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OCOBJINBOCTI 3MIH 'EMATOJIOI'TYHHUX ITOKASHUKIB
INEPU®EPUYHOI KPOBI IIIYPIB ITPY BBEAEHHI
N-CTEAPOIJIETAHOJIAMIHY 3A YMOB KOMBIHOBAHOI
JII IOHI3YIOYOI'O BUIIPOMIHIOBAHHA TA CTPECY

MeTa - BMBUYMTM 0COOMBOCTI 3MiH reMaToNOriYHNX NOKA3HUKIB nepudepuyHoi KpoBi WypiB 3a ymoB BBefeHHS N-cTe-
apoinetaHonaminy (NSE) no ta nicns kom6iHoBaHo1 Aii i0Hi3yl040ro BUNPOMiHIOBAHHSA Ta eMOLiiHO-601bOBOrO CTpecy.
MeTtoau: remaTonoriyHi, CTaTUCTUYHI.
Pe3ynbtatn. Ha 0CHOBI KiNbKiCHMX 1 AKICHMX 3MiH reMaToNoriyHMX NOKa3HUKIiB nepupepuyHoi KpoBi BCTAHOBEHO,
wo BBefeHHsA wypam NSE (10,0 mr/kr) fo Ta nicns KOMGiHOBaHOro BNAWBY OAHOPA30BOr0 TOTAbHOTO ONPOMiHEHHS
(6,0 Tp) i emouiitHo-60nb0BOTO CTpecy (hyT-WOK) NPU3BOAUTDL [0 3HUKEHHSA KiIbKOCTI LMPKYNIOIOYUX KNiTUH nepude-
PUYHOT KpOBi, 36iNblIEHHSA 03HAK YPaXKEHHS KPOBOTBOPHOT CUCTEMM 3 MPUCKOPEHHSAM MPOLLECiB BUCHAXKEHHS.
BucHoBok. BeegeHHs wypam NSE (10,0 Mr/kr) B ymoBax KOMOGIHOBAHOro BMAMBY i0Hi3y04Or0 BUMPOMiHIOBAHHS
(6,0 Tp) i emoLitHO-601bOBOTO CTPECY CMOBiNbHIOE NEPe6ir BIAHOBHWUX NPOLLECiB i NPUCKOPIOE NPOLLECU BUCHAKEHHS
Y KPOBOTBOPHiI CMCTEMI, W0 CBifYMTb NPO pafioceHcnbinisyloyy fito npenapara.
KniouoBi cnoBa: wypu-camui, N-cTeapoinetaHonamiH, i0Hi3ytoue BUNPOMiHIOBAHHS, CTPEC, FeMaTooN 4Hi MOKa3HUKMK,
nepudepuyHa Kpos.
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Peculiarity of changes of peripheral blood hematological indices in rats under
N-stearoilethanolamine administration conditioned by combined effects
of ionizing radiation and stress

Objective — to investigate the peculiarities of peripheral blood indices changes in rats under the N-stearoil-
etanolamine treatment before and after combined effects of ionizing radiation and stress.

Methods: hematological, statistical.

Results: Per oral administration of NSE (10,0 mg / kg) before and after the combined effects of single whole-body ir-
radiation (6.0 Gy) and emotionally-algesic stress (foot-shock) leads to reduction in the number of circulating periph-
eral blood cells, increasing signs of damage of the hematopoietic system with accelerated exhaustion processes.
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Conclusions. NSE administration (10,0 mg / kg) in rats under the combined influence of ionizing radiation (6 Gy)
and emotionally-algesic stress slows down the course of regenerative processes and accelerates the depletion of the

hematopoietic system, proving for its radiosensitizing effects.

Key words: rats-male, N-stearoyilethanolamine, ionizing radiation, stress, hematological parameters, peripheral

blood.
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BCTYII

ITicas BigKpUTTS eHAOKAHAOIHOIMHOI CUCTeMHU CHelli-
ajlicTaMM iHTEHCUBHO BMBYA€ETHCS BIUIMB KaHabiMime-
TUYHUX TIpeTrapaTiB Ha opraHi3M. OcobmBa yBara 3Bep-
TAETHCS Ha JOCTiMKEeHHS 0i0JIOTiYHO aKTUBHUX PEUYOBUH
N-anuneranonaminiB (NAE), ki MaloTh KaHaOiMime-
TUYHI BJJACTUBOCTI i 31aTHi BIUIMBATU HA 0i0XiMiuHi ITpo-
LIECH, 110 JIeXKaThb B OCHOBI MaTOreHe3y 0araTboX 3aXBO-
proBaHb [ 1—2]. NAE 3 HacuueHUMU JaHLIOKKAMU, 30K-
pema, N-creapoinetanonami (NSE), pekoMeHI0BaHUI
JIJIs1 3aCTOCYBAHHS SIK JIiIKapChKUIi 3aci0, 1110 Ma€ MPOTU-
MyXJIMHHI BiaacTuBocTi [3]. BcTanoBieHi pamio3axucHi
BiactuBocTi NSE B nozi 50,0 Mr/kr Macu Tijia 3a YMOB
3aCTOCYBaHHS oro nepeja onpoMiHeHHSIM B 103i 2,0 Ip
[4], Bu3HaveHi pamiomoaudikyoui BaactuBocTi NSE B
no3i 10,0 Mr/Kr Macu Tija 3a yMOB 3aCTOCYBaHHS 10TO
nepex i miciist orpoMiHeHHs B 1o3i 6,0 Ip [5]. Bpaxosy-
04U pi3HOOiIUHY nito mpenapaty NSE, nouibHUM ysiB-
JISIETHCS BUSIBJIEHHS AOro paaioMoau@ikyrounx BIacTU-
BOCTEI Ta MOXJIMBOCTI 3aCTOCYBaHHSI 32 YMOB KOMOiHO-
BaHOI [ii UYMHHMKIB CTpecy pafialiiiHOi Ta He-
pafialiiiHOI MpUPOIHU.

META

Mera gociinkeHHs — BUBYMTH OCOOJIMBOCTI 3MiH reMa-
TOJIOTIYHUX MOKA3HMKIB MepruhepruIHOi KPOBi IIypiB 3a
YMOB BBeJeHHs N-cTeapoiieTaHoJaMiHy A0 Ta IIicis
KOMOiHOBaHO1 [il i0OHi3ylOYOro BUIPOMIiHIOBAHHSI Ta
€MOILIiiTHO-00JILOBOIO CTPECY.

MATEPIAJI Il METOIN JOCJIII2KEHHS
ExcniepuMeHTaIbHi HOCTiIKEHHS TTpoBeaeHi Ha 66 cTa-
TEeBO3PiNMX 0iNMux 1adopaTOPHUX IIypax-caMIIsSIX Macolo
180—200 r. TBapuH yTpUMyBaJIM y BiBapil Ha cTaHAAPT-
HOMY pallioHi i 1OCTyIi 10 Boau. EXcriepuMeHT 3aificHe-
HO Y BiIMOBIZHOCTI 10 KOHBeHIil Pagn €Bpomnm 1momo
3aXUCTy XpeOeTHUX TBapUH, SKUX BUKOPUCTOBYIOTH Y
HayKOBUX 1IsIX (mpuitHsAToi y CTpacoyp3i, 1986).

Poznognin TBapuH mo rpymnax 3AiliCHEHO Y BiAIOBia-
HOCTI 10 YMOB eKCTiepruMeHTy (Tadr. 1).

NSE BBommm nepopaibHoO uepe3 3011 B 103i 10,0 Mr/Kr
Macu Tijla OJHOPa30BO IIOJAEHHO BOPOJAOBXK 7 Ai0 3a
Pi3HUX YMOB HOTO 3aCTOCYBaHHS ([0 Ta MiCJIST ONPOMi-
HEHHS).

INTRODUCTION

After the opening of endocanabinoid system spe-
cialists are intensively studying influence of can-
abimimetic preparations on an organism. The spe-
cial attention is paid to studies of biologically active
substances N-acylethanolamines (NAE) as they
have canabimimetic properties and are able to influ-
ence on biochemical pathways underlying the pa-
thogenesis of many diseases [1—2]. The saturated-
chain NAE i.e. N-stearoilethanolamine (NSE) is
recommended for use as a drug with antineoplastic
properties [3]. Radioprotective properties of NSE
were established at the dose of 50.0 mg/kg body
weight when used before irradiation at a dose of 2.0
Gy [4]. Radiomodifying properties of NSE admin-
istration in a dose of 10.0 mg/kg prior to irradiation
in a dose of 6.0 Gy were studied experimentally [5].
Taking into consideration the wide range of NSE
effects it seems appropriate to study and identify its
radiomodifying properties and consider possible
application under the combined impact of stress
factors both radiation and nonradiation nature.

OBJECTIVE

The objective of the study was to explore the pecu-
liarities of hematological indices of peripheral blood
changes under the N-stearoilethanolamine admin-
istration in rats conditioned by combined effects of
ionizing radiation and emotionally-algesic stress.

MATERIAL AND METHODS

Experiments were conducted on 66 mature white
male laboratory rats weighing 180—200 g. Animals
were kept in vivarium on a standard diet with access
to water ad lib. Experiments were undertaken with
accordance to Convention of European Council
about protection of vertebral animals used for
research purposes (adopted in Strasbourg,1986).

Animals were dividet per groups in accordance
with the design of experiment (Table 1).

NSE was administered orally through an enteral
feeding tube at a dose of 10.0 mg/kg of body weight
once daily for 7 days before and after the condi-
tioning.
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NlnsaitH ekcnepumeHTy (PO3noAin Wypis no rpynax AocnifKeHHA)

Table 1
Design of experiment (rats distribution by groups)

Fpyna, Ne* Bnauewu / actions
Group, No* OnpowmiHeHHs, 6,0 Ip Crpec NSE 10 mr/kr
Irradiation, 6.0 Gy Stress NSE 10 mg/ kg
BionoriyHmin KOHTPOb - - -
Biological control
NSE koHTposib - - 7 ni6
NSE control 7 days
1 + - -
2 + - 7 ni6 no onpoMiHEHHs!
7 days before irradiation
3 + - 7 ni6 nicns onpoMiHeHHs
7 days after irradiation
4 - + —
5 - + 7 ni6 no crpecy
7 days stress
6 - + 7 ni6 nicna ctpecy
7 days after stress
7 + +
8 + + 7 pib [0 ONpoMiHEHHs i cTpecy
7 days before irradiation and stress
9 + + 7 ni6 nicns onpoMiHeHHs i cTpecy

7 days after irradiation and stress

IMpumiTka. * — B KOXHIl rpyni n = 6.
Note. * — In each group n = 6.

[ypiB onpoMiHIOBaJI OMHOPA30BO TOTAILHO B 1031 6,0
Ip Ha pamioTepaneBrnyHOMYy anapati “Tepatpon” (KaHa-
na), (mxepeso — °Co, MOTYXHICTb 031 BUIIPOMiHIOBAH-
Hs 4,39 x 10 Kui/(xr * ¢), one onpominenns 20 x 20 ¢m).

BukopucroByBajiim MopAejlb €MOLIiMHO-00JIb0BOr0O
CTpECy i3 3aCTOCYBaHHSIM IIOAPa3HEHHS €JeKTPUYHUM
ctpymMoM (¢yT-110K). B crneniaabHO CKOHCTPYHOBaHUX
KaMepax TBapWMHM 3a3HaBajy BIUIMBY €JIEKTPOCTUMY-
JISILiT KiHLiBOK YIIPOAOBXK 3aJaHOr0 MporpaMoto yacy (B
maHoMmy ekcriepuMeHTi 20 xB). byno BuKopmcraHo cka-
HYIOUM# CTabili30oBaHUN MOCTIMHUNA eJNeKTPUIHUN
CTPYM, SIKMIA TIOAaBaBCsI HA MIIJIOTY Ta CTIHKM KaMepH 3
amrutitynoo 0,8 MA Ta CKaHYBaHHS 8 CyMi>KHUX €JIeKT-
poniB TpuBaicTio B 75 Mc. Cuia cTpyMy B YCixX gociigax
Oyna mocriitHoto. [TapaMeTpu moapa3HeHHS eleKTpUU-
HUM CTPYMOM, 30KpeMa CUJy CTpyMy, BUZHAYaJIM 3 J1a-
HUX JIiTepaTypM Ta BJIACHMX OocCHimxeHb [6]. Om-
POMIHEHHSI i CTpeCc BMKOHYBaJId B MeXaX OMHIiel go0u
(mo6a 0). KoHTposieM mjisl BCiX IpyIl TBAapUH CIyTyBaJu
IHTaKTHI IypH BiATIOBiIHOI CTaTi, BIKYy i MacH.

3abip KpoBi 3 XBOCTOBOI BeHU 3/iiicHIOBaIM yepe3 3, 7, 14
ni6 micis goom 0. ITigpaxyHOK (hopMEeHUX eJeMEHTIB TIe-

Rats were exposed to 6.0 Gy of whole-body
gamma-irradiation at the radiotherapy unit “Tera-
tron” (Canada), (°*Co source, 4.39 x10* C/kg'sec
dose rate, 20 x 20 cm irradiation field).

The emotionally-algesic stress model was applied
through the electric shock irritation (foot-shock).
Animals were exposed to electrical stimulation of
extremities in the specially designed chambers over
the time specified by a software (20 min in this
experiment) A scanning stabilized direct current
supplied to the floor and walls of chamber with an
amplitude of 0.8 mA and scanning of the 8 adjacent
electrodes lasting 75 msec were used. The strength
of current in all experiments was constant.
Parameters of electric irritation and the strength of
current in particular were defined from the litera-
ture data and author’s research [6]. Irradiation and
stress were performed within one day (zero day).
Intact rats of respective sex, age, and weight were
used as a control for all groups of animals.

Blood sampling from the tail vein was performed
3, 7, and 14 days upon zero day. Peripheral blood

443 &



EKCMNMEPUMEHTAJIbHI

OOCNIAXKEHHA

ISSN 2304-8336. Ipobnemu pagiauiitHol Mequumky 1a pagiobionorii = Problems of radiation medicine and radiobiology. 2014. Bun. 19.

pudepruIHOI KPOBi MPOBOIMIA MeJaHKEPHO-KaMEPHUM
crnocodoM. Jleiikorpamu B Ma3Kax KpOBi IigpaxoByBaJIU
Ha 200 xmituH. [TpoBommnm gudepeHIIAHMIA TTiApaxXyHOK
JIiIM(OLIUTIB B 3aJIESKHOCTI BiJl IX BeIMYMHU. 3ilICHIOBAIN
MiapaxyHOK MaTOJOTiYHUX, aTUTIOBUX KITITHUH.
CratucTuuyHy 00pOOKY JaHUX MPOBOAUIIN 3 BUKOPHUC-
TaHHSIM ITapaMeTPUIHOTro t-KpuTepito CThIOAEHTA 3a 10-
TMIOMOTOI0 TTaKeTy MPUKIagHUX mporpaM Statistica 5,0.

PE3VYJIBTATU TA OBT'OBOPEHHS

IemaTonoriunmii mpodisb TBAPUH KOHTPOJIBHOI TPYITH,
SIKMX 00CTEXXYBaJIM B IMHaMIlli MapajieJIbHO 3 JOCiIHN-
MU IIypaMM, BiAroBimaB ¢izionoriuyniii Hopmi. ITicias
BBeneHHs NSE cyTTeBUX 3MiH ckiamy rnepudepruuyHol
KpOBi He criocTepiranu, ajie Ha 3-10 700y JOCITiKeHHS

Ta6nuusa 2

cell count was performed with melange-chamber
(color blending) method. Differential WBC count
was performed in blood smears per 200 cells.
Lymphocytes were differentiated depending on the
cell size, pathological and atypical cells.

Statistical data was performed using the para-
metric Student’s t-test with Statistica 5.0 software
application.

RESULTS AND DISCUSSION

Hematological profile of the control group of ani-
mals examined along with experimental rats corre-
sponded to normal physiological values for this type
of animals. No significant changes of the peripheral
blood were observed after NSE administration. At

Kinbkictb atTunoBux nimcouutis B neputepuyHiin Kposi Wwypis 3a ymos BBefleHHA N-cTeapoinetaHonamiHy po
Ta nicnAa Kom6iHoBaHoOT Aii ioHi3ylouoro BunpomiHioBaHHA i ctpecy, M + m

Table 2

Atypical lymphocytes content in peripherial blood of rats under N-stearoilethanolamine administration before
and after combined effects of ionizing radiation and stress, M + m

YMOBU eKCepuMEeHTy, rpynu
Experimental conditions, groups

BmicT atunoBux nimdpouutie no TepmiHax gocnimkeHHs, %
Atypical lymphocytes content by experimental time-fraim, %

3 nobwm / days 7 bi6 / days 14 pi6 / days
BionoriyHuii KOHTPONb 1,67 = 0,88 2,33+ 1,01 2,67 0,88
Biological control
Kontponb NSE 4,00 £ 0,58* 3,66 £ 0,33 4,00 £ 1,00
NSE control
OpHopasose ToTaNlbHe onpoMiHeHHs (1)& 3,33 0,01 5,33 2,03 1,67 £ 1,67
A single whole-body irradiation (1)
BeenenHs NSE nepep, onpoMiHeHHsm (2) 7,07 £ 1,65 8,67 + 4,83 6,00 = 0,58
NSE administration before irradiation (2)
BeenenHst NSE nicng onpomiHeHHs (3) 12,67 + 4,53* 5,67 1,20 4,00 + 0,58
NSE administration after irradiation (3)
TeapuHm, ki 6ynu nigpai ctpecy (4) 2,64 = 0,67 1,33 = 0,67 4,00 = 1,53
Stress exposed animals (4)
BeenenHs NSE nepep, ctpecoM (5) 3,46 + 0,60 3,35+ 0,69 3,00 £ 1,03
NSE administration before stress (5)
BeenenHs NSE nicns ctpecy (6) 1,42 £ 0,55 1,88 £ 0,60 410+1,24
NSE administration after stress (6)
TeapuHm, siki Gynm niLnaxi onpoMiHerHio i cTpecy (7) 3,33 £0,01 4,67 +2,02 1,67 + 1,67
Animals exposed to irradiation and stress (7)
BeeneHHst NSE nepep, onpoMiHeHHst i cTpecom (8) 10,43 £ 1,23** 5,6+ 2,33 9,33 £ 1,20**
NSE administration before irradiation and stress(8)
BeepnenHs NSE nicns onpoMiHeHHs i cTpecy (9) 8,00 £ 1,07** 8,67 =291* 3,0 £2,04

NSE administration after irradiation and stress (9)

lMpumitka. * — CTATUCTUYHO JOCTOBIPHI PO36ixHOCTi 3 koHTponeMm (p < 0,05);

# — CTAaTMCTMYHO [OCTOBIPHI PO3BIXHOCTI 3 MoKasHUKami OnpoMiHeHnX TeapuH (p < 0,05);

&_ HOMep rpynu 3rigHo 3 Tabn. 1.
Note. * — statistically reliable differences with the control(p < 0,05);

# _ statistically reliable divergences with the indexes of the radiation-exposed animals p < 0,05);

&_ group No according to table 1.
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PucyHoK 1. Bmicr eputpouutis B nepucepuyHin Kposi wypis 3a ymoB BBeAeHHA N—cTeapoineraHonaminy ao
Ta nicna Kom6iHoOBaHOT Aii ioHi3ylOYOro BUNpoMiHIOBaHHA i cTpecy.

YmoBu ekcnepumenTy (rpynu): 1 — onpominenHs (6,0 [p); 2 — BeaeHHs NSE no onpomiHeHHs; 3 — BBefieHHs NSE nicns onpoMmiHeHHs; 4 — cTpec;
5- BBefieHHs NSE po ctpecy; 6 — BBeaeHHs NSE nicns ctpecy; 7 — onpomiHeHHs + cTpec; 8 — BBefseHHs NSE fo onpomiHeHHs i ctpecy; 9 —

BBefeHHa NSE nicns onpomiHeHHs i cTpecy.
* — CTaTUCTUYHO BOCTOBIpHi po36ikHOCTi 3 KoHTponem (p < 0,05).

Figure 1. Erythrocytes (RBC) content in peripherial blood of rats under N-stearoilethanolamine before and

after combined effects of ionizing radiation and stress.

Experimental conditions (groups): 1 — irradiation (6.0 Gy); 2 — NSE oral introduction before irradiation; 3 — NSE introduction after irradia-
tion; 4 — stress; 5 — NSE introduction before stress; 6 — NSE introduction after stress; 7 — irradiation + stress; 8 — NSE introduction before

irradiation + stress; 9 — NSE introduction after irradiation + stress.
* — significant differences from control (p < 0.05).

BU3HAYaJIM BipoTigHe 30iIblIeHHS KiJIbKOCTi aTUITOBUX
JiMGOLUTIB MOPIBHIHO 3 IMOKAa3HWKOM B KOHTPOJi
(4,00 = 0,58 mpotu 1,67 + 0,88; p< 0,05) (Tabn. 2), ne-
peBaxKHO 3 O3HAKaMM ITOPYIIEHbL IMPOIECiB Tpodide-
pallii: IBOSIIEPHi, KIITUHU 3 MiKposapaMU, JiMGOLIUTH
3 JIONaTeBUMM siipaMu Ta iH. [IpakTU4HO B ycix TBapuH
Oysia 30ijibllieHa KiJIbKiCTh BEIUKUX T'paHyJIbOBAHUX
nmim@onutis (BIJI). B ekciepnMenTi Oyau mociimKeHi
3MiHM TeMaTOJIOTIYHUX IMOKa3HUKIiB Yy TBApUH, SIKUM
3aMicTb NSE BBoauM (iziosoriynnii po3unH. BigMiH-
HOCTEM remMaToJOriYHUX ITOKA3HMKIB IepudepudHoi
KPOBi Y HUX MOPIiBHSIHO 3 iHTAKTHUMM TBapMHaMU He
BCTaHOBJIEHO [5].

OnHopa3oBe TOTaJIbHE OMPOMiHEHHS IypiB B 103i 6,0 Ip
BUKJIMKAJIO TUMOBI JI CyOJeTaIbHO-JIETaIbHUX 103 3
PO3BUTKOM TOCTPOI IIPOMEHEBOI XBOPOOU 3MiHU B YCiX
JJaHKax KIiTUH nepudepuyHoi Kposi. Uepe3 3 mobdu
BiAMivyany TEHIOEHLiI 10 3HMXEHHSI BMIiCTy €pUTpPO-
uuTiB (puc. 1), TOCTOBipHY TPOMOOLIMTOIEHiIO (pucC.
2), neiikoneHimo (puc. 3). B mepion po3maiy nmpoMeHe-
BOi XxBopoOM (7-a moba) Ha TJIi HU3BbKUX KiTbKiCHUX TT0-
Ka3HUKIB BiIMiY€HO BiIHOCHE 30UIBIICHHSI BMICTY
HelTpodiniB 3i 3cyBoM JIeliKoLIUTapHO1 (pOpMYyIIU JIiBO-
py4 i HOSIBOIO B KPOBi MOJIOAUX IPaHYJIOLMUTAPHUX eJie-

the day 3 there was an increased number of atypical
lymphocytes vs. the rate in the group of biological
control (4.00 £0.58 vs 1.67 £ 0.88; p < 0.05) (Tab-
le 2), featuring mainly the proliferation disorders,
namely binuclear cells, cells with nucleolar sub-
stance inclusions in the cytoplasm (micronuclei)
and lymphocytes with blade-shaped nuclei, etc.
Nearly all animals had an increased number of the
large granular lymphocytes. Changes of hematolog-
ical parameters were assayed in animals to whom the
saline was injected instead of NSE. No differences in
hematological parameters of peripheral blood were
found between them and the intact animals [5].

A single total irradiation of rats at a dose of 6,0 Gy
caused the typical for sublethal-lethal doses
changes resulting in an acute radiation sickness at
all levels of peripheral blood cells. Trend of RBC
count decrease (Fig. 1), significant thrombocy-
topenia (Fig. 2), leucopenia (Fig. 3) were found in
the peripheral blood 3 days later. During the height
of radiation sickness (7" day) a relatively increased
number of neutrophilic granulocytes with leuko-
cyte formula shift to left and the appearance of
young granulocytic elements up to metamyelo-
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PucyHoOK 2. Bmict Tpom6ouuTie B nepuepuuHin KpoBi wypis 3a ymoB BBefeHHA N-cTeapoinetaHonaminy Ao
Ta nicnAa Kom6iHoBaHoi Aii ioHi3ylouoro BuNpomiHioBaHHA i cTpecy.

Mpumitku. fus. puc. 1.

Figure 2. Plateletes content of peripherial blood of rats under N-stearoilethanolamine introduction before
and after combined effects of ionizing radiation and stress.

Notes. See Fig. 1

MEHTIB ax no MetamiemoumtiB Ha 14-ty moOy cmoc-
Tepiraayd MoyaToK BiJHOBIIOBAJILHUX IPOLIECIB B CUC-
TeMi KpOBi.

YV TBapuH, SKUX OMNPOMIHIOBAIM IiCJIS TONEePEeaIHbOrO
BBeaeHHsT NSE, Ha 3-10 100y BMicT epuTponuTiB (puc. 1)
Ta JJIEMKOUUTIB (puc. 3) OYB HEAOCTOBIPHO BUIIMIA BiTHOC-
HO MOKa3HMWKa y JIMIle OMpOMiHEeHUX TBapuH. B mepion
po3snajgy IpoMeHeBoi xBopodu (7-a moba) BiAMiHHONO
0COOJIMBICTIO TeMaTOJIOTIYHUX TTOKA3HUKIB Y LIYpiB JaHOL
rpymnu OyB BUCOKUI BMICT TPOMOOIIUTIB y TieprdepuyHiit
KPOBIi MOPiBHSIHO 3 MOKAa3HWKOM TPYIU JIMILIE OMPOMiHe-
HUX TBapyH (pHUc. 3) Ta 3HAYHO OiIBIINIA BiACOTOK JiMpO-
LUTIB y eiikorpaMi. Bpaxosytoun BusiBiiennii BruimB NSE
Ha J1iM(OigHY JIaHKY KPOBi TBapMH, MOXHA MPUITYCTUTH,
II0 B JTaHOMY BHIIAIKy IPOSBUBCS MEXaHIi3M pamgioMo-
nudikyrodoi aii mpenapary. fAK i y BUNanKy oKpemoi il
NSE Ha cucteMy KpoBi TBapUH, Yy IITyPiB TaHOI TPYITH Bill-
Miuajlach 3HauHa KiJIbKiCTh aTUMOBUX JIIM(OLIUTIB, SIKi €

pe3y/abTaToM MOpYIIeHb MPOLECiB MiTOTUYHOIO TMOALTY

KJIITUH Ta NPOLECiB iX mo3piBaHHs (Tabj. 2). BigHOBIIO-
BaJIbHUI nepiof B Liil rpyni TBapKH OyB TPUBAJIILIMM, I10-
PIBHIOIOYM 3 aHAJIOTIYHWM TIepPiOIOM JIMIIIE ONMPOMiHEHUX
TBapuH: Ha 14-Ty 100y KiIbKiCTh KJIITUH Ta TPOMOOLIUTIB
nepu@epruyHoi KPoBi y HUX Oysa MeHILow (puc. 1-3).
Beenennst NSE tmicig onmpomiHeHHST TIpU3BOIMIIO IO
MiABUIIEHHSI BMIiCTy TPOMOOLIMTIB (pUC. 2) Ta BiICOTKY
JiM(MOUUTIB B TMepudepudHiil KpoBi y TMOPIBHSIHHI 3
BiAMOBIIHUM ITOKa3HWKOM OIIPOMiHEHUX TBapuH (B
mnepion posnanxy poMeHEBOi XBopobu, 7-a mo6a). Bee-
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cytes was registered in the blood against the back-
ground of extremely low quantitative indices.
Initial recovery processes in the blood system.

In animals irradiated after NSE administration the
content of RBC (Fig. 1) and WBC (Fig. 3) at the 3™
day was slightly (not significantly) higher relatively
to indices of exposed animals. At the height of radi-
ation sickness (7" day) there was such a distinguish-
ing feature of hematological parameters in rats as a
high platelet count in peripheral blood compared to
the group of only irradiated animals (Fig. 3), and
significantly higher percentage of lymphocytes in
leucogram. Taking into consideration the found im-
pact of NSE on lymphoid lineage of animal blood it
can be assumed that in this case there was a radio-
modifying pathway of drug effects. As in case of a se-
parate NSE effects on the blood system of animals in
this group a significant number of atypical lympho-
cytes was observed being the result of abnormal mi-
totic cell division and maturation process (Table 2).
Recovery period in this group of animals was more
slow vs. the same period of only irradiated animals:
on the 14" day the quantity of nucleated cells and
platelets in peripheral blood was lower (Fig. 1-3).

NSE introduction after irradiation resulted in an
increase in platelet count (Fig. 2) and the percent-
age of lymphocytes in the peripheral blood com-
pared with the corresponding figure of exposed
animals (during the height of radiation sickness,
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PucyHok 3. BmicT neitkouutie B nepucdepuyHinn KpoBi wypie 3a ymoB BBeageHHA N-cTeapoinetaHonaminy Ao
Ta nicna Kom6GiHOBaHOT Aii ioHi3ylOYOro BUNpOMiHIOBaHHA i cTpecy.

Mpumitkun. Ous. puc. 1.

Figure 3. Leukocytes (WBC) content in peripherial blood of rats under N-stearoilethanolamine introduc-
tion before and after combined effects of ionizing radiation and stress.

Notes. See Fig. 1

neHHsa NSE mmicns ormpoMiHeHHST TPU3BOAMIIO O 30iThb-
IIEHHST paHHBOI peaKilii KPOBOTBOPHOI CUCTEMU. Y TBa-
PUH BiAMivYaly BIMHOCHWI HEUTPOMITbHUI TpaHyIOIU-
TO3 3 MOSIBOIO 3HAYHOI KiJIbKOCTi MaTUYKOSIIEPHUX HEUT-
podiiB 3HAYHNX PO3MIipiB 3 HIXKHOIO CiTYACTOIO CTPYKTY-
pOIO XpOMATHHY, 1110 BKA3y€ Ha IX MPUCKOPEHUI BUXIT i3
KICTKOBOTO MO3KY B TiepudepnyHy KpoB. Lg peakiis
crpusijla TOMY, 10 B IMOJAJIbIIi TEPMiHU JOCIiIKEHHS
3HIDKEHHS BMICTY HEUTpOMINTBbHUX JEUKOIMUTIB OyI0
OiBbII BUpaKEHUM, HiX 32 YMOB ompoMiHeHHs. ToOTo,
BBeneHHs NSE micyist onmpoMiHEHHST CITPUSIIIO CTUMYJISILIT
KPOBOTBOPEHHS 3 HACTYITHWUM OUTBII IIBUAKUM BHCHAa-
JKEHHSIM 1 3HUXKEHHSIM BiTHOBJIOBAJILHUX MPOLIECIB [5].
EMo11iiiH0-00/1b0BUIA CTpeC MPU3BOAMB IO CYTTEBUX
3MiH B KJIITUHHUX JJaHKax nepudepryHoi Kposi. Ha 3-10
JI00Y micJyisl CTpecy y TBapuH BigMidaiv TEHISHLIiI0 10 3HU-
KEHHSI BMICTY €pUTPOLIUTIB B mepu@epudHiii KpoBi
(puc. 1), 10CTOBipHY TPOMOOLIUTOIIEHIIO (pUC. 2) Ta 30i1b-
IIEHHsI BMICTY HelTpodiniB (puc. 3), — peakilis KJIiTUH
MNapoCTKiB KPOBOTBOPEHHSI, MpoJtidpepallis Ta AudepeHLii-
JOBaHHS SIKMX BimOyBa€eThCS Y KiCTKOBOMY MO3KY. 3 OOKY
JliMoLIUTapHOI JIAHKU B JaHUI TEPMiH BiIMiY€HO 30iIb-
ILIEHHSI BMiCTy iMyHOOJIACTIB Ta BEJMKUX I'PaHYJIbOBAHUX
JIiM(OLIUTIB, TOOTO, peaKTHBHI 3MiHU 3aXMCHOTO XapaKTe-
py. Ha 7-my 100y micist cTpecy BU3HA4aaocsl Iporpecy-
BaHHS 3MiH: KiJIbKiCTb €pUTPOLIUTIB OyJia 3HIXKEHOIO Ha
24 %, a neiikouMTiB Ha 54 % y MOPIBHSIHHI 3 KOHTPOJIEM.
ITpu 36epexxeHHi BincoTKy JiM(MOLIUTIB HABITh HAa ACLIO
BUILIOMY PiBHI BiJHOCHO KOHTpPOJIIO, IX a0COJIOTHA

the 7" day). Injection of NSE after irradiation led
to an increase in early reaction of the blood sys-
tem. Relative neutrophilic granulocytosis was
noted in animals with considerable number of siz-
able band neutrophilic granulocytes with soft
reticulate structure of chromatin indicating their
rapid release from the bone marrow to circulation.
This reaction predisposed to a more pronounced
reduction of neutrophilic leukocyte number later
on than in cases of only exposure. That is an injec-
tion of NSE after irradiation promoted the stimu-
lation of hematopoiesis followed by more rapid
exhaustion and delayed reparative processes [5].

Emotionally-algesic stress resulted in significant
changes in cellular population of peripheral blood.
On the third day after stress a downward RBC count
in the peripheral blood (Fig. 1), thrombocytopenia
(Fig. 2) were noted and an increase in the content of
neutrophils (Fig. 3) as a response of hemopoietic
germ cell, which proliferation and differentiation
occurs in the bone marrow. At this term marked in-
crease in the content of immunoblasts and large gra-
nular lymphocytes i.e. reactive changes of protective
nature were seen in the lymphocytic link. Seventh
day after stress was determined by the progression of
changes: the number of RBC was reduced by 24 %,
and WBC by 54 % compared with control.

Though the percentage of lymphocytes was even
at a slightly higher level than in control, their
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KIUIBKICTh TaKoX OyJa 3HIKeHoIo Ha 40 % TTOpiBHSIHO 3
KOHTpoJieM. VIMOBipHO, CTpecopHMil BIUIMB TIOpYIIYE
OajlaHC MK CTUMYJISITOpaAMU Ta iHTi06iTopaMuy reMoI10e3y,
3a YMOB il JaHOTO CTPECOBOTO YMHHUKA BigOyBaJMCs
3MiHM Ha piBHI paHHIX KJITUH-NOMNEPEIHUKIB 3 TpU-
THiYeHHSIM iX mposidepaTUBHOI aKTUBHOCTI Ta HACTYII-
HUM 3HIDKEHHSIM B iepuepuyHiit KPOBi BMiCTY epUTPO-
LIMTiB, TPOMOOLUTIB, HelTpodiniB Ta nmimdouwuTis. Lli
3MiHU He OyJW TPUBAJIMMU, i Yy MOMAIbIINI TepMiH (Ha
14-Ty no0Oy) BU3HAYaAI0CsI MOBHE BiTHOBIEHHSI.

BBenennst NSE He3anexkHO Bil MOCTiIOBHOCTI 3aCTO-
CYBaHHSIM €MOLIiTHO-00JIbOBOTO CTPECY CIPUSIIO TIPUC-
KOPEHHIO BiTHOBTIOBAHUX IPOIIECIB €pUTPOIAHOI JTaHKU
KPOBOTBOpPEHHS (puc. 1), MpakKTUYHO HE IMO3HA4yaaocs
Ha 3MiHaxX TpoMOoumTapHoi JaHku (puc.2). [TonepeaHe
BBeneHHs NSE nmpu3zBoaniio 10 Oiblll BUPaXKeHOTO YIII-
KOJI>K€HHSI Ta TPUBAJILIOr0 BiTHOBACHHS KiJbKOCTI Jeii-
KOLIUTIB B epudepuyuHiil Kposi (puc. 3).

KoM6iHOBaHM1 BIUIUB ONPOMiHEHHSI i CTpecy IPU3BO-
IUB 10 CYTTEBMX 3MiH y KJIITMHHOMY CKJafi repude-
PUYHOI KPOBi. ¥ 1iJTOMY CIIPSIMOBaHICTh (MIPUTHIYEHHS)
Ta BUPA3HICTh MOPYIIEHb KiJIbKICHOTO CKJIamy i SIKiCHi
XapaKTepUCTUKN KIITUH TeprudepruaHoi KpoBi Oymu
MomiOHi 0 3MiH icJIst OIPOMiHEHHS, TOOTO OYJIU TUITO-
BUMHU I PO3BUTKY TOCTPOI MPOMEHEBOI XBOPOOM.
BiagMmiHHiCTb mossiraina y 6iibl paHHbOMY (Ha 3-10 100Y)
i TPUBAJILLIOMY 3HMXKEHHIO KiJIbKOCTI €pUTPOLIMTIB 3a
YMOB KOMOiHOBaHOTO BIUIMBY OIPOMiHEHHS i CcTpecy y
MOPiBHSIHHI JIMLIE 3 ONPOMiHEHHSIM (puc. 1).

3a ymoB BBeneHHs NSE niepen onpoMiHEHHSIM i CTpecoM
KIiJTbKICHI 3MiHM KIIITUHHOTO CKJIamy neprudeprnaHoi KpoBi
Oy aHaJIOTiYHI MOKa3HMKaM TiJIbKA OIPOMiHEHUX TBa-
pyH. BimMiHHICTb BCTaHOBJIEHA MIPY aHaJIi3i IKiICHUX 3MiH
B KJIITUHAX KPOBi. YIIPOAOBXK YChOTO TEPMiHY JOCTIIKEHb
y IIypiB Biamidyajaoch 30iUIbIIEHHSI BiICOTKY aTMIIOBUX
JiMpoLMTiIB (TabJI. 2), 0COOJMBO KITITUH 3 KapiOPeKCUCOM,
1110 € MOP(OJIOTIYHUM MPOSIBOM arloNTO3Y, a TAKOX TBOSI-
JNEPHUX KIIITUH, SIKi BAHWKAIOTh Y Pa3i MOpYLIEeHb ITPOLIECiB
MITOTUYHOTO TToity KIiTHH [2, 3, 6]. Kpim Toro, y 1iypis
JIaHOI IpyMu YacTillle, HiXK Y TPYITi TBAPUH, SKUM BBOIWIIN
NSE niepen onpoMiHEeHHSIM, 3yCTpivYaaInuch MOJIOI SAEpHi
EePUTPOIIHI KIIITUHU, TMPAKTUYHO B YCiX TBApMH CIIOC-
TepiraBcs aHi30-TOWKIJIOINUTO3 Ta ITOJiXpOoMaTOMiTis
epuTpouTiB. Lle cBimunTh Mpo Te, 1110 Ha TJTi MoTNepeIHbO-
ro 3actocyBaHHs NSE cTpec i onpoMiHEeHHST TTPU3BOISATh
JI0 OiMBILIOrO MOAPa3HEHHSI KPOBOTBOPEHHS 3 BiAIOBiA-
HOIO aKTHUBALII€E0 KOMITEHCATOPHUX TTPOLIECIB.

Takym 4YMHOM, BCTaHOBJIEHO, 1110 BBeAeHHSI NSE B 1031
10,0 Mr/KT Macu Tijia 10 Ta Ticjisi KOMOIHOBAaHOTO BILJIMBY
iOHi3yI0UOro BHIIPOMiHIOBaHHS B 103i 6,0 Ip Ta emo-
Lil{HO-00JILOBOTO CTpeCY MNPU3BOAMUIO Y KiHLIEBOMY

absolute number was also reduced by 40% com-
pared to control. Perhaps effects of stress upsets the
balance between stimulators and inhibitors of
hematopoiesis, under the action of stress factors
there were changes at the level of early progenitor
cells with inhibition of proliferative activity and sub-
sequent decrease in peripheral blood erythrocytes,
platelets, neutrophils and lymphocytes. These
changes were not prolonged, and in the subsequent
term (14 day) complete recovery was determined.

Injection of NSE regardless of the sequence of
application of emotionally painful stress accelerat-
ed the renewable processes in erythroid hema-
topoiesis (Fig. 1) with virtually no effect on the
changes in platelet system (Figure 2). Previous
injection of NSE led to more pronounced injury
and longer recovery of leukocytes in peripheral
blood (Fig. 3).

The combined effects of radiation and stress led to
significant changes in the cellular composition of
peripheral blood. In general orientation (inhibition)
and severity of disturbances of quantitative compo-
sition and qualitative characteristics of peripheral
blood cells were similar to the changes after irradia-
tion, i.e. were typical for acute radiation sickness.
Distinction was in an earlier (on the 3rd day) and
long-lasting decrease in the number of RBC under
conditions of combined effects of irradiation and
stress compared with radiation alone (Fig. 1).

Quantitative changes in cellular composition of
peripheral blood of rats receiving NSE prior to irra-
diation and stress were similar to parameters of only
irradiated animals. Only qualitative changes had the
distinction. During the whole period of studies in rats
was noted an increase in the percentage of atypical
lymphocytes (Table 2), especially cells with karyor-
rhecsis, which is the morphological manifestation of
apoptosis and binuclear cells arising in the case of
violations of mitotic cell division process [2, 3, 6].
Moreover, in rats of this group more frequently than
in the group of animals receiving NSE prior to only
irradiation, young nuclear erythroid cells were found,
virtually all animals had aniso-poikilocytosis and
polychromatophilia of erythrocytes. This suggests
that despite the previous use of NSE stress and expo-
sure lead to greater stimulation of hematopoiesis with
corresponding activation of compensatory processes.

Thus, it was found that NSE administration at a
dose of 10.0 mg / kg before and after the com-
bined influence of ionizing radiation in a dose of
6,0 Ip and emotionally-algesic stress induced
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MiACYMKY 1O 301IbIIIEHHS O3HAK YPaK€HHsI KPOBOTBOPHOI
CUCTEMM Yy TOPiBHSIHHI 3 KOMOiHOBaHOIO HIi€I0 TiJIbKU
NSE Ta ioHi3yiouoro BUMpoMiHoBaHHS. MIMOBipHO, 3a
YMOB JAHOTO CITiBBiIHOIIIEHHS BEJTMUYNH (haKTOPIB BILJIN-
BY (KOMOiHOBaHUIA BITJIUB OMTPOMiHEHHS Y BEJIUKiil 1031 —
6,0 Ip Ta emoliitHO-601b0BOTO cTpecy i BBeaeHHS NSE B
He3HauHil mo3i — 10,0 Mr/Kr Macu Tijla) 3aXMCHi BJIaCTH-
BOCTi IIperapaTy He MposIBIISIOThCs. Moro HeIocTaTHbO
JUIST KOMITEHcallii TOpYIIeHb Y CUCTEMi KPOBi BHACIIIOK
KOMOiHOBaHO1 il YMHHMKIB paaialliiiHOI Ta Hepamia-
LilfHOI MPUPOJIU 32 YMOB JIAHOTO €KCIIEPUMEHTY.

BUCHOBOK

Beenenns mrypam NSE (10,0 mr/Kr) B yMoBax KOMOiHO-
BaHOTO BIUIMBY i0Hi3yro4oro BurpomiHioBaHHs (6,0 Ip)
i eMOLIiiHO-00JILOBOTO CTPECY CITOBIJILHIOE TIepedir Bim-
HOBHUX IIPOIIECIB i MPUCKOPIOE MPOLECH BUCHAXKEHHS Y
KPOBOTBOPHiil cUCTeMi, 110 CBiZYWMTh MPO PadioCEH-
cuOiLIi3yIouy Ailo Mpernapara.
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more exacerbated disorders of the hematopoietic
system comparing to the combined action of NSE
in rats exposed to ionizing radiation only.
Probably the protective properties of NSE do not
occur under such a ratio of impacts (exposure to a
high dose of 6.0 Gy and NSE administration in a
small dose of 10.0 mg/kg). The effects is not
enough to compensate the disorders of blood sys-
tem under the combined impact of stress factors
of radiation and nonradiation nature in this con-
ditions.

CONCLUSION

Oral NSE administration (10,0 mg / kg) to rats
under the combined influence of ionizing radia-
tion (6 Gy) and emotionally-algesic stress delays
the flow of regenerative processes and accelerates
the depletion of the hematopoietic system, proving
for the radiosensitizing effects of the drug.
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