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PAJIIALIIMHE YPAXKEHHS HEPBOBOI CUCTEMU
I EHIOKAHABIHOIAX

B ornapi npoaHanizoBaHo 3MiHy iCHYIO4O0i NapagMrMu Npo BUCOKY PaAiope3ncTeHTHICTb HEPBOBOT CMCTEMM 33 pe3yiib-
TaTaMu AOCHIMKEHHA HePONCUXiaTpMYHMX PO3NafiB B YYaCHMKIB NiKkBigauii Hacniakis aBapii Ha YopHobunbcbkiin AEC
fIK B paHHbOMY, TaK iy BigAaneHomy nicnsaapiiiHomy nepiofi. Po3rnsHyTo yyacTb eHfokaHabiHoigHOT cuctemm B 3a-
6e3nedyeHHi romeoctasy i (OpMyBaHHi MaTonorii, MOTEHUiliHi MOXNMBOCTI 3acTOCyBaHHs npenapaTtiB KaHabicy,
aroHiCTiB i aHTaroHicTiB eHAoKaHabiHOTAHMX pelenTopiB ANA NiKyBaHHA paHHiX i BigfaneHnx HacNiaKiB ONPOMiHEHHS.
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RADIATION DAMAGE OF THE NERVOUS SYSTEM
AND ENDOCANABINOIDS

The review analyzes the change of the existing paradigm of high radioresistance of the nervous system according to
the results of the study of neuropsychiatric disorders in in the aftermath of the Chornobyl accident in both early
and remote post-accident period. The participation of the endocannabinoid system in ensuring homeostasis and
pathology formation, potential possibilities of using cannabis drugs, agonists and antagonists of endocannabinoid
receptors for the treatment of early and long-term effects of radiation are considered.
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HOI[OJ'IaHHH MEINYHUX HacTiakiB YopHOOMIbCHKOT
KaTtacTpodu i mMoB’s43aHi 3 LIMM MPOLIECOM HAayKOBi
JOCHiAXKEHHS COPUSIIN 3MiHI pSIy YCTaJleHUX Mapagurm
cepel IKMX OyJ0 TBEePIXKEHHSI PO BUCOKY paaiope3nc-
TEHTHICTh HEpBOBOI cucTeMH [1].

OpHak, He3BaXkalyy Ha BiTHOCHO BMCOKY CTiHKiCTb
HEpPBOBUX KJIITUH [0 BILUIMBY 10Hi3yI0UOr0 BUITPOMiHEH-
Hs (IB), ¢pyHKIIiOHAaTbHA aKTUBHICTbh HEPBOBOI CUCTEMU
3a3HAa€ 3HAYHUX 3MiH HaBiTh IiJl BIUIMBOM 103, SIKi He
BUKJIMKAIOTh IeTepMiHOBaHUX e(eKTiB. Tak, y MauieHTiB
3 AEMIEIiHI3YI0U0I0 i CYAMHHOO MAaTOJIOri€I0 TOJIOBHOTO
MO3KY, 5Ki 3a3Hanu BriuBy IB B no3ax (0,53 = 0,10) Ip,
OyJM BUSBJIECHI TSKYi MOpPYLWIEHHS EHEPreTMYHOTO
OOMiHy Ta BUILMI piBeHb LIEPYIOILIa3MiHYy, HiX Y BiAIO-
BiTHUX Tpymnax HO30JI0TiYHOro KoHTpomio [2]. KitouoBy
pOJib Y XPOHIYHOMY OKMCIIIOBAJILHOMY TTOIIKOMXKEHHI
BHaCJigoK BIUIMBY IB BimirparoTh Taki IIUTOKiHM, SIK
iHTepaeliKiH-1, dakTop HeKpo3y MyXJIUH-o, iHTepde-
poH ramma [3].

I1pu no3zax, 110 iIHAYKYIOTh TOCTPY MIPOMEHEBY XBOPO-
oy (I'TTX), xapakTep MCUXiYHUX PO3JIaJiB, 11O PO3BUBA-
IOTbCSA O€3MOCePEeNHbO ITiC/ISI OMPOMIHEHHSI, 3aJIeXKUTh
Big no3u IB. ¥V nepiii ronuHu y XBOpUX Ha TJ1i 3arajibHoO1
CJ1aOKOCTi, ApaTiBAMBOCTI, CyOAEeITPECUBHOIO HACTPOIO i
COHJIMBOCTI 3’SIBJISIIOTBCS BiMUYTTS AUCKOMMDOPTY, TOCK-
HO-3JIicCHUI (IuchOpUYHMA) HACTPIid. Y JesIKuX BUIIad-
KaX acTeHO-IeNpeCcHBHA CHUMIITOMATHKa 3MiHIOETHCS
KOPOTKOYAcHOW0 eldopiero, 10 CYNPOBOMXYETHCS
MiTHECEHNM HACTPOEM, IMiABUIIEHOIO 30YINBICTIO, PY-
XOBOIO aKTMBHICTIO, 0alaKy4dicTiO («peHTreHiBChbKe IMO-
XMiJist»). Takuii cTaH 3a3BUYail TPUBA€E HEIOBIO i 3Mi-
HIOETBCSI PO3OMTICTIO, TMiABUILEHOIO CTOMJIIOBAHICTIO,
arnari€lo, 3HWKEHHSM afneTUTy, COHJIUBICTIO, TOJTOBHUM
0os1eM («peHTTeHiBChbKe He3ay>KaHHSs») [4].

Jlo3o3aexHi nepedpalibHi NOPYIIEHHS, SIKi HACTalOTh
TIiCIs1 BIUIMBY 10Hi3YI0UOr0 BUITPOMiHIOBAHHS B 103aX BU-
e 0,3 Ip Ta GiosoriyHi MapKepu pamialliifHOro ypaxkeH-
HsI TOJIOBHOTO MO3KY IIpM f03ax moHap 1 Ip (roctpa mpo-
MeHeBa xBopoba, I'TIX) oymm Busgsneni B 1Y «Hartrio-
HaJlbHUI HAyKOBMI LIEHTp pamialliiiHOI MEIMLIMHU
HauionanbHoi akanemii MeAMYHUX HayK YKpaiHu [5—7].

YV BiamaneHOMy Tepiofi MicJisI OMPOMiHEHHS CIOCTe-
piraeTbesl TEHAEHLIIS1 10 30iUIbIIEHHST YaCTOTU AEIPeCUB-
HUX TIPOSIBIB Y MallieHTiB, kUM miarHoctyBaau ['TIX. LLi
XBOpi epe0yBaloTh y MPUTHIYEHOMY HACTPOI, 110 i CYITpo-
BOJIKYETBCSI 3HMKEHHSIM (Di3UYHOI aKTMBHOCTI, 3araibMo-
BaHICTIO MUCJICHHSI, IEPIOAUYHUMU JyMKAMU TIPO BJIACHY
HECITPOMOXKHICTh, TIEPEIUYTTSIM HEIIACTS, TUCKOM(MOPTOM
3 BIMYYTTSM BaXKKOCTi y TPYAHIN KITITIi. 3MEHIITYEThCS 3a-
TIOBOJICHICTh XKUTTSM, TTECUMiCTUIHO CIIPUIMAIOThCS MHU-
HyJIe, ChOTOICHHS i MaitOyTHE. 3HIKEHI caMOOIIiHKa i Bipa

vercoming the medical consequences of the

Chornobyl disaster and related scientific
research have contributed to a number of estab-
lished paradigms, including the assertion of high
radioresistance of the nervous system [1].

However, despite the relatively high resistance of
nerve cells to the effects of ionizing radiation (IR),
the functional activity of the nervous system
undergoes significant changes even under the
influence of doses that do not cause deterministic
effects. Thus, in patients with demyelinating and
vascular pathology of the brain, who were exposed
to IR in doses of (0.53 = 0.10) Gy, were found
more severe disorders of energy metabolism and
higher levels of ceruloplasmin than in the relevant
groups of nosological control [2]. Cytokines such
as interleukin-1, tumor necrosis factor-o,, and
interferon gamma play a key role in chronic oxida-
tive damage due to IR exposure [3].

At doses that induce acute radiation syndrome
(ARS), the nature of the mental disorders that
develop immediately after irradiation depends
on the dose of IR. In the first hours, patients on
the background of general weakness, irritability,
subdepressive mood and drowsiness experience
feelings of discomfort, sad-angry (dysphoric)
mood. In some cases, astheno-depressive symp-
toms are replaced by short-term euphoria,
accompanied by high spirits, irritability, motor
activity, talkativeness («X-ray hangover»). This
condition usually lasts a short time and is
replaced by brokenness, fatigue, apathy, loss of
appetite, drowsiness, headache («X-ray ill-
ness») [4].

Dose-dependent cerebral disorders that occur
after exposure to ionizing radiation at doses above
0.3 Gy and biological markers of radiation damage
to the brain at doses above 1 Gy (GPC) were detec-
ted in the State Institution «National Research Cen-
ter for Radiation Medicine of the National Aca-
demy of Medical Sciences of Ukraine [5—7].

In the remote period after irradiation, there is a
tendency to increase the frequency of depressive
symptoms in patients diagnosed with ARS. These
patients are in a depressed mood, which is accom-
panied by a decrease in physical activity, inhibition
of thinking, periodic thoughts about their own
inability, anticipation of unhappiness, discomfort
with a feeling of heaviness in the chest, decreased
self-esteem and self-confidence. Slowing down of
mental processes is combined with weakening of
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y BJIaCHi CUJIU. YMOBIUJIbHEHHS MICUXiYHUX MPOLIECIB MOEI -
HYETBbCS 3 OCJIAOJIEHHSIM TIOTATIB, 3HVKEHHSIM AarleTUTYy,
nopyweHHsM cHy. ITicaa 6inbiu tskkoi I'TIX genpecuBHi
TPOSIBU CYTIPOBOIKYIOTHCSI MIISIBICTIO i HAAMipHUM BUCHA-
JKEHHSIM, TOOTO TIepeliraloTb y BUIJISIAI acTeHOAIM-
HaMiuHoOi Aerpecii. Y naiieHTiB 3 HeBepU(diKoBaHOIO i jier-
kot I'TIX, HaBmaku, JeNpecuBHI CTAaHU YacTillle CYIpO-
BOJIKYIOTHCSI IPATiBIUBICTIO, iHOMI — THIiBIUBICTIO [§].

Peakuiis nentpaibHoi HepBoBoi cuctemu (IIHC) nHa
IB, iHmi cTpecu Ta YIIKOAXEHHS MOIYJIOEThCS CYy-
OYTHIMU peakLisIMu MiKpOTJili — BPOIXEHUX IMYHHUX
e(eKTOPHUX KIITUH MO3KYy. ONpOMiHEHHSI BUCOKUMMU
no3amMu IB TKaHWH MO3KY MpPU3BOAUTH A0 €KCITpecii Ta
BUBIJIbHEHHST O0i0XiMiYHMX MeIiaTOpiB «Heipo3arnaieH-
Hsl», TaKMX, SIK IIPOTU3aIlajibHI LIMTOKIHU Ta aKTUBHI
(opmu KucHIo (reactive oxygen species, ROS), 1110 npus-
BOJIUTH OO0 pyiiHyBaHHS TKaHWH. Hu3bki no3u 1B, HaB-
nakv, MOXYTbh 3MEHIUUTU YYTJIUBICTb A0 IMOAAJBILIOTO
BIUIMBY pajiallii, 31e0i1b1I0ro 3a paxyHOK CTUMYJISILIil
afalTUBHUX peaklliil, TaKux, sIK aHTUOKCUJIAHTHUM 3a-
xucT. Lli BigMiHHOCTI y BiAMOBii MOXYTh OyTH BigoOpa-
JKEHHSIM HeJliHiiMHO1 nudepeHLiaJbHOI aKTUBALIil MiK-
POTJIii IIpU HU3BKMX i BUCOKUX J03aX OIMPOMIHEHHS, 1110
MaHi(ecTyeTbCsl MPOTHU3anaJbHUMU a00 TMpo3araibHu-
MU (DYHKIIIOHAJIbHUMU cTaHamu. Takuil GioMapkep ma-
TOJIOTil B TOJIOBHOMY MO3KY, K MiTOXOHIpiaJlbHUI
Tpanciokauiitauii mporein (TSPO) 18 x/la, cipusB BU-
SBJIEHHIO in Vivo aKTWBallil MiKpOTJii Ta «Heipo3ara-
JIeHHsI» TIpu OaraTbox mnaroJjioriynux ctaHax [ITHC, xoua
ocrarouHa @yHkuist TSPO y nux peakiisix 3a1dI1a€ThCS
HeBM3HaueHow. Ha ocHOBI BimoOMOI YyTJIMBOCTI €KC-
npecii TSPO g0 mmpokoro cnekTpy WKiIIUBUX MOApPa3-
HUKiB, BiH MOXe pO3IISIAATUCS K MOTEHLIAHUN Oio-
MapKep pafialiiiHo-BUKJIMKAHUX eeKTiB [9].

IMonineipoMeniaTopHnii pagialliiHui edeKkT, 3y-
MOBJIeHUI BIauBoM IB, mopyllye cepoToHiH-, HO-
paapeHasiH- i godaMiHepTiyHy HelWpOoTpaHCMicilo,
a TaKOX CMHTEe3 i OOMiH iHIIMX HelpomeaiaTopis,
11O PO3TJASJAEThCS SIK HEUMpOXiMiuyHUIA Oa3zuc Jer-
pecii [10].

Hemnpecis € oHi€I0 3 HAOUIBIN iICTOTHUX i TOBTOTPU-
BaJuX MpobJieM HACHiKiB paaiauiiHuX karactpod. ITpu
TaKWX CUTYallisgX AETIPECUBHI pO3J1aan € Modi(paKTOPpHU-
MU, TOOTO Pe3yJETaTOM KOMIIJIEKCHOTO IMCUXOT€HHOTO i
pamioJIOTIYHOIO BIUIMBY KaTacTpod, BIUIMBY Tpaau-
HiHUX (haKTOPiB pU3UKY, COMATOHEBPOJOTiYHOI MaTO-
JIOTi1, FEHETUYHOI CXMUJIbHOCTI, IIpeMop0Oiay Toio. B Toit
ke 4ac, BB IB B reHesi genpecii Takox 0e3cyM-
HiBHUi. Lleit BIIMB Moxe OyTH K MpsSIMUAM (Ha LIEHT-
paJIbHY HEPBOBY CUCTEMY), TaK i OIIOCEPEIKOBAHUM Ue-
pe3 COMATOHEBPOJIOTIYHY TMATOJIOTiI0 (MYJIBTHOPTaHHY

urges, decrease in appetite, sleep disturbance.
After a more severe ARS, depressive symptoms are
accompanied by lethargy and excessive exhaus-
tion, i.e. occur in the form of asthenoadynamic
depression. In patients with unverified and mild
ARS, on the contrary, depressive states are more
often accompanied by irritability, sometimes —
anger [8].

The response of the central nervous system
(CNYS) to IR, other stresses and injuries is modu-
lated by concomitant reactions of microglia —
innate immune effector cells of the brain.
Irradiation with high doses of brain tissue IR leads
to the expression and release of biochemical medi-
ators of «neuroinflammation», such as anti-
inflammatory cytokines and reactive oxygen species
(ROS), which leads to tissue destruction. Low
doses of IR, in contrast, can reduce sensitivity to
further radiation exposure, mainly by stimulating
adaptive responses such as antioxidant protection.
These differences in response may be a reflection
of nonlinear differential activation of microglia at
low and high doses of radiation, manifested by
anti-inflammatory or pro-inflammatory function-
al states. A brain biomarker of pathology, such as
mitochondrial translocator protein (TSPO) 18
kDa, has contributed to the detection of in vivo
microglia activation and «neuroinflammation» in
many pathological CNS conditions, although the
exact function of TSPO in these reactions remains
uncertain. Based on the known sensitivity of
TSPO expression to a wide range of harmful stim-
uli, it can be considered as a potential biomarker of
radiation-induced effects [9].

The polyneurotransmitter radiation effect
caused by the influence of IR disrupts serotonin,
norepinephrine and dopaminergic neurotransmis-
sion, as well as the synthesis and metabolism of
other neurotransmitters, which is considered as
the neurochemical basis of depression [10].

Depression is one of the most significant and long-
term problems among the consequences of radiation
disasters. In such situations, depressive disorders are
multifactorial, i.e. the result of the complex psy-
chogenic and radiological effects of catastrophes, the
impact of traditional risk factors, somatoneurological
pathology, genetic predisposition, premorbid etc. At
the same time, the influence of IR in the genesis of
depression is also undoubted. This effect can be both
direct (on the central nervous system) and indirect
through the somatoneurological pathology (multior-
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TUCOYHKILI0), a TAKOX 3a JOTIOMOI010 0araTbOX maTore-
HETUYHMX MEXaHi3MiB BIUIMBY iOHi3ylouoi papialiii Ha
TFOJIOBHUI MO30K, $5IKi OyJIM BinKpuTi HelonasHo [11].

TSKKIiCTB i CTYHiHB MIPOrpeAi€EHTHOCTI TICUXIYHUX PO3-
JIaJiB B yYaCHMKIB JlikBifallii HacaiakiB aBapii (JIHA) Ha
YopHoobunbebKiit AEC KopestoBaia 3 103010 TTOTJIUHY-
toro IB, peKoHCTpyliOBaHOIO METOAOM €JIEKTPOHHOIO
napaMarHiTHoro pesoHascy [12].

IToctTpaBMaTuuHuii ctpecoBuit posnan (ITTCP)
BHacigok BIuiMBYy IB, moB’s3aHoro 3 aBapielo Ha Yop-
HOOMIIBCEKIT AEC, XxapakTepnu3y€eThes TTPOEKIIIEI0 CTpa-
Xy 1 HEBIIEBHEHOCTi B MaltOyTHHOMY («aHTULIMITATOPHUI
CTpeC») CTOCOBHO PaKy, BPOIKEHUX Ball pO3BUTKY B Ha-
mankiB Tomo. YuyacHukam JIHA 3 IITCP Bnactusi
OiABUILEHUI PUBKK IHCYJIBTY Ta aTePOCKIIEPO3Y, a TAKOXK
IUC(MYHKIIST HEOKOPTEKCY, TilMoKaMMy i CcepeIMHHMX
CTPYKTYp TOJJOBHOTO MO3KY [13].

3a pesyabraTaMu 0aratbOx AOCHIIKE€Hb, YYaCHUKH
JIHA na Yopuoomnbcekiit AEC Maioth ripmmii craH
TICHXiYHOTI'O 310POB’Sl i HEPBOBOI CUCTEMU, ITOPIBHSHO 3
HEeeKCIIOHOBaHMMU ocobaMu Toro X Biky [14—18]. 3a-
TaJIbHUI PU3UK HEPBOBO-IICUXiYHMX 3aXBOPIOBaHb CTa-
TUCTUYHO JOCTOBIPHO CTPIMKO 3pOCTa€ 3 103010 OIl-
POMiHEHHS i 3BHMKYETHCS 3 BIKOM HA MOMEHT O0CTEXEeH-
Hs [19-21,16].

LlepeOpoBacKyIsipHi 3aXBOPIOBAaHHS, OpPraHiyHi ICU-
XiYHi Ta JeTpeCcUBHI po3Jiaayn 3aiiMarOTh IIPOBiAHI MiClIsl
cepel HeHpoIcuxiaTpM4yHOI IMaToJOrii B y4YaCHUKIB
JIHA. Y abcooTHil OiAbLIOCTi BUNAAKIB Li po3aau €
KOMOpPOiTHMMM Ta TOJIiEeTIONOTIYHMMU BHACIAOK He-
pamialiiHuX 1 pagialiiHUX YMHHUKIB YOpHOOUIBCHKO1
KaTtacTpodu Ta TpaauLiiHUX (PaKTOpiB pU3UKY [22].

TonoBHUMU MeXaHi3MaMM BUHUKHEHHSI HEUPOIICUXi-
aTPUYHUX PO3/adiB BHACIIIOK HAA3BUYAMHOI pagiallii-
HOI cuTyalil € Taki: 1) CTpecOpHUI1/TICUXOCOMAaTUIHUI
(BHACIIOK TICUXOT€HHOTO BIUITMBY HAA3BUYAHOI CUTY-
aitii); 2) coMaTONCUXiYHUI i LepedpaTbHOOPraHIYHUIA
(BHACJIiIOK BUHMKHEHHSI COMAaTOHEBPOJIOTiYHOI, 0CO0-
JINBO 1IepeOpOBaCKyIISIPHOI, TTaToJorii) Ta 3) pamiolie-
pebpanbHi epexT [23].

HeiiponcuxiarpuuHi posnanu B yyacHukiB JIHA Bu-
HUKAaIOTh BXKe uepe3 3—5 pokiB micis katactpodu. Epa-
Kyauist 3 YopHOOMJILCHKOI 30HU BigUy>KEHHSI € J01aT-
KOBUM YMHHWKOM PU3HUKY LMX PO3JaaiB B yJYaCHMKIB
JIHA. [o3o3anexHuil e(eKkT TepMiHiB BUHUKHEHHS
HeMpoIcuxiaTpuyHOI MaTOJIOTil MPOCTEXKYEThCS JUIIE
MPOTSATOM Tiepmnx 15 micnsgaBapiiitHnx pokiB. Ompa3sy
micas karacTpodu 11 MaToJOTisi BUHMKAE MPU 103aX
noHaz 300 m3B, uepes 2 poku — 50—300 M3B, a yepe3 10
pokiB — MmeHie 50 m3B. Heilpo- i ncuxoMeTpuuHi

gan dysfunction), as well as through many patho-
genetic mechanisms of ionizing radiation impact on
the brain, which were discovered recently [11].

The severity and degree of progression of mental
disorders in the Chernobyl NPP accident conse-
quences clean-up workers (CUW) correlated with
the absorbed IR dose, reconstructed by the elec-
tronic paramagnetic resonance method [12].

Post-traumatic stress disorder (PTSD) due to
the impact of IR associated with the Chornobyl
accident is characterized by a projection of fear
and uncertainty in the future («anticipatory
stress») on cancer, congenital malformations in
offspring, etc. Clean-up workers with PTSD have
an increased risk of stroke and atherosclerosis, as
well as dysfunction of the neocortex, hippocampus
and middle structures of the brain [13].

According to many studies, clean-up workers at
the Chornobyl nuclear power plant have poorer
mental health and nervous system compared to
unexposed individuals of the same age [14—18].
The overall risk of neuropsychiatric diseases
increases statistically significantly with the radia-
tion dose and decreases with age at the time of
examination [19-21,16].

Cerebrovascular diseases, organic mental and
depressive disorders occupy leading positions
among neuropsychiatric pathology in CUW. In the
vast majority of cases, these disorders are comor-
bid and polyetiological due to non-radiation and
radiation factors of the Chornobyl disaster and tra-
ditional risk factors [22].

The main pathological pathways of neuropsy-
chiatric disorders onset due to radiation emer-
gencies are as follows: 1) stress / psychosomatic
(due to the psychogenic impact of the emer-
gency); 2) somatopsychic and cerebroorganic
(due to somatoneurological, especially cere-
brovascular, pathology) and 3) radiocerebral
effects [23].

Neuropsychiatric disorders in clean-up workers
occur 3—5 years after the disaster. Evacuation from
the Chornobyl Exclusion Zone is an additional
risk factor for these disorders in clean-up workers.
The dose-dependent effect of the timing of neu-
ropsychiatric pathology is observed only during the
first 15 post-accident years. Immediately after the
catastrophe, this pathology occured at doses above
300 mSy, after 2 years — 50—300 mSy, and after 10
years — less than 50 mSv. Neuro- and psychomet-
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TOCTIKeHHST MiTBePIKYIOTh HAsIBHICTb B YYaCHUKIB
JIHA HeipOKOTrHITUBHOTO AePilUTy ¥ eMOLiiHO-I0-
BEAIHKOBMX po3iafdiB (TlepeBakHO aeKTUBHUX i CTpe-
copHux). KornituBHa nucdyHkKuUis B ydyacHukiB JIHA
XapaKTepU3YEThCS TMOPYIIEHHSIMU BepOaibHOI Iam’sTi
Ta HaBYaHHS, a TAKOX 3MeHIlIeHHIM [Q 3a paxyHOK Bep-
0anbHOTO. 30UIbIIIEHA YACTOTA JISTKOTO KOTHITUBHOIO JIe-
¢imury i gemenuii. [Tpudyomy, piBeHb HEMPOKOTHITUB-
HOTO JeiUTY BUILUIA MPU OUTBIINX 032X OIPOMiHEH-
Hs (> 50 M3B). ¥ winoMy, Taki mopyleHHSI KOTHITUBHUX
(yHKII CBiTYaTh PO HASIBHICTH OPTaHIYHOTO YpasKeH-
HSI TOJIOBHOTO MO3KY TIiCJIsI OIPOMiHEHHSI 3 IMOPYIIEeH-
HSIMM KOPTUKO-JIiIMOIYHOT CUCTEMHU JIiBO1, JOMiHAHTHOIL
niBky’ai. Kpim Toro, y 6aratbox yuacHukiB JIHA BusiBie-
Ha cTiiika gedopMallisi 0COOUCTOCTi, HASIBHICTh TICUX0-
JIOTIYHOTO CTpeCy, 3HMXKEHA CTPECOCTINKICTh i colliaJibHa
ne3ajanTallisi. 3pocTaHHS BHUPaXeHOCTi eMOLIiiHO-II0-
BEAiHKOBUX PO3JIaMliB i ICUXOJOTiYHOTO CTpecy Ipu
OLIbIIMX 032X MOXKE CBIIUYUTU MPO POJb CHOPUKUHSITTS
PU3UKY OiIbLIMX 103 OMPOMIHEHHS SIK HeOe3MeYHUX Y
pPO3BUTKY a(eKTUBHUX i CTpecopHUX posnaaiB. Ha-
SIBHICTb 3aJIeKHOCTiI KOTHITUBHUMX ITOPYIIEHb Bil 103U
orpomiHeHHS (Tipy mo3ax 1oHan 0,3 3B) cBimumTh Mpo
poab IB B ix moxomkeHHi. 3a yMOB BUKJTIOUEHHS 3aTallb-
HOBIZOMUX YWHHWKIB PU3MKY BUSIBJIEHO HETaTWUBHUIA
BIUIMB Ha ITic/isiaBapiiiHe KOTHiTMBHE (hyHKLIOHYBAaHHS
B 0Ci0 MOJIOIOTO BiKy Ha MOMEHT OIPOMiHEHHS (MEHIIIEe
35 pokiB Ha MOMeHT aBapii) Ta IB B no3zax monan 0,3 3B.
Heiipodiziosnoriuni mociimkeHHs MiATBEPIKXYIOTh Ha-
SIBHICTb TUC(PYHKIiI KOPTUKO-JTiIMOIYHOI CUCTEMMU JIiBOL
JIOMiHAHTHOI MiBKYJIi TOJIOBHOTO MO3KY 3 OCOOJIMBUM 3a-
JIVUEHHSIM TillOKaMITy, SIK KJIFOYOBOTO liepeOpaabHOro
0asncy OpraHiYHOro ypakeHHsS MO3KYy IIiClas Ofm-
pomiHeHHd [8, 24, 25].

B peamizamii pagiouepedpanbHUX e(deKTiB O0epyThb
y4acTh KiJlbKa MeXaHi3MiB: MOPYIIEHHS HeliporeHesy B
rirmokamIii, 3MiHU B TIpo@ifi eKcrpecii reHiB, Helipo3a-
najabHa BiAMOBiAb, HEMPOCUTHAJIbHI 3MiHU, alIONTOTUY-
Ha 3aruoesib KJIITUH, 3arudesb KIITUH Ta 1X ypaxKeHHS,
OIoCepeIKOBaHi BTOPUHHUM MOIIKOMXKEHHSIM, «CyIH-
HO-TJiaJbHUI cor03» Ta iH. [26, 27].

B Pociticekiit @epepatiii pagiamifidi pu3nKy 11s 1epeo-
POBACKYJISIpHUX 3aXBOproBaHb B yuacHUKiB JIHA Oyio 3a-
peeECTpoBaHoO Mpu go3ax orpomiHeHHs noHax 0,15 Ip [28].
Cepen ydyacHukiB JIHA B YKpaiHi pamiauiiiHi puzuku
IJI TICUXiYHMX PO3JIalliB, LepeOpOoBaCKYJISIPHOI IaTo-
JIOTi1, B TOMY YMCJIi CMEPTHICTb Bif iHCYJIbTY, Oy/11 BUSIB-
JieHi ripu no3ax noHan 0,25 Ip [29].

B yuacHukiB JIHA Ta eBakyifoBaHMX OCi0 3HAYHO MiJI-
BUILICHI piBEHb MCUXiYHUX i MOBEAIHKOBUX PO3JIA/IiB, Cy-
IWHHOI JEeMEHIIil, 3J0BXMBAHHS aJIKOrojaeM, JUCTUMIl

ric studies confirm the presence of neurocognitive
deficits and emotional-behavioral disorders
(mostly affective and stressful) in clean-up work-
ers. Cognitive dysfunction in clean-up workers is
characterized by impaired verbal memory and
learning, as well as decreased 1Q due to verbal.
Increased incidence of mild cognitive deficits and
dementia. Moreover, the level of neurocognitive
deficit is higher at higher doses (> 50 mSv). In
general, such disorders of cognitive functions indi-
cate the presence of organic lesions of the brain
after irradiation with disorders of the cortico-lim-
bic system of the left, dominant hemisphere. In
addition, many clean-up workers found persistent
personality deformity, psychological stress, reduced
stress resistance and social maladaptation. The
increase in the severity of emotional and behavioral
disorders and psychological stress at higher doses
may indicate the role of the perception of the risk of
higher doses of radiation as dangerous in the devel-
opment of affective and stress disorders. The pres-
ence of cognitive impairments on the radiation
dose (at doses above 0.3 Sv) indicates the role of IR
in their origin. With the exclusion of well-known
factors under the exclusion of well-known risk fac-
tors, a negative impact on the post-accident cogni-
tive functioning of young age at the time of irradia-
tion (less than 35 years at the time of the accident)
and IR in doses over 0.3 Sv. Neurophysiological
studies confirm the presence of dysfunction of the
cortico-limbic system of the left dominant hemi-
sphere of the brain with special involvement of the
hippocampus, as a key cerebral basis of organic
brain damage after irradiation [8, 24, 25].

Several mechanisms are involved in the imple-
mentation of radiocerebral effects: disruption of
neurogenesis in the hippocampus, changes in gene
expression profile, neuroinflammatory response,
neurosignal changes, apoptotic cell death, cell
death and their damage mediated by secondary
damage, «vascular-glial union» and others [26, 27].

In the Russian Federation, radiation risks for
cerebrovascular diseases in clean-up workers were
registered at radiation doses above 0.15 Gy [28].
Among clean-up workers in Ukraine, radiation
risks for mental disorders, cerebrovascular pathol-
ogy, including stroke mortality, were detected at
doses above 0.25 Gy [29].

Clean-up workers and evacuees had significantly
elevated levels of mental and behavioral disorders,
vascular dementia, alcohol abuse, dysthymia, and
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ta IITCP. YuacHuku JIHA MaioTh migBUILIEHY 4acTOTY
OpTaHIYHMX IICUXIYHMX PO3JIadiB. IeTIPECUBHOTO, TPU-
BOXXHOTO, €MOIIiiTHO-JTa0iTbHOTO (aCTEeHIYHOTO) Ta 0CO-
oucrocti [30]. BusiBieHo paaialiitHo-acoliiioBaHy Kop-
TUKO-TIMOIYHY TUCOYHKILiIO JTiBOI JOMiHAHTHOI ITiBKYi
[31], 1o OyJ10 He3aeXKHO IMiATBEPAXKEHO MTOPYLLIEHHSIMU
KOTHITMBHMX CJIYXOBHUX IIOB’SI3aHMX 3 MOMIIMH IIO-
TeH1iajiB B yuacHukiB JIHA [32].

IloTeHUiiHUMU paTioiHIYKOBAHMMM HeHpoIicuxiar-
pUYHUMU edeKTaMU BBaXKalOThCSI, HacaMIlepel, IIpuc-
KOpeHe cTapiHHd Ta HelipomereHeparlis [33].

K. Loganovsky (2000) Briepiiie BUCIOBUB MPUITYILIEH-
Hs, 110 cUHAPOM XpoHiuHOoi BToMH (CXB) € xapakTep-
HMM HacJigkoM pagioekoJjioriuHoro auxa [34]. Hare-
nep the National Chronic Fatigue Immune Dysfunction
Syndrome Foundation CIIIA odiuiiiHo orojiocuia mmpo
3B’430K Mixk CXB i onpoMiHEHHSIM B MaJlMX J03aX.
BcTaHoBeHO, 110 3pOCTaHHSI PiBHS MOHOTIAPOKCHU-
JIbOBAaHMX XKMPHUX KUCJIOT Y MOHOHYKJIeapax nepude-
pUYHOI KPOBi yyacHMKIB JikBimaiii aBapii Ha YopHo-
oubebKih AEC € yHKIIi€I0 TOrMMHYTO1 103U MOHIi3Y-
[04ol panialii Ta acoLilOETbCS 3 IMyHHUM aucOanaH-
com [35].

IIpocniekTBHE NOCTIIXKEHHS MepCOHaIy, SKUM Tepe-
TBOpIOBaB 00’€KT «YKputTs» YopHoOmibcbkoi AEC B
€KOJIOTIYHO Oe3IeyHy CHUCTeMy, MoKa3ajo, 10 BILJIWB
pazgiosoriunux (0—56,7 M3, M £ SD: (19,9 & 13,0) M3B)
i IpOMUCIOBUX (DAKTOPIB PU3UKY MOXKE MPU3BECTU 10
BUHUKHEHHS KOorHiTuBHOro CXB, 110 XapakTepu3yeTh-
¢l TUC(PYHKIIIEI0 KOPTUKO-JIIMOIYHOI CUCTEMU, TOJOB-
HUM YMHOM, B TOMiHAHTHIi# (JTiBil) MiBKyIi 3 TIepeBax-
HUM 3aJlydeHHSM rirnokamiy [36, 37].

TakyM YMHOM, IMOPYIIEHHS TOHKMX PETYISITOPHUX ME-
XaHi3MiB Mia BrivBoM 1B cTae mpuuynMHO0 BUHMKHEHHS
MaTOJIOTi, IKa TIOYMHAETHhCA 3 (PYHKIIOHATBHUX 3MiH
TUITy BETeTOCYAMHHOI JUCTOHII, ajie 3 YacOM MepeX0IUTh
Yy 3HaYHi po3/1aay 3 PO3BUTKOM CYIMHHOI HEAOCTAaTHOCTI
LIEHTPaJIbHOI HEPBOBOI CUCTEMU, KOTHITUBHOTO Ae(illn-
Ty, a)eKTUBHUX TTOPYILIEHbD.

ITousttsa npo eHnoxkaHabinoigHy cucteMy (EKC) — 3a-
rajibHy cucTeMy (i3ioJIoriyHOro BiAHOBJEHHS ITiCJIs
CTpECY, 110 B HOPMi 3HAXOIMTHCSI B HEAKTUBHOMY CTaHi,
copmyBasioch y 90-x pokax MUHYJIOTO CTOJITTS, KOJU
Oy BUSIBJICHI €HIOKaHAOIHOIAM, TPUPOIHI MOJIEKYJIIH,
CXOXXi 3a CBOEIO Ii€l0 HA KaHaOic, 1110 TPOAYKYIOThCS €H-
JIOT€HHO B opraHi3mi monuHu ta TBapuH. EKC Tumuaco-
BO aKTUBYETLCS IJIST TOTO, IIIOO TTOBEPHYTH (hi3ioIoTiuHi
CHUCTEMU OpraHi3My y BUXiTHUIA CTaH ITicJIsl BiAIOBiIi Ha
3MiHM 30BHIllIHbOTO cepefoBuina [38]. TakcoHOMiuHe
JociimkeHHs: okasano, mo EKC Han3BuuaiiHO cTapa,
po3BuHynachk moHan 500 MiTbiioHIB poKiB ToMy. binbiie

PTSD. Clean-up workers have an increased fre-
quency of organic mental disorders: depressive,
anxiety, emotionally labile (asthenic) and perso-
nality [30]. Radiation-associated cortico-limbic
dysfunction of the left dominant hemisphere was
detected [31], which was independently confirmed
by impaired cognitive auditory event-related
potentials in clean-up workers [32].

Potential radioinduced neuropsychiatric effects
are primarily accelerated aging and neurodegener-
ation [33].

K. Loganovsky (2000) first suggested that chro-
nic fatigue syndrome (CFS) is a characteristic
consequence of radioecological disaster [34]. The
National Chronic Fatigue Immune Dysfunction
Syndrome Foundation of the United States has
now officially announced the link between CFS
and low-dose radiation. It was found that the
increase in the level of monohydroxylated fatty
acids in the peripheral blood mononuclear cells of
clean-up workers of the Chornobyl accident is a
function of the absorbed dose of ionizing radiation
and is associated with immune imbalance [35].

A prospective study of personnel who converted
the Chornobyl Shelter into an environmentally
safe system showed that the influence of radiolog-
ical (0—56.7 mSv, M = SD: (19.9 £ 13.0) mSv)
and industrial risk factors can lead to cognitive
CEFS, characterized by dysfunction of the cortico-
limbic system, mainly in the dominant (left) hemi-
sphere with the predominant involvement of the
hippocampus [36, 37].

Thus, the violation of subtle regulatory mecha-
nisms under the influence of IR causes pathology,
which begins with functional changes such as veg-
etative-vascular dystonia, but eventually turns into
significant disorders with the development of vas-
cular insufficiency of the central nervous system,
cognitive deficit, affective disorders.

The concept of the endocannabinoid system
(ECS) — a general system of physiological recovery
after stress, which is normally inactive, was formed
in the 90 s of last century, when endocannabinoids
were discovered, natural molecules similar in their
action to cannabis produced endogenously in
humans and animals. ECS is temporarily activated
in order to return the body’s physiological systems
to their original state after responding to changes
in the environment [38]. A taxonomic study has
shown that the ECS is extremely old, evolving
more than 500 million years ago. Moreover, this
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TOrO, 1151 CUCTeMa MPUCYTHS Y BCiX XpeOeTHUX TBAapUH —
CCaBlIiB, NTaxiB, peNTUIilA, 3eMHOBOAHMX, pud [39].

EnpokaHabiHOIAM — €HAOTEHHi JliraHau KaHabiHoim-
HUX pelenTopiB — OyJIM BUSIBJIEHI B IPOLIECi TOCIiIKEeH-
HsI KaHaOiHOIMiB — YHiKaJIbHOI TPy aKTUBHUX XiMid-
HUX COONYK, SIKi MiCTATbCS B KBITYYMX POCIMHAX KOHO-
nenb 3BndaiiHnx (Cannabis sativa) i BimoMmi Imim 3arajib-
HOIO Ha3BOIO KaHabic ab6o MapuxyaHa. Cepen nmoHan 100
Pi3HUX TUITiB KaHA0IHOIAiB HANOIIbII PO3MOBCIOAKEH -
MU Ta J00pe BUBYEHUMU € A’-TeTparigpokaHabiHOJ
(TTK) ta xannao6igion (KBbJ/1) [40]. TTK € ocHOBHOIO
TMICUXOAKTUBHOIO CKJIaJIOBOIO KaHaOicy, 10 BimmoBimae
3a eliopusyrounii edekxT, MoB’sI3aHU i3 BXKUBAHHSIM
KaHabicy, gk jerkoro HapkoTuka. Kb/l € Hemcuxoak-
TUBHOIO CKJIaJIOBOIO KaHabicy. byio moka3aHo, 110 BiH
npotuaie TokcnuHomy BBy TI'K i ocTtaHHiM yacom
Bce OiJiblle MpUBEpTA€E yBary A0 CBOIX MOTEHLIMHUX Te-
paneBTUYHUX edekTiB [41].

BinkputTsa icHyBaHHSI KaHAOIHOIZHMX PELICOTOPIB Ha
piBHi IJIa3MaTUYHOI MeMOpaHu HelpoHiB [42] cipusiio
HAKOMUUYEHHIO AAHUX MPO iX 3JaTHICTh aKTUBYBAaTHUCS
TaKOX ITiJl BIUIMBOM €HIOT€HHMX JIiraHAiB 10 SIKUX HaJle-
KaTh MPEeACTaBHUKU KJ1aCcy MiHOpHUX dimigiB N-auusie-
TaHOJIAMiHiB 3 MOJliHEHACUYEHUMMU allUJIbHUMM 3aJIUIII -
KaMU.

3 XiMi4HOI TOUKM 30Dy, eHAOKAHAOIHOIAM — 1I€ HOBUI
KJIac JiMigiB, 40 cKJIamy SIKMX BXOISITh aMilu, CKJIagHi
edipu Ta edipy NoxiHEHACUUYEHUX JTOBIOJAHIIIOXKKOBUX
SKUPHUX KUCJIOT: apaXiZOHOBOI, JOK03areKCaeHoBOI, eii-
Ko3arneHTaeHoBoi. N-apaxigoHoijleTaHOJaMiH (aHaH-
Jamin) Ta 2-apaxigoHoinriiuepoi (2-Al') — OCHOBHI €H-
JIOTEHHI aroHIiCTM KaHaOiHOIMHMX PEeLeINTOpiB, MOXigHi
apaxiZIoHOBOI KUCJIOTH — 3/IaTHi iMiTyBaTH AeKiJbKa (hap-
makoJjoriyHux edektiB TT'K. AHaHaamia BUBLIBHSIETBCS
«Ha BUMOTY» 3 MEMOpaHHUX JIiMiAiB i ioro peLenTopHa
aKTHUBHICTb OOMEXeHa KIITUHHUM ITOIJIMHAHHSM 3 I10-
JaJbIIMM BHYTPIIIHBOKJIITUHHUM TigpoJjizoM. Pa3zoM 3
aHaHAAMiIOM Ta KOHIeHepaMM, OiJKU, sIKi 3B’SI3YIOTh,
CUHTE3YIOTh, TPAHCIIOPTYIOTh Ta TiApOJi3yl0Th €HI0KAa-
HabiHoigu, yrtBopiooTh EKC. Kpim Toro, mo ckiamy
EKC BXoasTh TaK 3BaHi «KaHaOIMiMETUKW» — CIIOJYKH,
110 HE aKTUBYIOTb KaHAOIHOIMHMX pelenTopiB, MpoTe
OPOSIBJISIIOTH 0i0JIOTIUHY [it0 IMOAi0HY 10 KaHaOiHOIIIB.
o Takux CIOJyK HaliexaTb, 30KpeMa JesiKi MpeacTaB-
Huku N-auuaeTaHoJIaMiHiB 3 HACUUYEHUM allUJIbHUM 3a-
JumkoM. Crif 3a3HaYMTH, 11O BOHU BOJIOAIIOThH paaio-
MOJYJTIOBAJIbHOIO aKTUBHICTIO, IO NETAJbHO OINMUCaHa
s N-cTeapoineraHojiaminy B [43].

ExnorenHi kaHaOiHOIIW MPUCYTHI B LIEHTPaJIbHIN HEp-
BOBill cucTeMi Ta B NepudepuyHUX TKaHUHAX, 110 Te-
penbavae ix (iziosoTiyHy poIb IK MOIYJISITOPIB ITUPO-

system is present in all vertebrates — mammals,
birds, reptiles, amphibians, fish [39].
Endocannabinoids — endogenous ligands of
cannabinoid receptors — were discovered in the
study of cannabinoids — a unique group of active
chemical compounds found in flowering plants of
common cannabis (Cannabis sativa) and known
collectively as cannabis or marijuana. Among more
than 100 different types of cannabinoids, the most
common and well-studied are A’-tetrahydro-
cannabinol (THC) and cannabidiol (CBD) [40].
THC is the main psychoactive component of
cannabis, which is responsible for the euphoric
effect associated with the use of cannabis as a light
drug. CBD is a non-psychoactive component of
cannabis. It has been shown to counteract the toxic
effects of THC and has recently drawn increasing
attention to its potential therapeutic effects [41].
The discovery of the existence of cannabinoid
receptors at the level of the plasma membrane of
neurons [42] contributed to the accumulation of
data on their ability to activate also under the influ-
ence of endogenous ligands which include repre-
sentatives of the class of minor lipids N-acyl-
ethanolamines with polyunsaturated acyl residues.
From a chemical point of view, endocannabi-
noids are a new class of lipids, which include
amides, esters and esters of polyunsaturated long-
chain fatty acids: arachidonic, docosahexaenoic,
eicosapentaenoic. N-arachidonoylethanolamine
(anandamide) and 2-arachidonoylglycerol (2-AG)
are the main endogenous agonists of cannabinoid
receptors, arachidonic acid derivatives, capable of
mimicking several pharmacological effects of
THC. Anandamide is released «on demand» from
membrane lipids, and its receptor activity is limit-
ed by cellular uptake followed by intracellular
hydrolysis. Together with anandamide and con-
geners, proteins that bind, synthesize, transport,
and hydrolyze endocannabinoids form ECS. In
addition, the ECS includes so-called «canna-
bimimetics» — compounds that do not activate
cannabinoid receptors, but have a biological effect
similar to cannabinoids. Such compounds include,
in particular, some N-acylethanolamines with a
saturated acyl residue. It should be noted that they
have radiomodulatory activity, which is described
in detail for N-stearoylethanolamine in [43].
Endogenous cannabinoids are present in the
central nervous system and in peripheral tissues,
which suggests their physiological role as modula-
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koro crektpy aii [44]. EKC Takox Ma€e 4iTKO BCTaHOB-
JIEHY PoJjib y Helpo3anaJieHHi, CUHANTUYHIlA MiacTud-
HOCTi Ta HeWporeHe3i, 110 TOBOPUTh MPO MEPEKPUTTSI
HEeHpPOTNPOTEKTOPHUX e(eKTiB, SIKi CIOCTEepiraroThecs
npu 3a Aii uux Jainigis [45].

Kana6inoinnuii peuentop CB; € IIMPOKO PO3MOB-
CIOIKEHUM B Oprafi3Mi perentopom, 3B’s13aHuM 3 G-
0iTKOM. Y MO3KYy came BiH OITOCepenKOBYE OibIIiCTh
MOBEIiHKOBUX aKTiB KaHaO0iHOIAHUX TpemnapartiB. Cur-
HaJIbHIi TOMi1, iHililiOBaHi UM pelenToOpoM, BKIIIOUYa-
oThb 3akpuBaHHa Ca’'-kaHaniB, pos3kpurrsas K'-ka-
HaJliB, rajJjbMyBaHHsI aKTMBHOCTI aJeHUIaTUMKJIA3U i
CTUMYJIIOBAaHHSI MpoTeiHKiHa3. Lli cUrHajbHi LLIIXU
MOXXYTb MOAYJIOBATU CUHANTUYHY Mepeaady iHGop-
Mallil Ta FeHHy eKcIIpecilo B HelipoHax. BaxiauBoro
¢yHKUi€I0 KaHAOIHOIAHUX PEeLEeTITOPIB € PeTyisiisa yT-
BOpeHHsI TamMMma-amiHomacasHoi kuciaotu (FTAMK). ¥V
rinokammi KaHaOiHOiAM MOXYTb MOIYJIOBATU ILjiac-
TUYHICTb 1, BiAMOBIIHO, MOXYTbh BIIJIMBATU HA HaBYaH-
Hs i mam’aTb. B amirgani inaktuBaiis CB,-peuenrtopis
BUKJIMKAE CXOXY Ha TPUBOXHICTh MOBEIIHKY i MEBHY
arpecito. Y 6a3zajbHUX TaHIJIisIX KaHA0IHOIAU MOIYJIIO-
I0Th MOTOPHI (PYHKILI, a B 3aJJHbOMY MO3KY aroHiCTU
KaHaOiHOIMiB MOXYTh BIUIMBATHM Ha BiIuyTTS OOJIIO.
BusBunocs, mo B yci i QyHKIIT 3amydyaeTbesl MpU-
rHiyeHHs BuBiIbHeHHsI TAMK. EHgokaHabiHOIIM MO-
KYTb TaKOX IIPUTHIYYBaTH BUBIIbHEHHS IJIyTaMaTy Y
30yIKYBAILHUX CHHAIcaX Yy TiMOKaMIli, MO30YKYy Ta
IHIIMX AiASHKaX MO3KY, BIUIMBalOTh Ha BMBiIbHEHHS
IHIIMX HeHpoTpaHCMIiTepiB, HAMPUKIIAA, TAKUX K alle-
TWIXOJiH Ta OioreHHi aMiHM. 3ajeXHa Bil eHIOKa-
Ha0iHOIMiB JOBroCTPOKOBA AeMpecis B MO3KY MOXKe Ma-
THU Miclle TPy HaBYaHHI Ta pO3BUTKY IpucTtpacti. [1pu
HEpBOBiil aKTMBHOCTI €HAOKaHaOiHOIAM 3MEHIIYIOTh
M’SI30BY TilepaKTUBHICTh, 3HIKYIOTh BUIIJICHHS TIPO-
JIAKTUHY, JIIOT€IHi3yI04Oro TOPMOHY i TOPMOHY POCTY;
OepyTh ydacThb Yy MOIYJSLIl BiAMOBiAi Ha 3amajeHHs
IIJIIXOM MOpPUTHIYEHHSI CHHTEe3y Ipo3aralibHUX LIM-
TOKiHiB Ta iHrOyBaHHS aKTUBHOCTI IHAYLMOEIbHOI i30-
dopmu NO-cunrtazu. EKC mopyinioe BUKOpPUCTAHHS
PEYOBMH iXi, Jil0OYM B OKPEMUX ME30JiMOIUHUX MisTH-
Kax y MO3Ky. ¥ rinotaiamyci aroHictu CB,-peuenropa —
HaliBaxkJIMBillla JaHKAa KEPpyBaHHSI alleTUTOM i BCMOKTY-
BaHHSAM TOXHWBHUX peYOBUH. SIK aHaHgaminm, Tak i 2-
AI, 30aTHi 1O CTHUMYJIIOBAHHSI Xap4yoOBOi ITOBEIiHKMU.
BoHu peryiooTh OpoLecH, 1110 JexXaTb B OCHOBI o1ep-
JKaHHs 3a10BOJIEHH Bin 1xi [46,47].

CnouaTky AOCTiIKEHHS MiATBEepIKyBald HasIBHICTb
€HJIOKaHA0IHOITHUX PELENTOpPiB JUIIEe B MO3KY i Mepu-
depiiiHMX HepBax, ajie Mi3Hille 0yJ10 BCTAHOBJIEHO, 1110
LI peLernTopy MPUCYTHI Yy BCbOMY OpraHi3Mi, BKJIl04a0-

tors of a broad spectrum of action [44]. ECS also
has a clearly defined role in neuroinflammation,
synaptic plasticity and neurogenesis, which indi-
cates the overlap of neuroprotective effects
observed under the action of these lipids [45].

The CB, cannabinoid receptor is a widespread
G protein-coupled receptor in the body. In the
brain, it mediates most of the behavioral acts of
cannabinoid drugs. Signal events initiated by this
receptor include closure of Ca*" channels, open-
ing of K* channels, inhibition of adenylate cyclase
activity and stimulation of protein kinases. These
signaling pathways can modulate synaptic infor-
mation transfer and gene expression in neurons.
An important function of cannabinoid receptors is
the regulation of gamma-aminobutyric acid
(GABA) production. In the hippocampus,
cannabinoids can modulate plasticity and, conse-
quently, can affect learning and memory. In the
amygdala, inactivation of CB, receptors causes
anxiety-like behavior and some aggression. In the
basal ganglia, cannabinoids modulate motor
functions, and in the hindbrain, cannabinoid ago-
nists can affect pain. It turned out that inhibition
of GABA release is involved in all these functions.
Endocannabinoids can also inhibit the release of
glutamate at excitatory synapses in the hippocam-
pus, cerebellum and other parts of the brain,
affecting the release of other neurotransmitters,
such as acetylcholine and biogenic amines.
Endocannabinoid-dependent long-term depres-
sion in the brain can occur during training and the
development of addiction. In nervous activity,
endocannabinoids reduce muscle hyperactivity,
reduce the secretion of prolactin, luteinizing hor-
mone and growth hormone; involved in modulat-
ing the inflammatory response by inhibiting the
synthesis of proinflammatory cytokines and
inhibiting the activity of the inducible isoform of
NO synthase. ECS modulates the use of food sub-
stances, acting in certain mesolimbic areas in the
brain. In the hypothalamus, CB; receptor agonists
are the most important link in appetite control
and nutrient absorption. Both anandamide and 2-
AG are able to stimulate eating behavior. They
regulate the processes that underlie the enjoyment
of food [46 47].

Initially, studies confirmed the presence of endo-
cannabinoid receptors only in the brain and
peripheral nerves, but later it was found that these
receptors are present throughout the body, includ-
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Yy IIKipy, iMyHHi KJIITUHU, KiCTKW, XXUPOBY TKaHUHY,
MEeYiHKY, MiALUTYHKOBY 347103y, CKEJIETHY MYCKYJaaTypy,
ceplie, KpOBOHOCHI CYIMHM, HUPKHU Ta IITYHKOBO-KUIII-
KoBuit TpakT [48], TOOTO eHmoKaHaOiHOImHA cucTema
Oepe yyacTh y Halipi3HOMAaHITHILIKX Mpoliecax, BKJII0Ya-
ouu OiJib, MaM’ITb, HACTPili, alleTUT, CTPEC, COH, OOMiH
pPEYOBMH, IMyHHY Ta peNpoAyKTUBHY GYHKIIT [49].

Ha panwuit yac BigoMo, 1110 eHaoKaHa0iHOioM Bimirpa-
IOTb POJIb SIK Y 0araTboX IOPYIIEHHSX, TaK i BUKOHYIOTh
«3aXUCHY (PYHKIIil0» MPU NaTOJOriyHMX cTaHax. Homyc-
KA€EThCSI MOXKJIMBICTh JIIKYBaTU MOAYJIOIOYMMMU IIperna-
paramu EKC Taki marojoriuHi ctaHu, sk OJIIOBaHHS,
Oiib, 3amajieHHs, PO3CiIHUI CKJIepOo3, aHOpPEeKCid,
eMijierncis, riaaykoma, IIM30(peHis, ceplLeBO-CYAMHHI
po3nangy, pak, OXWUPiHHS, 3aXBOPIOBAHHS, TOB’sI3aHi 3
MeTabOoJIiYHUM CUHApPOMOM, xBopoba IlapkiHcoHa, XBO-
poba XaHTiHITOHa, XBOpoba AJblreiiMepa Ta CUHAPOM
Typetra [50].

IlopiBHSIHHSI PO3BUTKY JIETEHEBOTO 3amajleHHs,
¢iOpo3y 1 cMEepTHOCTI KOHTPOJBHUX MUIIE-caMOK
C57BL/6 micins ogHOpa30BOTO ONMPOMIHEHHS I'PYIHOL
xiitku 20 Ip (2 Ip/xB) 3 MuiamMu, B SIKHAX pelenToOp
CB, 6yB HOKayTOBaHMiI1 ab0 TIpUTHIYeHU# mepude-
puyHuM aHtaroHictoM CB1 AM6545, BUSIBUJIO TTOMIT-
He nociabjieHHs a00 3aTPUMKY 3anajieHHs Ta ¢iopo3y
JIereHiB i 30iJblIEHHSI BUXKMBAHHS TBapWUH y JOCJif-
Hux rpynax. Lli pe3yabratu 1oka3yioTb, 110 CUTHai-
3anisg CB, Bigirpae Kiat04oBY MaTOJOTiYHY POJIb Y PO3-
BUTKY ITPOMEHEBO-iHAYKOBAHOTO JIEr¢éHEeBOTO 3arla-
JIeHHs Ta ¢iopo3y, a nepudepuuHi antarodictu CBI1
MOXYTh IIPEACTABISATA HOBUI TepameBTUYHMI ITimXis
MNpPOTU 1IbOTO PYWHHIBHOIO YCKJIAZHEHHS IIPOMEHEBOI
Teparii [51].

Kanao6inoinu gensra9-TI'K CP55,940 3anobiranu 3a-
JIeXHi Big go3u IB OJ110BOTI, iHAYKOBaHil 3arajiLHUM
onpomiHeHHsaMm Tina (0, 5, 7,5 i 10 Ip) zemuepuiiok
(Cryptotis parva), 3a paxXyHOK CTUMYJsLil KaHaOiHOII-
Hux peuentopiB CB;, OCKiJIbKM aHTaroHICT peLenTopiB
CB1 (SR141716A) — a ne CB, (SR144528) — BinMiHsB
SIK CTIOCTePEXKyBaHE 3HMKEHHS YaCTOTU OJIIOBaHHS, TaK
i 3aXMCT Bil eMe3ucy, SKUil 3a0e3IevyBaBcsl KaHaOiHOI-
Jamu [52].

ATOHICTM KaHAOiHOIMHUX PELENTOpPiB, a TAKOX iHTi-
OiTopu eHIOKaHaOiHOII-peryJloBaJbHUX €H3UMIB aMi-
JOTiIpOoIa3y XKUPHHUX KMCJIOT i MOHOALIMJITITILIEpOJITiTa-
34 CIPaBISIIOTh HaAiliHI aHTUHOLIMLENTUBHI e(heKTH Ta
HaJaloTh OIOIMHUN aHTUHOLUIETITUBHUN e(deKT Yy
0e3mivi JOKTIHIYHUX MOJesIel 3amaabHUX i HeBpOITaTHY-
Hux OouiB. IlpoBeneHi KITiHIYHI TOCTiAXKEHHS IMOKa3y-
I0Th, 110 «JIiKapChKUil» KaHabic abo JiKu Ha OCHOBI Ka-
HabiHOIAIB MOJEruyTh O0ib IpU TaKUX 3aXBOPIOBAH-

ing skin, immune cells, bones, adipose tissue, liver,
pancreas, skeletal muscle, heart, blood vessels,
kidneys and gastrointestinal tract [48], i.e. the
endocannabinoid system is involved in a variety of
processes, including pain, memory, mood,
appetite, stress, sleep, metabolism, immune and
reproductive functions [49].

It is now known that endocannabinoids play a
role in many disorders and perform a «protective
function» in pathological conditions. It is possible
to treat with modulating drugs ECS such patho-
logical conditions as vomiting, pain, inflamma-
tion, multiple sclerosis, anorexia, epilepsy, glauco-
ma, schizophrenia, cardiovascular disorders, can-
cer, obesity, diseases associated with metabolic
syndrome, Parkinson’s disease, disease Hun-
tington, Alzheimer’s disease and Tourette’s syn-
drome [50].

Comparison of the development of pulmonary
inflammation, fibrosis and mortality of control
female C57BL/6 mice after a single irradiation of
the chest 20 Gy (2 Gy / min) with mice in which
the CB; receptor was knocked out or suppressed by
the peripheral CB1 antagonist AM6545, showed
significant mitigation or delay of inflammation and
pulmonary fibrosis and increased survival of ani-
mals in the experimental groups. These results
indicate that CB, signaling plays a key pathological
role in the development of radiation-induced
pneumonia and fibrosis, and peripheral CBI1
antagonists may represent a new therapeutic
approach against this devastating complication of
radiation therapy [51].

Cannabinoids delta9-THC and CP55,940 pre-
vented IR dose-dependent vomiting induced by
total irradiation of the body (0; 5; 7.5 and 10 Gy) of
shrews (Cryptotis parva), by stimulating cannabi-
noid receptors CB;, as an antagonist of CBAIl
receptors (SR141716A, but not CB, (SR144528)
canceled both the observed decrease in the fre-
quency of vomiting and protection against emesis,
which was provided by cannabinoids [52].

Cannabinoid receptor agonists, as well as
inhibitors of endocannabinoid-regulating enzy-
mes of fatty acid amidohydrolase and monoacyl-
glycerol lipase exert reliable antinociceptive
effects and have an opioid antinociceptive effect
in many preclinical models of inflammatory and
non-inflammatory models. Clinical studies have
shown that «medicinal» cannabis or cannabi-
noid-based drugs relieve pain in human diseases
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HSX JIIOAWHU, SIK paK, pO3CisIHUI ckjepo3 Ta ¢idbpo-
mianris [53].

Ax mokJiHIYHI, TaK 1 KJIiHIYHI AaHi, CBig4aTh IIpo Te,
1110 KaHA0iIHOIAW, MOXXYTh BUKOPUCTOBYBATUCSI XBOPUMU
Ha MHOXMHHMIA CKJIEpO3 IS KOHTPOJIIO TaKUX CHUMII-
TOMiB, SIK CHACTUYHICTb i XpOHIUHMIA Oib, TOAI SIK JIUILE
JIOKJIiHIYHI JaHi BKa3ylOThb Ha Te, 10 1ii CIOJYKU Ta IX
€HJOreHHI aHaJlord, TOOTO EeHIOKAaHAOIHOIIM, TaKOX
MOXYTb BUSBIISITU HEUPOIIPOTEKTOPHI HACTIAKM Ta
YIIOBiJIbHEHHSI MPOrpecyBaHHS XBOpoou [54].

KanabiHoigHa cuUrHajbHa cuUCTeMa, sIKa MPUTHiuye
iH(popMaLiiHUI MOTIK MiXX MUTIAJMHOIO Ta JIOOOBOIO
KOpOIO, € KPUTUYHOIO IJISI BCTAHOBJICHHSI PiBHSI TPH-
BOKHOCTI. [55]. Bucoki moka3HUKM BXUBaHHS KaHaOiCy
y nanienTiB 3 [ITCP mMoxyTh OyT 3yMOBJIEHi CTAaHOM
eHJ0KaHa0iHOITHOro AeilluTy i SIBISITU COOOI0 €HJIO0-
(eHOTUIT YYTIMBOCTI 0 CTpecCy, 110 CIIPUSE PO3BUTKY
TICUXOMATOJIOrN], MOB’s13aHO] 3 TpaBMOIO [56].

Arepockiiepo3 B yuacHuKiB JIHA Ha YopHOOUIBCHKIil
AEC 1986—1987 pp. po3BuBaeTbcsi Ha 7—10 pokiB
paHilie, HiX y iXHiX OJHOJIITKIB, SIKi HE Opajn yJacTi B
aBapiiiHux poo6otax [57]. ITocuneHa eHagokaHabiHOiAHA
CUTHaJIi3allisl BIUIMBAE HA aTepPOCKJIEPO3 3a JOIOMOI0IO
0e3ivi epeKTiB, BKIIIOYAOUM MOAYJISALIIIO 3aajeHHS Cy-
JWH, HAOip JeMKOLUTIB, META001i3M XOJIECTEPUHY MaK-
podariB i, oTxe, CTaOUIbHICTh aTePOCKICPOTUYHOIL
osiiku. Kpim Toro, octaHHi pe3yibraTh B Pi3HUX MO-
JeIsIX MeTa0OoJMiYHUX 3aXBOPIOBAHb IMiIKPECTIOIOTh aK-
TyaJIbHICTh MNepUhEepPUIHUX PELEeNnTOPiB KaHAOiHOImiB
CB1 y >xupoBiii TKaHWHI, TeYiHLi Ta MiALLTYHKOBIN 3a-
JI03i, sIKi BUPilIaJIbHO PEeryJjrTh MEeTa00di3M JIiIiaiB i
ITI0OKO3M, a TAKOX BJIACTUBOCTI MakpodariB y IMX opra-
Hax [58].

Taka maToJjiorisl BiggaaeHoro micjasaBapiiiHOro mnepi-
o1y, IK OXMPIHHS Ta JiabeT APyroro TUNy (popMyeThb-
cs MpU MOCUJIEHi cUrHaji3alii eHgoKaHabiHOImHOI
CUCTEeMHM SIK MPU ToJIoji, TaK i B yMOBax mepeimaHHs.
BoHna Gepe yyacTb He JMlle B PO3BUTKY, a M y Iia-
TPUMIIi OXMWPiHHS, 3aBASIKN YOMY CIeIUMIuHI TATIN
KJITUH y LEeHTpajbHilA i mepucdepuyHiii HepBOBiii
CUCTEMi € KJIIOUOBUMMU MiCLSIMU PETyJIIOBaHHS €Hep-
reTUYHOTO TOMEeOCTa3y BChboro opraHizmy [59]. IIpo
BUKOPUCTAHHSI €HAOTeHHUX KaHaOiHOiIiB 3 Mmo3ape-
LIENTOPHUM MeXaHi3MOM Jii iH(opMallisl mogaHa B Or-
i [60].

Takum yMHOM, MperapaTy KaHabicy, arOHICTiB i1 aHTa-
TFOHICTiB €HJ0KAaHA0IHOIIHUX PELIENTOPIiB MalOTh 3HAUHI
MOTEHIiIHI MOXJIMBOCTI 3aCTOCYBAaHHS JIiIKyBaHHS paH-
HiX i BigJaJleHUuX HACIiAKiB ONMPOMiHEHHS 3 ypaxyBaH-
HSIM YCiX 3acTepeXXeHb 11040 MO0iYHOI Ta HebaxkaHoi Ail,
SIKi CTOCYIOThCSI BCiX HAPKOTUYHUX 3aC0O0iB.

such as cancer, multiple sclerosis and fibromyal-
gia [53].

Both preclinical and clinical data suggest that
cannabinoids may be used in patients with multi-
ple sclerosis to control symptoms such as spastici-
ty and chronic pain, whereas only preclinical data
indicate that these compounds and their endoge-
nous analogues, i.e. endocannabinoids, can also
show neuroprotective effects and slow the progres-
sion of the disease [54].

The cannabinoid signaling system, which sup-
presses the flow of information between the amyg-
dala and the frontal cortex, is critical for establishing
the level of anxiety [55]. High rates of cannabis use
in patients with PTSD may be due to endocannabi-
noid deficiency and may be an endophenotype of
stress sensitivity that contributes to the development
of trauma-related psychopathology [56].

Atherosclerosis in Chornobyl NPP clean-up
workers of 1986—1987 developed 7—10 years earli-
er than in their peers who did not participate in
emergency work [57]. Enhanced endocannabinoid
signaling affects atherosclerosis through a variety
of effects, including modulation of vascular
inflammation, leukocyte recruitment, macro-
phage cholesterol metabolism, and therefore ath-
erosclerotic plaque stability. In addition, recent
results in various models of metabolic diseases
emphasize the relevance of peripheral CBI
cannabinoid receptors in adipose tissue, liver and
pancreas, which crucially regulate lipid and glu-
cose metabolism, as well as the properties of
macrophages in these organs [58].

Such pathology of the remote after the emer-
gency period, as obesity and diabetes of the second
type is formed at the strengthened signaling of
endocannabinoid system both at hunger, and in
the conditions of overeating. It is involved not only
in the development but also in the maintenance of
obesity, so that specific cell types in central and
peripheral tissues are key places in the regulation
of energy homeostasis throughout the body [59].
Information on the use of endogenous cannabi-
noids with non-receptor mechanism of action was
presented in the review [60].

Thus, cannabis preparations, endocannabinoid
receptor agonists and antagonists have significant
potential for the treatment of early and long-term
effects of radiation, taking into account all the
warnings about unwanted and side effects that
apply to all drugs.
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