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BILIMB MAJIUX 103 IOHI3YIOUOI PAJIIAIIIL TA OKCUIY A30TY
HA CTAH CUCTEMMU KPOBI TBAPUH

MeTa: gocnignTi TpUBaNMii BINMB OKCMAY a30Ty Ta Maaux [03 i0Hi3y40T paaialii Ha CTaH CMCTEMU KPOBi.

Marepianu i meToau. B excnepumeHTi BUKOpUCTaHi HeiHOpeaHi camui-wypw Baroto 120—140 r. TBapuHu 3a3HaBanu

AiT pi3HUX YMHHMKIB: iHransLii okcmgom a3oty npotarom 30 Ai6 (no 14 roanH Ha fo6y), ppakLioHOBAHOTO ONPOMiHEH-

HA ManMMK Jo3amMu ioHi3ytoyoi pagiauii B cymapHin go3i 1,0 Ip 1a ix cymicHoro Bnauey. Locnigxysanu reMatonoriyHi,

6ioxiMiuHi Ta 6iothi3MyHi NoKasHUKMK.

Pe3ynbratn pocnipkeHHs. lokasaHa pagio3axucHa fis okcuay a3oTy Ha MOPGOdYHKLiIOHaNbH NOKA3HMKM, WO Npo-

ABNANOCH Y PeaKLii epuTpoigHOro nyny KPOBOTBOPEHHS i NiM(OLNTAPHOT NaHKK, Y PiBHI MOPYWEHHSA OKUCHOMO MeTa-

60Ni3My, 3HMKEHHT BMiCTy aTUnoBux NimdouunTiB y nepudepunyHii Kposi.

BucHoBoK. Okcup a30Ty 33 CyMicHOT NPONOHroBaHOi Aii 3 ManuMKM [03aMK i10HiI3yOHOr0 BUNPOMiHIOBAHHA BUABNSAE

pafiio3axucHuii edekT y cuctemi kposi. KombiHOBaHa i 3a3HAYEHUX YNHHUKIB, WO XapaKTepU3yioTbCA BNNBOM Ha

pi3Hi MeTaboNiyHi Wasxu, NpU3BOAMTL A0 Oinbl eheKTUBHOT aganTallii, HiX X OKpeMe 3acTOCyBaHHS.

Kniou4oBi cnoBa: mani no3u ioHisytoyoi pagiauii, okcupg a3oTy, cuctema KpoBi, BinbHOpaauKanbHi npouecu.
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Effect of low dose ionising radiation and nitric oxide on the state of animal
blood system

Objective: to investigate the effects of a prolonged influence of nitric oxide and low dose ionizing radiation on the
blood system.
Materials and methods. Adult random-bred male rats 120-150 g of body weight. Animals were treated with differ-
ent factors: inhalation of nitric oxide for 1 month (14 h per day), fractionated X-ray irradiation (1.0 Gy total
absorbed dose), and joint impact of both factors. Hematological, biochemical and biophysical parameters were
investigated.
Results. Prolonged action of nitric oxide and low dose ionizing radiation on the state of animal blood system was
asayed. The radioprotective effects of nitric oxide on morpho-functional parameters was shown. These effects
emerged in the reaction of erythroid hematopoetic pool and lymphocyte series at a level of disorders of oxidative
metabolism, decrease of atypical lymphocytes content in peripheral blood.
Conclusion. Nitric oxide within joint prolonged impact with low dose ionizing radiation makes a radioprotective
effect on the blood system. Combined effect of these factors is characterized by the influence on different metabo-
lic pathways and results in better adaptation than under their separate impact.
Key words: low dose ionizing radiation, nitric oxide, blood system, free-radical processes.
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EKCINMEPUMEHTAJIbHI

AOCNIAXEHHSA

PanionykninHe 3a0pymHEeHHs TOBKULIS aHTPOIIOT€HHO-
ro MOXOJKEHHSI € OAHUM 3 HAWOIIbII IIKiIJIMBUX daK-
TOpIiB BIUTMBY Ha JIOAWHY. 3a YMOB TIOCTiifHOI HU3b-
KOIHTEHCUMBHOI Iii pamiallii B Manux g03ax (GOpMYIOThCS
edeKTH, 110, SIK MpaBUI0, He MalOTh YiTKOI J1030BOI1 3a-
JnexHocTi. el (axkT MOsSICHIOETbCS BEJIMKOIO Bapia-
OEJIbHICTIO JTOKAJIbHUX TMOTJIMHYTUX 103 y 0i0J0TriuHuX
CTPYKTYypax, CTAaHOM pernapaTUBHUX CUCTEM Ta MOXKJIM-
BOIO CUHEPIiUHOIO B3aEMOMIEIO 3 iIHIIMMU HETaTUBHUMU
YMHHUKAMU 30BHIIIHbOTO cepenoBuia. OcobinBoi ak-
TyaJIbHOCTI HaOyBa€ IOCJiIXeHHS KOMOiHOBaHOI mil
pagialii Ta OKCHIIB a30TY Y 3B 3Ky 3 MOLIMPEHHSIM LIUX
areHTiB Y OTOYYIOUOMY CEPEIOBUILII.

Tomy B paMKax J1aHOi poOOTH MPOBEACHO AOCTiAKEH-
HSI OCOOJIMBOCTEM CyMICHOI Aii MaJiMX 03 10Hi3yluoi
paniauii (MJIIP) ta okcuny azory II (OA) Ha cTaH cuc-
TEMU KPOBI.

MATEPIAJIN 1 METOIUN JOCIIII2KEHb
JocnimkeHHsT BAKOHAHO Ha HEiHOpeTHUX caMIIsIX-1ITy-
pax (100 roniB) Barow 120—140 r i3 po3miigHuKa BiBa-
pito THCTUTYTY eKCHepUMEHTaJIbHOI MaTOJIOTil, OHKO-
Jorii i pamio6iomorii iM. P.€. Kasenrkoro HAH VY-
paiHu.

JocninKyBaHUX TBApUH 32 HEOOXiAHOCTI 3a0MBaIM Mif
HapKo30M (TiomeHTas HaTpilo) 3riTHO 3 YMOBAMU €BTa-
Hazil, BU3HAUEHUMHU Yy METOIMYHUX PEeKOMEHIALisX
MO3 Vkpainu. JlocaigXeHHs IpOBeAeHi y Bimmo-
BimHOCTI 1o “3arajJibHUX MPUHLIMITIB pOOOTH Ha TBapu-
Hax”, cxpajieHux I HalioHaJlbHUM KOHIpecoM 3 6ioeTu-
xu (KwuiB, Ykpaina, 2001) Ta y3romKeHNX 3 TTOJTOKEHHSI -
MU “€EBponeichbKoi KOHBEHIIl MPO 3aXUCT XpeOeTHUX
TBapuH, 110 BUKOPUCTOBYIOThCS JJIsI €KCIIEPUMEHTAJb-
HUX Ta iHImMX HaykoBuX 1ieii” (CtpacOypr, @paHiis,
1986) [1, 2].

byno cdopmoBaHo 4 rpynu TBapuH: 1 — iHTaKTHi
KOHTPOJIbHI 1IypH; 2 — TBApUHM, SKi 3a3HABaJIM iHTa-
JauiiHoro BriMBy OA mpotsrom 30 ni6 (rmo 14 roauH
Ha 100y); 3 — TBapWHMU, IO 3a3HaBaIM (PPaKIliOHOBA-
Horo BBy MJIIP Bnponosx 30 1i0 B cymapHiii 103i
1,0 Ip; 4 — mypm, sKi 3a3HaBasiM KOMOiHOBaHOI 11ii OA i
MAIP.

®dpakiioHOBaHE PEHTIeHIBChbKE OIPOMiHEHHS ITPOBO-
aunn Ha amapati PYM-17: o 0,1 Ip 10 ceaHciB KoxHi
Tpu 100U, cymMapHa morjanHyTa A03a craHoswia 1,0 Ip.

IHransuiiina 3atpaska urypis OA nmpoBoauiace y rep-
MeTW4Hi Kamepi 00’emom 100 11, B IKy MomaBaBcs O9M-
meHui rasomnonioHuit NO mnpu iHTEHCHMBHOMY Iie-
peMillyBaHHi 3 TOBITpsIM BcepeanHi kamepu. [lomauy
MOBITPS 3AiMCHIOBAIM 3 IIBUAKICTIO, 1110 3abe3mevyBaja
B KaMmepi S-pa3oBUii Ta3000MiH 32 TOIUHY.

Radionuclide contamination originated from
anthropogenic activities is one of the most danger-
ous environmental impacts for humans. Under
constant exposure to low-level radiation the seve-
ral effects are formed usually being out of clear
dose dependence. This phenomenon is due to the
large variability of the local absorbed dose in bio-
logical structures, the state of repairation system
and probable synergistic interaction with other
negative environmental factors. Study of the com-
bined effects of radiation and nitric oxide becomes
particularly urgent taking into account the spread
of these factors in the environment.

Therefore, within this paper the features of joint
effect of low dose ionizing radiation (LDIR) and
nitric oxide (NO) on the state of the blood were
studied.

MATERIALS AND METHODS

Adult random-bred male rats (n=100) 120—150 g
of body weight were obtained from the vivarium of
R.E. Kavetsky Institute of Experimental Patholo-
gy, Oncology and Radiobiology, NAS of Ukraine
(Kyiv, Ukraine).

Animals as necessary were killed under general
anesthesia (thiopental sodium) under the terms of
euthanasia guidelines set out by the MH of
Ukraine. Research was conducted in accordance
with the ‘General principles of work on animals’
approved by the I** National Congress on Bioethics
(Kyiv, Ukraine, 2001) and consistent with the pro-
visions of the “European Convention for the pro-
tection of vertebrate animals used for experimental
and other scientific purposes” (Strasbourg,
France, 1986) [1, 2].

Animals were allocated into the four groups: 1) the
intact controll, 2) animals exposed to NO inhala-
tion for 1 month (14 h per day), 3) animals that
were fractionally exposed to LDIR during 30 days
at a total absorbed dose of 1 Gy; 4) animals that
received a combined treatment with NO and
LDIR.

Fractioned X-ray exposure was applied at the
RUM-17 unit in 10 sesions of 0.1 Gy each 3 days
giving the total absorbed dose of 1.0 Gy.

The inhalation treatment of animals with NO
was carried out in the 100 L air-locked (pressure-
proof) chamber equipped with a device for input of
purified gaseous NO intensively mixed inside with
air. Air was supplied at a rate providing the fivefold
gas exchange per hour.
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BusHaueHHST KiJbKOCTiI KOJOHIEYTBOPIOIOUUX OO~
Hutlp cenedinku (KyOC) 3a metonom Till et McCulloch
MPOBEAECHO B reTepoCcucTeMi myp—muiia |3, 4].

ITigpaxyHOK KiJbKOCTi €pUTPOLIMTIB, TPOMOOLIMTIB,
JIEMKOUUTIB y TTepuepUIHiil KpOBi Ta KiJTbKOCTi Mi€Jlo-
KapiolUTiB TPOBOAWIN METAHXEPHO-KaMEPHUM CITOCO-
o6om. Jleiikorpamu Ta Mi€jiorpamu IliipaxoByBaJiu 3a A0-
TMIOMOTOIO CBIiTJIOBOI MiKPOCKOITil B Ma3Kax, rocapooBa-
Hux 3a ITannenreiimom Ha 200 i 400 K1iTUH, BiANOBIAHO.
OuiHKYy $KiCHUX MOpYyIIEHb KpPOBOTBOPEHHS 3a
KIJIBKICTIO aTUTIOBUX KIIITUH Yy TiepudepuyHiii KpoBi Ta
KiCTKOBOMY MO3KY ITPOBOAMJIN MPU aHaJIi3i JIefiKorpam i
Mi€ejiorpam.

BinbHOpaguKaabHi MPOLIECU B CUCTEMi KPOBi BU3HA-
YyaJiu 3a piBHEM reHepalliii CyniepoKCUIHOTO aHiOH-paau-
KaJla B CYCITeH3il KJIIITUH KiCTKOBOTro MO3KY [5, 6], KaTta-
JIa3HOI aKTHMBHICTIO [7], BMiCTOM MaJIOHOBOTO [iallb-
nperigy [8]. CtatuctTuuHy 00poOKy pe3yJibTaTiB IPOBOAM -
JIN 3 BUKOpUCTaHHIM t-Kputepito CthiogeHTa [9].

PE3VYJIBTATU TA OBTOBOPEHHS
ITpononrosana iHramsuiitHa aist OA NpU3BOAUTH A0
3HMKeHHS KinbKocTi KyOC y KicTKOBOMY MO3KY IITypiB
Ha 24 % 1nopiBHSHO 3 KOHTpoJsieM (puc. 1).

3HMKEHHSI KJIOHAJIbHUX BJACTUBOCTEH KiCTKOBOIO
MO3Ky IypiB 3a aii OA B OinbLIiii Mipi BIUIMHYJIO Ha
HelTpodinbHy dpakiito nmepudepuyHoi Kposi. [licis
iHransuiiiHoro BBeaeHHsT OA BripogoBxK 30 mi0 Bimmiue-
HO 3HIDKEHHSI BMICTY 3piuX HEUTpodisliB y mepude-
PUYHI KPOBi Ta MOSIBY 3HAYHOI KiJIbKOCTi MOJIOAUX Tpa-
HYJIOLIMTApPHUX eJIeMEeHTIB (Tabsm. 1), 10 CBimUMTEH TIPO
MOoJpa3HEeHHS KiCTKOBOMO3KOBOTO KPOBOTBOPEHHSI.

Crig nigkpecauTH, 1110 OCHOBHA KiJIbKiCTh 3piUX Ipa-
HYJIOLIMTiB Majla HU3bKY CerMeHTallilo sapa (1o 2—3 cer-

Assay of the number of colony-forming units in a
spleen (CFU-S) was performed in the heterosystem
rat—mouse according to Till et McCulloch [3, 4].

The red blood cell, platelet, peripheral blood leuko-
cyte, and immature myeloid cell (myelocariocyte)
counts were carried out using the chamber method.
Leukograms and myelograms were counted using a
light microscopy per 200 and 400 cells respectively in
smears stained by Pappenheim. Assessment of quali-
tative hematopoietic abnormalities was performed by
the number of atypical cells in peripheral blood and
bone marrow when analyzing the leukograms and
myelograms.

Free radical processes in the blood system were
investigated in terms of the superoxide generation
level in the suspension of bone marrow cells [5, 6],
catalase activity [7], and content of malonic
dialdehyde [8]. Statistical analysis was performed
using Student’s t-test [9].

RESULTS AND DISCUSSION

Prolonged inhalation of NO reduces the number
of CFU-S in the bone marrow of rats by 24 %
compared with control (Fig. 1).

Reduction of bone marrow clonal properties under
the NO impact significantly affected the peripheral
blood neutrophilic granulocyte fraction. Reduction
of mature neutrophilic granulocytes in peripheral
blood and the emergence of a large number of young
granulocytic elements (Table 1) was noticed during 1
month after the NO inhalation, indicating the irrita-
tion of bone marrow hemopoiesis.

It should be emphasized that the bulk of mature
granulocytes was characterized with low segmenta-

CFU-S number

KinbkKiCTb KOJIOHI Ha CenesiHKy

KinbkicTb MienokapiounTis
Immature myeloid cells number
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PucyHoK 1. 3minu kinbkocti KyOC y KicTKoBOMy MO3KY WypiB i KinbkocTti mienokapioyurie (10°/crerHoea

KicTka) 3a ymoB Aii 0A Ta/a6o MAIP.

Figure 1. Changes in the number of CFU-S in bone marrow of rats and of myelocariocyte count (10%/ femoral

bone) under the impact of NO and/or LDIR.
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Ta6auusa 1

Bnaue cymicHoi aii 0A Ta MJIP Ha noka3HuKKM nepucdepuyHoi KpoBi wypis, M+m

Table 1

Effect of joint impact of NO and LDIR on the peripheral blood parameters of rats (M+m)

Moka3nuk / value

lpyna TBapuH / animal group

KOHTpONb / controls OA/NO MAOIP /LDIR (3) OA-+MJIP / NO+LDIR
EpurpoumTn, 10%/n / erythrocytes (10'%/L) 6,60+0,23 6,74+0,47 5,41+0,33* 6,60+0,24***
Tpom6ouwtu, 10%/n / thrombocytes (10%/L) 206,25+33,27 252,86+45,45 377,50+60,90* 266,25+25,49
Neikoumtu, 10%/n / leucocytes (10%/L) 10,88+1,15 13,91+0,56* 10,93+1,31 12,61£0,88
HeiitpodinbHi rpaHynounty / neutrophilic granulocytes
nanuykosaepHi / stab - %, 2,88+0,77 7,14+1,53* 4,63+0,75* 3,13+0,77
10%n 0,31+0,08 0,99+0,21* 0,51+0,08 0,39+0,10
cermeHTosiaepHi / segmented % 15,25+1,60 9,71+2,30* 17,25+2,85 12,50£2,10
10%n 1,66+0,17 1,35+0,32 1,88+0,14 1,58+0,26
EoauHodinbHi rpanynouutn - % 1,63+0,38 1,29+0,52 1,88+0,52 1,50+0,53
Eosinophilic granulocytes  10%/n (10°/L) 0,18+0,04 0,18+0,07 0,21+0,06 0,19+0,07
MoHouutit / monocytes % 1,38+0,50 1,43+0,48 2,38+0,63* 0,88+0,30
10%n (10%/L) 0,15+0,05 0,20+0,04 0,26+0,07* 0,11+0,04
Timcpouwt / lymphocytes % 76,25+2,36 79,71+3,05 73,13+2,92 81,75£2,17***
10%n (10%/L) 8,29+0,26 11,09+0,42* 7,99+0,32 10,31+0,27%***
CniBBigHOLEHHS KpyMHi/Mani nimboumuTi 0,21%0,16 0,43+0,11* 0,51%0,13* 0,18+0,02%*»***
Large/small lymphocytes ratio
Benuki rpaHynboBaHi fimdoumti, % 0,25+0,16 1,71£0,15* 2,05+0,27* 0,25+0,22**s***
Large granular lymphocytes (%)
ATMnoBi nimoouuT 0,15+0,13 2,03+0,58 * 3,13+0,44* 0,1740,127****

Atypical lymphocytes

TMpumiTky. * — LOCTOBIPHICTb BiMIHHOCTEN BigHOCHO KoHTpoto (p<0,05); ** — nOCTOBIpHICTb BigMiHHOCTEl BigHOCHO rpynu OA (p<0,05); *** — BOCTOBIPHICTb BiAMIHHOCTEl

BigHocHo rpynu MAIP (p<0,05).

Note. * — accuracy relative to control (p < 0,05); ** — relative accuracy of the NO group (p < 0,05); *** — reliability relatively LDIR group (p < 0,05).

MEHTIB Ha BiIMiHY BiJ 5—7 y HOpMi), 1110 € TIPOSIBOM I10-
pYILIEHHST TPOLIECiB M03piBaHHS KJIITUH Y KiCTKOBOMY
MO3Ky BHacJiokK aii OA. Ajie 3arajibHa KiJIbKiCTb KJIiTUH
K y KiCTKOBOMY MO3KY, TaK i B TepudepndHiii KpoBi
TBapuH micis TpuBayioi nii OA Oyna OijblIOIO, HiX Y
KoHTpoJii. Ile 0oOyMoOBJIEeHO peakli€lo KIITUH JiM-
doigHoro psany. [Tpu aHanizi ielikorpaM 0coOJUBY yBary
OpUBEpPTAE 3HAYHE 30iJbLIEHHS BMICTY BEJIMKUX Ipa-
HYJbOBAHUX JIIM(OLIUTIB, IKi MalOTh KiJepHY (PYHKIIiIO
BiIHOCHO abepaHTHUX, TpaHchopMoBaHUX KaiTUH. e
CHiBMAaja€ 3 HasgBHICTIO y nepruepuyHiii KpoBi aTUITO-
BUX KITITUH (JTiM(POLUTIB i3 MONIMOPp(GHUMHA SIApaMHU, 3
JIUCcollialli€elo 103piBaHb sApa i LIUTOIIa3MM, IBOSIAEpP-
HUX KiitnH) 1o 2,03%+0,58 % nopisastHo 3 0,15+0,13 %
Y KOHTPOJT.

3a nmii (pakiioHOBAHOTO OITPOMIHEHHSI, HaBITaKWH,
criocTepiraay 30iIbIIEHHS KOJOHIEYTBOPEHHSI, KiIbKiCThb
KyOC cxnagana 159 % Bin KoHTposbHOI rpymnu. Biporia-
HO, 1ie OOYMOBJIEHO CTUMY/IIOIUOIO Ji€10 MaJIUX 103 pai-
arii Ta crrenmgikoio ppakirioHOBAHOTO OIMMPOMiHEHHSI.

tion of nucleus (2—3 segments vs. normal 5—7 ones),
which is a manifestation of NO-mediated cell matu-
ration disturbance in the bone marrow. However, the
total number of cells in the bone marrow and periph-
eral blood of animals after the long-lasting action of
NO was higher than in controls due to the reaction of
lymphoid cells. When analyzing the leukograms an
attention was drawn to a significant increase of large
granular lymphocytes contents with a killer function
against relatively aberrant transformed cells. This
phenomenon is consistent with the presence of
abnormal peripheral blood cells (lymphocytes with
polymorphous nuclei, dissociation of the nucleus
and cytoplasm maturation, multinucleated cells) up
t0 2.03%£0.58 % compared to 0.15%0.13 in control.

Conversely, the fractionated radiation impact led
to increase of colony formation up to 159% in com-
parison to the controls. Probably this is due to the
stimulating effect of low dose radiation and speci-
ficity of fractionated radiation exposure.
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Crnin BpaxoByBaTH TOU (hakT, 1110 3a TPUBAJIOI il yIII-
KOJI>KYI0OUOTO YMHHWKA aKTHBAllisi KPOBOTBOPEHHSI MO-
’K€ MPU3BECTU 10 BUCHAXXEHHS CTOBOYPOBOIO MYy TIe-
Morioe3y. Y monepeaHix gocaigax (BMKOHaAHMX Ha TBapy-
Hax, SKi BIPOJOBX BChOTO XWTTS IepeOyBaiu B 3OHi
BiguyxeHHs1 HAEC) HamMu IToKa3aHo, 1110 ITPpY NOCTiHIi
JIi1 pagiaiii HU3bKO1 iHTEHCMBHOCTI B KiCTKOBOMY MO3KY
eKCIepUMEHTaJIbHUX TBAPUH CIIOCTEPIra€ThCsl 3HUXKEH -
Hs BMmicty KyOC, 110, B CBOIO uepry, Npu3BOAUTH 10
3HMKEHHSI Pe3ePBHUX MOXJIMBOCTE CUCTEMU KPOBOT-
BOPEHHS Ta aAeKBaTHOCTI peakilii Ha Ail0 iHIIMX Hera-
TUBHUX YMHHUKIB 0TOYyI04oro cepenosuina [10, 11].

V rpymi TBapuH, IKUX OMPOMIHIOBAJIM CYMIiCHO 3 Hi€l0
OA, edekT cTUMyJISLT KPOBOTBOPEHHS HE CIIOCTEpira-
JIM; a 'y Tpynax 2 i 3 mposBisiach TeHIASHIIS 10 30i/1b-
IIEHHS 3araJibHOi KiJIbKOCTi MienokapioluTiB. Lle mosic-
HIOEThCS 30iIBIIEHHSIM Pi3HUX IMYJiB KPOBOTBOPEHHS.
Tak, y rpymi 2 e o0yMoBjeHO JiM¢poLUTapHOKO ppak-
uiero (mosst giMdouuTiB ckianana 27 % mnopiBHsiHO 3 10
% y KOHTpoJi), a 3a (PpaKiioHOBAHOTO OINPOMIHEHHS
(rpyna 3) BinOyBaJloCh 30iJIbIIIEHHS KiJIbKOCTI KJIITUMH
eputpoigHoro psaay (Ha 50 % mopiBHSHO 3 KOHTPOJIEM).
Bimomo, 110 30inbIIeHHS BMICTY JiM(MOIINTIB Y KiCTKO-
BOMY MO3KY BiIOYBa€TLCS BHACITOK CTPECOBMX peaKliit
pizHoro reHesy [12, 13]. Lle BKa3zye Ha 3HAUYYIIIiCTh CUC-
TeMHOI peaklii wijicHoro opraHizmy Ha gito OA. Pe-
aKl1lisi EpUTPOIAHOIO IMYyJly KPOBOTBOPEHHS Y LIYPiB Ipy-
1 4 € KOMIIEHCATOPHOIO Y BiATIOBiAb HA MOIIKOIKYIOUY
Jlif0 10Hi3YI0UOT0 BUTIPOMiIHIOBAHHSI.

3MiHM B CHUCTEeMi KPOBOTBOPEHHS BiiOyBaluCh Ha
¢oHi TTIOpyIIeHb OKMCHOTO MeTaboIi3My, Ha IO BKa3y-
IOTh JaHi, OTpUMaHi MpU AOCHIIKEHHI iHTEHCUBHOCTI
reHepallii CynmepoKCHUAHOIO aHiOH-paJuKaia B KJIiTUHAX
KiCTKOBOro MO3KY (puc. 2).

The fact of hematopoietic stem pool depletion
due to hematopoiesis activation under the long-
lasting impact of deleterious factor must be
assumed. In previous experiments (performed on
animals stayed throughout the Ilife in the
Chornobyl NPP exclusion zone) we have shown a
decrease of CFU-S contents in bone marrow of
experimental animals living under a permanent
low intensity irradiation. This phenomenon leads
to decrease of reserve capacity of hematopoiesis
and adequacy of response to the effects of other
negative environmental factors [10, 11].

In the group of animals that were irradiated paralle-
ly with the exposute to NO, the effect of hematopoi-
etic stimulation was not observed, while in groups 2
and 3 a tendency manifested to increase of total num-
ber of myelocariocytes. This is due to the enlargement
of various pools of hematopoiesis. Thus, in group 2
this phenomenon is caused by lymphocytic fraction
(the proportion of lymphocytes was 27% vs. 10% in
controls). Fractionated irradiation (group 3) led to
increase of erythroid cell number (50% compared to
control). It is known that the increase of lymphocyte
content in bone marrow is due to stress reactions of
various origin [12, 13] indicating the importance of a
systemic response of the whole organism to the NO
impact. Reaction of hematopoietic erythroid pool in
rats of the group 4 is compensative towards damaging
effects of ionizing radiation.

Changes in hematopoiesis occurred on the back-
ground of malfunction of oxidative metabolism, as
indicated by the data obtained through the assay of
superoxide generation intensity in the bone marrow
cells (Fig. 2).
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PUCYHOK 2. IHTeHCUMBHiCTb reHepauii cynepoKCUAHOro aHioH-paguKana y KNiTuHax KictTkoBoro Mo3ky (A), piBeHb
MJA (B) Ta katanasHa akTusHicTb (B) y nepudepuuniii kposi 3a ymos aii OA Ta/a6o MAIP (100 % - KOHTpPONb).

Figure 2. Intensity of superoxide generation in bone marrow cells (A), level of MDA (B), and catalase activ-
ity (C) in peripheral blood under the impact of NO and/or LDIR (100 % - the controls).
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EKCINMEPUMEHTAJIbHI

AOCNIAXEHHSA

Tpusana gis OA a6o MIIP HeraTuBHO BruiMBajia Ha
OKMCHMI MeTabo0J1i3M KJIITUH KiCTKOBOI'O MO3KY: HOTO
piBeHb 3MEHIIyBaBcsl Maitxke B 8—6 pasiB, BiAMMOBIIHO.
3a cyMicHOI fii 3a3HaYeHUX YMHHUKIB CIIOCTepiragach
CTUMYJISILIST HAIpalOBaHHS CYNEepOKCHUIHOIO aHiOH-
paaukaja MOpiBHSHO 3 X OKPEMOIO Ji€l0, 110 CBiIYUTH
PO pi3Hi NIIIX (OPMYBaHHS TOCTIIKYBAaHOTO e(PEKTY.

OA, CTBOpIOIOYM TiMMOKCUMYHiIi YMOBU y TKAHWMHAX Op-
raHiamy, TaJlbMylOTh HaIlpallOBaHHS CYNepOKCUIHOTO
aHiOH-paauKaaa MOPiBHSHO 3 KOHTPOJEM, TOAi K
¢pakiioHOBaHe OIPOMIHEHHS OIOCEPEIKOBAHO IIPH-
THiYy€ OKMCHMIA MeTa0OoJIi3M, OCKiJbKM Lieii YMHHUK
3aBISKU Padioslizy BOOAM MOAA€E aKTUBHiI (DOPMU KHUCHIO
JIO TUX, 1110 YTBOPIOIOTHCS MPU (PYHKIIIOHYBAHHI IMXaJb-
HOTIO JIaHLI0Tra Y MiTOXOHIPisIX.

IlinBuienuit piseHb MJIA — KiHIIEBOTro MPOIYKTY I1e-
POKCHUIHOTO OKWCHEHHS Yy MNepudepuyHiil KpoBi —
CBiTUMTbH MPO MOPYLIEHHSI OKMCHOIO MeTaboJi3My SIK 3a
oKpeMoi, Tak i cymicHoi mii OA ta MJIIP.

VY BigmoBigHocTi 3 piBHeEM MJIA BigMmiyeHO 3MiHM Ka-
TaJla3HOI aKTUBHOCTI B TTepUEepUIHiil KPOBi JOCTIIKY-
BaHMX rpynd TBapMH, 110 BKa3y€ Ha KJIOUYOBY POJIb TaHO-
ro epMEHTY B aHTMOKCHUIAHTHOMY 3aXMCTi TKAHUH Op-
ranismy. CymicHa ais OA ta MIIIP akTuBye OKUCHUIA
MeTaboJ1i3M i MiIBUIIY€E KaTajJa3Hy aKTUBHICTb MOPiBHSI -
HO 3 ()paKLiOHOBAHUM OIPOMiHEHHSIM.

3a TeMaToJIOTIYHMMM TTOKa3HUKaAMM B TPYITi TBapWUH
OA+MIP cnoctepiraloTbcsl MO3UTUBHI 3MiHU 10
BiJHOIIEHHIO A0 OKpeMoi Aii (pakiioHOBAaHOTO OIl-
pOMiHEHHS. Y 11ypiB 30epira€Tbcsl Ha BUCOKOMY DiBHi
KiTBbKiCTh €pUTPOIMTIB, HE BiAMideHO JiMQOIICHII,
CHiBBIAHOIIIEHHS KPYITHi/Mali TiM(pOLUTU 30epiracThes
Ha piBHi KOHTPOJIIO.

IlikaBuM € (hakT 3HMKEHHSI BMIiCTY aTUMOBUX JiM(pO-
OUTIB y mepudepnuHiil KpoBi IIypiB 3a cyMicHOI il
ctpec-areHTiB. lle Moxe OyTHM MOB’3aHO SK 3 eJli-
MiHaLi€0 KJIITUH 3aBASIKHU 30ibILIEHHIO PiBHS MOLLIKO/I-
JKEHH$I, TaK i BHACAiAOK aKTHBaLlil MPOLIeCiB pernapaliii.

BUCHOBOK

Okcua a30Ty 32 CyMiCHOT MPOJIOHTOBAHOI Aii 3 MaJTuMU
Jlo3aMH iOHi3ylO4ol pafialii BHUSBISE paaio3aXxUCHUIA
edexT y cucteMi KpoBi. KoMmOiHOBaHa Iisl 3a3HAYEHUX
YMHHUKIB, 1110 XapaKTepuU3yIOThCS BIUIMBOM Ha Pi3Hi Me-
TaOOMIYHI NUISIXW, TPU3BOAUTH M0 OiMbII €()EeKTUBHOI
ajgamnTallii, HiK iX OKpeMe 3aCTOCYBaHHSI.
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Prolonged exposure to NO or LDIR adversely
affected the oxidative metabolism of bone marrow
cells: its level decreased by almost 8—6 times
respectively. Under the joint impact of these fac-
tors a stimulation of superoxide generation was
observed, indicating the different ways of the stu-
died effect origination.

Creating the hypoxic conditions in tissues the
NO inhibits the production of superoxide anion
radical in comparison with the control. Whereas
the fractionated irradiation indirectly inhibits
oxidative metabolism, since this factor due to radi-
olysis of water adds the reactive oxygen species to
those originating from mitochondrial respiratory
chain.

Elevated levels of MDA — the final product of
peroxidation in peripheral blood — indicate a vio-
lation of oxidative metabolism under individual
and joint action of NO and LDIR.

According to the level of MDA the changes of
catalase activity in peripheral blood were observed
indicating the key role of this enzyme in antioxi-
dant protection of tissues. Joint impact of NO and
LDIR activates the oxidative metabolism and
increases the catalase activity compared to frac-
tionated irradiation.

Positive changes in hematological parameters (in
a group of animals exposed to NO + LDIR) were
observed comparatively to fractionated irradiation
effect. The red blood cell count remained in rats at
a high level, no lymphopenia was noticed, the ratio
of large/small lymphocytes remained at a control
level.

Reduction of atypical lymphocyte count in the
peripheral blood under joint impact of stress
agents seems to be interesting. This fact may be
both due to elimination of cells by increasing the
damage level, and activation of repair processes.

CONCLUSION

Nitric oxide under joint prolonged action with low
dose ionizing radiation provides a radioprotective
effect on the blood system. Combined effect of
these factors is characterized by the influence on
the different metabolic pathways and results in a
better adaptation than upon their separate impact.
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