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OCOBJIBOCTI 3MIH TEMATOJIOI'TYHUX ITOKA3SHUKIB
INEPU®EPUYHOI KPOBI II1YPIB I1TP BBEJIEHHI
N-CTEAPOIJIETAHOJIAMIHY 3A YMOB KOMBIHOBAHOI
JII OITPOMIHEHHS TA CTPECY

Mera — B1BUNTH 0COBAMBOCTI 3MiH remMaTonoriyHMx nokasHukie nepucepuyHoi Kpoei Wypie 3a yMoB BeefeHHsA N-cTe-
apoineraHonamiHy (NSE) po ta nicna kom6iHoBaHoT Aii ioHi3yl04Oro BUNPOMiHeHHs Ta emoLiiHO-601b0BOrO CTpecy.
MeTtoam: rematonorivynHi, cTaTMCTUYHI.
Pe3ynbTraTi. Ha OCHOBi KinbKiCHWX i AKICHUX 3MiH reMatonoriyHMx nokasHuKie nepudepuyHoi Kpoei BCTAHOBNEHO,
wo eeneHHA wypam NSE (10,0 mr/kr) fo Ta nicna Kom6iHOBaHOro BNAWBY OLHOPA30BOr0 TOTANLHOTO ONPOMiHEHHS
(6,0 p) i emouiiiHo-60nb0BOrO cTPECy ((hyT-WOK) NPU3IBOAUTL A0 3HUIKEHHA KiNLKOCTI LLUPKYNIOYUX KNiTUH nepude-
PUYHOT KpOB, 36iNblIEHHA 03HAK YpaXKeHHA KPOBOTBOPHOT CUCTEMM 3 NPUCKOPEHHAM NPOLECiB BUCHAKEHHA.
BucHoBoK. BeegeHHs wypam NSE (10,0 mr/Kkr) B ymoBax KoMBiHOBaHOro BniMBY i0Hi3ylo4oro BunpoMiHeHHs (6,0 Ip)
i emouiliHo-601b0BOrO CTPecy cnoBinbHIOE nepebir BifHOBHUX NpPOLECIB i NPUCKOPIOE MPOLIECH BUCHAKEHHS Y KO-
BOTBOPHii cuUCTeMi, Wo cBiAYMTL Npo pagioceHcubinisylody ailo npenapara.
KnioyoBi cnosa: wypu-camui, N-creapoinetaHonami, ioHizyloue BUNPOMiHEHHA, CTPEC, reMatonoriyHi NoKasHuKy,
nepudepuyHa KpoB.
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Peculiarity of changes of peripheral blood hematological indices in rats under
N-stearoylethanolamine 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-steroyil-
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

ITicna BimKpUTTS eHIOKAHAOIHOIMHOI CHCTEMM CIIelli-
anictamMy iHTEHCUMBHO BMBYAETLCSI BIUIMB KaHabiMmime-
THYHUX TIpenapariB Ha opradisM. OcobimBa yBara 3sep-
TAETHCS HA NOC/iKeHH 610J10r1YHO AKTUBHUX PEYOBMH
N-amuneranonaminiB (NAE), axi MaioTh xaHabimime-
THAYHI BIaCTUBOCTI i 30aTHi BILIMBATH HA 6i0XiMiuHi Ipo-
1IeCH, TIIO0 JIEXATh B OCHOBI TaTOr¢He3y 6araTbOX 3aXBO-
poBaHsb [1—-2]. NAE 3 HacCU4eHAMM JIAHIIOXKKAMU, 30K-
pema, N-creapoineranonamin (NSE), pekomenmoBaHuit
JJ1s1 3aCTOCYBAHHA SIK JIiKAPCBhKMI 3acib, 1110 MaE npoTu-
MyXJMHHI BracTuBocTi [3]. BeraHoBIEHI pamio3axucHi
piaactusBocti NSE B no3i 50,0 mr/xr macu Tija 3a yMOB
3aCTOCYBaHHs MOro repes onpoMiHeHHsM B 1103i 2,0 Ip
[4], Bu3HaueHi pamiomomuikyroui BractTuBocTi NSE B
mo3i 10,0 mr/KT Macu Tina 3a YMOB 3aCTOCYBAaHHS HOTO
nepex i micist onpomineHHs B 403i 6,0 Ip [5]. Bpaxosy-
1049¥ pizHOOIYHY fio npenapary NSE, nonitbHUM ysaB-
JISETHCS BUSBJIEHHSA HOro pamioMoau@ikyloumx BJIacTH-
BOCTEM Ta MOXJIMBOCTI 3aCTOCYBAaHHS 32 YMOB KOMOiHO-
BaHOl pnil YMHHMKIB CTpecy pagiaiiiHoi Ta He-
pamiailiiiHol MpUpPOIH,

META

Merta nocHipKeHHs — BUBYUTU OCOOIMBOCTI 3MiH reMa-
TOJIOTIYHMX TIOKa3HUKIB MepudepruyHOi KPOoBi IypiB 3a
yMOB BBeleHHs N-creapoileTaHoJiaMiHy OO Ta IIiCis
KOMOiHOBaHOI [ii iOHi3yl04Oro BMNPOMIiHIOBAHHS Ta
€MOIIiifHO-00JIEOBOTO CTPECY.

MATEPIAJI I METOJHU JOCIIIKEHHSA
ExcriepuMeHTaNbHi JOCTIKEHHS TPOBECH Ha 66 cTa-
TEBO3PLIMX 0iMX 1ab0pPaTOPHMX IIypax-CcaMIIgX Macoi0
180—200 . TBapuH yTpuMyBaIX y BiBapii Ha cTaHIapT-
HOMY pauioHi i goctymi 1o Bonu. Excriepument 3aiiicHe-
HO Y BiMOBimHOCTI A0 KOHBEHII1 Pamu €Bporu momao
3aXUCTY XpeOETHUX TBAPMH, AKUX BHKOPUCTOBYIOTH Y
HAYKOBWX IUIsIX. (mpmitHaToi y Crpacoypai, 1986).

Po3noain TBapMH 1o rpynax 34idCHEHO Yy BiIIOBiI-
HOCTi 0 YMOB eKCTIepuMeHTY (Tab. 1).

NSE BBomwiIM 11epopaibHO Yepe3 30H4 B no3i 10,0 mr/xr
MacH Tijla OJJHOPa30BO LIOJEHHO BIIPOOOBX 7 mi0 3a
pi3HUX YMOB HOro 3acTocyBaHH# (10 Ta Iicjig ONpoMmi-
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-stearoylethanol amine (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-stearoylethanolamine 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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Ta6nuus 1
QlusaiiH excnepumeHnTy (po3noain wypis no rpynax AocnigkKeHHs)
Table 1
Design of experiment (rats distribution by groups)
I'pyna, No* Bnnusu / actions
Group, No* Onpominenns, 6,0 'p Crpec NSE 10 mr/kr
Irradiation, 6.0 Gy Stress NSE 10 mg/ kg
BionoriyHwit KOHTPONL — il u
Biological control
NSE koHTponb - - 7 ni6
NSE control 7 days
1 + - =
2 - 7 pib 10 onNpoMiHEHHA
7 days before irradiation
3 + - 7 ni6 nicns onpomiHeHHs
7 days after irradiation
4 - s
5 - 7 pib po ctpecy
7 days stress
6 - + 7 ni6 nicns cTpecy
7 days after stress
1 + +
8 + 7 pi6 0 onpoMiHeHHs i cTpecy
7 days before irradiation and stress
] + + 7 pib nicns onpomiHeHHs i cTpecy

7 days after irradiation and stress

MpumiTka, * — B KoXHiRA rpyni n = 6,
Note. * — In each group n = 6.

Illypis onpoMiHIOBAIM OZHOPA30BO TOTAIBLHO B H03i
6,0 Ip Ha pamiorepanesriaHOMY anapari “Teparpon” (Ka-
Hana), (mxepeno — ©Co, MOTYXHICTB 1031 OIPOMIHEHHS
4,39 x 10 Ku/(xr * ¢), mosre onpomineHHs 20 x 20 cM).

BukopucroByBain Mojesib €MOULiiHO-00J50BOT0
CTpecy i3 3aCTOCYBAHHSIM TONPA3HEHHS EICKTPUYHUM
ctpymoM (¢yr-110K). B cremiarbHO CKOHCTPYHOBaHMX
KaMepax TBapMHM 3a3HABAIM BIUIMBY €JEKTPOCTHMY-
JsiLi KiHILIBOK YIIPOAOBX 3a1aHOr0 IIPOrpaMolo yacy (B
naHoMy excriepuMmenTi 20 xB). Byso BUkopucraHo cxa-
HYIOUHMHK cTabinizoBaHMl IIOCTIMHUMA EJIeKTPUIHMIA
CTpyM, SIKWIii TIOaBaBCsA Ha ITiJTIOTY Ta CTIHKM KaMepH 3
amIutitynoio 0,8 MA Ta ckaHyBaHHS 8 CyMiXHMX €JIEKT-
poxis TpuBaiicTio B 75 Mc. Cuiia cTpyMy B YCiX Jocigax
Oyna nocriliHolo. I1apaMeTpu moapa3sHEeHHS €JIEKTPHUY-
HUM CTPYMOM, 30KpeMa CUIIy CTpyMy, BU3HAYalu 3 Ja-
HUX JiTepaTypu Ta BJAaCHUX OOCIiIXeHb [6]. Omn-
POMIHEHHS i CTpEC BUKOHYBAJIM B MEXax OMHiel 700U
(mo6a 0). KonTponem wist BCiX rpyn TBapHH CIyTYBald
IHTaKTHi ITypH BiAMOBiMHOI cTaTi, BiKYy i MacH.

3abip KpoBi 3 XBOCTOBOI BeH! 3/ikicHIOBaIM yepes 3, 7, 14
mi6 micna moowm 0. ITimpaxyHOK (hoOpMEHMX EJIEMEHTIB ITe-

Rats were exposed to 6.0 Gy of whole-body
gamma-irradiation at the radiotherapy unit “Tera-
tron” (Canada), (**Co source, 4.39 x 10-* C/kgsec
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
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pudepuIHOi KPOBi IMPOBOIMIN MEJIAHXKEPHO-KAMEPHIM
crioco6oM. JlelikorpaMy B Ma3Kax KpoOBi ITiIpaxoByBaJIU
Ha 200 xiritux. TTpoBommmu audepeHttifHmit mapaxyHOK
JiM(OLMTIB B 3a/IEXHOCTI Bifl iX BeIMIMHH. 3MiHCHIOBAIM
MiAPaXyHOK NMATOJIOTIYHMX, ATHITOBUX KITITHH,
CratucTuuHy 00pOOKY JAHKX IIPOBOAWIN 3 BUKOPHC-
TaHHSM ITapaMeTPUIHOTO t-KpuTepilo CThIONEHTa 3a 110-
IIOMOTO0XO ITIAKETY IIPUKJIANHMX IIporpaM Statistica 5,0.

PE3VIIBTATU TA OBTOBOPEHHSA

Temaronoriuamit mpodiae TBAPMH KOHTPOJIBHOI IPYIH,
AKMX 00CTEXYBAIX B JUHAMIlII I1apaJieJIbHO 3 JOCIiIHM-
MU IIypamu, Biamosizas ¢izionoriuniit Hopmi. Ilicnst
BBeaeHHs NSE cyrreBux 3MiH ckiamy nepudepudHoi
KPOBi HE CITOCTepiranu, aje Ha 3-10 o0y JOCITiHKEHHS

Ta6nuus 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 atunosux nimdoumtie B nepucepuuHii kposi wypis 3a ymos BBefieHHA N-cTeapoinetaHonaminy go
Ta nicna kom6iHoBaHoi il ioHi3ylouoro BunpomiHeHHa i ctpecy, M+ m

Table 2

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

YMoBH eKcnepuMeHTy, rpynu
Experimental conditions, groups

Bwmict arnnosux nimQoumTie no repmiHax gocnipxeHns, %
Atypical lymphocytes content by experimental time-fraim, %

3 nobu / days 7 pi6 / days 14 pi6 / days
BionoriYHmit KOHTPOML 1,67+0,88 233 =101 2,67+0,88
Biological control
KonTponb NSE 4,00 £0,58* 3,66 + 0,33 4,00+ 1,00
NSE control
OpHopaaose ToTanbHe onpoMiHenHs (1)& 3,33 = 0,01 5,33 £ 2,03 1,67 = 1,67
A single whole-body irradiation (1)
BeepeHHsi NSE neper, onpomiHeHHaMm (2) 7,07 +£1,65 8,67 £4,83 6,00 = 0,58
NSE administration before irradiation (2)
BeepgeHHsi NSE nicns onpomiHeHts (3) 12,67 £+ 4,53% 567+ 1,20 4,00 £ 0,58
NSE administration after irradiation (3)
Taapunu, siki ynu niggani crpecy (4) 2,64 + 0,67 1,33 = 0,67 4,00 + 1,53
Stress exposed animals (4)
Beenexns NSE nepep ctpecom (5) 3,46 + 0,60 3,35+0,69 3,00+1,03
NSE administration before stress (5)
Beegexns NSE nicns ctpecy (6) 1,42 £ 0,55 1,88 = 0,60 410+1,24
NSE administration after stress (6)
TeapuHm, siki Gynu nigaanxi onpomiHeHHio | cTpecy (7) 3,33 = 0,01 4,67 £2,02 1,67 £1,67
Animals exposed to irradiation and stress (7)
Beenenxs NSE nepes, onpoMiHenHs i ctpecom (8) 10,43 £ 1,23** 56+ 2,33 9,33 + 1,20**
NSE administration before irradiation and stress(8)
BeepeHns NSE nicnst onpomiHeHHs i cTpecy (9) 8,00 + 1,07** 867+2901* 3,0+2,04

NSE administration after irradiation and stress (9)

[pumiTka. * — CTATMCTMYHO JOCTOBIpHI poabixHocTi 3 koHTponem (p < 0,05);

# — CTATMCTW4HO AOCTOBIPHI Po3aBiXHOCTI 3 NOKA3HMKAMK onpomiHeHkx TeapwH (p < 0,05);

& _ homep rpynu arsiHo 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. BmicT eputpouutie B nepudepuyHii kpoBi wypis 3a ymoB BBefeHHA N-cTeapoineraHonaminy no
Ta nicna Kom6inoBaHoi Aii ioHizyloyoro BunpomiHioBaHHA i cTpecy.

YmoB# ekcnepumenTy (rpynu): 1 — onpomMitenns (6,0 [p); 2 — BBeaeHHA NSE o onpomineHHs; 3 — BeegeHHa NSE nicna onpomiHeHHs; 4 — cTpec;
5- eeefeHHA NSE go ctpecy; 6 — seegeqHs NSE nicns ctpecy; 7 — onpomiHeHHs + cTpec; 8 — seegeHHs NSE fo onpomiHeHHs i ctpecy; 9 -

BBepeHHA NSE nicna onpomineHHs i cTpecy.
* — CTATUCTHYHO JOCTOBIpHI po36imHocTi 3 KoHTponem (p < 0,05).

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

BU3HAYaIM BiporigHe 30UIbIIEHHS KiTbKOCTI aTUIIOBMX
JiMQOIMUTIB MOPiBHAHO 3 ITOKA3HMKOM B KOHTPOJI
(4,00 = 0,58 npotu 1,67 £ 0,88; p< 0,05) (Tabax. 2), me-
PEBAXXHO 3 O3HAKAMU IOPYIIEHb MPOIECiB Tpomide-
parrii: IBosIIEpHi, KIITHHY 3 MiKpOsiApaMH, JTiMGOIUTH
3 JIOTIATEBUMM SipaMu Ta iH. ITpakTUIHO B yCix TBapWH
Oysia 30iblIeHa KUIbKICTh BEIMKMX I'PAaHYJIbOBAHMX
nimbonuris (BIJI). B excriepumenTi Oy nocmimkeHi
3MiHM T€MaTONOTiYHMX TNOKAa3HWMKIB Yy TBapWH, SKUM
3amicte NSE BBOmMIHM (izionorigunii po3umH. Bimmin-
HOCTEl reMarToJIOriYHMX IIOKa3HHUKIB IepudepuyHoi
KPOBi ¥ HUX TIOPiBHSIHO 3 iHTAKTHMUMU TBapUHAMM HE
BCTaHOBJIEHO [5].

OmHopa3oBe TOTATBHE OIMPOMiHEHHS IMypiB B 103i 6,0 Ip
BUKJIMKAJIO TUIIOBi /sl CyOJIeTaIbHO-JIETAIBHUX 103 3
PO3BUTKOM TOCTPO1 MPOMEHEBOI XBOPOOU 3MiHM B yCiX
JaHKaxX KITHH nepudepuyHoi kpoi. Yepes 3 pobu
BiAMiday TEHJEHIII0 A0 3HWDKEHHS BMICTY €pHTPO-
uuriB (puc. 1), 0OCTOBipHY TPOMOOLIMTOINEHi0 (pHUC.
2), nevikomneHiio (puc. 3). B mepiox po3naiy ipoMeHe-
BOi XxBopobOHu (7-a 106a) Ha T/Ii HU3BKUX KUIBKICHUX 11O~
Ka3HHMKIiB BigMiueHO BiTHOCHE 30iIbIIEHHS BMICTY
HeUTpodiaiB 3i 3CyBOM JIeKOIIUTAPHOI (hOPMYIIH J1iBO-
PY4 i TOABOIO B KPOBi MOJIOAMX IPaHY/JIOLIMTAPHUX €JIe-

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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PUcCyHOK 2. BmicT TpombouuTie B nepudpepuuHiii kposi wjypie 3a ymoe BBefieHHA N-cTeapoineranonaminy o
Ta nicna Kom6iHoBaHoi Aii ioHi3ylouoro BunpomiHioBaHHA i cTpecy.

Mpumithu. Qus. puc. 1.

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

Notes. See Fig. 1

MEHTIiB ax m0 MetamienoumtiB Ha 14-ty mo6y croc-
Tepirajiv MoYyaToK BiJHOBIIOBAIBHUX IIPOLIECIB B CUC-
TEMi KpOBi.

VY TBapMH, AKMX OIMPOMIHIOBAIM ITiCAS IIOIEPEIHBOIO
BBesieHHs NSE, Ha 3-10 106y BMicT epuTponMTiB (puc, 1)
Ta JieikouuTis (puc. 3) OyB HEIOCTOBIPHO BULIMIA BiTHOC-
HO TIOKa3HWKA Y JIMIIE OMMPOMiHEHMX TBapWH. B mepion
po3naily IpoMeHeBoi XBopoOu (7-a noba) BiIMiHHOIO
0COGNMUBICTIO TEMATOIOTIYHMX TTOKA3HUKIB Y IIYPiB TAHOL
rpyru GyB BUCOKMIA BMICT TPOMOOLIMTIB y riepuepuyHii
KPOBi ITOPiBHAHO 3 TTOKA3HUKOM TPYITH JIAIIE OIPOMiHE-
HUX TBapUH (pucC. 3) Ta 3HaYHO OUIIIMIA BincoTOK JliM(po-
IIUTIB y netikorpami. Bpaxosyrouu BusiieHuit Brumus NSE
Ha JiM(oinHy JTaHKY KPOBi TBAPMH, MOXHA TTPUITYCTUTH,
0 B JAHOMY BMIAIKy IPOSIBUBCS MEXaHi3M paioMo-
muikyiouoi mii mpenapary. Ak i y BUnagky oxpemoi mii
NSE Ha cucTemMy KpoBi TBapUH, Y IypiB JaHOI I'PYIX Bifl-
Mivanachk 3HaYHA KUIBKICTh aTHIIOBHMX JIiM(DOLIUTIB, SIKi €
Pe3yJIETaTOM ITOPYIIEHb ITPOIECiB MITOTHMYHOIO ITONITY
KJIITHH Ta IpoueciB ix mo3piBanus (Tadi. 2). BimHoBmo-
BILHWI NIEPIiOA B 11i¥ TpyITi TBAPUH OYB TPUBAJIIIIINM, I10-
PiBHIOIOUM 3 AaHAJIOTIYHUM IIEPIOIOM JIMILE OIPOMiHEHMX
TBapWH: Ha 14-Ty 00Oy KUTBKICTh KIIITHH Ta TPOMOOITUTIB
nepudepuyHOi KpoBi y HUX Gysia MeHLI010 (puc. 1-3).

Beenennsa NSE micnst onmpOMiHEHHS IIPU3BOAWIIO [0
MIIBUILIEHHS] BMICTY TpoMOOLMTIB (puc. 2) Ta BiICOTKY
niMponuTiB B TmepudepudHii KpoBi Yy MOPIBHAHHI 3
BIIlIOBiITHMM IIOKAa3HMKOM OIIPOMIHEHHUX TBapuH (B
TIepioA po3nany IMpoMEeHEBOi XBopobu, 7-a moba). Bee-

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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AocnigwmysaHuii napameTp, % Bi KOHTponio
Parameter under investigation, % from control

YmoBM excnepumenTy / experiment conditions

I 35 nota / 3rd day

37 pota / 3rd day

[ 3-n po6a / 3rd day

PUCYHOK 2. BmicT neikouutie B nepudepuuHiil kKposi wypis 3a ymoB BBeaeHHA N-cTeapoineraHonaminy ao
Ta nicna komGiHoBaHo1 Ail ioHi3ylouoro BUNpomiHOBaHHA i cTpecy.

Mpumitku, Qus. puc, 1.

Figure 2. Leukocytes (WBC) content in peripherial blood of rats under N-stearoylethanolamine introduc-
tion before and after combined effects of ionizing radiation and stress.

Notes. See Fig. 1

aeHHsa NSE micna onmpoMiHeHHS TTPU3BOIMIO IO 30i1b-
LIEHHSA PaHHBOI peakilil KPOBOTBOPHOI CUCTEMU. Y TBA-
PVH BiIMiYaTM BiTHOCHUN HEUTPODLIBHUIN rpaHyIoIM-
TO3 3 IOSBOIO 3HAYHOI KiJIbKOCTI MaJIMIKOSAEPHUX HEIT-
poitiB 3HAYHMUX PO3MIpIB 3 HIKHOIO CITYACTOIO CTPYKTY-
POI0 XPOMATHHY, 1110 BKA3y€ HA iX MPUCKOPEHUI BUXin i3
KiCTKOBOTO MO3KY B TieprudeprndyHy KpoB. Ll peaxuis
CIpMsUIa TOMY, IO B IONAIbLII TEPMiHM IOCIIiIKEHHS
3HIDKEHHS BMICTY HEUTPOGIIBHUX JEHKOLMUTIB Oyi10
OinblI BUpaXEHMM, HiX 33 YMOB OnpoMiHeHHs. To0To,
BBeeHHA NSE micist ompoMiHEHHS CIIPUSUIO CTUMYJIATIIL
KPOBOTBOPEHHS! 3 HACTYIIHUMM OUIbII LIBMAKMM BUCHA-
JXEHHSM i 3HVUDKEHHSM BiTHOBTIOBATLHUX MPOLECIB [5].
EMol1iitHO-001B0BHIl CTPEC NPU3BOIMB [0 CYTTEBHMX
3MiH B KJIITHHHMX JIaHKax nepudgeprnaHoi kposi. Ha 3-10
OOy ITicyIs1 CTpeCy Y TBaPUH BiIMiYaiy TEHASHLITIO 10 3HHU-
XEHHS BMICTY €pUTpOLUTIB B mepudepudHit xposi
(puc. 1), mocToBipHY TPOMOOLIMTONEHIIO (pUC. 2) Ta 36iIB-
IIEHHA BMicTy HedTpodimiB (puc. 3), — peakilisg KITiTHH
IIapPOCTKIB KPOBOTBOPEHHS, nposidepauis ta nudepeHii-
JOBaHHS SKWX BiIOYBaeThCA Y KiCTKOBOMY MO3KY. 3 OOKY
JiM(OLIMTAPHOI JJAHKK B JaHMI TePMiH BifMideHO 3011b-
IIIEHHS BMICTY iMyHOOJIAaCTiB Ta BEJTMKMX IPaHYIbOBAHMX
JiMdoLMTIB, TOOTO pEaKTUBHI 3MiHM 3aXMCHOIO XapaKTe-
py. Ha 7-my moby micns cTpecy BU3HAYAIOCS TIPOTPECY-
BaHHSI 3MiH: KUTBKIiCTh €pUTPOLIUTIB OyJia 3HMXEHOI0 Ha
24 %, a eKonuTiB Ha 54 % y TIOPIBHSHHI 3 KOHTPOJIEM.
I[Tpu 30epexeHHi BiicoTKy JiM@oLuTiB HaBiTh Ha ACLIO
BUNIOMY piBHi BiJHOCHO KOHTpPOJIO, iX abCcoioTHA

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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KUTBKiCTh TaKOX Oyia 3HmkeHOo0 Ha 40 % TopiBHAHO 3
KOHTpOJeM. VIMOBIPHO, CTPECOPHMIA BIUIMB IIOPYLIYE
fanmaHc MK CTUMYJIATOpaMU Ta iHTiGITOpaMK IFEMOIIOE3Y,
3a YMOB il JaHOro CTPECOBOI0 YMHHMKA BinOyBanucs
3MiHM Ha piBHI paHHIX KIITMH-TIOIIEPETHMUKIB 3 IIpH-
rHiyeHHAM iX nposidepaTMBHOI AKTUBHOCTI TA HACTYII-
HUM 3HVDKEHHSIM B NepudepudHiit KpoBi BMiCTY epUTpO-
LMTiB, TpoMOoOLMTiB, HeiTpodiniB Ta gimpouwrie. Ili
3MiHM He Oy TPUBAIMMM, i Y MOJAIBIINIA TEPMiH (Ha
14-1y n100y) BU3BHAYAIOCS ITOBHE BiTHOBJICHHSI.

Beenennsa NSE He3areXHO Bi ITOCIiIOBHOCTI 3aCTO-
CYBAaHHSIM €MOLIMHO-60JILOBOr0 CTPECY CIIPHUSLIO IIPUC-
KOPEHHIO BiTHOBITIOBAHUX ITPOLIECIB EPUTPOIAHOI IAHKU
KPOBOTBOPEHHA (puC. 1), MPAKTUYHO HE IO3HAYATIOCS
Ha 3MiHax TpoMOGonuTapHoi Janky (puc.2). I[TomepenHe
BBeneHHs1 NSE npussomio 10 6UIbL1 BUPAXKEHOI'O YILI-
KOJDKEHHS Ta TPMBATIIIOTO BiTHOBIEHHS! KUTBKOCTI JIei-
KOLIMTIB B repudepuyHiii kposi (puc. 3).

Komb6iHoBaHMIt BIUTMB OIIPOMiHEHHS i CTPECY ITPHU3BO-
JUB 0 CYTTEBMX 3MiH Yy KIITHHHOMY ckiani nepude-
PUYHOI KPOBi. ¥ IJIOMYy CIIPSIMOBAHICTB (TIPUTHIYCHHS)
Ta BMPA3HiCTh NMOPYLIEHb KiIBbKICHOTO CKiIanay i sKicHi
XapaKTepPUCTHUKH KIITHH mepudepuyHoi KpoBi Oymm
NoLiGHi 40 3MiH Mmicas OPOMiHEHHS, TOOTO GYJIX TUIIO-
BUMHM JUISL PO3BUTKY TOCTPOI NIPOMEHEBOLI XBOpPOOH.
BinminHicTs nonarana y 6i1bm paHHEOMY (Ha 3-10 100Y)
i TpMBaMINIOMY 3HVDKEHHIO KUTBKOCTI €pPHTPOIMTIB 3a
YMOB KOMOiHOBRHOIO BILIMBY OIIPOMIiHEHHS i CTpecy y
ITOPiBHSHHI JIAIIE 3 ONIPOMiHEHHAM (puc. 1).

3a ymoB BBeneHHs: NSE niepen onpoMiHEHHSM i CTpecoM
KUTBKICHI 3MiHM KITITHHHOTO CKIIajly neputepuIHoi KpoBi
Oy/M aHATOTIYHI MMOKA3HUKAM TUIBKM OIIPOMiIHEHMX TBa-
pvH. BinMiHHICTE BCTaHOBIIEHA NPU aHAI31 AKICHIX 3MiH
B KJITHMHAX KPOBi. YIIPOMOBX YCHOIO TEPMiHY IOCIIIKEHb
y IIypiB BimMidanoch 30UTBIIEHHS BiNCOTKY ATMUIIOBUX
niMcormTis (Tabo. 2), 0cOGIMBO KIITHH 3 KAPIOPEKCHCOM,
110 € MOP(OJIIOTIIHHMM ITPOSBOM ATIOITTO3Y, 4 TAKOX JTBOSI-
JNEPHUX KIIITUH, SIKi BUHMKAIOTh Y Pa3i MOPYIIEeHb IIPOLECiB
MITOTHYHOTO TTOAUTY KitiTuH [2, 3, 6]. KpiM Toro, y mypis
JaHOi IPyIM YacTille, HiX y IPyIli TBAPHH, SIKUM BBOIMIH
NSE mnepen onmpoMiHeHHsIM, 3yCTpidaMch MOJIOII SIEPHi
EpUTPOIAHI KIITMHM, IIPAKTUYHO B YCiX TBAPUH CIIOC-
TepiraBcsi aHi30-MOUKITONUTO3 Ta moiixpomaroditis
epurpoLmTiB. Lle cBimuwTE ITPO TE, 110 HA TJIi IIONEPEIHBO-
ro 3actocyBaHHsI NSE cTpec i ormpoMiHeHHs TIpU3BOASTH
0 OLIbIIONO IoApasHEHHsSI KPOBOTBOPEHHS 3 BiANOBiI-
HOIO aKTUBAII€I0 KOMIICHCATOPHUX ITPOLIECIB.

Takum YMHOM, BCTAHOBJIEHO, 110 BBeneHHs NSE B n03i
10,0 Mr/KT MacH Tina A0 Ta Mmicas KOMOiHOBAHOTO BILIMBY
ioHi3yrouoro BUIIpoOMiHIOBaHHS B 103i 6,0 Ip Ta emo-
ilifHO-00TEOBOTO CTPECY NPU3BOAWIO Y KiHIIEBOMY

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 Tp and emotionally-algesic stress induced
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MiACYMKY 10 30iTbIIEHHS 03HAK YPAXEHHSA KPOBOTBOPHOL
CUCTEMM Yy IIOPiBHSAHHI 3 KOMOIHOBAaHOIO HI€I0 TLIbKM
NSE Ta ionisyiouoro BunpomiHoBaHHs. MMoBipHO, 3a
YMOB JIaHOTO CIIiBBiTHOIIEHHS BEJIMYMH (PAaKTOpPiB BIUIM-
BY (KOMOIHOBaHMI BIUIMB ONIPOMiHEHHS Y BEJIMKIiH 1031 —
6,0 Ip Ta emouiitHo-60nb0B0r0 crpecy i BBeaeHHsa NSE B
He3HauHin 1031 — 10,0 Mr/KT MacH Tiia) 3aXMCHI BIACTH-
BOCTI IIpernapary He IPOSBISIOTHCS HOr0 HENOCTATHBHO
JIiJ1sI KOMITEHCAllii ITOpyIIeHb Y CUCTEMI KPOBi BHACIIIOK
KOMOiHOBaHOI il YMHHHUKIB pamianiiiHol Ta Hepaaia-
LiAHOI TPUPOIM 3a YMOB JaHOT'O EKCIIEPHUMEHTY.

BUCHOBOK

Beenenns nrypam NSE (10,0 mr/xr) B ymMmoBax KoMGiHO-
BAaHOTO BIUIMBY i0Hi3y104oro BUIpoMiHioBaHH# (6,0 Ip)
i eMOLIiTHO-60ILOBOIO CTPECY CIIOBUIBHIOE epedir Bia-
HOBHMX TIPOIIECIB i MPUCKOPIOE MIPOLIECH BUCHAXKEHHS ¥
KPOBOTBOPHiMl CHCTEMi, III0 CBiIYMTH IIPO PaTiOCEH-
cubii3yrouy firo mpemnapara.
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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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