MY) — axcnepmHoe
3axaoveHue OTAesa KOOpPAWUHAIMHU (eaepaTbHbIX
IporpaMM, KOHKYPCHBIX IPOEKTOB I MHHOBAI[HUOH-
HOTO Pa3BUTHs YIIPaBJEHUS IO HayKe, MHHOBAIIU-
saM u uapopmatuzanuu HI'MY (cM. www.ngmu.ru);
JUIsT CTOPOHHUX aBTOPOB — HanpaeaeHue Ha onyo-
AuxosaHue Ha GUPMEHHOM OJIaHKE OpraHU3aIluH,
Ha 6ase KOTOPOU BBITIOJTHEHO OPUTHHAJIPHOE HAy4-
HOe HCCJIeIOBaHHE, 3a IOJANKUCHI0O OTBETCTBEHHOIO
JOJIPKHOCTHOI'O JIMIIA.

IIPABUJIA O®OPMJIEHHU A PYKOITUCEN

1. TekcT cTaTbu HAOUPAETCS B TEKCTOBOM peJlaK-
Tope Microsoft Word, Open Office u ap., Bce moss
2 cMm, mpudt Times New Roman, kerip 12, Mex-
CTPOYHBIN HHTEPBAJI 1,5. TeKeT cTaThul HEOOXOAMMO
HampaBuTh B pefaknuio JSMS B BHUJie OTAEJIBHOTO
daitna ¢ ykazanuem ®11O nepBoro apropa — MBa-
voB U.U. tekcr.doc. JlomyckaeTcst oTmpaBka dbaii-
Ji0B B popmartax doc, docx.

2. ®VIO aBTOpOB HabWpaeTcs CTPOUYHBIMH OYK-
BaMHU KypCHBOM Ha PYCCKOM s3bIKe. VHUIMabI
noMeraoTcs nepex dbamuaneir apropa. [lopanok,
B KOTOpPOM OyJIyT YKa3aHbI aBTOPBI, OIIPEEIETCs
UX COBMECTHBIM pellleHUeM.

3. Topon u HazBaHume MecT pabOTHI aBTOPOB
opOopMIIAIOTCA CTPOYHBIMU OyKBaMH KypPCHBOM
Ha pyCCKOM f3bIKe.

4. CraTbs [IOJDKHA COJEp:KaTh AaHHOTAIHIO
Ha PYCCKOM $I3bIKe. B aHHOTAIUY JTOJI?KHBI OBITH U3-
JIO’KEHBI IeJIM HCCJIe[JOBaHUA, OCHOBHBIE IIpOlle-
Jlypbl, pe3yJIbTaThl OPUTHHAJIBHBIX HCCIETOBAHUUN
¥ BBIBOABL. [1oJ1 aHHOTAIIMEN TTOMEIaeTcs Mo/I3aro-
J0BOK «KittoueBbie c10Ba», IOcjae HEro A0 10 KO-
YEeBBIX CJIOB WJIM KOPOTKHUX (pas, KOTOpble OyayT
CITIOCOOCTBOBATh IPABUJIBHOMY HHEKCHPOBAHUIO
CTaThU B IIOMCKOBBIX CUCTEMax U CUCTeMax [UTHUPO-
BaHUs. AHHOTAIIUIO HEOOXOJUMO HAIPaBUTh B pe-
gaxmnuio JSMS BMecTe ¢ TEKCTOM CTaThbU B BHJIE OT-
nIenbHOTO datia ¢ ykazanuem ®1O mepBoro aBTo-
pa — MBanos U.U. anuorarus.doc. Takke mpeno-
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CTaBJIAIOTCS CBEJIEHUS O KaYKI0M M3 aBTOPOB: dhaMu-
JINA, UM, OTYECTBO (IIOJTHOCTBHIO HA PYCCKOM fI3BIKE
Y B TPAHCJIUTEPAIINH), yUEeHbIE 3BAHUSA U YUeHas CTe-
MIeHb, JOJIKHOCTh, MeCTO paboThl, pabounii TeaedoH
U aJIpec 3JIEKTPOHHOI mouThI (e-mail). CBenenus He-
ob6xonuMbI 711 06paboTky mybiukaiuii B 6a3e naH-
HbIX PoccHiicKoro nHeKca HAYIHOTO ITUTUPOBAHUS
U IPYTUX CUCTEMAaX IUTUPOBAHUA. AHHOTAIUSA, KIIIO-
yeBble CJI0Ba, nHGoOpManus 06 aBTopax U Ha3BaHUeE
VUpEXIEHUH JAOJKHBI OBITh TAKXKe ITPEIOCTABIEHBI
Ha aHIJIMHACKOM SI3bIKE.

5. TabiuIbl MOMENAIOTCA B TEKCT cTaThu. Tabu-
IIbI IOJKHBI OBITH TPOHYMEPOBAHBI IIOCTIEIOBATETHHO
B COOTBETCTBHUU C IOPSAJKOM, B KOTOPOM OHU YIIOMU-
HAIOTCSA B TeKcTe (Harmpumep, Tabi1. 1, Tabst. 2 U T. 11.).

6. PucyHKHU BCTaBIAIOTCA B TEKCT CTAThU, a TaK-
JKe TIPeJIOCTABJIAIOTCS B BUJIE OT/IE/IBHBIX ITPOHYMe-
poBaHHBIX ¢ailioB ¢dopmara .jpg win .gif ¢ paspe-
meHueM He MeHee 300 dpi. PucyHku moyKHBI OBITH
KOHTPACTHBIMU U YETKUMHU, OYKBbI, IUGPHL U CUM-
BOJIBI HA HUX JIOJI’KHBI OBITH pa3JIMUUMBbI. PucyHKa-
MH CYHTAIOTCA I'padUKy, peHTreHOrpaMMbl, GOTo-
rpaduu wu JiroOble Apyrue rpaduyeckue 00bek-
Th1. ®oTOrpaduu el He TOJKHbI ObITH Y3HABae-
MBIMH, JTUOO K HUM JIOJKHO OBITH MTPUJIOZKEHO MTHCH-
MEeHHOe pa3pellleHre Ha UX IMyOauKamuo. Pucyaku
JIOJKHBI OBITH MPOHYMEPOBAHBI IMOCJIEIOBATETHHO
B COOTBETCTBUU C MOPSAIKOM, B KOTOPOM OHHU BIIEP-
BbI€ YIIOMUHAIOTCS B TEKCTE — PHUC. 1, PUC. 2 U T. [I.
[Moamucu pa3MeInalTcs B TEKCTE IOJ] PUCYHKAMMU.
B mopmucax k mMukpodoTtorpaduaM yKasbIBaeTCsS
CTETeHb YBEeJIMYEHU U CII0CO0 OKPACKHU.

7. B TEKCTe CTaThU UCIIOJIB3YIOTCS CIIEAYIONINE 3a-
TOJIOBKU: BBeJIEHUE, IIeJIb FCCIIEOBAHISA, MaTepHa-
JIBL U METOJBI, PE3YJIBTATHI U 00CYK/IeHNe, 3aKII0Ue-
HUe, CIIUCOK JINTEPATYPHI.

8. Hcmonp3yoTes TOJIBKO CTaHAAPTHBIE OOIIe-
MpUHATHIE coKpaleHus (abbpesuarypsel). He mpu-
MEHSIOTCS COKpAIlleHUsI B Ha3BaHUU cTaThu. I10J-
HBIU TEPMUH, BMECTO KOTOPOT'O BBOAUTCS COKpAIIe-
HUe, JI0JKEH IIPEIIEeCTBOBATh IIEPBOMY HCIOJIB30-
BAHUIO TOTO COKPAIIIEHUS B TEKCTE.

9. O06s13aTeIPHO HAJIMYUE CIFICKA JIUTEPATYPBL.
Bubnnorpaduueckue CChIKM B TeKCTe CTAThU Jia-
I0TCsA apabckuMu mudpaMu B KBAJPaTHBIX CKOO-
KaX, B IIOJTHOM COOTBETCTBUU C HyMepaIueH crimcka
suTeparypsl. CCBUIKU B TEKCTE CTATHU JOJIKHBI /1a-
BaThCs MOCJIEIOBATEIBHO IO Bo3pacTanuio: [1]...[2]...
[3]... u T.;1. PazBepHyTOE OMMCcaHUe UCTOYHUKA B CITH-
cKe yiuTepaTyphsl npegoctapisaiTes no 'OCT 7.0.5-
2008. Crucok JUTepaTyphl AOJIKEH COJlepKaTh IIy-
OGImKaIuu 3a MmocJieHueE 5 JIeT. B crrcke suteparty-
pbI Bce MHPOPMAIIMOHHBIE UCTOYHUKU TT€PETNCIIA-
IOTCS B TIOPSIZIKE X IUTUPOBAHUS.

10. Pegaxmus JSMS Gepet Ha cebs mpucBOeHUE
KaXK/Iol mybsnKyeMo# crathbe HoMepa Y/IK u ocy-
IIECTBJIEHUE [IOJTHOTO IIepeBO/ia CTAThU HA aHIVIMH-
CKUU A3BIK.

11. CTaThu, HE COOTBETCTBYIOIHE YKa3aHHBIM pe-
JlakIend TpebOBaHUAM, K OIyOJIMKOBAHUIO HE TIPHU-
HUMAIOTCA.

IMOPAJOK PEITEH3MTPOBAHUA
PYKOIIUCEN, IPUHUMAEMBIX
JJIA ITYBJINKAIINN

1. Pykomnmcu craTeil, HIOCTYIIUBIINX B PEJAKIIHIO,
HAIPABJISAIOTCA JUJISI PENEH3UPOBAHUSA WIEHAM pe-
JIAKIIOHHOTO COBETA C IEJIBI0 UX DKCIIEPTHOMU OIleH-
KU Ha IpeaMeT COOTBeTCTBHUsA TpeboBaHuAM JSMS
u BrIcmieii arTecTallMOHHOM KoMuccuU Ipu MuHU-
crepcTBe oOpasoBaHus u HayKu PO.

PerieH3eHTBI YBEIOMJIAIOTCA O TOM, YTO B LIEJISX
obecrieueHNsT aBTOPCKUX U APYTUX HEHMMYIIECTBEH-
HBIX IIPaB IIPUCJIAHHbIE PYKOIIUCH He MOJIJIEKAT pas-
IAINEHUI0, KOTMPOBAHUI, PACIIPOCTPpAaHEHUIO. Pe-
[IEH3UPOBAHUE IIPOBOJIUTCS AHOHUMHO.

ITpu oTKa3e B HATIpAaBJIEHNHU Ha PelleH3UPOBAHLE
MIpeJICTaBJIEHHON aBTOPOM PYKOITHCH PEJIaKIvs Ha-
IIpaBJIsieT aBTOPY MOTUBUPOBAHHBIN OTBET B DJIEK-
TPOHHOM BHJIE.

Pepaknus »KypHasia 10 MHCHMEHHOMY 3aIlpOCy
HAIpaBJIsIeT aBTOPAM PEIEH3UN HA IOCTYIIHBIINE
MaTepHuasibl B 3JIEKTPOHHOM BHJIe. ABTOPBI 00sI3aHbI
Y4ecTh 3aMeYaHUs PENEH3EHTOB 1 BHECTH B CTaThIO
COOTBETCTBYIOIIHE UCIIPABJIEHUS MU IIPEJIOCTABUTH
MOTHUBHUPOBAHHBIN OTBET O HECOIVIACUHU C 3aMeYaHU-
sIMU pEelleH3€eHTa.

PemakmuoHHas KoOJIJIETHs MPUHUMAET PelleHue
0 BO3MOXKHOCTH IYyOJIMKAIIUY CTAaThU UJIM OTKJIOHS-
€T ee IO pe3yJIbTaTaM PelleH3UPOBAHHUA.

Penensun XpaHATCs B peIaKIINU JKypHAJIA B Te-
YyeHUe 5 JIET C MOMEHTa Iy OInKaiu.

2. Pepaknipiell He IOMyCKAIOTCA K Iy OJIMKAT[AH:

— CTaThU, TEMATHKA KOTOPBIX HE COOTBETCTBYET
HAayYHOMY HAIIpaBJIEHHUIO Ky PHAJIa;

— CTaThH, aBTOPHI KOTOPBIX OTKA3BIBAIOTCS OT
TEXHUYECKOH JJOpaOOTKH CTaTew;

— CTaThbU, aBTOPBI KOTOPHIX HE BHECITIU KOHCTPYK-
TUBHbIE 3aMEUaHUs PEIEeH3eHTa B TEKCT CTaTbU
U He IPEeJI0CTaBUIIN MOTHBHUPOBAHHBIN OTBET O HECO-
[JIACUU C 3aMEYAHUSIMHU PEIleH3eHTA.

B ciryyae OTKJIOHEHU S CTaThH PEJAKIINA HATIPpaB-
JISIET aBTOPY MOTHBHPOBAHHBIH OTKa3. Pemakius
JSMS He XpaHUT PyKOIIHUCU, HE MPUHATHIE K IeYa-
TH. PyKkonucu, mpuHATHIE K ITyOINKany, He BO3Bpa-
IAI0TCA.
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