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UccnepgoBaHne NpoTMBOBUPYCHOW aKTUBHOCT BOAOPAaCTBOPMMOTO
MenaHuHa u3 ante4yHom yarm (Inonotus obliquus) B oTHOWeHUN BUpYyca
rpunna A cy6Tunos H5N1, H3N2 n HIN1pdmO09 B 3kcnepumeHTax
invitro

®ununnosa E.WN., Makapesuu E.B., MpoueHko M.A.*, Masypkos O.10.,
Tennakosa T.B., Ma3sypkosa H.A.

focynapcTBeHHbIV HayUHBbIN LLEHTP BUpPYconorum n buotexHonorum «Bektop», KonbLoso, Poccus

AHHOMayus

AxTyanbHocTb. Bupyc rpunna A saBnaeTcs NpUYnMHON BO3HUKHOBEHWS SNUAEMUI U NAHAEMUA, HAHOCALLMX KO-
noccarnbHbI BpeL 340POBbI0 U COLMarnibHO-3KOHOMUYECKOMY MOMOXEHUIO HaceneHus. B cBs3n ¢ Heobxoanmo-
CTbi0 pa3paboTKM HOBbLIX METOAOB STUOTPOMHON Tepanuu, a Takke C BO3pacTalollenl CMOoCOOHOCTLIO BMPYCOB
NpOTMBOAENCTBOBATL NMPUMEHAEMbIM Npenapatam NonCK HOBbIX hapMakonormyeckn akTMBHbLIX BELLECTB U MNo-
cnepyLlee U3y4eHne Ux NekapCcTBEHHbIX CBOMCTB 0bragaeT HEOCNOPMMOW aKTyarnbHOCTbIO.

Llenb — n3y4yeHne npoTUMBOBUPYCHbLIX CBOMCTB MEMNaHnHa, Nnony4eHHoro 13 anteyHon varu (/nonotus obliquus),
B OTHOLLEHMW pasHbIX Cy6TMNOB BUpYyca rpunna.

Matepuansi u metoabl. Obpasey BogopacTBOpUMOro MenaHuHa /nonotus obliquus, NonyyYeHHbIn MeToaoM
LLIeNOYHOTro r’Maponunsa u BbicylweHHbIM npy 40°C, 6bin nccnegoBaH Ha TOKCUYHOCTb M MPOTUBOBUPYCHYHO aK-
TMBHOCTb. B kayecTBe pedepeHc-npenapata 1cnonb3oBaH KOMMepPYECKui NPOTUBOrPUNMNO3HbLIN Npenapat Ta-
Mucnto®. Ctatuctudeckasi obpaboTtka nonyveHHbIX AaHHbIX NpoBegeHa no metogy CnmpmeHa—Kep6Gepa.
Pesynbratbl. [nda kynetypbl knetok MDCK 6binv ycTaHOBMNEHbI MapKepbl TOKCUMHOCTU MernaHuHa n3 yarum (06-
paseL 20-24), Takme kak MakcuMarbHO NepeHocnMas KoOHUEeHTpaums, coctasnsowasn 237 mkr/mn, a Takke 50%
LIMTOTOKCUYECKasi KOHLIEHTpaLums (Ll,T,ElsO), paBHas 153,45 mkr/mn. Mop aencteuem uccnegyemoro obpasua B
oTHowweHun cybtunos Bupyca rpunna A H5N1, H3N2 n H1N1pdm09 obHapyXeHO CHWkeHe MHEKLNOHHOCTM
Bupyca rpunna Ha 2,5-3,5 Ig, a Takke ycraHosreHsl 50% addektvsHble fo3bl (3,), coctasnsiowme 1,55—
9,52 mkr/mn. Ha ocHoBaHUM nosyyeHHbIX 3HadeHnin LT, v Ofl,, Gbinn paccymtaHbl XMMUOTEpaneBTueckmne
nHaekcbl obpasua, xapakTepuaytoLme ero NepcrnekTMBHOCTb AN AanbHENLNX NCCNEAOBaHNA.

3akntoyeHune. MenaHuH, NOMyYeHHbIN U3 anTEYHON Yaru, NPOSiBUMN HAUBOMbLLYIO aKTUBHOCTb MPOTMB LUTaMMa
naHgemuyeckoro Bupyca rpunna yenoseka A/California/04/2009 (H1N1)pdm09, Bbi3biBan CHXeHWUE ero MHek-
LUMOHHOCTM Ha 3,5 Ig n obnagan 3[l,, paBHoii 1,6 MKr/Mn. Mony4eHHblIe pesyrbTaThl YKasbiBaloT Ha NepCrekT1B-
HOCTb CO34aHuNs NPOTMBOBMPYCHOrO Npenaparta Ha OCHOBE MENaHWHOB U3 Yarn B OTHOLLEHWM BMpYyCca rpunna.

KnioueBble crioBa: MesiaHuH, a2apukoMuyemsl, MPomugogupycHoe cpedcmeo, supyc apurna A

UcmoyHuk ¢puHaHcupoeaHusi. CTaTba NOArOTOBNEHa B PaMKaX BbINONMHEHUs rocyAapcTBEHHOro 3ananus MHL, supy-
conoruu n GuotexHonornn «Bektop» PocnotpeGHaasopa.

KoHpnnukm uHmepecoe. ABTOpbI AeKNapupyoT OTCYTCTBUE SIBHLIX U NOTEHLMANbHBIX KOH(PIIMKTOB MHTEPECOB, CBS-
3aHHbIX C NyGnnKaumen HacTosiLLen cTaTby.

Ansi yumupoeaHusi: dununnosa E.N., Makapesuy E.B., MNpouerHko M.A., Ma3ypkoB O.10., Tennsakosa T.B., Masyp-
koBa H.A. ViccnepoBaHve NpoTUBOBMPYCHOW aKTUBHOCTU BOAOPACTBOPUMOrO MenaHvuHa us anteyHou yaru (Inonotus
obliquus) B oTHoweHun Bupyca rpunna A cybtunos H5N1, H3N2 n H1N1pdmO09 B akcnepumeHTax in vitro. XKypHan
mukpobuornoeuu, anudemuonoauu u ummyHobuonoauu. 2023;100(1):103-109.
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Research on the antiviral activity of water-soluble melanin
from the pharmaceutical chaga mushroom (Inonotus obliquus)
against influenza A virus subtypes H5N1, H3N2 and HIN1pdm09

in experiments in vitro

Ekaterina . Filippova, Elena V. Makarevich, Maria A. Protsenko™, Oleg Yu. Mazurkov,

Tamara V. Teplyakova, Natalya A. Mazurkova

State Research Center of Virology and Biotechnology “Vector’, Koltsovo, Russia

Abstract

Introduction. Influenza A virus is the cause of epidemics and pandemics that severely affect the health and
socioeconomic status of the world's population. The need to develop new methods of etiotropic therapy, and
the increasing ability of viruses to counteract the antiviral drugs makes extremely relevant the search for new
pharmacologically active substances and the subsequent study of their medicinal properties.

The aim of the study is to conduct research into the antiviral properties of melanin obtained from the pharmaceutical
chaga mushroom in relation to different subtypes of the influenza A virus.

Materials and methods. A sample of water-soluble melanin from Inonotus obliquus obtained by alkaline
hydrolysis and dried at 40°C was tested for toxicity and antiviral activity. The commercial anti-influenza drug
Tamiflu® was used as a reference drug. Statistical processing of the obtained data was carried out according to
the Spearman-Kerber method.

Results. Inonotus obliquus melanin (sample 20-24) toxicity markers, such as a maximum tolerable concentration
(MTC) of 237.0 pg/mL, and a 50% cytotoxic concentration (CC, ) of 153,45 ug/mL were established for MDCK cell
culture. The assessment of antiviral activity of test sample against three subtypes of the influenza A virus (H5N1,
H3N2 and H1N1pdm09) demonstrated a decrease in the infectivity of the influenza virus by 2.5-3.5 Ig with 50%
virus-inhibiting concentrations (IC;) of 1.55-9.52 ug/mL. Based on the obtained values of CC_, and IC,, the
selectivity indices (SI) of the sample were calculated, characterizing its prospects for further research.
Conclusions. Melanin obtained from the pharmaceutical chaga mushroom showed the highest activity against
the strain of the human pandemic influenza virus A/California/04/2009 (H1N1)pdmQ9, caused a decrease in
its infectivity by 3.5 Ig and had an IC,; of 1.6 ug/ml. The obtained results indicate the prospects for creating an

50’

antiviral drug based on Inonotus obliquus melanins against the influenza virus.
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BsepeHune

Iupokoe pa3HOOOpa3ue 300HO3HBIX BHPYCOB,
CHOCOOHBIX MPEOJI0NEBaTh MEKBUIOBOH Oapbep, BENET
K TOSIBJICHUIO B YE€JIOBEYECKOW MOMYJISIIUU HOBBIX, TO-
TEHIHATBHO MAaHAEMHYECKUX BUPYCOB. 3a TOCIEAHNE
10 et yenoBeyeCcTBO CTOJIKHYJIOCH C IByMs HaHIeMUsI-
MU: TpHIlna cBUHOTO npoucxoxaenus A/HIN1pdm09 B
2009 r. u COVID-19 B 2019 . CoBMECTHO C BUpyCamH,
MMCIOIMMH TaHJEeMUYECKOE 3HAuUCHHE, LUPKYIUpPYeT
MHOXKECTBO CE30HHBIX PECITUPATOPHBIX BUPYCOB, KOTO-
pBI€ BHOCST CBOM BKJIQJ B CTPYKTYPY 3a00JIEBACMOCTH
JIIOICH, a coYeTaHHbIe MHPEKIUN OTAr4aloT COCTOSIHNE
3aboneBmmx [1].

Bupyc rpumnmna xapakrepusyercs akTUBHON C€30H-
HOW LMpKYJsIIKEH, 3aTparuBatonield OONbLIYIO 4acTh
HaceneHus 3eMiH (1o 1 MipA cilydaeB TpUIIIa eKerol-
HO), TPYIIBI pUCKa — JIETH PaHHETro BO3pacTa, MOKH-
JIbI€ JIFOJH, JIUIA C COMYTCTBYIOIMMHU XPOHUYECKUMU
3a00JicBaHUSIMM M OCJIAa0JICHHBIM MMMYyHHTETOM [2].
Bricokuii ypoBEeHb FeHETUUECKON U3MEHUYUBOCTH BUPY-
coB rpunmna odycinosnuBaet orcyrcreue 100% 3ddek-
TUBHOM BaKIIMHBI, a TAK)Ke BOBHUKHOBEHHE PE3UCTEHT-
HOCTH IITAaMMOB BHpYCa K MMEIOIIUMCS HNPOTHBOBU-
PYCHBIM Ipenaparam [3].

B Hacrosimiee Bpemst B MUpe aKTMBHO IIPOBOASATCS
MOUCK W pPa3pabOTKa MPOTUBOBUPYCHBIX IpenaparoB
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Ha OCHOBE COCIMHEHWI MPUPOAHOTO MPOUCXOXKACHHMS,
oOnmafaronux 0Ooyiee MATKHM TEPareBTUYCCKUM JICH-
CTBHEM U HU3KOH TOKCHYHOCTBIO TI0 CPAaBHEHHIO C CHH-
TETUYECKUMH JICKapCTBEHHBIMU cCpelcTBaMU. B sToM
OTHOILCHUH Oa3uauajibHble TPUObI MPEACTABIAIOT 3HA-
YUTENBHBI MHTEPEC KaK MCTOYHUKH JIEYEOHBIX U TPO-
(UITAKTUYECKUX CPEACTB C TIPOTHBOOITYXOJIEBOM, HIMMY-
HOCTUMYJIUPYIOLIEH U IIPOTUBOBUPYCHOM aKTUBHOCTBIO.

C 2008 1. B 'HLI BupycOnOTHU 1 OMOTEXHOIOTHH
«BekTop» NpOBOAATCS WU3y4YEHHE NPOTUBOBUPYCHOU
AKTUBHOCTH ILJIOAOBKIX Tes rpuboB FOro-3ananxoii Cu-
OupH U BBIJICICHHE WX B YUCTYIO KyabTypy. Ha ocHoBe
CKpPMHUHTA NOIHUCAXapUI0B U METaHUHA U3 TPHOOB, ca-
MBI IIUPOKHUN CIEKTP IMIPOTUBOBUPYCHON aKTUBHOCTH
oOHapyxeH y uaru (Inonotus obliquus (Ach. ex Pers.)
Pilat; TpyToBuK cKOlIEHHBIH) [4, 5].

W3BecTHa BBICOKAsh MPOTEKTHUBHAS AKTHBHOCTD
00pa3IloB MEJIAHWHOB W3 Yard in Vitro B OTHOLICHUH
Bupyca rpunmna cyotuna HIN1pdm09, Bupyca nmmy-
HogeduuuTa yenmoeka l-ro tunma (BHUY-1), Bupyca
npocroro repreca 2-ro tuna (BIII'-2), Bupyca 3anan-
Horo Huna, BUpyca HaTypaJIbHOM OCIIBI U BUPYCa OCIIO-
BaKIMHBI [6].

[Tokazana BeICOKasi MPOTUBOBUPYCHAsI AKTUBHOCTD
B orHOmeHHH SARS-CoV-2 BOAHBIX IKCTPAKTOB yarw,
cozep)KaliuX MeJTaHHMH M TYMHHOBBIC BemecTBa. JlaH-
HBIC SKCTPAKThI 00NAaI HU3KOH TOKCHYHOCThIO, 50%
sddexruBHO n030i (D) 0,75 MKr/MII, BBICOKMM XH-
MuoTepaneBTuiaeckum unaexcom (XTHU) — 155,5 [7].

BonHble 3KCTPaKThl, MOMYyYEHHBIE M3 CKICPOLHS
Yard, MHruOMpoBanyd WHPEKIMOHHOCTh ITAMMOB BU-
pyca rpunma A/chicken/Kurgan/05/2005 (H5N1) u
A/Moscow/226/2009(HIN1)pdm09 ¢ unaekcamu Hew-
Tpanuzanmu 4,7 u 3,2 lg coorBercTBeHHO. [IpoTHBO-
TPUNINO3HOE ACHCTBHE AaHHBIX 00pa3loB OBLIO COMO-
CTaBUMO C aKTUBHOCTHIO npemnapara Tamuduo® [6].

Heabo HACTOSILETO MCCICAOBAHUS SBISETCS U3-
yueHHE MPOTUBOTPUIIIO3HBIX CBOHCTB MENaHWHA, TO-
JYYEHHOTO M3 alTEeYHOW Yard. 3aJadd MCCICAOBAHMUS:
MOJy4eHHe BOJAOPACTBOPUMOTO MEJIaHUHA, ONpeerne-
HUE TOKCHYHOCTH TOJyYE€HHOTO 00pasia, TeCTHpOBa-
HUE CMOCOOHOCTH MeNlaHWHA MOJaBIATh MH(EKINOH-
HOCTb BUpYyCa rpuria, onpenenacHue 50% TOKCHUeCKUX
u 50% MHruOUpyomUX BUPYC TPUIINA KOHIEHTPAaLUH
00pasIos.

MaTepman bl 1 MeToAbl

Kynemypa knemok

[ns onpenenenus TOKCHYHOCTHU U IPOTUBOBHUPYC-
HOW aKTUBHOCTH TPHOHBIX MEIaHWHOB HCIOJIb30BAIU
nepesuBaeMyto JuHHIo kietok MDCK, nonydeHnnyro
n3 koyekuuu KyneTyp kierok I'HIT Bb «Bekrtop».
Knetku BeipamuBanu B cpene DMEM (OOO «buo-
not») B npucyTctBuM 10% HHAKTUBUPOBAHHOU CBI-
BOPOTKH KpoBHU II010B KOpoBbl (OOO «buonor») u
antuouotukoB (mennuwuimH 100 ME/mn, crpemnto-

murmH 100 Mkr/mi). Knerounyio cycneH3nio BHOCH-
1 B 96-myHouHble TuaHmeTsl no 100 MK B JTYHKY B
kourentpanuu 1,0—1,5 x 10° kmetox/mut. TnaHmeTs! ¢
KJIETKaMu roMemanu B repmoctar npu 37°C, 5% CO, u
100% BnaxxnocTtu Ha 2—3 cyT 10 00pa30BaHUs KJIETOU-
HOTO MOHOCJIOSI.

Bupycei

B pabore wucnonp3oBanmd IMTaMMBI  BHpYycCa
rpunmna A: mramMMm Bupyca rpummna nruy A/chicken/
Kurgan/05/2005 (H5N1) ¢ uHGEKUHOHHBIM THTPOM
7,25 £ 0,49 Ig T/, /Mn; mramm aJanTMpOBaHHOTO
K J1abOpaTopHBIM MBIIIAM BUpYyCa TPHIINA YelIOBEKa
A/Aichi/2/68 (H3N2) ¢ uH(EKIUOHHBIM THTPOM
4,50+0,691g TL[I[SO/MJI; [ITAaMM IaHIEMHIYECKOTO BUPYCa
rpumnna yenoseka A/California/04/2009 (HIN1)pdm09 ¢
vHpexmonHbM THTpoM 5,00 + 0,57 1g TLL, /M. Bee
WCTIOJIb3yeMble IITaMMbI MONy4YeHbl U3 [ocymapcTBeH-
HOWU Kosutekuuu Mukpoopranuszmos I'HIT Bb «Bekrop».

KoHnentpauuio Bupyca Kaxaoro cyotumna ompe-
JIeJISTU IyTEM TUTPOBaHUA B KynbType kietok MDCK
NpU KyJBTUBUPOBAHUH B TEUEHHUE 3 CYT B TEPMOCTATE
npu 37°C, 5% CO, n 100% Bnaxxnoctu. Tutpsl BUpyca
paccuuthiBanu o merony Crnupmena—KepOepa, Bripa-
JKalli B JECATUYHBIX Jorapudmax 50% TkaHEeBBIX 1H-
tonarndeckux 103 B 1 mu (Ig TIJL, /M) u npencras-
nsuta B BUune M + [ juist (tne M — cpeznee 3Ha4deHue,
I,; — 95% noBepuTenbHBIA UHTEPBAIT) U CPABHUBAIIH
no merony Cnupmena—KepOepa ¢ momomipio makera
KOMIIBIOTEPHBIX MporpaMM «Statistica 6.0» [8, 9].

Wccnedyembie 06pasyel

J1g mosmyyeHust BOZOPacTBOPUMOTO MENaHUHA U3
anTeyHol yaru (oopaser; 20-24) k 5 © CyXoro u3Melb-
4yéHHOro (10 1 MM) MPUPOAHOTO CHIPbS Yaru a00aB-
msmm 100 vt 2% NaOH u BeIiepKHUBalid B aBTOKJIaBe
30 muH npu u3bsITouHOM Aasnenuu 0,7 atm. [lanee mo-
JYYeHHBIH pacTBOP (UIBTPOBAIM 4Yepe3 KallpPOHOBBIN
1 OyMaKHBIA QUILTPBL. MenaHuH oca)Iand KOHIIeH-
TPUPOBAHHOMN COJISHOM KHCIIOTOW U IIEHTPUQYTrupoBa-
mu (uentpudyra «Centra CL3») 20 mun npu 4000 06/
MuH. Jlanee npoBonunu 3-kpatHoe nepeocaxaenue 1H
COJIIHOM KMCIJIOTOM U TPUMAbI POMBIBAJIM OCAJOK JUC-
TuiposanHoi Bono# (1 : 10). I[Tomyuennslit npenapar
HE pacTBOPSAETCS B BOJIE, HO XOPOIIO PacCTBOPSETCS B I1ie-
nouax. BonopactBopumyro ¢opmy MenaHHHA MOTy4ann
MyTéM pPacTBOpEHHUs MoiydeHHoro nurmenra B 10%
BOJHOM pacTBope ammuaka (3HaueHue pH ot 7 go 8)
C MOCJIEAYIOINUM MATKUM BBIIIAPUBAHUEM OCTATOYHOIO
aMMHaKa ¥ BOJIbI JIO CYXOI0 COCTOSIHUSI IIPU TEMIIepaTy-
pe Bo3nymHoro nortoka 30°C. IlomyuyeHHslil npenapar
MOJHOCTBIO PAacTBOPUM B Boje. [l MpoBeneHus 3Kc-
MEPUMEHTOB 10 U3YyYEHHIO TOKCUYHOCTHU U IPOTUBOBU-
PYCHO# aKTUBHOCTH CyXOW MeJIaHHH ObLI paCTBOPEH B
JUCTUIITMPOBAHHOM BOJIE 10 KOHICHTPALUK 2 MI/MJL.

B kauectBe pedepeHc-npenapara HCHOIB30BaAIN
Tamudmo® («Hoffmann-La Roche Ltd.»).
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OnpedeneHue MAKCUMasabHO NepeHoCUMbIX
KOHUeHmpayuti o06pasyos u usyyeHue
UX CNOCOBHOCMU N00ABIAMb UHEKYUOHHOCMb
8upyca apunna in vitro

IIpu ompenenceHUM TOKCUYECKUX KOHLEHTPALMM
MEJIaHMHA M3 Yard MCXOJHYIO KOHLIEHTpauuio oOpas-
ua (800 mkr/mi) passogunu B 1,5; 2,3; 3,4; 5,0; 7,6;
11,4; 17,1; 25,6; 38,5; 57,5; 86,5; 129,7 paza (c marom
1,5) cpenoit DMEM, BHocuiu o 100 MK pa3BeaeHwMit
MeJIaHHHA B JIYHKH 96-JIyHOYHOTO IUIaHIIETa ¢ KIeToY-
HBIM MOHOCIJOEM (110 4 JTYHKH Ha KaXXI0€ pa3BeleHUE
oOpasia) u youpaiu B Tepmoctar Ha 2 ¢yt nipu 37°C,
5% CO, u 100% Bnaxknoctu. Crycts 2 CyT ¢ HOMOIIBIO
MHBEPTUPOBAHHOTO MUKPOCKOIIA TIPOU3BOUIIN OLIEHKY
JIECTPYKTUBHBIX M3MeHEHU I MoHOCIO0s kKiieTok MDCK,
WHKYOMPOBaHHBIX C pPAa3JIMYHBIMH KOHLEHTPALHUSIMH
uccnenyemoro obpasua. [lapamnensHo, B KadecTBe
KJIETOYHOTO KOHTPOJIS, UCIOIb30BAIIM MOHOCIION KYJIb-
Typsl MDCK 6e3 BHEceHuUs penapaTa. 3a MaKCHMAaJlb-
HO nepeHocuMyto KoHeHrpanuio (MIIK) npuaumanu
Ty KOHIIEHTPAHIO, TIPH KOTOPOH HE OBLIO BBISBICHO
IUTOTOKCUYECKOT0 A deKTa.

HccnenoBanue ciocoOHOCTH TPUOHOTO METIaHWHA
20-24 BnusATh Ha MHPEKIHOHHYIO aKTHBHOCTH (TUTP)
BUpyca TpHumna A B MOHOCIOE KJIETOK ObLIO MpoBe-
neHo npu ucnonb3oBanuu MIIK mist manHo# KieTod-
HO#t KynbTyphl. [Ipenapar cpaBHenus Tamuduo® Obut
UCTIONB30BaH B KoHueHTpanuu 100 Mxr/mi. B myHku
96-TyHOUHBIX TUIAHIIETOB C KJIETOYHBIM MOHOCIIOEM
3a 1 u o 3apaxkenus BHocuad no 100 mxn oOpasua,
pa3BenéHHOTO A0 HEOOXOIMMOW KOHLIEHTpAlMU Ccpe-
noii DMEM, coneprxareit 2 mxr/ma tpuricuaa TPCK
(«Sigmay). NupunupoBaHue MOHOCIOA KIIETOK OCY-
HIECTBISIN JCCATUKPATHBIMHA Pa3BEICHUSMH BHpYyca
TpUIIIa, IPUTOTOBICHHBIMH Ha 3TOM )K€ cpene, B 00bE-
me 100 Mx/myHKy (110 4 TyHKH Ha Ka)J10€ pa3BeAeHUE
Bupyca). Knetku nakyouposanu 2 cyt npu 37°C, 5%
CO, n 100% Brnaxknoctu. Jlanee onpenesnsim HaluIue
BHpYCa IpUINa B KyJIBTUBUPYEMOU CpeJie MO peaKIiu
reMarmioTuHanuu ¢ 1% cycrneHsueit KypuHbIX SpUTPO-
uTOB. TUTp BUpyca rpummna B OmnbITe (C UCCIETyEMbIM
0o0pa3loM), a TakkKe B COOTBETCTBYIOILIEM KOHTPOJIE
(6e3 obpasua) onpenensm B lg TIJL, /Mn u paccuu-
ThIBaJIM UHJEKC HerTpanuzauuu (MH), cocraBnsiomuit
pasHHIly MEXIy TUTpaM{ BHpyca B KOHTPOJIC U ONbBITE
(Ig) [10]. B cooTBeTcTBHM C PYKOBOICTBOM IO JKCIIE-
PUMEHTAIBHOMY (JOKITMHUYECKOMY) M3yUYEHHIO HOBBIX
(apmaxonorunyeckux BeiecTs [10] BemecTBo obnamaet
BBICOKOH aKTHBHOCTBIO, €CJIM MOJABIsAeT MH(EKLIHUOH-
HoCTh Bupyca B 100 u 6onee pa3 (MH > 2,0 1g).

OnpedeneHue 50% yumomokcuyeckux u 50%
UH2UbUpyoWUX 8UPYC 2pUnnad KoHYyeHmpayut
obpasyos in vitro

HN3yyanu W3MEHEHHE ONTUYECKOW IUIOTHOCTHU
(OIT) pactBOpa KpacuTels, MOMIOMEHHOTO >KHUBHI-
MU KJIE€TKaMH B MOHOcJO€ KynbTypbl kietok MDCK,
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ompenensimi - 50%  murorokcuueckue (LTI, ) wu
50% Bupycunrubupyromue (3/1 ) KoHUEHTpauu
[IpernaparoB  KoJlopuMeTpudeckuM wmerogoMm [11].
B »skcnepumente wucnonp3oBasd psan 12-KpaTHBIX U
[IOCJIEZIOBAaTENbHBIX 2-KpaTHBIX pPa3BelEeHUI BOJHO-
ro pacTBOpa MejlaHWHa u3 daru: B 2, 4, 8, 16, 32, 64,
128, 256, 512, 1024, 2051, 4000 pa3 cpenoii DMEM
(nvana3oH HcciaenyeMbIX KOHIEHTpAIMil COCTaBIIsI
0,38-800 mkr/mi). Ilpenapar cpaBHenus Tamuduro®
pasBogmiu 8 pas c¢ marom 3 cpegoi DMEM (nuana-
30H HccielyeMbIXx KoHueHTpauuil coctasnsan 0,046—
100,0 Mxr/mi).

Has onpenenenus LITI, ) psa momy4eHHbIX pas-
BEIEHWI BHOCHUIM Ha MOHOCJIOH KJIETOK B 00BEME
100 Mxn/myHKY 96-TyHOUHOTO TUIAHIIIETA U CTABHUIIU B
tepmocrar npu 37°C, 5% CO, n 100% Bnaxnocth Ha
3 cyT. B xauecTBe KJIETOYHOTO KOHTPOJIS UCTIOJIb30BAIH
MHTAKTHBIH MOHOCJOW (0e3 BHECEHHUS HCCIEIyeMOro
oOpasia).

Huist onpenenenus O B OTHOLIEHUH 3 IITAMMOB
BHpYyca rpunna A B TyHKH 96-ITyHOUHBIX IIAHILIETOB C
MOHOCIIOEM KIIETOK BHOCHJIM Psifi Pa3BeAeHUil oOpas-
oB B 00béMe 100 MKII/MyHKY, Yyepe3 2 4 MHKyOHpoBa-
nus nipu 37°C, 5% CO, u 100% BnaxkHocTu mnpenapar
yAalsiau U3 JyHOK M BHocuiM no 100 Mxi passerne-
HUSl BHpYCa C MHO)XECTBEHHOCTHIO HH(DHLIUPOBAHUS
0,1 T/, /xnerky. Crycrst 1 4 ancopOuuu Bupyca Ha
KJIETKaX YyAAJIsiad BHPYCCOAEPXKAILYI0 >KUIKOCTh U
CHOBa BHOCHJIM MccieqyeMble 00pa3ibl Ha MOHOCTIOH.
B xadyecTBe KOHTpOJISI BUpYyca HCIOIb30BAIN WHPHULIHN-
POBaHHBIM MOHOCJION KJIETOK (0€3 BHECSHHMsI Ipernapa-
ta). [lnanmersl momernanu B Tepmoctar mpu 37°C, 5%
CO, 1 100% BraxHOCTH Ha 3 CYT.

[Mocne wHKYOMpOBaHMS B JIyHKH IUIAQHILIETA, CO-
JiepKalliue KyJIbTypajbHYI0 CpeAy, BHOCHJIM BHUTaJlb-
HBIH (IPUKU3HEHHBIN) KpacuTelnb HEWTpaJIbHBIN Kpac-
Heid (50 MKI/myHKY) M nHKyOupoBanu 2 4 npu 37°C.
Hanee kJIeTKH NPOMBIBANK ABYKPaTHO (U3UOIOTHYC-
CKUM pacTBOpoM B 00bémMe 400 MKI/TyHKY, BHOCHIIH
au3upyromui 0ydep (cMech paBHBIX yacTein 96% 31u-
noBoro cnupta u 0,01 M pactBopa MoHOaMMOHUIOC-
¢ara, pH 3,5) u uepe3 30 mun onpeaensu OI1. Bennuu-
Hy OIT u3mMepsin ¢ MOMOIIBI0 MHOTO(QYHKIIMOHATIBHOTO
cnektpodoromerpa «xMark Microplate Absorbance
Reader» mpu mnuHe Bonubl 540 HM, KOTOpast SBISETCS
[I0Ka3aTeNeM KOJIMYECTBa >KU3HECHOCOOHBIX KIIETOK B
MOHOCJIO€, COXPAaHHUBILUXCS MPU LUTONATHUECKOM AeH-
CTBMHU BHpPYCa WM TOKCUYECKOM JIEHCTBUH HCCIIEAYEMO-
ro oOpasua. 3aTeM IpH MOMOIIM KOMITBIOTEPHOH Mpo-
rpammbl «SoftMaxPro 4.0» pesynsrarer OIl npencras-
JSUTH B TIOMTYJIOrapuMUUIEcKoi cructemMe KoopauHar. Ha
OCHOBAaHUH TOJNYYCHHBIX aHHBIX paccunThbiBanu LT/,
u OJI, nns ucenenyempix npenaparos. LT/ — semu-
YMHa KOHLEHTPAIMHU onpeaeaéHHoro odpasma npenapa-
Ta B JIyHKE IJIaHILETAa, [10J] BO3/IEHICTBUEM KOTOPOTO pa3-
pyuaerest 50% Ki1eTouHOro MOHOCIOs, IJ1, | — BeNIM4K-
Ha KOHLIEHTPALMHK oNpeaeaEHHOro oOpasia mpenapara B
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JyHKE IUIAHIIETa, MO BO3ICHCTBHEM KOTOPOTO COXpa-
usieres 50% >KU3HeCTOCOOHOTO KIETOYHOTO MOHOCIIOS.
[Tony4yeHnsle HaHHBIC 10T BO3MOXKHOCTH PacCUUTATh
xuMmuoTepanesrudeckuii uaaeke (XTU) npenapara mo
popmyne: XTU = LTI, /1, . AKTUBHBIMU CUMTAOTCS
coenunenus ¢ XTU > 8 [10].

Pesynbratbl

[lpu BH3yanbHOM H3YYEHHH LUTOTOKCHYHOCTH
BOJIHOTO pacTBOpa MeEJaHMHAa M3 Yaru YyCTaHOBIIE-
Ho, yto MIIK nmanHoro mpemapara, HE OKa3bIBaOIAS
Ha KJISTKU TOKCHYECKOIO AchcTBHUs, cocTaBmia 237,0
MKI/MI1. Pe3ynbrarsl onpeaeneHus: mpoTUBOBHPYCHON
AaKTHBHOCTH SKCIIEpHUMEHTalbHOro obOpasua 20-24,
CHIDKAIOMIET0 MH(PEKIMOHHOCTh (TUTPHI) 3 IMTaMMOB
BHpYyca rpummna B KynsType kiaerok MDCK, npencras-
JieHbl B Ta0uI. 1.

[Moxg gelicTBueM wHccieayeMoro obOpasna 4Yaru
HaOJIOIAI0Ch CHIDKEHUE TUTpa Bupyca rpunmna A/Ca-
lifornia/04/2009 (HIN1)pdmO09 B 3162 pa3a, Tutpa
Bupyca A/Aichi/2/68 (H3N2) — B 1000 pa3, Tutpa Bu-
pyca A/chicken/Kurgan/05/2005 (H5N1) — B 316 pa3
OTHOCHUTEIHHO COOTBETCTBYIOIIMX KOHTpoOJeH (0e3 00-
pasua). UH cocrasnsum 2,5-3,5 1g.

OrnpeneneHsl T, u 9,)150 Juist obopasua 20-24 u
Tamuguo® B OTHOLIEHHH 3 IITAMMOB BUpYyCa IpHina A
A paccuuTaHbl COOTBeTCTByromuMe 3HaueHus XTU
(Tadu. 2). OJ1, obpasua 20-24 s 3 cyOTUIIOB BUpyCa

TpUIINa HAXOAWIKCH B Tipeaenax ot 1,6 10 9,5 Mkr/mur.
B oTHOmEHMM TaHAEMHUYECKOrO BHpyca TpHIIa
A/HIN1pdm09 uccnemyemblii oOpa3ser; okaszaiucs Hau-
0oJsiee aKTUBHBIM, T.K. IposiBui 50% BHPYCHHTHOUDY-
IOLIYI0 aKTUBHOCTh NPU HAUMEHBIIEH KOHIEHTPAaLUU

(O, = 1,6 mxr/mn).

O6cyxaeHne

[IpoBenénnbie uccnenoBanus MOKa3ai, 4To 00-
pazen menanuHa 20-24, moay4eHHBIN U3 yaru, oonazia-
€T IIPOTUBOBUPYCHBIM JEHCTBUEM B CUCTEME in Vilro B
OTHOILIEHUH HCCIIEAYEMBIX IITAMMOB BHpYycCa TpHUIIA:
A/California/04/2009 (HIN1)pdm09, A/Aichi/2/68
(H3N2) u A/chicken/Kurgan/05/2005 (H5N1). B wuc-
CIICIOBAHMM MO H3YyYEHHIO CHWKEHHUsSI HH(EKIMOH-
HOCTHU TIOJ JCHCTBHEM MeJIaHMHA U3 4ard Juis 3 cyO-
TUIIOB BHpyca Ipumnmna A BBISBIEHbI CTaTUCTUYECKUE
OTJIMYUS OT COOTBETCTBYIOIIMX KOHTPOJICH Bupyca (6e3
BHECEHHs 00pa3ia), ycTaHOBJICHHBIE 10 MeToy Criup-
mena—Kepbepa (tabn. 1). B maHHOM 3kcnepuMeHTe
00HapyXeHO, YTO MPOTHUBOBUPYCHOE AeHCTBHE 00pa3-
1a 20-24 B OTHOIIEHHUHU BCEX UCCIEAYEMBIX IITaMMOB
BUpYyCa Ipulna ObUIO COMOCTAaBUMO C aeicTBHeM Ta-
Mudiio®. PasHUIA WHAEKCOB HEHTPaTH3AIMUA MEXKTY
pedepeHc-npenapatoM U TECTHPYEMBIM 00pa3loM He
npesbimana 1,0 1g.

IIpu cpaBuenuu 3Hauenuit XTH g menanuna,
MOJTyYEHHOT'0 U3 Yaru, B OTHOUIEHUH 3 IITaMMOB BUPY-

Tabnuua 1. CHwKeHne nHdekumoHHoCTM BUpYyca rpunna A B kynetype knetok MDCK noa gencrsnem BogopacTtBOpMMOro

MenaHuHa 13 yaru u pedpepeHc-npenapata Tamudno®

Table 1. Reduction of the influenza A virus infectivity under the influence of water-soluble melanin 20-24 obtained from

Inonotus obliquus and reference drug Tamiflu®

TuTp Bupyca rpunna, Ig TUA, /mMn VH, Ig
U-Ilr-:falrévrlsz;lF\)/%lrilas '31;‘;23 E)?pnebrli-rrr/reonk{/rggrﬂ?ol Virus titer, Ig TCIDSO/mLSO Neutralization
M=l n=4) index (IN), Ig
A/California/04/2009 (H1N1)pdm09 O6pasey 20-24 1,50 + 0,00* 3,50
Sample 20-24
Tamudonio® 2,25+ 0,49 2,75
Tamiflu®
KoHTponb Bupyca 5,00 £ 0,57 -
Virus control
A/Aichi/2/68 (H3N2) Ob6pasey 20-24 1,50 + 0,00* 3,00
Sample 20-24
Tamudno® 0,50 + 0,00* 4,00
Tamiflu®
KoHTponb Bupyca 4,50 + 0,69 -
Virus control
A/chicken/Kurgan/05/2005 (H5N1) Ob6pasey 20-24 4,75 + 0,49* 2,50
Sample 20-24
Tamudpno® 5,00 +0,57* 2,25
Tamiflu®
KoHTponb Bupyca 7,25+ 0,49 —

Virus control

MpumeyaHue. N — YNUCNO NMYHOK C MOHOCIOEM KNETOK, MH(ULIMPOBAHHBIX pasHbIMW pa3BeaeHusMY Bupyca. *p < 0,05 no cpaBHeHUIO C KOH-

Tponewm (6e3 obpasua) no metogy CnupmeHa—Kepbepa.

Notes. TCID,, — 50% tissue culture infectious doses; M (mean) and SD (standard deviation) for 95% confidence interval calculated by the
Spearman-Kerber method; n means the number of wells with the cell monolayer infected with viruses in different concentrations. *p < 0.05
compared to the control (sample-free) by the Spearman—Kerber method.
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Ta6nuua 2. MpoTnBOBMPYCHas akTUBHOCTb BOAOPACTBOPUMOro MenaHuHa 20-24 13 yaru un pedbepeHc-npenapara Tamudnio®

B OTHOLLEHMU BUpyca rpunna A B Kynstype krnetok MDCK

Table 2. Antiviral activity of water-soluble melanin 20-24 obtained from Inonotus obliquus and reference drug Tamiflu® against

influenza A virus in MDCK cell culture

Litamm Bupyca rpunna OnbIT/KOHTPONb UTAO,, MKr/mn 3, MKr/Mn XTN
Influenza virus strain Experiment/control CC,,, ug/mL IC,,, ug/mL Sl

A/California/04/ Ob6pasey 20-24 | Sample 20-24 153,45 1,55 99,00
2009 (H1N1)pdm09 Tamucbrio® | Tamiflu® > 100,00 0,94 > 106,38

A/Aichi/2/68 (H3N2) Obpasey 20-24 | Sample 20-24 153,45 5,70 26,92
Tamucpno® | Tamiflu® > 100,00 0,06 > 1666,67

Al/chicken/Kurgan/ 05/2005 (H5N1) Obpasey 20-24 | Sample 20-24 153,45 9,52 16,07
Tamudpnto® | Tamiflu® > 100,00 0,02 > 5000,00

Note. CC_, — 50% cytotoxic concentration; IC,, — 50% inhibitory (effective) concentration; Sl — selectivity index.

ca rpuIIa yCTaHOBIIEHO, YTO CAMOE BBICOKOE 3HaYECHUE
JTAHHOTO MoKa3arelsi, cocrasistomiee 99,0 (conocraBu-
moe co 3HauenneM XTU Tamudiio®), 66110 00HApYKE-
HO U1 BUpyca rpunma A/California/04/2009 (HIN1)
pdm09. T.B. TemisaxkoBoii 1 cOaBT. yCTAaHOBJIEHO BHICO-
koe 3HaueHrue X TH MenaHuHOB, BBIJCIICHHBIX U3 KYlb-
TypaJbHOH KHIKOCTH M OMOMAacchl KyJbTHBUPYEMOTO
munenus yary (mramm F-1244), kotopoe nocturasno 160
B OTHOIIIEHUH 3TOT0 )K€ ITaMMa BUpyca rpumnmna [6, 12].
B orHomenun Bupyca rpumma A cyotumoB H3N2
v H5N1 vamu Obuin nosyvenst 3uavenus JJ1, 5,7 u
9,52 mxr/mi, a XTU — 26,92 u 16,07 COOTBETCTBEHHO.

Takum o6pazom, MenanuH u3 yaru 20-24 nposBuiI
BBICOKYIO aKTHBHOCTb B OTHOIICHHH BHpYycCa TpHIINa
A pazsbix cyorunoB (HINIpdm09, H3N2, H5NI).
[Tpu >ToM HamOONBIIYIO aKTHBHOCTH 0Opasel Mela-
HUHA OKa3aJl MPOTHB MaHJAEMUYECKOr0 BUpyca TpHIINa
A/HINIpdmO9 (cumxkan ero HHGEKIUOHHOCTH Ha
3,5 1g u obmanan OJI, 1,6 mxr/mn) [6].

[Mony4eHHble pe3ynbTaThl yKa3blBAlOT Ha Iep-
CHEKTUBHOCTh CO3JaHMsI IPOTHBOTPHIIIIO3HOTO Tpera-
para Ha OCHOBE MenanuHa Inonotus obliquus mpoko-
IO CIIEKTPa, CHUXKAIOIIETO BUPYCHYIO HArPY3KY.
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