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T'EMOITOETUYHI KJIITUHU-IIONEPEJIHUKHA VY
MNEPU®EPNYHIN KPOBI MUIITEN BALB/C 3A A1i
IOHI3YIOUOI PAIIAIIIT Y CYBJETAJIBHIN 1031

MeTa: BM3HauYeHHs BMiCTy reMONOETUYHUX KNiTUH-NONEPeSHUKIB, WO LUPKYN0I0Tb Y nepudepuyHiin Kposi Muwei
Balb/C, 3a pii ioHi3ytouoi paaiauii y cybneTtanbHin fo3i, y pi3Hi TEpMiHUM Nicns ONPOMiHEHHS, 3 BUKOPUCTAHHAM Kyfb-
TYPU KNiTUH Yy Bndy3iiHUX Kamepax in vivo.
MeTtoau. loTyBanu Ta goCnifxyBanu npenaparu-masku nepudepuyHoi kposi muweit Balb/C, BU3Hauanu ii KNiTUHHWIA
CKNaA, a TaKOX LWNAXOM KyNbTUBYBAHHA KNiTUH nepudepuyHoi KpoBi y Andy3iiHux kamepax in vivo Bu3Havanu edek-
TUBHICTb iX KONOHiEyTBOPEHHSA Ha 0, 5 Ta 30-Ty L0OY Nic/isA 30BHIWHLOrO ONPOMiHEHHs y cybneTanbHil fo3i 5,85 p.
Pe3ynbratu. BmicT MienouuTis Ta MeTaMienouuTiB cepes AAPOBMiCHUX KNiTUH KPOBi ONPOMiHEHMX TBapuH OyB NifBu-
LeHUM, NOPiBHAHO 3 KOHTPO/MEM, NPOTArOM BCbOrO AOCNiAXKyBaHOro nepiogy. 3okpema, Ha 30-Ty foby nicna on-
POMiHEHHA BMicT MienouuTiB y nepudepunyHin kposi cknagas (3,3 + 0,7) % npotu (0,8 + 0,4) % y KOHTpONi, @ BMicT
meTamienountis — (3,4 + 0,7) % npotun (0,9 + 0,3) % y KoHTpoAi. CyTTEBE 3pOCTAHHA KiNIbKOCTI LIMPKYNIOKYMUX KNTTUH-
nonepeaHuKiB y nepudepnyHiin Kposi cnocTepiranocs y paHHi TepMiHKM NicnsA ONPOMiHEHHS NOPiBHAHO 3 KOHTPOJIEM:
12,5 + 1,6 npotu 5,1 + 0,8 KONOHiIEYTBOPIOKOYMX OAMHMLL HA 100 TUC. EKCNNIAHTOBAHMX KNiTUH BignoeigHo. MpoTe Ha
5-Ty 06y iX BMicCT OyB fIEL0 3HUKEHWUI NOPiBHAHO 3 KOHTposieM — 1,3 + 0,9 Ha 100 TUC. eKCNAHTOBAHMX KNiTUH, i in-
we o 30-i gobu BigOyBanaca HopManisauis KibKoCTi KNiTUH-NonepeaHuKiB y nepudepuyHiin kposi — 6,8 + 0,7 Ko-
NOHIEYTBOPIOIOYNX OAUHMLL HA 100 TUC. eKCNAaHTOBAHUX KNiTUH.
BMCHOBKM. AHani3 oTpMMaHmMX pe3ynbTaTiB CBifYMB NPO NifBUILEHUA piBeHb He3PiNnX HOPM KNiTUH y nepudepuyHiii
KPOBi ONPOMiHEHUX TBAPWH, Y MOPIBHAHHI 3 KOHTPONEM, Yy PaHHi TEPMiHM NiCNA ONPOMIHEHHS, Y TOMY YMCAi remonoe-
TUYHUX KNiTUH-NONEePeAHUKIB, WO 34aTHI O KONOHIEYTBOPEHHSA Y KynbTypi KniTuH. OTe, ois ioHi3ylouoi pagiauii B
cybneTanbHiit 4031 KpUTUYHO BNMBANA Ha Nponidepallito reMonoeTUYHMX KNiTUH Y KiCTKOBOMY MO3KY Ta MPOBOKYBa-
na ixHI0 NifBULEHY MirpaLilo y KPOBOHOCHE pycio. BuaHayeHHs BMicTy HE3pinux gopm reMonoeTUyHUX KNiTUH y ne-
pudepuyHiit KpoBi LO3BONMNO OLIHUTW CTYMiHb YPaXKeHHA reMonoe3y BHACNi[OK AiT i0Hi3y04YOro ONPOMiHEHHS.
KnioyoBi cnoBa: KpOBOTBOPEHHS, LLMPKY/IIOKOYT KNiITUHU-NIONEPeAHNKY, i0Hi3yloya pagiallis, cybnetanbHa 4033, KyNb-
Typa KNiTWH in vivo.
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HEMATOPOIETIC PROGENITORS CELLS IN PERIPHERAL
BLOOD OF BALB/C MICE UNDER IONIZING RADIATION ACTION
IN SUBLETHAL DOSE

Objective: determination of the content of hematopoietic progenitor cells circulating in peripheral blood of Balb/C
mice, under ionizing radiation action in sublethal dose, at different periods after the irradiation, using cell culture
in diffusion chambers in vivo.
Methods. Peripheral blood smears of Balb/C mice were prepared and studied, its cellular composition was deter-
mined, as well as by cultivation of peripheral blood cells in diffusion chambers in vivo their colony-forming efficien-
cy was determined on the 0™, 5%, and 30" day after external irradiation in sublethal dose 5.85 Gy.
Results. The content of myelocytes and metamyelocytes among blood nucleated cells of the irradiated animals was
increased, compared to control, during the whole investigated period. In particular, on the 30* day after irradiation
the content of myelocytes in peripheral blood was 3.3 + 0.7 % compared to (0.8 + 0.4) % in control, and the con-
tent of metamyelocytes — (3.4 + 0.7) % compared to (0.9 + 0.3) % in control. A significant increase in the amount
of circulating progenitor cells in the peripheral blood was observed in the early stages after irradiation (12.5 + 1.6
colony-forming units per 100,000 explanted cells, compared to 5.1 + 0.8 in control). However, on the 5" day their
content was slightly reduced compared to control (1.3 + 0.9), and only to the 30" day a normalization of the amount
of progenitor cells occurred in the peripheral blood (6.8 + 0.7 colony-forming units per 100,000 explanted cells).
Conclusions. The analysis of the obtained results revealed an increased level of immature forms of cells in the
peripheral blood of irradiated animals, compared to control, in the early stages after irradiation, including
hematopoietic progenitor cells, which are able to colony forming in cell culture. Therefore, the action of ionizing
radiation in sublethal dose had a critical effect on the proliferation of hematopoietic cells in bone marrow and pro-
voked their increased migration into the bloodstream. Determination of the content of hematopoietic cells" imma-
ture forms in peripheral blood allowed assessing the degree of hematopoietic damage due to the action of ionizing
radiation.
Key words: hematopoiesis, circulating progenitor cells, ionizing radiation, sublethal dose, cell culture in vivo.
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BCTVYII

OnpoMiHeHHsI OpraHi3my JIIOAMHU MOXE BiIOyTHCS
npu nii gxepes ioHi3ywouol paniauii, HasgsBHUX Y
JOBKiuTi (TIpupomgHOro pagialiiiHoro oHy), abo X K
pe3yabTat rnpodeciiiHol AisSIbHOCTI UM PSIAY MEIUYHUX
MaHinynsauii. Hacmigky BIUIMBY iOHi3ylouoi pamiaiii
Ha OpraHi3Mm 3HAYHOIO MipO0 IPOSIBISIIOTHCS caMe Y
TEMOITIOETUYHIN CUCTeMi $K OOHiIA 3 HaWOinbLI
pagiouytauBux. Tomy AOCTiIKEHHST CTaHY KPOBOTBO-
PEHHsI, K Ha PiBHi KiCTKOBOTO MO3KY, TaK i Ha piBHi
nepudepuuIHoi KPoBi, MOXe CIyTyBaTH IKEepeIoM
JIarHOCTUYHUX TaHUX JJIS1 OLLIHKM CTYII€HSI YpaXkKeHHs
BCbOI'0 OMPOMiIHEHOI'O OpraHi3my.

IeMonoeTuyHI KIiITUHU-TIONEPEIHUKU CCaBLiB 3a3-
BUYall MOXYTh OYTM MPUCYTHi cepel MOHOHYKJIeapiB
neprudepuyHoi KpoBi, MPOTe Y Ay:Ke HEe3HAUHIl Kilb-
kocrti [1]. Lli KIiTHHY MOXYTh OyTH ineHTHU(iKOBaHi 3a

B« Iryna Z. Russu, e-mail: iryna.russu@ukma.edu.ua

INTRODUCTION
Irradiation of the human organism can occur under
the action of ionizing radiation sources, existent in
the environment (natural background radiation), or
as a result of professional activity or a number of
medical manipulations. Consequences of ionizing
radiation influence on the organism are largely man-
ifested in the hematopoietic system as one of the
most radiosensitive. Therefore, the investigation of
hematopoiesis state, both at the level of bone mar-
row and at the level of peripheral blood, can serve as
a source of diagnostic data for assessing the level of
damage to the entire irradiated organism.
Hematopoietic progenitor cells of mammals can
usually be present among peripheral blood mononu-
clears, however, in a very small amount [1]. These
cells can be identified by their clonogenic potential
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CBOIM KJIOHOTEHHUM TMOTEHLIiaJIoM abo 3a MOBEPXHEBU-
MU MapkKepaMu. Bigomo, 1110 HUPKyI0104i y KPOBOHOC-
HOMY pyCJli TeMOIOETUYHI KJIITUHU-TOIEePEeIHUKN Ta
HaBiTb CTOBOYPOBi KJIITUHU 34aTHi MicJs BUXOAY 3
KiCTKOBOTO MO3KY MOBEpTaTUCS TyAU Uyepe3 AesIKUIA yac
[2]. Ha nymMKy nesiKux DOCAiAHMUKIB, i KIITUHU MOXKYTb
JIOBrO 3HAXOIUTHUCh 11032 KiCTKOBUM MO3KOM i IepCcuc-
TYBaTU B iHIIMX TKAHWHAX, HANPUKIald, Y CKEJIeTHUX
M’s13ax [3]. MoxXIuBO, LUPKYJIIOI0Yi KPOBOTBOPHI KJTi-
TUHU-MOINEPEAHUKY 30aTHi BiTHOBIIOBATH YILIKOMXKEHI
TKAHUHU TPU JeSIKUX 3aXBOPIOBaHHSIX i TpaBMax. dak-
TOpaMM, 1110 TIPOBOKYIOTh iX BUXiJI i3 KICTKOBOTO MO3KY,
MOXYTb OYyTU KOJIOHIECTUMYJIIOIOUi (paKTOpU — TpaHy-
JIOLIMTApHUIA i rpaHyJoLMTapHO-MaKpodaraaibHuii [4],
iHTepNeitkiH-8 Ta cinro3uH-1-docdat [5]; g MoOimi-
3alis KJITUH y TepudepudyHy KpOB 3aCTOCOBYETHCS,
30KpeMa, 3 METOI0 iX MoJasbIIol TpaHCIIaHTallii. 3poc-
TaHHS BMICTY KJIiTMH-IOIEPEAHMKIB y mepudepuyHii
KPOBI CITOCTEPIra€ThCS TAKOXK Mic/sl il IATOCTATUUHUX
areHTiB (Hanpukiaz, Hukiaodbochaminy) [6].

PazoM 3 TuM, pe3yasTaT psay JOCTiIKeHb CBiIJaTh,
1110 TMiIABUILEHUI BUXil TeMONOECTUYHUX KITITUH-TOIEe-
PEIHUKIB y TeprudepruyHy KPOB Y CCaBIIiB MOXKE CITOC-
TepiraTucs BHACJIiIOK il ioHi3ytouoi paniarii [7, 8]. Lle
MiATBEPIKYIOTh TaHi, OTPUMaHi MPHU MOCTiIXKEHHI Tre-
MoOII0€3y 0cCi0, sIKi MellIKalTh Ha 3a0pyIHEHUX paaio-
HyKJIimamu Teputopisix [9]. IlpoTe HemocTaTHHO BUBYE-
HUMMU 3aJIMIIAI0THCSI MEXaHi3MU Ta eTary Mirpailii re-
MOIOETUYHUX KIITUH-TIONEPEeIHUKIB i3 KiCTKOBOTIO
MO3KY Y KPOBOHOCHE PYCJIO IIPU OIIPOMiHEHHI, a TAKOX
(hakTOpH, SKi MOXYTh BIUIMBATH Ha Il IPOILIEC, 30K-
pemMa, poJib KpOBOTBOPHOI'O MiKPOOTOUYEHHSI.

META

BusHaueHHSI BMiCTY reMONOETUYHUX KJIITUH-MONEPEI-
HUKIB, 110 LIUPKYJIIOIOTh Y NeprudepudHiii KpoBi MUIIIEH
Balb/C, 3a gii ioHi3yro4oi pamiawii y cyoeTaabHii 1031,
B Pi3Hi TEPMiHU MiCJs1 ONPOMiHEHHSI, 3 BUKOPUCTAaHHSIM
KYJBTYPH KIIITUH y TUDY3IMHNX KaMepax in vivo.

MATEPIAJIN TA METOJIUN DJOCJIJI2KEHb

VY nmocnmimkeHHi OyJlIOo BHUKOPUCTAHO 36 MUIIEH JIiHii
Balb/C, mo xapakTepu3yHThCsS BHCOKOIO pPamiodyyT-
JIMBicTIO. MullIel mignaBaayd OgJHOPa30BOMY 30BHIlLIHb-
OMY OIPOMiHEHHIO y cybJieTanbHil 103i 5,85 Ip npoTs-
rom 8,5 xB. Moneib onpoOMiHEHHS TBapUH 0YJ10 PO3p00-
JIeHO B [HCTUTYTI pobiieM Oe3reKr aTOMHUX €JIEKTPOC-
tanuiit HAH Ykpaiuu [10]. KonTpoaeMm Ta perumnieHTa-
MM CJIyryBayiv iHTakTHi muiii Balb/C, sikux yrpumyBaiu
y CTaHJApPTHUX YMOBax BiBapito. Yci MaHimyJsuii 3 TBa-
pUHAMM BUKOHYBaJIW 3TiHO 3 BUMOraMM OiO€THMKM Ta

or surface markers. It is known that circulating in
bloodstream hematopoietic progenitor cells and
even stem cells are able after leaving the bone mar-
row to return there after a while [2]. According to
some researchers, these cells can reside outside the
bone marrow for a long time and persist in other tis-
sues, for example, in skeletal muscles [3]. Perhaps,
circulating hematopoietic progenitor cells are able
to regenerate damaged tissues in some diseases and
injuries. Factors, which provoke their release from
bone marrow, can be colony-stimulating factors —
granulocyte and granulocyte-macrophage [4],
interleukin-8 and sphingosine-1-phosphate [5]; this
mobilization of the cells into peripheral blood is
used, in particular, for the purpose of their subse-
quent transplantation. The enhancement in the
content of progenitor cells in the peripheral blood is
also observed after the action of cytostatic agents
(for example, cyclophosphamide) [6].

Along with that, the results of a number of studies
indicate that the increased release of hematopoietic
progenitor cells into peripheral blood in mammals
can be observed as a result of ionizing radiation
action [7, 8]. This is confirmed by the data obtained
during the investigation of hematopoiesis of people
living in areas contaminated with radionuclides [9].
However, the mechanisms and stages of hematopoi-
etic progenitor cells’ migration from bone marrow
into the bloodstream under irradiation remain
insufficiently studied, as well as the factors, which
can influence this process, in particular, the role of
hematopoietic microenvironment.

OBJECTIVE

Determination of the content of hematopoietic
progenitor cells circulating in peripheral blood of
Balb/C mice, under ionizing radiation action in
sublethal dose, at different periods after the irradia-
tion, using cell culture in diffusion chambers in vivo.

MATERIALS AND METHODS

36 mice of the Balb/C line, which are characterized
by high radiosensitivity, were used in the study. Mice
were subjected to single external irradiation in sub-
lethal dose 5.85 Gy during 8.5 min. The model of
animals’ irradiation was developed at the Institute
for Safety Problems of Nuclear Power Plants of NAS
of Ukraine [10]. Intact Balb/C mice served as con-
trol and recipients, which were kept in standard
vivarium conditions. All manipulations with animals
were performed in accordance with the require-
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MIXHApOIHUMU MPUHIIMITAaMU €BponeichbKoi KOHBEHILI1
PO 3aXUCT TBAPUH, a TAKOXK BiIMIOBIIHO 10 HalLliOHAIb-
HOTO 3aKOHONIABCTBAa IIOAO TYMAHHOIO ITOBOIKEHHS 3
TBapUHAMM, SIKi BUKOPMCTOBYIOTHCS JJIsI €KCIIepUMEH-
TaJIbHUX Ta iHIIMX HAyKOBUX Liiei [11].

BuyyeHHS1 reMONOETUYHMX KJIITUH JJIS TTOAAJIbIIOTO
JTOCITiIZKEHHST TIPOBOAMIIN Yepe3 3 TOJI ITiC/IsT OTIPOMiHEH-
Hsl, a TaKoX Ha 5-Ty Ta 30-Ty 100y micas aii ioHi3yrouoi
pamianii. {71 mpuroTyBaHHs IpenapaTiB-Ma3KiB Mepu-
¢depruHOI KpOBi MPOBOAMIIN 3a0ip KPOBi 3 XBOCTOBOI BE-
Hu Mmuiieit. [IpenapaTy rotyBaau 3a CTaHIAPTHOIO Me-
TOAUKOIO, TiACYLIyBaiu Ta 3abapBmioBanu 3a [lammeH-
TreiMOM, MiCJIsl YOro JOCIiIXKYBaIU iX Mif MiKPOCKOIIOM
JIJIS] BUBHAYEHHS JICHKOLUTAPHOT (DOPMYJIN.

3abip reprdepnuHOi KPOBi Y MUIIIEH IJIS MTOTATBIIO-
ro BUIiJIEHHS MOHOHYKJIeapiB IMPOBOAMIN TIiCJIsT €BTa-
Hazii WJIsIxoM Aekarnitauii. 3araabHuit odcar nepude-
PUYHOI KPOBi y MUILIEH — 3a3BUYail OJIM3bKO 2 MJT; MaK-
CUMAaJIbHUI 00CST KPOBI, SIKMI1 MOXXHA OTPUMATU TaKUM
METOAOM, CTAHOBUTH 0JM3bKO 1 MJI. BumineHHsT MOHO-
HyKJIeapiB neprudepudHoi KpoBi 3MiHCHIOBAIN PO3[Ii-
JICHHSIM KJIITUH Ha rpaaieHTti wiabHocTi (Histopaque,
1,077 v/mi).

Jng pocnimkeHHST KJIOHOTEHHOTO MOTEHIialy reMo-
MOETUYHUX KIITUH-TONEPEeIHUKIB MPOBOAMIIUN 1X KYJIb-
TUMBYBaHHS Y KyJbTYpPi KJIiTUH in Vivo 3 BAKOPUCTAHHSIM
reaeBux audysitinnx kamep [12]. KynsrypanbHy cyc-
MEeH3i10 TOTYBaJM Ha OCHOBI TOBHOTO XKMBUJIBHOTO CE€pe-
JOBHILA 3 JOJaBaHHSIM (beTalbHOI TESTU0l CUPOBATKM,
L-rnyraminy Ta aHTUOIOTHKIB, MiCJISl YOrO 3MilllyBaIu 11
3 HAITiBPiAKUM arapoM. 3aroBHIOBAJIM KaMEpH Ta BHO-
CWIN 1X Yy YEepeBHY IOPOXHUHY MMUILEH-PELUMiEHTIB
Balb/C (3 BUKOpHCTaHHAM aHecTe3ii), 00poOJeHUX 3a
00y 10 eKCepruMeHTY HuKIodochaMiaoM, 110 CIPUSIE
KOJIOHIYyTBOPEHHIO FeMOIMOETUYHUX KJIITUH.

KynsruByBaHHsI in vivo TpuBajo mpotsiroM 11 mio;
mic/isl UbOr0 MMILIEH-PEeLMITIEHTIB MiAgaBalu eBTaHasii
LIJISIXOM LiepBiKaJIbHO1 Auciaokauii. Kamepu Buyyaau
Ta JOCHiIXKYyBaJU 1iJl iHBEPTOBAHUM MiKPOCKOIIOM 3 M€-
TOIO IMiIpaxyHKYy KiJTbKOCTi OTpMMaHUX KJIITUHHUX arpe-
ratiB Ha 100 THC. eKCIJITaHTOBAaHUX KJTiITUH.

PE3VYJIBTATU TA OBI'OBOPEHHS

OaHMM i3 MMOKa3HUKIB CTaHy KPOBOTBOPEHHS Yy KiCTKO-
BOMY MO3KY € KiJIbKICTb Ta CHiBBiAHOIUIEHHS 3PinUX KJTi-
TUH Yy nepudepuruHiii Kposi. JocaiakeHHs Mpenaparis
KpOBi JO3BOJIWUJIO BUSIBUTH, 110 B PaHHI TEPMiHU MiCJs
OINMPOMIHEHHS CIOCTEPiraJoch pi3Ke MagiHHS KiJIbKOCTI
JiMGpoLUTiB, SIKe B MOAANBIIOMY CYIPOBOAXYBAJIOCh
CYTTEBUM 3HMXKEHHSIM KiJIbKOCTi HEHUTpOMiIbHUX rpa-
HyJouuTiB (Tabmuusa 1). Pazom 3 TuMm, Ha 5-Ty HOOY

ments of bioethics and international principles of
the European convention on the protection of ani-
mals, as well as in accordance with national legisla-
tion on the humane treatment of animals used for
experimental and other scientific purposes [11].

Extraction of hematopoietic cells for further inves-
tigation was performed in 3 hours after irradiation,
as well as on the 5th and 30th day after ionizing radi-
ation action. For the preparation of peripheral blood
smears blood was sampled from the tail vein of mice.
Smears were prepared according to the standard
method, dried and stained according to Pappen-
heim, whereupon they were examined under a
microscope to determine the leukocyte formula.

Collecting of peripheral blood from mice for fur-
ther isolation of mononuclears was performed
after euthanasia by decapitation. The total volume
of peripheral blood in mice is usually about 2 ml;
the maximum amount of blood, which can be
obtained by this method, is about 1 ml. Isolation of
peripheral blood mononuclears was carried out by
cell separation on a density gradient (Histopaque,
1.077 g/ml).

For the investigation of clonogenic potential of
hematopoietic progenitor cells they were cultivat-
ed in cell culture in vivo using gel diffusion cham-
bers [12]. Cultural suspension was prepared on the
basis of complete nutrient medium with the addi-
tion of fetal calf serum, L-glutamine and antibi-
otics, after which it was mixed with semi-solid
agar. The chambers were filled and inserted into
the abdominal cavity of Balb/C recipient mice
(using anesthesia), treated the day before the
experiment with cyclophosphamide, which pro-
motes colony forming of hematopoietic cells.

Cultivation in vivo lasted for 11 days; after that
the recipient mice were euthanized by cervical dis-
location. The chambers were removed and exam-
ined under the inverted microscope in order to
count the number of obtained cell aggregates per
100,000 explanted cells.

RESULTS AND DISCUSSION

One of the indicators of hematopoiesis state in bone
marrow is the number and ratio of mature cells in
the peripheral blood. Investigation of blood smears
allowed revealing that in the early stages after irradi-
ation a sharp drop in the number of lymphocytes was
observed, which was subsequently accompanied by a
significant decrease in the number of neutrophil
granulocytes (see table 1). Along with that, on the 5"
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Ta6nuusa 1
IvHamika kniTuHHOro cknapy nepucgepuyHoi kpoBi muwei Balb/C, onpomineHux y cybneranbHin go3si 5,85 Ip,
NOPiBHAHO 3 KOHTPOJIbHOIO FPYNOL0

Table 1
Dynamics of peripheral blood cellular composition of Balb/C mice irradiated in sublethal dose 5.85 Gy, com-
pared to the control group

Moka3Hukm lpyna Lo6a nicna onpomiHeHHs / Days after irradiation
Indices Group 0 5 30
Mienouutn HeiitpodinsHi / Myelocytes neutrophilic, % g%;;p&ﬂ: rf H(;O/ﬂlt:g diation E?, ,67;(?, ;)5* ?:g Jj_: 8’2 39’ 238;00’ ’74*
Mertamienountn HeiTpodinbHi / Metamyelocytes neutrophilic, % g?l':;p,zﬂ: |-/| Hao/nltrrg diation ‘?, 28;:(?, f* ?; Jj_: 8; (?, ffg’ 73*
Heiitpodinu nannukosigepi / Neutrophils band, % g%:;p,;ﬂ: lf Hgo/nltrrgdi ation g? :_; :)é 64 ;f(? ’éq* jg i (1)8
Heiitpodinu cermentosimepHi / Neutrophils segmented, % (K)ﬂ:)TopMoiﬂz : H(;o/nltrrg diation 1271,?;11,’14* 1262, ’92511,’15* 1241,’77 f 11,’12*
o S Bioh i i
Basodpinu / Basophils, % Onpouiom Iradition 20407 2007 11405
Tlimcporyrrv / Lymphocytes, % gﬂ&p&ﬂ::H(;o/nltr?aldiation 565697 : 12&? 565679 : 21, '19* ggs . :g
Moo/ Moyt Ovouins /iadaion 47407 80407 32204

MpumiTka. * — pi3HMLa Mix rpynamm goctosipHa, p < 0,05.
Note. * — difference between the groups is reliable, p < 0.05.

CIIOCTEPIrajoch BiITHOCHE 3pOCTaHHSI KiJIbKOCTi €03U-
HO(MITBHUX KIIITUH, a TAaKOX ITOsIBa HE3HAYHOI KiJlb-
KOCTi 0a30(iIbHUX I'PaHYJOLMTIB, 110 MOXE BigOy-
BaTUCS BHACJIIIOK J1i1 i0Hi3ytouol pagiairii.

Hespini reMonoeTnyHi KJIiTUHU, TaKi SIK Mi€JIOLM-
TH Ta METaMi€JIOLMTH, B HOPMi 3a3BMYail BiICyTHi Y
npenapaTtax nepu@epruyHoi KpoBi a0 3HAXOIAThCS
TaM y JyXe He3HauyHiil KinbkocTi. Ciig 3a3HauuTH,
1110 3[ATHICTb MIE€JOLMUTIB A0 IOJLIY 1€ NOPiBHSIHO
BMCOKa, Ha BiIMiHY Big MeTaMi€JOUMTIB. Y paHHi
TEPMiHU ITiCJIST OMIPOMIHEHHSI BMICT MI€JIOLMTIB Ta
METaMi€JOLUTIB cepel SAPOBMICHUX KIITUH KpPOBi
OyB CYTTEBO ITiIBUILIEHUM MOPIBHSIHO 3 KOHTPOJIEM,
110 MOXE MOSICHIOBATUCS 30UIbIIEHHSIM BUXOIY He-
3pUTMX KJIITUH y KPOB y Liei Tepiod. Y MOoJaabIIoMYy,
pa30M i3 MaaiHHAM KiJIbKOCTi 3piiiX IPaHYJIOLUTIB y
nepudepnyHiii KpoBi, 3MEHINYBajach i KiJIbKiCTh
HE3piIuX KJIITUH, aake BOHU BOJIOMIIOTh TOBOJI BU-
COKOIO pafliouyTJIMBICTIO.

Jo 30-i nobu crnocTepirajocsi MOCTYINOBE BiTHOB-
JIEHHSI HOpMaJIbHUX MMOKA3HUKIB BMICTY KJIITUH Y TIe-
pudepnuHiil KpoBi — 1Ii 3HAUYEHHS HAOJMXKaAINUCS 10
KOHTpoJbHUX. [IpoTe Aeno miaBUILeHOO 3aIuliaia-
CS1 KiJIBKICTb Mi€JIOLIMTIB Ta METAMi€JIOLUTIB, a TAKOXK
KiJIBKIiCTh €03MHOMIIBHUX KITITHH.

day a relative increase in the number of eosinophilic
cells was observed, as well as the appearance of a small
number of basophilic granulocytes, which may appear
due to the action of ionizing radiation.

Immature hematopoietic cells such as myelocytes
and metamyelocytes in normal conditions are usually
absent in peripheral blood samples or present in very
small amount. It should be mentioned that the ability
of myelocytes to divide is still relatively high, in con-
trast to metamyelocytes. In the early stages after irra-
diation the content of myelocytes and metamyelo-
cytes among nucleated blood cells was significantly
increased compared to the control, which can be
explained by the elevated release of immature cells
into the blood during this period. Further, along with
the drop in the number of mature granulocytes in the
peripheral blood, the number of immature cells also
decreased, because they have rather high radiosensi-
tivity.

By the 30™ day, a gradual recovery of normal indices
of cell content in the peripheral blood was observed —
these values approached the control ones. However,
the number of myelocytes and metamyelocytes
remained somewhat elevated, as well as the number of
eosinophilic cells.

(1) 220



ISSN 2304-8336. pobnemu paniauiiiHoi Meguunkm 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2023. Iss. 28.

EXPERIMENTAL

RESEARCH

Otxe, aHaii3 npenapaTiB nepudepruuHoi KpoBi Om-
pPOMiHEHMX MMUIIEH CBiTUYMB, 30KpeMa, IIpO IIpU-
CYTHICTb HE3pLIMX TeMOIOETUUYHUX KIITUH Pi3ZHUX
CTYIEeHiB IudepeHLiloBaHHS Ticasa il ioHi3yro4oi
paxiauii. Jns Bu3HaAUYEeHHS HAsIBHOCTI cepel HUX
KJIITUH 3 BUCOKMM MpoidepaTUBHUM IOTEHLiaJTOM
(TOOTO THX, 1110 3MaTHI JaBaTU IT0YATOK KOJIOHISIM) Oy-
JIO TIPOBEAEHO KYJBTYpaJibHi HOCTIIKEHHS Y CUCTeMi
IUPyY3iHHUX Kamep in vivo.

3a3Bryail y KyJIbTypi KJITHUH IIPUCYTHI KIITUHHI arpe-
raTy JIBOX THUIIIB — KOJIOHII, 110 MicTaTh 40 41 Oiiblie
KJIITUH, Ta KJIacTepH, 110 MicTATh 10 40 kiituH (puc. 1).

ITigpaxyHOK KiJIbKOCTi OTPUMAaHMX KOJIOHIEYTBOPIO-
rounx onrHUIB (KYO) mpoBomvmm Ha 11-Ty 100y Kyiib-
TUBYBaHHS (puc. 2).

Therefore, the analysis of peripheral blood smears
of irradiated mice revealed, in particular, the pres-
ence of immature hematopoietic cells of different
stages of differentiation after ionizing radiation
action. In order to determine the presence of cells
with a high proliferative potential among them (that
is, those capable of giving rise to colonies), cultural
investigations were performed in diffusion chamber
system in vivo.

Usually, two types of cell aggregates are present in
cell culture — colonies containing 40 or more cells,
and clusters containing up to 40 cells (Fig. 1).

Estimation of the number of obtained colony-
forming units (CFU) was performed on the 11th day
of cultivation (Fig. 2).

PucyHoK 1. IpaHynouyutapHo-makpocaranbHuit knacrep (A) Ta rpaHynouutapHo-mMakpodaranbHa KonoHis (b)
Y KyNbTypi reMonoeTUYHUX KNiTMH-nonepegHuKiB onpomiHeHux muwei Balb/C y audy3sinHux kamepax in vivo.

IHBepTOBaHMi1 MiKpocKon, 36. x 400.

Figure 1. Granulocyte-macrophage cluster (A) and granulocyte-macrophage colony (B) in the culture of
hematopoietic progenitor cells of irradiated Balb/C mice in diffusion chambers in vivo. Inverted microscope, x 400

16 1
mmmm OnpomiHeHHs 0-Ba fo6a
Irradiation 0* day
mmmm OnpoMmiHeHHs 5-Ta po6a
Irradiation 5 day
mmm OnpomiHeHHs 30-Ta fo6a
Irradiation 30t day

mmmm KoHTponb
Control

CFU number per 100,000 cells

KinbKictb KYO Ha 100 000 KniTuH

EdeKTUBHICTb KONOHIEYyTBOPEHHSA
Colony-forming efficiency

PuUCyHOK 2. EheKTUBHiICTb KONOHIEYTBOPEHHA remo-
NoOeTUYHMX KNiTUH-NoNepeaHUKIB NnepudepryHoi Kpo-
Bi muwen Balb/Cy pi3Hi Tepminu nicna rocrporo onpo-
MiHeHHA y cybnetanbHii po3i 5,85 p (p < 0,05)

Figure 2. Colony-forming efficiency of hematopoiet-
ic progenitor cells of Balb/C mice peripheral blood at
different periods after acute irradiation in sublethal
dose 5.85 Gy (p < 0.05)
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Y KOHTpPOJIBHIN IpyIli €(peKTUBHICTh KOJJOHIEYTBOPEH-
HsI MOHOHYKJIeapiB nepudepryHoi KpoBi ckiaagana 5,1 +
0,8 KYO na 100 tc. ekcriaHTOBaHUX KIiTHH. Jlist i0Hi-
3yI040i pamiallii Ha KpOBOTBOPHY CHCTEMY 3yMOBIIIOBaia
MiABUIIEHUI BUXil TeMOMOETUYHUX KJIITUH-IOMepea-
HUKIB y KPOBOHOCHE PYCJIO OJpa3y IMicJs ONPOMiHEHHS,
y MOPiBHSAHHI i3 KOHTposieM. EQpeKTUBHICTb KOJIOHIEYT-
BOPEHHS MOHOHYKJIeapiB TepudepruIHoi KpOBi CTaHO-
Buia 12,5 £ 1,6 KYO na 100 Trc. eKCIUTaHTOBaHUX KJTi-
TuH. IIpoTe Ha 5-Ty n0oOy cnocTepiraaocs CyTTeBE MpU-
THiYeHHSI KpPOBOTBOPEHHS Y KiCTKOBOMY MO3KY, 11O Bi-
JoOpaxasiocsl i y MoKa3HUKaxX KiJIbKOCTi KJTITMH-TIOIIe-
peAHMKIB Y nepudepruyHiil KpoBi — iXHS 30aTHICTh 1O
KOJIOHIEYTBOPEHHS Y KyJbTypi Oysia 3HMKeHow — 1,3 +
0,9 KYO na 100 Trc. eKCIIJIaHTOBaHUX KJTITHH.

Opnak g0 30-1 1oOu BimOyBajocs MOCTYIIOBE BiTHOB-
JIEHHSI HOpMaJIbHOro (byHKIIIOHYBaHHSI T€MOMOETUYHOI
CUCTEMU; KiJAbKiCTh LMPKYJIIOIOUUX y TepudeprudHii
KpOBi KJIiITUH OyJia Jello MiABUILEHOI0, Y NOPiBHSIHHI 3
KOHTpOJIEM, TIPOTE L pi3HULS Oyia HecyTTeBOIO (6,8 =+
0,7 KYO na 100 Tuc. ekcruiaHTOBaHUX KJIiTUH). e y3-
TOMIKYETHCS 3 JaHUMMU, OTPUMAHUMMU MPU JOCTiAXKEHHI
reMoIioesy y ocib, 1o 0yJIiM OIpoMiHeHi BHACIiAOK aBapil
Ha YopHoobunbcekiit AEC — y BinganeHi TepMiHU TTiCIIst
Iii ioHi3yro4oi pafiallii BigOyBajaoCh BiTHOBJIEHHS HOP-
MaJIbHUX ITOKA3HUKiB KiJIbBKOCTi TeMOIMOETUYHUX KJIITUH-
TOTIepeIHUKIB y TIepudepnuHiii Kposi [7]. MoxXIuBO,
BUXiJl TEMOITOCTUYHUX CTOBOYPOBUX KJIITMH Ta KJIITMH-
MONEPENHUKIB Y Mepu(epruyHy KpOB Ta iXHS Mirpaiis
MiX pi3HMMHU caliTaMM TreMoIoe3y JieXaTb B OCHOBI
BiZHOBJIEHHSI KPOBOTBOPEHHSI ITiCJIsI OIpOMiHeHHS [1].

OTxe, pe3yabTaTu KyJIbTUBYBAaHHSI MOHOHYKJEapiB
nepudepruvIHoOi KpoBi y AUGY3idHUX KaMepax in vivo
CBiMUWIM TIpO HaSBHICTH cepell HUX TeMOIOSTUYHUX
KJIITUH-ONEPEeAHUKIB, SIKi BHACJIIOK OIPOMiHEHHS
BUXOMSTh i3 KiCTKOBOTO MO3KY Y KPOBOHOCHE PYCJIO.
BoHu BoJiO#ilOTH BUCOKMM TpOJiihepaTUBHUM TOTEH-
LiaJJoM Ta 374aTHi y KYJABTYypi KJIITUH JaBaTW MOYaTOK
KJIITUHHUM arperataM — KOJOHisIM i kjiactepam. [TigBu-
IIEHUI piBeHb KIITUH-TIONIEPEIHUKIB y TIeprudeprudHii
KpOBi y paHHi TePMiHM IIiCJs1 OMPOMiHEHHSI CBiTUMTb
Opo CYTTEBI MOpYyILIEHHS Y (DYHKIIIOHYBAaHHiI reMoIoe-
TUYHOI CUCTEMMU, YILIKOJKEHHS MPOleCiB HOPMaJIbHOI'O
JO3piBaHHSI Ta BMXOAY Y KPOBOHOCHE pPYCJIO KJITUH
KpOBi, a TaKOX 3MiHU B pPEryjsiii KpOBOTBOPEHHS
MiKpPOOTOUCHHSIM.

BUCHOBKUA

AHaJti3 OTpUMaHUX Pe3yJIbTaTiB CBIAYMB PO MiJBUIIE-
HUI piBeHb HE3pinux (GopM KITUH Yy nepudepudHii
KpPOBi OMPOMIHEHUX TBAPUH, Y MOPIBHSIHHI 3 KOHTPO-

In the control group the colony-forming effi-
ciency of peripheral blood mononuclears was
5.1 £0.8 CFU per 100,000 explanted cells. The ac-
tion of ionizing radiation on the hematopoietic sys-
tem caused an increased release of hematopoietic
progenitor cells into the bloodstream immediately
after the exposure, compared to control. Colony-
forming efficiency of peripheral blood mononu-
clears was 12.5 £ 1.6 CFU per 100,000 explanted
cells. However, on the 5" day a significant suppres-
sion of hematopoiesis was observed in the bone
marrow, which was also reflected in the number of
progenitor cells in the peripheral blood — their abil-
ity to colony forming in culture was reduced (1,3 *
0,9 CFU per 100,000 explanted cells).

However, by the 30" day the normal functioning
of hematopoietic system was gradually restored;
the number of cells circulating in the peripheral
blood was slightly increased compared to control,
but this difference was not significant (6.8 £ 0.7
CFU). This is consistent with the data obtained
during the study of hematopoiesis of individuals
irradiated as a result of Chornobyl NPP accident —
in the long term after the action of ionizing radia-
tion, the number of hematopoietic progenitor cells
in the peripheral blood was restored to normal val-
ues [7]. Perhaps, the release of hematopoietic stem
cells and progenitor cells into the peripheral blood
and their migration between different sites of
hematopoiesis underlies the recovery of hema-
topoiesis after irradiation [1].

Therefore, the results of cultivation of peripher-
al blood mononuclears in diffusion chambers in
vivo indicated the presence of hematopoietic pro-
genitor cells among them, which, due to irradia-
tion, leave the bone marrow and enter the blood-
stream. They possess a high proliferative potential
and are able to give rise to cell aggregates in cell
culture — colonies and clusters. An increased level
of progenitor cells in peripheral blood in the early
stages after irradiation indicates significant disor-
ders in the functioning of hematopoietic system,
damage to the processes of normal maturation and
release of blood cells into the bloodstream, as well
as the changes in hematopoiesis regulation by the
microenvironment.

CONCLUSIONS

The analysis of the obtained results revealed an
increased level of immature forms of cells in the
peripheral blood of irradiated animals, compared
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JIeM, y paHHi TepMiHU TiCJAsg OMPOMiHEHHS, Y TOMY
YUCJi TeMOIOETUYHMX KIIITUH-TIONEPENHUKIB, 110
3IaTHi JO KOJOHIEYTBOPEHHS Y KyJbTypi KImiTuH. OT-
Ke, Jisl i0Hi3yI040i paaialii y cybJeTanbHil 1031 Kpu-
TUYHO BIUIMBaja Ha TpoJjidepallito reMONOeTUYHUX
KJITUH Y KiCTKOBOMY MO3KY Ta IPOBOKYBaja IiXHIO
MiABUILIEHY Mirpalilo y KpoBOHOCHE pycijio. BusHa-
YEeHHS BMiCTYy He3piiux ()OpM reMOINoeTUUHUX KIiTUH
y nepudepudHiit KpoBi N03BOJIMIO OLIHUTU CTYIiHb
ypaxkKeHHsI reMOoII0e3y BHACII0K Aii i0Hi3ylI04oro oIl-
POMiHEHHSI.

KoHnikT iHTepecis
ABTOpPU 3asBJSIIOTh PO BiICYTHICTb KOH(MJIKTY iHTe-
peciB.
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