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JAKOHOMIPHOCTI 3MIH KUIbKICHHUX I AKICHUX
ITIOKASHUKIB TEMOIIOETUYHHUX CTOBbYPOBUX KJIITUH
VY KVJBLTYPI KJIITUH B YMOBAX I1I PATIOHYKIIAY
CTPOHIIIIO-90

MeTo1o po60oTyn 6yno BUBUMTU DYHKLTIOHYBAHHS KPOBOTBOPHOT CMCTEMM LLyPiB NPW BHYTPiLIHLOMY ONPOMiHEHHT *°Sr 3a
YMOB MOro TPUBANOrO Ta OfHOPA30BOI0 HAAXOAKEHHS.
Marepianu i metoau. [1ns BUBYEHHSA YHKLIOHANBHOTO CTAHy CTOBOYPOBMX KNiTUH KiCTKOBOTO MO3KY Ta 1X Hanbaux-
YMX HALLAAKIB — KPOBOTBOPHMX KNiTUH-NONEPEAHMKIB NPOBOAMUAN KYNbTUBYBAHHA FEMOMOETUYHUX KNITUH LYPiB Y
cuctemi andy3ifHMX KaMep 1n vivo, a TaKOX OLTHIOBANM KiNbKiCHUIA Ta AKICHWI CKNag OTPUMAHUX Y KYALTYPT KNiTUH-
HUX arperari..
Pe3ynbratu. Ha 0CHOBI NpoBeAeHMX eKCrepuMeHTiB 6yno 3'ACOBAHO, WO TPUBANa Ais THKOPNOPOBAHOTO PafioOHYK-
nigy *°Sr Npu3BOAWUTL B0 CYTTEBMX MOPYLWEHb Y KPOBOTBOPHiA CUCTEMI, 30KpEMA, BYNO BUABNEHO 3MiHM Y remMato-
NIOTTYHUX MOKA3HMKAxX ONPOMiHEHUX TBAPWH, NOSABY LMPKYIKOUYUX KNITUH-NONEPELHUKIB Y nepudepudHiin Kposi,
3HMMKEHHS e(EKTUBHOCTI KOMIOHIEYTBOPEHHA KIITUH-MONEPESHMKIB KICTKOBOTO MO3KY, @ TaKOX KiNlbKiCHI Ta AKiCHI
3MiHW Y KNOHaX.
BUCHOBKM. B/3Ha4YeHT NOKA3HWMKM NIATBEPAKYIOTb 3B'A30K BUABNEHMX PAHille BKA3aHWUX MOPYLIEHb Y ONPOMiHEHUX
0Ci6 13 Aieto ioHi3ytouoi pagiayii i MOXyTb ClyryBaTu NigrpyHTaAM As po3pobKM KpUTEPiTB ypaKeHHA KPOBOTBOPHOT
cUCTEMU MOJUHM Ta HOPMYBAHHSA TPyN PU3UKY CEPEA 0Cib, siKi 3a3Hanu Bnamsy *°Sr.
KniouoBi cnoea: remonoes, KNiTUHWU-NONEPERHUKY, KyIbTYpa KNiTUH Y AMdY3ifHWX Kamepax invivo, BHYTPIlIHE on-
POMiHEHHA, *°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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BCTVYII

IeMonoeTnyHi cTOBOYPOBI KIITUHU XapaKTepU3YIOThCSI
BHUCOKOIO PadiouyTIUBICTIO Y IOPIiBHSIHHI 3 iHIIUMU
cUCTeMaMU KJIITHUHHOTO camMooHoBiIeHH:. lleil BucCHO-
BOK OVJIO OTpMMaHO BUYeHHMHU Ha OCHOBI IIpOBeHeHMX
po0iT, 110 MoKa3ajii HASIBHICTH YIIKOKEHHSI KpOBOT-
BOPHUX KIITUH-TIONEpeHUKIB TP il He JUIle BeJu-
KUX, ajie 1 Manux J03 iOHi3yI0UuoTro BUIIPOMiHIOBAHHSI
[1—4]. Tomy momykd HaWOINBII XapaKTepHUX TpH
pagialiiHOMy BIUIMBI 3MiH Ha KJIITUHHOMY 1 MOJIEKY-
JISPHOMY PiBHSIX MOXYTH BUSBUTHCS KOPHUCHHMH IIpU
po3pobIi TepaleBTUYHOT TAKTHUKU CYIPOBOAY OI-
poMiHeHUX ocib.

V 3B’s13Ky 3 TUM, 1110 Y BimganeHuit nepion micas Yop-
HOOMJIBCHKOI KaTacTpodM BHECOK BHYTPIIIHBOTO OII-
pPOMiHeHHS IIOCTYIIOBO 3pOCTa€ 3a pPaxyHOK pamio-
HVKJIAiB, SIKi HAgXoddTh 3 IPOAYKTAMHU XapuyBaHHS,
JOCHIIKeHHSsI, OB’ sI3aHi 3 BUBUEHHSIM 1X Mil B yMOBax
eKCIIepIMeHTY, HaOyBaloTh CYTTEBOrO 3Ha4eHHs. Hes-
BaXalo4u Ha Te, IO piBeHb CTIAKOIro pamioaKTUBHOTO
3a0pyIHEeHHS JOBKULISA BU3HAYA€ThC 3a i3oTorroM PCs,
JOCIIITHUKA 3BepTaloTh VBAry Ha MOXJIWBUM BIUTMB Ha
KpPOBOTBOPHY TKAHMHY pPaZioHYKIiIiB i3 TpUBaIuUM
IepioIoM HaIliBBUBEIeHHS, TAKKX K 'St [5].

OTXe, BBaXaJIOCS HOILUIFHUM BUBYCHHS CTaHY KpO-
BOTBOPEHHS JIaOOpaTOPHIX TBAPHH 34 YMOB BHYTPIIITHBO-
IO OIpPOMIiHeHHS *°Sr 1 oTpUMaHHS 1HPOPMATHBHUX
MoKa3HUKiB Mop¢odyHKIIOHATPHUX 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 KIIITUH Ta KIITUH-IIONEPEAHUKIB, SIK
HiAIPYHTSI IS pO3pOOKU KPUTEPIiB ypaxkeHHsI KpOBOT-
BOPHOI CUCTeMHU JIOAWHU B pasi [ii BHYTPIIIHBOTO OII-
POMiHEeHHSI.

META

Buxonsau 3 Toro, mo myJs ¢cToBOYPOBUX KPOBOTBOPHUX
KJITUH IIpeAcTaBisie cob0i0 OAHY 3 OCHOBHUX MillleHel
Jil iOHIZyIOUOro BUMNPOMIHIOBAHHSI, MU IIOCTABUIU 3a
MeTy BUBUYUTH (HYHKIIIOHYBAHHSI KPOBOTBOPHOI CUCTe-
MH IIYpiB IPU BHYTPIIIHHOMY OIIpOMiHeHHI *Sr 3a yMOB
HOTO TPUBAJIOTO Ta OMHOPA30BOIO HANXOMKEHHSI.

MATEPIAJIA 1 METOAN

JocaimKkeHHsT BIUIUBY PamioHVKIIAY *°Sr Ha KpOBOTBO-
PeHHsI IPOBEIeHI Ha IIypax-caMIsX Bictap, sSsKMX yTpu-
MVBalIl V CTaHAAPTHUX yMoBax BiBapito. OmHopa3oBe
BBeIeHHs pamioHyKIiny “Sr 3milicHIoBaIocd TBapMHAM
BHYTPIITHbOOYEPEBUHHO, 00’eéM pO3UMHY XIOpumy *°Sr
ckiaagas 0,5 ma i3 pagioakTupHicTio 50 KbK Ha TBapHUHY.
JlocmigHuM TBapUHAM iHIIOI TPYHHU IIOASHHO MIPOTSITOM
6 MicAIIIB JomaBalIn Y TKY pPO3YMH XIOPHIY *°Sr pamioak-
TUBHicTIO 5 KbK Ha TBapuny. o KiHIIS Iepioay 3aTpaB-
KM palioaKTHBHICTH CKeNeTy eKCIIepMMEHTATbHIX TBa-
puH ctaHoBuIa 2 KbK, MOMIMHYTA 103a V CKeJleTi cKiaa-
nmana 1 Ip, mormuHyTa y KiCTKOBOMY MO3KY J03a JTOPiB-
Hioama 0,65 Ip.

Jnst BuBYeHHSI (PYHKIIIOHATBHOTO CTaHY CTOBOVPOBUX
KJIITHH KiCTKOBOTO MO3KY Ta iX HAMOMIKUNX HAIIAAKIB —
KPOBOTBOPHUX KIITHH-IIOIEPSTHUKIB OVIO IIPOBEIeHO
KYJIETUBYBaHHS TeMOIIOSTUYHNX KIIITHH Y CHCTeMi -
dy3iiiHUX KaMmep in vivo 3 BUKOPUCTAHHIM Y IKOCTi pe-
HuIieHTiB Kamep Muiei jniHii CBA. KynsrypanbHe ce-
peIoBHIIE MiCTHIIO XKUBWIbHE cepegoBuiie RPMI-1640
3 10 % ¢eTanpHOI TeNIYOI CUPOBAaTKH, L-mIyraMi, aH-
TUOIOTUKY MEeHILWIIH Ta CTPeNTOMIIMH 1 HaIiBpimKui
arap Difco 3 xiHuesoro koHIeHTpalieo 0,33 %.

BusHavanu BIDIMB *Sr Ha KOJOHIEYTBOPIOIOUY aK-
TUBHICTh KJIITUH KiCTKOBOTO MO3KY OIpOMiHeHUX TBa-
PHUH 3a KiJIBbKiCTIO YTBOPeHUX KOJOHIN-KIOHIB, a TAKOX
OLiHIOBAIU KiIbKiCHUU Ta IKiCHUN CKIaJ OTpUMAaHUX V
KYJABTYpi KIITUHHUX arperaTiB. 3a e(eKTHUBHICTb KJIO-
HYBaHHSI OYyJIO MPUUHSITO KiNbKiCTh KOJOHIN, 11O BU-
pocTaloTh y KyABTYpi mo TepMminy 18 mi6. Kyaerypa re-
MOTMOSTHYHUX KJIITHH BKJIIOYaia Mi€1OKapiolUTH KiCcT-
KOBOT'O MO3KY Ta MOHOHYKJIeapH Iepr (e pHIHOI KPOBi,
IIpU IBOMY KYJIETUBYBAHHS OCTaHHIX IIPOBOIMIIN 3 Me-
TOIO BUSBJICHHS MUPKYIIOIUYNX KITUH-TIOIepeTHUKIB
y OIPOMiHEeHUX TBapuUH. Yci omepallii MpOBOAUIH 3
JTOTpUMaHHSIM CTepPMJIBHOCTI B YMOBaxX JIaMiHApPHOTO
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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JIst OIiHKK cTaHY TeMONOeTUYHOI CUCTeMHU IIpHU il
BHYTPIIIIHBOTO OIPOMIiHeHHS °Sr TOTYBaM IIpelapari
nepudepuuIHoOl KpOBi Ta KiCTKOBOTO MO3KY JOCiIKYyBa-
HUX TBApHWH, a TaKOX IIPOBOIWIN aHAai3 KIITHHHOTO
cKJIaay OTPUMAHUX V KYABTYpi KJIOHIB, i301bOBaHUX i
TepeHeCeHNX Ha CKeJBI 3a TOIMOMOTOI IMUTOLEHTPH-

dyru.

PE3YJIBTATU TA OBT'OBOPEHHS

YV pobori gochimKeHO OCOOMUBOCTI (PYHKIIOHYBAHHS
KPOBOTBOPHOI CHCTEMHU IIYPiB NMPU BHYTPILITHBOMY OII-
poMiHeHH] *Sr 3a YMOB 110TO TPUBAIOTO Ta OIHOPA30BO-
TO HAIXOMKEeHHS IO OpraHi3My.

IIpoBedeHi KyabTypaldbHi JOCHIIKEHHS 3acBigyuin
HasIBHICTh IMMMOOKMX 3MiH Ha piBHI KPOBOTBOPHUX
KIITUH-TONEePeJHUKIB KiCTKOBOTO MO3KY IIYpiB MpHU Aii
BHYTpilIHbOro ompomineHHsa *Sr. lle crocyBamocs SK
KiTBKOCTI ¢(pOpMOBAHUX KIOHIB Y KYJIBTYpi AUDY3IHHNIX
KaMep in vivo, Tak i SKiCHOro cKiaay KJIITHHHHUX arpe-
raTiB.

3a KOHTPOJb OYJI0 B3SITO MOKA3HUK e(heKTUBHOCTI KO-
JIOHIEYTBOPEHHSI KIITHH KIiCTKOBOTO MO3KY HEOI-
pOMiHeHUX TBapuH. ¥ Wil IpyIli e(heKTUBHICTh KIOHY-
BaHHS KJIITUH KiCTKOBOTO MO3KY Y KYABTYpi AUPY3IHHNIX
KaMep in vivo ctanoBmwia 13,4 & 2,6 Ha 1 x 10° excrumaH-
TOBAaHUX KIITUH i BUpaxajacsl y IepeBakHOMY pPOCTi
rpaHyJIOIMUTapHO-MaKpodaraTbHIX KOJIOHIH.

AHaJiz JaHuX, OTPUMAHUX Y Pe3yJIBTari KyJIETUBYBAHHS
TeMOIIOeTHYHNX KIIITUH OIPOMiHeHUX TBapWH, IIOKA3aR,
1110 B KYJIBTYpi A y3iiHUX KaMep in vivo y TOCHiTHUX Tpy-
ITaX TBapWH BU3HAYAIOCS IIPUTHIYeHHST KOIOHIEYTBOpEH-
HS IOPiBHIHO 3 IOKA3HMKAMU KOHTPOJIBHOI TPYIIM.
EdekTuBHICTE KIIOHYBaHHSI TpaHYJIOLUMTAPHUX KIITHUH-
MTOTePeTHMKIB NIYPiB, SKUM XPOHIYHO BBOTWIN *°Sr, 3Ha-
Xoauaach Vv Mexax Bif 4 o 7 KJIOHIB i cTaHOBWAA BiAIO-
BimHO 6,5 * 1,2 Ha 1 x 10° excIuraHTOBaHNX KITHH. Y TpyIIi
TBApUH, SIKUM OJHOPA30BO BBOAWIN PATIOHYKIIII, Kilb-
KicTh KOJIOHieyTBOpIoounx omuHUIh (KYO) mopiBHIOBa-
ma 10,8 £ 0,5 Ha 1 x 10° excIDTaHTOBAaHMX KITITHH.

Otxe, 3HaUHe MPUTHIYEHHS KOIOHIEYTBOPIOIOUO] 310aT-
HOCTI KiCTKOBO-MO3KOBUX KJIITHH-IIOTIEPEIHUKIB KiCTKO-
BOTO MO3KY CHOCTepiraaocs MpHU XpOHIYHOMY BHYTpillI-
HBOMY OITpOMiHeHHI *’Sr opraHisMy eKcIlepUMeHTAIBHIX
TBapWH, KON BUCHAXYBaJIacs cUCTeMa KOMITeHcallil Hac-
JIAKIB pagialiiHoro ypaxkeHHs. TobTo, XpOHIUHe OTIpoMi-
HeHHS MO3Ke IIPU3BONUTH IO 3HIDKEHHS KOMIIEHCATOPHO-
MPUCTOCYBAIbHUX MeXaHi3MiB reMoIioe3y i 3puBY ajall-
Tallii Yy KPOBOTBOPHIM CHCTeMi BHACHIIOK IOPYIIEHHS
IpolieciB penapallil pagjaliifHUX YIIKOIKeHb [6, 7].

JudepeHLiliopaHUNH TiApaxXyHOK KIITUH Yy KIOHaX
CBITYMB PO HAaSBHICTh Y HUX FeMOIOSTHYHHUX KIiTUH
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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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rpaHyJIoluTapHO-MakpodaralbHOTO psyIy BCiX eTamiB
3pUIOCTi Bim 0JaCTHOI KIITMHU A0 CEerMeHTOSIAePHOTO
JefKoluTa;, TakoxX Oylu MOpUCYTHIMHU IJa3MaTUIHi
KIITUHU Ta Makpodaru. 3ajexHo Bif cTyIeHs 3pilocTi,
rpaHyIoLIuTH Oyno o0’eqHaHO Yy TPYIU paHHIX i IMi3HIX
rpaHyJIOUMUTIB. Y Tpyly paHHIX BigHeceHO OJacTHI
KILITUHHI, IPOMIETOINTH i MiETOIIUTHU, a A0 Mi3HIX — Me-
TaAMIi€JIONUTH, IOHI, MaTWYKOSJAepHi i cerMeHTOsIepHi
JIEUKOIIUTH.

AHai3 ckiany KITUHHUX eJIeMeHTiB, 3TpyIOBaHUX 3a
OPUHITAIIOM 3PiTOCTi, IO CKIAAU IPYIHU paHHIX i mi3HiX
rpaHyJIOLIUTIB, BKA3aB HA HASBHICTh Pi3HUIII Y JOCIIiJHUX
rpynax mopiBHSHO 3 KOHTpoJdeM. Tak, odumBi JociigHi
IPYHHU XapaKTepHU3YBATUCS 3pOCTAHHSIM KUTBKOCTI Mi3HIX
TpaHyJIOIUTIB — 85 %, MOPiBHAHO 3 KOHTPOJIEHHMU 76 %.

Kpim Toro, 6yio 3’sicopaHo, 110 Y KOHTPOJbHUX KYJIb-
Typax 3pilIi rpaHYJIOIINTAPHI eJleMeHTH (IIaJImIKOosIIep-
Hi Ta cerMeHTOSAepHI HelTpodinu) ctaHoBUIH 52 %
BiJl 3araJpHOl KiIBKOCTi, B TOW Yac SIK Y KyJBTypax
KJIITUH KiCTKOBOT'O MO3KY OIIPOMiHEeHUX TBapUH aude-
peHIilloBaHU# OOJIiK IpaHyJIOILMTIB BUSBUB 3HIKECHY
KimbKicTh 3pinux HelTpodinis — 42 ta 44 %, Binmosin-
Ho. Ileil edpeKT 3aTpUMKU AO03piBaHHS KJIITUH Y KJIOHaX
Y3rOKYEThCSI 3 JAHUMMU iHIIUX aBTOPiB, 1O MOB’SI3Y-
IOTh 3aTPUMKY KOJOHIEYTBOpeHHS 3 Hi€l0 10HI3YIOUOi
pagialrii.

Pazom 3 Tum, npu gudepeHililiopaHOMY IigpaxyHKY
KJITUH Yy KJIOHaX OYI0 3°SICOBaHO, IO KiTbKiCTh MaKpoO-
dariB v KyJabpTrypax KiCTKOBOTO MO3KY TBapUH JOCTiTHUX
rpyi (2 Ta 1 %, BignoBigHO) OyJa HIZKYOIO 3a el I10-
KasHUK Y KOHTPOJIBHUX Kyabrypax — 5 %. IIpore mpu
MOPiBHSHHI JOCIITHUX Ta KOHTPOJIBHOIL IPYII pe3yabTaTu
IIPOBEACHNX JOCHIIKeHb He JO3BOJISII 3pO0UTH BICHO-
BOK TIpO HAsIBHICTH JOCTOBIPHOI Pi3HUIIL Y JOCIIKEeHUX
npemnapaTax MiX KiJbKiCTIO MITO3IB Ta 3pYHMHOBaHUX
KJTiTHH.

YV kynbrypax KITUH KiCTKOBOT'O MO3KY IIYpiB, sSIKi 3a3-
HaJli BHYTPILIHBOIO OHpPOMiHEHHS, OyJo BiA3Ha4YeHO
¢hopMyBaHHS e03MHOMINBHUX KOJIOHIH, 11O CKIIAJANINCS
3 e03MHOMINBEHUX Mi€JIOTTHUX KIIITUH. AHAJi3 oTpuMa-
HUX TIpeliapaTiB MOKa3aB, IO y IIypiB JOCHiIAHUX IpyH
cepell TpaHYJOUUTAPHUX eJIeMeHTIB 3HAYHO 4YacTillle,
MOPiBHSIHO 3 KOHTPOJIEM, 3YCTPidaloThesl €03MHOMUIBHI
dopmu. Tak, eo3nHo(iNBHI KOMOHII i KJ1acTepu 0yI0 BU-
SIBJIEHO Y KYJIBTYpaX KiCTKOBOTO MO3KY IIYpiB Y HOpMi B
4 % BUNAnKiB, IpU XpOHIYHOMY BBemeHHI *°Sr — y 20 %,
a TicIg OTHOPa30Boro BBeMeHHS *°Sr — v 10 % Bumankis.
IHmi arperatu Oyim IpeAcTaBieHi HeNTpodilbHUMU
KOJIOHISIMU 1 KJIacTepaMu.

Hari maHi cniBcTaBHI 3 pe3yasTaTaMu JOCTiIKeHb Y
KYJABTYpPi KiCTKOBOTO MO3KY 0Ci0, $IKi 3a3Hajil BILJIUBY

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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iOHIZYI0UO1 pajiallii B pesyasraTi aBapii Ha YopHo-
OMIbCHKil aTOMHIN cTaHIlii. CaMe y HUX Oyna BUSIBIeHA
eo3nHo(diIbHA CIPSIMOBAHICTh AU EpeHIIIOBAHHS, sIKa
BUpaxaJacs Y CTAaTUCTUIHO TOCTOBIPHOMY POCTi €03H-
HOMIIBHUX KOJOHINA V KVJIBTYpi KIITHUH KiCTKOBOTO
MO3KY [1].

IlocuneHnnss mpoiidepaTUBHOI aAKTUBHOCTI €03HU-
HO(MUIBHUX eJeMeHTIiB V pe3yabraTi KyJIbTHUBYBaHHS
KiCTKOBOTO MO3KYy MOXHa MOSICHHUTH CTUMYIIOIOUNM
BIUTHBOM *’Sr ITopsIL 3 iIHINMMU pamioHyKIIimaMu, TIpUTa-
MaHHUMHU JJisi YopHOOMIbCHKO1 KartacTpodu, Ha IH-
TOKIHOBY peryisiilito, ocoOJIUBO Ha MPOAYKIIiO iHTep-
JNeliKiHy-5, BiANOBimAJIEHOTO 3a CTUMYVJISIIIO €03H-
HOMIIBHOTO POCTKa KpOBOTBOpeHHS. [IpUumHU 1IHOTO
¢eHOMeHY MOXYTH IMOJSITATH Y 3aXUCHO-afaNTALliMHINi
peaxilii opraHizmy, B SIKiii eo3MHOGMDIIN, 10 MepeBaXKa-
IOTh yCi iHINI MOHOHYKJIeapu (epMeHTATHBHOIO aK-
TUBHICTIO, OepyTh Ha cebe (PYHKIIIIO 3aXUCTY Y BiIIIOBIAb
Ha Hito ioHisytouoi pamiamii [8—10].

KpimM Toro, 06yio mpoBeaeHO HOCTIIKEHHS IUPKYIIO-
OUMX y NepudepudHill KpOBi KIITUH-TTONEPEeIHUKIB OTI-
POMiHEHUX TBapUH, HasIBHICTb SKUX CBITUUTH IIPO IX
Mobinizallito 3 KicTKOBOro Mo3Ky. Hamu 0yno BUSIBJIEHO
CYTT€EBe 30iMbIIEHHS KiTbKOCTI HMUPKYIIOIOUUX KIITUH-
HoMNepeJHUKIB y TepudepUdHill KpoBi TBapUH AOCHTII-
HUX TPyl HOPIiBHSIHO 3 KOHTpoJdeM. Tak, e(peKTUBHICTh
KOJIOHIEYTBOPEHHS IHMPKYIIOIYNX KIITHH-IIOIepe-
HUKiB y IepudepnyHiil KpoBi OMpOMiHEHMX TBapuH
cximagana 4,22 = 0,84 KYO nHa 1 x 10° KyIsTUBOBaHUX
KIITUH IIpU TPpUBAJIOMY HaIXOKeHHi padioHYKIimy Ta
2,26 £ 0,50 KYO mpu omHOpa3oBOMY HaAXOIKeHHI,
mopiBHAHO 3 0,62 £ 0,49 KYO y KOHTpoIi.

TlosiBa IUPKYIIOIOUYUX KITUH-TOMNEPEIHUKIB 3a3BU-
Yaii € 03HAKOIO CYTTEBUX 3MiH Y TeMOIIOSTHIHIN CHUCTEeMI
ONpPOMiHEHOro opraHizMy. MexaHi3M TpOHMKHEHHS Ta
OpupoAa Mirpaiii KIiTUHH-TIoNepeHUKIB Y Iepudepud-
HY KpOB 3aJIUIIAIOTHCS He JO KiHIM 3’ sgscoBaHuMU. IIpo
3B’SI30K MiX TpHUBaIUM OIPOMiHEHHSIM OpraHiaMy Ta
Mo0inizallieto KIITUH-TIONepeTHUKIB i3 KICTKOBOTO MO3-
Ky Ta IX BUXOJOM Y TepudepuIHy KpoB CBiguaTh JaHi,
OTpUMAaHi PSIIOM aBTOPIB HMpU JOCIIMKEHHI TeMOmoe3y
ocib, 10 MeIIKalTh Ha TEPUTOPisSIX, 3a0pyJIHEeHUX
pamionykmimamu [1].

fAx pesynaprar mopylleHoi IpoJidepamii i aude-
peHIiIoBaHHSI KPOBOTBOPHUX KIIITHH-IIONEpPeIHUKIB,
OyJIo 3acBim4eHO 3MiHM Ha piBHI MopdOJIOriuYHO imeH-
TU(diKOBaHUX KIITUH, a caMe, Y KITUHaX Mepudepud-
HOI KpOBi i KiCcTKOBOTO MO3KY. BUSIBWIOCH, 1[0 BHYT-
pilllHE OIpoOMiHeHHs pamioHykaizoM “Sr y miamasoni
MaJuX 103 IIPU3BOAUTH IO IIOSBU IH3TEMOIIOe3y 3i
3MiHOIO CHiBBiIHOIIIEHHS MiX OKpeMHUMH IIapocTKaMU
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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. Martonoriuni 3minn y nepucepuuniin kpoBi onpomiHeHnx TBapuH: A — HeilTPopinbHUM NeKkoUUT
i3 rinepcermexTauicio aapa; b — perpaHynaunia yuronnasmu y KNiTMHi rpaHynounTapHoro paay; B — 6asodine-
Hui eputpobnact; I — nimcouut i3 rinep6aszodinieio untonnasmu Ta BOPCMHYACTUMU BifpPoCTKaMU. 3abapBaeH-

HA 3a PomaHoBcbKkuM-TimM3a. 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, MMOPYIIIEHHSIM IIpolieciB mpoJidepallii,
audepeHIlifoBaHHSI U J03piBaHHS KJIITMH KiCTKOBOTO
MO3KY, HasIBHIiCTIO MATOJOTIYHUX (OPM KIIITUH.

Tak, olliHka SIKiCHMX 3MiH V KpOBOTBOpPHIiHl cucTeMi
OpU ONpPOMiHEHHI TBapUH AO3BOJUIA BUSIBUTU 30i1b-
IIeHHS KiTbKOCTi MATOMOTIYHUX KIITUH, B Mipy Harpo-
MaKeHHSI 03U OIPOMiHEHHSsI. 30KpeMa, CIIocTepiraiu
OiABUIIEHUN piBeHb ABOSICPHUX JTIMQOIUTIB 1 JABOS-
JepHUX MOJIOIUX epUTPOITHIX eJIeMeHTIB.

YV moxazHuKax KIITMH IepudgeprudHoi KpOBi IIypiB
crocTepiranucs sSKicHi 3MiHu (puc. 1), v MOpiBHIHHI 3
KoHTponeM. Bindypanocs: 30UIblIeHHSI KiTbKOCTI HEMT-
podiniB 3 TOKCUTeHHOI 3epHUCTICTIO, 3 TillepcerMeH-
Tallielo i rinocerMeHTalli€lo siapa, BaKyolizallielo Iu-
TOILIa3MU, (pparMeHTALli€I0 SIpa, BiAIIEeIJICHHIM siaep-
HOTO XpOMATHHY.

Kpim Toro, Oyiau HasiBHI KITITUHUA TPaHYIOLUTAPHOTO Psi-
Jy 3 JeTpaHyJISII€I0 HATOILIA3ME. Y NepudepuyHiil KpoBi
TaKOX 3yCTpidanucs He3piii eeMeHTH epUTPOITHOTO PSITY.
V niMdonurax criocrepiranach rinepda3zoditisi UTOIIA3-
MU, HasSIBHICTh BOPCUHYACTUX BIIPOCTKIB, a TAKOX pinepiB-
cbKi hopmu JiMoIUTIB. Y psifii KITUH peecTpyBaIuCh
O3HaKW MOPYIIEHHS CTPYKTYPH simpa, IO BUpaXKaIucs y
aHOMAaJIbHOMY BiIITHYpYBaHHi ioro (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
Ilymphocytes could also be seen. Cells had also
anomalies in the nuclear structure with abnormal
fragments separation.
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PucyHoOK 2. flucnaactuuHi mopconoriuni 3miHu y KicTkoBoMy MO3KY onpomiHeHNUX TBapuH: A —NaToNOriYHMIA
MiT03; b — ABOAAEPHA KNITUHA epUTPOIAHOrO PAAY; B — naronoriyHa 3epHUCTICTb Y KNiTUHAX TPAHYAOLUTAPHOTO
paay; I — 36inbweHHA KinbKocTi nnasmaTuuHux KAiTMH. 3a6apeaeHHa 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

AHaJtiz MieJorpaM ¢BigUNB NpoO HASIBHICTH AUCIIIAC-
TUYHUX MOP}OJIOTIYHUX 3MiH, BUSBISHUX Y KIITUHAX
BCIX POCTKIB CHCTeMH KPOBOTBOPEHHS TBapMH, OIIPO-
MiHeHux “Sr (puc. 2). B eteMeHTaX rpaHyJIOLMUTAPHO-
ro psamy Oyia HasgBHa IATOJNOTiYHA 3epHUCTICTh, ITOB-
Ha YM YacTKOBa MeTPaHYIAIisS IHUTOIIa3MU HeMT-
podinTbHUX MI€JTOIUTIB i MeTaMieTOUNUTIB, pparMeH-
Tallisl Ta TimocerMeHTAallisl siaep 3pUIUX HeUTpodisib.
V nimdouuTax BUMBISLIA 0a3odinilo i BakyoJizalliio
IMUATOINIA3MH.

Jl3aMerakapiollUTONMOe3 IMPOSIBIISIBCS HASIBHICTIO MiK-
poMerakapiolluTiB, MerakapiollUuTiB 3 KpYTIUMU SIApaMu
i YaCTKOBUM BiJILIHYpYyBaHHIM TpoMOoIuTiB. B Kapio-
UATAX €PUTPOITHOTO PSIay CIIOCTepiraau sSIBUILe Kapio-
PeKCHCY, aCHHXpPOHHE MO3piBaHHS A/pa i IMUTOINIA3MH,
HasIBHICTH IIUTOILIA3MATUYHUX MICTKiB MIX KJIITHHAMMU,
OJMHUYHI JBOSIAEpHI HOpMOOJIACTH, OCTPiBIEeBi HAKO-
NUYeHHSI epUTPOITHUX KIITHH.

BUCHOBKHU

YV poboti 3milicHeHO AOCHimkKeHHS (YHKIIOHYBAHHS
KPOBOTBOPHOI CUCTEMU LIYPiB MIPU BHYTPILIHBOMY OTI-
poMiHeHHi St 3a YMOB f10r0 TPHBAJIOTO Ta OZHOPA30-
BOTO HAIXOMKEHHS 0 OpraHi3My Ta PO3IIMpPeHO VsB-
JIeHHSI TIpO MeXaHi3M il BHYTPIilIHEOTO OMPOMiHEeHHS

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 reMoIoe3y. Ha ocHOBI mpoBemeHUX eKCIIe-
pUMEeHTIB OyJi0 3’sICOBaHO, 11O TpUBajia Aisl iHKOPIOpo-
BAHOTO pamioHyKIIAy St IpU3BOINUTE IO CYTTEBUX ITO-
pyllleHb V KpOBOTBOPHIill cucTeMi, 30KpeMa, Oyl10 BH-
SIBJIeHO 3MiHM y TeMaTOJOTiYHMX ITOKa3HHMKax OII-
POMiHEHUX TBapUH, IOSIBY IHPKYIIOIOUNX KITUH-IIO-
nepeJHUKIB y nepudepuyuHiii KpoBi, 3HUXKeHHS e(eK-
TUBHOCTI KOJIOHI€YTBOpPEeHHS KIIITHH-MTOIepeIHUKIB
KiCTKOBOTO MO3KY, a TaKOXK KiJIbKiCHI Ta SIKiCHi 3MiHU Y
KJIOHAaX.

IIpu pOMY pI3HUIS V peXUMi HaIxXomKeHHd St 3y-
MOBIIOBaJa BiIMiHHOCTI Y TTOKa3HUKaX (DyHKIiOHYBaH-
Hs$I KpOBOTBOPHOI cucTeMu. Tak, OinbIll BUpakeHi 3MiHU
cIocTepiratucs 3a YMOBH TPHUBAJIOTO HaIXOIKEHHS
PagioHYKIIiNY B OpraHi3M TBapUHU, IIPU IKOMY CymMapHa
J03a OIPOMIHEeHHSI IOCTYHOBO 30inblyBaiachk. ¥ TOH
JKe Jac IIcIs OJHOPa3s0BOTO BBeleHHS °Sr ypakeHHS
KPOBOTBOPHUX KIIITHH Y TOAAIBIIIOMY KOMIIEHCYBAIOCS
npollecaMy pellapallii, 10 BUpaxaaocs B HopMalizalii
MMOKa3HUKIB KiCTKOBO-MO3KOBOTO KPOBOTBOPEHH.

BusHaueHi MoKa3HUKHU IATBePIKYIOTh 3B’ 130K BUSIB-
JIEHUX paHillle BKa3aHUX IMMOpYIIeHb YV OIMIPOMiHEeHUX Oci0
i3 Jiero ioHi3yroouoi pamiailii i MOXYyTb CAYTYBATH IIiJI-
I'PYHTIM JJIsI pO3pPOOKM KPUTepiiB ypakeHHSI KpOBOT-
BOPHOI CUCTeMH JIOAWMHK Ta (opMYBaHHS TPYIl PH3UKY
cepell ocib, sIKi 3a3HaH BIUIUBY *°Sr.
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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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