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INOTEHLIMNHI MOXKJINBOCTI BUKOPUCTAHHAA
N-CTEAPOIJIETAHOJIAMIHY B PAIIALIIMHIN MEIULIMHI
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Potential use of N-stearoylethanolamine in radiation medicine

A new class of biologically active compounds - N-acylethanolamines with properties of endogenous cannabinoids
are considered in the terms of promising use in radiation medicine both in the acute phase for the prevention and
treatment of ionizing radiation damage and in remote period for the treatment of the effects of exposure.
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Hpomrowf OCTaHHIX JeCATUPIY TOBEIECHO KIIOYOBY
POJIb JIiIiiB 3arajJoM Ta XUPHUX KUCIOT 30Kpema
Y XKUTTEMISUIBHOCTI KITITUHU. JIimigu ciyXaTh BaxKJIUBU-
MU CTPYKTYPHUMU Ta (DYHKILIOHAJbHUMU KOMITOHEHTA-
MU 0iOJOTiYUHMX MeMOpaH, eHEepreTUYHUM CyOCcTpaToM
KJIITUHU, OepyTh YYacTh Yy peaKlisiX CUTHAIbLHOI TpaHC-
JIYKI1Iii, €K30- Ta eHJOLUTO3Y TOLIO.

JlimimoM MroAMHM Ta iHIIMX TEIUIOKPOBHUX 3a YMOB
PO3BUTKY IMATOJIOTIYHMX CTaHiB 3aKOHOMipHO BilMOBiIa€
¢dopMyBaHHSIM AuCOATaHCy XXUPHUX KUCIOT Y BUIISAL
napajgoKcajJbHOIrO 3pOCTaHHSI BiICOTKOBOTO BMICTY
MOJIIHEHACUYEHUX XXKUPHUX KUCJIOT, IIEPEBakKHO 3a paxy-
HOK apaxiJlOHOBOiI KUCJOTHU, Ha TJi MiABUILIEHOIO PiBHS
3arajlbHOTO XOJIECTEepOJly B OiOJOTiUHMX CTPYKTypax.
BcraHoBiieHO, 1110 3pOCTaHHSI PiBHSI MOHOTIAPOKCUIBO-
BaHUX XXUPHUX KUCJIOT Y MOHOHYKJIeapax rneprupepuaHoi
KpOBi YYaCHUKIB JiikBifalii aBapii Ha YopHOOUIbCHKIii

P Yymak AnaToutiii AHapiitoBud, e-mail: ananch@ukr.net

ecent decades proved the key role of lipids in
Rgeneral, and fatty acids particularly in the life
of the cell. Lipids are important structural and
functional components of biological membranes,
energy substrate of cells, participating in reactions
of signal transduction, exo- and endocytosis and
the like.

Human’s and other warm-blooded animals’ lipi-
dome in pathological conditions naturally responds
by the formation of an imbalance of fatty acids in
the form of paradoxical increase in the percentage
of polyunsaturated fatty acids, mainly due to
arachidonic acid, against the background of elevat-
ed levels of total cholesterol in biological structures.
It was established that growth of monohydroxilated
fatty acids content in peripheral blood mononu-
clear cells of the liquidators of Chornobyl disaster is
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AEC € (¢yHKIIi€0 NOTJIMHYTOI 103U i0Hi3y0U0oi pamiamii
Ta aCOLIIOETHCS 3 IMyHHUM aucbanaHcoM [1].

JIOBroj1aHII0XKKOBI JIiMigAX 3 HE3BMYAMHOI XiMiYHOIO
cTpykryporo — N-anunetaHonaminu (NAE) Ta ix nmorme-
peanukn — N-auundocharuauneraHoiaMminu (NAPE)
Oyau BHeplle BUsiBJIeHi B IHcTuTyTi O6ioximii iM. O.B.
IMannamina B kmitmHAx Helpobmactomu mumai C1300
N18 [2]. do ckimany NAE MoXyTb BXOOUTH HAacHYEHi,
MOHOHEHACHYeHi Ta TOJiHeHACUUYeHi >XXUPHOKUCIOTHI
3aIUIIKW, TpY LIboMY ToW yu iHMiA epekt NAE 3ane-
JKUTD BiJl XiMiYHOT CTPYKTYPH iX allILHOTO 3aJINIIKY [3].

BxkazaHni pmochimkeHHsS mepeayBaiyd BiIKPUTTIO iCHY-
BaHHs KaHAOiHOIMHMUX PELENTOPiB Ha PiBHI I1a3MaTHY-
HOi MeMOpaHM HeHpoHiB [4].

IlepiuMM omnMcaHUM EHOOTEHHUM JIIraHAOM Ka-
HabiHOImHMX pelenTopiB O0yB aHaHmamin (N-apaximo-
HoineTaHosgamiH) [5]. TTicast uboro nmovyaayd HaKOIMUYyBa-
TUCS JaHi mpo Te, L0 3AaTHICTb aKTMBYBAaTW KaHabi-
HOigHI peuenTopu nputamaHHa auiie NAE 3 nonxiHeHa-
CUYEHUMMU allWJIbBHUMU 3aJIMIIKaMU. EHIOreHHi iranau
KaHabOiHoigHuX peuenrtopiB (KP) orpumanu y3arajibHio-
[04e HallMeHyBaHHS “eHnoKaHabiHoiou .

OmnucaHi 1Ba TUTIM PelIeNTOPIB 10 eHIOKaHA0IHOIAIB —
KP1 i KP2. Petientopu KP1 BusiBiieHi B pi3HUX CTPYKTY-
pax MO3KY, Y KJIITUHAX XXMPOBOI TKAHWUHU (QAUTIOLUTAX) i
B LIUTYHKOBO-KHUILIKOBOMY TpakTi. Peuentopu KP2 3Ha-
XOIIThCS HA TIeprdepUIHUX KITITUHAX, 30KpeMa B KJTiTH-
Hax iMmyHHoi cuctemu. KP1 i KP2 Hanexats 1o cyneppo-
JIMHU peLienTopiB, crionydeHux 3 G-6iakom [6—11].

YV Mo3Ky KaHabiHoinHuii peuentop KP1 onocepenko-
BYE OiIbIIICTD MOBEIIHKOBMX aKTiB KaHAOIHOIAHUX Mpe-
napatiB. CUrHaJIbHI MOMAil, iHillililoBaHi IIUM PELENTO-
POM, BKJIIOYAIOTh 3aKkpuBaHHA Ca’’-KaHaJliB, pO3KPUTTH
K" -xanasiB, rabMyBaHHS aKTUBHOCTI aJleHiIaTINKIIA-
34 1 CTUMYJIIOBaHHS MpoTeiHKiHa3. Lli curHanbHi LUISIXA
MOXYTb MOMAYJIIOBaTM CHUHANTUYHY Iepenadyy iHdop-
Mallii Ta TeHHY eKCIIpecito B HelpoHax. BaximnBoro
¢yHKIIi€I0 KaHAOIHOIAHUX PELICTITOPIiB € PEryJsilis yT-
BOpPeHHS TaMMa-aMmiHomacisiHoi kucinotu (TAMK). ¥V
rimokammi KaHaOiHOIAM MOXYTbh MOIYIIOBATH ILjIac-
TUYHICTh i, BiANOBiAHO, BOJMBAaTU Ha HaBYaHHY i
nam’siTh. Y 0a3ajibHUX TaHIJIiSIX KaHAOIHOIAU MOIYJIIO-
FOTh MOTOPHI (PYHKIIii, a B 3aHLOMY MO3KY arOHiCTH Ka-
HabiHOIAIB MOXYTh BIUIMBATU Ha Big4uyTTs 00i10. Busi-
BUJIOCS, 1O B YCi i (PYHKIIT 3a1y4a€ThCcsl MPUTHIYEHHS
BuBiibHeHHsI TAMK. EHnokaHa0iHOIAU MOXYTh TaKOXK
OPUTHIYYBaTU BUBIJIbHEHHS TJlyTaMaTy B 30YIKyBallb-
HUX CMHAIICcax y TirnoKaMIli, MO304YKY Ta iHIINX JiJITHKAX
MO3KY, BIUIMBalOTh Ha BMBUIbHEHHS iHIIMX HEHPOT-
PaHCMITTEpiB, TAKUX SIK alleTUJIXOiH Ta 010TeHH1 aMiHU.
ITpu HepBOBili aKTUBHOCTI €HAOKAHAOIHOIAN 3HUXKXYIOTh
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the function of absorbed dose of ionizing radiation
and is associated with immune imbalance [1].

Long-chain lipids with an unusual chemical struc-
ture — N-acylethanolamines (NAE) and their pred-
ecessors — N-phosphatidylethanolamines (NAPE)
were first discovered at the Palladin Institute of
Biochemistry in mouse neuroblastoma cells C1300
N18 [2]. The structure of NAE may include saturat-
ed, monounsaturated and polyunsaturated fatty acid
residues with a particular NAE effect depending on
the chemical structure of acylic residue [3].

These studies preceded the opening of cannabi-
noid receptors existing at the plasma membrane of
neurons [4].

Anandamide (N-arahidonoyiletanolamin) was
the first described endogenous cannabinoid recep-
tor ligand [5].Then evidences began to accumulate
data that ability to activate cannabinoid receptors
is characteristic only to NAE with polyunsaturated
acyl residues.Endogenous ligands of cannabinoid
receptors (CR) were generalized under the name
“endocannabinoids.”

Two types of receptors for endocannabinoids were
described — CR1 and CR2. CRI receptors were
found in different structures of the brain, fat cells (adi-
pocytes) and in the gastrointestinal tract. CR2 recep-
tors located on peripheral cells, including cells of the
immune system. CR1 and CR2 belong to the super-
family of receptors connected to G-protein [6—11].

In the brain cannabinoid CD1 receptor mediates
most behavioral acts of cannabinoid drugs. Signal
events initiated by this receptor include closing
Ca**-channels, opening of K*-channels, inhibi-
tion of adenylate cyclase activity and stimulation
of proteinkinases. These signaling pathways may
modulate synaptic information transfer and gene
expression in neurons. An important function of
cannabinoid receptors is the regulation of the for-
mation of gamma-aminobutyric acid (GABA). In
the hippocampus cannabinoids can modulate
plasticity and, accordingly, may affect learning and
memory. In basal ganglia cannabinoids modulate
motor functions, and in the hindbrain cannabi-
noid agonists can influence on the sensation of
pain. It turned out that in all these functions was
involved inhibition of GABA release. EC may also
inhibit the release of glutamate in the excitatory
synapses in the hippocampus, cerebellum and
other parts of the brain, affecting the release of
other neurotransmitters, such as acetylcholine and
biogenic amines. In nervous activity EC reduce
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M’SI30BY TillepaKTUBHICTb, BUAUICHHS TTPOJaKTUHY, JIO-
TeTHi3yI0YOIro TOPMOHY i TOPMOHY POCTY. 3arajiom, eH10-
KaHaOiHOIIM TrajbMyIOTh SIK IIpOLIECU aKTUBaLlii, Tak i
rajbMiBHi ITPOLIECU B HEPBOBUX KJliTuHaX. BoHu 6epyTh
y4acTb y MOJYJISLI BiIOBili Ha 3amajeHHS ILJISIXOM
iHriOyBaHHS aKTUBHOCTI iHIyIMOeabpHO1 i30hopmu NO-
cunTtasu [12—17]. Engokanabinoigna cucrema (EKC)
MOJYJII0O€ BUKOPUCTAHHS CKJIagOBUX PEYOBUH iXi,
JiI04d B OKpPEMMUX Me30JiMOIiYHUX IOiJITHKAaXx MO3KY. Y
rinotanamyci aroHictu KPIl-peuenTopiB € HailBax-
JIMBILIOIO JJAHKOIO PETYJISLIil alleTUTy Ta BCMOKTYBaHHSI
MOXWBHUX PEYOBUH. SK aHaHIaMifd, Tak i 2-aluariile-
poJ, 3MaTHI OO0 CTUMYJIIOBAHHS XapyoOBOi MOBEMiHKM.
Bonu peryioloTh npouecu, 1o jJexkaTb B OCHOBI oAep-
JKaHHS 3a0BOJIEHHS Bill CITOXKMBAHHS 1Xi.

EKC akTtuBHa i B iepudepnyHnX TKaHUHAX, 30KpemMa
aUIIOLMTaX, TeMaToLuUTaX, LIUTYHKOBO-KUILIKOBOMY TpaK-
Ti Ta cKeaeTHUX M’g3ax. Y uinomy, EKC 6epe yyactb y
pizHUX (iziomoriyHNX (QYHKISX, 0arato 3 SKNX CTOCY-
JOThCSI CUCTEM BiIHOBJIEHHS TTiCJIsI CTpecy Ta MiATPUMKU
TOMEOCTaTUYHOI piBHOBaru. EHIOKaHabiHOINM BKJTIOYA-
IOTbCS A0 HEWpPONpOTeKLlii, peryJssuii pyXoBoi aKTHB-
HOCTI Ta KepyBaHHS AeIKUMU pa3zaMr 0OpOOHOI TTaMm’sITi,
BIUIMBAIOTh Ha POOOTY CEPLIEBO-CYIMHHOI CUCTEMU Ta
OpTraHiB IMXaHHS, PETYJIIOI0YN YaCTOTY CEPLIEBUX CKOPO-
YeHb, apTepiayibHUIA TUCK i OpoHXxianbHi QyHKLii. Kpim
TOTO, €HJ0KaHa0iHOINM aKTUBYIOTh BaXKJMBI aHTUII-
podipepaTUBHI MexaHi3MU B MyXJIMHHUX KJIITUHAX, MO-
IYTIOI0Th iIMYHHY i 3anaibHy Binmosimi [18—22].

Xoua NAE 3 HacCMYeHUMHU alMJIbHUMU 3aIUIIKaMU He
MaroTh 3aTHOCTI aKTUBYBAaTU KaHAOIHOIAHI peLeITOpH,
BOHM MpPOSIBISAIOTh KaHabiMiMeTnuHy mito. Kpim Toro,
BUSIBWIOCH, 1110 CUHTE3 Ta METa00JIi3M HACUYEHUX i He-
HacuyeHuX NAE BigOyBa€eThbcsl 3a OTHAKOBUMM 0ioXi-
miyHUMU MexaHizmMamu. Tomy NAE 3 HacuyeHUM KUp-
HOKUCJIOTHUM JIAHIIOXKKOM MaloTh OyTM BKJIIOYEHi 10
KJ1acy eHaoKaHab6iHoiniB [23].

Ha BigmiHy Big OinblocTi 3apyOixXHUX AOCTiIKEHb
NAE, auuibHi 3aJIMILIKU SIKUX YTBOPEHi MOJiHEeHacu4ye-
HUMHU XUPHUMU KHUCIOTaMU, B YKpaiHi HOCTiTHULBKI
pobotu 3ocepenuanch Ha NAE 3 HaCMMEHUMU KUPHO-
KMCIOTHUMM JaHuoramu. CTifKicTh UMX CIOAYK i
BiTHOCHA MPOCTOTAa CUHTE3Y Ta BiICYTHICTh MCUXOTPOII-
HOI Miil BiIKpMBaJIu MEPCIEKTUBY CTBOPEHHS Ha iX OcC-
HOBI (papMaKoJIOTiYHMX 3aCO0iB Pi3HOI CIIPSIMOBAHOCTI.

ITpssmy memOpaHoTponHY Aito NAE 3 HAaCUYeHUM BYT-
JIEBOJHEBMM JIAHIIFOTOM OYJIO ITPOIEMOHCTPOBAHO BIIEp-
mre. JoseaeHo, mo NAE npurHidyioTh BXiJ ogHOBaje-
HTHMX KaTiOHiB Yepe3 BepaTpUINH-aKTUBOBaHI HATPIi€EBI
KaHaiau, aktuByioTh Ca?*t, Mg?"-AT®a3y ria3mMaTuuHol
MeMOpaHu [24], iHTiOyI0Th BiTbHOpaTUKAJIbHE OKMCIICH-

muscle hyperactivity, prolactin, luteinizing hor-
mone and growth hormone secretion. In general
EC suppress both processes of activation and
inhibitory processes in the nerve cells. They are
involved in modulation of response to inflamma-
tion by inhibiting the activity of inducible isoform
of NO-synthase [12—17]. Endokanabinoid system
(ECS) modulates use of food constituents, acting
in some areas of the mesolimbic brain. In the
hypothalamus agonists of CR1 receptors are an
essential element of the regulation of appetite and
nutrient absorption. Booth anandamide and 2-
acylglicerol are capable to stimulate feeding
behavior. They regulate processes underlying
receiving pleasure from eating.

ECS is active also in peripheral tissues, includ-
ing adipocytes, hepatocytes, gastrointestinal tract
and skeletal muscles. In general, it is involved in
various physiological functions, many of which
relates to recovery from stress and maintain
homeostatic balance. EC are included to neuro-
protection, regulation of motor activity and man-
agement of certain phases of processing memory,
affect the cardiovascular and respiratory system,
regulating heart rate, blood pressure and
bronchial functions. In addition, the EC activate
significant antiproliferative mechanisms in tumor
cells, modulate immune and inflammatory res-
ponses [18—22].

Although the NAE with saturated acyl residues do
not have the ability to activate cannabinoid recep-
tors, they show cannabinoid mimetic effects. In
addition, it appears that the synthesis and metabo-
lism of saturated and unsaturated NAE is realized
by the same biochemical mechanisms. That is why
the NAE with saturated fatty acid chain should be
included in the class of endocannabinoids [23].

Unlike most foreign studies of NAE, which acyl
residues are formed by polyunsaturated fatty acids,
in Ukraine researches are focused on the NAE
with saturated fatty acid chains. The stability of
these compounds, relative ease of synthesis and no
psychotropic effects opened perspective to create
on their basis the pharmacological agents of vari-
ous kinds.

Direct membranotropic action of NAE with satu-
rated hydrocarbon chain has been demonstrated for
the first time. It was proved that the NAE inhibit
entry of monovalent cations through veratridin-acti-
vated sodium channels, activate Ca**,Mg?*-ATPase
of plasma membrane [24], inhibit free radical oxida-
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H Jimigis [25, 26 |, NposBASIOTE BUPaXXKeHY aHTHU3a-
najbHy gito [27—30]. Broepiue Oynao mokaszaHo, 1O [dis
HacuyeHX NAE aktmBHO TIOB’s3aHa 3 (DYHKIIIOHAb-
HOIO aKTUBHICTIO TilmoTajaMo-TinodizapHo-HagHUPHU-
KoBoi, omiatHoi Ta NO-cuctem [31].

OnuH 3 npeacraBHUKiB HacuueHuX NAE — N-creapo-
imeranonamid (NSE), — mocuTh etaibHO OYB JOCITiIKe-
HU B €KCIIEpMMEHTaX Ha OIMPOMiHEHUX IIypax.

3a yMOB BBEJIEHHS CaMLIAM 11ypiB B 1031 50 MI/Kr 1po-
Tarom 10 AHIB OO OAHOPA30BOr0 30BHIILIHBOIO OIl-
pomiHeHHd B 103i 2 Ip abo 14 mHiB ITicas orpoMiHEHHS
NSE 3anmo6iraB BTpaTi Macu BMJIOYKOBOI 3aJlo3U Ta
3MEHIIYBaB KiJIbKiCTh LMPKYIIOIOUNX iIMyHHMX KOMII-
JIEKCiB, epeBaxkHO KpynHoauciepcHux. [Iporisinanack
TEHACHLIiS1 A0 3MEHILEHHSI CTYNEeHSI HeWTpoIlleHil Ta
BimHOCHOTrO JiMdonuTo3y [32].

OnpomiHeHHs1 TBapyH (2 [p) MOPIBHSIHO 3 iHTAKTHUMM
He BILUIMBAJIO iCTOTHO Ha dhocdoniniaHuil cKiaa MiKpo-
COM ceplisl, ajie B MeyviHLi 3pocTaiu piBHI ¢ochaTruam-
JleTaHoJIaMiHy, ochaTuaMIiHO3UTONY i (hocdhaTuamI-
cepuHy Ha (hOHi 3HMKEHHSI BMicTy cinromieniny. [1pu
JOCJIIXXEHHI CITiBBiIHOIIEHHS ILIa3MaJIOrTeHHOI i
TianmrbHO1 popM pochatTnaniIxoliny i ¢pochaTuanie-
TaHOJaMiHy 3MiHM BMSBJIEHI JIMIIE B MiKpocoMax
nevyiHku. KMPHOKUCIOTHUMN cHekTp ¢ocdominiaiB
MiKpOCOMHOI ¢pakilii ceplis IMia BIUIMBOM iOHi3yI04OTO
BUITPOMIHIOBAHHSI 3MiHIOBABCSI 3HAUYHO MeEHIIE, HiX
SKMPHOKUCJIOTHUM cKian ¢ocdolimniaiB MiKpocoM Iie-
yinku. BBenenHs tBapuHaM NSE npu3Boauio 1o 30i1b-
ILIEHHS Yy CTPYKTypax, sKi JOCTiIKyBaauCs, KiJIbKOCTi
IesSKUX HEeHACUYCHUX XXKMPHUX KUCJIOT, MOYaCcTH apaxi-
JIOHOBOI, i 4O HE3HAYHOTIO MiABUILIEHHS B MEYiHIIi piBHS
BiJILHOTO XOJIECTEPOJTY, 110 PO3LiHIOBAJIOCH SIK 3aXUCHUI
npoliec, COpsSIMOBAaHMI Ha yIITIbHEHHSI MEMOpaH MpPH iX
yIIKomKeHHi [33].

JocnimkeHo po3noaia cTpyKTypHOro aHanora N-cTea-
poineraHojiamiHy ek3oreHHoro N-([9,10-3H]-nanbMi-
toin)eraHondaminy (NPE) B Mo3Ky 1IypiB Ta 3MiHHM
JIMITHOTO CKJIaay MO3KY ITiJi BIUIMBOM Y-OMPOMiHEHHS
(2 Ip) i MoxxnuBicTh 3acTocyBaHHsI NPE sk mpoTtekTopa
Ta aganrtoreHa [34].

ITicis nepopanbHoro BeaeHHs1 MiueHoro NPE BusB-
JIEHO, 110 BiH HAKOIMMYYETLCI B TilmoTanaMyci, rirmodisi
Ta HAIHMPKOBUX 3aJ103aX IypiB, MPUIOMY B MO3KY Ha-
kormnuyetbesd 0,95 % Bia BBeaeHOI KiTbKOCTI MiTKH [35].

Yepes aBa TUXKHI MiCITA Y-OMPOMiHEHHS B MO3KY IITYpPiB
CIIOCTEPIraloThCsl 3HaYHI 3MiHM B JIiIiJHOMY CKJaIi.
3okpeMa, BMIiCT MNaJbMITUHOBOI KHUCJIOTH Yy ¢ocC-
(honimigax Mo3Ky Ta BMICT I1a3MaJioreHHOi (hopMu poc-
daTUANIXOJiHY 3pOCTa€E, TOAI K KibKiCTb BiIbHOI'O XO-
JIecTepoJly Ta IialnibHOI popMm GochaTUIUIXOIHY

(1) 140

tion of lipids [25, 26] show a pronounced anti-
inflammatory effect [27—30]. For the first time it was
shown that the effects of saturated NAE are actively
associated with functional activity of the hypothala-
mic-pituitary-adrenal, opiate and NO-systems [31].

One representative of saturated NAE — N-
stearoylethanolamine (NSE), — was investigated
in detail in experiments on exposed rats.

When introduced to male rats at a dose of 50
mg/kg for 10 days before a single external irradia-
tion at a dose of 2 Gy or 14 days after exposure
NSE prevented weight loss of thymus gland and
reduced the number of circulating immune com-
plexes, preferably large-dispersed. A tendency to
reducing the degree of neutropenia and relative
lymphocytosis was discernible [32].

Exposure of animals (2 Gy) versus no effect in
intact ones did not substantially influenced on
phospholipid composition if heart microsomes, but
increased levels of liver phosphatidylethanolamine,
phosphatidylinositol and phosphatidylserine
against the background of sphingomyelin reduc-
tion. In the study of plazmalogene and diacyl forms
ratio of phosphatidylcholine and phos-
phatidylethanolamine changes were found only in
liver microsomes. Fatty acid spectrum of phospho-
lipid of heart microsomal fraction under the influ-
ence of ionizing radiation has changed much less
than phospholipid fatty acid composition of liver
microsomes. Introduction NSE to animals led to
an increase in investigated structures some amount
of unsaturated fatty acids, arachidonic partly, and
the slight increase in liver levels of free cholesterol,
that was considered as a protective process aimed
to sealing damaged membranes [33].

The distribution of the structural analogue of
NSE exogenous N-([9,10-3H]-palmitoyil) etha-
nolamine (NPE) in rat brain and changes in brain
lipid composition under the influence of y-irradia-
tion (2 Gy) and the applicability of NPE as a pro-
tector and adaptogen were studied [34].

It was found that after oral administration of
labeled NPE it accumulates in the hypothalamus,
pituitary and adrenal glands of rats, at that brain
accumulates 0.95 % of the administered label [35].

Two weeks after y-irradiation in rat brain there
were significant changes in the lipid composition.
In particular, the content of palmitic acid in the
brain and phospholipids content plasmalogenic
form of phosphatidylholine increases, while the
amount of free cholesterol and diacyl form of
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3HMXKyeThesl. PiBeHb 11-OH-koptukocrepoinis (11-OKC)
Yy KPOBi OITPOMiHEHUX LIYPiB IMTOPiBHSIHO 3 KOHTPOJIbHU-
MU TBapMHaM¥ 3HMXKyBaBcs. BBemernHs NSE mporsrom
10 mHiB Tepen ONMPOMiIHEHHSM 3amobirajao mnepepos-
Moy JialMIbHOI Ta Ija3ManoreHHoi opmu docda-
TUAWIXOJIiHY Ta HopMaJi3yBajio piBeHb 11-OKC, a BBe-
nerHss NSE mpotsrom 14 gHIB mmicas onmpoMiHeHHS 3y-
MOBJTIOBAJIO HOPMAaJTi3allilo PiBHSI BiJIbHOTO XOJIECTEPOIY
MO3KY.

Takum yrHOM, HakonuyeHHsI MidyeHoro NPE B Mo3Ky
CBIIUUTH MPO MPOHUKHEHHS LIi€T CIOJYKU Yyepe3 reMa-
ToeHUedaniyHuii 6ap’ep, 110 TMepeadayae MeBHY poOJb
HacuyeHux N-aluiaeTaHoJaMiHIB y (PYHKIIIOHYBaHHi
MO3KOBUX CTPYKTYp, 30KpeMa B PeTYJsllii CTPecoBOi
BIIITOBimi opraHi3aMy TimoTajaMo-TinodizapHo-agpeHa-
JIOBOIO CHCTEMOIO.

Beeaenns NSE onpoMiHeHMM LypaM BUSIBJISIE aaari-
TOTEHHUI e(eKT BiTHOCHO 3MiH Yy JiMiIHOMY CKJaii
Mo3Ky Ta piBHi 11-OKC cripyunHeHUx BIUIMBOM Y-OIl-
POMiIHEHHS Ta 3yMOBIIIOE MoAMDIiKallil0 XKUPHOKUCIOT-
Horo ckiaany docdoniniais [34]. OnHOpa3oBe 30BHILIHE
OIPOMIHEHHs caMOK UIypiB y mo3i 2,0 Ip BHUKIMKaIO
He3HauyHe 3pOCTaHHSI BMICTY 3arajibHOro 0ijika, 3HauHe
MafiHH KaTaja3HOl aKTUBHOCTI, MOPiBHSAHO 3 iHTaKT-
HUMUM TBapMHaAMM, ITiIBUIIEHHS aKTMBHOCTI CYIIEpOK-
CUIIVMCMYTa3! Ta 3HAYHE 3HIKEHHSI aKTHUBHOCTI IJTIO-
TaTiOHIEpOKCcUaa3n 3 miaBuiieHuM piBHeM TDBK-ak-
TUBHUX MPOAYKTiB. B ompoMiHeHMX caMOK IIIypiB 3HA4-
HO TiABMIIYBJIUCHh PiBHI MPOTECTEPOHY, BidOYyBaluCh
He3HaYHi 3MiHM KOHLIEHTPALlil eCTpamiony Ta OiabLl HixX
y 3 pasm 3pocTana KoHIeHTpamis 11-0KCUKOPTUKOCTE-
poifiB.

NSE B no3i 50,0 Mr/Kr Macu TiJla B OIPOMiHEHUX
CaMOK BiTHOBJIIOBaB KaTaja3Hy aKTUBHICTb IO PiBHS
B iIHTaKTHUX TBapWH, ajle TUIbKU 32 YMOB 3aCTOCYBaH-
Hsl MiOTO ITic/isl OPOMiHEHHS, CYTTEBO HE BILJIMBaB Ha
AKTUBHICTh CYNEPOKCUAAUCMYTA3U i He3aJeXHO Bil
3aCTOCYBaHHS OO0 UM Micas panialiiiHOro BILUIMBY 3y-
MOBJIIOBAaB 3pOCTaHHS TJIIOTAaTiOHNEPOKCHUIa3HOI aK-
TuBHOCTI B 2,7—3 pasu. Ilin BmiuBom NSE Hop-
MaJli3yBaJuCh PiBHi MporectepoHy i 11-oKcuKopTu-
KOCTEepOidiB, iHIII MOKAa3HWKU HE 3a3HaBalM CYTTE-
BUX 3MiH [36].

Bcranosneno, 1o BBegeHHs1 NSE 31aTHe raibMyBaTu
Mpolecyu TMEePOKCUIHOTO OKUCIeHHs JimifiB. Ilome-
penHe BBeneHHsI NSE 50 Mr/Kr mpoTsirom 7 IHIB IITypaM,
TOTaJIbHO OJHOPA30BO ONPOMiHEHMM B 103i 6 Ip, 3a-
nmobirae 3MiHaM aKTUBHOCTi OCHOBHUX (pepMEHTIB aHTH -
OKCHUJAHTHOTO 3aXUCTy (CYNMepOKCUIIUCMYTa3u, KaTa-
J1a3y, TJYTaTiOHIIEPOKCHUIA31) Ta MiABUIICHHIO KOHIIS-
Hrpauii ThK-aktTnBHUX TpoAyKTiB y Tuta3mi Kposi [37].

phosphatidylcholine reduced. The level of 11-OH
corticosteroids (11-OCS) in the blood of exposed
rats compared to control animals decreased.
Consumption of NSE within 10 days prior to irra-
diation prevented redistribution of diacyl and plas-
malogenic forms of phosphatidylcholine and nor-
malized level of 11 OCS, and the introduction of
NSE within 14 days after irradiation resulted in
normalization of free cholesterol in the brain.

Thus, the accumulation of labeled NPE in the
brain proves for the penetration of the compound
through the blood-brain barrier, providing the role
of saturated N-acylethanolamines in the function-
ing of brain structures, including the regulation of
stress response in the body of the hypothalamic-
pituitary-adrenal system.

Introduction of NSE to irradiated rats reveals
adaptogenic effect regarding to changes in the lipid
composition of the brain and 11 OCS levels induced
by the influence of y-exposure and leads to a modi-
fication of the fatty acid composition of phospho-
lipids [34]. A single external irradiation of female
rats at a dose of 2.0 Gy caused a slight increase of
total protein, a significant drop of catalase activity
compared to the intact animals, increase of super-
oxide dismutase activity and a significant decrease
in activity of glutathionperoxidase with increased
levels of TBA-active products. In the exposed
female rats progesterone levels were increased sig-
nificantly, minor changes of estradiol concentra-
tions combined with more than 3-fold increased
concentration of 11-oxicorticosteroids.

NSE at a dose of 50.0 mg/kg body weight in
exposed females restored catalase activity to the
levels in intact animals, but only in condition of
application after irradiation, did not significantly
affected the activity of superoxide dismutase and
regardless of the application before or after radia-
tion exposure predetermined 2,7—3 times growth
of glutathionperoxidase activity. NSE induced
normalization of levels of progesterone and 11-
oxicorticosteroids, other indicators have not expe-
rienced significant changes [36].

The introduced NSE is able to inhibit lipid per-
oxidation processes. Introduction of NSE 50
mg/kg to rats 7 days before single total irradiation
at a dose of 6 Gy, prevents major changes in the
activity of antioxidant enzymes (superoxide dis-
mutase, catalase, glutathione peroxidase), and
increasing concentrations of TBA-active products
in plasma [37].
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ITpu 3menmenHi no3u NSE go 10 Mr/Kr mpu ToMy XK
peXrMi BBEIEHHS A0 Ta MiCJsI OMHOPA30BOTO TOTATBHO-
ro onpoMiHeHHs TBapuH B 103i 6,0 Ip 36epiranucst itoro
pagio3axncHi BJIACTUBOCTI 3a MOKA3HUKAMM KOHIIEHT-
panii B rua3Mi KpoBi TBK-akTUBHUX MpPOAYKTIB, HiT-
pUT-aHIOHY Ta aKTUBHICTIO KaTajla3’, Xo4a 3a MOoKa3HU-
KaM# TepudepruuHOoi KPOBi CITOCTEPIrajaoch CIOBiJIb-
HEHHsI BiTHOBHUX MpolleciB. BUsBIeHi TakoX 3aXUCHi
BiactuBocTi NSE mnipu #ioro BBeneHHi B 103i 10,0 Mr/Kr
MacM TBapMH A0 Ta IMicjs iHAYKIIi1 eMOLiliiHO-001b0BOTO
CTpecy.

OnHak 3a yMoB BBeneHHs1 NSE nepen komOGiHOBaHOO
Ji€lo ioHi3yro4oro BunpoMiHeHHs B 103i 6,0 Ip i cTpecy
MOPOSIBJISIMCS paaioceHCHOiIi3yI0ui BIaCTUBOCTI Mpera-
paty: 30inblIeHHs KoHUeHTpauil ThK-akTtuBHux npo-
JIYKTiB Ta BMiCTY HiTpuT-aHioHy [38].

TakuM yrHOM, MpU NMOAATIBIIOMY BiAMpalloBaHHI 103
i pexxuMiB 3acTocyBaHHsI NSE Moxke OyTU KOPUCHUM SIK
3aMo0KHUI TIperapaT JJs oM SIKIIeHHST iHTeHCHUB-
HOCTI pagialliiHUX YIIKOJKEHb i JiIKyBaHHSI B pAHHbOMY
nepiofi Mmiciasg OMpPOMiHEHHS, TaK i B SKOCTi pamioceH-
cubiizyrouoro 3acoly I1iJ yac MpOMEHEBOI Teparlii 3J10-
SIKICHUX HOBOYTBOPEHb, XapaKTepHUX [JISl BidgaaeHOro
nepioay Iicas panialiitHOTO BILJIUBY.

OKpiM BHUKOPHUCTaHHS B CXeMax MPOMEHEBOIO JIiKy-
BaHHs1, NSE Moxe OyTH 3aCTOCOBaHU SIK JiKapChbKUI
3aci0 y CynpoBOIXYIOUild TPOTUNYXJIMHHIN Tepartil aJis
raJbMyBaHHS pOCTY HEOIJIa3MU i JJIST KOPEKIIil TOKCUY-
HUX TIPOSIBIB MPOTUITYXJIMHHOI Tepamnii [UTOCTaTUYHU-
MU npenapatamu [39].

BinpaneHuit nepion micjsi onpoMiHEHHSI, IK CBig4aTh
pe3yJbTaTu JOCiIKeHb Ticas aBapii Ha YopHoOMIbCKii
AEC, xapakTepu3yeTbCsl PO3BUTKOM HE TUIBKU OHKO-
JIOTiIYHOI MaToJIOrii, ajie i IMPOKOTro CIIEKTPY COMaTUY-
HUX 3aXBOPIOBaHb, IIPH SIKUX MOXYTh OYTH BUKOPHUCTaHi
Taki mo3uTuBHI BiIacTuBocTi NSE, gk kapmionporek-
TopHi [14, 40—41], anTuniadbetnyHi [42—46], npoTu3a-
najbHi [47], 30aTHICTh NPUTHiYYBaTH ajepriyHi peaxiii
HeTraiHoro i crioBibHeHOoTO THTTY [48—50 |, MpoTHBIipyC-
Ha aKTMBHIcCTb [51 ].

B nmanuit yvac NSE nepeOyBae Ha eTari AOKITiHIYHUX
JIociimKeHb. MoXHa CIoaiBaTHCs Ha IIEPCIIEKTUBY 10T0
LLIMPOKOI0 3aCTOCYBaHHSI, B TOMY UMCJIi B paaialliliHii
MEIULMHI.
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Vol. 156, no. 5. — P. 476-487.
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Decrease of the NSE dose to 10 mg/kg with the
same aplication mode before and after a single
total irradiation dose of 6.0 Gy maintained its
radioprotective properties in animals according to
the indexes of plasma concentrations of TBA-
active products, nitrite anion and catalase activity,
although by the indexes of peripheral blood slow-
ing of recovery processes was observed. Protective
properties of NSE at a dose of 10.0 mg / kg were
revealed when applied before and after induction
in animal emotionally-painful stress.

However, NSE administrated before combined
influence of ionizing radiation at a dose of 6.0 Gy
with stress manifested its radiosensitising proper-
ties by increasing the concentration of TBA-active
products and nitrite anion content [38].

Thus, the future perfection of doses and modes
of application allows NSE to be useful as a pre-
ventive agent for mitigating the intensity of radia-
tion damage and treatment in the early period
after exposure, and as a mean of radiosensitiza-
tion during radiation therapy of malignant tumors
characteristic for the late period after radiation
exposure.

In addition to use in radiation treatment
schemes, the NSE can be used as a pharmacolog-
ic agent in the accompanying anticancer therapy
to inhibit the growth of neoplasms and correct
toxic manifestations of cytotoxic drugs anticancer
therapy [39].

Remote period after irradiation, according to the
results of studies after the accident at the
Chornobyl Nuclear Power Plant, which is charac-
terized by the development of not only oncological
diseases, but also a wide range of somatic diseases,
for treatment of which can be used such positive
properties of NSE, as cardioprotective [14, 40—41]
antidiabetic [42—46], anti-inflammatory [47], the
ability to inhibit allergic reactions of immediate
and delayed type [48—50], antiviral activity [51].

Currently the NSE is at the stage of pre-clinical
studies of the drug development. We can hope for
the future of its widespread use, including in radi-
ation medicine.
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