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JOCIIIKEHHA BILJINBY ACTAKCAHTUHY HA PO3BUTOK
TEHOMHOI HECTABLJIbBHOCTI B JIIM®OIIUTAX
INEPU®EPUYHOI KPOBI JIIOJJUHU, OITPOMIHEHUX

IN VITRO HA G2 CTAIII KJIITUHHOT'O IIUKJTY

MeTa: BM3HaYeHHS MOXNMBOCTI MoaMdikaLii acTaKCaHTUHOM piBHA iHAYKOBAHMX raMMa-KBaHTAMMU MOWKOAXKEHb re-
HOMY B KynbTypi niMcouuTiB nepudeprnyHoi KpoBi NtOJMHM, ONPOMiHEHOT in vitro Ha nocTcuHTeTUYHIN (G2) cTapii nep-
LWOro MiTOTUYHOTO LUKJY.
Marepuan i metogu. Jlimbounutv nepudepmyHoi KpoBi YOTUPLOX YMOBHO 340POBMX BONOHTEPiB BikOM 35-51 pokiB
KYJIbTUBYBANN 33 MOANGDIKOBAHUM MiKpOMeTOAoM. [ns BU3HAYEHHS MOWKOAMXEHb reHoMy Ha Gz cTapii MiTOTMUYHOTO
LMKy YaCTMHY KyNbTyp OMPOMiHIOBaNM raMma-kBaHTamu B fo3i 1,0 p Ha 46-1 roanHi KynbTuBYyBaHHA. HeonpomiHeHi
KYNIbTYPU CAYryBanu KOHTPosieM. ACTaKCaHTUH B KiHLEBiil KOHLeHTpaLii 20,0 MKT/MN BBOAWAM B KYIbTYpU NiMdOLMTIB
nepes onpoMmiHeHHAM. [IpOBOAMAYN LUTOTEHETUYHUIA aHaNi3 piBHOMipHO 3abapBneHnx npenapariB MeTaa3HUX Xpo-
MOCOM, BU3HAYaAW 4acToTy abepaLiit XpOMAaTUAHOTO Ta XPOMOCOMHOTO TUMiB. 33 LOMOMOrOK METOLY eneKTpodopesy
okpemux knitnH (Comet assay) ouiHioBanu BigHoCHMIA piBeHb nowkomkeHb IHK (nokasHuk «Tail Moment») Ta yacto-
Ty aNONTUYHMUX KNITUH (KNiTUHKM 3 BUCOKMUM piBHeM dparmenTauii JHK).
Pe3ynbratu. CepefHborpynosi 4acTotu abepaliili XxpOMOCOM NpW raMMa-onpoMiHeHHi nimdouunTiB in vitro nepesunuLy-
Ba/IM Taki 6e3 onpoMiHeHHs i cTaHoBMAN 72,35 + 1,17 Ta 2,46 + 0,30 Ha 100 meTadas, BignosigHo (p < 0,001), nepe-
BAXHO, 3@ paxyHok abepauiit xpomatugHoro Tuny (58,32 + 1,29 Ha 100 meTacdas). [lofaBaHHA acTaKCaHTUHY nepep
ONPOMiHEHHAM NiMbOLMTIB He NPU3BENO 0 3MiHUM AK YACTOTM XPOMOCOMHUX nopylweHb (71,54 + 1,34 Ha 100 meTa-
da3), Tak i cnekTpy abepauiii — npeBanioBanu Takox abepauii xpomatugHoro Tuny (58,47 + 1,47 Ha 100 meTadas).
BcTraHoBMAM 3pocTaHHA nokasHuka «Tail Moment» npu onpomiHeHHi nimcbouutie (3 3,84 + 0,36 o 12,06 + 1,88,
BiANOBiAHO, p < 0,001) Ta BiACYTHICTb CTAaTUCTUYHO 3HAYYLLOrO BNAWNBY aCTAaKCAHTUHY Ha Lei NOKa3HUK B ONPOMiHe-
HUX nimdoumTax (8,96 + 2,39, p > 0,05), TO6TO acTaKCaHTUH He 3MiHIOBAB BiJHOCHWI PiBEHb pafiaLlinHO-iHAYKOBAHUX
nowkoaxeHb JHK. He 6yno BusBneHo Takox anonToreHHoi Aii acTakcaHTUHY: YacTOTH anonTUYHUX KNiTUH CTaHOBK-
nm (2,25 + 1,49) % B KynbTypax iHTaKTHUX NiMdouuTis, (2,08 + 1,54) % B onpomiHeHnx kynbtypax i (1,78 + 1,25) % —
NP1 CYMicHiA Aii raMma-onpoMiHeHHsA Ta acTakcanTuHy (p > 0,05). Ha BigMiHy Bif BCTaHOBNEHOT HaMK paHille reHon-
POTEKTOPHOT Aii acTaKCaHTMHY Ha NiMbounTh nepudeprnyHoi KpoBi NloauHK, wo 6ynu onpoMiHeHi Ha cTaaii cnokoto
(Go), oTpMMaHi aaHi cBigyaTh Npo BiACYTHICTb NOAIGHOrO edekTy nicns onpomiHeHHs niMbounTiB Ha G, cTaii KNiTUH-
HOTO LMKy.
BucHOBKM. B pamkax BUKOHAHOTO AOCNIAXEHHSA He BCTaHOBNEHO MOANGIKYIHOro (3aXMCHOT0) BNAKUBY aCTaKCAHTUHY
Ha papialiiHo-iHOYKOBAHY reHOMHY HeCTabiNbHICTb NPU ONPOMIHEHHT KynbTypu NiMQoLUTIB nepudepruyHoi KpoBi
NIOAVHN raMmMa-KkBaHTamu B £o3i 1,0 [p Ha nocTcuHTeTMYHIN (G2) cTaaii nepworo MiTOTUYHOTO LUKY.
KniouoBi cnoBa: actakcaHTuH, KynbTypa niMbouunTtie nepudepnyHoi Kposi NtogunHu, abepalii xpomocom, Comet assay,
nowkomxeHHa AHK, anonTos, pagionpoTeKTopHUit edekT.
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Study the impact of astaxanthin on developing of genomic instability in human
peripheral blood lymphocytes irradiated in vitro on G; phase of cell cycle

Objective. To identify the possibility of modification by astaxanthin the level of genome damages induced by
gamma quanta in the culture of human peripheral blood lymphocytes exposed in vitro on postsynthetic (Gz) phase
of the first mitotic cycle.
Materials and methods. Peripheral blood lymphocytes from four apparently healthy volunteers 35-51 years old
were cultivated using modified micromethod. To obtain genomic damages in G, phase of the first mitotic cycle the
part of cultures was irradiated by y-quanta in dose 1.0 Gy through 46 hours of cultivation. Astaxanthin in final con-
centration 20 pg/ml was exposed to lymphocytes’ cultures before the irradiation. Cytogenetic analysis the uniform-
ly stained slides of metaphase chromosomes was carried out to determine the frequencies of chromosome and chro-
matid types of aberrations. Using the method of individual cells electrophoresis (Comet assay) the relative level of
DNA damages (Tail Moment index) and the frequency of apoptotic cells with high level of DNA fragmentation were
evaluated.
Results. Mean-group frequencies of chromosome aberrations after gamma irradiation of lymphocytes in vitro exceed-
ed those without radiation exposure and were 72.35 + 1.17 and 2.46 + 0.30 per 100 metaphases, respectively
(p < 0.001), mainly due to chromatid type of aberrations (58.32 + 1.29 per 100 metaphases). Adding of astaxanthin
into culture medium before the irradiation did not result in changes as in the frequency of chromosomal damages
(71.54 + 1.34 per 100 metaphases) as in the spectrum of aberrations — also prevailed chromatid type of aberrations
(58.47 + 1.47 per 100 metaphases). The increase of Tail Moment index after radiation exposure (from 3.84 + 0.36 to
12.06 + 1.88, respectively, p < 0.001) and lack of significant impact of astaxanthin on this index in the irradiated lym-
phocytes (8.96 + 2.39, p > 0.05) was established, ie astaxanthin didn’t change the relative level of radiation-induced
DNA damages. Also apoptogenic effect of astaxanthin was not found: frequency of apoptotic cells were (2.25 + 1.49) %
in cultures of intact lymphocytes, (2.08 + 1.54) % in irradiated cultures and (1.78 + 1.25) % under joint action of
gamma radiation and astaxanthin (p > 0.05).
Conclusions. No impact of astaxanthin on genomic instability induced by gamma irradiation in vitro in cultures of
human peripheral blood lymphocytes on postsynthetic (Gz) phase of first mitotic cycle had been established.
Key words: astaxanthin, culture of human peripheral blood lymphocytes, chromosome aberrations, Comet assay, DNA
injuries, apoptosis, radioprotective effect.
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BCTVYII
Bepyun no yBaru peaii cbOromeHHs, 110 ITOB’sI3aHi He
TIJIBKU 3 PO3IIMPEHHIM chepr BUKOPUCTAHHS i0HI3YIO0-
YUX BUIIPOMiHIOBaHb B IPOMUCIOBOCTI Ta MEIMIIMHI,
ajie 1 3 MOXJIMBICTIO SIIEPHUX aBapiid i 3arpo3010 siep-
HOT'O TepPOPU3MY, aKTyaIbHOIO MPOOJEMOI0 3aJUIIAETh-
CsI MOIIYK 3ac00iB MPOMiTaKTUKY Ta JIIKyBaHHS paHHIX i
BilTaIeHUX TPOMEHEBUX YIIKOXKEHb Y JIIOMWUHU 32 J10-
MOMOTO0I0 e(heKTUBHUX Palio3aXVCHUX CIONYK, OaxkaHO
MPUPOIHOTO ITOXOIKEHHSI.

Hamu 3 2015 p. po3moyaTi JOCHTiIXEHHS T€HOM-
POTEKTOPHOI il acTaKCaHTUHY (KapOTUHOiaa 3 Tpy-
o1 KcaHTO(iniB), KpPUTEPisIMU $SIKOI € LIMTOreHe-

INTRODUCTION
Taking into account today’s realities, not only
related with the expansion of the use the ionizing
radiation in industry and medicine, but also with
the possibility of nuclear accidents and the threat
of nuclear terrorism, the actual problem is the
search for means of prevention and treatment of
early and remote radiation damages in human
using effective radioprotective compounds prefer-
ably of natural origin.

Since 2015 we started research concerning possi-
ble genoprotectiv action of astaxanthin (carote-
noid from group of xanthophylls), criteria of which
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TUYHI Ta MOJEKYJISIpHO-TeHETUYHI MOKa3HUKHN OC-
JlaGJeHHS pafialliiHO-1HAYKOBAHUX MOLIKOAXKEHb Ie-
HOMY [1-3].

B nmonepenHix 1ocmiakeHHSIX HaMu OyJIo BCTAHOBJICHO,
1110 aCTaKCAaHTUH B KiHIIEeBill KoHueHTpalii 20,0 MKr/MJ
npu il Ha JTiMGOLUTU nepudepruyHOi KPOBi JIOAUHHU,
oIpoMiHeHi Ha cTazmii crmokoo (Gy) TaMMa-KBaHTaAMU B
no3i 1,0 Ip, mpu3BOAUTH OO0 CYTTEBOTO 3HMKEHHS
pafgioiHAYKOBAHOTO LIMTOTEHETUYHOIO e(PEeKTy Ta 3HAU-
HOTro 3pOCTaHHSI YaCcTOTH ANONTUYHMX KIITHH, IO
CBiJUUTH MpPO MOTO TOTYXHUK pamio3aXUCHUI I1O-
teHwian [1, 2].

Pazom 3 TUM, MOXJIMBICTh aCTAKCAHTHUHY BIUIMBATH Ha
peaJizallio paaioiHayKOBaHOI FeHOMHO1 HeCTa0iIbHOCTI
Ha G, cTamil KINITUHHOTO IINKITY 3a7UIIAEThCS HEBU3HA-
YeHOI0, X04Ya caMe Ha 1l cramil TeHOM COMaTUYHUX
KJIITUH JIIOAWHU € HAWOUIbII YYTJIMBUM A0 PYHHIBHOTO
BIUIMBY iOHi3ylI04OrO BUMIPOMIiHIOBaHHS B 3B’SI3KYy 3i
3MEHIIEHHAIM pernapawuiifHoi akTuBHOCTI [4—6].

META

Meta poOGOTM — BHU3HAYEHHS MOXJIMBOCTI MO-
nudikalii acTaKCAaHTUHOM pPiBHS IHIYKOBAHUX TaM-
Ma-KBaHTaMM IOIIKOMIXEHb F€HOMY B KYJBTYpi JiM-
(ouuTiB nepudepruyHOi KPOBi JIOAUHU, OTIPOMiHEHOT
in vitro Ha MOCTCUHTeTUYHIN (G2) cTamii mepuUIOro Mi-
TOTUYHOI'O LIMKITY.

711 TocsSITHEHHSI METU BUKOPHCTaHO KOMOiHAIlil0 Me-
TOiIB KJIACUYHOTO LIMTOT€HETUYHOTO Ta MOJEKYJISIPHO-
reHetuyHoro (Comet assay) aHali3iB, IO AA€E MOX-
JIMBICTb OLIHUTU TPOLECH, SIKi BiTOyBalOThCS B KJIITUHI
SIK Ha XpOMOCOMHOMY, TaK i Ha MOJIEKYJIIPHOMY PiBHSIX,
a TaKOXX BU3HAYUTU allONTOreHHY aKTUBHICTh aCTaKCaH-
TUHY, KA € OJHIi€I0 3 OCHOBHMX 3a(iKCOBaHMUX HaMH
ocobimBocTeit tioro mii [1-3].

MATEPIAJIN TA METOJIU
Hns pocnigkeHb BUKOPUCTAIM 3araJbHOOPUKUHSATY
TECT-CUCTEMY — KYJBTYpY JIM(MOIUTIB mepudepnaHoi
KpOBi, ofiepXKaHy Bill YOTUPHOX YMOBHO 3JI0POBUX BO-
JIOHTePiB (2 XKiHOK, 2 4OJIOBiKiB) BikoM 35—51 pokiB, ce-
penHiii Bik — 43 poku, sIKi 3ariepevyyBajiy CBiTOMUIA KOH-
TaKT 31 3HAHUMHU YU TTOTEHUIMHUMM MyTareHaMu, BeJIn
3I0pOBUI criociO XuTTsA. Bci ocodbu Oynu 3amydeHi 10
00CTeXeHHS 32 YMOB MTOiH(MOPMOBAaHOI 3rOIN.
KynabTuByBaHHS AiM(MOLUTIB MPOBOAMUIMU MPOTIToM 48
roj 3a Moan@ikoBaHUM HAMU CTaHIAPTHUM MiKPOMETO-
aoMm [7]. g oTpuMaHHS MOIIKOMXEHb reHoMy Ha G
cTalii MITOTUYHOTO LIMKJTY YACTUHY KYJIBTYP OMPOMiHIO-
BaJlM TaMMa-KBaHTamMu BuIllpoMiHioBaueM I[BL-237C
(motyxHictb 2,34 Ip/xB) B no3i 1,0 Ip Ha 46-i1 ToguHi

considered cytogenetic and molecular-genetic
indicators of weakening radiation-induced
genome damages [1-3].

In previous studies we found that astaxanthin in
final concentration 20.0 mg/ml under the action
on culture of human peripheral blood lymphocytes
irradiated by gamma quanta in dose 1.0 Gy on
early presynthetic (Go) phase of mitotic cycle led
to substantial reduction of cytogenetic effect and
to considerable growth the frequency of apoptotic
cells, which testified its powerful radioprotective
potential [1, 2].

However, the ability of astaxanthin to affect the
realization of radiation induced genomic instabili-
ty in the G, phase of the cell cycle remains uncer-
tain, although precisely in this phase the genome
of human somatic cells is most sensitive to the
damaging effects of ionizing radiation due to a
decrease in reparation activity [4—6].

OBJECTIVE

The aim of our study is the investigation the possi-
bility of modification by astaxanthin the level of
genome damages induced by gamma quanta in the
culture of human peripheral blood lymphocytes
exposed in vitro on postsynthetic (Gz) phase of the
first mitotic cycle.

To achieve this aim we used combination of two
techniques — classical cytogenetic and molecular
genetic (Comet assay) which allowed to evaluate
processes occurring in the cell both on chromoso-
mal and molecular levels and also to determine
apoptogenic activity of astaxanthin, which is one
of the major peculiarities of its action established
by us [1-3].

MATERIALS AND METHODS
For cytogenetic investigations was used conventional
classical test system — the culture of peripheral blood
lymphocytes obtained from 4 conditionally healthy
volunteers (2 female, 2 male) aged 20—51 years old,
average age — 43 years, who denied conscious con-
tact with well-known or potential mutagens, lead a
healthy lifestyle. All persons were involved in exami-
nation under conditions of informed consent.
Cultivation of lymphocytes was performed with-
in 48 hours using modified by us standard
micromethod [7]. To obtain genomic damages in
G phase of the first mitotic cycle the part of cul-
tures was irradiated with gamma quanta by emitter
IBL-237C (dose-rate 2.34 Gy/min) in dose 1.0 Gy
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KyJBTUBYBaHHS. AcTakcaHTHH (Sigma, USA) B KiHIIeBiit
koHueHTpauii 20,0 MKT/MII, BU3HAYEHIl Iim Jyac Biac-
HUX TIOTIepeaHIiX IOoCHiaXKeHb [1], BBOAWINU B KyJIbTYpU
niMdonuTiB nepen omnpomiHeHHsAM. HeompomiHeHi
KYJIBTYPHY CIYTYBJIM KOHTPOJIEM.

ITpu LUTOreHEeTUUHOMY aHaJli3i BpaxoByBau BCi abe-
paiii xpomMatTugHOTO (OAWHOYHI (pparMeHTH, Xpoma-
TUAHI OOMiHM) i XpOMOCOMHOTO (BiJIbHi MapHi (hpparMeH-
TM, allCHTPUYHI KiJbLs, JULUEHTPUYHI Ta KiJbLEBi Xpo-
MOCOMM, aHOMaJibHi MOHOLIEHTPUKU) TUMIiB, SIKi
BIpOrigHO MOXHAa pO3Mi3HATU IIPU I'PYINOBOMY KapioTu-
MyBaHHi Ha piBHOMipHO nogapOoBaHUX MperapaTax Me-
TaazHUX XpoMocoM [8].

s BU3HAYEHHST BiZHOCHOTO PiBHSI ITOLLIKOIXKEHHS
JHK i yacTtoTu amonto3y BUKOPUCTOBYBAIU METO/,
ejexkTpodopedy okpemux KiituH (Comet assay) [9—11].
KynerypanbHy cyMimn neHTpudgyryBaiu mnpoTsroMm 10
xBuiH 1ipu 1000 06/xB. 3HiManM BepXHill 1ap KJIITUH
Hazg ocagoM (100 MKJT) Ta TPOBOIVIIN BUAIIEHHS JIEHKO-
uTiB y rpagienTi miasHocTi Histopaque 1077 (Sigma,
USA) 3rigHo 3 mpoTokojoM BUpoOHMKa. CycreH3ito
KJITUH 3MimyBanu 3 1 % JerkomiaBKol arapo3oro
(SIGMA USA) ripu 37 °C. [IpurotyBaHHS CJIaiIiB i TTpO-
BeJIeHHsI HEHTPaJIbHOTO KOMETHOTO eJIeKTpodopesy mpo-
BOIWIM 3a 3arajbHOMNpUiiHATOI0 MeTomukoro [10, 11].
ITicnsa enextpodopesy npenapatu dapoysaiu DAPI
(4’,6-diamidino-2-phenylindole) B KOHLIEHTpaLIii 2 MKT/MJI
Ta aHaji3yBajau Iia (QIIOOPECHEHTHUM MiKpPOCKOIIOM
Axioscop (Opton, Germany), 3’enfHaHUM 3 ¢poToanapa-
toMm Canon EOS D1000. 300paxeHHs1 aHami3yBaau 3a
nJornoMorolo mporpamu Image J (imagej.nih.gov) 3 BUKo-
puctanHsam 1iariny OpenComet [12]. B sikocTi mapa-
METPY I BU3HAYECHHSI BiTHOCHOTO PiBHS ITOLIKOIKEH-
Hsa JIHK BuxkopucroByBaiu nmoka3Huk «Tail Moment».
ATUNOBI KOMETHU, SIKi YTBOPIOKOTHCS 3 KJIITUH 3 BUCOKUM
piBHeM ¢dparmenTanii JJHK i BimoOpaxKyoTh armomnTud-
HUI CTaH, aHali3yBall OKPEMO.

CratucTUYHY OOpOOKY JHaHUX MPOBOAWIU 3a 3aralib-
HOTIpUIHITUMA MeTogamu [13].

PE3VYJIBTATU TA OBTOBOPEHHn

B pesynbraTi IpoBeneHNX TOCTiIKEeHb BCTAHOBUIIN, 1110
(oHOBa cepeaHBOTPYIIOBA YAacTOTa abepaHTHUX MeTa-
(az i abepaliii xpomocoM B JlimdonuTax nepudepuaHoi
KpoBi ckiagana 2,46 = 0,30 ma 100 kjitmH 3
MiXiHAUBinYyaTbHUMU KOJMBaHHSIMM Bif 1,33 1o 3,02 Ha
100 meTtada3s Ta BiAmmoBigaza cepeIHLOIIOMYIISiITHOMY
piBHIO oka3Huka [8]. IMomkomkeHHSI XpoMOCcOM OyIu
MpeAcTaBlieHi MepeBaXXHO OAWHOYHUMM 1 IMapHUMH
anleHTpudyHuMu pparmentamu (1,60 + 0,28 ta 0,97 £
0,22 na 100 meracda3s, BinmoBimHO).

after 46 hours of cultivation. Astaxanthin (Sigma,
USA) in final concentration 20 pg/ml selected
during own previous study [1], was added to cul-
ture medium before the irradiation. Non-irradiat-
ed cultures served as the controls.

During cytogenetic analysis all aberations of chro-
matid (single fragments, chromatid exchanges) and
chromosome (free double fragments, acentric rings,
dicentric and ring chromosomes, abnormal mono-
centrics, inversions, insertions) types were regis-
tered. These chromosomal abnormalities were clear-
ly recognized by group karyotyping of uniformly
stained slides of metaphase chromosomes [8].

To determine the relative level of DNA damages
and frequency of apoptosis the method of individ-
ual cells electrophoresis (Comet assay) was used
[9—11]. The cultural mixture was centrifuged dur-
ing 10 min at 1000 rev/min. Top layer above the
sediment cells (0.75 ul) was collected and isolation
of leukocytes was performed with Histopaque 1077
density gradient (Sigma, USA) according to the
manufacturer protocol. The suspension of cells was
mixed with 1% low-melting agarose (Sigma, USA)
at 37 °C. Preparation of slides and neutral comet
electrophoresis was performed by standard method
[10, 11]. After electrophoresis the slides were
stained by DAPI (4’,6-diamidino-2-phenylindole)
in concentration 2 pg/ml and analyzed under fluo-
rescent microscope Axioscop (Opton, Germany)
connected with Canon EOS D1000 camera.
Images were examined using image processing pro-
gram Image J (imagej.nih.gov) with Open Comet
plugin [12]. «Tail Moment» index was used as a
parameter for evaluation of relative level of DNA
damages. «Atypical comets» which formed from
cells with high DNA fragmentation and reflected
the apoptotic state were analyzed separately.

Statistical data processing was carried out by
generally accepted methods [13].

RESULTS AND DISCUSSION

As a result of the research was determined that
background mean-group frequency 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, which corresponded to the average
value in population [8]. Chromosome damages
were represented mainly by single and double
acentric fragments (1.60 £ 0.28 and 0.97 + 0.22
per 100 metaphases, respectively).
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TamMma-onpoMiHeHHST KyJbTYpH JiM¢oLuUTiB B 103i 1,0
Ip Ha G; cTagii MIiTOTUYHOTO LIMKJIIY IPU3BEJIO 10 3pOC-
tanHg (p < 0,001) cymapHOi 4aCTOTH XPOMOCOMHHMX TT0-
pylieHb (3 MiXIiHIWBIAyaJbHUMU KOJMBAHHSIMU BiJ
54,22 £ 2,96 0o 97,22 £ 0,96 abepauiiit Ha 100 meTadas
npu 72,35 = 1,17 Ha 100 meTtacda3s no rpyIi B cepeaHbO-
My), TIepeBaXkHO 3a paxXyHOK abepalliii XpoMaTHUIHOTO
Tuny (OOMHOYHUX (pparMeHTiB Ta XpPOMaTUIHUX
OOMiHiB) 3 MiXiHAWBiAyaJJbHUMU KOJWBAHHSIMU Bil
42,95 £ 2,93 no 72,22 + 2,63 mipu 58,32 = 1,29 na 100
meTtadas 1o rpymni B cepeaHboMy. Adepaliii XpoOMOCOM-
HOTO TUITy OYJIM IpeaCTaBlIeHi, B OCHOBHOMY, MapHUMM
(bparMeHTaMu, cepeqHbOrpynoBa yactora ikux (13,76 £
0,90 Ha 100 meTagas) Takoxx nepesuurysaia (p < 0,01) He
TUIBKHM iX poHOBUIi piBeHb (0,96 £ 0,21 Ha 100 MmeTadas),
ajie 1 Takuil mpu Aii pamialiii B Tiit ke mo3i Ha Gy cTamii
KJiTuHHOTO MKy (6,47 £ 0,70 na 100 meradas) [2].
VY nBox ocib 3adikcoBaHo mosiBy auLieHTpuKiB (0,26 Ta
0,97 ma 100 meracda3, BiAMOBIZHO), HASIBHICTh SIKHNX
MOXHa TOSCHUTU IIOCTYIIOBOIO JIECUHXPOHi3alli€ro
KYyJIBTYpH JIiM(OUUTIB, 3aBASIKA YOMY A€SIKi KJIITMHU 3
TULEHTPUIHUMUA XPOMOCOMaMU MOIJIM OTPUMATH pa-
nianifiHe HaBaHTaXKeHHS, 3HAXOAI4YNCh Ha CUHTETUYHIN
(S) cTanii KINITUHHOTO LIMKITY.

MixiHIMBiTyaJbHI KOJWBAaHHS 4acTOT abepaHTHUX
MeTtacdas cranoBwin Bim 40,0 £ 3,03 go (61,11 £2,87) %
i B cepeqHbpoMy ckiamanu (46,72 + 1,48) %. B ycix obc-
TEXXEHMX 0Ci0 yacToTa XpOMOCOMHUX abepalliii mepeBu-
IIyBaja 4acTOTy aOepaHTHUX KIIITWH, 3aBASIKA YOMY Ce-
peoHBOTPYIIOBA YacToTa abepalliii Ha OOHY abepaHTHY
KJIITUHY nopiBHIOBana 1,54.

JlogaBaHHSI acTaKCaHTUMHY Iepel ONPOMiHEHHSIM
KYJBTYp He MPHU3BEJIO A0 CYTTEBUX 3MiH SIK CyMapHOI
4acTOTH XpOMOCOMHUX mnopyueHb (71,54 = 1,34 Ha
100 meTada3 mo rpyIi B cepeAHbOMY), TaK i CIIEKTPY
abepaniit (puc. 1) — mpeBaOBadM TaKoxX aOepalii
XpPOMAaTUIHOTO TUITY (OAMHOYHI hparMeHTH Ta XpoMa-
TUAHI OOMiHM) i3 CYMapHOIO CEepeaHbOIPYNOBOIO Yac-
totoio 58,47 + 1,47 na 100 meTtadas. Adepailii XpoMo-
COMHOTO TUITY Oy/IU IMpeacTaBiAeHi MapHUMU (pparMeH-
TaMM, CepelHbOTpymoBa yactora skux (12,94 + 0,99
Ha 100 meTacdai) maiixke He 3MmiHuaach (p > 0,05). Ta-
KMM YMHOM, aCTaKCaHTMH He BIUIMBAaB Ha LIMTOTEHE-
TUYHUIN e(eKT, iHIYKOBAaHUI B KYyJbTYpi JiM(pOLUTIB
JIIOOWHU, omnpoMiHeHilh Ha Gy cTalii MITOTMYHOTO
LUKITY.

IlopiBHsJIbHA XapaKTepUCTUKA KiJIbKIiCHUX I1O-
Ka3HMKIB Aii acTaKCAaHTUHY Ha XPOMOCOMHIi MOpy-
IIEHHS, iHAYKOBaHI ramMMa-KBaHTaMU in vitro Ha
Gy ta G, cTagisgx KJIITUHHOTO LIMKJY, HaBeJdeHa Ha
puc. 2.

Gamma irradiation of lymphocytes’ cultures in
dose 1.0 Gy on G, phase of mitotic cycle increased
(p<0.001) the total frequency of chromosomal
damages (with interindividual variations from
54.22 £2.96 till 97.22 £ 0.96 per 100 metaphases
at 72.35 = 1.17 per 100 metaphases in average),
mainly due to aberrations of chromatid type (sin-
gle fragments and chromatid exchanges) with
interindividual fluctuation from 42.95 + 2.93 to
72.22 £ 2. 63 at 58.32 £ 1.29 per 100 metaphases
in average. Chromosome type of aberrations were
represented mostly by free double fragments
whose mean-group frequency (13.76 £ 0.90 per
100 metaphases) also exceeded (p < 0.01) not only
their background level (0.96 = 0.21 per 100
metaphases), but it’s frequency under radiation
exposure in the same dose in Gy phase of the cell
cycle (6.47 = 0.70 per 100 metaphases) [2]. In two
persons dicentrics (0.26 and 0.97 per 100
metaphases, respectively) were found, that can be
explained by gradual desynchronization of lym-
phocyte culture, thanks to which some cells with
dicentrics could receive radiation exposure in syn-
thetic (S) phase of the mitotic cycle.

Interindividual fluctuations in the frequency of
aberrant metaphases were from (40.0 £ 3.03) to
(61.11 £ 2.87) % and on average (46.72 £ 1.48) %.
In all cases the frequency of chromosomal aberra-
tions exceeded the frequency of aberrant cells,
thus mean-group frequency of aberrations per one
aberrant cell was equal to 1.54.

Addition of astaxanthin to the cultures before
their irradiation did not lead to significant changes
both in the total frequency of chromosomal disor-
ders (71.54 *+ 1.34 per 100 metaphases in group on
average) and spectra of aberrations (Fig. 1) — also
prevailed aberration of chromatid type (single
fragments and chromatid exchanges) with a total
mean-group frequency 58.47 = 1.47 per 100
metaphases. Aberrations of chromosome type were
presented by free double fragments the frequency
of which (12.94 £ 0.99 per 100 metaphases) almost
did not change (p > 0.05). Thus, astaxanthin had
not impact on the cytogenetic effect induced in
culture of human peripheral blood lymphocytes
irradiated in the G, phase of mitotic cycle.

Comparative characteristic of quantitative indi-
cators of astaxanthin action on chromosomal
abnormalities induced by y-quanta in vitro in dose
1.0 Gy on Gy and G, phases of the cell cycle,
shown in Fig. 2.
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HOTO UUKNY KyNbTypax nimpouuntie nepu-
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XpomocoMHi a6epauii, Ha 100 KniTuH
Chromosome aberrations, per 100 cells
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o

HUX KyNbTypax Npu AOAABaHHI acTaKCaH-
TUHY.

Figure 1. Spectra of chromosomal aber-
rations in irradiated on G. phase of mi-
totic cycle cultures of human peripheral
blood lymphocytes and in irradiated cul-
tures supplemented with astaxanthin.

b

OnvHOYHI dparMeHTy
Single fragments

XpomatuaHi 06MiHu
Chromatid exchanges

MMapHi dparmeHT
Double fragments

JMueHTpukn
Dicentrics

ITpu BUKOpUCTaHHI METOIY eJIeKTPOopOpe3y OKPEMMX KJTi-
TUH OYyJI0 BCTAaHOBJIEHO, 1110 CEPEIHBOIPYIIOBUI MOKA3HUK
BigHOCHOTO piBHS TomkomkeHHs JITHK («Tail Moment»)
nigsuimsce 3 3,84 £ 0,36 B HeonpoMiHEHOMY KOHTPOJTI 10
12,06 £ 1,88 nipu onpoMiHeHHI KyabTyp JiMGOLMTIB
(p < 0,01). lomaBaHHs acTakcaHTHMHY B KoHLIeHTpaii 20,0
MKT/MJT Tiepell OMPOMiHEHHSIM KYJBTYp JiM(QOIMTIB He
TPU3BEJIO IO CTATUCTUYHO 3HAYYIINX 3MiH CEPEIHBOrPYITO-
BOI'0 3HAYEHHS 1[bOro MokasHuka (8,96 = 2,39, p > 0,05).
Takym yrHOM, Ha BiIMiHY Bil HAIlIMX MOTMEPENHIX pe3yib-
TaTiB CTOCOBHO PaiONPOTEKTOPHOI 1Iii acTakcaHTUHY Ha Go
CTafil KIIITUHHOrO LMKy [1—3], BiH He BILUIMBAB Ha BiTHOC-
HU1 piBeHb nolukomKkeHb JJHK npu onpoMiHeHHi KyasTyp
JiMonuTiB moauHu Ha G, ctaii (puc. 3).

He BusiBIeHO TaKOX BipOTiIHUX 3MiH CEPEAHbOIPYIIO-
BUX YacTOT allONTOTMYHMX KJIITUH IIPHW BCiX BapiaHTax

When using the method of individual cells elec-
trophoresis (Comet assay) found that the mean-
group index «Tail Moment» increased from 3.84 +
0.36 in the non-irradiated lymphocyte cultures to
12.06 £ 1.88 after irrradiation (p < 0.01). Addition
of astaxanthin in concentration 20.0 mg/ml to the
cultures prior of their irradiation did not lead to
significant change the mean-group value of this
index (8.96 £ 2.39, p > 0.05). Thus, in contrast to
our previous data concerning astaxanthin action
on Gy phase of cell cycle [1—3] it did not affect the
relative level of DNA damages in human periph-
eral blood lymphocytes irradiated on G, phase
(Fig. 3).

Also we observed no significant changes of the
mean-group frequencies of apoptotic cells in all
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PucyHOK 2. MopiBHAHHA BNAUBY acTaK-
CaHTUHY HA YacToTM abepauiit xpomocom,
iHAYKOBaHMX i0Hi3ylO4MM BUNMPOMiHIO-
BaHHAM in vitro B po3i 1,0 Ip Ha Go Ta G
CTafiax KNiTUHHOTO LMKAY.

Figure 2. Comparison of astaxanthin
impact on the frequencies of chromo-
some aberration induced by ionizing
radiation in vitro in dose 1.0 Gy on Go and
G phases of cell cycle.
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2

PucyHoK 3. BigHocHi piBHi nowkoaxkenb IHK (Tail Moment) B nimcouutax nepucpepuyHoi KpoBi niopnHm
nicna onpomiHeHHA B fo3i 1,0 [p Ta npu cymicHii Aii onpomiHeHHA Ta acTakCaHTUHY. 1 — onpomiHeHHA nepep
NOYaTKOM Ky/IbTUBYBAHHA; 2 — ONPOMiHEHHSA Ha 46-1 rofuHi KyNbTUBYBaHHA.

Figure 3. The relative levels of DNA damages (Tail Moment) in human peripheral blood lymphocytes after 1.0
Gy irradiation and under joined action of radiation and astaxanthin. 1 - irradiation before beginning of culti-

vation; 2 - irradiation at 46 h of cultivation.

eKCIepUMEHTY, Ki ctaHoBWIM (2,25 £ 1,49) % B Kyib-
Typax iHTakTHUX JiMmdormTis, (2,08 + 1,54) % B om-
poMiHeHUx KyabTypax Ta (1,78 £ 1,25) % nipu cymicHiit
Iii TaMMa-omnpoMiHeHHs Ta acTakcaHTuHy (p > 0,05),
1110 CBiAYMTD IMPO BiICYTHICTh aKTUBALlil aCTAKCAHTUHOM
3alporpamMoBaHOi KJIITUHHOI 3aru0eii Ha Wil cTafii
MIiTOTUYHOIO HUKIY (puc. 4).

Takum yMHOM, Ha BiIMiHY BiJl TeHOIPOTEKTOPHOI [Iii ac-
TaKCaHTUHY Ha TiMpOLUTH TTepudepUIHOI KPOBi TIOAUHI
TpY OTIPOMiHEHHI Ha paHHil TpecuHTeTUYHIl (Go) cTamii
KJIITUHHOIO LMKJY, OTpUMaHi JaHi CBig4yaTh Mpo BiACYT-
HICTb TTOMIOHOTO ePeKTY ITiCIIST ONPOMiHEHHS JIiIM(OLIUTIB
Ha roctcuHTeTHYHI (G7) cTamii KITUHHOTO HUKITY. Me-
XaHi3M MOIM(iKyI0UOro BIUTMBY acTaKCAaHTUHY Ha pajia-
LiHO-iHIYKOBAaHY HECTa0iLIbHOCTh T€HOMY COMATHYHUX
KJIITUH JIIOJVHU TOTpeOy€e MOAANBIIOr0 BUBYEHHSI.

BUCHOBKU

BcTraHOBIEHO BiACYTHICTH BIUIMBY aCTaKCAHTUHY Ha
pamialiiHO-iHIyYKOBaHY T€HOMHY HECTaOiIbHICTh MpU
raMMa-oIpoOMiHEeHHi KyJbTYypHU JiMGOUMTIB mnepude-
puyHOi KpoBi momuHu B no3i 1,0 Ip Ha moctcuHTe-
truHi (G2) cTafii Mepuroro MiTOTUYHOTO ITUKITY.

CMUCOK BUKOPUCTAHOI NITEPATYPU

1. Minicbka M. A., Kypinunii [I. A., Pywkoscbkuii C. P., ln6ebka O. b.
[Jlis acTakcaHTWHY Ha piBeHb papjalliiiHo-iHaykoBaHWx abepauiii Xxpomo-
com B nimbouuTax nepudepuyHoi KpoBi NOANHK in vitro. BicHuk Yk-

variants of the experiment, which were (2.25 £ 1.49)
% in cultures of intact lymphocytes, (2.08 £ 1.54) %
inirradiated cultures and (1.78 % 1.25) % under joint
action of y-irradiation and astaxanthin (p > 0.05),
that testified the lack of activation by astaxanthin the
programmed cell death in G, phase of the mitotic
cycle in contrast to our previous data [2] (Fig. 4).

Thus, unlike genoprotectiv action of astaxanthin
in human peripheral blood lymphocytes irradiated
in early presynthetic (Gy) phase of the cell cycle,
the data received demonstrated no such effect of it
in lymphocytes exposed in postsynthetic (Gy)
phase of the cell cycle. The mechanism of such
difference in modifying influence of astaxanthin
on radiation-induced genomic instability in
human somatic cells needs further study.

CONCLUSIONS

The results showed the lack of astaxanthin impact
on genomic instability induced by gamma irradia-
tion in vitro in cultures of human peripheral blood
lymphocytes on postsynthetic (G:) phase of first
mitotic cycle.
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