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SAKOHOMIPHOCTI 3MIH KUIBKICHUX I AKICHUX
IIOKASHUKIB TrEMOIIOETUYHHUX CTOBBYPOBUX KJIITUH
Y KVJIBTYPI KJIITUH B YMOBAX III PAIIOHYKIIIJY
CTPOHIIIIO-90

MeToto po60Tn Byno BUBYMTM YHKLIOHYBAHHA KPOBOTBOPHOT CUCTEMM LYPiB NPK BHYTPiLUIHBOMY ONpPOMiHeHHi *°Sr 3a
YMOB MOr0 TPUBANOr0O Ta O HOPA30BOr0 HALXOAKEHHS.
Marepianu i meToau. [Ins BUBYEHHS (YHKLIOHANBbHOTO CTAHy CTOBOYPOBMX KNiTUH KiCTKOBOTO MO3KY Ta iX Hanbimx-
YMX HaWAAKIB — KPOBOTBOPHUX KNiTUH-MONEPEAHUKIB NPOBOLMIM KYNbTUBYBAHHA FeMONOETUYHUX KNiTUH WyYpiB y
cuctemi andy3iiHux Kamep in vivo, a TaKOoX OLiHIOBANM KiNbKiCHWIA Ta AKICHUIA CKNAf OTPUMAHUX Y KYNbTYPi KNiTUH-
HUX arperaris.
Pe3ynbratu. Ha ocHOBi NnpoBeaeHMX eKcnepuMeHTiB 6y/10 3'ACOBAHO, WO TpUBana Aif iHKOPNOPOBAHOTO pafioHYK-
nigy °Sr Nnpu3BOAMTbL 10 CYTTEBMX MOPYLIEHb Y KPOBOTBOPHiIN cuUCTEMI, 30KpeMa, OyNno BUABNEHO 3MiHM y remaro-
NOrYHMX NOKa3HMKAX ONPOMiHEHUX TBAPUH, NOABY LMPKYNIOYUX KNiTUH-NONEPeAHUKIB Yy nepudepuyHin Kposi,
3HUKEHHS e(EKTUBHOCTI KONIOHIEYTBOPEHHS KNITUH-NONEPEAHMNKIB KiCTKOBOTO MO3KY, @ TaKOX KiNlbKiCHi Ta AKiCHi
3MiHW Y KNOHax.
BucHOBKM. Bu3HayeHi NOKa3HUKM MiATBEPIKYIOTb 3B'A30K BUABNEHUX PaHille BKa3aHWX MOPYLEHb Y ONPOMiHEHUX
ocib i3 gieto ioHi3yoyoi pagiauii i MOXyTb ciyryBaTu nifgrpyHTAM ans po3pobKM KpuTepiiB ypaxeHHs KPOBOTBOPHOT
CUCTEMM NIOAMHM Ta HOPMYBAHHSA rpyn pU3NKy cepep ocib, siki 3a3Hanu Bnausy “°Sr.
KniouoBi cnoBa: remonoes, KNiTMHU-NONEPERHUKHY, KyNbTypa KNiTUH Y AndY3ifHUX Kamepax invivo, BHYTPilHE on-
poMiHeHHs, *°Sr.
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Pattern changes in quantitative and qualitative markers of hematopoietic

stem cells during acute and chronic exposure to 90Sr isotope in cell culture

The aim of our research was investigation of the hematopoietic system of laboratory rats under the influence of
acute and chronic internal exposure to *Sr isotope.

Materials and methods. To study the condition of stem cells and their immediate progenitors we implemented cell
culture methodology in vivo in gel diffusion capsules with subsequent analysis of the colonies and clusters.
Results. On the basis of experiments it was established that long-term effects of incorporated *°Sr isotope leads to
significant disturbances in the hematopoietic system and in particular, revealing changes in hematological param-
eters of irradiated animals such as the appearance of circulating progenitor cells in peripheral blood, reducing the
colony-forming efficiency of the bone marrow derived progenitor cells, as well as quantitative and qualitative
changes in the clones.

Conclusions. Indices confirm the connection of the detected effects in individuals exposed to ionizing radiation
described in the earlier publications and can serve as basis for developing criteria for the formation of risk groups

among people exposed to *Sr.

Key words: hematopoiesis, progenitors, cell culture in diffusion chambers in vivo, internal irradiation, *Sr.
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BCTYII

IemoroeTnyHi CTOBOYPOBI KJIITMHU XapaKTepU3YIOThCS
BUCOKOIO paliOUyTJIMBICTIO Y MOPIBHSIHHI 3 iHIIMMU
crucTeMaMi KJIITUHHOTO caMOOHOBjeHHd. lleil BUCHO-
BOK OyJ0 OTpMMaHO BYEHMMM Ha OCHOBI MpPOBEAECHUX
pOOIT, 110 MOKa3aJIM HasIBHICTh YIIKOIXKEHHS KPOBOT-
BOPHMX KJIITUH-TIONEPEAHUKIB NpU il HE JUIIe BeIu-
KUX, aJie 1 MajJux J03 iOHi3yl0UuOTro BUIIPOMiHIOBAHHSI
[1—4]. Tomy molyku HaiOinbII XapakKTepHUX TIpHU
padianiifHoMy BIUIMBiI 3MiH Ha KJITUHHOMY i MOJEKY-
JIIPHOMY DiBHSIX MOXYTb BUSIBUTHUCSI KOPUCHUMHU TIPU
po3po0Li TepaneBTUYHOI TAaKTUKU CYHNpPOBOAY OI-
pOMiHEeHUX oci0.

V 3B’43Ky 3 TUM, 10 y BiggaaeHuii nepion micast Yop-
HOOWJILCHKOI KaTacTpou BHECOK BHYTPILIHbOTO OIl-
POMiHEHHSI MOCTYIIOBO 3pOCTAa€ 3a pPaxyHOK palio-
HYKJIiJiB, SIKi HAagXoOAsSTh 3 IMPOAYKTaMM XapuyyBaHHS,
TOCTiIKeHHSI, TTOB’sI3aHi 3 BUBYEHHSIM iX il B yMOBax
€KCTIePUMEHTY, HaOyBalOTh CYTTEBOTO 3Ha4YeHHs. Hes-
Baxkalouu Ha Te, 10 PiBeHb CTIAKOro pamioakKTUBHOIO
3a0pyaHEHHS TOBKIULIS BU3HAYAEThCA 3a i3oToroM ¥'Cs,
JMOCTiTHUKYM 3BEPTAalOTh yBary Ha MOKJIWBHUIA BIUIMB Ha
KPOBOTBOPHY TKAaHWHY paAiOHYKJiIiB i3 TpuUBaJIuUM
IepioIOM HaITiBBUBEIEHHS, TAKUX K St [3].

Otxe, BBaxaJiocsl AOLIJILHUM BUBYEHHSI CTaHY KpO-
BOTBOPEHHS JJAOOPATOPHUX TBAPHH 32 YMOB BHYTPIllIHbO-
ro omnpoMiHeHHsT *°Sr Ijis oTpUMaHHS iHOOPMATUBHUX
MOKa3HUKIB MOP(GOPYHKIIOHATEHUX XapaKTEPUCTUK

INTRODUCTION

Hematopoietic stem cells are characterized by
high radiosensitivity compared to other cells with
self-renewal characteristics. This conclusion has
been established by scientists on the basis of the
works, which showed the presence of damage to
the hematopoietic progenitor cells by the action of
high as well as low doses of ionizing radiation
[1—4]. Thus, the search for the most characteristic
changes associated with exposure to radiation, at
the cellular and molecular levels, may be useful for
the development of diagnostic and therapeutic
tactics for exposed individuals.

Due to the fact that after Chornobyl accident
disaster, contributions of the internal radiation
exposure increases as a result of dietary intake,
investigation of the effects associated with internal
exposure acquires significant scientific value.
Despite the fact that sustainable level of radioac-
tive contamination of the environment is deter-
mined by "’Cs isotope, the researchers point out
possible effects of the long half-life radionuclides
on the hematopoietic tissue, with **Sr being most
prominent amongst them [5].

Therefore, it was considered appropriate to
study the hematopoiesis state of the laboratory
animals under internal exposure to *Sr in search
of informative indicators of morphological and
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CTOBOYPOBUX KIJIITUH Ta KJITUH-TIONEPEIHUKIB, K
HiATPYHTS IJ1s1 PO3PpOOKU KPUTEPiiB ypakeHHS KPOBOT-
BOPHOI CUCTEMU JIIOAMHU B pasi [il BHYTPILLIHbOTO OIl-
POMiHEHHSI.

META

Buxonsiuu 3 TOro, 110 Iy CTOBOYPOBUX KPOBOTBOPHUX
KJIITUH TIpeJICTaBIIsIE COO0I0 OMHY 3 OCHOBHMX MillleHeH
Nii i0OHi3yI04Oro BUIIPOMiHIOBAaHHSI, MU MOCTaBWJIM 3a
MeTy BUBUMTHU (DYHKIIIOHYBaHHSI KPOBOTBOPHOI CHCTe-
MH LIyPiB IIPY BHYTPILIHBOMY OIPOMiHEHHi *Sr 3a yMOB
0T0 TPUBAJIOrO Ta OHOPA30BOI0 HAIXOIKEHHSI.

MATEPIAJIN 1 METOJIN
JocmiKeHHST BIUTMBY padioHYKIiLy *’Sr Ha KPOBOTBO-
peHHS MpoBeIeHi Ha ITypax-caMisgx Bictap, skux yrpu-
MyBaJIl y CTaHIApTHUX YMOBax BiBapiio. OmHopa3oBe
BBEICHHS pamioHyKJiay *°Sr 3ailicHIOBaliocs TBapuHAM
BHYTPIIIIHBOOUYEPEBUHHO, 00’€M pO3UMHY XJIOpUmy *°Sr
cknagas 0,5 mi i3 pagioakTuBHicTIO 50 KBK Ha TBapuHy.
HocaigHuM TBaprHaM iHIIOI TPYIHU IOAEHHO MPOTSATOM
6 Mics1iB JoJaBaIM Y TKY pO34MH XJI0puay St pagioak-
TUBHIicTIO 5 KBK Ha TBapuHy. [{o KiHLIs Tepioay 3aTpaB-
KM pafiOaKTUBHICTh CKEJIeTy eKCIIepUMeHTaJIbHUX TBa-
pMH cTaHOBMJA 2 KBK, MOMIMHYTA 1032 Y CKeJleTi cKJla-
npana 1 Ip, mornuHyTa y KicTKOBOMY MO3KY J103a JOpPiB-
nioaa 0,65 Ip.

st BuUBYeHHST (PYHKIIIOHAJBHOTO CTaHy CTOBOYPOBMX
KJIITUH KiCTKOBOTO MO3KY Ta iX HAaOIM>KUKMX HAILIAAKiB —
KPOBOTBOPHUX KJIITMH-MOMNEPETHUKIB OYJI0 MPOBEIACHO
KyJIBTUBYBaHHSI TeMOIOSTUYHUX KJIITUH Yy CUCTEMi OU-
¢y3iiiHUX KaMep in vivo 3 BUKOPUCTAHHSIM Y SIKOCTIi pe-
HunieHTiB Kamep mulueit aiHii CBA. KynsrypaibHe ce-
pemoBUILE MICTUIIO XUBMUIIbHE cepenoBuiie RPMI-1640
3 10 % (eTanbHOI TenAYOl cupoBaTKu, L-riryramiH, aH-
TUOIOTUKM MEHILWJIiH Ta CTPENTOMILIMH 1 HaIiBpiAKUi
arap Difco 3 kiHeBoI0 KoHIeHTpatie 0,33 %.

Buznavanu BrimB *°Sr Ha KOJIOHIEYTBOPIOKOYY aK-
TUBHICTb KJIITUH KiCTKOBOTO MO3KY OIPOMiHEHUX TBa-
PMH 3a KiJIbKiCTIO YTBOPEHUX KOJIOHII-KJIOHIB, a TAaKOX
OILIiHIOBAJIW KiJIbKiCHUI Ta IKICHUI CKJIaJ OTPUMaHUX Y
KYJAbTYpi KJIITUHHUX arperatiB. 3a €(peKTUBHICTb KJIO-
HYBaHHSI OyJIO NPUMHSITO KilbKIiCTh KOJIOHIl, 110 BU-
pocCTaloTh y KyJbTypi 10 TepMiHy 18 mi6. Kynsrypa re-
MOIOETUYHUX KJIITUH BKJIIOUaia Mi€JTOKapiOLUTH KiCT-
KOBOT'O MO3KY Ta MOHOHYKJIeapu Iepr(epuIHOi KPOBi,
MpHY LIbOMY KYJIBTUBYBaHHSI OCTaHHIX IPOBOIMIN 3 Me-
TOIO BUSIBJICHHSI LIMPKYJIIOIOUMX KIITUH-TIONEPEIHUKIB
Yy OINPOMiHEHUX TBapMH. YCi ormepalii MpOBOAWIN 3
JOTPUMAHHSIM CTEPUJIBHOCTI B yMOBaX JIaMiHApHOTO
OoKcy.

functional characteristics of hematopoietic stem
and progenitor cells for reasons of developing
diagnostic criteria associated with internal radia-
tion exposure.

OBJECTIVE

Based on the idea that the pool of hematopoietic
stem cells represents one of the main ionizing radi-
ation targets, we examined the functional activity
of the hematopoietic system in rats with internal
irradiation to *Sr for acute periods versus pro-
longed exposure.

MATERIALS AND METHODS

The influence of *Sr radionuclide on
hematopoiesis was studied in male Wistar rats
which were kept in standard vivarium conditions.
Single-dose *°Sr radionuclide exposures were
achieved intraperitoneally with the amount of *Sr
chloride solution, equivalent to 50 kBq per animal.
Another group of experimental animals received a
daily dose of *Sr with radioactivity of 5 kBq per
animal for 6 months with food. By the end of the
exposure, radioactivity of the rat skeletons was
determined as 2 kBq, absorbed dose in the skele-
tons was 1 Gy, absorbed dose in the bone marrow
was equal to 0.65 Gy.

To study the functional state of bone marrow
stem cells and their immediate descendants —
hematopoietic progenitor cells, series of experi-
ments were conducted for cultivation of hema-
topoietic cells in diffusion chambers in vivo using
CBA mice as recipients of the capsules. Culture
medium RPMI-1640 with 10% fetal calf serum,
L-glutamine, penicillin, and streptomycin antibi-
otics, and Difco agar with a final concentration of
0.33% were used.

We assessed the effects of *Sr on the colony-
forming activity of bone marrow cells of exposed
animals with the determination of the quantitative
and qualitative composition of colonies and clus-
ters. Cloning efficiency was determined by the
numbers of colonies which appeared in culture
after 18 days of cultivation. The culture of
hematopoietic cells included bone marrow
myelokaryocytes and peripheral blood mononu-
clear cells, moreover the last were used to detect
the mononuclear cells circulating in the blood
stream of irradiated animals. All operations were
conducted in conditions of sterility in the laminar
flow cabinet.
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71 OLiHKM CTaHy reMOMOEeTUYHOI CUCTEMU MpH il
BHYTPIIIIHBOIO OMPOMiHEHHS *°Sr TOTyBajau mpemnapaTu
nepudeprIHOi KPOBi Ta KiCTKOBOTO MO3KY JTOCITiIKyBa-
HUX TBapWH, a TaKOX MPOBOAWJIM aHalli3 KJIITUHHOTO
CKJIaJy OTPMMaHUX Yy KYJBTYpi KJIOHIB, i30JIbOBaHUX i
TIEPEHECEHNX Ha CKEJIBIIS 3a TIOTMIOMOTOI0 I[TUTOLIEHTPH-

dyru.

PE3VYJIBTATU TA OBTOBOPEHHS

Y poboTi JoCHiaKeHO OCOOJMBOCTI (PYHKIIOHYBAHHS
KPOBOTBOPHOI CHCTEMH LIYPIB MPY BHYTPILLIHBOMY OI-
poMiHeHHi *°Sr 3a YMOB Oro TpUBaJIOro Ta OAHOPa30BO-
r0 HAJIXOJXKEHHSI 10 OpraHi3my.

ITpoBeaeHi KyabTypaibHi MOCHiAXEHHS 3aCBiIuWIN
HasIBHICTb TIIMOOKMX 3MiH Ha piBHI KPOBOTBOPHUX
KJIITUH-TIONEePeJHUKIB KiCTKOBOI'O MO3KY IIypiB MPH Jii
BHYTpillTHbOTO ornpomiHeHHs1 *Sr. Ile crocyBamocs sik
KUJIBKOCTi ¢(hOPMOBAHMX KJIOHIB y KYJbTYpPi AUPY3iiHUX
KaMep in vivo, Tak i SIKiICHOTO CKJaay KJIITMHHUX arpe-
raTiB.

3a KOHTpPOJIb OYJ10 B3SITO MOKA3HUK €(PeKTUBHOCTI KO-
JIOHIEYTBOPEHHSI KJIITUH KiCTKOBOTO MO3KY HEOII-
POMIHEHUX TBApUH. Y IIiii TpyIli e(PEKTUBHICTh KIOHY-
BaHHS KJIITUH KiCTKOBOTO MO3KY Y KYJABTYpPi ANPY3iiiHIX
Kamep in vivo cranoBwia 13,4 + 2,6 Ha 1 x 10° ekcriiaH-
TOBaHMX KJITUH i BUpaxanacs y IepeBaXkKHOMY POCTi
rpaHyJIOLIUTapHO-MaKpodaraibHUX KOJIOHIH.

AHati3 TaHuX, OTPUMaHUX Y Pe3yJIbTaTi KyJETUBYBaHHS
TeMOIIOETUYHMX KIIITUH OINPOMiHEHUX TBapWH, ITOKa3aB,
1110 B KYJbTYpi AM(Y3iiHMUX KaMep in vivo y JOCTiAHUX Tpy-
nax TBapyUH BM3HAYAIOCs TIPUTHIYEHHSI KOJIOHIEYTBOPEH-
HS TIOPiBHSIHO 3 MOKa3HUKAMU KOHTPOJBHOI TPYIIU.
EdexTuBHICTh KJIOHYBaHHSI TPaHYJIOLMTAPHUX KITiTHH-
MOIEPEIHUKIB IIypiB, SKMM XpOHIYHO BBOAMIM *°Srt, 3HA-
XOIMJIACh Yy MexKax Bim 4 1o 7 KJIOHIB i cTaHOBMIJIA BilIo-
BimHO 6,5 £ 1,2 Ha 1 x 10° excItaHTOBaHUX KJITHH. Y Tpyrii
TBapuH, SIKUM OJHOPA30BO BBOAWJIU PaJdiOHYKIIiI, Kijlb-
KiCTb KoJIoHieyTBOpIoouux oarHuilb (KYO) mopiBHIOBa-
a 10,8 £ 0,5 1a 1 x 10° excIutaHTOBaHUX KJTITHH.

OTtke, 3HaUHE TIPUTHIUEHHS KOJIOHIEYTBOPIOIOYOI 31aT-
HOCTi KiCTKOBO-MO3KOBHUX KJIiITUH-TTONEePEAHUKIB KiCTKO-
BOT'O MO3KY CIIOCTEpirajocs mpyu XpOHiYHOMY BHYTPilll-
HBOMY OITPpOMiHeHHI *Sr opraHi3mMy eKCIiepUMEHTAIBHIX
TBapyH, KOJIM BUCHAXKYBajlacs cCTeMa KOMITeH allil Hac-
JIiAKiB pagiauiiiHoro ypaxkeHHs1. ToOTo, XpoHidYHEe OIpoMi-
HEHHSI MOKE TTPU3BOIUTH JI0 3HIKEHHST KOMIIEHCATOPHO-
MNPUCTOCYBAJIbHUX MEXaHi3MiB reMomnoe3y i 3puBYy ajarn-
Talil y KPOBOTBOPHIiil CHCTEMi BHACIIZOK TOPYLICHHS
TMpoLIECiB penapaliii pamialliitHuX yIIKomIKeHsb [6, 7].

HudepeHuiioBaHuii MiApaXyHOK KJITMH y KJIOHaX
CBIIUMB MpPO HASIBHICTb Yy HUX IFEMOIOETUYHUX KIJIITUH

To assess the state of the hematopoietic system
under the influence of internal exposure to *’Sr we
prepared peripheral blood and bone marrow
smears; we also analyzed cell composition of
clones obtained in culture, which were isolated
and transferred to glass slides using cytospin cen-
trifuge technology.

RESULTS AND DISCUSSION

We studied influences of acute and chronic effects
of *Sr exposure upon a long-term and momentary
incorporation on the function of hematopoietic
system of the rats.

Cell culture studies witnessed profound changes
at the level of bone marrow hematopoietic pro-
genitor cells of the rats under the influence of
internal exposure to *Sr. This concerned both the
number of clones formed in diffusion chambers
in vivo and the quality of the cell units within
them.

Control indices of colony-forming efficiency
were obtained cultivating bone marrow cells of
non-irradiated animals. In this group, the cloning
efficiency of bone marrow cells in diffusion cap-
sules in vivo was 13.4 £ 2.6 x 10° of implanted cells
and expressed a preferred differentiation towards
granulocyte-macrophage morphology.

Analysis of data obtained from cultures of
hematopoietic cells of exposed animals indicated
that a significant inhibition of the colony-forming
activity could be observed, when compared to the
control groups. Cloning efficiency of granulocytic
progenitor cells of rats subjected to **Sr chronic
exposure was in the range of 4 to 7 clones and
amounted to 6.5 = 1.2 x 10° of implanted cells. In
the group of animals which were subjected to a sin-
gle exposure dose, the number of colony-forming
units (CFU) amounted to 10.8 £ 0.5 x 10° of
implanted cells.

Consequently, a significant inhibition of colony-
forming activity of bone marrow progenitor cells
was observed, indicating exhaustion of the hema-
topoietic cell pool during chronic internal expo-
sure to *Sr. Therefore, chronic exposure can lead
to the reduction of hematopoietic compensatory
adaptive mechanisms and to collapse of adapta-
tion in the blood system due to disruption of
reparative processes, associated with the radiation
damage [6, 7].

The differential identification of the cells in
clones indicated the presence of hematopoietic
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rpaHyJIOLIMTapHO-MaKpodaraibHOro psily BCiX €TalliB
3pia0CTi Bifg OJIACTHOI KJIITMHU O CErMEHTOSIACPHOTO
JIEMKOLIUTA; TaKoX OyJau MPUCYTHIMM IJa3MaTU4YHIi
KJIITUHU Ta MaKkpodaru. 3ajexHo Bif CTyINeHs 3pilocCTi,
TPAHYJIOLUTHU OyJI0 00’€NHAHO Y TPYMM PAHHIX i Mi3HIX
rpaHyJIoOUMTIiB. Y TIpylly paHHiX BiJHeCeHO OjacTHi
KIJIITUHU, IPOMIENOLUTU i MIEJIOLIUTH, a 10 Mi3HIX — Me-
TaMi€JIOIUTH, IOHi, MaTWYKOSAEPHi i CerMeHTOsIIepHi
JIEUKOLIUTH.

AHani3 cknagy KJIITMHHUX €JIEMEHTIB, 3rpyINoBaHUX 3a
OPUHLUAIIOM 3piJIOCTi, 110 CKJIaJay IPYIU paHHIX i mi3HiX
rpaHyJIOLIMTIB, BKa3aB Ha HAsIBHICTh Pi3HULII Y JOCTiTHUX
rpyrax MopiBHSIHO 3 KOHTpoJjeM. Tak, oOuIBi AOCimHi
TPYIM XapaKTepU3yBaluCs 3pOCTaHHAM KiIbKOCTI Mi3HIiX
rpaHyJIoIuUTiB — 85 %, IOPIiBHSIHO 3 KOHTPOJLHUMU 76 %.

Kpim Toro, 0yno 3’sicoBaHO, 1110 Y KOHTPOJbHUX KYJIb-
Typax 3piji rpaHyJOLUMTAPHI eIeMEHTHU (TTaJUIKOsIaAep-
Hi Ta CerMEHTOsAepHi HelTpodinu) ctaHoBuInu 52 %
BiJ 3arajbHOl KiJIbKOCTi, B TOl 4yac SIK Y KyJbTypax
KJIITUH KiCTKOBOTO MO3KY OIMPOMiHEHUX TBApUH Iude-
peHIiioBaHWI 00JIiK TPaHYJOLUTIB BUSIBUB 3HUXKEHY
KiJIBKICTh 3piux HeUTpodiniB — 42 ta 44 %, BianoBia-
Ho. Lleit edpexT 3aTpUMKHM JO3piBaHHS KJIITUH Y KJIOHAX
Y3TOJKYETHCS 3 JAHUMM iHIIMX aBTOPIiB, IO MOB’SI3y-
IOTh 3aTPUMKY KOJIOHIEYTBOPEHHS 3 Mi€l0 10Hi3yH04Oi
panianii.

Pazom 3 Tum, nipu audepeHLiiioBaHOMY MigpaxyHKY
KJIITUH Y KJIOHaX OyJio 3’SICOBaHO, 110 KiJIbKiCTb MaKpoO-
¢ariB y KyJabTypax KiCTKOBOTO MO3KY TBapUH JOCIiIHUX
rpyn (2 Ta 1 %, BigmoBigHO) Oyjia HUXYOIO 3a LEi I0-
Ka3HUK Y KOHTPOJbHUX KyjbTypax — 5 %. [Ipote npu
MOPiBHSIHHI JOCTiTHUX Ta KOHTPOJILHOI TPYTI pe3yabTaTh
MPOBEACHUX AOCTIIKEHb HE JJO3BOJISLIIA 3pOOUTH BUCHO-
BOK IIPO HAsIBHICTb JOCTOBIPHOI Pi3HMLI Y JOCTiIKEHUX
npernaparax MiX KiJbKiCTIO MiTO3iB Ta 3pyMHOBaHUX
KJIITHH.

V KyJbTypax KJIiTUH KiCTKOBOTO MO3KY IIIypiB, SIKi 3a3-
Hajli BHYTPIIIHBOIO OIPOMiIHEHHS, OYyJO BiA3HAUYEHO
dopMyBaHHS €03MHOMITBHNX KOJOHIH, 110 CKITagaINCS
3 €03MHOMITbHUX MIi€IOITHUX KJIITUH. AHaJi3 OTpHUMa-
HUX TIperapariB ITOKa3aB, 110 Y LIYpiB JOCTITHUX TPy
cepell TpaHYJIOLUMTAPHUX €JIEMEHTIB 3HAYHO YacTille,
MTOPiBHSHO 3 KOHTPOJIEM, 3YCTPidaloThesl €03MHOMIIbHI
dopmu. Tak, eo3MHOMIIBHI KOJOHII i KJTacTepu OYJ10 BU-
SIBJIEHO Y KYJIbTypaX KiCTKOBOT'O MO3KY IIIypiB Y HOPMi B
4 % Bunaakis, mpy xpoHiuHOMY BBeAeHHi *Sr —y 20 %,
a TicIst omHOopa3oBoro BBeAeHH *°St — y 10 % BUMIaaKiB.
Inmni arperatm Oynu mpeacTaBieHi HEUTpPO@iIbHUMU
KOJIOHISIMM i KJTacTepaMu.

Haii gaHi cniBcTaBHi 3 pe3yabTaTaMU JTOCTiIXEHb Y
KYJBTYpi KiCTKOBOIO MO3KY 0OCi0, $IKi 3a3Hajiu BILIUBY

cells of granulocyte-macrophage origin at all
stages of maturation from blast cells to segmented
banded leucocytes, as well as plasma cells and
macrophages. Depending on the degree of maturi-
ty, early and late groups of granulocytes were iden-
tified. The group of early granulocytes contained
early blast cells, promyelocytes and myelocytes,
while the group of late cells contained metamyelo-
cytes, young, stab band and segmented leukocytes.

Analysis of the cellular elements grouped on the
basis of maturity pointed out that there was a dif-
ference in the experimental groups compared with
the control. Thus, both research groups were char-
acterized by the increasing number of late granu-
locytes — 85 % versus 76 % for controls.

In addition, it was established that in the control
cultures mature granulocytic elements (stab and
segmented neutrophils) accounted for 52 % of the
total cells, whereas in the cultures of bone marrow
cells of exposed animals differentiated count of
granulocytes showed reduced number of mature
neutrophils — 42 % and 44 %, respectively. This
effect of maturation delay in cell clones correlates
with other published data which connect colony-
forming impediment with ionizing radiation
action.

However, during differentiated count of cell
clones it was found that the numbers of macro-
phages in bone marrow cultures of experimental
animals were lower (2 % and 1 %, respectively)
than the similar values in control cultures — 5 %.
However, when comparing the experimental and
control groups, the results did not allow the
identification of significantly different patterns
in the numbers of damaged cells and mitotic
events.

In cultures of rat bone marrow cells exposed to
internal radiation the formation of eosinophilic
colonies was observed. Analysis of obtained cytospin
slides showed that rats’ bone marrowin experimental
groups had a tendency towards eosinophilic form of
granulocytic elements differentiation, compared to
control. Eosinophilic colonies and clusters were
found in cultures of rat bone marrow in 4 % of cases
in the control, while chronic administration of *Sr
increased these values to 20 %, and after a single
dose administration of *’Sr these effects were
observed in 10 %. Other cell aggregates were repre-
sented by neutrophilic colonies and clusters.

Our data is comparable with the results of bone
marrow cultivation in persons exposed to ioniz-
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ioHi3ylouoi pagiariii B pe3yabraTi aBapii Ha YopHo-
OMIbCHKili aTOMHIl cTaHLii. CaMe y HUX Oyjia BUSIBJIeHA
e03nHO(iTbHA CIIPSIMOBAHICTh TN epeHIIiIOBaHHS, TKa
BUpaxaljacsl y CTaTUCTUYHO TOCTOBIpHOMY POCTi €03K-
HO(MIMTBbHUX KOJIOHI Yy KYJABTYpi KJIITUH KiCTKOBOTO
MO3KYy [1].

ITocunenHss nponaiepaTuBHOI aKTUBHOCTI €03U-
HOMIABHUX eJIEMEHTIB Y pe3yabTaTi KYJIbTUBYBaHHS
KiCTKOBOTO MO3KY MOXHa MOSICHUTU CTUMYJIIOIYUM
BIUTMBOM *’St MOpsia 3 iHIIMMU PagiOHyKJIiTaMu, IIPUTa-
MaHHUMU 11T YopHOOMIIBCHKOI KaTtacTpodu, Ha IN-
TOKiHOBY PeryJjslilo, OCOOJMBO Ha MPOAYKIIiIO iHTep-
JIEWKiHY-5, BiAMOBIiZAJbHOTO 3a CTUMYJSIIIO €03U-
HO(MITBHOIO POCTKAa KPOBOTBOPEHHS. IIpMuMHM LIOTO
¢eHOMEeHY MOXYThH TIOJIITaTH Y 3aXMCHO-aganTaIliiiHiil
peaxiii opraHiaMmy, B sIKiil €03MHOMIIN, 110 TepeBaXKa-
IOTh yCi iHIII MOHOHYKJeapu (PepMEeHTAaTMBHOIO aK-
TMBHICTI0, OepyTh Ha ce6e (PYHKIIiI0 3aXUCTY Y BiMOBiAb
Ha fito ioHi3yrouoi pamiamii [§—10].

Kpim Toro, Oyno npoBeaeHO MOCTiIKEHHS LIUPKYTIO-
OUMX y TIeprudepudHiil KpoBi KITITUH-TIONEPETHUKIB OIT-
POMiHEHUMX TBapWH, HAsSIBHICTb SIKMX CBiIUMTbH IPO iX
MOOiJIi3alito 3 KicTKOBOTo M0o3Ky. Hamu GyJio BusiBieHO
CYTTEBE 30iJIbIIEHHS KiIbKOCTI LHUPKYTIOYNX KIITHH-
MOTNEPEAHNKIB y TTIepudepruyHiil KpOBi TBAPUH JOCHTilI-
HUX TPYIl MOPiBHSIHO 3 KOHTposeM. Tak, e(heKTUBHICTb
KOJIOHIEYTBOPEHHS LIUPKYJIIOUUX KIITUH-TIONeped -
HUKIB y TiepuepuyHiii KpoBi OMPOMiHEHUX TBapUH
cknagana 4,22 £ 0,84 KYO na 1 x 10° KyJIbTHBOBaHUX
KJIITUH MpPU TPUBAJIOMY HAAXOJKEHHi padioOHYKJIiay Ta
2,26 £ 0,50 KYO npu omHOpa3oBOMY HaaXOIKEHHI,
nopiBHsHO 3 0,62 * 0,49 KYO y KOHTpOIi.

ITosiBa LIMPKYIIOIOUYUX KIITUH-TOINEPEeIHUKIB 3a3BU-
yail € 03HAKOIO CYTTEBUX 3MiH Y TeMOMOETUYHIM cucTemi
OMNpPOMiHEHOro opraHizmy. MexaHi3M NPOHUKHEHHS Ta
npupoaa Mirpallii KJIiTUH-IONEePeAHUKIB y neprcepuy-
HY KPOB 3aJIMILAIOTLCS He A0 KiHL 3’sacoBaHuMU. [1po
3B’430K MiX TPUBAJIMM OIPOMIiHEHHSIM OpPraHi3My Ta
MOOLTi3ali€0 KIITUH-NTONEPeIHUKIB i3 KICTKOBOTO MO3-
Ky Ta iX BUXOJOM Yy mepudepuuHy KpoB CBigJaTh AaHi,
OTPUMaHi PSIJIOM aBTOPiB MPU AOCITIIKEHHI T€eMOMOE3y
0ci0, 10 MelIKaloThb Ha TEPUTOPIIX, 3a0pyIHEHUX
panmionykJigamu [1].

Sx pesynbraT mopyiieHoi npoaidepanii i gude-
pEeHIIiIOBaHHS KPOBOTBOPHUX KIIITUH-TIOTIEPETHUKIB,
OyJ10 3acBimueHO 3MiHM Ha PiBHI MOPMOJOTIYHO iIeH-
TH(}IKOBAaHUX KIITUH, a caMe, y KIITUHAX Tepudepnd-
HOI KpOBi i KiCTKOBOro MO3Ky. BusiBUIOCH, 1110 BHYT-
pilllHE OTPOMiHEHHSI pamioOHYKIimoM ’Sr y miara3oHi
MajJuX A03 TMPU3BOAUTH N0 TOSBU OU3TEMOITOE3y 3i
3MiHOIO CITiBBIIHOILLIEHHSI MiXX OKpPEMUMMU IapOCTKaMU
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ing radiation resulting from the Chernobyl
nuclear power plant accident. These patients
revealed the tendency eosinophilic differentia-
tion, which was shown in statistically significant
eosinophilic colonies growth in bone marrow cell
culture [1].

Observed increased proliferative activity of
eosinophilic elements during cultivation of bone
marrow cells can be explained by the stimulating
effects of cytokine regulation and especially by
production of interleukin-5, responsible for stimu-
lating eosinophilic lineage as the result of *Sr
effects, along with other radionuclides, that are
associated with the Chornobyl disaster. The rea-
sons for this phenomenon may be due to the pro-
tective or adaptive response of the organism in
which eosinophils dominating all the other mono-
nuclear cells’ enzymatic activity, play a protective
role in response to ionizing radiation [8—10].

In addition, progenitor cells circulating in the
peripheral blood of irradiated animals demonstrat-
ed their mobilization from bone marrow. We have
established a significant increase in the numbers of
circulating progenitor cells in peripheral blood of
animals from experimental groups compared to
the control. Thus, the colony-forming efficiency
of the circulating progenitor cells in peripheral
blood of irradiated animals was 4.22 + 0.84 per 1 x
105 cultured cells for animals with prolonged
exposure and 2.26 £ 0.50 CFU per 1 x 10° for acute
exposure group, compared with 0.62 + 0.49 CFU
per 1 x 10° in control.

The appearance of circulating progenitor cells is
usually a sign of significant changes in the
hematopoietic system of irradiated organism. The
mechanism of penetration and migration of progen-
itor cells in peripheral blood is not fully elucidated.
The relationship between prolonged exposure of the
body and the mobilization of progenitor cells from
the bone marrow and their release into the peripher-
al blood according to data obtained by several
authors was also evident in the studies of individuals
living in areas contaminated with radionuclides [1].

As a result of impaired proliferation and differ-
entiation of hematopoietic progenitor cells it has
been demonstrated that the changes also involved
morphologically identifiable cells, namely, cells in
peripheral blood and bone marrow. It turned out
that internal exposure to *Sr radionuclide in the
low dose range leads to impairment of hemato-
poiesis with the change of balance between indi-
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PucyHoK 1. Naronoriuni 3miHu y nepucepuuHin KpoBi onpomiHeHUx TBapuH: A — HeUTPoiNnbHUI NenKoLUT
i3 rinepcermexTauieto aapa; b — perpaHynauisa yuronnasmu y KNituHi rpaHynouymtapHoro paay; B — 6asodins-
Hui eputpobnact; I — nimdouur i3 rinep6asodinieto yuTonnasmm Ta BOpCMHYaCTUMM BigpocTKkamu. 3abapeneH-

HA 32 PomaHoBcbKuUM-Tim3a. 36. x 900

Figure 1. The pathological changes in peripheral blood of irradiated animals: A - neutrophilic leukocyte nuclei
with hypersegmentation; B - cytoplasm degranulation in the granulocyte cell; C - basophilic erythroblast;
D - lymphocyte and cytoplasm with villous hyperbasophilic projections. Romanovsky-Giemsa staining. x 900

KPOBOTBOPEHHSI, MOPYILIEHHSIM TIPOLIECiB Mpoidepalrii,
JudepeHLitoBaHHSI 1 JA03piBaHHSI KJIITUH KiCTKOBOTO
MO3KY, HasIBHICTIO TTaTOJIOTiYHUX (DOPM KITiITHUH.

Tak, ouiHKa SIKICHUX 3MiH y KPOBOTBOPHI cucTtemi
Mpy OMPOMiIHEHHI TBApWH JO3BOJMJIA BUSIBUTU 30iJb-
ILIEHHS KiJbKOCTi MaTOJOriYHUX KJIiTUH, B Mipy Harpo-
MaJKeHHSI O3 OIPOMiHEeHHS. 30KpemMa, CIIOCTepiraim
MiABUINIEHNI piBEeHb IBOSIIEPHUX JIIMQOLIMTIB i JBOS-
JIEPHUX MOJIOAUX EPUTPOITHUX €JIEMEHTIB.

VY nokasHuKax KJITUH TepudepruyHoi KpoBi IIypiB
crocTrepiraaucs SIKicHi 3MiHU (puc. 1), y TOpiBHSIHHI 3
KoHTpojeM. BinOyBanocs 30iJIbIIIeHHST KiJTIbKOCTi HEWT-
podiNiB 3 TOKCUTEHHOIO 3€PHUCTICTIO, 3 TilMepcerMeH-
Talli€lo i TrimocerMeHTali€o sapa, BaKyoJi3ali€lo Lu-
TOIJIa3MU, (PparMeHTALIi€I0 SIapa, BiAIETIJICHHSIM s1Iep-
HOT'O XpOMAaTHHY.

KpiM Toro, Oy;11 HasIBHi KIITUHU TPaHyJIOLUTAPHOTO PsI-
Iy 3 AerpaHyJ/ISILIE0 HUTOILIa3MU. Y nepudepudHiit KpoBi
TaKOXK 3yCTpivaINCsI He3pisli eJIeMEeHTH epUTPOITHOTO PSIIY.
V nimdormTax criocrepiranach Tirepba3odimis IUToIIIa3-
MU, HasIBHICTh BOPCUMHYACTHX BiIPOCTKIB, a TAKOX PifepiB-
CbKi hopMu JTiMGMOLUTIB. Y psifli KITUH PEECTPYBAIUCH
O3HAKM TIOPYIIEHHSI CTPYKTYPH sIIpa, 10 BUPaXKAIUCS Y
aHOMaJIbHOMY BiIITHYpyBaHHI OTr0o (pparMeHTiB.

vidual lineages, disturbances in proliferation, differ-
entiation and maturation of bone marrow cells, as
well as the presence of pathological forms of cells.

Thus, assessment of qualitative changes in the
hematopoietic system of irradiated animals allowed
identifying an increase in the numbers of abnormal
cells during the accumulation of radiation dose. In
particular, observed elevated levels of lymphocytes
and dual-nuclei and dual-nuclei early erythroid cells.

When compared to control, qualitative changes
were observed in peripheral blood parameters
(Fig. 1). An increase in the numbers of neutrophils
with toxigenic granularity, hypersegmentation and
hyposegmentation of the nucleus, vacuolization of
the cytoplasm, nucleus fragmentation as well as
separation of the nuclear chromatin were observed.

In addition, some granulocytic cells had degran-
ulated cytoplasm. Immature erythroid elements
could also be observed in the peripheral blood.
Lymphocytes were hyperbasophilic and the cyto-
plasm contained villous projections; some Rider’s
lymphocytes could also be seen. Cells had also
anomalies in the nuclear structure with abnormal
fragments separation.
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PucyHoK 2. lucnnactuuHi mopconoriuHi 3miHu y KicTKOBOMY MO3KY ONpoMiHeHUX TBapuH: A —NaToNoriyHumn
miTo3; b — pBOAAEpHa KNiTMHA epUTPOIAHOrO pAAY; B — naTosoriyHa 3epHUCTICTb Y KNITUHAX FPaHYIOLUTAPHOTO
paay; I - 36inbleHHA KinbKOCTi Nna3mMaTUYHMX KNiTMH. 3a6apBneHHA 3a PomaHoBcbKkuM-Tim3a. 36. x 900

Figure 2. Dysplastic morphological changes in the bone marrow of irradiated animals: A - pathological mito-
sis; B - dual-nuclei erythroid cell; C - pathological granularity of granulocytic cells; D - increasing number of

plasma cells. Romanovsky-Giemsa staining. x 900

AHazi3 MieaorpamM CBiZ4MB Ipo HASIBHICTb AUCTIIIAC-
TUYHUX MOPQOJIOTIYHUX 3MiH, BUSBICHUX Y KIITUHAX
BCiX POCTKiB CUCTEMU KPOBOTBOPEHHSI TBApUH, OMpPO-
MineHux *Sr (puc. 2). B exeMeHTax rpaHyJoLUTAPHO-
ro psiny Oyja HasiBHA IaTOJOTiYHA 3€PHUCTICTh, MOB-
Ha Y4 YacTKOBa JerpaHyJsllis IUTOILUIa3MU HEMUT-
podiNbHUX MIEJOUUTIB i MeTaMieJOUUTIB, (pparMeH-
Tallisl Ta TimocerMeHTallisl siaep 3piinX HeuTpodisib.
VYV nimdouunrax BUSIBASIN 0a30Qiilo i BaKyoJri3aiiio
LIUTOILIa3MU.

Hun3merakapioliuTonoes MposiBAsSIBCS HasIBHICTIO MiK-
poMerakapiolMTiB, MerakapioluTiB 3 KPYTJIUMU SIApaMU
1 YaCTKOBUM BiJILIHYpYBaHHSIM TpoMOoLuUTiB. B kapio-
LUATaX EPUTPOINHOrO PSIY CIIOCTEpiraian sIBUILE Kapio-
pPeKCHCY, aCUHXPOHHE O3piBaHHS sApa i LIMTOILUIa3MHU,
HasSIBHICTb LIMTOIIAa3MAaTUYHUX MICTKiB MiXX KJTIITUHAMM,
OJMHUWYHI IBOSIAEPHI HOPMOOJIACTU, OCTPiBLIEBI HAKO-
MUYEeHHS epUTPOITHUX KITITUH.

BUCHOBKU

Y po0Oorti 3milicHeHO HOCHimKeHHS (QYHKIIOHYBaHHS
KPOBOTBOPHOI CHCTEMH LIYPiB NPK BHYTPILLIHBOMY OI1-
poMmiHeHHi *’Sr 3a yMOB OT0 TPUBAJIOTO Ta OJHOPA30-
BOTO HaJIXOXKEHHSI 0 OPTaHi3My Ta PO3IIMPEHO YsIB-
JIEHHSI PO MeXaHi3M Ail BHYTPillHbOIO OMPOMiHEHHS

Myelogram analysis indicated the presence of dys-
plastic morphological changes in the hematopoietic
cells of all lineages in the bone marrow of the ani-
mals exposed to *Sr (Fig. 2). In a number of granu-
locytic cells pathological granularity was evident,
complete or partial cytoplasm degranulation of neu-
trophilic myelocytes and metamyelocytes, fragmen-
tation and hyposegmentation of mature neutrophils’
nuclei. In lymphocytes we observed vacuolization
and basophilia of the cytoplasm.

Impairment of megakaryocyte development
revealed in the presence of micromegakaryocytes,
megakaryocytes with round nuclei and partial pla-
telets release. In erythroid karyocytes we observed
karyorrhexis, asynchronous maturation of nucleus
and cytoplasm, the presence of cytoplasm bridges
between the cells, single dual-nuclear normoblasts,
islets accumulation of erythroid cells.

CONCLUSIONS

In current work we performed the investigation of
hematopoietic system functioning under protracted
chronic and single-dose exposure of the rats to *Sr;
we have also expanded the understanding of the
mechanism of internal irradiation action on the
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Ha cuctemy remorioe3y. Ha ocHOBi npoBeaeHUX eKcre-
PUMEHTIB 0yJ10 3’5ICOBaHO, 1110 TpMBaJa J1isl iHKOPIOpo-
BAHOTO pagioHyKIIiLy **Sr IIPpU3BOINUTE IO CYTTEBUX ITO-
pYLIEHb Y KPOBOTBOPHIii cucTeMi, 30KkpeMa, 0yja0 BU-
SIBJIGHO 3MiHM y TIeMaTOJOTriYHUX IMOKa3HUKaX OIl-
POMiHEHMX TBapUH, MOSIBY UMPKYIIOIOUYNX KIITUH-IIO-
MepeTHNKIB Y TTeprudepudHiii KpoBi, 3HMKEHHS e]eK-
TUBHOCTI KOJOHIEYTBOPEHHS KJiTUH-TIONEPEeTHUKIB
KiCTKOBOT'O MO3KY, a TAKOX KiJIbKiCHi Ta SIKiCHi 3MiHU Y
KJIOHAaX.

IIpu oMY pI3HUIIA Y peXUMi HaIxomkeHHs *Sr 3y-
MOBJIIOBaJIa BiIMiHHOCTI y MOKa3HUKaxX (PyHKIiIOHYBaH-
HsI KPOBOTBOPHOI cucTeMU. Tak, OiTbII BUpaKeHi 3MiHU
CrocTepirajiucsg 3a yMOBM TPUBAJIOTO HAIXOMXKEHHS
pamioHyKJIily B OpraHiamM TBapMHU, IPU IKOMY CyMapHa
JI03a OMPOMiHEHHS IMOCTYMOBO 30iJIbIIyBajach. ¥ TOM
K€ Jac TicCligd OJHOPA30BOTr0 BBEACHHS *’Sr ypaskeHHsI
KPOBOTBOPHUX KJIITUH y MOJAIBIIIOMY KOMIIEHCYBAIOCS
npolecaMu pernapaliii, 1110 BUpaxXajaocsl B HopMalizalii
MOKa3HUKiB KiCTKOBO-MO3KOBOT'O KPOBOTBOPEHHSI.

BuzHavyeHi MOKa3HUKU MiATBEPIKYIOTh 3B’ SI30K BUSIB-
JICHUX paHillle BKa3aHUX MOPYILIEHb Y OMPOMiHEHUX OCi0
i3 Ji€l0 10HiI3ylO4oi pamdiallii i MOXYTb CIYryBaTu Mif-
IPYHTSIM JJI PO3POOKM KPUTEPiiB ypaxkeHHSI KPOBOT-
BOPHOI CUCTEMU JIIOAMHU Ta (POPMYBAHHS TPYIT PUBUKY
cepes 0ci0, sIKi 3a3HaU BIUIUBY *°ST.
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hematopoietic system. On the basis of performed
experiments it was established that long-term
effects of incorporated *°Sr radionuclide lead to sig-
nificant disturbances in hematopoietic system, in
particular, changes were revealed in hematological
parameters of irradiated animals, as well as the
appearance of circulating progenitor cells in periphe-
ral blood, reducing the colony-forming efficiency of
bone marrow progenitor cells, with quantitative and
qualitative changes in the cellular clones.

Along with that, the difference in *°Sr adminis-
tration predetermined differences in hematopoiet-
ic system functioning. So, more pronounced
changes were observed under prolonged intake of
radionuclides, when the total radiation dose was
gradually increasing. At the same time after a sin-
gle administration of *Sr the damage to hemato-
poietic cells was compensated with reparation
processes, which revealed in normalization of
bone-marrow parameters.

Determined indices confirm the connection
between previously investigated alterations in exposed
individuals with the effect of ionizing radiation, which
can serve as a basis for developing the criteria of
human blood system impairment and formation of
risk groups among people who were exposed to *Sr.
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