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I'EHO- TA INTOTOKCUYHI E®EKTU B KJIITNHAX KICTKOBOI'O
MO3KY TA NEPUPEPUYHOI KPOBI, IHAIYKOBAHI TPUBAJIUM
HAAXO/JXKEHHAM PAAIOI3OTOILY *'1 1O OPTAHI3IMY
JJABOPATOPHUX IIIYPIB

MeTa: OLiHMTK CTaH KPOBOTBOPHOT CUCTEMM EKCNEPUMEHTANIbHMX LLYPiB 33 3MiHAMU MOKA3HUKIB FreHO- Ta LUTOTOKCUY-
HUX e(heKTiB B KICTKOBOMY MO3KY Ta MOP(ONOriYHOro cknagy nepudepuyHoi KpoBi npu TpuBanomy HagxomxeHHi 1.
Marepianu i metogu: lMpoTarom 15 i6 wypam nixii Bictap woaeHHo nepopanbHO BBOAMAK PO3YMH HaTpilo Moanay
aKkTuBHicTio 29,3 kKbk. Ha 1, 2, 3, 7-my Ta 15-Ty 106U BU3HAYaNM NUTOMY aKTUBHICTb i30TOMY B OpraHax, piBeHb Mikpo-
AAep y nofixpomatodisbHUX epUTPOLUTAX KICTKOBOTO MO3KY, iHAEKC LUTOTOKCMUYHOCTI, KilbKiCTb €pUTPOLUTIB, NeiiKo-
uuTiB nepucdepuyHoi KpoBi Ta NifpaxoByBanu nerkorpamy.
Pe3synbratn: BCTaHOBAEHO, WO MaKCUMaNnbHWUI TEHOTOKCUYHMIA edeKT 3a Tpueanoi aii “'I cdopmyBaBcsa y paHHi
TEPMiHM CMOCTEPEXKEHHS 3 NOAANbLWMUM 3HUKEHHAM PiBHSA LMTOrEHETUYHUX YILKOAKEHb KNiTUH KiCTKOBOTO MO3KY, TOAI
fIK LMTOTOKCMYHA fis i3oTony "'l nposBnsnack y BigfaneHi TepMiHu BBefeHHS. 3MiHU y MOpPdONOriYHOMY CKNaAi ne-
pudepuyHoi KpoBi Oynu 3yMoBNeHi 3CyBOM NeiiKoLUTapHOT GopMyn 3a paxyHOK He3pinux Gopm HeiTpodinis. Y neit-
Korpami npoTAarom yCboro eKCnepuMeHTy BUABAANM NiflBULLEHY KiNbKiCTb NATONOrYHMX i aTUNOBMX GopM niMdounTiB.
BucHoBku: Tpueane BefeHHs 'l He NpM3BOAMTL [0 A0303aNEKHUX 3MiH LMTO- Ta F€HOTOKCMYHUX MOKA3HUKIB Y
KNiTUHAX KiCTKOBOTO MO3KY i nepudepnyHoi KpoBsi.
KniouoBi cnoBa: ', reHOTOKCMYHA Ais, ULUTOTOKCUYHMIT e(DeKT, KICTKOBUIA MO30K, reMaTosIoriyHi NOKa3HUKHU.
Mpobnemu padiayitinoi meduyuHu ma padiobionozii. 2015. Bun. 20. C. 543-551.
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Geno- and cytotoxic effects in bone marrow cells and peripheral blood

induced by the prolonged administration of *'I to the laboratory rats

Objective: to evaluate the state of to assess the state of hematopoietic system of experimental rats according to
the geno- and cytotoxic effects in bone marrow and changes in morphology composition of peripheral blood caused
by prolonged *'I intake.
Materials and methods. Within 15 days sodium iodide with activity of 29.3 kBg/animal was daily orally adminis-
tered to Wistar rats. At 1, 2, 3, 7 and 15 days specific radioisotope activity, level of micronuclei in bone marrow cells,
cytotoxicity index, number of erythrocytes and leucocytes in peripheral blood were determined.
Results. It is established that the maximum genotoxic effect induced by **'I prolonged intake was formed at the
early terms of observations followed by the reduction of cytogenetic damage in bone marrow cells of rats, while the
cytotoxic effect of »*'I was formed at the remote terms of administration. Changes in peripheral blood morphology
were caused by left shift leukocytosis due to immature forms of neutrophils. In leucograms throughout the experi-
ment increased levels of lymphocyte atypical forms were observed.
Conclusion. Prolonged administration of *'I to the laboratory rats does not cause dose-dependent changes of cyto-
and genotoxic markers in the bone marrow and peripheral blood cells.
Key words: ™'I, genotoxic effect, cytotoxic effect, bone marrow, hematologic parameters.
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BCTVYII

ITigBuieHa yBara HayKoOBILIiB 10 JOCJiIKeHb Oiojoriv-
HUX eeKTiB iIHKOPIOPOBAHUX PaTiOHYKIIiIiB, 30KpeMa
pamioizoTomniB ¥omy, 3yMOBJeHa PO3IMOBCIOIKEHHIM
SIIEPHUX TEXHOJIOTIH, MO3aIITaTHUMM CHUTYaLlisIMU TIPU
eKCIUTyaTallil IAIPHUEMCTB SACPHO-CHEPTeTUIHOTO
KOMIUIEKCY, SACpPHUMHU aBapisMH. 3a pi3HUMU OIliHKa-
MU, BHaciinok aBapiii Ha YAEC ta AEC “®ykycima-1”
B aTMocdepy notpanuiio 6inbiie 7—10 MKi ta 0,3 MKi
BIT — pamioi3oTolly, 110 MAa€ BaXKJIMBE TOKCUKOJIOTIUHE
3HAUYEHHS IS JTIOOWHMT Ta JOBKimd [1-3].

InmmM mxepenom ompoMiHeHHs monuHu 'l € iioro
3aCTOCYBaHHS Y KJIIHIYHMUX JiarHOCTUYHMX i TepareB-
TUYHUX TIPOLeIypax IMPY TaKNX 3aXBOPIOBAHHSIX IIUTO-
noxionoi 3amo3u (13) gk rinepTrupoinu3M Ta 370SIKiCHI
HOBOYTBOpeHHS. TUpPeoTPOIHICTh oAy BU3HAYAE 0CO0-
JINBOCTI HEPIBHOMIpHOTO OMPOMIHEHHSI TIPU PO3MOMIiIi
BT y pi3HMX opraHax i TKaHMHax opraHizmy. biojoriuxi
edpextn 'l Ta 3aKOHOMIPHOCTI OTO TO30YTBOPEHHS Y
I3 ccaBiiB BUBYAIMCh BIIPOJOBXK OaraTbox poKiB, MPO-
Te BIUIMB 'l Ha (PYHKIIOHYBaHHS iHIIMX CUCTEM Opra-
Hi3My 3a pi3HUX 103 Ta PeXKMUMiB HaAXOMXKEHHS (OIHOpa-
30Be, TpUBaJIe) MOTPEOYE KOMITJIEKCHOTO TOCITiISKEHHS 3
YiTKUM JO3UMETPUUYHUM cyrnpoBogoM. Lle HeoOxigmHO
JIJISI TIPOTHOCTUYHOI OLIHKKM HEeraTMBHUX HACIiIKiB OIl-
POMiHEHHSI OpTaHi3My Ta MO0TO OKpeMUX OPTaHiB, PU3H-
Ky (hOpMyBaHHSI BTOPUHHUX MYXJIMHHUX IIaTOJIOTIl IIpu
JIIKyBaHHI 3JI0SIKiCHMX HOBOYTBOpeHb 1113, po3po6iii cy-
YaCHUX JiarHOCTUYHUX, MPOMITaKTUYHUX Ta JiKyBalb-
HUX 3aXOAiB MpHU SIACPHUX aBapiiHUX CUTyalisX, 11O
CYIIPOBOJIXKYIOTbCSI BUKMAAMU Padioi30TOIIB MOmdYy.

Bigomo, 110 'l IBUAKO BCMOKTYETLCS B KPOB i TiM(Dy
He3aJIeXKHO Bijl IUISIXY HAIXOMKEHHS 10 OPTraHi3My, i Bxke
yepe3 onHy 100y 10 40 % aKTUBHOCTI MOMIMHYTOTO i30-
tory peectpyerhes y 113 [4]. TpaHcropTyBaHHS pamio-
HYKJIiIy 1O OpraHiB Ta Au(y3is y TKAHUHU 3IiHCHIOETHCS
TOJJOBHUM YMHOM 3aBASKWA LUPKYJSLil MeprudepuaHol
KPOBI, YpaxkeHHSI SIKOI 3yMOBJIIOE PO3BUTOK HE TiJIbKU T'e-
MaTOJIOTIYHUX MATOJIOTiHM, a M iHIINX CUCTEMHUX 3aXBO-
ploBaHb oOpraHizmy. JlociimkeHHsS TreMaTOJOTiYHUX Ta
IIUTOTEHETUYHUX €(PEKTIiB BHYTPIIIHBOIO OMPOMiHEHHS
BIT mpoBOAUIMCH 3A€0iIbILIOrO MiC/s OAHOPA30BOTO BBE-
JIeHHS i30TOMy B TepaneBTUIHMX q03ax (0inbmre 200 mKi)
XBOPHMM Ha 3J105IKicHi HoBoyTBOpeHHs I3 [5—7].

B omiHIi remMatonorivHux e@eKTiB MyTareHHUX hak-
TOPIB JOBKiJUISI, 30KpeMa iOHi3yl0uOro BUIIPOMiHIOBaH-
Hs1, MopdoJIoTiyHmii cKiran KictkoBoro Mo3ky (KM) Tta
KPOBI € aIeKBaTHUM YyTJIUBUM MOKa3HUKOM HeraTUBHOI
Jlii cTpec-areHTiB Ha opraHi3M [8]. B octaHHi poku 0co0-
JIMBA yBara NpuaiasieTbes IKICHUM CTPYKTYPHUM 3MiHaAM
Yy KJIITUHaX KPOBOTBOPHOI CUCTEMM, IO JalOTh 3MOTY

INTRODUCTION

Increased attention to biological effects of incorpo-
rated radionuclides, including iodine radioisotopes,
is caused by the spread of nuclear technologies,
emergency situations in the exploitation of nuclear
power enterprises, nuclear accidents. By different
estimates more than 7—10 mCi and 0,3 mCi of I
radioisotope was found in the atmosphere as a result
of accidents at the Chernobyl and “Fukushima-1”
NPPs respectively, that has essential toxicological
importance for humans and the environment [1—3].

Application of ' in clinical diagnostic and ther-
apeutic procedures in such diseases of thyroid gland
(TG) as hyperthyroidism and malignant neoplasms
is another source of human internal exposure.
Radioactive iodine concentrates in the thyroid
gland, determining features of uneven “'I irradia-
tion in various organs and tissues. Biological effects
of 'l and patterns of its dose formation in mammal
thyroid gland have been studied for many years,
however impact of radioactive iodine on the func-
tioning of other body systems at different doses and
modes of admission (single, prolonged) still requi-
res comprehensive studies with distinct dosimetry
support. It is necessary for prognostic evaluation of
the adverse effects of exposure of the whole organ-
ism and certain organs, the risk of secondary cancer
formation after treatment of thyroid malignancies,
the development of modern diagnostic, preventive
and therapeutic measures in nuclear emergencies
involving iodine radioisotope emissions.

It is known that "'I is rapidly absorbed into the
blood and lymph regardless of the way of its intake
to organism and after 1 day up to 40% of the activ-
ity of absorbed isotope is registered in the thyroid
gland [4]. Radionuclide transportation to the
organs due to blood circulation and diffusion to
the tissues may cause development not only hema-
tological abnormalities but other systemic dis-
eases. Study of hematological and cytogenetic
effects of internal exposure with *'I was carried out
mainly after a single injection of the isotope in
therapeutic doses (more than 200 mCi) to patients
with thyroid cancer [5—7].

Morphology composition of bone marrow
(BM) and peripheral blood is adequate sensitive
indicator in assessing hematological effects of
mutagenic environmental factors, including ion-
izing radiation [8]. In recent years special atten-
tion is paid to qualitative structural changes in the
cells of hematopoietic system that enable to pre-
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MPOTHO3YBAaTU PU3UK (HhOPMYBAHHSI HECTAOLIBHOCTI Te-
HOMY Ta IaToJIOrili cToXacTU4YHOI IIpupoau. Mikposiapa
(Ms1) B momixpomatodinpHux eputpountax (ITXE)
KiCTKOBOI'O MO3KY BM3HaHi OJHUMHU 3 HAWUYTIMBIlLIMX
OioJIOriYHMX MapKepiB, 10 PEKOMEHIAOBaHI MiXXHapO.I-
HUMU CHIIBHOTAMM JJIs1 OLLIHKM in Vivo FTeHOTOKCUYHUX
edeKTiB 3a fii pakTopiB pizHOI mpupou [9, 10].

META JOCJIIJIZKEHHA

MeTo1o poboTH OyJI0 OLIIHUTU CTaH KPOBOTBOPHOI CHUC-
TEMU E€KCIIEPUMEHTAJIbHUX IIypiB 32 3MiHAMM I1OKa3-
HUKIB TeHO- Ta UIUTOTOKCUYHUX edekTiB y KM Ta Mop-
(hostoriyHorO CKIJIamy mepu@epruyHOi KpOBi MpU TpUBa-
JIoMy HagxomxkeHHi P'T.

MATEPIAJIN 1 METOJIN

B nmocrnigmax BUKOPHUCTOBYBAJIM WIypiB-caMIliB JiHil
Bictap macoro (240 = 30) r (n = 5 TBapuH Ha €KCTEPU-
MeHTaJIbHYy TOuKy). ITporsgroMm 15 mi6 TBapmHaMm Io-
JNIEHHO IIepopaJibHO BBOJAMJIM PO3YMH HaTpilo omumy
akTtuBHicTio 29,3 Kbk. EBTaHazito 3ailicHioBaiu Ha 1,
2, 3, 7-my Ta 15-Ty 100U miciist moyaTKy BBeAEHHS i30-
TOMY BIiAMOBiZHO g0 BUMOr CT. 26 3akoHY YKpaiHu
“ITpo 3axucT TBapuH Bil >KOPCTOKOTO MOBOMIXKEHHS”.
MeTonmoM 7y-CIeKTpOMETpil BU3HAYAIU MUTOMY aK-
TUBHICTb i30TONY B nepudepuydHiii kpoi Ta KM y nu-
HaMilli OpoBeleHHsI eKCHOepPUMEHTIB i po3paxoByBaau
MOTJIMHEHI T03U.

PiBeHb reHOTOKCUYHUX YIIKOKEeHb, iHAyKOoBaHUX I B
KM ekcrniepyMeHTaIbHUX L1YPiB, BU3HAYAIU 32 LIMTOTEHE-
TUYHUMU MapKepaMu, a came: yactororo ITXE 3 M. [u-
TOTOKCHYHi e(heKTH Ta MOPYIIEHHST epUTPOIIOe3y OLiHIO-
BaJIv 3a criBBigHOIIeHHIM He3piux [TXE mo 3pinmux opm
HopmoxpoMatoinbHux eputpouuTie (HXE) B KM (iH-
JIeKC IMTOTOKCUYIHOCTI). KimiTmH1 BUMMBAIH i3 CTETHOBOL
KiCTKM TBapvH 5 MJT eMOpiOHAJIbHOI TeISTY0l CUPOBATKH,
micJist yoro 3AificHIoBanu ix dikcailito Ta ¢hapOyBaHHS aK-
PUAMHOBMM OPaHXXEBUM JIJI51 TOAAJIBIIOr0 aHali3y Ha Ipo-
tourHomy muTopayopumetpi (“Beckman Coulter EPICS
XL, HKKIT HAH Ykpainu) [11, 12]. Kigekicts mpoa-
Hani30BaHUX KJIiTUH — He MeH1e 50 000 Ha ooHY eKcrie-
pUMeHTabHY ToukKy. OnepxaHi urtorpaMu KM o6po0Jisi-
1M 3a norromororo rporpamMu WinM DI 2,8. Buznavanm 3a-
ranbHy KinbKictb [TXE, HXE, yactory ITXE 3 M y nepe-
paxyHky Ha 1000 ITXE, cniBeigHomeHHs: [TXE/HXE.

KpoB mis pociigkeHb HaOMpasiM 3 XBOCTOBOI BEHM
1ypiB. KinbKicTbh €pUTPOLIUTIB Ta JIEMKOLIUTIB Tiepude-
PUYHOI KPOBi, a TAKOX KIITUHHICTb KiCTKOBOTO MO3KY,
BU3Havanu B kKamepi Topsena. JlelikouuTtapHy hopmyay
nigpaxoByBajiM B Ma3Kax KpoBi, nmocdapodoBaHux 3a Ilamn-
TMEHTEUMOM.

dict the risk of genomic instability and abnor-
malities of stochastic nature. Micronuclei (MN)
in polychromatophilic erythrocytes (PCE) of BM
are recognized among the sensitive biological
markers and recommended by the international
community to assess the in vivo genotoxic effects

[9, 10].

OBJECTIVE

The objective of the presented study was to assess
the state of hematopoietic system of experimental
rats according to the geno- and cytotoxic effects in
BM and changes in morphology composition of
peripheral blood caused by prolonged "*'I intake.

MATERIALS AND METHODS

Male Wistar rats weighting (240 £ 30) g (n =5 ani-
mals for experimental point) were used in the
study. Within 15 days the animals were daily orally
administered with sodium iodide with 29.3 kBq of
activity. Euthanasia was performed at 1, 2, 3, 7th
and 15" days after isotope administration accord-
ing to the requirement of the art. 26 of the Law of
Ukraine “On protection of animals from cruelty”.
v-spectrometry method was used to determine the
specific activity of the isotope in peripheral blood
and BM in dynamics of experiments and the
absorbed dose was calculated.

The level of genotoxic damage induced by *'I in
BM of experimental rats was determined by cyto-
genetic markers, namely according to the fre-
quency of PCE with MN. Cytotoxic effects and
violations of erythropoiesis were evaluated
according to the ratio of PCE to normochro-
matophilic erythrocytes (NCE) in BM (cytotoxi-
city index). The cells were washed from femoral
by 5 mL of embryonic calf serum. Cell suspension
fixation and staining with acridine orange were
performed for further analysis by flow cytometry
(Beckman Coulter EPICS XL) [11, 12]. At least
50 000 cells per experimental point were detected.
Obtained BM cytograms were analyzed using
WinMDI 2,8. Total number of PCE, NCE, fre-
quency of PCE with MN, ha PCE/NCE values
were determined.

Blood samples were obtained from rat tail vein.
Number of erythrocytes and leukocytes in periph-
eral blood as well as cellularity of BM was counted
with the help of Goriayev camera. Leucograms
were counted using light microscopy in peripheral
blood smears stained by Pappenheim method.
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CraTucTUYHY OOpOOKY pe3yJsibTaTiB BUKOHYBAIU, BU-
KOPHMCTOBYIOUM IIporpaMHmii ImakeT Microsoft Excel
2010.

PE3VJIBTATU TA OBTOBOPEHHA

IIpu mepopaibHOMY HaaXoIXXeHHi izotomy "*'I BigOy-
BA€THhCSA MOTO IIBUAKE BCMOKTYBAaHHSI 3 IIUTYHKOBO-
KMIIIKOBOTO TpPakKTy B KPOB 3 IOJAJbIIMM II€pPepo3-
noaijioM Mix opraHamu. B xozai po6oTu 6yJio 3ailicHeHO
JO3UMETPUYHMIA CYMPOBiJ €KCOEPUMEHTIB i po3paxo-
BaHi MOIJIMHEHI 03U B Pi3HUX OpraHax 11ypiB, 30KpeMa
B KM Tta nepudepuruHiii KpoBi, pe3yJbTaTh poO3paxyHKiB
npeacTapiaeHo B poborti [13]. OueBuIHO, 110 MTUTOMUN
BMicT i30Tony O0yB MmakcuManbHuii y I3 i nepeBulilyBaB
TakKWii B iHIMMX opraHax Ha 4—5 mopsakis. [Iporsgrom
eKCIepuMeHTy nmuToMa akTuBHicTh 'l B KM icToTHO He
3MiHIOBajlach i craHoBwia (64 + 6) kbk/kr. BennunHa
norauHeHoi go3u i3orony B KM 3MiHIoBajgach Bif
0,21 mIp Ha 1-my mo0y ekcniepuMeHTy 10 4,33 mIp — Ha
15-Ty nooy.

B yci TepMiHM gociiay piBeHb HUTOT€HETUYHUX YIII-
KoJkeHb B KiiTuHax KM 11ypiB, sIKi oTpuMyBasiu Tipe-
napart iiony OyB JOCTOBIpHO BUILIMIA 32 KOHTPOJIbHI 3HA-
yeHHs. MakcuMallbHUIl TE€HOTOKCUUYHMI e(eKT, IO
Bu3HavaBcsg 3a yactoror IITXE ta HXE 3 M, cnoc-
Tepiraau y paHHi TepMiHu BBeaeHHs “'I (1, 2-a noba,
puc. 1).

Ha 3-10 100y, He3BaxKaouM Ha 3pOCTaHHS MOTJUHEHOIL
03U Y 3 pas3u, KiJIbKicTh KJIiTUH 3 MSI 3MeHIlyBaiach

Statistical analysis was performed using Student’s
t-test. Statistically significant differences between
studied parameters were assumed at p < 0.05.

RESULTS AND DISCUSSION
Rapid absorption of "'l from the gastrointestinal
tract into the bloodstream followed by radionuclide
redistribution between organs is observed after its
oral intake. In the course of the study the dosime-
try support was carried out providing calculation of
the absorbed doses in different organs, particularly
in BM and peripheral blood, presented in [13].
Obviously, the specific isotope content was highest
in thyroid gland, exceeding that of the other organs
by 4—5 orders. During the experiment specific
activity of 'l in BM has not changed essentially
and totaled (64 £ 6) kBg/kg. The value of the iso-
tope absorbed dose in BM had been changing from
0.21 mGy on the first day of the experiment to 4.33
mGy in the end of the administration (15" day).
In all terms of the experiment level of cytogenet-
ic damage in BM cells of exposed rats was signifi-
cantly higher than in control group of intact ani-
mals. Maximum genotoxic effects determined by
the frequency of PCE and NCE with MN were
observed in the early terms of 'l intake (Ist and
2" day from the beginning of the intake, Fig. 1).
On the 3 day, despite a 3-fold increase in ab-
sorbed dose, the number of cells with MN decreased

80
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[ MABNXE/MNinPCE [
I MABHXE/MNinNCE |

KoHTtponb 1 2
Control

TepmiH cnoctepexxeHHs, aoou / time of observation, days

PucyHoK 1. PiseHb nonixpomaroinbHUx epuTpouuTiE Ta HOPMOXPOMATO(iNIbBHUX €PUTPOLUTIB KiCTKOBOro
MO3KY 3 MiKposapamu 3a TpuBasoro eeegeHHaA 'l 3i wopeHHoto akTuBHicTio Q = 29,3 KbK/TBapuHYy

MpumiTka. * — BiporigHo Woao KoHTponio, p < 0,05.

Figure 1. Levels of PCE and NCE with micronuclei in rat bone marrow under prolonged intake of **'I with daily

activity of Q = 29.3 kBg/animal

Note. * — significant difference to control, p <0.05.
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PUCYHOK 2. luHamika BMicTy nemKouuTie i eputpouuTie y nepudepmyHin KpoBi Ta KNiTUH KiCTKOBOro MoO3Ky
BiAHOCHO KOHTPOJIIO 32 YMOBM TpuBanoro BeegeHHa 'l 3i wopeHHoto akTuBHicTio Q = 29,3 KbK/TBapuHy

Figure 2. Change of leukocyte and erythrocyte count in peripheral blood and bone marrow cells relative to
control provided prolonged intake of *'I with daily activity of Q = 29.3 kBg/animal

8,0
*
6,0
84,0
ol i **************
0 i
KoHTponb 1 2 3
Control TepmiH cnocTepexeHHs, 106u / time of observation, days

PucyHOK 3. PiBeHb anonTUYHMX KNiTUH Yy KiCTKOBOMY MO3KY LypiB 3a TPpMBanoro HaaxopxewHa I po
opraHismy wypiB 3i wopeHHot akTusHicTio Q = 29,3 kKbk/TBapuHy
Mpumitka. * — BiporigHo WoAo KOHTponio, p < 0,05.

Figure 3. The level of apoptotic cells in rat bone marrow under prolonged intake of **'I with daily activity of
Q = 29.3 kBg/animal

Note. * — significant difference to control, p <0.05.

OinpIe, HiX y 4 pa3u, MO MoXe OyTH 3yMOBJIEHO Kib-  more than 4-fold that can be caused by several rea-
KOMa MpUYMHaAMM: 3MiHaMu B epuTpoigHoMy Trymi KM sons: changes in erythroid pool of BM as a result of
SIK BHACJIiJOK iHTEHCUBHOI Mirpailii KiTuH y nepude- intensive cell migration to peripheral blood and
pUYHY KpOB, TaK i eJiMiHallii yIIKomkeHuX romnepen-  elimination of damaged PCE precursors by the acti-
aukiB I1XE 3a mexanizmMoM amonTuyHoi 3arubermi. [Ipo  vation of apoptotic death mechanisms. This is evi-
1e cBimyaTh aHTMOATHI 3MiHM B KimiTHHHOCTI KM Ta re-  denced by changes in antybate manner between BM
MAaTOJIOTIUHMX TIOKa3HMKax. Y 1ieit TepMiH cmoctepe-  and hematological parameters. At this term of obser-
JKeHHS 3HMKeHHs KimituHHocTi KM Ha 20 % cynpoBon-  vation reduce of BM cellularity was accompanied by
JKYBaJIOCh 3POCTAHHSIM KiJIbKOCTiI epUTPOLUTIB Ta Jieii-  a 20 % increase in the number of erythrocytes and
KOIINUTIB y mepudepruuHiii KpoBi (puc. 2). leukocytes in peripheral blood (Fig. 2).
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KoHTponb 1 2

Control

3 7 15

TepmiH cnocTepexxeHHa, aooum / time of observation, days

PUCYHOK 4. IHaeKc uMToToKCUYHOT Aii '] Ha KiCTKOBUIA MO30K LyypiB

Mpumitka. * — BiporigHo wWoao KoHTponio, p < 0,05.

Figure 4. Index of *'I cytotoxic effect in the rat bone marrow

Note. * — significant difference to control, p <0.05.

ITpu bomy y 3,44 paza 3pocia KiIbKiCTb alTONTUIHUX
kit KM y mopiBHsIHHI 3 KoHTpojeM (puc. 3). Ha
7—15-1ty noby piBenb M B IIXE OyB HeicTOTHO, aje
BipOTiIHO BUILIMM BiJl KOHTPOJbHUX 3HAYCHbD.

IIpoTaroM eKCIIepMMEHTY CITOCTepirajii KOJIVBaHHS
kiaitnHHOCTI KM, gKka Ha 15-Ty moOy Oyma Ha 30 %
MEHIIIE Bil KOHTPOJbHMX 3HAUCHb. 32 JaHUX YMOB €KC-
MEePUMEHTY N0303aJeKHUX 3MiH KiIiTMHHOCTI KM Ta
ITXE 3 M He cniocTepiraau. AHaJIOTiUHUIA pe3yabTaT
OIepKaHO i MpU AOCIiIXKEHHi piBHS abepalliil xpomo-
com y kmiTnHax KM. Tak, IpoTsarom Tpbox 1i0 BBeICeH-
HsI i30TOMY CIOCTepirajJu 10CTOBipHE 30iJbIIIeHHS abe-
paiiii xpomocoM y Kapionutax KM 3a paxyHoK cre-
HUdIYHUX MapKepiB OMPOMiIHEHHS — AULEHTPUYHMX
XpOMOCOM, LUEHTPUUYHUX KiJlellb, BiIbHUX MNapHUX
¢dparMeHTiB, piBeHb SIKMX JI€II0 3MEHIIYyBaBCs y Bigga-
JieHi TepMiHu BBeneHHs (7, 15-a mo6a), He3Baxawuu
Ha 3pOCTaHHS KyMYJISITUBHOI TOIJIMHEHOI HO3U OII-
poMiHeHHs1 KM.

B TOKCHKOJOTiYHUX TOCTiIKEHHSX CHiBBiIHOIIEHHS
IMXE/HXE B KM € mapkepoM mpoJtipepaTMBHOI aKTUB-
HOCTIi KJIiTUH epUTPOITHOTO PSIAY, 110 BigoOpaxae LUTO-
TokcnyHi epekTrt y KM 3a nii cTpec-areHTiB pi3HOT IpH-
poau. Ha puc. 4 mpeacTaBieHo 3MiHU iHAEKCY IUTOTOK-
CUYHOCTI y pi3Hi TepMiHU eKcriepuMeHTy. Ha 15-Ty 100y
BBeneHHs I crocTepiranu nmopyueHHs npoidepaTus-
HOI aKTUBHOCTI KJITUH €pUTPOIAHOIO PsIIy Ta O3HAKU
¢opMyBaHHS LIMTOTOKCUYHOTO e(eKTY.

711 BUSIBJIGHHSI 10303aJIEKHUX 3MiH TeMaTOJIOTIUHUX
MOKAa3HMKiB BU3HAYAJIM 3MiHU KOHLIeHTpaliil *'1 y mepu-
depnuHiit kposi (puc. 5). IlormuHeHa go3a B epUTPOLIN-
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At that a 3.44-fold increase in the level of apop-
totic cells of BM vs. controls was observed (Figure
3). After the 7™ day the level PCE with MN was
slightly, but significantly above control values.

During the experiment fluctuation of BM cellu-
larity was observed, on the 15" day it was 30 % less
from control values. Under these experimental
conditions dose-dependent changes in BM cellu-
larity and levels of PCE with MN were not
observed. Similar result was obtained in the study
of the frequency of chromosome aberrations in
BM cells. During 3 days of isotope administration
significant increase of chromosomal aberrations in
BM kariocytes due to dicentrics, centric rings and
free pair fragments — specific markers of radiation
exposure — was observed. Despite the increase in
cumulative absorbed dose of BM irradiation at the
later terms of intake (7", 15" days) their level was
decreased.

In toxicological studies the PCE/NCE ratio is
considered as a marker of erythroid precursor pro-
liferative activity reflecting the cytotoxic effects in
BM cells induced by stress agents of different
nature. Figure 4 shows the cytotoxicity index
change at different experiment points. Contraven-
tion of erythroblast proliferative activity and for-
mation of cytotoxic effect were observed on the
15" day of “'I intake.

To identify dose-related changes in hematologi-
cal parameters the "*'I concentrations in peripher-
al blood were determined (Figure 5). The absorbed
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PucyHoK 5. KoHueHTpauyia ' y KpoBi 3a TpMBanoro HagxopKeHHa izotony 3i WoOAEHHOI0 aKTUBHICTIO

Q = 29,3 KbK/TBapuUHY

Figure 5. Concentration of *'I in peripheral blood under a prolonged isotope intake with daily activity of

Q = 29.3 kBg/animal

Tax Ta JiMgouurtax 3pocrana Bix 0,16 MIp Ha 1-11y 100y
1o 6,44 mIp Ha 15-Ty.

HocninkeHHs OCHOBHUX (POPMEHUX €JIEMEHTIB Tepu-
¢depnuyHOi KpOBi BUSIBUIIN HE3HAYHI, TTPOTE XapaKTepHi
JIJIsI BHYTPILIIHBOTO OMPOMiHEHHS, KiIbKiCHI KOJIMBaHHS
noka3HukiB. Ha 3-10 100y BBeAEeHHS padiOHYKIimy
crocrepiraiy epeKT KOMIeHCaTOPHOI CTUMYJISILIIT OKpe-
MUX JJAaHOK KpOBOTBOpeHHd (puc. 1). Ciig 3a3Ha4nTH,
110 BiAIMMOBIZHOTO 30iJbIIEHHS] BMICTy TeéMOIJIOOiHY B
epUTpOLIMTaX MepudepruyHOi KPOBi HE BiAMiYaaoCh, 1110
MOX€E CBiTUYUTU MPO MOMOBHEHHS KPOB’STHOIO pycJjia MO-
goaumu ¢dopmamu eputpouutie KM. VY nonansuii
TepMiHU CITOCTEPEXXEHb BMICT JICMKOLIUTIB Ta €PUTPO-
LIUTIB y Tepu@epruyHiii KpoBi 3HAXOAMBCS B MeXax
JOBipUMX iHTepBaliB KOHTPOJbHUX 3HauYeHb. Ilpu
aHaJli3i Jgelkorpam crocTepiraju AUHAMiYHi KiJIbKiCH1
3MiHM, cepel SIKUX IPUBEPTAE yBary HeWTpodisibo3,
MiABUILIEHHSI 4uCia BEIUKUX TIPaHyJIbOBaHUX JiM(pO-
LIMTiB Ta iCTOTHOIO 3HUKEHHSI KiJbKOCTI Maiux JdiMpo-
uuTiB Ha 60 % MOpIiBHSIHO 3 KOHTpoJeM Ha 15-Ty mooy
nocniny (puc. 6). MimoBipHO, 3aru6enb Manux JiMdo-
IIUTIiB OOYMOBJIEHA iX 1TOAATKOBMUM OIIPOMIHEHHSIM Yy TH-
myci, ae nmoriuHeHa no3a (0,34 Ip Ha 15-Ty n100y) maiixe
Ha JBa MNOPSAKM BEJWMYMHM IIE€PEBUINYBaja TaKy Y
KkpoB'sHomy pycri i KM [13]. [ToMipHuii HeliTpodiabo3
3a paxyHOK BMICTy He3pinx (GopMm (MaIMIKOSAEPHUX
HeUTpodiaiB) MOXe CBIIUUTHU MPO CTUMYJISLIIO Ta PO3-
BUTOK pereHepaTuBHux mpoueciB y KM, akrtupalito
cucTeMy HecreuudiyHoi iMyHOpPEe3UCTEeHTHOCTI 3a il
B[ B 3aJaHOMY PEXMMi HAIXOMXEHHS. 3a TPUBAJIOTO
HaaxomxkeHHs 'l 1o opraHi3my 11ypiB 3i IOAEHHOIO aK-
tuBHicTIO Q = 29,3 KbK/TBapuHy B yci TepMiHU €KCITe-

dose in erythrocytes and lymphocytes increased
from 0.16 mGy on 1% day to 6.44 mGy on 15" day.

Study of hemacyte parameters revealed insignif-
icant but typical for internal exposure quantitative
fluctuations. On the 3™ day of “'I intake effect of
compensatory stimulation of certain blood ele-
ments was observed (Figure 1). It should be noted
that a corresponding increase in hemoglobin levels
in peripheral blood erythrocytes was not found,
which may indicate replenishment of bloodstream
with erythrocytes’ young forms from BM. At the
subsequent terms of observations levels of leuko-
cytes and erythrocytes in peripheral blood was
within the control confidence intervals. Analysis of
leucograms showed dynamic quantitative changes,
among which neutrophilia, increased number of
large granular lymphocytes and a significant
reduction in the number of small lymphocytes - by
60 % if compared with control on the 15"h day of
iodine administration (Figure 6). It is suggested
that destruction of small lymphocytes is caused by
their additional irradiation in thymus where the
absorbed dose (0.34 Gy on the 15" day) exceeded
that in peripheral blood and BM almost by two
orders of magnitude [13]. Moderate neutrophilia
formed by immature stab neutrophils may indicate
stimulation and development of regenerative
processes in BM, activation of nonspecific
immunoresistance in a given mode of internal irra-
diation by "'I. During prolonged administration of
BT with daily activity of Q = 29.3 kBq/animal, at
all terms of the experiment qualitative and struc-
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He#nTpodinbHi rpaHynouuntun / neutrophil granulocytes

cermeHTosifepHi / segmented nanuykosaepHi / rod nuclear

PuUcCyHOK 6. Kinbkictb nimdouutie Ta HeiTpodinie y nepudepuyHinn Kposi wypie 3a TpMBanoro WopeHHOro
HapxopKeHHa 'l BifHOCHO KOHTpOIO HA 15-Ty KOGY eKcnepuMeHTy

MpumiTka. * — BiporigHo wWoAo KoHTponio, p < 0,05.

Figure 6. Number of lymphocytes and neutrophils in peripheral blood of rats under prolonged daily intake
of 3'I relatively to control on the 15th day of the experiment

Note. * — significant difference to control, p <0.05.

PUMEHTY CITOCTEpIirajii SIKiCHO-CTPYKTYPHi 3MiHU KJTi-
TUH TeprudepudHOl KPOBi, TaKi K MmojiMopdHi sgapa Ta
BaKyoJlizallis UTOILIa3MU JIiIM(MOLUTIB, iICTOTHE 30i/1b-
IIeHHs piBHA KIiTUH Pigepa, nBosSIepHUX KIITUH TI0-
PIBHSIHO 3 KOHTPOJIEM.

BUCHOBKU

Takum ymMHOM, 3a TpuBajoro HagxomkeHHs ' mo op-
TaHi3My IIypiB piBeHb IIUTOT€HETUYHMX YIIKOIKEHb Y
kiitTnHax KM 6yB 10CTOBipHO BULLMIA 32 KOHTPOJIbHI 3HA-
YEHHSI B YCi TepMiHM eKCIlepuMeHTy. MakcuMabHU re-
HOTOKCcHYHUI edekT Aii 'l coctepiranu y paHHi Tepmi-
HU CITOCTEPEXKEHHS 3 TTOJAIbIINM 3HVZKEHHSIM PiBHSI YIII-
KOMXXEeHb TeHeTUYHOro anapaty KJiiitTiH KM, Tomi sIK 1uu-
TOTOKCUYHY [Ii0 i30TOIY peecTpyBaiu Julle Ha 15-Ty no-
Oy. 3MiHU y MOopdoIoriYyHOMY CKJIafi mepru@epruIHoi Kpo-
Bi MAIOCTIAHUX IIYPiB OYJIM 3yMOBJI€Hi 3CYBOM JIEAKOIIN-
TapHOi (GOpMY/IM BIiBO (32 PaxyHOK MaJIMYKOSICPHUX
HelTpodimB). Y nefikorpaMi IIpOTATOM YChOTO €KCITepH-
MEHTY BUSIBJISUIA TTABUILEHY KiJIbKIiCTh MaTOJOTIYHUX Ta
aTUIIoBUX hopM JimMporuTiB. J1o303a1eKHUX 3MiH LIMTO-
Ta TeHOTOKCMYHUX MOKA3HUKIB y KIITHMHAX KiCTKOBOIO
MO3KY Ta nepu@eprnyHoi KpoBi IIypiB, iHAyKoBaHUX '] B
JaHOMY Jiarna3oHi MOTJTMHYTHX 103, HE CIIOCTepiraiu.

CMUCOK UCNOJIb3YEMOW JIUTEPATYPbI

1. OueHka macwtabos katactpodel / B. I'. Bapbsixtap // YepHoObinbekas
katactpoda: MoHorpadus/ nog pen. B. I'. bapbsixtapa. — K. : Hayk. aym-
ka, 1995. — C. 24.

2. Steinhauser G. Comparison of the Chernobyl and Fukushima nuclear
accidents: A review of the environmental impacts / G. Steinhauser, A.

tural changes in peripheral blood cells, such as
lymphocytes with polymorphic nucleus and cyto-
plasm vacuolization, significant increase in the
levels of Rieder and binucleated cells were
observed if compared with control group.

CONCLUSIONS

Thus, under the prolonged intake of 'l by exper-
imental rats levels of cytogenetic damage in BM
cells were significantly higher than in the control
group for all terms of the experiment. The highest
genotoxic effect of 'l was observed in the early
stages of observation followed by the reduction of
genetic damage cells of BM, while the cytotoxic
effect of the isotope was registered only on the
15™ day. Changes in peripheral blood morphology
were caused by left shift leukocytosis (due to stab
neutrophils). Increased amounts of abnormal
Ilymphocytes and atypical forms were observed in
leucogram throughout the experiment. There
were no dose-dependent changes of cyto- and
genotoxic parameters of rat BM and peripheral
blood induced by "*'I in the range of the absorbed
doses.

REFERENCES

1. Bar'yachtar V. [Assessing the scope of the catastrophe]. In:
Bar’yachtar V, editor. [Chernobyl catastrophe]. Kyiv: Naukova
Dumka; 1995. p. 24. Russian.

2. Steinhauser G, Brandl A, Johnson T. Comparison of the
Chernobyl and Fukushima nuclear accidents: A review of the

(1) 550



ISSN 2304-8336. lpobnemn paniauiiinoi Meauunkn Ta pagiobionorii = Problems of radiation medicine and radiobiology. 2015. Bun. 20.

EKCMNMEPUMEHTAJIbHI

AOCNIAXKEHHA

Brandl, T. Johnson // Sci. Total Environ. — 2014. — Vol. 470-471. — P.
800-817.

3. Hirao S. Estimation of release rate of iodine-131 and cesium-137 from
the Fukushima Daiichi nuclear power plant / S. Hirao, H. Yamazawa, T.
Nagae // J. Nuclear Sci. Technol. — 2013. — Vol. 50 (2). — P. 139-147.
4. Narunckas A. M. KopoTkoxusyiume n3otonbl oga ('°'-'%1) B ycnosusx
panvaumMoHHoii agapun: 0COOEHHOCTU GOPMMUPOBaHUS W pacnpeneneHms
MOrNOLLIEHHBIX 103 B LMTOBWAHOI Xenese, buonornyeckue apoekTol / A.
M. Narunckas, B. A. Ocunos// MegvumMHckas paavonorus 1 paamnaumoHHas
6esonacHocTb . — 2005. — Ne 2. — C. 18-26.

5. Ballardin M. Formation of micronuclei and of clastogenic factor(s) in
patients receiving therapeutic doses of iodine-131 / M. Ballardin, F.
Gemignani, L. Bode [et al.] // Mutat. Res. — 2002. — Vol. 514 (1-2). —
P. 77-85.

6. The radiotoxicity of 1311 therapy of thyroid cancer: assessment by
micronucleus assay of B lymphocytes / N. Watanabe, H. Kanegane, S.
Kinuya [et al.] // J. Nucl. Med. — 2004. — Vol. 45(4). — P. 608—611.

7. Mutagenicity of diagnostic and therapeutical doses of radiopharma-
ceutical iodine-131 in Wistar rats / E. Dbsman, A. P. Berti, R. G. Mariucci
[et al.] // Radiat. Environ. Biophys. — 2011. — Vol. 50(4). — P. 579-584.
8. Fliedner T. M. Hematopoietic cell renewal systems: mechanisms of cop-
ing and failing after chronic exposure to ionizing radiation / T. M. Fliedner,
D. H. Graessle // Radiat. Environ. Biophys. — 2008. — Vol. 47(1). — P.
63-69.

9. OECD (1997), Test No. 474: Mammalian erythrocyte micronucleus test,
OECD Guidelines for the testing of chemicals. — Section 4. — OECD
Publishing.

10. International Conference on Harmonization Guidelines, Genotoxicity: A
Standard Battery for Genotoxicity Testing of Pharmaceuticals, Step 4, 1999.
11. Use of acridine orange in: flow cytometric assessment of micronuclei
induction. / K. A. Criswell, G. Krishna, D. Zielinski [et al.] // Mutat. Res. —
1998. — Vol. 414, — P. 63-75.

12. Validation of a flow cytometric acridine orange micronuclei methodol-
ogy in rats/ K. A. Criswell, G. Krishna, D. Zielinski [et al.] // Mutat. Res. —
2003. — Vol. 528. — P. 1-18.

13. Opo3p I. M. OuHamika HakonuyeHHs 3!l Ta hopMyBaHHs 403 B OpraHax
i TKaHMHaX NabopaTopHUX LLYPIB 32 TPUBANOrO NEPOPATLHOrO HAIXOMKEH-
Ha /1. 1. Opo3p, O. A. Coga, A. |. Jiunceka // AnepHa disvka Ta eHepreTu-
ka. — 2015. — T. 16, Ne 1. — C. 60-67.

environmental impacts. Sci Total Environ. 2014;470-471:
800-17.

3. Hirao S, Yamazawa H, Nagae T. Estimation of release rate of
iodine-131 and cesium-137 from the Fukushima Daiichi nuclear
power plant. J Nuclear Sci Technol. 2013;50(2):139-47.

4. Liaginskaya A, Osipov V. [Short-lived isotopes of iodine ('3'-139])
in conditions of radiation accident: features offormation and distri-
bution of absorbed doses inthyroid gland, biological effects]. Med
Radiol Radiats Besopasnost. 2005;2:18-26. Russian.

5. Ballardin M, Gemignani F, Bodei L, Mariani G, Ferdeghini M,
Rossi AM, et. al. Formation of micronuclei and of clastogenic fac-
tor(s) in patients receiving therapeutic doses of iodine-131. Mutat
Res. 2002 Feb 15;514(1-2):77-85.

6. Watanabe N, Kanegane H, Kinuya S, Shuke N, Yokoyama K,
Kato H, et.al. The radiotoxicity of 1311 therapy of thyroid cancer:
assessment by micronucleus assay of B lymphocytes. J Nucl Med.
2004 Apr;45(4):608-11.

7. Dbsman E, Berti A, Mariucci R, Lopes N, Vicentini V.
Mutagenicity of diagnostic and therapeutical doses of radiophar-
maceutical iodine-131 in Wistar rats. Radiat Environ Biophys.
2011;50(4):579-84.

8. Fliedner T, Graessle D. Hematopoietic cell renewal systems:
mechanisms of coping and failing after chronic exposure to ioniz-
ing radiation. Radiat Environ Biophys. 2008;47(1):63-9.

9. OECD (1997), Test No. 474: Mammalian erythrocyte micronu-
cleus test, OECD Guidelines for the testing of chemicals, Section
4, OECD Publishing.

10. International Conference on Harmonization Guidelines,
Genotoxicity: A Standard Battery for Genotoxicity Testing of
Pharmaceuticals, Step 4, 1999.

11. Criswell K, Krishna G, Zielinski D, Urda G, Theiss J, Juneau P,
et.al. Use of acridine orange in: flow cytometric assessment of
micronuclei induction. Mutat Res. 1998;414:63-75.

12. Criswell K, Krishna G, Zielinski D, Urda G, Theiss J, Juneau P,
et.al. Validation of a flow cytometric acridine orange micronuclei
methodology in rats. Mutat Res. 2003;528:1-18.

13. Drozd I, Sova O, Lypska A. [Dynamics of '3'l accumulation and
dose formation in organs and tissues of laboratory rats under pro-
longed oral intake]. Yaderna Phisyka Energetyka 2015;16(1):60-7.
Ukrainian.

Cmamms naditiwna do pedakuii 19.10.2015

Received: 19.10.2015

551 &



