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I'EHOITPOTEKTOPHI BJJACTUBOCTHN ACTAKCAHTHRHY,
BUABJEHI ITPU AII IOHI3YIOYOI'O BUIIPOMIHIOBAHHA
IN VITRO HA TIIM®OILIUTU NEPUPEPUYHOI KPOBI JIIOAVHU

MeTa: BU3HAUMTV MOXNUBI PafionpoOTEKTOPHI BNACTUBOCTI aCTaKCaAHTUHY 3a LUTOTEHETUYHUMU KpUTEPiAMY.
MeToau. KynbTByBaHHA NiMbOLMTIB KPOBi 5 YyMOBHO 340POBMX BONIOHTEPIB; 06p0oOKa KynbTyp NiMMOLUTIB acTaKkcaH-
TUHOM B KOHLeHTpaLii 20,0 mkr/mn Ha GO cTagii MiTOTUYHOTO LMKNY Nepes raMmMa-onpoMiHEHHAM KynbTyp AimdbouuTis
in vitro B go3i 1,0 [p; NpuUroTyBaHHsA Ta LUTOTeHETUYHUIA aHani3 piBHOMipHO 3abapBieHMX npenapariB MeTadasHux
XxpomocoM. MeTop komeTHOro enekTpodopesy okpemux knitnH (Comet assay); Bizyanisauis pesynsrartis nig nomiHec-
LEHTHUM MiKPOCKOMOM; MifpaxOBYyBaHHA KiNbKOCTi HYKNEOiAiB 4eTBEpTOro Knacy, AKi BiANOBiAalTb anonTUYHOMY
CTaHy KNiTHUH.
Pe3ynbratu. BcTaHoBEHO, WO aCTaKCaHTUH B KiHLEBIN KOHUeHTpauii 20,0 mkr/mn npu ii B kynbTypi niMdouuTie ne-
pudepuyHOT KpoBi NIOAMHM HA paHHi npecuHTeTUYHi (GO) cTaaii MiTOTUYHOTO LMKAY NPU3BOAUTL A0 CYTTEBOIO 3HU-
KEHHA LUTOreHeTUYHOro edekTy, iHAYyKOBAHOro raMMa-onpoMiHeHHAM in vitro B go3i 1,0 [p {3 26,05 + 1,81 o 9,08 +
0,78 Ha 100 kniTWH, BiANOBiAHO} Ta 3HAYHOrO 3POCTAHHA YACTOTU ANONTUYHUX KNiTUH HA 48-11 FOAUHT KYNBTUBYBAHHS
{3 (3,78 £ 0,24) po (8,26+0,91) %, BiANOBiAHO}.
BUCHOBKU. OTPUMAHi pe3ynbTaTi NoKa3anu CNPOMOXKHICTb acTaKCAHTUHY [0 CYTTEBOrO 0CNabneHHs MyTareHHoi Aii
10Hi3yI040ro BUNPOMiHIOBaHHSA B niMdoumuTax nepudepruyHoi KpoBi NIOAUHY, WO CBIAYUTb MPO HOro NOTYKHKIA pagion-
POTEKTOPHMIA MOTeHLian.
Knio4oBi cnoBa: actakcaHTuH, KynbTypa nimdouuTie nepudepuyHoi KpoBi noguHu, abepalii xpoMocoM, anonTos,
pafionpoTEKTOPHMIA edeKT.
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Genoprotective properties of astaxanthin revealed by ionizing radiation
exposure in vitro on human peripheral blood lymphocytes

Objective: to identify possible radioprotective properties of astaxanthin by means of cytogenetic criteria.
Methods. Cultivation of peripheral blood lymphocytes from five apparently healthy volunteers; treatment of lym-
phocytes’ cultures by astaxanthin in final concentrations 20 pg/mlin Go phase of mitotic cycle, prior to ?- irradia-
tion in vitro in a dose 1 Gy; cytogenetic analysis the uniformly stained slides of metaphase chromosomes. The elec-
trophoresis of individual cells (Comet assay); visualization of results under fluorescent microscope; accounting the
number of nucleoid the fourth grade that correspond to apoptosis of the cells.

Results. Established that astaxanthin in final concentration 20.0 pg/ml exposed to the culture of human peripher-
al blood lymphocytes in the early GO phase of mitotic cycle leads to significant reduction of cytogenetic effects
induced by gamma irradiation in vitro in dose 1.0 Gy (from 26.05 + 1.81 to 9.08 + 0.78 per 100 cells, respectively)
and to significant increase the frequency of apoptotic cells at the 48 hour of cultivation (from (3.78 + 0.24) to
(8.26 + 0.91) %, respectively).

Conclusions. The results obtained show the ability of astaxanthin to considerable weakening of radioinduced muta-
genic effect in human peripheral blood lymphocytes, which testify its powerful radioprotective potential.

Key words: astaxanthin, culture of human peripheral blood lymphocytes, chromosome aberrations, apoptosis, radio-

protective effect.
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BCTVYII

ABapii Ha aToMHUX cTaHLisIX YopHoOusa Ta dykycimu,
3pOCTaHHS B OCTaHHI POKM 3arpo3u SIAEPHOI0 TEPOPU3-
My MiJKPECTIOI0Th BaXJIUBICTb POOIT, CIIPSIMOBAHUX SIK
Ha BUBUYEHHS BIUIMBY iOHi3ylo4ol pagialii Ha Oio-
JIOTiUHi 00’€KTH, TaK i Ha MOIIYK HOBUX €(PEKTUBHUX
pagionpoTEKTOPHUX PEYOBUH, OaxkaHO, IMPUPOJTHOTO
TIOXOMXKCHHSI.

ACTakCaHTUH — KapOTUHOII, SIKWW BiTHOCUTBHCS [0
KcaHTO(IiB i BinmoBigae BCiM BuUMOraM, sIKi BHCYBa-
IOThCS 10 MOTEHLIHUX TeHOMTPOTEKTOPiB — HU3bKa TOK-
CUYHICTb, BUCOKA aHTUPAJAMKAaIbHA Ta aHTUOKCUIAHTHA
aKTUBHICTb, aHTUKAHLIEPOT€HHA Misl, 31aTHICTb MPOXO-
JUTU KpPi3b KIITUHHY MEMOpaHY i JocsraTh TeHeTUIHO-
ro anapata B sapi Kiituau [1—8]. He3paxarouu Ha 4yu-
CeJIbHICTb pOOIT, CIpSIMOBAHMUX HAa BUBYEHHS Pi3HUX
CTOPiH il acTaKCaHTUHY, 1Oro MOXJIMBI pagionpoTeK-
TOPHIi BJIACTUBOCTI BUBYEHI HEJOCTAaTHbO.

KpurepisiMmu pagionpoTeKTOPHOI Jii MOXYThb CITyTyBa-
T MOKa3HUKU oOcabjieHHs palialiiiHO-iHIyKOBaHUX
NOIWIKOJAXEHb TFeHOMY Ha pPi3HUX piBHSAX HOro op-
ra”izamii. Ha unuTtoreHeTMyHOMYy piBHi BU3HAHUM
KUJIbKiCHUM TTOKa3HMKOM iHTEHCUBHOCTI pafialliiiHOTO
MyTareHe3y BBaXKa€eThC J0303aJieXXHa 4YacToTa cIie-
OUIIHUX 1T il i0Hi3yI0Y0Tro BUITPOMIHIOBAHHS THUITIB

INTRODUCTION

Accidents at nuclear power plants of Chornobyl
and Fukushima, the growth in recent years the
threat of nuclear terrorism, emphasizing the
importance of research aimed both at studying the
influence of ionizing radiation on biological
objects and the search for new effective radiopro-
tective substances, preferably of natural origin.

Astaxanthin — carotenoid, which belongs to the
xanthophylls and meets all the requirements that
apply to potential genoprotectors — low toxicity,
high antiradical and antioxidant activity, anti-can-
cerogenic effect, the ability to pass through the cell
membrane and reach the genetic apparatus in the
cell nucleus [1-8]. Despite the number of
researches aimed at the study of various aspects of
the astaxanthin’s action its possible radioprotec-
tive properties insufficiently investigated.

The criteria of radioprotective action can serve
the indicators of weakening the radiation-induced
damages in the genome at different levels of its
organization. On the cytogenetic level accepted
quantitative indicator of the radiation mutagenesis
intensity considered dose-dependent frequency of
chromosome aberrations types in human periph-
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abepalliii XxpoMocoM B JiMdouuTax IepudepuIHoi
KPOBi JIIOAWHU, 10 IIMPOKO BUKOPUCTOBYETHCS ISl
OiooriuHOI JO3MMETpii aBapiifHOTO OImpoMiHeHHS [9].
Came 1eit Kkputepiii oOpaHO HaMU Ha TIepIIOMY eTalli
OLIHKM MOXKJIMBMX T'€HOIPOTEKTOPHUX BIACTUBOCTEM
acTaKCaHTUHY.

Ockinbkn KnacuaHuii MeTon «Comet assay» Ta€ MOX-
JIMBICTh aHaTi3y 3MiHM KiJIbKOCTi allONTUYHMUX KIJIITHH,
110 J03BOJISIE OLIHUTHU CTaH BHYTPIIIHBOKIITUHHUX
CUCTEM pelapallii Ta cyrpecii, el MeToJ 0yJ10 00paHo
HaMu Ha JpyroMy eTtarli JOCHiIXKEeHb MOXJIMBUX F€HOII-
POTEKTOPHUX BIACTUBOCTEI acTaKCaHTUHY.

OTpuMaHi AaHi 103BOJSATh 3pOOMTH BUCHOBKU IIIOJO0
PaJioNpPOTEKTOPHUX BIACTUBOCTEN acTaKCaHTUHY, IO
CTAaHOBUTb KiHLIEBY METY HAIIUX JOCIiIXEHb.

MATEPIAJIM I METOJIN

s OUTOTeHEeTUYHUX MOCHIIKEHb BMKOPUCTAIM 3a-
TATbHONIPUMHSTY KJIACUYHY TECT-CUCTeMY — KYJBTYPY
JniMdouuTiB nepudepudHoi KpoBi, oaepxkaHy Big 5
YMOBHO 370POBUX BOJIOHTEPIB (2 XiHKU, 3 YOJIOBIiKiB)
BikoM 20—51 poxkiB, cepenHiii Bik — 41 pik, gKi 3amepe-
YyBa/IM CBiIOMUI KOHTAKT 3i 3HAHUMMU YU TTOTECHLiAHU-
MU MyTareHamu, BeJIu 310poBuii crocid xxutts. [Tpose-
JIU NOOPOBiJIbHE LUTOTeHETUYHE OOCTEeXEeHHSI ocid i3
copMOBaHOI TpynH, B SIKMX BCTAHOBWJIM YacTOTYy Ta
CIIeKTp abepailiii XxpoMocoM B JTiMdounTax nepudepmd-
HOI KpOBi JIOAMHU — (POHOBY (BUXiAHY) Ta TIPU OKpeMiit
i CyMicHilf mii acTakCaHTMHY Ta iOHi3ylO4Oro BHII-
pOMiHIOBaHHS in vitro. Bci ocobu Oyau 3aiydeHi 10 nu-
TOTEHETUYHOTO OOCTEXKEHHSI 3a YMOB ITOiH()OPMOBAHOIL
3rofu.

KynbsruByBaHHS JiM(DOLINTIB MeprudepUIHOI KPOBi JTIO-
JUHU TPOBOAWIU TPOTIroMm 48 roauH 3a MomudikoBa-
HUM HaMU cTaHmZapTHUM MikpomeTomom [10, 11]. IIpu
MOCTAaHOBIII €KCIEPUMEHTIB BUKOPMCTOBYBAJIM acTaK-
cantuH (Sigma, USA), gKkuil gomaBaj 10 KYJbTYp
JiMdouuTiB nepudepuyHOl KpOBi JIOAWMHU B KiHLEBii
KoHIeHTpaii 20,0 MKT/MJI, BU3BHAYEHIH ITiJ Yac BIaCHUX
nonepeaHix gocaimkeHb [12]. AcTakcaHTUH BBOJIUIIM B
KyJIbTypaJibHE CepeloBUILEe HAa paHHIN MPEeCUHTETUYHIN
(GO0) craaii nepuIoro MiTOTUYHOIO UMKIY — A0 MOYaTKy
iHKyOail TiM(pOoLMTIB mepruepruIHOi KPOBi, TIepe OIl-
POMIHEHHSIM KYJIBTYp raMMa-KBaHTaMU BUIIPOMiHIOBa-
yem IBL-237C (notyxHicts 2,34 Ip/xB) B 103i 1,0 Ip.

IIpu uuMTOreHeTMYHOMY aHai3i BpaxoByBaiu Bci abe-
parii XxpoMaTUIHOTO (OAMHOYHI (hparMeHTH, XpOMATUIHI
OOMiHM) Ta XPOMOCOMHOTIO (BiJIbHi TapHi (parMeHTH,
alleHTPUYHI KiJIbLISI, AULIEHTPUYHI Ta KiJIbLIEBi XpOMOCO-
MU, aHOMaJIbHi MOHOLIEHTPUKH, SIKi (hOPMYIOThCS 3a pa-
XYHOK TMOBHUX Ta HEIMOBHMX TpaHCJOKallili, iHBepCiii,

eral blood lymphocytes specific for radiation
exposure that are widely used for biological
dosimetry of emergency irradiation [9]. It is this
criterion was chosen by us in the first phase of
assessment the possible genoprotective properties
of astaxanthin.

Because the classic variant of «Comet assay» gives
an opportunity to analyze changes in the number of
apoptotic cells that allows to evaluate the condition
of intracellular repair and suppression systems, this
method was chosen for the second phase of research
the possible genoprotective properties of astaxanthin.

The data received allow make conclusion about
the radioprotective properties of astaxanthin,
which is the ultimate goal of our study.

MATERIALS AND METHODS

For cytogenetic investigations was used conven-
tional classical test system — the culture of periph-
eral blood lymphocytes obtained from 5 condition-
ally healthy volunteers (2 female, 3 male) aged
20—51 years old, average age — 41 years, who
denied conscious contact with well-known or po-
tential mutagens, lead a healthy lifestyle. Voluntary
cytogenetic examination of persons from such
group was conducted in which the frequency and
spectrum of chromosome aberrations in blood
lymphocytes was established — background (out-
put) and with separate and combined exposure of
astaxanthin and ionizing radiation in vitro. All per-
sons were involved in cytogenetic examination
under conditions of informed consent.

Cultivation of human peripheral blood lym-
phocytes was performed within 48 hours per
standard micromethod modified in the cytoge-
netics laboratory of NRCRM [10, 11]. In exper-
iments was used astaxanthin (Sigma, USA),
which was added to lymphocytes’ cultures in
final concentration 20.0 pug/ml, defined during
own previous studies [12]. Astaxanthin was
introduced into culture medium at early GO
stage of the first mitotic cycle — before incuba-
tion of lymphocytes’ cultures prior gamma irra-
diation by emitter IBL-237C (dose-rate 2.34
Gy/min) in dose of 1.0 Gy.

When analyzing took into account all aberations
both chromatid (single fragments, chromatid ex-
changes) and chromosome (free double fragments,
acentric rings, dicentric and ring chromosomes,
abnormal monocentrics which are derived from
complete and incomplete translocations, inversions,
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iHCepIliil) TUITiB, SIKi BiporimHO MOXHa PO3Mi3HATU TPU
rpyIoOBOMY KapioTUITyBaHHI Ha piBHOMipHO NogapboBa-
HUX mperaparax Metada3Hnx xpomocoM [10].

Jns nocnimkeHHs mil acTaKCaHTUHY in Vitro 3a JOTIO-
MOTOIO0 METOJTY KOMETHOTO eJIEKTPOo(Oope3y LiTbHY KPOB
(~3 ml Big KOXHOI 0COOM) KyJBTUBYBAJIM 3a HAITliB-
MiKpOMeTOIOM Yy Hattiii mogudikarrii. Kymsrypy mimdo-
LIUTiB iHKyOyBaJiM B XUBUJIbHOMY cepenoBuili RPMI
1640 3 L-rmortaminoMm (Sigma, USA), ditoremarnio-
tuHiHoM (PHA, Difco-P, USA) ta acrtakcaHTUHOM B
koHueHTpauii 20,0 Mkr/mi BripogoBxk 48 roguH. Kyib-
TypaJIbHY CYyMilll LIeHTpUGYyTyBaau npoTarom 10 XBUIMH
npu 1000 06/xB. 3HiMaJIM BEPXHill Iap KJIITUH HaJ Oca-
oM (0,75 MKJT) Ta MPOBOAWIIM OOPOOKY 3riAHO 3 KiIaCcU4-
HUM TIpoToKoJioM. [Jist Bizyanizalii pe3ybraTiB ciaaiiau
dapoysanu DAPI (4’,6-diamidino-2-phenylindole) 3
KOHIIEHTpAlli€l0 2 MKT/MJI Bifpa3sy ITicis eJieKTpodope-
3y 0e3 (ikcallii caaiiniB. AHalli3 pe3yabTaTiB POBOININ
nif JIIOMiHECLUEHTHUM MIKPOCKOIIOM, OO0 SIKOTO IIpu-
ennyBanau ¢oroanapar Canon D1000. Ha ¢otorpadisax
MiapaxoBYBaJIM KiJbKiCTh HYKJIEOI[iB YETBEPTOrO KJacy,
SKi BiIMOBiZaIOTh allONTUYHOMY CTaHy KJIITHUH, Cepel
200 iHDWBigyaTbHUX HYKJICOIOiB (TaK 3BAHUX «KOMET»).
3o0paxkeHHsI aHami3yBajJM 3a AOMOMOTOI0 IporpamMu
Comet Score (TriTek Corp) [13—15].

PE3VJIBTATU TA OBI'OBOPEHHS

B pesynbrati mpoBeaeHUX OOCTiIKEeHb BCTAHOBUJIU, 1110
(boHoBa cepemHbOIrpyMoBa 4acToTa abepaHTHUX MeTa-
a3 ta abepalliii XxpoMocoM B JiMdoLuTax nepudepud-
Hoi KpoBi ckiagaia 2,46 = 0,30 na 100 ximiTuH 3
MiXiHIMBinyaTbHUMU KoJuBaHHSIMMU Bif 1,33 1o 3,02 Ha
100 metacdas. ITomKoOMKEHHSI XpOMOCOM OyaIu Mpeac-
TaBJICHI IEPEBaXKHO OOWHOYHMMHU Ta MAPHUMM alCHT-
puuHuMu pparmeHtamu (1,60 = 0,28 ta 0,97 £ 0,22 Ha
100 meTacda3s, BinmoBimHO).

B exkcnepuMeHTax 3 ONPOMiIHEHHSIM BUSIBUIIM 3POC-
TaHHSI CePeOHbOTIPYIIOBOI YaCTOTH aOCpaHTHUX METa-
da3z mo (23,53 = 1,67) % Ta abepaliii XxpoMOCOM OO
26,05 = 1,81 Ha 100 MeTadas 3 po3KHUIOM iHIUBIAYaIb-
HUX KOJMBaHb B Mexkax 20,26—24,67 % ta 22,11-32,67
Ha 100 meradas, BimmoBinHO. CyTTEBO PO3LIMPUBCS
CIIEKTp PalioiHAYKOBAaHUX XPOMOCOMHUX MOpPYLIEHb.
Cepea TOLIKOIKEHb XPOMOCOM 3HA4YHO MepeBaxasu
abepallii XpOMOCOMHOTO THUMY, IO XapaKTepPHO s
XPOMOCOMHOTO MyTareHe3y MpU Jii i0Hi3yl04oro BMII-
pomiHoBaHHSI Ha G0 crazgii MiTOTUYHOTO IIMKJTY: BilbHI
napHi ¢pparMeHTH Ta alleHTPUYHI KiJibLg (i3 cyMapHOIO
yactororw 8,83 = 1,05 Ha 100 meradas); IMLEHTPUKHU,
LEeHTPUYHI KiJblid Ta aHOMaJbHi MOHOLIEHTPUKH
(12,25 £0,67; 2,55+ 0,66; 1,06 £ 0,60 na 100 meradas,

insertions) types, which probably can recognized
with use the group karyotyping of uniformly stained
slides of metaphase chromosomes [10].

To investigate the effects of astaxanthin in vitro
usage «Comet asay» the whole blood (~ 3 ml from
each person) was cultivated by accepted semi-
micromethod. Lymphocytes was incubated in cul-
ture medium RPMI 1640 with L-glutamine
(Sigma, USA), PHA (Difco-P, USA) and astaxan-
thin in concentration 20.0 ug/ml within 48 hours.
The cultural mixture was centrifuged during 10 min
at 1000 rev/min. Top layer above the sediment cells
(0.75 ul) was removed and the processing was per-
formed according to the classical protocol. For
visualization of the results the slides were stained by
DAPI (4°,6-diamidino-2-phenylindole) in concen-
tration 2 ug/ml immediately after electrophoresis
without fixing of slides. Analysis of the results was
carried out under the fluorescent microscope to
which was attached camera Canon D1000. On pho-
tographs the number of fourth grade’s nucleoids
that correspondent to apoptotic state cells per 200
individual nucleoids (ie. «comets») was counted.
Images were analyzed using the program «Comet
Score» (TriTek Corp) [13—15].

RESULTS AND DISCUSSION

As a result of the research was determined that
background mean-group frequencies of aberrant
metaphases and chromosome aberrations in
peripheral blood lymphocytes was 2.46 £ 0.30 per
100 cells with varying from 1.33 to 3.02 per 100
metaphases. Chromosome damages were repre-
sented mainly by single and double acentric frag-
ments (1.60 £ 0.28 and 0.97 £ 0.22 per 100
metaphases, respectively).

In experiments with radiation exposure was estab-
lished increase in the frequency of aberrant
metaphases to (23.53 = 1.67) % and chromosome
aberrations to 26.05 & 1.81 per 100 metaphases with
scatter of individual fluctuations in the range
20.26—24.67 % and 22.11—32.67 per 100 metaphas-
es, respectively. Significantly was expanded the spec-
trum of radiation induced chromosomal disorders.
Aberrations of chromosome type was dominated
among the chromosome damages which is typical
for chromosomal mutagenesis under ionizing radia-
tion exposure in G0 phase of the mitotic cycle — free
double fragments and acentric rings (with a total fre-
quency 8.83 = 1.05 per 100 metaphases); dicentrics,
centric rings and abnormal monocentrics (12.25 *+
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BinmosinHo) (Puc. 1, 2). PiBenb abepartiii xpomatuaHo-  0.67, 2.55 £ 0.66, 1.06 + 0.60 per 100 metaphases,
ro tumny (1,61 £ 0,30 na 100 metacdas), mo oyau npeac-  respectively) (Figure 1, 2). Level of chromatid type
TaBjeHi TUIBKM ONMHOYHMMM aleHTpUYHUMM par-  aberrations (1.61 £ 0.30 per 100 metaphases), which
MEHTaMM, He 3MiHMBCS MOPIiBHSIHO 3 iX (poHOBUM 3Ha-  were presented only by single acentric fragments,

YEHHSIM. unchanged compared with their background value.
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PucyHok 1. 3miHa pagiauinHo-iHayKoBaHOT yacToTh Ta TUNiB abepauii xpomocom nig Aieto ioHisyroyoro on-
pomiHeHHsA B fo3i 1,0 Ip Ta acTakcaHTUHY B KOHUeHTpauii 20,0 MKr/mn

Figure 1. Changing the radiation-induced frequency and types of chromosome aberrations under the influ-
ence of ionizing radiation in dose 1.0 Gy and astaxanthin in concentration 20.0 pg/ml

I OnpoMiHeHHs
Radiation exposure

10 -] I OnpoMiHeHHs 3 nonepefHiM 4OAABaHHAM acTakcaHTUHY
Irradiation with previous addition of astaxanthin

AGepauii XxpoMmocoMHOro Tuny, Ha 100 KaiTuH
Chromosome type aberrations, per 100 cells

MapHi OuueHtpukn  LleHTpuyHi AueHTpryHi  AHOMabHi
dparMeHTn KinbLgs Kbl MOHOLEHTPUKM
Double Dicentrics Centric Acentric Abnormal
fragments rings rings monocentrics

PucyHOK 2. MopiBHAHHA yacToT abepayit xpoMocoMHoro Tuny B nimpouutax nepudepuyHoi KpoBi nioAnHM
npu okpemin Aii ioHi3yio4yoro onpomiHeHHa B po3i 1,0 Ip i cymicHin Aii ioHi3ylo4oro BUNpomMiHIOBaHHA Ta
aCTaKCaHTUHY B KOHUEeHTpauii 20,0 Mkr/mn

Figure 2. Comparison the frequency of chromosome type aberrations in human peripheral blood lymphocytes

with separate exposure of ionizing radiation in dose 1.0 Gy and combined action of ionizing radiation with
astaxanthin in concentration 20.0 pg/ml
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[ist acTakcaHTUHY Ha OMPOMiHEeHi JiM(OILIMTH in vitro
Mpu3Besia 0 CYTTEBOTO 3MeHIIeHHs (~Ha 68 %) ce-
PEeIHBOIPYIHOBOIO PaAiOiHAYKOBAHOIO LIMTOTEHETUYHO-
ro e(peKTy - YacTOTU abepaHTHUX KJIiTUH (10 8,04 + 0,88
%) Ta abepatiiit xpomocoM (10 8,40 = 0,90 na 100 meTa-
¢a3) 3a paxyHok BiporigHoro (p < 0,001) 3HMXXEHHS
PiBHSI KJIaCUYHMX HECTAOLIbHUX LIMTOTEHETUYHUX Map-
KepiB pamialliiiHOTO BIJIMBY — AULIEHTPUYHUX Ta KiJlb-
LeBUX XxpoMocoM (1o 3,26 = 0,78 ta 0,33 £ 0,18 Ha 100
MeTadas, BiIMOBIAHO), a TAKOX CYMapHOI YaCTOTU BiJlb-
HUX MapHUX (pparMeHTiB i aLleHTPUYHUX Kitelb (10 4,49 *
0,82 na 100 meracda3) (Puc. 1, 2).

YacrtoTta aHoMallbHUX MOHOLIEHTpUKiB (0,31 = 0,15 Ha
100 mertadas), g9Ki € CTaOITbHUMM LUTOTEHETUYHUMU
MapKepamU JIil i0Hi3yr0uoro BUIIPOMiHIOBAHHSI, a TAKOX
piBeHb OAVMHOYHUX alleHTpU4YHMX parMmenTiB (0,62 *
0,21 Ha 100 meTacda3), sSKi BBaXKalOThCS iHIMKATOpaMu
XPOMOCOMHOT HECTaOIbHOCTI, BUSIBJISLIA TEHASHILIIIO 10
3HIMDKEHHSI.

TakuMm YMHOM, pe3yJbTaTh LIMTOTEHETUYHMX JOCTiIKEHb
MiATBEPAUIM CTATUCTUYHO 3HAYYIIe OclabIeHHSs 3a I0MO0-
MOTOI0 aCTaKCaHTUHY padiallifHO-iHAyKOBaHOIO XpOMO-
COMHOTO MyTareHe3y B COMaTUYHUX KIIITUHAX JIIOAUHN.

IIpu BUKOpHCTaHHI METOAY eJeKTpo(dope3y OKpeMUX
kJiTuH («Comet assay») micjisi JogaBaHHS aCTaKCAaHTUHY
B KoHueHTpauwii 20,0 MKr/MJI Iepen OIPOMiHEHHSIM B
nmo3i 1,0 Ip BcTtaHOBMIIM 3pOCTaHHS YaCTOTH KOMET 4-TO
KJ1acy («aTMUITIOBUX KOMET»), SIKi BiATIOBiZaIOTh allONTHY-
HOMY CTaHy KJIiTUHHM [15]. 3i 30ibIIeHHSIM TPUBAJIOCTI
KyJIETUBYBaHHSI OIPOMiHEHUX KYJIBTYP BUSIBIJIM 3pOC-
TaHHSA JyacToTy amomnTo3iB 3 0,79 + 0,08 na 100 xkmiTuH

Effects of astaxanthin in vitro on exposed cells
resulted in significant decrease (by ~ 68 %) of mean-
group radiation-induced cytogenetic effect - the fre-
quency of aberrant cells (up to 8.04 = 0.88 %) and
chromosome aberrations (up to 8.40%x 0.90 100
metaphases) (Figure 1), due to significant (p <0.001)
decline the level of classic unstable cytogenetic mark-
ers of radiation exposure — dicentric and ring chro-
mosomes (up to 3.26 £ 0.78 and 0.33 £ 0.18 per 100
metaphases, respectively), and total frequency of free
double fragments and acentric rings (up to 4.49 £
0.82 per 100 metaphases) (Figure 2).

The frequency of abnormal monocentrics (0.31
* 0.15 per 100 metaphases) which are stable cyto-
genetic markers of radiation exposure, as well as
the level of single acentric fragments (0.62 = 0.21
per 100 metaphases) that are considered as indica-
tors of chromosomal instability showed a tendency
to decrease.

Thus, the results of cytogenetic studies show a
statistically significant reduction by astaxanthin
the radiation-induced chromosome mutagenesis
in human somatic cells.

With the help of electrophoresis of individual cells
(«Comet assay») after adding the astaxanthin in con-
centration 20.0 pg/ml prior to irradiation in dose 1.0
Gy a growth the frequency of 4th class comets
(«atypical comets») that corresponded the apoptotic
state of cells was revealed [15]. With increasing dura-
tion of incubation the irradiated cultures increased
the incidence of apoptosis — from 0.79 £ 0.08 per 100

10 |
Q T .
[ OnpoMiHeHHs
e Radiation exposure
e I OnpoMiHeHHs 3 nonepeaHiM oaBaHHAM acTaKCaHTUHY

Irradiation with previous addition of astaxanthin

Anonto3u, Ha 100 KNiTUH
Apoptosis, per 100 cells

24 43
FopuHu KynbTUBYBaHHA / terms of cultivation, hours

PucyHok 3. 3miHa Kinbkocti anonto3is B nimcgouurax,
3aCTOCYBaHHi aCTaKCAaHTUHY B KOHUeHTpauyii 20,0 MKr/mn

onpomiHeHux B po3i 1,0 Ip npu nonepeaHboMy

Figure 3. Changing the frequency of apoptosis in lymphocytes exposed to radiation in dose 1.0 Gy and pre-

vious use of astaxanthin in concentration of 20.0 pg/ml
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EXPERIMENTAL

RESEARCH

yepes 24 roguHu 10 3,78 * 0,24 Ha 100 kaiTuH Ha 48-i1
roAvHi KyJabTUBYBaHHs. IIpu gogaBaHHI acTaKCaHTUHY
nepej ONPOMiIHEHHSIM CIIOCTEpIrajau CyTTEBE 3pOCTaHHSI
YaCTOTU aTUIOBUX KOMET, SIKUIA 1OCATaB MaKCUMyMYy Ha
48-i1 roguHi KynsruByBaHHs (8,26 £ 0,91 na 100 xiti-
TMH), 110 MOX€ CBiIUMTH IMPO aKTUBALiI0 BHYTPIllIHb-
OKJIITUHHUX CYIIPECOPHUX CUCTEeM 3a 0e3IocepeHbOIO
yuacTio actakcaHTuHy (Puc. 3).

BUCHOBKU

OTpuMaHi pe3ynbraTé MoKa3ajal CIIPOMOXKHICTh acTakK-
CAHTHHY CYTTEBO OCJIA0JII0OBATH YYTJIMBICTh JIM(OLIUTIB
nepudeprnyHOi KPOBi JTIOAWHU 10 MyTareHHOI Iii i0Hi3y-
FOYOr0 BUIIPOMIHIOBAHHS in Vitro 3a HMTOTEHETUIHUMU
KPUTEPisIMU, 1110 CBIAYUTH PO MOro MOTY>KHUK pagion-
POTEKTOPHUIA MOTEHIIial.
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9. Cytogenetic dosimetry: applications in preparedness for and response to
radiation ~ emergencies. - Vienna: International atomic energy agency,
2011. - 229 p.

10. XpomocoMbl yenoseka: atnac / A. ®. 3axapos, B. A. beniow, H. . Ky-
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cells following 24 hours till 3.78 + 0.24 per 100 cells
in 48 hours of cultivation. Under adding of astaxan-
thin before radiation exposure subsequent significant
increase in the incidence of atypical comets was
observed, that reached maximum in 48 hours of cul-
tivation (8.26 = 0.91 per 100 cells) (Figure 3), which
may denote the activation of intracellular suppressor
system with the direct participation of astaxanthin.

CONCLUSIONS

The results showed the ability of astaxanthin to
weakening the response of sensitivity the human
peripheral blood lymphocytes on mutagenic expo-
sure of ionizing radiation according cytogenetic
criteria, which testify its strong radioprotective
potential.
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