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PEAAKUMOHHAA KOAAETUA / EDITORIAL BOARD

KysunenoB Oner EBrenneBud (eragnuiil peoakmop) — KaHIUAAT OHOIO-
THYECKHX HayK, JOLEHT, AupekTop MHCTHTYTa OHOXUMUH OHOIOTH-
YECKM aKTUBHBIX coeuHeHni HannonanbHol akagemun Hayk bema-
pycu, I'poano, benapych

Moiiceénox Aungpeii I'eoprueBuu (3amecmuments enagnozo pedakmo-
pa) — WIeH-KOppecIonaeHT HannonansHoll akagemun Hayk bemapy-
CH, JOKTOP OMOJIOTNYECKUX HayK, Ipodeccop, 3aBeIyIONIHil OTAeIOM
WucTutyTa OMOXUMUH OHOIOTNYeCKH aKTUBHBIX coeinHeHnit Hanmo-
HaJIbHOM axkazeMuu Hayk benapycu, I'ponHo, benapycs

Cytbko Upuna IlerpoBHa (omeemcmeennviii cexpemaps) — KaHIUIAT
OHOIOrNUeCKUX HayK, CTApIINiA HayYHBIH cOTpyHUK MHCTHTYyTa OHO-
XHMMHHU OHOJOTHYECKH aKTUBHBIX coenHennit HanmonanbHoil akage-
muu Hayk benapycu, I'ponno, benapych

Bornan Bacuiuii TeHpUX0BHY — JOKTOP MEIMIIMHCKUX HAyK, Mpodec-
cop, aKajeMuK-cexperaps OTaeneHus MEAUIMHCKUX Hayk Hamwo-
HaJIbHOM axkazeMuu Hayk benapycu, MuHck, benapycs

I'neabko Tarbsina BacuiibeBHA — JOKTOP MEUIMHCKUX HAyK, 3aMECTHU-
TeIb akaJeMHUKa-cekperaps OTIaeneHust MeTUIMHCKUX Hayk Harmo-
HaJIbHOM axkazeMuu Hayk benapycu, MuHck, benapycs

3aBoanuk Uinbs BopucoBHY — 10KTOp GHOIOTHYECKHX HayK, Tpodeccop,
npodeccop ['porHEHCKOro rocyjapcTBEHHOTO YHUBEPCHTETa HMEHH
SAuxn Kynansi, I'ponno, benapycs

Kanynnuxosa Huna I1aBnoBHa — TOKTOp OHOIOrHYIECKHX HayK, Ipodec-
cop, npodeccop [PORXHEHCKOr0 rOCyZapCTBEHHOIO YHHBEPCHTETa
nmenu Snku Kynansl, I'poaso, benapycs

KuubueBckuii Anexcanap Biragumuposuy — akagemuk HanmonanbHoit
akageMuu Hayk bemapycu, TokTop Guonornueckux Hayk, mpodeccop,
3amecrurens llpencenarens Ipesuaunyma HanponaneHoi akagemun
Hayk benapycu, Munck, benapycs

MaxapunkoB Anexcanap ®éropoBuy — 10KTOp OHOIOIHYIECKHX HayK,
JIOIEHT, 3aBemyromuil kadenpoil ['pogHEHCKOTO rocyIapcTBEHHOIO
arpapHoro ynusepcutera, I'ponHo, benapych

Hapnoabuuk JInaus UBaHoBHA — TOKTOp OHONIOIMYECKUX HAyK, TOLCHT,
3aBemyromuii oraenoM MHcTuTyTa OHOXUMUH OHOIOTUYECKU aKTHB-
HBIX coeanHenni HarmonaneHol akagemun Hayk benapycu, ['poagHo,
benapyce

Hedénos Jleonun MBaHOBUY — TOKTOP MEAUIIMHCKHUX HAyK, Ipodeccop,
npodeccop ['porHEHCKOro rocyjapcTBEHHOTO YHUBEPCHTETa HMEHH
SAuxn Kynansi, I'ponno, benapyce

OcTtpoBckuii AnekcaHap AJIEKCAHAPOBHY — JOKTOP MEAMLIUHCKUX
HayK, Ipogeccop, pyKOBOAUTEIb IPyNIbl (DYHKIHOHAIBHOI MOp(hoO-
noruu MHCTHTYTa OHOXUMUH OHONIOTHYECKU aKTHBHBIX COSTHHEHHI
Hanuonanenoii akagemun Hayk benapycu, I'ponno, benapyce

CusaxoB Anexcanap [IaBioBuY — 10KTOp MEITUIIMHCKUX HayK, Ipodec-
cop, 3aBenyrommuii kadenpoii benopycckoit MEIUIIMHCKOM aKkaJIeMuu
HOCIEIUITIOMHOTO 00pa3oBanus, Munck, bemapycs

®enopuus Onbra EBrenbeBHa — JOKTOp MEIUIMHCKUX HayK, Ipodec-
cop, npodeccop TepHOIOIBCKOr0 HAIMOHAIBHOTO MEIHIIHHCKOTO
yuuBepcurera uMmenu 1. S1. Topbagesckoro, Tepromnons, YkpanHa

XBopuk /Imutpuii ®e1opoBuY — TOKTOp MEAUIUHCKHX HayK, mpodec-
cop, 3aBenyromuii kadeapoi [ poaHeHCKOro rocy1apCTBEHHOTO MEIU-
LIUHCKOTO yHUBepcHuTeTa, [’ ponno, benapych

XoBanckas I'annna HukonaeBHa — KaHIUIaT MEIUIIMHCKUX HAyK, J10-
LIEHT, 3aMeCTUTeIIb JUPEKTOpa 10 Hay4HOH pabore MHcTHTyTa OGHO-
XHUMHHU OHOJOTHYECKH aKTUBHBIX coenHennit HanmonanbHoil akage-
muu Hayk benapycu, I'ponno, benapych

Xpycrauaés BaaauciaaB BUKTOpoBHY — TOKTOp OHOIOTMYECKHX HAYK,
JIOLICHT, 3aBeRyronuii kadenpoil benopycckoro rocynapcTBeHHOTO
MEAMLMHCKOTO yHUBepcuTeTa, MuHCK, benapych

IIkymaroB Bragmmup MakapoBuy — 4ieH-KoppecnonaeHT Hauuo-
HaJIBHOH akajieMHuu HayK benapycu, TOKTOp OHOIOTHYECKHX HayK,
npodeccop, 3aBeyromuii 1adoparopueit Hayuno-uccienoBareis-
CKOTO MHCTHTYTa (pH3UKO-XUMHUYECKUX Ipobiem bemopycckoro
roCcyJapCTBEHHOT0 yHUBepcuTeTa, MuHck, benapycs
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9AKCNEPUMEHTAABHbIE N KAUHUYECKUE MCCAEAOBAHUA
EXPERIMENTAL AND CLINICAL RESEARCH
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PEIHEIITOPBHI KNIETOK KPOBU U AHTUI'EH CYFRA 21-1
KAK NPEJUKTOPHI BE3PEIIMJUBHOM BBI)KUBAEMOCTH
ITAIIMEHTOB C HEMEJIKOKJIETOYHBIM PAKOM JIEI'KOI'O

ITOCJIE PESEKIINMU OITYXOJIA RO

H. H. Koscanxo', A. /1. Tacanosuy®, B. U. Ilpoxoposa’, J]. U. Mypawxo®,
A. B. Koa6*, O. B. T'omwko?, JI. A. lepacasey’

YWupesicoenue obpazosanus «benopycckuil 20cyoapcemeeniviit MEOUYUHCKULL YHUBEPCUMENY,
2. Munck, Pecnyonuxa benapycw,
’Tocyoapcmeennoe yupesicoenue « PecnyOnukanckuil HQyYHO-NPaKmu4ecKull YeHmp
OHKONIO2UU U MeOuyuHckou paouonoeuu um. H. H. Anexcanoposay,
ae. Jlecnoti, Munckas oonacmoe, Pecnyonuka benapyco

BBeagenue. bespenunrpHas BbkMBaeMoCTh nanueHToB ¢ I cragueit HMPII B Teuenue 5 net cocrasisier
60-70 %, a npu II cragun — 35-40 %, MO3TOMY aKTyaJbHOH SIBISETCS pa3paboTKa MPOTHO3HBIX MOKa3aTeNeH,
KOTOpBIE OBbI MO3BOJISUTH MPEACKA3BIBATh PEIMNB OITyXOJIEBOTO MPOIEcca y MalMeHTOB Ha PAHHUX CTAANSAX JJIS
UX PEe3yJIbTaTUBHOTO JICUCHHS.

Ieab uccaenoBaHus — 000CHOBATh BOZMOXKHOCTh MCITOIBb30BAHMUS JTAOOPATOPHBIX MOKa3aTeseil 1Is mpo-
rHo3a peuuarsa HMPJI y nanimeHTOB ¢ paHHUMU CTaJAUSAMH.

Martepuaiabl 4 MeToAbl. Y 1250 manueHToB aHATU3HPOBANIACH [UINTEIFHOCTE OE3pEIUINBHOTO MTEproaa
TTOCJIE TIPOBEICHHOTO JICYCHHS 110 Pe3ylIbTaTaM HaOIIOeHNS B T€UeHNE oHOro roxa. Y 103 mammeHTOB ompene-
nsumm ypoBeHb CYFRA 21-1 nmmyHnodepmenTHBIM MeTomoM, perentopoB CXCR1,2, CD44v6 — meTomom mipo-
TOYHOU LIUTOMETPHH.

Pesyabrarsl. [lo utoram rpadudeckoro ananusa Kammana-Maifepa onpenenens! rpynmsl Hu3koro (I cT.
G1-2 + II ct. G1) m BeIcOKOTO (I cT. G3 + II cT. G2-3) pUCKOB perUANBa OMYXOJH. Y MAIEHTOB C BEICOKUM
PHICKOM TI0 CpaBHEHUIO ¢ HI3KUM Oombire 66u1 ypoBeHh CYFRA 21-1, natencuBrocTh yopectennun CXCR1
B TpaHylonuTax, oTHocuTensHoe copepkanne CXCR2 B mumponmrax n CD44v6 B monommTax (p < 0,05). ITo-
CTPOEHO YPaBHEHNE JIOTUCTUIECKON PETPECCHN B PACCIUTAHO €Tro rmoporosoe 3Hadenue — 0,467.

3akuouenue. Pesynerarer onpenencans koHneHTpaun CYFRA 21-1 n mapamerpos perieniropoB CXCRI1,
CXCR2 u CD44v6 B cocTaBe ypaBHEHHUS MO3BOJISIOT MPOTHO3MPOBATH PHCK PEIHINBA OITyXONH Y TAalliEHTOB
¢ HMPJI ¢ s¢ppextuBHOCTBIO 84,5 %.

KuiroueBble c10Ba: HEMEIKOKICTOUHBIH pak Jerkoro, peruans, CYFRA 21-1, CXCR1, CXCR2, CD44v6,
6e3pennnBHASA BBIKHBAEMOCTb.

Jas uutupoBanus. Pernenrropsr kietok kposu U aHTHTeH CY FRA 21-1 kak mpeauKTops! 6e3peuInBHON
BBEDKHBACMOCTH TTAIIMEHTOB C HEMEIIKOKIICTOUHBIM PaKoM JIeTKoro mocie pesekimn omyxonn RO / H. H. Kosran-
xo [u mp.] // buoxumus u monekymsipHast Ouonorust. —2023. — T. 2, Ne 1(2). — C. 7-12.

BBeneune

B cTpykType 3a6051€Ba€MOCTH PAKOM JIETKOTO OKO-
110 80 % cocrapisieT HeMeIKokiIeTouHbIi pak (HMPJI),
KOTOPBIM Ha OCHOBAaHMH T'MCTOJIOTHYECKOTO HCCIIEN0-
BaHMS Yallle BCETO SIBISIETCS aA€HOKAPLIMHOMON WU
IUIOCKOKJIETOUHBIM PAKOM. S5-JI€THSSI BBDKUBAEMOCTb
nauueHToB ¢ HMPJI cymiecTBeHHO MeHbLIE, 4eM
B CJIy4ae 3JI0KaUE€CTBEHHBIX OIYXOJE€H Ipyroi joka-
au3auuy (TOJCTHIN KUIIEYHHMK, MOJIOUHAs Kejesa,
TIpeJcTaTeNbHas Jkene3a) u coctapiseT 15 % [1]. O1o
00yCITOBIIEHO JUArHOCTUKOW JaHHOTO 3a00NIeBaHUs

Ha no3aHux cragusax. Y 70 % mauueHToB yaaeTcs mo-
CTaBUTb MPABWIBHBIN Tuarao3 toibko Ha [1IB/IV cra-
WX, KOTIa ONepaTUBHOE BMEIIATENBLCTBO YXKE HE
MOKa3aHO WK TOpa3o MeHee 3 EKTUBHO, U TOIBKO
y 16 % nanuenros nuarnoctupyercsa Hannarne HMPJI,
OTPaHUYEHHOTO JIETOYHOM TKaHbIO [2].

CaMbIM paHHUM DSTaIOM KIMHUYECKH BepuduUIu-
POBAaHHOTO Pa3BUTHS OITyXOJH, COIIACHO KIIACCHU(H-
kauuu TNM, aBnsercs | cranus. Kak npaBusio, Takum
MalyeHTaM MoCcJie MPOBEICHHOU XUPYPrudeCcKou moi-
Ho#t pe3ekiuu onyxosn (R0O) HuKakoro TepaneBTuye-



CKOTO JIEUeHHS He MPOBOIAT. Mexay Tewm, elle
B 2005 rony ucciaeaoBaTeNny MPUILLIY K 3aKII0UCHHUIO,
4TO aJIbIOBaHTHAs XUMHUOTepanus 3PeKTuBHA Y Ma-
nuenToB ¢ I ctagueit HMPJI [3]. Ognako mo HAcTOs-
IEro BPEMEHH HET MOHMMaHMA, B KaKUX CIydasx Ha
9TOM 3Tale pa3BUTHUS 3a00IeBaHUs TIPOBEICHIE TaKOH
Tepanuu ObUT0 ObI HEOOXOAMMO.

[TonyueHnHsle cBEIEHUS JOTOIHAIOT HMEIOLTYO-
¢ nH(pOpPMaIHIO O TOM, YTO y IMaIMEeHTOB ¢ | cTa-
nueit HMPJI 5-netHuit Oapbep BBIKHBAaEMOCTH
npeojoiieBaroT Tosibko 60—70 %, a npu Il craguu
oHa yxe cHumxkaercs 10 35-40 %. [Ipuaunoit ctons
BBICOKOI CMEPTHOCTH IPaKTUYECKHU BCEI/Ia SIBIACT-
csl penuIruB 3a00JeBaHUS, KOTOPBIH 00YyCIOBICH
HAJUYHMEM Y 3TOH KaTeropuu CKPhITHIX METACTa30B,
Jlayke HECMOTPS Ha TOCTaHOBKY JINarHO3a B paHHE!
cTaan. JTO CBHJIETEIHCTBYET O Pa3HOM TEYCHUU
JAHHOTO 3a00JIeBaHUs B IMpejesiax OJHOW CTaIuu.
Takum 06pa3om, eCTh HEOOXOAMMOCTE B pa3padoT-
Ke OroMapKepoB, KOTOpPBIE OBl MO3BOJISIIN MpeIcKa-
3BIBATh PEIUUB OITYX0JIEBOI0 MPOIecca y marueH-
TOB Ha PaHHUX CTAJUAX Pa3BUTUS OILYXOJIH, YTOOBI
MPaBUIBHO MOCTPOUTH CTPATETHI0 U TAKTHUKY HX
JIeYEHUS.

OcnoBHbIMHU KpuTepusimu Tedenust HMPJI o0brano
CITyKaT CTausl, BO3PACT M COCTOSHHUE TarueHTa [4].
BwMmecte ¢ Tem, B Hauase 3a00JieBaHNsI MHOTHE HCCIIe-
JIOBaTeIM OTMEYAIOT UX MaITy0 3 (HEeKTHBHOCTD 1 He-
00XOIMMOCTB MCTIOJIb30BaHUS IPYTUX KPUTEPHUEB Pe-
[UUBA OIMYyXOJIM TIOCJIE TMPOBEICHHOTO JicueHus [5].
[Tomarator, 4TO ONTHMAIBLHBIM TPOTHOCTHYECKUM
KpHUTEpHEM Moryia Obl ObITh KOMOMHAIUS HECKOIBKUX
JIETKO ¥ TOYHO N3MEPSIEMbIX [TOKa3aTeseid, XapakTepu-
3YIOIIXX OIMYXO0JIb U COCTOSIHUE NanueHTa. O0si3arenb-
HBIM TpeOOBaHHEM SBISAETCS YYBCTBUTEIHHOCTb MX
K M3MEHEHHSIM, MPOUCXOASAIINM B OpPTaHHU3ME, YTO
Ba)KHO JIJIsl TOBTOPHOTO U3MepeHus [6].

Hammenee nHBa3WBHBIM W HanOoJee MOCTYITHBIM
MaTepuaIoM 115l HOUCKA TAKUX OMOMapKEPOB SIBIISCT-
cs kpoBb. C pa3BUTHEM TEXHOJOTUH NMPOTEOMHUKHU
B KQUECTBE JUArHOCTHYECKUX U IMMPOTHO3HBIX TIOKa3a-
Tesel 3710KkaueCTBEHHOTO pOCTa, B TOM YHCIIE Y Malu-
enroB ¢ HMPJI, npemmaranuchk pa3indHble OCNKH,
HUpKyIupyonue B kpoBotoke [4]. K HuM, B yacTHO-
CTH, OTHOCSTCS CTaBIIME YK€ KIACCUYECKUMU
CYFRA 21-1 (¢pparment 19 uurtokeparuna), SCC
(a"THTEH MIIOCKOKIeTOYHOro paka), CEA (pakoBbIit
SMOpHOHATLHEIA aHTUTEH). [1o3ke OBIIIO TIOKa3aHo,
yto CEA 1 CYFRA 21-1 moMuMo I1MarHoCTHYECKOTO
MMEIOT TIporHOoCcTHYecKoe 3HaueHue npu HMPJI [7].
OpHaKo pe3yNIbTaThl ONPEJIEIICHUS B CHIBOPOTKE KPOBU
YPOBHS Ka)/I0TO M3 HUX B OTJEIBHOCTH HE CMOIIIU
MPOAEMOHCTPUPOBATh HEOOXOAUMBIX CIEeIu(hUIHO-
CTU U YyBCTBUTEIBHOCTH [8].

Bocnanenue oTHOCHTCS K 00sI3aTE€IbHOMY KOMIIO-
HEHTY MOJICKYISPHBIX COOBITUH, COITYTCTBYIOIIMX
pasButuio paka [9]. CXCL5 u CXCLS, u3BecTHbII
TaKke Kak naTepieikuH 8 (MJI-8), sBistoTcs mpoBoc-
MaJIUTEIbHBIMU XEMOKMHAMU. B3zauMopelcTBysa co
ceonmu perenropamu (CXCR1 u CXCR2) Ha mo-
BEPXHOCTH KJIETOK, OHU BBI3BIBAIOT HAIPaBICHHOE
MepeMeNieHie U JCTPAHYISIUI0 HEUTPO(DUIBHBIX
JIEHKOITUTOB B MUKPOOKPYKEHHH OIMYXOJIH, CIOCO0-
CTBYsl aHrHMoreHe3y M MmeTactazupoBanuio [10]. Pe-
3yABTaThl paHee MPOBECHHBIX HAMH HCCIEIOBAaHUN
MTO3BOJIMIIU ITPOAEMOHCTPUPOBATH U3MEHEHNE YPOBHS
aTuX OenkoB B kpoBu narrenToB ¢ HMPJI. Yeranos-
JIHa WX CBSI3b C XapaKTEPUCTHKAMH OIyXOJIEBOTO
Ipolecca, pacCuuTaHa JuarHoctuiaeckas 3pexTus-
HOCTbH MX OIIpeIeSICHIS TIPY STOM 3a00JIeBaHUH, KOTO-
pasi B psific CIy4yacB MPEBBICHIIA TAKOBYIO JIJIS1 KITACCH-
YECKUX MapKepos [2].

Llenpro HACTOSIIETO MCCIIEAOBAHUS SIBUIIOCH 000-
CHOBaHHE UCIIOJIb30BaHUS YPOBHSI OCIKOB KPOBH —
YYaCTHHKOB KaHIIEPOT€HE3a B MPOTHO3E Pa3BUTHA
PELMIUBOB TOCIIe pe3eKIuu omyxonu RO.

MarepuaJibl 1 METOBI

Jiist 060CcHOBaHMS TPYII PHCKa PELHIUBA OITyXO-
JIM y HalueHToB ¢ paHHuMHU ctaausimu HMPJI BHaua-
Jie OBLIO MPEANPUHSATO PETPOCIIEKTHBHOE UCCIIEI0BA-
HUE, B KOTOPOM HCIONb30Bajach WHpopmamus u3
0a3el MaHHBIX bemopycckoro KaHIEp-perucrpa.
VY 1250 nammentoB (839 myxuuH u 411 KeHIIUH),
y xotopeix B mepuon ¢ 01.01.2015 mo 31.12.2015
BriepBbie Obu1 AuarnoctTupoBad HMPJI B pannux cra-
musix (1 m 1), ananu3upoBanack IMTEIHLHOCTH Oe3pe-
[UJIMBHOTO TIEPUO/A IOCIIE POBEICHHOTO JICYCHHUS
10 pe3ynbTaTaM HaOMIOICHHS B TEUEHUE OTHOTO roJia.
CpemHnii BO3pacT MaueHTOB cOCTaBmI 57(+24,5) neT.
Cragust 1 Obima y 732 uyenoBek (493 MyKUMHBI
n 239 sxenmmn), Il cranms —y 518 wenoek (361 myx-
yuHa U 157 KEHIINH).

HccnenoBanue ypoBHS XEMOKHHOB 1 UX PEIIEITOPOB
npoBomi y 103 marmenTtoB (72 myx4uHb! ¥ 31 KeH-
myHa), noctynuBimx B cranuonap ['Y «PHIILL onko-
JIOTUU ¥ MeUIIMHCKOM pajuoniorud uM. H. H. Anexcan-
nposay B riepuon ¢ 01.01.2019 mo 31.12.2020 rr., y ko-
TOpbIX BHepBble nuarHoctupoBan HMPJI 1 wmm
Il craguu. CpegHuii BO3pacT MAIEHTOB COCTABHII
56(£22,5) ner. Craaus 1 6puta tuarnoctupoBanay 62 na-
eHTOoB (42 MyxuuHbI 1 19 xenmun). [1o pesynsra-
TaM THCTOJIOTMYECKOTO HCCIICI0BAHUS BBICOKOU( (-
penmmpoBanHas omnyxons (G1) 6su1a y 20, cpeqHeit
crenenn muddepenupoBku (G2) — 23 u HU3KOIU)-
(hepentupoBannas (G3) —y 19 genosek. Y 41 nanum-
enta (30 myxuwH u 12 >KeHIIWH) ObLIa BBISABICHA
I crapms. 13 HUX O cTENeHH 3710Ka4eCTBEHHOCTH OITy-
xomu G1 6pmay 14, G2 —y 15 u G3 —y 12 yenosek.



Bce ucnbiTyemble fanu NUCbMEHHOE J0OPOBOIIb-
HOE coIllacue Ha ydacTue B ucciegoBanuu. IIpose-
JICHUE HCCIeJOBaHMs OBUIO 0JI0OPEHO pelICHHEM
KomureTa mo OMOMEIUIIMHCKOW ITUKE YUPEIKICHHS
oOpaszoBanusi «beropycckuil rocynapcTBeHHbIN Me-
JUIAHCKUIA YHUBEPCUTETY.

Omnpenenenue koHueHTpanuu anturesa CYFRA
21-1 (dbparmenta nurokeparuHa-19) u KoHICHTpa-
nuu Ouomapkepa IIOCKOoKJIeTouHoro paka SCC
(mondpakuus MHrHOUTOpPA CEPUHOBOW MPOTEA3bI
TA-4) B CBIBOPOTKE KPOBH NMPOBOJMIN HA AaBTOMATH-
yeckoM aHanu3arope Cobas e411 (Rosche Diagnostics
GmbH, 'epmanust), MCTIONB3YIONIEM TPUHIUT JJIEK-
TPOXEMITIOMHHE CIIEHIUH.

Omnpenenenne KoHIeHTpanuii xeMoknHoB CXCLS,
CXCLS, unnyuupyemoro rurnokcueii dakropa HIF-
la, m3opepmenta nupyBarkunazsl TuM2 PK u rnany-
POHOBOW KHUCIIOTHI B CHIBOPOTKE KPOBHU IMalMCHTOB
¢ HMPJI mpoBoaunocs ¢ momomipto MDPA-nabopos
FineTest (KHP) na aBromarnueckom NdDA-ananu3a-
tope Brio (Seac, Mtanus). KoHieHTpaiuto perenrto-
poB CXCR1, CXCR2u CD44v6 B KjIeTKaxX JIEHKOIIH-
TapHOTO Psi/ia ¥ IUIOTHOCTh UX PACIIOJIOKEHHS B MEM-
OpaHe KJIETKH ONPEEIIAN, UCIONb3Ys MPOTOYHBIN
nutoduyopumerp Navios (Beckman Coulter, CILIA).

Jl11st BBISICHEHHSI 3aBUCUMOCTH JUTUTEIILHOCTH 0€3-
PeLMIUBHOTO TEepuojia OT BPEMEHU HaOIIONEeHUS
crpounu rpaduku Kamnana-Maiiepa. [locTpoenue
MPOrHOCTUYECKOM MOJIEIH OCYLIECTBIISUIA C ITOMO-
IIbI0 METO/Ia OMHAPHOW JIOTUCTUYECKON PErpecCU.
O1eHKy MHTETpalbHOM AMarHOCTHYECKONH HH(OpMa-
THUBHOCTH JJa0OPATOPHBIX TECTOB MPOBOIMIN C TIOMO-
IIBI0 METO/Aa IMOCTPOCHHS XapaKTePUCTHUYECKHUX
ROC-kpuBBIX C TMOCIEIYIONIIM BBIYHCICHUEM ILIO-
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maau o ROC-xpuoii (AUC). IIpu Bcex Buaax cra-
THCTUYECKOTO aHATN3a KPUTUICCKOE 3HAYCHUE YPOB-
HS 3HAYUMOCTH MPUHUMAJH KaK paBHOE 5 %.

PesyibraThl M MX 00CY3KAeHHE

HeobxomumocTs NpoBeAeHHUsS PETPOCTIEKTHBHOTO
uccreIoBanus OblIa NPOIMKTOBaHA TOMCKOM U BbIIETIe-
HHMEM IPYIIT PUCKA PELMANBA OITyXOJIU B PAHHHUX CTaI1-
s;x HMPJI. C »toii nensto B pacueT NpUHUMAINACH TOJTb-
KO Te (paKTOpPbI, KOTOPBIE CBSI3aHbI C PA3BUTHEM OITYXOJIH
1 MPESK/IE BCETO MOTYT OKa3bIBaTh CBOE BIMSIHUE HA pe-
uauB. [1o MHEHHIO Pa3IMYHBIX aBTOPOB, K HUIM OTHO-
csITCst cTaaus 3a00eBaHus U cTerneHb TudhepeHInpoB-
k1 Ki1etok omyxoiu wim Grade [1]. OnHako 000cHOBa-
HUs 3THM nipenoxernsiM npu HMPJI se Obuito crienano,
MOATOMY B HACTOSILEH padoTe MbI IPOAHATHM3UPOBATIH
BBIIICHA3BAHHbIE (DAKTOPBI, COMIOCTABHB HX C PE3y/bTa-
TaMHU OHOTOIMYHOTO HAOIIONCHHS MOCIIE TTIPOBEACHHO-
T JICYEHHSI 10 HACTYIUICHUS PELUAMBA 3a00/ICBaHUSL.

I'paduk Kamnana-Maiiepa, B KOTOpOM IpUBEAEHA
3aBUCHMOCTb O€3pEeLUINBHON BBIKMBAEMOCTH Malld-
CHTOB, OJHOBPEMEHHO, B 3aBHCHMOCTH CTaIHH
(I mmu 1) u crenenn audpepeHIMPOBKH OMYXO0JIEBBIX
KJIETOK, HAIVIAHO JIEMOHCTPUPYET pa3iefieHue KPUBBIX
Ha 2 rpynnsl. [lepBas BKiIrO4aeT maumeHToB ¢ Oolee
JUIMTENBHOHN Oe3pelnInBHON BBIKUBAaEMOCThIO. B Hee
BOLIIH T€, Y KOTOpbIX Obu1a I cragust HMPJI u BeicOKO-
nmuddepenupoBanHas onyxonb (G1) wiu cpeaneit
crerieHu quddeperunpoBku (G2), a TaKKe MaIUeHTHI
co II cranueit 3a0oneBanust ¥ BEICOKOTU(QEpeHITUpPO-
BaHHOH oIlyxoinbto. Bropas oObequHseT MmanueHToB
¢ OoJsiee KOPOTKUM TMEPUOAOM Oe3peLMANBHON BBIKU-
BaeMOCTH. B Hee BxomsT Te, y koro Obuta | cramus
n Hu3konuddepeHmpoBanHas onyxoib (G3) u nauu-

Icer. G1-2 + M er. G1

Ier. G3 + M er. G2-3
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Pucynok 1 — bespeunausnas BepKHBaeMOoCTh naruenToB ¢ HMPJI B 3aBucumoctu oT:
@ — KOMOWHHUPOBAHHOTO COYCTAHMUS CTAMHU U CTETICHH Au(PepeHIUPOBAHHOCTH Oy XO0JH; D — IpyIITBI prcKa

Figure 1 — Relapse-free survival of patients with NSCLC, depending on:
a — a combination of the stage and degree of tumor differentiation; b — group of risk



eHThl co II cragueil, omyxoaeBble KIETKH Y KOTOPBIX
ObuUTH cpenHeit crenieHn auddepeHIMPOBKY W HU3-
KonudepeHIIMPOBaHHBIMU (PUCYHOK 1 a).

Ha ocHOBaHMY NOJTy4eHHBIX ITAHHBIX BCE MAI[UEHTHI
ObuTH pazzeneHsl Ha Tpymisl OsicTporo (I et G1-2 +
+ II ct. G1) u megnennoro (I ct. G3 + 1I ct. G2-3)
peluInMBa OMyXO0JIu UM, COOTBETCTBEHHO, BHICOKOTO
Y HU3KOTO pUCKa peruuBa. Pe3ynsraTsl HOCTpOeHUs
rpaduka Kannana-Maiiepa moka3bIBatoT, 4TO pa3HUIA
0e3pelnANBHON BEKUBAEMOCTH MEXKTY STUMU JABYMS
rpynnaMyd MOPeBBIIAET PA3IHYUS BBIKUBAEMOCTHU
B 3aBUCUMOCTH TOIbKO OT ctagnu HMPJI unmu Toabpko
oT crereHu JUudGepeHIIMPOBAHHOCTH OIMYXOJEBBIX
KJIEeTOK (pucyHok 1, b).

U3 26 omnpenensieMbIX J1Ja0OpPaTOPHBIX MaPaMeTPOB
B KPOBH MALIUEHTOB, B KOTOPbIE BOIILIH T€, JJIsI KOTOPBIX

(ouurax u peuentopa CD44v6 B MoHoIuTax. Bee atn
napameTpbl IEMOHCTPUPYIOT KOPPEISIIHOHHYO CBSI3b
CpEIHEH CUITBI C PUCKOM PEIM/IMBA OITYXO0JIH, [I03TOMY
BCE OHM OBLTM BOBJICUEHBI B MOCTPOCHHE MOJCIH
OIIpEICTICHHUS PUCKA OITYXOJIEBOTO PELIUANBA METOIOM
JIOTUCTUYECKOU perpeccuu. B pesynbsrare cocTaBieHO
ypaBHEHHE, KOTOPOE YUUTHIBAET Bce 4 OTOOpaHHBIX
rnapaMmerpa KpoBH (PHCYHOK 2).

JHuarnoctrydeckast 3pQEeKTUBHOCTb MPOrHO3a HU3KO-
IO WIIM BBICOKOTO PUCKA Pa3BUTHS PELMIMBA OITYXOIH
B CIIy4ae MCIIOB30BAHMS PE3Y/BTaTOB JIOTUCTHYECKOTO
ypaBHEHUS 3HAYUTEITHHO BEIPOCIN — 10 84,5 % (1yBCTBH-
TenbHOCTh — 84,8 %, cniermduaHocTs — 84,2 %). [To cyTw,
BCE 3TH TTOKA3aTENN OKA3aJIMCh ropa3/io BIILIE, YeM MPH
HCTIONIb30BaHMH Ka)K/IOTO M3 HUX C aHAJIOTMYHOM IPOTHO-

CBSI3b C BBIPQKEHHOCTBIO 3200JICBaHHUS
W JIECKPHUIITOPOB OIYXOJM ObLIa W3-
BectHa 1aBHO (CYFRA 21-1, SCC, nu-
pyBatkuHaza M2) u Te, Ui KOTOPBIX
TaKasi CBSI3b ObLJIa yCTAaHOBJIEHA COBCEM
menaBHo (CXCR1, CXCR2, CXCL5,
CXCLS, CD44v6, HIF-1a), ypoBeHb
TOJIBKO YETHIPEX U3 HUX JIEMOHCTPHPY-
€T CYIIECTBEHHYIO Pa3HUIy MEXKIY
TPYIIIaMH BBICOKOTO W HU3KOTO PUCKA
pernmarBa omyxonu (Tadmuma 1).
CTaTUCTUYECKH JIOCTOBEPHO 00-
Jiee BBICOKUM y nanuentoB ¢ HMPJI
W BBICOKHM PUCKOM IO CPaBHEHHIO
C HHM3KHM PHUCKOM OBUI ypOBEHBb
CYFRA 21-1, unteHcuBHOCTH (hi1yo-
pecuentu (MFI) penieniropa CXCR1
B T'PaHYJIOIIMTAX, OTHOCUTEIHHOE CO-
nepkanue perentopa CXCR2 B mum-

CTHUYECKOM LIEITbIO B OT/ICIILHOCTH (Tabuna 2).

_exp(-0,728+0,401x X1+ 0,153x X2 +0,811x X3+0,673x X4)
1+exp(—0,728+0,401x X1+ 0,153x X 2+0,811x X34+ 0,673x.X4)

Pucynox 2 — YpaBHEHHE JTIOTUCTHYECKON PETPecCru sl PeACKa3aHus
pasButus peuuarsa y nauuestos ¢ HMPIL

Figure 2 — Logistic regression equation for predicting the development of
tumor relapse in patients with NSCLC.

Ipumeuanue: X1 — pesyasrar onpeneneHus koHueHrpauun anrurena Cyfra 21-1
B CBIBOPOTKE KpoBH; X2 — MHTEHCHBHOCTH (uryopecueniuu pernentopa CXCRI
B rpaHyionurax; X3 — oTHocurenpHoe konudectso (%) peuentopa CXCR2 B M-
¢douurax; X4 — orHocHuTenbHOE KonmuecTBO perentopa CD44v6 B MoHOIMTAX;
Y — pesyabrar perpecCHOHHOIO ypaBHEHUS; yKcia nepen 3HaueHusMu X 1-X4 —
K02((HHULMEHTHI JIOTHCTHYECKOM perpeccuit; exp (= 2,718) — ocHoBaHMe HaTypalib-
Horo sorapudma; «—0,728» — KOHCTaHTa JIOTUCTHYECKOTO YPAaBHEHMSI.

Note: X1 is the result of determining the concentration of the Cyfra 21-1 antigen in
the blood serum; X2 —fluorescence intensity of the CXCRI1 receptor in granulocytes;
X3 is the relative amount (%) of the CXCR2 receptor in lymphocytes; X4 — relative
amount of CD44v6 receptor in monocytes; Y is the result of the regression equation;
numbers before X1-X4 — values are logistic regression coefficients; exp (= 2,718)
is the base of the natural logarithm; “—0,728” — the constant of the logistic equation.

Ta6Jmua 1- YPOBCHB HOKaSaTCJIeI)’I, CTATUCTUYCCKU 3HAYMMO OTIIMYAIOIHUXCA Y TAIUCHTOB ¢ HU3KKMM U BBICOKUM

PUCKOM peluanBa OIyXOJIn

Table 1 — The level of indicators in patients with low and high risk of tumor relapse

IMoka3arens/Indicator Huskuit puck/Low risk Beicokwuii puck/High risk p
CXCRI rpanynonutsl, MFI/ CXCR1 granulocytes, 37,40 50,60 0,027
MFI [27,90; 43,55] [34,60; 60,00]
CXCR2 numdonutsl, %/ CXCR2 lymphocytes, % 14,80 19,30 0,031
[11,05;20,70] [14,90; 24,90]
CD44v6 monouTsl, %/ CD44v6 monocytes, % 3,20 5,10 0,043
[1,35;4,00] [3,50; 6,80]
CYFRA 21-1, ar/mn/ CYFRA 21-1, ng/ml 2,44 3,08 0,041
[1,56; 4,03] [2,21; 5,43]

Tpumeuanue: nons (%) MIMPONNTOB, MOHOIIUTOB, TPAHYIIOUTOB B OOIIIEH MOIMYIISAIIMI 3THX KJIETOK B KpoBH, cHabkeHHBIX CXCR1,
CXCR2, CD44v6; MFI — UHTEHCHBHOCTD (DIFOOPECHCHIINU KOMILICKCOB aHTUTEJIO/PELENTOp, MPOIMOPIIHOHATbHAS KOTHYECCTBY
PELIENITOPOB Ha KIIETKE; p — YPOBEHb CTATHCTHYCCKOIT 3HAYMMOCTH PA3HMUIIBI Y MALMCHTOB ¢ HU3KMM U BBICOKMM PUCKOM PELIH/IMBA

OITYyXOJIH.

Note: the proportion (%) of lymphocytes, monocytes, granulocytes in the total population of these cells in the blood, supplied with
CXCR1, CXCR2, CD44v6; MFI is the fluorescence intensity of antibody/receptor complexes proportional to the number of receptors
on the cell; p— level of statistical significance of the difference in patients with low and high risk of tumor recurrence.
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n napametpsl perentopoB CXCR1, CXCR2, CD44v6
JUIs omnpenenenus B KpoBu nanuentoB ¢ HMPJI na
paHHMX CTaAMSIX 3200JICBaHMUSI C IIEJIbIO OLICHKU Y HUX
pHUCKa peluanuBa OMyXOJIH.

3akmoueHue
HToru mpoBeaeHHOro Uccae10BaHusl JatoT OCHO-
BaHHE PEKOMEHOBAaTh KOMIUIEKC J1aOOpaTOpPHBIX I10-
Kaszarenei, BKIodaromui ypoBeHb CYFRA 21-1

Ta6JII/IIIa 2-— I[I/IEIFHOCTI/I"IGCKaH SHAYUMOCTb MHANBUAYAJIbHOTO U KOM6I/IHI/IpOBaHHOl"O OIIPCACIICHUS MapKEPOB
B KpOBU MALIMCHTOB C HU3KKUM U BBICOKHMM PHUCKOM PEHHIMWBA OITYyXOJIH

Table 2 — Diagnostic significance of individual and combined determination of markers in the blood of patients
with low and high risk of tumor relapse

TTokazarens 1;3// IS[I];/ %ICD/ HII;})I_\[/P/ HIEI_[PO\S / AUC JD/EF
CYFRA 21-1, ar/mn/ CYFRA 21-1, ng/ml| >2.8 62,5 71,9 64,2 70,4 0,637 68,9
CXCRI rpanynonutsi, MFI/ CXCR1 >432 60,9 66,7 59,6 67,9 0,601 64,1
granulocytes, MFI
CXCR2 mumponutsr, %/ CXCR2 lym- >15,7 67,4 68,4 63,3 72,2 0,627 68,0
phocytes, %
CD44v6 monoruTsl, %/ CD44v6 mono- >4.1 63,0 70,2 63,0 70,2 0,612 67,0
cytes, %
YpaBuenue Y/Equation Y >0,467 84,8 84,2 81,2 87,3 0,821 84,5

Ipumeuanue: 113 — moporoBoe 3HadeHue, J{Y — nuarHocTuyeckass 49yBCTBUTENBHOCTD, JIC — muarHocTideckas Crieu(pUIHOCTb,
[LIITP — mporHocTHYeCKast IEHHOCTH MOJIOKUTEIBHOTO pe3yabrara, [II{OP — nporHocTudeckas IEHHOCTh OTPUIIATEIIBHOTO PE3yITb-
tata, AUC — miomans nox ROC-kpuBoit, 19 — nmuarHoctiyeckast 3pQpeKTHBHOCTb.

Note: TV — threshold value, SE — diagnostic sensitivity, SP — diagnostic specificity, PPV — positive predictive value, NPV — negative
predictive value, AUC — area under the ROC-curve, EF — diagnostic efficiency.
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BLOOD CELL RECEPTORS AND CYFRA 21-1 ANTIGEN
AS PREDICTORS OF RECURRENCE-FREE SURVIVAL
OF PATIENTS WITH NON-SMALL CELL LUNG CANCER AFTER
RO TUMOR RESECTION
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Introduction. The relapse-free survival of patients with stage | NSCLC for 5 years is 60—70 %, and for stage
IT — 3540 %. Therefore, the development of prognostic indicators that would allow predicting the recurrence of
the tumor process in patients at early stages for their effective treatment is relevant.

Objective —to substantiate the possibility of using laboratory parameters to predict the recurrence of NSCLC
in patients with early stages.

Materials and methods. In 1250 patients, the duration of the relapse-free period after the treatment was
analyzed based on the results of observation for one year. In 103 patients, the level of CYFRA 21 1 was determined
by enzyme immunoassay, CXCR1,2, CD44v6 receptors — by flow cytometry.

Results. According to the results of the graphical analysis of Kaplan-Meier, groups of low (I stage G1-2 +
+ II stage G1) and high (I stage G3 + II stage G2-3) risks of tumor recurrence were identified. High-risk patients
had higher levels of CYFRA 21-1, CXCRI1 fluorescence intensity in granulocytes, relative content of CXCR2 in
lymphocytes and CD44v6 in monocytes compared to low-risk patients (p < 0.05). A logistic regression equation
was constructed and its threshold value was calculated — 0.467.

Conclusions. The results of determining the concentration of CYFRA 21 1 and the parameters of CXCRI1,
CXCR2 and CD44v6 receptors in the equation make it possible to predict the risk of tumor recurrence in patients
with NSCLC with an efficiency of 84.5 %.

Keywords: non-small cell lung cancer, tumor relapse, CYFRA 21-1, CXCR1, CXCR2, CD44v6, recurrence-
free survival.

For citation: Kauhanka NN, Tahanovich AD, Prohorova VI, Murashko DI, Kolb AV, Gotko OV,
Dzerjavets LA. Blood cell receptors and CYFRA 21-1 antigen as predictors of recurrence-free survival of patients
with non-small cell lung cancer after RO tumor resection. Biochemistry and Molecular Biology. 2023, vol. 2,
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OYHKHUUOHAJIBHAA AKTUBHOCTD HEfITPO@I(I}IOB
MNAOMUEHTOB C JIETOYHOU T'MIIEPTEH3UEUN

I H. Cemenkosa®, U. 2. Aozepuxo’3, H. B. Amasebepu®, A. M. Cepebpo’, C. @. Momonwvko*,
T. D. Brnaoumupckas®’, U. A. Hosuykuii®, A. B. [llyneanosa®, /1. B. Tuxunckas*

YWupescoenue obpazosanus « benopycckuii 20cy0apcmeeHHblil yHUSEpCumem»y,
2. Munck, Pecnybnuka benapycow;
’Tocyoapcmeennoe yupedcoenue obpasosanust «benopycckas meouyuncras
akaoemusi nOC1e0UnIoMHoO20 0opaszoeanusny, 2. Munck, Pecnyonuxa benapycs,
I Vupearcoenue sopasooxpanenus « Munckas obnacmuas KIuHuYeckas OOIbHUYAY,
ae. Jlecnou, Munckuii p-n, Pecnyonuka benapycow;
*Vupeorcoenue 30pasooxpanenus «2-s1 20poO0CKast KIUHUYECKAs OONbHUYAY,
2. Munck, Pecnybnuka Benapyco

Bgenenue. Jlerounas runepreH3ns — KIIMHAYECKUH CHHAPOM C HEOIArONPHSTHBIM IIPOTHO30M. DTO 3a0oIre-
BaHUE CBS3BIBAIOT C AUCOYHKIMEH WU IIOBPEKICHUEM SHIOTEIHS, YTO IPUBOJHUT K PEMOJICTUPOBAHUIO COCYIOB,
MOBBIICHAIO COCYIUCTOTO CONPOTHBIICHUSI M apTEPUalbHOTO JaBJICHHS B JITOYHOW apTepuu. M3BecTHO, 4TO
pa3BUTHE JIETOYHON THIIEPTESH3UH COIPOBOXKAACTCS BOCHIAJICHHEM, IPHYHHOI KOTOPOTO MOXKET OBITh aKTHBALHS
HEUTPO(DUIOB M HHAYIMPOBAHIE OKCHIATUBHOTO CTpecca.

Lens uccienoBanus — IPOaHATHM3HPOBATh CIIOCOOHOCTD HEUTPOPHIIOB UPKYIUPYIOIIEH KPOBH MAIIMCHTOB
C JISTOYHOM THIIepTEH3HeH FeHepUPOBATh aKTUBHBIE (DOPMBI KUCIIOPOA U XJI0pa, a TAKIKE CEKPEeTUPOBATh MUEIIO-
MIEPOKCHIa3y BO BHEKIICTOUHYIO CPEY.

Marepuanasl u Metonsl. [ ncromak-1077, mromuHoI, Micrococcus lysodeikticus, 3,3°,5,5’-reTpameTminoeH-
3U/MH, cOalaHCHPOBAaHHBIHN OyepHBIii coseBoi pacTBop Dpia, pocharHblii OypepHbIH pacTBOP; XEMHUIIOMUHEC-
LEeHIHS, CIIEKTPO(OTOMETPHSI.

Pe3yabTarbl. Y MalUEHTOB C JETOYHOMN TUIEPTEH3HEH HEHTPO(UIIBI IPEIaKTHBUPOBAHBI YK€ B LIUPKYIHU-
pyromel KpoBH, 4TO BBIPKACTCs B U3MEHEHHH CIIOCOOHOCTH KIICTOK TeHEPHPOBATH aKTHBHBIE (POPMBI KHCIIOPO-
Jla ¥ XJIOpa, & TaKKe YCUICHUH MPOLECCOB CEKPETOPHOI NEerpaHyIsIAH, COIPOBOKIAIOMIECHCS yBEINYCHUEM
BBIXO/Ia JIM30LMMA U MUEJIOTIEPOKCHa3bl BO BHEKJICTOYHYIO CPELy.

3akatouenue. [10BbIIICHHAS CEKPELHSI MUEIONIEPOKCHIA3EI H3 KIICTOK ITO3BOJISIET IPEIIOI0KHTD, YTO 3TOT
(epMeHT SBISIeTCS BaKHBIM OMOMapKepOM BOCIIAJICHUs! ITPH JITOYHOH runepreH3un. C Apyroil CTOpOHbI, Mue-
JIOIIEPOKCHIAa3y MOXKHO PACCMATPUBATh B KAUECTBE TEPANleBTHYECCKOI MUILICHH JUTS MTOABICHHS BOCIIATUTEILHO-
TO mpolecca NPy JICUCHNUH TAIIUEHTOB C 3TOM MaTOIOTHeH.

KaioueBble cjioBa: jeroyHas rUIepTeH3ns, HeHTpodnIIbl, akTUBHBIE (OPMBI KHCIIOPOZA U XJIOpa, CeKpe-

TOpHAad ACrpanyisanus, JU300UM, MUCIIOIICPOKCHUAa3a.

Jnst uutupoBanms. OyHKUMOHATIBHAS aKTUBHOCTh HEUTPO(DIIIOB MAIIMEHTOB C JISTOYHOW THUIIEPTEeH3HEH /
I'. H. CemenxoBa [u ap.] / buoxumus n monekymnspaas ounomnorust. —2023. — T. 2, Ne 1(2). — C. 13-18.

Brenenue

Jlerounas runteprensust (JII') — KiMMHWMYECKAA CHH-
JIPOM C HEOIarompusITHBIM IIPOTHO30M. JII” CBSA3BIBAIOT
¢ TUCQYHKIMEH W TOBPEKICHUEM YHIOTEIHS, YTO
MPUBOANAT K PEMOJEIUPOBAHUIO COCYJOB, TOBBIIIIE-
HHUIO COCYAHNCTOTO CONPOTHBJICHUS U apTepHAbHOTO
naBieHus B yierogHou aprepuun [1-3]. CymecTtByeT
MIPEATIONIOKCHIE, YTO BAKHBIM (PAKTOPOM, CIIOCO0-
CTBYIOIIMM Pa3BUTHIO 3TOU ITaTOIIOTHH, SIBIISETCS BOC-
najeHue. Panee, npu n3y4eHUu NaroreHes3a JerouHou
apTepuaIbHON THIEPTEH3UH y KPBIC B HKCIIEPUMEH-
TaILHOUM MOJIEIIH i ViVo, MBI TIOKa3aJId, 9T0 (hOpMHUPO-
BaHUE BOCTIAJICHUS B JTWHAMHKE 3TOTO 3a00JIeBaHUS
COTIPSDKEHO C TIPpaiMUHTOM HeUTpodmiioB [3].
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W3BecTHO, 4TO HEUTPOQUIIBI UIPAOT KIIOYEBYIO
poJib B BocnasieHuu [4]. DTU KIETKU SIBJISIOTCS] OCHOB-
HBIMH «KWJIIEPaMI» 1y>KEPOIHOTO MaTeprala B ouare
BOCIIAJICHUsI TIOCPEACTBOM OOpa30BaHUsI aKTUBHBIX
(hopm kucnopona u xiopa (ADKX) 3a cuer akruBanmu
HAJI®H-okcuaasbl, Opoayuupyomeil cynepoKkcu-
HblE aHHOH-PaJIMKaJIbl, KOTOPbIE 3aTeM TpaHCHOPMUPY-
10TCs B niepokcut Bopopoaa. H,O, siBistiercst cyoerpa-
ToM muenonepokcuaassl (MI1O), kotopas karanu3upy-
eT oOpaszoBanue xjopHoBaructoi kuciaotsl (HOCI),
OCHOBHOT'0 OAKTEPULIMHOTO areHTa U NCTOYHUKA CBO-
6omHbIX panukanos [5—7]. HOCl moBpexaeT )Ku3HeH-
HO BayKHbIE MOJICKYJIbI, YTO IPUBOIUT K HAPYLICHHIO
KJIETOYHOH (DYHKIIMU WM IUTOAECTPYKIHH [8, 9].



[IpoBeneHHBIE HAMU HCCIIENOBaHUSA (YHKIIHO-
HaJIbHON aKTHBHOCTH HEUTPO(UIIOB KPOBH KPBIC C Jie-
TOYHOU apTepuaibHOM ruIepTeH3uel MO3BOIMIIN BbI-
ABUTH MoAudukanuio cuctem renepaunn ADPKX,
YBEIMYCHNE KOHIEHTPALUN BHYTPUKIECTOYHBIX HO-
HOB KaJbIMsI M YCHUJIEHHE CEKPETOPHOW JerpaHyIs-
LMY, YTO TPUBOJUT K MOBBIIeHUI0 YpoBHS MIIO Bo
BHekseTouHoi cpene [3]. [Tockonbky MIIO sBisiercst
HCTOYHUKOM CHJIBHOTO OKHCIUTENS — XJIOPHOBAaTH-
CTOH KHCIIOTHI, H30BITOK 3TOTO ()epPMEHTA MOXKET WH-
JyLIUPOBaTh OKCUAATUBHBIN CTpecc.

Lenbio Hame# paboThl OBUIO MPOAHATU3IUPOBATH
CHOCOOHOCTh HEUTPOPHIOB UPKYITHPYIOIIEH KPOBH
naruenToB ¢ JII' renepuposats ADOKX u cexpetnpo-
Bath MIIO BO BHEKJIECTOUHYIO CpEy.

MartepuaJbl 1 METOADI

B paborte ncnonb3oBanm nekcrpas, ructonak-1077,
JOMUHOJ, TUTarenbHyto cpexy RPMI-1640, Triton
X-100, Micrococcus lysodeikticus, nmepokcum BOIopo-
I, Tpasua 4-aMuHOOeH301HOM KucioTel (ABAH)
(Sigma, CIIIA), 3,3°,5,5 -rerpamerunoen3uaut (Carl
Roth + Co KG, I'epmanust), KOMIIOHEHTBI 7151 TPUTO-
toBreHus: (hocharroro OydepHoro pactBopa (DBP)
u cObanaHcupoBaHHOTO Oy(epHOTo COJIEBOTO PACTBOPA
Opna (CBCPD) (Anamms X, benmapycs). ®BP co0-
CTBEHHOTO TPUTOTOBIIEHUS BKJIFo4Yan 137 MMONb/I
NaCl, 2,7 mmons/n KCI, 8 mmons/mn Na,HPO,,
15 mmons/n KH,PO,, (pH 7,4). CBCP3 cobcTBeHHOTO
npurotoBinennst Bkmtodan 0,116 mmons/n NaCl,
5,4 mmoan/a KCl, 0,9 mmons/n Na,HPO,, 0,8 MMonb/n
MgSQO,, 5,6 mmons/m C4H ,O.

O0cnenosanbl manuedTsl ¢ JII, Haxomsiecs Ha
JICYCHUH B OTIENICHUM KapAuoJoruu MUHCKOH 00-
JacTHON OOJILHULIBL, ¥ 3JOPOBBIC JIIONIH.

[Tnasmy KpoBH mony4aiu LHEeHTpU(yrupoBaHUEM
1eNbHOM KpoBH B TeueHue 15 mun npu 3000 06/mMuH.

HefiTpoduiib! BeIIENSITN U3 TeTapUHI3UPOBAHHON
nepugepruuecKkoil KPOBH 310POBBIX JIFOICH U MalMeH-
ToB ¢ JII' B rpanguente mioTHocTy rucronak-1077 mo
crangaptaoit metoauke [ 10]. Ilpumecs apuTpouuToB
YAAISUIN ¢ TIOMOILBIO TUTIOTOHUYECKOTO JIN3UCa, T0-
CJIE YETO MOBBILIATIN OCMOTHYECKOE JIaBJIeHHE 100aB-
nenueM 0,3 mons/n pactBopa NaCl. Cycnensuto kie-
TOK JiBaXK/(bI OTMbIBaJIM B 0,15 MoJib/i1 pactBope NaCl
u cycnenzupoBanu B CBCP3 (pH 7,2). Conepxanue
HEHUTPO(DUIIOB B KJICTOTHOH CYCITEH3UH COCTABIISIIO HE
Mmenee 96 %.

I'enepanuro Heitrpodunamu AKX ucciemopanu
METO/IOM JIFOMHHOJI-0TIOCPEAOBAHHOMN XEMITIOMUHEC-
uenuuu (Jlrom-XJI) ¢ npuMeHeHrneM KOMIIbIOTEpU3H-
POBAaHHOTO M3MEPUTEIBHOIO KOMIIJIEKCA, BKIIIOUAIO-
ntero omoxemumomuHomerp bXJI-1 (BI'Y, Benapycs)
U CHCTEMY pETHCTpalui U 0O0pabOTKM CUTHAIIOB
Unichrom (HoBble ananuTHueckue cuctemsl, bena-
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pycb) [11]. U3mepenus npoBogmiu B cpeae RPMI
(pH=7,2-7,4) ipu T =+37 °C. KonuuecTBo HEUTPO-
¢wuioB B 1 Mt coctasisuio 1-10° knetok. ['eHeparuio
Heritpopmramu AKX mHaOmroganmy mpy akTHBAITUN
KJIETOK B TIpOIlecce aaAre3nu Ha cTekno. MHTerpaib-
HYIO UHTE€HCUBHOCTH JIroM-XJI olieHMBanu kak mio-
Waab MoJ KUHETUUYECKOM KPUBOU, PErUCTpUpPYyEMOU
B TedeHue 10 MuH.

CexpeTopHYIO JeTpaHyISIUIO OTIPEIEIISUTH IO BHI-
xoay nu3onuma u3 kietok [12]. CycneHsuto HeHTpo-
(nnoB (2 MITH/MIT) TIOMEIIATN B CTEKIISTHHBIC [TAJTHH-
JIpUYecKre KIOBETHI C TNIOCKUM JTHOM U MHKYOMpOBa-
au 30 mun npu +37 °C. Ilocne storo o6pasisl
uentpudyruposaiu 10 mun 1500 06/MuH. AKTHUB-
HOCTB JIN30LIMMA B CyTIEPHATAHTE ONPEIeIIsuIN IO CKO-
pocTH JNHM3UCa KIETOYHBIX CTEHOK OakTepuid
Micrococcus lysodeikticus cnexTpodoromerpuye-
CKUM MeTO/IoM (A =450 HM) Ha CIEKTPOQIyopUMETpe
CM 2203 (Comnap, benapycs). Pesynbrars! npencras-
JICHBI B TIPOIIEHTaX OT 001Iei aKTHBHOCTH ()epMEHTa,
BBICBOOOXKTAFOIIIETOCS M3 HEHTPO(DIITIOB TIOCIIE 00pa-
6otku 10%-M pactBopom Triton X-100.

[lepokcuaasnyto akruBHocTs MIIO B mmazme kpo-
BU OLICHMBAJIA IO CKOPOCTH oKucienus 3,3°,5,5’-te-
Tpametuinoen3uauHa (TMb) mepokcumaomM Bogopoaa
B nipucytrctBuu MIIO B 3,3°,5,5’-TerpameTniioeH3u-
quHAuuMuH [13]. Peakuuio MHUIIMUPOBAIA BHECEHU-
em 0,3 MMouB/1 pacTBopa nepokcuaa Bogopona. O6-
pazoBanue 3,3°,5,5’-TeTpaMeTIIIOCH3UAMHINIMHHA
olLleHHBaJH crieKTpodoromerpruecku (A = 650 HM) Ha
cnekrpoduryopumerpe CM2203 (Comnap, benapycs),
oTpenesis ONTHYECKYIO IUIOTHOCTh Yepe3 1 U 5 MuH
rocJie Hadaa peakuuu. llepokcuiaznyro akTHBHOCTD
MIIO Beipaxanu B Mkmoub/1 TMB/(Mun Mt mnas-
MbI). B pacuerax ucronb3oBaiu KOdQQHUIUEHT MO-
JIIPHOM SKCTHHKIMH 3,3°,5,5’-TeTpaMe THI0CH3U T H-
JUUMMHA £450 = 3,9 - 10* M-em!.

Craructuyeckuil aHanu3 JaHHBIX MPOBOJUIICS
¢ momomiplo mporpammbl Origin, version 8.5.1
(OriginLab Corp.). Pe3ynbraTsl n3MepeHus] WHTCH-
cuBHocTH JItoM-XJI HEUTPODUIOB 310POBBIX JIHOIEH
Y TTAlMEHTOB B 3aBUCUMOCTH OT cTeneHu Tshkectu JIII
(HOpManbHOE pacrpe/elieHue ) IPeACTaBICHBI B BHIIE
M + 6, rie M — cpesiHee 3HaU€HHUE, G — CTaHIapTHOE
oTkioHeHne. CpaBHEHHE KOJTMYECTBEHHBIX MTOKa3are-
Je MeXay rpyniaMu IPOBOAMIOCH C TIOMOIIBIO Of-
HO(AKTOPHOTO JTMCIIEPCHOHHOIO aHaju3a (one-way
ANOVA) u Tecta [lannera. Pe3ynbrars! uccienoBa-
HUS CeKpeTopHOH aerpanymsiun 1 MI1O-aktuBHOCTH
(pactpezienieHue OTIIMYAETCsl OT HOPMAJIBHOTO) MpeJi-
crasieHsl B Buae Me (Q,, Q3), rme Me — menuana, Q,,
Q3 — HIDKHUHT ¥ BEPXHHUHA KBAPTHIIA COOTBETCTBEHHO.
CpaBHEHHE KOJIMYECTBEHHBIX IOKa3zaTenel Mexay
rpynraMy MpoBOAKUIIOCH C TOMOILBIO KpuTepus MaHn-
Ha-YuTHU. Bce pa3nuins cautanich 3HAYMMBIMU TIPU
p <0,05.



Pe3ybraThl M MX 00CY3KIEHHE

Hamu npoananu3npoBaHbl 3HaYCHHUS
MHTErpagbHON MHTEeHCUBHOCTH JIroM-XJI,
MOJTyYeHHBIC A1 HEUTPOPHIOB 310PO-
BBIX JIofiel U manueHToB ¢ JII' npu ctu-
MYJISIIMA KJIETOK K (parouTo3y aare3uei.
Okazanoch, 4TO MapaMeTpbl XEMUITIOMHU-
HECI[EHIIMM Yy pa3JIU4YHBIX MallMeHTOB
ObLTIH BbIIIE JINOO HUXKE, YEM B TpyIIe
310pPOBBIX JIO/IeH. I3BECTHO, UTO JTHOMU-
HOJI, MCTOJIb3YEMBIH Uil PErucTpaluu
A®DKX, B3anMonelicTByeT O BCEMU TUIIA-
MH aKTHBHBIX METaOOJIMTOB KHCIOpPOJIA
U XJIopa, ofgHako Hauboiee d(h(HEeKTUBHO
3TOT XEMIIIOMUHECHEHTHBIH HHIUKATOP
pearupyeT ¢ XJOpHOBAaTUCTOW KUCIOTOH
[14]. U3 atoro cnenyet, uto Habmromae-
MbI€ HAMU HapyLIEHUsI CIIOCOOHOCTH HEl-
Tpoduios renepupoBarb AOKX y nanm-
entoB ¢ JII' o0ycnoBiIeHB U3MEHEHUEM
nponykuun HOCI, uto cBs3ano ¢ QyHK-
uuonupoBanueM MIIO. Kak BugHo u3 pu-
cynka 1, renepanus ADKX kneTkamu
MAlUEHTOB 3aBUCUT OT CTENEHH TSHKECTH
3a0oneBanus. Ecnu s | crenenn Tsxe-
CTH MBI 3apETUCTPUPOBAIHN CHUKEHUE BbI-
xoga AQKX 1o cpaBHEHHUIO ¢ KOHTPOJIEM,
TO C YBEJIMYEHUEM CTENIEHU TSHKECTH Ma-
tonoruu (11 u I11) HaGnromaeTcs pocT mpo-
aykuun AOKX. Ilpu atoMm y manueHToB
¢ BBICOKOH cTeneHbto TshkectH JII' rene-
panusa APKX 3HauMTENBHO MpEBHIIIAET
KOHTPOJIBHBIE 3HAYE€HHUS, YTO CBUJIETENb-
CTBYET O MOBBIIICHHON (yHKINOHATBHON
AKTUBHOCTH HEHTPO(UIOB, BEPOSTHO, 32
cueT yBenudeHus Bkiaaaa MIIO B ator
nponecc. MOXHO NPENNOIOKUTh, YTO
HEUTPOPUIBI MOTYT OBITH BOBJICUCHBI
B (hopMupoBaHHE OKCUIaTHBHOTO CTpecca
B nuHamuke JII.

B npornecce cTuMymsnum K GparonnuTosy
YCUJIMBAETCA CEKPETOpHAs JIerpaHy IsaLus
Heritpoduiios [15, 16]. [Tpu aToM U3 KIteTok
BBIJICIISIETCSL COACPIKUMOE a3ypOHIIbHBIX
TpaHyJl, BKJIIOUYAIOLIEE THAPOIUTHIECKUE
¢depmenTsl, HanpuMmep, JuzouuM 1 MIIO.
PesynbraTsl U3MepeHHs CEKpeTOpHOU Jie-
TpaHyJSIIMY, OCHOBAaHHOIO Ha OIpejesie-
HUM JIM30L[MMa BO BHEKJIETOYHOH Cpere,
MIpeACTaBlIeHbl Ha pUcyHKe 2. BuaHo, 4to
y BCEX MalMEHTOB, KPOME OJIHOTO, BBIXOJ
JU30IIMMa 13 Ki1eTok yBemmdeH (50,3 (47,9;
54,5) p <0,05) mo cpaBHEHHIO C KOHTPOJIb-
Hou rpymnmoi (27,6 (24,4; 31,3) p < 0,05).
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Pucynox 1 — MIaTerpanbHas ”HTEHCHUBHOCTD JIIOMHHOJI-OTIOCPEI0BAH-
HOW XeMIIIOMHHECIIEHIINY CTUMYIMPOBAHHBIX aare3neil Heurpodu-
J10B 3710poBBIX Jroel (C) 1 MaleHToB B 3aBUCHMOCTH OT CTEIIEH!
TsDKecTH JierouHoi runeprersuu (I — nepsas, 1 — Bropas
u III — TpeThs CTerneHp TsHKECTH 3a00JIeBaHMs). 3MOPOBBIC JIFOMU H
MAIMCHTHI C JISTOYHOH runeprensueit (n = 12).

“p <0,05,"p < 0,01 O CPAaBHEHHIO C KOHTPOJIEM

Figure 1 — Integral intensity of luminol-mediated chemiluminescence
of neutrophils stimulated by adhesion in healthy people (C) and
patients, depending on the severity of pulmonary hypertension (I —
first, IT — second and III — third severity of the disease). Healthy people
and patients with pulmonary hypertension (n = 12).

“p <0,05, "p < 0,01 compared to control
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Pucynox 2 — Beixox nn3onuma 13 HEHTPOQHIOB 310pOBBIX
moniet (C) u manueHToB ¢ JieroyHoit runeprensueit (PH).
3nopoBsie oy (n = 12), malueHThI ¢ JISTOYHON TUTIEPTeH3UEH
(n=18)

Figure 2 — Lysozyme release from neutrophils of healthy people (C)
and patients with pulmonary hypertension (PH).
Healthy people (n = 12), patients with pulmonary hypertension
(n=18)
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uueHToB ¢ JII' yposens cexperinu MI1O u3
(harolMTOB BO BHEKJICTOUHYIO Cpely 3Ha-
gutenbHo Beime (1989 (123,2; 501,8)
p < 0,05), uem B xoutpone (58,7 (35,5;
99,5) p < 0,05). IlockonbKy MakCUMaIBHO
MIIO nokanu3oBaHa B HEUTpoQuiIax
U TOJIBKO HEOOJNBIIOE KOJMYECTBO ITOTO
(dbepMeHTa COCPEIOTOUCHO B MOHOIIUTAX,
MOKHO 3aKJIIOUYUTh YTO HEHUTPOQUIIbI Ma-
LIMECHTOB [IPEJAKTUBUPOBAHBI YK€ B LIUPKY-
JINPYIOLIEN KPOBH.

3akaiouenne
W3 mosyueHHBIX JAHHBIX CICAYET, YTO
y marueHToB ¢ JII' HapyIieHb! peakiuu He-
CrienU(pUUECcKOro IMMYHHTETA, YTO BhIpaKa-

C PH

PI/IcyHOK 3- Hepoxcnnamaﬂ AKTUBHOCTb MHUCJIOINICPOKCUAA3bI B

ABAH

Ta3Me KpoBH 310poBbIX Jroeil (C) 1 manueHToB

¢ sierouHo# runeprensueit (PH).

3mopoBeie roau (n = 12), TaUeHTHI ¢ JIETOYHON THIICPTCH3UCH
(n=15). KornenTpaius cTraHIapTHOTO HHTHOUTOPA
MHEIIOTIePOKCU a3kl THupa3uaa 4-amuHoOeH301HON KucmoTel (ABAH)

B IUIa3Me ManueHToB — 10 MKMOJIb/IT

Figure 3 — Peroxidase activity of myeloperoxidase

in the blood plasma of healthy people (C) and patients with pulmonary

hypertension (PH).

Healthy people (n = 12), patients with pulmonary hypertension
(n = 15). The concentration of the standard myeloperoxidase
inhibitor 4-aminobenzoic acid hydrazide (ABAH) in patients’

plasma is 10 umol/L

MOo>KHO 3aKJIFOUUTh, YTO y nanueHToB ¢ JII' cexperus
JU30IIMMa U3 HEHTPO(HIIOB TIOBBIIICHA.

Ha pucynke 3 mpoaeMOHCTpUPOBAHO M3MEHEHHE
mepokcuaa3Hon akTuBHOCTH MIIO B 1u1a3me KpoBHU
30pOBBIX Jtojiel u nanuentoB ¢ JII. BuaHo, uto no-
OamieHue craHmapTHoro mHrHONTOpa MIIO ABAH
K TUTa3Me TTallMeHTOB BHI3BIBAET ITOJTHOE MHTHOMPOBa-
HHe (epMeHTa. DTO CBUIETEILCTBYET O HATHMIHH
MIIO B aHamu3upyeMoM marepuaie. B oOpasmax ma-
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FUNCTIONALACTIVITY OF NEUTROPHILS IN PATIENTS
WITH PULMONARY HYPERTENSION

G. N. Semenkova, I. E. Adzerikho?3, N. V. Amaegberi*, A. M. Serebro’, S. F. Motolko*,
T E. Vladimirskaja?, I. A. Novitskiy!, A. V. Shulhanova’, D. V. Tikhinskaya*

'Belarusian State University, Minsk, Republic of Belarus,
’Belarusian Medical Academy of Postgraduate Education, Minsk, Republic of Belarus,
‘Minsk regional Clinical hospital, ag. Lesnoy, Minsk region, Republic of Belarus,
*2nd City Clinical Hospital, Minsk, Republic of Belarus

Introduction. Pulmonary hypertension is a clinical syndrome with a poor prognosis. This disease is associated
with endothelium dysfunction or damage, which leads to vascular remodeling, increased vascular resistance and
blood pressure in the pulmonary artery. It is known that the development of pulmonary hypertension is accompanied
by inflammation, the cause of which may be the neutrophils activation and oxidative stress induction.

Objective — to analyze the ability of neutrophils in the circulating blood of patients with pulmonary
hypertension to generate reactive oxygen and chlorine species, as well as to secrete myeloperoxidase into the

extracellular environment.



Materials and methods. Histopaque-1077, luminol, Micrococcus lysodeikticus, 3,3”,5,5’-tetramethylbenzidine,
Earl’s balanced buffered saline solution, phosphate buffered saline. Chemiluminescence, spectrophotometry.

Results. In patients with pulmonary hypertension, neutrophils are already preactivated in the circulating
blood, which is expressed in a change in the ability of cells to generate reactive oxygen and chlorine species, as
well as an increase in the processes of secretory degranulation, accompanied by an elevation of the lysozyme and
myeloperoxidase release into the extracellular environment.

Conclusions. Increased myeloperoxidase secretion from cells suggests that this enzyme is an important
biomarker of inflammation in pulmonary hypertension. On the other hand, myeloperoxidase can be considered as
a therapeutic target for inflammatory process suppression in the treatment of patients with this pathology.

Keywords: pulmonary hypertension, neutrophils, reactive oxygen and chlorine species, secretory
degranulation, lysozyme, myeloperoxidase.

For citation: Semenkova GN, Adzerikho IE, Amaegberi NV, Serebro AM, Motolko SF, Vladimirskaja TE,
Novitskiy IA, Shulhanova AV, Tikhinskaya DV. Functional activity of neutrophils in patients with pulmonary
hypertension. Biochemistry and Molecular Biology. 2023, vol. 25, no. 1(2). pp. 13—18 (in Russia).
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OCOBEHHOCTH METABOJIM3MA MBILIEYHON TKAHM:
CBS13b C BBICOKOKAJIOPUITHO AUETO 1 MACCOM
BUCLEPAJILHOI'O JKMPA V KPBIC-CAMIIOB I1IOPO/(bI BUCTAP

T. A. Mumiorxosa, A. A. bacanaii, E. H. Yyounosckas, O. E. Ilonynsx,
H. C. Kocmiwouenxko, FO. A. Pyonuuenxo

Tocyoapcmeennoe nayunoe yupesicoenue « Mncmumym guzuonozuu
Hayuonanvnoti akademuu nayx benapycuy, e. Munck, Pecnyonuxa benapyce

Benenne. CapkorneHus Mpy OXXKUPEHUH SIBISICTCS. OJAHUM M3 T1aTOJIOTMYECKUX MTOCIIEICTBUI M30BITOYHOTO
MTUTAHMsI, OIHAKO XapaKTepHbIe 0COOCHHOCTH JAaHHOTO COCTOSTHHS HEAOCTATOUHO M3yUCHBI.

Lean nccaea0BaHus — M3yYUTh OCHOBHBIC META0OJIMYECKHE XapaKTEPHCTHKH CHIBOPOTKH KPOBH U CKEJIET-
HBIX MBIIII TTPH BBICOKOKAJIOPHIHHON JTHETE, a TAaK)Ke MX OCOOCHHOCTH B 3aBUCHMOCTH OT HAKOIUICHHS MacChl
BUCILIEPAJILHOTO KHUpa y KpbIC caMILIOB Ioposl Buctap.

Marepuaisl 1 MeTOABI. ONBITH IPOBOAUINCH HA OJIOBO3PENBIX KpbICax-caMiax nopoas! Bucrap u Bkito-
YaJli rPpyINIly KOHTPOJIs, TOJIy4aBIIyI0 CTAaHAAPTHBIA PAllUOH BUBAPHS, U FPYIITY BEICOKOKATOPUHHOIO MUTAHUS.
OnenuBany Maccy Tena, BUCLEPANIbHOIO JKUPA, MEUEHH M TPEXIVIaBOM MBIIILBI TOJIEHU. B ChIBOpOTKE KpOBU
Y MBIIICUHOHN TKaHU ONPEJIeIISUIN PyTHHHBIE OMOXMMHUYECKHUE ITOKAa3aTeNH, a TAK)KE COJeprKaHue HHTEpIICHKIHA-60
(MJ1-6) B MbImmIax.

Pesyabrarsl. Bricokokanopuiinas 16-HenenbHas AueTa NPUBOAMT K JTOCTOBEPHOMY HapacTaHHIO MACChI
BUCILIEPAJIBHOTO KHPa U MACCHI IEUEHH, a TAKXKe K CHUKEHUIO MaCcChI TPEXITIaBOI MBIIIIBI TOJIEHHU Y KPBIC-CaMIIOB
nopozel Bucrap. M30bITouHOE TTaHne BBI3BIBACT IPU3HAKH METAa00INYECKOT0 CHHAPOMA, HapacTaHHe KOHLICH-
Tpauu odrero Oerka, X0JIecTeposa, YHEPreTHUIECKUX CyOCTPaToB — IIIIOKO3BI M JIAKTaTa, a TAK)KE aKTUBHOCTH
nakraraeruaporenass (JIJII') Hapsity co cHmkeHueM copepskanust MJI-6 B MBIIIEYHON TKaHH.

3aki0uenne. COBOKYNTHOCTb MOTYYEHHBIX JaHHBIX CBUJETEIBCTBYET O BaXKHOM POJIM TAKOro IMOKa3aTens,
KaK Macca BUCLEPAILHOTO )KHPa, KOTOPBI BHOCHT CYIIIECTBEHHBIN BKJIa]l B META0OJIMUYECKHUE CIIBUTH, XapaKTep-
HBIE JUIsl U30BITOYHOTO MTUTAHUS, OKUPEHHS ¥ CAPKOIICHUH.

KaroueBnble ciioBa: KPBICBI-CaMIIbl, BBICOKOKaHOpPIfIHaH JAUETa, BUCHCPAJIBbHOC OKUPECHUEC, CAPKOIICHHUA, OCO-

OCHHOCTH METa0O0IM3Ma CKEIETHBIX MBIIIII.

Joist muTupoBanusi. OcoOEHHOCTH MeTadOoIM3Ma MBIIIEYHOW TKAaHH: CBS3b C BHICOKOKAJIOPUIHON JMeTon
1 Maccoi BHCLIEpAJILHOTO JKUpa y KpbIc-camiioB nopozs! Ducrap / T. A. MuriokoBa [u ap.] // Buoxumus n moe-
KyssipHast Ouonorust. —2023. — T. 2, Ne 1(2). — C. 19-25.

Beenenne

W3BecTHO, 4TO O’KUpEHHE SABIsIeTCSl (HaKTOPOM pH-
CKa pa3BUTHUS METa0OIMYECKOTO CUHAPOMA, CaXxapHO-
ro quabera BTOPOTO THUIA, apTEPUATIBHON THIIEPTEH-
31U, aTePOCKIIEPO3a, HEAIKOTOJILHOH JKUPOBOii 00J1e3-
HU TeYeHH M Apyrux 3aboneBanuii. MHbopmarms
BO33a 2016 ron cBUACTENHCTBYET O TOM, uTO y 39 %
B3pOCJIOr0 HACEJICHHUs TNIaHEThl OOHAPYKUBAETCS U3~
ObITOUHBIN Bec Tena, ay 13 % — oxupenue [1]. He BbI-
3bIBAE€T COMHEHHI, YTO M30BITOYHOE HecOanaHCupo-
BaHHOE NMUTAaHHWE U HHU3Kasg (Pu3nvecKas aKTHBHOCTb
SBJISIIOTCS. OCHOBHBIMHU NMPUYUHAMHU OKHPEHUS U €TO
MOCJEICTBUN B COBpeMEHHOM Mupe [2, 3]. OxxupeHue
BO3HHMKACT B Pe3yJbTaTe yBEIHMUCHHs MOTPEOICHHS
UM W/WIK CHHKEHHsI JHEPreTHYECKHX 3arpar.
[Tpu 5TOM 06BEM BHCLIEpAIILHON KUPOBOM TKAHH YBE-
JTMYMBACTCSI HEMPOIIOPIMOHATIBHO U ITPe00IIaacT Hajl
HAKOTIJICHUEM TOAKOXKHOH KupoBo# Tkanu [3]. [pen-
10J1araeTcsi, YT0 UMEHHO HaKOIUICHUE BUCLIEPATIbHOM
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YKUPOBOM TKaHU CBSA3aHO C ITOBBIIIIEHHBIM PHICKOM CEp-
JIEYHO-COCYIUCTBIX 3a00JI€BaHUH, TSHKEION HealKo-
TOJILHOM JKUPOBOH 00JIe3HBIO NIEYCHH, a TAKKE C cap-
korneHuei. [lokazaHo, 4To OKUpPEHUE CONMPOBOKIALT-
csl runepTpodueli ¥ runepiazuei KIeToK >KupoBoi
TKaHU (aJWTIOIUTOB), a THNEPTPOPUPOBAHHBIE AH-
MOLUTHI SBIISIOTCS HPUYMHOM HEOIATONPHUSITHRIX Me-
TaOOJMYECKUX CABUIOB, TAKUX KaK PE3UCTEHTHOCTH
K UHCYNMHY W aucinunuaemus. Ilpu sTom kupHble
KHMCJIOTHI HAaKaIUIMBAIOTCSI HE TOJIBKO B aJMIOIUTAX,
HO TaKXe IIOCTYMNAIOT B [I€UeHb U Apyrue nepudepu-
YeCKHe TKaHU. DTH MHOTOUYMCIIEHHBIE IyTH Tepe-
KPECTHBIX BIUSHHUA MEXY KUPOBOU TKAHBIO, IeUe-
HBIO M APYTUMH TKaHSIMH CIOCOOCTBYIOT Pa3BUTHIO
U TIPOTPECCHPOBAHMIO Pa3IMYHBIX 3a00JeBaHU,
BKJTIOYAsI capKomeHuto [3].

Lenp uccnenoBanus — M3y4UTh OCHOBHBIE METa00-
JUYECKHE XapaKTePUCTUKN CHIBOPOTKH KPOBH H CKe-
JIETHBIX MBIIIL TPY BBICOKOKAJIOPUIHOM THETe, a TaK-



KE UX OCO6€HHOCTI/I B 3aBUCHUMOCTH OT HAKOIIJICHUSA
MacChl BUCLIEPAIIBHOTO KHUPA Y KPBIC CAMIIOB ITOPOJIbI
Bucrap.

Marepuasbl 1 METOBI

OnpITEl IPOBOIMIMCH HA TOJOBO3PENBIX KPbI-
cax-camuax nopoxsl Bucrap. JKuorHsie Obliin BBe-
JICHBI B 9KCIIEPUMEHT B BO3pacTe ABYX MECALEB C Mac-
coif Tena 180-200 r u pasgeneHbl Ha ABE TPYMIIBL:
1) Crl (kOHTpOJb) — CTAaHAAPTHBINA PALIIOH BUBAPHSI
(n = 13) B Teuenue 16 nenenn; 2) BK/] — BricOKOKa-
nopwuitHas queta (n = 14) B TeueHue 16 Henens. Bos-
pacT KpbIC HA CPOK BBIBEICHHUS U3 DKCIICPUMEHTA CO-
cTaBuiI 6 MECALEB.

JKuBoTHbIe HaxonUIUCh B peskumMe 12/12-yacoBoro
IIUKJTa IeHb/HOYb Ipu TeMneparype +22(+2) °C uBmax-
HOCTH Bo3ayxa 60—65 %. Bce Manunyssiiuu ObuH
COIVIaCOBaHbl C KOMUTETOM Mo Onostuke MHcturyTa
¢usmonornn HAH bemapycu (mporokon Nel or
22 ssuBapst 2021 1) ¥ COOTBETCTBOBAJIM TPeOOBAHUSIM
OMOATHKH, YTBEPKICHHBIM EBporieiickoii KOHBEHITH-
el 0 3aluTe MO3BOHOYHBIX XKMBOTHBIX. BhIBeneHue
JKUBOTHBIX M3 SKCIIEPUMEHTA OCYLIECTBIISIOCH C HC-
MOJIb30BAHUEM HAPKOTU3HPYIOLIETO CPEJICTBA THO-
MIEHTaJa HATPHUS METOJOM JICKalTalluu.

/luema. Bricoxokanopwuitaas nueta (BK]I) cocTos-
Jla U3 JONOJHUTEIBHOTO BKIIOUCHHS )KUPOB JKUBOT-
HOT'O TIPOUCXOXKACHUS (CBUHOE CaJo) K CTAHAAPTHOMY
paIuoHy NMUTaHUs KUBOTHBIX M3 pacyera 45 % ot
CYTOYHOW KaJIOPUMHOCTH KOpMa M 3aMEILCHHS BOJBI
Ha 10%-ii pactBOp dhpykTo3sl ad libitum [4].

Ouyenka maccol mena u opzanoe. Maccy Tena
KpbIC exeHenenbHo uaMepsuin Ha Becax SATURN
(Kwuraii). [Tocne BbIBeieHUS U3 SKCIIEpUMEHTA IIPOBO-
JWIACh JIUCCEKIUSl M B3BELIMBAHHME BUCICPAIbHOU
YKHPOBOW TKaHU, TIEYCHU U TPEXIIIABOH MBIIIIIBI FOJIe-
HU Ha JaboparopHbIx Becax (Scout Pro, Kuraii). Pac-
CUHTHIBAJIN MaCcCOBBII KOO (GUITUEHT BUCIIEPATEHOTO
JKUpa, IEYCHHU U TPEXITIaBOH MBIIIIIBI TOJIEHH 110 (hop-
Mmyze: MaccoBblil kodddunment (MK) = (macca opra-
Ha / macca Tena) - 100 %.

buoxumuueckue memoowt uccnedoganun. buoxu-
MHYECKHUE MTOKA3aTeNId B CBIBOPOTKE KPOBU M TOMOTeE-
HaTax MBIIIEYHON TKaHU KpPBIC (00l OeIoK, MoYe-
BUHA, KPEATUHHH, XOJIECTEPOI, TPUIIIHLIEPUIBI, TIIIO-
K032, 00Imui OMIMpyOHH, alaHMHAMUHOTpaHcdepasa
(AJIT), acnapratamuHoTpancdepasza (ACT), amuna-
3a, KpeaTuHKWHa3a, nakraraeruaporenasa (JIAD), me-
nouHas ¢ocdarasza) onpeaessian oOUEenPUHITHIMH
METOJaMH Ha OMOXMMHUYECKOM aBTOMaTH4eCKOM aHa-
m3arope BS-200 (Mindray, Kuraii) c nporpamMmmHbIM
obecnieuenuem BS-330 u ucnonszoBanueM Kommep-
yeckux HabopoB [uacenc (Pecmybiuka benapycs).
B romorenarax MbIIeqHON TKaHHU ONPEACIISIIN COAEp-
JKaHME JIaKTaTa C UCIOJIb30BaHneM HabopoB «JIAK-
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TAT-BUTAJI» (Poccust) u maTepneiikuna-6 (MJ1-6) ¢
ncrnons3oBanueM Habopa Rat IL-6 ELISA Set (BD
Biosciences, CIIIA).

Cmamucmuueckue memoowl uccnedosanus. Cra-
TUCTUYECKYIO 00pabOTKy AaHHBIX MPOBOAMIIM C y4e-
TOM HOPMAaJIbHOCTHU PacHpeieCHUs M0 KPUTEPHIO
lanmupo-Yunka. [Tpumensim napaMeTpudeckue 11uoo
HemapaMeTpUIEeCKHe METO/IbI, @ PE3YJIbTaThl BEIpaXka-
JIM, COOTBETCTBEHHO, B BUJE CpPEIHEI BEIUYMHbBI U
crangapTHoi ommmOku cpeaneir (M = SEM), nmubo B
BHJIe MeIuaHbI B iporieHTIIIeH (Me [25; 75]). Cpas-
HEHHE MEX/1y TPYIIaMH MPOBOIMIIN C UCTIOIb30BaHH-
eMm t-kputepust CterofenTa, 1o U-kpurepus Man-
Ha-YUTHU COOTBETCTBEHHO. KoppensuuoHHbd aHa-
JIU3 MPOBOJMIIA C HMCIOJIB30BaHUEM KOA(PPUIIHEHTA
koppessiuun Crnupmena. OTauuus MeXIy rpyniamu
CUMTANH JIOCTOBEPHBIMH IPH YPOBHE 3HAYUMOCTH
p < 0,05 (Statistica 10.0).

PesyubraThl 1 MX 00CY3KAEHHE

Kak BumHO U3 maHHBIX TaOmuib! 1, y KpeIc, OTy-
yaBmmx BKJI, oTMeuanach He3HaYNUTEIbHAS TCHJICH-
LYs K HApaCTaHUIO MAcChl Tela U TOCTOBEPHOE yBe-
JIUYEHNE MACChl BUCHEPATIHLHOTO JKHUPA, TPEBOCXOMIS-
1iee KOHTPOJIb IMOYTH B 3 pasa.

KpbICBI KOHTPOTBHON TPYTIIIBI B BO3pacTe 6 Mecs-
1IeB UMEIHN Maccy Tena B cpequeM 433,46(+13,42) r,
amaccy BuctepaibHoro xupa— 7,99(+0,73) r. Kpbicet
rpynnsl BK]I nMenu cxoliHyto Maccy Teila — B Cpefi-
Hem 471,14(£25,15) 1, HO IPU 3TOM OTIMYATHCH OOJTh-
IIMMH KOJIEOAHUSIMHU 110 HAKOTUIEHUIO BHCIIEPATEHOTO
JKHUPa, BEIXOAAIIMMHY 3a ipeaensl 12-36 r (nHTepBai —
25-75 nponieHTHIIEH ). YUUTBIBAs 3TH CYIIECTBEHHBIC
WHJIUBUAYATbHBIC OTIWYUS, TPEICTABIIO HHTEPEC
OILIEHUTH MaCCOBBIE U META0OINYECKUE XapaKTEPUCTH-
KM B 3aBHCHMOCTH OT CTETIEHH HAKOIIJICHHS BHUCIIE-
paibHOro xupa y kpeic rpynnsl BK/I. Ucxons u3 sato-
ro, )kuBoTHBIE Tpymsl BK]] Obutn pasnenensr Ha 1Be
MIPUMEPHO PABHOIICHHBIC MO KOJUYECTBY MOATPYIIIHI
C YMEPEHHBIM JIN0O BBHICOKMM HAKOILICHHEM BHCIIC-
paipHOTO Xupa (Menee win 6omnee 15 r). Ilpu muaH-
MaJIbHOM Macce BUCIepaIbHOTO kupa (< 15 1) obmas
Macca Tenma kpbic Tpynnel BK/[ Opta mocToBepHO
MEHBIIIE, YeM y TAKOBBIX C MAKCUMAIbHBIM HAKOILIC-
HUEM BHCIEPATBHOTO XKHpa (CM. Tadbmwuiry 1).

IIpu BU3yanbHON OLIEHKE COCTOSIHUSI BHYTPEHHUX
OpraHOB OBLITO OOHAPYKEHO, YTO Y JKUBOTHBIX IPYIIITHI
BK/] meuenp mMmeeT ApsAOIyI0 KOHCHUCTCHITHIO, KEIl-
TBI 1IBET MOBEPXHOCTU U HA pa3pese TKaHu. Macca
1 MaccoBbIi kKod(hdunmeHT reyenn B rpynmne BKJ]
OBLTH TOCTOBEPHO BHIIIE KOHTPOII. OnMrucaHHbIE IPH-
3HAKU XapaKTEPHBI ISl 5)KUPOBOT'O NEPEPOKICHUS I1e-
YEeHH, YTO MOJATBEPKTAETCS HAITUMHU Mopdomornye-
CKUMU uccienaoBaHusiMu [5]. UHTepecHo, yTo Macca
[I€YECHH JOCTOBEPHO YBEIMUHUBAIACH TOJIBKO ITPU MaK-



Tabnuua 1 — XapakTepucTHKK MacChl TeJla M BUCLEPAILHON KUPOBOW TKaHH, MaCChl U MACCOBBIX KOA((HUIIEHTOB
(MK) neyeHs u Tpexm1aBOi MBIIIIBI TOIEHU Y KPbIC SKCIICPUMEHTAIBHBIX TPYII U B 3aBUCUMOCTH OT MacChl BUCIIE-
paNbHOTO >KHpa MPU BeICOKOKanopuitHoi nuete (M = SEM)

Table 1 — Characteristics of body weight and visceral adipose tissue, weight and mass coefficients (MC) of the liver
and musculus triceps surae in rats of the experimental groups and depending on the mass of visceral fat in a high-

calorie diet (M = SEM)

I'pynma Ct/l, I'pynma BK/, Macca BucuepanbHoro sxupa rnpu BKJ[, r
Howasare, pyn= 13 8 pyn= 14 3 <15,n=6 >15,n=8

Macca Tena, r 433,46 + 13,42 471,14 £ 25,15 377,17 £12,72*%" | 541,63 + 17,70*#
Macca BucuepanbHOM )KUpOBOil TKa- 7,99 £0,73 22,99 + 3,20%* 12,46 £ 0,73* 30,89 £ 3,49%#
HH, T
Macca neueHu, T 13,91 £0,63 18,09 £ 1,17* 14,94 + 1,49 20,45 £ 1,20%#
MK mneuenu, % 3,21 +£0,12 3,88 £0,22% 3,98 £ 0,40%* 3,81 £0,26%*
Macca TpexmiaBoil MBIIIIIBI TOJIEHH, T 2,64 + 0,09 2,34 £ 0,09* 2,14 +0,12* 2,49+0,11
MK TtpexraBoil MBI TOJIEHH, % 0,61 £0,01 0,51 £0,02* 0,57 0,02 0,46 + 0,02*#

Ipumeuanue: noctoBepusie otmuuus npu p < 0,05: * — ot rpynmnst Ct/l, * — ot rpynnst BK/, # — ot rpynnst BK/ nmpu macce

BUCLIEPAJTIBHOTO Jxupa <15 1.

Note: significant differences at p < 0,05: * — from the StD group, * — from the HCD group, # — from the HCD group with a mass of

visceral fat <15 g.

CHMaJIbHOM HAaKOIUICHUH BUCLIEPAILHOTO XKHPa, a Mac-
COBBI K03(h(UIHEHT OpraHa — He3aBUCUMO OT CTelle-
HU HapacTaHUs TAaKOBOTO (cM. Tabmuity 1).

JlocToBepHOE CHM)KEHUE MACChl TPEXTIIABOW MBILII-
111 TOJIEHH OBLTO OTMEUEHO B 001el rpyrimne BK/] v pu
MHUHUMAaJIBHOW Macce BUCLEPAIBLHOTO KHPa, MPUYEM
Y JKUBOTHBIX 3TOW MOATPYIIIBI Macca Tesna Oblia J0CTo-
BEpHO CHM)KEHA IO CPaBHEHHIO ¢ KOHTposieM. Macco-
BBIN KOI(QHUIIMEHT MBIILIEYHOW TKaHH CHUYKAJICS B 00-
niei rpynne BK/[ u npu MakcHManbHOM KOJIMYECTBE
BUCIIEPATBHOM KUPOBOH TKaHU (cM. Tabiwmiry 1). B pa-
6orax X. Han et al. [6] u Y. Kemmochi et al. [7] Obu10
TMOKa3aHo, YTO CAPKOTICHUSI IPH BUCLIEPAITLHOM OKUpe-
HHH COMIPOBOXKIAETCS UCTOIIEHUEM CHJIBI MBIIIIL U 00-
YCJIOBIICHA PE3UCTEHTHOCTBIO K MHCYJIHHY.

st otleHKkH (PYHKIIMOHAIBHOTO COCTOSTHHS TIeve-
HU U APYTUX OPTaHOB OBIJIO MPOBEIEHO U3y4YCHHE
psiia OMOXMMHUYECKUX MOKa3aTeNnel CHIBOPOTKH KPOBU
(Tabmuma 2). Kak BUIHO U3 MPEACTaBICHHBIX JaHHBIX,
npu BKJl oTmedanocs moctoBepHOE HapacTaHHE
YPOBHEH X0JecTepodia 1 IITFOKO3bI B CBIBOPOTKE KPOBH
BHE 3aBHCHMOCTH OT MAacChl BHCLEPAIBHOTO KHpA.
ConeprkaHue TPUTIUIIEPHUIOB U OWIINPYOHHA 3HAYUMO
MOBBIMIANOCH B rpyrine BK/I, mpeumyiiecTBeHHO Tpu
Macce BUCLEpaJIbHOTO Xupa Oonee 15 1. Bermeonu-
CaHHbIC CIBHUTH XapaKTepHBI JJIsl HAPYIICHUH Ieue-
HOYHOTO MeTab0IM3Ma TPH METa0O0INIEeCKOM CHH/IPO-
M€ ¥ TIPEUMYIIECTBEHHO CBS3aHbI C JKUPOBBIM Tepe-
poxnennem oprana. CHmkenue aktuBHoctn ACT
B chIBOpoTKe kpoBH npu BK/] u B rpynme ¢ makcu-
MaJIbHBIM HAKOTIJICHUEM BHCLIEPATBHOTO KHPa MOYKET
OOBSICHATBHCSI THOGNBIO TEMAaTOIMTOB MPH KUPOBOM
nepepoXIeHUH 1edyenu [ 5, 8].

Hapacranue akTHBHOCTH aMHJIa3bl B CHIBOPOTKE
kposu npu BKJI BHe 3aBUCMMOCTH OT Macchl BUCIIE-

PAILHOTO KHPa MOKET CBUIIETEILCTBOBATH O €€ POJIH
B [IEPEBapUBAHNH YTIIEBOJIOB, KOTOPBIE B U30BITOUHOM
KOJIMYECTBE COCPIKATCS B BRICOKOKAIOPUITHOM paliu-
OHe B BUJIe pacTBopa QPpykro3sl. ClieayeT yuuThIBATh,
YTO TOBBIIIEHUE AKTUBHOCTH aMMJIa3bl B KPOBU Xa-
PaKTEepHO JJIsl Pa3IMYHBIX MATOJOTHMYECKHX COCTOSI-
HUH, BKJIIOYas TOPaXCHUE CITFOHHBIX XKeJie3, XPOHH-
YEeCKYI0 TOYEYHYI0 HEeIOCTaTOYHOCTh, MaHKPEaTHT
U JIp., ¥ TIOOTOMY HE TIOJIAeTCs OTHO3HAYHON MHTEp-
npetarnui [8].

depmenT menounas gocdarasza MPUCYTCTBYET
HE TOJIBKO B TKaHW IEYEHH, HO TAaKKe ydyacTBYeT
B Tpancmnopte Gocdopa u B aApyrux TraHsx. OmxHaKO
CYIIECTBEHHOE TMOBBIIICHUE €€ aKTUBHOCTH MOXET
OBITH CBSI3aHO C OOCTPYKLHEH KETYHBIX MPOTOKOB
MIPH JKUPOBOM TEPEPOKIACHHUH MIEUYCHHU, KOTja Macca
BHCIIEPalIbHOTO JKUpPa JOCTUTACT MAKCHMallbHBIX
BEJIWYHUH [8].

HNudopmanuio o 6e1koBOM 0OMEHE B OpraHu3Me
MOTYT JaTh TaKue MOKa3aTelH, KaKk MOYEeBHHA
W TpaHCAMHWHA3bl CHIBOPOTKH KpOBU. MoueBUHA —
KOHEUYHBIH MPONYKT 0OMEHa OENKOB B OpPTaHHU3ME,
o0Opazyercs MpeuMylIecTBEHHO B neyenn. CHIKe-
HUE YpOBHS MOYEBUHBI B KPOBH, OTMEUYEHHOE HAMHU
y kpbic rpynnsl BK/] He3aBUCUMO OT MacChl BUCLE-
PaNBHOTO )KHpPa, XapaKTepHO ISl IEYSHOYHOH HeTl0-
CTaTOYHOCTH, TEMaTUTa U uppo3a nedeHu [8]. Dep-
MeHT ACT — TpaHcamMuHa3a, y4acTBYyeT B OOMEHE
OENKOB HE TOJBHKO B IIEUEHU, HO U B JIPYTHX TKAHSX.
HuTepecHo, 4o 06a 3TH nokazaTelis 3HaYMMO CHU-
KAIOTCS IPU JUET-UHAYTUPOBAHHOM BUCIIEPATBHOM
oxxupenuun. OHAKO, JIJIs TOTO YTOOBI CYIUTH 00 aHa-
OoNMYecKrX Mpolleccax B OpraHusme, mesecooopas-
HO O0paTruThCcsl K OMOXMMHYECKHM I0Ka3aTessiM
MBIIIEYHOM TKaHu (Taduuua 3).



Tabnuna 2 — buoxuMuueckue Nokazaresid CbBIBOPOTKH KPOBHU Y KPBIC SKCIIEPUMEHTAIBHBIX TPYII U B 3aBUCUMOCTH OT

Macchl BUCLIEPAILHOTO JKUpa MPH BhICOKOKanopuitHoii quete (Me [25; 75])

Table 2 — Biochemical parameters of blood serum in rats of the experimental groups and depending on the mass of
visceral fat in a high-calorie diet (Me [25; 75])

I'pymma Ct/, I'pynma BK/I, Macca BucrepanbHoro xupa npu BK/I, r

Hokasaress pyn =13 8 pyn = 14 8 <15,n= 6p 1D>151[i n= SH
OO6mumii 6eoK, 67,00 65,50 67,50 64,50
/71 [65,00; 70,00] [59,00; 69,00] [57,00; 73,00] [59,00; 66,50]
Xonectepoi, 1,43 1,88% 1,81% 1,88%*
MMOJIB/JT [1,23; 1,61] [1,50; 1,95] [1,54; 2,34] [1,50; 1,93]
Tpurmuiepuisl, 0,88 1,18% 0,95 1,79*
MMOJIB/JT [0,63; 1,18] [0,94; 2.21] [0,88; 1,04] [1,18; 1,33]
I'mroko3a, MMOJIB/JT 5,81 7,54% 7,44% 7,72%

[5,61;7,37] [7,10; 8,21] [7,01; 8,21] [7,24; 8,14]

OO6uuii GrmMpyouH, 1,40 2,40%* 1,95 2,60*
MMOJIB/JT [1,20; 1,60] [1,60; 3,00] [1,20; 2,40] [2,05; 3,35]
ACT, 196,00 172,00% 173,50 172,00*
E/n [181,00; 217,00] [146,00; 189,00] [163,00; 189,00] [145,00; 195,00]
AJIT, 65,00 57,50 55,00 63,50
E/n [62,00; 74,00] [51,00; 68,00] [47,00; 68,00] [52,50; 73,00]
Awmunasa, 1,51 1,94* 1,88%* 2,02%
E/n- 107 [1,43;1,71] [1,79; 2,12] [1,62;2,02] [1,82;2,17]
MoueBuHa, 6,83 4,35% 4,35% 4,03*
MMOJIB/JT [6,45; 8,14] [3.,45; 4,77] [4,11;5,69] [3,28; 4,62]
Kpearunun, 47,00 45,50 46,00 45,00
MMOJIB/JT [42,00; 52,00] [42,00; 48,00] [42,00; 48,00] [41,50; 50,00]
Kpearunkunasa, 2,48 2,72 3,05 2,26
E/n- 107 [2,35; 3,81] [2,22; 3,12] [2,95; 3,89] [1,63;2,80]
JIAT, 3,80 3,69 3,69 3,34
E/n- 107 [3,12; 4,26] [2,69; 3,88] [2,84; 4,11] [2,04; 3,86]
enounas pocdarasa, 373,00 674,50* 433,00 804,50*#

E/n

[333,00; 423,00]

[371,00; 850,00]

[312,00; 685,00]

[635,50; 876,50]

Tpumeuanue: nocrosepusie oTmuams mpu p < 0,05: * — ot rpynmst Ct/l, # — ot rpynmsr BK]] mpu macce BucnepanbHOro sxupa <15 T.

Note: significant differences at p < 0,05: * — from the StD group, # — from the HCD group with a mass of visceral fat <15 g.

Tabnuna 3 — buoxumuyeckue moKas3areii TPEXIIIaBOH MBIIIIBI TOJICHN Y KPBIC SKCIIEPUMEHTAIBHBIX TPYIII U B
3aBUCHMOCTH OT MaCChl BUCIIEPAJILHOTO JKUpa ITPH BBICOKOKaJIOpHHHOM muere (Me [25; 75])

Table 3 — Biochemical parameters of the musculus triceps surae in rats of the experimental groups and depending on
the mass of visceral fat in a high-calorie diet (Me [25; 75])

Tpynma Ct/l, I'pyrma BK/1, Macca BucrepansHoro xupa npu BKJ], r

Hoazarein pyn= 13 8 pyn= 14 3 <15,n=6 ’ ’ >1ps,n§)§;L
OO6mmwmii 6eoK, 46,20 51,10% 48,35 53,55%
/T TKaH! [41,00; 48,60] [47,40; 53,80] [45,60; 53,10] [48,25; 54,00]
Xomecrepor, 1,00 1,10% 1,05 1,15%
MMOJIb/T TKAHU [0,90; 1,10] [1,00; 1,20] [1,00; 1,20] [1,10; 1,20]
Tmroko3a, 1,70 2,30%* 2,25% 2,30%
MMOJIb/T TKAHU [1,60; 2,00] [1,90; 2,50] [1,90; 2,60] [1,90; 2,45]
Tpurnuuepuasl, 12,90 14,95 13,75 14,95
MMOJIB/T TKAHH [9,30; 17,70] [13,30; 16,10] [10,40; 16,10] [13,60; 16,45]
Jlakrar, 30,49 38,94* 44.74% 37,95*
MMOJTB/T TKAHH [26,62; 33,80] [34,67; 48,02] [33,17; 51,97] [35,78; 42,73]
JIAT, 619,00 808,50%* 784,50%* 864,00%*
E/r tkagm - 1073 [584,00; 688,00] [748,00; 922,00] [748,00; 804,00] [757,50; 1036,50]
Kpearnnkunasa, 7,80 7,89 7,89 7,89
E/r tkanm - 1073 [6,19; 8,72] [7,39; 8,77] [6,90; 8,44] [7,63;9,59]

Ipumeuanue: nocroBepusie ommyns npH p < 0,05: * — ot rpynmsr Ct/l.

Note: significant differences at p < 0,05: * — from the StD group.
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Kax n3BecTHO, 0)KpEHHE TECHO CBA3aHO C CapKoIIe-
HEEH. JT0 HaOMIONEeHIE OITBEPIKAACTCSI TAKKE U B Ha-
1eM SKCIIEPUMEHTE TIPU TUET-UHIyLIUPOBAHHOM OXKH-
peHun y Kpbic-caMIioB nopozs! Bucrap. Kak Buano u3
Tabmunpl 3, y kpeic rpynnsl BK]L 1 B moarpymnmne ¢ Max-
CHMaJIbHBIM HapacTaHWEM BHCLIEPAILHOTO KHPa B MbI-
IIEYHON TKaHHU PErHCTPUPOBAIOCH IOCTOBEPHOE Ha-
pacranue KoHLEHTpanuK odrero Oenka. YBeandeHHe
YpOBHEH X0JIecTeposia, IIIOKO3bI U JIAKTaTa CBHUIETEIb-
CTBYET O TMOBBIIIEHHOM MOCTYIJICHUN/00pa30BaHUH
9HEPreTUYECKUX CyOCTpaToB Ha )OHE OXKUPEHHUS B MBbI-
IIEYHOM TKaHH. JTO TIOJITBEPKIAETCS TAKKE 3HAUMMBIM
HapacTanueM axktuBHocTd JIJII' B pacuere Ha rpamm
TKaHU B TPEXIIaBOW MbIIIIIe TosieHd. CIeayeT OTMETHTh,
YTO TOTyYE€HHbIE HAMH JIJAaHHBIE COIVIACYIOTCS C HCClle-
JTIOBaHHSIMU IPYTUX aBTOPOB [0, 7], yTBEP K IAFOIINX, UTO
CapKOTIEHHs TIPU OKUPEHUH XapaKTepHu3yeTcs aKTHUBa-
IIMel IMKOTeHOJIN3a U TIIIOKOHEOTeHe3a, HO 3TH MeTa-
OoNyecKre CABUTH COTTPOBOXKIAIOTCS CHIKEHHEM CHH-
Te3a IIIMKOTeHa, T. €. HaOJIIOIaeTCst TUCPET YIS MeTa-
OOJIMUECKHX MPOLIECCOB B MBIILIEYHON TKaHH.

Omnpenenenue coaepxkanust NJI-6 B CKeIeTHBIX
MBIIIIAX [PA U30BITOYHOM BBICOKOKAIOPUIHOM ITH-
TaHUU KPBIC CaMIIOB ITOKa3aJi0 JOCTOBEPHOE CHMKE-
HUe 1okasarens B o0uieii rpynne BK/] u npu maxcu-
MaJIbHOM HAKOIJIEHHUH BUCIIEPAIBHOTO JKUPa 110 CPaB-
HEHHIO ¢ KOHTpoJeM (pucyHok 1). KoppensiuonHsiit
aHaJIN3 BBISIBUII JOCTOBEPHYIO OTPHUIIATEIBHYIO CBSI3b
MEX/ly MacCOM BHCLIEPAJIBHOTO KUPA U COJePKAHUEM
WNJI-6 B MpIieunoit Tkanu (r = —0,41).
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Pucynok 1 — Cogeprxanue nntepineiikuaa-6 (MJI-6) B TpexmiiaBoii MblIIIIe
TOJICHH y KPBIC AKCTIEPUMEHTAIBHBIX IPYIII U B 3aBUCUMOCTH OT MacChI
BHUCIIEPAIbHOTO JKHpa MPU BeICOKOKasiopuitHoii nuete (BKI):

1 — rpymma Ct/{; 2 — rpynmna BK/I; 3 — rpynma BK/] npu macce Bucniepaib-
Horo xupa <15 r; 4 — rpynna BKJ[ mpu macce BucuepansHoro sxupa >15r.
Jocrosepubie ominuust ripu p < 0,05: * — ot rpynmsr Ct/]

Figure 1 — Interleukin-6 (IL-6) in musculus triceps surae in rats of the
experimental groups and depending on visceral fat mass in high-calorie diet
(HCD): 1 — StD group; 2 — HCD group; 3 — HCD group with a mass of
visceral fat <15 g; 4 — HCD group with a mass of visceral fat >15 g.
Significant differences at p <0,05: * — from StD group

Macca BuCLiepaIbHON KMPOBOM TKaHU TAKKE J10-
CTOBEPHO KOppenrpoBaiia ¢ maccoit meuenu (r = 0,60),
conmepxanueM xosectepona (r = 0,50), TIIOKO3BI
(r=0,39) u aktuBHOCTHIO JI/II" (7= 0,44) B MBIIIICUHOI
TKaHU. Macca MbIllIEYHOM TKaHU J1aBaJia JOCTOBEPHYIO
OTPHULIATENBHYI0 KOPPEALUI0 ¢ aKTUBHOCTBIO JIJIT'
(r =-0,52). DT KOPPENALUOHHBIC 3aBUCUMOCTH CO-
[J1aCyIOTCS C BBIIEN3TI0KEHHBIMU JTAHHBIMH.

Hawubonee MHTPHUTYIOMINM SIBISIETCSI BOIIPOC O CBS-
3u MJI-6 ¢ MeTabonm4ecKnMu POLIeCCaMu B MbIIIICY-
HoM TKaHU. OKa3bIBAaETCs, 4TO HAPSAIY C IPOBOCTIAIIH-
TeNbHBIME d(deKTaMu MpH pa3IMYHBIX MaTOIOTHYe-
CKUX Ipoleccax M HMH(EKIMOHHBIX 3a00JICBAHUSIX
WNJI-6 urpaet BayKHYIO pOJIb B PETYIISIIMU MeTab0IM3Ma
B HopMe. [Tonesnbie addextsr NJI-6 BritOUatoT MoOu-
JIU3AIHMIO SHEPT UM, HEOOXOUMOH JIJIsl aKTUBHOM pabo-
ThI MBI TIpH pu3nveckux Harpyskax [9—-11]. UJI-6,
o0pasyromuiicss B MbIIIIAX Mpu (U3NYECKUX yIpaK-
HEHHUSX, ObUT IPUYMUCIICH K Irpymnie MUOKHHOB. [Toka-
3aHO, YTO OH OKa3bIBaeT CHCTEMHOE BO3ICHCTBHE HA
BECh OPTaHU3M, HHAYLHUPYS JIUIIOIU3 B )KUPOBOM TKa-
HHU, TIOCTYTIJICHUE TJIFOKO3bI B MO3T U B IpyTUe OpPraHsl
1 TKaHW, MHAYLUPYS aJalTUBHOE PEMOJEINPOBaHNE
cocyzoB IpH (pr3nvecKkux Harpy3kax. BHyTpuknerou-
HbIe MeXxaHm3Mbl Biustaus WJI-6 B HOpMeE BKITIOUAIOT
kackan STAT3, yuacTByIolMi B aKTUBalMU METa0oO-
JIMYECKUX IPOLIECCOB, TAKUX KaK IONIOLIEHUE TIIFOKO-
3Bl TKaHAMHU, Junonus u ap. [9-11]. Jlureparypusie
JIAHHBIE CBUICTEIBCTBYIOT O TOM, YTO CAPKOIICHUS IPH
OKUPEHUH XapaKTepU3yeTcsl TUCPEeryisaiueil oOMeH-

HBIX MPOLECCOB B MBIILICYHON TKaHH,
YTO MOXKET OBITH OOYCIIOBIIEHO TOHH-
JKaroIeH peryssaiyen mpu CHUKEHHBIX
yposusax NJI-6 [12].

3akioyenne
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Bricokokanmopuiinas 16-HenenpHas
JeTa IPUBOAMT K JJOCTOBEPHOMY Ha-
pacTaHHI0 MacChl BHCLEPAILHOTO
JKHpa ¥ MacChl IEYCHH, a TAKIKE K CHU-
KEHUIO MAacChl TPEXIIAaBOW MBIIIIIBI
TOJIEHU, YTO COINPOBOXKAAETCS COOT-
BETCTBYIOIIMMHU CABHI'AaMH MacCOBBIX
KO3 PUIHEHTOB OTHX OPTaHOB
Y KpbIC-CaMIIOB TOpoab! Bucrap.

W30pITOYHOE THTAaHWE BBI3HIBACT
MOBBILIEHUE YPOBHEW XOJIECTEPOIIA,
TPUIIUIEPUAOB, 001Iero Onmupyou-
Ha, TJIIOKO3blI, aKTUBHOCTH aMMHJIa3bl
U IMEelI0YHON Qocdaraspl, a TaKKe
CHIDKCHHUE YPOBHSI MOYCBUHBI M aKTHB-
HocTH ACT B CBIBOPOTKE KPOBH, UTO,
Kak TpaBWiIo, HauOojee BBIPAKEHO
MPpY MaKCUMaJbHOM HAKOTIJICHUH BUC-
LEPATBHOTO JKUPa U MOXKET OBITH CBSI-

4



3aHO C HAPYIICHUSAMHU (PYHKIIUHU [ICUCHU U TTOJIKEITY-
JIOYHOM KEeJIC3hl.

[Ipu BUCHIEpATEHOM OKUPEHUH Y KPBIC OTMEYACT-
Csl HapacTaHWe KOHIIEHTPAIMU 001ero Oelika, XoJe-
CTEepHHA, DHEPTETUUYCCKUX CyOCTPATOB — TIFOKO3BI
U JlaKkrara, a Takxke aktuBHoctu JIJII' B TpexmiaBoit
MBIIIILIEC TOJICHH.

CapkomeHusi Mpu OKUPEHHUH COMPOBOXKIACTCSA
CHIDKEHHUEM yJenapHOTO coaepskanus NJI-6 B Mplmeu-
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PECULIARITIES OF MUSCLE TISSUE METABOLISM:
RELATIONSHIP WITH HIGH-CALORIE DIET AND VISCERAL FAT
MASS IN MALE WISTAR RATS

T. A. Mityukova, A. A. Basalai, K. N. Chudilovskaya, O. Y. Poluliakh,
M. S. Kastsiuchenka, Yu. A. Rudnichenko

Institute of Physiology of the National Academy of Sciences of Belarus, Minsk, Republic of Belarus

Introduction. Sarcopenia in obesity is one of the pathological consequences of overnutrition, and the
characteristic features of this condition are poorly understood.

Objective — to investigate the main metabolic characteristics of blood serum and skeletal muscles in a high-
calorie diet, as well as their features depending on the accumulation of visceral fat mass in male Wistar rats.

Materials and methods. Experiments were conducted on sexually mature male Wistar rats and included
a control group that received a standard vivarium diet and a high-calorie diet group. Body weight, visceral fat,
liver and triceps muscle of calf were evaluated. Routine biochemical parameters were determined in blood serum
and muscle tissue, as well as interleukin-6 (IL-6) content in muscles.

Results. A high-calorie 16-week diet leads to a significant increase in visceral fat mass and liver mass, as
well as to a decrease in the triceps muscle of calf mass in male Wistar rats. Excessive nutrition causes signs of the
metabolic syndrome, an increase in the concentration of total protein, cholesterol, energy substrates — glucose and
lactate, and lactate dehydrogenase (LDH) activity along with a decrease in IL-6 content in muscle tissue.

Conclusions. The totality of the data obtained indicates the important role of such a parameter as visceral
fat mass, which contributes significantly to the metabolic shifts characteristic of overnutrition, obesity, and
sarcopenia.

Keywords: male rats, high-calorie diet, visceral obesity, sarcopenia, skeletal muscle metabolic features.
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VYIK 577.112.386:611.127]:616.89 — 008.441.13]-092.9

BJIUAHUE PA3JIMYHBIX MTEPUOJOB AJIKOT'OJIU3ALIUN HA ITVJI
CEPOCOILEPKAININX COEAMHEHHNU B MUOKAPIE KPbIC

A. K. Cemenuyk, B. B. Jlenesuu

Vupeowcoenue obpazosanus «I pooneHcKuili 20cy0apcmeeHHbIl MEOUYUHCKULL YHUBEPCUMEM »,
2. I poono, Pecnyonuxa benapyco

Bgenenue. YrorpebieHue ankorosis IPUBOAUT K MHOTOUHCICHHBIM MOP(OIOTNIECKNM, OHOXUMUYECKUM
1 (pyHKIMOHAIBHBIM U3MEHEHUSIM B MHOKap/ie.

Lean uccaegoBaHusi — U3yUeHUE BIMSHHUS XPOHUYECKON M MPEPHIBUCTON aJIKOTOJEHONW MHTOKCHKAINU
Pa3IUYHON JIMTENFHOCTH Ha COJEep)KaHHe CepOCOep KaIlliX aMHHOKHCIOT U POJACTBEHHBIX MM COCAWHEHUH
B MHOKap/ie KpBIC.

Matepuanasl u Metoabl. 70 6eprx 6ecropoaHbIx Kpsic Maccoit 180-220 1. ConepikaHue cBOOOTHBIX aMU-
HOKHCJIOT ¥ OMOTEHHBIX aMIHOB OIpeAessuid MeToqoM BOXKX.

Pe3ynbrarnl. 14-1HeBHas U 28-THEBHAS XPOHNYECKAs aJIKOTOIbHAsI HHTOKCHKAIIMS BBI3BAJIa JJOCTOBEPHOE
CHIDKEHHE YPOBHSI METHOHHMHA B MHOKap/e Kpbic. [IAV-4 npuBera K yBeIHUSHUIO COAEPKaHNUS -alaHIHA 1 Ta-
ypuHa 1pu 14-THEBHOH aTKOTOIU3AINH U 3-ajlaHWHA U TIyTaTHoHa 1pu 28-mxHeBHOU. [Ipu 14-cyTounoit [TA-1
YMEHBIINIACh KOHIIEHTpALUsl METHOHUHA, a Tpu 28-1HeBHOM [TAU-1 cHU3MI0CH coep:kaHue cepuHa, TaypuHa,

METHOHHWHA, HO IOBBICHJIOCH COJIEPIKaHHE [IMCTEHHCYIb(UHOBON KHCIOTHI.
3axmouenue. XAU u [TAU Ha npoTspkeHn# 28 CyTOK BBI3BIBAIOT OoJiee BHIpR)KCHHBIE U3MEHEHNS B ITyIe
cepocoaep)KaIluX aMUHOKUCIIOT U UX META0O0JIMTOB B MUOKap/E KPbIC B CPABHEHUH ¢ 14-CyTOYHOM aiKoroIn3a-

UEH.

Ki1ro4eBble ci10Ba: 3TaHOI, IPEPHIBUCTAS! AIKOTOJIbHAS HHTOKCHKALIHS, METHOHWH, MHOKap/I.
Jst uutuposanus. Cemenuyk, A. K. BiustHue pa3niuuHbIX IEpHOJOB alKOTOIM3AIMK Ha Myl CEPOCOAep-
JKamux coequHeHuit B Muokapae kpoic / A. K. Cemenuyk, B. B. JleneBud // buoxuMus 1 MONEKyIsIpHast OHOIIO-

rust. —2023. - T. 2, Ne 1(2). — C. 26-30.

Brenenue

YnorpebieHue ankoroisi MPUBOIUT K MHOTOYHC-
JICHHBIM MOP(}OIOTHYECKUM, ONOXUMHICCKUM U PyHK-
[IUOHAIBHBIM N3MEHEHHUSIM B CKEJIETHOM M Cep/IeuHOn
MbIax. Tokcuueckoe BO3IeHCTBHE STaHOA HA MUO-
Kap/[ OITOCPEI0OBAHO Pa3HOOOPa3HBIMU MEXaHU3MaMH,
TIPEXK/Ie BCETO MPSIMBIM TOKCHYECKHIM €T0 JIEHCTBUEM,
BIMSIHHEM MeTa0OoNuTa ATaHONa — aleTalbJerusa
(AA)—Ha KapTUOMHOIUTHI, COCYINCTHIMH HApyIIICHU-
SIMA W CBSI3aHHOW C THMHM IPOIECCAMH THUTIOKCHEH.
Otanon o0magaeT crmocoOHOCTHIO MOBBIIIATH TEKY-
9YecTh MEMOpaH, U3MEHSS arperarHoe COCTOSTHHE JINTIH-
JIOB B 00JIACTH MOHHBIX KaHAJIOB, BBI3bIBAs UX (IIFOH-
nu3anuio (pazxmkenne) [1]. B ycioBusx XxpoHudecko-
O BO3JICHCTBUS ATaHOIa B MEMOpaHaxX yBEIMINBACTCS
cojiepKaHue XOJIeCTepHHA, MEHSETCS CTPYKTypa doc-
(ONUTIHIHOTO CIIO0SI, B CBSI3U C 3TUM PaIKIKEHUE MEM-
OpaH CMEHSETCSI TIOBBIIICHHEM HMX PUTHAHOCTH [2].
[Ipu 3TOM M3MEHSETCSl CITOCOOHOCTH MEMOpaH TpaHC-
mopTrpoBars HOHEI Ca?’, uTo SBISETCS MPUUIUHON Ha-
pymIeHus: OMO3NEeKTPUIECKOW aKTHBHOCTH MHOKap/a.
CymecTByeT MHEHHE, YTO NEPBHUYHOE BO3/EHCTBHE
9TaHOJa B BBICOKUX KOHIICHTPAIMSIX Ha MEMOpaHbI Kap-
JTUOMHUOLINTOB MPHUBOAUT K HAPYIICHHIO CTPYKTYPHI
CapKOJIEMMBI, YBEJIMUMBAs €€ MPOHULIAEMOCTb IS 110-
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JTUNENTHAOB [3]. DTaHOI M alleTaNIbICTH YCHUITHBAIOT
riepekrcHoe okucienue munuaos (ITOJI) B Guomoru-
YeCKUX MeMOpaHax, U3MEHSS WX JINITUAHBIN COCTaB
W Hapymas QyHKIHIO MeMOpaHHBIX (GepMeHToB [1].
IIpu 3TOM 3TaHON IEHCTBYET HA CUCTEMY OKHUCIUTEINb-
HOTO (hochOPUITUPOBAHHST MUTOXOHIPUH B pe3ylibTaTe
00pazoBaHusi 3()UPOB JKUPHBIX KHUCIOT, YTO BEIET
K YMEHBIICHHUIO MPOMYKIIMK YHEPTHHA. DTAHOI ITyTeM
CHIDKEHUSI MOIIIHOCTH CHCTEMbI aHTHOKCHIaHTHOM 3a-
IIUTHl CepAlla YCHIINBAET IMEPEKHUCHBIE MPOIECCH
B MeMOpaHax, BbI3bIBasl X MOBpexKAeHHUE [3].

OpnHUM 13 H3MEHEHUH, HA0II0IaeMbIX B MUOKap/Ie
Y JIPYTHX MBIIIEYHBIX TKAHAX KaK MOCIe OCTPOH aj-
KOTOJIbHON MHTOKCHKAIIWW, TaK M MPH XPOHHUYECKOM
YIOTPEOJICHUH aJTKOTOJIs, SIBIISIETCS XapaKTepHOE CHU-
JKEHHE CKOpOCTH cuHTe3a Oenka. [IpuumHoit 3TOTO
SIBIISICTCS, TIO-BUAMMOMY, YXYIIICHUE TPaHCISIINOH-
HOTO KOHTPOJISI, MOIYJIHMPOBAHNE PA3INYHBIX aACIEK-
TOB MHMIIMALMK nienTuaHou nenu [ 1]. Taxxe Becbma
Ba)KHOE 3HAYCHHUE B pealIU3alliy IIIACTUUECKUX (DyHK-
UK, 0COOCHHO OMOCHWHTE3a Oellka M PeryIITOPHBIX
MIENTH/IOB, UMEET CTAOWIBHOCTh (DOH/Ia CBOOOIHBIX
AMUHOKHCTIOT [4].

Oco0Oyro Tpymmy COCTaBJISAIOT CEpOCOJEpIKaIIie
aAMUHOKHCIIOTHI, 3HaU€HHe KOTOPBIX CBSI3aHO, B MeEp-



BYIO O4€pe/ib, C UX YHaCTHEM B ITPOIECCAX METUIIUPO-
BaHUs OOJBIIOTO YKclia OMOJOTHYECKH BAaYKHBIX MO-
JIEKYI, B IPOIIECCaX aHTHOKCHIAaHTHON 3aIIUTHI Opra-
HU3MAa, a TaKKE C POJIbIO OTACIBHBIX aMUHOKHUCIIOT,
TaKMX KaK TOMOIIMCTEWH, B Pa3BUTHH Psi/ia TIATOJIOTH-
YEeCKHX Iporeccos [5].

BonbmmHCTBO HCcnenoBaHui, U3y4YaronuX poib
MOTPEeOJICHUS aJKOTOMIsI B PAa3BUTHH aTepOCKIepo3a
U CEep/ICYHO-COCYIUCTHIX 3a00JIEBaHUH, YITYCKAIOT U3
BHJly BOBMOYKHO€ BIIUSTHHE XapaKTepa ynorpeOneHus
ayKorosst [2, 6]. XoTs Jerkoe Wik yMEPeHHOE yIoTpe-
ONeHre ajKoToJIs, TO-BUINMOMY, CBA3aHO CO CHUXKE-
HUEM PHCKOB, BEPOSTHOCTH HIIEMHUYECKOW OOJIe3HU
Cep/Iia ¥ CMEPTHOCTH OT CEPACYHO-COCYIUCTHIX 3200-
JIEBaHWH YBEIMYMBAETCS TIPU OOJBIIEM TOTPEOIeHUN
9TaHoJIa C MepUuoamMu Bo3aepkanus [2]. MexaHnus3mbl
KapIUOTOKCHIECKOTO BO3/IEHCTBHS JIKOTOJISI OCTAIOT-
Csl CIIOPHBIMH, U, B YaCTHOCTH, IIyTH, YCUIIMBAIOIINE
puck 3(h(ekToB TxKETOro MOTPeOIeHUs dTaHOa, He-
JIOCTaTOYHO U3BECTHHI. B OOIBIIMHCTBE STHONOTHYE-
CKHUX MCCJIEJOBAaHHI B KAYE€CTBE MEPbI yIIOTPEOICHUS
AJIKOTOJISI UCTIONB30BAIOCH 00Iee KOJTUIECTBO HIIN
npearnoiaraeMoe cpeaHee MoTpebieHHe alKoroJs
B efnHUILY BpeMeHu. OTHAKO IPUBBIYKH yIoTpeoie-
HUS aJTKOTOJIE MOTYT CHJIBHO Pa3jIndarhCsl Y pasHbIX
JO/Iel M MHOTa OY€Hb HeperyiapHbl. JIroau ¢ onHUM
U TEM K€ CPEIHUM IMOTPEeOICHHEM alIKOTONIS MOTYT
CHJIBHO Pa3JIN4arhCsi: HEKOTOpBIE U3 HUX MOJABEpra-
JIMCh CEPhE3HOMY AMH30INIECKOMY BO3JICHCTBUIO Ta-
HOJIa, TOTJa KaK APYTHe JEMOHCTPUPYIOT MPHUMEPHO
OJIMHAKOBOE MOTpeOIIeH e 130 JHs B IeHb [6]. B cBsizn
C 3TUM OTAETBHBIN HHTEPEC MPEICTABIAET O0JIee MO/~
poOHOe uccnenoBaHue OMOXMMUYECKHX U3MEHEHUH
B MUOKap/ie TIPH MPEPHIBUCTOM TIPHUEME aJTKOTOJIS.

Marepuajibl U METOIBI

B skcnepumente Obu10 HCmonb3oBaHo 70 OenmbIx
0ecropoIHbIX KpbIc-caMIloB Maccoit 180—220 1, Haxo-
JSTIAXCSI Ha CTaHAAPTHOM PalliOHE BUBAPHS CO CBO-
OOMHBIM IOCTYIIOM K Bozie. MonennpoBaHue XpoHH-
4yecKoi ankoronbHON WHTOKCcHKaruu (XAW) ocy-
MIECTBISIIOCH ITyTEM BHYTPHKETYTOUYHOTO BBEICHUS
3TaHoja B 103€ 3,5 I/KI Macchl Tela J1Ba pa3a B CyTKH
B Buze 25%-ro pacTBopa.

IIpepriBucTas ankoroiabHas nHTOKcuKarus (ITAN)
MO/JIEJIMPOBAIACh ITyTeM BHYTPHIKEIYIOYHOTO BBE/IC-
HUSI 9TaHOJA B JI03€ 3,5 T/KT Macchl Tena JiBa pa3a B CyT-
KU B BUJe 25%-T0 pacTBOpa MO CICIYIOLUIUM CXeMaM:
4 CYTOK aJIKOTOJIM3AINH — 3 CYTOK BHYTPIDKETYIOU-
HOC BBEJCHHE HKBHOOBEMHOIO KOJMYECTBa BOJIBI
(ITAU-4) n 1 cyTku ankoroiau3anuu — 1 CyTKH BHY-
TPIKETYI0YHOE BBEICHHE SKBHOOBEMHOTO KOJINYe-
ctBa Bobl (IIAU-1). )KuBOoTHBIE KOHTPOIBHOW TPYII-
M6l BHYTPIDKEITYIOYHO MBAXKILI B CYTKH ITOydad
9KBHOOBEMHBIE KoiudecTBa Bozbl [3]. [Ipomomku-
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TETBHOCTH KCIIEPUMEHTOB cocTaBsia 14 n 28 cyTok.
JlexanuTtanuio NpoBOAUIN Yepe3 | 4 mocie mociea-
HETO BBEICHMS aJIKOToJIs U BOAbL. IIpu BeIOIHEHUH
WCCIIEZIOBAaHUH TIPUEPKUBAINCH IPABUI U HOPM Ty-
MaHHOTO OOpalIeHNs C HKCIIEPUMEHTAIbHBIMU JKHU-
BOTHBIMH.

Coneprkanue cBOOOJHBIX aMUHOKHUCIIOT B Tpobax
OTIPEICIISITN TTOCTIe ocaxaeHus oenmkoB. OOpazer ro-
MoreHu3upoBaiu B 10 oobemax 0,2 M pacTBopa XJiop-
HOU KucIoThl, coxepxawmem 0,2 MM HopBanuHa
(nVal), 1 MKM BaHWJIWHOBOW KHCJIOTBI, a TaKXKe
50 mr/n DATA, 50 mr/n merabucynspuTta HATpPUS
(NayS,05). IIpo6sr nentpudyruposanu npu +4 °C
B TeueHue 15 mun npu 16 000 g, nocne yero cynep-
HaTaHT HEMEJJICHHO OTCACBIBAIHM U XPaHWIN J0 HC-
cnenosanus npu —18 °C. IlomydeHHbIe XJIOpPHOKHC-
JIbI€ 3KCTPAKThI UCIIONB30BAIM Ul aHanu3a. PacTBo-
pBl CTaHAAPTOB, HCIOJb3yeMble IJs KaTHOPOBKH
Xpomarorpapuueckoi CucTeMbl, 00padaTbIBaIM aHa-
JIOTHYHBIM criocoOoM. CojieprkaHie CBOOOHBIX aMH-
HOKHCJIOT OTIPEesIsUI METOAOM 00palieHHO-(Pa3Hoi
BOXX mocne nepuBaru3aiu 0-QTaaeBbIM albIeTH-
JIOM U 3-MEpKanTOMPONHOHOBON KUCIOTOM C JETEK-
TrpoBaHueM 1o ryopectennuu (338/455 am). O6-
paboTka XpoMaTorpaMM OCYIECTBISUIACH TT0 METOLY
BHYTPEHHETO CTaHapTa (HOpBaJIMH).

Jis onpeneneHust HOpMaJIbHOCTH PaCIpeeIeHuUs
B BBIOOpKE MCIONB30BalIcs KpuTepuii Kommoroposa—
CwmupnoBa. Tak Kak pacrnpeiefieHHue OTINYaeTCsl OT
HOPMaJIbHOTO, CTATUCTHYECKYI0 00pabOTKy JAaHHBIX
MIPOBOAMJIM C TIOMOILBIO HEMApaMEeTPUUIECKUX METO-
noB. Pe3ynbrarsl Belpaxanu B Buae meauansl (Me)
u paccesiHus (25 u 75 npouentuieit). s cpaBHeHust
IBYX HE3aBUCHMBIX BBIOOPOK IO KOJIMYECTBEHHBIM
IpU3HAKaM Ucnoab3oBanu U-kpurepuil ManHa-Yur-
HU, Pa3Inyusl CUUTAIN CTATUCTUYECKH 3HAYMMBIMU
mpu p < 0,05. B xadecTBe TOMOIHUTEIHHOTO METO/IA
CTaTUCTUYECKOH 00pabOTKH HCTIOIB30BaIN KOPPEIs-
IUOHHBINA aHanmm3 o CriupMeny. [1pu 3ToM Hcmons30-
BaJIM MIAKET CTaTHCTHUECKUX porpamm Statistica 10.0
(SN AXAR207F394425FA-Q).

Pe3ybraThl M MX 00CY3KAeHUE

14-nHeBHas XpOHUUYECKAs aJIKOTOJIbHAS HHTOKCH-
Kalus BbI3BaJIa JOCTOBEPHOE CHU)KEHUE YPOBHS He-
3aMEHUMOW aMHUHOKHWCIOTH MeTHOHHMHA (Ha 23 %
p <0,05) u noBsIIeHue ypoBHs B-ananuna (Ha 12 %;
p <0,05) B Muokapae kpsoic (Tadbnuua 1). Hecmorps
Ha TO YTO KOHI[EHTPAI[UH OCTaJIbHBIX ONPEACIIEMBIX
nokasaresiei He U3MEHsJIach, KOPPEIsSIUOHHBIN aHa-
JIN3 CBHUJETEJILCTBOBAJI O BOSHUKHOBEHUHU H3MEHE-
HUH B CTPYKTYpE IyJla CepOCOoAepKAIINX AMHHOKHUC-
JIOT: HAPYIIWJIHCh HOPMAallbHBIC KOPPEISIUOHHEIC
CBSI3M M€Ky OOJBIIMHCTBOM CEPOCOIEPIKAIINX CO-
eIUHCHUU.



[Ipu 14-aHEBHOI ATKOTOIEHOM HHTOKCHKAITH B PE-
skume [1AM-4 nocToBepHO MOBBICHIIOCH COJIEpKAHNE
B-ananuna (Ha 23 %; p < 0,05) u Taypuna (Ha 13 %;
p <0,05). Konnenrpauus METHOHUHA TTPH ITOM UMe-
Jla TEHJICHIIMIO K CHIbKeHHI0. KoppensunoHHblil aHa-
JU3 ToKasaj cxofHoe ¢ rpynmnoid XAW nHapymienue
KOPPEISIIIMOHHBIX B3aMMOCBS3EH MEKAY PACCUHTHIBA-
EMBIMH [TapaMeTPaMH CEPOCOJICPIKAIINX COCAMHEHUH.

Anxoronuzanust B pexume [IAU-1 B Teuenue
14 nHeli npuBesna K JOCTOBEPHOMY CHIKEHHUIO TOIBKO
ypoBHs MmeTnoHuHa (Ha 27 %; p < 0,05) B cpaBHEeHUN
¢ xkouTposieM. Coneprkanue B-amaHuHA CHU3MIOCH I10
cpasuenuto ¢ rpynmnoit XAU (va 21 %; p <0,05) u ve
OTJINYAJIOCh IOCTOBEPHO OT KOHTPOJIBHBIX 3HAYCHUH.
[Tpu 5TOM HapylIeHHEe HOPMaJIbHBIX KOPPEISIHOH-
HBIX CBSI3€H CONMPOBOXKIANOCH BOSHUKHOBEHUEM HO-
BBIX KOPPEISLUI MEXY YPOBHIMH IIUCTEHHCYIb(U-
HOBOH KUCIOTHI U cepura (» =—0,95, p < 0,05), mucre-
WHCYITLQUHOBON KUCIOTHI 1 1ucTarnonuHa (» = 0,80,
p<0,05), mucrarnonnna u cepuna (r =—0,86, p <0,05).

[Mpu 28-THEBHOM XPOHHYECKOM YMIOTPEOICHUH
AJIKOTOJISI B MUOKap/ie JOCTOBEPHO CHUZMIIOCH COJICP-
’)kanne metnonuHa (Ha 24 %, p < 0,05) (tabnuma 2).
OT0 M3MEHEeHHE CXOAHO ¢ dPdekToM 14-cyTouHOM
AJKOTONBHOW HMHTOKCHUKAIUM M MOKET CBUJCTEIIb-
CTBOBATh Kak 00 00CJTHEHUH ITyJIa HE3aMEHUMBIX AMH-
HOKHCIIOT, TaK U 00 OJHOHANpPaBICHHOM BIUSHUH
XAMU pa3HO# ATUTETHHOCTH.

Kpowme Toro, npu 28-1HeBHON XA Habmonanoch
YMEHBIIICHNE KOHIICHTPAIUH [cTaTnoHnHA (Ha 25 %,
p <0,05) u ucrenncyinbduHoBoi kuciorsl (Ha 30 %,
»<0,05), 9T0 MOXET CBUICTEIHCTBOBATE O CHIDKCHUHU
AKTHBHOCTH IPOLIeCcCca TPAHCCYIb(YPUPOBaHHS TOMO-

urcrenHa. KoppensaunoHHBIM aHann3 mHoKa3aTenel
JAHHOW TPYMIBI BBISIBUI COXPAHEHUE IOJIOKUTENb-
HOM KOPPETSAINN MEX/Ty YPOBHSAMHU IITyTaTHOHA U TJIH-
LIMHA, HO HapyIIeHHE KOPPEIALHUOHHBIX CBA3eH
LMCTaTHOHUH—CEPUH, INCTATHOHUH—TIINIIUH, [TUCTa-
THOHUH—METHOHHH MO CPABHEHUIO C KOHTPOJIEM, UTO
KOCBEHHO TaK)K€ MOYKET CBUJIETEILCTBOBAThH O Hapy-
LICHUH [UCTAaTHOHUH-P-CUHTAa3HOM PEaKInu, HO TIPH
9TOM ypOBEeHb ITyTaTHoHa BeIipoc Ha 11 % (p < 0,05).
[IpepriBucToe 28-1HEBHOE MOTPEOICHNE ATKOTOIIS
B pexxume [1AM-4 npuBeno x A10CTOBEPHOMY ITOBBI-
LICHUIO coziepkanus B-ananuHa (Ha 29 %, p < 0,05)
u nirytatuona (1a 13 %, p < 0,05). YpoBHU METHOHH-
Ha ¥ TIIMIMHA, a TaK jke P-alaHuHa U aHCepuHa KOp-
peupoBaM MEKIY COOOW, KaKk M B KOHTPOJLHOM
rpyIine, HO He HaOMIONAINCh APYrHe KOPPEsIruoH-
HBIE CBS3M, XapaKTepHbIE IJIST KOHTPOJIS.
VYnorpebnenue sranona B pexxume [T1AU-1 Ha mpo-
TsOKCHUH 28 JHEH BBI3BAJIO TOCTOBEPHOE CHIDKCHUE
KoHIIeHTparuu MeTronuHa (Ha 30 %, p < 0,05). Cxo-
KHe U3MeHeHus1 Habmonanuck u B rpymre [TAU-1 npu
14-cyTouHol ankoronau3anuy, u npu XAUW paznuyanoi
muTenbHOCTH. [loMumo sToro, mpu 28-CyTOuHOM
ITAU-1 monm3mnack koHIEHTpanus Taypuna (Ha 14 %,
p <0,05), HO BO3pOCIIO COJICPKAHUE LIMCTCUHCYIIb(DH-
HOBOM KHCIIOTHI B 2,6 pa3a (p < 0,05), 4To MOXKeT CBH-
JICTEJILCTBOBATH O CHUIKEHUU CKOPOCTH 00pa3oBaHUsI
taypuHa. Takxe B rpynmne [IAU-1 ¢ 28-1xHeBHOI anko-
roJi3anredl yMeHBIINIIOCh Co/lepyKaHue cepuHa (Ha
15 %, p < 0,05). KoppenauuoHHslii aHAIN3 MOKa3all
COXpaHEHHE MOJIOKUTEIILHON KOPPENAIMHY METHOHUH—
IJIMLIMH, HO HApYIIEHNE BCEX KOPPENAIIUOHHBIX B3au-
MOCBSI3€1 INCTAaTHOHMHA [0 OTHOLIEHUIO K KOHTPOJIIO.

Tabnuua 1 — ConeprkaHue cepoCcoiepkKalux U POJCTBEHHBIX UM COSIHHEHHUN B TKAHSIX CEPALA KPBIC IIPH Pa3ind-
HBIX opmax 14-cyTouHOH alKOTONbHOW HHTOKCHKAUH (HMONB/T) (Me (25 %; 75 %))

Table 1 — The content of sulfur-containing and related compounds in the tissues of the heart of rats with various forms
of 14-day alcohol intoxication (nmol/g) (Me (25 %; 75 %))

I'pynna
IMoxa3zarennb KonTpoas XAU IMAU-4 MMAU-1
(n=9) (n=7) (n=7) (n=7)
[ucrenHoBas kuc- 0,685 0,622 0,625 0,714
JI0Ta (0,403; 0,792) (0,477; 0,774 (0,581; 0,788) (0,704; 0,916)
ucrenn-cynbhu- 0,415 0,618 0,656 0,570
HOBAs KUCJIOTa (0,328; 0,665) (0,354, 0,629 (0,429; 0,786) (0,451; 0,969)
B-ananun 28,198 31,604* 34,357* 24,828#
(21,166; 30,759) (29,051; 35,196 (30,257; 42,360) (18,095; 26,673)
Taypun 13210,400 14145,500 14901,200* 12488,000
(12744,700; 13467,600)((12323,000; 15783,900|(13848,400; 15751,900)((12088,500; 14198,600)
MeTHOHUH 43,695 33,594* 37,487 31,905*
(40,442; 46,780) (29,577, 36,645 (33,332; 43,231) (30,393; 36,951)
IucraTnonnna 2,905 3,589 2,574 3,350
(2,606; 4,060) (2,726; 3,663 (1,975; 3,148) (2,169; 4,070)

Ilpumeuanue: 31€Cb U B Taﬁnnue 2 CTaTUCTHYECCKU 3HAYNMBIE Pa3In4Msl * — 10 OTHOLICHHIO K KOHTPOJIIO; # — 110 OTHOMICHHIO K XAN.
5

Note: here and in the table 2: statistical significance * — vs. control; # — vs. CAL
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Tabnuua 2 — ConeprkaHue CepoCOAEPIKALIUX U POACTBEHHBIX UM COCJIMHEHUH B TKaHIX CEep/Iia KPbIC TIPH Pa3IHYHbBIX
(dopmax 28-CyTOUHOI aNKOTOJIbHOM MHTOKCHKAIMH (HMONB/T) (Me (2 5%; 75 %))

Table 2 — The content of sulfur-containing and related compounds in the tissues of the heart of rats with various forms
of 28-day alcohol intoxication(nmol/g) (Me (25 %; 75 %))

I'pynna
IMoka3arennb KonTpoas XAHU MAN-4 nAU-1
(n=11) (n=10) (n=10) (n=10)
ucrenn-cynbdu- 3,08 2,16* 3,65 7,92*
HOBas KHCJIOTa (2,39; 5,07) (1,92;2,49) (3,50;5,006) (6,57;8,54)
Cepun 861,43 789,52 934,15 730,30
(698,62; 1186,22) (686,42; 1005,13) (778,53; 1096,72) (588,22;795,92)
Tnunua 1259,89 1216,12 1224,97 1074,83
(940,11; 1292,88) (1196,76; 1360,82) (1132,21; 1346,22) (1030,05; 1100,99)
B-ananun 55,47 64,17 71,77* 59,13
(51,84;61,48) (54,94,65,67) (67,16;79,88) (53,95;66,94)
Taypun 20114,40 25584,50 18141,65 16504,55*
(18672,90; 25188,30) | (20871,80; 27607,60) | (16225,50; 20138,30) | (15297,20; 17825,00)
MeTtHnoHUH 48,34 36,54* 45,75 33,81*
(42,67; 58,04) (35,22;37,79) (42,30;56,94) (31,15;38,28)
Iucratnonux 20,95 15,65* 17,33 23,15
(19,11; 27,50) (12,56;20,78) (15,70;20,13) (22,15;26,07)
I'myrarnon 1301,044 1439,600 1466,110 1270,565
(1211,88; 1355,46) (1430,38; 1470,09) (1375,16; 1517,66) (1235,61; 1336,97)

3akmoueHue

B pesynbrare npoBeaeHHBIX HCCIEAOBAaHUN ObLTH
MOJTY4EHBI CJICIYIOLINE BEIBOJIBI.

1. FI3MeHeHus B IyJle CEpOCOICPKALIUX COCUHE-
HuUM Mmuokapna npu XAW Oosiee BBIpak€HbI NpHU
28-CyTOYHOH aJIKOTOJIM3aLKH, YeM IIpH 14-cyTO4HOH,
XOTS M XapaKTEPU3YIOTCSl CXOKUM YMEHBIICHHEM CO-
JepKaHusl METHOHMHA.

2. YnorpeGnenue ankoroins B pexume [TAU-4
OPUBOJIUT K YBEIMYCHHIO COAEpKaHUsS [(-anaHuHA
B MHMOKAapje IpU Pa3InuyHON ATUTEIBHOCTH KCIIe-
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pHMMEHTa, HO OTJIMYAETCS TMOBBIIICHUEM COAEpKa-
HUS TaypuHa Npu 14-THEBHOM HpHUEMe aJKOTroJs
U TOyTaTHoHa Npu 28-IHEBHON aIKOTOJBHON HH-
TOKCHKAIUH.

3. 28-cyTouHOE YIIOTpeOICHHE DTAHOJIA B PEXKH-
Me [TAM-1 BrI3BaI0 H3MEHEHUE IITUPOKOTO CTIIEKTPa
MoKa3aresied U3 Imyja CepoCoAepKAINUX COeUHE-
HUW (ITUCTEUHCYIb(OUHOBAS KUCIOTA, CEPHH, Tay-
PYH, METHOHHH), B TO BpeMs Kak 14-cyTtounas ai-
KoroJjim3anus B JaHHOM PEXKUME IPUBCIIa TOJIBKO
K CHMKEHHUIO COJIep’KaHUsI METHOHHMHA.
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IMPACT OF DIFFERENT PERIODS OF ALCOHOLIZATION
ON A POOL OF SULFUR-CONTAINING COMPOUNDS
IN THE MYOCARDIUM OF RATS

A. K. Semenchuk, V. V. Lelevich
Grodno State Medical University, Grodno, Republic of Belarus

Introduction. Alcohol consumption leads to numerous morphological, biochemical and functional changes
in the myocardium.

Objective — study of the effect of chronic and intermittent alcohol intoxication of various durations on the
content of sulfur-containing amino acids and related compounds in the myocardium of rats.

Materials and methods. 70 white rats with a weight 180-220 g. The content of free amino acids and biogenic
amines was determined by HPLC.

Results. Decrease in the level of methionine in the myocardium of rats was caused by 14-day and 28-day
chronic alcohol intoxication. IAI-4 led to an increase in the content of B-alanine and taurine at 14 days of
alcoholization and B-alanine and glutathione at 28 days. With 14-day IAI-1 the concentration of methionine was
decreased and with 28-day PAI-1 the content of serine, taurine, methionine was decreased, but the content of
cysteine sulfinic acid increased.

Conclusions. ChAl and TAI during 28 days cause more pronounced changes in the pool of sulfur-containing
amino acids and their metabolites in the myocardium of rats in comparison with 14-day alcoholization.

Keywords: ethanol, intermittent alcohol intoxication, methionine, myocardium.

For citation: Semenchuk AK, Lelevich VV. Impact of different periods of alcoholization on a pool of
sulfur-containing compounds in the myocardium of rats. Biochemistry and Molecular Biology. 2023, vol. 2,
no. 1(2). pp. 26-30 (in Russian).
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B3AI/IM9I[EI71CTBI/IE I'EHOB NOTCH U TWEAK/Fn14 CUTHAJIBHBIX
IOYTEU ITPU DKCHEPUMEHTAJBHOM ®UBPOTI'EHE3E IEYEHU

E. 1. Jlebeoesa®, A. T. IlJacmnuiit', A. C. babenko’

YWupescoenue obpazosanus « Bumebckuil 20cy0apcmeeHmwlil OpoeHa
Jlpyorcovl Hapo0oe meduyuHcKull yrugepcumemy, 2. Bumeock, Pecnyonuxa bBerapyco,
2 Vupeocoenue obpasosanus «benopycckuii 20cyoapcmeenmbiil MEOUYUHCKULL YHUBEPCUMEm »,
2. Munck, Pecnybnuka Benapyco

Bgenenune. HakomeHnHble 3a MOCIEAHNE TO/BI 3HAHNS O B3aUMOJICHCTBHU CUTHAIBHBIX IyTel IPH HHUIN-
aluy ¥ pa3BUTHH (HHOPO3a MEYSHN HE TIO3BOJIIOT CeTIaTh KOHKPETHBIE BEIBOJBI O MX POJIM B aKTHBALIUH KHPO-
HaKaIUTMBAIONIHNX KIIETOK, B MOISIPU3ALUHA MaKpo(haros, B OTHOIIECHNH MIPOTOKOBOH peaklny, B KANMIUIIPU3AHN
CHHYCOM/IHBIX KaIMJUIIPOB 1 IPYTHX IIPOIIECCOB.

Lens ncciienoBanusi — MOUCK BO3MOKHOTO B3amMofeiicTBus Mexxy reHamu Notch u TWEAK/Fnl4 cur-
HAJIBHBIX IyTeH NPH SKCIIEPIMEHTAIBHOM (HOpOTreHe3e MeYeH! B IEBATH BPEMEHHBIX TOUKaX.

Marepuaiasl 1 MeToAbl. PrOpo3 nedenu y kpbic Wistar HHIyIIMPOBAIN pacTBOPOM THOALIETAMH/IA B TeUe-
nue 17 venens. OTHOCHTENBHBIN ypoBeHb dkcnpeccunt MPHK renos Notchl, Notch2, Twveak, Fnl4 onenuBanu
metonom [11[P-PB B neBsiTH BpeMeHHBIX TOUKax. [ mcTomoOrnyeckne nmpenaparsl HedeH! OKPaIINBaJIN TeéMaTOKCH-
JIMHOM M 303UHOM, MeTo/1oM Masutopu. BrisiBiieHre B3anMOCBsA3€H MEXy TeHaMH IPOBOJHIIH C HCTIOJIB30BAHH-
€M HelapaMeTpHIecKol paHroBoi koppersiiun CrimpMeHa.

Pe3ysbrarbl. B paMkax HaCTOSIIIETr0 MCCIIEI0BAHIS YCTAHOBIICHBI CIOKHBIE B3aUMOJCHCTBHS MEXKTy TeHa-
mu Notch 1 TWEAK/Fnl4 curranpHBIX myTeil. BBISIBIEHBI yMEepEHHBIC, CPEIHUE U CHITBHBIC TIPSIMBIC KOPPEIs-
nuoHHBIE cBs3U (p < 0,05).

3akmiouenne. Ha OCHOBaHNMHM TONyYEHHBIX PE3YJIbTaTOB MBI CUNTAeM, YTO CHTHaJbHbBIE IyTH Notch
u TWEAK/Fnl4 cBsi3aHbl MexXay co00i W BOBICKAIOTCS B MPOIECCH (UOpPOTeHe3a Ha BCEX €ro CTaAusAX IMpH
WCTIONIb30BAaHUN KOHKPETHON Mojieny. B3anmoneicTBys peann3yioTcst IPEeUMYIIECTBEHHO 3a CUET CBSI3H MEXIY
reHamu Notchl u Tweak. Teust Notch?2, Twweak, Fnl4 mpuHIMAIOT y9acTHe Ha CTaaAuU TpaHcopMmarmn pudposa
MIEYCHN B IINPPO3 U IIEPECTPONKH MapeHXUMbI oprana. [Ipu sToM Ha sTare muppo3a cBsI3b TCHOB 0CIa0eBaLT, 4TO
MOYKET TOBOPHTH O PeasIU3alnH ITaTOJI0TNIECKOTO MPOLEcca M0 N3MEHEHHON CXeMe C BOBJICUEHHEM JIOTIOTHNTEIb-

HBIX CUTHAJIbHBIX HyTCﬁ.

KuaroueBble cioBa: xpeicel Wistar, Tppo3 niedeHu, re’sl Tweak, Fnl4, Notchl, Notch?2, KoppensSIOHHBII

aHaJIn3.

Jas uurupoBanus. Jlebenena, E. 1. Bzaumogeiicteue reaoB Notch u TWEAK/Fnl4 curHanpHBIX myTei
Ipu SKCTIepUMeHTanbHOM (prudporenese meuenu / E. U. Jlebenera, A. T. llactasiid, A. C. badbenko // bruoxmmus
u MosekymsipHas Ounonorms. — 2023. — T. 2, Ne 1(2). — C. 31-36.

BBenenne

®ubpo3 meveHu — 3T0 BeChMa CIOKHBIN U JIMHA-
MUYHBIH IPOLIECC, COMPOBOXKIAIOIIUIICS aKTHBALUCH/
TpancaudGepeHIUPOBKON KUPOHAKATIIMBAIOIINX
KIETOK B MuoduOpoodmactudeckuit ¢penorun [1, 2],
nepernporpaMMUpOBaHHEeM/TIONIIpU3aei 3Be314a-
ThIX Makpodaros [3, 4], mpeBpalieHueM 3H0TEINO-
LIUTOB CUHYCOMJHBIX KalWIAPOB U3 CHHYCOUTHOIO
B COMaTH4eCKHil Tvll [5], nponudepauneii anuTenu-
aJIbHBIX KJICTOK BHYTPUIICUCHOYHBIX JKEITYHBIX IPOTO-
KOB U IIPOTOYKOB [6]. B mocneqnue necsaTuierus mno-
CTOSIHHO YBEJTMUMBAETCS YUCIIO COOOLICHUH O peryJs-
LMY 3TUX MATOJIOTNYECKUX MTPOLECCOB LEIBIM PAJIOM
CUTHaJIBHBIX IyTeld. CBeneHus 00 MX B3aUMOJICHCTBH-
X HEMHOTOUNCJIEHHBI. B CBA3M ¢ 3TUM BO3HHKaeT
HEOOXOMMOCTD B H3yYCHHH KOPPEISILIMOHHBIX B3au-
MOCBS3€H MEKy CUTHAJIbHBIMU Iy TSIMU 17151 HAaIlpaB-
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JEHHON (papMaKoIOrHuecKol KOPPEeKUUU (QyHKIUH
KJIETOK ipu pubpo3e neueHu [7].

W3BecTHO, uTO cUrHasbHbIN myTh Notch perynupyer
KJIETOUYHYO JTU(BHEPSHIIUPOBKY, MPpOsMQepaliuio, aro-
NTO3 U SBISAETCS NMOTEHLMAIBHOW TEpareBTUYECKON
mutiensio [8]. [Ipu SKCriepuMEHTaTbHOM MOPAKEHUN
MeYCHH YETHIPEXXJIOPUCTHIM YIJIEPOIOM HHIMOMPOBa-
HHe reHoB 1yTy Notch 3aMeyisieT akTUBALHIO JKUPOHA-
KaIUTUBAIOIIMX KJICTOK W pa3BuTHE (hUOpo3a B OpraHe.
[Ipsmas axTHBaIyMs 3TUX KIETOK — 3TO HE €AUHCTBEH-
HBI MeXaHU3M padoThl MyTH. [IpennonoxuTensHo,
CUTHaJIbHBIIN 1y Th Notch criocoOCTBYET MPEeBPaICHUIO
9HJIOTENTMOLUTOB CHHYCOUIHBIX KAITMJUIIPOB U3 CHHY-
COMJIHOTO B COMaTH4YECKUI TUI. DTO MPUBOIAMT K CHU-
YKEHUIO MU CEKPELIM MOHOOKCH/1a a30Ta U BbI3BIBAET
TpaHcaudHepeHITPOBKY KUPOHAKATUIMBAIOINX KIIe-
TOK B (pubporennsiii penorun [9, 10].



[pu 3a0oneBanmsIx neueHH akTuBalys Myt Notch
MOKET CTUMYJIUPOBATH EPENPOrPaMMUPOBAHHUE 3BE3/1-
4aThIXx MakpogaroB B M1 eHOTHIT 1 BBI3BIBATh BOCIIA-
nenue. [logapienue my T TPUBOIUT K TTONISIPU3AIAN UX
B M2 denotur, cHmkas Bocriaienue. OHaKo HCCIeno-
BaHWI B JAHHOM HaIpaBJICHUH HEMHOTO U CaM IPOIIECC
ocTaeTcs mpenMeToM auckyccuii [11, 12].

[IpakTiuecky Ha Bcex dTanax GuoOporeHesa moka-
3aHO B3aMMOJICHCTBHE TE€HOB CUTHAJIBHOTO ITYyTH
Notch ¢ remamu npyrux curHambHBIX TyTed [13].
Hamnbonee msydenubimMu sBiusioTcs Wnt/B-catenin,
TGFp, Hedgehog (Hh) u Hippo [14, 15, 16]. Beposr-
HO, B OyIyIeM JaHHbII epedyeHb OyJeT paciupeH.

K HacTosimiemy BpeMeHH B HAay4YHOH JIMTeparype
OTCYTCTBYIOT CBEJICHUS O B3aMMOCBs3H TeHoB Notch
n TWEAk/Fn14 curnansHbIX myTeit mpu pudpo3se me-
yeHu. Hamu Oblia BBIBUHYTA THUIIOTE32 O TOM, YTO
(ubporeHe3 IMevYeHu COMPOBOXKIACTCS B3aUMOJICH-
ctBueM reHoB Notch u TWEAk/Fn14 myTeii. [1oq Bo3-
JeicTBueM (PakTopoB, CHOCOOHBIX BBI3BATH MOPaXKe-
HUS TIEYCHU (YETHIPEXXIJIOPUCTHIN yTIIepO/I, TenaTdK-
TOMUS), OTMEYECHO TIOBBIIIEHNE YPOBHEH IKCITPECCHU
reHoB Fnl4 u Tweak nytu TWEAkK/Fnl4. TToka3ano,
9TO 3TOT MYTh PEryaupyeT IuppepeHInpoBKy Kie-
TOK-TIPEAIIECTBEHHUKOB, CIIOCOOCTBYET DPa3BUTHIO
OHKOJIOTUYECKHX W ayTOMMMYHHBIX 3a00JIeBaHHUIA,
y4acTBYeT B ITaTOTeHe3e BocmaieHus U (hudpo3a psija
opranoB [17, 18].

Llens HacTosIIEro HMCCIEIOBAHMS 3aKIIOYaach
B IIOMCKE BO3MOYKHOI'O B3auMoaeicTBHs reHoB Notch
u TWEAkK/Fnl4 curnanbHbIX myTed NpU dKCHEpH-
MEHTAJIBHOM (PUOpOTeHe3e MEYCHHU B JICBSTH BPEMEH-
HBIX TOYKaX.

Marepuasbl 1 METOIbI

B skcnepuMeHTe MCMOIB30BalM MOJIOBO3PEIBIX
KpbIc-camiioB Wistar. JKUBOTHBIX paHIOMH3UPOBAIIA
Ha 9 rpynm o 12 ocobeii B kaxkaon. dubporeHes me-
YCHU MH]Y[UPOBAIIN CBEKETIPUTOTOBICHHBIM PACTBO-
poM troaneramuzaa. st uzyuenus Gudposa B JUHA-
MUKE KPbIC BEIBOAWIIM U3 ONBITA Uepe3 3 Henenu (Tou-
ka ml), 5 Henens (Touka m2), 7 Hexenb (Touka m3),
9 menens (Touka m4), 11 Heaenb (Touka mS), 13 He-
ek (Touka mo6), 15 Henenb (Touka m7) u 17 Henens
(Touka m8), a UHTAKTHBIX (ToYKa M0) — IO OKOHYaHUHU
sKcriepuMenTa. J{nzaiin sxcepuMeHTa ObUT 0JJ00peH
Ha 3acegannu Komuccun mo OMO3THKE U TyMaHHOMY
oOpallieHuIo ¢ 1a00PATOPHBIMU )KUBOTHBIMHU IIPH Y-
pexneHnn oopazoBanus «Butedckuii rocyaapcTBeH-
HBEIN opaeHa J[py»xObl HAPOIOB MEIUIIMHCKUN YHH-
Bepcute™ (porokoit Ne 6 ot 03.01.2019) u nogpoGHO
omnucad B ctaTthe [19].

3abop marepuana, mpoOOMOArOTOBKA, MPOTOKO
BbIIeeHns cymMmapHoit PHK u3 nccnenyemsix oopas-
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uoB neuenu, cunte3 kJIHK na marpune cymmapnoi
PHK, mociemoBaTensHOCTH CHEIU(UISCKIX OJIATO-
HYKJIEOTHIHBIX TIPaiMepoB U (PIyopecleHTHO-Mede-
HBIX 30HJIOB, MPOBEJEHUE MOJUMEPA3ZHON UEMHOMN
peaknun B pexxume peansHoro Bpemenu (I1LIP-PB),
Hopmanusauus nanHelx IIIP-PB, onenka ypoBHs
MPHK npencrasnens! B ctatbsx [19, 20]. [IpuBogum
criucok uccienyembx renoB Notch 1 TWEAk/Fnl4
CUTHAJIBHBIN IIyTEH.

Notchl: Notch1 —penernrrop notch 1, notch receptor 1;

Notch2: Notch2 — penierrrop notch 2, notch receptor 2;

Tveak: Tnfsf12 — unen cynepcemeiictBa axropa
Hekposa onyxonu 12, TNF superfamily member 12;

Fnl4: Tnfrsfl2a — unen cynmepceMeicTBa peren-
TOpoB (pakTopa HeKpo3a omyxoneit 12A, TNF receptor
superfamily member 12A.

Mopdonorndeckoe rccieqoBaHue 0OpasIoB nede-
HU [IPOBOJIAIIN HA THCTOJIOTHYECKHX CPe3aX, OKpaIleH-
HBIX TEMaTOKCHITMHOM M D03WHOM, METOOM Masutopw.
Crenenb (hnOpo3a OMpenesiIi ¢ UCTIOE30BAHIEM TI0-
aykonundecTBeHHoH mikaibl [shak K.G. [19, 20].

Pesynbrarsl KOJMUYECTBEHHBIX U3MEPEHNI OLICHUBA-
JU C WCHIONb30BaHHWEM Mporpamm Statistica 10.0
(StatSoft Inc., CLLIA, STA999K347156-W), IBM SPSS
Statistics 23.0, Microsoft Office Excel (Microsoft
Corp., CIIIA).

B BbIOOpKaAX MO KakKIOH HEAEIH SKCICPUMEHTA
OTIPEJIENSIIN HOPMAJIBHOCTh YaCTOTHOIO pacipejie-
JeHus Mpu3HaKa no kpureputo Jlumnuedopca. Ilo-
JTydalyd ONUCcaTeIbHbIEe CTATUCTUKH WM OIHMCHIBAIN
KOJTMYECTBEHHBIE DKCTIEPUMEHTAIbHBIE JAHHBIE B BUJIC
CPEIHHX M UX COOTBETCTBYIOIIHUX JTOBEPUTEIHHBIX
untepBanoB (M (95 % JAU: j-q)), MmeauaHbl 1 3HaYe-
Hus 15-ro u 85-ro npouentuneit (Me (15 %; 85 %)).
OO0 ypoBHE CTaTUCTUYECKON 3HAYMMOCTH PA3IUIHMA
M3y4aeMbIX MPHU3HAKOB B TPYIIAX C HOPMAaJIbHBIM
YaCTOTHBIM paclpeeleHneM MaHHBIX CYIHJIU TI0
t-xputepuio CThIONEHTA; B CITydae OTIUYHS BEIOOPOK
OT HOPMaJIbHOTO YacTOTHOTO paclpenieseHUsl Uc-
nons3oBanu U-kpurepuil ManHna-YutHu. Beissie-
HHUE KOPPEIAIMOHHBIX B3aUMOCBSI3EH IMPOBOIMIN
C UCIIOJIb30BAHHWEM HEIMapaMeTPUYECKON paHTOBOU
koppensanuu CrimpMeHa.

Pe3yabraThl U HX 00CY3KAEHUS

Jiist Toro 94T00BI OAONTH K MOUCKY CBSI3U MEXKAY
regamu Notch 1 TWEAk/Fnl4 curnanpHBIX myTel
MBI TTOZIPOOHO U3yYali MIOBEACHIS yPOBHEH dKCIIpeC-
cuu MPHK renos Tiwweak, Fnl4, Notchl, Notch2 mero-
JoM II[P-PB B neBsATH BpeMEHHBIX TOUKaX. YPOBEHb
skcnpeccun MPHK reHos usyvanu B myne BapuaHTOB,
T. €. cymmapHyto MPHK kaxaoro u3 reHoB-mMuieHen
0e3 pasneneHHs Ha ajJbTepHATHBHBIE BapUaHTHI
crutaiicunra. [loxy4deHHbIe pe3yabTaTsl BEISIBUIIN OCO-



6ennoctu skcnpeccun MPHK renos. Jlannbie npen-
cTaBieHbl B crathsx [19, 20]. B HacTosmier pabore
MBI YYUTBHIBAJIN TOJIBKO CHIIBHYIO, CPEIHIOI U yMe-
PEHHYIO CBS3U MEX]ly TeHAMHU.

Koppenayuonnvie ceéazu mexcoy zenamu Notchl
u Notch2, Tweak u Fnl4 ¢ neuenu Kpvic KOHmMpPOb-
HOIl 2pynnbl. | UCTONOTHYECKUN aHAIIN3 TTIEUYEHH KPbIC
KOHTPOJILHOH TPYIITIBI COOTBETCTBOBAJI KPUTEPHUSIM HOP-
Mbl. Mexay renamu Notchl n Notch2 yctaHOBUIIN yMe-
pEHHBIE TIPSIMBbIC KOppesInuoHabIe cBs3u (= 0,41,
p <0,05). CornacHo nTuTepaTypHbIM JaHHBIM, B 310~
POBOI MTEYECHH KJIETKH OMITMAPHOTO AUTEINNS, TeTa-
TOIIUTHI U CHHYCOUANbHBIE YHA0TENNABHbIE KIIeT-
KH SKCIPECCUPYIOT BBICOKHE ypoBHHU Oenka notchl
u MPHK renoB Notchl, Notch2. benok notch2 mpo-
ABIISIET cN1a0yr0 KCIIPECCHIO BO BCEX BBILICYTIOMSIHY -
TBIX KJeTKaX. [[pHYuHBI HECOOTBETCTBHUS IKCIIPEC-
CHU T€HOB U PELIETITOPOB 10 CUX IOP HE YCTAaHOBIIE-
HH [8, 9, 11, 21].

Mexnay reHamu Tweak n Fnl4 B ycioBusx ¢pusno-
JIOTMYECKOH HOPMBI CBSI3b HE BbIsiBIeHA. CHIHAJIBHBIN
myTe TWEAK/Fn14 coctout u3 reHa Tweak, Komupyro-
1ero 6eI0K UTOKUH, U TeHa Fnl4, KomupyIoIIero co-
OTBETCTBYIOIIMIA PEIEnTop JUIs CBA3bIBaHUA ¢ tweak
[22, 23]. B mocnenanee BpeMst CTaI0 OYEBUIHBIM, YTO
tweak siBIsieTcss MHOrO()YHKIIMOHAITEHBIM ITUTOKHHOM.
TTo-npexxHeMy ocTaeTcs peIMeToM AUCKYCCHIL: BCE JI
TWEAK-onocpenoBaHHbI€ KJIETOYHBIE OTBETHI OCY-
IIECTBIISIOTCS TTyTEM CBA3bIBAHHS C OJIHUM U3BECTHBIM
B Hacrosiiee peuentopoM fnl4. Hemnb3st HCKITHOUUTS,
41O tweak MOXKeT BO3/IeHCTBOBATh Ha KIIETKU Yepe3 APY-
THe, TOKa He WICHTU(UIINPOBAHHBIE MOJIEKYITBI KIIETOU-
HOW MOBEPXHOCTHU. B neueHun curHaibHble
u QyHKIMoHaBEHBIE 0TBETHI Tyt TWEAk/
Fnl4 B 0CHOBHOM HCCIIEIOBATUCH MPU pe-
reHepanuu. YpoBeHb dkcnpeccun MPHK
Fnl4 OpicTpo MOBBIIIAJICS TIOCTE TOBPEXK-
JCHUS TIEYCHH U MPEUMYIIECTBEHHO OBbLI

mero ¢puopo3a nmeueHu (5 u 7 HeAeNlb dSKCIIEPUMEHTA,
crernensb pudposa F2/F3 u F3/F4, r = 0,68 u r = 0,58
mipu p < 0,05 COOTBETCTBEHHO).

Koppenayuonnsie ceaszu mesxcoy cenamu Notchl
u Tweak, Notchl u Fnl4, Notch2 u Tweak, Notch2
u Fnl4 ¢ ycnosusx mooenuposanus ghuoposa u yup-
po3a neuenu. B MHTaKTHOW MEYEHU M MPAKTHYECKH
Ha BCEX dTarax dKCIIepUMEHTa MeK Ty TeHamu Notch ]
n Tweak, 3a UCKITIOYEHNEM CTaJNN TIEPECTPONKH Ta-
PEHXUMBI TI€YCHH, YCTAHOBIICHBI CUIIbHBIE, CPEAHNE
¥ yMEpEeHHbIE TPSAMbIE KOPPEIAINOHHbIE CBs3U (Ta-
6muma 1). C renom Fnl4 ren Notchl B3auMoiencTBy-
€T TOJIBKO Ha JIBYX CTAIUsIX MPOTPECCUPYIONIETO (-
Opo3a (cMm. Tabmuy 1).

B ycnoBusix ¢puznonornaeckoil HOpMbl MEXIY Te-
Hamu Notch2 w Fnl4 ycraHoBieHa cpenHss npsaMas
KOppemsuonHas cBsa3b (Tadbnuma 2). Ilpu sxcrepu-
MEHTaJbHOM (ubOporene3e mnedeHu TeHol Notch?2
u Tweak, Notch2 v Fnl4 nposSiBISIIOT CBSI3U TIPAaKTHYE-
CKH B OJJHHX U T€X K€ BPEMEHHBIX TOUKax (CM. TabIH-
1y 2). Kak BuHO 13 TaOIUIIBE 2 OHU TPHHUMAIOT yUa-
cTHE B mporieccax Tpancopmaruu hpudposa meucHu
B mppo3 (9 u 11 Hexenpb IKCIEPUMEHTA) U HOAYISAP-
HOW TepecTpoiKu mapeHxuMbl oprana (15 u 17 ne-
JIeJTh DKCTICPUMEHTA).

Oco0oro BHUMaHUS 3aCIyKUBaeT QakT TOTO, 4TO
B IT€YEHHU KPBIC KOHTPOIBHOH Tpymbl reH Notchl B3a-
nMonenctByet ¢ Tweak, a rer Notch2 — ¢ Fnl4 u, Be-
POSATHO, PETYIUPYIOT Pa3TUIHBIE MTPOIECCHI.

[Ipu pubporenese neweHn MHIYITMPOBAHHBIM THO-
aneramuioM reusl Notch 1 TWEAK/Fnl4 curaaiabHBIX
ITyTel B3aMMOJICHCTBYIOT BeCcbMa ClIokHO. 1o Hamemy

Tabnuua 1 — KoadduipenTs! panroBoit koppemnsiunu CrimpmeHa
mesxay yposasimu skcnipeccun MPHK renoB Notchl, Tweak, Fnl4

Table 1 — Spearman’s rank correlation coefficients between the
level of mRNA expression of the Notchl, Tweak, Fnl4 genes

CBsA34aH C KJICTKaMU — IMPEAIICCTBEHHUKaAMA

Koaddunments! koppersinum, 3Ha4nMble Ha ypoBHE p < 0,05

HanmenoBaHne rpynnsl/Heaenu SKCIepuMeHTa

Oprata, TOI/a Kax ypOBeHL SKCHPeCCH pmsax oo 13T 005 [ m3/7 | m4/9 | ms/11 [m6/13]m7/15[m8/17
MPHK Tweak B ocHOBHOM oOHapy»XuBacs Notehl

B 3BE3/YAThIX Makpodarax ¥ MEYEHOUHBIX 7> " 1079 ] 040 1 0.71 1 0.62 1 046 | — — T — Toe69
HaTypaJbHBIX KWIUIEPHBIX KieTkax [22, 24].  [5, 74 _ ~ lo42l068] — _ _ _ _

Koppenauuonnvie ceasu mexncoy 2ena-
mu Notchl u Notch2, Tweak u Fnl4 e ycno-
euAx mooenuposanusn Guopoza u yupposa
neuenu. Mexny renamu Notchl n Notch?2
YMEpPEHHBIE NPSIMbIE KOPPEIISILIMOHHBIC CBSI-
3M BBISIBIICHBI TOJBKO HAa HAYaJIbHOM DTare

Tabmuia 2 — Koaddurmentsr panroBoii koppermsiiun CriimpMeHa
Mexy ypoBasaMu skcripeccuu MPHK renoB Notch2, Tweak, Fnl4

Table 2 — Spearman’s rank correlation coefficients between the
level of mRNA expression of the Notch2, Tweak, Fnl4 genes

nporecca Tpancdopmars pudpo3a neyeHn
B 1uppo3 (9 menens, » = 0,48, p < 0,05, cre-

KoadpdunmenTs kKoppensnuy, 3HauuMble Ha ypoBHE p < 0,05

HaumeHnoBanue prl’[l’[bl/He)leJ'lH OKCIIEPUMEHTA

nens hubposa F4/F5). MpHsHak =670 Tmi/3 [ m2/5 | m3/7 | md/9 [m5/11 | m6/13 | m7/15 [me/17
[Tpu aTom mexny reHamu Tweak v Fnl4 Notch2

CpEeIHHE TPSIMBIC KOPPEIAIUOHHEIE CBI3U | Tweak - - - - 10,38 | 0,36 - - 10,48

OTMEUEHBI Ha IBYX CTaAUsX porpeccupyto- |[Fni4 | 0,55 — - - 1038]0,55] — 10,67 0,61
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MHEHHI0, 3TO MOXKET OBITh CBSI3aHO C TEM, UTO ITyTH CBSI-
3aHbI C IPYTHMMH CUTHAJIBHBIMU Ty TSIMH, 00pa3ys repe-
KPECTHBIE CETU. DTH IIyTH MOT'YT YCHUJIUBATh UIIU OCJIa-
OJ1Th A3PQPEKTHI IPYT APyra yepe3 CIOKHBIC CUIHAIb-
HBIC B3aMMOJICHCTBUS, KOTOpBIE TpeOyroT Oomee
[1yOOKOro MccieoBaHus U noHuManus. OTCyTCTBHE
CBSI3CH MEXKy TeHaMH CBUICTEIILCTBYET O TOM, YTO OHU
3aJICHCTBOBAHBI U B JIPYTHX MPOIIECCaX, K HACTOSILEMY
BpPEMEHHM JI0 KOHIIA HE M3ydeHHbIX. Ha ncuesHoBeHue
1 BOCCTAHOBJICHUE CBS3EH OKa3bIBAIOT BIMSHUE CMEHA
CUTHAJIOB MUKPOOKPYKEHHUSI U PsiJT IPYTHX (PakTopoB.

3akimoyeHue
Ha ocHOBaHMM MOJYyYEHHBIX NAHHBIX CUHTAEM,
gyro curHanbHble myTH Notch u TWEAk/Fnl4 cBs-
3aHbBI U BOBJIEKAIOTCS B Ipoliecchl pudporeHesa Ha

baaromapuocTn

Pabota BbIMONHEHA B pamMKax TOCYIapCTBEHHOU TPO-
IrpaMMbl Hay4HBIX HcclefnoBaHuil «DyHIaMEHTaIbHBIC
U TIPHUKJIQAHBIC HAYKW — MEAULIHEe» MUHHCTEpCTBA 3pa-
BooxpaneHus Pecybnuku benapycs, 3aganne 2.89 «M3y-
quTh poiib dKcTpeccuu TeHoB NOTCH u TWEAK curnasb-
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INTERACTION OF NOTCH AND TWEAK/FN14 SIGNALING
PATHWAYS IN EXPERIMENTAL LIVER FIBROGENESIS

E. I. Lebedeval, A. T. Shchastny*, A. S. Babenka’

Witebsk State Order of Peoples’ Friendship Medical University, Vitebsk, Republic of Belarus;
’Belarussian State Medical University, Minsk, Republic of Belarus

Introduction. The knowledge gained about the interaction of signaling pathways during the initiation and
development of liver fibrosis does not allow to draw specific conclusions about their role in the activation of fat-
accumulating cells, polarization of macrophages, relation to the ductal reaction, capillarization of sinusoidal
capillaries and other processes.

Objective — to look for a possible interaction between Notch and TWEAK/Fnl4 signaling pathways in
experimental liver fibrogenesis at nine time points.

Materials and methods. Liver fibrosis in Wistar rats was induced with thioacetamide solution for 17 weeks.
The relative level of mRNA expression of the Notchl, Notch2, Tweak and Fnl4 genes was assessed by RT-PCR
at nine time points. Histological preparations of the liver were stained with hematoxylin and eosin using the
Mallory method. The identification of relationships between genes was performed using Spearman’s nonparametric
rank correlation.

Results. We have identified complex interactions between Notch and TWEAK/Fn14 signaling pathways.
Moderate, medium and strong direct correlations between some genes were revealed (p < 0.05).

Conclusions. We believe that the Notch and TWEAK/Fn14 signaling pathways are interconnected and are
involved in the processes of fibrogenesis at all its stages when using a specific model. Interactions are realized
mainly due to the connection between the Notchl and Tweak genes. Notch2, Twveak, Fnl4 genes are involved in
the stage of transformation of liver fibrosis into cirrhosis and reorganization of the organ parenchyma. At the same
time, at the stage of cirrhosis, the connection of genes weakens, which may indicate the implementation of the
pathological process according to an altered scheme with the involvement of additional signaling pathways.

Keywords: Wistar rats, liver cirrhosis, Tweak, Fni4, Notchl, Notch2 genes, correlation analysis.

For citation: Lebedeva EI, Shchastny AT, Babenka AS. Interaction of notch and tweak/fn14 signaling
pathways in experimental liver fibrogenesis. Biochemistry and Molecular Biology. 2023, vol. 2, no. 1(2). pp. 31—
36 (in Russian).
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BUOTEXHOJIOI'NYECKOE IMOJIYYEHUE METABOJIUTOB
AHABOINMYECKHUX CTEPONJO0OB C UCITOJIB3OBAHUEM
PEKOMBUHAHTHOM CTEPOU-11B-TUAPOKCUJIA3BI
YEJIOBEKA JJIA JOIIUHI'-KOHTPOJIA

10. C. Bakakuna, /1. B. babapuxo®, A. B. Ceupud?®, T. B. Illxenv?,
A. M. Tymunosuw?, B. 3. Caxoeuy*

YWupesrcoenue s0pasooxpanenus « Hayuonanvhas anmudonuneosas 1abopamopusiy,
a.e. Jlecnoti, Pecnybnuka benapyco,
’Tocyoapcmeennoe nayunoe yupesxcoenue « Mnemumym 6uoopeanuyeckot Xumuu
Hayuonanvnoti akademuu nayx benapycuy, Munck, Pecnyonuxa benapyce

Bgenenue. B obacti aHTHIONTMHIOBOTO aHaM3a 0c000€ BHUMAHHE YEIIeTCsl Kiaccy aHaOOIMIeCKUX aH-
JporeHHbIX creponsioB (AAC), oTHOcsuXcs K rpymiie S1 3anperieHHoro crnmcka BemecTs BcemupHoro anTnio-
nmHroBoro areHrcTsa (BAJIA). B HacTosiIiee BpeMsi OTKPBITBIM OCTAaeTCsl BOIPOC CHHTE3a BICOKOKaueCTBEHHBIX
CTaH/IapTOB pa3M4YHbIX MeTab0nmnuToB AAC I HOATBEP KIACHHS TTOJIOKUTEIIBHBIX PE3YIBTATOB TECTHPOBAHMSI.

Lean nccienoBanusi — OMOTEXHOIOIMYECKOE TIOJTyYeHHE METa0oIMTOB cUHTeTHYeCKnX AAC ¢ HCIOMB30-
BaHHWEM PEKOMOMHAHTHOM (PepMEHTATHBHON CHCTEMBI CTepOHI-1 1 B-riIpoKcnIasbl YenoBeka.

Marepuanasl n Metoabl. [ uccienoBanus Meradonmmszma AAC in vitro ucnonb30Baiy (epMEHTATHBHYIO

CHCTEMY, BKJIIOYAIOUIYI0 PEeKOMOWHAaHTHBIE cTepou-11B-rugpokcuiasy denoBeka, aJpeHOJOKCHHPEIYKTa3y
u ajgpeHookcuH. OOpa3zoBaHue METa0OIMTOB ONPEIEIISIA METOIOM BBICOKOA(()EKTHBHOMN JKUIKOCTHOM Xpoma-
Torpaduu ¢ Macc-CeKTPOMETPUUECKUM JICTEKTHPOBAHUEM.

Pe3yabrarsl. bouto okazaHo Hai4Ke pa3Hoi cTerneHn onorpancopmannu cuarernyecknx AAC (Meran-
JIMEHOH, OpaJITypHHa00I1, OKCHMETOJIOH, OKCAHJIPOJIOH) C yJacTHeM (pepMEeHTAaTHBHOW cucTeMbl crepon-113-ru-
Jpokcuia3bl. B pesynbrare peakiuy HaOI0qanoch MajeHue coepkanus opantypunadona Ha 90 %, meranue-
HOHa — Ha 30 % oTHOCcUTEnbHO KonndyecTsa AAC, B3ATOro AJs IPOBEACHUS peakuuu. /11 OKCUMETOIOHA U OK-
CaHJPOJIOHA He ObUIO T0Ka3aHo najeHue conepxkanns AAC.

3akuiouenne. B pesynbrare BeInonHeHns: paboTh! TosrydeHs! 11 B-ruapoKCHIpon3BoHbIE 3HAUUMBIX B JI0-
nuHr-koHTpoie AAC — opantypunaboia u MeTaHaueHoHa. JlanpHelnias padora 1o GHOTEXHOJIOTHYECKOMY I10-
JY4EHHIO ONTOXHUBYIIMX MeTabonmnToB AAC ¢ yuactueM (hepMeHTOB ceMelicTBa nutoxpomos P450 npencras-

JISIET 0COOBII HUHTEpEC I JOIMUHI-KOHTPOJIA.

KaioueBblie ciioBa: pekoMOMHaHTHas cTepou-11B-runpokcnnasa yesoBeka, CHHTETHYECKUE aHadomye-
CKHE aHJIPOTCHHBIC CTEPOU/IbI, META0OIHTHI, JKHIKOCTHASI XPOMATO-MaCC-CIIEKTPOMETPHSL.

J1s1 unTupoBanusi. bruorexHoiornyeckoe moiy4eHre MeTaboinuToB aHaA0OINYECKUX CTEPOU/IOB C HCIIONb-
30BaHNEM PEKOMOMHAHTHOM crepou-11B-runpokcnnaspl yenoseka st gonuHr-kouTpois / 10. C. bakakuna
[u np.] // Buoxumus u MmonekynsipHast ononorust. — 2023. — T. 2, Ne 1(2). — C. 37-43.

Brenenue

B HacTosiee Bpemsi HEOThEMJIEMOM 4aCThIO IPO-
(ecCHOHANBHOTO CIIOpTa SIBISIETCS PETYJSPHOE Te-
CTHPOBAHNE CIOPTCMEHOB Ha IMPEIMET YIIOTpeOIeHns
JIOTIMHTA. AHTHUIOIUHTOBBIE MEPHI B TOM BHUJIE, B Ka-
KOM MBI UX 3HA€M CETOJHs, ObUIM BBEJIEHBI B HadaJe
1960-x TOIOB ¥ ¢ TEX MOP MOIBEPTAIHUCH ITOCTOSHHO-
My TIepecMOTpy U coBepieHcTBoBaHuIO [1]. B obma-
CTH aHTUIOTIMHTOBOTO KOHTPOJISI IOITOCPOYHOE OOHA-
pyKEHHE 3allpelleHHbIX BEIIECTB, OINpPEaeTeHHBIX
BcemupHBIM aHTHIONMHTOBEIM areHTcTBOM (BAJIA)
[2], sBnseTcs ogHUM M3 HanbOJIee OCTPHIX BOIIPOCOB.
OCHOBHBIM THIIOM HCIIOJIB3yEMOI B MCCIIETOBAHHIX
MaTpHIIBI SBJISETCS MOYa B CBS3HM C HEUHBA3UBHOCTHIO
u OpIcTpoTOI 0TOOpa Mpol. IIpu mpueme MHOTHX 110-
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MMMHTOBBIX BEUIECTB B MOUY CEKPETHPYETCS HE camo
WCXOJTHOE COETUHEHHE, a OJMH WIH HECKOIBKO ero
MeTabOoJIUTOB.

Oco0oe BHUMaHHE TIPU JTOTIUHT-KOHTPOJIE yems-
eTcs Kijaccy aHaOOMMYEeCKNX aHAPOTEHHBIX CTEPOU-
noB (AAC), otHOCsmuXCs K rpyme S1 3anpenienHo-
ro cnucka Bemects BAJIA, NOCKOJIBKY OH IPECTaB-
JseT coO00i HamboJee YacToO BBISIBIIIEMOE CEMEHCTBO
3aMpenieHHbIX MpernapaToB B MPOQeCcCHOHATHHOM
criopte [3, 4].

B mHacTosimee BpeMs akTyaJdbHBIM OCTAaeTCS BO-
MPOC CHHTE3a BBICOKOKAYECTBEHHBIX CTAHAAPTOB
pa3maHBIX MeTa0b0auTOB AAC IS IOATBEP K ACHUS
MTOJTYYeHHBIX TTOJIOKUTEIBHBIX PE3yIbTaTOB TECTH-
poBaHwUs.



B oTnrume ot Apyrux KiIaccoB MpenaparoB, TAKUX
KaK CTHUMYISTOPBI, KOTOPbIE OOBIYHO OKa3bIBAIOT
KpaTKkoCpouHbIi d(GEKT B CBSI3H C OBICTPHIM Paspy-
[ICHUEM U BBIBEJICHUEM U3 opranu3ma, 3¢pdexrsr AAC
MOT'YT OBITh IPO/IOJDKUTEIBHBIMU M COXPAHSITHCS B Te-
YCHHE JUTMUTEIBHOTO TMEpHOoJa MOcie MpeKpaiieHus
MCTIONB30BaHus cTeponioB. Takum obOpazom, AAC
HaXOJSATCS MO/ TOJIHBIM 3aIPETOM TPUMEHEHHS Kak
B COpPEBHOBATENbHBIN, TAK 1 BO BHECOPEBHOBATEIb-
HBII Iepuosl [2].

VY 4enoBeka OONBIIMHCTBO CTaAWK OMOCHHTE3a
CTEpOUIOB KaTAJIM3UPYIOTCS MOHOOKCHUTEHA3aMH M3
cemeiictBa nutoxpomos P450 (CYP), koTopsie BoBIe-
YEHBI B CHHTE3 TIIFOKOKOPTHKOHUJIOB, MUHEPAJIOKOPTH-
KOHMJIOB U ITOJIOBBIX TOPMOHOB, @ TAKKE B META0O0IU3M
KCEHOOMOTHKOB, BKJTFOYAsl JIEKAPCTBEHHBIE MPETapaThl
[5]. ®epMEHTHI JAHHOTO CEMEUCTBA CUYUTAIOTCS HAM-
Oosiee yHHMBEpCAIbHBIMU OHMOKATAIU3aTOPAMHU, CIIO-
cOOHBIMU (PYHKIIMOHMPOBATh B MSITKUX PEAKIIMOHHBIX
YCIIOBUSIX PETHO- H CTEPEOCETICKTUBHBIM 00pa3oM, 4To
MO3BOJISIET MPOBOAUTH CIIOKHBIE PEAKIIMU, KOTOPHIC
TPYAHO OCYIIECTBUTH XUMHUECKUM ITyTeM [6].

I'uapokcuupoBaHue sIBISIETCSl OTHOW M3 KITIoue-
BbIX peakiuit (¢asel I ouorpanchopmanuu AAC in
Vivo, TIOCKOJIBKY TPUBOJUT K 0Opa3oBaHUIO THIPO-
(GWIBHBIX METaOOIUTOB M3 ANOJSPHBIX CTEPOUIIOB,
KOTOpBIE OBICTpEE BBIBOASATCS M3 OpraHu3Ma ¢ MOYOii
[7]. ®epmenTHBIC cuCTEMBI ITuTOXpoma P450 xaranu-
3UPYIOT THAPOKCHIIMPOBAHHE B PA3JIMYHBIX MOJIOXKE-
HUSAX CTEPOUIHOTO KoJbIa [8].

B nuteparype UMEIOTCs JJaHHBIC 110 TIOJYYEHHIO
ruipokcunpou3BoHbIX AAC ¢ HCIOIB30BAaHUEM pe-
KOMOMHAHTHBIX ()EPMEHTOB UEJIOBEKA CEMEHCTBA 1H-
ToxpoMOB P450 kak B BBHICOKOOUHUIIICHHOM BHJE, TaK
1 B BUJIE OCIIKOB, SKCIIPECCUPYEMBIX B KJIETKaX MUKPO-
oprann3moB. Tak, Hanpumep, Zollner ¢ coaBropamu
ObLTa OUMIICHA W OXapaKTepu3oBaHa crepoun-11p-ru-
JIPOKCHIIA3a YeJIoBeKa, SKCIIPECCUPOBAHHAS B KIIETKAX
Escherichia (E.) coli, n mokazana ciocoOHOCTh (hepMeH-
Ta TUJIPOKCUIIMPOBATh cyocTparsl — 11-1€30KCHKOpTH-
KoctepoH u 11-1e30kcukopruson B 11[3-monoxennu [9].
Schiffer ¢ coaBropamu co3nanu OuoKaTaIu3arop Ha oc-
HOBE KJIETOK E. coli, KCTIPEeCCUPYIOINX PEKOMOWHAHT-
HYIO ()epMEHTATUBHYIO crcTeMy crepor-11B-ruapok-
cuJiasbl, U HapaOOTKU KopTH3oia u3 11-1e30kcuKop-
tu3ona [10]. B pabore Parr ¢ coaBropamu moxazaim
BO3MOKHOCTB MosTydeHus 1 1B-ruapokcumeranimeHoHa
C HCIIOJIb30BaHHEM OYHIICHHOTO (hepMeHTa CTepo-
u-11B-ruapoKcrassl YeaoBeKa, SKCIPECCHPOBAHHOTO
B KIIeTKaxX Schizosaccharomyces pombe [11].

Hamu npeanoken Bapuant ouoxonsepcun AAC,
BKJTFOYAIOINH MTOTyueHEe PeKOMOMHAHTHBIX (hepMeH-
TOB YEJIOBEKAa B BHICOKOOUYHMILIEHHOM BHe. HecMmoTpst
Ha TO YTO CYIIECTBYIOIINE aHAJIOTUYHBIE TIOIXO/IBI OITY-
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OJIMKOBAaHBI U UCIIONB3YIOTCS Ul MOAN(DHUKALMN Ps/a
CTEPOUIOB, OHHU HE NPUMEHSUINCH KOMIUIEKCHO Ha OC-
HOBE I10CJIEIOBATENBHO MTPOBOANMBIX PEAKLU C yya-
CTHEM PEKOMOMHAHTHBIX (DEPMEHTOB YeI0BEKa CeMeki-
cTBa IUTOXpoMOB P450 115t mosryueHus crekTpa MeTa-
oomuroB | azer OHOTpaHCHOpPMALINY CHHTETHYECKUX
AAC. B Hacrosmieii paboTe Tipe/icTaBIeHb] JaHHBIE TI0
noyuenuto 11p-runpokcunponsBonabix AAC.

Crepownn-11B-ruapokcuiaza, OTHOCSIIAACS K Ce-
MeHCcTBY uTOXpoMoB P450, urpaer BakHyrO poiib
B ¢ase I merabonmszma AAC [12]. Jauusiii hepmeHT
y4acTBYeT B OMOCHHTE3€ CTEPOUIHBIX TOPMOHOB H Ka-
TaNM3UpyeT aBe peakuuu: 11B-ruapoxcunrpoBaHue
11-ae30kcuKopTukocTepoHa u 11-1e30KkCUKOpTH30Ia
¢ oOpa3oBaHHEM KOPTHKOCTEpOHa (IpeKypcopa ajib-
JIOCTEPOHA) U TIIFOKOKOPTUKOW A KOPTH30JIa COOTBET-
cTBeHHo [13].

Crenyer oTMETHTSH, uTO | 1B-rHIpoKcCHIMpOBaHHE
CTEPOUIHON MOJIEKYJIbI SIBISIETCs Hanbosiee 1oporo-
CTOSIIIIUM 3TArloM MHOTOCTAIMIHOTO CHHTE3a IJIFOKO-
KOPTHKOMJOB C Y4acTHEM MHUKPOOPIaHU3MOB M CO-
MNPsDKEHO ¢ 00pa3oBaHUEM MOOOYHBIX MPOIYKTOB —
11a-, 14a- n 6B-runpokcunpon3BoaHbIxX [ 14]. B csizu
¢ 3TUM npobrnema HanpasiieHHOTo |1B-ruxpokcunu-
pOBaHUS OTHOCUTCS K YMCIly OJHOW M3 BaXKHEHIIMX
B XUMHHU CTEPOUJIOB.

Lens nccnenoBanus — OMOTEXHOIOTHUECKOE MO~
YyeHne MeTabonuToB cuHTeTnueckux AAC ¢ ucmons-
30BaHMEM PeKOMOMHAHTHOH (PepMEHTATUBHOW CUCTe-
MBI CTepou -1 1 B-ruapoKkcuassl YeioBeKa.

Marepuanbl 1 METODI

OOBEeKTOM HCCIEeOBaHUS SBISUIOCH MOJMYyUYCHHE
11B-rugpokcunpou3BoHbIX cuHTeTHYeckux AAC
C MCHOJIb30BaHUEM PEKOMOMHAHTHOH (hepMeHTaTHB-
HOM cucTeMsl creponi-11B-ruapokcnnaspl yeaoBeKa.

IHonyuenue cmepouo-11p-cudpokcunasni, aopeno-
Odoxcunpedykmaszwt (AdR) u adpenoookcuna (Adx) ue-
J106eKa. BpicoKooumnILeHHBIE Mpenaparsl (pepMeHTOB
(uuctora >95 % no naHHBIM AMeKkTpodopesa B AeHATY-
pUpYOIMX yCcIOBHAX B 12%-M MoImakpuiIaMUIHOM
resie) — peKOMOMHAHTHBIE cTepoui-11B-ruapokcunasa,
anpeHonokcuapenykrasa (AdR) u anpenogokcnH (Adx)
YeNoBeKa OBLTH MOTy4eHbI coracHo [15, 16].

IHlonyuenue memaodonumose AAC. Peakumonnas
cMech s onydeHus MmertadbonmutoB AAC BkITrodana
(bepMEHTATUBHBIN KOMIIJIEKC, COCTOSLIMNA U3 CTEPO-
ui-11B-ruapokcuiiasel, ajapeHOIOKCUHPEAYKTA3hI
(AdR) m ampenomokcwHa (AdX) B COOTHONICHHUH
1:4:0,6, 50 MM kanwuii-pocdarusiii 6ydep (pH 7,4),
30 MM MgCl,, 0,1 MM sTHICHANAMUHTETPAYKCYC-
nyto kucinory (3ATA), 0,1 MM Ttpuc-(2-kapOokcu-
atn)-pocur ruapoxiopun, 0,1 % Tween P20, 3 MM
BoccTaHoBJIeHHbIH rryTaTioH u 100 MkM AAC B ko-



HeuHoM o0beMe 250 mki1. PeakiimonHast cMech Takke
conepxkana HAJIDOH-perenepupyomiyo cucTemy,
cocrosimryto u3 1,3 En/mit u3onutpatieruaporeHaspl
u 15 MM unzonurpara Harpus. Peaknuto 3amyckann
BHecennem 10 MM HA JI®H u nHKYOMpOBau B TeUe-
Hue 60 muu npu +37 °C. B xauecTBe KOHTPOIS HC-
MOJIB30BaII 00pasibl, He copeprkarire HAJ[DH. Pe-
aKIMI0 OCTaHaBIWBajM BHeceHueM 50 % aneronu-
Tpuia. OKCIEPUMEHTHl NPOBOAMIN B 3-KpaTHOU
HMOBTOPHOCTH JJIsl KaX10T0 o0pasua.

OO0pazoBaHue MPOAYKTOB PEAKIUH OMpPEIeIIsiIn
C TIOMOILBIO BBICOKO3()(HEKTUBHOM KHUIKOCTHOH XPO-
matorpadpuu (BOXKX) B coueTtaHuu ¢ TaHASMHOU
macc-criekrpomerpueit (MC/MC). Paznenenue mpo-
BOIWIN Ha oOpameHnHo-(pa3Hoil komouke Hypersil
Gold C18 (150%2,1 MM, pa3Mep 4acTull — 5 MKM,
Thermo Scientific, CIILIA) ¢ ncmonb30BaHAEM CBEPX-
BBICOKO3(D(PEKTHBHOIO KHMJIKOCTHOTO XpoMmarorpada
Dionex Ultimate 3000 (Thermo Scientific, CILIA).
Hns paznenennst merabonmutoB AAC MCTIOIB30BaN
METOJ ¢ 25-MUHYTHBIM I'pagueHToM OT 5 % 110 95 %
arerorntpuna (¢ 0,1%-1 MypaBEHHON KHCIOTOMN)
B BOjie TIpu ckopocTH notoka 0,25 mi/muH. B kaue-
cTBe 6azoBoro pacteopa ucnonas3osaiu 0,1%-10 my-
PaBBUHYIO KHCIIOTY B BojJie. Macc-crieKTpoMeTpuye-
CKYIO JIETEKLHUIO MPOBOAMIN HA MacC-CIIEKTPOMETPE
BBIcOKOTO pazpemenus Q Exactive Plus (Thermo
Scientific, CILIA). B kauecTBe BHyTpEHHETO CTaHAap-
Ta MCII0Ib30BAIN METUITECTOCTEPOH. JlaHHbIe 00pa-
OarbIBas ¢ momorbko nporpammel XCalibur (Thermo
Scientific, CLLA).

Pe3yibraThl M MX 00CY3KIEHHE

Ha nepBoMm sTare BBITIOTHEHUs PabOTHI C ENBO
WCCIIeIOBaHUsI BOBMOKHOCTH TMOJTYYEHUS! THAPOKCH-
MPOU3BOJHBIX psifa cuHTeTHueckux AAC ¢ UCTIOMb-
30BaHUEM cTepou-11B-ruapokcunasel ObLIa OCY-
HIECTBJICHA MIOCTAHOBKA IaHHOH peakyy B OTHOILIE-
Huu SHA0reHHOTO AAC — 11-/1€30KCUKOPTUKOCTEPOHA.
B pabGore ans uccnenoBanusi GuotpanchopManiu
AAC in vitro UCTIONB30BaJIH OYUILECHHYIO PEKOMOU-
HaHTHYIO cTepou-11B-ruapokcumnazy yemoBeka.

Janublii pepMeHT KaTanusupyet peakuuto 11p3-ru-
JPOKCUIIMPOBAHUS SHAOTEHHBIX cTepouaoB. [l ero
paboThl TpeOyrTCst OCMKU-AaPTHEPhI OKUCIUTEb-
HO-BOCCTaHOBUTEILHOTO MTOTEHITHAIIA JIJISl TOTYYEeHHUS
anexktpoHoB oT HAJI®H — aapeHonokcuHpeaykTasa
(AdR) u agpenomokcun (Adx). B pabore Obutm mc-
MOJTb30BaHbl PEKOMOWHAHTHBIE TMPerapaTsl JTaHHBIX
OenkoB. [ns mpoTekaHusi peakuuu ObLIO B3SITO MO-
JSPHOE COOTHOIIEHNe (epMEeHTOB cTepou-11p-ru-
npokcuiaza/Adx/AdR 1:4:0,6, mOCKOJIBKY U3BECTHO,
YTO MaKCHMallbHas aKTUBHOCTh CHUCTEMBI CTEpO-
ua-11B-runpokcunassl HaOMIOAAETCS IPU COOTHOIIIE-
uuu P450/AdR > 1 u u30bITKe AdX [17].
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C nenpro moBbIIeHNsT 3(P(HEKTUBHOCTH MPOTEKA-
HUs (hepMEeHTATUBHON peaknny (YBeTHUeHUE KOInye-
cTBa 00pa3yromuxcs TUAPOKCUIIPon3BoaHbIX AAC)
¢ yuactueM ctepon/i-11B-ruapoxcninassl B peakmoH-
Hyto cuctemy BHocuinu HAJI®H-perenepupyronryro
CHCTEMY.

Kak BuHO M3 TaHHBIX, TPEACTABICHHBIX Ha PUCYH-
ke 1, crepona-11B-ruapokcriaza KaTaan3upyeT THAPOK-
cunpoBanue 11-1e30KCHKOPTHKOCTEpOHa ¢ 00pa3oBa-
HHEM MeTabouTa — KOpTUKOCTepoHa. [t ycraHoBie-
HUSl CTPYKTypbl MeTabonura O0bu1 npoBener MC/MC
aHaJIM3 U CPaBHEHHME 10 TJOYEPHUM MOHAM CO CTaHap-
TOM KOPTHUKOCTEpOHA. B pesynbrare peakuuu rupok-
CHJIMPOBaHMS HaOIIONANOCh MaJeHUE COIEpIKaHUs
11-ne3okcuKopTUKOCTEpOHA Ha 95 % 1 oOpa3zoBanue
65 % KOpPTHKOCTEpOHAa OTHOCHUTEIHFHO KOJIMYECTBA
cyOcrpara, B3STOTO [Jisi TPOBEICHHS PEaKIUU
(25 umonp).

Ha Bropom 3Tane BBINOIHEHHS PaOOTHI C LETBIO
noiyueHust 11B-ruapokcunpon3BOAHBIX psia CUHTE-
trndeckux AAC Obla ocymniecTBiieHa anpoOarus pa-
00TBI (pepMEHTATHUBHOW cHCTEeMBbI cTepoui-11p-ru-
JIPOKCUJIa3bl B OTHOIIEHUH JaHHBIX AAC.

Jiist paboThI ObLTH BRIOpaHBI HANOOJIEE YaCTO BBI-
SIBJISIEMbIE TIPU JONUHT-KOHTpojie AAC: MeraHnaue-
HOH, OpalTypuHa0o0J, OKCUMETOJIOH, OKCAH/IPOJIOH,
KOTOpBIE Pa3IMYaioTCcsl O CTPYKTYPHBIM XapaKTepu-
CTHKaM, B YaCTHOCTH, IO KOJMYECTBY JABOMHBIX CBS-
3eil B A-KoJblie, KOHQUTYpaLlMKi MOJIEKYJIbI, TOJI0XKe-
HUIO U KOINYECTBY (DYyHKIHMOHAIBHBIX TPYIII.

O0pazoBanue 11B-ruIpoKCUIPOU3BOIHBIX HCCIIC-
nyeMbIx AAC B pe3yabTaTe NpOBeICHHUS PEaKLHi ObLIO
moATBep K AeHO Tpr cpaBHEHUH M C/MC-CITeKTpOB Ipo-
JIyKTOB peaKIyii THIPOKCHIINPOBAHHS C yHaCTHEM CTe-
poun-11p-runpoxcunaszsl ¢ MC/MC-crieKTpamu HCXOI-
Heix AAC u nanaeiMud 1o MC/MC pacniajiy TaHHBIX
COEIMHEHNH, UIMEIOLIMMUCS B JINTEPaType.

Ha pucynke 2 mpexncraBiieHa Xpomarorpamma
1 MC/MC-crieKTp MOHOTHAPOKCHIIPOU3BOJHOTO Me-
TaHJMEHOHA, IOJIy4€HHOI0 U3 METaH/INEHOHA B PEaK-
UM, KaTalu3upyeMol (epMeHTaTHMBHOH CHUCTEMOit
crepoun-11p-runpokcunasel. Cieayer OTMETUTb, YTO
B pe3yJIbTaTe peakuy o0pa3yeTcs ONuH METadoInT —
11B-rungpokcuMeTaHINeHOH. AHAJIOTHYHBIE JaHHBIC
ObUIM MOJYYEeHbl B PEAKUUAX THAPOKCHIMPOBAHUSA
opanTypuHadoia ¢ ydgactueM (hepMEHTaTUBHOM CH-
cTeMbl ctepouns-11B-ruapokcunassr (pUcyHoK 3).

Hccnenosanus nokasany HaJIU4Yue pa3HOM cTere-
HU OWOTpaHc(hOopMaIii H3YICHHBIX B paboTe CHHTE-
trnuecknx AAC. B pesynprare mpoBeIeHHs Peakiiny
¢ yuactueM (EpMEHTATUBHON CHCTEMBI CTEpO-
nun-11B-ruapokcnnasbl HabIIONAI0Ch TAACHHIE COIEP-
KaHug opanTtypunadona Ha 90 %, MmeTaHIMeHOHA — Ha
30 % orHOocuTenbHO KomuecTBA AAC, B3STOTO IS
MIPOBENCHUS peakuu (25 HMOJIIb).
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Pucynox 1 — Xpomarorpammbel 1 MC/MC-ciekTpbl cTaHIapTa KOpTHKOCTepoHa (a)
n Metabonuta 11-1e30KCHKOPTUKOCTEPOHA, MOJTYYEHHOTO IIPH NPOTEKaHUH PEAKIMH C yYaCTHEM PEKOMOMHAHTHON
crepouna-11B-ruapokcunassl yenoseka ()

Figure 1 — Chromatograms and MS/MS spectra of corticosterone standard (a) and 11-deoxycorticosterone metabolite
converted by human recombinant steroid-11p-hydroxylase (b)
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Pucynox 2 — Xpomarorpamma u MC/MC-criektp 11B-ruapokciuMeTanineHoHa, ToIyYeHHOTo
U3 METaHMEHOHA IIPU NIPOTEKAHUU PEAaKMHU C y9aCTHEM PEeKOMOMHAHTHOH cTepona-11[B-TuIpoKcHiIasbl YeoBeKa

Figure 2 — Chromatogram and MS/MS spectrum of 11p-hydroxymethandienone converted
from methandienone by human recombinant steroid-11p-hydroxylase
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Pucynok 3 — Xpomarorpamma 1 MC/MC-criektp 11B-ruapokxcropantypuHadoia, TOTyIeHHOTO i3 OpanTypruHadona
IPU NIPOTEKAHUH PEAKIMH C yHacTHEM PEKOMOWHAHTHOM cTepona-11B-ruapokcrinassl yenoBeka

Figure 3 — Chromatogram and MS/MS spectrum of 11p-hydroxyoralturinabol converted from oralturinabol
by human recombinant steroid-11B-hydroxylase

J71 OKCMETOJTOHA M OKCaH/IPOJIOHA B PEaKIUY I'H-
JPOKCHITMPOBAHUS C y4acTHEM PEKOMOWHAHTHOMU CTe-
pouz-11p-ruaporcunaspl 4enoBeka He ObII0 OKa3aHo
nazsenue cofepxkanust AAC. OrcyrcTBre 00pa3oBaHUs
11-TuAPOKCUTIIPON3BOIHBIX B PE3yJIbTaTe peaKkiuy Mo-
JKeT OBITh CBSI3aHO C S0-IIPOCTPAHCTBEHHON KOHHTY-
pauueil cTepouHON MOJIEKYIIbI, YTO 3aTPYAHSET €€
CBSI3BIBAHUE B aKTUBHOM LIeHTpe (hepmeHTa. 3BecTHO,
YTO KOH(UTYpalysi MOJIEKYJIbI CTEpOUa B S-TIOJIOXKe-
HUM MMEET CYIIECTBEHHOE BIMSHHUE HA e MPOCTpaH-
CTBEHHOE pacnoiokenue [ 18] u, kak ciaeacTrue, B3au-
MOjIeiiCTBHE C aKTHBHBIM [IEHTPOM (pepMmeHTa.

B T0 e Bpems B HccIieIoBaHUSX 110 SKCKPELUU
AAC ¢ M040ii OBLJIO TTOKa3aHO, HAIIPUMED, YTO HC-
XOJIHOE COCAMHEHHE OpAITypHHA00N OOHApYKUBa-
JIOCh B MOY€ B Te€UeHHE 72 4 MOcje OJHOKPATHOIO
nepopansHoro nmpuema [19]. lanee AAC merabonn-
3UPYIOTCS B OpraHu3Me B xoj1e peakiuit ¢assl [ u 11
ouorpaHchopMannu, KOTOpble BKIIOYAIOT BOCCTa-
HOBJICHHWE A-KOJIbIIa, M3MEHEHUsI B CTPYKType
D-konpna (THApOKCHIMpPOBAHUE, BOCCTAHOBIICHUE,
OKHCIIEHHE W SMHMEpPH3aLHUs), TIIOKYPOHUIHYIO
KOHBIOTAINIO U cyibarupoBanue. /laHHbIe J0ITO-
JKUBYIIME METa0OIUTH! BBISBISIIOTCS B MOYE YeJIO-
Beka B Teuenue 60 mHei.
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BIOTECHNOLOGICAL PRODUCTION OF ANABOLIC
STEROID METABOLITES USING HUMAN RECOMBINANT
STEROID-11B-HYDROXYLASE FOR DOPING CONTROL
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Intoduction. In the field of anti-doping analysis, special attention is paid to the class of anabolic androgenic
steroids (AAS), belonging to group S1 of the World Anti-Doping Agency (WADA) Prohibited list. Currently, the
question of synthesis high-quality reference standards for various AAS metabolites to confirm positive test results
remains open.

Objective — biotechnological production of synthetic anabolic steroid metabolites using human recombinant
steroid-11B-hydroxylase enzymatic system.

Materials and methods. Enzyme system, including human recombinant steroid-11p-hydroxylase,
adrenodoxin reductase and adrenodoxin, were used to study AAS biotransformation in vitro. The production of
metabolites was determined using high performance liquid chromatography with mass spectrometric detection.

Results. The presence of varying degrees of biotransformation of synthetic AAS (methandienone,
oralturinabol, oxymetholone, oxandrolone) with the participation of steroid-11p-hydroxylase enzymatic system
was shown. As a result of the reaction, a decrease in the content of oralturinabol by 90 %, methandienone — by
30 % relative to the amount of AAS taken for the reaction was observed. For oxymetholone and oxandrolone,
a decrease in the content of AAS was not shown.

Conclusions. As a result, 11p-hydroxyderivatives of AAS significant in doping control — oralturinabol and
methandienone were obtained. Further work on the biotechnological production of long-term AAS metabolites
using cytochrome P450 enzymes is of particular interest for doping control.

Keywords: human recombinant steroid-11-hydroxylase, synthetic anabolic-androgenic steroids, metabolites,
liquid chromatography-mass spectrometry.
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OKWCJIEHUE TUOXPOMA NOJ AEMCTBUEM YJIbTPA®UOJIETA
UVA TUAITA3OHA

U. U. Cmenypo’, C. A. Azeiixo’, B. U. Cmenypo?, B. FO. Cmupnos®, A. B. Anyesuy*

Tocyoapcmeennoe nayunoe yupexcoenue « Mncmumym 6uoxumuu 6uono2uiecku
akmueHwlx coeounenuti Hayuonanvrnoti akaoemuu nayx benapycuy,
2. I poono, Pecnyonuxa bBenapycsy,
2Vupeorcoenue oopasosanus «I poonenckuil 2ocyoapcmeennnviil ynusepcumem um. Anxu Kynanviy,
2. I poono, Pecnyonuxa Benapycw,
3 Vupeorcoenue obpasosanus «I poonenckutl 20cy0apcmeenvlil MEOUYUHCKUL YHUBEPCUMEN,
2. I poono, Pecnyonuxa benapycs,
*Uncmumym duoopeanuyecxou xumuu Hayuonanonou akademuu nayx Benapycu,
2. Munck, Pecnyonuka benapyco

BBenenne Tuoxpowm [2,7-mumernntnoxpomune-8-3tanon| (TChr) Bimepsrie BeImeneH u3 qpoxxeit (20 mr u3
1,2 xr), siBIIICTCS IPOM3BOIHBIM THAMHUHA M B OPraHU3ME HCTIBITHIBAET MIPEBPAIIEHUS C 00pa30BaHUEM psijia Kap-
OGoHMIICOEPIKAIINX TIPOTYKTOB.

Lesan padoThl — MccIeOBaTh XUMUUECKOTO CTpOoeHMs MponaykToB (oronmsza TChr, 00pa3oBaHHBIX MOA
neiicteueM yasrpaduonera UVA nuamna3zoHa, Ha €ro BOAHBIC paCTBOPHI B @3POOHBIX yCIOBHSIX.

Martepuanasl u MeToabl. B padote ncnonp3oBanu TChr, momydeHHBIH XUMAYECKIM CHHTE30M. B KauecTBe
(hoToceHcnbmIM3aTOpa NCHONB30BaIN prudoQIaBuH. VicToOUHNKaMN M3ITydeHHUs! CITy>KWIN PTyTHAsI JJaMIa 1 COJl-
He4HbIH cBeT. Pasnenenne n naenTuduKkanmio mpoaykroB ¢oronmsa TChr, 00pazoBaBImmXcs mocie BO3ACHCTBUS
yAbTpadroeTa Ha €ro BOJHbBIE PacTBOPHI, MPOBOAWIN MeTooM BOXKX, Macc-CieKTpoMeTpHUECKIMHI U CIIEK-
TPaJIbHO-(ITyOPECIICHTHBIMA METOAAMH.

Pesyabrarsl. Oxucnenne TChr mon neiictsuem ynerpaduonera UVA nnamazoHa mpoTekaeT B adpOOHBIX
YCIIOBUSIX C y9acTHEM CYTIEPOKCH I aHHOHOB 1 CHHIVIETHOTO KHCIopo/a. B pesynbrare poTOXMMHUECKUX peaKknit
00pa3yroTcst IPON3BOAHBIE THAMUHA, COEPIKAIIIE B CBOEM COcTaBe KapOOHMIbHBIE Tpynibl. Ha epBoii craanu
horomsza o6pazyercs ODTChr, KOTOpPEII UCTIBITEIBACT MaNbHEHIIee mpeBpameHne. Cpenn MpoayKToB GpoTomm3a
TChr o6napyxenst ODTChr ¢ monomonekyssipHOit Maccoit 278,083. OTChr ¢ MOHOMONEKYISIPHOH Maccoi

276,0672, a Takxe HEOOIBIINE KOTMIECTBA 2,3-0KCO-THAMUHA ¢ MOHOMOJIEKYISIPHOI Maccoit 295,0860.
3axumiouenue. [Ipeanonaraercs, uto ¢poToxuMuueckue peakuuu okuciaenus TChr mox nefictuem ynbTpa-
(uornera, ¢ yqacTHeM CyNepOKCHIAHHOHOB U CHHITIETHOTO KHCJIOPO/IA MTPOTEKAIOT TAKXKE U B KIIETOYHBIX CTPYK-

Typax KOXKH U IJ1a3a.

Ki1io4eBble cj10Ba: THOXPOM, IPOU3BOJHBIE THAMHHA, KJIETOUHBIE CTPYKTYPBI, YIETpa(HOIET.
Jas uutupoBanusi. OKHCIEHUE THOXPOMA O] AeHCTBIEM yasTpaduoneTa uva quamazona / M. U. Cremypo
[m mp.] // Bnoxumus u monexymsapHas ounonorus. — 2023. — T. 2, Ne [(2). — C. 44-52.

Bsenenue

Tuoxpom [2,7-TUMETUATHOXPOMUHE-8-ITaHOI]
OB BIIEpBEIC BBIACIICH U3 Apoxokeid (20 mr u3 1,2 kr)
KaK COCJIMHCHUE, OTBETCTBEHHOE 32 JKEITYIO OKPACKY
(Kuhn ¢ coaBropamu B 1935 1), KOTOpBIC M MpEIO-
»xunu HazBanue TChr mis nanHoro coeauHenwus [1].

TChr Takxe mojiy4eH XUMUYECKUM CHHTE30M [2].
ITokazano, uro TChr He o0nagaeT BUTAMUHHON aKTHB-
HOCTHIO [3]. OH 00pasyeTcs Mpu OKUCICHIN THAMUHA
(T) dbeppunmanugoM, MEPOKCUIOM BOAOPOAA, JBY-
OKHUCBIO celieHa B miesiouHoi cpeze [4—6]. TChr mo-
roniaet npu 358 u 375 HM [6] u 00J1a1aeT MHTCHCHB-
HO To1y0oH (piryopeciieHIMel B HEHTpaibHOH U 111e-
nouHo# cpenax [4]. Makcumym duryopecnenim TChr
JISKUT TpH 445 HM, 2 MAaKCUMYyM BO30Y)KJICHHUS — IPH

44

365/370 uam [7, 8]. PUBUKO-XUMHUICCKHE CBOWCTBA
n BaxHOCTh TChr s GmoxuMun Kak OMOIOTHYECKN
aKTUBHOTO COCTUHEHUS 00CYKIainuch panee [9].

Ompenencuue T QryopecrieHTHRIM THOXPOMHBIM
METOIOM OBIJIO BIIEPBBIC TIPEIOKEeHO B. Jansen u co-
aBropamu B 1936 1. [10]. C Tex mop THOXpOMHBII Me-
ToJ ompezenieHus T mpeTeprien MHOKXECTBO MOIH(H-
Kalliid W OIMPOKO MCIOIB30BANICS IS OMPEISICHUs
KOHIIEHTPAIUN YUCTHIX €r0 ()OpM B BOJHBIX PACTBO-
pax, B MPOAyKTaxX MHUTaHUA, B (papMaIieBTHUECKUX
npenaparax [4, 10-13].

TChr oxucisieTcs o1 IeMCTBHEM IUOKCHIA a30Ta,
TeHEPUPYEMOTO BBICOKOOKHCICHHBIMU (hOPMaMH Te-
MOTIPOTEHHOB B IPUCYTCTBUU HUTPHUTA U IEPOKCHIOB
[8] u mox aeiictBueM cuHMIeTHOroO Kuciopoaa (10,)



¢ oOpa3oBaHuEeM (JIYOPUCIUPYIOIIETO COCHMHE-
HUSl — oKconuruaporuoxpoma 8-(2-hydroxyethyl)-
2,7-dimethyl-5-0x0-5,6-dihydrothiazole-[2,3-a]
pyrimido-[4,5-d]-pyrimidine (ODThcr) [14, 15].
XpomarorpaguyecKie U CrieKTpaibHbIe CBOMCTBA
TChr u nponykToB ero okucienus [7, 8, 14], a taxxe
XUMHYECKOE CTpOeHHE TPOaYyKToB Qorommza T uzyya-
JIMCh MeToIaMu a0COPOIIMOHHON M MOJIEKYJISIPHOM CIICK-
tpockorun, [IMP- u macc-cniekrpockomuu [ 14, 15].
[Tokazano, uro TChr nox neiicTBreM ynbTpaduose-
ta UVA nuanasona reaepupyet 'O,. KBaHTOBBII BBIXO]T
10, ipu Bo3sieiicTBIM ynbTpaduonera UVA nuanaszona
Ha BozHbIe pactBopsl TChr pasen 0,16 [16].
Kunetuky ¢ortommza TChr B BoIHBIX pacTBopax n3-
ydaid MeTojaMu (IyopeclieHIIMH U aOCOPOIIMOHHON
CTEKTPOCKONMH B paiione 3Hauenuii pH cpenpr 7,0-12,0.
TChr non apeiicrBueM yibsrpaduosiera oopasyer
ODTChr, KOTOpBIi 3aT€M OKUCIISIETCS ¢ 00pa30BaHU-
eM He(IyopecuupyoImux npoaykroB. CKOpoCTh Jie-

rpaganuu kak TChr, Tak 1 ODTChr Bo3pacraeT npu
yBenmmueHnn 3Ha9eHus pH cpensr [17].

Lenbio nanHo# paboThl OBLIO MCCIEOBAaHUE XHU-
MHYECKOTO CTpoeHHs TpoxykToB (poTtommsa TChr, 06-
pa3oBaHHBIX MOA AelicTBUeM ynbrpaduonera UVA
JMana3oHa Ha €ro BOJHBIC PacTBOPHI B a’dpOOHBIX
YCIIOBHSX M MOIVIOIIAIOIINX B KOPOTKOBOJIHOBOH 00-
nactu criektpa (A < 340 Hm).

MarepuaJbl 1 METOIbI

B pa6ote ucnionszoBamu T u TChr dupmsr Sigma
(CHIA), deppu-uroxpom ¢upmsl Fluka, ODTChr,
MOJTyYeHHBIM XUMUYecKnM cuHTe3oM [15]. B kage-
CTBe ()OTOCEHCHOMITN3ATOPa UCTIOIH30BaJH puooiIa-
BUH. PacTBOpeHHBII KHCIOpO yaasui, 6apooTHpYsI
4yepe3 pacTBOp ra3000pa3HBIA a30T WU JOOaBIsA
B pacTBOP BBICOKHE KOHIIEHTPALUH CylbpuTa — 5 MM
u Boite. Ctpykrypabie dopmyasl T, TChr u mpomyk-
ToB (oronuza TChr npuBenens! B Tadbmuie 1. Bonxsie

Tabmuna 1 — Crpykrypusie popmysasl T, TChr mpoxykror ¢otonnsa TChr u BeTH4YUHBI M/Z X MOJCKYISPHBIX HOHOB

Table 1 — Structural formulas T, TChr of photolysis products TChr and m/z values of their molecular ions

CoenuHenue, Macca H30TOTIOJIOTOB
("4acToTa BCTPEYaeMOCTH)

CrpykTypHas popmyra

m/Z MOJIKYJISIPHBIX HOHOB, OT-
HOCHUTEJIbHAs
UHTEHCUBHOCTb

Tuamus (T)
Macchl H30TOIIOJIOTOB:
M=265,1123 (81,8 %)
M;=266,1149 (12,7 %)
M,=267,1102 (4,7 %)

265,1115 [M,]*
(100 %)
266,1143 [M,]*
(13 %)
267,1086 [My]*

M,=263,0914 (12,6 %)

@ (3 %)
Tuoxpom CH, 263,096 [My+H]"
(TChr) e " (100 %)
Maccel: I \ C,H.OH 264,097 [M;+H]"
Mq=262,0888 (81,9 %) i N/ N/I-\ (15 %)

M,=264,0867 (4,7 %) (1I)
OKCOUTHIPOTHOXPOM ﬁ - 279,091 [Mp+H]*
(ODTChr) N : (100 %)
Maccsr: N L —— 280,094 [M,+H]"
M=278,0837 (81,7 %) | - ) (14 %)
M,=279,0863 (12,6 %) HC™ SN N ?
M,=280,0819 (4,9 %) am
O +
KCOTHOXPOM CH:; N ~S~_-C2HiOH 277,076[My+H]
(OTChr) O | — 41893
Maccsr: N - 277,0758-1398
M= 276,0681 (81,7 %) i CH, (100 %)
M,=277,0707 (12,6 %) o 278,0839[My+2H]*
M,=278,0662 (4,9 %) av) 6082
2,3-0KCOTHaMUH 0 295,0856[My+H]*
CH: ; C,H,OH ’ 0
(2,3-0x0-T) N If/ . 3847-100 %
M=294,0787 (81,54 %) O |
M,=295,0813 (12,64 %) woph
M,=296,077(5,06 %) 5 ?
V)




pactBopbl TChr B KBapIieBO#i KIOBETE 00JyUaIy CIIeK-
TpoM u3inydeHus auoaa LED 365.

Paznenenne n uaeHTUHUKALNIO IPOTYKTOB (o-
tonm3a TChr, 00pa3oBaBIMIUXCS TTOCIE BO3IEHCTBUS
yapTpaduoiera Ha ero BOAHbBIE PacTBOPHI, IPOBO-
nuin  Mmertogom BDXXX Ha xpomarorpade
Agilent-1100, copberr ZORBAX-Extend-C18
¢ ucnonb3oBaHueM coequHeHui crannapToB (TChr
n ODTChr). O6paboTka XxpomaTorpamMm MpoBOIH-
mack B 1nporpamme ChemStation B.04.01.
Macc-CeKTpoMeTpUIECKOe IE€TEKTUPOBAHUE OCY-
HIECTBIISIIOCH C HCIOJB30BAHUEM KBaJIPyHOJIb-
HO-BPEMSIPOJETHOTO TaHIEMHOI'O Macc-CIEKTPO-
metrpuueckoro gerekropa Q-TOF 6550 (Agilent)
B peKHMe MOHU3AIUH d1eKkTpopacnbsuieaneM (ESI).
O0paboTka XpoMaTorpaMM M Macc-CIEKTPOB MPO-
Boauiachk B mporpamme Mass Hunter Qualitative
Analysis (Agilent). U3mepenust ¢yopecueHInH
TChr u ODTChr npoBoanin Ha ceKTpOQIyopH-
merpe CM 2203 (Conap, benapycs), uzmepenus
criextpoB nornomenuss TChr u ODTChr u mpoayk-
ToB ¢dotonm3za TChr mpoBogunm Ha crieKTpodoTo-
meTpe Cary-100 (CIIA) [7].

Pe3ybTaThl 1 X 00CYKIAEHHE

B T nupuMuanHOBBIN U THA30JI0BbI KOMIIOHEH-
THl COEAMHEHBI MEXJy CO00H METHIIEHOBBIM MO-
CTUKOM, (DaKTUUYECKHU T-CONPSIKEHHBIE CHCTEMBI
KOMITOHEHTOB M30JIMPOBaHbl OJJHA OT
JpyTroi, U MOTJIOIIAIT HE3aBUCHUMO.
MakcuMyMBI MOTIIONIEHUsI B a0COp0-
NUOHHOM crekTpe T mexar upu
233 HM ¥ 265 HM COOTBETCTBEHHO.

B cnexrpe normmomenus TChr mpu- ]
CYTCTBYIOT TPH MOJIOCHI C MAKCUMYMaMHU 7
230 uM, 260 HM U 365 HM COOTBET- 2
CTBEHHO. YCHJICHHE TIOTJIONICHHUS B '
JUTMHHOBOJIHOBOHM 00NacTH (MakCUMyM i
MOIIONIEHUS] B HEUTpaIbHOU cpefie pu {
365, ¢ = 20 000 M 'cm™"), cBumerenns- o b
cTByeT 0 Hamuunu B Mosekynae TChr ]

mAU

VWD A, Wavelength=340 nm (STEP22\AAVWD404.0)

BEpOSITHO, BbI3BaHHBIN 0OpazoBanueM ODTChr. Ha
pHUCYHKE 2 IpecTaBIeHa XpOMaTorpaMMa BOJJHOTO
pacTBopa THOXpoMa Tociie 00mydeHus ynbrpaduo-
JETOM.

8/06/20 TChr in H20
1.0 4 irradiated by 365 nm LED
—H20
0 min
0.8 - 4 min
10 min
20 min
30 min
40 min
50 min
60 min
85 min
—— 148 min
-— 169 min

i S ____ \\‘&_

1 1 T Ll 1 T 1
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Pucynok 1 — M3menenne criektpoB mornomerns TChr B
3aBUCUMOCTH OT BpeMeHH Bo3aencTBust UVA Ha ero
BOIHBIE pacTBOpPEI. Bomasre pactBopsl TChr B kBapiieBoii
KIOBETe 00TydJany criekTpoM m3myderus auona LED 365
B Teuenne 169 mun. Konnenrpanus TChr — 35 MmxM

Figure 1 — Changes in absorption spectra TChr depending
on the time of UVA exposure to its aqueous solutions.
Aqueous solutions of TChr in a quartz cell were irradiated
with the emission spectrum of an LED 365 diode
for 169 min. TChr concentration — 35 uM

T-CONPSIKEHHOM 3JIEKTPOHHOM CHCTEMBI. 1

-
¥

T
10 20 30 40 50 min|

[Ipu Bo3aeiicTBUU yabTpaduoneTa
nuarmasona oonactu UV A Ha BogHbIE

Pucynok 2 — Xpomarorpamma BozHoro pactsopa TChr nmocne oomydenust
BOJIHBIX PacTBOpOB ynbTpaduonerom UVA nuana3oHa B TeYeHUE

pactBopsl TChr B HeliTpanbHOU cpene
HaOmonamum oOpaszoBanue ODTChr.
MakcuMyM TOTTIOMICHUS, XapaKTep-
ubii juist TChr npu 365 HM, caBurai-
Ci1 B KOPOTKOBOJIHOBYIO 00JacTb 10
340 M (pucyHok 1), a MHTEHCHB-
HOCTb (IIyOpeCLEeHLUH, XapaKTepHOil
st TChr, cHukaeTcs, 1 HaOJIOgaeT-
csg HeOONBIIOH KOPOTKOBOJHOBOM
COBUI MakcuMyMma (IyopecLeHIINH,

20 muH. Mctounuk n3mydenus — prytHas namma J[PK-120. B kauecTse
cBEeTO(UIBTPa IPOIYCKAIOMIEr0 IUANa30H JJIMH BOJH yabTpaduoneTa
UVA cnyxuia cTekIsHHas KioBeTa. [Tk ¢ BpeMeHeM yaepKUBaHUsS
Rt=24,051 mun npunaiexut TChr, ik ¢ BpeMeHeM yIep:KUBaHUsI
Rt =28,611 mun npunaiexutr ODTChr

Figure 2 — Chromatogram of TChr aqueous solution exposed to UVA light
during 20 min. Source of irradiation — mercury lamp DRK-120. Glass cell
was used as an optical filter transmitting UVA light. The peak with
retention time Rt = 24.05 min corresponds to TChr, the peak with
retention time Rt = 28.61 min corresponds to ODTChr
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JlaHHBIE MAcC-CIIEKTPOCKOITUH CBHUJIETEIIbCTBYIOT,
yto obmyuenne TChr B TeueHre HEOONBIINX MTPOME-
JKYTKOB BpeMeHU NpuBoAuT K o0pazoBanuto ODTChr
B KaueCTBE OCHOBHOTO NpOoyKTa (Tabdnuma 2).

JanbHeiiiee oOiydeHUe pacTBOPOB COMPOBOKAA-
sochk cHmkenreM Bbixoga ODTChr. Dto cBHuerein-
ctByeT 0 ToM, 40 ODTChr He SIBJISICTCS KOHEYHBIM
npoaykrom goronusa TChr, a UCIIBITHIBACT JaJIbHE-
niee npespamenune. Cpenn mpoaykToB QoTonuza
TChr obnapyxensl monexyisipubie noHbl OTChr
m/z = 276,0672, a Takxe HeOOJBIINE KOJUIECTBA
MOJICKYJIIPHBIX MOHOB 2,3-OKCO-THAMU-
Ha cm/z=295,0860 (V) (cm. Tabmuiry 2).
CognajieHue 3HaUYCHUI MOHOU30TOITHBIX
Macc COOTBETCTBYIOIIMX HW30TOMOJIOTOB ;
CO 3HAUCHUSIMH M/Z MUKOB MPOIYKTOB
okuciutenbHol Tpancdopmanym TChr
(cM. Tabnuiry 2) MO3BOJIWIO HICHTU(H-
POBATH MIPOAYKTHI POTONN3A U TPUTIH-
carh UM COOTBETCTBYIOIIHE CTPYKTYPHI.

CrpykrypHble (GOpMyIBl 3THX CO-
e/IMHEHU npuBeeHbI B Taduie 1. Kak
BUJHO W3 MPEACTABICHHBIX JaHHBIX,
OCHOBHBIM MPOAYKTOM, B KOTOPBIH Ipe-
Bpalaercsi npu JajipHeneM oomyye- 0
Huu ODTChr, sBasercs OTChr (IV).

mAL

¢doronuza merogom BOXX u perucrpanmeii norno-
menust pu 320 HM, COAEPKUT UHTCHCUBHBIN MUK
ODTChr ¢ Rt = 26,168 MuH, a Tak)Ke HOBBIH UK
¢ Rt = 35,632 mun. Unrencusnocts nuka TChr
¢ Rt = 22,542 nocne BozaeicTBUs ynpTpaduonera
CUJILHO CHIDKEHA (PUCYHOK 3). DTO CBSA3aHO HE TOJb-
KO ¢ yMmeHblieHueM koHileHTpauuu TChr Beien-
cTBUe (DOTOIM3A, HO M C TEM, YTO MAKCHMYM IOTJIO-
menust TChr nexut npu 365 HM, a MAKCUMYM T10-
rinowmenuss OTChr nexut npu 340 HM.

VWD1 A, Wavelangtha320 nen (STEP20'AAVWOO0E.0)

——26158
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Pucynoxk 3 — Xpomarorpamma BozHoro pacteopa TChr nocie

[puuem 0Opa3oBaHuUs IPOLYKTOB OKHC-
nenust TChr, KoTOpble UMEIOT 3HAYCHUE
m/z =295,0856, Mayio UK OTCYTCTBYET
BOBCE IPU MaJibIX KoHIeHTparusax TChr
B pactBope (cM. Tabmiuity 2).
XpomarorpamMmma BOJHOTO PacTBO-
pa TChr, nogsepruyBuIerocst ooiyye-
Huto cBeToM auona LED-365 ¢ mocie-
JOYIOIIAM pa3feieHueM MPOJYKTOB

o0myyenus ceerom auona LED 365 B teuenne 169 muH.
[Muk ¢ BpemeneM yaepxuBanust Rt = 22,542 mun npunayiexut TChr, nuk
¢ BpeMeHeM yaepskuBanus Rt = 26,158 mun npunamiexutr ODTChr, ik
¢ BpeMeHeM yzeprkuBanusi Rt = 35,623 muH, BeposiTHO, npuHauiekut OTChr

Figure 3 — Chromatogram of an aqueous solution TChr
after irradiation with LED 365 light for 169 min. Peak with retention time
belongs to Rt = 22.542 min belongs to TChr, peak with retention time
Rt =26.158 min belongs to ODTChr, peak with retention time
of Rt =35.623 min probably belongs to OTChr

Tabnuua 2 — OxucnurensHast Tpancdopmarust TChr nox pefictBuem ynsrpaduonera

Table 2 — Oxidative transformation of TChr under UV Light An aqueous solution of TChr was irradiated in a quartz

cuvette
[Tl\%r ODTChr OTChr
CocTaB pacTBopa /7= 2620882 m/z=278,812[M]" 2,3-0x0-T m/z =276,0672
u Bpemst Bo3neiicteust UV [M0+}i]* ’ m/z = 279,9885 m/z = 295,0856 m/z = 277,976
m/z = 263,096 [M+H] [Mo+H]
TChr (5 MxM) 79910 1348 - —
TChr (5 MxM) +UV-15 mun 59 873 24 831 - —
TChr (5 mxM) +UV-30 mun 41 169 39266 314 —
TChr (20 MxM) 182 111 2901 - —
TChr (20 MxM) +UV-15 mMuu 161 776 27 950 - 44681
TChr (20 MmxM) +UV-30 mun 143210 35220 820 16354
TChr (50 MmxM) +UV-30 Muu 171617 21074 3847 49 373

Ipumeyanue: Bomuslii pactBop TChr o0my4any B kBapiieBoii kioBete. MicTounnk yasTpaduonetoBoro m3nydenus namma CB/I-120A.

B Tabmune npeacTaBneHbl 3HAUCHAS M/Z IPOTYKTOB OKUCIUTENBHOM TpaHchopmarn TChr.

Note: the source of ultraviolet radiation is the SVD-120A lamp. The table shows the m/z values of the products of oxidative

transformation TChr.
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Beixon nponykroB ¢oronuza TChr 3aBucHT OT Ha-
JIUYMST paCTBOPEHHOTO B BOJHOM Cpejie KHUCIOopoja.
B ana’poOHBIX YCIOBHAX, TOCTE yNaJeHHUsI pacTBO-
PEHHOTO KHCI0poaa 6apOoOTHPOBaHUEM a30Ta, OKHC-
serusa TChr He HaOmronaiv HY MOJ AEHCTBUEM IOJI-
Horo crnekrpa gammbl CB/I-120, Hu 0o AeiicTBHEM
COJTHEYHOTO M3JIy4EHHSI.

OTU pe3ynbTaThl CBUICTENBCTBYIOT 00 y4acTHH
KHCJIOpOZa B 00pa30oBaHUM MPOAYKTOB (HoTONH3a
TChr. Yyacrue kucnopona B okuciennu TChr cBsiza-
HO C BO3MOXHBIM O0pa3oBaHHEM aKTUBHBIX (OpM
kucnopona — 'O, Win CynepoKCHIaHUOHOB MPU BO3-
JICHCTBUH yabTparoiIeTa.

B ciyuae monekynel TChr mpoucxonuT oTTsiruBa-
HUE DJIEKTPOHHOM MJIOTHOCTH C aToMa yIepojia Me-
THUJIEHOBOTO MOCTHKA THA30JI0BBIM ¥ AMUHOIIMPUMHU-
JIOHOBBIM LIMKJIaMU. Ha arome Bomopoja BOSHHKAeT
JIPOOHBIH MOJIOKUTEIIbHBIN 3apsijl.

[Tocne nornoienus ynsrpaduoiera UVA nuana-
30Ha ¥ BUAMMOTO cBeTa Mosiekyaamu TChr npowucxo-
Ut niepexona MoJiekyisibl TChr B Bo30ykJIeHHOE CHH-
rIeTHOe cocTosiHre. KopoTKoXKuByIllee CHHITIETHOE
COCTOSIHHE JI€3aKTUBUPYETCS BCIIEJICTBUE MCITYCKa-
HUS KBaHTOB (hiryopectieHunu [7] 1 pOTONKEKTUPO-
BaHHUA JIEKTPOHOB C 00pa30BaHMEM THAPATUPOBAH-
HBIX JIEKTPOHOB.

I'mapaTupoBaHHBIN IEKTPOH MOKET OBITH TIPE/I-
CTaBJICH B BUJE MIEKTPOHA, OKPYKEHHOTO OPUEHTH-
POBaHHBIMH MOJIeKylIaMH Bojbl. C MOJIEKyJIOHN KHC-
JIopoJa TUAPATUPOBAHHBIM 3JEKTPOH B3aMMOJIEH-
CTBYET C KOHCTAHTON CKOPOCTH pEaKLUU, PAaBHOU
1,9 - 10" M'c! m o6pasyet cynmepokcumanno [18].
IlepBu4HO# cTanueil, BEPOSATHO, SIBISETCS IIEPEHOC
3JIEKTPOHA B PACTBOP C MOCJIEAYIOUIUM OBICTPHIM
MEePEeHOCOM MPOTOHA. 3aTeM MPOUCXOAUT B3aUMO-

CHy  N_ _N C,H,;0H
YO — O
Sin 8 g +0p°
CH CH;

C,H,0H

JNEUCTBUE CYNEPOKCUIAHUOHA C CBOOOTHBIM pau-
kasiom Mosiekysbl TChr, oOpa3oBaHue nepokcuaa
TChr, npucoennHeHue THAPOKCHIIA K YITIEPOLY Me-
THUJICHOBOTO MOCTHKA U IMOCJE BHYTPUMOJICKYISP-
HOH meperpynnupoBku — odpazoBanue ODTChr.
[Ipeanonaraemas cxema obpaszoBanust OTChr npu
Bo3nelicTBun yiabTpaduosnera UVA nuama3zoHa Ha
BonHbIe pacTBOpbl TChr B a’poOHBIX YCIOBHSIX
MpeACTaBICHA HA PUCYHKE 4.

B npucyTCcTBUM BBICOKUX KOHIIEHTPALUMI LIUCTE-
nHa, ryTaTuoHa okucienue TChr cuabHO HHTHOM-
poBasioch (Tabdauna 3). DTU cepocojiepxaliue co-
CIUHEHHS] C BBICOKHMH KOHCTaHTaMH CKOPOCTH
B3aUMOJICHCTBYIOT C THIPATUPOBAHHBIMH JJEKTPO-
HaMU{ M YMEHBIIAIOT 00pa3oBaHue CyNepOKCHaHU-
OHOB, a ciiefoBaresibHO, 1 Bhixo ODTChr (cM. Tab-
nuiy 3).

[Mocne no6asnenue B pactBop TChr deppu-uu-
TOXpOMa C, KOTOPbIH SIBJISIETCS JJOBYLLIKOM CYyIIEPOKCH-
JTAHHOHOB, CKOPOCTh (hotookuciieHust TChr ymenblia-
nack a Geppu-IUTOXPOM ¢ BOCCTaHABIMBAJICS B (ep-
po-hopmy.

[TomyueHHBIE pe3yabTaThI TO3BOJISIFOT TPEATIONO-
XKHUTh, YTO CYNEPOKCHIAHUOHBI BHOCAT 3HAYHTEIIb-
HbI BkIag B oOpazoBanne ODTChr B mpouecce
¢oronuza TChr nox neiicTBueM ynbTpaduoieTa
UVA nnamna3oHa.

Kopotkoxupyiue cunrietnbie coctosiHus TChr
JIe3aKTHUBUPYIOCS HE TOJIBKO BCIJICACTBUE HCITYyCKaHUSI
KBaHTOB (TyopecieHInn (KBaHTOBBIN BbIX0A (hiryo-
pecueniuu pased 0,28) [7] u poTodKEeKTUPOBAHUS
IEKTPOHOB (PUCYHOK 4), HO U BCIEACTBUE MPOTEKa-
HUS TIpoliecca MHTEPKOMOWHAIIMOHHOW KOHBEPCHUH,
MPUBOJSILIECH K 00pa30BaHUIO JOJITOXKHUBYIIUX TPH-
IJICTHBIX COCTOSTHUH [16].

+ 03 (RSSR, RSH)

C,H,OH

—'Q’Lﬁ

CH;

1H.|OH

—h-

C>H4OH
+ HyO3

*Y\IT—\( Y\IJ’—T

Pucynox 4 — IIpenmnonaraemast cxema odpazosanust ODTChr npu BozaelcTBun yasTpaduoneTa
UVA nuanaszona nHa Bopnsle pactBopbl TChr B armocdepe Bo3myxa

Figure 4 — Suggested Scheme of ODTChr Formation Under Exposure
to UVA Range Aqueous Solutions of TChr in Air
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Tabnuua 3 — Yosuts konuentpaun TChr nocne Bo3zeiictBust ynbrpaduonera UVA nuana3oHa Ha ero BOJHbIC

pacTBOPHI B MPUCYTCTBUH aKIENTOPOB AIEKTPOHOB

Table 3 — The decrease in TChr concentration after exposure to UVA range ultraviolet on its aqueous solutions in the

presence of electron acceptors

KoncTaHTEI CKOpOCTH
peakLuu THAPAaTUPOBAHHBIX TChr ODTChr u npyrue
CocTaB pacTBOPOB M BPEMsI OOTyUCHHS JJIEKTPOHOB € AMHUHOKHUCIIOTA- o MPOAYKTHI, MKM 1
MH U ITyTaTHOHOM MM m (%) (%)
MY
TChr 6e3 obOmyueHHs - 20 0
(100 %)
TChr nociie obnyyeHuUs - 15,09 431
(75,44 %) (24,56 %)
TChr + GSSG (0,1 MM), mocite oOmydeHus 1,3 - 101 16,50 3,50
(82,48 %) (17,52 %)
TChr + GSSG (0,5 MM), mociie obyueHus 1,3 - 101 16,64 3,36
(83,15 %) (16,85 %)
TChr + L-Cys (0,1 MM), mocie oOmydeHus 1,3 - 10" 16,49 3,51
(82,46 %) (17,54 %)
TChr+ GSH (0,1 MM), iocsie o0OmydeHust 8,7 -10° 17,58 2,42
(87,92 %) (12,08 %)

Ipumeuanue: xouuentpamus TChr mo obmydenns — 20 MxM. Hauampnas xonnentpanust TChr B pactBope mpuasTa 3a 100 %.
Hctounuk ynsrpaduonera UVA nmanasona — prytHas gammna JIPK-120, cBeToGMIBTPOM CIy)KaT CTEHKH CTEKISTHHON KIOBETHI.
Bpems o6mydenus — 30 muH. [{nrHa BoIHBI BO30y»1eHHA (IIyopeceHIInU THOXpoMa — 360 HM, HHTEHCHBHOCTE (DITyOpeCceHIINH

n3Mmepsii npu 450 HM.

Note: the concentration of TChr before irradiation was 20 uM. The initial concentration of TChr in the solution was taken as 100 %.
The source of ultraviolet radiation in the UVA range is a DRK-120 mercury lamp, the walls of a glass cuvette serve as a light filter.
Irradiation time — 30 min. Thiochrome fluorescence excitation wavelength 360 nm, fluorescence intensity measured at 450 nm.

KoHcTaHTa CKOpOCTH TYIICHHsI KHCIOPOJOM TpPH-
TUIETHBIX COCTOSTHHI OPraHWYEeCKHX CEHCHOMIU3AaTO-
poB HaxoauTes B ananazone 10° M-'¢t—3 - 10° M I¢!
[20], moaTOMY B a’3pOOHBIX YCIOBHSIX MPOUCXOIUT
3G PeKTUBHOE TYIIIEHHE KUCIOPOAOM JIOJITOKUBYIITIX
TPHUILICTHBIX YPOBHEH THOXpoMa ¢ 00pa3oBaHUEM
CUHIJIETHOTO KUCJIOPOJIa.

*TChr +0, —»TChr + '0 (1)

KBanTOBBIH BbIX0H reHepanuu 'Oz npu Bo3aei-
cTBUM ynbrpaduonera Ha moiekyiasl TChr paBen
0,16 [16].

CunrneTHbli kucaopon B3aumoaeicTyet ¢ TChr
u okucisieT ero ¢ oopazoBanrem ODTChr [19]. py-

T'He aKIeNTOPbl KOHKYPHPYIOT 32 CHHIJIETHBIN KUCITO-
pOI W MOTYT MHTHOUPOBATH PEAKIIUIO OKHUCICHHS
TChr cunretHsiM kuciiopogom [20, 21]. M3BecTHO,
Hampumep, 4To 6 aMUHOKHCIOT B3aUMOJCHCTBYIOT C
CUHIJIETHBIM KUCJI0poaoM [20] ¥ mpu BHICOKMX KOH-
HEHTPAIUSIX CIIOCOOHBI BBICTYTIATh B KadecTBe dhhex-
THUBHBIX JIOBYIIEK CHHIJICTHOTO Kuciopoaa. [1pu kon-
LEHTpAlUd aMUHOKHUCIIOTHI, HApUMEp, TUCTUIUHA,
paBHON 5MM, KOIMYECTBO CHUHIVIETHOIO KHCJIOPOIA
YMEHBITTUTCS BIIBOS BCJICJICTBUE €TO B3aMMOJCHCTBHS
C AMHHOKHCIIOTON. DTO MPUBOAUT K CHIYKECHUIO CKO-
poctu okucienus: TChr B mprcyTCTBHM aMUHOKHUCIIOT
(Tabmuma 4).

[Tocne Bo3meiicTBUs ynbTpaduoieTa 1uama3oHa
UVA Ha Bomabie pactBopsl TChr B cmecu ¢ 1u-

Tabnuua 4 — Yobuis konuentpauu TChr nocne Bo3zeiictBust ynbrpaduonera UVA nuana3oHa Ha ero BOJHbIE

PacCTBOPHI B ITPUCYTCTBUHU aMHUHOKUCIIOT

Table 4 — The decrease in TChr concentration after exposure to UVA range ultraviolet on its aqueous solutions in the

presence of amino acids

KoncranTsl ckopoctu ODTChr u
CocraB pacTBOpOB 1 peaKIMy CUHIJIETHOTO KUCJIOPOJa C TChr, apyrue
BpeMst 00JTy4eHHUS AMUHOKHMCIIOTaMU MKM u (%) MPONYKTHI,
M ¢! MKM 1 (%)
TChr 6e3 obOmydeHus 20 0
(100 %)

TChr 30 mun 15,09 431

rocie o0Iy4eHHs (75,44 %) (24,56 %)




Oxonyvanue maon. 4

KoncTanTs! crkopoctu ODTChr u
CocTaB pacTBOPOB U PeaKnuu CHHIJIETHOTO KUCIOpo/a ¢ TChr, npyrue
BpeMs 00Iy4eHUst aMHHOKMCJIOTaMHU MKM 1 (%) IPOJYKTBI,
M ¢! MKM u (%)
TChr + His (5 MM), niocie o0iy- 6,0 - 107 16,44 3,56
YCHUS (82,21 %) (17,79 %)
TChr + His (10 MM), mociie 00- 6,0 - 107 16,91 3,09
Jy4YCHHUS (84,57 %) (15,43 %)
TChr + Met (5MM), mocie o0iy- 3,0-107 15,32 4,68
YCHUS (76,59 %) (23,41 %)
TChr + Met (10 MM), moce 06- 3,0-107 15,84 4,16
JyYCHUS (79,20 %) (20,80 %)

Tpumeuanue: xornentpanust TChr — 20 mxM. Ucrounnk yisrpaduonera UVA nuanazona — prytHas gamna JIPK-120, ceetodmms-
TPOM CIy’KaT CTeHKH CTEKJITHHOH KIOBETHL. Bpemst oOiryuenust pactBopoB — 30 MuH. J{immHa BOTHEI BO30Y»K1eHMs (iryopeciieHn
TChr — 360 HM, HHTEHCHUBHOCTb (ITyOpECLCHIINH H3MepsuTi 1IpH 450 HM.

Note: TChr concentration — 20 pM. The source of ultraviolet radiation in the UVA range is a mercury lamp DRK-120, the walls of
a glass cuvette serve as a light filter. Solution irradiation time — 30 min. Fluorescence excitation wavelength TChr — 360 nm,

fluorescence intensity measured at 450 nm.

TOXPOMOM ¢ B HEUTpaIbHOU cpene Habmogamm 00-  KyisipHO# Maccoit 276,0672, a Takke HEOOJbIIHE
pazoBaHue ODTChr. MakcuMyM NOIVIOLICHUS, Xa-  KOJHUYECTBA 2,3-0KCO-THAMHMHA C MOHOMOJICKYISIPHON
pakrepubiii 1ist TChr ipu 365 M, ciBurancs B ko-  Maccoit 295,0860.

POTKOBOJIHOBYIO 0071acTh. CKOPOCTH YOTOOKHCICHHS CHHIIICTHBIH KHUCIIOPOJI, KOTOPBIH T'e€HEpUPYETCs

TChr yMCHbIIAJIACH, 4 CbeppPI-HI/ITOXPOM ¢, KOTOPBIN MOJIEKYIaMU TChr B BogHOM pacTBope, Mpu BO3ICH-
SIBJISIETCS JIOBYIIIKOM CYNEPOKCU]] aHUOHOB YaCTHY-

HO BOCCTaHaBIUBajics B Gpeppo-popmy (pu-
CYHOK 5).

Kpome Toro, B criekTpe moronieHus o0Iry-
YEeHHOW cMecH Habmomann obpasoBaHue HO-
BBIX IT0JIOC MOTVIOIIEHHMS C TIEPEKPHIBAOIIMU-
cs MmakcuMmymamu ipu 310 u 320 vM, npuHaa-
nexanux npoxykram okucienuss ODTChr.

Bonuerit pactBop (deppu-muToxpoma ¢
YCTOWYHB K JICHCTBUIO ynbTpaduoeTa Tuarna-
3oHa UVA u He BoccraHaBiuBaiics B (ep-
po-(hopMy IIUTOXpOMA C OTCYTCTBHUE B PACTBO-
pe TChr.

3akimoyeHue

CyMMUpys TIOTy9EHHBIE PEe3YJIBTaThl, MOXK-
HO TIPEAIIONOXKUTH, uTo okucienue TChr mox
neiicrBueM ynbrpaduonera UVA nuanazona
MPOTEKAET B adPOOHBIX YCIOBHSX C YYaCTHEM
CYNEPOKCHAAHNOHOB M CHHIJIETHOT'O KHCJIOPO-
na. B pesynbrare (pOTOXUMHYECKHX pEeaKIHii
00pa3yroTcst POU3BOIHBIC THAMUHA, COJIepIKa-
IME B CBOEM COCTaBe KapOOHHJIbHBIE IPYIIIIbI.

CynepoKcHJaHNOHBI B3aUMOJCHCTBYIOT CO
CBOOOAHOPAANKAIBHBIMU MPOAYKTaMU (OTO-
mu3a TChr.

Ha nepBoii craguu ¢otonuza odOpasyercs
ODTChr, KoTOpBIii UCTIBITHIBACT JalbHEHIICee
npeBpaineHue. Cpeau mpoayKToB (GOTONIH3a
TChr oonapyxenst ODTChr ¢ MOHOMOJIEKY-
nsipHO# Maccoit 278,083, OTChr ¢ moHOMOITE-

D

A
N
—
] 1 % 1
250 300 350 400 450 500 550 600

s

Pucynok 5 — Crnextp noromieHust muroxpoma ¢ (1) u usmMeHeHue
CIIEKTPOB MOMIOIICHNS BOJHBIX PACTBOPOB IIMTOXPOMA € B CMECH
¢ TChr B 3aBucumocTH oT BpeMenu BosaeiictBus UVA (2—4).
Bomubie pactBopbl nutoxpoma ¢ B cmecu ¢ TChr B cTekIsTHHOM
KioBeTe 0e3 obmyuenus (2), nocie odiayuenus 30 mus (3), mocne
obmyuenust 60 muH (4). Konnentpanus mutoxpoma ¢ — 20 MkM,
kouteHTparnus TChr — 50 MkM cTekisiHHAs KIOBETa, PTyTHAS
nammna J[PK-120

Figure 5 — Absorption spectrum of Cytochrome ¢ (1) and spectral
changes in absorption of aqueous solution of Cytochrome ¢ and
TChr under exposure to UVA light with time (2—4). Aqueous
solution of Cytochrome ¢ with TChr in a glass cell before
irradiation (2), after irradiation 30 min (3) and 60 min (4).
Concentrations of Cytochrome ¢ — 20 pM, TChr — 50 uM.
Exposure in a glass cell to light of a mercury lamp DRK-120
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ctBum ynbrpaduonera UVA nuamna3oHa, OKHCISIET
moJiekyibl TChr ¢ oOpa3zoBanueM 2,3-0KCO-THaMUHA
MOJIEKyIsIpHOM Maccoi 295,0860.
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THIOCHROME OXIDATION ON EXPOSURE
TO ULTRAVIOLET OF UVA RANGE

L I Stepuro?, S. A. Ageiko', V. I. Stsiapura’, V. Yu. Smirnov’, A. V. Yantsevich*
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of Sciences of Belarus, Grodno, Belarus;
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Introduction. Thiochrome [2,7-dimethylthiochromine-8-ethanol] (TChr) was first isolated from yeast
(20 mg per 1.2 kg), is a thiamine derivative and undergoes transformations in the body with the formation of

a number of carbonyl-containing products.

Objective — to study the chemical structure of TChr photolysis products formed under the action of UVA

ultraviolet on its aqueous solutions under aerobic conditions.

Materials and methods. We used TChr obtained by chemical synthesis. Riboflavin was used as
a photosensitizer. The sources of radiation were a mercury lamp and sunlight. Separation and identification of the
photolysis products of TChr, formed after exposure to ultraviolet light on its aqueous solutions, was carried out
by HPLC, mass spectrometry, and spectral fluorescence methods.

Results. Oxidation of TChr under the action of ultraviolet UVA range proceeds under aerobic conditions
with the participation of superoxide anions and singlet oxygen. As a result of photochemical reactions, thiamine
derivatives containing carbonyl groups are formed. At the first stage of photolysis, ODTChr is formed, which
undergoes further transformation. Among the products of TChr photolysis, ODTChr with a monomolecular mass
of 278.083 was found. OTChr with a monomolecular weight of 276.0672, as well as small amounts of 2,3-oxo-
thiamine with a monomolecular weight of 295.0860.

Conclusions. It is assumed that photochemical reactions of TChr oxidation under the influence of ultraviolet,
with the participation of superoxide anions and singlet oxygen, also occur in the cellular structures of the skin and
eyes.

Keywords: thiochrome, thiamine derivatives, cell structures, ultraviolet.

For citation: Stepuro II, Ageiko SA, Stsiapura VI, Smirnov VYu, Yantsevich AV. Thiochrome oxidation on
exposure to ultraviolet of UVA range. Biochemistry and Molecular Biology. 2023, vol. 2, no. 1(2). pp. 44-52
(in Russian).
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INPOTUBOOIIYXOJIEBASI AKTUBHOCTb DTAHOJTAMUIOB
N AN TAHOJAMUNIA0OB MAJIBMUTUHOBOU U PULTUHOJIEBOU
KMUCJOTBI IN VITRO

T U. Tepnunckast, T. JI. Anuenxo®, M. B. Jlucosckasi®, E. @. [lonykowro', A. JI. Muxansuyx’

' Tocyoapcmeennoe nayunoe yupesxcoenue « Mncmumym ¢uzuonocuu
Hayuonanvnoii akademuu nayxk benapycuy, e. Munck, Pecnyonuka bBenapyco,
? ['ocyoapcmeennoe HayuHoe yupedcoenue « Mncmumym ouoopeanuieckoi xumuu
Hayuonanvnoii akademuu naykbenapycuy, 2. Munck, Pecnyonuxa benapyco

Bgenenmne. [[annbie 0 0MOIOrNYECKOIT aKTHBHOCTH STAHOJIAMHJIOB KMPHBIX KHCJIOT CBHJICTEIILCTBYIOT O Iep-
CIIEKTUBHOCTH TTIOMCKA B ATOH TPYIIE HOBBIX COSTMHEHHH C MPOTUBOOITYXOJEBBIM d(dherToM.

Lean uceaenoBaHus — CPAaBHUTEIILHOE UCCIICOBAHNE MPOTHBOOITYXO0JIEBOT0 A PEeKTa dTAHOI- U IUITAHO-
JIAMUJIOB MAIbBMUTHHOBOI 1 PUIIMHOIEBON KHCIOTBI.

Marepuansl 1 MeToAbl. OLIEHUBAIH BIMSIHUE MOHO- U TUATAHOJIAMU/IOB MAIbBMUTHHOBOM U PUIIUHOJICBOI
KHCIIOTHI Ha )KU3HECTIOCOOHOCTH U PO (epaTnBHYIO aKTHBHOCTH KJ1eToK TiTHoMbl C6 1 Hela nocie 48-uacoBo-
TO KyJBTHBHPOBAHUSI METOJIOM MIPOTOYHON IIUTOMETPHUH.

Pe3yabrarsl. [TagsMuTOMIITAaHOIAMUL CHUYKAJ )KU3HECTIOCOOHOCTH KileToK ritnombl C6 Ha 10 % u mponu-
(depaumio Ha 24 %, HO He BIMSI Ha KIeTKU Hela. PUIIMHOMIATAHOIAMH]] CHHYKAJ KU3HECTIOCOOHOCTh KIIETOK
oMbl C6 Ha 2 %, a mponudepaTuBHYI0 akTUBHOCTH — Ha 29 %, He BN Ha )KHU3HECTIOCOOHOCTh KieTok Hela,
HO CHIKast uX nponndepanuio Ha 37 %. [lansMuTOMIIMITAHOTAMUJT CHIKAIT )KU3HECTIOCOOHOCTH 1 nposudepa-
1uio Kietok oMbl C6 Ha 49 u 74 %, Hela — na 35 u 74 %. PUIIMHOMI WA TAHOIAMHMT CHUYKAIT KU3HECITOCO0-
HOCTh KJICTOK TiinoMbl C6 Ha 14 %, nponudeparuio — Ha 37 %, kietok Hela — Ha 1 u 48 % COOTBETCTBEHHO.

[TokazaHa 10303aBUCUMOCTB (P (PEKTOB UCCIICAOBAHHBIX COSTUHEHHH.

3axuouenne. [IpotuBoomyxoneBsiid 3(h(HEKT U3yUYCHHBIX STAHOIAMHUJIOB KHUPHBIX KUCIIOT OMPEACISICTCS UX
CTPYKTYpOH U 3aBHCHUT OT TUIA KJICTOK. M3 UCCIICIOBAHHBIX COCTUHCHUI HanOoJIee BRIPAXKCHHBIC IIUTOTOKCHUYE-
CKUH 1 aHTHITPONTU(EPATHUBHBIHN 3((PEKTHI MOKA3aJ MATbMUATOWITUITAHOIAMU.

KutioueBble cj10Ba: 5TaHOIAMUJIBI JKUPHBIX KUCIOT, PULIMHOMIATAHOJIAMHUI, TaJTbMUTOMIITAHOIAMU], PU-
HUHOWIMATAHOJIAMU]T, TATbMUTOUIIIUATAHOIAMUL, PAK, OMyXOJb.

Just umtupoBanusi. [[poruBoomyxoneBas akTHBHOCTh ATAHOIAMMJIOB U IUATAHOIAMUJIOB MAJIbMUTHHOBOM
U PUIIMHOJICBOU KUCIIOTHI in vitro / T. Y. Teprnuuckast [u np.] / buoxumus u MmonekynspHast ouonorust. — 2023, —

T. 2, Ne1(2). — C. 53-59.

BBeneune

Oraronamuab! JKUpHBIX kKucioT (DAXKK) npencras-
JISTFOT CO00¥ OOJBITYIO TPYIIITY COSTMHEHHH, BKITIOUATO-
IIyI0 BEIIECTBA C TUICHOTPONHON OMOJIOTHUECKON aK-
THUBHOCTBIO. Cpen Hanbolee N3yYeHHBIX COSTMHEHUI
9TOro Kinacca — nansMutommTanonamu (I113A). [oka-
3aH0, uTo [IDA mposBIseT NPOTUBOBOCHATUTEIBHYIO,
aHAJIBIreTHYECKYT0, aHTHAIJIEPTHUECKYIO aKTHBHOCTh
[1]. DxciepuMeHTHI TTPOAEMOHCTPHUPOBAIH TIPOTHBO-
omyxoneBoe aeiicteue 1A u psima apyrux coennHe-
HUI CO CXOIHOW CTPYKTYpOH B OTHOILLIEHUM KOJIOPEK-
TaJILHOTO paka [2], paka Jierkux [ 3], HelpooimacToMbi [4]
Y MEJNaHOMBI [5]. DTO CBHAETENBCTBYET O MEPCIIEKTHB-
HOCTH TTOMCKa HOBBIX IMPOTHBOOITYXOJEBBIX areHTOB
Cpeny COSAUHEHUI 3TOM IpyMIIbL.

Llenb naHHOTO HCCIIEe0BaHUS — IPOBECTH CPABHU-
TeJIbHOE UCCIIeJOBAaHKHE IPOTUBOOITYX0JIEBOTO 3 (heK-
Ta HECKOJIBKUX PA3INYHBIX 10 cTpykType DAKK.

Bri6pannsie ans uccienosanns DAXKK paznmaa-
IOTCS KaK IO YKUPHOKUCIOTHOMY, TaK U MO dTaHONA-
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MUHHOMY (hparMeHTaM MOJIEKyJIbl, B KauecTBe 06a30-
BOHM CTPYKTYpBI KOTOPOI MBI Oy/leM paccMaTpHuBaTh
[12A kak Hauboee NpeACTaBUTEIBHOTO YJIeHa ITOTO
psana. [Tomumo shdexros [IDA, conepxarero annib-
HBIM OCTaTOK HACBIIIEHHON >KUPHOW KUCIIOTHI (TTab-
MUTHHOBOH), B paboTe u3ydeHbl Y(H(HEKTH PUITUHO-
nimeTanogamuaa (POA), comeprkamiero amuiIbHBIN
octarok Cg-»-9-12-OH kapboHOBOW KHCIOTH (pH-
LMHOJIeBast, MU 12-rupokcu-9-yuc-oKkTaerieHoBas
kuciota). Kpome Toro, B pabote ncciiesoBaHo BIUs-
HUE Ha )KHU3HECTIOCOOHOCTH 1 MPOITH(EPAIIUIO OITyXO0-
JIEBBIX KJIETOK M3MEHEHHS dTaHOJIaMHIHOTO ¢par-
meHTa DAXKK — ¢ addexramu MOHOATAHOTAMUIOB
[I3A n PDA cpaBHIIHM 3QPEKTH TATEMUATOUIIIHITA-
nonamuga (I119A) u puumHOMIOUAITAHOIAMHAA
(PADA).

MarepuaJbl 1 METOIbI
Knemounvie nunuu. Pabora mposeacHa Ha Kie-
TOYHBIX NUHUAX Hela (pak MIeWKH MaTKH, 9eJIOBEK)



u rmuoma C6 (xpoica) us xkoutekuu PHITL snuaemu-
OJIOTHH ¥ MUKpoOuonoruu, benapycs.

Hccneoyemvie coeounenusn: >TanonaMuiipl U Td-
3TaHOJIAMU/Ibl NTAJIbMUTUHOBOW M PULIMHOJIEBOW KHUC-
not — [1DA, ITIDA, POA u PIIDA — nony4eHsl B pam-
Kax OOIIMX CHHTETHYECKHUX METOIOB OPTaHUYEeCKOTO
cunaTtesa. B wactaocTw, [I19A u ITJIDA momydeHs! aMu-
HOJIM30M METHJIOBOTO 3(Hpa STAHOJ- U JHITAaHOIAMH-
HaMH 1 110 YCOBEPIIEHCTBOBAHHOMY METOJy CMEIIaH-
HBIX aHTHAPUIOB [6]. POA momydeH aMUHOIH30M
METHIIOBOTO d(Upa PUIIMHOIEBONM KHCIOTHI dTaHOIa-
MWHOM M METOJIOM CMETIAaHHBIX aHTHPUIOB C TIPOMe-
YKYTOUHOW 3aIUTON THIPOKCHIBHON Tpymisl. PIIDA
MOJTyYeH aMHHOJIM30M METHIIOBOTO 3(hUpa pUIIMHOIIE-
BOM KHCJIOTBI B YCIIOBHSIX IIEJIOYHOTO KaTajK3a.

IIpogedenue rxcnepumenmos. Kietku BbiceBaId
B JIyHKH 96-myHouHbIX mianmeroB (Corning) B cperne
JAMEM c no6asnernem 10 % OTC u aHTHOHMOTHKOB (T1e-
HUIIWIUIAH, CTpenToMuItuH, amdorepunma B) (Bce
Sigma). BHocuiu B mynku DAXKK B KOHEUHOM KOHIICH-
tparmu 500 MKM, 00 B KOHIICHTPAIHSIX, CHHKAFOIIIX-
cst o1 500 10 0,05 MKM mpu AECATUYHBIX pa3BEICHUSIX.
B xonTpone BMmecto DAXKK BHOCHIIN pacTBOpHUTENH (ITH1-
MeTUICYTb(OKCH B KOHeUHOH KoHneHTparmu 0,1 %).
OO0mmit 00beM KJIETOYHOM CYyCIIeH3MH B JTyHKaX COCTaB-
st 220 mxit. Kynstusuposanu 48 1 ipu +37 °Cu 5 %
CO,. 3arem cHUMAITK KJIETKY ¢ TUIaHmIeTa. J{yis atoro m3
JYHKU 3a0Mpaiy BCIO CPedy ¢ HE MPHKPETHBIINMUCS
KJIETKaM{ ¥ TIEPEHOCHIIN B MPOOUPKY A MPOTOUHOM
uuroMerpud. B mynky BHOcuim 100 MK pacTBOpa TpUII-
cina — D/ITA (0,25 % tpurmcun — 0,02 % S/ TA, Sigma-
Merck), uepe3 10—15 MUH CHUMAJIH KJIETKH C TIOJTOXKH
Y TIEPEHOCHITH B TY XK€ MPOOUPKY [yst IiuTomeTpun. Ot-
KpeIIeHHe KJIETOK OT CyOCcTpara M MOJHOTY UX CHSITHS
C TIOJJIOKKY KOHTPOJIMPOBAIIN C TIOMOIIIBIO HHBEPTHUPO-
BaHHOTO MHKpockona (Leica DMIL). 3arem BHOCHIM
B IIyHKY erre 100 MKJI I30TOHUIECKOTO PacTBOPa XJIOPH-
Jla HaTpHsl, MSITKO TIMTIETUPOBAJIA U TIEPEHOCHIIA B TPO-
OupKy, 100aBIIsIs K TOM ke rpode. OO0l 00beM Mpoobl,
MOTyYEHHON M3 KaXKIOW JIyHKH, cocTaBisil 420 MKIL
J171s1 OLIEHKY JKU3HECTIOCOOHOCTH KIIETKU OKPAITUBAIIN
KpacuTteneM nmponuanii Hoxauaom (Sigma). st ompe-
JIeJICHHsI KOJIMYECTBa KIJIETOK HCIIONB30Bai pede-
pentHbie Guyopocheps FLOW-COUNT™ (Beckman
Coulter) cornacHo nHCTpYKIMHK ipou3BoauTens. Kie-
TOYHBIE MTPOOBI AaHAIM3UPOBAIN C TOMOIBIO TPOTOY-
Horo rrToduyopumerpa BD FACSCanto 11 ¢ mporpamm-
HBIM oOecnieuenreM Diva 7.0 (Becton Dickinson).

Cmamucmuueckana oopadbomka. llomydeHHBII
rpoBoil Marepuan 00pabdaTEIBAId CTAHAAPTHBEIMHU
CTAaTUCTHYECKIUMH METO/IaMH C TIOMOIIBIO TTaKeTOB
mporpamm Excel u Statistica 7. IIpu pacuerax oOne-
JIUHSUTA TaHHBIE 2—5 HE3aBHCHUMBIX SKCIIEPHMEHTOB,
B KOKIOM U3 KOTOPBIX 71 = 4—6. O0I11ee KOIMIECTBO
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nosropHocTel (n) npu nzyuennn DAXKK B mozax 500
MKM — ot 14 1o 24, npu uccienoBaHuu T030BOM 3a-
BUCHUMOCTH — OT 8 710 16 B pa3nuuHbIX cepusix. [lan-
HBIE ITPEICTABIICHBI B BUJIE CPETHEN U €€ CTaHJapTHON
omuOKu. Paznnuus Mexly cepusiMi CUUTaNIN TOCTO-
BEPHBIMU ITpH YpoBHE 3HaUMMocTH p < 0,05 cornacHo
kputeputo CThIOIEHTA.

Pe3yibraThl U UX 00CYKIEHHE

HWccnenoBanust »)KU3HECTIOCOOHOCTH KIIETOK TITMOMBI
C6, noasepriuxcs BiusHUIO uccaenyembix DAXKK,
rokazaiu, 4ro IIDA cHmkai 3tot mokasareiab Ha 10 %,
POA —na3 % (pucynok 1 a). IIJ/IDA ciocoberBoBa
CHIDKEHUIO JKU3HECIOCOOHOCTH KIIETOK B 2 pasa,
PIADA —na 14 % (cm. pucysok 1 ). Takum obpazom,
MDA nposiBisin urorokcnueckuil dpdext. Ocrarok
PHUIIMHOJIEBOM KUCIOTHI B CPABHEHUH C TIAIbMUTHHOBOM
KHCJIOTOW B COCTaBE allWIbHBIX (hParMEHTOB MOHO3TA-
HOJIaMUJIOB CJTa00 M3MEHSUT IUTOTOKCHYECKHIA (D PEKT,
a JIOTIOJTHUTEINIbHAS dTAHOJBHASI TPYIIIA B CTPYKTYype
ATaHOJAMUHHOTO (hparMeHTa CIOCOOCTBOBAJIA 3HAUU-
TEIHHOMY YCHJICHHIO ITUTOTOKCHYECKOTO IEHCTBUS
[TADA 1o cpaBaenuro ¢ [1DA.

B cocrage anmiibHOTO pparMeHTa qUITaHOIAME 1A
OCTaTOK PUITMHOJICBOM KUCIIOTHI ITO CPABHEHHIO C OCTAT-
KOM MaJbMUTHHOBOU KUCIOTHI CHUKAJ ITUTOTOKCHY-
HOCTh. U3 pucyHoka 1 a BunHo, uto [TJIDA niposBiist
OOJIBIIYIO UTOTOKCUYECKYIO aKTUBHOCTh, YeM P/IDA.

[Ipu oueHke posv JOMOMHUTENBHON 3TaHOIBHOU
IPyMIbl B aMUHOM (parMeHTe COeUHEHUH, coep-
KAIIUX PULMHOJIEBYIO KUCIOTY, BUAHO, 4yTo PIIDA
Oosee MUTOTOKCHYEH, ueM PDA, HO 3TOT 3 heKT BHI-
pakeH cnado.

Takum 00pa3oM, yCHIICHHUEO ITATOTOKCUYHOCTH B OT-
HOIIEHUH IITUOMBI C6 CTIOCOOCTBOBAIIN OCTATOK IMaJTh-
MUTHUHOBOM KUCTIOTHI B CTPYKTYPE KUPHOKUCIOTHOTO
(parMeHTa W JIOMOJIHUTENIbHASI 3TAHOJIbHAS TpyIa
B COCTaBE aMUHHOTO ()parMeHTa.

B omnmitax ¢ knetkamu Hela npu peiicteun [1DA
u PDA He BBIABIECHO KiIeTOuHOM rubenu, ITJIDA
1 P/IDA cHMXaIU KOJIMYECTBO )KU3HECITOCOOHBIX KJle-
ToK B mpodax Ha 35 u 1 % (pucynok 1 b). Cnenosa-
TEIbHO, KJIETKU Hela ObLIM MeHee YyBCTBHUTEIBHBI
K nutoTokcuueckomy nedctBuio 3tux JAXKK, gem
KJIeTKH oMbl C6. Kak U B ombITax ¢ KJICTKaMU IIH-
oMbl C6, I[IJIDA npossisin Gonee BEIpaKEHHBIH 3-
(exkr, uem [1DA, npucyTcTBUE OCTaTKa PUITUTHOICBOMH
KHUCJIOTHl BMECTO MAIbMUTHHOBOW 3HAYUTENBHO CHU-
K0 AIPPEKT JOTOTHUTEIHHON ATAHOIBHOM TPYIITIHL
OcTaTok MaabMUTUHOBOM KUCIIOTHI B allUIIBHOM (ppar-
MEHTE JIMATAHOJIAMUJIOB CIIOCOOCTBOBANI OOJbIIEH
LUTOTOKCUYHOCTH IO CPABHEHUIO C OCTATKOM PHUIIU-
HOJICBOM KHUCTIOTHI.

Bce uccnenyembie DAXKK nonasinsum npoiudepa-
LU0 OMYX0JeBbIX KIeToK. D dexrsl [IDA u POA nHa



oMy C6 TpakTUYECKH HE OTIMYAIUCh, CHIDKAS
KOHIICHTPALIMIO KJIETOK B 1pobax Ha 24 u 29 % (pucy-
HOK 2 a). [IndTanonamMu st 0oiee BRIPAXKCHHO CHUKA-

U nposinepaTuBHYO aKTUBHOCTh
M0 CPaBHEHHIO C MOHOJTAaHOJIAMU-
namu — npu aeiicteuu [1IJ[DA kon-
LEHTpalus KICTOK Obuia Ha 74 %
MEHbIIIE, YeM B KOHTPOJIE, TP JCH-
ctBuu PIDA — Ha 37 % (cm. pucy-
HOK 2 a).

Knerku Hela 6bun HeuyBCTBU-
TeNBHBI K JieticTBrio [1DA, B TO Bpems
kak POA nonaisii ux nponudepa-
o Ha 37 % (pucynok 2 b). J{u-
3TaHOJAMUJIbl MOJABIISUIA POJIU-
depaiyio B O0JbIICH CTCIICHH, YeM
sranonamuael: [IJIDA — Ha 74,
a PIIDA —na 48 %.

Kak cBUIETENBCTBYIOT ATH JaH-
HEIE, KJIETKH [THOMEI C6 ObLTH Ooliee
YyBCTBUTENBHBI K [IDA, uem kietku
Hela, B To Bpemst Kak aHTHATIpONH(e-
paTUBHOE JICHCTBHE APYTHX UCCIIEIO0-
BaHHbIX DAJKK B oTHOmIEHHH ABYX
THUIIOB KJIETOK ObLIO cxomHbM. OcTa-
TOK PHIIUHOJIEBOH KHCIIOTHI B CPaBHE-
HUH C OCTATKOM TaJIbMUTHHOBOW KHUC-
JIOTBI B COCTaBE MOHO3TaHOJIAMHUIIOB
HE BJIMST HA aHTUTIPOIU(EPATUBHBIN
a¢dexT B oTHOmEHUH oMbl C6
Y YCHIIMBAJI €T0 B OTHOIICHUH KIICTOK
Hela. JlonomHuTenbHasT 3TaHOIbHAS
TpyIa B COCTaBe JUATAHOIAMUIHO-
ro ¢parmenta B DAXKK, comepxa-
IIUX B KAYECTBE allUIILHOTO (hparMeH-
Ta MaJTbMUTUHOBYFO KHCJIOTY, CIIOCO0-
CTBOBaJIa aHTUIPOIHU(EPATUBHOMY
nedcturo. Ecnum BMecTto ocrarka
MATbBMATHHOBO KHCIIOTHI B COE/TMHE-
HHUH PUCYTCTBOBAJI OCTATOK PUIIUHO-
JICBOM KHCIOTHI, TO 3()(PEKT MOHO-
Y TIM3TAHOJIAMUIOB OTIMYAJICs cl1a0o.

Oo6umii ahpexr DAXKK Ha omyxo-
JIEBBIC KJICTKU, OOYCIIOBIICHHBIH ITUTO-
TOKCUYECKUM U aHTHIIPOIH(EepaTruB-
HBIM JCHCTBUEM, TPEJCTABICH Ha
pucynke 3. KonnuecTBo *u3HeCIo-
COOHBIX KJIETOK B Tpodax mmoMsl C6
o, aeiicteueM I19A u PDA Obuio
cHiwkeHo Ha 28 u 30 % cootser-
cTBEeHHO (pUCyHOK 3 ). ITJIDA okazbi-
BaJI 3HAUUTEITLHO 0O0JIEe MOIIHBIH -
(hexr, uem [IDA, cHIXKAS KOTHMUYECTBO
JKMBBIX KJIETOK B Ipo0ax Ha 84 %.

[Ipu aeiictBuu PIIDA BhisBIEHA TSHACHIIMS K YCH-
neHuro A dexra 1o cpaBHeHuto ¢ POA, xoTs u He 110-
CTUTAIOIIAsl CTATUCTUYSCKON 3HAUMMOCTH.
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Pucynox 1 — XKusnecrnocobHocTs kiaetok miuomel C6 (a) u Hela (b)
npu Boneiicteuu 0,1 % aumetmicynshokenaa (koHTpois) — 1, 500 MM
NaJbMUTOMIIITAHOIAMHIA — 2, TTAIbMUTOMII A TAaHOIAaMH A — 3,
PULIMHOMIdTAaHOJIAMK/A — 4, pUIIMHOWIIAMATAHOIaMK1a — 5.

[To ropH30HTANBEHON OCH — CEpPUsI OTIBITA, [0 BEPTUKAIBLHON OCH —
KHM3HECTIOCOOHOCTD KJIETOK, % OT KOHTPOJIS.

* p<0,05 npu cpaBHEHUH ¢ KOHTpoJeM (cepust 1), ** p < 0,05 npu
cpaBHeHUHM cepuii 2-3, 2—4; *** p < (0,05 npu cpaBHeHHHU cepuit 3-5;
*HE* p < 0,05 npu cpaBHeHUH ceprid 4—5 (Te ke 0003HaUYCHHS
U Ha PUCYHKax 2, 3)

Figure 1 — Viability of glioma C6 (a) and Hela (b) cells exposed to 0.1 %
dimethyl sulfoxide (control) — 1, 500 uM palmitoylethanolamide — 2,
palmitoyldiethanolamide — 3, ricinoylethanolamide — 4,
ricinoyldiethanolamide — 5. On the horizontal axis — a series of experiences,
on the vertical axis - cell viability, % of control
* p <0.05 with control; ** p <0.05 when comparing series 2—3, 2—4;
*#% p < 0.05 when comparing series 3—5; **** p < (.05 when comparing
series 4-5 (the same designations are in figures 2, 3)
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Pucynok 2 — Konuenrpauus kiaetok rinomsl C6 (a) u Hela (b) B npobax
nipu Bozzeicteun 0,1 % numernncyiasdokenna (kouTpois) — 1, 500 MxM
MAJIBMUTOMIIITAHOIAMUIA — 2, TAIbMUTOMIANATaHONaMuIa — 3,
pPULMHOMIdTAaHOIAMK/A — 4, pUIIMHOWIIAMATAHOIaMU 1A — .

[To ropu30HTANBEHON OCH — CEpUsI OTIBITA, 10 BEPTUKAIBHON OCH —
KOHIIEHTpAIMs KJIETOK B 1Tpodax, % OT KOHTPOJIS

Figure 2 — The concentration of cells in glioma C6 (a) and Hela (b) samples
exposed to 0.1 % dimethyl sulfoxide (control) — 1, 500 uM
palmitoylethanolamide — 2, palmitoyldiethanolamide — 3,
ricinoylethanolamide — 4, ricinoyldiethanolamide — 5.

On the horizontal axis — a series of experiences, on the vertical axis —
cell concentration in samples, % of control
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B orHomienuu kinetoxk Hela TIDA He okazan 3¢-
¢dexra, POA cHU3WI KOHLEHTPALHUIO KU3HECTIOCO0-
HBIX KIETOK B mpobax nHa 37 % (pucynok 3 b). Kak
U B onbITax ¢ TuoMoi C6, e JUITaHOIaMHIOB
ObLT OoJiee BeIpaXkeH, 4eM 3(h(heKT COOTBETCTBYIOIINX
MOHO3TaHOTaMuI0B: [IJIDA cHM)aT KOHIICHTPAIIUIO
JKU3HECTIOCOOHBIX KJICTOK B Tpodax Ha 84, PIDA —nHa
49 %. U3 pucyHka 3 BUAHO, YTO POJIb TOTIOTHUATENb-
HOU TMJIPOKCHIILHOM TPYHIIBI B IPOTHBOOIYXOJICBOM

a¢dexre yetko BoIsBIseTcs B DAXKK, comeprxariux
AIMIIBHBINA (DparMeHT MajJbMUTHUHOBOW KUCIIOTHI.
Bbuta Taxke wccienoBana J1030Basi 3aBUCUMOCTb
a¢ppexkra DAXKK. OnbIThl ¢ HCIIOIB30BAHUEM JIECSI-
TUYHBIX pa3BelIeHUH MoKa3aiu, 4yTo B J03ax 50 MkM
Y HIDKE 3aMETHOE BIIMSHHUE OKa3bIBajl TOJIbKO TTJIDA.
[Ipu 3TOM CHMKEHHE KU3HECIIOCOOHOCTH KIIETOK
oMbl C6 He TipeBbImano 3 %, a CHUKEHUS KU3He-
CIOCOOHOCTH KJIeTOK Hela He BBISABICHO (JIaHHBIC HE
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Pucynox 3 — Konnenrpanus kuBbix Kiaetok ruomsl C6 (a) u Hela (b) B
npo6ax mpu Bo3aeiicTeun 0,1 % auMermicynbhokcnaa (KOHTpos) — 1,
500 MKM majapMHTOMJIDTAHOJIAMHUIA — 2, HaJLMUTOMIIIMATaHOIaMu1a — 3,
pULMHOMIdTAaHOIAMKIA — 4, pUlIMHOMWILAMATaHoNamua — 3. I1o ropu3on-
TAJIbHON OCH — CEpUsI OTIBITA, 110 BEPTUKAIBLHON OCH — KOHIIGHTPAIIXS )KUBBIX
KJIETOK B Mpobax, % OT KOHTPOJISA

Figure 3 — The concentration of viable cells in glioma C6 (a) and Hela (b)
samples exposed to 0.1 % dimethyl sulfoxide (control) — 1, 500 uM
palmitoylethanolamide — 2, palmitoyldiethanolamide — 3,
ricinoylethanolamide — 4, ricinoyldiethanolamide — 5. On the horizontal
axis — a series of experiences, on the vertical axis — cell concentration in
samples, % of control
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Pucynok 4 — KoHueHTpalus *uBbIX KieTok ruoMel C6 (a) u Hela (b) B
npoOax MpH BO3JACHCTBUHU Pa3JIMUHBIX 03 MaJTbMUTOWIINITAaHOIAMUIA;
* p < 0,05 mpu cpaBHeHUU ¢ KoHTpoIeM (cepust 1). [To ropusoHTaITBHON
0CH — /1032 NAJIbMUTOMIIANITAHOIAMHIIA, IO BEPTUKAJIBHOI OCH — KOHIIEHTpa-
IUsE )KHUBBIX KJIETOK B TIP00ax, % OT KOHTPOJIS

Figuer 4 — The concentration of viable cells in glioma C6 (a) and Hela (b)
samples exposed to different doses of palmitoyldiethanolamide;
* p <0.05 when compared with control (series 1). On the horizontal axis —
the dose of palmitoyldiethanolamide, on the vertical axis — the concentration
of living cells in the samples, % of the control
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npeactaBieHbl). OIHAKO BEISIBICHO
CYILLIECTBEHHOE CHUKEHHME KJIeTOU-
HOH mponudeparuu, 9To 00yCIOB-
JUBAeT MPOTUBOOIMYXOJEBBINH (-
¢dext coenunenus. Ha pucynke 4
MIpeCTaBIIeH TPayK, OTPAKAIOIIAN
Bnusiaue I1JI9A Ha konmm4ecTBO
YKU3HECTIOCOOHBIX KJIETOK B Mpodax
muoMbl C6 n Hela. Ctatuctudecku
3HAYUMBII TPOTHBOOITYXOJIEBHIH 3(h-
¢exr [1IDA B OTHOIIEHUH KIIETOK
oMbl C6 BBISIBICH TPH J103aX
5 MkM ¥ BBIIIC, B OTHOIIICHUH KJIe-
Tok Hela — mpu mozax 50 mMxM
Y BHIIIE (CM. pUCYHOK 4).

TIDA B nozax 50 MkM u HIKE HE
OKa3bIBaJl MPOTHBOOITYXOJIEBOTO 3()-
(hexra, POA u P/IDA oka3wsiBaim cia-
60¢ BustHIe. POA B 103ax 0,550 MxM
TI0/1aBIISUT rIporHdepanuro oMbl C6
Ha 16-9 %, a PIIDA na 2-3 % cHmxan
KHU3HECIIOCOOHOCTh ATHX KIIETOK
(maHHBIC HE TIOKA3aHBI).

W3BecTHO, uTO OHONIOTHUECKHE
addexrsr DAXKK, noBomsHO IOIPO0O-
HO HM3y4yeHHble Ha mpumepe [1DA,
peam3yroTcs Yepe3 HOHHBIE KaHAITBI
BPEMEHHOTO PEHENTOPHOTO TOTEH-
Lyana, OTHOCSIIUECS K IMOJCeMen-
CTBY BaHWUIOWIHBIX PEIENTOPOB —
TRPV1: penentopsl, akTUBUpyEMbIe
MIEPOKCUCOMHBIM IIPOIU(EPaTOPOM —
PPARa«; Oeniku U3 cemeiicTBa periern-
TOPOB, COMPSIKEHHBIX ¢ G-0eTKoM —
GPR55 u GPRI119. Kpome Toro,
nonararoT, 4to [I19A moxeT omocpe-
JIOBAHHO TIOBBIIIATh AKTUBHOCTH
KaHHAOMHOMAHBIX perenTopos CB1
u CB2, cnocoOcTBys MOBBIIICHHUIO
YPOBHS X SHJIOTCHHBIX JIMTAHJIOB —
aHaHJaMuIa ¥ 2-MalbMHATOWITIIN-
uepuaa. To peamusyercs mocpes-
CTBOM KOHKYPEHTHOTO CBSI3BIBAHHS
II9A ¢ pepmenTamMu, THAPOTUIYIO-
LUMH aHAHJAMUJT U 2-T1aJIbMUTOMII-
muuepun [S]. Takoit MexaHn3M Koc-



BeHHOTO yuacTus [IDA B akTHBanuu KaHHAOMHOMI-
HBIX PEIEeNnTOPOB MONYy4YWJ Ha3BaHHe <«3PDexT
aHTypaxa». CUHTAIOT, 4TO B 3TOM ClTydae OCHOBHOU
MuieHplo 119A sBiseTcs ruaponaza aMHUIOB KUP-
HBIX KucoT [7, 8]. Bo3aMokHO Takxke, uro [I1DA mo-
BbIIIIaeT dkcrpeccuto CB2 mocpeacTBOM aKTHBALUU
PPARa [9].

JlanHble uTepaTyphl CBHAECTENBCTBYIOT, UTO KIETKU
oMbl C6 akctipeccupytoT perentops CB1 [10] n CB2
[11], TRPV [12], PPARa [13], GPRSS5 [14]. B ximeTkax
Hela Taxxe skeripeccupytorest CB1, CB2, TRPV1 [15],
PPARa.[16]. Bece a0 1o3BoIsieT nosiararb, YTO UCTIONb-
30BaHHBIE B HAIlleil MOJENN KJIETKH WMEIOT IIeJIeBbIe
peuentopsl 11t DAXKK B nenom u IIDA B yacTHOCTH.

Uro kacaeTcsi MOJIEKYIIAPHBIX MEXaHU3MOB, 00y-
CJIOBJIMBAIOIMX aHTUTIPONU(EpPaTHBHOE ICHCTBHE HC-
cnenyeMbix DAXKK, Ha kIeTKax paka TOJICTON KUIIKU
HCT116 u Caco-2 BBISBIEHO HOBBIIIEHUE IIOJ JCH-
crBueM [I9A cuntesa nuknuna B1/CDK 1, perynupyto-
nrero nepexon G2/M. D10, Kak MoJararoT, MPUBOJUT
K OCTAHOBKE KJIETOYHOTO LIMKJIA U HAKOIUIEHUIO KIle-
Tok B (haze G2/M [2]. Ha kieTkax paka MOJIOYHOU
xene3pl MCF-7 mponeMoHCTprpoBaHa CiocOOHOCTb
IIDA ycunmuBare WHTHOUpYIOIIEe JEWCTBUE aHaH/a-
MUJIa Ha 3Kcnpeccuo Trk-perentopoB — perenTopos
(hakTOpa pocTa HEPBOB, UTO CIIOCOOCTBYET TOPMOJKE-
HUTO Tiposidepannn. ITO CBI3BIBAIOT C TTOABICHIEM
TUApONM3a aHaHAamuaa B npucyrcersuu [19A [17],
T. €. C YK€ YIOMSHYTBIM BbITIE 3PEKTOM aHTypaxka.
XOTs B HaIlIeM HKCIIEPUMEHTE MBI HE HCIOIb30BAIIN
9K30TEHHBIN aHaHAaMUJ, HO JaHHBIA dHIOKaHHAOH-
HOWJI CHHTE3UpYyeTcs B KieTkax. Mcxoms u3 aToro,
MOXKHO TIpEANOojaraTh, 4T0 aHTHUIPOIU(EPATUBHOE
u nuroTokcnuyeckoe neicrteue DAXKK B Hammx skc-
MepUMCEHTaX B 3HAUYUTEIBHOW Mepe MOXKET OBITh 00-
YCIIOBIIGHO MHTUOMPOBAHUEM THAPOJIHM3a U TTOBBIIIE-
HUEM ypPOBHSI BHYTPUKJIETOYHBIX dHIOKaHHAOWHOU-
JI0B, TpEeXe Bcero aHaHaamuaa. MomekyiaspHble
MeXaHU3MBbI aHTUITPOIU(PEPATHBHOTO ICHCTBHUS aHAH-
JaMua U3ydeHbl OoJiee JeTajabHO, YeM MEXaHH3MBI
neiicteust [I1DA, n cBA3aHbI ¢ HHTHOWPOBAaHUEM KJIe-
TOYHOTO IWKJIa TIOCPEJCTBOM HapyllleHHs 00pa3oa-
HUSL KOMIUIEKCOB IUKIMHOB C LIMKJIMH-3aBUCUMBIMU
KMHAa3aMH, TIOAaBICHIEM CHHTE3a ITUKIMYECKOTO afie-
HO3MHMOHO(pOC(aTa, MOBBIILICHUEM YPOBHS aKTHB-
HBIX (OPM KHCIIOPOJa, HETaTUBHOW PETYIISIIIUA CHUT-
HAJIBHOTO My TH (poconno3utTua-3-kuHaza/AKT. NH-
JyKIUs afonTo3a XapaKTepusyeTrcs MOMUMO
BBIIIETIEPEYUCIICHHOTO IOBBIIICHHEM aKTUBHOCTHU
Kacma3 8/9, mHAYKIus ayTodarud — MOBBIIMICHHEM
ypoBHs 1iepamuioB, oenka LC3-II, crpeccom »HIO-
1a3MaTHYeCcKoro petukymnyma [18].

VYposens sanorenHsix DAXK B kneTke perynupy-
eTcs, C OJHOW CTOPOHBI, CKOPOCTHIO OMOCHHTE3A,
a C JAPYroi — CKOPOCTBIO AETpajalliil MOCPEICTBOM
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THIPOIATHYECKUX (PEPMEHTOB, OCHOBHBIMHU U3 KOTO-
PBIX SIBISIIOTCS TUAPOJIa3a aMHUIOB JKUPHBIX KUCIOT
1 amuaaza N-aluiadTaHOJAMUHOBOU KHUCIOTBI. DTH
dbepmenTsl pacierisitor [IDA U ero KoHreHepsl,
a TaK)Xe JHJIOTEHHbIE KaHHAOWHOW[bI aHAHIAMUJI,
2-TaTbMATOMITITAIIEPHUT U PSIT CXOHBIX IO CTPYKTY-
pe coeaunenuii [7, 8, 19]. Uarnbuposanue rugponu-
3a DAXKK [3-5] 1 coznanve yCTOWYUBBIX K THAPOIH-
3y cunretndecknx JAXKK [20] ycunuBaroT nmpoTuBo-
OTIYXOJIEBBIN APPEKT COeMHEHUI ITOTO KiIacca.
MOXXHO TIPEAIIONOKHTh, 4TO (haKTOpaMu, OT KOTO-
pBIX 3aBUCHUT AecTBUe [IDA Ha ompeneneHHbIC TUIIBI
KJIETOK, SIBIISTIOTCS HAJIMYME W KOHIICHTPAIAs MeMOpaH-
HBIX ¥ BHYTPHUKJICTOUHBIX PEIETITOPOB, OMIOCPEIYIOIIHIX
neiicteue DAXKK, x0T Bonpoc O BBIPaKEHHOCTH HKC-
MIPECCHH ITUX MOJIEKYJ B PA3IUYHBIX THIAX KJIETOK
OCTAaeTCsl OTKPBITHIM. B 4acTHOCTH, CpaBHUTEIBHBIX
HCCJIEIOBAHUM, KacaloluXcs KJIETOK riuoMbl C6
u Hela, ne npoBouiiock. Tak:ke HEOOXOAUMBI UCCIIEIO-
BaHUs B3auMozeiictus cunternyeckux IAKK momu-
Mo [IDA ¢ atumu perenitopamu. B kauecTBe rumnoressl,
OOBSCHSIFOIIEH O0JIee MOIITHOE IIUTOTOKCHYECKOE 1 aH-
tunponrdeparusHoe neiicteue [1JIDA mo cpaBHeHNIO
c[I1DA, MOXKHO BBIIBUHYTb TIPE/ITIONIOKEHHE O OOJbIIICH
ycrorunBoctH [IJIDA K BHYTPHUKIETOUHOMY THIPOITH-
3y. O1HaKO, 715 TOTO YTOOBI IIOATBEP/UTH UITH OTIPOBEP-
THYTB ATy TUTIOTE3Y, TPEOYIOTCS JaTbHEHIIINE HCCIIEIO0-
BaHUS THAPOIUTHUECKON aKTUBHOCTH KIICTOUHBIX (ep-
MEHTOB B OTHOIIICHUH cuHTeTHueckux DAKK.

3akmoyeHue

[TomyueHHbBIE TaHHBIE TO3BOJISIOT 3aKIFOYUTh, YTO
coemuaeHMs 13 psaga IAKK — mansMuTommsTaHoMA-
MHUJ] U €T0 KOHT€HEPhbl — OKa3bIBAlOT B OTHOIICHUU
KJIeTOK TTHoMBEI C6 1 Hela IpOTUBOOITYXOJIEBHIH A~
(exT, KOTOpBId B OONBIICH CTEIEHH 00YCIIOBIICH T10-
JIaBJICHUEeM KIIETOYHOW mposrdepanui U B MEHb-
el — rubenpio KIIeTOK. BBIpakeHHOCTh MPOTHUBO-
OTIYXOJICBOTO JIEHCTBUS COCIUHEHHI OIpEeAeIsieTcs
WX CTPYKTYPOU U 3aBUCHT OT THIIA KJIETOK.

JlononHuTeIbHAS YTAHOJBHAS IPYIINA AUITAHO-
JMaMIJTHOTO (parMeHTa 3HAYUTENHHO YCHJIMBACT
MIPOTUBOOIYXOJIEBYIO aKTUBHOCTh COCIMHEHHUSI, CO-
JIepKaIlero alIbHbIA (parMeHT MaJlbMHUTHHOBOU
KHCJIOTBI, B TO BPEMsI KaK B COCIMHEHHMSIX, COJICPIKaA-
IIUX alUIbHBIA (PArMEHT PUIMHOJICBOW KHCIIOTHI,
9Ta 3aKOHOMEPHOCTH BRIpaXKeHa ci1abo.

B nusTaHONmaMugax KUPHBIX KHCJIOT OCTaTOK
MaJTbMUTHHOBON KHCIIOTHI CIIOCOOCTBYET O0JIee CHITh-
HOMY ITPOTHBOOIYX0JIeBOMY 3(h(DEKTy 110 CPaBHEHHUIO
C OCTaTKOM PHUIIMHOJICBOI KUCIIOTHI.

Haubornee BeIpaskeHHBIM TIPOTHBOOITYXOIEBEIM d(-
(eKTOM W3 KCCIICOBAaHHBIX COCAMHECHMI 00ianaet
[T/IDA, 10303aBUCUMO CHIKAIOLIUI KaK 3KH3HECIIOC00-
HOCTb, TaK M IPOIM(PEPATHBHYIO AKTUBHOCTH KJIIETOK.
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ANTI-TUMOR ACTIVITY OF ETHANOLAMIDES AND
DIETHANOLAMIDES OF PALMITIC AND RICINOLIC ACID IN VITRO

T I Terpinskaya®, T. L. Yanchenko', M. U. Lisouskaya ?, A. F. Palukoshka®, A. L. Mikhal chuk’

! Institute of Physiology of the National Academy of Sciences of Belarus, Minsk, Republic of Belarus,
2 Institute of Bioorganic Chemistry of the National Academy of Sciences of Belarus,
Minsk, Republic of Belarus

Introduction. Data on the biological activity of fatty acid ethanolamides indicate that the search for new
compounds with an antitumor effect in this group is promising.
Objective — is a comparative study of the antitumor effect of ethanol- and diethanolamides of palmitic and

ricinoleic acids.

Materials and methods. The effect of palmitic and ricinoleic acid mono- and diethanolamides on the viability

and proliferative activity of glioma C6 and Hela cells after 48-hour cultivation was evaluated by flow cytometry.

Results. Palmitoylethanolamide reduced the viability of glioma C6 cells by 10 % and proliferation by 24 %,
but did not affect Hela cells. Ricinoylethanolamide reduced the viability of glioma C6 cells by 2 %, and proliferative
activity by 29 %, without affecting the viability of Hela cells, but reducing their proliferation by 37 %.
Palmitoyldiethanolamide reduced the viability and proliferation of glioma C6 cells by 49 and 74 %, Hela — by 35
and 74 %. Ricinoyldiethanolamide reduced the viability of glioma C6 cells by 14 %, proliferation by 37 %, and
Hela cells—by 1 and 48 %, respectively. The dose-dependence of the effects of the studied compounds was shown.

Conclusions. The antitumor effect of the studied fatty acid ethanoamides is determined by their structure
and depends on the cell type. Of the studied compounds, the most pronounced cytotoxic and antiproliferative
effects were shown by palmitoyldiethanolamide.

Keywords: fatty acid ethanolamides, palmitoylethanolamide, ricinoylethanolamide, palmitoyldiethanolamide,
ricinoyldiethanolamide, cancer, tumor.

For citation: Terpinskaya TI, Yanchenko TL, Lisouskaya MU, Palukoshka AF, Mikhal’chuk AL. Anti-tumor
activity of ethanolamides and diethanolamides of palmitic and ricinolic acid in vitro. Biochemistry and Molecular
Biology. 2023, vol. 2, no. 1(2). pp. 5359 (in Russian).
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TPAHC®OPMALINA AMUHOKHNUCTIOTHOI'O CIIEKTPA
B MO3KEYKE, CTPUATYME U TUITOTAJIAMYCE I'OJIOBHOI'O
MO3TA KPbIC IPU BO3AEMCTBUU AHTUPETPOBUPYCHOTI'O
IHPEITAPATA 3UOBYJIUH

H. U. Qununa, M. H. Kypbam, E. M. Jlopowenko

Vupescoenue obpazosanus «I poOHeHckutl 20cy0apcmeentviil MeOUYUHCKUTE YHUBEPCUMEM y,
2. I'poono, Pecnybonuxa Benapyce

Brenenne. Mudopmanus o Bo3neiictBun npenapara 3ugoBynuH (AZT) Ha MO3r orpaHudeHa U TpeOyer
JIANIbHEHIIIEro N3yYeHUs] MEXaHU3MOB HEHPOTOKCHYHOCTH HYKJICO3H/IHBIX HHIMOMTOPOB 00paTHOM TPAaHCKPUIITa-
361 (HUOT), B ToM uncne u AZT.

Iesb uceie10BaHUS — YCTAHOBUTH U3MEHEHUS COZIEPKaHUA TPOTENHOTeHHBIX aMUHOKHCIOT (AK) B cTpua-
TyMe, MO3K€UKe U THII0TajlaMyce TOJIOBHOTO MO3Ta KPBIC TP BO3eHcTBUM mpenapata AZT.

Marepuansl U MeToAbl. [IpoBeneHo onpeneneHne CBOOOIHBIX AMUHOKHUCIIOT B THIIOTaIaMycCe, MO3KEUKe
U CTPHATYME FOJIOBHOT'O MO3Ta KPBIC C TOMOIILI0 oOparieHHodasHoit BOKX.

Pe3yabrarbl. Vccienyemblie CTPYKTYpbl TOJIOBHOTO MO3Ta XapaKTepU3YIOTCs TpaHcopMaluei mysa aMmu-
HOKHCIIOT. BhIsIBIIEHBI 0COOCHHOCTH W3MEHEHHs] OTHOIIECHUH MEXIy ONPEJCICHHBIMH KIIACCU(PHUKAIMOHHBIMU
rpyIiamMi aMHHOKHCIIOT: aMUHOKHCIIOTHI ¢ pa3BETBICHHOMN yrieponHoi memnbio (APYII) / apomarnyeckue AK
(AAK) 1 3ameHNMbIe/He3aMEHUMbIE B YCIOBUSIX JJAHHOTO SKCIIEPUMEHTA.

3akmiouenne. Beenenue npenapara AZT BbI3bIBaeT qucOanaHC B KOHIEHTPALUSIX IPOTEHHOTEHHBIX aMH-
HOKHCIJIOT (METHOHUH, JIM3MH, TpUNTO(aH, TPEOHUH, apTUHHUH, TUCTU/MH) B M3YYEHHBIX OT/AEIaX TOJIOBHOIO
MO3Ta KPbIC, BEIPQ)KEHHOCTh KOTOPOTO BapbUPYET B 3aBUCHMOCTH OT JJIUTEIHHOCTH BO3ACHCTBHS. YCTaHOBJICHA
tpancopmanus nyiaa APYL] u nezamenumbix AK B CTOpOHY CHMIKEHHS ITPU BBEJICHUH TIperapara BO BCEX UC-

CJICAYEMBIX OTACIIax.

KnroueBble ciioBa: AMHWHOKUCJIIOTHI, 3H}10ByI[I/IH, HCprOTOKCPI‘-IHOCTB, )11/106anch AMHWHOKHUCIIOT, OTACIIbI

T'OJIOBHOI'O MO3ra.

Jas uurupoBanus. Ounrna, H. . Tpanchopmaiust aMUHOKHCIIOTHOTO CIIEKTPa B MO3KEUKE, CTPHATYME U I'H-
MoTajiaMmyce TOJIOBHOTO MO3ra KpbIC [P BO3ACHCTBUU aHTUPETPOBUPYCHOTO npenapara 3ugoByaun / H. V. Gunnna,
M. H. Kypbar, E. M. [lopoietko // Bruoxumust u monekysipHast ouomnorust. — 2023, — T. 2, Ne 1(2). — C. 60—64.

BBeneunne

Hecmotpst Ha ycriex KOMOMHUPOBAHHOM BBICOKOAK-
TUBHOM aHTHPETPOBUPYCHOMN Teparuu B JEUCHUU BU-
pycHbIX MH(EKLUH, B HEpBYyI0 OYepeab TaKUX, Kak
BUWY, noreHnuanbHasi TOKCUMYHOCTh AHTUPETPOBUPYC-
HBIX ITpenaparoB AJis cTpykTyp u kietok ITHC ocraer-
sl MaJIo M3y4EeHHOH 1 BBI3bIBaeT 0COOBIi mHTEepec [1].

3’-a3un0-3’-1€30KCUTUMUINH, WU 3UJIOBYIUH
(AZT), ObI IEpBHIM HCITOIF30BAHHBIM aHTHPETPOBH-
PYCHBIM IIpENapaToM, 1 €ro TepaneBTuIeckuii 3hdext
BKJIFOYAeT OJI0KaIy IuTonarnyeckoro addexra n mH-
ruOMpoBaHNE AaKTUBHOCTH BHUPYCHOW 0OpaTHON
TPaHCKpUIITa3kl [2].

Hecmotps Ha BRICOKYIO () (EKTHBHOCTH, PAIOM
HCCIIeJOBAaHUHN BBISBICHBI I'€IaTOTOKCHYECKHE TOO0U-
HbIe 2P PexTsl AZT, BKITIOUast 0CTaHOBKY KIJIETOUHOTO
LIUKJIA, OKUCIUTEIbHOE OBPEKACHINE MUTOXOHPUIA,
yBeJIMYEeHHE BBIPa0OTKH J1akTata [3].

WNndopmarmst o BozaeiictBun AZT Ha MO3T Orpa-
HuueHa. HenaBHue nccnenoBanus Noka3anu, 4To npe-
mapar ObICTPO BCachIBaeTCS U MpoHUKaeT uepe3 1 Db,
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JIOCTUTasi MAKCUMAIIbHOU KOHILIEHTpauuu uepe3 30 MuH
IOCIIe OTHOKPATHOTO BBeieH s (1032 — S0 MI/KT); B OC-
HOBHOM paCIpe/IeIIeTCs B MO30JIUCTOM Telle, Oe-
HOM IIIape, CTpuaTtyMe U 00IacTu HeokopTekca [4].

Uro kacaercs MOOOYHBIX PEaKIMi CO CTOPOHBI
IHC, To psimoM uccieqoBaHUNA YCTaHOBIEHO, YTO
Bozaeiicteue AZT mpuBogut k aenenuu MTJHK
B HEHPOHAX KOPbI TOJOBHOIO MO3Ta MBILIU, MUTOXOH-
JIpUAIbHOM TOKCUYHOCTH, HAPYIICHUIO Heporenesa
U MOBPEXKACHUIO HEHPOHHBIX NEHIPUTOB U MPECHU-
HalTUYECKUX OKOHYAHUH [5].

VYcranosneHno, 4yto AZT NOBBIIIAET YPOBEHb MPO-
BOCHAIUTENBHBIX IMTOKUHOB, BKJIrouas UJI-13, DHO
u NJI-6 B paznuunbix obnactax LIHC, a Taxke aktu-
BupyeT Oenok WntSa, KIIIO4€BOH peryisitop Helpo-
BocnajeHus [6].

CrnenoBarenbHO, TOTEHIMAT HEUPOHHBIX TOBPEX-
JIeHUW W JAUCHYHKIUU SIBISETCS 3HAYUTEIBHBIM
Y TIOYEPKUBAET HEOOXOMUMOCTD JaTbHEHINETO H3Y-
YeHHs MeXaHU3MOoB Helipotokcnunoct HUOT, B Tom
yucne u AZT, "HIUBUAYyaIbHO U B KOMOMHANWU. Tak



KaK ITyJ1 CBO60}Z[HI)IX AMHWHOKHUCIIOT ABJIACTCA HHTC-
rpajbHBIM TOKa3aTelieM M3MEHEHUH B OOMEHE Be-
IIECTB, OXBaTHIBAIOIINM PAKTUYECKH BCE META0OIIH-
YeCKHe IyTH, IIeJTb UCCIEOBAHNS — YCTAaHOBUTH H3-
MCHCHUS COACPKAHUA ITPOTCUHOTCHHBIX aMUHOKHUCJIOT
B CTpHaTyMe, MOIKEUKE U THIIOTATaMyce TOJIOBHOTO
MO3Tra KPBIC TIPY BO3/ICHCTBUN HYKJICO3UTUHOTO HH-
rubuTopa ooparHoit Tpanckpunrtassl BUY (3umoBy-
nuHa, AZT). DTo TO3BONHUT HUCIIONH30BaTh €T0 HE
TOJBKO JUIsl oNyueHus: nHdopmanuu od odmiel Ha-
MPaBIEHHOCTH OMOXUMUYECKUX TPOIIECCOB, HO U IS
onpenenacHus 3PpPEKTUBHON KOPPEKIINHA BO3HUKATO-
LIUX HapyLIEHUH.

MarepuaJbl 1 METOADBI

HccnenoBanne nmpoBeneHo Ha 21 ocoOu OebIx He-
JUHEHHBIX KpbIC-caMIloB Maccoil 232,5(+20,35) .
Kpbicsl Obu1H pazeneHbl Ha 3 TPYIbl: KOHTPOJIBHYIO
U JIBE OTBITHBIE 110 7 0cobOel B Kaxoi rpyrmre. Bee
Mperaparsl BBOIWIN BHYTPHIKEIYIOUHO (B/K) depes
30H7 B cycrieH3nn Ha 0,9-Mm% pacTBOpe HATPHS XJIO-
puna. XXuBOTHBIM 1-H ONBITHOH TPYIIBI BBOAMIH
AZT B no3ze 100 mr/kr/cytku 7 cyTok («AZT-7»). XKu-
BOTHBIM 2-i rpynnsl BBOAWIN AZT B aHAJIOrMYHOMN
no3e 21 cytku («AZT-21»). KoHTponbHBIE )KUBOTHBIC
MOJTyYaliu B/’ 3KBHOOBeMHOE KoimuecTBO 0,9%-r0
pacTBopa HaTpus xjopuaa. 3a 12 4 10 32005 )KUBOT-
HBIX JIMIIAJIH [TUIIY C COXPAHEHUEM BOJbI B KAUECTBE
HCTOYHMKA NUThs. 32001 KUBOTHBIX IIEPBOM I'PYIIIbI
MIPOBOJIWIN Ha §-€ CyTKH, BTOPOM — Ha 22-€ CYTKH.
[Tocne nexanuranum >KMBOTHBIX M3BJIEKaJIN FOJIOBHON
MO3I, IPOMBIBAJIN OXJIaxAeHHBIM 0,9%-M pacTBOpOoM
HaTpys XJIOpHUJA U BBIAESUIN UCCIIELYEMBIE OTIIEJIbI
(cTpuarym, TUIIOTAJIaMyC U MO3KEUOK), KOTOphIE 3a-
MOpaXMBaJIM B KUAKOM a30Te. Bce ombIThl poBese-
HbI ¢ yuetoM «IIpaBui npoBenenust paboT ¢ UCTIONb-

30BaHUEM DOKCIEPUMEHTAIBHBIX >XUBOTHBIX» [7].
Ha nannoe wmccieoBaHue MONYYEHO paspelieHHe
KOMHUTETA 110 OMOMEMIIMHCKON ATHKE [ POJHEHCKOTO
roCyJapCTBEHHOI'O MEUIIMHCKOTO YHUBEPCUTETA (3a-
cellaHue KOMHTETa Mo OMOMEAHMLUHCKON 3THKE OT
30.01.2018, mpotokomn Ne 1).

Conepxanrie cBOOOTHBIX aMHHOKHUCIIOT B TPOOax
ONPeEIIsUIN NOcie ocaxIeHust OenkoB. [t atoro 06-
pazert romorenn3uposaiu B 10 oobemax 0,2 M pactBopa
XJIOPHOH KUCIIOTHI, comeprkarieM 0,2 MMOJTB/JT HOpBaJIH-
Ha (nVal), 1 MKMOMB/JT BAHHJIIMHOBOM KHCIIOTHI, 8 TAKKe
50 mr/n DATA, 50 mr/n merabucynbdura Harpus
(Na,S,05). ITocrne TiaTepHOro nepeMelIMBaHus mpo-
061 ieHTpudyruposau rpu +4 °C 15 mun ipu 15000 g,
CyIEpHATaHTbI OTACISUTN U XpaHwi npu —18 °C.

Ompenenenne CBOOOTHBIX aMIHOKHCIIOT IIPOBOIH-
JIM B T€X )K€ XJIOPHOKHUCIBIX IKCTPAKTAX C MTOMOIIBIO
obpamenHodasnoii BOXKX ¢ npeakoaoHO4HOM epu-
BaTH3alMel ¢ O-(TaJeBbIM albICTUIOM U 3-Mep-
KanTONPOIMMOHOBON KHUCJIOTONH U JAETEKTUPOBAHHUEM
o dayopecuenmuu [8].

Craructudeckyro 00paboTKy JaHHBIX MTPOBOAMIH
¢ momol1bto nporpamMmsl Statistica 10.0 (cepuiinblii
HoMmep AXAR207F394425FA-Q). s xapakTepucTh-
ku onma AK paccuuteiBanu conepxanne APYI]
(cymma AK ¢ pa3BeTBEHHOM YIIIEBOAOPOAHOM IETBIO),
AAK (apomarndeckre aMHHOKUCIIOTBI), 3aMEHUMBIX
1 HezaMeHUMBbIX AK.

PesyibraThl M MX 00CY3KAeHUE
Hccnenyembie CTpyKTypbl TOJIOBHOIO MO3Ta Xapak-
TepU3yIOTCS TpaHc(hopMaIue mysia MpOTEHnHOTeHHBIX
amMuHOKHCIHOT ripu BBeieHnn AZT. [Ipu naHHBIX 9KCTIe-
PUMEHTAIILHBIX YCIOBUSIX PETUCTPUPYIOTCS KOJIeOaH st
cojiepkanusi cBoOOHBIX AK B 3aBHCHMOCTH OT JIJTH-
TEJBHOCTHU BO3ICUCTBHS (TA0IHIIA).

Tabnuna — Coneprkanre CBOOOHBIX TPOTENHOTEHHBIX aMHHOKHCIIOT B THITOTAIaMyCe, MO3KEUKE U CTpHaTyMe
TOJIOBHOTO MO3ra KpbIC (HMOJIBL/T) NP Bo3/eiicTBuM npenapara 3uaoByauH (AZT)

Table — The content of free amino acids in the hypothalamus, cerebellum and striatum of the rat brain (nmol/g) under

action of drug Zidovudine (AZT)

61

AZT -7 cyTok AZT - 21 cyrku
AMUHOKHCIIOTA KonTpons
(1-st rpymma) (2-51 rpymma)
T'unoranamyc

AcniaparuHoBasi KUCJIOTa 1914,27+58,82 2237,48+123,03" 1661,63+151,58"
Tuctnoun 33,85+1,84 36,32+5.,40 42,15+2.39"
Tnunun 733,81+83,99 844,86+88,56 534,53+48,54"
Tpeonun 343,02+20,07 420,94+10,48" 270,67+£26,43"F
MeTtnonuH 24,54+1,21 23,43+0,96 20,09+1,53"
Juzun 187,40+10,25 174,87+17,03 120,03+13,32"*
Tpunrodan 21,64+1,51 25,38+0,75" 16,92+1,76"
Moszkedok
Tpeonun 275,87+21,62 371,55+6,74" 252,42+21,93*
ApruHuH 252,80+4,20 247,17+1,33 261,97+3,83"
JIvzun 229,48+20,29 242,60+13,32 160,69+9,95™
Tpunrodan 20,39+1,87 23,92+0,63 16,82+0,80*




Oxonuanue mabauyvl

AZT — 7 cyTok AZT —-21 cytku
AMMHOKHUCIIOTA Kontpons
(1-s rpynima) (2-s1 rpynina)
Crpuarym
['myramMuHOBas KMCIOTA 6733,82+103,78 6532,06+:170,61 5968,68+£276,19"
Tpeonun 377,91+27,35 464,29+18,00" 296,83+26,02"*
ApruHuH 253,56+2.82 250,79+1,86 263,01+£3,31*
Banun 63,90+3,40 54,82+1,58" 60,19+8,45
MeTtnoHuH 28,41£1,93 25,01£1,67 21,94+1,36"
W3onelinux 23,38+1,44 22,33+1,31 21,32+4,34*
Tpunrodan 20,23+1,74 21,99+1,64 16,79+1,08*

Tpumeuanue: *CTaTUCTUYECKH 3HAYMMBbIE Pa3JIMIMs C KOHTpoJeM; ‘¢ 1-if rpymmoi; p < 0,05.

Note: *statistitically significant differences with control; “with the 1st group; p < 0,05.

Obpamaer Ha ceOs BHUMAaHUE CHIKCHHUE YPOBHS
METHOHHHA BO BCEX UCCIIENYEMBIX CTPYKTYpax B IByX
OMBITHBIX TPYTIAX BCPaBHEHUH C KOHTposieM. [ [puatom
BO37ICHCTBUE MTpENapaToM B TeueHue 21 CyTok mpuBe-
JI0 K YMEHBIIIEHUIO coaepxkanus nanHoi AK B rumo-
Tajamyce U CTpHaTyMe COOTBETCTBEHHO Ha 17 122 %
(p < 0,05). Huskoe conep:kaHne METHOHUHA BIICUET 32
co00ii cHIKeHHUEe BEIpadoTK SAMe, TeM caMbIM BIHUSIS
Ha SMUTeHeTHYECKUe MOIU(PUKAIH (METHINPOBAHUE
JHK, Moan¢pukanuio TMCTOHOB, PEMOIEINPOBAHHIE
XpOMaTuHa), MOJABJIsis POCT KIETOK [9].

I'ematorokcnunocth AZT HecoMHeHHa [4], T03TO-
My MOXEM IpPEINoJ0KHUTh, YTO CHIKEHHE OHOmO-
CTYITHOCTH METHOHHMHA CBSI3aHO C HAPYLIEHHEM €ro
MeTaboIM3Ma B MOBPEXKICHHON TIEYECHU.

NHuTepecHbIM Ha HAII B3I SIBIISIETCA U3MEHEHUE
ypoBHs He3aMeHUMOoI AK TpeoHHH: B ONIBITHOM IpyTI-
ne «AZT-7» HaOMrOMANOCH TIOBBIIICHUE, a B TPYIIIE
«AZT-21» — CHKEHHE B TKaHAX BCEX MCCIETYEMBIX
otzaenos (p < 0,05).

B rpynne «AZT-21» cHM)XeHHE KOHLIEHTpaLUuu
nu3uHa coctaBuio 17 1 31% cooTBETCTBEHHO B TUIIO-
Taramyce U Mokeuke (p < 0,05).

3TO MOXET OBITh PE3yJBTATOM BO3IEHCTBHUS Mperna-
para, Tak KaKk yCTaHOBJICHO, YTO N30BITOK HE3aMEHUMOI
AMHUHOKHUCIIOTHI L-TM3MHA YBEITUYUBAET YPOBEHb BH-
PYCHOH Harpy3Ku, IaTOr€HETHYECKU yCyTyOIIsisi UMMY-
HOCYIPECCHIO U CIIOCOOCTBYSI KITMHUYECKOMY IIPOrpec-
CHPOBaHUIO 3a0oneBanusl. Tak, HaTM4IKUE JOCTAaTOUHOM
KoHueHTpamu aaHHoi AK B mHuumpoBanHoii BUY
KJIETKe 103BoJsieT aktuBupoBars TPHK™® n uunmmpo-
BaTh perIMKaiuo Bupyca [10].

KonnenTpanuss rucTuaMHa yBeIMYMBAETCA Ha
27 % (p <0,05) B rpynmne «AZT-21» B runoranamyce
TOJIOBHOTO MO3Ta KpPBIC . YCTAHOBIIEHO, YTO POCT CO-
JiepKaHNs TUCTUANHA YBEIMUNBAET CKOPOCTh CHHTE3A
TMCTaMUHa, KOTOPBIA CITy’)KUT HEHPOTPAHCMUTTEPOM
Y KOHTPOJIUPYET pa3HO00pa3Hble PYHKIHUHU TOJIOBHOTO
mo3ra [11].

B Tanamuueckoil o0nacTu CHMKEHHE MOKA3aTest
conepxkanust APYI] coctaBuio 9 % oT 3HauUeHUS KOH-
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TPOJBLHOH rpynmnbl. B cTpuaTtyme u MO3KeUKe JTaHHBIN
[OKa3aTeb CHU3WICS HE3HAYMTEIbHO.

OOparuM BHUMaHHE Ha CYILIECTBEHHOE CHH)KCHHUE
cogepkanusi HezameHuMbIx AK B cpennem Ha 15 %
Brpynmne «AZT-21» B cpaBHeHHH ¢ KoHTpoIieM (p <0,05)
BO BCeX HccnenyeMbIx otaenax. [Ipu aTom komimuecTBo
3aMeHNMBIX AK B TOH e ONBITHOM IPyTIIE BCEX HCCIIe-
JYEMBIX OTAEJOB COXPAHSIIOCH B MPEAENaxX KOHTPOJIb-
HBIX 3HAYEHUI. DTO HAXOIUT OTPAKEHHE B BO3PACTAaHUN
nokaszarensi 3aMeHuMble/He3aMeHnmble AK 1 cBuze-
TEJILCTBYET O Mpeodnazanny 3aMeHnMbIX AK B oOmem
mmyne AK nccneyeMbIxX OTAEN0B TOJI0BHOTO MO3ra.

BmecTte ¢ Tem BBeneHHE mpenapara B TEUEHHUE
7 cyTOK HMPHUBEIO K CTPOr0 MPOTHBOIOIOKHOMY pe-
3yabTaTy: coiepxkaHue He3aMeHUMbIX AK yBennuu-
J0ch B cpeqHeM Ha 13 % B cpaBHEHHMH C KOHTPOJIEM
(p <0,05) B Tpex uccienyeMbIx oTaenax.

Conepxanue TpuntodaHa B THIIOTaJaMyce BO3-
pocno Ha 19 % B 1-ii rpynmne (p < 0,05) u cHU3MIOCH
Ha 22 % BO 2-i rpynne B CPaBHEHUH C KOHTPOJIEM
(p < 0,05). CymecTByeT BeposSTHOCTb TOTO, YTO TO-
clleJlHEE MOXKHO paccMaTpuBaTh Kak MPOSBIEHUE Te-
paneBTuyeckoro sdexra AZT, KOTOpbIA B mocnen-
HUE IOkl AKTUBHO MCIIONB3yeTCs AJIS JIEUEHUS OITy-
XOJlel, B TO BpeMs Kak MeTabosn3M Tpunrodana
OKa3bIBaeT IIyOOKOE BIMSAHUE Ha (DYHKLUIO FOJIOBHO-
r0 MO3ra U SIBJISIETCSI OCHOBHBIM METabOINYeCKHM
ITyTe€M, KOTOPBIH OIrpaHUYMBAET IPOTHBOOITYXOJIEBBIN
MMMYHHUTET, B TOM YUCJIE ITPU ITMoMax Mo3ra [12, 13].

BeposiTHBIM 00BSICHEHHEM BBISIBICHHOTO JucOa-
JaHca SBISIETCS HapylleHHe (YHKIHOHUPOBAHMS
I'OB, a uMeHHO epeHOCUYHKa OOJIBIINX HEHTPaIbHBIX
AK- LAT-1. IlocnenHuil yuacTByeT B TpPaHCIIOPTE TEX
AK, n3MeHeHne KOHIEHTpaLunii KOTOPbIX OBIJIO OTMe-
yeno: APVYII, TpuntodaH, rucTUINH, METHOHHH.

NmMmeercs psan nccienoBaHMi, MOKa3aBIIMX POJIb
BBICOKOAKTUBHOM aHTUPETPOBUPYCHOU Tepamuu (B
TOM 4HcJIe ucrnoib3oBanne AZT) B 00pa3oBaHUM CBO-
OOIHBIX PaJMKAIOB U TMOEIH SHAOTEIHAIBHBIX Kile-
Tok ['Ob, ormocpenoBaHHON MUTOXOHAPHUAIBHOMN JHC-
¢bynkuueii [14].



3akiouyenne

Bsenenue npenapara AZT BbI3bIBACT 3HAUNUTEINb-

HBII TUCOANIaHC B KOHIICHTPAIIUSIX MPOTEHHOTCHHBIX
aMUHOKHCIIOT (METHOHUH, JIN3UH, TPUITO(AH, TPEO-
HUH, apTUHHAH, TUCTUIUH) B U3yUYEHHBIX OTAENaX ro-
JIOBHOTO MO3Ta KPBIC, BEIPAXKEHHOCTh KOTOPOTO Ba-
pPBUPYET B 3aBUCUMOCTU OT IJIUTEIHHOCTH BO3ICH-
cTBUs. YcTaHoBieHa TpaHchopmauus myna APYI]
1 HezaMeHUMBIX AK B cTOpOHY CHUKEHUS TP BBEIC-
Huu AZT BO BCEX UCCIEAYEMbIX OTAENIAaX, YTO MOKET
OBITH CIICJICTBHEM HapyIIEHUS MX KaTaOoln3Ma WIn
M3MEHEHUM cucTeM TpaHcnopTa gaHHbeix AK B ronos-
HOM MO3L.
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TRANSFORMATION OF THE AMINO ACID SPECTRUM
IN THE CEREBELLUM, STRIATUM AND HYPOTHALAMUS
OF THE RAT BRAIN UNDER ACTION OF THE ANTIRETROVIRAL
DRUG ZIDOVUDINE

N. I Filina, M. N. Kurbat, E. M. Doroshenko
Grodno State Medical University, Grodno, Republic of Belarus

Introduction. Information on the effects of Zidovudine (AZT) on the brain is limited and requires further
study of the mechanisms of NRTI neurotoxicity, including AZT.

Objective — to study changes in the content of proteinogenic amino acids in the striatum, cerebellum and
hypothalamus of the rat brain exposed to AZT.

Materials and methods. The determination of free amino acids in the hypothalamus, cerebellum and striatum
of the rat brain was carried out using reverse-phase HPLC.

Results. The studied brain structures are characterized by the transformation of the AA pool. The peculiarities
of changes the ratio between certain classificational groups of amino acids: the branched-chain acids /aromatic
AA and nonessential/essential AA under the conditions of this experiment are revealed.

Conclusions. The administration of the drug Zidovudine causes a imbalance in the concentrations of
proteinogenic amino acids (methionine, lysine, tryptophan, threonine, arginine, histidine) in the studied regions
of the rat brain, the severity of which varies depending on the duration of exposure. The transformation of the
pool of BCAA and essential AA in the downward direction was established with the introduction of drug in all
studied regions.

Keywords: amino acids, Zidovudine, neurotoxicity, imbalance of amino acids, departments of the brain.

For citation: Filina NI, Kurbat MN, Doroshenko EM. Transformation of the amino acid spectrum in the
cerebellum, striatum and hypothalamus of the rat brain under action of the antiretroviral drug zidovudine.
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OJHOHYKJVIEOTUJHBIE 3AMEHBbI .
B CTPYKTYPE I'EHOB IL6 U TNFA TP XPOHUYECKOHU
OBCTPYKTUBHOMU BOJIE3HU JIEI'KUX

E. A. Xomvko, A. /. Tacanoeuuy, I B. [llabaes, A. I Kadywkun

Yupeoicoenue oopasosarnus «benopycckuil 20cy0apcmeentviil MeOUYUHCKUL YHUBEPCUMen,
2. Munck, Pecnybnuka Benapyco

Beenenne. Xponnueckast o0cTpykrrBHas 0ose3Hb Jterkux (XOBJI) — nommuerepMuHIpoBaHHOE 3a00JI€BaHKE, JUIS
KOTOPOTO XapaKTepHO aHOMAIIbHOE Bocnasienue jterouHor Tkanu. [Tpu XOBJI akruBupoBanuble Makpodary, T-KieTku
1 (prOpoOIaCTbl aKTMBHO CHHTE3UpYIoT HHTEpielkuH-6 (IL-6) n hakrop Hekposza omyxomn o (TNFay). [Tomavopdusmbt
T€HOB, KOJIMPYIOLINX 00pa30BaHKe 3THX UHTEPICHKIUHOB, MOTYT O0YCJIOBIIMBATh QHOMAJIBHOE YCHIICHHE UX CHHTE3a.

Lens uccaenoBaHus — ONPEACTUTH YaCTOTY HOCHTEIHCTBA TCHOTHIIOB MOTMMOP(HBIX JT0KyCcOB 151800795
(IL6) n rs1800629 (TNFa) y nammentos ¢ XOBJI u 310poBBIX JII0z€H M MX CBSI3b C pa3BUTHEM 3a00JICBAHUSL.

Marepwuains! u Metonsl. C ucrnonp3oBanueM I[P B peanbHOM BpeMeHH ONpeiesieHO HOCUTEIBCTBO TeHOTH-
nioB nosmmopduamoB rs1800629 (TNFa) u rs1800795 (IL6) y 95 naumentoB ¢ XOBJI u 95 310poBbIX s,

Pesyabrarsl. Ouenka reHoturnoB u amieneit Touku rs1800795 rena IL6 nmokazana, 4to cpeny NalueHTOB
¢ XOBJI npeo6nanator Hocutenu rerepozurorHoro renoruna GC (56,2 %) B cpaBHEHUH ¢ KOHTPOJIBHOW IPYIIION
(40,0 %). He oOHapy»KeHO CTaTHCTUYCCKH 3HAYMMBIX OTJIMYUI B 4ACTOTE BCTPEUACMOCTH TCHOTHIIOB, COICPIKA-
LIMX MUHOPHYIO ayuieib, Jokyca rs1800629 rena TNFa y nanmentos ¢ XOBJI u 3g0poBbix moneit (p > 0,05),

a noJist Hocutenel renotuna GA cocrasuia 28,4 % u 22,1 % COOTBETCTBEHHO.

3akuouenne. Y i, crpagatomnx XOBJI, BepositHOCTS HOcuTenbeTBa reHotuoB CG/GG nonmumopdHoro
nokyca rs1800795 rena IL6 B 2,38 pa3a Bblllle 10 CPAaBHEHUIO CO 340POBBIMU JIFOBMHU.

KaioueBble ci10Ba: IUTOKUHBI, TOTUMOP(H3M, XPOHUUECKast OOCTPYKTHBHASI O0JIC3Hb JIETKHX.

Joist muTupoBanusi. OHOHYKJICOTHAHBIC 3aMeHBI B cTpykType reHoB 1L6 n TNFa npu xponuueckoii 06-
cTpyKTHBHOM Oone3nu nerkux / E. A. Xoteko [u np.] // Buoxumus u moiekymnsipras ouonorus. — 2023. — T. 2,

Nel(2). - C. 65-71.

BBenenue

XpoHudeckass OOCTPYKTHBHAsE OOJIE3Hb JIETKHUX
(XOBJI) mopaxaeT Kaxaoro AEeCATOTO B3pPOCIOTO
Y BXOJWT B YHCJIO CAMBIX PACTIPOCTPAHCHHBIX TIPUINH
cmeptr Bo Bcem mupe [1]. B Pecrrybnuke bemapych
HacuuTsiBaeTcsa okoito 40 teicsy marmenTos ¢ XOBJI.

IlentpansaeiM 3BeHOM TatoreHe3a XObJI sBuseT-
cs1 hopMUpoBaHKe BOCIIAIUTEIBHOMN PEAKIMH B OUare
MTOBPEKICHUS. BIbIXaHne 9acThIl CHTapeTHOTO JIbIMa
WJTA TIPOM3BOICTBEHHOU MBIV TIPUBOIUT K AKTHBATIHH
aJTBBEOIIIPHBIX MaKpo(haroB W SMUTETUATHHBIX KJIe-
TOK. DTH KJIETKH YYaCTBYIOT B PETYJISIIIAHA BOCTIAJICHUS
MTyTeM CEKPEIUH MEINaTOPOB OCITKOBOW MPUPOIBI —
[IUTOKWHOB. BBICBOOOKTAIOIIMECS MEIHATOPHI CBSI-
3BIBAIOTCS CO CBOMMHM peUEnTOpaMH, aKTUBUPYIOT
Y MPUBJIEKAIOT U3 KPOBU B O4ar BocHajieHus: HEUTpo-
(bl MOHOLIUTHI, JICHIPUTHBIC KJICTKH M JTUMQOLIHU-
THI. lHaue TOBOPSI, OHU BBITTOJIHSIOT (DYHKITHIO CBOE-
00pa3HbIX «IUPUKEPOB», KOTOPHIE KOOPAUHUPYIOT
paboTy KJIETOK, BOBJICUEHHBIX B pa3Butrue XOBbJI.

[upokast mIeHoTpoIns 1 AIEMEHT N30BITOYHOCTH
B CEMEHMCTBE IMTOKHHOB, KOIMa KaXKIBIM ITUTOKHH
MMEEeT MHOTO ITePEKPBIBAIOIIIXCS (PYHKITHIA U KaXKaast
(GYHKIMS MOTEHIMAILHO OMOCpeIoBaHa 0ojiee YyeM
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OJTHUM IIUTOKWHOM, IENAI0T KIACCHU(PHUKAIUIO ITHX
OeTTKOBBIX MOJEKYI CIIOKHOU 3amadeir. K mpoBocma-
JUTETBHBIM ITUTOKHHAM oTHOcsATes IL1, dakTop He-
kpo3a onyxomu (TNF), IL6, dakrop, cTumynupyro-
¥ KOJIOHWH TpaHyaoiuToB-Makpodaros (GM-CSF)
1 (hakTop, CTUMYIHPYIONIUI KOJIOHUH IPaHyIOIUTOB
(G-CSF).

TNF u IL6 sBnsitoTCS 9HIOTEHHBIMU MUPOTE€HAMU
Y CTIOCOOCTBYFOT JISHKOIIUTO3Y 32 CYET BHICBOOOKICHHS
HeiTpodmiToB u3 kKocTHOro Mo3ra [2]. TNFa Moxer ctu-
MYJIHPOBaTh SMUTEIHATbHBIE KIETKH JBIXaTeIbHBIX
myTell K BBIPaOOTKE APYTUX HMUTOKWHOB, BKITFOYAs
CCL5 u IL8, myTem akTHBaIiu sAepHOTO (hakropa kKB
(NF-xB), a Taxke nHIynmpyeT rmponudeparuo Guopo-
6mactoB [3]. TNFa ctamynupyeT BEIpaOOTKY OpOHXH-
ANBHBIMU JTIUATENMAIGHBIMA KJIETKAaMH TEHAacliHA —
[JIMKOTIPOTENHA BHEKJIETOYHOTO MaTpPUKCa, KOTOPBIN
MOYET CIIOCOOCTBOBATh PEMOJIEITHPOBAHUIO JbIXA-
TenbHbIX myTel [4]. [ToBbiueHHbI ypoBeHb TNFa B chbI-
BOPOTKE KPOBH OBIJT OTMEYEH y TIAIIMEHTOB C BBHIPAYKEH-
HOM motepelt macchl Tena, crpanatomux XOBJI [5].
Kpome Toro, B MHIyLIHPOBAaHHON MOKpPOTE MALMEHTOB
co crabmnbpHbIM TedeHueM XObJI naOmonanocs yBenm-
yeHue conepkanus kak TNFo, tak u IL6 [6].



[lorenunanbHas ponb camoro IL6 B matorenese
XOBJI noaTBepxAACTCA HCCIAETOBAHUSIMU, TIOKA3bIBA-
FOIIIIMH, YTO BBICOKHI YPOBEHB ATOTO INTOKWHA B ChI-
BOPOTKE KPOBH U MOKPOTE CBSI3aH C OBICTPHIM CHUKE-
HUeM QyHKIIH Jerkux [7]. IL6 Takxke accomuupoBaH
€O C1abOCTBI0 CKEJETHBIX MBI, 000CTPEHUSIMH
1 neroyHbIME nHpekusivu y narperTos ¢ XOBJI [8].
Kpowme Toro, nzosrrounas sxkcnpeccus IL6 B merkux
MBIIIEH MPUBOANIIA K YBETUUYEHHUIO BO3TYIITHOTO MPO-
CTpaHCTBA ABIXATEIHHBIX ITyTEH, TOM0OHOMY dMpU3e-
Me [9]. OTu nanHble moATBEPKAAIOT, uTo IL6 sBmseT-
Cs HE TOJBKO MapKepOM BOCIIAJICHUS IBIXaTEIbHBIX
nyTei, HO 1 (aKTOPOM, OTBETCTBEHHBIM 32 peMoJie-
JTUpOBaHUE OPOHXHMAIBHOTO JepeBa U IMOTEPI0 dja-
CTUYHOCTH AIUTEIHAIBHON TKauu [10].

MHorounciIeHHbIe CCIIE0BaHuUs, HallPABJICHHbBIE
Ha pacKpbITHE MexaHu3MoB narorene3a XOBJI, yka-
3BIBAIOT HA TO, YTO OAHOW M3 NMPUYHMH YCHIIEHHOTO
CHHTE3a IMTOKWHOB SIBIIIETCS M3MEHEHHAs YKCIIpec-
CHU TE€HOB, KOIUPYIOUINX CTPYKTYPY ITHX 00pa3oBa-
Hull. B cBOIO ouepesib, M3MEHEHHAs! SKCIIpeccus 00y-
CJIOBJICHA HAJTMYHEM ITOJIMMOPQU3Ma dTHX reHoB [11],
MO3TOMY H3yYEHHE CBA3HM MEX]y T€HHBIM MOIMMOP-
(hM3MOM ¥ M3MEHEHHOW dKCIpeccreil TeHOB IIUTOKH-
HOB JIa€T BOBMOKHOCTbB YIITYOUTh HMEIOIINECS TIPe/I-
CTaBJICHUS O MOJIEKYJSIpHBIX coOBITHIX XOBJI.

Cpenu ommcaHHBIX mmonmMopdu3MoB rena TNFao
(6omee 10) numb rs1800629 (G308A), kak mojararor,
MOYKET BIIUATH Ha KIIACCHYECKUI BapUAHT MOJIEKYJIISIP-
HOTO B3aUMOEWCTBHSA JIUTAHJA C PEeLenTopoM. JTO
CBSI3aHO C TE€M, YTO TOsBJICHHE aJieHuHa (A) BMECTO
ryanuHa (G) B MpOMOTOPHON 001acTH BIMSIET HA U3-
MeHeHue TpaHckpunuuu u npogykuuu TNFo. IToka-
3aHO, YTO y TeTepO3UTOTHHIX Hocutenei (AG) mpo-
JIYKITUST 9TOTO IUTOKHMHA BBIIIE, UEM Y JIFOfIeH — HOCH-
Tenei romo3urotHolt amnenu GG.

Ceenenust 00 accormarwn momuMopdusma G308A
TNFo ¢ XOBbJI HocsT ipoTHBOpeumnBbIi Xapakrep. bbuio
MOKa3aHO, YTO HOCUTEIHCTBO TMOJIMMOP(HOTO BapraHTa
T'eHa CBA3aHO C MOBBIIIIEHHOH YyBCTBUTEIFHOCTBIO Malli-
entoB K XObBJI [12]. Opnako npyrue uccieaoBaTean He
OOHAPYXUITN KOPPEJSIMN MEXTy HAJTMYHEM TTOJFMOp-
¢mma G308A u puckom pazsurus XOBJI [13]. Beuny
MIPOTUBOPEUYMNBOCTH MMEIOIINXCSl CBEIEHHH, IIeTIeCO-
00pa3Ho MpoBeICHUE OLIeHKH nonmmopduama rs 1800629
B Ka4eCTBE MapKepa PHCKa pa3BHUTHS ATOT0 3200 IeBaHUS.

HuTorenernueckoe pacnonoxenue [L6 — xpomoco-
ma 7p15.3. [IpoMoTop rena BkitO4aeT B ceOsi MHOTO-
YHCIICHHBIC PETYIATOPHBIE CANTHI, TO3BOJISIONINE KOH-
TPOJIMPOBATh MHAYKIIUIO KCIIPECCUY T€HA, HAallpUMep,
MTOCPEACTBOM IITIOKOKOPTHKOCTEPOHIOB 1 TAM®D [14].
B rene pacronoxkeH 0co00 BaKHBIA PETYNSTOPHBIH
CalT T CBA3BIBAHUS YHUBEPCAIBHOTO SIEPHOTO (pak-
Topa TpaHcKpuIiiuu «karma-om» (NF-kB) [15]. NF-kB
CTUMYJIMPYET SKCIIPECCUI0 UHTEPNICHKNHA-0 B KIIETKE
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IOl BIUSTHUEM WHTepielknHa-1 u (akropa HEeKpo3a
OITyXOJIM-0,, YTO OOBSCHSET MOBBIIICHHBI YPOBEHb
9TOTO IUTOKWHA MPH XPOHUIESCKUX BOCTIATUTEILHBIX
3aboneBanusx [15]. CTeponaHbie TOPMOHBI, TAKHAE KaK
ACTPaIUOI WU TITFOKOKOPTUKOCTEPOUIBI, THTHOUPYIOT
TpaHckpurio resa [L6 [16].

B xoaupyromeit nocnenosarenbHoctu rera 116,
a TaKke B 001aCTH TIPOMOTOpA OBUTH HAMIEHBI MHOTO-
YHCJICHHBIC OJTHOHYKJICOTH IHBIC TTOIMMOp(u3MbI. OJ1-
HUM M3 Han0oJiee 4acTo BCTPEUAIOIINXCS ¥ N3yUSHHBIX
ssiseres 1s1800795 (G174C). On xapakrepusyercs
nosieiienueM nurtos3uHa (C) B 174 NONOKEHUH TIPOMO-
Topa BMecTo ryanuna (G). [IpumedarensHo, 9TO y TO-
MO3HTIOTHBIX HOCHTENEH MaxopHoH aiutenu G HaOIo-
JaeTcs nopblieHne konuenTpanuu IL6 [17]. ITokaza-
HO, 4To cpeau manueHToB ¢ IV cragmeit XOBJI
Hocutenu reHotuna GG Berpedarores Ha 12 % yaie,
yeM cpenu nauueHToB co Il u I cranusamu [18].

B cBoto ouepensp, npyrue ucciueoBareny npeicTaBu-
JIU PE3YAbTaThl, CBUACTEILCTBYIOIIUE O CBSI3H MEXKIY
HAJIMYKEM JIByX TPOMOTOPHBIX moimMopdusmoB 1L6 —
G174C u G572C 1 NOBBIIEHHBIM YPOBHEM 3TOI'0 LIUTO-
KHHA B KpOBU. Pe3ynsrarsl NpoBeIeHHOTO METa-aHaIu3a
MOKa3aJIi 3HAYUTEIIBHO 0OJiee BEICOKUI PUCK Pa3BUTHS
XOBbJ1'y Hocuteneii nomumopdusma G174C [19]. Kpome
Toro, HocutenscTBo 31oro OHII conpsikeHo ¢ NOBbIIICH-
HbIM prckoM pazsutus XObJI y kypunbimkos [19].

Hapsiny ¢ aTuMu JaHHBIMUA UMEIOTCS PE3YNbTAThI
WCCIIEIOBaHMIA, COTIIACHO KOTOPBIM HE OOHApyKEHO
CYIIECTBEHHBIX Pa3jIMYnil YaCTOThI MOIMMOPQPU3MA
rs1800795 y nanuentoB ¢ XOBJI u 310poBhIX nroaei
[18]. HeonHO3HAYHOCTH UMEIOIIUXCSI CBECHUH CITy-
JKUT OCHOBAHHEM JIJISI IPOBEICHUS B OyayIieM Oosiee
MOJIHOTO uccienoBanus nomumopduzma rs1800795
HWHTEpJICHKIHA-6 B Pa3BUTHH dTOTO 3a00JICBaHHUS.

enb uccnenoBanusi — ONPEACITUTh YaCTOTY HO-
CUTENbCTBA TEHOTHUIIOB MOJUMOP(HBIX JOKYCOB
rs1800795 rena IL6 u rs1800629 rena TNFa y ma-
nuerToB ¢ XOBJI u 370poBBIX TH0EH U OIICHUTH ac-
COITMAIINIO TCHOTHUIIOB C Pa3BUTHEM 3a00JICBAHUA.

MarepuaJbl U METO/IbI

Oo6cnenosanue 95 namuentos ¢ XOBJI u 95 310-
POBBIX JIFOJICH, a TaKKe 3a00p OMOIOTUYECKOTO MaTe-
puaJia MpOBOJIMIIUCH HA 0a3e YUPEHKJICHUS 3PABOOX-
paHeHuss «MUHCKUN KIWHUYECKUN KOHCYJIBTaTUB-
HO-IMarHOCTUYECKUM IIeHTp». B kauecTBe MaTepuana
JUUIs MccaeaoBaHus ucrnonb3oBana JJHK kimerok, BbI-
JIEJICHUE KOTOPOH OCYIIECTBISIOCH C UCTIOIB30BAHU-
em Habopa NucleoSpin Blood ¢ momMo1isto MeToiuKy,
pexomengoBanHoi mpousBonutenem (MACHERY-
NAGEL, I'epmanus). [louck nmonumopdHON anenu
ocyiecTssnu mMeronom TP B pexxume peasbHOTo
BPEMEHH C IIOMOIIIBIO IETCKTUPYOIIET0 aMILTH(HKa-
topa AT-322 (AHK-Texunonorus, Poccus). Unentu-



¢buKanus Ma)XOpHOW WJIM MUHOPHOM ajielld MpoBO-
JUJIaCh Ha OCHOBaHMU MOSIBICHUS (IIIOOPECICHIIUH
He no3ke 32 nukia amrudukanuu. Jns cratucru-
4eCKOH 00pabOTKK JTAHHBIX MCIIOJIb30BAIUCH MTAKEThI
nporpamm «IBM SPSS Statistics 23» u «Microsoft
Excel». Inst cpaBHUTENBbHOW OIIGHKM HOCHUTEIILCTBA
TEHOTHUIIOB | ajuteneit y manuentoB ¢ XObJI u 3mopo-
BBIX JIIOZICH BEIYMCIISIIN KpUTEpHUi ¥2. B cirydae, eciamn
KOJIMYECTBO HOCHTENEH MeHOTHIIA/aieau Obuio <5,
BMECTO ¥? MPUMEHSIH TOYHbIA KpuTepuii Dumrepa.
J111s OLIeHKM CBSA3M TOTO WJIM MHOTO T€HOTHUIIA U aJljie-
nu ¢ BeposaTHOCTRIO pa3zButus XOBJI paccuntsiBanu
napamMeTp oTHomieHus mancos (OLL) u 95%-it nose-
putenbHblii uHTepBana (JJ1). Cratuctuyecku 3Ha4u-
MBIMH IPUHUMAIH pe3ynbTarsl npu p < 0,05.

Pe3yibraThl M MX 00CY3KIEHHE

OneHKy penpe3eHTaTHBHOCTH MPOBOIWIIN, ONpe-
Jensisi KpUTepHid ¥? W KPUTEPUH 3HAYUMOCTH
p (Microsoft Excel, USA). 3nauenue p < 0,05 B KoH-
TPOJBHON TpyIIe NPU COOTBETCTBYIOIIECH OICHKE
NPUYKMH HAOII0AaeMOro OTKJIOHEHHUSI YacTOT T€HOTH-
OB OT OXKHJIAEMOT'0 CIY)KUJIO OCHOBAaHHEM [UIS UC-
KJIIOYeHHUs TOJIMMOp(H3Ma U3 JaIbHEHIIEro aHaIn3a
C LEJIbI0 IPEAOTBPAILCHHS BepH(PUKALIH CITydaliHbIX
OTIIMYMH, HE OTPAKAIOIIMX SIBJICHHE B MCCIICAYEMOM
norysiuy (Tadmuist 1, 2).

B ornomennn nonumopgHoro nokyca rs1800795
(IL6) onenka BCTpe4aeMOCTH TEHOTHIIOB B TPYIIIE

nanuenToB ¢ XOBJI u 310pOBBIX JHUI] COOTBETCTBUIO
HWE moxkasana, uto chopMHUpOBaHHBIE IJIST HCCIIEIO-
BaHUS BRIOOPKH SIBISIFOTCSI PETIPE3CHTATHBHBIMHU.

[Tpu anammze nonumopdusma rs1800629 (TNFa)
pacnpeneneHre reHoTunoB He noauuHsuiioce HWE
B TpyImIe manueHToB, crpagarommx XObJI. Omxrako
9TO 0OCTOSATENHCTBO HE OBLIO MPETIATCTBUEM IS AajTh-
HEHIero aHain3a JaHHOTO NOJIMMOPGHOro JIOKyca,
MOCKOJIbKY B OCHOBE HMCCIICIOBAHUS TUIIA «CITydaid —
KOHTPOJIbY JISKUT TPEATIOTI0KEHUE O TOM, YTO HIMEHHO
KOHTPOJNIbHAS TPYyMIa SBISETCS perpe3eHTaTHBHON
BEIOOPKOW MCCIIEyeMOH TOMYIAINHN, B TO BPeMsI KaK
rpyIIa «Ciaydail» oTpaxkaeT MposBICHUE U3Y4aeMOro
¢denoruna. HWE npennonaraer ujeanbHyrO TOMYJIs-
M0 03 BMENIATEIbCTBA IBOJTIOIMOHHBIX (DAKTOPOB.
B renax, y4acTByrOmHX B KOHTpPOJIE UMMYHHTETA
u Bocnanenus, qucoananc HWE, BepositHee Bcero,
00yCIIOBIIEH 3BOJIIOLIMOHHBIM OTOOPOM OIIpeIeIEHHOM
aJIeN Iy, KOTopasi acConurupoBana ¢ 6omnee 3pPexTuB-
HBIM UMMYHHBIM HJTH BOCHIAJTUTEIBHBIM 0TBeTOM. Clie-
JI0BaTeJIbHO, HApyLICHWE PAaBHOBECHS Y IMAllUCHTOB
¢ XOBJI, nabmoaemMoe B OTHOILICHUH TTOTUMOphU3Ma
rs1800629 (TNFa), He TpeOyeT NCKITIOUeHNS U3 UCCIie-
JIOBaHUS acCOIMAIIUH B TPYIIAaX, KOTOPHIE ITPECTaB-
JISIFOT COOOM 4acTh OAHOW M TOH K€ MOMYJISLHH.

Ha criemyrormniem atarie ObLTH COTTOCTABIEHBI YACTOTHI
pacnpoCcTpaHEeHHOCTH TEHOTHUIIOB U aJUleNiel /ISt ATUX
MOJMMOP(HBIX BapHAaHTOB reHOB y mareHToB ¢ XOBJI

Tabnuua 1 — Pe3ynbraTsl OlIEHKH YacTOT BCTPEYaeMOCTH reHoTHIToB nonmmopdusma rs1800795 rena IL6
Ha COOTBETCTBUE ypaBHeHHIO Xapau-BaitnOepra B rpynmax nanuentoB ¢ XOBJI u 310poBbIX Juil

Table 1 — The results of assessing the frequency of genotypes of the rs1800795 polymorphism of the IL6 gene
for compliance with the Hardy-Weinberg equation in groups of patients with COPD and healthy individuals

[TarueHTHI ) 310poBbIe )
Tenotun ¢ XOBJL % HWE, % v (p) e, % HWE, % v (p)
CcC 19,0 20,5 35,8 31,1
CG 52,6 49,6 (8’§i) 40,0 493 (3’(5)2)
GG 28,4 29,9 ’ 24,2 19,5 ’

Ipumeuanue (30eco u 6 mabnuye 2): HWE — Hardy-Weinberg Equilibrium (oxuaaemMplie 4acTOThI TEHOTHITOB COIIACHO YPaBHEHHUIO
Xapnu-Baiin6epra); y2 — kputepuii Xu-kBaapar; p < 0,05 — pacnpeseneHne HabIIaeMbIX YaCTOT HE COOTBETCTBYET PABHOBECHIO

OXHUIa€MbIX 4aCTOT.

Note (here and in Table 2): HWE — Hardy-Weinberg Equilibrium (expected genotype frequencies according to the Hardy-Weinberg
equation); % — chi-square test; p < 0.05 — the distribution of observed frequencies does not correspond to the equilibrium of expected

frequencies.

Tabnuua 2 — Pe3ynbraThl OLIEHKH YaCTOT BCTPEYaeMOCTH reHOTHITOB nosnmmopdusma rs1800629 rena TNFa
Ha COOTBETCTBUE ypaBHeHUIO Xapnu-BaitnOepra B rpymnmax namueHToB ¢ XOBJI 1 310poBbIX JIHIL

Table 2 — Results of assessing the frequency of genotypes of the rs1800629 polymorphism of the TNFa gene
for compliance with the Hardy-Weinberg equation in groups of patients with COPD and healthy individuals

[TanmenTs! o ) 3n0poBble o )
Tenorum ¢ XOBJL % HWE, % 1w (p) i, % HWE, % 1w (p)
GG 62,1 58,2 74,7 73,5
GA 28,4 36,2 (3’(6];) 22,1 24,4 (8’23)
AA 9,5 5,6 ’ 3,2 2,1 ’
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Y 3710pOBBIX JItoiel. [ Ipy cpaBHUTENILHOM OLIEHKE YaCTOT
BCTPEYaEMOCTH I'€HOTHIIOB U aJliesIeH IPH aIIUTHBHOM,
PEIeCCUBHOM, OMHHAHTHOM M MYJIBTHUILTHKATHBHOM
HACIIeIOBaHUH UCIIONB30BAJICS KpUTepHii ¥ (Tabmuma 3).

AHanu3 pacnpezeneHusl YacTOT TeHOTHUIIOB U aJl-
JieNiel y TalMeHTOB U 3[0POBBIX JIIOJCH HE BBISBUI
CTAaTHCTUYECKH 3HAYMMOUN pa3HUIIBI IS pacCMaTpH-
Baemoro Jiokyca rena TNFo. B nureparype umerorcs
yKkazanus, 4ro y nanuentoB ¢ XObJI wame BcTpeya-
€TCsl HOCUTEJILCTBO TeTepO3UroTHOro renotuna GA
nomumopdHoro nokyca rs1800629 (TNFa) mo cpas-
HEHUIO C JIFOJIbMH, HE CTPaJAOIIIMHK STHM 3a00JIeBa-
HHUEM, HO MOJBEPTAOIINMHUCS BO3ACHCTBUIO MPOIYK-
ToB ropenust ouomaccsr (11,0 % nportus 3,1 %) [20].
HecMoTpst Ha OTCyTCTBHE B HallleM HCCIIEAOBaHUU
CTAaTHCTUYECKH 3HAYNMBIX PA3IINYHIA 10 YaCTOTaM T'e-
HOTHITOB MEX/Ty N3y4aeMbIMH BEIOOPKaMHU, HOCHTEIIb-
ctBo GA nonmumopdusma rs1800629 B rpynmax nauu-
entoB ¢ XOBJI u 3m0poBbIX JIOAEH TakKe pacupese-
nsietcst mooOHbIM 00paszoMm (28,4 % npotus 22,1 %).

OreHka TeHOTHIIOB W ajutenei Touku rs1800795
reda IL6 mokazana, uto cpeau nanueHToB ¢ XOBJI
npeo01aialoT HOCUTENIN TeTePO3UTOTHOTO TeHOTHUIIA
GC (56,2 %) B cpaBHEHUH C KOHTPOJILHOW TPYMIIOH
(40,0 %). Kaptuna amnenpHOTO cTaryca, mogoOHas

00HapY)KCHHOW HaMH, HAOIIOmaIach M Cpeard KOH-
TPOJIHOW TpyNIbl JIOAEH €BPONENCKOTO TPOUCXOK-
neHus B uccienosanuu Seifart et al., 2005, roe 0071b-
asi YacTh TAaKUX WHAWBHIIOB OBUTH HOCUTEISIMHU CO-
yetaana GC (44,0 %), a mensmias — couetanuiit GG
(37,1 %) u CC (18,9 %). Hecmotps Ha 3TO, pe3ynbTa-
ThI UCCIICIOBAHMUSI )KHUTENeH Vcmanuu rmoka3aiu, u4To
10 CPaBHEHHIO C BHIOOPKOH, C(HOPMUPOBAHHON U3
gucia narueaToB ¢ XOBJI, B rpyIire 310pOBBIX JIIO-
JIeil He3HAUYNTENBHO MPe0bIaaloT HOCUTENN TeHOTH-
ma GC (42,9 % u 44,3 % cootBetcTBeHHO) [21]. Cpe-
v xutenei Pecnyonuku bamkoprocran, HanpoTus,
yactoTa BcrpeuaeMocty GC mpeBaiupoBaja B OTHO-
menuu nanuenToB ¢ XOBJI (51,5 %) o cpaBHEHHTO
¢ rpynnoi koHTpois (44,9 %). Takum oOpaszom, va-
crota MUHOpHOHU ayutean C B Oenopycckoit momyssi-
MW, COTJIACHO pe3yJibTaTaM HaIlleTo MCCIIEIOBaHUS
(44,2 %) 6nuzka k cpeqHeeBpomneiickoii (44,0 %).

B nanpHelinieM ObUT MPOBEACH aHANN3, HATPaB-
JICHHBIN Ha OIpEe/eJICHUEe TCHOTHUIIOB/ajuIeei ToH-
MopdHoro BapuanTarenalL6, acconmmpoBaHHBIX ¢ pa3-
ButueM XOBJI. C a3T1oit 1enpi0 OBUTH pacCUUTaHbBI
3HaueHust Ol B anauTHBHOMN, PEIIECCUBHOMN, JOMU-
HAaHTHOU U MYJIETHILTUKATUBHOM MOJIEIISIX HACIIEI0OBA-
Hus (Tadmuua 4).

Tabmuma 3 — Yacrora BcTpeuaeMOCTH TE€HOTHIIOB U ajuleliell Mo MOMMMOp(HBIM BapHaHTaM I'€HOB Y MAI[IEHTOB

¢ XOBJI 1 3MOpOBBIX JIHIT

Table 3 — The frequency of genotypes and alleles for gene polymorphisms in patients with COPD and healthy

individuals
u— Yacrora HOCHTEILCTBA, %
Tew/rs Aunnenb Hammerrer ¢ XOBJI, 3mopoBele una, n = 95 4
n=95 nyy na,

TNFo rs1800629 |GG! 62,1 (59) 74,7 (71) >0,05
GA 28,4 (27) 22,1 (21)
AA 9,5(9) 3,2 (3)
GG/GA? 90,5 (86) 96,8 (92) >(0,05
AA 9,5 (9) 3,2 (3)
GA/ AA® 37,9 (36) 25,3 (24) >0,05
GG 62,1 (59) 74,7 (71)
amnens G* 76,3 (145) 85,8 (163) >0,05
amrens A 23,7 (45) 14,2 (27)

IL6 cc! 19,0 (18) 35,8 (34) 0,03

rs1800795 CG 52,6 (50) 40,0 (38)
GG 28,4 (27) 24,2 (23)
CC/CG? 71,6 (68) 75,8 (72) >0,05
GG 28,4 (27) 24,2 (23) 0,010
CG/GG? 81,1 (77) 64,2 (61) 0,041
CC 19,0 (18) 35,8 (34)
ayens C* 45.3 (86) 55,8 (106)
amtens G 54,7 (104) 44,2 (84)

Ipumeuanue: B CKOOKaX yKa3aHO KOIMYECTBO HOCUTEIEH TeHOTHIIA/AILIENH; | — a//TUTHBHAS MOJICIIb HACIIEMOBAHHS; 2 — PEIIECCHBHAS
MOJIEeJTb HACTIEIOBAHMS; ° — TOMHUHAHTHASI MOJIC)Ib HACIIEIOBAHUSL; * — MyJIBTHILTMKATHBHAS MOJIEIb HACIEIOBAHUSL; SKUPHBIM IPHQ-

TOM BBIACIICHBI CTATHCTHUECKHU 3HaUnMble oTimnuns (p < 0,05).

Note: the number of carriers of the genotype/allele is indicated in brackets; ! — additive model; 2 — recessive model; * — dominant
model; * — multiplicative model; statistically significant differences are shown in bold (p < 0.05).
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Tabnuua 4 — BepositHocTh BeTpeuaemoct reHotnoB rpu XOBJI (oTHOIIEHNE IIAHCOB) AJIsl aHATU3UPYEMBIX

MOJIUMOP(HBIX BApUAHTOB

Table 4 — The probability of genotype frequency in COPD (odds ratio) for the analyzed polymorphisms

oa— YacToTa HOCHTENBCTBA, %
Ten/rs Asens MMauentst ¢ XOBJI, | 3n0poBble nuia, 1 (p) oI 95 % AN
n=95 n=95
IL6 CC! 19,0 (18) 35,8 (34) 6,88 0,42 0,22-0,82
rs1800795 CG 52,6 (50) 40,0 (38) (0,03) 1,66 0,94-2,96
GG 28,4 (27) 24,2 (23) 1,24 0,65-2,38
CC/CG? 71,6 (68) 75,8 (72) 0,43 0,81 0,42—1,54
GG 28,4 (27) 24,2 (23) (0,51) 1,24 0,65-2,38
CG/GG?® 81,1 (77) 64,2 (61) 6,78 2,38 1,23-4,63
CC 19,0 (18) 35,8 (34) (0,010) 0,42 0,22-0,82
amrens C* 45,3 (86) 55,8 (106) 4,83 0,66 0,44-0,98
amiens G 54,7 (104) 442 (84) (0,041) 1,53 1,02-2,29

prweqanue: 1 agauTUBHAA MOACIIb HACJIICIOBAHMA 2 peueccruBHas MOACIb HACIECAOBAHNA; E- JOMHWHAHTHas MOACIIb HACJICI0-

BaHW:A, 4— MYJBbTUILUIMKATUBHAA MOACIIb HACIEJOBaHUS

Note: ' — additive model; % — recessive model; 2 — dominant model;  — multiplicative model

Habmronanocs yMeHbIIIeHHE YnCiIa HOCUTENEH Te-
Hotuna CC momumopdusma rs1800795 (IL6) y maru-
eHToB, cTtpanaronx XObJI, B 2,38 pa3a mo cpaBHe-
HHAIO ¢ Tpymmod 3mopoBbix nromen (O = 0,42;
AN =10,22-0,82], p = 0,03). Ipyrue uccienoBarenu
B pe3yJIbTaTe MpOBEIEHHOTO MeTa-aHalln3a TaKkKe 00-
Hapy)KWJIM 3HAYUTENbHYIO CBI3b Mexay rs1800795
1 XOBJI B OTHOIIEHUH TAKOTO K€ AJJIEIBHOIO HOCH-
tenbeTBa. OTHOIIEHUE MAHCOB Il HOCUTENEH alie-
mu C cocrasuio 0,06 (AW = [0,00-0,57], p = 0,01.
B npyroif pabote "acToTa HOCHTEIHCTBA TEHOTHIIA
GG »3T1Or0 *Ke MoNMMMOPPHOTO JIOKyca y MalMeHTOB
¢ IV cragueiir XOBJI Obl1a 3HAYUTEIBLHO BBIIIIE, YEM
mpu 11 u 11l cragmsix 3abomeBanms [25].

CTOUT OTMETHUTh, YTO JAHHBIN TOTUMOP(HBIN Map-
Kep HaXOIUTCS B TOM 00JIaCTH TeHa, KOTOpasi CBSA3bIBA-
€TCsl C TIIIOKOKOPTUKOUIHBIM perientopom. [Ipu Hamu-
ypn ayureny C B JaHHOM TOIAMOPGHOM JIOKyce dop-
MUPYETCsI YYaCTOK JIJIsl CBS3bIBAHUS SIIEPHOTO (hakTopa
NF-1. Iloka3aHo, yto HOcuTenbcTBO TreHotuma CC co-
MPSIKEHO CO CHMIKEHHOM dKCHpeccuer mpoBocCHaiu-
TETBLHOTO UHTEPJICHKHUHA 6 B OTIINYUE OT TOMO3HUTOT-
Horo HocutenbcTBa GG [24], 4TO, MONararoT, 3aMe/l-
nsieT o0pa3oBaHUE MATOIOTHUYECKOTO Ovara.

3akmoyeHue
V aun, crpagarorux XOBJI, BepoaTHOCTh HOCH-
tenbeTBa reHoTuioB CG/GG noauMopdHOTro JIoKyca
rs1800795 rena IL6 B 2,38 pasa BbIilIe 110 CPaBHEHUIO
CO 3/I0POBBIMHU JIFOIbMU.
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SINGLE NUCLEOTIDE POLIMORPHISMS
IN THE STRUCTURE OF IL6 AND TNFA GENES IN CHRONIC
OBSTRUCTIVE PULMONARY DISEASE

E. A. Khotko, A. D. Tahanovich, G. V. Shabaev, A. H. Kadushkin
Belarusian State Medical University, Minsk, Republic of Belarus

Introduction. Chronic obstructive pulmonary disease (COPD) is a polydetermined disease characterized by
abnormal inflammation of the lung tissue. In COPD, activated macrophages, T-cells, and fibroblasts actively
synthesize interleukin-6 (IL-6) and tumor necrosis factor-o. (TNF-a). Polymorphisms of the genes encoding the
formation of these interleukins can cause an abnormal increase in their synthesis.

Objective — to determine the frequency of genotype carriage of the rs1800795 (IL6) and rs1800629 (TNFa)
polymorphisms in patients with COPD and healthy people and their association with the development of the
disease.

Materials and methods. Carriage of rs1800629 (TNFa) and rs1800795 (IL6) polymorphism genotypes in
95 patients with COPD and 95 healthy individuals was determined using real-time PCR.

Results. Evaluation of genotypes and alleles of the rs1800795 (IL6) showed that carriers of the heterozygous
genotype GC predominate among patients with COPD (56.2 %) compared to the control group (40.0 %). No
statistically significant differences were found in the frequency of genotypes with the minor allele of rs1800629
(TNFa) in patients with COPD and healthy people (p > 0.05), and the share of the GA genotype carriers was
28.4 % and 22.1%, respectively.

Conclusions. In COPD patients, the probability of carrying the CG/GG genotypes of the polymorphism
rs1800795 of the IL6 gene is 2.38 times higher compared to healthy people.

Keywords: cytokines, polymorphism, chronic obstructive pulmonary disease.
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AHTHOKCUAAHTHAA AKTUBHOCTD D®UPHOI'O MACJIA
HUMULUS SPP.

U. C. Yepneu, B. T. Hewesux

Yupesrcoenue obpazosanus «llonecckuii 2ocyoapcmeenublii yHUgepcumemy,
2. [lunck, Pecnyonuxka benapyco

Benenue. DpupHbIe Macia XapaKTepU3yIOTCS MHOTOKOMIIOHEHTHOCTBIO, KOTOpasi 00yCIOBINBAET pa3HO-
obpazue nx ononorndeckux 3(h(PeKToB, B TOM YUCIIE U AHTHOKCHIAHTHBIX CBOMCTB.

Lean uccnenoBaHust — N3ydeHNE aHTHOKCHIAHTHON aKTHBHOCTH 3()MPHOTO Maciia, MOJIy4eHHOTO U3 pac-
TUTEJIBHOTO ChIpbs XMenst Humulus spp. cienyrommx KynsTuBupyeMbIx B bemapycn copro: Maruywm, Ilepie,
Tepxynec, Cnanex, Hopnen bpesep, lnansrep Cenexr, TpaguiHOHHBIN.

Marepuajbl 4 MeTOABIL. DupHOE MacIO MOIYYaIH METOJOM THIPOJUCTHIUISIIN C HCIOJIb30BAaHIEM aIl-
napara Knesenkepa. KoMIOHEHTHBIH cocTaB Maciia ompeessuTi ¢ TOMOIIBIO Ta30BOi XpOMaTo-Macc-CIeKTpo-
METpUH. AHTHOKCHAAHTHYIO aKTHBHOCTbH ONPENENSIN CIEeKTpo(oTOMETpHUIecKn ¢ ucronszoBannem DPPH
n ABTS" panukan-reHepupyomnx CHCTEM.

Pe3yabrarsl. B-Muplie, o-rymyieH, B-nuHeH U B-KaprouiuieH sSBISIOTCS MPpeodiialaloiiMyi KOMIIOHEH-
TaM# APUPHBIX Macel. AHTHOKCHIaHTHasE akTUBHOCTH (AOA) s¢pupubix macen B DPPH- u ABTS-tecrax n3me-
HSUJTIACh MPOTOPIIMOHATIBHO H3MEHEHHIO X KoHIeHTpanun. Hanbonpmeit AOA B 1ByX TecTax 00ianano s¢pupHoe
Maclo, oIy4YeHHoe U3 XMens copra [epkynec, ero IC50 cocraBmna 0,108 mr/mi mo orHomenuro k DPPH u
0,062 mr/min o oraomenuo ABTS”.

3axiioueHue. DpupHOE MacIo XMels copra ['epkyrec o cogep’kaHnio OCHOBHBIX KOMIIOHEHTOB HE3HAYH-
TEJIFHO OTIIMYAETCs OT APYTHX MCCIIEOBAHHBIX COPTOB. BenencTBre aToro Hanbosiee BEpOSITHBIM SIBISICTCS TO,
4TO OOJIee BEICOKHME aHTHOKCHAAHTHBIE CBOMCTBA AprpHOTO Macia copta [ epkymec 00yCcIoBIeHBI ColepKaHNEeM

CHeHI/I(I)I/I‘K?CKI/IX AJIs1 HETO MUHOPHBIX KOMITIOHCHTOB.

KuaroueBble c10Ba: 3pupHOE Maclio, aHTHOKCHIAHTHAs aKTUBHOCT, Humulus spp., DPPH, ABTS.
Jasa nutupoBanus. Yepreir, 1. C. AHTHOKCHAaHTHAS aKTHBHOCTH 3upHOTO Macima Humulus spp. /
. C. Yepnetit, B. T. Yemepuk // buoxumus u MmonexyisapHas omomorust. — 2023, — T. 2, Ne1(2). — C. 72-77.

BBeneunne

AHTHOKCHJIAHTHI IAPOKO HCIOIB3YIOTCS B Kade-
CTBE MHIIEBHIX 00aBOK 1 KoHcepBaHTOB [1]. Kpome
TOTO, aHTHOKCHAAHTHI HTPAIOT BAYKHYIO POIb B TE€pa-
MWW Pa3INYHbIX 3a00JIeBaHM, ACCOIMHPOBAHHBIX
C TeHepanyei akTHBHBIX (POPM KHCIIOPOa U IIEPEKHUC-
HBIM OKHCIIEHHeM JunuaoB. MccnemnoBanus mocien-
HUX JIET YKa3bIBAIOT Ha TO, YTO HU3KOMOJIEKYIISIPHBIC
AHTHOKCHAAHTHI TPUPOIHOTO ITPOUCXOKICHUS MOTYT
paccMaTpuBaThCs Kak HamOoiiee MepCreKTHBHBIC
1 Oe3omacHbIe 3alIUTHBIE areHThI, YMEHBIIAIOIINE
OKHCIIUTEbHOE TIOBPEKICHHIE KJIIETOK M TKaHEH opra-
HU3Ma YeJIOBeKa B Cllydae UCTOIEHUs win Hed(hdek-
THBHOCTH (DEpMEHTATHBHBIX U He(epMEHTATHBHBIX
KOMITOHEHTOB COOCTBEHHOM aHTHOKCHIAHTHOW CHUCTE-
MBbI. Taxoke MpUpOIHbIE aHTHOKCHIAHTHI MOTYT OBITh
XOPOIIIeH albTepPHATUBON CHHTETUYECKHUM B MUIIIEBOU
MIPOMBITIIIIEHHOCTH, JIJISl IPEAOTBPAIICHHAS OKUCICHUS
MUIIEBBIX IMPOIYKTOB, OOTaThIX HEHACHIIICHHBIMU
YKUPHBIMA KHUCIIOTaMH [2]. B CBS3W ¢ 3THM Ka)KIbIit
TOJl pacTeT WHTEpEC K BEIIeCTBaM, 00JIa/TaloONiM aH-
THOKCHJIAaHTHON akTHBHOCTHIO (AOA) m mocrymato-
MM B OPTaHW3M YEJIOBEKa M JKUBOTHBIX BMECTE C TIPO-
nykTamu nutaHus. [luma, Ooraras aHTHOKCHIaHTa-
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MU, CHIKAET PUCK MHOTUX 3a00J1€BaHHH, B YaCTHOCTH,
CEPACYHO-COCYIUCTON CHCTEMBI U OHKOJOTHMYECKUX
3aboneBanwmii [3].

B npupozae n3BecTHO MHOXKECTBO BEIIECTB PacTu-
TEBHOTO TPOUCXOXKIEHHS, KOTOpbIe o0nanaroT AOA.
3HaYUTENbHOE KOJIMYECTBO BHUJIOB PACTEHUH YXKe
npoBepensl Ha AOA, HO HanboJiee NepCIeKTUBHBIMU
SIBIISIIOTCSI T€, KOTOPBIE B CBOEM COCTaBe UMEIOT (hiia-
BaHOW/IbI, PA3IMUHbIC (PCHOIIBI, AaHTOLUAHBI U YPUP-
Hble Macia [4].

Oco0eHHOCTBIO HPUPHBIX MACEIT SBISIETCSI MHOTO-
KOMITIOHEHTHOCTb, KOTOpasi 00yCJOBIMBAET pPa3HO-
oOpasue Ouonornueckux 3((exkroB, B TOM uucie
U aHTUOKCUJAHTHBIE CBoicTBa [5]. B TO ke Bpems
Ouonornueckasi akTHBHOCTb 3()MPHOrO Macia 3aBH-
CHT OT €r0 KOMIIOHEHTHOT'O COCTaBa, Ha KOTOPBI OKa-
3bIBAIOT BIMSIHUE PAa3JIMUHBIC YCIOBHS BIPAILIMBAHUS
pactenutii [6].

AOA >¢pupHBIX Mace 00yClIOBIEHA COIEPKAHUEM
B MX cOCTaBe ()eHOJIOB (KapBaKpOJl, TAMOJI, 3BICHOII),
kotopble 0 cBoel AOA BIBOE IPEBOCXOAST CUHTE-
THUYECKUH aHTHOKCHUAAHT noHoi. Kpome toro, Takue
KOMITOHEHTBI, OTHOCSIIMECS K MOHOTEpIICHAM, Kak
Y-TEPIMHEH U O-TEPIHMHOJICH, CECKBUTEPIICHBI (3UH-



rudepeH U B-kapuouiieH) U HUTpajb, TaKXkKe o0a-
JIAIOT BHICOKUM ITPOTHBOOKUCIUTEIBHBIM JICHCTBUEM
[7]. U3BecTHO, uTO HAa AOA >hUpPHBIX Macel BIHsIET
HE TOJIBKO MOBBIIIEHHOE COIEP KaHNE OCHOBHBIX KOM-
MOHEHTOB, HO M CHHEPrHYECKOe B3aUMOJEHCTBUE
KOMITOHEHTOB MEXJTy COOOH.

Xwmenb (Humulus spp.) KyABTHBUPYETCS TIOYTH BO
Bcex crpaHax mupa. B benapycu xmens pacnpocrpa-
HEH 110 BCEH TEPPUTOPHHU M BBIPAINBACTCSI B KOMMEp-
YeCKUX HEJSIX Ha CeJIbCKOXO3SHCTBEHHOM IMPEATIpHsi-
THU Ha I0T0-3araje Hamel crpansl ¢ 1993 r. [llupokoe
pacrpocTpaHeHue U MacTabHOE BBIpAI[BaHHE XMe-
JI CBA3AHO C €ro OorarbIM XMMHUYECKHM COCTaBOM
W CBOWMCTBaMHM, KOTOpPbIC HAIIUIA CBOE MpPUMEHEHHUE
B Pa3HBIX OTPaCIAX MPOMBIIIIIEHHOCTH. B cBoeM co-
craBe Humulus spp. CONEPKUT Pa3IUUHbIC ONOJIOTHYEC-
CKM aKTHBHbIC BEILIECTBA, BKIIIOUas U d(PUPHBIC Maca.

Coneprkanue YPUPHOTO Maclia B paCTUTEIILHOM ChI-
pre xmedtst konebnercs B npeaeiax 0,5 no 3 % [6]. Ca-
MBIMH PACIIPOCTPaHEHHBIMU KOMIIOHEHTaMH A(pUPHOTO
Macya XMeJs ABJISIOTCSI MOHOTEPIIEHOBBIE YITIEBOAOPO-
JIbI C MUPLIEHOM B Ka4€CTBE OCHOBHOTI'O BEII[ECTBA U Ce-
CKBUTEPIICHOBBIC YIJIEBOJOPOAbI, TaKHE KaK O-TYyMY-
neH, B-xkapuodune, (E)-B-dapuesen [8]. Kpome Toro,
2(HUpPHOE MACITO XMEJSI COACPKUT Pa3TUUHbBIC TPYIIIIbI
NONU(PECHOIBHBIX COSMHEHNH ¢ MpeHmI(IaBoHON 1a-
MH, KOTOpPBIE SIBIISIIOTCSI HanboJiee IIeHHBIMU COe/TIHE-
HUSIMH, TaK Kak oOmamaror AOA, NpOTHBOBOCIIAIIM-
TENPHOM ¥ aHTUMIPOIU(EPATUBHON aKTHBHOCTHIO [9].

B cBs13U ¢ BBIIEH3T0KEHHBIM, TPUHUMAsI BO BHU-
MaH#e TOT (hakT, 4yTO BbIpalIMBaeMblii B benapycu
XMeJIb IUPOKO MPUMEHSIETCS B MUIICBOW MPOMBIILI-
JICHHOCTH ¥ JIPYyTUX OTPACIISIX, HENBIO JaHHOH paboThI
SBUJIOCH MCCJIEJIOBAHNE aHTHOKCHJAHTHON aKTHBHO-
cTH ApUPHOTO MACIIA, TOJTYIEHHOTO U3 XMEJIS CIEAYIO-
LIMX KyJbTUBUPYEMBIX B benapycu coproB: Maruym,
Ilepne, I'epkynec, Cnanex, Hopnen bpesep, Llnans-
tep Cenekrt, Tpa uIIMOHHBIN.

Marepuaibl 1 METOABI

B pabote ucnonb3oBaHO chIpbEe XMeds (COpT
Marnywm, Ilepne, I'epxynec, Cnanex, Hopnen bpesep,
nansrep Cenext, TpaAMLIMOHHBIN), TPEAOCTABIECH-
Hoe OO0 «buzon», DPPH (1,1-audenun-2-nukpui-
ruapasun), ABTS (2,2°-A3un0-0uc(3-3THII0eH3THA-
30JIMH-0-CyTb(OKNCIOTA) IHaMMOHHUEBAs COJIb),
Trolox  (6-I'mppokcu-2,5,7,8-TeTpaMeTHIXpo-
MaH-2-kapOoHoBas kuciora), DMSO (aumeTuncyib-
tdoxenn), K,S,04 (mepeynbdar kamust) Ipou3BOICTBA
Sigma Aldrich (CLLIA).

[onyuenue 3¢pupHOro Macia MpOBOANIN METOJOM
THAPOJUCTHIUIALMN C HCIIOJIb30BaHUEM ammapara
Kresenmkepa. B konby emroctsio 1000 cm® momera-
u 30 T U3MENBYCHHOTO B MEJKYIO (PPAKIHIO CBHIPHS
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Y 3aJIMBAJIH €TI0 JIUCTHUTMPOBAHHOH BOI0# 110 2/3 00B-
ema. KonOy momenianu B konboHarpesareins. Konen-
CalMIo CMECH BOJIBI M A(UPHOTO Maciia OCYyIeCTBIIs-
T ¢ TTOMOIIBI0 00paTHOTO XOoNonuibHUKa. [Iporecc
THIPOIUCTILISIIAN B CTAMU KUITCHHSI TIPOIOJIKAIICS
He 6osiee 3 4. OTOOp A3PUPHOTO Maca OCYIIECTBIISIIN
C MICTIOIb30BaHMEM LITIPHLIA. | UAPOAUCTUILIAINIO ITPO-
BOJIMJIA B TPEXKPAaTHOM IOBTOPEHUH JUIS Ka)JIOTO
BH/JIa UCCIIETYEMOTO CHIPBSI.

KommoHeHTHBIH cocTaB S MPHBIX Mace ONpeIeIsi-
JIM € TOMOII[BIO Fa30BOT0 XPOMATO-MacC-CIIEKTPOMETPa
Shimadzu QP2010 (EI nonusamnus) ¢ ucronb30BaHIEM
HEMOJSIPHON KamuIsipHOU KOJTOHKH (30 M % 0,32 Mm X
0,5 mxwm, aktuBHas (aza Rtx-1MS Restek). Ananus
OBLT BBITIOJIHEH TIPU CJIEYIOIIEM TeMIIEPaTypHOM pe-
XKHUMe: HauasibHas TeMiieparypa +50 °C Ha mpoTshkeHUH
3 MuH, Jjajiee TemMIeparypa nossimainack Ha 4 °C/MuH
110 +310 °C. I'a3-HOCHUTENb — reNuii ¢ OCTOSTHHBIM JIaB-
nenuem 49,5 klla, peskuM HHKEKITUHN — C PACIICTICHH-
em notoka 1/3. TIpoGomonaroroBka: 3(hupHOE MaCIo
o0beMoM 10 MKJT cMemmBany ¢ 1,5 M1 auxiiopmeTana.
O0beM poObI A3pUPHOTO Maciia, BHOCUMBIH B Ta30BbIH
xpomarorpad, coctaBui 1 M. M neHTHGUKALINIIO KOM-
MOHEHTOB A(UPHOTO Maciia TPOBOJAMIHN C MOMOIIBIO
0a3pl JaHHBIX Wiley.

AHTHOKCHJIAaHTHAsl aKTHBHOCTH 3(UpHOTO Macia
HCCIIEIOBAJIM CIIEKTPOPOTOMETPHUECKH C HCIIONB30-
BanueM DPPH-paaukan-reHepupyromeil cUcTeMbl
[10]. DPPH npexacraBnsier co00i CTaOUIBHBINA CBO-
OOJIHBIN paIuKal, KOTOPbIH UCTIONB3YETCS JIs TECTH-
poBanust AOA XUMHUECKUX KOMIIOHEHTOB 3()UPHBIX
Macell, 3KCTPaKTOB M JPYTuX BEIIECTB U3 HAaTypaib-
HBIX MPOJYKTOB. AHTHOKCUIAHTHBIC COCIUHCHUS,
MPHUCYTCTBYIOIIME B I(QHUPHOM Maciie, pearupyroT
¢ DPPH, npespamas ero B 1-aneHun-2-nuKpuira-
JIpa3vH, IPY 3TOM MEHSETCs IIBET pacTBopa ¢ ¢uoie-
TOBOTO Ha kenThiil [11]. B cBexxenpuroToBIeHHBIN
cniuproBoit pactBop DPPH (57 MxM) noGasisiin pac-
TBOp A(PUPHOTO Maclia XMellsl B JHana3oHe KOHIICH-
tparuii 0,01-5 mr/mii. B kauecTBe pacTBOpUTENs
a¢upHOTO Macia uctonb3oBaan DMSO. B koHTpoIib-
HOHM M ONBITHBIX Mpobax koHIeHTpamuss DMSO co-
crapisiia 5 %. Peructparust n3aMEHEHUN ONTUYECKOM
iotHoctu pactBopa DPPH nocne nakybanum ¢ nc-
cieayeMbIM 3(UPHBIM MacJIOM MPH KOMHATHOW TeM-
neparype B TeMHOTE B TeueHue 20 MUH OCYIIEeCTBIIS-
J1ach Ha JUIMHE BOJHBI 515 HM. MI3MepeHust mpoBoIuIN
B TPEX MOBTOPHOCTSIX.

AOA 00pa3ioB paccunuthbiBaiu 1o gopmyie 1.1.

ADPPH — AO6pasey

x100% (1.1)
ADPPH

AOA(%) =

rae: A DPPH — ontrudeckas IIIOTHOCTh KOHTPOJIBEHOH TIPo-
051; A Obpazey — onTHYeCKast INIOTHOCTD ONBITHOM MTPOOEI.



3nayenue ontuyeckor miotHoctn DPPH B kon-
TponbHO# mpobe mpuauManu 3a 100 %. Pesynbrars
BeIpakeHbI Kak [C50 ayis KaKa0ro U3 UCCIeIyeMBbIX
00pa3ioB 3¢pupHoro macia. Konuenrpaius oopasia,
MPH KOTOPOW MPOLEHT MHTHOUPOBAHHS JTOCTHUrACT
50 %, saBnsiercs IC50.

OnumuHaius paaukaioB ABTS mupoko ucmonb-
3yercst 1uist orieHkn AOA, 0cOOE€HHO B MMUIIEBBIX MTPO-
nykrax [12]. Amanu3 ymanenus panukanoB ABTS
MepBOHAYAIBHO COCTOMT M3 mpeBpameHus ABTS
(6ecusetnas oxpacka) B ABTS' (cunmii uBer), 4to
npoucxoaut mnpu nobasiennn K,S,0z. B mpucyr-
CTBUH coenuHeHuii-antTuokcugantos ABTS* cuosa
nepexonuT B HeWrpanbHylo ABTS (OecuBerHyro)
¢dopmy [11]. Pamukan ABTS (2 MM) okucisiu miep-
cynbdarom kamus (0,17 MM) B OUMCTUIIIMPOBAHHON
BOJI€ MTOCJIe MHKYOAIMH IIpY KOMHATHOHM TeMIepaTrype
B TemHoTe 18 4. PactBop ABTS* noBoaunu sTanonom
1o ontuuexoit iotnoctH 0,7(+0,02) mpu ynHe BoI-
HbI 745 uM. B moarotosnenusiii pactesop ABTS' mo-
0aBJIsLTH PacTBOP APUPHOTO Maciia XMEJs B IHarazo-
He koHuenrpauuit 0,01-1 mr/mi. B kauectBe pacTBo-
putens st 3QUPHBIX Maceln ucnoib3oBanu DMSO.
B KOHTPONBHBIX U OMBITHBIX MPOOAX KOHIICHTPALHSI
DMSO cocrasmsina 5 %. Perucrpanuio n3MeHeHus
ONTHUYeCKOH MmiIoTHOCTH pacTBopa ABTS' mocne un-
KyOaImu ¢ uccieayeMbIM S(PUPHBIM MACIIOM ITPH KOM-
HaTHOI Temmeparype B TeMHoTe B TeueHue 10 MuH
OCYIIECTBISUIN Ha IJIUHE BOJMHBI 745 uM. M3Mepenue
MIPOBOJMIIN B TPEX MOBTOPHOCTSIX.

AOA o006pa3noB paccunTtbiBain 1o popmyse 1.2

AABTS — AQépasey
AABTS

rae: A ABTS — ontudeckast INIOTHOCTh KOHTPOIBEHON TIPO-
051; A Obpaszey — onTHYECKasi INIOTHOCTH ONBITHOM MTPOOEI.

AOA(%) = x 100% (1.2)

VYposenb ontuueckoil mnotHoctu ABTS B kon-
TposbHOU npobe npuauManu 3a 100 %. Pesynbrars
BbIpaskeHbl Kak [C50 a5 KaKaoro u3 UcciaeryeMbIxX
00pa3ioB A(hUpHOTO Macia.

B kauecTBe cTaHIapTHOIO AHTMOKCHIAHTa HC-
nonb30Basn Trolox (0,39—6,3 MKr/mit) mpu uccieno-
BaHMM aHTUOKCHJIAHTHOW aKTHBHOCTH B OTHOIICHUH
DPPH u ABTS paaukanos.

Craructuyeckyto oopabOTKy pe3ynbTaToB M BbI-
gyucnenue 3HaueHni 1C50 ocymecTBIsIN ¢ UCTIONb-
30BaHUEM NPOrpaMMBbl CTATUCTHYECKOTO aHalln3a
GraphPad Prism7.

Pe3ysbrarhl 1 X 00CYKAEHHE
[IpomieHTHBIN BBIXOA d(DUPHOTO Macjaa XMEJS HC-
CIeTOBaHHBIX cOpTOoB cocTaBmwi oT 0,42(+0,04) mo
2,05(%0,26) %. Hanbonpimmii BeIXoA 3¢pupHOTO Macia
OBLT XapakTepeH AJisi copra Maraym.
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CocTaB OCHOBHBIX KOMIIOHEHTOB 3()PHOTO Maca
13 XMeJIs uccaenyemsix coproB Maruywm, Iepae, I'ep-
kynec, Cnanex, Hopnen bpesep, lInanstep Cenekr,
TpaauImoHHbIN TpecTaBICHBI B Ta0bmuIe 1.

Tabmuia 1 — CocraB u3MepsieMbIX KOMIIOHCHTOB
3(HUPHOrO Macja U3 Pa3IUYHBIX COPTOB XM, %o

Table 1 — The composition of the measured components
of essential oil from various hop varieties, %

Copt/Kowmro- | B-mup- | o-rymy- | B-riu- | B-kapuo- | B-dapre-
HEHT LIeH JIeH HEH ¢bwuieH 3eH
Maruym 48,73 | 32,93 | 0,98 8,44 —
[Tepne 29,12 | 45,15 | 0,55 13,36 1,45
T'epkynec 37,17 | 38,07 | 1,11 9,46 —
Cnanex 25,07 | 34,90 | 0,47 8,80 17,11
Hopnaen 48,97 | 31,96 | 0,79 9,55 1,35
Bbpesep
nanerep | 39,29 | 19,01 | 1,06 7,23 9,85
Cenekr
Tpanuuu- 0,72 | 0,63 [34,41 52,31 -
OHHBIM

Uccnenyemsbie adupHbIe Macina XxMems, MOTy4eH-
HBIC M3 PA3JIUYHBIX COPTOB, TIPOU3PACTAIOIINX B OJIU-
HAKOBBIX KIIMMATOTreorpaueCcKuX yCIOBUIX, IMEIOT
HE3HAYUTEIIbHBIE OTIMYHS B KAYECTBEHHOM KOMIIO-
HEHTHOM cocTaBe. B-MUpIIEH U 0-T'yMYJIeH SBISIOTCS
[JIaBHBIMM KOMITOHEHTAaMH TOYTH B KaXXJIOM COpTE
XMeJIsl, 32 UCKJIFOUeHUEeM copTa TpauiinoHHbIi, B HEM
coZiep)KaHMe -MHUpPICHA U O-TyMYyJICHa, 10 OTHOLLE-
HUIO K CpeJHEMY COAEp KaHHI0, CHIKEeHO Ha 98 %.
[Ipeobnanarommmu KOMIOHEHTaMU B copte Tpaguuu-
OHHBI SIBISIFOTCS 3-TIMHEH U -KapropUIUIeH, Coaep-
JKaHUE KOTOPBIX 110 CPABHEHUIO C IPYTUMH COPTaMH
B cpenHeM moBeimeHo Ha 97,9 u 93 %, cooTBer-
ctBeHHO0. KommnoneHT -dapHe3eH He ObI1 00HAPYKECH
B Tpex copTtax xMmenst: Maruywm, I'epkynec, Tpanuuu-
OHHBIN. OTINYUS 110 KOMIIOHEHTHOMY COCTaBy d(Hp-
HBIX MaceJl XMels 00yCIIOBJICHbI B OCHOBHOM OHOJI0-
THYECKUMH 0COOEHHOCTSIMH HCCIICAYEMBIX COPTOB,
TaK KakK BCE cOpTa MPOMU3PACTAIN B OTMHAKOBBIX KITH-
MaroreorpagpuyecKux yCIoBHsIX.

AOA s3¢dupHbIx Macen mo orHomienuo k DPPH
u ABTS panukanam u3MeHsIaCh OPSIMOIPONOPLIMO-
HAJIBHO W3MEHEHHMIO UX KOHIEHTpauuu. YeM HHKe
s3nauenue 1C50, TeM BbIlIEe aHTUOKCUAHTHAS aKTUB-
HOCTB TecTupyemoro oopasna. IC50 agupubIx Macen
o otHomeHuto k DPPH u ABTS panukanam mnpen-
CTaBJICHBI HA PUCYHKax | u 2.

DdupHoe macio u3 copra Maruym o6aiaeT Hau-
6omnee Hm3kor AOA mo otHomennto k DPPH panwxka-
JlaM B CPaBHEHHUH C 3(UPHBIM MACJIOM U3 IPyTUX COP-
TOB xMensl. Hannyudiee neiictBue mokaszano agupHoe
MacJio, noirydeHHoe u3 copra l'epkynec, IC50 nns
kotoporo cocrasuia 0,108 mr/mi. B To ke Bpems 1o
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Pucynok 1 — IC50 3¢upHbIX Macen u3 pa3IudHbIX COPTOB XMenst B Tecte ¢ DPPH

Picture 1 — IC50 of essential oils from various hop varieties relative to DPPH
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Pucynox 2 — IC50 a¢upHBIX Macen U3 pa3InyHbIX cOPTOB XMens B Tecte ABTS”

Picture 2 — IC50 of essential oils from various hop varieties relative to ABTS*

cpaBHeHHuto ¢ Tporokc, IC50 koroporo cocrasuia
0,0025 mr/mn, AOA maHHOTO cOpTa XMest ObLIa ro-
pasno Hwke. CrieyeT OTMETUTD, 4TO 3(UPHBIC MaCIa,
nojy4yeHHble U3 coproB Maruym, Cnazek, [lepie,
Hopnen bpesep, ve obnanator AOA mpu KOHIIEHTpa-
muu ot 0,05 MIr/mi U HUAKeE.

Uccnenoanne AOA B OTHOLIGHHH pajaMKaia
ABTS" o0ycioBieHo ero 0omblueil peakMOHHOCIO-
COOHOCTBIO U OTIINYMEM MEXaHM3MOB HEHTpaIN3aLuK
o cpaBHEeHHIO ¢ pagukaiom DPPH [13].

AHanu3 TaHHBIX TOKa3bIBaeT, uTo AOA mccuemye-
MBIX COPTOB XMeJs (IIOCIENOBaTEIbHOCTD yBEIHYe-
Hst AOA B psly COPTOB XMeJIs) OTIIMYAIOTCS OT yCTa-
HOBJIEHHBIX MeTooM DPPH.

Kak u B rect-cucteme ¢ DPPH, B ABTS" cucreme
Haubonbmeit AOA obmamaeT »3pupHOE MACIIO XMEIs
copta I'epkynec (IC50 — 0,062 mr/min), HO IO CpaBHE-
HHUIO CO CTaHJApPTHBIM aHTHOKCHIAHTOM TpOJIOKC
(IC50 — 0,0011 mr/mi), AOA Bce paBHO ocTaBayach
0oJiee HU3KOM.
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3akmouenue

Haub6osnbmieit AOA B 1ByX TecTax 00/1a1a10 3pup-
HOE Maclio, TOJyuYeHHOe U3 XMellsi copra [epkyrec,
ero IC50 cocrasmio 0,108 mr/mi B Tectre ¢ DPPH
1 0,062 mr/mi B Tecte c ABTS'. DdupHoe macio xme-
15t copra ['epkyrec 1o cofiep»KaHu0 OCHOBHBIX KOM-
MOHEHTOB HE3HAYUTEIBHO OTIIMYAETCS OT APYTHX HC-
CIIEMOBAaHHBIX cOPTOB (cM. Tabmuity 1). Bemeacteue
3TOTO HaMbOoJIee BEPOITHBIM SIBISIETCSI TO, UTO Oolee
BBICOKHE aHTHOKCH/IAHTHBIE CBOMCTBA 3(hUPHOTO Mac-
na copta ['epkyrnec o cpaBHEHUIO ¢ JPYyTUMHU COPTa-
MU 00YCJIOBJICHBI COJICPYKAHUEM CIICIU(DUUSCKUX IS
HETr0 MHUHOPHBIX KOMIOHEHTOB. [10CKOJIBKY KOHIICH-
Tpainusi MUHOPHBIX KOMITOHEHTOB B 3(UpHOM Macie
3HAUUTEIHHO HIIKE, YeM KOHIEHTPAIIUsl UCIIOJb3ye-
MOTO CTaH/JIapTHOTO aHTHOKcHaHTa Tpoiokca B Te-
crax ¢ DPPH 1 ABTS™, To MOXHO TIPEATIONIOKUTE, ITO
B Cjy4ae COMOCTaBUMBIX KOHIIEHTpalui 3(pdeKrTus-
HOCTh 3(DUPHBIX Macesl KaK aHTUOKCHIAHTOB MOXKET
OBITh 3HAYMTENBHO BhIIIE, YeM Y Tpoiokca.
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ANTIOXIDANT ACTIVITY OF ESSENTIAL OIL
OF HUMULUS SPP.

LS. Chernei, V. T. Cheshchevik
Polessky State University, Pinsk, Republic of Belarus

Introduction. Essential oils are characterized by a multicomponent nature, which determines the diversity
of their biological effects, including antioxidant properties.

Objective — the purpose of this work was to study the antioxidant activity of the essential oils obtained from
plant raw materials of Humulus spp. of the following varieties cultivated in Belarus: Magnum, Perle, Herkules,
Sladek, Northern Brewer, Spalter Select, Tradition.

Materials and methods.The essential oils were obtained by hydrodistillation using the Clevenger apparatus.
The component composition of the oil was determined using gas chromatography-mass spectrometry. Antioxidant
activity was determined spectrophotometrically using DPPH (1,1-diphenyl-2-picrylhydrazyl) and ABTS
(2,2-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)) radical generating systems.

Results. B-Myrcene, a-humulene, 3-pinene and B-caryophyllene are the predominant components of essential
oils. The antioxidant activity of essential oil with respect to DPPH and ABTS radicals changed in direct proportion
to the change in their concentration. The essential oil obtained from the Hercules hop variety had the highest
antioxidant activity in the two test systems, its IC50 being 0.108 mg/ml in relation to DPPH and 0.062 mg/ml in
relation to ABTS+.

Conclusions. The essential oil of the Hercules hop variety differs slightly from the other studied varieties in
terms of the content of the main components. As a result, it is most likely that the higher antioxidant properties
of the essential oil of the Hercules variety compared to other varieties are due to the content of minor components
specific to it.

Keywords: essential oil, antioxidant activity, Humulus spp., DPPH, ABTS.

For citation: Chernei IS, Cheshchevik VT. Antioxidant activity of essential oil of Humulus spp. Biochemistry
and Molecular Biology. 2023, vol. 2, no. 1 pp. 72— 77 (in Russian).
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JAUHAMHUKA HOKg&3ATE.JIEfI AHTI@OKCHI{AHTHOFI CHUCTEMBbI
INEYEHU MBIIHEHU MOCJIE BO3AEUCTBUA PEHTTEHOBCKOT'O
N3JYUYEHUA BBICOKOU MOILIHOCTH

H. H. Besanxuna'?, A. C. ITunomosuy®, O. C. Axcenenko®, B. M. Il]emenes

Tocyoapemeennoe nayunoe yupesicoenue « dncmumym paouobuonocuu
Hayuonanvnoti akademuu nayx benapycu», e. [omens, Pecnyonruxa benapycow,
2Vupeacoenue oopazosanust «I omenbekuil 20Cy0apcmeeHnbili MeOUYUHCKUL YHUBEPCUMEN,
2. lomenw, Pecnybnuka benapyco

Beenenne. BausiHue HOHM3UPYIOLIETO U3ITyYEHHs HA OPraHU3M YEIOBEKa HEYKJIOHHO PACTET, YTO JeNaeT
AKTyaJIbHBIM HCCIIEJOBAaHNE PAANAIIMOHHO-MHAYIMPOBaHHBIX 3¢ dekToB. Mi3MeHeHne nokasareseil ypoBHs OKCH-
JIAaTUBHOTO CTpecca B IICYEHH U B LIEJIOM B OPraHW3Me 3aBUCHT OT MHOTHX (paKTOPOB, B TOM YHCJIE OT JO3bI U pe-
JKMMa 00ITydeHusI.

Lean nccjieoBanmst — OLIEHUTH BIMSHNAC OJHOKPATHOTO OOIIETO PEHTI€HOBCKOTO 00y4eHus B 03¢ 3 Ip
Ha TWHAMHUKY 1oka3arenei coctosaus AOC nedenu mbimrei inanu C57B1/6 B ocTpoM mOCTIIy4eBOM MEpUOJIC.

Marepuansl U MeToabl. OOIyueHHE )KUBOTHBIX IPOBOAMIOCH ITPH MOMOIIM PEHTTEHOBCKOH yCTAaHOBKH
O6uonornyeckoro HazHaueHus X-Rad 320, momHocTh 10361 — 98,8 cl'p/MuH. JKUBOTHBIX BBIBOIMIIN U3 SKCIIEPH-
MeHTa Ha 1-e, 3-¢ 1 7-e cyTku nocie obirydeHus. B romorenarax redeHn )HBOTHBIX ONPEICIISUTH KOHIIEHTPALIUIO
o6ero 6enka, TBK-peakTHBHBIX IPOAYKTOB, BOCCTAHOBJIEHHOTO [Ty TaTHOHA, aKTUBHOCTD KaTalla3bl U CYIEepPOK-

cupmucmyTassl (CO/).

Pesynbrarel. Conep:xanue TBK-akTUBHBIX NPOAYKTOB B TKAHW IEUEHU MBIIIEH Bo3pacTano Ha 3-u u 7-¢
cyTku nocie oomyuenus (p < 0,05). OrmeueHo cHmkenne aktuBHOCTH COJl U KaTanaspl B IEYCHU OOYyYCHHBIX
JKMBOTHBIX, HanOoJIee BBIpaXKEHHOE K 3 CyTKaM JUIs Karanasbl ¥ K 7 cyTkam st karanassl u COJL (p < 0,05).

3aximiouenue. O01ee ogHOKpaTrHOe oOmydenue Mplier tuann C57B1/6 B noze 3 I'p unaynupyer pa3surue
OKCHJaTUBHOIO CTPecca B IIEYEHU KUBOTHBIX, YTO XapakTrepusyercs noselieHueM [10J] u cHIKeHreM aKTUBHO-

ctu pepmentoB AOC neyeHu.

KiioueBnlie cioBa: PEHTICHOBCKOC M3JIYYCHHE, MbIIIH, CYNCPOKCUAANCMYTa3ad, KaTajlasa, INIyTaTUOH,

TBK-peakTuBHbIE IPOLYKTHL.

Juist umTupoBanus. J[MHaMuKa nokaszareie aHTHOKCUIAHTHON CUCTEMBI IIEYEeHU MBbIILIEH 1mocie BO3ei-
CTBUS PEHTTCHOBCKOTO U3ITy4YeHUs BbICOKOH MotmrHOocTH / H. H. Bestnkuna [u np.] / Bruoxumust 1 MoJeKyspHas

omonorust. —2023. — T. 2, Ne 1(2). — C. 78-82.

Brenenue

Brusane noHM3UPYIOUIETo U3IyYeHNs Ha opra-
HH3M YeJIOBEeKa HEYKJIOHHO PAaCTET BCIIEJICTBHE MPO-
BEJICHUS MEIUIIMHCKUX JAMarHOCTHYECKUX U Tepa-
MEBTUYECKUX MPOLETyp MPH JIyUeBOH Teparuu OH-
KOJIOTHYECKUX 3a0osieBaHUU. Takke coxpaHsAeTcs
OTIaCHOCTH CBEPXHOPMATUBHOTO OOIyUEHHS TIEPCO-
HaJla ¥ HACEJIEHU B ClIy4ae aBapUUHBIX CUTyallMil,
YTO JIeJIaeT aKTyaIbHBIM HCCIIEJOBaHUE PaJHAIFOH-
HO-MH]IyIIUPOBAaHHBIX 3()(PEKTOB M MOUCK CpeJICTB
CHIDKEHUS TIOBPEKJAIOIIET0 1eHCTBUS HOHU3UPYIO-
IIeTO M3TyYeHHUS.

OO0nydeHne HOPMAIBHBIX TKAHEH BBI3BIBACT PSII
COOBITHH, Cpeu KOTOPBIX OXHUM W3 OCHOBHBIX SB-
JIsieTCA TOBBIIIEHUE YPOBHS 00pa30BaHNs aKTUBHBIX
¢dopm kucmopona (ADK) m azora, kak CIEACTBHE,
aKTHUBAIUs CBOOOJHOPAAMKATBHOTO OKHUCICHUS
M pa3BUTHE OKcHAaTuBHOTO cTpecca [1, 2]. ADK
M OKCUJATHBHBIA CTPECC CIIOCOOCTBYIOT Pa3BUTHIO
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paauaMoOHHO-UHAYIUPOBAHHON IUTOTOKCUYHOCTH,
OMOXMMHUYECKUX U MOP(OIOTHISCKUX HU3MEHEHHH
B JKMBOM opraHusme. [ledeHs sSBIsSe€TCS OCHOBHBIM
OpraHoMm, NojBepKeHHbIM JneiicTBUi0 ADK [3],
a OKHCIIUTEIBHBIN CTPECC — OTHUM M3 MaTOJIOTHYe-
CKHX MEXaHHU3MOB, KOTOPBIA TPUBOIUT K BOSHUKHO-
BEHHIO U POTPECCUPOBAHUIO PA3ITMIHBIX 3200JIeBa-
HUW TIEYCHH U IPYTUX BHYTPEHHUX OPTaHOB B OT/Ia-
JICHHOM MOCTJIy4yeBOM nepuoze [4, 5].
OyHKIIMOHATBFHAS aKTUBHOCTH (PEPMEHTATHBHO-
ro u HedpepMmeHTaTuBHOTO 3BeHHeB AOC meueHH
BaxkHa I cHukeHusa ypoHsa ADK. U3menenue
TaKWX TOKa3areliel, Kak aKTUBHOCTh CYTIEPOKCH/I-
nucmyTassl (CO/l), kaTanaspl, Iy TaTHOH-TIEPOKCH-
JIa3bl M Ty TaTHOH-PENYKTAa3bl, a TAKXKE YPOBHS TITy-
TaTHOHA, PEaKTUBHBIX COCTUHEHHI THOOapOUTYpO-
Boi kuciotThl (TBK-peakTHBHBIX MPOAYKTOB) | JIp.
SIBJISIETCS. YyBCTBUTEJIHHBIM OMOMAapKepOM YPOBHSA
OKCHJIATUBHOI'O CTPECCa B NIEYCHH U B IIEJIOM B Op-



ranu3Mme [6]. [Ipu >TOM HampaBIeHHOCTH U3MECHE-
HUU JaHHBIX [I0KA3aTeJICH 3aBUCUT OT MHOTUX (hak-
TOPOB, B TOM YHUCJIE OT JI03bI U PeKUMa 00IydeHUS,
a Takke OT CpoKa Iociie 00MydYeHHs, Ha KOTOPOM
npoBoAuTcs ananus [7, 8.

Llenb wccaenoBaHusl — OLCHUTH BIUSIHUE OJIHO-
KpaTHOTO 00IIIEro PEHTTeHOBCKOTO OOTY4YEHUS B J103¢€
3 I'p Ha auHaMuKy nokazareneit coctosuus AOC me-
yeHu Mbitiei tuauu C57B1/6 B ocTpoM mocTiydeBoM
nepuoIe.

Marepuabl U METO/bI UCCJIEJOBAHMI

OKCIepUMEHTHl NpOBeNeHbl Ha Jab0opaTOPHBIX
Mmbrmax auHu C57Bl/6 o06oero moma B Bo3pacte
2,5-3 mecsana. Kaxxnas rpynma cocrosiyia u3 5 caMok
u 5 camuoB. JKMBOTHBIX cozepaiu B YCIOBHSX CTa-
nUoHapHOro BuBapus WHcTHTyTa panmoOHOIOrvH
HAH benapycu, cormacHo ycTaHOBIEHHBIM HOpMaM.
Bce manunynsiuuu ¢ 1ab0paTOpHBIMH KUBOTHBIMH
B DKCHEPUMEHTE BBINOIHINCH B COOTBETCTBUU
C MEXIYHapoIHBIMU pekoMeHaauusMu «EBpormeii-
CKO KOHBEHIIMH O 3aIUTE M03BOHOYHBIX )KUBOTHBIX,
UCTIONIb3YEMBIX JIJIsl SKCIIEPUMEHTOB MJIM B MHBIX Ha-
YUHBIX HEeTax» [9].

Meimeit noasepraiu o0IeMy OJJHOKpPAaTHOMY 00-
Jy4eHUIo B A03€¢ 3 I'p ¢ MOMOIIBI0 PEHTI€HOBCKON
YCTaHOBKH OHMOJIOTHYEeCKOTo HazHaueHUs X-Rad 320
Precision X-ray Inc (Hanpsbkenue Ha TpyOke — 320 kB,
cuia Toka — 12,5 MA, MOIITHOCTB 110361 — 98,8 cl p/mMuH,
uneTp Ne2 (1,5 mm Al, 0,25 mm Cu, 0,75 mm — Sn)
paccrosiHue 10 00bekTa 50 cm).

JKuBOTHBIX BBIBOAMIIN U3 IKCIIEPUMEHTA Ha 1-¢,
3-e u 7-e cyTku nocie obiyueHust Ha GpoHe dPup-
HOTO HapKo3a IMyTeM JeKalluTaluHu, HeMEIJICHHO
MPOBOJIMIIOCH BCKPBITHE JKUBOTHBIX U BBHIJCICHUE
nedeHu. Kycouku neyeHn sKkCriepuMeHTAIbHBIX M KOH-
TPOJIBHBIX )KUBOTHBIX B3BeIHBaH. Jlanee oOpasis
Me4eHN TOMOTEHU3UPOBaJIM B roMorenun3arope Ilot-
Tepa-OapBemkeiiMa Ha poTspkeHun 30—40 ¢ B Oy-
(hepe pu COOTHONIEHUN MACCHl TKAaHU U 00BeM Oy-
(dhepa 1:9. Bce MaHUYIISIITUU TPOBOIUITUCH HA JIB]TY.
[TonydeHHbIe TOMOTEHATH IEYCHU HEHTPHUPYTHPO-
Balld ISl TOJYYEHUs UTO30JbHO-MUKPOCOMAIIb-
HOM (ppakumu, oTOMpanu CynmepHATaHT, KOTOPBIA
xpanuian npu —80 °C.

Konmenrpaiuio Oesika B 0OIICH ¥ ITUTO30JILHOM
(hpaxiuy TKaHH TIEYSHH OTIPEIeISITN MeToIoM Lowry
B Mojudukaruu [lerepcona [10].

Omnpenenenue comepkanaus ThK-peakTHBHBIX
NPOAYKTOB B TOMOTEHATaX TKaHW MEYEHU OLIEHUBAIIH
METO/I0M, OCHOBaHHOM Ha 00pa30BaHWHU OKpaIIeHHO-
r0 KOMIUIEKCA B peaKIINY B3aNMOICHCTBUS THOOApOH-
TYpPOBOI KHCIIOTHI C BTOPUYHBIMHE POy KTaMH JIUIIO-
MepOKCUAANH (TIPEUMYIIECTBEHHO MaJIOHOBBIM JIH-

79

aJBACTUIIOM), COIEPIKAIIUMHUCS B TKaHU nieueHu [11].
WNHTEeHCHBHOCTH OKpAacKH 00pa3yIoMIerocsi KOMILIEK-
ca, uamepseMasi (POTOMEeTpUIEeCKH TP JUTHHE BOIHBI
540 HM, NpAMONPONOPLHOHAIBHA KOHUEHTpaluu
BTOPUYHBIX MPOJYKTOB MEPEKUCHOTO OKHUCIICHUS JIU-
nuaos (I1OJI).

KonmenTpanuio BOCCTaHOBIEHHOTO TIIyTaTHOHA
B FOMOI'€HaTaX TKaHU TIEYCHH OMPEACIISUIH C UCTIONb-
30BaHMEM peakThBa DiiMaHa. [Ipu 3ToM BoccTaHOB-
JICHHBIA TIIyTaTHOH OMPENEINIIN MOCe OCAXKIACHUS
OCITKOB TPUXJIIOPYKCYCHOM KHUCIIOTOH [11].

AKTHBHOCTB KaTaja3bl B IIUTO30JIbHO-MUKPOCO-
MaJIbHOW (pakIlMd TOMOTCHATOB TKaHU TMEYCHU
oTpesieNsuiach CeKTPOPOTOMETPHUECKUM METOIOM
C UCITOJIb30BaHNEM B KadeCTBE CyOCTpaTa MepoKcuIa
Bogopona [11]. AktuBHocts COJl B HIUTO30J1bHO-MU-
KPOCOMaJIbHOHM ()paKLMK TOMOTEHATOB TKAHU MIEYCHH
OmpeeNnsiach METOJIOM, OCHOBAaHHBIM Ha yTHUJIIN3a-
unu CO/I cynepokcunanuon-paaukania (O,’-), oopa-
3yIOLErOCs B pe3yabTaTe peakiMi aBTOOKHCIIEHUS
ajpeHaiuHa (dnUHEe(pUHA) B IICJIOYHON cpeje
(pH 9,7) [12].

W3mepeHns onTH4ecKoi MI0THOCTH BHITTOTHSIINCH
Ha MUKpoIrutaHimeTHoMm punepe Tecan Infinite M200
(Tecan Ltd., Swiss) ¢ ucrosib30BaHHEM 96-TyHOUHBIX
mukporutanietoB (SARSTEDT) u cnenmanusupo-
BaHHOTO MporpamMMHoro obecrieuenus Tecan Magellan
(v 7.2). AKTHBHOCTb ()EpPMEHTOB BBIpa’kKajlach B BUJE
yaenbHOM aktuBHOCTH (Eji/Mr Oenka) u paccuuThbiBa-
JIaCh COTIIACHO OOIIETIPUHSATHIM ITO/IX0/1aM JIJIsl BBIpa-
KeHHs (DepMEHTATHBHON aKTHBHOCTH.

CratucTu4ecKyro 00pabOTKy TOITYyYeHHOTO Mare-
puana MpoBOJWIIM C HMCIOJIb30BAHUEM MaKeTa MpH-
knaaHbix nporpamm «IBM SPSS Statistics 22». Pe-
3yABTATHI aHAIN3a CYUTAINCH CTATUCTHYECKH 3HAYH-
MbiMU npu p < 0,05. Ha pucyHkax naHuble
MIPEICTABICHBI B BUJIE MeIUaHbl, 25%-, 75%-kBapTu-
JIell ¥ min-, max-3HaueHuH.

Pe3yubraThl M MX 00CY3KAeHUE

B Teuenune nepuona HaOMIOJCHUS HE OTMEUEHO
rUOEIN )KUBOTHBIX B KOHTPOJIBHOM M ONBITHBIX TPYTI-
nax, yepes 7 CyTOK Mociie Hayaia SKCIIePUMEHTA JKH-
BOTHBIC WMEJIM HECKOJBKO CHHXKCHHBIA MPUPOCT
MaccChl Teja, B CpeaHeM He Oojiee ueM Ha 1-2 %, 4To
MOXET OBITH 00YCITOBIICHO KaK CTPECCOBBIM COCTOSI-
HUEM, BbI3BAHHBIM MTPOBOIUMBIMU MAHUITYIISAIUSIMH,
TaK W peakuuel Ha oOmydeHue. Mcxoms U3 Hammx
MPEABLAYIIUX UCCIICIOBAHUHN U MyOIUKALUN JPYyTHX
aBTOPOB 3HAYMMBbIC U3MEHEHHSI MAcChl Tea YKHBOT-
HBIX Ha CPOKax J0 7 CyTOK HaOJIIOMat0TCsI pH 00Iy-
YEHUU B J103aX OT 5—6 ['p, Torna kak rpu o0ydeHun
B 1103¢ 3 I'p 1 OMU3KHUX 3HAYMMOE CHIIKEHHE MacChl



TeJa JKUBOTHBIX HaOmofaercs B 0oJee OTHaIeHHbIH
nepuoa — 14-20 cyrox [13].

O0111ee OTHOKpaTHOE 0OTYYEeHHUE )KUBOTHBIX B J103€
3 I'p Be3biBasio ycmwienue 110J1 B medenn, o 4emM CBH-
JIETENLCTBYET MoBbiieHne YpoBHs TBK-peakTuBHBIX
MIPOYKTOB; HAaMOOJIee BRIPAKECHHBIM OBLT pOCT Ha 3-1
u 7-e cyTku mocie oomyderus (p < 0,05) (pucyHok 1).

Bo3zaeiicTBre MOHM3UPYIOIIETO U3TyUYECHHUS BbI3bI-
BacT HEMEIJICHHOE 00pa3oBaHWE aKTHBHBEIX (hopm
KHCIIOPOIa U OKUAEMO OBIITO HAOIOMATh 3HAUNMBII

poct TBK-peakTnBHBIX IPOIYKTOB YK€ B IIEPBHIE CYT-
KU 1iocie oonydyenust. BosmoxxHo, nipu o0reM o0iy-
yeHuu B n03¢ 3 ['p 3naunmoe ysenmuuenue ThK-peak-
THUBHBIX TIPOAYKTOB Ha 3-U U 7-€ CYTKH CBUACTEIb-
CTBYET O Pa3BUTHH CUCTEMHOM peaKIiy Ha O0ITyYeHHeE.
B 1uT03051bHO-MUKPOCOMAIBHON (PPAKIIMH TOMO-
TCHATOB TKaHW TICUCHU OONYYCHHBIX >KHBOTHBIX OT-
MeueHo cHMeHue akTuBHOCTH COJl M karajasbl
(pucynok 2). AktusHocTh COJ] 3HaUUMO CHI)KAJach
TOJIBKO K 7-M CyTKaM Tociie 00yueHusi, B CpeiHeM
Ha 27,1 % 1o cpaBHEHHUIO C KOHTPOIb-
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Hoil rpymnmoii (p < 0,05). AKTUBHOCTB
KaTaJlasbl YK€ Ha MepBbIe CYTKH MOCTe
oOJryueHMsI ©MeJia TeHACHIMUIO K CHU-
* KCHUIO, a 0oJiee BRIpaKEHHOE H3MEHEe-
HUe HaOJI0MaIoCh K 3-M CyTKaMm Ha
37,8 % una 49,6 % x 7-M cyTKaM mocie

obnyuenus (p < 0,01).

Jpyrumu aBTOpaMu ObIJI0 OTMEYEHO
noBeieHne aktuBHoct COJl m kara-

Ja3bl B MEUYEHH JIAOOPATOPHBIX MBIIIEH
IIPY BO3JIEUCTBUY HOHU3UPYIOLIETO U3-
JIYUCHHs, HO JaHHOC IMMOBBIICHUEC OTME-
4aJIoCh Ha CpoKax HaOmroneHus 15 Mun
npu oOnydeHun B jo3ax 2—6 [p [14]
u 16 4 mpu oOmyuennu B no3e 8 I'p [7].

1 I 1
Koutpons 1 Cytrn 3 CyTtrH

Pucynox 1 — Cogepxanue TEK-peakTHBHBIX TPOAYKTOB
B TKaHU [EYEHU MBbIIIEH KOHTPOJILHOI IPYNIIbI U 1OCiie 00JIy4YeHUsl B 103¢

3Tp (*p < 0,05 oTHOCUTETHLHOTO KOHTPOJISN)

Picture 1 — The content of TBARS in the liver tissue of mice in the
control group and after irradiation at a dose of 3 Gy (*p < 0,05 compared

to control)
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Torma kak B 0ojice OTJaJICHHBIC CPOKHU
oCJIe 00TyYeHuUs HAOMI0AaeTCs CHIKE-
HUE aKTHBHOCTH JaHHBIX (EPMEHTOB,
YTO MOXKET OOBIACHSITE Pa3BUTUC OKCH-
TaTUBHOTO cTpecca [5].

Conepxanue BOCCTAHOBJICHHOTO
mrytarnona (GSH) B TKaHU IICUEHU MBI-
IICH, UMEJIO TCHACHIINIO K ITOBBIIIICHHIO
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PucyHok 2 — AKTHBHOCTB CYNEpOKCHAANCMYTa3bl (@) U KaTanassl (0) B IUTO30JIbHO-MHKPOCOMAIIBHON (paKLiu
TOMOT'€HATOB TKaHM IEUEHH MBIIIEH KOHTPOJIILHOH IpyIIbI U 11ociie odrydenust B 1o3e 3Ip (*p < 0,05 orHOCHTENBEHOTO
KOHTPOJIST)

Picture 2 — The activity of superoxidedismutase (@) and catalase (b) in the liver tissue of mice in the control group and
after irradiation at a dose of 3 Gy (*p < 0,05 compared to control)



GSH vxM/mr Gemca

Pucynox 3 — Conep:xanue BocctaHoBieHHoro riryratnona (GSH) B Tkanu
MEYCHHU MBILIEH KOHTPOJIBHOM IPYIIIBI U ITocie o0iydeHus B jgo3e 3 [p

Picture 3 — The content of reduced glutathione (GSH) in the liver tissue of
mice in the control group and after irradiation at a dose of 3 Gy

10.

I1.

4yepe3 CyTKH T0cie O0ydeHHs B 03¢
3 I'p (pucyHok 3), B OCTaIbHBIC CPOKH
HaOJIIO/ICHUS IaHHBIN MOKa3areib 3Ha-
YUMO HE OTJIMYAJICS OT KOHTPOJIS.

3akmouenue

OO0wee onHOKpaTHOE OOIydeHHE
Mmebrieit muauu C57B1/6 unaynupyer
pa3BUTHE OKCHUJATHBHOTO CcTpecca
B TICUYCHH KHBOTHBIX, YTO MPOSBIISACT-
cq moBbllieHHeM mnokazareneit [10JI
U CHIDKCHUEM aKTHBHOCTH (epMEH-
ToB mnepBod nuHUM AOC mnedeHH.
[IpencraBneHHass dKCIEPUMEHTAIb-
Hasi MOJIETb PaJUAlMOHHOTO TTOPaKe-
HUSL MOKET OBITh MCIIOIb30BaHa MPHU
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DYNAMICS OF INDICATORS OF THE LIVER
ANTIOXIDANT SYSTEM IN MICE AFTER EXPOSURE
TO HIGH POWER X-RAY EXPOSITION

N. N. Veyalkina'?, N. S. Pilotovich®, V. S. Aksionenka*, V. M. Schemelev*

YUnstitute of Radiobiology of the National Academy of Sciences of Belarus,
Gomel, Republic of Belarus;
’Gomel State Medical University, Gomel, Republic of Belarus

Introduction. The actuality of the study is due to the growing influence of different kind ionizing radiation
on the human body. The change in indicators of the level of oxidative stress in the liver and in the whole body
depends on many factors, including the dose and mode of irradiation, as well as the period after irradiation.

Objective — to evaluate the effect of a single total X-ray irradiation at a dose of 3 Gy on the dynamics of the
indicators of antioxidant system in the liver in C57BIl/6 mice in the acute post-radiation period.

Materials and methods. Animals were irradiated using an X-Rad 320 biological X-ray unit, dose rate 98.8
c¢Gy/min. Animals were taken out the experiment on the 1st, 3rd and 7th days after irradiation. The concentrations
of total protein, TBARS, reduced glutathione, catalase and superoxide dismutase activity were determined in
animal liver homogenates.

Results. The content of TBARS in the liver tissue increased on the 3rd and 7th days after irradiation (p <0.05).
A decrease in the activity of SOD and catalase in the liver was noted, most expressive to 3d day for catalase and
to7 day for catalase and SOD (p < 0.05).

Conclusions. Whole body single irradiation of C57B1/6 mice at a dose of 3 Gy induces the oxidative stress
in the liver, which is characterized by an increase in lipid peroxidation and a decrease in the activity of enzymes
of the antioxidant system in the liver.

Keywords. X-ray, mice, superoxidedismutase, catalase, glutathione, TBARS.

For citation: Veyalkina NN, Pilotovich NS, Aksionenka VS, Schemelev VM. Dynamics of indicators of the
liver antioxidant system in mice after exposure to high power X-ray exposition. Biochemistry and Molecular
Biology. 2023, vol. 2, no. 1 pp. 78— (in Russian).
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ANATHOCTHYECKASA 3SHAYUMOCTDb HEITPAMOI'O METOJA
ONPEAEJEHUA ®PPATMEHTALIMU JHK (SCD) B JABOPATOPHOM
CKPUHUHI'E MYXKCKOI'O BECILJIOAUNA

JI. B. bamypesuu, 1. /]. [lluneuxo, A. O. Konomuey

Yupeosicoenue oopasosanus «benopycckas meouyunckas akademusi NoC1eOUnioMHO20
oobpaszoeanusny, 2. Munck, Pecnyonuxa benapyco

Bgenenue. JIabopaTopHbIii CKPUHHHT, BKIIIOYAIOIINI MCCIICIOBAHUE CIIEPMOTPAMMBbI M CTEIIEHH (parMeH-
tarmu JIHK criepMaro30u10B, MOXKET CITy’KUTh Ba)KHBIM TMAarHOCTHYECKUM KPUTEPHEM OLEHKH (DepTHIBLHOCTH

MY’KUHH.

Henb nccienoBanus — yCTAHOBUTH JUArHOCTUYECKYIO 3HAUUMOCTb IPUMEHEHHS HEPSIMOIo METO/a OIpe-
nenenns pparmenranun JJHK (SCD) B 1aboparopHOM CKpHHHUHIE MYKCKOTO OECILIONNSI.

Marepuaabl u MeToabl. MeToaMi CBETOBON MUKpOCKONUH y 105 MyX4uH ¢ OSCILIOAHEM IMPOBEICHO
HCccIe0BaHue CIIEpPMOrpaMMBbl U crerieHu BelpaxkenHocTn JJHK-dparmenTanum criepMaro3ou1oB.

Pe3yabrarnl. YcranosieHa cBsi3b nHaekca ¢pparmenrannu JJHK ¢ moaBHKHOCTBIO M )KU3HECTIOCOOHOCTHIO
CIIEPMaTO30H/I0B Y MH(EPTHIBHBIX MYXYHH C OJMIO- 1 HOPMO300CIIEpPMHUEH.

3akuiouenne. [lorydeHHbIC TaHHBIE TO3BOJISIIOT CJIEIIAaTh BBIBOJ] O HEOOXOIMMOCTH MCCIICIOBAHHS CTCIIEHU
¢parmenramuu JJHK cniepmaro3onios y myxunt ¢ 6ecrmonueM. Merox SCD MoxeT ObITh PEKOMEHI0BAH B Ka-
YeCcTBE CKPHHUHIOBOT'O J1a00PaTOPHOTO TeCTa YISl OLEHKN (epPTHIILHOCTH MY>KUHHBI.

KuaroueBble cioBa: 6ecruonne, pparmenranus JJHK, cnepmorpamma, HHAEKC GparMeHTanny, HHIEKC Jie-

Ipagaliuu.

Jos nutupoBanusi. barypesuuy, JI. B. Jlnarnocriuueckass 3Ha4MMOCTh HETIPSMOTO METOJa OIpeJIeNICHUs
¢parmenraiuu JTHK (SCD) B naboparoprHom ckpununre myxckoro 6ecrutonust / JI. B. barypesuy, U. J1. 1n-
neiiko, A. O. Konomuen // buoxumus n monexynsipHast ononorust. —2023. — T. 2, Ne 1. — C. 83-88.

BBenenue

B coBpeMeHHOM MHPE OJIHOW U3 BAYKHBIX MEHIHH-
CKUX U COIMAJBHBIX MPOOJIEM SBISETCS HApPYIICHUE
penponyKTUBHON (QyHKIMK y Myk4uH. Hapyrienue
(bepTUIILHOCTH CBSI3aHO C U3MEHEHHEM 00pasa KU3HU
COBPEMEHHOTO MY)KUMHBI: HETATHBHBIM BIHUSHUCM
BPE/IHBIX MMPUBBIYEK U (DAKTOPOB OKPYKAIOIIEH CpeIbl,
BCTYyIUICHHEM B Opak B OoJiee Mo3HEM Bo3pacte, Oec-
KOHTPOJILHBIM PUMEHEHHUEM JICKAPCTBEHHBIX CPE/ICTB
U T. 1. Bece mepeurciieHHOe MOXKET MPUBOIUTE K Pa3BH-
THUIO TaKOW CepPhe3HOM MPOOIeMbI, KaK OecIIonue.

ANTOPUTM KITHHUKO-THATHOCTHICCKUX MEPOTIPHSI-
TH#, OCHOBAHHBIN HA MPUMEHEHUU COBPEMEHHBIX JIa-
00paTOPHBIX METOMOB, MO3BOJIAET HE TOJIHKO BBISB-
JISITh MYXCKOE OeCIIoue, HO U HEPEKO YCTaHABIIHU-
Barh ero npuuuny. KoMriekcHoe u mostamHoe oocie-
JIOBaHKE MAIIMEHTORB C HAPYIIICHUEM PENPOYKTHBHO
(YHKIMH TaeT BO3MOXKHOCTh AU(PPEPEHIUPOBAHHO
OIIEHUBAThH MPUUYUHBI U (AKTOPBI, CIIOCOOCTBYONIHE
pa3BUTHIO MHDEPTHILHOCTH, a TakXKe Ha3HAyaTh
CBOEBPEMEHHOE JICUCHHE U OLIEHUBATH €r0 (P (HeKTHB-
HOCTh B TUHAMHKE.

Cpeau mabopaTopHBIX METOIOB THATHOCTHKH MY K-
cKoro Oecrurousi 0co00e MEeCTO 3aHUMAKOT MUKPOCKO-
MHYECKUE, OMOXMUMHUYECKUE, TOPMOHAIIBHBIC U HMMY-
HOJIOTHYECKUE UCCIICIOBAHMUS AKYIISATA U KPOBH.
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B Hacrositiee Bpemst Haubomnee JOCTYHBIM U IIU-
POKO HCIIONB3yeMbIM METOJIOM CKpWHHHTa UH)Ep-
THWJILHOCTH JSIKYJISITA TIPU MY>KCKOM O€CIUTIOJIMN SIBIISI-
€TCsI UCCIIEI0BAaHHE CIIEPMOTPaMMBbl, 3aKITFOYAIOIIeecs
B M3YYCHUHU (PU3HKO-XHUMHUECKUX U MHKPOCKOIHYE-
CKUX CBOWCTB criepMbI [0]. DTo cBOero poaa «crapro-
BBIi1» J1a00OPaTOPHBIH METOJ OUEHKH (EepTHIHLHOCTD
MY>KYHHBI.

Haubonee 3HauMMBIMH cpean TIOKazaTenei huzu-
YEeCKHUX U (PU3UKO-XUMHUYECKUX CBOWCTB CIIEPMBI SIB-
nstoTes ee oobeM, pH, 1BeT, MyTHOCTb U BSI3KOCTb.
[Ipu mMukpockonuu oco0oe BHHMAaHME YEmseTcs
OTIpE/IETICHHUIO KOJINYECTBA CIIEPMATO30M/10B, OLIEHKU
X MOP(HOIOIOTHYECKOH CTPYKTYPBI, TTOABHKHOCTH
1 JKU3HECTIOCOOHOCTH. BaskHBIM KpUTEpHEeM, Xapak-
TEPU3YIOIIUM MTOTHOIEHHOCTh, MY>KCKUX TaMeT, SBJIs-
€TCsl KOJIMYECTBO TOABMKHBIX CIIEPMATO30UI0B.

Pe3ynbrarhl OlIeHKH )KU3HECTIOCOOHOCTH CriepMa-
TO30U/IOB CJIE/TyeT CONOCTABIIATH C TIOKA3aTEIAMHU KH-
HE3UCTPaMMBbl — HCCJIEIOBAaHUS MX TOABM)KHOCTH.
OOBIYHO KOTMYECTBO HEKHM3HECITOCOOHBIX CIIEPMATO-
30UJI0B COOTBETCTBYET KOJMYECTBY HETOABHM)KHBIX,
YTO SIBJIAETCS KOCBEHHBIM KOHTPOJIEM TOYHOCTH TIOA-
cueTa MOABIKHOCTH. B ciydae cymiecTBeHHOTO mpe-
BBIIIEHUS] KOJIMYECTBA HEKM3HECTIOCOOHBIX CIepMa-
TO30M/I0B HaJl KOJMYECTBOM HEMOABM)KHBIX, MOXHO



mpenrnonararts Hanuaue cuaapoma Kaprarenepa (mep-
BUYHOW LWJIMAPHOW NMCKWHE3WU, CUHAPOMA «HEIO-
JIBUKHBIX PECHUYEK») — TeHETHUYECKH JIETePMUHHPO-
BAaHHOM NATOJIOTUH, MPUBOJALIECH K XPOHHUYECKOMY
BOCMAJIIMTEIILHOMY IOPaXEHUIO PECIHPATOPHOIO
TpaKTa, OPraHOB CIIyXa U HApYLICHUIO (epTHILHOM
¢yukyu [0].

Mopdosornyeckue 0COOEHHOCTH CIIEPMAaTO30H-
JIOB B ISIKYJIATE IPAKTUKYETCS OLIEHUBATh B HATUBHOM
npernapare, HoO pe3yIbTaTUBHOCTH J1a00paTOPHOTO HC-
CJICZIOBAHMSI OKa3bIBACTCSl TOpa3no Oojee HaJACKHOM
MIpY U3Y4YEHNU Ma3KOB, OKpaleHHbIX 10 PoMaHOBCKO-
my, [anmnenreiimy, oppy, Diff-Quik unu npyrumu
CHeIMabHBIMUA KPACUTEISIMHU.

OpHako CrepMHUOJIOTUYECKOE HCCIEeI0BaHUE HE
BCeT/Ia TI03BOJISIET YCTAHOBUTH IPUUYMHY HHPEPTHITb-
HOCTH, IOATOMY HEPEAKO TpeOyeTcs JalbHeiiee Jia-
OoparopHOE HCCIEe0BaHNE, BKIIOYAIOIEE UCTIONB30-
BaHUE OMOXUMHUYECKHUX, IMMYyHoiorndeckux (MAR-
TeCT M Jp.) U JPYTUX CIeIHaIbHBIX METOJI0B
WCCIIEZIOBAHUS DAKYIATA.

CrnenyeT OTMETHUTD TAK)Ke, YTO PE3YNbTaThl HCCIIe-
JIOBaHHUS CIIEPMOTPaMMBbI HE BCEra MOTYT AaTh MOJ-
HYIO OLEHKY (DepTHUIIBHOTO cTaryca MY>KYHHBL. DTO
CBSI3aHO C T€M, YTO Ha OIJIOAOTBOPSIONIYIO CIIOCO0-
HOCTB CIIEPMATO30MI0B MOTYT BIIHSTH Takue (aKTo-
PBI, KaK HAJIMYHME aHEYTUTOU I, COCTOSHNE XPOMAaTH-
Ha, CTPOCHHUE KI'YTHKA, BUPYCHOE M OaKTepHaIbHOE
nHuIMpoBanue, a Taxke pparmenranus JHK, koto-
past mpefcTaBisieT coOOH pa3phIB OIHOW WU JBYX
nuteit monekynsl JJHK [1, 3].

HenoctrocTh nienouku JJHK ciepmaTto3onoB mo-
CJIe OIUIOJIOTBOPEHUS SIBISIETCS OTHUM U3 OCHOBOIIO-
nararoimux (HakTopoB HOPMAIBHOTO Pa3BHTHUS Oepe-
MEHHOCTH. Bbicokuii ypoBenb ¢parmentanmu JTHK
MOYKET IPUBOJIUTH HE TOJBKO K CHIYKEHUIO BEPOSTHO-
CTH CaMOCTOSITEJILHOTO 3a4aTusi B Iape, HO U K Hapy-
HICHUSIM YMOPHUOHAIBHOTO PA3BUTHS, & TAKXKE K ITOBBI-
IICHUIO BEPOSTHOCTH HEBBIHAIIMBAHUS OepeMeHHO-
ctu. He nckimouaercss BOSMOXXKHOCTh BO3HUKHOBEHUS
Mpo6IIeM MPH KCTPAKOPIIOPATIEHOM OIIOOTBOPEHUN
(OKO) m wumHTpanuTOmIa3MaTuueCcKO HWHBEKIIUN
criepmaro3onna (MKCH) [1, 4-8].

B HayuHOl nuTepaType UMEITCS JaHHBIE O BO3-
MOKHOH CBSI3M MEX]ly OT/AEJbHBIMU MOKa3aTeIsiMU
CIIepMOrpaMMBbl (KOJIMYECTBOM, IOJBHKHOCTHIO,
MOpdOJIOTHEH CrIepMaTO30U10B) M BRIPAXKECHHOCTHIO
¢parmentaiuu ux saepuoi JJHK. Ormeuaercs, uro
M3MEHEHUS psifia MapaMeTpoB CIEPMOTPaMMBbl MO-
I'YT KOPpEIUPOBaTh CO CTENCHbIO (parMeHTaIHH
JHK B Mmyxckux ramerax. Hanpumep, npu Tsxenon
CTENIEHH OJINTO300CTIEPMHUH UITH MPH OOJBIIOM KO-
audecTBe MOP(HOIOTHYECKH aHOMAJIbHBIX CIiepMa-
TO30MJI0B BBICOKA BEPOSATHOCTH TOTO, YTO YPOBEHb
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¢parmenTanuu JHK B ciepmaro3ongax OyaeT mo-
BBIIIEH [3, 8].

Oparmentanus JJHK, orpaxas napymenue e-
JIOCTHOCTH T€HOMa CIIEPMATO30UAa, MOXKET CIYKHUTh
BaYKHBIM INaTHOCTUYECKUM U POTHOCTHUECKUM KPH-
TEpUEM OLEHKH (PEePTHIBHOCTH MYXK4YUH. TOUHBIH
ananu3 kadectBa JJHK cmepmaro3ounmoB, creneHb
W IMHAMHKKa ee Jerpaalny JJaeT BaXHYI0 nHpopMa-
LU0, TOTIONHSIOUIYIO0 CIIEPMHOIOTHYECKOe HCCIe0-
BaHUeE.

B nacrosmee BpeMs pazpaboTaHbl COBPEMEHHBIC
BBICOKOTEXHOJIOTHYHBIE METOABl OLEHKH CTENeHU
¢dparmenranun JIHK, Takue kak Transferase mediated
dUTP Nick End Labeling (TUNEL), ocHoBaHHBIIi Ha
npsiMoii MapkupoBke pazpbiBoB JIHK droopoxpomom
U WU3MEpPEeHUU HHTEHCHUBHOCTH JIIOMUHECICHIUN;
Cleaver Scientific Comet Assay (SCGE) — meron
reb-3JeKTpodopesa OTACTbHBIX KICTOK MM METOJ
JHHK-komer (COMET); Sperm Chromatin Structure
Assay (SCSA)—ananu3 CTpyKTypbl XpOMaTHHA CTIEp-
maro3ouga [0]. OgHako HEOOXOAUMO OTMETUTH, YTO
BCE TEPEUUCIICHHBIE METOIBI TPEOYIOT IOPOTOCTOSI-
mero o0OpyIOBaHMSI W CIEUUATBHON MOATOTOBKH
MIEPCOHAIA, YTO CYIECTBEHHO OTPaHUYMBAET UX IIU-
POKOE IPUMEHEHHE.

Bornee npocThIM 1 AOCTYIHBIM J1a00PATOPHBIM Te-
CTOM SIBJISIETCSI HENPSIMOW METOJI otpe/iesieHus par-
mentaruu JIHK — Sperm chromatin dispersion test
(SCD), ocHOBaHHBII Ha perucTpaluu AUCIEPCUU
XpOMaTrHa CIIepMaTo30MI0B METOAOM CBETOBOH MU-
KPOCKOIINH.

[Tocne crienuanbHOM 00PaOOTKN KPACHUTEIIEM OI1e-
HUBAETCSl XapaKTEpHBIl apeoln (rajno), KOTOpbIi Ha-
OJrofaeTcs y criepMaro30H10B ¢ He(yparMeHTHPOBaH-
noii JIHK (cmepmarozouasl ¢ ¢pparMeHTHPOBAHHOM
JHK rano He co3naroT) (pUcyHOK 1).

[IpenmymectBoM MeTona SCD sBnsieTcs nmpocrora
BBITIOJTHEHHS, YTO JIA€T BO3MOXKHOCTH HCITOJIB30BaTh
MAHHBII TECT B JIOOO0NH KIMHUKO-IHATHOCTUYECKOMN
nabopaTopuH.

Lens uccnenoBaHus — yCTaHOBUTH IHAarHOCTHYE-
CKYI0 3HAYMMOCTb NPUMEHEHHs HENPSIMOTo METOAa
onpenenenns ¢pparmentanun JJHK (SCD) B mabopa-
TOPHOM CKPHHUHTE MY>KCKOTO O€CIUIONHSI.

Marepuanbl 1 METOADBI

Uccnenoan asikyast 105 MyX4uH, cTpagaroninx
Oecrutonmem, B Bo3pacte oT 23 10 55 net. [1o pe3yis-
TaTaMm CIepMOrpaMMBbl oOcieayemMble ObITH pa3jere-
HBI Ha 2 TPYTIIBL: IEPBYIO TPYIy cocTaBuin 60 Myx-
YUH C HOPMO300CHepMuel, BTOpyto — 45 MyK4YHUH
C OJIUTO300CTIEPMHUEH.

Hccnenosanue criepmMorpaMmbl IPOBOIUIIOCH Me-
TOZIOM CBETOBOW MHUKPOCKOIIMM U BKJIKOUAJIO OIpezie-



Pucynox 1 — Ouenka pesynsrara Sperm chromatin dispersion test MmetogoM cBeToBoi MuKpockonuu (x400):
1 — ciepmaro30m ¢ OOJIBIINM Iano, 2 — CHEPMATO30U]] CO CPEIHUM rajio, 3 — CIIepPMaTO30H I C MAJIbIM TaJo,
4 — cnepmarosouy 6e3 rajo, 5 — gerpaJupoBaHHbIN CIIEPMATO30H ]

Figure 1 — Evaluation of the result of Sperm chromatin dispersion test by light microscopy (x400):
1 — spermatozoon with a large halo, 2 — spermatozoon with medium halo, 3 — spermatozoon with small halo,
4 — spermatozoon without halo, 5 — degraded spermatozoon

JIeHHE KOJMYECTBA CIIEPMATO30MAOB, MX IOABMXK-
HOCTb, )KH3HECNOCOOHOCTh U OLEHKY MOpQoIornye-
ckux ocobeHHOcTell. KomuuecTBo M MOJABUKHOCTD
CIIEpMaTO30H/I0B OIIEHWBAIMCH B HATHBHOM TIperapa-
Te, )KMU3HECTIOCOOHOCTH — IO pe3ybTaTaM UCCIeI0Ba-
HUSI Ma3Ka, OKpalleHHoro 1no bitomy, Mopdonorus —
Ma3Ka, OKpallleHHOTO C HMCIIOJIb30BaHUEM Habopa
«Spermac Stain» (Mcrnanus).

Ounenka crenenu pparmentanuu JJHK ciepmaroso-
UI0B Ipou3Boauiaack MetonoM SCD B Mazke, OKpalieH-
HOM ¢ IpUMEHEeHHeM Habopa peareHToB «Halosperm
G2» (Mcnaawms), ¢ OCTSIYIOMICH OIICHKOU PE3yIBTaTOB
METOJIOM CBETOBOI MUKPOCKOITHH.

B xoxe ucciaenoBanus npou3BOAMINCH PACUEThI
uHJeKca GparMeHTaUuy W MHACKCA JAeTpajalliu.
s sToro mociie 00pabOTKH 3sIKyNsiTa HAOOPOM
«Halosperm G2» moncuuThIBaloCh HE MEHEe
300 cnepmMaTO30MA0B € pa3JeIeHUEM UX Ha 3 TpyII-
bl 10 ocobenHoctsMm aucnepcuun JJTHK (cm. pucy-
HOK 1):

1) cniepmaro3ouzpl 6e3 Gparmentarnuu JJHK: mo-
JIOBBIE KJIETKH C OOJBIIMM apeosioM (IITMpUHA Tajo >
JUaMeTpa siipa MOJOBOH KIETKH) U MOJIOBBIC KIETKH
C raJjio CpeHero pa3mepa;

2) cnepmaro3ousl ¢ (pparmeHruposanHoi JTHK:
CIIEpMaTO30H/IbI C MaJIbIM raio (mmpuHa ramo < 1/3
JMaMeTpa siipa) U CrepMaTo30uIs! Oe3 raio;

3) JerpaaupoBaHHbBIE CTICPMATO30UIbI.

WHpexke ¢parmenTanuu crepmarozongos SDFI
(Sperm DNA Fragmentation Index) paccuurtsiBasucs
o gopmyie:

FS+ DS

SDFI = x100%,

rae FS — konmnuecTBO (parMeHTHPOBAHHBIX CIIEPMATO30H-
n0B; DS — xonmmuecTBo AerpagupoBaHHBIX CHEPMAaTO30H-
J0B; S — o0l1ee YUCII0 MOACYUTAHHBIX CIEPMAaTO30UI0B.
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WnTepnperanus pesyasratos noacuera SDFI nmpo-
BOJMJIACH C YYETOM peepeHTHBIX 3HAYCHUI HHIIEKCa
¢parmentarnuu JIHK cniepmaro3onioB, pekoMeH10-
BaHHBIX BceMupHoOl opranmsanueil 3apaBooxpaHe-
nus (BO3) [0]:

— "uskuil SDFI < 15 %;

— cpennuit SDFI 15-30 %;

— Boicokuit SDFI > 30 %.

Wunexc perpagamum crnepmaro3ougoB DDSI
(Degraded DNA Sperm Index) paccumTtbIBajics 1mo
dopmyie:

DS

DDSI = x100% .

3nagenne DDSI > 30 % pacuenuBanoce kak oT-
KJIOHECHHE OT HOPMBI, YKa3bIBalollee Ha BO3MOXKHOE
HaJIMYKE y TallUeHTa CKPBITOTO TEUCHUS BApUKOLIETIe.

Craructrudeckast 00padOTKa MOTYyYEHHBIX TAHHBIX
U YCTAHOBJICHHE KOPPEJSLMOHHBIX 3aBHCHUMOCTEH
MIPOU3BOMIINCH C TIOMOIIBIO MPOrpaMMbl Statistica
(StatSoft Statistica v.6.0).

Pe3yabraThl M MX 00CY3KA€eHUE

CpaBHeHue ToKazareneil HHIEKCOB (parMeHTa-
LUK ¥ JIETPaJaliy B HCCIEAYEMbIX ITPYMIIaX, a TAKKe
pacuet koppersiuonHbIX cBsizeit SDFI u DDSI ¢ mo-
Ka3aTeJsiMA CIIEpMOTPaMMBI MTO3BOJMIIA YCTAaHOBHTH
cIeayronee.

Y MyX4UH C OJIMTO300CIIEPMUEN cpenHee 3Haye-
uue unpexca JHK-dparmentanuu (X: 28,0 + 53,5)
oka3zaioch Ha 8,3 % BbIIIE B CPABHEHUU C TPYMIION
MY’KUMH ¢ HopMo3ooctepmueit (X: 14,6 £29,7), a un-
nekca nerpagaruu — Ha 1,7 % (y My>K4UH C OJIUT030-
ocniepmueii — X: 17,39 + 25,81, ¢ HOpMO300CTIEPMH-
eit — X: 10,11 £ 25,4), 4o mO3BOIISIET CYIUTb O BBICO-
KOW CTENeHW BEPOSTHOCTH HAPYLICHHH B CTPOCHHUH
JHK y manuueHToB ¢ KOHIIEHTpaluel CrepMaTo30u-
JIOB B DSKYJISITE HHYKE HOPMBI (PUCYHOK 2).



WHAEKC ®PATMEHTALMNA

MH/EKC AETPALALIUM

Pucynok 2 — CpaBHHTEIIbHAS OIICHKA TTOKa3aTeleii pparmMmeHTanuu
U JIETpajialiiy CIIEPMaTo30H/I0B Y MAIMEHTOB ¢ HOpMo3oocrepmueii (A) u onurosoocnepmueii (B)

Figure 2 — Comparative assessment of fragmentation and degradation of spermatozoa
in patients with normozoospermia (A) and oligozoospermia (B)

[IpoBeneHHbII KOPPETALUOHHBIN aHAN3 MOKa3al
HaJlMlyue CpelHEeN OTpULATENbHOM CBSI3M WHJIEKCA
(bparMeHTauy ¢ HOKa3aTeJ MU ITOABMKHOCTH U KH3-
HECTIOCOOHOCTH CIIEPMaTO30MI0B B CEMEHHOM XKH[I-
KOCTH y TIAIIMEHTOB C orro3ooctepmuei (7 = —0,641
nr=-0,516 cCOOTBETCTBEHHO), a TAKXKE C TIOKa3aTeeM
MOABMKHOCTH CIIEPMATO30UI0B y MAllMEHTOB C HOP-
Mo3zoocrepmueit (r = —0,504). [Ipyrue moxazarenu
criepMorpaMMbl ¢ wHAEKcoM (parmenrammm J[HK
KOPPETUPYIOT Ci1a0o0.

TecHBIX KOPPEISUUOHHBIX CBSI3CH MEXIYy HHIIEK-
COM Jerpajalui M IOKa3aTeJIIMU CHEPMOTPAMMEI
(TTOMBMWKHOCTH, MOP(OJIOTHS U KUZHECTTOCOOHOCTH)
B 00euXx rpymniax He OBUIO BBIABIICHO.

[Ipu n3ydennn MOpOIOTHIECKIX CBOWCTB CIIep-
MAaTo30HM/I0B YCTAHOBJICHO, YTO HAJMUYHE B ISIKYIATE
MOJIOBBIX KIIETOK C aHOMalbHOW Mopdoiorueid He
KOppeJIMpyeT ¢ HapyLIEHUEM LEJIOCTHOCTH LEHNOYKH
JHK Hu B ogHOM U3 uccnenyeMbIX TpyIIIl, ClIeA0Ba-

TEJIBHO, MPEATNoaraTb HaJu4uue B FSIKYISTE cliepMa-
To3010B ¢ (hparmeHTrpoBanHoi IHK, ocHOBBIBasich
TOJIFKO Ha 0COOEHHOCTSAX WX MOP(OJIOTHH, HE TIPE-
CTaBIISIETCS] BO3MOYKHBIM.

Takum oOpa3om, KOHCTaTauus B IpyIe HanyueH-
TOB C OJINTO300CHEPMHUEH CHIKEHUS MOKa3areiaen
MOJBIKHOCTH U KH3HECIIOCOOHOCTH CHEpMaTo30u-
JIOB TIO3BOJIICT IIPEAIONaraTh HAJUYUE B AKYJATE
TTOJIOBBIX KIIETOK ¢ (hparmerTupoBanHoii JIHK.

B rpynne nanueHToB ¢ HOPMO300CHEPMUEN NpU
CPAaBHEHHH PE3YJbTaTOB CIIEPMOTPAMMBI C PE3yJIbTa-
TaMH HcceqoBaHus 3KyasiTa merogom SCD ycra-
HOBJICHBI KOPPEJSIIMOHHBIE CBA3U PA3IUYHON CTere-
HU BBIPAKCHHOCTH MEKAY Pa3MepoM Iajio U IoKasa-
TEISIMH KH3HECIIOCOOHOCTH M MPOrPECCHUBHOM
MTOJIBUKHOCTH CTIEpMaTo30uA0B (Tabmuma 1).

Wcxons n3 naHHBIX TaOMUIbI 1, cuemyeT monarars,
YTO YEM BBIIIE MOABMKHOCTh U KHU3HECHOCOOHOCTD
CIIEPMAaTO301A0B B FSIKYJSTE, TEM Yallle BCTPEUAIOTCS

Tabmuna 1 — 3naucHus K03GGUIMEHTOB KOppesiuu Mexy nokazarensmu JJHK-pparmMenTanuu u criepMmorpaMmmbl
(>KM3HECTIOCOOHOCTH Y MPOTPECCUBHOM MOABIKHOCTH) y TMAIIMEHTOB ¢ HOPMO300CIIEPMHUEH

Table 1 — Correlation analysis of DNA fragmentation parameters and spermogram parameters (viability and motility)

in patients with normozoospermia

[loxa3zarenu criepMorpamMmmbl

Tokazarens ITHK-¢dparmenTarym JKusnecrnocobHOCTB | [IporpeccuBHas NOIBUXKHOCTh
3HadeHue 1
CriepMaTo30u/Ibl C OOJIBIIUM T'alo 0,466* 0,532%*
CriepMaTo30UIbI CO CPEITHUM Tallo 0,236* 0,283*
CriepMaTo30H/Ibl C MaJbIM TaJio -0,361* —0,421%*
CriepMaTo30u61 6€3 Tano -0,312%* -0,312%
JlerpamupoBaHHbIC CIICPMATO30HIbI —0,257* —0,233%*

Tpumeuanue: r — kodppunueHt xoppemsiuuu; *p < 0,05.

Note: r — correlation coefficient; *p < 0,05.
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npu ananuze JIHK-¢pparmenranum criepMaro3ouibl
¢ OOJIBIINM M CPEJTHUM TaJio, a YeM HUKE TOABMKHOCTD
U KU3HECIIOCOOHOCTh CIIEPMATO30UA0B, TEM Yallle
BCTPEUAIOTCS CIIEPMATO30UIbI ¢ MaJIbIM I'ajio, Oe3 rajao
WM JETPaIMPOBaHHbIE.

3akmoueHue

Ilomy4eHHbIe TaHHBIE CBUIETENBCTBYIOT O HAJTMYUU
B3aMMOCBSI31 MEXTy OTJEIbHBIMU MOKa3aTeNsIMU CIIep-
MOTPaMMBI (TIOABMKHOCTH M KU3HECTIOCOOHOCTH CTIep-
Maro30Ma0B) M TokazaremsiMu (parmentanun JJHK.
TeMm He MeHee JienaTh 3aKII0YeHIE O HATMYMH Hapylie-
Huil nenouku JJHK B criepmarozongax, OCHOBBIBasICh
TOJBKO Ha Pe3yJIbTaTax CIepMOrpaMMBbl, HETIb3s1.

UccnenoBanune crenenn ¢parmentauun JHK
CIEpMAaTO30MI0B UMEET 0COOYIO AMArHOCTHUYECKYIO
3HaYUMOCTb IIPH OLIEHKE (PEPTHIBLHOTO CTaTyca MYyXK-
YUH ¢ onurosoocnepmueii. B to xe Bpems Hamuune
TECHBIX KOPPEISILIMOHHBIX CBA3EH OT/IENIBbHBIX MTOKa3a-
Tenel cnepmorpammsl ¢ nokasareiasimu JJHK-dpar-
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MEHTAIH Y MYKYMH C HOPMO300CTIepMHE TT03BOJISI-
eT CYIUTh O 1eNIecO00Pa3HOCTH JT1a0OPATOPHOTO HMC-
cienoBanus MmerogoM SCD nanueHToB ¢ 6ecruiogueM
U TIpU HOPMAJIbHOM KOJIMYECTBE CIIEPMAaTO30U[OB
B DSIKYJISITE.

Takum oOpa3oMm, TecT OLEHKH (parMeHTanuu
JIHK nomxeH paccMaTpuBaThbCsl KaKk CaMOCTOSATENb-
HOE HCCJIEI0OBAHNE — HE TOJIBKO IPH OJINTO300CIIep-
MHUH, HO U B JIPYTUX Clydasx O€CIUIOOUSI MYXKUHMH:
Jiake MpHU HOPMaJIbHOW CIIepMOrpaMme.

[NomyyeHHble pe3yabTarhl CIyKar 10CTaTOYHbIM OC-
HOBaHHMEM JUI PEKOMEHIALUK MPUMEHEHHS METO/a
OIIEHKH JICIIEPCHUH XpOMaTHHa criepMaTo30u10B (SCD)
B KAaU€CTBE JIOTOJHSAIOIIETO CIIEPMOIpaMMy CKPHHHH-
TOBOTO TECTA IPU HApyLIEHUN (PePTUILHOCTH MYKUHH,
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DIAGNOSTIC VALUE OF THE INDIRECT METHOD
FOR DETERMINING DNA FRAGMENTATION (SCD)
IN LABORATORY SCREENING OF MALE INFERTILITY
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Belarusian Medical Academy of Postgraduate Education, Minsk, Republic of Belarus

Introduction. Laboratory screening, including the study of spermogram and the degree of DNA fragmentation
of spermatozoa, can serve as an important diagnostic criterion for assessing male fertility.

Objective — to establish the diagnostic significance of using the indirect method for determining DNA
fragmentation (SCD) in laboratory screening of male infertility.

Materials and methods. Using light microscopy methods, 105 men with infertility studied the semen
analysis and the severity of DNA fragmentation of spermatozoa.

Results. The relationship between the DNA fragmentation index and the mobility and viability of spermatozoa
in infertile men with oligo- and normozoospermia has been established.

Conclusions. The data obtained allow us to conclude that it is necessary to study the degree of DNA
fragmentation of spermatozoa in men with infertility. The SCD method can be recommended as a screening
laboratory test to assess male fertility.

Keywords: infertility, DNA fragmentation, spermogram, fragmentation index, degradation index.

For citation: Baturevich LV, Shileiko ID, Kolomiets AO. Diagnostic value of the indirect method for
determining DNA fragmentation (SCD) in laboratory screening of male infertility. Biochemistry and Molecular
Biology. 2023, vol. 2, no. 1(2). pp. 83—88 (in Russian).

Hocmynuna 15.09.2022



YIK 612.352.12:611.018.74:612.1

K BOITPOCY O POJIM DHJOTEJUONUTOB COCYJIOB HEPABOUYEW
PYKHN B MEXAHU3MAX PEI'VJIAAIUN JOJIKHOI'O YPOBHA
INMIMKEMMUHU ITPU I'OJIOJAE U HACBIINIEHUH
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Bgenenne. B HacTosiee BpeMsi HEJOCTaTOYHO OCBEIIEH BOIPOC 00 y4acTHUH SHAOTEINOLUTOB, OCOOCHHO
B COCY/Jax pyK WJIHM HOT, B METa0OJIN3ME TIIIOKO3BI.

Lean nccenoBanus — n3ydeHUe COJCPIKAHUS [IIOKO3bI B IIeIbHON KaMIUIPHOH (I 'k o) ¥ I€TbHON BEHO3-
HoW (I'gry) KpOBH (BKITFOUAS KAMMILIIPHO-BEHO3HYIO pasHUI /Iy ar I gry/), TOTYICHHOMN U3 OHOI U TOU e PYKH
Y JKEHIIMH JJI51 OUEHKU COCTOSIHMSI Y HUX MECTHBIX MEXaHU3MOB MOJIEPKAHUSI JOKHOTO YPOBHS NIMKEMUU MPU
Ppa3IngHBIX (PU3HOJIIOTHYECKUX COCTOSTHHSX.

Marepuanasl 1 MeToabI. Y 24 sxeHIIUH onpeaessuiu g ¥ ['gpy IpH rooae (OTHOCUTETHFHOM (PYHKITHO-
HaspHOM 11okoe /ODIT/ u ymcTBeHHO# padore /YP/ Haromak) 1 HackIeHUH (IIOCIIE TIpreMa 75 T DIIIOKO3bI IIPU
OO®II). I'kap 1 ['ggy u3Mepsiu 11 pas: ucxonuo (B yenosusx ODII u rononanus); 6 pa3 npu YP Haromak (depe3
1,2,3,4,5, 64); 4 paza (30, 60, 90 u 120 muH) nocine npuemMa miroko3bl. Jlanasie pacueta ['gaq—I gry MO3BOIIS-
JIM OLICHUTh COCTOSIHME MECTHBIX MEXAHU3MOB MOJAEPKAHUS [TTUKEMUH.

Pesyabrarsl. [Tokazano nonmxenue [ian ¥ ['gpy y OonbimuHCTBa KeHIIMH pyu YP. AHanm3 264 cinydaes
comoctaBieHus [y o 1 ['gpy oKazan, uyto BapuaHTt «l'gan < ['gpy» mpeoOiiagan Ha APYTUMH. ITO CBUACTEIb-
CTBYIOT O TOM, 410 B 61,7 % (p < 0,05) cirydaeB B BEHO3HOIT KPOBH, OTTEKaIOIIECH OT HepaboueH pyKH, cojepka-

HUE TIIIOKO3bI BO3PACTAET MO CPABHEHUIO C MPUTEKAIOIIEH K HEH KPOBbIO.

3akJrouenue. BpIsIBIEHO CHUKEHHE TIMKEMUHU Y )KEHIIUH pU Y P HaTo1ak. YCTaHOBIIEH BaXKHbIA MEXaHU3M
MOAJICPIKAHHUS TOJDKHOTO YPOBHS TIIMKEMUH, 3aKTFOYAFONIUICS B yYACTHN B HEM KJICTOK (9HIOTCIHOIMTOB U APY-
rUX) Hepabovel pyKH KaK HOBOTO MCTOYHUKA ITOCTYIUICHHSI ITFOKO3bI B KPOBB IIPU TOJIOIaHUH.

KutioueBble cJji0Ba: TIIIOKO3a, NIMKEMHUS, PETYIISLMS, TOI0/, HACBILICHHE.

Jas murupoBanus. K Bompocy o poiu SHIOTEIHOIIMTOB COCYIOB HEpaOoUueH pyKH B MEXaHU3MaX PETYIIsi-
UM JJOJDKHOTO YPOBHSI ITMKEMUU TPH Tolioe u Hackimennu / B. A. Ilepesep3es [u np.] / buoxumus u MoJieky-

nsipHas Ounonorus. — 2023. — T. 2, Ne 1(2). — C. 89-96.

Bgenenue

YpOBEHb NIMKEMUU SIBISIETCSI OJHUM U3 Ba)KHEH-
IIMX TOKa3arejeil oOMeHa yIIeBOAOB B OpraHU3Me
U ero dHEepreTHYecKoro romeocrtasa [1, 2]. [moko3a
HEoOXOAMMa TPEXJIe BCETO JUIA MUTAHUS U PabOTHI
KJIETOK HEPBHON CHUCTEMBI (HEHPOHOB, TIIMOIIUTOB),
noyek (HedporuToB) U KpoBH (3puTpounToB). OHU
MoTpeOIIIIOT cooTBeTCTBeHHO He MeHnee 50 %, 10 %
n 10 % ee cyrounoro noctyruienus u ve mexee 100,
30 u 30 1, B ycnoBuax ronoxanus. Kietkn npyrux
OpraHoB M TKaHEH (MBIIIEYHOI, )KUPOBOU U T. 11.) TIO-
Tpebmnsror octaBmuecs 30 % oT cyTOYHOTO MOCTYTIIIe-
HUS TIIIOKO3BI. B KauecTBe MCTOUHMKOB MOCTYIUICHUS
TJTIOKO3BI B KPOBb PACCMaTPHUBAIOTCS MTUIIIEBAPUTEIb-
Has cHcTeMa IOCJIe MPHeMa MUIIH 32 CYET U3BJICUCHUS
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JAHHOTO MOHOCaXapuja U3 XUMyca; IIedeHb U ITOYKH
TIPH TOJIOAAHMH; ITOYKH KaK OpraH peadCcopOITIH TITI0-
KO3bl M3 MEPBUYHOM MOYM. [enaToIuThl SBISIOTCS
JIETIO TJTFOKO3bI, 3a1lacaeMoi B BHJIE IJTMKOTE€HA U MO-
OmITM3yeMoil U3 Hee TPH TOJIOAAHNH 3 CUET TIMKOTe-
HONM3a. B meuenn Takyke akTHBHO MPOTEKAET MPOIIECC
[JTIOKOHEOTeHe3a, B Pe3yJIbTare 4ero rioko3a, oopa-
3YIOMIAsCS U3 TIIUKOTEHHBIX aMHUHOKHCIIOT WIH JpY-
THX OPTaHUYECKHX BEIIECTB, MOYKET [TOCTYTIATh B KPOBb.
[Touky SBIAFOTCS BTOPBIM 110 BAXKHOCTH OPTaHOM I10-
CTYIUICHUS SH/IOTEHHO! TUTIOKO3bI B KPOBB 3a CUET ee
BO3Bpara (peabcopOnnu) U3 MePBUYHON MOUH M e
CHHTE3a ITPH IIIIOKOHEOTeHe3e. BKita 1 sruTenonuToB
KHIIIEYHUKA B TOIEPKAHUE JODKHOTO YPOBHS TJIH-
KEMUH TIPH TOJIOJTAHNH MUHUMAJIEH UITH OTCYTCTBYET.



3TO TOBOPHT O XOPOILICH N3yYEeHHOCTH OOMEHa IIIF0-
KO3bI B KJIETKaX YKa3aHHBIX OPraHoB ([I€YeHHU, KUILIey-
HUKa, [I0YEK) WM CHCTeM (HEpBHOM, KPOBH) IPH BCE
elre HeJI0CTaTOYHOM OCBEIIEHHOCTH BOTIpoca 00 y4a-
CTHUU 3HIOTEINOLUTOB B 3TOM 0OMEHE, 0COOEHHO B CO-
CyJlax MHOM JIOKaJIM3alluK, HaPUMEp, PyK WM HOT.

B cBsi31 ¢ 9TUM 1IeNTBI0 HECTOSIIECTO UCCIIEIOBAHMS
ObUIO M3YYEHHE COJCpKaHMS IVIIOKO3bI B IEIbHON
KpoBH (I'ars, e ¥ I'kar I 'pEn) Y dKEHIIMH JIJIST OTICH-
KU COCTOSIHUSI Y HUX MECTHBIX MEXaHHU3MOB TOIIEP-
’KaHWS JOJDKHOTO YPOBHS IIIMKEMHH TPH PAa3ITIHYHbBIX
(PU3HOIOTHYECKUX COCTOSIHUSX.

MartepuaJbl 1 MeTO/IbI

HccnenoBanue BBIMOIHEHO C yyacTueM 24 xeH-
muH 18-29 ner. Bce oHn manu wHGOPMUPOBAHHOE
MMUCBMEHHOE COTJIacHe Ha CBOE J0OpOBOJIBHOE yda-
ctue B uccienoBanuu. OHO 3aKIII0YANT0Ch B U3YUYCHUN
y HUX a1 [y IpU pa3muiHbIX QU3HOIOTHYECKUX
cocrosausx: ronoaa (mpu ODII u VP Haromak) u Ha-
CHIMIEHMS (TIOCTIE TIEPOPATBHOTO TIpreMa 75 T TITIOKO-
361 B ycnoBusax O®II). B kaxmoMm mccienoBaHuu
y4acTBOBaJO OT 1 0 3 UCHBITYeMBIX, a TAK)KE Bpad
(A. C. bnaxko) u megunuHckas cectpa. [lepen Ha-
YaJOM MCCJICJIOBAHUS BCEM KCHIIIMHAM CTaBUJICS
KaTreTep B CPEIMHHYIO JIOKTEBYIO BEHY HepaOouei
pyxu. MccrnenoBanne mpoBOaMIOCH HATOMIAK MTOCITE
10—-12 4 HOYHOTO TONIOIAHUS.

Uccnenosanue HaunHanock B §:00-9:00 u 3akan-
yyuBaioch B 16:00-17:00 cooTBeTcTBEHHO. X0/ HC-
CJICIOBAHUS: MIEPBBIM 3Tall — 3a00p Y UCIBITYEMBIX
B cocrostann ODII nensHOM KanMIIApHON KPOBH (M3
OC3BIMSIHHOTO TIaJbIla Hepabodel PyKu B CTEPHIIb-
HBIX YCIOBHUAX IOCJIE MPOKOJIA KOXKH OJHOPA30BBIM
CTEepPUIIBLHBIM JIAHIIETOM C UCIIOJIB30BaHUEM IpHOOpa
«CJ1500», BXoAsAIIEro B CUCTEMY KOHTPOJIS YPOBHS
rmukemun «Rightest GM100») u onpenenexHue B Hel
I"kam, 3aT€M IepBBIii 3200 1EIbHOI BEHO3HOW KPOBU
u onpeaenenus ['gey. Bropoit atan — nnurensHas YP
HATOIIAK, TPH 3TOM Y HCIIBITYEMBIX €KedacHo (depe3
1,2,3,4,5u69) onpenensmut ['yap u ['gpy. Tpernid
3Tall — HAYUHAJICS C IpUeMa 75 T TIIHOKO3bI, PaCTBO-
pennoii B 200—250 mut Bozbl, cpasy mociie 7-ro onpe-
neneHust ['gpy (TOuka oTcuera /HyneBasi/ BpeMEHU
MIpY TPOBEICHUH TIEPOPATBHOTO TECTa Ha TOJIEPAHT-
HOCTh K mmoko3e /IITTI/ B yenmoBusax ODII). 3arem
gepes 30, 60, 90 u 120 mun onpeaessud [ 1 gy
N3mepenue ypoBHs TNIMKEMUU TPOBOIUIOCH TITIOKO-
300KCHIa3HBIM METOIOM C aMIIEPOMETPUUYCCKOHN Je-
TEKIUEeH MPU MOMOIIN CUCTEMBI KOHTPOJIS YPOBHS
rmoko3sl B 1-3 Mk kpoBu «Rightest GM100»
(Bionime, IlIBetimapus) ¢ TouHocThi0 10 0,1 MM.
Kpome ompenenenus aOCOMOTHBIX MOKa3aTenen
I'kam ¥ I'ggy IOTIOTHUTENBHO PACCUUTBIBAIM PA3HUILY

90

I'kar—T Bl 914 CYKIAEHUS O COCTOSIHUU MECTHOU pe-
TyasOuu TIuKeMuu. [lookuTenbHbIe 3HAYCHUS
I'an—T'BEn paccMaTpuBalMCh KaK CBUIETEIHCTBO
HCIIOIL30BaHUs (IMMOTPEOJICHHUS U3 KPOBH) TITIOKO3BI
KJICTKaMH TKaHEeH Hepabouel pyKH (ee MOCTyIUICHUE
CHayaJja B 9H/IO0TEJIMOIMTHI COCYIOB, a 3aTeM — U JIpY-
rue kiaeTku). Orpunarenbubie 3HAYCHUS [ ar—] gey
yKa3bIBaJIHM Ha MOCTYIUICHUE TIIIOKO3bI U3 KJIETOK (9H-
JIOTEITUOIIMTOB) COCYIOB Hepabouell pyKH B KPOBb.

VP y Bcex HCTBITYeMBIX ObIJIa OMHOTUITHOW. OHA
3aKJIF0YaTach B BBHINIOJHEHUH TECTOB HA BHUMaHUE,
MBILIUICHNE B IaMSTh U 3aII0JTHCHUH aHKET, OTpaxa-
IOIHUX MCHUXOOMOLMOHAJIBHOE COCTOSHUE PECIIOH-
JIEHTOK, exedacHo (6 pa3 1mo 25 MuH) cpasy mocie
3ab0opa KpoBU W3 BeHB. Btopeie 30 MuH (Takxke
6 pa3) Kaxmas UCTBITyeMasi n3yJdajia MeIUIITHHCKHEC
Hay4YHbIE TEKCTHI ¥ OTBEYasa Ha BOIPOCHI M0 UX CO-
Jep KaHUIo.

Pesynbratel uccnenoBanus (mocie MX 3aHECEHUS
B anekTpoHHbIe Tadiuipl Microsoft Office Excel 2016)
OBLTM TIOIBEPTHYTHI CTATHCTUYECKOH 00paboTKe C HC-
[TOJIb30BaHMEM METOJIOB MTAPAMETPUUIECKOTO 1 HeTa-
pameTpudeckoro aHammusa [3] ¢ MCIOIB30BAHHEM
nporpamMmbl « STATISTICA 10». CpaBaenue abco-
JOTHBIX 3HAYCHU I HOMUHAJIbHBIX JJAHHBIX TPOBOIH-
JOCh ¢ HCIoJb30BaHueM Kputepus y2 Ilupcona
u To4HOrOo Kputepus Dumiepa (mpu oOIIeM ducie
HaOIIoAeHNH 5 1 00Jiee B KaKI0i BEIOOPKE) TIPH T10-
MOIIHN 3JEKTPOHHOTO KaJbKYJIsITOpa B Mporpamme
«Mencratuctuka.py». OLeHKa pazInuuil Mexmay
nBymst goasmu (20—80 %) mpoBoamIIach C MOMOIIBIO
{-KpUTEpHsl, KOTOPBIA CPABHHUBAJICS C €T0 KPUTHYE-
CKMMH 3HaYeHUSIMU JIJIs1 BLIOPAHHOTO Ynciia HaOIio-
JIeHWH, 1K Jke TyTeM cpaBHEeHUS Cyp (moyIeit MeHee
20 %) pacmpeneneHusl NMpHU3HAKA W WX OMHUOOK
B JIBYyX HE3aBUCUMBIX BHIOOPKaX WM K HYJICBOH T'H-
MoTe3¢ Ha OCHOBAHUU alNre0panyecKoro BhIPaKeHHs
HepaBeHcTBa K03 GUIMEeHTOB Bapuanuu [3, c. 349].
[TomyueHHbIe pe3yabTaThl MPUHUMAIUCH KaK 3HAYH-
Mble TipH p < 0,05 niu BBITIOTHEHNH HepaBeHCTBRa [ 3,
c. 349].

Pe3yibraThl U HX 00CYKIECHHE
Bo Bpems YP coneprxanue ITFOKO3bI B KPOBH 0OJTb-
IIMHCTBA PECIIOHIEHTOK IMOHIKAIOCh U COCTABHIIO
B cpenneM 1o Bceit rpymme 0,05 MM (p > 0,05) —
0,37 MM (p < 0,05) myst 'y pp; (Tabmwma 1) nua 0,14 MM
(»>0,05)—0,30 MM (p < 0,05) st ['ggy; (TaOnuna 1).
Oto noATBeprKaaeT M3BecTHHIE PakThi[ 1,2, 5, 10] 0 poru
IJTFOKO3BI KaK DHEPTeTUYEeCKOTro CyocTpara sl padoTh
MO3ra, MOTPeOHOCTH B KOTOPOM HapacTaeT (Ha
40-100 %) ipu YP, a BOSMOXKHOCTH €€ BOCTIOJTHCHUS
OrpaHUYeHbl. ITO U IPUBOAUT K JJOCTOBEPHOMY CHH-

YKCHUIO YPOBHS IIukeMun ripu Y P Harorak.



Tabnuua 1 — KanuisipHo-BeHO3Has pa3HHLA COAEPKaHUs IIIOKO3bI 1enbHON KpoBU (I'kar—I ger) HEpaboueii pyku
y JKEHILUH NP pa3HbIX (yHKIHMOHAIBHBIX COCTOSHUSX U PACCUNTAHHBIN BKJIAJl B ITOJIEPKaHHE JIOJDKHOTO YPOBHS
mkemun (PBBITJIYT)

Table 1 — Capillary-venous difference in the whole blood glucose content of the non-working arm in women with
different functional states and the calculated contribution (CC) to maintaining the proper level of glycemia
(CCtoMPLG)

CozepixaHHe IIIIOKO36I B IIEJIBHOH KpoBH (MM) PBBITAYT
DYHKIIMOHAIBHOE COCTOSTHUE Tian | Tl T'ran—TBEH Bxman B 1] B aOCOJFOTHBIX | B ITPOIICH-
M M M=+m (A ot KAIT) 3HAYEHUAX Tax

1. O®IT naromak (10—12 49 rosomanms) 4,72 | 5,10 | -0,38+0,17* 1 8,05 %* 31 mr/mua* | 20,1 % *
2.1.gepe3 | ¥ VP (11-13 4 ronoganusi) 4,61 | 496 | —0,35+0,11* 17,59 %* 28 mr/mua* | 12,1 % *
2.2.9epe3 2 9 YP (12—14 9 ronomanwst) 4,55 | 4,81 | —0,26+0,12* 15,71 %* 21 mr/mua* | 9,1 % *
2.3. uepe3 3 4 YP (13—15 4 rononanus) 4,67 | 491 | —0,24+0,11* 15,14 %* 19 mr/mua* | 8,2 % *
2.4.gepe3 4 a YP (14—16 9 ronomanwst) 4,48 | 4,80 | —0,32+0,14* 17,14 %* 26 mr/mua* | 11,3 % *
2.5.4epe3 5 u YP (15-17 4 ronomanwist) 435 | 482 | —0,47+0,15% 1 10,8 %* 38 mr/mua* | 16,5 % *
2.6. gepe3 6 u YP (16—18 g ronmomanws) 4,51 | 480 | —0,29+0,09* 16,45 %* 24 mr/mun* | 10,4 % *
3.1. ODII, 30 muH Mocie npuemMa riIFoKO3bI 7,89 | 7,86 | +0,03+0,28 16;.38% 24-MT M +6%
3.2. ODII, 60 MuH nociue npuema rroKo3bl 8,57 | 8,83 | —0,26+0,17 1+3:63% 2w | 1356%
3.3. O®II, 90 MmuH moce npuema rIIFOKO3bI 7,54 | 7,60 | —0,06+0,16 +6;80-% 4 O-Mr/AMETE 32%
3.4. O®II, 120 mu= moce npreMa TIoko3sl | 6,64 | 7,13 | —0,49+0,20%* 17,38 %* 40 mr/mMua* | 26,0 % *

Tpumeuanue: * — pazmmuus goctoBepHsl /p < 0,05/ MexXIy CBSI3aHHBIMH [TOKa3aTeISIMKA BHYTPH Kak1oit moxrpymmnsl (ot 1. 1o 3.4.);
O®IT — oTHOCHTENBHBIN (YyHKIHOHAIBHBIN MOKOH; YP — yMcrBeHHas padota; dpopmyna it pacyera PB: PB = (KAIl— BEH(m-
MOJ'II)/J'I)) ) MOHeKyﬂﬂpHaﬂ Mmacca l“J-“OKO:’“)I(IBO MI/MMOJIb) : (OBBEM KPOBH, TPOTEKAIOLIMI YEPE3 BEPXHME KOHEYHOCTH, TPM O®IT m VP oH PABEH 0,45 m’MnH);

PB_, . .=0,38 - 180 -0,45 =31 ; PBBITIAYT (% ot motpebnenust) B coctostain ODIT paccunThIBasICst COTTACHO PEKO-

ODIT MMOJIB/JT MI/MMOJIb hum Mr/MuH’
menganwii [4, 9, 10] or cpenHux 3Ha4eHuid B 154 MI/MUH MOTpeOIeHNs ITTIOKO3bI, @ TIPU YMCTBEHHO# padote — 231 Mr/MuH.

Note: ¥ — differences are significant /p<0.05/ between related indicators within each subgroup (from 1. to 3.4.). ODIT — relative
functional rest. YP — mental work. Fas (Gol-I) — fasting. Formula for calculating PB: PB = (KAIl— BEH(mmol/l)) - Molecular

weight of glucose
045 =31

L/MIN

(180 MG/MMOL) '

G/M

(THE VOLUME OF BLOOD FLOWING THROUGH THE UPPER EXTREMITIES, WITH RFR AND MW, 1T 15 0.45 L/MIN)"

s PBBILIVT (% of consumption) in the state of O®II was calculated according to the recommendations [4, 9, 10]

PB =0.38 180

OT1 MMOL/L MG/MMOL

from the average values of 154 mg/min of glucose consumption, and with mental work — 231 mg/min.

CpaBHUTENbHBINA HHAUBUAYAIbHBIN aHAINU3 Pa3HU-
upl I, 1., TO3BOJIMI paccuuTarh BKJIAJ KIETOK
Hepabouell pykd B MOJACPKaHUE YPOBHS IJIIOKO3bI B
BEHO3HOW KPOBH MO CPAaBHEHUIO C KaWJIISIPHOW U B
ee noTpeOIeHre OPraHu3MOM P PA3HBIX COCTOSHUSIX.
Ecnu nomyctuts, 4To BepXHUE KOHEYHOCTH MOJIYJatoT 9
% MuUHYTHOTO 00beMa KpoBOTOKA [9], rym 450 M 1eTb-
HoH kpoBH (5000 mi/muH - 0,09 = 450 M1/MUH), TO BBI-
XOJI ITTFOKO3bI B KPOBb Y JKE€HIIMH B CPEIHEM IO BCel
rpymie B coctostaun O®PII cocrasmi 31 mr/muH, a ee
BKJIaJl B oBbimenue 'y 1o cpaBuenuto ¢ 'y, | ObL1
paseH 8,1 % (cm. Tabmuiy 1). Usectro [4, 10], uto
B ycioBusix O®II naromak (depe3 10-16 u mocie
npreMa MHIIA) CKOPOCTh CUHTE3a SHJOTCHHOHN IIIO-
KO3bI M €€ UCIIOJIb30BAaHHS TKAaHSIMU IPUMEPHO OAMHA-
KOBa M COCTaBIISICT B cpeHeM okono 2,2(£0,4) mr/kr
B MUHYTY (154(£28) Mr/MuH 11151 yesnoBeka maccoi 70
KI). YUuTBIBasi IPUBEIACHHBIC BBILIE (DAKTHI O MOCTY-
TUICHUH HJOT€HHOHN IIIIOKO3bI B KPOBb U3 KJIETOK He-
paboueii pyku (31 MI/MHH) 1 JaHHBIC HAYYHBIX HCTOY-
HUKOB [4, 10], MOXHO yTBEp>KIaTh, YTO UX BKJIaJ B
NoAJCpKaHUE YPOBHS [IMKEMHH HATOIIAK B COCTOSI-
Hun O®II cocraBun y xkenuuH B cpeneM 20,1 %.
[lonoOHas kapTHHA OTMEUYEHA Ha BCEM MPOTSKCHUH
ronofanusi skeHIH Kak npu O®II, Tak u ipu VP (cm.
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tabnuiy 1). [lomy4yeHHbIe pe3yIbTaThl HO3BOJISOT I10-
Jlarathb, YTO OIHUM U3 UCTOYHUKOB IMOCTYIUICHUS [ITI0-
KO3bI B KPOBb y KCHILKUH BO BPEMsI FOJIOAAHUS SIBIISI-
FOTCSI KIIETKM TKAaHEH BEpXHUX KOHEYHOCTEH: SHI0TE-
JUOIUTHl  COCYIOB (Kak OCHOBHOW W/WIH
MIPOMEKYTOYHBIH MCTOYHHK); U, BO3SMOXKHO, JIpyTHe
KJIETKH.

[Tocne mepopanbHOro mpuema 75 ' IIIOKO3BI
B TEUCHHE MEPBBIX 1,5 4 NJOCTOBEPHBIX pa3IUuUil
Iianr—T'gey HEpabouel pyku He OBLIO BBISIBICHO
(cM. Tabnumy 1), Tak KaK OCHOBHBIM UCTOYHUKOM
€€ MOCTYIJICHUS B KPOBb U PA3BUTHUSI MOCTIPAHIH-
anpHOM runepriukeMun craHosmics KKT. Cym-
MapHble pe3yabTarsl 264 comocTaBieHUN ['yap—
['gen B ycnoBusix rononanus npu O®II, VP naromax
u nposeaenus [ITTI mokaseiBarot (Tabmuia 2), 4To
B 163 cimyuasx (61,7 %; ¢t =20,567; p < 0,001 ot
264 comocTaBJICHUN) MCTOYHUKOM TJIIOKO3BI JIIS
MOCTYIUICHUS B KPOBB SIBJISIIOTCS Y YEJIOBEKa KIIET-
KU TKaHEH BEPXHHUX KOHEYHOCTEH (IHIOTEIUOIU-
TBI COCYZIOB ¥, BO3MOXHO, JIPYyTHE), UTO MPEATIOoIIa-
raer y4acTHe B 3TOM IPOIECCe TOPa3a0 OONbIIETro
qycia KJIETOK, a HE TOJIbKO I'eNaTOLUTOB, SHTEPO-
UUTOB UM HeppouuToB. PaccumTaHHBIN BKIAN
ATUX KJIETOK (SHIOTEITHOIMTOB U APYTHUX ) PYK B ITOJI-



Tabmuna 2 — Pacripenienenye pa3iMyHbIX COOTHOIICHUH MKy COIEPIKaHUSIMH TIIFOKO3bI B IIEJIbHOM KalMULSIPHOM
U LETIbHOM BEHO3HOW KPOBH, 3a0paHHOi U3 HepaObouell pyKH y JKSHIINH, ITPU Pa3IMYHBIX (yHKIIHOHAIBHBIX COCTOSHUSX

Table 2 — Distribution of various ratios between the glucose contents in whole capillary and whole venous blood
taken from a non-working arm in women under various functional conditions

Pacnipenenenue CCI' y MOJTOJBIX JKEHIIUH — pasnHuns
I 0,
®dynkuuonansHoe coctosuue (OC) AS’C H%])iZHLHHH Be;’c;)yqaeB’ X 0];’1\02) Hg(;?;gi:ggzl}o
[1+P+B C+mg Ctmg, C+mc HJIN 10 )2

1) OTHOCUTENBHBIN (PYHKIIMOHATEHBIA TTOKOH 24 33,349,8 42442 62,5+11,1 P
(ODIT) naromtak (10—12  romonamws) 8+1+15 = 24,000; p < 0,001 =—"-B
2) nmutenbHas (6-4acoBasi) yMCTBEHHas paboTa 144 26,4+3,7 | 6,2+2,0 | 67,4+3,9 P
(YP) Haromak 38+9+97 2= 167,736; p < 0,001 n=—"-B
3) mpuem 75 r KpUCTAJUITMUECKOM IITIOKO3bI, pac- 96 35,4+4,9 | 11,543,3 | 53,1+5,1 P
TBOpEeHHOH B 250 MJ1 BOABI 34+11+51 ¥=91,569; p < 0,001 M="-RB
4) O®IT + mectu yacosas YP maromax (16— 168 274434 | 5918 | 66,7+3,6 P
18 4 romoanust) 46+10+112 ¥’*=194,551; p < 0,001 n="-38
5) O®II + 6-uacosas VP waromax + npuem 75| 264 30,342,8 | 8,0+1,7 | 61,7+3,0 P
ITTIOKO3EL 80+21+163 2= 282,419; p < 0,001 n="-8
(—) — pa3nuuus JOCTOBEPHBI MEXY MTOKa3aTeNIsIMU yaenb- | | 2 1 2 1 2
HOTO Beca 0OMeHa IJIFOKO3bI ITpH pa3HbIX OC 1Mo f-KpUTEPHIO 4
CreionenTa (p < 0,05) ans cnyuaes KAII<BEH (Boigenenus | 3 413 4 3 4
IJTIOKO3BI B KPOBB); @ TAKKe M0 KOAPQUIIHEHTY Bapualuy Jyis
cinydaeB KAII=BEH (PaBHoBecwHs) 5 5 5

Ipumeuanue: CCI" — comocraBieHus copepxkanus rroko3sl; A3C — abcomroTHbIe 3HaUeHHs ciydaeB; N — gucio cimydaeB CCIT
B 1enbHOM KarmmyutsipHoit kposu (KAIT) u nenproii Berno3Hoit kposu (BEH) mpu kaxaom @C; IT (ITorpebnenne) — 9ucio ciaydacs,
KOTJIa COJeprKaHMe TIIOKO3bI BBIIIE B IeNbHOM KammursipHoit kpoeu (KATT>BEH), T.e. mmeeT mecto [loTpebienne mroKo36I KIeT-
KaMu 13 KpoBH; B (Briaenenne) — aucno ciydaeB, KOTa collepKaHue TIIIOKO3bI BIIIE B [eNbHOM BeHO3HOI kKpoBH (KAII<BEH),
T.. UMeeT MecTo BrieneHne Toko3ksl B KpoBb; P (PaBHOBecue) — gucio ciydaeB, KOTJa COACPIKAHUE TITFOKO3BI B OTTEKAIOMICH
LETHON BEHO3HOM KPOBH U B LENBHON KanmusipHoi KpoBH oauHakoBo (KAIT = BEH), T. e. Mex 1y oTpeOieHIeM U BBIICICHUEM
TITIOKO3BI KJIETKaMH Hepabodeil pyku 1 KpoBbIo nMeeTcst PaBHoBecwHe.

Note: CGC,ccry — comparison of glucose content. AVC, 53¢, station — absolute values of cases. N — the number of cases of CGC,ccry
in whole capillary blood (CAP) and whole venous blood (VEN) for each functional state (FS). Crj; (Consumption) — the number of
cases when the glucose content is higher in whole capillary blood (CAP>VEI), i.e. there is glucose Consumption by cells from the
blood. Ex 5, (Excretion) — the number of cases when the glucose content is higher in whole venous blood (CAP<VEN), i.e. there is

arelease (Excretion) of glucose into the blood. Eqp, (Equilibrium) — the number of cases when the glucose content in flowing whole
venous blood and in whole capillary blood is the same (CAP=VEN)), i.e. there is an Equilibrium between the consumption and release

of glucose by the cells of the non-working arm and the blood.

Nep>KaHUH TOJHKHOTO YPOBHS TMIMKEMHUHU COCTABIIS-
et 8,2-26,0 % (cm. Tabnumy 1).

YuuThiBas MpencTaBlIeHHBIC JOKA3aTeIbCTBA JI0-
cratogHoro Becomoro (ot 8,2 % mo 26,0 %) Brimama
KJIETOK TKaHEe BEpXHUX KOHEYHOCTEN B OJIIEPIKAHKE
noikHOTO ypoBHS Trkemun mpu ODIT u VP B kade-
CTBE MCTOYHUKA TITIOKO3EI (cM. Tabmwy 1), comocra-
BHMOTO C BKJIAJIOM II€YCHU M TOYCK, 3aKOHOMEPHO
BCTaeT BOMPOC 00 yUYaCTHH B 3TOM KOHKPETHBIX BUIOB
KJIETOK. XOpOIIo u3BecTHbIe (axThl [2,4-6, 8, 10, 11]
0 My TSX U MEXaHU3MaX 0OMEHA TITFOKO3BI B OpPTaHN3Me
1 KPOBH ITO3BOJISIIOT YTBEPXKIaTh 00 y4acTHH B HUX
SIUTEINOINTOB KUIIICUHUKA, ITEICHH, TIOYEK W JYHJIO0-
TemuabHEIX KieTok (DK) cocynoB (pUCyHOK), KOTO-
pBI€ SBIISIOTCS KAaK MCTOUHUKAMU TIOCTYTUICHUS TITO-
KO3bI B KPOBb, TaK U yIAJCHHS €€ U3 KPOBU. DTO 00Y-
CJIOBIIEHO cienyromumMu (paktamu. Bo-miepBBIX, st
OITHOCJIOWHBIX AIUTENHNEB (HApPUMeEp, MpU3MaTnde-
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CKOT'O DTIUTENIHSI CTU3UCTON 000JIOYKH TOHKOTO KHIIIEeY-
HUKa, MPU3MATHYECKOr0 M KyOMYECKOrO SIUTEIINEB
MTOYEYHBIX KaHaJbIeB, DK), a TakKe renarouToB Xa-
pakTepHa BBICOKAs POHUIIAEMOCTH MX MeMOpaH (Kak
aNMKaTbHOMN, TaK W 0a3aJIbHOM) [Tl TIFOKO3HI 3 CUET
HaJM4Yds B MX MeMOpaHaX COOTBETCTBYIOIIMX OeJl-
KOB-TpaHcmoptrepoB cemeiictBa SGLT, s u GLUT,_ 4
[4, 6, 8, 10, 15, 19]. Bo-BTOpHBIX, ABMKEHUE TTIOKO3BI
B DK MOXET mpOnCXOIUTh B MPOTHUBOTIOIOKHBIX Ha-
MPaBICHUAX TIO OTHONICHHWIO K KPOBH: TOCTYIATh
B KpoBb (Hampumep, depe3 DK B cocymax KuIIeUHNKa
1 TIOYEK) WIH YOAIAThCS U3 KpoBu (depes DK B cocy-
JlaX TOJIOBHOTO MO3Ta, CKEJIETHBIX MBIIIIT WJIH JPYTHX
OpraHoB). B-TpeThuX, MOCTYIICHHE TIIIOKO3BI U €€ BhI-
xon 3 DK B KpOBb WM B MEKKIETOYHOE MPOCTPaH-
CTBO MPOVCXOANUT B OCHOBHOM YHUIIOPTOM C yUaCTHEM
oenkoB cemericta GLUT, s (IJIFOT ) [8, 11]. Ot
OEITKU-TPaHCTIOPTEPHI SIBIISIOTCS IS TITFOKO3HI ABYCTO-



TPANCTIOPT
BOIN,
(D1-6-a'm) MIKPOMOICKYA
TPANCUC LTI PHas
. epysin H,0
MO, OPTaMMIeCKne
socaMHCHRE

’ w GLUT 345
Cpe3 Kannaapa -

¥ IHAOTEAMOLIMT
FPAKCUCTIOANPHAN -

mebbre= GLUT 1,2

BIRLILMEIE FIAINOME LICHTHEC KICTRH
MeTabomH3M 3HAOTENHATEHEIX KJIETOK HMeeT pelIaroliee 3HadeHHe /I IPOPacTaHHsi COCYIOB
H CIyXKHT IBHKymeH cmiod anrmoreHesa [Katerina Rohlenova, et al. 2018]. ITommmo
[IHKOMH3a, OKHCIHTEIBHOTO (GochOpPHIHPOBaHNA, MeTabonMH3Ma IIyTaMHHA M OKHCITEHHS
JKHPHBIX KHCTOT [Susan, et al. 2022], sHxoTenHanbHEE KIETKH 3aIACAK0T H KAaTabOIH3HPYIOT

[IMKOreH, HeOoOXONHMMENT Ui OrlcTporo mommep:xaHud (YHKIMI SHIOTedHA IIPH
(hH3HOTOTHYECKHX H IATOIOTHUeCKHX CTHMYyTax (mmHabet, pak). MIHTepecHO, UTO MepeKTIOTeHHe
MeTadoIHYe CKHX IPOIECCOB IPeIecTByeT (hyHKIIMOHATIBHEIM H3MEHEHHAM H ITaTOIONHIe CKHM
COCTOSHHAM B SHAOTENMHANBHEIX KieTkax [Knott RM, et al. 1996; Gaudreault N, et al. 2004;
Amemiya T 1983; Yokota C, Okuda Y 2002: Artwohl M, et al. 2007]. XoTa OCHOBHEIM
HetouHHKOM AT® B 3HOOTeTHATBHEIX KIeTKaX ABIAeTcH a’poOHEN rmmkomm: [Susan, et al.
2022], naHHble yOeIHTENEHO YKA3BIBAIOT HA TO, UTO XPAHEHHE H PACIIEIUIEHHE [TTHKOTeHA MOTYT
HIPaTh PEeNIAlNTy0 POTb NPH (YHKIHOHATHHEIX HIH MATOTOTHYSCKHX COCTOAHHAX [Susan, et

ITepenocumku rmoxo3sl - GLUTL, GLUT4
[Susan, et al. 2022], GLUT3 [Knott RM, et al.
1996] BEICOKO IKCHPeCCHPYIOTCA B
3HIOTe/IHAIBHEX KIeTkax. Gaudreault N u
coaert. (2004) coofmrimH 06 YKCIpe cCHE
GLUT-1, -2.-3, -4 u -5 Ha anuKaneHOH
CTOpPOHE 5HIOTeIHATBHEIX KISTOK, TOIAa Kak
SGLT-1 mpeuMyImecTBEHHO pacronaraicsa Ha
abmroMHHATEHOI (0azonarepaabHOH) CTOpOHE.

Kpome TOro, Iimoxo30-6-

(ocdaraza, (epmeHT,
0GHAPYKEHHEI B OCHOBHOM
B TIEUEHH W TIOUKAX, HIPaeT

Ba3HYIO pOiIb B obecrieueHHH

TJIFOKO3EI B TIEPHOJIEL
TOJIOTAHHA. T'nroko30-6-
docharaza (I1-6-a3a)

TAKIKE IKCOPECCHPYeTCH B
IHIOTEHAIBHBIX KIeTKAX
[Broadwell RD, et al. 1983;:
Kazimierczak J 1965].

al. 2022].

Pucynok — Duporenuansubie kietku (OK) n ux yuactue B 0OMEHE ITIOKO3BI

Figure — Endotheliocytes and their role in glucose metabolism

pPOHHE TMPOXOAMMBIMU KaHAJIaMH M HallpaBJICHHUE ee
JBIDKEHHUST OIIPEACIISIeTCs] MPEKAe BCEro KOHICHTpa-
el ATOro MOHOCaxapy/a B Tiia3Me KPOBH, B KIIETKaX
(OK) u BHe ux. B-uerBepthix, K criocoOHbI 3anacarh
IJIIOKO3Y B BHJIE TIIMKOTeHA, a MX 0011as Macca oT 1 10
1,8 xr conmocraBuma ¢ Maccou neuenu [11].

Crnenyer OTMETHTh, YTO METa0OIHM3M TIIOKO3bI
MMeeT OCHOBOIIOJIararomiee 3HadyeHue st QyHKIUH
OK (cM. pUCYHOK), BBICTYTIasl B Ka4€CTBE OCHOBHOTO
WCTOYHMKA /17151 BRIpaOOTKU SHEPIHH, CHHTE3a OCHOB-
HBIX OMOMOJIEKYJT U OKHCIIUTEIbHO-BOCCTAHOBUTEIb-
HOTO roMeocTasa. Meraboyusm DK umeer pemaroriee
3HAYEHHE YISl MPOPACTAHUS COCYJOB M CIYXKHT JIBHU-
JKyIen cusoii auruorenesa [ 17]. [lomumo mukomnmnsa,
OKHCIHTENbHOTO (ochoprmpoBanus, MeTaboan3ma
IIyTaMUHa U OKUCIIEHUS KUPHBIX KucioT [23] OK 3a-
nacaroT ¥ KataboIU3UPYIOT TITUKOTEH, HEOOXOIUMBIH
Ui OBICTPOTO mojepkanus (QYHKIHNA dHIOTEIHS
npy PU3HOJIIOTHUECKUX U MATONIOTHUECKUX CTUMYIIax
(nmnabert, pak). MHTEepecHoO, 4TO MepeKIroyeHne MeTa-
0OMUYECKUX TMPOICCCOB MPEIICCTBYET (PYHKIIHO-
HaJIbHBIM U3MEHEHHSIM 1 TATOJIOTMYECKUM COCTOSIHU-
sm B DK [12, 13, 15, 19, 25]. X0TsI OCHOBHBIM HCTOU-
HukoM AT® B OK siBnisieTcst a3poOHBIii riinkonu3 [23],
JaHHbIe YOEAUTEeNbHO YKa3bIBaIOT Ha TO, YTO XpaHe-
HHE U paclierieHHe IMKOreHa MOKET HIpaTh pelaro-
HIyI0 pojib NMpU (PYHKIHMOHATBHBIX WU MaTOJOTHYe-
CKUX COCTOSTHHSIX.

HeficTBuTeNnbHO, mepeHocunku mroko3sl — GLUT),
GLUT, [26], GLUTj; [20] — BBICOKO KCIIPECCUPYIOT-
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cs B OK. N. Gaudreault u coapr. (2004) coobOmumu 00
skcnpeccun GLUT, s Ha anukanbpHOU cTopone DK,
toraa kak SGLT, mpeuMyIiecTBEHHO pacmoiaraics
Ha a0JIFOMUHAJIBHOM (0a30aTepanbHoit) ctopoHe. Oj-
Hako cienyeT oTMmeTuTh, uto GLUT; mpeumyie-
CTBEHHO JKCIIPEecCcUpyeTcst Ha 0a3onaTepalbHON CTO-
poHe. DKCIpeccusi 3THX MEPEHOCUYUKOB TIIFOKO3BI
B 3HAYMTENHLHOW CTENEHU 3aBHCUT OT (U3HOJIOTHYE-
CKOTO COCTOSIHUSI M pa3BuTHA 3a0oseBaHus. Hampu-
Mmep, N. Gaudreault, et al. (2004) nmoka3zasnu, 4To K-
TeJIbHas TUIEPIIIMKEMUs, BbI3BaHHAs BBEJCHHEM
CTPENTO30TOMHA y KUBOTHBIX, 3HAYUTEIBHO MMOa-
BisgeT skcnpeccuto GLUT, 54,5 B OK, B TO ke Bpemst
noBeimas perymsauio GLUT,, octaBnsas SGLT, Heus-
MeHHbIM [ 15]. HanpoTus, R. M. Knott u coast. (1996)
MPOIEMOHCTPHUPOBAIIN, YTO OAHO YacOBOE BO3JCH-
crBue Ha DK rmoko3sl (5 MM) IpUBOAMT K MOBBIIIIE-
Huto ypoBHs GLUT;. CuHTe3 1 XpaHeHHe INIMKOreHa
B OK, BeposiTHO, BriepBbIe ObLIH IPOAEMOHCTPUPOBA-
Hbl F. Numano, et al. (1974) and T. Takeuchi,
H. Miyayama (1973). AKTHBHOCTb IJITHKOT€HCHHTETA-
361 ¥ (hocopuIazbl B UTOILIA3MATHUECKOM MaTpUKCe
SHIIOTENHs ObUIa MpoaeMoHcTpupoBana T. Amemiya
(1983) B rpebEmIKOBOM KamWLISPe LBITUICHKA, YTO
yKa3bIBaeT Ha posib DK B IIMKoreHese U IIMKOT€HO-
nu3e [12]. AHamoruuHble NaHHBIE O MeTabonu3Me
rmroko3bl B OK npencrasnens! C. Yokota, Y. Okuda
(2002). Kpome Toro, ritoko30-6-pocdaraza — dep-
MEHT, OOHapy>KCHHBIII B OCHOBHOM B TICYCHHU U T1OY-
Kax, UrPaeT BaYKHYIO POJIb B 00ECIICUCHUH TITIOKO3bI



B iepuozIbl rosiofanusi. OHako nHGOpMAIUs CKy/IHA,
[IPEIIIoNaraeTcs, 4To MIrK030-6-pocdarasza s3xcrpec-
cupyercsa B OK [14, 18]. HecmoTpst Ha TO 4TO Mexa-
HU3MBI KOHTPOJIS SHAOTEIHAIBHOIO MeTaboIru3Ma
[JIFOKO3bI TOYHO HE W3BECTHBI, JIAHHBIC CBUJICTCIIb-
CTBYIOT O TOM, 4TO IJIMKOTEHHUH, ay TOITFOKO3UITHPYIO-
muii OeNoK, y4acTBYeT B WHHIMAIMK OMOCHHTE3a
mukoreHa [20, 22]. IHTepecHo, 9TO TIIHMKOTCHUH KO-
akcrpeccupyetcsi ¢ GLUTS;, 9To MO3BOSET KIETKaM,
3aracaroiuM ITMKOT'eH, 10CTaTOuHO 3(h(HEKTUBHO 00-
MEHHBaTh TIIOKO3y B COOTBETCTBUH C Mpeodiajiaro-
MU META00INYECKUMU TOTPEOHOCTSIMU CHHTE3a
Wik Jerpajanuu riukorena [16]. Takum oOpa3som,
(YHKIHS [TTMKOTEHUHA 3aBUCHT OT 3)QEKTUBHOTO I10-
rJIoIeHUs IIoKo3bl [16]. Takum o0Opa3om, TroKo3a
KPOBH MOXKET BBICTYIIATh B KAYECTBE PEryJIATOPA CHH-
Te3a WIU JAerpafarnuu riukoreHa B OK, a oHu B cBOIO
ouepenb — B KaUeCTBE TAKOBOTO (perynsTopa) it
ypoBHs IMKemuH. [lojyueHHbIE HAMH PE3yJIbTaThl
0 TOBBIIICHHOM ypOBHE [ gy 10 cpaBHEHHIO € ['gar
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TO THE QUESTION OF THE ROLE OF ENDOTHELIOCYTES
OF THE NON-WORKING HAND VESSELS IN THE MECHANISMS
OF REGULATION OF THE PROPER LEVEL OF GLYCEMIA DURING
HUNGER AND SATIETY
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Introduction. At present, the question of the participation of endotheliocytes, especially in the vessels of the
arms or legs, in glucose metabolism is not sufficiently covered.

Objective — the study of the glucose content in whole capillary and whole venous blood (including the
capillary-venous difference) obtained from the same arm in women to assess the state of their local mechanisms
for maintaining the proper level of glycemia under various physiological conditions.

Materials and methods. In 24 women, capillary and venous glucose were determined during hunger (relative
functional rest and mental work on an empty stomach) and saturation (after taking 75 g of glucose with relative
functional rest). Capillary glucose and venous glucose were measured 11 times: initially (under conditions of
relative functional rest and starvation); 6 times with mental stress on an empty stomach (after 1, 2, 3, 4, 5, 6 hours);
4 times (30, 60, 90 and 120 minutes) after taking glucose. The calculation data of the difference between capillary
and venous glucose made it possible to assess the state of local mechanisms for maintaining glycemia.

Results. A decrease in capillary glucose and venous glucose was shown in most women during mental work.
An analysis of 264 cases of comparison of venous glucose and capillary glucose showed that the variant “Capillary
glucose<Venous glucose” prevailed over the others. This indicates that in 61.7 % (p <0 .05) of cases in the venous
blood flowing from the non-working arm, the glucose content increases compared to the blood flowing to it.

Conclusions. A decrease in glycemia in women during mental work on an empty stomach was revealed. An
important mechanism for maintaining the proper level of glycemia has been established, which consists in the
participation of cells (endotheliocytes and others) of the non-working hand in it, as a new source of glucose
entering the blood during fasting.

Keywords: glucose, glycemia, regulation, hunger, satiety.

For citation: Pereverzev VA, Sikorsky AV, Blazhko AS, Evseev AV, Pravdivtsev VA, Welcome MO,
Razvodovsky YuE, Aleksandrov DA, Pereverzeva EV. To the question of the role of endotheliocytes of the non-
working hand vessels in the mechanisms of regulation of the proper level of glycemia during hunger and satiety.
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BIOELEMENTAL, BIOCHEMICAL AND HORMONAL STATUS
IN NORM AND WITH OVERWEIGHT

Ali Adeeb Hussein Ali
Yanka Kupala State University of Grodno, Grodno, Republic of Belarus

Introduction. The balance of bioelements is due to their important role in life processes and is determined
by participation in almost all types of body metabolism.

Objective — assessment of bioelemental, biochemical and hormonal status in normal and overweight (in
individuals and experimentally in animals).

Materials and methods. Assessment of mineral, biochemical, hormonal metabolism and body mass index
(BMI) in individuals (women: 24.34+0.24 years; men: 25.5+0.52 years) and experimental animals (Wistar rats —
intact, obese, obesity with intake of premixes from algae Spirulina plat. and Chlorella). Material: blood serum,
tissue samples (experimental animals). Research: biochemical, hormonal, X-ray fluorescent. Statistical processing —
SPSS Statistica 26.0.

Results. The concentration of trace elements in the blood differed in women and men, with different BMI
values. Men tend to have low levels of potassium. Vitamin D deficiency among individuals with high BMI was
detected in all groups. The concentration of glucose, cholesterol and triglycerides in persons with BMI =25-29.9
is higher (p = 0.01). Cortisol depended on glucose concentration (BMI = 25-29.9). The concentration of TSH,
T3,,, T4, and cortisol in individuals with BMI = 25-29.9 higher. Premixes Spirulina plat. and Chlorella
contributed to the normalization of trace elements, the concentration of glucose and cholesterol.

Conclusions. In persons with BMI=25-29.9, the concentration of glucose, cholesterol, LDL and triglycerides
is higher, vitamin D deficiency is 50%. Reception of premixes Spirulina plat. and Chlorella in obese animals did
not cause changes in the content of trace elements, contributed to a decrease in glucose, cholesterol, triglycerides.

Keywords: bioelements, obesity, body mass index, premix, algae.
For citation: Ali Adeeb Hussein Ali. Bioelemental, biochemical and hormonal status in norm and with
overweight. Biochemistry and Molecular Biology. 2023, vol. 2, no. 1(2). pp. 97-104.

Introduction

The balance of bioelements is due to their important
role in life processes and is determined by participation
in almost all types of body metabolism. The macro-
and microelements can be toxic if consumed in large
quantities for an extended period of time. Bioelements
are part of the biological structure of the human body,
play an important role in metabolic processes, and
participate in almost all processes that occur in the
body [1, 2]. Macro- and microelements are essential
for the immune system, proper growth and
development, and insulin production. Toxic elements
do not have any physiological role in the human body,
and exposure in large quantities leads to a violation of
cellular metabolism and to fatal diseases such as
cancer.

The content of studies conducted on bio-elements,
which included biological and environmental samples,
has received wide attention around the world, and
many scientific papers have been published in this
field [3]. Many attempts have been made in recent
years to understand the role of trace elements in the
biological system, especially human metabolism.

Deficiency of trace elements in the body leads to
a pathology accompanied by significant metabolic
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disorders and can cause changes: metabolic disorders,
on the one hand, and distinct immune disorders,
accompanied by a decrease in overall immune
resistance, on the other. Both processes lead to
endocrinopathies, inflammations and neoplastic
diseases. The study of changes in the content of
bioelements is important from the point of view of
practical health care in order to identify diagnostic
markers and predict the risk of developing pathological
conditions [4].

To date, there is little information about the
biochemical mechanisms of interaction between two
or more elements, which can be very complex and
ambiguous. Trace elements in the composition of
enzymes accelerate or slow down various biochemical
processes, that is, they act as catalysts or inhibitors.
This leads to an increase or decrease in the concentration
of individual proteins, fats, carbohydrates and other
substances necessary for life [5].

Analysis of the concentrations of chemical
elements in the body reflects synergistic and
antagonistic interactions between elements and
provides valuable information for further study of
their role in the regulation of metabolism. However,
the mechanisms of interaction between the studied



elements and their relationship with biochemical
parameters remain not fully understood. It is important
to pay attention to the occurrence of overweight and
the role of biological factors in this complex metabolic
process. Prevention of excess weight should be
comprehensive and begin at a young age. The
formation of excess weight depending on nutrition
requires a detailed study [6-8].

Hair is a biological material that represents
biological processes for years in the human body. Hair
samples can diagnose subclinical chronic diseases and
are considered a basic indicator of mineral metabolism
in the human body. When comparing the concentration
of chemical elements in hair, blood, and urine, their
concentration is several times higher. In addition,
chemical elements can be identified specifically in
blood (6-8), but in hair, they reach 30 elements. The
determination of bioelements in hair is a non-invasive
method, and the samples taken do not cause any risks
to the patient and are not considered dangerous to the
examiner [9-11].

Optimization of the level of bioelements depending
on gender and age among the population is of particular
importance today and requires close study.

The goal of the study: assessment of bioelemental
status, biochemical and hormonal metabolism in
normal and overweight conditions (in man and
experimentally in animals).

Materials and methods

Assessment of changes in the characteristics of the
mineral, biochemical and hormonal metabolism was
carried out in 100 practically healthy individuals of
both sexes living in Grodno. The age of the examined
persons was 24.3+0.24 for women and 25.5+0.52 for
men. All individuals were evaluated for body mass
index (BMI). Body Mass Index was calculated by the
formula: BMI (kg/m?) = weight (kg) / height (m?). In
accordance with WHO recommendations, the study
used the interpretation of BMI indicators: 18-24.9
(normal), 25-29.9 (overweight, preobesity).
Characteristics of the surveyed groups: women, group
1: n =25 (BMI = 18-24.9; weight: 52.6 + 4.58 kg);
women, group 2: n = 25 (BMI = 25-29.9; weight:
64.4+1.77 kg); men, group 1: n =25 (BMI=18-24.9;
weight: 71.6 £ 3.94 kg); men, group 2: n =25 (BMI =
=25-29.9; weight: 86.5+ 1.10 kg). Standards adopted
in the study: a group of men and women over the age
of 18; the group is overweight; use a scale and tape
measure to diagnose overweight by Body Mass Index
(BMI); patients’ informed consent to participate in
research; not taking nutritional supplements containing
micronutrients (vitamins, macro- and microelements);
not taking hormonal drugs and other medications;
absence of any disease symptoms among the
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participants; absence of gastrointestinal diseases and
any other diseases.

To assess the intake of macronutrients (protein, fat,
and carbohydrates) and micronutrients (vitamins),
a questionnaire was designed according to the
instructions for use of the “Actual Nutrition Study
based on the method of analyzing the frequency of
food consumption” (registration number 017-1211),
approved by the Belarusian Ministry of Health on
December 15, 2011. The X-ray fluorescence analysis
(XRF) on a CEP-01 or ElvaX device with Elvatech
MCA Software and MK-RE-Ob software was used to
determine the macro- and micro-element composition
of hair, microalgea and tissue of Wistar rats.

The spectrum determination of biochemical
parameters in the blood (bioelements, urea,
creatinine, cholesterol, high-density lipoprotein
(HDL) cholesterol, low- density lipoprotein (LDL)
cholesterol, triglycerides, alanine aminotransferase —
ALT, and aspartate aminotransferase — AST) was
carried out using the BS-330 analyzer (Mindray,
China) and reagents manufactured by Diasense
(Belarus). The study of hormones in the blood
(thyroxine, triiodothyronine, and pituitary thyroid
stimulating hormone/TSH) was carried out by
immunochemical analysis on the MiniVidas analyzer
(BioMerioux, France) wusing reagents from
BioMerioux, France.

The samples of biological material were obtained
in a standard way (using Vacutainer vacuum systems
manufactured by Beckton Dickinson, USA). The
preparation of blood samples for research was carried
out in a standardized way: centrifugation in a Fenox-
24M centrifuge (China) at 3000 g for 10 minutes. The
serum samples were taken into separate systems in
which the study was conducted.

Experimental work was carried out on adult male
Wistar rats with an average first weight of 225+12 g,
according to the XI Declaration of Helsinki of the
World Medical Association (1964) and the rules of
laboratory practice. The duration of the experiment
was 84 days. The animals were divided into three
groups. The first control group (n = 10) consisted of
intact animals. Obesity was modeled in animals from
the second (n = 10) and third (n = 10) groups by
consuming a high-fat diet (HFA), in which the fat
component was 32 % of the total calorie content of the
diet and included animal (beef) fat (45 %) and
sunflower oil (55 %). During the entire experiment,
the animals of the third group were additionally given
premixes of Spirulina platensis and Chlorella (at a rate
of 2 % by weight of the feed). An increase in body
weight of 10-25 % was considered moderate obesity,
and an increase of 40 % or more was considered
severe obesity.



Statistical processing of the research material was
performed using the SPSS Statistica 26.0 statistical
software package. The differences in the compared
groups were considered statistically significant at
p <0.05.

Results and discussion

In our study, we assessed the daily dietary intake
of macronutrients (protein, fat, and carbohydrates)
and micronutrients (vitamins), the composition of
bioelements in hair and blood plasma (macro and
microelements), and chemical and hormonal
indicators in overweight (BMI = 25-29.9) and
normal-weight people in Grodno, Belarus. Multiple
correlations have been established between the
content of microelements in hair and blood plasma
and the diet of overweight subjects.

When evaluating the dietary intake of macro- and
micronutrients for overweight males and females,
violations of normal physiological parameters were
found (an increase in macronutrients and a decrease in
micronutrients). In the group of overweight females,
the protein increase was 78.2 %, the fat increased by
49.6 %, and the carbohydrates increased by 49.6 %
compared to the physiological standards. The number
of cases of violation of macronutrients (at least one
macronutrient) was 89.4 %. In the group of overweight
males, the protein increase was 73.9 %, the fat
increased by 48 %, and the carbohydrates increased
by 24 % compared to the physiological standards. The
number of cases of violation of macronutrients (at
least one macronutrient) was 84.2 %.

In the group of females with a BMI of 25-29,
a violation in the consumption of micronutrients was
found, as the consumption of (Folacin, Beta-carotene,
Vitamin A, Vitamin C, Vitamin E, Vitamin PP, Vitamin
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B1, Vitamin B2, Vitamin B6, Vitamin B12) decreased
(51.8 %, 18.2 %, 71.7 %, 82.3 %, 85.1 %, 57.9 %,
34.1 %, 65.6 %, 57 %, and 31.3 %) compared with the
physiological norms for consumption, respectively.
Micronutrient deficiency (at least one micronutrient)
was found in 94.7% of females with a BMI of 25-29
when compared to physiological intake. In the group
of males with a BMI of 25-29.9, a violation in the
consumption of micronutrients was found, as the
intake of (Folacin, Betacarotene, Vitamin A, Vitamin
C, Vitamin E, Vitamin PP, Vitamin B1, Vitamin B2,
Vitamin B6, Vitamin B12) decreased (51.7 %, 7.69 %,
5.1 %, 68.6 %, 27.07 %, 47.2 %, 10.7 %, 51.2 %,
39.7 %, 19.1 %) compared with the physiological
norms for consumption, respectively. Micronutrient
deficiency (at least one micronutrient) was discovered
in 86.6 % of males with a BMI of 25-29.9 when
compared to physiological intake (figure 1).

When comparing the main and control groups,
taking into account gender, statistically significant
differences were observed for macro- and
micronutrients for both sexes. The statistical
differences were levels of significance (a trend towards
an increase) when comparing macronutrients in the
group of overweight females with the control group,
and levels of significance (a trend towards a decrease)
when comparing small feeders in the group of
overweight females with the control group (p =0.01).
This also applies to the group of overweight males
compared to the control group, with slight differences
in the level of statistical significance.

The results of previous studies are consistent with the
findings of our study to assess the daily dietary intake of
macro- and micronutrients and indicated that “an
unbalanced diet leads to a positive energy imbalance”.
Thus, the energy imbalance leads to a deficiency in the
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Figure 1 — Percentages of increased consumption of macronutrients compared to normal weight and daily physiological
needs for overweight individuals (male, female)
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body of the biologically active nutritional components,
especially the deficiency of micronutrients, which have
a major role in the synthesis of enzymes that catalyze
chemical reactions as well as their role in balancing some
hormones, and this ultimately leads to an imbalance in
the metabolism process, which causes an increase in
weight and obesity.

In the analysis of the bioelements in the hair, it was
found that females and males with overweight suffer
from the accumulation of heavy toxic metals (harmful
elements) such as cadmium, mercury, and lead (pb)
and a decrease in good elements (micro and macro
elements) such as calcium, zinc, copper, iron, and
potassium. It was found that the correlations of
bioelements with each other in overweight females
and males began to fade and disappear, and new
correlations appeared that did not originally exist
when compared with the control group for each of
them. The increase in toxic heavy metal accumulations
leads to major problems in the digestive system, which
leads to malabsorption of good minerals (figure 2).

The bioelements should not be considered separately
because their interaction together produces an important
biological effect. Therefore, the calcium/potassium
correlation coefficient was calculated as a correlation
coefficient representing the macro elements and the
zinc/copper correlation coefficient as a correlation
coefficient representing the micro elements. The ratio
of calcium to potassium exceeded the recommended
limit (2-5) significantly in the group of overweight
males and females. The percentage of overweight
females was more than 96 %, and the percentage of
overweight males was more than 70 %. The calcium/
potassium ratio can be considered an indicator of
overweight, and this was not previously mentioned in
the literature. The detected imbalance of macro- and
microelements in young patients living in Grodno,
Belarus, in terms of calcium, zinc, iron, copper, and
potassium will allow for early nutritional correction.

A

/

Quartile 1 Median Quartile 3

Figure 2 — Hair calcium / potassium ratio for males and females with
a BMI =18-24.9 and BMI = 25-29.9

Pucynok 2 — CooTHOIIEHIE KOHIICHTPAINY KaIbLIHI/KaInii B BOJIOCAX MYKIHH
n xenuH (UMT = 18-24,9; UMT = 25-29,9)

Blood has a stable composition of macro- and
microelements; therefore, deviations in their content
may indicate the presence of various pathological
conditions in a person. Analysis of the results
showed that the concentration of trace elements in
the blood serum significantly differed in both females
and males with different BMI values. We discovered
a higher calcium content but a lower copper content
in both females and males with overweight compared
to people with normal BMI values (p = 0.01). In
addition, only overweight men have lower potassium
values than men with lower BMI values. A conditional
deficiency (a downward trend) of vitamin D among
men and women was found in both groups of
overweight subjects (p = 0.01). An analysis of the
level of vitamin D supply among males and females
revealed a deficiency in 50 % of cases in groups of
people with a BMI of 25-29.9.

The imbalance established in the blood samples
of healthy donors in terms of bioelementary and
biochemical status suggests that the differences we
found may be associated with changes in metabolic
processes in the body, which are expressed in an
increase in body weight. In persons with a BMI of
25-29.9, the concentration of glucose, cholesterol,
LDL cholesterol, and triglycerides is higher than
in persons with a normal BMI, both in men and
women (p=0.003). Againstthe background ofa general
trend towards an increase in metabolic parameters, the
fact of a change in enzymatic activity was noted:
the activity of alanine aminotransferase, but not
aspartate aminotransferase, increases with increasing
body weight, both among females and among men
(p = 0.01). This fact, against the background of an
imbalance of mineral metabolism, is assessed not
only as the development of dysmicroelementoses
but also as a violation of metabolic processes.

The presence of a borderline and high TSH value,
which we found, is possibly associated with the risk
of weight gain and obesity: an
increased concentration of
TSH correlates with an
increased glucose level
(OR = 1.93, p = 0.026) and,
along with other risk factors,
may be an additional sign of
the risk of developing obesity.

An analysis of the hormone
concentration in individuals
with a BMI = 25-29.9 in
combination with an imbalance
of microelements and vitamins
established significant correla-
tions in both sexes:

—¢—Male 18-24.9

- Male 25-29.9
Female 18-24.9

=f#=Female 25-29.9
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women: TSH/vitamin D (» = 0.60, p = 0.02),
triiodothyronine (free)/calcium (» = 0.66, p = 0.02),
thyroxine (free)/calcium (» = 00.60, p = 0.04), and
TSH/copper (r = 0.54, p = 0.03);

men: TSH/zinc (» = 00.53, p = 0.04), thyroxine
(free)/iron (r = 00.69, p = 0.02), TSH/vitamin
D (r=00.61, p=0.03), triiodothyronine (free)/calcium
(r = 00.65, p = 0.03), thyroxine (free)/calcium
(r=00.67, p=0.02).

After studying the content of bioelements in hair
and blood and measuring hormones and chemical
indicators in overweight and normal-weight
individuals (females and males), we discovered that
the ratio of calcium to potassium in hair content
regulates hormones that regulate calcium as an
expression of minerals in the body.

From a medical point of view, the thyroid gland
and the adrenal glands work together, regardless of the
direction in which they go. Their common task is to
regulate energy and metabolic processes, as well as
emotions and stress controls. In fact, blood test results
often indicate that the thyroid gland and adrenal glands
are functioning properly, while the calcium-to-
potassium ratio clearly indicates that these glands are
underactive or overactive, as the adrenal gland
overproduces cortisol, which leads to a decrease in the
level of insulin in the blood.

In our study, the level of cortisol in the individuals
was within the physiological norm for these age
groups, taking into account gender, but at the same
time, its concentration in persons with a higher body
weight (persons of both sexes) was higher (p =0.006).
The analysis of correlations of cortisol with indicators
of' biochemical analysis established the dependence of
changes in this hormone on glucose levels in men and
women with BMI = 25-29.9 (» = 0.57, p = 0.038;
r=0.61,p=0.031).

Thus, the calcium/potassium ratio regulates the
balance of the subclinical adrenal-thyroid glands, and
this has not been mentioned previously in the literature.

The correlations between diet and the status of
bioelements in hair and blood require an integrated
approach to prove the prevention of subclinical obesity
and weight gain caused by aberrations in the
bioelements in overweight adults in Grodno, Belarus,
especially since the role of bioelements is important
in the process of metabolism of proteins, fats, and
carbohydrates and also performs many important
physiological functions in the body that cannot be
dispensed with in any way.

Spirulina is known to be a very interesting food for
this type of diet because of its complete protein
properties and its high mineral content, such as iron,
calcium, and copper, for example. Spirulina improves

the immune system, strengthening our natural defenses
due to its high phycocyanin content as well as having
strong antioxidant activity, making it an essential food
to prevent premature aging.

Emerging data on the biological action of algae
Spirulina and Chlorella (antimicrobial, anti-
inflammatory, antioxidant, etc.) makes it promising
for studying the mechanisms of its effect in various
disease states, and, in particular, in obesity and
diabetes. A number of specific effects of plant
components on various organs and tissues have been
identified: skin, gastrointestinal tract, liver, respiratory
tract and hypoglycemic effect has been demonstrated.

Based on the identified violations of micronutrient
imbalance among the population with excess body
weight (BMI = 25-29.9) and taking into account the
results obtained on the content of bioelements in
premixes obtained by X-ray fluorescence analysis,
separate recipes for bakery products are proposed
(table 1).

Since the consumption of premixes with feed could
affect the total concentration of bioelements in the
bodies, an analysis of the quantitative assessment of
algae premixes was carried out.

Table 1 — Quantitative characteristics of bioelements in
premixes

Tabnuna 1 — KonnyecTBeHHbIE XapaKTePHCTHKH
OMO2JIEMEHTOB B ITPEMHKCAX

Elements Concentration of elements in premixes
Microalgae spirulina Chlorella seaweed

Zn 109,69 61,23

Se 0,41 1,39

S 4495,82 3291,94

Ca 861,27 2870,19

K 4784,13 1312,11

Cu 14,82 17,54

Fe 271,03 264,42

As can be seen from the table, the content of
bioelements in algae premixes ranged from tens to
thousands of ug/g.

Atthe end of the experiment, at the first stage, the body
weight of animals in all groups and the weight of tissue
samples (liver) were evaluated. The results of the body
weight of animals and tissues are presented in table 2.

A significant increase in body weight of animals in
groups modeled obesity by consuming HFD was
established by the end of the experiment, both with
and without Spirulina platensis and Chlorella algae
premixes (p <0.05). It should be noted that the increase
in body weight of experimental animals and liver
weight were less pronounced in the group with HFD
using Spirulina platensis algae premixes and Chlorella
(p =0.005).
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Table 2 — Animal body weight and tissue sample weight in study groups (g, M+m)

Tabnmma 2 — Macca Terna )KMBOTHBIX M Macca 00pas3IioB TKaHel B MCCIeyeMbIX rpynmnax (1, M+m)

‘ Obesity Model (HFD .Model of obesity by consumption of HFD
Indicater Control group . with the use of premixes of the algae Spirulina
Consumption) .
platensis and Chlorella
First weight, g 225+12 226+11 224413
Final weight, g 236+10,1 320+16,2%* 296+11,8%*
Weight gain, % 4.8 42,2 31,6
Weight of the liver, g 4,3+0,06 5,940,04%** 5,240,03%***
Time on the diet, days 84 84 84

Note: HFD — high-fat diet, * p = 0.002 (relative to the first and final weight of the control group), ** p = 0.005 (relative to the first
and final weight of the control group), *** p =0.0001 (relative to the control group), **** p =0.001 (relative to the control group).

Ipumeuanue: HFD — BricokoxupoBas nuera, * p = 0,002 (OTHOCUTEIBHO HAYANbHONW W KOHEYHOM MacChl KOHTPOJIBHOW TPYIIIHI),
** p=0,005 (OTHOCHTENBEHO HAYaJIBHON W KOHEYHOW MacChl KOHTPOIBbHOU Tpynmbl), *** p = 0,0001 (oTHOCHTENTFHO KOHTPOJIBHON

rpymmsl), ¥**** p = 0,001 (OTHOCUTETHLHO KOHTPOIBHOM IPYIIIHI).

The study of the content of macro- and
microelements in the organs and tissues of animals is
important for understanding the mechanisms of their
regulation. Analysis of the mineral composition of the
organs and tissues of intact experimental animals
showed that the distribution of bioelements was
uneven. The results obtained for the first time represent
awide range of studied elements in more organs using
a single technique.

The results of the concentration of a number of
elements in the organs of rats with obesity correspond
to those presented in the literature. The accumulation of
Cu and Zn in the liver and other tissues of obese rats is
probably associated with the expression of Zn-Cu-
containing superoxide dismutases and metallothioneins
and can be regarded as protection against oxidative
stress. The study did not reveal an increase in the
concentration of these trace elements in the pancreas of
rats with obesity. After the animals consumed the
premixes of algae Spirulina plating and Chlorella, an
increase in bioelements was observed: an increase in
iron and chromium in the liver (p <0.05), normalization
of the concentration of trace elements in the blood
serum (relative to the obesity model), preservation of
elements within physiological values (iron, zinc, copper,
manganese, and selenium), and an increase in the
enzymatic activity of ALT and AST in the blood, against
the background of taking premixes in the group with
experimental obesity (p = 0.005). When taking
premixes, the concentration of glucose and cholesterol
tends to decrease. In obesity, a significant increase in
creatinine, urea, glucose, and cholesterol was found in
comparison with the control group of animals and the
obesity model with HFD using Spirulina platensis algae
premixes and Chlorella (p = 0.005).

For the possible correction of the nutrition of
people with increased body weight and the elimination
of imbalances in trace elements, four recipes for

bakery products based on STB 639-95 with various
types of algae are proposed:

bread infused with microalgae powder Spirulina
platensis. Characteristics: an enriched product made
from wheat flour of the highest grade, M54-28 or
M54-25 (100.0 %), with the addition of pressed baking
yeast (3.0 %), iodized table salt (1.5 %), butter (4.0 %),
sugar (4.0 %), and microalgae powder (“Spirulina
platensis microalgae powder”) (3.0%). Losses on
bioelements are no more than 10 %;

bread with Chlorella vulgaris algae powder.
Characteristics: an enriched product made from wheat
flour of the highest grade, M54-28 or MS54-25
(100.0 %), with the addition of pressed baking yeast
(3.0 %), iodized table salt (1.5 %), butter (4.0 %),
granulated sugar (4.0 %), and chlorella microalgae
powder (2.0 %). Losses on bioelements are no more
than 10 %;

bread with Fucus vesiculosus algae powder. Brief
description: an enriched product made from wheat
flour of the highest grade, M54-28 or M54-25
(100.0 %), with the addition of pressed baker’s yeast
(3.0 %), iodized table salt (1.5 %), butter (4.0 %),
granulated sugar (4.0 %), and Fucus microalgae
powder (Fucus vesiculosus microalgae powder)
(2.0 %). Losses on bioelements are no more than
10 %;

bread with Crataegus oxyacantha fruit powder.
Brief description: an enriched product made from
wheat flour of the highest grade, M54-28 or M54-25
(100.0 %), with the addition of pressed baker’s yeast
(3.0 %), iodized table salt (1.5 %), butter (4.0 %),
granulated sugar (4.0 %), and hawthorn fruit powder
(Crataegus oxyacantha powder) (4.0 %). Losses on
bioelements are no more than 10 %. Losses on
bioelements are no more than 10 %.

Evaluation of the effect of the proposed and
developed new products with biologically active
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additives (algae premixes) on the trace element
composition requires additional research.

Conclusion

Thus, it is shown that the concentration of trace
elements in the blood differed in women and men,
with different values of BMI. Overweight men are
characterized by low potassium levels. Vitamin
D deficiency among men and women with
BMI = 25-29.9 was detected in all groups. The
concentration of glucose, cholesterol and triglycerides
in persons with BMI = 25-29.9 is higher (p = 0.01).
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BUODJEMEHTHBIA, BHUOXUMHWUYECKUUN U UFOPMOHAJII)HI)IFI
CTATYC B HOPME U ITPU U3BBITOYHOM MACCE TEJIA

Anu Aoub Xyccetin Anu

Yupeoicoenue oopasosarnus «I poonenckuii eocyoapcmeerntulil yHusepcumema um. Anxu Kynanviy,
2. I poono, Pecnyonuxa benapyco

Bgenenmne. bananc 6103:1eMeHTOB 00YCIIOBIICH UX BYKHOM POJIBIO B IIPOLIECCax )KU3HEESTeILHOCTH H OTIpe-
JIeIISIeTCsl y9acTHeM MOYTH BO BCEX BHaxX 0OMEHa BEIIECTB OpraHu3Ma.

Lean ncciieoBanust — OIEHKA OMORJIEMEHTHOTO, OMOXMMHYECKOTO M TOPMOHAJIBHOTO CTaTyca B HOpME
W MpH U30BITOYHON Macce Tena (y JIMI ¥ B OKCIIEPUMEHTE Y )KUBOTHBIX).

Marepuansl 1 MeToAbl. OLeHKa MHUHEPAIBHOT0, OMOXMMHYECKOT0, TOPMOHAIEHOTO OOMEHa M MHIEKCa
maccsel Tena (MMT) y mun (Gkennmnst: 24,3(+0,24) rona; mysxanssl: 25,5(+0,52) roga) u sKCepuMEHTaIbHBIX
JKMBOTHBIX (KpbIC JIMHUKM Wistar — HHTAKTHbIC, OKUPCHUE, OKHPEHUS C IPUEMOM MPEMHUKCOB M3 BOAOpOCIEH
Spirulina plat. w Chlorella). Marepunain: cbIBOpOTKa KPOBH, 00pa3iibl TKaHEH (IKCIIEPUMEHTAIBHBIX )KHBOTHBIX).
HccnenoBanue: OnoXuMH4eCKoe, TOpMOHAIBHOE, peHTreHoduryopecienTHoe. CtatucTraeckast oopadorka — SPSS
Statistica 26.0.

Pesynbrarsl. KoHneHTpanus MUKpPO3JIEMEHTOB B KPOBH Pa3inyajach y JKCHIIWH U MYKYUH, C Pa3HBIMU
snayenussMu UMT. [ My>XunH XapakTepHbl HU3KHE 3HaueHus Kanust. Jledpuunt Butamuna D cpeau i ¢ BbI-
cokuM MMT BbIsiBIEH BO Bcex rpymnmnax. KoHIEHTpauusi TITIOKO3bI, XOJECTEeposia U TPUDINIEPUIOB Y JIHIL
¢ UMT = 25-29,9 Boiuie (p = 0,01). Kopruzon 3aBucen ot konueHtpauuu oko3sl (MMT = 25-29,9). Konnen-
tpauust TTI, T3.,, T4, u xopruzona y mun ¢ UMT = 25-29,9 serwe. [pemukcst Spirulina plat. n Chlorella
CHOCOOCTBOBAIN HOPMAIM3ALUH MUKPOIJIEMEHTOB, KOHIIEHTPAIIUH [VIFOKO3BI X XOJIECTEpOIa.

3akmouenue. Y gun ¢ UMT = 25-29,9 koHuentpanus moko3sl, xonecrepona, JINTHIT u tpurmuuepunon
BBIIIIE, HEJlOCcTaToYHOCTh BuTaMuua D — 50%. IIpuem npemukcoB Spirulina plat. w Chlorella >x nBOTHBIMY C 0XH-
PEHUEM HE BBI3bIBA I3MEHEHUH COlepKaHMUsI MEKPOIJIEMEHTOB, CIIOCOOCTBOBAJI CHIPKEHHUIO IVTFOKO3bI, XOJIeCTe-
posa, TPUIIIHLEPHIOB.

KiioueBble ciioBa: O103J1EMEHTHI, 0KUPEHHUE, MHAEKC MAcChl Tella, IIPEMUKC, BOJOPOCIIH.

Jost unTupoBanus. A Ann6 Xycceitn Anu. brosneMeHTHbIH, OMOXMMUUYECKHH M TOPMOHAJIBHBIN CTaTyC
B HOpPME | IIpH W30BITOYHON Macce Tena / Ann Anub Xycceiin Anu / Buoxumust 1 MosekyisipHasi Onosiorus. —
2023.-T. 2, Ne1(2). — C. 97-104.

Hocmynuna 29.12.2022
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BJANAHHUE SJKCTPAKTOB JIBYX BUJIOB IIOJIBIHN HA ITPOIECC
BOCITAJVIEHUSA Y OKCIIEPUMEHTAJIBHBIX ) KUBOTHBIX

A. I lllymosa*, A. B. bawunog*, U. I1. JKasoponor?, A. A. Bacanrair’,
I1. C. lllabyus’, C. A. @amvixosa’

Tocyoapemesennoe nayunoe yupesicoenue «Llenmpanbuwiii Gomanuyeckul
cao Hayuonanvnou axademuu nayx benapycu, e. Munck, Pecnybauxa Berapyco,;
’[ocyoapcmeennoe nayunoe yupesicoenue « Mnemumym ¢usuonocuu Hayuonanvhot
akademuu nHayk bBenapycuy, e. Munck, Pecnybnuka benapycow;
I [ocyoapcmeennoe nayunoe yupeosicoenue « Mnemumym ouoopeanuyeckoti xumuu HAH Berapycuy,
2. Munck, Pecnyonuxa Benapyce

Brenenmne. [Tonbiab onHONIETHSA (Artemisia annua) U IMOJILIHE OOBIKHOBEHHAs (Artemisia vulgaris) uzsecr-
HBI CBOMIMH JICKAPCTBEHHBIMHU CBOHCTBaMH, KOTOPBIE CBSI3BIBAIOT C UX cOCTaBOM. OJIMH M3 MEPCIIEKTUBHBIX CITO-
c000B Toy4eHus (hapMCHIPhs - OMOTEXHOJIOTHS «00POAATHIX)» KOPHEH, OHAKO BBIICICHHBIC U3 TPAHC(HOPMHPO-
BaHHBIX PACTCHUH CYOCTaHIIMH JOJDKHBI OBITh HCCIIEIOBAHBI HA COCTAB M aKTUBHOCTb.

Lean ucciienoBanusi — OIEHKA cOCTaBa (PEHONBHBIX COEIMHEHHUH B 3KCTPAKTaX TPaHCHOPMHPOBAHHBIX
KOpHEH, MOIy4eHHBIX C MOMOIIBIO YIBTPa3ByKOBOH 00pabOTKHU, U BBISIBICHUE MTPOTUBOBOCIAIUTEIBHOTO JICH-

CTBUS OKCTPAKTOB B OKCIIEPUMEHTE Y JKMBOTHBIX.

Marepuansl 1 MeToabl. Conepikanue (pEHOIbHBIX COCTUHEHUH M SKCTPAKTUBHBIX BEIIECTB MPOBOIHIOCH
1Mo OOMICTIPHHSATHIM METOAMKaM. VcciienoBaHe MPOTHBOBOCTIAIUTEIILHON aKTUBHOCTHU BBITIOJTHEHO Ha KPBICaX

camiax Wistar.

PesyabTarbl. C MOMOIIBIO YIETPA3BYKOBOH 00paOOTKH MOIYYEeHBI SKCTPAKTHI TPAHC(HOPMHUPOBAHHBIX KOP-
Heil. Onpe/eneHbl COCTaB U cofiepyKanue (EeHOJIBHBIX coeqHeHHI. [IpoBeieHbI UCTIBITaHNs Ha JIAOOPATOPHBIX
JKMBOTHBIX C 9KCIIEPUMEHTAIILHBIM CHCTEMHBIM BOCIAJIUTEIILHBIM MPOIIECCOM.

3akiaroueHne. YIbTpa3ByKOBast SKCTPAKINSA TPAHC(HOPMUPOBAHHBIX KOpHEH ObL1a 3 (heKTUBHON 1T H3BIIE-
yeHus (eHOIbHBIX coeqnHeHnid. [IpoBeieHHOe HecneoBaHue JeHCTBIS SKCTPAKTOB Ha ITyOOKYIO TeMIlepaTypy
TE€JIa Y KPBIC B HOPME U ITPU CUCTEMHOM BOCIIAJICHUH ITO3BOJIMIIO 3aK/IIOYUTD, YTO 6I/IOJ'IOFI/I‘IGCKI/I AKTHUBHBIC BC-
IIeCTBa MOJIBIHN OKa3bIBAIOT MOIYIIUPYIOIIEe JeHCTBHE Ha TEPMOPETYIISITOPHBIE PEaKIIHH.

KaloueBble cioBa: Artemisia annua, Artemisia vulgaris, ynsTpa3ByKoBasi SKCTPaKIUsI, TPOTHBOBOCIIANIH-

TCJIbHasA aKTUBHOCTbD.

Jist uuTHpoBaHus1. BIMsHYIE SKCTPaKTOB IBYX BUJIOB ITOJIBIHH HA TIPOIIECC BOCTIAJICHUS Y DKCIIEPHMEHTATBEHBIX
#uBOTHBIX / A. I. lllyToBa [u np.] / Buoxumust u monekymsipHast onomnorust. —2023. — T. 2, Ne1(2). — C. 105-110.

Bsenenue

[onbras ogHONeTHsA (Artemisia annua L.) u 1o-
JIBIHb OOBIKHOBEHHAs (Artemisia vulgaris L.) u3Bect-
HbI CBOUMH JIEKAPCTBEHHBIMU CBOMCTBaMH [1, 2, 3].

Merton «60poaaThIX» KOPHEH CUMTaeTCs B HACTOS-
1iee BpeMs OIHUM U3 Harbosiee 3PPEKTUBHBIX B OHO-
TEXHOJIOTMH PACTEHU JJISI CHHTE3a, HAKOTUICHUS 1 pe-
TYJISIUA TIPOU3BOJICTBA BTOPHYHBIX METaOOIHTOB
Omaromapst X CIOCOOHOCTH K OBICTpPOMY pocCTy 06e3
HCIIOTb30BaHMS (PUTOTOPMOHOB M HEOOXOIUMOCTH
JUITENbHOTO KynbTuBUpoBaHus [4]. [1o aToi npuun-
HE aKTyaJIbHBIM SIBIISIETCSI CO3JJaHWE aKTUBHBIX (hap-
MAaIeBTHYECKUX UHTPETNEHTOB Ha OCHOBE OMOTEXHO-
JIOTUH «OOpOJAThIX» KOPHEH MOJBIHY, MMOJTy4aeMbIX
MyTeM TpaHC(HOPMAIMH PACTEHUH C TOMOLIBIO (PUTO-
naToreHHbIX Oakrepuil Agrobacterium rhizogenes.
OpHako MmoydeHHbIe U3 TPAHC(POPMHUPOBAHHBIX KOP-
Hell cyOCTaHIIUU TOJIKHBI OBITH UCCIICIOBAHBI HA CO-
CTaB ¥ aKTUBHOCTh META0OJIUTOR.

Hus noBeimenust 3Q(QEeKTUBHOCTH U3BICUCHUS
OMOJIOrMYECKU aKTUBHBIX COCANHEHUHN U3 PACTUTEIIb-
HOTO CBIPbsI UCIIOJIb3YIOTCS PA3JIMUHBIC METO/bI, OIU-
caHHble B quTeparype [5—7]. B ctaree [5] Ha ocHOBe
CHUCTEMAaTHYECKOr0 HccieoBaHusl d(P(PEeKTUBHOCTH
W3BJICUCHUS JEBIATH OMOJIOTHUECKU aKTUBHBIX COE/IU-
HEHUU TOJBIHA OBLTIO 00HAPY)KEHO, YTO METOJ YITbT-
Pa3BYKOBOH 00pa0OTKH MOXKET 3HAUUTEIHHO IMOBbI-
cuThb 3P (HEeKTHBHOCTH IKCTPAKIUH (DITaBOHONUIOB U TH-
JIPOKCUKOPUYHBIX KUCIOT Artemisiae argyi Tpu
Harpese 10 +60 °C. CnemoBarensHO, TSl U3BICUCHUS
OMOJIOTMYECKHU aKTHBHBIX BEIIECTBA U3 TpaHC(HOpMU-
POBaHHBIX KOPHEH MOJIIHM HaMH Oblila TIPUMEHEHA
YABTPa3BYKOBasl SKCTPAKLUS IPU MOBBIILICHHOW TeM-
neparype.

[empsro paboThI OBLITH OLIEHKA COCTaBa ()eHOIBHBIX
COEIMHEHUH B HKCTPAKTaX TPaHCHOPMHUPOBAHHBIX
KOpHEH Artemisia annua  A. vulgaris, TOTy4eHHBIX
C TIOMOMIBIO YIBTPA3BYKOBOW 0OPaOOTKH, M BEISBIIC-
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HUC NIPOTHBOBOCHAJIUTCIILHOT'O Z[CﬁCTBHSI OKCTPAKTOB
B OKCIICPUMCHTC Y ) KUBOTHBIX.

Marepuasbl 1 METObI

B pabote ncmonp3oBanch TpaHC(HOPMUPOBAHHBIC
KOpHU A. annua v A. vulgaris, BeIpallieHHbIC B 71a00-
paropuu afianTalMoHHON OnoTexHonorun MucTuTyTa
KJIETOYHOW OMOJIOTMHM M TE€HETHYECKON WHKEHEepUuu
HanuvoHanbHOM akaieMuM HayK YKpauHbI, IIPENO-
CTaBJIEHHBIE [T HCCIIEIOBAHUS B PAMKAaX COBMECTHO-
ro MexxayHapoasoro mpoekra Ne B21YKPI-005.

VYibTpa3zBykoBas 00paboTKa MPOBOIUIIACE C TIOMO-
11bt0 JJaboparopHoi ycranoBku Bandelin SONOPULS
HD 2070 na MakcuMalbHOW MOILTHOCTH, IIPHU Harpe-
Baanu 10 +60 °C B Teuenue 45 mun. Ob1mee comep-
KaHue (PEHONIbHBIX COSIMHEHUH Opeaesia o Me-
tony ®onmuu—Yokanerey [8], comepkaHue IKCTpaK-
TUBHBIX BelllecTB — 10 ['ocynapcTBeHHON Dapmakoriee
Pecniyonuke benapyce [9]. st BOXXX ananu3a Obut
ncmoias3oBan xpomartorpad Agilent 1200 ¢ gumom-
HO-MAaTPUYHBIM JIETEKTOPOM M MaccC-CEeIeKTHBHBIM
netexTopom Agilent QQQ 6410. Pa3nenenne komrio-
HEHTOB Mpo0 mpoBommim Ha komoHke ZORBAX
Eclipse Plus C18 (2,1x150 mm; 1,8 MKM) TipH TemIIe-
parype +40 °C. Temmeparypa B aBTOCaMILIEPE COCTAB-
nsaa +12 °C, 00beM MHKEKIUK — 2 MK JleTekuus —
npu JytuHe BoiHbI 330 HM.

Jliig uccnenoBaHus MPOTUBOBOCTIAIMTENIBHON ak-
THBHOCTH DKCTPAKThl HA POTOPHOM HCHApUTENE W3-
0aBIISIIH OT STHUJIOBOTO CIIMPTA ¥ TIPOBOVIIN UCIIBITA-
HUSl Ha JIAOOPATOPHBIX )KUBOTHBIX C IKCIIEPUMEHTAIb-
HBIM CHCTEMHBIM BOCHAJUTEIHHBIM IPOIECCOM.
HccnenoBanue BHIIOIHEHO HAa KpbICaX-CaMIlaX CTOKa
Wistar, oqHOTO BO3pacta, Maccoit 250-270 r.

Bce paboTsl ¢ sKCTIepUMEeHTaTbHBIMU KHUBOTHBIMHU
BBITNIOJIHEHBI € COOJIIOACHUEM 3aKOHOAATEIbCTBA,
MIPUHIIMTIOB OMO3TUKN M B COOTBETCTBUH C MEXKTyHa-
POIHBIMU CTaHIAPTAMU KaueCTBA IUTAHUPOBAHUS M IIPO-
BEIICHUsI MCCIIEIOBAaHUN Ha >KUBOTHBIX («EBpomeii-
CKasi KOHBEHIHS 110 3aIIUTe TTO3BOHOYHBIX KUBOTHBIX,
WCIIONIb3YEMBIX IS AKCIEPUMEHTANBHBIX M WHBIX
Hay4JHBIX Tienein»; CtpacOypr, 1986—1998) [10].

B xone sxcniepuMenTa OOKCHI C 5 KUBOTHBIMH ITOMe-
IIaJId B TEPMOKaMepy, TEMITepaTypy KOTOpOil TocTo-
STHHO TOJep>KUBaIu Ha ypoBHe +29,5...+30,0 °C,
YTO COOTBETCTBOBAJIO JHANIa30HY TEPMOHEUTPAIHLHO-
ctu g kpeic [11]. CooTBeTcTBHE TeMIiepaTypsl
B TEPMOKaMepe YCIOBUIO TEPMOHEUTPAIIBHOCTH KOH-
TPOJIUPOBAIIA C TOMOMIBI0 MEIh-KOHCTAHTAHOBBIX
TepMonap pacHojOKEeHHBIX B MOJIOCTH KaMepbl U Ha
KOK€ OCHOBaHUs XxBocTa KphIc [11, 12]. Peructpauuro
[TyOOKOW M KOKHOW TeMIepaTypbl Tejla MPOBOIWIN
C MOMOILBIO annapaTHO-MPOrPaMMHOIO KOMILIEKCA
Pico (Pico, UK). YkazanHbie mapaMeTpsl pETHCTPUPO-
Balld KaXable 5 MUH B TeueHue 20 MUH 10 UHbEKIIUU

BEIIECTB U B TeueHHE 260 MUH TIOCIIE TIPOBEICHHBIX
Manumnyasauai [117].

Ji MofepoBaHus TIMXOPaI0YHOTO OTBETA B IKC-
MEPUMEHTE HCIOIB30BaINd  JIUIOMOIUCAXAPUT
Escherichia coli. Jluxopaaka, BbI3BaHHAs BHYTPH-
OpIOLIMHHBIM WJIM BHYTPUBEHHBIM BBEICHHEM JIUIIO-
nonucaxapuna E.coli B no3e 10—100 Mkr/kr (B 3aBu-
CHUMOCTH OT croco0a BBEICHUSI — BHYTPUBEHHO TN
BHYTPHUOPIOIINHHO), XapaKTepu3yercs monudasHo-
ctbio [ 13]. IlepBbie Tpu (a3bl TMXOPATOIHOTO OTBETA
HUJICHTU(QUIUPOBAHBI, WX TEMIICPaTypHbIC IHKU
B cpeaneM npuxonsarcs Ha 60-1o, 120-10 u 300-10 Mu-
HYTHI TOCTIE€ WHBEKIWW JUTMONoiIncaxapuaa E.coli
[13]. st uccnenoBanus ObLIN UCTIOIB30BaHbI 00pas3-
IIbI 9KCTPAKTOB TPaHC(HOPMUPOBAHHBIX KOPHEH TTOJTI-
HU OJIHOJICTHEH M IMOJILIHU OOBIKHOBEHHOU B (popme
CyCIIeH3UH [Tt BBEACHUS cyOcTaHIuii per os. Uccie-
JIOBaHUE TIPOBOIUIIH CIICITBIM METOIOM.

AHanu3 JaHHBIX BBIOJHSIN C UCIOIB30BAHUEM
mporpamm Origin 7.0 u STATISTICA 10 ¢ onpenene-
HUEM CpEIHEro apu(MeTHUECKOTO 3HAYCHUS U €ro
cTanmaptHoi ommOku M+m. [IpoBepky Ha HOpMaITb-
HOCTB pacpeIeICHHsI KOJTHMYECTBEHHBIX TTOKa3aTeei
ocy1ecTBIIsIIM ¢ momolbio mporpamMsl STATISTICA
10 mo xputepuro Illammmpo-Yunka. CpaBHATETBHEII
AHAJN3 KOJIMYECTBEHHBIX JAHHBIX MPOBOIMIMN C UC-
nonp30BaHneM kputepusi Kpackena—Yommuca. Beison
0 CTaTUCTUYECKON 3HAYMMOCTH Aenanu npu p < 0,05.

Pe3ysbTaThl 1 X 00CYKeEHHE

DKCTPaKThl TPAHCPOPMHUPOBAHHBIX KOPHEH IMOJIbI-
HU OBUIM TIPOAHAJIM3UPOBAHBI METOIOM KHJIKOCTHON
Xpomarorpaduu ¢ Macc-CeJICKTUBHBIM U JIMOIHO-Ma-
TPUYHBIM JETEKTOpaMH. B 3KCTpakTe MOJBIHU OIHO-
JIETHEH ymanoch WACHTH(UIINPOBATH 8§ COCTUHCHHM.
Okazanock, 4TO OCHOBHBIMH KOMITOHEHTAMH DKCTPAKTa
TTOJTBIHH OJJHOJIETHEH SIBIIAIOTCS KO(DEMITXMHHBIE KHCITO-
ThI M TIPOU3BO/IHBIE KO(QEHHON KHCIOTHI (Tabmuma 1).

B skcTpakTe monbIHU OHONETHEH Ipeobnamana
XJIOPOTEHOBAs KUCIIOTA, KOTMYECTBO KOTOPOH CcOCTa-
BUJIO OKOJIO 6 % OT coaepikaHus SKCTPAKTUBHBIX Be-
mectB. O0mIee KOJTUIECTBO HICHTH(OHUITUPOBAHHBIX
coeIMHEHUM cocTtaBmiio 35,4 % OT KOJIMYECTBA DKC-
TPaKTHBHBIX BEIIECTB, TOT/Ia KaK OMpEeIEHHOE Me-
togqom DosnurnHa-Yokansrey o0liee KoiIudecTBo (de-
HOJIBHBIX COETMHEHUH OBUIO BBIIIE U COCTABUIIO OKO-
110 96 %. B sxcTpakTe TpaHcPOPMHUPOBAHHBIX KOPHEH
MOJIBIHA OOBIKHOBEHHOM TaK k€ ObLIO MICHTU(UIIH-
poBano 8 coenuHeHU. CyMMa HISHTHQUIIMPOBAH-
HbIX MeToioM BOXXX coeamnnenuii coctaBuia okojo
56 % oT copepkaHus SKCTPAKTUBHBIX BEIECTB. B akc-
TpaKTe TOJBIHU OOBIKHOBEHHOH Tak K€, KaK B JKC-
TPAaKTE MOJIBIHU OIHOJIETHEW, TPUCYTCTBOBANA XJIOPO-
TCHOBasl KUCIOTa, OAHAKO B OOJBIIEM KOJIUYECTBE
MPUCYTCTBOBAIIN TUKOPEOMIXHUHHBIC KUCIOTHI.
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Tabnuna 1 — CoaepikaHue UHANBUYATbHBIX (CHOJb-
HBIX COCIMHCHUIN B 9KCTPAKTAX

Table 1 — Content of individual phenolic compounds
in extracts

Coneprxanue ¢e-
HOJIBHBIX COE/IMHE-
HHH,
Coemunenne /100 Macchbl KopHel
Artemisia|Artemisia
annua | vulgaris
Kodeunnxunnas xkuciora 1* 0,07 0,04
XoporeHoBast KHciora™* 0,11 0,14
Kodeunnxunnas kuciora 2* 0,07 0,05
D¢up 1BYX XMHHBIX KHCIOT U kodeit-| 0,07 -
HOW KUCIIOTHI WM alleTHIHPOBAHHBII
3¢up Tpex KOPEeHHBIX KUCIOT
Juxodennxunnas kuciora | 0,08 -
JuxodeonmnxHaas Kuciora 2 0,08 0,50
JlukodermnxuHHas KHcaoTa 3 0,09 0,22
JuxodenmxnHaHas KuciaoTa 4 0,08
Tpukodennxunnas kuciora 2 — 0,04
[TpousBonHOE KOPEHHOI KHCIOTHI U - 0,09
ApTAaHOEBOW KHCIIOTHI
CyMMa HIeHTH(OUITIPOBAHHBIX COE- 0,66 1,25
JUHEHUU
Conepxanne GCHONBHBIX COCTUHE- 1,79 2,20
Hu# o @onuny-Yokansrey
ConepkaHue SKCTPAKTHUBHBIX Be- 1,87 2,23
IIECTB

Ipumeuanue: * TOMEUCHHBIC BEIIECTBA OOCYHTHIBAIICH 10
KaJHOPOBKE JUIS XJIOPOTCHOBON KHCIIOTBI, BCE OCTAIBHBIC —
IUTSE KO CHHOM KUCIIOTHI.

Note: * the marked substances were calculated by calibration
for chlorogenic acid, all others — for caffeic acid.

[Janee OblIM MpoBeEHBI UCIIBITAHUS HA J1abopa-
TOPHBIX KUBOTHBIX C KCIIEPUMEHTAJIBHBIM CHUCTEM-
HBIM BOCHAJMUTEIbHBIM NpoueccoM. CoracHo Moiy-
YEHHBIM JaHHBIM, B IPYIIIIE KOHTPOIbHBIX )KUBOTHBIX,
KOTOPbIM BHYTPHUBEHHO BBOJIWJIN alIUPOTCHHBIN H30-
TOHWYECKUH pacTtBop xnopuzaa Harpus (0,9 %) ne
OBUIO YCTAHOBJIEHO JOCTOBEPHBIX U3MEHEHUH ITy00-
kol Temnieparypsl Tena (T,;) 1 pasHHLBI TeMIepaTyp
(9, °C) Ha MPOTSKEHUHU BCETO BPEMEHU PErHCTPALIUH
(pucyHok 1).

T, 9KCIEpUMEHTAIBHBIX JKUBOTHBIX KOHTPOJIBHOM
IpyIIB BapbUpoBaia B quanazone +37,88(+0,14) °C,
YTO HE BBIXOJMJIO 32 TPEeIbl 3HAYCHUI HOPMBI JUIS
KPBIC (CM. PUCYHOK 1).

[Ipu peructpauuu TemiepaTypsl Teaa y >KUBOT-
HBIX, KOTOPBIM MHTParacTpagbHO BBOAMIHM IKCTPAKT
TIOJIBIHU OJTHOJIETHEW, TOCTOBEPHBIX M3MEHEHHI TEM-
NepaTypHOro narrepHa oTMedeHo He Ob10. [Tokazarenu
TeMIepaTypbl TeJa KPBIC B TEUEHUE IKCIEPUMEHTA (PHK-
cupoBaiy B ipefenax o +0,32 °C, 9To COOTBETCTBOBAJIO
HOPMaJIbHBIM [TOKa3aTeNsIM TEMIIEPaTyphl Y )KUBOTHBIX

Y HE MMEJIO JOCTOBEPHBIX OTIIMYHIA OT (DOHOBBIX 3HA-
YEHUI U 3HAYCHUM TeMIEepaTyphl Y *KUBOTHBIX KOH-
TPOJBHOMN TPYIIIBI (CM. PUCYHOK 1).

1.4 4 —a— Control
1,2 - —#— Substance based on plant substrates No. 1 p.o
3 —<7— Substance based on plant substrates No. 2 p.o

1,0 4
0,8 -
0,6 -
0.4 -
0,2 4
0,0 5
-0,2 4
-0.4 <
-0,6 4
-0,8 4

=10 4
-1,2 4
-1.4 4
LR L L L L WAL L L e T

b | T
20 0 20 40 60 80 100 120 140 160
Time, min

5.°¢C

Pucynok 1 — M3menenue pasuuiisl temmeparyp (8, °C)
Y 37I0POBBIX JKUBOTHBIX JIO0 M TIOCJIE HHTPAracTpajbHOTO
BBEJICHHs CyOCTaHIMI Ha OCHOBE PaCTHTEJILHBIX IKCTPaK-
TOB Artemisia annua (Ne 1) u A.vulgaris (Ne2) (cromHon
CTPEJIKOI yKa3aHO BPeMsI BBE/ICHHS HCCIIETyEeMBbIX
Bemiects); *p < 0,05

Figure 1 — Change in temperature difference (5, °C) in
healthy animals before and after intragastric
administration of substances based on plant extracts
Artemisia annua (Ne 1) u A.vulgaris (Ne2) (solid arrow
indicates the time of administration of the test
substances); *p < 0,05

[TonyyeHnble 3KCIEpUMEHTAIbHbBIE JaHHBIE I10-
3BOJISIIOT 3aKJIIOYUTh, YTO MHTparacTpajibHOE BBEJe-
HUe cyOCTaHLMI Ha OCHOBE PacTUTEIbHBIX SKCTpPaK-
TOB Y 3OPOBBIX AKCIIEPUMEHTAIbHBIX KHUBOTHBIX HE
BBI3BIBACT U3MECHEHHI TEMIIEPaTypHOIO MaTTEPHA.

BuyTpuBenHoe BBeneHue Junocaxapuna E.coli
B J103¢ 50 MKI/KI' 9KCIEPUMEHTAIBHBIM KHBOTHBIM
BBI3BIBAJIO pa3BUTHE MOIU(a3HOro GpedpuiIbHOro OT-
BeTa (PUCYHOK 2).

[Mux I dhazer Habmonanu yepe3 10 MuH nocie UHb-
eKIHUH Jumononucaxapuna E.coli, ormedanu n1ocro-
BepHbIi (p < 0,05) nogsem (B cpenuem na 0,85 °C mo
CPaBHEHUIO C JOHOBBIMH 3HAUYCHHUSMH ) ITyOOKOH TEM-
neparypsl tena (T,) mo +38,55(x0,08) °C.

[Mux II ¢aser peructpupoBanu Ha 160-ii MUHYyTE
Monurtopunra: ysenudenue T,y 10 +38,57(20,23) °C
(B cpennem Ha 0,88 °C mo cpaBHEHHUIO ¢ ()OHOBBIMHU
3HaueHusAMH) (p < 0,05) (cM. prCyHOK 2).

MOHHTOPUHT TITYOOKOW TeMIleparyphl Tejla KpBbIC,
MOTYYaBIINX BHYTPHKETYIOUHO KCTPAKT TpaHCchop-
MHUPOBaHHBIX KOPHEH MOJIBIHM OIHOJETHEH M uepes
40 MMH — BHYTPHBEHHO junomnonucaxapun E.coli
B 7103¢ 50 MKI/KT TIOKa3aJl, YTO UCCIIEIYEMOE BEILIECTBO
HE OKa3bIBajJO BBIPAKCHHOIO JCHCTBHS Ha IMEPBYIO
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a3y GpeOpubHOrO OTBeTa (PErUCTPUPOBAIIH MOABEM
temneparypsl B cpeaaeM Ha 0,58 °C mo cpaBHEHHIO
¢ GoHOBBIMH 3HaUCHHAMH). [lepron Bropoit dazsr -
XOpaJ0YHOr0 OTBETA 10 BPEMEHHBIM M TEMIIEpaTyp-
HBIM U3MEHEHUSIM ObLIT OclallieH, OCIe Yero Temrie-
parypa Tena SKCIepHUMEHTAIBHBIX )KUBOTHBIX BO3Bpa-
agach K HOPMaJIbHBIM 3HAYEHUSM (CM.PUCYHOK 2).

1.4 o —% LPSE col 50manriv
2 #- Substlance based on plant substrates No 1 p.a+LPSE coli, 50 mogkg i v
12 - Substance based on plant substrates Mo 2 p o +LPS E col, 50 moghg i v
1,0 5 - =
0,8 - o
O 064 ; g [ =
O o4 | Fak _ T
<) Y\ s
0,2 5 a_ |/ . 1Y
] -::__,_-un Iy OM w/ o
. ﬁ! . -...l. * .. o
0,2 - .
0.4
LPS E colr
0,6 - '
0,8 - :
1.0 e T ST
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Pucynok 2 — smenenue pasuuisl Temmeparyp (8, °C)
Y KpBIC, BBI3BaHHbBIC HHTPAracTpabHbIM BBEICHHEM
cyOCTaHIMi Ha OCHOBE PAaCTUTEIBHBIX AKCTPAKTOB
Artemisia annua (Ne 1) u A. vulgaris (Ne2) ¢ mocnemyto-
MM BHYTPHUBEHHBIM BBesieHueM LPS E. coli (crumomHon
CTPEJIKOIl yKa3aHO BpeMsl BBE/ICHHS HCCIIETyEeMbIX
BEIIIECTB; MyHKTUPHOU CTpenkoil — Bpems BBeaenus JIIIC
E. coli); *p < 0,05

Figure 2 — Change in temperature difference (3, °C) in rats
caused by intragastric administration of substances based
on plant extracts Artemisia annua (Ne 1) u A. vulgaris
(Ne2) followed by intravenous administration of LPS
E. coli (solid arrow indicates the time of administration of
the test substances; dashed arrow indicates the time of
administration of LPS E. coli); *p < 0,05

BHyTprkenynouHoe BBEJCHUE DKCTpaKTa TPaHC-
(hOopMHUPOBAHHBIX KOPHEH MOJBIHM OOBIKHOBEHHOM

baaromapuoctn

Pabora BbINOIHEHA B paMKaxX MEX/{yHapOJHOIO IIPOEK-
Ta Ne B21YKPI'-005.

ABTOpBI BBIPXKAIOT 0;1aroapHOCTb JOKTOPY OHOJIOTH-
yeckux Hayk Hanexne AnaronseBHe MatBeeBoil 3a mpejio-
CTaBJIEHHBIE [UIsl UCCIIEI0BAHUN KYJIBTYpBI TpaHC(HOPMHUPO-
BaHHBIX KOPHEH MOJIBIHMU.

Choucok IUTUPOBAHHBIX UCTOYHHUKOB

1. Significance of Artemisia vulgaris L. (Common Mugwort) in
the History of Medicine and Its Possible Contemporary
Applications Substantiated by Phytochemical and
Pharmacological Studies / H. Ekiert [et al.] / Molecules. —
2020. — Vol. 25, Ne19. — P. 4415.

n yepe3 40 MUH — BHYTPUBEHHOE BBEJIEHUE JINIIO-
nonucaxapuaa E.coli B 1o3e 50 MKI/Kr HEe OKa3bl-
BaJIo Moayiupyromero 3dpdekra TemMiepaTypHOro
nattepHa. [Tepuosl mepBoii 1 BTopoit a3z nuxopa-
JOYHOT'O OTBETA 110 BPEMEHHBIM U TEMIIEPAaTypPHbIM
U3MCHCHHUAM 6I>IJ'II/I CXO0KHM C TAKOBBIMU Yy JKUBOTHBIX,
KOTOPBIM BBOAMJIM TOJIBKO JIMTIOCaxapuj (CM. pucy-
HOK 2).

3akJioyeHue

Vnbprpa3ByKoBas 3KCTpaKLuUsl TpaHCHOPMUPOBAH-
HBIX KOpHEH MOJIBIHK OHOJIETHEH U MOJIBIHK OOBIKHO-
BeHHOM Obl1a 3(h(heKTUBHON 1151 n3BIeUeHUs PEeHOIb-
HBIX COCAMHEHUH. B oTyueHHBIX 3KCTpaKTax onpezae-
JIEHO § COeTMHEHNH, B OCHOBHOM UACHTU(HLIUPOBAHBI
KO(hEeMJIXMHHBIE KUCIIOTBI M MPOU3BOIHBIE KO(EHHOM
KHCJIOTHI.

[IpoBenenHoe Mcciae0BaHUE JSHCTBUS HKCTPAK-
TOB MOJIBIHK Ha ITYOOKYIO TEMIIEPaTypy Tesla Y KpbIC
B HOPME U IIPH CUCTEMHOM BOCIAJIEHUH IO3BOJISIET
3aKJIIOUYNTh, YTO HKCTPAKTHl TPAHCPOPMUPOBAHHBIX
KOpHEH OKa3bIBAIOT MOIYJIUpYIOLIee AeHCTBHE Ha TEP-
MOPETYIATOPHBIE PEAKLINH.

[Tony4eHHBIE B X0O/I€ IKCIIEPUMEHTOB IaHHbIE YKa-
3BIBAIOT Ha OTCYTCTBUE BBIPKCHHBIX W3MEHEHHM
TEMIIEPATYPHBIX MAaTTEPHOB y 37J0POBBIX KHBOTHBIX,
HHTparacTpaJibHO MOJYYaBIIUX HCCIIEAyeMble CyO-
CTaHLIUH.

BryTprxenynouHoe BBeJCHHE SKCTPAKTa TPaHC-
(OpMUPOBAaHHBIX KOPHEH MONBIHU OAHOJIETHEH 3a
40 MMH 10 CUCTEMHOT'O BBEJCHHSI JIMIOTIOIHCAXapH-
na E. coli BeI3bIBaeT U3MEHEHHUs aTTepHa GpeOpuiib-
HOT'O OTBETA, a UMEHHO — OCNa0IseT BEIPAKEHHOCTD
II da3sr nuxopagky.

BryTpmkenynouyHoe BBeIEHHE SKCTPaKTa TPaHC-
(OpMHUPOBaHHBIX KOPHEH MOJIBIHM OOBIKHOBEHHOM 32
40 MHUH O CUCTEMHOT'0 BBEJICHUS JINNIONOINCAXapUaa
E. coline BbI3bIBaET U3MEHEHUH B pa3BUTHU (HeOpUIIb-
HOM peaxium.
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INFLUENCE OF EXTRACTS OF TWO SPECIES
OF WORMWOOD ON THE PROCESS OF INFLAMMATION
IN EXPERIMENTAL ANIMALS
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Introduction. Artemisia annua and Artemisia vulgaris are known for their medicinal properties, which are
associated with their composition. One of the promising ways to obtain pharmaceutical raw materials is the
biotechnology of “hairy” roots, however, the substances obtained from transformed plants should be examined
for the composition and activity.

Objective — to evaluate the composition of phenolic compounds in the extracts of the transformed roots,
obtained using ultrasonic treatment, and to identify the anti-inflammatory effect of the extracts in the experiment
in animals.

Materials and methods. The content of phenolic compounds and extractives was carried out according to
generally accepted methods. The study of anti-inflammatory activity was performed on male Wistar rats.

Results. Using ultrasonic treatment, extracts of transformed roots were obtained. The composition and
content of phenolic compounds were determined. Tests were carried out on laboratory animals with an experimental
systemic inflammatory process.

Conclusions. Ultrasonic extraction of transformed roots was effective in extracting phenolic compounds.
The study of the effect of extracts on deep body temperature in rats in normal conditions and with systemic
inflammation led to the conclusion that the biologically active substances of wormwood have a modulating effect
on thermoregulatory reactions.

Keywords: Artemisia annua, Artemisia vulgaris, ultrasonic extraction, anti-inflammatory activity.

For citation: Shutava H, Bashilov A, Zhavoronok I, Basalai A, Shabunya P, Fatykhova S. Influence of
extracts of two species of wormwood on the process of inflammation in experimental animals. Biochemistry and
Molecular Biology. 2023, vol. 2, no. 1(2). pp. 105-110 (in Russian).
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NCITOJBb30OBAHUE 3K/IN30HA B KAUECTBE
AHABOINYECKOI'O CPEJACTBA B CIIOPTE:
AHAJIM3 JIMTEPATYPbBI U PACUETBI IN SILICO

B. C. Kapnywenkoesa®, A. I1. Cmonspuyx*, A. B. @anempos’?, U. U. boiixo', B. M. [lIxymamos

YWupesicoenue obpaszosanus «beropycckuil 20cy0apcmeentpiil YHUSepCument,
2. Munck, Pecnyonuxa benapycw,
? Vupesicoenue Benopyccrkozo 20cyoapcmeeHHo20 yHueepcumema
«Hayuno-uccireoosamenvckuti uHCmumym Qu3uKo-Xxumuieckux npoonemy,
2. Munck, Pecnyonuxa Benapyco

BBez[e}me. BKI[I/ISOH " JPYTUC SKAUCTECPOUJIbLI ABJIAIOTCA TOpMOHAMU HACCKOMBIX, OAHAKO MOTYT JIM OHU
OKa3bIBaTh I[eflCTBPIe Ha KJICTKH YCJIOBCKA, BSaHMOﬂeﬁCTByH C peucnropaMu CTCPOUIHBIX TOPMOHOB, SABJIACTCA
[IPEIMETOM AUCKYCCUI.

Leab uccienoBanusi — NPOBECTH in silico pacyeThl CBSI3BIBAHUS JKJM30HA C PELENTOPAMHU CTEPOUIHBIX
TOPMOHOB C IMOMOIIBIO TJOKWHTA.

Marepuanasl u MeTonbl. B pabote rcnonb3oBanu nporpammuoe odecriedenne Autodock Vina n FYTdock
JUIsl MOJISTTPOBaHus, a Takke OriginPro Juis crarucTudeckoit 00padboTKy.

Pesyabratel. [Ipu momorniu pacyetos in silico BBISIBICHO, UTO JIyYIle BCETO SKAM30H CBS3bIBACTCS C TIIFOKO-
KOPTUKOMJIHBIMHU PELICITOPAMU; CTaTUCTUYCCKUN aHAJIN3 TTOKa3ajl MCHbLIIYTO a(b(bI/IHHOCTI) €ro CBsA3bIBaHHUsA C aH-
JIPOTCHOBBIMHU M DCTPOTCHOBBIMH PEIETITOPAMH B CPABHEHHHU C TECTOCTEPOHOM U 3CTPAIUOIIOM.

3akuroueHne. AHaIU3 MOTYYCHHBIX PE3yIBTATOB HE MO3BOJISICT C/eaTh BHIBOABI 00 3(hhEeKTUBHOCTH CBSI-
3BIBAHUSI OKIM30HA C PELETITOPAMH CTEPOUIHBIX TOPMOHOB, OTBEUAIOIINX 32 aHA0OIMUeCKHi A deKT, HO MmoKa-
3aHa BbICOKass a)pUHHOCTH MO OTHOIICHHIO K TIIIOKOKOPTHKOWAHBIM perentopam. [locTyaupyercs HeoOxoam-
MOCTb I[aﬂ]:-HefIHIHX PaCuUCTHO-TCOPETUUCCKUX U IKCIEPUMCHTAJIBHBIX I/ICCJ'ICZ[OBaHI/Iﬁ JUIA BBIABJICHUSA MOJICKY-
JIAPHBIX OCHOB HeﬁCTBHﬂ OKAW30HAa Ha OPraHU3M Y€JIOBEKaA 1 HpI/IHHHHHaHLHOﬁ BO3MOXXHOCTH €TI0 UCITOJIb30BaHUA

1,2

KaK aHa0OJIMYECKOTO cpeacrna.

KiioueBble ¢10Ba: SKIUCTEPOU/IbI, aHAOOINIECKUE CPEICTBA, TOKHHT.
Juis nuTHpoBaHus. crons30BaHne dKU30HA B Ka4eCTBE aHAOOIMYECKOrO CPEACTBA B CIIOPTE: aHAIIM3
JauTeparypsl ¥ pacuetsl in silico / B. C. KapnyienkoBa [u ip.] // buoxumus u monexynsipHas 6uosnorus. —2023. —

T.2, Ne1(2). - C. 111-115.

BBenenne

Cpenyu crienuanu3upOBaHHBIX OMOIIOTHYECKH aK-
TUBHBIX 100aBOK K rutiie (bAJl) Bctpedaercs mpomyk-
IUsI, CoZIeprKaIast SKINCTEPOHIbI, B OTICAHUN KOTO-
PBIX oTMe"aroTcs aHabonmmaeckue a3 dextsr. Hexoro-
pbIe (GUPMBI TO3UITHOHUPYIOT SKIU30H Ha PHIHKE KakK
CpenCTBO sl Habopa MbIIeyHONW Macchl. [IpomnsBo-
mutenu Takux BA /] onmmceiBarot cienyromtue 3¢ dex-
THI SKJUCTEPOUIOB: aHAOOIMIECKUIT — CHHTE3 COKpa-
TUTEIBHBIX O€JIKOB MBIIIEYHBIX KJIETOK, aHTHKAaTa0o0-
JTUYECKUH — TIpeloTBpalleHne pacnajga Oenka,
MEeTa0OMUYECKU — YCKOpEHWE CIKHTAHUS >KHPOB,
BJIMSTHAE Ha YIJIEBOIHBIM OOMEH — CHMKEHHE caxapa
B KPOBH, YCKOPEHNE KOMITEHCAITUH TIIMKOTEHA MOCIIe
TpeHnpoBKHU. [loMuMoO TOTO, IO WX CIIOBaM, SKAW30H
MSTKO CTUMYJIMPYET CHHTE3 TOPMOHA POCTa B THIIO-
(u3e U MOBHIIACT YPOBEHH CBOOOTHOTO TECTOCTEPO-
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Ha 3a cYeT ero BeICBOOOXAeHus u3 cBsizu ¢ SHBG
(roOysMH, CBSI3BIBAIOIIMIA TOJIOBBIE TOPMOHBI), IPH-
€M IIpernapara BeACT K POCTY BEIHOCIMBOCTH M CHIIO-
BBIX IOKa3aTesied, YKPEIUICHUIO CBSI30K, CYCTaBOB
1 CyXOXKUJIUH, a TAKXKE 3KIU30H CIIOCOOCTBYET Tepepac-
MPEe/IeJICHHI0 HYTPUEHTOB B opranm3Me. Oberaercs,
910 J0OABKA MOBBIIIACT aJaTAlJHOHHBIE CIOCOOHOCTH
OpraHu3ma: HOPMAJIM3YIOTCS MOKa3aTeNu JHUIMHIHOTO
oOMeHa, CHMKAeTCsl yPOBCHb XOJECTEPHHA U caxapa
B KpPOBH, ylIy4liaeTcsi padoTta MeueHH, cepama, cocy-
noB (cM., Hampumep, https://eviro-sport.by/catalog/
povyshenie-testosterona/westpharm_test/861/).

B nayuHoii 1uTEpaType €cTh NaHHbIE, YTO aHa-
Oonuyeckuit 3PPEKT IKIUCTEPOUIOB MOKET OBITh
OTIOCPENIOBAH €T0 CBS3BIBAHHEM C 3CTPOrCHOBBIM
peuentopom (ER) [1, 2]. [Toka3aHo, 4TO 3KIUCTE-
POH MOXET OKa3bIBaTh CHUJIBHBIN THIepTpodude-



ckuil 3P (PeKT Ha BOJOKHA KaMOAJIOBHIHOM MBIIIIIIbI
KPBICHI, TPEBBIIIAKIIAN TAKOBOH 115 METaHIUEHO-
Ha, 5CTPAJNECHANOHA U CEIEKTUBHOTO MOAYIATOPA
aHIPOTeHOBHIX perenTopoB (SARM) S-1; skcniepu-
MEHTBI IO MOJIEKYJISIPHOMY TOKUHTY TOATBEPINIH
onocpenoBanHoe ERP nelictBue axaucrepona [1].
BaxxHo orMeTHTh, uTO 32 aHabonn4yeckue papmaxo-
noruueckue 3pdexrsl Takux BAJl Takxke MOryT
OBITb OTBETCTBEHHBI HE TOJIBKO IKIUCTEPOUIBI, HO
Y MTOJIUTUIPOKCUIMPOBAHHBIE CTEPOHIbI THIIa Opac-
CHHOCTEpOUJ0B U BUTapepuH A pacteHuid [3].
B nayuHoii paboTte [4] moka3aHO, 9TO KIU30H MIPO-
aBIsgeT aPUHOCTh K MHUHEPATOKOPTHKOHTHBIM pe-
LENTopaM, OTPULIATEIBHO AEHCTBYS Ha paboTy MOYeK,
a B pabotre [5] mpoBoaWIN HCCIIEAOBAHHUE BIUSHHS
9KJIM30HA HA PA3TUYHBIC KICTKH MICKOTTUTAIONIUX.
[To naHHBIM BCEMUPHOTO AHTHUIONUHIOBOTO arcH-
ctBa WADA, B KaueCcTBe JOIMMHTOBOTO aHa0oIruYe-
CKOTI'O CPEICTBa B COPEBHOBATEIbHBII U BHECOPEB-
HOBAaTeJIbHBIA MEPUOJ aHAJIOT KAM30HA — IKAH-
CTEpOH — ObLI 3alpeuieH K NPUMEHEHHUIO TOJIbKO
B 2022 [6].

TakuM 00pa3oM, COINIACHO HAIIUM JaHHBIM, CyIIIe-
CTBYET AOCTaTOYHO HEOOJIBILIOE YUCIIO HAYYHBIX ITyOIIH-
Kallui{, KOTOpbIE B JIETANISIX U JJOCTOBEPHO OMHCHIBAIOT
MepEeueHb M MEXaHU3Mbl peal3alii aHAO00INUECKOro
U Ipyrux GpapMakoiornieckux 3(p¢GeKToB sKAN30Ha Ha
OpraHu3M 4ejioBeka, 3 (HEeKTHBHOCTD €ro JCHCTBHS B Ka-
YyecTBe aHa0O0MKa U Oe301acHOCTh puMeHeHust. C npy-
TOl CTOPOHBI, CTPYKTYPBI OOJIBIIUHCTBA PELETITOPOB
CTEPOUAHBIX TOPMOHOB U APYTHX OEJIKOB, JOKa3aHHO
CIOCOOHBIX OMOCpeNoBaTh aHabonuueckuit ek,
OTIPE/IeTICHBI W MPHUCYTCTBYIOT B CBOOOTHOM JOCTYIIE
(6a3a nanueix PDB: https://www.rcsb.org/).

CrnenoBareiabHO, COBPEMEHHBIH METOJl PacueToB
in silico, N3BeCTHBIH KaK MOJEKYJSPHBIH JOKUHT
(MomenupoBaHNE B3aWMOACHCTBHS HH3KOMOJICKY-
JISIPHBIX BEMIECTB C OCITKaMM ), MOYKET OBITH IPUMEHEH
JUTSL paCYETHO-TEOPETHYECKOTO III00AILHOTO aHaIN3a
BO3MOKHOCTH B3aMMOJICHCTBHSI DKJIUCTEPOUIOB CO
cTepouHBIME perenrtopamu; rporpamma FYTdock
JUISL OpTaHU3all U aHaJIKU3a Pe3yJIbTaTOB JOKHHIA
[8], ocymecTBIsIEMOTO TIPH TTOMO-
i nporpammbl Autodock Vina [9],
aBisgercst d9Q(GEKTUBHBIM HHCTPY-
MEHTOM [UJIsl IPOBEICHUSI TaKOTO
aHajun3a.

Llenp uccnenoBaHust — NPOBECTH
in silico MONEKyYNSIPHBIA JOKUHT K-
JTIN30HA C MHOYKECTBOM CTPYKTYp aH-
JPOTCHOBBIX, 3CTPOTCHOBBIX U IIIIO-

KOKOPTUKOUAHBIX  PEUENTOpPOB
M CTaTUCTHYECKYI0 00paboTKy pe-
3yJIBTaTOB.

Marepuaibl U METOAbI

JIOKHMHT TIPOBOVIIN C MCIIOJIb30BAHUEM ITPOTPaAM-
MbI Autodock Vina [9]; mporecc goknHTa B pekuMe
00paTHOTO BUPTYaJIILHOTO CKPUHHWHTA W aHAIU3 pe-
3yJABTAaTOB MPOBOIMIIH MPU ITOMOIIH ITPOTPAMMBI-TTO-
morHuka FYTdock [8]. daiinbl TpeXMepHBIX CTPYK-
Typ OenkoB ObuTH B3ATHI U3 0a3wl qanHbIX PDB. Ote-
HUBanu mapameTp ad(HUHHOCTH — aBTOMAaTHYECKH
paccuutsiBaemMyro Autodock Vina sHepruto cBsizbiBa-
nus (E,, kkan/mons). [Ipu momoun opuruHaIbHOM
nporpammsl FY Tdock oprannsoBsiBaiu pacyeTsl 1 re-
HepupoBanu HH(OpMannio 00 aMHHOKHCIOTHOM
OKpYy)XeHHH (B TaOIMIax YKa3blBalOTCS TOJIBKO
16 octarkoB win MeHbIIe). CTaTUCTUYCCKUIA aHATHN3
MIPOBEJICH TI0 3HAUYEHHUSIM PaCCUUTBHIBACMBIX BEJTHUNH
9HEPTUH CBSA3BIBAHUS C UCIIOJIB30BAHHEM ITPOTPAMMBI
Origin 2018.

Pe3yibraThl U UX 00CY3KIEHHE

Hnst in silico ncceqoBanusl OMOJIOTHYECKON aK-
TUBHOCTH SKIM30HA OBLT IPOBE/ICH JOKUHT JUIA BbI-
6opxu u3 580 cTpyKTyp O6€1IKOB, 0TOOpPaHHBIX U3 0a3bl
nauHblX PDB. B xauecTBe murangoB ObLUIN B3STHI DK-
JIM30H, a TaKXKe CTePOHIHBIE TOPMOHBI YEJIOBEKa Te-
CTOCTEPOH M ACTPAIHOIN I KOHTPOIIS (PUCYHOK 1).

[Tony4yennsie B pe3yaprare JOKUHIa 3HaueHus E
JUTS KQXKJIOTO THITA PEelenTopa U JUraHaa ObUTH Tipoa-
HaJM3UPOBAHBI C IPUMEHEHHEM METOJIOB MaTeMaTH-
YeCKOM CTaTUCTHKH, YTO MPEICTaBICHO B Tabmuie 1
U Ha PUCYHKeE 2.

[IpencraBnenHble pe3yabTaThl CBUIETEIHCTBYIOT
B TI0JIB3Y TOTO, YTO AKIAM30H Xy>KE€ CBSI3BIBAETCS C aH-
JIPOTEHOBBIMU ¥ JCTPOTEHOBBIMH pEIEeNTOpaMu
B CPAaBHEHHH C 3CTPATUOIOM U TECTOCTEPOHOM (BEIH-
quHbI E , U1 B3anMOAeHCTBUM SKIM30HA OOJIBIIE Ta-
KOBBIX IS CTEPOMAHBIX TOPMOHOB). DCTPAINON H Te-
CTOCTEPOH B3SIThI KaK KOHTPOJIbHBIE JIUTAH/IbI, CBSI3bI-
BafOIIHECs CO CBOMMH IPHUPOJHBIMH MHUIIEHSIMU:
ACTPAAMOI — C CTPOTEHOBBIMH PEIETITOPAMH, TECTO-
cTepoH — ¢ anaporeHoBbiMU. CormacHo WADA, tecto-
CTepoH O(hUIMATHHO TPU3HAH IOMWHTOBBIM Cpell-
CTBOM ¢ aHabomuaeckuM sddekrom [6]. s HekoTo-
PBIX  CTPYKTYp OCTPOTEHOBBIX PEIEeNnTOpPOB

Pucynox 1 — Crpykryps! acrpaanona (I), recrocrepona (II),
sxanzona (I1I) u rugpoxopruzona (IV)

Figure 1 — Structures for estradiol (I), testosterone (II),

ecdysone (III) and hydrocortisone (IV)
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Tabnuua 1 — /laHHble, OIyYEHHBIE B XO/I€ CTATUCTHYECKONH 00paOOTKH 3HAYCHUI SHEPTH CBSI3bIBAHUS (KKaJI/MOJIb)

JIMTaHI0B C peucuTOpaMu

Table 1 — Data obtained during statistical processing of values of binding energies (kcal/mol) of ligands with receptors

(qncie()ujjg;)pr) Jlurang Cpennee Makcumym Munumym MennanHoe
AHIPOTCHOBBIH SKIU30H -7.5 -6,8 -8.8 -71,5
(80) 3CTPOH -9.1 -6,9 -11,2 -9,05
TECTOCTEPOH -9,1 -6,8 -11,2 -8.9
TUAPO-KOPTU30H -7,1 -6,3 -10,8 -6,9
DKCTPOTEHOBIH SKAN30H -7,2 —4.6 -10,1 -7,1
(356) 3CTPOH -9,6 —4,3 -11,9 -9,9
TECTOCTEPOH -9,6 473 -11,9 -9.9
TUAPO-KOPTU30H -7,5 —4,7 -10,0 -7,2
[ MIOKOKOPTHKOUTHBIN |3KIN30H -7,3 -6,0 -10,2 -71,5
47) 3CTPOH -8.,2 -6,2 -11,0 -7,4
TECTOCTEPOH -8,1 -6,2 -10,9 7,6
THUIPO-KOPTU30H -1,7 -6,2 -11,5 -7,0

Ipumeuanue: KUPHBIM BBIICIEHO 3HAYEHHUE JIJIsI COOTBETCTBYIOIIEH Mapbl TOPMOH-PELENITOP.

Note: the value for the corresponding hormone-receptor pair is highlighted in bold.

HAOTIOAIOTCS CIy4Yad CPAaBHUMO XOPOIINX 3HAYCHHUN
E_, 10151 5K 1i30Ha — OHU JOCTUTAIOT 3HAYCHUIM TAKOBBIX
JUTSL ACTPAINOIIA, OJJHAKO CTATUCTHUECKUHN aHAJIH3 T10-
Ka3bIBaeT, YTO TaKWE€ 3HAYCHHS COCTABISAIOT MAIYIO
4acTh BEIOOPKH. Ba)KHO OTMETUTB, UTO IJISt CTPYKTYP
aHJ/IPOTCHOBBIX PEIENTOPOB MOIYYEHO IIIUPOKOE pac-
npeneneHue 3naueHuil E ; B ciayyae TecTtocTepona, 4to
JIeJIaeT 3aTPYTHUTEIHHBIM KOPPEKTHOE CpaBHEHHE (-

AHIPOreHOBbIE PELENTOPHI

.
N é |
-8 R
.
-
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THEPruA CBA3BIBAHUA, KKAI/MOIIE

T T
DKAHIOH DeTpanuon

[ NOKOKOPTHKOWAHBIE PELEnTOpb

"

=10 -
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=la T T

T
DKaHIOH Derpaamon TectocTepon

(heKTUBHOCTH CBSI3BIBAHUS €10 M OKIM30HA. Vicxomst u3
MUHUMAaNbHbIX 3HaYeHUH E ;, 5KU30H Tyyllie B3auMO-
JIEHCTBYET C TIIOKOKOPTUKOHMIHBIMH PELENTOpaMH,
YeM C aHJIPOTEHOBBIMH. DTO YKa3bIBaCT Ha PUCK Pa3-
BUTHUS COCTOSIHUM, OMOCPEIYEMbIX AKTHBALMEH IJIIO-
KOKOPTHKOHTHBIX PEIENTOPOB (OTEYHOCTb, YCHIICHHE
katabonmu3ma 0enkoB) [9], 4TO MOXKET MPUBECTH K HU-
BEJIMPOBAHMIO PEUMYIIIECTB aHAOOINIECKOTO dPPeK-

DCTPOreHOBbIC PELENTOPbI

L a——
.

. DHEpruA CBA3LIBAHHA, KKAN/ MONE
o
L
-

DKAHIOH

Derpaanon TectocTepou

Pucynok 2 — Cratuctuyeckuil aHanu3 3HaY€HUH YHepruit
CBsI3bIBaHMS (KKaJI/MOJIb) JUIst JIuranoB — sxan3ona (EC),
sctporena (ES) u Tecroctepona (T)

Figure 2 — Statistical analysis of binding energy values
(kcal/mol) for ligands — ecdysone (EC), estrogen (ES) and
testosterone (T)
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Ta BCJICACTBUEC aKTUBAIIUN 3CTPOTCHOBBIX PCUECIITOPOB.
CoryacHO HaIIUM JaHHBIM, BIIEPBHIC HA YPOBHE in
silico TokazaHa BO3MOXKHOCTh 9KJIU30HA CBSI3bIBATHCS
C INNIIOKOKOPTUKOUIAHBIMH PCUCITOPaAMU, XOTA IJId
20-Hydroxyecdysone Ob110 SKCTIEpUMEHTAIBHO MOKa-
3aHO HUBEIIMPOBAHHUE PE30POIIMU KOCTHON TKaHH, BbI-
3bpIBaEMOM ITIOKOKOpTHUKOoMIamu [10].

3akimoyeHue

JlaHHbIE Hay4yHOW JUTEpaTyphl MOKA3bIBAIOT BO3-
MOXHOCTb 3()()eKTHUBHOTO B3aUMOJEHCTBHUS SKIUCTE-
POHJIOB C 3CTPOr€HOBBIMU U MUHEPATIOKOPTHUKONIHBI-
MU penentopamu. Ha naHHBI MOMEHT He HalJIeHO
MHPOPMAIMK O BKIIOYEHWH KIU30HA B CIIMCOK JO-
MUHTOBBIX aHaOomnueckux cpeacts WADA, xots ero
MPOU3BOHOE — JKJIUCTEPOH — BKIIOYEH B HErO
B 2022 1. BO3MOXHOCTB peanu3ainiy aHaboIuueCcKoro
a¢dexTa SKAM30Ha CBA3BIBAIOT C €r0 B3aUMOJICHCTBH-
€M C 3CTPOreHOBbIMM perentopamu. lIposenennoe
HaMH pacyeTHO-TEOPETUUECKOE UCCIIEIOBAHUE B3aH-
MOJEMCTBHUS SKJU30HA C aHIPOT€HOBBIMH, 3CTPOT€HO-
BBIMU U ITTFOKOKOPTUKOMIHBIMH PELIETITOPaMHU € MPH-
BJIEYEHHEM METO/IOB CTATUCTHKH MTOKa3ajo0, YTo:

1) 9KIU30H CcIIOCOOEH CBA3BIBATHCS C AHIPOTEHO-
BBIMU M 3CTPOTEHOBBIMU PELIENITOPaMM, OAHAKO ad-

baaromapuoctn

PaGora mpoBenena npu noxpnepxke rpantros ['TTHU
Ne rp. 20210560 (5. B. ®anerpos, B. M. Illkymaros).
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(PMHHOCTB €ro CBSI3bIBAHMS COIVIACHO CPEIIHUM BEJIH-
ynHaMm E, 3HaUNTENBHO XYK€ TaKOBOH IS UX IPH-
POIHBIX JIMTAHAOB — TECTOCTEPOHA M ACTPaaAHMOINA
COOTBETCTBEHHO;

2) cpenu yKa3aHHBIX OCITKOB 3KIW30H MPOSBIII
001bIIYI0 a(PUHHOCTD K ITIIOKOKOPTUKOUTHBIM pe-
LETITOpaM COTIIACHO MUHUMAJIbHBIM 3Ha4eHUsM E,
JUIsl OTJIEJIBHBIX CTPYKTYp. Pa3BUTHE COCTOAHU,
OTIOCPENYEMBIX aKTUBAIHMEH TIFOKOKOPTUKOUIHBIX
penenTopoB (OTEYHOCTH, YCHICHHE KaTaboian3ma
OCJIKOB), MPUBEJAET K HUBCIUPOBAHUIO TPEUMY-
IIECTB YCWJICHHS aKTHBAIIUN 3CTPOTEHOBOTO PEeIIeTI-
TOpa, CIIOCOOHOTO OMOCPEIOBaTh aHAOOJNYECKUE
s dexrrl. [IpuHUMas BO BHUMaHHE BO3MOXXHOCTH
peanu3anuu aHabOIMUYECKOTO U APYruX 3PQPeKToB
SKJM30HA HA OPraHU3M 4YeJOBEKa 4epe3 peaausa-
IIMI0 B3aWMOJCUCTBUN C IPYTHMH OCITKaMH-MHUIIIEe-
HSIMU, HanpuMmep, pepMeHTaMu OMOCHHTE3a CTEPOU-
JIOB, TIOCTYJTHPYETCSI HEOOXOAMMOCTh JaNbHEHIIINX
PACYCTHO-TCOPCTUUCCKUX U ISKCICPUMCHTAJIBbHBIX
WCCIIeOBaHUI B3aMMOJICHCTBHSI KIU30HA C OeKa-
MM yesioBeka. Ha naHHBIM MOMEHT Hallu pacyeT-
HO-TCOPETUYECKHUE JJAaHHBIC HE MOJITBEPKIAAIOT BO3-
MOXXKHOCTh €T0 HCITOJIb30BaHUS Kak 3()pPeKTHBHOTO
1 6e301acHOTO aHA0OJINYECKOTO CPENICTBA.
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USAGE OF ECDYSONE AS ANABOLIC AGENT IN SPORTS:
LITERATURE ANALYSIS & /N SILICO CALCULATIONS
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'Belarusian State University, Minsk, Republic of Belarus;
’Research Institute for Physical Chemical Problems of the Belarusian State University,
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Introduction. Ecdysone and other ecdysteroids are insect hormones, but whether they can act on human
cells by interacting with steroid hormone receptors is a matter of debate.

Objective — perform in silico calculations of ecdysone binding to steroid hormone receptors using docking.

Materials and methods. We used Autodock Vina and FYTdock software for modeling, as well as OriginPro

for statictics.

Results. Using in silico calculations, it was found that ecdysone binds best to glucocorticoid receptors;
statistical analysis showed a lower affinity for its binding to androgen and estrogen receptors in comparison with

testosterone and estradiol.

Conclusions. Analysis of the obtained results does not allow us to draw conclusions about the effectiveness

of ecdysone binding to steroid hormone receptors responsible for the anabolic effect, but a high affinity for
glucocorticoid receptors is shown. The need for further computational,theoretical and experimental studies is
postulated to reveal the molecular basis of the action of ecdysone on the human body and the fundamental
possibility of its use as an anabolic agent.

Keywords: ecdysteroids, anabolic agents, docking.
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VAK 612.122.1: 616.36-092.9

3KCIEPUMEHTAJIbHBIE MOJIEJXA MOP®UHOBOM
NMHTOKCHUKALIMNU

A. I Bunuyxas, B. B. Jlenesuuy

Yupeosicoenue oopasosarnus «I poonenckuili 20cy0apcmeerHbvlil MEOUYUHCKUL YHUBEPCUMEM »,
2. I poono, Pecnyonuxa benapyco

BBeneHne. Hcnonbs3oBanue )KUBOTHBIX B HAy4YHBIX HCIIAX ABJISACTCA ﬂaBHeﬁ HpaKTHKOﬁ B o0/tacTu MCAULN-
HEI U OHOJIOTHYECKHX HCCHCHOB&HHﬁ. B 3KCHepI/IMeHTaHLHOﬁ HapKOJIOIrun HanboJIee YacTo HCHOJIb3YCTCA MOp(l)I/IH

1 HCKOTOPBIC APYTrue€ OnruoOubl.

Lean nccyieoBanmsi — aHAITM3 OCHOBHBIX )KUBOTHBIX MOJIelIel MOP(UHOBOH HHTOKCHKAIIMH, TPUMEHSEMbIX
B JIaDOpaTOpHSX NP U3yYCHUH MTAaTOreHe3a ONMUITHON HapKOMaHHH.

Marepuansl 1 MeTobI. Vcrionbp30Banick HayYHbIE My OIMKalny, eTTOHUPOBAaHHBIC B ONOINOTEYHBIX 0a3ax
nmannbix Medline, Elibrary.ru u National Library of Medicine, nocssieHHbIe SKCIIEPUMEHTAIBLHOMY H3yUCHHUIO

MOP(GUHOBOIM HHTOKCHKAIIUH.

Pe3yabratel. Pa3paboranst sddexruBHbIe MOAETH MOP(HUHOBONH MHTOKCHKAIMH, MO3BOJISIONINE H3Y4UTh
MeTabOJIMUECKUE CABUTH B TKAHSAX Ha Pa3HBIX CTaJIUSIX Pa3BUTHUS ONMIHHON HApKOMaHHH.

3akiriouenue. JJOCTUTHYT 3HAUUTENBHBIN Nporpecc B pa3paboTke Mozeneil MoppHHOBOW MHTOKCHKAIIMH,
YCIIOBHO MO3BOJISIIOIIUX SKCTPANIOIUPOBATh HAa YEIOBEYECKYIO MOMYIISLHUIO.

KuoueBble ciioBa: MopduH, )KHBOTHBIE MOJIEJIN, MOP(PHUHOBAS 3aBUCHMOCTb.

Js nutupoBanus. Bunnukas, A. I. DkciepuMeHTanbHble Moean MopduHOBOH nHTOKCHKamu / A. I'. Bu-
nunkas, B. B. Jlenesuu / buoxumust u Mmosnekyssipuast ouonorust. —2023. — T. 2, Ne1(2). — C. 116-119.

BBenenue

Hcnonp30BaHue )KUBOTHBIX B HAYUHBIX LIEJSIX SIB-
JsieTCs KakK JJaBHEH ITPaKTUKOH B o0acTu Onosioruye-
CKUX MCCJICAOBAHUN U MEIULMHBI, TaK U IPEAMETOM
YacTBIX CHOPOB B HAYYHOM cooOmmectse. [Topasurens-
HOE aHATOMHUYECKOE M (DU3MOJIOTHYECKOE CXOACTBO
MEX]y YeJIOBEKOM U KMBOTHBIMH, OCOOCHHO MIICKO-
MUTAIOLUMMH, TO0YXIaeT HcciaeqoBaTeneil uecieno-
BaThb MIMPOKHUII CIIEKTP MEXaHU3MOB U OLICHUBATh HO-
BbI€ METOBI JICUCHUS KUBOTHBIX, MIPEXKIE YeM IpH-
MEHUTb UX OTKPBITHS K Jitofsam [1].

B Hacros1iee BpeMst HakoIjIeH OouIbIIoi (akTuye-
CKUH Marepuan O NPUMEHEHUHU J1a0OpaTOPHbBIX KH-
BOTHBIX ISl M3y4eHUs Onosormueckux 3¢ (HeKToB
AJKOTOJIA W ONHOWAHBIX HApKOTHKOB (MOpduHa,
repouHa) [2, 3]. HecmoTps Ha TO 4TO J1abopaTtopHbIe
JKUBOTHBIE CO CMEILIaHHBIM ()eHOTUTIOM HE UAEaJIbHBI
JUISL OTPaKEHUsI ICTUHHON 4YelI0OBEYECKON CHUTYallMH,
I'PBI3YHOB YacTO MCHONB3YIOT JUIsI MOJCIIUPOBAHUS
OTAEJBbHBIX MPOSBICHUI HAPKOTUUIECKONH MHTOKCHKA-
LI1H, BKJII0Yast OCTPYIO HHTOKCHKALIMIO, KOHTPOJIUpYe-
MO€ U HEKOHTPOJIHMPYEMOE HOTpeOsieHHE, CHHIPOM
3aBUCUMOCTH HJIH COCTOSTHHE aOCTHHECHITHH [3].

MopduH sBISETCS €CTECTBEHHBIM AJIKaJIOUI0M
ONMMHHOIO Maka U 0C000 OMACHBIM HAPKOTUYECKUM
CPEACTBOM, PAa3PEIICHHBIM K KOHTPOJIUPYyEeMOMY 000-
pory B Peciyonuke benapycs. B xinaIUeckoit mpak-
THUKE MOP(HH UCTIONB3YETCs U151 KyTUPOBAHUS BBIPa-
JKeHHOTO 60sieBoro cuHapoma [4, 5]. OgHako craryc

JIETaIbHOTO HAPKOTHUYECKOTO CPEICTBA U CTielnprye-
ckue (hapMakoJOrHUeCKHe CBOMCTBA cHeNail MOp-
(UH DOCTYNHBIM HHCTPYMEHTOM MAJIs MPOBEIACHUS
MeTabOIMYEeCKUX UCCIIEIOBAHNUHN Y IOAOIBITHBIX JKHU-
BOTHBIX [6].

Lenb nccnenoBanus — 0030p OCHOBHBIX JKHUBOT-
HBIX Mojesnedl MOp(pHUHOBOM MHTOKCHKALIMH, TTPHMeE-
HSIEMBIX B J1TaOOpaTOpHsIX MPH W3YyUCHUU MATOTeHE3a
ONUIHON HAPKOMAaHUU.

Marepuanbl 1 METOADBI

OOBEKTOM HCCIIEJOBAHUS SIBUJINCH HAYUIHBIC ITy-
OnMKauuy, ICOHNPOBaHHbIE B ONOIMOTEUHBIX 0a3ax
nmaHHbeiXx Medline, Elibrary.ru u National Library of
Medicine ¥ MOCBSIIEHHBIE AKCIIEPUMEHTATHLHOMY
M3Y4YeHHIO OMMIHON (MOpP(HUHOBOI) MHTOKCHUKAIINN.
[Touck paboT MPOBOAMICS MO KIIOYEBBIM CIIOBaM
«MOpGUHY», «GKUBOTHBIE MOJEIN», «MeTaboiande-
ckue 3PQeKTs» U HEKOTOPBIM ApyruM. beuto mpo-
aHanmm3upoBaHo Oornee 200 crareid, OITyOITUKOBaHHBIX
3a nocienuue 30 jeT.

PesyubraThl 1 HX 00Cy>KAeHUE

OKCrepuMEeHTaTFHOE N3yUeHHEe ONHITHOM (MOphu-
HOBO) MHTOKCHKAIMK W3BECTHO ¢ 1970-x romos.
B nanpHeiinem ObLTH pa3paboTaHbl pa3IniyHbIe MOJIC-
71 MOP(HMHOBO MHTOKCHKAIIUHU HA KPBICAX B 3aBUCH-
MOCTH OT IIeJIel, TOCTAaBICHHBIX HCCIEI0BATEIAMU.
Tak, MexaHH3MbI (POPMUPOBAHHS TOJICPAHTHOCTH U OT-
JieNTbHbBIe TTOBe/IeHYeCcKre Y PEKTHI OMOUIOB H3y4a-
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10T Ha MOJICJISIX CAMOBBEJICHUsI HAPKOTHKOB. J{J1s1 Mo-
JETUPOBAHUS CUTYalMid ¢ ()OPMUPOBAHMEM 3aBHCHU-
MOCTH OT ONUIHBIX HAPKOTUKOB M a0CTHHEHTHOTO
CHHJpOMa pa3paboTaHbl CXeMbI TOJTYIPUHYAUTETLHO-
'O WY IPUHYANUTEILHOTO BBeNIeHH Mop(hrHa Oecro-
POIHBIM KpbIcaM M MbImam [6—12].

Mooenu camossedenus Haprkomukoe (self-
administration models) 0CHOBaHBI Ha TOIKPEILISIO-
HIMX CBOMCTBaX HAPKOTHYECKUX BEIIECTB, CIIOCO0-
CTBYIOIINX JOOPOBOJILHOMY >KEJaHHIO TOBTOPHUTH
yrnoTpebieHue npenapara. B mMonmensx Takoro pozaa
JKHMBOTHBIM TIPEIOCTABIISIETCS BBIOOP MEKITY UCCIeTye-
MBIM BEIIECTBOM U HEHTPAILHBIM WU MOJIOKUTEIb-
HBIM CTUMYIIOM ((PH3HOTIOTHYECKHI PACTBOP, PACTBOP
caxapo3bl wiu kopm) [2, 3].

Mooenu nonynpunyoumenbHozo 66e0eHUs Mop-
¢una. B 3KcriepuMeHTax TaKoro poaa MOpQuH mpe-
JOCTaBIISIETCSl KMBOTHBIM C KOPMOM HWJIM B BOJHBIX
pacTBopax ¢ caxapo3oil B KaueCTBE €JMHCTBEHHOTO
WCTOYHMKA MUTHS WK MUIiK. CyliecTBEHHBIM HE/I0-
CTaTKOM MOJYNPUHYIUTEILHOTO METO/A SIBISETCS
NPUCYTCTBHE crielM(UIecKoro MpuBKyca y pacTBopa
MOpQHHAa, YTO IPUBOUT K pa3/IEICHHUIO )KUBOTHBIX Ha
TPYIIIBI C PA3HBIM MPEIIOYTEHUEM K TIOTPEOIsIeMOMY
npenapary [3].

IIpunyoumensvnoe 66edenue mopguna B opra-
HHU3M )KHUBOTHOT'O ITPOUCXOJIUT ITOCPEICTBOM MOIKOK-
HBIX, BHYTPUBEHHBIX WJIM BHYTPUOPIONIMHHBIX UHB-
ekiuit [2, 3]. Cuurtaercs, 4YTO CTENEeHb MOTIOICHUS
JIEKapCTBEHHOT'O Mpenapara, HOCTYaloIero B opra-
HH3M, U3MEHSETCS CIIEAYIOIIM 00pa30M: BHYTPHBEH-
HOE > BHYTPHUOPIOIIMHHOE > BHYTPUMBIIIEUHOE >
MOJIKOKHOE > OpaibHOE. B CBS3M € 3THM y MENKHX
1ab0paTOPHBIX KUBOTHBIX, TAKMX KaK KPBICHI WA
MBIIITH, Har0oJIee MPEIIOYTUTEIHHO BHY TPUOPIOIITIH-
HOe BBeJeHHe mpenapata [2]. B Hacrodmee Bpems
AKTHBHO HMCIOJNB3YIOTCS CXEMBbl BHYTPUOPIOIIMHHOTO
BBeJIcHHS Mop(QUHA KpbIcaM Ui MOJCITHPOBAHHUS
OCTpPOH, XpOHUIECKOW MOP(OUHOBONH WHTOKCHUKAITIH
¥ MOP(UHOBOTO a0CTHHEHTHOTO CHHPOMA.

Ocmpas mopgunosas unmokcuxayus. OnHO-
KpaTHOE BBEJICHNE OMTUOUIOB KPbICaM IPUBOAUT K JI0-
303aBUCUMBIM d((heKkTamMm Ha CKOPOCTh MOTPeOIICHUS
KHCJIOPOJIa U TIIOKO3bI B TPUIISKAIIEM SIIpe U BEH-
TpadbHOM 00JIACTH MOKPHIMKN — cTpykTypax ITHC,
OTBETCTBEHHBIX Ha SU()OpPHUYECKHE U MOAKPEIIISIO-
mue 3 dexTs HaproreHos [7]. B Hamem uccienosa-
HHMHU MBI UCTIONIB30BAIM OJJHOKPATHBIC BHYTPUOPIOIIH-
Hble MHBEKIMU 1%-10 MOpdHHa THIPOXITOpHIa KPbI-
cam B no3ax 10, 20 u 40 Mr/Kr mMacchl >KHBOTHOTO.
BBenenue takux 7103 Mop¢drHA MPUBOANUIO K Pa3HO-
HaIpaBIIEHHBIM CIIBUTAaM B aKTHBHOCTH (PEPMEHTOB
metabommma TAMK — or akTHBaIuu pu BBEICHUH
HU3KOH JT03BI 10 yTHETEHHUS aKTUBHOCTH TIPH TPUMe-
HEHUU BBICOKOM J103bI IIpenapara [6].

Xponuueckaa mopgunosas unHmoxcuxkayuu.
JonroBpemenHbIe 3 (HeKTH MOPPUHOBOW HHTOKCH-
Kalliu ¥ Tporiecc (OpMHUPOBaHUS (PU3MUECKON 3aBH-
CUMOCTH U3Yy4ar0TCS Ha YXKUBOTHBIX MOJIEIISIX, TIPEITyC-
MaTpPHUBAIOIINX MPOJOIDKUTEIFHOE BBEIEHHE HApKO-
THKa. B iureparype onvcanbl 1Ba SKCIIEPAMEHTATEHBIX
pexxnMa Mop(hHUHOBOI MHTOKCHKAIINN, KOTOPBIE OTHO-
CATCSL K XPOHUYECKOMY U TPEPHIBICTOMY BBEICHHUIO
HapkoTHka [8—10]. MBI HCIIONIB30BANIN CXEMY XPOHH-
YECKOTO BBeJIeHHUS MOp(HHA ITyTeM BHYTPHUOPIOIITIH-
HOTO BBeeHus 1%-T0 pacTBOpa MOp(UHA THAPOXIIO-
puaa Ha npoTsbkeHuu 7, 14 u 21 pnei. Ilpenapar
BBOAMJICS 2 pa3a B CyTKH (C MHTepBaiIoM 12 1) B cym-
MapHoH J103e, Bo3pacratomieit oT 20 1o 40 mr/kr mac-
ChI B CyTKH [8].

Ilpepvieucman mopghunoseaa unmorkcuKayus
peacTaBisieT co00il pa3HOBUIHOCTD CyOXpOoHHYE-
CKOM MHTOKCHKAIIMM, TIPU KOTOPOM IMeprobl BBEJE-
HUSl HApKOTHKA MPEPHIBAINCH NEPHOIaMU BPEMEHH,
B T€YEHHE KOTOPBIX MOP(HUH MOTHOCTHIO HITU YaCTHY-
HO DJJIMMHHHpOBAJCS W3 opraHusma. B pabote
T Le Marek et al. (2011) «ripepbIBUCTBIN PEKUM BBE-
neHus MopdrHa ObIT OCHOBAH Ha €KETHEBHOM, OJTHO-
KpaTHOM BBEJIEHMH HapKOTHKA B OJTHO U TO K€ BpeMs
B no3e 20 mr/kr Ha mpoTspkeHuu 7 cyTok [10]. Mar
WCTIOJIb30BAJIM BapUaHT MPEPBIBUCTON MOP(HUHOBOI
WHTOKCUKAI[UU, OCHOBAaHHBIH Ha IIUKJIMYECKOM, BHY-
TPUOPIOIIMHHOM BBeIEHUH KpbicaMm 1%-ro pacTBOpa
Mop(HHA THAPOXIOPUAA B YBETUUMBAIOIIUXCS 103aX
ot 30 mo 40 mr/kr. Ilpm 3TOM MOpP(UH BBOAMIH IO
cxeme «4 cyTok Mop(uH + 3 CyTOK OTMEHa» C MOBTO-
PEHUEM HECKOJIbKMX TaKUX LHUKIIOB [9].

Mooenu mopghunosozo abcmuneHmmozo CUHOpPO-
ma (MAC). llenbio TakuxX SKCIIEPUMEHTOB SBIISCTCS
M3ydeHHe MMOBEIEHIECKIX, ONOXUMHYECKUX OTKIIOHE-
HUH py OTMeHe noTpednenus. Jpyrum npuMeHeHu-
€M TaKOTO pojia YKCTICPUMEHTOB SIBIISIETCS IPEKITHHN-
YeCKO€ TECTHPOBAHHE COETUHEHHH, MCIOIb3yeMbIX
WIH TUTAHUPYEMBIX K HCIIOJIB30BaHUIO B HAPKOJIOTH-
geckoi mpaktuke [11].

[TponomKUTETBPHOCTE U WHTCHCUBHOCTH a0CTH-
HEHTHBIX TIPOSIBIIEHUH Y KPBIC MTOCIIE TIPOIOIKATENb-
HOU MOP(GUHOBON MHTOKCHUKAIIMY HAMIPSIMYIO 3aBUCHT
OT HaJU4HUs JOTIONIHUTENLHBIX CTUMYIIOB TIOCIIE JIH-
meHus HapkoTuka [11]. B 3aBucumoctu ot Mmetonono-
TUH ¥ 1ienel sxcnepumenTa, MAC MOXET OBITh CHOH-
MAHHbIL, BOSHUKAIOIINH B OTCYTCTBHUE JIFOOBIX CTUMY-
JIOB, YC06HbILL WA 00YClo61eHHbil. Tak, TPU3HAKA
YCIIOBHOUW aOCTHHEHIIMH MOTYT BO3HUKHYTBH y MOp-
(bMH-3aBUCHUMBIX )KUBOTHBIX, TIOIBEPTaeMBIX CTPECCO-
BOH peakiuu B BUIE TPOMKOTO 3ByKOBOTO CHTHala
WJTH CBETOBBIX OJIMKOB. BBIITO TIOKa3aHO, 9TO MOPQHH-
3aBHCHUMBIE KPBICHI IEMOHCTPHUPYIOT CUMIITOM «OTPS-
XUBaHUS MOKpOH coOaku», Korja WX TOMENAIoT
B cpeny, Ilie OHU paHee UCIBIThIBAIM cTpecc [12].
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B Mozensx o0yciioBIeHHON a0CTHHEHIIUN TTOBE-
neHueckue npusHaku MAC BO3HHMKAJIU y KPBIC TO-
cJie BHYTPUOPIONIMHHOTO BBEACHUS aHTarOHHUCTOB
ONHUOUIOB, B OCHOBHOM, HAJIOKCOHA WJIM HAJTPEK-
cona. Takoii crroco® MoIeTupoOBaHuUsl A0CTHHEHTHO-
ro CHHAPOMA He TPeOOBall JOITOBPEMEHHOTO JIHIIIE-
HHs JXUBOTHBIX HapKOTHKA, IMOCKOJIbBKY BbI3bIBaJl
HMHTCHCHUBHBIC TIOBECACHUYECCKHUEC U q)HSHOJIOFI/I‘IeCKI/Ie
peaKkIuy HeMoCPEACTBEHHO M0Ce BBECHUS aHTa-
TOHHUCTaA 3a CYCT 6HOKI/IpOBaHI/IH MIO-OIMUMONIHBIX
peuenrtopos [11, 12].
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3akIouyeHue

Ananus Oudiorpaguyueckux 06a3 JaHHbIX CBHICTENb-
CTBYET O 3HAYUTEIILHOM MPOIPECcce B pa3pabOTKe HKHUBOT-
HBIX MOJEJICH ONMMMHOM MHTOKCHKAIMA. BOJIBIIMHCTBO
HCCTIE0BATENCH HCIONB3YET TPHI3YHOB U BBEJICHUE UM
MOpP(HHA KaK JIETAILHOTO U JIOCTYITHOTO HAPKOTUYECKOTO
CpElICTBA U €CTECTBEHHOTO aJIKaJIOUAa CHOTBOPHOTO
Maka. HakomieHo MHOKECTBO JaHHBIX O METa0oIHue-
CKUX HApYIICHUSX, BOSHUKAIOLINX B TKAHSIX HA PA3HBIX
CTaJIMSIX Pa3BUTHS OMUIHON 3aBUCUMOCTH, KOTOPBIE MOXK-
HO DKCTPAIONMPOBATh HA YEJIOBEUCCKYIO MOIMYIALHIO.
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EXPERIMENTAL MODELS OF MORPHINE INTOXICATION

A. G. Vinitskaya, V. V. Lelevich
Grodno State Medical University, Grodno, Republic of Belarus

Intriduction. The use of animals for scientific purposes is both a longstanding practice in medicine and
biological research. Morphine and other legal opioids are widely used in experimental studies of addiction.

Objective — analysis of the main animal models being used in laboratories in the study of the pathogenesis
of opiate addiction.

Materials and methods. We used the library databases Medline, Elibrary.ru and National Library of Medicine
for searching up publications, devoted to the experimental study of morphine intoxication.

Results. Effective models of morphine intoxication were developed and applied, that allow to study metabolic
disturbances in tissues at different stages of development of opiate addiction.

Conclusions. Considerable progress has been achieved in the working out of animal models of morphine
intoxication, which conditionally provide extrapolation to the human population.

Keywords: morphine, animal models, morphine addiction.
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ANTIMICROBIAL ACTIVITY OF PLANT EXTRACTS, PROMISING
FOR USE IN MEDICAL PRACTICE
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Institute of Biochemistry of Biologically Active Compounds of the National Academy
of Sciences of Belarus, Grodno, Republic of Belarus

Introduction. Today, antibiotics are widely used as antimicrobial agents. However, the development of
resistance of pathogenic and opportunistic microorganisms to antibiotics determines the search for new antimicrobial
drugs among herbal remedies.

Objective — to evaluate the composition and antimicrobial activity of plant extracts, as well as their therapeutic
possibilities in the treatment of conditions associated with a violation of the anatomical integrity of the skin.

Conclusion. These days it has become known how many plants have an important role in the medicinal and
therapeutic fields, as plant parts were used in many civilizations during ancient and modern times. Already in
ancient times, boxwood was used as a medicinal plant as a remedy for coughs, gastrointestinal diseases, as well
as chronic fevers, such as malaria. As a remedy against malaria, it is supposedly comparable in action to quinine.
Due to their toxicity, boxwood preparations are rarely used these days, since they are very difficult to accurately
dose. Overdose can lead to vomiting, seizures, and even death. Homeopaths still use boxwood as, ostensibly,
a remedy for rheumatism. The presented review, including antibacterial and wound-healing properties, indicates
the ambiguity and inconsistency of the research results. The more interesting will be the perceived results of further

research in this direction.

Keywords: antimicrobial activity, plants extract, medicinal plants, properties.
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Introduction

Today, antibiotics are widely used as antimicrobial
agents. However, the development of resistance of
pathogenic and opportunistic microorganisms to
antibiotics determines the search for new antimicrobial
drugs among herbal remedies [1].

Raw materials of plant origin can serve as an
almost inexhaustible source of biologically active
substances (BAS), which in turn are used in various
fields of modern industry [2]. In addition,
phytopreparations, possessing a mild action and rare
indication of allergic reactions, cause significantly
fewer side effects [3]. This is especially true for the
bacterial nature of the disease [4]

These plants have different pharmacological
actions [5], which is especially important in the fight
against microorganisms.

Even ancient Greek doctors noticed that evergreen
boxwood has many unusual beneficial properties.
Aphrodite’s flute was made from evergreen boxwood.
From boxwood they prepared special amulets against
evil forces, attributed to it the ability to ward off
nightmares. The branches of the boxwood served as
a symbol of longevity. In ancient times, boxwood was
used as a medicinal plant for coughs, gastrointestinal
diseases, and chronic fevers such as malaria. Currently,
Boxwood is used only in folk medicine, although it

has a hypotensive, diuretic, diaphoretic, antiseptic,
antibacterial, analgesic, antipyretic, choleretic effect.
The chemical composition of the plant and the possible
therapeutic and prophylactic effects have not been
studied enough [6].

Thus, given the insufficient data on the composition
of the herbal extract of the Buxus plant and its use in
folk medicine, we set the task to study the composition
of the Buxus plant extract and its antimicrobial activity,
therapeutic possibilities in the treatment of conditions
associated with the violation of the anatomical
integrity of the skin covers.

Purpose of scientific review — to evaluate the
composition and antimicrobial activity of plant
extracts, as well as their therapeutic possibilities in the
treatment of conditions associated with a violation of
the anatomical integrity of the skin.

Plant extracts and components

These days it has become known how many plants
have an important role in the medicinal and therapeutic
fields, as plant parts (stems, roots, leaves, etc.) were
used in many civilizations during ancient and modern
times [7].

Coriandrum sativum (L.) (Umbelliferae-Apiaceae)
(coriander, cilantro) was introduced to Chinese
cooking and medicine around AD 600, since when it
has been known as hu, ‘foreign’. In the Chinese
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Materia Medica , it was recommended for certain
types of non-pathogenic food poisoning caused by
decaying matter. The parts of the coriander used are
its leaves, seeds and oil. The fresh leaves and ripe
seeds have quite different aromas and uses. Both the
leaves and seeds are rich in volatile oils that act mainly
on the digestive system, stimulating the appetite and
relieving irritation. They also act as an expectorant.
The oil is fungicidal and bactericidal. The, leaves are
widely used to flavor food, especially in the Middle
East, and southeast Asia. The seeds are also an
ingredient of curries and pickling spices, and bakery
products. Medicinally, coriander is used internally for
minor digestive problems, and externally for
hemorrhoids and painful joints (seeds). Seeds reduce
griping in laxative preparations based on Rheum
officinale and Cassia angustifolia. The oil adds to the
flavor of gin, vermouth and Chartreuse, and is also
prized in perfumery the plant Juniperus oxycedrus (L.)
(Cupressaceae) (juniper) is a Mediterranean plant, it
is found in Thrace and many parts of Anatolia. A drug
made from J. oxycedrus is called Pix Juniperi (TK.)
(Juniper Tarry, Oleum cadinum). Pix Juniperi shows
a powerful antiseptic effect and is used externally in
the field of dermatology for mange, eczema and curing
oily hair. It is found in soaps and in pomades with the
aim of curing alopecia. Various junipers are used
medicinally for example, native North Americans use
it to treat a wide range of conditions, from kidney
complaints to dandruff and syphilis. Various parts such
as the fruits, seeds and oil of the juniper are used [8].

In ancient Mesopotamia herbal medicine and other
pharmaceuticals were ubiquitously used tools of as
physicians. Some treatments were likely based on
empirically discovered characteristics of the
ingredients used, while others were less based in
effectiveness and more based in the attribution of
superstitious or symbolic qualities. A Sumerian
cuneiform tablet from c. 3000 BCE details fifteen
pharmaceutical prescriptions, though it lacks the
context that would be provided by the names of the
associated diseases or the amounts of the ingredients.
The elements of the treatments are faunal, botanic, and
mineral: sodium chloride (salt), potassium nitrate
(saltpeter), milk, snakeskin, turtle shell, cassia, myrtle,
asafetida, thyme, willow, pear, fig, fir, and date. All
parts of plant anatomy were utilized: branches, roots,
seeds, bark, sap, and branches.

Opiates were another class of botanical medicine
that was utilized by the ancient Mesopotamians:
narcotics were derived from Cannabis sativa (hemp),
Mandragora spp. (mandrake), Lolium temulentum
(darnel), and Papaver somniferum (opium). There is
evidence that opium poppies were definitely present

in Sumeria by 3000 BCE, but they were probably
reserved for use by ashipu and priests in healing
temples, and they were used in conjunction with
hemlock as euthanasia. Clearly the pharmacopeia of
Mesopotamia was elaborate even in Sumerian times,
and the unnamed writer of the prescription tablet knew
the correlation between illnesses and prescriptions
without having to name the illnesses [9].

Medical uses of plants extract

As nature is rich with different plants, researchers
have focused their attention towards plant extracts as
an alternative to synthetic drugs to be applied in the
clinical setting.

It has been widely reported that plant extracts such
as essential oils contain various bioactive compounds
which are responsible for bioactivities, such as
antimicrobial, anticancer, and anti-inflammatory
agents [10].

Antimicrobial activity

Antimicrobial use has been common practice for
at least 2000 years. Ancient Egyptians and ancient
Greeks used specific molds and plant extracts to treat
infection.

The ethanolic extract of Sphareranthu hirtus
exhibited a higher effect of the antimicrobial activity
than the hot water extract .Also it was active against
multi-drug resistant Pseudomonas aeruginosa and
enterohemorrhagic E. coli 0157 EHEC [11].

The date palm tree from the African region, which
has been tested for its antibacterial activity and has
been reported to have activity against
Enterobacteriaceae, such as pathogenic strains of
Escherichia coli, Klebsiella pneumoniae, Salmonella
typhi, and Proteus mirabilis, but, other than E. coli and
K. pneumonia strains, date palm trees from the Middle
East have yet to be tested for antibacterial activity
against other Enterobacteriaceae.The leaves of date
palm have been shown to exhibit antimicrobial activity
against both Gram-positive and Gram-negative
bacteria.

The anti microbial property of a plant extract is
determined by the presence of compounds such as
phenols, tannins, flavonoids, terpenoids, and saponins,
and the methanol extract of plants has been recorded
to contain high amount of these compounds.

Major groups of antimicrobial compounds from
plants

Plants have an almost limitless ability to synthesize
aromatic substances, most of which are phenols or
their oxygen-substituted derivatives [12]. Most are
secondary metabolites, of which at least 12,000 have
been isolated, a number estimated to be less than 10%
of the total . In many cases, these substances serve as
plant defense mechanisms against predation by
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microorganisms, insects, and herbivores. Some, such
as terpenoids, give plants their odors; others (quinones
and tannins) are responsible for plant pigment. Many
compounds are responsible for plant flavor (e.g., the
terpenoid capsaicin from chili peppers), and some of
the same herbs and spices used by humans to season
food yield useful medicinal compounds [13].

a) Phenolics and Polyphenols

Dates (Phoenix dactylifera) have been identified to
exhibit antimicrobial activity and anti-inflammatory
response from various parts of the tree, such as the
fruit and seeds, due to the presence of phenolic
compounds and flavonoids.

Other than the date palm, the phytochemical
analysis of figwort (Scrophularia sp.) plant extract
from various showed that the extracts contain phenolic
compounds, which is attributed to the antimicrobial
activity.

Catechol and pyrogallol both are hydroxylated
phenols, shown to be toxic to microorganisms.
Catechol has two 20H groups, and pyrogallol has
three. The site(s) and number of hydroxyl groups on
the phenol group are thought to be related to their
relative toxicity to microorganisms, with evidence that
increased hydroxylation results in increased toxicity.

The mechanisms thought to be responsible for
phenolic toxicity to microorganisms include enzyme
inhibition by the oxidized compounds, possibly
through reaction with sulthydryl groups or through
more nonspecific interactions with the proteins [14],
Phenolic compounds act on the bacteria by altering the
permeability of the plasma membrane of bacterial
cells, altering enzymes in the cells or through
modifying the rigidity of the cell wall; this results in
the loss of integrity in the cell membrane.

The common herbs tarragon and thyme both
contain caffeic acid, which is effective against viruses,
bacteria, and fungi.

Quinones

Quinones are aromatic rings with two ketone
substitutions. They are ubiquitous in nature and are
characteristically highly reactive. In addition to
providing a source of stable free radicals, quinones are
known to complex irreversibly with nucleophilic
amino acids in proteins, often leading to inactivation
of the protein and loss of function. For that reason, the
potential range of quinone antimicrobial effects is
great. Probable targets in the microbial cell are surface-
exposed adhesins, cell wall polypeptides, and
membrane-bound enzymes. Quinones may also render
substrates unavailable to the microorganism. As with
all plant-derived antimicrobials (6).

Flavones, flavonoids, and flavonols

Flavones are phenolic structures containing one
carbonyl group (as opposed to the two carbonyls in

quinones). The addition of a 3-hydroxyl group yields
a flavonol.

Flavonoids also are hydroxylated phenolic
substances known to be synthesized by plants in
response to microbial infection and they have been
found to be antimicrobial substances against wide
array of microorganisms in vitro [3]. Their activity is
probably due to their ability to complex with
extracellular and soluble proteins and to complex with
bacterial cell wall [15].

Delineation of the possible mechanism of action of
flavones and flavonoids is hampered by conflicting
findings. Flavonoids lacking hydroxyl groups on their
b-rings are more active against microorganisms than
are those with the 20H groups; this finding supports
the idea that their microbial target is the membrane.
Lipophilic compounds would be more disruptive of
this structure. However, several authors have also
found the opposite effect; i.e., the more hydroxylation,
the greater the antimicrobial activity. This latter
finding reflects the similar result for simple phenolics
(see above). It is safe to say that there is no clear
predictability for the degree of hydroxylation and
toxicity to microorganisms.

Catechins, the most reduced form of the C3 unit in
flavonoid compounds, deserve special mention. These
flavonoids have been extensively researched due to
their occurrence in oolong green teas. It was noticed
some time ago that teas exerted antimicrobial activity
and that they contain a mixture of catechin compounds.
These compounds inhibited in vitro Vibrio cholerae
01, Streptococcus mutans, Shigella , and other bacteria
and microorganisms.

b) Terpenoids and Essential Oils

The fragrance of plants is carried in the so called
quinta essentia, or essential oil fraction. These oils are
secondary metabolites that are highly enriched in
compounds based on an isoprene structure. They are
called terpenes, their general chemical structure is
CioHis.

Terpenoids are synthesized from acetate units, and
as such they share their origins with fatty acids. They
differ from fatty acids in that they contain extensive
branching and are cyclized. Examples of common
terpenoids are methanol and camphor (monoterpenes)
and farnesol and artemisin (sesquiterpenoids).

Terpenenes or terpenoids are active against
bacteria, fungi, viruses, and protozoa. In 1977, it was
reported that 60 % of essential oil derivatives examined
to date were inhibitory to fungi while 30 % inhibited
bacteria [16].

The mechanism of action of terpenes is not fully
understood but is speculated to involve membrane
disruption by the lipophilic compounds.
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¢) Alkaloid

Heterocyclic nitrogen compounds are called
alkaloids. The first medically useful example of an
alkaloid was morphine. Codeine and heroin are both
derivatives of morphine. Berberine is an important
representative of the alkaloid group. It is potentially
effective against trypanosomes and plasmodia. The
mechanism of action of highly aromatic planar
quaternary alkaloids such as berberine and harmane is
attributed to their ability to intercalate with DNA.

d) Lectins and Polypeptides

Peptides which are inhibitory to microorganisms
were first reported in 1942. They are often positively
charged and contain disulfide bonds. Their mechanism
of action may be the formation of ion channels in the
microbial membrane or competitive inhibition of
adhesion of microbial proteins to host polysaccharide
receptors. Recent interest has been focused mostly on
studying anti-HIV peptides and lectins, but the
inhibition of bacteria and fungi by these
macromolecules, such as that from the herbaceous
Amaranthus, has long been known.

Others

Many phytochemicals not mentioned above have
been found to exert antimicrobial properties. there are
reports of antimicrobial properties associated with
polyamines (in particular spermidine), isothiocyanates,
thiosulfinates, and glucosides.

Polyacetylenes deserve special mention. Estevez-
Braun et al. isolated a C17 polyacetylene compound
from Bupleurum salicifolium, a plant native to the
Canary Islands. The compound, 8S-heptadeca-
2(72),9(Z)-diene-4,6-diyne-1,8-diol, was inhibitory to
S. aureus and B. subtilis but not to gram-negative
bacteria or yeasts (8). Acetylene compounds and
flavonoids from plants traditionally used in Brazil for
treatment of malaria fever and liver disorders have
also been associated with antimalarial activity.

Anti-Cancer and Anti-Tumor Activity

Plant extracts from the Middle East are known to
have anti-cancer and anti-tumor properties, with the
added ability to also enhance the immune system and
induce apoptosis among carcinoma cells [17].

The anti-cancer and anti-tumor activities in the
plant extract are due to the presence of various groups
of compounds, such as alkaloids, diterpenes,
diterpenoquinone, purine-based compounds, lactonic
sesquiterpene, proteins, and macrolides.

A total of 7500 plant extracts were screened for in
vitro anticancer activity against a panel of three human
cell lines and the results showed that the largest
number of plant specimens in that study was from the
family Asteraceae, which is rich in sesquiterpene
lactones [18].

Anti-Inflammation and Anti-Diabetic Activity

Anti-inflammation is an important aspect which
enhances the immune system of the host when the host
is invaded by pathogens. However, inflammation may
cause diseases such as heart disease, diabetic, cancer,
and arthritis. This issue can be overcome by consuming
a diet which includes flavonoids and phenolic
compounds that possess antioxidant activities. Plant
extracts isolated from the Middle East region have
exhibited anti-inflammation and anti-diabetic
properties, which aid in enhancing the immune system
of the host.

Cactus has been identified to have anti-diabetic
properties due to the presence of compounds such as
linoleic acid (polyunsaturated fatty acid), oleic acid
(monounsaturated fatty acid), vitamins such as
tocopherols and vitamin K1, sterols, and carotenoids.

Plant extract synthesized nanoparticals

The use of plant extracts for making metallic
nanoparticles is inexpensive, easily scaled up and
environmentally benign. It is especially suited for
making nanoparticles that must be free of toxic
contaminants as required in therapeutic applications.
The plant extract based synthesis can provide
nanoparticles of a controlled size and morphology. In
medicine, nanoparticles are being used as antimicrobial
agents in bandages, for example. Applications in
targeted drug delivery and clinical diagnostics are
developing [19].

Even though the importance of plants for
nanoparticles synthesis was realized and also reported
since 2004, the number of publications on plant extract
synthesized nanoparticles is steadily being increased
from 2009 and the maximum number of papers was
published in 2012 and 2013 with 54 and 74 publications
[20, 21, 22, 23, 24].

Boxwood (Latin Buxus) is a genus of plants of the
Boxwood family

Boxwood (Buxus) is a genus of plants of the
Boxwood family, slow-growing evergreen shrubs and
trees that grow to a height of 2 to 12 m (occasionally
up to 15 m). The Latin name of the genus comes from
ancient Greek. [T0&og - bux, boxwood, borrowings
from an unknown language [25].

Distribution and ecology

Boxwoods are very unpretentious plants: they grow
on scree, on the edges of forests, in shrubs and dark
deciduous forests. Very shade-tolerant, but also
thermophilic. In nature, they live on slightly acidic soils.

There are three large areas:

African — in forests south of Equatorial Africa and
Madagascar,

Central American - in the tropics and subtropics
south of northern Mexico and Cuba (25 species);
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American species are the largest-leaved plants of the
genus, often reaching the size of medium-sized trees
(up to 20 m),

Euro-Asian - from the British Isles through
Southern Europe, Asia Minor and Western Asia,
Transcaucasia, China to Japan and Sumatra.

Meaning and application

Boxwood is one of the oldest ornamental plants
used for landscaping and ornamental horticulture
(often called Buxus). Valued for its dense, beautiful
crown, shiny foliage and the ability to tolerate a haircut
well, which allows you to create hedges and curbs
from them, as well as bizarre shapes that retain their
shape for a long time.

Catholics, as well as Orthodox Christians of
Georgia, decorate their homes with boxwood branches
on Palm Sunday.

Boxwood is a kernelless ripe woody breed. Dried
boxwood has a uniform matte color from light yellow
to waxy color, which darkens little over time, and
a homogeneous structure with narrow annual layers.
The vessels are small, solitary, not visible to the naked
eye. The core rays are almost invisible in the cuts. The
wood tastes a little bitter, there is no particular smell.

Boxwood is the hardest and densest wood found in
Europe. Its density is from 830 kg / m* (absolutely dry)
to 1300 kg / m? (freshly cut), and its hardness is from
58 N/ mm? (radial) to 112 N/ mm? (end). In terms of
strength, boxwood is superior to hornbeam [26].

Medicine

Already in ancient times, boxwood was used as
a medicinal plant as a remedy for coughs,
gastrointestinal diseases, as well as chronic fevers,
such as malaria. As a remedy against malaria, it is
supposedly comparable in action to quinine. Due to
their toxicity, boxwood preparations are rarely used
these days, since they are very difficult to accurately
dose. Overdose can lead to vomiting, seizures, and
even death. Homeopaths still use boxwood as,
ostensibly, a remedy for rheumatism.

Poisonous properties

All parts of the plant and especially the leaves are
poisonous. Boxwood contains about 70 alkaloids,
including cycllubuccin D. In the leaves and bark, the
alkaloids content is about 3 %. The lethal dose of
cyclobuxin D for dogs is 0.1 mg per kilogram of body
weight when taken orally.

According to the site The Plant List, the genus
contains 104 species (Buxus spp).

Chemical composition of boxwood

Boxwood (buxus) is rich in alkaloids. These
substances have long been used in medicine and not
only. Many alkaloids have both a therapeutic effect
(vincristine is an antitumor) and a psychostimulating
or narcotic (caffeine, cocaine).

In all parts of the boxwood (root, leaves, shoots and
even bark) there are about 70 alkaloids, which have
different effects on the human body. The main ones are
cyclocoreanin B, cyclobuxin D, buxin, parabuxin,
buxipin. Boxwood leaves contain approximately 3 %
of these substances. This percentage is considered
high and is valued in folk medicine [27].

In addition to alkaloids, boxwood contains
bioflavonoids (regulate the action of enzymes and
restore body cells), resins, essential oils and tannins
(have antimicrobial effects).

Boxwood (buxus): medicinal properties and
contraindications

The rich chemical composition provides the
beneficial properties of boxwood.

The content of a significant amount of alkaloids in
the composition play an important role in the treatment
ofarterial hypertension and heart diseases: arrhythmias
and myocardial ischemia.

Tannins in the structure of the buxus provide
antibacterial and antiseptic action. Oil - celery - also
has a strong antimicrobial effect.

The presence of bioflavonoids in the composition
regulates the action of enzymes and ensures the
restoration of body cells.

The phytoncides released by the plant destroy
viruses, bacteria and various harmful microorganisms
in the air.

In folk medicine, buxus is used for:

— elevated temperature;

— inflammation of the gallbladder and bile ducts;

— cardiovascular diseases (arrhythmias and
ischemia). For diseases of the heart and blood vessels,
sagan-daila is also indicated for use;

— diseases of the urinary tract;

— joint pain;

— non-healing wounds and abrasions;

— baldness and seborrhea.

Contraindications

Treatment with boxwood and taking funds based
on it is contraindicated in: pregnancy at all stages,
lactation period, tendency to allergic reactions,
individual plant intolerance, complicated heart
diseases, asthma, stomach and duodenal ulcers [28].

Means based on boxwood should be used with
caution and avoid overdose, otherwise it is fraught
with severe poisoning, which may accompany
diarrhea, vomiting, hyperemia, convulsions and
respiratory arrest. Exceeding the dose is dangerously
fatal due to suffocation [29].

Conclusions
The presented analytical review on the assessment
of antibacterial and wound healing properties of plant
extracts indicates the ambiguity and inconsistency of
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the research results. The more interesting will be the
perceived results of further research in this direction.

Currently, plant extracts should be considered as
promising components in the fight against bacterial
infection and the treatment of wounds (skin lesions),
which requires further scientific research.
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AHTUMHUKPOBHASA AKTUBHOCTDB OKCTPAKTOB
PACTUTEJIBHOTI'O HPOUCXOKAEHNW S, HEPCIIEKTUBHBIX
A HCIHOJIB3OBAHUSA B MEJUIINMHCKOU NTPAKTUKE

Iicaboap Mycmadgha Canex ocabbap

Pecnybnuxanckoe nayuno-ucciedosamenvbckoe ynumapHoe npeonpumue
«Hncmumym ouoxumuu ouonocudecku akmunvix coeounenuti Hayuonanonou akaoemuu Hayxk
benapycuy, e. [poono, Pecnyonuxa benapyce

BBenenue. B HacTosiiee BpeMsi aHTUOMOTHKHU IIMPOKO HMCIIOIB3YIOTCS B KAUECTBE MPOTHBOMUKPOOHBIX
cpeacts. OnHAKO Pa3BUTHE PE3UCTCHTHOCTHU MTATOTCHHBIX U YCIIOBHO-TIATOTCHHBIX MUKPOOPTaHU3MOB K aHTHOHO-
THKaM ONPEACISICT OUCK HOBBIX MPOTHBOMUKPOOHBIX MPEMaparoB cpeau (GUTonpenapaTos.

Lenp HAyYHOTO 0030pa — OLICHUTH COCTaB M AaHTUMHKPOOHYIO aKTHBHOCTb PACTUTCIBHBIX IKCTPAKTOB,
a TAKKE UX TEPAIICBTUYCCKUEC BO3MOKHOCTH TIPH JICUCHUH COCTOSIHUH, CBSI3aHHBIX C HAPYIIICHHEM aHATOMUYECKON
LEIOCTHOCTH KOXKH.

3akurroueHne. B Halu IHU CTAI0 U3BECTHO, KAK MHOTO PACTCHUIN MTPAIOT BAXKHYIO POJIb B MEIUIIUHE U Te-
parnuu, MOCKOJIbKY YaCTH PACTCHUI HCIIOJIb30BAIMCh BO MHOTHX [HUBHUJIM3AIMIX B IPCBHHEC M COBPEMEHHBIC
BpEMEHA. Y)KE B JPCBHOCTH CAMIIMT MCIOIB30BAIA B KaY€CTBE JIGKAPCTBEHHOTO PACTCHHUS KaK CPEICTBO OT
KalIIlIs, KETyJOYHO-KHUIIICYHbBIX 3a00JICBAHUM, @ TAK)KE XPOHHUCCKUX JINXOPAI0K, HanpuMmep massipun. Kak cpen-
CTBO OT MaJISIPUH OH SIKOOBI CPABHUM I10 ACUCTBHUIO ¢ XUHUHOM. M3-3a CBOCH TOKCHYHOCTH IpErapaThl CaMIIIUTa
B HAIIIM JHU IPUMCHSIFOTCS PEIIKO, TAK KaK UX OYCHb TPYIHO TOYHO TO3UPOBATh. [lepe103upoBKa MOXKET ITPUBECTH
K PBOTE, CyIOpOraM M Jake CMEPTH. ['oMeomnarsl 10 CUX MMOP UCIOJB3YIOT CaMIIUT SIKOOBI KaK CPEICTBO OT PEB-
MmarusMma. [IpeacraBieHHbIl 0030p 00 aHTHOAKTEPHATBHBIX M PAHO3KUBIISIONIUX CBOHCTBAX PACTUTEIBHBIX
JKCTPAKTOB, CBUACTEIBCTBYET O HEOJHO3HAYHOCTH U IPOTUBOPCUYHNBOCTH PE3YIILTATOB HCCIICA0BaHMA. TeM nHTe-
pecHee OyayT BOCIPUHHUMAEMBIC PE3y/IbTaThl JaJIbHEHIIINX UCCIACIOBAHNI B 3TOM HAIPaBICHUH.

KJiroueBble ¢JI0Ba: aHTUMUKPOOHAsI aKTUBHOCTD, DKCTPAKT PACTCHUH, JICKAPCTBCHHBIC PACTCHHSI, CBOMCTBA.

Jas mutupoBanus. /[)xa60ap Mycragda Canex [xad0ap. AHTUMHKPOOHAsI aKTHBHOCTh SKCTPAKTOB pac-
THUTEJIBLHOTO POUCXOXKICHUS, IEPCIICKTUBHBIX IS HCIIOJIb30BAHUS B MEIUIIMHCKOM rTpakTuke / [[xadb6ap Mycra-
¢a Canex JIxab6ap // Buoxumus u mojekysipaas ouomorust. — 2023, — T. 2, Ne 1(2). — C. 120-127.
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K 80-JIETHUIO CO IHA POXIAEHUA
IHNPO®ECCOPA AJVIEKCAHIPA AIEKCAHAPOBUYA YUNPKHUHA

2 suBapsa 2023 roma OTMEUYEHO 3HAUUMOU NaTOU
JUTsE OMOXUMHYECKOW HayKH pecyOnuky — 80-neTHHi
100MIell N3BECTHOTO YyYEHOr0-OMOXHMUKA, JTOKTOpa
Ouonoruueckux Hayk, npodeccopa AJekcaHapa
Anekcannposuua Yupkuna.

MeI panel no3npaButh Anekcanapa AnekcaHapo-
BHYA C DTOM 3HaMeHareabHOU maroil. CIo)KHO olle-
HUTh OTPOMHBIM MHOTOJIETHUH Tpyd W OeCIeHHBIN
HAy4HBIH ONBIT, KOTOPBIH BJIOXKEH Hpodeccopom
A. A. YapKuHBIM B pa3BUTHE OMOXUMHUYECKON HAYKH
B benapycu, B coBepiieHcTBOBaHIE 00pa30BaHUsI MO-
JIOZOTO TIOKOJICHHS, B ITOJATOTOBKY HAay4YHBIX KaIpOB
B 001acTH OMOMETMIIMHCKON XUMHUH 1 MOJIEKYJISIPHOM
OHOJIOTHH.

Anekcanap AnexkcaHapoBud UUpPKUH — yUEHBIH,
y4UTEINb, Tefaror, aBTop 810 HaydHBIX MyOIHMKaIUii,
B TOM umciie 31 MoHorpadu 1o crieruaibHOCTH «bro-
xumus» u «buonorusy, Bkiarovas «KimHnueckuii ana-
713 1a00PaTOPHBIX AAHHBIX», Y4eOHUKH « bHOXUMus»,
«buoxumust punoreHesa U OHTOreHe3a», SIBISICTCS aB-
TopoM 40 panroHATN3aTOPCKUX NpeiokeHui, 11 aB-
TOPCKUX CBHUAETEILCTB U MATEHTOB.

[Ipodeccop A. A. UnpkuH NOATOTOBHI 2 JTOKTO-
POB HaykK, 25 KaHAUAAaTOB HayK, 40 MarucTpoB. bonee
90 ygammxcsi, ¢ KOTOPBIMH OH paboTas, — mo0eIuTenn
Y IPU3EPbI OJIMMIMAL] 10 OMOXUMUH U MOJIEKYJISIPHOM
OHOJIOTHH.

Bcest Ouorpadust Anekcanapa AnekcaHapoBUYa He-
Pa3pbIBHO CBSI3aHA C HAYYHO-TI€IarOrn4ecKon AesTeNb-
HOCTbIO B Halel ctpane: poawics B I. Cioyuke MuH-
ckoit obmactu B 1943 romy. B 1965 romy ¢ omimunem

3aKOHYMJI JIedeOHbIN (QakynsreT Butebckoro MmequimH-
ckoro uHctutyTa. B 1968 I 3ammTun KaHaUIATCKYIO
nuccepranuio «Bo3pacTHele ocobeHHOCTH OOMeHa
BEILECTB M HEKOTOPHIX METa0OIMYECKUX PEaKkLUi Ha
QIMMEHTAPHYIO0 Harpy3Ky JHMIUAAMH Y KPbIC Pa3HOTO
BO3pacTay, a B 1979 rony — NOKTOPCKYIO TUCCEPTALIUIO
«Merabonnueckue peakLiiy OpraHn3Ma Ha pa3jIMyHble
BapUaHThI YABTPa3BYKOBOIO BO3ACHCTBH».

C 1983 roma A. A. Yupkun 3aBenoBai kadenpoit
Oonoxumun BruteOckoro rocyaapcTBeHHOTO MEAMLIMH-
ckoro mHCTHTYyTa, ¢ 2002 roga — 3aBemyromuii kade-
JpOi XUMHH YUpexKIeHHs 00pa3oBanus «ButeOckuit
rocyaapcTBeHHbIl yHuBepcuteT uMmenu I1. M. Maiue-
poBa». C 2015 . — mpodeccop kadempsl XUMHH
U €CTECTBEHHO-HAy4YHOro oOpa3oBaHus (akynbTeTa
XMMHKO-OHOJIOTHUECKUX U reorpaduyeckux Hayk Bu-
TE€OCKOr0 TOCYAapCTBEHHOTO YHHBEPCUTETa HMEHH
I1. M. Mameposa.

3HauMMble HayudHbIE IOCTIKEHHUS mHpodeccopa
A. A. YupxkuHa:

— CO3/IaHBI TEOPHS U IPAKTHKA AMIUTUTYJHO-MOLY -
JIMPOBAaHHOTO YNBTPa3ByKa, pa3paboTaHa KOHLETILUS
panuannoHHO-MHAYLMPOBAaHHOTO aTepoCKiepo3a (pe-
3yJbTaT 35-IeTHUX UCCIIeIOBAHUI COCTOSHUS OOMEeHa
BELIECTB y YYaCTHUKOB JIMKBHIALIMK IOCIEICTBUI
aBapuu Ha YADC, uccnenoBaHui o pa3BUTUIO METa-
0oMYecKoro CHHIpOMa y HaceneHus Butedckoit 00-
JIaCTH);

— pa3paboTaHbl BO3pacTHBIE HOPMBI OMOXMMHUYE-
CKHUX IOKa3aTenei xxuteneii bemapycu, onyonukoBaH
KOMIUJIEKC OPUTHHAJIBHBIX CTaTel 110 OMOXMMUU CIIOP-
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Ta 1 MOHOTpadust o OMOXUMHUH CTIOPTa B ITybepTar-
HOM TI€pPHO/Ie, 3allaTeHTOBAH Iperapar JUisl KOppek-
[IUY MHCYTMHOPE3UCTEHTHOCTH B DKCIIEPUMEHTE.

B obnacTu HayqHON-TIEAarOoTHYECKON ACSITEIBHO-
CTH HEeIb3sl He OTMETHTD MPeIOKEHHYI0 TIpodecco-
poM A. A. UupKUHBIM OPUTHHAIHHYIO KOHLEMIUIO
MOJATOTOBKK OMOJIOTOB TO crienuanu3anuu «buoxn-
MU, U3laHNe Y4eOHMKa 110 OMOIIOTUYECKON XUMUN
JUISl CTY/IEHTOB OMOJIOTMYECKUX CIEIHaTbHOCTEH,
pa3paboTaHHBIN KOMITJIEKC YUeOHBIX TI0COOMIA 110 OMO-
XUMHH JJI CTYACHTOB IIEPBOM U BTOPOH CTyneHen
BBICIIIETO 00pa30BaHMUS.

Aunekcangip AJleKCaHJpOBUY — UAECHHBIN BIOXHO-
BHUTEIb W HEIMOCPEICTBEHHBIN yYaCTHUK CO3/IaHUs
kiactepa «Coro3 MEIUIIMHCKUX, (papManeBTHIeCKIX
1 Hay9HO-00pa30BaTEeIbHBIX OpraHu3aIuii « Memuiu-
Ha ¥ (papmarieBTHKa — MHHOBAIIIOHHBIE TIPOEKTHD».

IMpodeccop A. A. UnpkuH BHEC 3HAUUMBIN BKJIA]T
B BOCCTaHOBJIEHHE U pa3BuTHe B PecnyOnuke bema-
pychb obmecTBeHHOTO 00BenuHeHus «bemopycckoe
00111eCTBO OMOXUMHUKOB M MOJIEKYJISIPHBIX OMOJIOTOBY.
HeonnokparHo kak mpeacenareinb KOHKYPCHOM Ko-
MHUCCHU OLEHWBaJ pabOThl M HATrpaskJajd MOJIOIBIX
OMOXMMHUKOB «3a JIyUIIyI0 HAy4YHYIO padoTy». Anek-
can/ip AJleKCaHIpOBUY TECHO cOTpyaHM4aeT ¢ HcTH-
TyTOM OMOXUMHH OMOJIOTHYECKH aKTUBHBIX COETNHE-
Huil HanmonansHoOM akanemun Hayk benapycu.

IIpodeccop A. A. Uupkun — Jlaypear ['ocynap-
cTBeHHOU mpemun Pecny6onuku benapycs, ormMeden
HarpyaHbIMA 3HakaMu «OTIUYHHUK 3/paBOOXpPaHE-
HUs», «OTnyHUK obOpaszoBanus», «M3o0perarens
CCCP». Umeer IToueTHoe 3Banue «Yenosek roga Bu-
teOrmmHb! — 2018» 1 Megans @pannucka CKOPUHBI 32
MHOT'OJIETHUH TUIOAOTBOPHBIM TpyAd, BBICOKHM Mpo-
(deccuoHaIM3M, 3aCiIyTH B Pa3BUTHH Cepbl 00pa3o-
BaHus 1 Haykw (2020), HarpyaHbIi 3HaK oTr4ms Bu-
TeOCKOTO TOCYJapCTBEHHOTO YHHBEPCHUTETAa WMEHU

I1. M. MamepoBa «3a an3Haky», HarpaxaeH [loder-
HOM rpamMoToi Beiciieil aTTecTallMOHHOW KOMUCCUU
PecrryOnuku benapych 3a MHOTOJIETHIOIO TUIOOTBOP-
HYyI0 pabOTy 1O TIOATOTOBKE M aTTECTAIMH HAYYHBIX
1 HAYYHO-TIEAArormi4€CKuX KaaApoB BBICIIEH KBaHI/I(i)I/I-
Kanuu.

KomnnextnB MHCTHTYTAa OMOXUMUN OHOIOTHYECKU
aKTUBHBIX coeauHeHuid HarnmnoHajapHOU akaIeMHUU
Hayk benmapycu, €iens benopycckoro odmiectsa Ono-
XMMHKOB ¥ MOJIEKYJISIPHBIX OHMOJIOTOB MCKPEHHE T10-
3IPAaBIISIOT YBaXKaeMoro AJieKcanpa AJIeKCaHIpOBH-
ya Ynpkuna ¢ FO0unneem!

Bamre orpomuoe TpymomtoOre, BEICOKHA HAYYHBIHA
Y TIearoruIecKuii mpodeccnoranmmsm, Bamra ymusu-
TeIbHAs MYAPOCTh, AOOPOKEIATeNTbHOCTh, YMEHNE
MTOMOYb, TIOAJIEPKATh U OBITH PSOM B CIOKHYIO MH-
HYTYy BBI3BIBAIOT BOCXHUIIICHNE U yBakeHUe. MbI Oia-
rogapuMm Bac 3a Bame HecTaHIapTHOE MOHMMAaHHUE
Y TPAKTOBKY HAIINX HAYYHBIX PE3YIBTATOB, TPECTAB-
JICHHBIX B KAaHAUJATCKUX M JJOKTOPCKUX TUCCEePTAIIH-
X, 3a Bamm rm1y0okue OT3BIBBI M PEIICH3UH Ha HaIllX
aBTOpedeparsl, TuccepTaIii, MOHOIpaduu, KOTOPhIE
Hac pajoBajd M 03aJaduBaJIM, IIOMOTAJIH OCO3HATH
cebs yYaCTHUKOM OOJIBIION OMOXMMHYECKOW HayKH.
Cracu6o0 3a Bame cinyxeHrne OHOXMMHUYECKON Hayke
Y OTPOMHBIH BKJIAJl B ee pa3BuTue!

Mp1 ropaumces Bamu, yunmcest y Bac u sxenaem Bam
00pOTO 310pOBHs 1 onroneTrs! HoBBIX TBOpUECKHIX
WJeH U yCTIeX0B BO Beex Bammux nenax u HaYmHaHASX |
C KO6uneem Bac!

Konnexmue compyonukos

Huemumyma 6uoxumuu

buonozuyecKu aKkmugHblX coeOuHeHUll
Hayuonanvnoii akademuu nayx bBerapycu
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B cBoeil pegakiimonHoi noautuke xxypHai «buoxu-
MU 1 MOJIEKYJISIpHAsT OMOJIOTHSD) CIIEAYET PHHIIUIIAM
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Editors (CSE), International Committee of Medical
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Editors (WAME), European Association of Science
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1. TexcT cTaTh¥l TOJDKEH OBITH HAOPAH B PEIAKTOPe
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MepoM 14 TyHKTOB C OWHAPHBIM MEXCTPOYHBIM HH-
TepBaiioM 0Oe3 mepeHocoB. lllmpuHa momns cieBa —
3 cM, CBepXy U CHHU3Y — 2 cM, ciipaBa — 1,5 cM; ab3arr-
HBIH OTCTYT — 1 ¢M, BEIpaBHUBAHHE — 10 IITUpHUHE. Bee
CTPaHUIIBI JOJKHBI OBITH IPOHYMEPOBAHBI.
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oemamu). OOmuii 00bEM OPUTHHAIBHBIX CTaTel HE
JIOJDKEH TIpeBhIIaTh 10 cTpaHull, BKITIOYask pUCYHKH,
TaOIUIIBI, CITUCOK ITUTHPOBAHHBIX HCTOYHUKOB; HAYd-
HBIX 0030pOB ¥ JIeKIui — 15 cTpanwm.

3. CraThs 10KHA UMETH CIIEAYIONIYIO CTPYKTYPY:

*  MHJAEKC [0 YHUBEPCAIbHON AECATUYHON Kiac-
cuduxarmm (YIAK);

* nasBanue crarby (10 10-12 cnoB, 6e3 abOpeBu-
aryp);

*  MHUIMAIB 1 HaMuIus aBTOpa (aBTOPOB);
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0O0TaroT aBTOPHI, C YKa3aHUEM TOPOJIa U CTPAHBI;
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LIeJTh HCCIICIOBAHMUS, MaTEPHUaJIbl U METOJIBI, PE3yJIbTa-

THI, 3aKJIIOYCHHE, KITIOYEeBBIC CJI0Ba OT 3 710 9) 1 Kpart-
KO TIPEJICTABIATh PE3YNIbTaThl paOOTHI M OBITH MOHST-
HBIM, B TOM YHCJI€ M B OTPbIBE OT OCHOBHOTO TEKCTa
CTaThH,

e wuHbOpPMAIUS O CTaThe HA AHMIMIICKOM SI3bIKE
(m1st cTarel, Mpea0CTaBICHHBIX HAa OEI0pyCcCKOM (pyc-
CKOM) SI3bIKaX): HA3BAHUE CTAaThH, (haMUJIMS ¥ HHHUIIHA-
JIBI aBTOPA (aBTOPOB), TOJTHOE HAUMEHOBaHUE YUpexkK/ie-
HHM, T1e paboTaloT aBTOPbI, C yKa3aHHEM Tropoaa M
CTpaHbl, pe3toMe (AaHITIOSA3BIYHAS BEPCHS PE3lOME CTa-
TBU JIOJDKHA TIO CMBICTY U cTpykType (Background,
Objective, Material and Methods, Results, Conclusions,
Keywords) moiaHOCTBIO COOTBETCTBOBAThH PYCCKOSI3bIU-
HOHM U OBITh TPAMOTHOM C TOYKH 3PEHMSI aHIJIMHACKOTO
A3bIKa (CTaThH, NPeCTaBJICHHbIC HA aHIJIMHCKOM SI13bI-
Ke, JOJDKHBI COZIepyKaTh HH(OPMALIHIO O CTaThe Ha Oe-
JIOPYCCKOM (PYCCKOM) SI3BIKE);

* OCHOBHOM TEKCT CTaTbH;

e OnarogapHOCTH: €CIH IPUCYTCTBYET HHPOPMa-
ust 0 (PMHAHCHPOBAHHH (ITOIIEPIKKE TPAaHTaAMH TIPO-
eKTOB W T. T1.), €€ CIeAyeT AaBaTh Ha pycckoM (Oero-
PYCCKOM) M aHIVIMICKOM f3bIKaxX I10J 3arojOBKaMU
«bmarogapaocTm» («Ilamzsxi»), «Acknowledgementsy;

*  KOH(IUKT WHTEpEcOB (B cilydae ero OTCyT-
CTBUSI HEOOXOIMMO YKa3aTh: «ABTOPHI 3asBISIOT 00
OTCYTCTBHH KOH(IIMUKTA HHTEPECOBY);

*  CIHCOK IUTHPOBAHHBIX HCTOYHUKOB;

* CIHCOK IUTHPOBAHHBIX HUCTOYHHKOB B POMaH-
ckoMm andasute («References»);

* CBeJeHHs 00 aBTOpax Ha PyCCKOM W aHIIIWH-
CKOM $I3bIKax: JUIs Ka)KAOTO aBTOpa CIEAyeT yKaszaTb
(hamMunuio, UM U OTYECTBO (MOJHOCTHIO), 3BaHUE,
JOJDKHOCTh, MECTO paboThl C yKa3aHHWEM MOJIHOTO
azpeca, afapec ICKTPOHHON NOYTHI, TUIHbBIA HCHTH-
¢ukarop ORCID (Open Researcher and Contributor
ID). Jl1st onepaTuBHOM CBSI3U C pelakUell yKa3blBa-
€TCsl KOHTaKTHBIH HOMep Tene(oHa OTBETCTBEHHOTO
aBTopa (B >XypHaie He myoOnukyercs). OOpasen
odopmIIeHHs CTaThU pa3MELIeH Ha caiiTe )KypHaia.

4. OCHOBHOH TEKCT CTaTbU JOJDKEH OBITH YETKO
CTPYKTYPHUPOBAHHBIM: BBEJICHHUE, LICJIb CCIICAOBAHUS,
Marepuabl ¥ METOIbI, PE3YJbTaThl K HX O0CYKICHHUE,
3aKiroueHue (BbIBOABI). B pyccko- m 6emopycckos-
3BIYHBIX CTATHSIX TOJPUCYHOUHBIC ITOJHCH, 3aT0JI0B-
KA U IpUMedyaHus TaOHll CleayeT JenaTh Ha IBYX
S3BIKaX — PYCCKOM (0OeIOpyCCKOM) M aHTIIMHACKOM.
B nonprcyHOUHBIX OATUCSX HE JIOJKHO OBITH a00pe-
Buaryp. BHyTpupucyHouHsle 0003Ha4eHUS HOAUCHI-
BaloTCs UM(paMu WIN JaTUHCKUMHU OykBamu. Eciu

139



PUCYHKHM paHee yXke MyOJIMKOBaIiCh, HEOOXOAUMO
yKa3aTb OPUTMHAJBHBI MCTOYHUK M TPEICTAaBUTH
MUCHbMEHHOE pa3pelIeHne Ha UX BOCIIPOU3BEIEHUE OT
Jiep KaTerts paB Ha myOnuKanuio. PucyHku npencras-
JISTFOTCS OTHebHBIME (hatinamu (.tif, .jpg) ¢ pa3perie-
HueM He meHee 300 dpi.

5. B KIMHAYECKUX M IKCIIEPUMEHTAIBHBIX pado-
Tax B paznene «Marepualbl 1 METOAB HEOOXOAMMO
yKa3zaHHe Ha COOTBETCTBHE MPUHITUIIAM IKCIIEPUMEH-
TaJbHOMN U KJIMHUYECKOM On03THKHU. Penakius BripaBe
norpedoBaTh OT aBTOPCKOTO KOJUIEKTHUBA MH(OpMa-
U0 00 YTBEP)KACHWUHU MPOTOKOJIA HCCIICIOBAHUS B
ITHYECKOM KOMHUTETE C 00s3aTeNbHBIM yKa3aHHUEM
Ha3BaHMUA KOMHUTETa (M OpraHu3alud, P KOTOPOM
KOMUTET CO3/1aH), 1aThl 1 HOMepa MPOTOKOJIA 3acea-
HUSI, HA KOTOPOM TPOBEJCHHUE MCCIEAOBAHMS OBLIO
onobpeno. Paznen «Marepuansl B METOIBDY TOIKEH
cozieprKarh NOPOOHOE N3TIOKEHHE UCTIONB3YEMOH arl-
naparypbl 1 METOAMK MCCIICIOBAHUSL, KPUTEPUH 0TOOPA
’KMBOTHBIX ¥ OOJIbHBIX, KOJIMYECTBO M XapaKTEPUCTUKY
MaIMEeHTOoB, C Pa30MBKOM X MO MOy U BO3PACTY, €CIU
3T0 TpedyeTcs st uccienoBanus. O0s3aTeIbHO YKa3bl-
BaeTCs MPUHIMIT pa30MeHNUs MAlMeHTOB Ha TPYIIIb, a
TaKke Au3aiiH uccienoBanud. Crenyer Ha3BaTh BCe
UCTIONIb3yeMbIe B X0JI¢ paboThI JIGKapCTBEHHBIE TIpe-
naparbl 1 XUMHUYECKHE BEIEeCTBA, BKIIOUAs UX MEX-
IyHapOJHOE HEMaTeHTOBaHHOE (OOIIECTIPUHSITOE) Ha-
3BaHHUE, J103bl, IyTH BBEACHUS.

6. CiiCOK IUTHUPOBAHHBIX UCTOUYHUKOB (11 OpH-
THHAJIBHBIX CcTaTeil — He Oosee 25 MCTOYHHUKOB, IS
0030poB — He Oonee 50 NCTOUHUKOB) oopMIIIETCS B
COOTBETCTBHH ¢ TpeOoBaHUsIMH Bhiciiei arrecraiiu-
oHHOH KoMuccuu Pecrryonku benapych, mpenbsaBis-
€MBIX K TUCCEPTAIIMOHHEIM paboTam (Tiprka3 BAK ot
25.06.2014 Ne 159 (B pemaknum mpukaza BAK
08.09.2016 Ne 206). LlutupoBanHas 1uTeparypa npu-
BOJIUTCSl OOIIMM CIHCKOM IO Mepe YNOMHUHaHWUS,
CCBUIKM B TEKCTE€ JAIOTCS MOPSAIKOBHIM HOMEPOM B
KBaJIpaTHBIX CKOOKax (Hamp., [1]); cchUIKM Ha Heory-
OnmMKoBaHHBIE PAaOOTHI HE JOIycKatoTcs). B crmcox
UTHPYEMOU JTUTEepaTyphl PEKOMEHYETCS BKJIFOYATh
MPEUMYILECTBEHHO PabOThI, Oy OIMKOBaHHbIE B TEUE-
HUE MOCIEAHUX 5—7 JIET, 3a UCKIIIOUEHUEM PEIKUX U
BBICOKOMH(OpPMATHBHBIX paboT. He pexomenayercs
CCBUTATKLCST Ha T€3UCHI KOH(GEPECHITHH, Che3/I0B, yaeo-
HUKH, y9eOHBIE U METOINYECKUE TTOCOOHSI, CIIPaBOY-
HUKU, HEOITyOJIIMKOBaHHBIE PaOOThI, PyKOITUCH aBTO-
pedeparoB auccepTanuii MM CaMy JUCCEPTALIH.

7. CIMCOK IMTHUPOBaHHBIX UICTOYHUKOB B POMaH-
ckoM andasute («Referencesy). bubmuorpagpuye-
ckoe omucaHue O(QOpMIISIETCS B COOTBETCTBHU CO
crangaprom National Library of Medicine (http://
www.nlm.nih.gov/citingmedicine). Ctathbs, omy0mnu-
KOBaHHas Ha JIaTUHUIE (AHTIIMHCKOM, HEMEIIKOM U
JIp.) OTIMCBIBAE€TCA HAa OPUTHHAJIBHOM SI3bIKE; CTaThs,

omyOIMKOBaHHAS HA KUPUIUTUILE (PYCCKUH, Oesopyc-
CKHU, YyKPaWHCKHH SI3BIK ) TpaHCIUTepupyercs: http://
translit.net. Hazsanue nutupyemoii paboTsl yKasbl-
BaeTcs B TPaHCIWTEpAINH, a 3aTeM Ha aHTIHICKOM
s3bIKe (ecM ecTh Oo(UIHMalbHBINA MepeBoj) B KBa-
IpaTHBIX ckoOkax. Ha3zBanme nmmtupyemoro msna-
HUsl (KypHalia) yKa3blBaeTcsl B TPAHCIHUTEPAIUu, a
3aTeM Ha aHTJIMHCKOM S3bIKe (eCH ecTh O(HIINAIIb-
HBI TIEpeBOJT) B KBaJpaTHBIX ckoOkax. He momycka-
eTCsl COKpallleHHEe Ha3BaHU PYCCKOA3BIYHOIO Ky pHa-
na. Ha3zBaHMs ”HOCTpPaHHBIX KypHAIOB MOTYT TIPE-
CTaBJIATHCS B COKPALIEHHOM BapUaHTE B COOTBETCTBUH
¢ KaraJioroM Ha3BaHuil 0a3pl maHHbIXx MEDLINE
(https://www.ncbi.nlm.nih.gov/nlmcatalog/journals).
Ecmu xypnan ve uanexcupyercs 8 MEDLINE, Heo6-
XOJIMMO yKa3bIBaTh €ro MoJHOe Ha3zBaHue. B ommca-
HUM CTaThU NPHUBOAATCS PaMUINHA K HHULIUAJIBI BCEX
(1) aBropos. I[Ipn HAIMYMK Y LTUTHPYEMOTO HCTOYHH-
ka DOI (mudposoro nnentrudukaropa oObeKTa) ero
B 00s13aTEIFHOM TOPSIIKE HEOOXOMMMO yKa3aTh B
KOHIIe OnOnmorpaduuecKon CChHIITKH.

8. CraThd MODKHA HMMETHb COIMPOBOAUTEIHHOE
nucsMo (00paserr pa3MellieH Ha caiTe )KypHaa), oj-
[MMCAaHHOE PYKOBOJUTENEM YUPEKICHHs, B KOTOPOM
BBINOJTHEHA Pa00Ta, a TaKKe IKCIIEPTHOE 3aKITI0YCHUE
0 BO3MOYKHOCTH OITyOJTMKOBAHUSI MaTEPHAJIOB B Ileya-
TH. B commpoBonnTeIbHOM THCHME JTOJDKHO OBITh yKa-
3aHO, SBISETCS JIU JaHHAs CTaThsl MCCIIEOBAHHUEM,
BBITOJTHEHHBIM B paMKax JIMCCEPTALIMOHHON paboThI.

9. CraTbs 1 COPOBOUTENBHBIE TOKYMEHTHI MOTYT
OBITH HaMpaBJIeHbI Ha OyMa)KHOM HOCHTEJIE B 2 IK3EM-
wisgpax B agpec pemakiuu (230009, mr. Teizenray-
3a, 7, . I'pogHo, Peciyonuka bemapycs, UncTuTYT
OMOXMMHUHN OHMONOTHYECKH AKTHBHBIX COEIWHEHUH
HanmonansHoOM akaneMun Hayk benapycu, penaxius
KypHana «BbHoXuMHs U MOJNEKyJsipHast OHOJIOTHS).
DNeKTPOHHBIN BApHAHT CTaThbH 00s3aTEJICH 1 HallpaB-
nsieTcs 1o aapecy journal@ibiochemistry.by ¢ momeT-
koit «CTaThs B )XypHAI "BHOXUMHS ¥ MOJIEKYIIIpHAs
ouonorus"» u ykazaHueM (GaMHINH EPBOrO aBTOpa.
Crarbs 1omkHa OBITH MOATHICAaHA BCEMHU aBTOPaMHU.

10. HampaBiieHue B pelakiyio paHee OmyOInKo-
BaHHBIX MJIM yXX€ IPUHATHIX K MeYaTH B APYTUX U3/1a-
HUSIX paboT He JoImycKaeTcsl. 3a HallpaBJIeHHUE B PeIaK-
LUIO YK€ paHee OIlyOIMKOBaHHBIX CTaTeH MM CTaTeH,
MPUHATHIX K T€YaTH JPYTHMH W3JaHUSMHU, OTBET-
CTBEHHOCTh HECYT aBTOpHL. He mpuHMMaroTCs cTarbu
C HapyIIEHUEM ITPaBUI ¥ HOPM T'YMaHHOTO O0paIeHns
¢ OMOJIOrMYeCKUMH 00BEKTaMHU HCCIEeJOBAaHUH.

11. Bce HayuHble CTaThy, MOCTYNMBIINE B pelaK-
LU0 KYpHAJIa, IPOXOIAT 005M3aTeNbHOE PEICH3UPO-
BaHUE. PeneHsupoBaHue crareld OCYILECTBISETCS
YIEHAMH PEIaKIIMOHHON KOJUIETHH, a TaKKe TpUIa-
LICHHBIMH PElEH3EHTaMHU.
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12. Ecnu mo pekoMeH a1 PEIICH3EHTa PYKOITUCH
BO3BpALIAETCsl aBTOPY Ha NOpabOTKY, JaToi MOCTY-
TUICHUS] CYUTACTCS JACHD MOJIyUYEHHUS PeJaKIIueil OKOH-
YaTeIbHOTO BApHaHTa PyKOIIMCH BMECTE C OTBETOM Ha
BCE 3aMEUaHus peleH3eHTa.

13. Pemakiust ocTaBisieT 3a cOOOU MPaBO COKpa-
IaTh ¥ PEAAKTHPOBATH CTaThH. Pykomucu, B KOTOPBIX
OyayT oOHapy>KeHbI HEKOPPEKTHBIE 3aUMCTBOBAHHUSI
(rmaruar), CHUMAaloTCs ¢ paCCMOTPEHUS.

14. [TyOonukamust crareld ocymecTBisieTcs: Oec-
wiatHo. Bo3aMokHa myOsMKaims craTeil BO BHEOYe-
penHoM mopsiike (3a oriary, Oe3HaJIHMYHBIA pacuer,
MOCJIE COIIACOBAHUS C PEAAKIIUECH).

15. PaccMoTpenne crareld Ha mpeaMeT MyOIuKa-
UK OCYIIECTBIISACTCS TOCIE MPEAOCTABICHUS KOITUH
KBUTAHIMHU O TIOIIKCKE Ha KypHas. CTaTbu peKiiam-
HOTO XapakTepa u WHbIE BHJIbI PEKIIAMHOM HHpOpMa-
LU TyOIMKYIOTCS TIOCTIE TIPEIBAPUTEIHHOMN OILIATHI.

141



NHCcTUTYyT OMOXUMHUH OMOJIOTHYECKH aKTUBHBIX COSIMHEHUIN
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