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BIIJIUB ACTAKCAHTHUHY HA PIBEHb METWIIOBAHHA THK
B OITPOMIHEHUX IN VITRO JIM®OILINTAX JIIOIUHNA

MeTa. BU3HAuMTV BNIMB acTaKCaHTUHY HA piBeHb MobanbHoro meTuntoBaHHa [JHK B onpomiHeHux in vitro nimdoum-

Tax nepudepnyHoi KPOBi NIOANHU

MeTopaum. LiinbHy KpoB gofaBanu y KynbTypanbHe cepeposuiie RPMI-1640 y cniBigHoweHHi 1 : 10 i BuTpUMyBanu 3

roguHu npu 37 °C. ONpoMiHIOBaHHA Y-KBaHTaMU 34i/CHIOBaNMN 3 BUKOPUCTaHHAM BunpomiHioBaya IBL-237C (po3a 1,0

[p, NOTYXHiCTb 2,34 Ip/xB). ACTaKCAHTUH Y KiHLEBil KOHUeHTpaLii 20,0 MKr/mn fogaBanu nepes OnpoMiHeHHsM.

Ananis cratycy mob6ansHoro metunioBaHHa AHK B nimbouuTax nepudeprnyHoi Kposi N10AUHN NPOBOAMAN 33 JONOMO-

roto mogudikoBaHoro metosy kometHoro enektpogopesy (Comet assay) B HeMTpanbHUX YMOBAX 3 BUKOPUCTAHHAM

YYTNIMBOTO [0 METUNIOBAHHA GepMeHTy pecTpukuii Hpall.

Pe3ynbratu. [Ins KOXHOrO BapiaHTy eKcrnepuMeHTy Oyno NpoBefeHO AOCHiIAXKEHHS YaCTOTHOTO PO3MOAiNy «KOMETy.

[lopaBaHHA acTakCcaHTUHY O HEONPOMiHEHUX i ONPOMiHEHUX NiIMOLUTIB NIOANHN NPU3BENO O CTaTUCTUYHO 3HAYY-

woro (p<0,05) 3cyBy po3nofinie «KOMeT» y HanpaMKy 36inbwenHs Buxoay [HK, wo BKasye Ha 3pocTaHHsA nyny KNiTUH

31 3HMKEHUM piBHeM meTunoBaHHA [HK.

BuCHOBKUW. BcTaHOBNEHO, 1|0 AaCTAaKCAHTUH B KiHLEBi KOHUEHTpaLii 20,0 MKr/Mn NpuU3BOANUTL IO 3HUKEHHS PiBHA

rno6ansHoro metuntoBaHHa [JHK B onpomiHeHux in vitro Ta HeONPOMiHeHUX NiMQOLUTAX NIOANHM, WO CBIfYUTL NPO 10-

ro 34aTHiCTb BM/IMBATW HA eNireHeTUYHi MexaHi3Mu KOHTPOJIO FeHHOT eKCnpecii.
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THE IMPACT OF ASTAXANTHIN ON THE LEVEL OF DNA METHY-
LATION IN IRRADIATED IN VITRO HUMAN LYMPHOCYTES

Objective. To investigate an effect of astaxanthin on global DNA methylation in human peripheral blood lympho-
cytes exposed to y-radiation in vitro.

Methods. Samples of whole blood were diluted with RPMI-1640 medium in proportion 1: 10 and incubated at 37 °C
for 3 h. Samples were exposed to y-ray (emitter IBL-237C, dose-rate 2.34 Gy/min) in dose 1.0 Gy. Astaxanthin was
added into culture medium in final concentrations 20.0 pg/ml before irradiation. The analysis of the global DNA
methylation state was carried out using modified method of neutral single-cell gel electrophoresis (Comet assay)
after digestion with the methylation-sensitive endonuclease Hpall.

Results. For every experiment the analysis of the frequency distribution of «comets» was carried out. The treatment
of non-irradiated and irradiated human peripheral blood lymphocytes with astaxanthin resulted to a statistically
significant (p< 0.05) shift of comet distribution with tendency to increasing level of DNA migration which indicates
increase in the pool of cells with a reduced level of DNA methylation.

Conclusions. It has been found that astaxanthin in concentration of 20.0 pg/ml reduced the levels of global DNA
methylation both in irradiated in vifro and native human lymphocytes. It suggests that astaxanthin has an effect on

mechanisms of epigenetic regulation of gene expression.

Key words: astaxanthin, human peripheral blood lymphocytes, y-irradiation, DNA methylation.
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BCTYII
Peanizaiiiss crmrankoBoi iHopMallii 3ajekuTh He TiTbKU
Bil TEeHOTUIY, ajie i Bil emireHeTUYHMX MeXaHi3MiB
KOHTPOJIIO eKcIpecii reHiB [1]. MeTuatoBaHHS LIUTO3U-
ny JIHK B 5-My nmonoxeHHi Bimirpae nieHTpajabHy pojib B
ernireHeTMYHUX mpolecax [2, 3]. ¥V Bumaaky, sIKIio me-
TUJIbOBAHI CAalTU pO3TalllOBaHi B IIPOMOTOPHI AIMSIHII
Ta NeplIOMY €K30HI — BilOYBAa€THCS TTOBHE BUMUKAHHSI
reHiB [4]. AHOMaJbHiI 3MiHM iHTEHCHUBHOCTI METHUJIIO-
BaHHs JIHK TicHO 1OB’g3aHi 3 pO3BUTKOM IIIJIOTO PSIAY
XBOpOO, cepen sskux aiadet I Tuiy, XBopodu mopyliieH-
HS T€HOMHOIO IMIIPUHTUHIY (HAIpHUKIad CUHIPOMM
AnrennMana, Ilpanepa-Binni, beksira-Bigemana), oH-
KOJIOTiYHi 3axBoproBaHHS [5—9]. [Ij1st mormyJisiiiii OHKOT-
paHCc(OPMOBAHUX KJIITUH €MireHeTUYHi 3MiHU Y TeHax-
cylpecopax 4d MPOTOOHKOTeHAX MOXYTb OyTU Oi/lbII
CYTTEBUMM i PO3IMOBCIOMXKEHUMU, HixX MyTauii [10].
Ionizytoue BunpominoBaHHs (IB) € moTy>kHuM MyTa-
reHHUM (akTopoM, MiA Oi€l0 SIKOro B KJIiTUHI (op-
MYETbCS Bech crieKTp noikomkeHb JJHK (ogHo- Ta nBO-
JIAHIIOTOBI PO3pMBHU, XiMiuHi Monudikalii OCHOB,
3mmBku JHK-JIHK ta JIHK-6i10K), IKi € npyuyuHaMu
TOYKOBHMX MyTallili i FeHOMHUX Mepedya0B (CTPYKTYPHUX
Ta KiTbKicCHUX aHoMatiit xpomocom) [11—13]. HaHi cTo-

INTRODUCTION

Realization of hereditary information is not sole-
ly a function of genotype but depend on epige-
netic regulation of gene expression [1]. DNA
methylation at the C5 position of cytosine plays
central role in epigenetic processes [2, 3]. If
methylation sites spread a promoter and first
exon the complete gene silencing occur [4].
Abnormal changes of DNA methylation are
closely associated with development of diseases,
such as type II diabetes, genomic imprinting dis-
orders (Prader-Willi syndrome, Angelman syn-
drome, Beckwith-Wiedemann syndrome etc.)
and cancer [5—9]. For cancer cell populations
epigenetic alterations of tumor suppressor genes
or oncogenes may be more significant and pre-
vailing than mutations [10].

Ionizing radiation (IR) is a powerful mutagen. It
causes the whole spectrum of DNA damages (sin-
gle- and double-strand breaks, chemical modifica-
tions of nitrogenous bases, DNA-DNA and DNA-
protein crosslinks) which results in point mutations
and genomic rearrangements (structural and
numerical chromosomal abnormalities) [11—13].
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COBHO iHayKoBaHOi IB 3aTprMaHOi Ta TpaHCTeHEpaTHUB-
HOI HecTabinbHOCTI reHoMmy [14] Ta pamiauiiiHOro KaH-
neporeHesy [15] cBiguaTh, 110 OKpiM YUCIEHHUX T1OPY-
1meHb TeHoMy IB mpu3BoauTh A0 ermireHeTMYHUX 3MiH
reHHoi exkcrpecii. [ist IB in vivo Ta in vitro Npu3BOIUTD
JIO 3HMXKEHHS piBHS ri100anbHoro MetuioBaHHs JJTHK B
niMmpouurtax nepudepmynoi kposi (JITIK) monuum [16].
BaxxvBuM acreKToM € BiiMiueHa IpsiMa KOPeJIsilis MixK
3HMKECHHSIM PiBHS METUJTIOBAHHS 1 3pOCTaHHSIM XPOMO-
COMHOI HecTabiabHOCTI [16].

Jlist BinBepHEeHHS1 HeraTUBHOTO BILIMBY IB Ha reHoMm Ta
eIlireHOM KJIITMH aKTyaJbHUM 3aBIAHHSM 3aJIUILIAETHCS
MOIIYK PEYOBUH, 0akaHO MPUPOIHOrO MOXOMKEHHS, MHisl
SIKHUX 3MEHIIYE HACJIIIKM peastizallil HepBUHHUX i BTOPUH-
HUX pagiauiiHux npoueciB. I1pu LiboMy iX BlacHa TOKCHUY-
HICTb Ta MyTareHHa aKTMBHICTb MalOTh OYTU HU3bKUMHU.

IMounnaroun 3 2015 poKy HaMM TPOBOASTHCS TOCIiI-
JKEHHST pamioNpOTEeKTOPHUX BJIACTUBOCTEI acTaKCAHTUHY
[17—20] — xapoTMHOILY 3 Tpyny KCaHTOMTiB, HANOITHIIT
MOTY>KHOTO 3 BiJlOMUX Ha CHOTOIHI aHTMOKCUIAHTIB MPU-
pomHoro rmoxomkeHHs [21, 22]. 3a pe3ynasraraMy BIacCHUX
JOCJIIKEHD Ta TaHUMU iHIIMX HAayKOBMX TPYI, aCTaKCaH-
TUH BiJIpi3HSIETHCS BiICYTHICTIO TOKCUYHOCTI Ta MyTareH-
HOI akTUBHOCTI [23—25]. B ekcriepumeHTax in vitro Oyna
MPOAEMOHCTPOBaHA 3[aTHICTh aCTaKCaHTUHY 3HAYHO
3MEHIIIYBaT LIMTOTeHEeTUYHi e(heKTH i0Hi3ylouoi paiaLlii
npu onpomideHHi JITTK momunam Ha cragii Gy KIITHHHOTO
mukiy. byno mokazaHo, 1110 HaOLIBII BipoOTiniHO pamion-
POTEKTOPHUI BIUIMB aCTAKCAHTUHY MOXKHA ITOSICHUTH HE
TaK Oro aHTUOKCUIAHTHUMU BJIACTUBOCTSIMU, SIK aKTH-
Balli€10 MPOLECiB alloNTO3y B MOMYJISILIT CUJILHO MOLIKO/I-
JKEHMX KJITHH [26]. KpiM Toro, 6ysio BiiMiueHO MOCHIIEH-
HSI KOHTPOJTIO Ha 3BIPOYHMX TOYKAX KIIITUHHOTO TTOHLTY
npu onpomiHeHHi JITIK Ha S crafgii KJIITUHHOIO LIMKITY
[20]. Buxonsau 3 11bOTO, MOXKHA TIPUITYCTUTH BIUTAB acTakK-
CAaHTMHY Ha EIireHeTUYHi IIPOLECHU, $Ki PETYJIIOI0Th
KJITUHHUWM LIMKJI Ta anorTo3.

META

Metolo mpeacTaBieHOi poOOTH OylI0 BU3HAYEHHS
BIUIMBY aCTaKCaHTUHY Ha pPiBeHb r1100a1bHOT0 METUIIO-
BaHHs JJHK B onmpoMiHeHux in vitro B no3i 1,0 Ip JITIK
JIIONVHU.

MATEPIAJIN TA METOJIN

3pa3Ku BEHO3HOi KpOBi OyJM OTpUMAaHi Bil YOTUPb-
OX YMOBHO 3J0POBUX BOJOHTEpPiB (2 XiHKH, 2 YO-
noBika) BikoMm 20—51 pokiB, cepenHiii Bik — 41 pik,
SKi 3amepedyBajid CBiIOMUI KOHTAKT 3i 3HAHUMHM
Yyl TMOTEHUiMHMMU MyTareHaMu (BKJIOYalO4YMU i0-
Hi3ylouy papialito), BeJau 3J0pOBUI CHOCIO XUTTS.

The data concerning IR-induced delayed and
transgenerational genomic instability [14] and
radiation carcinogenesis [15] suggests that IR can
not only lead to severe genomic damages but to epi-
genetic changes of gene expression. Exposure to IR
in vivo and in vitro causes global DNA hypomethy-
lation in human peripheral blood lymphocytes
(PBL). The substantial fact is direct connection
between decrease in the level of DNA methylation
and growth of chromosomal instability [16].

To avoid negative influence of IR on cell genome
and epigenome the extensive search for new com-
pounds, preferably of natural origin, that reduce
end-points of primary and secondary radiation
processes. Moreover, these substances must have
low mutagenicity and toxicity.

Since 2015, we have started investigation of the
radioprotective effects of astaxanthin [17—20] — a
carotenoid of xanthophyll group, and one of the
most powerful, well-known natural antioxidant
[21, 22]. According to results of our researches
and data of other scientific teams, astaxanthin per
se had no toxic and mutagenic activity [23—25].
In vitro experiments demonstrated that astaxan-
thin significantly reduced the level of radiation
induced cytogenetic effects after irradiation of
human PBL at the Gy phase of the cell cycle. It
was shown that the radioprotective action of
astaxanthin with the utmost probability may be
explained rather by stimulation of apoptosis in
population of heavily damaged cells than by its
antioxidant properties [26]. In addition, the acti-
vation of cell cycle checkpoints after irradiation of
PBL cultures at the S phase was observed [20].
Hence we may suggest the influence of astaxan-
thin on epigenetic processes that regulate the cell
cycle and apoptosis.

OBJECTIVE

The objective of our study was to investigate an
effect of astaxanthin on global DNA methylation
in human peripheral blood lymphocytes exposed
to y-radiation (dose 1.0 Gy) in vitro.

MATERIAL AND METHODS

Blood samples were obtained by venepuncture from
four conditionally healthy volunteers (2 men and 2
women) at the age of 20—51 years old, average age
was 41 years. Only the persons, who denied any con-
scious contact with well-known or potential muta-
genic agents, followed a healthy lifestyle were chosen
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Bci ocobu O0ynu 3anydeHi 3a yMOB MOiH(GOPMOBaHOI
3rofu.

LlinbHY KpoB AoAaBajy y KyJbTypallbHe CepelOBUILE
RPMI-1640 y cniBBigHomenHi 1 : 10. YacTtuHa 3pa3KiB
Oyyna ompomiHeHa Yy-kKBaHTamMu (BUNpoMiHoBauy IBL-
237C, nmoza 1,0 Ip, moryxHicth 2,34 Ip/xB). AcTakcaH-
tuH (Sigma, USA) y KiH1eBiil KoHIeHTpawii 20 MKT/MJI
JoJaBaav mepesd OoNpoMiHEeHHSIM. 3pa3Ku KPOBi BUTPU-
myBasuch 3 ronuHu npu 37 °C.

Anani3 cratycy raobanbHoro metuntoBaHHst JIHK B
JITIK mpoBOAMIM 3 BUKOPUCTAHHSIM MOIM(pIKOBAHOTO
MeToAy Tenb-enekTpodopedy okpemux KimiTuH (Comet
assay) B HeMTpaJbHUX yMOBaX 3 BAKOPUCTAHHSIM METHJI-
yytauBoro (gepmeHty pectpukuii Hpall, caiitu akTuB-
HOCTI SIKOTO BiAIIOBiAalOTh HEMETWJILOBAHIM MOCIiA0B-
Hocti IHK 5’-CCGG-3’ [27].

BuninenHsa maiMcbouMTIB Yy Tpami€eHTi IIiJTbHOCTI
Histopaque 1077 (Sigma, USA) npoBoawiu 3riiHo 3
MPOTOKOJIOM BUPOOHMKA. OTprMaHy CyCTIeH3i10 KITITUH
aMmimnyBain 3 1% JerkomiaBkomp araposor (Sigma,
USA) npu 37 °C. IlpuroTyBaHHs ClIaliiB Ta Ji3UC KJTi-
TAH TIPOBOAWJIM 32 3arajlbHOMPUMHSITOI0 METOAUKOIO
[28]. TTicna mi3ucy ckenbllsd BigMUBanImM y oydepi, Skt
ckamased 3 5-10° M TrisHCI, 5-10° M NacCl, 5-10* M
B-mepkantoeranony Ta 1:10° M Na2EDTA. ITicns 1po-
ro Ha CjlIaiiii HAHOCWIM PO3YMH 3 (DEePMEHTOM pecT-
pukuii (1,5 Onx. Hpall y 100 mxn oydepa Tango
(Fermentas)) ta iHKyOyBau y Bosioriit Kamepi mpu 37 °C
npoTsiroM 55 xB. Peakiliio 3yMUHSUIM 3a JOIIOMOIOIO OY-
depa TBE (89 MM Tris-borat, 2 MM EDTA, pH 7,5),
micisg 9oro npoBoguim enekrpodope3 y TBE oydepi 7

for the investigation. All persons were involved in
research under conditions of informed consent.

The whole blood were diluted in RPMI-1640
medium at the ratio 1:10. Some samples were
exposed to y-ray (dose 1 Gy, emitter IBL-237C,
dose-rate 2.34 Gy/min). Astaxanthin (Sigma,
USA) was added into culture medium in final con-
centrations 20.0 pg/m before irradiation. The
blood samples were incubated at 37 °C for 3 h.

The analysis of global DNA methylation in
peripheral blood lymphocytes was carried out using
a modified method of single-cell gel electrophore-
sis (Comet assay) in neutral conditions using the
methylation-sensitive endonuclease Hpall, which
recognition site corresponds to the unmethylated
DNA sequence of 5’-CCGG-3’ [27].

The lymphocytes were isolated by separation of
cells in a density gradient Histopaque 1077 (Sigma,
USA), according to instructions of the manufacturer.
The cell suspension was mixed with 1% low-melting
point agarose (Sigma, USA) at 37 °C. Preparation of
microscopic slides and lysis of cells was carried out
according to the generally accepted method [28].
After the lysis, slides were washed by buffer com-
posed of 5-10° M TrisHCI, 5-10° M NaCl, 5-10* M
B-mercaptoethanol and 1-10° M Na2EDTA. Each
slide was then overlaid with enzyme mixture (1.5 U of
Hpal in 100 pl of Tango buffer (Fermentas)) and
incubated in a damp chamber at 37 °C for 55 min.
The reaction was stopped by washing in TBE buffer
(89 mM Tris-borat, 2 mM EDTA, pH 7.5). Slides

PUCYHOK 1. AHani3 XxBOCTOBUX YaCTUH KOMeT, nicna 06po6ku pectpukrasoto Hpall, 3a gonomoroto OpenComet

Figure 1. Analysis of the comet tails after digestion with restriction enzyme Hpall using OpenComet
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XB. Ipu Temriepatypi 4 °C, Hanpy3i 1 B/cMm i cuiti ctpymy
y 200 mA.

Hunst Bisyanizauii pe3yabTaTiB ciaainu ¢apOyBaiun
DAPI (4°,6-diamidino-2-phenylindole) B KoHLEeHTpaLii
2,0 MKr/MJI Bimpasy micist eaekTpodopesy 0e3 dikcalii
cllaiaiB. AHaii3 pe3yJibTaTiB IIPOBOAMIIN I JIIOMiHeCLIe-
HTHUM MikpockoroM Opton Axioskop (Zeiss, Germany),
JIo siKoro npueaHyBanu potoanapaT Canon D1000. 3 kox-
HOro ciaiimy 3arajom Oyno obpaxoBaHo 100 BUITagKoOBO
00paHMX HYKJIEOIIiB (T. 3. «KOMET»). 300pakeHHsI aHaTi-
3yBaJIn 3a JOITOMoTolo rmporpamu ImagelJ (imagej.nih.gov)
3 miarinoM OpenComet [29]. Hs1 KilbKiCHOI OLIIHKU
mirpauii JIHK B arapo3Huii rejib BAKOPUCTOBYBAIHU T10-
ka3HuK Tail Moment (TM), s1kuii omHOYaCHO BpaxoBYeE
K KijbKicTh JIHK y XBOCTOBIil YaCTUHI «KOMETW», TaK i
JOBXWHY XBOCTOBOiI yacTuHHU [30].

71 cTaTUCTUYHOTO aHali3y 3MiHU PiBHS 3arajJbHOTO
metumoBaHHs JHK HaMu OyJio mpoBeaeHO JOCTiIKeH-
HSI YaCTOTHOI'O PO3IO/iTY OKPEMUX KJIITUH 3a/I€3KHO Bi
piBHs TM. 3aranbHa BUOipKa «<KOMET», SIKi 3yCTpivaancCh
B €KCIIepUMEHTI, OyJia MoAijeHa Ha ABaHaALaTh TPyI 3a
sHayeHHssMu TM, Bim 20 mo 260 3 kpokom 20 (Bif
MiHIMaJILHOTO 1O MaKCUMaJIbHOTO 3HaueHHsS TM). fk-
1o 3HauyeHHs TM JopiBHIOBAJIO TPAHUYHOMY — «KOMeE-
Ty» BIIHOCWIM [0 HAaCTyIHOi Tpymnu. J[OCTOBipHiCThH
pi3HMLI MiX psiiaMM JaHMX Ta HaIpsIMOM 3CYBY PO3-
noxainy 3HauyeHb TM pospaxoByBaiu 3a KputepieM Ma-
Ha-BitHi [31].

PE3VYJIBTATU TA OBTOBOPEHHA

Posnonin 3a nokazHukom TM, sikuii Oy10 3apeecTpoBa-
HO MicJis mpoBeIeHHsI o0poOKu pecTtpukTazoro Hpall
HeonpoMiHeHux JITIK moanHu (KOHTPOJIb), peACTaB-
JIEHO Ha puc. 2.

were electrophoresed 7 min. in TBE buffer at 4 °C,
voltage of 1 V/cm and amperage 200 mA.

To visualize the results, after electrophoresis,
slides without fixation were stained with 2 pg/ml of
DAPI (4’,6-diamidino-2-phenylindole, Sigma,
USA). the slides were analyzed with a fluorescent
microscope Opton Axioskop (Zeiss, Germany),
connected with a Canon EOS 1000 D camera.
A total of 100 randomly chosen nucleoids
(«comets») on each slide were examined using
image processing program ImagelJ (imagej.nih.gov)
with OpenComet plugin [29]. Tail moment (TM),
that bring together both the amount of DNA in the
«comet» tail and the length of the tail [30], was
chosen as a parameter to quantify the migration of
DNA into an agarose gel.

To estimate changes in global DNA methylation
we have studied the frequency distribution of indi-
vidual cells depending on their TM value.
According to TM the sampling of «comets» from
all variants was divided into eleven groups from 20
(minimum excremental value of TM) to 260 (ma-
ximum excremental value) with increment of 20. If
the value of TM was equal to the boundary index
then «comet» was referred to the next group.
Significance of differences between the data series
and trend of the distribution shift for TM values
was estimated by the Man-Whitney criterion [31].

RESULTS AND DISCUSSION

The distribution of TM values after digestion of
non-irradiated human peripheral blood lympho-
cytes (control) with restriction enzyme Hpall is
presented in Figure 2.
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PucyHoK 2. Po3nogin 3a noka3zHukom TM nicna 06po6ku pectpukrasoto Hpall HeonpomiHenux NINK niogunm

(KoHTpOJIb)

Figure 2. The distribution of TM values after digestion of non-irradiated cells (control) with Hpall
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AHani3 po3mnojiny, MpeACTaBJIeHUII Ha PUCYHKY 2,
CBiIUUTH, 110 cepen HeorpoMmiHeHux JITIK nepeBakanu
KJIITUHU, 9Ki (opMyBaId KOMETH i3 3HaUYeHHsIMHU TM B
mexax Big 20 go 80. Ciin Big3HAUYUTH, 1110 KOMET 3i 3Ha-
yeHHsIM TM Bix 160 (IT’SITh OCTaHHIX I'PYIT) BUSBJICHO He
oysio. OTpuMaHUil pe3yJbTaT CBIJUUTh IIPO BUCOKUIA
piBeHb MeTuitoBaHHs JIHK B iHTaKTHMX KJIiTMHAX, 11O
30iraeTbcs 3 giTepaTypHUMM gaHumMu [32, 33].

HonaBaHHSI acTakcaHTMHY 10 HeonpoMiHeHux JITTK
JIIOIVMHY MPU3BEJIO A0 CTaTUCTUYHO 3Hauyoro (p < 0,05)
3cyBy posnoginy TM (puc. 3). byno 3adikcoBaHo 3HU-
JKeHHS yacToT KoMeT B rpynax 3 TM 40 — < 60 ta3 TM
60 — < 80. Takox Oyu 3apeecTpoBaHi Kometr 3 TM Bin
180 mo 240, skux He O0yJ10 3a(hiKCOBAHO B MOMNEPEAHBOMY
eKCITepUMEHTI. 3CYB pO3IOIiJIy YV HAIPSIMKY 30iTbIIeH-
Hs 3HauyeHb TM BUSIBUBCS CTaTMCTUYHO AOCTOBIpHUM
(p <0,05). OckinbKM 3pOCTaHHS XBOCTOBOI YACTUHU KO-
METU € HaCHiIKoOM 30iJlblIEHHS CaWTiB BOi3HABaHHS
depmenty pectpuxiuii Hpall, orpmmanwmii pesymbsraT
CBiIYUTH MPO HASIBHICTh MOMYJISALIl KIITUH, B SIKMX J0-
JaBaHHS aCTaKCAHTHHY IIPU3BEJIO IO 3HIKEHHS PiBHS
metumoBaHHs JTHK.

Posmonin 3navens TM micas onmpomiHeHHS JTiM(o-
uuTiB B 1o3i 1,0 Ip Ta moganbiioi o6podKu pepmMeH-
TaMUW PECTPUKILi mpeacTaBieHuid Ha puc. 4. HaHuit
pPO3IOAIT CTATUCTUYHO OOCTOBIpHO BiIpi3HABCS SIK
Bim koHTpOoJbHOrO (p < 0,05), TaK i Bim OTpMMaHOTO TIiC-
JI1 noJaBaHHS acTakKCaHTUHY 10 HEONPOMiHEHMUX
JITIK (p < 0,05).

ITicis onpomineHHs JITTK cnocTtepiraaoch 30iableH-
Hs1 ymnciaa KoMeT B aianazoni TM Big 80 go 160 ta 3smMeH-
IIEHHS YacTOT KJIITUH B IMePIINX TPhOX rpynax (miama-
30H TM Bin 20 go 80). AHami3 3MiH pO3MOAiIy IToKa3aB
cratucTuyHO aoctoBipHe (p < 0,05) 36inbLICHHS YyKcaa

Analysis of the distribution, presented in Figure 2,
indicated that among non-irradiated PBL cells which
produced «comets» with TM values in the range of 20
to 80 were prevalent. It should be noted that «comets»
with a TM values from 160 (the last five groups) were
not detected. This result demonstrates the high level
of DNA methylation in intact cells and our findings
are consistent with the literature data [32, 33].

The treatment of non-irradiated human peripheral
blood lymphocytes with astaxanthin resulted to a sta-
tistically significant (p < 0.05) shift of TM distribution
(Figure 3). There was a decrease in the frequency of
«comets» with TM 40 — < 60 and TM 60 — < 80.
Moreover, the «comets» with TM from 180 to 240,
which were not detected in the previous experiment,
were registered as well. The shift of the distribution
has statistically significant (p < 0.05) tendency to
increasing TM values. Considering that the growth of
the comet tail is due to the increase in the sites of
recognition of Hpall, the received data indicates the
presence of a cell population in which the astaxanthin
treatment reduces the level of methylation of DNA.

The distribution of TM values after irradiation of
lymphocytes in a dose of 1.0 Gy and further diges-
tion with restriction enzyme is presented in Figure 4.
This distribution was statistically significantly dif-
ferent from the control (p < 0,05) and the one
obtained after treatment with astaxanthin of non-
exposed PBL (p < 0.05).

Afterirradiation of PBL, an increase in the number
of comets in the range of TM from 80 to 160 and a
decrease in the frequencies of cells in the first three
groups (TM range from 20 to 80) was observed. The
analysis of distribution changes showed a statistically

30
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PucyHok 3. Po3nopin 3a nokasHukom TM nicna foaaBaHHA acTaKCaHTUHY A0 HeonpoMiHeHux JINMK nioguum
Figure 3. The distribution of the TM values after treatment of non-irradiated lymphocytes with astaxanthin
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Figure 4. The distribution of TM after PBL irradiation in a dose of 1.0 Gy and further digestion with Hpall

KOMET 3 BUCOKUM piBHeEM TM, sSIK 110 BiIHOILIEHHIO 10
KOHTPOJIIO, TaK i IIpM JOJaBaHHI aCTaKCaHTUHY 110 He-
OIPOMiHEHUX JTiM(OIIUTIB.

Bigmomo, o aig IB B po3i 1,0 Ip npuzBoauTh 10 BU-
HuKHeHHS npruoan3Ho 1000 ogHomaHIorosux ta mo0 40
nBonaHiorosux po3pusiB JJHK nHa ximituny [34]. Cnu-
paroyuch Ha JaHi 1oao 30inbmeHHss TM miciasg or-
pomiHeHHsa [20] Ta BpaxoBytouu, mo Hpall € npibHo
PiXKY4Ol PEeCTPUKTA301, MOXEMO MiATH BUCHOBKY, 1O
3cyB posnoniny TM micaa onpominenHs JITIK Biporin-
HO MOB’sI3aHMIA caMe 3i 3MEHILIEHHSIM 3araJlIbHOro PiBHS
metumoBaHHs JTHK, 1110 y3romkyeTbcs 3 JliTepaTypHU-
MU gaHuMu [16].

Oopooka JITIK acrakcaHTMHOM Ta MOAAJbIlIe OIl-
POMiHEHHSI MPU3BEJIO 10 3MEHILEHHS YUCEIbHOCTI KO-
met 3 TM Big 20 go 80, HaToMicTb OyJio 3ahiKCOBaHO
3pOCTaHHS YaCcTOTU KIITUH, AKi (hDOpMyBaJil KOMETH 3
TM Bix 80 mo 160 (puc. 5). Po3mnozin 3a MoKa3HUKOM
TM Bkaszye Ha CTAaTUCTUYHO 3HAUYILE 30ibILIEHHS MYy
ONMPOMiIHEHUX KJITHMH 3i 3HMKEHUM pPiBHEM METUJIIO-
BaHHg JIHK mopiBHSIHO 3 JaHMMWU, OTPUMAHUMM OJIsI
JITIK, mo 3a3Hanu Aii pamialiii 6e3 gomaBaHHS acTak-
cantuny (p < 0,05).

OTtpuMmaHi pe3yabTaTh AOCTiIXKEHHS CBiAYaTh, 110 ac-
TaKCAaHTUH TIPU3BOJUTH OO0 BipOTigHOr0 3HUXEHHS
piBHs 3araiabHoro MetuatoBaHHs JHK gx B Heorm-
pOMiHEHMX, TaK i B ONMPOMiHEHUX KJIiTWUHaX. Bimomo,
mo riaobanbHe rinometunoBaHHsa JIHK e xapakrep-
HOIO 03HAKOIO OHKOJIOTiYHOI TpaHcdopMaliii, 1o CyII-
POBOJIXYETHCSI aKTUBALIIEI0 OHKOTEHIB i OJIOKYBaHHSIM,
3a PaxyHOK JIOKYC-CITeIM(piuHOTro TinepMeTUJIIOBaHHS,
reHiB cynpecopiB nyxjguH [10, 35]. OmHak, npu
JOCJIIIXKEHHI BJIaCTUBOCTE acTaKCaHTUHY, Y KapOTU-

significant (p < 0.05) growth of comets with a high
level of TM compared both with untreated and trea-
ted with astaxanthin non-irradiated lymphocytes.

It is known that y-irradiation in a dose of 1.0 Gy
induces about 1000 single-stranded and up to 40
double-stranded DNA breaks per cell [34]. Based
on the data concerning the increase of TM after
irradiation [20] and taking account that Hpall is a
frequent-cutter restriction enzyme, we can con-
clude that distribution shift of TM after PBL irra-
diation is evidently associated with decrease in the
level of global DNA methylation, which is consis-
tent with the literature data [16] .

The treatment of PBL with astaxanthin and sub-
sequent irradiation resulted to decrease in the num-
ber of «comets» with TM from 20 to 80, whereas the
increase in the number of cells that formed comets
with TM from 80 to 160 was observed (Fig. 5).
Distribution of the TM values indicates a statistical-
ly significant increase in the pool of irradiated cells
with a reduced level of DNA methylation compared
with the data obtained for PBL exposed to radiation
without astaxanthin treatment (p < 0.05).

The results of our study indicate that astaxan-
thin causes an evident reduction in the level of
global DNA methylation in non-irradiated and
irradiated cells. It has been established that the
global DNA hypomethylation is a hallmark of
oncological transformation, which is associated
with activation of oncogenes and silencing, due to
locus specific hypermethylation, genes of sup-
pressor tumors [10, 35]. However, according to
the data concerning astaxanthin properties, the
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Figure 5. The distribution of TM after y-irradiation of PBL treated with astaxanthin and further digestion

with Hpall

HOixy He OyJ10 BigMiueHO KaHLieporeHHoi nii. HaBmaku,
aCTaKCaHTUH aKTUBHO iHTiOye mpouticdepallito OHKOT-
paHC(hOpPMOBAHUX KJIITMH i aKTMBYE B HMX MOpPOLIECHU
arnornrosy [36—39].

3Baxkarouy Ha arloNTOIeHHi BJIACTUBOCTI acTaKCaHTH-
HY, SIKi MPOSIBJISUTMCS MPU oIlpoMiHeHHi KyaeTyp JITTK
Ha Gy cTafgii KJIITUHHOIO LMKJY IO BiJHOIIEHHIO I0
KIIITUH 3 CcyOJieTalbHUM PiBHEM IMOIIKOIKEHb T'€HOMY
[17], Ta BigcyTHICTh Yy acTaKCAHTHUHY KaHLIEPOT€HHOI i,
MOXHa TPUIYCTUTH, IO HOro 3JaTHICTh 3HIKYBaTHU
piBeHb MetwmoBaHHs [IHK moB’s3aHa 3 101aTKOBOIO
aKTHBAallil0 T'€HiB, Ki OepyTh ydyacTb B PEryJsiiii Mmpo-
1IeCiB KJIITUHHOTO MOAiIY Ta KIITUHHOI 3aruoeni i 3Ha-
XOISThCSI B HEAKTUBHOMY CTaHi 32 paXyHOK METHJIFOBaH-
He. e mpuryiieHHs T0TpeOye ITOAAIbIIIOr0 BUBYCHHS.

BUCHOBKHA

AcTakcaHTUH y KoHueHTpalii 20,0 MKT/MJT MPU3BOAUTH
JT0 3HMXKEHHS piBHS ri100anbHoro MetuitoBaHHs JJTHK B
OIPOMIHEHHUX in Vitro Ta HEONMPOMiHEHMX JiM(pOoIUTaX
JIIOJIMHU, 11O CBiMYUTb MIPO MOT0 3JaTHICTh BILIUBATU Ha
eIireHeTUYHI MeXaHi3M1 KOHTPOJII0 TEHHOI €KCITpecii.
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carcinogenic effect of the carotenoid was not
detected. On the contrary, astaxanthin heavily
inhibits proliferation and induces apoptosis in
cancer cells [36—39].

In view of apoptogenic properties of astaxanthin
against the cells with a sublethal level of genome
damage manifested when PBL cultures were irra-
diated at the Gy stage of the cell cycle [17] and the
absence of its carcinogenic action, it can be
assumed that astaxanthin ability to reduce the level
of DNA methylation is associated with additional
activation of genes that regulate processes of cell
division and cell death and are inactive due to
methylation. This assumption requires further
research.

CONCLUSION

Astaxanthin in concentration of 20.0 pg/ml reduced
the levels of global DNA methylation both in irradi-
ated in vitro and native human lymphocytes. It sug-
gests that astaxanthin has an effect on mechanisms
of epigenetic regulation of gene expression.
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