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KOMBIHOBAHHWH BILIUB N-CTEAPOIJIETAHOJAMIHY TA
IOHI3YIOYOTI'O BUITPOMIHEHHA HA TEMATOJIOTTYHI
IMOKA3HUKU NEPUPEPUYHOI KPOBI IIIYPIB

MeTa gocnifeHHs — BUBYMTM 0COOAMBOCTI 3MiH reMaToNoriyHMX NOKasHUKiB nepudepuyHoi KpoBi Wypis B ymoBax

kombiHoBaHoro BnnuBy N-cteapoinetaHonamiHy (NSE) (10,0 mr/kr) Ta ioHisytouoro BunpomiHeHHs (6,0 Ip) ans

BUABNEHHA pafsiomoandikyloumnx BNacTUBOCTel npenapara.

MeToau: rematosioriyHi, CTaTUCTUYHI.

Pesynbratu. 3a gaHux ymos ekcnepumeHty BBefeHHs NSE onpomiHeHUM Lyypam npu3BOAMIO0 [0 36iNblIEHHA 03HAK

YPaXKeHHS KPOBOTBOPHOT CUCTEMMU, WO CBIAYUTb NPO 10r0 paaioceHcnbinisytody Aito.

BucHoBKku. B ymoBax kombiHoBaHoro Bnimey NSE Ta 04HOPa30BOro onpoMiHEHHS Ha OCHOBI AKICHUX Ta KiNbKiCHUX

3MiH remaTonoriyHux NoKasHUKiB nepudepruyHoi KpoBi WypiB BCTaHOBNEHA pafioceHcnbinisyoya Ais npenaparty. 3a

AaHUX YMOB €KCNepuMeHTy BCTaHOBNEeHMI BnauB npenapaty NSE Ha WBMAKICTb BIAHOBHMUX NpoLeciB (CNOBiNbHEHHS)

y nepudepuyHii KpoBi WypiB Nicns onpoMiHeHHs.
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Combined effect of N-stearoyiletanolamine and ionizing radiation on
hematological indices of peripheral blood in rats

The study objective was to explore the peculiarities of peripheral blood values in rats under the combined influ-
ence of 10.0 mg/kg N-stearoylethanolamine (NSE) and 6.0 Gy dose of ionizing radiation to identify the radiomodi-
fying properties of the drug.
Methods: hematological, statistical.
Results: it was found that NSE injection to irradiated rats leads to exacerbation of hematopoietic system disorders
indicating to radiosensitizing effect of the substance.
Conclusions. The radiosensitizing effect of the drug was established according to qualitative and quantitative
abnormalities in peripheral blood values of the rats. Effect of the NSE drug on the rate of recovery processes (i.e.
retardation) in the peripheral blood of rats after irradiation was established under these experimental conditions.
Key words: N-stearoyilethanolamine, ionizing radiation, hematological parameters, peripheral blood.
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EKCINMEPUMEHTAJIbHI

AOCNIAXEHHSA

HayxoBa po3poOka HOBUX METOIIB i 3ac00iB, CIpsIMOBa-
HHUX Ha 30epekeHHS 340POB’S HAaceJeHHs, MpoditakTh-
Ky Ta JJiKyBaHHSI OHKOJIOTiYHHMX Ta HEIYXJIMHHMX TSKKIX
3aXBOPIOBaHb B YMOBaX IOTIpIIIEHHSI CTaHY HOBKLIS €
OJHUM 3 MPIOPUTETHUX 3aBAaHb B Taly3i MEAULMUHMU i
Oiosorii. B ocTaHHI poKu 3HaYHa yBara B LIbOMY HaIpsIM-
Ky 3BepHyTa A0 IpernapariB, 0400 PEYOBUHOK SIKUX €
KaHa0iHOiIM — TepIeHMEeHOIbHI CIIOIYKU, SIKi MiCTSIThCS
B pociauHax poauHu KoHorusiHux (Cannabaceae). Ha
0COOJIMBY yBary 3acjayroBylOTh MaJIONOJISIPHI 0i00TiYHO
akTnBHI peuyoBMHN — N-anuneraHomaminu (NAE), axi
MaloTh KaHaOiMiMeTUYHi BJIACTUBOCTI i 3AaTHI BILIMBATU
Ha 0ioXiMiuHi MpoLecH, 110 JeXKaTb B OCHOBI MaTOreHe3y
Oaratbox 3axBopioBaHb [1, 2]. IToka3ano, o NAE 3 Ha-
CUYEHUMM JIaHLIOXKKaMU, 30Kpema, N-cTeapoileTaHo-
namid (NSE) Moxe mpuUrHidyBaTv picT MyXJIWH, MigBU-
IIyBaTU aKTUBHICTh (DepMEHTIB aHTUOKCUIAHTHOI CHC-
TeMH (30KpeMa, Karaja3u) i rabMyBaTH HaKOIMYEHHS
MPOAYKTIB MEPEKUCHOr0 OKMCJIEHHs imimiB [3—6].
BcranoBneni pagiozaxucHi BiaactuBocti NSE B no3i 50,0
MT/KT MacH Tijla 32 YMOB 3aCTOCYBaHHS MOTro Tiepes oIl-
poMiHeHHsIM B 103i 2,0 Ip [7]. Mu BuBYaJIM B eKCiepU-
MEHTi MOXJIMBICTb 3acTocyBaHHSI NSE B mo3i 10,0 Mr/xr
K pagioMonudikyiodyoro 3aco0y IpU OIMPOMiHEHHi B
no3i 6,0 Ip.

META

Mera nociinKeHHs — BUBYMTH OCOOJIMBOCTI 3MiH reMa-
TOJIOTIYHUX MOKAa3HUKIB MepudepruyHOi KPoBi IIypiB B
yMmoBax KombOiHoBaHoro BmmBy NSE (10,0 mMr/kr) Tta
ioHi3yro4oro BuripoMiHeHHs (6,0 Ip) o1 BUSIBICHHS
pagioMoan@iKylouunx BIaCTUBOCTEN Mperapary.

MATEPIAJIN TA METO/JIN

ExcnepumeHTanbHi JOCHiAXEHHS MIPOBEASHI Ha cTaTe-
BO3pUIMX OiMX J1abOpaTOPHUX IIypax-caMIisIX Macoo
180—200 r. TBapuH yTpuMyBaJIu y BiBapii Ha cTaHAAPT-
HOMY pallioHi i poctymi 10 Boau. Po3noaia TBapuH (1o
18 B KOXHilf rpymi) 3AiliCHEHO Y BilMTOBITHOCTI 10 YMOB
eKCIIepUMEHTY: 1 — KOHTpOJb — iHTAKTHI TBAPUHU, 2 —
nepopajibHe IIOJeHHE BBEACHHS (Di3iosoriYyHOro pos-
yuHy; 3 — nepopajbHe 1oAacHHe BBeaeHHs NSE; 4 —
OJHOpAa30Be TOTaJibHE OINPOMIiHEHHS; 5 — TepopajbHe
moneHHe BBeAeHHs1 NSE mepen onpoMiHeHHsAM; 6 —
nepopaibHe IIoAeHHe BBeaeHHsT NSE micias or-
POMiHEHHSI.

TBapuH onpoMiHIOBaJIX OAHOPA30BO TOTAJILHO B J03i
6,0 Ip Ha anapari “Tepatpon” (Kanana), 1xepesio onpo-
mineHHs — “Co, notyxHicTs noHyToi 1031 1,02 Ip/XB.
NSE BBommm 1epopaibHO Yepe3 30H1 B 103i 10,0 mr/Kr
Macu Tija OJMH pa3 Ha 00y mpotsirom 7 Ai6 go abo

Research and development of the new methods
and tools on preservation of public health, both
with prevention and treatment of cancer and
other serious diseases under the environmental
deterioration is an essential issue in medicine and
biology. In recent years a considerable attention
was given in this regard to the drug products of
cannabinoids i.e. the terpenfenol compounds
found in the hemp family plants (Cannabaceae).
The low-polarity bioactive substances N-
acylethanolamines (NAE) are of especial concern
here as they have kanabimimetic properties and
can influence on biochemical pathways underly-
ing the pathogenesis of many diseases [1, 2]. The
saturated-chain NAE i.e. N-stearoylethanol-
amine (NSE) was shown capable to inhibit the
tumor growth, increase activity of antioxidant
enzyme systems (i.e. catalase) and inhibit the
accumulation of lipids peroxidation products
[3—6]. Radioprotective properties of NSE were
established at a dose of 50.0 mg/kg body weight
when used before irradiation at a dose of 2.0 Gy.
We studied experimentally the possibility of NSE
administration in a dose of 10.0 mg/kg prior to
irradiation in dose of 6.0 Gy [7].

STUDY OBJECTIVE

The objective of the study was to explore the pecu-
liarities of peripheral blood values in rats under the
combined influence of 10.0 mg/kg NSE and 6.0
Gy dose of ionizing radiation to identify the radio-
modifying properties of the drug.

MATERIALS AND METHODS

Experimental studies were conducted on the
mature white male laboratory rats 180—200 g body
weight. Animals were managed in an animal facil-
ity on a standard diet with access to water. Animals
were distributed (18 in each groups) according to
the study design: 1% group — the Control i.e. intact
animals, 2" group — oral administration of saline
daily, 3" group — oral administration of NSE daily,
4" group — single total irradiation, 5™ group — oral
administration of NSE daily prior to irradiation,
and 6th group received oral administration of NSE
daily after irradiation.

Animals were irradiated once totally at a dose of
6.0 Gy at the “Teratron” device (Canada) with ®Co
radiation source. An absorbed dose rate was 1.02
Gy/min. NSE was administered orally through a
tube at a dose of 10.0 mg/kg body weight once daily
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micass ornpomMiHeHHsI. 3abip KpoBi 3 XBOCTOBOI BEHM
3ailicHioBanu yepe3 3, 7, 14 1i6 micas onpomineHHs. Ha
7 Ta 14-Ty moOy IIypiB BUBOIWIW 3 JOCHTINY IIJISIXOM
TiApMOTMHYBaHHS. BuMipioBanim mMacy TUMYCY TBapuH.
ITinpaxyHoK (hopMeHMX €IEMEHTIB NepruhepUIHOI KPOBi
OPOBOAMIIM MeJIaHXEPHO-KaMepHUM criocoooM. Jleii-
KOorpaM¥ B Ma3Kax KpoBi ImimpaxoByBaiu Ha 200 KITiTHH.
[TpoBoannu gudepeHIiHHNIA migpaxyHOK JiM(MOLUTIB B
3aJIeXXHOCTI Bif iX BeJquuuHU. BumineHo asi dpaxiiii
JiMpouuTiB — Beauki Ta Maji. CTaTUCTUYHY OOpPOOKY
JaHUX TMPOBOAWIN 3 BUKOPUCTAHHSIM MapaMeTPUYHOIO
t-kputepito CTbhloIeHTa 3a AOIMOMOIOI0 TMAaKeTy MPUK-
JlagHUX Iporpam Statistica 5,0.

PE3VYJIBTATU TA IX OBGTOBOPEHHS

IemaTonoriynuii mpodinb TBAPUH KOHTPOJBLHOI Tpy-
N, sIKi 00CTeXyBaJuCh B AUHAMILli IapajaesibHO 3 J10-
CJiAHMMU IypaMu, BinnmoBimaB (iziojJoriyHiit HopMi
IIST TaHOTO BUAY TBapuH (Tadsm. 1). BimMiuamacsa na-
OITbHICTh BMICTY JIEMKOIIUTIB Ta 1X OKpeMUX ppaKiLiit
3 BIIXWJIEHHSIMU Y JesIKUX TBapuH Ha 20—25 %. Ha
7-My 100y YMCI0 JIEMKOLMUTIB i AiMGPOLUUTIB ACLIO Ie-
peBUIIyBaJi0 BUXiAHI AaHi, ajme B MexXax Qi3iono-

Ta6nuusa 1

for 7 days before or after irradiation. Blood sam-
pling from the tail vein was performed 3, 7, and 14
days upon irradiation. Aminals were taken from the
study at days 7 and 14 by means of guillotining.
Body weight of animals was measured at that.
Peripheral blood cell count was performed with
melange-chamber (color blending) method. Diffe-
rential WBC count was applied in blood smears per
200 cells. Lymphocyte count was differential
depending on the cell size i.e. in two lymphocyte
fractions of small and large ones. Statistical data of
was performed using the parametric Student’s t-test
via Statistica 5.0 software application.

RESULTS AND DISCUSSION

Hematological profile of the control group of ani-
mals examined along with the experimental rats just
corresponded to normal physiological values for this
type of animals (table 1). Labile count of the WBC
and their individual fractions was observed, namely
for 20—25% in some animals. On day 7 the number
of leukocytes and lymphocytes was slightly higher
than initial, however these deviations were within

XapaKkTepuCTMKa reMaTooriYHUX NOKasHUKIB Y LWYypPiB KOHTPONbHOT rpynu, M+m

Table 1
Hematological indices in the control group of rats (M+m)

MokasHuku / parameters

Tepmin pocnipxenHs / term of study

3 no6u / 3 days (n=6)

7 ni6 / 7 days (n=6) 14 pi6 / 14 days (n=6)

(BuxigHi aaHi, baseline data)

Epurpoumru / erythrocytes 10'%/n (10'2/L) 6,14+0,42 6,25+0,27 6,95+0,32
TpomboumTy / platelets 10%/n (109/L) 350,00+5,76 516,67+31,80 356,67+37,56
Neitkoumn / leukocytes 10%n (10°/L) 21,2£1,8 25,93+6,2 16,13+0,97
HeiitpodinbHi rpaHynounty / neutrophilic granulocytes
nanuykosaepHi / band forms % 2,33+0,67 2,67+0,88 1,67+0,33
a6e. kinbk., 10%n / abs. count (109/L) 0,48+0,13 0,26+0,06 0,21+0,06
cermeHTosiaepHi / segmented % 9,00+1,15 12,67+1,76 14,67+8,29
a6e. kinbk., 10%n (10%/L) 1,91£0,33 3,2+0,71 2,21+1,12
Eeo3uHodinbHi rpaHynoumty / eosinophilic granulocytes % 0,67+0,33 1,67+0,33 1,67+0,33
abc. kinbk., 10%/n / abs. count (10%/L) 0,14+0,07 0,45+0,16 0,26+0,05
MoHouuTi / monocytes % 1,67+0,67 1,67+0,13 4,33+0,67
a6e. kinbk., 10%n / abs. count (109/L) 0,36+0,15 0,45+0,08 0,69+0,09
Jlimdoumtn / lymphocytes % 85,67+0,33 81,33+2,67 77,67+8,84
a6c. kinbk., 10%/n / abs. count (10%/L) 18,7+1,61 21,31+3,54 12,87+2,19
Jlimdoumtn Benuki / lymphocytes large % 18,67+0,88 24,67+5,84 22,67+6,44
Jlimpouutn mani / lymphocytes small % 67,33+0,88 56,67+7,62 55,00£12,43
ImyHoGnacTu / immunoblasts % 0,33+0,33 0 0
a6e. kinbk., 10%n / abs. count (109/L) 0,08+0,11 0 0
BT/ LGL % 0,67+0,67 0,67+0,33 1,00+1,00
Jlimdoumtn atvnosi / atypical lymphocytes % 1,67+0,88 2,33+1,01 2,67+0,88
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Ta6nuusa 2
XapaKTepucTUKa rematonoriyHmx nokasHukie y wypie nicna seegenHa NSE B go3i 10,0 mr/kr, M+m

Table 2
Hematological indices in rats after the 10.0 mg/kg NSE injection (M+m)

Moka3uuku / parameters Tepmin gocnimkenHs / term of study

3 no6u / 3 days (n=6) 7 pi6 / 7 days (n=6) 14 pi6 / 14 days (n=6)
(BuxipHi aaHi, baseline data)

Epurpoumry / erythrocytes 10'%/n (10'2/L) 6,58+0,22 6,55+0,37 6,85+0,19
Tpom6ouuTy / platelets 10%n (10°/L) 1983,33+46,67 336,67+136,91 206,67+43,33
Jleiikoumtn / leukocytes 10%n (10°/L) 21,83+3,36 17,67+1,83 17,170,747

HeiitpodinbHi rpaHynoumty / neutrophilic granulocytes

nanuykosifepHi / band forms % 2,67+0,33 2,33+1,33 3,33+1,20

abc. kinbk., 10%/n / abs. count (10°/L) 0,60+0,45 0,44+0,28 0,57+0,20

cermeHTosiaepHi / segmented % 11,00+2,5 16,00+7,00 10,00+3,05

abc. Kinbk., 10%/n (10°9/L) 2,27+0,26 2,33+0,67 1,67+0,48

Eeo3uHodinbHi rpaHynoumty / eosinophilic granulocytes % 0,67+0,33 2,60%1,20 1,67+0,67

abc. kinbk., 10°%n / abs. count (10%/L) 0,12+0,05 0,35+0,04 0,30+0,13

MoHouuTi / monocytes % 1,00+0,01 1,67+0,6 0,83+0,33

abc. kinbk., 10%/n / abs. count (10%/L) 0,22+0,00 0,29+0,12 0,14+0,09

Jlimdoumtn / lymphocytes % 85,00+2,08 76,33+5,92 83,67+2,33
abc. kinbk., 10°%n / abs. count (10%/L) 8,5+2,0 13,44+1 61 14,40+1,03

Jlimdoumtn Benmki / lymphocytes large % 24,33£2,19 18,67+4,70 18,66+2,33

Jlimbouutn mani / lymphocytes small % 60,67+0,33 57,67+3,67 65,00+1,73

ImyHo6nacti / immunoblasts % 0,33+0,33 0,67+0,34 0,33+0,33

abc. kinbk., 10%/n / abs. count (10°/L) 0,09+0,09 0,12+0,06 0,06+0,06

B/ LGL % 1,67+0,33 0 1,33+0,88

Jlimdpoumtn atvnosi / atypical lymphocytes % 4,00+0,58* 3,66+0,33 4,00+1,00

Mpumitku. * — p< 0,05 — pisHnLA KOCTOBIPHA NOPIBHSHO 3 AAHUMM TBAPUH KOHTPOSLHOI rpynu (Tabn. 1).

Note. * — p< 0.05 — significant difference vs. control group of animals (tabl. 1).

rYHUX KOJMBaHb i HE CYIPOBOJXYBaJOCh MaTOJIO-
TIYHUMU 3CyBaMU JeHKOUUTaApHOI (opMyIUu. ATUTIOBI
KJITUHH B JIeliKOorpamMax TBapWUH KOHTPOJILHOI TPyITH
He mnepeBuinyBanu 1-2 %. lle Oynu mepeBaxkKHO
TiMdoinHi ereMeHTH: TiM@MOINTHA 3 JTOMATEBUMMU SIJI-
pamu, rinep6a3odinbHi JdiMOOUUTH, BOPCUHYACTI
JiMGOoUUTU. ¥ KPOBi iHTAKTHUX TBAPUH PiIKO 3yCTpi-
YaJluCh iIMyHO- Ta mjaa3mMo0JacTu. Y iHTaKTHUX LIYpPiB
(BUXimHI maHi) mepeBaxkanay Maii JiMOOInUTH, iHIEKC
Benuki/Mani ckiaagas 0,2710,05. Ina cknany nepude-
PUYHOI KPOBi IIYpiB XapaKTEpHOIO 03HAKOIO OYB HE3-
HayHUI aHi30-, MOUKIIOLMTO3 i mojixpomMaTodinis
epUTPOLIMTIB, HASIBHICTh HEBEJMKOI KiJIbKOCTI HOp-
mobuacTiB (1o 1 %).

ITicnsa BBeneHHss NSE (TabJi. 2) cyTTEBUX 3MiH CKJla-
oy nepudepudHoi KpoBi He crmocTepiranu, ajae Oyia
30iJpIIIeHa KUJIbKICTh aTUTTOBUX JiM(OIIMTIB MepeBak-
HO 3 O3HaKaMU ITOpYyIIeHb IpolieciB Impotidepartii —
JIBOSIAEPHI KJAITUHU 3 BKIIIOUEHHSIM SIAePHOT PEYOBUHU
B LIUTOIUIa3Mi (MikposapaMu), JiM(POLIUTU 3 JonaTe-
BuMHU ssapamu Too (4,00+0,58 %). [IpakTuuHo B ycix

physiological fluctuations been not accompanied by
leucogram abnormalities. It should be noted that
there were no more than 1—2% atypical cells in
leucogram of the control group animals. Those were
mainly the lymphoid elements i.e. cells with blade
nuclei, hiperbasophylic lymphocytes, villous lym-
phocytes. Immunoblasts and plasmoblasts were
rarely seen in a blood of intact animals. Small lym-
phocytes were predominating in the intact rats with
a large/small index value of 0.27%0.05. There were
such characteristic features as minimal anizo-, poi-
kilocytosis and polychromatophilia of erythrocytes
both with a small amount (1%) of normoblasts in the
peripheral blood of rats.

After NSE injection (table 2) no significant
changes of the peripheral blood were observed, but
there was an increased number of atypical lym-
phocytes (4.00+£0.58%) featuring mainly the pro-
liferation disorders, namely the binuclear cells
with nucleolar substance inclusions in the cyto-
plasm (micronuclei) and lymphocytes with blade
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TBapuH OyJa 30iibllIeHa KiJbKiCTh BETUKUX IPaHyIbO-
BaHux Jimdouutis (BIJI), 1mo omnocepeakoBaHO
cBimunTh po BranB NSE Ha iMyHHY cucteMy. 3 JTiTe-
paTypHux mxepena Bimomo, mo NSE nmpuszBoauth 10
MOopylLIeHHs Tpojidepallii Ta MiABUINEHHS pPiBHSI
amnornTo3y, 10, MOXJIMBO, i € MMPUYNHOIO BUSBJICHUX
HaMu 3MiH [4, 6].

B excnepuMeHTi Oynu AOCHiIKeHi 3MiHM TreMaTo-
JIOTIYHUX TIOKa3HWMKIB y TBapuH, SKAM 3aMicTb NSE
BBOJWIIM (hi3iojoriYHMid po3unH. BinMiHHOCTEH reMaTo-
JIOTIYHUX TOKa3HUKIB MepudepuyHoi KpPoBi Yy HHUX
MOPiBHSIHO 3 iHTaKTHUMU TBapMHAMM HE BCTAaHOBJIEHO
(1aHi He mpeacTaBICHO).

IIpu pocnimkeHHi MOKa3HMKIB MepuhepruyHOl KPOBi y
TBapyH MiCJIsI OJHOPA30BOro OIpoMiHeHHs B 1031 6,0 Ip
(Tabj1. 3) 3MiHU B CUCTeMi KPOBi OyJIM TUTIOBUMM IJIsI OTI-
POMiHEHHS B CYOJIETATbHO-JIETAIBHUX 103aX 3 PO3BUTKOM
rocTpoi IpoMeHeBoi xBopobou. Uepes 3 modbu BigMivaaiu
JIOCTOBIpHY TPOMOOLIMTOIICHIIO, JIEUKOIIeHil0 Ta TEHIEeH-
110 10 3HIKEHHST BMICTy epUTPOLIUTIB Y TiepudepuyHiit
KpoBi. 3a yMOB ONPOMiHEHHSI B JaHil 1031 KibKIiCTb JIeii-

Ta6nuua 3

nuclei, etc. Nearly all animals had an increased
number of the large granular lymphocytes (LGL),
which indirectly imply the NSE impact on
immune system. It is known from the literature
that NSE disrupts the cell proliferation and inten-
sifies the apoptosis, which, perhaps, is the source
of disorders that we have identified [4, 6].

Changes of hematological 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 (data not
presented).

In the study of peripheral blood in animals
after a single exposure at a dose of 6.0 Gy (table
3) the changes in a blood were typical to the
effect of exposure at the sublethal-lethal doses
resulting in an acute radiation sickness. Signi-
ficant thrombocytopenia, leukopenia, and a
trend of RBC count decrease were found in the
peripheral blood 3 days later. White cell count

XapaKTepucTMKa remMaToNoriYHUX NOKasHUKIB y WypiB nicna onpomiHeHHA B Ao3i 6,0 Ip, Mxm

Table 3

Hematological indices in rats after the 6.0 Gy irradiation (M+m)

Moka3uuku / parameters

Tepmin pgocnipxenns / term of study

3 nobwm / 3 days (n=6)

7 pi6 / 7 days (n=6) 14 pi6 / 14 days (n=6)

(BuxipHi aaHi, baseline data)

Eputpoumy / erythrocytes 10'%/n (10'2/L) 5,24+0,27 4,87+0,18* 3,10+0,94*
Tpom6ouuTn / platelets 10%/n (109/L) 183,33+12,89* 75,00+17,56* 86,67+62,27*
Jeitkoumty / leukocytes 10%n (10°/L) 0,57+0,03* 0,98+0,14* 3,85+1,39*
HeiitpodinbHi rpasynoumty / neutrophilic granulocytes
nanuukosiaepHi / band forms % 2,00+0,58 4,67+1,20 1,33+0,67
a6c. kinbk., 10%n / abs. count (10%/L) 0,01x0,001* 0,04+0,01* 0,15+0,08*
CerMeHTosiaepHi / segmented % 9,33+1,76 45,67+9,02* 19,00£3,00
a6ce. kinbK., 10%/n (109/L) 0,05+0,008* 0,43+0,05* 0,71x0,04*
Eeo3uHodinbHi rpaHynounty / eosinophilic granulocytes % 0,67+0,33 0,67+0,67 0,67+0,31
abc. Kinbk., 10%n / abs. count (10%/L) 0,004+0,002* 0,006+0,006* 0,03+0,01*
MoHouutn / monocytes % 4,00£1,15 2,33+0,88 1,33+0,33
a6c. kinbk., 10%n / abs. count (10%/L) 0,022+0,005* 0,025+0,013* 0,058+0,031*
Jlimbouutn / lymphocytes % 83,67+2,03 48,00+0,39* 75,67+3,18
abce. kinbk., 10%n / abs. count (10%/L) 0,47+0,037* 0,47+0,17* 2,91+1,01*
Jlimdoumtn Benuki / lymphocytes large % 30,00+8,00 26,33+0,11 23,00+3,61
Jlimbouutn mani / lymphocytes small % 53,67+8,41 18,33+2,40 52,67+5,61
ImyHoGmacT / immunoblasts % 2,00£1,15 1,67+1,67 1,67+0,88
B/ LGL % 1,00+0,58 0 0
Jlimpouutn atmnosi / atypical lymphocytes % 3,33+0,01 5,33+£2,03 1,67+1,67
OxcmoinbHi Hopmobnacty / oxyphilic normoblasts % 0 2,67+0,34 1,67+0,69

Mpumitkn. * — p< 0,05 — pi3HMLS JOCTOBIPHA MOPIBHSIHO 3 JaHNMU TBAPUH KOHTPOMBHOI rpynu (Tabn. 1).
Note. * — p< 0.05 — significant difference vs. control group of animals (tabl. 1).
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Ta6nuusa 4
XapaKTepuCcTMKa remMaToioriYHUX NOKasHUKIB y wypiB nicna eeepeHHa NSE B fo3i 10,0 mr/kr npotarom 7 gi6
i onpomiHeHunx B go3i 6,0 Mp, M+m

Table 4
Hematological indices in rats after the 10.0 mg/kg NSE injection and 6.0 Gy irradiation (M+m)

Moka3uuku / parameters Tepmin gocnimkenHs / term of study

3 nobu / 3 days (n=6) 7 mi6 /7 days (n=6) 14 pij6 / 14 days (n=6)
(BuxipHi aaHi, baseline data)

EputpouuTy / erythrocytes 10'%/n (10'2/L) 5,73+0,27 4,85+0,19* 3,10+0,79*
TpombouuTy / platelets 10%/n (109/L) 183,33+43,72* 223,33+59,25* 50,00+15,28*

Jleitkoumty / leukocytes 10%n (109/L) 0,93+0,22* 0,87+0,12* 2,00+0,45*

HeiitpodinbHi rpaHynounty / neutrophilic granulocytes

meTamienoll. / metamyelocytes % 0 0 0,33+0,33
aoc. kinbk., 10%/n (10%/L) 0,006+0,006

nanuukosiaepHi / band forms % 0 6,33+1,45 2,33+0,88

a6c. kinbk., 10%n / abs. count (10%/L) 0,05+0,001* 0,06+0,03*

CcermeHTosaepHi / segmented % 7,67+3,18 24,00+1,73 10,33+3,84
aoc. kinbk., 109/n (10%/L) 0,06+0,01* 0,21+0,003*# 0,23+0,12**

EeosuHodinbhi rpaHynoumtyt / eosinophilic granulocytes % 0 0 1,33+0,88

abc. kinbk., 10%/n / abs. count (10°/L) 0,03+0,02

MoHouutn / monocytes % 2,00x1,00 2,33+0,88 2,00£1,00

abce. kinbk., 10%n / abs. count (10%/L) 0,01+0,005* 0,02+0,005* 0,03+0,01*

Jlimdoumtn / lymphocytes % 889,67+3,93 67,33+2,60 79,67+2,40

abce. kinbk., 10%n / abs. count (10%/L) 0,85+0,22* 0,58+0,09* 1,57x0,09*

Jlimpouutn Benuki / lymphocytes large % 32,00+7,02 29,33+5,17 30,33+1,20

Jlimpouutn mani / lymphocytes small % 57,76+9,24 38,00+8,27 52,67+6,33

ImyHo6macTy / immunoblasts % 0,67+0,67 0 0,67+0,33

B/ LGL % 0,67+0,33 0 0,67+0,34

Jlimdoumtn atunosi / atypical lymphocytes % 7,07+1,65 8,67+4,83 6,00+0,58

OxkcudinbHi HopmobnacTu / oxyphilic normoblasts % 1,00+0,69 4,67+1,72 2,67+0,34

Mpumitku. * — p< 0,05 — pisHnLS [OCTOBIPHA NOPIBHSHO 3 AAHWUMM TBAPWH KOHTPOSLHOI rpynu (ave. Tabn. 1)
# _ p< 0,05 — pi3HuLA JOCTOBIPHA NOPIBHSHO 3 JHMMM OMPOMIHEHMX TBAPUH (AB. Tabn. 3).
Note. * — p < 0,05 - significant difference compared with animals of control group (tabl.1)
# _ p < 0,05 — significant difference compared with the data of irradiated animals (tabl 3).

KOLIUTIB JOocsITaja KpUTUYHOTO PiBHS i y BCiX TBapuH OyJia
meHmoro 1,0-10°/1. e crocyBanoch gK JiM(MOLUTAPHOT,
TaK i IpaHyJOLMTApHOI JIAHOK KIITUH TepudepudHoi
KpOBi. Y TBapMH BiIMIYE€HO TaKOX HE3HAUYHUI BiTHOCHUIA
MOHOLIMTO3, TOSIBY iMyHOOJACTiB Ta aTUIIOBUX JiMdoO-
LUTiB, SIKi OyJAM MpeacTaBlieHi MepeBaxkHO (hopMaMu
KJIITUHHOIO PO3May: KapioIiKHO3, KapiOpeKCUC, BaKy-
oJjlizallisl HUTOIUIa3MU, LUTOJI3 Ta iHIIi. B momanbiiomy
BMICT €pUTPOLIUTIB Ta TPOMOOIIMTIB IMPOrPECUBHO 3HIKY-
BaBcs, i Ha 14-Ty 100y KiJIbKiCTh €pUTPOLIUTIB OyJia 3HU-
JKEHOIO OiTbliIe, HixK y IBa pa3u MOPiBHIHO 3 MOKa3HUKOM
Yy KOHTpoJIi. B KpoBi 3ycTpivanuch MoOJIOAI 01aCTHI KIiTU-
HU €pUTPOITHOIO PSIiTy KPOBOTBOPEHHSI.

B nepion posnany mpoMeHeBoi xBopobu (7-a moda) Ha
(¢oHi BKpail HU3bKUX KiIbKiCHUX ITOKA3HUKIB BiIMideHO
BimHOCHE 30iMbIIIeHHST BMicTy HelTpodimis (y 1,7 pasa

reached a critical level under this dose of irradi-
ation being 1.0-10°/L in all animals. Such a pat-
tern was observed for both lymphocytes and
granulocytes. Somewhat relative monocytosis,
appearance of immunoblasts and atypical lym-
phocytes mainly represented by the form of cell
dissolution (karyopyknosis, karyorhexis, cyto-
plasmic vacuolization, cytolysis etc.) were also
observed. Furthermore, the RBC and platelet
count decreased progressively and on day 14 the
RBC number was reduced more than twice vs.
values in the control group. Young blast ery-
throid cells were also seen in a blood.

During the height of radiation sickness (7" day) a
relatively increased number of neutrophilic granu-
locytes (1.7 times vs. control) with leukocyte for-
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TMOPIiBHSIHO 3 KOHTPOJIEM) 3i 3CYBOM JIEMKOIIUTApHOI
¢dopMy BiBO i MOSIBOIO B KPOBi MOJIOAUX IPaHYJIOLIM-
TapHUX eJIEMEHTIB ax 10 MeramienonuTiB. Cepen
JiMGOUUTIB B AAaHUM TEPMiH JOCTIIKEHHS MepeBaKaiu
BeauKi JiM@onutu. CHiBBiAHOIIEHHS BeJUKi/Mali
JiMdouuTH ckinagano 1,44, y TBApuH KOHTPOJILHOI Ipy-
nu — 0,43. Bucokolo 3anuiianach TaKOX KiJIbKICTb aTHU-
MOBUX KJIITUH.

Ha 14-1y noOy cnioctepiraju mo4aToK BiZHOBJIIOBaJIb-
HUX MPOLIECIB Y CUCTEMi KpOBi. BMicT IeAKOLUTIB 301J1b-
mmBea no (3,85+1,39)-10°/n nopiBuano 3 (0,98+
0,14)-10°/n Ha 7-My 1006y. AJie KiJIbKiCTh €PUTPOLIUTIB Ta
TPOMOOLMTIB 1lIe 3ajuilajiach Ha HU3bKOMY PiBHi, 110
00yMOBJIECHO creuu@ikolo KiHETUMYHMX MapaMeTpiB
KJIITUH JaHUX PSIIiB KPOBOTBOPEHHSI.

VY tBapuH, IKUX OMPOMIHIOBAJIM TiCJISI TTONEPEAHBOTO
BBeAeHHs NSE (ta6n. 4), Ha 3-10 100y BMICT epUTpO-
LIMTiB Ta JEMKOLUTIB OYB HEAOCTOBIPHO BUILIUI BiTHOC-
HO TOKa3HWKa y Julle ONpoMiHEeHUX TBapuH. B mepion
po3smany IpoMeHeBoi xBopoou (7-a mo6a) BiIMiHHOIO
OCOOJIMBICTIO TEMATOJIOTIYHUX MOKA3HUKIB Y IIypiB Ja-
HOI Tpynu OyB BUCOKMIA BMIiCT TpPOMOOLUTIB y nepude-
puuHii KpoBi: 223,33159,25 nopiBHSIHO 3 MOKa3HUKOM
75,00£17,56 rpynu Jviie OINpPOMiHEHMX TBapvH, Ta
3HAYHO OUTBIIMWI BiICOTOK JiM(OLMTIB y JeHKorpami.
BpaxoBytoun BusiBneHuit BmiiMB NSE Ha niMdoinHy
JIAHKY KPOBi TBapMWH, MOXHa MPUITYCTUTHU, 1110 i B JaHO-
My BUMAAKy MPOSBUBCS MeXaHi3M pagioMonundikyouoi
nii mpemnapaty. Lle minTBepaKyeThCs OUTBIITUM 30epekeH-
HSIM Macu TUMYCY B Liii rpyni TBapuH 271,3+11,1 mMr Bin-
HOCHO TTOKa3HMKa ornpoMiHeHux TBapuH 208,1+£12,2 mr
i mypiB, sgkuM NSE BBOIMIM ITic/As ONPOMiHEHHS
233,7+10,8 mr, (p<0,05). Ax i y BUIIagKy OKpeMmoi Iii
NSE Ha cucteMy KpoBi TBapuH, y LIYypiB JaHOI TPy
BimMivajlach 3HaYHa KiJIbKICTh ATMITOBMUX JIiIM(OIIUTIB,
SJKi € pe3yJbTaToM IOpYyILIeHb MPOLECiB MiTOTUYHOIO
MOy KJIITUH Ta MPOILECIB iX J03piBaHHS. BimHOBIIO-
BaJlbHUI Mepiod B Liil rpymi TBapuH OyB TPUBAJILLIUM,
NOPIBHIOIOUM 3 aHaJOTiYHUM IIepiogoM JMILE OIM-
pOMiHEHUX TBapUH: Ha 14-Ty 100y KilbKiCTh KJIITHH TIe-
pudepuIHOi KPOBi Y HUX OyJ1a MEHIIIOIO.

Beenennst NSE micis onpoMiHeHHs (Tab:a. 5) mpU3Bo-
JTAJIO 10 301JIbILIEHHS] PAaHHbBOI peakilii KPOBOTBOPHOI CHUC-
TeMHU. Y TBApMH BigMivajiu BiZHOCHMI HEHATpoiNbHUI
TrPaHyJIOLIMTO3 3 MOSIBOIO 3HAYHOI KiJbKOCTi MaIW4YKOSsI-
JEePHUX HEUTPODiiB 3HAYHUX PO3MIipiB 3 Hi>XKHOIO CiT4ac-
TOIO CTPYKTYPOIO XpOMATHHY, 1110 BKa3y€ Ha X MPUCKOpe-
HUI BUXIi]I i3 KICTKOBOTO MO3KY B Iepu(epruyHy KpOB.

L5 peaxuis cnpusiia TOMY, IO B MOJAJbII T€PMiHU
JTOCJTiI>KeHHST 3HUKEHHST BMICTY HEUTPOiIbHUX JTEHKO-
LIMTIB OyJ10 Oi1b1lI BUpaXK€HUM, HiX 32 YMOB OITPOMiHEH-

mula shift to left and the appearance of young gran-
ulocytic elements up to metamielocytes was regis-
tered in the blood on the background of extremely
low quantitative indices. The large cells were preva-
lent among lymphocytes in this study period. The
large/small lymphocytes ratio amounted to 1.44,
while in the animals of the control group this figure
was 0.43. Atypical cell number remained high.

Recovery processes in the blood system occurred
on the 14" day of survey. The WBC count incre-
ased to (3.85%1.39)-10°/L compared to (0.98+
0.14)-10°/L on the 7" day. However the RBC and
platelets count remained at a low levels due to the
specific kinetic parameters of cells of these
hematopoietic lineages.

In animals irradiated after NSE administration
(table 4) the content of erythrocytes and leukocytes
on the 3 day was slightly (not significantly) higher
relatively to indices of exposed animals. At the
height of radiation sickness (7" day) there was such
a distinguishing feature of hematological parame-
ters in rats as a high platelet count in peripheral
blood i.e. 223.33+59.25 compared to the 75.00%
17.56 in groups of only irradiated animals, and sig-
nificantly higher percentage of lymphocytes in
leucogram. Taking into consideration the found
impact of NSE on lymphoid lineage of animal
blood we can assume there is a radiomodifying
pathway of drug effect in this case. It is confirmed by
a greater preservation of thymus weight in this group
of animals 271.3+11.1 mg relatively to index of irra-
diated animals 208.1x12.2 mg and relatively to rats
to whom NSE was administered after the exposure
233.7£10.8 mg (p<0.05). As in case of a separate
NSE effect on the blood system of animals in this
group a significant number of atypical lymphocytes
was observed being the result of abnormal mitotic
cell division and maturation process. Recovery peri-
od in this group of animals was more slow vs. the
same period of only irradiated animals: on the 14™
day the peripheral blood cells quantity was lower.

NSE injection after irradiation (table 5) resulted
in an amplified early hematopoietic response.
Relative neutrophilic granulocytosis was noted in
animals with considerable number of sizable band
neutrophilic granulocytes with soft mesh structure
of chromatin indicating their rapid release from the
bone marrow to circulation.

This reaction predisposed to a more pro-
nounced reduction of neutrophilic leukocyte
number later on than in cases of exposure. That is
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Ta6auua 5

XapaKTepucTUKa remaTosioriyHux NoKasHMUKIB y wypis nicns onpomiHeHHA B po3i 6,0 p i BBegeHHa NSE B fo3i

10,0 mr/kr npotarom 7 gi6, M+m
Table 5

Hematological indices in rats after 6.0 Gy irradiation and 10.0 mg/kg NSE administration (Mtm)

Moka3uuku / parameters

Tepmin pocnipxenHs / term of study

3 nobwm / 3 days (n=6)

7 pi6 / 7 days (n=6) 14 pi6 / 14 days (n=6)

(BuxipHi aaHi, baseline data)

Eputpoumy / erythrocytes 10"2/n (10'2/L) 5,64+0,14 4,69+0,55 3,02+0,23
Tpombouuty / platelets 10%n (10°/L) 255,00+101,00* 170,00+77,67* 60,00+25,17*
Jeitkoumtn / leukocytes 10%/n (109/L) 0,500,30* 0,70+0,18* 2,35+1,17*
HeiitpodinbHi rpasynoumty / neutrophilic granulocytes
nanuukospepHi / band forms % 8,45+1,53% 4,00+1,53 2,16+0,93
abc. kinbk., 10%/n / abs. count (10°/L) 0,04+0,007** 0,024+0,006* 0,004+0,016*
CermeHTosiaepHi / segmented % 19,93+1,32% 28,00+7,02 7,17+3,98
abe. Kinbk., 108/ (10°9/L) 0,28+0,024** 0,22+0,11* 0,12+0,52*#
EeoautodinbHi rpaHynoumtyt / eosinophilic granulocytes % 0 0 0
a6e. kinbk., 10%n / abs. count (109/L)
MoHouutn / monocytes % 0 4,67+0,67 1,17+0,44
abc. kinbk., 10%/n / abs. count (10°/L) 0,03+0,006* 0,01£0,002*
Jlimdoumtn / lymphocytes % 64,87+1,06% 61,00+4,51* 87,33+5,36
a6e. kinbk., 10%n / abs. count (109/L) 0,28+0,24** 0,41+0,075* 2,11£1,07*
Jlimdoumtn Benuki / lymphocytes large % 14,37+1,89 27,00+1,00 22,33+5,61
Jlimdoumtn mani / lymphocytes small % 49,08+1,91 34,00+4,16 65,00+£10,50
ImyHo6nactu / immunoblasts % 1,00+0,09 1,00+1,00 1,33+0,33
B/ LGL % 0 0,67+0,67 0,33+0,33
Jlimdoumtn atunosi / atypical lymphocytes % 12,67+4,53* 5,67+1,20 4,00+0,58
OxcuoinbHi HopmobnacTty / oxyphilic normoblasts % 0 1,67+0,69 1,33+0,34

Mpumitky. * — p< 0,05 — pisHNLA [OCTOBIPHA NOPIBHSAHO 3 JAHWUMM TBAPUH KOHTPOSLHOI rpynu (ave. Tabn. 1)
# _ p< 0,05 — pisHMLS [OCTOBIPHA NOPIBHSIHO 3 AHMMM ONPOMIHEHMX TBApUH (8. Tabn. 3).

Note. * — p < 0,05 - significant difference compared with animals of control group (tabl.1)

# _ p < 0,05 — significant difference compared with the data of irradiated animals (tabl 3).

Hs. Tooto, BBeaeHHs1 NSE miciisi onpoMiHEeHHs COPUSLIO
NoJApa3HEHHIO KPOBOTBOPEHHSI 3 HACTYIIHUM OLIbII
IIBUIKAM BUCHAXXEHHSIM i CHOBIIbHEHHS BiIHOBJIIO-
BaJIbHUX TTpolieciB [4, 6].

TakuM 4YMHOM, MU BCTAHOBWJIM, IO KOMOiHOBaHMIA
BIUIMB 10Hi3yl04oro BUIIpoMiHeHHs B 103i 6,0 Ip i BBe-
neHHss NSE B nmo3zi 10,0 Mr/kr B ymMoBax €KCIIEpUMEHTY
MPU3BOAMB 0 30iIbIIEHHS O3HAK YpaXKeHHs KpPOBOTBOP-
HOI CUCTEMM. 3 HAlOi TOYKHU 30pY, i€ YpakeHHsI MOXKe
MOSICHIOBATHCh JBOMAa MEXaHi3MaMHM, a caMe: B yMOBax
JAHOTO CITiBBiZHOIIEHHSI BEJIWYMHU (PaKTOPiB BILUIMBY
(onpoMiHeHHS B BesvKiii 103i — 6,0 Ip — i BBemeHHst NSE
B He3HauHiit 1031 — 10,0 Mr/kr) pagio3axucHi BiacTu-
BOCTi IIperapaTy He IpOSIBIISIIOThCS. MOro HeIocTaTHbO
JJIsT KOMIIEHCallil MOpYIIeHHS OKHWCHOTO TOMEOCTas3y,
SIKWIA TIPYA ONTPOMiHEHHI BUXOAUTH 3a MEXi KOHTPOJIbOBa-
HOro mpoliecy. 3 iHIIOro 00Ky, BpaXOBYIOUM BIUIMB 000X
(axkTOpiB Ha PETYJSLIiI0 MITOTUYHOTO IOy KIITHH

an injection of NSE after irradiation promoted
the stimulation of hematopoiesis followed by
more rapid exhaustion and delayed reparative
processes [4, 6].

Thus, we have found that a combined effect of
ionizing radiation at a dose of 6.0 Gy and NSE
injection in a dose of 10.0 mg/kg under the experi-
mental conditions resulted in exacerbated disorders
of the hematopoietic system. From our point of
view this abnormality can be explained by two path-
ways, namely the radioprotective properties of drug
do not occur under such a ratio of impacts (expo-
sure to a high dose of 6.0 Gy and NSE administra-
tion in a small dose of 10.0 mg/kg). The effect is not
enough to compensate the disorders of oxidative
homeostasis that under irradiation laps over the
controlled process. On the other hand, taking into
account the impact of both factors on the regulation
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(3aTpuMKa a3 MiTo3y), iX Jis BinOyBa€TbCS B OTHOMY
HATpsIMKY, 110 MPU3BOAUTH A0 30UTBIIEHHS YPaKeHHS
KPOBOTBOPHOI CUCTEMU, MOXKJIMBO, 32 PAXYHOK 3pOCTaH-
HS KiJIBKOCTI arnmonTOTUYHUX KiIiTuH [8§—10].

BUCHOBKU

1. B ymoBax kombiHoBaHoro BBy NSE (10,0 Mr/kr) Ta
OIHOPa30BOro orpoMiHeHHs (6,0 Ip) Ha OCHOBI AKiCHMX
Ta KiJIbKICHMX 3MiH IeMaTOJIOTiYHUX MOKAa3HUKIB Mepu-
¢eprUHOI KpOBi LIIypiB BCTAHOBJIEHA paaioCeHCUOLTi3yI0-
ya Jisl Ipenapary.

2. 3a 1aHUX YMOB €KCHEPUMEHTY BCTAHOBJEHUI BILIUB
npernapaty NSE (10,0 Mr/kr) Ha IIBUIKIiCTh BiTIHOBHUX
npoLeciB (CMOBiIbHEHHS) B epruhepuuHii KpoBi LIypiB
iciis onpoMiHeHHs B 1031 6,0 Ip.
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C. 284-291.
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cenzi, M. Bifulco // FEBS Lett. — 2006. — Vol. 580, no. 26. — P. 6076—
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9 Inhibition of skin tumor growth and angiogenesis in vivo by activation of
cannabinoid receptors / M. L. Casanova, C. Blazquez, J. Martinez-Palacio
[etal.] // J. Clin. Invest. — 2003. — Vol. 111, no. 1. — P. 43-50.

of mitotic cell division (mitotic phases delay) their
action appears in one direction leading to exacer-
bated damage of hematopoietic system possibly due
to an increase of the apoptotic cell number [8—10].

CONCLUSIONS

1. The radiosensitizing effect of the drug was estab-
lished according to qualitative and quantitative
abnormalities in peripheral blood values of the rats
under the combined effect of NSE (10.0 mg/kg)
and a single dose irradiation (6.0 Gy).

2. Effect of the NSE drug (10.0 mg/kg) on the rate of
recovery processes (i.e. retardation) in the peripheral
blood of rats after irradiation at a dose of 6.0 Gy was
established under these experimental conditions.
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