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

2Kypuau 3aperucrpupoBat B ®esiepanbHoi ciy»k0e 1o Hagzopy B cdepe CBA3H, HHPOPMAIMOHHBIX TEXHOJIOTHH 1 MACCOBBIX
koMMyHuKaui (PockomHai3op). PerucrparpionHoe csujereaberBo [T Ne @C 77-72398 ot 28 deBpast 2018 .

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

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

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

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

PEJAKIIMOHHBIN COBET

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

yuausepcuret (HoBocubupck)

IJIABHBI PETAKTOP

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

(HoBocubupck)

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

(HoBocubupck)

OTBETCTBEHHBII CEKPETAPDH

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

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

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

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

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

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

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

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

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

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

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

YUYPEAUTEJ/IDb

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

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

AJIPEC U3/JATEJIA Y PEJAKITUU

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

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



3.1. KIMHUYECKASI MEOULIMHA

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

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

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

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

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

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

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

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

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

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

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

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

PEJAKIITMOHHAA KOJIVJIETUA

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

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

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

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

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

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

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

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

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

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

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

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

3.3. MEANKO-BUOJIOTM4YECKUE HAYKU

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

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

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

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

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

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

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

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

3.4. DAPMALEEBTUYECKUE HAYKN

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

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

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

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

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

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

TloamnucaHo B mevarts 25.09.2025.

Jlata BBIXO/Ia B CBET 26.09.2025.
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OrtrevaraHo B TUorpaduu
W3parenbcko-mourpaduyecKoro neHTpa
HI'MY, r. HoBocu6upCK, yJ1. 3a1€CCKOTO, 4.
E-mail: sibmedizdat@mail.ru,

Ten.: (383) 225-24-29
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MukpoPHK — 6momapkep nepBUYHOUM KOKHOM
T-KJI€TOUYHON HEXOKKUHCKOU JTUM(POMBI

10.A. Bepsickuna', 11.b. Kossiaes?, B.B. Ilaxomosas3, C.E. Tutos® 4, C.C. ®€nopoBas,
T.A. ITocnenoBa?
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AHHOTAIIUA

BBepnenue. Ilepsuunsle T-kierounsie tum@oms! koxxu (TKJIK) mpencTaBiisioT coOO0M reTeporeHHy0 TPYIITY 9KC-
TPaHOJAJIBHBIX HEXO/KKHUHCKHUX JUMGOM ¢ MEPBUYHBIM IopaskeHueM koxku. JJmarnocruka TKJIK yacrto 3arpyaHeHa,
IIOCKOJIBKY B JI€0I0TE 3JI0KAUeCTBEHHO! JINM(POMBI UMEIOTCS KIMHHYECKHEe U MOP(]OJIOTHUecKHe CXO/ICTBA HEOILJIA3UH C
TaKHUMU HEOIyXO0JIEBBIMU JIEPMATOJIOTHUECKUMHU 3a00IeBAHUAMHY, KaK XPOHIUUECKHUH SK3€MaTO3HbIH JIEPMATHT, IICOPUA3,
KPACHBIH BOJIOCSHOU JIMIIAN HJIH TPUOKOBBIE HH(peKuY Koxku. KpoMe TOro, B OT/IMYHE OT B-KJIETOYHBIX HEXO/KKUHCKHIX
auMmdpom T-kieTouHas omyxosieBas nposudepanus 4acTo He UMeeT creluduieckoro MMMYHO(QEHOTUNA, MapKepHBIX
XPOMOCOMHBIX abepparuii ¥ HOCUT IOJUKJIOHAIBHBIM XapaKTep, UTO B 3HAYNUTETHHON Mepe OCJIOKHSAET HCII0Ib30BaHUE
MMMYHOTHCTOXUMHUYECKUX U MOJIEKYJIIPHO-TEHETUUECKUX METOIOB B U depeHITnanbHON THarHocTuke. Bmecre ¢ Tem B
marorenese TKJIK y4acTBYIOT KaK reHeTUUECKHe, TaK U SIUTreHeTrnueckue ¢pakTophl, B yacTHOCTH, MUKpOPHK (MuPHK).
IT e 1 b . BriaBaenue crenuduueckoro npodpuis MuPHK omyxoseBoro cyberpara, mo3Bosistonero quddepeHIupoBaTh
TKJIK ot n06pokayecTBeHHBIX 00pa30BaHUI KOXKH, a TaK»Ke ompe/esienre poad MUPHK B maToreHeTHYeCKUX MeXaHU3-
Max pa3BUTHS 3a00JI€BAHUSA.

MaTtTepuaas U MeTOJ]Bb . MeTogoM NOIUMEPA3HON IIeNMHOH peakIUu ¢ 0oOpaTHOH TpPAHCKpUIILMEH B
peaTbHOM BpeMeHHM MPOBe/IeH aHalIu3 ypoBHeH skcmpeccuun MuPHK-126, -145, -125b, -203a, -99, -23a, -146a u let-7g B
10 GUKCUPOBAHHBIX (HOPMAIIMHOM M 3aJIUTBHIX apaduHOM o6pasiax OGHOICHY KOXKH MmarueHToB ¢ quarso3om TKIIK, a
Takke 10 00pa3ax GHOICHY KOXKH MAIUEeHTOB C YCTAHOBJIEHHBIM JAHATHO30M IICOpHasa U 20 06pa3mnax OHOICHH KOXKH
[IaIIEeHTOB C YCTAHOBJIEHHBIMH JINarHO30M 5K3€MbI, COCTABJISIOIINX KOHTPOJIBHYIO IPYIIITY T00POKaYeCTBEHHBIX 00pa3o-
BaHUU.

PesyxnbTartsl . CpaBHUTENbHBIN aHAN3 ypoBHEH skcripeccuu MEPHK B onyxosieBbix (TKJIK) u mo6pokauecTBeH-
HBIX 00pasIiax MmoKasaj CTATUCTUYECKH 3HAUMMOe CHIKeHHe YpOBH:A skcnpeccuu MuPHK-203a u yBennueHrne ypoBHeH
skcnpeccuu MuPHK-146a u let-7g B omyxosieBbix o0pasnax (p < 0,05). ROC-ananus mokasas, 4To let-7g ¥ KOMILIEKCHBIH
6uoMapkep, sIBJIAIONUIUNCA OTHOIIEHHEM ypoBHeH skcnpeccun MUPHK-203a/MuPHK-146a, ABIAIOTCSA BBICOKOYYBCTBH-
TEJIbHBIMU U crielupUIHBIMHA MapKepaMu /st auarHoctTuku TKITK.

3aKJo4YeHUe . AHanus ypoBHel skcipeccur MUPHK MozkeT ObITh IEPCIIEKTUBHBIM UHCTPYMEHTOM J1J1st AU de-
PeHIINaIbHOM IUarHOCTUKHU JePMaTOTPONHBIX T-KJIeTOUHBIX TUM(OUAHBIX I'eM00J1acTO30B U HEreMOIIO3THYeCKUX 060J1e3-
HEH KOXU.

Kmoueente crosa: vukpoPHK, nepBuunble koxHble T-K1eToUHbIE TUMGOMBI, HEXO/PKKHHCKHE JTUMQPOMBI.

OoOpasden nurupoBaHusa: Bepsackuna I0.A., Koseires U.B., ITaxomosa B.B., Tutos C.E., ®énoposa C.C., ITo-
cresioBa T.1. MukpoPHK — 6romapkep nepBUYHON KOXKHOH T-KJI€TOUHOM HEXOKKHHCKOM inMpomsb! // Journal of
Siberian Medical Sciences. 2025;9(3):7-18. DOI: 10.31549/2542-1174-2025-9-3-7-18
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ABSTRACT

Introduction. Primary cutaneous T-cell lymphomas (CTCL) are a heterogeneous group of extranodal non-
Hodgkin’s lymphomas with primary skin involvement. The diagnosis of CTCL is often challenging because, in the early
stages, malignant lymphoma can have clinical and morphological features that are similar to benign dermatological condi-
tions such as chronic eczematous dermatitis, psoriasis, pityriasis rubra pilaris, or fungal skin infections. Additionally,
unlike B-cell non-Hodgkin’s lymphomas, T-cell tumor proliferation often lacks specific immunophenotypic markers, char-
acteristic chromosomal aberrations and tends to be polyclonal, which significantly complicates the use of immunohisto-
chemical and molecular genetic methods in differential diagnosis. However, both genetic and epigenetic factors, micro-
RNAs (miRNAs) in particular, are involved in the pathogenesis of CTCL.

A im . Toidentify a specific miRNA profile of the tumor substrate that can differentiate CTCL from benign skin lesions
and determine their role in the pathogenetic mechanisms of disease development.

Materials and methods. Using real-time reverse transcription polymerase chain reaction levels of
expression of miRNAs-126, -145, -125b, -203a, -99, -23a, -146a, and let-7g were analyzed in 10 formalin-fixed paraffin-
embedded skin biopsy samples from patients with CTCL, 10 skin biopsy samples from patients with psoriasis, and 20 skin
biopsy samples from patients with eczema.

R e sults. Comparative analysis of miRNA expression levels between CTCL and benign skin samples showed a statis-
tically significant decrease in the miRNA-203a expression and an increase in the miRNA-146a and let-7g expression in
tumor samples (p < 0,05). ROC analysis demonstrated that the let-7g level and the composite biomarker, i.e. the ratio of
miRNA-203a/miRNA-146a, are the highly sensitive and specific markers for CTCL diagnosis.

Conclusion. Theanalysis of miRNA expression levels serve a promising tool for the differential diagnosis of der-
matotropic T-cell lymphoid hematologic malignancies and non-hematopoietic skin diseases.

Keywords: microRNA, primary cutaneous T-cell lymphomas, non-Hodgkin’s lymphomas.
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BBEJAEHUNE

[TepBuunble T-KjaeToOYHble JUMOOMBI KOXKHU
(TKJIK) sIBAAIOTCS OMHUM U3 HanboJsiee pacipocTpa-
HEHHBIX B IOMNYJISIUM THUIIOB SKCTPAHOAJIbHBIX
HexomkkuHckux aumdom. Cpenu TKIIK BoiziensoT
BSTOTEKYIIHe (MHOJIEHTHBIE) TOATUIIBI, TAKHE KaK
rpuboBuHbIE MuKo3 (I'M) u suMdbOMAaTOUTHBII
rmamyJsie3, TOrja Kak Jpyrue BapHaHTHI MPOTEKAIOT
arpeccBHO U UMEIOT HebGJIaronpUsTHBIN IIPOTHO3, B
yactHocTH, cuHipoM Cesapu [1]. Ha paHHUX cTa-
IUSAX  3a00JIeBaHHUA, KOTOPbIE MOTYT JIJIUTHCS
HECKOJIbKO JieT, I'M HposBIIsieTCs] B BUJIE IJIOCKHX
SPUTEMATO3HBIX IATEH HA KOKE, HATIOMUHAIOIIUX
BOCIIAJINTEIbHBIE 3a00JIEBaHUSA, TaKUe KaK JiepMa-

INTRODUCTION

Primary cutaneous T-cell lymphomas (CTCL) are
one of the most common types of extranodal non-
Hodgkin’s lymphomas in the population. CTCL sub-
types include indolent subtypes such as mycosis fun-
goides (MF) and lymphomatoid papulosis, while
other variants are aggressive and have a poor prog-
nosis, for example, Sezary syndrome [1]. At the early
stages of the disease, which can last for several years,
MF manifests as flat, erythematous patches on the
skin, resembling inflammatory diseases, such as der-
matitis or psoriasis. Early skin lesions contain
numerous inflammatory cells, including large num-
bers of phenotypically normal T-cells, as well as a
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THUT WIN TICOPUAa3. PaHHME OpaXkeHUs KOXKHU COZEP-
JKaT MHOTOYMCJIEHHBIE BOCHAJIUTEJIbHBIE KIIETKH,
BKJIIOYasi OOJIBIIOE KOJUYECTBO T-KJIETOK C HOP-
MaJIbHBIM (DEHOTHIIOM, a TaK:Ke HeOOJIBIIYIO IOIy-
JIIUIO0 JINCKPETHO pacrosarapmuxcs T-mumdo-
IIUTOB C aHOMaJIbHOH Mopdosiorueil 1 aHOMaIBHBIM
¢denotuniom. B HacrosImee Bpems AMArHOCTUKA
TKJIK r;iaBHbIM 00pa3oM OCHOBBIBAETCS HA KJIMHU-
YeCKUX HaOTI0EHUX, THCTOJIOTHUECKUX U UMMYHO-
TUCTOXUMHYECKUX UCCIEOBAHUAX OUOITATOB KOXK-
HOTro JiockyTa. K corkasieHn1o, paHHSAA JUATHOCTHKA
TKJIK sBisieTcst CI0KHOM M3-3a GOJIBIIIOTO KIWHU-
YEeCKOro, TaToMOpP(OJIOTUUECKOTO U UMMYyHOMEHO-
THITUYECKOTO CXO/ICTBA C IOOPOKAaYECTBEHHBIMU BOC-
NaJIMTebHBIMU 3a0osieBanusaMu  koxu [2]. Ha
CETOIHAIIHUN JeHb STHOJOTHYECKHE (DAKTOPHI U
MOJIEKYJIIDHbIE MEXaHU3MbI, JIeKalllie B OCHOBE
natorene3a TKJIK, ocTaroTcad B 3HAYUTEILHOU CTE-
TIEHW HEU3BECTHBIMH, XOTS UX IMOHUMAaHUE BaXKHO
st OoJiee TOYHOH KJIMHUYECKOH AHArHOCTHUKH U
rnmouicka TexHosoruii JjeudeHus. I[latorenes TKJIK
IpeZiCTaBIsIeT COOOM MHOTOATAIIHBIN IIPOIIECC,
BKJIIOYAIOIIUA TE€HETHUYECKHE U SIHUTeHETHUYECKHE
usMeneHus [3]. JlaHHbIE TTOCTEAHUX UCCIIEIOBAHUEI
CBUJIETEJILCTBYIOT O TOM, 4TOo MUKpOPHK (MuPHK)
yyacTtBytoT B matoreHe3de TKJIK. M.S. Bin Masroni
et al. pazpaboranu nmanens u3z 9 MmuPHK (MmuPHK-
1246, -663b, -150-5p, -7g-5p, -101-3p, -142-5p, -28-
5p, -198, -612), cmocoOHyo audGEepEeHITUPOBATh
pasznuunble nogTunbsl TKJIK OT peakTUBHBIX JTUM-
daTmueckux y37108B [4]. X. Shen et al. cozmganmu xac-
cudukarop Ha ocuoBe MmuPHK-200b, -203, -130b,
-142-3p u MuPHK-155, KOTOpBI! TTOKa3aj1 BBICOKYIO
nHOpMaATUBHOCTh NpHU AuddepeHnnaIbHON J11a-
raoctrike TKJIK oT 106poKauecTBEeHHBIX HEOIyXO-
JIeBBIX 3a00s1eBaHul KOk [5]. HecmoTpst Ha ycmexu
B UCCJIEIOBAHUAX, HAIPABJIEHHBIX HA U3yUYeHUE
poiu MuPHK B pa3BuTuu U NPOTpeCCUPOBAHUU
TKJIK, crangapTU3UpOBAHHOIO IIPOTOKOJA [JIA
MOJIEKYJISIPHO-TEHETUYECKOH TMarHOCTUKY JTAHHOTO
3a0b0JIeBaHUs HE CYIIECTBYET.

IIEJIb NCCJIEAJOBAHUA

BrisiBnenue crnenuduueckoro npoduis MmuPHK
OIyX0JIEBOTO cybcTpaTa, mHo3BoJisiiomero audde-
pennuposats TKJIK ot mo6pokadecTBeHHBIX 00pa-
30BaHUU KOXKH, U OIIpe/iesIeHHe UX POJIM B MEXaHU3-
MaxX pa3BUTHS 3a00JIEBAHUSA.

MATEPUAJIBI 1 METO/AbI

Kimauueckmne oOpasmnsbl. B wuccienoBanue
OBLIH BKJIIOUEHBI 10 PUKCUPOBAHHBIX (POPMATITHOM
u 3amThix napadunoMm (FFPE) o6pasios 6uormra-
TOB KOXKHOTO JIOCKYTa MAIlMEHTOB C MOATBEPIK/IEH-

small subpopulation of T-lymphocytes located dis-
cretely and had an abnormal morphology and abnor-
mal phenotype. Currently, the diagnosis of CTCL is
mainly based on clinical presentation, histological
and immunohistochemical studies of skin biopsies.
Unfortunately, early diagnosis of CTCL is difficult
due to its high clinical, pathological and immuno-
phenotypic similarities with benign inflammatory
skin diseases [2]. To date, the etiologic factors and
molecular mechanisms underlying the pathogenesis
of CTCL remain largely unknown, although their
understanding is important for more accurate clini-
cal diagnosis and search for treatment modalities.
The pathogenesis of CTCL is a multistep process
involving genetic and epigenetic changes [3]. Recent
research data indicate that microRNAs (miRNAs)
are involved in the pathogenesis of CTCL. Bin Mas-
roni et al. presented miRNA signatures (miRNA-
1246, -663b, -150-5p, -7g-5p, -101-3p, -142-5p, -28-
5p, -198, -612) that can distinguish various subtypes
of CTCL from reactive lymph nodes [4]. Shen et al.
created a classifier based on miRNA-200b, -203,
-130b, -142-3p and miRNA-155 which showed high
efficacy in the differential diagnosis of CTCL from
benign non-neoplastic skin diseases [5]. Despite the
advances in research aimed at studying the role of
miRNAs in the development and progression of
CTCL, there is no standardized protocol for molecu-
lar genetic diagnosis of this disease.

AIM OF THE RESEARCH

To identify a specific miRNA profile of the tumor
substrate that allows differentiate CTCL from benign
skin lesions and determine their role in the pathoge-
netic mechanisms of disease development.

MATERIALS AND METHODS

Clinical samples. The study included 10 forma-
lin-fixed paraffin-embedded (FFPE) skin biopsy
samples from patients with a confirmed diagnosis of
CTCL, as well as 10 skin biopsy samples from patients
with a confirmed diagnosis of psoriasis, and 20 skin
biopsy samples from patients with a confirmed diag-
nosis of eczema, which formed the control group of
benign cutaneous conditions (BCC).

The biopsy samples were obtained in compliance
with the requirements of Russian legislation, written
informed consent was given by all patients, and the
data were depersonalized. This study was approved
by the Ethics Committee of Novosibirsk State Medi-
cal University, protocol No. 158 dated 21.03.2024.

Isolation of total RNA from FFPE. A tube
containing three 15-pm paraffin-embedded skin
biopsy sections was deparaffinized with 1 ml of min-
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HbIM suarHo3oM TKJIK, a Tak:ke 10 06pasiioB OHoT-
CUH KOXKU MAI[EeHTOB € YCTAHOBJIEHHBIM JTHAaTHO30M
rcopuasa u 20 00pas3IoB OGUOIICUN KOXKH MAI[HEHTOB
C YCTAQHOBJIEHHBIM JUAarHO30M OK3eMbl, KOTOpBIE
chopMHpOBaATN KOHTPOJIBHYIO TPYIIy JoOpoKade-
CTBeHHBIX 00pazoBanuii (J10).

MaTtepuast ObLI IOJIydeH ¢ cOOTI0ieHreM Tpeho-
BaHUU POCCUHCKOTO 3aKOHO/IATEIBCTBA, OT KAXKOTO
manueHTa MOoJyYeHO MUChbMeHHOe WH(GOPMHUPOBaH-
HOe corjlacue, Bce JaHHble ObUTH 00e3JIMYEeHBI.
Hacrosmee uccienoBanue 0100pEHO STUYECKUM
KoMHUTeTOM HOBOCHOUPCKOTO TOCY/IapCTBEHHOTO
MEUIIITHCKOTO YHUBEPCUTETA, MPOTOKOJ N2 158 oT
21.03.2024.

Boigeaenue oomeit PHK u3 FFPE. B mpo-
OUpKY, COAepIKAIIyI0 TPU HapaduHOBBIX cpe3a buo-
ITaTa TKAHU B 00bEME 15 MKM, JJIA MOCIIEAYIOIEeH
nenapadguHU3aIUU J00aBIIsIH 1 MJI MUHEPAJIHHOTO
Macsa. 3aTeM NPOOUPKY BCTPAXUBAIN B TEUEHHE
10 ¢ ¥ UHKyOUpOBaIu B TepMoInelikepe mpu 65 °C u
1300 006./MUH B TeueHHe 2 MHH. 3aTeM OOpPa3Ilbl
LHeHTpU@YrupoBaau Npu 13 000—15 000 g B Tede-
HUe 4 MuH. HajocaouHyto KUAKOCTh VAN, HE
paspymias ocanok. K ocamky mobasisim 1 M1 96%
STAHOJIA, 3aT€M BCTPSIXUBAJIN B TEUEHUE 10 C U IeH-
TpUYTUpoBaIX MPU 13 000—15 000 g B TeUeHUe
4 MuH. ITOBEpXHOCTHYIO KUIKOCTh HaJ OCAJIKOM
VAN, He paspyllas OCa/IoK, 3aTeM J100aBJIsIn
1 Ma 70% B3TaHONA U TEeHTPUQYTUPOBAIN IIPU
13 000—15 000 g B TeueHUe 2 MuH. [loyyueHHBIN
0CaJIOK Zlajiee FCII0Ib30BAJIH /IJIsI BbI/IeJIEHIS HyKJIe-
MHOBBIX KHCJIOT.

K xaxxmomy o6pasiry 106aBsisiu 600 MKJI JTH3UPY-
foero Oydepa. O6pasibl ObUTH WHKYOHPOBAHBI B
TepMOIIlelKepe B TeueHre 15 MUH 1pu 65 °C. 3aTem
ObLT 700aBJeH pPaBHBIA OOBEM HM30IPOIAHONA U
10 MKJI MarHUTHOTO copbeHrta. PactBop ObuLT TINa-
TeJBPHO IepeMellaH U BBbIIep:KaH I[IPU KOMHATHOH
TeMIlepaType B TeueHue 5 MuH. [Tocse nieHTpudyru-
pOBaHUsA B Te€UEHNE 10 MUHYT IPH 14 000 g CyIlepHa-
TaHT OBUT yZlaJIeH, & 0Ca/IOK OB IMMPOMBIT 500 MKJI
70% 3TaHOsa ¥ 300 MKJI anietoHa. [Tomyuennyro PHK
PacTBOPSIN B 290 MKJI IEMOHU3UPOBAHHOH BO/IBI.

Bosioop MuPHK. Ha ocHoBe JuTepaTypHBIX
JTAHHBIX OB OIpPEJIEJIEH CIIEKTP JAMATHOCTHYECKUX
MuPHK, yyacTByromux B peryasanuyd HOPMaJIbHOTO
smMdoroasa [6, 7]. Takum o6pazom, Ob1a chopmu-
poBana mnanenp u3 8 MuPHK: muPHK-126, -145,
-125b, -203a, -99, -23a, -146a u let-7g. /Iy HOpMa-
auzanuu  ucnonbzoBain MuPHK-103a, koropasa
6bL71a TOAOOpaHa Ha OCHOBE JIMTEPATYPHBIX UCTOU-
HUKOB [2]. Bce 0JTUTOHYKIJIEOTU/ IbI OBLITA CHHTE3UPO-
BaHbl KomImaHueil «Bekrop-Becr» (HoBocubupck,
Poccust). OJIUTOHYKJIEOTHUIbI OBLIM BBHIOpAHBI C

eral oil. The tube was then shaken for 10 s and incu-
bated in a shaker at 65°C and 1300 rpm for 2 min.
The samples were then centrifuged at 13 0oo-
15 000 g for 4 min. A supernatant was removed
without disrupting a pellet. 1 ml of 96% ethanol was
added to the pellet, shaken for 10 s, and centrifuged
at 13 000-15 000 g for 4 min. The supernatant
above the pellet was removed without destroying
the pellet, then 1 ml of 70% ethanol was added and
the mixture was centrifuged at 13 000—15 000 g for
2 min. The cell pellet obtained was then used to iso-
late nucleic acids.

Each sample was supplemented with 600 pl of
lysis buffer. The samples were incubated in a
shaker for 15 min at 65°C. An equal volume of iso-
propanol and 10 pl of magnetic sorbent were then
added. The solution was mixed thoroughly and
kept at room temperature for 5 min. After cen-
trifugation for 10 min at 14 000 g, the superna-
tant was removed and the pellet was washed with
500 ul of 70% ethanol and 300 pl of acetone. The
RNA obtained was dissolved in 290 ul of deion-
ized water.

Selection of miRNAs. Based on the litera-
ture data, the spectrum of diagnostic miRNAs
involved in the regulation of normal lymphopoie-
sis was determined [6, 7]. Thus, a panel of 8 miR-
NAs was created: miRNA-126, -145, -125b, -203a,
-99, -23a, -146a and let-7g. For normalization,
miRNA-103a was used, which was selected based
on data of the literature [2]. All oligonucleotides
were synthesized by Vector-Best (Novosibirsk,
Russia). Oligonucleotides were selected using the
PrimerQuest tool (https://eu.idtdna.com/). The E
value varied in the range of 92,6—99,7% depending
on the system used.

Reverse transcription (RT). For complemen-
tary DNA (cDNA) synthesis, reverse transcription
was performed in a volume of 30 pl. A reaction mix-
ture contained 3 pl of RNA sample and RT buffer
solution with a RT primer (Vector-Best, Russia). The
concentration of the total RNA was in the range of
143-196 ng/ul; the optical density 260/280 and
260/230 were >1,9 and >1,5, respectively. The reac-
tion mixture was incubated at 16°C for 15 min, then
at 42°C for 15 min, after which heat inactivation was
performed at 95°C for 2 min.

Real-time polymerase chain reaction
(PCR). miRNA expression was measured 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 mix-
ture contained 3 pl of ¢cDNA, 1 buffer for PCR (Vec-
tor-Best, Russia), 0,5 ul of each primer, and 0,25 pl
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momoInpio uHerpymenta PrimerQuest (https://eu.
idtdna.com/). 3nauenue E BapbupoBajIoch B Auamna-
30HE 92,6—99,7 % B 3aBUCUMOCTH OT UCITOJIb3YEMOU
CHCTEMBI.

Oo6patHas tpaunckpuniua (OT). /Iis cunresa
kommiementapuoii JIHK (x/JHK) ob6paTHyto TpaHc-
KPUIIIHIO ITPOBOJIWIIN B 00beMe 30 MKJI. PeakuoH-
Hast cMech cozieprkasia 3 Mk obpasa PHK u 6ydep-
ubii pactBop OT ¢ mpatimepom OT («Bekrop-bect»,
Poccust). Konnenrpanus obmein PHK Haxogunacs B
Jranas3oHe 143—196 HI/MKJI; ONITHYECKas TUIOTHOCTD
260/280 1 260/230 cocrasisiia >1,9 U =1,5 COOTBET-
CTBEHHO. PeakIMOHHYI0 cMech MHKYyOWpOBAJIU IPH
16 °C B TeueHUe 15 MUH, 3aTeM IIpu 42 °C B TeueHUe
15 MUH, TIOCJIE YeTO ITPOBOVJIN TEIVIOBYIO MHAKTUBA-
nuio npu 95 °C B TeueHUe 2 MUH.

IMoaumepasuaa nennasa peakuuna (ITIP) B
peanbHOM BpeMeHU. Jkcnpeccruio MUPHK ore-
"HuBaiu MertonoMm IIIIP B peanbHOM BpeMeHH C
Hcrnob3oBanreM cucreMmbl gerexiuu CFX96 (Bio-
Rad Laboratories, Hercules, CA, CIIIA). O6uuit
00beEM KaKJOH PEaKIMOHHOH CMeCH COCTaBJISI
30 MKJI; peaKIMOHHAas CMeCh cojeprkana 3 MKJI
k/IHK, 1 III[P-6ydep («Bexrop-Becr», Poccus),
0,5 MKJ KaXJ0oro mpauMepa U 0,25 MKJI 30HAA C
JIBoHON MeTKoi. IIportoxosn ITIIP 6bLT ciaemyio-
IUM: HHKyOa1us npu 50 °C B TeUeHHe 2 MUH, 3aTeEM
TpeABapuTebHAsA JleHaTypanusa npu 94 °C B Teue-
HUE 2 MUH, 3aTeM 50 IIUKJIOB AeHaTyparuu (94 °C B
TeueHue 10 ¢), oTkura u yauHeHus (60 °C B Teue-
HHUeE 20 C).

CratucTUyecKuil aHaaus. AHamu3 ObLT
BBITIOJIHEH C ucnoab3oBanueM U kpurepusa ManHa —
YutHu Ha nporpamMmHON 1iatdgopme Statistica
v13.1. 3HaUYeHUs p MeHee 0,05 CUUTAIHCh CTATUCTHU-
YeCKH 3HAYMMbIMH.

PE3YJ/IBTATDI

CpaBHHUTEJBbHBbINI aHAJIU3 YPOBHEH BJKC-
npeccuu MuPHK o6GpazmoB TKJIK u /0.
CpaBHUTENBHBIA AaHAJNN3 YPOBHEH SKCIPECCUU
MuPHK o6pasiioB TKJIK u /IO nokasaj cTaTUCTH-
YeCcKU 3HAUMMOE CHIDKEHUE YPOBHS JKCIPECCHU
MuPHK-203a u yBesnnmueHrne ypOBHEN SKCIIPECCUH
MuPHK-146a u let-7g B omyxosieBbIXx obpasmax
(p < 0,05) (Tab. 1).

Hanee mis muPHK-203a, muPHK-146a u let-7g
npoBezieH ROC-aHasu3 B IByX BEIOpaHHBIX KOTOPTAaX.
B Tabs. 2 mpencrasienpl 3HaueHuss AUC, 4yBCTBU-
TEJILHOCTH U CIIENU(PIIHOCTH TECTUPYEMBIX OHOMap-
KepoB. Pe3ynpTaThl IOKa3bIBAIOT, UYTO BBICOKOUYB-
CTBUTEJIbHBIMU U CHEIUUUYHBIMU MapKepaMu JJIst
nuarHoctuky nepsuuHoil TKIIK spisitotes let-7g u
KOMILTEKCHBIN GHOMapKep, MPeICTaB/ILAIONTNN cO60

of a dual-labeled probe. The PCR protocol was as fol-
lows: incubation at 50°C for 2 min, then pre-dena-
turation at 94°C for 2 min, then 50 cycles of denatur-
ation (94°C for 10 s), annealing, and extension (60°C
for 20 s).

Statistical analysis. The analysis was per-
formed using the Mann-Whitney U test on the Statis-
tica v13.1 platform. P values less than 0,05 were con-
sidered statistically significant.

RESULTS

Comparative analysis of miRNA expres-
sion levels between CTCL and BCC samples
showed a statistically significant decrease in the
expression level of miRNA-203a and an increase in
the expression levels of miRNA-146a and let-7g in
tumor samples (p < 0,05) (Table 1).

Next, receiver operating characteristic (ROC)
analysis was performed for miRNA-203a, miRNA-
146a, and let-7g in two selected cohorts. Table 2
presents the area under the curve (AUC), sensitiv-
ity, and specificity values of the studied biomarkers.
The results show that the let-7g expression level
and the ratio of miRNA-203a/miRNA-146a are
highly sensitive and specific markers for the diag-
nosis of primary CTCL. Fig. 1 demonstrates the ROC
curves for let-7g and the ratio of miRNA-203a/
miRNA-146a.

Analysis of miRNA target genes. It is known
that the development of the tumor process is accom-
panied by continuous cell division. Cell division, in
turn, is tightly regulated by cell cycle control mecha-
nisms [8]. miRNAs play an important role in many
biological processes, including cell cycle control [9].
Next, we conducted a bioinformatic analysis for
identifying the role of the studied miRNAs in cell
cycle control using DIANA-miRPath v4.0 r which is a
platform for analyzing miRNA and RNA templates
interaction and determining the participation of
miRNAs in biological pathways (http://www.
microrna.gr/miRPathv4) [10]. The analysis showed
that miRNA-203a, miRNA-146a and let-7g together
regulate 44 target genes involved in cell cycle control
(Table 3).

DISCUSSION

Despite the significant progress in the develop-
ment of new methods in cancer diagnostics and
treatment, such as targeted therapy, oncosurgery
and radiation therapy, control of tumor progression
at the cellular level continues to be a serious problem
in global medicine.

The comparative analysis of miRNA expres-
sion levels in CTCL and benign skin condition
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Ta6auna 1. CpaBHUTEIBHBIN aHAIU3 YpoBHeH skcpeccun MUPHK 06pasiioB T-K/1eTOUHBIX TUMPOM KOXKU

1 ,06pOKauyeCcTBEHHbIX 06pa30BaHUMI

Table 1. Comparative analysis of miRNA expression levels in samples of cutaneous T-cell lymphomas and benign cutaneous
conditions

Passinyue ypoBHeil aKCIpeccun

LRI ALY Difference in expression levels p
MuPHK-203a / miRNA-203a -5,23 0,000273
MuPHK-146a / miRNA-146a 1,98 0,003544
let-7g 2,33 0,0000001
MuPHK-125b / miRNA-125b -1,09 0,939709
MuPHK-126 / miRNA-126 1,23 0,252532
MuPHK-145 / miRNA-145 -1,08 0,742944
MuPHK-23a / miRNA-23a 1 1,000000
MuPHK-99a / miRNA-99a 1,66 0,297895

Ta6smuna 2. 3Hayenust AUC, 4yBCTBUTENBHOCTHU U crienubudHocTH st MUPHK npu nuddepenunanbHoit JuarHocTuke
T-KJIETOYHBIX TUMPOM KOXKH U J0OPOKAaYeCTBEHHbIX 06pa3IloB

Table 2. AUC, sensitivity and specificity values for miRNA in the differential diagnosis of cutaneous T-cell lymphomas
and benign cutaneous conditions

. YyBCTBUTEABHOCTD, % CnepuduaHocTs, %
SRS AE Sensitivity, % Specificity, %
MuPHK-146a / miRNA -146a 0,84 77 88
MuPHK-203a / miRNA -203a 0,9 88 88
MuPHK-203a/MuPHK-146a 0,98 94 88
miRNA-203a/ miRNA-146a
let-7g 1 100 88
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Puc. 1. ROC-kpussble miss MuPHK-203a/MuPHK-146a (A) u let-7g (B) npu nuddepeHnanbHON JUATHOCTHKE
T-KJ1eTOYHBIX TUMGOM KOKHU U JOOPOKAUECTBEHHBIX 00pa30BaHUN
Fig. 1. ROC curves for miRNA-203a/miRNA-146a ratio (A) and let-7g (B) in the differential diagnosis of cutaneous T-cell
lymphomas and benign cutaneous conditions
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Ta6smmna 3. Ciucok reHoB-MunieHeit MUPHK, y4acTBy0OIHX B PeTry/IsILIUN KJIETOYHOTO LIUKJIa
Table 3. List of miRNA target genes involved in cell cycle regulation

MuPHK / miRNA

lenbl-MuieHu / Target genes

MuPHK-203a / miRNA-203a
MuPHK-146a / miRNA-146a
let-7g

CDC14A, CUL1, GSK3B, MDM2, MYC, PRKDC, RB1, RBL2, SMAD4, YWHAB, YWHAQ
ABL1, CCNB1, CDC23, CDC254, CDC25B, GSK3B, MDMZ2, PRKDC, RBL1, SMAD4
ANAPC13, CCNA2, CCND1, CCNDZ2, CCNEZ, CDC27, CDK2, CDK4, CDK6, CDKN1A, CDKN1B,

CUL1, E2F3, E2F4, E2F5, ESPL1, HDAC2, MAD2L1, MCM3, MCM6, MDM2, ORC2, PCNA, PRKDC,
RB1, RBL2, SKP2, SMC1A, TP53, WEE1, YWHAE, YWHAG, YWHAZ

COOTHOIIIeHNEe ypoBHel skcupeccun MuPHK-203a/
muPHK-146a. Ha puc. 1 nokazansl ROC-kpuBble 1151
let-7g u MuPHK-203a/MuPHK-146a.

Anaaus 2eHoe-MuueHell MuPHK.
W3BecTHO, YTO pa3BUTHE OIIyXOJIEBOTO IIpoIiecca
COIIPOBOK/IA€TCH HEIPEPBIBHBIM JIeJIEHUEM KJIETOK.
JleseHue KJIETOK, B CBOIO OUepe/ib, CTPOTO PEryJIupy-
eTcsAd MeXaHM3MaMHU KOHTpOJIA KJIETOYHOrOo LHKJIA
[8]. MuPHK wurpaioT Ba?kHyI0 pOJIb BO MHOTUX GHO-
JIOTUYeCKUX IIpolieccax, BKII0Yas KOHTPOJIb KJIeTo4-
HoTO 1uKJIa [9]. /lanee MbI ipoBenu GuonHpopMa-
TUYECKUM aHaIu3, HAIpaBJIEHHBIM HA BbIABJIEHUE
posu uccnenyemsix MUPHK B KOHTpOJIE KJ1€TOYHOTO
IUKJIA, C UCTIoTb30BaHueM pecypca DIANA-miRPath
V4.0, KOTOPBIH TpeZCTaBsieT CcoO0H mIaTdopmy
aHAJTUTHKY B3aumojierctBus MUPHK — MmaTpuaHbIX
PHK u onpegnenenus yuactust MuPHK B 6uosoruue-
ckux mytsax (http://www.microrna.gr/miRPathv4)
[10]. Ananu3 mokasas, uro muPHK-203a, MuPHK-
146a u let-7g cymMMapHO peryJIupyoOT 44 TeHa-
MUIIIEHY, YYacTBYIOIIUX B KOHTPOJIE KJIETOYHOTO
mukiIa (tab. 3).

OBCY:KAEHUNE

HecmoTpst Ha 3BHAUNTETHLHBIN ITPOTPECC B HATIPAB-
JIEeHUHU pa3pabOTKU HOBBIX METO/IOB JUATHOCTUKU U
JIedeHUs paKa, TAKUX KaK TapreTHas Tepamus, OHKO-
XUPYPTUsl U JIydeBas Tepamwus, IUTOPENYKTHBHBIN
KOHTDOJIb OITyXOJIEBOM IIPOTPECCUU IIPOOJIKAET
ocTaBaThCs  Cepbe3HONM  TpobJIeMOM  MHPOBOU
MEeTUIIIHBL.

CpaBHUTEJIPHBIA aHAJN3 YPOBHEU 3KCIPECCUU
MuPHK B o6pasiax TKJIK u /IO nokasaj cTaTUCTH-
YeCcKH 3HAYMMOe CHIDKEHUE YPOBHS 3SKCIIPECCHHU
MuPHK-203a u yBenmueHre ypOBHEH SKCIIPECCHH
muPHK-146a u let-7g B omyxosieBbIX 0Opasmax
(p < 0,05) B cpaBHeHUH C GUONTATAMU KOXKHOTO
JIOCKYyTa IIPU HEOITYXOJIEBBIX OOJIE3HAX KOXKH.

Let-7 6puta ogHoM 13 niepBbix MUPHK, o6Hapy-
JKeHHBIX y HemaTtozbl Caenorhabditis (C.) elegans.
B otsinuue ot C. elegans, y BbICHIUX JKUBOTHBIX €CTh
HeckoJIbKO u3odopm let-7, a umenno let-7a, -7b,
-7¢, -7d, -7e, -7f, -7g, -7h, -7i [11]. Hanuuue BbICO-

showed a statistically significant decrease in the
expression level of miRNA-203a and an increase
in the expression levels of miRNA-146a and let-7g
in tumor samples (p < 0,05) compared to benign
skin samples.

Let-7 was one of the first miRNA discovered in
the nematode Caenorhabditis (C.) elegans. Unlike
C. elegans, higher animals have several let-7 iso-
forms, namely let-7a, -7b, -7¢c, -7d, -7e, -7f, -7g, -7h,
-7i [11]. The high level of evolutionary conservation
from nematode to humans suggests that they may
play important and potentially similar roles in bio-
logical processes in different organisms. Aberrant
expression of miRNAs is observed in various dis-
eases, including cancer. For example, members of
the let-7 family can operate as both oncogenes and
tumor suppressors, and they have proven them-
selves as potential diagnostic and prognostic mark-
ers, as well as therapeutic targets for cancer treat-
ment [12]. In particular, let-7g acts as a tumor
suppressor and a predictive biomarker of chemore-
sistance in epithelial ovarian cancer [13]. Another
study reported an important role of let-7g in the
pathogenesis of colorectal cancer and the possibil-
ity of its use as a potential therapeutic target [14].
The role of the let-7 family in normal development
and differentiation of lymphoid cells has been
repeatedly shown [15]. Wells et al. emphasize the
important role of the let-7 family in maintaining the
naive phenotype and differentiation of CD8+ T lym-
phocytes [16]. Obviously, changes in the levels of
let-7 expression can contribute to the disruption of
normal hematopoiesis and, as a consequence,
development of hematological tumors. Mazan-
Mamczarz et al. note let-7g among the biomarkers
that correlate with survival in diffuse large B-cell
lymphoma (DLBCL) [17]. Poliseno et al. published
data indicating the involvement of let-7g in the
pathogenesis of melanoma [18].

MiRNA-203a is associated with various types of
tumors, acting as both an oncogene and a tumor
suppressor [19—21]. With regard to hematologic
malignancies, it was been shown miRNA-203a is a
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KOTO YPOBHS 5BOJIIOIIMOHHON KOHCEPBATUBHOCTHU
OT HEMATO/JBI JI0 UeJIOBEKA YKa3bIBaeT Ha TO, UTO
OHM MOTYT UTPaTh Ba)KHYI0 U IOTEHIHAJIIBHO CXO-
JKYI0 pOJIb B OMOJIOTHYECKUX IIpoIleccax pPasHBIX
opranusMoB. AbGeppanTHast skcmpeccuss MuPHK
HabJII0/IaeTcss TPU  Pa3INYHBIX 3a00JI€BaHUSAX,
BKJIIOYas pak. Hampumep, WwieHbl ceMelicTBa let-7
MOTYT BBITIOJIHATH (PYHKIIUU KaK OHKOTE€HOB, TaK U
CYIIPECCOPOB OITyX0JIed, IPU 3TOM OHU 3apeKOMeH-
JloBaIH cebsI B KauecTBe NMOTEHINABHBIX JIUATHO-
CTUYECKHUX U TPOTHOCTUYECKUX MAaPKEPOB, & TAKIKE
B KauecTBe TepalneBTUYeCKUX MUIIeHeN 71 jiede-
HUs 3JI0KAaYeCTBEHHBIX HOBOOOpasoBaHWU [12].
B wactHoCTH, let-7g melicTByeT Kak Cympeccop OIry-
XOJIU W TPEJUKTUBHBIA OHOMAapKep XHUMUOpPEe3U-
CTEHTHOCTH IIPU 3IUTEJHATBHOM pake SIMYHUKOB
[13]. B apyrotii paboTe coobIaercs 0 BaKHOU POJin
let-7g B maToreHe3e KOJIOPEKTATILHOTO PAaKa U BO3-
MO>KHOCTH €€ UCII0JIb30BAHUSA B KAUeCTBe IIOTEeHITN-
aJIbHOM TepamneBTHYecKON muienu [14]. HeomHo-
KpaTHO ITOKa3aHa PoJIb ceMeiicTBa let-7 B HOpMasb-
HOM pa3BUTUM U AuddepeHIPOBKe TUMPOUTHBIX
kietok [15]. A.C. Wells et al. moguepkuBaioT Bax-
HYIO POJIb ceMelicTBa let-7 B mopzep:kaHuu HauW-
BHOro deHotuna u guddepennuposke CD8+
T-nmumdoruTo [16]. OueBUAHO, UTO HU3MEHEHUS
YPOBHEH BKcIpeccuu let-7 MokeT crocobCTBOBATD
HapYIIEHUI0 HOPMaJIBHOTO TeMOII093a U, KaK CJIef-
CTBHE, Pa3BUTHUIO TE€MAaTOJIOTHUECKUX OILyXOJIeH.
K. Mazan-Mamczarz et al. otmeuator let-7g B uncie
O61OMapKepoB, KOPPEIUPYIOIINX € BbIKUBAEMO-
cThi0 TIpU UM DYy3HOU B-KpPyMHOKIETOUHON JTUM-
dome (IBKKJI) [17]. L. Poliseno et al. ony6suko-
BaJIN JIaHHbIE, YKa3bIBaKIUe HA ydactue let-7g B
naroreHese MejaaHoMsl [18].

MuPHK-203a acconuupyercsa ¢ pasjndHbBIMUA
THIIAMU OILyXOJIeH, BBIIOIHAS POJIb KaK OHKOT€EHa,
TaKk ¥ cympeccopa omyxoseil [19—21]. B oTHomie-
HUU TeMaTOJOTHYECKUX OIyXojeHd ObLIO IOoKa-
3aH0, uto MUPHK-203a ABideTca 4acTbio perys-
TOPHBIX CETed T'€HOB, YYACTBYIOIIUX B Pa3BUTHUU
JBKKJI u XpOHHYeCKOro MHEeJIOUJHOTO JielKo3a
[22, 23]. O.1. Petriv et al. ormeuatoT posib MuPHK-
203 B HepapXuu HOPMaJIbHOI'O reMOII033a, B YacT-
HOCTH, B peryjanuu pa"nHel craguu auddepen-
IIUPOBKHU I'€MOIIOATHIECKUX KJIETOK [24]. I3MeHe-
HUs ypoBHeH skcnpeccun MUPHK Ha pazindyHbIx
aranax auddepeHIHPOBKU JUMOOIUTOB CIIOCO6-
CTBYET Pa3BUTHUIO NMATOJIOTUI KPOBETBOPEHUs. MBI
HaOJTI0ZjaIN CTATUCTUYECKU 3HAUNMOE CHUXKEHUE
ypoBHs skcrpeccun MuPHK-203a 6Gonee uem B
5 pa3 (p < 0,05). U. Ralfkiaer et al. panee Taxxe
nokasanu cHukeHue ypoBHA MuPHK-203a npu
TKJIK u Bxawuwnnu aasHyio MUPHK B cocras

part of the regulatory gene networks involved in the
development of DLBCL and chronic myeloid leuke-
mia [22, 23]. Petriv et al. report the role of miRNA-
203 in the hematopoietic hierarchy, in particular, in
the regulation of early differentiation of hematopoi-
etic cells [24]. Changes in miRNA expression levels
at various stages of lymphocyte differentiation con-
tribute to the development of hematopoietic disor-
ders. We revealed a statistically significant decrease
in the expression level of miRNA-203a by more
than 5 times (p < 0,05). Ralfkiaer et al. previously
also showed a decrease in the level of miRNA-203a
in CTCL and included this miRNA in a classifier,
which allows differentiating CTCL from benign skin
diseases with an accuracy of more than 90% [2]. It
is worth noting that in our study we showed for the
first time that the use of a combined biomarker, the
ratio of miRNA-203a/miRNA-146a expression lev-
els, allows increasing the sensitivity of CTCL diag-
nostics.

MiRNA-146a is often overexpressed in malig-
nant tumors and correlates with many pathological
and physiological changes in cancer cells [25]. The
role of miRNA-146a has been studied in detail in
the context of regulation of normal and malignant
hematopoiesis [26]. In particular, miRNA-146a is
involved in the pathogenesis of myelodysplastic
syndrome and DLBCL [26, 27]. The role of miRNA-
146a in the pathogenesis of atopic dermatitis and
skin melanoma is reported [28, 29]. Di Raimondo
et al. showed an upregulated expression of miRNA-
146a and miRNA-21 in large cell transformation of
MF [30]. Papadaki et al. identified miRNA-142,
miRNA-146a and miRNA-155 as diagnostic mark-
ers of CTCL [31]. We also showed an increase in the
miRNA-146a expression in CTCL (p < 0,05), but
concluded that the combined biomarker, rather
than individual miRNAs, has the highest sensitivity
in diagnosing CTCL.

MF is the most common type of CTCL, accounting
for about 50% of all CTCL. Differential diagnosis of
early MF and inflammatory dermatitis is a challeng-
ing task even for an experienced dermatologist. In a
review by Wen et al., the possibility of using miR-93,
-146a, -146b, -342, -16, -181, -205, and miR-203 as
highly specific molecular markers of MF is empha-
sized [32]. Manso et al. showed the expression levels
of miR-26a, -222, -181a, and miR-146a significantly
different in groups of patients with tumor and inflam-
matory skin conditions of infectious or autoimmune
genesis [33]. Our findings also highlight the signifi-
cance of miRNA-146a and miRNA-203a as biomark-
ers for CTCL, and furthermore, for the first time
show the potential of using let-7g and the combined
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kJjaccuduKaTopa, IMO3BOJIAIOIIETO C TOUHOCTHIO
b6osee yem 90 % muddepennupoBath TKIIK ot
0OpOKauecTBEHHBIX 3abosieBaHUM KOXKHU [2].
CTOuT OTMETHUTH, UTO B JAHHOU paboTe MBI BIEP-
BBle IIOKA3aJIM, YTO HCIIOJIb30BAaHHE KOMILJIEKC-
HOro OumoMapkepa, SBJIAIONIETOCS OTHOIIEHUEM
ypoBHei skcupeccun MmuPHK-203a/MuPHK-146a,
[I03BOJISIET YBEJIUYUTH UyBCTBUTEIBHOCTD IUATHO-
ctuku TKJIK.

MuPHK-146a yacto xapakTepusyeTcs MOBbIIIEeH-
HOU DKCIIPECCHEN B 3JIOKAUECTBEHHBIX OITyXOJISAX H
KOppEeJIMpYyeT CO MHOTHMH IATOJIOTHYECKUMU U
(pu3UOJIOrHUeCKUMU HU3MEHEHUAMU B PAKOBBIX
kierkax [25]. Poap MmuPHK-146a mocTaToyHO II0/I-
pOOHO M3yuyeHa B KOHTEKCTE PETryJIAIUU HOPMAaJIb-
HOTO M B3JIOKQUECTBEHHOTO KpPOBETBOpeHUs [26].
B vacranoctu, MuPHK-146a yuacTtByer B maroreHese
MHUeJIoAUCIIacTuUeckKoro cuuapoma u JJBKKII [26,
27]. Otmeuaercs posib MuUPHK-146a B maToreHese
aTOMMYECKOTO JIEpMAaTUTA U MEJIAaHOMBI KOXKHU [28,
29]. C. Di Raimondo et al. mokazanau yBennueHue
ypoBHelr skcupeccun MuUPHK-146a m muPHK-21
IIpU KPYIMHOKJIETOUHOH TpaHcopmanus I'M [30].
M. Papadaki et al. ompemesmnu muPHK-142,
MmuPHK-146a u MuPHK-155 B kauecTBe JUarHoCTuU-
yeckux MapkepoB TKJIK [31]. MbI Takke OKa3aau
yBesndenue skcnpeccun MuPHK-146a npu TKIIK
(p < 0,05), OZTHAKO c/eaIu BBIBOJ, YTO HAUOOJIb-
el YyBCTBUTEIBHOCTHIO TIpU auarHoctuke TKIIK
obJ1ajjaeT KOMILIEKCHBIH OMOMapKep, a He OT/esb-
"ele MuPHK.

I'M sBnsercs Haubosiee pacIpoOCTpAHEHHBIM
tunom TKJIK, Ha 70110 KOTOPOTO TPUXOAUTCS OKOJIO
50 % Bcex TKJIIK. luddepeHnmanbHas auarHo-
crtuka paHHero I'M u BOCHaJIUTEIBHOTO JiepMaTUTa
SABJIAETCA CJIOKHOU 3a/jauedl Jake Il OMBITHOTO
Bpaua-zepmaTosiora. B 063ope P. Wen et al. moguep-
KHBaeTcs BO3MOXKHOCTb HCIIOJIb30BaHUA mMiR-93,
-146a, -146b, -342, -16, -181, -205 1 miR-203 B kaue-
CTBe BBICOKOCHEIM(MUYHBIX MOJIEKYJIIPHBIX MapKe-
poB I'M [32]. B paGote R. Manso et al. mokazaHo, 4To
VPOBHHU 3KcIpeccud miR-26a, -222, -181a 1 miR-
146a 0CTOBEPHO OTJINYajIach B TPYyINIIax MaieHTOB
C OITYXOJIEBBIMU U BOCIIJINTEIBHBIMHI COCTOSTHUSAMU
KOKU MH(MEKIMOHHOTO WU ayTOUMMYHHOTO TeHe3a
[33]. B Hamre#i paboTe Tak:ke OTMeYaeTcs 3HAYU-
mocth MUPHK-146a nu MuPHK-203a B kauecTBe 6110-
mapkepos TKJIK, u, kpome TOro, BliepBbIe IIOKa3aHa
[IePCIEKTUBA WCIIOJIb30BaHUsA let-7g u KOMILIEKC-
Horo 6momapkepa MuUPHK-203a/MuPHK-146a s
auarsoctuku TKITK.

[TpexmnosaraeTcs, 9YTO paKOBbIE KJIETKU PUOOpe-
TAIOT CBOMCTBO HEKOHTPOJIUPYEMOH PO epaTHB-
HOU aKTUBHOCTU U UTO JUJIs TpaHchOpMaIiu HOP-

biomarker, the miRNA-203a/miRNA-146a ratio, for
the diagnosis of CTCL.

It is assumed that cancer cells acquire the prop-
erty of uncontrolled proliferation, and that the trans-
formation of health cell into cancer cell most, if not
all, cell cycle checkpoints need to be defective [8].
Oncogenic miRNAs can promote cell cycle entry,
while suppressor miRNAs can also cause its arrest by
downregulating many positive regulators of the cell
cycle [34]. Bioinformatic analysis revealed that
miRNA-203a, miRNA-146a, and let-7g unitedly reg-
ulate the expression of 44 genes involved in cell cycle
control, confirming the possible role of a trigger in
the development of different tumors and CTCL in
particular.

CONCLUSION

Analysis of miRNA expression levels may be a
promising tool for the differential diagnosis between
dermatotropic T-cell lymphoid hematological malig-
nancies and non-hematologic skin diseases. Further
studies and validation of the identified CTCL bio-
markers in larger cohorts are needed.
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MaJIPHOU KJIETKU B PAKOBYIO HEOOXOIMMO Hapyle-
HHUe OOJIBIIMHCTBA, €CJIM HE BCEX, KOHTPOJIBHBIX
TOYEK KJIeTouHoro Iukia [8]. Oukorenusie MuPHK
MOTYT CIIOCOOCTBOBATH HAYAIY KJIETOYHOTO ITUKJIA, C
npyro# croponsl, MUPHK-cympeccopsl MOTYT BBI3bI-
BaTh U €ro OCTAaHOBKY, MOJABJIASA HKCIPECCUI0O MHO-
J)KeCTBAa KOMIIOHEHTOB, PETYJIHPYIOIINX KJIETOYHBIN
ok [34]. BuonHbopMaTHyeckuil aHAINU3 MO3BO-
a1 onpenenutsb, utro MuPHK-203a, MmuPHK-146a u
let-7g cymmMapHO peryipyoT SKCIIPECCHIO 44 T€HOB,
VYaCTBYIOIIMX B KOHTPOJIE KJIETOYHOTO IHKJIA, TIO/I-
TBep2KJasi BO3MOXKHYIO POJIb TPUTTEPHOTO (haKTopa
IUIS Pa3BUTHSA OIYXOJIEH PA3JIMYHON JIOKAJTIU3AIIU
u TKJIK, B yacTHOCTH.

3AK/IOYEHUE

Anasu3 ypoBHe# skcripeccrnt MUPHK mMozkeT GBITh
MepPCIeKTUBHBIM WHCTPYMEHTOM J1s1 AuddepeHIu-
JIbHOU JIMAaTHOCTUKH JIEPMATOTPOIHBIX T-KJIETOUHBIX
JuMGOUTHBIX TeMOOJIACTO30B U HETEMOITOITHIECKUX
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6ostesHeln koxku. HeobXxoauMbl JasIbHEHIIIIE UCCIEN0-
BaHWSI W BAJIWAAIUA BBIABJIEHHBIX OMOMAapKepOB
TKJIK Ha 60J1€e KPYITHBIX KOTOPTaX.

dunaHcupoBaHue. Pabora BHIIOJIHEHA IIpU
nojiep:kKe rpaHta Poccuiickoro HaydyHoro gospga
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OpraHusanOHHbIE ACMEKTHI aMOy/JIaTOPHON MEeTUIIUHCKOM
IIOMOIIH KeHIMHAM C JIEHOMHUOMOMN MAaTKHU

0O.10. CeBoctpsiHOBa, M.B. KoBasnb, A.T. Omap6ekoBa

@I'BOY BO «Ypanvckuil 2cocydapcmeeHHblil MeduyuHekull yHusepcumem» Munadpaga Poccuu, ExamepuHbype,
Poccus

AHHOTAIIUA

BBeeHue. Bbicokas pacmpoCTpaHEHHOCTh U MeTUKO-COITHAIbHASA 3HAUMMOCTb T06pOKaueCTBEHHBIX HOBOOOPa3o0-
BaHUU KEHCKOH MMOJI0BOM cephI U, B YaCTHOCTH, JJeomMuoma MaTku (JIM), yacToTa KOTOPOI IOCTUTAET 70 % B CTPYKTYpe
THHEKOJIOTUUECKHUX 3a00IeBaHu, TpeOyeT TPUCTAIbHOTO BHUMAHHUS B aCIIEKTe OPTaHU3AIUN U OKa3aHUS METUIIMHCKON
IIOMOIIIY TIPEK/IE BCEro Ha aMOyIaTOPHOM 3Tarle.

1T e 1 b . Ha ocHOBe pe3y/IbTaTOB aHKETUPOBAHMUA MAanHeHTOK ¢ JIM 1 Bpauell — aKyIepoB-THHEKOJIOTOB JKEHCKHUX KOH-
CyapTaI[ii OleHUTh 3P (HEKTUBHOCTH OKa3aHUsI MEIUIIMHCKOHN TOMOIIK Ha aMOyIaTOPHOM 3Tarle STOH IpyIire O0JbHBIX U
OTIPEJIEJIUTh IIYyTH ONTUMHUBAIUY JaIbHeN el paboTsl.

MaTtepuanas W MeTO/Jbl. I[poBeIeHO aHKeTUPOBaHUE 100 KeHIIHUH ¢ JIM, o6paTUBIINXCS 32 TIOMOIIBIO B
JKeHCKHe KOHCysIbTaruu r. EkarepuHOypra B mepro; 2023—2024 IT. (MCI0JIb30BANIA « AHKETY 110 aHATU3Y YZIOBJIETBOPEH-
HOCTH KAQ4eCTBOM IIPEJOCTABJIEHUA MEIUIMHCKUX YCIYT B aMOYyJIATOPHBIX YCIOBHUAX», Pa3MeIleHHY0 Ha caiite MuH-
37paBa Poccun), a TakKe 100 aKyIIepOB-THHEKOJIOTOB (MCIIOI30BaIH COOCTBEHHYIO aHKETY) 110 BOIIPOCAM OpraHU3aIH
¥ OKa3aHUS MEIUIMHCKOH ITOMOIIY B aMOyJIaATOPHBIX YCJIOBUSX KeHITuHaM ¢ JIM.

PesdynbTatThnl . Buerom 92 % (n=92)nanuentok ¢ JIM GbUIH yOBJIETBOPEHBI KAUECTBOM OKa3aHHUsI MeTUI[MH-
cko momoIinu. KoOHCy/IbTaTUBHBIN IIPUEM Bpaua IOJIOKUTEIHHO OLleHWIH 72 % (n = 72) nanueHToK. [TooBUHA namu-
€HTOK OTMETHUJIA TOOPOKeTATEIbHOCTD, BEKJIUBOCTh 1 BHUMATEIbHOE OTHOIIIEHNE MEIUITMHCKOTO ITepCOHaa B JKeH-
CKOY KOHCYJIbTAIIUM, TOT/Ia KaK JIpyras MOJIOBUHA MAIMEHTOK yKa3ayia Ha HeJJOCTATOYHYIO BEXKJIMBOCTh U BHUMATE T b-
HOCTB TlepcoHasa. J[pyruMu OCHOBHBIMU ITPOOJieMaMu, BBISIBJIEHHBIMU IIPU aHKETUPOBAHUH, OKA3aJINCh JIJIUTETHHOE
0’KU/IaHUE 3aMUCH K Bpady, 33/iep:KKa BpeMeH! Havajla IIpueMa, HEMOJIHBIM 00beM BBITIOJTHEHUS KIIMHUUECKUX PEKO-
MeHJAHH, HEZOCTATOYHO KOMMOPTHBIE YCIOBUA NPeObIBAaHUA B KEHCKOU KOHCYJbTaluu. OJHAKO OOJIBIIMHCTBO
PEeCIoH/IEHTOB — 62 % (n = 62) — OBUIN YIOBJIETBOPEHBI METO/IAMH 00CI€ZI0BAHUS, JIEUEHUsI U IUCTIAHCEPHOTO HAbJTI0-
JIeHUs.

Bce Bpauu — aKyIiepbl-TUHEKOJIOTH CYUTAIOT HEOOXOAUMbBIM IOBBIIIIEHUE IOCTYITHOCTH YJIBTPA3BYKOBOTO HCCIIE0OBAHUS
(¥Y3U) st rHHEKOJIOTUYECKHX OOJIBHBIX; 30 % (n = 30) yKa3aIiku Ha OTCYTCTBUE IPUBEPIKEHHOCTU AIIMEHTOK K Ha3HaYe-
HHAM Bpaya; 15 % (n = 15) Bpavyeil OTMETIJIN CJIOKHOCTH B MHTEPIIPETANNHU Pe3yabTaToB Y3U BesiescTBrE HEOTHOPO-
HOCTH JIaHHBIX B ITPOTOKOJIAX HCCJIEIOBAHUS.

3aKJ/JHUYeHUe. DBoigBIEeHHbIE B XOJle MPOBEIEHHOTO WCCIEAOBAHUS ACIEKThI, TPeOYIOIHe KOPPEKTUPOBKHU
(pe3yJsIbTaTUBHOCTD MPEIBAPUTEJIPHON 3aIIUCH HA IPHUEM K Bpady — aKyIllepy-THHEKOJIOTY; COOJII0/IeHre BpEMEHHU ITpreMa
Bpaua, YKa3aHHOTO B TaJIOHE; KOM(MOPTHOCTh YCJIOBUU OXKH/IAHUA IpUeMa Bpaya; 00pOKeIaTeIbHOCTh U BEKJIMBOCTH
MEUITUHCKUX PAOOTHUKOB IO OTHOIIEHHUIO K MAIEHTKaM) TOMOTYT ONMITUMU3UPOBATh OKa3aHUE MEIUIIMHCKON TTOMOIIIH
skeHIHaM ¢ JIM Ha aMOy/IaTOPHOM 3Talle, 4To Oy/eT Crioco6CTBOBATh BBICOKOMY YPOBHIO IIPHUBEPKEHHOCTH IMHAMUYE-
CKOMY HaOJIIOZIEHUIO U CBOEBPEMEHHOMY JIEUEHHIO, 4 CJIe/IOBATEIbHO, COXPAHEHHUIO JIETOPOIHON (DYHKIIMHU U YIIyUIIIeHHIO
KayecTBa KU3HH.

Kouessle croea: nelioMromMa MaTKi, aMOysiaTopHas TOMOIIb, OPTaHU3AIHUA METUITUHCKOU ITOMOIIH YKEHIIUHAM.

Oo6pazen nutupoBaHusa: Cepocrbsiaora O.10., KoBasib M.B., Omap6ekoBa A.T. Opranu3aiioOHHbIE aCTIEKThI
aMOyJ1aTOPHOIN MeUIIIHCKON TOMOIIH JKeHIIMHAM ¢ Jielomuomoi maTku // Journal of Siberian Medical Sciences.
2025;9(3):19-29. DOI: 10.31549/2542-1174-2025-9-3-19-29
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Organizational aspects of outpatient medical care
for women with uterine leiomyoma

O.Yu. Sevostyanova, M.V. Koval, A.T. Omarbekova

Ural State Medical University, Yekaterinburg, Russia

ABSTRACT

Introduction. Thehighprevalenceand medical social significance of benign uterine tumors, particularly uterine
leiomyoma (UL), with a frequency reaching 70% in the structure of gynecological diseases, requires close attention in terms
of the organization and provision of medical care, especially on an outpatient stage.

A im . Basedon theresults of a survey of patients with UL and obstetrician- gynecologists of antenatal clinics, to evaluate
the effectiveness of providing outpatient medical care for this group of patients and identify ways to optimize further work.
Materials and methods. Asurveyof patients with LM (n = 100) which sought medical care at antenatal
clinics in Yekaterinburg in the period 2023—2024 was conducted using the “Questionnaire on the analysis of satisfaction
with the quality of outpatient medical services”, posted on the website of the Ministry of Health of the Russian Federation,
as well as 100 obstetrician-gynecologists from antenatal clinics (we used own questionnaire) on the organization and provi-
sion of outpatient medical care to women with UL.

Results. Ingeneral,92% (n=92) of patients with UL were satisfied with the quality of medical care. 72% (n = 72) of
patients positively assessed the doctor’s consultation. Half of the patients noted the kindness, politeness and carefulness of
the medical staff at the antenatal clinic, while the other half of the patients pointed out the lack of courtesy and carefulness
of the staff. Other main problems identified during the survey were the long wait for a doctor’s appointment, delayed start
of an appointment, non-adherence to clinical recommendations, and insufficiently comfortable conditions at the antenatal
clinic. However, the majority of respondents (62% (n = 62)) were satisfied with the methods of examination, treatment,
and outpatient follow-up.

All the obstetrician-gynecologists consider it necessary to increase the availability of ultrasound (US) examinations for
gynecological patients; 30% (n = 30) indicated non-adherence to doctor’s prescriptions; 15% (n = 15) of doctors noted dif-
ficulties in interpreting US results due to the heterogeneity of data in examination records.

Conclusion. Aspectsidentified during the study that require improvement (convenience in arranging an obstetri-
cian and gynecologist’s appointment; the start of a doctor’s appointment in a timely manner; convenience of waiting condi-
tions for a doctor’s appointment; kindness and politeness of medical staff) will help to optimize the delivery of outpatient
care to women with UL, which will contribute to a high adherence to follow-up and timely treatment, and, thus, to the
maintenance of fertility and improvement of quality of life.

Keywords: uterine leiomyoma, outpatient care, organization of medical care for women.

Citation example: Sevostyanova O.Yu., Koval M.V., Omarbekova A.T. Organizational aspects of outpatient
medical care for women with uterine leiomyoma. Journal of Siberian Medical Sciences. 2025;9(3):19-29. DOI:
10.31549/2542-1174-2025-9-3-19-29

BBEJAEHUE

B cooTtBercTBUM ¢ ykazom Ilpesunmenta Poccuii-
ckoit ®enepanuu ot 02.07.2021 N2 400 «O crpate-
FdM HalMOHAJIBHONW Oe3zomacHocTH PoccuHCKOn
Denepanun» [1] 0JTHOU U3 BEYIIUX CTPATETMIECKHIX
3a71au JIOJITOCPOYHOM TOCYZAPCTBEHHOM ITOJTUTUKH
Pa3BUTHUSA 37IPaBOOXPAaHEHUs U YKPEIUIEHUS 3710pO-
Bbsl HACEJIEHHUS B HACTOSINEE BpeMs SBJISETCS
pa3BUTHE BCEX ATAIIOB OXPaHbl MATEPUHCTBA, YKpe-
IUIEHUE 3JI0POBbsI U YJIyUIlleHWe KauyecTBa JKU3HU
HACeJIEHUs IIyTEM COBEPIIEHCTBOBAHUS OpraHMU3a-
[IMOHHBIX OCHOB YINPAaBJIEHUs 3/IpABOOXPAHEHUEM.
B 5TOM CBSI3W MPUCTAJIBHOTO BHUMAHUS 3aCITYKH-
BaIOT ITPOOJIEMBI THHEKOJIOTHYECKOU 3a60J1eBaeMo-
CTH, U TIPEXK/IE BCETO 3TO KacaeTcst JoOpoKauecTBEeH-

INTRODUCTION

In accordance with the Decree of the President of
the Russian Federation dated 02.07.2021 No. 400
“On the National Security Strategy of the Russian
Federation” [1], one of the leading strategic objec-
tives of the long-term state policy for the develop-
ment of healthcare and public health promotion is
currently the development of all stages of maternity
protection, health promotion and improvement of
the quality of life of the population by enhancing the
organizational foundations of healthcare manage-
ment. In this regard, the issues of gynecological mor-
bidity deserve close attention, primarily concerning
benign uterine tumors, in particular uterine leiomy-
omas (UL), which account for up to 70% of the struc-
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HBIX HOBOOOPA30BAHUK OPTraHOB JKEHCKOU ITOJIOBOH
cdepsl, B 4aCTHOCTH JielioMuoMbI MaTKH (JIM), moist
KOTOPOU JIOCTUTAET 70 % B CTPYKTypE TMHEKOJIOTH-
yeckux 3abosieBaHuil. COIVIACHO KJIMHHUYECKUM
pexkomenpanusasm «Mwuoma matku» [2], cpemHuit
Bo3pact auarsoctuku JIM cocrasisger 32—34 rozga.
[Tuk 3a601€BaEMOCTH MMPUXOTUTCA HA HAYAJIO MEHO-
may3pl. B Hacrosiliee BpeMs OTMeYaercss pOCT
4acTOThI BcTpeuaemMocTu JIM y MOJIOABIX KEHIIUH B
BO3pacre JIo 30 JIET, ellle He PeaTn30BaBIINX PEIPO-
IyKTuBHYI0 (yHKiuo [3]. JIM mpojoskaer ocra-
BaThcs HanboJyiee YACTOH NMPUUMHOHM OIEPATUBHBIX
BMeEIIATeJIbCTB B TMHEKOJIOTUHU — no mnosoxay JIM
IIPOBOUTCSA JI0 70 % ILJIAHOBBIX orneparui. [laccuB-
Hasd TaKTUKA BeZleHuA nanueHTok ¢ JIM Mmoxer npu-
BOJIUTH K IPOTPECCUPOBAHUIO POCTA Y3JI0B, MOSIBJIE-
HUIO CHUMIITOMOB, CHIKAIOIIUX KAueCTBO >KU3HHU,
cyO(hEepTHILHOCTH, IIPU 3TOM B HEKOTOPBIX CIIyJasx
€TMHCTBEHHBIM BBIXOJIOM MOXKET OBITh THCTEPIKTO-
mus [4]. Hepeako mociie XUpyprudecKkoro JiedeHust
BO3HUKAIOT IATOJIOTUYECKHE COCTOSHUS, KOTOPBIE
TpeOYIOT BOCCTAHOBUTEIBHOIO JIEUEHHU [5—7].

CroJ1b IIMPOKast pacnpocTpaHeHHocTh JIM Tpebyer
CYIIIECTBEHHBIX YCHJIMH M 3aTPaT CHCTEMBI 3/IPABOOX-
PaHEeHWs, IOCKOJIbKY TAIMEHTHI HY»K/IAI0TCS B MeJTU-
IIMHCKON TOMOIIM Ha BCEX STamax: JUAarHOCTHUKA U
JIMCIIaHCEpHOE HAOJII0/IeHre Ha aMOy/IaTOPHOM BTarle,
CHeIUaIN3UPOBAHHAS MEIUITTHCKAS TTIOMOIIb, BKJTIO-
Yyas OIEpPATUBHOE JIeUeHUe, a TaKKe MEeIUIIMHCKAs
peabwiuTanysa, BOCCTAHOBUTEIBHOE U CAHATOPHO-
KypoptHOe jieueHue [8—10]. H.H. JIebe/ieBbIM 1 COABT.
OIIMCaH 25-JIETHUH OIIBIT MPOBEJEHNS TUCTEPOCKOITH-
YeCKHUX ONEPAIUH B YCJIOBUSX XUPYPTUUECKOTO JTHEB-
Horo crarroHapa. Okoso 86 % maiueHTOK, Hy»K/Aalo-
IIUXCA B TOCIIUTAIN3AIUHN B THHEKOJIOTHYECKOE OT/Ie-
JIeHVe, TIOYYWIA  BBICOKOCIEITUATIN3UPOBAHHYIO
JTOPOTOCTOSIIYI0 MEIUIIMHCKYIO IMOMOIb B paMKax
XUPYPTUUECKOrO JTHEBHOTO CTallIOHApPAa, YTO IT03BO-
JINJI0O COXPAHUTh BBICOKUN yPOBEHb OKa3aHUS MEJIH-
[IMHCKOU ITOMOIITH KeHIITHaM ¢ JIM npu cokparieHuu
SKOHOMHYECKUX 3aTpar [11].

ITEJIb UCCJIEJIOBAHUSA

Ha ocHoBe pesysibTaTOB aHKETUPOBAHUS TAIHU-
eHTOK ¢ JIM u Bpaueil — aKyIIepOB-THHEKOJIOTOB
JKEHCKMX KOHCYJIbTAIlUU OIIEHUTh YCJIOBUS OKasa-
HUSA MEJIUIIMHCKON IIOMOINM Ha aMOyJaTOPHOM
JTare 5TOH Tpymime GOJBHBIX U OIPENEUTh IIyTH
ONITUMUBAINY JaJIbHEH el paboTHhI.

MATEPHWAJIBI 1 METO/1bI

Coruosiornyeckuii MOHUTOPHUHT y/IOBJIETBOPEH-
HOCTU MAIlME€HTOB MEAUIIMHCKOU IIOMOINBIO Ha
CEeTrOHANIHNUN /IeHb ABJIAETCA OJJHUM H3 KIII0YEeBBIX

ture of gynecological diseases. According to the clini-
cal guidelines “Uterine Fibroids” [2], the average age
for UL diagnosis is between 32 and 34 years. The
peak incidence occurs at the onset of menopause.
Currently, there is an increase in the prevalence of
UL among young women under the age of 30 who
have no child (children) yet [3]. UL continues to be
the most common reason for surgical interventions
in gynecology — up to 70% of planned surgeries are
performed for UL. A passive management tactics in
patients with UL can lead to fibroid progression, the
appearance of symptoms that reduce the quality of
life, and subfertility, while in some cases hysterec-
tomy may be the only solution [4]. Often, after surgi-
cal treatment, pathological conditions occur that
require restorative treatment [5—7].

The high prevalence of UL demands substantial
efforts and financial resources from the healthcare
system, as patients need medical care at all stages:
diagnostics and outpatient follow-up, specialized
medical care (including surgical treatment), as well
as medical rehabilitation, restorative and health
resort treatment [8—10]. Lebedev et al. describe a
25 year experience of hysteroscopic surgery in a day
surgery hospital. Approximately 86% of female
patients requiring hospitalization in a gynecology
department received highly specialized and costly
medical care in the day surgery (hospital) settings.
This approach maintained a high standard of care for
women with UL while reducing the expenditures [11].

AIM OF THE RESEARCH

Based on the results of a survey of patients with
UL and obstetrician- gynecologists of antenatal clin-
ics, to evaluate the conditions of outpatient medical
care for this group of patients and to identify ways to
optimize further work.

MATERIALS AND METHODS

Currently, sociological monitoring of patient sat-
isfaction with medical care represents one of the key
mechanisms in the system of quality control of medi-
cal services. The ability to obtain patient feedback
through sociological surveys is highly relevant. In
this context, we conducted a survey of 100 women
with UL (mean age 38,6 + 3,0 years) who visited
antenatal clinics in Yekaterinburg during 2023-
2024. To obtain professional perspectives on the
effectiveness of interactions between patients in our
target group and outpatient healthcare facilities, as
well as to identify opportunities for improving medi-
cal care for this subpopulation, we conducted a sur-
vey of obstetricians and gynecologists (n = 100) from
antenatal clinics in Yekaterinburg during 2023—
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MEXaHHU3MOB CHCTEMBI YIPABJIEHUs KadeCcTBOM
MEIUITUHCKUX YCJIYT. BO3MOXXHOCTH IOJIydeHUs
00paTHOM CBSI3U C MAIEHTOM B XOJI€ COIMOJIOTHYE-
CKOT'0 OIlpoca IIpeJicTaBJIsAeTcs KpaiiHe aKTyaJlbHOMH,
B CBSI3H C YeM OBLT IIPOBEJIEH OIPOC 100 JKEHIIUH C
JIM (cpemuuii Bo3pacT 38,6 + 3,0 rojia), IpUIIe-
IIIUX Ha TIPUEM B JKEHCKHe KOHCyJsIbTalnu r. ExaTe-
puHOypra B mepuoj 2023—2024 IT. B 1eisax mosy-
yeHUs: NTPO(PeCcCHOHATbHONH TOYKH 3pEeHUs 10
3¢hGEKTUBHOCTH B3aUMOIEUCTBUS TAIIEHTOK UHTE-
pecymoled Hac TPyNIbl U MEIUITUHCKUX YUperK/e-
HUH aMOyJIaTOPHOTO 3BEHA, a TaK)Ke II0 BOIPOCAM
COBEPIIIEHCTBOBAHUS OKA3aHUS WM MEJUITUHCKOH
IIOMOIITY B 1[€JIOM OBLIO IPOBEJIEHO aHKETHPOBAHKE
Bpayell — aKyIIepoB-THHEKOJIOrOB (n = 100) JKeH-
CKUX KOHCyJbTanui r. EKaTepuHOypra B IEpHOJ,
2023—-2024 IT. AHKETBHI ObUIHM Tepe/JaHbl PECIIOH-
JIEHTaM JINYHO C BO3MOYKHOCTBIO YTOUHEHHUS BOIIPO-
COB y HCCJIeTOBAaTENsA. B Miccie[o0BaHNN UCIIOTb30Ba-
Jach «AHKeTa II0 aHAJMU3Y Y/OBJIETBOPEHHOCTU
Ka4yeCcTBOM IIPEIOCTABIEHUs MEIUITUHCKUX YCIIYT B
aMOyJIaTOPHBIX YCJIOBUSX», pa3MeIlleHHasA Ha caiTe
MuHucTepcTBa  3/paBOOXpaHeHusT  Poccuiickoi
®enepanuu. J[oMOJTHUTEIFHO HAMU ObLIa paspabo-
TaHA aHKeTa /IS Bpaueld — aKyIIepOB-THHEKOJIOTOB
[0 BOIIPOCAM OPTaHU3AIUU M OKA3aHUS MeIHUI[UH-
CKOI TIOMOIIY B aMOYJIaTOPHBIX YCJIOBUSAX JKEHIIIH-
HaMm ¢ JIM. J/lanHad aHKeTa BKJIIOYAsa 13 BOIPOCOB,
W3 HUX 12 B 3aKpHITOH dopme, KOTJa YIaCTHUKAM
Mpe/Iarayioch BIOpATh OJUH UJIK HECKOJIBKO BapH-
aHTOB OTBETOB U3 IIPEJJIOKEHHBIX, U OJUH BOIIPOC B
OTKPBITON (hOpMe — PECHOHIEHTY CJIEJIOBAJIO CAMO-
CTOATEJIbHO HATIMCATh B OTBET.

JIJIs CTAaTUCTUYECKOTO aHAIN3A JIAHHBIX HICIIOJIb30-
BaJIX METOJ[ OIMCATEIbHONW CTAaTHCTHKA W IaKeT
Microsoft Excel (CIIIA, 2016). KosimuecTBeHHbIE ITOKa-
3aTeyId TIPEACTABJIEHBl KaK a0COJIOTHBIE 3HAYEHUS
OTBETOB U JIOJTH JIJI KQK/IOH KATETOPHH PECTIOH/IEHTOB.

PE3YJ/IBTATBI 1 OBCYKIEHUE

OneHka MHeHHUA NainueHTok ¢ JIM o6 opra-
HHU3aIUU U KAaUYeCTBe MEIUINHCKON IMOMOIIH
Ha amOysatopHoM 3tame. CpenHUII BO3pacT
nanueHTok ¢ JIM, obpaTHBIINXCS B JKEHCKYIO KOH-
cyJpTanuio, cocraBua 38,6 + 3,0 roma. Perynspaoe
Ha00/leHre y Bpada akyllepa-TMHEKO0JIoTa BaXKHO
JUIA TAIUEeHTOK ¢ MUOMOM MAaTKH, ITOCKOJIbKY II03BO-
JIsieT JOKTOPY CBOEBPEMEHHO JIMarHOCTUPOBATh OILy-
XOJIb, CJIEIUTH 32 IMHAMUKOH 3abosieBaHusA, 3bdek-
TUBHOCTBIO JIEUEHUs, & TaK)Ke BBIABJIATH OCJIOXKHE-
HUA. B 5TOH CBA3HM Ba’kHOe 3HAUEHHE MpUOOpeTaeT
JIOCTYITHOCTb METUIIMHCKOM ITOMOIIYM Ha aMOyJ1aTop-
HOM J3Tarne. /[ucrancepHoe HAOJIIOZEHNE 10 TTOBOY
JIM HauboJiee 4acTo OCYIIECTBIISIETCS TI0 MPEBapHU-

2024. The questionnaires were given to the respon-
dents personally, with the possibility of clarifying the
questions with the researcher. The study employed
the “Questionnaire on the analysis of satisfaction
with quality of outpatient medical services” pub-
lished on the website of the Russian Ministry of
Health. Additionally, we developed a specific ques-
tionnaire for obstetrician-gynecologists concerning
the organization and provision of outpatient care for
women with UL. Our questionnaire contained
13 items, including 12 closed-ended questions (par-
ticipants could select one or more answers from pro-
vided options) and one open-ended question (requi-
ring respondents to write their own answer).

For statistical data analysis, we employed tools of
descriptive statistics using Microsoft Excel (USA,
2016). Quantitative indices are presented as absolute
values of responses and proportions for each cate-
gory of respondents.

RESULTS AND DISCUSSION

Assessment of the UL patients’ opinion
about the organization and quality of outpa-
tient medical care. The mean age of patients with
UL who seek medical care at the antenatal clinic
was 38,6 + 3,0 years. Regular follow-up by an
obstetrician-gynecologist is important for patients
with uterine fibroids, as it allows a doctor to diag-
nose the tumor in a timely manner, to monitor the
dynamics of the disease, the effectiveness of treat-
ment, and to identify complications. In this regard,
the availability of outpatient medical care is becom-
ing important. Outpatient follow-up for UL is most
often carried out by booking an obstetrician-gyne-
cologist’s appointment. In order to do that, a patient
can book an appointment by phone made a call in
the hospital’s call center, reception of an antenatal
clinic, and the Unified Reception of the Ministry of
Health of the Sverdlovsk region. In addition, online
appointment is available on the official web portal
of Yekaterinburg or the website of a medical facility.
According to the survey results, 30% (n = 30) of
patients get a gynecologist’s appointment using the
Internet; 39% (n = 39) — by phone; would like to use
for booking the Internet 35% (n = 35) of respon-
dents and 21% (n = 21) — phone, but have difficulty
with this. It should be noted that 35% (n = 35) of the
patients did not use the opportunity to make an
appointment via the Internet and 40% (n = 40) — by
phone. Almost every second patient with UL (54%,
n = 54) indicated that waiting for an appointment
did not exceed 7 working days. Another 26% (n =
26) of patients were waiting for an appointment
from 7 to 14 days. The waiting time for a scheduled
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TeJILbHOU 3aIVCH Ha IIPUEM K Bpaudy — aKyIlepy-THHe-
KOJIOTY. JI7151 5TOTO MAI[UEHT MOKET BOCIIOJIb30BAThCS
3amUChI0 10 TesiedoHy depe3 call-nieHTp GOJIbHULIBI,
perucTparypy >KeHCKOH KOHCYJIbTAIlUU U €QUHYIO
peructparypy MuHHCTEpCTBA  37paBOOXPAHEHUs
CeepioBckoii  obsactu. Kpome Toro, paboraer
3amuch yepe3 VHTepHeT HA OPHUIIMATIFHOM ITOpTaJIe
ExatepunOypra wiu caiTe MeIUITTHCKOW OpraHu3a-
nuu. [To pesynbpratam ompoca 30 % (n = 30) maueH-
TOK 3aITUCHIBAIOTCSA HA IPUEM K THHEKOJIOTY, HCITOJIb-
3ys1 UHTEpHET, 39 % (n = 39) — 110 Tesiedony; 35 % (n
= 35) X0TeJsin ObI UCIIOJIb30BATh MJisl 3amucu VIHTep-
HeT U 21 % (n = 21) TesieOH, HO UCIIBITHIBAIOT TPY/I-
HocTH ¢ 3TUM. CIIeZlyeT OTMETUTD, UTo 35 % (n = 35)
MAIMEeHTOK He UCIOJIb30BaJIA BO3MOXKHOCTh IIPEBa-
pUTEeBHOU 3aMucH Ha mpHueM depe3 IHTepHET U 40
% (n = 40) — o Tenedony. [IpakTUUeckn Kaxkaas
BTOpas 6opHas ¢ JIM (54 %, n = 54) ykasbIBaja, 4To
[IepUOJ OXKU/IAHUS IUIAHOBOTO IIpHeMa IpU IpeBa-
PUTEJIPHOW 3aITHCH He TPEBBIIAN 7 paboumnx jJHEH.
Eme 26 % (n = 26) GOJbHBIX OXKHUAAINA TpHEMa B
TeueHHe 7—14 AHeH. Bpemsa oXKuAaHUA IJIAHOBOTO
IpreMa akyliepa-TuHekosiora Oosiee 14 paboumx
JHEeH oTMedasid 20 % manueHTok (n = 20), 4To He
COOTBETCTBOBAJIO TpeboBaHUAM TeppUTOpUATIBHOM
MPOTPaMMBbI TOCY/IADCTBEHHBIX TapaHTUH OecruiaT-
HOTO OKAa3aHU IPKJaHAM METUIIMHCKON IIOMOIIY B
CBepJIOBCKOU 00J1acTH Ha 2024 TOJ] U IUIAaHOBBIM
MIEPHUOJT 2005 U 2026 To/10B (/1aiee — Teppuropuaib-
Has mporpamma) [12].

Crnenyer oOpaTuTh BHUMaHWE HAa OPTaHU3AIIHIO
IpHeMa Bpaya — aKyllepa-THHeKOJI0Ta }KEHCKOH KOH-
cynbranuu. COryiacHO pe3ysibTaTaM aHKETHPOBAHUS
B 75 % (n = 775) cydaeB BpeMsl OKHIaHUs IIpHeMa B
OuepeZil B KEHCKOH KOHCYJIbTAIIUA COCTAaBHJIO HE
60J1ee 20 MUH OTHOCHUTEJILHO BPEMEHH, YKa3aHHOTO B
TaJIOHe, TIPU STOM IMAlMEeHTKH MPUXOAWIN K Ha3HA-
yeHHOMY BpeMeHH (puc. 1). [Tosaraem, uto cobstrozie-
HU€e BpeMEeHU IUITAHOBOTO IPUEMA U OTCYTCTBUE ITEPHU-
0/1a OJKHJIAHUS B OUEPEIN MOXKET CYIIIeCTBEHHO BJIU-
ATh Ha O0OIllee BOCIPUATHE MAllieHTaMU KavecTBa
MEZUITUHCKOTO 00csty»kuBanus. CobJIro/ileHre paciu-
caHus IpUeMa Bpayda — aKyllepa-THHEKOJIoTa IeMOH-
CTPUPYET OPTaHUBAIMOHHYIO KOMIIETEHTHOCTb ME/IH-
IIMHCKOTO YUPEeXKIeHUs U 3a00Ty O MalieHTaX, YTo
CTIIOCOOCTBYET UX YZOBJIETBOPEHHOCTH.

Ina JIM saubosiee nHMOPMATUBHBIM U JIOCTYTI-
HBIM METOZIOM IMaTHOCTUKU SIBJISIETCS YIBTPA3BYKO-
Boe wuccienoBanue (Y3M) opraHoB Masioro Tasa
(OMT), xoTOpO€e TO3BOJISIET HE TOJIBKO BBIABJIATH
OIIyX0Jib, HO U C BBICOKOH TOUYHOCTHIO IIPOBOIUTH
JUHAMUYeCcKU KOHTPOJIb 110 ToKa3aHusAM. I1o aToi
MIPUYHHE JIOCTYITHOCTDh Y3 sBJIsIeTCS KpaHe aKTy-
asibHOM. B HameMm ucciemoBanun 76 % (n = 76) Bcex

obstetrician-gynecologist’s appointment for more
than 14 working days was noted by 20% of patients
(n = 20), which did not meet the requirements of
the Territorial Program of state guarantees to
deliver free medical care to the citizens of the Sverd-
lovsk region for 2024 and the planned period of
2005 and 2026 (hereinafter, the Territorial Pro-
gram) [12].

Attention should be paid to the organization of
obstetrician-gynecologist’s appointments at antena-
tal clinics. According to the survey results, in 75% of
cases (n = 75), the waiting time in the queue at the
antenatal clinic did not exceed 20 min, with patients
arriving at their scheduled time (Fig. 1). We believe
that compliance with the scheduled appointment
time and the lack of queues in a doctor’s office may
significantly influence patients’ overall perception
the quality of medical care. Compliance with a sched-
uled appointment time demonstrates the organiza-
tional competence of a medical facility and patient-
centered approach, which enhances patients’ satis-
faction.

For UL diagnosis, the most informative and
accessible method is a pelvic ultrasound (US) exami-
nation, which allows not only to detect a tumor, but
also to carry out high accuracy long-term follow-up
when clinically indicated. For this reason, the avail-
ability of US is extremely relevant. In our study, 76%
(n = 76) of all patients with UL waited pelvic US for
14 days from the date of assignment, 24% (n = 24) —
more than 14 days, which does not meet the standard
of the Territorial Program (Fig. 2) [12]. At the same
time, it should be noted that pelvic US in UL patients
is performed during the first phase of the menstrual
cycle, which may partly explain the excess of the
waiting period. In order to speed up the diagnosis of
UL, the possibility of performing US transabdominal
and transvaginal scanning directly at the outpatient
obstetrician-gynecologist’s appointment should be
considered [11].

Oue et al. showed that magnetic resonance imag-
ing may be necessary for the follow-up of the UL
cases with nodule size of 160 mm and smaller for the
purpose of timely differential diagnosis with leio-
myosarcoma. At the same time, attention should be
paid to the largest diameter, rather than the nodule
volume [13].

Another important and promising method of
diagnosing submucous UL nodules is hysteroscopy,
in particular office hysteroscopy. Frolova and Elgina
showed that during outpatient hysteroscopy, type
0—2 UL nodules (p = 0,001) were also statistically
significantly detected, as with inpatient hysteros-
copy [14, 15].
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He 6omnee 30 mun 59,
No more than 30 min 0
He 6omnee 20 mun
No more than 20 min

He 6omee 10 mun

0
No more than 10 min 20%

75%

Puc. 1. Bpems oxxuianuist MaueHToK ¢ IEHOMHUOMON MaTKH IIprieMa K Bpady — aKylIepy-THHEKOJIOTy
HEIIOCPECTBEHHO B MEAUIIUHCKON OpraHu3aiuu
Fig. 1. Waiting time of patients with uterine leiomyoma for the obstetrician-gynecologist’s appointment
at the medical facility

nanueHTok ¢ JIM matku oxxkuganu Y3 OMT B Teue-
HUE 14 JHeH co JHS HazHaueHusd, 24 % (n = 24) —
Oosee 14 AHEH, YTO HE COOTBETCTBYET HOPMATHUBY
TeppuropuaabHOl mporpamMmel (puc. 2) [12]. Bme-
CTe ¢ TEM cJieAyeT OTMETUTh, yTo Y3 OMT npu JIM
IIPOBOJIUTCA B ITEPBYIO (pa3y MEHCTPYAIBHOTO ITUKIIA,
YTO MOJKET OTYACTU OOBSCHSATD IIPEBHIIIEHNE TTepH-
ona oxkujanusa. C 1eJIbl0 YCKOPeHUs JUATHOCTUKH
JIM citetyeT pacCMOTPETh BO3MOKHOCTh BHEJIDEHUA
V3 TpaHCabOMHUHAJILHOTO U TPAHCBAaTWMHAJIBHOTO
CKaHUPOBAHUS HEMTOCPEACTBEHHO Ha aMOyJIaTOPHOM
IpreMe aKyliepa-ruHekosora [11].

K. Oue et al. mokasaHo, 4To IpoOBe/eHNE Mar-
HUTHO-PE30HAHCHOH TOMOTpadUr MOXKET OBITh
HeoOXoIuMo TTpy HabutoieHud 3a JIM MeHee 160 MM
C IeJIbI0 CBOeBpeMeHHOH AuddepeHnanbHON 11a-
THOCTUKH C JieloMuocapkoMoii. IIpu sTom BHUMA-
HUE CIJIeZYeT YAEIATh MAaKCUMAaIbHO OOJIBIIIOMY Hia-
MeTpy, a He 06beMy y3ia [13].

JIpyruM Ba)KHBIM U TIEPCIEKTHUBHBIM METOIIOM
JIIUaTHOCTUKU CyOMyKO3HBIX y3y10B JIM sBisercs
THCTEPOCKOINA, B YACTHOCTU O(pHCHAA TUCTEPOCKO-
nuda. 10.C. @pososoit u C.M. Enru"oil mokasaHo,
YTO B XO7Ie TUCTEPOCKOIIHNH, ITPOBEIEHHON B aMmOyJ1a-
TOPHBIX YCJIOBUAX, TaK)Ke CTATUCTUYECKU 3HAYKNMO
BBISIBJISUIHCH y3J1b1 JIM THIIOB 0—2 (P = 0,001), KaK U
IIPYU THCTEPOCKOIINHY, BBIIOJHIEMON B CTAI[IOHAPE
[14, 15].

bonee 14 nueit
More than 14 days
7-14 nueii/days

He Gonee 7 nueit
No more than 14 days

When assessing the quality of medical care, the
patients noted the importance of observing the
appointment time and a comfortable environment
for patients. The vast majority of patients were com-
pletely satisfied with the visit to the specialist, but
made suggestions to improve the waiting conditions,
for example, the availability of shoe covers, presence
of a coffee machine, etc. Friendly and comfortable
interaction between patients and medical staff is
aimed at providing high-quality and accessible medi-
cal care. Our survey showed the following results:
92% (n = 92) of women spoke positively about the
work of the obstetrician-gynecologist at the appoint-
ment and expressed satisfaction with the quality of
medical care. During the examination and diagnosis,
72% (n = 72) of the patients positively assessed the
doctor’s ability to detect changes in their health in a
timely manner, taking into account their complaints
and the results of the gynecological examination,
which indicates appropriate qualifications and com-
petence of the specialist. In 62% (n = 62) of cases,
women noted sufficient explanation of the plan of
examination, treatment, and follow-up. Lerner et al.
point out the importance of informing women with
UL about all possible treatment options, the advan-
tages and disadvantages of specific methods, as well
as long-term prognosis and prospects in the context
of personalized patient management. In addition,

24%

26%

50%

Puc. 2. Bpems oxxuganus Y3 opraHoB Majioro Taza MamueHTKaMHU ¢ JIEHOMHUOMOU MATKH B JKEHCKOH KOHCYJIbTAI[UN
Fig. 2. Waiting time for pelvic ultrasound in patients with uterine leiomyoma at the antenatal clinic
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IIpu oleHKe KayecTBa MEIUIMHCKONW TOMOIIH
MAIEHTKNH OTMEeYal Ba)KHOCTh COOJIIOZIEHUS Bpe-
MeHU MpreMa, KOM(MOPTHOU 0OCTAaHOBKH JIJIs MTAIEH-
TOB. IlomaBJistioliiee OOJIBIIIMHCTBO IIALMEHTOK OBbLIH
TIOJTHOCTBHIO YZIOBJIETBOPEHBI BU3UTOM K CIEITHAIIUCTY,
HO BBICKA3aJT! MTPEJJI0KEHIIS 10 YTy UIIIEHHUIO YCITOBUH
OXKUJTAaHWS, HATIPUMED, JOCTYITHOCTU OaXWJI, HATMYIHS
ammmapara ¢ kode u T.1. JloOposkeyaTesbHOE U KOM-
dopTHOE B3aMMOMENCTBE MEXKAY NAIllUeHTaMUu |
COTPY/IHUKAaMU MEIUIIMHCKUX OpPTaHH3aIlui HaIpaB-
JIEHO Ha o0ecrieyeHHe KayecTBEHHOW W JIOCTYITHOU
MEeUITMHCKOH rmoMoliy. Harir onpoc mokasast ciesyro-
e pe3yJIbTaThl: 92 % (n = 92) KEHITUH TOJIOKHU-
TEJILHO BBICKA3aJIMCh O pab0OTe Bpaua — aKyllepa-ruHe-
KOJIOTa HA IIpHeMe U BBIPA3WIH YOBJIETBOPEHUE
Ka4yecTBOM OKa3aHUs MeIUIMHCKOW momomu. IIpu
MPOBEJIEHUH OOCJIEOBAHUS W ITOCTAHOBKE JIMArHO3a
72 % (n = 72) NaUMEeHTOK IOJIOKUTEILHO OIEHIIN
CIIOCOOHOCTH Bpaua CBOEBPEMEHHO BBISIBJISATH U3MEHe-
HUSI B COCTOSTHUU 37I0POBbSI C YUETOM HUX K100 u
Pe3yJIbTaTOB TWMHEKOJIOTUYECKOTO OCMOTPA, UTO yKa-
3bIBAET HA JIOCTATOYHYIO KBATU(MHUKAIIMIO U KOMIIE-
TEHTHOCTh Bpada-crernuanucra. B 62 % (n = 62) cy-
YaeB JKEHIIIMHBI OTMEYAJIH JJOCTATOUHOE PA3bsICHEHUE
IIaHa o0csIemoBanusl, Jeuenus JIM 1 IuciaHcepHOro
Habsmonenus. V.T. Lerner et al. yka3bIBaloT Ha BaK-
HOCTh MHMOPMUPOBaHUA keHIUH ¢ JIM 0 Becex BO3-
MOXKHBIX BapHAaHTaX JIEUYEHUs, O MPEUMYIIECTBAX H
HEJIOCTaTKaX KOHKPETHBIX METOJIOB, & TAK:Ke 00 OT/ia-
JIEHHBIX TIPOTHO3aX U MEPCIIEKTUBAX B PAMKaX IIepCo-
HUDUITUPOBAHHOTO BeZIEHUs MaIreHToK. Kpome Toro,
aBTOPHI PEKOMEH/TYIOT CO3/IaBaTh 00YJAIOIIHeE IIIKOJTbI
JUIA manueHTok ¢ JIM [16].

ITosioBuHA manueHTok (48 %, n = 48) mocraTtouHO
BBICOKO OIlEHWJIa J1I0OpPOIKEIaTeIbHOCTD, BEXKJIH-
BOCTh M BHUMAaTeJIbHOE OTHOIIIEHWE Bpada — aKy-
Iepa-ruHEeK0JI0Ta Ha rpueme (puc. 3).

[Toxo
Bad

VI0BIETBOPUTEILHO
Satisfactory

Xopo1o
Good

OTIM4HO
Excellent

the authors recommend creating education schools
for patients with UL [16].

Half of the patients (48%, n = 48) highly appreci-
ated the kindness, politeness and carefulness of the
obstetrician-gynecologist during the visit (Fig. 3).

At the same time, almost every second specialist
of a medical facility providing primary specialized
obstetric and gynecological care was not polite and
attentive enough in patients’ opinion, which may
lead to misunderstandings between the health care
providers and patients and, consequently, the adher-
ence of patients to the prescribed plan of diagnostics
and treatment will decrease, which will have a nega-
tive impact on the results of treatment. Aspects of
medical ethics and deontology, therefore, require
further improvement.

Assessment of the opinion of obstetrician-
gynecologists on the organization and quality
of outpatient medical care for patients with
UL. The obstetrician-gynecologists involved in the
study turned out to be quite experienced specialists
in their field. The average length of service of the
doctors in the field of obstetrics and gynecology was
17,8 + 4,4 years, the average length of service in ante-
natal clinic was 12,1 + 3,1 years. All the doctors who
took part in the survey improved their professional
skills in a timely manner. During a 6-hour working
day, the obstetrician-gynecologist saw an average of
16 patients (100%), of whom 10% (1—2 women)
reported symptoms of UL, and 50% (n = 8) had
already been diagnosed with the disease. According
to the clinical guidelines of “Uterine Fibroids” [2],
long-term follow-up of patients with asymptomatic
uterine fibroids of small size includes elective pelvic
US, complete blood count and biochemistry, and a
coagulogram to detect complications. During the
survey, doctors noted that they additionally assess

48%

Puc. 3. MHeHUs IAIMEHTOK ¢ JIEHOMHUOMOI MaTKU O TOM, HACKOJIBKO BEKJINBBIM U BHUMATEJIbHBIM
OBLIO OTHOIIIEHHE Bpaya — aKyIlepa-THHEKO0JIOra JKEHCKOH KOHCYIbTAlnH
Fig. 3. Opinions of patients with uterine leiomyoma about politeness and carefulness
of the obstetrician-gynecologist at the antenatal clinic
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B TO e BpeMs MPAKTHYECKH KaXKAbIH BTOPOU
CITEIIUATIUCT MEIUITMHCKOTO YUPEXKIEHNS, OKa3bIBa-
OIMUH MEPBUYHYIO CIIEIUATIN3UPOBAHHYI0 MeIu-
IIUHCKYIO TIOMOIIb aAKYyIIEPCKO-THHEKOJIOTHYECKOTO
npoduisi, ObI HEIOCTATOYHO BEKJIWUB U BHUMATE-
JIEH C TOYKU 3PEHUS HAIUX MAllMEeHTOK, B CBSA3H C
YeM MOJKET BO3HUKHYTH HEJIOIIOHUMAHHUE MEKITY
yYacTHUKAMHU JieueOHOTO IIpollecca U, CJIe[0Ba-
TEJIbHO, CHUBUTCSI yPOBEHDb IIPUBEPIKEHHOCTH A1~
€HTOK Ha3HAaYeHHOMY IJIaHy 00CJIeJTOBAHUS U JieUe-
HHUIO, YTO MPHUBEAET K YXYAIIEHUIO pPe3yJIbTaTOB
MEIUIMHCKON JIesITeIbHOCTU. ACIIEKTHI BpaueOHOU
STUKH W JIEOHTOJIOTUH, TaKUM 00pa3oM, TpeOyIoT
JlaJTbHEUIIIETO COBEPIIIEHCTBOBAHUS.

OneHka MHEHUS Bpaded — aKylIepoOB-
THHEKOJIOTOB O0 OpraHu3aluyd U KadecTBe
MEeAUIUMHCKON IMOMOIM HarmueHTrkam ¢ JIM
HaA aMOyJIaTOPHOM 3Tame. Bpauu — akyepbl-
THHEKOJIOTH, YIACTBYIOIIHE B UCCIEJOBAaHUH, OKa3a-
JINCh JOCTAaTOYHO OIBITHBIMU CIENUAJINCTaMH B
cBoell obsactu. CpegHuii ctaxk paboThI Bpadel 110
CIEIUAIPHOCTH «aKyIIEPCTBO Y THUHEKOJIOTHI»
cocTaBsii 17,8 + 4,4 Toa, CpeIHUI cTaK paboOThI B
JKEHCKOU KOHCYJIbTallu! — 12,1 + 3,1 T0/1a. Bce Bpauwn,
MPUHSABIIKE YYacTHe B OIIPOce, CBOEBPEMEHHO IIPO-
XOJIWJIH TIOBBIIIIEHWE KBanudukamuu. B TeueHue
npueMa (6 4) Bpad — aKyIIep-rHHEKOJIOT TPUHUMAJ
B cpemHeM 16 manueHTOK (100 %), w3 HHUX 10 %
(1-2 sKeHITUHBI) 00pAIATKCh 10 TTIOBOAY CUMIITOMOB
JIEHOMUOMBI MaTKH, a 50 % (n = 8) yxe uMmesnu aua-
THOCTHPOBaHHOE 3abosieBanue. COTJIaCHO KIIMHIYE-
CKMM peKoMeHaanusamM «Muoma maTku» [2], nuHa-
MHUYeCKOe HaOJIo/leHre IalleHTOK ¢ 0eCCUMIITOM-
HOU MHOMOU MaTKH! HEOOJIBIIINX PA3MEPOB BKJIIOYAET
VY31 OMT B 1JIaHOBOM TIOPSIZIKE, OOIUN U OGHOXH-
MHUYECKUI aHAJIU3bl KPOBH, KOATYJIOTPAMMY C II€JIBIO
BBISABJIEHUS] OCJIOKHeHWH. [lpw aHKeTHpOBaHUU
Bpaud OTMeYasd, YTO JOMOJHUTETBHO ITPOBOIST
OIlEHKy ypOBHA (beppUTHHA B CHIBOPOTKE KDPOBH,
puTaMuHa D 1 Ma3ka Ha TPaJIUITUOHHYIO OHKOITUTO-
JIOTHIO IIEHKU MaTKH.

CTOUT OTMETUTD, UYTO JUATHOCTHUYECKHUE HCCIIENO-
BaHUs, perJIaMEeHTHPOBAHHbIE KIIMHUYECKUMU PEKO-
MEHJALMAMY, HAa3HAUYAIOTCA M BBINOJHAIOTCA HE B
rostHOM obBeme. B 80,3 % ciryuaeB Y3U OMT nposo-
JIUTCA TI0 MHULHATHUBE O60bHBIX. [Ipu 001el mosio-
JKUTETbHOM OIlEHKe OpraHu3aIiiy paboThI YKEHCKOM
KOHCYJIPTAIIMM BpayaMM — aKylIepaMH-THHEKOJIO-
raMHU Pe3yJIbTaThl OIPOCA ITOKA3AJIH, YTO BCE PECIIOH-
JIEHTBHI CYUTAIOT HEOOXOAMMBIM €€ yCOBEPIIIEHCTBOBA-
HUE B YaCTH JOCTYIMHOCTH Y3U i TMHEKOJIoruYe-
ckux OonbHBIX. B Xo71e ompoca ObUTM H3y4YEHBI
MIPUYHHBI CJI0KHOCTEH B IpoBefeHnu Y3U, onHa us
KOTOPBIX — OTPAHUYEHUsI MOIITHOCTA KaOWMHETOB YJIb-

the level of serum ferritin, vitamin D, and the cervi-
cal cancer smear test.

One notes that diagnostic tests provided by clini-
cal guidelines are not prescribed and performed
comprehensively. In 80,3% of cases, pelvic US is per-
formed at the instance of the patients. While the gen-
eral assessment of the arrangement of work of the
antenatal clinic by the obstetrician-gynecologists
was positive, the survey results showed that all
respondents consider it necessary to improve it in
terms of US accessibility for gynecological patients.
The survey examined the reasons for difficulties in
performing US, one of which is the limited capacity
of US units in antenatal clinics (46% of respondents
(n = 46)). 30% (n = 30) of respondents indicated
non-adherence to doctor’s prescriptions, which was
manifested by disorderliness of patients and late
completion of prescriptions; 15% (n = 15) of doctors
noted difficulties in interpreting US results due to
the heterogeneity of data of examination records.
These reasons, indicating the lack of effectiveness of
the antenatal clinic, can be eliminated in the pres-
ence of instructions on the indications and frequency
of US during outpatient follow-up, in accordance
with the requirements of clinical guidelines.

Thus, the results of the study made it possible to
identify points of growth in improving the accessibil-
ity and quality of primary specialized medical care
for patients with UL. The feedback from the obstetri-
cian-gynecologists provided an opportunity to iden-
tify directions for improving the work of antenatal
clinics, which will certainly lead to an improvement
in the quality of medical care for women with UL.
The patients identified factors that influence the for-
mation of a positive opinion about the work of the
antenatal clinic:

— availability of information on the hospital’s
website and the possibility successfully make an
appointment with obstetrician-gynecologist;

— compliance with the scheduled appointment
time;

— creating more comfortable conditions of wait-
ing for a start of doctor’s appointment;

— kindness and politeness of medical staff;

— meeting the requirements of the Territorial
Program concerning waiting time for diagnostic pro-
cedures.

The results of the survey showed the need to
improve the skills and training of obstetrician-gyne-
cologists in the interpretation of US results, commu-
nication skills and the basics of counseling patients
with UL in the frame of health education to preserve
health and a healthy lifestyle, women’s adherence to
follow-up and treatment.
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TPa3ByKOBOM JUArHOCTUKU B JKEHCKUX KOHCYJIbTa-
nusax (46 % pecrionzieHToB (n = 46)). Ha orcyrcrBue
MIPUBEP>KEHHOCTH NAI[UEHTOK K BBITIOJIHEHUIO HAa3HA-
JeHUH Bpaua, 4To IPOSBJIAIOCh B HEOPTaHU30BaHHO-
CTH, HECBOEBPEMEHHOM BBIIIOJIHEHUH Ha3HAUeHUH,
ykazaiau 30 % (n = 30) pecroHzieHToB; 15 % (n = 15)
Bpauell OTMETW/IN CJIOXKHOCTU B HHTepIIpeTaIuu
pe3ysibTaToB Y3U Besie/ICTBHIE HEOHOPOTHOCTH TaH-
HBIX B MPOTOKOJIAX HCCJIEJIOBAHUA. JTU MPUIUHBI,
CBU/IETEJILCTBYIOIINE O HEJIOCTATOUHOU 3(hHEKTUB-
HOCTH PabOThI KEHCKOU KOHCYJIbTAIlUH, MOTYT OBITh
yCTpaHEHbI IPU HAIMYUU HHCTPYKITUN O IIOKa3aHUAX
K Y3U 1 ero KpaTHOCTH IIpU TUCTIAHCEPHOM HabJIIO-
JIEHUU TaIfUeHTa, COTJIAaCHO TPeOOBAHUAM KJIMHIYE-
CKHX pEKOMEH/IAIuH.

Takum o06pa3oM, pe3yJIbTaThl IIPOBEAEHHOTO
HCC/IeloBaHUA TO3BOJIJIM BBIABUTH TOUKU POCTa B
COBEPIIIEHCTBOBAHUH IOCTYITHOCTH U KAYECTBA OKa3a-
HUSA TIEPBUYHON CIIeNNAJIU3UPOBAHHON MeIUKO-
CaHUTApHOU ToMmolnu nanueHTkaMm ¢ JIM. OTBeTbl
Bpauei-CIeIMaIICTOB JaJi BO3MOXKHOCTD OIIpefie-
JINTh HATPABJIEHUSA COBEPIIEHCTBOBAHUS PabOTHI
JKEHCKHX KOHCYJIBTAIlMH, U4TO, 6€3yCIIOBHO, IIPUBE/IET
K TOBBIIIEHUIO KAauyecTBA MEAUITMHCKOM ITOMOIIH
skernmuHaMm ¢ JIM. TlanmmeHTKaMu BBIIEIEHBI (hak-
TOPBI, KOTOPBIE BIUAIOT HA (pOpMUPOBaHUE II0JIOXKNU-
TEJILHOTO MHEHUS 0 paboTe KEHCKOU KOHCYJIbTAI[AU:

— JOoCTymHOCTh WHGpOpPMAIUKU Ha cante 60JIb-
HUITBI ¥ BO3MOXKHOCTb PE3YJIbTATUBHOHN IIpeiBapu-
TEJIPHOM 3alich HAa MPHEM K Bpadyy — akyllepy-
TUHEKOJIOTY;

— cobJTiofieHre BpeMeHH ITpreMa Bpava, yKa3aH-
HOT'O B TaJIOHE;

— coznanne 60s1ee KOMDOPTHBIX YCIIOBUH OXKU/IA-
HUA [IpUeMa Bpaua;

— nmobposkesiaTesIbHOE U BEXKJIMBOE OTHOIIEHUE
MEIUITUHCKUX COTPYAHUKOB;

— BBINIOJTHEHHE TpeboBaHUU TeppuUTOpPHUATIBHOU
MIPOrpaMMBbl IO BPEMEHU OXKUJIAHUSA AUATHOCTHYE-
CKHUX HCCJIeOBAHUM.

PesynpTaThl aHKETHUPOBAHUSA IOKA3aJIHd HEOOXO-
JIUMOCTH TOBBIIIEHUsA KBATU(PUKAIIUN U O0ydeHUs
Bpauel — aKyIIepoB-THHEKOJIOTOB B 00JIaCTH UHTEP-
npeTanuu pe3yibTaToB Y3U, KOMMYHUKATUBHBIM
HaBBIKAM M OCHOBaM KOHCYJIbTUPOBAHUS IMaIlUeH-
TOK ¢ JIM B paMKax CAaHUTAPHOT'O IIPOCBEIEHUA 10
COXPaHEHUIO 37]0POBbS U 3/J0OPOBOMY 00pasy >KU3HH,
MIPUBEPKEHHOCTH KEHIIH IUCIIAHCEPHOMY Ha0JII0-
JIEHUIO U JIEYEHUIO.

OpHUM U3 KpUTepUEB y/I0BJIETBOPEHHOCTH JKe€H-
IUHAMHA OKa3aHUEM MEJUIIMHCKON IOMOIIU II0
nosoay JIM MokeT BBICTyIaTh OIleHKa KadecTBa
JKU3HU Ha OCHOBAHUU pe3yJIbTaTOB aHKETUPOBAHUA
10 OIIPOCHUKAM:

One of the criteria for women’s satisfaction with
medical care for UL can be an assessment of the
quality of life based on the results of a questionnaire
survey using;:

— UFS-QOL (2 scales, 37 items): allows to evalu-
ate severity of symptoms, menstrual function, con-
cern, anxiety, mood lability, physical activity, vital-
ity, sexual function, social activity (Kronbach alpha
coefficient 0,706—0,937);

— “Quality of life for women” developed at the
National Research Medical Center for Obstetrics,
Gynecology and Perinatology named after V.I. Kula-
kov (45 items): evaluates physical activity, mental
health, sexuality, socialization, general self-esteem;

— SF-36.

The degree of improvement in the quality of life of
gynecological patients can be an integral criterion for
the effectiveness of medical care [17].

CONCLUSION

The aspects identified during the study that
require improvement (convenience in arranging an
obstetrician and gynecologist’s appointment; the
start of a doctor’s appointment in a timely manner;
comfortability of waiting conditions for a doctor’s
appointment; kindness and politeness of medical
professionals ) will help optimize the provision of
outpatient medical care to women with UL, which
will contribute to a high level of adherence to long-
term follow-up and timely treatment, and, conse-
quently, the maintenance of fertility and improved
quality of life.

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

— UFS-QOL (2 6;10ka, 37 BOIIPOCOB): MO3BOJISIET
OIEHUTh CHUMIITOMBI, MEHCTPYJIbHYIO (PYHKIIHIO,
BBIDQKEHHOCTh  OECIIOKOWMCTBA,  TPEBOXKHOCTH,
JIAOWIBHOCTh HACTPOEHUs, (PU3UUECKYI0 aKTHUB-
HOCTb, SHEPTUYHOCTh, CEKCYJIbHYI0 (PYHKIIHIO,
COITMAJIBPHYIO JKU3HEesATeTbHOCTh (KoadduiimeHt
Kponb6axa 0,706—0,937);

— «KayecTBO XU3HU KEHIIUH», pa3pabOTaHHBIN
Ha G6aze HaruoHaJIPHOTO HCCIIEIOBATEIHCKOTO
MEIUITMHCKOTO IIEHTPA aKyIIepCTBA, THHEKOJIOTHH 1
nepunaronoruu uM. B.1. Kysnakosa (45 BOIIpocoB):
OIleHHBaeT (PUBHYECKYI0 aKTUBHOCTD, IICUXHYECKOE
37I0pOBbE, CEKCYaJIbHOCTh, COIHAIA3AIHAI0, OOIIYIO
CaMOOIIEHKY;

— SF-36.

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

27



Cesocmobsanosa O.FO. u Op. / Journal of Siberian Medical Sciences T. 9, N 3 (2025)

Crenensp yyydnieHUs KauecTBa >KU3HHU THHEKO-
JIOTUYECKUX MAIlMEHTOK MOKET BBICTYIIATh HEOTh-
eMyIeMbIM KpuTepueM 3(GEKTUBHOCTH OKa3aHUA
MeJIUITMHCKOM IToMOIIH [17].

3AK/JIOYEHUE

BrisiBJIEHHBIE B XOZIe IIPOBEJEHHOTO HCCIIEA0BA-
HUS aCIIEKThI, TPEOYIOIE KOPPEKTUPOBKU (pe3yJib-
TATUBHOCTH IIPEABAPUTEILHOM 3aIIUCH HA NIPUEM K
Bpadyy — aKyllepy-THHEKOJIOTY; COOJIIO/IEHHE Bpe-
MEeHU IpHeMa Bpaua, YKa3aHHOTO B TAJIOHE; KOM-
(opTHOCTD yCJIOBUI OXWJJaHUA TIpHEMa Bpaua;
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JouarocpouyHasa 3(pPeKTUBHOCTh TePpaANIUuU CPEJHETAKEI0rO
U TAKEJIOTO IMcopHua3a 0M0JI0TUIEeCKNMU NpenapaTaMu:
BJIVSAHHUE HA UCXO/AbI 3a00/IeBaHUA U KAUeCTBO KU3HU NMAIlU€EHTOB

C.C. Baagxasa!, C. TuBapu?, C. Arpasain3

Meduyumnckuii uHcmumym Patinypa, Paiinyp, Yxammuceaapx, Hnous
2MnozonpogunvHas 6oavHuya Puest, Puea, Madxva-Ilpadew, HHuous

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

AHHOTAIIUA

BBegenue. buosornueckas repanusi BOSHUKIIA Kak 3(PHEKTUBHBIA METO/T] JIEYEHUS [TAITUEHTOB CO CPETHETSIKETBIM
U TSKEJIBIM TICOPUA30M, BOCIIAIMTEIbHBIMHU MPOSBIEHUSMU KOTOPOTO SIBJISIIOTCS XapaKTePHbIE MMOKPHIThIE CEpeOPUCTO-
0eJIBIMU YelIyHKaMU 9PUTEMATO3HbIE OJIAIIKY.

IT e 1 b . OUEHUTD JTUTENHHYIO 3)(GEKTUBHOCTD PA3JINYHBIX OMOIPENapaToOB B CHUKEHUH TSKECTH IICOPHA3a; OIpesie-
JIUTH BJIMSIHUE OHOIpenapaToB Ha Ka4eCTBO JKM3HU MAIMEHTOB; IPOAHAIU3UPOBATh BIUSAHUE KIUMHUKO-AeMorpadude-
ckux (HakTopoB (BO3pacT, MMoJI, HCXOIHAS CTEIeHb TAKeCTH 3260 1eBaHtsI, KOMOPOU/THOCTD U TPUBEPIKEHHOCTD JIEUEHHIO)
Ha UCXO/IbI JIEUEHUS.

MaTtTepuajJab W METO/Jbl. VICHOJB30BATIU METOHOJIOTHIO KOJUYECTBEHHOTO HccieoBaHusi. C IOMOIIBIO
CTPYKTYPUPOBAHHOTO aHKETHPOBAHUS I1€IeBOH BRIOOPKH OBLTH COOPAHBI JIAHHBIE IO TPYIIIIE U3 200 MAIUEeHTOB C ICOPH-
azom. [TosryueHHbIe KOJIMUeCTBEHHbIE IAHHbIE MHTEPIIPETHPOBAJIUCH C IIOMOIIIBIO ITaKeTa mporpamMm SPSS v. 23 ¢ ucmnosb-
30BaHUEM AuciepcoHHOr0 (ANOVA), 4acTOTHOTO M PETPECCHOHHOTO aHAJIU30B.

PesynbpTartTs. BpaBieHo, yTo jyurenbHas d(pdekTuBHAA OUOTEpaNusa OKa3bIBAET CYIIECTBEHHOE BIIUSHUE HA
TSIKECTD IICOpHasa 1, KpOME TOTO, YJIYUIIIaeT KauecTBO KU3HU manueHToB. Hanbosee 3(hheKTUBHBIM B yCTPAHEHHUH OCHOB-
HBIX KOJKHBIX MPOSIBJIEHUH Mcoprasa okasasics nkceknsymab (orenka mo PASI — 100) 1o cpaBHEHHIO ¢ alaiTuMyMaboM
(pasziuuus CTaTUCTUYECKH 3HAYUMBbIE, P < 0,001). J[JiUuTesibHAs Tepamus OUoIpernapaTtaMu 3HAUUTEIHHO CHUKAET CTe-
IIeHb TsKeCTH rcopuasa (ANOVA, p < 0,001) 1 y/IydIllaeT KauecTBO KU3HU narueHToB (R2 = 0,305, p < 0,001). [Toxxumoi
Bospacrt (f = 0,881, p < 0,001) u MyxckKoii o (f = 0,225, p = 0,009) GBLIN ACCONMUPOBAHBI C JIYUIITUMHU Pe3yIbTaTaMU
JleueHus1, TOTJ]a KaK TaKOH IMoKa3aTesb, KAk KOMOPOUIHOCTD, He TIOKa3asl o/00HOH cBsa3u. Takue KIMHUKO-IeMorpadu-
YecKHe XapaKTEPUCTUKHU, KaK BO3PACT, T0JT ¥ IIPUBEPKEHHOCTD JIEUEHHIO, OKA3bIBAIOT [TIO3UTHBHOE BJIUSHUE HA MCXO/IbI
sneuenuss. KoMopOUIHOCTh, HAPOTUB, HE BJIMSJIA Ha OOIIYI0 OIleHKY 3(P(EKTUBHOCTH JI€UEHUS.

3akJiioueHHue. Tepanus Ouonpenaparamu, B YaCTHOCTHA HKCEKM3yMaboOM, ITOKa3asia 10JroBpeMeHHy0 3 heKTHB-
HOCTb KaK B JIEUEHUH CPETHETSIIKEIIOTO U TSIKEJIOTO TICOPUasa, TaK U B YIyUIIEHHN KauecTBa KU3HH MaI[ueHToB. [Ipume-
HEHHE WH/UBUYAJU3UPOBAHHBIX CXEM TEPAINH, YYUTHIBAIOIIUX KJIMHUKO-ZeMOTrpapuyecKuii mpoQuiib MalueHToB,
TaKKe MOXKET 3HAUUTEJBHO YJIYUIIUTH YAOBJIETBOPEHHOCTh IMAIMEHTOB JIEUEHUEM M IIOBBICUTh UX KOMILJIAEHTHOCTD.
B 11e710M pe3ysibTaThl IPOBEIEHHOTO UCC/IEIOBAHUS CBUIETETHCTBYIOT 00 3(h(HEKTUBHOCTH TPUMEHEHHsI OUOIIPENIapaToOB
B YCTpaHEHUU OCHOBHBIX CHMIITOMOB IICOPHAa3a U YJIyUIlIeHUH KauecTBa KU3HU MaI[eHTOB.

Kmuouessle croea: 6roornyeckasi Tepamusi, ICopruas, UCX0 bl JIEYEHUsI, KaueCTBO KU3HHU, leMorpaduuecKre XapaKkTe-
PUCTUKU.
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CPEeZIHETSIKEJIOT0 U TSKEJIOTo IIcopra3a GHU0IOTMUeCKUMU IIperapaTaMy: BIUsSHIE Ha UCXO/IbI 3a00JIeBaHISA U Kade-
cTBO ku3HHU manueHToB // Journal of Siberian Medical Sciences. 2025;9(3):30-53. DOI: 10.31549/2542-1174-2025-

9-3-30-53
TocTymuia B peJakIiiio 29.05.2025 Received 29.05.2025
IIpouwna pereH3upoBaHue 25.06.2025 Revised 25.06.2025
IIpunATa K MyOIUKaIuu 04.07.2025 Accepted 04.07.2025
Asmop, omeemcmeeHHblil 3a nepenucky Corresponding author
Arpasan Cyznxa: UHcruTyT MeauiuHekux Hayk uMm. B.I1. Koiipana. 56700, Sudha Agrawal: B.P. Koirala Institute of Health Sciences, Buddha Road,
JxapaH, Henas, Buddha Road. Dharan 56700, Nepal.
E-mail: dermas325@gmail.com E-mail: dermas325@gmail.com

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



Wadhawa S.S. et al. / Journal of Siberian Medical Sciences Vol. 9, No. 3 (2025)

Long-term effectiveness of biologic therapies in moderate
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ABSTRACT

Introduction. Biologictherapies have emerged as a significant treatment for the patients with the psoriasis rang-
ing from the moderate to severe inflammatory condition featured by the silvery scales and erythematous plaques.

A im . To evaluate the long-term effectiveness of various biologic therapies in reducing psoriasis severity; to investigate
the impact of biologic therapies on patients’ quality of life (QoL); to analyse the effect of demographic and clinical charac-
teristics (age, sex, baseline disease severity, comorbidities, and adherence to therapy) on treatment outcomes.
Materials and methods. Aquantitative methodology research approach was applied, and data were col-
lected from 200 psoriasis patients using a purposive sampling technique with the aid of a structured questionnaire. The
quantitative data were analyzed using the SPSS tool version 23 package through performing ANOVA, frequency, and
regression analysis.

Results. The outcomes of the study revealed that long-term effectiveness of biological therapies has significant
impact on the psoriasis severity. Furthermore, the biologic therapies improve the QoL of the patients. Ixekizumab had the
highest proportion of complete skin clearance (PASI 100) at 24 weeks (60,1%), as compared to adalimumab (46,6%), with
statistically significant differences found (p < 0,001). Long-term biologic therapy dramatically decreased the severity of
psoriasis (ANOVA, p < 0,001) and enhanced the QoL (regression, R2 = 0,305, p < 0,001). Older age (f = 0,881, p < 0,001)
and male sex (B = 0,225, p = 0,009) were related to more positive treatment experiences, with comorbidities not having a
significant association. The demographic and clinical characteristics like age, gender, and therapy adherence positively
impacts on the treatment outcomes. On contrary, the existence of other illnesses does not have a significant impact on the
overall rating of treatment experience.

Conclusion. Biologic treatments — in particular ixekizumab — provide significant and sustained gains in both
clinical and QoL outcomes for moderate to severe psoriasis patients. Tailor-made treatment regimens taking clinical and
demographic characteristics into consideration can also maximise patient satisfaction and compliance. Overall, the results
of the study demonstrate the effectiveness of integration of biologic therapies in the management of psoriasis to alleviate
the symptoms and thereby improving the QoL of the patients.

Keywords: biologic therapies, psoriasis, treatment outcomes, quality of life, demographic characteristics.

Citation example: Wadhawa S.S., Tiwari S., Agrawal S. Long-term effectiveness of biologic therapies in
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1. BBEJIEHHE 1. INTRODUCTION

1.1. O0uHe cBegeHuAa 1.1 Background of the Study

[Tcopuas — penuuBUPYIOIIee UMMYHOBOCIAIIH-
TesbHOe 3aboJieBaHMe, BBI3BIBAIOINEEe OBICTPHIH
MIaTOJIOTUYECKUN POCT KJIETOK, (HOPMHUPYIOIINX
IUIOTHBIE SPUTEMATO3HbIE YellyiuaThie OJIAIIKN Ha
Koske [1]. B Mupe oT micopuasa cTpasaioT 0KoJo 2 %
xxutenedt. Ilcoprasz mmeer pasiauyHble GOPMBI —
KaIJIEBU/IHYIO, OJIAIIEYHYI0, IIYCTYJIE3HYIO U MHBEPC-
Hyto [2]. [ToMHUMO TsI3KeJI0ro 6peMeHN KITHHUYECKUX
MIPOSIBJIEHUH, IICOpUA3 TaK:Ke Cepbe3HO BJIMSAET Ha
o0Iiee COCTOSIHUE 3/I0POBBSI U KAa4YecTBO JKU3HU
nanueHToB. IIcopuas He IPOCTO KOXKHOe 3a60sIeBa-

Psoriasis is a long-lasting skin condition triggered
by the immune system, resulting in the rapid growth
of skin cells that form thick, red, scaly patches on the
skin [1]. It affects around 2% of people worldwide
and can appear in different types, such as guttate
psoriasis, plaque psoriasis, pustular psoriasis and
inverse psoriasis [2]. While the physical symptoms
are often the most noticeable signs of the illness, pso-
riasis also has significant effects on patients’ overall
health and quality of life (QoL). This condition is not
just a skin problem but a systemic issue linked to
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HUE, 3TO MYJIBTHCUCTEMHAS MTATOJIOTHA, aCCOLIMUPO-
BaHHAs C Pa3/IMYHON MATOJIOTHEH, B TOM YHCJIE TICO-
pUaTUYECKUM apTPUTOM, CEPIEUHO-COCY/IUCTHIMHU
00JIE3HSAMU, META00JTNYECKUM CHHJIPDOMOM, a TaK:Ke
C paccTpONCTBAMU IICUXUUYECKOU cepbl — TPEBOTOH
U Jlenipeccueii [3].

BiusHue mcopmasa Ha KadyecTBO KU3HU JIOCTa-
TOYHO CHJIbHOE W 3HAYUTEIBHO Bapbupyer. B psme
HCCIIEZIOBAaHUH TIOKA3aHO, YTO Y MTAI[HEHTOB C IICOPH-
a30M pAa3BUBAIOTCSA IICHXUUYECKUE PaCCTPOUCTBA
BCJIEJICTBUE TOTO, UTO 3a00JI€BaHIE TOPAXKAET KOXK-
HbIE TTOKPOBBI, YTO 3aMETHO /I OKPYKAIOIINX [4].
Crurmarusanusi, COIPOBOKIAIOIIASA JEPMATOJIOTH-
YecKUX OOJIbHBIX, MOXKET MPUBOAUTD K COIAATHHOMN
U30JISIUM, HU3KOH CaMOOILIEHKe W mpobseMaM B
KOMMYyHUKanuu. V3BECTHO, UTO KAYECTBO KU3HH
MaI[IeHTOB CO CPEAHETSIKEIIBIM U TSXKEJIBIM IICOpUa-
30M COOTBETCTBYET ATOMY ITOKA3aTeJi0 Y OOJIBHBIX C
XPOHHUYECKUMH  3a00JI€eBaHUSIMH, TAKHUMH Kak
Oosie3Hu cepana u auaber. Pu3nyeckue CTpajaHus,
BBI3BIBAaEMbIE 3y/I0M, O0JIBIO U BOCITAJIEHUEM, TAKIKE
OKa3bIBAIOT BJIMSHUE HA 3MOIMOHAIBHYIO cpepy
MaIyeHToB.

[TarueHTHI ¢ ICOPUA30M UCIIBITHIBAIOT CIOKHOCTH
B COIMJIPHOM KOMMYHHUKAIlUM W B pabore BCIE-
cTBHE ocoOeHHocTel 3a0osieBanus [5]. ITomumo Biu-
SHHUS Ha BMOIMOHAJIBHYI0 cdepy, ICOpHa3 MOKET
OCJIOXKHATHh M KaKJOJTHEBHYIO aKTHBHOCTH OOJIBHBIX
[6]. Hempenckasyemblie 060CTpEHUsI MOTYT BbI3BIBATh
ITOCTOSTHHYIO TPEBOTY OTHOCUTEJIHHO JIFOOBIX KOHTAK-
TOB C OKpYKaIIUMU. HeKoTopble manueHThl OTMe-
YalT CHIDKEHHE KauecTBa JKU3HHU, HEOOIEHKY BarK-
HOCTH JJTUTEIbHOTO 3(PHEKTUBHOIO JIeueHU, TI03BO-
JISTIONIET0 YCTPAHUTh HE TOJBKO KJIMHUYECKUE
CUMIITOMBI 3a00JIEBaHMUsI, HO ¥ CKOPPEKTUPOBATH MX
SMOITUOHAJIbHYTO cdepy [4].

B Hacrosimmee BpeMsi 0OTMeUaeTcss 3HAYUTETbHBIA
MPOTPece B JIEUEHUH CPEIHETSIKEIOT0 U TSAXKEIOTO
[ICOpUa3a, IOCTYITHBI pA3JINYHbIE BUBI JIeueHus [7].
K HUM OTHOCATCS Hapy:KHasl TeEpaus KOPTHKOCTe-
pouaMu W aHajgoraMud BuUTaMmMuHa /I, crcreMHas
Tepamnus METOTPEKCATOM H ITUKJIOCIIODUHOM, IPH-
MeHeHHe OMO0JIOTUYECKUX ITPENapaToB, IEIbI0 KOTO-
PBIX ABJSIOTCS creruuuecKre MyTH UMMYyHHOH
cuctembl [8]. HecmoTpss Ha TO, UTO yKasaHHBIE
METOZ[bI MOTYT YCTPAHATh CHMIITOMBI 3a00JI€BaHUs
U, COOTBETCTBEHHO, yJIyUIIIaTh COCTOSTHHE KOXU BO
MHOTHUX CJIydasX, BCe €Ille OCTAeTCs 3HAUHUTEIbHOH
Jl0JIs1 TALIEHTOB, JIeueHle KOTOPHIX He 3(PPeKTUBHO
B JIOJITOCPOYHOM IIEPUOJIE.

HecMoTpst Ha JOCTUTHYTBIH IIPOTPECC B JIEUEHUH
Icopuasa, MHOTHE TalHEHThl YKa3bIBAIOT HA HeY-
JTOBJIETBOPEHHOCTh Ha3HAUEHHBIM JIEUeHHUEM BCJIE/T-
CTBUE CJIOKHOCTH KOHTPOJISI CHMIITOMOB, Pa3BUTHSI

various other health problems, including psoriatic
arthritis, heart disease, metabolic syndrome, as well
as mental health conditions like depression and
anxiety [3].

Subsequently, the impact of psoriasis on QoL is
noteworthy and varied. Several studies have shown
that individuals with psoriasis often experience con-
siderable mental distress due to their visible nature
of their illness [4]. The stigma surrounding skin dis-
eases can result in social isolation, lower self-esteem,
and difficulties in relationships. Research has indi-
cated that the QoL of patients with moderate to
severe psoriasis can be similar to that of individuals
with chronic conditions like heart disease or diabe-
tes. The physical discomfort, such as itching, pain,
and inflammation, can intensify these emotional
effects.

Patients may find it difficult to engage in social
activities or maintain employment because of their
condition [5]. Aside from the emotional impact, pso-
riasis can also pose practical challenges in everyday
life [6]. Unpredictable flare-ups can cause anxiety
about public interactions. Finally, several patients
note a decrease in their overall QoL, underscoring
the importance of effective long-term management
strategies that resolve both the physical as well as
emotional aspects of this persistent medical circum-
stance [4].

Moderate to severe psoriasis management has
seen significant advancements in recent years, with a
variety of treatment options now available [7]. These
options range from topical therapies like corticoste-
roids and vitamin D analogs, systemic medications
likely methotrexate and cyclosporine, and biologic
agents that target specific pathways in the immune
system [8]. While these managements can efficiently
reduce symptoms and progress the appearance of
the skin for many patients, there is still a significant
portion who do not achieve satisfactory long-term
results.

Regardless of progress in treatment methods,
numerous patients express dissatisfaction with their
management plans due to factors like inadequate
symptom control, medication side effects, and the
chronic nature of the disease [9]. Additionally, while
clinical effectiveness is often the primary focus in
treatment evaluations, there is a growing under-
standing that success should also be measured by
improvements in QoL. Patients often report that
even when their skin condition improves, they may
still grapple with the psychological impressions of
living with psoriasis [10].

Long-term consequences for individuals with
psoriasis are crucial for evaluating the efficacy of
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060YHBIX 3 HEKTOB MPUHUMAEMBIX IIPENapaToB U
XPOHHYECKOU IPUPOABI caMoi 6osie3nu [9]. Kpome
TOTO, IIOMHMO KJIUHHYECKOH 5(PdeKTUBHOCTH —
OCHOBHOTO IIOKAa3aTesis OIeHKU HCXO0Jla JIeUeHUs,
Cpesu CIEeIHaINCTOB pPacTeT MOHMMAHHE TOTO, YTO
cJIelyeT WCIIOJIb30BAaTh U TAaKOHM IIOKa3aTesb, Kak
yJIydllleHre KauecTBa JKU3HU. [lallMeHThI TakiKe
COODIIAIOT, UTO Jla’ke MPU YIIYUIIEHUU COCTOSHUS
KOKH Y HUX BCE ellle COXPAHSAETCS IICUX0TOTUIECKHUI
JIUCKOM(OPT, BEI3BAaHHBIA 00JIE3HBIO [10].

JlosiroBpeMeHHBIe TTOCIIECTBHUA Y OOJIBHBIX IICO-
pHUa3oM SIBJISIOTCS KJIIOUEBHIMH B OIleHKe 3ddek-
TUBHOCTH JieueHUs. [[aHHble COBPEMEHHOM JINTepa-
TYPBI CBUZETEJIHCTBYIOT O TOM, UTO T€UeHHE O0Ie3HU
y OOJIBIIMHCTBA MANMEHTOB — 3TO OeCKOHeuHas
yepejila PEMUCCUH M PENUAUBOB [11, 12], ¥ 3TO CTHU-
MYyJINpyeT MAIeHTOB IPUEPKUBAThCA Ha3HAUEH-
HOTO JIeueHUs 1 00YCIOBJINBAET YIOBJIETBOPEHHOCTh
uM. Kpome Toro, mokasano, 4To marueHThl, CIUTAIO-
mue cBoe JyieueHue 3 GEeKTUBHBIM, 0ojiee TIpUBEP-
JKeHbl HAa3HAUEHHOMY JIEYEHUI0O U UMEIOT OoJiee
BBICOKUU YPOBEHb YZOBJIETBOPEHHOCTH JIEUEHHEM
[13]. YTOOBI IPUUTH K KOMILJIEKCHOMY IIOHHIMAaHUIO
BJIMSIHUSL TEPAllUM HAa KAveCTBO JKU3HU OOJBHBIX
IIcOpHua3oM, HeOOXOUMO YUHUTHIBATh TOUKY 3PEHUS
caMUX NAIUEeHTOB, IPUHUMAIOIIUX yJacTHe B HccIe-
moBauusax [14]. CorsacHo [15] /1 manueHToB BaskeH
He TOJIPKO HCXOJ, JIEUeHUs, HO U cieaymomue hak-
TOPBI: y/I0OCTBO MpHeMa/IpUMeHEHHsT Ha3HAUYeH-
HBIX IIpemnapaToB; uUX mobOouHble 3G@EKTHI; TOI-
JlepKKa Bpaudel, KOTopble BeayT 60abHOT0. OOCYK-
JIEHUE C TalHeHTOM IeJIed JIedeHUsI CriocoOCTByeT
BBIPabOTKe TEePCOHU(PUIMPOBAHHOTO IIaHA Jieue-
HUS, KOTOPOe OyZeT COOTBETCTBOBATH OXKHUIAHUAM
IanyeHTa ¥ OTBeuaTh ero 0a30BBIM KU3HEHHBIM
UHTepecaM [16].

B cBA3M cO Cka3aHHBIM BHIIIE, [IEJTHI0 HAIIETO
HCCIEIOBAHUSA ABJSETCS OIpeJleJIeHNe pe3ysbTa-
TOB MPOIOIKUTETHLHOTO JIEUeHUs CPETHETKEIOTO
U TsIKEJIOTO IICOpHAasa, KacCalol[UXCs KadecTBa
)KU3HU. B wuccinenoBanuu usydaercss 3¢GQdeKTHUB-
HOCTh NPUMEHEeHUs OUOJIOTUYECKUX IPernapaTos,
YTO JIaCT HOBBIE JAHHBIE, KOTOPBIE I03BOJIAT ITOBBI-
cuTh 3(PPEeKTUBHOCTD JIeUEHUs ]I MAlEeHTOB C
ncopuasoM. Hajseemcsi, UTo BCE BBIIIECKA3aHHOE
II0O3BOJIUT HE TOJIPKO PACIIMPUTH HAIIM IPEACTAB-
JIEHU O TaHHOU MaTOJIOTUH, HO U OKa3aTh IPAKTU-
YeCKyI0 ITOMOIIIb BpauyaM B JIEYEHUH 3TOH TSKEJIOH
6ose3nu. 11, HakoHell, TPUMEHEHNE KOMILJIEKCHOTO
[I0/IX0/1a, MIPEIIOJIATaloero OeHKy Kak Gpusnde-
CKOTO, TaK U IICUXUYECKOTO 3/IOPOBbsI MAIEHTOB,
SBJISIETCS KpaliHe BaXXHBIM B JIOCTHIKEHUM 3P dex-
TUBHOCTH JI€UEHUS CPENHETSKEJIOTO U TKEeJIOrOo
rcopuasa.

treatment methods. Conventional literatures suggest
that numerous patients go through variations in
their condition over time, experiencing periods of
reduction followed by deteriorating symptoms
[11, 12]. This variability can make it stimulating for
patients to stick to their treatment plans and feel sat-
isfied with their care. In addition to, research has
demonstrated that patients who view their treatment
as effective are more likely to follow prescribed regi-
mens and express higher levels of contentment [13].
To acquire a comprehensive understanding of the
impact of treatment on QoL, it is important to take
into account the viewpoints of patients in research
[14]. Research has shown that patients value not only
clinical outcomes but also factors such as the conve-
nience of treatment administration, side effects, and
support from healthcare professionals [15]. Involv-
ing patients in conversations about their treatment
objectives can result in more individualised care
plans that meet their expectations and lifestyle
requirements [16].

Therefore, the present research aims to investi-
gate the long-term results of different treatment
methods for moderate to severe psoriasis, with a
focus on the QoL. The study explores the efficacy of
biologics and hence hopes to give useful information
on how to improve outcomes for patients. By filling
gaps, will not just help us understand the condition
better, but also give practical advice for healthcare
providers who want to help people with this chal-
lenging condition. Finally, a well-rounded methodol-
ogy that considers both physical health and emo-
tional well-being is crucial for getting better long-
term results in dealing with moderate to severe
psoriasis.

1.2. Problem of Identification

In spite of the availability of various treatment
options, including biologic therapies, many patients
still face challenges with controlling the disease and
maintaining a good QoL. The initial issue is the
inconsistent effectiveness of biologic treatments over
the long term, as most studies focus on short-term
results without considering their sustainability over
time. Even though improvements in the skin condi-
tion are often seen, they may not always lead to bet-
ter QoL due to ongoing psychological distress and
social stigma. Factors such as age, gender, initial dis-
ease severity, other medical conditions, and adher-
ence to treatment can have a significant impact on
the outcomes of treatment. However, there is limited
research investigating these associations. Moreover,
difficulties related to patient adherence, such as
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1.2. IIpo6aema nageHTUPUKATTUN

HecmoTpst Ha JOCTYIHOCTh B HACTOsAIlee BpeMs
pa3JIMYHBIX BH/OB JIEUEHUS IIcCOpUas3a, MHOTHe
MAFEHTHI TO-TIPEKHEMY CTAJIKUBAIOTCA C TPYIHO-
CTSIMU B KOHTPOJIE CUMIITOMOB 3a00JIeBaHUSA U TIOJ-
Jlep’)KaHUM  JIOJDKHOTO VPOBHSA KadecTBa KU3HU.
KitoueBasg Tema mcciieloBaHus — oleHka dddek-
TUBHOCTH OHMOJIOTUYECKUX IIPenapaToB HMMEHHO B
X07le TPOJOJDKUTEJBPHOTO JiedeHUs, IIOCKOJIbKY
OOJIPIITTHCTBO PAOOT MOCBSIIEHO U3YIEHUIO KPATKO-
CPOYHBIX DEe3YJIbTaTOB OHOJIOTUYECKOU TEPAIHH.
JTO CBA3AHO C TEM, UTO Ja)Ke MPU KYINHUPOBAHUHU
KO>KHBIX CHMIITOMOB B XOJIe JIEUEHUs y MAI[UEHTOB
He BcerJla MOXKeT YJIydIIaThcs KadyecTBO >KU3HU
BCJIEJICTBUE BJIUSAHUA IOCTOSHHOTO IICHUXOJIOTHYE-
CKOTO CTpecca U COIUAJIBHOU CTUTMAaTH3aINH,
BBI3BaHHBIX 00sie3HBbIO. Takue (aKTOPHI, KaK IOJI,
BO3pACT, CTENEHb TKEeCTH B jiebioTe 06ose3HU,
COITyTCTBYIOIAsA TATOJIOTUS U IPUBEPKEHHOCTH
JIedeHUI0, MOTYT OKa3bIBaTh 3HAUMMOE BIUSHUE Ha
ncxozpl sedenua. OJfHaKo dTa TeMa KpaiiHe cy1abo
paspaboTaHa B coBpeMeHHOU JjmuTeparype. bosee
TOrO, TPOOJIEMBI TPUBEPKEHHOCTH IAIIEHTOB C
[ICOpUA30M JIeUeHUIO (HempaBWIbHOE MOHUMAaHHE
TOTO, KaK HYKHO IPUMEHATh Ha3HAUEHHBIE CPeJl-
CTBa; cTpax HOOOYHBIX 3(PGHEKTOB) 3HAUNUTETHHO
OCJIOXKHAIOT JIEYeHHe JIaHHOTO 3aboseBaHuA. Bcé
CKa3aHHOE BBIIIIE CBUJIETEJIHCTBYET O HEOOXOAUMO-
CTH Pa3paboTKU HAyYHO OOOCHOBAHHBIX KJIMHHYE-
CKUX pEeKOMeHJIaIlii, KOTOpble MO3BOJIAT CKOPPEK-
TUPOBATh TEPAIUIO IICOPHAa3a U ITOBBICUTD ee 3 dek-
TUBHOCTD. [losyueHue HaMEKHBIX PE3YJIbTATOB B
XOJle U3yYeHHUs STHUX B3aUMOCBSA3AHHBIX BOIIPOCOB
JIOJDKHO CIIOCOOCTBOBATH TOBBINIEHUIO 3(PHEKTHB-
HOCTU Tepaluy Icopuasza B IIeJIOM U, CJIeZ[oBa-
TeJIbHO, MCXO/I0B JIeUeHU JIJIs MaI[UeHTOB.

1.3. 3HAYNMOCTh HccjieA0BaHuA

Hacrosmiee ncceseioBanme MO3BOJIUT PACIIUPUTD
Hallle IOHUMaHUe 0COOEHHOCTEN JIJINTEIbHON Tepa-
1Y CPEJHETSKEIIOTO U TAXKEJIOro IIcopuasa, B 4acT-
HOCTH 3 GEKTUBHOCTH OHOJIOTHYECKUX [TPENIapaToB
U UX BIAWAHMAA HA KA4yecTBO JKU3HU IAI[UEHTOB.
ITockoIbKy B HaACTOSsIIIEe BpeMs KpaliHe MajIo JlaH-
HBIX 00 3P DEeKTUBHOCTH OHOJIOTHYECKUX IIpernapa-
TOB B XOJle JUIUTEJIBbHON Tepanmuu Icopuasa U Uux
BJIMAHUM Ha KauyecTBO KU3HU IAI[MEHTOB, 33/1a4a
HAIIleTO HCC/IEIOBAHUSA COCTOUT B TOM, UTOOBI BOC-
IIOJTHUTH 3TOT mpobes. Kpome TOro, pesysbTaThbl
aHaJIN3a TAKUX KINHUKO-ZieMorpaduyeckux GhakTo-
POB, KaK BO3PacT, IT0JI, ICXOAHAs CTEIIEHb TSKECTH U
[IPHUBEPKEHHOCTh JIEUEHHUIO0, TT03BOJIAT JePMaToJIo-
raMm paspabaThiBaTh WHAUBUAYATH3UPOBAHHBIE

logistical obstacles in treatment administration and
concerns about side effects, make managing the con-
dition more challenging. This underscores the press-
ing need for evidence-based recommendations that
address these complexities and enhance treatment
strategies. This study aims to provide valuable
insights by scrutinising these interconnected issues,
with the goal of cultivating the overall management
of psoriasis and improving patient outcomes.

1.3. Significance of the Study

The importance of this research is to improve the
understanding of long-term treatment results for
moderate to severe psoriasis, specifically focusing on
the effectiveness of biologic treatments and their
influence on patients’ QoL. The present research
highlights a lack of data on the long-term effective-
ness of these treatments and their effect on QoL,
which this study aims to fill with a detailed analysis
of real-world outcomes. Additionally, by considering
clinical and demographic factors like age, gender,
initial disease severity, and treatment adherence, the
research aims to help healthcare professionals tailor
interventions more effectively to each patient’s
needs. This individualised approach is vital for
enhancing treatment adherence and overall satisfac-
tion. Moreover, the research will provide evidence-
based suggestions for improving treatment results,
helping to establish clearer clinical guidelines to
ensure optimal care with the introduction of new
biologic treatments. Eventually, the present study
seeks to advance dermatological care by offering
important insights that can lead to a better QoL for
individuals with psoriasis.

1.4. Research Objectives

The objectives of the present study are as follows:

« To evaluate the long-term effectiveness of vari-
ous biologic therapies in reducing psoriasis severity.

« To investigate the impact of biologic therapies
on patients’ QoL.

« To analyse the effect of demographic and clinical
characteristics including age, sex, baseline disease
severity, comorbidities, and adherence to therapy on
treatment outcomes.

« To recommend interventions for enhancing the
treatment outcomes of biologic therapies for psoriasis.

1.5. Research Hypothesis

The hypotheses of the present research are as fol-
lows:

H1: Long-term effectiveness of biological thera-
pies has significant impact on the psoriasis severity.
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IUIAHBl Tepanuy, MOoBbIIIAIONINE 3PDEKTUBHOCTD
JIe9eHUs1 JIUIsl KOHKPETHOTO O6oJibHOTO. [Tepconudu-
IIUPOBAHHBIH MOAX0/] KpaiiHe Ba)KEH IS TIOBBIIIIE-
HUS TIPUBEPKEHHOCTH TAIlEHTOB JIEYEHUIO |
JIOCTHKEHHUS UX OOIIEeN y/I0BJIETBOPEHHOCTH. bosee
TOTO, HAIlle MCC/IeIOBAaHME BHOCUT BKJIaJ B paspa-
OOTKy JOKas3aTeJbHOH 0a3bl JJIsI ONTHMU3AIUH
Teparuy Icoprasa, KOTopasi MOKeT OBITh HCII0JIb30-
BaHa /I pa3pabOTKU KJIMHUYECKUX PEKOMeEH7a-
Y, TPEACTABISAIONINX 3GGEKTUBHBIE CTPATETUHN
JIeYeHUsl ¢ MPUMEHEHUEM COBPEMEHHBIX OHOJIOTH-
YyecKHx IpernapaToB. !V, B KOHEUHOM cYeTe, Hallle
rccyieioBanre OyZeT CrocoOCTBOBATH YIIYUIIIEHHIO
JIEpMaTOJIOTUYECKOU IMOMOIIU B IIEJIOM OJarojiaps
MIOSIBJIEHUIO HOBBIX JaHHBIX, KOTOPbIE ITO3BOJIAT
TTOBBICUTh KAUECTBO JKU3HU OOJIBHBIX IICOPUAZ0M.

1.4. Ilesiu ucciremoBaHus

Ilesy HACTOAIIETO UCCIIEZIOBAHUS CIIETYIOIINE:

e Onenuth 3QGEKTUBHOCTD JJIUTEIHHON Tepa-
IUY TIcopra3a OWOJIOTUYECKUMH IIpernapaTamMu B
CHIDKEHUH CTENEHU TAKECTH 3a00JIeBaHUA.

o VI3yuuTh BJIMsIHUE TEPANINH [ICOpra3a OU0I0TH-
YeCKHMMHU IIperapaTaMy Ha Ka4yecTBO JKHU3HH IaIfy-
€HTOB.

e YCTaHOBUTH CBA3D psjia KIIMHUKO-AeMorpadu-
yeckux (GaKkTOpOB (BO3PACT, II0OJI, ICXOAHAS CTENEHD
TSDKECTH, COITYTCTBYIOIIME 3a00/1€BaHUs U IIPUBEP-
JKEHHOCTb JIEYEHHIO) C Pe3YyJIbTaTaMHU JIEUeHU .

e CdopmynupoBaTh KOHKPETHbIE peKOMeH/Ialuu
[0 ONTUMM3AIUN Tepaluy Icopuasa Ouosaoruye-
CKUMH IIpernapaTamu.

1.5. I'umoTesbl HuccjaeaoBaHuA

Bruu chopmystpoBans! erepytorye runoressl (I):

I'1: lnurenvHas 5¢¢GeKTUBHOCTh TEPANUU ICO-
puasza OHOJIOTHYECKUMU IIperapataMu 3HAYUMO
BJIMSIET HA TSKECThb 3a00J1eBaHUs.

I'1: intenbHas 3pHEKTUBHOCTD TEPAIIMHU TICO-
puaza 6MOJIOTUYECKUMU TIpernapaTaMy 3HAaUuMO He
BJIMSIET HA TSKECThb 3a00JIeBaHUs.

I'2: Tepanus ncoprasza GHOJOTHYECKUMH ITPemna-
paraMu 3HAYMMO BJIUSET HA KaUeCTBO KU3HU TaIy-
€HTOB.

I'2: Tepanusa mncopuasa GHOJOTMYECKUMHU IIpe-
rmapaTaMy 3HaUYMMO He BJIHsSET Ha KauyecTBO JKU3HU
MaIeHToB.

I'3: EcTb TecHasd CBA3b MEXIAY PALOM KJIUHUKO-
nemorpaduueckux GakTOpOB M UCXOJ[AMU JIEUeHU
rcopuasa.

I'3,: Her TeCHOH CBA3H MEXIy PAIOM KIMHUKO-
nemorpaduueckux GakTOpOB M UCXOJ[AMU JIEUeHU
rcopuasa.

Hi : Long-term effectiveness of biological thera-
pies does not have significant impact on the psoriasis
severity.

H2: There is a significant impact of biologic ther-
apies on QoL of patients.

Hz2 : There is no a significant impact of biologic
therapies on QoL of patients.

H3: There is a significant association among
demographic characteristics and treatment out-
comes of the patients.

H3_: There is no significant association among
demographic characteristics and treatment out-
comes of the patients.

1.6. Paper Organization

The present paper is ordered on the base of cur-
rent drift in the depiction of effectiveness of biologi-
cal therapies for the reduction of psoriasis severity.
Whereas, analysis of contemporary research that has
remarked the similar research work through varied
use of analytical methods are characterised in Sec-
tion 2. Added to which, Section 3 illustrated the
methodology ensued in the present research. Fur-
ther, the results executed in the current research are
indicated in Section 4. Consecutively, Section 5 rep-
resents the conceptual discussion on the percept of
current research. Section 6 indicates the limitations
endured in the paper. Orderly, concluded reflection
from the present paper is demonstrated in Section 7.

2. LITERATURE REVIEW

2.1. Reviewing Data

Psoriasis is a long-term inflammatory disease,
and their impact on patients varies with the disease
severity resulted in the physical discomfort and dis-
tress psychologically. Their etiology is not clear but
the immune cells such as type 1 and 17 cells that are
producing cytokines and modulated by the Treg
cells, are substantial in the pathogenesis.

The existing study [17] aims to explore the varia-
tion in the body image as well as QoL of the psoriasis
patients subjected to biologic therapies. It employs
single-sample, quasi-experimental, pre- and post-test
design. 44 psoriasis patients were selected from the
out-patient clinics in the two health centers at Taiwan.
The questionnaire includes BIS (Body Image Scale),
demographic information and DLQI (Dermatology
Life Quality Index). The statistical analysis has been
performed with the support of SPSS tool. The results
indicated significant improvements in body image
among psoriasis patients after biologic therapy. Also,
there was a positive correlation between body image
and QoL and biologic therapy. The study concludes
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1.6. CTpykTypa crarbu

CraThs HallKCcaHA HA OCHOBE PE3YJIbTATOB U3yUe-
HHUSA COCTOSIHHA BOIpoca d(PPEeKTUBHOCTH Tepanmuu
rcopuasa OMOJIOTMIECKUMH IIperapaTaMy Ha COBpe-
MEHHOM 3Talle U MPOBeZeHNs] COOCTBEHHOTO HCCe-
nmoBaHus. O630p JIUTEPATYPHI, CBA3aHHON C TEMOH
uccse/loBaHusA, NIpeJiCTaBjleH B paszese 2; METOJO0-
JIOTH S, UCTIOJIb3yeMasi B XOJIe IIPOBEIEHUS UCCIIE0-
BaHU:A, — B pasfiesie 3. PesyspraTaMm uccieoBaHUA
nocBAleH pasznen 4. IlosydyeHHble pe3ysbTaThl
obcyx1aroTes B paszieiie 5. OrpaHuYeHus UCCIIelo-
BaHUsA ONUCAHBI B paszesie 6. B paszene 7 maiorcs
BBIBO/IBI, CHOPMYJIMPOBAaHHBIE ITOCiIe 00pPabOTKH
pe3yIbTaTOB UCCJIEIOBAHUS U UX OOCYKIEHUA.

2. OB30P JIUTEPATYPBI

2.1. /lanHBIE 0030pa

[Tcopuas — xpoHHUECKOe HEMH(DEKITMOHHOE BOC-
nayimresibHOe 3a0oseBanue. Ero BiusgHue Ha mamnu-
€HTa 3aBHUCUT OT CTEIIEHU TSKECTU U BapbUPYET OT
dusmueckoro auckomMdopTa A0 ICUXOJIOTUIECKOTO
cTpecca. ATUOJIOTHSA [ICOPHUA3a He U3BECTHA, OTHAKO
[IOKa3aHO, YTO 3HAUYUTEHHYIO POJIb B IIaTOTEHE3e
3abosieBaHusl UrparoT uHTepsaeikunbl (IL) 1 u 17,
MIPOYIHUPYIOIIFE ITUTOKUHBI, a CaM 3TOT IIPOIeCC
Mojtysupyercs T-KIeTKaMu.

B [17] usyuasyoch BIUSHUE TepATUU OHOJIOTHYE-
CKUMHU IIpernapaTaMy Ha COCTOSTHUE KOKHBIX IIOKPO-
BOB (BHEIIHUI BUJ IIAIlMEHTA) U KAYECTBO >KU3HU
MAIUEHTOB C TICOPHUAa30M. BhLI0 TPOBE/IEHO O/THOBHI-
OOpOUYHOE, KBAa3MUIKCIIEPUMEHTAIBHOE HCCIIEZ0BA-
HUEe C OIIEHKOW JI0 Havasla Tepaluy U IOCJIE ee
3aBepIIeH!s], B KOTOPOM IIPUHSLIA yUacThe 44 aMOy-
JIATOPHBIX MAIIFIEHTA, TPOXOAUBIINX JIEUEHUE B JIBYX
MEJIUIMHCKUX LeHTpax TaliBaHd. PecnoHJeHTHI
3aTIOJTHSJIM aHKEThI, B KOTOPhIX COOMPATHCH JIEMO-
rpaduyeckrie JaHHBIE, U IIPOBOJAMIACH OIIEHKA II0
BIS (Body Image Scale) u DLQI (Dermatology Life
Quality Index). CraTucTudecKuii aHaINU3 IIPOBO-
e ¢ ucnosb3doBanueM SPSS. PesynbraTe! uccie-
JIOBaHUS TMOKA3aM 3HAYUTEIBHOE YJIyUIIIEHHE
COCTOSTHUS KOKHBIX TOKPOBOB V TAIEHTOB C IICOPH-
a3oM IOcJIe Tepanuu OHOJOTHYECKUMH IIpernapa-
tamu. Taxke ObLIa yCTaHOBJIEHA IOJIOXKHUTEIbHASA
KOPPEJIANNSA MEXAY BHEIIHUM BHUZOM U KaueCTBOM
JKU3HU U Tepanrel 6M0JIOTHIeCKUMH IpernapaTaMu.
ABTOpBI IPUIIUIA K BBIBOAY, YTO TEPANUA OHUOJIOTHU-
YeCKMMHU IIpenapaTaMy 3HAYUTENIBHO YJIydIllaeT
Ka4yecTBO JKH3HU MAIeHTOB ¢ IcopuasoM. Kpome
TOT0, IO3UTUBHOE BJIMSHUE HA STOT II0KA3aTe b OKa-
3BIBAIOT IOBHIIIIEHNE OCBEAOMJIEHHOCTH MAI[UEHTOB
0 CBOeM 3a00JIEBAaHUU M IICUXOJIOTUYECKas IIOf-
JIep’KKa Bpayva.

that the psoriasis patients with the biologic treatment
effectually improve the QoL of patients. Also, health-
associated education as well as psychological support
improve the QoL and body image.

The conventional research [18] compares the effi-
cacy of anti-IL-17A biologics with the other conven-
tional biologics. It provides comparisons of the
7 individual biologics versus ixekizumab. Additional
comparisons included the proportion of patients
who reached Psoriasis Area and Severity Index
(PAST)90, PASI100, DLQI for measuring durability
of treatment response. Results indicated that the
anti-IL-17A had a response rate to be higher and sig-
nificantly higher odds of accomplishing the primary
outcome at month 12 compared to the other biolog-
ics cohort. Additionally, both cohorts had similar
response rates for PASI100 and PASI9o. Further-
more, there are no significant differences amongst
the cohorts. The response rates for the individual
biologics ranged from 53,5% to 72,6% at month 12,
for the primary outcome. These findings demon-
strate the proportional efficacy of numerous biolog-
ics in a real-world.

The prevailing research [19] aims to evaluate the
attainment of specific PASI thresholds and associ-
ated enhancements in health-related quality of life
(HRQoL) in individuals with plaque psoriasis. It
encompasses the patients who were subjected to
risankizumab and ustekinumab. The data from
patients randomised to 150 mg risankizumab or 45
and 90 mg of ustekinumab in randomised controlled
UltIMMa-1 and UltIMMa-2 trials were scrutinised
for the accomplishment of unique PASI thresholds.
The time taken to achieve the thresholds, and inte-
grated PASI and DLQI outcomes were estimated.
Data from patients initially randomised to risanki-
zumab from LIMMitless for the accomplishment of
certain PASI levels, average DLQI scores, and
DLQIo/1 were evaluated. A considerably higher per-
centage of patients treated with risankizumab, along
with combined outcomes for absolute PAST as well as
DLQI compared to those treated with ustekinumab
was found. The median time was significantly shorter
for patients treated with risankizumab in compari-
son to those treated with ustekinumab. Low PASI
scores were associated with low DLQI scores
throughout week 172 of continuous risankizumab
treatment. The treatment with risankizumab exhib-
ited notable rates of prompt and enduring efficacy on
the basis of PASI thresholds and augmentations in
HRQoL of the patients.

The existing research [20] assessed the physi-
cian- and patient-reported outcomes for week 252 in
VOYAGE 1 and VOYAGE 2 trials. A total of 1829

36

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



Wadhawa S.S. et al. / Journal of Siberian Medical Sciences Vol. 9, No. 3 (2025)

B [18] cpaBHuBanmuch pe3ynbraThl 3POEKTHB-
HOCTh Tepanuu uHruOMTOpamu IL-17A u Apyrumu
NIPUMEHSEMBIMU B COBPEMEHHOM KJIMHUYECKOHU
MPAaKTHKe OWOJIOTUYECKUMH IpernapataMu. Takxke
MIPOBOMJIOCh CPABHEHHE 7 OTAEIbHBIX OMOJIOTHYE-
CKHX IIPEeIrapaToB C UKCEKU3yMaOOM U, JIOIOJIHHU-
TEJIHO, — CPaBHEHHE T'PYIIIHI MAIlHEHTOB, JOCTHUT-
mux Psoriasis Area and Severity Index (PASI) 9o,
PASI 100, DLQI 0/1 — mokazaTeeii 3¢ GeKTHBHOCTH
JsiedeHus. [laryueHTHI, IOJy4YaBIINEe WHTHOUTOPHI
IL-17A, mokaszanu Hanbojee BBICOKYIO YacCTOTY
OTBETa Ha JIEYEHHWE B JOCTWIKEHWU IIEPBUYHOTO
HWCX0JIa Ha 12-U MecsAI] JIeYEeHHs 10 CPAaBHEHHIO C
ManyeHTaMy, IIOJIyYaBIIUMU JAPyTrue Owosiornye-
ckue npenapaTtbl. O0e KOropThl HAIlEHTOB WMEJIN
O6s1M3KHe mokasaTesu B goctrkennu PASI 9o u PASI
100. BoJtee Toro, Mesk/y KOropTaMu He OBbLIO BBISB-
JIEHO 3HAUYMMbBIX pa3nndyui. Yacrora oTBeTa IO
OT/IeJIbHBIM OHMOJIOTHYECKUM IIperapaTtaM BapbUpO-
BaJia OT 53,5 710 72,6 % K 12-My MecAIy A1 IepBUY-
HOTO HCXOJIa JieYeHUsl. DTHU JaHHbIE CBUJIETENIb-
CTBYIOT O OJU3KON 3(DDEKTUBHOCTH PaBIUUHBIX
OMOJIOTUYECKUX IIpernapaToB, NPUMEHSEMBIX B
COBPEMEHHOU KJIMHUYECKOH IpaKTHUKe.

Iesnbio post-hoc ananmsa [19] 7aHHBIX TAIIMEHTOB C
BYJII'apPHBIM IICOPHA30M, yYaCTBOBABIIIUX B JIBYyX KPYII-
HBIX PAH/IOMU3HUPOBAHHBIX KOHTPOJIMPYEMBIX UCCIIE0-
Banuax UltIMMa-1 u UtIMMa-2, 6pu1a oneHka abco-
JIFOTHBIX TIOPOTOBhIX 3HaueHW mo PASI u kauecrBa
JKU3HU, CBSI3AaHHOTO CO 3710POBBEM. llaIriieHThI TosTy-
YaJId PUCAHKU3YMal 150 MT WIN YCTEKUHYMAO 45 WA
90 wmr. OLleHHBaIOCh BPEMS JIOCTHKEHUS TTOPOTOBBIX
3HaueHuw 1o PASI u ucxozwl mo PASI 1 DLQI, a Takke
JIOCTIDKEHUE CITEN(PUIECKUX TOPOTOBBIX 3HAYEHHH 110
PASI, cpeanero 6awta mo DLQI u DLQI 0/1. Pesyib-
TaThl UCCJIEZIOBAHUS TIOKA3aJIH, UYTO CPEJIA JOCTUTIITIX
ITOPOroBbIX 3HaUeHUH 110 PASI 1 HEOOXOMMOM OIIEHKH!
o DLQI mpeo6Jiaziaiv maiieHThl, TOJTyJaBIlye PHCaH-
Kuzymab. Bpems JOCTHKEHHS KOHTPOJIBHBIX TOYEK
HCCIIEMOBAHUS TaKKe ObUIO 3HAUUTETHHO MEHBIIE Y
MAI[AEHTOB, TOJIYYaBIINX PUCAHKU3yMAab, [0 CpaBHE-
HUIO C TeMH, KTO IOJydasl ycrekuHymad. Huskas
oreHka 1o PASI 6pu1a acconmupoBaHa ¢ HU3KUM OaI-
goM 1o DLQI x 172-ii Henesle JIVINTEJIBHOTO JIEUEHHS
pucankuzymabom. Teparusi prucaHKH3ymMabOM ITOKa-
3aJ1a JIOCTATOYHOE OBICTPOE W HAJIEKHOE JIOCTIKEHTE
a(pdexTUBHOCTH JIeueHus], orleHeHHoe 110 PASI, 1 ysy4-
IIIEHVEe KAYecTBa JKU3HU, CBA3AHHOTO CO 37I0DOBBEM, V
MMAIEHTOB C BYJIbrAPHBIM IICOPHA30M.

B [20] onenuBamch (Kak BpauyaMH, TaK 1 TalfdeH-
TaMH) UCXO/IbI JIEUEHUS K 252-1 HeJleJle B UCCIIe/IoBa-
Husax VOYAGE 1 u VOYAGE 2. B ucciemosaHue
BOIIUTM 1829 TalMEHTOB, KOTOPbIE KMCXOHO ITOJIy-
YyaJu rycesibkyMab B TeueHue 8 Heq, miarebo u aza-

patients were randomly assigned at the start to
receive guselkumab 100 mg every 8 weeks, adalim-
umab and placebo. In VOYAGE 1, patients on pla-
cebo switched to guselkumab at week 16, while those
on adalimumab switched to guselkumab at week 52.
On the contrary, in VOYAGE 2, withdrawal and
retreatment took place between weeks 28 to 76, after
which all patients were given open-label guselkumab
until week 252. The effectiveness and HRQoL end-
points were analysed until week 252, with safety
monitored until week 264. The outcomes showed
that 84,1% and 82% of patients in the guselkumab
group achieved clinical responses in PASI at week
252 in VOYAGE 1 and VOYAGE 2. In terms of Inves-
tigator’s Global Assessment (IGA) scale, 82,4% and
85% in VOYAGE 1, and 52,7 and 53% in PASI, and
54,7% and 55,5% in IGA achieved positive outcomes.
Similar results were seen in patients who switched
from adalimumab. These benefits were sustained
from week 52 in VOYAGE 1 as well as week 100 in
VOYAGE 2.

The prevailing research [21] performs economic
study known as CANOVA aims to evaluate the cost-
effectiveness of biologics for plaque psoriasis in a
real-world setting. The study looked at the yearly
direct costs of managing psoriasis, the annual cost of
biologics as well as the cost per patient who responded
well to treatment in the Italian National Health Sys-
tem. Specifically, the study analysed the cost per
response and sustained response of biologic thera-
pies for psoriasis within the CANOVA study. The cost
of biologics was the main driver of expenses, making
up around 98% of the total costs. Adalimumab had
the lowest ratio of cost, followed by secukinumab.
Ustekinumab and ixekizumab ranked third and
fourth, respectively. In terms of the sustained
response analysis, secukinumab had the lowest
observed value (€21,375) among the options, due to
its high response rate (86% compared to 60—80%)
achieved early in treatment. Biologic therapy is con-
sidered an important asset for treating moderate to
severe plaque psoriasis.

2.2, Research Gap

In the existing study of Wu et al. [17] only 44 par-
ticipants were selected for research purposes which
is considerably small sample size. Moreover, partici-
pants might have differences in their opinion regard-
ing the QoL while intervention. Similarly, the con-
ventional research [18] grouped the IL-17A biologics
into single category, hence their comparison were
related to ixekizumab only. The prevailing research
[19] focuses only on the post-hoc test and, hence, not
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sumymab. B ucenenoBaruu VOYAGE 1 nanueHTs! U3
TPYyIIBI I1aneb0 HavaIu MmojydaTh rycebkymab Ha
16-11 HeJeste, a MaIueHThbl U3 TPYIIIIbI afjaTnMyMada —
Ha 52-# Hegeste. B uccnenosannu VOYAGE 2 ormeHa
HMCXOMHOTO IpermapaTa M IepeBOJ Ha TyceabKymald
MIpOMCXOAWII Ha 28-11 1 76-1 Heziesie COOTBETCTBEHHO,
a K 252-U Hejlesle BCE MAIUEHTHI CTTH IOJIyYaTh
ryceJbKyMad B OTKPBHITOM peskume. DPPeKTUBHOCT
U KauecTBO KU3HU, CBSI3aHHOE CO 3/TOPOBhEM, OLIEHH-
BaJIMCh Ha 252-H HeJesie, 0e30MacHOCTh — Ha 264-1
Heflesie. YCTaHOBJIEHO, UTO 84,1 1 82 % malueHTOB,
MMPUHUMABIIIUX TyCebKyMal, JOCTUIIA KJINHUYe-
cxoro oreeta 1o PASI k 252-11 Hejiesie B 000UX HccIe-
moBanmsax. Ilo mikame Investigator’s  Global
Assessment (IGA) JieueHHe okazanoch 3(PdeKTHB-
HbIM Y 82,4 1 85 % (IGA 0), 52,7 1 53 % (100% ymyu-
urerue Mo PASI) u 54,7 u 55,5 % (IGA 0). Bauskue
pe3ysbTaThl TOKA3a/IH TAI[UeHThl, MPUHUMABIIHE
HUCXOMHO amanuMymab. KimHudeckwii oTBeT ObLI
YCTOUUHMBBIM ¢ 252-1 Hegienu jieueHust B VOYAGE 1 u
¢ 100-1 Hepnenu — B VOYAGE 2.

B [21], HA OCHOBE KPYITHOTO HCCJIEJIOBAHUS KO-
HoMmuueckou HampapiaeHHOCTH CANOVA, oneHuBa-
Jlach SKOHOMHUecKasd 3(PGhEeKTUBHOCTh OHMOJIOTHYe-
CKHX IPeNapaToB B JIEYEHUH MAIIUEHTOB C ByJIbrap-
HBIM TICOPHA30M B pPeaJbHOM KJIMHUYECKOH
npakTuke. V3ydanuch cieayiolyde IOKa3aTesn:
MpsIMbIE 3aTPAThl Ha JiedeHHe OOJIbHBIX TICOPHA30M,
TOJIOBBIE 3aTPaThl HA OMOJIOTUYECKUE MIpernapaThl 1
3aTpaThl HA OJTHOTO MAITUEHTA C KINHUYECKUM OTBe-
TOM Ha JIeYeHUE B CHCTEME 37[paBooxpaHeHus Mra-
JINU, a TakKe 3aTpaThbl Ha 3(PPEKTUBHYIO U IJIU-
TeJIbHO 3(D(HEKTUBHYIO TEPAIIHIO IICOPHa3a OUOJIOTH-
4ecKUMH IipeniapataMu B ucciaegoBanuu CANOVA.
3aTpaThl Ha MOKYIIKYy OHOJIOTUYECKHX IpPEernapaToB
OKazaJIrch OCHOBHBIM /IpaliBepoM pacxoioB — 98 %
OT CTOMIMOCTH JieueHus B IesioM. Ha ajanmmyma0
MIPUXOIMINCH caMble HU3KHE 3aTPATHI, JJajiee CIe0-
BaJI CEKyKMHYMa0, TpeThe U YEeTBEPTOE MECTO 3aHHU-
MaJsIi ycreKnHyMab u nkcexknsymab. [1o mokasaresrro
JUTUTETHHON 3 (GEKTUBHOCTH HAanbo0JIee BHITOHBIM
okazaJjicsl ceKyknHyMmab (€21,375) M0 CpaBHEHHIO C
JIDYTUMU TIperiapaTamMyd BCJIEJICTBHE €ro BBICOKOU
KInHHYecKor sddextuBHocTd (86 % mpoTHUB
60—80 %), KOTOpasi JOCTUTAETCs B O0JIee KOPOTKHUE
cpoku. TakuM 06pa3oM, CTOUMOCTh OUOJIOTHYECKHIX
MpernapaToB COCTABJSET 3HAUYUTEIBHYI0 YacTh B
00IIIel CTOMMOCTH JIeUeHUs OOJTBHBIX IICOPHA30M.

2.2, OrpaHUYeHUs B VICIIO/Ib30BAHUU JAHHbBIX,
IOJIy49€HHBIX B X0/Ie 0030pa JIUTEPATyPhI

B uccnemosanue C.L. Wu et al. [17] 6b110 BKIIIO-
4YEeHO TOJIBKO 44 4YeJsl., YTO OOBEKTUBHO SABJIAETCS

powered to evaluate the differences of absolute PASI.
The conventional research evaluates the cost-effec-
tiveness of biologic treatment which is not a baseline
for the patient characteristics. Hence, the present
research overcomes the gaps of the prevailing
research and assesses the QoL of the patients with
psoriasis through quantitative methodology.

3. METHODOLOGY

3.1. Research Design

The research design included appropriate tools
and procedures to obtain reliable data. A well-
designed research is mandatory to acquire reliable
and valid outcomes. It incorporates the appropriate
method for the present study through responding
the question. The current study employs quantitative
research method. For quantitative method, data are
collected with the aid of questionnaire which is on
basis of study variables and queries to implement the
analysis [22].

3.2. Study Area

The study was conducted among psoriasis
patients in India who voluntarily participated in the
survey and interviews. It supports for useful execu-
tion of the present study. The survey and interview
are conducted with the aid of respondents. The peo-
ple who contributed to the study are psoriasis
patients. This will enhance the significance of the
study and make the course of gathering data more
convenient and fast.

3.3. Sample Size and Population

In this study, a representative sample of psoria-
sis patients in India was selected to obtain data on
their perceptions. The gathered valuable data for
the quantitative technique depends on the selected
sample size which helps to prove study objectives
[23]. The study incorporated 200 respondents for
quantitative investigation which includes psoriasis
patients in the respective field involved in the cur-
rent study.

3.4. Sampling Techniques

The technique used for sampling is a most signifi-
cant course to collect the data from targeted popu-
lace instead of concentrating on entire population
available [24]. The current study performs purpo-
sive sampling method to select target respondents
for the study. Correspondingly, the data to be gath-
ered for the current research will choose the samples
that are willing and have ability to offer precise
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KpallHE MaJIOYHCIIEHHOW BBIOOpKOH. K TOMy ke
PECIIOH/IEHTHI MOTJIN ITO-PAa3HOMY OIUCHIBATH IMHA-
MHKY KauecTBa JKU3HHU B X0/Ie nccaeaoBanus. B [18]
OMOJIOTUYECKHEe TIPenaparsl U3 TPYIIbl UHIHOUTO-
poB IL-17A 0GBeUHANINCH, B OAHY KaTEropuio, HO
CpaBHUBAJINCh TOJIBKO C HKcekuzymabom. B [19]
HCITOJIB30BaJICA Post-hoc aHaIu3, YTo He TO3BOJIUIIO
JIOCTOBEPHO OIIEHUTh PpAa3JUYUs B JOCTHIKEHUH
abcosroTHRIX ypoBHel 1o PASI. B wucciemoBanuu
SKOHOMHUYECKOH COCTABJIAIONIEH OHOJIOTHYECKON
Tepamuy IcopHuasa OIeHUBAIACh BKOHOMUYECKAs
9(pHeKTUBHOCTH OMOJIOTUUECKUX IIPENapaToB, HO HE
VIUTBIBUINCH JleMorpaduuecKue XapaKTEPHUCTHUKU
MalnueHToB B Hadajie Tepanmuu. Takum o6pasowm,
Hallle FCCIIeI0BAHME IO3BOJIUT IIPEO/I0JIETh OTPAHU-
YeHUs IPOBEJEHHBIX PAaHEe KCCIIEJIOBAHUUA U Olle-
HUTh KAYeCcTBO JKM3HU IAIlHEHTOB C IICOPHA30M,
HCITOJIB3YS BCE IIPEUMYIIECTBA METOIOJIOTUN KOJIU-
YeCTBEHHBIX UCCIIEIOBAHUH.

3. METOJ0OJIOTHA NCCJIEJOBAHUA

3.1. /Iu3aiiH ccjaeJ0BaHUA

B HacrosIieM HCCIeIOBAaHHUA HKCIIOJJIb30BaINCh
HeoOXOIMMbIe METO/IbI U MPOLEAYPHI A MOIyde-
HUS TOCTOBEPHBIX JaHHBIX. THaTeIbHO MPOILyMaH-
HBII [U3aliH MCCJIeNOBAaHUS ABJISETCA 00sd3aTeIb-
HBIM YCJIOBHEM JIOCTHKEHHS JIOCTOBEPHBIX U 000-
CHOBAHHBIX PE3yJbTaTOB. MBI  HCIIOJIb30BaTIH
ONTHUMAJIbHBIA B JTaHHOM CJIyuyae MeTOJ — HHTEep-
BBIOMPOBaHNE BBIOPDAHHBIX PECIIOH/IEHTOB. IIpume-
HAJIACH METOJI0JIOIUS KOJIMYECTBEHHOTO HUCCIIeI0Ba-
HUSA, JaHHBIE JJIT KOTOPOTO COOUPAIOTCS B XOZE
AHKETHUPOBAHUSA U ABJAIOTCA 06a30U I MOCTIeAyIo-
1ero aHaansa [22].

3.2. Oo0JacTh HCccJaIea0oBaHuA

B ucciteToBaHNY BOILIY MAIMEHTHI C JUATHO30M
rcopuasa u3 HAWU, KOTOphie JOOPOBOJIBHO COTJIa-
CHJINCh TIPUHSTH YUYacTUE B OIPOCE M aHKETHPOBa-
HUHM, YTO 3HAYUTEJHHO OOJIETYMIO MPOBEIEHHE
HccaeoBaHusA. PeclioH/ieHTaMu B HAIlIEM HCCJIENI0-
BaHUM OBLIH TOJIBKO OOJIBHBIE TICOPHA30M, YTO, HA
HAIIl B3IJISA/I, IIO3BOJIMJIO TTOBBICUTEH 3HAUMMOCTh €TI0
Ppe3yJIbTaTOB ¥ cOOpATh JaHHBIE OBICTPO U B YIOOHOH
JUULs PECIIOH/IEHTOB U HCCIeioBaTesel (opme.

3.3. Pazmep BbIOOPKU Y1 KOHTUHITE€HT

Hamu 6puta cpopmMupoBaHa perpe3eHTaTUBHAA
BBIOODKA, B KOTOPYIO BOIIIN MAIMEHTHI C IICOpHA-
30M, JJIA IOJIydeHUs JJAHHBIX, KOTOPbIE 3aTeM aHa-
sm3upoBauch. OOGbEKTUBHOCTD JAHHBIX, MOJIyYeH-
HBIX B KOJIMYECTBEHHOM HCCJIEZIOBAHUHU, 3aBUCUT OT

responses will be measured. Also, it is used to find
the perception of dataset for the purpose of cate-
gorising the patterns which allows to comprehend
the significance of biological therapies in the man-
agement of psoriasis [25].

3.5. Data Collection

Data collection is a critical phase in research that
influences the reliability of study outcomes [26]. In
the present study, data are collected from patients to
assess the significance of biological therapies. The
study collected primary data with the help of struc-
tured questionnaire for quantitative approach
respectively.

3.6. Data Analysis

Quantitative methodology approach involves col-
lecting, scrutinising and decoding quantitative data
in a research. The study levels are synergistic with
the quantitative phase. This method gives results in
an inclusive of the incidence under study due to the
quantitative data. The present study employed quan-
titative research approach as it is more appropriate,
with a motive of depicting and enlightening in differ-
ent aspect [27]. The quantitative data attained
through the structured questionnaire is examined by
SPSS software tool. The gathered data are exported
into MS Excel sheet for see-through study variables.

In the context of the quantitative research
approach, data from respondent are collected with
closed-ended queries and, thereafter, infer the
responses [28]. This is a naturalistic and multi-
method which is an interpretive technique to its
research matter [29]. In depth interview procedure
technique is implemented to question psoriasis
patients. This particular technique describes the
respondent’s opinion, experience, emotions and
meaning in a descriptive way.

The research design of our study is presented in
Fig. 1.

The above Fig. 1 demonstrates the process incor-
porated in the present study for quantitative data
analysis using SPSS software where study variables
are determined and executed. ANOVA was employed
to contrast means between biologic therapy groups,
and post-hoc Tukey’s honestly significant difference
(HSD) tests were conducted where significant main
effects were found. Multiple linear regression was
applied in order to determine predictors of treat-
ment response (e.g., DLQI, PASI improvement), and
all model assumptions of normality, homoscedastic-
ity, independence, and absence of multicollinearity
were examined using standard diagnostic plots and
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pasmepa BbIOOPKH, UTO, B CBOKO B OUEPE/Ib, CIIOCOD-
CTBYET JOCTIKEHUIO 1iesieti pabotsl [23]. B HacTos-
1I[ee MCCJIeIOBaHNE BOIILUIA 200 PECIOHAEHTOB, UTO
COOTBETCTBOBAJIO IIEJISIM [IPOBEIEHUS KOJINYECTBEH-
HOTO UCCJIEIOBAHUS AIUEHTOB C TICOPHUA30M.

3.4. Mertoauka (popMUPOBAHUA BEIOOPKU

Msbl cowtn Ie1ecO00pa3HbIM ITPOBOAUTEH COOP
JIAHHBIX TOJIBKO B II€JIEBOH ayAuTOpUH, 63 IpUBIIe-
YeHUs PECIIOH/IEHTOB M3 00Iel Mmomysanuu [24].
B HacTosIIEM HCCIEIOBAHUHN UCIIOIB30BAJICA IiesIe-
BOH crtocob popMUPOBaHUS BEIOOPKHU, KOT/IA B Kaye-
CTBE PECIIOH/IEHTOB BBIOMPAIOTCS CTPOTO OIIpEJie-
JIEHHBIE, OTBEYAIOI[e KOHKPETHBIM IeJIAM HCCIe-
moBaHUsS CyObeKThl. COOTBETCTBEHHO, NPU TAKOM
criocobe popmMupyercsi BBIOOpKa, KOTOpasi IO3BOJIUT
MIOJIyYUTh HauboJIee IOCTOBEPHBIE JIAHHBIE I UX
MIOCJIEAYIOIET0 aHain3a. Kpome TOro, 5To BaXKHO
JUIS1 OLEHKH [TOJIyY€HHOTO MACCHBAa JAHHBIX C TOUKH
3PDEeHHs BBIABJIEHHUSA HMEIOIIUXCA TEHJIEHIUN, YTO
MIO3BOJIUT JIyYIlle TOHATh POJIb OMOJIOTHYECKUX TTpe-
[1apaToB B JIeYeHUU OOJIBHBIX IICOPHA30M [25].

3.5. Coop maHHBIX

CO0op ZIaHHBIX SBJISAETCA BAYKHEUIIIMM 3TAIlOM,
ITOCKOJIBKY OT HETO 3aBUCUT JIOCTOBEPHOCTH IIOJIY-
YeHHBIX pe3yJIbTaToB [26]. B Hallem nccaenoBaHUH
JlaHHbIE COOMPAJIUCh B KOTOPTE MALEHTOB C I[EJIBI0
OIleHKU BJIMSIHUSI Tepamuy Icoprasa Ouosioruye-
CKUMH mpemnapatamu. [IepBHYHBIA cOOp JAaHHBIX
MPOUCXOAU C TIOMOIINBIO CTPYKTYPHUPOBAHHOM
AQHKETBI COTJIACHO MPUHATONW METOOJIOTUH KOJIuYe-
CTBEHHOTO MCC/IEAOBAHUS.

3.6. AHAJIN3 JaHHBIX

MeTom0JIOTHST KOJTUYECTBEHHOT'O HCCIe0BAHUS
BKJIIOUaeT cOOp, aHAJIIM3 U UHTEPIIPETAIHUIO ITOJIY-
YeHHBIX JaHHBIX. Bce ypOBHU HCCIeIOBAHHUS TAKOTO
THUIA B3AUMHO JIONOJIHAIOT APYT Apyra B pean3a-
U €r0 OCHOBHOU (pa3bl — cOOpa KOJIMYECTBEHHBIX
JaHHBIX. JIaHHBIH METO/ II03BOJIAET IOJYUYHUTh
pe3ybTaThl COTJIACHO IMOCTABJIEHHBIM IeJIsIM OJia-
rojaps c60py KOJIMYECTBEHHBIX JaHHBIX. MBI
HCIIOJIb30BAJIM  METO/IOJIOTUIO KOJIMYECTBEHHOTO
HCCIIeIOBaHUsl Kak Haubosiee Iesecoo0pasHylo ¢
TOYKHU 3PEHUS PACCMOTPEHUS PA3JTUUYHBIX ACIIEKTOB
nsydyaemMoil Tembl [27]. KosimyecTBeHHbBIE TaHHBIE,
coOpaHHBIE C TIOMOIIBIO CTPYKTYPUPOBAHHOM
aHKETBI, OI[EHUBAJIUCH CPEJCTBAMHU IIPOrPAMMHOTO
maketa SPSS. 3arem jaHHBIE OBUIN 3KCIOPTHPO-
BaHbI B Tabuiy MS Excel 1s mocieytoiiero ana-
au3a GakTopoB.

variance inflation factors (VIFs). Missing primary
outcome data (DLQI, PASI) in cases were excluded
from analysis. For other variables, missing data were
tested for randomness; if fewer than 5%, listwise
deletion was performed. The outliers were detected
by boxplots and values greater than 3 standard devi-
ations from the mean; sensitivity analyses were con-
ducted with and without outliers to establish robust-
ness of findings.

4. RESULTS
4.1. Analysis of demographic, social,
and clinical characteristics

200 patients are considered as participants of the
present research. The demographic, social, and clini-
cal particulars of the contributors are illustrated in
Table 1.

Table 1 represents the demographic data of the
psoriasis patients who have joined in the review. The
age of the respondents are analysed and concluded
that majority of the respondents (37%) belong to the
age group of 36 to 60 years. Descriptive statistics
revealed that the mean age of participants was
35,9 years (SD (standard deviation) = 12,1), with the
majority (37%) aged 36—60 years. In case of gender,
male respondents (84%) have contributed more for
the research purposes. On the basis of educational
qualification, majority of the respondents have com-
pleted undergraduate education (95,5%). According
to the survey, most of the respondents are working in
the private sector (46%) followed by self-employed
and public sector. Most of them belong to urban
region (89,5%), and their monthly income is Rs.
25 000—50 000 (49%). Most of the patients are
affected by psoriasis for 6—-10 years (67%). The mean
duration of psoriasis was 6,4 years (SD = 2,6), with
most patients (67%) experiencing the disease for
6—10 years. The outcome of the demographic data
proves that the current study has collected data from
the under-graduates aged 36—60 years with psoria-
sis of 6—10 year duration who have contributed sub-
stantially for the research purposes.

4.2. Statistical testing

Hypothesis 1

It is an analysis tool that is employed to scrutinise
the impact of independent variables on the depen-
dent variable. The test permits simultaneous evalua-
tion of more than two sets. ANOVA test is utilised to
demonstrate the impact of the biological therapy on
psoriasis severity (Table 2).

Table 2 illustrates the ANOVA test results of long-
term effectiveness and psoriasis severity. Firstly,
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CPEeIHETSDKENBIM H TSHKEIIBIM IICOPHA30M C OLCHKOH JOJITOCPOYHBIX HCXOI0B
Y Ka4eCcTBa )KU3HU MAIUCHTOB
Investigate the effectiveness of biologic therapies in treating moderate
to severe psoriasis, focusing on long-term outcomes and patient’s quality of life
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Puc. 1. /Iuzaiid ucceoBaHuA
Fig. 1. Research design

Vcrnonp3ysi METOZIOJIOTHIO  KOJIMUECTBEHHOTO
HCC/IeTOBAaHUSA, Mbl COOUpAJIN JTAHHbBIE, TIpeaJiaras
OTBETUTHh DPECIIOHZIEHTAM Ha 3aKPBIThIE BOIIPOCHI,
OTBETHI HAa KOTOPHIE 3aTeM aHAIU3UpOBaIUCh [28].
9TO BIIOJIHE OTIPABIaHHAsI U UMEIOIasl JOCTATOYHAS
IIUPOKKE BO3MOKHOCTH B IIPOBEAEHUN TAaKOTO POZa
uceaeoBaHui mponeaypa [29]. Jlyis onpoca 60y1b-
HBIX TICOPHA30M UCIIOIH30BAJIACh METOOJIOTHS TIIy-
OMHHOTO WHTEPBbHIO, UTO MTO3BOJIWJIO TIOJIYIUTH CBE-
JIeHUs, Kacalolluecs MHEHUW, ONbITA U 3MO-
[IMOHAJIBHOTO (OHA PpECHOH/IEHTOB, MU 3aTeM
WHTEPIIPETUPOBATH UX.

JluzaitH ucciieloBaHus MIPE/ICTaBIEH Ha PUC. 1.

from analysing the overall treatment experience, this
shows a significant difference in the treatment expe-
rience ratings between the various groups such as
different biologic treatments. A p-value of 0,000
indicates that at least one group differs from the rest
in terms of treatment experience. This concludes
that biological therapies are viewed as more effective
and satisfactory than other treatment. Secondly, on
analysing the effectiveness of treatment in minimis-
ing the psoriasis, the effectiveness ratings differ sig-
nificantly between the groups. The high F-value
shows a notable difference in average effectiveness
between groups compared to within groups, indicat-
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Kax rokaspIBaer puc. 1, aHAIU3 MOJIyIEHHBIX B X0O7Ie
HICCIIEZIOBAHMS KOJIMYECTBEHHBIX JJAHHBIX ITPOBOIMIICS
€ IOMOIIIBI0 IporpaMmbl SPSS,; 4To 1103BOJIIIIO OTIpeie-
JINTh W WHTEPIPETHPOBATh OCHOBHBIE II€PEMEHHBIE.
Jucnepcronnbiii aHams (ANOVA) wucmosp3oBaics
JUIsl CPAaBHEHUsI CPEJHUX 3HAYEHUU TPyIH OOJIbHBIX
[ICOPHAa30M, TIOJIyYaBIINX OHOIOTHYECKUe IIPernaparsl.
Post-hoc kpuTepuii JOCTOBEPHO 3HAYHUMOKN DPa3HUIIBI
ThIOKM TIPUMEHsUTH TPHU BBIABJIEHUH 3HAYUTEIIHHO
BBIPQKEHHOTO BJIMAHMA. MHOXKeCTBEeHHAs JIMHEHHAs
perpeccusi UCIOIb30BAIACH /IS OIIPEesIeHUs TIPEIn-
KTOPOB OTBeTa Ha JiedeHue (yayurnenue no DLQI,
PASI). Bce mostydeHHbBIE MOJIEIN PETPECCHH ObLUTH Olle-
HEHBI C TOUKH 3PEHVS] HOPMAILHOCTH, TOMOCKE/IaCTHY-
HOCTH, HE3aBUCUMOCTU U OTCYTCTBUSI MYJIBTUKOJLIIHE-
apHOCTH C TOMOIIBI0 CTAHJAPTHBIX TUATHOCTIIECKIX
rpa¢puKoB B pakTopoB HHGIIsIIMY ucnepcuu. Cryyau,
JUISI KOTOPBIX OTCYTCTBOBAJIA HCXOAHAs OIIEHKA IIO
DLQI, PASI, uckirouanuch U3 uccaefnoBanus. [ ipy-
THX TIepeMEHHBIX OTCYTCTBYIOIIHE JaHHbIe ObLIN Olle-
HEHBI TI0 KPUTEPHUIO CJIYIAWHOCTH; IPU 3HAUEHUIH
MeHee 5 % IIPOBOINIIOCH IIOJTHOE UCKJII0UeHNe OOBEKTA.
CraTucTiyecKre BHIOPOCHI OIIPEAEISUINCEH C TIOMOIIBIO
IuarpaMM pasMaxa C HCIIOJIb30BAHUEM 3HAYEHUH
0osiee 3 CTaHJAPTHBIX OTKJIOHEHHH OT cpeaHero. Jluist
OIllEHKH POOACTHOCTU TOJIyYEHHBIX JAHHBIX ITPOBO-
JTVJICST QHAJTN3 UYBCTBUTEIBHOCTH CO CTATHCTHIECKUMU
BBIOpOCaMU U Oe3 HUX.

4. PESYJIBTATBI

4.1. Ananus ,ZICI\IOI'p'd(l)H‘-IeCKHX, COIIMAJIBHBIX
U KIIMHUYECKHUX (l)aKTOl)OB

YyacTHUKaAMU HCCIIEZOBAHUSA CTUIH 200 0O0JIb-
HBIX IIcopuasoM. Mx memorpaduueckue, CONHaIb-
Hble U KJIWHUYECKHE XapPaKTEPUCTHUKHU IIPe/ICTaB-
JIEHBI B Ta0JI. 1.

AHayin3 Bo3pacTa PeCIOH/IEHTOB CBUETEILCTBYET
0 TOM, YTO OOJIBIITMHCTBO U3 HUX (37 %) OTHOCATCS K
BO3pacTHOU rpymime 36—60 Jer. OnucaresibHas CTa-
THUCTHKA [TOKa3aJjia, YTO CPEeIHUHA BO3PACT YUaCTHUKOB
cocraBwn 35,9 roga (CO (craHAapTHOE OTKJIOHE-
HHE) = 12,1), IPU 3TOM OOJIBIIUHCTBO (37 %) pecoH-
JIEHTOB MIPUHAJJIEXKAT K TpyIe 36—60 Jet. UTo Kaca-
€TCs TI0JIa, TO PEeCHOHIEHTHI-MYXUUHBI (84 %) B
0OJIBIIEll CTENEHU COOTBETCTBOBAJIU YCJIOBHAM U
TIeJIIM KCC/IeZIoBaHusA. JIaHHbIE 10 YPOBHIO 06pa3oBa-
HUS TIOKa3bIBAIOT, UTO OOJIBIIIMHCTBO PECIIOHIEHTOB
HMMeIOT BbICIIIee 0Opa30BaHKe IEPBOro YpoBHs (6aka-
snaspuar) (95,5 %). CorsiacHO orpocy, GOJIBITHHCTBO
VUACTHUKOB pabOTAIOT B YACTHOM CEKTOPE 3KOHO-
MUKH (46 %), 32 HUMH CJIEAYIOT CAMO3aHAThIE H Pabo-
TaloIe B OOIIECTBEHHOM CEKTOpPEe. BOJIBIIUHCTBO
PECIIOH/IEHTOB NPOXKUBAIOT B ropoaax (89,5 %) u

ing that certain biological treatments are consider-
ably more effective than others in reducing symp-
toms of psoriasis. Finally, on evaluating the psoriasis
severity, the outcome demonstrates a statistically
notable variation in the severity evaluations at the
time of diagnosis among various groups. It indicates
that the initial severity of psoriasis might differ based
on the treatment group, potentially affecting future
treatment results. Hence, the significant p-value of
0,000 proving that the long-term effectiveness of
biological therapies have significant impact on the
psoriasis severity.

There was a statistically significant reduction in
both PASI and DLQI scores following biologic the-
rapy (p < 0,001) (Table 3), indicating substantial
improvement in both clinical severity and QoL.

Hence, Hypothesis 1: Long-term effectiveness
of biological therapies have a significant impact on
the psoriasis severity has been proved from the
above analysis.

Mean PASI scores decreased significantly from
baseline (mean 18,2, SD 4,6) to week 12 (mean 7,1,
SD 3,5) and week 24 (mean 4,7, SD 2,1) across all
biologic therapies (p < 0,001, repeated measures
ANOVA). The greatest reduction was observed in
patients treated with ixekizumab and secukinumab
(Fig. 2), consistent with recent real-world and clini-
cal trial data.

Hypothesis 2

Regression

Tables 4—6 present the results of a regression
analysis conducted to examine the impact of biologic
therapy on the patients’ QoL. The analysis aimed to
determine whether these biological therapies signifi-
cantly influence the patients’ QoL. It illustrates the
outcome acquired from regression evaluation for
proving the impact of biologic therapy. Acquired
p-value is less than 0,05, and, moreover, R? value is
30,5%, which implicates that considered indepen-
dent variable impacts on the dependent variable.
This confirms that biologic therapy strategies influ-
ence the patient’s quality of life. Hence, the null
hypothesis is invalid. Furthermore, the implications
contradict the null hypothesis.

Hence, Hypothesis H2: There is a significant
impact of biologic therapies on QoL of patients has
been proved from the above analysis.

Hypothesis 3

Regression

Tables 7 and 8 present the results of a regression
analysis conducted to examine the influence of
demographic and clinical characteristics such as age,
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Ta6smmua 1. [lemorpadudeckue, colpanibHble U KIMHUYECKHE XapaKTEPUCTUKH PECITOH/IEHTOB
Table 1. Demographic, social, and clinical data

CpeaHee
XapakTepucrtuka Yucso pecnoHgeHToB  Yacrora (%) (ctanpapTHOe
Factor Number of respondents Frequency (%) OTK/JIOHeHHe)
Mean (SD)
Bospacr (s1eT) 18-25 50 25 35,9 (12,1)
Age (years) 26-35 69 34,5
36-60 74 37
>60 7 3,5
Mo Myxckolt / Male 168 84
Gender Xenckuit / Female 32 16
CemelHoe nosioxkeHue XoJsioCT/He 3aMy»keM | Single 183 91
Marital status Xenar/3amyxem | Married 17 9
O6pasoBaHue Bricuee (6akasaBpuar) 191 95,5
Qualification Undergraduate
Briciiee (Marucrpatypa) 5 2,5
Postgraduate
PhD/noxTopanTypa 4 2
PhD/ Doctorate
Poj 3ansaTuit CryzeHT / Student 7 3,5
Occupation YacTHBIN CEKTOP 3KOHOMMKH 92 46
Private sector
O611ecTBEHHbIN CEKTOP 14 7
Public servant
CaMo03aHATBIN 80 40
Self-employed worker
[Tencuonep / Retired 7 3,5
MecTo npoxuBaHuUs T'opox / Urban 179 89,5
Location Cenbckast MecTHOCTD / Rural 21 10,5
ExxeMecsunbiit foxo, He ycranosieHo / Not applicable 7 3,5
&Yﬂﬂﬁl ) <25 000 26 13
onthly income 25 000-50 000 98 49
(rupees)
50 000-75 000 23 11,5
75000-100 000 38 19
100 000 8 4
JluTenbHOCTD <1 8 4 6,4 (2,6)
ncopuasa (JyeT) 1-5 55 27,5
Psoriasis duration 6-10 134 67
(years)
>10 3 1,5

HUMeEIOT €XXeMECAUHBIN JJ0XO0/T 25 000—50 000 PYIIHI
(49 %). JlnuTesbHOCTH IIcOpHasa y OOJIBITUHCTBA
MMaIfHeHTOB cocTapysieT 6—10 JeT (67 %). CpenmHss
MPOJIOJIKUTETLHOCTD 60s1e3HU — 6,4 Tona (CO = 2,6).
BospmrHCTBO anueHToB (67 %) Ha MOMEHT OIpoca
UMesIo cTak 3abosieBaHusi 6—10 JieT. PesysbTaThbl
aHaIM3a KJIMHUKO-ZIEMOTpapUUeCKUX JJAHHBIX MOKa-
3aJId, YTO OCHOBHOU TPYIIIION HACTOSIIETO HCCIIEN0-
BaHUs ObLIH PECIIOHIEHTHI B Bo3pacTe 36—60 JIeT,
HUMeIOIIre BbICIlee 00pa30BaHKE IIEPBOTO YPOBHS
(bakayaBpmaT) ¥ CTpaJaloIKe IICOPHA30M B TEUEHUE
6—10 JIET, UTO COOTBETCTBYET IIOCTABIEHHBIM B LCCIE-
JIOBaHUH LIEJISAM.

gender, comorbidities and adherence to therapy on
treatment outcomes. The rating for the overall treat-
ment experience is positively influenced by age, with
a rise of 0,566 units for each additional year in age,
when all other factors remain consistent. The beta-
value of 0,881 reveals a strong positive correlation,
indicating that older people generally have a more
favorable perception of biologics treatment. In the
treatment experience rating, gender plays a crucial
role, as males tend to have a more positive treatment
experience compared to females. The data shows
that males have a higher overall treatment experi-
ence rating than females. The coefficient of 0,339
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4.2. CraTtucruueckoe TEeCTUPpOBaHUE

I'unoresa 1

JlaHHBIN WHCTPYMEHT HCIIOJIB3YETCS JJIs HaJIeMkK-
HOH KOMILJIEKCHOM OII€HKH BJIMSIHUS HE3aBUCHUMBbIX
TepeMeHHbBIX Ha 3aBUCUMYIO. TecT 1T03BOJISIET OHO-
BPEMEHHO OIIEHUBATh OoJiee ABYX HAOOPOB JAaHHBIX.
Jucnepcronnsiii ananmus (ANOVA) 1mMo3BOJIHII TIPO-
JIEMOHCTPUPOBATh BJIHSHUE OUOJIOTHYECKOH Tepa-
MY Ha TSKECTh Icopuasa (Tabut. 2).

PesysnbraTel Tecta ANOVA (cm. Tabs. 2) 6buin
CIIeIyIOIUMHU. Bo-TIepBBIX, aHaJIN3 JIeUeHUsI B
[IeJIOM IIOKa3bIBAET 3HAYUTEIbHYIO pa3HUIy B
OIleHKe JieUeHHUsI OHOJIOTMYECKUMHU IperapaTaMu
MEXK/Ty Pa3JIMYHBIMU TPyNIIaMu. 3HAUeHUe P, paB-
HOe 0,000, YKa3bIBaeT Ha TO, UTO IO KpaHeH Mepe
O/THA TPyNIla OTIMYAETCA OT OCTAJIbHBIX B OIIEHKE
JleueHHs1. ITO MO3BOJISAET CAEIaTh BEIBOA, O TOM, UTO
JledeHre OMOJIOTUYECKUMU TIperapaTaMu sIBJISIETCS
Haunbosiee 3(PHEKTUBHBIM 110 CPABHEHUIO C APYTUMH
METO/IaMH Tepamuu. BO-BTOPHIX, IPU aHaAIU3e
2(pdeKTUBHOCTH JieueHUs B O0JIETYeHUH CHUMIITO-
MOB IICOpHa3a TaK}Ke BbIABJIEHA 3HAUNTEIbHAS Pa3-
HUIIA B OIIEHKE 3TOTO TOKAa3aTeJIsI My TPYIIaMHu.
Bricokoe 3HaueHue F cBUAETENBCTBYET O 3HAUMMOM
pa3HUIIE B OLleHKe cpefHel 3 GEeKTUBHOCTU MEXK/IY
IPYIIIaMU 0 CPABHEHUIO € JJAHHBIMU BHYTPHU TPYIIII,
YTO YKa3bIBaeT HA TO, YTO TEPAIHS IICOpHUa3a oIpe-
JIeJICHHBIMH OHOJIOTHYECKHUMHU IIperapaTaMy 3Ha-
YUTEeTbHO 60s1ee a3(peKkTBHA, UeM APYTUE METOIHI.
HaxkoHel, MOpOJEMOHCTPUPOBAHA CTATHCTHYECKH
3HaUYMMAas BapUATHBHOCTb B OLIEHKE TSIKECTH IICO-
puasa Ha MOMEHT IMOCTAHOBKHY JINarHO3a CPEJIN pa3-
JIMYHBIX TPYHIl. DTO CBUAETEJIHCTBYET O TOM, UTO

Ta6una 2. 01H0DaKTOPHBIN UCcIePCUOHHbIN aHau3 (ANOVA)

Table 2. One-way ANOVA

suggests that being male is allied with an increase of
0,339 units in the overall treatment experience rat-
ing, and this difference is statistically significant with
a p-value of less than 0,01. The existence of other ill-
nesses does not have a noteworthy impact on the
overall rating of treatment experience (p = 0,864).
The indication of a negative coefficient implies that
having comorbidities may slightly lower the per-
ceived treatment experience, but this impact is mini-
mal and does not hold statistical significance. In case
of adherence to treatment, there is a significant neg-
ative relationship between following prescribed bio-
logic therapy and the rating of the overall treatment
experience (p < 0,001). A higher level of adherence
to therapy is linked to a lower rating of the treatment
experience, with each increase in adherence result-
ing in a decrease of about 0,147 units in the overall
treatment experience rating.

Significant improvements in DLQI scores were
observed across all age and gender groups, with the
largest mean change in older adults (36—60 years).
There were no significant gender differences in DLQI
improvement (p = 0,62, independent t-test) (Table 9).

Adherence rates were the highest among patients
receiving ixekizumab (91,8%), followed by secuki-
numab and adalimumab. Differences in adherence
rates across biologic types were not statistically sig-
nificant (x2 = 3,21, p = 0,36) (Table 10).

Post-hoc Tukey’s HSD tests indicated that PASI
improvements at week 24 were significantly greater
for ixekizumab and secukinumab compared to adali-
mumab and ustekinumab (p < 0,01 for all compari-
sons). Sensitivity analyses excluding outliers (>3 SD

SOsS df M? F S

Kak 6b! BbI OLleHUJIM CBOM OIBIT JIeYEeHUS Mexpy rpynnamu 27,913 4 6,978 40.903 ,000
6uvonpenapaToMm B LieJIOM? Between groups
How would you rate your overall BHyTpH rpyImmb 33,267 195 171
treatment experience with biologics? Within groups

T 61,180 199
Kak 651 BbI 01leHUJIU 3 HEKTUBHOCTD Mexpay rpynmamMu 33,755 4 8,439 113,760 ,000
JleyeHUs B YMeHblIeHUH NPOsIBJAeHUN Between groups
ncopuasa’? BHYTpH TpyImnbl 14,465 195 ,074
How would you rate the effectiveness of your yjithin groups
treatment in reducing your psoriasis T 48.220 199
Kak 6bl BbI OLLeHUJIM TSKECTb ICOpUasa Mexnay rpynnamu 31,425 4 7,856 36,960 ,000
Ha MOMEHT IIOCTaHOBKH JjMarHosa? Between groups
How would you rate your psoriasis severity  Byyrpy rpynmb 41,450 195 213
at diagnosis? Within groups

T 72,875 199

44

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



Wadhawa S.S. et al. / Journal of Siberian Medical Sciences Vol. 9, No. 3 (2025)

Ta6una 3. Ouenka no PASI u DLQI 1o 1 nocsie Tepanuu 6M0JI0rM4eCKUMU NpenapaTaMu

Table 3. PASI and DLQI scores before and after biologic therapy

IlIKka/1a O EeHKH CpejHee 3HaYeHHE

CpegHee 3HaueHue (CO)

CpepHss pa3HUIA p

Outcome (CO) po neyenus nocJjie je4eHus Mean difference

Baseline mean (SD) Post-treatment mean (SD)
PASI 18,2 (4,6) 4,7 (2,1) 13,5 <0,001
DLQI 19,5 (5,2) 7,3 (3,8) 12,2 <0,001

[Ipumeuanue. PASI-Psoriasis Area and Severity Index; DLQI - Dermatology Life Quality Index; CO - ctaniapTHOe OTKJIOHEHHE.
N o t e . PASI - Psoriasis Area and Severity Index; DLQI -Dermatology Life Quality Index; SD - standard deviation.

HavaJbHAS TSHKECTh ICOPUA3a MOJKET Pa3INdaThCs
B 3aBHCHMOCTH OT JIEUEHUs, UTO IOTEHI[HATIHLHO
BJIMsIET HA Pe3yJIbTaThl JileueHus B Oyayiiem. Ciemo-
BaTeJbHO, 3HAUMMOE P = 0,000 JIOKa3bIBAET, UTO
qJonrocpouHas 3(P@EKTHBHOCT,  OHUOJIOTHYECKOU
Tepallii OKAa3bIBAaeT CYIIECTBEHHOE BJIUSHHE Ha
TSI?KECTD IICOpHa3a.

[Tocye Tepamyuu OHOJIOTMYECKUMU ITperiapaTaMu
Ha0JII0IA/IOCh CTATHCTUYECKH 3HAYMMOE CHUKEHHE
orerku o PAST u DLQI (p < 0,001) (Tabu1. 3), 4To yKa-
3BIBAET Ha CYIIECTBEHHOE YJTyUIlleHHE KaK B KJIMHUYE-
CKOM TeUYeHHH 3a00/IeBaHms, TAK U B KAUECTBE KU3HHU.

Takum ob6pazom, I'mmoresa 1: [laurenpHas
3¢ PeKTUBHOCTD Tepanuu Icopuasza OuoJiorHye-
CKUMHM IIperapaTaMy 3HAaUYMMO BJIMSET Ha TKECTh
3aboyieBaHusI — ObLIa TOATBEP:KAEHA B XO0H€
IPOBEIEHHOTO aHAJIU3a.

Cpenusasa onenka no PASI 3HauuTeNbHO CHU3U-
JIUCH TI0 CPAaBHEHHUIO C UCXOHBIM YPOBHEM (cpejiHee
s3HaueHue 18,2, CO 4,6) k 12-1 Hefiene (cpegHee 3Ha-
venue 7,1, CO 3,5) u 24-i Henete (cpeaHee 3HAUE-
Hue 4,7, CO 2,1) /71 BceX OHMOJIOTHYECKUX ITpernapa-
TOB (p < 0,001, IOBTOPHBIN JUCIIEPCUOHHBIN aHa-
au3). Haubosblllee cHKeHUE HAGIOJANIOCh Y
MaIEeHTOB, OJIYYaBIINX HKCEKU3yMal U CEKyKUHY-
mab (puc. 2), YTO COIJIACYeTCA C JAHHBIMHE ITOCTIE-
HUX KJIMHUYECKUX UCCIEN0BAaHUN U HAOIIOMEeHH.

from mean PASI change) did not materially alter the
results. All statistical tests were two-sided, with sig-
nificance set at a = 0,05. Model assumptions for
ANOVA and regression were met, as assessed by nor-
mality of residuals (Shapiro-Wilk test, p > 0,05),
homogeneity of variances (Levene’s test, p > 0,05),
and absence of multicollinearity (all VIFs <2).

Hence, Hypothesis H3: There is a significant
association among demographic characteristics and
treatment outcomes of the patients has been
proved from the above analysis.

5. DISCUSSION

The current research proves that biologic treat-
ments show substantial, long-term gains in the
severity of psoriasis as well as QoL in patients. The
present study results are in agreement with those of
Wau et al. [17], who found great improvement in body
image and QoL in patients with psoriasis receiving
biologics. Mean PASI and DLQI scores significantly
decreased in the group after biologic treatment,
reflecting the strong clinical and psychosocial effects
of these agents.

In comparing individual agents, the findings are
consistent with those of Thatiparthi et al. [30], who
noted that ixekizumab was superior to adalimumab,
where 60,1% of patients attained PASI100 at

20 e AnaNMMy6a6
18 Adalimumab
16 e ||KCEKM3YMab
14 Ixekizumab
12 CeKyKMHymab
10 Secukinumab
e Y/CTEKMHYMAD

8 Ustekinumab

6

4

2

0 T T T

UcxoaHo / Baseline

Hepens 12 / Week 12

Hepens 24 / Week 24

Puc. 2. Onenka o PASI B TeueHme Bcero rnepuosia JeueHust
Fig. 2. PASI scores over time
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T'unmoTtesa 2

Perpeccus

B Tabs1. 4—6 mpencTaBIeHbl Pe3yJIbTaThl PErpec-
CHOHHOTO aHaJIN3a, ITPOBEIEHHOTO JUISI W3yYEeHUs
BJIMSTHUS Tepauy OWOJIOTHYECKHMHU ITperapaTaMu
Ha KauvyecTBO JKM3HHU IaleHToB. llenp aHaiusza
COCTOSIJIa B TOM, YTOOBI OIIPE/IEJIUTh, OKA3BbIBAET JIK
Tepanus OMOJIOTHYECKUMH IIperapaTaMy 3HAaYUMOoe
BJIMSIHME HA KAUeCTBO JKU3HU NanueHToB. [TomyueH-
HbIE 3HAUEHUS P MeHbIIIE 0,05, a Takke R, paBHOe
30,5 %, CBU/IETEJILCTBYIOT O BJUSIHUU pacCMaTpUBa-
eMOUM He3aBHUCHUMON IepeMEHHOM Ha 3aBUCUMYIO
IepeMeHHYI0. DTO IO/ITBEPKAAET, YTO Tepamus 61o-
JIOTUYECKUMU IIpernapaTraMy BjHseT Ha KauyecTBO

Ta6smua 4. 061ias Moze b
Table 4. Model summary

24 weeks compared to 46,6% for adalimumab. In the
present research population, these same trends were
noted, namely the greatest skin clearance and patient
satisfaction rates belonged to ixekizumab. This adds
to the increasing evidence that some biologics, and
specifically anti-IL-17A agents, are potentially more
effective for treating moderate to severe psoria-
sis [18].

Notably, the findings also support the association
between clinical response and improved QoL, as
emphasised by Gooderham et al. [19], who estab-
lished that reduced PASI values were strongly corre-
lated with improved DLQI outcomes. The regression
analysis also showed that greater duration on bio-

Mogenb R R CkoppeKTHpOBaHHbIA R? CTaHJapTHasA OMGKA OLeHKHU
Model Adjusted R? Standard error of the estimate
1 ,5522 ,305 ,301 ,695

a[IpepukTtopsl: (Koncranta) Kak jo/iro Bbl NpUHUMaeTe Ha3HAY€HHBIN 6M0JIOTHYEeCKUH TpenapaT?

Predictors: (Constant) How long have you been on this biologic therapy?

Ta6suna 5. ANOVA?
Table 5. ANOVA?

Mopaens / Model SOS df M? F S

1 R 41,885 1 41,885 86,737 ,000°
Re 95,615 198 ,483
T 137,500 199

2 3aBucuMas nepeMeHHasi: Kak 6bl Bbl OLEHUJIM KauecTBO CBOEH KM3HU ceWyac, Korja Bbl NIPUHMMaeTe Ha3HAUYEeHHBIH GUOJIOrMYecKUn

npenapar?

Dependent variable: How would you rate your quality of life now when you are on biologic therapy?
b [IpeauxTopst: (KoncranTta) Kak gosiro Bel MpHUMaeTe Ha3HAYeHHbIH 6HOJIOrMYeCcKuil mpenapat?
Predictors: (Constant) How long have you been on this biologic therapy?

Ta6una 6. KoapduureHTor®
Table 6. Coefficients?

HECTaHAapTHSI/lpOBaHHble

CTaHAapPTU3MPOBAHHBII

K03} PpuUIeHTHI K03 punueHTt
Mopaens B / Model B Unstandardised coefficients Standardised coefficient t )
B SE Beta
1 (KoHcTtanTa) / (Constant) ,033 , 160 - ,206 ,837
Kak mosiro Bbl IpUHUMaeTe Ha3HAYeHHbIA 523 ,056 ,552 9,313 ,000

6uoJIOrMYecKui npenapar?
How long have you been on this biologic
therapy?

2 3aBUCHMast nepeMeHHasd: Kak 6b1 BbI OLIEHUJIU Ka4eCTBO CBOeH KM3HHU ceityac, Korzia npoxoguTe Tepanvio Ha3Ha4Y€HHbIM GHOJIOTMYECKUM

npenapaTrom?

Dependent variable: How would you rate your quality of life now when you are on biologic therapy?
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JKU3HU nanueHToB. CiefioBaTesIbHO, HyseBasi TUIIO-
T€3a HeBEpHa. bonee TOro, IIOJIyd€HHbIE€ /JaHHbIE
IIPOTUBOpEeYAT HyJIeBOH r'uIoTese.

Takxum oopaszom, I'mmoresa 2: Tepamnus ncopu-
a3a OMOJIOTUYECKUMU npernapartaMy 3HAYUMO BJIHUAET
Ha Ka4eCTBO »KHU3HU IIaIlMEHTOB — ObLIA IIOATBECPHK-
JieHA B XO/ie MPOBEICHHOTO aHAIN3A.

T'unmortesa 3

Perpeccus

B Tab1. 7 u 8 mpejicTaBIeHbI PE3YIbTATHI perpec-
CHOHHOT'O aHa/In3a, IPOBEAECHHOTO JId U3y4YE€HUA
BJIMAHUSA KJIWHHUKO-ZleMorpauyecKux xapaKTepu-
CTUK, TaKUX KaK BO3PaCT, II0JI, COIYyTCTBYIOIIUE
BaGOJICBaHI/IH U TIPUBEPXKEHHOCTDb HazHAYEeHHOH
Tepamnuu, Ha pe3ysIbTaThl JieueHus. OOIas oreHKa
JIEHEHHUA IIOKAa3bIBAET IIOJIOZKUTEJIBHOE BJIMAHHE
BO3pacCTa C YBEJIMYECHUEM C KaXKJAbIM OOIIOTHUTEIb-
HBIM T'OZIOM Ha 0,566, TOT/]a KaK BCe OCTaIbHbIE (haK-

Ta6smmna 7. 0611as MoJiesb
Table 7. Model summary

logic therapy was a robust predictor of better QoL,
accounting for more than 30% of the variance in
DLQI scores. This is clinically important, as it implies
that continued biologic therapy not only suppresses
disease activity but also manages the psychological
and social impact of psoriasis.

Patient compliance was also a multifaceted vari-
able in the analysis. Although greater adherence is
usually found to be related to improved outcomes
[31], the results revealed a counterintuitive negative
relationship between adherence and scores on the
treatment experience. This could be because patients
with more severe or chronic disease are more adher-
ent and also more critical of treatment, but it might
also be due to unmeasured confounders like treat-
ment fatigue or psychological distress. Further studies
would investigate these associations in greater depth.

Demographic variables were also key to treat-
ment satisfaction. Patients who were older and men

Mogenb R R? CKOppEeKTUPOBaHHBIH R? CraHAapTHas oIUGKa OLeHKHU
Model Adjusted R? Standard error of the estimate
1 ,864° 747 742 ,2816

[IpeaukTopsl: (KoHcTanTa) Bospacr. Ilos1. HackosibKo cTporo Bbl Ipu/iepXkKUBaeTech Ha3HaYeHHOH Tepanuy 6M0JI0rMYeCcKUM NpenapaTom?
EcTb v y Bac kakue-1M60 U3 CIeyI0LHX COMyTCTBYIOLIMX 3a601€BaHUI?
Predictors: (Constant) Age, gender. How consistently do you adhere to your prescribed biologic therapy? Do you have any of the following

comorbidities?

Ta6smna 8. KospdpunueHTs?
Table 8. Coefficients?

HeCTaﬂaaansnponaﬂﬂme

CraHJapTU3UPOBAHHBIN

Mogens B K03¢PHIHeHThI K03 PUIUEHT
Model B Unstandardised coefficients ~ Standardised coefficient t S
B SE Beta

1 (KoHucranTa) / (Constant) 438 216 - 2,031 ,044
Bospact / Age ,566 ,031 ,881 18,492 ,000
[Ton / Gender ,339 , 129 ,225 2,630 ,009
EcTb Ji1 y Bac Kakue-1160 u3 -,007 ,041 -011 -171 ,864
NepevYrCIeHHbIX CONYTCTBYIOLIUX
3a00JieBaHUIN?
Do you have any of the following
comorbidities?
Hackosibko cTporo Bbl -,147 ,026 -,346 -5,713 ,000

NpUJIEP’)KUBAETECh TEPANUU
Ha3HaYeHHbIM GHOJIOTUYECKUM
npenapatom?

How consistently do you adhere to
your prescribed biologic therapy?

2 3aBHCHMas epeMeHHas: Kak Gbl BbI B [[eJI0M OLLeHUJIH CBOH OIBIT JIe4eHUs GUOJIOTMYeCKUM ITpenapaTom?
Dependent variable: How would you rate your overall treatment experience with biologics?
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TOPBl OCTAIOTCA HEW3MEHHBIMHU. JHaueHHe Oera,
paBHOe 0,881, CBU/IETETBCTBYET O CUJIBHOU ITOJIOXKH-
TeJIbHON CBS3M, YKa3blBasg HA TO, UTO IIOXKUJIbIE
JIIOIU B LI€JIOM HUMEIOT JIYUIINN OTBET Ha JIeUueHUe
OHOJIOTUUECKUMU TIpernapaTamMu. B olleHKe OIbITa
JIeUeHUSI TIOJI WUTPAET PEIIAIONIyI0 POJIb: JIEUYEeHUe
OMOJIOTHYEeCKUMU Tpenaparamu 6osiee 3 HEKTUBHO
y My’KYHUH 10 CPAaBHEHUIO C KEHIUHAMU. /[aHHbIE
ITOKA3bIBAIOT, UTO MY>KUMHBI UMEIOT 60JIee BHICOKYIO
OIleHKY JieueHUs, dyeM >KeHIIUHbL. Koaddumnuent
0,339 03HAYAET, UTO IPUHAJJIEKHOCTb K MY>KCKOMY
IOJTy CBSI3aHA C YBEJIMUEHHEM O0IIel OLleHKU Jieue-
HUSA HA 0,339, U 9TO PA3JINYHe CTATUCTUYECKU 3HA-
YUMO IIpH p MeHee 0,01. Hamuuue npyrux 3a6oseBa-
HUI He OKa3bIBaeT CYIIECTBEHHOTO BJIUSHUA Ha
o01yro oreHky Jiedenus (p = 0,864). [TosBiaeHue
OTpUIATEILbHOTO KO03(d(UIIMEeHTa O3HA4YaeT, 4TO
HJINYMe CONYTCTBYIOIINX 3a00JIEeBAHUNM MOKET
HE3HAUUTEJIbHO CHU3UTH OIEHKY JI€UEHUs, HO 3TO
BJIUSIHWE MHUHHUMAJIbHO M CTAaTHUCTUYECKH He3Ha-
yuMo. B ciayduae cobirofieHuss pexuMa JiedeHUs
HabomaeTcss 3HAyuMas OTpUIlaTebHAsA CBA3b
MEXK/Ty IPUBEPIKEHHOCThI0O HA3HAUEHHOU OMOJIOTH-
YecKOW Tepamuu U OOIIEeH OIEHKOH JieueHUs
(p < 0,001). Bosiee BbICOKasi IPUBEPIKEHHOCTD TEPa-
UM CBsA3aHa ¢ 0oJiee HU3KOU OIIEHKOH JieueHus,
IIPU 5TOM BCAKOE IOBBINIEHVE B OIlEHKE IIPUBEP-
JKEHHOCTH TepAIUU MIPUBOJUT K CHIKEHHIO 00IIen
OIIEHKH JIeUeHUsI IPUMEPHO Ha 0,147.

3HAUYUTETPHOE YJIyUIlIeHHEe B OIlEHKE COTJIACHO
onpocHuky DLQI Habr012710Ch BO BCEX BO3PACTHBIX
Y TeHIEPHBIX IPYTIIaX, IPU 3TOM HaHuOOJIbIIIEE CPEI-
Hee U3MeHeHue HabJI0/1aIoch B Tpytie 36—60 JierT.
Cy1iecTBeHHBIX TeH/IEPHBIX PA3JIMYUI B OIlEHKE 110
DLQI e nHabmiomanoch (p = 0,62, HE3aBUCHMBIH
t-kputepuii CtbrozieHTa) (TabII. 9).

Haubosiee BbICOKHE ITOKa3aTeIN MIPUBEPKEHHO-
CTH Tepanuu ObLIM OTMEYEHbBI y MaI[UEeHTOB, MMOJIy-
YaBIIUX UKcekusymab (91,8 %), 3aTeM ciieoBaIu
CEKyKHMHYyMab u ajaymmMymad. Paziuuus B oleHKe
MIPUBEPIKEHHOCTH MEXKAY OMOJIOTUYECKUMH IIpera-
paraMu He OBUIM CTAaTUCTUYECKH 3HAYUMBIMU
(x2 = 3,21, p = 0,36) (Tabs. 10).

Post-hoc Tect Trroku (HSD) mokasast, 4to yayd-
IIeHue OIleHKH JieueHus no PASI Ha 24-i Henese
OBLIO 3HAYUTEILHO 0OJIee BHIPAXKEHHBIM JIJI UKCe-
Kuzymaba u ceKykuHyMmaba 1o CpaBHEHUIO ¢ aIaIu-
MymMaboM U ycrekuHymMabom (p < 0,01 Ay Bcex
CpaBHEHUH). AHIN3 YyBCTBUTEJIBHOCTH, UCKJIIOYA-
IOIUN BBIOGPOCH (>3 CTAaHZAPTHBIX OTKJIOHEHUH OT
cpenHero usmeHeHuss PASI), He mokasan cyiie-
CTBEHHOTO BJINSTHUSA Ha pe3yJIbTaThl. Bee craTucTu-
YecKHe TeCThl ObLIU JBYCTOPOHHUMM, CO 3HAUKUMO-
CTBIO O = 0,05. IloylyueHHBIE MOJIENTN AVICIIEPCHUOH-

reported increased satisfaction with biologic medica-
tions, as also reported by Osuna et al. [32] and Jung
et al. [33]. The existence of comorbidities also did
not greatly affect treatment experience, contrasting
with certain previous studies that indicated that
comorbid illnesses will complicate management and
lower satisfaction [6]. This may be attributed to vary-
ing sample population characteristics or the use of a
different biologic drug.

In the real-world context, the high prevalence of
urban, working-age, and educated respondents in
the present study corresponds to the Indian popula-
tion most likely to receive biologic therapies. The
large reduction in PASI as well as an increase in
DLQI scores indicate the promise of biologics to
change lives for patients with moderate to severe
psoriasis, not just relieving physical manifestations,
but also releasing psychological burdens and enhanc-
ing social functioning. Yet, the affordability and price
of biologics are still major obstacles, as cited in the
CANOVA study [21], which determined that the
expense of biologics represents the majority of the
overall cost of psoriasis treatment.

6. LIMITATIONS OF THE STUDY

This investigation has some limitations. The use
of self-reported information for treatment experi-
ence, compliance, and QoL opens the door to recall
bias and reporting bias. The cross-sectional design
prohibits examination of long-term effects and cau-
sality. The fairly brief follow-up may not fully encom-
pass the total, prolonged effect of biologic therapy.
Moreover, the preponderance of urban, well-edu-
cated subjects may pose generalisability limitations
to less educated, rural subjects. Differences in treat-
ment regimens, dosing, and patient support systems
also could interfere with observed results. Last, psy-
chological issues like depression or anxiety, which
are prevalent in psoriasis and can impact both com-
pliance and satisfaction, were not measured directly
in this investigation.

7. CONCLUSION

This study emphasises the considerable effect of
biologic treatments in the management of psoriasis,
demonstrating their sustained benefits in reducing
disease severity and improving QoL. The results
indicate that biologics not only lead to significant
clinical improvements but also have a positive impact
on mental well-being, resulting in increased overall
patient satisfaction. Demographic and clinical fac-
tors such as age, gender, initial disease severity, and
adherence to treatment play a significant role in
determining therapy outcomes. As a result, health-
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Ta6una 9. 3MeHeHMe oLleHKH coryiacHo onpocHuKy DLQI oT ncxogHOTO YpoBHS 10 24-1 He/lesIn B 3aBUCUMOCTH OT

BO3pacTa U 11oJia

Table 9. Change in DLQI scores from baseline to week 24 by age group and gender

Jdemorpadpuueckuit
daxTop n
Demographic factor

WcxoHblii YPOBEHBD,

Baseline, mean (SD)

cpeaHee 3HaYeHue (CO)

CpegHee
U3MeHeHHue D
Mean change

Hepens 24, cpeaunee (CO)
Week 24, mean (SD)

Bo3spact 18-35 seT 119 18,7 (5,1)
Age 18-35
Bo3zpact 36-60 JsieT 74 20,2 (5,3)
Age 36-60
My>xuuHbl / Male 168 19,3 (5,2)
Kenutunue! / Female 32 20,1 (5,0)

7,8 (3,4) -10,9 <0,001
6,9 (3,9) -13,3 <0,001
7,1 (3,7) -12,2 <0,001
7,9 (3,9) -12,2 <0,001

[Ipumeuanue. DLQI - Dermatology Life Quality Index; CO - craHzapTHOE OTKJIOHEHHE.
N o t e. DLQI - Dermatology Life Quality Index; SD - standard deviation.

Ta6auna 10. OnieHKa MpUBEPXKEHHOCTH Tepanuy 6M0JI0rMYeCKUMU NpenapaTaMu

Table 10. Adherence rates by biologic therapy

BbicoKasi cTrenneHb

YMepeHHaﬂ CTeneHb Huskas creneHb

gﬁﬁg;&m n IpHBEPKEHHOCTH (%) npuBepxeHHOCTH (%) NpUBEPKEHHOCTH (%)
High adherence (%) Moderate adherence (%) Low adherence (%)

Apanumyma6 / Adalimumab 55 85,5 10,9 3,6

Wkceknsymab / Ixekizumab 49 91,8 6,1 2,1

CexykuHyMmab / Secukinumab 52 88,5 9,6 1,9

Ycrekunymab / Ustekinumab 44 84,1 13,6 2,3

Horo aHamm3a (ANOVA) wm perpeccun 3aTeM
OIIEHUBAINCH 110 HOPMAaJIBHOCTH OCTAaTKOB perpec-
cuu (tect llanupo — Yuiika, p > 0,05), OTHOPOIHO-
ctu auctepcuit (tect JleBeHa, p > 0,05) B OTCyT-
CTBUIO MyJIbTUKOJIHHEeapHOCTH (Bce VIF <2).
Takum oO0pasom, 'mmore3a 3: Ecth TecHas
CBA3b MEXIYy PALOM KJIMHUKO-AeMOrpadUdecKux
(axkTopoB M ucxoaMu JieueHUs — ObLIa IOJ-
TBep:K/JeHa B X0/ie IPOBEJEeHHOr0 aHAJIN3a.

5. OBCYK/IEHUE

Hacrosiee uccienoBaHue JOKa3bIBA€ET, UTO OHUO-
JIOTUYEeCKHUe TpernapaThl OKa3bIBAIOT CYIECTBEHHOE
¥ JIOJITOCPOYHOE BJIMSIHME HA CHIKEHUE CTEleHU’
TSPKECTU TICOPHAa3a, a TaKKe yJIydllleHue KauecTBa
JKU3HU MAIMEeHTOB. Pe3ysibTaThl HAIIETO UCCIIe0Ba-
HUA coryiacyores ¢ gaHnHeiMu C.L. Wu et al. [17],
KOTOpble OOHAPYKWJIM 3HAYHUTEbHOE YIIydIlEeHHe
BHEIITHETO BH7la KOXXHBIX IOKPOBOB W KadyecTBa
JKU3HU y MAIMeHTOB C IICOPUA30M, IOJIyYaroIuX
Ouosiornueckue mpenaparbl. CpemgHsAs OIEHKa II0
PASI u DLQI 3HauuTe/JbHO CHMXKAJach B TpyIIIe
Tepanuu OMOJIOTUYECKUMU IIpernapaTaMy, 4TO CBU-
JleTeJIbeTByeT 00 3 GEeKTUBHOCTH 3THX JIEKAPCTBEH-
HBIX CPEJICTB B KJIMHUYECKOM U IICUXOCOITUATTLHOM
acIleKTax.

care professionals should focus on creating person-
alised treatment plans that take these factors into
account in order to enhance the effectiveness of bio-
logic treatments. Providing patient education and
support to improve adherence is crucial; interven-
tions such as reminder systems and counselling may
help increase adherence and maximise treatment
benefits. Moreover, adopting a comprehensive
approach that addresses both the physical and psy-
chological aspects of psoriasis will provide more
effective support to patients. Eventually, this study
highlights the significance of biologic therapies in the
management of psoriasis, and also emphasising the
prominence of tailored care strategies that promote
adherence on QoL of patients.
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PesysipraThl, OJIydeHHbIE HAMU IIPU CPABHEHUHU
OTJEJTBHBIX [IPENAPATOB, COIVIACYIOTCS C TAHHBIMU A.
Thatiparthi et al. [30], koTopsie oTmeruau Gosiee
BBICOKYI0 3 (PEKTUBHOCTh UKCEKU3yMabda 110 cpaBHe-
HUIO ¢ aaauMyMaboM: 60,1 % MarueHTOB JOCTUTIIN
PASI 100 k 24-it HeJiesie 10 CpaBHEHUIO € 46,6 % Ipu
mpuMeHeHUn ananuMymaba. B wcciremyemoii HaMmu
KOTOpTe ObUTH OTMEUEHBI Te JKe TEH/IEHITNH, 8 UMEHHO
MaKCUMaJIbHOE YJTy4IlleHHe BHEITHEr0 BHU/Ia KOMKHBIX
IIOKPOBOB U POCT YZOBJIETBOPEHHOCTU IAIIEHTOB
HaOJTI0]aTICh TIPU IPUMEHEHUH UKCeKnu3yMaba. 910
MTO/ITBEPIK/IAET PACTYIIee KOJTMUIECTBO I0KA3aTEIbCTB
TOTO, UTO HEKOTOPBIE OHOJIOTHUECKUE IIPENaparsl, B
YacTHOCTH, WHruourtopbl WJI-17A, TOTEHITMAIBHO
60s1ee 3 PEKTUBHBI IIPU JIEUEHHUH TICOPHAa3a CpeaHei
U TSKeJION creneHu [18].

[TokazaTesbHO, YTO IOJydYeHHblE HAMU Pe3YyJIb-
TaThl TAK)KE MOATBEPIKAAIOT CBA3h MEKAY KJIMHIUE-
CKUM OTBETOM HA JIeUeHUE U YJIydIlleHNEM KavuecTBa
JKU3HU, KaK nmoauepkuBaioT M. Gooderham et al. [19],
MMOKa3aBIlue, uTo cHuKeHue 6asuia PASI TecHO Kop-
PeIpPOBAJIO C YIIYUIIIEHHEM OIEHKH COTJIACHO OIIPOC-
Huka DLQI. PerpeccOHHBIN aHAIU3 TAKKE TIOKA3aJI,
4yTO GOJIBIIAA TPOIOJIKUTENIBHOCTD TEPAMK OHOJIO-
THYeCKUMH IperapaTaMu SBJISeTCs HaJeXKHbIM IIpe-
JIMKTOPOM VJIyJIIIeHUs KauecTBa ku3HU (bosee 30 %
JIACTIEpCUU TIOKazaTesiell B oreHke mo DLQI). 3to
HMeeT KJIIMHUYECKOe 3HAUeHe, TOCKOJIbKY JJINTENThb-
Has Tepanus OWOJIOTUYECKUMHU IIperaparaMu He
TOJIPKO CHUKAET TSKECTh 3a00JIeBaHuUs, HO U TI03BO-
JISIET KOHTPOJIMPOBATH IICUX0JIOTHUECKUE U COITHATh-
HBIE [TOCTIE/ICTBUA IICOPHA3a.

[TpuBepKEHHOCTh TAIMEHTOB JIEYEHUIO TaKIKe
ObLIa KOMILJIEKCHON IIepEMEHHOU B IPOBEAEHHOM
HaMH HccIe0oBaHuN. XO0TA 00BIYHO O0Jiee BBICOKASA
MIPUBEPIKEHHOCTH JIEUEHUIO CBA3aHA C YJIyUllleHHeM
€ro pe3yJbTaToB [31], MbI BBISIBIJIN IapaJIOKCATIhb-
HYI0 OTPHUIIATEJIbHYIO0 CBSI3b MEXK/IY IPUBEPIKEHHO-
CTBIO JIEUEHUIO U €r0 OLI€HKOH. 9TO MOKET ObITH CB-
3aHO C TeM, UYTO IAITUEHTHI ¢ OosIee TSKEIIBIM Tede-
HHEM 3a00JIEBaHUS WIH €r0 XpOHUYECKOH (popMoi
UMeIOT 60Jiee BHICOKYIO IIPUBEPIKEHHOCTD JIEUEHHIO
u 6oJiee KPUTUYHO OTHOCSTCS K €r0 pe3ysibTaTraMm, a
TaKKe C HeyuYTeHHBIMH (HAKTOpaMH, TaKUMH Kak
YCTAJIOCTh OT JIEUEHHUS WU [CUXOJOTHUECKUN
cTpecc. JlaypHelnre uccyieoBaHus OyayT n3ydaTh
9THU CBsA3U 6oJ1ee TIIyb0KO.

Hemorpaduueckue (pakToppl Takke UTPUIN
KJIIOUEBYIO POJIb B OIIEHKE V/IOBJIETBOPEHHOCTH
sedenneM. [lanyeHTsl cTapiero Bo3pacra U MyK-
YUHBI OTMeUaIN OOJIBIIYI0 YAOBJIETBOPEHHOCTD
Tepanued OMOJIOTMUECKUMU IIperapaTaMu, O 4eM
taxke coobmanu C.G. Osuna et al. [32] u H. Jung et
al. [33]. B Hamrem wuccieloBaHUNM HAJTUYMUE COTYT-

CTBYIOIIUX 3a00JIeBaHUM TaKKe He OKa3bIBaJIO
CYIIIECTBEHHOTO BJIUSHUSA HA JIEUeHHUE, B OTJIUYHE OT
HEKOTOPBIX MPEABIAYIIUX UCCIEOBAHUMH, KOTOPbIE
MOKa3aJi, 4YTO COIYTCTBYIOIEe 3abojieBaHUs
3aTPY/IHAIOT JIEUeHHE W CHIDKAIOT YIOBJIETBOPEH-
HOCTh UM [6]. TO MOKET OBITH CBA3AHO C Pa3InY-
HBIMHU XapaKTEPUCTUKAMH BBIOOPKHU HJIU UCIIOJIb30-
BaHUEM JIPYTrOTO OMOJIOTHYECKOTO ITpernapara.

IIpeobafjaHvie B HACTOSIIEM WCCJIEOBAHUU
PECIIOH/IEHTOB — TOPOJICKUX JKUTEJIEN TPYI0CIIOCO0-
HOTO BO3pPACTa, WMEIOIIUX JOCTATOYHO BBICOKUH
yPOBEHb 00pa30BaHUs, COOTBETCTBYET IPOMUIIIO
MMOTEHITUAJIPHOUN TPYNIIbI HaceseHuss VHAWU, KOTO-
pas UCIOJIB3YET TEPAIHI0 OMOJIOTHUECKUMU ITpera-
paramu 151 JledeHus copruasa. SHaUUTeTbHOEe CHU-
skeHHe oneHku no PASI mapazy ¢ mosbllleHHEM
DLQI cBHIETETBCTBYET O MEPCIEKTUBHOCTH OHOJIO-
TUYECKUX IIPENapaToB, CIIOCOOHBIX U3MEHUTD JKU3Hb
MMaIeHTOB CO CPEJHUM WJIM TSKEJIbIM TedeHUeM
IICOpHrasa, He TOJIbKO 00JIETYUTh CHMIITOMBI 3a60J1e-
BaHUs, HO U CHU3UTH YPOBEHb IICHUXOJIOTUYECKOTO
cTpecca U YJIYUIUTh COUATbHOE (QYHKITMOHUPOBA-
Hue. TeM He MeHee JIOCTYITHOCTb U BBICOKAsl CTOH-
MOCTh OHOJIOTHYECKUX IPENapaToB MO-TPEeKHEMY
OCTAIOTCSI CEPhE3HBIMH IMPENATCTBUAMU, COTJIACHO
ucciaenoBannio CANOVA [21], B KOTOpOM ITOKa3aHoO,
YTO Pacxobl Ha OMOJIOTHYECKHE IIPernapaThl COCTAB-
JISTIOT OOJIBIIYI0 YacTh OOINEeH CTOMMOCTHU JIeYeHUs
rcopuasa.

6. OTPAHUYEHUA NCCJIEAOBAHUA

JlanHOE HccileloBaHUe UMeeT HEKOTOPBIE Orpa-
HU4YeHuA. Vcnosp30BaHe CaMOOIIEHKU KaK (OPMBbI
coOoOIIIeHHs HaIlMeHTOM HHMOPMAIUU O JIEUYeHUH,
[IPUBEPKEHHOCTU JIEUEHUI0O U KAuecTBE >KU3HU
IIpe/IoIaraeT  BO3MOXKHOCTb  CHCTEMATHYECKHX
OIIKOOK MaMATH U coobieHus. Kpoce-ceKImoHHbIN
JIM3afH MCCIe/IOBAHUA He ITO3BOJIAET U3ydaTh /J0JI-
rocpouble 3¢p@PEeKThl U MPUIYNHHO-CJIE/[CTBEHHBIE
cBA3U. JI0CTaTOYHO KOPOTKUU IepU0;| HabJII0eHIA
He II03BOJIIeT OLIEHUTH JI0JTOCPOUHBIN 3ddeKT
Tepanuy OHOJIOTHYECKUMH IIperaparamMu. bosee
TOTO, IpeobiiafilaHre B U3y4aeMOl KOTOPTe PECIIOH-
JIEHTOB, IMPOKUBAIOIINX B TOPOJIaX U HMEIOIIUX
JIOCTaTOYHO BBICOKMH 00Opa3oBaTeJIbHBIN CTaTyC,
MOXKET HakJIaJbplBaTh OTpaHUYeHHs Ha 00oOIae-
MOCTh JJIs1 PECIIOHEHTOB, ITPOXKUBAIOIINX B CEJIb-
CKOU MECTHOCTH M UMEIOIUX 00Jiee HU3KUU 00pa3o-
BaTeJbHBIM cTaTyc. Pasnnuua B cxeMmax JieueHUs,
JIO3UPOBKE U BeJEHUM MAIMEHTOB TAaKXKe MOTJIU
MIOBJIUATH Ha HaOII0/aeMble pe3yabTaTel. HakoHer,
[ICUXOJIOTUYECKIE [TPOOJIEMBI, TAKHE KaK JIEITPECCH
WIN TPEBOXKHOCTh, KOTOPBIE IIUPOKO PaCIPOCTpa-
HEHBI IIPY IICOPHAa3e U MOTYT BIUATH KaK Ha IPUBEP-
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KEHHOCTD JICYEHUIO, TaK U Ha YAOBJIETBOPEHHOCTb
UM, HE OI€HUBAJIUCh HAIIPAMYIO B JTAHHOM HCCJIE€0-
BaHUU.

7. BAK/IIOUEHUE

[TpoBesieHHOE UCC/IEIOBAHUE BBIABIJIO 3HAUU-
TeJIbHBIH B(P@dEKT Tepamuu Icopuasa OHOJIOTHYE-
CKHMH IIpelapaTamMu, IPOIEMOHCTPHUPOBAB UX SIBHBIE
[IPENMYIIECTBA B CHIKEHUH TSAKECTH 3200JI€BAHUA U
VJIydIlIeHUU KayecTBa KU3HU. Pe3ysbTaThl MOKa3bl-
BalOT, YTO OHOJIOTUYECKWE IIPEenapaTbl HE TOJIBKO
IIPUBOJIAT K 3HAUUTEJIBHOMY KIIMHUYECKOMY YJIydlile-
HUIO, HO ¥ OKa3bIBAIOT MOJIOKUTEJIbHOE BIIMSAHUE Ha
[ICUXUYEeCKOoe OJIarOMOJIyIre, YTO IPUBOUT K TIOBHI-
IIEHUI0 OOIIed y/IOBJIETBOPEHHOCTH MAI[UEHTOB.
Knunauko-nemorpaduueckue GakTopbl, Takhe Kak
BO3pACT, II0JI, UCXOAHASA TsKEeCTh 3a00JIeBaHUA U
[IPUBEP;KEHHOCTD JIEUEHUI0, UTPAIOT BAYKHYIO POJIb B
OIpe/ieJIeHUH Pe3yJIbTaToOB Tepanui. B ¢BA3M ¢ 3TUM
BpayaM He0OXOMO COCPEIOTOUUTHCSA Ha CO3/IaHIH
WHIMBU/TyaTU3UPOBAHHBIX IIJIAHOB JIEUeHUsI, KOTO-
pble YYHTHIBAIOT 3TH (HAKTOPHI, YTOOBI MOBBICUTH
apdexrtrBHOCT,  Omorepanuu.  IIpemocraBiieHue
IanueHTaM I0CTaTOYHOH NHGOPMAaLUH O JIeYeHUHN U
€ro UCX0/1aX U MOJJIEPKKU JUIA MOBBIIeHus d3ddek-
TUBHOCTU JIEUEHUs HMeEET pellaiollee 3HAYEHUE,;
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BaHUA.
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CKpPUHHHIOBOE XHUMHUKO-00TAHUYECKOE HCCIe0BaHUE
Brunnera sibirica (Boraginaceae)

B.B. Besnnuxko, [1.C. Kpyrios, /I.JI. IIpokymeBa, H.O. Kum

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

AHHOTAIIA

BBeneHue. Pacrenus cemeiicrBa GypauHuKOBbIe (Boraginaceae) HeOCTaTOUHO U3y4YeHbl. OTHUM U3 €T0 IPe/ICTaBH-
Tesiel ABJAeTcsa OpyHHepa cubupckas (Brunnera (B.) sibirica Steven) — MHOTOJIETHEE TPABSHHUCTOE PACTEHHE, KOTOPOE BCTpe-
yaeTcs Ha TeppuTopuun 3anaaHoi Cu6UpH, JIETKO BBOAUTCS B KYJIBTYPY U HUMEET J0CTATOYHO OOJIBIIYI0 6Gromaccy. JIJaHHBIX O
XHUMHUYECKOM cocTaBe B. sibirica B uTepaType He 0O0HAPY:KEHO, HO U3BECTHO O IPUMEHEHUH B HAPOJHOU MeIUIIHE OpyH-
HepbI KpynHoicTHOH (B. macrophylla (Adams) I.M.Johnst.) B kauecTBe aHTHOAKTEPHUATIBHOTO U TPOTUBOMUKPOGHOTO CPe/I-
CTBa. YUUTHIBAs TPUHIIUII (DHIIOTE€HETHYECKOTO POJICTBA, MOKHO ITPETIOIONKUTE HATNIKeE ¥ B. sibirica aHaIOTHIHBIX CBOWCTB.
Il e 1 b. OUTOXUMUYECKUI AaHAIN3 U BHIABJIEHNE MUKPOIMATHOCTUYECKUX TIPU3HAKOB B. sibirica.

MaTepuasnab U ME€ETOI/ Bl . BKauecTBe 00bEKTOB UCCIIEOBAHUS BBHICTYIIAHU JIUCThSI, TeHEPATHUBHBIE TIOOETH
u KopHeBHuIa B. sibirica, 3arotoBienubie B HoBocubupckoit o6actu. CyMMapHbIe U3BIEUEHUSI U3 ChIPbs, IIOJIyUEeHHbIE C
WCTIOJIb30BAHNEM B KAUeCTBE DKCTPATEHTOB BOJBI OUUIIEHHOM, BOAHO-CIIUPTOBBIX CMecel U 2% XJIOPOBOZOPOHOM KHUC-
JIOTBI, HCIIOJIB30BAJIH JIJIS1 KAYECTBEHHOTO U KOJIMUYECTBEHHOTO AaHAIN3a KOMIIOHEHTOB PACTUTEILHOTO ChIPhS C IIPUMeEHe-
HHUEM CIEeKTPO(OTOMETPHUECKOTO U IPABUMETPUUYECKOTO METO/I0B aHaIn3a. MceienoBaHine MUEKPOMOP()OIOTHH JINCTHEB
Y KOPHEBHII[ IPOBOJIVJIH C UCIIOJIb30BAHIEM METOZ[a MUKPOCKOIIHH.

PesynbTarthl . Bcoipbe 6bUTH OOHAPY:KEHBI OCHOBHBIE TPYIIIBI OHOJIOTHYECKU aKTUBHBIX coefuHennii (BAC) u
OTIpeIeJIEHO UX KOJIMYECTBEHHOE COZIEpIKaHue B OpraHax pactenus. Tak, Haubosbiee KOIU4ecTBO (hIaBOHOUIOB U OKCH-
KOPHUYHBIX KHCJIOT H3BJIEKAETCS U3 TeHEPATHBHBIX [100€roB, 60J1ee 60raTsl XJI0POMUIIIIOM JIUCThS, 4 AHTOLIMAHAMU — FeHe-
paTHBHBIE IT0GETH; BOIOPACTBOPUMBIE BelecTBa (I0IH(IaBAaHOBBIE COEAVHEHN U ITOJIMCAXapUbl) B 6OJIbIIIEM KOJIHUYe-
CTBe U3BJIEKAIOTCS U3 KOPHEBHUII. B pe3ysibTaTe MUKPOCKOIIMYECKOTO aHAIN3a MOPQOJIOTUH JINCTHEB U MIOIIEPEYHBIX Cpe-
30B KOPHEBHII| YCTAHOBJIEHBI IIPU3HAKH, II0 KOTOPHIM MOKHO IMArHOCTUPOBATD IIO/IJIMHHOCTD CHIPHSI.
3axknwueHHue. Hammune BAC, 061a1a101UX TPOTHBOBOCIATIUTEILHBIM, OAKTEPUIIMTHBIM U PEreHePUPYIOIIIM
JIENICTBHEM, CO3/Ia€T MPEIIOCHLIKY U1 DOJIee JEeTAIbHOTO U3ydeHus B. sibirica Kak MepereKTHBHOTO HCTOUHMKA PACTH-
TEJILHOTO ChIPbS.

Knaoueswte caoea: Brunnera sibirica, Boraginaceae, pyTuH, GpepysioBas KUCIOTA, XJIOPODIILI, AHTOIIMAHBI, ITOJIFICAXA-
PU/IBI, ATKATOU/IBIL.

Oo6pazen nmutupoBaHusa: Bemuuko B.B., Kpyrimos /I.C., IIpokymiesa /[.JI., Kum H.O. CKpUHHHTOBOE XU-
MHKO-O0TaHUYeCcKoe uceierioBanue Brunnera sibirica (Boraginaceae) // Journal of Siberian Medical Sciences.
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Screening study of Brunnera sibirica (Boraginaceae):
chemical composition and plant structure

V.V. Velichko, D.S. Kruglov, D.L. Prokusheva, N.O. Kim

Novosibirsk State Medical University, Novosibirsk, Russia

ABSTRACT
Introduction. Plants of the Boraginaceae family are insufficiently studied. One of its representatives is Brun-
nera (B.) sibirica Steven, a perennial herbaceous plant that can be found in Western Siberia, is easily introduced into cul-
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tivation and has a fairly large biomass. There are no data on the chemical composition of B. sibirica in the literature, but it
is known about the use of B. macrophylla (Adams) I.M.Johnst. in traditional medicine as an antibacterial and antimicro-
bial agent. Considering the principle of phylogenetic affinity, it can be assumed that B. sibirica has similar properties.

A i m . Phytochemical analysis and detection of microdiagnostic signs of B. sibirica.

Materials and methods. Theobjects of the study were the leaves, reproductive shoots and rhizomes of
B. sibirica harvested in the Novosibirsk region. The total extracts from the raw materials obtained using purified water,
water-ethanol mixtures and 2% hydrochloric acid as extractants were used for qualitation and quantitation of the compo-
nents of the plant raw materials using spectrophotometric and gravimetric methods. The micromorphology of leaves and
rhizomes was studied using microscopy.

Results. The main groups of biologically active compounds (BAC) were found in the raw materials and their quan-
titative content in plant organs was determined. Thus, the largest amount of flavonoids and hydroxycinnamic acids is
extracted from reproductive shoots, leaves are more rich in chlorophyll, and reproductive shoots are more rich in antho-
cyanins; water-soluble substances (polyflavan compounds and polysaccharides) are extracted in large amount from rhi-
zomes. Using microscopic analysis of the leave morphology and transversal sections of the rhizomes, signs for identifica-
tion of the raw materials were established.

Conclusion. The presence of BAC with anti-inflammatory, bactericidal and regenerating effects creates
prerequisites for a more detailed study of B. sibirica as a promising source of plant raw materials.

Keywords: Brunnera sibirica, Boraginaceae, rutin, ferulic acid, chlorophyll, anthocyanins, polysaccharides, alkaloids.
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BBEJAEHUE

Ha coBpemeHHOM (apMaleBTHIECKOM PBIHKE
JIEKapCTBEHHbIE IIperapaThl, KOTOPBIE CO/EpIKaT
pacTuTesibHbIE KOMIIOHEHTHI, TTOJIb3YIOTC OOIbITON
MONYJIAPHOCTBIO. Takol BBIOOD OOBSACHSETCA TEM,
4yTOo (pUTOMpeEnaparhl yaie BCero UMerT 60jiee Msr-
Koe (dapMaKoIOTUUECKOe JeWCTBHE U CIIOCOOHBI
OKa3aTh KOMIUIEKCHOE BJIMSHME HA OPTaHU3M YeJsI0-
Beka. Kak mpaBuio, ecjiv JieKapCcTBEHHbIE PACTEHUS
HE CO/Iep’KaT SAOBUTBHIX U CHUJIBHOZEHCTBYIOIIMX
BEIIECTB, OHU 00J1a/1al0T HU3KOU TOKCUYHOCTHIO, UTO
CIIOCOOCTBYET CHHIKEHHUIO PHCKA BO3HUKHOBEHUS
HesKesIaTeIbHBIX peakiuil. Fimes 7110 ¢ HOBBIM pac-
TUTEJIbHBIM CHIPDBEM, BasKHO HCCJIEI0BATh XHMUUE-
CKHH COCTaB U pa3paboTaTh KPUTEPUU OTIPEIeIEHUS
€ro MO/ITHHHOCTU U I00POKAaYeCTBEHHOCTH.

Cpeau HepCIeKTUBHBIX OOBEKTOB [IJIsI UCCIIEO0-
BaHUsA 0COOBIN HHTEPEC IIPEICTABIISIET MATIOU3YUeH-
Hoe pacteHue 6pyHHepa (6.) cubupckas (Brunnera
(B.) sibirica Steven) — MHOTOJIETHEE TPaBSHHCTOE
KOPDHEBHIIIHOE PAacTeHHe U3 ceMelcTBa OypauHHKO-
BBIX (Boraginaceae). B 1iesiom poji Brunnera Steven
BKJIIOUAeT, KpoMe 0. cHUOUpCKOH, elle JBa BUjA:
6. kpymHosmcTHyl0o — B. macrophylla (Adams)
I.M.Johnst. u 6. BocTounyto — B. orientalis (Schenk)
I.M.Johnst. [1]. [Tpu 3TOM Ha Tepputopuu Poccuu
(puc. 1) mpou3pacTawT TOJBKO 6. KPYITHOJIUCTHAS U
0. cubupckas [2].

B. cubupckas umeer 6Gosiee OOIIMPHOE pacIpo-
CTpaHeHUe Ha TeppuTopuu Poccuu, NpeacTaBiseT

INTRODUCTION

In the modern pharmaceutical market, medicines
that contain herbal ingredients are very popular.
This choice is explained by the fact that herbal
medicinal products most often have a milder phar-
macological effect, and can have an integrated effect
on the human body. As a rule, if medicinal plants do
not contain poisonous and potent substances, they
have low toxicity, which allows reducing the risk of
adverse reactions. When dealing with new plant raw
materials, it is important to investigate the chemical
composition and develop criteria for determining its
identity and quality.

Among the promising objects for research, the
little-studied Brunnera (B.) sibirica Steven, a peren-
nial herbaceous rhizomatous plant from the Boragi-
naceae family is of concern. In general, the genus
Brunnera Steven includes, in addition to the
B. sibirica, two more species: B. macrophylla
(Adams) I.M.Johnst. and B. orientalis (Schenk)
I.M.Johnst. [1]. At the same time, only B. macro-
phylla and B. sibirica grow in Russia (Fig. 1) [2].

B. sibirica has a more extensive distribution
within the territory of Russia, is a nemoral relict of
the Tertiary and is a characteristic element of the
underwood of taiga. It has a rather narrow isolated
range, covering Altai, Kuznetsk Alatau, Northeastern
Tyva, Western and Eastern Sayans, and several iso-
lated areas of its range in the Tomsk region [3, 4].
Despite the fact that B. sibirica has limited natural
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Puc. 1. Apean pacpoctpaHeHus1 GpyHHePBI KPYITHOJIUCTHOH U GPYHHEPBI CHOMPCKOM Ha TEPPUTOPUU
Poccuiickoii @enepariuu (PUCYHOK BBITIOJIHEH aBTOPAMU C TIOMOIIBIO ITporpaMmmbl Photoshop
[yTeM HaJIOXKEHUsI KapT apeaioB OT/EIbHBIX BU/OB, IIPE/ICTaBIEHHBIX B [2])
Fig. 1. Distribution of B. macrophylla and B. sibirica within the territory of the Russian Federation (the figure was made
by the authors using Photoshop by superimposing maps of the ranges of individual species presented in [2])

c000¥ HEMOPAIBbHBIA PETHKT TPETHYHOTO ITEPUOZA 1
SIBJISIETCS XapaKTEPHBIM 3JIEMEHTOM HI)KHETO spyca
YepHEBBIX JIECOB. IMeeT JOCTaTOUHO Y3KUH U3 BIOH-
KTUBHBIHA apeast, OXBaThIBAIOIUI Astaii, Ky3Herkuit
Autaray, CeBepo-Bocrounyto TreiBy, 3anagHbiii u Boc-
TOuHBbIN CassHbI, HECKOJIPKO M30JIUPOBAHHBIX yUJaCT-
KoB apeasia B ToMmckoi obsactu [3, 4]. HecmoTpst Ha
TO, 9YTO 0. CHOMpPCKas UMEET OTPAaHUYEHHBIE 3aITachl
CBIPbsA B TPHUPOZIE, OHA IIPEBOCXOAHO BBOAUTCA B
KYJIBTYPy, o0OpasyeT OOIIUpHBbIE 3apOCid, KMEeT
OoJiplyto puTOMAaccy, HENMPUXOTINBA, 3UMOCTOHKA,
JUTUTEJIBHO CYIIECTBYET B KyJIbTYPE, MOKET PACTH Ha
OZTHOM MecTe 6oJiee 30 Jiet [5].

HayuyHbple [aHHBIE O XUMHYECKOM COCTaBE
6. cubUpCKOW WMEIOT pa3pO3HEHHBIH XapakTep,
KpOMe TOTr0, HET JAOCTOBEpHON WHGMOPMAIUH O ee
IPUMEHEHUU B HapOAHOH MequiinHe. OTHAKO €CTh
CBeZIEHUsT O TPUMEHEHHU OJIU3KOPOJICTBEHHOTO
BHU/ia — 0. KPYITHOJIMCTHOU — B KAUeCTBE aHTHOAKTe-
PHATBHOTO W TIPOTHBOTPUOKOBOTO cpezacTBa [6].
YuuThIBasg MPUHIUI (PUTOTEHETUYECKOTO POJICTBA,
MOXKHO IIPEATIOJIOKUTH ¥ 0. CHOUPCKON aHAJIOTHY-
HBIE CBOHCTBA.

Taxkum o6pazom, 6. cubHupcKast — IEPCIEKTHBHOE
pacTeHue /UIsI TPOBENEHUS CKPUHUHTA HOBBIX
JIEKapCTBEHHBIX PACTEHUH.

reserves of raw materials, it is excellently introduced
into culture, forms extensive thickets, has a large
phytomass, is low maintenance, frost-hardy, exists
in culture for a long time, can grow in one place for
more than 30 years [5].

Scientific data on the chemical composition of
B. Sibirica are scattered, in addition, there is no reli-
able information about its use in traditional medi-
cine. However, there is evidence of the use of a closely
related species, B. macrophylla as an antibacterial
and antifungal agent [6]. Considering the principle
of phylogenetic similarity, it can be assumed that
B. Sibirica has similar properties.

Thus, B. Sibirica is a promising species for new
medicinal plant screening.

AIM OF THE RESEARCH

Phytochemical analysis and identification of
microdiagnostic signs of B. sibirica.

MATERIALS AND METHODS

The objects of the study were the leaves, repro-
ductive shoots and rhizomes of B. sibirica harvested
in the summer of 2023 from plants cultivated on a
private plot in the village of Vengerovo, Novosibirsk
region (55°68’ N, 76°72” W). The planting material —

56
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ITEJIb UCCJIEJIOBAHUSA

OUTOXUMHUYECKUH aHAIN3 U BBHIABJIEHUE MHUKPO-
JANArHOCTUYECKUX IIPU3HAKOB 6pyHHepbl CI/I6I/IpCKOf/’I.

MATEPUAJIBI 1 METOAbI

B xauecTBe 00'BEKTOB MCCIIEOBAHUSA BBICTYIATN
JINCThsl, TeHepaTUBHble IMOOErM U KOPHEBHUIIA
B. sibirica, 3arOTOBJIEHHBIE JIETOM 2023 T. OT pacTe-
HUH, KyJIbTUBUPYEMBIX Ha IIPHUYCaJIeOHOM y4acTKe B
¢. BearepoBo HoBocubupckoii obactu (55°68’ c.1.,
76°72’ B.11.). [TocaiouHbIH MaTepyuas B BUJIE KyCKOB
KODHEBUI OBLT B3AT B 2020 T. U3 IPUPOAHON
3apOCJIH, PACIIOJIOKEHHOH B CMEIIIaHHOM JIeCY B 1 KM
Ha [ro-3amaj; ot noc. Kosmaposo Tomckoro paiioHa
Tomckoii obactu (56°20' c.11., 84°55’ B.71.). Chipbe
IIocJIe 3aTOTOBKY OYHIIAIN OT IpUMecel U IMOBpeX-
JIEHHBIX YacTeH U CYIIIJIN BO3ZYIIHO-TEHEBBIM CIIO-
co00M B B3aKpPHITOM IIOMEIIEHUU JI0 BO3AYIIHO-
CYXOTO COCTOSTHUSI.

Jnsa  ompeneneHUss MHUKPOMOP()OIOTHYECKOTO
CTPOEHUs JINCTbEB IIPOBOJIUIN IPENBAPUTEIEHOE
pasMaunBaHue OO'bEKTOB IyTeM KUIISTIEHUS B TeUe-
HUe OJHOM MUHYTHI B 5% BOJHOM PacTBOpe HATPHUS
TUAPOKCH/ia. AHaTOMHUYeCKOe CTpPOeHHe KOPHEBUII]
HCCIeIOBAJIM Ha IOTIEPEYHBIX Cpe3ax, ChIPhe Ipes-
BApUTEJIPHO BBIIEPKUBAIN B TEUEHUE 2 MECAIEB B
uKCcHpyOIEM pAacTBOpPe — BOA:TJIHIEPUH:95%
BTAHOJI B COOTHOIIIEHUHU 1:1:1. B kauecTBe 3akioua-
OIIEH Y TIPOCBETIAIONIEN KUTKOCTH UCIIOJIb30BAIHN
CMeCh BOZBI U IVIUIIEPUHA B COOTHOIIEHUU 1:1. J{Jis
BBISIBJIEHUS JIMTHU(UIIMPOBAHHBIX 3JIEMEHTOB B
CTPYKTYpe KODHEBUII IIPOBOAWIN OKpaIIuBaHHUE
Cpe3oB  0,1% pacTBOpPOM IapaHUTPOAHUJIMHA.
MUKpPOCKOTTYECKOE WCCIENOBAHNE ITPOBOAUIN C
HCITOJIb30BAHHEM MUKPOCKOTIOB Zeiss Axio Scope.A1
u «Mukpome-6» Ipu yBeJIUUEeHUH B 25—400 pa3 B
IIPOXOZAIIEM CBeTe (/I BBIABJIEHUS CTPYKTYPHBIX
ay1IeMeHTOB TKaHel). [losyueHHble M300paKeHUS
(¢urcrpoBan ¢ TOMOIIBIO M POBOU (HOTOKAMEDPHI
Zeiss Axiocam 512 color u cuCTeMBbI BU3yaJIM3aIUH
«Mukpomes Visual SMP 9,7"».

B xome o0mero QuUTOXMMHUYECKOTO aHaIN3a
OBLIM HCCJIEIOBAHBI BOJHBIE M BOJIHO-CIIPTOBBIE
W3BJIEYEHHS U3 I[BETKOB U JINCTHEB 0. CHOMPCKOU C
IIOMOIIbI0 KAUeCTBEHHBIX PEeaKIUil s OIpesiesie-
HUS OCHOBHBIX DY OMOJIOTHYECKH AKTUBHBIX COe-
nuHennii (BAC) — dbytaBoHOU/IBI, AYOUIbHBIE Bellle-
CTBA, CAlIOHUHBI, TOJTCAXapU/Ibl, AHTOITMAHBI, KyMa-
pUHBI — C HCHOJIb30BAHHEM OOIIENPUHATHIX
¢apmakomneiinbix MeTouK [7]. [IpucyrcrBre anka-
JIOUJIOB OMpPENEeJIsIU, HUCIOIB3Ys OOIe0CcauTe b
Hble peakTuBbI: Barnepa — bymapya, /[paresiopda,
Matiepa, Mapku, Illetibiepa, beprpana, 3oHHEH-
IITEHHA, DPACTBOPHI TAHUHA ¥ TUKPUHOBOU KHUCJIOTHI.

pieces of rhizomes — was taken in 2020 from a natu-
ral thicket of a mixed forest located 1 km southwest
of the village Kolarovo, Tomsk district, Tomsk region
(56°20" N, 84°55" W). After harvesting, the raw
materials were cleaned of impurities and damaged
parts and brought to an air-dry state indoors by
shade drying.

To determine the micromorphological structure
of the leaves, the objects were macerated by boiling
for one minute in a 5% aqueous solution of sodium
hydroxide. The anatomical structure of the rhizomes
was examined on transversal sections; the raw mate-
rials were exposed for 2 months to a fixing solution —
water:glycerin:95% ethanol in a ratio of 1:1:1. A mix-
ture of water and glycerin in a ratio of 1:1 was used as
a mounting and clearing liquid. To identify lignified
elements in the rhizome structure, sections were
stained with a 0,1% paranitroaniline solution. Micro-
scopic examination was performed using a Zeiss
Axio Scope.A1 and “Micromed-6” at magnification
x25—400 in transmitted light (to identify the struc-
tural elements of tissues). The obtained images were
recorded using a Zeiss Axiocam 512 color digital
camera and a Micromed Visual SMP 9.7” visualiza-
tion system.

During the general phytochemical analysis, water
and water-ethanol extracts from the flowers and
leaves of B. sibirica were studied using qualitation of
the main groups of biologically active compounds
(BAC) — flavonoids, tannins, saponins, polysaccha-
rides, anthocyanins, coumarins — using generally
accepted pharmacopoeial techniques [7]. The pres-
ence of alkaloids was determined using precipitation
reagents: Wagner-Bouchard, Dragendorff, Mayer,
Marquis, Scheibler, Bertrand, Sonnenschein, solu-
tions of tannin and picric acid.

Total extractions were used for qualitative and
quantitative analysis of the chemical composition of
the raw materials by spectrophotometry. 70% etha-
nol (for extraction of hydroxycinnamic acids, flavo-
noids, and sum of chlorophylls), 2% aqueous solu-
tion of hydrochloric acid (for extraction of alkaloids
and anthocyanins), and purified water (for extrac-
tion of tannins and polysaccharides) were used as
extractants. An accurately weighed quantity of the
raw material was placed in a flask, the extractant was
added at the ratio of raw materials : extractant of
1:30, after which the flasks were heated under reflux
for 30 min on a boiling water bath.

The qualitative composition of hydroxycin-
namic acids was analyzed by thin-layer chroma-
tography (TLC) in a battery of solvents of ethyl
acetate : ethanol : water (200:27:22), using solu-
tions of standard samples of caffeic, chlorogenic,
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1 mpoBeZieHUs Ka4eCTBEHHOTO W KOJIUUe-
CTBEHHOTO aHAJN3a XUMHUYECKOTO COCTaBa CHIPHS
METO/IOM CIIEKTPO(OTOMETPHUU UCIIOJIb30BATIA CYM-
MapHble U3BJIeUeHUs. B KauecTBe SKCTpareHTa JUIs
UX TIOJIy4eHHs1 ObUTH BBIOpPaHBI 70% 5TaHON (1151
W3BJIEUEHUST OKCUKOPUYHBIX KUCJIOT, (DJIAaBOHOUIOB
U CYMMBI XJIOPOQUILIIOB), 2% BOJHBIN PACTBOP KHUC-
JIOTHI XJIOPOBOIOPOTHOM (7151 U3BJIEYEHUS ATKAIIO-
WI0OB U aHTOIIMAHOB) W BOJAA OUMINEeHHasd (JJist
W3BJIeUeHUs] TyOMJIbHBIX BEIECTB U IOJIFICAXapH-
710B). TouHYI0 HaBECKy ChIpbsl IIOMEIAIN B KOJIOY,
00aBJIsIIM BHIODAHHBIM SKCTPAreHT B COOTHOIIIE-
HUMY ChIPBE : DKCTPATEHT — 1:30, IOCJIe YETO KOJIOBI ¢
[IPUCOEIUHEHHBIM  OOPATHBIM  XOJIOAWJIBHUKOM
MIOMEIAIN HA KUIISAIIYI0 BOISHYIO OAHIO U BBIZIED-
JKUBAJIU B Te€UeHUE 30 MUHYT.

KauecTBeHHBIN COCTaB OKCHUKOPHUYHBIX KHCJIOT
AHAJTU3UPOBAIIM METOJIOM TOHKOCJIOMHOHM XpoMa-
torpadun (TCX) B cucreMe pacTBOpUTEJIEH ITHIA-
[leTaT:3TaHOJI: Boja (200:27:22), IPU 3TOM HCIIOJIb-
30BaJIM PACTBOPHI CTaHAAPTHHIX 06pa31oB Kodei-
HOU, XJIODOT€HOBOH, XWHHOH, &epysIoBod U
rajjioBOM KHCIOT. XpoMaTorpaMMbl IIPOCMATPH-
Basiu B yabrpaduosieroBoM (Y®) cBere mpu yIuHE
BOJIH 254 ¥ 365 HM /IO U TI0CJI€ TIPOSIBJIEHUS ITapaMU
aMMHuakKa.

CrnekTpsl TMOIJIONIEHUsI OINPENEIsiid Ha CIeK-
tpooTtomerpe CP-56 (AO «JIOMO», CaHKT-
IleTepOypr, Poccust) B quamazoHe BOJH OT 200 710
800 HM B KiOBeTe C TOJIIIUHOHN IOTJIOIAOIIETO
ciosi 10 MM. KoHIeHTpanuio pacTBOpOB IOAOU-
pasiu ImyTeM pasBeieHUs UCCIEyEMBIX PACTBOPOB
COOTBETCTBYIOIIMMHU PACTBOPUTENAMU. [IJis KOJIH-
YeCTBEHHOTO ompeziesieHus (hIaBOHOUAOB HCIIOJIb-
30BaI MeToy U depeHITuanbHON crieKTpodoTO-
METpHUH, KOTOPBIA OCHOBAH Ha IOTJIOIIEHUH
Y®-cBeTa XpOMOTEHHBIM KOMILIEKCOM, 00pa30BaH-
HBIM IIpU B3aUMO/IEHCTBUU U3BJIeUeHU ¢ 2% pac-
TBOPOM aJIIOMHUHHUSA XJIOPHAA B 95% 3TaHOJE IPU
JUINHE BOJIHBI 410 HM U U3BeCTHOM K03 duIreHTe
SKCTUHKIUH pyTrHA [8]. KostmuecTBeHHOE Olpeie-
JIeHWe CYMMbI OKCUKOPHYHBIX KHCJIOT, XJIOPO-
¢uia, aHTOIMAHOB MPOBOJAWIN cIeKTpodOoTOMe-
TPUYECKH II0 ONITUYECKOH IJIOTHOCTU Ha XapaKTep-
HOM MAaKCHMyMe TIOTJIOIIEHUs] COOTBETCTBYIOIIETO
BeIlleCTBa.

KosnnuecTBeHHOE — ompesieieHNEe  TyOMIIBHBIX
BEII[ECTB MIPOBOJIVJIM METOZIOM TUTPOBAHUS B COOT-
BerctBuu ¢ O®PC «OmnpenesneHue copepKaHUA
IyOWIBHBIX BEIECTB B JIEKAPCTBEHHOM PACTUTEIIb-
HOM CBhIPb€E U JIEKAPCTBEHHBIX CPEJICTBAX PACTUTEb-
HOTO IIPOUCXOXKJIEHUSI» B IepecueTe Ha KaTeXUH.
Cozep:kaHre IOJIMNCAXApUIOB OIpeZessiid T'PaBU-
MeTpuyecku [7].

quinic, ferulic and gallic acids. Chromatograms
were viewed in ultraviolet (UV) light at wave-
lengths of 254 and 365 nm before and after ammo-
nia exposure.

The absorption spectra were determined on an
SF-56 spectrophotometer (LOMO JSC, St. Peters-
burg, Russia) at a wavelength range of 200—800 nm
in a cell with thickness of an absorbing layer of
10 mm. The concentration of solutions was selected
by diluting the studied solutions with appropriate
solvents. For quantitative determination of flavo-
noids, differential spectrophotometry was used,
which is based on the absorption of UV light by a
chromogenic complex formed by the interaction of
extraction with a 2% solution of aluminum chloride
in 95% ethanol at a wavelength of 410 nm and a
known extinction coefficient of rutin [8]. Quantita-
tive determination of the sum of hydroxycinnamic
acids, chlorophyll, and anthocyanins was carried out
using spectrophotometry by absorbance at the char-
acteristic absorption maximum of the corresponding
substance.

Quantitative determination of tannins was car-
ried out by titration in accordance with the General
Pharmacopoeial Article “Determination of the con-
tent of tannins in medicinal plant raw materials and
medicinal herbal products”. The content of polysac-
charides was determined gravimetrically [7].

RESULTS AND DISCUSSION

Phytochemical analysis showed the similarity of
the chemical composition of the leaves and repro-
ductive shoots of B. sibirica. The main groups of BAS
were found: polysaccharides, coumarins, alkaloids,
polyflavan compounds (catechins), saponins, and
flavonoids. The rhizomes were characterized by the
absence of a positive testing for flavonoids. Presum-
ably, all the studied parts of the plant contain alka-
loids, as evidenced by positive reactions with tannin
solution and Dragendorff reagent.

Using TLC, gallic and ferulic acids were found in
the reproductive shoots, leaves, and rhizomes of B.
sibirica. The absorption spectra of ethanol extracts
from leaves, reproductive shoots and rhizomes are
similar in a pattern to the standard spectrum of feru-
lic acid (Fig. 2) with a characteristic absorption max-
imum at 325 nm. Therefore, quantitative determina-
tion of the content of hydroxycinnamic acids was
carried out in terms of ferulic acid. The results of the
study show that the largest content of hydroxycin-
namic acids is extracted from flowers (2,86%), less —
from leaves (2,02%) and rhizomes (1,35%).

Ferulic acid has anti-inflammatory, antiplatelet,
antibacterial, and antitumor activity [10, 11]. The
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PE3YJIBTATDBI 1 OBCY KAEHUE

OUTOXUMUYECKUI aHaJW3 I0Kasaja OJIM30CTh
XHMHYECKOTO COCTaBa JIUCTb€B U TeHEepPaTHUBHBIX
oberoB 6. cubupckoil. Bt o6HApPYKEHBI OCHOB-
HbI€ IPYTIIIbI OUOJIOTUYECKU AKTUBHBIX COEIUHEHUH:
MOJIMCaxXapu/bl, KYMapUHbI, aJIKaJIOU/IbI, MOTHIIa-
BaHOBBIE COeIMHEHUS (KaTEXUHbI), CATIOHUHBI, (J1a-
BoHOU/Ibl. KOpHeBHINA OTIUYAIUCH OTCYTCTBHEM
MTOJIOKUTEIPHON peakiuu Ha GaBoHOUABL. IIpes-
ITOJIO’KUTEJIPHO BO BCEX MCCJIEyEMbIX YACTIX pacTe-
HHUA COJIepKATCs aJKaJOUbl, O UEeM CBHETETb-
CTBYIOT TIOJIO}KUTEJIbHBIE PEAKIMHU ¢ PacTBOPOM
TaHWHA U peakTuBOM JIpareHopda.

Metosiom TCX B cocTaBe reHEpaTUBHBIX ITI0OETOB,
JINCThEB W KOpHEBHUIN 0. CHOUPCKON OOHApPY:KEeHBI
rajutoBasi U hepyJioBasi KUCIOThI. KpHBbIE CIIEKTPOB
TIOTJIONIEHUsI CIIUPTOBBIX U3BJIEYEHUH W3 JINCTHEB,
reHepaTUBHBIX MO0OEroB ¥ KOPHEBUII] IT0 XapaKTePY
OJIM3KHU K CIIEKTPY CTAaHIApPTHOTO BelecTBa Ghepysio-
BOH KHCJIOTHI (PHC. 2) C XapaKTEPHBIM MaKCUMyMOM
MIOIJIOIIEHHUsI TIPU 325 HM, ITOTOMY KOJUYECTBEH-
HOE OIIpeJIeJIEHNE COIEPIKAaHUA OKCUKOPUYHBIX KUC-
JIOT MPOBOJWJIN B mepecuere Ha (GepysIOBYI0 KHC-
J0Ty. Pe3ysibTaThl HCCIEMOBAHUSA TOKA3BIBAIOT, UTO
HauOOJIbIIIEE KOJUYECTBO OKCUKOPUYHBIX KHCJIOT
HU3BJIEKaeTCs U3 LBETKOB (2,86 %), MeHblllee — U3
JIUCTBEB (2,02 %) U1 U3 KopHe# (1,35 %).

depysioBast KUCa0Ta 06J1aTA€T IIPOTUBOBOCIIAIH-

pharmacological effects of ferulic acid are mainly due
to its antioxidant properties.

When ethanol solution of aluminum chloride (IIT)
was added to 70% ethanol extracts from leaves and
flowers of B. sibirica, the occurrence of colored prod-
ucts — chelate complexes was observed, and a batho-
chromic shift A = 35 nm was noted on the absorption
spectrum (Fig. 3, A). At the same time, the absorption
maximum of the differential spectrum (chromogenic
complex relative to the spectrum of the initial extrac-
tion) was observed at a wavelength of 410 nm
(Fig. 3, B), which is typical for rutin [12].

When studying the quantitative content of flavo-
noids, it was found that the largest content of them is
extracted from reproductive shoots (0,31%) com-
pared with leaves (0,17%).

The main pigment contained in plants is chloro-
phyll which, as expected, was absent in underground
organs, since they do not have the photosynthetic
capacity (Fig. 4).

The quantitative content of chlorophylls a and b
was determined by measuring the absorbance of the
extractions at wavelengths of 644 and 662 nm and
calculating the chlorophyll content using the Holm-
Wettstein’s formula [13]. The content of chlorophylls
a and b in the leaves was 0,31% and 0,54%, and in the
reproductive shoots — 0,08% and 0,14%, respec-
tively, which is quite predictable, since the leaves are

TEJIbHBIM, aHTHATPETaHTHBIM, aHTHOAKTEepHaJIb- the main photosynthetic organ of plants.
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Puc. 2. YiprpadrosieToBble CIIEKTPHI CIIUPTOBBIX U3BJIeUEeHUH U3 opraHoB B. Sibirica
(1 — KOpHH; 2 — JIUCTHSI; 3 — TEHEPATUBHbIE MIOOETH) B CPABHEHUU CO CIIEKTPOM (4) hepys10BOr KUCIIOTHI [9]
Fig. 2. Ultraviolet spectra of B. Sibirica ethanol extracts
(1 — rhizomes; 2 — leaves; 3 — reproductive shoots) in comparison with the spectrum of (4) ferulic acid [9]
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Puc. 3. YiprpadroieToBble CIEKTPBI: A — CIIUPTOBOTO U3BJIEUEHUsI U3 JIUCThEeB B. Sibirica
(1 — ucxoIHOE M3BJIEUEHHE; 2 — XPOMOTEHHBIN KOMILIEKC, 00pa30BaHHBIN IIPU B3aUMO/IEACTBUN UCXOHOTO U3BJIEUEHUS
c AlCl , OTHOCHTEJIBHO 3KcTpareHTa); B — nuddepeHuanbHbIi CIIEKTP XPOMOTEHHOTO KOMILIEKCA
OTHOCHMTEJIbHO MCXOAHOI0 U3BJIeueHusI (2—1)
Fig. 3. Ultraviolet spectra: A — ethanol extraction from leaves of B. Sibirica (1 — initial extraction;
2 — chromogenic complex, formed because of the interaction of the initial extract with AICI, relative to the extractant);
B — differential spectrum of the chromogenic complex relative to the initial extraction (2—1)

HBIM, IIPOTHBOOITYXOJIEBBIM JielicTBHEM [10, 11].
®apmaxkosiornueckrie 3ddeKrTs (pepysIoBOl Kuc-
JIOTBI 00YCJIOBJIEHBI B OOJIBIIIEH CTENIEHU €€ aHTHOK-
CHUIAHTHBIMU CBOMCTBAMMU.

[Tpu pobGaBieHUn K 70% CHUPTOBBIM H3BJIEUE-
HUSM W3 JIUCThEB U I[BETKOB 0. CHOUPCKOU CIIUPTO-
Boro pacrBopa aymoMmunusa xsiopuaa (III) wabsro-
namu obpasoBaHUE OKPAIIEHHBIX IPOAYKTOB —
XeJIATHBIX ~ KOMILJIEKCOB, a Ha CIEKTpe
MOIJIOIIEHUsT — 0ATOXPOMHBIA CABHUT A = 35 HM
(puc. 3, A). [Ipu 3TOM MaKCHUMyM TOTJIOIIEHUS qUd-
(epenmuanbHOro cHexkTpa (XpOMOTEHHBIH KOM-
IIJIEKC OTHOCUTEIBHO CIEKTPA MCXOJTHOTO H3BJIeUe-
HUs1) HaOIIOAaICa TPU JJIMHE BOJHBI 410 HM
(puc. 3, B), uTo xapakTepHO /i pyTHHa [12].

[Tpu uccietoBaHUH KOJTUYECTBEHHOTO COZIEPIKa-
HUsL (PIIAaBOHOUJIOB OBLIO YCTAHOBJIEHO, YTO HAW-
0oJIpIliee UX KOJINYECTBO HM3BJIEKAETCS U3 TeHepa-
THBHBIX 100€eT0B (0,31 %) 110 CPaBHEHUIO C JINCTHIMU
(0,17 %).

OCHOBHBIM TUTMEHTOM, COJIEPIKAIIIIMCS B PacTe-
HUSX, ABJIAETCS XJIOPOQUILTT, KOTOPBIH BIIOJIHE ecTe-
CTBEHHO OTCYTCTBOBJI B IOJ[3€MHBIX OpraHax, Tak
KaK OHU HE HMEIOT CIIOCOOHOCTH K (DOTOCHHTE3Y
(puc. 4).

KosnuecTBeHHOE cozieprraHme XJIOPOMUILIOB a U
b ompezensiin, U3Mepsisi ONTUYECKYIO IUIOTHOCTD
U3BJIeUeHUs NPU JJINHAX BOJIH 644 1 662 HM U pac-

B. sibirica is characterized by the presence of
other pigments, anthocyanins, in reproductive
shoots. A characteristic maximum was found on the
absorption spectrum at a wavelength of 520 nm
(Fig. 5), corresponding to the spectrum of delphini-
din [14], therefore, the quantitative content of antho-
cyanins (in percentage) was determined in terms of
delphinidin-3-O-glycoside: it was 0,04%.

The qualitation confirmed the presence of con-
densed tannins in all types of the raw materials,
their quantitative content was determined using the
titrimetric method in terms of catechin: the largest
content of condensed tannins is extracted with
water from rhizomes — up to 7,17%, from leaves —
up to 4,31%, from reproductive shoots — up to
3,92%.

The content of water-soluble polysaccharides in
reproductive shoots was 4,84%, in leaves — 5,91%, in
rhizomes — 12,91%.

Screening of the chemical composition of leaves,
reproductive shoots and rhizomes of B. sibirica
revealed the presence of substances that are impor-
tant from the point of view of pharmacological activ-
ity, therefore, the next stage of our study was the
identification of microdiagnostic signs of the plant
studied.

Microscopic examination revealed that the
whole plant is pubescent, which is characteristic of
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Puc. 4. YaprpaduoseToBble CIEKTPhI CIIMPTOBOTO U3BJIEYEHH U3 OpraHoB B. Sibirica:
1 — U3 KOpHEl; 2 — 13 TeHepaTUBHBIX TI0OETOB; 3 — U3 JINCTHEB
Fig. 4. Ultraviolet spectra of B. Sibirica ethanol extractions:
1 — from roots; 2 — from reproductive shoots; 3 — from leaves

CUYUTBHIBAsT COZIEPIKAHUE XJIOPODUIIOB IO popmyJie
Berrmreiina [13]. Comeprkanue xi0poduuioB a u b
B JINCTBAX COCTABWJIO 0,31 U 0,54 %, a B TeHepaTUB-
HBIX moberax — 0,08 u 0,14 % COOTBETCTBEHHO, UTO
BIIOJIHE 3aKOHOMEPHO, TaK KaK KMEHHO JIHCTbS
SIBJIAIOTCSI OCHOBHBIM (DOTOCHHTE3UPYIOUIUM Opra-
HOM pacTeHUs.

1151 6. cubUpCKOY XapaKTEPHO HAIMYWE U IPYTHX
IIUTMEHTOB — AHTOI[MAHOB — B '€HEPATHUBHBIX M00e-
rax. Ha cexTpe morJiomeHus o6HapyKeH XapaKTep-
HBI MaKCUMyM IIpU JIJINHE BOJIHBI 520 HM (pHc. 5),
COOTBETCTBYIOIIMH CIIEKTPY JAeabbUuHUANHA [14],
MI03TOMY KOJIMYECTBEHHOE COZIEPIKaHUE AHTOITMAHOB
(B %) omnpenesnsiu B Iiepecuere Ha AeTbOUHUTUH-3-
O-IJIMKO3U/: OHO COCTaBUJIO 0,04 %.

KauecTBeHHOH peakIiviell MOATBEPIKIEHO IIPUCYT-
CTBHE BO BCE€X BHJAX CHIPbS KOHIEHCHPOBAHHBIX
JIlyOVWUIBHBIX BEIEeCTB, UX KOJIMUECTBEHHOE COZiepIKa-
HUE€ OTIPe/IeJIsUIN METO/IOM TUTPUMETPHH B IIEpecueTe
Ha KaTexXWH: HanbOJIblllee UX KOJIMYECTBO U3BJIEKA-
eTcst BOZIOU U3 KOPHEBUII] — /10 7,17 %, U3 JINCThEB —
10 4,31 %, 13 TeHEPATUBHBIX ITOOETOB — /10 3,92 %.

Copep:xaHue BOOPACTBOPUMBIX IIOJIICAXAPHU/IOB
B TeHepaTHUBHBIX I00erax coCTaBWIO 4,84 %, B
JIUCTBAX — 5,91 %, B KOpHEBUIIAX — 12,91 %.

CKpPUHUHT XUMHUYECKOTO COCTaBa JINCThEB, TeHe-
PaTUBHBIX IOOETOB ¥ KOPHEBHII . CHOMPCKOM IT03BO-
JIWJI BBISIBUTH IIPUCYTCTBHE B COCTaBE HCCIIETYEeMbIX
BUJIOB CBIPbsI BAYKHBIX C TOUKU 3peHust papMaKoso-

all plants in the Boraginaceae family. The pubes-
cence is represented by simple conical-shaped
unicellular hairs (Fig. 6, 7) with length of
250,0 + 34,0 um and diameter of 70,0 + 12,2 um at
the base with a characteristic rosette of epidermal
cells and a narrow cavity inside. The number of
hairs is 6,3 £ 1,4 pcs/mm?.

The pronounced aerenchyma is placed on the
abaxial side of the leaf (Fig. 8).

Stomatal apparatus is of anomocytic type (Fig. 9);
length of guard cells is 33,0 + 5,4 um. The number of
stomata is 160,0 + 24,0 pcs/mm?.

The rhizome (Fig. 10) is characterized by the
presence of the exodermis, i.e. the periderm with the
straight-walled, tightly closed cells. The rhizome
structure is characteristic for the secondary transi-
tional structure of the stem of dicotyledonous plants.
The sclerenchyma is poorly pronounced, the main
volume of the rhizome is filled by the storage paren-
chyma.

CONCLUSION

The study performed allows to draw the following
inferences:

1. Phytochemical analysis confirmed the simila-
rity of the chemical composition of the leaves and
reproductive shoots of B. Sibirica; the main groups
of BAC were found: hydroxycinnamic acids, flavo-
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noids, polyflavan compounds, alkaloids, chlorophyll,

haracterized by

1Zzomes are C

.Rh

the absence of flavonoids.

saponins, coumarins

2. The highest content of the above mentioned
active substances was detected in reproduc-
tive shoots. The obtained data on the chemical

o

THYECKOH aKTHUBHOCTH BEIIIECTB, IIO3TOMY Oda/IbHEH-

[ITAM 3TarioM PabOThI CTAJIO OIIpeieIeHIE MUKPOIHA-

THOCTUYECKHUX IIPU3HAKOB U3y4aeMOI'o B1/a.

B xoze MHKPOCKOITHYECKOr'0 UCCJIEAOBAHUA yCTa-

o

HOBJIEHO, UTO BCE PACTEHUE OITYIIEHO — JAHHBIH [TPU-

o

o

3HAaK ABJIAECTCA TUIIUMYHBIM JJIA BCEX PACTEHUU CEMEU -

Puc. 6. BerHHH nugepma Jrucra ¢ MHOTOYHCIIEHHBIMU IIPOCTBIMU « KHOIIKOBUIHBIMU » OAHOKJIETOYHBIMHU BOJIOCKAMU

Fig. 6. The upper epidermis of the leaf with numerous simple button-shaped unicellular hairs
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Puc. 7. [IpocToii KOHUYECKUH OTHOKJIETOUHBIA BOJIOCOK
Fig. 7. The simple conical-shaped unicellular hair

crBa Boraginaceae. OnylieHre IPeACTABIIEHO IIPO-
CTBIMH KOHHUYECKUMU O/THOKJIETOYHBIMH BOJIOCKAMHU
(puc. 6, 7) AUHOHN 250,0 + 34,0 MKM U IUAMETPOM
70,0 + 12,2 MKM Yy OCHOBaHUS C XapaKTePHOH pO3eT-
KOH U3 3MH/IEPMATIbHBIX KJIETOK U C Y3KOH MOJIOCTHIO
BHyTpU. KOJIMYECTBO BOJIOCKOB 6,3 + 1,4 IIT./MMZ.

Ha abakcuasapHO#M CTOpOHE JINCTA MIPUCYTCTBYET
BBIpa’keHHas1 aspeHxuma (puc. 8).

VeThbUUHBIA — ammapar  aHOMOI[UTHOTO — THIIA
(puc. 9), mWIMHA 3aMBIKAIOIUX KJIETOK COCTABJISET

composition allow to consider B. Sibirica as a
promising source of valuable BAC for medical
practice.

3. Microdiagnostic signs that are need for identi-
fication of B. Sibirica were determined.
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Puc. 8. Aspenxuma Ha ab6aKCHATIBHON CTOPOHE JIUCTA
Fig. 8. The aerenchyma on the abaxial side of the leaf
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Puc. 9. YCTbUUHBINM anmapar aHOMOIMTHOTO THIIA
Fig. 9. The anomocytic stomatal apparatus

33,0 + 5,4 mMkm. KomuuectBo ycrhul 160,0 +
24,0 IIT./MMZ.

KopueBuie (puc. 10) XapaKTepu3yeTcs HaJIU-
YreM IOKPOBHOH TKaHH — IEPUIEPMBI, KJIETKHU
KOTOPOH TPAMOCTEHHbBIE, IUIOTHO COMKHYTBIE.
CTpyKTypa KOpHEBHWINA XapaKTepHa JIsI BTOPUY-
HOTO IIEPEXOIHOTO CTPOEeHUs CTeOJIs JIBY/IOJIbHBIX
pacrenuii. CkyiepeHxrMa BbIpakeHa cj1abo, OCHOB-
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the Lead Engineer of the Center T.E. Alyoshina for
assistance in working on the equipment of the
Center.
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Puc. 10. Ilonepeynsiii cpe3 KOpHEBUIIA
Fig. 10. Transversal section of the rhizome
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HOM 00beM KOpHEBHIA 3aIOJIHSET 3alacarolnas
IapeHxuma.

3AK/JIOYEHUE

ITpoBeneHHOE UCCIeIOBaHUE TI03BOJIAET C/IeIaTh
CJIeTyTOIIHe BEIBOMIBL:

1. ®UTOXUMUYECKUH aHAINU3 HOATBEPAUI OJIu-
30CTh XMMHYECKOT'O COCTaBa JIUCThEB U I'eHEpPaTUB-
HBIX 1T00EroB 0. CHOUPCKOM; 0OHAPY?KEHBI OCHOBHBIE
rpynnbl BAC: OKCUKOpPUYHBIE KUCJIOTHI, (pJIaBOHO-
uzipl, NoaudIaBaHOBBIE COEIMHEHUsA, AJIKAJIOUJBI,
XJI0podMIIJI, CANIOHUHBI, KyMapuHbL. KopHeBuia
OTJINYAIOTCS OTCYTCTBUEM (hJIABOHOU/IOB.

2. Hawubosblnee coneprkaHue HCCIETOBAaHHBIX
IPyII JIeUCTBYIONIUX BEIIECTB OTMEUEHO B reHepa-
THUBHBIX II0OeraX. IloJlyueHHbIE JJaHHBIE O XUMUYe-
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Buomapkep ST2 kak IPOrHOCTUYECKUN (PAKTOP Pa3BUTUSA
OCTEONATUYECKUX MEPEIOMOB Y 0OJTbHBIX C XPOHUUECKOU
cepAevYHON HeIOCTATOYHOCTHIO, ACCOIMUPOBaHHOU

C caxapHbIM Aua0eToM THIIA 2

C.H. IlTunos, E.H. bepe3ukosa, A.A. Ilonioa, A.B. Mosiokos, 1.B. Axkosnesa, /I.B. 2 Kykos

@I'BOY BO «Hosocubupckuil 2ocydapcmeeHHblil meduyuHckuil yHugepcumem» Munsdpasa Poccuu, Hogocubupck,
Poccus

AHHOTAIIMA

BBegenue. Cepreuynas HeIOCTATOYHOCTD ABJIAETCA KIMHUYECKUM CHHIPOMOM, CBA3AHHBIM C PA3JIMIHBIMU MeTa-
60TMYECKMU HaPYIIEHUsIMU, MHOTHE U3 KOTOPBIX MOTYT OTPHIATEIbHO BJIUATH HA OMOPHO-ABUTATEIbHBIA ammapar.
TIpoBoCIa/INTEIPHBIE IINTOKUHBI, UTPasi BA?KHYIO POJIb B IIATOTeHE3e XPOHUUYECKOH cepyieuyHol HepocTaTouHoctu (XCH),
TaKyKe MOTYT U3MEHATh MeTab0IM3M KOCTEH.

IT e 1 b . V3y4ynuTh MIPOTHOCTHYECKYIO 3BHAUMMOCTH PAacTBOpUMOTro ST2 B kauecTBe GMOMapKepa POTrPecCHPOBAHUS CHH-
JKeHUsI MUHEPIbHOH wioTHOCTU Koctu (MITK) 1 pucka 0CcTeonopoTHIecKuX nepesoMoB y 60abHbIX ¢ XCH, accoruupo-
BaHHOMU ¢ caxapHbIM quabeTom Tumna 2 (C12).

MaTepuainb U MeTOJB5bl . IIpoBeIeHO 12-MeCTIHOE TPOCIEKTUBHOE KIIMHUYECKH KOHTPOJIUPYEMOE HCCIIe-
noBanue 75 keHIUH ¢ XCH, accoruupoBanHo ¢ C/12. OcOGEHHOCTH COCTOSAHUSA KOCTHOW TKaHU aHATM3UPOBAIHUCH C
ydaeToM ypoBHs ST2 B CBIBOPOTKee KPOBU B 3 TEPTUJIAX. B CeJIEKTUBHYIO BEIOOPKY 1-T0 TePTIIA (1 = 25) BOLUTH HAI[UEHTKU
¢ MUHMMaJIBHBIM ypoBHeM ST2 — MeHee 21,3 HI/MJI; BO 2-H Teptunb (n = 25) — THaUMEHTKU ¢ ypoBHeM ST2
21,3—32,8 Hr/MJI; B 3-U TepTWIb (N = 25) — manueHTKu ¢ ypoBHeM ST2 6osee 32,8 Hr/mit. ComeprkaHue CBIBOPOTOYHOTO
ST2 ompenensin uMMyHO(pepMeHTHBIM MeToioM. Onienka MITK nmpoBoauiach IEHCUTOMETPUIECKIM METOIOM C UCTIOJIb-
30BaHUEM JIBOMHOH 9HEPTreTUYECKON PEHTIreHOBCKOH abcopbumomerpun (DXA).

PesynbTartsbl . Yepes 12 Mec OLIEHUBAIACH YACTOTA KOMOMHUPOBAHHON KOHEUHOH TOUKHU: cHIDKeHne MIIK mo
JaHHbIM DXA u/unu pa3BUTHE OCTEOIIOPOTHYECHX IePeIoMOB. YacToTa HEGJIArONMPHUATHBIX COOBITHH MTOCTEIIEHHO BO3-
pacraja oT 1-T0 TEPTHJIA K 3-My TepTUiIo (p = 0,001). Y sKeHIIUH ¢ KOMOPOU/IHOM maTosorueii npu meauane ST2 Gostee
25,3 Hr/mi u MIIK (o T-kputepuio) MmeHee —2,5 BbIABJIsIACh HANOOJIbINAsA yacTora (52,6 %) HEOIATOIPUATHBIX OCTEO-
mopotuueckux cobertuii. Habiomanack yMepeHHas OTpHIATesbHAs Koppessanus ypoBHsa ST2 ¢ MIIK (r = —0,48;
p = 0,001).

3axkiuwoueHHUe . IloBplIeHHBIH ypoBeHb ST2 acconuupyetes ¢ mporpeccupoanueM rnorepu MIIK u puckom pas-
BUTHUSI OCTEOTIOPOTHUECKUX EPEIOMOB. IIpesicTaBiisercs 11esiecoo6pa3HbIM U MHGOPMATUBHBIM HCCIIEOBAHNE YPOBHS
ST2 B kposu keHIKH ¢ XCH u C/I2 114 OLleHKN PUCKA Pa3BUTHSA OCTEOIIOPOTHYECKUX IIEPETOMOB.

Kaoueswte croea: ST2, ocTeonopos, cepieuHasi He0CTATOUHOCTh, MUHEPAIbHAS IJIOTHOCTh KOCTH, IIPOTHO3, OCTEOIIO-
POTHYECKU TTEPETIOM.

Oo6pazen nurupoBauus: [[lwios C.H., bepesukosa E.H., [Tonioa A.A., Mosiokos A.B., fIkosnesa I1.B., Ky-
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ST2 as a prognostic factor for the development
of osteopathic fractures in patients with chronic heart failure
and type 2 diabetes mellitus

S.N. Shilov, E.N. Berezikova, A.A. Popova, A.V. Molokov, 1.V. Yakovleva, D.V. Zhukov

Novosibirsk State Medical University, Novosibirsk, Russia

ABSTRACT

Introduction. Heartfailureis a clinical syndrome associated with various metabolic disorders, many of which
can adversely affect the musculoskeletal system. Pro-inflammatory cytokines, playing an important role in the pathogen-
esis of chronic heart failure (CHF), can also alter bone metabolism.

A im . To study the prognostic significance of soluble ST2 as a biomarker of bone mineral density (BMD) decline pro-
gression and the risk of osteoporotic fractures in patients with CHF and type 2 diabetes mellitus (T2DM).
Materials and methods. Ai2-month prospective, clinically controlled study of 75 women with CHF
and T2DM was conducted. Bone tissue characteristics were analyzed taking into account ST2 levels in 3 tertiles. The selec-
tive sample of the 1* tertile (n = 25) included patients with a minimum ST2 level of less than 21,3 ng/ml; in the 2™ tertile
(n = 25) — patients with an ST2 level of 21,3—32,8 ng/ml; in the 3™ tertile (n = 25) — patients with a ST2 level is over
32,8 ng/ml. ST2 concentration was determined by enzyme immunoassay. BMD was assessed using the densitometric
method using dual energy X-ray absorptiometry (DXA).

Results. After 12 months, the frequency of the combined endpoint was assessed: a decrease in BMD according to
DXA and/or development of osteoporotic fractures. The frequency of adverse events gradually increased from the 1 tertile
to the 3" tertile (p = 0,001). In women with comorbidities having a median ST2 of over 25,3 ng/ml and BMD (according to
T-score) of less than —2,5, the highest frequency (52,6%) of adverse osteoporotic events was identified. There was a mode-
rate negative correlation of ST2 levels with BMD (r = —0,48; p = 0,001).

Conclusion. Elevated ST2 levels are associated with the progression of BMD loss and the risk of osteoporotic
fractures. It seems appropriate and informative to study the serum level of ST2 in women with CHF and T2DM to assess
the risk of osteoporotic fractures.

Keywords: ST2, osteoporosis, heart failure, bone mineral density, prognosis, osteoporotic fracture.
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BBEJAEHHNE

Cepmeunas HemocrarouHocts (CH) sBisercs
Cephe3HON MPoOJIEMOl OOIIEeCTBEHHOTO 3IPaBOOX-
paHeHUsA, 3aTPAarvBaIOIIedl MIJUIMOHBI HAIUEHTOB
BO BceM Mupe. O61as pacpoctpaneHHocTs CH yBe-
JIMYUBAETCS U3-3a CTAPEHUs HAaCeJIEHUs, YCIIEXOB B
VBEJIMYEHUN BBIKUBAEMOCTH Y MAI[UEHTOB, CTPaia-
IOIIX KOPOHAPHBIMU COOBITHSAMH, a TakxKe OJaro-
Jlapsi OTCPOYKEe KOPOHAPHBIX COOBITHIH IyTeM 3 dek-
TUBHOU IPO(PUIAKTUKH Y JIUI C BBICOKHUM PUCKOM
WIN TeX, KTO y:Ke IepeKus mnepBoe cobbithe [1].
JlaHHbBIE TTOKA3bIBAIOT, UTO 12-MECSAUYHbBIE ITOKa3a-
TeJIX CMEPTHOCTH OT BCEX MIPUYUH JJIS TAITUEHTOB C
octpoii CH u crabwisHo#t CH cocraBuim 24 u 6 %
COOTBETCTBEHHO [2].

CH saBnseTcss KIIMHUYECKUM CHHIPOMOM, CBSI-
3aHHBIM C Pa3JIMYHBIMU MeTab0JINYecKUMU Hapy-
IIEHUsIMH, MHOTHE U3 KOTOPBIX MOTYT OTpHUIa-
TEJIPHO BJIUATH HA OMOPHO-JABUTATEIbHBIN aIma-

INTRODUCTION

Heart failure (HF) is a serious public health prob-
lem affecting millions of patients worldwide. The
overall prevalence of HF is increasing due to popula-
tion aging, a survival increase in patients suffering
from coronary events, and coronary event delay
through effective prevention in high-risk individuals
or those who have already experienced the first event
[1]. Tt is shown that the all-cause 12-month mortality
rates for patients with acute HF and stable HF were
24% and 6%, respectively [2].

HF is a clinical syndrome associated with vari-
ous metabolic disorders, many of which can
adversely affect the musculoskeletal system [3].
Disorders of bone metabolism, among which osteo-
porosis is the most significant, characterize the pro-
cesses of physiological aging and usually coexist
with chronic diseases that have adverse conse-
quences for quality of life. Simultaneously, it is pro-
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pat [3]. HapymeHnuss kocTHOro obmeHa, cpeau
KOTOPBIX OCTEOTIOPO3 sIBJIsAETCA Haubosiee 3HAUM-
MBIM, XapaKTEPU3YIOT IpoIlecchl (pU3H0IOrHUe-
CKOTO CTapeHUs ¥ OOBIYHO COCYIIECTBYIOT C XPOHH-
yecKUMH 3a00JIeBaHUAMM, MMEOIUMH HebJaro-
MPUSTHBIE TIOCTE/ICTBUSA JJIsI KadyecTBa >KU3HM.
[TapasieslbHO  TpeJUIaraercsi  paccMaTpUBaTh
OCTEOIIOPO3 B KauecTBE HE3aBUCHUMOTO (akTopa
pHUCKa CcepAeYyHO-COCYAUCThIX 3abosieBaHuil [3].
Hwuskas MuHepasbHas IJIOTHOCTh KOCTHOU TKaHU
(MIIK) siBisieTcst GbaKTOPOM PHUCKa MOBBIIIEHHOU
CMEPTHOCTH B 0oJiee MO3/THEM BO3pacTe, 0COOEHHO
OT CepJEeYHO-COCYIUCTHIX 3abosieBaHUHA  [4].
OO61ie  OCHOBHBIE OHOJIOTUYECKHE IIPOIECCHI
MOTYT CITOCOOCTBOBATH KAJBITU(PUKAIMH COCYTOB U
JIeMUHEepaJIN3aIii KOCTeH; HU3Kui yposeHb MITK
moBkImaeT puck passutuss CH y 310pOBBIX JII0/1eH
[5]. Kpome Toro, cumxenue MIIK ObUIO0 He3aBU-
CHMO CBS3aHO C JUACTOJIUYECKON AuCHYHKIMEH
neoro xenynouka (JI?K) [6]. OmHako MexaHU3MBbI
acconuanuu cHmxkeHusa MIIK ¢ guacronudeckon
nuchynknueit JIDK ocraroresa HesicHbIMU. OJTHH U3
MOTEHIMAIbHBIX MEXaHNU3MOB 3aKJII0YAETCSI B TOM,
YTO KAaTHOH KAaJIbIUsA B apTEepHAJIbHOU CTEHKe
aKTUBUPYET MPOIECChl, HATIOMUHAIOIIHE OCTEOTe-
He3, YTO MPUBOAUT K MOBBIIIEHUIO apTePUATbLHOMN
JKECTKOCTH, YBeJIMUnUBas mocrHarpysky Ha JIK [7].
Heckosibko HcciieoOBaHUHN MOATBEPIKAAIOT THIIO-
Te3y O B3aMMOCBA3U MexJy cHmkeHHOU MIIK,
MOBBIIIIEHHON apTepUajsibHON KEeCTKOCThIO U Jua-
cronuyeckoy quchyHkmuen [8].

OKHUCIUTETBHBIN CTPECC YACTUYHO OTBETCTBEHEH
3a pasButue u nporpeccupoBanue CH. AkTuBHBIE
(GopMBI KHCJIOPO/IA HENOCPE/ICTBEHHO YXY/IIAIOT
COKpATUTENTbHYI0 GYHKIHI0, MOAUGUITUPYST OEIKH,
UMeEIOIINE KII0UeBOe 3HaUeHHUE JIJISI CBSI3U COKpalle-
HUA U BO30YKJEHUS, aKTUBUPYIOT THUIEPDYHKITHIO
CUTHAJIBHBIX KHWHA3 U (HAKTOPOB TPAHCKPHUIIIUUA U
OIIOCPEJIYIOT aIloONTO3, CTUMYJIHUPYIOT HpoJsrdepa-
oo GuOpPOOJIACTOB M AKTUBHUPYIOT MATPUKCHBIE
MeTasIonpoTenHassl [9]. JlucbanaHe MeXKIy OKHC-
JINTEJIbHBIMA W AHTUOKCHAAHTHBIMU IIPOIECCAMU
CBsI3aH C ITOBBIIIEHHEM OCTEOKJIACTUYECKONM W CHU-
JKeHHeM ocTeobs1acTHOM akTuBHOCTH [10]. ITpoBoc-
MaJIUTeIbHbIE ITUTOKWHBI, UTPas Ba’KHYIO0 POJIb B
matoreHe3e XCH, Takke MOTYyT U3MeHATh MeTabo-
JIA3M Kocrei [11].

B macrosimmee Bpemsi xponmueckas CH (XCH)
JIMAaTHOCTHUPYETCS Ha OCHOBAaHHUU KJIMHUUECKUX CHM-
IITOMOB, PE3YJbTATOB dXOKapAUOTpadUH, YPOBHS
HaTpuilypernyeckoro mentuaa B-tuma (BNP) wu
N-konneporo (NT)-proBNP [12]. Omnako wus-3za
HETHUIIUYHBIX CHUMITOMOB U npu3HakoB CH sxokap-
quorpadus ¥ OIleHKa TeMOJAUHAMHUKU YacTO Orpa-

posed to consider osteoporosis as an independent
risk factor for cardiovascular diseases [3]. Low bone
mineral density (BMD) is a risk factor for increased
mortality later in life, especially from cardiovascu-
lar diseases [4]. Common basic biological processes
can contribute to vascular calcification and bone
demineralization; low BMD levels increase the risk
of HF in healthy people [5]. In addition, a decrease
in BMD was independently associated with left ven-
tricular (LV) diastolic dysfunction [6]. However,
the mechanisms of association of a decrease in BMD
levels with LV diastolic dysfunction remain unclear.
One of the potential mechanisms is that calcium
cation in the arterial wall triggers osteogenesis-like
processes, which leads to increased arterial stiffness
and LV afterload [7]. Several studies confirm the
hypothesis of a relationship between decreased
BMD, increased arterial stiffness and diastolic dys-
function [8].

Oxidative stress is partially responsible for the
development and progression of HF. Reactive oxy-
gen species directly impair contractile function by
modifying proteins that are the link between con-
traction and excitation, trigger upregulation of
kinases involved in signaling and transcription fac-
tors and mediate apoptosis, stimulate fibroblast pro-
liferation, and activate matrix metalloproteinases
[9]. The imbalance between oxidative and antioxi-
dant processes is associated with increased osteo-
clastic and decreased osteoblastic activity [10]. Pro-
inflammatory cytokines, playing an important role in
the pathogenesis of CHF, can also alter bone metab-
olism [11].

Currently, chronic HF (CHF) is diagnosed based
on clinical symptoms, echocardiography findings,
and levels of B-type natriuretic peptide (BNP) and
N-terminal (NT)-proBNP [12]. However, because of
atypical symptoms and signs of HF, echocardiogra-
phy and hemodynamic assessment are often limited
by factors such as health status, while BNP or NT-
proBNP levels depend on age, gender, body mass
index, and kidney function, making the diagnosis
and treatment of HF a clinical challenge [12]. Simple,
sensitive, and specific methods are required to help
in HF diagnosis.

ST2 is a member of the interleukin-1 (IL-1)
receptor superfamily, which is encoded by the ST2
gene in cardiomyocytes. The ST2 gene is located
on human chromosome 2q12 and can encode two
isoforms: transmembrane, or cellular, (ST2L) and
soluble, or circulating, (sST2). Interleukin-33 (IL-
33) is a functional ligand for ST2, and the ST2/
IL-33 signaling pathway has a cardioprotective
effect via activation of ST2L receptors, reducing
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HUYEHBI TAKUMU PaKTOpaMU, KaK COCTOSTHUE 3/10P0-
Bbd, a ypoBHU BNP miu NT-proBNP 3aBucAT oT Bo3-
pacra, 1mosa, uH/AeKca Macchl Tejia U GyHKIUY TO0YEK,
4TO JAeJiaeT AUATHOCTUKY U JiedeHue CH xinHmue-
ckou mpobsieMoi [12]. /11 MOMOIIH B JJUATHOCTUKE
CH TpebyroTcst mpoCcThie, YyBCTBUTEIbHBIE U CIIEITH-
(ugeckme METOTBI.

ST2 aBnseTcs mpeacTaBUTEIEM CyTIepceMeNcTBA
penienTopoB wuHTepieriknHa-1 (IL-1), xoTopoe
koxpupyetrcsa reHoMm ST2 B kapauomuonurax. 'en
ST2 pacnosioxeH Ha XpOMOCOMeE 2(12 4eJjioBeKa U
MOJKET KOJMPOBaTh JiBe HU30(OPMBI: TPAHCMEM-
O6paunyto, win kietounyio (ST2L), u pacrBOopu-
MyI0, WiIu OUpKyaupyromyio (sST2). VaTepiei-
kuH-33 (IL-33) saBasgerca (GYHKIHMOHAIBHBIM
suranaom st ST2, a curHaspHbIN myTh ST2/1L-33
OKa3bIBaeT KapAMUOIPOTEKTOPHOE JIeHCTBUE ITyTeM
akTuBanuu penentopos ST2L, ymensinas ¢ubpos
MHOKap/ia, THTUOUPYSI TUIIEPTPODUI0 KapAHUOMHUO-
[UTOB U yJIydInas cepaednyr GyHkiuo [13]. [Ipu
CH nosblllieHHas cep/ieuHas Harpy3Ka M0oJBepraeT
MHUOKap/, Ype3MepHO CTUMYJIAINHU PacTAKeHU, a
NOBBIIIEHHaA 3Kclpeccud sST2 MokeT KOHKYpHUPO-
BaTh ¢ ST2L 3a cBaswpiBaHue ¢ 1L-33, oTMeHsAa Kap-
JUONPOTEKTOPHBIA 3(P@eKT CUTHAIBHOIO IyTH
ST2/1L-33; 9TO HNPHUBOAUT K alOITO3Y, TUIEPTPO-
¢uu u pubposy KapIMOMHUOIUTOB U AATbHEHIIIEMY
VXYAIIEHUIO CEPAEYHON (PYHKIHU, UTO yCYTyOJIseT
CH [13]. /lanHbIe (aKThI TOATBEPKAAIOT, UYTO SST2
UrpaeT BaxkHyl0 posib B paszputuu CH. Kinnnunue-
ckue uccaeznopanusa sST2 mokasanu ero AuarsHo-
CTHUYECKyI0 U IPOTHOCTHUYEeCKYIO leHHOCTh npu CH.
YpoBHU sST2 ABAAOTCA 3HAUUTEIHHO IOBBIIIEH-
HBIMU y nanueHToB ¢ CH, koppeaupys ¢ TAXKECTHIO
CH [14].

[Tpu GosblIOM MHOTOOOPA3WHU KCCIENOBAHUM,
nocBsmeHHbIX posiu ST2 B matoreneze XCH, pa6or,
HCCIeyIOIIUX BJHNAHUAE [JaHHOTO MapKepa Ha
KOCTHOE peMo/iesiipoBanue y 6osbpHbIX ¢ CH, mpak-
TUYECKU HeT. YUUTBIBAsA ydacTue DUTOKUHOB [L-33,
sST2 u penentopHoro komiuiekca IL-33/ST2 B
MOJTyJITMPOBAHUY BOCHAJIUTEIBHON peakIuu, KOTO-
pas ABJseTcsA 3BEHOM IaToreHesa OCTeOIopo3a U
XCH, npejcraBiisieTcss MEPCIEKTUBHBIM U3yUeHUe
ponu ST2 B pasBUTHM HaApyHIEHUH KOCTHOTO
peMoeTupOBaHUS.

IIEJIb UCCJIE/IOBAHUSA

V3yuyeHne NMPOrHOCTUYECKOH 3HAUMMOCTH pac-
TBopuMoro ST2 B KauecTBe OHOMapKepa mporpec-
cupoBanuda cHmxkeHusa MIIK u pucka octeonopoTu-
YECKUX IePeJIOMOB Y O0OIBHBIX ¢ XpoHUYeckod CH,
acCOIIMUPOBAHHON € caxapHbIM auabeToM 2-TO
tuna (C2).

myocardial fibrosis, inhibiting cardiomyocyte
hypertrophy, and improving cardiac function [13].
In HF, an increased cardiac load exposes the myo-
cardium to overstretching stimulation, and
increased expression of sST2 can compete with
ST2L for binding to IL-33, eliminating the cardio-
protective effect of the ST2/IL-33 signaling path-
way. All the above mentioned leads to apoptosis,
hypertrophy and fibrosis of cardiomyocytes, and
further deterioration of cardiac function, which
worsens HF [13]. These facts confirm that sST2
plays an important role in the development of HF.
The clinical studies of sST2 have shown its diag-
nostic and prognostic value in HF. In patients with
HF, sST2 levels are significantly elevated, correlat-
ing with the severity of HF [14].

Despite the wide variety of studies concerning the
role of ST2 in the pathogenesis of CHF, there are vir-
tually no investigations on the effect of this marker
on bone remodeling in patients with HF. Given the
involvement of cytokines IL-33, sST2, and the IL-33/
ST2 axis in modulating the inflammatory response,
which is a component of the pathogenesis of osteo-
porosis and CHF, it seems promising to study the
role of ST2 in the development of bone remodeling
disorders.

AIM OF THE RESEARCH

To study the prognostic significance of soluble
ST2 as a biomarker of BMD decline progression and
the risk of osteoporotic fractures in patients with
chronic HF and type 2 diabetes mellitus (T2DM).

MATERIALS AND METHODS

A 12-month prospective clinically controlled study
of 75 female patients (mean age 57,4 + 5,4 years) with
functional class II-IV CHF and T2DM was conducted.

The study was carried out in accordance with the
provisions of the Helsinki Declaration and approved
by the local Ethics Committee of City Clinical Hospi-
tal No. 1 (Protocol No. 211 dated December 24,
2020).

The CHF clinical features and the status of bone
tissue, as well as the risk factor stratification for pro-
gression of the comorbidities of interest were ana-
lyzed, taking into account the serum level of ST2 in
3 tertiles (Table 1). The selective sample of the 1% ter-
tile (n = 25) consisted of patients with a minimum
ST2 level <21,3 ng/ml; in the 2 tertile (n = 25) —
patients with an ST2 level of 21,3—32,8 ng/ml; in the
3" tertile — patients (n = 25) with a ST2 level
>32,8 ng/ml. All patients included in the study
received basic medical care per the recommenda-
tions for the diagnosis and treatment of CHF.
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MATEPUAJIbI 1 METO/IbI

[TpoBeneHo 12-MecAYHOE TPOCIIEKTUBHOE KIIMHHU-
YeCKH KOHTPOJIMPYEMOE HCCJIe/IOBaHUE 75 TalleH-
TOK (CpemHUU BO3pacT 57,4 + 5,4 roxa) ¢ XCH II-IV
(yHKITMOHAJIBHOTO KJ1acca, accoruupoBanHou ¢ C/2.

HccenenoBanue ObLIO TPOBEZEHO B COOTBETCTBUH
¢ TIOJIOJKeHUEM XeJTbCUHKCKOU JIeKJIapaIiii U 0J10-
OpeHoO JIOKaJbHBIM JTHYECKUM KomuteTrom ['BY3
HCO «T'opojackass kiuHHU4YecKass OoibHHIIA NO 1»
(mmpotokos N@ 2110T 24 /1ekabpst 2020 T.).

OcobenHoctu KauHHYeckoro TedeHus XCH wu
COCTOSIHUSA KOCTHOU TKaHU, cTpaTuduranusa hakTo-
POB PHUCKa ITPOTPECCUPOBAHUS UCCIIENYEMOU KOMOP-
OUAHONM TATOJIOTUH AHAJM3UPOBAINCH C yUETOM
ypoBHss ST2 B CBHIBODOTKE KPOBU B 3 TEPTHJISX
(Tabin. 1). B cenexTuBHYIO BBIOOPKY 1-TO TEPTHIIA
(n = 25) BOILIM MAIMEHTKU C MUHUMAJIbLHBIM YPOB-
Hem ST2 — meHee 21,3 HI/MJI; BO 2-H TEPTHJIb
(n = 25) — nanweHTKH Cc ypoBHeM ST2 21,3—
32,8 Hr/mu; B 3-1 TepTWIb — NMAUEHTKU (1 = 25) ¢
ypoBHeM ST2 Gosee 32,8 Hr/mi. Bce marueHTKH,
BKJIFOUEHHBIE B UCC/IEIOBAHUE, TTOJIyYau Oa3UCHYIO
Tepalyi0 B COOTBETCTBHU C PEKOMEHJIAIUAMHU II0
JAuarHocTuke u jedeHuo XCH.

C 1espl0 OLlEHKH KOMIIEHCAIIUH YTJIEBOTHOTO
obMeHa y nanueHTOK ¢ C/[2 ompeesiu TIITuKupo-
BaHHBIH TeMorio0uH (HbA1c). JIMUAHBIN CIIEKTP
kpoBu (06mui xosnecrepun (OXC), Tpuriune-
puast (TT), XC nunonpoTeuoB HU3KOH IJIOTHO-
ctu (XC JIITHII), XC JUOOIPOTEUIOB BBHICO-
kou wrtotHocTH (XC JITIBIIT)) aHasu3upoBasics mo
cTaHZapTHBIM MeTogukaMm. Co/iepkaHue ChIBOPO-
TouHoro ST2 onpesensanoch MeTO/IOM TBepAodas-
HOro uMMyHodepMeHTHOro aHanusa. Onpejese-
Hue MIIK mpoBoAMIOCh METOOM JIByX3HEPTETH-
YecKou PEHTTeHOBCKOU abcopbumoMeTpuu
MMOSICHUYHOTO OT/[eJIa ITO3BOHOYHUKA M IIPOKCH-
MaJIBHOTO OT/lejia OeJipeHHON KocTH. JJ1a xapak-
Tepuctuku cocroaHusa MIIK wucnosbp3oBanoch
CpaBHEHUE ¢ HOPMaJIbHON MUKOBOW KOCTHOM Mac-
coit (T-kpurepuii), T.e. CO CpeIHUM 3HAUYEHUEM
s TOro Bosdpacra, B koropom MIIK B manHOM
y4acTKe CKeJIeTa JIOCTHTIaeT MaKCHMyMa: JIHarHO3
OCTEOIOpO3a CTaBUJIU IIPU 3HAaUeHUHU T-KpuTepus
—2,5 U HUXKe, cHkeHue MIIK no T-kpurepuio ot
—1 10 —2,5 cTaHJapTHOTO OTKJIOHeHus (SD) pac-
CMaTpHUBAJIOCh KaK OocTeolneHuA. J{ia 06beKTUBH-
3anmuu oneHkn O®K XCH wucnosib3oBajicsl TeCcT C
6-MHUHYTHOH XOAB0O0M.

Ha xaxayro manueHTKy 3aloJIHAJIAaCh COOTBET-
cTByIOIasA KIuHHYeckas kapra. CocrosiHue 6O0JIb-
HBIX, BK/IIOUEHHBIX B HCCJIEJOBAHUE, OI€HUBAJIN
HMCXOJHO, B JUHAMUKE KJINHUYECKOTO HAOJIIOIeHUs
(o Mepe HEOOXOMMOCTH B CJIyUasiX Pa3BUTHUS TeX

Glycated hemoglobin (HbA1c) was determined
in patients with T2DM to assess carbohydrate
metabolism compensation. Lipid profile (total cho-
lesterol (TCH), triglycerides (TGs), low-density
lipoprotein cholesterol (LDL-C), high-density lipo-
protein cholesterol (HDL-C) was measured using
conventional methods. Serum ST2 concentration
was determined by solid-phase enzyme immunoas-
say. BMD was assessed using dual energy X-ray
absorptiometry of the lumbar spine and proximal
femur. To characterize the status of BMD, a com-
parison was used with normal peak bone mass
(T-score), i.e. with the average value for the age
when BMD in this site of the skeleton reaches its
maximum: the diagnosis of osteoporosis was made
at T-score < —2,5; a decrease in BMD according to
the T-score from —1 to —2,5 of standard deviation
(SD) was considered as osteopenia. The 6-minute
walking test was used to objectify the assessment of
CHF FC.

A medical record was filled for each patient.
Condition of the patients included in the study was
assessed at base line, during the follow-up (as and
when necessary in cases of the events associated with
osteoporosis) and prospectively after 12 months with
an assessment of frequency of the composite end-
point, which provided: a decrease in BMD according
to dual energy X-ray absorptiometry and/or the
development of osteoporotic fractures. An osteopo-
rotic fracture was considered the fracture that com-
plicated the course of osteoporosis and occurred due
to the low-energy trauma or spontaneously while
coughing, sneezing, or lifting weights (pathological
fractures of the proximal femur, distal radius, proxi-
mal humerus, and vertebral body fractures).

The study did not include patients with hemody-
namically significant heart valve disease, myocardi-
tis, severe lesions of the liver, kidneys, connective
tissue, and malignant neoplasms.

Statistical processing of the results was carried
out using STATISTICA software package. The mean
and the standard error of the mean for the quantita-
tive variables (M + m) were determined. The Spear-
man’s rank correlation coefficient (Spearman r) was
used for correlation analysis. The level of statistical
significance p for all the analysis procedures used
was assumed to be 0,05.

RESULTS

The mean ST2 level in the cohort of patients was
25,3 + 3,2 ng/ml. Depending on the level of ST2, all
patients were divided into tertiles: 1%, 2" and
3" (Table 1). Analysis of the cumulative incidence of
BMD decline and osteoporotic fractures in patients
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Ta6una 1. KnuHuko-aeMorpaduyeckasi XapaKTepHUCTHKA MALUEHTOK C KapAUOBACKYJISIPHON aTOJOTHEH,
pacnpejie/IeHHbIX 110 3 TEPTUJISAM B 3aBUCUMOCTH OT YpoBHs ST2

Table 1. Clinical and demographic characteristics of patients with cardiovascular pathology divided into 3 tertiles depending

on the ST2 level

Iloka3aTesb
Parameter

TepTuas 1

ST2 < 21,3 Hr/ma
Tertile 1

ST2 < 21,3 ng/ml
(n=25)

TepTuas 2

ST2 21,3-32,8 Hr/ma
Tertile 2

ST2 21,3-32,8 ng/ml
(n=25)

TepTuniab 3

ST2 > 32,8 Hr/mMa
Tertile 3

ST2 > 32,8 ng/ml
(n=25)

Bospacr, jsieT / Age, years 59,1 +4,7 56,4+ 6,3 56,9+59

UMT, kr/m? | BMI, kg/m? 31,1+£2,7 324+23 30,723

XCH, n (%) / CHF, n (%):
®KII/FCII 15 (60,0) 10 (40,0) 6 (24,0)
OKIII / FCIII 8(32,0) 12 (48,0) 15 (60,0)
OKIV /FCIV 2(8,0) 3(12,0) 4 (16,0)

B JIXK, % / LVEE % 543+6,9 53,1+6,2 499 +6,5

AT, n (%) / AH, n (%) 23(92,0) 22 (88,0) 22 (88,0)

A/l cuct,, MM pT. cT. / BP systemic, mm Hg 127,8+9,3 129,5+6,8 1258+7,1

A/l puact., MM pT. cT. / BP diast, mm Hg 84,0+59 84,4 +5,7 83,1+4,6

YCC, ya./muH | HR, per minute 75,6 +8,5 72,179 778+75

Crenokapaus [I-111 K, n (%) 10 (40,0) 14 (56,0) 17 (68,0)

Angina II-111 FC, n (%)

[lepeneceHHblit UM, n (%) 4 (16,0) 6 (24,0) 10 (40,0)

MI in a history, n (%)

AKII wu YKA, n (%) 3(12,0) 3(12,0) 6 (24,0)

ACBG or PCL, n (%)

MenukaMeHTO3Has Tepanus, h (%)

Drug therapy, n (%):
uAI® / ACEI 23 (92,0) 21 (84,0) 22 (88,0)
capTaHbl / sartans 2(8,0) 4 (16,0) 3(12,0)
B-ampeno6sokatopsl / B-blockers 22 (88,0) 21 (84,0) 23 (92,0)
auypeTtuku / diuretics 16 (64,0) 22 (88,0) 20 (80,0)
AMKP / MRA 7 (28,0) 8(32,0) 10 (40,0)
HUTpATHI / nitrates 10 (40,0) 14 (56,0) 17 (68,0)
aHTHUKOAry/JsaHTHI / anticoagulants 6 (24,0) 8(32,0) 11 (44,0)
aHTUarperaHThbl / antiaggregants 14 (56,0) 16 (64,0) 17 (68,0)
o6uchocdonatsl / bisphosphonates 12 (48,0) 10 (40,0) 6 (24,0)

[Ipumeuanue.HUMT - ungekc mMaccol Tesna; XCH - xpoHndeckas cepzedHas HegocTaTodHOCTh; PK - QyHKIMOHANBHBINA KJacc;
OB JIXK - dpakuus BbIGpOca JieBOro xkenyfouka; Al - aprepuanbHas runepToHusi; A/l - aprepuanbHoe gaBienue; YCC - yacToTa cep/ieyHbIX
cokpauiennii; UM - unpapkt muokapzga; AKII - aopro-kopoHapHoe myHTHpoBaHue; YKA - 4peckokHasi KOpoHapHasl aHTHMOIJIACTHKA;
HUAII® - HHrUOGUTOPBI aHTMOTeH3UHNpeBpaLatouero ¢epmenta; AMKP - aHTaroHUCTbl MUHEPaTOKOPTUKOUAHBIX PeLlelITOPOB.

Note

: BMI - body mass index; CHF - chronic heart failure; FC - functional class; LVEF - left ventricular ejection fraction; AH - arterial

hypertension; BP - blood pressure; HR - heart rate; MI - myocardial infarction; ACBG - aortocoronary bypass grafting; PCI - percutaneous
coronary intervention; ACEI - angiotensin-converting enzyme inhibitors; MRA - mineralocorticoid receptor antagonist.

VI WHBIX KJIMHUYECKUX COOBITHH, aCCOIMUPOBAH-
HBIX C OCTEOIIOPO30M) U ITPOCIIEKTHUBHO Yepes 12 Mec
C OIIEHKOU YacTOThl KOMOMHHUPOBAHHON KOHEUHOH
TOYKH, IpefycMaTrpuBaBiieii: cHukeHne MIIK mo
JAHHBIM  JBYXOHEPreTHYEeCKOU  PEHTTeHOBCKOH
abcopOIIOMEeTPHUH H/WJIA Pa3BUTHE OCTEONOPOTHU-
YecKUX IepesioMoB. OCTeONOPOTUYECKUM IIepesio-
MOM CUYUTAJIU II€PeIOM, KOTOPBIH OCJIOXKHSI Tede-
HUe 0CTeOII0p03a U BO3HUKAJ IIPU HU3KOIHEPreTH-
YeCcKOH TpaBMe WJIM CIOHTAaHHO WIPU Kalllle,
YUXaHUW, I[OAbEeMe TsDKecTH (IIaTOJIOTHYecKue
[EPEJIOMBl TIPOKCUMAJIBHOTO OT/ieNa OepeHHON
KOCTH, JUCTAJIbHOTO MeTasnudusa JyueBOu KOCTH,

with CHF and T2DM showed that the incidence of
adverse events gradually increased from the 1° tertile
(serum ST2 concentration <21,3 ng/ml) to the
3" tertile (serum ST2 concentration >32,8 ng/ml)
(p = 0,001) (Fig. 1).

The cumulative incidence of osteoporotic events
depending on levels of ST2 and BMD is presented in
Fig. 2. The distribution of patients in each subgroup
was as follows: 1) ST2 >25,3 ng/ml and BMD < —2,5
(n = 19); 2) ST2 <25,3 ng/ml and BMD > —-2,5
(n = 16); 3) ST2 <25,3 ng/ml and BMD < -2,5
(n = 17); 4) ST2 >25,3 ng/ml and BMD > —2,5
(n = 23).
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IIPOKCUMAJIBHOTO OT/IeJIa IVIEY€BOH KOCTH, II€PEIOM
Tes1(a) MO3BOHKOB).

B wucciiezoBaHMe He BKJIIOYATIW NAIUEHTOB C
reMOJUHAMUYECKH 3HAYNMBIMU  IOPAKEHHUSIMU
KJIAIAHOB  CEP/Ila, MUOKAPAUTAMHU, TKEJIBIMU
MOPaKEHUAMHU IIeYeHHU, IMOYEK, COeTMHUTETHLHOMN
TKaHU, 3JI0KQUeCTBEHHBIMHI HOBOOOPA30BAHUMU.

CraTuctrueckass 00paboTKa pe3yJIbTaTOB IIPOBO-
JIAJIaCch C UCIIOJIb30BAaHUEM ITAKETA CTATHCTHUECKUX
nporpamm STATISTICA. Onpenensanu cpesiHee 3Ha-
YeHUe U CTaH/IAPTHYIO OLINOKY CpeHEro 3HaYeHus
HCC/IelyeMbIX ~ KOJIUYECTBEHHBIX  IepeMeHHBIX
(M + m). Jlsist mpoBeieHUsT KOPPEIAIMOHHOTO aHa-
am3a ObLI HCIOJIb30BaH KO3 (HUIIMEHT paHTOBOU
koppessanuu CrnupmeHa (Spearman r). Kpurtuue-
CKHUH YPOBEHb 3HAUMMOCTHU P JIJIsI BCEX HCIIOJIb3ye-
MBIX IIPOLIEZYP aHATIN3a IPUHUMAJIA PABHBIM 0,05.

PE3YJ/IBTATBI

Cpenuuii ypoBeHb ST2 B KOropTe 60JIBHBIX COCTa-
BWI 25,3 £ 3,2 HI/MI. B 3aBUCHMOCTH OT KOHIIEH-
tparuu ST2 B KpoBU Bce 60JIbHBbIE OBLIN pacIpesie-
JIEHBbI Ha TEPTUIN: 1-H, 2-1 U 3-H (cM. Tab. 1). AHa-
JIM3 KyMYJIATUBHOU dacToThl cHikeHus MIIK u
Pa3BUTHUA OCTEOIOPOTHYECKUX I1€PeIOMOB y MaIU-
eaTok ¢ XCH, acconmupoBanno#t ¢ C/I2, mokasai,
YTO YacToTa HeOJArONpPHATHBIX COOBITUH IIOCTe-
IIeHHO HapacTasa OT 1-To TepTuiisa ¢ ypoBHeM ST2 B
CBIBOPOTKEE KPOBH MeHee 21,3 HI/MJI K 3-My Tep-
TIwIIo ¢ ypoBHAMU ST2 Gostee 32,8 ur/mi (p = 0,001)
(puc. 1).

% 60 A
50 -
40 o
30 -

20 -

10

Teptunb 1
Tertile 1

It turned out that patients with comorbidities and
a median of ST2 >25,3 ng/ml and BMD < —2,5 had
the highest incidence (5,6%) of adverse osteoporotic
events.

In all patients with CHF, the level of TCH was
approximately the same. A direct correlation was
established between the values of LDL-C (r = 0,35;
p = 0,01) and TGs (r = 0,27; p = 0,023) with ST2 in
the 2" and 3™ tertiles of patients. Analysis of the
relationship between bone remodeling (according to
T-score for BMD) and indices of atherogenic dyslip-
idemia showed a fairly strong negative correlation
with TCH (r = —-0,49; p = 0,001), LDL-C (r = —0,41;
p = 0,024) and TGs (r = —0,39; p = 0,01), which
allows to consider atherogenic dyslipidemia as an
important associated risk factor for bone metabolic
disorders and determines a high risk of osteopenia
and osteoporosis in patients with comorbidities,
including CHF and T2DM.

The determination of the prognostic significance
of the ST2 level with the BMD assessment showed a
moderate negative correlation between these indica-
tors (r = —0,48; p = 0,001).

DISCUSSION

Currently, there is a growing interest in osteoporo-
sis and BMD reduction, affecting not only postmeno-
pausal women but also men, especially those with
comorbid chronic diseases. HF and osteoporosis are
widespread conditions associated with aging, that have
a huge impact on society. Both disorders are common

56**

34%*
Teptunb 2 Teptunab 3
Tertile 2 Tertile 3

Puc. 1. KymynsartupHas 4yactoTa HeOJIArONPUSATHBIX COOBITUH (CHIDKEHUE MIUHEPATbHOU IIJIOTHOCTU KOCTHOM TKAaHU U pa3-
BUTHE OCTEOIIOPOTUUECKUX IIEPEJIOMOB) Y AITUEHTOK C XPOHUUECKOU CEP/IETHON HEZIOCTATOUYHOCTHIO, ACCOIIMIPOBAHHOM C
caxapHbIM iuaberoM Tuma 2 (*p = 0,021 10 CPABHEHHIO C TEPTHIIEM 1; **p = 0,001 IO CPABHEHUIO C TEPTIIIEM 2)

Fig. 1. Cumulative incidence of adverse events (bone mineral density decline and osteoporotic fractures) in patients with
chronic heart failure and type 2 diabetes mellitus (*p = 0,021 compared with tertile 1; **p = 0,001 compared with tertile 2)
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ST2 > 25,3 Hr/mn (ng/ml)

MMK/BMD < -2,5 MMK/BMD >-2,5

ST2 < 25,3 Hr/mn (ng/ml)

29,4

ST2 < 25,3 Hr/mn (ng/ml)
MMNK/BMD < -2,5

ST2 > 25,3 Hr/mn (ng/ml)
MMK/BMD >-2,5

Puc. 2. KymynaTuBHas 4acToTa HEGIATONPUATHBIX COOBITHH (CHMMKeHNE MUHEPATIBHOM IJIOTHOCTH KOCTHOM TKAHU
¥ Pa3BUTHE OCTEOIIOPOTHUECKUX TIEPETIOMOB) B 3aBUCHMOCTH OT YPOBH: ST2 1 MUHEPATIbHOM IJIOTHOCTHA KOCTH
(*p < 0,01 o cpaBHeHUIO ¢ ypoBHEeM ST2 < 25,3 Hr/mt u MIIK > —2,5 u ¢ ypoBHeM ST2 < 25,3 ur/mit u MIIK < —2,5)
Fig. 2. Cumulative incidence of adverse events (bone mineral density decline and osteoporotic fractures) depending
on the level of ST2 and bone mineral density (*p < 0,01 compared with the level of ST2 <25,3 ng/ml
and BMD > —2,5 and with the level of ST2 < 25,3 ng/ml and BMD < —2,5)

KyMmynaTuBHaAsE YacToTa OCTEOIIOPOTHYECKUX
cobpITHil B 3aBucuMocTu OT ypoBHsA ST2 m MIIK
mpejicTaBjieHa Ha pHC. 2. PacrpeziesieHue marueH-
TOK B Ka)KZIOHM HOTPYyIINe ObLIO0 CaeAyIolee: 1) ypo-
BeHb ST2 Gosee 25,3 uHr/mi u MIIK menee —2,5
(n = 19); 2) ypoBenb ST2 menee 25,3 ur/mia u MITK
bosee —2,5 (n = 16); 3) ypoBeHb ST2 MeHee
25,3 Hr/mu u MIIK menee —2,5 (n = 17); 4) ypOBEHb
ST2 6oxee 25,3 ur/mia u MIIK 6osiee —2,5 (n = 23).

Oxazajioch, YTO y TAIMEHTOK € KOMOPOHMTHOM
maToJiorued npu meauane ST2 Gosee 25,3 HI/MJI U
MIIK meHee —2,5 BBISBJIsJIACh HAMOOIbIIIAS YaCTOTA
(52,6 %) HebIATOMPHUATHBIX OCTEOIMOPOTUUECKUX
COOBITH.

¥ Bcex nmaruenTok ¢ XCH ypoers OXC 6611 mpu-
MEPHO OIMHAKOBBIM. Y CTaHOBJIEHA TIPsMAast KOPPeJIsi-
nuoHHasA cBA3b 3HaueHur XC JIITHITI (r = 0,35;
p=0,00)uTl (r=0,27; p=0,023) c ST2 Bo 2-M 1 3-M
TePTUIISAX OOJBHBIX. AHAJIM3 B3aUMOCBSI3U PEMOJIE-
smpoBaHusa KoctHoU TkaHU (o T-mupexcy MIIK) c
[MOKa3aTeJIIMUA aTEPOT€HHON MUCIUMIUAEMUN ITOKa-
3aJ1 JIOCTATOYHO TECHYIO OTPHUIATEIbHYI0 KOPPEeJIsi-
muio ¢ OXC (r = —0,49; p = 0,001), XC JIITHIT
(r=-0,41; p=0,024) uTT (r = —0,39; p = 0,01), 4TO
MO3BOJISIET PACCMATPUBATh ATEPOTEHHYIO TUC/IAIIH-
JIEMUI0 KAaK BAXKHBIM AaCCOIMUPOBAHHBIN (paKTOp
pUCKa HapylIeHHH MeTabosu3Ma KOCTHOU TKAaHU U
TIPEIONIPE/IETISIET BHICOKUM PUCK PA3BUTHsI OCTEOIIe-
HHUHM U OCTEOINOpO03a y IMAIMEHTOB € KOMOPOWIHOM
naTosioruei, Bkrouaromein XCH u CZI2.

causes of disturbed vital functions, and decreased activ-
ities of daily living, as well as prolonged hospitalization,
which places a heavy burden on the healthcare system.
The question remains to be answered — whether HF
leads to osteoporosis and fractures because of bone fra-
gility, or whether it is just an epiphenomenon in a pop-
ulation at HF and osteoporosis risk.

Published studies show that HF is associated with
a decrease in BMD and an increased risk of osteopo-
rotic fractures, especially in patients with more
severe HF. Current guidelines for HF do not offer
tools for osteoporosis screening or prevention of
osteoporotic fractures.

Osteoporosis can significantly affect the HF prog-
nosis [8]. Among patients with HF, lower BMD was
associated with increased mortality rates and inotrop
dependency [15]. When men and women with HF
develop femoral neck fracture, mortality increases
twofold compared with those with HF without this
fracture [16]. HF is also a major risk factor for mor-
tality after hip fracture [17].

Importance of a low BMD and deterioration of
bone metabolism in patients with HF is the increased
risk of fracrures. This is worsened by low physical
performance, which increases the risk of falls. In
general, HF is associated with a fourfold higher risk
of any fractures requiring hospitalization compared
to patients with other cardiovascular conditions
without CHF [18]. In addition, the fracture rate was
6% within 12 months among stable HF patients [19].
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OrmpeneneHne TMPOTHOCTUYECKOU 3HAYMMOCTH
ucciaenoBanusa ST2 c onenkorr MITK nokasano yme-
PEHHYIO OTPUIATEIBHYIO KOPPEIAIUI0 3TUX OKa3a-
Tesied (r = —0,48; p = 0,001).

OBCYXXJIEHHNE

B HacrosAmee BpeMs pacTeT UHTepeC K OCTeOII0-
po3y u cHmwxenuno MIIK, sarparuBaromemy He
TOJIBKO KEHIIUH B IIOCTMEHOIlay3e, HO U MY>KUHH,
0cOOEHHO ¢ KOMOPOUHBIMH XPOHHUYECKUMH 3a00-
neBanuaAMu. CH u ocTeonopos fABJIAIOTCA HIUPOKO
pacnpocTpaHeHHBIMU COCTOSAHUSAMU, CBA3AHHBIMU
CO CTapeHHueM, KOTOpble OKa3bIBalOT OTPOMHOE BJIN-
ssHUe Ha ob1ecTBo. O6a paccTpoicTBa — pacmpo-
CTpaHeHHbIEe IPUYNHBI HApYIIeHUA QYHKIMH U CIIO-
COOHOCTHU K CaMOOOCITY:KMUBAHUIO, & TAKKE JIJTUTEb-
HBIX TOCHUTAJIU3AIUHN, YTO JIOXKHUTCA TAXKEJIBIM
OpeMeHeM Ha cucTeMy 31paBooxpaHeHus. OcraeTcs
6e3 oTBera Botpoc, npusoaut i CH k octeonoposy
U 1epejioMaM BCJIEJCTBHE XPYIKOCTH KOCTeH W
9TO IIPOCTO dNIU(EHOMEH B IOIYJIALNY, 10JBepKeH-
HOH PUCKY pa3BUTHUA 000UX CHH/IPOMOB.

Ony06MKOBaHHBIE WCCIIEZOBAHUSA IIOKA3BIBAIOT,
uyto CH cBsa3aHa co camxkenueM MIIK u nosblmieH-
HBIM PHCKOM OCTE€OIIODOTHYECKHUX IIepeIOMOB, 0CO-
O6eHHO y manueHToB ¢ 6osee Tsokesnon CH. [leticTBy-
omue pexoMmenzauuu 1o CH He mnpemiaraior
MeTOZbl CKPHUHHUHIA OCTEOIIOpPO3a WJIH IpopuiIaK-
TUKU Pa3BUTUS OCTEOTIOPOTUYECKUX IIEPEJIOMOM.

OcTeonopo3 MOKeT CYILIeCTBeHHO BJIUATh Ha
nporuos npu CH [8]. Cpeau nmanuenTos ¢ CH 6osiee
Huskasg MIIK Obplma accoruupoBaHa C IOBBIIIEH-
HBIMH TI0KA3aTeJIIMU CMEPTHOCTH M HEOOXOAUMO-
CTHI0 B MHOTPOITHOU MOZAEPKKe [15]. ¥ MyXYuH U
skeHIUH ¢ CH mpu pasBuTUM IlepejioMa IIEHKHU
Oermpa IBYKpPaTHO YBEJIMYUBAETCS CMEPTHOCTH II0
cpaBHenwuio ¢ jgunamu ¢ CH 6e3 mepenomoB 6ezapa
[16]. CH Ttaxke sBIsETCS OCHOBHBIM (PaKTOpPOM
PHICKa CMEPTHOCTH TI0CJIe iepesioma benpa [17].

Basknocts Huskoit MIIK u yxyamenuss merabo-
au3ma kocrerr y maruenTtoB ¢ CH 3akiodaercs B
VBEJIMYEHUH pUCKA IEPEJIOMOB. JTO ycyrybsercs
HU3KOH (U3NYECKOl pPaboTOCIOCOOHOCTHIO, YTO
YBEeJIMUHMBAET PUCK masieHnit. B niestom CH acconuu-
pOBaHa C YeTHIPEXKPATHBIM 00JIe€ BBICOKUM PHUCKOM
pas3BUTHA JI0O0TO IlepesioMa, TpeOyIoIero rocnuTa-
JIM3alUH, 0 CPABHEHUIO C NAIleHTaMU C APYTUMU
CEPJIeYHO-COCYAUCTBIMU cocTosTHUAME Oe3 XCH
[18]. Kpome TOroO, yactoTa IepesioMOB COCTaBJIAIA
6 % B TeueHHE 12 MeC CpeTu CTaOUITbHBIX MTAI[HEHTOB
¢ CH [19]. HauboJiee omracHbIM OCJIOKHEHHEM OCTEO-
I0po3a ABJIsIETCA MepeyIoM IeHKU 6eJipa, KOTOPBIH
CBA3aH C BBICOKMM DHCKOM CMEPTHOCTH, a Cpeau
BBDKUBIIIHIX MOXKET IIPUBECTH K ITOTEPE CIIOCOOHOCTH

The most dangerous complication of osteoporosis is
a hip fracture, which is associated with a high risk of
mortality, and among survivors, it can lead to loss of
capability for self-maintenance [20]. In a study using
the Rochester Epidemiological Project, it was shown
that osteoporotic fractures were more common in
patients with HF compared with age- and sex-
matched community controls [21]. In a population-
based study conducted in Manitoba (Canada), which
involved over 45 509 adults with 2703 incident frac-
tures, there was a 30% increase in the number of
major fractures in individuals with HF [22]. Thus,
the assessment of bone metabolism may be an alter-
native for identifying HF patients at high risk of
osteoporotic fractures and accomplishment of timely
preventive and therapeutic interventions.

In our long-term (12 months) prospective cohort
comparative study, several important facts were
revealed. First of all, women with comorbidities of
CHF and T2DM showed high levels of ST2 associated
with an apparent high cumulative incidence of
adverse osteoporotic events. The ST2 level was asso-
ciated with the severity of atherogenic dyslipidemia,
has a direct relationship to the severity of CHF func-
tional class, and BMD abnormalities were one of the
pathogenetically substantiated significant factors in
the development of comorbidities in women. It is
likely that the increased level of ST2 in patients with
CHF and T2DM, modulating the processes of inflam-
mation, promotes the activation of osteoclasts, accel-
erating the loss of BMD and increasing the risk of
bone fractures.

Thus, the determination of the new biomarker
ST2 together with BMD to assess the long-term prog-
nosis for the risk of fractures in patients with CHF
and T2DM is appropriate and informative. At the
same time, the analysis of the features of the course
and pathogenetic relationships of CHF, T2DM and
osteoporosis in postmenopausal women seems rele-
vant for the management of patients with comorbidi-
ties, that make up a significant number of outpatients
or hospitalized patients.

CONCLUSION

The analysis of the incidence of adverse osteopo-
rotic events depending on the serum level of ST2
and BMD showed that in a median ST2 of more
than 25,3 ng/ml and BMD of less than —2,5, the
highest incidence (52,6%) of osteoporotic fractures
and a progressive decrease in BMD were noted. At
the same time, in the 1* tertile, a reduced ST2 level
(less than 21,3 ng/ml) with a minimal BMD defi-
ciency was associated with the best prognosis of the
disease.
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K camoobcmykuBanuio [20]. B Pouecrepckom smm-
JIEMHUOJIOTUYECKOM HCCIJIEIOBAaHUM OBLIIO MTOKAa3aHO,
YTO OCTEOIOPOTHYECKHE Iepes oMbl ObUIH Oosiee
pacmpocrpaHseHs! y nanueHToB ¢ CH 1o cpaBHeHUIO
C COOTBETCTBYIOIIIUMH II0 BO3PACTy W IIOJIy KOH-
TPOJIBHBIMHU Tpymmamu [21]. B momynsmuoHHOM
HCCIeIOBAaHUM, IpOBeleHHOM B ManuTobe
(Kanama), B KOTOpOM MPHUHSIIA ydacThue OoJiee
45 509 B3POCJIBIX C 2703 CJIyYasiMU OCTEOIIOPOTHUYE-
CKUX IIepeJIOMOB, HaOJII0ZAIOCh 30% YBeJIMYeHHe
YpcJia KPymHbIX mepesoMoB y au ¢ CH [22]. Takum
00pa3oM, OIlleHKa KOCTHOTO MeTaboJIM3Ma MOMKET
OBITH QIPTEPHATUBOMU /ISl BBISABJIEHUS MAI[EHTOB C
CH, niofiBep:KeHHBIX PUCKY OCTEOI0PO3a, U CBOEBPE-
MEHHOTO IPUHATHSA MPOPIIAKTUIECKUX U TEPATIEB-
TUYECKHUX MeD.

B mpoBeieHHOM HaMu JIJTUTEIHHOM (12 Mec) Ipo-
CIEKTUBHOM KOTOPTHOM CPaBHUTEJIHHOM HCCIIENO0-
BAaHUHU YCTAaHOBJIEHO HECKOJIBKO BaKHEUITUX ak-
TOB. IIpexkze BCero, y »KeHINUH C KOMOPOUIHOM
maTtosiorued, npeacrasienno XCH u C/12, BbIsAB-
JIeH BBICOKHH ypoBeHb ST2, accOIMMPOBAHHBIA C
OYEBUJIHOM BBICOKON KYMYJIATUBHOH YacCTOTOM
HeOJIAaTONPUATHBIX OCTEOIIOPOTUYECKUX COOBITHH.
YpoBeHb ST2 6bUT MPOIIOPITHOHAJIEH CTEIEHU BhIpa-
JKEHHOCTH aTePOTEeHHON JIUCTUNUEMUH, IPSIMO
MPOTIOPIIUOHAJIEH  TSKECTH  (PYHKIMOHAJIBHOTO
kiacca XCH, a napymenus MIIK saBisiuch ofHUM
13 JIOKA3aHHBIX MATOTeHETHYEeCKH 3HAYMMBIX (hak-
TOPOB Pa3BUTHUA KOMOPOUHOHN IATOJIOTHU Y KEH-
uH. BeposaTHO, TOBBIIIEHHBIN YpoBeHb ST2 y 601h-
HbIX ¢ XCH u C/I2, mogyiupys Opoliecchl BocIae-
HUS, CIIOCOOCTBYET AaKTHUBAIIMU OCTEOKJIACTOB,
yckopsaa notepto MIIK u noBbiliasg puck pa3BUTUA
I1epeIOMOB KOCTEH.

Takum oOpas3om, oIpejiesieHre HOBOTO OroMap-
kepa ST2 u MIIK /11 OLleHKU OTJQJIEHHOTO IIPO-
THO3a B OTHOIIIEHUU PUCKA PA3BUTHS MEPETOMOB Y
6ospHBIX ¢ XCH 1 C/]2 siByisieTcs 11esiecoo0pa3HbIM
u uHpopMmaTtuBHbIM. [Ipy sTOM aHaN3 0cOOEHHO-
CTell TeueHUs W NATOTEHETHYECKUX B3aUMOCBs3EH
XCH, CI2 u ocTeomnoposa y KeHIIUH B IIOCTMEHO-
mayse IIpe/ICTaBJIseTCA AKTYaJIbHBIM JUIS TaKTHUKHU
BeZleHUsI OOJIbHBIX € KOMOPOUHOHM IaTOJIOTHEH,
COCTABJIAIONINX 3HAUYNMOE KOJITIECTBO cpeau aMOy-
JIATOPHBIX WJIN TOCIUTAJIU3UPOBAHHBIX B CTAIUO-
HapHhI MAIUEHTOK.

3AK/IOYEHUE

AHau3 4acTOThl HEOJIATOIPHUATHBIX OCTEOIIOPO-
TUYECKHUX COOBITUH B 3aBUCUMOCTH OT ypOBHs ST2 B
cpiBOpoTKe kpoBu U MIIK mokasas, 4To npu meau-
ane ST2 6osee 25,3 uHr/mi1 u MITK menee —2,5 oTMe-
yasiach HaubosIbIasa yacTora (52,6 %) 0CTEOMOPOTH-

In patients with CHF and T2DM, a fairly close
correlation has been revealed between the severity of
atherogenic dyslipidemia and elevated ST2 levels,
which allows to consider dyslipidemia an important
pathogenetic factor associated with progressive loss
of BMD and an increased risk of osteoporotic frac-
tures. In this regard, the determination of ST2 levels
in the blood of women with CHF and T2DM seems
appropriate and informative for assessing the risk of
osteoporotic fractures.

The limitations of our study are followings: a
small number of patients studied (n = 75), a limited
period of prospective follow-up (12 months), and
follow-up of patients with CHF and T2DM comor-
bidities. In the future, it is necessary to evaluate the
effect of ST2 on bone tissue and the risk of osteopo-
rotic fractures over a longer follow-up period (12—
36 months) in a larger cohort of patients, as well as
determine the contribution made separately by CHF,
depending on its severity, by T2DM, depending on
existing complications, and by the ST2 level to the
progression of BMD decline and occurrence of bone
fractures.
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YECKHUX IIEPEIOMOB U IIPOTPECCUPYIOIee CHUKEHHE
MIIK. ITpu 3TOM B 1-M TE€pPTHJIE TOHMIKEHHBIN ypO-
BeHb ST2 (MeHee 21,3 HI/MJI) C MUHHMAJIbHBIM
nedbunurom MITK accoruupoBaIvch ¢ HAWIYIIITUM
MIPOTHO30M 3a00JIEBAHUS.

¥ 6ospaBIX XCH ¢ C/I2 ycTaHOB/IEHA IOCTATOYHO
TeCHas] KOPPEJISAIUOHHAS B3aUMOCBSI3b MEK/IY CTe-
IEHBI0 BBIPAKEHHOCTH AaTEPOTEHHOU JUCIUIIUE-
MHH ¥ MOBBIIIEHHBIM ypoBHEM ST2, 4TO mM03BOJISAET
paccMaTpuBaTh JUCTUMHAEMUIO KaK BasKHBIN MaTO-
TeHEeTUYECKUH (DAKTOP, aCCOMMUPYEMBIH € ITpoTpec-
cupymotiei norepeit MIIK 1 HOBBIIIIEHHBIM PUCKOM
Pa3BUTHS OCTEOTIOPEOTHUECKUX ITEPEIOMOB. B cBsI3u
C 9THM HUCCJIeIoBaHUE YPOBHS ST2 B KPOBU JKEHIITUH
¢ XCH u C/I2 mpeacTraBiisieTcs I1e7eCO00pa3sHbIM U
UHOOPMATUBHBIM ISl OIIEHKHU pHCKA Pa3BUTHUS
OCTEOIIOPOTHYECKHX TIEPETIOMOB.

OrpaHUYeHUSAMH HAIIIETO UCCIIEIOBAHUSA ABJIS-
[0TCsA: HeOOJIBIIOE KOJUYECTBO HCCAEIOBAHHBIX
MmanueHToB (n = 75), OrpaHUYEHHBIH TEPUOJT ITPO-
CIIEKTHUBHOTO HabaoneHna (12 mec), HaOIOAeHIE
3a 6ospHBIMU ¢ KomopOumHocthio XCH u C/l2.
B nmanpHenmmeM HeOOXOOHMMO OIEHHUTH BIIUSHUE
ST2 Ha cocTOsAHME KOCTHON TKaHU M PUCK OCTEO-
MMOPOTHUYECKHUX MEPEJIOMOB B TeueHue OoJiee JJH-
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TEJBHOTO INepuoaa HabimwaeHus (12—-36 mec) y
0osibllleli KOTOPTHI MAI[MEHTOB, a TaK:Ke OIpeje-
JINTh, KaKOH BKJIaJ, BHOCAT oTAeabHO XCH B 3aBU-
CUMOCTH OT ee TsokecTH, C/[2 B 3aBHCUMOCTH OT
UMEIOIUXCS OCJIOKHEHUN U ypoBeHb ST2 B mpo-
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CKpUHMHT, CTaJUPOBAaHUE U CTPAaTEruu coOXxpaHeHuAa (PyHKIUU
0eTa-KJIETOK y MAIlIeHTOB C cCaXapHbIM JUa0eToM 1 TUIIA

JI.A. Pyatkuna, B.M. AamyT, M.A. KoBaperko

@I'BOY BO «Hogocubupckuil 2ocydapcmeettblil MeduyuHekuil ynugepcumem» Munadpasa Poccuu, Hosocubupck,
Poccus

AHHOTAIIUA

Hacrosamuii 0630p IUTEpaTyphl BKIIOYAET AHAIHN3 IAHHBIX SITHIEMUOJIOTHIECKIX HCCIIeI0BAHNN, MeTaaHaIN30B U Hayd-
HBIX ITyOJIMKaIUY, TOCBAIEHHBIX caxapHoMy Auabety 1 tuna (C/I1). PaccMoTpeHbI pe3ysibTaThl HCCIe0OBAaHIH, OlleHUBa-
IOIIUX PaCIpOCTPaHEHHOCTh U 3aboseBaemMocTs C/I1 B Pa3IMUHBIX PErMOHAX MHUPA, BKiIovas Poccuio. BelsaiBieH mosce-
MECTHBIN POCT 3TUX IIOKa3aresiell BO BceX BO3PACTHBIX TPYIIIAxX 3a HocjaeaHue 10 jetT. [IpeacrapieH aHaau3 JJaHHBIX O
TreHEeTHYECKUX U CPe/IoBBIX hakTopax prcka pazsutus C/I1, BKIOUas BO3pacT MaTepu, OKUpeHne, HHQeKIu, AedUunuT
ButamuHa D. Paccmotpena xnaccudukanus craauii C/I1, oTpakaonmas KOHTUHYYM Pa3BUTHUA 3a00J1€BAHUSA OT MOsIBJIE-
HUA ayTOAHTUTEJT 10 KJIMHUYECKIX CUMIITOMOB. AKIIEHT ¢/IeJIaH Ha JOKJINHIYeCKUX cTaauax C/I1 1 BaXKHOCTH UX PaHHeH
JIUAarHOCTUKY /IS MIOTEeHINAIBHON INPOMWIAKTHKY U 3aMe/yIeHUs IPOrpeccupoBaHus 3aboseBanusd. [ToguepkuBaercs
He0OXOIUMOCTh KOMIIEKCHOTO TOZIX07[a K u3ydeHuio C/{1, yYUTHIBAIOIETO TeHETHUECKUE, CPEOBbIE 1 HMMYHOJIOTHYe-
CKUe€ acIeKThl 3a00JieBanusl. 3HaHMe (PAaKTOPOB pUCKA U cTaAUHHOCTH pa3Butusa C/I1 mo3BossieT pa3paboTaTh CTPATETUH
paHHel UarHOCTUKY U TPOMUIAKTHUKY, HAIIDABJIEHHbIE Ha 3aMe7|jIeHre IIPOrPeCcCHPOBAHNA ayTOMMMYHHOTO IIpoliecca 1
[IpEeIOTBPAIleHNse PA3BUTHS KIMHIYECKUX ITPOSIBICHUH quabera.

Knaoueewle caoga: caxapHbIN [uabeT 1 TUIIA, JOKIMHUYECKIE CTaJuH, ayTOAHTHUTENIA, CKDUHIHT.

OoOpazen mutupoBaHusAa: Pyarkuna JI.A., Aumyt B.M., KoBaperko M.A. CKpUHUHT, CTaJIUPOBAHKE U CTPa-
TEeruu coxpaHeHus PyHKITNN OeTa-KJIETOK y MAIMEeHTOB C caxapHbIM Auaberom 1 Tuma // Journal of Siberian Medical
Sciences. 2025;9(3):80-95. DOI: 10.31549/2542-1174-2025-9-3-80-95

Screening, staging, and beta cell function preservation strategies
in patients with type 1 DM

L.A. Ruyatkina, V.M. Anmut, M.A. Kovarenko

Novosibirsk State Medical University, Novosibirsk, Russia

ABSTRACT

This literature review includes an analysis of data from epidemiological studies, meta-analyses, and scientific publications
on type 1 DM (T1DM). The results of studies assessing the prevalence and incidence of TiDM in various regions of the
world, including Russia, are considered. A widespread increase in these indicators in all age groups over the past 10 years
was found. An analysis of data on genetic and environmental risk factors for the development of T1DM, including maternal
age, obesity, infections, and vitamin D deficiency is presented. A classification of T1IDM stages is considered, reflecting the
continuum of disease development from the appearance of autoantibodies to clinical symptoms. The emphasis is on the
preclinical stages of TIDM and the importance of their early diagnosis for potential prevention and delay of disease pro-
gression. The need for an integrated approach to the study of T1DM, taking into account the genetic, environmental, and
immunological aspects of the disease, is emphasized. Knowledge of risk factors and stages of development of T1IDM allows
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us to develop strategies for early diagnosis and prevention aimed at delay in the progression of the autoimmune process

and development of clinical manifestations of TIDM.

Keywords: type 1 DM, preclinical stages, autoantibodies, screening.
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BBEJAEHUNE

Caxapubiii quabet 1 Tana (C/11) — Haubostee pac-
mpoctpaHeHHas popma nrabera B IETCKOM BO3pacTe
U TOTEHITUAIIPHO OIACHAs JJIsl JKU3HH MHOTO(]aK-
TOpHAsl XpOHUUYECKas ayTOMMMYHHas SHJIOKPHUHO-
mmaTus, KOTOpas XapaKTePU3YETCS MPOTPECCUPYIO-
UM paspylieHueM OeTa-KJIETOK ITO/KETYI0UHON
skenesnl (I1DK), onmocpeoBaHHbIM T-KJIETKAMU, YTO
MPUBOAUT K AeUIIUTY CHHTE3a U CEKPEIUU HHCY-
suHa [1]. 3abosieBaemocts C/I1 IPOIOIKAET pacTh
U, HECMOTpPS HA JIOCTHKEHHS B WHCYJIMHOTEPAIIUH,
IOOUTBHCSA ONTUMAaILHOTO KOHTpoJis C/I1 He yaeTcs.
YuuThIBasE BBICOKYIO BEPOSTHOCTh HEOJIATONPUST-
HBIX McX0/0B vy nanueHToB ¢ C/[1, a Takxke Opems,
co3zaBaeMoe 0OJIe3HBIO, AKTYaJIbHBIM SIBJISETCS
ITOMCK METO/IOB JIeUeHUs, HAIIpaBJIEHHBIX Ha TIPEey-
Ipesx/ieHue paspymienus 6era-xirerok DK [2].

Hns  nuddepennmanpuonn auarHoctuku CJl1
HCIIOJIb3yeTCsl CKPUHUHT Ha HAJIWYHe crenuduye-
ckux ayroanturesl (AAT) mpoTUB aHTHTEHOB OeTa-
kieTok [3]. Hamuurie AAT K OCTPOBKOBBIM KJIETKAM
SIBJISIETCS KJTFOUEBBIM OHMOMapKEPOM ayTOMMMYHHOU
aTaku Ha 6eTa-KJIETKH U OCHOBAHUEM JUUIA JaJIbHeH-
IIIero aHaau3a Ha AucriaukeMuio [4]. OpHako aud-
(pepeHIIUAIBPHBINA JUATHO3 TPOBOJUTCA YK€ TP
nebrore CJI1, KOTOPBIN, KaK MPaBUIIO, MaHU(ECTHU-
PYyeT ocTpo, ¢ BHICOKOHN TUIEPIIMKEMUEH M YacTo C
KETOAaI/I030M, BO MHOTOM OIIPE/IEJISIONIAM JTab-
HEUIIHUH MporHo3s [5].

JOuabetnueckuii keroanuzo3 (JJKA) B KinHuYe-
ckoM gebrore C/I1 acconuupoBaH ¢ BBICOKUM PUCKOM
MOBTOPHOTO pa3putus JJKA B OyayieM, TsSKeTbIMU
THUIIOTVIMKEMUSIMH U HEONTUMAJIBHBIM KOHTPOJIEM
caxapHoro auabera [5]. OnucbIBaeMbIH TPOTHOCTH-
YEeCKUU TPEH]] OIIPEIEITHIT TIOUCK ITyTeH 3aMeIJIeHUs
MPOTPECCUPOBAHUS TOTepU OeTa-KJIETOK Y JIUI[ C
BeIcCOKUM puckoMm C/l1, B IepBy10 ouepenb — poA-
CTBEHHUKOB MaIMeHTOB. Tak, ¢ 1eJIbl0 3aMeJIJIeHuUs
ayTOMMMYHHOH arpeccy B MHOTOIIEHTPOBBIX IIPO-
¢rnaktuueckux uccnenopaHusasx DPT-1 u ENDIT
emne B Hauasie XXI B. ObLIN OIlEHEHBI KYPChI TEPATTUH
HUKOTUHAMUIOM, PaHHee Ha3HaueHHe NHCYJTHHOTE-
panuu, He JOKa3apIiue CBow 3(dekTuBHOCTD [6].

INTRODUCTION

Type 1 DM (T1DM) is the most common form of
diabetes in childhood and a potentially life-threaten-
ing multifactorial chronic autoimmune endocrinop-
athy characterized by progressive T cell-mediated
destruction of pancreatic beta cells, leading to a defi-
ciency in insulin synthesis and secretion [1]. The
incidence of TIDM continues to increase and, despite
advances in insulin therapy, optimal control of T1IDM
has not been achieved. Given the high likelihood of
adverse outcomes in patients with TiDM and the
burden of the disease, the search for treatments
aimed at preventing pancreatic beta cell destruction
is relevant [2].

For differential diagnosis of T1DM, screening for
the presence of specific autoantibodies (AAB) against
beta cell antigens is used [3]. The presence of AAB to
islet cells is a key biomarker of an autoimmune attack
on beta cells and the basis for further analysis for
dysglycemia [4]. However, differential diagnosis is
carried out already at the onset of T1IDM, which, as a
rule, manifests acutely, with high hyperglycemia and
often with ketoacidosis, which largely determines the
further prognosis [5].

Diabetic ketoacidosis (DKA) at the clinical debut
of T1DM is associated with a high risk of recurrent
DKA in the future, severe hypoglycemias and subop-
timal control of DM [5]. The described prognostic
trend determined the search for ways to delay the
progression of beta cell loss in individuals with a
high risk of T1DM, primarily relatives of the patients.
Thus, in order to delay autoimmune aggression,
courses of nicotinamide therapy and early adminis-
tration of insulin therapy were evaluated in the mul-
ticenter preventive studies DPT-1 and ENDIT at the
beginning of the 21st century, which did not prove
their effectiveness [6]. Over the subsequent years, an
analysis of a combination of immunological, meta-
bolic and genetic markers of high risk was carried
out. Modern data on the stage-by-stage progression
of the autoimmune process make it possible to sub-
stantiate new approaches and technologies for man-
aging patients at the early stages of T1IDM [5].
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B mocseayroiiye oAbl MPOBOAMIICS aHAIN3 KOMOU-
HAIlUM HMMYHOJIOTUYECKUX, MeTabOIUUeCKuX U
reHEeTUYECKHUX MapKepOB BBICOKOTO pucka. CoBpe-
MeHHbIE JJaHHbIE 00 ITAITHOCTH IIPOTPECCHPOBAHUS
ayTOMMMYHHOTO IIpoIiecca MO3BOJISIOT 000CHOBATh
HOBBIE ITOJIXO/bI Y TEXHOJIOTUH BEJEHHUS IallMeHTOB
Ha pa"Hux cragusax C/1 [5].

JANHAMMWKA 3ABO/IEBAEMOCTU C/I 1
INOCJIEAHUX JIET

3a moceaHre 10 JIeT BO BCEM MUPE OTMEYAETCS
poct 3aboneBaemoctu CJI 1 [7—9], mocturmwuii B
2022 T1. 1o jga"HHbpIM International Diabetes
Federation 8,75 muu ciydaeB [7]. C.C. Patterson
et al. (2019), 00BEAUHUB B CBOEM HCCJIESOBAHUM
JIAaHHBIE JIBA/IIATH [IECTU €BPOIENCKUX IEHTPOB 3a
1989—2013 rT., HAOJII0ABIIUX 84 THIC. JIETEN, BBIsA-
BWIN pocT 3aboseBaemoctu CJ/I1, cocTaBUBIIUH
3,4 % Brop [8]. [Ipu paH:KHPOBAHUH 10 T€HIEPHOMY
MPU3HAKY OBLIM YCTAaHOBJIEHBI CXOKHE TEMIIBl Y
MAaJIbYUKOB U JIEBOUEK B BO3PACTHOU I'PyIIIE OT O /10
4 net (3,7 ¥ 3,7 % B IO/l COOTBETCTBEHHO) U B TPYTIIIE
oT 5 710 9 JieT (3,4 u 3,7 % B TO/, COOTBETCTBEHHO),
OJTHAKO B TPYIITIE OT 10 10 14 JIET IPUPOCT 3ab0JIeBa-
eMOCTH OBLT BBIIIE Y MaJbYUKOB, UeM Y JI€BOUYEK
(3,3 1 2,6 % B rOJT COOTBETCTBEHHO) [8].

B 3aBHCHMMOCTH OT permoHa 3ab0JieBaeMOCThb
BappUpyeT B IIMPOKUX Mpefesax: OT 3,11-5,46
HOBBIX CJIy4aeB Ha 100 000 JIETCKOTO HaceJIeHUs B
a3MaTCKUX CTPAaHaX CO CPETHUM MPUPOCTOM 5,10 %
B roji [10] ;10 52,2 HOBBIX ciy4yaeB C/[1 Ha 100 000 B
Ounnsuaaun. Takoi 6BICTPBIN pocT 3a0071€EBAEMOCTH
B (PUHCKOM 0OIIIeCTBE MOKHO OOBSICHUTD BJIMSHUEM
HECKOJIbKUX (haKTOPOB: M3MEHEHHs cpeZbl obuTa-
HUA, Te€HBI, Ipe/ipacosiaraioimue Kk passuruio C/I1,
Y 3HAYUTEJIbHbIE U3BMEHEHUs B 0Opase KU3HH, IPo-
U30IIEIINE B pe3yJsibTaTe OBICTPOro Iepexozia OT
0eTHOM CTPaHBI C MIPEUMYIIECTBEHHBIM Pa3BUTHEM
CeJbCKOT0 XO03AMcTBAa B KOHIE BTopodl MwupoBoit
BOHHBI K COBPEMEHHOMY WHJIyCTPHAJIBLHOMY OOIIe-
CTBY, IOJIABJIAIOIIEE OOJIBIIMHCTBO YJIEHOB KOTO-
pOTro IPOKUBAET B TOPOJICKUX YCJIOBHAX [11].

B Poccuiickori ®enepanuu MPOBEJEH aHAIN3
pacmnpocTpanenHoct U 3aboseBaemoct CIH1 y
JleTel B TPEX BO3PACTHBIX I'PYIIIAX: OT O /IO 14 JIET, OT
15 10 17 JIET 1 OOBEAUHEHHO OT O 710 17 JIeT (BKJIIOUM-
TEJIbHO) € 2014 1Mo 2023 T. [7]. B aTOT nepuox pac-
npocrpaHeHHocts C/I1 yBesmuuBaziach ¢ 238,6 B
2014 T. J10 374,2 cIy4aeB Ha 100 000 JIETCKOTO Hace-
JieHus B 2023 T. (puc. 1). [Ipu 5TOM B IOIPOCTKOBOM
BO3pacrTe OT 15 JIo 17 JieT pacupoctpaneHHocTh C/1
ObLTa 3aKOHOMEDHO BBIIIIE, YEM Y JIETEH, COCTABUB
120,3—203,2 cjaydass Ha 100 00O TOJPOCTKOB, B
OTJIMYHE OT 100,1—172,2 CIydaeB y JeTel /10 14 JieT.

DYNAMICS OF T1iDM INCIDENCE IN
RECENT YEARS

Over the past 10 years, there has been an increase
in the incidence of T1IDM worldwide [7—9], reaching
8,75 mln cases in 2022 according to the Interna-
tional Diabetes Federation [7]. Patterson et al.
(2019), having combined data from twenty-six Euro-
pean centers for 1989—2013, following up 84 thou-
sand children, revealed an increase in the incidence
of TiIDM amounting to 3,4% per year [8]. When
ranking by gender, similar rates were found in boys
and girls in the age group from o to 4 years (3,7 and
3,7% per year, respectively) and in the group from 5
to 9 years (3,4 and 3,7% per year, respectively), but
in the group from 10 to 14 years, the increase in inci-
dence was higher in boys than in girls (3,3 and 2,6%
per year, respectively) [8].

The incidence varies widely across regions, from
3,11-5,46 new cases per 100 000 children in Asian
countries with an average increase of 5,10% per year
[10] to 52,2 new cases of T1IDM per 100 000 in Fin-
land. The rapid increase in incidence in Finnish soci-
ety can be explained by several factors: environmen-
tal changes, genes predisposing to the development
of T1iDM, and significant changes in lifestyle result-
ing from the rapid transition from a poor, rural coun-
try at the end of World War II to a modern industrial
society with the vast majority of its members living in
urban surroundings [11].

In the Russian Federation, an analysis of the
prevalence and incidence of T1iDM in children was
conducted in three age groups: o0 to 14 years, 15 to 17
years, and O to 17 years combined (inclusive) from
2014 to 2023 [7]. During this period, the prevalence
of T1IDM increased from 238,6 in 2014 to 374,2 cases
per 100 000 children in 2023 (Fig. 1). At the same
time, in adolescents of 15 to 17 years, the prevalence
of TiIDM was naturally higher than in children,
amounting to 120,3—203,2 cases per 100 000 ado-
lescents in contrast to 100,1—172,2 cases in children
under 14 years of age. An annual increase in the prev-
alence reached an average of 6,3% [7]. The incidence
of T1IDM during the analyzed period was 19,1—
27,2 cases per 100 000 children, with an average rate
of 23,1 per 100 000. The general trend towards an
annual increase in new cases, an average of 4,9%
(Fig. 2), did not change significantly during the
period analyzed [7].

RISK FACTORS OF T1DM

T1DM is caused by a complex combination of
genetic susceptibility and environmental risk factors
[12]. The risk of developing the disease in people
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Fig 1. Dynamics of the prevalence of T1DM in children for the period between 2014 and 2023,
number of cases per 100 000 [7]
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Fig. 2. Dynamics of the incidence of T1DM in children for the period between 2014 and 2023,
number of cases per 100 000 [7]

E2Kero/HBIN MMPUPOCT PACIIPOCTPAHEHHOCTH B CPE-
HeM goctur 6,3% [7]. 3abosmeBaemocts C/I1 3a aHa-
JIMBUPYEMBIN TIEPUOJ] COCTaBWIa 19,1—27,2 Caydas
Ha 100 000 JIETCKOTO HACEJIEHUs TIPU CPEHUX ITOKa-
3aresisix 23,1 Ha 100 000. O0IIas TeHeHITUs K exKe-
TOZITHOMY IIPUPOCTY HOBBIX CJIyUaeB, B CPETHEM 4,9 %
(puc. 2), cylecTBeHHO HE U3MEHWIACh 34 AHATIHU3U-
pyeMble Iepuosl BpeMeHH [7].

having first-degree relatives with T1DM is 15 times
higher than in the general population. However, 90%
of people with TiDM have no family history of
T1DM [5].

Genetic risk is associated with the human leuko-
cyte antigens (HLA), specifically with the TiDM
highest risk DR3-DQ2 and DR4-DQ8 haplotypes
[5]. The risk of developing T1iDM in children with
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DOAKTOPDBI PUCKA PA3SBUTHUA C/ 1

[puunnoit C/I1 ABIAETCS CIOKHAA KOMOMHAITUS
TeHETUYECKOH BOCIPUHUMYHUBOCTH W  (HaKTOPOB
pucka okpykaromei cpeasl [12]. Puck pasBurus
3a00JIeBaHUA y JIIOJIEH, UMEIOIUX POJICTBEHHUKOB
TepBOU JIMHUH POJICTBA, cTpaaatonux C/I 1, BbIllle B
15 pas [0 CpaBHEHUIO ¢ 001el monyanuei. OgHaKo
90 % mozaer ¢ C/I 1 He UMEIT ceMeHHOro aHaM-
Hesa [5].

leHeTuecKWi PUCK ACCOIMUPOBAH C CUCTEMOU
rucrocoBMectumoctu yesnoBeka (HLA) ¢ cambiM
BBICOKUM pHUCKOM Yy ramiaoTunoB DR3-DQ2 u
DR4-DQ8 [5]. Puck pasputus C/I1y nerel ¢ aTuMu
reHotunaMu HLA u HastmareM po/ICTBEHHUKOB TIEP-
BOUM JIMHWU POJIiCTBa, crpajgatommx C/I1, cocraBua
20,5 % [13, 14]. B ob61mieli OMysIsIIUY JIETH C TEHOTH-
oM HLA DR3-DQ2/DR4-DQ8 umerot 5% puck pas-
Butus C/I 1 [5]. IIpu 3ToM pUCK pa3BUTHUSA ayTOUM-
MYHHUTETA U caxapHOro Anabera y JI0el, UMEIOIIIX
reHOTUIIBI HLA ¢ caMbIM BBICOKUM PHUCKOM €T0 pas-
BUTHSI, yMEHBIIIAETCS C BO3PACTOM [15].

Jloka3aTesIbCTBOM BO37eNCTBUS (DAKTOPOB OKPY-
JKaIoIel cpenbl ABJISETCS POCT 3ab0JieBaeMOCTH
CII1, HO 6Ge3 ABHOTO pocTa 3a60JIEBAEMOCTH CPEIH
reHEeTUYECKH BOCIPHUUMYHUBBIX JIETEH, Hapsay co
CHIDKEHUEM JI0JTY TAallEHTOB ¢ rarvtotunamu HLA ¢
caMbIM BBICOKMM puckoM pa3Butus C/{1. BeposaThee
Bcero, aKkTOPhl OKPY’KAIOIIEH Cpesbl B3aUMOJeH-
CTBYIOT C TEHAMH, YTO IIPUBOJIUT K PA3BUTHIO ayTO-
UMMYyHUTETA [ 5, 15].

Cpenu MarepuHCKHX (GAaKTOPOB HambOJIee TeCHO
¢ puCcKOM 3a60JI€BAHMS aCCOIMUPOBAHBI H0JIee cTap-
IIUH BO3paCT MaTepH MPU PojiaX, OKUPEHUE, Keca-
peBo ceuenue [16]. Ilo JaHHBIM MeTaaHAIN3a, IIPO-
Bezennoro C.R. Cardwell et al., puck pazsutusa C/1
B Pa3JIUYHBIX IOMyJISAIUAX JeTed Bo3pacTaa Ha
5—10 % Ha KaxKjple 5 JIET YBEJHMYEHUS BO3pacTa
maTepu [16].

Cpenu mepuHATATBHBIX (PaKTOPOB 00paIaT Ha
cebs1 BHUMaHHE JIETCKOE OJKUpeHHe, WH(PEKIUU U
nedunut ButamuHa /1 [12, 15, 17]. [looxutenpHas
KOppeJIANNOHHAsA CBA3b MeXy oxkupeHuem u C/I1
OO'BSICHSIETCSI TEM, YTO Te€HEeTUYECKHE BapUaHTHI,
MpeJipacrojiaraloipe K JIETCKOMY OXKHPEHHIO,
TaK:Ke aCCOIIMUPOBAHbI C BRICOKUM prckom C/I1 [17].
Kpowme Toro, o:xupeHue U CBs3aHHASA C HUM UHCYJIH-
HOPE3UCTEHTHOCTD IIPUBO/ISAT K IIOBBIIIIEHHOU CEKpe-
MY UHCYJIMHA, YTO MOKET IIPOBOIUPOBAThH ayTOUM-
MyHUTET [17].

B kauectBe Tpurrepa C/[1 paccMaTpuBaloT SHTe-
poBupycHbie nHbeknuu [18], o6cyskmaeTcss accomu-
amus nHdeknuu SARS-CoV-2 ¢ e010TOM U TsKe-
ctrio C/[1y neteit 1 mogpocTkoB [19]. YacTbie pecriu-
paTopHbIe BUPYCHbIe MHMEKITUY B IETCKOM BO3pacTe

these HLA genotypes and the presence of first-
degree relatives with T1IDM was 20,5% [13, 14]. In
the general population, children with the DR3-
DQ2/DR4-DQ8 HLA genotype have a 5% risk of
developing T1iDM [5]. Moreover, the risk of devel-
oping autoimmunity and diabetes mellitus in peo-
ple with the extremely high risk HLA genotypes
decreases with age [15].

Evidence for the influence of environmental fac-
tors is an increase in the incidence of TiDM, but
without an apparent increase in the incidence among
genetically susceptible children, along with a
decrease in the proportion of patients with the
extremely high risk HLA haplotypes for TIDM. Most
likely, environmental factors interact with genes,
leading to the development of autoimmunity [5, 15].

Among maternal factors, the most closely associ-
ated with the risk of the disease are the older age of
mother at childbirth, obesity, and cesarean section
[16]. According to a meta-analysis of Cardwell et al.,
the risk of developing T1DM in different populations
of children increased by 5—-10% with every 5-year
increase in the maternal age [16].

Among perinatal factors, childhood obesity,
infections, and vitamin D deficiency are noteworthy
[12, 15, 17]. A positive correlation between obesity
and T1DM is explained by the fact that genetic vari-
ants predisposing to childhood obesity are also asso-
ciated with a high risk of TiDM [17]. In addition,
obesity and associated insulin resistance lead to
increased insulin secretion, which can trigger auto-
immunity reaction [17].

Enterovirus infections are considered as a trigger
for T1DM [18], and the association of SARS-CoV-2
infection with the onset and severity of T1DM in chil-
dren and adolescents is discussed [19]. Frequent
respiratory viral infections in childhood increase the
risk of developing autoimmune response [15].

Vitamin D, known for its ability to regulate the
immune system, is closely associated with pancreatic
function, affects genetic polymorphisms and occur-
rence of diabetes complications [12, 20]. Population
studies have found a correlation between elevated
blood levels of vitamin D and a reduced likelihood of
developing TiDM. It has been demonstrated that
vitamin D can modulate the expression of various
immunorelevant genes, affecting both innate and
adaptive immune responses. These effects are often
manifested in the form of differentially expressed
genes affecting inflammation, immune regulation,
and beta cell function, contributing to the progres-
sion or prevention of TiDM [12]. Klenczar-Kciuk
et al. (2025) showed that 35,5% of children with
TiDM (n = 361) had vitamin D deficiency
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IIPOBOIIUPYIOT
Tera [15].

Buramuu /I, U3BECTHBIH CBOEH CIIOCOOHOCTHIO
peryJimpoBaTh UMMYHHYIO CHCTEMY, TECHO CBS3aH C
(pyHKIMEN TOKEITy/IOYHON KeJIe3bl, OKa3bIBAET
BJINSIHWE HAa T€HEeTUYeCKUH mosuMopdu3M U BO3-
HUKHOBEHHE OCJIOKHeHUH auabera [12, 20]. ITomy-
JIINUOHHBIE HCCIIEA0BAHUS BBIABIIN KOPPEJIAIIUIO
MEJK/Ty TTOBBIIIIEHHBIM YPOBHEM BUTaMUHa /| B KDOBU
U CHIDKEHHOU BepoATHOCTBIO pa3Butua C/l1. Beuio
[IPO/IEMOHCTPUPOBAHO, YTO BUTAMHUH /[| MOXKeT
MOJIYJTUPOBATh SKCIIPECCHUIO PA3JIMYHBIX UMMYHOpPE-
JIEBAaHTHBIX T€HOB, BJINASA KaK Ha BPOXKJEHHbIE, TAK U
a/IalITUBHBIE UMMYHHBIE peakiuu. ITU 3PDEeKTHI
YacTo MPOABJIAOTCA B BUAE AU PepeHITnaribHO SKC-
IIPEeCCUPYEMBIX T€HOB, OKA3bIBAIOIINX BJIMSHUE HA
BOCHaJIeHNEe, UMMYHHYIO DEryJAnuio U (QYHKIHIO
GeTa-KJIETOK, CIIOCOOCTBYS IIPOIPECCUPOBAHUIO MU
samure or CJ/l1 [12]. K.M. Klenczar-Kciuk et al.
(2025) nokaszaHo, uT0 y 35,5 % nerewi ¢ C/I1 (n = 361)
Habonancs gedunur Butamuna J (<20 Hr/mi), y
37 % ObLIIa HEZIOCTATOYHOCTD (20—30 HI'/MJI) U JIUIITHh
y 25 % (UKCHPOBAJIU €ro HOPMAJIBHBIA YPOBEHD
(30—50 wur/mu) [21]. YpoBuu 25(OH)D O6butn
00paTHO MPOIOPIMOHAIIBHBI TsKEeCTU auaberuye-
CKOTO KeTOaIu7i03a U OTPULIATEJIBHO KOPPEJINPO-
BIM CO 3HAYEHUSIMHU TJIUKHPOBAHHOTO TE€MOIJIO-
OmMHA ¥ BO3PACTOM JleTell HA MOMEHT IIOCTAHOBKH
auartHosa [21].

[TpencraByieHHbIE JaHHBIE O POCTe 3a60JIEBaEMO-
¢ty U pacupocrpanesHocty C/I1, BO MHOTOM CBA3aH-
Hble C YBeJIMUEHHEeM 4YHCJIa BHENIHUX (aKTOPOB
pUCKa — JOTIOJIHUTEJIbHBIX IYCKOBBIX MEXaHU3MOB
ayTOMMMYHHOTO IIpollecca B OCTpoBKax JlaHrep-
raHca, OTpaKaloT JUHAMUKY [TPeICTABJIEHUH O 1aTo-
reHese 3TOro IMpoliecca.

PHUCK Pa3BUTHUA AyTOUMMYHH-

CTAINU Ca1

C/I1 u3BecTeH Kak KOHTUHYYM, HAUNHAIOIIIICS
C TIOSIBJIEHUS OCTPOBKOBBIX ayTOAHTUTeEJ, HepeaKo
Ha (dOHe TeHeTUYEeCKOTO PHUCKA, C IOCIeAYIOIUM
paspyuienrueM 6eTa-KJIETOK, YTO IPUBOJUT K edu-
IUTYy WHCYJIMHA U KJIUHUYECKOMY 3a00JIEBaHUIO.
W3BecTHO, 4TO HapylleHHs IOMeoCTa3a IJIIOKO3BI
pa3BUBAIOTCA 33J0JII0 JO IOABJIEHUS TUINYHBIX
cuMnToMoB [22]. CorsiacHO JaHHBIM IOCTIETHUX JIET,
B 3aBUCHUMOCTHU OT craryca AAT u Hanuuusa KJINHU-
YeCKUX MPOSIBJIEHUN BBIIEJISAIOT 3 CTAAUU IIPOrpec-
cUpoBaHUs 3a60J1€BaHUA, KOTOPbIE, II0 CYyTH, U OTpa-
JKAIOT KOHTHHYyM ayroummyHHoro CJ{1 (puc. 3),
IIpUYeM IIepBble 2 CTAAUU ABJIAIOTCA JOKJIUHHYE-
ckuMu (mocuMIrroMaTudeckumMu) [9].

ITepBaa crapgua C/l1 xapakTepusyeTcsa Haju-
yyeM y IlallueHTa He MeHee JIByX OCTPOBKOBBIX

(<20 ng/ml), 37% had suboptimal levels
(20—30 ng/ml), and only 25% had optimal levels of
the vitamin (30-50 ng/ml) [21]. 25(OH)D levels
were inversely proportional to the severity of DKA
and negatively correlated with glycated hemoglobin
values and the age of children at diagnosis [21].

The presented data on the increase in the inci-
dence and prevalence of TiDM, largely associated
with an increase in the number of external risk fac-
tors — additional triggers for the autoimmune pro-
cess in the islets of Langerhans, reflect the dynamics
of ideas about the pathogenesis of this process.

T1DM STAGES

T1DM is known as a continuum, beginning with
the appearance of islet AAB, often amid genetic risk,
followed by destruction of beta cells, which leads to
insulin deficiency and clinical disease. It is known
that glucose homeostasis disorders develop long
before the appearance of typical symptoms [22].
According to recent data, depending on the status of
AAB and presence of clinical manifestations, 3 stages
of disease progression are distinguished, which, in
fact, reflect the continuum of autoimmune TiDM
(Fig. 3), with the first 2 stages being preclinical (pre-
symptomatic) [9].

Stage 1 T1DM is characterized by the presence of
at least two islet AAB, normoglycemia, and the
absence of symptoms. The islet AAB presence should
be confirmed in two samples using validated tools. If
one islet AAB is detected in a patient, the patient is at
risk for developing T1DM [5].

At stage 2, in addition to multiple islet AAB, the
carbohydrate metabolism disorders are found:
impaired fasting glycemia, impaired glucose toler-
ance, or glycated hemoglobin (HbA1c) within the
range of 5,7-6,5% [5]. Stage 2 is subdivided into
stage 2a — fasting plasma glucose (FPG) 5,6—6,4
mmol/] and stage 2b — FPG 6,5—-6,9 mmol/l. Dur-
ing the oral glucose tolerance test (OGTT), the
plasma glucose level corresponds to 7,8-11,1
mmol/l. The division of stage 2 into 2a and 2b is
proposed to characterize this group of patients,
however, in clinical practice it is not always possible
to identify the sequential development of these
stages [5].

At stage 3, the plasma glucose level meets the
diagnostic criteria for diabetes. Depending on the
presence of its symptoms, stage 3 is divided into
stage 3a — no symptoms of diabetes and 3b — clinical
symptoms of diabetes (polyuria, polydipsia, weight
loss). The division of stage 3 into 3a and 3b is pro-
posed for additional description of this group of
patients [5].
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Fig. 3. Classification of early stages of T1IDM (according to [9])

ayTOAHTUTEJ], HOPMOTJIMKEMHUENH U OTCYTCTBHEM
cuMnToMoB. Hanmnume ocTpoBKOBBIX AAT mo/12KHO
OBITh TMOATBEPIKIEHO B ZIBYX Mpobax ¢ UCIOJIb30-
BaHUEM ITPOBEPEHHBIX aHAIU3aTOPOB. [IpU BhIsAB-
JIEHUW y TalleHTa OJHOTO OCTPOBKOBOro AAT
MalydeHT MOoIaflaeT B TPYIIY pHCKA Pa3BUTHs
CHa [5].

Ha BTOpO¥ cTasimu, MOMUMO MHOKECTBEHHBIX
OCTPOBKOBBIX AAT, BBIABIAIOTCA HapyIIEHUs
yIJIEBOAHOTO OOMeHa: HapylleHue TJINKEMUU
HATOII[aK, HAPYIIIEHUE TOJEPAHTHOCTU K TJIFOKO3€e
WU TJINKUPOBaHHBIN remorsiobus (HbA1c) B nua-
ma3oHe 5,7—6,5 % [5]. Bropas cragus moapasje-
JIAETCSA Ha CTAJIUI0 2a — YPOBEHBD TJIIOKO3BI I1J1a3Mbl
nartomiak (I'ITH) 5,6—6,4 MmMomb//, Ha cTaguu 20
yposens I'TTH 6,5-6,9 mMosb/si1. B mepopansHOM
raoko3otosiepantHoM  Tecte (IIT'TT) ypoBeHb
IJII0OKO3bI  IJIa3MBI  COOTBETCTByeT  7,8—11,1
MMOJIb/J1. Pasyiesienue crauu 2 Ha 2a U 20 npej-
JjlaraeTcA JUIA XapaKTEPUCTUKH OTOU TPYIIIbI
MalMeHTOB, OJIHAKO B KJIMHUYECKOU MpPaKTHUKE He
BCer/la MOJKHO BBISIBUTH IIOCJIEIOBAaTEJIbHOE pas-
BUTHE DTHUX CTagui [5].

Ha TpeTheii cTafiiyi ypOBEHD TJIIOKO3BI ILJIaA3MBbI
COOTBETCTBYET aHarHocTudyeckum kpurepusim ClI.
B 3aBUCHMMOCTH OT HAJIMUMsS €r0 CHUMIITOMOB CTa-
AT 3 TIO/IPA3/ieIsieTcst Ha CTafuio0 3a — OTCYTCTBHE
CHUMIITOMOB arabera 1 30 — KJIMHUYECKass CUMIITO-
maTtuka CJl (mosmypus, MOJIMAUIICHS, CHIDKEHHE
Macchl Teja). Paszjienenre ctaauu 3 Ha 3a u 30 mpef-
Jaraercs JJisl JOIIOJIHHUTEIbHOIO OIMCAHHS DTOH
TPYIIIBI TAIUEHTOB [5].

T1iDM SCREENING AT EARLY STAGES

The presented data on the time ranges of progres-
sion of the autoimmune process, which has its own
stages, formed the basis for a new tactic of early diag-
nostic search using screening.

The detection of two or more islet AAB in two
samples during screening allows to make the diagno-
sis of T1IDM several months or years before the devel-
opment of dysglycemia and typical clinical picture
[5]. Progression to the clinical stage occurs during
life in approximately 100% of cases [9]. To date,
screening programs are aimed at high-risk patients
with first-degree relatives with T1DM, since the risk
of developing the disease in this group is 15 times
higher than in the general population, as well as at
patients with a confirmed high-risk HLA genotype.
However, it should be taken into account that
approximately 90% of people with TiDM have no
family history of the disease [23].

The purpose of screening is to identify a group of
patients with a potential risk of developing clinical
stage of TiIDM for preventive treatment aimed at
delay in the progression of autoimmune insulitis,
clinical and laboratory monitoring, patient educa-
tion and prevention of the development of serious
short- and long-term complications such as DKA,
cardiovascular disease and premature mortality
[5, 24].

Screening and subsequent monitoring can reduce
the incidence of DKA by 90%. The absence of DKA at
the onset of stage 3 of TiDM is of fundamental
importance, improving the long-term prognosis:
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CKPUHUHI CI1 HA PAHHUX CTAINAX

[IpencTaBieHHbIE JaHHBIE O BpDEMEHHBIX Jrara-
30HaX IPOrPECCUPOBAHUS AyTOMMMYHHOTO IIPO-
1ecca, UMEIOIIETO CBOIO CTaJUUHOCTD, cpopMUpO-
BaJIM OCHOBY /Il HOBOM TAKTUKU PAHHETO JHUATHO-
CTUYECKOTO ITOMCKA C TIOMOIIbIO CKDUHUHTA.

BoisiByienne AByx u 6osiee ocTpoBKOBBIX AAT B
JIByX mpobax B X0Jie CKpUHUHTA IO3BOJISIET IOCTa-
BUTh auarto3 CJI1 3a HECKOJIbKO MECAIEB HJIH JIET
JI0 Pa3BUTHA JIUCTIIUKEMUU W TUIUYHOU KIIMHUUE-
cKoU KapTuHsbl [5]. [IporpeccupoBaHue 0 KIHHIYE-
CKOU CTaJU¥M IPOWICXOJIUT B TEUEHUE KU3HU IPH-
MEpHO B 100 % ciydaes [9]. Ha ceroHAIIHNY /IeHb
MIPOTpaMMBbl CKDUHUHTA HallpaBJIeHbI HA MTAI[eHTOB
BBICOKOTO PUCKA, UMEIOIIUX POJICTBEHHUKOB ITEPBOU
creneHu pojcTBa ¢ C/I1, MOCKOJIBKY B 3TOU TpyIIIIe
JII0/Iel PUCK pa3BUTHs 3a00J1€BaHUA B 15 pa3 BHIIIIE,
yeM B OOIIeH IOIyJISIKY, a TAK)KE Ha IaIueHTOB,
HUMEIONUX TO/ITBEPKAeHHbI reHoTun HLA BbIco-
Koro pucka. OIHAKO CJIeAyeT YUUThIBATh, YTO MPHU-
MepHO ¥ 90 % miozeit ¢ C/I1 HeT ceMelHOTO aHAM-
Hesa 3abosieBaHus [23].

[es1bI0 CKPUHUHTA SIBJISIETCS BBISBJIECHUE TPYTIIIHI
MAIUeHTOB C IOTEHIIMAJIbHBIM PHUCKOM Pa3BUTHS
kiauHnYeckou craauu C/I1 7y1a mpoBeneHus npodu-
JIAKTUYECKOTO JIEUeHHUsI, HATPABJIEHHOTO Ha 3aMe/l-
JIEHUE TIPOTPECCUPOBAHUS AyTOMMMYHHOTO HWHCY-
JINTA, KJIMHUKO-J1a00paTOPHOTO MOHUTOPHUHTA, 00Yy-
YeHHUs TMAaIlieHTOB U TPEAYIPEeKIeHUs Pa3BUTHS
CEPBE3HBIX KPATKOCPOYHBIX U  JIOJITOCPOUYHBIX
OCJIO’KHeHUH, Takux Kak [IKA, cepmeuno-cocynu-
cThle 3a00JIeBaHUSA U TpPeXKJAeBpeMeHHas CMepT-
HOCTb [5, 24].

CKpUHUHT U MOCIIEAYIOMIH MOHUTOPUHT ITO03BO-
adet cHusuTh yacrtoty KA Ha 90 %. OtcyrcTBUe
JIKA B nebrore 3-i craguu CJ[1 uMeeT MPUHIIUIIN-
aJIbHOE 3HAYeHWe, YJIydllas JOJITOCPOYHBIA IPO-
rHo3: HbA1c B nebiote C/[1 cyIecTBEHHO HIDKE Y
JleTel, BhISIBJIEHHBIX B XO7le CKpUHUHTA (7,2 %), 10
CPaBHEHUIO C JIEThbMU, Y KOTOpbIX C/1 /1e610THpOBa
0e3 CKpUHHHTA 1 MOHUTOpPHHTA (10,3 %) [25]. Kpome
Toro, fetd ¢ C/I1, BHISBJIEHHBIM I10 JJAHHBIM CKPH-
HUHTAa, UMEIOT 00JIee JIErKOoe Hauyayio U MATKOE Tede-
HHe 00JIe3HU B TEPBBIE TOMABI MOCTE JTHUATHOCTUKU
3abosieBaHus [5, 25]. BesaBienne C1 Ha JOK/IHMHU-
YEeCKOU CTaJUM TaK’)Ke IT03BOJISIET ICUXOJIOTUUECKH
MTOZITOTOBUTD IMAI[HEHTOB, 00YUYUTh UX OCHOBAM KOH-
tposisi C/I ¥ WHCYJIMHOTEPAIIUM, YTO MPHUBOJUT K
CHIDKEHUIO TICUXOJIOTUYECKON HATPY3KH U TPEBOTHU
IIpU pa3BUTHUH 3a00sieBaHusd [5, 24].

Meronuka ckpunHuHra C/I1 Ha paHHUX CTaAuAX
3aKJIIOYAETCS B BBISABJIEHUU HAJTUYUSA OCTPOBKOBBIX
AAT 710 pa3BUTHUS JUCTIHKEMUH, COOTBETCTBYIOIIEH
KpHUTepUSM caxapHoro auabera (craguu 1, 2a u 26).

HbAu1c at the onset of T1DM is significantly lower in
children identified during screening (7,2%) com-
pared to children in whom the onset of TiDM
occurred without screening and monitoring (10,3%)
[25]. In addition, children with TiDM diagnosed
during screening have a milder onset and a milder
course of the disease in the first years after diagnosis
[5, 25]. Detection of T1iDM at the preclinical stage
also allows for psychological preparation of patients,
teaching them the basics of diabetes control and
insulin therapy, which leads to a decrease in psycho-
logical stress and anxiety during the development of
the disease [5, 24].

The technique of screening for early stages of
T1DM involves detecting the presence of islet AAB
before the development of dysglycemia correspond-
ing to the criteria for DM (stages 1, 2a and 2b).
Screening based on family history alone does not
identify 90% of people who will develop diabetes, so
two strategies are used: either screening of the gen-
eral population or screening stratified by genetic risk
or family history [5].

Currently, the optimal age for DM screening was
not established. The risk of developing T1DM at the
age of 7,5 months was 4,5% and decreased to 1,1% at
the age of 6,25 years [26]. Bonifacio et al. (2021) found
that the highest sensitivity and positive predictive
value of multiple islet AAB for DM1 was achieved in a
double AAB screening — at the ages of 2 and 5—7 years
[26]. The same study showed that the influence of
gender, HLA and genes associated with a high risk of
developing T1DM declined with increasing age, up to
no effect by the age of 6 years. Ghalwash et al. (2022),
using data from five cohort studies conducted in Fin-
land, the USA, Germany and Sweden which followed
up children at high risk of T1IDM, showed that a dou-
ble screening — at the age of 2 and 6 years allowed to
detect T1IDM by the age of 15 with a sensitivity of 82%
[27]. In another cohort of individuals, Ghalwash et al.
(2023) found that a single screening at the age of
10 years had 90% sensitivity with a positive predictive
value of 66%. Meanwhile, screening at the age of 10
and 14 years increased the sensitivity to 93%, but
reduced the positive predictive value to 55% [28]. It
should be noted that screening after 2 years does not
take into account the subgroup of children in whom
the rapid development of TiDM occurs in the first
2 years of life with the highest risk of DKA incidence of
DKA [5].

MONITORING PATIENTS

AT PRECLINICAL STAGE OF TiDM

Widespread implementation of screening will
identify individuals with islet AAB who are at risk of
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CKpUHUHT Ha OCHOBAaHUH TOJIbKO CEMENHOI0 aHaM-
He3a He MT03BOJIsSET BBIABUTH 90 % JIIO/IEH, Y KOTOPBIX
paszoBbercsa C/I, mOSTOMYy HUCIOJIB3YIOT JBE CTpaTe-
ruyd: Jinb0 CKPUHHUHT OOIIEed NOMyJIsAIuH, JIUOO0
CKPUHUHT, cTPaTU(GUITUPOBAHHBIN C yUeTOM T€HEeTH-
YeCcKOro pHUCKa WU CEMEHHOTO aHaMHe3a [5].

Ha maHHBIA MOMEHT ONITHMAJIBHBIA BO3PACT JJIs
ckpunuHra C/l He ycraHoBieH. Puck pazsutusa C/1
B BO3pacTe 7,5 MeC COCTaBJISLI 4,5 % U CHUIKAJICS JI0
1,1 % B BO3pacre 6,25 roga [26]. E. Bonifacio et al.
(2021) oOHAPYKWIH, YTO caMast BbICOKAsl UyBCTBU-
TEJIPHOCTb W IIOJIOJKHTEJbHAS IPOTHOCTHYECKAS
[IEHHOCTh MHOKECTBEHHBIX OCTPOBKOBBIX AAT s
CJ/I1 ObL1a JOCTUTHYTA IIPH CKPUHUHTE ayTOAHTUTE
JIBAXKZIbI — B Bo3pacTe 2 U 5—7 JieT [26]. B aTom xe
KCCJIEIOBAHUY OBLIIO ITI0KAa3aHO, YTO BJIUSHUE 10JIa,
HLA 1 reHOB, aCCOIIMUPOBAHHBIX C BHICOKUM PHCKOM
pasButuss C/I1, ociabeBasio ¢ yBeJIMYEHUEM BO3-
pacra, BIUIOTh J0 OTCYTCTBHUS BJIMSHUS K BO3PaCTy
6 aer. M. Ghalwash et al. (2022), ncnosib308aB fgaH-
HbIE MISTH KOTOPTHBIX MCCIIEIOBAHUN, TPOBEJEHHBIX
B Qunsinauu, CIIA, 'epmanun u IlIBeruu, B KOTO-
PbIX HabJII0/1a/I 3a IEThMU C BbICOKUM prckom C/I1,
MTOKa3aJIx, YTO JIBYKPATHBIN CKPUHUHT — B BO3pacTe
2 1 6 J1eT — 03BoJIsI BeIABUTH C/[1 K 15 rofiaM ¢ 4yB-
crBUTENIbHOCTRI0O 82 % [27]. M. Ghalwash et al.
(2023) B Apyroil koropre JIHI] OOHAPY:KHIU, UTO
OTHOKPATHBI CKPUHUHT B BO3pacTe 10 JIET UMeJT
90% YyBCTBUTEJIBHOCTD C TOJIOKUTETHHON TPOTHO-
CTUYECKOU IIEHHOCTBIO 66 %. IIpu 5TOM CKpUHUHT B
BO3pacTe 10 U 14 JIET TOBBICHJI UyBCTBUTEIBHOCTD 10
93 %, HO CHU3WJI IOJIOKUTETbHYI0 MPOTHOCTHYE-
CKYI0 IIEHHOCTbH J10 55 % [28]. Cirestyer 3aMeTUTD, UTO
IIpY CKPUHUHTE TIOCJIE 2 JIET HE YYUTHIBAETCA IO/-
TpyIa JieTei, y KOTOphIX ObicTpoe pasputie CJ1
MIPOMCXO/UT B IIEPBBIE 2 TO/IA JKU3HU C CAMOU BBICO-
Ko yacroTo# pazsutus JIKA [5].

MOHUTOPUHI ITAITUEHTOB HA /IOKJIU-
HUYECKOY CTAAVU C/I1

IlTupokoe BHEAPEHNE CKDUHUHTA TT0O3BOJIUT BBISI-
BUThb MMEIIINX OCTPOBKOBBIE ayTOAHTHUTEJA JIWII,
KoTOphle moaBep:keHbl pucky CII1 (¢ eqUHUYHBIM
AAT) unu ¢ yxxe umerormumces C/I1 Ha paHHHX CTa-
nusax (¢ mHokecTBeHHbIMEU AAT). Takue cyOheKTHI
HY>KIAIOTCI B MOHHUTOPHHTE IIPOTPECCHPOBAHUS
3ab0JIeBaHUs IS CHYDKEHUS BEPOSITHOCTH Pa3BH-
tust JIKA npu muarHocruke C/I1 Ha 3-#1 craguwm, a
TaK’Ke B POBEZIEHUU PETryJIPHOTO 00yueHus (C yue-
TOM WHJIUBUAYAIBHBIX MOTpeOHOCTEN — oOydueHUe
poauTesied WU IPYTUX 4iIeHOB ceMel). ObyueHmne
koHTpOJI0 C/I1 MOJIPKHO OBITH MEPCOHATU3UPOBAH-
HBIM, C YYE€TOM KYJIbTYPHBIX, SI3BIKOBBIX H COIIH-
aJIbHO-3KOHOMMYECKHX 0COOEHHOCTEH ceMbH [5].

developing T1DM (with single AAB) or who already
have T1DM at early stages (with multiple AAB). Such
individuals require monitoring of disease progres-
sion to reduce the likelihood of developing DKA on
making T1iDM diagnosis at stage 3, as well as the
regular education (taking into account individual
needs — education of parents or other family mem-
bers). Education for TIDM management should be
personalized, taking into account the cultural, lin-
guistic and socioeconomic characteristics of the
family [5].

Early detection and monitoring of TiDM can
reduce the psychological burden associated with the
diagnosis of diabetes. Compared with children diag-
nosed with T1DM at clinical manifestation, children
who have undergone screening and monitoring have
a higher quality of life and a lower level of stress in
their parents associated with the diagnosis of
T1DM [24].

Following up the patients includes repeated test-
ing for AAB and glycemic control. To identify persis-
tence of autoimmunity after detection of islet AAB,
the repeated AAB testing is necessary within three
months in standardized laboratories [29]. It is diffi-
cult to predict when an AAB-positive individual will
progress to TiDM stage 3. However, children and
adolescents with positive multiple islet AAB tests
have both higher rate and risk of progression to
T1DM stage 3 (88%) compared to children positive
for only one type of AAB (18%) [30].

The frequency of screening depends on the risk of
progression to stage 3 of DM. More frequent moni-
toring is necessary for children with a high risk of
progression: presence of dysglycemia (stage 2), auto-
antibodies at a young age, high levels of insulin AAB
(IA—2A) or 3—4 islet AAB (Fig. 4).

The gold standard for diagnosing stages of T1IDM
is OGTT [31]. OGTT criteria correspond to the diag-
nostic values for adults [5]:

e 2-hours plasma glucose following oral glu-
cose load <7,8 mmol/]l — stage 1 T1IDM (nor-
mal glucose tolerance);

e 2-hours plasma glucose following glucose
load 7,8-11,1 mmol/l — stage 2 TiDM
(impaired glucose tolerance);

« 2-hours plasma glucose following glucose
load >11,1 mmol/I — stage 3 T1DM [5].

PREVENTION

The ideology of preclinical staging of T1DM based
on data on the course of the autoimmune process in
the islets of Langerhans justifies a fundamentally
new approach to delay in the loss of beta cells, in con-
trast to attempts in previous years [5]. Given the
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Pannee BpisgBieHne u MoHUTOpuHr CJ/I1 mo3sBo-
JIsIeT CHUBUTH IICUXOJIOTHYECKYI0 Harpy3Ky, CBA3aH-
HYIO C YCTaHOBJIEHHEM JuarHosa auabera. 1o cpas-
HEHUIO C eTbMH, Y KoTopblx C/I1 nmarHocTupoBan
NIpU KJIWHUYECKOH MaHHecTauu, y JeTeH, Mpo-
HIEAINX CKDUHUHT U MOHUTOPHHT, KAYECTBO KU3HHU
BBIIIIE, & YPOBEHb CTPECCA Y UX POJUTENIEH, CBA3AH-
HBIH ¢ guarao3om CJI1 — Hmxke [24].

MOHUTOPUHT MAI[UEHTOB BKJIOUAaeT B cebs
noBTopHoe onpezesnenre AAT 1 KOHTpPOJIb TJINKe-
MuH. J11 BBISABIEHUS CTOHKOCTH ayTOMMMYHHUTETA
IOCJIE BBISBJIEHUsI OCTPOBKOBBIX ayTOAHTUTEJ HE00-
XOJMMO IIOBTOpHOe ompeneneHne AAT B TeyeHue
TpeX MecAIEeB B CTAH/IAPTU3UPOBAHHBIX JabOpaTo-
pusix [29]. C103kHO MpeicKa3aTth, KOrja y cyobeKTa ¢
TOJIOKUTENIBHBIM cTratycoM AAT mpousoieT mpo-
rpeccupoBanue C/{1 10 3-1 craauu. OHAKO Y IeTer
U IOZIPOCTKOB C HAJTUYHEM MHOKECTBEHHBIX OCTPOB-
koBbIX AAT oTMeuaetcs: 60Jiee BBICOKAst CKOPOCTh U
puck nporpeccupoBanus (88 %) C/I1 1o crajiuu 3 1Mo
CPaBHEHHIO C JIETHbMU C HAJUYKUEM TOJIBKO OJTHOTO
tuma AAT (18 %) [30].

YacroTa 06cIemoBaHUA 3aBUCUT OT PHCKA IIPO-
rpeccupoBaHusl amabera A0 3-U cragun. bBosee
YacThIil MOHUTOPUHT HEOOXOAUM JIETAM C BHICOKHM
PHUCKOM TIPOTPECCHPOBAHUA: HAJIUYMUE JIUCIJINKE-
MuH (cTagus 2), ayTOAHTUTEJ B MOJIOZIOM BO3PAcCTe,
Boicokull ypoBeHb AAT k wmHCcynmuHy (IA-2A) win
3—4 octpoBKOBBIX AAT (puc. 4).

30JI0TBIM CTaHAAPTOM JIJIsI IUATHOCTUKH CTAUN
CJI1 ssBaisiercs IITTT [31]. Kpurepuu IIT'TT cooTBeT-
CTBYIOT JIMaTHOCTUYECKHM IIapaMeTpaM B3poc-
JbIX [5]:

e YPOBEHbH IVTIOKO3BI IJIA3MBI Uepe3 2 U IOoCse

HATpy3KHU TIIIOKO30U <7,8 MMOJIb/JT — 1-5 CTa-
musg CI1 (HOpMasibHas TOJIEPAHTHOCTHh K
TJIIOKO03€);

e  YPOBEHbH IVIIOKO3BI IIJIa3MBI Uepe3 2 U I0cse
Harpy3KH IJIIOK0301 7,8—11,1 MMOJIb/JT — 2-51
cragus C/1 (HapyleHHe TOJIEpAaHTHOCTH K
TJIIOKO3E);

e YPOBEHbH IVIIOKO3BI IIJIA3MBI Uepe3 2 U IOocye
Harpy3KH IJIIOKO30H >11,1 MMOJIb/JI — 3-f
cragus C/I1 [5].

IMPO®UNIAKTHUKA

Upeosnorusa goknnHndeckoro cragupoBanusa Cl1
Ha OCHOBE JIJAHHBIX O TEYEHUU aQyTOUMMYHHOTO IIPO-
mecca B ocTpoBkax JlaHrepranca 0OOCHOBBIBAET
MIPUHITUIINAIBHO HOBBIA TOAXOZ K 3aMeJIeHUI0
rnorepu 6eTa-KJIeTOK, B OTJIMYUE OT IOIBITOK IIPO-
IUIBIX JIET [5]. YUuThIBasg ayTOMMMYHHYIO 3THOJIO-
ruto C/I1, 11e1p10 JleueHusd fABJISIETCA MpeloTBpalle-
HHE HMMYHOOIIOCPEIOBAHHOTO pa3pylleHus OeTa-

autoimmune etiology of T1DM, the goal of treatment
is to prevent immune-mediated destruction of pan-
creatic beta cells [32]. Until recently, all attempts at
immunotherapeutic interventions have not achieved
significant success, at best reducing the rate of beta
cell destruction, but stopping the immune process
and not allowing glycemia to normalize [33]. The
most promising results at the preclinical and clinical
stages were shown by muromonab, an immunosup-
pressive agent targeted CD3 T-lymphocytes. Muro-
monab is the first monoclonal antibody approved for
clinical use. However, side effects associated with the
use of this drug led to its withdrawal [32].

In November 2022, teplizumab was approved in
the United States for patients with preclinical disease
and aged 8 years and older. This drug is a monoclo-
nal antibody to the CD3 receptor of T lymphocytes,
which has shown efficacy in delaying the progression
of T1iDM from stage 2 to stage 3 [34]. In a random-
ized, placebo-controlled phase 2 trial involving
76 subjects with stage 2 TiDM who had relatives
with diagnosed T1DM, the median time to the clini-
cal disease development was 2,7 years longer in the
group of patients who have received teplizumab for
14 days compared with the placebo group [5].

Various drug regimens were tested in five ran-
domized controlled trials (RCTs). In patients with
newly diagnosed overt TiDM, teplizumab delayed
the decline in C-peptide levels, improved glycemic
status, and reduced insulin requirement for an aver-
age of 1—2 years. Trials of the drug in relatives of
patients at risk have shown a decrease in the inci-
dence of T1DM over 2 years of follow-up. Side effects
included transient rash, cytopenia, nausea, vomit-
ing, and infections [2]. Ramos et al. (2023) evaluated
beta cell preservation during a RCTs in patients
receiving teplizumab or placebo for two 12-day
courses. In the teplizumab group, significantly higher
stimulated C-peptide levels were found at week 78
compared with the placebo group [35]. Adverse
events were similar to those reported by Fanaropou-
lou et al. (2024) [2].

The effect of teplizumab on preserving endoge-
nous insulin production was assessed using an inte-
grated analysis of C-peptide data from five RCTs
(n = 609 375 subjects in the teplizumab group and
234 in the placebo group) in stage 3 TiDM [36].
A significant improvement in stimulated C-peptide
levels was found compared with baseline at year 1
(mean increase of 0,08 nmol/l) and year 2 (mean
increase of 0,12 nmol/l) after one or two courses of
teplizumab, confirming the efficacy of the drug in
preserving beta cell function assessed by C-peptide
[36]. The presented results correlate with the data of
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AHanu3bl KPOBU Bospacr Yacrora
Blood tests Age Frequency
/ \ » Kaxzple 6 Mec B TeyeHue 3 jet
Every 6 months during 3 years
<3 ner » Kaxzple 12 mec B nocnemyrouue 3 roga
<3 years Every 12 months during the next 3 years
* AntnTena e [IpekpaTuTh IIpU OTCYTCTBUU POTPECCUPOBAHUS
I?E}S]’Od‘es Stop if no progression
. c
e o
I AAT/AAB * CiyyaiiHas riMKeMus
Random glycemia
A
>3 ner * Kaxxzsle 12 mec B Teuenue 3 et
c Every 12 months during the next 3 years
>3 years * [IpekpaTuThb Mpy OTCYTCTBHHU IIPOrPECCHPOBAHIS
\ / Stop if no progression
CKpHHMHT Cragus AHanm3bl KPOBU Bo3spact Yacrora
Screening Stage Blood tests Age Frequency
c | «HbAlc [ <3 qet / years } [ Kasxnsie 3 mec / Every 3 months }
Taaus » CiyuaitHasi NIMKEMUst
v Stage 1 Random glycemia [ 3-9 ner / years } [ Kaxieie 6 mec / Every 6 months }
*« HMT'/ CGM >
52 AAT/AAB| > III'TT [ >9 ner / years } [ Kaxbie 12 mec / Every 12 months }
OGTT
* HbAlc
Cragus 2 « CrtyuaiiHas mIHKeMHs [<1 8 et / years} [ Kaxpie 3 mec / Every 3 months }
Stage 2 Random glycemia
“HMT / CGM [>18 et/ years] [ Kasxmsie 6 mec / Every 6 months }

Puc. 4. CKpUHUHT H MOHUTOPHHT Y IeTell 1 IIOPOCTKOB IIPY BBISBJIEHUH O/THOTO UJIN HECKOJIBKUX THUIIOB
octpoBKOBBIX ayroaHTutel (1o [5]) (AAT — ayroanTtureno; IIITT — nepopaibHbII IITIOKO30TOJIEDAHTHBIHN TECT;
HbA1c — rmkupoBaHHbIH reMorsio6uH; HMT' — HellpepbIBHBIA MOHUTOPUHT TJTIOKO3bI)

Fig. 4. Screening and monitoring in children and adolescents with single or multiple types of islet autoantibodies
(according to [5]) (AAB — autoantibody; OGTT — oral glucose tolerance test; HbA1c — glycated hemoglobin;
CGM - continuous glucose monitoring)

kinetok IDK [32]. /o HenmaBHEro BpeMEHH Bce
MIOTIBITKA UMMYHOTEPAIIEBTHYECKUX BMEIIATETIHCTB
He JIOCTUTAJN CyIIEeCTBEHHBIX yCIIEXOB, B JIydIlleM
cJIyyae yMeHbIIasi CKOPOCTh Pa3pyIleHus beTa-Kiie-
TOK, HO HE OCTaHABJIMBasg UMMYHHBIN IIPOIlECC U He
MO3BOJIsASI HOPMAaJIM30BaTh IukeMuio [33]. Hawu-
0oJiee MHOTOOOEIIAOIINE PE3YIBTATHI HA JIOKJTUHHU-
YEeCKUX M KJIMHHYECKHUX HTAllaxX IMOKa3aJal MypOMO-
Hab, ABIAOIUICI UMMyHOcynpeccopom CD3
T-mumdonuroB. MypomMoHab — mepBoe MOHOKJIO-
HaJIbHOE aHTHUTEJIO0, OZ00PEHHOE /I KITHHUYECKOTO
rcmosb3oBanusa. OnHako mobounslie 3PpdeKThI, CBS-
3aHHBIE C IPUMEHEHHEM 3TOTO IIperapara, IpUBeJIN
K €ero OT3bIBY [32].

B HOs16pe 2022 1. B CIIIA 6bL1T 0/T00p€EH TEITHU3Y-
Mab I IalMeHTOB C JOKJIMHHYECKOH crajuen
60s1e3HU B Bo3pacTe 8 JIeT U cTapiie. DTOT IpenapaT
SIBJISIETCS MOHOKJIOHAJBHBIM aHTuUTEIOM K CD3
peuenTopam T-num@onuTos, nokazaBuuM 3ddex-
THUBHOCTH B 3aMejlJieHuu nmporpeccupoBanusa C/[1 co
2-11 10 3-% craguu [34]. B pangoMusupoBaHHOM

Sims et al. (2021), which showed that the median
time before diagnosis of stage 3 TiDM was
59,6 months in those who received a 14-day course of
teplizumab, and 27,1 months in those in the placebo
group [37].

The problems with the use of teplizumab include
its restricted indications for patients with stage 2
T1DM treatment, which in turn requires the develop-
ment of new screening programs to identify the tar-
get group of patients, as well as the high cost of the
drug ($194 000) [5].

CONCLUSION

T1DM is a chronic autoimmune disease charac-
terized by immune-mediated destruction of pancre-
atic beta cells. The exact etiology of TiDM is cur-
rently unknown and is thought to involve a complex
interaction of genetic susceptibility and environmen-
tal risk factors.

Screening for islet AAB allows for the diagnosis of
T1DM at early stages, several months or even years
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1A Ee00-KOHTPOJIMPYEMOM HCCIIEIOBAHUH (Pasbl 2 ¢
yuactueM 76 yeit. ¢ C/I1 2-% cTaguu, UMeIONIIUX POJi-
CTBEHHHUKOB C ycTaHoBJeHHBIM C/l1, MeauaHa Bpe-
MEHU Pa3BUTHA KJIWMHUYECKOro 3ab0sieBaHUs ObLIa
Ha 2,7 rojia 60JIbIIE B TPYIIIE MAI[HeHTOB, TOJIYyIUB-
X 14-THEBHBIN KypC TEIIN3yMaba, o CpaBHEHUIO
¢ rpyrmmou mianebo [5].

IIpoTecTpoBaHbl pa3JIHYHbIE PEKUMBI IIpHEMA
Ipernapara B IISITH PaHIOMU3UPOBAHHBIX KOHTPOJIH-
pyembix wucciaenoBanusax (PKUM). Y mamueHTOB C
BIEPBbIE BhISBJIEHHBIM MaHudecTHbIM C/I1 Termiu-
3ymab 3ajiepKUBAJl CHUKeHUe ypoBHs C-TlenTuja,
yAydInag TJIMKEMAYECKUA KOHTPOJIb W CHHIKAJI
MOTPeOHOCTh B MHCYJIHWHE B CpeJHEM Ha 1-2 Toa.
HcenenoBaHus mpenapaTta y pOACTBEHHUKOB MalU-
€HTOB U3 I'PYNITBl PUCKA IMOKa3aJIk CHIKEHHE 3260~
nesaemoctu CJI1 B TeueHue 2 JieT HaGJIIOEHUA.
Cpenu mo604YHBIX 3(PGHEKTOB OTMEUYATUCh TPAH3U-
TOpHAs ChIIb, IIUTOIIEHUS, TOTHOTA, PBOTA, HH(DEK-
muu [2]. E.L. Ramos et al. (2023) onenuBanu B PKI
coxpaHeHue Oera-kiaetok IIDK y marueHTOB, MOJIy-
YaBIIUX TEIUTU3yMab WId 1ianebo B TeYeHHe JIBYX
12-7IHEBHBIX KyPCOB. B rpyIimie jeuenus termmayma-
O6oM Ha 78-1i HeJieJie BhISIBJIEHBI 3HAUUTEIHLHO Oojiee
BBICOKHE CTUMYJIUPOBaHHbIE YPOBHU C-TENTH/IA 10
CpaBHEHHUIO ¢ rpymmnoi mianebo [35]. Hexematenn-
Hble sBJIEHUSA OBUIM CXOKH C COOOIIEHHBIMH
N.M. Fanaropoulou et al. (2024) [2].

Biusiaue terminsyMmaba Ha cOXpaHeHUe DH/IOTeH-
HOH BBIPDAOOTKH HHCYJIMHA OBLIO OIIEHEHO II0
C-nenrtuyty B 00001eHHONM Koropre msitu PKU
(n = 609 375 yen. B rpyimie TenMaymaba u 234 B
rpymre 1iane6o) npu 3-i craguu C/{1 [36]. Boisas-
JIEHO 3HAYUTEJIPHOE YJIydllleHue CTHMYJIHPOBAH-
Horo C-TenTH/ia Mo CPaBHEHUIO ¢ UCXOAHBIM YPOB-
HEM B IIepBBIH TO7 (CpelHee yBeJWYeHUWE Ha
0,08 HMOJIb/JT) ¥ BO BTOPOU TOJ (Cpe/lHEE yBeInue-
HHE Ha 0,12 HMOJIb/JI) IOCJI€ OAHOTO HJIU IBYX Kyp-
cOB Tern3ymaba, uTo MOATBep:kaaeT 3h¢eKTHB-
HOCTbH JIEWCTBHSA IIperapara Jjisi COXpaHeHus QyHK-
MU B-KJIETOK, OIeHeHHOH ¢ momoIisio C-mentuaa
[36]. IlpencraBieHHbIe pe3yIbTAThI KOPPETUPYIOT C
manaeivu E.K. Sims et al. (2021), nokasaBmumu,
YTO MeJMaHa BPEMEHM [0 ITOCTAHOBKHU AUarHo3a
C/I1 3-11 cTaimu cocTasJisiiia 59,6 MecC y OJIy4aBIITUX
14-7THEBHBIU KypC Teltu3dymaba u 27,1 MeC y JIUIL U3
rpyminsl mwiane6o [37].

[IpoGysieMbl  WCIIONB30BAaHUsA  TeIIu3ymaba
3aKJIIOYAIOTCS B €r0 OrPAaHHMYEHHOM ITOKA3aHUHM K
MIPUMEHEHHUIO V TTaIlHeHTOB co 2-1 craguei C/I1, uro,
B CBOIO Oouepejib, TpebyeT pa3pabOTKH HOBBIX IIPO-
rpaMM CKpUHUHTA JI/151 BBIABJIEHUSA 1[€JIEBOU TPYIIITBI
MMaIeHToB, a TaKXKe B BBICOKOH CTOMMOCTHU IIpera-
para (194 000 nosutapos CIIA) [5].

before the development of dysglycemia and manifest
clinical symptoms and provides dynamic clinical and
laboratory monitoring of the patient and training in
healthy lifestyle principles. Diagnosis of the disease
at preclinical stages can prevent the DKA develop-
ment at the onset of the disease and reduce the risk
of long-term complications in the future. In this
regard, international consensus recognizes screen-
ing as appropriate and economically justified.

In November 2022, the Food and Drug Adminis-
tration approved teplizumab for clinical use in adults
and children over 8 years of age to prevent the TIDM
autoimmune process progression. Teplizumab is the
first drug in the history of diabetology approved to
delay the progression of the clinical stage of T1IDM in
individuals with at least two islet AAT but with initial
carbohydrate metabolism disorders: impaired fast-
ing glucose level or impaired glucose tolerance
according to OGTT. At the time of writing our review,
teplizumab is not registered in the Russian Federa-
tion; clinical trials are underway.

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

SAK/IIOYEHWE

CI1 — xpoHHYECKOe ayTOUMMYyHHOe 3a0osieBa-
HHE, KOTOpOe XapaKTepusyeTcss UMMYHOOIIOCPe0-
BaHHBIM paspyureHueM Oera-kiaetok I1K. Ha ceroz-
HANTHUY JTeHb TouHas stuosiorus C/I1 He u3BecTHA:
CUHTAETCS, UTO B OCHOBE 3TOTO 3a00I€BAHUS JIEKHUT
CJIOJKHOE B3aMMOJIEACTBHE T€HETUUYeCKON BOCIPHU-
UMYHUBOCTH U (GaKTOPOB PUCKA OKPY?KAIOIIeN Cpe/ibl.

CxkpunuHr Ha AAT K OCTPOBKOBBIM KJIETKAM
o3BoJIsIeT nuarHoctupoBath C/I1 HA paHHHX CTa-
JIUAX, 32 HECKOJIBKO MecCsAIeB W Jae JIeT JI0 pas-
BUTHS TUCTIMKEMUU 1 MAHU(DECTHBIX KITMHUUECKUX
CHUMIITOMOB U 00€CIIEUNTh AUHAMIYECKOE KIIMHUKO-
JlabopaTopHOe HabJII0/IeH e 3a TAIIEHTOM U 00yJe-
HHe TPUHIHIAM 370pOBOro obpasza xusHu. Jlua-
THOCTHKA 3200JIeBaHUS HA JOKIUHUYECKUX CTAUAX
MOXKeT IpefoTBpaTuTh pasputrue /KA B mebiore
3a00JIeBaHUA U CHU3UTH PUCK PA3BUTHUS JOJITOCPOY-
HBIX OCJIOKHEHHUH B JlajibHeHIeM. B ¢Bs3U ¢ 3TUM
Me>K/I[yHapO/Hble KOHCEHCYChI ITPU3HAI0T CKPUHUHT
11es1eco00pa3HbIM ¥ 9KOHOMHUYECKH 0O0CHOBAHHBIM.

B Hos16pe 2022 1. Food and Drug Administration
0/100pPHJIO WCIIOJIB30BaHUE TEIUTU3yMaba i KJIH-
HUYECKOTO IPUMeHEHN Y B3POCJIbIX U JleTel cTapIie
8 JieT ¢ 1esibl0 NPOQPUIAKTUKYA IPOTPECCHPOBAHUA
ayTouMMyHHOTO Iipouiecca mpu C/I1. Terumzymab —
IepBoe B HCTOPUM AMA0ETOJIOTUU CPEICTBO, OM0-
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OpeHHOe /I 3aMe/JIEHUsI Pa3BUTHS KJIMHUYECKOH
crauu C/I1 y s ¢ HajauumeM He MeHee JBYX
ocTpoBKOBBIX AAT, HO UMeIIUX HaYaJIbHbIE HApY-
IIIEHUsI YTJIEBOJTHOTO OOMeHa: HapyllleHue IJTHKe-
MUU HATOIIAK WJIM HapyllleHue TOJIEPAHTHOCTHU K
riaoko3e o gauubiM IIT'TT. Ha MoMeHT HanmiucaHuAa
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Ko:xHasi TOKCUYHOCTbH IIPOTUBOOITYX0JIEBOU TEpanuu
reMo0J1acTO30B: 0030p JIUTEPATYPhI
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AHHOTAIIUA

B Hacrosimem 0630pe IIPe/ICTaBIEHbl NMEIOIINECS CBEEHUSI O BOBMOXKHBIX BADUAHTAX KOJKHOUM TOKCHYHOCTU IIPOTUBO-
OILyXO0JIEBOU Tepamuu reMo6J1acto30B8. ONCaHbI BO3MOKHBIE CTIOCOOBI TPOMUIAKTUKY U JIEYEHUS IPOSBIEHUN IepMaTo-
JIOTUYECKOU TOKCUYHOCTH. [TopaskeHre KOKHU Y GOJIBHBIX C OHKOTEMATOJIOTHYECKUMU 3a00IeBAaHUSMY MOKET OBITH 00y-
CJIOBJIEHO TOKCHUKO-aJUIEPTUYECKON peaKIiiell, TOKCHYHOCThI0 XUMUOTEPATIEBTHUECKUX JIEKAPCTBEHHBIX CPE/ICTB, a MPH
TPAHCIUIAHTAIMH T€MOIIOITHYECKHX CTBOJIOBBIX KJIETOK — UMMYHHBIM BOCIasieHneM. HexkelaTeTbHbIE KOJKHbBIE PEAKIIIH
MOTYT BO3HUKATh HAa PA3HBIX dTallaX IPOTHBOOIYXOJIEBOH Tepamuu. [IJis Ka:K0ro BUa TePAIIUU XapaKTePHBI CBOU OCO-
GEHHOCTH U [TPOSIBJIEHUS KOKHOHN TOKCHYHOCTY. Ha TaHHBII MOMEHT HEBO3MOYKHO IIOJTHOCTHIO N30€7KaTh BOSHUKHOBEHMUS
TOKCHYECKUX /IEPMATOJIOTHUECKIX PEAKI[HI ITPH IPUMEHEHUN KaKOTo-I100 BH/Ia TEPAUK B OHKOTeMAaTOoJIOTHH. B cBsA3u
C 3TUM KJII0UeBBIM (AaKTOPOM B YJIyUIIEHUU IIEPEHOCHMOCTH IPOTHUBOOILYX0JIEBOTO JIEUEHUs SABJIAETCS CBOEBPEMEHHAs
ajieKBaTHasI MPOPUIAKTHKA U TEPATIUA HEKeTaTeTbHBIX TOKCUYECKIX PEaKIIH.

Kaouesvle c108a: KO3KHAA TOKCHYHOCTD, FeMO00JIaCTO3bI, IPOTUBOOITYX0JIEBASA TEPATIHA.
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TOKCHYHOCTH IIPOTUBOOIIYXO0JIEBOH Tepanuu reMobsacto3os: 0630p suteparypst // Journal of Siberian Medical Sci-
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Cutaneous toxicity of antitumor therapy for hematologic
malignancies: a literature review
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ABSTRACT

This review presents the available data on possible variants of cutaneous toxicity of antitumor therapy for hematologic
malignancies. The existing methods of prevention and treatment of manifestations of dermatological toxicity are described.
Cutaneous lesions in patients with hematologic malignancies can be caused by a toxic-allergic reaction, chemotoxicity,
and — in case of hematopoietic stem cell transplantation — by immune inflammation. Adverse skin reactions can occur at
different stages of antitumor therapy. Each type of therapy has its own characteristics and manifestations of cutaneous
toxicity. At the moment, it is impossible to completely avoid the occurrence of toxic dermatological reactions when using
any type of therapy in oncohematology. In this regard, the key factor in improving the tolerance of antitumor treatment is
timely adequate prevention and therapy of adverse toxic reactions.
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BBEJIEHUE

K remo6s1acTo3aM OTHOCATCS OITYyXOJIM, BO3HUKA-
IOIMe U3 KPOBETBOPHBIX KJIETOK: JIEHKO3bI, T€MATO-
capkombl, JuMdombl. Tepamnus remo6J1acTO30B
SIBJISIETCSI OJHUM W3 MPUOPUTETHBIX HAIPABIECHUN
COBpeMeHHOU MeuIuHbl. COBpeMEHHBIE IIPEJICTaB-
JIEHHs O TaTOTeHe3e HEOIJIACTUYECKUX 3aboJieBa-
HUI KPOBETBOPHOU U TUMQaTHUeCKOU TKaHU IT03BO-
JISIIOT COBEPIIEHCTBOBATH CTPATETHIO U TAKTUKY UX
JledeHUs, Ipecieflysl Bce 0oJiee ONTUMUCTHUYHBIE
mesu [1].

3a mocseHIE TOABI apceHaa ITPOTHUBOOILYXOJIe-
BBIX IIpeNapaToB, IPHUMEHSAEMBIX B OHKOI'€MAaTOJIO-
THH, 3HAYUTEJIBHO PACIIUpPIICA. B cOBpeMeHHBIX
IIPOTOKOJIAX TEPAIIUU reM00IACTO30B B JIOTIOJTHEHUE
K «KJACCHYECKHMM» XUMUOIIpernapaTaM IOSBUINCH
HOBBIE KJIACChl IIPOTHUBOOIIYXOJIEBBIX CPEJICTB, BKIIIO-
yas [penaparbl TApreTHOU TePaIni, YTO MO3BOJISET
YBEJIMUUBATH IIPOJIOJIKUTEIBHOCTD JKU3HU IAIlHeH-
TOB. B TO 2ke BpeMsI pa3BUTHE HEXKeTaTeTbHbIX T060U-
HBIX SIBJIEHUH, B TOM YHCJIE C TIOPAYKEHUEM KOXKHBIX
IIOKPOBOB, MOXKET 3HAYUTEJIBHO CHUKATh KauecTBO
JKU3HU OOJIBHBIX, TPeOOBAaTh KOPPEKTHPOBKU 103l
Iperapara u JIaske IpepbIBaTh JeueHue [2, 3].

Ko’xHast TOKCUYHOCTh — 5TO KOMIUIEKC M3MeHe-
HUH KOXKHM BOCHAJIUTEILHOTO FJIM MPOTU(eEpaTHB-
HOTO TeHe3a, BO3HHUKAIIINX Y OHKOJIOTHYECKHX
GOJIPHBIX B pE3YJIbTATE TOKCHYECKOTO BO3JIEHCTBUA
JIEKaPCTBEHHBIX CPeCTB (IIUTOCTATHKOB, TAPTETHHIX
[IperaparoB, HHTHOUTOPOB TOYEK UMMYHHOTO KOH-
TPOJIsA) Ha OBICTPO JIEJALINECH KIETKH, K KOTOPBIM,
IIOMUMO OITyXOJIEBBIX, OTHOCSTCS TAaKXKe KJIETKHU
KOJKH U ee IIPUIATKOB [3].

KJIACCUOUKAIINA BO3SMOZKHBIX
BAPUAHTOB KOKHOM TOKCUYHOCTU

ITpu OIleHKEe CTENEHU TSAMKECTU HEeKeIaTeIbHbIX
JIEPMATOJIOTHYECKUX SIBJIEHUH YIUTHIBAETCS ILUIO-
aab MOpPaXKeHUsI, 00BEKTUBHOE YXYIIIEHHE KOXK-
HOTO IIPOIIeCCa, BHIPAKEHHOCTh CYO'bEKTUBHBIX OIILY-
IIeHUH [alieHTa, HapylleHHe ero IOBCeHEBHOU
JKU3HEIeATETbHOCTH.

B 3aBHCHMOCTH OT TSIKECTH HU3MEHEHHH KOXKH
BBIJIEJIAIOT 4 CTENEHH OCI0KHEHUH, BBI3BAHHBIX
KO>KHOU TOKCUYHOCTBIO, IIPU 3TOM CTOUT OTMETUTD,
YTO IS HEKOTOPBIX IPOSIBJIEHUH CYIIECTBYET COO-
CTBEHHAs KJaccuduKanus:

e I crenens (Jierkas) — U3MEHEHUA KOXKH, He
COTPOBOXK/IAIOIIHECS GOJIe3HEHHBIMH OIIY-
HIeHUAMH (JIOKaJIbHbIE TIOPAXKEHU, HATIPU-
Mep, HOKPaCHEHUs, HEOOJIbIIIUE TPEITUHBI);

e II cremenb (ymepeHHas) — K U3MEHEHUSIM
KOXKU  IPHUCOEUHAIOTCA  CyObEKTHBHBIE

INTRODUCTION

Hematologic malignancies include tumors from
hematopoietic cells: leukemia, hematosarcoma, lym-
phoma. Today, therapy of hematologic malignancies
is one of the priority areas of medicine. Modern ideas
about the pathogenesis of neoplasms of hematopoi-
etic and lymphatic tissue allow to improve the strat-
egy and tactics of their treatment, pursuing increas-
ingly optimistic goals [1].

In recent years, the range of antitumor drugs used
in oncohematology has expanded significantly. In
modern protocols for therapy of hematologic malig-
nancies, in addition to the “classic” chemotherapeu-
tics, new classes of antitumor drugs, including tar-
geted drugs have appeared, which allows to increase
the life expectancy of patients. At the same time, the
development of adverse side effects, including skin
lesions, can significantly reduce the quality of life of
patients, require dose adjustment and even interrupt
medication [2, 3].

Cutaneous toxicity is a complex of inflammatory
or proliferative changes in the skin that occurs in
cancer patients as a result of toxic effects of drugs
(cytostatics, targeted drugs, immune checkpoint
inhibitors) on rapidly dividing cells, which, aside
from tumor, include cells of the skin and its append-
ages [3].

CLASSIFICATION OF POSSIBLE VARIANTS
OF SKIN TOXICITY

When assessing the severity of adverse skin
reactions, lesion area, objective deterioration in the
skin, severity of the patient’s subjective sensations,
and impairments in his activities of daily living are
taken into account. Depending on the severity of
skin changes, 4 grades of complications caused by
skin toxicity are distinguished, while it is worth not-
ing that some manifestations have their own classi-
fication:

« grade I (mild) — skin changes without pain-
ful sensations (local lesions, such as red-
ness, small fissures);

« grade IT (moderate) — subjective pain sensa-
tions are added to the skin changes, activities
of daily living are not limited;

« gradeIII (severe) — severe complications that
limit the patient’s activities of daily living
(large area of damage, fairly large blisters,
ulcerations and swelling);

« grade IV (extremely severe) — life-threaten-
ing condition.

More severe grades of skin toxicity require more

active therapy, a reduction in the dose of chemother-
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00JieBbIE OIIYIIEHUS, >KU3HEAEATETbHOCTD
He OTpaHUYeHa;

o III crenenp (TsKeaast) — TSXKeJIbIe OCI0XKHE-
HUS, OTPAHUYHBAOIINE JKU3HEAEATETFHOCTD
marerTa (OOsbINAs ITOIIAAEL MTOPAYKEHMU,
JIOCTATOYHO OOJIBIIIE BOJI/IBIPU, U3BSA3BIIE-
HUS 1 OTEKH);

e IV cremens (oueHb TSKeNass) — KU3HEYTPO-
JKarolee COCTOSTHUE.

Bosiee TsKesble CTEIEHH KOMHOM TOKCHUYHOCTH
TpebyioT 60jiee aKTUBHOH TepaIuu, CHUKEHUSA T03bI
xuMuonpenaparos, a npu III-IV crenenu npuxo-
JIUTCSL TIPEPHIBATh MTPOTHBOOIYXOJIEBYIO TEPAIIUIO
[2, 4, 5]. Bo3HUKHOBEHNE HEMKETATETbHBIX IEPMATO-
JIOTHYECKUX peaKIui BO3MOJKHO Ha BCEX ATamax
MIPOTHBOOIIYX0JIEBOM Tepanuu. Ilo BpeMeHH BO3-
HUKHOBEHMS BBIJE/IAIOT PAaHHUE, OTCPOUYEHHBIE M
MIO3/IHHE peakuu [6].

CoryiacHO JIUTEPATYPHBIM JAHHBIM, BBIIEJISAIOT
caeAyIole Hanbosiee YacTo BCTPEUYAIOIIUECST BHIBI
KOJXKHOW TOKCHMYHOCTH: aKHemnojsoOHas, MakyJioma-
myJIe3Hast WJIK YPTUKAPHAS ChIIb, KOXKHBIH 3y, U35~
SI3BJIEHUS KOXH, KCepos, (HOTOCEHCUOMINU3AIINA,
TUIEPIUTMEHTAINS, U3MEHEHH HOITEBBIX IJIACTHH
(oHUXONIU3WC, TApPOHUXUA), JIAJOHHO-IIO/IONIBEH-
HBIH CHHIPOM, TIAaTOJIOTHYECKHE U3MEHEHHA CO CTO-
POHBI BoJIOC (aJtomenus), a Tak:ke HOBOOOpa30BaHUS
KOKH, TakKe Kak 6a3aanoMa, IaliuIIoMa, IJI0CKO-
KJIETOUHBIH paK KOXKH, KEpaToaKaHTOMa.

[IpakTUUeCcKH BCe MPOSBIEHUSI KOXKHON TOKCHY-
HOCTH MOKHO PasIeJIUTh COTJIACHO JIOMUHHUPYIO-
[eMy XapakTepy I[aTOJIOTHYECKOrO Ipoliecca Ha
BOCIIAJIUTEIbHBIE U TTPOTH(EPATUBHEIE.

AKHeno0ob6Hasn Cbinb — OUYEHDb YACTOE OCJIOMKHE-
HHe, BO3HMKaloIee Ha ¢oHe xumuorepanuu. [Ipu
3TOM, B OTJI4YHe OT Acne vulgaris, B JaHHOM ciTyuae
HabJII0aeTes OTCYTCTBHE KOMeTOHOB. ChIllb BO3HU-
KaeT B CpeJHeM Yepes 1—2 HeJl OT Hauajia Teparni |
MOJKET COXPaHSTbCA HECKOJbKO MecsneB. Cpenu
0COOEHHOCTEH: IMHUKJINYHOCTh U 0303aBUCHMOCTb.
AKHenomo0HbIe BBICHITIAHUA TIPEICTABIEHbI MAITy-
Je3HBIMKA  2yieMeHTaMu  (OecIIOJIOCTHOE KOXKHOE
obpaszoBaHue, BO3BBIIIAIOIIEECs HA/l IIOBEPXHOCTHIO
KOKHOTO IIOKPOBA, JTaMETPOM MEHEE 5 MM) U IIyCTY-
JaMH (IT0JIOCTHOE KOKHO€e 00pa3oBaHKe, BO3BHIIIA-
IOIeecs HaJl IOBEPXHOCTHIO KOXKH, B IIOJIOCTH KOTO-
POTO CoZiepsKUTCS THOMH). Yallle BCero Chilib BO3HHU-
KaeT Ha KOJKe JIUIA, IEHTPAIbHBIX YUaCTKaX TPYAU U
CIIUHBI, IIPU 3TOM, IIOMHUMO ce60PEHHBIX 30H, B IIaTO-
JIOTHYECKHUH IPOIECC MOTYT BOBJIEKATHCS KOHEUHO-
CTH, BOJIOCHCTAS YaCTh T'OJIOBBI, IO/IMBIIIIEUHBIE BIIa-
JIUHBI, ATOAUIIBI U MPOMEKHOCTb. HacTo COIPOBO-
JKIaeTcs 3y0M U 00J1e3HEHHOCThI0. B 3aBUCHMOCTH
OT CTEIEHU ITOPAKEHUA CBIITb MOKET OBITh KaK Orpa-

apeutic drugs, and at grades III-1V, antitumor ther-
apy has to be interrupted [2, 4, 5]. The occurrence of
adverse skin reactions is possible at all stages of anti-
tumor therapy. According to the time of occurrence,
early, delayed and late reactions are distin-
guished [6].

Based on the literature data, the following most
common types of skin toxicity are distinguished:
acne-like, maculopapular or urticarial rash, skin
itching, skin ulceration, xerosis, photosensitivity,
hyperpigmentation, changes in the nail plates (ony-
cholysis, paronychia), palmar-plantar erythrodyses-
thesia syndrome (PPES), pathological hair changes
(alopecia), as well as skin neoplasms such as basali-
oma, papilloma, squamous cell carcinoma, keratoac-
anthoma.

Almost all manifestations of skin toxicity can be
divided according to the domineering pathological
process into inflammatory and proliferative.

Acne-like rash is a very common complication
that occurs during chemotherapy. However, unlike
Acne vulgaris, in this case there are no comedones.
The rash appears on average 1—2 weeks after the
start of therapy and can persist for several months.
Features of the rash are cyclic recurrence and dose
dependence. Acne-like rashes are represented by
papular elements (a non-cavity skin lesion, rising
above the surface of the skin, less than 5 mm in diam-
eter) and pustules (a cavity skin formation, rising
above the skin surface, that is full of pus). Most often,
the rash appears on the skin of the face, middle areas
of the chest and on the back, while, in addition to
seborrheic zones, the limbs, scalp, armpits, buttocks
and perineum can be involved in the pathological
process. It is often accompanied by itching and pain.
Depending on the severity, the rash can be either
limited to one site of the skin — first grade, or gener-
alized — third grade. When therapy is discontinued,
the rash disappears without scar formation. Experts
from the National Cancer Institute have proposed
criteria for adverse events (NCI-CTCAE — National
Cancer Institute Common Terminology Criteria for
Adverse Events), which, in essence, represent a clas-
sification of the severity of acne-like rash or, in a
broad sense, a classification of dermatotoxicity by
severity (Table 1) [3, 4, 6, 71.

Xerosis is dryness of skin caused by slow exfolia-
tion of superficial epithelial cells. It is usually
observed in almost all patients (almost 1/3 of patients
receiving targeted therapy) to varying degrees of
severity. It develops approximately 1 to 3 months
after the start of therapy. It forms on a clear skin or
accompanies other rashes. It is characterized by the
formation of shining white scales. Dryness is accom-
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Ta6auna 1. Kiaccudukanus 1epMaTOTOKCUYHOCTH (CTeNeHH BblpaxkeHHOCTH akHenoo6HoH cbinu) (NCI-CTCAE v.4)

Table 1. Classification of dermatological toxicity (severity of acneiform rash) (NCI-CTCAE v.4)

CreneHns 1 / Grade I CreneHs 2 / Grade 2

Crenenn 3 / Grade 3

CreneHn 4 / Grade 4

[lanyJibl, MyCTyJIbI;
nopakeHue
MOBEPXHOCTH

Tesa <10 %; MoryT
HaG6JII0JaThCsl KOXKHbBIN
3y/1, 60JIe3HEHHOCTh

[lamyJibl, MyCTyJIbl; TOpaXKeHUe
noBepxHocTH Tesia 10-30 %; 3y,
60J1e3HEHHOCTD; HeraTUBHOE
BJIMSIHHE Ha MICUX0JIOTHYecKoe
COCTOsIHME; He3HAYUTEbHOE
OrpaHUYEHUE aKTHUBHOCTH

Papules, pustules; <10%
of body surface affected;
skin itching, soreness
may be observed

Papules, pustules; 10-30% of
body surface affected; itching,
soreness; negative impact

on psychological state; mild
limitation of daily activities

[lamyJibl, MyCTYJIbl; OpaXKeHUe
noBepxHoCTH Tesia >30 %; 3y,
60JIe3HEHHOCTh; OrpaHUYEeHHE

€aMo06CIyKUBaHUS;
BO3MOKHO IIPUCOEJUHEHHE
HH)EeKIUU

Papules, pustules; body
surface lesions >30%; itching,
soreness; limited activities

of daily living; secondary
infection possible

[TanyJibl, MyCTYJIbI;
o6UIMpHas oAb
MOpPaXKEHUS TeJa;
pacnpocTpaHeHHasi
cynepuH}eKIUs; TsKeble
OCJIO’KHEHHUS U MTOCJIeICTBUS

Papules, pustules;
extensive body surface
affection; superinfection;
severe complications and
consequences

HUYEHa OHUM YYaCTKOM KOKH — IepBas CTeIeHb,
TaK U TeHEepaJTU30BAHHON — OCIOKHEHHE TPEThek
crenedu. IIpu MpekpalieHud TEPAIIUK ChIIIb KCUe-
3aeT, He ocTaBiAsa py6IoB. dkcmepramu National
Cancer Institute ObpUTM TpemIOKEHBI KPUTEPUH
HeOnmaronpuaTtHbix  coberruii (NCI-CTCAE -
National Cancer Institute Common Terminology
Criteria for Adverse Events), xoTopsle, 0 CyTH,
MPEJICTABJIAIOT cOO0H KJIacCU(PHUKAIUIO CTEIEeHN
TS)KECTH AaKHEMOZOOHOM CHIMIM WIH B IIUPOKOM
cMbIce — KIaccupUKAIUI JIEPMATOTOKCUYHOCTH
10 creneHu Tskecty (tabor. 1) [3, 4, 6, 7].

Kcepos — cyxoCTh KOXKH, KOTOpas 00yc/IOBJIeHa
3aMe/IJIEHHBIM CJIYIUBAHKEM ITOBEPXHOCTHBIX KJIe-
TOK SIIUTEINA. B PasjMUHON CTEIIEHU BBIPAXKEHHO-
CTH, KaK [IPaBIJIO, HAOJII0MAeTCs MPAKTHYECKH ¥ BCEX
ManueHToB (MOYTH y 1/3 MAIMEeHTOB, HAXOMSIIMXCS
Ha TapreTHOU Tepanuu). Pa3BuBaercsi IpUMEPHO B
MIPOMEIKYTKE OT 1 10 3 Mec OT Havasia Tepanuu. Pop-
MUpYeTCs Ha YCJIOBHO UHCTOM KOKe JInhO COIpPOBO-
JKJIAeT JPYTHE BBICHINAHUA. XapaKTepusyercs oopa-
30BaHueM OsiecTsaiux Oenbix dyemryek. CyxocTh
COTIPOBOKAETCA 3YI0M, YaCTO OUYeHbh HHTEHCHUBHBIM.
B03M0XHO BOBHUKHOBEHHE TPEIIWH, Yallle BCETO HA
KHUCTAX, KOTOPble MOTYT KPOBOTOUHTH M COIIPOBO-
JKmaTbesa OosiesHEeHHOCThI0. Takske HaOJII0AAI0TCA
IIe/TyleHne, AUCKOMGbOPTHBIE OILYIIEHHA, TaKHe
KaK CTATMBAHUE U MOKaJbIBaHUE. Kcepos mposBiisi-
eTCs Ha KOKe JII000I YacTu Tesa, a B 0C000 TSIKETBIX
CJIy4dasix MOKET IOPaYKaThCsA B TOM YHCJIE M AaHOTEHU-
TasIbHasA 00JIaCTh C BOBJIEUEHHEM B IIATOJIOTMUECKUI
MPOIECC CJIM3MCTHIX O0O0JIOYEK. B JIUTEpaTypHBIX
HUCTOYHUKAX, coryiacHO Kiaccudpukanmu NCI-CTCAE
V.4.03, BBIZEJISIOT CJIEYIOIINE CTEIIEHN BRIPAYKEHHO-
CTH KCepO3a: CTENeHb 1 — ITopaskeHue Tejia <10 %, HeT
3yla WM SPUTEMBI; CTEIEHb 2 — IOpa)KeHHe Teja
10—30 %, spuTeMa, 3yJ, OTpaHUYEHNE aKTUBHOCTH;
CTelleHb 3 — MopakeHue Tejia >30 %, 3y/, orpaHuJe-
HHE CaMOOOCITy>KUBaHUA [6—9].

panied by itching, often very intense. Fissures may
appear, most often on the hands, which can bleed
and be accompanied by pain. Peeling, discomfort
with such sensations as tightness and tingling are
also observed. Xerosis manifests on the skin of any
part of the body, and in especially severe cases, the
anogenital area may also be affected with involve-
ment of the mucous membranes. In the literature
sources, according to the NCI-CTCAE v.4.03 classifi-
cation, the following grades of xerosis severity are
distinguished: grade 1 — body surface lesions <10%,
no itching or erythema; grade 2 — body area lesions
10—30%, erythema, itching, limitation of activities;
grade 3 — body area lesions >30%, itching, limitation
of activities of daily living [6—9].

Periorbital edema is most often mild to moderate
swelling in the facial area, most pronounced on the
eyelids; it occurs due to increased interstitial fluid
pressure in the dermis. The swelling is primarily
seen in the morning as a bulge around the eyes, but
may persist throughout the day [10].

Alopecia is caused by most chemotherapeutic
agents in approximately 20-30% of patients. For
example, a special type of hair loss, RASopathic alo-
pecia, develops amid therapy with BRAF and MEK
inhibitors. The name is explained by the fact that
activation of the RAS signaling pathway plays a key
role in the pathogenesis of follicle damage. Alopecia
during antitumor therapy is manifested by increased
hair loss in the growth phase, on average 8-16
weeks after the start of treatment, significant thin-
ning of hair over the scalp. In addition to head hair,
loss of the eyelashes, as well as hair in the armpits,
on the pubis and extremities is possible; in these
areas, damage is usually not so significant and
occurs on average 4—6 weeks after the start of ther-
apy. Some patients may experience scalp pain when
touched. For diagnostic purposes, the hair pull test
is performed, which is positive when hairs in the
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Ilepuopbumanvhplil omex — Jaiie BCero JIETKUH
WIN CPETHUUA TI0 MHTEHCHUBHOCTH OTEK, HabJIroma-
eTcs B 00J1aCTH JINIA, CUJIbHEE BCEro MPOSBIIAACh Ha
BEKaxX; BO3HUKAET M3-3a IOBBIIIEHHOTO JIABJIEHUS
WHTEPCTUITHATHLHOHN KUJIKOCTH B JiepMe. OTek mpe-
HMMYIIECTBEHHO MPOSIBJISIETCS YTPOM B BU/JIE IPUITYX-
JIOCTH BOKPYT TJIa3, HO MOXKET COXPAHATHCA M Ha
MPOTSKEHUH BCETO JTHA [10].

Anoneyus BBI3BIBAETCSA OOJIBIITUHCTBOM XHUMUO-
TepaINeBTUUECKUX CPEACTB IPUMEPHO Y 20—30 %
marneHToB. Tak, Hampumep, Ha (oHe Tepanmuu
naruburopamu BRAF u MEK pazBuBaetcsa ocobeH-
HBIM BUJ IIOTEPHU BOJIOC — pacollaTuyeckas ajorle-
nusa. HazBaHue 0ObsICHAETCA TEM, UTO B IIATOTEHE3E
mopaskeHusi (OJUIMKYJIA KIIOUEBYI0 POJIb HTPaeT
aKTUBAIUA CUTHAIBHOTO IyTH RAS. Astoneniusa npu
MMPOTHUBOOITYX0JIEBOU TEPAIHUU IPOSABJIAETCS YCH-
JIECHHBIM BBINIQJIEHHEM BOJIOC, HAXOAAIKXCA B daze
pocra, B cpeaHeM uepe3 8—16 Hex mocse Hayasa
JIeYeHUsI, XapaKTePU3yeTCs BRIpAYKEHHBIM pa3peke-
HHUEM BOJIOC TI0 BCEH IUIOIIAAN BOJIOCUCTOM YacTH
rosoBel. IToMHMO BOJIOC HA TOJIOBE, BO3MOKHO
BBINQJIEHUE PECHUII, a TAKKe BOJIOC B IOJMBIIIEY-
HBIX 00J1aCcTAX, Ha JIOOKE U KOHEUHOCTSX; JJISI 3THX
30H MOBpEXKEHNE OOBIYHO HE TAKOE BHIPAYKEHHOE U
HACTyTIaeT B CPEJHEM 4Yepe3 4—6 HejJ OT Havaia
Tepanuu. HekoTophle malueHThl MOTYT UCIIBITHIBATD
00JIe3HEHHOCTh KOXKH BOJIOCUCTOU YaCTHU TOJIOBBI
MpY TPUKOCHOBEHUH. C IEJIbI0 TUAaTHOCTHKH ITPOBO-
ATCs Tpo6a C BRITATUBAHUEM BOJIOC, KOTOPAst SBJIS-
€TCsl TIOJIOXKUTEJIBPHON TIPH H3BJIEYEHUU BOJIOC,
Haxonsamuxcs B ¢dase TeymoreHa. [Ipu mpoBeneHUn
JIEPMATOCKONINH BU3YAJIU3UPYETCS CHHUKEHNE TLJIOT-
HOCTH BOJIOC C 3aIyCTEBAIOIIUMU (HOJUTHKYJIAMHU.
Otpactanue BOJIOC OOBIYHO ITPOUCXOJUT Yepes
HECKOJIbKO HeJlesIb IOCJIe TpeKpaIeHusl IPOTUBO-
oryxoJsieBo# Tepanuu. OTpacTaione BOJIOCh MOTYT
OBITH CBETJIEE WJIM TEMHeEE, a TAKKE OTJIMYATHCA 110
CTPYKType (BBIOIIHECS) M0 CPAaBHEHUIO C IIEPBOHA-
YaJIbHBIMU. BhINazieHne BOJIOC SIBJIETCA OSHUM U3
Hau0oJiee OTPUIATEIHFHO SMOITUOHAIIBHO OKpAIIleH-
HBIX HeXKeJIaTeJbHBIX SIBJIEHUH xumuorepanuu. [1o
CTEIleH! TSKECTH MOXKHO BBIJIEJIUTBH: CTENEeHb 1 —
moreps <50 % o0bemMa BOJIOC; CTEIEHDb 2 — MOTEPS
>50 % obbema BoJoc [4, 6, 8, 9].

Hecneyuguueckas makyaonanyne3Has Collb
BO3HHUKAET MPUMEPHO y 2/3 OOJIBHBIX, B CpeTHEM
4yepe3 8 HeJ| 1T0cJie Havyasa JeueHus. Kak npasuso,
CBIIb JIOKAJIU3YETCS B 00JIACTU TYJIOBUINA U Ipe-
IUIEYHH, UMeeT BUJI YYACTKOB ITOKPACHEHUS KOXKH,
0OBIYHO C OTHOCHUTEJIHHO YETKUMH TpaHHUI[aMH,
[JIAAKOW TOBEPXHOCTHIO, CKJIOHHBIX K CIIHMSHHIO.
IlocTeneHHO OT/IeIbHBIE 3JIEMEHTHI MOTYT YTOJI-
IaThCsA 3a CYeT WH(UIbTPATa U DBOJIIOIIUOHUPO-

telogen phase are pulled out. Dermoscopy visual-
izes a decrease in hair density with non-active folli-
cles. Hair regrowth usually occurs several weeks
after discontinuation of antitumor therapy. Grow-
ing new hair may be lighter or darker, and also dif-
fer in structure (curly) compared to the initial one.
Hair loss is one of the most negative adverse effects
of chemotherapy. According to severity, the follow-
ing grades can be distinguished: grade 1 — loss of
<50% of hair volume; grade 2 — loss of 250% of hair
volume [4, 6, 8, 9].

Non-specific maculopapular rash occurs in
approximately 2/3 of patients, on average 8 weeks
after the start of treatment. As a rule, the rash is
localized on the trunk and forearms, has the appear-
ance of areas of reddened skin, usually with fairly
distinct borders, smooth surface, prone to merging.
Gradually, individual elements can thicken due to
the infiltrate and evolve into papules. As the sever-
ity increases, the rash acquires the purple-bluish
tint. According to the literature, maculopapular
rash can be classified by severity as follows:
grade 1 — spots, papules, lesions <10% of the skin
surface, itching, burning, tightness are possible;
grade 2 — spots, papules, lesions up to 30% of the
skin surface, itching, burning, tightness, mild limi-
tation of daily activity are possible; grade 3 — lesions
>30% of the skin surface, limitation of activities of
daily living; grade 4 — life-threatening conse-
quences, extensive area of damage, itching, pain,
massive superinfection [8, 10, 11].

Photosensitivity may cause sunburns, including
life-threatening. A distinction is made between reac-
tions phototoxic (rash only on sun-exposed skin) and
photoallergic (rash extends to areas not exposed to
the sun). Also, pain syndrome may occur. If the drug
used is characterized by photosensitization, the toxic
reactions develop during the first days after the start
of therapy and persist throughout the whole treat-
ment. Depending on the severity, the following
grades are distinguished: grade 1 — painless ery-
thema <10% of the skin surface; grade 2 — painful
erythema from 10% to 30% of the skin surface;
grade 3 — erythema >30% of the skin surface, blisters
may occur; grade 4 — severe complications [8].

Palmar-plantar erythrodysesthesia syndrome is
a toxic reaction on the skin of the palms and soles
that occurs as a result of the use of chemotherapeutic
drugs, multikinase inhibitors. Initial symptoms
appear during the first 2—6 weeks after the start of
treatment (most often after 2—3 weeks). In addition
to PPES, there is a hand-foot skin reaction (HFSR).
HFSR is dose-dependent and localized in the skin
areas that are subject to the greatest pressure and
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BaTh B mamysbl. Ilo Mepe HapacTaHHUsS CTENEeHH
TSPKECTH IIBET BBICHINIAHUN MPUOOpeETaeT Imyp-
MIyPHO-CUHIONIHBIN OTTeHOK. [10 cTemeHu TsKeCTH,
COTJIACHO JINTEPATypPHBIM JAaHHBIM, MaKyJOMaIy-
JIE3HYIO CBHIITb MOKHO KyIacCU(UIIUPOBATH CJIEIYIO-
UM 06pa3oM: CTeleHb 1 — MATHA, MaIyJIbl, Topa-
JKeHHe <10 % MOBEPXHOCTH KOKH, BOBMOXKHBI 3Y/I,
JKJKEeHUe, CTAHYTOCTD; CTEMeHb 2 — MATHA, HaIyJIbl,
mopakeHue 10 30 % IOBEPXHOCTH KOXKHU, BO3-
MOJKHBI 3y/JI, JK)KE€HHUE, CTAHYTOCTb, HE3HAUUTEJh-
HOE OrpaHNYeHNe MOBCEHEBHON aKTUBHOCTH; CTe-
IeHb 3 — MopakeHWe >30 % IOBEPXHOCTH KOXKH,
OTpaHHYeHHEe CaMOOOC/IYyKUBAaHUSA; CTENeHb 4 —
VIpOXKAWOIINE KU3HU MOCIAEACTBUs, OOIIHUpHAsA
IUIOIAZb MOpa)KeHus, 3yZ, 00JIe3HEHHOCTh, Mac-
cuBHas cynepuHdekus [8, 10, 11].

B pesysnbpTaTe omoceHcubuauzayuu MOTyT
Pa3BUBATHCSA COJTHEUHBIE OXKOTHU, TAKECTb KOTO-
pBIX CIIOCOOHA MOCTUTATh YIPOKAIOMIEH KU3HU
creredu. Pasnuuaior ¢oToToKcuueckre (ChIMb
TOJIBKO HA OTKPBITBIX ydacTKax KOXKu) U (poTo-
ajepruyeckre (ChIIIb pacIpoCTpaHSeTCA Ha
3aKpbIThIe YYAaCTKH KOXKHM) peakiuu. Bo3MoKHO
mpucoenuHeHne 60JieBOTO cUHApoMa. Eciau ajis
MIPUMEHAEMOro Ipernapara xapakTepHa ¢GhOTOCeH-
cUOMIN3AIHsI, TO COOTBETCTBYIOIIE TOKCUUECKHE
peakIuu pa3BUBAIOTCA B Te€UeHUE MEPBHIX JHEH OT
Havajia TepAllNy U COXPAHSIOTCSA B TEUEHHE BCEro
mepuoja JiedeHus. B 3aBHCHMOCTA OT CTEIEHH
TSAXKECTHU BBIJEJIAIOT: CTEIeHb 1 — 6e300Ie3HeHHas
ApUTEMa, IUIOIIA/Ih MMOPAKEHUA <10 % IMOBEPXHO-
CTH KOKU; CTEIleHb 2 — OOJIe3HEeHHas 3PUTEMa, C
mopaskeHneM 10—30 % MOBEPXHOCTH KOXKH; CTe-
IeHb 3 — spuTeMa >30 % IMOBEPXHOCTH KOKHU, BO3-
MO’KHO BO3HMKHOBEHHE Iy3bIpel; CTEleHb 4 —
TsKeJIble OCI0KHeHus [8].

JladonHo-nodoweentwlil cunopom (JIIIC, radon-
HO-NodoweeHHas apumpodusecmesus) — 3TO TOK-
cuyecKasl peakilus Ha KOXe JIaJJOHEH W IOJIOIIB,
BO3HHKAIOIAs B Pe3yJIbTaTe NMPUMEHEHUs XUMHO-
MperaparoB, MyJIbTHKHHA3HBIX  HMHTUOUTOPOB.
HavaspHble CHMIITOMBI MPOSIBJIAIOTCI B TEYEHUE
TEPBBIX 2—6 HeJ OT Haydasa JiedeHus (Jale BCero
yepes 2—3 Hex). [lomumo JITIC BBIIETAIOT JIaJIOHHO-
MoIONIBEHHYI0 KOXkHyI0 peakiuio (hand-foot skin
reaction — HFSR). HFSR 3aBucHUT OT [103BI U JIOKA-
JIN3yeTcs B 30HAX, KOTOPBIE IO{BEPKEHBI HaNbOO0Ib-
[IeMy JaBJEHUI0O W TPEHUIO HA KOXKe, TAaKUX Kak
MISATKYU, IUTIOCHEBBIE TOJIOBKH U YYaCTKH, KOTOPBIE
MOTYT OBITH TMOABEPIKEHBI JABJIEHUI0 U TPEHHIO,
BBI3bIBAEMOMY OOyBbI0. V3HAYasIbHO MPOSBJIEHUS
MpEeJICTaBJieHbl OHEMEHHEM U IOKaJIbIBAaHUEM.
3aTeM 3a HECKOJIbKO JHEH y MaI[ieHTOB pa3BHBa-
IOTCS JIOKAJIbHBIE 30HBI THUIIEPKEPATO3a C CHUMMe-

friction, such as heels, metatarsal heads, and areas
that may be subject to shoe-related pressure and fric-
tion. Initially, manifestations are represented by
numbness and tingling. Then, during several days,
localized areas of hyperkeratosis with symmetrical
erythema and edema develop, which is accompanied
by pain syndrome, limiting the functionality in the
above mentioned areas. The pain is growing with
increase the severity of PPES. Externally, lesions
look as follows: clearly circumscribed, erythematous,
edematous, painful; blisters are possible, which
evolve into inflamed and painful calluses, fissures.
According to the literature, the following grades of
PPES are distinguished: grade 1 — erythema, edema,
hyperkeratosis, no pain, daily activity is not impaired;
grade 2 — peeling, fissures, blisters, bruises, edema,
hyperkeratosis, tenderness, limitation of activities of
daily living; grade 3 — severe clinical manifestations:
peeling, fissures, blisters, bruises, edema, hyperkera-
tosis, intense pain, significant limitation of activities
of daily living [6, 8, 9].

Each group of drugs has its own characteristics
and types of skin reactions. On average, toxic skin
manifestations occur 2—3 weeks after the start of
treatment. Early reactions develop after 1—2 weeks,
delayed reactions — after 3—5 weeks, and late reac-
tions — after 6 weeks or more. Specific manifesta-
tions on the part of skin and its appendages are
observed in more than 80% of patients.

The chemotherapeutic agents most commonly
used in the treatment of hematologic malignancies
that cause skin toxic reactions include cladribine and
cytarabine [12—14]. Skin toxicity is also induced by
targeted therapy drugs, such as bortezomib, and
most of them are kinase inhibitors: imatinib, dasat-
inib, nilotinib, bosutinib, ponatinib [10, 15]. Skin
toxicity also occurs amid immunotherapy, but it has
a different profile than with targeted or chemother-
apy and is associated with autoimmune reactions.
Immunotherapy-induced rash most often develops
on the skin of the trunk and extremities, but in addi-
tion to it, patients may also experience an exacerba-
tion of existing skin diseases, such as herpes virus
infection, psoriasis, eczema. Immunotherapy drugs
associated with adverse of the skin and its append-
ages reactions include roferon, rituximab [16, 17]. Of
the antitumor cytostatic agents that belong to the
class of antimetabolites, the drug that most often
causes skin adverse reactions is methotrexate [18].

Having analyzed the data available in the litera-
ture on the oncohematologic drugs, having studied
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TPUYHOU 3pUTEMON U OTEKOM, YTO COIIPOBOKAAETCS
00J1eBBIM CHHJIPOMOM, OIPAaHUYMBAIOIIUM (QYHKITH-
OHAJIbHBIE BO3MOXXHOCTU B BBIIIENIepeYrCIeHHBIX
obsacTsax. boJyieBoi CHHAPOM yCHJIMBAETCS C YBEJTH-
yeHueM creneHu Tskectu JITIC. BoeliHe ouaru
MOpasKeHUsI BBITJIAAT CIEAYIOIINM 00pa3oM: Pe3Ko
OTpaHUYEHBI, SPUTEMATO3HBIE, OTEUHBI, 00JIe3-
HEHHBI, MOTYT Ha0JII0aThCs My3bIPU, KOTOPBIE 3BO-
JIIOIUOHUPYIOT B BOCHAJIEeHHblEe U 0OOJIE3HEHHBIE
MO30JIH, TpeIuHbI. [10 JaHHBIM JUTEpaTypHl BbIZE-
JIAIOT CJeAymolue creneHu BoipakeHHoctu JIIIC:
CTelleHb 1 — DPUTEMa, OTEK, THIEPKeparos, 60JIb
OTCYTCTBYET, IOBCEJHEBHAasI aKTUBHOCTb HE Hapy-
IIIeHa; CTelleHb 2 — IleJIyllleHre, TPellHEbI, Iy3bIpH,
KPOBOIIOJITEKH, OTEK, TUIEpKepaTo3, OoJIe3HeH-
HOCTh IIpU KOHTAaKTe, IIOBCEIHEBHAs AKTHUBHOCTH
3aTpyZlHeHa; CTelleHb 3 — TsAXKejble KJIMHUYECKUe
MIPOSIBJIEHUS: IIeJTyllIeHue, TPEITUHBI, IIy3bIpU, KPO-
BONOJATEKH, OTeK, TUIlepKepaTo3, BbIPa*kKeHHbBIE
0oJieBble OLIYIEHUs, 3HAUUTETbHOE OTPAaHUYEHHE
camoobciy:kuBanus [6, 8, 9].

JIyis KaK7o¥ TPYHIbI MpenapaToB XapaKTepPHBI
CBOM OCOOEHHOCTH W BHJIbI KOXKHBIX PEAKIIHH.
B cpenreM TOKCHYECKUE MPOSABJIEHHUs Ha KOXKE BO3-
HUKAIOT uepe3 2—3 Heq OT Havaja jedeHuda. [Ipu
5TOM PaHHHE PEeaKIIUU Pa3BUBAIOTCS Yepes 1—2 HeJl,
OTCpPOUYEHHBIE — uYepe3 3—5 Hel U IO3[HUE peak-
nuu — yepe3 6 Hem u 6osee. Creruduueckre mpo-
SIBJIEHUS CO CTOPOHBI KOKH U €€ IIPUJIATKOB HabJII0-
naroTcs 6osiee uem y 80 % manueHToB.

K xumuomnpenapataMm, HanboJiee 94acTo MpUMe-
Hs€MBIM B JIEYeHN Y OHKOJIOTMYECKHUX 3a00JIeBaHUH
B IeMaToJIOTHH, BHI3BIBAIOIIMM KOXKHBIE TOKCHYE-
CKHEe peakIluH, OTHOCATCS KJIaJApUOUH U LUTapa-
6uH [12—14]. KOXHyI0 TOKCHYHOCTH BBI3BIBAIOT
TaK’Ke TapTeTHbIE IIPeapaThl, HalIpuMep, 60pTe30-
MHO, a B OOJIBIIHHCTBE CBOEM 3TO HHTHOUTOPHI
KWHa3: UMaTUHUO, 1a3aTUHUO, HUJIOTUHUO, 603y-
THHUO, TOHATUHUO [10, 15]. Ha done mmmyHOTEpa-
MM TAK)XKe BO3HHUKAET KOXKHAsd TOKCUYHOCTBH, HO
OHA UMeeT JAPYroil mpodusib, HEKEIU MIPU TapreT-
HOU WJIHM XMMHOTEPAINH, U CBA3aHA C ayTOMMMYH-
HbIMU peakiuaMU. ChHIlb IOCTAE UMMYHOTEPAIHH
Yaie BCEro pa3BHBAeTCA HA KOXKe TYJIOBHINA U
KOHEYHOCTEeH, HO KpOMe Hee y MallHeHTOB TaKiKe
MOTYT OOOCTPATBCA YK€ CYIIECTBYIOIIHE KOXKHBIE
3abo0J1eBaHUsl, HAIIPUMED, TepIIec, ICOpHUa3, SK3eMa.
K mnpemaparamMm WMMyHOTEpamuH, IIPU KOTOPBIX
OTMEUEeHbI ITaTOJIOTHYECKHE PEAKIMH CO CTOPOHBI
KOJKH U e€ IPUIATKOB, OTHOCATCS: pOo(pepOoH, PUTYK-
cumab [16, 17]. VI3 mpOTHBOOITYX0JIEBBIX IUTOCTA-

the manifestations of skin toxicity caused by them,
and having identified the targets for these drugs, it
can be concluded that cutaneous adverse events
most often occur when using targeted drugs, namely
kinase inhibitors. Moreover, a greater number of
these manifestations are caused by inhibitors of
BRAF — the gene encoding the B-Raf protein (serine/
threonine kinase). In tyrosine kinase inhibitors, the
following most common manifestations of skin tox-
icity can be distinguished: maculopapular rash, itch-
ing and xerosis. Two targeted drugs cause periorbital
edema (bortezomib, imatinib). For immunotherapy
drugs, common skin adverse events were alopecia
and xerosis (Table 2) [10, 16]. The grade and severity
of certain manifestations of skin toxicity depend pri-
marily on the dose of the drug administered, as well
as on the number of cycles of chemotherapy, com-
bined regimens of antitumor treatment and concom-
itant therapy.

Having studied and analyzed a number of litera-
ture sources, it can be concluded that most of the
existing data on oncohematologic drug-induced
adverse cutaneous events are associated with tyro-
sine kinase inhibitors, while for other classes of
drugs, such as immuno- or chemotherapeutics, as
well as inhibitors of other kinases, data on the clini-
cal manifestations of skin toxicity are poorly repre-
sented. At the same time, since the largest number of
publications on the dependence of adverse cutane-
ous events and their types on the profile of tyrosine
kinase inhibitor targets is devoted to imatinib, it can
be said that the data needed for analysis of the clini-
cal manifestations of skin toxicity for other tyrosine
kinase inhibitors are also insufficient: most often in
the literature they are described as a “rash” without a
clear indication of its clinical and morphological
characteristics [10].

Despite the success of conservative treatment,
there are still oncohematologic diseases for which
only hematopoietic stem cell transplantation (HSCT)
is effective. HSCT is also accompanied by a number
of complications, one of which is chronic graft-ver-
sus-host disease (GVHD) [3]. The main target of this
complication is connective tissue strictures. Skin
lesions occur in an average of 90—95% of patients
[19, 20]. When GVHD with skin reactions develops
in patients after HSCT, the undesirable skin mani-
festations depend on the stage of the oncological pro-
cess — manifestation, progression, and regression.
Skin lesions are mainly represented by scleroderma-
like syndrome. The main complaints of patients are
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TUYECKUX CPEZICTB, OTHOCAIIUXCA K TPYIIE aHTHU-
MeTab0JIUTOB, Yallle BCETO BHI3bIBAET KOJKHBIE
He)KeJlaTeJIbHbIE SBJIGHUS TAaKOU IIpernapar, Kak
MeToTpekcar [18].

[IpoaHanmu3upoBaB UMEIONUECT B JIUTEPATYP-
HBIX HMCTOYHUKAX JaHHBIE II0 NIPUMEHSIEMBIM B
OHKOTeMAaTOJIOTHH IIpenapaTaM, U3yUYUB IIPOsIBIIe-
HUA KOXKHOU TOKCUYHOCTH, BBI3BIBAEMBIE UMH, a
TaK)Ke BBIACHUB, HA KaKHWe MUIIEHU JeHCTBYIOT
JlaHHBIEe IIpernaparsl, MOKHO CZeJIaTh BBIBOJ, YTO
yaile BCEero /IepMaTOJIOTHYECKUEe HexKelaTebHbIe
SIBJIEHUS BOBHUKAIOT IIPU MCIIOJIb30BAHUHU TAPTET-
HBIX IIPENapaToB, & UMEHHO HHTUOUTOPOB KUHA3.
IIpu 3TOM 60JIBIIIEE KOJTUYECTBO 3TUX IPOABIICHUM
IpocJiexkuBaeTcsa y mHruoutopos BRAF — reHa,
koaupymwoiiero 6emok B-Raf (cepun/Tpeonun
KHWHa3a). Y UHr'UOUTOPOB TUPO3UHKUHA3bI MOKHO
BBIIEJIUTH CJIeylolue obmue Hanbosiee YacTo
BCTpeYAIoLIHecs MPOSIBIEHUA KOKHON TOKCHIHO-
CTH: MaKyJomaImyJje3Has Chlllb, 3y/ U Kcepo3. /IBa
TapTeTHBIX IIPeIapaTa BhI3bIBAIOT MEPUOPOUTATD-
HBIH oTek (bopre3zomub, umatuaub). Jlis mpema-
pPaTOB HMMMYHOTEpAalmUH OOIUMU HeXKeJIaTelb-
HBIMU KOXKHBIMH SIBJEHHUSMHU OKA3aJINCh ajoIe-
nusg u Kcepo3 (tabi. 2) [10, 16]. CremeHp u
BBIPAXKEHHOCTh T€X WJIN WHBIX MPOSBJIEHUN KOXK-
HOHW TOKCHYHOCTH, B IIEPBYIO OUEPEAD, 3ABUCAT OT
JI03bI BBOZVMOTO IIperapara, a TakKe 0T KoJude-
CTBA KypCOB XMMHOTEPANHU, KOMOMHUPOBAHHBIX
CXeM IPOTUBOOIYXOJEBOTO JIEUEHUS U COIPOBO-
JIUTEJILHOU TEepaIINH.

N3yuuB 1 mpoaHaIU3UPOBAB PAJL TUTEPATYPHBIX
HCTOYHUKOB, MOXKHO CJI€JIaTh BBIBOJI, UTO 6OJIbIIIAs
YacTh CyLIeCTBYIOIIEN NHPOPMAIUU O HEXKeIaTe lb-
HBIX JIEPMATOJIOTUUECKUX SIBJIEHUSAX IOCJIE TIPUMe-
HEHUsA IPenapaToB, UCIOJIb3YIONIUXCA B OHKOTEMAa-
TOJIOTHH, CBSI3aHA C HHTUOUTOPAaMHM THUPO3UHKU-
Ha3bl, B TO BpeMs Kak 00 OCTaJIbHBIX BHAAX
JIEKapCTBEHHBIX CPENCTB, TAKUX KaK MMMYHOJIOTH-
JecKue IIpernapaTsl WIH XUMUOIIPeIapaTsl, a TAaKKe
MHTAOUTOpAaX IPYTUX KUHA3, NHGOPMAIIUY /1)1 aHa-
Jin3a KJIWHUYECKUX IMPOABJIEHUN KOKHOU TOKCHUY-
HOCTH HezocTaTovyHo. IIpyu 3TOM, MOCKOJIBKY Hau-
0oJiblllee KOJIMYECTBO MyOJIMKAI[HH O 3aBUCUMOCTU
HeJKeJIaTeJIbHBIX JIePMaTOJIOTUYECKUX SBJIEHUUN U
UX BHUJOB OT NOpoQWIsd MUIIEHEH WHTHOUTOPOB
TUPO3WHKUHA3HI TOCBAINIEHO WMATHHUOY, MOXKHO
TOBOPUTH O TOM, UTO JAHHBIX JJI aHAIN3a KITHHIYe-
CKUX IIPOSIBJIEHUH KOXKHOU TOKCHYHOCTH JIPYTHUX
MHTAOUTOPOB THUPO3WHKUHA3BI TaKXKe HeJO0CTa-
TOYHO: Yallle BCETO B JIMTEPATYPHBIX HCTOYHUKAX
OHU OIKCAHBI KaK «ChIIIb» 0€3 YeTKOrO yKa3aHus ee
KJIUHUYECKOH W MOp(QOJIOTHUEeCcKOH XapaKTepu-
cTtuku [10].

dryness and tightness of skin, itching. The eruptions
are represented by erythematous-squamous spots,
lichenified infiltrated plaques, as well as exudative
erythematous-papular lesions. On the part of the nail
plates, onychoschisis, onychorrhexis and onycholy-
sis are observed. Hair damage is manifested in the
form of thinning and alopecia. Also, ulcers and PPES
can occur. At the regression stage, the eruptions can
be both extensive and local and are represented
mainly by atrophy, sclerosis, and pigmentation. In
general, it should be noted that the manifestations of
skin toxicity in patients after HSCT are not severe
and depend on the chemotherapeutic drugs used
during the pretransplantation period [3].

At present, it is impossible to completely avoid cer-
tain manifestations of skin toxicity when using vari-
ous types of therapy in oncohematology. Thus, the
main factor contributing to better tolerance of antitu-
mor therapy is timely appropriate prevention and
therapy of adverse cutaneous toxic reactions, besides,
rational skin care is also very important because it
allows to significantly improve the patient’s condition.
The main convenient current methods of treatment
and prevention are given in Table 3 [8—22].

The most common adverse dermatological events
and drugs that cause them in patients with hemato-
logic malignancies are considered. The manifestations
of skin toxicity in patients receiving targeted, chemo-
or immunotherapy, as well as HSCT, are frequently
observed adverse events. Although these complica-
tions are generally well tolerated by patients, skin tox-
icity significantly worsens the quality of life, and often
requires a reduction in the drug dose or discontinua-
tion of treatment. In this regard, skin rehabilitation of
oncohematologic patients is a very important, com-
plex stage of treatment that requires great attention.
At the moment, there are no standards for the preven-
tion or treatment of skin toxicity, and the existing
interventions are based on case reports and observa-
tions published. It is very important to understand
that treatment of skin toxicity is necessary, since in its
absence, the development of heavy superinfection,
severe life-threatening condition and discontinuation
of the cycle of antitumor therapy is possible.
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Ta6smua 2. IIposiBieHNs KO)KHOM TOKCUYHOCTH U MULIEHH, HA KOTOPbIE 1eHCTBYIOT NperapaThl
Table 2. Manifestations of skin toxicity and targets for antitumor drugs

IIpenapar MumeHu IIposiB/ieHUsA KOXKHOM TOKCUYHOCTH
Drug Targets Skin toxicity manifestations

Xumuomepanesmuueckue npenapamet / Chemotherapeutic drugs

KJIa,C[pI/IGI/IH ,ﬂeJ'IHH.[I/IeCH " HeJesidlnecd J'II/IMQDOLU/ITBI CblMb, JIOKaJIM30BaHHas JK3aHTEMa, LIeJyIIeHH e KOXH,

Cladribine Dividing and non-dividing lymphocytes KOXXHBIH 3y/[], KpAllMBHUIA, 60JI€3HEHHOCTD KOXHU
Rash, localized exanthema, peeling, itching, urticaria, skin
soreness
utapa6bun /JJHK-nonmumepasa, PHK, Mueno6sactsi, MakyJionamnysie3Has Wiv ypTUKapHas Cblllb, 3pUTEMA,
Cytarabine UM 061aCThI, TUMPOLUTHI asionenus, 3y, IUMTMEeHTHBIE MSTHA, I3BbI
DNA polymerase, RNA, myeloblasts, Maculopapular or urticarial rash, erythema, alopecia, itching,
lymphoblasts, lymphocytes pigmented spots, ulcers
BopTte3omu6 IlpoTeacoma 26S JpuTeMaTo3Has U ypTUKapHad Cblllb, OKOJIOTJIA3HUYHBIN OTEK,
Bortezomib  The 26S proteasome KpanuBHULQ, 3y/l, IOKpPAaCHEeHHS, yCUJIeHUe TOTOOT/eJIeHUs,

CYXOCTb KOXH, 3K3eMa
Erythematous and urticarial rash, periorbital edema, urticaria,
itching, redness, increased sweat production, dry skin, eczema

HUmaTuHu6 Ber-Abl-Tupo3vuHKrHa3a (IO3UTUBHbIE [leprop6UTaATBHBIN OTEK, IePMAaTHUT, 9K3€Ma, KOXKHasI
Imatinib KOJIOHWH ), PENeNTOPbl TUPO3UHKHUHA3bI ChINb (MaKyJionamnyJie3Has ), 3y, OTeYHOCTh JIUIIA,
Jist PDGFR-B u SRC CYXOCTb KOXXH, 3pUTEMA, a/I0Nelus], HOYHas NOTJINBOCTb,

Bcer-Abl tyrosine kinase (positive colonies), ¢oToceHcu6uIn3anus, rAIONUIMeHTaLNs
tyrosine kinase receptors for PDGFR-f3 and Periorbital edema, dermatitis, eczema, rash (maculopapular),
SRC itching, facial swelling, dry skin, erythema, alopecia, night
sweats, photosensitivity, hypopigmentation
Jasatunu6  Ber-Abl, SRC ChInb: MaKyJIIpHasi, anysie3Has, C LeylieHHeM, MyKo3uT/
Dasatinib CTOMAaTHT, 3y, BaCKyJIUT
Rash: macular, papular, with peeling, mucositis/stomatitis,
itching, vasculitis

Hunorenn6  Ber-Abl, Kit, PDGFR-3 Chinb, yale GOJIUKYAApHAs, 3y, CYXOCThb KOXKH, aJ0TeLHs,
Nilotenib cuHapoM CBUTa
Rash, often follicular, itching, dry skin, alopecia, Sweet’s
syndrome
Bosytunu6  Bcr-Abl, SRC ChIllb: MaKyJIsipHas, NamyJie3Hasi, akHepopMHas,
Bosutinib bonUKyIspHAs C WeNyLIeHueM, 3y,
Rash: macular, papular, acneiform, follicular with peeling,
itching

[Tonatunu6  Bcr-Abl, VEGFR, PDGFR, FGFR, EPH, Kit [TuTHpuaszonojo6HbIe, UXTHO3UGOPMHbBIE, ICOPHUA30N0A06HbIE
Ponatinib BbICBITIAHUS
Pityriasiform, ichthyosiform, psoriasis-like eruptions

HmmyHonozuveckue npenapamst / Immunotherapeutics

Podepon JHK, PHK, 6enok Anonenusi, 060CcTpeHUe replIeTUYECKUX BBIChINTAaHUM Ha I'y6ax,
Roferon DNA, RNA, protein ChblMb, 3], CYXOCTb KOXXU U CJIM3UCTBIX 060J109EK
Alopecia, exacerbation of herpes labialis, rash, itching, dryness
of the skin and mucous membranes

Putykcuma6 TpaHcMeM6paHHbIM aHTUreH CD20 [ToBbIlLIEHHOE TOTOOTAEeHUE (B TOM YUC/IE HOYBIO),
Rituximab (Ha MOBEPXHOCTH HOPMAJIbHBIX U CyXOCTb KOXH, KDaIMBHHULIA, 3Y/], aJIOTIEeL1s1, TOJTUMOPPHBIH
MaJIMTHU3WPOBAHHbIX B-1MMdonuTOoR) JlepMaJbHbIM aHTUUT
The transmembrane antigen CD20 (on Increased sweat production (including at night), dry skin,
the surface of normal and malignant urticaria, itching, alopecia, polymorphic dermal angiitis

B-lymphocytes)

[l pumedyaHnue. Ber-Abl - Tupo3suHkuHasa, oHko6es0K; PDGFR-f3 - penentopsl TpoM6ouuTapHoro ¢akropa pocra-6era; SRC -
KJIeTO4Has 6e3pellenTOpHasA TUPO3UHKHHA3a, NpooHKoreH; Kit - perentop pakTopa pocTa TY4HBIX/CTBOIOBLIX KJ1eTOK; VEGFR - perienTopsr
Ba303H/0TeNHaNbHOTO dakTopa pocra cocynos; FGFR - penentoper ¢pakTopa pocra ¢pubpobaacros; EPH - penentopsl THpO3MHKHHA3 U
CBsI3bIBAIOIME 3PPUHBL

N o t e . Bcr-Abl - tyrosine kinase, oncoprotein; PDGFR-f3 - platelet-derived growth factor-beta receptors; SRC - SRC-family (cellular
receptor-free) tyrosine kinase, pro-oncogene; Kit - mast cell/stem cell growth factor receptor; VEGFR - vascular endothelial growth factor
receptors; FGFR - fibroblast growth factor receptors; EPH - tyrosine kinase receptors and binding ephrins.

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



German R.V. et al. / Journal of Siberian Medical Sciences Vol. 9, No. 3 (2025)

Ta6smna 3. MeTo/ibl NpoPUIAKTUKY U JIeYEHUS TPOSIBJIEHUI KOXXHOU TOKCUYHOCTH
Table 3. Methods for prevention and treatment of the manifestations of skin toxicity

IIposiB/IeHHE KOXKHOM

TOKCUYHOCTH
Manifestations
of skin toxicity

IIpodunrakTuka
Prevention

JleyeHue
Treatment

AkHerno/jo6Hast Chillb
Acneiform rash

» ®oronpoTekius (vcnosnb3oBaHue cpezcTs ¢ SPF >30)
Photoprotection (use of sun protection products

with SPF >30)
* YBIQXKHEHHE KOXH (3MOJIEHTHI)
Skin moisturizing (emollients)

e OTKa3 OT UCN0JIb30BaHUSA arpeCcCrMBHBIX, pasjpa-

KaIUX CpeacTB

Avoiding the use of aggressive, irritating products
* [lepopasibHble aHTUGUOTHUKY B TeYEHHE 6 HEZ, B
Hayvasie Tepanuy c IpUMeHeHHeM MU 6e3 MeCTHBIX
['KC HusKo#/cpeiHeN cUJIBI AJ1s1 1ML U rpyau [22]

Oral antibiotics for 6 weeks at the beginning of

therapy with or without the use of topical low/
moderate GCS for the face and chest [22]

o AuTu6UMOTHKHU / Antibiotics
*«['KC / GCS
¢ PeTuHOUbI (KaK Hapy:KHOe IPUMEHEHMUE,
TaK U CUCTEMHOE)
Retinoids (both topical and systemic)
o ConHUe3alUTHbIE CpeAcTBa / Sun
protection products
e OmosieHTHl / Emollients

3yn, Kcepos
Itching, xerosis

* Bepexxnoe ounieHue koxu / Gentle skin care

* YByaxxHeHUe (3MoJieHThl) / Moisturizing (emollients)

e OTKa3 OT HUCM0JIb30BaHUS ArpeCCrBHBIX,
pasapaxarniux cpeacTB

Avoiding the use of aggressive, irritating products

e AHTUTHUCTaMHUHHbIE TpenapaThl
Antihistamines

e dmosienTrl / Emollients

*«TKC / GCS

[leprop6UTaNbHBIN
0TeK
Periorbital edema

JlueTa c MOHWXKEeHHBIM COJlepKaHUEM HATPUS
Low sodium diet

e luypetuxu / Diuretics
¢ ['nasuble kamiu / Eye drops

Anonenus MeTo bl NPOPUIAKTUKH OTCYTCTBYIOT » ['KC (napy»xHo) / GKS (topical)

Alopecia No preventive methods o [[pyuMeHeHHe OX/TAKIAIIIUX LIJIEMOB
Scalp cooling

MakysonanysesHass ¢ YBJaXHEHHE KOXH (3MOJIEHTBI) ¢ AHTUrHMCTaMHUHHbIE IpenapaThbl

ChbINb Skin moisturizing (emollients) Antihistamines

Maculopapular rash

» ®oTomnpoTekuus (ucnosib3oBaHue cpeacts ¢ SPF >30)
Photoprotection (use of sun protection products

¢ 'KC (BHYTpb ¥ MECTHO)
GCS (oral and topical)

with SPF >30) * OmosienThl / Emollients
doToceHcH6u- » PoTonpoTekius (Kcnosnb3oBaHue cpecTB ¢ SPF >30) o 'KC (HapyxHO) / GCS (external)
JU3anus Photoprotection (use of sun protection products o Oxtaxkparouye noessku / Cooling dressings
Photosensitivity with SPF >30) e AHTUTHCTaMUHHBIE IPenapaThl

e OrpaHnyeHHe BpeMeHU peObIBaHUS Ha COJTHIE Antihistamines

Limiting of sun exposure time o [Ipu 60s1eBoM cunapome - HIIBC

» HomeHue rosioBHoro y6opa / Wearing a hat For pain syndrome - NSAIDs
JlagonHo- ¢ YBJIaXKHEHHE KOXXH (3MOJIEHTHI ) e MecTHbIe aHTHUCENITUYECKHE CPE/ICTBA
MO/ 01BEHHbBIHI Skin moisturizing (emollients) Topical antiseptics
CUH/POM ¢ OTKa3 OT UCM0JIb30BaHHUA arPECCUBHBIX, ¢ I'KC (MecTHO, B TOM 4yucJie KOMGUHUPOBAH-
Palmar-plantar pas/paXkaroLyx CPe/iCTB Hble C aHTHOaKTepUaJIbHBIMU IPenapaTaMu)
erythrodysesthesia Avoiding the use of aggressive, irritating products GCS (topical, including combination with
syndrome » HomeHue x710m4aTo6yMakKHOT0 GeJibs, antibacterial drugs)

KOMQOPTHOU pa3HOIIEHHOU 06YBU

Wearing cotton underwear, comfortable, worn-in shoes

L yﬁ[a)’[eHI/Ie A0 Ha4daJia Tepalruu y4aCTKOB

rUIlepKepaTo3a, Mo30Jiel (anmnapaTHbIM METO/IOM)
Removing hyperkeratosis areas, calluses (using

hardware) before starting therapy
e OTKa3s OT UCII0JIb30BaHHUA MJIACThIpen
Avoiding the use of patches

o li36eranue TPEeHUsA KOXKH, l'lpe6bIBaHI/Iﬂ B OJHOM

IMOJIOXKE€HUHU B TeYeHUe JJIMTEJIbHOIO BpeMeHH

Avoiding skin friction, staying in one position for a

long time

e Cpe/icTBA C MECTHOAHECTE3UPYIOLUM JeHCT-
BueM / Agents with local anesthetic action
e OxJIaXK/JeHHe PYK U HOT BO BpeMs HHQY3UH
Cooling of hands and feet during infusions
e [lepopasibHbIi lekcaMmeTas3oH (8 Mr B CyTKU
B TeyeHHe 5 jHeH, HaylHas 3a ieHb A0 UHY-
31H, 3aTeM 4 Mr 2 pasa B TeueHue 1 Hs, 3aTeM
4 Mr OJlMH pa3 B JleHb B TeueHue 1 f1Ha) [22]
Oral dexamethasone (8 mg daily for 5 days,
starting the day before infusion, then 4 mg
twice daily for 1 day, then 4 mg once daily for
1 day) [22]

[IpumMevyaHue.
cpeJcTBa.
Note.

SPF - connue3amutHbii pakTop; [KC - rmokokoptukoctepoubl; HIIBC - HecTepoujHbIe TPOTUBOBOCIAIUTENbHbBIE

SPF - sun protection factor; GCS - glucocorticosteroids; NSAIDs - non-steroidal anti-inflammatory drugs.
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Hecmotpss Ha ycmexu JiedeHUsS KOHCEPBATHB-
HBIMU METOZIAMHU, OCTAIOTCSA OHKOTEMATOJIOTHYeCKIe
3a00J1eBaHUsA, IPU KOTOPHIX 3P (PeKTUBHOM ObIBAET
TOJIBKO TPAHCILIAHTALINA TeMOIIOATUYECKUX CTBOJIO-
BbIX KJ1eTOK (TT'CK). TI'CK Tak:ke COIpPOBOXK/IAaeTCs
PAIOM OCJIO}KHEHHH, OJTHO U3 KOTOPBIX — XpPOHUYE-
CKas peak[Us «TPAHCIUIAHTAT IIPOTHUB XO3SMHA»
(XPTIIX) [3]. I'maBHO¥M MHIIIEHBIO 3TOTO OCJIOKHE-
HUS SIBJISIIOTCST COEIMHUTEIbHOTKAHHBIE CTPYKTYPHI.
ITopaxxeHre KOXU BCTpedaeTcss B CpeJHEM ¥
90—95 % nanueHToB [19, 20]. [Ipu pazsutnu XPTIIX
C KOXKHBIMU PEeaKIUAMU y OOJIbHBIX, MEPEHECIINX
TI'CK, BexenaTebHbIE AEPMATOJIOTHYECKHE IIPOSB-
JIeHUA 3aBUCAT OT CTAJU{ PA3BUTUS OHKOJIOTHYe-
CKOTro IIpolecca — MaHu@ecTalys, IporpeccupoBa-
HUe U perpecc. B 0CHOBHOM OpakeHUs KOXKU Ipe-
CTaBJIEHbI CKJIEPO/IEPMOIIOIOOHBIM  CHHIPOMOM.
OcHoOBHas1 jka106a 60JIBHBIX — CYyXOCTh U CTSHYTOCTh
KOXKH, 3yA. BhIchIIaHWs IpercTaBJIEHBI 3pHUTEMa-
TO3HO-CKBAMO3HBIMH IIATHAMHY, JIUXeHUPUIIPO-
BaHHBIMU WHQWIBTPUPOBAHHBIMHU OJIAIIKAMH, a
TaKXKe OKCCYIAaTUBHBIMU SPUTEMATO3HO-IIAITYJIEe3-
HBIMU 371eMeHTaMu. CO CTOPOHBI HOI'TEBBIX IJIACTUH
HaOJIIOAIOTCS OHUXOIINU3UC, OHUXOPEKCHUC, OHUXO-
susuc. IlopakeHue BOJOC HPOABASAETCA B BUJE
HCTOHYEHHS U ayonenuu. Takke 0oTMedaroTcs s3BbI
u JIIIC. Ha craguu perpecca BBICBIIIAHUSA MOTYT
OBITh KaK PacIpOCTPAHEHHBIMHU, TaK U OTPAHINYEH-
HBIMU U TIpeZICTaBJIEHBbl IIPEUMYIIEeCTBEHHO aTpo-
(duel, ckepo3oM U MUTMeHTaNMel. B 1ie;tom HeoO-
XOZMMO OTMETHUTB, UTO IPOSABJIEHUS KOXKHOU TOK-
CUYHOCTH y TaIueHToB, nepeHecmux TT'CK, HocAT
HEe TsDKEJIbIM XapaKTep M 3aBUCAT OT IPENapaToB
XUMUOTEPANY, MPUMEHSEMBIX BO BPEMs IIOJITO-
TOBKH K TPaHCIUIaHTauu [3].

B HaCToAIllee BpEMA IIOJIHOCTBIO HCKJIIOYHUTH
BE€POATHOCTb BOSHUKHOBEHUSA TE€X WJIN UHBIX IIPOAB-

1. JIurBunxuii I1.0., XKesak T.H. T'emo6sactossl. Jlei-
K03bl JINMGOUJHOTO IPOUCXOXJeHus // Bompocsl
COBpPEMEHHOU meuaTpuu. 2016;15(5):457-470. DOI:
10.15690/vsp.v15i5.1620.

2. Illatoxuna E.A., Kpyriosa E.C., Korenko E.B. Kox-
Hasg TOKCUYHOCTh IPOTHBOOIYXOJIEBOH Tepamuu |
criocobb1 ee koppeknuu // ®usunorepanus, OGanabHE-

JIEHUA BapUAHTOB KOKHOU TOKCUYHOCTH IIPU IIPH-
MeHEHUU Pa3JINYHbIX BUJIOB TEPAUU B OHKOTeMa-
TOJIOTHH HEBO3MOXKHO. Takum 06pasoM, OCHOBHBIM
(akTopoM, CIOCOOCTBYIOIINM BO3MOXKHOCTH JIYYIIIE
[IEPEHOCHUTh ITPOTHUBOOIYXOJIEBYIO TEPAIUIO, SIBJISI-
eTcsl BOBpeMs HayaTras COOTBETCTBYIOINAs Ipodu-
JIAKTHIKA U TEPANU HeXKeIaTeJIbHbIX IEPMaTOJIOTH-
YeCKHUX TOKCUYECKHX PEAKITHH, a TAKIKe OUeHb BayKEH
PALIOHATBHBIN YXOZ 3a KOXKeH, Osiarosiaps KOTO-
poMy yZaeTcs 3HAUUTEJbHO OOJIETYUTH COCTOSHUE
manuenTa. OCHOBHbIE HA TAHHBIH MOMEHT METO/IbI
JleyeHUus] U NPOPUIAKTUKHA IPUBEJEHBI B Tabs. 3
[8—22].

Paccmotpensl HamboJsiee 4acTO BCTPEYAIOIIH-
ecs He)keJlaTeJbHbIE JE€PMAaTOJIOTUYECKHE SIBJIE-
HUs U IpenapaThl, UX BbI3bIBAIOIINE, Y TAIIHEHTOB
¢ remobJstacto3amu. IIposiBjeHNEe KOKHON TOKCHY-
HOCTA y MAIMEHTOB, IOJIy4YaloIlUX TapreTHYIO,
XUMHO- WIN HUMMyHOTepamuio, a Takxke TICK,
SIBJISIETCSL 9acTO HaOJII0/IaeMbIM HeKeJIaTeTIbHBIM
siBjeHreM. M1 XOTs B OCHOBHOM 3TU OCJIOKHEHUS
JIOCTATOYHO XOPOIIO IEPEHOCATCs Mal[ueHTaMu,
KOJXKHasl TOKCHUYHOCTH 3HAYHUTEJIbHO YXYAIIAET
Ka4yeCTBO KU3HU U 4acTO TPebyeT CHUKEHUS JT03bI
mpenapara Uiu MpeKpalleHus jeueHus. B ¢cBsa3u ¢
STUM peabWIuTaIus KOXKH OHKOTreMaTOJOTHYe-
CKUX MAIlMEHTOB — OUeHb Ba’KHBIH, CJIOKHBIH, Tpe-
Oyromui 60JIBIIOT0 BHUMAHUA 2Tal JedeHus. Ha
JIAHHBIH MOMEHT CTAaHAAPThl MPOPUIAKTUKU WU
JIeYeHUs TPOSIBJIEHUH KOXXHOU TOKCHYHOCTHU
OTCYTCTBYIOT U OIIUPAIOTCS HA OMyOJUKOBAHHbBIE B
CTaThsIX KJIWHUUYECKHE CJIydyau U HaOII0eHus.
OueHb BaXKHBIM JJISI TIOHUMAHUS SABJIAETCA (aKT
TOTO, UTO JieUeHHe KOXKHOU TOKCUUHOCTH He00XO0-
JIIMO, TaK KaK IIPU €r0 OTCYTCTBUU BO3MOXKHO Pas-
BUTHE  PACIpPOCTPAaHEHHOUW  CcymepuHOEKIUH,
TSI?KEJIOTO KU3HEYTPOKAIOIIET0 COCTOSIHUSA U TIpe-
phIBaHHE Kypca CHCTEMHOU JIEKApCTBEHHOM IPO-
THUBOOITYXOJIEBOU TEPATIHH.

KoH@QuUKT HHTEPECOB. ABTOPHI 3aBJISIOT 00
OTCYTCTBUU KOH(JINKTA UHTEPECOB.
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AHHOTAIIA

WHCYJIBT Ipe/ICTaBIIAET COOOH aKTYaTbHYI0 MEAUIIUHCKYIO TPO0JIeMY, IPUBOJIAIILYIO K 3HAYUTEILHBIM COIIUATIBHO-IKO-
HOMUYECKHUM HOoTepsAM. IIOCTHHCYITHBIE KOTHUTHUBHBIE HAPYIIIEHUs OTPHUIATEHbHO BJIMAIOT HA PE3Y/IbTATHl PeabuIn-
TaI[UY, YBEJIUIHUBAIOT BEPOSATHOCTH IOBTOPHOTO MHCYJIbTA U IPEXK/IEBPEMEHHON cMepTH. B 60pbbe ¢ HOCTHHCYIPTHRIMU
HapyLIeHUAMH KOTHUTUBHBIX (QYHKINI 3HAYMMOE MECTO OTBOJUTCS HCIIOJIH30BAHUIO HEMHBA3UBHBIX CTUMYJIATOPOB
Mo3Ta (PU3UYECKOH TPUPOBI — AyAUOBU3YATBHOM CTUMYJISIIUKA TOJIOBHOTO Mo3ra (I'M), TpaHCKpaHHAJIbHON MarHUT-
HOH CTUMYJIAIINU U TPAHCKPAHUAIBHOH HJIEKTPUUECKON CTUMYJISIIIUY OCTOSTHHBIM WJIM UMITYJIbCHBIM TOKaMu. Mexa-
HU3M ayJHUOBU3YaJIbHOTO BO3/IeHCTBUS HA cocTossHUEe I'M 00ycioBiieH GOpMUPOBaHUEM JJOMUHHUPYIOIIETO PUTMA JJIEK-
TPOKOPTHUKAJIBHON aKTHUBHOCTH, Oumosiorndeckre 3 deKThl c1adbIX MAarHUTHBIX IOJIEH ONPEJENAI0TC XUMUYECKUMHI
IpoIleccaM¥, OTBETCTBEHHBIMU 3a (pepMeHTaTUBHBIN cuHTe3 JJHK, criocOGHBIN CTHMYJIMPOBATh MIPOIIECChl HEHpoILIa-
CTUYHOCTH Y IIEPEHECIINX WHCYJIBT MTAIIMEHTOB U BJIMATH HA COCTOSHUE KOTHUTUBHBIX GyHKuui. Haubosee nepcuek-
TUBHBIMU B JIEUEHUH MTOCTUHCYIBTHBIX KOTHUTHUBHBIX HAPYIIEHUH CUMTAIOTCS COBPEMEHHbIE HATIPAaBIEHUs TPaHCKpa-
HuanbHOM MarHutocTUMYJsinu (TMC): BBICOKOUACTOTHON WJIM HU3KOYACTOTHOM putMuueckoil TMC, mpepbIBUCTOM
TeTa-UMITyJIbCHON CTUMYJISIIIUY, IPO/IEMOHCTPUPOBABIIIHE 6€30MacHOCTh U 3(GEKTHBHOCTh. B KOMILIEKce peabuianTa-
OHUOHHBIX IIPOTPAMM /IS BOCCTAHOBJIEHHS IOCTHHCYJIBTHOIO KOTHUTHUBHOTO JeUIIUTA B MOCJIEJHUE TOJBI IIUPOKO
HCIOJIB3YIOTCSI MYJIBTHMOZAIbHBIE BO3/IEUCTBIA, BKIOUAIONe GQU3HUECKUEe YIPAKHEHNUsI, X060y, KOTHUTHBHBIE U
a’poOHbIE TPDEHHUPOBKH.

IIpencraBieHHble B 0630pe JaHHBIE CBUETETHCTBYIOT O TOM, UTO BKJIIOUEHHE TPAHCKPAHUAIBHON HU3KO- U BHICOKOMH-
TEHCUBHOW HMIIYJIbCHOM MAarHUTOTEPAINHU, ayAHOBU3YaTbHOM CTUMYJIANMKU CTPYKTYP I'M B peabUIUTAI[MOHHBIE KOM-
IJIEKCHI TAI[UEHTOB C MOCJIEACTBUAMU HIIEMUYECKUX HHCYJIBTOB CIIOCOOCTBYET YJIYUIIIEHUIO BHUMAHUS, PEYH, THO3HCA,
OTCPOYEHHOU MaMATH ¥ OPUEHTAIUH, TOBBIIAIOT (GYHKIHMOHAIBHBIH ypoBeHb ITHC.

Karoueenvle croea: aynuoBusyaibHas CTUMYJIANNS, TPAHCKPAHUATIbHAS MarHUTHAS CTUMYJISAIUSA, 3JIeKTPO3HIedao-
rpamma, anbda-puTM, TETA-PUTM, UIIIEMUYECKHUH HHCYJIbT, KOTHUTHBHBIE HAPYIIEHH, IOJTUMOAIbHASA CTUMYJIAIHS.

O6pazen nuTtupoBaHusa: J[pobeines B.A., llenankesuy JI.A., Benuk /.B., Illekanos A.B., Abpamosuyu C.T".,
Aracapos JL.I'., IInaruna JI.A., [Tonomapesa M.C., Kapmanosckas C.A. AyanoBu3yaibHass U MAaTHUTHAS CTUMYJIAIUS
TOJIOBHOTO MO3Ta B peabMINTAIlMK TOCTHHCYJIBTHBIX KOTHUTHBHBIX HapylieHuil (0630p sutepartypsl) // Journal of
Siberian Medical Sciences. 2025;9(3):109-127. DOI: 10.31549/2542-1174-2025-9-3-109-127

TlocTymuia B peJakIiiio 12.07.2025 Received 12.07.2025

IIpomwna pereH3upoBaHue 21.07.2025 Revised 21.07.2025

IIpunsATa K MIyOIMKanuu 05.08.2025 Accepted 05.08.2025

Aemop, omeemcmeeHHblil 3a nepenucky Corresponding author

JIpoGeiieB Bukrtop Anaronbesuu: ®TBOY BO «HoBocubupckuii rocy- Viktor A. Drobyshev: Novosibirsk State Medical University, 52, Krasny
JIapCTBEHHBIH MeIUIIMHCKUN yHUBepcuTeT» MuHn3apasa Poccun. 630091, prosp., Novosibirsk, 630091, Russia.

r. HoBocubupck, KpacHsiii mpocrr., 52. E-mail: doctorvik@yandex.ru

E-mail: doctorvik@yandex.ru

Journal homepage: http://jsms.ngmu.ru 109



Jlpob6vuwes B.A. u dp. / Journal of Siberian Medical Sciences T. 9, N 3 (2025)
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ABSTRACT

Stroke is a pressing medical problem that causes significant socio-economic losses. Post-stroke cognitive impairment neg-
atively affects rehabilitation outcomes, increases the likelihood of recurrent stroke and premature death. In the manage-
ment of post-stroke cognitive impairment, significant attention is paid to the use of non-invasive physical brain stimula-
tion — audiovisual stimulation, transcranial magnetic stimulation (TMS) and transcranial direct or alternating current
electrical stimulation. The mechanism of audiovisual impact on the state of the brain is due to the formation of a dominant
rhythm of electrocortical activity, the biological effects of weak magnetic fields are determined by chemical processes
responsible for enzymatic DNA synthesis, which can stimulate processes of neuroplasticity in stroke patients and affect the
cognitive functions. The most promising in the treatment of post-stroke cognitive impairment are considered to be modern
directions of TMS: high-frequency or low-frequency repetitive TMS (rTMS), intermittent theta pulse stimulation, which
have demonstrated safety and effectiveness. In recent years, in the set of rehabilitation programs for the recovery of post-
stroke cognitive deficit multimodal interventions have been widely used, including physical exercises, walking, cognitive
and aerobic training.

The data presented in the review indicate that the inclusion of transcranial low- and high-intensity pulsed magnetic field
therapy, audiovisual stimulation of brain structures into rehabilitation programs for post-ischemic stroke patients contrib-
utes to the improvement of attention, speech, gnosis, delayed memory and orientation, and increases the functional level
of the central nervous system.

Keywords: audiovisual stimulation, transcranial magnetic stimulation, electroencephalogram, alpha rhythm, theta
rhythm, ischemic stroke, cognitive impairment, multimodal stimulation.
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WuCcynbT mnpencTaBiaser cobOH  aKTyaJbHYIO Stroke is a pressing medical and social problem

MEeIUKO-CONMAIBHYIO TPO0IeMy, BEIYIIYI0 K NHBA-
JIMAU3AIUHY TAIAEHTOB U BBICOKMM COIMAIbHO-3KO-
HOMHWYECKMM 3arparam [1]. BHUMaHUe creruanim-
CTOB 10 MEUIMHCKON peabuIuTalii HaIpaBIeHO
[IPEUMYIIECTBEHHO Ha BOCCTAHOBJIEHUE (YHKIIMHI
[MEPEIBUIKEHNS [AIEHTOB, IEPEHECIINX OCTPOE
HapyleHre MO3roBoro kpoBoobpartienus (OHMK),
1 00pBr0OYy € TAKUMM BBIPA’KEHHBIMH (DOPMaMM KOT-
HUTHBHOTO J1e(DUINTa, KAK JEMEHIUS WIN TSKesIast
adasus [2].

B mocstefame rojibl 0OJIbIIIOE BHUMAHUE y/Iess-
ercst mpobsieMe CyOBEKTUBHBIX KOTHUTHBHBIX HAPY-
menn (KH), korga akTUBHBIE KaI00bI ITAIIMEHTOB
KOTHUTHBHOIO XapakTepa He COIVIACYIOTCsA C HaIH-

that leads to patient disability and high socio-eco-
nomic losses [1]. The attention of medical rehabili-
tation specialists is directed primarily at recovery
of mobility of patients after an acute cerebrovascu-
lar accident (ACVA) and combating such severe
forms of cognitive deficit as dementia or severe
aphasia [2].

In recent years, much attention has been paid to
the problem of subjective cognitive impairment (CI)
when active complaints of patients concerning cog-
nitive functions disagree with the presence of serious
deviations from the standards for the corresponding
age and level of education revealed during a neuro-
psychological examination [3]. In a significant per-
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YueM Cepbe3HbIX OTKJIOHEHHH OT MPUHATHIX JISA
COOTBETCTBYIOIIIETO BO3pacTa U ypOBHS 00OpasoBa-
HUSI HOPMATHUBOB TIIpU HEHPOIICHXOJIOTHIECKOM
ucciaenoBanuu [3]. B ocHoBe cyObexkTuBHBIX KH B
3HAYUTEIBHOM IIPOIIEHTE CJIyYaeB JIe?KAT PACCTPOU-
CTBAa TPEBOXKHO-/IENIPECCUBHOIO CIIEKTPA, CBOEBpE-
MeHHasi KOPPEKIHA KOTOPHIX MOKET CII0COOCTBO-
BaTh MPEAYIPEKIEHUIO JaJIbHEHIIIero HapacTaHus
KOTHUTHUBHOTO JlepUIIUTa U YIYUIIEHUIO IIPOTHO3a
ucxoya 3abonepanus [4].

IToctuncynpTHBle KH oTpuliaTeIbHO BAUAIOT HA
pe3ybTaThl peabuUIUTalNH, YXYAIIas UCXOIbI BOC-
CTaHOBJIEHUS JBUTATETbHBIX (DYHKITUN, YMEHBIIAIOT
MIPUBEPIKEHHOCTh OOJIBHBIX K JIJIUTEIBLHBIM Jieueb-
HBIM MEPOIPUATHAM, CHIDKAIOT KAYeCTBO >KU3HU
[anyeHTa U €ero pOJICTBEHHUKOB, YBEJIUUYUBAIOT
BEPOSITHOCTh TIOBTOPHOTO WMHCYJIbTA U TIPEKIEBPE-
MeHHOI cMepTH [5].

OCHOBOM JIJIs1 KOPPEKIIMH KOTHUTHBHOTO JleDeKTa
siByisteTcst TwactuaHoets I'M (I'M), xotopast obGecrie-
YMBaeT KOMIIEHCAIIO CTPYKTYPHBIX M (YHKIHO-
HJIBHBIX pacCTpOHCTB [6]. CylecTByeT NOTEHIHATb-
Hasgi BO3MOXKHOCTb CIIOHTAHHOTO BOCCTaHOBJIEHUS
KOTHUTHUBHBIX QYHKIUH, aKTUBAIUA KOTOPOTO JIOCTH-
raeTcs KOTHUTUBHOU peabunuranueit (KP) [2].

Texumonoruu KP  Gasupyiorcss Ha paborax
A.P. Jlypus, IOCBAIIEHHBIX OPraHU3AIlUN BBICIINUX
MO3TOBBIX (DYHKIIMH, OCHOBAaHHOH HA WHTErPATHB-
HBIX CBSI3sX TpeX OJIOKOB MO3Ta, IPH 3TOM KasKaast
(yHKIIMOHAJIbHASA cHCTEMAa HEIPEPBIBHO B3aUMO/IeH-
CTBYET C APYTUMU CHCTEMaMH U JIeCTA0MIN3UPYeTCs
B CJIy4dae «II0JIOMKH» OHOTO 13 3BEHbEB HenH [7].

OcHoBHbIMU cTpaTeruamu KP nprusHaHbl: cozei-
CTBUE €CTECTBEHHOMY BOCCTAHOBJIEHUIO IICHXUYe-
CKMX (YHKIIUH; BOCCTAHOBUTEJIbHBIE TPEHUPOBKHU
KaK OTHEJIbHbIX KOTHUTHUBHBIX (YHKIUNA, TaK U
MPEKHUX OBCETHEBHBIX HABBIKOB; 00y4YeHUEe 60Th-
HOTO CTPATerusM KoMIeHcanuu aedUuiuTa OTesb-
HBIX KOTHUTUBHBIX GYHKIUA U OrpaHUYeHUH
[IOBCETHEBHOM aKTUBHOCTH; HCIIOJIb30BaHNE BHEII-
HUX KOMIIEHCATOPHBIX YCTPOWCTB M IOCTOPOHHEH
IIOMOINIM; PEOpraHU3anus U CTPYKTYPUPOBAHHE
BHEIITHEH cpepl [2].

JI1s1 yoydIeHuss KOTHUTUBHBIX (QYHKIIUH Maru-
enToB ¢ nocaeactBuAaMu OHMK BO3MOKHO HCITOIb-
30BaTh KaK JIEKADCTBEHHBIE CPE/ICTBA, TAK U HEMe-
JIUKaMEHTO3HBIE TIOJIXO/IbI, CPEI KOTOPBIX 3HAUMU-
MO€ MECTO OTBOJIUTCS UCIIOJIH30BAHUIO (PU3UUECKIX
(pakTOPOB — HEMHBA3UBHBIX CTHUMYJIATOPOB MO3Ta
(HUCM) [8]. Haubomee sdpdextuBabivu HUCM
CUUTAIOTCS PUTMHYECKHE CEHCOPHBIE BO3JIEHCTBUS
(akyctmueckas, BHU3yaJbHas M ayMOBHU3yaJIbHASA
CTUMYJIAINSA), TPAHCKPAHUAJIbHASI MarHUTHAS CTHU-
MYJISIUS U TPAHCKPAHUATbHAS JIEKTPUYECKAsT CTU-

centage of cases, anxiety-depressive spectrum disor-
ders underline subjective CI, hence, their timely cor-
rection can help prevent a further increase in
cognitive deficit and improve the prognosis of the
disease [4].

Post-stroke CI negatively affects the results of
rehabilitation, worsening the outcomes of motor
function recovery, reducing patients’ adherence to
long-term treatment, negatively affecting the quality
of life of the patient and his relatives, as well as
increasing the likelihood of recurrent stroke and pre-
mature death [5].

The basis for the correction of cognitive defects is
brain plasticity which provides compensation for
structural and functional disorders [6]. There is a
potential for spontaneous recovery of cognitive func-
tions, which is achieved through cognitive rehabilita-
tion (CR) [2].

CR technologies are based on the works of
AR. Luria, dedicated to the organization of higher
brain functions based on the integrative links of three
blocks of the brain, and each functional system con-
tinuously interacts with other systems and is destabi-
lized if one of the links in the chain has failed [7].

The main strategies of CR are recognized as: pro-
moting the natural recovery of cognitive functions;
recovery training of both individual cognitive func-
tions and previous daily skills; teaching the patient
strategies for compensating for the deficit of individ-
ual cognitive functions and limitations of activities of
daily living; the use of external devices and other
external assistance; reorganization and structuring
of the environment [2].

To improve the cognitive functions of patients
with the consequences of ACVA, it is possible to use
both pharmaceutical and non-pharmaceutical
approaches among which a significant place is given
to the use of physical factors — non-invasive brain
stimulation [8]. The most effective techniques are
repetitive sensory effects (acoustic, visual and audio-
visual stimulation), transcranial magnetic stimula-
tion and transcranial direct and alternating electrical
stimulation currents [9].

During audiovisual stimulation (AVS) of the
brain, light and sound signals are realized through
the visual and auditory processing, with the involve-
ment of brain structures (cortical, limbic and reticu-
lar formation) in the process, which indirectly affects
the neurohumoral regulation of individual [10].
Transcranial exposure to a low-frequency pulsed
magnetic field determines a jump in the concentra-
tion of hydrogen ions in the mitochondrial mem-
brane, which is used by the nerve cell to synthesize
ATP, that subsequently activates vasoactive reac-
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MYJISAIUS
TOoKaMu [9].
[TIpu mpoBeneHUN ayAUOBU3YAJIbHON CTUMYJISA-
nuu (ABC) I'M cBeTOBBIE U 3BYKOBBIE CUTHAJIBI pea-
JIM3YIOTCS Yepe3 3pUTEIbHBIA U CIyXOBOW aHAIN3a-
TOPBHI, C BOBJIEUEHHEM B IIpoIiecc cTpyKTyp I'M (kop-
KOBBIX, JINTMOWYECKUX U PETUKYJIIPHOH (popMmariim),
YTO KOCBEHHO BJIMAET HA HEHPOTYMOPIBHYIO PETY-
JIANUI0 uHAUBUAYyMa [10]. TpaHCKpaHUaIbHOE BO3-
JIeHiCTBHE HU3KOMHTEHCUBHOTO WUMIIYJIBCHOTO Mar-
HUTHOTO TIOJISI OIpeJieJisieT CKAaYOK KOHIIEHTPAIINH
HMOHOB BOZIOPOZIa B MeMOpaHe MUTOXOHIPHUI, KOTO-
pblil HCIOIb3yeTcsl HEPBHOU KJIETKOM /I CUHTe3a
ATO®, yTo B TIOCTIEYIONEM aKTUBUPYET Ba30AKTUB-
HbIE PEaKIIUU MUKPOIUPKYJIATOPHOTO Pycjia U CTH-
MYJILpPYyeT IPOIeCChl HEHPOILUIACTUYHOCTH [11].

OcHOBaHUEM JJI1 MPUMEHEHUs CIYXOBBIX DUT-
MHYECKUX CTUMYJIOB B KOPPEKITUN TOCTUHCYIBTHBIX
KH siBastIoTcs JaHHBIE O BO3MOXKHOCTH (POPMHUPOBA-
HUS C TIOMOIIBI0 OMHAYPATBHBIX PUTMOB 3JIEKTPO-
KOPTHUKAJIBHON aKTUBHOCTH, IMO3BOJIAIOIIEH H3Me-
HSATD COCTOsIHHE co3HaHusA [12]. Tak, GMHAypabHbIE
PUTMBI C YacCTOTOH OWEHHH, COOTBETCTBYIOIIEH
yacTore anbda-puTMa 3JIeKTposHIledaIorpaMMbl
(93T, crocobHBI YCUIMBATh BBHIPAKEHHOCTh OHO-
2JIEKTPUUYECKOU akTHBHOCTH M TIpU COCTOSHUH
CIIOKOMHOTO 60/IPCTBOBaHUsA, a GMHAypaIbHbIE OHe-
Hus B OeTa-Irana3oHe acCOIUUPYIOTCSA C TIOBHITIEH-
HOU COCpPEJIOTOUEHHOCThI0 U OOJIpCTBOBAHUEM, a
TaKKe yJIydIleHrneM maMmsaTu [13].

V. Gkolias et al. (2020) y manueHTOB ¢ CyOKJIHHU-
YeCKUMU IIPOSBJIEHUSIMU WHCOMHUH 107, BIUAHIEM
OuHAypaJIbHON ayAHOCTUMYJISIIANA, MPU YacTOTe
KosebaHuil 70 1500 [l U KpaTHOCTH rapMOHUYe-
CKOTO 3ByKa B JmMalia3oHe OT 200 70 1500 I'm, co
CTaHAAPTHOU JIJIsI BCeX OOJIbHBIX TPOMKOCTBIO U IIPO-
JIOJKUTEIBHOCTBIO ay/IMOBO3/IEHCTBUI ObLaa ycra-
HOBJIEHA 3HAUYUTEIbHAS MEPECTPONKA OMO3JIEKTPH-
YeCKOH aKTUBHOCTHU MO3Ta, KOTOPAasi BIUSET Ha KJTU-
HUYECKYI0 KapTHHYy 3abosieBanus [14]. B orBer Ha
3BYKOBBIe TAPMOHUKHU y IMAlNEHTOB C 3IU30/]aMH
WHCOMHUM HWMEJI0 MECTO YJIYYIlleHUE COCTOSHUS
IIOCJIE KOKJIOTO CEaHca.

doTocTUMYNIANNSA PUTMUYECKUMH  [IBETOHM-
MyJIbCHBIMU CUTHAJIAaMHU HMEET IIeJIbI0 uepe3 3pu-
TeJIbHBI aHAJN3aTOP BBI3BATh W3MEHEHHS B OHO-
putMmax I'M u MmozyiupoBaTh MO3TOBYIO aKTUBHOCTD
[15]. BeieykazaHHOE TTOATBEPIKIAETCSA HCCIEA0BA-
Huem M.B. flnenko, H.3. Kaiiropomosoii (2019),
KOTOpbI€ IPOJIEMOHCTHPOBAIN ONTUMU3BUPYIOIIEE
BiusiHUE (GQOTOCTUMYJIAIUN 3€JIEHBIM, CHHUM |
KPaCHBIM IIBETOM IIpH uyactoTe 10 ') Ha GyHKIIHO-
HaJIbHOe cocTossHUe I'M HCOBITyeMBIX, YTO IIPUBEJIO
K IOBBIIIEHHIO 3 GEKTUBHOCTHU UX IleJIeHAIPaBIIeH-

IIOCTOAHHBIM niin HUMIIYyJIbCHBIM

tions in the microcirculatory bed and stimulates neu-
roplasticity processes [11].

The basis for the use of rhythmic auditory stimuli
in the correction of post-stroke CI is the data on the
possibility of forming electrocortical activity with the
help of binaural beats, which allows changing the
state of consciousness [12]. Thus, binaural beats with
a frequency corresponding to the electroencephalo-
gram (EEG) alpha rhythm are capable of enhancing
the expression of the cerebral cortex bioelectrical
activity in a state of quiet vigilance, and binaural
beats in the beta range are associated with the
increased concentration and vigilance, as well as
improved memory [13].

Gkolias et al. (2020) in patients with subclinical
insomnia under the influence of auditory binaural
beats, at an oscillation frequency of up to 1500 Hz
and a harmonic sound frequency in the range from
200 to 1500 Hz, with a standard volume and dura-
tion of acoustic effects for all patients, a significant
restructuring of the brain bioelectrical activity was
established, which affects the clinical picture of the
disease [14]. In response to sound harmonics,
patients with episodes of insomnia showed an
improvement in their condition after each session.

Visual stimulation through flickering light is
aimed at causing changes in brain rhythms and
modulating brain activity through visual process-
ing [15]. The above mentioned is confirmed by a
study of Yatsenko, Kaigorodova (2019), who dem-
onstrated the positive effect of photochromostim-
ulation with green, blue and red colors at a fre-
quency of 10 Hz on the functional state of the brain
of the subjects, which led to an increase in the effi-
ciency of their intentional movements, i.e. the per-
son better controlled and managed his body com-
pared to the state when stimulation was not car-
ried out. A more significant improvement in motor
coordination was observed when using green color
for these purposes [16].

The mechanism of audiovisual effect on the brain
is due to the formation of a dominant rhythm of elec-
trocortical activity, an important aspect of which are
oscillatory patterns that have similar periodic effects,
rhythmic sequences of auditory and visual stimulat-
ing events that improve the processing of subsequent
stimuli, forming the essential core for perception
and attention [17].

It is known that a well-defined EEG alpha rhythm
is an indicator of rest and relaxation, and its suppres-
sion develops with increased attention, while sharper
shifts towards activation are accompanied by the
predominance of high-frequency rhythms of the
EEG — beta and gamma, also associated with cogni-
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HBIX JIBIDKEHUH, T.e. UeJIOBEK JIydllle KOHTPOJIMPO-
BJI W YOPaBJsUI CBOUM TeJIOM II0 CPaBHEHUIO C
COCTOSTHUEM, KOT/Ia CTHUMYJIAIUs He MPOBOJIUIIACK.
Bosee 3HaunMoe yiydineHne KOOPAUHAIINH JIBIKeE-
HUH HAOJIIOIAJI0Ch MPU WCIIOJIb30BAHUM JIJISI STHX
1eJIel 3eJ1eHoro nsera [16].

MexaHU3M ayUOBU3YaJIBHOTO BO3/IECTBUS HA
cocrostaue I'M 06yciioByieH GOPMUPOBAHUEM JIOMHU-
HUPYIOIIETO0 PUTMA 3JIEKTPOKOPTUKATIBLHON aKTHB-
HOCTH, BQKHBIM AaCIIEKTOM KOTOPOU BBICTYHAIOT
KoJieOaTesIbHble IIATTEPHBI, HMeEIOIINE CXOJHBIE
nepuoanveckue 3OGeKThl, pPUTMUYHBIE ITOCJIEIOBA-
TEJIbHOCTH ayANO- U (POTOCTUMYJIHPYIOIINX COOBI-
THH, KOTOPBIE YJIyUIIAlOT 06pabOTKy MOCIIEYIOIIIX
CTHUMYJIOB, COCTaBJisigA (DYHIAMEHTAIHHYI0 OCHOBY
BOCIIpUATHSA U BHUMaHUS [17].

V3BecTHO, UTO XOPOIIO BBIPAKEHHBIN aybda-
putM 93T ABjsAeTcA MOKasarejieM IIOKOA U paccsa-
OJieHUsA, a €ero yrHeTEHUEe Pa3BUBAETCS IMPU yCUIIE-
HUHM BHUMAaHUs, TOTZa Kak 0Oojiee pe3Kye CABUTH B
CTOPOHY aKTHBAIIMHU COIPOBOXKAAIOTCs Ipeobiiaza-
HHEM BBICOKOYACTOTHBIX COCTaBJSIOMUX I —
Oera- ¥ raMMa-pUTMa, TAaKXKe CBA3aHHBIMU C KOTHU-
TUBHBIMHU TIpoIleccaMu (pacro3HAHUEM CTHUMYJIA,
CEMaHTHUYECKUMHU onepanuamu u ap.) [18]. CHumke-
HUe YPOBHsI aKTUBAI[UU COIIPOBOXK/AeTcs ocyabiie-
HHEM BBICOKOYACTOTHBIX COCTABJISIOIINX CIIEKTpa
I3I' U pOCTOM AaMIUIUTYZIbI 0OoJiee MeJIeHHBIX
BOJIH — TeTa U JIeJIbTa, PETUCTPUPYEMBIX IIPU KOTHU-
TUBHOMU iesATessbHOCTHU. JJaHHBIN 53(pdeKT CBA3BIBAIOT
C YBEJIMYEHUEM «BHYTPEHHEH KOHIIEHTPAIIHU»,
OTKJIFDUEHWEM BHHUMAHUs OT BHEIIHEHN CpeJbl, 00y-
CJIOBJICHHBIM AaKTHUBAIlMeHd KOPTUKAJIBHBIX IPOEK-
OUA Ha TaJaMyc, BCJIEJICTBHE UEro CBsI3b KOPHI C
OKpy’Kawllel cpeaod Ttopmosutcss [19]. Takum
o06pa3oM, ¢ MOHIKEHHEeM YPOBHA OOZpCTBOBAHUA
IIPOUCXOAUT PEOPraHU3aIUs KOPKOBO-IOJKOPKO-
BBIX MHTETPATUBHBIX B3aUMOJIEUCTBUH C ITOCIEMYIO-
UM H3MEHEHHEM JIUCTAHTHBIX B3aUMOJEHCTBUI
Ppa3JIMYHBIX 30H KOPHI [20].

ITonTBepKAeHNEM ABJIAIOTCA TAHHBIE, TIOJTyUeH-
uble /[.B. BesnkoM u coaBT. (2015), KOTOPbIE C TIOMO-
mpl0 OJIOKA TEeHEPATOPOB TEXHUYECKOH CHCTEMBI
[I0/1aBaI HA WCHBITYeMbIX OWHAYpaJIbHBIE 3BYKO-
Bble ¥ OWHOKYJIAPHBIE I[BETOBBIE BO3/IEHCTBUS
MHGPA3BYKOBOTO /MANIa30HA, OTHOCUTEIHHO 3aMe-
peHHOro B TabHIle 3-pUTMa KOHKPETHOTO UCIIBITYE-
MoOro [21]. ABTOpHI BBISBIJIN, UTO MAaKCHUMAaJIbHOE
crumynupoBanne I'M pgocrturaercs IIpU pasHUIE
YaCTOT ay/[10- U CBETOBO3/IEHCTBUH, PABHOU YacTOTe
Oera-puTMa CO 3HAUYeHHsAMH 17,9, 18,2, 17,2 Hu
16,9 I', mpu 3eJIeHOM, KPAaCHOM W CHHEM I[BeTax
BO3/elicTBUA. B X0/1e SKCIIEpUMEHTOB C ayibgha-pUT-
MOM MaKCHMaJbHasd akKTUBHOCTb I'M ObLia 3aperu-

tive processes (recognition of stimuli, semantic oper-
ations, etc.) [18]. A decrease in the activation level is
accompanied by a weakening in the high-frequency
constituents of the EEG spectrum and an increase in
the range of slower waves — theta and delta, recorded
during cognitive activity. This effect is associated
with an increase in “internal concentration”, disen-
gagement of attention from the environment, associ-
ated with the activation of cortical projections to the
thalamus, as a result of which the connection com-
munication of the cortex with the environment is
inhibited [19]. Thus, with a decrease in the level of
vigilance, a reorganization of cortical-subcortical
integrative interactions occurs, followed by a change
in the distant interactions of various areas of the
cortex [20].

This is confirmed by the data obtained by Belik
et al. (2015), who, using a generator unit of the tech-
nical system, applied binaural auditory and binocu-
lar visual stimuli of the infrasound range to the sub-
jects, relative to the beta rhythm measured for the
each specific subject [21]. The authors found that
maximum stimulation of the brain is achieved with a
difference in the frequencies of auditory and visual
stimuli equal to the beta rhythm values of 17,9, 18,2,
17,2 and 16,9 Hz, with green, red and blue colors of
stimulation. During the alpha rhythm experiments,
maximum brain activity was recorded for visual
stimulation with a gradual frequency shift to 1 and
2 Hz and a predominance of red color — for both
alpha and beta stimulation.

Unidirectional effects were obtained by Khaerva-
rina et al. (2019) during 10 sessions of audiovisual
stimulation of athletes according to the alpha/theta
relaxation program, lasting 24 min, at a frequency of
8-28 Hz, which increased the subjects’ psychophy-
siological resistance to physical exertion and con-
tributed to an increase in performance [22].

Correction of functional state of the body amid
even a single AVS session was shown by Sysoeva et
al. (2018): a 15-minute session was performed, dur-
ing which the beta band frequencies moved to the
theta band frequencies and then continued in the
delta band [23]. The authors found that after a single
15-minute AVS session, the alpha rhythm power in
the frontal, anterior parietal and occipital leads of
the right and left hemispheres increased, the EEG
beta and delta rhythm power, as well as the vagosym-
pathetic balance coefficient calculated per results of
the assessment of the electrocardiogram intervals,
decreased. These changes characterized the optimi-
zation of the functional system of the body and con-
tributed to the accelerated recovery of the subjects’
performance.
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CTPUPOBAHA IIPHU IIBETOCTUMYJIAINH C IIOCTETIEHHBIM
CABUTOM 4YacTOTHI 7o 1 u 2 I'm u mpeobiaganuem
KPaCHOTO I[BeTa — Kak Jiyis aabda-, Tak u 11 beTa-
CTUMYJIAIUU.

OpHoHampasiieHHbIe 3G GEKThI ObLIN MOJTYYEHbI
A.®. XaepBapuHOH u coaBT. (2019) B TeueHUE
10 CeaHCOB ayAHOBU3YJIBHOU crumynanuu I'M
CIIOPTCMEHOB 10 TIporpaMmMe ainbga/TeTa-pac-
cnabiieHre, MPOMODKUTETBHOCTBIO 24 MUH, IIPH
yactore 8—28 I'l, YTO MOBBIIIATIO Y HCIIBITYEMBIX
cux0(pU3NUOJIOTHIECKYIO YCTOMYHUBOCTD K pU3nye-
CKMM Harpyskam, CIOCOOCTBOBAJIO IOBBIIIIEHHUIO
paboTtocriocobHOCTH [22].

Koppek1us GyHKIIMOHAIIBHOTO COCTOSTHHUSA Opra-
HHU3Ma IOJl BJIUSHHEM Jla’Ke OJTHOKPATHOTO CeaHca
ABC nokaszana B.H. CeicoeBoii u coasT. (2018): mpo-
BO/IWJIACH CECCHSA MPOIOIKUTEIBHOCTBIO 15 MUH, B
X07le KOTOPOU 0eTa-4yacTOTHBIN JUAIa30H Iepexo-
JIWJT JTO TETA-YaCTOT U Jlajiee MIPO/IOJIKAJICS B JIeJIbTa-
nuanasoHe [23]. ABTOpPHI YCTAaHOBWJIM, UTO IIOCTIE
OZJTHOKpAaTHOTO 15-MUHyTHOro ceaHca ABC Bo3spac-
TaJI0 3HAUEHUEe MOITHOCTU A-PUTMa BO (PPOHTAIIb-
HBIX, TIepeJIHeTEMEeHHBIX U OKIUIIUTATIbHBIX OTBEZe-
HUSX TPABOTO U JIEBOTO MOJIYIIAPUE MO3Ta, CHIKA-
JINICh IIOKA3aTeJIN MOIIHOCTH 6eTa- U e TbTa-PUTMOB
93T, a Takke KO3PPUITUEHT BAaroCUMIIATHYECKOTO
OasaHca, PaCCUMTAHHBIM MO pe3ysbTaTaM Kap/uo-
WHTEPBAIOMETPUU. YKa3aHHbIEe N3MEHEHUs XapaK-
TEPU30BATM  ONTUMHU3ANUI0  (YHKIMOHAJIBHON
CUCTEMbl OPraHW3Ma U CIIOCOOCTBOBAIM YCKOPEH-
HOMY BOCCTaHOBJIEHHIO PabOTOCIIOCOOHOCTH HCIIBI-
TyeMBIX.

B HacTosIee BpeMsi UMeeTCsT OIBIT UCIIOIb30Ba-
HUSI MYJIBTUMOZAQIBHOTO BJIMSHHUS C HCIIOJIb30Ba-
HHUEeM KOMIUIEKCHBIX peabMINTAlMOHHBIX METONUK
IPU BOCCTAHOBJIEHUM HE TOJIBKO JIBUTATETbHBIX
(yHKUIMH, HO U KOTHUTUBHOTO JlepuuuTa y naryes-
TOB C IepeOpOBACKY/IAPHBIME 3a00JIEBaHUSIMHU,
BKJIIOYAIONTUN (U3UUECKUEe yIPaKHEHUs, XOAbOY,
KOTHUTHBHBIE U a39POOHbIE TPEHUPOBKU [24]. Mysib-
TUMOZIAJIbHOE BO3/IeCTBUE, DU COUETAHUN TPaH-
IIMOHHBIX U COBPEMEHHBIX BBICOKOTEXHOJIOTHUHBIX
METOJI0B JIeYeHUsA, MOXKeT oka3aTh 3(hGdeKTUBHOE
BiaussHue Ha koppeknuio KH. Tak, JI.LA. Yepesa-
IIIEHKO U COABT. (2012) UCIIOJIH30BAIH Y TAIIUEHTOB C
XPOHUYECKOHN JIUCITUPKYISITOPHON sHIEedA-
sonatueit I crasuu B Xo/ie 21-HEBHOTO Kypca caHa-
TOPHO-KYPOPTHOTO JI€UEHUsI, BKJIIOUABIIETO KJIU-
MaToTepanuio, JjedebHylo (QUIKYJIbTypy, Maccax
[IEWHO-BOPOTHUKOBOK 00Js1acTH, 10 OasbHeoTe-
paneBTHUYECKUX TPOIEAYP — PaZlOHOBBIE BAaHHBI C
KOoHIleHTpanuen 1,5 kbk/n (40 uKu/ir), Temmnepary-
poi 37 °C, skcmosuiued 10—15 MHH, YacCTOTOH
3—4 pasa B HeJEJNI0, eXXeTHEBHbIE MPOIeyPHI IIBe-

Currently, there is experience in using multi-
modal interventions in combined rehabilitation
methods in the recovery of both motor functions and
cognitive deficit in patients with cerebrovascular dis-
eases, including physical exercise, walking, cognitive
and aerobic training [24]. Multimodal intervention
with a combination of traditional and modern high-
tech treatments, can have a positive effect on the cor-
rection of CI. Thus, Cherevaschenko et al. (2012)
used in patients with stage I chronic vascular enceph-
alopathy during a 21-day course of health resort
treatment, including climatotherapy, physical ther-
apy, back and neck massage, 10 balneotherapeutic
procedures — radon baths with a concentration of
1,5 kBq/l, temperature 37°C, exposure time
10—15 min, 3—4 times per week, daily color therapy
procedures, up to 10 sessions per course [25]. After
combined treatment, including radon baths and
color therapy, positive dynamics in impaired cogni-
tive functions were noted. In particular, according to
the Luria’s test, an improvement of memory function
occurred in 77,8% of patients (the volume of direct
and indirect reproduction was 6,3 and 6,1 words,
respectively, which significantly differed from the
baseline values and indicated an improvement in
short- and long-term memory of patients, as well as
in concentration and attention). The average time to
complete a task for one Schulte table significantly
decreased in 68% of patients and was 40—45 s
(p < 0,05), indicating an increase in the volume of
voluntary attention, its distribution and switching,
and an improvement in concentration. When assess-
ing anxiety level using the Spielberger-Khanin test,
the indicators of trait anxiety changed insignificantly,
while the score on state anxiety scale decreased
(p < 0,05).

The works of foreign researchers show the pros-
pect of using audiovisual stimulation as a possible
method for management of emotional burnout [26].
In an online survey conducted among 393 partici-
pants in a cross-sectional study, using multiple
regression analysis, the authors were able to reveal
positive correlations between audiovisual stimula-
tion and mental health, burnout and work engage-
ment. Based on the results of the study, it was con-
cluded that audiovisual stimulation may be a prom-
ising method for improving mental health.

Horwitz et al. (2019) investigated the association
between intelligence and the brain response to pas-
sive audiovisual stimulation in terms of changes in
neurocognitive function [27]. The authors showed
that the power of the brain response to visual stimu-
lation and combined audiovisual stimulation was
significantly associated with intelligence. It was also
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TOTEPAIIHH, JIO 10 ceaHcoB Ha Kypc [25]. [Tocie Kom-
IUIEKCHOTO JIeYeHUsI, BKJIIOYAIOIIETO PaJOHOBBIE
BaHHBI U IBETOTEPATINIO, OTMEUEHA II0JIOKUTETHbHAS
MUHAMUKA HApYIIEHHbIX KOTHHUTUBHBIX (DYHKITUN.
B wactHocty, o AaHHbIM Tecta A.P. Jlypus, yiyd-
IIeHNe MHECTUYECKUX TIPOIECCOB HACTYIHJIO Y
77,8 % OosbHBIX (00BEM HEIMIOCPEICTBEHHOTO H
OTIOCPEIOBAHHOTO BOCIIPOU3BEIEHUS COCTABIISI 6,3
u 6,1 CJIOBA COOTBETCTBEHHO, UTO 3HAUYUMO OTJINYa-
JIOCh OT UCXOJHBIX 3HAUEHUH U CBUAETEHCTBOBAJIO
00 yJIydIlleHuH KPaTKOBPEMEHHOU U JIOJITOBPEMEH-
HOH TaMATH TAI[UEHTOB, YJIYUYIIEHUHU TIPOIECCOB
cocpenoToueHuss W BHuUMaHusA). CpenHee BpeMs
BBINOJIHEHUS 33/IaHUsI 10 ofHOU Tabiurle IlyabTe
JTOCTOBEPHO CHHUBWJIOCH V¥ 68 % OOJIbHBIX U COCTa-
BUJIO 40—45 ¢ (p < 0,05), YTO CBU/IETEIHCTBOBAJIO 00
yBEJIMYEHNH O0BeMa IPOU3BOJIPHOTO BHUMAHUA,
€ro pacrpejie/ieHUus] U MePEeKTIOUeH s, YIyUIeHnH
IIpoIIecCcOB KOHIeHTparuu. [Ipu omeHKe BbIpaKeH-
HOCTH TPEBOXKHBIX IMPOSBIIEHUHU 110 TecTy Crmibep-
repa — XaHWHA [TOKA3aTeJI JIMYHOCTHOH TPEBOKHO-
CTH U3MEHWWINCh HE3HAUUTEIHPHO, TOT/IA KaK 3HAUe-
HUS 110 IITKaJIe PEAKTUBHOM TPEBOKHOCTHU CHU3UJINCh
(p < 0,05).

B paborax 3apyOe:kHBIX HCCIeIOBATEIEN ITOKA-
3aHa MEPCIEKTHBA WCIIOJIb30BAHUA AyAHNOBU3yaIIb-
HON CTUMYJISAIIUU KaK BO3MOKHOH METOAMKU KOP-
PEKIIM  3MOLMOHAJIBHOTO  BBITOPAHMUSA [26].
B omiyaiiH-ompoce, IPOBEZIEHHOM Cpelu 393 ydacT-
HUKOB KPOCC-CEKIIOHHOTO HCCJIEI0OBAHUS, HCIIOJIb-
3ysd MHOKECTBEHHBII perpecCHOHHBIN aHaJIu3,
aBTOpPBI CMOIJIM BBIABUTH IIOJIOXKUTEJIBHBIE CBA3HU
MEXKy ayANOBU3YaJTbHOW CTUMYJISITUEN U TICUXUYe-
CKUM 37I0POBBEM, BHITOPAHUEM U BOBJIEUEHHOCTHIO B
pabory. Ilo pesysbTaTam uccieqoBaHUs ObLIO clie-
JIAHO 3aKJII0YeHHe, YTO ayIMOBU3YaIbHAS CTUMYJIs-
M MOKET TPECTABIIATh COO0M MHOTOOOEIAOITYIO
METOZUKY YIIyUIIEeHUs ICUXIIECKOTO 3/I0POBBI.

A. Horwitz et al. (2019) wucciemoBanu CBS3b
MEK/Ty UHTEJIJIEKTOM U PeaKIFel Mo3ra Ha MacCHB-
HYIO ayINOBU3YATIBHYIO CTUMYJIAIUIO B [IJIAHE U3Me-
HEHUU HEWPOKOTHUTHUBHOH (yHKuuu [27]. ABTo-
paMu IMOKa3aHO, UTO MOIITHOCTh OTBETHOHM PEaKINU
I'M Ha BUBYaJIPHYIO CTUMYJISITUIO U KOMOMHUPOBaH-
HYI0 ayZIMOBU3YAJIbHYIO CTUMYJIANNIO B 3HAYNUTEb-
HOH CTENeHU CBsA3aHa ¢ UHTEJIEKTOM. Takke ObLIO
oOHapy’KeHO, UTO IOKa3aTelld WHTEJUIEKTa, MU3Me-
peHHble B pas3Hble MEPUOAbl >KU3HU (JIETCTBO,
IOHOCTbh, CPETHUU U MO3IHUI BO3PACT), TAKXKe KOP-
PpeIupyIoT ¢ ITOKa3aTejieM CHUJIBI OTBETHOM peaKInu
I'M Ha crumysasanuio (GusndecKkuMu GakToOpaMHu,
[IOJTyIeHHBIM B XO/I€ UCCJIEIOBAHUS.

AnlexBaTHasl paHHAA HEUPOPEAOWIIUTAIUS YITyd-
[IaeT TeYeHUe HUIIEMHUUYECKOTO HHCYJIbTa, CIO0C00-

found that intelligence scores measured at different
periods of life (childhood, adolescence, and late
midlife) also correlated with the power of the brain
response to stimulation by physical factors obtained
during the study.

Appropriate early neurorehabilitation improves
the course of ischemic stroke, promotes better adap-
tation of patients to the consequences of the disease,
reduces the severity of clinical and functional disor-
ders and improves the quality of life [28]. This deter-
mines the search for and implementation of new
low-cost technologies that can improve the effective-
ness of treatment of CI in post-stroke patients.

The most informative parameters that provide
the interpretation of the results of AVS of brain struc-
tures are those reflecting changes in a neurological
parameters, the EEG power spectrum and the effec-
tive relationship between the cortical areas respon-
sible for memory function and other indices of the
cognitive status of patients [29].

The results of AVS of the brain in the context of
cognitive rehabilitation of elderly patients following
primary and recurrent ischemic stroke are presented
Makarov et al. (2016): in patients in the early and
late recovery period of ischemic stroke, the effective-
ness of sessions with a neuropsychologist (1% sub-
group) was compared, as well as a combination of
neuropsychologist-guided training sessions and
10 daily photochromotherapeutic procedures with
exposure orbital area for 5 min and collar area for
10 min, in a continuous exposure mode, radiation
intensity of 100%, mean wavelength of electromag-
netic radiation 540 + 20 nm (green spectrum) — 2"
subgroup [30]. Patients of the 3™ subgroup, in addi-
tion to neuropsychological correction and photo-
chromotherapy, received 10 daily procedures of
transcranial electromagnetic stimulation using an
AMO-ATOS-E device with a frequency of 10—12 Hz,
which corresponded to the reference values of the
EEG alpha rhythm. When comparing the effective-
ness of rehabilitation, significantly better results
were found in the subgroups of physiotherapeutic
procedures and neuropsychologist-guided training
session (p < 0,05 for the Mini-Mental State Exami-
nation (MMSE), p < 0,01 for the Roshchina scale).
The authors noted that by the end of the study, the
increase in scores on all scales was the lowest in the
subgroup where the cognitive rehabilitation was lim-
ited to sessions with a neuropsychologist, and the
highest in patients who, in addition to neuropsycho-
logist-guided training session, consistently received
a course of photochromotherapy and transcranial
electromagnetic stimulation (in particular, the gain
rates for the Roshchina test in all three subgroups

Journal homepage: http://jsms.ngmu.ru
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CTBYET JIy4Iled aZjanTaliy NAlMeHTOB K IIOCJIel-
CTBUAM 3ab0JIeBaHUs, YMEHBIIEHUIO BBIPA’KEHHO-
CTU KJIMHUYECKUX U (PYHKIMOHAJIBHBIX HAPYIIEHUH
YU IIOBBIIIEHHUIO KauecTBa Ku3HU [28]. YkasanHoe
ompezieisseT MOUCK W BHEJIDEHHE HOBBIX Majio3a-
TPAaTHBIX TEXHOJIOTUH, I03BOJIAIOMINX IOBBICUTH
95bdEKTUBHOCTh KOPPEKIINY KOTHUTUBHBIX HapyIIlle-
HUH y 6OJIbHBIX, IEPEHECIITHX MO3TOBOH HHCYJIBT.
Hawubosee wHGOOPMATUBHBIMH IapaMeTPaMU,
CIIOCOOCTBYIONUME paciiudpoBKe pe3ysbratoB ABC
cTtpykTyp I'M, ABIAIOTCA mapaMeTphl, OTPAKAIOIINE
U3MeHEHUs HEeBPOJIOTHYECKUX IIOKas3aTesel, CIIeK-
TpaTbHy10 MOITHOCT AT 1 3(pPekTuBHYI0 B3auMOcC-
BSI3b MEXIYy KOPKOBBIMU OOJIACTSIMHU, OTBETCTBEH-
HBIMH 3a (YHKIMOHHPOBAHUE IaMATH U JIPYTUX
IoKa3aTeJIel KOTHUTUBHOTO CTaTyca IMaIfueHToB [29].
PesynbraTel ABC 'M B KOHTEKCTE KOTHUTHUBHOU
peabmauTanUM TANHEHTOB ITOXKUJIOTO BO3PACTa,
MepeHeCIINX MEPBUYHBIA U MMOBTOPHBIA HIIEMUYe-
CKHUH WHCYJIBT, TIpe/icTaByieHbl B pabote A.O. Maka-
pOBa U coaBT. (2016): y MAI[MEHTOB B PAHHEM H ITO3/[-
HEeM BOCCTAaHOBHUTEJIBHOM IIEPHOJIE UIIEMUYECKOTO
WHCYJbTa CpaBHUBAIU 3(G(PEKTUBHOCTD 3aHATHH C
HEUPOICUXoyoroM (1-s1 MOATPYIIA), a TaKKe KOM-
OmHaIu paboThl ¢ HEHPOIICUXOJIOTOM H 10 exKe-
JTHEBHBIX TPOLEYP HOTOXPOMOTEpANUU C O0JIyUe-
HHeM o0JyiacTu OpOUT TJ1a3 10 5 MUH U «BOPOTHUKO-
BOH» 30HBI — 10 MHH, IIPH HEIIPEPBIBHOM DEKIME
BO37IECTBUSA, C UHTEHCUBHOCTBIO U3JIyYeHUA 100 %,
cpefHed JJIMHE BOJIHBI 2JIEKTPOMAarHUTHOTO H3JLy-
YeHUs — 540 + 20 HM (3€JIEHBIHA CIIEKTP) — 2-5 O/I-
rpynna [30]. IlanueHTHI TpeThbed MOATPYIIIIHI,
IIOMHUMO HeWPOIICUXOJIOTUYECKONH KOppPEeKIUu U
oroxpomoTepanuy, MOJYyUWIN 10 e€KeHEBHBIX
MPOTEAYP TPAHCKPAHUAIHHOU 3JIEKTPOMATrHUTHOU
crumynanuu annaparom «AMO-ATOC-9» ¢ gacro-
TOl 10—12 ', 9TO COOTBETCTBOBAIO PedepeHCHBIM
3HaueHUusAM a-putma JII. IIpu cpaBHeHNU 3ddek-
TUBHOCTHU PeabMINTAIINN 3HAUNMO JIyUIIIe Pe3YJIb-
TaThl OBUIN BBISABJIEHBI B IOIPYIIAaX IAI[IEHTOB, B
KOTOPBIX HAPAAY C HEHPOIICUXOJIOTHYECKOU KOPPEK-
nued BBIIOJHAINCH (GUBNOTEPANleBTHYECKUE IIPO-
mexypsl  (mocroBepHOCTh i mKaimel MMSE
p < 0,05, A7 MIKaJabl POIUHON p < 0,01). ABTOPHI
OTMEYaloT, YTO K 3aBEPIIEHUIO HCCJIeJIOBAHUSA IIPHU-
pocT 6ayJIOB IO BceM IITKaIaM OKas3ascs HauMeHb-
UM B IOJTPYIIIeE, I7ie 06beM KOTHUTUBHOM peabu-
JIUTANUU OBUI OTPAHUYEH 3aHATUAMU C HEHPOIICH-
XOJIOTOM, ¥ MAaKCHUMaJIbHBIM — y IalHeHTOB,
KOTOPBIE, IOMHMO HEHPOIICHXOJIOTHYECKON KOPPEK-
LU Y, 10CJIeJ0BaTEIbHO IIOJIyYHIN Kype OoTOXpoMO-
Tepanyuy W TPAHCKPAHUAIBHOU 3JIEKTPOMATHUTHOU
CcTUMYJIANUU (B YaCTHOCTH, IOKa3aTeJIu IPUPOCTA
JUis Tecta PoIuHOM BO BeexX Tpex MOJArpYyIIax cTa-

were statistically significantly different, and when
comparing pairwise the 1t and 27, 27 and 3" sub-
groups, the significance level p was less than 0,05,
and when comparing the 1% and 3" subgroups, the
degree of significance was higher: p < 0,01). The
MMSE-assessed cognitive status in the 1%t and 2™
subgroups by the end of the follow-up corresponded
to the level of predemential disorders, and in the 3rd
subgroup it reached the normal level.

The effectiveness of non-invasive brain stimula-
tion (computer modality-specific stimulation of sen-
sory brain areas) for the recovery of cognitive func-
tions in post-stroke patients was demonstrated by
Prokopenko et al. [31]. The researchers divided
58 middle-aged and elderly patients after ischemic
stroke with mild cognitive deficit into two groups: in
the control group (n = 27), where only conventional
rehabilitation methods were used, while in the main
group (n = 31) an additional rehabilitation training
was carried out using the author’s computer program
stimulating the posterior, gnostic regions of the
brain. Upon completion of the study, cognitive func-
tions improved in both groups, but the subjects who
had cognitive training had an advantage. In the main
group, compared with the control group, there was
an improvement in gnostic functions (p < 0,05), as
well as better score on the Montreal Cognitive Assess-
ment (MoCA) for the “attention” (p < 0,001) and
“memory” (p < 0,05) subscales, which had no direct
association with the brain region that was the object
of stimulation. In addition, in the main group, on the
Frontal Assessment Battery (FAB), reflecting the
state of the functions of the frontal-subcortical brain
regions, after the course of rehabilitation training,
there was a more significant dynamics in the perfor-
mance of tasks characterizing both visual-spatial
processes and the functions of the mediobasal tem-
poral structures, as well as the involvement of sub-
cortical-frontal connections of the brain. Thus, when
conducting the MoCA testing, in the main group,
compared with the control group, better results were
achieved on the “attention” and “memory” subscales,
which are not directly related to the stimulated brain
regions. The effect of computer stimulation of the
sensory brain areas extended to various brain
regions, which led to an improvement both in visual-
perceptual activity and in attention and auditory-
verbal memory.

According to Isakova, Slyunkov (2020), multi-
modal stimulation (MMS) can be useful in correction
of neurological deficit following stroke, including not
only decreased limb strength, loss of balance, but
also sensory, autonomic disorders, cognitive impair-
ment and emotional-behavioral disorders [32].
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TUCTUYECKU IOCTOBEPHO Pa3INYaIINCh, IPUYEM IIPU
COTIOCTaBJIEHUH TIOMAPHO 1-U U 2-#, 2-U U 3-U moj-
TPYIII UMeJ MECTO YPOBEHb 3HAUUMOCTH P < 0,05, a
[P CPaBHEHUU 1-d U 3-U IMOJTPYIIII CTENEHD JIOCTO-
BepHOCTH ObLIa BHIIIE: P < 0,01). KOTHUTUBHBIH cTa-
TyC, olleHeHHbIH 110 11kasie MMSE, B 1-11 u 2-1 iof-
rpynmnax K 3aBeplIEHUI0 Iepuoza HaOJofeHusa
COOTBETCTBOBAJI YPOBHIO MPEIJAEMEHTHBIX HapyIIle-
HUH, a B 3-1 HOATPYIIIE JOCTUT YPOBHSA HOPMBI.

AddextuBHOCTS TpUMeHeHUss HVCM (koMIIbIO-
TepHasT MOJAIbHO-CIeIupUUIecKass CTUMYJIAINI
CEHCOPHOTO 06JIOKA MO3Ta) JIJIsl BOCCTAHOBJIEHHUSI KOT-
HUTUBHBIX (DYHKIUN y MOCTHHCYJIBTHBIX OOJIBHBIX
nokazana C.B. IIpokonenko u coasT. [31]. Hcciemo-
BaTenu pachpeaearin 58 OOJIBHBIX CPETHETO U
IIO’KUJIOTO BO3PACTa, IEePeHEeCIINX HUIIeMUYeCKUi
HWHCYJIBT, C YMEPEHHBIM KOTHUTUBHBIM JeDUITUTOM
Ha [IBe TPYNIBI: B KOHTPOJBHOH TpyIme (n = 27)
[IPUMEHSIA TOJIBKO CTaH/IAPTHBIE METO/IBI peabiIn-
Tal¥u, B OCHOBHOH TpyIiiie (n = 31) TOTIOJHUTEIHHO
IIPOBO/IUJIA BOCCTAHOBUTEJIbHOE 00yUEHHE C UCIIOJTb-
30BaHUEM aBTOPCKOU KOMITHIOTEPHOH ITPOTrpaMMBblI,
CTUMYJIUPYIOLIEN 3a/lHNe, THOCTHYECKHE OT/IEJIbI
Mosra. Ilo 3aBepIIeHHI0 UCCIeIOBAHNUS KOTHUTHB-
Hble (PYHKIUHU YIIYJIIIUINCh B 00erx rpymnmax, HO
MIPEUMYIIECTBO UMETH UCIIBITYEMbIE, IIPOXOIUBIIIHE
KOTHUTHBHYIO TPEHHUPOBKY. B OCHOBHOW TpyTe, B
CPaBHEHUH € KOHTPOJIBHOU, OTMEUEHO YIIyJIIeHHe
rHOCTHYECKUX PyHKIHH (P < 0,05), a TAKKe JIydIlee
BBINIOJTHEHNE 33/JaHUU  MOHpEaJIbCKOU KA
OIleHKH KOTHUTUBHBIX (GyHKIUH (MoCA) mo cy6-
mKajzaM «BHHMaHue» (p < 0,001) U «IIaMATb»
(p < 0,05), KOTOpBIE HE WMEJH MPSAMOU CBSA3HU C
00JIaCThI0 MO3Ta, ABJIABIIEHCS 0O0BEKTOM CTHUMYJIS-
nuu. KpoMe TOTO, B OCHOBHOH TpyIIe IO IIKaJe
FAB, otpakaromeil cocTosiHue (GYHKIUH JIOOHO-
IIOIKOPKOBBIX OT/IEJIOB MO3Tra, IIOCJe Kypca BoccTa-
HOBUTEJILHOTO O0y4YeHHUsI OTMeuasnach 0ojiee BbIpa-
JKeHHasl JUHAMUKA B BBIIIOJTHEHUH 33JIaHUH, XapaK-
TEPUBYIOUTUX KaK 3PUTEJIbHO-IIPOCTPAHCTBEHHBIE
MIPOIIECCHI, TAK U (GYHKIIMHU MeAu00a3aIbHBIX BUCOY-
HBIX OT/ZIEJIOB, a TaK)Ke 3aMHTEPECOBAHHOCTH IIOJ-
KOPKOBO-100HBIX cBsA3elt 'M. Tak, mpu nmpoBeeHUn
Tecta MOCA B OCHOBHOI TPYIIIIEe B CPABHEHUH C KOH-
TPOJIBHOU OBUIHM JIOCTUTHYTHI JIyUIIIE PE3YIbTAThI
8(0) cy6mKa_naM «BHAMaHHUE» N «IIaMATb», HAIIPA-
MYyIO0 HE CBSI3aHHBIM CO CTHUMYJIMPOBAaBIIEHcs 061a-
cThI0 MO3ra. APdeKT KOMIBIOTEPHON CTUMYJIAIIUU
CEHCOPHBIX 30H MO3Ta PACIIPOCTPAHSIICA HA Pa3Ind-
Hble oTziesibl M, UTO MPUBOAMIIO K YJIYUIIEHUIO He
TOJIPKO 3PUTETHHO-TIEPLENTUBHON AesATETbHOCTH,
HO ¥ BHUMAHHUA U CIIyXOPeueBOr IaMATH.

ITo muenuio E.B. WMcaxosoii, E.B. CiaroHbKOBa
(2020), mynbrumonanbHas crumyasnusa (MMC)

Patients diagnosed with ischemic stroke, for a period
of 2 months to 2 years from the onset of the disease,
who had post-stroke hemiparesis with a severity of
1 to 4 points, mainly in the upper limb, as well as
mild-to-moderate CI, underwent two courses of
treatment using the MMS program: training on an
Exokist-2 hybrid assistive limb, cognitive training
using visual material or a computer program, stabi-
lometric platform biofeedback training and vibration
therapy. Cognitive rehabilitation procedures, the
duration of which was determined individually and
averaged 20—30 min, were based on solving logical
problems on counting, praxis, spatial and design
thinking, and attention. The results obtained after a
course of treatment using the MMS program demon-
strated the effectiveness of the proposed approach in
cognitive functions recovery and regressing emo-
tional-behavioral disorders in post-stroke patients.

The biological effects of weak magnetic fields are
induced by chemical processes involving radicals,
ion-radicals and paramagnetic particles [33]. It is
the ion-radical pairs, in which spin conversion is
controlled by magnetic fields (both external and
internal fields of magnetic nuclei), that are respon-
sible for the enzymatic synthesis of DNA, which
probably underlay regenerative processes, and in
combination with high penetration into biological
media, can stimulate neuroplasticity processes in
patients with consequences of ACVA and indirectly
affect cognitive functions [33]. The stimulating
effect of pulsed electromagnetic fields on the anti-
inflammatory cytokine IL-10 expression and a
decrease in the level of pro-inflammatory cytokines
IL-1a, IL-1B and TNF-a, revealed by Chan et al.
(2019) in human fibroblast-like cells [34], is rele-
vant for recovery of the central nervous system in
the acute period of ischemic stroke.

The effect of transcranial magnetic field exposure
on the bioelectrical brain activity in patients with
consequences of stroke has been studied in a number
of studies and is also presented in clinical guidelines
[35]. The authors present data on the use of transcra-
nial magnetic therapy (TCMT) in patients in the early
recovery period of ischemic stroke with a disease his-
tory of 1 to 5 months that showed significant positive
dynamics in brain bioelectrical activity according to
EEG data after the course of rehabilitation. Thus, the
asymmetry coefficient after a course of TCMT
decreased to 18,5% (p < 0,05), the B/A ratio reflect-
ing the tone of small- and medium-sized vessels,
decreased by 1,3 times, while no significant changes
were found in the placebo group. Initial disorders of
orientation, speech perception, writing and reading,
corresponding to mild dementia according to the
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MOXKET OBITh IOJIE3HA B KOPPEKIIMH HEBPOJIOTHYeE-
cKoro meduiuTa Iocjae WHCYJIbTA, BKJIIOUAsS He
TOJIBKO CHUKEHUE CHJIBI B KOHEUHOCTSX, yTPATy PaB-
HOBECH, HO TaKJKe CEHCOPHbIE, BeTeTATUBHBIE HAPY-
IIeHNs, KOTHUTUBHBIE U 3MOLMOHAIBHO-IIOBE/IEH-
yecKkue paccTporicTsa [32]. [TariueHTaM ¢ JUArHO30M
HIIIEMUYECKOTO HHCY/IbTa, CPOKOM OT 2 MeC 710 2 JIET
C MOMEHTa pa3BUTHA 3a00JIeBaHUA, HMEBIINX
ITOCTUHCYJITHBIN TeMUTIAPe3 C BEIPAKEHHOCTHIO OT 1
110 4 6aJUIOB, IPENMYIIIECTBEHHO B BEepXHEH KOHeU-
HOCTH, a TAKKe KOTHUTUBHBIE HAPYIIIEHU CO CTeIe-
HBIO BBIDQYKEHHOCTH OT JIETKOMH /IO YMEPEHHOH, OBLITH
IIPOBEZIEHBI IBA Kypca JIEUEHUs C UCIOJIb30BAHUEM
nporpaMmMbl MMC: 3aHATUA HA KOMILJIEKCe «IJK30-
KHUCTh-2», KOTHUTHBHbIE TPEHUHTH C HCIIOJIb30Ba-
HHUEM HaIJISIHOTO MaTepHasa WX KOMIIbIOTEPHOM
[IPOTPaMMBbl, CTAOMUIOMETPUYECKHE TPEHUPOBKHU HA
mwiatgopme ¢ 6UOJIOTHYECKOH OOpPATHOM CBS3BIO U
Bubporepanus. IIporeaypsl KOTHUTUBHOU peabu-
JINTAIUY, JJINTEIBHOCTh KOTOPBIX OIIPEeJesisIach
WHIUBUAYAJIbHO W COCTaBJIsIa B CpPeJHEM 20—
30 MUH, OCHOBBIBUINCH HA DEIIeHUH IAI[iEHTOM
JIOTHYECKUX 33Jlady Ha CYeT, MPAKCHC, IIPOCTPaH-
CTBEHHO-KOHCTPYKTHBHOE MBIIIIJIEHNE, BHUMAaHUE.
Pe3ysbTaThl, IOJIydeHHBIE TIOCTIE Kypca JIEUEHUs C
ucrnogb3oBaHueM mporpamMmmbl MMC, mpopeMoH-
cTpupoBasii 3(PGEKTUBHOCTD MPEJIOKEHHOTO TIO-
X0Jla B BOCCTAHOBJIEHUM KOTHUTUBHBIX QYHKIIUYU U
perpecce  5MOIIMOHAJIBHO-IIOBEIEHUECKUX  pac-
CTPOHCTB y AIIMEHTOB C TIOCIEACTBUAME UHCYJIBTA.

Buonornueckre 3¢G¢eKThl cIabbIX MarHUTHBIX
roJieid 00yCJIOBJIEHBI XUMHYECKUMU IIPOIIECCaMHU, B
KOTOPBIX VUACTBYIOT PaIUKAJIbI, UOH-PAAUKAIBI U
rmapaMarHuTHbIE YacTUIbl [33]. IMeHHO WOH-paiu-
KaJIbHbIE TIaphl, B KOTOPHIX CIIMHOBAas KOHBEPCHUS
VIpaBJsAeTcs MAarHUTHBIMUA TOJSAMU (KaK BHeI-
HUMH, TaK U BHYTPEHHUMH IOJIIMU MATHUTHBIX
s71ep), OTBETCTBEHHBI 3a (DepMEHTATUBHBIA CUHTE3
JAHK, KOTOpBIZ MOKET JIeXKaTh B OCHOBE pereHepa-
[IMOHHBIX MIPOIIECCOB, UTO, B COUETAHUU C BBICOKOM
MIPOHUKAIOIIENR CIIOCOOHOCTHI0 B OHOJIOTHUYECKHE
CpeJlbl, MOKET CTHMYJIMPOBATh IIPOIECCHl HEHPO-
IUIACTUYHOCTA y TAI[MEeHTOB C IOCJIEACTBHUSIMU
OHMK wu onocpe/ioBaHHO BJIUATh HA KOTHUTUBHbBIE
dyukiuu [33]. AKTyasIbHBIM /I BOCCTAHOBJIEHUS
(pyHKIMOHUPOBAHUA LIeHTPaJIbHOU HEpBHOU
CHUCTEeMBl B OCTPOM IIEPHOZE UIIEMUYECKOTO
WHCYJIbTA ABJISIETCA CTUMYJIUPYIONUH 3(pdeKT nepe-
MEHHBIX MAarHUTHBIX IT0JIEH B OTHOIIIEHUH DKCIIPeC-
CHM IIPOTHUBOBOCHAJIUTEIBHOTO IUTOKKHHA IL-10 1
CHIKEHHE YPOBHS ITPOBOCIATTUTETbHBIX IUTOKIHOB
IL-1a, IL-1p u TNF-q, BeisBiennsiii A.K. Chan et al.
(2019) B uesioBeueckux GUOPOOIACTOIONOOHBIX
KJIeTKax [34].

MMSE, amid TCMT significantly improved in 41%
(p < 0,05) of patients in the main group, reaching the
level of CI, while in the placebo group the number of
such patients was 17% (p > 0,05).

Gumarova et al. (2020) demonstrated the clinical
efficacy of threshold-free low-frequency transcranial
magnetic stimulation (ITCMS) (Almag-03 tool,
Elamed, Russia)) amid conventional therapy in
patients 3—4 days after ischemic stroke (group 1)
[36]. The inductor was placed on the patient’s head;
the input cables located in the occipital region and
the outer inductors covered the frontal region. The
working surface of the inductor marked N (north
pole) faced the patient’s scalp. The procedures were
carried out according to program 1 (traveling mag-
netic field, excitation frequency by pulse train of 1—5
per second, pulse repetition frequency within a train
of 7 per second, magnetic induction of 10 mT). The
procedure duration was 10—20 min (once a day), the
course was 8—10 procedures. The 2" group included
45 patients who received standard therapy in accor-
dance with the Procedures for Providing Medical
Care to Patients with ACVA (drug therapy, exercise
therapy, massage, occupational therapy), with the
exception of ITCMS. When evaluating the results of
the study, patients of the 1% group showed an increase
in the linear blood flow velocity in the internal carotid
artery on the affected side by 18,1% compared to the
2" group (p = 0,042); a significant increase in mobil-
ity in patients of the 1% group — by 42,1%, functional
independence in daily living — by 38,1%, muscle
strength — by 50%, which significantly differed from
similar indicators in the 2" group (p = 0,0005). It
should be noted that 60,8% of patients in the 1% group
did not show any psychoemotional disturbances,
absence of relevant symptoms of depression
(p < 0,0001); 89,3% of patients showed a significant
improvement in sleep, mood and life activities, an
increase in activities of daily living and quality of life
by 57,9% compared with the 2™ group of patients
(p = 0,006).

Unidirectional results were obtained by Di Gre-
gorio et al. (2021), who used a rehabilitation pro-
tocol based on a combination of brain stimulation
and standard cognitive treatment during two con-
secutive courses with an interval of 3—4 months
[37]. The protocol included repetitive transcranial
magnetic stimulation for the left intact parietal
cortex of patients, followed by visual scanning
treatment. In the author’s opinion, neuronal loss
after stroke can promote to cognitive decline due
to the functional deactivation of neuronal circuits
reactivation of whom can contribute to recovery of
cognitive functions. The use of inhibitory stimula-
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BiusiHue TpaHCKpaHUATBHOTO BO3/IEHCTBUS Mar-
HUTHBIX IOJIEH HAa OHO3JIEKTPUUECKYI0 aKTHBHOCTH
I'M y namuenToB ¢ nociaeactsuamu OHMK usyua-
JIOCh B PsA/iE WCCJIEOBAHUM, a TAaKKe IIPEJICTABIIEHO
B KJIMHUYECKUX PeKOMeHIausAX [35]. ABTOPBI IpH-
BOJIAIT JJaHHBIE 00 HCIOJIb30BAHUH TPAHCKPAHUAIIb-
voit marauTotepanuu (TKMT) y nmanueHTOB B paH-
HEM BOCCTAaHOBUTEJIPHOM IIEPHO/JI€ HIIEMUYECKOTO
WHCYJ/IbTA C TAaBHOCTHIO 32a00J1€BaHUA OT 1 /10 5 MEC ¢
JIOCTH?KEHHEM, II0 3aBEpIIEHHU Kypca peabuinTa-
UM, 3HAUYMMOM IIOJIOKUTEJIbHOH JUHAMUKU OHO-
2JIEKTPUUECKOHN aKTUBHOCTH MO3Ta 10 JaHHBIM DT
Tak, koadduruesT acummerpuu nocse kypca TKMT
causwicsa Ao 18,5 % (p < 0,05), nokasareynb B/A,
OTPaXKAIOIINN COCTOSHUE TOHYCA COCYZI0B METKOTO 1
cpefHero Kayjubpa, YMEHBIIWICA B 1,3 pasa, Toraa
KaK B IpyIIIe m1anebo He ObLIO BBISBIEHO JIOCTOBEP-
HBIX U3MeHeHul. VIcXonHble HapYIIeHUs OpUeHTa-
MY, BOCIPUSATHS PEUH, TUCbMAa U YTEHUsI, COOTBET-
CTBYIOIIME JIETKOH CTEleHU JEMEHIIUH II0 IIIKaje
MMSE, na ¢pore TKMT g0CTOBEPHO YIyUIIUIIUCH Y
41 % (p < 0,05) 6OILHBIX OCHOBHOU TPYIIIIBI, JIOCTUT-
HYB YPOBHSI JIETKUX KOTHUTHBHBIX HAapYyIIEHUH,
TOTZ]a KaK B TPYIIIE IJIaneb0 YHUCI0 TAKUX OO0JIbHBIX
coctaBuiio 17 % (p > 0,05).

JLIII. T'ymapoBo# u coaBT. (2020) moKa3aHa KJIU-
Huveckasn 3(pHeKTUBHOCTh «6eCIIOpOTOBOI» HUBKO-
YaCTOTHON TPaHCKPAaHUAJIBbHOM MarHUTHON CTUMY-
s (HTKMC) (ammapar Asmar-03 («Enamen»,
Poccus)) Ha ¢oHe cTaHZAPTHOM TepaNuy y MarueH-
TOB Ha 3—4-€ CYyTKH II0CJIe UIIIEMUYECKOTO WHCYJIbTa
(1-a rpynma) [36]. MuaaykTOp («OTOIOBBE») pasMe-
IIJaJTA HA TOJIOBE MAIlHeHTa C PACIIOJIOKeHneM Kabe-
Jie BBO/IA B 3aThUIOYHOU 00JIACTH ¥ 3aXBATOM Kpau-
HUMH WHJIyKTOpaMu JIOOHOW uyactu. Pabouas
IIOBEPXHOCTh UHAYKTOPA ¢ MapKUpoBKOH N (ceBep-
HBIH TOJTI0C) ObLIa 0OpallieHa B CTOPOHY BOJIOCHCTOM
YaCTH TOJIOBBI TamueHTa. IIporemaypsl ITPOBOIMIIN
mo mporpamMMe 1 (MarHHUTHOe mojie — Oeryiee,
YacToTa BO30OYXKIEHWS IMadyKaMH  HMIIYJIbCOB
1-5 HUMIL/C, 9acToTa CJIeOBAaHUSA HWMITYJIbCOB BHY-
TPU MAYKHU 7 UMIIL. /¢, MATHUTHAS UHIYKIUS 10 MT1).
[Ipo/IOKUTETPHOCT, ~ TPOIEAYPhl  COCTaBHUJIA
10—20 MuH (1 pa3 B JieHb), Kypc 8—10 mpouenyp. Bo
2-[0 TPYHIy BKJIIOYWIN 45 IMaIlHEHTOB, KOTOPHIM
MIPOBOJIAJIN CTAHZAPTHYIO TEPAIIHIO B COOTBETCTBUH
¢ IopsapkamMu OKazaHWS METUIMHCKOU MOMOIIH
6ompabiM ¢ OHMK (MeamkameHTO3HAs Teparmus,
seyebHasA PUBKYJIBTypa, Maccak, Sproreparnmus), 3a
uckstouenneM HTKMC. IIpu n3yueHun pe3yabTaToB
HCCJIeTOBAHUSA Y TAITUEHTOB 1-H IPYTIIbI OBLIO BHISIB-
JIEHO TIOBBIIIIEHNE JIMTHEMHOU CKOPOCTH KPOBOTOKA
BO BHYTPEHHEH COHHOH apTEPHUH HAa CTOPOHE oYara
Ha 18,1 % 1o cpaBHEHUIO €O 2-1 Ipymnmnoi (p = 0,042);

tion for the left intact parietal cortex reduces the
left hemisphere activation and recover the balance
of interhemispheric activity. Thus, it can be said
about clinical efficacy of the recovery effect of
repetitive TMS (rTMS) on a more large stroke
patients samples.

The opinion that TMS has the greatest potential
for the treatment of CI is supported by Hernandez-
Pavon, Harvey (2019), noting the importance of TMS
for the clinical treatment of stroke and stroke-related
disorders [38]. According to the authors, the ana-
tomical target and stimulation parameters will differ
for any clinical abnormality: fatigue, pain, cognitive
or communicative dysfunction. Biomarkers can also
be useful for identifying patients who have a more
positive response to treatment in order to improve
clinical decision-making. A combination with drugs
or certain types of physiotherapy may be necessary
to achieve the maximum effect. Combining calcu-
lated model values with magnetic resonance imaging
and electroencephalography data of a specific patient
allows localizing the electromagnetic effect and stim-
ulating affected brain structures, which can ulti-
mately help increase the effectiveness of the method
and expand the indications for its use.

Akimzhanova et al. (2016) also emphasize that
the most significant results are achieved in the reha-
bilitation of patients with cerebral stroke using high-
intensity TMS [39]. The authors showed that the
effect of high-frequency (>5 Hz) TMS on the non-
affected area, and low-frequency TMS (<1 Hz) on the
affected area of the hemisphere (in the projection of
the motor cortex and central gyrus) in the early post-
stroke recovery, 20 min once a day for 20 days, sig-
nificantly improves orientation, memory, and speech
(p = 0,007).

Dionisio et al. (2018) note that the most prom-
ising in conducting the rTMS procedure is a
8-shaped inductor — it provides better localiza-
tion of stimulating induced current with the
diameter of the targeted area 5 cm, and the effec-
tive stimulation depth 5-5,5 cm (the maximum
value of the induced current density in the gray
matter 38,7 A/m?) [40].

Mamedova (2021) demonstrated the effect of
repetitive transcranial and multilevel magnetic stimu-
lation on CI in post-stroke patients [41]. The author’s
technique included multilevel magnetic stimulation in
the 1% group of patients using a high-intensity pulsed
magnetic field (2—2,2 T): level I — rTMS of the projec-
tions of motor cortex areas of the affected hemisphere
with a pulsed magnetic field with intensity of 70—90%
of the maximum values, frequency of 30—40 Hz, and a
pulse duration of 0,1 ms; level IT — repetitive magnetic
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JIOCTOBEPHOE IOBBINIEHNE MOOWIBHOCTHU Y MAIeH-
TOB 1-¥ IPYIIBI HA 42,1%, QYHKIIMOHAIHPHOU He3a-
BHUCHMOCTH B IIOBCEIHEBHOM KM3HU — Ha 38,1%,
CHJIBI MBI — HA 50 %, YTO 3HAYNMO OTIINYAJIOCH OT
AHAJIOTMYHBIX IIOKa3aTejied BO 2-H  rpymme
(p = 0,0005). Heo6Xx0AMMO OTMETUTD, UTO ¥ 60,8 %
MaMeHTOB 1-i IPYNIBI He OBLJIO BBISBIEHO IICHUXO-
SMOITMOHAJIbHBIX HAPYIIEHWH, HU OJHOTO CJIydast
JTOCTOBEPHO BBIPAKEHHBIX CHMIITOMOB JIEIIPECCHU
(p < 0,0001); y 89,3% manueHTOB OBLJIO yCTAHOB-
JIEHO 3HA4YMMOe VJIyYllleHHe CHAa, HACTPOEHUs U
JKU3HEIeATEIFHOCTH, ITOBBIIIIEHNE CAMOOOCITYKITBA-
HUSA U Ka4ecTBa XKU3HU HA 57,9 % II0 CPAaBHEHHIO CO
2-# rpymmo# marueHTos (p = 0,006).
OnHOHampaBJIeHHbIE Pe3yJIbTAThl OBLIN IOJIY-
yenbl F. Di Gregorio et al. (2021), ucmnosb30BaB-
IIUMH TIPOTOKOJI peabuInuTanii, OCHOBAaHHBIA Ha
COYETAHUY CTUMYJIAINHI MO3Ta ¥ CTAHAAPTHOTO KOT-
HUTHUBHOTO JIEUEHUS B XOJI€ JIBYX IIOCJIEI0BATEILHO
MIPOBOIUBIIKXCS JIEUEOHBIX KYPCOB C MHTEPBAJIOM B
3—4 Mec [37]. IIpOTOKOJ BKJIFOYAJ BBIIIOJTHEHHE
IMIOBTOPHOH TPaHCKPaHHAJIbHOU MAarHUTHOU CTHUMY-
JIANAY, TPUMEHSIEeMOH K JIEBOU HENOBPEXKIEHHOU
TEMEHHOU KOpe MalleHTOB, C MOCJIeYIONUM BU3Y-
aJIbHBIM cKaHUpoBaHHeM. COTJIacCHO MHEHUS aBTO-
POB, TIOCJIE UHCYJIbTA B MIPABOM IOJIYIIIAPUU TTOTEPS
HEHUPOHOB MOJKET yXyAIIUTh KOTHUTHUBHBIE (YHK-
OUY U3-32 QYHKIIMOHAIBHOU JIe3aKTUBALUH COOT-
BETCTBYIOIIUX HEUPODPYHKIIMOHATBHBIX CETEH, peak-
THUBAIUsS KOTOPBIX MOKET CIOCOOCTBOBATH BOCCTA-
HOBJIEHUIO HAPYIIEeHHBIX QyHKIUH. Vcriosp30Banme
WHTUOUPYIOIIEH CTUMYJIAIIUNA HEMOBPEXIEHHOMN
JIeBO TEMEHHOU KOPBI CHIKaeT aKTUBAIUIO JIEBOTO
MIOJIyIIApUA U MOKET BOCCTAHOBUTD OAJIaHC MEXKIIO-
JIyIIapHOU aKTUBHOCTHU. TakuM 06pa3oM, BO3MOIKHO
TOBOPUTH O KJIIMHUYECKOH 3(peKTUBHOCTU BOCCTa-
HaBiuBawoiero spdekra purmuueckon TMC Ha

Oosiblllell  BBIOOpPKE  MAI[EHTOB, IIE€PEHECHINX
WHCYJIBT.

MueHHe 0 HAUOOJIBIIEN TEPCIIEKTUBHOCTH JIJISI
neuennas KH wumenno TMC noazep:KuBaioT

J.C. Hernandez-Pavon, R.L. Harvey (2019), oTmeuast
3HaunMocTh TMC I KJIMHHYECKOIO JIedeHUs
WHCY/IbTA U CBSI3aHHBIX ¢ HUM Hapyienui [38]. ITo
MHEHWIO aBTOPOB, aHATOMUYECKAasi MUIIIEHD U MTapa-
METPBI CTUMYJIAIIAY OYIyT pa3indaThCs AJ1sl TI060T0
KJIMHHUYECKOTo ouara, 6y/ib To c1abocTh, 60JIb, KOT-
HUTWUBHAs WIA KOMMYHHUKATHUBHAs JUCHYHKIUS.
BuoMapkepsl Takyke MOTYT OBITh IIOJI€3HBI A
BBISIBJIEHHUSI ITAI[EHTOB, KOTOPHIE JIyUIlle BCEro pea-
THPYIOT Ha JIEUeHUE, C [EeJIbIO YIyUIIeHUs IPUHATHS
KJIMHUYECKNX perieHuidi. KoMmOuHanmusa c¢ Jjekap-
CTBEHHBIMU TIpelapaTaMyi WA OIpeIeIeHHBIMHI
BHUIaMU JIe4eOHOU (HU3KYIBTYPHI MOKET OBITh HEOO-

stimulation (MS) of segmented reflex areas (cervical
and lumbar) with a pulsed magnetic field intensity of
40-60% of the maximum values, frequency of
40-50 Hz, and a pulse duration of 0,1 ms; level III —
repetitive MS of the peripheral neuromotor structures
with a pulsed magnetic field intensity of 70-100% of
the maximum value, frequency of 30—40 Hz, and a
pulse duration of 0,1 ms. The procedure duration was
20—25 min (10 procedures per course). Simultane-
ously, in the 2™ group, the rehabilitation course
included only high-frequency rTMS of the projections
of motor cortex areas of the affected hemisphere with
a pulsed magnetic field intensity of 70—90% of the
maximum value, frequency of 30—40 Hz, and a pulse
duration of 0,1 ms. The procedure duration was
10—15 min (10 procedures per course). The post-treat-
ment MMSE assessment revealed positive dynamics
in both groups: a significant increase in the mean
score was noted for the such items as orientation
(p < 0,01), perception (p < 0,05), attention and calcu-
lation (p < 0,05), memory (p < 0,01), speech (p < 0,01).
When comparing the results in the 1%t and 2" groups,
greater dynamics of the mean score for orientation,
perception, speech was noted in the 1 group, and for
attention, memory, speech — in the 2™ group.

In post-stroke patients received sessions of low-
frequency (1 Hz) rTMS of the intact hemisphere and
repetitive peripheral magnetic stimulation (rPMS)
using an 8-shaped induction coil connected to a
magnetic stimulator, amid basic drug therapy, a pos-
itive type of changes in the EEG structure was
observed, which indicated an additional positive
effect of rTMS and rPMS on brain bioelectrical acti-
vity [42].

Similar results were obtained by Lebedeva et al.
(2023) when assessing the effectiveness of rTMS in
post-stroke patients in a prospective study [43].

A review by Wang et al. (2022) describes the
results of 45 randomized clinical trials involving
3066 patients with post-stroke CI [44]. The authors
note that both high-frequency rTMS (HF-rTMS) and
low-frequency rTMS (LF-rTMS) demonstrate safety
and efficacy, but do not show a significant difference
in terms of improving cognitive function.

Currently, there are studies on the use of inter-
mittent theta burst stimulation (iTBS), a new tech-
nique of rTMS that delivers 600 pulses in only 3 min
compared to 37,5 min for conventional rTMS, in the
treatment of ischemic stroke-induced disorders [45].
The protocol for the procedure includes 600 pulses
per session: triplet 50 Hz bursts, repeated at a fre-
quency of 5 Hz; 2 s on and 8 s off.

Han et al. (2023) believe that the combination of
HF-rTMS with LF-rTMS provided higher efficacy
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X0/IMa JIJIsl IOCTHKEeHU ST MaKCUMaJIbHOTO 3 dekTa.
CoBMellleHNE pACUETHBIX MOJIEJIBHBIX 3HAYEHUH C
JIAHHBIMH MarHUTOpPe30HaHCHOU Tomorpaduu u
3JIEKTpO3HIleasIOrpaMM KOHKPETHOTO IanueHTa
MO3BOJISET JIOKAJIM30BATh HJIEKTPOMArHUTHOE BO3-
JleicTBHe U TIPOBOAUTH CTUMYJIAIIUIO 3aJ[aHHBIX
CTPYKTYP MO3Ta, YTO B KOHEYHOM UTOTE MOKET CII0-
coOCTBOBATh yBeIUYeHNI0 3G (PEKTUBHOCTH METOZA
U pacIIMpeHHIo IOKAa3aHUH /s ero NpuMeHeHU .

A.K. AkumikaHoBa u coaBT. (2016) Takke IIOJ-
YepKUBAIOT, UTO Haubojiee 3HAUYUMbIE PE3YIbTaThl
JIOCTUTAIOTCS B PeabMINTAIINH MTAIIUEHTOB C MO3TO-
BBIM UHCYJIBTOM C IIPUMEHEHNEM BBICOKOMHTEHCHUB-
wott TMC [39]. ABTOpamMu IOKa3aHO, YTO BO3MAEH-
cTBUe BbicokouactoTHOU (>5 I'iy) TMC Ha Hemopa-
J)KeHHyr, a HuskodyactotHou TMC (<1 I'm) — Ha
MIOPaYKEHHYIO YacTh MOJIyIIapus (B MPOEKIUU JIBU-
raTeJIbHOU KOPBI U IIEHTPAJIbHON U3BUJIMHBI) B PaH-
HeM BOCCTAaHOBHUTEJIBHOM IIEPUOJE TIOCTIE NHCYIIbTA,
[0 20 MUH 1 pa3 B CyTKU B T€UeHHUE 20 JAHEN JJOCTO-
BEPHO YJIy4lllaeT I0Ka3aTeI OpPUEeHTAI[UH, 3alI0MH-
HaHUs U peud (p = 0,007).

A. Dionisio et al. (2018) oTmMeuaroT, 4YTO B IPOBe-
nenuu nporeaypbl TMC Hanbosiee epCrneKTUBHBIM
SIBJIIETCA  WHJYKTOP THUIIA «BOCBMEDPKAa», IIPHU
KCIIOJIb30BAHUN KOTOPOTO HAOJIOZaeTcss HaMIyd-
mas JIOKIN3alusA CTUMYJIUPYIONIETO0 HHAYIIUPO-
BAHHOTO TOKA: JAMAMeTP 30HBI CTUMYJIAIUU 5 CM,
s dexTHUBHAS TIIyOMHA CTUMYJISIIUY 5—5,5 CM (MaK-
CHMaJIbHOe 3HaueHUe IUIOTHOCTHU WHAYIUPOBaH-
HOT'O TOKa B CEpOM BelllecTBe Mo3ra 38,7 A/m?) [40].

M.IO. MamezoBoi (2021) IIOKa3aHO BJIMSHUE
PUTMHUYECKOH TPaHCKPaHUAJIBHONW U MHOTOYPOBHe-
BOH MAarHUTHOM CTHUMYJIAIUN Ha KOTHUTHUBHBIE
HapyIIeHUs y MOCTUHCYJIbTHBIX GOJIbHBIX [41]. Pas-
paboraHHas aBTOPOM MeETOAWKA BKJIIOUAIA B 1-U
rpymIe ManueHTOB MHOTOYPOBHEBYIO MAaTHUTHYIO
CTUMYJIAIIAIO, C WCIHOJIb30BAaHUEM HMILYJIbCHOTO
MarHuTHOTO  IIOJII  BBICOKOH  MHTEHCHUBHOCTU
(2—2,2 Ti): ypoBenb I — purmuueckass TMC mpoek-
U MOTOPHBIX 30H KOPBI HOPAXKEHHOTO MOJIYIIIAPU
C UHTEHCUBHOCTBIO UMITYJIbCHOI'O MAarHUTHOI'O I10JIA
70—90 % OT MaKCHMAaJIBHOTO 3HAUEHUSA /IS CTUMY-
JIAATOpA, YaCTOTOM Mojavyu cTumysa 30—40 I'u, qiu-
TeJIBHOCTBIO MMITyJIbCa 0,1 MC; ypoBeHb II — pur-
muueckass MC cermeHTapHO-pedJIEKTOPHBIX 30H
(IefHBIX W MOSICHUYHBIX) C HHTEHCUBHOCTHIO
HUMITYJICHOTO MAarHUTHOTO 01 40—60 % OT MaKCH-
MaJIPHOTO 3HAUEHUS, YACTOTOH 40—50 I'1, ymnresns-
HOCTBIO UMITyJIbCa 0,1 Mc; ypoBeHb 1II — purmuue-
ckasg MC nepudepuyeckoro HEKPOMOTOPHOTO aIIia-
para ¢ HHTEHCUBHOCTHIO UMITYJIBCHOIO MAaTHUTHOTO
mojasg 70—-100 % OT MakKCHMAaJbHOTO 3HAYeHUs,
qactoTod 30—40 I, AJIUTEIbHOCTBIO UMILyJIbca

compared to rTMS alone; the combination of rTMS
with other cognitive therapies demonstrates the
potential to improve patient outcomes [46]. The
authors conclude that rTMS can effectively and safely
improve cognitive functions, quality of life, and daily
activities in patients with post-stroke CI, and its
combination with other conventional rehabilitation
methods may provide additional positive effects. In
addition, the authors confirm that the use of iTBS
has a therapeutic effect on patients with post-stroke
CI: the primary outcome is the change in the MoCA-
Beijing (MoCA-BJ) score from baseline to the end of
the intervention. Secondary outcomes include
changes in resting EEG indices from baseline to the
end of the intervention, as well as tests: auditory ver-
bal learning, symbol and digit modality, digital span,
and MoCA-BJ scores from baseline to the endpoint.
Daoud et al. (2024) assessed the efficacy and
safety of iTBS for improving cognitive functions in
patients with post-stroke CI based on a systematic
review and meta-analysis [47]. The meta-analysis
included six studies involving 325 patients. The
results showed that iTBS caused significant improve-
ments in the global cognitive scales (SMD (standard-
ized mean difference) = 1,12, 95% confidence interval
(CD[0,59—1,65], p < 0,0001), attention (SMD = 0,48,
95% CI [0,13-0,82], p = 0,007), visual perception
(SMD = 0,99, 95% CI [0,13—1,86], p = 0,02), and
activities of daily living (SMD = 0,82, 95% CI [0,55—
1,08], p < 0,00001). However, there was no signifi-
cant effect on orientation (SMD = 0,36, 95% CI
[-0,04...0,76], p = 0,07). Subgroup analysis based
on the number of sessions revealed a significant
improvement in global cognition among patients
with post-stroke CI across the three categories
(10 sessions, 20 sessions, and 30 sessions) with no
between-group difference (p = 0,28).

CONCLUSION

The data presented indicate that the inclusion of
transcranial low- and high-intensity pulsed mag-
netic therapy, audiovisual stimulation in rehabilita-
tion programs for post-stroke patients with CI ame-
liorates attention, speech, gnosis, delayed memory
and orientation, helps to increase the balance of the
main processes in the cortex; increase the level of
functional capabilities of the central nervous sys-
tem, reduces the severity of anxiety, improves qual-
ity of life. There are no data on side effects or patient
refusal to continue treatment in the articles
reviewed.
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0,1 Mc. IIpoAOJKUTENIBHOCTh TPOIEAYPHI COCTAB-
JIs1a 20—25 MUHYT (Ha Kypc 10 nporeayp). ITapas-
JIEJIBHO BO 2-H TPYIIe MAIlUEHTOB peabuIUTaIIOH-
HBIU KypC IPOBOJIWJICA TI0 METO/INKE, BKIIOUAIOIIEH
TOJIPKO BBICOKOMHTEHCUBHYIO putMuyeckyro TMC
MIPOEKIIUI MOTOPHBIX 30H KOPHI TOPAYKEHHOTO MOJIy-
apusi ¢ MHTEHCUBHOCTHIO HMITYJIbCHOTO MarHUT-
HOTO TOJISI 70—90 % OT MaKCHUMAaJIbHOTO 3HAYEHUs,
YaCTOTOU IolauM CTUMYyJIa 30—40 ', miuTebHO-
CTBHIO UMITyJIbCA 0,1 MC. IIpOZOIKUTETBHOCTD IIPO-
LeZyphl COCTaBJsIa 10—15 MUH (HA Kypc 10 IIpo-
nenyp). OmeHka pesyabraToB 1o Ikasie MMSE
TIOCJIE JIEUEeHMU BBISIBIJIA B 00€UX TPYIIIIaX TO3UTHB-
HYIO ITHAMUKY: JIOCTOBEPHOE YBEJINUEHE CPDETHETO
b6a/uta OTMEYAJOCh IO IYHKTaM IIIKAJIbI, Kacalo-
muMess opueHTarmuu (p < 0,01), BOCIPUITHUSI
(p < 0,05), BHUMaHUA U KaibKyauu (p < 0,05),
namatu (p < 0,01), peuu (p < 0,01). [Ipu cpaBHEHUN
pe3ybTaToOB B 1-H M 2-# rpymmax O00JbInas AMHA-
MUKa CpefiHEN OIleHKU II0 IyHKTaM OpHEeHTAaINH,
BOCIIPUSATHUS, DU OTMeYasach B 1-H TPYIIIe, a 1Mo
IIyHKTaM BHUMAaHUSI, IAMATH, PEUH — BO 2-H.

Y manueHTOB, ITepeHecIINX HHCYJIBT U IIOJIyIaB-
IIUX CeaHChl HU3KO4YacToTHOH (1 I'l) puTMmYecKoi
TMC (pTMC) UHTAKTHOTO MOJIYIIAPUS U PUTMUUE-
CKOU  mepudepuueckodl  MarHHUTOCTUMYJISI[AH
(pIIMC) ¢ momotipio 8-00pa3HON HHAYKIIMOHHON
KaTYIIKW, COEUHEHHOU ¢ MAarHUTHBIM CTHMYJIATO-
poM, Ha ¢oHe OGABUCHOU MeJIMKAaMEHTO3HOH Tepa-
Y, HabJTI0/IAJICS TTOJIOKUTEIbHBIA TUTI U3BMEHEHUH
CTPYKTypbl DAT', YTO CBUAETETBCTBOBATIO O JOMIOJI-
HUTEJIbHOM Koppurupywoiiem ausauu pTMC u
pIIMC Ha 6103sIeKTpHUYECKYIO aKTUBHOCTD I'M [42].

CxozmHble  pe3yJbTaThl  OBUIM  IIOJIyYEHBI
.M. JlebeneBoil u coaBT. (2023) mHpU OIEHKE
adpdextuBHoct pTMC y manueHTOB IOCJIE HIlle-
MHYECKOTO HHCYJIbTa B PaMKaX IIPOCIIEKTUBHOTO
nccaenoBaHus [43].

B 0630pe Y. Wang et al. (2022) onricanbl pesysib-
TaThl 45 PAHIOMU3UPOBAHHBIX KIIMHUYECKUX UCCIIe-
JIOBAHUU C y4JacTueM 3066 IMaIleHTOB C ITOCTHH-
CYJIbTHBIMU KOTHUTHUBHBIMU HapyIIEeHUSAMH [44].
ABTOpPBI OTMEYAIOT, YTO KaK BBICOKOYACTOTHAS
pTMC (HF-pTMC), tak u Hu3kouacrotHas pTMC
(LF-pTMC) nemoHcTpupyloT 06€301acHOCTh U
3¢ GEKTUBHOCTD, HO HE MOKA3BIBAIOT 3HAUYUTETLHON
Pa3HHUIIBI C TOUKHU 3PEHUS YIYUIIeHUs KOTHUTHBHBIX
pyHKIHII.

B mHacrosimee Bpems MOABUINUCH PabOTHI IO
HCIIOJIb30BAHUIO B JIEYEHUN HApyUIeHWUH, BBI3BAH-
HBIX UIIIEMUYECKUM HHCYJIBTOM, IPEPHIBUCTOH TETa-
UMIyIbCHOU cTuMyssanuu (intermittent theta burst
stimulation — iTBS), HoBOM dopmbl pPTMC, obecre-
YUBAIOIIEH 600 UMITYJILCOB BCETO 3a 3 MUH I10 CPaB-

HEHUIO ¢ 37,5 MuH npu oosraHor pTMC [45]. IIpo-
TOKOJI ~ TIPOBEAEHUS  MPOIEAYpPhl  BKJIOYAET
600 UMITYJIBCOB 32 CEAHC: TPUILJIETHHIE BCILJIECKU TI0
50 I', moBTOpSIOIIMECs ¢ YacTOTOMH 5 I'IT; 2 ¢ — BRITIO-
YeHO U 8 C — BBIKJIIOUEHO.

M. Han et al. (2023) cuuTaooT, 4TO COUYETAHUE
HF-pTMC ¢ LF-pTMC npuBogur k 60Jiee BBICOKOH
3¢ GEeKTUBHOCTH TI0 cpaBHeHHIO ¢ ogHor pTMC;
couetanue pTMC ¢ ipyrumMu KOTHUTUBHBIMU METO-
JlaMHi TepamluH JeMOHCTPUPYET IOTEeHIUAI IS
VIydIIeHUs pe3yJIbTaTOB y TAIUeHTOB [46].
ABTOpHI JlenaroT 3akiodyeHue, uto pTMC moxxer
9 PexTBHO M 06€30mMacHO YJIYUIINTH KOTHUTHUB-
Hble QYHKIINU, KAYECTBO *KU3HHU U IMOBCETHEBHYIO
JIeSITeJIbHOCTh Y TAI[UEHTOB C MOCTHHCYIbTHBIMU
KH, a ee coueranue Cc APyTUMH TPAJAUIMOHHBIMU
METO/IaMH pPeabHIUTAIMU MOKET JIaTh JOIOJIHH-
TeJIbHBIE TOJIOKUTENbHBIE 3ddekTl. Kpome ToOTO,
aBTOPHI MOATBEPIKAAIOT, UTO HCIOJIb3oBaHue iTBS
OKa3bIBaeT jieuebHOoe BO3/AeliCTBHE Ha MaI[MeHTOB ¢
IIOCTUHCYJIbTHBIM KOTHUTHBHBIM HapyIlIeHUEM:
MEPBUYHBIM PE3YJIbTATOM SIBJISIETCSI W3MEHEHUe
6ayuta o Ilekuackoit Bepcuu MoCA (MoCA-BJ) ot
HMCXO/THOTO YPOBHA /IO KOHIIA BMeEIIaTeIbCTBA. BTo-
PUYHBIE PE3YIBTATHI BKIIOUAIOT U3MEHEHUS HH/IEK-
coB IIAI' B cOCTOAHUU TTOKOSI OT UCXOTHOTO YPOBHS
JIo KOHIIAa BMEIIATEeIbCTBA, a TAK)Ke TECThI: Ha CJIy-
X0BOe BepbOanbHOEe o0yueHHWe, Ha MOJIAJIBHOCTD
CHMBOJIOB U ITUdp, HA MUPOBON OXBAT U OB
MoCA-BJ oT HCXOAHOTO YpPOBHA [0 KOHEUHOU
TOUKH.

A. Daoud et al. (2024) Ha ocHOBe cucTreMaTHUye-
ckoro 0030pa U MeTaaHaIu3a JaeT OIeHKY 3ddek-
TUBHOCTU U OesomacHoctu iTBS s ymyumenwus
KOTHUTUBHBIX (YHKIIUA y THANHEHTOB C IIOCTHH-
cyaptabiMu KH [47]. MeTaananus oXBaTHJI IIECTh
WCCJIEIOBAHUU C yYacTHEM 325 MAIMEHTOB. Pe3ysb-
TaThl MOKasatu, yto iTBS mpuBena K 3HAYUTEIb-
HOMY VJIYUIIIEHHIO OIEHKU MO 6a30BBIM KOTHUTUB-
HbIM 11KasaM (SMD (cranmapTu3oBaHHAasE Ppa3HOCTH
cpeaHux) = 1,12, 95% JOBEPUTEIbHBIA HHTEPBAJ
(In) [0,59-1,65], p < 0,0001), BHUMaHUA (SMD =
= 0,48, 95% 111 [0,13—0,82], p = 0,007), 3pUTEJIb-
Horo BocupusATus (SMD = 0,99, 95% U [0,13—
1,86], p = 0,02) U TOBCETHEBHOW AKTHBHOCTU
(SMD = 0,82, 95% U [0,55-1,08], p < 0,00001).
OpHAaKO He ObLIO 3HAYHUTETHHOTO 3 deKTa 10 IMoKa-
3atesio opuenTtaruu (SMD = 0,36, 95% JIU [—0,04—
0,76], p = 0,07). [IpoBe/ileHHBIN aHAJIU3 TOTPYIII
Ha OCHOBE KOJINYECTBA CEAHCOB BBISBUJI 3HAYUTEIIb-
HOe yJIydllleHre OOIIero mo3HaHus Cpeau MalueH-
TOB ¢ mocTuHCyJAbTHBIMU KH B Tpex kaTeropusx
(10 ceaHcoB, 20 ceaHCOB U 30 CeaHCOB) Oe3 pasJiu-
uuii Mexky rpymnmnamu (p = 0,28).
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3AKVIIOYEHUE

IIpencraByieHHBIE BBIINIE JAHHBIE CBU/AETEIb-
CTBYIOT O TOM, UTO BKJIIOUEHUE TPAHCKPAHUAIBHOMN
HU3KO- ¥ BHICOKOMHTEHCUBHOM UMITYJIbCHON MarHu-
TOTEPAINH, ayINOBU3YAJIBHON CTUMYJIAIUU CTPYK-
Typ 'M B peabuntanyioHHbBIE KOMILIEKCHI TAI[A€H-
ToB ¢ nociaencrsuaMu OHMK ¢ KOrHUTHUBHBIMU
HapyUIEHUSIMH CIOCOOCTBYET YJIYUIIIEHUI0 BHHUMA-
HUS, peYH, THO3KCA, OTCPOYEHHOU MaMATH U OPHEH-
TaIUy, IOMOraeT BO3PacTaHUIO YPAaBHOBEIIEHHOCTU
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AHHOTAITUA

B naHHOM 00630p€ B HCTOPUYECKOM ACIIEKTEe PACCMOTPEHBI BOIIPOCHI 3aPOXK/AEHU U CMEHBI IIPEJICTABJIEHUHN O IMyTAX
JIBIDKEHUS JKUAKOCTU B HHTepcTuiuu (mpenuMmbarudeckue myt). B XVI-XVIII Bekax THIOTe3a 0 HAIMIUU CBA3HU
MEK/Iy apTepHaIbHBIM U JTUM(PAaTUUECKUM PYCJIOM MPOIIJIa MyTh OT IPeACTABIEHUH O CYIIIeCTBOBAHUU aApMepuanb-
Hblx Aaum@Pamurxos (I033Ke vasa serosa, COK08ble KAHAAbYbL), IPEICTABJISAIONINX cOO0H TOHYANIIINE COCY/Ibl, /10 Oec-
COCYZIUCTBIX MpPeTUM@aTUUEeCKUX MyTeH, K KOTOPBIM COBPEMEHHBIE HCCIIEZ0BATENN OTHOCAT HE TOJIBKO TKAHEBBIE
KaHaJIBl, HO TakKe napadubpuuIApHble, napa(liepu-)BacKyIsApHble U IepUHEBPAJIbHbIE IMyTU. Takike B iUTepaType
OIMCAHBI TOPHI U HAHOKAHAJIBI HHTEPCTUIUA. Takas 3BOJIIONUS B3IJISA0B IPOU30ILIA 61arofapss MHOTOYUCIEHHBIM
OTBITAM IO UAEHTUGUIIUPOBAHUIO MpeauM@aTHIECKUX MyTeH ¢ MOMOI[bI0 MHBEKIUU JUMPATUUECKUX TyTeH U
WHTEPCTUIIVS, UCII0JIB30BaHUA Karcysa Guyton pa3HoOH (OpMBI ¢ OTBEPCTUAMH C BBEAEHHBIMH B HUX KPACUTEJISAMU U
9JIEKTPOHHON MHUKPOCKOIUU. DTH UCCIEAO0BAHUS OKA3IH, YTO UHTEPCTULIHAIbHBIE IIyTH UMEIOT OMOCPE/I0BAHHOE
COO0IIleHNE C COCYAUCTBIM PYCJIOM U B HHUX OTCYTCTBYeT SHJIOTeJHaIbHAsA BBICTUJIKA. DTO MO3BOJIMJIO CUUTATH IIpe-
auMdaTuIecKue IMyTH CaMOCTOSATEIbHBIMU 00pa30BaHUsIMHY, HE OTHOCAIINMUCA HU K KDOBEHOCHOU, HU K iuMdaTu-
yeckoi cucteMaMm. Ho CcTOpUYecKr 32 HUMH 3aKPENUIOCh Ha3BaHUeE npeaum@amuveckue IyTH, U U3y4alOT UX BMe-
cre ¢ TuM@aTHIeCcKol cucteMoii. B pabore Tak:ke 3aTpPOHYT ellje OJJUH TEPMUHOJIOTUUYECKUH BOIIPOC O KOPHSAX JIUM-
daTuueckoii cucTeMbl, K KOTOPBIM MOABJIAIOIIEE OOJTBITUHCTBO YIEHBIX OTHOCAT JIUMQaTHUeCKHe KATUISPBHI, 2 He
npenuMdaTuyeckue MyTH.

Kaoueswvle caosa: npenuMbaTuiecKie MyTH, TKAHEBble KaHaIbI, apa@uOpuuIpHble IyTH, HHTEPCTUIIHH, SH/IO0Te-
JINH, KOPHU JIUM(ATHIECKOH CUCTEMBI.
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ABSTRACT

The historical aspects of the origin and evolution of ideas about fluid flow pathways (prelymphatic pathways) in the
interstitium are examined in this review. In the 16"—18" centuries, the hypothesis of communication between the arterial
and lymphatic vessels evolved from ideas about the existence of arterial lymphatics (later vasa serosa, juice canals), which
are the thinnest vessels, to non-vascular prelymphatic pathways, which include not only tissue channels, but also
parafibrillary, para(peri-)vascular and perineural pathways according to advanced studies. The literature also describes
pores and nanochannels of the interstitium. This evolution of views occurred due to numerous researches aimed to identify
prelymphatic pathways using tracer injections of the lymphatic pathways and interstitium, the implantation of Guyton
capsules of various shapes with orifices opened into the interstitium and subsequent electron microscopy. These studies
showed that interstitial pathways have indirect communication with the vascular bed, and they lack the endothelial lining.
This allowed prelymphatic pathways to be considered independent entities that do not relate to either the blood circulatory
or lymphatic systems. But historically, they have been called prelymphatic pathways, and they are studied together with
the lymphatic system. The paper also concerns another terminological issue about the roots of the lymphatic system to
which the vast majority of scientists attribute lymphatic capillaries, but not prelymphatic pathways.

Keywords: prelymphatic pathways, tissue channels, parafibrillary pathways, interstitium, endothelium, lymphatic
system roots.
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B naHHO# paboTe MBI pacCMaTPUBaeM HUCTOPHUIO
3apOXKAEHUSI U CMEHBI IPEACTABIEHUH O IyTAX
JBIDKEHUS JKUJKOCTH B COEJUHUTEJIPHOH TKAaHH.
MBI BBIZIETUIIM PSIJ] BOIIPOCOB, KOTOPHIE€ CTaBUJIU
mepez; cob0U McCaeA0BaTENN HA TPOTSXKEHUU CTO-
JIETHH: 1) JIOKa3aTeJbCTBO CYIECTBOBAHUS IIpe-
auMGaTHUYECKUX TyTeH B MHTEPCTUIUH; 2) UYeM
IIpe/ICTaBJIeHbl IpeauMbaTHdeckre mMyTH (TKaHe-
Bble Iend, mapadubpuUIsipHble 00pa3oBaHUs,
MepUBACKYJIAPHBbIE U TepUHEBPAIbHbIE MTPOCTPAH-
CTBA U 7p.); 3) HAJIUUKMeE-OTCYTCTBUE B mpenuMda-
TUYECKUX MyTAX HHAOTEJIUATBHONH  BBICTHIIKH
(cTeHKM); 4) CBSI3b MEXAYy HpenruMdaTHIeCKUMU
OyTIMH W KPOBEHOCHBIMU H JINM(PaTUUECKUMU
KaOWUIAPAaMU — MpsMas WIA OIOCPe0OBaHHAS;
5) ABJIAIOTCS JIU peJuM@aTUUecKre MyTH YacThIo
UMGAaTHIECKON CHUCTEMBI? 6) TEpPMUHOJIOTHYE-
CKUU BOITPOC O KOPHAX TUMMaTUIECKOU CUCTEMBI 1

In this paper, we consider the history of the origin
and evolution of ideas about fluid transort pathways
in connective tissue. We have identified a number of
questions that researchers have posed to themselves
over the centuries: 1) the evidence of the existence of
prelymphatic pathways in the interstitium; 2) what
are prelymphatic pathways (tissue gaps, parafibrillar
formations, perivascular and perineural spaces,
etc.); 3) the presence/absence of an endothelial lin-
ing (wall) in prelymphatic pathways; 4) the connec-
tion between prelymphatic pathways and blood and
lymphatic capillaries — direct or indirect; 5) are pre-
lymphatic pathways part of the lymphatic system?
6) the terminological question of the lymphatic sys-
tem roots and the use of the term prelymphatic
pathways.

We have constructed our paper not in the order
of consideration of the given questions, but in the
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HCITOJIb30BAHUU
nymu.

CTpyKTypy HaIllel CTaThbu MBI IIOCTPOWJIM HE B
MOPSIIKE PACCMOTPEHUsI ITPUBEIEHHBIX BOIPOCOB, a
BO BPEMEHHOM HCTOPHYECKOM aCIIeKTe, TaK KaK KaXK-
JIBIF MCCITEZIOBATENh Kacasicsi He OJTHOTO, a HECKOJIb-
KHX BOIMPOCOB. IHOT/Ia BpeMeHHasl II0C/Ie/[0BaTE -
HOCTh HAPYIIAETCSA JIsI COXPAHEHUS JIOTHYECKOH
CBSI3U MEK/Ty OTKPBITUSIMU TOTO WJIM HHOTO (pakKTa.

[Tpexxae yeM MBI PACCMOTPUM IIOCTaBJIEHHbBIE
BOIIPOCHI, OCTAHOBUMCsI KOPOTKO HA TEPMHUHE «vasa
serosa» — cepo3Hble cocy/ibl. Takas HEOOXOAUMOCTh
BbI3BaHa TeM, 4yTO B XVII B. yueHble HCIIOJIb30BaAIN
JlaHHOE TIOHATHE /i1 O0O03HAYEHUS Pa3TMUHBIX
CTPYKTYp JIUM(pATUUECKON CHUCTEMBI. DTOT TEPMUH
Mor 0003Ha4aThb JUOO JUM(paTUUECKHUE COCYIbI,
b0 TKaHeBble 00pa3OBaHMSA B BHUIE TOHUYAUIINX
MyTeH, COEUHSIONINX, II0 MHEHHUIO YUEHBIX TeX JIET,
aprepuaabHble 1 JuMbatudeckrie Kanunisapsl. Olof
(Olaus) Rudbeck (1653) B «Nova exercitatio
anatomica» («HoBoe anaTomuueckoe HabJIOAE-
HUEe») UCIIO0JIb30Bal TEDMUH «vasa Serosa» Jijist 060-
3HAUYEHUs] MJIEYHBIX COCYZIOB, OTKPBITHIX Gaspare
Aselli B 1622 r. B anpesne 1652 1. O. Rudbeck nmpoge-
MOHCTPUPOBAJI CBOH OKCIIEPUMEHTHI IIIBEICKOMN
KoposieBe KpucrtunHe u caeyomumM o6pa3oM OIH-
ChIBaJI HAOJIIOZAeMble CTPYKTYPBI: «6 MapTa 1652
rozia... 1 3aMeTUJI MHOTOYMC/IEHHBIE COCY/IbI, IIPO-
3paunble, y3smoBarbie (aHri. nodular), ciaemyrormre
PSZIOM C BeHAMH TOJIEHH U UAYIIHAE K XUJIE3HOMY
my3bIpbKy, chyle vesicle» (Louveau A. et al., 2017).
Her HMKAKOro COMHEHUsA, YTO PeUb IIia o Jumda-
Thueckux (MiteuHsbix) cocyzaxXx. Thomas Bartholin
(1653), ogHAKO, HE COIVIACHJICS C TEPMHHOM «vasa
serosa» (Soemmerring S.Th., 1800). Ero cimaBa u
aBTOPHUTET CTAJIM IPUYNHON IPUHATHS IPEIIONKEH-
HOTO UM TepMUHA «JIUM(MATHUYECKUE COCY/IbI»
(Simon F., Danko J. 2015). U B jajibHelIIIeM B aHa-
TOMHYECKOH TEPMHUHOJIOTUH 3aKPEUIOCh Ha3BaHUE
«vasa lymphatica» (Bartholin T., 1659; Chikly B.,
1997; Lord Reginald S.A., 1968; Pranghofer S., 2011).
B nanbHeHIIEM TEPMHUH «vasa Serosa» HeKOTOpOoe
BpeMsI HCIIOJIb30BAIM [Jisi 00O3HAUEHUA CBI3YIO-
II[eT0 BJIEMEHTa MEXK/Y KPOBEHOCHBIMH U JTUMGAaTH-
YeCKUMU KanwUIApaMu (Ipoobpa3 TKaHeBBIX KaHa-
s10B). Huske TepMUH «vasa serosa» OyieT UCI0JIb30-
BaH y psga wuccaefoBaTeseli MUMEHHO B 3TOM
3HAYEHUH.

OTKpBITHE U OMKCAHUE IyTEH TPAHCIIOPTA JKHU/I-
KkocTd (vasa serosa) B COEQUHUTEILHON TKAHU, KaK
MIPOMEKYTOUHOU CyOCTAaHIIMU MEKAY KPOBEHOCHBIM
u auMmdarudeckum pyciaoMm, B XVII-XVIII Bekax
CBSI3aHO ¢ MHOKECTBOM HMEH, B YACTHOCTH, TAKUX
kak Frederik Ruysch (1638-1731), Herman

TEPMUHA npeaum@pamuueckue

temporal historical aspect, since each researcher
touched upon not one, but several questions.
Sometimes the time sequence is violated in order
to preserve the logical connection between the dis-
coveries.

Before we consider the questions posed, let us
briefly dwell on the term “vasa serosa”, serous ves-
sels. This is necessary because in the 17" century,
scientists used this concept to designate various
structures of the lymphatic system. This term could
designate either lymphatic vessels or tissue forma-
tions in the form of the finest pathways connecting,
according to scientists of those years, arterial and
Iymphatic capillaries. Olof (Olaus) Rudbeck (1653)
in his “Nova Exercitatio Anatomica” (“New Ana-
tomical Observation”) used the term “vasa serosa”
to refer to the lacteals discovered by Gaspare Aselli
in 1622. On April 1652, O. Rudbeck demonstrated
his experiments to Queen Christina of Sweden and
described the observed structures as follows: “On
March 6, 1652... I saw numerous vessels, transpar-
ent, nodular, following next to the sural veins and
going to the chyle vesicle” (Louveau A. et al., 2017).
There is no doubt that these were lymphatic vessels
(lacteals, chyliferous vessels). Thomas Bartholin
(1653), however, did not agree with the term “vasa
serosa” (Soemmerring S.Th., 1800). His fame and
authority led to the adoption of the term he pro-
posed, “lymphatic vessels” (Simon F., Danko J.
2015). And later, the term “vasa lymphatica” was
established in the anatomical terminology (Bartho-
lin T., 1659; Chikly B., 1997; Lord Reginald S.A.,
1968; Pranghofer S., 2011). Later, the term “vasa
serosa” was used for some time to designate the link
between the blood and lymphatic capillaries (proto-
type of tissue channels). Below, the term “vasa
serosa” will be used in reference to works of a num-
ber of researchers in this meaning.

The discovery and description of the fluid trans-
port pathways (vasa serosa) in connective tissue as
an intermediate substance between the blood and
lymphatic channels in the 17%-18% centuries is
associated with many names, in particular, such as
Frederik Ruysch (1638-1731), Herman Boerhaave
(1668-1738), Albertus von Haller (1708-1777),
Marie Francois Xavier Bichat (1771—1802), and oth-
ers. At the end of the 17™ century, the anatomist
Antonio Nuck (1691) from Leiden (Netherlands)
was the first to suggest that the lymphatic vessels
are connected with the arteries. Blowing air into the
arterial vessels, as well as injecting mercury to con-
firm this fact, allowed A. Nuck to observe and
describe the smallest vascular structures of the lym-
phatic system. The theory of arterial lymphatics as a
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Boerhaave (1668-1738), Albertus von Haller (1708—-
1777), Marie Frangois Xavier Bichat (1771—-1802) u
1p. B xone XVII B. anatom Antonio Nuck (1691) u3
r. Jletimen (Humepsianapl) BIiepBble IPEAIOIOMKII,
9TO JIMMQPATHIECKHE COCY/bI CBSI3aHBI C APTEPUAMHU.
BryBaHue BO3/Iyxa B apTepUaIbHbIE COCYBI, 8 TAKIKE
BBEJIEHWE PTYTH C MOMOIIbI0 MHBEKIUH JJIS O/~
TBepIKIeHUs JaHHoro dakra mos3Bosmwio A. Nuck
HaOJIOMaTh W OMHCATh MEJIbYaHINe COCYAUCTHIE
CTPYKTYPHI JuMbaTnyeckol cucremsl. V3 uccieso-
Banuii A. Nuck BozHuKIa uaes 06 apTepraIbHbIX
auMdaTHKCax, KaK CBA3YIOIIEM 3BeHe MKy KPOBe-
HOCHOH U 1uMaTHYecKoUd cucreMaMu. JTa Teopus
crayia joMuHHpyomed B Hadasge XVIII B. u Obuta
MoA/IepKaHa, B YaCTHOCTH, (PAHIY3CKUM AaHATO-
moMm Raymund de Vieussens (1705) B ero Tpyze
«Novum vasorum corporis humani systema»
(«HoBas cocymucras clCTEMa YeIOBEYECKOTO Opra-
Hu3Ma»). B pesyspraTe R. Vieussens (1705), M. Fer-
rein (1744), a Takxxe H. Boerhaave (1735) B Hauasie
XVIII B. BBIABUHYJIU TEOPUI0 TaK Ha3bIBa€MBIX
«CEpO3HBIX COCYZ0B» (Vasa serosa) — KaHAJIOB, COe-
JUHSAIONIAX KPOBEHOCHBIE W  JUMdaTHUecKue
COCYZIbI, ¥ HACTOJIbKO TOHKHUX, UTO [0 HUM He IIPO-
XOJISAT 3PUTPOIUTHI, a TEUET YHUCTas CEPO3HAS KU/~
KOCTb — KpoOBfAHadA IasMma. B wacraocru, H. Boer-
haave yTBepskaast, uto aTu cocyas! (immdaTuyeckue
aprepuu, vasa neuro-lymphatica Vieussen, vasa
serosa) JOJI’KHBI 3aKaHYHMBATHCA KaK B IIOJIOCTSX
TeJia, TaK ¥ BHYTPU PA3JINYHBIX OPTAHOB U, HAKOHEII,
BO3BPAIIATHCS OOPATHO B BEHBI.

Takum o6pasom, panHue onbIThl A. Nuck (1691)
MIPUBEJIH K CO3/IAHUI0 TEOPUHU CYIIIECTBOBAHUS CBA3H
MKy TOHYANUIINMU apTePUAMU U IUMPaTHIecKOU
cucremoii (Nuck A., 1691; Pranghofer S., 2011). 9t
THUIIOTETUYECKHE CBA3U CHavaia ObLIN O0BEIUHEHBI
o7l OMHUM OOINMM TEPMHHOM «vasa serosa» [1].
Vasa serosa, 10 MHEHHIO CTODOHHUKOB 3TOH TEOPUH,
KOTOPYIO Pa3/ieJisyIdi MHOTHE KpPYyIHble aHATOMBI U
¢usuosorn XVIII B., ype3BbIYAIHO MHOTOYHC-
JIEHHBI, ¥ COCTABJISAIOT IJIABHYIO U OOJIBIIYIO YaCTh
BCeX TKAHEH U OPTaHOB.

William Hunter (1762) um mocjiemoBaTesi €ro
IITKOJIBI CYUTAITH, ITO JIUM(PaTUIECKHE COCY/IBI SIBIISI-
IOTCSI VHUKAJIBbHOH abCOPOIIMOHHONM CHCTEMOM.
B omnune OT MHOTHX HCCI€[OBaTEIed OHU IOJIa-
raJid, YTO 3TU COCY/Ibl 3aKPBITHI HA MepU(EPUH U HE
MMeIOT HUKAKUX MPIMBIX COOOIIEHUN ¢ OCTaIbHOM
COCY/ITMCTOH CEThI0, 32 UCKJIFOUEeHHUEM JINM(POBEHO3-
HOTO CJIUSIHUA B 00/1aCcTH 11er (0YeBUAHO, HMEETCS B
BU/Iy BIIaJieHHe TUMGbATUUECKUX IIPOTOKOB B BEHO3-
HBIU yros. — [Ipum. asem.). Ognako W. Hunter ne
MOT OCTaBUTh 0e3 BHHMAaHHS BCE €Ille T'OCIIO/CTBO-
BaBIIIYI0 B TO BPeMs U He IOJIBEPTaBIIYIOCS MHO-

link between the circulatory and lymphatic systems
arose from the research of A. Nuck. This theory
became dominant at the beginning of the 18" cen-
tury, and was supported, in particular, by the
French anatomist Raymund de Vieussens (1705) in
his work “Novum Vasorum Corporis Humani Sys-
tema” (“New Vascular System of the Human Body”).
As a result, R. Vieussens (1705), M. Ferrein (1744),
and H. Boerhaave (1735) at the beginning of the
18" century put forward the theory of the so-called
“serous vessels” (vasa serosa) — channels connect-
ing the blood and lymphatic vessels, and so thin
that erythrocytes do not pass through them, while
pure serous fluid — blood plasma — flows. In partic-
ular, H. Boerhaave contended that these vessels
(Iymphatic arteries, vasa neuro-lymphatica Vieus-
sen, vasa serosa) should end up both in the body
cavities and inside various organs and, finally,
return back to the veins.

Thus, the early experiments of A. Nuck (1691) led
to the creation of a theory of the existence of a con-
nection between the extremaly thin arteries and the
lymphatic system (Nuck A., 1691; Pranghofer S.,
2011). Initially, these hypothetical links were united
under one general term “vasa serosa” [1]. Vasa
serosa, according to the supporters of this theory,
which was shared by many major anatomists and
physiologists of the 18" century, are extremely
numerous and make up the main and largest part of
all tissues and organs.

William Hunter (1762) and the followers of his
school believed that lymphatic vessels are a unique
absorption system. Unlike many researchers, they
suggested that these vessels are closed at the periph-
ery and have no direct communication with the rest
of the vascular network, with the exception of the
Ilymphovenous fusion in the neck (obviously, this
refers to the flow of lymphatic ducts into the venous
angle. — Author’s note). However, W. Hunter could
not ignore the theory, which was still prevalent at
that time and not questioned by many scientists,
that the lymphatic capillaries are a continuation of
small arteries or that they derive from serous or
other cavities via open tubules. W. Hunter claimed
that these hypotheses arose due to the erroneous
injection techniques. In this belief, he was sup-
ported by A. von Haller (1741) and Paolo Mascagni
(1787). As for the connection between arteries and
the lymphatic system, A. von Haller (1741) wrote,
“We know for sure that not a single artery was torn,
no liquid spilled beyond the vessels, but the lym-
phatic vessels and the thoracic duct itself were filled
through the arteries, and I injected the thoracic
duct.” When injecting liquids into the lymphatic
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TUMU YIYEHBIMU COMHEHHIO TEOPHIO O TOM, UTO JINM-
(aTmueckre KATMJUIAPHI ABJIAIOTCS IPOJOIKEHIEM
MEJIKUX apTePUH MJIU YTO OHU BO3HUKAIOT U3 CEPO3-
HBIX WIH JIPYTUX MOJIOCTEH MTOCPEICTBOM OTKPBITHIX
Tpybouek. W. Hunter yrBep:k/1a1, 4TO 3TH TUIIOTE3bI
BOBHUKJIU U3-3a ONIMOOYHBIX METOJOB MHBEKIIUU.
B sTom ybexxzenuu ero nmoazepskanau A. von Haller
(1741) u Paolo Mascagni (1787). O cBsi3u apTepuii u
saumpaTtuyeckoii cucrembr A. von Haller (1741)
nucai: « Mbpl TOYHO 3HAeM, UTO HU OHA apTepus He
OpLIa pa3opBaHa, HUKaKas »KUJKOCTh He BBUINJIACH
3a TIpeJIesbl COCYZIOB, OJTHAKO Yepe3 apTepuu ObLIH
3aI0JIHEHBI INM@aTUIecKre coCybl U caM I'PyIHOU
IIPOTOK, U sI HHBEIUPOBAT TPYAHON MPOTOK». IIpu
MPOBEJIEHNN WUHBEKIIUH KUAKOCTEN B JmMbaTnde-
CKYIO CHCTeMY HEOOXOIMMO OBLJIO B COBEPIIEHCTBE
BJIQJIETh JAHHOU METOJUKOH, MO3TOMY Y MHOTHX
rccseoBaTesed HaIUBKa INM(aTUIeCKON CHCTEMBI
O6puta HeymawuHo#. P. Mascagni xopoImio moHuMasn
STU TPYAHOCTH, a IIPU IIPOBEJIEHUH COOCTBEHHBIX
BHYTPIWINM()ATUYECKUX WHBEKIUH OH HabII0/1as
nuddysuio KeJaTUHA U3 COCEJHUX apTepUil U BeH
CcHayaja B OKPY’KaloIlye TKAHU, a yKe IIOTOM 3Ta
cyOCTaHITMSI OKa3bIBAIACh B INMGATUUECKIX KATTHJI-
asgpax. William Cumberland Cruikshank (1790)
TaKke HaOI07a1 no/I00HY0 MudQy3HI0 BETHHIX
KpacuTejieli W3 KUIEYHHUKA B MJIEUHBIE COCY/IbI
(Ma C. et al., 2021). Takum ob6paszom, P. Mascagni u
W. Cruikshank mokasanu, uto Mekay KpoBeHOC-
HBIMH U JTUMGPATUIECKUMU KATWLIIPaMU HeT Tpsi-
MOTO COOOIIEHUsI, HO CYIIECTBYET ITPOMEKYTOUHAS
cyOCTaHIUsSA, KOTOPYHO HEeOOXOAUMO IIPEOJI0JIETh
I OyHANPYEMBIM BelllecTBaM.

HecmoTpsi Ha TmOKa3aTesbHBIE OMBITHI  P.
Mascagni u W. Cruikshank, psimom yuenbix, B
pe3ysibTaTe MHOTOUNCJIEHHBIX HEy/lau 10 HaJHUBKe
JUM(GaATUYECKOH CHCTEMBI, OB CleJlaH OIIHO0Y-
HBI BBIBOJI, YTO TOJIPKO B HCKJIIOUUTEJIHHBIX CIIy-
Yasix JKUJIKOCTh, HaTHETaeMasi B apTepUH, Iomazasa
B TUM@aTUUeCKIe COCYABL, UTO CTABUJIO IO COMHE-
HUe CYIIEeCTBOBAaHUE CEPO3HBIX TKAHEBBIX COCYZOB
WM KaKOU-TUO0 APYTro¥ MPOMeKyTOUHOH cybeTaH-
UM B COEAUWHUTENbHOU TKaHU. Ho 3TH Habioze-
HUS He UMeJIU TAaKOTO OOJIBIIIOT0 3HAUYEHUS B OIIPO-
BepKEHU U HAIMYUSA IPOMEKYTOYHOTO 3BeHa MEXKIY
KPOBEHOCHON U JUM@aTUUECKON cHucTeMaMH, Kak
pasButue uzaedi Theodor Schwann (1839) u oco-
6enno Rudolf Carl Virchow (1858). Ha ocHoBanuu
HaOJTIOZEHNH 3a KaNWLIApPaMU B XBOCTe TOJIOBa-
cruka T. Schwann mpe/osoKu, B CBA3U C OTKPHI-
THEM UM KJIETOK B OPTaHH3ME KHUBOTHOTO, UTO OIIHU-
CaHHbBIe paHee CEepPO3HbIE COCYAbl HA CAaMOM Jeje
MIPEJICTABJIAIOT COOOM CETh aHACTOMO3UPYIOIHUX
ZIPYT C JPYrOM OTPOCTKOB KJIETOK, OOPa3yIOIIuX

system, it was necessary to run this technique per-
fectly, so many researchers failed to fill the lym-
phatic system. P. Mascagni understood these diffi-
culties well, and when conducting his own intra-
lymphatic injections, he observed the diffusion of
gelatin from adjacent arteries and veins first into
the surrounding tissues, and only then did the sub-
stance ended up in the lymphatic capillaries. Wil-
liam Cumberland Cruikshank (1790) also observed
a similar diffusion of colored dyes from the intes-
tine into the lacteals (Ma C. et al., 2021). Thus,
P. Mascagni and W. Cruikshank showed that there
is no direct communication between the blood and
lymphatic capillaries, but there is an intermediate
substance that must be come over by diffusing sub-
stances.

Despite the model experiments of P. Mascagni
and W. Cruikshank, a number of scientists, as a
result of numerous failures in lymphatic system fill-
ing, made the erroneous conclusion that only in
exceptional cases the fluid pumped into the arteries
entered lymphatic vessels, which cast doubt on the
existence of serous tissue vessels or any other inter-
mediate substance in connective tissue. But these
observations were not as significant in refuting the
presence of an intermediate link between the circula-
tory and lymphatic systems as the development of
the ideas of Theodor Schwann (1839) and especially
Rudolf Karl Virchow (1858). Based on observations
of capillaries in the tail of a tadpole, T. Schwann
assumed, in connection with his discovery of cells in
the animal’s body, that the serous vessels described
early actually represent a network of cell processes
anastomosing with each other and forming channels
throughout the body [1]. Later, with the development
of cellular theory in the middle of 19" century, the
“theory of intracellular movement of tissue juices”
arose. R. Virchow (1858) in his “Cellular Pathology”
(“Die Cellularpathologie in ihrer Begriindung auf
physiologische und pathologische Gewebelehre”),
pointing to the presence of anastomoses between
connective tissue cells, wrote that these anastomoses
“form a kind of system of tubes or canals, which
should be placed along with the large systems of
canals cutting through our body, blood and lym-
phatic vessels. The open system is a kind of replace-
ment for the old vasa serosa, which turned out to be
non-existent”. Thus, R. Virchow replaced “serous
vessels” with the idea of hollow cells of the connec-
tive tissue connecting arteries and lymphatic vessels.
Franz von Leydig (1857) in his course on histology
depicted lymphatic vessels that arose from connec-
tive tissue cells (Davydovsky 1.V., 1956; Virchow R.,
1858, 1865).
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KaHaJIbl 10 BceMy Teny [1]. B manbHelem ¢ pa3Bu-
THEeM KJIeTOYHOro y4yeHUs B cepenusHe XIX B. BO3-
HUKJIA «T€OPUSI BHYTPUKJIETOUHOTO JBKEHUs TKa-
HeBBIX COKOB». R. Virchow (1858) B «1lesmtonsipHoi
maronorun» (“Die Cellularpathologie in ihrer
Begriindung auf physiologische und pathologische
Gewebelehre”), ykazpiBast Ha HaTUUre aHACTOMO30B
MEXKIYy  COEIUHUTETbHOTKAHHBIMU  KJIETKAMH,
MHUCAJI, YTO BTU AHACTOMO3bBI «00pPa3yIOT Kak Obl
cucTeMy TPYOOK WJIM KaHAJIOB, KOTOpAas IOJDKHA
OBITH IOCTaBJIEHA HAPAAY C OOJBIIUMHU CHCTEMAaMHU
KaHaJIOB, IPOPE3bIBAIOIIIUMH HAIIle TEJI0, KPOBEHOC-
HBIMH U JimMpaTUIecKuMu cocyzamu. OTKpbITas
crcTeMa IIPEJICTaBIsAeT cOO0OM Kak ObI 3aMeHy CTa-
PBIX vasa serosa, KOTOpble OKa3aJINCh HE CYIIEeCTBY-
omuMu». TakuMm obpasom, R. Virchow szamenwnn
CEPO3HBbIE COCY/IbI HMIeel IMOJIBIX KJIETOK COEIUHHU-
TeJIbHOU TKAaHH, COEIUHSIONUX apTepuu u JuMda-
Tryeckue cocynbl. Franz von Leydig (1857) B Kypce
THUCTOJIOTUH H300pa3uii JTuM@aTHUECKUE COCY/IbI,
KOTOpbIe BO3BHUKAIN U3 COEUHUTEIbHOTKAHHBIX
kinerok (HaseimoBckuii M.B., 1956; Virchow R.,
1858; Bupxos P., 1865).

B o6oux ciyuasx mocyieZJoBaTeTH TEOPUU CEPO3-
HBIX COCYZIOB, & TAKKE YU€HbIe, O0bSICHAIOIINE CyIIle-
CTBOBaHUE KAHAJIOB 3a CYET aHACTOMO3UPYIOIINX
OTPOCTKOB KJIETOK, IIpeZIoJaraiu, 4to Jumda
HEIIOCPEICTBEHHO MEPEXOAUT U3 KPOBEHOCHBIX COCY-
0B B JauMdaTUUeCKHe COCYAbl U UTO IIOCIIEIHIE
CBsI3aHBI C KPOBEHOCHBIMU COCYZIaMU OYeHb TOHKOM
cucteMoi TpyOok (;1ubo vasa serosa, JIJUOO OTPOCT-
KaMU KJIETOK).

OnHako B JajbHEWIeM, IMOYTH depe3 100 JieT
mocie P. Mascagni u W. Cruikshank, 6iectsimnue
UHbeKIUY JuMbarndeckoi cuctembl Ludwik Karol
Teichmann-Stawiarski (1861) mpusesnu Wilhelm His
Sr. (1861) (y yueHOTr0 OBLJI CHIH C HAEHTUYHBIMU UHU-
nHajgaMu, Jjajiee abopeBruaTypy Sr. OIycKaeM) K YeT-
KOMYy TOHUMAaHUIO, YTO HUCTOKHU JHUMMPaTUIECKOH
CUCTEMBI IIPE/ICTaBJIEHbl KaHajaMu (2 He OTPOCT-
KaMU KJIETOK. — IIpum. aem.), KOTOpPbIE JIUIIEHbI
CcOOCTBEHHOM, N30JIUPYIOIIEN CTEHKN; KaHAJIbI 3aJ1e-
raloT B COEJUHUTEIPHOU TKAHU KOXKU, CIIM3UCTBIX
060I0uKax W T.. BO3MOKHOCTH WCIIOJIB30BAHUS
TEpPMUHA «CEPO3HbIE COCYABI» CHOBA ObLIA MOCTaB-
JIeHa IO/ COMHEHHe, TaK KaK He ObLIO IOATBEPIK-
JIEHO HAJIMYUE CTEHKH U3 SH0TETNATbHBIX KJIETOK Y
aTux obpazoBanuii. OHAKO TaHHBIN BOIPOC TPebO-
BT JAJTbHEUIINX J0Ka3aTeJIbCTB (Takue JoKasa-
TEJIbCTBA OBLIM JIOCTOBEPHO ITOJIYYEHHI BO BTOPOU
nosoBuHe XX B., CM. fajee).

B cBs13u ¢ 3TUM BCTaJI BOIIPOC O BOBHUKHOBEHUHU
u popMupoBaHuu JINMQbI U3 IIJIA3MbI KPOBH, a, CJIe-
JIOBAaTEJIbHO, OTKPBITOM WJIM 3aKPBITOH SBJISETCS

In both cases, the followers of the theory of
serous vessels, as well as the scientists who explain
the existence of the canals by anastomosing cell
processes, assumed that the lymph passes directly
from blood vessels into lymphatic vessels and that
the latter are connected to the blood vessels by an
extremally fine system of tubes (either vasa serosa
or cell processes).

However, later, almost 100 years after P. Mas-
cagni and W. Cruikshank, the brilliant lymphatic
system injections by Ludwik Karol Teichmann-
Stawiarski (1861) led Wilhelm His Sr. (1861) (the
scientist had a son with identical initials, hence-
forth we will not use the abbreviation Sr.) to a clear
understanding that the source of the lymphatic sys-
tem are represented by canals (and not cell pro-
cesses. — Author’s note), which are devoid of their
own, insulating wall; the canals are located in the
connective tissue of skin, mucous membranes, etc.
The possibility of using the term “serous vessels”
was again called into question, since the presence of
the wall consisting of endothelial cells in these
structures was not confirmed. However, this issue
required further evidence (such reliable evidence
was obtained in the second half of the 20" century,
see below).

In this regard, the question arose about the ori-
gin and formation of lymph from blood plasma,
and, consequently, whether the lymphatic system is
open or closed, or, in other words, whether there is
a direct or indirect communication between con-
nective tissue formations for fluid transport (what-
ever they are represented by. — Author’s note) and
lymphatic capillaries, and whether the tissue spaces
(prelymphatic pathways) are part of the lymphatic
system.

These issues were clarified much later, but one
of the first to criticize the experimental and theo-
retical justifications for the theory of direct (imme-
diate) connection of tissue spaces with lymphatic
capillaries was P. Mascagni (1787) [2]. P. Mascagni,
describing the relationship of veins and lymphatic
vessels in the lymph node in his book “Vasorum
Lymphaticorum Corporis Humani Historia et Ich-
nographia” (“History and Iconography of the Lym-
phatic Vessels of the Human Body”), was the first to
express the idea of their special connection. In his
opinion, lymphatic vessels and veins are connected
by pores. In addition, P. Mascagni knew that sus-
pended particulate matter can penetrate from the
peritoneal cavity into the lymphatic system. The
obtained facts formed the basis of the theory of
“pumping hatches” of the diaphragm peritoneum
(Baron M.A., 1958). Afterwards, it was shown that
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JuMdaTryeckas cucTeMa WIH, JPYTUMU CJIOBaMU,
MIPsIMasi WJIU OIIOCPEIOBaHHAS CBA3b NMEETCS MEXK/TY
COEIMHUTEIbHOTKAHHBIMU ~ O0Pa30BAHUAMHU IS
TPAHCIIOPTA XKUAKOCTH (UeM Obl OHU HU OBLIH IPeI-
craBieHbl. — Ilpum. asm.) U auMGbaATHIECKUMU
KaWUIAPaMU U SIBJIAIOTCA JIM TKaHEBbIE TPOCTPaH-
ctBa (mpenuM@aTHyecKye MyTH) YacThio JuMdaTH-
YeCKOH! CUCTEMBI.

OTU BOIPOCHI OBUIN BBIACHEHBI 3HAYUTETHHO
[033Ke, HO OJTHIM U3 MEPBBIX, KTO BBICTYIIWI C KPH-
THKOU SKCIEPUMEHTAJIBHBIX U TEOPETUUECKUX 000-
CHOBAHUM TEOPUH MPSIMOT0 (HEIOCPeICTBEHHOTO)
COEMHEHNS TKAHEBBIX IIPOCTPAHCTB C JTUM@aTHUe-
CKUMH Kanwuisipamu, 661 P. Mascagni (1787) [2].
P. Mascagni, onuceiBasi B3aMOOTHOIIIEHE BEH U
auMmdaTHyeckux cocyZoB B JjuMdoysjie B cBoed
kHure «Vasorum lymphaticorum corporis humani
historia et ichnographia» («Mcropust u ukoHOTrpa-
¢ua mumdaTryeckux COCyZOB OpraHusMa 4YeJso-
BEKa»), BIIEPBBIE BBICKA3aJl MbBICJIH 00 0COOOM HX
coequHennu. Ilo ero MHeHHIO, JUMbaTUUECKHE
COCYZIBI U BEHBI COETMHAIOTCSA mopamu. Kpome Toro,
P. Mascagni 6b1710 U3BECTHO, YTO YACTHUIIHI B3BECEH
MOTYT IPOHUKATH U3 OPIOMIMHHOHN MMOJIOCTH B JINM-
daTtmueckyto cucremy. ITosyueHHble (HDAKTHI JIETJTH B
OCHOBY TEOPUU «HACACHIBAIOIIIMX JIIOKOB» Aradpar-
MasibHOU OpromwmHbl (Bapon M.A., 1958). Ilozxe
OBLIO TTOKA3aHO, YTO MIOCJIEHUE PACIIOIATAIOTCA He
TOJIBKO B 00JIACTH MCTOHUEHHBIX YIaCTKOB Auadpar-
MaJIPHOU OPIOIIUHBI, HO U B JPYTHUX ee 00JacTsX
(Bopucos A.B., 1967, 2005). B cymiaoctu, P. Mas-
cagni okasaJics IHOHEPOM 0c060H TPo6IEMBI, B pa3-
paboTKy KOTOpPOU 3aTeM BECOMBIN BKJIAJ] BHECH
E.f. Beipenkos u ero yuenuku (VI BaHOBCKas IIIKOJIA),
a taxke B.B. Ornes, I0.E. BbIpeHKOB U UX COTPYZ-
Huku (MockoBckas mikosia). B HoBocubupcke mog
pykxoBozactBoM 10.M. BopoanHa mpoBOAWINCH DKC-
MepUMEHTAIbHBIE HUCCIEIOBaHUsA JUMQPOOTTOKA U
€r0 COOTHOIIIEHUS C BEHO3HBIM OTTOKOM B HOpME H
[IaTOJIOTHH.

HoBasi cMeHa B3IVIS/IOB CBs3aHA C HMeEHEM
Friedrich Daniel von Recklinghausen (1862), koro-
PPl B KiIaccnueckoM counHeHnH « Die Lymphgefasse
und ihre Beziehung zum Bindegewebe» («O aumda-
TUYECKHX COCYZaX ¥ UX OTHOIIEHUU K COEUHUTEITb-
HOH TKaHW») BBIIBUHYJI TEOPUIO «COKOBBIX KaHAIIb-
neB» (saft kanélchen). F. von Recklinghausen paspa-
60Tasl CBOIO TEOPHUI0O B OCHOBHOM HA POTOBHIIE,
MOJIB3YSICH METOZOM WMIIPpETHAIUN cepebpoM U
WHDBEKIIMEH CBUHIIOBBIX OEJIHJI U JPYIHX KpPacCOK.
B orsinuume ot R. Virchow oH cumnTas, 4To TKaHeBas
JKHUJIKOCTD TeUeT He BHYTPU KJIETOK, a MEXK/Iy HUMU,
[0 TOHYAWIINUM, 3aJI0KEHHBIM B OCHOBHOM Bellle-
CTBE COEIMHUTETHHOM TKAHU OCOOBIM KaHAJIbIIaM,

the latter are located both in the thinned areas of
the diaphragm peritoneum and in its other areas
(Borisov A.V., 1967, 2005). Essentially, P. Mascagni
turned out to be a pioneer of a special problem to
the development of which E.Ya. Vyrenkov and his
students (the Ivanovo School), as well as B.V. Ogneyv,
Yu.E. Vyrenkov and their colleagues (the Moscow
School) made a significant contribution. In Novosi-
birsk, under the supervision of Yu.l. Borodin, the
experimental studies of lymphatic drainage and its
relationship with venous outflow in health and in
pathology were performed.

A new shift in views is associated with the name
of Friedrich Daniel von Recklinghausen (1862),
who in his classic work “Die Lymphgefasse und
ihre Beziehung zum Bindegewebe” (“On the Lym-
phatic Vessels and Their Relation to the Connec-
tive Tissue”) put forward the theory of “juice
canals” (saft kanilchen). F. von Recklinghausen
developed his own theory mainly based on the cor-
nea experiments, using the method of silver
impregnation and injection of lead carbonate and
other dyes. Unlike R. Virchow, he believed that tis-
sue fluid flows not inside the cells, but between
them, through the thinnest special canals located
in the main substance of the tissue, which partially
surround cells and their processes (possibly, in the
later years, these data became the basis of the con-
cept of perivascular, paravascular, perineural, and
periaxial spaces. — Author’s note). These juice
canals, according to F. von Recklinghausen, have
no walls and are spaces between fibrous bundles of
connective tissue, connected to each other by a
homogeneous, dense substance. Juice canals,
according to F. von Recklinghausen, directly con-
nect with the lymphatic system, which was consis-
tent with the views of R. Vieussens (1705), M. Fer-
rein (1744) and H. Boerhaave (1742). Per F. von
Recklinghausen, juice canals connect with lym-
phatic capillaries through openings called “stig-
mata” (or “stomata.” — Author’s note), located
between endothelial cells. The author came to this
conclusion based on experimental studies showing
that the superficial lymphatic capillaries of the
central tendon of the diaphragm connect with the
peritoneal cavity through preformed (permanently
existing. — Author’s note) openings that were
found between mesothelial cells (Chernysh-
enko L.V. et al., 1985). However, F. von Reckling-
hausen was not completely confident in the results
of his research. This is what he writes in “Die Lym-
phgefisse und ihre Beziehung zum Bindegewebe”
(“The Lymph Vessels and Their Significance in
Connective Tissue”) (1862): “Now the question
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KOTOPbIE YACTUYHO OKPYKAIOT KJIETKU U UX OTPOCTKHU
(BOBMOXKHO, U3 3THUX JIAHHBIX BOBHUKIIO B JaIbHEH-
IIIeEM TIOHATHE IEPUBACKYJIAPHBIX, MTapaBacKyJIsip-
HBIX, TEPUHEBPAJIbHBIX W IEPUAKCHATIbHBIX IIPO-
cTpaHcTB. — IIpum. asm.). ATH COKOBBIE KAHAIBIHI,
o F. von Recklinghausen, He UMeIOT CTEHOK U TIpeI-
CTJIAIOT COOOU TPOMEIKYTKH MEKY BOJIOKHUCTBIMHU
MydKaM{ COEIMHUTEbHON TKaHU, CBSI3aHHBIMU
MEXy COO0OH OJTHOPOAHBIM, IJIOTHBIM BEIECTBOM.
CokoBBIE  KaHa/IBIBI, II0 MHEHHIO F. von
Recklinghausen, cocTtosiT B IpAMOM COOOIIEHUU C
JUM@aTUIECKON CUCTEMOM, YTO COTJIACOBBIBAJIOCH C
parsggamu R. Vieussens (1705), M. Ferrein (1744) u
H. Boerhaave (1742). C tumdaTUdecKUMHU KaTULIs-
pamu, o npezacrasiaenuam F. von Recklinghausen,
COKOBBIE KAHAJIBIIBI COODIIAIOTCA OTBEPCTUIMHU
«cturmaTa» (Wiau «ctomata». — [Ipum. asm.), Haxo-
JANUMUCA MKy SHAoTennonuTaMu. K astomy
BBIBOJIY aBTOPA IIPUBEJIH JaHHbIE SKCIIEPUMEHTAIIb-
HBIX HCCIEOBAHUH, MOKA3bIBAIOIIUX, UTO MTOBEPX-
HOCTHBIE JTUM(OKAMUIIISPHI CyXOKHUIBHOTO IEHTpa
nuadparmMbel COOOIIAIOTCSA C IOJIOCTHIO OPIOIIHMHBI
npeOPMUPOBAHHBIMU  (IIOCTOSIHHO — CYIIECTBYIO-
UMU. — [Ipum. agm.) OTBEPCTUAMHU, OOHAPYKUBae-
MBIMH ~ Mexay — MesorenuonuTamu  (YepHbI-
meHko JI.B. u ap., 1985). OgHaKO MOJTHON yBepeH-
HOCTHU B pe3yJIbTaTaX CBOUX HcciaeaoBanuil y F. von
Recklinghausen He 651710. BOT KaK OH 3TO OIIHCHIBAET
B «Die Lymphgefiasse und ihre Beziehung zum Bin-
degewebe» («JIuMmdaTHuecKkue cOCybl U UX CBS3H C
COEIMHUTEJIbHOM TKAaHbI0») (1862): «Temepb BO3HU-
KaeT BOIIPOC: OPraHM30BAHO JIK BTO COOOIIEHUE
TaKuM 00pa3oM, UYTO YCThs COKOBBIX KaHAJIbIIEB
MMOKPBITHI IIPOHUIIAEMBIMU SIIUTETUATIBHBIMU KJIET-
KaMU, WIHA SIHUTeIHajbHass 000Ji0uKka cHabkeHa
OTBEPCTUSAMU, COOTBETCTBYIOIIIUMH YCThSIM COKOBBIX
kaHay10B? Mou uccieloBaHusA He MIPUBEJH K pelire-
HHIO 5TOTO Bompoca. OIHAKO 51 He X04y CKPhIBATh TOT
(akT, 4TO s CKJIOHSIIOCH KO BTOPOMY ITPEZIIOJIOMKE-
HUI0. I WIy 5TU OTBEPCTUS MEKIY OTAEbHBIMHU
SIIUTETUATPHBIMU  KJIE€TKAMH, OCOOEHHO B TeX
MecTaxX, IJIe CXOJATCS HECKOJbKO KJIETOK. J[pyrout
BOITPOC, KaK COKOBBIE KAHAJIbI CBSI3aHBI C KPOBEHOC-
HBIMH COCyZaMH. PaHbIIe 5 J0JITOE BPEMS CTapasics
JleJIaTh WHBEKIUH KaK MOKHO TIaTeJbHee Hepac-
TBOPUMBIMH BelllecTBaMH (OCOOEHHO KHTaHCKUMH
YepHUJIAMHUN) U IIPOJIEMOHCTPUPOBATH CBSI3b MEKIY
HUMM».

Ator BEIBOA F. von Recklinghausen (1862) uaro-
MHWHAeT TEOPHI0 «HACACHIBAIOIINX JIFOKOB» P. Mas-
cagni (1787). B cBoem Ttpyzme L. Landois (1891)
nuirer, uro F. von Recklinghausen cuuran, uto B
HEKOTOPBIX OpraHax MPHUBOAATCS B JEUCTBHE 0CO-
Oble HACOCHBIE MEXaHW3MbI U YTO abOMUHAJIbHAS

arises: is this communication arranged in such a
way that stomata of the juice canals are covered
with permeable epithelial cells, or is the epithelial
membrane provided with openings corresponding
to stomata of the juice canals? My research did not
lead to this issue solution. However, I do not want
to hide the fact that I am inclining to the second
assumption. I am looking for these openings
between individual epithelial cells, especially in
places where several cells converge. Another ques-
tion is how the juice canals are connected with the
blood vessels. In the past, I have long tried to make
injections as thoroughly as possible with insoluble
substances (especially, Chinese ink) and demon-
strate the link between them.”

This conclusion of F. von Recklinghausen
(1862) is reminiscent of the theory of “pumping
hatches” of P. Mascagni (1787). In his work,
L. Landois (1891) writes that F. von Recklinghau-
sen believed that in some organs special pumping
patterns are activated, and that the abdominal sur-
face of the central tendon of the diaphragm is pro-
vided with stomata or open junctions between the
peritoneal cavity and lymphatic vessels. F. von
Recklinghausen discovered that milk, applied to
the peritoneal surface of the central tendon of the
diaphragm, in the form of milk globules, passes
through the stomata and enters lymphatic vessels.
The central tendon consists of two oppositely
directed layers of fibrous tissue (Fig. 1, b, ¢). When
the diaphragm moves during respiration, these
layers alternately contract and move apart. Thus,
the space alternately expands and contracts, and
lymph is drawn into lymphatic vessels through
stomata (Fig. 1, h) [3].

Further, L. Landois (1891) describes the same
pattern of fluid pumping in the costal pleura. The
muscular fascia is another example of such a pattern.
When the muscle contracts, the lymph is forced out
of the spaces between fascial layers; when it relaxes,
the lymph from the muscle, carrying with it some of
the waste products of muscular activity, exits the
muscle into the fascia, between the layers that are
partially separated already [3].

F. von Recklinghausen proposed to consider
the juice canals connecting with lymphatic vessels
as the beginning of the lymphatic system. If we
recognize the juice canal system as the beginning
of lymphatic vessels, then it represents a system of
“tubes” that drain their own tissue fluid, and the
lymphatic vessels themselves play a role of collect-
ing tubes for removing lymph from tissue. F. von
Recklinghausen’s theory of prelymphatic path-
ways caused a lively discussion, but afterwards it
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Puc. 1. CeueHue CyX0KIIBHOTO I[eHTpa Aradparmsl (a — GpIONIMHHASA TOBEPXHOCTD CYX0XKHUJIBHOTO IIeHTpa Juadparmsl;
b, ¢ — aBa c1oa GuOPO3HOH TKaHM, PACIIOJIOKEHHBIX B Pa3HBIX HAaNIpaBIeHUAX; d — pebepHasd 1IeBpa; e — stomata, i
OTKPBITBIE COODIIEHNUsI MEK/Y IIEPUTOHEATHHOM IIOJIOCTHIO U JINM(ATHKAMH B BEIIECTBE CYXOKUIBHOTO eHTpa; f — cras-
IIIVecs CTEHKHU ITPOCTPAHCTBA; g — aHAJIOTUYHBII HACOCHBIN MeXaHU3M Ha pebepHoU mieBpe; h — 3amoiHeHHbIE TUMbATH-
YecKue MMPOCTPAHCTBA, YEPHBIN NBeT — IuM®a 3arnonHsaeT suMbaTuku yepes stomata [3]

Fig. 1. Section of the central tendon of the diaphragm (a — peritoneal surface of the central tendon of the diaphragm;
b, ¢ — two oppositely directed layers of fibrous tissue; d — costal pleura; e — stomata, or open junctions between the
peritoneal cavity and the lymphatics in the substance of the central tendon; f — collapsed walls of the space;

g — a similar pumping pattern on the costal pleura; h — filled lymphatic spaces, black color (lymph fills
the lymphatics through the stomata) [3]

[IOBEPXHOCTh CYXOXKHJIBHOTO IIeHTpa auadparmbl
cHab’KeHa YCTHUI[AMHU WJIM OTKPBITBIMU COOOIIEHU-
SIMH MeK/Ty OPIOIITMHHOUN IOJIOCTBIO U TUMdaTIIe-
ckumu cocymamu. F. von Recklinghausen oGuapy-
JKIJI, YTO MOJIOKO, HAHECEHHOE Ha OPIONIMHHYIO
[MOBEPXHOCTh CyXOXKHJIBHOTO auadparMbl, B BHJE
MOJIOYHBIX IIAPUKOB IPOXOAUT Yepe3 YCThUIA U
nomasiaer B JuMdarudeckue cocyabl. CyXOKWIb-
HBIH 1eHTp auadparMbl COCTOUT W3 JIByX CJIOEB
(pubpo3HON TKAaHU, PACIOJIOKEHHBIX B PAa3HBIX
HanpasyeHusx (puc. 1, b, ¢). Korzma nuadparma ipu-
JKETCSI BO BPEMs JIBIXaHUS, 9TH CJIOU MOTIEPEMEHHO
CKUMAIOTCA U pa3BUraTcs. Takum 06pa3oM, mpo-
CTPAHCTBO IOIEPEMEHHO PACIIUPSETCS U CXKAMa-
etcst, iuMda BTATHBAETCA B INMGbATHIECKHE COCY/IbI
yepes ycrbuiia (puc. 1, h) [3].

Hanpire L. Landois (1891) onuchIBaeT Takoi e
MEXaHH3M II€PEKAYKU JKUJKOCTH B pPebepHOU
mieBpe. Oaciys, TOKPHIBAIOIIASA MBIIIIbI, IBJIETCS
JIPYTEM TPUMEPOM TOA00HOrO Mexanwsma. Korma
MBIIIIIA COKPAIAETCst, TUM(DA BHITECHSIETCS U3 IIPO-
MEXKYTKOB MeX/Ay cyiosiMu (daciyy; KOTia OHa pac-
cnabissercs, iuMda U3 MBIIIIIBL, YBIeKas 3a co00it
YacTh OTXO/IOB MBIIIEYHOH ESATETbHOCTH, BBIXOIUT
13 MBIIIIIBL B (DACIIUIO, MEXK/TY TEIIEPH YIKe YaCTUIHO
pasziesIeHHbIMU CITOAMU [3].

F. von Recklinghausen mpezaran cuurath COKO-
Bble KAaHAJIBIbI, COEAUHSAIONIUECT C JUMQaTHIe-
CKUMH  COCy[laMH, HadajioM JuMGpaTHIECKOH
cucrembl. Ecyiv mpu3HAaTh CUCTEMY COKOBBIX KAHAITb-
1[eB 32 Havyasao JUMGATHIECKHX COCY/IOB, TO OHA
MIpEe/ICTaBJIsIET COOOH CUCTEMY «TpPYOOK», OTBOJS-
IIUX COOCTBEHHYI0 TKAHEBYIO KUJKOCTb, a CaMu
suMbaTHYECKHE COCY/bI UTPAIOT POJIb COOUPATETTh-
HBIX TPYOOK, [0 KOTOphIM JuMda ymaisercs u3s
tkauu. Teopus F. von Recklinghausen o npenumda-
TUYECKUX IyTAX BHI3BAJIA OKUBJIEHHYIO IUCKYCCHIO,
HO TO3Ke 00 3TOM Ha HEKOTOpOe BpeMs ObLIO

was forgotten for some time. However, later,
research of A.A. Sushko (1966) of lymphatic capil-
laries of the liver and the data of L.V. Chernysh-
enko et al. (1985), obtained during the investiga-
tion of the lymphatic capillaries of the central ten-
don of the diaphragm in cats and other laboratory
animals using a combined method of injection and
impregnation with a solution of silver nitrate,
showed that the juice canals (F. von Recklinghau-
sen) are not directly connected with the lumen of
lymphatic capillaries.

Thirty years after the researches of F. von Reck-
linghausen, in the above mentioned work of L. Lan-
dois (1891), a report appears on lymphatic spaces,
represented by the pericardial space with pericar-
dial fluid or lymph, as well as a large lymphatic
space around each air chamber of the lung and
between connective tissue fibrils. The author
describes within connective tissue (of bone, pala-
tine tonsil, salivary gland, etc.) numerous stellate,
irregular or branched spaces, which are connected
with each other by numerous tubular processes. In
these interconnected spaces, or lymphatic spaces,
lie the cellular elements of this tissue. Such spaces,
however, are not completely filled with cells, but
between the body of the cell and the wall of the
space, there is a gap, which may be larger or smaller.
These spaces are the so called secretory spaces, or
secretory canals, and they represent the commence-
ment of the lymphatics. Between endothelial cells
small openings, or stomata, are located (those that
F. von Recklinghausen was looking for. — Author’s
note), through which lymphatic capillaries connect
with juice canals [3].

Also L. Landois (1891), as referred to other
authors, suggests that blood vessels also communi-
cate with juice canals, and that fluid exits thin-walled
capillaries through their stomata into these spaces.
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3a0pITO0. OAHAKO B JaJbHEHIIEM HCCIeLOBAHUA
AA. Cymiko (1966) TuMQOKANWIIAPOB MEYEHU U
nanuble JI.B. YepHbilieHKO u coaBT. (1985), mosy-
YeHHblE NP WU3YyYEeHUU JIUMQOKAMUIIIIPOB CyXO-
JKUJIBHOTO TeHTpa auadparMbl KOIIKA W JAPYTHX
J1a00paTOPHBIX  KUBOTHBIX KOMOWHUPOBAHHBIM
METOZIOM HWHBEKIUHU W HMIIPETHAIIUA PacTBOPOM
HUTpaTa cepebpa, TOKa3ajIu, YTO COKOBbIE KAHAJIBI[bI
(F. von Recklinghausen) He cBs3aHbI HeIoCpes-
CTBEHHO C IIPOCBETOM JTUM(MOKAIHJIISIPOB.

30 JIET cITyCTs mocse uccaemopauui F. von Reck-
linghausen, B y:xe ymomsnytoii pabore L. Landois
(1891) mosiBnsieTcs coobIIeHrne O JIUM(paTUIECKUX
MIPOCTPAHCTBAX, KOTOPhIE TMPE/ICTABIEHBI IMEPUKAP-
JIUAJTbHBIM TPOCTPAHCTBOM C TEPUKAPAUATBHON
JKUIKOCTBIO M JTUMQOH, a TakKe OOJIBIITAM JIFM-
(aTUUeCKUM TPOCTPAHCTBOM BOKPYT KaKIOH BO3-
JIyIITHOM KaMepbl JIETKOTO U Mekay (GuOpuiiaMu
COEJIMHUTEJIPHON TKaHU. ABTOP OIKCHIBAET BHYTPH
COeIUHUTEIbHOM TKaHW (KocTH, HEOHOM MHHIa-
JIMHBI, CJIIOHHOU JKeJIe3bl U T.JI.) MHOTOUHCJIEHHbBIE
3Be3/[UaThle, HEPETYJISIPHbIE W/ PAa3BETBIIEHHBIE
MIPOCTPAHCTBA, KOTOPhIE COODIIAOTCS IPYT € IPYTOM
MHOTOYHCJIEHHBIMUA TPYOYaTBIMH OTPOCTKAMU; B
9TUX COOOIIAMIIUXCA MPOCTPAHCTBAX, MU JUMDa-
TUYECKUX IIPOCTPAHCTBAX, JIEXKAT KJIETOUHBIE BJjIe-
MEHTBI 5TOH TKaHU. DTH MPOCTPAHCTBA, OJTHAKO, HE
IIOJTHOCTBIO 3aTI0JTHEHBI KJIETKAMU, HO MEXK/Ty TEJIOM
KJIETKHU U CTEHKOH ITPOCTPAHCTBA CyII[eCTBYeT MHTEP-
BaJI, KOTOPBIA MOKET OBITh OOJIbIIE WJIU MEHBIIIE.
ITH MPOCTPAHCTBA, Kak cuuTaeT L. Landois, s1BJIsi-
JOTCsS TaK Ha3bIBAEMBIMU COKOBBIMU KaHAIaMU, U
OHU TIPEJICTABJISAIOT cO00UM Havyayio JTUMQpATHIECKUX
cocynoB (corsacuo F. von Recklinghausen). Mexay
SH/IOTETNATPHBIMU KJIETKAMU HaXOJSTCS HeOOIb-
IIIMe OTBEPCTHsA, WIKN yCcThUIA (Te, KOTOpbIe HCKAas
F. von Recklinghausen. — IIpum. asm.), mocpez-
CTBOM KOTOPBIX JUMPaTHUECKHe KaluLIsIPhl cO00-
LIAIOTCS C COKOBBIMHU KaHaJIbIaMu [3].

Taxske L. Landois (1891), co cchUIKO# Ha ApPyrux
aBTOPOB, IMPE/IOJIaTaeT, YTO KPOBEHOCHBIE COCYbI
TaKKe COOOIAIOTCS C COKOBBIMH KaHAJIBIIAMH U UTO
JKUIKOCTDh BBIXOJUT M3 TOHKOCTEHHBIX KaNWJISIPOB
Yepe3 MX YCTBHHUIA B BTU MPOCTPAHCTBA. IDTA KU/I-
KOCTb ITUTAET TKAHU, B TO BPeMsI KaK OTpabOTaHHBIE
BEIllECTBa BO3BPAIIAIOTCA B IMIPOCTPAHCTBA U JIOCTH-
rafoT JuMGaTHIECKUX COCY/I0OB, KOTOPbIE B KOHEU-
HOM HMTOTE BHIOPACHIBAIOT UX B BEHO3HYIO KPOBb [3].
B moarBep:kaenue sromy L. Landois (1891) omuce-
BaeT MMIPAIAI0 JIEHKOIIUTOB K3 KPOBEHOCHBIX
KaIlWJUIAPOB B JIUMGAaTHYECKHE COCYbl Uepe3 TKa-
HEBBbIE TTPOCTPAHCTBA. MesIKue 4acTHUIlbI, CO/lepKa-
[ecsl B OTUX IMPOCTPAHCTBAX, — HAIPUMep, MOCe
HaHEeCEeHUS TaTyHUPOBKH Ha KOXKYy U JIa’Ke KHUPOBBIE

This fluid supplies tissues, while waste products
return to the spaces and reach lymphatic vessels,
which eventually release them into the venous blood
[3]. Consistent with the above mentioned, L. Landois
(1891) describes the leukocyte migration from blood
capillaries into lymphatic vessels through tissue
secretory spaces. Small particles contained in these
spaces — for example, after tattooing the skin and
even particles of fat after injections — are absorbed
by leukocytes and passed through by them to other
organs of the body (particles of pigments used for
tattooing the finger are usually found in the first lym-
phatic gland (lymph node. — Author’s note) on the
elbow) [3].

Almost 100 years later, in 1956, S. Magari pub-
lished a report confirming the finding of F. von
Recklinghausen (1862) about the precapillary part
of the peritoneal lymphatic system, where there are
orifices of invaginations in the mesothelium, reach-
ing the lymphatic capillaries. And after another
20 years, L. Leak (1979) gave the data obtained
usinga scanningelectron microscope on 3—5-month-
old mice. He showed that in the peritoneal mesothe-
lium, lacunae are in place through which the perito-
neal cavity directly connects with the lymphatic ves-
sels of the diaphragma, i.e. the author confirmed the
point of view of P. Mascagni (1787), F. von Reckling-
hausen (1862), and S. Magari (1956) that the lym-
phatic vessels of the peritoneum communicate with
the peritoneal cavity through “stomata”. Following
F. von Recklinghausen, W. His (1863) stated that
lymphatic pathways are communicated directly
with tissue intercellular spaces that have no walls
[4]. The views of Ernst Wilhelm Ritter von Briicke
(1854) and C. Ludwig (1861) are very close to the
concept of F. von Recklinghausen. These authors
believed that the “secretory spaces” of connective
tissue, located between muscle fibers, glandular
vesicles and other parenchymatous elements, are
the commencement of the lymphatic vessel system,
and E. von Briicke considered this transition of lym-
phatic vessels into connective tissue spaces for an
absolute postulate.

Of great importance in resolving the issue of the
relationship between tissue prelymphatic spaces
and lymphatic capillaries would be clear evidence of
the absence of walls (endothelial lining) in these
spaces, which would allow to conclude that prelym-
phatic pathways and lymphatic capillaries are not a
single structure and should be classified as different
ones. Therefore, the discovery of the fact that capil-
laries, including lymphatic capillaries, are lined
with endothelium was one of the most important
discoveries in histology. This discovery goes back to
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YACTHUI[BI ITOCJIE UHBEKIINH — MOTJIOIIAI0TCS JIEHKO-
[UTAMHU U TEPEHOCATCS UMH B JPYTHE YaCTH Tesa
(gacTUIBl MUTMEHTa, WCIOJIb3YEMbIE [IJISI TaTyH-
POBKHU Tajblia, OOBIYHO HAXOJATCS B HEPBOH JIMM-
daruueckoit sxenese (TuMdaTHUECKOM y3JEe. —
ITpum. aem.) ua sokre) [3].

[TouTu yepes 100 JIEeT, B 1956 T., MOSABUIIOCH COO0-
menne S. Magari, moaTBep:kaoniee HaOI0eHIe
F. von Recklinghausen (1862) o npexanmwuigspaoM
oTpe3ke JTUMGpATHIECKOH CUCTEMbI OPIOIINHBI, T7e
UMEIOTCsI YCThsl MHBATMHAIIUN B ME30TEHUH, J0XO0-
IAMUX 70 JUM@aTHYeCKUX KalWUIAPOB. A elre
yepe3 20 jiet L. Leak (1979) mpuBes naHHbIe, TOJTY-
YeHHBbIE B CKAHUPYIOIIEM 3JIEKTPOHHOM MHUKPO-
CKOIIE Ha 3—5-MeCSYHBIX MbIax. OH MMOKa3as, uTo B
Me30TeJ MU OpIOIIMHBI HUMEIOTCSI JIAKyHBI, depes
KOTOpbIE€ TIOJIOCTh OPIOIINHBI HEIOCPEICTBEHHO
coobmiaercs ¢ JUMGATUUECKUMU COCYIaMU JHa-
¢gparmpl, T.e. aBTOp IOATBEPAWI TOYKY 3pEHUs
P. Mascagni (1787), F. von Recklinghausen (1862) u
S. Magari (1956) o ToM, uT0 TUM@ATHIECKUE COCY/TbI
OpIOMIMHBI COOOIIAIOTCS OTBEPCTHSAMH «CTOMATa» C
OpromuHHOM mosocThio. Besen 3a F. von Reck-
linghausen W. His (1863) 3asBw1, uto iuMbOHOC-
HbBIE IyTH COOOIIAIOTCA HEITOCPEICTBEHHO C TKaHe-
BBIMH MEKKJIETOUHBIMH IIPOCTPAHCTBAMU, KOTOPbIE
He UMeEIOT CTeHOK [4]. OueHpb OJIU3KH K KOHIEIIIIUN
F. von Recklinghausen Barisasr Ernst Wilhelm
Ritter von Briicke (1854) u C. Ludwig (1861). 9t
aBTOPBI CUUTAJIM, UTO «IIEeJIEBbIe IMTPOCTPAHCTBA»
COEIMHUTEIPHON TKAHHW, B3aJIO’KEHHbIE MEXIY
MBIIIIEYHBIMU BOJIOKHAMH, KEJIE3UCTHIMU ITy3bIPh-
KaMU U JPYTUMU TapEeHXUMATO3HBIMU 3JIEMEHTAMH,
MIPEJICTABJISAIOT COOOM HAYasI0 CUCTEMBI JTUMGaTHUe-
CKHX cocyzioB, mpuueM E. von Briicke mpeacraBiisia
3TOT Tepexo] TUMGATUUECKUX COCYAO0B B COEIUHU-
TeJIbHOTKAHHBIE IIPOCTPAHCTBA KaK abCOJIFOTHBIN
ITOCTYJIaT.

Ba)xHOe 3HaUeHNe B PEIeHUH BOIPOCAa O B3au-
MOOTHOIIIEHUU TKAHEBBIX MPeTuMQpaTUUECKUX Mpo-
CTPaHCTB M JUM(PATHUECKUX KAMMWLISIPOB CHITPAJIO
OBl YETKOE J0KAa3aTeJbCTBO OTCYTCTBHSA CTEHOK
(?H7OTETMATIBHON BBICTWJIKU) Y STUX IIPOCTPAHCTB,
YTO TIO3BOJIUJIO OBl C/IeIaTh BBIBOI, UTO mpeanmMba-
TUYECKHe MyTU U JuMbaTUIeCKhe KalWUIsApbl He
ABJIAIOTCH €AUHON CTPYKTYPOU M UX CJIeZlyeT OTHO-
CUTH K Pa3JINYHbIM 00pa3oBaHusAM. I109TOMY OTKpHI-
THe TOro (hakTa, YTO KANMWLIAPHl, B TOM YHCTIE U
auMbaTHYeCKUe KaIWuLIsphl, BBICTJIAHBI HSHIOTE-
JINEM, SIBUJIOCh OJTHUM W3 BaKHEHUIITUX OTKPBITUU B
THUCTOJIOTHU. DTO OTKPBHITHE BOCXOAUT K paboTam
Henryk Fryderyk Hoyer (1834—1907) 1865 r. Taxxe
umena Albert Von Kolliker (1887), Ludwig Teichmann
(1861), W. His (1863), C. Ludwig (1861) u F. von

the work of Henryk Fryderyk Hoyer (1834—1907) of
1865. Also the names of Albert Von Kolliker (1887),
Ludwig Teichmann (1861), W. His (1863), C. Lud-
wig (1861), and F. von Recklinghausen (1862)
should be associated with the development of the
concept of lymphatic capillary as a structure lined
with endothelium: capillaries form networks and
are blind-ending structures that are similar to the
lacteals of intestinal villi. H. Hoyer (1865), W. His
(1863) and F. von Recklinghausen (1862) managed
to more clearly visualize the boundaries of the lym-
phatic endothelium using silver nitrate injections,
but the study of silver nitrate samples and their
incorrect interpretation led F. von Recklinghausen
to the error, as F.R. Sabin (1912) believed, that the
sources of lymph production (lymph radicles) or
tissue spaces are part of the lymphatic system,
although the scientist himself in a number of his
works claimed that tissue prelymphatic spaces do
not have walls and direct connections with blood
and lymphatic capillaries. Also, not all scientists
confirmed the opinion of F. von Recklinghausen
about the presence of stomata and stigmata (pores,
orifices) through which lymphatic vessels (capillar-
ies) communicate with tissue channels (lymph rad-
icles), considering positive results as mechanical
defects of the technique used. Therefore, by the sec-
ond half of the 19" century, the question of the rela-
tionship of lymphatic vessels to tissue spaces in
general and to some special tissue spaces, such as
intermeningeal spaces, the subarachnoid space in
particular, had not been finally resolved (His W.,
1863; Ludwig C., Tomsa W., 1861; Sabin F.R., 1912).

The second half of the 19" century was marked
by attempts to understand the mechanism of lymph
formation. In this regard, attention was again
drawn to the problem of connection between the
lymphatic and circulatory systems. At the begin-
ning of the 19™ century, it was believed, as described
above, that blood plasma directly passes from blood
vessels to lymphatic vessels, forming lymph. Indeed,
lymph formation is associated with blood flow. But
how? Already in the middle of the 19™ century, it
became clear that there is no direct transition of
blood plasma from blood vessels to lymphatic ves-
sels. The long-existing theory of lymphovenous
anastomoses, dating back to the old experiments of
Stenon in the 17" century with mercury injection
into the lymphatic bed (described by Antoine Portal
in “De I'Anatomie et de la Chirurgie”, 1770-1773)
had not found its microanatomical proof by that
time. The German physician and pathologist
C. Ludwig (1861) and the Russian physiologist
V.V. Pashutin (1885) proposed a filtration theory of
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Recklinghausen (1862) ciienyeT cBsI3pIBaTH C pa3BU-
THeM KOHIENIINY JTUM(PATHIECKOTO KalUIapa Kak
CTPYKTYPBI, BBICTIAHHOHM SHOTEINEM: KATHJIAPbI
00pas3yIoT CETH U IIPEICTABJISIOT COOOMU CIJIETIO 3aKaH-
ypBapIuecss o00pa3oBaHUSA IOAO0OHO MJIEUHBIM
cocynam Bopcunku kumku. H. Hoyer (1865), W. His
(1863) u F. von Recklinghausen (1862) ¢ momoriipto
WHBEKIIUA HUTpaTa cepebpa yzganoch 6ojiee YETKO
BU3YJIM3UPOBATh TPAHUIIBI IHAOTENTUA JUMPaATH-
KOB, HO M3yUeHHe IIPenapaToB ¢ HUTPATOM cepebpa
U UX HeBepHasg HHTepnperanus npuseau F. von
Recklinghausen & 3a0ayxXaeHnio, Kak I0Jaraer
F.R. Sabin (1912), uro wucroxu GOPMUPOBAHUI
aum®sl (anr. BapuanT — lymph radicles) win Tka-
HEeBbIE MPOCTPAHCTBA SIBJISAIOTCS YACThiO JUM@aTH-
YeCcKOU crcTeMBl, XOTH caM Ke YUeHbBIH B psAJie CBOUX
paboT yTBep:KAasa, UTO TKAaHEBBbIe IpeauMdariye-
CKHe TPOCTPAHCTBA HE MUMEIOT CTEHOK U TPSIMBbIX
coeIMHEHUN ¢ KPOBEHOCHBIMH U JINM(QaTUIeCKUMU
KanwuigpamMu. Takke He Bce yJeHBIE ITOJITBEPIK-
nmanu mHenue F. von Recklinghausen o vaauunu cto-
Mara u cTurmata (Iopsl, OTBEPCTHS), IOCPEACTBOM
KOTOPBIX JUMGATHYECKUE COCY/Ibl (KaUJISIPBI)
COEZIMHAIOTCA C TKaHeBbIMM KaHasblamu (lymph
radicles), paccmaTpuBas IOJIOKUTEIbHBIE PE3YiIb-
TaThl KaK MeXaHHJecKue JedeKThl HCIO0JIb3yeMOM
Meronuku. ITosTomy ko BTOpO# mosioBuHe XIX B.
BOmpoc 00 OTHOIIEHUU JTUM(MATHUYECKUX COCYIOB K
TKaHEBHIM IIPOCTPAHCTBAM B LI€JIOM U K HEKOTOPBIM
CHEIUATbHBIM TKAaHEBBIM IPOCTPAHCTBAM, TaKUM
KaK MexK000JI0ueueHble ITPOCTPAHCTBA, B YACTHOCTH
cybapaxHOUJTAIBHOE ITPOCTPAHCTBO, HE ObLI pelleH
okonuaresnbHO (His W., 1863; Ludwig C., Tomsa W.,
1861; Sabin F.R., 1912).

Bropaa mnosoBuHa XIX B. 03HaMeHOBaIach
MIOIBITKAMY IOHATH MeXaHuU3M JHuM@oobpasoBa-
HUsA. B 3TOH cBsI3M BHUMAaHUE OIIATH OBLIIO 00paIeHo
K npobsieMe cooO0IeHus JUMPATHIECKOU U KPOBe-
HocHOU cucTeM. B Hauane XIX B. moJiaraau, Kak
OIMCAHO BBINIE, YTO IUIa3Ma KPOBU HEIOCPEn-
CTBEHHO IIePEXOAUT U3 KPOBEHOCHBIX COCYZIOB B
aumpaTuyeckue, 06pasys auMdy. JeldcTBUTETBHO,
auM@oobpa3zoBaHue CBSI3aHO C KpoBOTOKOM. Ho
Kak? Yxke B cepeniuHe XIX B. cTajio SICHO, YTO Ipsi-
MO TIepexo]] IIa3Mbl KPOBH U3 KPOBEHOCHBIX COCY-
JIOB B TUM@aTHIeCKue COCy/Ibl He TPOUCXOaUT. [{o-
roe BpeMs CyIIECTBOBABIIAS TEOPHA JUM(POBEHO3-
HBIX aHACTOMOB30B, BOCXOASAINAs e€Ile K CTapbhIM
onbITaM Stenon B XVII B. ¢ UHbEKIHEN PTYTU B JIUM-
daTuueckoe pycio (omucano Antoine Portal B «De
I'anatomie et de la chirurgie», 1770—1773) Tak u He
HalIa K 3TOMY BPeMEHHU CBOET0 MUKPOAHATOMUYe-
CKOTO JIoKa3aTesibcTBAa. HeMenkuil Bpad U maTosor
C. Ludwig (1861) wu poccuiickuii GuU3HOIOT

lymph formation from blood plasma. In contrast to
this theory, Rudolf Peter Henrich Heidenhain
(1880) proposed a secretion theory of lymph origin.
Both theories were close to modern ideas about
lymph formation in the sense that between blood
and lymphatic capillaries, an intermediate link was
assumed to exist — connective tissue, into which fil-
tration (Ludwig C., 1861; Pashutin V.V., 1885) or
secretion (Heidenhain R., 1880) of fluid from the
vascular bed occurs.

One hundred years after the works of F. von
Recklinghausen (1862), Arthur C. Guyton (1963)
studied the movement of a dye into the surround-
ing tissue spaces from three capsules of different
shapes with holes implanted subcutaneously.
Approximately 0,1 ml of a concentrated solution of
Evans blue was injected into each of the three cap-
sules. A low pressure of approximately 10 mm Hg
was given intracapsularly through a needle and
maintained for one hour. Following that, the cap-
sules were cut out. In each case, the dye penetrated
all areas of the intracapsular tissue and appeared
in the tissues located outside the capsule and adja-
cent to orifices. Thus, it was shown that fluid could
flow through the tissue spaces from the capsule
cavity into the surrounding tissues. Since Evans
blue binds to tissue fluid proteins, A.C. Guyton
also suggested that proteins could pass through
the same tissue spaces.

M. Foldi (1967, 1968) and J. Casley-Smith
(1976) proved the existence of channel-like gaps
(spaces) in the interstitium that carry tissue fluid,
which is then resorbed into lymphatic capillaries
through interendothelial contacts and produce
Ilymph. These “channels”, which have not the endo-
thelial lining (non-vascular pathways of preferen-
tial spread of tissue fluid towards the lymphatic
pathways) were described by M. Foldi (1967, 1969,
1999), M. Foldi et al. (2005), and J.R. Casley-
Smith (1977) as prelymphatics. In addition,
M. Foldi (1969) also did not find direct contacts
between tissue gaps and lymphatic capillaries any-
where in the human body.

But even earlier the hypothesis about closeness of
terminal lymphatic vessels was confirmed in the late
19th — early 20% centuries by Louis-Antoine Ranvier
(1869, 1897), William George MacCallum (1903,
1911), Eliot R. Clark (1909), E.R. Clark, Eleanor Lin-
ton Clark (1937). All scientists used injection meth-
ods. When injecting lymphatic capillaries, the
researchers did not find a direct connection of lym-
phatics (lymphatic capillaries) with the tissue spaces.
Lymphatics were distinguished by the integrity of
their wall, which could be destroyed only by high

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

139



Ilapuxos FO.H. u dp. / Journal of Siberian Medical Sciences T. 9, N? 3 (2025)

B.B. [Mamytun (1885) npemyioxkumiu GUIbTPaIHOH-
HyI0 TeOpUI0 oOpa3oBaHHsA JUMGQBI U3 KPOBSIHOU
ma3Mel. B mporuBoBec atoir Teopun Rudolf Peter
Henrich Heidenhain (1880) O6puta mnpemiokeHa
CEeKpeIMOHHAs TEOPHUs IPOUCXOXKIAEHUS JIUMOBI.
O6e Teopun NPUOIIKAINCH K COBDEMEHHBIM ITIPE/I-
CTaBJIEHUAM O JUM(GOOOpa30BaHUM B TOM CMBICIIE,
YTO MEKIYy KPOBEHOCHBIMU U JTUMQATUUYECKUMU
KaNWUIApaMyd  IPEAINoJarajaoch CyIleCTBOBAHHE
MMPOMEKYTOYHOTO 3B€HA — COEeIMHUTEIbHON TKaHH,
B KoTopyio mpoucxomut ¢uiasrparus (C. Ludwig,
1861; B.B. ITamytun, 1885) wiu cexperus (R. Hei-
denhain, 1880) »kuiKoCTH U3 KPOBEHOCHOTO PycJIa.

Cro sier cmycrsi mocie TpymoB F. von Reck-
linghausen (1862) Arthur C. Guyton (1963) usyuan
JIBUJKEHUE KDPAaCUTENsI B OKPYKAIOIIMe TKaHeBbIe
MPOCTPAHCTBA M3 BBEIEHHBIX MOJKOKHO TPEX Karll-
CyJ1 pa3Hoil GOpMBI C OTBepCTUAMU. B Kaxayo u3s
TpexX Karcysl BBOJAWIN HPUMEPHO 0,1 MJI KOHIIEH-
TPUPOBAHHOIO pacTBopa cuHero dBaHca. Hebosb-
III0€ JaBJIEHHE, OKOJIO 10 MM PT. CT., IPUMEHSLIH
WHTPAKATCYJISIPHO Yepe3 UTJIy U IOJIJIEP>KUBATIA B
TeYeHHe OJHOrO yaca. [0 HCTeueHUUu TOrO Bpe-
MeHU KaIllCyJIbl BhIpe3aniu. B kakmoMm ciaydae kpa-
CUTEJIb IPOHUKAJ BO Bce 00J1aCTH UHTPAKATIICYJIsAP-
HOU TKaHU W IMOABJIAJICA B TKAHAX 3a IpezeaaMu
KaIlCyJIbl, MPWJIETAIINX K OTBEPCTHAM. Takum
oOpazoM, OBLIO IMMOKa3aHO, YTO KUIKOCTh MOTJIA
TeYb uepe3 TKaHEeBbIe IIPOCTPAHCTBA U3 IOJIOCTHU
KaIICyJIbl B OKpY’KaloIye TKaHU. [I0CKOJIbKY CUHUH
JBaHC coeNHsIETCsS ¢ OeJIKaMU TKAHEBOU KUIKO-
cty, A.C. Guyton TakKe IPE/IIOJIOKII, UTO OEJIKH
MOIJIN TIepeMeIIaThCs Yepe3 Te Ke caMble TKaHe-
BbIE ITPOCTPAHCTBA.

M. Foldi (1967, 1968) u J. Casley-Smith (1976)
000CHOBAJIM  CYIIIECTBOBAHHE  KAHAIOMOJOOHBIX
miesied (IIpOCTPaHCTB) B WHTEPCTUIMHU, HECYIIHX
TKAHEBYIO XKUIKOCTh, KOTOPasi, Pe30pOUPYsICh 3aTEM
B JuMdaTUUeCKie KanWUIAPhl Yepe3 MeXXdHAOoTe-
JTHAJIbHBbIE KOHTAKTBI, 00pasyeT TuM@y. DTH He uMe-
OIIMEe BHAOTEJHATBHON BBICTHJIKH «KAaHAJbI»,
HECOCYZUCThIE MYTH MPEUMYIIECTBEHHOTO PacCIpo-
CTpaHeHMs TKAHEBOU JKUJIKOCTU B CTOPOHY JimMda-
TUYeCKHMX myTed, omucanbl M. Foldi (1967, 1969,
1999), M.Foldi et al. (2005) u J.R. Casley-Smith
(1977) kak npenumdaruku. Kpome toro, M. Foldi
(1969) Tax:ke HUT/IE B OpraHU3Me HE BBIABUJI IPsi-
MbI€ KOHTAKThI MEK/Iy TKAHEBBIMHU IEISAMU U JIUM-
(haTuuecKUMU KanuLIsIpaMHU.

Ho erie paHee rumoresa O 3aKPHITOCTH TEPMU-
HJIBHBIX JIMM(ATHIECKUX COCY0B ObLIa IO TBEPIK-
JeHa B koHne XIX — mauasie XX B. Louis-Antoine
Ranvier (1869, 1897), William George MacCallum
(1903, 1911), Eliot R. Clark (1909), E.R. Clark,

pressure of the forced fluid and, therefore, were ana-
tomically closed vessels, otherwise the forced fluid
would freely flow into tissue spaces. Thus, it was
shown that lymphatic capillaries are separated from
the surrounding connective tissue by a wall from
endothelial cells. This fact seemed to put an end to
the debate about whether the lymphatic system is
open or closed. This confirmation followed an earlier
misleading report by F. von Recklinghausen (1862),
who believed that lymphatic vessels connect directly
with tissue spaces, despite the fact that, as early as
the 18™ century the school of W. Hunter et al. (1762)
had provided evidence for closeness of the lymphatic
system.

At the beginning of the 20" century, an attempt
was made to approach the question of the relation-
ship between tissue channels and lymphatic capil-
laries from the point of view of their development.
Lymphatic capillaries have exactly the same rela-
tionship to tissue prelymphatic spaces as blood
capillaries. Both types of capillaries are foreign
structures that grow into the mesenchyme or pen-
etrate her. Tissue spaces are no more a part of the
lymphatic system than they are a part of the circu-
latory system.

S.J. Melzer (1896, 1911), based on the “silver
images” of F. von Recklinghausen and others,
described two different systems, lymphatic vessels
and tissue spaces, and clearly demonstrated the dif-
ference in their physiological significance.

Despite the serious criticism of the theory of
“juice canals” and “juice gaps” by Paul Rudolf August
Bartels (1909) and other authors and the fact of the
continuity of the endothelium of blood and lym-
phatic capillaries well-established at the beginning
of the 20" century, as well as new data on the struc-
ture and physiology of connective tissue, the views of
F. von Recklinghausen and C. Ludwig remained
dominant for a long time [2]. The concept of an open
lymphatic system was discussed for several decades
with varying success [4].

G.G. Cademartiri, O.A. Tazzi (1971) suggest that
perilymphatic channels are closely related to the
function of the initial lymphatic vessels. Channels
filled with interstitial fluid are often, apparently,
located near simple junctions of the endothelial
lining of lymphatic capillaries (researchers have
identified several other types of complex junc-
tions. — Author’s note). Fluid from perilymphatic
channels can drain into the lymphatic lumen
through simple valves when they open (Fig. 2).
After the valves close, there will be no backflow
(Casley-Smith J.R., 1973; Collan Y., Kalima T.,
1974; Taylor A.E. et al., 1973).

140

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



Sharikov Yu.N. et al. / Journal of Siberian Medical Sciences Vol. 9, No. 3 (2025)

Eleanor Linton Clark (1937). Bce yueHble UCIIOIB30-
BaJIN UHBEKITUOHHBIE MeTO/1bl. [Ipy MHBEKITUHN JINM-
(aTyecKkrx KaMWLIIPOB HCC/IeIOBAaTEN He O0HA-
PYXKWIN HENOCPEACTBEHHOTO COeAMHEeHUs JuMba-
THKOB (JTUM(MaTUIECKUX KATWJISIPOB) C TKAHEBBIMU
mpoctpaHcTBaMu. JIMM@aTUKHU OTIMYATUCH 1[€JTOCT-
HOCTBIO CBOEH CTEHKH, KOTOPYIO MOXKHO OBLIIO pas-
PYIIUTH TOJIBKO OOJIBIIIAM JIaBJIEHHEM HarHETaEMOU
JKHUJIKOCTH U, CJIeZIOBATEIbHO, OBLTM aHATOMHUYECKU
3aKPBITBIMU COCY/IaMU, WHAUe HarHeTaeMmas »KUJ-
KOCTh CBOOOJIHO TlepeTekasia Obl B TKAaHEBBIE IPO-
crpadctBa. TakuM 06pa3oM, ObLIO TOKa3aHO, UTO
auM@aTHUecKue KaUWUIAPHl OTTPAaHUYEHBI OT
OKpY’KaIoIlle COETUHUTETbHON TKAaHU CTEHKOM,
obpazyeMoll sHAOTeIUONUTaMU. IDTOT BaKT, Kasza-
JIOCH, TIOZ[BEJI YEPTY O/ AUCKYCCHUEN O TOM, OTKPBI-
TOH WJIM 3aKpPHITOH sABseTCS JHUMQaTHIECKas
cucremMa. ITO TOATBEPIKAEHHE IIOCIEI0OBATIO 3a
OoJiee paHHUM BBOZAIIUM B 3a0JIy3K/IeHHE cOO0IIe-
uuem F. von Recklinghausen (1862), koTopsbiii cuu-
TaJI, UTO JIUM(PATHUECKHE COCYbI HATIPSIMYIO CO00-
IIAIOTCS ¢ TKAHEBBIMU IIPOCTPAHCTBAMU, HECMOTPS
Ha TO, yTo eme B XVIII B. mkosna W. Hunter u gp.
(1762) mpuBOmWIA [OKA3aTEJIbCTBA 3aKPBITOCTU
auM@aTIIecKo CHCTEMBI.

B mauane XX B. ObUIa IpEANPUHATA IOIBITKA
IIO/IONTHU K BOIIPOCY O B3aMMOCBSI3U TKAHEBBIX KaHa-
JIOB ¥ TUM(bATUYECKUX KATTUJUISIPOB C TOYKU 3PEHUS
ux pa3Butui. JlumdaTtudeckue KanwuIApbl HMEIOT
TOYHO TaKO€ 7K€ OTHOIIIeHHE K TKAaHEBBIM IPEeTUM-
(aTmyecKkUM MPOCTPAHCTBAM, KaK M KPOBEHOCHBIE
KanwuiApsl. O6a THIla KaMWUIAPOB SABJISIOTCSA
Yy>KEPOTHBIMU CTPYKTYPaMH, KOTOPBIE IPOPACTAIOT
B ME3eHXUMY WJIU IPOHUKAIOT B Hee. TKaHeBBIE IPO-
cTpaHcTBa He 0Oosiee dYacTh JIUMaTHUECKOH
CUCTEMBbI, UeM YaCTh KPOBEHOCHOU CHUCTEMBL.

S.J. Melzer (1896, 1911), OCHOBBIBasICh Ha «CeEpE-
OpsiubIx n3o0paskenusnx» F. von Recklinghausen u
JIPYTHX, OMKCBHIBAJI IBE PA3JIMUHBIE CUCTEMBI, JTUM-
(aTmueckre cocysbl U TKaHEBbIE IIPOCTPAHCTBA, U
XOPOIIO BBISBUJI PA3Nuue UX (PU3UOIOTHIECKOTO
3HAYEHUS.

HecmoTps Ha cephe3HYI0 KPUTHKY TEOPHHU COKO-
BBIX KaHAJIBIIEB M COKOBBIX ITiesier [laysem Pymosn-
dom Asrycrom Bapresnbcom (1909) 1 ApYyrUMH aBTO-
paMu 1 TBEP/IO YCTAaHOBJIEHHBIN elle B Hayase XX B.
(akT HempepHIBHOCTU SHJIOTENNS KPOBEHOCHBIX U
AuM@aTHYECKUX KaNWUIIPOB, a TaKyKe Ha HOBBIE
MaTepUaJIbl 110 CTPOEHUIO U (PU3UOJIOTUU COETMHU-
TeJbHON TKaHH, B3 IsAAbl F. von Recklinghausen u
C. Ludwig ocraBayiCh TOCIIOZICTBYIOIUMHU JI0JITOE
Bpems [2]. KoHIeNmus OTKPBITON JTUM@aTHIECKOH
CUCTEeMBI 00CYy3K/1ayIach Ha MIPOTKEHUY HECKOJIBKIX
JIECATUIIETUH C TIEPEMEHHBIM YCIIEXOM [4].

T. Kalim, S. Kalima (1975) identified thin peri-
lymphatic channels in the intestinal mesentery,
through which tissue fluid flows into lymphatic
capillaries and vessels. A number of authors (Col-
lan Y., Kalima T., 1974; Casley-Smith J., 1977;
Bert J.L., Pearce R.H., 1984) believe that the
migration of fluid and especially macromolecular
solutions through the interstitial space is associ-
ated with the presence of tissue “channels” whose
distal ends are directly adjacent to the wall of the
initial lymphatic microvessels. F. Huth, D. Bern-
hardt (1977) supposed the “perilymphatic” chan-
nels are limited by the cytoplasmic processes
extending from the basal surface of endothelial
cells of lymphatic capillaries.

After receiving irrefutable evidence of the exis-
tence of tissue channels as an intermediate sub-
stance between the circulatory and lymphatic
beds, the efforts of scientists were focused on
studying the peculiarities of the distribution of
fluid flows (along prelymphatic pathways) in con-
nective tissue.

P.D. McMaster, R.J. Parsons (1939) asked
themselves the following question: “Are there real
spaces between the tissue elements? If so, does tis-
sue fluid circulate through them?” To answer this
question, they conducted the following experi-
ment. A very sharp dissecting needle was used to
make a small puncture in the skin near the earlobe
of albino mice at approximate 15 magnification.
A platinum-iridium solution of approximately
0,005 cm?3 was injected through the puncture using
a hypodermic needle (platinum — 195,08 atomic
mass units (a.m.u) (Da), iridium — 192,22 amu
(Da). — Author’s note). The dye coming out of lym-
phatic vessels initially looked like bristles or wavy
lines extending from channels, and then uniformly
stained the surrounding tissues. The researchers
concluded that the dye coming out of lymphatic
capillaries of a live mouse spreads in connective
tissue along collagen fibers. The close relationship
of connective tissue fibers with lymphatic and
blood capillaries has been known for a long time,
but the fact that fibers are used as pathways along
which substances can pass through tissues (includ-
ing for the transport of macromolecular sub-
stances) was not recognized. As a result of these
studies, it was shown that transport flows of fluid
move along fibers and fibrils (outside and inside
the fiber), and the concept of “guide rails” in con-
nective tissue arose [5]. E.R. Clark, E.L. Clark
(1937), studying the connection of lymphatic capil-
laries with blood vessels, demonstrated the rela-
tion of connective tissue with lymphatics. These
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Puc. 2. YacTUYHO pacCIIMPEeHHBIN U YACTUYHO CKATHIN JTUM(paTHIECKU KallWUIAP B IIEHTPAIBHOU YaCTH KUIIEYHOH
BOPCUHKU. JInMdaTnueckuii KanwuIsAp OKPYy»KeH IPYIIIIaMU MBIIIIEYHbIX KJIETOK, & B COOCTBEHHOH IJIACTUHKE HAXOATCS
JUMGbOIUTEI, TUIA3MaTHUYeCKHe KIETKH, GbrOpobacTsl, 203MHOGMIB U Makpodaru. O6paTuTe BHUMAaHUE HA TIOsIBJIEHUE

nepmwnMdarndyeckux kaHaoB (PC) B cTeHKe pacIIUpeHHOHN YacTy JIMMQPATHIECKOTO KaWUIsIpa
(Y. Collan, T.V. Kalima, 1974)

Fig. 2. A partially dilated and partially compressed lymphatic capillary in the central part of the intestinal villus.
The lymphatic capillary is surrounded by groups of muscle cells, and the lamina propria contains lymphocytes, plasma
cells, fibroblasts, eosinophils and macrophages. Note the appearance of perilymphatic channels (PC)
in the wall of the dilated part of the lymphatic capillary (Y. Collan, T.V. Kalima, 1974)

G.G. Cademartiri, O.A. Tazzi (1971) mpezmosa-
rajiv, 9To ¢ (PyHKIHEN HAaYaaIbHBIX JTUMQPATHIECKIX
COCYJIOB TECHO CBA3AaHBI IeprwInMdaTHIECKHe
KaHasbl. KaHasbl, 3ar0JHEHHBIE HHTEPCTUIHAIIb-
HOH KUIKOCTHIO, YaCTO, IIO-BHAMMOMY, PAaCIIOJIO-
JKEHBI OKOJIO IPOCTHIX COEIUHEHHUN SHA0TETHAIb-
HOHI CTeHKHU JUM(PaTUUECKUX KaTWLIAPOB (mccie-
JIOBATeJI  BBIJESJIM  €Ille  HECKOJbKO THIIOB
CTIOJKHBIX coeinHeHu. — IIpum. asm.). JKUAKOCTh
13 MepruInMAaTHIECKHX KAaHATOB MOYKET IPEHUPO-
BaThcsl B TUMQATUYECKUH IIPOCBET Yepe3 MPOCThIe
KJIallaHbl, KOT/Ia OHU OTKphIBatoTes (puc. 2). IToce
3aKpBITHS KJIATIAHOB OOpaTHOTO TOKa He Oyzer
(Casley-Smith J.R., 1973; Collan Y., Kalima T., 1974;
Taylor A.E. et al., 1973).

T. Kalim, S. Kalima (1975) BBIZEIMIN TOHKHE
neprwIuMbaTHYECKe KaHAJIBI B OpbDKENKe KHUIITKH,
10 KOTOPBIM TKaHEeBas MUAKOCTh CJIeyeT B TuMda-
TUYECKHE KAIWLIAPBl U COCYAbl. Psi aBTOPOB CUM-
tator (Collan Y., Kalima T., 1974; Casley-Smith J.,
1977; Bert J.L., Pearce R.H., 1984), uto Murpanus
JKUIKOCTH M O0COOEHHO PACTBOPOB MAaKpPOMOJIEKYJT
yepe3 MHTEPCTUIIHATBHOE ITPOCTPAHCTBO CBs3aHA C
HaJIMYMEeM TKAHEBbIX «KAHAJIOB», JHCTaJbHbIE
KOHIIBI KOTOPBIX IIPHUMBIKAIOT HEIIOCPEJICTBEHHO K
CTeHKEe WHUITHAIbHBIX TNM(GATUUECKHX MUKPOCOCY-
moB. F. Huth, D. Bernhardt (1977) cuurtanu, uto
«mepwinM@aTHYecKre»  KaHaJdbl  OTPAHHYEHBI
[UTOILIA3MATUYECKUMHU OTPOCTKAMU, OTXOASAIAME
oT 6a3abHOI MOBEPXHOCTH SHOTETHABHBIX K-
TOK JTUM(PATHUECKUX KAIUJLISAPOB.

views were criticized by D.A. Zhdanov (1952),
although in some cases he allowed for the possibil-
ity of water molecules moving along connective
tissue fibers [2, 5]. As for the question of the con-
nection of blood capillaries with the interstitial
space, D.A. Zhdanov considered the endothelium
of blood capillaries as a semipermeable membrane
separating the blood from the “tissue” or “lacunar”
fluid filling the “intercellular gaps”, “intratissue
spaces or lacunae”, etc.; and this fluid washes the
parenchyma cells. It is separated from the lumen
of lymphatic capillaries by the endothelial mem-
brane of their wall, which, according to many
authors, is penetrated by pre-existing orifices [2].

1. Russu, O. Lucaci (1958), S. Magari (1956, 1957,
1962) and M. Fabian (1969), defending the opinion
about the existence of lymphatic gaps in tissues,
called them lymphatic precapillaries.

The solution to the question of the existence of
channels for free spread of fluid in connective tis-
sue forced scientists to turn to physiological con-
cepts regarding the direction of movement of the
capillary filtrate in the interstitium. E.M. Landis,
J.R. Pappenheimer (1963) identified two systems
of paracapillary transport of interstitial fluid: in
one of them, part of the capillary filtrate returns to
blood flow; in the other, microflows of fluid are
oriented to the roots of the lymphatic system (lym-
phatic capillaries). And, what is especially impor-
tant, protein macromolecules also rush into lym-
phatic capillaries.
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[Tocste mosTydeHMsT HEOCTIOPUMBIX I0KA3aTeIbCTB
CYIIIECTBOBAHUS TKAHEBBIX KAHAJIOB, KAK IIPOMEXKY-
TOUYHOU CyOCTAaHIIUU MEXKAY KPOBEHOCHBIM U JIUM-
daTmyeckuM pyciaMu, YCWINSA YUYEHBIX OBLIH
HaIpaBJIeHbI Ha U3y4YeHHe 0COOEHHOCTEN pacipee-
JIEHUs KUJIKOCTHBIX IMOTOKOB (10 mpenumdaTrye-
CKHM IIyTSIM) B COEJUHUTEIPHON TKAHH.

P.D. McMaster, R.J. Parsons (1939) mocraBuin
nepes; coboil cienyromuii Bormpoc: CyIiecTBYIOT JIH
peasibHbIe TPOCTPAHCTBA MEXKITY (POPMEHHBIMHU dJIe-
MeHTaMu TKaHei? Eciu fa, TO OCYyIIeCTBIIsAETCS JIN
yepe3 HUX IUPKYJANUSA TKaHEBOH kuakoctu? Jlis
pelleHns 5TOTo0 BOIPOCA OHU IIPOBEJIU CIIEAYIOIIIH
skcnepuMeHT. OUeHb OCTPOH IpenapoBaJIbHOU
UTJIOH OBUI C/ieJIaH MaJIeHbKUH MTPOKOJI KOXKU BO3JIE
KOHUMKA yXa OeJIbIX MBIIIEH O JTUH30H, YBETHIN-
BalOIel IPUMEPHO B 15 pa3. Yepes MPOKOJI UTJION
JUTS TIOJTKOKHBIX UHBEKITUN BBOAVJIH ILIATUHO-UPHU-
JIUEeBBIA PACTBOP 00BEMOM IIPUMEPHO 0,005 CM3
(mnatuHa — 195,08 aTOMHOM €QUHHIBI MAacCChl
(a.e.m.) (J1a), upuanii — 192,22 a.e.m. ([1a). — ITpum.
asm.). Kpacuresib, BBIXOJAIAHN U3 TUMGPATHIECKUX
COCYZIOB, CHaUaJIa BBITVIAZEN KaK IMETHHKH WIH BOJI-
HUCTBbIE JIMHUM, OTXOMSIINE OT KAaHAJOB, a 3aTeM
PaBHOMEDHO OKpAIIWBajJ OKpPYXKAIOIHe TKaHU.
VccnemoBaTensiMu ObLI c/ieIaH BBIBOJ, UTO KPAcCKa,
BBIXOAAINAsA U3 JUM(ATHYECKUX KaMHJUISIPOB
JKHBOUM MBI, PACIPOCTPAHSAETCS B COENUHUTEIb-
HOH TKAaHU BJ[0JIb KOJIATEHOBBIX BOJIOKOH. TecHas
CBsI3b BOJIOKOH COEITMHUTEJIPHOU TKAHU ¢ JTUMpaTH-
YeCKMMH ¥ KPOBEHOCHBIMH KaIWJUIApaMH ObLia
M3BECTHA JIaBHO, HO TOT (PAKT, YTO BOJIOKHA HCIIOJIb-
3YIOTCSI B KauecTBe IyTel, M0 KOTOPHIM BeIeCcTBa
MOTYT IEPEMENIATHCS Yepe3 TKAaHU (B TOM YUCIIe U
JUUISl TPAHCIIOPTUPOBKY BEIIECTB ¢ OOJIBIINME MOJIe-
KyJaMu), He ObLI Tpu3HaH. B pesysbraTe 3THX
HCCJIeIOBAaHUH OBLIO IMTOKA3aHO, UTO TPAHCIOPTHBIE
IIOTOKU JKHUJIKOCTU JBIIKYTCA BJOJIb BOJIOKOH U
ubpunn (cHapy:ku W BHYTPU BOJIOKHA), U BO3-
HUKJIO IIPEJICTaBJIEHNE O « HAITPABJISIONIUX PETbCax»
B coeguuuTenbHoi Tkanu [5]. E.R. Clark, E.L. Clark
(1937), uzyuas cBsa3b TUMGATUUECKUX KATTUJLISPOB
€ KPOBEHOCHBIMU COCY/IaMU, IIPOIEMOHCTPHUPOBAIH
CBSA3b COETMHUTETHLHON TKAHU ¢ TUMGAaTHKaAMU. DTH
B3IVIAZbI OBLTH TOABEPTHYTH KpuTrke J[.A. YKmaHo-
BBIM (1952), XOTsI B HEKOTOPBIX CJIy4asX OH JIOIy-
CKQJI BO3MOKHOCTHh II€pEMEIEHUs MOJIEKYJI BOJbI
[0 XOMy COeNVMHUTETHLHOTKAHHBIX BOJIOKOH [2, 5].
UTo KacaeTcs BOIPOCA CBA3M KPOBEHOCHBIX KaTIIMJI-
JIIPOB € WHTEPCTUIMATIBHBIM IIPOCTPAHCTBOM, TO
J.A. JKnaHoB paccMaTpuBas 3HA0TEINNH KPOBEHOC-
HBIX KANWUIAPOB KaK IOJYIIPOHUIIAEMYIO MeM-
OpaHy, OTHEAIONUIYI0 KPOBb OT «TKAHEBOH» WJIHN
«JIAKyHapHOU» KUJIKOCTH, B3aIOJIHSIONIEH «MeXK-

It is interesting that in the second half of the
20" century some authors continued to share the
views of F. Von Recklinghausen, despite the dubi-
ousness of the experimental evidence for his
hypothesis. This position was expressed most cat-
egorically by A. Silberberg (1979). He argues that
the initial lymphatic pathways (terminal lymphat-
ics, lymphatic capillaries) are simply extensions of
interstitial channels. The only difference is that
some channels (lymphatic capillaries. — Author’s
note) have the endothelial lining, while others
(prelymphatic canals. — Author’s note) have not.
But that many scientists have used only this fact
as the basis for dividing prelymphatic pathways
and lymphatic capillaries. Further, A. Silberberg
(1979) expressed the opinion, accepted among
lymphologists today, about the exit of fluid from
tissue channels through open junctions between
endothelial cells; when the closely spaced prelym-
phatic canals are emptied as a result of the suction
action of the terminal part of the lymphatic sys-
tem, the junctions between the endothelial cells
close and temporarily separate the lumen of the
lymphatic capillary and the interstitial space [4].
C. Wiederhielm (1972), G. Rutili, and K.E. Arfors
(1976) also were proving persistently that the lym-
phatic capillaries are nothing more than a contin-
uation of the interstitial space [4]. At the same
time, S. Rodbard (1975) showed that the lymph
composition differs from the capillary ultrafil-
trate, which would be impossible if tissue chan-
nels were in direct connection with lymphatic cap-
illaries [6]. However, later V.V. Kupriyanov (1981)
noted that it is unknown what kind of fluid the
prelymphatic channels carry: lymph or prelymph?
This question about the identity of lymph and pre-
lymph, as V.A. Shakhlamov and A.P. Tsameryan
(1982) point out, requires comprehensive veri-
fication.

After obtaining irrefutable evidence of the exis-
tence of an intermediate link between blood and
lymphatic capillaries, persistent attempts were
made to describe in detail the possible pathways of
fluid transport in the interstitium. Researchers
identified the parafibrillar pathway (interfibrillar
spaces) and tissue channels which, although not
necessarily, may have their own “walls”, but must
be structured formations [6]. According to
A.M. Chernukh et al. (1975), if the role of fibrillar
elements in prelymphatic fluid flow is sufficiently
substantiated, then the participation of tissue chan-
nels in this process required further study. How-
ever, in some cases, the vagueness of the descrip-
tion of the prelymphatic pathways of fluid transport
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KJIETOYHBIE IeJIU», «BHYTPUTKAHEBBIE IIPOCTPaH-
CTBA WX JIAKYHBI» W T.II., 9TA JKUAKOCTH OMBIBAET
KJIETKU TMmapeHXuMbl. OHa OTJejIeHa OT IIPOCBeTa
JaUMGATHYECKUX  KAMWUISAPOB  SH/IOTETHAIbHOU
MeMOpaHOH UX CTEHKH, KOTOpas, 0 MHEHUIO MHO-
TUX aBTOPOB, IIPOHU3aHA IMPEJICYIIECTBYIOIIUME
oTBepCTUAMH [2].

I. Russu, O. Lucaci (1958), S. Magari (1956, 1957,
1962) u M. Fabian (1969), orcrauBas MHEHHE O
CYIIIECTBOBAHUU JIMM(PATHUECKUX ITeJIeHd B TKAHAX,
Ha3bIBAIA UX INM(PATUUECKUMU TPEKATTIISPAMU.

Pemmenve Bompoca O CYIECTBOBAHUU KaHAJIOB
CBOOOJTHOTO PACIIPOCTPAHEHUS KUJIKOCTU B COEJIH-
HUTEJIbHON TKAHU 3aCTABUJIO YUEHBIX OOPATUTHCS K
(pHUBHOJIOTHYECKUM ITPEICTABJIEHUSAM OTHOCUTETHLHO
HaIpaBJIEHUs TIEPEMEIEHUs] KAMUUIIPHOTO (QUIh-
tpata B mHTepcruiuu. E.M. Landis, J.R. Pappen-
heimer (1963) BbIZIeJTHIIN JIBE CHCTEMbBI TTapAKAITHII-
JIIPHOTO TPAHCIOPTA HHTEPCTUIHMAJIBHOU JKUJIKO-
CTH: TO OJHOH W3 HHUX YacTh KaMWIIAPHOTO
¢unpTpaTa Bo3BpalaeTcsa B KPOBOTOK, IO JIPYroM
MIPOUCXOUT OPUEHTAINS MUKPOIIOTOKOB KHUJIKOCTH
B KOpHU JUMGATUUECKOU cucreMbl (Tumdartuye-
CKHe KamwuIsApbl). M, 4To 0cCOOEHHO BayKHO, B JIUM-
(aTuueckre KanwuIApbl YCTPEMIISIOTCS U MaKpO-
MOJIEKYJIBI OEJIKOB.

WuTepecHo, 4To BO BTOPOH IMOJ0BHHE XX B.
HEKOTOpbIE  aBTOPBHI  IMPOJOJDKATUA  Pa3fesATh
B3rsaabl F. Von Recklinghausen, mecmoTrpsi Ha
COMHHUTEJIbHOCTh ~ AKCIEPUMEHTAJIbHBIX  J0Ka3a-
TEJIBCTB €ro rurnore3bl. Hanbosiee KaTeropuaHO 3Ta
mo3unus BbipaskeHa A. Silberberg (1979). Oun
VTBEPIK/IAET, UTO HavaIbHbIe TUMQpATHUECKUE IyTH
(terminal lymphatics, 1umdaTuyeckre Kamusapbl)
SIBJIAIOTCSL TIPOCTO  paciniupeHusmu (extensions)
WHTEPCTUITUATBHBIX KaHAJIOB. Pa3HWIlAa 3aK/rova-
€TCsI JTUIIH B TOM, YTO B OTHUX KaHaJIaX (B tuMdaTH-
YeCKUX KanwuiAapax. — IIpum. agm.) ecTb SHIOTETU-
aJyibHas BBICTUJIKA, a B APYTUX (MpetuMQaTHIECKUX
KaHasax. — [Ipum. agm.) ee HET. A BeZlb UMEHHO 3TOT
(hakT MHOTUMH YUEHBIMHU MTOJIOKEH B OCHOBY paszie-
JeHus mnpenuMdarudeckux mytedl u jumdarude-
ckux kKanwuiapoB. Janee A. Silberberg (1979)
BBICKA3bIBAET MIPUHATOE B HACTOSIIIEE BPEMS CPEIH
JTUMGOJIOTOB MHEHHE O BBIXO/IE YKUJIKOCTH 13 TKaHe-
BBIX KAQHAJIOB Yepe3 OTKPHIThIE KOHTAKTHI MEXKIY
SH/IOTEJINOIUTAMHU; KOT/Ia B pe3yJIbTaTe MPHCaChIBa-
OIIETO JIEUCTBUSA TEPMUHAJIBHOTO OT/Eesa TuM@aTu-
YECKOU CHCTEMBI OIIOPOKHSIOTCA OJIU3PACIIOIOKEH-
HbIe IpeauMdaTHIecKre KaHaIbl, KOHTAKTHI MEXKIY
SHJIOTEJIUOIUTAMU 3aKPBIBAIOTCS ¥ BPEMEHHO Pas3hb-
eIUHSIOT MMPOCBET JINMQOKANMILIIApA U UHTEPCTH-
nuajgbHoro mpoctpancTBa [4]. C. Wiederhielm
(1972), G. Rutili u K.E. Arfors (1976) Tak:xe HaCTOMH-

does not allow to determine which of the two path-
ways is being discussed.

Considerable attention to the morphological
identification of tissue channels was paid by
J.R. Casley-Smith and his collegues (1977),
J. Schroer, G. Hauck (1969, 1977), G. Hauck et al.
(1977, 1978, 1985), Ya.L. Karaganov et al. (1981),
V.I. Kozlov et al. (1981, 2005). The works of
G. Hauck and J.R. Casley-Smith deserve the great-
est attention.

The description of “relatively low-resistance
channels” in the interstitium (fluid transport path-
ways. — Author’s note) was presented in a series of
works by G. Hauck et al. (1973, 1977, 1978, 1980,
1987) based on intravital microscopic studies of
the mesentery of experimental animals using fluo-
rescent indicators — brilliant sulfaflavine
(404,37 a.m.u. (Da). — Author’s note), FITC (fluo-
rescein isothiocyanate-tagged) albumin; FITC
(without albumin) — 389,4 a.m.u. (Da). — Author’s
note) [6—9]. The researchers studied the transin-
terstitial pathway between blood microvessels and
the terminal section of the lymphatic system of the
mesentery. Maximum permeability for FITC albu-
min was observed in the venular section of the
microcirculatory bed, and the intravascular lumi-
nescence of the dye was disrupted (which indi-
cated the exit of the dye from the vascular bed. —
Author’s note) lengthwise long thin fibers, the flu-
orescence intensity of which depended on the
intravascular concentration of the dye (an increase
in the fluorescence intensity of the fibers amid a
decrease in the concentration of the dye in the ves-
sel. — Author’s note). This observation allowed
researchers to suggest that the predominant path-
way of fluid passage is precisely along the fibers
(Clough G., Smaje L.H.,1978). J. Schroer, G. Hauck
(1977) assumed that low-resistance water channels
around collagen fibrils communicate with prelym-
phatic pathways and then with terminal lymphatic
vessels. A number of authors argue that these
channels reflect the position of the elastic fibers
along which the injected dyes spread and which
also communicate with lymphatic capillaries;
therefore, it can be said that such pathways occupy
a parafibrillar position in connective tissue (Cher-
nukh A.M. et al., 1975; Hauck G. et al., 1978).
1. Rusznyak et al. (1960, 1967) likened the parafi-
brillar pathway to a liquid film enclosed between
two glasses. Later, X. Han et al. (2017) clarified
that the transportation of fluid and dissolved sub-
stances is carried out more easily through the sur-
faces of bundles than through their internal
spaces [10].
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YMBO [IOKA3bIBAJIM, UTO JHM@aTHUECKUe KaIluI-
JISIPBI €CTh HE YTO WHOE, KaK MPOI0JIKEHNEe HHTEP-
CTUITMAJIBHOTO IPOCTPaHCTBA [4]. B 5T0 3ke Bpems S.
Rodbard (1975) mokasas, uTo cocTaB JUMOBI OTJIN-
Yaercsi OT KaWLISAPHOTO yabTpaduibTpaTa, 4TO
O6bUIO0 OBl HEBO3MOXKHO IIPU HEMOCPEICTBEHHOM
COOOIIEHNY TKAHEBBIX KAHAJIOB C JIUM(PaTHIECKUMU
kanwuiapamu [6]. OgHako mos3aHee B.B. Kympus-
HOB (1981) oTMeuas1, YTO HEU3BECTHO, KAKYIO KU~
KOCTh HecyT IpeauMdaTudecKue KaHaIbl: UMy
win npeauMdy? IATOT BOIPOC 00 HJIEHTHYHOCTH
auM@s! u npenuMdsl, Kak ykassipaioT B.A. [laxa-
moB, A.Il. [Tamepsn (1982), TpebyeT BCECTOPOHHEH
MIPOBEPKH.

[TocJte moJTyueHHsT HEOCTIOPUMBIX I0KA3aTeIbCTB
CYIIIECTBOBAHUS IIPOMEKYTOUHOTO 3BE€HA MEKIY
KPOBEHOCHBIMU U JIMM(MATHUECKUMHU KalHUIIPAMU
NpeAIPUHUMAIUCH, HACTOMYMBBIE IOIBITKUA IIOJ-
po6HO onucaTh BO3MOKHBIE IIYTH TPAHCIIOPTA JKU/I-
KOCTH B MHTepCTUIMH. VlccaemoBaTean BTN
napaduOpWUIAPHBIA IyTh (MeXOUOPHUIUIAPHBIE
IIPOCTPAHCTBA) U TKAHEBbIE KAHAJIBI, KOTOPHIE, XOTS
U He 0053aTeJIbHO, MOTYT HMETh COOCTBEHHBIE
«CTE€HKU», HO JIOJIKHBI OBITH CTPYKTYPHO O(OpM-
JIeHHBIMU oOpaszoBanusaMu [6]. Ilo mHeHuro A.M.
YepHyx U coaBT. (1975), €CJTH posib GUOPUILIAPHBIX
BJIEMEHTOB B HPeUM@PaTHYECKOM TOKE KUIKOCTH
JIOCTaTOYHO OOOCHOBaHA, TO ydYacTHe TKAHEBBIX
KaHAaJIOB B 3TOM IIpoliecce TPeOOBAIO TATbHEHUIIIETO
nsydeHusi. OZHAKO B HEKOTOPBIX CIydasx HeUeT-
KOCTb ONMcaHuA NpeauMdaTUIecKux IyTel TpaHc-
[opTa JKUIKOCTH HE II03BOJISET OIPEJETUTh, O
KaKOM U3 JIByX ITyTel U/IET PeUb.

3HAUNTEIPHOE BHUMAaHHE MOPQOJIOTHUECKOU
UaeHTU(PUKAIUA TKAHEBBIX KAHAJIOB  y/IEJIsIN
J.R. Casley-Smith u ero corpyguuxku (1977),
J. Schroer, G. Hauck (1969, 1977), G. Hauck et al.
(1977, 1978, 1985), A.JI. Kaparasos u coasr. (1981),
B.U. KosioB u coast. (1981, 2005). Haubosibiiero
BHUMAaHUA 3aciaykmBaioT paboter G. Hauck u
J.R. Casley-Smith.

OnucaHve «KaHAJIOB C OTHOCHUTEJIHHO MAaJIbIM
COTIPOTHBJIEHNEM» B HWHTEPCTUIWU (IIyTH TpaHC-
IopTa KUAKOCTU. — [Ipum. aem.) OBLIIO TpeICTaB-
JieHo B cepuu pabot G. Hauck et al. (1973, 1977, 1978,
1980, 1987) Ha OCHOBe MPHUKU3HEHHBIX MUKPOCKO-
MMUYECKHUX HCCIIEJIOBAHUNA OPBIKEHKH SKCIIEPUMEH-
TaJIbHBIX )KUBOTHBIX C TIOMOIIIHIO JITIOMUHECI[EHTHBIX
WHIUKATOPOB — OprinaHTcyibdadiaBuHa (404,37
a.eM. ([a). — IIpum. asm.), ®UTII-ansbymuHa
(fluorescein isothiocyanate-tagged albumin (ans6y-
MUH, MEYEHHBIH (IIyopecrenHN30THOIIAHATOM);
OUTI] (6e3 anvOymuHa) (389,4 a.e.m. (J1a). — ITpum.
asm.) [6—9]. UccenoBaTen U3YUHIN TPAHCUHTEP-

G. Hauck et al. did not detect any endothelial
cell-like cellular elements in prelymphatic chan-
nels using either light or electron microscopy
(Casley-Smith J., 1977). The data of G. Hauck et al.
(1979) differ from the results of studies by other
authors who observed the distribution (of large-
molecular substances. — Author’s note) of peroxi-
dase dyes (44 173,9 Da. — Author’s note), glycogen
granules (molecular weight of the largest glycogen
molecules, containing about 50 000 glucose resi-
dues, reaches 8 mln Da. — Author’s note), and sac-
charate ferric oxide (43 000 Da. — Author’s note)
along collagen fibers. Another part of the prelym-
phatic pathway, according to G. Hauck et al., is
represented by a system of tissue channels, which
are clearly visible during dark field biomicroscopy,
and their diameter is equal to the diameter of cap-
illaries. This part of the drainage system is located
between the elastic fibers and lymphatic capillar-
ies. According to J.R. Casley-Smith (1977), these
prelymphatic pathways are present in organs hav-
ing no lymphatic capillaries, i.e. in the brain and
retina, although later J.R. Casley-Smith also
described these channels in the villi of the small
intestine and subcutaneous tissue (data are given
below).

Thus, according to G. Hauck et al., the prelym-
phatic pathway of fluid flow connecting the blood
and lymphatic capillaries is formed by a system of
fibers (parafibrillary pathway) and tissue channels.
Later, L.V. Chernyshenko et al. (1985) specified that
the direct connection between venular microvessels
with high permeability for proteins and lymphatic
capillaries is formed by a system of elastic fibers and
tissue channels.

In the works of scientists of the J.R. Casley-
Smith group (1977, 1978, 1979, 1980, 1983) for
detection and morphological identification of inter-
stitial channels various methodological approaches
were used, allowing to obtain ultrastructural data
on a spatial organization and parameters of these
channels. The ion-precipitate technique and the
method of studying corrosion preparations using a
scanning electron microscope are described in the
most detail.

The ion-precipitate technique was used to
obtain quantitative data and showed a non-homo-
geneous distribution of ions in the matrix [6].
J.R. Casley-Smith et al. (1976, 1978, 1980, 1982)
used the following low-molecular dyes: ferrocya-
nide, ferritin and methyl methacrylate tracers in a
combination with transmission and scanning elec-
tron microscopy. The tracers were injected into
Guyton capsules implanted under the skin of
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CTUITUAJIBHBINA IIYyTh MEXKIYy KPOBEHOCHBIMH MHUKPO-
COCy/IlaMU U TEPMUHAJIBHBIM OT/IEJIOM JInMQaTHIe-
CKOH cucTeMbl OpbDKeHKU. MakcuMasbHas IIPOHU-
[[aeMOCTh Uil (bJIyOPECIEHTHOTO  KpacHTeJi,
CBABAHHOIO € aJbOYMHHOM, HaAOJII07]alach B BEHY-
JIIPHOM  OTZleJle MUKPOIUPKYJIATOPHOTO Pycia,
IIpUYeM BHYTPUCOCYAUCTAS JIIOMUHUCIIEHITUS Kpa-
cuTesis ObUIa HapylieHa (4TO CBHJIETEILCTBOBAJIO O
BBIXOJIe KPACUTEJISI U3 COCY/TUCTOTO pycia. — Ilpum.
asm.) BAOJIb JJIMHHBIX TOHKUX BOJIOKOH, HHTEHCHB-
HOCTH (DJIyOpPECIIEHIINH KOTOPBIX 3aBHCEsIa OT BHY-
TPUCOCYZAUCTON KOHIIEHTPAIUU Kpacutess (TOBbBI-
IIeHUe WHTEHCUBHOCTU (IIyOpPEeCYeHIIMN BOJIOKOH
Ha (OHE CHUKEHUs KOHIEHTPAIIMU KPAaCHUTENs B
cocyzie. — ITpum. aem.). 9To HaGIIO/IEHNE JIATI0 BO3-
MOXKHOCTb HCCJIEZIOBATEJISIM BBICKA3aTh IIPEZIIOJIO-
JK€HUEe O IPEUMYI[ECTBEHHOM IIyTU HPOXOKIEHUs
JKUAKocTH uMeHHO 1o BosiokHam (Clough G,
Smaje L.H., 1978). J. Schroer, G. Hauck (1977) npen-
MIOJIOJKIJIM, YTO BOJIHbIE KaHAJBI ¢ HUBKUM COIIPO-
THUBJIEHUEM BOKPYT KOJLJIATEHOBBIX (PUOPUILIT COEU-
HAIOTCS ¢ IpeTUMMATHIECKUMHU MYTAMH, a 3aTEM C
TEPMHUHAIBHBIMU JTUMGPATHIECKUMU cocyAamMu. Psj
aBTOPOB YTBEPXKAAIOT, UYTO 3TH KAHAJIBI OTPaXKAIOT
MIOJIOKEHHUE 3JIACTUYECKHUX BOJIOKOH, BJIOJIb KOTOPBIX
U PaCIpOCTPAHSIOTCS BBEJEHHBbIE WHUKATOPHI U
KOTOpbIE TaK)Ke COeAUHSIOTCS C JTUM(PaTHIECKUMU
KaWUIAPaMU; CJIeIOBATETLHO, MOKHO TOBOPHUTH O
TOM, UTO TAKHe IIyTH 3aHUMAIOT B COE/IMHUTEILHOM
TKaHU mapadubpwuiapHoe mosoxenne (Yep-
Hyx A.M. u gp., 1975; Hauck G. et al., 1978).
I. Rusznyak et al. (1960, 1967) ymomobwiu napadu-
OPWLISIPHBIN MPOBOASAIINI IYyTh IJIEHKE KUIKOCTH,
3aKJIIOUEHHOH MeXAy JMAByMs crekiaamu. I[lozxe
X. Han et al. (2017) yTOYHIIH, YTO TPAHCIIOPT KU/~
KOCTH U PACTBOPEHHBIX BEIIECTB OCYIIECTBIISETCS
0oJ1ee JIETKO Uepe3 MOBEPXHOCTH IIyYKOB, YeEM Uepe3
UX BHYTPEHHUE IIPOCTPaHCTBa [10].

KeTouHbIX 37IEMEHTOB THUIIA SHJIOTEJIMOIUTOB
G. Hauck et al. B mpestumdarnuecknx kaHajax He
BBISIBUWIM HU IIPU CBETOBOW, HU IIPU 3JIEKTPOHHOU
mukpockonuu (J. Casley-Smith, 1977). anubie
G. Hauck et al. (1979) otmuarTest OT pe3yJsIibTaTOB
WCCIEZIOBAHUN JIPYTUX AaBTOPOB, HAOJIIOIABIIAX
pacmpenesienue (KpyITHOMOJIEKYJISIPHBIX BEIECTB. —
Ipum. asm.) Kpacurejien IIEPOKCUA3HI
(44 173,9 Ha. — IIpum. aem.), TpaHyJ TJIMKOTEHA
(MostekyspHas Macca HanboJiee KPYITHBIX MOJIEKYJT
IJINKOTEHA, COJIEPIKAIIUX OKOJIO 50 00O OCTaTKOB
[JTIIOKO3bI, socturaer 8 mutH Jla. — Ilpum. asm.),
caxapaTa okucH xkesesa (43 000 [da. — ITpum. asm.)
BJIOJIb KOJLJIATEHOBBIX BOJIOKOH. JIpyras wacTtp mpe-
suMdaTHYECKOro MyTH, Mo JanHbeiM G. Hauck et al.,
MpeJicTaBjieHa CUCTEMOU TKAHEBBIX KaHAJIOB,

experimental animals (see the method above).
According to the authors, the density of “intersti-
tial channels” in normal tissues (data on the villi of
the small intestine are mainly given) varies from
0,5 to 1,6/um? of section area. In the connective
tissue surrounding the Guyton capsule, they are
fewer — 0,48/um?. The measured radii of the chan-
nels are given in the range of 40—100 nm (signifi-
cantly smaller channel sizes (10 nm diameter) are
given below when measuring corrosion replicas by
the same authors; perhaps they meant the length
of the channels?). In the intestinal villus, these
channels are oriented preferentially near the
fenestrated areas of the endothelium and connect
the arterial and venous parts of capillaries. Based
on the distribution, length and diameters of the
identified channels, as well as on some assump-
tions about the values of pressure and concentra-
tion, J.R. Casley-Smith (1976) also attempted to
calculate the possible change in protein concentra-
tion [6]. As a result of these studies, the opinion
was confirmed about the presence of a certain spa-
tial position of hydraulically conductive pathways
in the capillary wall and in the interstitial space,
prelymphatic, including parafibrillar, pathways
for fluid movement to lymphatic capillaries [4].

A more visual representation of the spatial
organization of these “channels” was obtained by
studying corrosion preparations (replicas) using a
scanning electron microscope [6]. Prepolymerized
methyl methacrylate (an easily polymerized finely
dispersed resin (100 Da. — Author’s note)), the
particle size of which is 10 nm, a well-known tracer
of the pathways of large water-soluble molecules,
was injected into the vascular bed. After appropri-
ate tissue treatment, it was shown that the tissue
“channels” are characterized not only by a fairly
narrow diameter, but also by a low density of dis-
tribution in the interstitial space, on average
1 “channel” per 1 um? of tissue (which coincides
with the data of the ion-precipitate technique. —
Author’s note) (Kupriyanov V.V. et al., 1983; Cas-
ley-Smith J.R., Vincent A.H., 1980). The tracer
particles penetrated into the interstitium, where
they were detected as thread-like precipitates, the
diameter of which reached 10 nm, which coincided
with the size of the resin particles injected. The
resin particles sometimes formed a semblance of
intertwining or branching cords in connective tis-
sue. Most of these cords were found between the
arterial and venous parts of blood capillaries (as in
the previous method. — Author’s note). They
seemed to be connected with the lumens of
microvessels, especially those with highly perme-
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XOPOIIIO BBISIBJISEMBIX TPYU OMOMUKPOCKOIIMH B TEM-
HOM II0JI€, ¥ UX IUaMETP PaBeH AUaMeTPY Kamujiisi-
pOB. DTa YacThb APEHA’KHOU CHCTEMBI PaCIIoIaraeTcs
MKy 2JIaCTUYECKMMHU BOJIOKHAMU U JHM@OKa-
munapamu. Ilo gauasiM J.R. Casley-Smith (1977)
9TU TpeauMdaTHUecKue IyTH IPeICTaBJIeHbl B
opraHax, I7ie HeT JTUMQOKAMWLISIPOB, T.€. B TOJIOB-
HOM MO3T€ M CeTUaTKe Ijia3a, XOTs B JaJbHEHIeM
J.R. Casley-Smith Tak:ke omuchIBas 3TU KaHAJIBI B
BOPCHHKE TOHKOU KHIIIKH U IOJKOKHOU KJIEeTYaTKe
(mamHbBIE IPUBEIEHBI HIKE).

Taxum o6pasowm, o gauubiM G. Hauck et al., mpe-
uM@aTHYECKUH IyTh TOKA KUKOCTH, COEIUHSIO-
AN KPOBEHOCHBIE U TUM(paTUUECKHe KaluIsIPhI,
obpa3oBaH CUCTEMOU BOJIOKOH (mapadubpuuisap-
HBIH ITyTh) U TKAHEBBIX KaHaJIOB. [To3Hee JI.B. Yep-
HBIIIEHKO U coaBT. (1985) YTOUHWIH, YTO IPSIMOE
COOOIIIeHNEe MEXKY BEHYIAPHBIMU MUKPOCOCYAAMH
¢ BBICOKOH ITPOHUIIAEMOCTHIO JIJIST OEJTKOB B JTUMGO-
KaMMWuIsapaMu 00pa3soBaHO CUCTEMOM 5/IACTHYECKUX
BOJIOKOH U TKQHEBBIX KAHAJIOB.

B pa6orax yuenbix rpymmsl J.R. Casley-Smith
(1977, 1978, 1979, 1980, 1983) A/ BBIABIAEHUS U
MOP()OJIOTUUECKOU HAEHTU(PUKATIMNA HHTEPCTHUIH-
QJIbHBIX KAHAJIOB HCIIOJIb30BAIINCh Pa3IUYHbIE
METOAUYECKHEe ITOAXO/IbI, TIO3BOJISIONINE MMOJYIUTh
VABTPACTPYKTYPHBIE JTAaHHBIE O IPOCTPAHCTBEHHOU
OpraHM3alluy U MapaMeTpax 3THX KaHaaoB. Haubo-
Jiee TOPOOHO OIMMCAHBI HMOH-TPEIUIUTATHAS TEX-
HHUKa U METOJMKa N3yJYeHUs] KOPPO3HUOHHBIX Mpera-
paToB C IIOMOIIBIO PACTPOBOTO 3JIEKTPOHHOTO
MHKPOCKOTIA.

HoH-npeyunumamnas mexHuka ObLIa WCIOJIb-
30BaHa JIJIs TOJIyUeHHUs KOJINYECTBeHHOH nHbopMa-
M W TI0Ka3zajga HErOMOTEHHOEe pacIpezieieHme
noHoB B Marpukce [6]. J.R. Casley-Smith et al. (1976,
1978, 1980, 1982) HCIIOJIB30BAIN CJIEIYIOIINE HU3-
KOMOJIEKYJISIPHBIE HHANKATOPBI: (PeppOoIaHUIHbIE,
(eppUTUHOBBIE U METUJIMETAKPUIIATHBIE TPACCEPHI
B KOMOWHAIIUM C METOJJaMH TPAaHCMHCCHOHHOU H
CKAHUPYIOIIEH BIEKTPOHHON MUKpOCKomuu. Tpac-
cephbl BBOJIWJIMCh B UMILJIAHTHPOBAHHBIE TIOJ, KOXKY
SKCIIEPUMEHTAIBHBIM KUBOTHBIM KaIicysisl Guyton
(TatiTon) (MeToAMKY cM. BbIie). I1o JaHHBIM aBTO-
POB IUIOTHOCTh «HWHTEPCTUITUAIBHBIX KAaHAJIOB» B
HOPMAJIbHBIX TKaHAX ([IPEUMYIIECTBEHHO IIPUBE-
JIEHbBI TaHHbIE 10 BOPCUHKE TOHKOW KHUIIKU) BaphH-
pyer oT 0,5 710 1,6/ MKM? IJI0IIaAu cpe3a. B coeiuHu-
TEJIPHOU TKAaHU, OKpYKalolled Karcymy Guyton, ux
MeHblIie — 0,48/MKkM2. I3MepeHHbIe PaHyChl KaHa-
JIOB TIPUBOJIATCS B JMANa30HE 40—100 HM (3HA4YU-
TEJIbHO MEHbIINe pa3Mepbl KaHaIoB (guamerp
10 HM) IPUBEIEHBI HUKE TIPU U3MEPEHUHN KOPPO3U-
OHHBIX PEIUIUK TEMU K€ aBTOPAMU; BOZMOKHO, OHH

able walls. The study of corrosion preparations
made it possible to establish that the tissue “chan-
nels” run almost parallel to each other and often
anastomose. At the same time, some model calcu-
lations by J.R. Casley-Smith (1976) showed that
tissue channels should be numerous precisely in
the circumference of venous capillaries, which is
associated with a significant predominance of
intracellular fenestrae in their walls. Such orienta-
tion of tissue channels ensures one of the direc-
tions of their paracapillary convection flow of lig-
uid and dissolved substances along the shortest
pathway: fenestrae of endothelial cells of arterial
segments of capillaries — tissue channels — fenes-
trae of endothelial cells of venous segments of cap-
illaries.

A number of authors believe that the morpho-
logical evidence for the existence of presented by
J.R. Casley-Smith et al. also does not seem con-
vincing. Both methods used to identify the chan-
nels have a risk of artifacts associated with injec-
tion under pressure or preparation of samples for
electron microscopy, so the presented findings
allow for a different interpretation [1]. However,
the presence of tissue channels has been confirmed
by many authors in the course of ultrastructural
studies (Karaganov Ya.L., Banin V.V., 1981;
Kozlov V.1., Krivsky I.L., 2005; Casley-Smith J.R.,
1977). X. Han et al. (2017), P.G. de Gennes (1992),
A. Lafuma, D. Quere (2003) believe that they are
widely presented in the brain, adventitia of blood
vessels and nerve fibers, and play a key role in
blood circulation.

Below we will describe the work of researchers
in subsequent years, which supplement and clar-
ify, and sometimes refute, the data above men-
tioned.

G. Clough, L.H. Smaje (1978) observed that in
some vessels the tracers (Evans blue or fluorescein-
dextran) injected into the terminal lymphatic vessels
remained within the lymphatic system, while in oth-
ers left the vessel lumen. Around such vessels, a dif-
fuse area of the tracer was formed, which apparently
moved into the surrounding tissues, from where it
eventually dissipated after about 10—15 min; or the
tracer left the lymphatic system at so-called “leak
points”, from three to six, in any terminal vessel
100—150 um long.

According to V.V. Banin (2000), the open “pre-
lymphatic spaces” (prelymphatics) of the mesen-
tery originate from the ends of elastic fibers that
are directed radially from the walls of blood
microvessels into the surrounding tissue, and the
orientation of elastic fibers in the mesentery is not
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HMeJIH B BU/y JUTUHY KaHAJIOB?). B BOpCHHKE KUK
9TU KaHATbI UMEIOT OPUEHTAIIHIO TPEATIOUTHTETHHO
y dbeHeCcTpUPOBAHHBIX 00J1aCTel SHAOTETUS U CBs-
3BIBAIOT apPTEpUATbHBIE U BEHO3HBIE «KOJIEHa»
KanmwuiApoB. OCHOBBIBAsiCh Ha paclpesiesieHUH,
JUIMHE U TMaMeTPaXx BbISBJIEHHBIX KAHAJIOB, a TAK)KE
HAa HEKOTOPBIX IOMYIIEHUAX O BEJIMUMHAX TaBICHUS
u kounentpanuii, J.R. Casley-Smith (1976) taxxe
MOMIBITAJICS PACCYUTATh BO3MOXKHOE HW3MEHEHHe
KOHIleHTpaIuu Oesika [6]. B pe3ysbraTe aTHX Hcce-
JIOBAHUU TOJITBEP/IMJIOCH MHEHHE O HAJIMYUH OIpe-
JIeJIEHHOTO MPOCTPAHCTBEHHOTO MTOJIOKEHHUS
THAPABINYECKH TIPOBOJUMBIX IIyTe€d B CTEHKE
KaIllWJUIAPOB U B HHTEPCTHITHAIBHOM ITPOCTPAHCTRE,
npenuMdaTUIecKx, B TOM YucyIe napapuopuuisp-
HBIX, IIyTel IepeMeleHns *KUIKOCTU K tuMbarude-
CKUM Kalliuisipam [4].

BoJsiee HarIsHOE TpECTaBIEHNE O MPOCTPAH-
CTBEHHOH OpTraHU3aINH 3TUX «KAHAJIOB» MOSIBIJIOCH
B pe3yJIbTare U3y4eHHs KOpPPO3UOHHBIX ITperapaToB
(pemwiuk) ¢ MOMOIIBI0 PACTPOBOTO 3JIEKTPOHHOTO
MHKDOCKONA  (CKAaHHUPYIOUIETO  BJIEKTPOHHOTO
MHUKpockoma) [6]. B cocymucroe pyciio BBOAWIN
MIPEATIOINMEPU30BAHHBIH MEeTHUJIMETaKpPUIaT
(Jierko  TOJMMEPUBYIOMIASICA — MEJIKOIUCIIEPCHAS
cmona (100 la. — IIpum. aem.)), pa3Mep YacTHUI]
KOTOPOTO COCTaBJISIET 10 HM, M3BECTHBIA Tpaccep
IIyTel KPYIIHBIX BOJOPACTBOPUMBIX MoJieKy1. [Tocie
COOTBETCTBYIOIIEH 00pabOTKM TKaHeW ObLIO IMOKa-
3aHO, UTO TKAHEBBIE «KAHAJIBI» XaPAKTEPUBYIOTCS HE
TOJIBKO JIOBOJIBHO Y3KUM JUAMETPOM, HO M HUBKOH
IUIOTHOCTBIO pacrpesiesieH!s] B MHTEPCTUIINAIBHOM
MPOCTPAHCTBE, B CPeAHEM 1 «KaHaJ» HA 1 MKM?
TKaHU (YTO COBIIA/IaeT C JJAHHBIMU HOH-TIPEIUITN-
TaTHOU TeXHUKU. — [Ipum. asm.) (KynpusiHos B.B. u
Ip., 1983; Casley-Smith J.R., Vincent A.H., 1980).
YacTuipl MHAUKATOPA MMPOHUKAIN B UHTEPCTUIINH,
I/le OHU BBISIBJISLJIUCH B BUJIE HUTEIOOOHBIX ITPELH-
MUTATOB, AMAMETP KOTOPBIX OCTUTAT 10 HM, UTO
COBIIQ/IAJIO C pa3MepaMU BBOAUMBIX YACTHUI] CMOJIBI.
YacTuisl cMOJIBI HHOT/Ia (QOPMHUPOBAIIH B COETUHU-
TEJIbHOH TKAaHU MOM00Ue IepervIeTAloNuXCs WiIn
BETBAILIUXCA TsKeH. BoJsiplasg dacTh TaKUX HUTEH
O0OHaAPYKUBAJIACh MEXK/Ty apTEPUATIBHBIMUA U BEHO3-
HBIMH KOJIEHAMU KPOBEHOCHBIX KalWLIAPOB (KaK U
B mpexnwiaymielr Meronuke. — Ilpum. asm.). OHH
Ka3aJINCh CBSI3aHHBIMH C IIPOCBETAMU MHKPOCOCY-
JIOB, 0COOEHHO TeX, CTEHKU KOTOPBIX OTJIUYAIOTCS
BBICOKOU TTPOHHUIIAEMOCTHIO. V3yueHre KOppO3uoH-
HBIX IIPENApPATOB MO3BOJIMJIO YCTAHOBUTDH, UTO TKa-
HEBBbIE «KAHAJIBI» CJIEAYIOT IOYTH MAapaLIeJIbHO
ZIPYT IPYTy W HEPEIKO aHACTOMO3HUPYIOT. BMmecte c
TEM HEKOTOpble MOzeabHbie pacueTshl J.R. Casley-
Smith (1976) moxazanu, YTO TKaHEBbIE KaHAJIbI

random. The spaces, in turn, directly pass through
open endothelial gaps into true lymphatic capil-
laries. Open tissue spaces, including spaces near
venules, are, in fact, as V.V. Banin writes, the
roots of the lymphatic system (according to mod-
ern concepts, the roots of the lymphatic system
are the lymphatic capillaries. — Author’s note) [6].
V.V. Banin also does not exclude that collagen
fibers with tightly packed, parallel oriented fibrils,
run by analogy with a wick, providing preferential
movement of aqueous solutions in the interfibril-
lar spaces [6]. For morphological identification of
tissue channels, V.V. Kupriyanov et al. (1983), as
well as J.R. Casley-Smith, used the method of
scanning electron microscopy of injected replicas.
The data obtained with the help of this method
(Karaganov Ya.L. et al., 1981; Gusev S.A., 1981)
showed the following: (1) leakage of particles of
methyl methacrylate prepolymer or Mercox-CL-
2B resin occurs mainly through the walls of venu-
lar microvessels (Fig. 3); (2) the resin spread in
the segment of the pathway between the blood
and lymphatic microvessels characteririses a focal
pattern; 3) the casts of the interstitial “channels”
have a direct relationship with the casts of the ini-
tial lymphatics (Fig. 4). These observations once
again confirmed the possibility of penetration of
low-viscosity resins after their injection into the
interstitial (tissue) channels, and then into the
roots of the lymphatic system [4]. V.V. Kupriya-
nov et al. (1983) considered dispersed areas of the
interstitium as tissue microcirculation pathways
[5]. Despite the numerous studies, V.V. Kupriya-
nov et al. (1983) recognized that the morphologi-
cal identification of the “channels” of interstitial
transportation is still associated with great diffi-
culties. The authors do not exclude that such
channels, with a preserved fluid balance in the tis-
sues, are not fixed, but purely statistical. The
authors confirm their assumption by the fact that
under conditions of lymphostasis and tissue
edema, when the fluid volume increases 100 000
times, the number and size of interstitial channels
increases dramatically [4].

In studies performed at the Institute of Clinical
and Experimental Lymphology of the Siberian
Branch of the Russian Academy of Medical Sci-
ences, tissue gaps in various organs (myocardium,
colon wall, liver, uterine wall, vagina, skeletal
muscles, dura mater) have been repeatedly
described. The fact that these gaps are functionally
connected with the roots of the lymphatic system
is supported by the fact that their area increases
during lymph stimulation by injecting well-known
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JIOJDKHBL  OBITh MHOTOUHCJIEHHBIMH HMEHHO B
OKPY’KHOCTH BEHO3HBIX KAIWJUISIPOB, UTO CBS3BI-
BaIOT CO 3HAYUTEILHBIM MIPe0bIaZlaHeM B UX CTEH-
KaX YHCJia BHYTPUKJIETOUHBIX (peHecTp. IlogobHas
OpUEHTAI1sI TKAHEBBIX KAHAJIOB 00ECIIETUBAET OTHO
13 HaIpaBJIEHUH MapaKaluwLIIPHOTO KOHBEKI[MOH-
HOTO TIOTOKAa >KHUJIKOCTH W PACTBOPEHHBIX B HEH
BeIIECTB 110 KpaTyaniemMy myTu: heHeCcTPhl SHI0Te-
JIMONIUTOB apTePHUATbHBIX CETMEHTOB KAIUJLJIIPOB —
TKaHeBble KaHAJbI — (beHeCTPHl DHJIOTEJINOIUTOB
BEHO3HBIX CETMEHTOB KAIMJLISPOB.

Psan aBTOpOB cumTaeT, uTo MOPGOJIOTHUYECKHE
JIOKA3aTeJIbCTBA CYIECTBOBAHUS KAHAJIOB, IIPeJ-
craBnenubie J.R. Casley-Smith et al.,, Takxe He
KaxyTcs: yoemurenbubiMu. Oba MeTO0/1a, UCIIOIb30-
BaHHBIE /IJIS BHIABJIEHUS KAaHAJIOB, HE JIUIIIEHBI OI1ac-
HOCTU apTedaKTOB, CBA3aHHBIX C UHBEKIUEH IO
JIaBJICHUEM WJIU TIPEMapoOBKOH 00Pa3IoB I dJIeK-
TPOHHOW MHUKPOCKOIINH, II03TOMY IIPe/ICTaBJIEHHbBIE
WUTIOCTPAIIUU JIOMYCKAIOT WHYI0 HHTEPIPETAIUI0
[1]. OmHako HayMUKe TKaHEBBIX KAHAJIOB OBLIO MO/I-
TBEPKAEHO MHOTHMH aBTOPaMH B XOZle YJIbTpa-
CTPYKTYpHBIX wuccaenoBanuii (Kaparanos A.J1.,
Baunun B.B., 1981; Kosnos B.U., Kpusckuit 1.JI.,
2005; Casley-Smith J.R., 1977). X. Han et al. (2017),
P.G. de Gennes (1992), A. Lafuma, D. Quere (2003)
CUHTAIOT, YTO OHM IIMPOKO PACIPOCTPAHEHHI B
MO3Te, aIBEHTUIIUN KPOBEHOCHBIX COCYZOB U HEPB-
HBIX BOJIOKHAX U UTPAIOT HE3AMEHUMYIO POJIb B KPO-
BOOOpaIeHUN.

Hrpxe onuiem paboThI MiccyieioBaTesIed B IOCe-
ZIYIOLIFE TO/IbI, KOTOPBIE JIOTIOJIHAIOT U YTOUHSIOT, a
WMHOT/IA ¥ OIIPOBEPTAIOT PUBEIEHHBIE BBIIIIE TAHHBIE.

G. Clough, L.H. Smaje (1978) nabsromamu, 94To B
OTHUX COCYy/Jlax WHIAWUKATOPHI (CHMHHUU DBaHCA WA
dyopeciienH-zieKCcTpaH), BBe/IEHHbIE B TEDMUHAIIb-
HbIe JIUM(ATHIECKHE COCYAbl, OCTABAINCH B IIpeJe-
J1ax uM@aTHIeCKON CHUCTEMBI, B JIPYTUX — IOKH-
JlaJid TIPOCBET cocyAa. BokpyTr Takux cocyzioB obpa-
30BbIBajIach Juddys3Has 00yacTh HWHIUKATOPA,
KOTOpasi, I0-BUUMOMY, IIEpeMelagach B OKpYy:Ka-
IOI[I€ TKAHU, OTKYyZla B KOHEYHOM HTOTe paccenBa-
Jlach IPUMEPHO Yepe3 10—15 MUH, JIN60 WHIUKATOP
MOKUIAJ JTUM(DATUYECKYIO CHCTEMY B TaK Ha3bIBae-
MBIX «TOYKAX YTEUKH», OT TPEX /IO IIECTH, B JIIOOOM
TEPMUHAIBLHOM COCYZE JJTUHON 100—150 MKM.

I[To pmamnbpiM B.B. BanmHa (2000) OTKpBITBIE
«mpenuMparnueckre mnpocrpaHcrsa (prelympha-
tics) O6ppoKeliku O6epyT HAYayo OT OKOHUYAHUU 3Jia-
CTHYECKUX BOJIOKOH, KOTOPBIE PaZ[MaJbHO HAIIPAaB-
JISIIOTCSL OT CTEHOK KPOBEHOCHBIX MHUKPOCOCYZIOB B
OKPY?KaIOIIYI0 TKaHb, IPUYEM OPUEHTAIIH DJIaCTH-
YEeCKHUX BOJIOKOH B OpbIXKelike He ciydaiiHa. [Ipo-
CTPAHCTBA, B CBOIO OUepelb, HEMTOCPEICTBEHHO Iepe-

stimulants of the lymphatic system (lidase, glu-
cose). The lymph-stimulating effect of helium-
neon laser exposure on tissues led to a significant
increase in the area of tissue gaps in the calf mus-
cles of experimental rats, while excessive laser
irradiation caused tissue edema with a disarrange-
ment of the architectonics of muscle bundles and
intermuscular gaps (Borodin Yu.l. et al., 1999;
Konenkov V.I. et al., 2012).

Thus, if we take into account the results of physi-
ological observations concerning the hematolym-
phatic transportation of macromolecules (Grotte G.,
1956; Renkin E., Garlick D., 1970; Watson P. et al.,
1980), the data on intravital observations of the
pathways of distribution of some fluorescent tracers
between blood and lymph (Banin V.V., 1981), as well
as the above mentioned data on transmission and
scanning electron microscopy, then the sufficient
grounds appear for asserting the existence of pre-
Iymphatic interstitial pathways, including those in
the wall of blood microvessels, and initial lymphatics
[4, 11-14].

L.V. Chernyshenko et al. (1985), as well as the
majority of domestic and foreign researchers,
agree with the opinion that the lymphatic system
is closed at its sources, as indicated by the differ-
ent composition of the interstitial fluid and
lymph. Taking into account the biological activity
of the endothelium, at the end of the 20t century,
a point of view was established according to which
there are no permanent orifices in the endothe-
lium connecting with the secretory or juice (tis-
sue) channels, and colloids transportation occurs
through microvesicles and pores in the endothe-
lium of lymphatic capillaries (Chernyshenko L.V.
et al., 1985). In the 20" century, the idea of tissue
gaps was continued in the works of G.F. Ivanov
(1937) as a concept of perivascular, peri-, and
intraadventitial spaces filled with tissue fluid and
communicating with lymphatic vessels [5]. As
prelimfatics, i.e. the first link of, for example, the
lymph region of the central nervous system,
V.I. Konenkov et al. (2005) ranked the non-vas-
cular pathways of fluid circulation in the brain
matter (pericellular, perivascular, periaxial, and
perineural spaces), as well as liquor cavities and
tissue gaps of the dura matter. Sizes of tissue gaps
vary in width and length. They can be close to zero
and can be large — up to tens of centimeters
(which, in particular, is observed in the central
nervous system) (Pesin Ya.M., Borodin Yu.l.,
2015). L.V. Vartanyan (2006) gives data on the
channels in the human pia mater formed by col-
lagen fibers without the endothelial lining. The

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

149



Ilapuxos FO.H. u dp. / Journal of Siberian Medical Sciences T. 9, N? 3 (2025)

XOJIAT Yepe3 OTKPBIThIE MEKIH/OTETHAIbHbIE KOH-
TaKThl B HUCTUHHBIE JUMpaTHUECKHEe KaTUJUISAPHIL.
OTKpBIThIE TKAHEBBIE IIPOCTPAHCTBA, B TOM YHCJIE U
IPOCTPAHCTBA OKOJIO BeHYJ, (QAKTHYECKH, KakK
nuiietr B.B. banun, u ABaIAIOTCA KOpHAMH JUMba-
TUYECKOH CHUCTEMBI (110 COBPEMEHHBIM ITPE/ICTaBIIe-
HUSAM KOPHAMH JIUM(PATAUECKOH CHUCTEMBI SBJIS-
foTcsa auMdaTrueckue Kanuwuisipel. — ITpum. agm.)
[6]. B.B. bBanuH Tak:ke He UCK/IIOYAET, YTO KOJIjIare-
HOBBIE BOJIOKHA, C TUIOTHO yIIAKOBAaHHBIMU, Mapasl-
JIeJIbHO OPUEHTUPOBAHHBIMHU GUOpUIIaMu, «pabo-
TAIOT» [0 AHAJIOTUU ¢ GUTHIIEM, 00eCIIeUnBas IPeI-
IMOYTHUTEJIPHOE IIPOJIBUKEHHUE BOJHBIX PACTBOPOB B
Mexk(pUOPUUIAPHBIX TpocTpaHcTBax [6]. s mop-
(osornueckoit ueHTU(GUKAIIUN TKAHEBBIX KAHAIIOB
B.B. KynpusiHoB u coasT. (1983) Tak ke, kak u J.R.
Casley-Smith, ucmonp30Basii MeTO/ CKAHHUPYIOIIEH
DJIEKTPOHHON  MHMKDOCKOIIMH  WHBEKIIMOHHBIX
pewtuk. JlaHHBIE, MMOJydeHHbIE C ITOMOIIBI0 3TOTO
meroga (Kaparanos fA.JI. u ap., 1981; C.A. T'yces,
1981), TmoOKazanau CcJeayolee: 1) yTedka YacTHII
MPEJIIOJIUMEPAa METHJIMETAKpHaTa WJIH CMOJIBbI
Mercox-CL-2B  mpoucxoguT mNpeuMyIecTBEHHO
Yyepe3 CTeHKU BEHYJIAPHBIX MUKPOCOCYAOB (puc. 3);
2) pacpocTpaHeHHEe CMOJIBI Ha OTPE3KE IyTH MEK/TY
KPOBEHOCHBIMHU U JTUM(MOHOCHBIMH MUKPOCOCYAaMHU
HOCHT OYarOBbIN XapaKTep; 3) CJIEMKN UHTEPCTUIIH-
AJIPHBIX «KAHAJIOB» O0OHAPYKUBAIOT HEITOCPE/ICTBEH-
HYIO CBA3B CO CJIENKAMU MUHHUIIHMATbHBIX JTUMDATUK-
coB (puc. 4). Otu HaAOJIONEHUS ellle pa3 IMOATBEP-
JUAJTH BO3MOKHOCTb ITPOHUKHOBEHHUS CMOJI C HU3KOHU
BAI3KOCTBIO TIOCJIE UX TPAHCTEMOKANWJUIAPHON UHB-
€KIIUU B UHTEPCTUIIUAIbHBIE (TKAaHEBbIE) KAHAJIBI, a
3aTeM B KOpHHU JUMQATHYECKOH CHCTEMBI [4].
B.B. KynpusisoB u coasT. (1983) paccMaTpuBaiu B
KaJvecTBe ITyTell TKAHEBOU MUKPOIUPKYJISIIUNA pa3-
pexeHHbIe yuacTku uHTepcTuiys [5]. HeemoTps Ha
MHOTOUMCJIEHHbIEe uccaenoBanusa, B.B. Kynpusanos
U coaBT. (1983) mpu3HaBaIH, YTO MOPQOIOoTHIEcKast
uJleHTU(PUKaIusA «KaHAJIOB» HHTEPCTUIIUAIBHOTO
TPAHCIIOPTA IIOKA ellle COMIps’KeHa ¢ OOJIBIINMU
TPYZHOCTAMU. ABTOPBI He HCKJIIOUYAIOT, UTO TaKue
KaHaJIbl IIPU COXPAHHOM OaJiaHce JKUJKOCTH B TKa-
HSIX SIBJIAIOTCA He (PUKCUPOBAHHBIMH, 4 YUCTO CTATH-
CTUYECKUMHU. ABTODPBI IOJITBEPK/AAIOT CBOE IIPEIIO-
JIOJKEHUE TeM, YTO B yCIIOBUAX TUM(POCTa3a U TKaHe-
BOTO OTE€Ka, KOr/a 00'beM JKHUIKOCTU YBEJTUUUBAETCS
B 100 ThIC. Pa3, YUCJIO U pa3Mephbl HHTEPCTUINATb-
HBIX KAHAJIOB PE3KO0 BO3PaCTAIoT [4].

B ucciemoBanuax, mpoBoguBIIuxcs B THCTUTYTE
KJIMHUYECKOU U 9KCIIepUMEHTIbHON IUMQOI0Tuu
CO PAMH, MHOTOKPaTHO OIUCAHbI TKAHEBBIE IIIEJIU
B PpasHBIX opraHax (MHOKapji, CTE€HKa TOJICTOM
KUIIIKH, Ie4eHb, CTeHKA MAaTKHU, BJIaTAJINIIA, CKeJIeT-

author considers these channels as a way of cere-
brospinal fluid transition [5].

When resolving the long-discussed issue,
whether prelymphatics are pre-formed structures
or arise in a situational manner, the authors
answered as follows. According to V.I. Konenkov
et al. (2012), prelymphatics can be considered
pre-formed in the sense that their form is deter-
mined by the structure of the connective tissue
skeleton of a given biological species, a given
individual and a given organ. Depending on these
conditions, different structures act as pathways
of non-vascular microcirculation (prelymphat-
ics): the gaps between the myocyte bundle filled
with loose connective tissue, through which the
mobile tissue water seeps; peri- or paravasal
loose connective tissue along blood and lymph
vessels; perineural sheaths; bundles of collagen
fibers in deep skin layers, which can serve as
guides for water molecules on their surface. Ear-
lier, in publications of V.V. Kupriyanov (1969,
1974), in a work of G.S. Satyakova (1972) reports
of pre-formed prelymphatics were critically eva-
luated.

W.L. Olszewsky et al. (2009) presented data on
the long interstitial pathways of non-vascular
microcirculation [15]. The presence of tissue liquid
channels in the thickened fascia propria of the leg in
lymphedema of the lower extremities was shown.
The numerous fascial sheaths and interfascial gaps
can be considered long pathways of non-vascular
microcirculation. These channels are formed by the
bundles of collagen fibers oriented longitudinally
along the limb [5]. Such a design, as the authors
believe, has high hydraulic conductivity [5]. It is
assumed that from tissue gaps into lymphatic capil-
laries, tissue fluid is resorbed, with which cellular
waste products and toxic substances that have pen-
etrated into the intercellular space from the exter-
nal environment are drained (Pesin Ya.M., Boro-
din Yu.I., 2015).

V.D. Novikov, G.V. Pravotorov (2003) con-
sider “interstitial channels” as areas of the inter-
stitium with “directed flows” of water, “through
which not only liquid, but also nutrients and met-
abolic products in cells are transported”. Most
often, such channels that do not have walls are
located along interstitial fibers. Under an elec-
tron microscope, N.P. Bgatova’s preparations
repeatedly showed sparse interstitial areas (slits)
oriented along the length of bundles of collagen
fibers, as well as around blood and lymph vessels
in the deep layers of the skin, in the mucous mem-
brane of the small intestine of rats [5]. The
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Puc. 3. BrIxoa MHTEPCTUIIMATBFHOU Macchl (YKa3aH CTPEJIKAMHU) Yepe3 CTEHKY IOCTKAMJUISIPHOU BEHYJIBI.
Muoxkapz kpsicsl (B — Benysia; [IB — mocTkanwisapHas Benysa; JIK — muMdaTryecknii Kanusap;
KK — kpoBeHoCHBIH Kanwuisap). Ckanorpamma (Kynpussos B.B. u np. Mukposnumdororusa. M.: Menuinaa, 1983)
Fig. 3. The exit of interstitial mass (arrows) through the wall of the postcapillary venule. Rat myocardium
(V — venule; PV — postcapillary venule; LC — lymphatic capillary; BC — blood capillary). Scanogram
(Kupriyanov V.V. et al. Microlymphology. Moscow: Medicine, 1983)

HBIE MBIIIIIBI, TBEP/AS MO3TOBas 000y1049Ka). To, uTo authors also describe the fibrous connective tis-
9TU menu (YHKIUOHAJIBHO CBA3aHBI C KOPHIMH sue of the mesentery with bundles of collagen

suMbaTHIecKor cucTeMbl, yoexxaaeT dakr Bo3pac- | fiber arranged parallel to each other, which,
TaHUS WX IUIOMIAIN PU JUMMOCTUMYJIAIUN BBE/IEe- apparently, gives also the basis for reports of
HHEM W3BECTHBIX JHUMMPOCTUMYJIATOPOB (IHaasa, channels in the mesenteric interstitium [5].

Puc. 4. [IpOHUKHOBEHNE HHBEKIIMOHHOM MACChl U3 UHTEPCTUIIUAIBHOTO IPOCTPAHCTBA B MHUIMAIbHbBIE JTUM(PATUKCHI
(ykazaHo cTpesikoii). Muokap Kpbickl. CkaHOTpaMMa KOPpO3HOHHOTO npemnapara (Habsoaerue C.A. T'ycesa, 1981)
(Kynpusinos B.B. u ip. Mukposmmdosorus. M.: Menurusa, 1983)

Fig. 4. The penetration of the injection mass from the interstitial space into the initial lymphatics (arrow).

Rat myocardium. Scanogram of a corrosion preparation (observation by S.A. Gusev, 1981)

(Kupriyanov V.V. et al. Microlymphology. Moscow: Medicine, 1983)
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II0K032). JIuMmbocTumyupyomuil 3QdeKT BO3-
JIEHCTBHUs TeIUH-HEOHOBOTO Jlazepa Ha TKAHHW IPH-
BOJAWJI K 3HAUYUTEIPHOMY VBEJHMYEHUIO ILIOIIAIH
TKAHEBbIX IeJIell B MBIIIIAX TOJIEHU TOJOMBITHBIX
KpBIC, TOT/Ia KaK UYpe3MepHOe Ja3epHoe 00IydeHre
BBI3BIBAJIO OTEK TKAHM C JIe30pTraHu3alllel apXUuTeK-
TOHUKH MBIIIEYHBIX IIYIKOB M MEKMBIIIEYHbIX
miestert (bopoaun FO.U. u ap., 1999; Konenkos B.1.
U Ip., 2012).

Takum 00pa3oM, ecjad NPUHATH BO BHUMAaHHE
pesyabTaThl (PU3UOJIOTHUECKUX HAOIIOAEHNH, Kaca-
omuecss — reMatouM@aTHYEeCKOT0  TpaHCIIOpTa
makpomosiekysn (Grotte G., 1956; Renkin E., Gar-
lick D., 1970; Watson P. et al., 1980), gautble mpu-
JKM3HEHHBIX HAOJIIOZIEHUH IyTell PacIpOCTPAHEHUS
HEKOTOPBIX (hJIIOOPECIIEHTHBIX 30HI0B MEXKIY KpO-
Bbi0 U siuMmdoii (Banuu B.B., 1981), a Takke u3Jio-
JKEeHHBIE BBIIIIE JJaHHbIE TPAHCMUCCUOHHOM U CKaHU-
PYIOIIEd 3JIEKTPOHHONW MHKDPOCKOITHH, TOSIBJISIOTCS
JTOCTATOYHbIE OCHOBAHUS JIJIsI YTBEPIKAEHHUS O CyIIe-
CTBOBAHUHU TPeTUM(PATUUECKUX WHTEPCTUIINATBHBIX
IyTeH, B TOM YHCJ/Ie U B CTEHKE KPOBEHOCHBIX MUKPO-
COCYZIOB, U MHUITUMATHHBIX TUM(MATHUKCOB [4, 11—14].

JI.B. UepHbIIIIeHKO U cOaBT. (1985), a TakKe mpe-
obJraarommasi TpyImna OTeYeCTBEHHBIX U 3apyOesk-
HBIX UCCIIEZ0BATEIIEH COTIANIaloTCs C MHEHUEM, UTO
sauMdaTHyecKas CUCTEMa B CBOUX UCTOKAaX 3aKPbITa,
Ha YTO YKa3bIBaeT Pa3/IMYHBIA COCTAaB UHTEPCTUIIH-
aITBbHOU KuAKOoCTU U IuM®BbI. B koHIE XX B., C yue-
TOM JJAHHBIX O OMOJIOTUYECKON aKTHUBHOCTU DH/IOTE-
JIVS, YTBEPIMIach TOUKA 3PEHUsI, COTVIACHO KOTOPOH
MTOCTOSIHHBIX OTBEPCTHI B SHAOTEINH, COOOIIAIO-
IIUXCS C COKOBBIMHY (TKAHEBBIMHU) KaHAJIbI[AMU, HET,
a TPAHCIOPT KOJUIOU/IOB IIPOUCXOAUT YePE3 MUKPO-
BE3UKYJIBbI U MIOPBI B BHAOTETUN JTUMMOKATHIIIISIPOB
(Yepusimenko JI.B. u ap., 1985). B XX B. ujes Tka-
HEBBIX IT[eJIEN HAIIJIa CBOE IIPOJIOJI’KEHHE B paboTax
I'.®. ViBanoBa (1937) Kak Ipe/icTaB/IeHHE O TIEpHBa-
CKYJISIDHBIX, TIE€PUAIBEHTUIIUATIBHBIX, WHTPAaIBEH-
TUNHUATIBHBIX TPOCTPAHCTBAX, HAIOJIHEHHBIX TKAHEe-
BOU JKHMIKOCTBIO M COOOIAIUXCsA ¢ JuMbarude-
ckumu cocyzamu [5]. K mperumdarukam, T.e. K
[IepBOMY 3BEHY, HAIIPUMep, JTUM(PATUIECKOTO Peru-
ouna ITHC, B.1. KoneHkoB u coaBT. (2005) oTHECIH
HECOCYIUCTBIE IyTH U PKYJISAIUHN KUTKOCTH B Bellle-
cTBe Mosra (IepUuIle/UTIOIsIPHbIE, IePUBACKYJISP-
Hble, IIepUaKkChaIbHble U IepUHEBPaIbHbIE IPO-
CTpaHCTBA), a TAK}Ke JINKBOPHBIE TIOJIOCTH U TKaHe-
BbI€ IIEJIN TBEPAOU MO3TOBOH 000/I0uKU. Pazmepsl
TKAHEBBIX IMeJIell BApbUPYIOT 10 IIUPUHE U JIJIMHE.
OnHu MOTYT OBITH TPUOTUKEHBI K HYJIIO H MOTYT OBITH
BEJIUKHU — JI0 JIECATKOB CAHTUMETPOB (UTO, B YACTHO-
cTH, HabJO/laeTcsi B IEHTPAIHHOM HEPBHOM
cucrteme) (Ilecun A.M., bopomun IO0.M, 2015).

Thus, at present, classical concept of lymphatic
capillaries as an open drainage network and the
complete identity of lymph and interstitial fluid
were replaced by the idea of closed or semi-closed
lymphatic capillaries and, accordingly, the distinc-
tion between lymph and interstitial fluid. It should
be added that domestic lymphologists have actually
always stood in the positions of such a differentia-
tion [5].

The form of prelymphatics in different organs.
It is obvious that the pathways of non-vascular
microcirculation in their architecture are different
in varios organs and structurally are associated
with the specifics of the anatomical organization of
the studied organ, more precisely, to the organiza-
tion of his connective tissue skeleton. Apparently,
the functional specificity of the organ plays its
forming role [5]. Thus, a variety of forms of pre-
lymphatics exists. According to the literature and
findings of a number of researchers, the pathways
of non-vascular microcirculation in monofunc-
tional organs, for example, skeletal muscles, ten-
dons, fasciae that provide the locomotion, are rela-
tively simply arranged. Here, the prelymphatics
are represented by tissue gaps between myocytes
or collagen fiber bundles stretched along their
length. These gaps in the muscles are filled with
the minimum amount of loose connective tissue
(perimysium, endomysium), through which the
mobile tissue water seeps like through a sponge
[5]. In the polyfunctional organs, the structure of
lymphatic regions and their non-vascular micro-
circulatory bed are more complicated, for example,
the lymphatic regions of the liver and central ner-
vous systems [5]. In the liver, non-vascular micro-
circulatory bed is represented by tissue gaps,
which, on the one hand, are adjacent to hepatic
cords, on the other, to the wall of sinusoidal capil-
laries, and are known as the Disse space [5].

About the pores of the interstitium. Continuing
the topic of tissue channels, we present the data
V.A. Bauer et al. (2009), who noted that an impor-
tant structural feature of the interstitial substance
in healthy skin is the presence of pores. We can
assume that here we are talking about the tissue
channels well-known to us, called pores by the
authors of this article. They state that the sizes of
pores range from 25 nm to 100—250 nm, which cor-
relates well enough with the size of tissue channels
(40—100 nm) given by J.R. Casley-Smith et al.
(1978). A morphological characteristic of pores is
the absence of a structured wall. In fact, pores are
represented by fenestrated defects extending deep
into the interstitium (Fig. 5).
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JI.B. BaprausH (2006) IpUBOUT CBEJEHUS O KaHa-
JIaxX B MSITKOH 000JIOUKE T'OJIOBHOT'O MO3Ta YeJIOBEKa,
00pa30BaHHBIX KOJUIATEHOBBLIMU BOJIOKHAMH, HeE
UMEIONINX SHI0TETNATbHON BBICTUJIKUA. ABTOP pac-
CMAaTpHUBAaeT 3TH KaHAIbl KaK IYyTH IEepeMeIleHUs
JukBopa [5].

[Mpu pemreHun ATUTENTHHOE BpeMs 0OCYy:K/ae-
MOTO BOITPOCA, ABJISIOTCA JIU HPeIUMMaTUKU TIpe-
(bopMupoOBaHHBIMU 00OPA30BAaHUAMHU WU BO3HU-
KalOT CUTYaIlMOHHO, aBTOPBI OTBEYAJIH CJIEAYIOIAM
obpazom. ITo muenuro B.1. Konenkosa u ap. (2012)
npenuMpaTUKA MOKHO CUUTATh MpedhOpMUPOBaH-
HBIMHU B TOM CMBICJIE, UTO UX (hOpMa IPeIOIIpeIesisi-
eTcs CTPYKTYPOU COEIMHUTEIbHOTKAHHOTO OCTOBA
JAHHOTO OMOJIOTHYECKOTO BH/IA, JAaHHOTO UHAMBHA
U JJAHHOTO OpraHa. B 3aBUCUMOCTH OT 3THUX YCIOBUH
B Ka4eCTBe ITyTed HeCOCY/TUCTON MUKPOITUPKYJISIIUH
(mpenum@aTHUKOB) BBICTYIIAIOT Pa3HbIE CTPYKTYPBI:
MPOMEKYTKH (IeIn) MeXKIy MyYKaMHh MHOITUTOB,
3aIl0JITHEHHBIE PBIXJION COEJUHUTEIBHOU TKAaHbIO,
CKBO3b KOTOPYIO MIPOCAYMBAETCS MOOMIIbHAS TKaHE-
Bas BOJIA; IIEpH- WK TlapaBa3ayibHasi PhIXJIasi COeTu-
HUTEJbHASA TKAHb BJIOJIb KDOBEHOCHBIX U JTUMQpATH-
YeCKHX COCYZIOB; II€PUHEBPAJIbHbIE BJIATAIHINA,;
MMyYKH KOJIJIATEHOBBIX BOJIOKOH B IVIYOOKHX CJIOSIX
KOKH, KOTOPbIE MOTYT CJIY3KUTb HAIPaBJIIOIIUMHU
JUTs MOJIEKYJI BOZIBI HAa WX MOBepxXHOCTHU. PaHee, B
nybosukarusax B.B. KympusiHoBa (1969, 1974), B
pabore I'.C. CatrokoBou (1972) KPUTHYECKU OIle-
HEHBI cO00IeHUsI 0 NPeOPMHUPOBAHHBIX TPEJIHM-
daruxkax.

B pa6ote W.L. Olszewsky et al. (2009) npezacras-
JIEHBl CBEJIEHUsA O [JIMHHBIX HHTEPCTUIINAIHHBIX
MyTSIX HECOCY/IUCTOW MUKPOIUPKYJIAINH [15]. BpL1o
MOKa3aHO HAJIMYKE TKAHEBBIX KHKOCTHBIX KaHAJIOB
B YTOJIIIEHHON COOCTBEHHOW (acIy¥ TOJIEHU IIpU
auMmdeneMe HIWKHUX KOHEUHOCTeHd. J[JIMHHBIMU
MyTSAMUA HECOCY/IUCTON MUKPOITUPKYJISIIIUA MOKHO
CUMTAaTh MHOTOYHNC/IEHHBbIE (acluaibHbIe BJjara-
Juma W MexdacnuaabHble TPOMEKYTKHA. ITU
KaHAaJIbl 00pa30BaHbI ITyYKaMH KOJIJIAT€HOBBIX BOJIO-
KOH, OPMEHTHPOBAHHBIX TI0 JTHHE KOHEUHOCTU [5].
Takass KOHCTPYKIIUA, KaK IOJIaral0T aBTOPBI, 0bJia-
JlaeT BBICOKOH THU/IPaBJIMYECKOU ITPOBOUMOCTHIO [5].
[Ipeamnosiaraercs, 4TO U3 TKAHEBBIX I1leJIel B TuMda-
TUYECKHEe KamWLUIsApbl pe30opOupyeTcsi TKaHeBas
SKHJIKOCTD, C KOTOPOU OTBOJIATCS ITPOJIYKTHI JKU3HE IEe-
SITEJIBHOCTU KJIETKU U TOKCUYECKUE BEIeCTBa, IPO-
HUKIIIAE B MEKKJIETOUHOE ITPOCTPAHCTBO W3 BHEII-
Hewt cpenpl (Ilecun A.M., Bopoaun 10.11., 2015).

Hosuxos B./I., IIpaBotopos I'.B. (2003) paccma-
TPUBAIOT «HWHTEPCTHUIIMATIbHBIE KaHAJIbI»  KaK
YYaCTKH WHTEPCTULIMS C «HAMPABJIEHHBIMH II0TO-
KaMU» BOJIBI, «II0 KOTOPHIM TPAHCIIOPTUPYIOTCS He

The authors found that the edges of pores differ
significantly from the rest of the interstitial space by
a grade of density. This was evidenced by the lower
values of the indices of adhesive force in the edges
of pores of 28,8 + 1,4 nN (1 nN = 1 x 10 N) and in
the bottom of pores of 33,3 + 1,2 nN. Thus, the sur-
face of pores is formed by a denser substance com-
pared to the interstition. This allowed the authors
to conclude that these nanoporous formations are
well isolated structures of the interstitium. The
researchers also note that pores are far from evenly
distributed in the interstitial space, which may indi-
cate their high plasticity. Pores can appear in areas
of increased metabolic activity and, in contrast, in
less active areas to be collapsed with subsequent
adhesion and fusion with the interstitium. The
authors describe an equally interesting morpholog-
ical phenomenon: porous structures in the form of
nanochannels, which are more clearly visualized in
phase contrast mode. Unlike ordinary pores, nano-
channels have more structured walls, which are
formed by a denser interstitium substance, most
likely by aggregated macromolecular complexes.
The larger density of the walls of channels is evi-
denced by their resistance when attempting to dis-
sect them with a hydrophobic cantilever. The diam-
eter of nanochannels ranges from 50 to 350 nm.
Nanochannels are often located in the proximity of
collagen fibrils, some of them are in direct contact
with fibers. The discovered porous structure,
according to V.A. Bauer et al. (2009), clearly takes
part in water metabolism and, in particular, in the
processes of intra- and transdermal water migra-
tion. The pores and nanochannels described above,
in their properties, resemble tissue channels and,
most likely, are the case.

Recently, a lot of information has appeared in
the scientific literature about the so-called G-lym-
phatic system [16—18]. This is a paravascular sys-
tem of clearance of the brain parenchyma, located
between the vascular adventitia and vascular
astrocytic terminals and was called the G-lym-
phatic due to the fusion of the words “glial” and
“lymphatic” (glial-lymphatic pathways), since its
existence depends on the glial cells, and also, due
to its functional similarity with the peripheral lym-
phatic system [19, 20]. Astrocytes are located
between neurons and endothelial cells, and their
terminal endfeet wrap around blood vessels at the
precapillary and capillary level. Thus, astrocytes
provide a structural and functional link between
blood vessels and neurons [19]. The term “glym-
phatic system” was proposed by M. Fdldi et al. to
designate the movement of cerebrospinal fluid
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TOJIBKO KHJIKOCTh, HO U ITUTATEJIbHbIE BEIECTBA, U
MIPOJIyKThI OOMEHA BEIECTB B KJIeTKax». Yale Bcero
Takyue KaHIbl, He MMeEIOIUe CTEHOK, pacIoJiara-
IOTCA B/I0JIb BOJIOKOH WHTepCTUIHA. [10]T 3J1eKTpOH-
HBIM MHUKPOCKOTIOM Ha mpemapatax H.II. BraToBoit
HEOITHOKPATHO BHJIEJIU pa3pelkeHHble YYaCTKHU
UHTEPCTUIUS (IeTh), OPUEHTUPOBAHHBIE 110 JJTUH-
HUKY IIyYKOB KOJUIATEHOBBIX BOJIOKOH, a TaKXe
BOKDYT KPOBEHOCHBIX U JINM(MATHUECKUX COCYZIOB B
IJIyOOKHUX CJIOSX KOXKH, B CJIM3UCTOU 00OJIOUKE TOH-
Ko kumku Kpbic [5]. Takske aBTOpamMu oOmucaHa
BOJIOKHUCTAsI COEAVHUTEIbHAS TKAHb OPBIKEUKU C
OPUEHTHPOBAHHBIMU MTAPAJIIETBHO APYT APYTY IMyd-
KaMU KOJUIaT€HOBBIX BOJIOKOH, YTO TaK¥XKe,
[IO-BUAVMOMY, JIaeT OCHOBAaHUE JUJIsI COOOIIEHUH O
KaHajlaX B UHTEPCTUIINY OpbIKENKY [5].

Takum 06pa3oM, B HACTOsIIIlee BpeMs Kjiaccude-
CKHe TIPE/ICTaBJIEHUs O JINM(PATHUECKUX KaIlUJLIs-
pax Kak OTKPBITOH JPEHAKHOU CETH W O IOJHOU
UIEHTHYHOCTH JIUM(BI ¥ UHTEPCTUIHATHHOHN KU -
KOCTH 3aMEHWJIOCHh IPECTABJIEHHEM O 3aKPBITHIX
WIN TIOJTy3aKPBIThIX JIMM(PATHUECKUX KaTlHJUIAPAX
U, COOTBETCTBEHHO, pa3rpaHUYeHUU JUMOPBI U
WHTEPCTUITUAIBHON kuaKocTH. K sromy Heobxo-
JIUMO J100aBHUTH, UTO OTEUECTBEHHbIE JIMM(OJIOTH
(dakTruecku Bcerma CTOSUTM Ha TMO3UIUASIX TaKOTO
pasrpaHuyeHus [5].

dopma npeaum@amuro8 8 pPA3HbLIX Op2aHAX.
OueBUIHO, UTO IIYTH HECOCYAMCTON MUKPOITUPKYJIs-
Y TI0 CBOEH apXUTEKType Pa3Iu4YHbl B Pa3HBIX
opraHax U CTPYKTYpHO IPHUBS3AHBI K cHenuduKe
AHATOMUYECKOW OpraHu3alid OpraHa, TOUYHee, K
OpraHU3aINN  COEJUHUTEPHOTKAHHOTO CKeJeTa
JlagHOTO OopraHa. [lo-BuauMoMy, U (PYHKIIHOHAIb-
Has creiudrKa OpraHa urpaet cBor Gopmoobpasy-
IOIIY0 POJTb [5]. V13 cCKa3aHHOTO BRITEKAET MHOT000-
pasue dopm npenumdbaTtukoB. Cyas MmO JaHHBIM
JINTEPATyphl U HAOJIIOJEHUsAM psfia UCCIIeZoBaTe-
Jiell, CPaBHUTEJIBHO IIPOCTO OPTAaHU30BAHBI ITyTU
HECOCYTUCTOU MUKPOIUPKYJIAIUH B MOHODYHKITHO-
HaJIbHBIX OpPTaHaX, HalIPUMeD, CKeJIETHBIX MBIIIIIAX,
CYXOXKWIHAX, (daciusax, obecrieuuBaronux QyHK-
[I1I0 JIOKOMOITUM OpraHusma. 37iech npeauMdpaTuKu
MpEeJICTAaBIEHbI TKAHEBBIMH HIEJISIMHU MEXKY MUOIIH-
TaMU WIH IMyYKaMH KOJJIAT€HOBBIX BOJIOKOH, BBITSI-
HYTBIMH IO WX JUIMHHHUKY. OTH IIEJIH B MBIIIIAX
3aMoJIHEHbBI MUHUMAJIbHBIM KOJIMYECTBOM PBIXJIOH
COEIMHUTEJIPHOU TKaHU (IIEPUMUBUH, SHIOMUBUI),
CKBO3b KOTOPYIO MOOWJIbHAS TKAaHEBAs BOJIA MpOCa-
YyMBaercs, Kak CKBO3b TyOKy [5]. B momudyHKImo-
HaJIBHBIX OpTaHaxX JUM@aTHUYeCKHue PErvOHbl U KX
HECOCY/ITUCTOE MHUKPOIUPKYJISITOPHOE PYCJIO YCTPO-
€HBbI CJIOJKHee, Hampumep, JuMbaThuuecKue peru-
oubl neuenn u I{HC [5]. B meueHu Hecocyaucroe

towards the lymphatic system. Other authors
describe these channels as the paravascular space
of Virchow-Robin or Durand-Fardel [19, 21, 22].
The G-lymphatic pathway was discovered in 2012
in the brain of rats [23—25]. Cerebrospinal fluid
enters the brain parenchyma through arterial
paravascular spaces, and exits through the extra-
cellular space by venous paravascular spaces, thus
leaving the brain [23].

Ya.M. Pesin (2021) describes periaxial spaces
into which the tissue fluid from the interstitium of
the brain and spinal cord is secreted, and then, in
small volumes, is drained into the lymphatic bed of
the central nervous system [26]. But already in
1939, P.D. McMaster, R.J. Parsons have shown how
a dye, after coming out of lymph vessels, spreads by
the peripheral nerve sheaths. In 1928, W. Penfield
also observed that in the nervous tissue, the vascu-
lar endfeet of astrocytes form a connection between
capillary walls and the interstitial tissue of the cen-
tral nervous system. In addition to cerebral vessels,
X. Han et al. (2017) described the presence of a
large number of tissue channels in the adventitia of
the inferior vena cava, which represent a typical
porous medium [10]. Such a porous medium is
formed by macromolecules of glycosaminoglycans
(in the form of a brush) on the surface of collagen
bundles, which can form a transport pathway for
liquids. This facilitates the transportation of fluids
and solutes across the surfaces of bundles com-
pared to their internal spaces [10, 27—29]. It was
shown in the experiments that perivenous loose
connective tissue can serve a “green pathway” for
the transport of the low molecular weight tracer of
sodium fluorescein (332, 306 g/mole), which was
injected subcutaneously near the veins of the lower
extremities [10, 30, 31].

In conclusion, we will return to the questions
posed at the beginning of the article, and answer
these questions. Currently, there is no doubt that in
the interstitium between blood and lymphatic capil-
laries an intermediate substance exists. M. Foldi
(1967, 1968) and J.R. Casley-Smith (1976) substan-
tiated the existence of channel-like gaps (spaces) in
the interstitium, prelymphatics, carrying tissue
fluid. These prelymphatic pathways are represented
by tissue channels, parafibrillar structures, perivas-
cular and perineural spaces. L. Landois (1891) rates
among prelimphatic spaces the pericardial space
with pericardial fluid, as well as the space around
each air chamber of the lung. A number of authors
classify intermeningeal spaces, in particular, the
subarachnoid space, as the tissue spaces.
W.L. Olszewsky et al. (2009) have presented data
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Puc. 5. AFM-cKkaH MeKyTOYHOTO BEIeCTBA 37J0POBOH KOKH. PazMep ckaHa 1000 HM. JIeMOHCTPUPYETCs yIaCTOK
B hopmarte CTPYKTYpHI pesibeda MoBepxXHOCTH ¢ GOPMHUPOBABIIMMUCA HAHO- U Me30KaHaJaMU B MeKyTOYHOM BelllecTBe
(AFM — atomHo-cutoBast Mukpockorusi) (Baysp B.A. u zip., 2009)

Fig. 5. The AFM scan of the interstitium of healthy skin. Scan size 1000 nm. The section is demonstrated as a structure
of the surface with nano- and mesochannels in the interstitium (AFM — atomic force microscopy) (Bauer V.A. et al., 2009)

MUKPOIUPKYJIITOPHOE PYCJIO MIPEACTABIEHO TKaHe-
BBIMU IIEJIIMH, KOTOPBIE, C O/THOH CTOPOHBI, IPHUJIe-
JKaT K MEeYeHOYHBIM OasikaM, C JIpDYTOl — K CTeHKe
KPOBEHOCHBIX KAIWUIAPOB U HM3BECTHBI KAK IIPO-
crpancrsa Jlucce [5].

O nopax unmepcmuyus. IIpogoskas pasroBop o
TKAHEBBIX KaHAJIaX, IpuBeZieM fanHble B.A. bayspa
U coaBT. (2009), KOTOpPblE OTMEYAJIH, YTO BAIKHOU
CTPYKTYPHOM OCOOEHHOCTBIO MEXKYTOUYHOTO Belle-
CTBA B 3/I0POBOH KOXKe SIBJIAETCA HAIU4Iue 1mop. Mel
MOJKeM IIPEJIIOJIOKUTD, YTO Peyb UZET 00 M3BECT-
HBIX HAM TKAHEBBIX KaHaIaX, HA3BAHHBIX aBTOPAMH
CTaThU MOpPaMU. ABTOPHI OTMEYAIOT, UYTO pa3Mephl
0P KOJIEOJIIOTCA B IpeJiesiaX OT 25 JI0 100—250 HM,
YTO XOPOIIO KOPPETUPYET C pa3MepaMu TKaHEBbIX
kaHaIOB (40—100 HM), npuBegeHHbIX J.R. Casley-
Smith et al. B 1978 r. XapakrepHoii mopdosoruye-
CKOH OCOOEHHOCTBIO IIOP SBJISIETCSI OTCYTCTBHE
CTPYKTYPUPOBAHHOHN cTeHKH. DAKTUYECKU IOPBI
IIPE/ICTABJIEHBl JIBIPUATBIMHU JleDEeKTaMU, YXOJs-
[IIUMU BIJIyOb MHTEPCTUIINSA (PHC. 5).

ABTODBI OOHAPYKUJIN, UYTO KPasi MO 10 CTEIIEHU
IJIOTHOCTH CYIIIECTBEHHO OTJIUYAIOTCA OT OCTaIb-
HOTO MHTEPCTUIUAIBHOTO mpocTpancTtBa. O6 aTom
CBUJIETETBCTBOBANIN O0JIee HU3KME 3HAUEHMUS IOKa-
3aTeJiell aire3MOHHBIX CUJI B Kpasax nop 28,8 + 1,4 HH
(1uH = 1x1072 H) u B o6s1acTu Ha mop 33,3 + 1,2 HH.
Taxkum o006pa3oM, MOBEpXHOCTh HOp oOpasoBaHa
60s1ee TIOTHOM (Pa3oil O CPaHEHUIO C MHTEPCTHU-
peM. JTO MO3BOJIMJIO aBTOPAM CZIeJIaTh BBIBO/I, UTO
JIaHHble HAHOIIOPUCTbIE OOPA30BAHUA SIBJISIOTCS

on long interstitial pathways of non-vascular micro-
circulation, for example, tissue fluid channels in
thickened fascia propria of the leg in lymphedema
of the lower extremities. Numerous fascial sheaths
and interfascial gaps can be considered long path-
ways of non-vascular microcirculation. V.A. Bauer
et al. (2009) describe the pores and nanochannels
in the interstitium. In our opinion, pores and nano-
channels are nothing more than the same prelym-
phatic pathways (tissue canals) described in the
earlier studies. Prelymphatic pathways lack the
endothelial lining. Currently, classical concept of
the lymphatic capillaries as an open drainage net-
work were replaced by an idea of closed or semi-
closed lymphatic capillaries and, accordingly, the
differentiation of lymph from interstitial fluid. Pre-
Iymphatic spaces are no more a part of the lym-
phatic system than they are a part of the circulatory
system. However, historically, the term prelym-
phatic paths was fixed in lymphology, although,
based on previous reasoning, this is not correct
enough. Often, instead of the term prelymphatic
pathways (or prelymfatics) the term tissue chan-
nels is used, which are only their component. As for
the term roots of the lymphatic system, these
include lymphatic capillaries, but not prelymphatic
pathways, as a number of authors insist.

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

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

155



Ilapuxos FO.H. u dp. / Journal of Siberian Medical Sciences T. 9, N? 3 (2025)

JTOCTATOYHO 0OO0COOJIEHHBIMHU CTPYKTYpaMH WHTEP-
CTHUITMAJIBHOTO BelecTBa. Taxike wucceoBaTen
OTMEYAIOT, YTO ITOPHI PACIIOJIOKEHBI JJAJIEKO HE PaB-
HOMEPHO B MHTEPCTUIIMAIHFHOM IIPOCTPAHCTBE, UTO
MOZKET CBUZIETEIHCTBOBATD 00 X BBICOKOH IJIaCTHY-
HOocTU. [TOpHI MOTYT TOSIBJIATHCSA B yYACTKAX MOBBI-
IIIEHHOH MeTab0JIMUYeCKON aKTUBHOCTH M, HA000POT,
B MeHee AKTHBHBIX YyJacTKaxX KOJUIabUpOBaThCA C
MTOCJIEAYIOIIUM CJIUTIAHUEM U CITUSHUEM C MEXKYTOY-
HBIM BeII[ECTBOM.

ABTODBI OITNCHIBAIOT HEe MEHEEe HHTEPECHBIN MOp-
(omornueckuii peHOMEH — MOPHUCTBIE CTPYKTYPHI B
BH/le HAHOKAHAJIOB, KOTOPBIE H0JIee YeTKO BU3YyaIN-
3UPYIOTCSA B pexknuMe (a3oBOro KoHTpacra. B oTim-
Yype OT IMPOCTHIX IOp HAHOKaHAJIbl UMEIT OoJiee
CTPYKTYPUPOBAHHBIE CTEHKU, KOTOPbIe 00Pa30BaHbI
OoJsiee TUIOTHOH (Da30l MEKKJIETOUHOTO BEIECTBA,
CKOpee BCEro, arpernpoBaHHBIMH MaKpPOMOJIEKY-
JIIpHBIMU KOMIUIekcaMu. O OoJIbIlled IIJIOTHOCTU
CTEHOK KaHAJIOB CBUJIETETBCTBYET UX YCTOUUUBOCTh
IIpU TIOMBITKAX pacceueHus TupodOoOHBIM KaHTH-
JieBepoM. /[nameTp HaHOKaHAJIOB KojebseTes OT 50
0 350 HM. HaHOKaHaypl 4acTo pacIoJiaraloTcs
BOJIM3M KOJUIAT€HOBBIX (PUOPUILI, HEKOTOPhIE U3
HUX HEITOCPEZICTBEHHO KOHTAKTUPYIOT C BOJIOKHAMU.
ObHapykeHHasA MOpUCTasA CTPYKTypa, [0 MHEHHIO
B.A. Bayspa u coasT. (2009), IBHO IPUHUMAET yJa-
cTHe B BOJHOM OOMeHe U, B YaCTHOCTH, B IIpoIieccax
BHYTpU- U TPAHCAEPMAIbHOM MUTPAIUN BOJBL.
OmnucaHHbIe BbIIle 00pa3oBaHUs, MOPHl U HAHOKA-
HAJIBI, 10 CBOUM CBOMCTBaM HAaIIOMUHAIOT TKAaHEBbIE
KaHaJIbI U, CKOpee BCET0, TAKOBBIMU U SIBJISIOTCS.

B nocsieziHee BpeMs B HAYYHOH JIUTEPATYPE MOSIB-
JseTcsa MHOro HMHGOpMAIUM O TaK Ha3blBaeMOU
I'-aumg@pamuueckoil cucmeme [16—18]. dto mapasa-
CKyJISIpDHAs CUCTeMa OYUCTKHU IlepebpasbHOM napeH-
XMMBI, PAcCIIOJIOKeHHasA MEKIY COCYy[AUCTOH a/iBeH-
TUIMEN U COCYIUCTBIMHU ACTPOLIUTAPHBIMU OKOHYA-
HusAMH, Obla HasBaHa [-auMdaTHyeckol u3-3a
CIUAHUA CJI0OB «TJIMAJIBHBIN» U «JIUM@aTUIecKuii»
(glymphatic (glial-lymphatic) pathway), mockoasky
€aMo ee CyIIECTBOBAaHUE 3aBUCHT OT IVIHAIBHBIX KJIe-
TOK, a TAaK)Ke M3-3a ee (PyHKIIMOHAIBHOTO CXOZCTBA C
nepudepruyeckod  JUM@ATAYECKOH  CHCTEMOU
[19, 20]. AcTpoIUThI pacoIararoTCs MeKIy HeHpo-
HAaMU U 3HAOTEINATbHBIMU KJIETKAMU, a UX KOHIle-
Bble HOXKKH OKPY?KalOT KPOBEHOCHBIE COCYZABI Ha
MPEKATWUIAPHOM M KaWUISIPHOM YpoBHe. Takum
06pazoM, aCTPOIUTHI 00eCIIeYNBAIOT CTPYKTYPHYIO U
(pyHKIIMOHATBPHYIO CBA3h MEXKAY KPOBEHOCHBIMU
cocynamu u HedipoHamu [19]. Tepmun glymphatic
system ObL1 IpeiokeH M. Foldi et al. a1 o6o3Ha-
YeHUsl JBIDKEHHS 11epeOpPOCIHHATIBHON KUIKOCTH
10 HaIlpaBJIeHUIo K iuMdarudeckoi cucreme. /Ipy-

THe aBTOPHI OITUCHIBAIOT AT KAHAJIBI KaK ITapaBacKy-
JISIPHOE IIPOCTPaHCTBO BupxoBa — Pobuna (Virchow-
Robin) wmm [ropan — ®apzgens (Durand-Fardel)
[19, 21, 22]. T-muMdaTuyeckuii myTh OB OOHAPY-
JKEeH B 2012 T. B MO3re KpbIc [23—25]. CHTHHOMO3T0-
Bas JKHUJIKOCTH IOCTYIIaeT B IApeHXUMy MO3ra II0
apTepUaIbHBIM ITapaBaCKYJISIPHBIM IIPOCTPAHCTBAM,
a BBIXOJIUT Yepe3 BHEKJIETOYHOE ITPOCTPAHCTBO — I10
BEHO3HBIM  IIapaBaCKY/IIPHBIM  IIPOCTPAHCTBAM,
TakuM 00pa3oM yAasssich u3 Mmosra [23].

S1.M. IlecuH (2021) ONKCHIBAET IEPHUAKCHATIBHBIE
IIPOCTPAHCTBA, B KOTOPbIE CEKPETUPYETCs TKaHEBasI
JKUIKOCTD, TIOCTYIIAIOAsi U3 WHTEPCTHUIUS TOJIOB-
HOTO M CIIMHHOTO MO3Ta, a 3aTeM, MaJIbIMH MTOPI[U-
SIMH, OTBOZUTCS B JTUM(pATUUECKOE PYCI0 HEPBHOM
cucremsl [26]. Ho eme P.D. McMaster, R.J. Parsons
B 19309 T. IIOKa3aJIi, KaK KPaCUTEh [TOCJIE BHIX0/1a U3
UM aTHYECKUX COCYZOB PACIPOCTPAHAETCA TIO0
obosoukam mnepudepuyeckux HepBoB. Takke W.
Penfield B 1928 r. Habstogas, 4To B HEPBHOU TKaHU
KOHIIEBble HOXKKHM aCTPOIUTOB 0OpasyloT CBiA3b
MEXKIYy CTEHKAaMH KaIlWJUISPOB U HHTEPCTUIIHATb-
Hou TkaHbio ITHC. Kpome cocynoB mosra X. Han et
al. (2017) onucano Haju4yre GOJIBIIOrO KOJIHYECTBa
TKAaHEBBIX KaHAJIOB B aJBEHTHUIINH HIDKHEH IOJION
BEHBI, IPEJICTABJIAIOININX COO0H THIUYHYIO ITOPH-
ctyio cpeny [10]. Takas mopucras cpena obpazoBaHa
MaKpPOMOJIEKYJIaMH TJINKO3aMUHOTJINKAHOB (B BU7E
IIETKA) Ha MOBEPXHOCTH IIyYKOB KOJIJIareHa, KOTO-
pas MoxkeT 06pa30BHIBATh TPAHCIIOPTHBIA MYTh JJI
JKHUIKOCTEN. DTO 00J1eryaeT TPAHCHIOPT KUAKOCTH U
PaCTBOPEHHBIX BEIECTB YePe3 MOBEPXHOCTHU IIyUKOB
10 CPAaBHEHUIO C X BHYTPEHHUMH IIPOCTPAHCTBAMH
[10, 27—29]. B skciepuMeHTaX OBLIO MIOKA3aHO, YTO
[IepUBEHO3HAsT PbIXJIasd COEQUHUTENbHAs TKaHb
MOXKET CJIYKUTDb «3€JIEHBIM IyTeM» JJISI TPAHCIIOP-
THUPOBKHM HU3KOMOJIEKYJIIPHOTO Tpaccepa (yopec-
newHa Hatpus (332, 306 r/MOJb), KOTOPBIA BBO-
JIAJICSI TIOKOKHO BOJTM3U BEH HIKHUX KOHEUHOCTEH
[10, 30, 31].

B zaxsioueHue BepHEMCS K BOIIPOCaM, ITOCTaB-
JIEHHBIM B HayaJje CTaTbU, W JAJUM Ha HUX OTBETHI.
B HacTos11IIEE BpeMst HET COMHEHU U, UTO B HHTEPCTH-
MU MEeKIY KPOBEHOCHBIMU U JIUM(PATHUECKUMU
KalWUIsApaMU CYIIEeCTBYeT IPOMEXKYTOUHAsA Cy0-
crannus. M. Foldi (1967, 1968) u J.R. Casley-Smith
(1976) obocHOBaMH CyIlleCTBOBaHUE KAaHAJIOIOJI00-
HBIX Iesied (IIpOCTPaHCTB) B MHTEPCTHIMH (IIpe-
JUMGAaTUKH), HECYIINX TKAHEBYHO KUIKOCTh. ITHU
npenuMmdaTiuyecKrie IyTH MPEeACTaBIeHbl TKaHe-
BBIMH KaHaIaMU, TapapuOpruIsspHBIMU 06pa3oBa-
HUSAMU, IEPUBACKYJIIPHBIMU U TT€PUHEBPATLHBIMH
npocrpancTBami. L. Landois (1891) otHOCHT K Tipe-
JUMOATHIECKUM IPOCTPAHCTBAM TMePUKAPAAAIIb-
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HO€E IPOCTPAHCTBO C IEPUKAPAUATIBHON JKHUIKOCTHIO,
a Tak)Ke IMPOCTPAHCTBA BOKPYT KaKOW BO3JIYIITHOH
KaMephl JIETKOTOo. Psifi aBTOPOB K TKaHEBBIM IIPO-
CTPAHCTBAM OTHOCAT MeXK000JI0UeUeHble TPOCTPaH-
CTBa, B YAaCTHOCTH, CyDApaXHOU/IAJILHOE MIPOCTPAH-
ctBo. B pabore W.L. Olszewsky et al. (2009) npex-
CTaBJIEHBI CBEJIEHUS O JUTMHHBIX MHTEPCTUIIHATBHBIX
MyTSAX HECOCYAMCTOW MUKDPOIUPKYJISALUY, HAIPU-
Mep, TKaHeBbIE YKUKOCTHbIE KAHAJIBI B YTOJIIIIEHHOM
cobcTBeHHOM (acuuu rosieHH Tipu JauMdeneme
HIDKHUX KOHEYHOCTeH. J[JIMHHBIMU MyTSAMU HECOCY-
JIUCTOW MUKPOIUPKYJ/ISAIMH MOKHO CUMTATh MHOTO-
YyrcseHHble (aclUaIbHbIE BiIarajavina u Mexdac-
nHaJbHbIe TpoMesKyTKU. B.A. Bayap u coaBT. (2009)
OTUCHIBAIOT B MHTEPCTUIIMHU MOPHI U HAHOKAHAJIBL.
[To HameMmy MHEHWIO MOPHI M HAHOKAHAJIBI SIBJIS-
IOTCSl HE YeM WHBIM, KaK TEMU JKe mpeinMdaTuie-
CKUMHU MyTAMHU (TKaHEBBIMU KaHAJIBIMH), OTHCAH-
HBIMH B 0OJiee paHHUX HCCIeAOBAHUAX. [Ipemm-
(daTnueckre TyTH JIMIIEHBI  3H/OTETHATHHON
BBICTHWJIKM. B HacTosInee BpeMs KJIaCCHUECKHE
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AHHOTAIINA

PacripoctpaneHHOCTH caxapHoro auabera 1 Tuna (C/I1) mpojosKaeT pacT, ¥, HECMOTPS Ha JIOCTUKEHUS B UHCYJIMHOTE-
panuu, o6uThes onTuMaabHOTO KOHTpOJIs C/[1 He yaercs. Ero kiimHU4YecKni 1e610T 4acTo acCOIMUPOBAH C iuabeTnue-
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THH 110 pAHHEMY BBISIBJICHHUIO JIOKJIMHUYECKUX CTA/IUH 3a00JI€BaHUA.
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Resolution of the Expert Board on the development of a regional
program for the early diagnosis of type 1 diabetes in children and
the implementation of preventive measures among patients at risk

L.A. Ruyatkina!, T.E. Taranushenko?, Yu.G. Samoylovas3, O.V. Pilipenko#, M.A. Kovarenko!,
E.A. Tailakovas, L.V. Sannikova®, N.Yu. Vlasenko”

Novosibirsk State Medical University, Novosibirsk, Russia
2Krasnoyarsk State Medical University, Krasnoyarsk, Russia
sInstitute of Medicine and Medical Technologies, Novosibirsk State University, Novosibirsk, Russia
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Russia

5Altai Regional Clinical Center for Maternal and Child Health, Barnaul, Russia
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7Omsk State Medical University, Omsk, Russia

ABSTRACT

The prevalence of type 1 diabetes mellitus (T1DM) continues to grow, and despite the advances in insulin therapy, the
optimal control of T1DM is not achieved yet. Its clinical onset is often associated with diabetic ketoacidosis, which
determines a high risk of recurrent events and early development of severe complications, determining the disease
burden and necessitating the development of a set of specific arrangements for early detection of preclinical stages of
the disease.

On March 20, 2025, a scientific and practical conference “Pediatric and Adolescent Endocrinology: Opportunities,
Challenges, and Mistakes” was held in Novosibirsk, which included an Expert Board of pediatric endocrinologists
from the Siberian Federal District. The conference focused on scientific advances in the study of T1DM and imple-
menting strategies for its early detection and monitoring in real-life endocrinologic practice. Based on the results
of scientific reports and discussions held during the Expert Board meeting, experts decided on the need to imple-
ment a socially significant initiative for the timely diagnosis of T1DM before its clinical manifestation in order to
prevent its onset with ketoacidosis, which significantly worsens the disease prognosis, and to reduce the risk of
complications.

Keywords: type 1 diabetes mellitus, preclinical diagnostics, antibodies.
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20 Mapra 2025 T. B I. HoBocubupcke mos mpes-
cenpatenbcTBOM JI.A. PyaATKWHOH, J1-pa MeJl. HAyYK,
npodeccopa kadenpsl HEOTIIOKHON Tepamuu ¢
SHJIOKPUHOJIOTHEN U mpodiatosorueir HoBocubup-
CKOT'0 TOCY/IaPCTBEHHOT'O MEAUIIMHCKOTO YHUBEPCH-
TeTa, Ipezcesaresis AcCOrUAUU SHIOKPUHOIOTOB
HoBocubupckoi obJslactu (A9HO), u
T.E. TapanyiieHko, ja-pa Mes. Hayk, mpodeccopa,
[JIABHOTO BHEILITATHOTO CIEIUAINCTA — JETCKOTO
sHJIoKpuHOJI0Ta MuH3apaBa Poccuu B Cubupckom

On March 20, 2025 in Novosibirsk, under the
chairmanship of L.A. Ruyatkina, Dr. Sci. (Med.),
Professor of the Department of Emergency Therapy
with Endocrinology and Occupational Pathology of
Novosibirsk State Medical University, Chairman of
the Association of Endocrinologists of the Novosi-
birsk region, and T.E. Taranushenko, Dr. Sci.
(Med.). Professor, Chief Pediatric Endocrinology
Consultant of the Ministry of Health of the Russian
Federation in the Siberian Federal District (SFD),
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denepanpaoM okpyre (CPO), rs1aBHOrO BHEIITAT-
HOTO CHEIUAJINCTa — JIETCKOTO BHIOKPUHOJIOTA
Munsgpasa KpacHOAPCKOTO Kpas, COCTOAIach peru-
OHAJbHAs HAYYHO-IIPAKTHYecKasd KOHQepeHIus
«JleTckass ¥ TOJIPOCTKOBAsT DHAOKPHUHOJIOTH: BO3-
MOXKHOCTH, TPYAHOCTH, OITUOKU». B pamkax koHpe-
PEHIINH COCTOSITIOCh 3acefjaHre DKCIIEPTHOTO COBETa
C [IeJIbI0 Pa3pabOTKU PErnOHAIbHOHN MPOTPAMMEBI 110
paHHeH AMArHOCTHKE caxapHOro amabera 1 THUIA
(CI1) y neTckoro HaceJeHUs U POBEIEHUI0 TPOdH-
JIAKTUYECKUX MEPOIPUATHH CpPeAu MaIlUeHTOB U3
TpyII pUCKa.

B cocraB pazpaboTuynkoB Pe3osionun, MpuHATON
IKCIIEPTHHIM COBETOM, BOIILIIU BEAYIIIME CIIEITHAIIN-
cte1 COO B obstactu Tepamuu C/1:

e Pyarkuna JI.A., n-p Mej. Hayk, Ipodeccop,
npodeccop kadeIpbl HEOTI0KHOHN Tepanuy ¢ SHJ0-
KpHUHOJIOTHEH u npodmnarosorueir HoBocubupckoro
TOCY/IapCTBEHHOTO MEJUIIMHCKOTO VHUBEPCUTETA;
npezceaTe b AcCoruanuu SHI0KpuHOI0roB HoBo-
cubupcKon obJacTy;

» Tapanymenko T.E., 1-p meJ. HayK, ripodeccop,
3aBeaynui  kadeapodn neauatpuu VHCTUTyTa
MIOCJIEAUILIOMHOTO 00pasoBanusa KpacHospckoro
TOCY/IapCTBEHHOTO MEAUIIMHCKOTO YHUBEpPCUTETA
uM. 1ipod. B.®. BoitHo-fIceHnenkoro; rjiaBHbIN BHEIII-
TaTHBIA CHENHUAJINCT — JETCKUH DHAOKPHUHOJIOT
MunsnpaBa Poccun B COO; ry1aBHBIN BHENITATHBIA
CHEIUAINCT — JAeTCKUH 3HAOKpUHOJIOr MUH3IpaBa
Kpacnospckoro kpasd;

» CamoiutoBa I0.T., n-p men. Hayk, mpodeccop,
JIETCKUM DHIOKPUHOJIOT, AupekTop HWHcTuTyTa
MeIUIVHBI U MeAUIIMHCKUX TexHosorui Hoocu-
OMPCKOr0 TOCYZJapCTBEHHOTO YHUBEDPCUTETA, PYKO-
BoAUTeNb lleHTpa KIMHUYECKHX HCCIIeIOBAaHUM
Cubupckoro deepaaIbHOTO OKPYTa;

» KoBapenko M.A., kaHj. MeJl. HayK, JOIEHT
kadenpel memuatpun HoBOCHOUPCKOTO TOCyZap-
CTBEHHOTO MEIUIIITHCKOTO YHUBEPCUTETA;

o ITununenko O.B., pykoBoautens ['oposickoro
JIETCKOTO IIeHTPa OOMEHHBIX U SHIOKPUHHBIX HAPY-
IIEHUH JIETCKOU TOPOJICKOM KJIMHUYECKOH O00JIb-
HuIbI N2 1 (HoBoCHOUpPCK);

o Cagnukosa JI.B., Ty1aBHBIN BHEIITATHBIN CIIe-
OUUTNICT — JAETCKUH 3HAOKpHHOJOr MwuH3apasa
HoBocubupckoil obsiact; Bpad — JIETCKUU SHJO-
KPUHOJIOT O00JIACTHOM KJIMHUYECKOH OOJIbHUITBI
(HoBocubupck);

» Biracenko H.I1O., kauy. Mes1. HayK, JOIIEHT Kade-
ZIPBI TOCIIUTAJIBHON TEUATPUU C KYPCOM JIOTIOJTHU-
TEJIFHOTO IpoeCCUOHAIIBHOTO obpa3oBaHUs
OMCKOTO TOCyZIJapCTBEHHOTO MEIUIIMHCKOTO YHUBEP-
CUTeTa; TJIABHBII BHEINTATHBIN CIENUAINCT — JIET-
CKkH sHI0KpUHOJIOT MuH3ApaBa OMCKOM 001acTy;

Chief Pediatric Endocrinology Consultant of the
Ministry of Health of the Krasnoyarsk region, a
regional scientific and practical conference “Pediat-
ric and Adolescent Endocrinology: Opportunities,
Challenges, and Mistakes” was held. During the
conference, a meeting of an Expert Board took place
with the aim of developing a regional program for
the early diagnosis of type 1 diabetes mellitus
(T1DM) in children, and preventive measures
among patients at risk.

The developers of the Resolution adopted by the
Expert Board included leading experts from the SFD
in the field of T1IDM therapy:

« Ruyatkina L.A., Dr. Sci. (Med.), Professor, Pro-
fessor of Department of Emergency Medicine with
Endocrinology and Occupational Pathology, Novosi-
birsk State Medical University; Chairman, Associa-
tion of Endocrinologists of the Novosibirsk region;

o Taranushenko T.E., Dr. Sci. (Med.), Professor,
Head, Department of Pediatrics, Institute of
Postdiploma Education, Krasnoyarsk State Medical
University; Chief Pediatric Endocrinology Consul-
tant of the Ministry of Health of the Russian Federa-
tion in the SFD; Chief Pediatric Endocrinology Con-
sultant of the Ministry of Health of the Krasnoyarsk
region;

« Samoylova Yu.G., Dr. Sci. (Med.), Professor,
Pediatric Endocrinologist, Director, Institute of
Medicine and Medical Technologies, Novosibirsk
State University, Head, Center of Clinical Investi-
gaions of the Siberian Federal District;

o Kovarenko M.A., Cand. Sci. (Med.), Associate
Professor, Department of Pediatrics, Novosibirsk
State Medical University;

« Pilipenko O.V., Head, City Children’s Center for
Metabolic and Endocrine Disorders, Children’s City
Clinical Hospital No. 1 (Novosibirsk);

 Sannikova L.V., Chief Pediatric Endocrinology
Consultant of the Ministry of Health of the Novosi-
birsk region; Pediatric Endocrinologist, Regional
Clinical Hospital (Novosibirsk);

e Vlasenko N.Yu., Cand. Sci. (Med.), Associate
Professor, Department of Hospital Pediatrics with a
Course of Additional Professional Education, Omsk
State Medical University; Chief Pediatric Endocri-
nology Consultant of the Ministry of Health of the
Omsk region;

 Tailakova E.A., Chief Pediatric Endocrinology
Consultant of the Ministry of Health of the Altai ter-
ritory, Pediatric Endocrinologist at the Altai Regional
Clinical Center for Maternal and Child Health (Bar-
naul).

The central topic of discussion at the scientific
and practical conference was the timely detection
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« TatiymakoBa E.A., ry1aBHBIN BHEIITATHBIHA CIIEITH-
JIHNCT — JIETCKUH SHIOKPUHOJIOT MUH3IpaBa Asrtai-
CKOTO Kpasi, Bpad — J€TCKUH SHIOKPUHOJIOT AJTaii-
CKOTO KpAEeBOTO KJIWHUYECKOTO I[EHTPA OXPaHBI
MaTepuHCTBa U JieTcTBa (bapHayir).

B pamkax Hay4YHO-IIPAKTHYECKON KOH(DEPEHITUHN
IIEHTPAJIbHOU TEMOH JIJIs1 00CY:K/IeHUs OBLIIO CBOEB-
PEMEHHOE BBISABJIEHHE U MOHHUTODHUHT JOKJIUHUYE-
ckux craguii C/[1y metelt u mompoctkos [1—4]. Ilpen-
CTaBJIEHBI U OOCY?K/IEHBI C YU4aCTHEM TJIAaBHBIX BHEIII-
TaTHBIX CIEIUAJIFCTOB pPETHOHA IO JIETCKOU
SHJIOKPUHOJIOTHH CJIEJIYIOITNE TOKIAbI:

1. « BHeipeHne cTpaTerny paHHETO BHISBJIEHUS U
moHuTopuHTa C/I1 B IPaKTUKY SHOKPUHOJIOTa».

Joxyagunk: J1-p MeZ. Hayk, mpodeccop
T.E. TapaHynieHKo, IJITaBHBIM BHEIITATHBIN clielna-
JIUCT — JIETCKUI SHIOKpUHOJIOT MuH31paBa Poccuu
B CubupckoMm deaepaIbHOM OKpyTe, TIJIaBHBIH
BHEIIITATHBIN CIIEITUATUCT — JIETCKUHN SHOKPHUHOJIOT
Munsapasa KpacnosAapckoro kpas.

2. «JIoCTHKEeHHUsI HAyKu B 00JlaCTH H3yUeHHUs
C1: xIMHUYeCKHe aCneKThl CKDUHUHTa».

Hoxnamuuk: O.B. [MuiuneHko, PyKOBOJUTENH
T'opoACKOTo JIETCKOTO IeHTpa OOMEHHBIX U IHI0-
KPUHHBIX HapylIeHUN JEeTCKON TropofCKOU KJIWHH-
yeckoii 6opHUIBI N2 1 (HoBOCHOUPCK).

CI1 — xpoHuueckoe 3aboJsieBaHHE, B OCHOBE
rmaToreHe3a KOTOPOTO JiesKaT ayTOMMMYHHBIE ITPO-
Iecchl, HaIpaBJIEHHbIE HAa paspylleHue coOCTBEH-
HBIX (-KJIeTOK. PaHHsASA IUarHOCTUKA 3a00JieBaHUs
Ha IOKJIMHUYECKUX CTAUSIX MOKET IIPEIOTBPAaTUTh
Pa3BUTHE CEPbE3HBIX KPATKOCPOYHBIX U JIOJITOCPOY-
HBIX OCJIO’KHEHHIH Y TaIlueHTOB. AyTOMMMYHHBIH
MIPOTIECC MOKET HAUMHATHLCSA IMPU HATUYUU TE€HETH-
YEeCKOW IPepacoiOKEHHOCTH B COYETAHHHU CO
cTpeccoBbIMH (daKkTopaMu BHemrHed cpeabl. [Ipu
CJ/I1 ayropeakTtuBHble T-kiaeTku (CDg4+ u CD8+)
aKTUBUPYIOTCS, 3aTEM ITPOHUKAIOT B OCTPOBKH JIaH-
repraHca U aTaKylOT COOCTBeHHbIe [-KyieTku. bera-
KJIETKH TIOCTENIEHHO Pa3pymIaloTcsi, YTO TPUBOIUT K
JleUITUTY HHCYJTMHA U B TIOCIIETYIOIIEM — K JIUCTJIU-
kemuu U runepriaukemuu [5]. CJ{1 MoKeT pa3BUTHCS
B J1I000M BO3pacTe.

Hasimume ayToaHTHTEN K OCTPOBKOBBIM KJIETKAM
SIBJISIETCST KJIFOUEBBIM OMOMapKepPOM ayTOMMMYHHOM
araky Ha (-xiaerku. CKpUHUHT Ha ayTOAHTHUTEIA K
OCTPOBKOBBIM KJIETKAM IO3BOJISIET JUATHOCTHPOBATH
3abosieBaHUe HA PaHHUX cTaAAX. K JOKIMHIYeCKUM
CTaZIAsIM OTHOCST 1-10 CTQJINIO0, XapAKTEPUIYIOITYIOCS
ayTOMMMYHHBIM ITPOIIECCOM W HOPMOIJIMKEMUEH, U
2-10 CTaJINIO, HA KOTOPOU MOSABJIAIOTCA TUCTIIUKEMUS,
O/THAKO OTCYTCTBYIOT KJIMHUYECKUE TTPOSBIEHMUS.

AHaJIM3 KpOBU HAa ayTOAHTUTEJIA K OCTPOBKOBBIM
KJIETKaM IIOJI?KEJTY/IOYHOU JKeJIe3bl IT03BOJISIET yCTa-

and monitoring of preclinical stages of T1DM in chil-
dren and adolescents [1—4]. The following reports
were presented and discussed with the participation
of the region’s Chief Pediatric Endocrinology Con-
sultants:

1. Implementation of the strategy for early detec-
tion and monitoring of T1DM in the practice of an
endocrinologist.

Speaker: T.E. Taranushenko, Dr. Sci. (Med.),
Professor, Chief Pediatric Endocrinology Consul-
tant of the Ministry of Health of the Russian Fed-
eration in the SFD, Chief Pediatric Endocrinology
Consultant of the Ministry of Health of the Kras-
noyarsk region.

2. Scientific achievements in the field of T1iDM
research: clinical aspects of screening.

Speaker: O.V. Pilipenko, Head, City Children’s
Center for Metabolic and Endocrine Disorders of the
Children’s City Clinical Hospital No. 1 (Novosibirsk).

T1DM is a chronic disease whose pathogenesis is
based on autoimmune processes associated with
beta-cell destruction. Early diagnosis of the disease
during the preclinical stages can prevent the devel-
opment of serious short- and long-term complica-
tions in patients. The autoimmune process can occur
when there is a genetic predisposition combined
with environmental stress factors. In T1DM, T cells
(CD4+ and CD8+) are activated, then penetrate the
islets of Langerhans and attack the body’s own beta-
cells. Beta-cells are gradually destroyed, which leads
to insulin deficiency and subsequently to dysglyce-
mia and hyperglycemia [5]. TIDM can develop at
any age.

The presence of islet autoantibodies is a key bio-
marker of autoimmune attack on beta-cells. Screen-
ing for islet autoantibodies allows for early diagnosis
of the disease. The preclinical stages include stage 1
(autoimmuty and normoglycemia) and stage 2 (dys-
glycemia but without clinical manifestations).

Blood testing for islet cell autoantibodies can
determine the likelihood of developing and progres-
sion of T1DM. In approximately 95% of children and
adolescents with TiDM, the first islet antibodies
appear by the age of 5 [6]. It is important to screen
for autoantibodies in childhood in order to try to
detect the disease in its preclinical stages. T1IDM
develops several months or years before symptom
presentation and progresses to during stage 3. The
probability of developing manifest diabetes is 44%
after 5 years, 70% after 10 years, and 100% over a
lifetime in individuals with multiple positive autoan-
tibodies. During the preclinical stage, individuals
with the presence of two or more islet autoantibodies
have a significantly increased likelihood of develop-
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HOBUTH BEPOSTHOCTh PA3BUTHA U IPOTPECCUPOBa-
Husa C/I1. [IpumepHO y 95 % /eTell U MMOAPOCTKOB C
CJ/I1 nepBbie OCTPOBKOBBIE AHTUTEJA TOSBJISIOTCS K
Bo3pacty 5 JieT [6]. CKpUHUHT Ha ayToaHTUTEsA
Ba)KHO IPOBOJIUTH €IIlE B JIETCKOM BO3PACTe, YTOOBI
[IOCTAPAaThCS BBISBUTDH 3a00JI€BaHNE HA TOKJIMHUYE-
ckux ctaauax. CII1 HaunHaeTcs 3a HECKOJIbKO MeCs-
[IEB WJIH JIET JIO MOSIBJIEHUs CUMIITOMOB U IIPOTPeC-
cUpyeT B 3-U crajuu. BepoATHOCTh Pa3BUTHS KJIH-
HHUYECKOTO Juabera COCTaBJsIeT 44 % depes 5 JIET,
70 % 4depes 10 JIET U 100 % B TeUEHUE KU3HU Y JIUII C
MHO>KECTBEHHBIMH I10JI0KUTEIbHBIMI aHTUTEIaMHU.
Ha moxymmHnYecKkod CTaiud y JIUIL C HATUYHEM JIBYX
u 60J1€ee IMOJIOKUTETHHBIX AyTOAHTUTEI BEPOSITHOCTH
pasButusa C/I1 3HAYNUTEIHLHO BO3PACTAET B TeUEHUE
MepBhIX 5 JieT. [TouTH y 100 % marnueHToB Py HaJIH-
ynu 2 u 6osee ayroantures C/[1 mporpeccupyer 10
KJIMHUYECKOH 3-U cTafuy B TeueHue ku3Hu. Hamu-
ype JIByX U 0OoJiee TUIIOB ayTOAHTUTEJ CBUIETEIb-
ctByer 0o Hanuunu CJ[1 Ha paHHEW CTajUH, a HE O
pucke pazsurtus C/1 [7].

Hanuune guaberudyeckoro keroarumosa (JIKA)
Ha MOMEHT IIOCTaHOBKH JIMarHO3a CBSA3aHO C HeY-
JTOBJIETBOPUTEJIbHBIM TJIMKEMUUECKUM KOHTPOJIEM
B JIOJITOCPOYHOM IIepCIEKTHBE W JpaMaTHYHBIM
cumkenueMm C-tentuza npu JIKA B nmebrorte, 9To
VBEJIMUMBAET PUCKU XPOHUUECKUX U OCTPHIX OCIOK-
Henn# C/[1, CONMPSIKEHHBIX C TSIKEJIBIMU ITOCIIEN-
CTBUSAMH JUUIS 37T0POBbs mmarueHTa. CorylacHO Hayd-
HBIM JIAaHHBIM Y JIETeH, KOTOPBIE MPOIILINA CKPUHUHT
Ha CH1, ugacrora pazsutusa KA cHumxkaercsa Ha
90 %. OrcyrcrBue JIKA B nebrore 3-t craguum C/1
VJIyYIIaeT JOJITOCPOYHBIN IIPOTHO3: TVIMKUPOBAH-
HbI Temoryiobun (HbAic) B meb6iore CI1 cyme-
CTBEHHO HIDKE Y JIeTed, IPOIIEIINX CKPUHHHT
(7,2 %), Mo cpaBHEHUIO C AeTbMH, Y KOTOPhIX C/1
nebloTupoBas 0e3 CKpUHUHTA W MOHUTOPHWHTA
(10,9 %) [8—10].

Puck paszsutua CII1 B 15 pa3 HOBBIIIAETCA IPU
Hasmuuuu pojactBeHHUKa ¢ C/I1 (10 cpaBHEHUIO €
00IIed TMOIyJIANueNd), MO3TOMY IeJIecOOOpa3HO B
MIEPBYIO OUepeh MPOBOIUTh CKDUHUHT Ha aHTUTEIA
V POJICTBEHHHKOB IIEPBOU CTEIIeHHU POZICTBa [11, 12].

CKpUHUHT Ha TIOKJIUHIUYECKHE (1-51 U 2-5) CTa/IHU
CI1 ny1s1 fnereit, UMEOIIUX POJICTBEHHUKOB MEPBOM
creneHu poxactsa ¢ ClI1, mo3BosgeT: JUATHOCTUPO-
Bath C/I1 10 MaHudecranuu, o0eCceYnuTh JUHAMU-
Yyeckoe KJIMHUKO-1abopaTopHOe HaOJoieHne 3a
pebGeHKOM, IMOJIyYUTh BpeMs 11 00yUeHUsI U TICUXO0-
JIOTUYECKOH ajjantanuu pebeHKa W €ro CeMbU K
o6pa3zy »ku3uu ¢ C/I1, opueHTHPOBAThH POJIUTENIEN HA
co0JTIOZIeHIIe IPUHITUIIOB 37J0POBOTO 00pa3a JKU3HH,
IUIAHUPOBATH METOIbI 3aM€JIJIEHUsI IIPOrPECCUPOBa-
HUS aQyTOUMMYHHOTO WHCYIUTA [13, 14].

ing T1DM within the first 5 years. In almost 100% of
patients with two or more islet autoantibodies, T1IDM
progresses to clinical stage 3 during their lifetime.
The presence of two or more types of autoantibodies
indicates the presence of TiDM at an early stage,
rather than the risk of developing T1DM [7].

Diabetic ketoacidosis (DKA) at the time of diag-
nosis is associated with poor glycemic control in the
long-term period and a dramatic decrease in C-pep-
tide in DKA at the onset, which increases the risks of
chronic and acute complications of T1IDM associated
with the severe consequences for the patient’s health.
According to scientific data, the incidence of DKA
decreases by 90% in children who had screening for
T1DM. The absence of DKA at the onset of stage 3 of
T1DM improves the long-term prognosis: glycated
hemoglobin (HbA1c) at the onset of T1DM is signifi-
cantly lower in children who had screening (7,2%),
compared with children that had the TiDM onset
without screening and monitoring (10,9%) [8—10].

The risk of developing T1iDM increases 15-fold in
the presence of a relative with T1DM (compared with
the general population), therefore, it is advisable
firstly to carry out screening for autoantibodies in
first-degree relatives [11, 12].

Screening for preclinical (1%t and 2"?) stages of
T1DM in children with first-degree T1iDM relatives
allows to diagnose T1DM before symptom manifes-
tation, provide dynamic clinical and laboratory
monitoring for the child, obtain a time for educa-
tion and psychological adaptation of the child and
his family to a lifestyle with T1iDM, focus the par-
ents on adhering to the principles of health lifestyle,
to plan ways to delay the progression of autoim-
mune insulitis [13, 14].

Studies show that the development of severe
chronic complications in children is a consequence
of the clinical progression of T1DM [8, 15]. Diabetes
puts a heavy burden on public health systems and
families [16, 17]. The quality of life of a family with
the T1DM child is significantly reduced, and treat-
ment costs are increasing. Timely diagnosis and
monitoring of preclinical stages of T1DM in children
and adolescents were the central topics for discus-
sion during the Expert Board of Pediatric Endocri-
nologists of the SFD within the framework of the
conference.

During the discussion, the experts noted the fol-
lowing:

1. High rates of an increase in the incidence and
prevalence of autoimmune T1iDM in children in the
Russian Federation are keeping. The annual increase
in new cases over the past 10 years is 6,3%. The num-
ber of children with T1DM has increased 4-fold over
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UccenoBanus TOKAa3bIBAIOT, UTO Ppa3BUTHE
TSI?KEJIBIX XPOHUYECKUX OCJIOKHEHUH Y JleTer sIBJIS-
€TCs CJIEZICTBUEM KJIMHUYecKoi nporpeccun C/I1 [8,
15]. /Iuabetr co3/aeT cepbe3HyI0 HATpPy3Ky Ha Tocy-
JlapCTBEHHBIE CHCTEMbBI 3/IDABOOXPAHEHUSA U CEMbHU
[16, 17]. KauecTBO 3ku3HU ceMbU ¢ peOEHKOM, 60JIb-
HeIM C/I1, 3HAaUNTEbHO CHUIKAETCA, a 3aTpaThl Ha
JledeHre yBeJInIuBaroTcsA. CBOEBpeMEeHHOE BhIsIBJIE-
HHE U MOHUTOPHUHI JOKJIUHUYecKux craguil C/1 y
JIeTeHd U MOJPOCTKOB OBLIN IEHTPAIbHBIMU TEMaMHU
JUTsT OOCY>KJIEHUsI B XOJle DKCIEPTHOTO COBETA JIET-
cKuX 3H/10KpuHOsI0r0oB CPO, npoliesniero B paMkax
KOH(pepeHIUH.

B xoze mHCKyccuU 3KCIIepTaMU OTMEUYEHO Ce-
JlytoIee:

1. CoxpaHSIOTCS BBICOKHE TEMIIBI pocTa 3aboJie-
BAaEMOCTH H PACIIPOCTPAHEHHOCTH ayTOMMMYHHOTO
C/1y nereii B Poccuiickoit ®epepariun. ExxeroiHpIi
TIPUPOCT HOBBIX CJIyYaeB 3a IIOCIEHNE 10 JIET
cocrasJisieT 6,3 %. Yucso gereii ¢ C/1 3a mmocjiegHme
30 JIeT YBEJIMYUIIOCH B 4 pa3a. Habsromaercs yeTkast
TEeHJIEHIU K 00JIee paHHEMY KITHHUYECKOMY Z1e0I0TY
C/I1[18].

2. OgauM u3 Haubosiee 3(PPHEKTUBHBIX CITOCOOOB
BBISABJIEHUS HOKINHMYecKuX craguii C/I1 sBsercs
aHaJIU3 Ha OpraHocnenuduyecKre ayTOAHTUTE A U3
pob BEHO3HOM KPOBU: aHTUTEJIA K IJIyTaMaTAeKap-
ookcunaze (GADA), tuposundochaTtaze (IA-2),
uHcyuHy (IAA), octpoBkoBbIM KieTkam (ICA),
TpaHcmoprepy nuuka 8 (ZnT8) [19].

3. CKpUHUHT JieTel, UMEIOIMNX POJACTBEHHUKOB
1-# crenenu pojcTsa ¢ C/[1, Ha ayToaHTHTEJIA TO3BO-
JIUT BBIABIATH pazputue C/1 Ha 1-H u 2-# cTagusax
3abo0JieBaHUs, /10 €r0 KJIMHUYECKON MaHU(eCTaIliH.
ATO, B CBOIO OUEPE/Tb, B COBOKYITHOCTH ¢ MOHUTOPHUH-
roMm U oOy4eHHEM IO3BOJIUT M30eKaTh Pa3BUTHUSI
KeT03a 1 KeToanu03a BO BpeMs MaHuGeCTaIu.

4. CKpMHUHT W MOHUTOPHUHI IIal[MEHTOB Ha
JokauHudeckux cragusax C1 gacT BO3MOKHOCTH
00JIETYUTh TEPexXo/i K KINHUYECKOU 3-U CTajiuH,
YBETUUUTD 3(PPEKTUBHOCTh UCIOJIH30BAHUS TEXHO-
JIOTHH JIJIsI yIIpaBJIeHUs 3a007I€BaHUEM.

ITopzep:xuBas pe30II0IUI0 IKCIIEPTHOTO COBETA,
cocTosiBIIETOCS 17 JeKabpsa 2024 1. B MockBe, B
HaruroHaabHOM MEIUIINHCKOI MajiaTe, B X0€e KOTO-
POTro BeAyIIHe CIEINATUCThI B 00JIACTH SHIOKPHUHO-
JIOTUH, OpTaHU3alMU 3/IpDABOOXPAHEHMUA, IIPEACTa-
BUTeNN JIAaOOPATOPHOH CJIy:KObI U DKCIEPTHI 10
OIleHKe MEJUIIMHCKUX TEXHOJIOTHU OOCyAuIu |
BBIpAOOTAIM pPEKOMEHJAIUH JIJII OpraHU3aI[UuH
JlocTyna K paHHed auarHoctuke u JyedeHuro CJ1,
KOTOPBIE OTPAXKAIOT KOHCOJUAUPOBAHHYIO ITO3UITHAIO0
SKCIEPTHOTO COODIIECTBA U COJIEPKAT KOHKPETHBIE
PEKOMEHIaK JJIs OPTaHOB 37[PaBOOXPAHEHUS,

the past 30 years. There is a clear trend towards an
earlier clinical onset of T1IDM [18].

2. One of the most effective ways to detect pre-
clinical stages of T1DM is to analyze for organ-spe-
cific autoantibodies from venous blood samples:
antibodies to glutamate decarboxylase (GADA),
tyrosine phosphatase (IA-2), insulin (IAA), islet cells
(ICA), zinc transporter 8 (ZnT8) [19].

3. Screening of children having T1iDM first-degree
relatives for islet autoantibodies will allow diagnose
them with T1DM at stage 1 and 2 before its clinical
manifestation. This, in turn, combined with moni-
toring and teaching patients will help to avoid the
development of ketosis and ketoacidosis during
manifestation.

4. Screening and monitoring of patients at pre-
clinical stages of T1IDM will make it possible to facili-
tate the transition to clinical stage 3 and increase the
effectiveness of using technologies to manage the
disease.

Supporting the Resolution of the Expert Board,
that held on December 17, 2024 in Moscow, at the
National Medical Chamber, during which leading
experts in the field of endocrinology, healthcare
management, laboratory diagnostics and experts on
the evaluation of medical technologies discussed and
developed recommendations for early diagnosis and
treatment of T1iDM, which reflect the consolidated
position of the expert community and contain spe-
cific recommendations for healthcare authorities,
clinical experts and healthcare managers aimed at
improving the system of early diagnosis of T1IDM in
children [16], the SFD Pediatric Endocrinologist
Expert Board has adopted this Resolution for the
regions of the SFD.

Based on the results of the reports and their dis-
cussion, it was decided to recommend the Chief Con-
sultants — Pediatric Endocrinologists in the SFD
regions:

1. To inform the regional ministries of health
about the project of early diagnosis of T1IDM among
the child population (its purpose is to complete the
tasks of the Federal Project “Diabetes mellitus con-
trol”), which involves:

(a) early diagnosis and treatment of DM in order
to prevent its complications, including those leading
to disability;

(b) carrying out preventive measures, including
among at-risk patients;

(c) implementation of new modern methods of
DM treatment.

2. To coordinate with the regional ministries of
health, chief laboratory diagnostics specialists of the
location of facility testing for T1DM specific autoan-
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KJIMHUYECKUX BKCIEPTOB W OPraHU3aTOPOB MeE/IH-
[IIMHCKOU IIOMOIIY, HAIpaBJIEHHbIE Ha COBEPIIIEH-
CTBOBaHUE CcUCTeEMBl paHHed auarHoctuku CJ1 y
Jlerel [16], DKCIIEPTHBIN COBET JETCKUX SHIOKPHUHO-
aoroB COO mpuHsa Hacrosilylo Pezostonuio s
peruonos COO.

ITo pesyspTaTaM 3aciIyIIaHHBIX JOKJIAZA0B U UX
0oOCY>KJIeHUsI TIPUHATO peIIeHrue PpPEKOMEH/I0BAaTh
[JIABHBIM BHEIITATHBIM CIELUAJIHCTAM — JETCKHM
9HJIOKpPUHOJIOTaM B pernoHax CPO:

1. HbOpMUpOBaTh PETHOHAIIBHBIE MUHHCTED-
CTBa 37IPAaBOOXPAHEHUs O MPOEKTe paHHEW JUATHO-
ctuku CJI1 cpenu neTckoro HacejeHUs (ero Iep —
BBITIOJTHEHHUE 33/1a4 (peiepayibHOTO ITpoekTa « boppoa
C cCaxapHBIM TUA0ETOM » ), TIPEZIIOJIATAIOIIEM

a) panHee BbIsiBieHUe U JieueHue CJ] B 1essx
MIPEJTyTIPEKIEHUS] €r0 OCJIOKHEHUH, B TOM YHCIIE
MPUBOZAIINUX K MHBAJIUTHOCTH;

6) mpoBezieHre MPOMWIAKTUYECKUX MEpPOIPUs-
THH, B TOM YHCJIE CPE/IU AIIUEHTOB U3 IPYIIIT PUCKA;

B) BHEJpEHUE HOBBIX, COBDEMEHHBIX METOOB
neuenusa C/I.

2. CorylacoBath C pPErHOHAJIBHBIMH MUHHUCTED-
CTBAaMHU 3/IPAaBOOXPAHEHUs], TJIABHBIMH BHEIITAT-
HBIMHU CIEIHAINCTaMHU 10 JIAOOPaTOPHOHN JAHUATHO-
CTUKE MeCTa IPOBEEHUS HCCIIEIOBAHUN HA BBISAB-
JeHue Hamuud crnenuduueckux A C1
ayTOAHTUTEN: K JeKapOOKcuiaaze TJIyTaMUHOBOH
kuciotsl (GADA), TuposundocdaTase (IA-2), uHCy-
suny (IAA), octpoBkoBbIM KiteTkaMm (ICA).

3. ChopmupoBaTh U COTrJIacOBaTh C PETHOHAIIb-
HBIMU MHHHCTEPCTBAMU 37[PaBOOXPAHEHUSI, aj[MH-
HHUCTPATOpaMU MEIHUITMHCKUX OPTaHU3AIUN CXeMYy
MapIIpyTU3aIUH MTAIUEHTOB B BO3pacTe /10 18 jeT ¢
[IeJIBIO pAaHHEH TUarHOCTUKHU caxapHoro C/I1.

4. BHeIpUTH B ETCKOU 9HAOKPUHOJIOTUYECKOHN
cyk0e pernoHa aHKeTUPOBaHUE JIUI] C OTSTOIIEH-
HOU HacyeacTBeHHOCThbio mo C/I1 (cubcel u meTu
narnueHToB ¢ C/I1) ¢ 1esIbI0 IPOBeIeHUs JaTbHeH-
mero J1abopaTOpPHO-AUATHOCTUYECKOTO o0Ocite-
JIOBAHMUS.

5. CornacoBaTh € pErHOHAJIBHBIM MHHUCTED-
CTBOM 3/IpAaBOOXpPAHEHUs] M BHEIPUTH HA TEPPUTO-
puu PerucTp manueHToB ¢ IOKTUHUYECKUMU CTaIU-
simu CJ11. Takke BKIIOYUTD B PerucTp Bcex o6csieso-
BaHHBIX JIWI, B TOM 4YHCJIE C OTPHUIIATEIbHBIMH
pesyJibTaTaMH Ha ayTOAHTHUTEIA.

6. BHecTu B rpaduku 06ydeHUs U TIPOBECTH JJIs
CIIETIUAINCTOB  JIETCKOW  SHOKPUHOJIOTUYECKON
CIy?KOBbI 0O0pa3oBaTesIbHbIE MEPOIIPUSITHS 10 MOHH-
TOPHUHTY JIETEH COTJIACHO TaHHBIM MEXKIYHAPOIHOTO
KOHCEHCyca M0 MOHUTOPUHTY JIUI] C TOJIOKUTEThb-
HBIM CTaTyCOM ayTOAQHTUTEJ K OCTPOBKOBBIM KJIET-
KaM Ha JokjauHuueckux cragusx CI1.

tibodies: glutamic acid decarboxylase autoantibodies
(GADA), tyrosine phosphatase autoantibodies
(TIA-2), insulin autoantibodies (IAA), islet cell auto-
antibodies (ICA).

3. To develop and coordinate with regional minis-
tries of health and medical administrations a routing
scheme for patients under the age of 18 for the pur-
pose of early diagnosis of TIDM.

4. To implement in the pediatric endocrinological
service of the region a questionnaire for people with
positive family history of T1DM (siblings and chil-
dren of patients with T1DM) in order to conduct fur-
ther laboratory/diagnostic screening.

5. To coordinate with the regional Ministry of
Health and introduce a Registry of patients with pre-
clinical stages of T1DM in the region. Also, include in
the Register all examined individuals, including
those autoantibody negativite.

6. To schedule in educational programmes and to
conduct for specialists of the pediatric endocrinolog-
ical service educational measures on children moni-
toring according to the International Consensus on
monitoring the positive islet autoantibody individu-
als at preclinical stages of T1IDM.

7. One of the priorities should be discussing and
coordinating with the heads of medical facilities the
appeals to the territorial tariff scale commissions in
order to allocate diagnostic resources within the
framework of 24-hour (KSG st36.004), day (KSG
ds36.002) hospitals, or in order to develop an outpa-
tient diagnostic tariff in accordance with the results
of the implemented questionnaire and Registry.

The text of the Resolution has been sent for review
to the Ministry of Health of the Russian Federation,
the Federal Compulsory Medical Insurance Fund,
the heads of the subjects of the Siberian Federal Dis-
trict, the legislative bodies of the subjects of the SFD,
the heads of executive authorities in the field of
healthcare of the SFD, and the territorial compulsory
medical insurance funds.
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0oOCyK/IeHUsA U COIJIACOBAaHUA C PYKOBOAUTELAMU
MEJUITUHCKHUX OPTaHU3aIui 0OpaIeHi B TepPUTO-
puaibHbIE TApU(HbIE KOMUCCUU C IEJTBIO BBIJIETIEHI
JTNaTHOCTHUECKUX 00bEMOB B PAMKaX KPYIJIOCYyTOY-
ubIxX (KCT st36.004), naeBnbix (KCI' ds36.002) cra-
[IMOHAPOB WJIU C IIEJIbI0 Pa3paboTKu aMOyIaTOPHOTO
JINATHOCTHYECKOTO Tapr(da B COOTBETCTBUH C PE3YJIb-
TaTaMU BHEIPEHHOTO aHKETUPOBAHUS U PETUCTPA.
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Teker Pesosonyu HampaBjeH AJ1 O3HAKOMJIe-

HUSA B MHUHHCTEDCTBO 3/ApaBOoOXpaHeHHsa Poccuii-
cxout ®eneparun, GenepanbHbiii GOHJT 00sS3aTENTH-
HOTO MEIHUITMHCKOTO CTPAXOBaHWSA, IJIaBaM CyObeK-
ToB CPO, B 3aKOHOJIaTeIbHbIE OPTaHbI CyOHEKTOB
C®O, pyKOBOAUTESSM OPTaHOB HCIIOJTHUTETbHOUN
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TPEBOBAHUNA K ITPEJOCTABJIEHNIO MATEPUAJIOB
JJIA ITYBJINKAIIMN B JOURNAL OF SIBERTAN MEDICAL SCIENCES

B Journal of Siberian Medical Sciences (maiee —
JSMS) ny6IuKyI0TCs HaydHble 0630pbI U CTaThH IO
MEJIUITMHCKUM HayKaM, ITOATOTOBJIEHHBIE TI0 MaTe-
puajiaM OpUTHMHAJIBHBIX HAyYHBIX HCCJIEJOBAHHUU.
JSMS BBIXOIUT 4 pasa B rof,.

TpeboBanus, TpeabABIsIEMbIE K MIyOJTUKAIHAM
B JSMS, chopmysimpoBaHbl ¢ yueToM TpeboBaHUM,
MIPEbABIISIEMbIX K PElleH3UPYEMbIM HAyUYHBIM H3-
JIaHWUSAM, B KOTOPBIX JIOJI?KHBI OBITH OMYOJIMKOBa-
HBI OCHOBHBbIE HAayYHbIE Pe3yJIbTAThl JUCCEPTAIIUI
Ha COWICKAaHWE YUYEHOU CTENEeHH KaHJuaaTa U JOK-
TOpa HayK.

CraTby, OTIIpAaBJIEHHbIE aBTOPAMU B JIPyTHE W3-
JlaHUs W/WJIA HalleyaTaHHbIe pPaHee B HUX, K OIy0-
JINKOBAaHUIO HE MTPUHUMAIOTCS.

I[Ipy onucaHUM HAYYHO-UCCIIENOBATEIHCKUX
KJIMHUYECKUX paboT ¢ MIpHUBJIEeYEHUEM dYeJIOBeKa
B KauecTBe OOBbEKTa MCCJIEZIOBAHUS aBTOPBI JOJIK-
HBI YKa3aTh, COOTBETCTBOBAJIA JIU OHH MeEXKIyHa-
POAHBIM M POCCUHCKUM 3aKOHOJATEJIbHBIM aKTaM
0 IOPUINYECKUX U DTUUECKUX MPUHITUIIAX METUKO-
OUMOJIOTHUECKUX UCCIIeIOBaHUH Takoro poja. He mo-
IYCKAETCS HUCIOJIb30BaHUE (PaMUJINNA, WHUIAATIOB
OOJIBHBIX W HOMEPOB mcTopuil Oose3nu. IIpu omu-
CaHUM HKCIIEPUMEHTOB Ha 3KHUBOTHBIX HEOOXOIHMO
yKazaTh, COOTBETCTBOBAJIO JIU COJEPXKAHUE U HC-
ITOJIb30BaHUE JIAOOPATOPHBIX }KUBOTHBIX ITPABHUJIAM,
MPUHSATHIM B YUPEKJIEHUH, PEKOMEHTAlNAM HaIlu-
OHAJIBHOT'O COBETA II0 HCCJIEIOBAHUSIIM, HAI[HOHAJIb-
HBIM 3aKOHAM.

ABTOpCKHE IMpaBa coOJIIOIAIOTCS B COOTBETCTBUU
¢ I'paxkganckum kogekcoMm Poccutickou ®enepariuu
(4. 4) ¥ APYTUMH JAEUCTBYIONUMU HOPMATHUBHBIMU
JIOKyMeHTaMH1. ABTOPBI HECYT IIOJIHYIO OTBETCTBEH-
HOCTb 32 COJIEp>KaHUE CTaTen.

B penmaknuio JSMS aBTOpBI IOJKHBI TIPEAOCTA-
BUTb:

1) 2/1eKMPOHHYIO 8epcul0d CMambvll, MOATOTOB-
JIEHHYIO B COOTBETCTBUH C TPEOOBAHUAMHU K 0(pOPM-
JIEHUIO CTaTeH, U3JI0’KEHHBIMU HUXKE;

2) opu2uHa/n cmamsu B IEYaTHOM BHU/JIE C yKa3a-
HUEM TOPOJia, IaThl, GaMUIUU C TIOJIIHUCHIO KaKI0TO
aBTopa (Ha ImocJIe/IHeH CTpaHuIEe), Bu3ou «B meyaTp»
U TOANHUCHI0 (Ha TIEPBOM CTPAHHUIE) 3aBEAYIOIIETO
kadeapoi NI UHOTO IOJIXKHOCTHOTO JIUIA OPTaHU-
3aruy, Ha 6a3e KOTOPOH BBITIOJTHEHO HCCIIEZIOBAHUE.
ABTOPBI IIPEIOCTABISIIOT CTAThU B PEIAKITAIO JIUTHO
HJIH 110 TIOUTE;

3) coenacue Ha TyOJMKaNUo cratbu B JSMS
u 06paboTKy TepCOHAJIbHBIX JTaHHBIX aBTOPOB (3a-
MOJTHSIETCS KaK/IbIM aBTOpoM) (cM. Ha carite HTMY:
https://jsms.ngmu.ru/zayavlenie_ jsms.doc);

4) nns corpyauukos ®I'BOY BO HI'MY Mus-
3npaBa Poccuu (manee — HI'MY) — axcnepmHoe
3axaoveHue OTAesa KOOpPAWUHAINHU deaepabHbIX
IPOrpaMM, KOHKYPCHBIX MPOEKTOB U MHHOBAIIOH-
HOTO Pa3BUTHUSA yIPaBJIEHHs II0 HayKe, HHHOBAI[U-
sam u uapopmatusanuua HI'MY (cm. www.ngmu.ru);
JUIsT CTODOHHUX aBTOPOB — HanpasaeHue Ha onyo-
Auxosaxue Ha (GpupMeHHOM OJIaHKE OpraHH3AIlUH,
Ha 6a3e KOTOPOH BBITIOJTHEHO OPUTHHAJIPHOE HAyd-
HOE HCCJIEIOBAHNE, 3a IOJIUCHI0 OTBETCTBEHHOI'O
JIOJIZKHOCTHOTO JINIIA.

IIPABUJIA O®OPMJIEHH A PYKOITUCEN

1. TekcT cTaTbu HAOUPAETCS B TEKCTOBOM peZlaK-
Tope Microsoft Word, Open Office u ap., Bce mosns
2 cMm, mpudt Times New Roman, kerip 12, Mex-
CTPOYHBIN HHTEPBAJI 1,5. TekeT cTaThbul HEOOXOAMMO
HampaBuTh B pefaknuio JSMS B BUJie OTAEIBHOTO
daiina ¢ ykazanunem ®110 nepBoro aBropa — MBa-
uoB U.U. tekct.doc. JlomyckaeTcst oTmpaBka daii-
Ji0B B popmartax doc, docx.

2. ®MIO aBTOpOB HAbWpaeTCs CTPOUYHBIMH OYK-
BaMHU KypCHBOM Ha DPYCCKOM f3blKe. VHUIMabI
noMemaTes nepex damuaneir apropa. [lopanok,
B KOTOpPOM Oy/IyT YKa3aHbI aBTOPBI, OIIPEIEIETCS
UX COBMECTHBIM pellleHUeM.

3. Topoxn u HazBaHume MecT pabOTHI aBTOPOB
oopMIISIOTCA CTPOYHBIMU OyKBaMH KypPCHBOM
Ha pyCCKOM f3bIKe.

4. CraTbs [IOJDKHA COZEp:KaTh AaHHOTAIIHIO
Ha PYCCKOM f3bIKE. B aHHOTAIUM MIOJKHBI OBITH
U3JI0KEHBI 11eJIU UCCJIe/IOBaHUs, OCHOBHBIE IIpOIle-
JIlypbl, pe3yJIbTaThl OPUTUHAJIBHBIX HCCIEAOBAHUN
¥ BBIBOJBL. [1oJ1 aHHOTAIIMEN TTOMeIaeTcs MoI3aro-
J0BOK «KitoueBbie c10Ba», IOcjae HEro 10 10 K-
YeBBIX CJIOB WJIM KOPOTKHUX (pas, KOTOpble OyayT
CITIOCOOCTBOBATh TPABUJIBHOMY WHEKCHPOBAHUIO
CTaThU B IIOMCKOBBIX CHCTeMaxX U cHUCTeMaX IUTH-
poBaHMsA. AHHOTAIUI0O HEOOXOIUMO HAIPaBUTh
B pezaknuo JSMS BMecTe ¢ TEKCTOM CTaThU B BUJIE
otnenbHOTO daiyia ¢ ykazanuem ®1O mepsoro aB-
topa — Banos W.1. annoranus.doc. Takke mpezo-
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CTaBJIAIOTCA CBEJIEHUS O KaXK0M U3 aBTOPOB: haMu-
JINA, UM, OTYECTBO (IIOJTHOCTBHIO HA PYCCKOM SI3BIKE
U B TPAHCJIUTEPAIINH), YUeHbIe 3BAHUSA U YUeHasI CTe-
TIeHb, IOJKHOCTh, MeCTO paboThl, pabounii TeaedoH
U azapec deKTpoHHOU mouThl (e-mail). CBemeHust
HEeOOXOAUMBI /i1 06paboTKH ImyOsnKanui B 6asze
JIAHHBIX POCCUIICKOTO MH/IEKCA HAYYHOTO IIUTUPOBA-
HUSA U JPYTUX CHCTEMAaX IUTHPOBAHUA. AHHOTAIUS,
KJIIOUeBBbIe CJI0Ba, MH(popMarus o6 aBTopax U Ha-
3BaHNE YUPEKIEHUN TOJDKHBI OBITh TaKiKe IMpero-
CTaBJIEHBI HA AHIJINACKOM SI3BIKE.

5. TabauIpl TOMENAIOTCA B TEKCT cTaThu. Tabu-
IIbI IOJKHBI OBITH TPOHYMEPOBAHBI IIOCIIETOBATETHHO
B COOTBETCTBUU C IIOPSAKOM, B KOTOPOM OHH YIIOMH-
HAIOTCsA B TeKcTe (Harmpumep, Tabir. 1, Tabit. 2 U T. 11.).

6. PucyHKU BCTaBJIAIOTCA B TEKCT CTATBhU, a TaK-
JKe TIPeJIOCTABJIAIOTCS B BHJIE OT/AETbHBIX IIPOHYMe-
poBaHHBIX ¢ailoB ¢opmara .jpg wiu .gif ¢ paspe-
meHueM He MeHee 300 dpi. PucyHKU mOJKHBI OBITH
KOHTPACTHBIMU U YETKUMHU, OYKBBI, HUGPBI U CUM-
BOJIBI HA HUX JIOJI?KHBI OBITh PA3JIMUUMBI. PHUCYHKa-
MU CYUTAIOTCA I'padUKU, peHTreHorpaMMbl, (HOTo-
rpaduu win J1o0ble Ipyrue rpadpudeckre 0ObeKTHI.
dotorpadun sioziell He JOJKHBI ObITh Y3HABAEMBbI-
MH, JINOO K HUM JIOJI?KHO OBITh IPUJIOKEHO ITHCH-
MEeHHOe paspellleHre Ha UX IIyOauKauo. PUucyHkn
JIOJKHBI OBITh MPOHYMEPOBAHbI IMOCJIEIOBATETHHO
B COOTBETCTBUU C MOPSAIKOM, B KOTOPOM OHHU BIIED-
BbI€ YIIOMHUHAIOTCSI B TEKCTE — PHC. 1, PUC. 2 U T. [I.
IMoamucu pa3MenialTcs B TEKCTE IOJT PUCYHKAMHU.
B nmoamucax k mukpodororpadusaM ykasblBaeTcA
CTEIeHb YBeJTMUEHU U CII0COO OKPACKHU.

7. B TexcTe CTaThbU UCIOIB3YIOTCS CJIEYIOIINE
3arOJIOBKU: BBeJIEHUE, IIeJIb UCCJIe/IOBAHN S, MATEPHU-
aJIpl U METO/BI, PE3YJIBTATHI U 00CYK/IeHUe, 3aKJTI0-
YeHUe, CITUCOK JIUTEPATYPBL.

8. Hcnonb3yoTes TOJIBKO CTaHZAPTHBIE OOIIIe-
MIPUHSATHIE COKpaleHus (abopeBuatypsl). He mpume-
HSIOTCs COKpAIleHUs B Ha3BaHUM CTaThbU. [OTHBIH
TEPMUH, BMECTO KOTOPOTO BBOJIUTCS COKpAIIEHUE,
JIOJIZKEH TIPeJIIIECTBOBATH IEPBOMY HCIIOJIb30BAHUIO
3TOTO COKPAIIEHUS B TEKCTE.

9. O06s13aTeIPHO HAJIMYUE CITHCKA JIUTEPATYPHI.
Bubnnorpaduyueckue CChIKM B TEKCTE CTATbU Ja-
I0TCsA apabckuMu 1udpaMu B KBaJpaTHBIX CKOO-
KaX, B IIOJIHOM COOTBETCTBHU C HyMepalleul CIIu-
cka suTeparyphl. CCHIIIKUA B TEKCTE CTAThU JIOJIKHBI
JlaBaThCsl TIOCJIEZIOBATENILHO 10 BO3pacTaHuio: [1]...
[2]...[3]... 1 T.n. Pa3BepHyTOE OmMMCaHUE UCTOYHUKA
B CIIMCKe JINTeparypsl npenocrtasisaioTes no 'OCT
7.0.5-2008. CIIUCOK JInTepaTy bl I0JI2KEH COZlepKaTh
myOJIMKAIIIY 32 TIOCJIeTHIE 5 JIeT. B crimicke sutepa-
TYypBl Bce MH(POPMANNOHHBIE UCTOUHUKH II€PEYC-
JISTIOTCS B TIOPS/IKE UX ITUTUPOBAHUS.

10. Pegaxnus JSMS Gepet Ha cebs mprcBOeHHE
KaXK/Iol mybsinKyeMo# crathbe HoMepa Y/IK u ocy-
IIECTBJIEHUE TIOJTHOTO IIepeBO/ia CTAaThU HA aHIVIMH-
CKUU A3BIK.

11. CTaThbH, HE COOTBETCTBYIOIIHE YKA3aHHBIM pe-
JlakIend TpebOBaHUAM, K OITyOJIMKOBAHUIO HE TIPU-
HUMAIOTCA.

IMOPAJOK PEITEH3MMPOBAHUA
PYKOIIUCEN, IPUHUMAEMBIX
AJIA ITYBJINKAIIN N

1. Pykomucu crared, HOCTYIIUBIINX B PEJAKITHIO,
HAIPABJIAIOTCA IS PEIEH3UPOBAHUSA UIeHAM pe-
JIAKIIMOHHOTO COBETA C IEJIbI0 UX DKCIIEPTHOU OIleH-
K{ Ha IpeJMeT COOTBeTCTBHUs TpeboBaHuAM JSMS
u Bricimeii arTecTallMOHHOM KoMuiccuu Iipu MuHU-
crepcTBe oOpa3oBaHus u HayKu PO.

PerieH3eHTBI YBEAOMIIAIOTCA O TOM, UTO B IIEJIAX
obecrievueHNsI aBTOPCKUX U APYTUX HEHMMYIIECTBEH-
HBIX IIPaB IPUCJIAHHbIE PYKOIIUCH He ITOJIJIEXKAT pas-
IAIEHUI0, KOTUPOBAHUIO, PACIIPOCTpaHEHUIO. Pe-
[IEH3UPOBAHUE ITPOBOIUTCSI AHOHUMHO.

ITpu oTKa3e B HATIpABJIEHUU Ha PelleH3UPOBAHUE
IIPe/ICTaBJIEHHON aBTOPOM PYKOITHUCH PEJIaKIvs Ha-
IIpaBJjIsieT aBTOPY MOTUBHUPOBAHHBIN OTBET B DJIEK-
TPOHHOM BHJIE.

Pepaknus »KypHasia 10 MHCHBMEHHOMY 3aIlpOCy
HAIpaBJIsIET aBTOPAM pEIEeH3UN HA IOCTYIHUBIINE
MaTepuasibl B 3JIEKTPOHHOM BHJIe. ABTOPBI 00sI3aHbI
Y4ecTh 3aMeYaHUs PENEH3EHTOB H BHECTH B CTAThIO
COOTBETCTBYIOIIIHE UCIIPABJIEHUS UJIU IIPEIOCTABUTH
MOTHUBHUPOBAHHBIN OTBET O HECOIVIACUHU C 3aMeYaHU-
sIMU pEelleH3€eHTa.

PemakmuonHas KoOJUIETHsI MPUHUMAET DellleHue
0 BO3MOXKHOCTHU IYOJIMKAITUU CTAThU UJIM OTKJIOHS-
€T ee I10 pe3yJIbTaTaM PelleH3NPOBAHHUA.

Penensun XpaHATCs B PeIaKIINU JKypHAJIa B Te-
YyeHUe 5 JIET C MOMEHTa Iy OJINKaIIH.

2. Pefaknipieit He IOMTYCKAIOTCA K Ty OJIMKATIAH:

— CTaThHU, TEMATHKA KOTOPHIX HE COOTBETCTBYET
HAayYHOMY HAIIPaBJIEHUIO KYyPHAJIA;

— CTaThH, aBTOPHI KOTOPHIX OTKA3BIBAIOTCSA OT
TEXHHUYECKOH JOpabOTKU CTaTew;

— CTaTbhH, aBTOPBI KOTOPHIX HE BHECIIN KOHCTPYK-
TUBHBIE 3aMEUaHUs PEIEeH3eHTa B TEKCT CTaThbU
U He IPEI0CTaBUIIN MOTHUBHPOBAHHBIN OTBET O HECO-
IJIACHU C 3aMEYAHUSIMHU PEIleH3eHTA.

B ciryyae OTKJIOHEHU S CTaThU PEJAKIIN S HATIPaB-
JIIET aBTOPY MOTHBHPOBAHHBIA OTKa3. Pemakius
JSMS He XpaHUT PYKOIHCH, HE IPUHATHIE K IT€YaTHU.
Pykomucu, mpuHATHIE K IyOJIMKAINK, HE BO3Bpa-
IAI0TCA.
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