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BIIJIUB BHYTPILIHBbOSIMIIEBOI'O BBEJIEHHSI HAHOYACTUHOK
CPIBJIA (4gNP) HA EMBPIOHAJIBHUI PO3BUTOK,
IMPOAYKTUBHICTh, AHTUOKCUJIAHTHUH TA IMYHHUM
CTATYC BPOIMJIEPIB

Anomauin

YV 0ocnioscenni susuerno 00303anexcruli 6NIUE BHYMPIUHbOANUYEB020 88E0EHHS
HanouacmuHnox  cpiona (AgNP) Hna emoOpionanvuuii  po36umox, NOKA3HUKU
8UBOOUMOCHI, picm, a MaKodHc Qi3ioN02iuHuUll, OIOXIMIYHUL, AHMUOKCUOAHMHUL Mda
iMyHHUltL cmamyc Opoiinepis. Excnepumenm npoeeoeno 3 SUKOPUCMAHHAM DI3HUX
konyenmpayiti AgNP i3 nooanvuioro oyiHKow NpoOYKMUBHUX MA MemaboiuHUX
NOKA3HUKI@ y NOCMHAMAiIbHOMy nepiodi. Bcmamnoeneno, wo AgNP cnpusaiomo
NIOBUWEHHIO BUBOOUMOCII MA 3HUNCEHHIO eMOpioHaNbHOI cmepmuocmi. Hatikpawi
NOKA3HUKU poCcmy (Maca mina, npupicm, KOHEEpCisi KOpMy) cnocmepieanucs npu 003i
15 me/n. [ocniooicenHs maxkodic UAUI0 NO3SUMUBHUL 6NIIUE HAHOYACMUHOK CPIONA HA
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2eMamono2iyHi ma OIOXIMIYHI NOKA3HUKU KpOBI, 30Kpema NIOBUUeHHs pIGHI8
2emo2nobiny, eemamokpumy ma 20pmony pocmy. Okpim yvoco, AgNP noxkpawysanu
Ainionui npo@ine cuposamxu (3nHudxcenns JIIHII] i mpueniyepudis, nioguuyeHus
JIIIBIL]), axmusysanu aumuokcudaumuy cucmemy (CO/l, kamanaza, 3azanvHa
AHMUOKCUOAHMHA AKMUBHICMb) ma NiO8UWYEATU eKCNpecito OIIKa Menio8020 ULOKY
HSP70. Imynonociuni noKazHUKU makoic 3a3Hanu NO3UMUGHUX 3MIH, WO NPOAGIANOCH
V nioguwenHi akmusnocmi aizoyumy ma pienie yumoxinie (IL-1f5, IFN-y, IL-10, C3).
Ompumani pezyremamu ceiouamv npo supadicenuit biocmumynooyull epexkm AgNP
npu ONMUMANbHUX 003X MA iX nomeHyian Onsa NiOSUWEeHHs NPOOYKMUBHOCMI Mda
cmpecocmiukocmi  Opotiiepie Yy nmaxisHuymei.  Boonowac — ecmanoséneno
00303anexcHutl xapakmep 0ii, wjo nompeoye nooarbuwoi OnMmuMi3ayii 3acmocy8aHHsl
HAHOYACMUHOK.

Knwuosi cnoea nanouacmumku cpiona, AgNP; enympiwnvosiiyese 66e0eHHs,
Opotinepu, 6uB0OUMICMb, picm, aHmuokcuoaumuuu cmamyc; imynimem,; HSP70;
AINIOHUU 0OMIH, NMAXIBHUYMBO

Beryn [ITaxiBHUITBO € OJHUM 13 KIIFOUOBHUX IT1ICEKTOPIB CBITOBOI'O CUTLCHKOTO
rOCII0/IapCTBa Ta BaXKJIMBUM JIKEPEJIOM BUCOKOSIKICHOTO TBapuHHOI O O11Ka. CyyacHui
PO3BUTOK Tally3l XapaKTEpU3YETbCSl AKTUBHUM BIPOBAIKEHHSAM 1HHOBALIMHUX
TEXHOJIOT1M, CIpPSAMOBAHMX Ha MIJBUIICHHS €(QEKTUBHOCTI BUPOOHUIITBA Ta
OilosoriuHoi Oe3nexku mponaykiii. OAHUM 13 KPUTUYHUX €TamiB, M0 BHU3HAYAE
MOIAJIBIITY MPOIXYKTUBHICTH MTHIII, € TEepio] 1HKYOallii Ta paHHbOT'O MOCTHATATBHOTO
po3BuUTKy [1, 2].

AHaJi3 ocTta”HHiX AociaixxkeHb i myOuaikaniii. [licns BuwiIymuieHHs Kypuara
MPOXOJATh CKIaAHUN METa0O0IUHUI NepeXi/l Bl €HIOT€HHOTO KUBJICHHS 32 PaXyHOK
’KOBTKA JI0 CTIOKUBAHHS €K30T€HHUX KOPMiB. Y MPOMHCIOBUX yMOBax Iiei mepexin
94acTO YCKIIAHIOETHCS 3aTPUMKOIO IOCTYITY 10 KOPMY 1 BOJIU, sSIKa MOXKE TpUBaTH 24—
36 roauH, 10 HETAaTUBHO BIUIMBAE Ha PICT, PO3BUTOK TPABHO1 CUCTEMU Ta (POpPMyBaHHs
IMyHHOI BiANOBIi [3, 4].

VY ueill mepioa oOpraHi3M KypyaT 3MYUIEHUH BHUKOPHUCTOBYBAaTHM BHYTPIIIHI
pe3epBU, M0 MOXKE OOMEXKyBaTHU iXHIA MOAAIBIINNA MPOJYKTUBHHM MOTEHIIal. 3
METOI0 MiHIMI3aIlil HEraTUBHOTO BIUIMBY PAaHHBOTO TOJIOJyBaHHS 3HA4YHA yBara
MPUAUISETBCST TEXHOJIOTTT BHYTPINIHBOSWIIEBOTO BBENEHHA (in ovo feeding), ska
JI03BOJISIE MMOKPAILIUTH MMOXKUBHUM CTaTyC eMOpioHa 11 10 BUIyIieHHs. JloBeeHo, 110
I TEXHOJIOTiS CIpHs€ PO3BUTKY ILUTYHKOBO-KUIIKOBOTO TpPaKTy, IMIABHILYE
€(eKTUBHICTh 3aCBOEHHS MOKUBHUX PEUYOBUH 1 MOKPAIY€E IMyHOJOTIYHI MOKa3HUKU
[5, 6].

OcTaHHIMH pOKaMd 3HAYHOTO PO3BUTKY HAaOyJlIM HAHOTEXHOJOTIi, sKi
B1JIKpUBAIOTh HOB1 MOKJIMBOCTI y rajty31 FOJiBJI1 Ta (hi310J10T1i CLIIBCHKOTOCIIOAAPCHKUX
TBapuH. HaHOYacCTUHKM 3aBISKM CBOIM (DI3MKO-XIMIYHUM BJIACTHUBOCTSM, 30KpeMa
MajoMy pO3MIpY Ta BEJMKIH IUIONI TMOBEPXHI, XapaKTepU3YIOThCS I1ABUIIECHOIO
010/I0CTYIIHICTIO Ta 3/AaTHICTIO BIUIMBATH Ha OI0JOTIYHI CHUCTEMH Ha KIITHHHOMY
piBHi [7, 8].
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Cepen pi3HMX THUIIIB HaHOMAaTepialiB OCOOMUBUN IHTEPEC CTAHOBIATH
HAHOYACTHHKU cpibna (AgNPs), £aKki TpOSBISAIOTH BHPAXEHI aHTHUMIKPOOHI,
MPOTH3aMaibHi Ta iIMyHOMOYIIOKOYI BIACTHBOCTI. IX 3aCTOCYBAaHHS y NMTaXiBHUIITBI
MOB’si3aHE 3 TMOTEHLIWHOIO 3JAaTHICTIO MOJYJIOBaTH KHIIKOBY MIKPOOIOTY,
MOKpallyBaTl IMyHHUN CTaTyC Ta ONTHUMI3yBaTH BUKOPUCTAHHS MOKUBHUX PEUOBUH
[9, 10].

[TonepeaHi mOCHIKEHHS MMOKa3alid, 10 BHYTPINIHbOsNUIICBE BBeeHHS AgNPs
MO>K€ IMO3UTUBHO BILUIMBATH Ha eMOPIOHAILHUNA PO3BUTOK, MOKa3HUKU BUITYTUICHHS Ta
IMYHOJIOT14HI peakKiiii y nTuill. 30KpeMa, BCTAHOBJIEHO TOCUJICHHS KJIITUHHOI IMyHHO1
BIJIMOBIAI, TMOKpameHHs: Mop(PoPyHKIIIOHAIBPHOTO CTaHy TKaHUH 1 aKTHUBAIlIO
bakToOpiB POCTY, MOB’SI3aHUX 13 PO3BUTKOM M’s130B0i TkaHuHU [11-13]. Boanouac
MUTaHHS 0€3MEeYHOCT], ONTUMAJIBHHUX /103 Ta JOBFOCTPOKOBUX €(PEKTIB 3aCTOCYBaHHS
AgNPs 3anvinarThCsid HEAOCTaTHHO BUBUCHUMH, OCOOJMBO B aCIEKTI 3aJIEKHOCTI
«z103a—e(eKT» Ta CUCTEMHHUX (P1310JIOTTUHUX 3MIH Y IOCTHATAJIBHUN MEPIOI.

TakuM 4YWUHOM, aKTYaJIbHICTh JOCHIIPKEHHS 3yMOBJIEHA HEOOXIJTHICTIO
KOMILJIEKCHOI OLIIHKY BIUIMBY BHYTPIIIHBOSIMIIEBOIO BBEJICHHS HAHOYACTHHOK Cpi0Jia
Ha IIPOIYKTUBHI Ta (P1310JI0T14HI MOKa3HUKHU OpoilsiepiB.

Metow Hamux aocjigKeHb Oyja OIlIHKA BIUIMBY BHYTPIIIHBOSIUIIEBOTO
BBEJICHHSI HAHOYACTUHOK cpibia (AgNPs) y pi3HUX KOHIIEHTpAIiIX Ha BUBOJUMICTD,
MOKa3HUKU POCTY Ta (Pi310J0T1YHUMN cTaH OpoitsiepiB.

Marepianu i MeToau aocaigxenns JlociipkeHHS BUKOHAHO Ha 0asi kadeapu
BHYTPIIIHIX XBOpPOO TBapuH Ta KIIHIYHOI JiarHOCTUKU ONEeChbKOTO Aep>KaBHOIO
arpapHoro yHiBepcutery (M. Omeca, YkpaiHa) i3 3alyd4eHHSIM HaBYaJIbHO-HAYKOBOI
naboparopii. JlocaimpkeHHs 3 TBapyUHaAMU MPOBEACHO BIAMOBIIHO JO BHUMOT
€Bporeiicbkoi KOHBEHIIIT PO 3aXUCT XpeOSTHUX TBAPHH, 1[0 BUKOPUCTOBYIOTHCS IS
€KCIIEpUMEHTaIbHUX Ta 1HIKX HaykoBux uuied (ETS No. 123).

Hanouactunku cpidna (AgNPs) Oynu npuadaHi y BITYU3HSIHOTO BUPOOHUKA —
TOB «Hanomarepianu 1 HaHOTeXHOJIOTI» (YKpaiHa) y BUTIISAA1 KOJIOIAHOI CyCceH3li,
cTab11130BaHOI LIUTPATOM HaTpiro. BiamoBigHO A0 cepTudikaTa SKOCTI BUPOOHUKA,
HAaHOYACTHMHKM  Maju NEpeBaXHO cepuuHy MOpQoJoriro 13  cepeaHiMm
riagpoarHaMigHuM aiameTpom 20 + 5 HM Ta BUXiAHY KOHIIEHTpallito 1 mr/mir. Posmosin
YaCTHMHOK 32 PO3MipaMu Ta iX KOJOIIHY CTaOUIBHICTH OYJI0 MiATBEPIHKEHO METOJI0M
auHaMigyHOrO po3citoBanHa cBitia (DLS) Tta enextponnoi wmikpockomii. Ilepen
BUKOPHCTAHHSAM BUXIHY CYCIEH3110 PO3BOAUIHN cTepiibHUM 0,9 % po3unHOM HATPIIO
xjopuay (BUPOOHHUIITBA YKPAaiHCHKOTO (DapManeBTHYHOTO MiANPUEMCTBA) O
OTpUMaHHS poOounx KoHneHtpamidn 10, 15 Ta 20 wmr/m BiAOOBIAHO 1O
€KCIIEpUMEHTAJILHOTO AU3aiiHy. ¥Yci poOoydl pO3YMHU TOTYBaIM B aCENTUYHUX YMOBaX
0e3mocepeIHbO Mepe]l 3aCTOCYBAHHAM J1J1sI 3a0€311eUeHHsI CTa0TbHOCTI HAHOYACTUHOK
Ta BIATBOPIOBAHOCTI pE3yJIbTaTIB.

VY nocniai Bukopuctano 300 3ammigHeHUX senb OpoiiepiB kpocy Cobb500
(cepenns maca 63 = 2,2 1), OTpUMaHUX 13 CEPTU(HIKOBAHOTO MTAXOIrOCIOIaPCTBA
Opnecpbkoi oOnacTti. SHNg MOXOoAWaHM BiJ OJHOTO OaThbKIBCHKOro crtaja (Bik 45—48
TUXKHIB), 110 JO3BOJIMJIO MIHIMI3yBaTu BapiabesbHICTb, OB’ SI3aHy 3 TEHETUUYHUMHU Ta
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¢i13ionoriuanmu pakropamu. [licas 300py situs 36epiranu npu Temmnepatypi 14—16 °C
Ta BiMHOCHIN Bojorocti 70—75% mpoTtsirom 24 rogun 1o moyaTtky iHkyOarrii. [lepen
3aKJaJaHHsAIM B 1HKyOaTop sHIsM MiAgaBajid Bi3yaJbHOMY KOHTPOJIO Ta
BiIOpaKoOByBaaM TOMIKO/KEHI abo gedopmoBani. [HKyOaiiro MPOBOIWIN B
aBTOMATHYHOMY IHKYOaTOpi 3 KOHTPOJIEM IapaMeTpiB cepeoBHIla (TeMmIieparypa
37,8 °C; BigHOCHA BosoricTh 60%; peryispHe nepeBepTaHHs S€lb KOXKHI 2 TOAUHU).
Sitng po3noAiMIM Ha TSTh JOCHIIHUX TPYM 13 I’ SIThMa MOBTOPEHHSIMU B KOXKHIM
rpymi (1o 12 siens y moBTopeHHi) (tadi 1).

Taomur 1.

Cxema gocainy

I'pyna | [lozHayeHHsn Oo0podka Konuenrpania | O0’em | KisibkicTh
AgNPs i3 NI fi€lb
KonTtposas NC bes i1’ exii — — 60
KonTtpomnn VC 0,9 % NaCl 0 mr/n 0,2 M 60
HOCIS
Hocnigna AgNP10 Hanouactuaku 10 mr/n 0,2 M 60
1 cpibiia
Hocnigna AgNP15 Hanouactuaku 15 mr/n 0,2 M 60
2 cpibia
Jocmpana AgNP20 Hanouactuaku 20 Mr/n 0,2 ma 60
3 cpibia

Ha 18-ty n00y iHKyOarmii TIpOBOAMIIM OBOCKOMIIO JIIi BH3HAYCHHS
KUTTE3TATHOCTI eMOpioHIB. HexuTTe3maTHi Sl BUAAIISIIA 3 MTOJAJIBIIOTO AOCIITY.
BryTpimHbosiiiiieBe BBeIeHHs (In OVO) BUKOHYBaJdM B AaCENTUYHUX YMOBaX Y
naminapHii madi. [ToBepxHro mkapamymnu B Micill 16’ ekiiii o0poosin 70% po3urnHOM
eTaHosly. 3a J0nomMoror crepuiabHoi roiku (21G) BBogunu 0,2 M BIAMOBIAHOTO
PO34YMHY y TIOBITPSIHY Kamepy stittis. [licns 11’ exiiii oTBip TepMeTU3yBaid CTEPUIILHUM
napadiIpMOM IS 3amo0iraHHsl KOHTaMiHallii Ta BTpaTu Bosiord. [licis 3aBepiieHHs
MaHIMyJ SN SIS TOBEpTaId A0 1HKyOaTopa uisl MoJanbiioro po3BuTky. Ha crasuii
BuBONYy (19-21 noba) mapamerpu 1HKyOallil KOPUTYBaJIH: TEMIIEPATYPy 3HUKYBAIU 10
37,2 °C, a BIAHOCHY BOJIOTICTh MiABUIILYBaH 10 70% 1715t 3a0e3nedeHHs ONTUMaTbHUX
YMOB BUJTYTUICHHS.

[Ticns 3aBepiieHHs 1HKYOalii Oya10 00JIIKOBAaHO KIJIbKICTh BUBEJECHUX KypyaT-
OporsiepiB 1 HEBUIYIUICHUX SIEIb 3 METOI0 BU3HAUYECHHS MOKA3HUKIB BUBOJUMOCTI Ta
eMOpioHansHOT cMepTHOCTI (%), BIAMOBIAHO 0 MeToaukH [ 14].

KinexicTs EMAYILIEHHK OTAWIEHAT

Bunynuicts (%) =

X100,

3arannHa KiAsKICTE 3anaiAHeHHX iHKy 00EaHHY SENET

|
[+
7
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[Ticnst BUBeneHHA KypuaTa-Opoiiyiepu 3amuIianucs B iHKYyOaTopl A0 MOBHOTO
oOcuxaHHs, HA0YTTS PyXJIMBOCTI Ta 3aBEPILICHHS MPOIECY BUXOTY 3 SIS, MiCIs YOTO
iX BBaXanu JKUTTE3ZAaTHUMU. KypuaT-OpoiiiepiB pO3MOAUIAIN 3a JOCIITHUMH
rpynamu. [l KOXKHOI TpyHH BHIIQIKOBUM YHHOM BigOupamu 48 rofiB, SKUX
3BaXKyBaJIM Ta PO3MIIIYBAIH y 6 MOBTOPHOCTAX (KJIITKaX) MO 8 TOJIIB KypyaT y KOXKHiM.
YTpumanus 3a1dcHIOBaNIM Yy KIITKOBIM cuctemi (1,0 % 0,50 x 0,40 m) 13 AOTpUMaHHSAM
CTaOlIbHUX CaHITAPHO-TITIEHIYHUX Ta TEXHOJOTIYHUX YMOB THpoTsroM 35 0.
TemneparypHuii Ta CBITJIIOBUN PEKUMH PETYJIIOBAIM BIAMOBIIHO 10 BIKY OTHI. Y
nepiry 100y temrnepaTtypa ctaHoBuia 31 °C, a ocBiTieHHs Oyio OGe3nepepBHUM (24
roJiuHu cBitia i ) roANH TEMPSBH) 3 METOIO CTUMYJIALI] CLIO’KUBAHHS KOPMY Ta BOJM.
3 apyroi no0W 3acTOCOBYBAIM PEXKWMM 23 TOAMHHM CBiTIa 1 | TOOWHA TEMpSBH.
Temneparypy niarpumyBanu Ha piBHi 31 °C o 6-1 no0u, 3HmKxyBaiu 110 29 °C Ha 7-
My 1100y Ta moctymnoBo 110 26 °C go 14-i nobu. Hagani teMneparypy 3MeHITyBalIu Ha
1 °C koxHi 2 gobu go nocsirHeHHs 22 °C, sKy MIATPUMYBAIM 10 3aBEPLICHHS
excriepuMeHTy. CBITJIOBUN PEXUM 3MIHIOBAJIM 3aJIeXKHO Bl BiKy: 3 5-1 mo 20-ty 100y
—18 rogunu cBiTia 1 6 roauHa TeMpsiBu, 3 21-i mo 27-my — 19 rogunu cBitia i 5
rojguHa TeMpsiBu, 3 28-i no 35-ty — 20 roauHu cBiTia 1 4 roauHa TEMpsBHU. YcCi
napamMeTpu YTpUMaHHS BIAMOBIIANU PEKOMEHAAIlISIM KEPIBHUIITBA 3 BUPOIIyBaHHS
opoitnepiB kpocy Cobb500). BukopuCTOBYBaJId pPAIliIOHM HAa OCHOBI KYKYpYy/I3U Ta
CO€BOTO MIPOTY, 30a1aHCOBaH1 BIAMOBIAHO 710 MOTped Opoiinepis [15, 16] (tadn 2).

Tabnuys 2.
Cxema rojisJii OpoilyiepiB 32 BIKOBUMH IepiogaMu
BikoBuii Hasga Tun kopmy Oco0siuBoCTI roaibJii
nepion, ai0o pauiony
1-12 CraproBuii | Kykypynza+ | Bucokwuii piBeHb CUPOT0 MPOTEiHY
COEBHH IIPOT | Ta €HEprii A INTEHCUBHOTO POCTY
13-28 I'posep 1 Kykypynza + OntuMizartisi pocty M’ si30B01
COEBHUM IPOT TKAHUHU
29-35 ['posep 2 Kykypynza + 3aBepiianbHU eTan BiAro/1BIIl,
COEBU IIPOT e(heKTHUBHE BUKOPUCTAHHS KOPMY

InauBigyaneHy macy tuia (MT) nramiensT Bu3HavYaau npu BuiymieHHI. [Ticns
PO3MOTY 32 €KCHEPUMEHTAIbHIUMH TPYIaMH JOJaTKOBO PEECTPYBaId MOYATKOBY
Mmacy Tina (MTi) y momenT po3miienHs. KinueBy macy Tina (MT2) Bu3Hauanu y Bt
35 ni6. Ipupict macu tina (IIMT) 3a nepion BupouryBanss (1-35 116) po3paxoByBaiu
SK PI3HULIO MIXK KIHIIEBOIO Ta MTOYATKOBOIO MACOI0:

[IMT (r/ron)=MT2-MT1

CnoxuBanus xopmy (CK) Bu3Hayaim 171 KOKHOI KIIITKH 332 BECh IEPIOA
JOCIITY SIK PI3HUIIO MIX KUIBKICTIO 3TOJ0OBAaHOTO0 KOPMY Ta MOTO 3ajHIIKaMu 3
PO3paxyHKY Ha OJHY T'OJIOBY:
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. [ __ 3T0O0EaHMH KOpM— 3TN KOPMY
f
CK (r/ron) FATEKICTE OTAXiB
Koedimiear xkonBepcii kopmy (KKK) po3paxoByBamum sK BiTHOIICHHS
CIIO’KUTOTO KOPMY J10 IPUPOCTY MacH Tija 3a nepioa 1-35 q16 [17]:

Ha 35-ty no0y OpoiiiepiB mijjgaBaad roCTpoMy TEIJIOBOMY HaBaHTaXEHHIO
(=40,5 °C) npotaroMm 1 roguHu 3 METOI 1HAYKINT KIITHHHOTO CTPECY Ta aKTHBAIlil
ekcrnpecti 611ka TeruioBoro moky HSP70 [18]. ITicis TenioBoro BILUTUBY BUMIPIOBAIU
knoakaneHy Temmneparypy (KT) 3a momomororw mudpoBoro tepMomeTpa MUISTXOM
BBEJCHHS 30HJa y KIJIOaKy 10 crabim3amii mokasHukiB [19]. i mojambiimx
JOCIIKEHb BUTIAJIKOBUM YMHOM BiIOMpaiu 1o 6 KypuaT-OpoisiepiB 13 KOKHOI TPyIIH.
KpoB BinOupanu 3 miKpUIOBOT BEHH y I'eMapUHi30BaHI MmMNpuiik. YacTuHy 3pa3KiB
BUKOPUCTOBYBAJIM JUIsl BH3HAaYeHHS KoHIeHTpauii remoriodiny (Hb) meromom
nianometrremorio0iny [18], a remarokput (Ht) BM3Hayanum MiKpOreMaTOKpPUTHUM
meTonoM [20].

Jns  OloXIMIYHUX  JIOCHIKEHb KpOB BigOWpasin y mpoOipku  0e3
AHTUKOATYJISIHTA, BATPUMYBAJIU JI0 3TOPTaHHs, Iicis 4oro neHTpudyrysamu mpu 3000
g npotsaroMm 13 xB. Otpumany cupoBaTky 30epiranu npu —20 °C 1o mpoBeneHHS
anHamiziB. [licma BimOopy KpoBI NTHIO €BTaHA3YBAIA METOJOM IEPBIKAIBHOI
JUcIoKarlii. 3pa3Ky MeYiHKU BiIOupanu, BakyymyBaiu Ta 30epiranu npu —20 °C s
MOJAJIBINIOr0 BU3HAYeHH Oisika TeroBoro moky 70 kJla. KoHiieHTpaliiro 3arajibHOTo
oinka (3b) Bu3Hauanu O1ypeTOBUM METOJIOM, 1110 0a3yEThCS HA YTBOPEHH1 KOMILIEKCY
O1yKa 3 10HaMu M1l B JTy>KHOMY cepefoBuii [21].

BwmicTt anpOymiHy BH3HAYalld METOJOM 3B’sS3yBaHHS 3 OpOMKPE30JOBUM
3€JICHUM, TPU SIKOMY YTBOPIOETHCS CTAOUIbHUIA KOMIUIEKC aib0yMiH—OapBHUK.
KonnenTpartito rino0yminiB (I'71) po3paxoByBaiu sSK pI3HULIO MiXk 3arajJbHUM OLTKOM 1
anbOYMIHOM. AKTHUBHICTb ana”iHaMiHOTpaHcepasu (AJIT) Ta
acriapratamiHoTpancepasun (ACT) Bu3HAUAIM 3 BUKOPUCTAHHSM CTaHAAPTHHUX
JT1arHOCTUYHUX HA0OpiB BIANOBIAHO 1O IHCTPYKLIA BUpPOOHMKA. PiBEHb TIIOKO3M,
KpEaTUHIHY Ta CEYOBUMHU Yy CHPOBATIIl BU3HAYaJIM 3a JOIMOMOTOI KOMEPIIHHUX
KOJIOpUMETpUYHUX TecT-cucTeM [22]. KonnenTparito ropmony pocty (I'P) BuzHauanu
MeTtoaoM imyHodepmenTHoro aHamizy (ELISA) [23].

Konnienrparii 3arameHoro xosectepuny (3X), tpurminepunis (TI) Tta
XOJIECTEPUHY  JHMNONPOTeiHiB  Bucokoi  mumbHOCcTi  (JIIIBII])  BM3Hauamm
KOJIOPUMETPUYHUMU MeToIamu [24-26].

Bwmict  xonectepuny  ginmompoTeiHiB  HH3bKOi  mimeHOCTI  (JITTHIIY)
po3paxoByBainu 3a hopmyioro OpiaBanbaa [27]:

JITHI = 3X — JIBIl — &
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Konnentpariito ginonpoteiniB nysxe Hu3bkoi misHocTi (JITIAHIL) Bu3navanu
AK:

JrHI = 2

3aranbHy aHTHUOKCUIAHTHY aKTHUBHICTh CHUPOBAaTKM BU3HAYalIM 33 METOJOM 3
BUKOpUCTaHHSIM panukany ABTS, 1o IpyHTyeThCS Ha 3HIKEHHI MOTO ONTHYHOI
TYCTUHHU TIJ Ji€0 aHTHOKCUIAHTIB [28]. AKTHUBHICTh CYHEPOKCHIIUCMYTa3H Ta
KaTaja3y BHU3Ha4YamM crekTpodoromeTrpuuynnmMu Metoaamu [29]. KonmeHTpariito
MaJIOHOBOTO J1aJIbJICTI Ty OI[IHIOBAIIM 3a PEaKITi€ro 3 TIo0apOiTypoBoro KuciaoToro [30].

Konnentpariito 6inka terioBoro moky HSP70 y TkaHuHI E4iHKU BH3HAYAIU
metosioM ELISA 3 HOpMyBaHHSIM /10 3aranbHOro Oinka. KonueHnrtparii iHTepiaeikiny -
10 ta kommoneHTa komruiemMeHTy C3 BuszHayanu metoaoM ELISA. AKTHBHICTH
J30LIMMY OI[IHIOBAIM TypOimuMeTpuuHuM MeTtojgoM [31]. PiBHI mpo3anaibHUX
LUTOKIHIB — 1HTep(EepoHy-y Ta IHTEpJEHKIHY-13 — BH3Ha4YaJld 3 BUKOPUCTAHHAM
iIMyHOepMEeHTHOTO aHamizy [32].

Cmamucmuunuti ananiz CraTUCTUYHY OOpOOKY JaHMX MPOBOJIUIHU 13
3aCTOCYBaHHSM MporpamHoro 3adesneueHds SPSS (Bepcis 28.0) [33].

Edextn nocmigaux (akTopiB OIIHIOBAIA 3a JOMOMOTOI0 OJHO(GAKTOPHOTO
nucnepciitHoro anamizy (ANOVA). J1jist nepeBipKy 3aJI€KHOCTEN TUTTY «J103a—e(PEeKT
3aCTOCOBYBAJIM TOJIIHOMIANbHI OPTOrOHANbHI KOHTpactu [34]. Y pasi BUSBICHHA
CTATUCTUYHO 3HAYYILMX BIAMIHHOCTEN Cepe/IHI 3HAUEHHS MOPIBHIOBAIM 33 KPUTEPIEM
Trroki. Pe3ynbratu momaHo y BUIUISIAL cepeaHbOro 3HaueHHs (M) Ta cranmapTHOI
MOXUOKHU cepeTHbOoro (m). PI3HUIIO BBXKAJIU CTATUCTUYHO 3HauyIIo0 npu P < 0,05.

Pe3ysnbTaTtn Ta ix oboroBopenHsi. BB iH'ekuii AgNP in ovo Ha BIJCOTOK
BUBOJIUMOCTI, €MOpIOHaJIbHy CMEPTHICTh Ta [MOKa3HUKU poCcTy OpoiliepiB
y3arajibHeHo B TaOmuii 3. BuBoaumicTh, po3paxoBaHa 3a 1HKYOOBAaHUMH SIULISIMHU,
30uTkIMIIacs B rpynax 3 iH'ekmiero AgNP (P < 0,001).

BuBonumicTh, po3paxoBaHa 3a SUIsMH, B siki BBoauiu AgNP, Ha 18-i1 nensp, 1mo
B1J100pakae BMYKMBAHHS MICIIS 1H'€KII11, TakoXkK 30Utbmmiacs nopisasHo 3 VC ta NC (P
< 0,001), mpuuomy Oyno BusiBieHno JiHiiHe (P < 0,001) 3poctanus. EMOpionanbha
CMEPTHICTH (Ticis 1H'€KIlIT) 3HU3MIACS Y BCIX Ipymax, sskuM BBoauiu AgNP in ovo,
MOPIBHSHO 3 KOHTPOJIbHOIO Tpynoro (P < 0,001), neMoHCTpyrOUH JIiHIHHY 3aJI€KHICTD
(P <0,001).Kypuaram-0Opoitnepam, 1o MOXOAMIH 3 S€Ib, iH'€kTOBaHUX 15 mMr/nm AgNP,
Maji BUILy Macy Tija Npu BUIYIJIEHHI MOpIBHSIHO 3 KoHTpojeMm (P < 0,002), npu
upoMy crioctepirascs diHidHUN edekT (P < 0,001). Ognak nouaTtkoBa Maca Tijia npu
pPO3MIILIEHH] HE Biapi3Hsiaca Mixk rpynamu (P> 0,05) (tabxa 3).

Ha 35-ty 10Oy BHpoOIllyBaHHSI BCTAHOBJIEHO, 110 Opoiiepy, OTpUMaHi 3 s€lb 13
BHYTPIIIHbOSIMIIEBUM BBEJCHHSIM HAaHOYACTUHOK cpibiyia (AgNP), XapakTepu3yBaaucs
BUIOI0 Macor Tina (MT2) ta O6utbuM npupocrom Macu tiia (IIMT) nmopiBHsIHO 3
KoHTpoJibHOIO Tpymoto (P < 0,001). MakcumanbHi 3HAYEHHS [HMX TTOKA3HHKIB
3adikcoBano y rpymi AgNP 15 mr/n. [Ipu npomy mpocTexyBaiacs J0CTOBIpHA JIIHIMHA
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3aNIeKHICTh MK MiABHIEHHAM 103U AgNP Ta 3pocTaHHsAM NPOTyKTUBHUX MOKA3HUKIB
(P <0,001).

Cnoxuannsa kopmy (CK) ymponosxk mepiomy 1-35 mi6 mano TEHIEHIIIIO 10
3HIDKEHHS y JAOCHIIHUX TPyMax, IpUYOMy HAaWHWK4l 3HAUEHHS BIJ3HAUEHO Yy TpYIIl
AgNP 15 mr/n (P <0,01), mo cynpoBoiKyBajiocs JiHIHHO 3aiexHicTio (p < 0,001).

Taomurd 3

BruiuB BBe/IeHHSI HAHOYACTHHOK CPidJia in 0vo Ha BUBOJAMMICTb, MACy Tijia

NPH BWIYIUIEHHI TA MOKA3HUKHU POCTY OPOilJIEpPHUX KypuaT.

Ioka3Huk Konrpoas | Koutpoas | AgNPS | AgNP | AgNP P-
(NO) (VO) Mr/a 10 mr/n 15 value
MI/J1
Busomumicte, | 784 +1,8 | 79,1+1,6 | 83,7+ 86,9+ | 89,5+ | <0,001
% 1,5 1,3 1,2
BuBogumicth 80,2+1,7 | 81,0+£1,5 | 858+ 88,6 | 91,2+ | <0,001
ITCJIA 1H'€KITIT, 1,4 1,2 1,1
%
EmOpionanena | 21,6 1,8 | 209+1,6 | 163+ 13,1+ | 10,5+ | <0,001
CMEPTHICTB, %o 1,5 1,3 1,2
MT npu 412+0,6 | 41,5+0,5 | 42,3+ 43,1+ | 44,0+ | 0,002
BWJIYIUICHHI, T 0,5 0,4 0,4
[TouarkoBa MT | 42,0+0,7 | 42,2+0,6 | 42,5+ 427+ | 42,9+ | >0,05
(MT)), T 0,6 0,5 0,5
Kinmesa MT 1980 +45 | 2005+40 | 2080+ | 2155+ | 2230+ | <0,001
(MT2), T 38 35 30
IMpupict MT, r | 1938 +44 | 1963 +£39 | 2038+ | 2112+ | 2187 +|<0,001
37 34 29
CnoxuBaHHS 3250+ 60 | 3270 +£55 | 3305+ | 3320+ | 3340+ | <0,05
KOpMY, T 52 50 48
KKK 1,68 +0,03 1,67 + 1,62 + 1,57+ | 1,53+ | <0,001
0,03 0,02 0,02 0,02

Hpumimku: NC — necamusnuii konmpoiw, VC — KkoHmponw i3 66edeHuam posuunHuxka MT
— maca mina;, KKK — roeghiyienm xoneepcii kopmy, P — pisenv cmamucmuunoi 3nayywocmi

Koedimient kouBepcii kopmy (KKK) y kypuar-OpoitniepiB nociaiaHux rpym O0yB
KpammuM (HIKYMM) TopiBHsSHO 3 koHTposiem (P < 0,001). HaitegextuBHimie
BUKOPUCTAHHS KOPMY BCTaHOBJEHO y Tpymi AgNP 15 mr/n, npu 110My BHSBICHO
BUpaXeHy no303ajiexny Tenaexiiio (P <0,001).

I'emarosoriuni Ta OioXiMiuHi mMOKa3HMKH KpoBi. Pe3ynpratn BIUTUBY
BHYTpIlIHBOSHMIIEBOTO BBeAeHHS AgNP Ha ¢i3ionoriuamii ctaH Ta Ol0XIMidHI
MOKa3HUKU KPOB1 OpoiepiB HaBeneHO B TaOiauii 4. BcraHoBneHo, 1110 KilOakajlbHA
temnepatypa (KT) y nraxiB nocnigHux rpymn Oyjia HUKUYOIO MOPIBHSHO 3 KOHTPOJIEM,
MIPUYOMY HalOLIbII BUPAKEHE 3HIXKEHHS CITOCTEPIrajgocsi Mpy 3acTOCyBaHH1 15 Mr/n
AgNP (P <0,01). BusiBineno niHiliHy 3aexHIicTh MK piBHEM AENP Ta 3HMKEHHSIM
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temrepatypu Tina (P < 0,001). I'emaTomoriuHi MOKa3HUKH, 30KpeMa KOHIICHTPAITis
remorio0iny (Hb) Ta rematoxput (Ht), 1OCTOBIpHO TiABUITYBAIHCS y AOCITITHUX
rpynax nopiBHsHO 3 KoHTposieM (P < 0,001). Jlns 060X Moka3HUKIB BCTAHOBIEHO SIK
JHINHI, TaK 1 KBaapaTU4HI ePeKTH 3aNexHOo BiJ 103U AgNP. KoHIeHTpaIlis TII0KO3H
y CHpPOBATIll KpOBI 1CTOTHO HE 3MiHIOBajacs Mix rpynamu (P > 0,05), omnak
criocTepiranacs ciiadka JiiHiiHa TeHaeHIs A0 ii 3poctanHs (P < 0,05). Bmict ropmony
pocty (I'P) Oy Bummm y mnraxiB gocmignux rpyn (P < 0,001) i3 HasgBHICTIO
J10303aJIeKHHUX 3MiH.
bioxiMiyH1 TOKa3HUKHU O1IKOBOTO 0OMIHY — 3arajibhHuii 0110k (3b), anbOymin
(Anp6) Ta TioOymiHu (I'1) — Oyiau BUIIUMHU yKyp4aT-OpoiiIepiB, 0 OTPUMYBATIH
AgNP (P <0,001), 1o Moxe CBITYUTH TIPO aKTUBAIIIIO OLTOKCHHTE3yIOYMX MPOIIECIB.
AxTuBHICTh aaniHaMiHoTpaHcdepasu (AJIT) 3pocTana y rpymnax i3 BUIIMMHU J103aMHU
AgNP (P <0,01), Toxai sik akTuBHICTh acnapratamiHoTpancdepasu (ACT) icToTHO He
BlIpI3HsuIacs Mk rpynamu (p > 0,05), xoua i mana TeHaeHLiO0 10 3MiH. PiBeHb
KpEaTHHIHY M1ABUIIYBAaBCS IPH 3aCTOCYBaHHI BUCOKHUX 103 AgNP (P <0,001), Tomi six
KOHIICHTpAIlisl CECUOBMHHU CTaTUCTUYHO He 3MiHIoBasacs (P > 0,05), He3Baxkarouu Ha
HasIBHICTh TEHACHIIT 10 Bapialliii.
Tabmus 4.
BruinB BHYTPIIHHOSIIIIIEBOT0 BBEACHHSI HAHOYACTHHOK CPidsa Ha disionorivni
Ta 0i0XiMiYHi MOKA3HUKHU KPOBi OpoiiiepiB (M £ m)

Hoka3zunk | Kourpoas | Konrpoar | AgNPS| AgNP | AgNP P-
(NO) (VO) mr/a | 10 mr/a | 15 mr/a | value
KT, °C 41,5+0,2 414+02 | 41,1+ | 408+ | 40,5+ | 0,009
0,2 0,2 0,2
Hb, r/n 105+ 3 107 +3 112+2 | 118+2 | 124+2 | <0,001
Ht, % 32,5+1,0 33,009 | 352+ | 37,5+ | 39,8+ |<0,001
0,8 0,8 0,7
I'mroko3a, 10,2+ 0,4 10,3+ 04 10,5+ | 10,7+ 10,9+ | >0,05
MMOJIB/JI 0,3 0,3 0,3
I'P, Hr/™Ma 45+0,3 4,6 +£0,3 52+ 5,8+ 6,4+ | <0,001
0,2 0,2 0,2
3b, r/n 38+1,2 30+1,1 [42+1,0(45+1,0|48+0,9 | <0,001
A0, I/11 18+0,8 18,5+0,7 |20+£0,6 | 22+0,6 | 24 +£0,5 | <0,001
I'n, r/n 20+0,9 20,5+0,8 [22+0,7|23+0,7|24+0,6 | <0,001
AJIT, On/n 22+1,0 23+1,0 |25+09|28+09|31+0,8| 0,001
ACT, On/n 210 £ 8 212 +7 215+7 | 218+ 6 | 220+ 6 | >0,05
KpearuHis, 35+2 36 £2 382 | 41+2 | 45+2 |<0,001
MKMOJIB/JI
CeuyoBuHa, 2,8+0,2 29+0,2 3,0+ 3,1+ 3,2+ >0,05
MMOJIB/JI 0,2 0,2 0,2

Hpumimku: KT — xnoaxanvna memnepamypa; Hb — ecemoenobin; Ht — cemamoxpum; I'P
— eopmon pocmy; 35 — 3acanvuuii 6inok; Anwb — anebymin, I'n — enobyninug JJani naseoeno ax
cepeone 3nauenHs £ cmanoapmua noxuoka (M +m)
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Jliminuuii npogins Pe3ynpTatn BIUIMBY BHYTPILNIHBOSIMIIEBOTO BBEACHHS
HAaHOYACTHHOK cpibia (4gNP) Ha MOKa3HUKH JIIITITHOTO 0OMiHY y OpoiiiepiB HaBeACHO
B Tabnuii 5. BecranoBneHo, mo xoHneHntparii tpurminepuaiB (TI) ta xonectepuny
minonpoteiniB Hu3bKo1 minpHOCTI (JIITHII) y cupoBatiii KpoBi mTaxiB JOCHITHUX
rpy1 OyJIu TOCTOBIPHO HIKYKMMHM ITOPIBHSHO 3 KOHTPOJIbHOIO rpytioro (P <0,001). ITpu
IIbOMY TIPOCTEKYyBajIacs 4iTKa J0303ajie’kHa (JIiHIMHA) TEHASHIIIsS 10 3HKCHHS ITUX
noka3HukiB (P < 0,001), a a1 TpUTIiLEpHIiB TaKOK BCTAHOBJICHO KBaJAPAaTHUUYHUM
xapaktep 3MiH (P < 0,05). BMmicT XojiecTepuHy JIMONPOTEIHIB BUCOKOI IIIIBHOCTI
(JITIBIL) y mocaiguux rpymnax 0yB BUIIMM, HIX y KoHTpoJii (P < 0,001), 1o cBi1uuTh
PO MOKPAIICHHS T THOTO MPOQLIIO.

3miau JIIIBI[ xapakrepusyBaiucs SK JIHIHHOIO, TaK 1 KBaJpaTHUYHOIO
s3asiexkHocTsiMu Bin jgo3u AgNP (P < 0,05-0,001). BomHnowac piBHI 3arajibHOTO
xonectepuHy (3X) Ta XOJECTEpHUHY JIMOMNPOTEiHIB OyXKE€ HHU3bKOI IIUIBHOCTI
(JOIIHIIL) cTraTUCTMYHO HE BIAPIZHSIUCA MIXK JOCTIJHAMH Ta KOHTPOJIHLHUMHU
rpynamu (P > 0,05), xoua cnoctepiraiacsi TEHICHIIISl 10 HE3HAYHOTO 3HUKEHHS ITUX
MOKA3HUKIB MPHU MiABUIIEHHI 1031 AgNP.

OTpuMaHi pe3ynbTaTH CBIAYATh MPO MO3UTUBHUM BIUIUB AgNP Ha nimiaHui
0OMiH, 1110 TPOSBIAETHCS 3HIKECHHSAM aTepOreHHUX (PPaKIii JIITiIIB 1 MiABUIIICHHSIM
PIBHSI aHTHUATEPOTEHHUX JIMONPOTETHIB.

Tabmuis 5.
BruinB BHYTPIIHBOSIIIIEBOT0 BBEACHHSI HAHOYACTHHOK CPi0JIa Ha
JinigHuii mpo@ijabs cupoBaTku Kposi Opoiiiepis (M £+ m)

Hoka3zuuk | Konrpoas | Konrpoas | AgNPS | AgNP | AgNP P-

(NO) (VO) mr/a | 10 mr/a | 15 mr/n | value

3X, mmonw/a | 4,25+0,12 | 420+0,11 | 4,18+ | 4,12+ | 4,08+ | >0,05
0,10 0,10 0,09

TI, mmons/m | 1,65 0,08 | 1,62+0,07 | 1,48+ 1,35 + 1,22 £ | <0,001
0,06 0,05 0,05

JITIBIII, 1,20+£0,05 | 1,22+0,05 | 1,30 £ 1,38 &+ 1,45+ | <0,001
MMOJIB/JI 0,04 0,04 0,03

JITTHILI, 2,30+0,10 | 2,25+0,09 | 2,05+ 1,85 + 1,65+ | <0,001
MMOJIB/JT 0,08 0,07 0,06

JITTIHIIL, 0,75+0,04 | 0,73+0,04 | 0,68+ | 0,62+ 0,58+ | >0,05
MMOJIB/JI 0,03 0,03 0,03

Hpumimku: 3X — 3aeanvuun xonecmepun; TI' — mpueniyepuou; JITIBII] — ninonpomeinu
sucoxoi wjinonocmi; JIITHII] — ninonpomeinu Huzvkoi winenocmiy JIIJTHIL] — ninonpomeinu oyaice
HU3bKOI WinbHocmi; Jlani HageoeHo K cepeOHe 3HaueHHs + cmanoapmua noxuoxka (M + m)

Aumuoxkcuoanmuuii  ma  IMyHHuii  cmamyc. Pe3ynbraTM = BIUIMBY
BHYTPIIIHBOSMIIEBOTO BBEICHHSI HAHOYACTUHOK cpibna (AgNP) Ha aHTUOKCUAAHTHUIA
3aXMCT Ta IMyHOJIOT1YHI MOKa3HUKU OpoiliiepiB HaBeJeHO B Tabmnuili 6. BcraHoBieHo,
o 3actocyBaHHs AgNP in ovo COpusuio akTUBAIlli aHTHUOKCHUIAHTHOI CHCTEMU
opraizmy. Y Kypuar-OpoijiepiB AOCIIIHUX TPYI CIOCTEPIrajocs JA0CTOBIpHE
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IIIBUIIICHHS 3arajbHOi aHTHOKCHIAHTHOI akTHBHOCTI (3AQ), a TakoX aKTUBHOCTI
(dhepMeHTIB aHTHOKCUIAHTHOTO 3aXUCTy — cynepokcuaaucmyTtasu (CO/Jl) Ta karanasu
(KAT) nopiBasiHO 3 kKoHTpOosieM (P < 0,001). Kpim Toro, BMIicT OiJTka TETJIOBOTO IIOKY
HSP70 y TkanuH1 ne4iHKK TakoX 3pocTaB 13 migBuiieHHsM 103 AgNP (P < 0,001).
Jlns BCiX 3a3HAUYEHMX IMOKA3HWKIB BCTAHOBJICHO SIK JIIHIMHI, Tak 1 KBaJpaTH4HI
sasiexxkHocTi. KoHrmenTpariis MamoHoBoro mianpaeriay (MJIA), sxkuii € mapkepom
MEePEKUCHOTO OKMCHEHHS JIMiAIB, y JOCIIAHUX rpynax Oyjia HUXKUYOIO TOPIBHSIHO 3
koHTposieM (P < 0,001), mo cBiTYUTH MPO 3HUIKEHHSI IHTCHCUBHOCTI OKCHJIATUBHOIO
ctpecy. 3meHueHHs piBHSI MJIA Mano 4iTkO BUpaXeHUH 0303aJCKHHUN XapakTep.
IMyHONOT1YHI MOKa3HUKMA TAKOXK 3a3HajJM TMO3UTUBHUX 3MIH Mia BIUiMBoM AgNP.
AKTHBHICTh JI30IIUMY Ta KOHIIEHTpallii HHUTOKiHIB — iHTepiaeikiny-1p (IL-1p),
iHTeppepony-y (IFN-y), intepraeiikiny-10 (IL-10), a Takox KOMIOHEHTa KOMILJIEMEHTY
C3 — OyJau BUILMMHM y BCIX JOCHIJIHUX IpyIax MopiBHsAHO 3 KoHTpodeM (P < 0,001).
MakcuMalibHi 3HaY€HHsI O1IBIIOCTI MOKa3HUKIB 3adikcoBaHo y rpymi AgNP 15 mr/m.
JIJist IMyHHHUX TTapaMeTpiB TaKOK BCTAHOBJICHO SIK JIIHIWHI, TaK 1 KBaApaTHIHI ePEeKTH
3aJIeKHO BIJ piBHA BBeAeHHS AgNP. OtpumaHi pe3ylbTaTd CBiAYaTh IPO
CTUMYJIIOIOUYMI BIUIMB HAHOYACTHHOK Cpi0jia HAa aHTHOKCUJAHTHHUM 3aXHCT 1 IMyHHY
PEaKTUBHICThH OpraHi3My OpoiIepiB.

Tabauis 6

BruinB BHYTPIIHBOSIIIIIEBOT0 BBEACHHSI HAHOYACTHHOK CPi0dJIa Ha
AHTHOKCUIAHTHUI Ta iIMyHHHUIi cTaTtyc OpoiiepiB (M = m)

Hoka3zunk | Konrpoas | Konrpoabr | AgNPS | AgNP | AgNP p-
(NO) (VO) mr/a | 10 mr/a | 15 mr/a | value
3A0, 0,85+0,04 | 0,87+0,04 | 0,95+ 1,05 + 1,15+ | <0,001
MMOJIB/JT 0,03 0,03 0,03
CO/l, On/mn 85+3 87+3 95+£2 | 1052 | 115+£2 | <0,001
KAT, On/mn 32+1,5 33+£1,4 36+1,3]40£1,2]44+1,2|<0,001
MJIA, 5,8+0,3 5,6+0,3 5,0+ 44+ 39+ |<0,001
HMOJIB/MJI 0,2 0,2 0,2
HSP70, 1,20+0,05 | 1,25+£0,05 | 1,40+ 1,60 + 1,85+ | <0,001
Hr/Mr Oi1Ka 0,04 0,04 0,03
Jlizorum, 2,5+0,.2 2,6£0,2 3,0+ 3,5+ 4,0+ |<0,001
MKT/MJT 0,2 0,2 0,2
IL-1PB, nr/mn 35+£2 36 £2 40+2 | 45+2 50+2 | <0,001
IFN-y, nr/mi 20£1,5 2114 24+£1,3|27+1,2 | 30+1,2 | <0,001
IL-10, nr/mn 15+£1,0 16 £1,0 18+0,9|20+0,9 | 22+0,8 | <0,001
C3, mr/nn 85+3 87+3 92+2 98+2 | 105+2 | <0,001
Ilpumimku. NC — HeraTuBHUN KOHTpOJb; VC — BEKTOPHUI/TIO3UTUBHUN KOHTPOJb; AgNP —

cpiOHI HaHOYacTUHKH (silver nanoparticles). 3A0 — 3aranbHa aHTHOKCHJIaHTHA akTUBHICTh; COJJ
— cynepokcmaaucmyTtaza; KAT — karanaza; MJIA — mamonoBuit miansaeria; HSP70 — 6inok
teruioBoro moky 70; IL-1B — inTepneiikin-1f; IFN-y — inTepdepon-y; IL-10 — inrepneiikin-10;
C3 — xommnoHeHT koMiuieMeHTy C3. p-value BinoOpakae piBeHb CTATUCTUYHOI 3HAUYIIOCTI MIXK
JOCIITHUMH I'PYyTIaMHu.
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Y mpoBeAeHOMY JOCHIKEHHI BCTAaHOBIEHO, 10 BBeAeHHS AgNP in ovo
COpPUSAJIO TMIABUIICHHIO BIJCOTKA BHUBOAMMOCTI Ta 3HIDKEHHIO €MOpIOHAIBHOT
CMEpPTHOCTi, TpUYoMy €(eKT MaB SK JIHIMHHUI, TaKk 1 KBaJpaTUUYHUN XapakTep.
OTpumani pe3yJbTaTH YaCTKOBO HE Y3TOJKYIOThCS 3 JaHUMU 1HIIMX aBTOPIB, SIK1 HE
BUSABIIN BIUIMBY AgNP Ha BHBOIMMICTh a6o Macy Kypuat [35-38]. FiMoBipHO, Taki
PO301KHOCTI OB’ sI3aHi 3 PI3HUIICIO Y J103aX, (POpMI HAHOYACTHHOK, yMOBax 1HKyOarlii
Ta CXemMax 3acTOCyBaHHA. Y HallOMy BHUIIJIKy MO3UTUBHUM e(ekT Moxke OyTu
3YMOBJICHUN aHTHUMIKPOOHUMH Ta IMYHOMOMYJIOIOUMMH BIIACTUBOCTIMU AgNP, 1110
CIIPUSIOTh MOKpAIEHHI0 eMOpioHaIbHOTO POo3BUTKY [39]. KpiM Toro, mokpariieHHs
AHTHOKCHJAHTHOTO CTaTyCy, BCTaHOBJIEHE Y JOCHIDKEHHI, MOTJO BIiIirpaBaTu
KJIIOYOBY pOJIb Yy TIJBUINCHHI BWKUBaHHA eMOpioHiB. Bimomo, mo mi3Hi cramii
eMOpIOTeHEe3y XapaKTePU3YIOThCS 1HTEHCHBHUM METa0O0JII3MOM Ta IMiABUIIEHUM
YTBOPEHHSIM akKTUBHUX (QopM kucHIO (ADPK), mo wMoxe MNpu3BOIUTH [0
okcunatuBHoro ctpecy [40, 41]. IliaBulEeHHS aKTUBHOCTI AHTHOKCHJIAHTHUX
(depMeHTIB y JOCHIOHUX TIpynax, IMOBIpHO, copusuio Heurpamizamii ADK Ta
30€peKeHHI0 KIIITUHHUX CTPYKTYDP.

OTpumaHni pe3yabTaTH TaKOXK CBIYATH IIPO MPOJIOHTOBAHUM TO3UTUBHUM €(hEeKT
AgNP, 110 IpOsSIBUBCS Y MOKPAIIECHH] MOKa3HUKIB POCTY MiCIIs BUIYILICHHS (MacH Tiia,
MpUPOCTy Ta KoHBepcii kopmy). [TogiOHI pe3ynbTatu HE 3aBXKIU MIATBEPIKYIOTHCS
iHImmMMu ociipkenHsamu. 3okpema, Elkloub, K et al. (215) [42] noBimomisuin mipo
HETaTUBHUW BIUIMB TPUBAJIOrO 3actocyBaHHsS AgNP micnsBuBeneHHs. lle Moxke
MOSICHIOBATUCS KyMYJISTUBHUM €()EKTOM HAHOYACTHUHOK, IO MPU3BOJUTH O
MeTa0O0JIYHOTO HABAHTAXKEHHS Ta OKCUJATUBHOTO nucOanancy [43]. Takum yuHOM,
KJIFOUOBUM (PAKTOPOM € HE JUIIE /103a, ajie ¥ TPUBAIICTh €KCHO3ULli. Y Halmomy
JOCIIKEHH] HaWOLIbII BUPAKEHUW MO3UTUBHUN €(PEeKT crocTepiraBcs MNpu 031
1 5mutr, 110 MiATBEPIXKYE 1CHYBaHHS ONTUMAIBLHOTO 010JI0TTYHOTO MOPOTY. 3HUKEHHS
CHOKMBAHHS KOPMY IPH OAHOYACHOMY IMOKpAIIEHHI Koe(illeHTa KOHBEPCIi KOpMY
MOK€ CBITYMTHU MPO MIABUIICHHS €(PEKTUBHOCTI BUKOPUCTAHHS MOKMUBHUX PEUYOBHH,
[0 Y3TOMKYEThCS 3 JaHUMU TMPO 3HUKEHHS MeTabojiyHoro ctpecy [44]. Ananis
reMaToJIOTIYHUX IIOKa3HWKIB ITI0Ka3aB IIJBUINCHHS PpIBHA TeMOTJ00iHYy Ta
TreMaTOKPUTY, IO CBIIYUTH MPO MOKPAIICHHS KHCHEBO-TPAHCIIOPTHOI (YHKIIIT KPOBI.
[Toxibni pe3ynbTaT MOXYTh OYyTH TOB’S3aHI 31 CTUMYJISIIIEI0 €PUTPOIIOE3Y ITijl
BIUTMBOM HaHO4YacTUHOK [45]. [TokpaleHHs: OKCUTeHaIlli TKaHUH CIIPUs€E aKTHUBI3aIlii
MEeTa0OJIIYHUX TPOIECIB 1, BIAMOBITHO, POCTY NTHUIN. 3HUKEHHS KJIOAKAIBHOI
TEeMITepaTypH MiCJIsI TETUIOBOTO CTPECY y AOCTITHUX TPyHaxX CBIIYUTH PO M1 ABUIIICHHS
TEPMOCTIMKOCTI opraHizmy. Lle Moxke OyTH MOB’sI3aHO 3 PETYJIALIEI0 META0OMIYHUX 1
FOPMOHAJIBHUX MEXaH13MiB ajanTaiiii [46].

[linBuIleHHA PIBHA TOPMOHY pPOCTY Y JOCIIIHUX Tpynax MIATBEPIKYE
aKTHBAILIII0 COMATOTPOIHOT OC1, 110 0e3MmocepeHhO BIUIMBAE HA CUHTE3 O1JKa Ta pICT
TkaHuH [47]. OgHouacHe 30UIbIICHHS] KOHIIEHTpAIlli 3arajlbHOTo OlfiKa, alb0yMiHy Ta
I00YIIIHIB CBITYUTH PO MOKPAIICHHS OLTKOBOTO 0OMIHY Ta IMyHHOTO cTarycy. Pazom
3 TUM, TigBuiIeHHs! akTuBHOCTI AJIT Ta piBHS KpeaTuHIHy npu BUlUX n03ax AgNP
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MO’K€ BKa3yBaTH Ha MOTEHIIHE HABaHTAXCHHS Ha MeU1HKY Ta HUpKU. [lonioHi edextn
omucadi y pocmimkenHsx Jones, P. H et al. (2012) [48], me Bim3Hayammcs
MOp(}oIIOTiuHI 3MIHH OpraHiB MPH TPpUBAJIOMY 3acTocyBaHHI AgNP. OnHak y Halomy
JAOCTIKEHH] 11 3MIHM HE CYINPOBODKYBAJIHCS MOTIPIICHHSAM MPOAYKTHBHOCTI, IO
CBIJTYUTH TPO BIJICYTHICTh BUPAKEHOI TOKCUYHOCTI MPU BUKOPUCTAHUX J103aX.

[Tokpamenns minigHoro npodimto (3HMxkeHHs TIT ta JINTHIL, migsummeHHs
JITIBIL) y3romkyerbesa 3 nanumu Kraljevic, P. S et al. (2015) [49] 1 cBiguuTh mpo
HOpMaJIi3alliio JimiaHOro oOMiHY. 3MEHILIEHHS pIBHA aTeporeHHuX (Qpakiiii Ta
MiBULICHHS ~ QHTUATEPOIr€HHUX  KOMIIOHEHTIB €  BAXKJIMBUM  IOKa3HUKOM
MeTaboJIIyHOro 310poB’st. OCcOoOIMBY yBary 3aciiyroBYIOTh 3MIHU aHTHOKCHJIAHTHOT'O
crarycy. Iligumenns aktuBHOCTI COJl, KAT Ta 3arampHOi aHTHOKCHIAHTHOI
3IaTHOCTI MOPS 31 3HWKEHHSIM piBHA MJIA CBIJUUTH MPO aKTUBAIIO €HIOTCHHUX
MexaHI3MIB 3axucTy. Ha BIOMIHY Bin HOCHIIKEHb, A€ TpuBaie BBeleHHI AgNP
BUKJIMKAJIO OKCUIATUBHUMN cTpec [50], y JTaHOMY BUMAJIKy CIIOCTEPIraBcs alallTUBHUM
edekT. 3pocTaHHs piBHA Ounka TeroBoro moky 70 x/la 7oJaTKOBO MIATBEPIKYE
aKTUBALII0 KIITUHHUX MEXaH13MIB 3aXUCTY BiJ cTpecy. Bigomo, 110 O1IKK TEII0BOTO
IIOKY CTa0LII3yIOTh KIITHHHI CTPYKTYPH Ta 3an00IrarTh JeHaTypaiii OukiB [51].

IMyHOJIOT1YHI MOKa3HMKHA TaKOX 3a3HAIM MO3UTHBHUX 3MiH. [ligBUIIEHHS
aKTUBHOCTI JII301IMMY Ta KoHIleHTpallii uutokiiB (IL-1, IFN-y, IL-10) 1 komnonenTa
koMIuieMeHTy C3 CBIAYMTH IPO AKTHUBALIIO SIK BPOJKEHOrO, TaK 1 aJalTHUBHOIO
iMyHiTeTy. baianc Mk npo3anajJbHUMU Ta MPOTU3ANAIbHUMU [IUTOKIHAMM BKa3ye Ha
perysboBaHy IMyHHY BIJIIIOBiIb, @ HE HA PO3BUTOK MATOJOTIYHOIO 3amajieHHs [52].
Pazom 3 TuM, pe3ynpTaTH 1HIIMX JOCTIIKEHb JEMOHCTPYIOTh CyNepeusnBl e€(heKTH
AgNP Ha iMyHITET, 110 MOXX€ OyTH NOB’SI3aHO 3 BIAMIHHOCTSIMU Y JIO3yBaHHI Ta
TpuBasiocTi ekcno3uiii [53, 54]. lle mnigkpecntoe HEOOXITHICTh MOMAJBIINX
JTOCHIDKeHb, 30KpeMa N[00 T'yMOPAJIbHOI IMYHHO!I BIAMOBIJAI Ta JOBrOTPUBAJIOL
Oe3IeKH.

TakuM dYHHOM, pe3yNbTaTH MdAaHOTO JOCHIHKCHHS MIATBEPKYIOTh, IO
BHYTpIIIHbOSMIIEBE BBEJEHHSI AZNP y MOMIpHUX J103axX (30kpema 15 Mr/i) Moxe OyTH
€(EeKTUBHUM 1HCTPYMEHTOM MIABUIIEHHS MPOJYKTUBHOCTI, AHTHOKCHJIAHTHOIO
3aXMCTy Ta IMYHHOrO CTaTycy OpoiuiepiB. BojgHouac BCTaHOBJIEHO HAasBHICTh
710303aJIKHOT0 €eKTYy, 1[0 BU3HAYA€ HEOOX1AHICTh ONTUMI3AIlil PiBHIB 3aCTOCYBAaHHSI
Ta MOJAJIBIIOTO BUBUEHHS MEXaH13MiB /il HAHOYACTUHOK cpioa.

I[pono3uuii Ta HanpsMH MJA HOAAJBIIUX JAOCHigKeHb. Ilomambii
JOCIIKEHHSI MOKYTh OyTH CIIpSIMOBaHI Ha aHai3 €KCIpecii reHiB, MOB’S3aHUX 13
pocToM, MeTaboJi3MOM, CTPECOCTIMKICTIO Ta aJanTaii€l0 OpraHi3My [0
HECTIPUATIUBUX (HAKTOPIB CEpeOBHUINA. BaxKTHBUM HAMIPSMOM € OIliHKA HAKOITUYCHHS
3QJIMIIKOBUX KIJTBKOCTEH cpibjia B TKaHMHAX 1 opraHax NTHUIl, BU3HAYEHHS IUIAXIB
fioro MeTabomi3My Ta BUBEIEHHS 3 OpPraHi3My, a TaKOXX IOCIHIIKCHHS MO>KJIHMBUX
€KOJIOTIYHUX HACTIAKIB BUKOPHUCTAHHS HAHOYACTHMHOK cpidia y NTaXiBHUUTBI.
JIOLUIbHUM € BUBYEHHSI KOMOIHOBAHOTO 3acTOCYBaHHSI AgNP 3 1HIMMHU 010JI0T14HO
AKTUBHUMU PEYOBUHAMHU, 30KpeMa MpoOi10TUKaMH, MPeO10TUKAMU, aHTUOKCUAAHTaAMH,
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MIKpOeJIeMEHTaMH Ta BITaMIHHUMH KOMITJIEKCAMH, 3 METOIO BCTAHOBJICHHS MOKIIMBUX
CHUHEPTiYHUX e(PEeKTiB MO0 MiABUIICHHS MPOYKTUBHOCTI Ta PE3UCTEHTHOCTI MTHIII.

TakuM 4YMHOM, TONAJBINI JOCIHIPKEHHS MaroTh OyTH COpSAMOBaHI Ha
KOMILJIEKCHY OIIHKY €(EKTUBHOCTI, OE3MEYHOCTI Ta MOJICKYJISIPHUX MEXaHi3MiB i
HAHOYACTHHOK cpi0ia, 110 JO3BOJUTh PO3POOMTH HAYKOBO OOIPYHTOBaHI
peKOMeHJaIli MoA0 X MPaKTUYHOIO BUKOPUCTAHHS Y CY4aCHOMY MPOMHUCIOBOMY
[ITaX1BHUIITBI.

BucHoBku. Y pe3ynbrari MPOBEACHOTO JOCIIIKEHHS BCTAHOBJICHO, IO
BHYTPIIIHbOSWIIEBE BBEJCHHS HAHOYACTUHOK cpibna (AgNP) 4YuMHUTHL BUPaKEHHM
J0303JICKHUM  BIUIMB Ha €MOpIOHAJIBHUM PO3BUTOK, (i310JIOTIYHUN CTaH Ta
NPOAYKTHBHI SKOCTI OpoilnepiB y mnocTHaTanbHOMy mepiomi. Ilokaszano, o
3acTocyBaHHA AgNP cnipusi€ MiABUIIICHHIO BUBOAMMOCTI Ta 3HIXKEHHIO eMOP10OHATBHOT
CMEPTHOCTI, IO CBIJYUTh IMPO TMOKPAIIEHHA JKUTTE3IATHOCTI €MOpIOHIB Ta
MIJBUILIEHHS €()EeKTUBHOCTI 1HKYOAIIitHOTO mpoiecy. BUABIEHO, 110 ONTUMAIBLHOIO
703010 € 15 Mr/m, 3a 4KOI CHOCTEpIraroThCS HAWBHUILI MOKAa3HUKU >KUBOI MacH,
MPUPOCTY Ta €QPEKTHUBHOCTI BUKOPUCTAHHA KOPMY, IO BKa3ye Ha ICHYBaHHS
010JI0TITYHO OOIPYHTOBAHOTO ONTHUMYMY [li HAHOYAaCTUHOK cpibna. JloBeneHo
MO3UTUBHUM BIUIMB AgNP Ha TeMaToJIOTi4HI T[OKAa3HUKM Ta MEXaHI3MH
TEPMOPETYJIALIT, 1110 MPOSIBISIETHCSA Y 3HWKEHH] KJIOaKaJIbHOI TEMIEpaTypH Micis 1ii
TEIJIOBOTO CTPECY Ta MOKPAIEHH1 TOKa3HUKIB KPOB1, 30KpeMa PiBHIB reMOTrI001Hy Ta
reMaTokpuTy. Lle cBiIUUTh PO MiJBUILNEHHS aJaNTalllifHOTO MOTEHIIAy OpPraHi3My
Ta CTPECOCTIMKOCTI nTulll. BcTaHOBIEHO, 10 BHYTpIlIHbOSHIIEBE BBelNeHHA AgNP
CHpuse akTHUBalli MeTa0OJIYHUX MPOLECIB, IO MiATBEPKYEThCS MiABUILIECHHIM
KOHIICHTpAIli i ropMOHy pocTy Ta 3aragpbHOro OilKa CHpPOBATKH KpOBI, SKi
0e3rmocepe/IHbO MOB’A3aHl 3 1HTEHCU(IKAIIE0 POCTy Ta OLIIKOBOro oOMiHY. AHani3
JMIHOTO NpoUI0 MOKa3aB MOKPAIICHHS JIIMIHOrO OOMIHY y BUIJISIAI 3HUKEHHS
PIBHIB JIMONPOTEIHIB HHU3bKOI WIUIBHOCTI Ta TPUIIILEPUIIB TPU OAHOYACHOMY
M1JIBUIICHH1 KOHIIEHTpPALii JIIMOMPOTETHIB BUCOKOI IIIILHOCTI, 1[0 CBIAYUTH PO OLIBII
e(eKTUBHUN TpaHCHOPT 1 yTuiizaimito dimifaiB. OkpemMo BCTaHOBjIeHO, 1o AgNP
aKTUBYIOTh AHTHOKCHUJAHTHY CHCTEMY OpTraHi3My, MiJBHIIYIOYH aKTHUBHICTb
KJIIOUOBUX (DEPMEHTIB aHTUOKCHJIAHTHOTO 3aXUCTy Ta E€KCIPECito OUIKa TEIrIOBOTO
moky HSP70), 1m0 BKa3ye Ha 3HMKEHHS PIBHS OKCHJIATUBHOTO CTPECY Ta MOCHJICHHS
KIITUHHUX 3aXUCHUX MEXaHi3MiB. IMyHOJIOTiUHI TOKa3HUKM CBIAYaTh PO
30a7aHCOBaHy aKTHUBAIIO SIK BPOPKEHUX, TaK 1 aJallTUBHUX MEXaHI3MIB IMyHHOTO
3aXHUCTY, 110 MPOSIBIISIETHCS T1BULIIEHHSIM aKTUBHOCTI JT130I1IMMY Ta PIBHIB KIIOYOBUX
IUTOKIHIB 0€3 O3HAaK HAJAMIPHOTO 3amaJlbHOTO Tpolecy. TakuMm YUHOM,
BHYTpIIIHbOSANIIEBE BBeJACHHS AgNP y BHU3HAYEHUX J03aX MOXE pO3IIISIIATUCS SIK
MEPCIICKTUBHUN  OI1OTEXHOJIOTTYHUN TMIAX1T JUIsS  TIJBUIICHHS MPOIYKTUBHOCTI,
ajanTaniifHoi 3AaTHOCTI Ta (Pi310J0TIYHOI CTIMKOCTI OpoiiepiB. BogHouac
BCTAHOBJICHUN  J10303aJICKHUM  XapakTep e(eKTIB MIJKPECIoe HEeOoOXITHICTh
MONaJbIIUX  JOCTI/DKEHb JUIS YTOYHEHHS OE3MeYHMX MeX 3aCTOCYBaHHS
HAHOYACTHHOK Ta iX JOBTOCTPOKOBOTO BILTUBY HA OpTaHi3M ITHIII.
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Aemopu niomeepoxcyromo 6i0CymHicmb NOMEHYIUHO20 YU HAABHO20 KOH@IIKmMY iHmepecie,
AKUL Mi2 Ou 6NJIUHYMU HA Pe3YTbMaAmu 00CAI0HCEHHA ma nyoaikauii
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THE EFFECT OF INTRAOVULAR ADMINISTRATION OF SILVER
NANOPARTICLES (AgNP) ON EMBRYONIC DEVELOPMENT, PRODUCTIVITY,
ANTIOXIDANT, AND IMMUNE STATUS OF BROILERS
Abstract. This study investigated the dose-dependent effects of intra-egg administration of
silver nanoparticles (AgNP) on embryonic development, hatchability, growth, as well as the
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physiological, biochemical, antioxidant, and immune status of broilers. The experiment was
conducted using different concentrations of AgNP, followed by an assessment of productive and
metabolic parameters in the postnatal period. It was found that AgNP contribute to increased
hatchability and reduced embryonic mortality. The best growth parameters (body weight, weight
gain, feed conversion ratio) were observed at a dose of 15 mg/L. The study also revealed a positive
effect of silver nanoparticles on hematological and biochemical blood parameters, specifically
increased levels of hemoglobin, hematocrit, and growth hormone. In addition, AgGNPs improved the
serum lipid profile (decreased LDL-C and triglycerides, increased HDL-C), activated the antioxidant
system (SOD, catalase, total antioxidant activity), and increased the expression of the heat shock
protein HSP70. Immunological parameters also showed positive changes, manifested by increased
lysozyme activity and cytokine levels (IL-1p, IFN-y, IL-10, C3). The results obtained indicate a
pronounced biostimulating effect of AgNPs at optimal doses and their potential to improve
productivity and stress resistance in broilers in poultry farming. At the same time, a dose-dependent
nature of the effect was established, which requires further optimization of nanoparticle application.

Keywords: silver nanoparticles;, AgNP; intra-egg administration, broilers, hatchability;
growth; antioxidant status, immunity;, HSP70; lipid metabolism; poultry farming
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