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1. BBeaeHue HSi METO/Ibl N VItro LWMPOKO MCNOMb3yTCs 415 MNPOrHo3mposa-

BuomoaennposaHue sBAeTCS HEOTHEM/IEMOM UacTblo Ha- HUS TOKCUYHOCTM U OLEHKM AeNCTBMSA NeKapCTBEHHbIX CPeACTB,
YUHbIX M3bICKAHM U MOLLLHEALLIMM MHCTPYMEHTOM aHannsa npu cy6CTaHLMiA N OTAENbHbBIX 6UOMOTMYECKM aKTUBHbIX BELLLECTB.
NnpoBeAeHNN MeanKo-6M0N0rMUYecKNX NccnefoBaHnii.

B HacTosiLMIA MOMEHT MpPUHATa Knaccudmkaums 6uomope- 2. OcHOBHas 4YacTb
nelA, B COOTBETCTBMU C KOTOPOI NabopaTopHbIX XXMBOTHbIX OTHO- CoBpeMeHHble MeTOoAbl in Vitro HanpaBfeHbl Ha WU3y4YeHUe
CSAT K MOZeNsiM MepBoro nopsaka, Ko BTOpoMy Nopsiiky 0THOCAT K/IETOUYHbIX U MONEKYNSIPHbIX MEXaHWU3MOB [eiCTBUA BELLECTB
pasfinyHble aNbTepHaTUBHbIE MOAENN — KY/bTYpbl KNETOK, Npo- Ha MULeHN (peuenTopbl, KNETOUYHbIE KOMMOHEHTbI, CTPYKTYp-
cTeiwmne, rmapobmnoHTbl, 6akTepun, epMeHTbl, aMMHOKWNC/O- Hble 6enKkun, cneymunyeckme hepmMeHTbl, FreHbl, DaKTopbl TPaHC-
Thl U Tak fanee, TPeTUIA NOPAAOK COCTaBNAT MaTeMaTMYecKme KPUMNUUU 1 Np.), KOTOPble He MOTYT GbiTb MPOCNEXEHbI B OMbl-
MOJENMN, ONMUCbIBaKOLLMEe Pa3INUHble GLUONOrMYecKne NMpPoLEecChl, Tax Ha XXMBOTHbIX. [1pY 3TOM 3KCMEPUMEHTbI C UICMO/b30BaHUEM
MOJEeNn YeTBEPTOro 1 60see BbICOKMX NMOPSIAKOB UCMOJb3YHOTCA MO3BOHOYHbIX XXMBOTHbIX HE MOTYT 6bITh MOMIHOCTLIO UCK/HOYe-
[ANs onucaHUsl B3aMMOoAeicTBUS 3/IEKTPOHOB, aTOMOB, KBaHTOBO- Hbl BBUAY HEBO3MOXHOCTU NONyYeHNSA (papMakOKMHETUYECKUX
XUMUYECKUX, MUKPOBOJTHOBbIX MpoLLeccoB 1 npoyee [1]. [JaHHbIX, BIUSIHUA Ha MEXK/IETOUHOe B3aUMOJEeNCcTBNE, peryns-

3a nocnegHue rofbl HabnoaaeTcs BceobLLas TEHAEHLNS K CO- TOpHble npoLleccbl. TakMm 06pa3om, UCMOb30BaHME METOL0B
KpaLLeHMIo KONNYecTBa uccnefoBaHuii in vivo U 3ameLL,eHMIo na- in Vitro Kak Henb3s Nydlle NOAXOAUT ANS U3YUYEHUSI HU3KOMO-
60pPaTOPHbIX XMBOTHbLIX aflbTepHaTUBHbIMK GUOMOAENSIMU, 3a NeKyNAPHbIX COeANHEHWNIA, B TOM Yuncie 6e1KOBOW NpMpoabl, Me-
CYeT LLUMPOKOro pacnpocTpPaHeHWs 1 BHeAPeHWS B NPaKTUKY Me- XaHW3M AeNCTBUSA KOTOPbIX 3aKN0YaeTCa B Kackaje NpoL,eccos,

TOZ0B 6UOMOTMYECKMUX UCCMef0BaHNi in Vitro. Tak HasbiBaeMble peanin3yembiX Ha MONEKYNSAPHOM, KNeTOUHOM U TKaHeBOM YPOB-
MeToAbl in Vitro, 40CNOBHO — «B NPOBUPKE» ABNAKOTCA BeCbMa HSIX OpraHun3aLmn XX1Boi matepun [2].

nonynsapHbIMU 6narofapsi OTHOCUTENbHOM AelleBr3He, Nonyye- CeroaHsa 6ypHOe pa3BuMTWe MONy4Yunn 6MoNorMyeckne mc-
HUS 4OCTOBEPHbIX U [OCTATOUHbIX N0 06bEMY IKCMePUMEHTasb- cneaoBaHus in Vitro ¢ McNonb3oBaHMEM KynbTyp KMETOK B Ka-
HbIX JaHHbIX. Vcnonb3oBaHWe AaHHbIX MeTOA0B B 6MOMeANLNHE yecTBe 06BLEKTOB MCCME0BaHMSA. B OCHOBHOM OHU Harnpae/eHbl
MO3BOJIAET U3YUUTb K/THOUEBOW hapMaKoiormyeckmnii achdoexT Be- Ha M3y4yeHMe LUTOTOKCMUYHOCTU M GUOAOCTYMHOCTU, a Takxke
LLLeCTB, a TaK)Xe MexaHu3m aeiicTeusi. OQHaKo 3T Moaenm Tpe- OLIEHKY MEeXaHM3MOB 6GMOM0OrMYeckoro feicTsns, Hanpumep,
6YIOT NMOCTOSAHHOTO YTOUHEHUS U COBEPLUEHCTBOBAHUS MO Mepe aHTMOKCUAAHTHOrO, UMMYHOMOAY/IMPYIOLLEro, FUMNOrUKEMU-
PasBUTUS HAYKN U TEXHUKU, C HAXOXAEHMEM KOMMPOMMCCa MEX- 3upytoLee 1 Apyrux.

[ly TEXHO/TIOTNYECKOW CTIOXHOCTBIO U 6MONOTMUECKMM 3HAUEeHNEM. KynbTypbl KNETOK fIMLLIEHbI CTPYKTYPHOW opraHusaummn, Te-
VIMEHHO NO3TOMY MHOTO YCU/NIA TPATUTCA HA MOUCK TEXHOOM - PAIOT XapakTepHYH M’MCTUOTUTNNYECKYIO apXUTEKTYPY U CBSI3aH-
YeCKMX MHHOBaLWI ANs ynyuLeHns Mogeneii B npobupke. Cerog- Hble C Hell 6MOXMMMYECKNE NPU3HAKN M 06bIYHO He JOCTUTaloT
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paBHOBECHOIO COCTOSAHWUA MPU OTCYTCTBUU CReLnanbHbIX YCNo-
BUI. KneTkn B Ky/nbTypax pasMHOXakwTcsA, 4TO obecrneyunsaeT
nony4yeHme 60MbLLIOA Maccbl KIETOK, 3aTEM UX UAEHTUPULM-
pytoT (Mo GeHOTUNNYECKUM MPU3HAKaM, NYyTEM BblpallnBaHnA
B CE/IEKTUBHOM cpefe, reHOTUMNMNYECKN), pasfensoT Ha UAeH-
TWUYHble Napannienn u, eciym 3To HeobXoAMMO, CoXpaHsAT. An-
HaMMyecKne CBOMCTBA KYNbTUBMPYEMbIX KNETOK HacTo TPYAHO
KOHTPO/IMPOBaTh, TakXe TPYAHO PEKOHCTPYMPOBaTh iNn Vitro He-
KOTOpble KNETOUHblE B3aUMOAeicTBUSA, Habnwogaemble in Vivo,
B CBA3M C YeM B 3aBMCMMOCTU OT LI HEO6XO0AMMO MUCMO/b30-
BaTb K/1IETOYHbIE CUCTEMbI, COXPaHAOLME CTPYKTYPHYIO L,enocT-
HOCTb UCXOAHOW TKaHW (eX Vivo).

Cnu1COK MCNO/Mb3yeMbIX KyNbTyp K/ETOK AOCTaTOYHO pas-
HOoO6paseH —3TO 3/IeMEHTbl COEANHUTENbHOM TKaHW YefioBeKa
(chnbpobnacTbl), CKeneTHble TKaHU (KOCTb U XPSLLN), CKENETHbIE,
cepAeyHble 1 rnagkme MblllLbl, 3aNUTeNNanbHble TKaHW (NeYeHb,
nerkue, NOYKN U Ap.), KNETKN HEPBHOW CUCTEMbI, 3HAOKPUHHbIE
KNeTKn (Hagno4vyevyHMKOB, rmnodusa, KNeTKM OCTPOBKOB JlaH-
repraHca), MenaHoLunTbl 1 ONYXO/EBbIE KNETKU.

B KauecTBe MULIEHEN NPU UCCNef0BaHUM KNETOYHOW TOK-
CMYHOCTU 3a4acTyl0 WCMOMb3YKT KakK MNepBUYHbIE KY/bTypbl
KNeTOK, BblAeNleHHble U3 OpraHM3Ma >XXMBOTHbIX UK YenoBeka
(Hanpumep, renaTounTbl, ANNTENNOLNTbI, KEPATUHOLUTbI, XOH-
APOLNTLI, KNeTKN KPOBU 1 M0.), TaK 1 MEPEBUBAEMbIX U/IN MOCTO-
AHHbIX, MOYYEHHbIX U3 OTAENbHbIX BUAOB ONyXo0nen (renatoma
(Hep G2), neiiko3Hble nenkoumnTbl (HL-60), pakoBble KNeTKW ner-
Kux (A-549), Helnpo6nactoma (NB-1), octeocapkoma (Mg-63);
cmnbpobnacTbl Mbiwein (L929, BALB, 3T3), Helipob6nacToMa Mbl-
weli (HelpoH-2a) 1 onyxonb dpamxa Mbilleid; renatoma Kpbic
(HTC); kneTkm noyek 6bika (MDBK)) [3,4,5]. OTAensHO cTouT
OTMETUTb, YTO A1 OLLeHKN TKaHeBOM TOKCUYHOCTMW, Hanpumep,
pasgpaxarowiero AencTens, HOTOTOKCUYHOCTU, MUCCNefoBaHUA
abcopbunm BelLecTBa Yepe3 KOXY N 6apbepHOn OYHKUMKU, UC-
NOMb3YKTCA Cpe3bl TKAHEW U PEeKOHCTPYMPOBaHHble MOAenw,
UMUTUPYIOLWME TKaHU in vitro. PaspaboTKa Takmx 6apbepHbIX
CNCTEM OpraHu3ma fIBASeTcS OAHUM W3 CaMblX COXHbIX Ha-
NnpasfeHui B co3faHNM anbTepHaTUBHbIX Moaenei. Ha cerof-
HALWHWA AeHb CYLLLEeCTBYIOT MOZEN, NO3BONSAKOLNE BOCNPOU3-
BOAUTb COObITUA, MPOUCXOAALLME B YCIOBUAX AMUTENNANBbHBIX
U NHTepCcTMUManbHbIX 6apbepoB [6]. Mpuyem, Npn paspaboTke
nocnegHero Hambosnee LLUNPOKOE MPUMEHEHME HalAn Moaenun
npoteccoB abcopbLMM C NUCMOML30BAHUEM KIETOUHbIX NHNA
HT-29 n Caco-2. Henb3s He 0OTMeTUTb pa3paboTKy Moaenm rnasa
AN N3yYeHNA pasgpaxaroLero 4eMcTBUA PasNNYHbIX XUMUYe-
CKNX BelLecTB [7] n Mogenb reMoaHuedanmnyeckoro 6apbepa [8],
4YTO ABMAETCHA BeCbMa aKTya/bHOM Npo6aemoli B yCn0BUAX Mo-
BCEMECTHOW rymaHmsaunm nccnefoBaHmii.

MogennposaHue NpoLeccos, MPOUCXOAALLMX MPU BO34eN-
CTBUWN LNTOTOKCMYECKUX areHTOB Ha Ky/IbTUBUPYEMbIe KNETKN
YyenioBeKa U MEKONUTAKOLWMX (SHTEPOLUTBI KNLLEYHWKA, rena-
TOUNTbI MeYeHW, INUTENNA NOYEK, KIeTKN UMMYHHOW cucTe-
Mbl M T.4.) TaKXXe MNPOBOAAT ANS OLEHKN LUTONPOTEKTUBHbIX
CBOMCTB pas/INYHbIX coefuHeHn [9].

OTAeNbHO CTOMT OCTAHOBUTLCA Ha MOAensx MacCMBHOIO
TpaHcnopTa Yepes aNUTeNNi KULWEeYHMKa in Vitro, KoTopble MOX-
HO NPUMEHATb ANA U3YyYeHUs 6UOAOCTYMHOCTU BMOAKTUBHbBIX
BeLecTB. C 3TOM Lenblo B Ka4eCTBE MOAENMN LUMPOKO NMPUMEHS-
eTca nMHMA Caco-2 —KynbTypa K/eTOK KOJIOHOpeKTanbHOM aje-
HOKapLUMHOMbI YesioBeKa, UX NONYASAPHOCTb MOXXHO OO6bACHUTb
TeM, YTO JaHHble KNeTKM 061afaloT XxapakTepuctnkamm gudge-
PEHLNPOBAHHbIX 3MNTENNANIbHBIX KNeTOK KANLWEYHNKA 1 XOPOLLO
BOCMPOM3BOAAT 60/bLLOE KONMYECTBO MX cBovicTB [10,11].

B KauyecTBe TpPagULUMOHHbIX MOAeNen ANA N3yHYeHNA UMMY-
HOMOAY/IMPYIOLLMX CBOWCTB in Vitro NPUMEHAT UMMYHHble
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KNeTKN Nepundepuryeckor KpoBM YenoBeka U MAEKONUTAIOLLMX,
haBoOpUTamMm Cpeaun KOTOPbIX ABASAKOTCA O4HOAAEPHbIE MaKpO-
tharu [12]. VccnepoBaHMe 3aK/o4vaeTcs B OLEHKE 3Kcnpeccuun
MMMYHHbIX (pakTopoB (Hanpumep, LWUTOKWHOB) WAN aKTuBa-
LWUN ecTeCTBEHHbIX Knnnepos (CD56+), T-numcouyntos (CD3+),
LUTOTOKCMYECKNX T-kneTok (CD8+) CD4+ T-KneToK) Npu Ky/ib-
TUBNPOBAHNN TAKNX KNETOK B MPUCYTCTBUN MUCCNEQYyeMOro Be-
wectea. CTOUT OTMETUTb, YHTO WUCMO/b30BaHME KY/bTYpPasbHbIX
TecT-CUCTEM ANA OUEeHKN MMMYHOMOAY/NNPYIOLWEro AeiCcTBUSA
BAB N03BONSET BbIABAATbL AECTBME Ha OTAENbHbIE MYTU UM-
MYHHOro oteeTa. OfHakKo CTOUT YUUTbIBaTb, YTO MMMYHHbIW
OTBET, ABNSAACH CMOXHbIM MHOFOKOMMOHEHTHbLIM MPOLLECCOM,
obecneumBaeTca (PYHKUMOHUPOBaHMEM pPasHOO6pPAasHbIX UM-
MYHOKOMMETEHTHbIX K/1eTOK C BOB/IEYEHWEM LLeN0ro Kackaga
LNTOKMHOB C 06paTHbIMUY CBA3SIMMW, MNO3TOMY 3TOM aHanu3 pe-
3yNbTaToOB AaHHbIX UCCNefoBaHUM HeobXO0AMMO NPOBOAUTL BO
B3aMMOCBSI3M C pe3y/ibTataMmu nccnegoBaHuii in vivo.

Cpefn N3BeCTHBIX CNOCOB0B aHanM3a aHTUOKCUAAHTHOM ak-
TUBHOCTW Pa3NINYHbIX COEAUHEHNA MOXXHO OTMETUTb METOAUKY
onpeaeneHnNs aHTUOKCUAAHTHOM eMKOCTU N0 KaTUOH-pagmKany
ABTS [13], a Takke Alamar Blue-aHanus, K/t04eBbIM MOMEHTOM
KOTOPOro sBAsieTCA onpefesieHNe OKUCAUTENbHO-BOCCTAHOBU-
TeNlbHOro NoTeHLMana Knetok [14]. B paccmaTpmBaeMbliX MeTO-
Aax Ana onpegeneHUs aHTUOKCUAAHTHOM aKTUBHOCTU COeAun-
HEHWI MPUMEHSAIOT 06LLYI0 CTpaTernio, KoTopas 3akaivaeTcs
B MHKY6aLUW KNeTOK B MPUCYTCTBMU MOTEHLMANbHOIO aHTU-
OKCWMJAHTHOrO areHTa, AanbHenllee Bo3AecTBUE UHMLMATOPA
CBOGOAHO-PafNKAIbHOTO OKUCEHUS U METOAUKY AN OLEeHKN
aKTUBHOCTW pajunKanos B Knetke [15].

[Na OUeHKN TMNOTeH3UBHbIX CBOMCTB NULLEBbLIX KOMMOHEH-
TOB pa3paboTaHbl pa3nyHsbIie in Vitro Mogenun, oCHOBaHHble Ha
cnekTpodoToMeTpuUn, hAyopuMeTpUmM, BbiCOKOPaspeLlatoLLei
XUAKOCTHOM XpomaTorpacmm (HPLC), pagnoxmmMmnyeckmux uam
3neKTPodhopeTNYECKUX MeTogax. MHoOrme n3 HUX OPUEHTUPO-
BaHbl Ha onpejeseHMe CNOCOOHOCTU MULLLEBLIX KOMMNOHEHTOB
M NPOAYKTOB, B TOM YMC/E MACHbIX, 0Ka3blBaTb MHIMGUpPYLOLLEee
BINSIHME Ha aHTMOTeH3MH-NpeBpallarwmini pepmeHT (AMP),
KOTOPbI MO COBPEMEHHbIM MPeACTaBIEHNAM UTPaeT K/HOYEBYHO
posib B NaTOreHese OCHOBHbIX (DOPM FMNEPTOHMYECKON 60/1e3HN
[16]. HecmoTps Ha MHOroo6pasue in vitro MeToA0B onpeseneHuUs
AM®-NHrMbmpytoLLer akTMBHOCTU, B UX METOAO/IOTMN OTMeYa-
I0TCA CXOAHble aTanbl. Kno4ueBon peakuunen npu onpeseneHnUmn
AM®-NHrMbmpytowern akTUBHOCTU SABNSETCA peakums TpaHc-
copmauum cybcTpata B NO60OUHbLIM NPOAYKT, KaTannsmpyemon
cob6cTBEHHO AlN®. B ganbHenweM ybbinb CybcTpaTa onpeaensitoT
pasnuyHbIMK meTogamu. Mpu aTom Hanuumne AMNd-nHrnbuTopa
0TMeuYaeTCcsa KakK YaCTUUYHOe NN NOMHOE MHIMBMpoBaHWe peak-
uum TpaHcthopmaumm cybecTpata nog gencrenem Arld.,

Taknm o06pasom, cyulecTBytoliee pasHoo6pasve mMeTono0B
in vitro No3BoNAeT N3y4UnUTb LUMPOKNI CNEKTP 6MONOTMUYECKUX
3 (heKTOB pas3NMUHbIX areHToB, B TOM 4yucne (PyHKLNOHa/b-
HbIX W creunann3npoBaHHbIX NPOAYKTOB MUTAHUA N UX WH-
rpesneHToB.

3. 3ak/ueHune

CoBpeMeHHast TEHAEHUNS K UCMOb30BaHUIO anbTepHaTUB-
HbIX MeTOA0B GMOMOAENMPOBAHUA in Vitro npuBena He TONbKO
K X LUMPOKOMY NPUMEHEHUIO B (hapMUHAYCTPUW 47151 NPOTrHO3U-
POBaHMA TOKCUYHOCTU U OLEHKU (DapMaKo/1I0rM4ecKoro AemcTens
NleKapCTBEHHbIX CPeAcTB, HO M B MULLLEEBOW OTpac/n, 0COBEHHO
B CBSA3U C pa3paboTKoW 1 BHegpeHeM B MPOU3BOACTBO (PyHKLN-
OHa/lbHbIX W Ccreynann3npoBaHHbIX (AMEeTO-TepaneBTUYeCKNX
M ANeTonponnakTU4ecKmnx) NpPoayKTOB, UHIPEANEHTOB U MOAY-
Nen, aTakXe 6MONOrMYECKN aKTUBHbIX BELL,ECTB M A006aBOK.
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1. Introduction
Biomodeling is an integral part of scientific research and a
powerful tool for analysis in biomedical research.

At the moment, a classification of biomodels has been ad-
opted, according to which laboratory animals are referred to
models of the first order, various alternative models are referred
to the second order —cell cultures, primitive, hydrobionts, bac-
teria, enzymes, amino acids, and so on, the third order consists
of mathematical models describing various biological processes,
models of the fourth and higher orders are used to describe the
interaction of electrons, atoms, quantum chemical, microwave
processes, and so on [1].In recent years there has been a general
trend to reduce the number of studies in vivo and replacement of
laboratory animals with alternative biomodels, due to the wide
dissemination and implementation of methods of biological re-
search in vitro. The so —called methods in vitro, literally —«in
the tube» are very popular due to the relative cheapness, obtain-
ing reliable and sufficient experimental data. The use of these
methods in biomedicine allows to study the key pharmacological
effect of substances, as well as the mechanism of action. Howev-
er, these models require constant refinement and improvement
as science and technology evolve, with a trade-offbetween tech-
nological complexity and biological significance. That is why
a lot of effort is spent on finding technological innovations to
improve the models in the test tube. Today in vitro methods are
widely used to predict toxicity and evaluate the action of drugs,
substances and certain biologically active substances.

2. Main part

Modern methods in vitro are aimed at the study of cellular
and molecular mechanisms of action of substances on the target
(receptors, cellular components, structural proteins, specific en-
zymes, genes, transcription factors, etc.), which cannot be traced
in animal experiments. Same time experiments with the use of
vertebrate animals cannot be completely excluded due to the
impossibility of obtaining pharmacokinetic data, the influence
on intercellular interaction, regulatory processes. Thus, the use
of in vitro methods is best suited for the study of low-molecular
compounds, including protein nature, the mechanism of action
ofwhich is a cascade of processes implemented at the molecular,
cellular and tissue levels of the organization ofliving matter [2].

Today biological research in vitro using cell cultures as ob-
jects of research has developed rapidly. They are mainly aimed
at studying cytotoxicity and bioavailability, as well as assessing
the mechanisms of biological action, such as antioxidant, im-
munomodulatory, hypoglycemic and others.

Cell cultures are devoid of structural organization, lose their
characteristic histiotypic architecture and related biochemi-
cal characteristics and usually do not reach equilibrium in the
absence of special conditions. Cells in cultures multiply, which
provides a large mass of cells, then they are identified (by phe-
notypic characteristics, by growing in a selective environment,
genotypically), divided into identical parallels and, if necessary,
retain. The dynamic properties of cultured cells are often diffi-
cult to control, it is also difficult to reconstruct in vitro some cel-
lular interactions observed in vivo, and therefore, depending on
the purpose, it is necessary to use cellular systems that preserve
the structural integrity of the original tissue (ex vivo).

The list of used cell cultures is quite diverse —these are ele-
ments of human connective tissue (fibroblasts), skeletal tissue
(bone and cartilage), skeletal, cardiac and smooth muscles, epi-
thelial tissues (liver, lungs, kidneys, etc.), cells of the nervous
system, endocrine cells (adrenal glands, pituitary, langerhans
cells), melanocytes and tumor cells.

As targets in the study of cell toxicity is often used as primary
cell cultures isolated from the body of animals or humans (eg,

35
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hepatocytes, epithelial cells, keratinocytes, chondrocytes, blood
cells and po.), and transplanted or permanent, is obtained from
certain types of tumors (hepatoma (Hep G2), leukemic leuko-
cytes (HL-60), lung cancer cells (A-549), neuroblastoma (NB-1),
osteosarcoma (Mg-63); the fibroblasts of mice (L929, BALB, and
3T3), neuroblastoma mice (Neuron-2A) and Ehrlich tumor of
mice; rat hepatoma (HTC); the kidney cells of a bull (MDBK))
[3,4,5]. Separately, it should be noted that for the assessment of
tissue toxicity, for example, irritant action, phototoxicity, stud-
ies of absorption of the substance through the skin and barrier
function, tissue sections and reconstructed models simulating
tissues in vitro are used. The development of such barrier sys-
tems of the body is one of the most difficult areas in the creation
of alternative models. For today, there are models that allow to
reproduce the events occurring in the conditions of epithelial
and interstitial barriers [6]. Moreover, in the development of the
latter, the most widely used models of absorption processes us-
ing cell lines HT-29 and CACO-2. It should be noted the devel-
opment of an eye model to study the irritant effect of various
chemicals [7] and a model of the blood-brain barrier [8], which is
a very urgent problem in the conditions of widespread human-
ization of research.

Simulation of processes, ocurring under the influence of
cytotoxic agents on cultured human and mammalian cells (en-
terocytes of the intestine, hepatocytes of the liver, kidney epi-
thelium, immune cells, etc.) are also carried out to evaluate the
cytoprotective properties of various compounds [9].

We should also focus on models of passive transport through
the intestinal epithelium in vitro, which can be used to study the
bioavailability of bioactive substances. With this goal as a model
is widely used line Caco-2 —cell culture colonrectal adenocarci-
noma ofthe person, their popularity can be explained by the fact
that these cells have characteristics of differentiated epithelial
cells of the intestine and reproduce well a large number of their
properties [10,11].

Peripheral blood immune cells of human and mamma-
lian are used as traditional models for the study of immuno-
modulatory properties in vitro, the favorites among which are
mononuclear macrophages [12]. The study is to evaluate the
expression of immune factors (e.g. cytokines) or the activation
of natural killer cells (CD56+), t-lymphocytes (CD3+), cytotoxic
t-cells (CD8+) CD4+ t-cells) in the cultivation of such cells in
the presence of the test substance. It should be noted that the
use of cultural test systems for the evaluation of immunomod-
ulatory effects of BAS allows to identify the effect on the indi-
vidual pathways of the immune response. However, it should be
taken into account that the immune response, being a complex
multicomponent process, is provided by the functioning of a
variety of immunocompetent cells involving a cascade of cy-
tokines with feedbacks, so this analysis of the results of these
studies should be carried out in conjunction with the results of
studies in vivo.

Among the known methods of analysis of antioxidant ac-
tivity of various compounds it is possible to note the method
of determining the antioxidant capacity of the cation radical
ABTS [13], as well as the Alamar Blue-analysis, the key point of
which is to determine the redox potential of cells [14]. In the
considered methods for determining the antioxidant activity of
compounds, a general strategy is used, which consists in cells
incubation in the presence of a potential antioxidant agent, fur-
ther free-radical oxidation initiator action and radicals activity
determination in the cell [15].

Different in vitro models based on spectrophotometry, fluo-
rometry, high-resolution liquid chromatography (HPLC), radio-
chemical or electrophoretic methods have been developed to
evaluate the hypotensive properties of food components. Many



MNLWEBBIE CUCTEMDbI

| Tom 1Ne 3 | 2018

of them are focused on determining the ability of food compo-
nents and products, including meat, to have an inhibitory ef-
fect on angiotensin-converting enzyme (ACE), which according
to modern concepts plays a key role in the pathogenesis of the
main forms of hypertension [16]. Despite the variety of in vitro
methods for determining ACE-inhibiting activity, their meth-
odology has similar stages. The key reaction in determining the
ACE-inhibiting activity is the reaction of transformation of the
substrate into a by-product catalyzed by the ACE itself. In the fu-
ture, the loss of the substrate is determined by various methods.
In this case, the presence ofan ACE inhibitor is noted as a partial
or complete inhibition of the substrate transformation reaction
under the action of ACE.
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Thus, the existing variety of in vitro methods allows to study

a wide range of biological effects of various agents, including
functional and specialized food products and their ingredients.

3.

Conclusion
The current trend towards the use of alternative methods of

biomodeling in vitro has led not only to their widespread use in
the pharmaceutical industry to predict toxicity and assess the
pharmacological effects of drugs, but also in the food industry,
especially in connection with the development and implemen-
tation in the production of functional and specialized (dieto-
therapeutic and dietoprophylactic) products, ingredients and
modules, as well as biologically active substances and additives.
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