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Obocnosanue. B viccienoBaHUM OLIEHWBAA METabOIM3M MeIW B OpraHW3Me XO3sMHA KaK 1eJb MPOTUBOBU-
PYCHOI CTpaTermy, OCHOBBLIBASICh Ha KOHIEIIINU «BUPYKJIETOK», MPEINOJIATAIOICi YTO MUIIEHU IS TIOJABJICHMUS
PETpOAYKIIMUA BUPYCca MOTYT OBITh HAleHBI B META0OJM3ME XO3SUHA.

Ileas — orleHUTH BIWSIHUE TIOKA3aTeNieil cTtaTyca Meau Ha TPUIIO3HYI0 MHOEKIUIO Y MBITIEH.

Mamepuaaot u memodst. Hanouactuirsr cepedbpa (AgNPs) ncronp3oBany B KayecTBe CrelMUIECKOTO aKTUB-
HOTO areHTa, MOCKOJbKY OHU CHIXKAIOT YPOBEHb XOJIOLIEPYIOTUIa3MIHA — OCHOBHOTO BHEKJIETOYHOTO KYIPOSH3UMA.
B MBIIIMHOV MOAENN IPUNNO3HON MHQEKINN 3a0eicTBOBaIN ABEe 003kl Bupyca rpunna A: 1 JI15, u 10 JI,. TTpu-
MEHSUIU CIEAYIONIYI0 CXeMY JIEUEHUSI: MbIIlIaM BBOIWJIM HAHOYACTUIIBI cepedpa eXeIHEBHO, HaUMHas 3a YeTbIpe AHS
JI0 3apakeHUsl M JI0 KOHLa 3KcrnepuMeHTa (14-i1 neHb).

Pezyasvmameot uccaedoeanusa. Y monneii, moaydasmmx AgNPs, 3apeructprpoBaHa 3HaYMTEILHO MEHbIIIAsT CMEPT-
HOCTb, B KOHIIE SKCIIEPUMEHTA WHAEKC 3aliuThl goctur 60—70 %, a cpenHssl MpPOIOJIKUTEIBHOCTh KU3HU ObLia
yBenuueHa. Kpome Toro, o6paborka XuBOTHBIX AgNPs mpuBesa K HOpManu3alMv IMHAMUKU WX Beca. HecmoTps
Ha ocnabieHue uHdbekuuu, jgeueHrue AgNPs He BIMSJIO Ha peryiuKaluio BUpyca TpuIlma.

3axarouenue. ViccnenmoBaHue TOATBEPXKIAeT, YTO HAHOYACTHUIIBI cepedpa MOTYT MCITOIb30BaThCS IS 3alIUTHI
OT rpumnma.

KioueBslie cjoBa: 1epy/loluia3MUH; CTaTyC MeNW; HAHOYACTUIILI cepedpa; TPUIIN; peTuTuKallusl BUpyca TPUIITA;
npodurakTka 1 JiedeHue.
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BACKGROUND: The present study assesses copper metabolism of the host organism as a target of antiviral
strategy, basing on the “virocell” concept. This concept suggests that the targets for suppressing viral reproduction
can be found in the host’s metabolism.

AIM: Evaluation of the effect of copper status indicators on influenza infection in mice.

MATERIALS AND METHODS: Silver nanoparticles (AgNPs) were used as a specific active agent because
they reduce the level of holo-ceruloplasmin, the main extracellular cuproenzyme. The mouse model of influenza
virus A infection was used with two doses: 1 LDy, and 10 LDy,. The following treatment regimens were used: mice
were pretreated four days before infection and then every day during infection development until the end of the
experiment (day 14).

RESULTS: The mice treated with AgNPs demonstrated significantly lower mortality, the protection index reached
60—70% at the end of the experiment, and mean lifespan was prolonged. In addition, the treatment of the animals
with AgNPs resulted in normalization of the weight dynamics. Despite the amelioration of the infection, AgNPs
treatment did not influence influenza virus replication.

CONCLUSIONS: This study provides support for the view that silver nanoparticles could be used as protection
against influenza.

Keywords: ceruloplasmin; copper status; silver nanoparticles; influenza; influenza virus replication; prophylaxis
and treatment.
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I'punn — 3To coluMalibHO 3HaYMMasi MHpeK-
LIYsI, OT KOTOPOU €XEeromHo B MUpPE YMHUPAIOT A0
650 TeIC. yenoBeK [1]. Hambonee apdeKTUBHBIMU
crocobaMu GOpBOBI C TPUIIIIOM OCTarOTCS BaK-
LIMHO- U XuUMuoIrpoduaaktuka. OOIIMMU orpa-
HUYEHUSMU OOOUX TIOAXOJO0B CJIyXXaT BbICOKas
W3MEHYMBOCThL TE€HOMa BUpyca TPUIINA, a TakKxXKe
ero pacnpocTpaHeHHasi Pe3UCTEHTHOCTb K CIeLu-
duyeckuM xumuonpenaparaM. B mociienHee mne-
CATWIETHE B paMKaX KOHUEMLMU <«BUPOKJIETKa»
pa3zpabaThIBa€TCs HOBBIM MOAXO K IPEOIOICHUIO
BUPYCHBIX MH(peKkuuii [2]. OH cOCTOUT B TOUCKE
3BEHbEB B BHUpYycCCHEeU(PUUECKOM Iepernporpam-
MUPOBaHUM, BO3ACHCTBUME Ha KOTOpble H30Mpa-
TeJIbHO TOJIABJIsSIET PEeNpOAyKIUIO BUpyca, HO He
BJIMSIET Ha KJIETKY-XO3siuHa. M3BecTHO, 4TO IJIs
3aBeplIeHUsT (OpMUPOBaAHUSI BUpyca TIpummna A
HeoO0XOAUMO TIPUCYTCTBUE WOHOB Menu. B Ha-
IIEM MCCJIECIOBAHUU B CUCTEME in VIVO U3YYEHO
BIMsSIHYE AepuuUTa MEIU B XOJOLEPYJOMIa3Mu-
He (OCHOBHOM BHEKJIETOUHOM KYIPO3H3UME), BbI-
3BaHHOIro BBeAeHUeM AgNPs, Ha penpoayKuuio
Bupyca rpunna HINIpdm09 u rubeib MbIllei.

MaTtepuaAbl U METOADI

AgNPs 06bU1M Opou3BeleHbl METOAOM XWUMMU-
yeckoro BoccTaHoBieHUs1 Ag(l) n3z AgNO; no
Ag(0). Dnuaemuueckuii Bupyc rpumnma A/FHOxHas
Adpuka/3626/2013 (HIN1)pdm09 6bu1 moiry-
yeH u3 The Francis Crick Institute (JlonmoH,

\\)
-y

—
o
o

60

40

20

Nupekc 3awwntbl, % / Protection index, %

3 4 5 6 7 8 9 10 11 12 13 14
[nu / Days

=¢-10 /1] == 110

Tup Bupyca B nerkux, 1g AN/
Titer of the virus in the lungs, Ig EIDsy/g

BeaukoOpuTaHusi). AKTUBHOCTb OKCHIA3bl B KPO-
BU MBbIIIEH BKCIIEPUMEHTAJIbHO CHUXKAIU IyTeM
€XeHEBHOIO0 BHYTPUOPIOIIMHHOTO BBEACHUSI CaM-
kaM Mblei guanu CBA Becom 16—20 r HaHO-
yacTtull cepedpa (0,2 Mr/Kr), HauYMHasl 3a YeThIpe
JHSI 10 3apaxeHust u 10 14-ro (mocjaegHero) AHS
akcriepuMmeHTa. Ha 5-i1 geHb OT Hayaja 3KcCIie-
pUMEHTa MBIl 3apaXkaJld WHTPaHA3aIbHO IO
nerkuM 3¢pupHbIM HapkosoMm 1 JIIy, u 10 J1Mj,
Bupyca. DG@EKTUBHOCTL IIpeliapara OLIEHWBAJIN
Ha MOJIEJU JIETAJIbHOW TPUIINIO3HON IMHEBMOHUMU,
pasBuBamplleiicss y Mbleit Ha 7—10-e cyTku mno-
clie BBelleHUs1 BUpyca. Pe3yabTaThl YYUTHIBAIM T10
TUTPY BUpYycCa B JIETKUX MblllIeii, UBMEHEHUIO Beca
Tesa, CpeaHel MPOAOIKUTETbHOCTU XKU3HU XKUBOT-
HBIX U JieTaJlbHOCTH. CTaThcTHyeckass oOpaboTKa
JaHHBIX OblLIa BBIMOJHEHA C UCIOJb30BaHUEM
GraphPad Prism 7. [l cpaBHeHUsI TaHHBIX MPU-
MeHsuu t-test. 3HaueHue p < 0,05 cuuTtanu cratu-
CTMYECKU 3HAYUMBIM.

PesyAbTaTHI M O6CYXAEHUE

ITpermapatr AgNPs cHuXan JeTaJbHOCTh OT
MHEBMOHUWI 1O CPaBHEHUIO C KOHTPOJBHOM TpyII-
noii. CpeaHsist TPOAOKUTETbHOCTD KU3HU KUBOT-
HBIX B rpynmnax, noaydaBmux AgNPs, noctoBepHO
yBeIU4MBaJiach. MakcuMaabHOE 3HAYCHUE UHICK-
ca 3amuThl AgNPs B OTHOILIEHUM BUpyca TpuUM-
Ma K KOHIIy 3KCIepUMeHTa cocTasisuio 60—75 %
(CM. pUCYHOK, @), YTO COIIOCTaBMMO C MOKa3aTe-
JIIMU pa3pelleHHOro sl MPodUIaKTUKKU TpUIINa
npernapaTta oceJIbTAaMUBUP M TMO3BOJISIET TOBOPUTH
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PUCYHOK. 3aiura MbILLEH OT JIETAILHOI BUPYCHOM ITHEBMOHMU € IIOMOILBIO HaHOUYacTUIl cepedpa (AgNPs). Mbliam nuHTpa-
HaszanbHO BBonuiu 1 JI5, u 10 JI15, Bupyca rpunna H1N1pdm09 u Hab1ronanu exxenHeBHO B TedeHue 14 nHei: a — MHAeKC
3alIUThI (COOTHOIIIEHUE CMEPTHOCTU B KOHTPOJIbHOM IPYIINe K CMEPTHOCTH B OTNBITHOM IpyMIie); b — peruimkalus Bupyca
TPUIINa B JIETKUX MbIIIEN Ha 3-if neHb nociie nHbuuuposanus. DUy, — cpenHsas sMOprOHabHas MHPEKIIMOHHAS 1032

Figure. Protection of the mice from lethal viral pneumonia using silver nanoparticles (AgNPs). Mice were intranasally
injected with 1 LD, and 10 LDy, of the HIN1pdm09 influenza virus and observed daily for 14 days: a — protection
index (the ratio of mortality in the control group to mortality in the experimental group); & — replication of the influenza
virus in the mice lungs on the 3™ day after infection. EID;, — average embryonic infectious dose

ISSN 1608-4101 (Print)

MeAVLIMHCKMA QKOAEMUYECKNN XKYPHOA Tom 2 /I
ISSN 2687-1378 (Online)

Medical Academic Journal Volume

ey 2021



MATEPUAABI KOHOEPEHLN / CONFERENCE PROCEEDINGS

o Bbicokoil akTuBHOCTM AgNPs. Hecmotpsi Ha
o0l1ee BIpaxkeHHOe ociabieHre MHMEeKIUH, Jieue-
Hue nipernaparoM AgN Ps He BUSII0 Ha pETUIMKALIMIO
BUpYcCa I'pUIINA B JIETKUX MbIlIEH (CM. pUCYHOK, b).

B orpaHM4yeHHOM KOJMYECTBE WCCIEeIOBAHUMI
in vitro n in vivo ObLIO TIOKa3aHO WHTUOUPY-
[ollee NEWCTBME HaHoOcepeOpa Ha BUPYC TPUI-
na [3—5]. Pa3paGarbiBaeMBblil ITOAXOH OOECIIEYUT
3alllUTy OpraHuM3Ma OT TPUIIIO3HONW WMH(MEKLIUU
BHE 3aBUCHMOCTM OT TaKHUX BaXXHBIX CBOMCTB
BUpycCa TpUIINA, BIUSIOIIMX Ha 3(DHEeKTUBHOCTH
MPOTHUBOIPUIIIO3HBIX Mep, KaK aHTUTeHHasl HO-
BU3HA U YCTOMYUBOCTD K IIIMPOKO MPUMEHSIEMbIM
XHUMUOTIIpenaparaMm.

BbIBOAbI

CHUXeHue craryca Meaud, WHAYLUMPOBaHHOE
BHYTpUOpIOLIMHHBLIM BBeaeHuem AgNPs, yBenu-
YUBAJIO BbIXKMBAEMOCTb MBbIIIE, 3apakeHHbIX Jie-
TalbHBIMU fgo3aMu Bupyca rpumnmna HI1N1pdmO09,
U CPEOHIOK TIPONOJIKUTETBHOCTh WX >KU3HU.
Pe3ynbTaThl CBUACTEIBCTBYIOT, UYTO IKCIEPUMEH-
TaJIbHOE OTpaHUYEHUE JTOCTYIMTHOCTA MEAU MOXKHO
paccMaTpuBaTh KakK MOOXOM, 00JIafalolInil TpOTH-
BOTPUIIIIO3HBIM TMOTEHIIMATIOM.

AOonoAHUTEAbHAS UHDOPMALUS

Ncrouynuk punancuposanusn. VccienoBanue
BBITIOJIHEHO B paMKax rocydapCTBEHHOIO 3aaHusl.

KoH(pauKT nHTEpecoB. ABTOPHI 1€KIapUPYIOT
OTCYTCTBME SIBHBIX M ITOTEHILIMAIBbHBIX KOHMINK-
TOB WHTEPECOB, CBSI3aHHBIX C MyOJaMKalveill Ha-
CTOSILLIEN CTaThU.

Druyeckas 3KcnepTusza. [Ipotokon uccrie-
JIOBaHUSI OA00OPEH JIOKAJbHBIM 3TUYECKUM KOMU-
tetoM OTBHY «MBM» (Ne 1/20 ot 27.02.2020).

Bknana asropos. M. Axs Dappyx, E.A. Cko-
mopoxoea, Jl.H. Maeazenkoea — TIpoBeneHUE
3KCIIEpUMEHTAJIbHBIX MCCJIeIOBaHUM, 00paboTKa
pe3yabTaTOB, aHaIW3 pe3ysabTatoB. H.B. Kuce-
/e6a — aHaIu3 pe3yJIbTaToOB, 00lliee PyKOBOACTRBO.
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