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I'any3s 3acTocyBanHst

Meronnuni pekoMenaaii po3podiieHi 3 METOW NPOBEAEHHS OLIHKU O€3MeYHOCTI
BUPOOHMLTBA Ta BUKOPHCTAHHS HAHOYACTHHOK CIIOJyK METaliB Ta HaHOMaTepiais,
OTPUMAHUX Ha 1X OCHOBI.

ITonoxenns, wo BUKIaneHi y «METOANYHNX PEKOMEHJALISX» 3aCTOCOBYIOThCS
A7Is BU3HA4YEHHA 6io6e3nmevHocTi Ta 6iocyMiCHOCTI HAHOYACTHHOK CTIONMYK METANB /i
3/10pOB's JIOAMHYM Ta CTaHy JOBKINIA Ha €Tami iX TOKCHKOJIOTIYHOI €KCMepTH3M Ha
Tepuropii YkpaiHu.

Hani MeToauuHi peKkoMeHAalii BUKOPUCTOBYIOTHCA A OL[HKM MOTEHUIHHOT
TOKCHYHOCTi HAHOYAaCTMHOK CIOJNYK METaliB  3a [IOMOMOTOI0 aNbTepPHATHBHUX
TOKCHKOJIOTIYHUM J0CTTiIaM Ha TBapHHAX MOIEIBHHUX TECT-CHCTEM in Vitro: MepBHHHUX
Ta NepeLieIUIIOBANIBHIX KYJIbTYpaxX KIiTHH Ta GiKaxX MIa3MH KPOBI JIOJIMHY Ta TBAPHUH.

YcraHoBH, sKi  3AIMCHIOOTH  OLIHKY MOTEHUIMHMX TOKCHYHHX  e(eKTiB
HaHOYACTHHOK CIIOJ[yK MeETaliB Ta HaHOMarepiamiB, MO iX MIiCTATh, NMOBHHHI MaTH
HeoOXi/iHe 06MaHaHHA, IO MPOJMIIIO METPOJIOTIYHMI KOHTPONb Ta KalibpyBaHHS B
YCTaHOBJIEHOMY TOpAAKY. Ekcryaraiuiio o0jagHaHHS HPOBONATH BiAMOBIAHO 10
TEXHIYHOTrO TacHopTy Ta iHCTpykuii. PesynbTarn mpoBeneHHs KamiOpyBaHHs Ta
MIOTOYHOTO PEMOHTY (iKCYIOTh y CHELiaNIbHOMY KYpPHAI, KU € JOCTYIIHMM JUIA BCIX
CriBpoOITHHUKIB, SKi EKCIUTYaTYHOTh Y¥ 06CIYyroBYIOTh 00JIaJHAHH.

MeTtoanyni pekomeHnauii Npu3HAaYeHi MWiA CHEWialicTiB  HAYKOBO-IOCTiTHHX
YCTaHOB Tiri€HIYHOTO, TOKCHKOJIOTIYHOrO Ta €KOJNOTIYHOro Mpodillio; MeauKo-
Gionoriynux y46OBHX 3aKkiaj{iB i Opradizaiiid, fKi 3aiiMalOTBCA MUTAHHSAMH OLUHKM

Oe3neky HaHOYaCTUHOK METaJliB Ta IX CIOJYK, @ TAKOXK iHIUMX HaHOMaTepiaiB.
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HNEPEJIK YMOBHUX CKOPOYEHb I IO3HAYEHb

JHK - ne3okcupubOHyKIeTHOBA KMCIIOTa

JAMCO - numeTuncyiabhokcuan

JIar - (hepMeHT nakTaTaerigporeHasa
HM - HaHOMaTepiaau

HCT - HITPOCHHIH TeTpa3oJriii

HY - HAHOYaCTHHKH

IIOJI - mepekucHE OKUCIIECHHS JIiMiiB
TXO - TPUXJIOPOLTOBA KMCIIOTa

O®ITL] - ¢dnyopecueinizoTionioHar

DMEM - monudikosane cepenoruiie Irna (Dulbecco's modified Eagle®s medium)

ECs - e(heKTHBHA KOHLIEHTpALlisl, [0 BUKIIHUKAE MOpYIIeHHs QyHKuii y 50% KiiTun
ICsg - KOHLIEHTpaAllisl, 10 BUKJIMKAE TIPUTHIYEHHS pocTy 50% KIIiTUH

LCs - CepeIHbOJIETalIbHA KOHLEHTpALlisl, 110 BUKJIUKAE 3aruderns 50% KiiTuH

LDs - CepeHbOJIeTalIbHA 11033, 110 BUKIUKace 3arudens 50% TBapuH

MTT - meruntetpazoniit (3-[4,5-nimMerinTiazon-2-in]-2,5-nideninrerpaszonis Gpomin)
NR - GapBHUK HEHTPaTBLHUI YePBOHUIA

RPMI - cepemoBulle aJist KyJTbTUBYBaHHS KITITHH

SRB - 6apBHuK cynsdoponamin b




BCTYII

CrorofHi B CBiTi aKTHBHO PO3BHMBAIOTHCS HAHOHOTEXHOJIOTii, CIIPAMOBaHi Ha
oJicpykaHHs Ta BUKOPHMCTAaHHsA PEYOBMH i MaTepiamiB, siki GOpMYrOThCA HaCTHHKaMHU
posmipom mo 100 HM, WO OicTanu Ha3By HAHOYACTUHOK. HaHOYACTUHKM 3aiMalOTh
TIPOMIJKHE ITOJIOJKEHHsI MK MOJIEKYJIAaMHU Ta MaKpOTiJIaMH, IM NMpUTaMaHHi MPUHIIUAIIOBO
iHIUi, y DOPIBHSHHI 3 MakpoCBiTOM (i3uyHi Ta XiMi4HI BIACTHBOCTI, AKi BiKPUBAIOTh
[IUPOKI TEPCTIEKTUBY JUTS BUKOPHMCTAHHA y PI3HHX rajly3siX €KOHOMIKH, MeIULUHH,
(apmaliii, 6iomorii, ciibcbKOMyY roOCIoIapcTBi, BeTepHHapii, 0XopoHi AoBKimis [1,2].

[IpoMmucioBe BHPOOHHWLITBO Ta IIMpPOKe BHpoBaukeHHs HY MeraniB Ta
METAJOBMICHHX HaHOMarepiajiB B pi3Hi cepy HisTIBHOCTI JIOAMHM MOXKE CIPUATH
3a0pyHEHHIO HUMH pPOOOYMX MiClib, aTMOC(EPHOro MOBITPs, BOJOHM Ta IHIIMX
00'exTiB N0BKULIA. BesnocepenHiil KOHTAKT 3 LMMH MarepianaMy JIOAMHM Ta IHLIMX
JKMBHX, BIJICYTHICTh IPYHTOBHUX 3HaHb MPO iX MOXKJIMBUI HETaTUBHUI BIUIMB — BCE L€
BUKJIMKAE 3aHENOKOEHHS CHUJILHOTH Ta TMOTPeOye IPOBENEHHS  TOKCHKOJIOTIYHUX
JIOCTI/IKEHb 3 OLIHKH iX 0e3neqHocTi [3,4].

@axiBui 3 mpobiemMu XimiyHOI O€3MeKW €IUHI B TOMY, IO ChOrOJHI BKpaif
HEeOOXIHMM € HayKoBe OOIpYHTYBaHHS MiAXOAIB i METOMAIB IOCII/UKEHHsA, BHUBYEHHS
3aKOHOMIPHOCTE} NpOosiBiB 6i0J0OriYHOT i TOKCHYHOT Jil HAHOYACTUHOK 3aJIEKHO Bil 1X
dbopmu, po3Mipy, IUIOLL MOBEPXHi, 3apsay ¥ iHIMKX (i3UKO-XIMIYHHX OCOOIMBOCTEH
OylOBM, a TaKOX JIO3M, LUIAXY BBEINCHHS, KOHIEHTpalii B OpraHax-Mill€HIX Ta
TpuBaocTi Aii. [[MMH MUTAHHSIMU CHOTOJIHI MepeiMaecThCsl HAHOTOKCUKOJIOTis — HOBUM
HAYKOBMII HAMpPsAM Cy4acHOI TOKCHKoIOril [5,6].

IlpakTyka NpOBENEHHS TOKCHKOJOTIYHUX AOCHIMXKEHb ICTOPUYHO CKIajacs Ha
TEMJIOKPOBHUX J1a0OpaTOPHUX TBapHHaX — MOJAENIX 1-ro mopsiaky. besyMoBHO
eKCIIEpHMEHTH Ha TBAapHHAX € BKpail BaXIMBUMH, i OOIHTHCS 0€3 HHX IpPaKTUYHO
HeMOXJBO. Ilpore, y OUNBIIOCTI BHNAAKIB BOHU € TaKMMHM, IO TpPaBMYIOTh

NiUIOCITIAHAX TBApWH, OCOONMBO IpU MOJENIOBAHHI MAaTONONYHUX CTaHiB, Ta

NpU3BOAATH 10 X 3arubeni. Tomy oOMeKeHHs iX 3a paxyHOK BIPOBAIKEHHsS CYYaCHUX
aTbTEPHATHBHHUX METO/IB in Vitro € L[iIKOM peasbHUM i BUIpaBaaHuM [7].

BeecBiTHs opraHizailis OXOPOHH 3/10POB'S, MiXHApOAHE MeIMKO-GiooriuHe
CYCIIUIBCTBO HE JIMIUE CXBATOIOTh, a i HANONETIMBO PEKOMEHAYIOTH Ta TATPHMYIOTH
BHKOPHCTAHHs allbTePHATUBHUX MOJEJIEH Ta METOMIB y TOKCUKOJIOTIT. EkcriepumenTr B
YMOBaX in Vitro CTaloTh MOBCAKACHHOK MPAKTUKOK y AisbHOCTI HAyKOBO-IOCHiAHMX
IHCTUTYTIB €KOJIOTiYHOTO Ta TirieHiYHOro mpodisio, OpraHis, Mo KOHTPONIOKTH CTaH
JoBKins [8,9].

BrnipoBamkeHHs anbTEpPHATHBHUX METONIB Yy TOKCHKOJOTIUHI MOCITIDKEHHS
BiNOYBAa€TLCA Til KOHTPOJNEM TaKMX MDKHAPOLHMX OpraHisaliil, sk €BpomeichKuii
LEHTP 3aTBEP/UKEHHA aybTepHaTMBHUX MeToaiB (ECVAM), Mixuaponuuii komiter
UEHTpY  3aTBEpP/UKCHHA  anbrepHatuBHUX MeroniB  (ICCVAM), E€sponeiicbke
CIIBTOBAapHUCTBO TOKCHKONMOTiB in vitro (ISTIV). TecTyBaua B ymoBax in vitro
BKJTFOYEHO /10 Tepeniky OO0OB'I3KOBMX METOMIB OLIHKH IOTEHLIHOT Hebesneku
XIMIYHHMX PEYOBMH IS 3/I0POB'S JIIOJMHH Ta HABKOJMIIHBOTO CEPENOBHINA 3 METOK
MOfanbIIOl iX peecTpauii, ekcnepTHsd Ta ceprTHdikalii 3a NpaBHIAMM HOBOTO
€sponeiicbkoro 3akononasctBa (REACH), sike HaGyno umnHocTi 3 2007 pOKy.
[HTerpoBana cTpaTeris TeCTyBaHHS TOKCMYHOCTI XiMiYHMX pEUOBMH BKJIKOYAE
MaKCHMaJlbHe BUKOPHUCTAHHS HOBUX METOJIB Ta TECT-CUCTEM in vitro [8-10].

PesynbTaTn BMKOPHMCTAaHHS TakMX METONIB TMOKAa3aly, IO BOHH € IOCHTb
TOYHHUMH, NPOCTUMH, LIBUIKUMH Y MOCTAHOBI, YHIBEPCATEHUMH, MPAKTUYHO LiHHUMH,
CENIEKTUBHUMHU Ta €KOHOMIYHO pPEHTaOenbHUMHU. I[lepCreKTHBHICTD HOCIIDKEHb i3
BUKOPHCTAaHHAM albTEPHATUBHUX METOMIIB in Vitro MiACUIIOETHCS 3POCTAIOUOI) YBArOHO
o ponmi eTMYHUX (aKTOpiB TpM BHOOPI 00°€KTY MOCHTIKEHb, 30UTBLICHHAM
3aLiKaBJIEHOCTI HAyKOBIIB Ta IIMPOKOi I'POMAACHKOCTI y I'yMaHHOMY CTaBJEHHI 10
TBapUH i 3MEHIIEHHS X KIBKOCTi B HAYKOBHX €KCTIEPHUMEHTAX.

IlutaHHs JOCHIIUKEHHS TOKCHYHOCTI HAaHOMaTepialiB i1 HAHOYACTHHOK €

0COOIMBMM, BUMarae HeCTAHJAPTHUX MiAXOMAIB, BaJifauii METOMMK K IS Vitro, Tak i




AV in ViVo JOC/IKEHb, METO AKHMX € PO3poOKa alropuTMy OLIHKU Ta BU3HAYEHH:
YiTKUX KPUTEPiiB 6€3MeyHOCTi HaHOMaTepiais.

CroroziHi y sKOCTi albTepPHAaTUBHUX MOJENEN JJIs TOKCHKOJOTIUHHUX JOCiKEHD
BHKOPHCTOBYIOTHCS CHCTEMM Pi3HOI Oiosoriunoi opraHizauii — Ge3xpeGeTHi TBapUHH,
rigpo6iOHTH, MIKPOOpPraHi3MM, pPOCIMHM, KyJbTYPH KIITHH JIOOMHM Ta TBapHH,
Oe3xniTuHHI (i3uKo-XiMi4Hi TecT-cucteMu (OUKH, hpepmenTn).

V 1umx MeTOAMYHMX PEKOMEHJALisX IPeICTaBIeHO HAyKOBe OOIPYHTYBaHHS
3aCTOCYBaHHS aJbTEPHATUBHUX TECT-CUCTEM, .TaKUX SK KyJbTypa KITHH Ta OLIKH

I1a3MHU KPOBI JIIOAWHM | TBApUH U OL[IHKM O€3MeYHOCTI HAHOYaCTHHOK METAIliB B

YMOBaXx in vitro.
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1. HanouacTHHKH MeTaiB, BJACTHBOCTI, C)epH 32CTOCYBAHHSI.

Meranesi nanogacturku (HY) Ta yTBOproBani HUMU HaHOKJIACTEPH € OAHUMHU 3
MEpUINX HAHOTEXHOJIOrIYHUX 00'eKTiB. BOHM BiZpi3HAIOTLCA SIK 33 TEXHOJIOTIEIO
BHTOTOBJICHH, TaK i 32 QyHKIOHATEHUME O3HAaKaMH. IX 06°€/IHye XapaKTepHuil MasTHii
pO3MIp €JeMEHTIB (JaCTHHOK, 3epeH, TpyOOoK, Mop), MO BH3HAYAE iX CTPYKTYpY Ta
BIacTuBOCTI. JIo HaHOMarepiaiiB, siki MICTATh HAHOYACTHHKM METaJiB Ta IX CIIOTYKHU
BIZTHOCSTBCSL:

- HAHOHAMIBMPOBITHUKH («KBaHTOBI Touku» - CdSe, ZnS, CdSe/ZnSe; CdS/ZnS;
ZnS/CdSe; TiO/Si0.);

- KOHCOJIi/10BaHi HaHOMaTepiany (KOMIAKTH, TIiBKM Ta MOKPHUTTS 3 METAIIB, CIIABIB Ta
CIOJIYK, 110 OTPUMYIOT 3@ JIONIOMOI 0K MOPOIIKOBOT TEXHOJIOTIT);

- HaHOTIOPOIIKH (KBa3iHYJILBUMipHi CTPYKTYPH Pi3HOTO CKJIaLy, PO3MipH SKHUX 3arajom
He nepeBULyoTs 100 HM);

- HaHOTIOPKCTI MaTepianu (METaT0OpraHiyHi TPUBUMIpPHI CTPYKTYPH, IO MiCTSATH nopwu,
KaHa/M, 10H MeTaly (HampHKIad: XpoM abo 3a1i30) Ta 3B’A3yl0di MicTKM OpraHiYHUX
monekyn) [11,12].

Creuudiuni BractuBocti HY MmeraniB - Giouumni, enekrpuuni, katanituudi ta
MarHiTHi, BiAKPMBAIOTh WIMPOKi MOXJIMBOCTI I IX MPAaKTMYHOTO 3aCTOCYBAHHS B
GaraThOX raly3sX HayKM Ta INPOMHUCIOBOCTI, 30KpPEMa MNP CTBOPEHHi HOBMX
eexTHBHUX KaTalmi3aTopiB i HaTOXiMiUHOI MPOMHCIOBOCTI; ISl BUrOTOBICHHS
Cy4aCHHMX CEHCOPHMX CHCTEM; KOHCTPYKLIMHOI KepaMiku i copOeHTIiB; B MeauuuHi ii
(apmakonorii nna  miarHocTMKM 1 JlikyBaHHA iH(EKLiHMUX Ta OHKOJOTIYHMX
3aXBOPIOBAHb; B CLIILCLKOMY FOCTIONAPCTBI Y AKOCTI MPENaparis 3aXUCTy i POCTY POCIHH
Ta TBAPHUH; JUTS OXOPOHH JOBKIJIIA TOIIO. Y BUIIAMI MILIE/IAPHOTO 260 BOJHOTO PO3YMHIB
HY MetantiB  BUKOPHCTOBYIOTE, Sk JOGABKA [0 Pi3HUX KOMIIO3MILH, CTBOPEHHX Ha OCHOBI
OpraHiYHAX PpO3YMHHMKIBi BOIM, Hanpukiag, n0 nakodapOHKX Marepiasis abo

KOCMETHYHHUX 3aco0iB (Tabur.) [13].




Tabauus

Haii6inpm nepecneKTHBHI cepH BHKOPHCTAHHS HAHOYACTHHOK MeTaJliB

ririeHivHAX 1 MAMHUX
3aco0iB (cpibi1o)

100aBKU 10 MUJIA, MUITH-
ux 3aco0iB, 3yOHOT 1actu

Cdepa Buxopucranns | CriocoOu BUKOPUCTAHHS Edexru
HY (metan)
Bupo6uuurso Boaui po3uuHu 5K HanaroTe 3aco6am GakTepuimaHnX

BJIACTUBOCTCH

Bupo6uuurso
Je31HPIKYFOuux
3aco0iB (cpibiIo)

BHKOPHCTOBYIOTH BOJIHI
po3uran HY pisnux
KOHLIEHTpallii

Hanatots 3aco6am GakTepuLMIHUX
BJIACTUBOCTEH, €)EKTHBHI IPOTH LIHPOKOTO
CTIEKTpY OakTepii

Menaununa
(cpibuio)

Jlo1aBanHs 10 PO3UMHIB,
HAHECEHHS Ha TKAHUHH,
10JIIMEPHI [UTIBKH, HUTKH.

[TizBuIYI0TH GaKTEPULMIHI BITACTHBOCTI
MarepialiB, IPUCKOPIOIOTE 3arol0BaHHs paH i
HOIIKOPKEHOT IKIPH.

Biosoris (30510T0)

CTBOpEHHS TiarHOCTUYHUX
TECT-CUCTEM 1 MITOK

CyTT€eBO 30UIBIIYIOTE €)EKTHBHICTD
JIlarHOCTHYHUX TECT CUCTEM.

Menunyuna
(okcu) 3ai3a)

VY SKOCTi KOHTPACTHUX
PEUOBUH, SIK HOCIT
JIKapChKHUX 3ac00iB

ITinBUILYIOTE €()eKTHBHICTB TIarHOCTHKH i
JIiKyBaHHs! OHKOJIOTTYHHMX 3aXBOPIOBaHb

Bupo6uuurso Hanecenns po3uunis HY Bowuaaroth Gakrepito Legionella pneumophila,
KOHAUIIOHEPIB Ha MeTajeBi ado iHui I110 aKTHBHO PO3MHOKYETHCS B KOHMLIIOHEpaxX
(cpi6u10) CKJIAJI0BI KOH/AMLLIOHEPIB 1 € 30y/IHKOM 3aXBOPIOBAaHHS JIET€Hb

ABTOMOO1IBHA

ATIOMIHIH, HIKEIb,

MPOMUCIIOBICTH (Mijlb,

OLMHKOBYBaHHS METAJICBUX
JIETAIC, 10aBaHHA 10
aBTOXIMii, aBTOKOCMETHUKH

3abe3neyeHHs BUCOKOT aHTHKOPO3iitHOT
AKTUBHOCTI Ta MiABULLICHHS EKCIUTyaTalifHUX
BJIACTUBOCTEH aBTOMOOIIIB.

LIMHK)

Hadgrosa Hanecennus posuuny HU | Oumiuenns nadtu i HadTo-npoAyKTIB Bil
MIPOMUCIIOBICTh Ha cHITiKaresb Oakrepiit, 3an06iraHHs KOpo3il

(cpibuio) Ha)TONMPOBOIIB, IHLIKX TEXHIYHUX EMHOCTEH

CiIbCbKE TOCH-CTBO
(cpibino, 3a1i30, Mijib,
MarHii)

Oo6podka 3epna HY

ITiBUIEHHS CXOKEHHS 36PHA, 3HHKEHHS
3aXBOPIOBAHHS POC/IMH 1 TBapHH

HNonasanus HY 10 kopMmiB

TlinBUILEHHS [TPOLYKTUBHOCTI TBApHH

Bupoduuurgo
Kay4yyKy (MiJp)

S xaranizarop

[inBuienus eeKTUBHOCTI poLecy
BUPOOHHIITBA 1 IKOCTI Kay4dyKa

Jlerxa npomuc-
JIOBICTH (CpibI10)

Haunecenus HY na
Marepiasii abo BHpoOH

HUY cpibna HajatoTs MatepiaiaM i Bupobam
OAKTEPHULIM/IHUX BIACTHBOCTEH.

BupobHuuTRBO NaKiB i
(hapb (cpidio, Mijb,
IIMHK, K0OaJbT)

JHopnasanust HY meTanis y
(apOy Ta HaneceHHs Ha ii
KOMIIOHEHTH

HY Ag i Cu HapaioTh (hapbam aHTUMIKPOOHHX
Ta anTHQyHrinuaHuX BractuBocreid. HY Zn

I /{BULLYIOTH QHTUKOPO3ifiHi BIaCTHBOCTI
nokputtiB, H4Co 36i1b11yr0TH LIBU/KICTE
BHCHXaHHS (hapOu

AxTtuBHe BrnpoBamkeHHs HY metaniB Ta ix cnosyk Yy pi3Hi chepu AisnmbHOCTI

JIFOIIMHYA MOYKE CIIPUYUHATH 3a0pyHEHHs HUMU BUPOOHUYOTO CepeoBHILA Ta 00'€KTIB
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JOBKIJIA, IO CTIpHsAe 0€3M0CepeHbOMY KOHTAKTy 3 HUMHU JIIOAWHH (Ipalioroumx Ta
CIOXXKBa4iB). BiACyTHICTH IDYHTOBHHX 3HaHb NMPO MOMKJIMBUM HEraTHBHUI BILTHB
HaHOYAaCTHHOK METaJliB Ta iX CIOJIyK BHUKJIHMKAE 3aHETOKOEHHS CIIIBHOTH Ta TOTpedye

NPOBENIEHHSA TPYHTOBHUX TOKCHKOJOTIYHUX MOCIIIKEHb 3 OLIHKH iX O€3MeYHOCT].

2. lllgxXyu HAAXOMKEHs! TA BINIHB HAHOYACTHHOK METAJIB HA OPraHi3M JIOIHHH

3a0pynHEHHs BUPOOHMYOTrO i HABKOJMIIHBOTO cepenosuin HU Merainis, yMicT ix
B (papMaLIeBTHYHIH, KOCMETHYHIN, XapyoBiii MPOAYKIi CIPHUAIOTH HAAXOIKEHHIO B
OpraHi3M JIOJUHU. BBaXkaeThes, 110 iCHYIOTh TPU OCHOBHI LIUISXHM HanxomkeHHs HY i
HM B opranism: iHransuiiHuii, nepopaibHHi, TpaHCKyTaHHMil. HaiinoummpeHimum
LUUIAXOM  TOTPalyisHHA B OpPraHi3M € [(HrajsuifiHuil (4epe3 AWXalbHI LIJIAXH).
[ToTpannsouy 3 NoBiTpAM y BUrAdi aeposonmo, HYU MeTasniB /1erko NpoOHMKAKOThL Yy
BHYTPIIIHBO JIETEHEBUH MPOCTIp, BUIBHO MOCTYMAIOTH i3 JIEF€HIB Y KPOBOTOK, 1 TaKUM
YUHOM, MOXYTb TPAHCIIOPTYBATHCS B Pi3HI CHCTEMH i OpraHu, NpPOTE BOHM 3JaTHi
Oinple ocizaTH B HOCI, POTOBIN MOPOXKHMHI 200 JiereHsx. JIo IUTYHKOBO-KHIIKOBOTO
tpakTy (ILIKT) BOHM MOXYTb MOTpaNUTH He JIMIIE MPSAMO 3 DKi 4M BOIM, a il pa3oMm 3i
CIM30M i3 AMXaNbHUX HUIAXiB. Jleski BueHi, BBaXarOTh, 110 HAHOYACTUHKH, SKi
NOTPAMIAKTh 10 KULIEYHMKA, 3[aTHI MPOXOAUTH Yepe3 HWOoro cim3oBi 0OONOHKM Ta
PO3MOAIIATUCS MO OPraHi3My reMaToOreHHUM [wisxom [13,14].

Maroyn TpuBanmit mepion HamiBBuBemeHHs, HY MeraniB ykpail Baxko
BMBOJATLCA 3 OpraHizMy. BuOipkoBe iX HaKOMMYEHHS B OpraHax i TKaQHHHAX, Pi3HUX
THNAX KIiTHH i B MEBHUX KIITUHHUX CTPYKTYpax oOYMOBIKO€ MOLIKOKYIOUMIA BIUIUB,
NPy LBOMY IPOCTEXYEThCS 3aJE€XKHICTh OpraHiB-MillleHel Bil HUIAXY HaJXOKEHHS.
Tax, opranamu-mimenamu ans HY MeraniB, Mo LMPKY/IIOIOTE Y MOBITPi, B Heplly
4epry, € JIereHi 3  PO3BUTKOM  MATOJOTi OPOHXO-JIEreHEeBOi CUCTEMM (acTMa,
XPOHIYHUM OOCTPYKTMBHMII OpOHXIT, eMizeMa, pak JereHiB). 3 GOKy cepleBo-
CyAMHHOI CHCTEMH BOHM MOXYTh BMKIIHMKaTH aTepPOCKIIEpPo3, TpomOO3, TillepTOHi0,

apUTMIIO Ta 3aXBOPIOBAHHs cepiis. HaHOYacTHHKKM MeTauliB, o HaaxonaTh no KT
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MOKYTb CIPMYMHATH LHPO3 Medinku, XxBopoOy KpoHa Ta konoTepalbHuMi paK, a B
HHUpKax - rioMepyioHepput. [IponukHeHHs HY MeTaniB y ToJIOBHMH MO30K MOXe
BUKJIMKATH  HEMpoJereHepaTHBHI  3aXBOproBaHHA  (xBopodbu  IlapkiHcoHa i
Anpureiivepa). [Ipu motparisuHi B opradizM HY MeTaniB MOXyTh MOCHIIOBATH YU
[PUrHIYYBATH IMyHHY BiANOBITH, 110 CIIPHYMHAE PO3BUTOK aJIEPrifiHUX Ta ayTOIMyHHHUX
3aXBOPIOBaHb (AepMaTUTH, BACKYIITH) Ta OHKOJIOriYHOI maronorii [15].

Bcranosneno, mo HY MeTtamiB  OpoSIBISIOTE BUPaXEHY LUTOTOKCHYHY
AaKTUBHICTh. BBakaroTh, 10 3/aTHICTb HAHOYACTHHOK CIPUYMHATU IMOLIKOIDKEHHS B
KJTITHHI BHM3HA4Ya€ThCsl TPbOMAa MPOBIIHUMHM YWHHHUKaMU: 1) eiOHowtennsam nnowyi
nosepxui 00 macu uacmunku (BeN¥Ka IUIOLIA TOBEPXHI 3YMOBIIOE OiNblly MIIOLLY
KOHTAKTy 3 KJITHHHOK MeMOpPaHO10, 110 BIUIMBA€E HA afCOPOLIi0 I TPaHCIIOPT PEYOBKH);
2) wacom 3ampumMKu YacmuHKU (4UM JIOBILE BOHA KOHTAKTY€E 3 LUTOMEMOPAHON, TUM
GinbIua HMOBIPHICTh MOMIKOPKEHHs. LIeit YnHHUK TakoX BKII09ae MoOinbHicTe HY, ska
3YMOBIIIOE 1X MIrpalil0 10 OTOYYIOUMX TKAaHHH Ta BUBEIEHHS 3 OpraHizmy); 3)
peaxyitinoio 30amuicmio (Ha peakUiHy 37aTHICTh NPAMONPONOPLIHHO BIUIMBAE
Koe(iLlieHT BIIHOLIEHHs IUTOII IMOBEpXHI A0 ii Mach, YMM MEHIIa 4YacTHHKA, THM
OinbLinil y HeT noTeHLian nowkopKyroyol aii) [16,17].

AHalizyl0un HAaKOMUYEHUI eKCIIepMMEHTAbHUI MaTepia, MOKHA IPUITYCTUTH,
wo ¢isuko-ximiuni BnactuBocti HY MeTaniB MOXKyTh OOYMOBIIOBATH HE TiJIbKH
[POrHO30BaHI MO3UTHUBHI e(eKTH, a i He IPOrHO30BaHy MOIIKOKYI0TY Ait0. HassHi ¢
niTepaTypi daHi €KCIIepHMEHTAIBHUX [OCIIIKEHb in Vitro Ta in vivo J03BOJIAIOTH
BU3HAUUTH OCHOBHI MeXaHi3Mu TokcuuHol aii HY wmeramiB, ski 0OYMOBIIOIOTEH iX
LIUTOTOKCUYHY, MEMOPAHOIIOLIKO/KYIOUY i TEHOTOKCHYHY Ail0:

- 3B’3yBaHHA 3 aKTUBHUMHM rpynamu 6inkiB (SH-, COOH, NH-);
- TiMepnpoAyKIlisi CYNEPOKCUAHUX aHIOHIB;

- CTUMYJISILSE TepekrcHoro okucHeHHs miniais (IT0JI);

- 3HMDKEHHSI aKTUBHOCTI aHTHOKCHIAHTHUX (DEPMEHTIB;

- aKTHUBALlis aNloNTO3Yy KIIITHH.

14

OTxe, pO3BUTOK HAHOTEXHOJIOTH, 301/IbIIEHHS aCOPTUMEHTY 1 cep 3acTOCyBaHHS
HaHoMarepiasiB, He TINBKH BiIKPUBAIOTH MEPel JIIOACTBOM HOBi TNEPCTIEKTHBH, a i
CTBOPIOIOTH 3arpo3d Ta PH3MKH U 3IOPOB'S JIFOOWHU 1 AOBKIMIA, sKi HEOOXimHO
3a3[ayIerib MONepenuTH. 3 ypaXyBaHHIM 3a3HAYEHOIO JeTalbHe BUBUEHHS MOBEIIHKH
HY metaniB Ta iX croiyk y )KMBOMY OpraHi3Mi Ha ChOTOJHI € OXHHM 3 MPiOPUTETHHX
3aBoaHb NpPO(IIAKTUYHOI TOKCUKOJOrii, 11 HOBOro poO3Nily — HAHOTOKCHUKOJIOIS.
HaliBakTUBIIIMMU  NMHUTaHHSIMM, SKi BUpIIye HOBAa [UCLHMIUIIHA, € BHUBYEHHS
GbyHIaMeHTaNbHUX  3aKOHOMIpHOCTEW TposiBiB  OioyoriuHoi 1  TOKCHuHO!  nii
HAHOYACTUHOK 3aJIeXKHO Bim iX (opMmH, po3Mipy, MOYaTKOBOTO MaTepiaiy, IUIOLIi
MOBEPXHi, 3apsAmy ¥ IHIMX (i3MKO-XIMIYHUX O0COONMBOCTEN OYHOBM, a TAKOXK J03H,
LUIIXY BBEOEHHS, BMICTY B OpraHax-MilUEHAX Ta TpuBajocTi Ail. Jlyxe BaXJIMBOIO €
TaKo)X OILliHKa opraHocrenudiunoi mii (HEMPOTOKCHYHICTh, TIeNaTOTOKCUYHICTb,
KapaiOTOKCHYHICTh, iIMyHOTOKCHYHICTh, HE()POTOKCHYHICTE) Ta MOXIIMBUX BiITATEHUX
e(eKTiB, 30KpeMa, MyTareHHOI, FeHOTOKCHYHOI Ta eMOpioTokcuynoi aii HY i HM.
Po3poOka, 0OrpyHTYBaHHs Ta BIIPOBA/UKEHHs HaIifHMX METOJIB Ta CMOCOOIB OLIHKH
Oe3rekd HaHOMATepiadiB, a TaKOX 3aXOMiB, CHPAMOBAaHMX Ha MNPOQIMAKTHKY IX
HEraTHMBHOrO BIUIMBY Ha 3[0POB’S DI3HUX KaTEropiii HaceneHHs € BaKIMBUM [
npodinakTUyHO! ~ MEOWLUMHM, s 3JiHCHEHHs Tiri€HIYHOTO  peryJiaMeHTYBaHHs
BUpOOHHLTRA i 3acTocyBanHsa HY i HM, a Takox mMporHo3yBaHHs MOXJIMBUX PU3MKIB Ta
HEeraTWBHHUX €()eKTiB BIUIMBY Ha OPraHi3M JIOJWHM Ta HaBKOJHWILHE cepenoBuuie. Lle
JI03BOJINTH KOHTPOJIOBATH, CepTH(])IKyBaTH Ta BIPOBAJUKYBATH SKICHY Ta OE3MEYHY

HaHOTPOAYKLIO.

3. Kynerypa KIiTHH — #K aJbTepHATHBHAa TecT-MoJedb B
TOKCHKOJIOTIYHHUX I0CJiIKeHHAX

Y cyyacHifi  TOKCHKOJIOTIYHIM  MPakTUIl  NOpsA i3  TpaguiiHUMU
eKCTIepMEHTaMi  Ha JlabopaTOpHUX TBapWHAX 3HAYHOTO TIIOLIMPEHHA HadyJo

BUKOPHMCTaHHS aJlbTEPHATUBHUX 00’€KTIB Ta METOAIB AOCHiKeHHs. JlOBEeAeHO, 110
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BOHH € [JOCUTh TOUHMMM, MPOCTHMM, LIBHIAKAMH Yy IOCTAHOBLUI, MEPCIEKTHBHUMHU,
yHiBEPCATBHUMH, TIPAKTUYHO LHHUMH, CETEKTUBHUMY Ta EKOHOMIYHO PEHTA0CIEHAMH.
TMepCreKTHBHICTh  MiJICHITIOETECA 1 3POCTAIOMOK YBArOl0 10 poili eTWYHUX (akTopiB
npu BUOOPi 06’€KTY IOCIIKEHb, 301IBIICHHAM 3alliKaBIEHOCTI HAYKOBLIB Ta WHPOKOL
IPOMAJICHKOCTI Y IyMaHHOMY CTaBJIeHHi 10 TBApWH i CKOPOYEHHI iX B eKCIepHMEHTaXx.
Ha cboromdi B sKOCTI  Mojeneil in vitro BHKOPUCTOBYIOTBCA CHCTEMM Ppi3HOT
GiosnoriyHoi oprasisanii — 6e3xpeGeTHi TBapuHM, TIinpoGioHTH, MiKpoOpraHi3mu,
POCIMHHM,  KyJbTYypH KJIITHH JIFOJMHH Ta TBAapuH, O€3KIITHUHHI (izuKo-XimMivyHi TecT
cucremu (6inku, pepmentn) [18].

BeecBiTHS OpraHisallis OXOPOHM 3/I0pOB's, MiXKHapoJHe MeNuKOo-Oionoriune
TOBAPHUCTBO HE TIMbKM CXBIIOIOTh, alle il HACTifHO PEKOMEHIYIOTh i MIATPUMYIOTH
BUKOPHCTAHHS anbTEPHATUBHUX TECT-MOJE/EH Y TOKCHUKOJOTIMHMX AOCHIUKCHHAX. Y
MOCIiGHUKY 3 KOPOTKOCTPOKOBUX TeCTiB, BuAaHoMy BOO3, miAKpeciroeThes, MO BXKe
Ginblie CTa POKIiB KyNbTypa KIiTHH pI3HOTO TIOXO/UKEHHS W BHIY YCIILUHO
BUKOPHCTOBYETBCS B MEIMKO-OIONOMIMHHUX JOCIIUKEHHAX. 3HAYMMICTh LMX METOLIB
NPy BCTAHOBIEHHI TOKCMYHOCTI XIMiYHMX peyoBMH 1 OiOJOrMHHX — CIIONYK
NiATBEPKYIOTh JOATKOBI I KOMIIEMEHTapHi Tectu [8,9].

ANBTEPHATUBHUM METOAaM AOCIIKEHHs TPUIIIAETECA yBara MDKHapOAHOI
CHifibHOTH  BYeHMX. Tak IXHbOMY BIIPOBA[PKEHHIO B MIPAKTHKY Oy/IH NpUCBAYEH] 2-i Ta
3-ii BcecBiTHi KOHrpecH 3 TOKCHKOJOrii, mo BigOymues y 1996 i 1999 pp. y
Hinepnanpgax. lle nuTaHHA TaKoX HIMPOKO OOTOBOPIOBAJIMCA Ha NEPLIOMY i Ipyromy
3’{3nax Tokcukouoris Pocii (1998, 2003), na 3i6panusix EUROTOX y ITonbmi (2005) i
Benbrii (2006), Ha 14-my MixuapogHOMy ceMiHapi 3 TOKCHKONOLii in vitro, AKui
BinOyscs B 2006 p. y M. Octenze (benbrisi), a Takox Ha 1,2,3 Ta 4-omy HauioHanbHHX
KxoHrpecax 3 Gioeruku (2001, 2004, 2007, 2010, Ykpaina). Ha BCix 3a3HaueHMX BHUILE
dopymax yyacHUKH OynM ONHOCTaHHi y TOMY, IO 3yCHJUIA BYEHHX, CrIpsIMOBaHi Ha
pO3poOKy # BIPOBAIKEHHs AlCKBATHUX aAJIBTEPHATUBHUX METO/IB AOCIIKEHH,

3JaTHUX 3MEHIUUTH KiTbKiCTh TBApUH 200 MOBHICTIO BUK/IIOUMTH IX LLIAXOM 3aMiHM Ha
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KyJIbTypYy KITiTHH, TKAHUH i Ha HLI anbTepHATUBHI METO/M, HE TUIBKH BUIPaB/IaHi, ane
i1 y 6araTthox BHITafKax € HEOOXiHUMHU.

HaifromupeHinmMy TecT-06'eKTaMy B TOKCHKOJIOTYHIX [OCITI/DKEHHSX in Vitro
BU3HAHI KyJbTYpM KIiTMH. TecTyBaHHA Ha KIITMHMX JIHIAX Hajae indopmartito mpo
TIOTEHIiiHy IUTOTOKCHYHY Aifo. JIOCTHIIKEHHs MPOBOATL Ha MEPBHUHHHUX KyJbTypax
KJTITHH i TKAHWH, BUALIEHHX i3 OPraHi3My TBApHH, JIOAMHU Ta NEPELIEUTFOBAILHIX 200
TOCTIHHNX, OTPUMAHKUX 3 OKPEMHUX BUIIB MyXJTWH. Ha chOromHi CTBOPEHO JOCTAaTHBHO
BEJMKMIA O6aHK KJIITMHHHUX JiHiH, fSKi MarmoTh pi3He OpraHHe i BHJIOBE MOXOIDKEHHS.
IcHyro4i KyNbTypH KIITHH, IO BUKOPHUCTOBYHOTBCH SAK aNbTEPHATHBHI TECT-MOZEI,
MOKHA PO3IIUTH Ha N'Th OCHOBHUX IPYIL:

- nocmiiini knimunni ninii moounu (HepG2 3 rematromm moaunu, Hela -
KapUMHOMM Wmiikd Matku, Hep2 - eniTenioigHOl KapUMHOMM roprani, HL-60 —
neitko3Hi neiikouuTH, SQ-5 - KapuuHoMu NereHiB, NB-1 - HeiipoGracromy, iH.);

- nepeumni Kyntemypu Kkaimun n00unu  (TENaToLHTH, eniTeNioiNHi  KIITHHM
eMOpioHaNbHOT HUPKH, KEPATUHOLMTH, XOHIPOLIUTH, TimM$oLHTH);

- nocmiiini knimunni ninii meapun (pi6podnact mumeit L929, BALB 3T3, V 79,
xtitunn renaromu urypie HTC, acuuthi myxmusHi kiitunn Eprixa Muwe, KIiTHHA
HUpok 6uka MDBK, kiitunu Heiipobnactomu Muiueit Heiipon-2a, iH.);

- nepsunHi Kynemypu K1imun meapuH (TeNaToLUTH, Makpoarm);

- eucoko cneyianizoeani xnimuny (EPUTPOLIMTH NepUdepUIHOL KpOBi MHUILEH
BALB/c, ciepMato30inu 61Ka, M'A30Bi KIITHHY L1ypa).

Meton KynbTyp KJIITMH [03BOJs€ oOpaTH HalOiNbLI aleKBaTHUM 00’ekT 11
JOCTIUKEHHS Ta i30/IbOBAHO BHBYATH CrieluiKy BIUIMBY PEYOBMHH Ha KIITUHU PI3HUX
OpraHiB i TKaHWH (renaToLMTH, KIITHHM KPOBi, CTIOJy4Ha TKaHWHA, HEPBOBOA CHCTEMA,
HUPKM TOWIO ) i TAKMM YMHOM HOCIIINTH TemaTo-, Helpo- , Heppo-, IMYHOTOKCHYHICTb
Ta iHmI e(eKkTH iX TOKCHYHOT IiT Ha OpraHi3M.

3aranbHa LUTOTOKCHYHICTD, K HECTIPUATIMBA s Ha CTPYKTYpY i BIACTHBOCTI

KTiTHH, OILIHIOETbCA 3a IXHBOK 3HaTHICTIO [0 BIDKMBaHHA, nponidepauii i
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¢GyHkuionyBanHsi. Ha KITHHHOMY piBHI MO)KHa BHUAUIMTH TPU OCHOBHI MEXaHi3MU
LIUTOTOKCUYHOI [ii - LI MOIIKOPKEHHs KIITHHHUX MeMOpaH, MOpPYLIEHHs IMPOLECiB
MeTabo1i3My; IOPYLIEHHS peryJsuii nointy xiituH [8,18].

Jlis yHiikanil JOCTiIKeHs TEPBUHHI Ta MEPELICIUIIOBaHI KIITUHHI KyJbTYpHU
NPOTArOM YCiX €KCIIEPUMEHTIB KYJBbTHBYIOTh B CTaHAApTHUX yMoBax (mpu 37°C, 5%
CO, 1 95% BoNOrocTi), B CTAaHJAPTHUX MOKUBHUX CEPEAOBUILAX, SIKI PEKOMEHIOBaHI B
MacropTi  KyJBTYpH JUIS KOXHOTO KOHKpeTHoro Buay kiituH. Cepenosuiia
CTEPUITI3YIOTh XOJIOAHOW (inbTpauieto depe3 ¢insrpu 0,22 mikpoH. Ilpu miarororui
MEPEeIerUIiOBaHNX KJIITHHHUX KYJBTYP BUKOPHCTOBYIOTH CTAaHIApTHY METOAUKY
nepeciy. besnocepenHb0 Tepe EKCIEPUMEHTOM KJIITMHM CTAaHAApTU3YIOTh 3a
KOHLEHTpALi€l0 (PEKOMEHI0BaHy [Ulsi KOHKPETHOrO METOJY i BHAY KIIITHH) LIAXOM
[iapaxyHKy KIiTUH y kamepi [‘ops€eBa 3 BUKOpUCTaHHAM OapBHUKA TPHUIIAHOBOIO

CHHBOTIO.

4. MeToau A0cailzkeHHsl HA KYJbTYPi KJIITHH

Jist  JOCHiDKEHHS  LMTOTOKCHYHOCTI HAHOYACTHHOK 1  HaHOMarepialiB
MixHaponHow oprasizauiero 3i crangaptusauii  (International Organization for
Standardization - ISO) pekomeH0BaHi Taki Tectu [9]:

- MigpaXyHOK KiJIbKOCTI >KHTTE3NAaTHUX KIITHH 3a JIOTIOMOTOI0 BiTaJbHOTO
OapBHUKA - TPUITAHOBOT'O CHHBOTO;

- OL[iHKAa IHTEHCHBHOCTI IIPOLIECIB aKTHBHOIO MEMOPAHHOIO IIEPEHECEHHs 3a
MOrJIMHAHHAM OapBHUKA HEHTpasibHOTO YepBoHOro (NR-tect);

- BHM3HAUEHHs AKTHBHOCTI AMXalbHUX ()EPMEHTIB B TECTi 3 METHITETPa3OjieM
(MTT-recr);

- BU3HAYEHHS BMICTY 3arajibHoro OiJKa, K MOKa3HUKa MPUPOCTY KIITHHHOI Mach
3abapBiieHHM cynshoponamidom b (SR-tect);

OLIHKA CTYIEHIO IMOLIKOKEHHsA LUTOIIa3MAaTU4HOI MeMOpaHu IO BHUXOLY B

cepenoBuLIe iHKybauii Gpepmenty nakraraerigporenasu (LDH-tect);
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- BU3HAYEHHs KOHLEHTpALL] IVII0KO3H;

- OLIiHKA MOPYILEHHs NPOoLEeciB MeTaboi3My (BU3HAUEHHs aKTUBHOCTI IVIyTaTiOH-
S-tpancdepazn).

KpiM mepepaxoBaHMX METONIB [JOCUTh YacTO 3aCTOCOBYETHCS TECT s
BU3HaueHHs BMmicty AT® y xiuiTMHax Ta B iHKyOauiffHOMY CepelOBHIIi, 3MiHH
(yHKUiOHAIEHOT aKTUBHOCTI Crielliayli3oBaHKUX KJIITHH, MOP(ONOTiuHi 3MiHM KIIITHH.

3a  pe3ysibTaTaMH  BHINEBKa3aHWX  TECTIB  BM3HAYAKOTh  KOHIIEHTPALIilO
JIOCTTiZIKYBaHOT PEYOBHHH, KA BUKIHMKAe 50 % 3HIKEHHS TOTO 4M iHILOIO INOKAa3HWKa
M0 BiZHOIIEHHIO 0 KOHTPOJIO i mo3HavaeThes sk 1Csy (KOHIEHTpaLis, 10 BUKIIMKAE
npurnivends pocry 50% xiitun), ECsy (eexTHBHA KOHLEHTpalis, LI0 BUKJIMKAE
nopymenns Qpynkuii y 50% nitun) abo LCsy (cepennboneranbia KOHLUEHTPaLis, 10
BUKJIMKAE 3arudens 50% KIITUH.

Jlns poboTH Ha KyneTypax KIITHH HEOOXigHO crieliaibHe OONajHaHHA Ta
PEaKTUBH.

Ob6nadunanns: namiHapHuii 60kc, Mikpockon 6iHOKyJIsIpHuUiA, TepmocTtat 3 5% CO,,
HeHTpudyra 3 poTopoM s raHweTi, IOA-pinep 96-TyHKOBHUX IUTAaHLIETIB, 103aTOPU
MiNeTKOBI OJHO- Ta OaraTokaHalbHi nepeminHoro o6’emy Bim 1 go 1000 mxn, xamepa
[opsica, Bark €JIEKTHYHi J1a0OpaTOpHi, XONOAMIbHUK IOOYTOBMH €NEKTPUUHUH 3
MOPO3MIIBHOK) KaMepOK, aHajli3aTop MOTEHLIOMETPUYHMHA 3 MOXMOKOK BHMipHOBaHb
pH £0,01.

Bumpamui  mamepianu: KynbTypanbHi  (IakoHH, 96-TyHKOBI IUIQHIIETH,
CTEepUIIbHI HAKOHEYHHKH JUTS Ho3aTopa minetkoBoro (50, 100, 200, 300 M), CTepuIIbHI
TMIaCTUKOBI MiNeTKM rpaxyiioBani 06 emoM 1, 2, 3, 5, Ta 10 mut; pinbTpyBansHuii nanip.

Cepeodosuwya kymemueyeanns, Ximiuni peazenmu ma cnonyku: cepenosuuie RPMI
1640 (SIGMA, CIUA), cepenoumie DMEM (SIGMA, CIIA), L-rnytamin (SIGMA,
CIIIA), cynsdar renraminuny (biodapma, Ykpaina), eMOpioHaibHa TeNsg9a CHPOBATKA
(ETC) (SIGMA, CIIIA), AuCTWIbOBaHA BOAA Ta PEAKTHBU 3 YHUCTOTOK HE HIDKYE

kBamidikamii «agay.
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Tecm-06'ckmu: KynpTypa NEpBUHHUX a00 MEpeLICIUIIOBAIBHAX KIIITHH JIIOAMHU
Y{ TBAPHH.

Ipoyedypa excnepumenmy. KIiTHHA KynbTHBYIOTb y cepenouili RPMI 1640 i3
BMicToM 4 MMonb/n L-rnyraminy, 10% em6pioHansHol Tenas4oi cupoBarky i 40 MKI/Mi
renraminmnay abo y cepemosuiti DMEM 3 Bmictom 10% ETC, 2 MM L-rinyTaminy i
40 MKr/Mn cynbhaTy reHtamiluHy B 3BONIOXKeHiM armocdepi 3 5% CO, npu 37° C.
3amiHy cepeloBHINA TPOBOAATH KkoxkHI 2 a006u. IlinpHICTS KyJBTHBYBaHHS
JIOCITKYBaHUX JiHi# noBuHHa ckiagaty (2.0-4.0) x10* kimiTHH/cM?.

V nepuuuii JeHb EKCIIEPUMEHTY 3HIMAIOTh KIIITHHHU 3 KyJIbTypabHUX (JIaKoOHIB 32
nonomorord pozuuny Tpuncud/EJITA y BiANOBiIHOCTI [0 peKOMEHAaWid 1Mo
KyJbTUBYBAHHIO KJIITHHHOI JiHiT (macnopra KniTuHHOT JiHiT). ITipaXxoBylOTh KilbKiCTh
KJIITMH Ta BU3HAYAIOTH 1X KUTTE3NATHICTh Y TECTi 3 TpUnmaHoBUM cuHiM. [lomanbuii
JIOCTIDKEHHsT LMTOTOKCHYHOT il NpPOBOAATHCSA 3a YMOBM HasBHOCTI y KIiTHHHIH
cycnensii He menme 90% >kuBMX KITHH. Jlani TrOTYIOTH CYCNEH3il0 KIITHH Y
koHuenTpauii 1x10° k1iTur/Ma Ta BHOcATs no 100 MK cycrieHsii KIITHH y TyHKH 96-
JIYHKOBOTO TUIAHIIETY (BUXIZ — 1x10* knitMH Ha nyHKY). IHKYOYIOTH KIiTHHH y 96-
JIYHKOBMX IUIAHLIETaX AJis aare3ii KJIiTHH Ta yTBOPEHHs MOHOILIAPY B JIyHKaX.

[licna 24-ropuuHol ajganTtauii KJIITHH A0 CEepeAOBMILA KyJIbTUBYBaHHS N04AI0Th
pO3UMH JOCHI/KYBAaHOrO HAHONpenapary y IeBHOMY Jliana3oHi KOHIEHTpalii Ta
iHKyOyIOTh 3a THX € yMoB mpotsroMm 24 i 48 rogu. J[lid BUpaXeHHS KilbKOCTI
HaHoMaTepialy ~ BHKOPHCTOBYIOTH OAMHMLI Macu  (mr). [lomaTkoBo — MoxHa
BMKOPMCTOBYBAaTH Taki mapamerpu, sk umcno HY B oxuHMui 00'€eMy KMBHMIIBHOTO
cepelioBMlla 4K 3araabHa iow@a moeepxHi HY B oamnuui 06'eMy KMBHIIBHOTO
cepenonia (M’/cM’). HaHomartepianu, HajaHi JUiA TECTyBaHHsA B CyXoMy BHIaAmi (Y
BUIVIAZI TMOPOINKIB) JIMCIIEPrylOThCS Y BiANOBIZHOMY >KHBHUIBHOMY CEPEIOBHILI.
JIomyCKa€eThCsl BAKOPUCTAHHS TUIbKM (Di3MYHMX METOJIiB AMCIEpryBaHHs (CTPYLIyBaHH,
nepeMillyBaHHs, 06pobka yJabTpa3BykoM). BHKOPUCTaHHA NETEPreHTiB i OpraHiuHuX

pOS'—lIdHHl/lKiB I QUCTIEpryBaHHsA HAHOYAaCTHHOK 3arajoM HE JOI1YyCKa€ThCA. Sxio
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HaHOMAaTepiany 3HAXONATHCA B PO3YMHHMKY abO Ha HOCIT, TO B OKPEMOMY pslli TECTiB
TIPOBOMIATHCS AOCHIKEHHS IHTOTOKCHYHOCTI CaMOro PO3YMHHHMKA (HOCIS), AKUH TaKoxk
JONAEThCA O CEPElOBMIIA KyIHTUBYBAaHHA B TOMY JK JO3yBaHHi, IO i B CKIai
JOCTiKYBaHOTO 3paska HaHOMaTepiany. 3arajqbHa TPUBAiCTh BILTMBY HaHOMaTepiaiis
Ha KJIITHHU-MIIIEHi Bapiloe 3a/eXHO Bil BULY KIITHHHHUX JIiHiH 1 TUITY €KCLIEPUMEHTY i
Moke ckiagaté  Bim 24 rommH nmo 14 npi6  (ana  Henponidepyrouux i
crabomnportidepyrounx KITHHHUX KyJIbTyp), IPH LIOMY BPaXOBYEThCS KUTTE3NATHICTH
KITITHH, 3MiHa iX nponidepaTtuBHoOi 31aTHOCTI Ta (YHKIIOHATLHOT aKTHBHOCTI.

[in6ip KOHUEHTpawill HaHOMaTepiany, BHECEHOTO B KyJIBTYPY, 3MIMCHIOETECS Ha
ocHOBI ~momepenHsoi iHpopmauii  BUpoOHMKA. BukopucToBYBaHMH  JianazoH
KOHLEHTpALi} (03) TECTOBAHOTO MaTepialy MOBUHEH NEPEeKPUBATH HE MEHIIE TPhOX
TMOPAIKIB BEMYMHY, TOYMHAOYM BiJl HEMIFOUMX KOHLEHTpAUil i 10 KOHLEHTpaLlii, 110
BUKJTMKAIOTh CTiHKi 3MiHM B KJIiTHHaX i (ab0) 1x 3arubens [19].

4.1 Bu3HAYyeHHS JKUTTC3IATHOCTI KJIITHH 32 BKJIYEHHSIM BiTaJbHOIO
GapBHHKA TPUNIAHOBOI0 CHHLOI'O

3a I0TIOMOTOI0 BKITIOUEHHsI GapBHHMKAa TPUITAHOBOTO CHHBOIO B MEPTBi KIITHHH
BH3HAUYAIOTh KOHIIEHTPALi0 KJIITHH, CMiBBIAHOILICHHA >XMBMX Ta MEPTBUX KIITHH Y
cycnensii [19].

[Ticns inky6auii knitua 3 HY manmern nentpudyryiors npu 1000 g, 10 xBumH,
HAIOCAIOBY PifMHY Bia6uparoTh, ocax pozumHAoTh Y 80 Mkn docdarHoro 6ydepy
(pH 7,2). CTokoBY KOHUEHTPALil0 KIITHH PO3BOAATH yABiui. BinOuparoTh amikBoTY
kritiH (50 MKJI) 3 KOXKHOTO PO3BEECHHs Ta JIOAa0Th piBHMH 06°eM 0.4 % po3umHy
GapBHUKA TPUIAHOBOTO CUHBOrO (400 Mr CyXOro MOpOIIKY po3uuHs0TH y 100 Mn
docharrHo-consoBoro 6ydepy, pH 7,2), pecycneHayroTh i 3aIMIIAKOTE HA 5 XBUJIHH.
[TizpaxyHoK >XuBMX (He3aGapBNEHNX) KIITHH TPOBOJATH Ml MiKPOCKOTIOM y Kamepi
IopsieBa. KoXkHy KOHIEHTpalLil0 HaHONpenapary OCHIDKYITh y JBOX Mapasensx.
P03paxoByIOTh KilbKiCTb MBUX (He3abapBIeHHX) i KiNbKiCTh MEPTBUX (320apBIeHUX Y

CUHI¥ Konip) kiiTuH Ha 200 migpaxoBaHUX KIITHH.






