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MuokapauajJibHbIN CTPECC JIEBOTO KeJIyJ0oUKa IMMPU JeCTBUU
NMPOU3BOJACTBEHHON BUOpaIiuu

TpetbsikoB C.B., [TonoBa A.A.

@I'bOY BO «Hogocubupckuil 2ocydapcmeettblit meduyuHckull ynugepcumem» Munadpaea Poccuu

Myocardial stress of the left ventricle during occupational
vibration

Tretyakov S.V., Popova A.A.

Novosibirsk State Medical University

AHHOTAIIUA

IJenp. M3yyenue BHYTPHMHUOKAPAUAIBHOTO cTpecca JieBoro xemyzouka (JIXK) y jun, mojBepramouxcs Bo3ein-
CTBHIO TPOU3BOICTBEHHOM BUOpAIUU U OOJIbHBIX BUOpAIMOHHOM 60s1e3Hb10 (BB).

MaTepuasnbl u MeTobl. O6cIe[0BaHO 15 Uesl., KOHTAKTHPYIOIINX ¢ BUOparuei, 44 den. ¢ BB 1-ii crenenu (ct.),
10 ueJ1. ¢ BB 2-ii c1. 'pyIny KOHTPOJIsI COCTABIIIM 20 JInIl 6€3 CepeuHO-COCYIUCTON MMATOJIOTUH, HE TTO/IBEPTaBIIIUECS BO3-
JIEHACTBUIO TPO(ECCUOHATBHO-BPEAHBIX (hakTOpoB. OCHOBHBIMH IPOU3BOZCTBEHHBIMHU HEOIATOIPUATHBIME (haKTOPAMHU
y a1y ¢ BB siByisircs BubGpanus, mym, busndeckoe HalpspKeHHe.

IIpoBoAmIIOCH YIBTPa3ByKOBOE UCCIIEI0BaHUE CepALa ¢ onpezesenueM obiero obvema JIK (Vg ); o6bema ero muo-
kapza (V. ); macesl Muokapaa (MMJIXK); uagexca Mmaces! Muokapga (MMMJIXK); cucTonueckoro BHYTPHKeTy0UKOBOTO
JIaBJIEHUsI; THTEHCUBHOCTU QDYHKIIMOHUPOBAHUA cTPYKTYp JIK; BHYTpUMHOKApAUAIBFHOTO IUPKYJIAPHOTO (KOJIBIIEBOTO)
Y MEPH/IMOHAIBHOTO [IHACTOINYECKOTO B CHCTOIMIECKOTO CTPECCOB (O, , O, U O, , O, COOTBETCTBEHHO); BHYTPUMHOKAP-
JMaJIbHOTO HAIPSKEHHUA B KOJIBIEBOM U MEPUIMOHAILHOM HalpaBJieHuu B cucrosy u guacrony (T, T, u T T,, coot-
BETCTBEHHO).

PesynbpTaTsl. Y JUI, UMEOIUX KOHTAaKT ¢ BHOpamued, IO CPaBHEHUIO C JIMIAMHU, He MMEBIIMMHU KOHTaKTa C
IIPOM3BO/ICTBEHHO-BPE/IHBIMHA (paKTOPaMH, OTMEYAETCsl Bo3pacTanue o, B 2.5 pasa (p < 0.05) n o, B 2.8 pasa (p < 0.05).
HanpsixeHue [OBbIIIAeTCs B CHCTOJTY U /IUaCTOIly Kak B KosblesoM (T, Ha 17.35 %, p < 0.05; T, B 2.74 pasa, p < 0.05), Tak
u B MepuanoHansHoM (T, Ha 14.59 %, p < 0.05; T, B2.76pasa,p < 0.05) HampaBJieHusAX. Y suil ¢ BB 1-ii ct. HabomaeTcs
YBEJIMYEHNE B AMACTOJY KaK O, B 2.2 pasa (p < 0.05), o,, B 2.4 pasa (p < 0.05), Tak 1 T, (p<o0.05)u T, B 2.5 pasa
(p < 0.05).

¥ 6onpHBIX BB 2-ii cT., B oTsiume oT 601bHBIX BB 1-1i CT. U JINII, KOHTAKTUPYIOIINX ¢ BUOpAIel, TPOUCXOIUT U3MeHe-
Hue yeioBuit pabotel JIK. IIpu Takux ke 3HAUEHHSIX Voow Vi MMJDK 1 UMMJIIK, KaK B OIIICBIBAEMBIX TPYIIIAX, Y 6071~
HbIX BB 2-11 cT. OTMeuaeTcsl CHHJKEHHE CHCTOJIMYECKOTO BHYTPIDKEIIYZ0UKOBOTO IaBIeHus Ha 12.3 % (p < 0.05) Ha doHe
BO3pacTaHus 0, Ha 14.7 % (p < 0.05), T, Ha13.6 % (p < 0.05), aTaxke 0, B2.25pasa(p < 0.05)u T, B1.97 pasa (p < 0.05).

3akJUYeHUeE. B rpyme KOHTAaKTUPYIOIIUX ¢ BUOpanuen u 60bHBIX BB 1-i CT., B OTJINYME OT JIUII, HE TI0/[BEPTa0-
ITUXCS BO3ZIEMCTBHUIO IIPOU3BO/CTBEHHO-BPEAHBIX (AKTOPOB, IPOUCXOAUT BO3PACTAHME CTpecca U HANPSDKEHUs IIpekie
BCETro B KOJIbIIEBOM HAIIPABJIEHUH B IMACTOJLY, UTO TOBOPUT 00 AKTHBAINH reTePOMETPUIECKOT0 THUIIA aBTOPETYJIALUY Cep-
JIeYHOH JieAaTesIbHOCTU. Y 00sIbHBIX BB 2-I1 ¢T. cTpecc u HanpsoKeHMe MOBBIIIAIOTCA B MEPHANOHAIBHOM HAIIPaBJIeHUU B
CHCTOJIy, UTO CBUZIETEIbCTBYET O HUBeIMpoBaHUM runepdykuuu JIXK 1o u30ToHIYeCKOMY THITY.

Karoueeswvle c108a: BHyTPUMHUOKAPIUATIBHBINA CTPECC, BHYTPUMHUOKAPAUATBHOE HATIPSYKEHNE, BUOPAIs, BHOPAITHOH-
Has 00JIe3Hb, TeMOMHAMHKA.
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Tretyakov S.V., Popova A.A. / Journal of Siberian Medical Sciences 3 (2021) 4—13

ABSTRACT

Aim. Study of intramyocardial stress of the left ventricle (LV) in persons exposed to occupational vibration and pa-
tients with hand-arm vibration syndrome (HAVS).

Materials and methods. We examined 15 individuals exposed to vibration, 44 individuals with grade 1 HAVS,
10 individuals with grade 2. The control group consisted of 20 persons without cardiovascular pathology, who had not been
exposed to hazardous occupational factors. The main occupational hazards in persons with HAVS were vibration, noise,
physical exertion.

Echocardiography was carried out to determine the total volume of LV (V,_, ); the volume of myocardium (V ); myocar-
dial mass (LVMM); myocardial mass index (LVMMI); systolic intraventricular pressure; the intensity of the functioning of
the LV structures; LV circumferential and meridional diastolic and systolic stresses (o, 0, and o_,, 0 _respectively); LV
tension in the circumferential and meridional direction during systole and diastole (T, T, and T , T , respectively).

Results. In persons exposed to vibration, in comparison with those who have not been exposed to occupational haz-
ards, there is an increase in o, by 2.5 times (p < 0.05) and o, by 2.8 times (p < 0.05). The tension increases during sys-
tole and diastole both in the circumferential (T'_ by 17.35%, p < 0.05; T, by 2.74 times, p < 0.05) and in the meridional (T,
by 14.59%, p < 0.05; T, by 2.76 times, p < 0.05) directions. In persons with grade 1 HAVS, there is an increase during di-
astole o_, by 2.2 times (p < 0.05), 0, by 2.4 times (p < 0.05),and T, , (p < 0.05) and T, _by 2.5 times (p < 0.05).

In patients with grade 2 HAVS, in contrast to those with grade 1 and persons exposed to vibration, there is a change in the
working conditions of LV. With the same values of V,_ , V., LVMM and LVMM]I, as in the described groups, in patients with
grade 2 HAVS, there is a decrease by 12.3% (p < 0.05) in systolic intraventicular pressure against the background of an increase
ino_,by14.7% (p < 0.05), T, by 13.6% (p < 0.05), as well as 6, _by 2.25 times (p < 0.05) and T, by 1.97 times (p < 0.05).

Conclusion. In the group of persons exposed to vibration and patients with grade 1 HAVS, in contrast to those who
are not exposed to occupational hazards, there is an increase in stress and tension, primarily in the circumferential direction
during diastole, which indicates the activation of the heterometric type of autoregulation of activity of the heart. In patients
with grade 2 HAVS, stress and tension increase in the meridional direction during systole, which indicates the levelling of LV
hyperfunction by isotonic type.

Keywords:intramyocardial stress, intramyocardial tension, vibration, hand-arm vibration syndrome, hemodynamics.

BBEJAEHUE

Muoxkapauanssiii crpece (MC) xapakrepusyer
CIWJIy HATSKEHUS BOJIOKOH MHMOKAap/la Ha €IUHUILY
IIOIIEPEYHOr0 CEYEHUsI CTEHKU JIEBOTO JKEeJyZ0uKa
(JIXK) u sBJAeTcA KOJUYECTBEHHBIM OTpaKEHUEM
BeJINUMHBI Opef- 1 noctHarpysku JIXK. B xonne nu-
aCTOJIbI OH BBIPAXKAET IIPEIHATPY3KY, B KOHIIE CHCTO-
J1BI — mocTHArpysky [1]. Ilo MHeHUIO psAsa aBTOPOB
noseiieHne MC MOXeT pacleHHBAaThCA Kak IIPo-
rHOCTHYeCKUH daktop runeprpodun JIK, kotopas,
B CBOIO OUYepe/ib, SIBJISAETCS BAXKHBIM 3BEHOM B IIPO-
ecce pemozenupoBanus cepana [2]. [TokazaHo, 4To
KJIIOUEBYIO POJIb B PEryJIUPOBAHUU MHOKAPAHATIb-
HOTO OTBeTa Ha OMOMEXaHUYECKYIO IEPErpy3Ky B
pubpobiactax U KapJHUOMHOIIUTAX WUTpPaeT OeoK
ST2, KOTOPBIN SABJISETCS YIEHOM CEMEWCTBA Peller-
TOPOB MHTEpPJIeHKNHA-1 U YIacTByeT B QYHKIIMOHU-
PpOBaHUU KapAMONPOTEKTUBHON CUTHAJILHON CHUCTe-
MBI B MUOKap/ie, KOHTPOJIUPYs runeprpoduio u ¢pu-
6po3 [3—5]. HecMoTpss Ha pa3juvusa B STHOJIOTUU U
maTtoreHe3e KapAUAJIbHBIX 3a00JI€EBAHUIN, HEKOTO-
pble MOJIEKYISIpHbIE, OMOXUMUYECKHUE U MeXaHUJe-
CKUe IIPOIlecchl, IPHUBOAIINE K BBIPAa’KeHHBIM Ha-
PpYyLIEeHUAM CTPYKTYPHI U (GYHKIIUU cep/ilia, BO MHO-
roM cxoxku [6]. B xiimHMKe mpodeccnoHaIbHbBIX 60-
JIe3HEH CyIeCcTByeT Hacyl[Has HEOOXOAUMOCTh BbI-

INTRODUCTION

Myocardial stress (MS) characterizes the tension
force of the myocardial fibers per unit cross-section
of the left ventricle (LV) wall and is a quantitative re-
flection of the magnitude of LV pre- and afterload. At
the end of diastole, it expresses preload, at the end of
systole — afterload [1]. According to several authors,
an increase in MS can be regarded as a predictor of
LV hypertrophy, which, in turn, is an important link
in the process of remodelling of the heart [2]. It has
been shown that the key role in regulating the myo-
cardial response to biomechanical overload in fibro-
blasts and cardiomyocytes is played by the ST2 pro-
tein which is a member of the interleukin-1 receptor
family and is involved in the functioning of the car-
dioprotective signalling system in the myocardium,
controlling hypertrophy and fibrosis [3—5]. Despite
the differences in the etiology and pathogenesis of
cardiac diseases, some molecular, biochemical, and
mechanical processes that lead to pronounced struc-
tural and functional heart disorders are largely simi-
lar [6]. For management patients with occupational
diseases, there is an urgent need to identify predic-
tors of possible unfavourable cardiovascular devel-
opments under the action of occupational hazards, in
particular, vibration [7].
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SIBJIEHUS TIPEUKTOPOB BO3MOKHOI'0 HEG IAarOIIPHAT-
HOT'O Pa3BUTHsA COOBITHI, B TOM YMCJIE CO CTOPOHBI
CEP/IEYHO-COCY/IUCTON CHUCTEMBI, TIPH JIEHCTBUH
[IPOU3BO/ICTBEHHO-BPEIHBIX (PAKTOPOB, B YaCTHO-
ctu, Bubpanuu [7].

IOEJIb NCCJIEJOBAHUA

V3yueHre MUOKapAHAJIBHOTO CTpecca JIeBOTO
JKeJIyZIOUKa Y JIUI, TIOJBEPTAIOIINXCS BO3EHCTBUIO
IIPOU3BOJICTBEHHON BUOpAIuu, U OOJIBHBIX BHOpa-
UOoHHOH 60s1e3HbI0 (BB).

MATEPUAJIBI 1 METO/IbI

O06cse1oBaHO 15 Yesl., KOHTAKTUPYIOIIUX ¢ BUOpa-
nuel (cpemHUU BO3pacT 50.4 + 3.6 rojia, cpeaHui
cTak paboTHI ¢ BUOpaIuen 25.4 + 2.8 roza), 54 60J1b-
HBIX BUOpPAIMOHHON 00JIe3HBIO (CpeaHUH BO3paCT
66.6 + 2.3 TOja, CpEeTHUH OOIUH CTaXK 36 JIET, CTAXK
BO BPENHBIX YCJIOBUAX TpyZa 17.8 rojaa, JAJIUTETb-
HOCTbH MTOCJIEKOHTAKTHOTO Tepuoja 11.3 roja). B 3a-
BHCHUMOCTH OT CTelleHU TsxkecTd BB rpyniia pasaene-
Ha Ha JiBe IOATrpymbl. [IepByio cocTaBuiu OOIbHbBIE
BB 1-i1 cremenu (cT.) (44 4en., cpemHUN BO3pacT
51.4 + 3.1 TOJ]a, CPEJTHUH CTaX pabOTHI ¢ BUOpaIuen
23.8 + 4.4 roma); BTOpyio — 6GosbHBIE BB 2-#1 cT.
(10 yer., cpeAHUE BO3pACT 54.0 + 3.5 T0O/1a, CPETHUN
cTak paboThI ¢ BUOparuen 24.3 + 2.6 roga). I'pymmy
KOHTPOJIsSI COCTaBIJIU JinIa 6€3 cepieuHO-COCYAUCTOM
MMaTOJIOTUHM, He TIO/IBEPraBIIHECS BO3/IEWCTBUIO
podecCHOHATIPHO-BPETHBIX  (HaKTOpoB (20 uer.,
CpeIHUM BO3PACT 43.4 + 3.2 T0/1a).

OCHOBHBIMH ITPOU3BO/ICTBEHHBIMH HE0JIarompH-
SATHBIMU (PAaKTOPAMU Y JIUI] ¢ BUOPAITUOHHOU 60J1e3-
HBIO SIBJISTUCH BUOpaIus, ryMm, GusndecKkoe Hampsi-
JKEeHUe.

BubpanuoHHble TapaMeTpPbl OCHOBHBIX ITHEB-
MOHWHCTPYMEHTOB XapaKTEPHU3YIOTCA IMPEBBIIIEHH-
€M CaHUTapHBIX HOPM Ha 2—15 1B B OKTaBHBIX I10-
JI0CaX CO CpPeTHETEOMETPUUYECKUMH YacTOTaMu 16,
63, 125 u 250 I'it. Haubosiee BbICOKME YPOBHU BHU-
OPOCKOPOCTH, IPEBBIIIAIOIINE IPEAETbHO JIOMYy-
CTUMble 3HaUeHUs N0 14 1B, oTMeuYeHbl IpU BBI-
MOJITHEHUU TEXHOJOTHYECKUX OIlepaluid 1o «3a-
YHCTKE CBAPOYHBIX MIBOB». JlOMOJHUTETHHBIMHU
HeOJIaronpusATHBIMU (QakTOpaMu y pabodux ObLIH
[IyM, IPEBBIMIAIONUN TIPENEIbHO JOIyCTUMBIE
VPOBHU TIpu paboTe ITHEBMOUHCTPYMEHTOB Ha
5—20 1B B 3aBHCHUMOCTH OT XapakKTepa OIleparui,
MeCTa UX BBITIOJIHEHUA U HU3UIECKOE TIepeHanpsi-
JKEHHE MBIIIEYHO-CYCTABHOTO allmapaTta BepXHUX
KOHEYHOCTEU.

Bepudukanusa auarsosa BUGparoHHON 00J1e3-
HHU OCYIIECTBJIS/IACh HA OCHOBE KANHJLISIPOCKOIIUH
suMba, HOTTEBOTO JIOXKa, peoBasorpaduu, JoIUie-

AIM OF THE RESEARCH

Study of myocardial stress of the left ventricle in
persons exposed to occupational vibration and in
patients with hand-arm vibration syndrome
(HAVS).

MATERIALS AND METHODS

We examined 15 individuals exposed to vibration
(average age was 50.4 + 3.6 years, average work ex-
perience with vibration was 25.4 + 2.8 years), 54 pa-
tients with HAVS (average age was 66.6 + 2.3 years,
the average total experience was 36 years, experience
in hazardous working conditions was 17.8 years, the
duration of the post-exposure period was 11.3 years).
Depending on the severity of HAVS, the group is di-
vided into two subgroups. The first subgroup con-
sisted of patients with grade 1 HAVS (44 individuals,
average age was 51.4 + 3.1 years, average work expe-
rience with vibration was 23.8 + 4.4 years); the sec-
ond subgroup included patients with grade 2 HAVS
(10 individuals, average age was 54.0 + 3.5 years, av-
erage work experience with vibration was 24.3 + 2.6
years). The control group consisted of persons with-
out cardiovascular pathology, who were not exposed
to hazardous occupational factors (20 individuals,
average age 43.4 + 3.2 years).

The main occupational hazards in persons with
HAVS were vibration, noise, physical exertion.

The vibration parameters of the main pneumatic
tools are characterized by an excess of sanitary stan-
dards by 2—15 dB in octave bands with geometric
mean frequencies of 16, 63, 125 and 250 Hz. The
highest level of vibration velocity, exceeding the
maximum permissible values of up to 14 dB, was not-
ed when performing technological operations for
“cleaning welded seams”. Additional unfavourable
factors among workers were noise exceeding the
maximum permissible levels during the operation of
pneumatic tools by 5—20 dB, depending on the na-
ture of operations, the place of their performance,
and physical overexertion of the muscles and joints
of the upper extremities.

The diagnosis of hand-arm vibration syndrome
was verified based on capillaroscopy of the limbus,
nail bed, rheovasography, Doppler ultrasonography
and electromyography of the upper and lower ex-
tremities, assessment of pain and vibration sensitiv-
ity, dynamometry, and thermometry of the upper
extremities. In the clinical picture of the disease, pe-
ripheral angiodystonic syndrome and vegetative-
sensory polyneuropathy syndrome of the upper ex-
tremities were noted.
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panruorpadum U dJjeKTpoMuorpaduy BEPXHUX U
HIDKHUX KOHEUYHOCTEH, MCCIefoBaHUA O0JIEBOH U
BUOPAIMOHHOM UyBCTBUTEIBHOCTH, JUHAMOMETPUH
U TEPMOMETPHH BEPXHUX KOHEUHOCTeN. B KinHmUe-
CKOU KapTuHe 3a00JIeBaHUsA OTMEYaJIUCh nepude-
pUYECKUH aHTHOAMCTOHUYECKUH CUHAPOM U CHH-
JIPOM  BETeTaTUBHO-CEHCOPHOU IOJTMHEHPOTaTHU
BEPXHUX KOHEYHOCTEH.

B ucceoBanme He BKIIOYAIKUCH JIUIA C THIIEP-
TOHUYECKOH 0O0JIE3HBIO, BTOPUYHOU apTepUATHbHON
TUIIEPTOHUEN, C BPOXKIEHHBIMU U TPHOOPETEHHBIMHU
MMOPOKaMHU Cep/ilia, UIIEMHYECKOH 6OJIE3HBIO Ccep/-
113, TOpakeHEeM TrelaToOINapHOU CUCTEMBI, SH/I0-
KPHUHOJIOTMYECKUMHU 3200 I€eBAHUSIMH.

IIpoBoOAMIOCH YJIBTPA3BYKOBOE HCCAETOBAHHE
cepana. Ompenessiyinch KOHEYHO-CHCTOJTUYECKUH
(KCO, mn), xoneuno-auacronnueckui (K10, M) u
yaapublii (YO, Ms1) 00bEMBI JIEBOTO KeTyI0ouKa. -
1oJ1b3ys MeToguky Troy B Mmogudukanuu 10.H. be-
JIeHKoBa [8], onpenessyin o61mui 06HEM JIEBOTO Ke-
JIyI0YUKa (Voﬁm, mi1), oobeM ero muokapaa (V,, mi),
maccy muokapaa (MMJDK, 1), uHJIEKC Macchl MUO-
kapga (MMMJDK, r/m?). Cucrosimyeckoe BHYTPH-
skenynoukoBoe gapienue (CBXK], aun/cMm?) pac-
cuuTthiBaau 1o M. Quinones et al. [9]. 9ToT mokasza-
TeJIb UCIOJIb30BAJICA /I pacuera WHTEHCUBHOCTHU
dyuxuonuposanus ctpyktyp (MOC) meBoro xemy-
JIOUKA. BHYyTpUMUOKApIUIBHBIN ITUPKYJISIPHBIN
(KOJIBIIEBOH) AMACTOTMUYECKUN (om) U CHCTOJINYEe-
ckuii (0, ) CTpecchl pacCUUTHIBAIM IO METOAY
H. Sandler [10] u H. Dodge [11] B Mmogudukaiuu
R.A. Ratshin et al. [12]. Pacuer BHyTpUMHOKAPAK-
aJIbHOTO MEPUIMOHAIBHOTO CHCTO/InYecKoro (o, ) u
AAUACTONIMYECKOrO (0, ) CTPECCOB NPOU3BOAUIIM IO
dbopmysie G. Marsh et al. [13]. Onpeznensnocs BHy-
TPUMHUOKapUaIbHOE HATIPSIPKEHHE B DKBATOPHUATIb-
HOM (KOJIBIIEBOM) U MEPHUHUOHAILHOM HAaIlpaBJe-
nuax B cucrony (T u T, ) u qiuacrony (T«u u TMH) o
meroay H. Sandler [10] u H. Dodge [11]. ITpu aToM B
KauyecTBe MMOKa3aTesisl IPeHATPY3KU JIEBOTO JKeJy-
JTOUKA UCIIO0JIb30BAIN KOHEYHO-TUACTOTNIECKOE HK-
BaTOpHAJIbHOE CTEHOUHOE HampshkeHue. s ompe-
JleJIEHUsT TIOCTHATPY3KH, corstacHo K.M. Borow et al.
[14], mpuMeHsIM MaKCHMaJIbHOE CHUCTOJUYECKOE
CTEHOUYHOE HaNpsUKeHUe B KOHIle ¢has3bl U30METPU-
YEeCKOTO COKpareHus [12].

[ToyuenHbI 1TUGPOBON MaTepuaa ObLT 06pabo-
TaH C TOMOIIBIO BAPUATIMOHHO-CTATUCTUYECKUX Me-
TOZIOB IIyTEM pacuera cpeaHed apudMeTHdyecKon
(M), cpemHeKkBaJIpaTHYHOTO OTKJIOHeHHA (o). Pas-
JIMYHe TToKazaTesell pacCUNThIBAIOCH METOIOM Pas-
HOCTHOHW CTAaTHCTHKH IO KpuTepuio CThIOIEHTa U
CYUTAJIOCh CTATUCTUYECKU 3HAYMMBIM IIPHU P < 0.05
(mpu 5% ypoBHE 3HAUUMOCTH).

The study did not include persons with hyperten-
sion, secondary arterial hypertension, congenital
and acquired heart defects, coronary heart disease,
damage of the hepatobiliary system, endocrinologi-
cal diseases.

Echocardiography was performed. The end-sys-
tolic (ESV, ml), end-diastolic (EDV, ml) and stroke
(SV, ml) volumes of the left ventricle were deter-
mined. Using the Troy technique modified by Yu.N.
Belenkov [8], the total volume of the left ventricle
(V,,.., mb), the volume of its myocardium (V_, ml),
myocardial mass (LVMM, g), and myocardial mass
index (LVMMI, g/m?) were determined. Systolic in-
traventricular pressure (SIVP, dyne/cm?) was calcu-
lated according to M. Quinones et al. [9]. This indica-
tor was used to calculate the intensity of functioning
of structures (IFS) of the left ventricle. Intramyocar-
dial circumferential diastolic (c,,) and systolic (c,)
stresses were calculated using the method of H.
Sandler [10] and H. Dodge [11] modified by R.A. Rat-
shin et al. [12]. To calculate intramyocardial meridi-
onal systolic (o) and diastolic (o, ,) stresses, we
used the formula of G. Marsh et al. [13]. The intra-
myocardial tension was determined in the circum-
ferential and meridional directions during systole
(T,wu T, ) and diastole (T, u T, ,) by the method of
H. Sandler [10] and H. Dodge [11]. In this case, end-
diastolic circumferential wall tension was used as an
indicator of left ventricular preload. To determine
the afterload, according to K.M. Borow et al. [14]
maximum systolic wall tension at the end of isomet-
ric contraction was applied [12].

The qualitative data obtained were processed us-
ing variational statistical methods by calculating the
arithmetic mean (M), standard deviation (o). The
difference in indicators was calculated by the method
of difference statistics according to the Student’s test
and was considered statistically significant at
p < 0.05 (at 5% significance level).

RESULTS AND DISCUSSION

In persons exposed to vibration, there is a moder-
ate increase in the total volume of the left ventricle by
1.23 times (p < 0.05), which is associated with an in-
crease in the volume of the left ventricular myocardi-
um (by 17.75%, p < 0.05), as well as an increase in
both the mass of the left ventricular myocardium by
17.70% (p < 0.05) and its index by 11.57% (p < 0.05).
Ahigh correlation ( = +0.9) between the values of the
total volume of the left ventricle and the mass of its
myocardium was revealed. An increase in o_; by 2.5
times (p < 0.05) and o_; by 2.8 times (p < 0.05) is
noted. In this case, there is an increase in the tension
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PE3YJIBTATBI 1 OBCY2KJITEHUE

Y siu11, IMEIOUX KOHTAKT ¢ BUOpaIliuei, otmeva-
eTCsl YMepeHHOe yBeJInueHne 0011ero oobeMa JieBo-
TO KeJIy/louKa B 1.23 pasa (p < 0.05), YTO CBSI3aHO C
poctoM ob6beMa MHOKapZa JIEBOTO JKelymouka (Ha
17.75 %, p < 0.05), a TAKKe MOBBIIIIEHNEM KaK MaCChl
MHOKap/Ia JIEBOTO JKeJIyJ0UKa Ha 17.70 % (p < 0.05),
TaK M ero uHjAeKca Ha 11.57 % (p < 0.05). BoisgBieHa
BBICOKAsI KOPPEJSAIUOHHAsA B3aUMOCBsI3H (1" = +0.9)
3HAUYEeHUH 00Iero obbeMa JIEBOTO KeJIy/louKa H
Macchbl ero Muokap/a. OTMevaercs: BO3pacTaHue o,
B 2.5pasa (p < 0.05)uo, B2.8pasa(p<o0.05). [Ipu
9TOM HAOJIIO/IAETCS YBEeIMUEHNE HAIPSIKEHUs CTEH-
KU JIEBOTO JKEJIyJIOUKA, KOTOPOEe IIPE/ICTABJISIET CO-
00M cuiTy, IEWCTBYIOIIYIO HA €UHUILY JJIUHBI U CBSI-
3aHHYIO C IpUMeHeHueM crpecca [11]. HanpsioxeHue
MIOBBIIIAETCS B CHCTOJIy M TUACTOJIy KaK B KOJIbIlE-
Bom (T Ha 17.35 %, p < 0.05; T, B 2.74 pa3a,
P < 0.05), Tak u B MepuaroHanbHoM (T, Ha 14.59 %,
p <0.05; T, B 276 pasa, p < 0.05) HAPABJIEHUSX,
T.e. YKOPOUYEHHE ITUPKYJISIPHBIX MBIIIIEYHBIX BOJIO-
KOH ITPOUMCXOUT XOTA U IPAKTUYECKH C TOH JKe CKO-
POCThIO, HO IIPH OOJIBIINX HANPsIKEHUAX (Tab. 1).

of the left ventricular wall, which is a force acting per
unit length and associated with the application of
stress [11]. The tension increases during systole and
diastole both in the circumferential (T by 17.35%,
p < 0.05; T, by 2.74 times, p < 0.05) and in the me-
ridional (T by 14.59%, p < 0.05; T, by 2.76 times,
p < 0.05) directions, i.e., contraction of circular mus-
cle fibres occurs, although at practically the same rate,
but at high stresses (Table 1).

In the studied individuals, the observed increase
in the mass of the myocardium is aimed at reducing
the tension of its wall, which leads to a decrease in the
intensity functioning of the heart structures in com-
parison with the control group by 1.2 times (p < 0.05)
due to the removal of a part of the load per unit of
heart mass and, accordingly, to a decrease in oxygen
consumption per unit mass of the myocardium. In
this case, the stroke volume of the left ventricle in-
creases due to an increase in its end-diastolic volume
(see Table 1), which indicates Frank-Starling mecha-
nism triggering. The Frank-Starling phenomenon is
based on a molecular mechanism, the essence of
which is that the degree of overlap of thick myosin

Ta6umura 1. BHyTpuMUOKap{UaIbHBIN CTPECC, HATIPSIPKEHVE ¥ HEKOTOPBIE MOKA3aTEeIM COKPATUTEIFHON (DYHKITUU
JIEBOTO KeJIyI0UKa y JIUI], KOHTAKTUPYIOIUX ¢ BubOpanueit (M + o)
Table 1. Intramyocardial stress, tension and some indicators of the contractile function of the left ventricle in persons

exposed to vibration (M + o)

Jluiia 6e3 cep/IeuHO-COCYINUCTOM ATOIOTHH,

He ImoABeprasBmuneca BOSﬂeﬁCTBHm

KonTakt ¢ Bubparuei

o et e oty vho XU o vibrtion
have not been exposed to occupational hazards
(n =20)

YO, mu1 / SV, ml 67.65 + 19.66 88.50 + 21.95 <0.05
K0, w1 / EDV, ml 97.05 + 22.17 118.00 + 23.61 <0.05
KCO, m / ESV, ml 30.40 + 6.52 30.50 + 6.04 >0.05
Vg MIT / Vo Ml 207.08 £+ 30.07 254.67 + 31.09 <0.05
V,mn/V , ml 102.48 + 15.91 124.59 + 17.37 <0.05
MMJIXK, r / LVMM, g 107.66 + 16.63 130.82 + 18.24 <0.05
NMMJIXK, r/m? | LVMMI, g/m? 67.61 + 10.86 76.46 + 8.87 <0.05
CBX], nuu/cm? | SIVP, dyn/cm?  109.15 + 14.39 113.01 + 19.28 >0.05
0, AUH/CM | O, dyn/cm? 47.16 £ 5.37 118.61 + 23.07 <0.05
O, muH/cm? | o, dyn/cm? 91.24 + 11.98 253.59 + 41.78 <0.05
o ,aua/cm? | o, dyn/cm? 38.76 + 4.47 40.17 + 5.37 >0.05
o, oauH/cm? | o, dyn/cm? 105.15 + 8.72 108.06 £ 9.03 >0.05
T ,man/em? | T, dyn/cm? 139.83 + 18.16 169.19 + 38.70 <0.05
T ,muu/em? | T, dyn/em? 90.25 £ 9.71 247.11 £ 21.79 <0.05
T, ,mus/em? | T, dyn/cm? 51.28 £ 5.54 60.04 + 0.25 >0.05
T, ,maa/em? | T, dyn/cm? 41.81 + 4.66 115.23 £ 11.95 <0.05
NoC /IFS 69.55 + 14.01 59.47 + 7.64 >0.05
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VY wusydyaeMbIxX JIUI[ HAOJI0Ja€MO€e IOBBIIIEHUE
Macchl MUOKap/a HalpaBIeHO Ha YMEHbIIIEHNe Ha-
MIPSIKEHUS €70 CTEHKH, YTO MPUBOAUT K CHUKEHUIO
WHTEHCUBHOCTH  (YHKIMOHUPOBAHUS  CTPYKTYP
cep/illa 0 CPaBHEHUIO C T'PYIIOA KOHTPOJISA B 1.2
paza (p < 0.05) 3a CUET CHATUSA YACTU HArPy3KU Ha
€ZITUHUILY MacChl CEPAIAa K COOTBETCTBEHHO K YMEHb-
MIeHUI0 MOTPebJIeHNsT KUCIOPOo/ia Ha eIUHHUITYy Mac-
cpl MuOKapza. IIpu sTom ynmapHBIH 00bEM JIEBOTO
JKeJIyIOUKa YBEJIMYUBAETCS B CBSA3U C POCTOM €r0
KOHEUYHO-IMACTOJInYecKoro oorema (cm. Tabs. 1),
YTO CBHUJETEIBCTBYET O BKJIIYEHWH MeXaHU3Ma
®panka — Crapsunra. B ocHoBe ¢penomena ®@pan-
ka — CTapJIMHTa JIEXKUT MOJIEKYJIIPHBIA MEXaHU3M,
CYyTh KOTOPOTO COCTOUT B TOM, YTO OT HAYaJIbHOH
JUTMHBI MBIIIIIBI 3ABUCUT CTEIIEHD IIEPEKPBHITUS TOJI-
CTBIX MHO3UHOBBIX UM TOHKHUX AKTHHOBBIX HUTEH.
JTa CTeleHb IMEePEKPBHITUA OINPEeJEesseT IOTEHITU-
aJIbHO BO3MOJKHOe (IIpU JAHHOU KOHIIEHTPAIIMH
KaJIbI[US B CapKOILIa3Me) YKCJIO 3aMKHYTBIX TOTIe-
PEYHBIX MOCTHKOB [15]. YBesuuyeHHE KOHEYHO-
JINACTOJIMYECKOTO 00beMa JKeIy/I0uKa BeleT K 60-
Jiee MOIITHOMY €r0 COKpAIlleHHI0, a HapacTaHue pas-
Mepa ero IoJIOCTH ITO3BOJISIET BhIOpAchIBaTh OOJIb-
mui 06bpeM KpoBu [16]. PopMupyeTCs: H30TOHUYE-
ckasa runepyHkiusa. M3BeCTHO, UTO IMPEUMyIIe-
CTBEHHO H30TOHHMYECKas TUMepPYHKIUSA XapaKTe-
pusyeTcs yBeJMYEHHEM YIAAPHOTO W MUHYTHOTO
00'BEMOB cep/IIia IPU HEU3MEHHOM JIAaBJIEHUH B JKe-
sgynouke [17]. JlJimHA MHOKapHajbHOTO BOJIOKHA
MOZKET YBEJTUYHUBATHCS IPY MTOBBIIIIEHUHY BEHO3HOTO
BO3BpaTa KpOBH K cepaily [18], T.e. mpeaHarpysKu.
IIpy sTOM BO3pacraer KOHEUHO-JTHACTOJIHYECKOE
9KBATOPHAJIbHOE CTeHOUHOE HanpsukeHue (0, ). Ta-
KuM 006pas3oM, B TPYIIE JIUI], KOHTAKTUPYIOIIUX C
BUOpanueii, HaOII0AI0TCA aIaNTallIOHHO-TIPUCITIO-
cobUTENbHBIE PEAKITUY, 3aTPATUBAIOIIHE BCIO TEMO-
JIUHAMUYECKyIo cucremy. OUeBHUIHO, M3MEHEHWUS,
Pa3BUBAIOIIHUECS IIPU I0JITOBPEMEHHOH aJlalTalluu,
HE MOTYT OBITh OTPaHUYEHbI pAMKAMU JlasKe CaMOU
IIUPOKOU (PYHKIIMOHAIBHON CHCTEMBI, OHU B TOH
WIM WHOU Mepe OXBAThIBAIOT BeCh OpraHusM. Pas-
BUTHE aalTallU¥ MPOUCXOAUT KakK Ipoiecc hop-
MHPOBAaHUS CHCTEMHOTO CTPYKTyPHOTO CJIe/ia, a
aJlanTalMoOHHAs MEPECTPOUKA cepria — HeoOX0u-
MO€ 3BEHO 3Tou cucreMbl [19]. IlosyueHHBIE /TaH-
HbI€ CBU/IETEJILCTBYIOT O DOPMUPOBAHUU T€TEPOME-
TPUYECKOTO MeXaHU3Ma aBTOPETYJIAIUU CEPAEUHON
JIeSITEJIbHOCTH.

PesynbraThl u3yueHHsA GYHKIHOHAIBHOIO CO-
CTOSTHUSI CepAlla y Ipymibl jul ¢ BB 1-# cT. Takxke
JIEMOHCTPUPYIOT aKTHUBAIIUIO TeTEPOMETPHUYECKOTO

and thin actin filaments depends on the initial length
of the muscle. This degree of overlap determines the
potentially possible (at a given calcium concentration
in the sarcoplasm) number of closed transverse bridg-
es [15]. An increase in the end-diastolic volume of the
ventricle leads to a more powerful contraction, and an
increase in the size of its cavity allows a larger volume
of blood to be ejected [16]. Isotonic hyperfunction is
formed. It is known that predominantly isotonic hy-
perfunction is characterized by an increase in stroke
and cardiac output at a constant pressure in the ven-
tricle [17]. The length of the myocardial fiber can in-
crease with an increase in venous return of blood to
the heart [18], i.e., preload. In this case, the end-dia-
stolic circumferential wall tension (o,,) increases.
Thus, in the group exposed to vibration, adaptive re-
actions affect the entire hemodynamic system. Obvi-
ously, the changes that develop during long-term ad-
aptation cannot be limited by the framework of even
the broadest functional system, they in one way or an-
other cover the entire body. The adaptations occur as
a process of forming a systemic structural trace, and
the adaptive restructuring of the heart is a necessary
link in this system [19]. The data obtained indicate the
formation of a heterometric mechanism of autoregu-
lation of cardiac activity.

The results of the study of the heart functional
state in persons with grade 1 HAVS also demonstrate
activation of the heterometric mechanism of autoreg-
ulation of cardiac activity, expressed in an increase
during diastole as o_, by 2.2 times (p < 0.05), 0, 2.4
times (p < 0.05), and T _, (p < 0.05) and T by 2.5
times (p < 0.05). This resulted in an increase in EDV
by 10.2% (p < 0.05), which contributed to an increase
in SV by 7.2%. An increase in V,_ by 13.4% (p < 0.05)
is associated not only with an increase in EDV but
also V_ by 18.3% (p < 0.05). This was reflected in an
increase in LVMM by 17.2% (p < 0.05), LVMMI by
11.8% (p < 0.05) and SIVP by 12.99% (p < 0.05), and
a decrease in IFC by 13.8% (p < 0.05) (Table 2).

In patients with grade 2 HAVS, in contrast to pa-
tients with grade 1 and persons exposed to vibration,
there is a change in the working conditions of the left
ventricle. With the same values of V__, V_, LVMM
and LVMMI, as in the described groups, in patients
with 2 grade HAVS there is a 12.3% decrease in SIVP
(p < 0.05) against the background of an increase in
o, by 14.7% (p < 0.05), T, by 13.6% (p < 0.05), as
well as o__ by 2.25 times (p < 0.05) and T __ by 1.97
times (p < 0.05). The latter indicates an increase in
afterload for the left ventricle, which led to an increase
in ESV by 14.5% (p < 0.05). This indicates more pro-
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MeXaHH3Ma aBTOPETYJ/IAIUU CEPAEUHOH JiesATeTbHO-
CTH, BBIPAYKATIOIIYIOCS B YBEJIMYEHUH B TUACTOJTY KaK
o,, B 2.2 pasa (p < 0.05), o, B 2.4 paza (p < 0.05),
taku T, (p <0.05)uT, B2.5pasa(p < 0.05). IT0
noJieksio mosbienre KJIO Ha 10.2 % (p < 0.05),
uTo crrocobcTBoBaso pocry YO JDK Ha 7.2 %. YBenu-
uenve V. Ha13.4 % (p < 0.05) cBsA3aHO HE TOJIBKO C
ysesnndenne KJIO, noun V, Ha 18.3 % (p < 0.05). 310
HAIIJIO CBOe OTpakeHue B Bospacranuu MMJIK Ha
17.2 % (p < 0.05), UMMJIXK =Ha 11.8% (p < 0.05) u
CBXK/I Ha 12.99 % (p < 0.05) u camkenun UOC Ha
13.8 % (p < 0.05) (Tabsn. 2).

Y 6ospHBIX BB 2-1 ¢T., B oT/tiuKe OT 00J1bHBIX BB
1-# CT. ¥ JINI], KOHTAKTUPYIOIIUX ¢ BUOpanueu, mpo-
HCXOJIUT U3MEHEHHE YCIOBU PabOTHI JIEBOTO KEJTY-
nouxa. ITpu takux sxe sHaveHuaAx Vg, , V., MMJDK u
NMMJTK, kak B ONUCBIBAEMBIX IPYIIAX, Y O0JIBHBIX
BB 2-ii c1. otmMeuaercsa cumxkenue CBXK/I Ha 12.3 %
(p < 0.05) Ha ¢oHe BospacraHus 0, Ha 14.7 %
(p < 0.05), T, Ha13.6 % (p < 0.05), a Takxe 0B
2.25pasa (p <0.05)u T, B1.97pasa(p < 0.05). ITo-
cyleiHee CBHUIETENIbCTBYET 00 yBeJIMUEHUU IOCTHA-

nounced changes in the geometry of the left ventricle
(Table 3) when the process of transition to a more
spherical shape is stimulated. A limitation of the im-
plementation of the Frank-Starling mechanism oc-
curs and the heterometric mechanism of autoregula-
tion of cardiac activity is limited.

CONCLUSION

The study of intramyocardial stresses and left
ventricular stresses in the circumferential and me-
ridional directions in persons exposed to occupa-
tional vibration showed that in the group of individ-
uals that had been exposed to vibration and patients
with grade 1 HAVS, in contrast to those who had not
been exposed to occupational hazards, there is an
increase in stress and tension, primarily in the cir-
cumferential direction during diastole, which indi-
cates an increase in blood flow to the left sections,
the start of the Frank-Starling mechanism, i.e.,
about the activation of the heterometric type of au-
toregulation of cardiac activity. In patients with
grade 2 HAVS, there is an increase in stress and ten-

Taﬁnnua 2. BHyTpHMPIOKapﬂHaJ’IbHLIfI CTpeCC, HAIIPpAXKEHHNE U HEKOTOPBIE ITOKa3aTe/In COKPaTHTeJ’IbHOﬁ (l)yHKI_II/II/I

JIEBOTO KeJyAouKa y 60bHbIX ¢ BB 1-1 crenenu (M + 0)

Table 2. Intramyocardial stress, tension and some indicators of the contractile function of the left ventricle in patients

with grade 1 HAVS (M + o)

Jlura 6e3 Cep/IeYHO-COCY/IMCTOM MATOTIOTHH, BonbHsie ¢ BB

He IIoABepraBuInecsa BO3AeUCTBUI0 o

1-U CTEIIEeHU
ITokazatesb podeccuoHATFHO-BPETHBIX (DAKTOPOB . .
. : Patients with grade1 p

Parameter Persons without cardiovascular pathology who HAVS

have not been exposed occupational hazards (1 = 44)

(n =20) =44
YO, mu1 / SV, ml 67.65 + 19.66 73.67 + 16.67 >0.05
K0, w1 / EDV, ml 97.05 + 22.17 108.00 + 25.10 <0.05
KCO, ma / ESV, ml 30.40 + 6.52 35.20 + 13.17 <0.05
Vo MIT / Vo Ml 207.08 + 30.07 238.86 + 31.94 <0.05
V,mn/V ,ml 102.48 + 15.91 125.33 + 14.94 <0.05
MMJIXK, r / LVMM, g 107.66 + 16.63 131.59 + 15.69 <0.05
NMMJIXK, r/m? | LVMMI, g/m? 67.61 + 10.86 76.59 + 7.97 <0.05
CBX]I, nus/cm? | SIVP, dyn/cm? 109.15 + 14.39 125.45+23.06 <0.05
0, AUH/CM | O, dyn/cm? 47.16 £ 5.37 103.04 + 15.47 <0.05
O, muH/cm? | o, dyn/cm? 91.24 + 11.98 217.92 + 44.79 <0.05
o, aua/cv? | o, dyn/cm? 38.76 + 4.47 37.64 + 6.93 >0.05
o, auH/cm? | o, dyn/cm? 105.15 + 8.72 106.63 + 11.95 >0.05
T ,man/cm? | T, dyn/cm? 139.83 + 18.16 172.10 + 17.11 <0.05
T mun/cm? | T, dyn/cm? 90.25 + 9.71 221.15 + 46.87 <0.05
T, ,mua/em? | T, dyn/cm? 51.28 + 5.54 60.18 £ 7.67 >0.05
T, aun/em? | T, dyn/cm? 41.81 £ 4.66 104.19 + 14.39 <0.05
NoC /IFS 69.55 + 14.01 59.98 + 12.60 >0.05
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Taoauna 3. BHyTpIMUOKapANAIbHBIN CTpece, HAPsIKeHNe U HEKOTOPbIe II0KA3aTesl COKPATUTEIbHOU QYHKIUN

JIEBOTO KesTy/iouka y 60bHbIX BB 2-if crenenu (M + 0)

Table 3. Intramyocardial stress, tension and some indicators of the contractile function of the left ventricle in patients

with grade 2 HAVS (M + o)

IMokazaTess BOJ?I)HLIe c BB 1-1 crenneHu Bom;HbIe ¢ BB 2-ii crenneHn

Parameter Patients with grade 1 HAVS Patients with grade 2 HAVS p

(n=44) (n=10)

YO, mu1 / SV, ml 73.67 £ 16.67 67.83 £ 17.74 >0.05
K0, v / EDV, ml 108.00 + 25.10 108.00 + 17.52 >0.05
KCO, mn / ESV, ml 35.20 + 13.17 41.16 £ 7.25 <0.05
V e MIL / Vo Ml 238.86 + 31.94 237.94 + 18.14 <0.05
V,mn/V ,ml 125.33 + 14.94 123.61 + 8.45 <0.05
MMJIXK, r / LVMM, g 131.59 + 15.69 129.79 + 8.88 <0.05
NMMJIXK, r/m? | LVMMI, g/m? 76.59 + 7.97 78.69 + 6.41 <0.05
CBXK/, nutu/cm? | SIVP, dyn/cm? 125.45 + 23.06 110.06 + 4.20 >0.05
0, nuH/cm? | o, dyn/cm? 103.04 + 15.47 120.74 + 26.68 <0.05
0, AuH/cM? | 0 4, dyn/cm? 217.92 + 44.79 230.41 + 35.57 <0.05
o, ,aud/em? | o, dyn/cm? 37.64 + 6.93 84.85 + 5.89 <0.05
o, tuH/cm? | o, dyn/cm? 106.63 + 11.95 113.82 + 13.08 <0.05
T ,man/em? | T, dyn/cm? 172.10 £+ 17.11 162.39 + 11.79 <0.05
T mus/cm? | T, dyn/cm? 221.15 + 46.87 227.80 + 24.64 <0.05
T ,man/em? | T, dyn/cm? 60.18 £ 7.67 118.69 + 7.03 <0.05
T, nua/cem? | T, dyn/cm? 104.19 + 14.39 120.59 + 31.71 <0.05
NoC /IFS 59.98 £ 12.60 60.53 + 11.48 >0.05

TPY3KU IS JIEBOTO 2KEJIYZ0UYKa, YTO MPUBEJIO K PO-
cty KCO JIXK Ha 14.5 % (p < 0.05). 9TO TOBOPHUT O
0oJiee BhIpaKEHHBIX U3MEHEHUSIX B T€OMETPHUU Jie-
BOro Keaymouka (tabi. 3), KOrma CTHUMYIUPYETCS
mporecc nepexosia k 6osee chepuueckoit ero dop-
Me. ITpoucXoAuT OrpaHUUEHNe pean3aluu MeXa-
HuszMma ®panka — CrapsuHra, reTepoMeTPpUIecKHil
MeXaHU3M aBTOPETYJIAIUU CEePAEUYHON JleATeIbHO-
CTH OTPAHUYNBAETCS.

3AK/IIOYEHUE

N3yuyeHre BHYTPUMUOKAPIUAIBHBIX CTPECCOB U
HaTPsIKEHUH JIEBOTO JKEJIY0UKa B KOJIBIIEBOM U Me-
PUINOHAJIPHOM HAIpaBJIEHUSIX y JIUII, TTOJBEpraio-
IMUXCSA BO3JEUCTBHUIO ITPOU3BOACTBEHHOU BUOpa-
WU, TIOKA3aJI0, YTO B TPYIIIIEe KOHTAKTHUPYIOIIUX C
BuOparuen u 601bHBIX BB 1-1 CT., B OT/IMYHeE OT JINIJ,
He IIOBEPTAIOIIUXCsA  BO3AEHCTBUIO IIPOU3BOJICT-
BEHHO-BPEHBIX (haKTOPOB, MPOUCXOIAUT BO3pacTa-
HUE CTpecca U HaIPsIKEHUS IPeK/Ie BCETO B KOJIbIlE-
BOM HaIlpaBJIeHUU B JIUACTOJIY, UYTO TOBOPUT 00 yBe-
JIMYEHUH TPUTOKA KPOBH K JIEBBIM OT/IeJIaM, 3ally-
cke Mexanuzma ®panka — CrapJinHra, T.e. 00 aKTH-
BallU{ TeTEPOMETPUUYECKOrO THIIA aBTOPErYJIAINHU
cepAevyHon AeAaTessbHOCTH. Y 6obHBIX BB 2-ii cT.

sion in the meridional direction during systole,
which indicates an increase in afterload for the left
ventricle and, in the context of other hemodynamic
parameters of this heart chamber, levelling of left
ventricular hyperfunction by isotonic type, which is
associated, in particular, with a longer post-expo-
sure period in persons of this group.
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Influence of grinding methods of birch bark on the yield of
biologically active substances
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AHHOTAIIUA

BBenenue. bepecra colepKUT IeHHbIE OMOJIOTHYECKH aKTUBHBIE BellecTBa (BAB). B cBsi3u ¢ 3THM aKTyasieH TIOUCK
IyTel yBeJIMUeHHs BbIx0/1a U3 Hee BAB.

Il enw. V3yunTs BIUSHUE METO/IOB U3MEIbUEHUS OEpPeCThl Ha U3BJyieueHre u3 Hee BAB nipu sKkcTparupoBaHuu.

Matepuanbsl U MeToAbl. O6pasubl Gepectsl Gepessl moBucioi (Betula pendula Roth.) u Gepesbl mymucToit
(Betula pubescens Ehrh.) nusmesnpyanncy Ha amnmapaTtax ¢ pa3IMYHBIMU CHJIOBBIMHU BO3/IEHCTBUAME Ha PAaCTUTETBHBIN
Marepuaja — AUCKOBOH (MPenMyIeCTBEHHO CIaBJINBAIOIIME, CABUTOBbIE, PACTATHBAOIIME U CPE3AOIIUE YCUIIHS), TPEX-
BJIKOBOH KOJIBI[EBOH (pasziaBJMBaOIe W HCTHUPAIOIINE YCUJIWs) U MIApOBOH (pas/iaBiuBalollye, UCTHUPAIONINE U
YIapHO-CABUTOBBIE YCHJIHNSA) MeJIbHUIAX. IIpOBOIMIN MOP(OIIOTUYECKOE U MUKPOCKOIIMUECKOE UCCIIEZIOBAHUA, OIIpe/ie-
JISITIU COZlep KaHUe DKCTPAKTUBHBIX BEIIECTB, BJIarH B U3MEJIbUeHHBIX 00pa3iaxX. AHAJIM3UPOBAIM COCTAB U COZIEPIKAHLIE
BAB.

PesynbraTsl. HauMeHblne n3MeHeHHUsI B MOPGOJIOTUYECKON U AHATOMUYECKOH CTPYKTYPE PACTUTEJILHOTO MaTe-
puaia HabJIIIaJINCh TIPU UCIIOJIb30BAHUH JIMCKOBOM MEJBHUIIBI (COXpaHSIOTCS MOP(OJIOTHUeCcKUe ITPU3HAKU OepeCcThl U
ee KJIETOYHOE CTPOEHNE), U3MeJIbUeHHe Ha TPEXBAJIKOBOH KOJIBIIEBOU U IIAPOBOY MEJIbHUIIAX TPUBOIUT K CEPhE3HBIM U3-
MeHEHUSM B MOP(HOJIOTHIECKON U aHATOMUYECKOH CTPYKType GepecThl (yTpauuBaercss MOpQ0JIOro-aHaTOMUYECKOE CTPO-
eHle, Pa3pyIIaloTcsa KIeTouHble cTeHKH). CpaBHUTEIBbHBIM aHAIN3 BBIX0JIa SKCTPAKTUBHBIX BEIIECTB U3 U3MebUeHHBIX
00pa3noB OepecThl B 3aBUCUMOCTH OT METOZA U3MeTbUeHUs U HCII0JIb3YeMOro 3KCTpareHTa (BoJa OUMILEeHHAs U CIIUPT
STHJIOBBIN PA3JIMYHOHN KOHIIEHTpAIUU: 96, 80, 70, 40, 20 U 10 %) [TOKa3aJ1, YTO HAWIYYIINM 9KCTPAreHTOM sBJsgeTcs 80%
CIUPT STHIO0BbIH. HanbobIITNE BBIXO/ SKCTPAKTUBHBIX BEIIECTB OTMEUEH /i 00pasia 6epecTsbl, H3MeJIbUeHHOTO B IIa-
poBO# MesibHUIE — 36.85 %, /I N3MEJIbUEHHOTO Ha AUCKOBOM MEJIBHHUIE — 29.96 %, Ha TPEXBAJIKOBOU KOJIBIIEBON —
30.88 %. [Ipu nccieIOBAaHUM BBIXOZIA OCHOBHBIX TPyII BAB (camoHuHBI, IyOHIbHBIE BEI[ECTBA, KYMapHUHBI, TUAPOKCHUKO-
PUYHBIE KHCJIOTBI) U3 U3MeTbUE€HHBIX 00pa3IioB 6epecThl BHIABIEHO, UYTO IIPU UCIIOJIb30BAHUU METO/I0B U3METbUEHUSI, HE
MIPUBOJIAIINX K PA3PYIIEHHIO KJIETOYHBIX CTEHOK, BBIX0/I BAB JTMMUTHpPYeTCsT KaTMJIAPHO-IIOPUCTOH CTPYKTYPOU pacTH-
TeJIPHOTO MaTepuaJa.

3aknoueHue. [Ipu NCHOIB30BAHUN METOJOB M3MEJIbUEHUs, IPUBOJAIINX K PA3PYIIEHUIO KJIETOUHBIX CTEHOK,
HauOOJIBIINH BHIXO/T OMOJIOTMYECKH aKTUBHBIX BEIIECTB U3 OepecThl HabJII/1aeTcs B CIydae UCII0JIb30BaHUs O0Jiee JKecT-
KOT'O BO37IeHiCTBUA Ha Hee, BKJIIOYAIOIIET0 He TOJIBKO YCHJINA UCTUPAHUSA, Pa3/laBINBaHuUsA, HO U yZapa (1IapoBble Mesb-
HUIIBI).

Karouesnte crosa: 6epeCTa, METOAbI U3MEJIbYE€HUA, 3aBUCUMOCTDb, 9KCTPDAKIIUA, OMOJIOTUYECKN aKTHBHBIE BeIIleCTBa.
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ABSTRACT

Introduction. Birch bark contains biologically active substances (BAS). In this regard, the search for ways to in-
crease yield of its bioactive agents is relevant.

Aim. To study the effect of birch bark grinding methods on the extract of its BAS during extraction.

Materials and methods. Samples of birch bark of silver birch (Betula pendula Roth.) and downy birch (Betula
pubescens Ehrh.) were ground up on devices with various force effects on plant material — disk (mainly squeezing, shear,
tensile and shearing forces), three-roll annular (crushing and abrasive forces) and ball (crushing, abrasive and shock-shear
forces) mills. Morphological and microscopic studies were carried out, the content of extractive substances and moisture
in the ground up samples was determined. The composition and content of BAS were analyzed.

Results. The smallest changes in the morphological and anatomical structure of plant material were observed when
using a disk mill (the morphological features of birch bark and its cellular structure are preserved), grinding on three-roll
ring and ball mills leads to serious changes in the morphological and anatomical structure of birch bark (the morphological
and anatomical structure is lost, cell walls are destroyed). Comparative analysis of the yield of extractive substances from
ground up birch bark samples, depending on the grinding method and the extractant used (purified water and ethyl alcohol
of different concentrations: 96, 80, 70, 40, 20 and 10%) showed that the best extractant is 80% ethyl alcohol. The highest
yield of extractive substances was noted for a sample of birch bark ground up in a ball mill — 36.85%, for ground up in a
disc mill —29.96%, on a three-roll ring mill — 30.88%. When studying the yield of the main groups of BAS (saponins, tan-
nins, coumarins, hydroxycinnamic acids) from ground up birch bark samples, it was found that when using grinding meth-
ods that do not lead to the destruction of cell walls, the yield of BAS is limited by the capillary-porous structure of the plant
material.

Conclusion. When using grinding methods that lead to the destruction of cell walls, the greatest yield of BAS from
birch bark is observed in the case of using a more severe impact on it, including not only abrasion, crushing, but also impact

(ball mills).

Keywords: birch bark, grinding methods, dependence, extraction, biologically active substances.

BBEJIEHUE

AKTyasIbHOCTh TIPOOJIEMBI PAI[MOHAIBLHOTO HC-
[IOJTb30BAHUS PACTUTEJIBHBIX PECYPCOB B HAIIEH
CTpaHe 3aKpelieHa Ha 3aKOHO/ATEJIbHOM YDOBHE.
Cosnanue B Poccuu tiardopmbel «buoTex2030»,
HaIpaBJIEHHOW HA HCII0JIb30BaHUE BO30OHOBIISIEMO-
T'O CBIPBA IJISI XUMUUECKOH ITPOMBIIITIEHHOCTH U Op-
TaHUYECKOTO CHUHTEe3a, IIOATBEPKIAeT HeoOXOomu-
MOCTb IIOMCKA peHTabeIbHOTOo criocoba mepepaboT-
KU PaCTUTEJIBHOTO ChIpbs. OHUM U3 IyTell ee pe-
IIEHUs SBJISIETCS MpeABapUTeIbHAsI 00paboTKa Jie-
KapCTBEHHOTO PACTUTEIBHOTO CHIPBS PA3TMUHBIMU
MeToziaMu: (PUBUIECKUMU, XUMUUYECKUMU, OUOJIO-
THYECKUMHU, OMOXUMUYECKUMU, SH3UMATUIECKIMU
" ux koMbuHanuamu [1—3]. Mcnosb3oBaHue nepe-
YUCJIEHHBIX METO/I0B HaIlpaBjIeHO, B IIEPBYIO Oue-
pezn, Ha MOBBIIIEHNE BHIX0O/Ia OMOJIOTUUECKH AKTUB-
HbIX BeniecTB (BAB) u3 chIpbs.

OnHUM 13 caMbIX IPOCTHIX U 3 HEKTUBHBIX Me-
TO/IOB yBeJInUeHus Bbixoa BAB u3 chIpbs sBIsIeTCSA
ero m3MeJIbUeHHe, YTO IPUBOJUT K YBEJIUUYEHHIO
IIOBEPXHOCTU pasziesia TBepAoH u Kujkod daz u
60JIbIIIEMY BBIXO/Y I1€JIEBOTO IIPOAYKTA IIPU 9KCTPa-
rupoBaHud [4]. JIyg u3MenbueHUsl PaCTUTETHLHOTO
CBIPbS MOTYT OBITH MCIIOJIb30BaHBI PA3JINYHbIE Ma-
IIUHBI, OTJIUYAIOIINECS KOHCTPYKIUEN, ITPUHIIU-
IIOM BO3JIEHCTBUS HA MCXOMHBIA MaTepuas. B muc-
KOBO# (HO2KEBOI) MeJIbHUIE U3MeIbUeHHe MPOUC-

INTRODUCTION

The relevance of the rational use issue of plant re-
sources in our country is fixed at the legislative level.
The creation of the BioTech2030 platform in Russia,
aimed at using renewable raw material for the chem-
ical industry and organic synthesis, confirms the
need to find a cost-effective way of processing plant
raw material. One of the ways to solve it is the pre-
treatment of medicinal plant raw material by various
methods: physical, chemical, biological, biochemi-
cal, enzymatic and their combinations [1—3]. The use
of these methods is primarily aimed at increasing the
yield of biologically active substances (BAS) from
raw material.

One of the simplest and most effective methods of
increasing the yield of BAS from raw material is its
grinding, which leads to an increase in the interface
between the solid and liquid phases and a greater
yield of the target product during extraction [4]. For
grinding plant raw material, various machines can
be used, differing in design, the principle of influenc-
ing the source material. In a disc (knife) mill, grind-
ing occurs due to cutting when shear deformations
emerge. A distinctive feature of the force action on
the fiber during grinding in knife mills is the pres-
ence of mainly squeezing and shear forces. Along
with these components, tensile and shear forces act
on the fibers, while chemical changes in the source
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XOJIUT 32 CUET Pe3aHUs IPU BOBHUKHOBEHUU C/IBHU-
roeix aedopmanuii. OTJIHYUTETLHONU OCOOEHHO-
CTBIO CHJIOBOTO BO3/IEMCTBUA HA BOJIOKHO IIPU U3-
MeJIbUeHUU B HOXKEBBIX MAIIWHAX SIBJIAETCSA HAIU-
Yre IPeuMYyIIeCTBEHHO CIaBJIUBAIOIIEr0 U CABUTO-
Boro ycwiuii. Hapsay ¢ yKazaHHBIMU COCTaBJISIO-
MU Ha BOJIOKHA JIEHCTBYIOT PACTATUBAIOIINE U
cpesarolye yCUIns, IPU 3TOM XUMHYECKUX H3Me-
HEHUU B UCXOJTHOM MaTepuasie OObIYHO He IPOHC-
xomuT [5]. B KOIbIEBBIX MeJIbHHIAX H3MeJIbuae-
MBI MaTepuas MPIKUMAETCs BPAIIAIOIIIMUC
BaJbllaM¥ (IapamMu) K HEIMOJBHKHOMY WJIM Bpa-
IIA0NeMycs KOJIbIIeBOMY BKJIQ/BIINLY, U U3MeJbue-
HUe TPOUCXOJIUT IIyTEM Pa3/IaBJIUBAHUS U UCTHPA-
HUS MaTepuasia Moj, JefCTBUEM CHJIBI Beca pa3Ma-
JIBIBAIONIUX TeJ (BJIBIIOB HJIU IIAPOB), CHUJIBI HATSA-
JKeHUs IPYKUH WU IeHTPoOeKHbIX cuJl. [IlapoBbie
MeJIPHUIIBI OTHOCAT IO MPUHIINILY JIeUCTBUA K Ma-
IIMHAM CO CTECHEHHBIM Y/IapOM, T.€. JUCIEPTUPO-
BaHUE PACTUTEIHHOTO ChIPbs IIPOUCXOIUT IO ek~
CTBUEM MEJTIOIINX TeJ IIPU Pa3faBJINBaHUU, UCTH-
pauum u yaape [6].

OIHUM U3 IEPCIEKTUBHBIX JIJIs1 BHEAPEHUS B Me-
JIULHY BUZIOB PACTUTEJIBHOTO CHIPBSA ABJAETCA Oe-
pecTa, CKaIuIBaIoIascs Ha JIeCOCeKaxX Mocie PyOKu
U Ha J1epeB00OpabaThIBAIOIIUX IPEAIPUATHIX B pe-
3yJIbTaTe OKOPKU JPEBECHHBI U HE HMEIOIIAs IIPOo-
MBIIIUIEHHOTO TpuMeHeHusd [7]. bepecra conmep:xut
IIeHHble OMOJIOTUUECKH AKTUBHBIE BEIECTBA: TPHU-
TEPIIEHOBbIE CAIIOHUHBI, JyOWIbHBIE BEIIECTBA,
(1aBoHOUIBI, KYMapUHBI, TEPIIEHOWABI U Jp. [8—
10]. ITockoyibKy GeTyJIMHBI U DKCTPAKTHI, ITOJTyUeH-
HbIEe U3 OepecTsl, IPOABJIAIOT IIUPOKUH CIIEKTP 61O0-
JIOTHYECKOH aKTUBHOCTH [10—12], uccIemoBaHUA
psa OTeuecTBEHHBIX U 3apy0OeKHBIX YUEHBIX Ha-
IIpaBJIeHbl HAa IIOUCK IIyTeH YBeJIWYEHWs BBIXOZA
BAB u3 6epectsl [2, 7, 13], YTO MOUEPKUBAET aKTy-
JIBHOCTD JAHHOTO HCCJIeIOBAHMUS.

IOEJIb NCCJIEJOBAHUA

W3ydnTh 3aBHCHUMOCTH BBIXOJA OHOJIOTHYECKH
aKTUBHBIX BEIECTB M3 OepecThl OT METO/IOB ee H3-
MeJIbUeHUs Ha IUCKOBOU, TPEXBAITKOBOU KOJIBIIEBOM
U IIIAapOBOY MEJIbHUIIAX.

MATEPUAJIBI 1 METO/1bI

OOBeKTaMU JIJIST UCCTIEIOBAHUS CIIY KN 00pas-
bl OepecThl (BHEITHENW YaCTH KOPBI) OEpPE3hI IIOBUC-
goui (Betula pendula Roth.) u Gepe3bl mymiucTou
(Betula pubescens Ehrh.) cemeiictBa 0GepesoBble
(Betulaceae), namesbueHHble Ha JAUCKOBOM (HOMKe-
Boi1) MesbHMIlE (06pazer; N2 1), Ha [IIAPOBOM MeJIb-
Huile (oOpaszer] NQ 2) 1 Ha TPEXBAIKOBOI KOJIbIIEBOH
mesbHuIle (06pazer; NO 3).

material usually do not occur [5]. In ring mills, the
ground up material is pressed by rotating rollers
(balls) to a stationary or rotating ring liner, and
grinding occurs by crushing and abrasion of the ma-
terial under the influence of the weight of the grind-
ing bodies (rollers or balls), the tension force of
springs or centrifugal forces. Ball mills are referred
by the principle of operation to machines with a con-
strained impact, i.e., the dispersion of plant raw ma-
terial occurs under the action of grinding bodies dur-
ing crushing, abrasion and impact [6].

One of the most promising types of plant raw
material for the introduction into medicine is birch
bark, which accumulates in logging areas after log-
ging and at woodworking enterprises as a result of
debarking wood and has no industrial application
[7]. Birch bark contains valuable BAS: triterpenoid
saponins, tannins, flavonoids, coumarins, terpe-
noids, etc. [8—10]. Since betulins and extracts ob-
tained from birch bark exhibit a wide range of bio-
logical activity [10—12], the research of a number of
domestic and foreign scientists is aimed at finding
ways to increase the yield of BAS from birch bark
[2, 7, 13], which emphasizes the relevance of this
study.

AIM OF THE RESEARCH

To study the dependence of the yield of BAS from
birch bark on the methods of its grinding in disk,
three-roll ring and ball mills.

MATERIALS AND METHODS

The objects for the study were samples of birch
bark (the outer part of the bark) of silver birch (Bet-
ula pendula Roth.) and downy birch (Betula pubes-
cens Ehrh.) of the birch family (Betulaceae), ground
up in a disc (knife) mill (sample 1), in a ball mill
(sample 2) and in a three-roll ring mill (sample 3).

The birch bark was ground up in a ball mill using
a centrifugal type activator, the AGO-2 mill. Steel
balls with a diameter of 6 mm were used as grinding
bodies, the loading of the balls was 200 g per 10 g of
the processed plant material, the calculated accel-
eration of the grinding bodies was 200-600 m/s,
the calculated processing intensity was 1 W/g, the
processing time was 30 min. Conditions for grind-
ing birch bark using a three-roll ring mill: rotation
speed was 900 rpm, temperature was 27—28°C,
pressure was 40 Hz, productivity was 1 kg of raw
material per hour. Birch bark was ground up on ball
and three-roll ring mills in the laboratory of the In-
stitute of Solid State Chemistry and Mechanochem-
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N3menbueHne OepecTbl Ha IIAPOBOU MEJIbHHUIIE
MPOBEJIEHO C UCIIOJIb30BAHNEM aKTHBATOPA IEHTOPO-
GexxHoro tuna — MeabHuIBl AI'O-2. B kauectse me-
JTIOITUX TeJT UCIOJIb30BAUCH CTAJIBHBIE IIAPhI JTAA-
MeTpoM 6 MM, 3arpysKa I1apoB — 200 T Ha 10 T 00-
pabaThIBaeMOTO BEIECTBA, PACUETHOE YCKOPEHUe
MEJIIOIIUX TeJl — 200—600 M/c, pacueTHass MHTEH-
CUBHOCTH 00pabotku — 1 Bt/r, Bpemsa o6paboTku —
30 MUH. YCJIOBUS U3MeJIbUeHUsT OepecThbl ¢ UCIIOJIb-
30BaHHEM TPEXBAJTKOBOH KOJIBIIEBOH MEJIbHUIIBI:
CKOPOCTB BpallleHusA — 900 00./MUH, TeMIepaTypa —
27—28 °C, pmaBienue — 40 [, TpOU3BOAUTENTH-
HOCTb — 1 KT ChIpbsi/4. VI3menbueHune GepecThl Ha
IApOBON M TPEXBAJIKOBOW KOJIBIIEBOM MEJIHHUIIAX
MIPOBOMIMJIH B JJabopaTopuu VIHCTUTYTa XUMHUHU TBEP-
qmoro tena u MmexaHoxumuu CO PAH (Axkamemropo-
JI0K, T. HoBocHOMpCK), HAa IUCKOBOW MEJIBHUIIE — Ha
MeJIbHHUIIE «IJKCUEIBCHOP», IUPOKO IIPUMEHAEMOMN
B (hapMaIieBTHUeCcKOM ITpou3BoicTBe. OCHOBHOM Jie-
TaJIBIO JITAHHON MEJTbHUIIBI SBJISIOTCS IBA BEPTUKAJIb-
HO YCTAHOBJIEHHBIX JINCKA, OTUH U3 KOTOPBIX Bpalia-
€TCsT CO CKOPOCThI0 250—300 00./MuH. [IoBepXHOCTH
JINCKOB TIOKPHITA MEJKUMHU 3yOIlaMu, PacIoJIOKeH-
HBIMH IT0 OKPY?>KHOCTH TaKUM 00pa3om, 4To0bI 3y0ITbI
JIBIDKYITIETOCS IFICKA TIOTIA/IAIN B IIPOMEKYTKU MeK-
Jly 3yOIIaMUu HETTOABMKHOTO TUCKA. [Ipou3BOIUTEIb-
HOCTb IIPU IUAMETPE IUCKOB 400 MM — JI0 50 KI'/d.

Onucanre BHEIIHUX IPU3HAKOB, Mopdosoruye-
CKHeEe U MUKPOCKOIIUECKHUE UCCIe0BAHMUSA, OIIpeie-
JIeHUEe BKCTPAKTUBHBIX BelllecTB (MeTos 2), BIa’KHO-
CTHU TIPOBOJIWJIN B COOTBETCTBUU ¢ ['ocy1apcTBEHHOM
dapmaxkomeeit (I'®) XIV [14].

MUKPOCKOTIUYECKHE KCCIENOBAHUSA TPOBOIIN
Ha MHKPOCKOIIE ITPOXO/ISIIETO M OTPAKEHHOTO CBETa
Axioskop 2 plus (Zeiss), nudponast kamepa AxioCam
HRc (Zeiss), mporpammuoe obecieuenne AxioVision
(Zeiss). OtnenbHBbIE (PparMeHTHI UCCIEOBAHUI BBI-
IIOJTHEHbI HA JIIOMHHECIEHTHOM  MHKPOCKOIIE
SteREO Lumar.Vi2 (Zeiss), nudpoBas kamepa
CoolSNAP fx ¢ mporpaMMHBIM oObecredeHueM
WinView 32 (Roper Scientific) u Ha kKoHpOKaTbHOM
CKaHUPYIOIIIEM Jia3epHOM MHUKpockone LSM-510
Mera (Zeiss) mpu yBeslnueHUH 10 600 pa3 B IIPOXO0-
JIAIEM cBeTe B VIHCTUTYTE IIUTOJIOTUH U T€HETHUKU
CO PAH (AkazeMropoiok, . HoBocubupck).

AHaM3 KOMIIOHEHTHOTO COCTaBa, KOJUYECTBEH-
Horo cojiep:kanus BAB mposezieH ¢ nomotbio dap-
MAaKOIIEHHBIX METOAUK B cooTBeTcTBUH ¢ I'D XIV [14].

PE3YJIBTATDBI 1 OBCY2KIEHUE

CpaBHUTEJIPHBIN BU3YIBHBIA aHAIN3 00Pa3IoB
GepecThl, U3MEJIbUEHHBIX Ha JAUCKOBOH MEJIbHUIIE
(obpaszerr N@ 1), mapoBoi MmesbHuUIE (00pazer; NO 2)
U TPEXBAJIKOBOU KOJIBIIEBOU MeJibHUIE (0Opasery

istry (Akademgorodok, Novosibirsk), on a disk mill
— on the Excelsior mill, widely used in pharmaceu-
tical production. The main part of this mill is two
vertically mounted disks, one of which rotates at a
speed of 250—300 rpm. The surface of the disks is
covered with small teeth arranged around the cir-
cumference so that the teeth of the moving disk fall
into the gaps between the teeth of the stationary
disk. Productivity with a disk diameter of 400 mm
was up to 50 kg/h.

Description of external signs, morphological and
microscopic studies, determination of extractive
substances (method 2), humidity were carried out in
accordance with State Pharmacopoeia of Russia
[14].

Microscopic studies were carried out on the Ax-
ioskop 2 plus (Zeiss) transmitted and reflected light
microscope, the AxioCam HRc digital camera (Zeiss),
the AxioVision software (Zeiss). Individual frag-
ments of the studies were performed on the SteREO
Lumar.Vi2 luminescent microscope (Zeiss), the
CoolSNAP fx digital camera with the WinView 32
software (Roper Scientific) and on the confocal scan-
ning laser microscope LSM-510 Meta (Zeiss) at mag-
nification up to 600 times in transmitted light at the
Institute of Cytology and Genetics (Akademgorodok,
Novosibirsk).

The analysis of the component’s composition, the
quantitative content of BAS was carried out using
pharmacopoeial methods in accordance with the
State Pharmacopoeia of Russia [14].

RESULTS AND DISCUSSION

A comparative visual analysis of birch bark sam-
ples ground up in a disc mill (sample 1), a ball mill
(sample 2) and a three-roll ring mill (sample 3)
showed the influence of mechanical pretreatment of
raw material on morphological characteristics: birch
bark sample 1 is a mixture of pieces of birch bark of
various shapes, with a predominance of the fraction
passing through a sieve with holes in a diameter of
3 mm. The color of the pieces ranges from white,
light beige to beige-brown. The odor is faint, the taste
is peculiar, slightly astringent. Birch bark sample 2 is
a dense dark brown powder with a predominance of
a fraction with a particle size of 0.3 mm, with a faint
odor and a bitter astringent taste. Birch bark sam-
ple 3 is a dense brown powder with a whitish hue,
with a predominance of a fraction with a particle size
of 0.3 mm, with a faint odor and a bitter astringent
taste (Fig. 1).

Microscopic examination of ground up birch bark
samples revealed that the cell structure was not dis-
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No 3), mokasas BJIUsIHHE MEXaHUYECKOU mpeaobpa-
OOTKHU CBIpbsI HA MOP(OJIOTHYECKe TPU3HAKH: 00-
paser 6epectsl NO 1 mpezcTaBiisieT co60H cMeCh Ky-
COUKOB OepecThl pa3IudHOu GOPMBI, ¢ ITpeobiiaaa-
HueM QpaKIUU, IPOXO/ISIIEH CKBO3b CUTO C OTBEP-
CTUSMU AuaMeTpoM 3 MM. I[BeT KycoukoB oT 6eJ10ro,
CBeTJIO-0e3KeBOTO 10 0OeKeBO-KOPUYHEBOTO. 3arax
c1abbIl, BKyC CBOEOOpa3HBIH, clerka BKyui. O6-
paserr 6epectbl N2 2 mpejicTaBiasieT cCOO0H IIOTHBIH
TEMHO-KOPHUYHEBBI IIOPOIIOK C IIPeobJialaHueM
(dpaxiuy ¢ pazmMepoMm YacTHIl 0.3 MM, €O CJ1aObIM 3a-
[IaxOM M TOPHKOBATHIM BSIXKYIITUM BKycoM. OGpasery
Gepecthl N 3 — IUIOTHBIN KOPUYHEBBIN IIOPOIIOK C
OeslecbIM OTTEHKOM, C IIpeobiiasianueM (ppakiuu ¢
pasMepoM uactuil 0.3 MM, CO CJIabbIM 3amaxoM U
TOPBKOBATHIM BSIKYIIIUM BKycOoM (pHc. 1).

I[Ipy MHUKDPOCKOIIMYECKOM HCCJIEIOBAHUU W3-
MeJIbYEHHBIX 00pasIoB OepecThl OBLIO yCTaHOBJIE-
HO, 4TO B 00pasue NO 1 kyleTouHasI CTPYKTypa He Ha-
pyllleHa: Ha MPOOJIBHOM cpe3e GepecThl Haboa-
IOTCST TPO3E€HXUMHBIE KJIETKH C 3a0CTPEHHBIMU KOH-
[IAMHU U YTOJIIEHHBIMU cTeHKaMH (puc. 2, A). B Y-
cBeTe OTMeuaeTcss cOOCTBEHHOE CBEUYEHHE KJIETOY-
HBIX CTEHOK, YTO OOBACHSIETCS MPUCYTCTBHEM B HUX
BemecTB (peHOSbHOU HPHUPOAbl (T0rbeHOTIbHbIE
coenmHenwus) (puc. 2, B, C). B o6pasmnax Ne 2 u 3 npu
CBETOBOU MUKPOCKOIIUY HaboaoTes 6echopmeH-
Hble (pparMeHThHl MaTEPUH, UYTO CBUETEIHCTBYET O
paspyllIeHnun CTeHOK KIeToK (puc. 2, D, G). IIpu Ha-
OJIIO/IEHNH TeX 2Ke IpernapaToB B YO-cBeTe ycTaHOB-
JIEHO, YTO CBETSTCS He TOJIbKO (parMeHThl KJIETOU-
HBIX cTeHOK (puc. 2, F, I), HO u BKJIIOUYAOIIAA UX
KuAKOCTD (puc. 2, E, H), yTo roBopuTt o TOM, uTO de-

turbed in sample 1: prosenchymatous cells with
pointed ends and thickened walls were observed on
the longitudinal section of birch bark (Fig. 2, A). In
UV light, the cell wall’s luminescence is noted, which
is explained by the presence of substances of a phe-
nolic nature (polyphenolic compounds) in them
(Fig. 2, B, C). In samples 2 and 3, shapeless frag-
ments of matter are observed under light microsco-
py, which indicates the destruction of the cell walls
(Fig. 2, D, G). When observing the same prepara-
tions in UV light, it was found that not only frag-
ments of the cell walls glow (Fig. 2, F, I), but also the
liquid that includes them (Fig. 2, E, H), which indi-
cates that phenolic compounds are washed out of the
destroyed cell walls.

The moisture content in the birch bark samples
does not exceed 3%: for sample 1, it is 2.65 + 0.05%,
for sample 2 it is 2.10 + 0.04%, for sample 3 it is
2.70 + 0.07%.

In the comparative analysis of the content of
extractive substances in the studied birch bark
samples, a number of extractants were used as
solvent: purified water and ethyl alcohol of vari-
ous concentrations (96, 80, 70, 40, 20 and 10%).
A comparative analysis of the yield of extractive
substances, depending on the extractant used,
showed that 80% ethyl alcohol is the best for all
the studied samples. The content of extractive
substances for sample 1 is 29.96%, for sample 2 is
36.85%, for sample 3 is 30.88%. The highest yield
of extractive substances was established for a
sample of birch bark ground up in a ball mill
(sample 2) (Fig. 3).

Puc. 1. BiiusHue MeTOI0B n3MeIbueHus Ha MOP(OJIOTHUECKYIO CTPYKTYPYy 06pasios 6epectsl: A — obpaser] NO 1,
M3MeJIbYEeHHBIN Ha IUCKOBOU MeJibHMUIlEe; B — 06paser N2 2, n3aMesibueHHbIN Ha IaPOBON MEIbHUIIE;
C — obpaser; N 3, u3mMeIpYeHHBIH Ha TPEXBAIKOBOU KOJIBIIEBON MEJIbHUIIE
Fig. 1. The influence of grinding methods on morphological structure of birch bark samples: A — sample 1,
ground up in a disc mill; B — sample 2, ground up in a ball mill; C — sample 3, ground up in a three-roll ring mill
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Puc. 2. ®parMeHTH MUKPOCKOITUYECKOH CTPYKTYPHI 06pasios 6epectbl. O6paser; N 1 (A, B, C), o6pazer; N2 2 (D, E, F),
obpazer; N2 3 (G, H, I) (A, D, G — cBeroBoi Mukpockon; B, E, H — JIloMUHEeCIEHTHBI MHKPOCKOIT;
C, F, I — KoOHQOKIBHBIN CKAHUPYIOIINH JIa3ePHBIA MUKPOCKOI). A, B, D—I — yBenmuenue x400, C — x600
Fig. 2. Fragments of the microscopic structure of birch bark samples. Sample 1 (A, B, C), sample 2 (D, E, F),
sample 3 (G, H, I) (A, D, G — light microscope; B, E, H — fluorescent microscope; C, F, I — confocal scanning laser
microscope). A, B, D-1 — magnification x400, C — magnification x600
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HOJIBHbIE COETUHEHMsI BHIMBIBAIOTCS U3 Pa3pyIleH-
HBIX KJIETOUHBIX CTEHOK.

CojiepskaHue BJary B HCC/IEIyeMbIX 00pasiax be-
pecThI He TIpeBbImIaeT 3 %: 11 obpasma N2 1 0HO co-
craBysieT 2.65 + 0.05 %, jya obpasma N 2 —
2.10 + 0.04 %, /15 obpasna N2 3 — 2.70 + 0.07 %.

[Ipu cpaBHUTETLHOM aHAIU3E COJIEPIKAHUS DKC-
TPaKTUBHBIX BEIECTB B UCCIIETyeMbIX 0Opasnax be-
pecThl B KauecTBe SKCTPAreHTOB UCIIOJIb30BAIA P/
PacTBOpDHUTEJIEHN: BOAY OUMIIEHHYIO U CIUPT STHUJIO-
BBIM pa3yIMYHON KoHIeHTpamuu (96, 80, 70, 40, 20
u 10 %). CpaBHUTEIbHBIN aHAIN3 BBIX0O/]a DKCTPaAK-
THUBHBIX BEIECTB B 3aBUCUMOCTH OT HCII0JIH3YEMOTO
SKCTpareHTa IMoKa3aJl, YTO HAWJIYUIIIUM JIJIs BCEX UC-
caeyeMbIX 00pasIoB ABJsgeTCs 80% CIOUPT BTHUIIO-
BbIH. CoJleprkaHre SKCTPAKTUBHBIX BEIECTB /IS 00-
pasna N2 1 — 29.96 %, mis obpasna Ne 2 — 36.85 %,
Jutst obpasma Ne 3 — 30.88 %. HaubosibIiuii BBIXO/T
SKCTPAKTHUBHBIX BEIIECTB YCTAHOBJIEH /IS 0Opasia
OepecThl, U3MEJIbYEHHOTO B IIAPOBON MEJIbHUIIE
(o6paszer; Ne 2) (puc. 3).

IIpu npoBeaeHun o0OIIET0 (GHUTOXUMUUECKOTO
aHaJIM3a B HCCIEAyeMBIX oOpasiax OepecThl ycTa-
HOBJIEHO MPUCYTCTBUE TPUTEPIIEHOBHIX CATTOHUHOB,
TUPOKCUKOPUYHBIX KHCJIOT, KyMapHHOB, JyOWIb-
HBIX BeIllecTB (IPeuMyIEeCTBEHHO TUJIPOIU3yEeMOU
rpyunsl). ITo cocraBy ocHOBHBIX Tpynn BAB uccie-
JlyeMble 00pasIbl 6EPECThI HE Pa3INYATHUCh.

CpaBHUTEJIPHBIA aHAJIU3 BJIUSHUS METOJIOB W3-
MeJibueHusT OepecThl Ha BbIX0o BAB 13 Hee BBIABUI,

During the general phytochemical analysis, the
presence of triterpene saponins, hydroxycinnamic
acids, coumarins, tannins (mainly of the hydrolyz-
able group) was found in the studied birch bark sam-
ples. The studied birch bark samples did not differ in
the composition of the main groups of BAS.

A comparative analysis of the effect of birch bark
grinding methods on the yield of BAS from it re-
vealed that the smallest amount of BAS is extracted
from birch bark samples ground up on a disc (knife)
mill, the largest — from samples ground up a ball
mill, and samples ground up on a three-roll disc mill
occupy an intermediate position (Fig. 4). Micro-
scopic studies of ground up birch bark samples
showed that particles of raw material of sample 1
passing through a sieve with a hole diameter of
1 mm or less retain their cellular structure (see
Fig. 2, A). It is known that the extraction of plant
objects (birch bark in particular) in order to isolate
BAS is a mass-exchange process complicated by the
capillary-porous structure of objects, and the yield
of bioactive agents is directly dependent on the par-
ticle size of the raw material [4]. The cellular struc-
ture of samples 2 and 3 is broken (Fig. 2, D, G),
which explains the greater yield of BAS from them
(see Fig. 4).

The highest yield of BAS was noted for birch bark
samples ground up in a ball mill. When grinding
plant material in ball mills — under conditions of in-
tensive mechanochemical action (crushing, abrasion

40 =@=—O6paser; N2 1 / Sample 1
X
w & 35 =fll= OGpaszen NC 2 / Sample 2
. Q
é 5 30 O6pasen N2 3 / Sample 3
o8
% 2% o5
82
g %2
s.g% 207
SE:
SEE 15
< =
&2 10 -
5E
=t
E 5-
&)
o T T T T T T
BO C3 Ca C3 C3 C3 Cca
PW EA EA EA EA EA EA
10% 20% 40% 70% 80% 96%

Akcrparent / Extractant

Puc. 3. /[uHaMuKa cofiepKaHusl SKCTPAKTUBHBIX BEIIECTB B 06pasiax 6epecTsl B 3aBUCUMOCTH OT METO/IOB
ee U3MeJIbYEHMsI U UCII0JIb3YEMOT0 SKCTpareHTa (B %, B mepecuere Ha abCOJIIOTHO-CYXOE ChIPBE;
BO — Boza ounienHasi; C9 — CIIUPT STUTOBBIH)
Fig. 3. Dynamics of the content of extractive substances in birch bark samples depending on the grinding methods
and the extractant used (%, in terms of absolutely dry raw material; PW — purified water; EA — ethyl alcohol)
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4YTO HamMeHblllee KoanuecTBO BAB u3sByiekaercsa us
00pasioB 0OepecTbl, M3MeJIbYEHHBIX Ha IMCKOBOM
(HOKEBOIT) MesTbHUIlE, HAaUOOJIbIIIee — U3 00PA3IIoB,
U3MeJIbUeHHBIX Ha IApOBOW MeJIbHUIIE, a 00pasIlbl,
U3MeJIbYeHHbIEe Ha TPEXBAIKOBOH AMCKOBOH MEIbHU-
1le, 3aHUMAIOT ITPOMEKYTOUHOE T0JIOXKeHHe (PHC. 4).
MUKpPOCKOITUYECKHE HCCIIEIOBAaHUS U3MeTbUeHHBIX
00pasioB GepecThl MOKA3a/d, YTO YACTHUIBI CHIPbS
obpastia N 1, mpoxozIue CKBO3b CUTO C AUAMETPOM
OTBEPCTUH 1 MM U MEHee, COXPaHSIOT CBOIO KJIETOY-
HYIO CTPYKTYPY (cM. puc. 2, A). I3BeCTHO, UTO 3KCTpa-
TMPOBAaHME PACTUTEIBHBIX OOBEKTOB (OepecTsl B
YaCTHOCTH) C IeJIbI0 BhIesienuss BAB sBisercsa mac-

A
4.5

Conep:xanue, %
Content, %

and impact) — high rates of load changes on the raw
plant material are realized, while the structure and
texture of the material undergoes radical changes —
the cell walls of not only parenchymal cells, but also
cells of mechanical tissues are destroyed. Changes
are observed not only in the anatomical and morpho-
logical structure of the ground up plant material, but
also in the structure of polymer compounds (poly-
phenolic substances). There is an increase in excess
free energy, a break of intermolecular bonds that sta-
bilize the supramolecular structure, a change in the
valence angles and intermolecular distances of poly-
mer chains, a weakening of crystallinity (mechano-

B Kymapussl
Coumarins

B TUAPOKCUKOPUYHBIE KUCIOTHI
Hydroxycinnamic acids

B 1y6uiabHBIE BEIleCcTBa
Tannins

O6pazert N2 1 O6paszert N2 2 O6paser N 3

Sample 1 Sample 2 Sample 3
B
50.0 -
40.0
X
gixsao-
23
&3
g8 200
S
&)
10.0 -
0.0 -
O6paser N2 1 Ob6paszer; N2 2 Ob6paser N2 3
Sample 1 Sample 2 Sample 3

Puc. 4. JluHaMuKa CoJiep:KaHIs OCHOBHBIX IPYIIIT OHOJIOTHYECKH aKTHBHBIX BEIIECTB B 00pasiax 6epecTsl
B 3aBHCHMOCTH OT METO/IOB ee u3MesibueHus (B %, B mepecyere Ha abCOIIOTHO-CYXO0€ ChIPbe):
A — KyMapuHBI, THAPOKCHKOPUYHbIE KUCJIOTHI U {yOUJIbHbIE BELECTBA; B — TpUTEpIIEHOBbIE CATIOHUHBI
Fig. 4. Dynamics of the content of the main groups of BAS in birch bark samples, depending on the grinding methods
(%, in terms of absolutely dry raw material): A — coumarins, hydroxycinnamic acids and tannins; B — triterpene saponins
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COOOMEHHBIM ITPOIIECCOM, OCJIOKHEHHBIM KaIlMJI-
JIIPHO-TIOPUCTOH CTPYKTYpOH OOBEKTOB, WU BBIXO]
BAB HaxojiuTcsl B IPSAMOM 3aBUCHMOCTH OT pa3Mepa
JacTull ceIpbs [4]. KieTouHnas cTpykrypa 06pasion
N¢ 2 u 3 mapymrena (puc. 2, D, G), 94To 1 06bsACHsIET
OosipIuE BhIXo/ 13 HUX BAB (cm. puc. 4).

HaubGospmmii Beixon BAB ormeueH jisi oOpas-
110B GEPECThI, U3METbUEHHBIX Ha IIAPOBOM MEIbHU-
ne. [Ipu u3mMesIbueHnH pacTUTEIPHOTO MaTepraia B
[IaPOBBIX MEJIbHUIIAX — B YCJIOBUAX HHTEHCHBHOTO
MEeXaHOXHUMUYECKOTO BO3JAeHcTBUA (paszaBiinBa-
HUs, UCTUPAHUS U yiapa) — Pealn3yIoTcs OOJIbIIHe
CKOPOCTH U3MeHEeHUsI Harpy3KU Ha UCXOIHOE PaCTH-
TeJIbHOE ChIPhe, IIPU BTOM CTPYKTYPa U TEKCTypa Ma-
Tepuasia IpeTepIreBaeT paJuKaIbHble U3MEHEHUs —
Ppas3pyIIaTcs KJIETOYHbIE CTEHKU He TOJIHKO MTapeH-
XHMHBIX KJIETOK, HO U KJIETOK MEXaHHUYECKHX TKa-
Hel. l3MeHeHus HaOJIIOZAIOTCS HE TOJIBKO B
aHaTOMO-MOP(OJIOTUUECKOM CTPOEHUH U3MeJIbyae-
MOTO PaCTUTEJIHLHOTO MaTepuasia, HO U B CTPYKTYPe
IIOJTUMEPHBIX COeIMHEHUHN (0T EHOTBHBIX OKHC-
JISIEMBIX BellecTB). IIpOUCXOIUT yBeImYeHne U30bI-
TOYHOU CBOOOZHOHM SHEPTHH, Pa3PHIB MEKMOJIEKY-
JISIPHBIX CBs3€H, CTAOWIM3UPYIONIUX HAIMOJIEKY-
JIIPHYIO CTPYKTYPY, U3MeHeH!e BAJIEHTHBIX YIJIOB U
MEKMOJIEKYIAPHBIX PACCTOSHUM MOJUMEDPHBIX Ile-
meH, ocyrabyieHre KPUCTA/UTUYHOCTH (MEeXaHOXUMHU-
yeckas Je3uHTerpanusa) [2, 15]. OTUMH CTPYKTyp-
HBIMU U XUMHYECKUMU U3MEHEHUSIMHU U 00bSICHSIET-
¢s1 OOJIBIITNI BBIXO/T SKCTPAKTUBHBIX BelecTB 1 BAB
u3 obpasma NO 2, Tak KakK IIPU SKCTPArupPOBAHUM U3-
BJIEKAIOTCSI HE TOJILKO CBOOOZIHBIE I HU3KOMOJIEKY-
JISIpDHBIE TIPUPOJIHBIE COETMHEHUsI, HO U IOJHUMED-
HbIEe U paHee cBsA3aHHbIe BAB.

B ciyuae uzmesibueHust 06pa3IioB Ha TPEXBAJIKO-
BOU KOJIBIIEBOM MeJIbHUIIE Ha OepecTy B OCHOBHOM
BOB/IEHCTBYIOT YCWINS DPa3/laBJMBaHUSI U KCTHUPA-
HUs, T.e. IPOUCXOUT Oosiee «MsrKass o6paboTka»
Marepuasia, €CJIM CPAaBHUBATh C U3MEJbUEHHEM B
[IaPOBOU MeJIbHUIIE, OJTHAKO IIPHU 3TOM KJIETOUYHAs
CTpyKTypa obpasiia yrpauuBaeTcs, YTO TaKXKe BJIe-
YeT MOBBIIIIEHHE BbIX0/IA DKCTPAKTUBHBIX BEIECTB U
BAB 1tipu sKcTparupoBaHu# (CM. puc. 3, 4).

3AK/IDYEHUE

HpOBeﬂeHHbIe HCCIeg0BaHUA CBUAETEJIBCTBYIOT
O 3HAQUHUTE/JIBHOM BJIMAHHUHW METOJO0B H3MEJIbYCHHUA
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1. Tomasumona O.B., ITosutoB A.A., Jlomosckuii O.H.
YBenuuenue 3(@eKTUBHOCTU H3MeIbYeHUs JIUTHO-
[IEJUTIOJIO3HOTO PACTUTEIBHOTO CBHIPhS C ITOMOIIBIO
XHUMHUYeCKOH 06paboTku // XuMuUs pacTUTEIBHOTO ChI-
pbs. 2009. N2 2. C. 53—-57.

chemical disintegration) [2, 15]. These structural and
chemical changes explain the greater yield of extrac-
tive substances and BAS from sample 2, since during
extraction not only free and low-molecular-weight
natural compounds are extracted, but also polymer
and previously bound BAS.

In the case of grinding samples on a three-roll
ring mill, the birch bark is mainly affected by crush-
ing and abrasion forces, i.e., there is a more “soft
processing” of the material, if compared with grind-
ing in a ball mill, but the cellular structure of the
sample is lost, which also leads to an increase in the
yield of extractive substances and BAS during extrac-
tion (see Fig. 3, 4).

CONCLUSION

The conducted studies indicate a significant influ-
ence of grinding methods of birch bark on the yield
of BAS from it during further extraction. When using
grinding methods that do not lead to the destruction
of cell walls, the yield of BAS is limited by the capil-
lary-porous structure of birch bark. When using
grinding methods that cause the destruction of cell
walls, the greatest yield of BAS from birch bark is ob-
served in the case of using a more severe influence on
it, including not only the forces of abrasion, crush-
ing, but also impact.
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OGepectsl Ha BBIXOJ, BAB u3 Hee npu JayibHENIIIEM
SKCTparupoBaHuu. [IpW HCIOJIB30BAaHUHM METOOB
u3MeJIbueHns, He IPUBOJAIINX K Pa3pyIIEHUIO Kile-
TOUHBIX CTE€HOK, BbIX0/i BAB siuMuTHpyeTcsa Kamnui-
JIIPHO-TIOPUCTON CTPYKTypo#l Gepectbl. Ilpu wuc-
II0JIb30BAHUU METO/IOB HM3MeJIbUEeHUs, BbI3bIBAIO-
IUX pa3pyllIeHue KJIETOYHBIX CTEHOK, HANOOIbIITHHI
BbIX0/T BAB 13 GepecThl HabJIIOIa€TCS B CIydae Hc-
II0JIb30BaHUsA O0JIee JKEeCTKOTO BO3/IEHCTBUS HA Hee,
BKJIIOYAIOIIEr0 He TOJIBKO YCUJINSA UCTUPAHUA, pas-
JlaBJINBaHUsA, HO U yZapa.

Kou@uuKT nHTEepecoB. ABTOPHI 3asIBJIAIOT
00 OTCYyTCTBUY KOH(JINKTA UHTEPECOB.
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AHHOTAIIUA

BBenmenue. Ha ceromHsAmHuH eHb TOKA3aHO, YTO OAHUM U3 BO3MOXKHBIX ITyTel MOBBIIIEHU d(PHEKTUBHOCTH JIeUe-
HUS 3JI0KAUeCTBEHHBIX OITyXOJIel SBJISIETCS MPUMeHeHe KOMOMHIPOBAHHBIX METO/IOB JIEUEHUs.

Ilenp. VByunTh MHTEHCUBHOCTH MepPeKUCHOr0 okucaeHus aunuzoB (I10JI) U akTUBHOCTH CYNEPOKCH/IIUCMYTA3bI
(CO) mpu runeprepMuu Ha HOHE AEHCTBUS TYETHHOTO /14 B KPOBU KPBIC-OITyX0JIEHOCHUTEIEH.

MaTepuasyibl U METO/bl. DKCIIEPUMEHTAIbHBIE }KUBOTHBIE OBLITN Pa3/ieIeHbl Ha 5 TPYIII: 1-51 — HHTAKTHBIE; 2-5T —
KOHTPOJIb (?KUBOTHBIE-OIyX0JIeHOCUTeNMH (0IyxosieBbld mrtaMM PC-1) ¢ BHyTpuOpIOmMHEBIM (B/6) BBe/ileHHEM (GU3U0JIO-
THYECKOTO PAaCcTBOPA); 3-A, 4-5 U 5-5 TPYIIIBI — »KUBOTHBIE-OIIYXOJIEHOCUTENH C B/0 BBEIEHUEM 0.5 MJI P-Pa IMYEINHOTO
Ana Ha GoHe TUIepTepMun 42, 43 U 44 °C cooTBeTcTBeHHO. OIpeiesisain co/ilepKaHie B KPOBU KUBOTHBIX JTUEHOBBIX U
TPUEHOBBIX KOH'BIOTaTOB, ocHOBaHui [[Tudda (OI) u aktusHocTu CO/I.

PesynpTaThl. C1-X CyTOK ITOCIe OKOHYAHHUA SKCIIEPUMEHTA PETUCTPUPOBAJIOCH CTATUCTHYECKU 3HAYNMOE CHIKe-
HUe TPHEHOBBIX KOH'BIOIaTOB BO BCEX OIBITHBIX I'PYIINAX [I0 CPABHEHUIO ¢ Ipynnoi KouTposa. OIll cHmkamuch Ha 1-7-€
CYTKHU II0CJIe OKOHYAHUS SKCIIePUMeHTA IIPH eUCTBUY runepTepMuu 42 °C U M4eJIMHOro A/, Ha 7—28-e CyTKU — IIpU
JeticTBuU runeprepMun 43 °C ¥ MUYEJTHHOTO s/1a U HA 28-e CYyTKU — MPU JeHCTBUU MUYETUHOTO s/1a U THIEPTEPMUHN
44 °C, uTo compoBOXk1I0Ch pocToM akTUBHOCTH CO/J ¢ 7-X CyTOK BO BCEX ONBITHBIX TPYIIIIAX 0 CPABHEHHUIO C TPYIIIOHN
KOHTPOJIA.

3aknoyeHue. ['uneprepMmus B KOMOMHAIIUY C IEHCTBHUEM ITYETHHOTO 5712 0OYCIOBINBAET CHUKEHUE MTPOJYKTOB
JIMIIOTIEPOKCH/IAIINN M POCT aHTUOKCH/IAHTHON aKTHMBHOCTH B KPOBH KpBIC-oIlyxosieHocuTesei. Hanbosee abdexTrn-
HBIM JIEHCTBHEM, Ha HAIIl B3IJIAJ, 00JIa/1aeT HCIIOJIH30BAHUE ITUEJIMHOTO si71a Ha poHe runeprepmuu 43 °C, mpu KOTOPOH
perucTpupyercsi IpOJIOHTHPOBAHHOE JIeHCTBHE KaK B OTHOIIEHUU CHIDKeHHS KoHIeHTpanuu OIIl, Tak M pocTa akTHUB-
Hoctu CO/I.
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ABSTRACT

Introduction. Nowadays, it has been shown that one of the possible ways to increase the effectiveness of the treat-
ment of malignant tumors is the use of combined treatment methods.

Aim. To study the intensity of lipid peroxidation (LPO) and the activity of superoxide dismutase (SOD) in hyperther-
mia against the background of bee venom in the blood of tumor-bearing rats.

Materials and methods. The experimental animals were divided into 5 groups: 1t — intact; 2" — control (tumor-
bearing animals (PS-1 tumor strain) with intraperitoneal (IP) administration of saline solution); 3, 4™ and 5" groups —
tumor-bearing animals with IP administration of 0.5 ml of bee venom against the background of hyperthermia 42, 43 and
44°C respectively. The content of diene and triene conjugates, Schiff bases (SB) and SOD activity in the blood of animals
was determined.

Results. From the 1% day after the end of the experiment, a statistically significant decrease in triene conjugates was
recorded in all experimental groups compared to the control group. SB decreased on the 1%—7" day after the end of the
experiment with the action of hyperthermia 42°C and bee venom, on the 7*"—28% day — with the action of hyperthermia
43°C and bee venom, and on the 28" day — with the action of bee venom and hyperthermia 44°C, which was accompanied
by an increase in SOD activity from the 7 day in all experimental groups compared to the control group.

Conclusion. Hyperthermia in combination with the action of bee venom causes a decrease in lipid peroxidation
products and an increase in antioxidant activity in the blood of tumor-bearing rats. The most effective action, in our opin-
ion, is the use of bee venom against the background of hyperthermia of 43°C, at which a prolonged effect is recorded both
with respect to a decrease in the concentration of SB and an increase in the activity of SOD.

Keywords: hyperthermia, bee venom, antioxidant system, superoxide dismutase, prooxidant system, tumor-bearing

animals.

BBEJIEHNE

PasBuTHE OIyX0JIEBOTO IIPOIECCA COIIPOBOK/IAET-
cs1 3HAUWUTEJIFHBIM yBeJIMYEHUEM B IUIa3Me KPOBHU
IIPOAYKTOB IIEPEKUCHOTO OKMCsIeHus sunuzaoB (I10JT)
[1]. [Ipu sTOM ecTecTBEHHAsT aHTUOKCUJAHTHAS CH-
CTeMa OpraHu3Ma OKAa3bIBAeTCs IEPErpPYy:KeHHOH U
OBIBaeT He B COCTOSTHUY MHAKTUBUPOBATH OTPOMHOE
KOJIMYECTBO CBOOOZHBIX PAJMKAJIOB, YTO BJIEYET 3a
co00¥i OBBIIIEHHBIN PUCK OITyX0JIEBOTO pocTa [2].

Obmiasi rumepTepMus OpraHU3Ma OTHOCUTCSI K
(dakTopam, OKa3bIBAIOIIMM yTHETAIOIIEe IEHCTBHE
Ha pocrt omyxosu [3]. IIpu Bo3aeicTBUM 00IIEH TH-
[IEPTEPMUN ITPOUCXOUT YCUIEHUE OKHUCIUTEBHO-
MeTaboTMIecKOH (QYHKIUHM JIEUKOIUTOB KPOBU H
KJIETOK KOCTHOTO MO3Ta, YTO MOXKET OKa3bIBaTh I10-
3UTHUBHBIA 3G @EKT IIPU OITyXO0JIEBBIX Iporeccax. Ox-
HaKO YCUJIEHUE OKUCIUTEIHHOTO MOTEHITHAIA IPU-
BOJUT K HETaTUBHBIM IIOCJIEACTBUIM B 37[0POBBIX
KJIeTKaxX opraHu3Ma [4]. B ¢cBoio ouepen, TIeTHHBIH
ST, KaK ¥ JII0O0U JIPYTOU pas3IpaskuTesib (CTpeccop),
crioco0eH BBI3BIBATH B OPTaHU3Me DPa3BUTHE CTaH-
JIAPTHBIX IIPUCIIOCOOUTENTBHBIX (HecrenuduuecKkux)
peaknuii [5]. B MasbIX KOHIIEHTPAIUAX MTYETHHBIN
SI7T BBICTYIIAET B KaUecTBe a/lanTorexa [6, 7]. B cBsasu
C YKa3aHHBIM BQJKHBIM IIPE/ICTABIISETCS UCCIIEI0BA-
HIe COBMECTHOTO IPUMeHEH s TUIIEPTEPMUHU U ITUe-
JIMHOTO /1 Y )KUBOTHBIX-OITyX0JIEHOCHUTEJIEMN.

IOEJIb NCCJIEJOBAHUA

I/IBy‘—II/ITb HUHTEHCHUBHOCTb IIEPEKHCHOI'0 OKHCJIE-
HUA JIMIIUA0B U aKTUBHOCTD CYIIEPOKCUAAUCMYTAa3bl

INTRODUCTION

The development of the tumor process is accom-
panied by a significant increase in the blood plasma
of lipid peroxidation products (LPO) [1]. At the same
time, the body’s natural antioxidant system is over-
loaded and is unable to inactivate a huge amount of
free radicals, which entails an increased risk of tu-
mor growth [2].

Whole-body hyperthermia refers to factors that
have a depressing effect on tumor growth [3]. When
exposed to whole-body hyperthermia, the oxida-
tive-metabolic function of blood leukocytes and
bone marrow cells increases, which can have a pos-
itive effect in tumor processes. However, an in-
crease in the oxidative potential leads to negative
consequences in healthy cells of the body [4]. In
turn, bee venom, like any other irritant (stressor),
is able to cause the development of standard adap-
tive (non-specific) reactions in the body [5]. In low
concentrations, bee venom acts as an adaptogen
[6, 7]. In this regard, it is important to study the co-
use of hyperthermia and bee venom in tumor-bear-
ing animals.

AIM OF THE RESEARCH

To study the intensity of lipid peroxidation and
the activity of superoxide dismutase (SOD) in hyper-
thermia against the background of the action of bee
venom in the blood of tumor-bearing rats.
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(COT) mpu runieprepMuu Ha GOHE JIEUCTBUSA ITYEITH-
HOTO 5713 B KPOBU KPbIC-OITyX0JIE€HOCUTEIEH.

MATEPUAJIBI 1 METO/IbI

B skcmepuMeHTe KCIIOIB30BAIA KPBIC-OIyX0JIe-
HocuTened guanu SD, Maccor 200—250 T. 2KuBoT-
Hble OBUIN pasJiesieHbl Ha 5 rpynn (1o 5 ocobelr B
KaKIon):

1. IHTaKTHHIE.

2. KoOHTpoJib (3KHMBOTHBIE-OIYXOJEHOCUTETN C
BHYTPHUOPIOITUHHBIM (B/0) BBEZIEHHEM 0.5 MJI HHU3HU-
0JIOTUYECKOTO pacTBOpPa).

3. OnbIT 1 (;KUBOTHBIE-OIYXOJIEHOCUTETU C B/O
BBeJIEHHEM 0.5 MJI PAaCTBOpA IMUETMHOTO siia IIPHU TH-
neprepmuu 42 °C).

4. OmpIT 2 (CKUBOTHBIE-OITYX0JIEGHOCUTENIHN C B/O
BBeJIEHHEM 0.5 MJI PAaCTBOpA IMUETUHOTO sifia IIPHU TH-
neprepmuu 43 °C).

5. OnbIT 3 (CKUBOTHBIE-OIYX0JIEHOCUTEIU C B/O
BBeJIEHHEM 0.5 MJI PACTBOpA IMUETMHOTO sifia TP TH-
neprepmuu 44 °C).

OmyxoJseprii mramm PC-1 (30 % B3BecH OIyxo-
JIEBBIX KJIETOK B pacTBope XeHKca), IMOJIyYeHHBIN B
HarpoHagbHOM MEIUITHHCKOM HCCIe0BATETBCKOM
neHTpe oukosioruu uMm. H.W. bioxuHa, nepeBuBaiu
ITOIKO’KHO B MaxoByI0 o0siacth. CiycTs 14 CyT K-
BOTHBIX BBOJIMJIM B DKCHEPHUMEHT. KHMBOTHBIX CO-
JlepsKajTv B CTAHIAPTHBIX YCJIOBUSX BUBAPHUS CO CBO-
GOZHBIM IOCTYTIOM K KOPMY. KCIIEpUMEHTHI IIPOBO-
JILJTHACH B COOTBETCTBUU ¢ EBpomelickoi KOHBEHITH-
el 110 3aIIHTe T03BOHOYHBIX JKUBOTHBIX, UCIIOJIb3Ye-
MBIX B 9KCIIEPUMEHTATBHBIX K MHBIX HAYYHBIX [IEJIAX
(1986 r.), ¢ y4ETOM 3THUYECKHX HOPM OOpalleHus ¢
JKUBOTHBIMH U OTBeuasu TpebGoBaHusM OOIecTBa
3alIUTHI )KUBOTHBIX [8].

I yBeqWUYeHWs aJJalTallMOHHBIX BO3MOKHO-
cTell OpraHu3Ma SKCIIEPUMEHTATbHBIX KUBOTHBIX K
THIIEPTEPMHUN HCIOJIb30BAIA PACTBOP s ITYEJIbI
MeIOHOCHOH (papMakoImeiiHast cTaThs 42-26583-89
«fI7 mueuHEIE») B 00beMe 0.5 MJT 0.9% Hu3noso-
TUYECKOT0 pacTBOPA H JI03€ 0.5 MT'/KT, KOTOPBIA BBO-
JIAJICST BHYTPUOPIOIIMHHO 3a 15 MUH [0 Havaja Td-
IIepTEpMUYECKOTO BO3JIEUCTBUs [6], TPOBOUBIIIE-
rocs B KJIMMAaTHYECKOH KamMepe ¢ aBTOMAaTHYECKOU
crabumusanye temmnepaTtypbl. JKUBOTHBIM ITPOBO-
JIJTH CEaHChl OOIIel TUIIepTePMUHU, JOCTUTAS] TEM-
TepaTypsl Tena 42, 43 u 44 °C. PekranbHylo TeMIiie-
paTypy U3MEpPSUIH C IIOMOIIBI0 TEPMOMETPA MEIH-
nuHckoro TIIOM-1. ITpo1o/I2KUTEIBHOCTD SKCIIEPH-
MEHTaILHOTO BO3/IEHICTBHUS COCTABJISIA 7 CYT.

KpoBb y sKCIIepUMEHTaIbHBIX KUBOTHBIX 3a0U-
paTu U3 OIbSI3BIYHON BEHBI B IPOOUPKHU C AaHTHKO-
aryJITHTOM Ha 1, 7, 28-e CyTKHU IOCJie MPOBEAEHUs
SKCIEPHUMEHTA. B KPOBH OIPEAEsIN COep:KaHe

MATERIALS AND METHODS

In the experiment, SD tumor-bearing rats were
used, weighing 200—250 g. The animals were divid-
ed into 5 groups (5 individuals each):

1. Intact.

2. Control (tumor-bearing animals with intraper-
itoneal (IP) administration of 0.5 ml of saline solu-
tion).

3. Experiment 1 (tumor-bearing animals with IP
administration of 0.5 ml of bee venom solution at
42°C hyperthermia).

4. Experiment 2 (tumor-bearing animals with IP
administration of 0.5 ml of bee venom solution with
hyperthermia of 43°C).

5. Experiment 3 (tumor-bearing animals with IP
administration of 0.5 ml of bee venom solution with
hyperthermia of 44°C).

The PC-1 tumor strain (30% of the suspension of
tumor cells in Hanks’ solution), obtained at the NN
Blokhin National Medical Research Centre of Oncol-
ogy, was transplanted subcutaneously into the ingui-
nal region. After 14 days, the animals were introduced
into the experiment. The animals were kept in stan-
dard vivarium conditions with free access to feeding
stuff. The experiments were conducted in accordance
with the European Convention for the Protection of
Vertebrate Animals used for Experimental and other
Scientific Purpose (1986), taking into account the
ethical standards of animal treatment and met the re-
quirements of the World Animals Protection [8].

To increase the adaptive capabilities of the body
of experimental animals to hyperthermia, a solution
of honey bee venom (pharmacopoeia article
42-26583-89 “Bee venom”) was used in a volume of
0.5 ml of 0.9% saline solution and a dose of
0.5 mg/kg, which was administered intraperitoneal-
ly 15 min before the onset of hyperthermic exposure
[6], carried out in a climate chamber with automatic
temperature stabilization. The animals underwent
sessions of whole-body hyperthermia, reaching body
temperatures of 42, 43 and 44°C. Rectal temperature
was measured using a TPEM-1 medical thermome-
ter. The duration of the experimental exposure was
7 days.

Blood from experimental animals was taken from
the sublingual vein into tubes with anticoagulant on
the 1%, 7th 28 day after the experiment. The content
of diene and triene conjugates (DC and TC), Schiff
bases (SB) [9] and the activity of SOD indicators [10]
were determined in the blood. The content of these
indicators was expressed in arbitrary units.

The obtained data were processed using BIO-
STAT (Analystsoft, USA) and Excel (Microsoft, USA)
application software packages using the Student’s t-
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JINEHOBBIX M TpHUEHOBBIX KoHbIoraTtoB (K u TK),
ocHoBaunu# [Iudda (OI) [9] 1 akTUBHOCTH TTOKa-
saresnieii CO/I [10]. ComeprkaHue ykazaHHBIX ITOKa3a-
TeJIEH BBIPA’KAJIOCh B OTHOCUTEJBHBIX YCJIOBHBIX
eIMIIMHHIAX.

[TonyueHnHsle JlaHHbIE ObLTM 00pabOTAHBI C IO-
MOIIBIO ITaKeTOB NPUKIaAHbIX TporpaMm BIOSTAT
(Analystsoft, CITIIA) u Excel (Microsoft, CIIIA) c uc-
mosib3oBaHueM Kpurtepusi CThIOZEHTA 1A MHOMKe-
CTBEHHBIX CpDaBHEHUU. Pe3yIbTaThl Mpe/ICTaBJIEHbI B
Buzie M + m, rne M — cpefHee apudmeTHUyueckoe,
m — craHjapTHas omubka cpefHero. Pazmuuus
CUUTAJIM JIOCTOBEPHBIMH IIPU YPOBHE 3HAUYMMOCTH
p < 0.05 [11].

PE3YJIBTATBI 1 OBCYXK/IEHUE

Ha mepBble cyTku mocse Tepanuu ObUIO OTMeYe-
HO CTaTHUCTUYECKU 3HAUMMOe yBeJIMUeHUe co/leprKa-
HuA JJK B KOHTPOJIBHOH U BO BCEX OIIBITHBIX IPYIIIaX
10 CPAaBHEHMUIO C UHTAKTHOH rpymnmno# (tabi. 1). Pocr
koHIeHTparuu /IK B ONBITHBIX TPyIIax HaOJII0maI-
cs1 Ha BCceM MpOTsKeHUM uccsienopanusda. Ha 7—28-e
cyTku (kpome Tpynmbl «OmbIT 1» B 1-€ CYyTKH) CO-
nepxnanve JIK ObUIO CTAaTHCTHYECKU 3HAYHUMO
BBIIIIE 110 CPABHEHUIO C aHAJIOTUYHBIM TOKa3aTeaeM
B KOHTPOJIbHOH rpyIine. MeHee BbIpakeHHas JUHA-
MHKa pocta cogep:kanus JIK O6pL1a 3aperucTpupoBa-
Ha TpU JEeHCTBUN MYEJTUHOTO f/la U TUIEPTEPMUN
42 °C (OmsIT 1).

B otiinuue ot JK copepxkanue TK Bo Bcex OmbIT-
HBIX TpyMIax ObLJI0O CHHXKEHO Ha 1-€ CYyTKU HCCIIeN0-
BaHUSA OTHOCUTEIBLHO I'PYHIIBI KOHTPOJIA, B KOTOPOU
3HAUeHUs IOKaszaTessd ObLIN BbIIE 3HAUYEHUH HH-
TaKTHOU TPYNIbI HA IPOTSKEHUU BCETO CPOKA Ha-
6ronenus (Tabi. 2). Ha 7-e cyTku moce Tepanuu B
rpynnax «OneIT 1» u «OOBIT 2» COXPAHAJIOCh CHU-
skeHue ypoBHs TK oTHOCHTEIPHO 3HAUEHUN IPYIIIHI
KOHTpoJisA. B rpymme «OmbIT 3» Ha 7-€ CyTKH OBLIO

test for multiple comparisons. The results are pre-
sented in the form M + m, where M is the arithmetic
mean, m is the standard error of the mean. The dif-
ferences were considered significant at the signifi-
cance level p < 0.05 [11].

RESULTS AND DISCUSSION

On the first day after therapy, a statistically sig-
nificant increase in the DC content was observed in
the control and in all experimental groups compared
to the intact group (Table 1). Throughout the study,
an increase in the DC concentration was observed in
the experimental groups. On the 7%"—28% day (with
the exception of the Experience 1 group on the
1%t day), the content of DC was statistically signifi-
cantly higher compared to the same indicator in the
control group. A less pronounced dynamics of the
growth of the DC content was recorded under the ac-
tion of bee venom and hyperthermia of 42°C (Expe-
riment 1).

In contrast to DC, the TC content in all experi-
mental groups was reduced on the 1% day of the study
relative to the control group, in which the values of
the indicator were higher than the values of the in-
tact group throughout the entire follow-up period
(Table 2). On the 7" day after therapy, the TC level
decreased relative to the values of the control group
in the Experiment 1 and Experiment 2 groups. In the
Experiment 3 group on the 7% day, a sharp increase
in the content of TC was noted compared to the con-
trol and intact groups. On the 28™ day, a decrease in
the TG content was noted in the group of animals
with hyperthermia of 44°C and the introduction of
bee venom (Experiment 3).

The level of end products of LPO (SB) on the
1%t day increased in the control and experimental
groups with hyperthermia of 43 and 44°C compared
with the intact group (Table 3). On the contrary, by

Taoauna 1. lIameHeHue cozepsxanus JIK B KpDOBU KPbIC-OIlyX0oJleHOCUTe el IIpU e CTBUN ITUEJINHOTO Aa

u runeprepmud (yei. ef.)

Table 1. Changes in the content of DC in the blood of tumor-bearing rats under the action of bee venom

and hyperthermia (arbitrary units)

pymma / Group 1-e cytku / 1%t day

7-e cyTku / 7™ day 28-e cyTku / 28" day

WNuraktable / Intact 0.071 £ 0.06

Koutpouis / Control 0.133 + 0.01%
OmpiT 1 / Experiment 1 0.279 + 0.05%
OmpiT 2 / Experiment 2 0.124 + 0.03**

Omusit 3 / Experiment 3 0.134 + 0.01%

0.072 £ 0.06 0.177 £ 0.01

0.163 + 0.01% 0.279 + 0.05%
0.173 + 0.09% 0.475 £ 0.11%*
0.201 £ 0.08** 0.732 £ 1.15%*

0.822 + 0.14** 0.771 £ 0.68**

* CTaTUCTUYECKHU 3HAYMMble Pa3JIMYus [10 OTHOIIEHHIO K TpyIie « HTakTHBIe» (p < 0.05).
Statistically significant differences in relation to the Intact group (p < 0.05).

* CTaTUCTUYECKU 3HAYNMbIE PA3JINUHs 10 OTHOLIEHUIO K rpymre « KoHTposb» (p < 0.05).
Statistically significant differences in relation to the Control group (p < 0.05).
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Ta6uuna 2. smeHeHue coiep:kanus TK B KpOBU KPIC-OITyX0JI€HOCUTEIEN TIPH JIEUCTBUH ITUEJTMHOTO S7a

U runeprepMuu (yc. ex.)

Table 2. Changes in the TC content in the blood of tumor-bearing rats under the action of bee venom

and hyperthermia (arbitrary units)

Ipynma / Group 1-e cyTku / 1% day

7-e cyrku / 7™ day 28-e cyrku / 28" day

WNuraktasle / Intact 0.075 + 0.03

Kountpous / Control 0.181 + 0.01*
Ompit 1 / Experiment 1 0.022 + 0.02*
OmnpiT 2 / Experiment 2 0.125 + 0.01%*

Ompsit 3 / Experiment 3 0.158 £ 0.01%**

0.013 + 0.01 0.024 + 0.01

0.204 + 0.06* 0.176 £ 0.02*
0.104 + 0.01%* 0.465 + 0.58%*
0.445 £ 1.77%*

0.048 + 0.03

0.160 + 0.01%*

0.892 £ 0.04**

* CTaTUCTUYECKU 3HAYMMbIE PA3JIHYMS 10 OTHOIIEHUIO K TpyIe « MHTakTHBIE» (P < 0.05).
Statistically significant differences in relation to the Intact group (p < 0.05).

* CTaTUCTUYECKY 3HAYNMbIE PA3INYUs 10 OTHOLIEHHUIO K rpymnie «KoHTposas» (p < 0.05).
Statistically significant differences in relation to the Control group (p < 0.05).

OTMEUYeHO pe3Koe yBesnnuyeHue cozgep:kanud TK 1o
CPaBHEHUIO C KOHTPOJIBHON U UHTAKTHOU TPyTIIIaMH.
Ha 28-e cyTku ObLJI0 OTMEUEHO CHIXKEHUE COZIEPIKa-
HusA TK B rpy1imne >KUBOTHBIX ¢ THIIepTEpMUEN 44 °C
U BBeJleHHeM mueTnHOTrO sifa (OmbIT 3).

Yposenb koHeuHbIX poaykToB [T0JI (OIII) B 1-€
CYTKH BBIPOC B KOHTPOJIPHOU U OIBITHBIX TPYIIIaX C
rurneprepmueit 43 u 44 °C 1o cpaBHEHHIO C HHTAKT-
HOU rpymmo# (tabs. 3). HanmpoTtus, K 7-M CyTKaM BO
BCEX OIBITHBIX IPYIIIAaX ObLJIO BHIABJIEHO CHIKEHHE
OIIl oTHOCHTENTBHO 3HAUEHUH WHTAKTHOU M KOH-
TposibHOU rpym. K 28-M cyTkam yBeanueHUe mMoKa-
3areJsisi ObIJIO 3aPETUCTPUPOBAHO TOJIBKO B TPYIIIE C
runeprepmueii 42 °C 1 BBeJIeHUEM ITUEIMHOTO S7a.

AxtuBHOCT, COJl B KOHTPOJILHOH TpYyIIIE BO3-
pocJia K 1—7-M CyTKaM CO 3HAUYUTEIbHBIM TaJ[eHHEM
K 28-M CyTKaM OTHOCUTEJIbHO MHTAKTHOU TPYHIIBI.
B OIBITHBIX TPyNIIaX PETUCTPUPOBAJICS POCT AKTUB-
HOCTU (epMeHTA K 7-M CyTKaM OTHOCHUTEJIbHO KOH-
TPOJIBHOW W WHTAaKTHOU rpymnn. Hawubosiee 3HA4U-
Mble U3MEHEHUS PETUCTPUPOBAINCH IIPU JI€HCTBUH
MMUEeJTUHOTO 712 U runeprepmuu 42 u 43 °C. K 28-m

the 7" day, a decrease in SB was detected in all ex-
perimental groups relative to the values of the intact
and control groups. By the 28" day, an increase in
the indicator was registered only in the group with
hyperthermia of 42°C and the introduction of bee
venom.

The activity of SOD in the control group increased
by the 157" day with a significant drop by the 28®
day relative to the intact group. In the experimental
groups, an increase in the activity of the enzyme was
recorded by the 7% day relative to the control and in-
tact groups. The most significant changes were regis-
tered under the action of bee venom and hyperther-
mia of 42 and 43°C. By the 28™ day, the increased
activity of SOD was observed in all experimental
groups with bee venom and hyperthermia compared
to the control (Table 4).

The results of the study showed that against the
background of tumor growth, the content of the anti-
oxidant enzyme, SOD decreases in the body. It is
shown that during the tumor process, the enzymes of
the antioxidant system are the first to be destructive-

Ta6auna 3. i3amenenue copep:kanus ocHoBaHui [lludda B KpoBU KPHIC-OIyX0JIEHOCUTEIEH TP IEHCTBUY TYETHHOTO

sijia v runieprepmuu (ycii. ef.)

Table 3. Changes in the content of Schiff bases in the blood of tumor-bearing rats under the action of bee venom

and hyperthermia (arbitrary units)

7-e cyTku / 7" day 28-e cytku / 28" day

I'pynma / Group 1-e cyTku / 1%t day
WuraktHele / Intact 3.444 + 0.93
Koutpous / Control 7.812 + 0.26
OmsiT 1 / Experiment 1 3.357 + 0.18*
OmsiT 2 / Experiment 2 8.159 + 4.10*

OmusiT 3 / Experiment 3 7.188 + 1.95%*

6.510 + 0.95 6.655 + 0.79

7.561 + 0.88 6.397 + 0.48*
2.873 + 0.01* 9.068 + 1.91**
2,142 £ 0.02%* 4.345 + 0.22%*

5.008 + 0.44%* 3.771 + 0.68**

* CTaTUCTUYECKU 3HAYHMMbIE PA3/INYUs [10 OTHOLIEHHUIO K rpyiie « MHTakTHBIE» (P < 0.05).
Statistically significant differences in relation to the Intact group (p < 0.05).

* CTaTHCTUYECKH 3HAYMMbIE PA3JIMYKsI 10 OTHONIEHUIO K rpymie « KoHTposib» (p < 0.05).
Statistically significant differences in relation to the Control group (p < 0.05).

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

29



IIabanun M.A. u dp. / Journal of Siberian Medical Sciences 3 (2021) 25-33

CYTKaM Ha0JII0/IAJIOCh COXPaHEHUE TOBBIIIEHHOHN aK-
tuBHOCTH CO/] BO BCEX ONBITHBIX IPYIIAX C MTUeTH-
HBIM fJIOM U THUIIEPTEPMUEN 0 CPAaBHEHUIO C KOH-
TposieM (Tabs. 4).

PesysnbpraThl HcCIeOBAHUSA IIOKa3aad, YTO HA
¢one pocra OIyx01 B OpraHu3Me IIPOUCXOAUT CHU-
JKeHHe cofiepyKaHNA aHTUOKCUJIAHTHOT'O (pepMeHTa —
CO/I. TTokaszaHo, 4TO MPU OIyX0JI€BOM IIPOIleCCe IIep-
BBIMH I10/IBEPTaIOTCs JECTPYKTUBHOMY BO3/IEHCTBUIO
(epMeHTbI AHTHOKUCTUTETFHOU cucTeMbl. CHUKe-
Hue akTuBHOCTH CO/] criocOOCTBYET HAKOIIEHHIO Cy-
TIEPOKCUIHOTO PajiiKajia, YTO BHI3bIBAET IOBpEXkKe-
mue JJHK, pocr ymesa mMytanuii 1 MaJIUTHU3AIIIO
KJIeTOK [12]. B pesysbTaTe eHACTBUSA TUIIEPTEPMUH U
ITYETMHOTO si71a HabJTIo1aeTcst n3MeHeHHe Mpo- U aH-
TUOKCUIAHTHOTO CTATyCa KPBIC-OIyXOJIEHOCUTEIEN.
B wactHOCTH, 5TO BBIpaXKaeTcs B yTHETEHUH IIPOLIeC-
coB I10JI u ycunenuu aktusHoctu CO/.

Ha ceropgusAmHuii AeHb U3BECTHO, YTO OJTHUM U3
BO3MOXKHBIX ITyT€H THOBBIIIEHUsT 3(DHEKTUBHOCTH
JledeHusl 3JI0KAYECTBEHHBIX OIyXOJIeH sABJISAETCA
IIpUMeHeHne KOMOWHUPOBAHHBIX METOJIOB Jieue-
HUSA, KOTZA JUIS JOCTYKEHUS MaKCHUMAaJIbHOTO 5¢-
(dekTa mocaea0BaTEIBHO UCIOJIB3YIOTCH JIBA PA3HBIX
BUja jeyeHus [13]. B wactHocTH, TpUMeHEeHUE TH-
[IepTEPMUU U IMUEINHOTO 514, 10 BCedl BUIUMOCTH,
BBI3BIBAET CUHEPTHYHOE JieiicTBue. ['mneprepmus
IIPUBOAUT K aKTUBAIUU (DATOIUTAPHON AaKTUBHOCTH
UMMYHOKOMITETEHTHBIX KJIETOK KDOBH, BJIHAET Ha
pa3BUTHE TUTOKUHIIPOAYLIUPYIOeN GyHKIINU Kile-
TOK U TKaHeH [14, 15]. IIpoTHBOOITyX0JI€Bast aKTHB-
HOCTD ITUEJINHOTO $17Ia CBA3aHA C €T0 OCHOBHBIM KOM-
IIOHEHTOM — MEJIUTTUHOM, KOTOPBIH ABJIAETCH MOIII-
HBIM WHTHOHUTOPOM KaJabMOyJIWHA [16] — KIeTou-
HOTO NIOCPEJHUKA C IMUPOKUM CIIEKTPOM /IeHCTBHUS.
Tak, U3BeCTHA ero peryJaaTopHas poJyib B GOPMUPO-
BaHUU U GYHKIIMOHUPOBAHUM HUTEU BepeTeHa Jie-
JIeHUA IIPU MUTO3€ KJIETOK, II03TOMY YIHETeHHE aK-

ly affected. A decrease in the activity of SOD contrib-
utes to the accumulation of a superoxide radical,
which causes DNA damage, an increase in the num-
ber of mutations and cell malignancy [12]. As a result
of the action of hyperthermia and bee venom, a
change in the pro- and antioxidant status of tumor-
bearing rats is observed. In particular, this is ex-
pressed in the suppression of LPO processes and in-
creased activity of SOD.

Today, it is known that one of the possible ways to
increase the effectiveness of the treatment of malig-
nant tumors is the use of combined methods of treat-
ment, when two different types of treatment are con-
sistently used to achieve the maximum effect [13]. In
particular, the use of hyperthermia and bee venom,
apparently, causes a synergistic effect. Hyperthermia
leads to activation of phagocytic activity of immuno-
competent blood cells, affects the development of
cytokine-producing function of cells and tissues [14,
15]. The antitumor activity of bee venom is associat-
ed with its main component — melittin, which is a
powerful inhibitor of calmodulin [16] — a cellular
mediator with a wide spectrum of action. Thus, its
regulatory role in the formation and functioning of
the threads of the cleavage spindle during cell mito-
sis is known, therefore, the inhibition of calmodulin
activity under the action of bee venom is probably
the most important mechanism of its antitumor ac-
tivity. In addition, it should be taken into account
that bee venom causes activation of the pituitary-
adrenal system [17]. The release of corticosteroids,
on the one hand, leads to a decrease in LPO, on the
other hand, it increases the adaptive capabilities of
the body [18].

Consequently, hyperthermia and bee venom, ac-
ting on different targets, can provide an increase in
the antitumor effect. The obtained data indicate the
effectiveness of the combined use of hyperthermia

Ta6JII/IIIa 4. HN3meHeHne akTUBHOCTU CYIIEPOKCUAANCMYTa3bl B KDOBU KpblC-OHyXOJ'[eHOCHTe.TIeﬁ npu ﬂeﬁCTBHH

ITYEJIMHOTO Si/]a ¥ TuieprepmMuu (yc. ef.)

Table 4. Changes in the activity of superoxide dismutase in the blood of tumor-bearing rats under the action

of bee venom and hyperthermia (arbitrary units)

7-e cyTku / 7% day 28-e cytku / 28" day

I'pynma / Group 1-e cyTkH / 1%t day
WMuraktHele / Intact 2.541 + 0.34
Kountpouis / Control 5.863 + 0.64*
Omsit 1 / Experiment 1 2.917 + 0.32

OmsiT 2 / Experiment 2 1.265 + 0.24%*

OmpbiT 3 / Experiment 3 1.513 + 0.24**

2.473 + 0.40 3.440 + 0.61
6.975 + 0.31%

38.761 + 3.11**
44.372 £ 2.1%%

7.994 £ 0.62*

0.265 + 0.10*
6.716 + 0.14*
5.834 + 0.65%*

2.183 + 0.71*

* CTaTUCTHYECKU 3HAYHMMbIE PA3/INIUs [10 OTHOLIEHHUIO K rpyiie « AHTakTHBIE» (P < 0.05).
Statistically significant differences in relation to the Intact group (p < 0.05).

* CTaTHCTUYECKH 3HAYMMbIE PA3JIMYHsI 110 OTHOLIEHUIO K rpymie « KoHTposb» (p < 0.05).
Statistically significant differences in relation to the Control group (p < 0.05).
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TUBHOCTHU KJIBMOZYJINHA IIPU I€CTBUH ITUETMHOTO
si71a, BEPOSITHO, SIBJISIETCA BAXKHEUIITUM MEXaHU3MOM
€ro MPOTUBOOIYX0JIEBOU aKTUBHOCTH. Kpome TOTO,
HEeOOXOMMO YUHUTHIBATh, UTO ITUETUHBIN S/ BBI3BI-
BAaeT aKTHBAIUIO TUITO(DU3aPHO-HAAIIOUEUHUKOBOU
cucteMbl [17]. BbiZiesieHHE KOPTUKOCTEPOU/IOB, C
OJTHOM CTOpPOHBI, MPUBOAUT K cHikeHuto [10JI, ¢
JIDYTOH — TOBBIIIAET aJANITAIIMOHHBIE BO3MOKHO-
¢ty opranusma [18].

Takum 06pa3om, THIEPTEPMUS U ITUETUHBIN 7,
JIEUCTBYS HA pa3JINIHbIE MUIIIEHU, MOTYT O0eCIIeYH-
BaTh TOBBIIIEHUE IIPOTUBOOIYXO0JIEBOTO 3ddekTa.
[TosyueHHBIE JJAHHBIE CBUJIETEILCTBYIOT 00 3 Pek-
THBHOCTU KOMOWHHPOBAHHOTO HCIIOJIb30BAHUS TH-
MIEPTEPMUU U ITYETUHOTO s/1a B KOPPEKIIUU IIPO- U
AHTHOKCHJIAHTHOTO 0aylanca »KUBOTHBIX-OIIyXOJIe-
Hocuteser. Hambosee 3 dEKTUBHBIM JIEHCTBUEM,
Ha HAaIIl B3I, 00/1a/1aeT UCIOIb30BaHUeE ITUETMHO-
ro sfiga Ha GoHe runeprepmuu 43 °C, mpu KOTOPOH
pervcTpupyercs MPOJIOHTHPOBAHHOE JIENCTBHE KaK
B OTHOIIIEHUHU CHIKeHus KoHIeHTpanuu OIIl, Tak u
pocra aktuBHOCTH CO/I.

3AK/TIOYEHUE

[Ipu runeprepmun Ha GhOHE AEHUCTBUS ATUTOKCH-
Ha B KPOBU JKMBOTHBIX-OIYX0JIEHOCUTEIEH HAOJIIO-
iyt HanboJiee 3HAYMMOE YBEJIMUEHUE ITPOJIyKTOB
smnonepokcuaanuu — JIK Bo BceX ONBITHBIX TPYII-
rmax Ha 28-e CyTKU IPU IEPBOHAYAITLHOM €TI0 CHIKE-
HUU B TPyINax C BBeJIEHUEM ITUEJIUHOTO f7ja U TU-
neprepmMued 42 u 43 °C OTHOCUTEIbHO 3HAYEHUH
rpynnsl KoHTposa. Copepxxanue TK cHm»kanoch Ipu
JIECTBUU ITUEJIMHOTO 5I/1a ¥ TUIIEPTEMUH 42 U 43 °C
Ha 1—7-€ CyTKH, Ha 28-€ CyTKU — IPU JeUCTBUH ITUe-
JIMHOTO si/ia ¥ runiepreMun 44 °C. YCTaHOBJIEHO CHU-
skenne koHneHTparuu OIIl 1o ypoBHS 3HaYeHHH
WHTAKTHOUW Tpynubl mpu runeprepmun 42 °C Ha 1,
7-e CYyTKH, Ipu runeprepmun 43 °C — Ha 7 u 28-e
CyTKHU, TIpu runeprepmun 44 °C — Ha 28-e CyTKU.
BrrsaBieno yBenuuenue aktuBHoctu CO/l Ha 7, 28-e
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and bee venom in correcting the pro- and antioxi-
dant balance of tumor-bearing animals. The most ef-
fective action, in our opinion, is the use of bee venom
against the background of hyperthermia of 43°C, at
which a prolonged effect is recorded both with re-
spect to a decrease in the SB concentration and an
increase in the activity of SOD.

CONCLUSION

With hyperthermia against the background of the
action of apitoxin in the blood of tumor-bearing ani-
mals, the most significant increase in lipid peroxida-
tion products, DC was observed in all experimental
groups on the 28" day, with its baseline decrease in
the groups with the administration of bee venom and
hyperthermia of 42 and 43°C relative to the values of
the control group. The TC content decreased with the
action of bee venom and hyperthermia 42 and 43°C
on the 15t—7™ day, also on the 28™ day with the action
of bee venom and hyperthermia 44°C. A decrease in
the concentration of SB to the level of the values of
the intact group was found in hyperthermia of 42°C
on the 1 and 7" days, in hyperthermia of 43°C was
on the 7" and 28" days, in hyperthermia of 44°C was
on the 28% day. An increase in the activity of SOD on
the 7 and 28" day was revealed in the experimental
groups relative to the control group, the most signifi-
cant one was under the action of bee venom and hy-
perthermia of 42 and 43°C.

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

CYTKU B OIIBITHBIX T'PYIIIAX OTHOCUTEJIbHO T'PYIIIBI
KOHTPOJIsSI, HanboJiee 3HAYUTEIHHOE MIPU JIEHCTBUN
MYEeJIMHOTO A7]a U TUIlepTepMuu 42 u 43 °C.

KoHdaukT nHTEepecoB. ABTOPHI 3asBJIAIOT 00
OTCYTCTBUY KOH(JINKTA UHTEPECOB.
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AHHOTAIIUA

BBenenue. Hapacraromas yacToTa HIIEMUYECKOTO HHCYJIBTA U er0 OMOJIOXKEHHE, IPUBOZSAIINE K KpaiiHe HebIaro-
IIPUATHBIM COIMAIBHO-9KOHOMUYECKIM IIOCJIEACTBUAM, 3aCTaBJIAIOT IEPECMOTPETh TPAAUIIMOHHYIO TEXHOJIOTHIO Jiede-
HUSA U peabWINTAIUY TAIMEHTOB C OCTPBIM HapylieHreM Mo3roBoro kpoBoobpamenus (OHMK). Tpomboutnyeckas te-
panus (TJIT) Ha cerogHAIIHUIM IeHb 3apeKoMeH/loBasa cebs1 Kak Hanbosee 3G(eKTUBHBIN MeTO/ JIeUeHN UIIIEMUYECKO-
IO UHCYJIBTA.

Ienb. U3yuynuTh BAUSHHE TPOMOOTUTHUECKOHN TEPATMU HA BOCCTAHOBJIEHIE PEUEBbIX U KOTHUTHBHBIX PACCTPOCTB ¥
GOJIbHBIX UIIEMHUYECKUM MHCYIBTOM Ha BTOPOM 3Tarle peab INTaIiH.

MaTepuaabsl U MeTObI. B uccienoBannu yuactsoBanu 68 60spHbIx OHMK 110 HIlleMuuecKoMy THILY, IIOCTYIIHB-
X HA BTOPOH 3Tam peabuintanuu. [1anieHToB pas/ieIuId Ha JiBe TPYNIIbL: 1-5 (1 = 14) — 60JIbHbIE, KOTOPBIM IIPOBEe-
Ha TpoMOOJIUTHYECKas Tepanus; 2-5 (n = 54) — 60JIbHBIE, TOTyYaBIIre cTanaapTHyio Tepanuio OHMK. OneHka peueBbIx
HapyIIeHUH IPOBOAWIACH HA OCHOBAHUU 3aKJIIOUEHHs JIOroleaa. TsKecTh KOTHUTUBHOTO Je(UIINTA OIlEHHBAIACH I10
mkaye KHOKC (KpaTkoe HEHPONCHXOJIOTHYECKOe 00cIe[oBaHIe KOTHUTHBHOU cdepbl) M HA OCHOBAHUU JIAHHBIX, ITOJIY-
YEHHBIX B X0/€ KOHCYJIbTAIINH IICHX0JIOTa. YPOBEHb YZOBJIETBOPEHHOCTH OOJIBHBIX COOCTBEHHBIM COCTOSIHUEM OI€HUBAJI-
¢ 10 BusyaspHO-aHAJIOrOBOM HIKaJIe.

PesynbraTrel. OnucaHHbIi HelipocomaTudeckui craryc narueHToB ¢ OHMK, koTopeim 6buta ipoBeaena TJIT, cBu-
JIeTeJIbCTBYET O NPeobsIalaHuy MY>KIUH IIEHCHOHHOI'0 BO3pacTa ¢ HAJIMYKEM IOJIyIIapHOTo HH(apKTa, KOTOPBIY coueTa-
€Tcsl ¢ pacCTPONCTBAMU KaK UMIIPECCUBHOM, TaK U HKCIPECCUBHOU PeUU U yMePeHHBIMU KOTHUTHUBHBIMU HapYIIEHUAMU.
B 1-#1 rpymie 60JIbHBIX BBISBJIEHBI 60Jiee TPyOble MOTOPHBIE 1 CEHCOPHBIE PEeUeBbIle PACCTPOICTBA IO CPABHEHUIO CO 2-i
IpyIIoH.

3aknmwueHnue. Hasnune Gosiee rpyObIX pEUEBBIX PACCTPOUCTB B 1-H TpyIIe OOJIbHBIX, C OJTHOH CTOPOHBI, CBSI3aHO C
MEHBIITUM 00'beMOM BBIOOPKH (11es1eBO¥ TokazaTesb TJIT 5 %; HampaBieHue GOJIBHBIX C OTCYTCTBUEM KOTHUTUBHBIX, JIBH-
raTeJbHBIX U PEUYEBBIX PACCTPONCTB Ha 3-H ATall peabMIUTAIINH, MUHYS BTOPOU 9Tall), a C APYTOH — ¢ HAJTUIHEM BO3MOXK-
HBIX FeMOPPAarnIecKux OCJI0KHeHNH Ha (poHe nmpoBoaumoii TJIT, uTo AUKTYeT HEOOXOAUMOCTD O0Jiee MPUCTAIIBHOTO KOH-
TPOJIA 32 BeZIeHHEM IIPOTOKOJIOB pernep(y3nOHHOM Tepanuy B OCTPEHIIeM IEPHO/ie UIIIEMIYECKOTO HHCYJIBTA.
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ABSTRACT

Introduction. The increasing frequency of ischemic stroke and its rejuvenation, leading to extremely unfavorable
socio-economic consequences, make us reconsider the traditional technology of treatment and rehabilitation of patients
with acute cerebrovascular accident (CVA). Thrombolytic therapy (TLT) today has established itself as the most effective
method of treatment of ischemic stroke.

Aim. To study the influence of thrombolytic therapy on the recovery of speech and cognitive disorders in patients with
ischemic stroke at the second stage of rehabilitation.

Materials and Methods. The study involved 68 ischemic stroke patients who were admitted to the second stage
of rehabilitation. The patients were divided into two groups: 1* (n = 14) — patients who received thrombolytic therapy; 2"
(n = 54) — patients who received conventional CVA therapy. The assessment of speech disorders was carried out on the
basis of the conclusion of the speech therapist. The severity of cognitive deficit was assessed using the BNCE scale (Brief
Neuropsychological Cognitive Examination) and on the basis of data obtained during the consultation with a psychologist.
The level of satisfaction of patients with their own condition was assessed using the Visual Analogue Scale.

Results. The described neurosomatic status of patients with CVA, who underwent TLT, indicates the prevalence of
men of retirement age with the presence of hemispheric infarction, which is combined with disorders of both impressive
and expressive speech and mild cognitive impairments. In the 1% group of patients, more severe motor and sensory speech
disorders were revealed compared to the 2™ group.

Conclusion. The presence of more severe speech disorders in the 1% group of patients, on the one hand, is associated
with a smaller number of the 1% group (TLT target is 5%; referral of patients with the absence of cognitive, motor and
speech disorders to the 3' stage of rehabilitation, bypassing the second stage), and on the other hand, with the presence of
possible hemorrhagic complications against the background of TLT, which dictates the need for closer control over the
reperfusion therapy protocols in the acute period of ischemic stroke.

Keywords: stroke, thrombolysis, rehabilitation, speech.

BBEJEHUE

Hapacraromas yactora HUIIIEMHYECKOTO UHCYJIb-
ta (M) u ero oMoJ10skeHUE, IPUBOAIINE K KpaliHe
HeOJIATONPUATHBIM  COITUAIPHO-9KOHOMUYECKUM
MTOCJIEICTBUSAM, 3aCTaBJIAIOT IEPECMOTPETh TPaIH-
[IMOHHYI0 TEXHOJIOTUIO JIeUeHUs U peabUIuTalnu
MaIeHTOB C 9TUM TshKeIbIM 3aboeBanueM. Hapsi-
Jly CO CHIDKEHHWEM IIOKa3aTesJed CMEPTHOCTH IIPHU
OCTpOM HapyIIeHHH MO3TOBOr0 KpOBOOOpAaIleHUs
(OHMK) perucrpupyetcst pOCT IEPBUYHON HHBAJIH-
JIU3aIUM cpeid HaceyeHus. HoBble TOIXO/IbI K Jie-
YEHUIO HIIIEMUYECKOTO HHCYJIbTA BKJIFOYAIOT IIPHMe-
HEHHE COBPEMEHHBIX BBICOKO3(hGEKTUBHBIX METO-
JIOB perepdy3UuH BeIecTBa roJIOBHOTO MO3Ta B Iep-
BbI€ Yachl 3a060JI€BaHMs, HAIIPABJIEHHBIX Ha BOCCTA-
HOBJIEHHE KPOBOTOKa B TOPAKEHHOM COCY/Ie, UTO
MT03BOJISIET IIPEIOTBPATUTh Pa3BUTHE HEOOPATHUMOTO
MIOBPEXK/IEHUs BEIECTBa T'OJIOBHOTO MO3ra JH60
VMEHBIIIUTh €ro 00beM, T.e. MUHUMU3UPOBATh CTe-
IIeHb BBIPAKEHHOCTH OCTATOYHOTO HEBPOJIOTHYE-
ckoro Aedunura [1, 2].

CorslacHO TOCTIEAHUM peKoMeHanussM EBpo-
IefiCKOW OpraHu3anuu 1o Oopbbe ¢ WHCYJIBTOM
(European Stroke Organization — ESO) u Amepu-
KAHCKOW acconManuu 110 HU3YYEHHI0 WHCYJIbTa
(American Stroke Assotiation — ASA), TpoMboUTH-
yeckas Tepanus (TJIT), mpoBoguMasi ¢ UCIIOIH30Ba-
HUEM PEKOMOWHAHTHOTO TKAHEBOTO aKTUBATOpa
mwia3MmuHoreHa (rt-PA, anremiaza), siBjsieTcs Hau-

INTRODUCTION

The increasing frequency of ischemic stroke (IS)
and its rejuvenation, leading to extremely unfavor-
able socio-economic consequences, are forcing a re-
vision of the conventional technology of treatment
and rehabilitation of patients with this serious dis-
ease. Along with a decrease in mortality rates in
acute cerebrovascular accident (CVA), an increase in
primary disability among the population is recorded.
New approaches to the treatment of ischemic stroke
include the use of modern highly effective methods
of reperfusion of the brain substance in the first
hours of the disease, aimed at recovery blood flow in
the affected vessel, which makes it possible to pre-
vent the development of irreversible damage to the
brain substance or to reduce its volume, i.e., to mini-
mize the severity of the residual neurological deficit
[1, 2].

According to the latest recommendations from
the European Stroke Organization (ESO) and the
American Stroke Association (ASA), thrombolytic
therapy (TLT) using recombinant tissue plasmino-
gen activator (rt-PA, alteplase) is the most effective
treatment for ischemic stroke (class I, level of evi-
dence A). The introduction of fibrinolytic drugs can
be carried out in two ways:

a) systemic thrombolysis, when a fibrinolytic
agent is injected into a peripheral vein; b) catheter-
directed thrombolysis, in which the drug is adminis-
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Oosiee 5 PEKTUBHBIM METOIOM TEpPAIUU IIPH HIIle-
MHYecKOM HHCyJbTe (K1ace I, ypoBeHb JoKa3arTesib-
HocTH A). BRenenmne GuOpUHOIUTHYECKIX ITpenapa-
TOB MOKET OCYIIeCTBJIATHCA JIByMA crocobaMu:
a) CHCTEMHBIN TPOMOOJIN3UC, KOT/Ia GUOPUHOTIUTUK
BBOAUTCS B mepudepuyuecKyio BeHy; 0) CeeKTHB-
HBIA TPOMOOJIH3UC, IIPU KOTOPOM IIpernapaT BBOJTUT-
cs1 uepe3 KaTeTep, YCTAaHOBJIEHHBIN HEIOCPEICTBEH-
HO B OKKJIIO3UPOBAHHOU BHYTPUMO3TOBOU apTEPHUU.
Tpombosu3uc mMpyu WHCYJIbTe IPHU3BAH PA3PYIINTh
TPOMOOTHYECKYIO MacCy U BO30OHOBUTH JIBHIKEHUE
KPOBH IO 3aKYIIOPEHHBIM MO3TOBBIM COCYZaM.
B ocHOBe fieliCTBUA METOANKYA — aKTUBAIUA IIa3-
MHHOTEHA KPOBH U €r0 IEPEBO/] B IVIA3MUH.

BackuedimuM (axkTOpoM YCIENTHOTO TPOMOOIIH-
3Hca [IpU UIIeMIYECKOM NHCYJIbTE SBJIAETCS pAaHHEE
HAYaJIo JIeYeHUsI U PABUJILHOE OIIPeieIeH e TIOKa-
3aHul K mporeaype [3—5]. [IpoBesieHne TepaneBTH-
JeckoW penepdys3un I1ejIecoo0pa3Ho B IIpeesax
IIEPBBIX YACOB C MOMEHTA OCTPOH OKKJIIO3UH, 3aTEM
IIpU ee IPUMEHEeHNH 3HAYUTETHHO BO3PACTAET PUCK
He TOJBKO penep@y3MOHHOTO HMOBPEXKIEHUA, HO U
reMOpparu4ecKux OcaoKHeHuH. [loMuMo BpemMeH-
Horo dakropa nipu nposesieHun TJIT BaxKHO yIUTBI-
BaTh U BO3pacT nanueHToB. COIVIACHO MHCTPYKIIMH
10 IPUMEHEHUIO IIpernapaTa ajTersa3bl 1 PeKOMeH-
nparusaM ESO, 60JbHBIM MOJIOKE 18 JIET TTIPOBOUTD
TJIT e cienyer, a manyeHTaMm crapiie 80 JieT — ¢
0Cc000¥ OCTOPOKHOCTBI0. AHAJIN3 TAHHBIX PETHCTPA
SITS-MOST moka3zaJi, 4To y 60JIbHBIX MOJIO/IOTO BO3-
pacra niocste ipoBesienHou TJIT HabomaeTcs 6oee
6JIAaTOIPUATHBIA MCXOJ 3a00JI€BaHUsA ¢ HU3KOU Ya-
CTOTOH CHUMIITOMHOM TeMOpparndeckoi tpancdop-
manuu. Takke IPOJEMOHCTPUPOBAHA JIyUIlasi CTe-
IIeHb BOCCTAHOBJIEHUS HAPYIIEHHBIX HEBPOJIOTHUYE-
CKUX (PYHKITUH y JIUI 70 45 €T (40 % npoTus 22 % B
rpy1Ie 6OJIbHBIX CTAPIIE 45 JIET), [IPH 3TOM YacToTa
CJIyyaeB TeMopparuveckoi TpanchopmManuy MexIay
rpynmnaMu 3Ha4nMO He pasiandanack. CiaemoBaresnb-
Ho, TJIT acdbdexTrBHA 1 Ge30macHa BO BCeX BO3pacT-
HbIX Tpymnmnax. OIHaKO yeM crapiie OOJIbHBIE, TEM
BBIIIIE KOJIMTYECTBO QYHKIIMOHAIBHO HEOIATOIPUAT-
HBIX HCXOJI0B U cMepTel [6—8].

T'emopparuueckas TpancopMarus oyara mopa-
JKeHHsS TOJIOBHOTO MO3Tra IPU WIIEMHYECKOM HWH-
CYJIbTEe OTHOCHUTCS K CEPBE3HBIM OCJIOKHEHUAM, 0CO-
6enno npu mposefeHun TJIT. BpL1o mpeajiokeHo
BBECTU PA3JINUUS MEK/Ty TeMOPparundecKuM uudap-
KTOM U IapeHXUMAaTO3HBIMU remaToMamu. Mccie-
JIOBAHUSI C WCIIOJIb30BAHUEM KOMIIBIOTEDHOH U
MAaTrHUTHO-PE30HAHCHON TOMOrpaduu ITO3BOJIFIIN
YCTaHOBUTH, UTO TeMopparuyeckas TpaHncopmanus
[0 THUITY METEeXUAIBHBIX KPOBOUBJIUIHUHN MPOUCXO-
JIAT V 15—45 % MalueHTOB, a ¢ 00pa30BaHUEM CHM-

tered through a catheter placed directly in the oc-
cluded intracerebral artery. Thrombolysis in stroke
is designed to destroy the thrombotic mass and re-
sume the blood flow through the blocked cerebral
vessels. The method is based on the activation of
blood plasminogen and its conversion into plasmin.

The most important factor in successful throm-
bolysis in ischemic stroke is the early beginning of
treatment and the correct determination of the indi-
cations for the procedure [3—5]. Carrying out thera-
peutic reperfusion is advisable within the first hours
from the onset of acute occlusion, then when using it,
the risk of not only reperfusion injury, but also hem-
orrhagic complications increases significantly. In ad-
dition to the time factor, when performing TLT, it is
important to take into account the age of patients.
According to the drug labeling of alteplase and the
ESO guidelines, patients under 18 years old should
not undergo TLT, and patients over 80 years old
should be extremely careful. Analysis of the data
from the SITS-MOST register showed that young pa-
tients after TLT had a more favorable outcome with a
low frequency of symptomatic hemorrhagic transfor-
mation. Also, a better degree of neurorestoration was
demonstrated in persons under 45 years old (40%
versus 22% in the group of patients over 45 years
old), while the incidence of hemorrhagic transforma-
tion between the groups did not differ significantly.
Therefore, TLT is effective and safe in all age groups.
However, the older the patients are, the higher the
number of functionally unfavorable outcomes and
deaths [6-8].

Hemorrhagic transformation of the focus of brain
lesion in ischemic stroke is a serious complication,
especially during TLT. It was proposed to introduce a
distinction between hemorrhagic infarction and pa-
renchymal hematomas. Studies using computed to-
mography and magnetic resonance imaging made it
possible to establish that hemorrhagic transforma-
tion of the type of petechial hemorrhage occurs in
15—45% of patients, and with the formation of symp-
tomatic parenchymal hematoma — in 5%. Hemor-
rhagic transformation of cerebral infarction against
the background of thrombolytic therapy is a priori
associated with the recanalization and is caused by
reperfusion damage to the brain due to the flow of
the blood into the ischemic zone. One of the possible
mechanisms of hemorrhagic transformation is com-
bined endothelial dysfunction, both premorbid and
caused by damage to the endothelium by metallopro-
teinases, which include rt-PA. In most cases, hemor-
rhagic transformation is represented by petechial
hemorrhage, however, in 16% of cases it is small, and
in 8% of patients — large hematomas, while mild se-
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IITOMHOH apeHXNMAaTO3HOH reMaToMbl — y 5%. [e-
Mopparuueckas TpaHcdopmarus nuH@apKkTa mMosra
Ha GoHE TPOMOOJUTUUECKOU TEPATIUY A Priori CBs-
3aHa C JIOCTIKEHNEM PeKaHAIN3AINU U 00yCIIOBIIEe-
Ha perepdy3HMOHHBIM IOBPEXKJEHNEM MO3Ta BCJIE-
CTBUE MOCTYIUIEHUS KPOBU B 30HY uitieMuu. OTHUM
U3 BO3MOXKHBIX MEXaHHU3MOB TeMOpPParudecKoi
TpaHcopManuy ABJAETCA COUETAHHAS SHIOTENIH-
ayibHasA AUCOYHKINSA — KaK MPeMOpOUAHAs, Tak U
BBI3BAHHAsA IOBPEKAEHUEM OHOTEIUS METAJUIO-
[IpOTenHa3aMH, K KOTOPBIM B TOM YHCJIE OTHOCHUTCS
u rt-PA. B GOJIBIIIMHCTBE CIy4aeB reMopparudeckast
TpaHcpopManusa —IpeACTaBlIeHa IMEeTeXHATbHBIM
MIPONUTHIBAHUEM, OJTHAKO B 16 % ciyyaeB 3TO Ma-
Jible, 2y 8 % GOBHBIX — GOJIbIIIYE TEMATOMBI, TIPU
5TOM YMepeHHAasl BRIPAKEHHOCTh TeMOPPAruIecKOi
TpaHcdopMmanuy uHGApPKTa MO3ra MO TUILY Auale-
JIE3HOTO TIPOIUTHIBAHUS SIBJISAETCA MapKEPOM pe-
nepdys3uu U, Kak IPaBUjoO, aCCOLUUPYETCA € XOpO-
UM KJIMHUYECKUM HCXOJI0OM, B TO BpeMs Kak Ia-
PpeHXUMaTO3HOE KPOBOUBIUAHUE — MapKep 3aMe/l-
JIEeHHOU penepdy3Uu U, COOTBETCTBEHHO, YBEJINUEH-
HOU 00JIaCTH WIIEMUYECKOTO MOBPEXKAEHUS MO3ra,
COTIIPOBOK/JIAIONIETOCA  YXy/JIIEHUEM  COCTOSHUSA
6ospHOTO [9, 10].

Hawubosiee yacThIMH MOCJIEACTBUAMU WHCYJIBTA
SIBJISTIOTCS HAPYIIIEHUSI PeUeBOU (DYHKITUY, TIPOSIBIIS-
omuecs B ¢popme adazuil U AU3apPTPUI, KOTOPbIE
HepeIKO COUeTal0TCs C MATOJIOTHEN APYTHUX BBICIINX
MICUXUYECKUX (PYHKIUN (pa3JIMUHBIMU BUIAMHU ar-
HO3UH U alpakCchii), a Tak)Ke KOTHUTUBHBIMU HapPy-
[IEHUSAMHU Pa3HOU CTENEHN BBIPAKEHHOCTH [11—13].
PaccrpoiictBa peun mOcCJie WHCYJIBTa BO3HUKAIOT
BCJIEZICTBHE TIOPAYKEHUS PEUYEBBIX 30H KOPBI TOJIOB-
HOT'O MO3Ta U UX IPOBO/IAIINX IIyTeH.

B 3aBHCHMOCTH OT JIOKQJIM3AIUNA U BEJTUYUHbI
30HBI OPAYKEHUS HAPYIIEHUs PEYH MOTYT IIPOSB-
JISITBCA B BUIE ada3uid, KOTOPBIE KIacCUPUITUPYIOT-
¢ Ha MOTOPHYIO U ceHcOopHYyI0. MoTopHas adasus, B
CBOIO OY€epe/lb, MOYKET OBITh:

» apdepeHTHON — TPOABIAETCS PACIaZOM OT-
JIeJIbHBIX APTUKYJAIUOHHBIX 03, WA apPTUKYJIEM.
B ycrHOIl peum BbIpakaeTcsi B IOUCKAX ApPTUKY-
JISALAY;

» 93¢ depeHTHON — peub CTAHOBUTCS Pa30pBaH-
HOH, COIIPOBOXK/IAETCS 3aCTPEBAHNEM HA OTAETbHBIX
(parmenTax BpICKa3bIBaHUA. BOIBHOM OTHOCHUTEB-
HO JIETKO TPOU3HOCUT OT/EJIbHbIE 3BYKH, HO HCITbI-
THIBAET CYIIIECTBEHHBIE 3aTPYAHEHU IIPU IIPOU3HE-
CeHUH cJIoB U ¢pas.

CeHcopHas ada3usi — pacCTPOUCTBO (poHEMATH-
YeCKOro CJIyxa, KOTopoe 00yC/IOBINBAET TPyOble Ha-
pylLIeHNUs UMIIPECCUBHON peYr — IMOHUMaHUsA. 3BY-
KU TepsIOT CBOe CTaOWJIbHOE 3BYUYaHUE U KaKIbII

verity of hemorrhagic transformation of cerebral in-
farction by the type of diapedetic hemorrhage is a
marker of reperfusion and, as a rule, is associated
with favorable outcome, while parenchymal hemor-
rhage is a marker of delayed reperfusion and, ac-
cordingly, an increased area of ischemic brain dam-
age, accompanied by a worsening of the patient’s
condition [9, 10].

The most frequent consequences of stroke are
speech disorders, manifested in the form of aphasias
and dysarthrias, which are often combined with pa-
thologies of other higher mental functions (various
types of agnosias and apraxias), as well as cognitive
impairments of varying severity [11—13]. Speech dis-
orders after a stroke occur as a result of damage to
the language zones of the cerebral cortex and their
pathways.

Depending on the location and size of the im-
paired zone, speech disorders can manifest them-
selves in the form of aphasias, which are classified
into motor and sensory. Motor aphasia, in turn,
can be:

« afferent — it is manifested by the disintegration
of individual elementary sounds. In speaking, it is
expressed in the search for articulation;

« efferent — speech becomes torn, accompanied
by getting stuck in separate fragments of the utter-
ance. The patient relatively easily pronounces indi-
vidual sounds, but experiences significant difficulties
in pronouncing words and phrases.

Sensory aphasia is a disorder of phonemic hear-
ing, which causes gross impairments of impressive
speech — understanding. Sounds lose their stable
sounding and each time they are perceived distorted,
mixed with each other according to one or another
parameter.

In addition, special forms of aphasia are distin-
guished:

« dynamic aphasia — a speech disorder that man-
ifests itself in speech aspontaneity and inactivity.
The patient’s speech is characterized by poverty,
monosyllabic answers in dialogue;

« amnestic disorders — loss of the ability to retain
the information perceived by hearing in the memory,
narrowing of the volume of memorization;

 semantic aphasia — inability to perceive com-
plex logical and grammatical turns of speech.

Speech disorders are considered the most diffi-
cult consequences of stroke. The recovery of speech
functions requires a fairly long period of time, on av-
erage 2—3 years, and in some cases — up to 6 years.
The effectiveness of treatment largely depends both
on how quickly the rehabilitation process begins and
on the methods of treatment in the acute period of

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

37



Baxapesa O.H. u dp. / Journal of Siberian Medical Sciences 3 (2021) 34—44

pa3 BOCHPUHUMAIOTCS HCKAKEHHO, CMEIIHBAIOTCS
MesKIy cOOOM IO TeM WMJIM HHBIM ITapaMeTpaM.

Kpowme Toro, BBIZEAIOT 0coObie GOpMBI adpasuii:

o IUHAMHYECKYIO adas3uio — pedeBou nmedekxT,
KOTOPBI ITPOSABJIAETCS B PEYEBON aCIIOHTAHHOCTH U
WHAKTUBHOCTU. Peub manueHTa oTyinvaercs OeHO-
CTBIO, OJTHOCJIOKHOCTBIO OTBETOB B JIUAJIOTE;

* AMHeCTUYEeCKHe HapylIeHusI — IoTeps cIocob-
HOCTH K y/IEP?KaHUIO B TAMATH BOCIIPUHUMAEeMOU Ha
cnyx uHpOpMAIUU, cy:keHne obbeMa 3aloMHHAa-
HUS;

e ceMaHTHUYecKylo adas3uio — HeCrnocoOHOCTh
BOCIIPHHUMATH CJIOKHBIE JIOTUKO-TPAMMATHYECKIE
060pOTHI peym.

Hapymienus: peun cumtaiores Hanbosiee CI0MK-
HBIMH TIOCJIEZICTBUAMU UHCY/IbTa. Ha BoccTaHOBIIE-
HHE pedyeBbIX GYHKIIUN TpeOyeTcs JIOCTaTOYHO MPOo-
JTIOJKUTEJIHHBIN TIepUO/i BpEMEHH, B CPeJTHEM 2—3
rojia, a B HEKOTOPBIX ciIydadax — 7o 6 jeT. Odbdek-
TUBHOCTH JIEUEHHS BO MHOTOM 3aBUCHUT KaK OT TOTO,
HACKOJIBKO OBICTPO HAUHETCs IMpollece peabuauTa-
MY, TAK ¥ OT METOJIOB JIEYEHUSI B OCTPEUIIIEM IIEPHU-
0Jle UIlIeMHYecKoro WHcysbTa. [loaToMy mpesicTas-
JISIETCST BAKHBIM YTOUHEHHE 0COOEHHOCTeH BOCCTa-
HOBJIEHUSI PEUYEBBIX U KOTHUTHBHBIX HAPYIIEHUH Y
0OJIbHBIX UIIEMUYECKUM UHCYJIBTOM B 3aBUCHMOCTH
ot metozoB yiedeHuss OHMK B ocTpeiiiiiem nepuoze.

IHEJIb NCCJIEJOBAHUA

N3yunTh BaUsIHUE TPOMOOJTUTUUECKON TEpaTTUH
Ha BOCCTAHOBJIEHHE PEUeBBIX U KOTHUTUBHBIX pac-
CTPOHCTB y GOJIBHBIX HUIIIEMUYECKUM WHCYJIFTOM Ha
BTOPOM 3Talle peabuIuTaIUH.

MATEPUAJIBI 1 METO/IbI

Ha 6aze I'BY3 «O61acTHOM KJIMHIYECKUH Jleuel-
HO-peabWINTAIMOHHBIN 1eHTp» (T. TBepn) mpoe-
ZieHo obcsenosanue 68 6onbHEBIX OHMK 1o umemun-
YeCcKOMY THILy, IIOCTYIIUBIINX HA BTOPOU 3Tam pea-
OmIMTanUY, KOTOPasl IPOBOAMIACH C MCIOJIb30BA-
HUEM BO3MOXKHOCTEW JIBUTATEJIbHOH peadmiInTa-
MY, MEeXaHO- U KMHEe30Tepalluy, TEXHOJIOTUNA BUP-
TyaJIbHOH PeaIbHOCTH, TPAHCKPAHUATIBHON MarHuT-
HOU cTuMmysaAnuu. IlanueHToOB pasfielmid Ha /iBe
IpyINbL: 1-1 — 14 GOJIBHBIX, KOTOPBIM B OCTPEHIIIEM
nepuosie OHMK nposezena peniepdy3noHHas Tepa-
nus ¢ npuMeHeHueM cucteMuoi TJIT (cpenaHuii Bo3-
pacr 64.2 + 0.6 roa); 2-s1 — 54 OOJIPHBIX, IOJIyUaB-
mux cragaaptayo tepanuio OHMK 6e3 TJIT (cpexn-
HUH Bo3pact 67.65 + 0.8 rozia).

O1leHKa peuyeBBIX HapylIeHUU MPOBOJUIACH HA
OCHOBaHHU 3aKJII0UEHNUs Joromne/ia. TaKecTh KOTHU-
TUBHOTO JieunnTa oreHnBasnacs no mkaie KHOKC
(KpaTkoe HeHpPOIICUXOJIOTHYECKOe 00C/Ie/IOBaHNE

ischemic stroke. Therefore, it seems important to
clarify the features of the recovery of speech and cog-
nitive disorders in patients with ischemic stroke, de-
pending on the methods of CVA treatment in the
acute period.

AIM OF THE RESEARCH

To study the influence of thrombolytic therapy on
the recovery of speech and cognitive disorders in pa-
tients with ischemic stroke at the second stage of re-
habilitation.

MATERIALS AND METHODS

On the basis of the Regional Clinical and Reha-
bilitation Center (Tver), 68 patients with acute cere-
brovascular accidents of ischemic type which were
admitted to the second stage of rehabilitation were
examined. The rehabilitation was carried out using
the possibilities of motor rehabilitation, mechano-
and kinesitherapy, virtual reality technologies, trans-
cranial magnetic stimulation. The patients were di-
vided into two groups: 1t — 14 patients who under-
went reperfusion therapy with the use of systemic
TLT in the acute period (mean age 64.2 + 0.6 years);
2nd — 54 patients who received conventional therapy
without TLT (mean age 67.65 + 0.8 years).

The assessment of speech disorders was carried
out on the basis of the conclusion of the speech ther-
apist. The severity of cognitive deficit was assessed
using the BNCE scale (Brief Neuropsychological
Cognitive Examination) in points and on the basis of
data obtained during consultation with a psycholo-
gist. The level of satisfaction with the patient’s own
condition was assessed using the Visual Analogue
Scale (VAS). To verify the CVA type, the following
clinical investigations were carried out: magnetic
resonance imaging, computed tomography, doppler
ultrasound.

All patients participating in the study signed an
informed consent, approved by the local ethics com-
mittee.

Statistical processing of the research results was
carried out by methods of variation statistics and
correlation analysis (the level of significance of dif-
ferences p < 0.05) on an IBM PC PENTIUM com-
puter using the Microsoft Excel 7.0 software pa-
ckage.

RESULTS AND DISCUSSION

Among the pathogenetic variants of IS identified
in the examined both groups, the thromboembolic
variant prevailed — 7 cases (50%) in the 1 group and
36 (67%) in the 2" one. Ischemic strokes with high
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KOTHUTUBHOU cdephl) B Oa/lax ¥ HA OCHOBAaHUH
JIAaHHBIX, [IOJIyYeHHBIX B X0/[¢ KOHCYJIBTAI[UH TICUXO0-
Jiora. YpOBeHb YIOBJIETBOPEHHOCTH COOCTBEHHBIM
COCTOSTHUEM TallFeHTa OIEHUBAJICA 10 BusyasbHO-
anasoroBo mkase (BAIIT). /Iyt Bepudukamuu moy-
tuna OHMK npoBoguiucsk cieayioiie HHCTPYMEH-
TaJIbHBIE MCCIIEZIOBAHUSA: MATHUTHO-PE30HAHCHASA U
KOMITbIOTEpHAasi TOMOTpadus, YIbTPa3ByKOBas JI0-
ieporpadusi.

Bce mammeHTHI, yuacTBOBABIINE B MCCIIEA0OBAHUU,
MOIITUCAT WHMOPMUPOBAHHOE COTJIACHE, YTBEPIK-
JIEHHOE JIOKIHbHBIM 3TUYECKUM KOMHUTETOM.

CraTuctuueckasi 00paboTKa pe3yJsIbTaTOB HCCIIe-
JIOBAaHUS OCYIIECTBJISJIACH METOJIAMU BapUAI[AOH-
HOH CTaTUCTUKU U KOPPEJISIIIMOHHOTO aHaIu3a (ypo-
BEHb JIOCTOBEPHOCTU Pa3IUYUU p < 0.05) HA KOM-
npiorepe IBM PC PENTIUM c momoiipio makera
nporpamm Microsoft Excel 7.0.

PE3YJIBTATDBI 1 OBCY2KIEHUE

Cpenu nmaToreHeTndeckux BapuanTos MU, BbisB-
JIEHHBIX y 00CIe0BaHHBIX 00X TPyII, mpeobia-
JlaJl TpoMOOOIMOOINUECKUH BapUAHT — 7 CJIY4YaeB
(50 %) B 1-1 rpynrie u 36 (67 %) Bo 2-i. Nmemuue-
CKHe WHCYJIBTHI C BBICOKUM 3MOOJIOTEHHBIM IOTEH-
[IMaJIOM BCTPEUAJINCh B 3 ciaydasax (21 %) B mepBOi
TPYyIIIEe U B 9 cirydasx (17 %) — Bo BTopou. 'emomu-
HAMUYECKUX UIIEMUYECKUX UHCYIBTOB He OBLIO BbI-
SABJIEHO HU B OfHOU rpymnne. MHapKT Mo3ra Hey-
TOYHEHHOH S3THOJIOTUHM BCTPEUICSI B 4 CIIyYasax
(29 %) B mepBoii TpyIe u B 9 ciyuasx (17 %) — Bo
BTOPOH.

31ech HEOOXOMMO CKa3aTh O TOM, UTO, COTJIACHO
JIAaHHBIM JIUTEPATYPHI [2], MaTOTeHEeTUYECKUH IO/I-
tun MY He Biuser Ha 3 GEKTUBHOCTh CUCTEMHOI'O
TpoMbostnsuca. I1pu orneHke 3(HEKTUBHOCTH TPOM-
60JIUTUYECKON Tepanuu HeOOXOAUMO YUUTHIBATH U
TO OOCTOATENHCTBO, UYTO MEAUKAMEHTO3HBIA TPOM-
0oJyu3uc, MO CYIIECTBY, SIBJISAETCS CHUMIITOMAaTHYe-
CKUM METOZIOM JieUeHUsI [7] ¥ He yCTpaHsIeT MIPUUNH
TpoMbooOpa3oBaHus (aTEPOCKIEPO3 C HATUUHEM
CTEHOBUPYIOIIEH MPOCBET HECTAOWIHLHOU OJIAIIKH,
bubpwisaIMa npeacepuii ¢ 06pa3oBaHUEM TPOM-
OOB B YIIIKe JIEBOTO Ipecepausi, redhopMaliys cocy-
Jla TIpU apTepUaIbHON THIIEPTOHUH, TPOTPOMOOTH-
YecKoe COCTOSIHUE KPOBH U T.JI.), BOT IIOUEMY BO3MO-
JKeH peTpoM003/peokkitio3us. [Ipu Tpombonusuce
rt-PA paHHSsS pEOKKIIIO3Us OTMeUaiach B 34 %, o0y-
CJIOBJIMBAsI KJIMHUYECKOE YXYIIEeHUE B 2/3 CIyJaeB.
OpHAKO TAITUEHTHI C PEOKKITIO3UEN BCE Ke MIPOTHO-
ctuyecku Oosiee GJIATONPHUATHBI 10 CPABHEHUIO C
GostbHBIMY 0e3 pekaHasmuzaiuu [1]. Jis opeaymnpe-
JKJIEHUST PEOKKJIIO3WH TEOPETHUYECKH OOOCHOBAHO
COUeTAHHOE IIpUMEHeHUe aHTHATrPeraHToB, II0-

embologenic potential occurred in 3 cases (21%) in
the first group and in 9 cases (17%) in the second one.
Hemodynamic ischemic strokes were not detected in
any group. Unspecified cerebral infarction occurred
in 4 cases (29%) in the first group and in 9 cases
(17%) in the second group.

Here it must be said that, according to the litera-
ture [2], the pathogenetic type of IS does not affect
the effectiveness of systemic thrombolysis. When as-
sessing the effectiveness of thrombolytic therapy, it
is necessary to take into account the fact that drug-
based thrombolysis is essentially a symptomatic
treatment method [7] and does not eliminate the
causes of thrombosis (atherosclerosis with the pres-
ence of an unstable plaque stenosing the lumen, atri-
al fibrillation with the formation of blood clots in the
left atrial appendage, deformity vessels with arterial
hypertension, prothrombotic state of the blood, etc.),
which is why rethrombosis/reocclusion is possible.
In thrombolysis with rt-PA, early reocclusion was
observed in 34%, resulting in clinical deterioration in
2/3 of cases. However, patients with reocclusion are
still more favorable prognostically than patients
without recanalization [1]. To prevent reocclusion,
the combined use of antiplatelet agents is theoreti-
cally justified, since plasminogen activators can in-
duce an increase in the functional activity of plate-
lets. In patients with IS, 24 hours after systemic
thrombolysis, an increase in platelet aggregation ac-
tivity is noted (more pronounced in atherothrom-
botic IS type) [2]. Moreover, in patients with reocclu-
sion after successful systemic thrombolysis, there
are higher rates of platelet aggregation compared
with patients in whom rethrombosis did not occur.

The selected groups of patients differed in gender
composition: in the first group, men prevailed —
9 persons (64%) and 5 (36%) women, while in the
second group the differences on this feature
were practically leveled out — 29 men (54%) and
25 women (46%).

As for the localization of cerebral infarction,
hemispheric localization prevailed in the studied pa-
tients — 12 cases (86%) in group 1 and 46 cases (85%)
in group 2. In 2 patients (14%) of the 1 and 8 pa-
tients (15%) of the 2™ group, the stroke was located
in the vertebrobasilar system (Fig. 1).

Approximately every fourth patient out of the to-
tal number of both examined groups suffered from
type 2 diabetes mellitus: 3 (21%) in the first group
and 14 (26%) in the second one. Absolutely all pa-
tients were diagnosed with arterial hypertension
(mean arterial pressure in patients from the first
group was 125 + 0.3 / 80.8 + 0.1 mm Hg, in the sec-
ond group 130 + 0.3 / 80 + 0.2 mm Hg). In 5 patients

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

39



Baxapesa O.H. u dp. / Journal of Siberian Medical Sciences 3 (2021) 34—44

CKOJIPKY aKTHBATOPHI IIJIA3MUHOTEHA MOTYT HHY-
[FPOBaTh MOBBINIEHNE (PYHKITMOHAJIBHON aKTHUBHO-
¢ty TpoMboruToB. Y marueHToB ¢ UM uepes 24 u
II0CJIE CHCTEMHOTO TPOMOOIM3HCA OTMEYAETCS I10-
BBIIIIEHUE arperarioHHON aKTHBHOCTH TPOMOOIIH-
TOB (0OJiee BBIpa’KEHHOE TIPU aTEPOTPOMOOTHUE-
ckoMm moatuiie MN) [2]. Bosee Toro, y manueHToB ¢
PEOKKJIIO3UEN IIOCJIE YCIENTHO IPOBEAEHHOTO CH-
CTEMHOTO TPOMOOJIM3HCA OTMeYaloTCs 6oJiee BhICO-
KHe TOoKa3aTeIu arperaiuyd TPOMOOIIMTOB 10 CpaB-
HEHUIO C MaIllMeHTaMH, y KOTOPBIX peTpoMb03a He
IIPOUBOIILIO.

BriziesieHHbBIE TPYHIIBI HAEHTOB Pa3IdYaAINCh
TI0 TII0JIOBOMY COCTaBY: B IIEPBOU I'PyIIIe ITpeobiiaia-
JIU MY>KYUHBI — Q uell. (64 %) u 5 (36 %) sKeHIIuH,
TOT/Ia KaK BO BTOPOH TPYIIEe Pa3jUUMsA IO STOMY
MpU3HAKy ObLIM IPAaKTHYECKU HUBEJIUPOBAHBI —
29 My>X4uH (54 %) 1 25 xeHuH (46 %).

Yto Kacaercs JJOKAIU3anuy HH(papKTa MO3Tra, TO
V HCCJIEJTlyeMBIX TTAIIUEHTOB MPeobJIazaa moJryap-
Hasi JIoOKaIu3aIus — 12 caydaes (86 %) B 1-1 rpymme
U 46 ciaydaeB (85 %) Bo 2-i. Y 2 marueHToB (14 %)
1-i1 1 8 marueHTOB (15 %) 2-1 TPYNIIBI OYar UHCYJIb-
Ta pacIojarajcs B Bepredpo-6a3misipHoM bacceiite
(puc. 1).

[TpubIU3UTENTPHO KaXKbI YE€TBEPTHIA MAITHEHT
u3 o0miero umcaa obOCaeOBAaHHBIX OOEUX TPYII
cTpajiajl OT caxapHOTro uabera 2-ro Tuna: 3 (21 %) B
IepBo# rpymre u 14 (26 %) — Bo BTOpOH. AGCOTIOT-
HO y BCeX MaI[eHTOB JHUATHOCTHUPOBAJach apTepu-
aJIbHAs TUNEPTEH3UsA (CpeHee apTepUAIIbHOE /TaB-
JIEHUE y TAIMEHTOB U3 IEPBOU TPYIIIHI COCTABHUIIO
125 + 0.3/80.8 + 0.1 MM PT. CT., BO BTOPO# TpyIIIie
130 £ 0.3/80 £ 0.2 MM PT. cT.). ¥ 5 marueHToB (36 %)
IepBoU Tpynnbl U 17 (32 %) BTopoi Habiromanach
rocTosiHHas opma GUOPUILISAIIUY TPeICEPIUH.

W3 yucia OCHOBHBIX HEBPOJIOTUYECKUX CHMIITO-
moB OHMK y 06ciie/ToBaHHBIX NAIIUEHTOB BBISABIISA-
JIUCh TIUpPaMUHbIE paccTpoicrBa (1-A Tpymma —
11 ciy4daes (72 %), 2-1 — 48 (86 %), UyBCTBUTEIH-

50 46
40
30 +
20 -

10 +

Yuco naueHToB
Number of patients

(36%) of the first group and 17 (32%) of the second
group, a permanent form of atrial fibrillation was ob-
served.

Among the main neurological symptoms of CVA
in the examined patients, pyramidal disorders were
revealed (1% group — 11 cases (72%), 2" group — 48
(86%), sensitive (1% group — 7 cases (52%), 2" — 33
(61%)) and gait and balance (1% group — 11 cases
(76%), 2™ group — 39 (73%)) disorders.

Speech disorders were assessed during the analy-
sis of the speech therapist’s conclusion. When ana-
lyzing speech, expressive (motor) speech is distin-
guished, which ensures the pronunciation of sounds,
articulation, and impressive (sensory) speech — this
is the perception and understanding of speech. Im-
pressive speech disorders, in turn, are divided into
speech and writing comprehension disorders. In pa-
tients of the first group, disorders of expressive
speech were revealed in 7 cases (50%, p < 0.05),
while in the second group — in 14 cases (26%). In the
first group, difficulties in comprehension of speech
were noted in 7 cases (50%, p < 0.05), while in the
second group — in 9 (17%) cases. Writing language
disorders were found in both groups. In the first
group: dyslexia and dysgraphia — in one case (7%),
in the second group: acalculia, dysgraphia — in one
case (2%), dyslexia — in two cases (4%). Dysphasia
was diagnosed in 10 patients (71%, p < 0.05) in the
first group and in 15 patients (28%) — in the second
group, and motor aphasia in the first group was 7%
(1 person), and in the second group — 11% (6 pa-
tients); sensorimotor dysphasia — 64% (9 patients)
and 17% (9 patients), respectively (Fig. 2).

As we can see, more complex motor and sensory
speech disorders are observed in the group of pa-
tients who underwent TLT, which generally contra-
dicts the available literature data that successful
thrombolysis transfer at an angio suite provides a
sufficiently high level of recovery of both motor and
speech functions, therefore, it is often not required to

B 1-7 rpymnma
1" group

B 2-grpynna
2" group

8

—

0
Ilomymapusa
TOJIOBHOTO MO3Ta
Cerebral hemispheres

Beprebpo-6a3niiapHbIT

bacceiix

Vertebrobasilar system

Puc. 1. PaciipeziesieHre MaiueHToB 1-i ¥ 2-U IPYIIIL 110 JIOKAIU3aI[UHU [TaTOJIOTUUYECKOT0 0Jara
Fig. 1. Distribution of patients of the 1t and 2" groups according to the localization of the pathological focus
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Hble (1-1 Tpynma — 7 caydaeB (52 %), 2-1 — 33
(61 %)) u BecTuOyI0-KOOpPAMHATOPHbIE (1- TPYyIH-
ma — 11 caydaeB (76 %), 2-1 — 39 (73 %)) Hapy-
IIeHUS.

PeueBble HapyIlleHUs OIEHUBAJIUCH B XOJle aHA-
Jn3a 3aKkIioveHus Joromena. Ilpu ananuse peuyu
BBIJIEJIAIOT SKCIIPECCUBHYIO (MOTOPHYIO) peUb, KOTO-
pas obecreynBaeT MPOU3HECEHUE 3BYKOB, apPTHUKY-
JISIIIAIO, Y1 UMIIPECCUBHYIO (CEHCOPHYIO) PEYh — 3TO
BOCIIpUATHE U MOHMMaHHe pedyu. HapymieHus um-
MIPECCUBHOM PEYH, B CBOIO OUEPE/Ib, IEJISATCSI Ha pac-
CTPOMCTBA MOHUMAaHUS YCTHOU U MICHhMEHHOH PEYN.
Y G0JIbHBIX IEPBOM TPYIITHI OBLIN BHISBJIEHBI HAPY-
IIIEHUsI DKCIIPECCUBHON peuu B 7 ciaydasx (50 %,
P < 0.05), TOrIa KaK BO BTOPOU IPYIIIIE — B 14 CIIyda-
X (26 %). B mepBoi rpyIre TPyAHOCTH TOHUMAHHUA
VCTHOM peuyn oTMedanauch B 7 caydasx (50 %,
P < 0.05) CJIy4aeB, TOTAA KaK BO BTOPOU IpyIIe — B
9 (17 %). B 0beux rpynmnax ObLIH BBISIBJIEHBI HAPYIIIE-
HUSI MUCbMEHHOU peuu. B mepBoii rpyre: Auciek-
cus u aucrpadus — B ogHOM ciydae (7 %), BO BTO-
poil TpyIIle: akajdbKyausd, Aucrpadus — B OJHOM
ciaydae (2 %), nuciekcust — B AByX caydasx (4 %).
Juchasus guarHocTupoBaHa y 10 uen. (71 %,
P < 0.05) B IEPBOU rpyIne U y 15 4deit. (28 %) — Bo
BTOPOM, IpuueM MOTOpHas adasus B IEPBOU IPyI-
me cocraBwia 7 % (1 4esn.), a BO BTOpod — 11 %
(6 ue.); cencomoTopHas auchazus — 64 % (9 yen.)
1 17 % (9 4es1.) COOTBETCTBEHHO (pHcC. 2).

Kak mbl BuamM, 6ojiee CJIOKHBIE MOTOPHBIE U
CEeHCOPHBIE PeueBble PACCTPOHCTBA HADOIIIOAIOTCS B
rpymrne 60JBHBIX, KOTOPHIM ObL1a mpoBenena TJIT,
YTO B II€JIOM IPOTHUBOPEUHUT UMEIOIIUMCS JIUTEpa-
TYPHBIM JJAHHBIM O TOM, YTO YCIIEIIHO IPOBEAEHHBIHN
B IEPBUYHOM COCY/THCTOM OT/I€JIEHHH TPOMOOTIU3UC
obecrieunBaeT JOCTATOYHO BBICOKUH YPOBEHb BOC-
CTAHOBJIEHUA KaK JBUTATEJBHBIX, TAK U PEUYEBBIX
dyHKIMH, TO3TOMY YacTo He TpebyeTcsi HaIpaBJe-
HUS OOJIBHBIX HA 2-U ATan peabrwinTanuu. dTo Mpo-
THUBOpEYNeE, Ha HaIll B3IJISA/, CBA3AHO C HAPYIIEHHEM
MIPOTOKOJIOB TPOMOOJTUTUYECKOH Teparuy U OIIHO-
KaMU B OIIpeJIeJIEHUY TIOKa3aHUH U TPOTHBOIIOKA3a-
HUH K ee ITPOBEIEHUIO.

VpOoBeHDb yIOBIETBOPEHHOCTH COOCTBEHHBIM CO-
crogaueM 1o BAIII cocTaBuI COOTBETCTBEHHO B IIEP-
BOU Tpy1Iie 47 %, BO BTOPO# rpy1ie — 39 %.

ITo pesysbratam oO6C/IeIOBAaHUS IICUXOJIOTa B
IepBOH rpymme y 5 60JbHBIX (36 %) He BBISABIEHO
KOTHUTHBHBIX HapyIleHWH, y 1 marueHnrta (7 %) —
JIerKrie KOTHUTHBHBIE HApyIlleHus, y 2 (14 %) — Ha-
pYIIIeHUsI CpeJHEH CTelleHu TsXKecTd, v 6 (43 %) —
TSKEJIBIA KOTHUTUBHBIN 1eduut. Bo BTOpoi rpym-
IIe TOJIBKO y 5 60abHBIX (9 %, p < 0.05) He 3aperu-
CTPUPOBAHO KOTHUTHUBHBIX PACCTPOUCTB, JIETKHE

transfer patients to the 2" stage of rehabilitation.
This contradiction, in our opinion, is associated with
a violation of the protocols of thrombolytic therapy
and errors in determining the indications and con-
traindications for its implementation.

The level of satisfaction with one’s own state ac-
cording to the VAS was, respectively, in the first
group 47%, in the second group — 39%.

According to the results of the psychologist’s ex-
amination, in the first group, 5 patients (36%) did
not have any cognitive impairments, 1 patient (7%)
had low-grade cognitive impairments, 2 (14%) had
mild impairments, 6 (43%) had severe cognitive defi-
cits. In the second group, only 5 patients (9%,
p < 0.05) did not have cognitive impairments; low-
grade cognitive impairments were detected in 16 pa-
tients (30%, p < 0.05), mild severity — in 27 (50%,
p < 0.05), and severe cognitive deficit — in 6 (11%,
p < 0.05).

The results of assessing of cognitive deficit on the
BNCE scale were as follows: the mean score in both
groups was almost the same and amounted to
19.3 £ 0.1 in the 1% group and 18.9 + 0.2 in the
2" group, which indicates mild cognitive impair-
ments. Thus, among patients admitted to the second
stage of rehabilitation, a more pronounced cognitive
deficit was also revealed among patients of the
group 1, which may be associated with complications
of TLT or incorrect management of TLT.

One of the confirmations of this assumption is
that in most cases, hemorrhagic transformation does
not affect the severity of neurological disorders and
the prognosis of the disease (the so-called asymp-
tomatic hemorrhagic transformation). In contrast,
symptomatic hemorrhagic transformation is a life-
threatening complication of thrombolysis. Thus, ac-
cording to the SITS-ISTR register, the range of sys-
tolic blood pressure at which the risk of developing
symptomatic intracerebral hemorrhage is minimal is
140-150 mm Hg [10]. Moreover, according to the
same data, the risk of death and severe disability in
patients who underwent systemic thrombolysis was
the lowest in the systolic blood pressure range of
140—160 mm Hg [10], which must be strictly con-
trolled during TLT at the level of an angio suite. The
following factors are also distinguished, associated
with an increased risk of developing symptomatic
hemorrhagic transformations of myocardial infarc-
tion during therapy with rt-RA: an increased glucose
level and/or diabetes mellitus in history, severe neu-
rological disorders, advanced age, a long period of
time before treatment, prior administration of ace-
tylsalicylic acid preparations, congestive heart fail-
ure, violation of the rt-PA administration protocol.
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Puc. 2. XapakTep peueBbIX HApPYIIEHUH B UCCIIEAYEMBIX IPYIIIAX:
A — rpynma ¢ TJIT; B — rpynna 6e3 TJIT
Fig. 2. The nature of speech disorders in the studied groups:
A — group with TLT; B — group without TLT

KOTHUTHBHBIE HApPYIIEHHUS OBLIM BBISABJIEHBl Y
16 4dest. (30 %, p < 0.05), CpeJIHEH CTENEHU TSKe-
ctu —y 27 (50 %, p < 0.05), a TSAKEJIBIA KOTHUTHUB-
HbBIH Jepunut —y 6 (11 %, p < 0.05).

Pe3ysibTaThl OIEHKH KOTHTHUBHHOTO JepUIINTA
mo mkae KHOKC 6buIH CITeyomuMu: CpeaHui
0as1 B 00euX rpyImax nouTH He OTJIMYAJICSA U COCTa-
BWJI 19.3 + 0.1 B 1-# rpymiie u 18.9 + 0.2 Bo 2-i1 rpyn-
Ile, YTO CBHU/IETEJILCTBYET 00 YMEPEHHBIX KOTHUTHB-
HBIX HapytIeHusax. Takum ob6pa3om, cpenu 60IbHBIX,
MMOCTYIIUBIIINX Ha BTOPOH 3Tam peabuiuranuu, 60-
Jiee BhIpa)KEHHbBIN KOTHUTUBHBIH /Ie(PUITUT BBISIBJIEH
TaKKe cpeay OOJIPHBIX 1-U TPYIIIBI, YTO, BO3MOKHO,
cBA3aHO ¢ ocaoxkHeHUAMU TJIT uiau HEKOppeKTHO-
CTBIO BeleHus IIpoTokoJioB TJIT.

OnHUM U3 MOATBEPKIAEHUN JAHHOTO MPEIIOJIO-
JKEeHHUS SIBJISIETCS TO, YTO B OOJIBIITMHCTBE CJIyUaeB Te-
Mopparuyeckas TpaHchopMaIys He BIUSET Ha BbI-
Pa’XeHHOCTh HEBPOJIOTHYECKUX HAPYIIEHUH U IIPO-
rHO3 3abosieBaHus (Tak Ha3bIBaeMas aCUMIITOMHAsI
remopparuueckas tpancopmarnus). B mporusomo-
JIO’KHOCTh 3TOMY CHMIITOMHAsi TeMopparmyeckas

CONCLUSION

The described neurosomatic status of patients
with CVA, who underwent TLT, indicates the prev-
alence of men of retirement age with the hemi-
spheric infarction, which is combined with impair-
ments of both impressive and expressive speech
and mild cognitive impairments. The presence of
more severe speech disorders in the first group of
patients, on the one hand, is associated with a
smaller number of the 1% group (TLT target is 5%),
as well as with the fact that patients with the ab-
sence of cognitive, motor and speech disorders are
transferred to the 3™ stage of rehabilitation, by-
passing the 2™ stage), and on the other hand, with
the appearance of possible hemorrhagic complica-
tions against the background of TLT, which dictates
the need for closer control over the maintenance of
reperfusion therapy protocols in the acute period of
ischemic stroke.
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TpaHchopManus — TPO3HOE OCIOKHEHHE TPOMOO-
nusuca. Tak, no fanueim perucrpa SITS-ISTR, nua-
MMa30H CUCTOTMYECKOTOo A/Jl, Mpy KOTOPOM PHCK pas-
BUTHUSA CUMIITOMHBIX BHYTPHMO3TOBBIX KDOBOUBJIHA-
HUHA sBJIsIeTCS MUHHMAJIbHBIM, COCTaBJISAET 140—
150 MM PT. cT. [10]. BoJiee TOTO, 110 3THM K€ JaHHBIM,
PHCK CMEPTH U TSKEJI0W WHBAJIMTU3AIINH Y TTAIlHEH-
TOB, KOTOPBIM OBLI IIPOBEJEH CHUCTEMHBIH TPOMGO-
JIN3UC, ObLI HAUMEHBIIINM B JHAMNA30HE CUCTOJIHNYE-
ckoro AJl 140—160 MM PT. CT. [10], UTO HEOOXOAUMO
CTPOTO KOHTPOJHWPOBATh npu nposenenun TJIT Ha
YPOBHE MEPBUYHOTO COCY/IUCTOTO OT/Ae eHus. Takke
BBIJIEJISIIOT CJIEIYIOIIe (DAaKTOPhI, CBSI3aHHBIE C I10-
BBIIIIEHHBIM PHCKOM Pa3BUTUSI CUMIITOMHBIX T€MOP-
parmyeckux TpaHchopmanui nHpapkTa Ha GoHe Te-
panuu rt-PA: MOBBINIEHHBIH YPOBEHD TJIIOKO3bBI I/
WIN caxapHbIU rabeT B aHAMHe3€e, BBHIPAKEHHBIE
HEBPOJIOTUYECKUE HapyIIeHHs, MOKUIOH BO3pACT,
JUTUTEJIbHBIA TPOMEKYTOK BPEMEHH JI0 JIEUEHUS,
MIPE/IIIECTBYIOMINE TPHUEM IIPETapaToB alleTUICaTN-
[IMJIOBOUM KHCJIOTBI, 3aCTOMHAS cep/iedHas HeIoCTa-
TOYHOCTb, HApYIIIEHUE MIPOTOKOJIa BBe/IeHus rt-PA.
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3AK/IOYEHUE

OrnrcaHHbBI HEUPOCOMATHYECKHH CTaTyC IMaI[ieH-
toB ¢ OHMK, xoropsim 65112 ipoBezena TJIT, cBuze-
TEJIBCTBYET O IPEOOJIaJAHUH MYKIMH IIEeHCHOHHOTO
BO3pacTa ¢ HaJIMYMeM MOJIyIIapHOTo HH(apKTa, KOTO-
PBIH codeTaeTcsi C HAJIMYUEM PACCTPOUCTB KaK HM-
IIPECCUBHOM, TaK U 5KCIIPECCUBHOM pedyu U yMepeH-
HBIX KOTHUTUBHBIX HapyieHuii. Hanmdaue 6ostee rpy-
OBIX PEYEBBIX PACCTPOKCTB B IEPBOH TpyIIe GOJIb-
HBIX, C OZTHOH CTOPOHBI, CBA3aHO C MEHBIITUM 00BEMOM
BBIOOPKH (11es1eBoi nokazaTesib TJIT 5 %), a Takke ¢
TeM, YTO OOJIbHBIE C OTCYTCTBIEM KOTHUTHBHBIX, IBU-
raTeJbHBIX U PEUYEBBIX PACCTPOMCTB HAIPABIIAIOTCS
Ha 3-H 5Tam peabUIUTalliK, MUHYS 2-1 3Tarl, a C Ipy-
TOf — C MOSABJIEHHEM BO3MOXKHBIX T€MOPPArnIeCcKuX
ocJiokHEHUH Ha ¢oHe nmpoBogumoit TJIT, uyto nukTy-
eT HeoOXOZIUMOCTD 60JIee TPHUCTATTBHOTO KOHTPOJIA 32
BeZIeHHEM IIPOTOKOJIOB pernepdy3nOHHON Tepanu B
ocCTpelIeM Iepuoyie UIIeMIYeCKOTo HHCYIbTA.

KoH}IUKT MHTEPECOB. ABTOPHI 3asIBJISIOT 00
OTCYTCTBUU KOH(JINKTA UHTEPECOB.
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The analgesic activity of new sulfur-containing di- and
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AHHOTAIIUA

B HacTos11€e BpeMsI TOMCK HOBBIX BHICOKO3Gb(MEKTUBHBIX 1 6€30MaCHBIX CpeZIcTB hapMakoTepanuu 3a601eBaHuH, CO-
MTPOBOK/IAIOIIMXCS OOJIEBBIM CUHIPOMOM, SIBJISIETCS aKTyaJIbHBIM HAIllpaBJIEHHEM COBPEMEHHBIX (DapMaKOJIOTUUECKHUX HC-
cJIeJOBaHUM.

CuHTe3upOBaHHbIE Ha Ga3e HAYUHO-HCCIIENOBATENbCKOU Jiabopatopun «XuMakce» (JIyraHCKHH rocyaapcTBEHHBIN
yHUBepcuTeT UM. Biiagumupa Jlasist) 170 HOBBIX POU3BOAHBIX JIU- U TETPATUPOTTUPUANHOB OBLIN TIO/IBEPTHYTHI BUPTY-
aJIbHOMY OMOCKPUHUHTY C HCIIOJIb30BaHUEM KOMILIEKCa IPOrpaMMHOTo obecnieuenus: Swiss Target Prediction. B craThe
OIHCAHbI CKPUHUHTOBBIE UCCIIEZIOBAHUS IN VIV0 5 00pa3II0B CEPOCO/IEPIKAIIUX TU- U TETPATrHAPOIIUPUIMHOB (JtabopaTop-
uble mudps d02-138, as-262, f02-079, cv-074, cv-143) B KJIACCUYECKOM TECTE TOPsUEH MIJIACTUHBI B CPaBHEHUH ¢ pede-
PEHTHBIM IIPENApaToOM — METaMU30JI0M HaTpusi. COeIMHEHHS BBOAMIN BHYTPHKEIY0YHO B I03€ 5 MT/KT 32 1.5 4 /IO TI0-
MeIIeHH KPBIC Ha TOPAYYIO IUIACTHUHY, IIPEapaT CPaBHEHUS — TAKXKE 3a 1.5 U /[0 TIOMEIIEHHUS Ha TOPSAYYIO0 IUIACTHUHY, BHY-
TPUIKEJIYZIOUHO, B ZI03€ 7 MI/KT.

MakcuMasbHO BBIPAXKEHHOU aHAJIbIeTHYECKOU aKTUBHOCTBIO B JI03€ 5 MI'/KI' 00J1a/1al0T 06pasibl ¢ 1abopaTOPHBIMU
mudpamu as-262 (awmn 6-({2-[(4-aneTrideHnT)aMIHO |-2-0KCOATHII F THO)-5-IIHaHO-4-(2-Dypri1)-2-MeTHUI-1,4-AUT U/ -
ponupuanH-3-kapbokcunat) u do2-138 (artuin 4-[({[3-1uano-5-{[(2,4-auruapodennn)amMuHo JKapooHuI t-4-(2-bypui)-
6-MEeTHUJI-1,4-TUTU/IPOITHPUIUH-2-HJI | THO falleTHI)aMUHO |0eH30aT), KOTOPhIe OKa3aJIuch B 2.03 U 1.9 pa3a COOTBETCTBEH-
Ho 3 dekTHBHEee MeTaMu30J1a HaTpusi. OcTajbHbIe TPU 00pasiia MOKa3aju aHAJOTHYHYI0 MeTaMe30J1y HaTpus 60s1eyTo-
JISTIOIIYI0 aKTUBHOCTb.

Karwueswle caosa: cepocozepKamye Ju- U TeTPparuipornupuinobl, aHaJIbreTudyeCcKasd aKTUBHOCTb.

ABSTRACT
Nowadays the search of new high-efficiency and safe drugs for the pharmacotherapy of diseases accompanied by pain
syndrome is an active area of modern pharmacological research.
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170 new derivatives of di- and tetrahydropyridines synthesized on the basis of the Chemex Research Laboratory, Vlad-
imir Dahl Lugansk State University were exposed to the virtual bioscreening using the Swiss Target Prediction software.
The paper describes screening studies in vivo of 5 samples of sulfur-containing di- and tetrahydropyridines (laboratory
codes do2-138, as-262, f02-079, cv-074, cv-143) in the standard hot plate test in comparison with the reference drug —
metamizole sodium. The compounds in the dose of 5 mg/kg were given intragastrically 1 hour and a half before placing the
rats on the hot plate, the reference drug in the dose of 7 mg/kg also was given intragastrically 1 hour and a half before plac-
ing the rats on the hot plate.

The compounds with laboratory codes as-262 (allyl 6-({2-[(4-acetylphenyl)amino]-2-oxoethyl}thio)-5-cyano-4-
(2-furyl)-2-methyl-1,4-dihydropyridine-3-carboxylate) and do2-138 (ethyl 4-[({[3-cyano-5-{[(2,4-dichlorophenyl)
amino]carbonyl}-4-(2-furyl)-6-methyl-1,4-dihydropyridine-2-yl]thio}acetyl)amino]benzoate) possess the most
pronounced analgesic activity in the dose of 5 mg/kg, they demonstrated 2.03 and 1.9-fold efficiency in comparison
to metamizole sodium respectively. The rest three specimens demonstrated metamizole sodium-like analgesic acti-

vity.

Keywords: sulfur-containing di- and tetrahydropyridines, analgesic activity.

BBE/JIEHHME

B coBpeMeHHOW KJIMHUYECKOW IPAKTHKE pac-
MIPOCTPaHEHHOCTh H60JIEBOTO CHUHAPOMA Upe3BbIUaii-
HO BeJINKA, YYUThIBas MHOTOYUCJIEHHbIE U PAa3HO-
IUTAHOBBIE ATHOJIOTUUYECKHE IPUYHHBI, €0 BHI3bIBA-
omue [1—4]. dxkcneptsl BO3 coobiiatoT, 94T0 90 %
Bcex 3a00JIeBaHUM CBA3aHBI ¢ 60J1b10. COBpeMeHHbIe
HCCIIEZIOBATEIA OCYIIECTBIISIOT ITOUCK HOBBIX METO-
JI0B  00e300JIMBaHUs, ITOCKOJIPKY IPAKTHKYIOIINE
Bpaud pa3JIUYHBIX CIEIUATIbHOCTEN €XKeTHEBHO
CTAJIKUBAIOTCS C MTOTPEOHOCTHIO KYyIIUPOBaHUs 60s1e-
BOro cuH7IpoMa [5]. B aHecTe3H0I0THYecKOr Tpak-
THKe, HapsAy C HEMOCPEICTBEHHBIM 3 (MEKTUBHBIM
u 6e30macHbIM 00e300JIMBAaHUEM XHUPYPTUUECKOTO
BMeIIIaTe/IbCTBA, Ba’KHO OCYIIIECTBUTH IIPEBEHTHB-
HYI0 aHQJIBTE3UIO U OJIATONPUATHOE TeUeHUe ToCIe-
OTIepAIIMOHHOTO Ieprosa [6].

[MpuHMMasi BO BHUMaHUE Ha/IMYKe 3HAUYUTEJb-
HOTO KOJIMYECTBA PasHOOOPA3HBIX MOOOUHBIX 3(-
(heKTOB y IpUMEHSIEMbBIX B HACTOSIIEE BPEMS B KJIU-
HUYECKOU MMPAaKTUKe HECTEPOU/IHBIX TPOTUBOBOCIIA-
JIUTEJIBHBIX CPEJICTB, MOUCK HOBBIX BBICOKOA(bdEK-
TUBHBIX U 0€30IacHBIX CPECTB (apMaKOTepaIru
BOCIIAJINTETLHBIX 3a00JIEBAHUY SIBJISETCS AKTyasIb-
HBIM HAIlpaBJIEHHEM COBPEMEHHBIX (hapMaKOIOTH-
YecKuxX HcceoBaHui [7—10]. Ocobblii MHTEpeC B
HaCTOsIITlee BPeMsI MIPEZCTABIIAIOT POU3BOIHBIE ITH-
a”HoTHOAaIeTaMKAa, 00JIafatoNe BHICOKOM aKTUB-
HOCTBIO B OTHOIIIEHUH BUPYCOB KJIEIEBOTO SHIeDa-
smmta v [ToBaccaH [11], a Tak’ke BBIpasKEHHBIMH ITPO-
THUBOBOCIAJIUTEIBHEIM [12] 1 aHasenTruyeckuMm [13]
addexramu, alanTOreHHBIM JieHcTBUEM [14] 1 yme-
perHO# aHTH-BMY-akTHBHOCTBIO [15]. DTH coemu-
HEHUS MOTYT UCIIOJIb30BAThCA JIJIsI MHTUOUPOBAHUS
ayToTakcuHa [16] 1 yrHeTeHusi ob6pa3oBaHus OeTa-
aMUJIOHHOTO ITenTuaa [17].

INTRODUCTION

In current clinical practice the prevalence of
pain syndrome is extremely high taking into consid-
eration numerous and diverse etiological causing it
[1—4]. WHO experts report that 90% of all the dis-
eases are associated with pain. Present day re-
searchers are searching for new analgesic tech-
niques since medical practitioners of various spe-
cialties meet the necessity of pain management ev-
ery day [5]. In practice of anesthesia it is important
to control the preventive analgesia and favorable
course of postoperative period alongside with di-
rectly effective and safe anesthesia of surgical inter-
vention [6].

Taking into consideration the presence of signifi-
cant number of various side effects in non-steroidal
anti-inflammatory drugs applied in the clinical prac-
tice nowadays, the search of highly effective and safe
drugs of inflammatory disease pharmacotherapy is
the active area in current pharmacological research
[7—10]. The derivatives of cyanothioacetamide pos-
sessing high activity with respect to tick-borne en-
cephalitis and Powassan viruses [11], as well as pro-
nounced anti-inflammatory [12] and analeptic [13]
effects, adaptogenic effect [14] and mild anti-HIV-
activity [15] are of particular interest nowadays.
These compounds can be applied for autotaxin inhi-
bition [16] and beta-amyloid peptide formation sup-
pression [17].

Synthesized on the base of Chemex Scientific
Laboratory (Vladimir Dahl Luhansk State Univer-
sity) 170 new derivatives of di- and tetrahydropyri-
dines were subjected to virtual bioscreening using
the complex od software Swiss Target Prediction,
developed by scientists from Swiss Institute of Bio-
informatics  (http://swisstargetprediction.ch/in-
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Fig. 1. Structural chemical formulas of studied sulfur-containing di- and tetrahydropyridines derivatives

CuHTEe3UpOBaHHBIE HaMMU Ha 0ase HAyIHO-
HCCIIeTOBATENBCKON abopaTopun «XuMakce» (JIy-
TaHCKUU TOCYJIJapCTBEHHBIN YHHBepCUTET UM. Bia-
qumvupa Jlaas) 170 HOBBIX IIPOU3BOHBIX - U Te-
TParUPOIUPUANHOB OBLINA IOJBEPTHYTHl BUPTY-
aJIbHOMY OWOCKPUHUHTY C HCIIOJIb30BAHUEM KOM-
IJIeKca IporpaMMHOr0 obecreueHust Swiss Target
Prediction, paspaboTraHHOTO y4eHBIMH  Swiss
Institute of Bioinformatics (http://swisstargetpre-
diction.ch/index.php), on-line pecypcos: Online
SMILES Translator and Structure File Generator
(U.S. National Cancer Institute; https://cactus.nci.
nih.gov/translate/), OPSIN: Open Parser for
Systematic IUPAC nomenclature (University of
Cambridge, Centre for Molecular Informatics;
https://opsin.ch.cam.ac.uk/) [18].

OtobpaHHbIE ¢ TIOMOIIBI0 TPOTPAMM BUPTYaJIb-
HOro OMOCKPHHMHTA IATh 00pa3IoB ceEpPOCo/iepsKa-
IUX V- U TETPAruAPONUPUUHOB SBJISIOTCS HaW-
0oJiee TEPCIEKTUBHBIMU, C YUETOM IIpe/IoJiarae-
MbIX OMOMUIIIEHEHN TSI (hapMaKOKOPpeKIuu 6oJie-
BOro cuHapoMa. Ux xumuueckue GOpMYJIbI MPEJ-

dex.php), on-line resources: Online SMILES Trans-
lator and Structure File Generator (U.S. National
Cancer Institute; https://cactus.nci.nih.gov/trans-
late/), OPSIN: Open Parser for Systematic IUPAC
nomenclature (University of Cambridge, Centre for
Molecular Informatics; https://opsin.ch.cam.ac.
uk/) [18].

Five sulfur-containing di- and tetrahydropyri-
dines specimens selected by means of virtual bio-
screening software are the most promising ones con-
sidering the supposed biotargets for therapy of pain
syndrome. Their chemical formulas are represented
in Fig. 1. The compounds are recommended for fur-
ther preclinical trials in the experiments with lab
animals for the analgesic activity study.

Before then the experimetal studies on the acute
oral toxicity of compound with similar chemical
structure have been conducted [19]. The advantage
of the entire class of synthesized and studied cya-
nothioacetamide derivatives is their affiliation
with low toxicity compounds (5 toxicity class,
LD_, = 5000 mg/kg).

Journal homepage: http://jsms.ngmu.ru
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ctaByieHbl Ha puc. 1. CoeTUHEHUs] PEKOMEH/YIOTCS
JUISL JAJIbHEHINNX JOKJINHUYECKUX UCCIeJOBAaHUN B
OTIBITAX Ha JIAOOPATOPHBIX KUBOTHBIX 10 U3YUEHUIO
aHAJIBIE€TUYECKOI aKTHUBHOCTH.

Panee HaM¥ OBLTH IIPOBEIEHBI DKCIIEPUMEHTAITb-
HbIE UCCJIEIOBAHUS 10 UBYUEHUIO OCTPOI TIEPOPATh-
HOH TOKCHMYHOCTH COEJMHEHHH CXOJHOH XUMHYe-
CKOU CTPYKTYpHI [19]. [IpenMyIimecTBOM BCETO Kjiac-
ca CUHTE3WPOBAHHBIX HAMU U UCCIIEAYEMBIX TTPOU3-
BOJTHBIX ITUAHOTHUOALIETAMU/IA SIBJISIETCS UX IIPUHA-
JIEKHOCTh K MAJIOTOKCHUYHBIM COeAUHEHUAM (5-H
KJ1ace TOKCHYHoCTH, LD, | > 5000 MT/KT).

IHEJIb NCCJIEJOBAHUA

V3yueHre aHAIbIeTHYECKOH aKTHBHOCTH CHHTE-
3UPOBAHHBIX 00PA3I[0B HOBBIX MMPOM3BOIAHBIX CEPO-
COZIEpKAIIUX JU- U TETPArHIPONUPUIUHOB B KJIac-
cuyeckoM Tecte ropssueit miactusbl (hot plate) Ha
0eJIbIX KphIcaX.

MATEPUAJIBI 1 METO/1bI

DKCIIEpUMEHT IIPOBEZIeH Ha OeJIbIX 6eCTIOpPOTHBIX
KpbICax-caMI[aX MacCcou 220—250 T, IOJIyYeHHbIX U3
BuBapusa 'Y JIHP «Jlyranckuii rocysapcTBEHHBIN
MEJUIMHCKUH YHUBEpCUTET WMeHH CBATHUTEIS
Jlyku», B OCEHHe-3UMHUH Meproa B JabopaTopuu
kadeapsl GyHIaMEHTAIPHON U KIMHUYECKON dap-
MaKOJIOTUH IIPU CJIEAYIONUX YCIOBHSIX:

— PEKUM OCBEIIEHH: eCTECTBEHHBIH;

— TeMIlepaTypa OKpy»Kalolel cpepl: 22—24 °C;

— OTHOCUTEJIbHAS BJIAYKHOCTH BO3/IyXa: 40—50 %.

O6beM BBIOOPKH — 70 0COOEH, COTJIacHO pacye-
TamM omIadH-KaibKysasaTopa (https://medstatistic.
ru/calculators/calcsize.html) u pexomenmaruam
[20].

UccemoBaHusl MPOBOJUJIM B COOTBETCTBUH C
MpaBWIaMu JIAOOPATOPHON IMPAKTHUKH, YCTAHABJIH-
BaIOLUMU TPeOOBAHUA K JIOKITUHUYIECKUM HCCIIEJ0-
BaHusAM B PO (mpukasz MuHHCTEPCTBA 3paBOOXpa-
HEHUs U CONHAJIbHOTO pa3putus Poccutickoir Pepe-
panuu ot 23 aBrycra 2010 1. N© 708H), ¢ mpaBWIaMu
u MexIyHapoHBIMU PEKOMEeHIauuaMu EBpormeii-
CKO¥M KOHBEHIIUU IO 3aIUTE [TO3BOHOYHBIX KHUBOT-
HBIX, UCIIOJIb3YEMBIX B SKCIIEPUMEHTATIBHBIX HCCIIE-
JloBaHUSX (1997 T.).

JKcrepuMeHTaJIbHble TIpyIHNbl  (OPMUPOBAIU
METOZIOM CJIydaiiHoro otbopa. [lepes HauamoM sKc-
IIepUMeHTa Bee JJabopaTOPHbIE KUBOTHBIE TPOXOH-
JIM aJanTanyi B TedeHue 14 aHed. Kpbickl ObLIn
paszenensl Ha 7 Tpymm (1o 10 ocobell B KasKI0H):
KOHTpPOJIbHYIO (0e3 dapmakokoppekiuu), pede-
peHTHYIO (TpyIIia CpaBHEHU s — METaMHU30JI HaTPHsI)
U 5 OIBITHBIX TPYII IO KOJIMYECTBY UCCIIEAYEMBIX
CepocoiepKaIINX JIU- U TETPATUIPOIUPUIUHOB.

AIM OF THE RESEARCH

To study the analgesic activity of the synthesized
samples of new sulfur-containing di- and tetrahydro-
pyridines derivatives in the standard hot plate test in
white rats.

MATERIALS AND METHODS

The experiment was carried out in white outbred
male rats weighing 220—250 g received from the vi-
varium of the St. Luka Lugansk State Medical Uni-
versity during autumn-winter period in the labora-
tory of Fundamental and Clinical Pharmacology De-
partment in the following conditions:

— lighting mode: natural;

— temperature: 22—24°C;

— relative humidity: 40—50%.

Sample size is 70 individuals according to on-line
calculator computation (https://medstatistic.ru/cal-
culators/calcsize.html) and references [20].

The study was carried out in compliance with lab-
oratory practice principles establishing the require-
ments for preclinical studies in the Russian Federa-
tion (the order of the Ministry of Health and Social
Development of the Russian Federation of August
23, 2010, No. 708#), with the principles and Interna-
tional References of European Convention for the
Protection of Vertebrate Animals used for Experi-
mental or other Scientific Purpose (1997).

The experimental groups were formed by the
method of random selection. Before the experiment
all the lab animals had undergone the adaption for 14
days. The rats were divided into 7 groups (10 indi-
viduals in each one): the control group (without drug
therapy), the reference group (metamizole sodium)
and 5 experimental groups according to the number
of studied sulfur-containing di- and tetrahydropyri-
dines.

The analgesic activity was estimated in the hot
plate test based on behavioral reactions controlled by
supraspinal structures in response to pain stimula-
tion [21]. The animals were placed on the metal plate
heated up to 52°C (50—55 °C) on average, surround-
ed by the cylinder. The time from rats’ being placed
on the hot surface to the appearance of behavioral
response to the nociceptive stimulation as springs,
withdrawals, and licking the hind legs was recorded.
The animals in the control group were introduced 2
ml of 0.9% sodium chloride solution intragastrically.
As a reference drug for the reference group met-
amizole sodium was used (Analgin, Pharmstandard
JSC) in a dose of 7 mg/kg. The drug was introduced
intragastrically 1 hour and a half before rats’ being
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OrmpejieyieHHe aHAJIBIeTUUECKOH AaKTHBHOCTHU
IIPOBOJIUJIOCH B TeCTe TOPSTUEH IIJIACTUHBI, OCHOBAH-
HOM Ha TOBEJEHYECKUX PeaKIUAX, KOHTPOJIUpye-
MBIX CyIIPAaCIIMHAIBHBIMU CTPYKTYPAMU, B OTBET HA
OoJieBOe paszpaskeHue, coryiacHo [21]. YKuBOTHBIX
TIoMeIIaId Ha pa3oTPeTyIo B cpeHeM 10 52 °C (50—
55 °C) METa/UTHYECKYIO IUTACTUHY, OKPYKEHHYIO IT1-
JIMHAPOM. PerucTpupoBasiock BpeMsI ¢ MOMEHTA II0-
MeIleHHs Ha TOPSYYI0 MTOBEPXHOCTH /IO MOSBJIEHUS
IIOBEZIEHYECKOTO OTBETA HA HOIUIENTUBHYIO CTHMY-
JISILIVIO B BUJIE TIPBIXKKOB, OT/IEPTUBAHUI U 0OJIN3BI-
BaHUU 3aiHUX Jian. JKUBOTHBIM KOHTPOJIbHOH IPyII-
IIBI BBOAWJIN 2 MJI 0.9% P-pa XJIOpU/ia HATPUSA BHY-
TPIKeJIyZIOUHO. B KauecTBe mpemnapaTta cpaBHEHUS
JUTs pedepEeHTHOM TPYIIIBI KPhIC MUCIOJIb30BAH Me-
tamuzon Hatpus (AHameruH, OAO «®apmcraH-
JlapT») B 7103 7 MT'/Kr. Ero BBOJIMUTM BHYTPHIKEITY-
JTOYHO 32 1.5 4 /10 IOMEIIeHHs KPBIC Ha IOBEPXHOCTD
ropsiued IiacTUHbL. [19Th 06pa3I0B OPUTHHATBHBIX
BHOBb CHHTE3MPOBAHHBIX CEPOCO/IEPKAIIUX U- U
TETParUIPOIUPUIUHOB BBOJIWJIM BHYTPIIKEITYI0U-
HO B JI03€ 5 MT/KT 32 1.5 4 JI0 TIOMEIIeHNs KPbIC Ha
ropsA4yio IacTuHy. Kputepruem anajapreTHuecKkoro
a¢ddeKrTa TPpUHAT KOJIMYECTBEHHBIN ITOKa3aTeab —
JIOCTOBEPHOE YBEJIWUYEHUE JATEHTHOTO IIEPHUOJA pe-
aKI[UU II0CJIe BBEJIEHNUS BEIlleCTBa.

ITosTomMy craTucTHUeckass 06paboTKa IOJIyYeH-
HBIX Pe3yJIBTATOB IPOU3BOIMIACH COTJIACHO [22, 23]
U 110 U3BECTHBHIM (HOpPMyJIaM U METOAAM MaTeMaTH-
YeCKOH CTAaTHCTUKHU, XapaKTEepPU3YIOUUM KOJIMUe-
CTBEHHYI0O W3MEHYUBOCTh IIPUHATOTO KpPUTEpUs.
B mpomecce 06pabOTKH 3KCIIEPUMEHTATHHBIX JIaH-
HBIX OTIPEJEISIIUCD:

— cpenHee apudMeTHIECKOe BpEMEHU JTaTEHTHO-
ro IepHo/ia 10 Hauajia MPhIKKOB C IIOBEPXHOCTU T'0O-
psAYeil IIaCTUHEI a, C;

— [ucriepcust 3HAYEHUU O° BOKDPYT CpPEIHEro
apu@pMeTHIECKOro;

— CpeHEeKBaJIpaTUYECKOe OTKJIOHEHUE O}

— ko3¢ uruenT Bapuarun V.

JloCTOBEPHOCTH OTJIMYUI PACCUNUTHIBAIU 110 Me-
TOAy YWIKOKCOHA, B CPaBHEHUM C KOHTPOJIbHOM
TPYIIOH KUBOTHBIX.

PE3YJ/IBTATDBI 1 OBCYKJIEHNE

PesynbpTaThl MCCIETOBAHUUN aHAJIBIeTHUYECKOU
AKTUBHOCTHU MATH OPUTUHAJILHBIX, BHOBb CHUHTE-
3UPOBAHHBIX CEPOCOIEPIKAIIUX JIU- U TETPATHAPO-
MMAPUTUHOB B TECTE TOPsYell IJIACTHHBI IIPeJCTaB-
JieHbl B Ta0J1. 1. Ha ocHOBe aHaA/IM3a JaHHBIX, TPE/T-
CTaBJIEHHBIX B Ta0J1. 1, BpeMs JI0 Hadasa MOIIPhI-
TUBAaHUH C TOBEPXHOCTU TOpSYEH IJIACTUHBI Y
KpbIC KOHTPOJIBHOM TIpPyIIBI cocTaBuyo 18.3 c.
[IpenBapuTesibHOE BBEJlEHUE HEHAPKOTHYECKOIO

placed on the hot plate surface. Five original newly
synthesized samples sulfur-containing di- and tetra-
hydropyridines were introduced intragastrically at a
dose of 5 mg/kg 1 hour and a half before rats’ being
placed on the hot plate surface. The indicator of an-
algesic effect is considered a quantitative index — the
reliable increase of latency after the substance injec-
tion.

Therefore, the statistical processing of obtained
data was performed according to [22, 23] both well-
known formulas and methods of mathematical sta-
tistics defining quantitative variability of the as-
sumed indicator. In experimental data processing
were defined following:

— the arythmetical mean of latency before the
start of springs from the hot plate surface q, s;

— 0? value variance around the average mean;

— standard deviation o;

— variation coefficient V.

The significance of differences was calculated ac-
cording to Wilcoxon signed-rank test in comparison
with the control group of animals.

RESULTS AND DISCUSSION

The data of analgesic activity study of original
newly synthesized sulfur-containing di- and tetra-
hydropyridines in the hot plate test are represented
in Table 1. Based on data analyses represented in
Table 1 the time before the beginning of springs off
the hot plate surface is 18.3 s in the rats of the con-
trol group. The preliminary injection of metamizole
sodium 1 hour and a half before rats’ being placed in
the hot plate demonstrates the longer latentcy be-
fore nociceptive impulse arises as much as 79.78%
and is 32.9 s. It confirms the presence of marked
analgesic effect in the range of pharmacological
drug activity.

In the animals of five experimental groups receiv-
ing various samples of partially hydrogenated pyri-
dines containing benzocaine fragment in their struc-
ture, the increased time before the beginning of the
springs over the heated up metal plate surface is re-
corded, that proves the demonstration of antinoci-
ceptive activity exceeding the one in metamizole so-
dium (Fig. 2). It is evident from Fig. 2 that tetrahy-
dropyridines with the codes fo2-079 and cv-143
demonstrated the values of latency of animals’ stay-
ing on the hot plate being similar to same values in
the reference group.

It has been revealed that 1,4-dihydrothiopyridine
with lab code cv-074 increases nearly 2-folds the
time before the beginning of the springs over the
heated up metal plate surface in the rats of the cor-
responding experimental group in comparison with
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Ta6uuna 1. /[ucriepCHOHHBIN aHAIU3 IOKa3aTeslel aHAIbIeTUYeCKONH aKTUBHOCTH

(110 IUTEIBHOCTH JIATEHTHOTO ITEPHO/Ia IPeObIBAHNA JKUBOTHBIX HA TOPAYEH IIaCTHHE) BHOBb

CHHTE3UPOBAHHBIX CEPOCOIEPKAIINX IM- U TETPATH/[POIUPUINHOB B IMHAMUKE TIOBBIIIEHUS 3D (PEKTUBHOCTH

Table 1. Analysis of variance of the analgesic activity values (according to the latency of the animals’ being placed on the
hot plate) of newly synthesized sulfur-containing di- and tetrahydropyridines in the dynamics of effectiveness increase

Cpennee apudme-

I'pymnna :KuBOTHBIX THUYECKOE a, C

KoaddunuenT

CpenHekBapaTIye- Bapuatm V

Hucnepcus o®
CKOE OTKJIOHEHUE O

Animal group Arithmetical Variance 02 Standard deviation o Variation
mean a, ¢ coefficient V'

1. KorTpospHasa 18.3 38.7 6.2 33.9

(2 M1 0.9% p-pa xJI0puzia HATPHA)

Control

(2 ml 0.9% sodium chloride solution)

2. CpaBHeHUs (METATN30JI HATPUs, 7 MT/KT) 32.9 154.9 12.4 37.8

Reference (metalizole sodium, 7 mg/kg)

3. f02-079 (5 mr/kr) | (5 mg/kg) 34.8 178.2 13.3 38.4

4. cv-143 (5 mr/xr) | (5 mg/kg) 35.7 29.0 17.0 47.7

5. cv-074 (5 mr/xr) | (5 mg/kg) 39.7 117.1 10.8 27.3

6. do2-138 (5 mr/kr) | (5 mg/kg) 62.6 908.0 30.1 48.1

7. as-262 (5 mr/kr) | (5 mg/kg) 66.8 392.2 19.8 20.6

aHaJIbTeTHKA METaMU30J1a HAaTPHUS 3a 1.5 U 70 I0-
MeIIeHUs KPBIC HAa PA30TPETYIO IJIACTHHY OKa3bI-
BaeT yBeJMUYeHHe JIATEHTHOTO IIEpUOJia [0 BO3-
HUKHOBEHHUS HOI[MIIENITUBHOTO HMIIyJibca Ha
79.78 % u cocTaBisieT 32.9 . ITO MOJATBEPKAAET
HaJINYKE BHIPAXKEHHOTO O0JIeyTosIso1Iero 3ddek-
Ta B CIeKTpe (HapMaKOJIOTUUECKOW aKTUBHOCTHU
Ipernapara.

VY KUBOTHBIX HATH ONBITHBIX TPYIII, MOJyYaB-
IIUX pas3juvHble 00pa3Ibl YaCTUUYHO TUPUPO-
BaHHBIX IUPUINHOB, COAEPIKAIINUX B CBOEH CTPYK-
Type aHEeCTEe3WHOBBIN (pparMeHT, 3aperucTpupo-
BaHO yBeJMYeHHE BPEMEHU /10 Haudaja IMOJIPhI-
TUBAaHUH HAJ MOBEPXHOCTHIO Pa30TPETOU MeETas-
JINUECKOH IJIACTHUHBI, YTO IMOATBEPIKAAET IPOSB-
JleHWue AaHTUHOLUIENTUBHONH aKTUBHOCTH, IIpe-
BOCXO/SIIE TAKOBYI0 y MeTaMU30Jia HaTpUsi
(puc. 2). Kak BUHO U3 puc. 2, TETParupONUpHU-
IoOHBI c JjtabopartopHbiMu mudpamu f02-079 u
CV-143 TOKa3a/J i 3HAYEHUs JIJINTEJIHHOCTH Jia-
TEHTHOTO IIepUuojia NpeOBIBAHUA KUBOTHBIX Ha
ropsiueil IJIaCTHHE, AHAJIOTHUYHBIE TAKOBHIM B
rpyIe CpaBHEHUS.

BrisiBII€HO, UTO 1,4-TUTUAPOTUONUPU/IHH C JIa-
6opaTopHBIM HMIUGPOM CV-074 YBEJIUUUBAET Bpe-
M [0 Hayaia HMOAUPBITUBAHUU HAJ MOBEPXHO-
CTHhIO PA30TPETON METAJIMUYECKOU IJIACTHHBI Y
KPBIC COOTBETCTBYIOIIEH OMBITHOMN I'PYIIIBI B CPaB-
HEHUHU C KOHTPOJBHOW mOouTH B JBa pasa (Ha
195 %). B cpaBHeHUH ¢ mokaszarensiMu B pede-
peHTHOU rpymme 3ToT obpaser 3G deKTUBHEE Me-
TaMM30J1a HATPUA HA 20.6 % 10 OoseyTossomen
aKTUBHOCTH.

the control one (by 195%). In comparison with the
reference group values this sample is more effective
than metamizole sodium by 20.6% according to the
analgesic activity.

According to analgesic activity force the com-
pounds do2-138 and as-262 are the leading ones
among the studied samples in the conducted test.

The animals in the experimental group receiving
1,4-dihydropiridine containing benzocaine fragment
in its structure (lab code do2-138) 1 hour and a half
before algogene injection with the preventive pur-
pose were defined by sudden significant increase
(3.4-fold) of latency of the simulated standard acute
pain syndrome while comparing with the same val-
ues in the rats of control group. If one compares the
considered value with the similar one in the refer-
ence group it has 1.9-folds overdrawing.

The sample with lab code as-262 demonstrated
the 3.7-fold increase of time of animals’ staying on
the surface of heated up metal plate from the ex-
perimental group in comparison to that in the rats
from the control group. In comparative analysis of
these values with the similar ones in rats from the
reference group the compound with lab code
as-262 proved to have 2.03-fold efficiency accord-
ing to analgesic activity if compared to metamizole
sodium.

Obtained data on the analgesic activity of five new
sulfur-containing di- and tetrahydropyridines verify
the presence of antinociceptive properties in the
range of pharmacologic activity. It agrees with the
data of virtual bioscreening. So, 1,4-dihydropiridine
with lab code do2-138 with a high probability can in-
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Fig. 2. Value of latency in the hot plate test in the animals of different groups

ITo cuyie aHAJIBIeTUYECKOW aKTUBHOCTU B IIPOBE-
JIeHHOM TecTe coemnHenus do2-138 u as-262 sSBJs-
IOTCS JTUAEPAMU CPEAH UCCIEAYEMBIX 00Pa3IOB.

JKMBOTHBIE OIBITHOW TPYIIBI, IOJIYJaBIINE C
NpOGWIAKTUYECKOH IEbI0 1,4-TUTUPOIUPHUIIH,
coZieprKaIuil B CBOEH CTPYKTYpe GparMeHT aHecre-
3uHa (;1aboparopusii mudp do2-138), 3a 1.5 4 10
BBEJIEHUS aJIbTOTE€HA, XapaKTePU30BAJIUCh PE3KUM,
JIOCTOBEPHBIM yBeJTMYeHHEM (B 3.4 pasa) JaTeHTHO-
rO IepuoJia MOJEJIUPYEMOTO HAMU KJIACCHYECKOTO
ocTporo 60JIEBOTO CHHAPOMA, B CDABHEHUU C AHAJIO-
TUYHBIM IIOKA3aTejieM Yy KPbIC KOHTPOJIBHOU TPYII-
nbl. Ecyiv cpaBHUBaTh paccMaTpUBaeMBbIH IOKa3a-
TeJIb C AHAJIOTUYHBIM B pepepEeHTHOH IPyIIIie, TO OH
IIPEBHIIIAET €0 B 1.9 pa3a.

OO6paser ¢ ytabopaTopHbIM MHU(PPOM as-262 IMO-
KazaJl yBeJIMUeHHE B 3.7 pa3a BpeMeHH NpeObIBaHUs
JKHBOTHBIX OIIBITHOH TPYIIIIBI HA IIOBEPXHOCTH Pa30-
TPETOU METAJUIMYECKOHN IIJIACTUHBI B CPAaBHEHHUU C
TAKOBBIM Y KPBIC KOHTPOJIbHOH rpynmbl. [Ipu cpas-
HUTEJIbHOM aHAaJIN3€ 9TUX [T0Ka3aTesel ¢ aHAJIOTHY-

fluence cyclooxygenase-2. Besides, the probable op-
portunity of its impact on cannabinoid receptors CB1
and CB2 is revealed that potentially increases the
probability of pain sensation elimination. Tetrahy-
dropiridines with lab codes cv-074 and fo2-079 can
bind with serotonin receptors (5-HT2A), cannabi-
noid receptors CB1 and CB2, sigma-opioid receptors,
as well as arachidonate-5-lipooxygenase. The data of
conducted bioscreening also indicate their potential
capacity to influence the metabotropic glutamate re-
ceptors type 5.

1,4-dihydropiridine with lab code cv-143 can have
the analgesic activity due to potential impact on
k-opioids and cannabinoid receptors CB1 and CB2.

The sample with lab code as-262 with a high
probability can bind to adenosine Ai-recetors. This
sample can possess valuable features of a potential
analgesic drug. It is a result of the impact on such
biotargets as cyclooxygenase-2, serotonin (5-HT2A),
dopamine receptors (D2 and D3) and phosphodies-
terase.
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HBIMU Y KpbIC peepEeHTHOU T'PYIIIbI COEJITMHEHHE C
J1abopaTopHBIM IU(PPOM as-262 0Ka3ajIoCh B
2.03 pasa a(pdexTrBHEE 110 HOJIEYTOJSIONIEH aKTHB-
HOCTH B CDAaBHEHUHU C METAMHU30JIOM HATPHS.

[TosyyeHHbIe HAMU B BKCIIEPUMEHTE PEe3yJib-
TaThI 110 AHAJIBTETUYECKON aKTUBHOCTH IIATU HO-
BBIX CEPOCO/IEPIKAIIUX TU- U TETPATUIPOTTH DU K-
HOB IOATBEPKJAIOT HAJIUUHNE B CIeKTpe ux dap-
MaKOJIOTUYECKOH aKTUBHOCTH AHTUHOIUIEIITHUB-
HBIX CBOWCTB. ATO COTJIACyeTCSA C JITAaHHBIMHU BUP-
TyasibHOTO OGuockpuHuHra. Tak, 1,4-IUTHAPOIIH-
punuH ¢ aboparopusm mudpom do2-138 ¢ BbI-
COKOU CTENEeHbI0 BEPOSATHOCTH CIIOCOOEH BO3JIeN-
CTBOBATh Ha IHUKJIOOKCUreHasy-2. Kpome Toro,
BBISIBJIEHA BEPOATHAS BO3MOXKHOCTH €T0O BJIUSIHUS
Ha kaHHaOuousHble pernentopsl CB1 u CB2, yto
MOTEHIIHAJIBHO YBEJIMUUT BEPOATHOCTh yCTpaHe-
HuA 00JIEBBIX OLyIIeHUN. TeTparugponupumoHbl
¢ sabopatopHbiMu mudpamu cv-074 u f02-079
MOTYT  CBSA3BIBATHCA C  CEPOTOHUHOBBIMHU
(5-HT2A) penenTopaMu, KaHHAOUOUHBIMU pe-
nentopamu CB1 u CB2, curma-onuouHbIMH pe-
IEeNTOPaMHU, a TaK¥Ke C apaxu/0HAT-5-JIUIOKCHU-
reHa3ou. Pe3ysibTaTsl MpOBEIEHHOTO HAMU BHD-
TyaJIbHOTO OMOCKPHHHUHTA TaK)Ke YKa3bIBAIOT Ha
UX TOTEHI[HMAJIbHYI0 CIOCOOHOCTh BO3JAEUCTBUSA
Ha MeTabOTPOIHBIE IITyTaMaTHbIE PELENTOPHI s~
TOTO THIIA.

1,4-TUTHAPOIUPUINH C JIAOOPATOPHBIM IIUd-
pOM cv-143 MOKeT 00JIalaTh aHATBTETHYECKON aK-
THUBHOCTBIO BCJIEJICTBHE MOTEHIIHMAIBLHOTO BIIMSHUSA
Ha Kalla-OIHOWIHbIE PEIeNTOPhl U KaHHAOWOU/-
Hble perentopsl CB1 u CB2.

O6paser ¢ 1a00paTOPHBIM MTUGPOM as-262 C BbI-
COKOU CTeIIeHbI0 BEPOSTHOCTH CIIOCOOEH CBA3BIBATH-
cs ¢ aZleHO3WHOBBIMH Al-perentopamu. JlaHHBIHA
obpasern MoKeT 00s1a7]aTh IEHHBIMU CBOWCTBAMU
MMOTEHITNAJIbHOTO aHAIBTETUYECKOTO CPEZCTBA. DTO
SIBJISIETCS CJIEICTBHEM BO3/EHCTBUS HA Takue OHo-
MUIIIEHH, KaK ITUKJIOOKCUTEHA3a-2, CEPOTOHHHOBBIE
(5-HT2A), nodpamunossie (D2 u D3) penentopsl u
docdommnacrepasa.

SAKJIIOYEHUNE

[IpoBesieHHBIE N VIVO UCCTIEOBAHUSA B TECTE TO-
psiueli IJIaCTUHBI IIATH HOBBIX CEPOCOIEPIKATIUX TH-
U TETPArUAPONUPUANHOB [TOKA3/IN HAJTUYNE MaK-
CUMAaJIbHO BBIPA’KEHHOH aHaIbIeTUUYECKOH AaKTUB-
HOCTH B JI03€ 5 MT/KT Y /IByX HUKEIPUBEJIEHHBIX CO-
eIMHEeHUH:

— as-262 (ammun 6-({2-[(4-anertundenuna)amu-
HO]-2-0KCOA3THUJI}THO)-5-THAHO-4-(2-Dypui)-2-
METHUJI-1,4-TUTHAPOTTUPUIHH-3-KapOOKCHIaT) (B
2.03 pasza 3¢ dpeKTHBHEE METAMHU30J1a HATPHs);

CONCLUSION

The study of 5 new sulfur-containing di- and tet-
rahydropyridines in the hot plate test carried out in
vivo demonstrated the presence of maximum pro-
nounced analgesic activity in a dose of 5 mg/kg in
two following compounds:

— as-262 (allyl 6-({2-[(4-acetylphenyl)amino]-2-
oxoethyl}thio)-5-cyano-4-(2-furyl)-2-methyl-1,4-di-
hydropyridine-3-carboxylate) (possesses 2.03-fold
efficacy vs metamizole sodium);

— do2-138 (ethyl 4-[({[3-cyano-5-{[(2,4-dichlo-
rophenyl)amino]carbonyl}-4-(2-furyl)-6-methyl-
1,4-dihydropyridine-2-ylJthio}acetyl)amino]benzo-
ate) (possesses 1.9-fold efficacy vs metamizole so-
dium).

The sample with lab code cv-074 (2-{[3-cyano-4-
(2-furyl)-6-o0x0-1,4,5,6-tetrahydropyridine-2-yl]
thio}-N-(2-methylphenyl)acetamide) demonstrates
the moderately marked analgesic activity. The sam-
ples with lab codes fo2-079 (2-{[3-cyano-4-(2-furyl)-
6-0X0-1,4,5,6-tetrahydropyridine-2-yl]thio}-N-(2-
ethylphenyl)acetamide) and cv-143 (allyl 5-cyano-6-
{[2-(diphenylamino)-2-oxoethyl}thio)-4-(2-furyl)-
2-methyl-1,4-dihydropyridine-3-carboxylate) dem-
onstrated the analgesic activity compared to the ef-
fect of reference drug application (metamizole so-
dium).

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

— do2-138 (atun 4-[({[3-tmnano-5-{[(2,4-gurna-
podenusn)amuuo |kapOboHUI} -4-(2-bypus)-6-
METHJI-1,4-AUTUAPOTUPUTUH-2-HUJI | THO }AI[€TUII)
aMuHO6eH30aT) (B 1.9 pasa 3¢ deKTUBHEee METaMHU-
30J1a HATPHS).

YMepeHHO BBIPpAXKEHHYIO OOJIEYTOJIAIONIYI0 aK-
THUBHOCTH TPOSIBJSAET oOpaszer] ¢ ImudpoM cv-074
(2-{[3-1imano-4-(2-pypun)-6-okco-1,4,5,6-TeTpa-
TUAPONUPUANH-2-U | THO - N-(2-MeTrideHmI)are-
TaMupK).

AHAJIPreTHYECKYI0 aKTUBHOCTb, CPAaBHHMYKO C
a3 dexToM OT MpuUMeHeHUs Ipenapara-pedepeHTa
(MeTaMu30J1 HATPUSI), MPOABUIN 00pA3IBI C M-
pamu f02-079 (2-{[3-nmano-4-(2-pypu)-6-okco-
1,4,5,6-TeTparuApONUPUANH-2-UJI | THO }-N-(2-
sTUADEHNI)aneTaMuI) U cv-143 (aIui 5-1uaHo-6-
{[2-(mudeHUTaMHUHO)-2-0KCODTHUII|TUO }-4-(2-
bypun)-2-meTuN-1,4-TUTUPOTUPUTUH-3-
KapboKcuIaT).

KoH@MKT HHTEpPECOB. ABTODHI 3aABJIAIOT 00
OTCYTCTBUM KOH(JIMKTA HHTEPECOB.
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Study of the immobilized subtilisins influence on coronary blood
flow of an isolated rat heart

Baikalov G.1.t 2, Knyazev R.A.2, Ershov K.I.2, Bakhareva K.1.}, Soldatova M.S.}, Madonov P.G.:2
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AHHOTAIIUA

BBenenue. BIMHUYECKON MeUIITHE OTMeYeH (DEHOMEH: Y MHOTHX [TAIIHEHTOB C aHTMHO3HBIMHU IIPUCTYIIAMU IIPHU
MIPOBEZIEHUU KOpOHAporpaduu He BBIABJISAETCA 3HAUUTENBHBIX OOCTPYKTHBHBIX IMPOIECCOB B KOPOHAPHBIX APTEPUSIX.
VMeroT MecTo HapylIeHUsA KOPOHAPHON MUKPOIUPKYJ/IAINN U3-3a JUCHYHKIIUN SH/IOTETHATBHBIX U TJ1aJJKOMBIIIETHBIX
KJIETOK. ITO 00CTOATEIHLCTBO HHUITMUPYET IMOUCK HOBBIX JIEKAPCTBEHHBIX IIPENAapaToB i (papMaKoJIOTHIECKOH KOPPEK-
MM BA30MOTOPHOTO CTaTyca KOPOHAPHBIX COCYZIOB C IIeJIBI0 YCTPAHEHNA UIIIEMUN MUOKap/ia.

Ienb. M3yynTh mapaMeTpbl KODOHAPHOTO IOTOKA ITPY Iepdy3Un H30JMPOBAHHOTO CEPALa UMMOOUIN3UPOBAHHBI-
mu cyoTrnanaamu (VIC) B pa3HBIX T03UPOBKAX.

Matepuansl u MeToAbl. Binaxue IC Ha KOPOHAPHBIN KPOBOTOK M3y4YasIy HA MOZEIH U30JIMPOBAHHOTO CepAIA
KpbICHI 110 JlaureHA0pdY. DKCIIEPUMEHTHI IIPOBEZIEHBI Ha 50 KpbIcax-caMIiax JuHuu Bucrap. JKuBoTHbIe OpLIH pasjere-
HBI Ha 5 TPYIII: KOHTPOJBHYIO (cepAra, nepdy3upyeMble ToJIbKO pacTBopoM Kpebca — XeH3zesnaiTa) U 4 ONBITHBIX (1-1 —
nepdysusa VC B koHnentpanuu 170 Ex./n; 2-9 — nepdysus VC B kounentpanuu 340 Exn./n; 3-1 — nepdysus M1C B koH-
nenTpanuu 500 Ex./n; 4-s1 — nepdysus C B koHIeHTpanuu 1000 Ex. /).

PesynbraTtsel. Ilpu nepdysun VIC B KOHIIEHTpAIUAX 170 U 340 En./n1 Haboma10ch HapacTaHue KOPOHAPHOTO TI0-
toka. [Ipu nepdysuu VC B koHIeHTpaIuu 340 Ef./J1 6BUT TOCTOBEPHO BRIpAXKEH BazoquIaTupyonuii a¢gdexr. Ilpu nep-
(y3uu B kOHIIEHTpaMH 500 U 1000 Ef1. /71 0TMeuasocs yMeHbIIIeHe KOPOHAPHOTO MTOTOKA, YTO, BEPOsITHEE BCETO, BHI3BA-
HO Ba30KOHCTPUKITHEH.

3axknouyenue. Ilpu nepdysuu cepana pacrBopom VIC nabionaercs GeHOMEH Ba30OMOTOPHON aKTHUBHOCTH KOPO-
HapHBIX cocyzoB. O0ycyioBiaeHHbIH VIC Ba30MOTOPHBIH 3G (EKT NMEET 10303aBUCUMOE U PA3HOHAIIPABJIEHHOE JIEHCTBHE U
peanusyeTcs, BEpOATHEE BCETO, ITOCPEJICTBOM JIOCTEPHUYECKOTO BO3/IEHCTBUSA HA €CTECTBEHHBIM MEXaHU3M PETYJIAIII
TOHYyCa KOPOHAPHBIX COCY/IOB.

Kaoueenle cao8a: TMMOOWIN3UPOBAHHBIA CYOTUIN3HH, KOPOHAPHBIN KPOBOTOK, H30JIMPOBAHHOE CEPAIIE.

ABSTRACT

Introduction. In clinical medicine, some phenomenon has been noted: in many patients with anginal attacks dur-
ing coronary angiography, significant obstructive processes in the coronary arteries are not detected. There is impaired
coronary microcirculation due to dysfunction of endothelial and smooth muscle cells. This circumstance initiates the
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search for new drugs for pharmacological correction of the vasomotor status of coronary vessels in order to eliminate myo-
cardial ischemia.

Aim. To study the parameters of the coronary blood flow during the perfusion of an isolated heart with immobilized
subtilisins (IS) in different dosages.

Materials and methods. The effect of IS on coronary blood flow was studied using the Langendorff-perfused rat
heart. The experiments were carried out on 50 male Wistar rats. Animals were divided into 5 groups: control (hearts per-
fused only with Krebs-Henseleit solution) and 4 experimental (1 — perfusion with IS at a concentration of 170 U/1; 2m —
perfusion with IS at a concentration of 340 U/I; 34 — perfusion with IS at a concentration of 500 U/1; 4™ — perfusion with
IS at a concentration of 1000 U/1).

Results. An increase in coronary blood flow was observed during perfusion with IS at concentrations of 170 and
340 U/1. With perfusion of IS at a concentration of 340 U/1, the vasodilating effect was significantly expressed. With perfu-
sion at a concentration of 500 and 1000 U/], a decrease in coronary flow was noted, which is most likely caused by vaso-
constriction.

Conclusion. When the heart is perfused with IS solution, the phenomenon of vasomotor activity of the coronary
vessels is observed. The vasomotor effect caused by IS has a dose-dependent and multidirectional effect and is realized,

most likely, through an allosteric effect on the natural mechanism of regulation of the coronary vessels tone.

Keywords: immobilized subtilisins, coronary blood flow, isolated heart.

BBEJEHUE

B xIMHHYECKOH MeUIIHE OTMEUEH CIeAYIONTUH
(peHOMEH: Y MHOTHX INaIlMEHTOB C AHTMHO3HBIMU
MIPUCTYIIaMHU IIPU POBeZIeHUN KOpoHaporpaduu He
BBISIBJIAIOTCA 3HAYUTEIbHBIE OOCTPYKTUBHBIE IIPO-
Ilecchl B KOPDOHAPHBIX apTepusax. VIMeoT MecTo Ha-
pylLIeHUsT KOPOHAPHOM MUKPOLMPKYJIAIUNA H3-3a
IUCHYHKIINN SHIOTETHATBHBIX M IJIQKOMBIIIEY-
HBIX KJIETOK. TO 00CTOATEIbCTBO HHUIUUPYET I10-
HICK HOBBIX JIEKAPCTBEHHBIX ITPENapaToB i papma-
KOJIOTUYECKOH KOPPEKIINH Ba30MOTOPHOTO CTaTyca
KOPOHAPHBIX COCYZIOB C IIeJIbI0 JIMKBUAAIIUU HIIe-
MHUHU MHOKapza [1].

KoponapHas MUKPOIUPKYJIAIUA U KOPOHAPHBIN
KPOBOTOK 00ecIIeunBaioT aZieKBaTHBIN MeTaboIn3M
MHOKap/ia. BazoakTuBHbIE ITPOU3BOAHBIE DHIOTE-
JIHs, pa3audHble MeTabonueckre GakToOphl U Hel-
POTOPMOHBI IIePEeAI0T COCYAOPACIINPSAOIINe U Ba-
30KOHCTPUKTOPHBIE CHTHAJIBI, KOTOPBIE JIOJI?KHBI
OBITh COAJTAHCUPOBAHBI JIUISI TIOAJIEPIKAHUS Hajie-
’JKallero TOHyca KOPOHAPHBIX COCYZ0B, 0becrieunBa-
IOIIETO TIOJTHOIIEHHYI0 KOPOHAPHYI0O MUKPOIMPKY-
aanumo [2].

Perynsanus KOpOHAPHOTO KPOBOTOKA — J[OBOJIb-
HO CJIOJKHBIM TIPOIECC, OIOCPEOBAHHBIA MHOMKE-
CTBOM MEXaHU3MOB, KOTOPbIE BKJIIOYAIOT BHECOCY-
JIUCTBIE CXKUMAIOIUe CHJIbl (TKAaHEBOe JlaBJIEHUE),
JlaBjieHre KOpOHAapHOU mnepdy3uu, MUOTeHHBbIE,
MecCTHbIE MeTab0IMIeCKUe, SHO0TEINAIBHBIE, 4 TAK-
’Ke HepBHbBIe U TOPMOHAaJIbHBIE Bo3/elicTBus. Cyie-
CTBYET B3aUMOCBSI3b MEK/Ty IUAMETPOM COCYZIa U Be-
JIMYUHON MHOTEHHOTO OTBeTa. B ¢BA3U C 3TUM cuu-
TaeTcs, YTO MHUOTEHHBIN OTBET UTPaeT BaXKHYIO POJIb
B MOAJIep:KaHUM 6a3aJIbHOTO COCYAVCTOTO TOHYCa B
COCYZAICTOH ceTy compoTuBJIeHu:. Takum 06paszom,

INTRODUCTION

In clinical medicine, the following phenomenon
has been noted: in many patients with anginal at-
tacks during coronary angiography, significant ob-
structive processes in the coronary arteries are not
detected. There are impaired coronary microcircula-
tion due to dysfunction of endothelial and smooth
muscle cells. This circumstance initiates the search
for new drugs for pharmacological correction of the
vasomotor status of coronary vessels in order to
eliminate myocardial ischemia [1].

Coronary microcirculation and coronary blood
flow ensure adequate myocardial metabolism. Vaso-
active endothelial derivatives, various metabolic fac-
tors and neurohormones transmit vasodilating and
vasoconstrictive signals, which must be balanced to
maintain the proper tone of the coronary vessels, en-
suring full coronary microcirculation [2].

The regulation of coronary blood flow is a rather
complex process mediated by many mechanisms,
which include extravascular compressive forces (tis-
sue pressure), coronary perfusion pressure, myogenic,
local metabolic, endothelial, as well as neural and hor-
monal influences. There is a relationship between the
diameter of the vessel and the magnitude of the myo-
genic response. In this regard, the myogenic response
is believed to play an important role in maintaining of
basal vascular tone in the resistance vasculature. Thus,
it is in the presence of this “background” vasomotor
tone that nonmyogenic factors bi-directionally affect
the regulation of coronary blood flow, which is neces-
sary to balance the delivery of oxygen by the myocar-
dium and oxidative metabolism the latter [3].

Experimental studies of coronary circulation fo-
cus on various mechanisms — myogenic, local meta-
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WMEHHO MPU HAJUYUU BTOTO «(POHOBOTO» Ba30MO-
TOPHOTO TOHYCa HEMHOTEHHbIE (AKTOPHI JIByHA-
MPaBJIE€HHO BJIUSIOT Ha PETYJIAINHUI0 KOPOHAPHOTO
KPOBOTOKa, YTO HEOOXOJIMMO JJI1 YpPaBHOBEIIHBA-
HUA JOCTABKH KHCJIOPOJa MUOKAPIAOM U OKHCJIHU-
TEJIbHOTO MeTaboiu3Ma Muokapza [3].

JKCrIepUMeHTAJIbHbIE KCCJIEJIOBAHUS KOPOHAp-
HOTO KPOBOOOPAIIIEHHs COCPEIOTOUEHBI HA Pa3Ind-
HBIX MEXaHU3Max — MHOTE€HHBIX, MECTHBIX MeTabo0-
JIMYECKUX, HHJOTEJTHAJIBHBIX, HEPBHBIX M TOPMO-
HaJIbHBIX. YCTAHOBJIEHO, UTO KaXK/IbIA U3 ATUX MexXa-
HHU3MOB MOKET UMETD ITyOOKO€E BJIUSHUE HA Iepdy-
3UI0 MHOKap/ia. [10 MHEHHUIO HEKOTOPBIX UCCIET0BA-
TeJIeH 710 CUX TIOP He SICHBI O0IIKe B3auMOCBSI3aH-
HbIE MEXaHU3MbI, OTBETCTBEHHBIE 32 PETYJIAIHNIO KO-
pOHapHOTro KpoBoTOKa [4]. Hapsay ¢ aTum ecth 10-
Ka3aTeJIbCTBa, YTO STU MEXaHU3MBbI JEHCTBYIOT Ma-
paulesbHO U Jaske U30bITOUHO [5]. B Hacrosiee
BpeMs XOpomio wu3ydyeH ¢eHOMEH SHJIOTeTHH-
3aBUCUMOU JUCOYHKIIUM KaK OCHOBHAs MPUYHUHA
HEOKKJTIOBUOHHBIX UIIIEMUYECKUX COCTOSTHUM.

IHJIOTENH-3aBUCHUMAas TUCHYHKIUSA ABJIAETCS
cencTBreM qucbananca Mexay GakTopaMu peJiak-
caIuy SHAOTENA, TAKUMHU Kak okcuz azoTta (NO), u
KOHCTPUKTOPAMU SHJIOTEJIUs, TAKUMHU KaK JHJIOTE-
auH. HezaBucumass ot 3HAOTENUsA AUCHYHKIUA
OCHOBaHA Ha TOHyce MUOIUTOB [6]. BazoamraTaro-
PbI JIOKAJIBHOTO ITPOUCXOKJIEHUs UTPAIOT JOMUHU-
PYIOIIYIO POJIb B PETYJISIIIUN MUKPOCOCYZUCTOTO CO-
MpOTUBJIEHUs [7].

CymHoCcTh (PapMaKOJIOTHYECKON PETryJIAIAN JH-
JIOTETHATIBHON AUCHYHKIIUM KOPOHAPHBIX COCY/IOB
3aKJII0YAETCs B YCTPAHEHWU Ba30KOHCTPUKIIUU KaK
MPsIMBIMH, TaK F OTIOCPEIOBAHHBIMH MEeXaHU3MaMHU.
B 5TOl CBA3Y IIPEACTABIISIETCS HHTEPECHBIM HE TOJTh-
KO TIOMCK HOBBIX JIEKAPCTBEHHBIX CPEJICTB, HO U yCTa-
HOBJIEHNE KOPOHAPOPpaCHIUPAIIUX 3G HEKTOB Y U3-
BECTHBIX, 3aPETUCTPUPOBAHHBIX IIPEIapaTOB.

B Poccum 3aperucTpupoBaH U HCIOJIb3YETCA B
KJIMHUYECKOU MPAKTHKE JIEKADCTBEHHBIN Iperapar
TpomboBazuM, 06IaAOIMUNE TPAMBIM TPOMOOIH-
THYECKUM JiericTBueM. [TokazaHus K IPUMEHEHHUIO B
KapJIMOJIOTHH — OCTPBIA WHMAPKT MHOKapja ¢
noaseMoM 3ybma ST, Bo diebomorun — XpoHUYe-
ckue 3a00s1eBaHus BeH [8]. AKTHBHOE JIeHiCTBYOIIEe
BEIIECTBO JIEKAPCTBEHHOro mpemnapara TpomOoBa-
3UM — UMMOOWIN3UPOBAHHBIN cyOoTminsun (MC).
CyOTHIN3UH SBJISIETCS IMPOTEOJIUTHUECKUM bep-
MEHTOM, 00JIaIAI0IUM MPAMBIM (PUOPHUHOIUTHYE-
ckuM jgedictBueM [9]. JIiA CHUKEHUS ajljieproreH-
HBIX CBOWCTB W yBEJWYEHHs HHTEPATIBHOH OHOJI0-
CTYITHOCTU CYyOTWJIM3WHA IIPOBOJIUTCS BJIEKTPOHHO-
JlydeBasi UMMOOWIN3aIusa GepMeHTa Ha TOJIUMED-
HOM HOCHTEJIE IIOJUITHUJIEHIVINKOJe [10]. B wmH-

bolic, endothelial, nervous and hormonal. It has
been established that each of these mechanisms can
have a profound effect on myocardial perfusion. Ac-
cording to some researchers, the general interrelated
mechanisms responsible for the regulation of coro-
nary blood flow are still not clear [4]. Along with this,
there is evidence that these mechanisms operate in
parallel and even redundantly [5]. Currently, the
phenomenon of endothelium-dependent dysfunc-
tion is well studied as the main cause of non-occlu-
sive ischemic conditions.

Endothelium-dependent dysfunction results
from an imbalance between endothelial relaxation
factors such as nitric oxide (NO) and endothelial
constrictors such as endothelin. Endothelium-inde-
pendent dysfunction is based on the myocyte tone
[6]. Vasodilators of local origin play a dominant role
in the regulation of microvascular resistance [7].

The essence of the pharmacological regulation of
endothelial dysfunction of coronary vessels is the
elimination of vasoconstriction by both direct and
indirect mechanisms. In this regard, it seems inter-
esting not only to search for new drugs, but also to
establish vasodilatory effects for well-known, regis-
tered drugs.

In Russia, the drug, Trombovazim, which has a di-
rect thrombolytic effect, is registered and is used in
clinical practice. Indications for use in cardiology are
acute myocardial infarction with ST elevation, in
phlebology — chronic venous diseases [8]. The active
ingredient of trombovazim is immobilized subtilisin
(IS). Subtilisin is a proteolytic enzyme with a direct
fibrinolytic effect [9]. To reduce the allergenic prop-
erties and increase the enteral bioavailability of sub-
tilisin, electron-beam immobilization of the enzyme
is carried out on a polyethylene glycol polymer carrier
[10]. In the drug labeling, there is no indication of its
effect on coronary blood flow. Since thrombovazim is
positioned as a drug for the treatment of cardiovascu-
lar diseases, it seems relevant to evaluate the effect of
immobilized subtilisin on coronary circulation in ex-
periments on an isolated rat heart using the Langen-
dorff method [11—13]. The choice of this experimental
model is due to the possibility of a direct assessment
of the vasomotor action of immobilized subtilisin in
the absence of humoral and nervous regulation of the
coronary circulation in an isolated heart.

AIM OF THE RESEARCH

To study the parameters of the coronary blood
flow during the perfusion of an isolated heart with
immobilized subtilisins in different dosages.
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CTPYKIIUH TI0 MEQUIIMHCKOMY IPUMEHEHHUIO JIeKap-
CTBEHHOTO IIpernapara HeT yKa3aHWU O €ro BO3JeH-
CTBUU Ha KOPOHAPHBIN KPOBOTOK. ITockosbky Tpom-
60Ba3UM MMO3UIMOHUPYETCS KaK CPEICTBO JIJIS JIeue-
HUSA CEPJIEYHO-COCY/TUCTHIX 3200I€EBAaHUH, TIPE/ICTAB-
JISIETCS aKTYaJIbHBIM OIEHUTDH BIUSHUE UMMOOUIIN-
3UPOBAHHOTO CyOTH/IM3MHA Ha KOPOHAPHOE KPOBO-
obpallleHre B 3KCIIEPUMEHTaX Ha W30JINPOBAHHOM
cep/itie 1abopaTOPHOH KPBICHI IO MeToxy JlaHreH-
nopda [11—-13]. Beibop 3TOM 3KCIIEpUMEHTATHLHON
MO 00YCIOBJIEH BO3MOKHOCTBIO IPSIMOU OIleH-
KH Ba30MOTOPHOTO AEHCTBUSA UMMOOWIN3UPOBAH-
HOTO CyOTIUIM3MHA B YCJIOBUSIX OTCYTCTBUS Y U30JIU-
POBaHHOTO ceplla TyMOPaJbHOW U HEPBHOW pETy-
JISIUA KOPOHAPHOTO KPOBOOOPAIIIEHUS.

I{EJIb UCCJIEJIOBAHUSA

W3yunTh mapaMeTpsl KOPOHAPHOTO MOTOKA IIPHU
nepy3uu U30JIUPOBAHHOTO CEP/Ila UMMOOWINU3HU-
POBaHHBIMU CYOTUIN3UHAMU B PA3HBIX JIO3UPOBKAX.

MATEPUAJIBI 1 METO/AbI

/lusaiin uccnedosaHus. DKCIIEPUMEHT IIPOBE/IEH
Ha 50 KpbIcax-camIlax JUHUU Bucrap maccoit 280—
320 1. 2KUBOTHBIE HAXOAIUIHCH B YCJIOBUSAX BUBAPUS
Ha 00BIYHOM ITHIIEBOM PAI[MOHE U CBOOOTHOM JIOCTY-
Ile K BOJIe U IHUIIle, YCIOBUSA COJIEPKAHUA U MAaHUILY-
JIAIUY C JKUBOTHBIMHU COOTBETCTBOBAJIH CTAHZAPTAM,
PerJIaMeHTHPYIOLTUM PaboTy ¢ 1aG0PaTOPHBIMU KH-
BOTHBIMU [14]. YKuBOTHBIE OBUIH pas/ieJIeHbl Ha
5 TpyHI: KOHTPOJIBHYIO (cepana, nepdysupyeMble
TOJIbKO pacTBopoM Kpebca — XeH3essaiTa) U 4 OIBIT-
HbIX (1-1 — tepdysus VC B koHIeHTparuu 170 Ex./;
2-1 — nepdysua VC B xonnenrpanuu 340 Ex./m;
3-1 — mepdysusa MC B xoHIeHTpanuu 500 Em./m;
4-s1 — nepdysus VIC B koHIeHTpanuu 1000 Ex. /).

Hcceaedyemolit npenapam — WMMOOUIM3UPO-
BaHHBIN cyOTHWIN3HH. Vcmosb3oBasiack dapmMares-
THYeCKas CyOCTaHIMs JIEKAPCTBEHHOIO IIperapara
Tpom6oBazum (AO «Crubupckuii eHTp hapMakosIo-
ruu U 6uorexHosorun», HoBocHOUPCK), Ipe/icTaB-
Jsomast cobor JTMOGUIN3aT IS MOCTIEAYIOIIETO
pactBopeHusa. /[yl 5KCHEPUMEHTOB JHOPUIN3AT
pacrBopsnu B 6ydepe Kpedbeca — Xenzessiita. Kon-
nentparus VIC B mepdy3nOHHOM pacTBOpe MOZEJTH-
poBasia nuanasoH J[03 OT OAHOKPATHOH TepaneBTH-
4ecKOH JIJIsi SHTEPAJIbHOTO IIpHeMa C IOCTeNIeHHBIM
yBeJIMYeHUEeM JI0 OJIHOKPATHOU TepaleBTHYeCKOU
[IpYU BHYTPUBEHHOM BBEJIEHH.

Memod Jlaneendopgha. JlaHHas1 SKCIIEPUMEHTAITb-
Hasi MO/IeJIb II03BOJISIET IETAJIBHO U3y4YaTh HU3H0JIO0-
ruJecKre  OMOXMMUYECKHeE IIPOIIECCHl B CEPAIE, a
Tak)Ke BHEIIHNE BO3/IeXCTBUSA Ha HETO B YCJIOBUAX OT-
CYTCTBUS CUCTEMHBIX HEHPOT€HHBIX U T'YMOPAIbHBIX

MATERIALS AND METHODS

Study design. The experiment was carried out
on 50 male Wistar rats weighing 280—-320 g. The
animals were kept in a vivarium on a normal diet
and free access to water and food, the conditions
of keeping and manipulating the animals corre-
sponded to the standards for work with laboratory
animals [14]. Animals were divided into 5 groups:
control (hearts perfused only with Krebs-
Henseleit solution) and 4 experimental (1%t — per-
fusion with IS at a concentration of 170 U/1; 27 —
perfusion with IS at a concentration of 340 U/I;
3 — perfusion with IS at a concentration of
500 U/l; 4™ — perfusion with IS at a concentra-
tion of 1000 U/1).

The investigated drug is immobilized subtilisin.
We used the pharmaceutical substance of the drug,
Trombovazim (Siberian Center for Pharmacology
and Biotechnology, Novosibirsk), which is a lyophi-
lisate for solution. For experiments, the lyophilisate
was diluted in Krebs-Henseleit buffer. The IS con-
centration in the perfusion solution modeled the
dose range from a single therapeutic dose for en-
teral administration with a gradual increase to a
single therapeutic dose for intravenous administra-
tion.

Langendorff method. This experimental model
makes it possible to study in detail the physiological
and biochemical processes in the heart, as well as ex-
ternal influences on it in the absence of systemic
neurogenic and humoral factors. The principle of the
Langendorff heart is that the perfusion solution en-
ters the aorta through a cannula. The aortic valve is
closed by the pressure in the aorta, and the perfusion
solution flows only into the coronary arteries. Hav-
ing passed the microvasculature of the heart, the so-
lution is collected through the heart vein system into
the coronary sinus and then enters the right atrium.
There are two ways for the outflow of the perfusion
solution: through the orifice of the venae cavae and
through the tricuspid valve into the right ventricle
and then through the pulmonary artery trunk. It fol-
lows that the solution does not enter the left cham-
bers of the heart, so you can use sensors or catheters
to record the pressure in the left ventricle and heart
rate. In Fig. 1 you can see a diagram of the setup for
operation on a rat heart isolated according to Lan-
gendorff.

According to the technique, for 1 h before the ex-
periment, the animals were injected intraperitoneal-
ly with heparin (500 U per one). After decapitation,
the skin cover was removed from the chest, the heart
was quickly removed and placed in a container with
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(axropos. [Tpuniun paboTe! cepara o JlaureHgop-
dy 3akiouaeTcs B TOM, 4TO Iep@y3uOHHBINA pacTBOP
MIOCTYIIAeT B a0PTY Yepe3 KaHIOMI0. AOPTaIBbHBIN Kjla-
I1aH 3aKpbIBaeTcs 3a CUeT JaBJleHUs B aopTe, U Iep-
(py3MOHHBIN pacTBOP IOCTYIIAaeT TOJIBKO B KOPOHApP-
Hble apTepuu. [1poiiiss MUKPOIIMPKYJIATOPHOE PYCIIO
cepaIa, pacTBop coOMpaercs 10 CUCTeMe BeH cepAra
B KOPOHApHBI CHHYC U Jlajiee IIOCTYIaeT B IIPaBOe
npesicepave. CyIecTBYIOT /iBa IyTH OTTOKA Iepdy3u-
OHHOTO pacTBOpa: 4epe3 yCThs IIOJIBIX BeH U uepe3
TPEXCTBOPYATHIN KJIAIIaH B IIPABBIH JKEJTy/IOUEK U J1a-
Jlee yepe3 CTBOJI JIETOYHOU apTepuu. OTciofa cieny-
€T, YTO PacTBOP He IOIAJ]aeT B JieBble KaMephl cep-
114, I03TOMY MOKHO HCIIOJIb30BaTh TATIUKY WJIH Ka-
TeTepHI [ PETUCTPALNH JIaBJIEHUSA B JIEBOM KeJIy-
JIOYKe U YaCTOThI CEP/IEUHBIX coKpaleHui. Ha puc. 1
IIpe/icTaBjIeHa CXeMa YCTAaHOBKU /IS pabOThI Ha M30-
JIMPOBaHHOM 110 JIanreH710pdy cepAIa KPBICHL.
CorslacHO MeTO/IKe 32 1 Y JI0 OIBbITAa KUBOTHBIM
BHYTPHUOPIOITUHHO BBOAWIM rernapuH (500 EJ] Ha
oHy 0co0b). ITocste IeKamuTanuy yaIsiii KOXKHBIR
IIOKPOB C IPYTHOM KJIETKU, OBICTPO U3BJIEKAIH CEPI-
Ile ¥ IOMEIIQJIN €T0 B eMKOCTD C OXJIQK/IeHHBIM I1ep-
¢ysuonubIM pactBopoMm t = 0 °C. ITocsie mpekparie-
HUS COKpAIeHUN BBIZEJISIN A0PTY U BBOAWIIN Ka-
HIOMO. JIJI WCKIIIOUEHUs IONafaHUsA IIy3BIPHKOB
BO3/lyXxa B KOPOHApHOE PYCJIO CEPAIE TPOMBIBAIHN
yepes3 a0pTAJIbHYIO KAHIOJIIO IIPYU IOMOIIY LITIPUIA,
3aI0JIHEHHOT0 Nepdy3UOHHBIM PACTBOPOM. 3aTeM
cepAle MOACOeAUHIN K Nepdy3UOHHOU CHCTEME.
ITepdy3uio TpoBoAUIN Yepe3 KOPOHAPHBIE COCY/AbI
IIpY IIOCTOSTHHOM JIaBJIeHHH 80 MM PT. cT. B kaue-

a cooled perfusion solution at t = 0°C. After stopping
of cardiac beat, the aorta was isolated and a cannula
was inserted. To exclude the ingress of air bubbles
into the coronary bed, the heart was washed through
the aortic cannula using a syringe filled with a perfu-
sion solution. The heart was then connected to a per-
fusion system. Perfusion was performed through the
coronary vessels at a constant pressure of 80 mm Hg.
Krebs-Henseleit solution (pH = 7.4, t = 37.5°C) was
used as a perfusate. For adequate oxygenation of the
heart, the perfusion solution was saturated with car-
bogen (95% O, and 5% CO,).

In the experimental groups, after 20 min of perfu-
sion against the background of stable work of the
heart, the calculated dose of IS was introduced into
container 2 (see Fig. 1). The moment of the introduc-
tion of IS was designated as the point 0 (zero) min-
ute, at which the coronary blood flow was considered
as baseline and was taken as 100%. Further, the per-
fusion with the test drug continued for 40 min.
Changes in coronary blood flow were recorded at 5,
10, 20, 30 and 40 min. In the control group, from o
to 40 min, perfusion was performed with Krebs-
Henseleit solution.

The calculated indicator of coronary blood flow
was the volumetric coronary flow rate, which reflects
the time interval for the heart to pump the volume of
perfusion fluid. On the measuring tube, 1 ml of vol-
ume was measured and when the perfusion pump
was turned off, the stopwatch was used to determine
how many seconds the heart was pumping the vol-
ume of perfusion fluid. In fact, coronary blood flow is

5

8ocMm /sm

Puc. 1. CxeMa yCTaHOBKH 711 pabOTHI Ha N30JIMPOBAHHOM cepzte 1o Jlanrenopdy: 1 — KapboreH; 2 — eMKOCTb C Iep-
(by3HOHHBIM PACTBOPOM; 3 — MEPUCTAIBTUYECKUN HACOC; 4 — TEPMOCTATHPyeMasi Ta30yJIOBUTEIbHAS KAMEPA; 5 — Mep-
Hasi TPyOKa; 6 — eMKOCTh /1J1s cOopa oTTeKawIero nepdysara; 7 — cepzre; 8 — KaTerep ¢ JaTeKCHBIM 0a/UIOHUHUKOM;

9 — nudpoBOIi JaTUNK 1aBJIeHUs; 10 — aHAIOTOBO-IUGPOBOI IIpe06pa3oBaTesib; 11 — EPCOHAIBHBIA KOMIIBIOTED
Fig. 1. Installation diagram for working on an isolated heart according to Langendorff: 1 — carbogen; 2 — container
with perfusion solution; 3 — peristaltic pump; 4 — thermostatically controlled gas trapping chamber; 5 — measuring tube;
6 — container for collecting the outflowing perfusate; 7 — heart; 8 — catheter with a latex balloon;

9 — digital pressure sensor; 10 — analog to digital converter; 11 — personal computer
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cTBe mepdysaTa UcIoIb30Basicsa pacTBop Kpebea —
Xenzenaura (pH = 7.4, t = 37.5 °C). /Iy anexBaTHOU
OKCUTeHAIUH cepAla nepdy3nOHHBIH pacTBOp Ha-
coimasics kapborenom (95% O, u 5% CO,).

B onbITHBIX rpynnax mo uCTe4eHny 20 MUH I1ep-
dysun Ha oHe cTabuabHON paboThl cepAIla B eM-
KOCTb 2 (cM. puc. 1) BHOCUJIACch pacueTHas jo3a VIC.
Mowment BBefenuss MC obo3Hauaics Kak TOYKa O
(myneBasy) MUHYTa, B KOTOPOH KOPOHAPHBIH MOTOK
CUYHUTAJICS UCXOAHBIM W NMMPUHUMAJICA 32 100 %. da-
Jee niepdy3usa UCCIeAyeMbIM IIpenapaToM IIPOJI0JI-
JKaytach B TeueHue 40 MUH. VI3MeHeHUss KOPOHAPHO-
ro ITOTOKa (PUKCUPOBAJIUCH HA 5, 10, 20, 30 U 40-H
MHUHyTaX. B KOHTPOJIBHOU TpyTIIIEe ¢ O-H IO 40-10 MHU-
HyTy nepdysus mpousBoAuIach pactBopom Kpeb-
ca — XeH3essIhTa.

PacueTHpIM mOKaszaTeseM KOPOHAPHOTO KPOBO-
TOKA BBICTyIaJIa 00'beMHAsI CKOPOCTh KOPOHAPHOTO
IIOTOKA, OTPAKAIOIIAsA, 32 KAKOH IMPOMEKYTOK Bpe-
MEHU cepAle MPOKaYuBaeT o0beM Iepdy3nOHHOU
skuzkocty. Ha MepHO# TpyOKe 0TMepsiTu 1 MJI 00be-
Ma U IIPU OTKJIIOUEHUH epdy3nOHHOTO HAcoca I10
CEKYH/IOMEDY OIIPeZIeNISIN, 32 CKOJIBKO CEKYHI Cep-
Ile TPOKAYNBaeT 00beM Mep(Py3UOHHOU KUIKOCTH.
dakTHYeCKN KOPOHAPHBIH KPOBOTOK IIPEICTABIISAET
coboli cooTHoleHue obbeM/Bpems (mi/muH). Jla-
Jiee 3HaUeHUs BHOCWIU B Tabsuiy Excel, u mporpam-
Ma IepecYUThIBAJIA 3HAUEHNSI KOPOHAPHOTO ITOTOKA
B MuHyTHI (MJ1/MuH). [TocKoJIBKY abCOTIOTHBIE 3HA-
YeHUs MPEJCTABIIAIOT cO00M WHIUBUAYATHHYIO Be-
JIMYUHY Y KaXKJOTO JKUBOTHOTO (pa3Mep cepala,
00'beM COCYZTUCTOTO PycJIa), TMHAMUKY KOPOHAPHOTO
IIOTOKA OI[EHUBAJIN B OTHOCHUTEJIBHBIX eTMHUIIAX (%)
U IPOU3BOAUIIN IIEPECUET B MUHYTHI (MJI/ MUH).

Cmamucmuueckyro 00pabomky TOJYIEHHBIX
Ppe3yJIbTaTOB MPOBOJIMJIM C UCIIOJIb30BAHUEM ITaKeTa
crarucTuueckux mporpamm StatPlus Pro 7.3.0. IIpo-
BepKy HODMAaIBHOCTH pAaCIpeZieJiIeHNs [JaHHBIX B
IpyIIaxX BIMOJIHSIN C IOMOIIBbIO KpuTepusa Koimo-
ropoBa — CMmupHOBa. CTaTUCTUUECKYIO0 3HAUUMOCTh
[IOJIy9eHHBIX PEe3Y/IbTATOB OLEHUBATIN C IIOMOIIIBIO
t-xputepusi CThIOJIEHTA i1 CBA3AHHBIX BBIOOPOK
(To BBeZIeHUS U ITOCIIE BBEEHUS HCCIIEAYEMOTO KOM-
IIOHEHTA) IIPU YPOBHE 3HAYUMOCTHU P < 0.05.

PE3YJIBTATBI 1 OBCYXK/IEHUE

B xoHTposbHOU rpyme npu nepdy3uu pacTBo-
poMm Kpebca — XeHzensiita OTMeUYaI HapacTaHUe
KOPOHAPHOTO MTOTOKA C 5-H 10 20-10 MUHYTY (OT 2 /10
10 %), a gajiee HAOJIIOAAIOCH IJIABHOE CHUKEHUE 710
7 % OT UCXOJTHOTO.

B omnertHo#t rpymme 1 (MC B KOHIEHTpAIUHU
170 Ej1./n) He OBbLIO BBISBJIEHO TOCTOBEPHBIX OTJIH-
YH{ TI0 CPaBHEHUIO C KOHTPOJILHOU TPYIIIOH, HO

the volume/time ratio (ml/min). Then the values
were entered into an Excel spreadheet, and the pro-
gram recalculated the values of the coronary blood
flow in minutes (ml/min). Since the absolute values
represent an individual value for each animal (heart
size, volume of the vascular bed), the dynamics of the
coronary flow was estimated in relative units (%) and
recalculated in minutes (ml/min).

The results were statistically processed using the
StatPlus Pro 7.3.0 statistical software package. The
normal distribution of data in the groups was checked
using the Kolmogorov-Smirnov test. The statistical
significance of the obtained results was assessed us-
ing the Student’s t-test for related samples (before
and after administration of the studied component)
at a significance level of p < 0.05.

RESULTS AND DISCUSSION

In the control group, with perfusion with Krebs-
Henseleit solution, an increase in coronary blood flow
from 5 to 20 min (from 2 to 10%) was noted, and then
a gradual decrease to 7% from baseline was observed.

In the 1t experimental group (IS at a concentra-
tion of 170 U/1), there were no significant differences
compared with the control group, but there was an
increase in coronary blood flow after 5 min by 3%
(p > 0.05) and after 20 min by 12% ( p > 0.05)
(Fig. 2).

In the 2" experimental group (IS at a concentra-
tion of 340 U/1), from the 5™ to the 40" min of perfu-
sion, the coronary blood flow significantly increased
(p < 0.05), reaching its maximum at the 20" min of
perfusion (increase of 23%) compared with the con-
trol group (Fig. 3).

In the 3™ experimental group (IS at a concentra-
tion of 500 U/l), there was a primary increase in
coronary blood flow by the 5™ min by 4% (p > 0.05),
and then a significant decrease in the coronary blood
flow from the 10™ to 40" min of perfusion by 10%
relatively to the control group (Fig. 4).

In the 4™ experimental group (IS at a concentra-
tion of 1000 U/l), a gradual decrease in coronary
blood flow from the 10 to the 40" min by 10-12%
(p < 0.05) was observed relatively to the control
group. The maximum decrease in coronary blood
flow was noted at the 30™ min of perfusion (Fig. 5).

By its physiological nature, the volume of the cor-
onary circulation reflects the volume of the coronary
bed, which directly depends on the tone of the coro-
nary vessels. When the isolated heart was perfused
with IS solution at a concentration of 170 and
340 U/l, an increase in coronary blood flow and,
accordingly, a vasodilating effect of IS were noted. At
a concentration of 340 U/, this effect was clearly
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(0]
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Bpewmst nepdysun, mus / Perfusion time, min

Puc. 2. 13MeHeHne KOPOHAPHOTO ITOTOKA IIpU nepdy3un pactsopoM VIC B koHIeHTparuu 170 Ex. /a1
10 CPAaBHEHUIO ¢ KOHTPOJIBHOH I'PYIIION
Fig. 2. Changes in coronary blood flow during perfusion with IS solution at a concentration of 170 U/1
compared with the control group

OBLJI0O OTMEUYEHO HapacTaHWe KOPOHAPHOTO ITOTOKA
yepe3 5 MUH Ha 3 % (p > 0.05) U yepe3 20 MUH Ha
12 % (p > 0.05) (puc. 2).

B ombiTHO# rpynme 2 (MC B KOHIIEHTpAIuu
340 Exn./n) ¢ 5-1 110 40-10 MUHYTY TIepdy3ur KOpo-
HApHBIA  IOTOK  /IOCTOBEPDHO  YBEJIUYHUBAJICS
(p < 0.05), mocturas CBOEro MakCUMyMa Ha 20-#
MuHyTe nepdysun (IpupocT Ha 23 %) MO cpaBHe-
HUIO C TPYIIIOH KOHTPOJIs (puc. 3).

B ombiTHO# rpynme 3 (MIC B KOHIIEHTpaIuu
500 Ex./m) oTMeuasn mepBUYHOE YBeJIMUEHHE KO-
POHApPHOTO MOTOKA K 5- MUHYTE Ha 4 % (p > 0.05),
a 3areM JIOCTOBEPHOE CHIPKeHNEe KOPOHAPHOT'O IT0TO-
Ka ¢ 10-1 10 40-10 MUHYTY niepdy3uu Ha 10 % OTHO-
CUTEIBHO TPYNITHI KOHTPOJIA (PHC. 4).

9% 140 -

120 -~

*
* * %
*
100 A
80
60
40
20
o) 5 10 20 30 40

pronounced (an increase of 23% at the 20™ min) and
statistically significant. With an increase in the con-
centration of IS to 500 and 1000 U/], there was a de-
crease in the coronary circulation, which indicates an
increase in the contractile activity of the coronary
vessels. Thus, we have established the phenomenon
of vasomotor activity in relation to coronary vessels
under the action of IS. This effect is dose-dependent
and multidirectional. In modern physiology and
pharmacology, there is no information on the pres-
ence of specific IS receptors in coronary vessels. Most
likely, the vasomotor effect caused by IS under con-
ditions of perfusion of an isolated heart is realized
through an allosteric influence on the endothelial
mechanism of regulation of the coronary vessels

[ | KonTtposs / Control

B UC340Ex./n
1S 340 U/1

Bpewms nepdysuu, muH / Perfusion time, min

Puc. 3. I3MeHeHNe KOPOHAPHOTO IOTOKA Ipu niepdy3un pactBopoM VC B KoHIIeHTparuu 340 Ex. /i
10 CPAaBHEHHUIO C KOHTPOJIBHOH rpynmoi (*p < 0.05)
Fig. 3. Changes in coronary blood flow during perfusion with IS solution at a concentration of 340 U/1
compared with the control group (*p < 0.05)
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[ Kontpons / Control

[ UCs500Exn./n
1S 500 U/1

Bpems nepdysuu, mun / Perfusion time, min

Puc. 4. VIaMeHeHHe KOPOHAPHOTO OTOKA pu miepdy3un pactBopom VC B KoHIleHTpauu 500 Ex. /1
10 CPAaBHEHHUIO C KOHTPOJIBHOH rpynmoi (*p < 0.05)
Fig. 4. Changes in coronary blood flow upon perfusion with IS solution at a concentration of 500 U/1
compared with the control group (*p < 0.05)

B ombiTHOU Tpynme 4 (MC B KOHIEHTpaIuu
1000 Ej./i1) oTMedanud MOCTENEHHOE CHUKEHUE
KOPOHApHOTO IOTOKA ¢ 10-H MO0 40-10 MUHYTy Ha
10—-12 % (p < 0.05) OTHOCUTEJILHO TPYIIIBI KOHTPO-
Jis1. MakCHMaJIbHOE CHUKEHHUE KOPOHAPHOTO IOTO-
Ka OBUIO OTMEUeHO Ha 30-U MuHyTe mepdy3uu
(puc. 5).

ITo cBoelt GU3HOJIOTUUECKON CYITHOCTH 0OBEeM
KOPOHAPHOTO KPOBOOOpAIlEHUsI OTpa’kaeT 00beM
KOPOHAPHOTO Pycjia, KOTOPHIA HAIMPSIMYIO 3aBUCHUT
OT TOHyca KOPOHapHBIX cocyzioB. Ilpu mepdysun
HU30JIUPOBAHHOTO cepria pactBopoM VC B KOHIIEH-
Tpamuu 170 u 340 Ex./;1 oTMeuanu HapacTaHue KO-
POHApPHOTO ITOTOKA ¥, COOTBETCTBEHHO, Ba30/IHJIATH-

% 120 T
100

8o

60

40

20

tone. The study of these mechanisms is planned in
the next experiments.

CONCLUSION

The data obtained during the experiment lead to
the following conclusions:

1. The phenomenon of vasomotor activity of coro-
nary vessels due to the action of IS was established.

2. The vasomotor effect of IS has a dose-depen-
dent and multidirectional effect.

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

I Kowurposs / Control

I YC1000En./n
IS 1000 U/1

* *
* *
0 5 10 20 30 40

Bpewms nepdysuu, muH / Perfusion time, min

Puc. 5. lI3mMeHeHre KOPOHAPHOTO MTOTOKA TpH nepdysuu pactBopom VC B KoHIIEHTpanuu 1000 Ex. /i1
10 CPABHEHUIO C KOHTPOJIbHOU rpymmoi (*p < 0.05)
Fig. 5. Changes in coronary blood flow during perfusion with IS solution at a concentration of 1000 U/1
compared with the control group (*p < 0.05)
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pytoruii apdext VIC. ITpu koHeHTparuu 340 Ex./n
3TOT 3P (PeKT OBUT OTUETIINBO BhIPAKEH (IIPUPOCT HA
23 % Ha 20-U MUHyTe) U CTAaTUCTHYECKH JOCTOBE-
pes. IIpu yBesmuenun koHneHntpanuu MC 10 500 u
1000 Enx./n1 mponcxonnio cHUKeHNe KOPOHAPHOTO
KpOBOOOpAIIeHHUsI, UTO yKa3bIBAE€T Ha IMOBBIIIEHHE
COKPaATUTEIHHOU aKTHBHOCTU KOPOHAPHBIX COCY/IOB.
Taxum 06pa3oM, HAMU yCTaHOBJIEH (eHOMEH Ba30-
MOTOPHOH aKTHBHOCTHU II0 OTHOIIEHUIO K KOPOHAp-
HBIM cocyzam nipu aeiictBuu UC. 9tot addekT saB-
JIsIeTCST JI0303aBUCUMBIM U Pa3HOHAIIPABJIEHHBIM.
B coBpemeHnHoOM dusmosoruu U papMakoJIOTHN HET
CBEZIEHUN O HAJIMYKUH B KOPOHAPHBIX COCY/IAX CIEIN-
¢uueckux penentopoB k VIC. BeposiTHee Bcero, Ba-
30MOTOPHBIHN 3¢ deKT, BbI3biBaeMblit VIC B yC10BHAX
nepdy3un HW30JMPOBAHHOIO CepAlA, pealnusyeTrcs

CIIMCOK JINUTEPATYPbI

1. Vancheri F., Longo G., Vancheri S., Henein M. Coro-
nary microvascular dysfunction // J. Clin. Med. 2020.
Vol. 9 (9): 2880. doi: 10.3390/jcm9092880.

2. Czirdki A., Lenkey Z., Sulyok E., Szokodi I., Koller A.
L-arginine-nitric oxide-asymmetric dimethylarginine
pathway and the coronary circulation: translation
of basic science results to clinical practice // Front.
Pharmacol. 2020. Vol. 11: 569914. doi: 10.3389/
fphar.2020.569914.

3. Goodwill A.G., Dick G.M., Kiel A.M., Tune J.D. Regula-
tion of coronary blood flow // Compr. Physiol. 2017.
Vol. 7 (2). P. 321—382. doi: 10.1002/cphy.c160016.

4. Tune J.D. Coronary circulation // Colloquium Series
on Integrated Systems Physiology: from Molecule to
Function to Disease. 2014. Vol. 6 (3). P. 1-189. doi:
10.4199/C00111ED1V01Y201406ISP054.

5. Duncker D.J., Bache R.J. Regulation of coronary blood
flow during exercise // Physiol. Rev. 2008. Vol. 88 (3).
P. 1009—1086. doi: 10.1152/physrev.00045.2006.

6. Konst R.E., Guzik T.J., Kaski J.C., Maas A.H.E.M.,
Elias-Smale S.E. The pathogenic role of coronary mi-
crovascular dysfunction in the setting of other cardiac
or systemic conditions // Cardiovasc. Res. 2020. Vol.
116 (4). P. 817—828. doi: 10.1093/cvr/cvaan09.

7. Deussen A., Ohanyan V., Jannasch A., Yin L., Chilian
W. Mechanisms of metabolic coronary flow regula-
tion // J. Mol. Cell. Cardiol. 2012. Vol. 52 (4). P. 794—
801. doi: 10.1016/j.yjmce.2011.10.001.

8. Magonos IL.T., Kuamr /[.H., Epmos K.U., Illumosa
M.A., CosoBreB O.H. OnbIT KINHUYECKOTO TpUMeHe-
HUSI HOBOTO JIEKAPCTBEHHOTO Tpemapata TpomGoBa-
3uM® B COCYyIUCTOHN XUPYPTUU // AHTHOJIOTHS U COCY-
pucras xupyprus. 2015. T. 21, N2 1. C. 99—104.

9. Magonos II.I'., Mumenuna C.B., Kunmr [.H., Kux-
Tenko H.B. Taprernas ¢dapmakoguHaMuKa CcyoTH-
u3uHOB // Cub. Hay4. Mefl. *KypH. 2016. T. 36, NO 4.
C.15—23.

10. ®apMareBTHYeCKas KOMITO3HUIH, 00J1aAa0Iast TPOM-
GOTUTUYECKUMU, POTHBOBOCIIAIUTEBHBIMU U IIUTO-
MIPOTEKTUBHBIMU cBo¥cTBaMu: [TaTteHT PO NC 2213557 /
A.B. Apramonos, E.M. Bepemarun, O.B. I'pumus,
A.B. Tpounkwuii. Omy61MKOBaHO: 10.10.2003.

IIOCPECTBOM aJIJIOCTEPUUECKOTO BO3/IEUCTBUA Ha
SH/IOTETUIBLHBIA MEXaHU3M PEryJIAIUd TOHyCa KO-
POHApHBIX COCYZOB. V3yueHHe 5TUX MeXaHU3MOB
IUIAHUPYETCs B CEAYIONIUX SKCIIEPUMEHTaX.

3AK/IOYEHUE

JlaHHble, ITOJlydyeHHbIE B XO/ie IIPOBEJEHHOIO HKC-
TIEPUMEHTA, TI03BOJISIOT C/IEJIATH CIIEJYIOIINE BEIBO/IBL:

1. YcraHoByeH ¢peHOMeH Ba30MTOPHON aKTHBHO-
CTH KOPOHAPHBIX COCYZOB, OOYCJIOBJIEHHBIU JeH-
crBueMm UC.

2. BazomortopHsiit apdext MIC numeer 10303aBU-
CHMOe€ U pPa3HOHAIIPaBJIEHHOE JieiCTBHE.

KoHndauKT nHTEepeCcoB. ABTOPHI 3asBJISIOT 00
OTCYTCTBUU KOH(MJINKTA HHTEPECOB.

REFERENCES

1. Vancheri F., Longo G., Vancheri S., Henein M. (2020).
Coronary microvascular dysfunction. J. Clin. Med., 9
(9): 2880. doi: 10.3390/jcm9092880.

2. Cziraki A., Lenkey Z., Sulyok E., Szokodi I., Koller
A. (2020). L-arginine-nitric oxide-asymmetric di-
methylarginine pathway and the coronary circulation:
translation of basic science results to clinical prac-
tice. Front. Pharmacol., 11: 569914. doi: 10.3389/
fphar.2020.569914.

3. Goodwill A.G., Dick G.M., Kiel A.M., Tune J.D. (2017).
Regulation of coronary blood flow. Compr. Physiol., 7
(2), 321—382. doi: 10.1002/cphy.c160016.

4. Tune J.D. (2014). Coronary circulation. Colloquium
Series on Integrated Systems Physiology: from Mole-
cule to Function to Disease, 6 (3), 1-189. doi: 10.4199/
C00111ED1V01Y2014061SP054.

5. Duncker D.J., Bache R.J. (2008). Regulation of coro-
nary blood flow during exercise. Physiol. Rev., 88 (3),
1009—1086. doi: 10.1152/physrev.00045.2006.

6. Konst R.E., Guzik T.J., Kaski J.C., Maas A.H.E.M.,
Elias-Smale S.E. (2020). The pathogenic role of coro-
nary microvascular dysfunction in the setting of other
cardiac or systemic conditions. Cardiovasc. Res., 116
(4), 817—-828. doi: 10.1093/cvr/cvaanog.

7. Deussen A., Ohanyan V., Jannasch A., Yin L., Chilian
W. (2012). Mechanisms of metabolic coronary flow
regulation. J. Mol. Cell. Cardiol., 52 (4), 794—801. doi:
10.1016/j.yjmec.2011.10.001.

8. Madonov P.G., Kinsht D.N., Ershov K.I., Shilova M.A,,
Solov’ev O.N. (2015). Clinical experience of the new
drug, Trombovazim® in vascular surgery. Angiology
and Vascular Surgery, 21 (1), 99—104. In Russ.

9. Madonov P.G., Mishenina S.V., Kinsht D.N., Kikhtenko
N.V. (2016). Targeted pharmacodynamics of subtili-
sins. The Siberian Scientific Medical Journal, 36 (4),
15—23.

10. Pharmaceutical composition with thrombolytic, anti-
inflammatory and cytoprotective properties: RF Pa-
tent No. 2213557 / A.V. Artamonov, E.I. Vereshchagin,
0. V. Grishin, A.V. Troitsky. Published: 10.10.2003.

11. Minasyan S.M., Galagudza M.M., Sonin D.L. et al.
(20009). Isolated rat heart perfusion technique. Region-

64

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



Baikalov G.I. et al. / Journal of Siberian Medical Sciences 3 (2021) 56—65

11. Munacaa C.M., T'anaryaza M.M., Couun I.JI. u ap.
Meronuka nepdy3uu U30JIHUPOBAHHOTO CEPAIA KPhI-
cel // PernoHapHOe KpoBooOpaIeHne 1 MUKPOIUPKY-
asanusa. 2009. T. 8, Ne 4 (32). C. 54—59.

12. Bell R.M., Mocanu M.M., Yellon D.M. Retrograde heart
perfusion: the Langendorff technique of isolated heart
perfusion // J. Mol. Cell. Cardiol. 2011. Vol. 50 (6).
P. 940—950.

13. Watanabe M., Okada T. Langendorff perfusion method
as an ex vivo model to evaluate heart function in rats //
Methods Mol. Biol. 2018. Vol. 1816. P. 107-116. doi:
10.1007/978-1-4939-8597-5_8.

14. O6 yrBeprkaenun IlpaBus Hajiexkaiei y1aboparop-
Hou npaktuku: [Ipuka3 MunspaBa PO ot 01.04.2016
Ne 199n. URL: http://publication.pravo.gov.ru/
Document/View/0001201608160001?index=0&range
Size=1. [laTa obpameHusi: 08.06.2021.

CBEJIEHUA Ob ABTOPAX

BaiikaioB I'epman UropeBuu — acnupaHT Kadeapbl
dapmaxosoruu, KIMHUYECKOU (HapMaKOJIOTUH U JI0-
kazatesibHOM Memunuabl OTBOY BO «HoBocubup-
CKHUH TrOCyZJapCTBEHHBIN MEIUITUHCKUN YHUBEPCUTET»
Munsgpasa Poccun; mmaamuil HaydHBIH COTPYAHUK
srabopaTopuu (HapMaKoJIOTHIECKOTO MOZETUPOBAHUSA
U CKPUHHMHTa OMOAaKTUBHBIX MoJsiekyan HUW xinHU-
4eCcKOU U dKcrlepuMeHTasbHOU suMdosorun PTBHY
«®DerepasibHBINA UCCIIEOBATEBCKUN TIEHTP VTHCTUTYT
nurosoruu u reneruku CO PAH» (HoBocubupcek).

Kuazes PomaH AjtekcaHAPOBUY — KaH/I. OMOJI. HayK,
accucreHT Kadenpsl (papmMaxoyOTHH, KIUHUYECKOH
dapmakoyIoTUH U A0Ka3aTebHON Meauruasl PIB0Y
BO «HoBoCHOUpPCKHUI TOCYAapCTBEHHBIH METUIIMH-
cKkUl yHuBepcuTeT» MuH3/IpaBa Poccrn.

EpuioB KoncranTuH UropeBuu — kaH. OUOJI. HayK,
accucteHT Kadeapbl ¢GapMaKoJIOIHH, KINHUYECKON
dapmaxosioruu u gokazaTesbHOU Meaunuabl PT'BOY
BO «HoBocuOUpPCKUII TOCYAapCTBEHHBIH METUIIMH-
cKkui yHuBepcuteT» Mun3szpasa Poccun.

BaxapeBa Kcenusa ropeBHa — MIIIIVHA HAyYHBIH CO-
TPYAHUK J1a60paTopuy GapMaKoJIOTHIECKOTO MOZEIHPO-
BaHUA U CKpUHUHTA OHOAKTHBHBIX MosieKya HNN kiu-
HUYeCKOU U dKcIlepuMeHTaIbHOM stuMdostornu ®IBHY
«DeniepaIbHBIN HCCIIe/I0BATEIbCKUAN IEHTP VIHCTUTY'T IH-
tostoruu v reHeTrku CO PAH» (HoBocuOupck).

CouaroBa Mapuna CepreeBHa — MIQIIINN HAyIHBIH
COTPYAHUK J1abopaTopryl (hapMaKoIOrHIecKOro MOZEI -
POBaHUA U CKPUHUHTA OMOAKTUBHBIX MosteKys1 HU kin-
HUYeCKOU U SKcIlepuMeHTaIbHOM stuMmdostornu GIBHY
«DeniepaIbHBIN HCCIIe/I0BATEIbCKUN IIEHTP VIHCTUTY'T IH-
tostoruu v reHeTrku CO PAH» (HoBocubupck).

Maponos I1ases 'enHagbeBUY — JI-p Me/I. HAYK, JOLIEHT,
3aBeyIOIMH Kadenpor (papMaKkoIoruy, KIMHHUECKOH
dapmakosiorn ¥ JioKazaTeIbHON MemunuHbl PTBOY
BO «HoBocuOUpcKuil rocy/IapCTBEHHBIA MeETUITTHCKAN
yHuBepcuTeT» Mun3szpasa Poccru; pyKoBOZHUTENb OT/E-
J1a BKCIIepuMeHTaIbHON dapmakosiorun HMW kimHnge-
CKOU U 3KcrepuMeHTabHOU uMbosiornn PTBHY «®de-
JIEPATIBHBIN MCCIIE/IOBATENILCKAN TIEHTP VIHCTUTYT ITUTO-
storun ¥ reHetuku CO PAH» (HoBocuOupck).

O6pasen murupoBaunusa: baiikanos IU., Kus-
3eB P.A., EpmoB K.U., Baxapesa K.U., CongaroBa M.C.,
MayouoB IL.T. M3yueHue BIUSHUS UMMOOUITH3UPOBAH-
HBIX CyOTHUJIN3BUHOB HAa KOPOHAPHBIA KPOBOTOK B BKCIIE-
pUMeHTe Ha H30JIMPOBAHHOM cep/ilie Kpbickl // Journal of
Siberian Medical Sciences. 2021. N@ 3. C. 56—65.

al Blood Circulation and Microcirculation, 8, 4 (32),
54—59. In Russ.

12. Bell R.M., Mocanu M.M., Yellon D.M. (2011). Retro-
grade heart perfusion: the Langendorff technique of
isolated heart perfusion. J. Mol. Cell. Cardiol., 50 (6),
940-950.

13. Watanabe M., Okada T. (2018). Langendorff perfusion
method as an ex vivo model to evaluate heart func-
tion in rats. Methods Mol. Biol., 1816, 107-116. doi:
10.1007/978-1-4939-8597-5_8.

14. On the approval of the Rules of Good Laboratory Prac-
tice: Order of the Ministry of Health of the Russian
Federation dated 01.04.2016 No. 199H. Retrieved on
June 8, 2021 from http://publication.pravo.gov.ru/
Document/View/0001201608160001?index=0&range
Size=1.

ABOUT THE AUTHORS

Baikalov German Igorevich — Post-graduate Student,
Department of Pharmacology, Clinical Pharmaco-
logy and Evidence-Based Medicine, Novosibirsk State
Medical University; Junior Researcher, Laboratory for
Pharmacological Modeling and Screening of Bioactive
Molecules, Scientific Research Institute of Clinical and
Experimental Lymphology (Novosibirsk).

Knyazev Roman Aleksandrovich — Cand. Sci. (Biol.),
Assistant, Department of Pharmacology, Clinical Phar-
macology and Evidence-Based Medicine, Novosibirsk
State Medical University.

Ershov Konstantin Igorevich — Cand. Sci. (Biol.), As-
sistant, Department of Pharmacology, Clinical Phar-
macology and Evidence-Based Medicine, Novosibirsk
State Medical University.

Bakhareva Ksenia Igorevna — Junior Research-
er, Laboratory for Pharmacological Modeling and
Screening of Bioactive Molecules, Scientific Research
Institute of Clinical and Experimental Lymphology
(Novosibirsk).

Soldatova Marina Sergeevna — Junior Research-
er, Laboratory for Pharmacological Modeling and
Screening of Bioactive Molecules, Scientific Research
Institute of Clinical and Experimental Lymphology
(Novosibirsk).

Madonov Pavel Gennad’evich — Dr. Sci. (Med.), As-
sistant Professor, Head, Department of Pharmacology,
Clinical Pharmacology and Evidence-Based Medicine,
Novosibirsk State Medical University; Head, Division
of Experimental Pharmacology, Scientific Research In-
stitute of Clinical and Experimental Lymphology (No-
vosibirsk).

Citation example: Baikalov G.I., Knyazev R.A.,
Ershov K.., Bakhareva K.I., Soldatova M.S., Mado-
nov P.G. (2021). Study of the immobilized subtilisins in-
fluence on coronary blood flow of an isolated rat heart.
Journal of Siberian Medical Sciences, 3, 56—65.

65



VIK 616.831.25:616.133-007.272]-092.9

I'maponuyeckast IucTpodusa CEHCOMOTOPHOM KOPbBI 0€eJIbIX KPbIC
B KOHTeKcTe (POPMUPOBAHUA TEMHBIX HEUPOHOB U U3MEHEHUA
HEeUPOIIMATIbHBIX B3aUMOOTHOIIIEHUH ITOC/I€ KPATKOCPOUYHOMN
OKKJIIO3UM OOIIUX COHHBIX apTepuu

T'opbynosa A.B.}, Crenanos C.C.}, AkynunuH B.A.>2, Apniees /[.B.}, [lloponoBa A.10.%,
Maxapsesa JI.M.!, Kores B.II.!

@I'BOY BO «Omckuil eocyoapcmeeHHblil meduyuHckuil ynusepcumem» Munsdpasa Poccuu (Omck)

2@I'6EOY BO «Omckull 2ocydapcmeeHHblil azpapHblil yrusepcumem umeru I[1.A. Cmoavinuxa»

Hydropic degeneration of the sensorimotor cortex of white rats
in the context of the formation of dark neurons and changes in
neuroglial relationships following short-term common carotid
arteries occlusion
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AHHOTAITUA

Beenenue. HeliposerenepaTuBHBIE IIPOIIECCHI SIBJISIOTCS KJIIOYEBBIMU B PA3BUTHH Psi/ia 3a007I€BAaHUH — WHCYJIBTHI,
6ose3nu [TapKkuHCOHA U AJTBITeMEpa, SIIJIEICHS, IPU YEPEITHO-MO3T0BOM TpaBMe. OHU BKJIIOUAIOT B ceOsl IEPBUYHBIE
U BTOPUYHBIE CTPYKTYPHO-GYHKIIMOHAIbHBIE U3MEHEHUsI HEPBHOM TKaHM, a TaKyKe TH0e/h HEHPOHOB U ITOJTHOE BBITIA/Ie-
HUe QPYHKITUN.

Il enw. V3yueHune NpOsABIEHUHN THIPOITMTIECKON JUCTPODHUU U PEOPTaHU3AINY IJTHOIUTOAPXUTEKTOHUKH B IIPOIIECCE
(bopmupoBaHUs TEMHBIX HEHPOHOB B ceHCcOMOTOpHOH Kope (CMK) 60IbIII0T0 MO3ra IT0JI0BO3PEIbIX OEJIbIX KPBIC HOCTIe
40-MUHYTHOH OKKJIIO3UU 001X cOHHBIX apTepuii (OOCA).

MaTepuanbl u MmeToabl. Ha 6enbix kpbicax imHun Wistar mojiesiupoBainu 40-MuHyTHYI0 OOCA. ['010BHO# MO3T
(uxcupoBasin mepdysuoHHBIM criocobom. ITpoBoguir MOPGHOMETPUUECKYIO OIEHKY MPOSABJIEHUN OTeKa-HaOyxXaHUs,
nUTO- U ruoruroapxuTekToHuku CMK B HopMme (n = 6, KOHTpOJIbHAsA TpyIna), Ha 1-e (n = 6), 3-u (n = 6) u 7-e CyTKu
(n = 6) mocae OOCA. Vcnosp30Banu OKpacky 1o Huccesro, reMaTOKCHJIMHOM U 303UHOM, UMMYHOTHCTOXUMUYECKHE PEAK-
nuu NSE, MAP-2, GFAP u AIF1. Onpe/iesisyii OTHOCUTETBHYIO IIOIIA/Ih 30H OTeKa-HaOyXaHUsI, YUCIEHHYIO IOTHOCTh
HOPMOXPOMHBIX U TEMHBIX ITUPAMU/IHBIX HEHPOHOB, osiurojieHpouToB (O/IL]), mukporiauorutos (MI'II).

PesynbTaThl. Beicokoe cosepskanue (20—50 %) TeMHbIX HelipoHOB mocsie OOCA cOTPOBOK/IATIOCH YBETUUEHHUEM B
3.3 paza OTHOCHUTEJIbHOU IO 30H oTeka-Habyxauus (r = 0.82, p = 0.01). Cnernuduueckue 6enku (NSE, MAP-2)
6O0JIBIIIEN YACTH TEMHBIX HEHPOHOB COXpaHsUIHCh. O0Ias YucieHHas II0THOCTh HelpoHoB CMK uepes 7 cyt nociie OOCA
yMeHbIasach Ha 26.4 % (cioit 111, p = 0.001) 1 18.5 % (c10% V, p = 0.01). YBETMUUBAIOCH COZIEpIKaHKE acTPOIUTOB, MI'L]
u OJI11. ITux uncnennow wiotHocty MI'L] otmMeueH Ha 1-e cyTkH, a O/[1] — Ha 7-€ CyTKH ITOC/Ie OCTPOI HETTOJTHOU HUITEMUU
(p < 0.001). BeiaBIeHHBIE H3MeHeHUA HOCHIN UG Y3HO-0UaroBbIN XapaKTep.

3aknwuenue. [locie 40-munyrHorr OOCA B CMK yBesimunBasioch Coziep:KaHU€e TEMHBIX HEHPOHOB U, KaK CJIe]I-
CTBUE, OSABJIAINCH IPU3HAKU IHIponinyeckoi quctpoduu. Ha aTrom dhoHe Bo3pacrasio koauyecTBo caTesutuTapHbeix O/1,
acrpouutoB 1 MI'Ll. BeposiTHO, oTek-HaOyxaHue, akTuBHble MI'L] 1 acTPOLIUTHI IPEABAPUTENIBHO (B 1-€ — 3-U CYTKH) ca-
HUPYIOT HEPBHYIO TKaHb, 0OecreunBas ee mocieaywoiiee (7-€ CyTKHU) CTPYKTYPHO-(DYHKIHOHATbHOE BOCCTAHOBJIEHUE C
yuactuem O/I1I.

Karoueswle caoga: ocTpast UllleMusi, THApoNuYecKast AUCTPodUsl, CEHCOMOTOPHAsI KOPa, TeMHbIe HEMPOHBI, aCTPO-
IJIVST, MUKDOTJINS, IMMYHOTHCTOXUMUsL, MOPGOMETpPHs, KpbIchl Wistar.
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ABSTRACT

Introduction. Neurodegenerative processes are key in the development of a number of diseases — strokes, Parkin-
son’s and Alzheimer’s diseases, epilepsy, and traumatic brain injury. They include primary and secondary structural and
functional changes in the nervous tissue, as well as the death of neurons and complete loss of functions.

Aim. To study the manifestations of hydropic degeneration and reorganization of glio-cytoarchitectonics during the
formation of dark neurons in the sensorimotor cortex (SMC) of the cerebrum of mature white rats in 40 min after the com-
mon carotid arteries occlusion (CCAO).

Materials and methods. A 40-minute CCAO was simulated in white Wistar rats. The brain was fixed by perfu-
sion method. Morphometric assessment of manifestations of edema — swelling, cyto- and glio-cyto-architectonics of SMC
was performed normally (n = 6, control group), on the 1% (n = 6), 3" (n = 6) and 7™ days (n = 6) after CCAO. The Nissl stai-
ning, hematoxylin and eosin, immunohistochemical typing NSE, MAP-2, GFAP and AIF1 were applied. The relative area of
edema-swelling zones, the numerical density of normochromic and dark pyramidal neurons, oligodendrocytes (OD),
microgliocytes (MG) were determined.

Results. The high content (20-50%) of dark neurons after CCAO was accompanied by a 3.3-fold increase in the rela-
tive area of edema-swelling zones (r = 0.82, p = 0.01). Specific proteins (NSE, MAP-2) of most dark neurons were pre-
served. The total numerical density of SMC neurons decreased by 26.4% (layer III, p = 0.001) and 18.5% (layer V, p = 0.01)
after 7 days of CCAO. The content of astrocytes, MG and OD increased. The peak in the number density of MG was observed
in the 1t day, and OD — in the 7* day after acute subtotal ischemia (p < 0.001). The revealed changes were of a diffuse-focal
nature.

Conclusion. After a 40-minute CCAO, the content of dark neurons in SMC increased and, as a result, signs of hy-
dropic degeneration appeared. Against this background, the number of satellite OD, astrocytes and MG increased. Proba-
bly, edema-swelling, active MG and astrocytes previously (on the 1°t — 3" day) sanitate the nerve tissue, ensuring its subse-
quent (on the 7" day) structural and functional recovery with the participation of OD.

Keywords: acute ischemia, hydropic degeneration, sensorimotor cortex, dark neurons, astroglia, microglia,

immunohistochemistry, morphometrics, Wistar rats.

BBE/IEHUE

HetiponerenepaTuBHbIE IPOIECCHI  SIBJISIOTCS
KJTIOUEBBIMU B Pa3BUTHUH Psiia 3a00JI€BAaHUN — HH-
cynbThl, OosiedHu IlapkwHCOHA W AJTBIreldMepa,
SIWIETICHsI, TIPU YePemHO-MO3T0BOM TpaBme. OHHU
BKJIIOYAIOT B cebs TepBUYHBIE K BTOPUYHBIE
CTPYKTYPHO-(YHKITMOHATbHbIE W3MEHEHUs HEPB-
HOU TKaHU, a TaKKe TuheJIb HEUPOHOB U IMOJIHOE BbI-
nanenve GyHKIUE. MexaHu3Mbl HelpojaereHepa-
THBHBIX IIPOI[ECCOB MHTEHCUBHO U3y4JaroTcs [1].

ITo maHHBIM JIUTEPATYPHI IIOCJIE UIIEMHU B TO-
JIOBHOM MO3T€ BBISBJIAIOTCS MPU3HAKU TUJIPOIIIUE-
ckoU jguctpoduu, aTpoduH, amolTo3a, HEKPO3a
(KOJUTMKBAIIMOHHOTO U KOATYJIAIIMOHHOTO), (daro-
IIMTO33a, a TAKXKe TUIEPILIA3UU U TUIepTpodun [2—
4]. DT M3MEHEHUsS MPOSABJIAIOTCA OTEKOM-Ha0y-
XaHUEM, BaKyOJIu3alllueH, JIOKAJIbHBIM, CyOTOTAJIb-
HBIM, TOTAJIBHBIM Pa3pylIeHNeM HYKJIEOIPOTENHOB
(rumoxpomusi), YIUIOTHEHHEM MaTPUKCA, TUIIEPXPO-
MUeH sA/Ipa U ITUTOILUIa3Mbl 6€3 U CO CMOPIIIUBAHUEM,
KapUOPEKCHCOM U TOMOTE€HH3aIuell KJIETOUHBIX
cTpyKTyp (TeMHbIe HelipoHbI) [5—8]. UMeroTes man-
HBIE O TOM, UYTO 0Opa30BaHHE TEMHBIX HEUPOHOB BO
BCEX CJIyYasx CBA3aHO ¢ 0OPATUMBIM OZHOTUITHBIM
¢a30BpIM 1IEpex0/IoM KOH(POPMAIIMOHHOTO COCTOSI-
HUs OEJIKOB IUTO30JI5 U ITUTOCKEJIETA B JKUBOH KJIET-
ke (1o TuIy reyib — resb) [9].

INTRODUCTION

Neurodegenerative processes are key in the de-
velopment of a number of diseases — strokes, Par-
kinson’s and Alzheimer’s diseases, epilepsy, and
traumatic brain injury. They include primary and
secondary structural and functional changes in the
nervous tissue, as well as the death of neurons and
complete loss of functions. The mechanisms of neu-
rodegenerative processes are intensively studied [1].

According to the literature, after ischemia in the
brain, signs of hydropic dystrophy, atrophy, apopto-
sis, necrosis (colliquation and coagulation), phago-
cytosis, as well as hyperplasia and hypertrophy were
revealed [2—4]. These changes are manifested by
edema-swelling, vacuolization, local, subtotal, total
destruction of nucleoproteins (hypochromia), matrix
compaction, hyperchromia of the nucleus and cyto-
plasm with and without shrinking, karyorrhexis and
homogenization of cellular structures (dark neurons)
[5—8]. There is evidence that the formation of dark
neurons in all cases is associated with a reversible
phase transition of the conformational state of the
cytosol and cytoskeleton proteins in a living cell (by
the gel — gel type) [9].

There are reversibly and irreversibly altered de-
generative dark neurons in response to pathologi-
cal effects during the life of the animal. A distinc-
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Boiessiror obpatuMo U HeOOpaTUMO H3MEHEH-
HbIE JleTeHepaTUBHbIE TeMHbIe HEHPOHBI B OTBET HA
[IaTOJIOTHYECKOE BO3/IEUCTBUE IPU KU3HU KUBOT-
HOoro. OTJIMYUTEIPHON 0COOEHHOCTHIO HAYaJIbHBIX
U3MeHEeHU! TeMHBIX HEHPOHOB SBJIsIeTCs Turepba-
30bwunnsd, runepaprupoduins, TUIepaaeKTPOHHAA
IUIOTHOCTh M PE3KOe YIUIOTHEHUE YIbTPACTPYKTYP-
HBIX BJIEMEHTOB B IIEPUKAPUOHE U IeHipuTax [9—11].

Obparumasi IpIKU3HEHHAs HeHpOHAJIbHAA Jie-
reHeparnys MNposBJIsAeTCs YIUIOTHEHUEM IIePUKapUo-
Ha 0e3 IPU3HAKOB JECTPYKIIUU €r0 CTPYKTYPHBIX
ayeMeHTOB. [IposiBieHHsAMH HeoOpaTUMOU IpU-
JKU3HEHHOU HEMPOHAJIBHOU JiereHeparyu (He aror-
TO3HbIE HEKPOOUOTHUECKHE U3MEHEHUsI) SIBJISIOTCS
«ITUKHOMOP(MHBII HEHPOH», «OCTPasi 203MHODIIIH-
Hasl JlereHepalus HEeHPOHOB», «KOATYJIAIHOHHBIN
HEKpO3», KOTOpble TaK)Ke HAa3bIBAIOT «KPACHBIE
MepTBble HEHPOHBI» IPU OKpacKe (PYKCHHOM WJIH
503WHOM. [[JIf 5TUX HEHPOHOB XapaKTePHbI YMEHb-
ImeHue o0’beMa IepUKapuoHa, yrpara 6a30(puIbHO-
rO BEIIEeCTBA, WHTEHCUBHAS 303WHO(DUIUA IIUTO-
IJIa3MBI, MeJIKUe U CMOPIIeHHbIE TEMHOOKpAIIeH-
Hble MUKHOTUYECKUE A/Ipa, Kapuopekcuc. [ToreHu-
aJIbHYI0 HeOOPaTUMOCTD JIeT€HEPATUBHBIX H3MeEHe-
HUH CBA3BIBAIOT C CTEIIEHBIO TOMOTeHU3AIHY A/Ipa U
UTOILUIA3MbI HeUpoHa [3, 11, 12].

OTIUYUTETHHON 0COOEHHOCThIO TTPUIKU3HEHHOH
JlereHeparu HEHPOHOB MOKET OBITh BAKYOJIU3HPO-
BaHHBIA OTEUHBIA HEHPONWIb, B KOTOPOM ITPOU30-
1o HabyxaHue HEHPOHAJIBHBIX M aCTPOITUTAPHBIX
orpoctkoB. C HabyxaHUEM JUCTATBHBIX JIEHJIPUTOB
1 GOPMUPOBAHUEM «IIOPHUCTOTO» HEUPOIUJIS BEPX-
HUX CJIOEB HEOKOPTEKCA CBSA3BIBAIOT PAHHUE HIIIEe-
MHYecKHe U MOoCTHIIeMHuYecKue (PyHKIIMOHATbHbIE
HapyuieHusi. BakyossipHble U3MeHEeHUsT MOTYT Ha-
OJII0/1aThCSA TAKKE M B IIUTOIIA3ME TEMHBIX HEHPO-
HOB. [To JaHHBIM JTUTEPATYPHI /IeTeHEPATUBHO U3Me-
HEHHble HEHPOHBI OOBIYHO HAXOAATCA HAa Pa3HbIX
CTAINAX TATOJOTUIECKOTO IIPOIecca — HEKOTOPhIE
HUMeIOT HOPMaJIBHOE $I/IPO, HO BBIPAYKEHHYIO S3031HO-
bunbHyI0 IUTOILUIA3MY, APYTHe — MUKHOTHYECKHE
wiu pparMeHTHPOBaHHbIE spa. Kpome Toro, B 30HE
[IOSIBJIEHUSA TEMHBIX HEDOHOB yBEJIMYHBAETCS CO-
JleprKaHue aCTPOIUTOB U MUKPOTJIMOIUTOB [11].

JluTenpHOE U3ydeHre BCeX TUIIOB TEMHBIX Hel-
POHOB IOKa3aJ10, YTO UHUITUUPYIOIINE UX HaKTOPHI
MHOT000pa3Hbl — pa3jInyHble TaTOOMOXUMUUECKHE
KacKazpl WK (pU3MUECKUe MOBPEKAEHUs, HATPU-
Mep, UIIeMUs WIN TPpaBMa rosoBsl. IIpu aToM exa-
Ui B OCHOBe (POPMHUPOBAHUSA TEMHBIX HEHPOHOB
MIOCJIEAYIONUY KOH(POPMAIMOHHBIN mepexoy 6es-
KOB ITUTO30JIs1 TPYAHO IPe0TBPAaTUTh. OH 3aHUMAaeT
oT 30 70 60 ¢, COPOBOXK/IAETCS BBIJIEJIEHUEM CBO-
0OJTHOU BOJIBI, KOTOPAs CJIUBAETCS B CUCTEMY JIAKyH

tive feature of the initial changes in dark neurons is
hyperbasophilia, hyperargyrophilia, hyperelec-
tronic density and a sharp compaction of ultra-
structural elements in the perikaryon and den-
drites [9—11].

Reversible intravital neuronal degeneration is
manifested by compaction of the perikaryon without
signs of destruction of its structural elements. Mani-
festations of irreversible intravital neuronal degen-
eration (non-apoptotic necrobiotic changes) are
“pycnomorphic neuron”, “acute eosinophilic degen-
eration of neurons”, “coagulation necrosis”, which
are also called “red dead neurons” when stained with
fuchsin or eosin. These neurons are characterized by
a decrease in the volume of the perikaryon, loss of
basophilic substance, intense eosinophilia of the cy-
toplasm, small and wrinkled dark-colored pycnotic
nuclei, and karyorrhexis. The potential irreversibility
of degenerative changes is associated with the degree
of homogenization of the nucleus and cytoplasm of
the neuron [3, 11, 12].

A distinctive feature of intravital neuron degen-
eration may be a vacuolized edematous neuropile, in
which there was a swelling of neuronal and astro-
cytic processes. Early ischemic and post-ischemic
functional disorders are associated with the swelling
of distal dendrites and the formation of a “porous”
neuropile of the upper layers of the neocortex. Vacu-
olar changes can also be observed in the cytoplasm
of dark neurons. According to the literature, degen-
eratively altered neurons are usually at different
stages of the pathological process — some have a
normal nucleus, but a pronounced eosinophilic cyto-
plasm, others have pycnotic or fragmented nuclei. In
addition, the content of astrocytes and microglio-
cytes increases in the area of the appearance of dark
neurons [11].

Along-term study of all types of dark neurons has
shown that the factors initiating them are diverse —
various pathobiochemical cascades or physical dam-
age, for example, ischemia or head injury. At the
same time, the subsequent conformational transi-
tion of cytosol proteins underlying the formation of
dark neurons is difficult to prevent. It takes from 30
to 60 s, is accompanied by the release of free water,
which is drained into the lacuna system and squeezed
out into astrocytes. This works as a kind of pump
that removes unbound water and substances dis-
solved in it. The more water it pumps, the denser the
cytomatrix of the neuron becomes. However, a dehy-
drated neuron initially has a high potential for recov-
ery. This is due to the fact that all its proteins un-
dergo only conformational changes without hydro-
lytic breaks of polymers [9].
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U BBIJIABJIMBAETCS B ACTPOLUTHI. ITO PaboOTaeT Kak
cBOeOOpAa3HBIA HACOC, YAUISIOININNA HECBA3AHHYIO
BOJIy ¥ pAaCTBOPEHHBIE B Hell BeliecTBa. YeM 00JIbIIe
BOABI OH IEPEKAYNBAET, TEM IUIOTHEE CTAHOBUTCS
OUTOMAaTpPUKC HelpoHa. OfHAKO AEeTrHpaTUPOBAH-
HBI HEHPOH BHaUaJie MUMEET BBICOKUHN IOTEHITUA
JUUIsI BOCCTAHOBJIEHUSA. ITO 00YCIOBIEHO TEM, UTO BCE
ero OesIKM I0/IBEPraloTcs TOJIBKO KOHGOPMAIHOH-
HBIM U3MEHeHUsAM 6e3 TUAPOIUTUYECKUX PA3PhIBOB
MOJIUMEpPOB [9].

Takum obpa3om, ob6pa3oBaHHE TEMHBIX HEHPO-
HOB SIBJISIETCS OBICTPBIM OOPATUMBIM JUHAMUYHBIM
U CaMOPACIIPOCTPAHSIONINMCSA OTBETOM HEPBHOM
TKaHU Ha IepeXOJ/iHble U3MEHEHUS BO BHEKJIETOU-
HOU (PUBUKO-XUMUUECKOH Ccpejie JTI000H STHOIOTUH.
ITocie c1abbIX ¥ yMEpPEHHBIX BO3IEHCTBUH OOJIbINIAs
YacTh HEHPOHOB HE UMEET ITPU3HAKOB HEOOPATHMBIX
JleTeHepaTUBHBIX U3MEHEHUH, T.€. TOsIBJIeHHe 60JIb-
IIIOTO KOJIMYECTBA TEMHBIX HEHPOHOB B PAHHEM II0-
CTHIIIEMUYECKOM IIepUO/ie He ABJISEeTCs IPU3HAKOM
UX IIOJTHOTO Pa3pyIlIeHus U YTUIN3ANUH B OCTPOM U
OT/aJIEHHOM Ttepuojiax [7].

VI3BeCTHO, UTO MOJIHAA UIIEMUs BBI3BIBAET KPYII-
HOOYAroBble HeOOpaTHUMble HEKPOOMOTUYECKHE W3-
MEeHEHUsI ¢ BOBJIEYEHHEM B IIPOIIECC BOCIAJIEHUSI, He-
nosHasg — AudQGy3HO-09aroBble, 4acTo oOpaTHMBbIE
nucTpoduyeckre U3MeHeHUs1 6e3 aKTHBAIUU IIPO-
BOCHAJTUTEIBHBIX IIUTOKMHOB Y MUKPOIJINU [13—16].
OcobeHHOCTH (POPMUPOBAHUSA JIETEHEPATUBHO U3Me-
HEHHBIX TEMHbBIX HEHPOHOB, a TAKXKE aCTPOITUTAPHOMN
U MUKPOTJTUAJILHOU PEAKITUN B CEHCOMOTOPHOM KOpe
(CMK) royioBHOTO MO3ra ocJjie 40-MHUHYTHON OKKJTIO-
3uu 061X conHbix aprepuii (OOCA) He UByUEHBI.

B cBs13u ¢ 9TUM IIpEACTABIIAETCS AKTYAIbHBIM H3-
yuyeHre peHOMeHA 00pa30BaHUs TEMHBIX HEUPOHOB
B TOJIOBHOM MO3T€ JKMBOTHBIX, B UaCTHOCTH, IIepe-
Hecunx 40-MuHyTHYI0 OOCA.

OEJDb NCC/IEJOBAHUA

W3yuuTh TpOSIBJIEHUS THAPOIUYECKON ITHCTPO-
¢uu 1 peopraHU3aIUU TJTUOIUTOAPXUTEKTOHUKH B
mporiecce GOPMUPOBAHUS TEMHBIX HEHPOHOB B CEH-
COMOTOPHOH KOpe 6O0JIBIIIOr0 MO3Tra I0JIOBO3PEJIbIX
0esIbIX KPhIC TIOCIIE 40-MUHYTHOW OKKJIFO3UN OOIIIHIX
COHHBIX apTEPHUH.

MATEPUAJIBI 1 METO/IbI

Pa6ota BeimostHeHa B ®I'BOY BO «Omckutii rocy-
JIApCTBEHHBIA MEIUIIUHCKUH YHUBEPCUTET», OJI0-
OpeHa STUYECKUMH KOMHUTETAMH By3a (IIPOTOKOJ
N2 107 ot 2 okTaAbOps 2018 r.). Mcrnosip30Baau ayT-
OpeTHBIX I0JIOBO3PEJTBIX KpbIc cToka Wistar (caMirb
Maccoi 270-350 T). JKUBOTHBIX COZIEPIKAIU B CTaH-
JIAPTHBIX JIAOOPATOPHBIX YCJIOBUAX, DKCIEPUMEHT

Thus, the formation of dark neurons is a fast re-
versible dynamic and self-propagating response of
the nervous tissue to transient changes in the extra-
cellular physical-chemical environment of any etiol-
ogy. After mild and moderate effects, most of the
neurons have no signs of irreversible degenerative
changes, i.e., the appearance of a large number of
dark neurons in the early post-ischemic period is not
a sign of their complete destruction and disposal in
the acute and long-term periods [7].

It is known that total ischemia causes large-focal
irreversible necrobiotic changes involving inflamma-
tion, subtotal one — diffuse-focal, often reversible
dystrophic changes without activation of pro-inflam-
matory cytokines and microglia [13—-16]. The fea-
tures of the formation of degeneratively altered dark
neurons, as well as astrocytic and microglial reac-
tions in the sensorimotor cortex (SMC) of the brain
after a 40-minute common carotid arteries occlusion
(CCAO) have not been studied.

In this regard, it seems relevant to study the phe-
nomenon of the formation of dark neurons in the
brain of animals, in particular, those who underwent
a 40-minute CCAO.

AIM OF THE RESEARCH

To study the manifestations of hydropic degener-
ation and reorganization of glio-cyto-architectonics
during the formation of dark neurons in the senso-
rimotor cortex of the cerebrum of mature white rats
after 40-minute occlusion of the common carotid ar-
teries.

MATERIALS AND METHODS

The work was carried out at the Omsk State Med-
ical University, approved by the ethical committees
of the university (Protocol No. 107 of October 2,
2018). Outbred mature Wistar rats (males weighing
270—350 g) were used. The animals were kept in
standard laboratory conditions, the experiment was
carried out in accordance with the recommenda-
tions of the International Committee on Laboratory
Animals, supported by WHO, Directive of the Euro-
pean Parliament No. 2010/63/EU of 22.09.2010
“On the Protection of Animals Used for Scientific
Purposes.”

Acute subtotal transient cerebral ischemia during
40 min was modeled by occlusion of the common ca-
rotid arteries without hypotension. The choice of this
model was due to the fact that, unlike focal total is-
chemia (for example, occlusion of the middle cere-
bral artery), this model did not lead to large-focal
necrotic changes [14—16]. The experiment was per-
formed under anesthesia: zoletil 100 (10 mg/kg of
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MPOBOJIMJIKI B COOTBETCTBUU C PEKOMEHJIAIASIMHU
MeKyHapOJTHOTO KOMUTETA 110 JIAO0PAaTOPHBIM KH-
BOTHBIM, TojaziepkaHubiMu BO3, mupektuBoii EB-
poneiickoro Ilapmamenta N2 2010/63/EU or
22.09.2010 «O 3aIuTe KUBOTHBIX, UCIIOJIH3YEMbIX
JULST HAYYHBIX TeJIei».

OcCTpyr0 HENOJIHYIO TPAaH3UTOPHYIO UIIEMUIO T'O-
JIOBHOTO MO3Ta JUTUTEIBHOCTHIO 40 MUH MOJIETUPO-
BaJ/IH IIyTE€M OKKJIIO3UU OOIIMX COHHBIX apTepuii 6e3
rUnoToHUU. BIGOp 3TOM Monenu GbUT 00YCIIOBIEH
TEM, UTO, B OTJINYHE OT (OKATHLHOM ITOJTHOU UIIEMHIHU
(mampuMep, OKKJIIO3Us CpeAHEH MO3rOBOU apTe-
pum), AaHHAs MOJeJIb He MPUBOAWIA K KPYITHO-
OYaroBbIM HEKPOTHYECKUM H3MEHEHUAM [14—16].
IKCIIEPUMEHT TTPOBOJIMIN TI07] HAPKO30M: 30JIETHII
100 (10 mr/xr maccel Tenia). Ha 1-e, 3-u U 7-€ CyTKU
riocsie OOCA (n = 18, o 6 KpbIC Ha KaXKAbIH yKa3aH-
HBIH CPOK) COCYAHCTOE PyCJO MO3Ta IIPOMBIBAIH
BBeZIeHHEM 100—125 Mt pactBopa 0.9% NaCl u ¢par-
muHa (5000 ME) B JIeBbIH sKeTyZI0U€eK cep/a U puk-
cupoBasu riepdysuen 30 Mt 4% pacrBopa mapadgop-
Manbaeruia Ha dochatHom Oydepe (pH 7.2-7.4).
[TomoOHBIN MOJXO0/ IIMPOKO MCIOJIB3YETCH MPU 3a-
6ope marepuasa [8]. KoHTposeM CIIyKUIH HHTAKT-
HbIE KPBICHI (N = 6). [TosydueHHBIH MaTepHa 3aKII0-
vasti (aBroMmatudeckuii mporeccop STP 120) B romo-
rerusupoBaHHbiil mapabun (HISTOMIX®). Cepuii-
HbIe (PPOHTATILHBIE CPE3bI (TOJIIINHA 4 MKM) TOTOBHU-
s (mukporom HM 450, Thermo Scientific) Ha ypos-
HE CEHCOMOTOPHOH KOpHI [17]. MaHUIIY ISIIUH, CBSI-
3aHHBIE ¢ 3a00pOM MaTepuasa, IPOBOAUIHN O] Hap-
Ko30M (30J1eTHII 100).

NpenTudukanuio KaeTok (IupaMuHble HEHpPOo-
vbl/Tinsi) CMK mpoBogmin Ha CBETOONTHYECKHX
Ipernaparax, OKpalleHHbIX TeMaTOKCHJIMHOM H 30-
3WHOM ¥ 110 Hueestio, a TakKe TP HMMYHOTHCTOXH-
MuyeckoM TunupoBanuu 6enkoB NSE, MAP-2 (Hel-
poubl), GFAP (actpouuter) u AIF-1 (Mukporius).
YucIeHHY0 IUIOTHOCTh MHPAMHAHBIX HEHWPOHOB,
actporuToB u osmurozeHporuros (O/I1) ompene-
JISUTA TIpH OKpacke 1o Hucciro, a MEKPOTJIUOIUTOB
(MT'II) — npu tunupoBanuu AIF-1. CocTtosiHue 1u-
TOCKeJIeTa HEUPOHOB (TeJia U JIEH/IPUTHI) U3YJaJId C
IIOMOIIBI0 crienuduueckux peaknuii Ha MAP-2, a
IIUTOCKeJIeTa acTPOUTOB — peakiuu Ha GFAP mipo-
MEKYTOUHBIX (hrIaMeHTOB. MUKPOTJIMOIUTHI BEPU-
umpoBaH ¢ TOMOIIBIO CIENUPUIECKOH TS STHX
KJIeToK peakiuu Ha AIF-1 (ajsmoTpaHcIiaHTaT Boc-
MAJINTEJIBHOTO haKTopa 1).

g MMMyHOTHCTOXUMHYECKOTO HCCIIEI0OBAHUA
HCITOJIb30BAJIN MOJIM- U MOHOKJIOHAJIbHBIE aHTUTEIA
k 6enkam NSE, MAP-2, GFAP u AIF-1: NSE — xpo-
JINYbU TIOJIUKJIOHAJIBHBIE AHTUTEA K KPBICHHOMY
aHTureHy, pasBesenne 5—20 MKr/mi (Cloud-Clone

body weight). On the 1%, 3*¢ and 7™ days after CCAO
(n =18, 6 rats for each specified period), the cerebral
vascular bed was washed by injecting 100—125 ml of
0.9% NaCl and fragmin solution (5000 IU) into the
left ventricle of the heart and fixed by perfusion of
30 ml of 4% paraformaldehyde solution on a phos-
phate buffer (pH 7.2-7.4). Such an approach is wide-
ly used when taking material [8]. The control was
intact rats (n = 6). The obtained material was en-
closed (automatic tissue processor STP 120) in ho-
mogenized paraffin (HISTOMIX®). Serial frontal
sections (thickness 4 pm) were prepared (microtome
HM 450, Thermo Scientific) at the level of the senso-
rimotor cortex [17]. Manipulations related to the tak-
ing of material were performed under anesthesia
(zoletil 100).

The identification of cells (pyramidal neurons/
glia) of SMC was carried out on light-optical prepa-
rations stained with hematoxylin and eosin and by
Nissl, as well as by immunohistochemical typing of
proteins NSE, MAP-2 (neurons), GFAP (astrocytes)
and AIF-1 (microglia). The numerical density of py-
ramidal neurons, astrocytes and oligodendrocytes
(OD) was determined by Nissl staining, and microg-
liocytes (MG) were determined by AIF-1 typing. The
state of the cytoskeleton of neurons (bodies and den-
drites) was studied using specific reactions to MAP-
2, and the cytoskeleton of astrocytes — reactions to
GFAP of intermediate filaments. Microgliocytes were
verified by a cell-specific reaction to AIF-1 (allograft
inflammatory factor-1).

For the immunohistochemistry, poly- and mono-
clonal antibodies to the proteins NSE, MAP-2, GFAP
and AIF-1 were used: NSE — rabbit polyclonal anti-
bodies to rat antigen, dilution of 5—20 ug/ml (Cloud-
Clone Corp.); MAP-2 — rabbit polyclonal antibodies,
dilution of 1 pg/ml (ab32454, Abcam, USA); GFAP —
mouse monoclonal antibodies, GA5 clone, ready-for-
use (Leica Biosystems Newcastle Ltd, UK); AIF-1 —
rabbit polyclonal antibodies, dilution of 5—20 pg/ml
(Cloud-Clone Corp.). The immunohistochemical re-
action was performed using the Novolink Polymer
Detection System kit (Leica Biosystems Newcastle
Ltd, the UK), the specimens were finished with he-
matoxylin, enclosed in polystyrene.

To count the cells in each animal, five periodic
Nissl-colored frontal sections of SMC were used. The
specimens were photographed using a Leica DM1000
microscope (lens x10, 40, 100, GXCAM-DM800
Unique Wrap-Around 8MP AUTOFOCUS USB, pixel
size 1.4x1.4 um), the image was saved in files with
the TIFF extension (2592x1944 pixels). We per-
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Corp.); MAP-2 — KpoJIMUbH MTOJTUKJIOHATIbHBIE AaHTH-
Tena, pasBemeHune 1 MKr/mi (ab32454, Abcam,
CIITA); GFAP — MBbIIIMHBIE MOHOKJIOHAJIbHBIE AHTH-
Tena, kI0oH GA5, roroBble K mpuMeHeHuwo (Leica
Biosystems Newcastle Ltd, Besukob6puramuus);
ATF-1 — KposimybU OJIMKJIOHATIbHBIE aHTUTENA, PA3-
Beziennie 5—20 MKr/mi (Cloud-Clone Corp.). Mmmy-
HOTHCTOXUMHUYECKYIO PEaKIIUI0 IMPOBOJIUIN Ha Cpe-
3aX, IOMEIEHHbIX Ha ITOJTUIU3UHOBBIE TTPEIMETHbIE
creksa. Busyanusanuio 6eJIKOB IIPOBOAUIIN € TIOMO-
b0 MyJIbTUMepHOro Habopa Novolink Polymer
Detection System (Leica Biosystems Newcastle Ltd,
BesnukobOpuTaHnus), mpenaparsl TOKPAITUBAINA reMa-
TOKCUJIMHOM, 3aKJII0YAJIN B IIOJTUCTUPOJL.

J17151 moficyeTa KJIETOK y KaXKI0T0 JKUBOTHOTO HC-
II0JIb30BAJIH TI0 MATH IEPUOANIECKUX OKPAIIIEHHBIX
no Huccro dponTanpHbix cpe3oB CMK. Ilpenapa-
Thl oTorpadupoBasii Ha MHUKpOcKome Leica
DM1000 (06beKTHUB X10, 40, 100, Kamepa GXCAM-
DM800 Unique Wrap-Around 8MP AUTOFOCUS
USB, pazmep nukcess 1.4X1.4 MKM), ©U300pakeHue
coxpausiim B (Qaitax ¢ pacmupenuem TIFF
(2592%x1944 nukceneit). [IpoBoMIN CTaHIAPTHYIO
KOppeknuioo ¢ mnomompio ¢uiabrpa Camera Raw
(koHTpacTHOCTh, OasaHc 0esoro, 4YeTKOCTh) B
Photoshop CC. [anbHeiiiiee MophOMETPHUECKOE
HCCIeIOBAHNE OCYIIECTBJISUIM C HCIIOJIb30BAaHUEM
nporpaMmMmbl ImageJ 1.53e. BapuanuonHble pAAbI
(opMupOBaINCh TIyTEM PpaHAOMU3AINUN CIydaii-
HBIM 00pa30M OTOOPAHHBIX IIBETHBIX U300PaKEHUI
CMK — 8-10 obJacreii ¢ kaxioro cpesa. ®opmupo-
BaHME OKOHYATEJIbHBIX BEIOOPOK ITOJIEN 3PEHUS JJIs
KakJIoro cpoka (1-e, 3-u u 7-e cyTku) (n = 25, Ha
KaKIBIA CPOK) IIPOBOJIMJIN U3 TOJIyY€HHBIX MaCCHU-
BOB JIaHHBIX C IIOMOIIBI0 TeHEpPATOpa CJIydaiHbIX
yuces B mporpamme Statistica 8.0. Takum o6pazom,
JU1st MOpP(hOMETPHUYECKOTO aHAIN3a Ha CPOK OTOMpa-
JY 0 25 CJAy4YalHO BBIOPAHHBIX IOJIEW 3PEHUSA
CMK. OG111yt0 YHCI€HHYIO IJIOTHOCTh TUPAMU/THBIX
HEHAPOHOB, AaCTPOIIUTOB M OJIUTOJIEHJIPOIIUTOB B
CMK omnpeniensiiau npu okpacke o Huccstio u rema-
TOKCHJIMHOM U 303UHOM. VeHTHdUKAINI0 HEHPO-
HOB IIPOBOJIFUTH IO HAJIUYUIO SIAPBINIEK HA Cpe3ax
IepUKapHUoOHOB (Iepecuer Ha 1 MM?), KOTOPBIE, CO-
rJ1acHO [5], ABJAIOTCA YPE3BBIUAWHO YCTOWUHUBOM
CTPYKTYpOo# HelpoHa. Omupenesnsim copepika-
Hue (%) HOpMO- U TUIEPXPOMHBIX HEHPOHOB (TEM-
HBIX HECMOPIIEHHBIX U MUKHOMOPGHBIX). [[J1s MOp-
(omeTpruecKoro aHamM3a TaKXKe HCIOJIb30BAIH
MMMYHOTHCTOXUMHYECKYO peaknuio Ha AIF-1 (yuc-
JIEeHHAs IJIOTHOCTh MUKPOT/IHOIUTOB) ¥ GFAP (uunc-
JIeHHas TJIOTHOCTh actponuToB). Peakmuu (NSE,
MAP-2) npuMeHsIN Ui UAeHTH(UKAIMNT HEHPO-
HOB 110 crierupuIecKruM OeIKaMm.

formed a standard correction using the Camera Raw
filter (contrast, white balance, clarity) in Photoshop
CC. Further morphometric research was carried out
using the ImageJ 1.53e program. Variation series
were formed by randomization of randomly selected
color images of SMC — 8—10 regions from each sec-
tion. The formation of the final samples of visual
fields for each period (1%, 3" and 7% days) (n = 25, for
each period) was carried out from the obtained data
arrays using a random number generator in the Sta-
tistica 8.0 program. Thus, 25 randomly selected vi-
sual fields of SMC were selected for morphometric
analysis for the period. The total numerical density
of pyramidal neurons, astrocytes and oligodendro-
cytes in SMC was determined by Nissl staining and
hematoxylin and eosin. The identification of neurons
was carried out by the presence of nucleoli on the
sections of perikaryons (recalculated by 1 mm?),
which, according to [5], are an extremely stable
structure of a neuron. The content (%) of normal and
hyperchromic neurons (dark, non-shrunken and
pycnomorphic) was determined. For morphometric
analysis, an immunohistochemical reaction to AIF-1
(numerical density of microgliocytes) and GFAP (nu-
merical density of astrocytes) was also used. The re-
actions (NSE, MAP-2) were used to identify neurons
by specific proteins.

The detection of edema-swelling zones (maxi-
mum pixel brightness — Maxima) of the nervous tis-
sue was carried out using the Find Maxima M. Schmid
filter from the ImageJ 1.53 e program (https://im-
agej.nih.gov/ij/docs/menus/process.html#find-
maxima). For each period (1%, 3" and 7% days),
50 randomly selected visual fields (lens x100) were
used. The percent area of the maximum brightness
zones was determined using the image masks ob-
tained as a result of the operation of this filter (the
Analyze Particles tool).

According to the literature data in neuromorphol-
ogy, 6—8 animals in a group, 5—6 serial sections and
5—10 random visual fields of SMC on each section are
sufficient to obtain significant results [8, 18]. In this
study, we compared 25 randomized visual fields for
each term.

Statistical hypotheses were tested using non-
parametric criteria. Initially, the criterion for multi-
ple comparison (ANOVA Kruskal-Wallis) was used.
When obtaining a statistically significant result, a
pair comparison was performed using the Mann-
Whitney U-test for independent samples. The crite-
ria of ¥2 and Fischer were also used. The quantitative
data in the study are presented as the median (Me —
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BrisiBsieHUE 30H oTeka-HaOyXaHus (MaKCUMab-
Has SIPKOCTh IUKceed — Maxima) HepBHOU TKaHH
MPOBOJIWJIM C TIOMOIIBI0 IwaruH-puisTpa Find
Maxima M. Schmid u3 nmporpammsr ImageJ 1.53e
(https://imagej.nih.gov/ij/docs/menus/process.
html#find-maxima). /{;is kasxmoro cpoka (1-e, 3-u u
7-€ CYTKHU) HCIIOJIB30BAJIH 110 50 CJIyYaiHO BHIOpaH-
HBIX TToJIer 3peHus1 (00beKTUB x100). Ha nosryuen-
HBIX B pe3yJbTaTe paboThl 3TOro QIIbTpA MacKax
n3obpazkeHuit ompenessin (MHCTpyMeHT Analyze
Particles) OTHOCHUTE/NBHYIO ILIOIIAAb 30H MaKCH-
MaJIbHO! SPKOCTH.

CoryacHO JINTepaTYpPHBIM JAHHBIM B HEHPOMOD-
dostoruu i MOIyYEHUs TOCTOBEPHBIX pe3yJIbTa-
TOB JIOCTAaTOYHO 6—8 >KUBOTHBIX B rpyIne, 5—6 ce-
PUIHBIX CPe30B U 5—10 CJIyJalHBIX IIOJIEH 3pEHUS
CMK Ha kaxjioMm cpese [8, 18]. B HacTosmem ucce-
JTOBAaHUM MBI CPABHUBAJIU TI0 25 PAHIOMU3UPOBAH-
HBIX [TOJIEH 3PEHUS Ha KaK/bIl CPOK.

ITpoBepKy CTATUCTHUYECKHUX TUIIOTE3 OCYIIECT-
BJISLTU HellapaMeTPUYeCKUMU KputepusiMu. [lepBo-
HAYaJIPHO WCIIOJIb30BAIM KPUTEPHUH JJIsT MHOMKE-
crBeHHOTO cpaBHeHuss (ANOVA Kraskel-Wallis).
[Tpu moIy4eHU U CTaTUCTHUECKH 3HAUYNMOTO PE3YJIhb-
Tara MPOBOJWJIN I[APHOE CPAaBHEHHE C IIOMOIIBHIO
Mann-Whitney U-test 7/11 He3aBUCUMBIX BBIOOPOK.
Hcnosp30Bayivch Takke KpuTepuu ¥* u duiepa.
KosnmuecTBeHHbIE [TAHHBIE B HCC/IEIOBAHUM IIPE-
cTaBJIeHBI Kak MezuaHa (Me — 50% KBapTWJIb) U MH-
TepKBapTUIbHBIN pa3bpoc (Q1—Q3 — 25-75% kBap-
TWIN), & TAaKXKe Kak mpoueHTsl. HyseBas rumoresa
OTBeprajach mpu p < 0.05. AHaJIU3 IIPOBEJIEH C MO~
MOIIBIO TTporpaMMbl Statistica 8.0 (StatSoft) [19].

PE3YJIBTATDBI 1 OBCY2KJIEHWE

[Tocne OOCA B CMK ormeuanu npu3HaKu BaKyo-
JIM3ALMH JIEHAPUTOB U OTPOCTKOB aCTPOIJIMH HEHPO-
WIS, peXke — MepuKapuoHoB (puc. 1). Ecn y :xuBoT-
HBIX KOHTPOJIBHOM TpPYyNIbI CTENEHb TH/paTalliuu
HepBHOU TKaHu CMK, ompeziesieHHas 10 OTHOCUTEb-
HOMU IUTOIIAU 30H oTeka-Habyxaunus (OITIOH), cocra-
BWIA 5.4 % (2.8—7.9 %) nosist 3peHus1, TO Yepe3 1 cyT
nocsie OOCA 5TOT HoKazaTesib yBeJIMIUIICA B 3.3 pasa
U COXPAaHSJICA HA BBICOKOM YPOBHE Ha 3-U U 7-€ CYTKH
(puc. 2). OcHOBHO# 00BEM 30H OTeKa-HAOyXaHUsI ObLI
CBsI3aH C HelponuieM (JeH/IPUThI, CHHAIICHI, OTPOCT-
KH aCTPOITUTOB) M MHKPOCOCYZIaMu (OTPOCTKHU acTpo-
nuToB) (puc. 1, A, B). TosbKo 77151 € TUHUYHBIX HEUPO-
HOB OTMEYEeHbI IIPOSIBJIEHUS] TIEPULIELTIOJIIPHOTO OT-
eka. DTO CBUJIETEJIHCTBOBAJIO O TOM, UTO CBOOOJIHAS
BOzIa, 0Opa3oBaBIIasics Ipu GOPMUPOBAHUH TEMHBIX
HEUPOHOB, CKAIUTUBAJIACh B IUCTAIbHBIX JEH/IPUTAX,
MEJIKIX OTPOCTKAaX aCTPOI[UTOB HEHPOIUIA 1, BEPO-
SITHO, IETIOHUPOBAJIACH B IIEPUBACKYJ/IAPHBIX HOJKKAX.

50% quartile) and interquartile spread (Q1—-Q3 —
25-75% quartile), as well as as percentages. The null
hypothesis was rejected at p < 0.05. The analysis was
carried out using the Statistica 8.0 program (Stat-
Soft) [19].

RESULTS AND DISCUSSION

After CCAO, signs of vacuolization of dendrites
and processes of astroglia of the neuropile were not-
ed in the sensorimotor cortex, less often — perikary-
ons (Fig. 1). If in the animals of the control group the
degree of hydration of the nervous tissue of SMC, de-
termined by the percent area of the edema-swelling
zones (PAES), was 5.4% (2.8-7.9%) of the visual
field, then 1 day after CCAO, this indicator increased
by 3.3 times and remained at a high level on the 3™
and 7" days (Fig. 2). The main volume of the edema-
swelling zones was associated with the neuropil
(dendrites, synapses, astrocyte processes) and mi-
crovessels (astrocyte processes) (Fig. 1, A, B). Only
for single neurons, manifestations of pericellular
edema were noted. This indicated that the free water
formed during the formation of dark neurons accu-
mulated in the distal dendrites, small processes of
neuropil astrocytes and, probably, was deposited in
the perivascular stalks.

In 40 min after CCAO, a large number of dark
neurons were detected (Fig. 1, A, C, D). On the 1 day
after CCAO reversibly altered dark neurons prevailed
without signs of gross destruction of the nucleus and
cytoplasm, with a preserved nucleolus, a moderate
decrease in perikaryon volume — as the result of con-
formational changes in cytomatrix proteins. Irre-
versible invital degeneration of neurons was mani-
fested by a pronounced decrease in the volume of the
perikaryon, intense eosinophilia of the nucleus and
cytoplasm, loss of basophilic substance, the appear-
ance of neurons with wrinkled dark-colored pycnotic
nuclei and the disappearance of the contours of the
nucleus, i.e., signs of protein dystrophy and transi-
tion to coagulation necrosis (Fig. 1, C, D). The high-
est content of all types of dark neurons was noted on
the 3" and 7™ days after CCAO in layer V (see Fig. 2).
The proportion of pycnomorphic neurons (the num-
ber of pycnomorphic neurons out of 200 studied for
each period) in the acute period (1%—3" day) was less
than after 7 days: in the acute period in layer ITT —
8/200,layer V—13/200, and on the 7" day — 19/200
(¢ = 3.9; df = 1; p = 0.046) and 28/200 (* = 5.3; df
= 1; p = 0.021) respectively.

According to the data of paired correlation analy-
sis (Spearman) after CCAO, a relationship was re-
vealed between the content of dark neurons in the
visual field and the percent area of edema-swelling
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Puc. 1. [Ilupamuansie Hetipons! ciioes 111 (A, B) u V (C, D) CMK rosioBHoro mosra Ha 1-€ (A, B) u 7-e (C, D) cytku
nocsie OOCA: TemHbIe (THIIEPXPOMHBIE) HEUPOHBI (KpaCHBIE CTPEIKH) PAZOM C HOPMOXPOMHBIMH HEHPOHAMU
(uepHBIe CTPEIKH), OOJIBIIIOE KOJIMYECTBO TIIHATIBHBIX KIETOK (Oesble CTPesKK), Bakyoausans Hetipornuis (D);
3HAKOM * 0003HAYEHBI MHKPOCOCYIBI C IIEPUIEJUTIONIIPHBIM 0TeKOM. OKpacKka reMaTOKCIUIMHOM U 503UHOM (A, B, C),
1o Hucceiro (D). O0BeKTHB: X100; IIIKaIa — 20 MKM
Fig. 1. Pyramidal neurons of layers III (A, B) and V (C, D) of SMC of the brain on the 1% (A, B) and 7 (C, D) days
after CCAO: dark (hyperchromic) neurons (red arrows) next to normochromic neurons (black arrows), a large number
of glial cells (white arrows), vacuolization of the neuropile (D); the sign * indicates microvessels with pericellular edema.
Staining with hematoxylin and eosin (A, B, C), Nissl (D). Lens: x100; scale — 20um

ITocsie 40-munytHON OOCA BBIABIISAIOCH 6OJIB-
II10€e KOJIMYECTBO TEMHBIX HEHPOHOB (puc. 1, A, C, D).
B 1-e cytku mocie OOCA mpeobsiaganu ob6paTumo
M3MeHeHHbIe TEMHbIE HEHPOHBI 6€3 IPU3HAKOB I'PY-
OOU JIECTPYKIIUU fAJIpa U IUTOIIA3MbI, ¢ COXPaHEH-
HBIM SZIPBIIIIKOM, YMEPEHHBIM YMEHbIIIEHUEM 00be-
Ma IepUKapuoOHa — Pe3yJIbTaT KOH(POPMAITMOHHBIX
u3MeHeHU! OenkoB muToMarpukca. HeobpaTmmas
IIpIPKU3HEHHas JlereHepalyus HeHPOHOB IIPOSIBIIA-
Jiach BBIPQ’KEHHBIM YMEHbBIIIEHEM 00'beMa TeprKa-
PUOHA, UHTEHCUBHOU 303WHODUIINEN s7Ipa U IUTO-

zones. A strong positive correlation observed for 1
(r=0.72; p = 0.03) and 3" (r = 0.82; p = 0.01) day,
the average — on the 7™ day after CCAO (r = 0.65;
p =0.02).

Thus, after CCAO quickly died and eliminated the
small pyramidal neurons of layer III, and large pyc-
nomorphic neurons of layer V was accumulated.
Their disposal required more time (> 7 days) and re-
sources (microgliocytes, astrocytes) [20].

In non-shrunken (Fig. 3, A, B) and shrunken
(Fig. 3, C, D) dark neurons, high immunoreactivity of
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Puc. 2. OTHOCUTeIbHAS IJIOMIAAb 30H oTeka-Habyxauus (OIIOH, %), oTHOCHUTeIbHASI IVIOTHOCTh TEMHBIX HEUPOHOB
(OIITH, %) B 111 u V cinosax CMK B rpynne koHTpoisA u mociie 40-MuHyTHOU OOCA. Pazinuns cTaTUCTUYECKH 3HAYUMBbI
10 CPABHEHUIO C TPYIIIION KOHTPOJIS (¥) ¥ mpeAbILyuM cpokoM () mpu p < 0.001. JlaHHbBIE IPE/ICTABIEHbI KaK Me/[HaHa,
HIDKHUU U BEDXHUH KBapTUIU (MHTEPKBAPTHUJILHBIN pa3Max)

Fig. 2. Percent area of edema-swelling zones (PAES, %), relative density of dark neurons (RDDN, %) in layers III and V
of SMS in the control group and after 40-minute CCAO. The differences are statistically significant compared
to the control group (*) and the previous period (") at p < 0.001. The data are presented as median,
lower and upper quartiles (interquartile range)

IJIa3MBbl, yTPaToil 6a30(UIBHOTO BEIIECTBA, IOSIB-
JIeHWEeM HEWPOHOB CO CMOPIIEHHBIMH TEMHOOKpa-
[IEHHBIMU TUKHOTUYECKUMU SIIPAaMH U UCUE3HOBE-
HHUEM KOHTYPOB s/Ipa, T.e. IPU3HAKaMU OEeTKOBOM
JUcTpodUU U Iepexo/ia B KOaryIAIUOHHBIN HEKPO3
(puc. 1, C, D). MakcuMasIbHO BBICOKOE COJIEpIKAHUE
BCEX THIIOB TEMHBIX HEMPOHOB OTMEUIN HA 3-U U
7-e cytku mocsie OOCA B ciioe V (cMm. puc. 2). Jloms
MUKHOMOP(MHBIX HEUPOHOB (KOJIMYECTBO ITHUKHO-
MOP@HBIX HEHPOHOB U3 200 U3YIEHHBIX JIJISI KaXK]10-
T'O CPOKa) B OCTPOM Tiepuoje (1-e — 3-u CyTKu) ObL1a
MEeHBIIIe, YeM YEPE3 7 CYT: B OCTPOM IIEPUOJIE B CIIOE
III — 8/200, cioe V — 13/200, a HA 7-€ CyTKH —
19/200 (¥ = 3.9; df = 1; p = 0.046) u 28/200
(¢ = 5.3; df = 1; p = 0.021) COOTBETCTBEHHO.

[To JaHHBIM MAPHOTO KOPPEJIAIMOHHOTO aHAIN3a
(Criupmen) niocsie OOCA BbISIBJIEHA CBSA3bh MEK/Y CO-
Jlep>KaHUEM B I10JIe 3pEHS TEMHBIX HEHPOHOB F OTHO-
CUTEJILHOM IUIOIA/IbI0 30H oTeKa-HabyxaHus. CHib-
Hasl TIOJIOKUTEJIbHAS CBSI3b OTMeueHa Ha 1-e (I
=0.72; p=0.03) u 3-u (r = 0.82; p = 0.01) CyTKH, Cpe/I-
Hss1 — Ha 7-e cytku octe OOCA (r = 0.65; p = 0.02).

Taxum o6pazom, mocie OOCA 6vicTpee moruba-
JIY Y1 3JTMMUHUPOBAJIUCH MEJIKHE ITUPaMUHbIE HEen-
powusl cios 111, a kpynHble TUKHOMOPGHBIE HEHPO-
HBI 10 V HAaKamIUuBaJIUCh. g UX YyTUIU3AIUU

specific NSE and MAP-2 proteins was preserved.
Probably, the compaction of cytomatrix neurofila-
ments (MAP-2) without destruction of microtubules
and even the appearance of small vacuoles (Fig. 3, C)
is not the cause of neuronal death, but only indicates
their preservation as a result of conformational de-
hydrating changes in the cytomatrix. As a result, the
physicochemical bases of the formation and propa-
gation of a nerve impulse, as well as neuroplastic
mechanisms, are blocked, but the cell does not die.
At the same time, the high density of NSE ensures
that a certain critical level of ATP is achieved anaero-
bically to support the basic needs of the dark cell. As
a result, most of the dark neurons are restored after
a 40-minute CCAO. This is supported by the litera-
ture data [18].

The structural changes of neurons described
above were accompanied by a reorganization of the
neuroglial architectonics. The population of astro-
cytes, oligodendroglyocytes and microgliocytes
changed (Fig. 1, D and 4). The neuroastrocyte index
increased from 1.62 (1.53—1.81) in the control group
to 2.72 (2.48-3.10) in the group after CCAO
(p = 0.001). In parallel, hypertrophy of astrocyte
processes was noted (Fig. 4, B, C, D). However, it is
necessary to focus attention on the fact that on the 1
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TpeboBayIKCh O6OJIbIIIE BpEMEHU (> 7 CyT) U MaTEPH-
abHBIX pecypcos (MTI'I, actporutsl) [20].

B HecmopiieHHBIX (puc. 3, A, B) 1 cMOpIeHHBIX
(puc. 3, C, D) TeMHBIX HEHPOHAX COXPAHSIACH BBICO-
Kasi UMMYHOPEAKTUBHOCTh CIeNU(PUIecKux OeIKOB
NSE u MAP-2. BepositHO, yIUIOTHEHHE Helpodruia-
MeHTOB IuromMaTpukca (MAP-2) 6e3 pa3pyiieHus Mu-
KpOTpyOOU€eK U JjaKe TOSIBJIEHHE MEJIKUX BaKyOJIeH
(puc. 3, B) He sABIAETCA TPUYHHON TOETN HEHPOHOB,
a CBHJIETEJIBCTBYET JIUIIH 00 MX KOHCEPBAILUU B pe-
3yJIbTaTe KOH(GOPMAIMOHHBIX ETUAPATUPYIOIINX U3-
MeHEeHHUH [IUTOMAaTpHKca. B pesysbrare 6JI0KUPYIOTCS
(busHKO-XxUMUYeCcKre OCHOBBI 0Opa3oBaHUA U pac-
MIPOCTPaHEHUs HEPBHOTO UMITYJIbCA, a TAKXKe HEHPO-
IUTACTUYECKIE MEXaHU3MbI, HO KJIETKA He IIOTUOaerT.
ITpu sTOM BhIcOKas I10THOCTD NSE 06ecnieunBaer 10-
CTIDKEHUE OIPEEIEHHOTO KPUTHUYECKOTO YPOBHS
AT® aHaspoOHBIM ITyTEM IS MIOAAEPKKH 0A30BBIX
moTpebHOCTel TeMHOH KieTKH. B pesysibraTe 60JIb-
Imas 4acTh TEMHBIX HEHPOHOB IOC/IE 40-MHHYTHOM
OOCA BoccraHaBiuBaerca. B mosb3y sTOro cBujie-
TEJILCTBYIOT W JINTEPATYPHbIE TaHHBIE [18].

OnucaHHble BBHIIE CTPYKTypHbIE W3MEHEHUs
HEAPOHOB COMPOBOXKIAIINCh PEOpPraHU3anned Hek-
POTJIHAIbHON apXUTEKTOHUKH. VI3MeHsIach IMOImy-
JISIOUST QCTPOIUTOB, OJIUTO/IEH/IPOTJIMOIUTOB U MU-
kporymonuToB (puc. 1, D u 4). Helipoactporurap-
HBI HWHIEKC yBequuwBaicsi ¢ 1.62 (1.53-1.81) B
rpyIIe KOHTPOJIA 10 2.72 (2.48—-3.10) B TpyIIIIe 1O-
cie OOCA (p = 0.001). [TapayiesIbHO ¢ 3TUM OTMe-
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day after CCAO, a large number of small vacuoles
and destruction of part of the astrocyte cytoskeleton
were detected in the astrocyte processes (Fig. 4, A).
Hypertrophic hyperplastic manifestations of reactive
astrogliosis were noted later — on the 3™ and 7™ days
after ischemia. A large number of fibrous and proto-
plasmic astrocytes with powerful primary processes
appeared, as well as zones of high astrocyte density
(Fig. 4, B, C, D). On the 7" day after CCAO, an in-
crease in the number of fibrous astrocytes was noted
in the subpial zone under the outer border glial
membrane of the brain. Earlier, after a 20-minute
CCAO, we revealed quantitative heterogeneity and
heterochrony of changes in the spatial organization
of the proximal and distal branches of astrocytic pro-
cesses. Small processes of astrocytes located on the
periphery of their domains were more labile and re-
active [21]. In our studies, a small-focal increase in
the number of reactive fibrous astrocytes did not al-
low us to talk about pathological astrogliosis after ir-
reversible destruction of neurons, characteristic of
ischemic and hemorrhagic stroke. Such changes in
astrocytes rather indicated the activation of their
natural protective functions aimed at recovery and
disposal of damaged neurons.

In the brains of control animals, small — 21.2 um
(30.8—42.6 uym) — inactive microgliocytes with long
processes prevailed. After CCAO, large amoeboid
MG appeared — 42.6 um? (31.3-51.0 um?)
(p = 0.0001). This probably indicated the activation

Puc. 3. TemHbIc HSHPOHBI IPU PEAKIMU HA crienUIecKie HeHPOHAIbHbIE GEJIKHA: COXPAHHOCTh M BBICOKAS TNIOTHOCTh
TUMHPOBaHHBIX 0enkoB: A, B— MAP-2 (1-e cytkn); C, D — NSE (3-u cyTtkn). benbie cTpenkun — neHApHTHI,
KpacHBIE CTPEJIKH — TeMHbIE HEHPOHBI, YEPHBIE CTPEIKH — HOPMOXPOMHBIE HEHPOHBI, 3HAKOM * 0003HaYEHBI

MHUKPOCOCYJIBI C TPOSBICHUSIMU OTeKa-HaOyXaHHs ICPUBACKYIISIPHBIX OTPOCTKOB ACTPOILIUTOB.
NMMyHOTrHCTOXMMHUYECKOE UCClieAoBaHUE. OOBEKTHB: X100; MIKaJIa — 20 MKM
Fig. 3. Dark neurons in response to specific neuronal proteins: safety and high density of typed proteins: A, B — MAP-2
(day 1); C, D — NSE (day 3). White arrows — dendrites, red arrows — dark neurons, black arrows — normochromic
neurons, the sign * indicates microvessels with manifestations of edema-swelling of perivascular processes of astrocytes.
Immunohistochemistry. Lens: x100; scale — 20 um
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Puc. 4. Acrporuts! (nmokasausl crpesikamu) cioes 111 (A, B, C) u I CMK rosioBHoro mosra Ha 1-e (A), 3-u (B) u 7-e (C, D)
cytku ocie OOCA: BakyoJIM3aIus acTpouToB, ¢pparmMenTarus GFAP-o3UTHBHOTO MaTepraa muTockesueTa (A),
runeprpodus acrporura (B, C), Bpicokas m1oTHOCTH acTporuToB (D). 3HakoM * 0603HaUEHBI HEHPOHBI.
VmmyHOrncroxumudeckoe nuccienoBanre GFAP. O6beKTHB: X100; IIKaIa — 20 MKM
Fig. 4. Astrocytes (shown by arrows) of layers III (A, B, C) and I of SMC of the brain on the 1%t (A), 3" (B) and 7 (C, D)
days after CCAO: vacuolization of astrocytes, fragmentation of GFAP-positive material of the cytoskeleton (A), astrocyte
hypertrophy (B, C), high density of astrocytes (D). The sign * indicates neurons. Immunohistochemistry of GFAP.
Lens: x100; scale — 20 um

yajach TUNEPTPOPUA OTPOCTKOB  ACTPOIIUTOB
(puc. 4, B, C, D). OnHako HEOOXOIMMO aKIEHTHPO-
BaTh BHHMAaHHE HAa TOM, YTO Ha 1-€ CYTKH IIOCJIE
OOCA B 0TpOCTKaX aCTPOIIUTOB BBIABIEHO OOJIBIITIOE
KOJIMYECTBO MEJIKUX BaKyoJIeH U pas3pyllleHUe YacTH
IIUTOCKEJIETA aCTPOIUTOB (puc. 4, A). 'uneprpodu-
YeCKHe TUIEPIUIACTUYECKUE ITPOSIBJIEHUS PEAKTUB-
HOI'O acTpOIINO3a OTMeYaslNch M03:Ke — Ha 3-U U
7-€ CyTKH 1ocJie uieMud. [1osBs1och 60IbII0E KO-
JiyectBO GUOPO3HBIX U IIA3MAaTUYECKUX ACTPOIIH-
TOB C MOIIIHBIMY IEPBUYHBIMU OTPOCTKAMH, a TAKIKE

of neuroinflammation and phagocytic activity of mi-
crogliocytes [22].

A comparison of the dynamics of changes in the
number of MG and OD in SMC showed that the peak
of the increase in the density of these cells after
CCAO was different: for MG — the 1* day, for OD —
the 7™ day (Fig. 5). This indicated that at first there
was a wave of activation of microglial cells (“scaven-
gers”), as a result, in the acute post-ischemic period,
detection of degenerating neurons and sanitation of
nerve tissue occurred, providing phagocytosis of all
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30HBI BBICOKOH IUIOTHOCTH acTPOIUTOB (puc. 4, B, C,
D). Ha 7-e cyrku mociie OOCA oTMeUYeHO yBenye-
HUe KoyimdecTBa (puOPO3HBIX aCTPOIUTOB B CyOIIH-
JIbHOU 30HE IO/ HAPY>KHOU MOTPAHUYHOU IJTHATh-
HOH MeMOpaHO# MO3Ta.

Panee namu nocste 20-munyTHONH OOCA BBISIBIIE-
Ha KOJINYECTBEHHAsI TeTEPOT€HHOCTh U I'eTEPOXPOH-
HOCTh U3MEHEHUH NMPOCTPAHCTBEHHOU OpraHU3aINH
IIPOKCUMAJIBHBIX U JUCTATIFHBIX BETBEU aCTPOIUTAP-
HBIX OTPOCTKOB. BboJiee Ta0MIbHBIMY U PEaKTUBHBIMU
OBLTM MeJIKHE OTPOCTKH aCTPOITUTOB, PACIIOJIOMKEH-
HBIE 10 IepudepHn UX T0MeHOB [21]. B Hammx uccite-
JIOBAHUAX MeJIKOOUaroBoe yBeJIWUeHHe KOJIMYEecTBa
peakTuBHBIX (GUOPO3HBIX ACTPOIUTOB HE MO3BOJISLIIO
TOBOPUTBH O MATOJIOTHIECKOM aCTPOTJIHO3€e TIOCIe He-
00paTUMOTro pa3pyIleHus HEHPOHOB, CBOMCTBEHHOTO
JUIS UIIEMUYECKOTO U TeMOPPArunyecKoro MHCYJIbTA.
[Too6HBIE M3MEHEHUS ACTPOLIUTOB CKOpee CBUE-
TeJIbCTBOBIM 00 AKTUBAIUU HUX €CTECTBEHHBIX 3a-
IIUTHBIX (QYHKITUH, HAIIPABJIEHHBIX Ha BOCCTAHOBJIE-
HUeE U YTIIN3AIHIO TIOBPEXK/IEHHBIX HEUPOHOB.

B Mo3re KOHTPOJIPHBIX }KUBOTHBIX ITPEBAINPOBAIIN
MeJIKHe — 21.2 MKM? (30.8—42.6 MKM?) — HEaKTUBHBIE
MUKPOTJIMOLIUTBI C JIMHHBIME OTpocTKamu. Ilocie
OOCA mnosBsIMCh KpyIHbIe amebouaabie MI'T] —
42.6 MKM? (31.3—51.0 MKM?) (p = 0.0001). BeposiTHO,
5TO CBU/IETEJIBCTBOBIO 00 aKTHUBAIMK HEUPOBOCIIA-
JeHus U paronmurapHor aktuBHOcTH MI'L] [22].

CpaBHeHMe UHAMUKU U3MeHEHUs KOJUYEeCTBA
MI'TI u O/I1] B CMK moxa3zaJio, 4TO MUK yBeJIMIEHUS
IUIOTHOCTH 3TUX KjeTok mociae OOCA otianuancs:
Jutst MT'TT — 1-e cytku, ayist OJIL] — 7-e cyTku (puc. 5).
ATO CBUETEIHCTBOBAJIIO O TOM, UYTO CHAYAJIA ITPOXO-
JIijIa BOJIHA AaKTHUBAMM MUKDPOIJIHATIBHBIX KJIETOK
(«MyCOpPIIIUKOB»), B pe3yJIbTaTe B OCTPOM IIOCTHIIIE-
MHYECKOM II€PUO/Ie OCYIIECTBIIANIACH IETEKITU Je-
TeHEPUPYIOIIUX HEHPOHOB U CaHAIIWA HEPBHOM TKa-
HH, obecrieunBamoIas GarouTo3 Bcex HeoOPaTUMO
U3MEeHEHHBIX KJIETOK U MOJIEKYJL. TO IPUBOAIIIO K
VAQJIEHUI0 YaCTH IOBPEXJAEHHBIX HEHUPOHOB (CM.
puc. 5). Uepes 7 cyt B cioe III gepunut HEHAPOHOB
cocraBui 26.4 % (p = 0.001) u 18.5 % (p = 0.01) B
cioe V. Jlanee Ha 3TOM (pOHe, BEpOATHO, BKJIOUYA-
JIUCh MeXaHU3Mbl HEHPOILIACTUYHOCTH, JJIsA 0Oectie-
YeHUsl KOTOpbIx aktuBupoBaauch OJ[Il, obmamato-
I[7e BBICOKMM HEHPOTPOPUUIECKUM IMTOTEHITUAIOM.
Taxum o6pa3zoM, HeO6PATUMOMY Pa3pYIIEHUIO O/~
Beprajach TOJIBKO YacTh TEMHBIX HEHPOHOB, afal-
THBHBIA MOTEHIHATT KOTOPBIX, BEPOATHO, OBLT HC-
YyepIiaH B OCTUIIIEMUYECKOM TIEPHO/IE.

ITpoBeneHHOE HMCCIIEOBAHIE TTOKA3AJI0, UYTO He-
rostHast octpas uemus (40-muaytHass OOCA) npu-
BoaUT K uddPy3HO-0YarOBHIM U3MEHEHUSIM HEPB-
HOI TKAaHH TOJIOBHOTO MO3ra (IIPOSIBJIEHUS OTEKa-

irreversibly altered cells and molecules. This led to
the removal of some of the damaged neurons (see
Fig. 5). After 7 days, the neuronal deficit in layer III
was 26.4% (p = 0.001) and 18.5 % (p = 0.01) in
layer V. Further, against this background, neuroplas-
ticity mechanisms were probably included, for which
oligodendrocytes with high neurotrophic potential
were activated. Thus, only a part of dark neurons,
whose adaptive potential was probably exhausted in
the post-ischemic period, underwent irreversible de-
struction.

The study showed that subtotal acute ischemia
(40-minute CCAO) leads to diffuse-focal changes in
the nervous tissue of the brain (manifestations of
edema-swelling, hyperchromic tinctorial changes,
reactive astrogliosis, an increase in the number of
microgliocytes), which are primarily advisable to
consider in the context of activation of the mecha-
nisms of natural defense of neurons. It is known that
the formation of dark neurons in response to energy
deficiency, an increase in the number of hydrogen
ions (H*) and free calcium (Ca**) can be associated
with conformational changes in cytomatrix proteins.
As a result, a large amount of unbound water is
formed, which is squeezed out into the processes of
astrocytes [3, 9, 10]. We believe that with this flow,
ischemic toxins and ions dissolved in water are re-
moved from dark neurons. The logical chain of events
related to the dark neuron is viewed: 1) dehydration-
detoxification; 2) preservation of the neuron state
without destroying its cytomatrix; 3) restorative hy-
dration; 4) normal functioning. At all stages of this
chain, the key role is played by neuroglial cells that
regulate the water flow (astrocytes), control the de-
gree of damage and disposal of neurons (MG), pro-
vide it with trophic factors (astrocytes, OD, MG) for
the implementation of neuroplasticity mechanisms.

Thus, after a 40-minute CCAO with the participa-
tion of neurons, OD, different phenotypes of astro-
cytes and microgliocytes, complex cellular systems
are formed, which we consider in the aspect of cell-
cell phagocytic and trophic relationships, taking into
account the spatiotemporal features of the main pro-
cess (damage, recovery). In this direction, it is prom-
ising to study the activation and functioning of dif-
ferent phenotypes and morphotypes of glial cells.
According to the literature data, MG migrate and ab-
sorb soma and apical dendrites after activation, as-
trocytes phagocytise numerous small dendritic apop-
totic bodies, OD provide subsequent restoration of
axons. All together, they enhance the synthesis of
neurotrophic factors and regulate the reparative re-
organization of the nervous tissue as a whole [16, 20,
23]. The phenomenon of structural and functional
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Puc. 5. YucaeHHAas IJIOTHOCTh HEHPOHOB (A), MUKPOIJIMOIUTOB U 0JIUroieHAPOuToB (B) B CMK B rpyIine KOHTPOJISA
u nocsie 40-MuHyTHOH OOCA. Pa3yinuus CTaTUCTUYECKU IOCTOBEPHBI IO CPABHEHUIO C TPYIIION KOHTpPOJIA (¥),
npenpiayium cpokoM (1), MTI u OI1T (™) u ciosmu 11T u V (€) mpu p < 0.001. J[aHHbIE TIPe/ICTaBIeHbI KaK MEINAHA,
HIDKHUM U BEPXHUH KBApTWIN (MHTEPKBAPTHJIBHBIN pa3Max)

Fig. 5. Numerical density of neurons (A), microgliocytes and oligodendrocytes (B) in SMC in the control group
and after 40-minute CCAO. The differences are statistically significant compared to the control group (*),
the previous period (), MG and OD (") and layers III and V () at p < 0.001. The data are presented as median,
lower and upper quartiles (interquartile range)
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HaOyxaHUsI, THIIEPXPOMHBIX THHKTOPUATbHBIX H3Me-
HEHUU, pEaKTUBHBIN aCTPOTIINO3, YBEJIMUEHUE KOJTH-
YyecTBa MUKPOTJIMOIIUTOB), KOTOPBIE TPEXK/E BCETO
1esiecoo0pa3HO pacCMaTPUBATh B KOHTEKCTE aKTHUBA-
M MEXaHU3MOB €CTECTBEHHOM B3allUThl HEUpo-
HOB. I3BecTHO, 4TO (popMHUPOBAHUE TEMHBIX HEHPO-
HOB B OTBET Ha SHEPTeTHYECKUH JIe(PUITUT, yBeTuUe-
HHE KOJINYeCTBa MOHOB Bojiopozia (H*) u cBoboiHOTO
kazpiusa (Ca*™) MokeT OBITh CBSI3aHO € KOH(poOpMa-
[IMOHHBIMU U3MEHEHUSIMH OEJIKOB ITUuTOMaTpuKca. B
pesyJibrare o0pasyeTcs OOJIBIIIOE KOJIMIECTBO HECBS-
3aHHOM BOJIbI, KOTOPAsl BBIZIABJIMBAETCS B OTPOCTKH
acTpoIuToB [3, 9, 10]. MBI IToJ1araem, 4To ¢ 3TUM I10-
TOKOM M3 TEMHBIX HEHPOHOB YIAJISIOTCS PACTBOPEH-
HbIE B BOJIe MIIIEMUYECKHEe TOKCUHBI U HOHBL [Ipo-
CMAaTpUBAETCS JIOTHYECKas IEMOYKa COOBITHH, CBS-
3aHHBIX C TEMHBIM HEUPOHOM: 1) JEeTHaApaTaIysi-
JIETOKCUKAIMA; 2) KOHCEPBHUPOBAHHE COCTOSTHUS
HelipoHa 0e3 pa3pylIeHUs €ero IUTOMATPUKCA;
3) BOCCTAaHOBUTEJIbHAS THUJIPATALNSA; 4) HOPMAJIbHOE
dyuknmronupopanue. Ha Bcex sTamax 5TOH I[EITOYKH
KJIIOUEBYIO POJIb UTPAIOT HEHUPOIJIHAJIbHBIE KJIETKH,
KOTOPBIE PETYJIUPYIOT BOJIHBIA MOTOK (aCTPOITUTEHI),
KOHTPOJIUPYIOT CTENEHb MOBPEKAECHUS U yTUIU3a-
nuu HelipoHoB (MI'L]), obecrieunBaroT ero Tpoduye-
ckumu daxropamu (actporutsl, OLL, MT'II) mts pe-
aTM3aIy MEXaHU3MOB HEHPOILIACTUYHOCTH.
Takum obpaszom, mociie 40-muHyTHOH OOCA ¢
ygactreM HeulpoHoB, O/I1I, pasHbIX (HEHOTUIIOB
actporuToB U MI'L] 06pasyrorcs CJIOKHBIE KIETOY-
HBIE CCTEMBI, KOTOPBIE MBI pACCMATPUBAEM B ACITEK-
Te KJIETOYHO-KJIETOUHBIX (haroIUTapHbIX U Tpoduye-
CKUX B3aHMOOTHOIIIEHUH € YJYETOM IIPOCTPAHCT-
BEHHO-BPEMEHHBIX OCOOEHHOCTEH OCHOBHOTO IIPO-
mecca (IMoBpeK/IeHNEe, BOCCTAaHOBJIEHHE). B aToM Ha-
MIpaBJIEHUN TTEPCIEKTUBHBIM SBJIAETCSA U3yUEHHE aK-
TUBAUUM M (YHKIMOHUPOBAHUA Pa3HbIX (eHo- U
MOpGOTHUIIOB TJINAJIBHBIX KjIeToK. CorylacHo jiuTepa-
TypHBbIM AaHHBIM MTI'1] mocsie akTuBaniu MUTPUPY-
0T ¥ TIOTJIOIIAIOT COMY U alHMKaJIbHBIE JIEHJIPUTHI,
acTponuThl (ParonUTHPYIOT MHOTOYHCIEHHBIE MeJ-
KUe JIeHpUTHbIe anonrtoTudeckue tena, OJI11 obe-
CIIEYHBAIOT MTOCJIE/TYIOIEE BOCCTAHOBJIEHE AKCOHOB.
Bce BMecTe — yCHUIMBAKOT CUHTE3 HEWPOTpOdmUe-
CcKUX (PaKTOPOB U PETYINPYIOT penapaTUBHYIO PEOp-
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heterogeneity of neuroglial cells is an important di-
rection in the development of neurobiology, neuro-
morphology and neuropharmacology. Obtaining
new data will allow us to get closer to understanding
some mechanisms of neuroplasticity, neuroinflam-
mation and find new ways to correct them.

CONCLUSION

After a 40-minute CCAO, the content of dark neu-
rons in SMC increased and, as a result, signs of hy-
dropic generation appeared. Against this back-
ground, the number of satellite OD, astrocytes and
MG increased. Probably, edema-swelling, active MG
and astrocytes previously (on the 1%—3' day) sanitate
the nerve tissue, ensuring its subsequent (on the 7%
day) structural and functional recovery with the par-
ticipation of OD.
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TaHU3AIUI0 HEPBHOU TKAHU B 11€JIOM [16, 20, 23]. De-
HOMEH CTPYKTYPHO-(YHKIIMOHAJIBHOH reTepOreHHO-
CTH HEUPOTJINATIbHBIX KJIETOK SIBJISIETCS BRXKHBIM Ha-
MpaBJIEHUEM Pa3BUTHS HEHPOOUOJIOTUH, HEHPOMOP-
donornu u Helipodapmakosoruu. IlosmyueHue Ho-
BBIX JJAHHBIX ITO3BOJTUT IPUOIU3UTHCS K IOHUMAHIIO
HEKOTOPBIX MEXaHU3MOB HEHPOIJIACTHYHOCTH, HEH-
POBOCIIAJTIEHN ¥ HAUTH HOBBIE IITH UX KOPPEKIIUH.

SAK/IIOYEHUE

ITocie 40-munytHONT OOCA B CMK yBenmmuuBa-
JIOCh CcOfiepKaHue TEMHBIX HEHPOHOB U, KaK CJef-
CTBUE, MOABJIAJINCH IPU3HAKY TU/IPOIIMYECKON Jic-
Tpoduu. Ha 3TOM oHe Bo3pacTaao KOJINIECTBO ca-
tesanutrapHbix O/, actponutos u MI'Ll. BeposTHo,
oTek-HaOyxaHue, akTtuBHble MIL] W acTpoIUTHI
IpeABapuTeIbHO (B 1-€ — 3-U CYTKH) CAHUPYIOT
HEPBHYIO TKaHb, 00ecieunBas ee mocsenymwoimee (7-e
CYTKH) CTPYKTYPHO-(PYHKITMOHATIFHOE BOCCTAHOBJIE-
Hue c yuactuem O/I11.

KoHduKT HHTEpEeCcOB. ABTOPHI 3a5BJISIOT 00
OTCYTCTBUU KOH(IINKTA HUHTEPECOB.
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Molecular subtypes of urothelial carcinomas of the bladder
in young patients

Meshcheryakov I.A.}, Kryukov K.A.}, Mitin N.P.}, Ponomareva E.V.2, Shelekhova K.V.t3

1St. Petersburg Clinical Scientific and Practical Center of Specialized Types of Medical Care (Oncologic)
2City Clinical Oncological Health Center (St. Petersburg)
3St. Petersburg Medico-Social Institute

AHHOTAIIUA

YpoTtenuaabHble KAPIIUHOMBI Y MOJIOZIBIX MAIIMEHTOB XapaKTEPU3YIOTCS CIeu(PUIECKUMH KIUHUKO-MOpdosioruye-
CKUMU U T€HETUYECKUMHU 0COOEHHOCTSIMU B OTJIMYHE OT MX aHAJIOTOB Y TIOKUJIBIX TAIIMEHTOB. IIPOBe/IEHO MOJIEKYJISIPHOE
poHINPOBAaHUE OIyXOJiel 56 MAalEHTOB MOJIOXKE 45 JIET C UCIIOJIb30BAHUEM METOZA IIBEICKUX HCCIIe/IoBaTeIel U3
yauBepcuteTa Lund, BriepBble ajaiTHPOBaHA MOJIEKY/IApHAs KiaccupUKaI¥s TPy uceaemaoBaTesieii Lund ¢ mpumene-
HHEM UMMYyHO(DEHOTUIIUPOBAHUS K KOTOPTE MOJIOZBIX AIIMEHTOB U IIPOJAEMOHCTPUPOBAHA YeTKas BOCIIPOU3BOIUMOCTh
MOJIEKYJISIPHBIX TIOJTUIIOB YPOTETHATBHBIX KAPIIHOM, BCTPEUYAOIIHUXCS B MOKUIION IPYIIE MAI[EeHTOB.

BBIsABJIEHO, UTO Y MOJIOZIBIX TTAIIIEHTOB IOCTOBEPHO MPe0bJIaiaeT ypOTeTMOMO00HBIH A TOATHIT paKa MOYEBOTO Iy3bI-
pa (78 %, p = 0.005), KOTOPBIH acCOUUPYeETCs ¢ paHHEH aTOJIOTUYECKOH CTaiuel, 61arONPUATHBIM IIPOTHO30M U HaW-
JIy4iiell BBKHBAeMOCThI0. BHYTpH ypOTEeHOIOT06HOTO TOATHIIA BhIZIeJIEH CHelUbUUeCKUl BAPUAHT OMyX0JHu (Tak Ha-
3piBaeMbiit CK5/6+/p16+) (7 %), oToinyaomuiics 1o UMMyHODEHOTUITHIECKUM U KITHHUYECKUM IIPU3HAKaM, UMEIOIIHHI
TEHJIEHIIUIO K 00Jiee arpecCUBHOMY OHOJIOTMUECKOMY MTOBEIEHUIO W, BEPOSITHO, OTPAXKAIOIIUH APYTOH MyTh MPOTPECCHHU
YaCTH YPOTETHATIbHBIX KAPIIMHOM B OTJIMYHE OT MTOKUJIbIX MAaIlieHTOB. YacToTa HeOIarOnPUATHBIX ITO/ITUIIOB (YPOTETHO-
11o100HBIN B, TeHOMHO-HECTaOUIbHBIH, 6a3a/IbHBIN/ TUIOCKOKJIETOUHO-T0I00HBIHN, Me3eHXUMAaIbHO-TI0ZI00HBIN) B MOJIO-
JIOH TpyIIiie cocTaBuia He 6osiee 6 %; OTMEUEHO UX MOSIBJIEHHE y TAIIMEHTOB CTaplie 30 JIET ¢ 3aBUCUMOCTbHIO, ITPOTIOPIU-
OHAJILHOU BO3pACTY.

BeInoJIHEHHOE MOJIEKYJIAPHOE MPOQUINPOBAaHUE PaKa MOUEBOTO Iy3bIPsI Y MOJIO/IBIX MAIMEHTOB II0KAa3aJI0 IMarHO-
CTUYECKYI0 3HAYHMMOCTh, BO3MOXKHOCTh ITPOTHOCTUYECKOU CTPATH(UKAIMOHHON OIEHKHU U, CJIEJIOBATEIBHO, IPAKTHYE-
CKYIO 11€71eC000Pa3HOCTb.

Karoueswte caosa: PaK MOYEBOTO IIYy3bIPA, MOJIEKYJIAPHBIE IIOATUIIBI, UMMYHOTHCTOXUMUSA, MOJIOAbIE ITIAITUEHTHI.

ABSTRACT

Urothelial carcinomas in young patients are characterized by specific clinical and morphological and genetic features
in contrast to their counterparts in elderly patients. Molecular profiling of tumors in 56 patients under 45 years has been
performed using the method of Swedish researchers from the Lund University, the molecular classification of the Lund
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group of researchers using immunophenotyping has been adapted to the cohort of young patients for the first time and
clear reproducibility of urothelial carcinoma molecular subtypes occurring in the elderly group of patients has been dem-
onstrated.

The urothelial-like A subtype of bladder cancer (78%, p = 0.005), which is associated with an early pathological stage,
a favorable prognosis, and the best survival rate, was found to significantly predominate in young patients. Within the
urothelial-like subtype, a specific tumor variant (so-called CK5/6+/p16+) (7%) was identified, differing in immunopheno-
typic and clinical features, tending to a more aggressive biological behavior and probably reflecting a different progres-
sion pathway of some urothelial carcinomas in contrast to the elderly patients. The frequency of adverse subtypes (uro-
thelial-like B, genomically unstable, basal/squamous cell-like, mesenchymal-like) in the young group was not more than
6%; their occurrence in patients over 30 years of age with an age-proportional dependence was noted.

The performed molecular profiling of bladder cancer in young patients showed its diagnostic significance, possibility

of prognostic stratification and, therefore, reasonable practicality.

Keywords: bladder cancer, molecular subtypes, immunohistochemistry, young patients.

BBEJEHUE

VYporenuanbHble KapIIUHOMBI MOUEBOTO ITY3BIPS
(YKMII) — 31O reTeporeHHOe 3a00J1€eBaHUE, B OCHO-
Be KOTOPOTO JIesKAT pa3INIHble MOJIEKY/IAPHBIE IIyTH
KaHIleporeHesa, YTo N03BoJisgeT AudepeHupoBaTh
MOJIEKYJISIPHBIE TIOATHUIIBI STHX OIYXOJIEU CO CHEIU-
(pryeckuMu KIMHUKO-MOPMOIOTHIECKUMU U IIPO-
THOCTHYECKUMHU XapakTepuctukamu [1-5]. Hecmo-
TP HAa TO, YTO BO3PACTHAS TUIIOTE3A U KIIMHIIECKOE
[IOBeJIEHUE PaKa MOYEBOTO IIy3bIPs Bee ellle 00CyK-
JTaeTCsl, OIYXOJIM Y MOJIOZIBIX TAI[IEHTOB UMEIOT Te-
HeTUYecKre 0COOEHHOCTU II0 CPAaBHEHUIO C MX aHa-
JIOTaMU Y HMOKWIBIX MAIlUEHTOB, YTO OTPa’KaeTcs B
ux OrosiornueckoM rnosefieHuu. [1o TaHHBIM HEKOTO-
PBIX aBTOPOB OILYXOJIH Y MOJIO/IBIX ITAITIEHTOB XapakK-
TEpU3YIOTCS HU3KOM YaCTOTOM MyTaluil TeHOB
FGFR3, TP53, mOCTaTOYHON T€HOMHOM CTabWIHHO-
cThi0, marueHTsl ¢ YKMII umeroT 61aronpusTHBIN
IIPOTHO3 BBIKUBAEMOCTH, HU3KYIO YACTOTY PeIuu-
BOB, 9TU OIIyXOJIU YaIlle BCETO IOBEPXHOCTHHIE U
HU3KOH CTENEeHN 3JI0KauecTBeHHOCTH [6—8]. Ipyrue
aBTOPBI COOOIAIOT, YTO IIOBEPXHOCTHBIE KapIIMHO-
MBI Y MOJIOJIBIX TTAIIEHTOB Yallle PelUIUBUPYIOT [9].

B nocnennee necAarwierne HaKOIIeHA HHOPMA-
U1 OTHOCHUTEIBHO MOJIEKYJISIPHOTO IIPO(UINPOBA-
HUSL YPOTEJHAJIbHBIX KApPIUHOM U IPEIJIONKEHBI
passuuHble KIaccHu(pUKAIMOHHBIE CHUCTEMBI, OXBa-
THIBAIOI[e B IIEPBYI0 O4Yepesb  MBIIIETHO-
WHBa3UBHbBIE OMyX0JH [1—3, 10—14]. B MupoBoii Ha-
VYHOU JIUTEPATYPE CYIIECTBYET 4 CUCTEMBI KJIACCH-
(ukanuit MOJIEKyJISIPHBIX MOATUIIOB paKa MOYEBOTO
my3bips [15]: TCGA — Atiac reHoma paka, Lund —
Yausepcurera Jlynna, UNC — Yuusepcurera Ce-
Bepuoii Kaposuust 1 MD Anderson — PakoBoro
neHTpa Aazepcona (puc. 1) [2, 3, 10, 11, 16]. YueHbIe
IIPUIILTN K COTJIAIIIEHUIO O CYIIECTBOBAHUH 2 OCHOB-
HBIX MOJIEKYJIIPHBIX KaTErOpUi KapIuHOM: 6a3aib-
HOU U JIOMUHAJIBbHOU, B 3aBUCUMOCTH OT Ipeobsia-
Jamomel skcnpeccuu AuddepeHIPOBOYHBIX Te-

INTRODUCTION

Urothelial carcinomas of the bladder (UCB) are a
heterogeneous disease based on different molecular
pathways of carcinogenesis, which allows differenti-
ating molecular subtypes of these tumors with spe-
cific clinical and morphological and prognostic char-
acteristics [1—5]. Although the age hypothesis and
clinical behavior of bladder cancer is still under de-
bate, tumors in young patients have genetic features
compared to their counterparts in older patients,
which are reflected in their biological behavior. Ac-
cording to some authors, tumors in young patients
are characterized by low frequency of FGFR3, TR53
genes mutations, sufficient genomically stable, pa-
tients with UCB have a favorable survival rate, low
recurrence rate, these tumors are often superficial
and low degree of malignancy [6—8]. Other authors
report that superficial carcinomas recur more fre-
quently in young patients [9].

In the last decade, information regarding mo-
lecular profiling of urothelial carcinomas has been
accumulated and various classification systems
have been proposed, covering primarily muscle-in-
vasive tumors [1—3, 10—14]. In the world scientific
literature, there are 4 systems of classification of
molecular subtypes of bladder cancer [15]: TCGA —
Cancer Genome Atlas, Lund — the Lund University,
UNC — the University of North Carolina and MD
Anderson — the Anderson Cancer Center (Fig. 1) [2,
3, 10, 11, 16]. Scientists have agreed on the existence
of 2 main molecular categories of carcinomas: basal
and luminal, depending on the predominant ex-
pression of differentiation genes. The MD Ander-
son system additionally distinguishes an intermedi-
ate “p53-like” subtype containing both basal and
luminal features. In TCGA, a neuronal subtype is
distinguished. A group of researchers from the
Lund University have subclassified a group of lumi-
nal tumors based on differences in expression levels
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Lund
JIIOMUHaIbHBII Bagasnbubrii/ HeiiposHJ0KpUHO-
. IJIOCKOKJIETOUHBII MO/I00HBIH
Luminal . , .
Basal/squamous cell-like Neuroendocrine-like
Yporennonoqo6HbIH T'eHOMHO-HECTaOMIIBLHBIN | | basanbHbIH/MI0CKOKIETOYHBIH
Urothelial-like Genomically unstable Basal/squamous cell-like
A B C T eHOMHO-HECTAGHIBHEL BazasbHbrii/ TUTOCKOKTICTOUHBIE
Genomically unstable HH(bHHprHpOB.aHH.HH
Basal/squamous cell-like infiltrated
T'eHOMHO-HeCTaOUIbHBIN .
" MeseHXuMaIbHO-II0A00HBII
MHOWIBTPUPOBAHHBIN L Mesenchvmal-like
Genomically unstable infiltrated y
TCGA
o N BazanpHbIil/ Heii .
rounHa b mtocKoweTow effporatonpi
Basal/squamous cell-like
JIIOMUAHAIBHBIA T an . JIIOMUHAJIbHBIA
o MU H bHbIN "
AU PHBII Luminal MHOUIBTPUPOBAHHBIN
Luminal papillary Luminal infiltrated
UNC MD Anderson
JIrOMUHAIBHBIH BazanbHBII JIIOMAHAIBHBIA P53-I107I00HBIH BazaynbHbII
Luminal Basal Luminal p53-like Basal
BazanpHbII Kiaymna-HU3KHUH
Basal Claudin-low

Puc. 1. CxemMa MOJIEKYJIAPHON TAKCOHOMHUU PaKa MOUYEBOTO My3bIPs
(Lund — Lund Research group, Yausepcurer JIyaaa (IllBerust); TCGA — ATac reHOMa paka;
UNC — Yuusepcuret CesepHoit Kaposimasr; MD Anderson — PakoBsiit ieHTp AH/iepcoHa [17]
Fig. 1. Diagram of molecular taxonomy of bladder cancer
(Lund — the Lund Research group, the Lund University (Sweden); TCGA — the Cancer Genome Atlas;
UNC — the University of North Carolina; MD Anderson — the Anderson Cancer Center [17]

HOB. Cucrema MD Anderson [IOIOJIHUTEIBLHO BBIJiE-
JISIET TIPOMEIKYTOUHBIH «P53-II0I0OHBIM» ITOATHII,
cozieprKauil U 6a3aybHble, U JIIOMUHAJIBHBIE TTPU-
sHaku. B TCGA BbiessieTcss HEUPOHAIbHBINA IO/~
tun. ['pynma wucciaenoBaresieli U3 YHHUBEPCHUTETA
Jlyana cybkimaccudunupoBaia TPyIny JTIOMUHATb-
HBIX OIIyXOJIeH Ha OCHOBAHUM PA3JIMUHUI YPOBHEH
SKCIIPECCUU TE€HOB, PETYJUPYIONIUX KJIETOUHBIH
UK, HA 2 TOJITUTA: YPOTeIUonoaooHbid (Ypo) u
reHOMHO-HecTaOWIbHBIH. B Gostee mo3gumx paboTax
OHHU TTOIPA3/IEIUIIN IEPBBIH U3 HUX HA YPOA, YPOAT
(mporpeccust YpoA), YpoB, orTsinuaroruii 60siee BbI-
pakeHHOU 6a3aJBHO-IIJIOCKOKJIETOUHOH audde-
peHIUpPOBKOH, 1 YpoC, UMeNnil HEKOTOPOE CXO/I-

of genes regulating the cell cycle into 2 subtypes:
urothelial-like (Uro) and genomically unstable. In
later works, they subdivided the former into UroA,
UroAp (UroA progression), UroB, distinguished by
more pronounced basal-squamous cell differentia-
tion, and UroC, which has some similarity to the
genomically unstable in gene expression. A group of
Lund scientists also proposed a technique for sub-
classifying molecular subtypes of bladder cancer
using immunohistochemical methods, showing suf-
ficiently high concordance between mRNA expres-
sion and surrogate immunohistochemical markers
to determine major subtypes. It should be noted
that this classification has been worked out on a co-
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CTBO C T€EHOMHO-HECTAOWIbHBIM IO SKCIIPECCHH Te-
HOB. Taxoke rpyniia yueHsix JIyH/a ipejio»kuiia Me-
TOAMKY CYyOKJIacCU(MUKAIINN MOJIEKYJISIPHBIX TTO/ITH-
IIOB paKa MOYEBOTO ITy3bIPs C TOMOIIBI0 MMMYHOTH-
CTOXUMUYECKOTO METO/Ia, IT0KA3aB IOCTATOYHO BHI-
COKYI0 KOHKODJAHTHOCTh MEXKAy OKCIIpeccuei
MPHK u cypporarHbIMu MMMYyHOTHUCTOXUMHUYECKH-
MM MapKepaMH JUIsl YCTAaHOBJIEHUS OCHOBHBIX IIOJ[-
TunoB. Cyie/lyeT OTMETHUTD, YTO JJAHHAA KJIacCHpUKa-
us1 0TpabaThIBAIaCh HA KOTOPTE ITOKIJIBIX ITAITEH-
ToB. Cpemu 6a3abHO-TUIOCKOKJIETOUHOU TPYIIIBI
OIIyXOJIeH TaKKe BBIZIEJIEHBI CeIu(pUIecKre Mojie-
KyJISIpHBIE TIOJITUIIBI PA3HBIMU T'PYIIIAMHU HCCIIEN0-
Batesel. Tak, yueHole YHuBepcurera CeBepHoit Ka-
POJIMHBI BBIJIEJIAIOT TaK HAa3bIBAEMBIH KJIAYIUH-
HU3KWH MOATHUI HA OCHOBAHUU HU3KOHN SKCIIPECCHH
KJIQyZANHOB, CPABHUTEJIBHO BBICOKOM 3KCIIPECCHH
UMMYHHBIX MapKepoB U aMIUTU(QUKAIUK TeHa
EGFR. Cucrema Jlynzaa BeizenseT cpeau 6a3aabHO-
IJIOCKOKJIETOYHOTO KJjlacTepa 0aszasbHble/IIIOCKO-
KJIETOUHble MHQUIBTPUPOBAHHBIE OIYXOJIHU, OTJIU-
Jauecs 3HAYUTEIbHON SKCIIpecCrell NMMYHHBIX
MapkepoB. Takke sTa cucremMa OTBesa MECTO UL
Me3eHXUMAaJIbHO-TI0/TOOHOTO TIOJITUIA, XapaKTepHu-
3YIOIIETOCSI  BBICOKOM  JKCIpeccuell  MapKepoB
SIIUTETNAIHPHO-ME3eHXUMAaJIBHOTO I1epexo/ia.
Yposnorunueckuit Koncencyc 2019 T., CyMMUPOBaB
JIaHHble aHAJIM3a Pa3HBIX TPYII HCCIIeZOBATENeNH,
IPUHSUI IIECTh MOJIEKYJISIPDHBIX TIOATUIIOB CPeu
MBIIIEYHO-UHBA3UBHBIX ~ YPOTEJIMAJIBHBIX — KapIh-
HOM — JIIOMHUHAIBHBIN HATWLIAPHBIN, JTIIOMHHAb-
HBIA HecHeru(PUUHBIN, JIIOMUHAIBHBIA HECTAOWITb-
HBIH, «C IpeobIalaHueM CTPOMBI», Oa3aIbHBIH/TLI0-
CKOKJIETOUHBI W HEHPOSHIOKPUHO-TIOA00HBIN [15,
17]. Bpuio OTMeueHO, UTO JaHHAA KIaCCHPUKAIUA
KOPPEJIUPYET ¢ KaXKABIM MOJIEKYJISIPHBIM ITOATUIIOM
HWCXOIHBIX KJIACCU(PUKAMMOHHBIX crucreM. OImyxoym
JIIOMUHAQIBHOTO KJIACTEPA, BKJIIOYAIOIITE TP OATH-
na (JIIOMUHAJIBHBIN HNATWULSIPHBIA, JIIOMUHATBHBIN
Hecrelu(UIHBIA U JIIOMUHAJIBHBIA HECTAOUIbHBIN),
CBEPXIKCIIPECCUPYIOT CHUTHATYPBI  YPOTETHAIBHOH
b depeHITIPOBKY, UTO COTJIACYETCA C TAKCOHOMUEN
yporesinonono6Horo noaruia Lund. Hamporus, ory-
X0JI1 0a3aIbHOTO/TIJIOCKOKJIETOYHOTO W HEHPOIH/IO-
KPUHOIIOJJOOHOTO  TIOZITHUIIOB CBEPXJKCIIPECCUPYIOT
0azaybHbIE U HEHPOIHIOKPUHHBIE MaPKEPBI COOTBET-
ctBeHHO. [lomumo uddepeHITUPOBKU ypOTEus,
OTIyXOJTH JIIOMUHAJIBHOTO KJIACTEPa Pa3/IMYAIOTCS 110
JIPYTUM MOJIEKYJIIPHBIMY IPU3HAKAMU: OILyXOJIH JIFO-
MHUHQIBHOTO NAMJUIIPHOTO ITO/ATHIIA, Yallle HEMHBa-
3UBHBIE, ACCOIMUPOBAHbBI C TPAHCKPUIIIIMOHHOU aK-
tuBHOCTHI0O FGFR3; B slroMuHasIbHOM HeceruuITy-
poBaHHOM TOATHIIE TIpeobsasiaeT WHOUIBTPAIHA
CTPOMBI, B OCHOBHOM (uOpO6IacTaMu; JIIOMUHAb-

hort of elderly patients. Among the basal/squamous
cell group of tumors, specific molecular subtypes
have also been identified by different groups of re-
searchers. For example, scientists at the University
of North Carolina distinguish the so-called claudin-
low subtype on the basis of low claudin expression,
relatively high expression of immune markers, and
EGFR gene amplification. The Lund’s system dis-
tinguishes basal and squamous cell infiltrated tu-
mors, which are characterized by significant ex-
pression of immune markers, among the basal/
squamous cell cluster. Furthermore, this system
has reserved a place for the mesenchymal-like sub-
type characterized by high expression of epithelial-
mesenchymal transition markers.

The 2019 Urology Consensus, summarizing
data from analyses by different groups of research-
ers, adopted six molecular subtypes among mus-
cle-invasive urothelial carcinomas — a luminal
papillary one, a luminal nonspecified one, a lumi-
nal unstable one, a strom-rich one, a basal/squa-
mous-cell one, and a neuroendocrine-like one [15,
17]. It was noted that this classification correlated
with each molecular subtype of the original classi-
fication systems. Luminal cluster tumors including
three subtypes (luminal papillary, luminal non-
specified, and luminal unstable) overexpress uro-
thelial differentiation signatures, which is consis-
tent with the taxonomy of the urothelial-like Lund
subtype. In contrast, tumors of the basal/squa-
mous cell and neuroendocrine-like subtypes over-
express basal and neuroendocrine markers respec-
tively. In addition to urothelial differentiation, lu-
minal cluster tumors differ in other molecular fea-
tures: luminal papillary subtype tumors, more of-
ten noninvasive, are associated with FGFR3 tran-
scriptional activity; the luminal nonspecified sub-
type is dominated by stromal infiltration, mainly
by fibroblasts; the luminal unstable subtype is
characterized by increased expression of cell cycle
genes. Stroma-rich tumors demonstrate an inter-
mediate level of urothelial differentiation and
mainly overexpression of smooth muscle, endothe-
lial, and myofibroblastic markers.

Now, despite the obvious informativeness for on-
cology, the implementation of molecular classifica-
tions into routine use has been being hampered due
to the complexity and high cost of the mRNA expres-
sion evaluation. Nevertheless, several researchers
have attempted to adapt surrogate immunohisto-
chemical markers for molecular profiling of bladder
cancer.
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HBIN HeCTaOWJIbHBIH ITOATUIT XapaKTEPU3YETCs TOBbBI-
[IEHHOH SKCIIPECCUEN FeHOB KJIETOYHOTO ITuKIIa. Omy-
X0Ju ¢ TpeobiazaHueM CTpoMbl (stroma-rich) me-
MOHCTPHUPYIOT IPOMEXKYTOUHBIH YPOBEHBb YPOTEJIU-
abHOU AU dEPEHITMPOBKH 1, B OCHOBHOM, CBEPXJK-
CIIPECCUI0 TJIAIKOMBIIIIEYHBIX, JHAOTEIUABHBIX H
MHOMUOPOOIACTHIECKUX MAPKEPOB.

B Hacrosee BpeMs, HECMOTPs HA OYEBUIHYIO
nHGOPMATUBHOCTH JIJIs OHKOJIOTUH, BHEJIDEHUE MO-
JIEKYJIIPHBIX KJIACCU(MUKAINN B PyTUHHYIO ITPAKTH-
Ky TOPMO3UTCS HM3-32 CJIOKHOCTH U JOPOTOBU3BHBI
MeTonuku oneHku skcnpeccun MPHK. Tem He me-
Hee PAJIOM HCCIJIeIOBATeNIeH PeINPUHATHI IOIBIT-
KU aJlaliTalliy CyppPOraTHBIX NMMYHOTHCTOXUMUYe-
CKHX MapKePOB JIJIsI MOJIEKYJIIPHOTO ITPO(UIUPOBa-
HUS paKa MOYEBOTO IIy3bIps.

[TprHUMAas BO BHHMaHHe pe3yJbTaThl IIPOBe-
JIEHHBIX UCCJIEZIOBAHUH MOJKUJIBIX MMAITIEHTOB U BO3-
PpacTHYIO THIIOTE3y paKa MOYEBOTO ITy3bIPsI, B HAIIIEM
HCCIeIOBAHUH MBI IPUMEHUIN METO/, MOJIEKYJISP-
Horo npoduaupoanus Lund paka MOYeBOTO ITy3bI-
PA ¢ UCIIOJIB30BAHUEM CYPPOTaTHBIX UMMYHOTHCTO-
XUMUYECKUX MapKepOB U IPEANPHHSUIN IOIBITKY
aJanTUPOBATh €0 K MOJIOZIOH TPYIIIe MAIEHTOB.

IHEJIb NCCJIEJOBAHUA

Kimmauko-mopdosornueckoe 000CHOBaHHE MO-
JIEKYJISIPHOTO MMPO(UINPOBAHUSA PaKa MOYEBOTO IIy-
3BIps Y MOJIOZABIX ITAIIUEHTOB.

MATEPUAJIbI 1 METO/AbI

Obwas xapaxmepucmuka nayueHmos U KAuHu-
Ko-mopgonoauueckue oavHvle. [IpoBesIeHO peTpo-
CIIEKTUBHOE (2010—2019 TIT.) HCCJIEJIOBAHUE Ollepa-
IIMOHHOTO MaTepHuaJa, IoJy4eHHOTO IIPU TPAHCype-
TPaJIbHOU PE3EKINU U PATUKATIBHON IUCTIKCTOMUM
y 56 MaIueHTOB MOJIOKE 45 JIET C YPOTETHATIbHBIMU
KapIHHOMAaMH MOYEBOTO IIy3bIPs U3 TPEX IPOPUIb-
HbIX JieueOHBIX yupexaenuii (Caukt-IlerepOypr-
CKUU KJIMHHUYECKUH HAyYHO-IIPAKTUYECKUH IEHTP
CHEIUATM3UPOBAHHBIX BUIOB MEIUIIMHCKON TIOMO-
mu  (OHKOJIOTHYECKHUU), TOPOJCKON OHKOJIOTHYe-
ckuii gucnancep r. Cankr-Iletepbypra, TopoacKoi
OHKOJIOTUYECKUH AucnaHcep r. FiBaHoBo) (Tabur. 1).

HcenemyeMyto rpyIiny ObLIO PeIieHO pas/iesUuTh
Ha TPHU BO3PACTHBIE HOATPYIIIBI /I CTATHCTHIECKO-
r0 aHa/IN3a: MOATPYIIa 20—29 JieT (cpefHee 3HaUe-
HHe 27.1 Tofa) BKJIYaa 10 manueHTos (18 %); mox-
rpynna 30-39 Jier (cpemHee 3HaueHHWE 34.6 r07a)
BKJIIOUa/Ia 30 ManueHtoB (53 %); moArpymmna 40—
44 ronma (cpemHee 3HAUEHUE 42.0 TO/A) BKIIOUAIA
16 marueHToB (29 %). CpeHee BO3pACTHOE 3HAUEHUE
B ucciaenyeMol rpymme 35.5 roxa. CooTHOIeHUe
MY>KUHWH U JKEHIIUH 3 : 1. B Kask/10M oryxosieBoM 00-

Taking into account the results of the conducted
studies of elderly patients and the age hypothesis of
bladder cancer, in our study we applied the Lund
method of molecular profiling of bladder cancer us-
ing surrogate immunohistochemical markers and
made an attempt to adapt it to a young group of pa-
tients.

AIM OF THE RESEARCH

A clinical and morphological rationale for molec-
ular profiling of bladder cancer in young patients.

MATERIALS AND METHODS

General characteristics of patients and clinical
and morphological data. A retrospective (2010-—
2019) study of the operative material obtained dur-
ing transurethral resection and radical cystectomy in
56 patients under 45 years of age with urothelial car-
cinomas of the bladder from three specialized medi-
cal institutions (the St. Petersburg Clinical Scientific
and Practical Center for Specialized Types of Medical
Care (Oncologic), the City Clinical Oncological
Health Center (St. Petersburg), the City Oncological
Health Center (Ivanovo)) has been performed
(Table 1).

It has been decided to divide the study group into
three age subgroups for statistical analysis: the 20—
29 years subgroup (average value 27.1 years) includ-
ed 10 patients (18%); the 30—39 years subgroup (av-
erage value 34.6 years) included 30 patients (53%);
the 40—44 years subgroup (average value 42.0 years)
has included 16 patients (29%). The average age in
the study group was 35.5 years. Male to female ratio
is 3 : 1. The following morphological features have
been assessed in each tumor specimen: histological
pattern, invasion pattern, degree of malignancy, in
situ component, and pathological stage. The distri-
bution of patients according to tumor stage and de-
gree of malignancy is shown in Fig. 2. Most of the
cases of low-grade non-muscle invasive carcinomas
had urothelial morphology, and in the 20—29 years
old subgroup, all tumors had this morphology and
were non-muscle invasive. Invasive tumors were de-
tected in subgroups of age 30—39 years (7 cases) and
40—44 years (7 cases); in these subgroups, tumors
showed different histological differentiation (urothe-
lial with squamous cell differentiation, with signet
ring cells, glandular structures, and low-differentiat-
ed and undifferentiated types, including rhabdoid,
chondroid differentiation). A catamnesis was avail-
able in 49 patients and has included a period of 5 to
84 months, a median of 36 months (average value
37.6 £ 2.9 months). In the 20—29 years subgroup,
local relapse occurred in 1 case (2%) 24 months after
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Fig. 2. Distribution of tumors by stage (A) and degree of malignancy (B)

Ppasiie OIEHUBAINCH CIIEAYIONTHE MOP(hOJIOTUIECKHE
[IPU3HAKHU: I'MCTOJIOTHYECKUH [IATTEPH, IaTTEPH HH-
Ba3UH, CTEIIEHb 3JI0KA4eCTBEHHOCTH, HaInuue in situ
KOMITOHEHTA, IIaTOJIOTHYeCKas CTaausa. Pacrpenaesre-
HYE MAIUEeHTOB 110 CTAUU OIYXOJIM U CTEIIEHH 3JI10-
KauyeCTBEHHOCTH IIPUBEIEHO Ha PUC. 2. BOJIBIIMHCTBO
CJIydaeB MBIIIEYHO-HEMHBA3UBHBIX KAPIIUHOM HU3-
KOH CTEIleHH 3JI0KaYECTBEHHOCTH HUMEJIH YPOTEJIH-
aJIbHYI0 MOP(OJIOrHIo, MPUYEM B IOATPYIIE 20—
20 JIeT BCE OIyXOJIM UMEJIH TaKylo MOP(OJIOTHIO U
ObLIM  MBIIIEYHO-HEMHBA3UBHBIMYA. VIHBa3UBHbIE

diagnosis without evidence of metastasis (follow-up
period amounted 5 to 48 months, the average value
was 25.2 + 5.3 months, the median was 24 months).
In the subgroup of age 30—39 years, 5 patients have
had local relapse (follow-up period 8—49 months),
one of them registered progression in the form of
lung metastasis (follow-up period 5-49 months). In
the 40—44 years subgroup, local relapses have oc-
curred in 5 patients (follow-up period 5—60 months);
two patients from this subgroup have been diag-
nosed with metastases (follow-up period 24-60
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OIIyXOJIY BBISABJIAIN B MOATPYIIAX 30—39 JieT (7 ciy-
yaeB) U 40—44 roza (7 cjiydaeB); B 3THX HOATPYIIIAX
OTIYXOJIU JIEMOHCTPUPOBAIN PA3TUUYHYIO THUCTOJIOTH-
yeckylo auddepeHIupoBKy (YPOTEJHATBHYIO CO
CKBaMO3HOU u(HepeHITuPOBKOM, C IEPCTHEBUTHBI-
MU KJIETKaMHU, TJIAH/Y/IIPHBIMU CTPYKTYPaMH, a TaK-
’ke Hu3Koud depeHIpoBaHHble U HeiupdepeHn-
pPOBaHHBIE THUIIBI, BKJIIOYAIOIIHE PAOIOUIHYIO, XOH-
npousHyio auddepeHIupoBky). Katamues 661 /10-
CTYIIEH Y 49 MAIMEHTOB U BKJIIOYUAJI IEPUOJ OT 5 /10 84
Mec, MeziiaHa 36 mec (cpemHee 3HaueHHe 37.6 + 2.9
Mec). B moxrpymnme 20-29 JjieT MECTHBIH PEIUUB
HMMeJT MeCTO B 1 cirydae (2 %) yepes 24 Mec IocJIe o-
CTaHOBKH JIMarHO3a 6e3 MPHU3HAKOB MeTacTa3upOBa-
Hus (repuo HabTIoeHus 5—48 Mec, cpeiHee 3HaUe-
HUE 25.2 + 5.3 Mec, MeJinaHa 24 Mec). B moarpyrmrme
30—39 JIET Y 5 MAIMEHTOB CIIYYUJICS MECTHBIA pely-
nuB (nepuoy Habio/IeHusT 8—49 Mec), Y OJTHOTO U3
HUX 3aPETUCTPUPOBAHO IPOTPECCHPOBAHUE B BHUE
MeTacTasa B JIETKOM (Tiepro/1 HabJIIo/IeHUs 5—49 MeC).
B moarpytie 40—44 rojia MECTHBIE PEITUIUBBI HUMEJTH
MecTo y 5 TanueHToB (mepuoy; HaOII0AeHus
5—60 Mec); Yy IBOUX HAIUEHTOB U3 3TOU MOATPYIIIIHI
JIMaTHOCTHUPOBAHBI MeTacTa3bl (Iepuoy HabJIr0/IeHH
24—-60 Mec, cpeiHee 3HaUeHNe 42 + 18 Mec, MeJlnaHa
42 Mec), y OZTHOTO U3 HUX — C JIETAJIbHBIM HCXO/IOM.

Bce MukpoImpenapaThl, OKpaleHHbIe TeMaTOKCH-
JIMHOM ¥ 503WHOM, OBLTH MMPOCMOTPEHBI U COOTBET-
CTBYIOIIMM 00Opa3oM olieHeHbl. CTeleHb 3JI0Kade-
CTBEHHOCTH W IIATOJIOTUYECKass CTaAMsA OIpemesis-
JIUCH B COOTBETCTBHU ¢ Kiaccupukanueid TNM 8-ro
mepecMorpa [18].

HmmyHogeHomunuposaHue u 0ONOAHUMEAbHbLe
Mmemoobt uccaredosaHusl. VIMMYHOTHCTOXMMHUYECKOE
HCCJIEZIOBAaHUE ITPOBOAWIOCH HA HMMYyHOCTEHHEpe
Ventana BenchMark XT 110 06IIeIIpHHATOR METOIUKE
Ha JernapadWHU3UPOBAHHBIX Cpe3ax TOJIIUHOM
3—5 MKM, PaCIOJIO’KEHHBIX Ha IOJIOKUTEJIHHO 3apsi-
JKEHHBIX CTEKJIaX, COTJIACHO MTPOTOKOIaM (pUPM-IIPO-
u3Bojuresied. [IpuMeHeHa MOATHII-CHEIU(pIIECKast
MaHeJIb aHTUTEJ, PEKOMEH/IOBaHHAsI HCCIIe/I0BATE IS
mu Lund Bladder Cancer Research Group, xoropast
BrTrouasia 22 anruresa: CCNB1 (Y106; 1: 400, Abcam,
Cambridge, England), CCND1 (SP4; 1 : 200, Cell
Marque, Rocklin, CA), CDKN2A/p16 (E6H4; RTU,
Ventana, Oro Valley, AZ), E2F3 (PG30; 1 : 200,
Abcam), HER2/neu (4B5; RTU, Ventana), EPCAM
(Moc-31; 1 : 150, Cell Marque), FGFR3 (Bo; 1 : 125,
Santa Cruz Biotechnology), FOXA1 (2F83; 1: 200, Cell
Marque), GATA3 (L50-823; 1 : 200, Cell Marque),
KRT5/6 (D5/16B4; 1 : 200, Cell Marque), KRT14
(LLoo2; 1 : 150, Innovative Diagnostik-System),
KRT20 (Ks20.8; 1 : 200, Cell Marque), RB1 (4Hz;
1 : 800, Cell Signalling Technology), SYP (MRQ40;
1: 200, Cell Marque), TP63 (DAK-p63; 1 : 200, Dako),

months, with average value 42 + 18 months, median
42 months), one of them with a fatal outcome.

All hematoxylin and eosin stained microslides
have been reviewed and evaluated accordingly. The
degree of malignancy and pathological stage have
been determined according to the 8% edition of the
TNM classification [18].

Immunophenotyping and additional research
methods. Immunohistochemistry has been per-
formed on a Ventana BenchMark XT immunostain-
er according to the standard technique on deparaf-
finized sections 3—5 um thick placed on positively
charged glasses, according to the protocols of manu-
facturing companies. A specific antibody panel rec-
ommended by the Lund Bladder Cancer Research
Group has been used, which included 22 antibodies:
CCNB1 (Y106; 1 : 400, Abcam, Cambridge, Eng-
land), CCND1 (SP4; 1 : 200, Cell Marque, Rocklin,
CA), CDKN2A/p16 (E6H4; RTU, Ventana, Oro Val-
ley, AZ), E2F3 (PG30; 1 : 200, Abcam), HER2/neu
(4B5; RTU, Ventana), EPCAM (Moc-31; 1 : 150, Cell
Marque), FGFR3 (B9; 1 : 125, Santa Cruz Biotech-
nology), FOXA1 (2F83; 1 : 200, Cell Marque),
GATA3 (L50-823; 1 : 200, Cell Marque), KRT5/6
(D5/16B4; 1 : 200, Cell Marque), KRT14 (LL0o02;
1 : 150, Innovative Diagnostik-System), KRT20
(Ks20.8; 1 : 200, Cell Marque), RB1 (4H1; 1 : 800,
Cell Signalling Technology), SYP (MRQ40; 1 : 200,
Cell Marque), TP63 (DAK-p63; 1 : 200, Dako),
UPK3 (AU-1; 1: 50, Cell Marque), Ki67 (SP6; 1: 200,
Spring), EGFR (5B7; RTU, Ventana), E-cadherin
(GMo16; 1 : 200, Cell Marque), ZEB2 (E-11; 1 : 50,
Santa Cruz Biotechnology), CD44 (MRQ13; 1 : 300,
Cell Marque), VIM (Vo9; 1 : 200, GeneMed). The
evaluation of positive and negative controls has met
the requirements.

The method of immunohistochemical evaluation
of tumors was used according to the Lund Group re-
searchers with the assessment of each tumor speci-
men according to two criteria: staining intensity and
percentage of positive cells. Tumor cell score (TCS)
and percentage of positive cells (frac.) have been cal-
culated for each marker.

To assess HER2 status, the dual in situ hybridiza-
tion method has been used — chromogenic (Ventana
Dual ISH Her2 DNP, CHR17 DIG probes on the
BenchMark XT platform) and fluorescent using the
ZytoLight SPEC ERBB2/CEN 17 Dual Color Probe
(ZytoVision GmbH) in the ThermoBrite System (Ab-
bott) automated hybridizer.

Statistical methods. Statistical tests have been
performed in the SigmaPlot 12.5 statistical calcula-
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UPK3 (AU-1; 1 : 50, Cell Marque), Ki67 (SP6; 1 : 200,
Spring), EGFR (5B7; RTU, Ventana), E-cadherin
(GMo16; 1 : 200, Cell Marque), ZEB2 (E-11; 1 : 50,
Santa Cruz Biotechnology), CD44 (MRQ13; 1 : 300,
Cell Marque), VIM (Vo; 1 : 200, GeneMed). Ouenka
TOJIOZKUTEILHOTO M OTPULIATEIHHOTO KOHTPOJIEH CO-
OTBETCTBOBaJIa TPEOOBAHMSM.

Meroauka HMMYHOTUCTOXUMHYECKOH OIIEHKU
OIIyXOJIEH KCIIOJIb30BaHA COTJIACHO JIAHHBIM HCCIIE-
JoBaresied rpynibl Lund ¢ o1leHKOH KasK/I0T0 OIyX0-
JieBOoro oOpasma o JBYM KPHUTEPUSIM: WHTEHCHB-
HOCTh OKDAIIMBAHKUSA ¥ IPOLEHT II0JIOKUTETbHBIX
KJIETOK. J[JIsl KasK/[0T0 MapKepa IPOU3BOAIIICS IO/~
cuer G6asuta omyxosieBbix KaeTok (TCS) u mporeHTa
IOJIOKUTEILHBIX K1eToK (frac.).

s onenkn HER2-craTyca mpuMeHsics ABOMHON
MeTOJi THUOpUM3AlUKM In Situ — XPOMOTEHHBIH
(Ventana Dual ISH Her2 DNP, CHR17 DIG probes Ha
mwiatdopme BenchMark XT) u dityopeciieHTHbIT ¢ Hc-
mosib3oBanueM 3oH71a ZytoLight SPEC ERBB2/CEN 17
Dual Color Probe (ZytoVision GmbH) B aBTOMaTHYe-
cxoMm rubpuzaiizepe ThermoBrite System (Abbott).

Cmamucmuueckue memoobt. CTaTUCTUUYECKHE Te-
CThI OBUTH BBITIOJTHEHBI B IIPOTPaMMe JIJIs CTATHCTH-
yeckux Beruncienuil SigmaPlot 12.5. KauecTBeHHbIE
MIPU3HAKY aHAJTU3UPOBAJINCH C BBIYUCIEHHEM TOYHO-
ro kpurepus ®Puiepa, KOTOPBIH OBLI HCIIOIB30BAH
UL TIPOBEPKU PA3JINYUl B KATETOPUAIBHBIX TAHHBIX
C KPUTHYECKUM YPOBHEM 3HAYUMOCTH P < 0.05. Cra-
THUCTHYECKasl 3HAUUMOCTb PA3/IMUUM 110 3HAUEHUSIM
TCS u frac. onieHHBaIaCh HElTAPAMETPUUECKHUM METO-
oM ¢ ucnoab3oBanreM Mann-Whitney U-test. Jlist
OIIEHKH KJIMHUYECKOTO MCXO/a TPOBOIUJICS aHAIU3
Kaplan-Meier 1 aHaau3 NOPONOPIMOHAIBHBIX PH-
ckoB — perpeccust Cox ¢ yiorapuMUYeCKUM PaHTO-
BbIM kputepuem (Logrank test). Bee 3Hauenwus: 6pu1H
JTaHbI KaK CPE/THIE + CTaHAAPTHbIE OIIUOKHU.

PE3YJIBTATDBI 1 OBCYXKIEHUE

[TpoBeneno paszenpHOE (1A KOKIOH U3 Tpex
BO3PACTHBIX MOJTPYII) UMMYHODEHOTUIIHPOBAHIE
56 cIIy4aeB ypOTEIHATbHBIX KAPIIMHOM Y IIAI[UEHTOB
MOJIOXKE 45 JIeT B COOTBETCTBHUU C ONMCAHHOU METO-
nukoi Lund u kiaccudunupoBaHbl MOJIEKYIIPHBIE
TIO/ITUIIBI OITyXOJIEH.

Ypomeauonodoonwtit noomun

Mopdosornyecku OIMyXOJIH XapaKTePU30BAIKUCH
KJIaCCUUYECKOH YPOTEeTHATIbHON MOp(QOJIOTHEH, Yatie
MaNWUIAPHOTO CTPOEHUA HU3KOU CTEIEHU 3JI0Kave-
CTBEHHOCTU. IMMYHOTHCTOXUMUYECKU OHU DKCITPEC-
CUPOBJI MapKephl ypoTenaabHOU auddepeHm-
poBku. KJIMHUYECKH OITyX0JIU ATOTO THIIA UMeJTH O1a-
TOIPUATHBIH IIPOTHO3, a MAIUEHTHI IEMOHCTPHPOBA-
JIV HAaWJIYYIIYI0 BEKUBAEMOCTH C HEOOJIBIITIMU pa3-

tion program. The qualitative signs have been ana-
lyzed by calculating Fisher’s exact test, which was
used to check for differences in categorical data with
a critical level of significance p < 0.05. Statistical sig-
nificance of differences in TCS and frac. values have
been assessed by a nonparametric method using the
Mann-Whitney U-test. The Kaplan-Meier analysis
and proportional hazards analysis — Cox regression
with Logrank test have been performed to assess the
clinical outcome. All values were given as average +
standard errors.

RESULTS AND DISCUSSION

A separate (for each of the three age subgroups)
immunophenotyping of 56 cases of urothelial carci-
nomas in patients younger than 45 years old has
been performed according to the described Lund ap-
proach and molecular tumor subtypes have been
classified.

Urothelial-like subtype

Morphologically, the tumors have been charac-
terized by classical urothelial morphology, more of-
ten with a papillary structure of low-grade malignan-
c¢y. Immunohistochemically they have expressed
some markers of an urothelial differentiation. Clini-
cally, the tumors of this type have had a favorable
prognosis, and patients have demonstrated the best
survival rate with little variation among the addition-
ally identified subtypes within the urothelial cluster
[19]. The latest revision of the Lund molecular clas-
sification subdivides the urothelial-like subtype into
four additional (UroA, UroAp, UroB, UroC) with
some molecular-genetic and immunohistochemical
differences.

The Urothelial-like A subtype. In 44 cases (78%),
the tumors have demonstrated classic papillary uro-
thelial morphology, most of them have been non-
muscle invasive (84%), of low-grade malignancy
(77%). The catamnesis has been available in 38 cas-
es, with a follow-up period of 5—-84 months. The re-
lapses have occurred in 5 cases (12%) during the
follow-up period of 8—60 months, one of which has
ended lethally, which was not associated with any
disease progression. The tumors have exhibited a
weak expression of CCB1 (TCS 0.04) with a strong
to moderate expression of CCD1 (TCS 2.4),
FOXA1(TCS 2), p63 (TCS 0.9), RB1 (frac. 0.9) com-
bined with low levels of E2F3 (frac. 0.05), p16
(TCS 0.3). In addition, expression of markers char-
acteristic of normal urothelial differentiation has
been observed: CK5/6 (TCS 0.3) in the cells of the

90

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



Meshcheryakov LA. et al. / Journal of Siberian Medical Sciences 3 (2021) 82—104

A

Puc. 3. llanwuisspHas ypoTeananbHas kKapiuHoma low-grade (A) (okpacka reMaTOKCUIIMHOM U D03UHOM,
yBesimueHue (YB.) X10) U IMMYHOIIPO(dIIIb ypoTenauomnoiooHoro A nmogruna (B)
Fig. 3. A low-grade papillary urothelial carcinoma (A) (hematoxylin and eosin staining, magnification (mag.) x10)
and an immunoprofile of the urothelial-like A subtype (B)

JIMYUSIMU CPEU JTOTIOJTHUTEIHHO BbBIZIEIEHHBIX TIO7-
TUIIOB BHYTPU ypOTeIuasbHOro Kiacrepa [19]. ITo-
CJIEHSAS PENAKIVA MOJIEKYJIIPHON Kilaccu(UKaIimu
Lund nozpaszesnsier ypoTeInonoao0HbIN MOATHIT HA
YyeThIpe JONOJHUTETBHBIX (YpoA, YpoAm, VYpoB,
VpoC) ¢ HEKOTOPHIMHU MOJIEKY/IIPHO-TEHETUYECKUMU
Y UMMYHOTUCTOXUMUYECKUMU OTITHUUSIMU.
Ypomeauonodobmwiii A noomun. B 44 ciaydasx
(78 %) omyxoJyu IeMOHCTPHUPOBAIHN KJIACCHUUECKYTO
MaNWUIAPHYI0 YPOTEIUATbHYI0 MOPQOJIOTHI0, B
GOJIBIIIMHCTBE CBOEM OBLIM MBIIIEYHO-HEHHBAZUB-
HBIMH (84 %), HU3KOMU CTEIEeHH 3JI0KaYeCTBEHHOCTH
(77 %). KatamHe3 ObUT OCTYIIEH B 38 ciydasx, me-
puon HaboAeHus 5—84 Mec. PenuauBbI UMeIN Me-
cto B 5 ciydasax (12 %) 3a mepuon HaOJrOeHUs
8—-60 Mec, OINH U3 KOTOPBIX 3aKOHYHJICS JIETAJIBHO,
YTO HE CBSA3AHO C MPOTPeccUpoBaHUEM 3aboJieBa-
HusA. OIyXoJu IEMOHCTPUPOBAJIU CIa0yI0 DKCIIpec-
cuto CCB1 (TCS 0.04) mpu BbIpa)KEHHOU W YMEPeH-
Hott akcmpeccuu CCD1 (TCS 2.4), FOXA1(TCS 2),
p63 (TCS 0.9), RB1 (frac. 0.9) B coueTaHWU C HU3KUM
ypoBaeMm E2F3 (frac. 0.05), p16 (TCS 0.3). Kpome
TOTO, HAOJII0/]a/Iach SKCIPECCUST MapKepOB, Xapak-
TepHBIX /1A AU PepeHINPOBKI HOPMaJIBHOTO YPO-

basal and suprabasal urothelial layers, CK20 (TCS
0.1) in the cells of the surface urothelial layers
(Fig. 3). According to the Lund classification, this
group has been categorized as the urothelial-like A
subtype, which was fully consistent with a similar
subtype in elderly patients. It is noteworthy that all
tumors in patients under 30 years of age have be-
longed to this subtype. From a clinical point of view,
the tumors of the urothelial-like A subtype have
proceeded favorably, and patients have showed the
best survival rate (5-year survival rate amounted to
60%).

The Urothelial-like B subtype. A small cluster of
tumors (2; 4%) with typical urothelial morphology
and urothelial phenotype (FOXA1+, GATA3+), char-
acterized by more pronounced expression of basal
markers CK14 in cells of basal and parabasal urothe-
lial layers, heterogeneous or diffuse CK5/6 expres-
sion in cells of basal, parabasal and intermediate
urothelial layers, diffuse pronounced expression of
CK20 and FGFR3 (Fig. 4).

This subtype has had a less favorable prognosis
compared to the urothelial-like A subtype (5-year
survival rate has been about 20%). The catamnesis
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Puc. 4. [lanwuisapHas yporenuaibHas kapiuHoma high-grade (A) (okpacka reMaTOKCHIITHOM U 303HHOM, YB. X10)
¥ UMMYHOIIPO(Ih ypoTeanonoo6Horo B moaTuma (B)
Fig. 4. A high-grade papillary urothelial carcinoma (A) (hematoxylin and eosin staining, mag. x10)
and an immunoprofile of urothelial-like B subtype (B)

tenusi: CK5/6 (TCS 0.3) B xiieTkax 6a3aJIbHOTO U Cy-
npabasanpHoro cyoes yporenusi, CK20 (TCS 0.1) B
KJIETKaxX MMOBEPXHOCTHBIX CJI0€B ypoTenus (puc. 3).
Ilo knaccudukanmuu Lund 3Ty rpynmy oTHeCIH K
ypomeauonodobHomy A TOATHUILY, YTO MOTHOCTHIO
COOTBETCTBOBAJIO AHAJIOTUYHOMY IIOJTHUITY Y ITOXKHU-
JIBIX MAITUEHTOB. [IpuMeyaTeIbHO, YTO BCE OILYXOJIU
y MAaIEHTOB /10 30 JIET OTHOCKJINCH K JAHHOMY IIO/I-
tuiy. KIMHHYEeCKH OIyX0JIi YPOTEJIHOI0A00HOTO A
MIOATHIIA TPOTEKATH OJIATONPUATHO, a MAI[UEHThI
MMOKA3bIBAIM HAWJIYUINYIO BBIKUBAEMOCTh (5-J1€T-
HAS BPKUBAEMOCTD COCTaBUiIa 60 %).
Ypomeauonodobmuviii B nodmun. Hebosbiioi
KJIaCTeP OIyXOoJieH (2; 4 %) C TATUYHOU YPOTETHATb-
HOH Mopdosoruell U ypoTeauanibHbiM (HEHOTUIIOM
(FOXA1+, GATA3+), oTmyatoniuiicss 60siee BbIpa-
JKeHHOU DKcrIpeccrell 6a3anpHbIX MapkepoB CKi4 B
KJIeTKaxX 6a3ajbHOTO ¥ MMapaba3aabHOTO CJIOEB YPO-
TeJINsA, TeTeporeHHOH i n1uddy3HOoM sKcnpeccueit
CK5/6 B wierkax 06asajapbHOTO, MmapabazajabHOTO H
MIPOMEKYTOYHOTO CJI0EB ypoTtesus, uddy3HOI BbI-
paxkennoii sxcpeccueit CK20 u FGFR3 (puc. 4).

data has showed multiple relapses in one case (fol-
low-up period of 60 months), in the second case no
relapses have been registered (follow-up period of
36 months).

SK5/6+/p16+ subtype. A small group of tumors
(4; 7%) with a statistically significant level of squa-
mous differentiation has been identified within the
urothelial subtype. In most of the tumors, the CK5/6
expression has been revealed not only in basal but
also in intermediate urothelial layers (TCS 0.8), and
there has been also CK14 expression in single cells of
basal layer (TCS 0.03) (Fig. 5), which has been ab-
sent in the tumors of the urothelial-like A subtype. In
contrast to the urothelial-like A subtype, the expres-
sion level of p16 has been significantly higher (TCS
2.0). In addition, a rather high level of E2F3 overex-
pression has been detected (frac. 0.15). High-grade
malignancy tumors have prevailed (3; 75%), non-
muscle invasive — 2 (50%), muscle-invasive — 2
(50%). Duration of catamnesis for all patients was
7—36 months. It should be noted that there have
been frequent relapses (3; 75%) between 7 and 24
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JTaHHBIN [TO/ITUI OTINYAJICS MeHee OJIarOIpUsT-
HBIM IPOTHO30M B CPABHEHUU C YPOTETHOTIOA00HBIM
A moatunom (5-JIeTHSSI BBDKHUBAEMOCTh COCTaBIJIA
OKOJIO 20 %). JlaHHbIE KaTaMHe3a [I0Ka3aJId B OZTHOM
CJTydae MHOXKeCTBEHHbIE PellUIUBHI (T1epro/1 HabJTio-
JleHUs 60 Mec), BO BTOPOM CJIy4yae PEUINBEI He 3a-
peructpupoBansl (epuoj HabI0AeHUA 36 Mec).

CK5/6+ p16+ noomun. BHyTpu ypoTeIUaIbHOTO
IIOATHIIA BbIieJIeHa HeOOJIbINas TPYIIA OIMyXOJei
(457 %) co craTUCTUYECKH 3HAYMMBIM YPOBHEM ILIIO-
CKOKJIETOUHOU b depeHITUPOBKH. B 60bIITNHCTBE
omyxosieir skcupeccuss CK5/6 ompenensanace He
TOJIBKO B 6a3a/IbHBIX, HO U IIPOMEKYTOUHBIX CJIOSAX
yporenus (TCS 0.8), a Takke oTMedaIach SKCIIpec-
cusa CK14 B eITMHUYHBIX KJIETKaX 0GA3JIBHOTO CJIOS
(TCS 0.03) (puc. 5), 4TO OTCYTCTBOBAJIO B OITyXOJIAX
yporenuonofo6Horo A noarumna. B oimune ot ypo-
TeJINONOI00HOTO A MOATHIA, YPOBEHDb DKCIIPECCUU
p16 6611 cymectBenHo Boite (TCS 2.0). Kpome Toro,
BBISIBJIEH JIOCTATOYHO BBICOKMH YpPOBEHb CBEPXIK-
cupeccun E2F3 (frac. 0.15). IIpeobiaaganu omnyxosiu
BBICOKOH CTelleHH 3JI0KauecTBeHHOCTU (3; 75 %),
MBIIIIEYHO-HEMHBA3UBHBIE — 2 (50 %), MBIIIIEUYHO-
WHBa3uBHBIE — 2 (50 %). KaTaMHecTHUeCKU OXBade-
HBI BCE MAI[UEHTHI C JIOCTYITHBIM IIEPUO/IOM HAOJIIO-
neHust 7—36 mec. OTMeUYeHBI YacThle PEIUAUBHI (3;
75 %) B iepuo 7—24 mec. [1oo6HbIE UMMYHO(EHO-

months. Similar immunophenotypic features have
been not found in any of the molecular subtypes of
the tumors in elderly patients. For this reason, this
group has been identified conventionally for statisti-
cal analysis and named by the immunophenotype

CK5/6+/p16+.

Genomically unstable subtype

In the subgroup of age 40—44, there has been
one (2%) high-grade muscle-invasive tumor with
an immunoprofile other than the urothelial sub-
type. The tumor did not have classical urothelial
morphology and was characterized by a heteroge-
neous structure: there were foci of a squamous and
glandular differentiation (Fig. 6). Accordingly, the
immunoprofile was also heterogeneous: very low
expression of CCD1 (TCS 0.01-0.1), FOXA1 (TCS in
the squamous cell component 0, in the glandular
component 1.5), FGFR3 (frac. 0.1), p63 (frac. 0.05—
1.0), absence of RB1 expression against overexpres-
sion of E2F3 (frac. 0.3—0.6), p16 (TCS in the squa-
mous cell component 1.8, in the glandular compo-
nent 3.0), CK20 (TCS in the glandular component
2.7, in the squamous cell component 0). In addi-
tion, molecular genetic testing has revealed ampli-
fication of the HER2/neu gene. No recurrences or
metastases have been detected during the 24-month

Puc. 5. [lanwuisipHas ypotesnaabHas kapiipmaoma high-grade (A) (oxpacka reMaTOKCHTHHOM U 303UHOM, VB. X10)
U1 UMMyHOIIpod b yporeauononobHoro moaruna CK5/6+/p16+ (B)
Fig. 5. A high-grade papillary urothelial carcinoma (A) (hematoxylin and eosin staining, mag. x10)
and an immunoprofile of the CK5/6+/p16+ urothelial-like subtype (B)
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THIIUYECKHE TPU3HAKY He OOHAPYKEHbI HU B OJTHOM
M3 MOJIEKYJISIPHBIX [TOTUIIOB OIYXOJIEN V MOMKHUIIBIX
manueHToB. I10 ATO MPUYHHE /IS CTATUCTUYECKOTO
aHaJIM3a 3Ta TPyIna ObUIa BbIIEJIEHA YCJIOBHO U Ha-
3BaHa 1o ummMmyHodenoruiy «CK5/6+/p16+».

I'enomHo-HecmMabuabHbLt nOdMun

B moarpymnme 40-44 roma umesnach oxHa (2 %)
MBIIIIEYHO-UHBA3UBHAS OITyX0JIb BBICOKOM CTEIEHU
3JI0KAYECTBEHHOCTH € HMMYHOIPOGUIEM, OTIHY-
HBIM OT YPOTEJUaTbHOTO nmoaTumna. OmyxoJb He nMe-
Jla KJIACCHYECKYIO YPOTEJHAIbHYI0 MOP()OIOTHIO U
XapaKTepU30BaJIaCh TE€TEPOTEHHOCTHI0 CTPOEHMUS:
BCTPEYAIMCh OYard IUIOCKOKJIETOYHOM U IKEJIe3U-
croii nuddepennupoBku (puc. 6). COOTBETCTBEHHO,
MMMYHOIIPOWIb TakKe ObUI HEOIHODPOIHBIM:

follow-up. According to the Lund classification,
this group has been classified as the genomically
unstable subtype, fully reproducible in comparison
with the group of elderly patients. This prognosti-
cally unfavorable group of tumors has been charac-
terized by a high rate of progression and aggressive
course.

Basal/squamous cell-like subtype

Three cases (5%) of high-grade, deeply invasive
urothelial carcinomas have showed a marked squa-
mous phenotype: high expression level of CK5/6
(TCS 2.7) and CKi14 (TCS 2.4) with a low GATA3
(TCS 0.3) level. The FOXA1 (TCS 0) expression has
been absent as well. The tumors have been charac-
terized by an aggressive course: two of them have

Puc. 6. YporenuanpHas kapiuHoma high-grade ¢ yuactkamu reteporeHHOro crpoeHust (OKpacka reMaTOKCHJIMHOM
¥ D03UHOM, YB. X20: A — O4aru keje3uctoi aubdepeHIupoBK; B — ouaru miocKokIeToUHOU TudbepeHInPOBK)
1 UMMYyHOTIPOdHIb TeHOMHO-HecTabuibHOoro roaTumna (C)

Fig. 6. A high-grade urothelial carcinoma with areas of heterogeneous structure (hematoxylin and eosin staining,
mag. x20: A — foci of glandular differentiation; B — foci of squamous differentiation)
and an immunoprofile of the genomically unstable subtype (C)
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OueHb HHUBKHHI ypoBeHb skcrpeccuun CCD1 (TCS
0.01-0.1), FOXA1 (TCS B IJI0OCKOKJIETOYHOM KOMIIO-
HeHTe O, B Keje3uctoM 1.5), FGFR3 (frac. 0.1), p63
(frac. 0.05—1.0), orcyrcrBue skcipeccur RB1 Ha
done cBepxskcnpeccuu E2F3 (frac. 0.3—0.6), p16
(TCS B IJIOCKOKJIETOUHOM KOMIIOHEHTE 1.8, B KeJie-
3ucroM 3.0), CK20 (TCS B xejie3ucToOM KOMIIOHEHTE
2.7, B IUIOCKOKJIETOYHOM 0). B nomosHenue k aTomy
IIpU  MOJIEKYJISIPHO-TEHETUYECKOM HCCJIeIOBAHUH
BBIsABJIEHA aMIUTnduKanus rena HER2/neu. B teue-
HUe 24 Mec HAOJIOZIeHUsI PEIUINBOB U METACTa30B
He obHapy»xkeHo. [To kiaccudukaruu Lund aTa rpym-
I1a OTHECEHA K 2eHOMHO-HeCmabuabHOMY TOATHILY,
IIOJTHOCTBIO BOCIIPOM3BO/IIMOMY B CPaBHEHUU C I10-
JKIJION rpymmoi. JlaHHast MpOTHOCTUYECKH HebJiaro-
[IpUATHASA TPYMIA OIMyXOJeH OTINYaIach BBICOKOM
YacTOTOH MPOTPECCUU U aTPECCUBHBIM TeUeHUEM.

Fa3aavbblil/naockoKkAemouHo-

Nnodoo6HbBLL nodmun

B Tpex ciyuasnx (5 %) rryb0ko MHBa3UBHBIX YPO-
TeJINAJIbHBIX KAPIIUHOM BBICOKOU CTEIIEHH 3JI0Kaue-
CTBEHHOCTH BBISIBJIEH BBIDAYKEHHBIA CKBaMO3HBIN
denorumn: BbicOKUN ypoBeHb 3kcupeccuu CKs5/6
(TCS 2.7) u CKi4 (TCS 2.4) npu HU3KOM ypOBHE
GATA3 (TCS 0.3). Tak:xe OTCyTCTBOBaJIa SKCIIPECCUS
FOXA1 (TCS 0). Omyxonu XapakTepu30BaJIKCh
arpecCHBHBIM TEUEHUEM: JIBe U3 HUX ObLIU TIIyOOKO
uHBasuBHbIMHU (pT3a, pT4), omHa — craguu pT2.
Mopdosornyecku Bce OIyXOJU HUMEJU XapaKTep-
HYIO IUIOCKOKJIETOUHYIO T dHepeHInpoBKy (puc. 7).
KatamHe3 ObL1 ©3BECTEH B IBYX CJIy4asx (Iiepuos Ha-
GrofieHnst 60 Mec). PenuiuB oTMeUeH B OJTHOM CIIy-

been deeply invasive (pT3a, pT4), one has been in
the pT2 stage. Morphologically, all tumors have had
a characteristic squamous cell differentiation (Fig. 7).
The catamnesis has been known in two cases (with a
follow-up period of 60 months). A relapse has been
noted in one case. According to the Lund classifica-
tion, this subtype has correlated completely with a
similar, prognostically unfavorable one in elderly pa-
tients.

Mesenchymal-like subtype

In one (2%) case of a high-grade muscle-invasive
tumor, there was a pronounced morphological poly-
morphism with a combination of predominant spin-
dle cell, chondroid, glandular, and focal squamous
cell histological patterns (Fig. 8). Immunohisto-
chemically, the tumor has showed a pronounced ex-
pression of vimentin with a weak expression of the
other markers. This case, referred to the mesenchy-
mal-like subtype, has been fully reproducible in a
group of young patients and has been characterized
by a recurrent course (follow-up period of 5 months)
and a poor prognosis.

The distribution of tumors by molecular sub-
types in the age subgroups of young patients is
shown in Fig. 9. In the subgroup under 30 years of
age, the tumors have been of the urothelial A sub-
type only, in the early pathological stage (pTa, pT1).
In the subgroup of age 30—39, the urothelial-like A
subtype have also prevailed, but other subtypes
have appeared, such as the urothelial-like CK5/6+/
p16+ subtype (10%), as well as a small percentage of
the urothelial-like B and basal/squamous cell-like

Puc. 7. YporenuanpHas kapuuaoMa high-grade ¢ BeIpaskeHHOM IIOCKOKIETOUHOU tuddepeHIpoBKoH (A) (Okpacka
reMaTOKCHJIMHOM U 303UHOM, YB. X10) ¥ UMMYHOIIPODHIH 6a3a/IbHOT0/ IJIOCKOKJIETOUHO-T10/100HO0TO TI0/rTHIIA (B)
Fig. 7. A high-grade urothelial carcinoma with marked squamous cell differentiation (A) (hematoxylin and eosin staining,
mag. x10) and an immunoprofile of the basal/squamous cell-like subtype (B)
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qae. [To kiraccudukanuu Lund TaHHBIA TOATHII II0JI-
HOCTBI0 KOPPEJIMPOBAJ C aHAJIOTUYHBIM, ITIPOTHOCTU-
YecKH HeOIarOmpUsTHBIM V MMOKIIBIX MTaI[HEHTOB.

MeszeHxumaabHO-No0oOHBIIL nodmun

B oxHOM (2 %) HAOJIIOAEHUH MBIIIIEYHO-UHBA3UB-
HOU OIIYXOJIH BBICOKOU CTEITeHH 3JI0KAUECTBEHHOCTH
YCTAaHOBJIEH BBIPAYKEHHBIA MOPQOJIOTHYECKUH I10-
JTUMOPDU3M ¢ coueTaHHEM ITpe0bJIaIaroIero Bepe-
TEHOKJIETOYHOTO, XOHJ/IDOH/THOTO, JKEJIE3HCTOTO U
0YaroBO-IIJIOCKOKJIETOYHOTO T'MCTOJIOTUYECKHX IaT-
TepHOB (puc. 8). UMMyHOTHCTOXUMUYECKH OIyXOJIb
MPOIEMOHCTPUPOBAJIA BBIPAYKEHHYIO DKCIIPECCHUIO
BUMEHTHHA NPU CIab0H SKCIIPECCUU OCTAIHHBIX
MapKepoB. JATOT CJIydyall, OTHECEHHBIH K Me3eHXU-
MAAbHO-NO00OHOMY TIOATHUITY, OBLT IOJTHOCTHIO BOC-
MMPOM3BOJUM B TPYIIIE MOJIOJBIX MAIMEHTOB M Xa-
PaKTEPU30BAJICA PENUAUBUPYIOIIUM TeueHueM (1re-
puo/ HAOJTIOIEHUs 5 M€eC) B Xy/IIIUM IIPOTHO30M.

Pacripeniesienye omyxosieid 1O MOJIEKYJISIPHBIM
MTOAITUIIAM B BO3PACTHBIX MTOATPYIIIIAX MOJIOJbIX Ma-
[IMEHTOB ITOKa3aHO Ha PUC. 9. B moarpymiie 710 30 et
OIYXO0JIA OBUIM TOJIBKO YPOTEJIHOMO0OHOTO A O/~
THIIA, HA paHHEeH maTtosoruyeckoii craauu (pTa,

subtypes. In patients older than 40 years old, in ad-
dition to those already mentioned, genomically un-
stable and mesenchymal-like subtypes have been
detected.

The Kaplan-Meier analysis

of the recurrence-free survival

When evaluating the recurrence-free survival
rate, the urothelial-like A subtype showed the best
prognosis in young patients (p = 0.022) compared to
the other subtypes, we have analyzed between them
because of the small sample of patients. The so-called
urothelial-like CK5/6+/p16+ subtype that we had
identified, has showed a slightly less favorable prog-
nosis in contrast to the urothelial subtype (p = 0.057)
(Fig. 10).

In our study we have applied the Lund molecular
profiling method using an immunohistochemical
method to a cohort of young patients [20]. Based on
the above mentioned methodology, bladder tumors
in most cases can be divided into four subtypes: uro-
thelial-like, genomically unstable, basal/squamous
cell-like, and mesenchymal-like. As mentioned
above, the age-related hypothesis and clinical beha-

;L.‘ . \
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Puc. 8. Kapriunoma high-grade ¢ yuactkamu reteporeHHOro crpoeHust (OKpacka reMaTOKCHJIMHOM M H031HOM:
A — ouaru jkeJIe3UCTOH, IVIOCKOKJIETOYHO! U BEPETEHOKJIETOUHOH /T depeHITTPOBKH, YB. X10;
B — ouaru xoH1pouiHOM i PePEeHITUPOBKH, YB. X20) U UMMYHOIIPOGUIIb Me3eHXUMAIbHO-110/100H0TO TTorTra (C)
Fig. 8. A high-grade carcinoma with areas of heterogeneous structure (hematoxylin and eosin staining;:
A — foci of glandular, squamous cell, and spindle cell differentiation, mag. x10; B — foci of chondroid differentiation,
mag. x20) and an immunoprofile of mesenchymal-like subtype (C)
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Urothelial-like CK5/6+/p16+
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Puc. 9. Pacipe/iesieHrie MOJIEKY/ISIPHBIX TIOATUIIOB YPOTEIHAIBHBIX KAPIUHOM B BO3PACTHBIX ITO/[IPYIIIAX
MOJIOZIBIX TTAIUEHTOB (IUMPHI CIIpaBa OT MOJIEKYJISIPHOTO TIOZTHIIA — /IOJISI STOTO MOTHIIA)
Fig. 9. A distribution of molecular subtypes of urothelial carcinomas in the age subgroups of young patients
(figures to the right of the molecular subtype are the proportion of that subtype)

pT1). B moarpymme 30—39 JIeT Tak:Ke ITPEBATPOBATT
YPOTETNONOOOHBIN A TOITUT, OJHAKO MOSBUINCH
JIDyTH€e TIOATHUIIbI, TAKWE KaK YPOTEJTHOIOI00HBIN
CK5/6+/p16+ noxrun (10 %), a Tak:ke HeOOTBIIION
MPOIIEHT ypoTenunonoobnoro B u 6asanbHOTO/
IUIOCKOKJIETOUHO-TIOJJTOOHOTO TOATHUIIA. Y MallueH-
TOB CTapIIle 40 JIeT, IOMHUMO YK€ Ha3BaHHbIX, BbISAB-
JISLTUCh TEHOMHO-HECTa0MJIbHBIN U ME3eHXUMAaJIbHO-
HOLOOHBIN ITOATHIIBI.

AHaaus 6e3peuudusHoil 8bicCusaemocmu

Kaplan-Meier

IIpu oneHKe O€3perUINBHOA BBIKUBAEMOCTH
HAWJIYyYIIUH TPOTHO3 Y MOJIOBIX MAI[EHTOB ITOKa-
3aJ1 yporennonofobHbi A moxatumn (p = 0.022) B
CpPaBHEHHMH C APYTUMH TMOATUIIAMH, KOTOPbIE MbI
aHAJU3UPOBATIN BMECTE M3-32 MaJIOK BHIOOPKHM IMa-
[IUEHTOB. BhIIe/IeHHBIM HAMY TaK Ha3bIBAEMBIH ypO-
tesinono1obubri CK5/6+/p16+ MoATUII TTOKA3aT He-
CKOJIPKO MeHee 0JIarONMPUATHBIN POTHO3 B OTJIUYHE
OT ypOTeIUaIBbHOTO nojitumna (p = 0.057) (puc. 10).

B Hairem mcciieZJoBaHUY MbI IIPUMEHWIA METO/T
MOJIEKYJISIpHOTO mpodumupoBanus Lund ¢ ucmoas-
30BAaHHEM HMMYHOTHCTOXMMUUYECKOTO MeTo/Ja Ha
KOrOopTe MOJIOJBIX marueHToB [20]. Ha ocHOBe BBI-
[IeyKa3aHHOW METOAUKH OIYXOJIH MOYEBOTO ITy3bIPsI
B OOJIBIIIMTHCTBE CJIyYaeB MOKHO IOAPABJIEUTh Ha
YeThIpe IOATHUIIA: YPOTEIHOMOA00HBIA, T€HOMHO-
HeCcTaOWIbHBIA, 0Oa3aIbHBIHN/IIOCKOKIETOYHO-TI0-
JIOOHBIH U Me3eHXHUMAaJIBbHO-IOJIOOHBIH. Kak yike

vior of bladder cancer have still been being under
discussion. Some researchers report that the clinical
course and prognosis of tumors in young patients is
similar to that in older patients, while others report a
higher survival rate, a favorable course, but a risk of
recurrence of superficial urothelial carcinomas in
young patients [19, 21, 22]. In general, the urothelial
carcinomas in young patients have genetic features
reflected in their biological behavior [23]. A number
of authors indicate that these tumors are character-
ized by genomically stable [6, 7]. Some authors con-
sider the low frequency of the FGFR3 and TP53 mu-
tations, which play a crucial role in oncogenesis in
the majority of elderly patients, to be a feature [8].
Contradictory data regarding genetic factors, clinical
outcome, and prognosis of early urothelial bladder
cancer may be due to the lack of consensus on a clear
definition of the young group of patients within the
group of individuals younger than 20 and 45 years
[23—-29].

This study has included an analysis of patients
from 20 to 45 years of age according to the World
Health Organization guidelines. In addition, the
sample of young patients has been subdivided into
three age subgroups for statistical analysis. Our re-
sults show that all Ta stage tumors and the majority
of the T1 stage tumors had the phenotype of the uro-
thelial-like A subtype. We have not identified any
other molecular subtypes other than urothelial-like
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Puc. 10. AHanu3 6e3peruanBHON BeKUBaeMocT Kaplan-Meier
Fig. 10. The Kaplan-Meier analysis of the recurrence-free survival

VKa3bIBAJIOCh BBIIIIE, BO3PACTHAS THUIIOTE3a U KJIUHU-
YecKoe IMOBEeJIeHHE PaKa MOYEBOTO ITy3bIps BCE ellfe
obcyxaerca. HekoTopble HccaemoBaTes I coo0Ia-
0T, YTO KJIMHUYECKOE TeUeHUE U IIPOTHO3 OMyX0oJIeH
YV MOJIOJIBIX TIAITHEHTOB aHAJIOTUYHBI TAKOBBIM Yy TI0-
JKWJIBIX, TOT/IA KaK APYTHE TOBOPAT O O0Jiee BHICOKOU
BBIKMBAEMOCTH, 0JIaTOMIPUSATHOM TEUEHHHU, HO PHCKE
PEelUUBUPOBAHUS IOBEPXHOCTHBIX YPOTETHATHHBIX
KapIIMHOM Y MOJIOZbIX IAIIMEHTOB [19, 21, 22]. B 1e-
JIOM yPOTEeIHaTbHbIE KAPIIUHOMBI Y MOJIOABIX TAIIK-
€HTOB MMEIOT reHeTHUeCKHue 0COOEHHOCTH, OTpaskKa-
IoIHecs Ha MX OMOJIOrHYecKoM nosegennu [23]. Psan
aBTOPOB YKa3bIBAET, UTO JIJIST JAHHBIX OIyXOJeH xa-
pakTepHa reHOMHas cTabwiIbHOCTH [6, 7]. HekoTo-
pble aBTOPBI CIUTAIOT 0COOEHHOCTHIO HU3KYIO YaCTO-
Ty myTtarui reHoB FGFR3 u TP53, KOTOpble UTPAIOT
PEIIAIIyI0 POJIb B OHKOTEHe3e Y OOJIBIITMHCTBA I0-
JKIIBIX manueHToB [8]. IIpoTHBOpeunBhbIE TaHHBIE
OTHOCHUTEJIPHO TeHEeTUUEeCKHUX (haKTOPOB, KIMHUYE-
CKOT'O MCXO7]a U IPOTHO3a PAHHETO YPOTEIUATILHOTO
paka MOYEBOro Iy3bIpsi, BO3MOXKHO, OOBICHAIOTCS
OTCYTCTBHEM €IMHOTO MHEHUSI O YETKOM BBIZIEJIEHUH
«MOJIOJTOH TPYIIIIBI» MAIUEHTOB B MPe/ieiaX TPYIIITbI
JIAI] MOJIOKE 20 U 45 JjeT [23—29].

IIpoBe/ieHHOE HCCIIEIOBAHIE BKIIOUAIO aHATIU3
MMAIEeHTOB OT 20 JI0 45 JIET B COOTBETCTBUH C PEKO-
meHzanuamMu BO3. IIpu 5TOM IONOJHUTENBHO BBI-
OOpKa MOJIOJIBIX MAIIMEHTOB MTOAPa3AesaIach Ha TPU
BO3paCTHBIE MOJITPYIIIIBI JIJISI CTATUCTUYECKOTO aHa-

A in non-invasive tumors, in contrast to the data of
G. Sjodahl et al. in elderly patients [3, 30]. This as-
pect seems to reflect the hypothesis that tumors in
young patients constitute a more genomically stable
group [6, 7, 23]. In the urothelial cluster, we have
identified a small group of tumors (7%) with immu-
nophenotypic features atypical for the urothelial-like
A subtype: a higher level of the squamous cell differ-
entiation, a marked expression of p16 protein, a
higher level of E2F3 and Ki67 expression, and an ab-
errant expression of CK20. The molecular profile has
been similar to the genomically unstable subtype, on
the one hand, and to the basal/squamous cell-like
subtype, on the other, but it has showed typical fea-
tures of the urothelial subtype. We have not found a
similar expression profile in the Lund’s studies in a
cohort of elderly patients and, following the Lund’s
recommendation that molecular subtypes can only
be identified based on mRNA expression, we have
analyzed this group separately under the notation of
the urothelial-like CK5/6+/p16+ subtype. The pa-
tients with urothelial-like A subtype carcinomas
have showed a more favorable survival prognosis
compared to the urothelial-like CK5/6+/p16+ sub-
type (p = 0.057). The p16 protein is known to be an
early marker of malignant transformation as it plays
an important role in cell cycle regulation and acts as
a tumor suppressor. The urothelial carcinomas clas-
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sm3a. Hamm pesysibTaThl TOKa3bIBAIOT, UTO BCE OITY-
xosu craguu Ta u 60BIIUHCTBO cTaguu T1 umenu
¢eHOTHIT ypOTETUOMOAOOHOTO A ToATHUIIA. MBI HE
BBISIBUIM B HEMHBA3UBHBIX OITYXOJISIX IPYTUX MOJIEe-
KYJISIPHBIX IIOATHUIIOB, KPOMeE YPOTEJIHOIIOT00OHOTO0 A,
B omyure ot JaHHbiX G. Sjodahl et al. y moxxumabix
MManueHToB [3, 30]. ATOT acmexT, Mo-BUAUMOMY, OT-
pa’kaeT rUIIOTE3y O TOM, UTO OITyXOJIU Y MOJIOJIBIX CO-
CTaBJISIOT O60JIe€ TEHOMHO-CTa0UJIbHYIO IpyIIIy [6, 7,
23]. B ypoTesmmasbHOM KjacTepe MbI BBISBHJIU He-
GOJIBIIIYIO TPYIIIY OIMyXoJiel (7 %) ¢ HETUITMYHBIMHU
JUISL YPOTETNOTIOA00HOTO A TIOATUIIA TMMYHO(EHO-
THUIUYECKUMHU NPU3HAKaMU: 0oJiee BBICOKHH ypO-
BEHb TJIOCKOKJIETOUHOM auddepeHIIPOBKY, BhIpa-
JKEeHHas dKcIpeccus 6esika p16, 60Jiee BBICOKHUU yPo-
BeHb skcrpeccun E2F3, Ki67, a Takke abeppaHTHas
skcrpeccuss CK20. MosiekynsspHbIH TPOGUIb, €
OZTHOU CTOPOHBI, CXOXK C T€HOMHO-HECTaOWIHHBIM
MOITUIIOM, C JIPyTOH — C 0a3aJIbHBIM/IIOCKOKJIE-
TOYHO-TIOIOOHBIM, HO NPU 3TOM JEMOHCTPUPOBAI
TUIIUYHbIE MPU3HAKU YPOTEIUATHHOTO IOATHIIA.
Mps1 He OOHAPYKUJIH TTOAOOHBIN TPODUIb DKCITpec-
cuu B uccsieioBanuax Lund B KOropre MOKUJIBIX -
[MEHTOB H, COTJIaCHO pexoMeHnanusam Lund o Tom,
YTO MOJIEKYJISIPHBIE TIOJITUIIBI MOTYT OBITH H/IEHTH-
¢uUpoBaHbI TOJIFKO Ha OCHOBe 3Kcrpeccud MPHK,
[IPOAHAJIN3UPOBATIA 3Ty TPYHOIY OTAEIBHO TIIOJ,
VCJIOBHBIM O0O3HAYEHHUEM «YPOTEIHUONONO0HBIN
CK5/6+/p16+ moaTui». [TaniueHTsI ¢ KapIIMHOMaMH
YPOTEINONOAOOHOTO A mOATHIA IMOKaszatn Oosee
6J1arONPUATHBIN TPOTHO3 BBI?KMBAEMOCTH I10 CPaB-
HeHUo ¢ yporenuononobusiM CK5/6+/p16+ moaTu-
oM (p = 0.057). I3BecTHO, uTO 6€JI0K P16 SABIsSETCS
PaHHUM MapKepOM 3JI0KaU4eCTBEHHOU TpaHcdopma-
MY, TIOCKOJIbKY UTPAET BAKHYIO POJIb B PETYJIAIIIHI
KJIETOYHOTO IIUKJIA U IEUCTBYET KaK CYIIPeCccop OIy-
XOJIH. YPOTeUaIbHbIE KapIIUHOMBI, KJIaCCU(pUITU-
pyeMble KaK ypOTeJINOOA00HBIH HOATHUII, YaCTO Te-
PSIIOT BKCIPECCHUI0 P16 H3-3a CrerudUuuecKou s
MOATUIIA yTpaThl TeHa. JTO OBUIO IOKA3aHO
G. Sjodahl Ha KorOpTE MOKUJIBIX TAITUEHTOB [20]. Y
MIAIIEHTOB CTAPIIIE 45 JIET IPU MOJIEKYJIIPHOM IIPO-
(GUIMPOBaHUYM YPOTEJHAJIBHBIX KaPIUHOM MBI OT-
MeuaJIi aHAJIOTHUYHbIE Pe3yJbTaThl. TeM He MeHee
S.R. Williamson et al. mogrBepawn, uro aabrepa-
nus reHa CDKN2A/p16 B onyXoJAX y MOJIOJBIX Ia-
[IMEHTOB BCTpedaeTcs: peako [8]. B Hamrei koropre
cydaeB ObLIO BBISBJIEHO YBEJIUYEHUE JKCIIPECCHH
Oenka p16 B coueTaHuH ¢ OoJiee BBICOKUM YPOBHEM
IUIOCKOKJIETOUHOU T PepeHITUPOBKY, Tposude-
paTUBHOM aKTUBHOCTH U 3Kcnpeccuu E2F3 B ciryua-
SIX MBIIIEYHO-HEMHBA3UBHBIX KapIIMHOM BBICOKOU
CTENIeHU THUCTOJIOTUYECKOH B3JI0KaYeCTBEHHOCTH C
0o0IMMY TIPU3HAKAMHU YPOTEJHAJIBHOTO KJacTepa.

sified as the urothelial-like subtype often lose p16 ex-
pression due to the subtype-specific gene loss. This
has been shown by G. Sjodahl in a cohort of elderly
patients [20]. In patients over 45 years of age, we
have determined similar results in molecular profil-
ing of the urothelial carcinomas. However, S.R. Wil-
liamson et al. confirmed that the CDKN2A/p16 gene
alteration in tumors in young patients is rare [8]. In
our cohort, we have found an increased p16 protein
expression in combination with a higher levels of
squamous cell differentiation, a proliferative activity,
and an E2F3 expression in cases of non-muscle inva-
sive carcinomas of a high histological malignancy
with common urothelial cluster features. It can be
assumed that there is another pathway of urothelial
carcinoma progression in young patients — through
an MAPK signal activation, which promotes an epi-
thelial-mesenchymal transition, and this, theoreti-
cally, leads to an increase in the p16 expression [31].
Some researchers have reported that an increased
p16 expression in tumors, including urothelial mus-
cle-invasive carcinomas, is associated with aggres-
sive subtypes, and in certain clinical situations, an
increased p16 expression may be an important prog-
nostic and predictive marker [32—34]. Another ex-
planation for the increase in the p16 expression may
be related to a squamous cell differentiation. In the
literature, there are indications that about 33% of
urothelial carcinomas with the squamous cell differ-
entiation show the p16 expression without any evi-
dence of the human papillomavirus infection [35].
However, a biological significance of this aspect is
unclear.

The frequency of, so-called, aggressive subtypes
of urothelial carcinomas of the bladder (genomically
unstable, basal/squamous cell-like, mesenchymal-
like) in our cohort has been low (not more than 6%)
in contrast to the cohort of older patients in the
Lund’s study, in which this frequency had exceeded
50%.

Dividing the young patient group into three age
subgroups has revealed some differences in the dis-
tribution of molecular subtypes. All tumors in pa-
tients younger than 30 years old have been clearly
classified in the urothelial-like A subtype, have had
papillary urothelial morphology and have been asso-
ciated with the best prognosis for recurrence-free
survival. Statistically more aggressive subtypes (ge-
nomically unstable, basal/squamous cell-like, mes-
enchymal-like) have been detected only in patients
older than 40 years. These data suggest that their
frequency increases with age and is probably related
to the accumulation of mutational burden [36].
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MO’KHO MPEANOJIOKUTh, YTO CYIIECTBYET JIPYTOH
IyTh IPOTPECCHPOBAHUS yPOTETUATBHBIX KapIH-
HOM Yy MOJIOABIX IMAI[EHTOB — 4Yepe3 aKTHUBAIIUIO
MAPK-curHasa, 4To CIIOCOOCTBYET SIUTEIUATBLHO-
Me3eHXUMAaJIbHOMY II€PEXO/Y, U 3TO, TEOPETUIECKH,
MIPUBOAUT K YBEJIMUEHUIO SKcmpeccuu p16 [31]. He-
KOTOpPBIE KCCIIEZIOBATENIN COODIIAIOT, YTO yBeJIHYe-
HHE HKCIIPECCUH P16 B OIYXOJIH, B TOM YHCJIE B ypO-
TeJIMAJIbHBIX MbIIIEUHO-HEMHBA3UBHBIX KapI[UHO-
MaX, CBSI3aHO C arpPeCCUBHBIMH IOATUIIAMU, U B
ONpeIE/IEHHON KJIMHUYECKON CUTYaI[dW IOBBIIIE-
HUE BKCIIPECCUU P16 MOKET OBITH BaKHBIM IIPOTHO-
CTHYECKUM W TPEIUKTUBHBIM MapKepoM [32-34].
Jlpyroe oOBbsICHEHHE POCTa SKCIPECCHU P16 MOKET
OBITh CBSI3aHO C ILJIOCKOKJIETOUHOU AuddepeHmu-
POBKOH. B Jureparype ecTb ykazaHWSA Ha TO, YTO
OKOJIO 33 % ypOTeIHaIbHBIX KapIMHOM C IIJIOCKO-
KkJIeTouHod uddepeHITUPOBKON JIEMOHCTPUPYIOT
SKCIIpeccHio p16 6e3 MPU3HAKOB IMOPAMKEHUS BUPY-
COM ITaIIMJIIOMBI uejtoBeka [35]. OpHako OMoI0ru-
YecKasi 3HAUMMOCTD 3TOTO acIleKTa HesiCHA.

YacroTa Tak Ha3bIBA€MbBIX arpeCCUBHBIX IOJITH-
0B YPOTEJTUAJIBHBIX KAPIIMHOM MOYEBOTO ITy3bIPs
(reHOMHO-HECTaOWIbHBIN, 6a3abHBIHN/IITOCKOKIIE-
TOYHO-IIO/IOOHBIA, ME3EeHXMMAaJIbHO-IIOIOOHBIN) B
Halel koropre ObL1a HU3KOU (He 601ee 6 %) B OTIIH-
Yrie OT KOTOPTHI MOKIIBIX TAIIUEHTOB B HCCIE0BA-
Huu Lund, B KOTOPOIi 3Ta YacToTa IpeBbIiiana 50 %.

Pasjienenre MoJ10/10¥ TPYIIIBI TAITUEHTOB HA TPHU
BO3pACTHbBIE TOATPYIIBI BBISIBUJIO HEKOTOPHIE pas-
JIMYUsl B pacIpesieJIeHUU MOJIEKYJISIPHBIX TTO/ITHIIOB.
Bce oryxos1 y marniieHToB MOJIOKe 30 JIET ObLIH YeT-
KO KJIacCU(pUIMPOBATNCH B YPOTEIHUOMOMOOHBIH A
TIO/ITHII, UMEJIH TAMMIJUIPHYIO YPOTETHATBHYIO MOP-
oJtoruIo ¥ acCONMUPOBAIUCH C HAWIYYIIIUM IIPO-
THO30M B OTHOIIIEHUH OE3PEIUIMBHON BhIKMBAEMO-
ctu. Cratuctudecku 0oJiee arpecCHBHBIE TTOATHITBI
(reHOMHO-HeCTaOWIbHBIA, 0a3aIbHbBIH/ILJIOCKOKJIE-
TOYHO-TIOAOOHBIA, ME3EHXUMAIBLHO-II0I00HBIIN) ObI-
JIU BBISIBJIEHBI TOJIBKO V MAIUEHTOB CTapIlle 40 JeT.
ITU JIaHHBIE CBUJIETETBCTBYIOT O TOM, UTO YaCTOTA MX
VBEJTUYUBAETCS ¢ BO3PACTOM U, BEPOSITHO, CBSI3aHA C
HaKOIUIEHWEM MYyTAI[UOHHOHN Harpy3ku [36].

3AK/IIOYEHUE

Pe3yspTaThl MPOBEZIEHHOTO UCCIEAOBAHUA MIPO-
JIeMOHCTPUPOBAJIN /JOCTATOYHO XOPOIIYI0 BOCIIPO-
HU3BOJMMOCTb OCHOBHBIX MOJIEKYJIAPHBIX IOATHIIOB
paka MOYEeBOro Iy3bIPs, BCTPEUAIOIIUXCA Y MOXKHU-
JIBIX MAIlMEeHTOB. BliepBhle ajlanTUpoBaHa MOJIEKY-
JIsIpHAs MMATOJIOTUYecKas KaccuUKanusa Ha OCHO-
BE COOTBETCTBYIOIEN MaHEIU aHTUTE B PEAAKIIUHU
rpymnsl uccienoBaTesniedl Lund Kk Koropre MOJIObIX
[IallEeHTOB. YCTAHOBJIEHO, UTO Y MAI[EeHTOB MOJIO-

CONCLUSION

The results of this study have demonstrated a
fairly good reproducibility of the main molecular
subtypes of bladder cancer occurring in elderly pa-
tients. For the first time, the molecular pathological
classification based on the corresponding antibody
panel by the Lund Research Group has been adapt-
ed to the cohort of young patients. The urothelial-
like A subtype of bladder cancer has been found to
be significantly predominate in young patients
(78%, p = 0.005). This aspect suggests a high ge-
nomically stability of tumors in young patients.
Urothelial carcinomas in young patients are at an
early pathological stage (pTa, pT1), characterized by
a more favorable course, a low stage of malignancy
compared to those in the older patient cohort.
Among the urothelial carcinomas of young age a
specific variant of cancer — urothelial-like CK5/6+/
p16+, combining immunohistochemical features of
basal/squamous-like and genomically unstable sub-
types, tending to a more aggressive course and
probably reflecting a different way of progression of
some urothelial carcinomas at young age in contrast
to bladder cancer of older patients, was revealed for
the first time. According to our data, aggressive mo-
lecular subtypes, such as urothelial-like B, basal/
squamous cell-like, genomically unstable, and mes-
enchymal-like, appear in patients over 30 years of
age, and their frequency increases with age. The
performed molecular profiling of bladder cancer in
young patients showed its diagnostic significance,
possibility of prognostic stratification and, there-
fore, reasonable practicality.
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JIOTO BO3PACTa JIOCTOBEPHO IPe06JIa/iaeT ypOTeIHno-
TOOOHBIN A TIOJITUI paka MOYEBOTO Iy3bIps (78 %,
P = 0.005). ATOT aCIeKT MO3BOJISAET MIPEIIOIOKUTD
BBICOKYIO0 T€HOMHYIO CTabUJIBHOCTD OITyXOJIEH Y MO-
JIOABIX TAIUEHTOB. YPOTEJTHATbHbIE KAPIUHOMBI Y
[AIMEeHTOB MOJIO/IOTO BO3PACTAa HAXOMATCSA HA PaH-
Hell matosiormyeckou craauu (pTa, pT1), xapakre-
pusyioTcsi 6osiee OGJIATONPUSATHBIM TeUueHUEM, HU3-
KOU CTEMEHBIO 3JT0KAYECTBEHHOCTH 110 CPABHEHUIO C
TAKOBBIMHU B BO3PACTHOW KOropre mnanueHToB. Cpe-
JI1 YPOTETUAIIbHBIX KAPIIMHOM Y JIUI] MOJIOZIOTO BO3-
pacra BIIEpBBIE BBISIBJIEH CIIEU(DUIECKUI BapUAHT
paka — yporenuononobusiii CK5/6+/p16+, couera-
IOIUA HUMMYHOTHCTOXMMUYECKUE WpPU3HAKU 0Oa-
3aJIPHOTO,/ TIIOCKOKJIETOYHO-II0I0OHOTO ¥ TEHOMHO-
HeCTaOMJIbHOTO IOATHUIIOB, UMEIOIUN TEH/IEHIIUIO K
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boJiee arpecCBHOMY TE€UYEHHIO M, BEPOSITHO, OTpa-
JKQIONUH WHOU MyTh IPOTPECCUH YaCTU YpPOTEIH-
aJIbHBIX KaPIIMHOM B MOJIOJIOM BO3PaCTe, B OTJIUUHE
OT paKa MOYEBOTO ITy3bIPsi BO3PACTHBIX MAIEHTOB.
ITo HAIIUM JAQHHBIM arpecCUBHBIE MOJIEKYJISIPHBIE
MTOITUTIBI, TAKKE KaK YPOTEIUOMOA00HbBIH B, 6a3ain-
HBIH / TJTIOCKOKJIETOYHO-TIOI00HBIA, T€eHOMHO-HECTa-
OMJIbHBIM, ME3€HXUMAJIbHO-II0I00HBIN, OSBJIAIOT-
¢s y TIAaIIUEHTOB cTapiie 30 JIeT, a UX YaCTOTa YBeJIH-
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Forecasting importance of ultrasound semiotics for the choice
of further diagnostic procedures and treatment methods
for patients with abdominal abscesses (literature review)

Grechikhina M.V.}, Gorbunov N.A.2, Dergilev A.P.2

! Consultative and Diagnostic Outpatient Clinic No. 277 (Novosibirsk)
Novostibirsk State Medical University

AHHOTAIIUSA

Ilestb 0630pa — MMOKA3aTh, YTO YABTPA3BYKOBAs KAPTHHA [IPU [IEPBUYHON IMATHOCTUKE MOXKET CTAaTh OIPEAeIIAoIIen
JUIsI TUTAHUPYEeMOTo 00C/Ie/IOBAHUS U JIEUEHUS MAIIHEHTOB ¢ abciieccaMu OPIOIITHOM MOJIOCTU. B craThe MPOBE/IEH aHAIN3
BO3MO’KHOCTEl IIPUMEHEHH YIbTPa3ByKOBOTO METO/[, OTIMCAHBI €0 JIOCTOMHCTBA 1 HEJOCTATKH. PaccMOTpEHbI KItoue-
BbI€ MOMEHTHI, CBI3aHHBIE ¢ POPMHUPOBAHUEM YJIHTPA3BYKOBOW KAPTUHBI MTOJIOCTHBIX 0OPa30BAHUIN PA3JIMYHON 3THOJIO-
MM U JIOKAJIU3ALNY, OTJIMYKME UX OT ITaTOJIOTMUYECKHX IOJIOCTHBIX 00pPa30BaHWI THOWHO-ZECTPYKTHBHOTO XapaKTepa.
Ornpe/iesieHbI OCHOBHBIE YIBTPA3BYKOBBIE IPU3HAKU a0CIIeCCOB OPIONIHOM ITOJIOCTH PA3INYHOHN JIOKAIN3AINH, UTPAIOIITE
BEZIYIIYIO POJIb B BBIOOPE JaIbHEHIIeH TAKTUKY BeIeHN MaleHTa.

Kuoueswvte caoea: aberiece, yabTpa3ByKoBast IMarHOCTHKA, abcliece meuenu, aberece ceie3eHKH, abeiece moKesty-
JIOYHOH >KeJie3bl, moauadparMaIbHbIi abCcIece, Mo IeueHOUHbIN abclece, anneHIuKysIPHBIH abcerecce.

ABSTRACT

The purpose of the review is to show that the ultrasound picture at the initial diagnosis can become decisive for the
planned examination and treatment of patients with abdominal abscesses. The article analyzes the possibilities of using
the ultrasound method, describes its advantages and disadvantages. The key points related to the formation of an ultra-
sound picture of cavity formations of various etiologies and localization, their difference from pathological cavity forma-
tions of a purulent-destructive nature are considered. The main ultrasound signs of abdominal abscesses of various local-
ization, which play a leading role in the choice of further patient management tactics, are determined.

Keywords: abscess, ultrasound diagnostics, liver abscess, splenic abscess, pancreatic abscess, subdiaphragmatic
abscess, subhepatic abscess, appendicular abscess.
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YabpTpaszBykoBoe ucciaenoanue (Y3U), win co-
Horpadus, — oJlUH U3 Haubosee MHPOPMATUBHBIX
METO/IOB OOHApPY:KEHUs IEJIOTO PAAA Pa3THIHBIX
MaTOJIOTHYECKNX 0OpaszoBaHuil. Bymyum oTHOCH-
TeJIbHO HEeIOPOTUM, BhICOKOMH(GOPMATUBHBIM, Oe3-
OTIACHBIM JIJIsI [TIEPCOHAJIA ¥ TAIIMEHTOB, COHOTpadus
SIBJISIETCS METO/IOM IIOMCKA, a MHOTZA U METOAO0M
BBIOOpA MPpU GOJIBIITMHCTBE MATOJIOTHUYECKUX COCTOSI-
HUH pa3JINYHBIX OPTAaHOB U CHCTEM YeJIOBEUYECKOTO
opranusMma. ITpocToTra, BO3MOKHOCTh MHOTOKPATHO-
T'O IPOBEIEHUs JUATHOCTUYECKOH MPOIIEAYPHI U BbI-
cokasg WHGOPMATUBHOCTh MeTO/Ia O00ECIIeunBaIOT
eMy HECOMHEHHBIU ITIPUOPUTET IIPU BHIOOPE IIEPBOTO
guargoctuueckoro mara [1—3]. Takske Ha J1r000M
JTare eCTh BO3MOXKHOCTHh IOBTOPHUTH YJIBTPA3BYKO-
BOE WCC/IEeIOBAaHME C IeJIbI0 MOHHTOPHPOBAHUS,
PaBHO KaK U UCIOJIb30BATh JIyIVIEKCHOE CKAHUPOBA-
HUe IIPU OLIEHKE COCTOSHUS MaruCTPaJIbHBIX apTe-
pUii ¥ BeH B 30He JIOKIHU3anuu obpazoBanus. YyB-
CTBUTEIHHOCTb METO/Ia COCTABJISIET, ITO TAHHBIM pas-
HBIX aBTOPOB, 84.9-96.5 %, crermudUIHOCTD —
79.4—92.3 %, TouHOCTh — 85.0—90.5 % [4—7]. Oco-
OyI0 IEHHOCTh MMeeT YJIbTPa3BYKOBas CEMHOTHKA
IIpU BBIOOPE JATHHENIITUX TUATHOCTHUECKIX IIPOIle-
ZIyP U METO/IOB JIeUeHU IaI[eHTOB.

AHayn3 n300paKeHuil SBJISIeTCs OCHOBOH ITOCTa-
HOBKH JTUATHO3a IIPH BCEX JIyYEBBIX UCCIIETIOBAHUAX U
HEBO3MOXKEH 0e3 3HAHHUSA OCHOB B3aWMOJIEHCTBUS
VJIBTPa3ByKa ¢ OGUOJIOTUYECKUMHU TKAHSIMU U IOHUMa-
HUS TPUHIUIOB (GOPMHUPOBAHUA 3XOTrpadiecKoi
KapTUHBI. 3HaHWE OOIIMX MPUHITUIIOB (GOPMHUPOBa-
HUS YJIBTPA3ByKOBOH KApTHHBI JIa€T BO3MOKHOCTH
IIPaBUJIbHO UHTEPIPETUPOBATH N300psKEHNE, TIOJTY-
YeHHOE Ha YKPaHe B PeXKHMe PeaTbHOTO BpemeHu [ 8].

OCHOBHBIMH TOHATHSIMH U KPUTEPUSMHU B YJIb-
TPa3BYKOBOU IMATHOCTHKE 00pa30BaHUI OPIOIIHOMN
[IOJIOCTH ABJISIOTCA:

* 5XOTeHHOCTh. PopMupyroIIeecs Ha IKPaHEe U30-
OpaskeHHe TMpeJCTaBsieT coO0H BU3yaJbHOE OTO-
OpaskeHUE 5X0-OTPKEHHBIX AKYCTHUYECKUX CHUTHA-
J0B B B-pexxume [8];

« ax0CTpyKTypa. OmeHKa CTPYKTYpPhI camMoro 06-
pasoBaHus (COIEPKUMOTO B IIOJIOCTH OOpasoBa-
HUSI), OTJIMYHE OT CTPYKTYPHI OKPYKAIOIINX TKAHEH;

 BU3yaJIN3alus CTEHKH, CTPOeHHEe, KOHTYPHI. I1o-
3BOJISIIOT OIIPEIENIUTh Pa3Mepbl 00pa30BaHMUs, IIPe-
MIOJIOKUTh HAIMYKME WMEHHO IaTOJIOTHYECKOH II0-
JIOCTHOH CTPYKTYPBI, JAaBHOCTh (DOPMUPOBAHUA 00-
pasoBaHUs1, OTTPAaHUUYEHNE OT OKPYKAIOIIIX TKaHEeH;

* JIOKQIN3AIUsI, KOJIUYECTBO;

* B3aIMOOTHOIIIEHHE C OKPYKAIOIINMHU TKAHIMH.
BosmorkHas 30Ha oTexa [9];

* OIl€HKA BaCKyJIsIpU3aluy 06pa30BaHUs, KPOBO-
ToKa B mnepudOKaIbHOU 30HE (HaJIMYHe, CTeleHb

Ultrasound examination (ultrasound), or so-
nography, is one of the most informative methods
for detecting a number of different pathological
formations. Being relatively inexpensive, highly in-
formative value, safe for staff and patients, sonog-
raphy is a search method, and sometimes a method
of choice for most pathological conditions of vari-
ous organs and systems of the human body. The
simplicity, the possibility of multiple diagnostic
procedures and the high informative value of the
method provide it with an undoubted priority when
choosing the first diagnostic step [1—3]. Also, at any
stage, it is possible to repeat the ultrasound exami-
nation for the purpose of monitoring, as well as to
use duplex scanning to assess the condition of the
main arteries and veins in the area of localization of
the formation. According to various authors, the
sensitivity of the method is 84.9—96.5%, specifici-
ty — 79.4-92.3%, accuracy — 85.0—90.5% [4-7].
Ultrasound semiotics is of particular value when
choosing further diagnostic procedures and treat-
ment methods.

Image analysis is the basis for diagnosis in all ra-
diological examinations and is impossible without
knowing the basics of the interaction of ultrasound
with biological tissues and understanding the prin-
ciples of the formation of an echographic picture.
Knowledge of the general principles of ultrasonic
pattern formation makes it possible to correctly in-
terpret the image obtained on the screen in real
time [8].

The main notions and criteria in ultrasound diag-
nostics of abdominal formations are:

« echogenicity. The image formed on the screen is
a visual representation of the echo-reflected acoustic
signals in the B-mode [8];

« echostructure. Assessment of the structure of
the formation itself (the contents in the cavity of the
formation), as opposed to the structure of the sur-
rounding tissues;

o visualization of the wall, structure, contours.
They allow us to determine the size of the formation,
to assume the presence of a pathological cavity struc-
ture, the age of the formation, the separation from
the surrounding tissues;

« localization, quantity;

» relationship with the surrounding tissues. Pos-
sible edema zone [9];

« assessment of vascularization of the formation,
blood flow in the perifocal zone (presence, severity,
nature of blood flow). The assessment of the pres-
ence of blood flow makes it possible to differentiate
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BBIPa’KEHHOCTH, XapakTep KpoBoToKka). OneHKa Ha-
JINUMST KPOBOTOKA TO3BOJIsIET AUDGEPEHIINPOBATD
obbeMHBIe 00PA30BAHUA U OYATd HMHOTO ITPOHCXO-
JKJIEHUS, TOCKOJIBKY ITaTOJIOTHYecKas CeTh BO3MOXK-
Ha JIUIIH B HOBOOOPA30BaHHOHN TKaHU (MJIM TKAHHU
BOOOIIIE) M OTCYTCTBYET B KUCTO3HBIX 0Opa30BaHUAX,
abcreccax, reMaToMax, HEKPOTHYeCKHX (oKycax
(umemuueckue HGAPKTHI) [4];

« Hajtnuue cueruduiyeckux apredakTon (ycuie-
HUe, ociabjieHne CHUTHaJIa, aKyCTUJecKas TeHb,
TICEBJIOyCUJIEHNE, peBepOepaIys OT IMy3bIPHKOB raza
B IToJ10cTH 0OpasoBanusi) [9].

Ecth HEKOTOpBIE OCOOEHHOCTH aHAJIU3a U300pa-
JKeHUs: HanboJiee YacTO HMCKaXKeHUE YXOTeHHOCTHU
Pa3JIUYHBIX CTPYKTYP HAOJIIOZaeTcsl B Pe3yJibTare
HaJIOKEHUsI Ha M300pa’keHUsI OPTaHOB U TKaHEH
pasiuuHbIX apTedaKTOB — aKyCTHUECKUX TeHEeH U
30H IICEBJIOYCWIEHUs CUTHAJIA, KOTOPBIE, B COUETa-
HUH ¢ UMENMcA n300pakeHreM aHATOMUYECKIX
CTPYKTYP, MOTYT CO3/aBaTh WJUIIO3UIO JTU(DDY3HBIX
WJIN OYAroBBIX MOPaKeHUU. BO3MOKHOCTH ITpoaHa-
JIM3UPOBATh «KHUBOE» H300pakeHue B OOJIBIITHH-
CTBe cjIydyaeB M03BosisgeT AuddepeHnupoBaTh IMo-
nobHbIe apTedakThl U MU30eraTh AMATHOCTHYECKUX
omOoK. OJHAaKO TPYTHOCTU MOTYT OBITH CBSI3aHBI
HE TOJIPKO C HAIMUKMEM CIIEITU(DUIECKUX YIIbTPa3By-
KOBBIX apredakToB. Vcka:keHHE HXOT€HHOCTH H30-
OparkeHus MOKET B HEMAJIONH Mepe 3aBHUCETh OT Ha-
CTPOEK YJIBTPa3BYKOBOTO CKaHepa. SHAUHUTETHHBIM
JIOCTOMHCTBOM YJIbTPa3BYKOBOTO HCCJIEIOBAHUA B
peasbHOM BpeMeHU SIBJIAETCA ero MHOTOILIOCKOCT-
HOH XapakTtep. ITa 0cOOEHHOCTh 03BOJIsAeT Audde-
PEHIIPOBATH, K IPUMEPY, IOJIOCTHBIE CTPYKTYPHI OT
TpyOUaThIX, HeEpaBHOMepPHOe HudPY3HOE TOparKe-
HHE — OT OYaroBbIX oOpasoBaHuii [8].

OOmUMH  yIBTPA3BYKOBBIMU IIPU3HAKAMH II0-
JIOCTHBIX CTPYKTYD SIBJIAIOTCS CJIEYIOIINe:

1) HU3KAsA HXOTEHHOCTh COiep:kUMoro. CTPyKTy-
pa ogHOpOAHAsA (TP HAJIMYKUH OJTHOPOTHOM KUJTKO-
CTH) WIHN HEOJTHOPOAHAA (IIPY HAJIMYUH B3BECH WJIN
puMecei);

2) CTEeHKa 3HAYUTEJIbHO 0OOJiee HXOTeHHA B CpaB-
HEHUU C COJIEP>KUMBIM;

3) BaMKHYTBIH KOHTYD CTEHKH B JIIOOOH ILIOCKO-
CTH CKAaHUPOBAHUS;

4) Hastmuue crienuduueckoro apredakra — JIUC-
TAJIBHOTO TICEBIOYCUJIEHUs CUTHAJIA, «IIOJCBEYNBA-
IOIIETO» CTPYKTYPHI, JIeXKAIHEe UCTATbHEE U3yJdae-
MOTO IT0JIOCTHOTO 0Opa3oBanus [8].

AGcriecchl  TPEACTABJIAIOT COOOH  ITOJIOCTHBIE
CTPYKTYPHI C IJIOTHOU KaTICyJIOH ¥ THOHHO-HEKPOTH-
YECKUM COJIEPKUMBIM [2, 4—7, 10—14]. YIbTpa3ByKo-
Bas CEMHOTHUKA a0CILIECCOB O3BOJIAET B TOM WJIA MHOU
CTEIIeHHU IIPEATIOIOKHUTD JJAJIbHEHIIee « PA3BUTHE CO-

space-occupying formations and foci of other origin,
since the pathological network is possible only in
newly formed tissue (or tissue in general) and is ab-
sent in cystic formations, abscesses, hematomas, ne-
crotic foci (ischemic infarcts) [4];

« presence of specific artifacts (enhancement, at-
tenuation of the signal, acoustic shadow, false-en-
hancement, reverberation because of gas bubbles in
the cavity of the formation) [9].

There are some features of image analysis: most
often, the distortion of the echogenicity of various
structures is observed as a result of the imposition
of various artifacts on the images of organs and tis-
sues — acoustic shadows and false-enhancement
zones of the signal, which, in combination with the
image of anatomical structures, can create the illu-
sion of diffuse or focal lesions. The ability to analyze
a “live” image in most cases allows to differentiate
such artifacts and avoid diagnostic errors. However,
difficulties may be associated not only with the
presence of specific ultrasound artifacts. The distor-
tion of the echogenicity may largely depend on the
settings of the ultrasound scanner. A significant ad-
vantage of real-time ultrasound is its multiplanar
nature. This feature makes it possible to differenti-
ate, for example, cavity structures from tubular
ones, and an uneven diffuse lesion from focal for-
mations [8].

Common ultrasound signs of cavity structures are
the following:

1) low echogenicity of the content. The structure
is homogeneous (in the presence of a homogeneous
liquid) or heterogeneous (in the presence of a sus-
pension or impurities);

2) the wall is much more echogenic in compari-
son with the content;

3) closed contour of the wall in any scanning
plane;

4) presence of a specific artifact — distal false-
enhancement of the signal, highlighting the struc-
tures lying distal to the studied cavity formation [8].

Abscesses are cavity structures with a dense cap-
sule and purulent-necrotic content [2, 4—7, 10—14].
Ultrasound semiotics of abscesses allows us to more
or less assume the further “development of events”,
to determine the necessary diagnostic procedures
and treatment tactics. Abscesses, being a cavity
pathological structure, do not have a pronounced
differentiation of the shell. Unlike cavity non-puru-
lent destructive formations, the capsule of abscess-
es with a small total wall thickness does not differ-
entiate into layers, as a result of which the wall
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OBITHIT», ONPENEINTh HEOOXOJUMbIE JTHUATHOCTHYE-
CKUe MepOIPUATHA U TAKTUKY JeueHUs. AGCIieccHl,
SIBJISAACH IIOJIOCTHOM IATOJIOTHYECKON CTPYKTYPOH,
He UMEIOT BBIpaKeHHOU IuddepeHIInpOBAHHOCTH
000/10uKU. B oTyIYME OT MOJIOCTHBIX 0Opa3oBaHUM
He THOWHO-/IECTPYKTHUBHOTO XapaKTepa, Karcysia ab-
CIIECCOB IIPU HEOOJIBIIION OOIIEH TOIIINHE CTEHKU He
nuddepeHIpyeTcs Ha CJIOU, BCIECTBHE Yero CTeH-
Ka BBIIJIAAUT 3Xorpaduuecku omHOpomHOH. Taxxke
BU3yaJIN3alys KaICyJIbl 3aBUCUT OT BEJIMUHUHBI a0-
crecca [10]. IIpu Gospmux abcreccax CTeHKa HMEET
3HAYUTEJIHHYIO TOJIITUHY U MOXKET IPEZCTABIIATh CO-
0011 HecKOIbKO HeAnbdepPeHITNPYEMbBIX CTI0eB [14].
ITpu abcreccax HEOOJBIIUX PAa3MEPOB Karcysia Mo-
JKeT BOOOIIe He OMpeesAThCA, HXOrpadUIecKu Io-
JIOCTh BU3yaJIU3UpPyeTcsl Kak 00pa3oBaHue, OTTPAHMU-
YeHHOE OKPYKAIOIIUMU TKAHAMH U OpraHamu [15].

Cogmepskumoe abcriecca dxXorpapuyecKd MOXKET
BHU3YIN3UPOBATHCS IT0-PA3ZHOMY, B 3aBUCHMOCTH OT
ero Mopdorucrosoruyeckoro cocraBa [2]. Ilpm
THOMHO-ZIECTPYKTHUBHOM IIPOIiecce, HAIMYUU CBUIIA
B IOJIBIA OpTraH W, KaK CJIEZICTBUE, BHYTPUIIOJIOCT-
HBIX BKJIIOUEHUU S5XOCTPYKTypa abcrecca HEOIHO-
poxHa [9, 10]. Baxxuo auddepeniiupopaTh aberec-
CBI OPIOIIHOM TOJIOCTU OT CBOOOZHOHN BHYTPHUOPIOII-
HOU KHJIKOCTH, OCOOEHHO B CJIy4asiX, KOrja y He-
0oJbIIX abCIleccOB He OIpenesisieTcs KarcyJia.
Vmes: ansxoreHHOE dx0orpaduueckoe n300parkeHue
U OTCYTCTBHE CTEHOK IIOJIOCTH, CBOOOZHAsS BHYTPH-
OpIOIIHAS KUJIKOCTh OTJIMYAETCs OT abCIieccoB Ha-
JIMIHEM JIETKO ITepeMeNaon[elicss 5XOTeHHOH B3Be-
CH U JIETKON CMeIaeMOCThIO IIPU IepeMeHe I0JI0-
JKEeHUs TeJla U HaJaBJIMBaHUs JJATYUKOM [11, 15, 16].

Heuacro B mosoctu aberecca MOXKET BCTPEUATHCS
ras [5, 7, 9, 14—17]. B Takom ciiydae Iy3pIpu rasa
Bcer/ia 5XorpadpuuecKy MpeCTaBIAI0T COOOM TUIIep-
9XOTEHHBIE CTPYKTYPHI B IIOJIOCTH 00pa30BaHUs, U B
3aBUCHMOCTH OT KOJIMYECTBA CKOIIJIEHUS Ta3a MOTYT
OTIPEJIEJIATHCSA ACCOITMUPOBAHHbBIE VCTAJIBHBIE ap-
TedaKThl, TAKME KaK aKyCTUUECKHe TeHU (/IS KPyTI-
HBIX Ta30BbIX ITy3BIPEH) M «XBOCT KOMETBI» (ISt
MeJIKHMX My3bIpel rasa) [8].

ITo ¢opme BHyTpuOpIOWIHBIE A0OCIECCHI MOTYT
UMeTh PA3JINUHyI0 Y3 XapakTepucTuky. [1o JaHHBIM
B.A. lBaHoOBa 1 coaBT. [18], uaiiie BCero BCTpeyarT-
cs1 aberrecchl HeMPAaBUIIbHOM (OPMBI, TAKKE UX Pop-
Ma MOKET OBITh OBOUJIHOM, IIAPOBHUIHOU, ILIAIIE-
BUIAHOH M BepeTeHO0OpaszHOH. I[lo 3XoCTpPyKType
yare HanboJsIee pacIpoCTPAaHEHbI THIIO9XOT€HHBIE U
HEOTHOPOJIHbIe abcIiecchl, peke — aHAIXOTeHHBbIE
[18, 19]. Kancyna no nepudepun abcieccoB BeTpe-
vaercs B 36.5—44 % ciydaes [18].

VYIpTpa3ByKOBOE HCCIIEOBAHUE ABJISETCS BEIy-
UM METOZOM JIMAaTHOCTHKU abCIeCCOB IEUYeHHU.

looks homogeneous. Also, the visualization of the
capsule depends on the size of the abscess [10].
With large abscesses, the wall has a significant
thickness and can consist of several undifferentiat-
ed layers [14]. With small abscesses, the capsule
may not be determined at all, the cavity is visual-
ized as a formation delimited by surrounding tis-
sues and organs [15].

The content of the abscess can be visualized in
different ways, depending on its morphohistological
composition [2]. With a purulent-destructive pro-
cess, the presence of a fistula in a hollow organ and,
as a result, intracavitary inclusions, the echostruc-
ture of the abscess is heterogeneous [9, 10]. It is im-
portant to differentiate abdominal abscesses from
free intra-abdominal fluid, especially in cases where
the capsule is not determined in small abscesses.
Having an non-echogenic echographic image and the
absence of cavity walls, the intra-abdominal free flu-
id differs from abscesses by the presence of an easily
moving echogenic suspension and easy displacement
when changing the position of the body and pressure
by the transducer [11, 15, 16].

Gas may occur infrequently in the cavity of the
abscess [5, 7, 9, 14—17]. In this case, gas bubbles are
always hyperechogenic structures in the cavity of the
formation, and depending on the amount of gas ac-
cumulation, associated distal artifacts can be deter-
mined, such as acoustic shadows (for large gas bub-
bles) and the “comet tail” (for small gas bubbles) [8].

The shape of intra-abdominal abscesses can
have different ultrasound characteristics. Accord-
ing to V.A. Ivanov et al. [18], abscesses of irregular
shape are most often found, and their shape can
also be ovoid, spherical, mantle-like and fusiform.
According to the echostructure, hypoechogenic and
heterogeneous abscesses are most common, and
anechogenic abscesses are less common [18, 19]. A
capsule on the periphery of abscesses occurs in
36.5—44% of cases [18].

Ultrasound is the leading method of diagnostics
of liver abscesses. With the help of ultrasound diag-
nostics, it is possible to identify liver abscesses with a
diameter of 0.3 to 2.0 cm, as well as to differentiate
them from solid formations [12, 20]. Liver abscesses
are more often single, less often multiple [4, 6, 7, 21].
They are located mostly in the right lobe, closer to
the anterior surface [4, 6, 13, 22]. They are forma-
tions with a hypo-, non-echogenic or inhomogeneous
structure, usually of irregular shape, often with a en-
hancement of the posterior wall and an internal sedi-
ment [17—19]. In the cavity of the abscess, an anecho-
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C mIOMOIIBI0 METO/IOB YJIBTPA3BYKOBOU JUATHOCTH-
KA BO3MOJKHO BBIABUTH abCIleCChl IEUEHH Jruame-
TPOM OT 0.3 JI0 2.0 CM, a Takke JuddepeHInpoBaTh
HUX OT COJIMTHBIX 0OpaszoBaHWi [12, 20]. AbGcriecchbl
redyeHy ObIBAIOT Yallle OMHOYHBIMH, PEKE MHOXKE-
CTBEHHBIMH [4, 6, 7, 21]. Pacmosaraiorcss 6oJIbIIei
YacThIO B IIPABOH /I0J1e, OJIMIKe K IIEpeTHEeH TOBepX-
HOCTH [4, 6, 13, 22]. [IpencraBisitor coboit o6pa3oBa-
HUsA C THUIIO-, AHOXOT€HHOH WM HEOHOPOIHOMN
CTPYKTYPOU 0OBIYHO HETTPABWJIBHOU (DOPMBI, UACTO C
YCUJIEHHEM 33JIHEN CTEHKU M BHYTPEHHHUM OCAIKOM
[17-19]. B mosoctu abciiecca MOKET OIMPEIETSIThCSA
AHAXOTEHHBIN IIEHTP BCJIEJCTBUE Pa3KUKEHUs, a
TaK)Ke TeTepOTeHHbIe YUacTKu [6, 15, 17]. B 3aBucu-
MOCTH OT cTagu (POPMUPOBAHUS aKyCTUUeCcKast
KapTuHa abcrecca MOKET U3MEHSThCS.

I[ToMuMO xapaKTepHBIX NPU3HAKOB (3(hGEKTHI
yCUJIEHUST 3aJ{HEH CTeHKH, OOKOBBIE aKyCTUUECKHE
TEeHH, JUCTAJIbHOE TICEeBIOYCUIEHNE) HabJII0Iat0TCs
crieruUYHbIE TPU3HAKU:

* pazzesieHue oJiocTu abcriecca ¢ 06pa3oBaHUEM
TPaHMUIbI «3KUIKOCTb — JKUIKOCTH»;

» BO3MOJKHOE IOSIBJIEHHE ITy3bIPHKOB Ta3a B II0-
JlocTu abcriecca B BUZE TUIIEPAXOTEHHBIX CTPYKTYP,
PpAcIIoJIararIuXcs Y BEPXHEH CTEHKH U TAI0IIUX KO-
Hyco00Opa3HbIN 3D GEKT («XBOCT KOMETHI»);

* IepeMelleHre BCETO BHYTPEHHETO COJIEPKUMO-
T'O IIpYU U3MEHEHUH 0JIOKEHUS TeJIa;

« GOpMHPOBaHHE YETKOTO OTTPAHUYEHUS I10JIO-
ctu abcrecca OT OKPYKAIOIed MapeHXUMbl TIeUeHH
B BUJIE HEOJTHOPOJHOTO 00O0/Ka MOBBIIIIEHHOH 3X0-
TEHHOCTHU PA3JIMYHON TOJIIUHBI — OT 0.5—1 JI0 10—
15 MM [16].

MO3KHO BBIIEJTUTH TPU CTaAUU (POPMUPOBAHUS
BHYTPHIIEUEHOUHOr0 abcriecca, B 3aBHCHMOCTH OT
KOTOPBIX BO3MOKHBI TPH BapHaHTa aKyCTUYECKOH
KapTUHBI abcriecca nmevyeHu [15]:

1. B paHHUE cpoku cTasiusa HHQUIbTPAIIUU IIPE-
CTaBJieHA HAa M300pa’keHUu oOpa30BaHUEM B Ieye-
HOYHOU TKaHU HEOJHOPOJIHOTO (¢parMeHTa MmapeH-
XUMBI TIOBBIIIEHHON 3XOT€HHOCTH C OECCTPYKTYp-
HBIM T'MII09XOTEHHBIM yUaCTKOM BHYTPH.

2. B TeueHue Henenu craguA HEKPO3a XapakTe-
pusyercsa ¢dbopMHpoBaHHEM B WHQUIHBTPATUBHOM
ydacTKe THOMHOM MOJI0CTH 6e3 YeTKUX TPAHMUI] C TH-
IMO3XOT€HHBIM, Yallle TETEPOreHHBIM COIEPIKUMBIM.
B npusexanieit k abcerieccy TKaHU ITEYEHU COXPaHs-
JOTCsI TIPU3HAKU YMEPEHHO BBIPa’KeHHOTO mepudo-
KaJIbPHOTO BOCIIAJIEHUS.

3. B GoJsiee mo3mHME CPOKU HA CTAJUHM XPOHU3A-
MU TI0 KOHTYPY THOHHOM ITOJIOCTH TTOSIBJISETCS TOJI-
cTas IUIOTHAS TMOTEeHHAas Karcysia. Y3 KapTHHA Xpo-
HUYECKOTo abcliecca IMevYeHd IpeCcTaBIeHa 0Jaro-
BBIM 00pazoBaHHEM C YETKHUMU KOHTYPaMH, THIIO-

genic center can be determined due to colliquation,
as well as heterogeneous areas [6, 15, 17]. Depending
on the stage of formation, the acoustic picture of the
abscess may change.

In addition to the characteristic signs (the effects
of enhancement the posterior wall, lateral acoustic
shadows, distal false-enhancement), specific signs
are observed:

« separation of the abscess cavity with the forma-
tion of a «fluid — fluid» boundary;

« possible appearance of gas bubbles in the cavity
of the abscess in the form of hyperechogenic struc-
tures located near the upper wall and giving a cone-
shaped effect («comet tail»);

« moving all internal content when changing the
body position;

« formation of a clear separation of the abscess
cavity from the surrounding liver parenchyma in the
form of an inhomogeneous rim of increased echo-
genicity of various thicknesses — from 0.5—1 to 10—
15 mm [16].

There are three stages of the formation of an in-
trahepatic abscess, depending on which three vari-
ants of the acoustic picture of a liver abscess are pos-
sible [15]:

1. In the early stages, the infiltration stage is rep-
resented in the image by the formation of an inho-
mogeneous fragment of the parenchyma of increased
echogenicity in the liver tissue with a structureless
hypoechogenic site inside.

2. During the week, the stage of necrosis is char-
acterized by the formation of a purulent cavity in the
infiltrative area without clear boundaries with hy-
poechogenic, often heterogeneous content. Signs of
moderate perifocal inflammation persist in the liver
tissue adjacent to the abscess.

3. At a later date, at the stage of chronization, a
thick, dense pyogenic capsule appears along the con-
tour of the purulent cavity. The ultrasound picture of
a chronic liver abscess is represented by a focal for-
mation with clear contours, hypoechogenic content
and a thick marked echogenic shell with signs of
blood flow. Sometimes calcified inclusions are visu-
alized in the capsule of the abscess. One of the ways
of the reverse development of an abscess may be the
formation of calcification foci in the liver.

Differential diagnosis of liver abscesses and cav-
ity formations of a non-purulent inflammatory na-
ture is of great importance. Ultrasound allows us to
determine the characteristic specific signs of ab-
scesses of bacterial etiology and parasitic origin and
abscesses formed as a result of suppuration of neo-
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SXOTE€HHBIM COZIEPKIMBIM U TOJICTON 0003HAUEHHOH
9XOT€HHOU O0OJIOUKOH ¢ MpU3HAKaMH KPOBOTOKA.
HNHorma B Kamcysie abciiecca BU3YATU3UPYIOTCSA
KaJIBIUHUPOBAHHBIE BKJIIOUeHUs. OTHUM U3 IyTel
obparHOro pa3BuTHs abcrecca MOXKeT ObITh HOPMHU-
poBaHUe B IIeUeHU o4yara 0ObI3BECTBIIEHUS.

Baxxnoe 3Hauenme nmeer auddepeHnnATbHAL
JIMaTHOCTHKA a0CIIECCOB IIEYEHH U TIOJIOCTHHIX 00pa-
30BaHUN He THOWHO-BOCHAJIUTEJIBHOTO XapaKTepa.
V3 wuccnenoBaHusa MO3BOJISIOT ONPENETUTh XapaK-
TepHbIe crienupUIHbIE TPU3HAKHU abciieccoB HOakTe-
PHUQIBHOM 3THOJIOTUU W Tapa3UTapHOTO IPOUCXO-
JKJIeHus U abciieccoB, 00pa30BaBIINXCS B PE3YJIbTa-
Te HarHOEHHUsI HOBOOOPa30BaHHUU MEUEHOUYHOU TKa-
HU U abCIeNPOBAHUSA MMOCTTPABMATHUYECKUX TeMa-
ToM. [To JaHHBIM PA3JIMYHBIX aBTOPOB HanboJIee ua-
CTO BHYTPHUOPIONIHBIE abCIIECChl BCTPEUAIOTCS y Ia-
[IMEHTOB IOCJIe OTIePAIIMH Ha JKEeJTUHBIX Iy TSIX U TOJI-
CTOU KUIIIKe, IIPYU 3aKPBITOU TPaBMe KUBOTA, IOCTIE
anmneH/IKTOMUH T10 TIOBO/Y JIECTPYKTHBHOTO alllleH-
JIUIATa, TIOCe OllepaIuii Ha JKeJyJIKe W TOHKOU
KHUIIKe [2, 5—7, 11, 14, 19, 20, 21, 23].

Y3 KapTrHaA OCTTPaBMAaTHYECKUX abCIIECCOB ITe-
YeHH MPECTABIISIET COOOM OHO WU HECKOIHKO 00-
pa3oBaHUI pa3HBIX PA3MEPOB HEMPABHIBHOU (op-
MbI, C HEYETKIM HEPOBHBIM KOHTYPOM, SXOHETaTHUB-
HBIX B I[€HTPE U C MOBBIIIEHHON 5XOT€HHOCTHIO 3a
cueT nepudoKaJIbHOIO BOoCaJeHUs Ha nepudepuu.
[Tosocth abenecca MMeeT HEOAHOPOHYIO aKyCTHYE-
CKYyI0 KAPTHUHY 3a CUET HAITMYHSA B IIPOCBETE THIIEPHU-
309XOT€HHBIX WU TUIIEPIXOTEHHBIX TOJIUMOP(PHBIX
BKJIFOUEHUH — TKAHEBOTO JIETPUTA, CEKBECTPOB IIe-
YEeHOYHOHW TKaHU, CTYCTKOB ¢GubpuHa [6, 20, 24].
dxorpaduyeckas KapTUHA HMeeT OIpe/eeHHYI0
JIMHAMUKY, CBA3AaHHYIO C XapaKTEpPOM TpPaBMbI, CO
BPEMEHEM CyIEeCTBOBAHUS TeMaTOMbI M BO3MOXK-
HBIM IOBTOPSIONIUMCS ITOCTYILJIEHUEM CBEXKEH Kpo-
B [11]. Kak mpaBmio, reMaTOMBbI pAaCIIOJIaratoTcs
BJIOJIb YCJIOBHOH JIMHUH yAapa OJIMKe K TOBEPXHOCT-
HBIM y9aCTKaM IapeHXUMBbI, YaCTO BIUIOTHYIO K Kall-
cysie neyeHu [16].

BHyTpHIIeueHOUHbIE KUCThI, KaK IPABUJIO, SBJIS-
IOTCSI ACUMIITOMHBIMU U HE HMEIOT BBIPAKEHHOU
KJIMHUYECKOW KapTUHBI THOWHOTO OodYara B I€YEeHH
[9]. Oxorpaduuecku KUCTHI IeUYeHH OOHAPYKUBa-
IOTCS B JTIOOBIX OT/IEJIaX IIEUeHH, MOTYT OBITh MHOMKE-
CTBEHHBIMHU WJIN COJTUTAPHBIMU, UMEIOT YETKHE I'Pa-
HUITBI ¥ QaHAXOTE€HHOE COZEePIKUMOe (KpoMe mapasu-
TApHBIX KHCT, UMEIOIIUX T'eTePOTEeHHYI0 aKyCTHYe-
CKYyI0 KapTuHy) [0, 12, 16, 17, 25, 26].

Busyanuzanus nogauadparManabHbIX, MOATIEYUE-
HOYHBIX U JPYTHX BHEOPTAHHBIX abCIIECCOB MOKET
OBITh CHIIKEHA W3-3a 3aTPYHEHHOTO aHATOMHYe-
CKOTO JIOCTYyIa, TJIyOOKO PAacIOJIOXKEHHOTO WHTepe-

plasms of hepatic tissue and abscessing of post-
traumatic hematomas. According to various au-
thors, intra-abdominal abscesses are most often
found in patients after surgery for the biliary tract
and colon, a closed abdominal injury, after appen-
dectomy for destructive appendicitis, after surgery
for the stomach and small intestine [2, 5-7, 11, 14,
19, 20, 21, 23].

The ultrasound picture of post-traumatic liver
abscesses is one or more irregularly shaped forma-
tions of different sizes, with an indistinct uneven
contour, non-echogenic in the center and with in-
creased echogenicity due to perifocal inflammation
on the periphery. The abscess cavity has an inhomo-
geneous acoustic picture due to the presence of hy-
perisoechogenic or hyperechogenic polymorphic
inclusions in the lumen — cellular detritus, liver tis-
sue sequesters, fibrin clots [6, 20, 24]. The echo-
graphic picture has a certain dynamics associated
with the nature of the injury, with the time of exis-
tence of the hematoma and the possible repeated
supply of blood [11]. As a rule, hematomas are lo-
cated along the conditional line of impact closer to
the surface areas of the parenchyma, often close to
the liver capsule [16].

Intrahepatic cysts, as a rule, are asymptomatic
and do not have a pronounced clinical picture of a
purulent focus in the liver [9]. Echographically, liver
cysts are found in any parts of the liver, can be mul-
tiple or solitary, have clear boundaries and non-ech-
nogenic content (except for parasitic cysts that have
a heterogeneous acoustic picture) [9, 12, 16, 17,
25, 26].

Visualization of subdiaphragmatic, subhepatic
and other extraorgan abscesses may be decreased
due to difficult anatomical access, a deeply located
formation of interest [23]. In right-sided subdia-
phragmatic abscesses, an non-echnogenic homoge-
neous formation with a clearly defined shell is de-
tected between the liver and the right hemidia-
phragm [1]. In left-sided abscesses, a similar acoustic
pattern is observed subdiaphragmally in the area of
the pancreas, spleen and lesser sac. Chronic subdia-
phragmatic abscesses may have an indistinct con-
tour and an non-homogeneous echostructure [25].
Subhepatic abscesses are usually irregular forma-
tions located between the lower surface of the liver
and the intestinal loops, the right kidney, with an un-
expressed shell and an non-echnogenic or heteroge-
neous structure of the content with an internal sedi-
ment [25].

If an echocardiographic picture of a subdiaphrag-
mal abscess is detected, it is advisable to conduct an
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cytomiero obpaszosanus [23]. IIpu mpaBoCTOPOHHIX
noaguadparMagbHbIX abcieccax MeXKAY HeUeHbIo U
IpaBbIM KYIOJIOM auadparMbl OOHAPYKUBAETCS
aHOXOTeHHOE OJHOpPOAHOe 00pasoBaHUE C YETKO
oyepueHHOU 000si0ukoi [1]. IIpu JIeBOCTOPOHHMX
abcrieccax MOX0XKasi aKyCTUUeCKas KapTHHA Ha0JIi0-
Jlaercs moamuadgparMasibHO B O0JIACTH TIOIKEITY-
JIOYHOM 2KeJIe3bl, CeJIE3EHKU U CAJIbHUKOBOH CYMKH.
XpoHuueckre nojauadparMaabHble abCIecchl Mo-
TYT UMEeTh HEUETKUI KOHTYD U HEOTHOPOJHYIO 5XO0-
cTpykTypy [25]. [TognmeueHOUHBIE aOCIIECCH OOBIYHO
MIPEJICTABJISAIOT COOOH HempaBWILHON (HOpPMBI 00pa-
30BaHUsI, PACIIOJIOKEHHBIE MEXK/y HIDKHEHN ITOBEPX-
HOCTBIO II€YEHU U METIAMH KUIIEYHUKA, IIPABOM
IIOYKOH, C HEBBIPAKEHHOU 000JI0YKON M aHAXOTEH-
HOH WJIU TeTePOTEeHHON CTPYKTYPOH COAEPKIMOTO C
BHYTPEHHUM OCaJIKOM [25].

ITIpu obHapy:KeHHHM 5XOKApTHUHBI moaauadpar-
MaJTbHOTO abcIiecca 1eyiecooopa3Ho IPOBECTH UCCIIe-
JIOBaHUE KOHTPJIATEPATILHOTO Mo uadparmaaIbHOro
IIPOCTPAHCTBA JIJIsI UCKJTIOUEHUS IBYXCTOPOHHUX ITOJT-
nradparMaabHbIX abcreccoB. Takke B TAKOM CiIydae
CJIeZlyeT UCCIeI0BaTh IIeUueHb U IIEBPaIbHBIE I10JI0-
CTH JI/I51 BBISIBJIEHUSI COITYTCTBYIOIIETO IJIEBPATIBHOTO
BBITIOTA WJIM MPOpPBIBa abcriecca W JIeJIOKATH3AIIII
THOMHOTrO MH(QEKITMOHHOTO IIporiecca [23, 25].

Abcriecchl TIpoueli BHEOPTAHHOH IepUTOHEATb-
HOH JIOKQIN3AIUU IIPEICTABIEHbl 00pa30BaHUIMU
HENPaBWJILHOW, OBOWHOH, IIAPOBUJIHOM, ILIAIIE-
BHUIHOH ¥ BepeTeHo0Opa3HoU (hopMBI, paciosiarai-
IUMUCS B JII000H yacTu GPIOMIHOM IMOJIOCTH. DXO0-
CTPYKTYpa MOKET OBbITh aHAXOT€HHOU WJIU TeTepo-
TeHHOM, ¢ BRIpAXKEHHOU Karicysoil. OcobeHHO HACTO-
PO’KEHHBIMU B ITOVICKE abCIIECCOB CIIEAYET OBITh IIPU
HaJIMYKY y anueHTa 6ose3nn KpoHa U TUBEPTUKY-
JIOB TOJICTOH Kumiku [3]. ¥ 15—20 % mamueHToB,
CTPAIAIONINX JTUBEPTUKYJIE30M O0O0OUHON KHIIIKH,
HaOII04AI0TCA OCIOKHEHUs (OKOJIOKUIIIEUHBINA WH-
dunpTpaT, epPOpATUBHBINA AUBEPTUKYIUT C ab-
crieccaMul OPIOIIHON TOJIOCTU PA3JIMYHOU JIOKAJIU-
3aly ¥ IEPUTOHUTOM) [2, 7, 23]. [Ipu sKcTpeHHOU
JINaTHOCTHUKE MPUOPUTET OTAAETCA YJIHBTPA3BYKOBO-
My HCCIIEZIOBAHUIO [27].

[TepuanmeHaAUKyIAPHBIN abcIiecc MOKHO BU3ya-
JIN3UPOBATH B KOCOM CEUEHUU B HIKHEH UaCTHU K-
BOTA: OH IIPEJCTABJISAET COOOH MOJIOCTh C BHIPAXKEH-
HOU KaIICyJIOW COOTBETCTBYIOIIEN JIOKAINBAIINH, CO-
JleprKallell TUII09XOTeHHOE COMIEPKUMOE C TeTePOo-
TeHHBIMU BKJIIOUEHHSIMH — (pparMeHTaMu JIN3UPO-
BaHHoro ammenankca [25]. Corsiacao N. D’Souza et
al. [24], uyBcTBUTENBHOCTD U crelubUIHOCTh Y3
(TIpu MO/T03pPEHUH HA ANIEHIUIUT) 10 JINTEPATYP-
HBIM JaHHBIM BBIIIE, YEM pe3yJIbTaThl, HabJIIOae-
Mble KJIMHUITUCTAMU B TIOBCEHEBHOM ITPAKTHUKE.

examination of the contralateral subphrenic space to
exclude bilateral subdiaphragmatic abscesses. Also,
in this case, the liver and pleural cavities should be
examined to detect concomitant pleural effusion or
abscess breakthrough and delocalization of the puru-
lent infectious process [23, 25].

Abscesses of other extraorgan peritoneal localiza-
tion are represented by irregular, ovoid, spherical,
mantle-like and fusiform formations located in any
part of the abdominal cavity. The echostructure can
be non-echnogenic or heterogeneous, with a pro-
nounced capsule. Especially cautious in the search
for abscesses should be if the patient has Crohn’s dis-
ease and diverticula of the colon [3]. 15—20% of pa-
tients suffering from colonic diverticular disease
have complications (peritoneal infiltrate, perforated
diverticulitis with abdominal abscesses of various lo-
calization and peritonitis) [2, 7, 23]. In case of emer-
gency diagnosis, priority is given to ultrasound ex-
amination [27].

A periappendicular abscess can be visualized in
an oblique section in the lower abdomen: it is a cav-
ity with a pronounced capsule of the appropriate lo-
calization with hypoechogenic content with hetero-
geneous inclusions — fragments of a lysed vermiform
appendix [25]. According to N. D’Souza et al. [24],
the sensitivity and specificity of ultrasound (in case
of suspected appendicitis) according to the literature
data is higher than the results observed by clinicians
in everyday practice.

Splenic abscesses are rare, they have a diverse so-
nomorphology, which partly depends on the dura-
tion of their existence and etiology [2, 28—30]. Usu-
ally, splenic abscesses have an irregular shape with
an uneven contour, a hypoechogenic or heteroge-
neous structure, and occasionally they can fill almost
the entire spleen. As a rule, abscesses are visualized
as solid formations, but sometimes they can resem-
ble cystic structures with septa [16].

Pancreatic abscesses have an irregular shape and
heterogeneous echostructure and combined echo-
genicity, often associated with severe pancreatitis
[2]. Abscessing occurs at the site of a massive infil-
tration in the pancreas area, and not only the pan-
creas itself, but also the parapancreatic retroperito-
neal adipose tissue and surrounding organs are in-
volved in the inflammatory process. At the same
time, characteristic non-echogenic fluid-containing
areas with an echogenic suspension appear, giving
the effect of distal false-enhancement [31]. It is im-
portant to differentiate abscesses from other ab-
dominal formations of the pancreas [32—34]. Pan-
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AGcriecchl CeJIe3eHKU BCTPEYAIOTCS PEIKO, UMe-
10T pa3HOOOPa3HYI0 COHOMOP(OJIOTHIO, KOTOPAas Ja-
CTHUYHO 3aBHCHUT OT JIJIUTEJIBHOCTH X CyIIEeCTBOBA-
HUA U dTHOJIOrHHU [2, 28—30]. OOBIYHO Ccee3eH0U-
HbIe abCIlecchl UMEIOT HEeNPaBUWIbHYIO0 (GOpMYy ¢ He-
POBHBIM KOHTYPOM, THUIIOXOTE€HHYIO WU HEOIHO-
POJTHYIO CTPYKTYPY, U3P€/IKa MOTYT 3aIIOJIHATH ITPaK-
TUYECKH BCIO ceyie3eHKy. Kak mpaBmiio, abcriecch
BUBYAJIMBUPYIOTCS B BUJIE COJIMTHBIX 00pa30OBaHUH,
HO MHOI/Ia MOTYT HAIIOMUHATh KHUCTO3HBIE CTPYKTY-
PBI ¢ Teperopoikamu [16].

AbcIieccsl MOMKETYA0UHON KeJle3bl HMEI0T He-
MPaBWIbHYI0 (GOPMY U HEOHOPOJHYIO BXOCTPYKTY-
Py U CMEIIaHHYI0 BXOT€HHOCTh, YaCTO CBSI3AHBI C
BBIPa’KEHHBIM IMaHKpeaTUToM [2]. AGcreaupoBa-
HUe BO3HHUKAeT B MECTe MaCCUBHOTO MHMIIbTPATA
B 30HE IOJ[’KEJIY/TOYHOH JKeJIe3bl, & B BOCIAJIUTEb-
HBIHA IIPOIlecc BOBJIEKAETCS He TOJIBKO caMa IO Ke-
JIyJIOUHAs JKeJle3a, HO U MapalaHKpeaTH4ecKas 3a-
OpIOIIMHHAS JKUPOBasi KJIETUYATKA U OKPYIKAIOIIHE
oprassl. [Ipu 5TOM MOSABIAIOTCS XapaKTEPHbBIE X0-
HETaTUBHbBIE COJIEPIKAIINE JKUIKOCTh YUACTKH C
9XOTEHHOU B3BeChI0, flatomue 3G HEKT AUCTATbHO-
ro ncepnoycwienus [31]. Baxuo nuddepennupo-
BaTh abCI[eCChI OT IPYTUX MTOJIOCTHBIX 00pa3oBaHUH
TTO/I’KEJIYIOUHOH *Kesies3nl [32—34]. Kuctel mojke-
JIyIOYHOHN KeJyie3bl, KaK IIPaBUJIO, COJIUTAPHBIE,
MMEIOT POBHbIE KOHTYPHI U TOMOTEHHYIO aH3XOT€H-
HYIO CTPYKTYPY, BCTPEUAIOTCA PeaKo. [IceBIOKUCTRI
MOTYT OBITh KAK €IUHUYHBIMH, TAK U MHOKECTBEH-
HBIMH, MOTYT OOHAapyKHBaThCA B JIIOOOH YacTH
OPIOIIHOM MOJIOCTH, CMEINASACH OT MOKETYAOUHOM
’kesie3bl. [IceBIOKUCTBI — MCXO OCTPOTO IaHKpea-
TUTA WIK TPABMATUYECKOTO MOBPEK/IEHUS, HO MO-
YT BO3HHUKATh W IIOCJE€ OIEPATHUBHBIX BMeIa-
TEeJIBCTB Ha IOJKEJIYIOTHOH Kejle3e U JUATHOCTHU-
yeckux MyHKNuH [32]. OHU popmupyoTCcs B pe-
3yJIbTaTe HEKPOTUUECKUX U3MEHEHUN MapeHXUMBbI
U IPECTABJIAIOT COO0H He mMeloliee cO6CTBEHHOMN
KaIICyJIbl CKOIJIEHHE MEXTKAHEBOH IKUIKOCTH,
MaHKPEeaTHYECKOTO COKa, IMPOYKTOB HEKPO3a TKa-
HU KeJie3bl U ee parMeHToB, HHOrJa KpoBu. CTeH-
KOU TICEBJIOKUCTHI Ha IIEPBOM ITAIl€ CIIYKAT OKPY-
JKaIoIye OPraHbl U TKaHU. BrocienctBuu ¢popmu-
pyeTtcs jioxkHas Karicysa [16]. THoria moJiocTh Ta-
KUX JKU/IKOCTHBIX CKOILJIEHUH MOKeT UMETh TOHKHE
MIEPErOPOAKH, UTO He MO03BOJIAET UCKJIIOUUTH OILy-
X0JIEBOE MOpaKeHUe, OCOOEHHO IPU PETUCTPAINU
KPOBOTOKA B ITIEPEMBIUKAX KUCTOIIOA00OHBIX 00pa3o-
BaHUM [4].

SAK/IIOYEHUE

KinHn4yeckn 3HAYUMBIMHU 5XorpaduyuecKuMu
XapaKTepHUCTUKaMU abcrieccoB OPIOIIHON MOJIOCTH,

creatic cysts, as a rule, are solitary, have smooth
contours and a homogeneous non-echogenic struc-
ture, are rare. Pseudocysts can be either single or
multiple, they can be found in any part of the ab-
dominal cavity, moving away from the pancreas.
Pseudocysts are the outcome of acute pancreatitis or
traumatic injury, but they can also occur after surgi-
cal interventions for the pancreas and diagnostic
punctures [32]. They are formed as a result of ne-
crotic changes in the parenchyma and represent an
accumulation of interstitial fluid, pancreatic juice,
products of necrosis of the gland tissue and its frag-
ments, sometimes blood, that does not have its own
capsule. The pseudocyst wall at the first stage is the
surrounding organs and tissues. Subsequently, a
false capsule is formed [16]. Sometimes the cavity of
such fluid accumulations may have thin septa, which
does not allow to exclude a tumor lesion, especially
when detecting blood flow in the bridges of cyst-like
formations [4].

CONCLUSION

Clinically significant echographic characteristics
of abdominal abscesses, which make it possible to
distinguish them from other abdominal formations
that do not require treatment measures (medical in-
terventions), are, first of all, localization, number
and size, mono- or multilocularity [35], echogenicity
of the capsule and the content of abscesses, the pres-
ence and nature of inclusions and acoustic artifacts
(shadow, distal enhancement, etc.), which allows de-
termining the need for further examination, a possi-
ble method of surgical treatment [2, 7, 9, 13, 22, 30,
36, 371
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MTO3BOJIAIONUMHE OTJIMYUTD UX OT IPYTUX, HE TPeOy-
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CTBO U pa3Mepbl, MOHO- WJIH MYJIBTHJIOKYJIIPHOCTD
[35], PXOreHHOCTh KallCyJIbl W COAEPIKUMOTO ab-
CIIECCOB, HAJIMYME U XapaKTep BKJIIOUEHUH U aKy-
cTuueckux apredakToB (Te€Hb, [UCTAIHHOE YCHIIE-
HHE U JIP.), YTO ITO3BOJISET OMPEIETUTH HEOOXOTH-
MOCTH JlaJIbHEHIIEero o0c/IelOBAHMS, BO3MOKHBIN
MeTOJI HHBa3UBHOI'O JiedeHusd [2, 7, 9, 13, 22, 30,

36, 371.
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AHHOTAIIUA

3Ji0KavecTBEHHBIE HOBOOOpasoBaHusA Tesna MaTku (BHTM) 3aHHMAIOT 6-€ MECTO B CTPYKTYPE TMHEKOJIOTHYECKOTO
paka (cpeau HOBBIX CJIyYaeB paKa y »KEHIIIMH B 2012 T.) U 15-€ — CPeU BCeX BUIOB paka. B 2018 1. B MUpe 3aperucTpupo-
BaHO 382 069 HOBBIX cimyuyaeB 3HTM u 89 929 BhIZBBaHHBIX 9TUM 3abosieBaHueM cmepreii. Takum o6pasom, B 2018 T.
3HTM 6butH 2-M Haubosiee pacpoCTPaHEHHBIM TUIIOM TMHEKOJIOTUYECKOTO paKa U 3aHUMAJIH 4-€ MECTO B CTPYKType
JKEHCKOM CMEpPTHOCTH BCJIEJICTBHE TMHEKOJIOTHYeCKOro paka. OKuzjaercs, 9To K 2040 I'. cMepTHOCTh Besezactere 309
3HTM BrIpacret 60s1ee yeM BBoe. Hanbosiee HU3KUN ypoBeHb cMepTHOCTH BestencTBue 3HTM oTMmeuaercs B LleHTpasb-
HOH u IOKHOU A3MH, MAKCUMaJIbHBIA — B AQpuKe. Y BBDKHUBIIHX ITOCJIE 3JI0KAYECTBEHHBIX OIyX0JIEH MAaTKA MOTYT BO3-
HUKHYTH IPOOJIEMBI, CBA3aHHBIE C IIPOBE/IEHHBIM JleueHneM — OecIlIo/iie, paHHee HACTYyIIJIEHHE MEHOIIAy3bl, PACCTPOH-
CTBa ceKcyanbHOU cdeprl 1 inMbeeMa HIDKHIX KOHEUHOCTelH. BeceMupHasa opranusarys 3paBooXpaHeHus CO3AET co0-
CTBEHHYIO 0a3y JAHHBIX Ha OCHOBe HAallMOHAJIbHBIX OIIEHOK 3200J1eBaeMOCTH, HCIIOIb3YsI MeTO/] BBIOOPKY, KOTOPBIH OIH-
paeTcs Ha BBIYMCIIEHUs CPeJHEB3BEIIeHHOTO WUJIN IIPOCTOTO CpefHero Hanbosiee pacpocTpaHeHHBIX K03GhdUIIEeHTOB-
ToKasaTeJiell Iisl HaceJIeHUsI Psi/ia PETHOHOB, JTNO0 HAa TPUOIU3UTEIHHYIO OIIEHKY, OCHOBAaHHYIO HA JAHHBIX, TIPEIOCTAB-
JIEHHBIX MEUIUHCKUMH YUPEKIAEHUAMHU CTpaH-coce/leld. B AyKkupe cyiecTByroas cucTeMa CTaTUCTUYECKOTO U ST Ie-
MHOJIOTHUECKOTO YUeTa He TaK COBEPIIIEHHA. B CBsI3U C ATHM I1eJ1bI0 HaIllero 0630pa sIBJsJIOCh OCBEIEHNe COBPEMEHHOM
cutyanuu 1o SHTM B AyKupe U KpaTKOe IIPeZICTaBIeHue OCHOBHBIX ACTIEKTOB (3THOJIOTHS, AUATHOCTUKA U JIEYEHHE) STOH
[1aTOJIOTUU.

Karoueewle caoga: MaTKa, 3710KauecTBEHHAs OILyX0JIb, XKEHIIIMHA, CTATUCTUKA, STUOJIOTUS, IUarHOCTHKA, JIeYeHHe,
Axup.

ABSTRACT

Among gynecological tumors, malignant uterine tumor (MUT) is the 6 most common cancer in women and the
15" most common cancer overall. There were approximately 382 069 new cases and 89 929 deaths attributed to this type
worldwide in 2018. Therefore, MUT was the second most common gynecological cancer and the fourth leading cause of
death due to gynecological cancer in 2018, and is expected to increase the incidence rate by more than 50% globally by
2040. Mortality rates are lowest in Central and South Asia and most of Africa. Survivors of MUT may experience treat-
ment-related issues, including infertility, early onset of menopause, sexual problems, and lower limb lymphedema. WHO
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builds its own database from national modeling incidence estimates, using incidence ratios with a sampling method that
relies on the calculation of a weighted or simple average of the most popular local rates applied to the population of a few
regions or by an approximate estimate based on data provided by health establishments in neighboring countries. While in
Algeria, existing statistical and epidemiological data and updated information on the pathology are insufficient. The objec-
tive of this work is to highlight the importance and the situation of the MUT in this country and to describe the different
recent aspects (etiology, diagnostics and treatment) related to the disease.

Keywords: uterus, malignant tumor, woman, statistics, etiology, diagnostics, treatment, Algeria.

BBEJAEHUE

I'mHeKosOTHYeCKUN pak — Beaymias IMPUYNHA
CMEPTHOCTH CPE/IU JKEHIIUH BCJIEJICTBHE OHKOJIOTH-
yeckux 3a001eBaHU BO BceM Mupe. B coBpemeHHOM
00IIecTBe THHEKOJIOTHYECKOMY PaKy IO/BEp:KeHa
JTOCTATOYHO OOJIbINAS JTOJISA JKEHIIUH JIETOPOJTHOTO
BO3pAacTa, KOTOpbIe XOTeJIU Obl COXPAHUTH CHOCO0-
HOCTb K JIETOPOK/IEHUIO B OyayIem [1].

3Ji0KauecTBEHHbIE HOBOOOPA30BAHUsA TeJjla MaT-
ku (BHTM) s3anumMalior 6-e MecTo cpefu Haubosee
pacIpocTpaHeHHBIX BUIOB paKa y *KEHIIUH U 15-€ —
B CTPYKType OHKOIIATOJIOTUM B IlejioM. B 2018 r.
ObLIO BBIsSIBJIEHO 382 069 HOBBIX ciydas 3HTM u
89 929 seTaNBPHBIX MCXOZOB, BHI3BAHHBIX UMHU. Ta-
kuM ob6paszom, B 2018 r. 3HTM 6bu10 2-M Haubosee
pacmpocTpaHEHHBIM THUIIOM T'HHEKOJIOTHYECKOTO
paka ¥ 3aHUMAJIO 4-€ MECTO B CTPYKType KEHCKOH
CMEPTHOCTU BCJIEICTBHE THHEKOJIOTMUECKOTO paka
[2], u, mo mporHo3am, Kk 2040 T. YyPOBEHb CMEPTHO-
ctu B Mmupe Besenersue 3HTM Boipacrer Oosiee uem
Ha 50 % [3]. CambIli HU3KUII YPOBEHb CMEPTHOCTH
BestezictBue 3HTM duxkcupyeresa B LleHTpasibHON U
IO:xHOM A3um, caMbIil BRICOKUH — B cTpaHax Adpu-
ki [4]. Beokusiinue mociae SHTM MOTyT HCIIBITHI-
BaTh MPO0OJIEMBI, 00YCIOBIEHHBIE JIEUEHUEM, BKJITIO-
yas 6ecrioue, paHHIOI MEHOIIAy3y, pacCTPOCTBA
ceKcyasbHOU cepbl 1 TMMQPATAUECKHE OTEKH HUK-
HHUX KOHEeYHOCTeH [5].

CorslacHO TTPOBEJIEHHOMY HCCJIEIOBAHUIO [6], B
AJKUpe B IEPUO/T € 1990 TI0 2017 T. PACIPOCTPAHEH-
HOCTb paka MaTKH BbIpOcja Ha 40—60 %, a moka3a-
TeJIb MATWIETHEH BBIKUBAEMOCTH ITAITUEHTOB C TH-
JKeJIbIMU (hOpPMaMH OITyXOJIel OKa3ayics HU3KUM TI0
MIpUYMHE MaJION JOCTYITHOCTH OHKOJIOTUYECKOH I10-
MOIIY ¥ OTPAHUYEHHOTO YHCJIA CIIeNNATU3UPOBAH-
HBIX JIeueOHBIX yUpexaeHut [7].

Bcemupnasn opranmsanus 3ApaBOOXpaHEHMUS
(BO3) Benmer coOCTBEHHYIO CTAaTUCTUKY, MOJIEJIUPYS
IIOKa3aTeyik C HCIOJIHb30BAHUEM HHIEKCOB 3a0o0Jie-
BaeMOCTH U METO/Ia BBIOOPKH, UTO ITO3BOJISIET pac-
CUUTHIBATh CPEJHEB3BENIEHHOE WJIU IIPOCTOE CPel-
Hee 3HaueHUEe KO3(DGUIIMEHTOB 3a060JIEBAEMOCTH,
HICXO/ISl U3 CAMBIX CBEXKUX JIOKAIHHBIX TAHHBIX, KAca-
IOIUXCSA HAceJIeHUs] HECKOJIPKUX PEerruoHOB, JHOO0
MIPOBOJTUT MIPEABAPUTEIBHYIO OI[EHKY, OCHOBBIBASICH

INTRODUCTION

Gynecologic cancers are the leading cause of can-
cer death among women worldwide, and in modern
societies, a significant number of these cancers af-
fects a high proportion of women of childbearing
age, who wish to preserve their fertility for future re-
productive opportunities [1].

Among gynecological tumors, malignant uterine
tumor (MUT) is the 6™ most common cancer in
women and the 15" most common cancer overall.
There were an estimated 382 069 new cases and
89 929 deaths attributed to this type worldwide in
2018. Therefore, MUT was the second most com-
mon gynecological cancer and the fourth leading
cause of death due to gynecological cancer in 2018
[2], and is projected to increase the incidence rate by
more than 50% worldwide by 2040 [3]. Mortality
rates are lowest in Central and South Asia and most
of Africa [4]. Survivors of MUT may experience
problems related to treatment, including infertility,
early menopause, sexual problems, and lower limb
lymphedema [5].

A study showed that Algeria experienced an in-
crease of 40—60% in the prevalence of uterine cancer
by socio-demographic index from 1990 to 2017 [6],
and the 5-years survival rate for severe tumors is low
due to poor access to cancer care and an incomplete
care setting [7].

The World Health Organization (WHO) builds its
own database from national incidence estimates by
modelling, using incidence rates with a sampling
method that relies on the calculation of a weighted or
simple average of the most recent local rates applied
to the population of a few regions, or by rough esti-
mation from data provided by health facilities in
neighboring countries [8]. While in our country, ex-
isting statistical and epidemiological data and up-
dated information on pathology are insufficient.
Similarly, studies are currently being conducted to
improve the management of MUT. In order to con-
tribute to the elimination of this problem, we have
carried out this study, which represents a modest
contribution of knowledge regarding uterine can-
cers.
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Ha CBeJ€HUAX, KOTOpble IIPeIOCTaBJIAIT YUpexKze-
HUA 3PaBOOXPaHEHUsI coceAHUX cTpaH [8]. B An-
JKUpe UMelolyecs CTaTUCTUYeCKue U 3IUeMHU0JIO-
ruJyeckue JaHHble, a TaKKe aKTyaJIbHas WHPOpMa-
M1, KacaroIasicsa 006CyKaaeMOH aTOJIOTHH, He CO-
BepluleHHBI. [Ipuuem B Hacrosllee BpeMs BeJyTcs
HccaefloBaHUsA, HalleJleHHble Ha COBEpIIEeHCTBOBa-
HUe TakTuku jedeHus SHTM. B pamkax pemieHus
JTAaHHOU IPo6JIeMBI U IIPOBEZEHO HACTOSIIEE HUCCIIe-
JIOBaHUe, KOTOPOe, HaJleeMcs, BHECET CBOH CKPOM-
HBIU BKJIaJ B u3ydeHue npobyiemsr SHTM.

1. CUTYAIIUA B AJIZKUPE
1.1. Obwan cumyayusn 6 pezuoHe

TOYHOH CTATUCTUKU IO 3200J1I€BAEMOCTH T'THEKO-
JIOTHYECKUM pakoM B Apkupe HeT. B tabur. 1, 2 mpen-
CTaBJIEHBI ODIIUE CTATUCTHYECKYE JIAHHBIE I10 OHKO-
JIOTUYECKOU IaToJIOTHuu B AJDKUpe B 2018 T., omy-
OsmkoBaHHBIE MeEXKIyHAPOAHBIM areHTCTBOM II0
HU3y4eHUIO paKa.

1. SITUATION IN ALGERIA

1.1. Global situation

Complete statistics on gynecological tumors re-
ported in Algeria are insufficient. Tables 1, 2 repre-
sent some figures on uterine tumors in Algeria from
the International Agency for Research on Cancer
(IARC).

1.2. Sttuation in Algiers

Table 3 represents some statistics relating to gy-
necological tumors in Algiers.

2. CLASSIFICATIONS OF GYNECOLOGICAL
CANCERS

2.1. The different references in terms

of classifications of gynecological cancers

The various classifications of pelvic gynecological
cancers have been modified from one day to the next
in accordance with the improvement of medical

TaGauna 1. Ync/io HOBBIX CJIydaeB THHEKOJIOTHUECKOTO PAKa CPe/Id BCeX BO3PACTHBIX IPYIII HACEIeHUs AJDKUpa

B 2018 . [9]

Table 1. Estimated total new cases in 2018 of gynecological tumors in all ages in Algeria [9]

CraHJapTU3UPOBAaHHBIA BO3PACTHOHN K03 dULHeHT

TeppuTtopust Yucso ciyuyaes  O6mui koahpunueHT* .

Pogf)llatign Number - Crlf(lie rates*(})(b . e
Age-standardized rate (world)*

CeBepHas Adppuka 12 244 10.3 11.7

North Africa

Amxup 2142 10.3 10.9

Algeria

* KoadurreHTs! paccyuTaHbl Ha 100 000 HACeJIeHHA.
Crude and age-standardized rates per 100 000 habitatnts.

Tabsuna 2. PacueTHOe YHC/IO HOBBIX CJIyyaeB 3a00JI€BaHUS U CMEPTH 10 HEKOTOPBIM BHAM I'MHEKOJIOTHYECKOTO paKa

B Asmxupe B 2018 1. [9]

Table 2. Estimated number of new cases and deaths for each type of gynecological tumors in Algeria in 2018 [9]

Koz o B paka Yuco CMEDTHOCT O61mmit CraHapTU3UPOBAHHBIH 110 BO3PACTY
MKB-10 Carzllczr CIIy4aeB Mor?ality koapdbunuent*  koabduimeHT (B Mupe)*
ICD Number Crude rate* Age-standardized rate (world)*
Coo-97 Bce Buzpl 29 112 13 391 140.0 140.6
All cancers
Cs53 Pax meliku MaTKu 1594 1066 7.7 8.1
Cervix
Cs4 Pak Tena maTkn 436 73 2.1 2.3
Corpus uteri
Cs1 Paxk Bys1bBBI 76 27 0.37 0.36
Vulva
Cs2 Pak Biarasmina 36 16 0.17 0.18

Vagina

* KoaddurneHTs! paccuuTaHbl Ha 100 000 HAacCeJIeHUA.
Crude and age-standardized rates per 100 000 habitatnts.
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1.2, Cumyauyus 8 2. Auicup

B Tabs. 3 mpescTaBIeHBl CTATUCTUYECKUE JIaH-
Hble IO PaKy OPTaHOB »KEHCKON penpojyKTUBHOU
CHUCTEMHBI B T. AJLKUD B 2017 T.

2. K IACCUOUKAIINN
IT'MHEKOJIOTHYECKOI'O PAKA

2.1. Pazauvusn 6 mepmuHoao2uu
Kaaccuukayuil 2UHEK0A02UUEeCK020 paKa

PasHble k1accudukanyy paka OpraHOB MaJioToO
Taza y JKEHIUH ITOCTOSTHHO BHOWU3MEHSIIOTCS 10
Mepe MOSIBJIEHUS HOBBIX JJAHHBIX 00 3TOU MAaTOJIOTUH
¥ 5BOJIIOIIUH IIOAXO/I0B K ee JiedeHuIo [11].

CylecTByeT 4 OCHOBHBIE Kjaccu(pUKaIlUU T'HHE-
KOJIOTMYECKOTO paKa:

1. Kimaccudbukanus MexayHapogHou denepa-
nuu ruHekosoruu u akymiepersa (FIGO), koropast
cTasia mepBbhIM OQUIHAIIBHBIM cIIoHCOpoM Exkeron-
HOTO OTYETA 10 pe3yJIbTaTaM JIEUeHUs THHEKOJIOTH-
YeCcKOoro paka B 1958 1. [12].

2. Cucrema TNM BcemMupHOTO ITPOTUBOPAKOBOTO
coro3a (B Hacrosiee Bpems Ha3biBaercsa Coro3 10
MeXKayHapoaHOMy KoHTposto paka — UICC), paspa-
6oranHas jokTopoM IIsepom /leHya B mepuoy 1943 —
1955 rr. [13].

3. Kinaccudukaius AMepUKaHCKOTO 00beTMHEH-
Horo komureta 110 paky (AJCC) 1965 T., B paMKax KO-
TOpPOU ObLIa IMPEANPUHSATA IOIBITKA KJIACCUPUITU-
poBaTh BCe BBl THHEKOJIOTMYECKOTO paka. IJTa
ki1accudukanus 6pr1a o0befnHEHA ¢ KIaccuuKa-
nueii FIGO B 1976 1. [14].

4. T'mcronarosmoruueckasi kinaccuduranus BO3,
TocJie/THee U3/IaHUE BBIIIO B 2014 T.

JleticTByromass B HACTOsSINEe BpeMs CHCTEMA
KJ1acCu(UKAIIUH 3JI0KaUYeCTBEHHBIX omyxosiedl TNM
npusHaetrcd kKak FIGO u UICC, Tak u HaljuOHaIbHBI-
MM KOMHUTETaMH T10 paky, Bkirwouas AJCC [15].

B mocstename 30 JIeT B MUPE IMTUPOKO HCIIOIb3Y-
ercsa knaccuduranusa FIGO (tabit. 4), mpusHaHHas
UICC, AJCC, a Takke IpopUIbHBIMU KOMUTETAMU
BO3. Ilocnenusas pemakiys 3TON KjaaccuUKAIAN

knowledge and the evolution of practices in gyneco-
logical oncology [11].

There are now four main classifications of gyne-
cological cancers:

1. The classification of the International Federa-
tion of Gynecology and Obstetrics (FIGO), which be-
came the first official sponsor of the Annual Report
on the Results of Treatment in Gynecological Cancer
in 1958 [12].

2. The TNM classification of the International
Union against Cancer created by Dr Pierre Denoix
between 1943 and 1952 (today is the Union for Inter-
national Cancer Control — UICC) [13].

3. The American Joint Committee on Cancer
(AJCC) classification in 1965, which tried to develop
a classification for each type of cancer, to join the in-
ternational classification (FIGO) in 1976 [14].

4. The WHO histopathological classification, last
updated in 2014.

The currently published TNM System classifica-
tions have been approved by the FIGO, UICC, and
National Committees including the AJCC [15].

The FIGO classification (Table 4) has been dis-
cussed and approved by the UICC, AJCC and WHO
committees for the last 30 years and was reviewed in
its latest version in 2009. These three classifications
appear to be virtually identical and the goal of inter-
national collaboration is to have only one classifica-
tion [16].

For instance, the Cancer Genome Atlas (TCGA)
has recently defined four clinically distinct types of
endometrial cancer based on their overall mutation
load, specific mutations, microsatellite instability,
and histology [17].

2.2, Histomolecular classification, example
of endometrial carcinomas

According to the classic dualistic model intro-
duced by Bokhman in 1983, endometrial cancer was
classified into two types. The histological prototype
for type I: low-grade endometrioid tumors, mainly
estrogen-related, strongly associated with obesity

TaGauma 3. OCHOBHAs JIOKAINU3AIUs PAKOBBIX OIYXO0JIel OPTaHOB JKEHCKOH PEPOAYKTUBHOM CHCTEMBI B I'. AJDKHUDE B

2017 . [10]

Table 3. Main locations of gynecological tumors in Algiers in 2017 [10]

Jlokanusamus Yacrora OtHocuTenbHas yactora (%) O6muit ko3 duipeHT CTauH AapTHSMPOBaH-
Location Frequency Relative frequency (%) Gross impact gf;ﬁg;ﬁ%%iiteﬂ'r
MouJtounsle ese3bl / Breast 1605 38.4 88.4 82.2

Ietixa matku / Cervix 155 3.7 8.5 8.1

SAwaynuku / Ovary 152 3.6 8.4 8.3

Marka / Uterus 93 2.2 5.1 5
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Tab6muna 4. Kinaccudukanuu paka samomerpus FIGO u TNM
Table 4. 2009 FIGO Pathology Classification of Endometrial Cancers

PIEC JNL Omnwucanue / Description IPIS:O
(2009) (2009) (1989)
Cragusa I': T1 O1myx0J1b OTPaHWYEHA TeJIOM MaTKU Cragus I:
Stage I": Tumor confined to the corpus uteri Stage I
1A Tia OmnyxoJ1b B TIpE/ieIax SHIOMETPUS UM UHBA3HUSA MEHEE 1/2 TOJIIIUHBI IA-B
MUOMETPUS
Tumor limited to endometrium or invading less than half of myometrium
1B T1b MuBa3us 6oJiee 1/2 TOJIIIHBI MUOMETPUS (¢
Tumor invades one half or more of myometrium
Cragusa II* T2 Onyx0J1b pacIpoCTpaHsAeTCA B CTPOMY IIEUKU MaTKH, HO HE BBIXO/TUT 32 Cragun
Stages IT* TIpe/iesIbl MAaTKHU ITA-B
Tumor invades cervical stroma but does not extend beyond the uterus Stages
IIA-B
Cragus IIT*: T3 u/mwnu N1 JlokaJbHOE U/WJIM MECTHOE PACIPOCTPAHEHUE: Cranus I1I:
Stages IIT* T3 and/or N1  Local and/or regional spread as specified here: Stage II1
IITIA T3a B cepo3Hy0 000JI09Ky W IPUAATKH MAaTKUA** IIIA
Serosa of the corpus uteri and/or adnexae**
I11B T3b Bo Braranuie win napameTpuin’* I11B
Vaginal and/or parametrial involvement**
IIIC: N1 Mertacrasbl B TuMpaTHIECKHE Y3IIBI*¥: IIIC
Metastasis to pelvic or paraaortic lymph nodes **:
ITIC1 TaszoBble
Pelvic lymph node involvement
ITIC2 IMosicHnuHbIe (TTapaopTaIbHBIE) U/ M Ta30BbIE
Paraaortic lymph node +/— pelvic nodes involvement
Cramus IV¥: T4 u/uwiu M1 PacnpocTpaHeHHe OIyXOJIU B CJIU3UCTYIO 060JI0YKY MOYEBOTO my3bipsi 1/  Cragus IV
Stages IV¥ T4 and/or M1 win IpsSIMOH KHUIIIKH, OT/JaJIEHHbIE METACTAa3bI Stages IV
Extension to bladder and/or bowel mucosa, distant metastases
IVA T4 PacnpocrpaHeHue HA CIU3UCTYIO0 000JI0YKY MOYEBOTO ITy3bIPs U/ UIN IVA
MIPAMOU KUIITKU
Invasion of bladder and/or bowel mucosa
IVB M1 OtnaseHHbIE METACTA3b], B TOM YHCJIe BHYTPUOPIONIHEIE, 1/ WJIH IVB

BOBJIEUEHUE [TAXOBBIX TUM(DATUUECKUX Y3II0B
Distant metastases including intra-abdominal metastases and/or inguinal
lymph nodes

* KytaccuuIupyoTCsi, B CBOIO OU€EPE]Ib, [0 CTENIEHH 3JI0KAYECTBEHHOCTH HA 1, 2 ¥ 3-10 CTA/IHU.
Grade 1, 2 or 3.
#* Pe3yJIbTaThl IIUTOJIOTMYECKOTO UCC/IEIOBAHS IEPUTOHEATIBHOM SKUIKOCTH U CMBIBOB M3 GPIOIIHON MOJIOCTH JOJIXKHBI OBITh YKa3aHbI
OT/Ie/IPHO B MEAUIIMHCKON IOKYMEHTAI[UH U He BJIUSIOT HA ONIpe/ieJIeHre CTa{UH 10 JaHHOH KlaccuUKaIu.
Positive cytology has to be reported separately without changing the stage (the classification of FIGO 1989 included the results of
positive cytology for stages IIIA).

BBINIIA B 2009 T. IIpesacraBieHHbie B TabJI. 4 Tpu
KJ1acCcu(pUKAIUH UMEOT MHOTO OOIIEro, 4To M03B0-
JIUT B OyAyIeM pa3paboTaTh eUHYI0 Kilaccugpuka-
M0 THHEKOJIOTHYECKOTO paka [16].

Tak, HanIpuMep, CIeNUAINCTAMU IIPOeKTa ATac
renoma paka (TCGA) B HacTosIIlee BpeMs BbIJIEJISET-
cs YeThIpe OCHOBHBIX BH/JA pPaKa SHAOMETPHA. ITO
KJ1accu(uKanusa OCHOBaHA HAa TaKUX ITOKAa3aTeJsX,
Kak o0IIas MyTallHOHHAas Harpy3Ka OITyXOJIH, CIIEeI-
nuyecKre MyTalud, MHKPOCATEJIUTHAs HecTa-
OUJIBHOCTD U PE3YJIbTAaThl THCTOJIOTHYECKOTO HCCIe-
JoBaHua [17].

and other components of the metabolic syndrome,
and type II: high-grade non-endometrioid tumors
[17, 18]. This classification, also based on the incor-
poration of anatomopathological and molecular
data, has been developed to best represent 2 major
histogenetic pathways and 2 major prognostic groups
(Table 5).

2.3. Towards a new model? The TCGA

In 2006, the National Cancer Institute and the
National Human Genome Research Institute con-
ducted different types of high-throughput molec-
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2.2, l'ucmomoaexkyaapHas kaaccugpuxkayus
Ha npumepe KapyuHoMm sHOoMempuss

CorslacHO KJIAaCCHYECKOH MOJIEIH, IMPEeJIOKeH-
Hou BoxmaHOM B 1983 r., pak sH/IOMeTpUs ObIBAET
JIByX THUIOB. THUI 1: SHIAOMETPUOAHBIE OIYXOJU C
HUBKUM IIOTEHIIMAJIOM 3JI0OKAUECTBEHHOCTH, B
OCHOBHOM CBSI3aHHBIE C BO3/IEICTBHEM 3CTPOTEHOB,
BeposiTHbIE (PAKTOPBI PUCKA — OKUPEHHE U IPYTHE
MPOsIBJIEHUsI MeTaboJTMYecKoro cuHapoma. Tum 2:
HEJHIOMETPHUO/IHBIE OIYXOJIX C BHICOKUM ITOTEHITH-
aJIoM 3JI0KaYeCTBEHHOCTH [17, 18]. ATa kiaccuduka-
nus, 6asupymolnascs Ha JJAHHBIX aTOMOPdOJIOTH-
YeCKOr0 U MOJIEKYJIIPHOTO HCCIIEOBAHUM, JIerjia B
OCHOBY BbIZIeJIeHUsA 2 6a30BBIX MOP(HOTeHETUUECKUX
BapHUaHTOB UM, COOTBETCTBEHHO, 2 MPOTHOCTHYECKHUX
TPYIII KapIIMHOM 3HA0MeTpus (Tab. 5).

2.3. Hosaa kaaccugpukayua? Amaac ceHoma
paxa

B 2006 r. HanuoHaibHBIM WHCTUTYT paka U Ha-
IMOHAJIBHBIM WHCTUTYT HCCIENOBAHUA IeHOMA Ue-
JIOBEKa MIPOBEJIH PA3THUHBIE BUBI BHICOKOIIPOU3BO-
JIUTEJILHOTO MOJIEKYJISIPHOTO aHAIN3a HOPMAaJIbHOH
BBIOOPKH, OXBATHIBAIOIIEN 33 THIIA paka. B pe3ysnb-
Tare 3TOr0 UCCJIEOBAHUS ObLIN MOJIyUYeHbl MOJIEKY-
JIIPHBIE XapaKTEPUCTUKHU 20 000 BUAOB IIEPBUYIHO-
ro paka pa3JIMYHBIX TUCTOJIOTHYECKHUX TUIIOB [20].
Kpome Toro, uccienoBaHue MO3BOJIUIO BBIAETUTH
4 OCHOBHBIX TIOATHUIIA KAaPIIMHOM OHAOMETPUS
(Tabs. 6).

3. 9TNOJIOIUA

Pak Tena matku (T€pMHH, IITHPOKO HCIIOJIb3ye-
MbIH B OHKOJIOTHH JJIsi 0003HAYEHUs paKa SHI0Me-
TpHs) Yallle BCTPEYAETCs Y JKEHIIUH B TIEPUOJ, TIOCT-
MeHoTnay3bl. 3a60J1eBaHNe, KaK IPABUJIO, BOSHUKAET
B BO3pacTe 50—70 JIET, MUK — OKOJIO 59 JieT [21].
Huske ipuBe/ieHbI OCHOBHBIE (DaKTOPHI PHCKA.

3.1. Bpocdennvie ghakmoput

Bospacm siBisiercst TeM $HaKTOPOM, KOTOPBIH I10-
BBIIIIAET PHUCK OHKOJIOTHHU, IOCKOJIBKY C TeUYeHHUEM
BPEMEHH YKCJIO TeHHBIX MyTalli HapacTaeT U OHU
HakKaIImBamoTes [22].

TI'enemuueckas npedpacnonodxceHHocms. OKoJI0
5 % cilyuaeB paka SHIOMETPUS TeHETHUECKH JIeTep-
MHUHHpPOBaHbl. Haciie/icTBeHHasi IpepacioioKeH-
HOCTbH MOKET OBITh TPUUYHMHON BO3HHUKHOBEHHUS 3TO-
TO BU/Ia paKa y 4WIEHOB OJTHOH cembH [22]. B reneTu-
YeCKOM IIJIaHE PaK DH/IOMETPHUS HEPEIOKO aCCOIUU-
poBaH ¢ cuHzipoMoM JIuH4a (0T 2—4 110 11 % nanueH-
TOB). JTa MATOJIOTHs CBA3aHA C MyTalMed reHa
MMR, y4acTBYIOIIETO B UCIIPABJIEHUH OIIUOOK CIia-
puBanusa Hykneotunos B JIHK. B atom ciyuae pak

ular analysis on normal samples covering 33
types of cancers, the result was the molecular
characterization of more than 20 000 primary
cancers of different histological types [20], and
these studies identified 4 major tumor subtypes
(Table 6).

3. ETIOLOGY

Uterine cancer (a term commonly used in oncol-
ogy to refer to endometrial cancer) is typically a can-
cer of post-menopausal women, with the peak preva-
lence around age 59, with the peak incidence be-
tween 50 and 70 years of age [21]. The main risk fac-
tors are below.

3.1. Intrinsic factors

Age. Age is an accentuating factor in the occur-
rence of cancers as genomic changes increase and ac-
cumulate over time [22].

Genetic origin. About 5% of cancers have a ge-
netic origin. These hereditary predispositions may
be responsible for the occurrence of cancers in sev-
eral members of the same family [22]. The genetic
factor associated with uterine cancer is mainly
Lynch syndrome (2—4 to 11% of patients). It is re-
lated to the mutation of the MMR gene, involved in
the repair of DNA mismatches. In this case, the can-
cer is characterized by the occurrence at an early
age (before the age of 60), in patients with a lower
body mass index (BMI) than in sporadic endome-
trial cancers [23]. Cowden syndrome causes a mu-
tation in the PTEN suppressor gene and determines
a 13—19% lifetime risk of developing endometrial
cancer [24].

Hormonal impregnation. When the endocrine
system is disrupted, a hormonal imbalance appears
in the body and promotes certain cancers. Indeed, a
hypersecretion of estrogens can cause uterine cancer
[22].

Overweight. Being overweight increases the risk
of developing breast and endometrial cancer, mainly
due to the storage of a portion of estrogens and the
androgen aromatization in the adipose tissue
[22, 25].

3.2. Extrinsic factors

Food. Differences between the diets followed by
different populations, in terms of quantity and the
relative proportion of the main food groups (vegeta-
ble, fat) have a major influence on the distributions
of cancers [26].

Drugs. Drugs with carcinogenic effect in humans
include antineoplastic drugs and drug combinations,
hormones and hormone antagonists, and immuno-
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Ta6/muiia 5. /[Ba OCHOBHBIX KJIMHUYECKHUX TUCTOMOJIEKY/IIPHBIX TUIIA KAPIUHOM SHAOMETpUs [19]
Table 5. Two main clinical-histomolecular types of endometrial carcinomas [19]

ITokasarenn Kapnunoma I Tuna Kapniuaoma II Tuna
Indicator Type I carcinoma Type II carcinoma
Yacrora (%) ~80 ~20

Frequency (%)

Tun dHAOMEeTPpUOAHAA KapIIMHOMa ¢ HU3KUM Cepo3Has KapIIMHOMA

Description model

Jlpyrue onmyxoJiy, CBA3aHHBIE C
JAHHBIM THIIOM
Other tumors of the category

Mexanu3mbl KaHIlepOTeHe3a
Carcinogenesis pathway

IIpuseratonuii SHAOMETPUI
Adjacent endometrium

CocrosiHue, IpeIIecTByIolIee
BO3HUKHOBEHUIO KaPIIUHOMBI
Precursor

IKCIPECCHUsi TOPMOHATIBHBIX
penenTopos (%)

Hormone receptor expression (%)

Myrauuu rena TP53
Mutation in TP53

Jlpyrvie reHeTHYECKHE
aJlbTepanuu
Other genetic alterations

[IOTEHI[UAJIOM 3JI0KAUECTBEHHOCTH
Low-grade endometrioid carcinoma

IH/IOMETPUOUTHAS KaPITHHOMA
3-1 CTemeHu 3/I0Ka4eCTBEHHOCTH
Grade 3 endometrioid carcinoma

T'opMOHO3aBUCUMBII
Hormone-dependent

T'uneprutactudyeckuit
Hyperplastic

ATunuuHas TUNEPIUIA3HS SHIOMETPUS
Atypical endometrial hyperplasia

>80

Her
Absent

Myraruu renoB PIK3CA (3k30H 9),
CTNNB1, KRAS, PTEN

Mutations in PIK3CA (exon 9),
CTNNB1, KRAS, PTEN
MuKpocaTeITuTHAsS HECTAOUIBHOCTD
Microsatellite instability

Serous carcinoma

CBeTJIOKJIETOUHASA KAPIITHOMA

Clear cell carcinoma
Henuddepennuposanuas kapuuHoOMa
Undifferentiated carcinoma
CMmenianHas kapuuHoMma c >5 % II tTuna
Mixed carcinoma with >5% type II
Kapuunocapkoma

Carcinosarcoma

T'opMOHOHE3aBUCUMBII
Hormone-independent
XpoMocoMHas HeCTaOMIBHOCTD
Chromosomal instability

Atpoduueckuit
Atrophic

CeposHas KapIuHOMA in situ
Serous carcinoma in situ

60—70

Ecth
Present

Myraruu reHa PIK3CA (9k30H 20)
Mutations in PIK3CA (exon20)
Avmmnpukanusa HER2

HER2 amplification
Caepxakcmnpeccus P16

P16 overexpression

CpenHuii BO3pacT pu 59
IIOCTaHOBKeE Jiartosa (Jier)
Average age at diagnosis (years)

Cragusa I (%) 80
Stage I (%)

BoeixuBaemocts (%)
Survival (%)

>80

66

10

40

MaHu(EeCTUPYeT B PaHHEM (JI/II 3TOTO THUIIA PaKa)
Boapacrte (7o 60 jeT), yallle y mMarueHTOK ¢ HU3KUM
WH/IEKCOM MacChl TeJIa 10 CPaBHEHUIO ¢ OOJIbHBIMH
CO CIOpPaIMYECKUM pakoM s3HAoMmeTpus [23]. Cun-
npom Koynena Boi3biBaeTcs mytanusamu reHa PTEN,
cyIpeccopa OITyX0JIEBOTO pocTa. PUCK BO3HMKHOBE-
HUSA PaKa SHJOMETPHS V MMAIUEHTOK C STUM CHHJIPO-
MOM cocTaBJjisieT 13—19 % [24].

T'opmonanvHas nHazpy3ka. [Ipu HapymeHnu siesi-
TEJIPHOCTH SHJIOKPUHHOU CHCTEMbI BO3HHUKAET CO-
CTOSTHHE TOPMOHAJIBHOTO AucOaiaHca, KOTOPoe MO-
JKET CIIOCOOCTBOBATh PA3BUTHUIO ONPEIEIEHHBIX BHU-

suppressants. Tamoxifen use, especially in the case
of breast cancer, predisposes to uterine cancer. In
addition, contraceptive hormone therapy with com-
bined estrogen-progestin therapy shows a protective
effect [27].

Chronic infections. Experimental and biological
evidence now indicates that a wide variety of infec-
tious agents are one of the leading causes of cancer
worldwide. Viruses are the main agents [28].

Ionizing radiation. The carcinogenic effect of
ionizing radiation (X, gamma, neutrons, beta and
alpha) is definite for humans and is well estab-
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Ta6uuna 6. Kinaccudukarus kapruuaoMsl sHA0MeTpus 1o TCGA [19]
Table 6. Classification of endometrial carcinomas according to the TCGA study [19]

CypporaTHbI MapKep,

Yacrora OcHOBHBbIE IIpeob6Jiasaronmit =
o - MTOTEHIINAILHO IIPUTO/THBIH
(%) MOJIEKYJIIPHBIE MOP(}OJIOTHYECKUHT
Tun IIporaos JIJ1s1 PyTUHHOTO
Frequ- xapakrepuctuxu THII .
Type : Prognosis HCII0JIb30BaHUA
ency Main molecular Most frequent S .
o . . . urrogate marker potential
(%) characteristics histological types ]
for routine use
YaerpamyTu- 7 Bospmioe uncio AupoMeTpuouaHbld, biaro- Myranusa POLE
POBaHHBIN mytaruii (C > A) BBICOKOH CTENIEHU MIPUSATHBIN POLE mutation
With Very high mutation 37o0KkauecTBeHHOCTH ~ Favorable
ultramutation frequency (C > A) Endometrioid, high-
Myrtanuu POLE grade
POLE mutations
I'mnepmyTn- 28 Bospmioe uncio IDHJIOMETPUOUIHBIA  Y7IOBJIETBOPU- VIMMyHOTHCTOXUMHYECKOE
POBaHHBIH MyTaIui Endometrioid TeJIbHBIN HUccIe0BaHNue
With High mutation Intermediate  MLH1, PMS2, MSH2, MSH6
hypermutation frequency (moTepst sKCIIpeccun)
MuKpocaTeTuTHAs Immunohistochemistry
HecTaOUIbHOCTD MLH1, PMS2, MSH2, MSH6
Microsatellite (loss of expression)
instability
C HUBKUM 39 HesHnauutenpHOE OH/IOMETPUOHU/IHBIH  YI0BJIeTBOPU- IMMYHOTHCTOXHUMHUYECKOE
YHCIOM KOTIIH YHCJI0 MyTaI[H Endometrioid TEJIbHBIN uccienoBanue P53
Copy number Low mutation Intermediate  (c1aboe/ouaroBoe
low frequency OKpallBaHue)
Myranuu CTNNB1 Immunohistochemistry P53
CTNNB1 mutations (weak/focal marking)
C 6osibIIM 26 XpomocomHas Cepo3sHbIit Heb6naronpu- MMyHOTHCTOXUMHYECKOE
YUCJIOM KOTIMH HeCTaOMUILHOCTH Serous SITHBIA uccyezioBanue P53
Copy number Chromosomal AHAoMeTpHOUAHbIH  Poor (maTeHCHUBHOE U Uddy3HOE
high instability CTemeHu 1/2 WJTY TIOJTHOE OTCYTCTBHE

Myrauuu TP53
TP53 mutations

Endometrioid of
grade 1/2

OKpaIllBaHUS)
Immunohistochemistry P53

(intense and diffuse marking
or completely absent one)

OB paka. ['mmepcekperusi 3CTPOTEHOB, HECCIIOPHO,
SIBJISIETCSI OZTHOM M3 MPUYHH paKa sHaoMeTpus [22].

H36bimouHas macca meaa yBeJTUYHUBAET PUCK
BO3HUKHOBEHUsI PaKka MOJIOYHOH »KeJIe3bl U SHIOMe-
TPUS BCJIE/ICTBHE JIETTOHUPOBAHUS B )KUPOBOH TKAHU
3CTPOTEHOB, a TaKyKe KOHBEPCHU AaHAPOTeHOB B
3CTPOTeHHI [22, 25].

3.2. [IpuoGpemenHble hakmoput

INumanue. Tluinesble TpeANIOYTEHNUA B PA3INy-
HBIX TOIMYJISANUAX C TOYKU 3peHUs cOaTaHCUPOBaH-
HOCTH TTUTAHUsA (KOJMYECTBO MOTPEOIAEMON MHIIH,
OajaHC >KUPOB, OEJIKOB W YIJIEBOJIOB, IOJIHOIIEH-
HOCTH pallFiOHa) OKa3bIBAIOT OOJIBINIOE BIUSHHE HA
3a00JIeBa€MOCTb PAKOM JIAHHOH JIOKaIU3aIuu [26].

JlexapcmeeHHble cpedcmea. HekoTopbie TpyIIITbI
JIEKapCTBEHHBIX IIperapaToB (aHTHHEOIJIaCTHYE-
CKHe, TOPMOHAJIbHBIE, MMYHOCYIIPECCOPBI) 0bJIa-
Jla1oT KaH1eporeHHbIM 3ddexrom. [IpumeHeHue Ta-
MOKcH((]€EHA B TEPAITNH 3JI0KaYeCTBEHHBIX 00pa30oBa-
HUU MOJIOYHOU JKeJie3bl MOJKET CTaTh IPUYUHOU

lished for doses of a few hundred milliSieverts
(mSv) [29].

4. DIAGNOSIS OF TUMORS

4.1. Positive diagnosis

Revealing signs. Emphasizes the frequent lack of
anatomical-clinical correlation. Three elements are
particularly suspected:

1. Hemorrhage (even) on anticoagulants.

2. Recent functional disorders persisting for more
than 2 to 3 weeks and in any case an evolution to-
wards aggravation, possibly interrupted by stages
but without any real improvement.

3. Appearance of swelling [30].

Arguments in _favor of diagnosis:

1. The local arguments. They are clinically associ-
ated infiltration in typical cases with ulceration and
hemorrhagic budding. Specific signs exist for certain
localizations: painful and hemorrhagic inflammatory
disease [31]. Local arguments exist in endoscopy for
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paxka sugomerpus. [Ipu 3TOM Tepanusi KOMOUHHUPO-
BaHHBIM OPAJIbHBIMHM KOHTpAIENITUBAMHU (3CTPOTeH-
MIPOTECTHHBI) IEMOHCTPUPYET 3AIUTHOE JEHCTBHE
Ha SHIOMeTpHi [27].

Hnugexyuu. JlokazaHo, 4T0 OAKTEPUHN U BUPYCHI
SIBJIAIOTCS OJTHOU M3 BEAYIUX IPUYUH OHKO3aboJ1e-
BaeMOCTH B MHUPe, IPUYEM BUPYCHI JUAUPYIOT [28].

Honusupyrowee usayueHue (peHTTEHOBCKOE,
raMma, HEUTPOHHOE, 63Ta, abda) B 103aX HECKOJIb-
KO COTe€H MIJUIM3HUBEPTOB OIpeesIeHHO 00Jazaer
KaHIIepOreHHbIM 3ddeKkToM [29].

4. TUATHOCTUKA

4.1. HauaavHas duazHocmuka

Obwjue cumnmomnst. IIpu JaHHON TATOJIOTHH 00-
paiaeT Ha cebsi BHUMAHHUE TO, YTO HEPEJAKO OTCYT-
CTBYeT KODPEJAIUA MeXKIYy aHATOMHUYECKUMHU U
KJINHAYECKUMHU TMpU3HaKamMu. Tpu MOMEHTa O0CO-
0EeHHO HACTOPAKUBAIOT:

1. Hanuune xpoBoTeueHus (fake) Ha ¢poHe aH-
TUKOATYJISTHTOB.

2. HepaBHue (QyHKIIMOHAIbHbIE HAPYIIEHU
JUIATEJIbHOCTBIO OOJIBIIIE 2—3 HeJ, C TeHJEHIHMeH K
MIPOTPECCUPOBAHUIO; BO3MOKHO, YepeayIoIuecs ¢
BPEMEHHBIM JIOCTHKEHUEM IIaTO, HO 6e3 peasibHO-
'O YJIyYIlI€HUST COCTOSTHUA.

3. ITosBiieHue oTeunoctu [30].

OmHocumenvhvle (KOCBEHHbIE) ApP2YMEHMbL 8
N0Ab3Y NOAOHCUMEALHO20 0UAZHO3A:

1. B TUNWYHBIX C/TyyassX — OUeBUAHAA CBSA3b BBI-
SIBJIEHHOW WH(QUIBTPAIIUY C U3bSI3BJIEHHEM, FeMOP-
parusMu U JaJbHEHIuM poctoM. Hanmuuue creru-
(puyecKkux CHMITOMOB B OTIIpPe/E€JIEHHOHN JIOKaIu3a-
oy — OOJIEBHEHHOCTH WJIH BOCHAJIEHUH C reMoppa-
TUYECKUM KOMITOHEeHTOM [31]. I OoATBEp K IeHU S
MIPE/IT0JIaTaeMOT0 JIMaTHO3a CJIEZyeT MPOBECTH DH-
JTOCKOTIMUecKoe (TIPU HaJTUYUU JTOCTYIIA), YIBTPa3BY-
KoBoe uccaegopanue, MPT, a Takske 6uorcuio [30].

2. HeoOX0aUMO YyIUTBHIBATH BO3PACT, CEMENHBIN
aHaMHe3 W YCTAHOBKH, CBEJIEHUs 0 Teorpaduu pok-
JIEHUs] U MPOKUBAHUSA, HAJIUUKE MMaTOJIOTUU, KOTO-
pasi MOXKET IpepacosaraTbh K pa3BUTHIO paKa SH-
JIOMETPHSI.

3. OHKOMapKephbl He BCETJa MOTYT IPOSCHHUTD
KapTUHY, [TOCKOJIPKY WX 3HAYEHWS TOBBIIIAIOTCI B
CJIydasix, KOrjla OIyXOJib UMEeeT JOCTaTOYHO 0O0JIb-
IIIMe pa3Mephl WM Hadajla paclpoCTPAHATHCS B CO-
ce/lHYE TKAHU WIN OpraHbl [30].

AbcontomHovle apeymeHmyvl 8 NoAb3Y NOA0HCU-
menbHo20 duasHo3a. BhisiBleHHEe PAKOBBIX KJIETOK
WJIN UHBA3WH B COCETHUE TKAHH ITPOUCXOJTUT II0 pPe-
3yJIbTaTaM THCTO- U IUTOJIOTHYECKOTO HCCIeI0Ba-
HUA OHONTATOB. ITO UCCIEA0BAHUE ITO3BOJISAET yCTa-
HOBUTH THUI 3JIOKAUECTBEHHOTO MOPAKEHUs U, KpO-

organs that are accessible to this means of investiga-
tion. If there is the slightest doubt, the examination
is used to take the opportunity to perform biopsies or
imaging [30].

2. Arguments linked to the context. They take into
account age, a family context of orientation, a par-
ticular geographical origin, a predisposing patho-
logy.

3. Biological arguments. They are usually of no
help when the diagnosis is not immediately obvious.
Tumor markers are elevated only when tumors are
large or when they have spread [30].

Arguments of certainty. They are histological or
cytological after biopsy. They are based on the malig-
nant appearance of the cells and the invasion of nor-
mal tissues. They allow medical certainty and specify
the strain. They are also of forensic interest [30, 32].
The purpose of the study is to precise:

« histological nature of the tumor;

« its potential aggressivity;

« its prognosis;

« its ability to respond to increasingly specific
treatments [33].

4.2. Morphological diagnosis

Cytological or histological diagnosis requires
good quality samples that are representative of the
tumor and which have not been altered during col-
lection or transport.

Examination of histological sections. The hysto-
logical examination forms the basis for anatomo-
pathological diagnosis (histological classification,
grade, stage, limits). Other stains that reveal particu-
larities of tumor cells or the stroma are often useful
for diagnosis [34].

Immunohistochemistry with mono- or polyclonal
antibodies is frequently used in tumor pathology.
The use of combined antibodies, the choice of which
is guided by histological study, makes it possible to
determine in most cases the nature of poorly differ-
entiated tumors and the primary origin of meta-
stases.

Antibodies can be used to determine the nature of
the intermediate filaments of the cytoskeleton of
cells. They have a specific distribution:

» cytokeratin filaments in epithelial cells;

» vimentin filaments in connective tissue cells;

» desmin filaments in muscle cells;

« neurofilaments in nerve cells.

Thus, carcinoma is usually cytokeratin-positive
and vimentin-negative, whereas sarcoma has the op-
posite phenotype.
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Me TOTO, MOKET OBITh HCIIOJIb30BAHO B XO7ie Cy/1e0-
HBIX pa3bupareybeTB [30, 32]. OCHOBHBIE IETH HC-
CIEZIOBAaHUSA — 9TO OIpEJIe/IeHe:

* THCTOJIOTUYECKOTO CTPOEHUS OIYXOJIN;

* ee 3JI0KaUYEeCTBEHHOTI'O TIOTEHIHAJIA;

« MpOrHO3a 3a00IeBaHUS;

e IIPOTHO3a BO3MOKHOTO OTBETa OIyXOJIH Ha
crienduyeckoe jgeyeHue [33].

4.2. Mopdhoro2uueckan ouazHocmuka

J17151 MpOBeIeHUs IIUTO- ¥ THCTOJIOTHYECKOTO HC-
cIeloBaHUA He0OXOAMMbI 00pa3Ibl OIyXOJIU OIlpe-
JleJIEHHOTO KauecTBa, He IIOBPeK/IeHHbIe B XOJle 3a-
6opa MU TPAHCIIOPTUPOBKHU.

Ouyenkxa eucmonozuveckux cpesog. I'mcrosoru-
JecKoe HCCIIeZI0BaHUe SBJISETCS OCHOBOU /11 ITocTa-
HOBKH I1aTOJIOTO-aHATOMUYECKOTO JuarHo3a (Tum
OIYXOJIK II0 THUCTOJIOTUYECKOH KJIacCUpUKAIINH,
CTENeHb 3JI0KAYeCTBEHHOCTH, CTa/iUs, TPAHUIIBL).
OxpamniuBaHue Cpe30B, BBIABJIAIONIEE OCOOEHHOCTH
PaKOBBIX KJIETOK WJIM CTPOMBI, TAKXKE BO MHOTOM
ompesiesisieT TOYHOCTh MOPGOJIOTHIECKON ANarHO-
CTUKU [34].

HmmyHozucmoxumuueckoe uccaedosaHue ¢ Hc-
[I0JIP30BAHHEM MOHO- WJIU IOJMKJIOHAJIBHBIX aHTHU-
TeJI IIUPOKO PACIPOCTPAHEHO B OHKOJUATHOCTHUKE.
Vcnonp3oBaHre KOMOWHALIIME aHTUTEI, BEIOOP KOTO-
PBIX ompeziesiseTcsl IEeJIAMU THCTOJIOTMYecKOro HC-
CJIEZIOBAHUS, IO3BOJISIET B OOJIBIIIMHCTBE CJIyIaeB
ycTaHOBUTH MopdoJioruio HuskoauddepeHIpoBan-
HBIX OITyXOJIEN WJIM TIEPBUYHBIN OIyXOJIEBBIM OUar.

[IpuMeHeHUE AHTHUTEN TO3BOJISIET OIPEEIUTDH
COCTOSIHUIE ITPOMEKYTOUHBIX (PUIAMEHTOB, KOTOPbIE
SIBJISIIOTCS OJHUM U3 COCTaBJIAIOIINX ITUTOCKeJseTa
ky1eToK. 1o pacnpoCTpaHEHUIO BBHIAEJISIIOT CIIEYIO-
I[1e BUABI IPOMEKYTOUYHBIX MUKPO(DUIaMEHTOB:

e IUTOKEPATUHOBBIE B SIIUTETNATBHBIX KJIETKAX;

e BUMEHTHHOBBIE B KJIETKaX COEIMHUTEIHLHOUN
TKaHU;

e IECMUHOBBIE B MBIIIIEUHBIX KJIETKAX;

* HelipodUIaMeHThI B HEPBHBIX KJIETKAX.

Kaprimaoma 06bpIYHO IUTOKEPATHH-TIO3UTUBHA U
BUMEHTHH-HETaTUBHA, B TO BpeMs KaK capKkoMa IIpu-
HAJIJIE?KUT ITPOTHUBOIIOJIOKHOMY (GEeHOTHILY.

IToBepxHOCTHBIE MapKephbl TAKXKe CIenubUIHbBI
JUUISL OIIpe/ieJIeHHBIX TUIIOB KJIETOK, CPeN HHUX: aH-
tureH CD20 (Ha B-mumdonurax), sIUTeTHATBHBIN
MeMOpaHHBIA aHTUTEeH (HA SIIUTETNAIBHBIX KJIET-
Kax), HeHpOHAJIbHAA MOJIEKYJIa KJIETOYHOU aJ[re3un
(Ha HEPBHBIX U HEUPOSHAOKPUHHBIX KJIETKAX).

Tak:ke TNPUMEHAIOTCA [HUTOIIA3MATHYECKHE
MapKephl, COOTBETCTBYIOIINE CEKPETUPYEeMBbIM Be-
IEeCTBAaM WU (PYHKIIMOHATBHBIM MOJIEKYJIAM: 3TO
MYIIAHBI (IIPU IMATHOCTUKE aJIEHOKAPIIMHOM) U XpO-

Surface markers are also specific for cell types:
CD20 antigen (B lymphocyte), epithelial antigen
membrane (epithelial cells), neural cell adhesion
molecule (NCAM) (nerve cells and neuroendocrine
cells).

Cytoplasmic markers that correspond to secreto-
ry products or functional molecules are also exploit-
ed: mucins in adenocarcinomas and chromogranin
in neuroendocrine tumors.

Antibodies directed against molecules with prog-
nostic or therapeutic value are being increasingly
used. Thus, the quantification of hormone receptors
in the nuclei of adenocarcinoma tumor cells of cer-
tain organs provides information on the potential ef-
fects of antihormonal treatment [33].

The differential diagnosis of different types of
uterine tumors is carried out between several sub-
types such as serous and clear-cell carcinomas. Strat-
egies for distinguishing between these entities are
shown in Table 7, which represents a summary of
histological and immunohistochemical profiles use-
ful in the diagnosis and differential diagnosis of gy-
necological cancer types.

4.3. Molecular diagnosis

Molecular pathology techniques are used to high-
light molecular alterations in tumor cells. They can
be performed on histological sections (e.g., in situ
fluorescent hybridization (FISH) (Fig. 1)) or after the
extraction of one of the molecular constituents from
the tissue.

These tools have diagnostic and prognostic value
in certain malignant tumors, and can also help to
predict the response to targeted therapy (theranos-
tics), detect residual disease after treatment, or diag-
nose an inherited predisposition to develop cancer.

Genetic alterations occur consecutively during
the growth of a tumor. Some of these abnormalities
are recurrent, meaning that the same type of abnor-
mality occurs with high frequency in a given tumor

type [38].

4.4. Differential diagnosis

Most often it occurs between poorly differentiat-
ed tumors [37] and between dysplasia and benign
tumors. In actual practice, it is necessary to know
them in order not to get lost and thus reduce the fre-
quency of late diagnosis [30]. Differential diagnoses
also make use of molecular methods (Table 8).

4.5. Extended diagnosis

Clinical. Tt specifies the location and dimen-
sions of the tumor. The regional extension of the
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Ta6mura 7. UMMyHO- ¥ THCTOJIOTUYECKUH IPO(UIIb PA3JIMYHBIX TUIIOB THHEKOJIOTHUECKOTO paKa [35—37]
Table 7. Immuno- and histological profiling of gynecological cancer types [35—37]

Tum/noka-
JIU3aIus
Tumor/condition

THCTOIOTHYECKUH THIT
Histology

XapaKTepuCTHKA, MaPKEPHI
Marker panel

Marka, Me3eH- Jlefiomuoma JIecmuH, h-kanp1ecMoH, OKCUTONMH, a-akTHH SM, + CD10, Ki-67
XUMaJIbHAs Leiomyomatous Desmin, h-caldesmon, oxytocin, a-actine SM, + CD10, Ki-67
Uterus,
mesenchymatous
CrpomasbHas onyxoiab  CD10, Ki-67, + necmuH, h-kaapiecMoH, a-akTiHH SM
Stromal CD1o0, Ki-67, + desmin, h-caldesmon, a-actin SM
Kapuuaoma DH/IOMETPUOU/HAS AHaJIOTUYHbIE MapKepaM U IPU3HAKAM JIs JOOPOKaYeCTBEHHBIX HOBOOOPA30BaHUI MAaTKU
SHJIOMETPUs aJIeHOKapIITHOMA Similar to benign endometrial epithelium
Endometrial Endometrioid Tunepruiasus S3HJOMETPHU
carcinoma adenocarcinoma Endometrial hyperplasia
T110CKOKIIETOYHASL, IIJIOCKOKJIETOYHAS C MOPYJ/IaMHU, MyI{HHO3HAS METAILIA3HS
Squamous, morulous, mucinous metaplasia
TJ1a/ikvie KOHTYPBI IIPOCBETOB JKeJie3
Smooth luminous contours
[Tneomopdusm caboii niu cpeiHelt cTeneHn
Mild to moderate nuclear pleomorphism
ER, PR, BUMeHTHUH-TI0JIOKUTEIbHEIE; P53, P16, CEA-Heratusubie (ctaguu I u II mo FIGO)
ER, PR, vimentin positive; P53, P16, CEA negative (FIGO grades 1 and 2)
CeposHast kKapuuHOMa  [I7I0CKOKJIETOYHBIH PaK, ¢ MOPYJIaMU, MyLIHHO3HASI METAILJIA3HS HE BBISBILIETCS
Serous carcinoma No squamous, morular, mucinous metaplasia
3y06uaTble KOHTYDPHI IPOCBETOB KeJje3
Serrated luminous contours
IllesieBUAHbIE IPOCTPAHCTBA
Slit-shaped spaces
Krerounslii ieoMmopdu3M, MHOKECTBEHHbIE MUTO3bI
Cytological pleomorphism, numerous mitosis
BeposATHOCTD /leCKBaMAIIUY SMIUTEINATIBHBIX KJIETOK (MUKPOCOCOUKH, (heHOMEH
«CATI0KHOTO TBO3/1s1») ¥ 00pa3oBaHKe IICAMMOMHBIX TeJIell
Possibility of cell exfoliation (hobnail) and psammoma body formation
Caepxakcnpeccus P53, P16 u sxcnpeccnsa Bumentuna; ER, PR, CEA-neratusHas win
€1200 NTO3UTHBHAS
Overexpression of P53, P16 and vimentin positive; ER, PR, CEA negative or weakly positive
CBeT/IOKJIETOYHAS DeHOMEH «CaIlOKHOTO IBO3/IsI»: CKOIUIEHSI KJIETOK B BH/[E TPYOOUEK HJIH COCOUKOB,
KapIMHOMA KJIETKU COZIEPIKAT [JINKOTE€H
Carcinoma with clear Hobnail cells, in tubular or papillary arrays, filled with glycogen
cells T'nayuHO3 CTPOMBI
Hyaline stroma
Krnerounslii iieomopdusm
Cytological pleomorphism
Txauu BumeHTuH-103uTHBHBIE; ER, PR, CEA-HeraTuBHbIE W ¢1a60 TO3UTHBHBIE;
skcrpeccust P16, P53 BapuabesnpHast
Vimentin positive; ER, PR, CEA negative or weakly positive; variable positivity p16 and p53
MynuHO3HAast IunuHApHYecKUe KJIETKH 9H/IONEPBUKATIBHOTO TUIIA ¢ 6OraToi MyIIMHOM ITUTOILIa3MOMH
KapIuHOMa Cylindrical cells of endocervical type; mucin-rich cytoplasm
Mucinous carcinoma Yacro BbICOKas crerneHb uddepeHupOBKI
Often low-grade
Kaprnaocapkoma KomO6uHaI¥s1 KapIUMHOMATO3HOTO U CAPKOMAaTO3HOTO KOMIIOHEHTOB
Carcinosarcoma Mix of carcinomatous and sarcomatous components
AUUTETNATBHBIN KOMIIOHEHT B OCHOBHOM HH3KOM creneHu quddepeHIITPOBKY, MOKET
OBITH HHIOMETPUOUAHBIM (4aCTO), CEPO3HBIM, CBETIOKIIETOYHBIM, MyI[HHO3HBIM,
HeubGbepeHIIMPOBAHHBIM U IIOCKOKJIETOUHBIM
Epithelial component generally of high-grade, can be endometrioid (common), serous,
clear cell, mucinous, undifferentiated or squamous
CapKoMaTO3HbIiI KOMIIOHEHT MOJKET HMETh CXO/ICTBO € SHZOMETPUAIbHOM (TOMOIOTHY-
HOH) U HEDH/IOMETPUAILHOM (TeTepOIOTUYHOM) CTPOMOIT
Sarcomatous component may resemble an endometrial (homologous) or non-endometrial
(heterologous) stroma
CkBaMO3Hast IIipOKKi FANIA30H OT OPOTOBEHUS OT/IEIBHBIX KJIETOK /10 GOPMUPOBAHNUS 3HAYUTEb-
KapIuHOMa HBIX MacC KePaTHHA B HKCIIEPUMEHTE
Squamous carcinoma  Models range from the keratinization of individual cells to the formation of large masses
of keratin
Kapuunoma u3 kierok  QuaroBast WiId ManuuisipHas MophOJIOTHs YPOTeJIUs, BKII0YAast IPO0JIbHbIE 6OPO3IKH
[IEPEXOIHOTO SIUTENUs B SA/IPAX
Carcinoma with Nested or papillary urothelial morphology, including lengthwise nuclear grooves
transitional cell
Henuddepennupoan- Her 3akoHOMeEpPHOCTEH B CTPYKTYPe
Hasi KapIHHOMa Non-distinctive appearance
Undifferentiated Yacro npesicTaBiseT co00i MPOU3BOIBHO PACHOIOKEHHbIE CJION KJIETOK HJIM THE3/a
carcinoma ¢ OOIIUPHBIM HEKPO3OM
Often composed of scattered cell layers and nests with extended necrosis
126 Journal homepage: http://jsms.ngmu.ru
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MOTrpaHUH (IIPU JIHATrHOCTHKE HEUPOIH/IOKPHUHHBIX
OIIyXOJIEH).

Vcnonp30BaHe aHTHUTEN B OTHOIIEHUU MOJIe-
KYJ1, IPE/ICTABJIAIONINX HHTEPEC /IS IUAaTHOCTUKHU U
TEpaluy OHKOIATOJIOTHH, CTAaHOBUTCA Bce OoJee
pacmpocrpaHeHHBIM. Tak, HAITPUMep, KOJIMYEeCTBEH-
HOe oOIllpefieJieHue TOPMOHAIBHBIX DEIENTOPOB B
SApaxX KJIETOK aIeHOKApPIMHOMBI TOTO HJIM WHOTO
OopraHa IO3BOJIAET CyAUTh 00 3O PEKTUBHOCTU IPO-
BOJIMMOU aHTUTOPMOHAJIBHOU Tepanuu [33].

HuddepeHnnanabHas AUATHOCTHKA PA3JIMUHBIX
THUIIOB PaKa SHJOMETPUSA IPOBOAUTCA MEXKAY He-
CKOJIPKUMU OCHOBHBIMU TPyNIIaM{ HOBOOOpasoBa-
HUH, TAKUMU KaK CEPO3HAs U CBETJIOKJIETOUHAS Kap-
nuHOMa. CTpaTeruu BbIOOpa MEXKY STUMH TUIIAMHI
MIpeJICTaBJIEHBI B Ta0J1. 7, B KOTOPOU IPEJICTABJIEHBI
KpaTKUe CBeJIeHUsI O THCTOJIOTUUECKUX U MMMYHO-
TUCTOXMMHUYECKUX XapaKTEPUCTHUKAX, WCIOJIb3ye-
MBIX JJI1 JUArHOCTUKU THUIIA T'HHEKOJIOTHUYeCKOTO
paka u aquddepeHnnaIbHOro JUarHo3a.

4.3. MoaexyaapHas ouazHocmuka

MeTozbI MOJIEKY/IIPHON AUATHOCTUKY HCIOJIb3Y-
I0TCSA JIA BBIABJIEHUSA [TOBPEXK/IEHUH B PAKOBBIX KJIET-
Kax Ha MOJIEKYJIIDHOM ypoBHe. OHH MOTYT IIPOBO-
JUTHCA KaK ¢ IPUMEHEHUEM THCTOJIOTHYECKHUX IIpe-
rapaToB (HampuMmep, B xo7ie (uryopeciieHTHOU THOpu-
Ju3anuu in situ (puc. 1)), TaKk U IMOCJIE BBIIEIEHUS
KaKOTo-JIn00 MOJIEKY/IIPHOTO KOMIIOHEHTA U3 TKaHU.

OTH MeTO/lbl UMEIOT JIUarHOCTHUYECKYI0 U IPO-
THOCTHYECKYIO 3HAYMMOCTH IIPU BBIABJIEHUH OIIpe-
JleJIeHHBIX TUIIOB PAKOBBIX OIyXOJIeH, a TAKXKe MOTyT
OBITH MCIIOJIb30BAHBI JIJI IIPOTHO3UPOBAHUA OTBETA
Ha TapreTHyIO Tepanuio (HallpuMep, B paMKax I10/I-
X0/la, M3BECTHOIO KaK TEPAaHOCTHKA), OLEHKH pe-

Ilymph nodes is then investigated and finally po-
tential remote locations that are directly accessi-
ble for clinical examination: lymph nodes, skin,
liver, pleura. Functional signs that may indicate
the presence of metastases are also investigated
[30].

By imaging. This type of examination can be use-
ful to check for metastases prior to surgery and can
help to clarify local and regional tumor extension. In
some cases, when in doubt, the use of guided cyto-
logic puncture might be considered [31].

By endoscopy. Allows to measure the surface ex-
tension of tumors accessible to this method of inves-
tigation and possibly to nearby organs.

Through surgical observation. Provides useful
information on the invaded structures and the pos-
sible extension and specifies whether the resection is
histologically complete or not, whether there is re-
gional lymph node invasion or not, and whether
there are capsular ruptures and/or neoplastic sites
outside the lymph nodes.

The search for second cancers (also called second
localizations) is systematic for certain types of loca-
tions: multifocal foci in the same organ [30].

4.6. Diagnostic strategy

It requires a good knowledge of the advantages
and limitations of each method. The objective of
medical management of a cancer patient is to treat
him or her in the best possible way and at the low-
est possible cost. In the vast majority of cases, an
anatomopathological diagnosis, with at least a tu-
mor type, is necessary prior to treatment. Howev-
er, this mostly requires an invasive procedure that
has to be considered in relation to the risks and

B

Puc. 1. I'ereporenHoCTh amiutudukanuy reia HER2 pu cepo3HOH 5HA0OMETPUATIBbHON KapIImHOME —
Meto/1 hJIyopeCcieHTHON THOpUIU3aIiui in situ [39], yBesmmueHue X600:
A — orHommenue HER2/CEP17 = 7.14; B — otHomienne HER2/CEP17 = 1.25
Fig. 1. Heterogeneity of gene amplification (HER2) in serous endometrial carcinoma by fluorescent in situ hybridization
(FISH) [39] (magnification x600): A — HER2/CEP17 ratio = 7.14; B— HER2/CEP17 ratio = 1.25
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3yJIBTaTOB IIPOBEIEHHOTO JIEUEHUsI UJIN BBISBJIEHUS
MIPEPACIIOIOKEHHOCTH K PA3BUTHIO PaKa.

l'eHeTHUeCKHe TMOBPEXKIAEHUS IOCIEI0BATETIBHO
BO3HHKAIOT B IPOIIECCE POCTa OmmyxoJin. Hekoropeie
U3 HUX ITOBTOPSIOTCS, UTO CBU/IETEILCTBYET O ITPE00-
JIaZlaHu OTIPEZIEJIEHHOTO TUIIA AaHOMAJIUH TP JaH-
HOM THIIe ommyxosu [38].

4.4. /TupepenuyuarbHan ouazHocmuxa

Yame Bcero auddepeHnraabHas AUATHOCTHKA
MIPOBOJTUTCS MEXK/Ty HU3KOAN Db EPEHITUPOBAHHBIMH
OIYXOJIAMH [37] ¥ MEXKY TIUCIIa3UsIMH U TOOpOKa-
YeCTBEHHBIMU HOBOOODa30BaHUAMH. B KiIuHUYe-
CKOU MpaKTHUKe 3HAHUA 110 b depeHInaIbHON 11-
arHoCTHKe HeOOXOIVMMBI /IJIs1 BBISABJIEHUS 3JI0Kaye-
CTBEHHBIX OITyXOJIEH Ha paHHUX cTafausx [30]. [Ipu
nuddepeHITUIPHON JUATHOCTUKE TaKKe HCIIOJIb-
3YIOTCSI METOZBI MOJIEKYJIIPHOU reHeTHKH (Tabir. 8).

4.5. /Tuaznocmuxa memacmasoe

Kaunuueckana xkapmuHa. YCTaHABIHUBAETCSA JIO-
Kaymu3anus W pasMepbl omyxosd. Ompepessiercs
pacipocrpaHeHre KJIETOK OITyXOJIH B PErMOHapHbIE
JUMQOY3JIIbI ¢ OIIEHKOH BO3MOKHOCTHU €€ yAaTeHH.
JIJ1s1 5TOrO B X0/ KJIMHUYECKOTO MCCIIeI0BAHMS OIle-
HUBAETCS COCTOSHUE JTUM(PATUUECKUX Y3JI0B, KOXKH,
meyeHu U IIeBphl. TakKe OIeHUBAOTCS GQYHKITHO-
HaJbHBIE CHMIITOMBI, KOTOPbIE MOTYT CBHETEIb-
CTBOBATh O METACTA3UPOBAHUU [30].

Y3H moxxer ObITh II0JIE3HBIM B BHIABJIEHUH MeTa-
CTa30B JI0 IPOBEJIEHUS] XUPYPTUUECKOH OIlepaIuu, a
TaKK€ MECTHOTO M PErHOHAPHOI0 METACTa3hpOBa-
HUSA. B HEKOTOPBIX CJIOKHBIX CIIydasX BO3MOKHO
MpOBEeJIeHNE MyHKIIMOHHOUW OWOIICHH IO/ KOHTPO-
nem Y3U [31].

AHoockonuueckoe uUcCcAe008aHuUe  I03BOJISET
OIIPEIETUTD ILJIOIIAb PACIPOCTPAHEHHUS OITyXOJIH U
BO3MOKHOCTH ITOPAKEHUsI OJITU3/IEKAIINX OPTAHOB.

Ouenka 8 x00e Xupypeuueckux MaHunyasyuil
JIaeT TMOJIE3HYI0 UH(POPMAITHIO O CTPYKTYpPax, B KOTO-
phle IIpopacTaer OIyX0Jib, U BO3MOKHOCTSIX €€ Jalb-
HEHIINEro paclpoCTpaHEHNs, a TAK)Ke MMO3BOJISIET OT-
BETUTD Ha CJIEZYIOIIHE BOIIPOCHI: BO3MOKHO JIU MOJI-

benefits for the patient. Some methods have a vir-
tually certain diagnosis, but the inconvenience and
risk of a histological confirmatory biopsy is not
compensated by the expected benefit for the pa-
tient [33].

5. TREATMENT

Depending on the type and stage of the cancer,
treatments may include surgery, which is often
used, radiotherapy, hormone therapy or chemo-
therapy; the latter two are considered systemic
treatments for metastatic or recurrent cancer [34].
These treatments can be used alone or in combina-
tion.

The goal is to achieve a complete cure, extend the
patient’s survival, and minimize disease-related
symptoms [31].

5.1. Therapeutic means

Surgery. It forms the basis of treatment [40], al-
lows surgical staging and a decision to be made on
postoperative strategy [41]. The standard treatment
consists of a total hysterectomy without adnexal
preservation [42]. Hysterectomy by vaginal access is
the approach chosen whenever possible [43]. How-
ever, it does not allow inspection of the peritoneal
surfaces and cytology cannot be retrieved. It is coun-
ter-indicated in cases of pelvic adhesions, prior sur-
gical procedures in the pelvic region and inability to
correctly position a female patient for vaginal access.
Other approaches are possible in the first place, such
as the laparoscopically (coelio-) assisted vaginal ap-
proach, as well as abdominal, or coelioscopy assisted
and robot-assisted laparoscopic radical hysterecto-
my [31].

Radiotherapy. Because of its documented effica-
¢y in improving locoregional control and reducing
rates of vaginal vault recurrence, radiotherapy has
been used as an adjunct to surgery for the past 5 de-
cades. Several randomized studies have established
the role of adjuvant radiotherapy in reducing local
recurrence in patients at risk of raising intermediate
local failure.

Ta6uura 8. Beibop anTuten npu auddepeHInaabHOM AMarHocTHKe HU3KoAU D hepeHITPOBaHHBIX OITyXoiek [37]
Table 8. Antibody selection for poorly differentiated tumours at differential diagnosis [37]

ITanens anTUTEN
Antibody panel

Bup onyxonu
Differential diagnosis

KapnuHoma/capkoma
(smurenrmoniHbIe BapuanTel) desmin, CD34
Carcinoma/sarcoma
(epithelioid variants)

CAMs5.2, AE1/AE3, S100, Melan-A, HMB-45, CD45, CD30, ALK, PLAP, CD117, iecmus/

Mesorenroma AFE1/AE3, CK5/6, kanbpernHuH/ calretinin, tpom6omozayina/thrombomoduline, EMA,
Mesothelioma CEA, Ber-EP-4, MOC-31, TIF-1
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HOe yZjaJIeHre? BOBJIEUEHBI JIU B OITyXOJIEBBIH ITPOIECC
pervioHapHbIe TUMPOY3IIbI? €CTh JIU Pa3PhIBbI KaTICYJT
WJIY OYard HeOIUIa3uU BHE JTUM(MATUUECKUX Y3JI0B?

IMouck apyroro Tuma paka, UMEIOIIEro HHOe pac-
I0JI0KEeHUE, 00s13aTesIEH TP OTIPEJIEJIEHHOH JIOKaIU-
3aI[UH, TIOCKOJIBKY BO3MOXKHO Pa3BUTHE MHOKECTBEH-
HBIX 0YaroB MJINTHU3AINHN B OHOM U TOM K€ Opra-
HE — TaM, I7le BO3HUKJIA IEPBUYHAS OIyX0JIb [30].

4.6. luaznocmuueckas cmpamezus

Ornpe/iesieHre TUArHOCTUYECKON CTpaTeruu Tpe-
OyeT 3HAHUH O IPEUMYIIECTBAX U OTPAHUYEHUAX
KaKJI0ro JUarHoCTHYecKoro Meroza. 1lesipio okasa-
HUS TIOMOIIK PAKOBOMY OOJIbHOMY SIBJISIETCSI Ha3HAa-
YeHHEe TAKOTOo JieYeHUs, KOTOpoe ObLIo OBl OITH-
MaJIbHBIM C TOYKH 3PEHUS TEPATIEBTHUECKUX IeJIeH 1
10 BO3MOKHOCTH (PHHAHCOBO MeHee 00peMEHUTETb-
HBIM. B noj1apsisiroreM GOJIBIITMHCTBE CITydaeB HEOO-
XOZUMO YCTaHOBUTD [TATOJIOTO-aHATOMUYECKUH JTa-
THO3 C OIpe/ieJIeHHEM THIIA HOBOOOPA30BAHUS IO
Hauvasa jedenns. OgHAKO ITOCTAHOBKA TAKOTO JIHMa-
rHO3a TpebyeT MPOBeIeHNs] NHBA3UBHBIX MPOIIENYDP,
KOTOPBIE CIEAYET OIEHUTh ¢ TOUKHU 3PEHUS MOJIb3bI
WIN TIOTEHITUAJIPHOTO BpeJia JIJIsi OpraHu3Ma Iaiu-
eHta. HekoTopble METOABI MO3BOJISIOT IOJYYUTH
TOYHBIN IUATHO3, OHAKO MIPUUYNHEHHOE HEYTI00CTBO
U PUICK, CBS3aHHBIA C BBIIIOJIHEHUEM JIMATHOCTHUYE-
CKOH MpoIeaypbl — OUOIICHH, HATIPUMED, — IIPEBOC-
XOJTUT OKHU/IAEMYI0 TIOJIb3Y /1A MaruenTa [33].

5. JIEHEHUE

B 3aBUCHMOCTH OT THIIA U CTA[UU PAKOBOTO IIPO-
1ecca MOYKET IPUMEHSIThCS XUPYPTAYECKOE Jiede-
HUe, JIyueBasi, TOPMOHAJIbHAS WJIN XUMHUOTEPAIIHU.
JIBa mOCJIEAHUX BHUJA TEPAlUKM PACCMATPHUBAIOTCA
KaK CHCTEMHOE JIEUeHUE METACTa30B WJIH PEIu/In-
BOB paka [34]. YkazaHHble BUJIbI JIEUEHUsS MOTYT
IIPUMEHATHCSA KaK 110 OT/EJIBHOCTH, TaK U B KOMOU-
HaI[UH.

Ilesp Tepanuu — MOJHOE UBJIEUEHHE, TOBBIIIe-
HUe BBDKHUBAEMOCTH TAI[MEHTA U CBeZIeHHE K MUHU-
MyMy CHMIITOMOB, CBSI3aHHBIX ¢ 3a00sieBaHueM [31].

5.1. Buovnt aeuenua

Xupypauueckoe neueHue siBjsieTcss 6A3UCOM Te-
pamuu 3Toro TUIa paka [40], Mo3BoJIsIET TOYHO ycTa-
HOBUTH CTaIMI0 PAKOBOTO IpoOIlecca U MPUHATH pe-
[IIeHWe O CTPATETrUH BeJeHUs MallFeHTa MOCJIe OIe-
panuu [41]. CTanzgapTHOE XUPYPrUUECKOe JieUeHe
BKJIIOYAET TOTAJIBHYIO THCTEPIKTOMUIO, YAIEHHE
MAaTKU ¢ npuaaTkamu [42]. IIpu orcyreTBun mpoTu-
BOITOKAa3aHUH TMCTEPIKTOMUIO IIPOBOJIAT Uepe3 Ba-
TUHAJIBHBIA OCTYII [43], OZIHAKO B 5TOM cJIydyae He-
BO3MOKHO OIIEHUTDH COCTOSTHUE OPIOIITHOMN IOJIOCTH

External radiotherapy allows local control
at the cost of some morbidity but does not influence
overall survival.

Intracavitary brachytherapy. Appeared
as an alternative to external radiotherapy because of
its reduced overall morbidity. Trials are being con-
ducted to determine the additional potential advan-
tage of chemotherapy over radiotherapy, as well as to
explore smaller doses of brachytherapy in the early
stage of the disease [44].

Hormonotherapy. There are no standardized
methods agreed upon. Most oncogynecologists
choose megestrol acetate as their first choice, but
doses and durations are not standardized. Medroxy-
progesterone acetate, depo-medroxyprogesterone
acetate and combinations of tamoxifen and proges-
terone have also been suggested. Some authors sug-
gest the use of cyclic therapy with combined estro-
gen-progestin pills to induce monthly bleeding, be-
cause the continuous treatment ultimately results in
an atrophic endometrium; while others suggest an
intrauterine hormonal device application. Since pro-
gesterone is not well tolerated by many women,
since breast sensitivity and weight gain are frequent
complaints, it is probably best to use the ultra low
dose oral contraceptives, that will also successfully
invert the neoplastic endometrium; the dose is likely
to depend on the patient’s BMI and tumor. Only
women with grade 1 endometrioid adenocarcinomas
and a disease clinically perceived as confined to en-
dometrium with the best available radiologic modal-
ity should be considered for this treatment. Studies
have suggested that histologic architectural com-
plexity and high BMI are treatment failure predic-
tors [45].

Chemotherapy for endometrial cancer has ad-
vanced over the last four decades and plays a role in
the treatment of both advanced and recurrent en-
dometrial cancer. Agents with established anti-tu-
mor activity include doxorubicin, cisplatin and pa-
clitaxel.

First-line chemotherapy. A combination
of paclitaxel with carboplatin (analogue of cisplat-
in) is currently the most commonly used combina-
tion for the first-line treatment of metastatic di-
sease. Questions remain about the contribution of
these therapies in adjuvant contexts, on the role of
pharmacotherapy beyond first-line therapy, and
the incorporation of targeted agents. Recent efforts
have focused on the addition of other agents of in-
terest such as metformin, temsirolimus and bevaci-
zumab [31, 46].
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U B3ATh MaTepUaJI JJI HUTOJIOTUYECKOTO HUCCIIEN0-
BaHUA. ['MCTEPIKTOMUS BaruHAJIBHBIM JOCTYIIOM
[IPOTHBOIIOKA3aHA IMPU HAINYHU CHAEK B MaJIOM
Tazy, HeJlaBHEM IIPOBEIEHUU XUPYPIUUECKHUX Olle-
paruii B 9T0i 00J1aCTU ¥ HEBO3MOKHOCTH MPUIATh
HeOoOXOAMMOe TIOJIOXKEHHE TMalNeHTKe /IS BBIIOJI-
HEeHU OIlepaIliy Yepes 3TOT IOCTYIl. MOTyT HCIob-
30BaThCSI TAKIKE U APYTHE TIOJIXO/IbI, CPEIU KOTOPBIX
BarMHAIBHBIHN JOCTYH 07, KOHTPOJIEM IETUAKOCKO-
¥, abJJOMUHATIBHBIN JIOCTYII, OTIEpaTUBHASA IeJIHa-
KOCKOIIUsI, OIlepaTUBHASI POOOTU3UPOBAHHAS €U~
akockomnus [31].

Jlyuesas mepanus. 3apeKoMeH/I0BaBIIas ce0s B
kayecTBe 3 HEKTUBHOTO METO/Ia JIOKOPETHOHAPHO-
IO CIIEPKUBAHUS POCTA OILYXOJIH, IT03BOJISIOIIETO
OOpOThCA C PENUINBAMHU PaKa B 00JIaCTU BJIarayIv-
1A, JIyuyeBasl Tepamnus aKTUBHO MPUMEHSIETCS B Ka-
YeCcTBE JIOTOJIHEHUS K XUPYPIHUECKOMY JIEUEHUIO
paka 5H/IOMEeTpUs B TeUeHHE IOCJTIEeHUX 50 JIeT.
B X071 MHOTOUHCIIEHHBIX KITMHUYECKHIX UCCIIE0BA-
HUH TOKa3aHa pOJIb aTbIOBAHTHOU JIyYeBOHU Tepa-
UM B CHIDKEHUN PENUJNBOB paKa y MaIMeHTOK C
PUCKOM PeIUuBUPOBAHUS.

JucTaHIMOHHASA JiydeBas Tepamusd IO-
3BOJISIET KOHTPOJINPOBATh TSAXKECTh PETHMOHAPHOTO
PaKoBOTO MpoIiecca, OJHAKO MPAKTUYECKU He BJIHS-
€T Ha BBDKUBAEMOCTb.

BuyTpunosoctHas OpaxuTepamus BO3-
HUKJIA KaK aJbT€PHATHBA JVCTAHIIMOHHOM JIyIeBOH
TEpAINH, TO3BOJIAIONIASA CHIKATh YACTOTY OCJIOXKHE-
Huii. ITpoBogsAmMecs B HACTOAIIEe BpeMs KJIMHIYE-
CKU€ WCCIeIOBAHUS TIOKA3bIBAIOT ITOTEHI[UATIBHOE
[IPENMYIIIECTBO XUMIOTEPAIINH 110 CPABHEHUIO C JIyde-
BOH Tepamnuel, a TaK)Ke IMPUMEHEHH MaJIbIX 103 00-
JIy4eHUs Ha PAHHUX CTa/IUSIX Paka SHAoMeTpus [44].

TI'opmonomepanus. DTOT MeTOZ, TEpPANUHM paka
SHJIOMETPUSA OKOHYATEJIHFHO HE CTaH/IAPTU3UPOBAH.
BoJIbIIIMHCTBO OHKOTHHEKOJIOTOB B KaUecTBe Iperna-
para 1-i JUHUHM BBIOMPAIOT METecTPOJIa alerar, HO
CTaHZIAPTU3UPOBAHHBIX IIPOTOKOJIOB, OIIPEEJIAI0-
IIUX IO3UPOBKY U JJTUTETHLHOCTD JICUEHUS TIperapa-
TOM, Ha JIAHHBII MOMEHT He CyIecTByeT. Vcroap30-
BaHUE MeJPOKCUIIPOTeCTepOHA aIeTaTa, JIero-
MeJIPOKCUIIPOTECTEPOHA alleTaTa 1 KOMOMHAIIMH Ta-
MOKcudeHa U IPOTEeCTEPOHA ABJISETCA B HACTOSIIEE
BpeMs AUCKyTaOeabHBIM. Psii aBTOpPOB IoOJIaraer,
YTO ITUKJINYECKAs] TOPMOHOTEPAUs aKTUBU3UPYET
MEHCTpPyaJIbHble KPOBOTEUEHWS, UTO IIO3UTHBHO
BJIMSIeT HA aTpOMUPOBAHHBIN BCJIEJICTBHE IIATOJIO-
THYECKOTO IpoIiecca sHAoMeTpuil. [I0cKoIbKYy MHO-
r'ue JKeHIIUHBI He OYeHb XOPOIIIO IIEPEHOCHAT IIpore-
CTEPOH, a MOJIOUHBIE JKeJIe3bl K HEMY UyBCTBUTEIb-
HBI, KDOME TOTO, TOBOJIbHO YaCTO OH BHI3bIBAET yBe-
JIMYeHre MacChl Teja, IeJeco00pasHO HCIIOJIb30-

Second-line chemotherapy. There are
very limited number of randomized trials of second-
line chemotherapy in Phase II or III, most of the re-
sults are from non-randomized, but sometimes ran-
domized, Phase II trials for ixabepilone, etoposide
(VP-16), paclitaxel, oxaliplatin, doxorubicin, cisplat-
in, ifosfamide, methotrexate, topotecan, vinblastine
and vincristine. Response rates have always been
quite low. Ixabepilone, a synthetic analogue of ep-
othilone B, was considered sufficiently promising in
Phase 11 [46, 47].

Targeted therapy. In endometrial cancer, many
trials of single-agent mTOR inhibitors are showing
occasional patients with long-term benefit. Several
studies have shown no association between tumor
PTEN alterations or PI3KCA mutations and the
clinical benefit of mTOR inhibitors [48]. One study
shows the effect of the combination of everolimus
and letrozole with an overall response rate of 32%.
No significant toxicity was reported. Serous histol-
ogy was the most powerful predictor of the non-re-
sponse. Patients receiving metformin were ob-
served to have an increased response rate to treat-
ment [31].

Anti-angiogenic agents have consistently pro-
duced a modest response rate in endometrial cancer.
However, C. Kandoth et al. [20] observed toxicities
including gastrointestinal and vaginal fistulas, intes-
tinal perforation and venous thromboembolism and
have been classified as adverse.

There is currently one trial of carboplatin/pacli-
taxel with or without concurrent trastuzumab of
women suffered from serous endometrial cancer
with overexpression or amplification of HER2
[49, 50].

New approaches to immunotherapy based on
immune checkpoints of antibodies in hyper- and
ultramutated tumors and the administration of
tumor-specific drugs: small molecules, against the
PI3K/AKT/mTOR pathway inhibitors; novel anti-
angiogenic and cytotoxic agents such as epothi-
lones against microsatellite stability and biologi-
cally aggressive high copies serous endometrial
tumors are among the most promising develop-
ments in this disease [51].

5.2. Fertility management

Infertility is also a characteristic of women under
40 with endometrial cancer, unlike their menopausal
females, who are often referred to as fertile. In a se-
ries of 11 female patients (12%) were accidentally di-
agnosed with endometrial cancer during the infertil-
ity evaluation [52]. A study that analyzed pregnancy
outcomes in young women with early endometrial
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BaTh MHUKPOJO3UPOBAHHbIE KOMOWHHPOBAHHBIE
OpaJIbHbIE KOHTPAIENTUBBI, KOTOPHIE MOTYT CIIO-
cobcTBOBaTh OOpPAaTHOMY Pa3BUTHIO HEOIIACTHYE-
CKUX IIPOIECCOB B 3HAOMETpPUH. /I03UPOBKA 3aBU-
CUT OT MH/IEKCa MacChl TeJia MaIlMeHTKH U THIIA OITy-
xo. TOJTbKO TAIUEHTKH C BBICOKOAU( hepeHIn-
POBaHHOU SH/IOMETPUAIIBHON aJIeHOKapPIIMHOMOH,
OrpaHUYEHHOU IpejieJIaMH HCKIIOUHTEIFHO DHI0-
METpHUsA, KOTOPHIM IMOKAa3aHa TAaK)Ke JiydeBas Tepa-
¥, MOTYT IIPOXOJIUTH JIeYeHre ropMoHaMu. ['ucro-
Jlornyeckasi HEOJITHOPOJHOCTh U BBICOKHU WHJIEKC
Macchl TeJsla ABJAIOTCA HpeAukTopaMu Headdek-
THUBHOCTH JIeUeHus [45].

Xumuomepanus UCIOIb3yeTcs ke 6oJiee 40 JieT
B KauecTBe BHICOKO3(h(HEKTUBHOTO METO/|a TEPATTUH
KaK pacIpoCTPaHEHHOTO, TaK U PEIUIUBUPYIOIIETO
paka sHypoMeTpus. Yaime BCero MpuMeHSIIOTCS cie-
JIYIOIIHE TTPOTHUBOOITYXO0JIEBBIE TTPENapaThl — JOKCO-
pyOHUITVH, ITUCIUIATHH U MAKJIUTAKCEI.

Xumuortepanus 1-d auHuu. Yaiie Bcero
HCIIOJIb3yeTCs] KOMOMHAIMA MaKJIUTaKcesa ¢ kKapbo-
IUIATUHOM, aHAJIOTOM IHcIiaThHa. OcraeTcs Hepe-
[IEHHBIM BOIPOC 00 HCIOJIb30BAaHUU XUMHOTEpa-
MUY 1-U JIMHUU B KayecTBe aIbIOBAHTHOU, O POJIH
¢apmakoTepanuu mocje Tepanvuu 1-d JUHUU U UC-
MOJIb30BAHUM TapreTHBIX IpernaparoB. HoBoe Ha-
MpaBJjieHHe B XMMUOTEPAITUU 1-U JIMHUU CBSI3aHO C
TaKUMHU IIpernapaTaMu, Kak MeThOPMUH, TEMCHPO-
sumyc u bearusymab [31, 46].

XuMmuoTrtepanusa 2-u suHuu. K Hacrosie-
My BpEMEHU IIPOBEEHO HEMHOT'O KJIMHUYECKUX HC-
cnepoBanuii B dase 11 u 111, mocBsAIeHHBIX ITpenapa-
Tam 3TOH JIMHUHU. ECTh HEMHOTOUYHCIEHHBIE JTAHHbBIE
1o pesysbraTaM 11 (asbl KIMHIYECKUX UCITBITAHUHI
TaKMX IIPENapaToB, KaK HWKCAOEMUIOH, 3TOMO3MU/I
(VP-16), makyinTakces, OKCATUILIATHH, JOKCOPYOU-
[IVH, IUCIUIaTHH, udochaMu], MeTOTpeKcaT, TOIOo-
TeKaH, BUHOJIACTUH ¥ BUHKpHCTHUH. YacToTa moJio-
JKUTEJILHOTO OTBETA HA TEPANUIO YKA3aHHBIMU TIpe-
rmapaTaMy OKasajach HHU3KOU. Y eIUHCTBEHHOTO
mpenapaTta U3 yIOMSHYThIX — UKcabemuaoHa (CuH-
TETHUYECKOTO aHaJIOTa AMOTUIIOHA B) — moTeHnmaib-
HO BO3MOXXEH 0O0Jiee CUJIbHBIA TepaneBTHYECKUH
adekr [46, 47].

TapzemHnas mepanus. BOAbIINHCTBO KJIUHUYE-
CKHUX MCCJIEIOBAHUN MMOKa3ayio 3G ¢GeKTUBHOCTh MO-
HoTepanuu nHrHOuTOopamMu MTOR 1715 psiga mamu-
€HTOK C pakoM 3HaoMerpus. HekoTtopble ucciaeno-
BaHUSA HE BBIABWIU CBSI3U MEXKIY BBI3BIBAIOIIUMHU
omyxosib MmytanusamMu B reHax PTEN u PI3KCA u
npuMeHenreM uHru6uTopoB mTOR [48]. B omHOM
HCCJIEZIOBAHUN YaCTOTA CJIYy4YaeB ITOJIOKUTETIHHOTO
OTBeTa Ha KOMOWHAIIMIO SBEPOJIMMYCca U JIETPO30Ja
cocraBmiia 32 %. Y 5TOM KOMOMHAIIMU TaKKe He

cancer in Korea reported an infertility rate of 38.3%,
which was higher than that of the general population
(10—15%) [53]. It is likely that in many of these cases,
infertility is the result of anovulation, associated with
high levels of uncontrolled circulating estrogen. Un-
fortunately, all data are retrospective and often are
limiting in the obtaining of information on patients’
hormonal status unless specifically documented in
the patient’s record.

Treatment of the ovarian tumor should include
dilation and curettage (D and C) to exclude underly-
ing endometrial neoplasia.

The possibility of underlying grade 1 (or higher)
endometrioid adenocarcinoma should be consid-
ered when treating complex atypical hyperplasia
with hormones to preserve fertility. Precautions
should be taken to exclude carcinoma as a possibili-
ty, either via D and C (as a standard), slide examina-
tion by an expert pathologist, or both when consid-
ering treatment with hormones and preservation of
the uterus.

The number of women with endometrial cancer
who wish to preserve their fertility will continue to
increase and prospective trials are currently in prog-
ress to establish a standard medication. In order to
set a new standard of care in this regard, we need a
better understanding of the molecular and genetic
level of the mechanism of various progesterone for-
mulations on endometrial cancer at the progesterone
receptors isoform level [45, 54].

CONCLUSION

Malignant uterine tumors are among the most
common cancers of the genital tract with a potential-
ly fatal nature. They mostly occur in postmenopausal
women. The essential etiological factors are repre-
sented by menopause, nulliparity, infertility, hor-
monal disorders, certain metabolic and genetic dis-
eases, without forgetting the heredity component.
The diagnosis is made on the existence of bleeding
(mainly), or abdominal pain. It is confirmed by the
anatomopathological examination. The prognosis
depends on many clinical and histological factors.
The size of the tumor, its thickness, histological type
and its differentiation grade, the time of consulta-
tion, lymph node invasion and metastases represent
the most important prognostic factors. The treat-
ment is based on the combination of surgery and ra-
diotherapy, chemotherapy currently gives a better
chance of survival.
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OBLIO BBIABJIEHO TOKCHUECKOTO dpdekTa. Cepo3HBIi
THUII PAKOBOM OILYXOJIU SIBJISAJICS MOIIHBIM IIPEIUKTO-
poM He3pDEeKTUBHOCTH JieueHUs. Y TaIUeHTOK,
IIPUHUMABIIUX MeT(OPMIH, OTMEUEH MOJIOKUTETb-
HbIA 3¢ deKT oT JieueHus [31].

AHTHAHTHOTEHHBIE TIperapaThl MIOKa3aIu MOJIO-
JKUTEJIbHBIH, XOTS U JIOBOJIBHO CKPOMHBIH 3b(EKT B
JledeHuH paka saaomerpus. Bmecre c tem C. Kandoth
et al. [20] Haboganu TOKCHUeckue 3G(EKTH TPHU
Tepamuy 3TOU TPYIIION IpemapaToB (GKeyI0IHO-
KUIIIeYHble U BaruHaJbHble QUCTYIIbI, Iepdopanuu
KHUIIIEYHUKA ¥ BEHO3HAs TPOMO03MOO0IIHSI), KOTOPhIE
OJTHO3HAYHO ObLTN KyIacCU(PUIINPOBAHBI KaK Heb1a-
TOIPUSATHBIE.

EcTb pe3ysibTaThl HEJJABHETO HUCCJIEIOBAHUS IIPH-
MeHeHUs KapOoIUIaTHHA/ MAKJIUTAKCeJIa B KOMOU-
HAI[UH C TPacTy3yMaboM HIx Oe3 HEro y MaIieHTOK
C CEPO3HBIM PAKOM DHIOMETPUSI C IKCIIPECCUEH WITH
ammiudukanuedn HER2 [49, 50].

HoBble 10/IX0/IbI B TAPTE€THOW TEPAIIUU CBS3aHbI
C UMMYHOTEpPAleBTHYECKUM HaIlpaBJIeHUuEM, Oa3u-
pyoImuMcs Ha WHTUOMPOBAHUM KOHTPOJIBHBIX TO-
YeK U MPUMEHEHUU CIeNU(PUIHBIX IPOTUBOOITYXO-
JIEBBIX IIpenapaToB. MaJjible MOJIEKYJIbI — HHTHOUTO-
pb1 PISK/AKT/mTOR curHasibHOTO ITyTH, HOBBIE aH-
TUAHTHOTEHHbBIE U [[UTOTOKCHYECKUE IIPernapaThl —
SIOTHJIOHBI (CTAOUIU3UPYIONIHE areHThl, KOTOPbIE
MOTYT OKa3arbcs He 9P PeKTUBHBIMU IIPU MUKpOCa-
TEJUIUTHOM CTaOMILHOCTH) ABJIAIOTCA MHOTOOOeIa-
IOIM HaIlpaBJIEeHHEM Tepalmuud paka dHOMe-
Tpus [51].

5.2. CoxpaneHue giepmuavHocmu

Becmionyie — ofHA M3 OCHOBHBIX COITYTCTBYIO-
IUX MMATOJIOTUHU y JKEHIINH CTapIile 40 JIET C PAKOM
SHZIOMETPUS. B 3TOM COCTOUT UX OCHOBHOE OTJIIHE
OT JKEHIIIUH B BO3PACTe MEHOIIAy3bl, KOTOPbIE COXPa-
HSIOT CIIOCOOHOCTH K JIETOPOK/IEHUIO. B mcciemoBa-
uuw, nposeaenHom L.R. Duska et al. [52], y 11 maru-
eHTOK (12 %) B XOJie YCTaHOBJIEHUS MPUYHHBI Oec-
wroaus ObLT BBISBIIEH PaK sHAOMeTpus. B koropre
KOPEHCKUX JKEeHIIWH ¢ paHHEH CTafniell paka 3H/I0-
MeTpus JacToTa becruionus coctaBuia 38.3 %, 4To
3HAYUTEJILHO BBIIIE, YeM B OOIIEH MOMyIanuu (10—
15 %) [53]. IIpeamosiaraercsi, YTO B OOJIBIITUHCTBE
cityyaeB OecIiofive sIBJISIeTCS CIIEICTBUEM aHOBYJIA-
MY, CB3aHHOH C BBICOKUM YPOBHEM OECKOHTPOJIb-
HO BbIpabaTpiBaeMoro scrporeHa. K coxkaneHmuio,
JJaHHbIE O TOPMOHAJILHOM CTaTyCe HaIUEHTOK HOCAT
HCKJIIOUUTEJIBHO PETPOCIIEKTUBHBIN XapaKTep, Kpo-
Me PEJIKUX CJIy4aeB, KOI/la OH ObLI OMMCAH B HUCTO-
puu 6oJie3HU.

JleueHue paka SMYHUKOB 3aKJIIOYAETCs B BBICKA-
OJIMBaHUU I[IOJIOCTH MATKH, HAIpPaBJIEHHOM Ha

yCTpaHEHHE HEOIUIACTHYECKOTO IIpoIlecca B HJIO-
METpPUH.

[Ipex/ie ueM HAaYMHATH JIeUEeHHE KOMIIJIEKCHOU
ATUIIMYECKON TUIePIIa3uu C IPUMEHEHHUEM Top-
MOHOB C IIEJIbI0 COXpaHEeHUsI (PepTUIIBHOCTH, CJIe-
JIyeT UCKJIIOUUTh HaJTUYHe SHIOMETPUOUTHOH ajie-
HOKAapIIMHOMBI 1-¥ (MJIH BBIIIIE) CTEIIEHU 3JI0KaYe-
cTBeHHOCTH. [Ipu IpoBeIeHuY TOPMOHOTEPAITUH U
COXpaHEHUM MATKH KaK OpraHa CjeAyeT HCKJIIIO-
YUTh HAJTUUYHE KaPIIUHOMBI. JIJIsI 5TOTO IPOBOIUT-
cs1 100 AMAarHOCTHUYECKOE BhICKAOJIMBaHNE MATKU
(crapmapTHass mpoleaypa), JUOO THCTOJIOTHYE-
CKO€e HccieloBaHue, JU00 KOMOMHAIIUA 3TUX Me-
pOIPUATUH.

Yucsto KeHIUH ¢ PAKOM 9HJIOMETPUsI, KOTOpbIe
CTPEMSITCSI COXPAaHUTh (DEePTUILHOCTh, HEYKJIOHHO
pacret. IIpocieKTHBHbBIE HCCIIEIOBAHUSA, ITPOBOJIS-
Iyecsl B 3TOM HaIpPaBJIeHUH, JAI0T 0OHAIeKHUBAIO-
ue pes3yabTaThl. JJIi TOro 4toObl MOMOIINbL 3TOU
rpyIIe ManueHTOK OblIa MAaKCUMAaTIbHO 3 GhEKTHB-
HOWU, HEOOXOJTMMO JIydIlle TOHUMATh MOJIEKYJIAPHBIE
U TeHETUYECKHE MEXaHU3MBbI, 3allyCKaeMble pas3Ind-
HBIMHU IIpenapaTamMu IIPOTecTEPOHA, JEHCTBYIOIIN-
MU Ha pasHble U30(OPMbI PEIENTOPOB IIPOrecTepo-

Ha [45, 54].

3AK/IIOYEHUE

3JI0KaueCcTBEHHBIE OIYX0JIU S9HAOMETPHUS — OJTHH
W3 CaMbIX PACHPOCTPAHEHHBIX BUJIOB T'MHEKOJIOTH-
YEeCKOTO paka C HeOJarONpUATHBIM ITPOTHO30M.
B OCHOBHOM 3TO¥ IIATOJIOTUH TIO/IBEPKEHBI KEHIIH-
HBI B BO3pacTe ocTMeHonay3bl. OCHOBHBIE 3THOJIO-
rudeckre (QaxkTopbl — HACTyIJIGHHE MeEHOIay3bl,
Gecrioivie, TOpMOHAJIbHBIE HAPYIIIEHUS, MeTab0IH-
yeckre 0O0JIe3HM U TeHeTHYeCKHe aHOMaJIuM, Ha-
CJIE[ICTBEHHOCTD. /[MarHo3 CTaBUTCSA Ha OCHOBAHUU
KJIWAHUYECKOU  CHUMIITOMAaTHKH  (KpOBOTeUYeHHE
(ocHoBHOU cuMIITOM), abJoMUHAIbHBIE 00JH) U
MOATBEPIK/IAeTCs pe3yJIbTaTaMUu 1aTOMOPdOJIOTH-
YecKoro uccienoBanus. [Iporaos 3aboseBaHus 3a-
BUCUT OT MHOXXeCTBa (aKTOpOB, HauboJiee 3HAUH-
MbI€e U3 HUX — Pa3Mep OIIyXOJIH, ee TOJIIINHA, TUCTO-
JIOTUYeCKU TUI U ypPOBeHb AuddepeHInpoBKY, Ha
KaKOU CTaIUU BBISIBJIEHA, KOT/IA COCTOSIACh IIEPBUY-
Has KOHCYJIbTAIlWs, PaCIPOCTPAHEHHE OITyXOJU B
JuMdaTHIecKue y3J1bl U HAJIMYNUE OTJAJIEHHBIX Me-
TacTa3oB. JledeHre OCHOBBIBAETCA HAa KOMOWHAIIMHI
XUPYPrUYECKUX METOIOB, JIyYEBOH W XUMHUOTEpa-
UM, YTO JlaeT HauboJiee BBICOKMH IIAHC Ha H3JIe-
yeHue.

Kondaukr nHTEpEeCcOB. ABTOPHI 3a5BJISIOT 00
OTCYTCTBUU KOH(JINKTA HHTEPECOB.
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CBEJIEHUA 1/11 ABTOPOB

TPEBOBAHUA K ITPEJOCTABJIE-

HUNIO MATEPUAJIOB /IJIA ITYBJINKA-
1N B JOURNAL OF SIBERTAN MEDICAL
SCIENCES

B Journal of Siberian Medical Sciences (maiee —
JSMS) nyb6iuKyIoTCS HayIHbIE 0630PHI U CTATHU IO
MEeIUIMHCKUM HayKaM, ITOAATOTOBJIEHHBIE TI0 MaTe-
puajiaM OpUTHHAJIBHBIX HAyYHBIX HCCJIEIOBAHUH.
JSMS BBIXOJTUT 4 pa3sa B rofl.

TpeboBaHus, TIPEIbSABIISAEMbIE K TyOTHUKATIHAM
B JSMS, chopMysHpOBaHbI ¢ yUeTOM TPeOOBaHUH,
MIPEIbABIISIEMBIX K PEllEH3UPYEMbIM HAYYHBIM H3-
JIAaHUAM, B KOTOPBIX JIOJI?KHBI OBITH OITyOJIMKOBA-
HBl OCHOBHBIE HAy4YHBIE PE3YJIbTaThl JUCCEPTAITUNA
Ha COMCKaHWE YUYeHOU CTeleHMW KaHAujaaTa U JOK-
TOpa HayK.

CraTbu, OTIIpABJIEHHBIE aBTOPAaMU B JIpyTHe U3-
JIaHUs U/UJIHU HalleYaTaHHBbIE paHee B HUX, K OIy0-
JINKOBAHUIO HE MTPUHUMAIOTCS.

I[Ipy omnucaHUM HAYIHO-HCCIEA0BATETBCKUX
KJIMHUYECKUX pabOT C NpUBJEYEeHHEM YesIOBEKa
B KauecTBe 00BbEKTa KCCJIEIOBAHUS aBTOPHI JOJIK-
HBl YKa3aTh, COOTBETCTBOBAJIN JIH OHU MEXKAyHa-
POAHBIM M POCCUHCKHM 3aKOHOJIATEJbHBIM aKTaM
0 IOPUJIMYECKUX U DTUUECKUX IMPUHIUIIAX METUKO-
OMOJIOTMUECKUX UCCIIEIOBAHUH Takoro poza. He jo-
MyCKaeTCsl MCIOJIb30BaHWe (QaMUINN, WHUIHAJIOB
0OJIBHBIX U HOMEPOB uctopuil 60se3uu. [Ipu omnu-
CAaHUM DSKCIIEPUMEHTOB HA KHUBOTHBIX HEOOXOJH-
MO yKa3aTh, COOTBETCTBOBAJIO JIU COJIEPKAHUE U UC-
MTOJIb30BaHUeE JTAOOPATOPHBIX }KUBOTHBIX ITPABUJIAM,
MIPUHSATHIM B YUPEXKJIEHUH, PEKOMEHIAIUAM HallH-
OHAJILHOT'O COBETA 110 MCCJIEIOBAHUAM, HAIlOHAIb-
HBIM 3aKOHAM.

ABTOpCKHE IIpaBa co0TI0IAI0TCSA B COOTBETCTBUU
¢ I'paxkganckum koziekcom Poccuiickoit Penepanuu
(4. 4) ¥ APpYTHIMH JIEUCTBYIONIUMHA HOPMATHBHBIMHU
JIOKyMeHTaMU. ABTOPBI HECYT IOJTHYIO OTBETCTBEH-
HOCTb 32 COJIepKaHNe CTaTewn.

B penmakuuio JSMS aBTOpHI JIOJIKHBI IIPEIOCTA-
BUTb:

1) 2/1eKMpPOHHYI0 8epcurd cmambvu, MOJATOTOB-
JIEHHYIO B COOTBETCTBUH € TPeOOBaHUAMU K 0POpPM-
JIEHUIO CTaTeM, N3JI02KEHHBIMU HIUKE;

2) opu2uHa/1 cmamsu B IIEYaTHOM BU/JIE C yKa3a-
HHEM Topojia, AaThl, GAMUJINH € TMOIITUCHI0 KaXK0-
ro aBTopa (Ha MocJieJTHEN CTpaHUIlE), BU30OH «B me-
YyaTh» U MOAIHUCHIO (HA MEPBOM CTPaHUIIE) 3aBETy-
olero Kadeapoi MM UHOTO JIOJIKHOCTHOTO JINIA
opraHusaIuy, Ha 6a3e KOTOPOU BHITIOJTHEHO HCCJIe-

JIoBaHUEe. ABTOPBI IIPEIOCTABJSIIOT CTAaThU B pPelaK-
LU0 JIMYHO MUJIU 110 IIOUTE;

3) coeaacue Ha myOIUKaIuio ctaTbu B JSMS 1 00-
PpaboTKy IepCOHATBHBIX TAaHHBIX AaBTOPOB (3AIT0JIH -
eTcs KaXKIbIM aBTOpOM) (cM. Ha carite HTMY: www.
ngmu.ru/cozo/mos);

4) nns corpyauukoB ®I'bOY BO HI'MY Mun-
3apaBa Poccuu (manee — HI'MY) — axcnepmHoe
3axaoveHue OTesia KOOpAWHAIMU (deepasibHbIX
IIporpaMM, KOHKYPCHBIX ITPOEKTOB U MHHOBAI[HOH-
HOTO Pa3BUTHSA yIPaBJIEHUs 110 HayKe, MHHOBAI[U-
saM u uadopmaruzanuu HI'MY (cMm. www.ngmu.ru);
JIIsl CTOPOHHUX aBTOPOB — HANpas./ieHue Ha ony-
b6auxosaHue Ha GUpMEeHHOM OJIaHKE OpraHU3aIUH,
Ha 6a3e KOTOPOU BBINIOJIHEHO OPUTHHAJIBHOE HAyU-
HO€ MCCJIeJOBaHMe, 3a IMOAIHCHI0 OTBETCTBEHHOIO
JOJIZKHOCTHOTO JIIIA.

IPABIJIA O®OPMJIEHUA PYKOITUCEN

1. TekcT cTaTbu HAOUPAETCS B TEKCTOBOM peJlaK-
Tope Microsoft Word, Open Office u ap., Bce mosis
2 cMm, mpudt Times New Roman, kersip 12, Mex-
CTPOYHBIN HHTEPBAJ 1,5. TEKCT CTaThU HEOOXOTUMO
HampaBuTh B pefakinuio JSMS B BUJle OTAETBHOTO
daiina ¢ ykazanuem ®MO nepsoro aBropa — lBa-
HoB WM.U. tekcr.doc. Jomyckaercs: oTmpaBka (ati-
Ji0B B popmaTtax doc, docx.

2. ®VIO aBTOpPOB HabUpaeTcs CTPOYHBIMU OYK-
BaMH KYpPCHUBOM Ha DPYCCKOM s3bIKe. VIHUIIHAJIBI
moMeInaTcsa nepen gamuuei aBropa. Ilopsiok,
B KOTOPOM OyZyT YKa3aHbI aBTOPBI, OIIPe/ieIseTcCs
X COBMECTHBIM PEIIEHUEM.

3. Topon u HazBaHume MecT paboOThHI aBTOPOB
0hOPMJIAIOTCH CTPOYHBIMU OYKBaMH KYyPCHBOM
HAa PYCCKOM fI3BIKE.

4. Crarbsi [OJDKHA COAEP:KaTh aAHHOTAIUIO
Ha PYCCKOM s3bIKe. B aHHOTaIMH JIOJI?KHBI OBITH U3-
JIOKEHBI IIeJTM WCCJIEZIOBAHUS, OCHOBHBIE ITPOIIe-
Jlypbl, pe3yJIbTaTbl OPUTMHAJIBHBIX HCCIIENOBAHUN
u BeIBOZIBL. Iloz1 aHHOTAIMEl TOMeIaeTes 10/13aro-
JIOBOK «KUTIoueBbIe CJIOBa», IOCJIE HETO JI0 10 KJII0-
UeBBIX CJIOB WJIN KOPOTKHUX (pas, KOTOpble OyayT
CI0cOOCTBOBATh PABUJIBHOMY WHJIEKCUPOBAHUIO
CTaThU B ITIOMCKOBBIX CHCTEMAX H CHCTEMAX IIUTHPO-
BaHUs. AHHOTAIINIO HEOOXOJUMO HAIPaBUTh B pe-
naxiuo JSMS BMecTe ¢ TEKCTOM CTaThbU B BUZE OT-
ZenpHOTO daiiyia ¢ ykazanuem @10 mepBoro aBTo-
pa — UBanos N.U. annoranus.doc. Takke mpemo-
CTaBJIAIOTCS CBE/IEHUA O KAXKJIOM 13 aBTOPOB: hamu-
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JINS, UM, OTYECTBO (IIOJTHOCTBHIO HA PYCCKOM SI3BIKE
U B TPAHCJIUTEPAIIUN), YIEHbIE 3BAaHUS U YUEHAs CTe-
MeHb, IOJI’KHOCTh, MeCTO PaboThl, pabounii TeaedoH
U aJIpec 3JIEKTPOHHOM mouThI (e-mail). CBemenust He-
00X0TUMBI JIJIs1 0O0pabOTKH IMyOIUKAIUK B Oase JTaH-
HbIX PoccHiicKoro nHAEKCa HAYYHOTO ITUTUPOBAHUS
U JIDYTUX CHUCTeMaX IUTUPOBAHUA. AHHOTAIUS, KJTIO-
JeBble CJIOBa, mHGopMarus o6 aBTOpax U Ha3BaHUE
VUPEXIEHUH JAOJIKHBI OBITh TAK)Ke IPEIOCTABIEHbI
Ha aHIJIMHACKOM SI3bIKE.

5. TabuIpl MOMENIAI0TCS B TEKCT cTaTbu. Ta-
OJIUIIBI TOJIKHBI OBITH ITPOHYMEPOBAHBI TIOCJIEI0-
BaTEJIbHO B COOTBETCTBUU C MOPSAAKOM, B KOTOPOM
OHH YVIIOMHHAIOTCA B TeKcTe (Hampumep, Tabu. 1,
TabJ. 2 U T. 71.).

6. PUCyHKU BCTaBJIAIOTCA B TEKCT CTAThbU, A TaK-
JKe TIPEJIOCTABIISIIOTCS. B BUJIE OT/EJIBHBIX IIPOHyMe-
poBaHHBIX (daiiysioB ¢opmata .jpg uau .gif ¢ paspe-
1ieHreM He MeHee 300 dpi. PucyHKu 10KHBL GBITH
KOHTPACTHBIMH M YETKUMH, OYKBbI, ITUGPBI U CHM-
BOJIBI HA HUX JIOJI’KHBI OBITh Pa3JIMIUMBI. PrcyHKa-
MU CYUTAIOTCA I'padUuKy, peHTreHorpaMMmbl, GoTo-
rpaduu wau Jro0ble Jpyrue rpaduueckue 0ObeK-
Thl. ®oTOrpadu Il He TOJIKHBI ObITH Y3HaBae-
MBIMU, JINOO K HUM JIOJI>KHO OBITH ITPUJIOKEHO THUCH-
MEHHO€e pa3pellleHre Ha UX MyOJIuKamuo. PucyHkn
JIOJKHBI OBITh MPOHYMEPOBAHbBI IOCJIEI0OBATETHHO
B COOTBETCTBUU C MOPSAIKOM, B KOTOPOM OHHU BIIED-
Bbl€ YIIOMHUHAIOTCS B TEKCTE — PHUC. 1, PUC. 2 U T. .
[Moamucu pasMernalTcs B TEKCTE IOJT PUCYHKAMU.
B nmoamucax k mukpodororpaduaM ykKasblBaeTcsA
CTeIleHb YBEJIMUEHHU S U CII0OCOO OKPACKH.

7. B TEKCTe CTaThU UCIIOJIB3YIOTCS CIIEAYIONIHE 3a-
TOJIOBKHU: BBeJIEHUE, IIeJIh FCCJIEZIOBAHMS, MaTepra-
JIBI ¥ METOJIBI, PE3YJIBTATHI U 00CYKIEHNE, 3aKJTIOUe-
HUe, CIIUCOK JINTEPATYPHI.

8. Hcnonp3yoTes TOJIBKO CTaHZAPTHBIE OOIIe-
MpUHATHIE coKpaleHusa (abbpeBuarypsl). He mpu-
MEHSIOTCS COKpAIlleHusI B Ha3BaHUU cTarThu. [loji-
HBI TEPMUH, BMECTO KOTOPOT'O BBOAUTCS COKpAIIe-
HUeE, JIOJKEH IIPEIIIECTBOBATh IEPBOMY HCIIOIB30-
BAHUIO TOTO COKPAIIIEHUS B TEKCTE.

9. O06s13aTeIPHO HAJIMYUE CIFICKA JIUTEPATYPHL.
Bubsimorpaduyeckrie CChIJIKH B TEKCTE CTATHH JAIOT-
cs apabckuMu npipaMu B KBaJIPAaTHBIX CKOOKaX, B
IIOJTHOM COOTBETCTBUHM C HyMepaIuen CIIUCKa JIUTe-
parypbl. CChIKM B TEKCTE CTAThH JIOJI?KHBI /IaBaTh-
s IOCJIEZI0BATEIBHO 10 Bo3pacTtauuio: [1]...[2]...[3]...
u T. 7. PazBepHyTOE ommcaHue WUCTOYHUKA B CIIU-
cke smutepaTypsl npegoctapiasoTcesa mo 'OCT 7.0.5-
2008. Crnucok JUTEPATyPhl AOJIKEH COAEPKATD IIy-
OmKaIuu 3a IMocJIefHueE 5 JIeT. B crmcke siurepary-
pbl Bce MH(POPMAITMOHHBIE UCTOYHHUKHU TTEPEUHCIISA-
IOTCS B MOPSIIKE UX IIUTHPOBAHUS.

10. Pemaknusa JSMS Geper Ha ceGsi IpUCBOEHUE
KaXK/Iol mybsinKyeMo#l cratbe HoMepa Y/IK u ocy-
IIECTBJIEHNUE TIOJTHOTO IIepeBO/ia CTaThU HA aHIVIMH-
CKUU A3BIK.

11. CTaThbH, HE COOTBETCTBYIOIIHE YKA3aHHBIM pe-
JlakIend TpebOBaHUAM, K OITyOJIMKOBAHUIO HE TIPU-
HUMAIOTCA.

IIOPAOAOK PEIITEH3NPOBAHUNA
PYKOIIUCEN, IPUHUMAEMbBIX
JJIA ITYBJIMKAIITN N

1. Pykomnucu craTell, HOCTYNUBIINX B PeJJaKIIHIO,
HAIIpaBJIAIOTCA JJIs peLleH3UPOBaHUA 4YjeHaM pe-
JIAKITMOHHOT'O COBETA C IIEJIBI0 UX HKCIEPTHOH OlleH-
KU Ha IpeAMeT COOTBETCTBUsA TpeboBaHUAM JSMS
u Bricimeii arTecTallMOHHOM KoMuccuu Ipu MuHU-
crepcTBe oOpa3oBaHus U HayKu PO.

PerieH3eHTH! yBeJOMJIAIOTCA O TOM, YTO B LIEJIAX
obecrieueHNsI aBTOPCKUX U APYTUX HEHMMYIIECTBEH-
HBIX [IPaB IPUCJIAHHbIE PYKOIIMCH He TOJIJIeKaT pas-
IalleHUI0, KOIIMPOBAHUIO, paclipocTpaHeHuIo. Pe-
LIeH3UPOBaHUe IIPOBOIUTCA AaHOHUMHO.

IIpu oTKa3e B HAIpaBJIEHUH HA PelleH3UPOBAHNE
IIpeICTaBJIEHHOM aBTOPOM PYKOIMCH PeJlaKIiusA Ha-
IIpaBJIsieT aBTOPY MOTHUBHUPOBAHHBIN OTBET B DJIEK-
TPOHHOM BHUJIE.

Pepaknusa >kypHasia 10 NHCBMEHHOMY 3aIlpocCy
HaIlpaBJisieT aBTOpPAM peLleH3UN Ha IOCTyIHBIINE
MaTepuasibl B 3JIEKTPOHHOM BHJIe. ABTOPBI 00SI3aHbI
y4ecTb 3aMedaHus PelieH3eHTOB U BHECTU B CTaThIO
COOTBETCTBYIOIIE UCIIPABJIEHUS UJIH IIPEJIOCTABUTD
MOTHUBHPOBAaHHBIA OTBET O HECOIVIACUU C 3aMeYaHU-
sIMU pelLleH3€eHTa.

Pepaknnonnas Kosijlerus IpUHUMAET pellleHue
0 BO3MOXKHOCTHU MyOJIMKAIIUU CTAThU UJIM OTKJIOHS-
eT ee I10 pe3yJIbTaTaM pelleH3UPOBaHUA.

Pertensun xpaHATcA B peflaKLiU JKypHaJa B Te-
YJeHUe 5 JIET C MOMEHTa Iy INKaIIIH.

2. Peflakiiuieii He IOMyCKAIOTCA K ITyOJIMKAI[AN:

— CTaTbH, TeMaTHKa KOTOPBIX HE COOTBETCTBYET
HAy4YHOMY HaIlpaBJIeHUIO KypPHaJIa,;

— CTaTb{, aBTOPbI KOTOPBIX OTKa3bIBAIOTCA OT
TEXHUYECKOU I0pabOTKHU CTaTel;

— CTaThH, aBTOPBI KOTOPHIX HE BHECIIN KOHCTPYK-
THUBHble 3aMeYaHHUs pelleH3eHTa B TeKCT CTaTbu
U He IPeJI0CTaBUIIN MOTUBUPOBAHHBIN OTBET O HECO-
IVIaCUU C 3aMeYaHUAMU pelleH3eHTa.

B cityyae OTKJIOHEHU S CTaThU PEJAKIINSA HATIPaB-
JIIET aBTOPY MOTHBHPOBAHHBIH OTKa3. Pemakius
JSMS He XpaHUT pyKOIIMCH, He IPUHATHIE K IeYa-
TH. PyKonucu, mpuHATHIE K ITyOJINKaniy, He BO3Bpa-
MIAI0TCA.
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