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The Determination of Metabolic Activity of Freshly Isolated and

Cryopreserved Human Fetal Liver Cells Using Alamar Blue Test
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VccnenoBaHna BO3MOXXHOCTh HMCIOJIB30BaHHs MHIMKAaTOpa MeTaboindeckoil akTuBHOCTH Alamar Blue (AB) mis oueHkn
KU3HECTIOCOOHOCTH M HpOoiu(epaTHBHOW aKTHBHOCTH KJIETOK dMOpHoHanbHOW nedeHu uyenoseka (KOII) no u mocie
KpuoKoHcepBupoBaHus. [TokazaHo, uTo AB — HHTErpasbHbII TOKa3aTellb METAOOIHYECKON aKTHBHOCTH KJIETOK, KOTOpasi ONPEACIISeTCs
LIEIOCTHOCTBIO IUIa3MaTHYECKOH MeMOpaHbl, HHTEHCUBHOCTHIO IVIMKOJIN3a, AKTUBHOCTBIO JBIXATENbHOM 1IEMH MUTOXOHIAPUH M
CHHTETHYECKHUX IpoueccoB. MHrubutopHsIii ananus BoccraHoBiieHus AB B KOIT yenioBeka CBUACTEIBCTBYET O CYIIIECTBEHHOM BKIIaJIe
[JIMKOJIM3a B CYMMapHyI0 MeTabOJM4YeCKyl0 aKTHMBHOCThH KJIETOK 3MOpPHOHAJIBHOIrO MpoUcXoxiaeHus. JlokazaHo, uto AB —
BBICOKOYYBCTBHTEIbHbIH TeCT sku3HecIocoOHOcTH KOII yesioBeka, KOTOPBIii MOXET HCIOIb30BATHCS VISl CKpUHUHTA 3O (EKTHBHOCTH
PEKHUMOB KPHOKOHCEPBUPOBAHHUS.

Kniwoueswie cnosa: Alamar Blue, kieTku 5MOpPHOHANBHON EYCHH, KPUOKOHCEPBUPOBAHKUE, MeTaboIHueCKass aKTHBHOCTb,
¢iryopecueHIHs.

JocnimkeHa MOXKITUBICTh BHKOPUCTAHHS 1HIUKATOpa MeTa0omiuyHoi akTuBHOCTI Alamar Blue (AB) a7 OI[iHKY KUTT€30aTHOCTI
i mpoidepaTHBHOT aKTUBHOCTI KJIITHH eMOpioHanpHO1 edinku monuan (KEIT) no 1 micns xpiokoHcepByBaHHs. JloBeneHo, mo AB —
IHTErpaJbHUI TOKa3HUK META00IIYHOT aKTUBHOCTI KIIITHH, Ky BU3HAYA€ [UTICHICTH IJIa3MaTHYHOT MEMOpaHH, IHTCHCUBHICTh TIIIKOIi3Y,
AKTHBHICTh TUXAJBHOTO JIAHIIFOTa MITOXOH/IPiX 1 CHHTeTHYHHUX IporieciB. [HTibiTopHuMit aHami3 BinHOBIeHHS AB B KEII mronuHu cBiTInTh
PO CYTTEBHUH BKJIAJ TIIKOTI3Y JO CyMapHOI METa0OIIYHO aKTHBHOCTI KJIITHH eMOpioHaIbHOTO MoXokeHHs. JJoBeneno, mo AB —
BUCOKOUYYTIMBHUil TecT xutre3narHocTi KEIT nroanHu, sIKMH MO)Ke BUKOPHCTOBYBATHCS AJISl CKPUHIHTY €EeKTHBHOCTI PEKHMIB
KpiOKOHCEpBYBaHHS.

Knruoei cnosa: Alamar Blue, xiTruHu eMOpioHAIBEHOT TE4iHKH, KPIOKOHCEPBYBaHHS, METa0OTIYHA AKTHBHICTh, (PIIyOPECICHIIs.

The possibility of using the metabolic indicator Alamar Blue (AB) for fetal liver (FL) cells viability and proliferative activity
assessment before and after cryopreservation was investigated. It is shown, that AB is the integral indicator of cells metabolic activity,
which reflects the plasma membrane integrity as well as glycolysis intensity and respiratory chain activity in mitochondria. The
inhibitory analysis of the AB reduction by human FL cells demonstrated that the glycolysis took the significant part in the total
metabolic activity of cells of embryonic origin. The results demonstrate that the AB is a highly sensitive viability test for human FL

cells and it could be used for the screening of cryopreservation protocol efficiency.
Key-words: Alamar Blue, fetal liver cells, cryopreservation, metabolic activity, fluorescence.

Hnsa ouenku 3¢ PEeKTHBHOCTH pexUMa KPUO-
KOHCEPBUPOBAHUSA OOBIYHO HCIIOJIB3YIOT METOJBI
OKpalIUBaHUS KJICTOK Pa3IMYHBIMU BUTAIbHBIMHU
KPacUTEISIMH, B YaCTHOCTH TPUIIAHOBBIM CHHUM H
(bmyopecriens nuamneratoM (B COYETaHUH ¢ OpOMIUC-
TBIM dtuareM). OTHAKO 3TH METONBI, B OCHOBHOM,
OTPaXKaroT METOCTHOCTH MIa3MaTHIECKONH MEMOpaHBI
KJIETKH, HO HE BCErAa KOPPEIUPYIOT C €€ >KU3HE-
cnoco0OHOCTRIO. B HacTosimee BpeMs IUPOKO
NPUMEHSIOTCS (PYHKIMOHAIBHBIE TECTHI KH3HE-
CIIOCOOHOCTH, OCHOBBIBAIOIIHECS HAa U3MCHCHUH
(hryopecleHIINH WK TIOTJIONICHHS CBETa HEKOTOPBIX
COCMHEHU, MPOIIOPIIMOHAIEHOM METa0OINIeCKOM
AKTUBHOCTH KJICTKH. [IepCIEKTUBHBIM JJIs1 PEIICHUS
KpHOOMOJIOTHYECKUX 3a7a4 SBISCTCS COCTUHEHUE —

To determine the cryopreservation protocol
efficacy, several staining techniques, such as trypan
blue or fluorescein diacetate staining are usually
applied. However, these techniques basically reflect
the integrity of plasma membrane and do not always
correlate with the actual viability of cells. Nowadays,
the functional viability tests based on the ability of some
substances to change their fluorescence or absorbance
proportionally to metabolic activity of cells, find a great
interest worldwide. The most perspective for
cryobiological aims is resazurin — which is commer-
cially known as Alamar Blue (AB) [9].

It has several benefits compared to tetrazolium salts
such as MTT (3-(4,5-dimethilthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) or XTT (sodium 3%-[1-
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peca3ypuH, U3BECTHOE IO/ KOMMEpPYECKHM Ha3Ba-
mueM Alamar Blue [9]. Om obGnamaer psagom
MIPEUMYIIECTB 10 CPABHEHUIO C COJISIMU TETPA30IUyMa
MTT (3-(4,5-dimethilthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide) u XTT (sodium 3*-[1-phenyl-
amino-carbonyl]-3,4-tetrazolium]-bis(4-methoxy-6-
nitro) benzene-sulfonic acide hydrate), Tax kak He
TOKCHYEH JUIS KJIETOK, PACTBOPUM B KYJIBTYpalbHON
cpeZie B OKHCIICHHOW U B BOCCTaHOBIICHHOH opmax,
YTO [T03BOJISIET MPOBOIUTH ATUTEIbHBI MOHUTOPHHT
KJIETOK B KyJbType. [Ipu JJINTEIBHOM KYJIBTUBHPO-
BaHUM PACTUTENBHBIX KJIETOK [4], pubpobractos [12],
ocTeo0nacToB [6], snuTenuanpHbIX Ki1eTok [10],
nuMponuToB [3], TpaHCHOPMHPOBAHHBIX KIETOYHBIX
nuHUH [ 5, 7] 6BLI0 IOKa3aHO, YTO BOcCTaHOBIeHHE AB
KOppeaupyeT ¢ mpoludepaTuBHON aKTHUBHOCTHIO
KIICTOK.

[Ipunuun AB-TecTa 3akiioudaercs B TOM, YTO
HaKOIUIEHUE BOCCTAHOBJICHHOUN (OPMBI MHIMKATOPA
MPOTOPUHOHAILHO aKTUBHOCTH OKHCIHUTEIBHO-
BOCCTaHOBUTENBHBIX (pepmenToB [9]. KonmuecTBo
OKHUCIIHTENbHO-BOCCTAHOBUTENBHBIX (DEPMEHTOB
YBEIMUYMBAETCS B X0J€ Mpoiudepanny mponopIuo-
HaJbHO YHCIy KJIETOK. B TO e Bpemsl akTUBHOCTH
OKHUCIIHTENbHO-BOCCTAHOBUTENBHBIX (DEPMEHTOB
MPOIMOPIHOHATbHA METa00NINYECKOH aKTUBHOCTHU
KJIETOK, TO3TOMY HaKOILUIEHHE (DIyOpeCLEeHTHOTro
npoaykTa AB MokeT OBITh UCTIOIB30BAaHO KaK TECT
Ha KU3HECITOCOOHOCTb.

WMHTEHCUBHOCTH OKUCITUTEIHLHO-BOCCTAHOBUTEIb-
HBIX peakmuii BO MHOT'OM 3aBHUCHUT OT IPHUPOJIBI
M3y4aeMbIX KIeTok. PaboTel ¢ AB BBIONHAIUCH Ha
I QepeHIMPOBAHHBIX KIETKaxX WM TpaHchOopMu-
POBaHHBIX MEPEBUBAEMBIX KJICTOYHBIX JHMHHAX.
OpHaxo JaHHBIE 0 BO3MOYKHOCTH HCTIONIb30BaHus AB
B Ka4eCTBE TECTa HA KU3HECTIOCOOHOCTE H TIpoIHde-
PaTUBHYIO aKTUBHOCTH KJIETOK 3MOPHOHAIBHOTO
MIPOMCXOXKICHUS MOCIIe KPHOKOHCEPBUPOBAHUS B
JUTEPAType OTCYTCTBYIOT.

Lens HacTOsAmE# paboTH — HCcleTOBaHUE
BO3MOYXHOCTH HCIIOJIb30BaHUSI HHIUKATOpa MeTa0o-
audeckoil aktuBHocTh Alamar Blue must oneHkn
YKU3HECTIOCOOHOCTH U TPOSTU(EPATHBHON aKTHBHOCTH
KJIETOK SMOPHUOHATLHOM MIEYEeHH YeJIOBEeKa JI0 U TI0CIIe
KPHUOKOHCEPBUPOBAHHSI.

Matepnanbl 1 meToAbI

Cycrnienzuto KDOIT yenoseka mosrydanu Moaudu-
LUPOBAHHBIM JJIsI MajlblX 00beMOB HepepMeH-
TaTUBHBIM METOZIOM [8] m3 abopTycoB uenoBeka 7-
10 Henenp recTanyy Mocie HCKYCCTBEHHOTO MPEepPhIBa-
HUsl 0EPEeMEHHOCTH MO COLHMAIBbHBIM MOKA3aHHSIM.
Knerounyto cycnensuto pa3BoJIuiu COJIEBOM cpenoi
Hionpbexko, paznuBaiu 1mo 0,5 M B IJIACTUKOBBIC
kpuokoHreiineps! (Costar, Kanana), nocie dero k Heit
n00aBIsIM paBHBIE 00BEMbI KPHO3ALIUTHOW CpPEMBbI.
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phenylamino-carbonyl]-3,4-tetrazolium]-bis(4-
methoxy-6-nitro) benzene-sulfonic acide hydrate),
because of its solubility in culture medium in oxidized
as well as in reduced form. This ability could be
successfully used for long term monitoring of cells
during culture. It was shown, that the AB reduction
correlates with the metabolic activity of cells during
long term culture of plant cells [4], fibroblasts [12],
osteoblasts [6], epithelium cells [10], lymphocytes [3]
or transformed cell lines [5,7].

The principle of AB test is that the accumulation
of its reduced form is proportional to oxidation-
reduction activity of enzymes [9]. The number of
oxidation-reduction enzymes increase proportionally to
cell number during proliferation. At the same time the
activity of oxidation-reduction enzymes is proportional
to metabolic activity and therefore the accumulation
of AB reduced form could be used as a viability test.

The oxidation-reduction reaction intensity is highly
dependant on the nature of cells that are under
investigation. The majority of studies have been carried
out using fully differentiated cells or cell lines. However,
data about the possibility of using AB for viability
determination of cells of embryonic origin were not
reported yet.

The aim of this research was to investigate the
possibility of using metabolic indicator Alamar Blue to
assess the viability and proliferative activity of human
fetal liver (FL) cells before and after cryopreservation.

Materials and methods

The fetal liver cell suspension was obtained using
modified for small sample volumes non-enzymatic
method [8] from fetuses with 7-10 weeks of gestation.
Cell suspension was diluted by Dullbeco’s phosphate
buffered saline (DPBS) and filled in to cryocontainers
by 0,5 ml (Costar, Canada), then the cell suspension
was equally mixed with the cryoprotective solution
previously prepared in double concentrations. The final
concentration of Me,SO was 5%, fetal calf serum
(FCS) — 10%. The program freezing was prepared
with the initial cooling rate 1°C/min down to —40°C,
then with 10°C/min down to —80°C, then the samples
were plunged into liquid nitrogen and stored there for
at least 3 months.

After quick thawing on water bath at 40°C, FL cell
suspension was washed from the cryoprotective
additives by centrifugation at 300 g during 10 min in
DPBS supplemented with 10% FCS.

The survival of human FL cells before and after
cryopreservation was assessed by trypan blue staining.
The cell number was calculated in haemocytometer.

To determine the AB reduction, human FL cells
were resuspended in culture medium: DMEM/F12
(Sigma, USA), supplemented by 10% FCS; 50 mg/ml
streptomycin and 50 U/ml penicillin. Cell suspensions
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Koneunas kounentpamus JIMCO cocraBusna 5%,
aMOproHansHON ChIBOPOTKH TeneHka (OCT) — 10%.
[IporpammHoe 3aMOpaKUBaHKHE MPOU3BOANUIH B TPH
atana: 10 —40°C co ckopoctbio 1°/muH, 10 —80°C co
ckopocThio 10°/MuH, 3aTeM 00pasLbl MOTpyXalu B
XKHUIKAK a30T U XpaHWIN HE MEHEe TPEX MECSIIEB.

[Tocne GricTpOro oTOrpeBa Ha BOASHON OaHe MpU
~40°C pexoHcepBHpOBaHHYIO cycneH3nto KOII
YeJIOBEKa OTMBIBAIU OT KPUO3AMHUTHOW CpPEJbI
uenTpudyrupoanuem mpu 300 g B reuenue 10 muH B
cpene Hronpoexko, comepxkamein 10% ICT.

Coxpannocts KOII genoBeka 10 u mocie KpHo-
KOHCEPBUPOBAHUS ONPEEISUIH 110 OKPaIlliBaHHIO
KJIETOK TPUIIAHOBBIM CHHUM. KonmuecTBO KIeTOK
MOJICYUTHIBAIM B Kamepe lopsiesa.

Jns m3yueHus BoccTaHOBIeHUS AB kieTkun
SMOPHOHATFHON NIEUEHH YeJIOBEKa CYCIIeHIUPOBAIIH
B KynbTypaiibHOi cpene: DMEM/F12 (Sigma, CILIA),
mpononHenHoi 10% DCT; 50 en/mnn MeHUIUIINHA U
50 mr/mn cTpenitoMuiinHa. KieTku B KOHIIEHTpaIusx
104, 10° u 10°kaeToK/MII KyJbTUBUPOBAIH B 96-
JYHOYHBIX IUIOCKOJOHHBIX MJaHmeTax (B JIYHKY
madmeTa BHOCHIH 200 MK KJIIETOYHOU CyCTIEH3HH )
npu 37°C Bo BIaxkHo# kamepe, conepxameit 5% CO,.
Alamar Blue (Serotec Ltd, CIIIA) no6aBnsiiu B cpeny
KyTbTHBUpOBaHHUA B KoHueHTpauuu 10% [10].
Boccranosnennyio ¢opmy AB ompenensiin dayo-
pUMeTpHYecKH Ha crnekTpoduyopumerpe Tecan
GENios (Tecan Inc, ABcTpanus) npu BoJTHE BO30YKe-
Hus 550 HM u smuccun 590 HM. [lannble oOpala-
TeIBaJIK ¢ nomouisko nporpammsl XFLUOR4 v.4.50.
Pe3ynbTaThl mpeACTaBIANN KaK Pa3HOCTb MEXIY
¢uryopeciieHIMEH ONBITHONH U XOJIOCTOH mpob (0e3
KJIETOK) ¥ BBIPA)KAJIU B YCJIOBHBIX €JJMHUIIAX (yopec-
ey (YE®).

[Iponudeparusayto aktuBHOCTh KDOII "enmoseka
onpeessui 1o BritoueHuto *H-rumuanna B JTHK [1]
1 BOCCTaHOBIEHUIO AB. {151 3TOro KineTku KynbTu-
BHupoBanu 48 4, 3aTeM B JIyHKH TUIAHIIETa BHOCHIIN
AB wnu *H-tumuaud u depes 24 4 onpeaensiu
uHTeHCUBHOCTH (piyopecuenunn AB (YE®/nyHka)
nnu BkitoueHue *H-tumuanna B JIHK (umn/mun) Ha
CIMHTHILISIIIMOHHOM [3-cuerurke (Beckman, CIIIA).
B kauecTBe KOHTPOJISI MCIOJB30BAIN KIETKH,
obOpaboTannabie MUTOMUTIUHOM C (25 MKT/MIT).

Jiist u3ydeHust BIUSHUS pa3IHIHBIX HHTHOUTOPOB
Ha BoccTtaHoBieHue AB cBexeBwinenenasie KOII
KyJIBTHBHUPOBAJH 48 1, 3aT€M B JIyHKH IUTAHIIIETa 100aB-
sstme aurutoHuH (100 Mk /106 KIIeTOK), paspyImaron it
[J1a3MaTHYeCKyl0 MEMOpaHy, WJIM WHTHOUTOP IUTO-
XPOMOKCHUJIa3bI — a3U]1 HATPUS (5 MMOJIB/MIT), WITH WHTH-
outop Tmkonu3a — MoHoonanerar (10 MMois/mir).
Alamar Blue BHOCHJIN OTHOBPEMEHHO C WHTHOU-
TOpaMu UM 4depe3 24 4 mociie ux H00aBIeHUS.
UnTencuBHoOCTh (hiyopecueHIur B 000X Cllydasx
OIIpenensuIn yepes 24 4 ociie BHECEHUs] HHAUKATOpa.
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in densities of 104, 10° and 10°cells per ml were seeded
into flat-bottomed 96-well plate by 200 ul per well. 20 ul
of commercial stock solution of AB (Serotec Ltd, USA)
were added to each well and cell suspensions were
cultured in 5% CO,/ 95% humidity at 37°C [10]. The
reduced form of AB was determined by fluorescence
measurements at excitation wavelength 550 nm and
emission of 590 nm. Measurements were carried out using
Tecan Genios microplate reader (Tecan Inc, Australia).
Data analysis was made using software supplied with
the Tecan reader. Results were represented as the
Relative fluorescent units (RFU), which were
calculated as a difference between investigated
samples and a background (samples without cells).

The proliferative activities of human FL cells was
determined by the *H-thymydine incorporation method
[1] as well as by the reduction of AB. Cells were
cultured during 48 hrs, followed by the addition of AB
or *H-thymydine into culture medium. After 24 hrs of
co-culture the determination of fluorescence intensity
(RFU/well) or *H-thymydine incorporation (counts per
min, cpm) were assessed using scintillating 3-counter
(Beckman, USA). As a control, cells were treated with
mitomycin-C (25 pg/ml).

To determine the influence of several inhibitors on
AB reduction, the freshly isolated FL cells were
cultured during 48 hrs, followed by the addition of
digitonin (100 mg/10° cell), which destroys the plasma
membrane or the cytochrome oxidase inhibitor — sodium
azide (5 mmol/ml), or the inhibitor of glycolysis —
monoiodoacetate (10 mmol/ml). Alamar Blue was
added to each well simultaneously or after 24 hrs of
co-culture with inhibitors. The fluorescence intensity
was measured after 24 hrs after AB addition.

Statistical handling was carried out using Student’s
t-test (p<<0.05). Analysis was made in Origin v.6.1.

Results and discussion

The dynamics of accumulation of AB reduced form
during culture of cells in final densities of 10%, 10° or
109 cell per ml is presented in Fig.1. During 7 days of
human FL cells culture in final density 10* cells per
ml, there were no significant changes in fluorescence
levels compared to background. The fluorescence
levels of FL cells in final density 10° cells per ml were
significantly higher than those with cell concentration
10* cells per ml only after 4 days of culture. The
maximal fluorescence level for this cell density was
obtained on 5" day of culture (8158+546 RFU/well).
During investigation of AB reduction by cells in final
density 10° cells per ml, the quick increase of
fluorescence levels was observed during 3 days of
culture, then on 5™ day the AB reduction rate decreased
and almost completely stopped afterwards (Fig.1).

The reduction of AB fluorescence during culture
could be possibly associated with the formation of final
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J7ist OeHKH TOCTOBEPHOCTH PA3UYHBIX TPYIIT
NaHHBIX HCIIONB30Baiu t-kputepuit CTthioneHTa
(mokazarens 3HaunMocTH p<0,05). AHaNIN3 NPOBOAUIH
B porpamme Origin v. 6.1.

Pe3yAbTaThl M 00CyXXAeHHe

JMHaMKKa HAaKOIUIEHHUS BOCCTaHOBJICHHON (hOPMBI
AB nipu KynsTUBUpOBaHUM cBeXeBbIeIeHHBIX KOII
yenoBeka B KouneHTpanuu 104, 103 wrw 106 kmeTok/mMit
npezacTtasieHa Ha puc. 1. KynmpruBupoBanne KOII
yenoBeka B KOHIeHTpamuu 10* KiIIeTOK/MI He
M3MEHSUIO YpoBeHb ¢uiyopectieHinu AB B Tedenue
CeMHU CYTOK; MpH KoHIeHTpanuu 105 KjaeTok/Mi
JOCTOBEPHOE YBEINYEHUE YPOBHS (hIIyOpECHEHIINHN IO
CPaBHEHHUIO C CYCHEH3UEH B KOHLEHTpPAIHUHU
10* kyeTOK/MIT HAOMIOAANOCh C YETBEPTHIX CYTOK.
MakcuMalbHbIH ypOBEeHb (IyOpeceHLINH AT JaHHOM
KOHIIEHTpAIK KJIETOK JOCTHUTAJICA Ha IISITHIE CyTKH
KynbTuBUpOBaHUA (8158+546 YE®/nyHka) u B
JanpHenneM He usMeHsuics. Ilpu uccnenoBanuu
BoccTaHOBJIeHHS AB KileTKaMu B KOHIIEHTpAIUU
10° keTOK/MI OBICTPBIA POCT (QIIyOpecIeHIIHH
HaOII0aCs A0 TPEThHUX CYTOK KyJbTUBHPOBAHNS, HA
IISTBIE CYTKH CKOPOCTH HAKOTIEHHUS BOCCTAHOBIEHHON
bayopecrieHTHol Gopmbl AB cHiKanmack, a 3aTeM
ypOBeHB (PITyOpPECIICHIINK BBIXOMWI HA “TIaTro” (CM.
puc. 1).

CHwmxenue (yopecueHnu AB npu KyasTUBUpO-
BaHUMU MOXET OBITh CBA3aHO C 00pa3oBaHHEM
KOHEYHOT'0 MMPOLyKTa BOCCTAHOBIICHUS — OECIIBETHOTO
u Heduryopecuupyroriero ruapope3opyduna [10].

[lo pe3ynbraTam HCCIENOBAHUHA MOXKHO CHENATh
BBIBOJl O 3aBUCHUMOCTH BOCCTaHOBJIEHHS AB or
BpEMEHH KyJIbTUBUPOBAHUS U TUIOTHOCTH KIETOYHOU
cycneHsuu B obpasme. OTMETHUM, 9TO sl KOHIICH-
tpanun 10° KIIeToK/MIT Ha BpeMEHHOM OTpe3ke 24-72 4
HakoIwieHue quryopeciupyroieit popmer AB nipubim-
KaJOCh K JINHEHHOMY, a MaKCHUMaJlbHasi CKOPOCTh
HaKoIIEHHs Habmonanacs Mexay 48-72 4. [Toatomy
JanpHENIINEe 3KCIEPUMEHTHl IPOBOAUIN C OMNTH-
MaJIbHO# KoHIeHTpauei 10° kietok/min, AB BHOCHIN
B KyJBTYpaJIbHYIO cpefy nocie 48 4 KyIbTHBUPOBaHMs,
a MIHTEHCUBHOCTb (PITyOopecLieHIINH ONPEACIIsUTH Yepes
24 4 mocne BHeceHua AB.

HccnenoBanus Ha pa3iWyHBIX THIAX KJIETOK
CBUJIETENBCTBYIOT O TOM, YTO BOCCTaHOBIeHHE AB
MIPONOPLIMOHANBHO MPOH(epaTHBHON aKTUBHOCTH 3,
5, 6, 12]. lns mpoBepKH 3TOTO yTBEPXKICHUS B
otHomeHnnu KOII genoBeka ObUIO H3yYEHO NIEHCTBHE
mutomuiinaa C Ha BocctanoBienne AB kieTkamMu u
spmouenne *H-tumunnna B JJHK. Murtomunun C —
aHTUOMOTHK, IPOAYLUHUPYEMBIH Streptomyces caespi-
tosus, crienuduueckn naruoupyer cunred AHK 3a
CYET MEePEeKPECTHON CIIUBKHU ee Lemneil. [lonyueHHbie
pe3ynbTaTsl MOKa3bIBalOT, 4TO 00paboTka MUTO-
MunuHOM C MPUBOANIIA K YTHETEHUIO UCCIEAYEMBIX
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Puc. 1. U3menenue ¢uyopecueHuu AB mpu KyiapTH-
BUpOBaHUH cBexeBbleneHHbIX KOII yenoBeka B KOHIEH-
tparusx: 1 —10% 2 —10%;3 — 10° kiaeTox/mit.

Fig. 1. Change in AB fluorescence when culturing freshly

isolated human FL cells in following concentrations: 1 —
10%,2-10°;3 -10° cells/ml.

product of reaction — colorless and nonfluorescent
substance — hydrorezoruphin [10].

These results show that the AB reduction depends
on culture duration as well as on the cell density in the
investigated samples. It should be mentioned that during
24-72 hrs of culture of cells in final density 10° cells
per ml the increase of AB accumulation was almost
linear. Furthermore, the maximal accumulation rate
was observed between 48 hrs and 72 hrs of culture.
The followed analysis was carried out using optimal
cell concentration 10° cells per ml; AB was added into
culture medium after 48 hrs of culture and fluorescence
intensity was measured after 24 hrs after AB addition.

Several studies, carried out on different cell types
show that the AB reduction is proportional to
proliferative activity of cells investigated [3, 5, 6, 12].
To verify this opinion concerning FL cells, the influence
of mitomycin C on AB reduction and *H-thymydine
incorporation was investigated. Mitomycin C —
antibiotic produced by Streptomyces caespitosus,
specifically inhibits the DNA synthesis by cross-linking
DNA chains. The results obtained show that the
mitomycin C treatment resulted in the inhibition of
investigated indexes (Fig. 2). The fluorescence intensity
of AB reduced form was 27500+2543 RFU/well
(Fig. 2, a). In this case fluorescence level was
significantly higher than that of mitomycin C treated
samples. Therefore, the AB reduction correlates with
the proliferative activity of FL cells. The level of
proliferative activity inhibition depended on the method
of investigation have been chosen: in presence of
mitomycin C the AB fluorescence intensity decreased

602 PROBLEMS

OF CRYOBIOLOGY
Vol. 15, 2005, N24



nokazareneil (puc. 2). UHTEHCUBHOCTH ¢uryopec-
IICHIINH BOCCTaHOBJICHHOUW (hopmbel AB cocTaBmsiia
27500+£2543 YE®/nyunka (puc. 2, a). Ilpu stom
YpOBEHb (PIYOpPECHEHINH CYLUIECTBEHHO MPEBHIILA
nokasareib 00paboTaHHOM MuTOMHULIMHOM C mpOOBI,
YTO MOATBEPKAAET BBICOKYIO UyBCTBUTEIBHOCTH
MeTtona. CinenoBaTenbHO, BOCCTaHOBIEHHE AB
KOppEIUpYeT ¢ MponudepaTiBHOM akTHBHOCTEI0 KOII.
CreneHs MHTHOMPOBaHUS NPoI(epaTUBHON aKTHUB-
HOCTH 3aBHUCEJIa OT BRLIOPAHHOTO METO/Ia OLIEHKH: TIPU
noOaBnennn MuToMuiimHa C MHTEHCUBHOCTH (IIyo-
pecuennuu AB cHrmkanacek B 2,3 pasza, a BKIIFOUECHHE
SH-tumuguna — B 6,5 pas (puc. 2, 6). Pasuuma B
CTETIeHH YTHETeHHN MUTOMHUIIMHOM C HCCIeayeMBIX
nmokasaTesie, O4YeBUIHO, CBA3aHa C TEM, YTO
BKIIOueHUE *H-THMUIHHA SBISCTCS MPSMBIM TECTOM
nponudepaTiBHOM aKTUBHOCTH, a BOCCTaHOBIICHHUE
AB — KOCBEHHBIM, OTpaXKarOIIUM YBEIUYEHHE B XO/I€
KJIETOYHOH Iposepanny KOJIUUeCTBa OKUCIUTEIBHO-
BOCCTAHOBUTENILHBIX ()EPMEHTOB, BBISBISIEMOE 110 UX
AKTUBHOCTH.

Jlo HacTosIImero BpeMeH! HEA0CTATOYHO N3y IEeHBI
BOIIPOCHI O IPUPOJIE U JIOKATH3AINH OKHCIUTEIHHO-
BOCCTAaHOBHUTENHHBIX (PEPMEHTOB, YYACTBYIOUIUX B
BocctaHoBieHnu AB. ABropsr pabotsr [11] ocHOB-
HBIMH B BOCCTaHOBJIEHHH AB cunTaloT MUTOXOHIpHUU
3a CUET BBICOKOM aKTHUBHOCTH HUX OKHCIUTEIBHO-
BOCCTaHOBUTEIBHBIX (DEPMEHTOB M CIOCOOHOCTH
WHTUOUTOPOB JBIXAaTENbHON eNH YrHEeTaTh BOCCTa-
HoBneHue AB. Ilockonbky mpu 3MOpHOHAIBHOM
Pa3BUTUH MHUTOXOHAPHAJIbHBIM MYyTh T€HEPALUHU
SHEPI'UU HE MPEeBaIUpyeT, a OCHOBHBIM B OMOTpaHC-
(dbopManuy XUMHUYECKHX COSAMHEHHUN IJISl SHEPTro-
obecrieueHns KJIETKHU SIBISETCS TIHKOIH3 [2], TO
BOIIPOC O COOTHOIIEHWHU 3THUX IMyTeil karabomm3ma
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in 2,3 times and *H-thymydine incorporation decrea-
sed —in 6,5 times (Fig. 2, b). Difference in mitomycin
C inhibition levels assessed by two different methods
might be caused by the difference in principles of these
methods. It is known that the *H-thymydine incorpo-
ration method is a direct test of proliferative activity,
whereas AB — is a method which reflects an increase
of oxidation-reduction enzymes during cell prolife-
ration.

Nowadays, questions about the nature and
localization of oxidation-reduction enzymes that take
part in AB reduction are not well investigated yet.
Authors [11] consider mitochondria to play the main
role in AB reduction. Their opinion based on the high
mitochondria oxidation-reduction enzymes activity and
on the ability of respiratory chain inhibitors to depress
the AB reduction. Taking into account that during
embryonic development, mitochondrial pathways of
energy generation are not predominated and the main
role in biotransformation of chemical substances
directed on energy provision plays glycolysis, question
about the interrelation of these two metabolic pathways
in cells of embryonic origin is very important for both
developmental biology and cryobiology. For this
purpose, the inhibitory analysis of AB reduction was
carried out. To inhibit the mitochondrial function or
glycolysis the sodium azide or monoiodoacetate (MIA)
were used.

An influence of glycolysis or mitochondrial oxidation
inhibitors during FL cells culture is presented in Fig. 3.
In the absence of inhibitors the fluorescence level after
24 hrs of co-culture with AB was 27638+2500 RFU/
well. After treatment of cells with sodium azide the
level of fluorescence decreased in more than two times
(165214£2750 RFU/well). After addition of glycolysis
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3H-thymidine incorporation, impulse/min
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Puc. 2. TIpomudeparusras aktuHOCTh KOII uenoBeka, onpexneneHHas ¢ nmoMoinsio AB Tecrta (a) ¥ 0 BKIIIOYEHHIO
SH-tumuuna (6) ipu orcyteruu (1) win Hammann (2) mutomuimaa C. * — pasnuuust 1octoBepHsl (p<0,05) M0 OTHOLICHHTO
K HeoOpaOboTaHHBIM 00pa3Iam.

Fig. 2. Proliferative activity of human FL cells, determined with AB test (a) and by 3H-thymidine incorporation at mitomycin
cabsence (1) or presence (2). * — differences are statistically significant (p<0.05) when comparing with data on non-treated
samples.
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BEILIECTB B KJIETKAaX YMOPHUOHABHOTO POUCXOKACHUS
MpeCTaBIsIeT HHTEPEC KaK AJsl OMOJIOTHU Pa3BUTHS,
TaK ¥ KpHOOHMOJIOTHH, U3-32 PA3INIHON KPHOTYBCTBH-
TEIHHOCTH ATHX ITyTeH. B CBs3H ¢ 3TUM OBLT ITpOBEICH
HHTHOUTOPHBIM aHaiu3 BoccTaHoBieHHs AB. B
KauecTBE MHIMOUTOpa MUTOXOHAPHATBEHON QyHKINH
WCTIONB30BAJIM a3W]l HATPUS, a IIMKOJIN3 MONABISUIH
MoHo#onanerarom (MUA).

Bnusinue MHrHOMTOPOB TIIMKOIM3a U MUTOXOHII-
pHAIBHOTO OKHCIIEHUS Ha BOCCTaHOBJIeHHE AB mpu
kynsruBupoBanni KOII yenoBeka nmokazaHo Ha puc. 3.
B xoHTpOIE (MIpH 0TCYTCTBUM HHTHOUTOPOB) YPOBEHb
¢yopecueHunm yepes 24 4 coKynsTUBHpOBaHus c AB
coctaisit 2763842500 YE®/nynka. [Ipu o6pabotke
KJIETOK a3UI0M HaTpus HaOJII0IaIy MOYTH JBYKpPaTHOE
CHIDKeHVe ypoBHs ryopectieHimn (165212750 YED/
ayHka). [locne nobaBieHus B KyIbTypy HHTHOUTOpa
rukonn3a MUA HakomneHne BoccTaHOBIEHHOTO AB
CHIDKAJIOCh B 7 pa3, a IpU COYETaHHOM JI00aBIIEHUU
MUA u a3uga HaTpus MPaKTUYECKH MPEKPaIIagoch.
UnTencuBHOCTh (pryopecreHINN HeoOpaOOTaHHBIX
unruouropamu K3II uepes 48 u KynpTHBHpOBaHHA
(KOoHTpOJB) coxpaHAnack Ha ypoBHe 24 4. Habmio-
JaJ0Ch 3HAYUTEIbHOE MajeHue ypoBHs (iayopec-
LEHINH TSI KJIETOK, 00paboTaHHBIX a3UI0M HaTpHs,
10 cpaBHEHHUIO ¢ 24 1 Bo3neiicTBust (6699+1790 YED/
nmyHka). Boccranorienne AB MoTHOCTBIO TI0/1aBIIS-
JIOCh KakK MPHU OTICIHHOM HCIIONIb30BaHnn MUA, Tak
U IIpU COUYETaHHOM C a3uAoM Hatpus. bonee cnaboe
uHrubupoBanue BocctanosneHust AB asugom Hatpus,
no cpaBHeHHo ¢ MUA, MOXkeT OBITh CBSI3aHO C
MEJUICHHON NMPOHMIIAEMOCTHIO a3uja HaTpus Yepes
[J1a3MaTHYECKYI0 MEMOpaHy KJIETOK, a TaKXe C
MaJbIM BKJIAJOM B BOCCTaHOBJIeHHE AB MHUTOXOHI-
pHANBHBIX OKHUCIUTEIbHO-BOCCTAHOBUTEIHHBIX
(hepMEHTOB 10 CPaBHEHUIO C TIINKOTUTHYECKIMH.

OTMeTuM, 4TO JeCTBUE UCIIOIB3YEMbIX HHITHOH-
TOPOB HE 00YCJIOBIICHO THOEIBIO KIIETOK, COXPAHHOCTD
KOTOPBIX Nocie 48 9 KylIbTHBHPOBAHHUS B IPUCY TCTBUU
WHTHOUTOPOB cocTaBisuia 65+5%. [lpu BHecennu B
cpeny KylIbTUBHUPOBAHUS JUTUTOHKUHA, Pa3pyLIAIOIIETO
IUIa3MaTHYECKyI0 MeMOpaHy KJIETOK, HaOIaanoch
MIPOKPAIINBAHKIE BCEX KIETOK TPUIIAHOBBIM CHHUM U
TIOJTHOE TIo/1aBIcHUE BoccTaHoBIeHusI AB (cM. puc.3).

UccaenoBanus Ha cBexeBbIaeiieHHBIX KOIT uero-
BEKa MOATBEPKAAIOT LeNIeCO00pa3HOCTh UCIIOIb30Ba-
Huss AB B xauecTBe TecTa Ha JKU3HECTIOCOOHOCTH
KJIETOK, OTPayKaroIlero Kak [eJIOCTHOCTh UX MeMOpaH,
TaK U aKTUBHOCTH PsiJa METaOOIUYECKHX ITYTEH.
Criennryeckoe HHTHOMPOBAHKE OHOTO U3 METa00-
JIMYECKUX MyTel (IIMKOITU3a, OKUCIUTENBHOTO Pocdo-
punuposanust wim cuaresa JJHK) npuBoaut k peskomy,
a MHOT/Ia ¥ TPAKTHYECKH MOJIHOMY YTHETEHHIO BOCCTa-
HoBJIeHUS AB, CBHIIETENIBCTBYET O BEICOKOM UyBCTBU-
TEJIBHOCTH JAHHOTO TeCTa K MHOTO(aKTOPHBIM
MTOBPEKACHUSIM KIETOK, OMHUM U3 KOTOPBIX SIBIAETCS
KpPHOIIOBPEKCHHUE.
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Puc. 3. Bausuue unru6uropos Ha ¢uyopecueHuuo AB
nocie 24 u 48 4 KyIsTUBUPOBAHUS ¢ HHTHOUTOpaMu: [ —
OTCYTCTBHE MHTMONTOPOB; []— a3 HaTpusi; Z1— coBMeCTHast
mobaska azuma u MUA; H — MUA; B — IUTHTOHHH, * —
pazimuns foctoBepHHI (p<0,05) Mo oTHOMIEHMIO K HEOOpa-
OoTaHHBIM 00Opa3Iam.

Fig. 3. Inhibition effect on AB fluorescence following 24
and 48 hrs on culturing with inhibitors: 0 — no inhibitor;
O —sodium azide; - combined addition of azide and MIA;
B — MIA; B - digitonine; * — differences are statistically
significant (p<0.05) in respect of un-treated samples.

inhibitor — MIA, the accumulation of AB reduced form
decreased in 7 times. At the same time the simultaneous
addition of MIA and sodium azide resulted in almost
complete inhibition of AB reduction. The fluorescence
intensity of untreated samples did not change after
culture for up to 48 hrs. The significant decrease in
fluorescence level of FL cells, treated with sodium
azide was observed at this time point compared to
24 hrs (6699+1790 RFU/well). Complete inhibition of
AB reduction was observed using both MIA alone or
supplemented with sodium azide. Less active inhibition
of AB reduction using sodium azide compared to MIA
might be caused by slow permeation of sodium azide
through the plasma membrane as well as by the small
involvement of mitochondrial oxidation-reduction
enzymes in AB reduction compared to glycolytic.

It should be mentioned, that the action of these
inhibitors was not associated with the cell death. Cell
survival in presence of inhibitors was 65+5%. After
addition of digitonin, which destroys the plasma
membrane integrity, cells were all stained with the
trypan blue and the AB reduction was completely
stopped as well (Fig. 3).

Studies carried out on freshly isolated FL cells prove
the ability of using AB as a viability test, which reflects
both the plasma membrane integrity and the activity
of metabolic pathways. The fact, that the specific
inhibition of different metabolic pathways (glycolysis,
oxidative phosphorilation or DNA synthesis) leads to
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Puc. 4. Bimusiane no6asku ICT B Kpro3anurHyo cpeny, conepxantyto 5% AMCO, na coxpannocts KOII uyenoBeka o
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Fig. 4. Effect of FCS addition into cryoprotective medium, containing 5% DMSO on human FL cells survival assessed by

trypan blue staining (a) and AB fluorescence (b). * —differences are statistically significant in respect to native samples (p<0.05);
** _ differences are statistically significant in respect to the values after cryopreservation without FCS addition (p<0.05).

JanHoe npeanoioxeHne MoATBEPKIACTCS Pe3yIib-
TaTaMH UCCIIeI0OBaHM 0 BiusiHUM fo0aBieHust DCT
B Kpro3anurTHyo cpeny ¢ 5% JAMCO Ha coxpaHHOCTb
K3II uenoBeka no TpummanoBoMy cuaemy (puc. 4,a) u
dnyopecuennuio AB (puc. 4,6). CoxpaHHOCTH
cBexeBbIaenenHoi cycnensun KOII (88+5%) mocime
KPHUOKOHCEPBUPOBAHMS H OTMBIBKH KPHOIIPOTEKTOPA
cHmwxkanack npumepHo Ha 15%. Hanuume OCT
CYIIECTBEHHO HE BIUSJIO Ha COXPAaHHOCTh KIIETOK,
OIICHEHHYIO M0 OKPAIIMBAHHUIO TPUIIAHOBBIM CHHUM.
®nyopecueniyst AB npu KynbTUBUPOBaHUH KPUOKOH-
cepBupoBaHHbIX KOII cHuxanace B 2,5 paza mo
cpaBHEeHHIO co cBexeBblaeneHHbIMU KOII. Ilpn
HaJIMYUHA B cpeae KpuokoHcepBupoBanus OCT
HaKoIUIeHUe QIyopecIieHTHOTO poaykTa AB yBenu-
yuBanock Ha 40%. [IpuBeneHHbIe JaHHBIE JOKa3bI-
BaroT, YT0 AB sBIsSeTCS YyBCTBUTEIBHBIM TECTOM
YKH3HECTIOCOOHOCTH KIIETOK, TIOIBEPTHY THIX JCHCTBHUIO
(haKTOpPOB HU3KOTEMIIEPATypPHOTO KOHCEPBUPOBAHMSL.
Bricokas uyBcTBUTENnbHOCTH AB-TecTa, oueBUIHO,
00ycCJIOBIIEHa T€M, YTO OH CYMMapHO OTpa)kaeT
MTOBPEKICHHE TIA3MaTHIECKO MeMOpaHbl U aKTHB-
HOCTh Pa3IUYHBIX META0OJUYECKHUX MyTEeH.

BbiBOADI

Alamar Blue-tecT sABJIsIeTCSA MHTETPaibHBIM
MoKazareyieM MeTa0OIMYeCKOl aKTUBHOCTH KIIETOK,
KOTOpas OIpeaeisieTcs MeI0CTHOCTHIO Iiia3Ma-
THYECKOW MeMOpaHbl, a TaKKe MHTEHCHUBHOCTHIO
MPOTEKAHUSI YHEPreTUYECKUX U CUHTETUUYECKHUX
MIPOIIECCOB.
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hard or even complete depression of AB reduction,
proves the high sensitivity of AB-test to multifactor
cells injuries, in particular to cryoinjuries.

This assumption was confirmed by the results
obtained after investigation of the influence of FCS as
an additive to cryoprotective media, contained
5% Me, SO, on FL cells survival, assessed by trypan
blue staining (Fig. 4, a) and AB fluorescence
(Fig. 4, b). Survival of freshly isolated FL cells
(88 £ 5%) after cryopreservation decreased on 15%.
The presence of FCS did not significantly affect the
cell survival, assessed by trypan blue staining. During
culture of cryopreserved FL cells the AB fluorescence
decreased in 2,5 times compared to freshly isolated
cells. In the presence of FCS in cryoprotective medium
the accumulation of AB fluorescent product increased
on 40%. The data presented proves that the AB is a
sensitive viability test for cells exposed to low
temperature preservation factors. High sensitivity of
AB test might be caused by summarizing ability of this
test to reflect the plasma membrane injuries as well as
to show the activity of different metabolic pathways.

Conclusions

Alamar Blue test is an integral indicator of
metabolic activity of cells, which reflects the plasma
membrane integrity as well as the intensity of energetic
and synthetic processes in cells.

The inhibitory analysis of AB reduction by FL cells
proves the significant role of glycolysis in summary
metabolic activity of cells of embryonic origin.
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WNHrnburopHsiii ananu3 BoccTtaHoBieHus AB B

KOII genoBeka CBUACTENHCTBYET O CYIIECTBEHHOM
BKJIAJIE TJIMKOJIM3a B CYMMAapHYH METaOOIMUYECKYIO
AKTUBHOCTH KIJIETOK SMOPHUOHAIBHOTO MPOUCXOK-
JIEHUSL.

Alamar Blue-TecT — BBICOKOUYBCTBHUTEIbHBIH

MeToJ1 olleHKH )u3Hecriocoonoctu KOII yenoBeka u
MOKET HCIIOJIB30BAThCS IS CKPUHHUHTA 3((HEeKTHB-
HOCTH PEXUMOB KPHOKOHCEPBUPOBAHHS.
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Alamar Blue test is a highly sensitive method for

the FL cells viability determination and it could be used
for the screening of the cryopreservation protocol
efficacy.
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