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HEWPOIICUXIATPUYHI TA IICUXOTEHETUYHI ACITEKTH
ITOCTTPABMATUYHUX CTPECOBUX PO3JIAIIB,
ACOILIIMOBAHMX 3 YOPHOBMJIBCHKOIO KATACTPO®OIO
TA POCINCBKO-YKPATHCHKOIO BINHOIO:

®OKYC HA EHIOKAHABIHOI/IHY CUCTEMY

CratTs npucesivyeHa HEMpONMCUXIaTPUYHWUM Ta MCUXOTEHETUYHUM ACMEKTaM MOCTTPAaBMATUUYHMX CTPECOBMX PO3NafiB
(NTCP) B KOHTEKCTi TpaBMaTUYHMX cLeHapiiB YopHOOMNbCLKOT KaTacTpodu Ta pocincbKo-yKpaiHCbKoT BiliHK. besnpe-
LeAeHTHI BUKNMKW, NOB'A3aHi 3 HAA3BUYAWHMMM CUTYALIIMU TEXHOTEHHOTrO, COLiaNbHO-MONITUYHOrO TA BiACbKOBOTO
XapaKTepy, CNpUAIOTb 3HAYHOMY MOWMPEHHIO MCUXIYHUX PO3NaAiB cepef BiNCbKOBOIO i UMBiNbHOMO HaceneHHs Yk-
paiHu. Y noegHaHHi 31 3HAYHUMU TPYAHOLWAMM B TiKYBaHHi Ta 06MeXKeHOI0 edheKTUBHICTIO iICHYIOUYMX NiKYBaNbHUX CTpa-
Teriit icHye cepio3Ha KniHiYHA MporanuHa B giarHoctuui t1a meHemxmeHTi MTCP. Tomy mocnigKeHHs reHeTUYHUX Ta
enireHeTMYHNX MapKepiB [aHOro posnamy, CTBOPEHHA i BNpoBaKeHHs moaeneit 3anobiranHs MTCP 3 nopanbuwoto
po3po6Koto iHAMBIAyanizoBaHMX TepaneBTUYHMX Ta peabinitTauiiHux cTpaTeriii, CNPAMOBAHUX Ha 3MEHILEHHs TpUBa-
NIOCTi NiKYBAHHSA, NOKPaLWEHHs 10ro eheKTUBHOCTI Ta afanTalilo NauieHTa B COLiYMi, 3aNMIIAETLCA BKPali akTyanbHO
npobnemoto KniHiyHMX HelpoHayk. OcobnuBa yBara NpUAINAETbCA eHAOKAHABIHOTAHIN CUCTEMi AK MOTEHUilHi
MiweHi nikysanbHoro snausy npu MNMTCP, nepcneKTMBHUM AOCNIAHMLBKUM HAaNpsSMKaM i MOXMBOCTAM TepaneBTUYHO-
ro 3aCTOCyBaHHs KaHabOIHOIAIB y KNiHIUHiM npakTULi.
KniouoBi cnoBa: YopHobunbcbka katactpoda; yyacHUKkM nikBigauii Hacnigkis aBapii Ha YopHobunbcbkiit AEC (Y)1-
HA); nocttpaBmatuunmii ctpecosuit posnag (MTCP); Cunn 06opoHu Ykpainu (COY); ncuxoreHeTnka, HeiponcuxiaTpis,
pocificbKo-yKpaiHcbKa BiiiHa; eHaoKaHabiHoiau.
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NEUROPSYCHIATRIC AND PSYCHOGENETIC ASPECTS OF
POST-TRAUMATIC STRESS DISORDERS ASSOCIATED WITH

THE CHORNOBYL DISASTER AND THE RUSSIAN-UKRAINIAN WAR:
FOCUS ON THE ENDOCANABINOID SYSTEM

This review article is devoted to neuropsychiatric and psychogenetic aspects of post-traumatic stress disorder
(PTSD) in the context of traumatic scenarios of the Chornobyl disaster and the Russian-Ukrainian war.
Unprecedented challenges associated with man-made, socio-political, and military emergencies contribute to the
significant spread of mental disorders among the military and civilian populations of Ukraine. Combined with sig-
nificant difficulties in treatment and the limited effectiveness of existing treatment strategies, there is a serious
clinical gap in the diagnosis and management of PTSD. Therefore, research into the genetic and epigenetic markers
of this disorder, the creation and implementation of PTSD prevention models, followed by the development of indi-
vidualized therapeutic and rehabilitation strategies aimed at reducing the duration of treatment, improving its
effectiveness, and facilitating patient adaptation in society, remains an extremely relevant problem in clinical neu-
roscience. Particular attention is paid to the endocannabinoid system as a potential target for therapeutic interven-
tion in PTSD, promising research directions, and the possibilities for the therapeutic use of cannabinoids in clinical
practice.
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BCTYII

Ornsp NocTTpaBMaTU4YHOIO CTPECOBOIo po3nany
(ATCP), cy4acHi npobnemu Ta BUKITUKKU

Biitnu, pamiamiitHi Katactpodu Ta iHINI Hag3BWUYaAHI
noAiil MPUPOIHOTO i TEXHOTEHHOTIO XapaKTepy € MOTYyXK-
HUMM CTPECOpaMHU, SIKi CIIPUSIOTh PO3BUTKY MCUXIYHUX
po3iafdiB, MOB’SI3aHUX 31 CTPeCOM, 30KpeMa IMOCTTpaB-
MaTudHoro crpecoBoro posiamy (IITCP). ¥ 2013 pomi
AMepuKaHCbKa ICHUXiaTpU4yHa acoliallis IeperisiHyjaa
npiarHoctuuHi kputepii [ITCP y m’aToMy BugaHHi «/liar-
HOCTMYHOIO i CTAaTUCTUYHOIO IMOCIOHMKA 3 TMCUXIYHMUX
posnaniB» (DSM-5), srigxo 3 skum I1TCP BxiroueHo oo
HOBOI Karteropii «Po3nagy, moB’s3aHi 3 TpaBMOIO Ta
ctpecom» [1]. 3a BuzHaueHHsm, [TTCP xapaktepusyeTb-
¢ SIK «BigCcTpoueHa abo 3aTsKHaA peakllisl Ha CTPECOreH-
HY HOIi0 Y1 CUTYallil0 BUHSITKOBO 3arpO3JIMBOIO a00 Ka-
TacTpo(ivHOTO XapaKTepy, sIKi MOXYTh 3yMOBUTH OUCT-
pec Mmaitke y oynb-koro» [2]. ITTCP moxe po3BUHYTHUCS
B OyIb-SIKOMY Billi micjisg TpaBMylodoro gocimy [1-3].
Hanunii posnam XapaKTepU3YETHbCSI HU3KOIO KIIOUOBMX
CUMITOMIB, $IKi 3HAYHO BIUIMBAIOTh Ha SIKiCTb JKUTTS

P«J Kostiantyn V. Kuts, e-mail: kvk0906@gmail.com

INTRODUCTION

Overview of post-traumatic stress disorder
(PTSD), current problems and challenges
Wars, radiation disasters, and other natural and
man-made emergencies are powerful stressors that
contribute to the development of stress-related
mental disorders, including post-traumatic stress
disorder (PTSD). In 2013, the American Psychi-
atric Association (APA) revised the diagnostic cri-
teria for PTSD in the fifth edition of the Diagnos-
tic and Statistical Manual of Mental Disorders
(DSM-5), according to which PTSD is included in
the new category «Trauma and Stress-Related
Disorders» [1]. By definition, PTSD is character-
ized as «a delayed or prolonged reaction to a stress-
ful event or situation of an exceptionally threaten-
ing or catastrophic nature that would cause distress
in almost anyone» [2]. PTSD can develop at any
age after a traumatic experience [1—3]. This disor-
der is characterized by a number of key symptoms
that significantly affect the quality of life of
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nauieHTiB. Cepell OCHOBHMX O3HAK Y JOPOCIUX BUIIS-
I0Tb HaB’I3/11Bi crioraau ((paenrdekun), TpaBMyodi CHO-
BUJIIHHS Ta HiYHiI KOLIMapu, 3HAUHi MOPYLIEHHS CHY, a
TaKOX CTiliKe MparHeHHs YHUKaTU eMOLIIifHMX HaBaHTa-
>K€Hb Ta TPUTEPIB, MOB’sI3aHMX i3 TpaBMolto [1—3]. Kpim
TOTO, YaCTO CIIOCTEPIira€ThbCsl MiABUILEHUIA PiBEHb TPU-
BOXHOCTI Ta Tinep30ymIuBiCTb, 110 IIPOSIBISIETHCS
JIpaTiBIMBICTIO, CIlajlaxaMM arpecii Ta TpyJHOILIAMH 3
KoHIeHTpaui€eto yBaru [1—3]. JogaTKoBi KJIiHiYHiI TPOsi-
BU ITTCP MOXyTh BK/IIOUaTU €MOLIMHY AMCPETYISILiIO,
HEYyBaXXHICTb, MOTipIIEHHSI KOHLIEHTpaLlil yBaru, Hera-
TUBHY CaMOOIIIHKY, ITIOraHUI iMITyJIbCHUI KOHTPOJIb, a
TaKOX AMUCOLiaTUBHI CUMIITOMM, Taki SIK Jernepco-
HaJjizallis, aepeaiizallisl Ta OMcOLliaTMBHA aMHe3is [4].
BaxnuBo 3a3HauuTH, 11O i MPOSIBU MOXYTh 30epira-
TUCH TIPOTSTOM TPUBAJIOTO Yacy, i CTaH 4acTo MOTpedye
LiJecnpsIMOBAHOTO JIIKYBaHHSI, OCKIJIbKY JIMILIE Y HEBE-
JIMKOTO BincoTKa Jifofeit (6m3bko 12 %) cuMITOMHU 3HU-
KalOTb CaMOCTiliHO 0e3 TepaneBTUYHOro BTpy4yaHHs [1].
TpaBMaTUUHUIA CTpeC YacTO BUHUKAE Cepell HACEIeHHS,
sKe TIepexXuao BiliHy, OiXeHILiB, 0COOJIMBO XiHOK,
MpaLiBHUKIB OXOPOHHU 300POB’SI Ta KOPIHHOIO HACEICH-
Hs [5]. bionoriyHa i icuxocouiajibHa MPEAUCIO3ULIIS 10
ITTCP MoXyTh BIIJIMBATH OAHA HAa OAHY Ta CIIPUYUHATU
3HAYHUN MOJIMOPGi3M KIiHIYHMX TMPOSIBIB PO3Jamy.
Taki morysiayM jexaTb B OCHOBI JiaT€3HO-CTPECOPHOIL
mozeni pos3sutky IITCP [6]. BioncuxocouiaabHa Mo-
JeJib Ta MOJENb «IiaTe3-CTpec» IPUIYCKalTh, IO
OiosioriuHi (pakTopu He € enrHuMU npuuuHamu [TTCII,
a iCHy€ B3a€EMO/isI MiX Oi0JIOTIYHUMU (TEHETUYHI Ta HEel-
pOXiMiuHi 3MiHU, TTOIIKOMXKEHHS OpPTraHiB), ICUXOJIOTId-
HUMU (CTpec, TICHMXiYHi 3aXBOPIOBAaHHS, MOBEIiHKA Ta
OCOOMCTICTh) Ta COLliaIbHUMU (DakTopamMu (OTOYEHHS,
COLliaIbHO-€KOHOMIUYHUI CTaTyC, MePEeKOHAHHS Ta KYJIb-
Typa), SIKa peari3yeTbcs y MposIBaxX 3aXBOpIoBaHHA [7].
ABapisg Ha YopHOOMIBCHKil aTOMHIN eleKTpOCTaHLIil
(YAECQC), 1o cranacs B YkpaiHi 26 kBiTHS 1986 poky,
JMOCi 3aIMIIAETbCS HAMBaX4yolo SAEpHOI0 aBapi€lo B
ictopii monctea. 11 Hacninku, oco6aMBO Ti, WO CTOCY-
IOThCSI TICUXiYHOTO 3M0POB’sl, BCE YaCTillle TIPOSIBISIIOTh-
csl SIK JOBIFOCTPOKOBiI HEraTMBHi e(eKTH y Koroprax
nocTpaxaaaux BHACAiZOK HOpHOOMJIbLCHKOI KaTacTpo-
¢u, 30Kpema Y4YacHUMKIB JIKBimalii HachigkiB aBapil
(YJIHA) na YAEC [8]. IITCP micas pagiauiitHoi Haa3-
BUYAlHOI CUTyalil Ma€e BiIacHy crneludiky, sika BUpPi3-
HSIE 110TO cepel MOCTTPaBMAaTUYHUX PO3JIaliB, 00yMOB-
JIEHUX iHIIMMU TpaBMaTUYHUMMU TNoaisiMu. BiH xapakTe-
pU3YETLCS KOMOPOIAHICTIO TICUXOMATOJOrii, Helpo-
KOTHITUBHOTO Je(iluTy i 11epeOpoBacKyIsIpHOI TMaTo-
JIOTii 3 MiABUILEHUM PU3UKOM LIepeOpaIbHOrO aTepoCK-
Jepo3y Ta iHcyabeTy. LlepedGpajibHOI OCHOBOIO LILOTO

patients. The main symptoms in adults include
intrusive memories (flashbacks), traumatic dreams
and nightmares, significant sleep disturbances, and
a persistent desire to avoid emotional stress and
triggers associated with the trauma [1—3]. In addi-
tion, elevated levels of anxiety and hyperarousal are
often observed, manifested by irritability, outbursts
of aggression, and difficulty concentrating [1—3].
Additional clinical manifestations of PTSD may
include emotional dysregulation, inattention,
impaired concentration, negative self-esteem, poor
impulse control, and dissociative symptoms such as
depersonalization, derealization, and dissociative
amnesia [4]. It is important to note that these man-
ifestations can persist for a long time, and the con-
dition often requires targeted treatment, as only a
small percentage of people (about 12 %) experi-
ence symptoms that disappear on their own with-
out therapeutic intervention [1]. Traumatic stress
often occurs among populations that have experi-
enced war, refugees, especially women, healthcare
workers, and indigenous people [5]. Biological and
psychosocial predispositions to PTSD can influ-
ence each other and cause significant polymor-
phism in the clinical manifestations of the disorder.
These views underlie the diathesis-stress model of
PTSD development [6]. The biopsychosocial
model and the diathesis-stress model suggest that
biological factors are not the only causes of PTSD,
but that there is an interaction between biological
(genetic and neurochemical changes, organ dam-
age), psychological (stress, mental illness, behavior,
and personality), and social factors (environment,
socioeconomic status, beliefs, and culture) that
manifests itself in the symptoms of the disorder [7].

The accident at the Chornobyl Nuclear Power
Plant (ChNPP) in Ukraine on April 26, 1986,
remains the most serious nuclear accident in
human history. Its consequences, especially those
related to mental health, are increasingly mani-
festing themselves as long-term negative effects in
cohorts affected by the Chornobyl disaster, in par-
ticular participants in the liquidation of the conse-
quences of the accident (clean-up workers) at the
Chornobyl NPP [8]. PTSD following a radiation
emergency has its own specific characteristics that
distinguish it from post-traumatic disorders caused
by other traumatic events. It is characterized by
comorbidity of psychopathology, neurocognitive
deficits, and cerebrovascular pathology with an
increased risk of cerebral atherosclerosis and
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IITCP BBaxxa€eThCcsl aHOMaJIbHUI 3B’SI30K MiX Mipami-
JAJTbHUMM KIIITMHAMU HEOKOPTEKCY Ta TillOKaMIIy, a
TaKOX ITMOOKUMM CTPYKTypaMu MO3Ky [9]. TumoBumu
ocobnuBocTsaIMu came «pamiaiiinoro» IITCP € ¢peHo-
MmeHu «flashforward» Ta aHTHMIMITYBaHHS cTpecy (IIpo-
eKllis cTpaxy Ta HeOe3leKM Ha MaiOyTHE); coMarTo-
dopMHi posnamgu (merpecis, 0COOMCTICHA Ta PEAKTUB-
Ha TPUBOXKHICTD); Ta HEMPOKOTHITUBHMI AedillnT (M0~
pYILIEHHST TTaM’gITi Ta yBaru, ayaIUTOPHO-BepOaIbHOI
nam’sITi Ta HaBYaHHS, MPOAKTUBHOI Ta PETPOAKTUBHOL
iHTepdepeHIii, MO30YKOBI Ta CTOBOYpPOBI HEBpO-
JIOTiUHI CUMITOMU, iHTEIEKTyaIbHi 3MiHU To110) [9]. ¥V
KoroptHomy pociimkeHHi 295 VIIHA na YAEC, saxi
Opanu yyacTb Yy JiKBigauii HacaigkiB aBapii y
1986—1990 pokax, omuTaHUX 4yepe3 18 pPOKIB micis
aBapii (piBeHp yuvacti 71 %), Ta 397 reorpadiuHo
MiniOpaHUX MpPeaCTaBHUKIB KOHTPOJIBHOI IPYIU, OTH-
TaHUX B paMKaX BcecBITHBOrO onuMTyBaHHS IICUXiYHO-
ro 3nopoB’st (WMS) B YkpaiHi yepe3 16 pokiB micis
apapii, Oyyia BUsIBJIeHA TOCTOBIpHO BUIIIA MOIIUPEHICTD
I[ITCP B rpymi YJIHA (4,1 % Ta 1,0 % BinmosigHo),
OpyUYOMY BMILI JO3M padiallifHOro OINPOMiHEHHS B
VJIHA 6ynu 1moB’s13aHi 3 OiTBIITIO0 TSKKICTIO TTOTOYHMX
coMaTUYHUX cumnToMiB i cumnromis IITCP [10].
Bcranosneno, mo IITCP y moctpaxnanux BHACTig0K
aBapii Ha YAEC xapakTepu3y€eThCsl OiIblI BUPAXKEHOIO
TICMXOITATOJIOTi€I0, HiX y BeTepaHiB BililHM B Ad-
ranictadi 3 IITCP i 3akputoio uyepernHo-MO3KOBOIO
TpaBMoto (3UMT) [11].

CyyacHa KpU30Ba COLaJbHO-TIOJITUYHA CUTYyalis i
BUKJIMKM CbOTOJIEHHSI y CBIiTIi M YKpaiHi 3yMOBIIOIOTb
3pPOCTaHHS PU3MKY paliallifHUX aBapiii, SAepHOTO TePO-
pY3My Ta 3aCTOCYBAaHHSI TaKTUYHOI siAepHOI 30poi [12],
110 TTOTPeOy€e BOOCKOHAICHHS MEINKO-TICUXOJIOTTIHOTO
pearyBaHHsI Ha HaJ3BWYailHi CUTYyallil TEXHOTEHHOIO i
BilicbKOBOTro xapakrepy. JlaHa mpobJyiema cTajga ocooIm-
BO aKTyaJbHOIO y 3B’SI3KY 3i 30pOoifHOI0 arpeciero
pociiicbkoi denepaltiii (pd) npotu YkpaiHu, aKTUBHUMU
0OMOBUMM [IisIMU Ha 3HAYHIM YaCTHMHI TEPUTOPIl HALLIOT
Jep>KaBy, BEJIMKOIO KiJIbKICTIO KEpTB cepel Komoa-
TaHTIB 1 LMBIJIBHOTO HacesieHHs. [dep:kaBa-arpecop pd,
110 € noctiiHuM yieHoMm Panu besneku OOH, cucte-
MaTUYHO IrHOPYE Ta MOPYIIYE BCi 3arajbHOBU3HAHI
MPUHIIANN i HOPMU Mi>XKHAPOJHOTO MpaBa, BKIIOUA4Yn
TryMaHiTapHe IIpaBoO, MOJIOXKeHHSI 2KeHEeBCHKMX KOH-
BeHLil oo [13]. Bilickka pd cuctreMaTUyHO 31iliCHIO-
I0Tb MAacoBaHi yldapu MO LUBUIbHIN iHGPACTPYKTYpi,
30KpeMa 3 BUKOPMCTAaHHSIM 3a00POHEHMX KaCETHUX
ooenpunaciB. DiKcyOTbCs YMCACHHI BUMAIKK 11iJIeCTI-
PSIMOBaHMX OOCTPiJIiB MiCLlb MPOXMBAHHS Ta BOWBCTB
UBIUJTBHUX OCi0 Ha MPU(PPOHTOBUX TEPUTOPISIX BiICHKO-

stroke. The cerebral basis of this PTSD is consid-
ered to be an abnormal connection between the
pyramidal cells of the neocortex and hippocampus,
as well as deep brain structures [9]. Typical features
of «radiation» PTSD are the phenomena of «flash-
forward» and stress anticipation (projection of fear
and danger onto the future); somatoform disorders
(depression, personal and reactive anxiety); and
neurocognitive deficits (impaired memory and
attention, auditory-verbal memory and learning,
proactive and retroactive interference, cerebellar
and brainstem neurological symptoms, intellectual
changes, etc.) [9]. In a cohort study of 295 Chor-
nobyl emergency workers who participated in the
cleanup of the accident in 1986—1990, interviewed
18 years after the accident (participation rate 71 %),
and 397 geographically selected representatives of
the control group, interviewed as part of the World
Mental Health Survey (WMS) in Ukraine 16 years
after the accident, a significantly higher prevalence
of PTSD was found in the clean-up workers group
(4.1 % and 1.0 %, respectively), with higher doses of
radiation exposure in the clean-up workers being
associated with greater severity of current somatic
symptoms and PTSD symptoms [10]. It has been
established that PTSD in Chornobyl accident vic-
tims is characterized by more pronounced psy-
chopathology than in Afghan war veterans with
PTSD and traumatic brain injury (TBI) [11].

The current socio-political crisis and challenges
facing the world and Ukraine today are increasing the
risk of radiation accidents, nuclear terrorism, and the
use of tactical nuclear weapons [12], which requires
improving medical and psychological response to
man-made and military emergencies. This problem
has become particularly relevant in connection with
the armed aggression of the Russian Federation (RF)
against Ukraine, active hostilities on a significant part
of the territory of our state, and a large number of
casualties among combatants and civilians. The
aggressor state, the RFE, which is a permanent mem-
ber of the UN Security Council, systematically
ignores and violates all universally recognized princi-
ples and norms of international law, including
humanitarian law, the provisions of the Geneva
Conventions, etc. [13]. Russian troops systematically
carry out massive strikes on civilian infrastructure,
including the use of prohibited cluster munitions.
There have been numerous cases of targeted shelling
of residential areas and killings of civilians in front-
line territories by Russian military personnel. The

35 @



ornsaaosi CTATTI

ISSN 2304-8336. [po6nemu pagiauiiHoi meguunxy 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2025. Bun. 30.

BocTy>k00BIsIMU pd. OKynaliliHa pocificbka Bjlaga Tepo-
pU3y€e LUBIUIbHE HACEJICHHS Ha OKYITIOBAHUX TEPUTOPISIX
(Y T. 4. BUKOPUCTOBYE TOJION SIK METOJI TEPOPY), BUKPAIa€
miteii [13]. € BaroMi migcTaBu BBaXKaTH, 1110 TOBHOMACIII-
TabHa BiifHa pd mpoTy YKpaiHu Ma€ TeHOLUIATbHUI Xa-
paxkTep [14]. 3a3HaueHi YMHHUKU HEMUHYYE CIIPUYMHSI-
IOThb TSXKKY ITICUXOJIOTiYHY TpaBMaTu3allilo SIK ceper
BificbkoBux Cun O6oponu Ykpainu (COY), Tak i cepen
LUBUILHUX 0OCi0, CIpPUSIOTh 3HAYHOMY TMOILIMPEHHIO
ITTCP cepen HacesieHHsI YKpaiHu. bpakye yctaHOB, 00-
JIaTHaHHS i KBami(hiKoBaHOTO TepCOHaly, SKi HAgaloTh
MEIUYHY Ta IICUXOJIOTIYHY JOIMOMOrY TaKUM TMalliEHTaM.
TpuBane JiKyBaHHS Ta pealOiniTalisl BilfiCBKOBOCITYX-
OOBILIiB 3 HEMPONCUXIATPUYHUMHU PO3JTaAAMU € CKIATHU-
MU 3aBIaHHSIMHU 4Yepe3 HecTauy BiiiICBKOBOTO II€PCOHATY
Ha JIiHil GpoHTY (MaKCUMAaJIbHO JO3BOJICHUI TEPMiH TIe-
pebyBaHHS Yy crieliali3oBaHOMY MeIUYHOMY 3aKjaji 00-
MeXeHUi). BuieszazHaueHe moegHaHHST HECTIPUSITIINBUX
¢akTopiB i 0OCTAaBMH MOXE CIPUITH TOTipIIEHHIO TIe-
pebiry HeitporicuxiaTpuuHux po3nanis, 30kpema [TTCP. B
MOoJaJIbIIOMY 1I€ MOXE TPMU3BECTH A0 KpUMiHamizauii
CYCITLJILCTBA, 3pOCTAHHS 37I0BXUBAHHS IICUXOaKTUBHUMU
peuYoBMHAMHM Ta IOCWJIEHHSI CYILMIAJIbHOI MOBEAIHKU
[15—17]. IIpodinakTuka ITTCP Ha pi3zHux eTanax HagaH-
Hs pomnoMoru (TIepBMHHA, BTOPMHHA Ta TpPEeTWHHA
npodijlakTUKa TOLIO) MOXE 3HAYHO 3MEHIIMTU BILIUB
3aXBOPIOBAHHS Ha SIKiCTb >KUTTSI MALIIEHTIB, a TAKOX MOro
€KOHOMIYHM i MeauUHU Tarap [7].

TakyM YMTHOM, ChOTOIHI CTBOPEHHSI Ta BIIPOBAIKEHHSI
moneneit 3anobiraHHsg ITTCP, a TakoX BUBYEHHSI HeEli-
poICUXiaTPUUYHUX 1 MCUXOT€HETUYHUX OCOOJIMBOCTEN
JNAaHOTO pOo3Jiady, 3 MOMAJbIIOK PO3POOKOIO iHAMBILY-
aJli30BaHUX TepaleBTUYHMX Ta peadimiTalliiiHUX cTpa-
TEeriii, CIpsSIMOBAaHUX Ha 3MEHILEHHS TPUBAJIOCTI JiKy-
BaHHSsI, MOKpalleHHs 1oro e)eKTUBHOCTI Ta ajamnTaLlilo
MalieHTa B COLiyMi, 3aIMIIAEThCSI BKpail aKTyalbHOIO
MpoOJIeMOI0 KITIHIYHUX HeMpoHayK.

1. CyuacHi mizxoau xo jgikyBanusa IITCP ta ixwi
00MeKeHHS

CyuacHa Ttepamnis IITCP 3a3Buyaii BKJo4ae€ KomOiHa-
LiI0 IICUXOTEepaIleBTUYHUX ITiAXOMiB Ta/a00 MeAMKAMEH-
To3HOTro JikyBaHHS [2, 4]. IlcuxoTepamisi, 30Kpema
TpaBMO(MOKYCYIOUi BTpYYaHHS, TaKi SIK KOTHiITUBHO-ITO-
BeAiHKOBA Teparlis 3 eKCIO3ULIiEI0 Ta AeCeHCUOiTi3alis i
penpouecuHr pyxoM odeii (Eye Movement Desensitiza-
tion and Reprocessing, EMDR), € Hapi>kHUM KaMeHeM
nikyBaHHs. Lli MeToau cripsiMoBaHi Ha MOJOJAHHS MTPU-
YUHU PO3JIady Ta «apXiByBaHHS» TpaBMaTUYHUX CITO-
ragiB, JomoMaralouy Mali€HTaM BIIOpaTHUCS 3 TpaBMa-
TUIHUM JTOCBiToM |2, 4].

Russian occupation authorities terrorize the civilian
population in the occupied territories (including
using starvation as a method of terror) and kidnap
children [13]. There are trustworthy reasons to
believe that Russia’s full-scale war against Ukraine
is genocidal in nature [14]. These factors inevitably
cause severe psychological trauma among both the
Ukrainian Armed Forces (UAF) servicemen and
civilians, contributing to the significant spread of
PTSD among the Ukrainian population. There is a
lack of facilities, equipment, and qualified person-
nel to provide medical and psychological assistance
to such patients. Long-term treatment and rehabil-
itation of military personnel with neuropsychiatric
disorders are challenging tasks due to the shortage
of military personnel on the front line (the maxi-
mum permitted stay in a specialized medical facili-
ty is limited). The aforementioned combination of
unfavorable factors and circumstances can con-
tribute to the worsening of neuropsychiatric disor-
ders, in particular PTSD. In the future, this can lead
to the criminalization of society, an increase in sub-
stance abuse and suicidal behavior [15—17].
Prevention of PTSD at various stages of care (pri-
mary, secondary, and tertiary prevention, etc.) can
significantly reduce the impact of the disease on
patients’ quality of life, as well as its economic and
medical burden [7].

Thus, today, the creation and implementation of
PTSD prevention models, as well as the study of
the neuropsychiatric and psychogenetic character-
istics of this disorder, followed by the development
of individualized therapeutic and rehabilitation
strategies aimed at reducing the duration of treat-
ment, improving its effectiveness, and facilitating
the patient’s adaptation to society, remain an
extremely relevant issue in clinical neuroscience.

1. Current approaches to PTSD treatment and
their limitations

Modern PTSD therapy usually involves a combi-
nation of psychotherapeutic approaches and/or
medication [2, 4]. Psychotherapy, in particular
trauma-focused interventions such as cognitive-
behavioral therapy with exposure and desensiti-
zation and eye movement desensitization and
reprocessing (EMDR), is the cornerstone of
treatment. These methods aim to overcome the
cause of the disorder and «archive» traumatic
memories, helping patients to reprocess traumat-
ic experiences [2, 4].
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dapmakoTepalrisi, IO 3aTBepIKeHa IIPOTOKOJAMU,
TMEePEeBaXHO MpPEICTaBlIeHa aHTUaenpecanTamu. Jlo Hux
HaJleXaTh CeJIEKTUBHI 1HTI0ITOPY 3BOPOTHOTO 3aXOIJIEH-
Hs ceporoHiny (CI33C), 30Kkpema mapoKCeTUH Ta CepT-
pajiiH, a TaKOX iHTi0iTOpY 3BOPOTHOTO 3aXOTJIEHHS Ce-
poroHiHy Ta HopaapeHaniHy (CI33CH), sik-oT BeHa-
daxcuna [18]. Lli mpemapaTé € peUenTypHUMMH, IXHSI
eeKTUBHICTb (0e3 IMCcUXoTeparlii) OLIIHIOETbCS MPUO-
nu3HO y 60 %, poTe MOBHOIO OAYXXAHHS A0CITa€ MEH-
1e TpeTuHU nauieHTiB [19]. OcKinbKy aulIe HeBeJMKa
yacTKa HaceJIeHHsI, IO 3a3Haja TpaBMM, CTpaXIa€ Ha
IITCP, cxunbHIiCTh 10 ILOTO 3aXBOPIOBAHHS BCE XK iCHYE.
OnHi€o 3 MEPCIEeKTUBHUX raay3ei, 1110 MOoXe JOTTIOMOT-
TU B IOCSITHEHHI 1Ii€1 METH, € TeHETUKA Ta €IireéHeTUKa.
HoBi BigKpuTTs B Liid rajqy3i MOXyTb 3HAYHO JOIOMOITHU
HE TUIbKU y BUSIBJIEHHI CXUJBbHHUX 1O 3aXBOPIOBAHHS
oci0, ajle i y JiarHOCTUII Ta MOIIYKY HOBMX IILISIXiB
iHABiAyasli30BaHOTO (hapMaKOJIONiYHOTO JiKyBaHH: [7].

Hes3Baxarouu Ha HasiBHi METOJIM, iCHYIOTb 3Ha4Hi 00-
MEKEHHS y CTaHJAapTHUX Tiaxoaax a0 gikyBaHHs [TTCP.
Tepaniss CI33C moxe moTpeOyBaTh A0 IIECTU TUXKHIB
IUIST JOCSATHEHHST e(beKTy IIOA0 3MEHIIEeHHS Tirep30y-
JIMBOCTIi, TPUBOXXHOCTI Ta AEIIPECUBHUX CUMIITOMIB [20].
Kpim Toro, CI33C acolitoioTbcsl 3 HU3KOIO MOOIYHUX
eeKTiB, BKIII0YaloUM MOPYILIEHHS CHY, COHJIUBICTh, CEK-
cyajibHy AUC(YHKIIiI0, 30ibIIEHHSI Macu Tijla Ta CUMII-
TOMM BiIIMiHM, III0 OOMEXYE IXHIO JOBIOCTPOKOBY e(heK-
TUBHICTb i IPUXUJIBHICTh TALIIEHTIB 10 JiKyBaHHS [20].
TpaBmodokycoBaHi Tepamii, xoua i BU3HaHiI e(peKTUB-
HUMMU, CTUKAIOTHCS 3 BACOKMM PiBHEM BiIMOBU Bif JIiKy-
BaHHS Ta BiACIBY, 1110 CTAHOBUTH Oyin3bK0 25 % [21]. Le
CBiIUMTH TIPO 3HAUHY HE3aJ0BOJIEHY MOTpedy B JiKy-
BaHHIi, OCKIiJIbKM 0ararto Iali€HTiB He pearyloTh Ha iCHY-
[04i MeToaM ab0 He MOXYTh 1X IepeHocuTH [22]. IcHy-
IOTh aJITepHATUBHI J0Ka30Bi MeTonu JikyBaHHs [1TCP,
30KpeMa 3 BUKOPUCTAaHHSIM TpaHCKpaHiaJlbHOI MarHiT-
Hoi ctumyJisiii (TMC), mpoTe yepe3 BUCOKY BapTiCTh Ta-
KOro objamHaHHS, LIeil MeTox Iie He HaOyB IIMPOKOTO
BUKOpUCTaHHS B YKpaiHi. EeKkTnBHI BTpydyaHHs, CIIpsI-
MoBaHi Ha 3MeH1IeHHs [TTCP Ta iioro HacJiIKiB, MalOTh
TepIIopsiiHE 3HAYeHHs i €, 0e3 mepeOiTbIIeHHSs, Baro-
MO0 HAyKOBOIO TTPO0IEMOIO CBITOBOIO 3HaUeHH: [23].

Bucoxka nommpenicts ITTCP konuBaetses Bin 10 % oo
20 % nnst xiHoK Ta Bim 6 % no 8 % N5t YOJI0BIKiB TIPOTSI-
roM XUTTA [4]. AKTyaJibHi IOCiIXXEHHS BKa3ylOTh Ha
BUCOKY 3araiibHy noiuupeHicte ITTCP B VYkpaiHi, sika
CTAaHOBUTH Bil 12 10 > 20 % 3ajexxHO Big METOHOJIOTII Ta
TPUBAJIOCTI MPOBEICHHS BUIIPOOYBaHb, TIpoTe O(illifiHi
naHi ctaHoMm 3a 2024 pik Oynu BigcytHi [24]. Ilommu-
peHictb ITTCP cepen BiiCbKOBOCIYXXO0BLIiB, IKUM 0YJ10
miarHoctoBaHo ITITCP mmim yac mpoBeaeHHST aHTUTEPO-

Pharmacotherapy approved by protocols is
mainly represented by antidepressants. These
include selective serotonin reuptake inhibitors
(SSRIs), such as paroxetine and sertraline, as well
as serotonin-norepinephrine reuptake inhibitors
(SNRIs), such as venlafaxine [18]. These drugs are
prescription only, their effectiveness (without psy-
chotherapy) is estimated at approximately 60 %,
but less than a third of patients achieve full recov-
ery [19]. Since only a small proportion of the pop-
ulation that has experienced trauma suffers from
PTSD, there is still a predisposition to this disease.
One promising area that may help achieve this goal
is genetics and epigenetics. New discoveries in this
field can greatly assist not only in identifying indi-
viduals susceptible to the disease, but also in diag-
nosis and the search for new ways of individualized
pharmacological treatment [7].

Despite the available methods, there are signifi-
cant limitations to standard approaches to PTSD
treatment. SSRIs may take up to six weeks to
achieve a therapeutic effect in reducing hyper-
arousal, anxiety, and depressive symptoms [20]. In
addition, they are associated with a number of side
effects, including sleep disturbances, drowsiness,
sexual dysfunction, weight gain, and withdrawal
symptoms, limiting their long-term effectiveness
and patient adherence to treatment [20]. Trauma-
focused therapies, although recognized as effec-
tive, face high rates of treatment refusal and
dropout, which is around 25 % [21]. This indicates
a significant unmet need for treatment, as many
patients do not respond to existing methods or
cannot tolerate them [22]. There are alternative
evidence-based treatments for PTSD, including
transcranial magnetic stimulation (TMS), but due
to the high cost of the equipment, this method has
not yet been widely used in Ukraine. Effective
interventions aimed at reducing PTSD and its
consequences are of paramount importance and,
without exaggeration, are a substantial scientific
problem of global significance [23].

The prevalence of PTSD ranges from 10 % to 20 %
for women and from 6 % to 8 % for men over the
course of their lives [4]. Current studies indicate a
high overall prevalence of PTSD in Ukraine, rang-
ing from 12 % to >20 % depending on the method-
ology and duration of the studies, but no official
data were available for 2024 [24]. The prevalence
of PTSD among military personnel diagnosed with
PTSD during the anti-terrorist operation (ATO)
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puctuyHOil onepaiiii, ckiaamana 27,7 % [25]. CraHom Ha
2024 pik, 3a faHuMM denapTaMeHTy OXOPOHU 310POB’sl
MinictepctBa o6opoHu Ykpainu, nomupeHicts [TTCP
cepen BilicbkoBocyxk00B1iB COY craHoBuTth 29 % |26,
27]. HaronomyeTbcsi Ha BaXKJIMBOCTI HaJaHHSI TICUXO-
JIOTIYHOI MiATPUMKHU Ta JOIIOMOIU BiliCbKOBOCTY>KOOB-
LSIM Ha BCiX eTamax CiayxX0u, ocoOJIMBO TUM BIMCbhKO-
BUM, SIKi TIOBEPTaIOTLCS 3 IMOJIOHY, a TAKOXK WiIeHaM IXHiX
ponuH. JlermapTaMeHTOM OXOPOHM 310poB’s1 MiHicTep-
CTBa 000OPOHU YKpaiHU OyJIO BUAIJIEHO YOTUPU OCHOBHI
eTary TICUXOJIOTIIHOI JOITOMOTH BilicCbKOBUM [27]:

1. CamomomomMora abo Aoromora 3a MPUHILIMIIOM «PiB-
HUI — piBHOMY».

2. Kpu30Bi iHTEepBEHLLii.

3. IlcuxomoriuHi TYHKTHM pO3BUTKY Ha Oe3IeuHii
BifcTaHi Bix JiHil ppoHTY.

4. JloBrorpurBaja IcUXoJoTiyHa A0oIomMora.

ITpoTe Ha KOXXHOMY 3 BUILIE3a3HAYEHUX €TaIliB MOXJTH-
B€ BUHMKHEHHSI TIpo0JieM OpraHi3aliiiHOro Ta JIOTiCTUY-
HOTO XapakTepy, ITOB’sI3aHUX i3 Ae(illMTOM 4acy, JI0ACh-
KHX i MaTepiaJJbHUX pecypciB B YMOBaX BOEHHOTO CTaHY.
Y noeaHaHHI 3i 3HAUHUMU TPYAHOLIAMM B JIIKyBaHHi Ta
00MeXeHOI0 e(EeKTUBHICTIO iCHYIOUMX JiKYBaJIbHUX
cTpaTeriii, B yMOBax 3HAYHOI'O KaApoOBOro ne(illuTy B
3aKjiaJax CUCTEMU OXOPOHU 30POB’sl Pi3HUX PiBHIB, BU-
HUKJIa cepiio3Ha KJIiHiYHA MporaidHa B AiarHOCTULI Ta
meHemkMeHTi [TTCP gk cepen BilichKOBOIrO KOHTUHTEH-
Ty, TaK i cepel MOCTPaKIAJOro LUBIILHOIO HaceIeHHS
Vkpainu. 1l nporajavHa He € Juille CTAaTUCTUYHOIO, BO-
Ha BimoOpaxkae peasibHi CTpaxkKJaaHHs MaLli€HTIB, SIKi MOT-
peOyloTh TOoJIeTIIeHHS. MeauyHa CHiIbHOTA aKTUBHO
IIIyKa€ HOBi, OiNbII edeKTUBHI Ta Oe3reyHi TeparneB-
TUYHI MiIXOAW 3 Kpallolo MEPEHOCUMICTIO TS Malli€HTa.
EnpnokanabinoinHa cuctema (EKC), 3 ii mmpokum
BIJINBOM Ha (Pi3ioNoriyHi mpolecH, Mo MOPYITYIOTHCS
npu I1TCP, ctae j10riuHOI0 Ta MEPCIEKTUBHOKO MillleH-
HIO JJ19 PO3pOOKM TaKMX iHHOBALiMHUX METOMIIB JIiKy-
BaHHs. lle ToOsSICHIOE 3pocTapuuil iHTepec OO Ka-
HaOiHOIMIB, HE SIK 3aMiHU, a SIK ITOTEHLIHOIO JIOITOB-
HEeHHsI a00 aJlkTepHaTWMBU IS TMALE€HTIB, AKi JEMOH-
CTPYIOTb PE3UCTEHTHICTb 10 CTAHAAPTHOI Tepartii.

2. Kopotkuii ornsig neuxoreHetnannx acnekris IITTCP

Hapazi TITCP 3anumaetbcs KJIiHIYHUM OiarHO30M,
KM 3a/IeXKUTh BiJ BiAMOBiAHOCTI HasIBHOI ICHXiaT-
PUYHOI CUMITTOMATUKM Ta ii mepediry meBHUM AiarHOC-
TUYHUM KPUTEPisIM, 0e3 ypaxyBaHHS TmaTodi3iosorii Ta
HEMpPOOIOJOTIUHUX 3MiH, 11O JieKaTh B OCHOBI 3aXBO-
proBaHHs. [IpoTe 3HaUHa yBara NpUAiISETbCS BUBUECH-
Hio G6iomapkepiB TITCP (CTpyKTypHMX, HEUpPOEHIOK-
PUHHUX, TICUXO(}i3i0JOTIYHNX, TEHEeTUUYHNX Ta eIlire-

was 27.7 % [25]. As of 2024, according to the
Department of Health of the Ministry of Defense
of Ukraine, the prevalence of PTSD among mili-
tary personnel of the Armed Forces of Ukraine is
29 % [26, 27]. The importance of providing psy-
chological support and assistance to military per-
sonnel at all stages of service is emphasized, espe-
cially to those returning from captivity, as well as to
their family members. The Department of Health
of the Ministry of Defense of Ukraine has identi-
fied four main stages of psychological assistance to
military personnel [27]:

1. Self-help or peer-to-peer assistance.

2. Crisis interventions.

3. Psychological development centers at a safe dis-
tance from the front line.

4. Long-term psychological assistance.

However, at each of the above-mentioned
stages, organizational and logistical problems
may arise due to a lack of time, human and ma-
terial resources in a state of martial law. Com-
bined with significant difficulties in treatment
and the limited effectiveness of existing treat-
ment strategies, a serious clinical gap has emerg-
ed in the diagnosis and management of PTSD
among both military personnel and the affected
civilian population of Ukraine, due to a signifi-
cant shortage of staff in healthcare facilities at
various levels. This gap is not just statistical; it
reflects the real suffering of patients seeking
relief. The medical community is actively
searching for new, more effective, and safer ther-
apeutic approaches with better patient tolerabil-
ity. The endocannabinoid system (ECS), with its
broad influence on the physiological processes
disrupted by PTSD, is a logical and promising
target for the development of such innovative
treatments. This explains the growing interest in
cannabinoids, not as a replacement, but as a
potential supplement or alternative for patients
showing resistance to standard therapy.

2. A brief overview of the psychogenetic aspects

of PTSD

Currently, PTSD remains a clinical diagnosis that
depends on the fitting of existing psychiatric symp-
toms and their course to certain diagnostic criteria,
without taking into account the pathophysiology
and neurobiological changes underlying the disease.
However, considerable attention is being paid to the
study of PTSD biomarkers (structural, neuroen-
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HETUYHUX TOIIO0), SKi B MOJAJbIIOMY MOTJAM O MaTu
JiarHOCTUYHE 3HA4YeHHsI Ta BHOPOBAIXYBaTUCh Y
KIiHIYHY npakTuKy. ChOromHi MPOBOASATHCS IITUPOKI
JOCTiIXeHHs HelpoOioNoriYHMX 3MiH, IO JieXaThb B
ocHoBi IITCP i mos’s13aHnX 3 HUM (PEHOTHUTTIB, 1110 BU-
SIBUJIY NOPYIIEHHS POOOTU HEMPOHHUX MEPEX, IUCPe-
TyJId1io HelipoMeaiaTopiB Ta JMCYHKIIIIO OCi rimora-
namyc—rinogiz—HagHupkoBi 3ano3u  (HPA-Bicw),
acolliiloBaHMX 3 TeHETUYHUMU BapiaHTamu [7]. [eTepo-
reHHictb etiojorii IITCP i mupoke po3MaiTTs Horo
(beHOTUIOBUX IIPOSIBIB MMPU3BEJIM 10 BUSIBICHHS MOHA
900 o6iomapkepiB IITCP [28], ToMy Helipobiosoris
IITCP noci 3anuiaeTbesl CKJAagHUM Ta HEIOCTAaTHbO
BUBUYEHUM MUTAHHSIM y CydyacHUX HeilpoHayKax. [TpoTe
JOCHIIKEHHSI OCTaHHIiX POKiB BUSIBUIMU PSII HEM-
poOioNOTiYHUX TUCHYHKIIIN, IKi MOXYTh JIEKaTU B OC-
HOBI MaToreHe3y naaHoro poanany. Lli mopyiueHHS
BKJIIOYalOTh 3MiHM POOOTHM MO3KOBMX JIAHLIOTIB Yyepe3
HeperyJboBaHe BUBUIbHEHHS HelipoMeaiaTopiB, a came
HOpaJIpeHaiHy Ta CepOTOHIHY cepell 0araTbox iHIINX
(nanpuknan, nogaminy, TAMK ta NPY), nucdynkiiiro
oci ITH i mopyuieHHSI aKTUBHOCTI €HAOT€HHUX Ka-
HaOiHOIAiB Ta omioigiB [7]. HellpoHHi Mepexi, sKi
BiZlirparoTh 3HAYHY POJIb Y PO3BUTKY Ta KJIIiHIYHOMY T1e-
pebiry IITCP, 3amydaloTh Taki CTPYKTYpU TOJIOBHOTO
MO3KY, SIK: MUTAaJenoaioHe Tijo, IepeaHs MosicCHa KO-
pa Ta OCTpiBellb TOJIOBHOI'O MO3KY (BUSBJICHHS IMC-
¢yHKIiOHaABbHOI 3arpo3m); JIOOHO-TiM’sHiI obiacTi
(mop3onarepanibHa npepoHTaIbHA KOpa, BEHTpOJIaTe-
pasbHa mpedpoHTalbHA KOpa i MediaJbHa MpedpoH-
TaJlbHA KOpa — eMOIiifHa peTyJsiLis); MeaiaJbHa rmped-
pOHTalIbHA KOpa Ta TimokaMIl (KOHTEKCTHa oOpoOKa
3arposu) [29].

IIcuxoreHeTHKA ITOCTTPAaBMAaTUIHOTO CTPECOBOTO PO3-
nmany (ITTCP) — e HampssM JOCHiIKEHHS, 110 BUBYAE
TeHEeTUYHi (pakTopH, SKi BIUIMBAIOTh HA CHPUNHSTIN-
BicTb 10 po3BUTKy IT1TCP micns tpaBMaTuyHoi nomii [30].
MouieKynsipHi aCEeKTU BUIAIOTHCS BUPILLIAIBHUMMU TIPU
TMOIIYKY HOBUX €()EeKTUBHUX METOMIB CKPUHIHTY / miar-
HOCTMKM Ta HOBMX TMOTEHIIMHUX TepaneBTUUYHUX
BapiaHTiB [31]. B ocTaHHi poku OyJ10 MPOBEIEHO HU3KY
MaclTabHUX KOoroptHux enireHoMmHux (Epigenome-
Wide Association Study, EWAS) i reHOMHUIX aco1liaTuB-
Hux pociimxeHb (Genome-Wide Association Study,
GWAS) Ha moasx, 110 IPU3BEI0 10 BUSIBJIEHHS MTOTEH-
HiAHMX (eri)reHeTUYHMX MapKepiB-KaHAMaaTiB [32—35].
BcranosieHo, 1o xo4a ITTCP € ricuxoreHHUM CTaHOM,
BaXXJIMBY pOJib y fioro ¢oopMyBaHHi BilirpaloTh iHAUBILY-
ajlbHi OIOJIOTIYHI CXMJBHOCTI, 30KpeMa TeHETUYHi
BapiaHTU. BusBIEeHI YMCIEHHI peleBaHTHI T'€HM Ta iX
nmoiMopdizMu, o HaiuacTinre aconitoioThesa 3 [TTCP,

docrine, psychophysiological, genetic, epigenetic,
etc.), which could subsequently have diagnostic sig-
nificance and might be implemented in clinical
practice. Today, extensive research is being con-
ducted on the neurobiological changes underlying
PTSD and related phenotypes, which have revealed
disturbances in neural networks, dysregulation of
neurotransmitters, and dysfunction of the hypo-
thalamic-pituitary-adrenal (HPA) axis associated
with specific genetic variants [7]. The heterogeneity
of the etiology of PTSD and the wide variety of its
phenotypic manifestations have led to the discovery
of more than 900 biomarkers of PTSD [28], so the
neurobiology of PTSD remains a complex and
understudied issue in modern neuroscience.
Nevertheless, recent studies have identified some
neurobiological dysfunctions that may underlie the
pathogenesis of this disorder. These disorders
include changes in the functioning of brain circuits
due to the unregulated release of neurotransmitters,
namely norepinephrine and serotonin among many
others (e.g., dopamine, GABA, and NPY),
dysfunction of the HPA axis, and disturbances in
the activity of endogenous cannabinoids and opi-
oids [7]. Neural networks that play a significant role
in the development and clinical course of PTSD
involve brain structures such as: the amygdala, ante-
rior cingulate cortex, and insula (detection of dys-
functional threat); the frontal-parietal regions (dor-
solateral prefrontal cortex, ventrolateral prefrontal
cortex, and medial prefrontal cortex) (emotional
regulation); the medial prefrontal cortex and hip-
pocampus (contextual threat processing) [29].

The psychogenetics of PTSD is a field of
research that studies the genetic factors that influ-
ence susceptibility to developing PTSD after a
traumatic event [30]. Molecular aspects appear to
be crucial in the search for new effective screen-
ing/diagnostic methods and new potential thera-
peutic options [31]. In recent years, a number of
large-scale cohort epigenome-wide association
studies (EWAS) and genome-wide association
studies (GWAS) have been conducted in humans,
leading to the identification of potential
(epi)genetic candidate markers [32—35]. It has
been established that although PTSD is a psy-
chogenic condition, individual biological predis-
positions, in particular genetic variants, play an
important role in its development. Numerous rel-
evant genes and their polymorphisms most com-
monly associated with PTSD have been identified,
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MOB’s13aHi 3 pOOOTOIO Pi3HUX HEMPOOIOTOTIYHUX CUCTEM,
30Kkpema [36—39]:

1) Ienu, nog’szami 3 cucmemoro cmpecosoi 8ionosioi (HPA-
icv): NR3C1 (mmokokoptukoinHuii perentop), FKBPS
(peryastop TJTIIOKOKOPTUKOITHOTO peuenTtopa),
CRHRI1/CRHR2 (XOpTHUKOTpPOITiH-PUJIi3UHT-TOPMOH-
pernenTopm);

2) lenu moHoaminogoi cucmemu (cepomonin, doghamiH,
nopadpenanin): SLC6A4 (TpaHcmopTep CEpOTOHIHY,
5-HTTLPR), COMT (xatexos-O-MmeTunrpaHcdepasa),
DRD2 / DRD4 (peuentopu nodaminy D2 i D4);

3) ITenu, nos’a3ani 3 HeliponaracmuuHicmo ma nam’smmio:
BDNF (HeitpoTpodiuynuii dakTop MO3KY), MOJIMOpP-
di3m 156265 (Val66Met);

4) Inwi nomenyiiino peaeeanmi eenu: ADCYAP1RI (pe-
uentop nentuay PACAP1), RORA (petunoing-opdaHo-
BUI1 peLIeNTOp o) TOLLO.

IITCP xapakTepu3yeTbCsl €HIOKPUHHUMMU 3MiHAMM,
BIAMiHHMMMU BiJ IHINMX IICUXiYHMX posnamiB. Lli Big-
MiHHOCTI ocobnuBo oueBuaHi B oci HPA (rimorana-
Myc—Tinogiz—HagHUpKoBi 3a1031) [31]. YoTupu ogHo-
HykJaeoTuaHux noiaiMmopdizmu (SNP) rena FKBP5S
B3aEMOJIISINIM 3 TSDKKICTIO XKOPCTOKOTO ITOBOJKEHHS 3
JITbMU SIK TIpeAUKTOp po3BUTKY cumMnToMiB [TTCP y no-
pociux [40]. IMoaimopdizm rena GR (NR3C1) BCLI
MOB’SI3YI0Th 3 MiJBUILEHOIO YYTIMBICTIO M0 IIIOKOKOP-
TukKoiniB. BiH acouitoBaBcs 3 peakTuBHicTIO oci HPA B
wizomy [41] Ta mpu IITCP [42]. ¥V nocnimxkenHi Yehuda
Ta iH. (2014) ouiHOBaIM BUYEPHHUI TEepesik GioMap-
KepiB, MOB’SI3aHUX i3 IMTIOKOKOPTUKOIZAMHU, BKIIIOYAIOUHN
reHHi noaiMop@i3Mu, Taki IK KOPTU30J y CJIMHI, cedi Ta
mna3Mi, nperigpoeniangpoctepoH (AI'EA), cmiBBimHO-
mwenHs JIIEA/kopTtuson, piBHi Heiiponientuay Y (NPY)
y I1a3Mi 3 METOI0 MPOrHO3YBAaHHS Pe3y/IbTaTiB BilMmoBini
Ha JliKyBaHHsI. Pe3ynbraTv mokasaiau, 110 HasIBHICTb
noniMopdizmy BCLI reHa rioKoKOpPTHKOITIHOTO pe-
uentopa NR3C1 Oyna npeauKTopoMm BiAMoOBiAi Ha JiKy-
BaHHS, Pa30M i3 BUILIMM PiBHEM €KCKpellii KOPTU30ay 3
ceuero a00 KOPTHU30JTy B CIIMHI TIepen cHoM [43]. Lee A.
Ta iH. (2024) BUBYaIM 3B’I3KM MiX BiIITOBIIIIO HA JIiKy-
BaHHS, BIUIMBOM TPaBM y PaHHBOMY XKUTTi, ITOJIIMOp-
¢izmamu JIHK i MeTWII0BaHHSIM TEHIB TpaHCIopTepa
cepotoHiny (SLC6A4) ta FK506-38’s13yto4oro Ginka 5
(FKBP5) y BetepaniB 3 IITCP, saki mpoxonuian Kypc
JIIKyBaHHSI HA OCHOBiI MeIMTAaTUBHUX TeXHiK. byno mo-
kazaHo, mo reHotun SHTTLPR LALA 3 BHUCOKOO
eKcIIpeciero 0yB MOB’sI3aHMI 3 OLTBITNM TTOKpAIICHHSIM
CUMIITOMIB y YYaCHMKIB, IKi 3a3HaJIM TPaBMU B paHHbO-
My XuTTi (p = 0,015), a 3mina metwntoBanHs JIHK no ta
micas aikyBaHHs B rpyii 3 neB’satu CpG-caiitiB FKBPS
Oyna TOB’sI3aHa 3 KpaIllolo BiAIIOBIIII0 HA JIIKyBaHHS

which are related to the functioning of various
neurobiological systems, namely [36—39]:

1) Genes associated with the stress response system
(HPA axis): NR3C1 (glucocorticoid receptor),
FKBP5 (glucocorticoid receptor regulator),
CRHRI1 / CRHR2 (corticotropin-releasing hor-
mone receptors);

2) Genes of the monoamine system (serotfonin,
dopamine, norepinephrine): SLC6A4 (serotonin
transporter, 5-HTTLPR), COMT (catechol-O-
methyltransferase), DRD2 / DRD4 (dopamine
D2 and D4 receptors);

3) Genes associated with neuroplasticity and memo-
ry: BDNF (brain-derived neurotrophic factor),
1s6265 polymorphism (Val66Met);

4) Other potentially relevant genes: ADCYAP1R1
(PACAPI1 peptide receptor), RORA (retinoid
orphan receptor o), etc.

PTSD is characterized by endocrine changes that
differ from other mental disorders. These differences
are particularly evident in the HPA axis [31]. Four
single nucleotide polymorphisms (SNPs) of the
FKBP5 gene interacted with the severity of child
maltreatment as a predictor of PTSD symptom
development in adults [40]. The BCLI polymor-
phism of the GR (NR3C1) gene is associated with
increased sensitivity to glucocorticoids. It was associ-
ated with HPA axis reactivity in general [41] and in
PTSD [42]. In a study by Yehuda et al. (2014), a
comprehensive list of biomarkers associated with glu-
cocorticoids was evaluated, including gene polymor-
phisms such as cortisol in saliva, urine, and plasma,
dehydroepiandrosterone (DHEA), DHEA/cortisol
ratio, and plasma neuropeptide Y (NPY) levels to
predict treatment response. The results showed that
the presence of the BCLI polymorphism of the glu-
cocorticoid receptor gene NR3CI was a predictor of
treatment response, along with higher levels of uri-
nary cortisol excretion or salivary cortisol before bed-
time [43]. Lee A. et al. (2024) studied the associa-
tions between treatment response, early life trauma,
DNA polymorphisms, methylation of the serotonin
transporter (SLC6A4) and FK506-binding protein 5
(FKBP5) in veterans with PTSD who underwent
treatment based on meditative techniques. It was
shown that the SHTTLPR LALA genotype with high
expression was associated with greater symptom
improvement in participants who had experienced
early life trauma (p = 0.015), and changes in DNA
methylation before and after treatment in a group of
nine FKBPS5 CpG sites were associated with a better

by 40



ISSN 2304-8336. pobnemu pagiauiiivoi Meguunkm 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2025. Iss. 30.

REVIEWS

(BII =2,8,95 % A1 1,1-7,1, p = 0,027) [44]. Hu3bki
piBHi Mikpo-PHK FKBP5 0ynu acouiiioBaHi 3 06ijb-
moio BupaxeHicTio cumnromatuku I[ITCP [45].
Yehuda R. ta iH. (2009) nocnimxyBaau 3MiHU eKCIIpecii
TeHiB y 35 yJacCHWUKIB, sIKi Tepexxuyiv TepakT 11 Bepec-
Hs1 B Hbio-Mopky. Byio BUsIBIEHO, 10 Y MAL€HTIB 3
IITCP piBenr FKBP5 OyB 3HMXKeHMIT TTOpPiBHSIHO 3
KOHTPOJIBHOIO I'pyIIolo [46].

Hodamin € HelipoMmeniaTopoM, SIKW1 Oepe ydacTh Y
peryJsilii pyxoBOi aKTMBHOCTi, (DYHKIi JiMOiYHOL
CHCTEMH, YBarv Ta Ii3HAHHS, BUKOHABYMX (DYHKIIIH i
nigkpiryieHHa BuHaroponu [47] BuBuaBcs iMoBipHUIA
3B’5130K IITCP 3 BapiaHTamMu MMeBHUX IreHiB fodaMiHO-
BUX peuentopiB (Hampukiaan, DRD?2) [48] Ta mo-
daminosoi B-rinpokcunaszu [49]. Anenb 9R nokycy re-
Ha TpaHcniopTepa nodaminy SLCO6A3 OyB ineHTHDIKO-
BaHUI1 SIK ajiesib MiABUILEHOIr0 pU3uKy po3BUTKy ITTCP
[50], a emireHeTUYHMI CTaH IPOMOTOPHOI 0OJIaCTi
SLC6A3 O0yB BHU3HAYEHMI K TMOTEHUIMHMUA (PaKkTop
pu3uky abo 6iomapxkep ITTCP [51].

CurHanizanist cepotoHiny (5-HT) B Murmanemnomnio-
HOMY TiJli OB’sI3aHa 3 peryJslielo cTpaxy Ta peakli€lo
Ha 3arpo3y [7]. ¥ 3B’43Ky 3 UM 3HAYHUI iHTepec cTa-
HOBUTb BMBUYEHHS TOJiMOp(di3My reHa TpaHcIopTepa
cepotoHiny SLC6A4 3a nonimopgdizmamu 5S-HTTLPR
Ta rs25531. Hame gociaiaXeHHs TeHOTUITiB reHa TpaHC-
noprepa ceporoHiHy SLC6A4 3a nmosiMopdizmamu
5-HTTLPR Ta rs25531 B YJIHA na YAEC nokasaino,
mo Hocii reHotuniB La/S, La/Leg, Lo/Ls, Lg/S, S/S
reHa SLC6A4 maloTh BUIIY YacTOTY ASTIPECUBHUX PO3-
JIaaiB, 0COOJIMBO TSLKKUX, 1 TEHASHIIIIO O OLIBIIOI Yac-
TOTU Ta BUPAXXEHOCTI KOTHITUBHUX i CTPECOBUX PO3-
JaniB. [eOloT genmpecMBHUX poO3JadiB Yy HOCIIB
NPOMIXXHUMX Ta HMU3bKO(PYHKIIIOHAJIbHUX TE€HOTHUIIIB
BinOyBaeTbcst 3HauHO panime (Log-Rank Test = 4,43,
p =0,035) opiBHSHO 3 HOCiSIMM BUCOKO(MYHKIIIOHATb-
Horo reHoruny LA/LA [52]. [ToniMmopdizm LL B mipo-
MOTOpi reHa TpaHcrioptepa cepoTtoHiHy 5-HTTLPR
OyB OB’ sI3aHMI 3 KPAIOIO BiAITOBIIIIO Ha (hapMaKoTe-
pamito ceptpajiHoM B g03i 100 mr/mo0y, a Takox 3
HIDKYOIO YacTOTOI0 MOOIYHMX e€(EeKTiB y MAalli€HTIB 3
IITCP, nixx inui reHotunu (SS ta SL) [53]

IMonimopdizsm BDNF Val66Met iMoBipHO MoOXKe
3oinpiryBatu pusuk I[ITCP, ockinbku Mpu3BOIUTH 10
3HMKeHHs ekcripecii BDNE, sikuii 3anob6irae ooymMoB-
JIeHOMY 3HMKHEHHIO cTpaxy [54]. Pitts B.L. Ta iH.
(2019) BusBMIM MiABUILIEHY YaCTOTY ajieis Met y ame-
PUKaHCBhKUX BeTepaHiB, B sIKux po3BuBaeThbcs [ITCP,
MOPiBHSIHO 3 KOHTPOJIbHOWO Tpyrow [55]. TTokaszaHo,
1110 HYXKYi piBHI cupoBaTkoBoro BDNF acolitoBanuch
i3 kpamoio penykuiero cumnromatuku IITCP y

response to treatment (HR =2.8,95 % CI 1.1-7.1,
p=0.027) [44]. Low levels of FKBP5 microRNA were
associated with more severe PTSD symptoms [45].
Yehuda R. et al. (2009) investigated changes in gene
expression in 35 survivors in the September 11 terror-
ist attack in New York. It was found that patients with
PTSD had lower levels of FKBPS5 compared to the
control group [46].

Dopamine is a neurotransmitter involved in the
regulation of motor activity, limbic system functions,
attention and cognition, executive functions, and
reward reinforcement [47] A possible association
between PTSD and variants of certain dopamine
receptor genes (e.g., DRD2) [48] and dopamine -
hydroxylase [49] has been investigated. The 9R allele
of the dopamine transporter gene locus SLC6A3 has
been identified as an allele associated with increased
risk for PTSD [50], and the epigenetic state of the
SLC6A3 promoter region has been identified as a
potential risk factor or biomarker for PTSD [51].

Serotonin (5-HT) signaling in the amygdala is asso-
ciated with fear regulation and threat response [7]. In
this regard, the study of the polymorphism of the sero-
tonin transporter gene SLC6A44 for the 5-HTTLPR
and rs25531 polymorphisms is of considerable inter-
est. Our study of the genotypes of the serotonin trans-
porter gene SLC6A4 for the 5-HTTLPR and rs25531
polymorphisms in the Chornobyl clean-up workers
showed that carriers of the La/S, La/Ls, Lg/La,
Ls/S, S/S of the SLC6A4 gene have a higher frequen-
cy of depressive disorders, especially severe ones, and
a tendency toward a higher frequency and severity of
cognitive and stress disorders. The onset of depressive
disorders in carriers of intermediate and low-func-
tioning genotypes occurs significantly earlier (Log-
Rank Test = 4.43, p = 0.035) compared to carriers of
the high-functioning genotype LA/LA [52]. The LL
polymorphism in the promoter of the serotonin trans-
porter gene 5S-HTTLPR was associated with a better
response to pharmacotherapy with sertraline at a dose
of 100 mg/day, as well as with a lower frequency of
side effects in patients with PTSD than other geno-
types (SS and SL) [53].

The BDNF Val66Met polymorphism may in-
crease the risk of PTSD because it leads to a de-
crease in BDNF expression, which prevents the
conditioned extinction of fear [54]. Pitts B.L. et al.
(2019) found an increased frequency of the Met
allele in American veterans who develop PTSD
compared to the control group [55]. Lower serum
BDNF levels have been shown to be associated with
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nauieHTiB 3 xpoHiyHuM IITCP, siki npuiiManu eciura-
Jiorpam [56].

TakuM 4MHOM, BCTAaHOBJIEHO, 1O Cepel IpoaHali-
30BaHuX bioMapkepiB cxunbHOCTI 10 [ITCP Haii6inb-
1lIe 3HaYeHHs MaloTh crelu@iuHi reHHi mojiMopdi3-
mu (HanpukJiaa, FKBP5, COMT, CHRNAS5, CRHRI,
5-HTTLPR, ADCY8 tTa DRD2) ta ix B3aemogis 3 cepe-
JoBuileM, 3MiHM B oci HPA, agpeHepriyHa rinmepax-
TUBHICTh i MOpPYILIEHHSI aKTUBHOCTI OKPEMMX aHa-
TOMIUHMX CTPYKTYp (BKJIIOYAIOUM MUTHAJIEIIONi0He
TiI0, IpepPOHTAILHY KOPY, MO30JUCTE Tij0, TIePEaHIO
MosICHY 3BUBHHY Ta rimokammn) [31]. He3Baxatoun Ha
YHUCJIEHH]I BiIKPUTTS, cydyacHe pPO3YMiHHS Heupo-
XiMiUHMX cucTeM, 3anydeHux no naroreHesy ITTCP, Bce
111e oOMeKeHe Ta MOTPeOy€e 10JaTKOBUX JOCiIXKEHbD [7].
[Ticnst 3060py DOCTAaTHHOI KiABKOCTI JaHUX, MiAXOIN Ma-
IIMHHOTO HaBYaHHS MOXYTh JOIIOMOITH 00’ €IHATH
Oiomapkepu B HaniiiHi, BajigHi Ta €eKOHOMIYHO edeK-
TUBHI iHTeTpOBaHi IaHeJi, IKi MOXYTbh 3HaUHO MOKpa-
ILIUTA MPOTHO3YBaHHS, MiaTHOCTMKY Ta MOHITOPUHT
3axBOpPIOBaHHS [7].

3. Ennokana6inoinna cucrema (EKC): crpykrypa Ta
(iziosroriuna poan

Ennokana6inoinHa cucteMa (EKC) e ckinanHolo 6ioso-
riYHOIO CHUCTEMOIO, BigKpuTOl Ha moyaTtky 1990-x
POKiB, sIKa BiJlirpa€ LeHTPpalIbHY POJib Y MiATPUMILIi TOMe-
ocTazy — OajlaHCy MiX OCHOBHUMM CUCTEMaMU Op-
raHizmy [57]. BoHa mpucyTHS B LIEeHTpaJbHili i mepude-
PUYHIl HEpBOBUX CHUCTeMaX, iMyHHUX KJIITMHAX, Opra-
Hax TpaBJIeHHS, IIKipi Ta iHIIMX YacTWHAX Tina [58].

3.1. Ocnoeni komnonenmu EKC

EKC ckitamaeTbcs 3 TpbOX OCHOBHUX KOMITOHEHTIB: Ka-
HaOiHOIIHUX peLenTopiB, eHJoKaHabiHOoImiB i MmeTa-
0omiyHuX pepMeHTiB [57].

» Kana6inoigHi peuentopu. Ile OiKM KIiTUHHOI
MeMOpaHu, SKi € MillleHsIMU JIJIsI eHA0KaHaOiHOoIaiB Ta
eK30TeHHMX KaHaOiHoimiB. IneHTndikoBaHO 1Ba OCHOB-
HUX TUIIN:

> CB1-peuentopu (CNRI1): nepeBaxkHO po3TallloBaHi B
TOJIOBHOMY MO3KY Ta LIEHTpaJlbHili HEPBOBili cucTeMi
(LIHC), 30kpema B TimokamITi, MUTHAJIEITONiIOHOMY TiJIi,
0a3zaJbHUX TAHIIAX, a TAKOX Y TepU(PEepUIHUX OpraHax
i TKaHMHaX. BoHM BiAMOBigalOTh 3a MCUXOAKTUBHY [il0
KaHabicy, BIJIMBAalOYM Ha HACTpiil, mam’sgTh, ameTuT,
BiZUyTTS1 0OJII0, a TAKOX PETYII0I0Th HEMPOrOPMOHAIb-
HY (QYHKIIil0 Ta MOTHBALIiO.

> CB2-peuentopu (CNR?2): 3HaxoasThCs MepeBaXkHO B
iMYHHill cucTeMi, opraHax i TKaHMHax, a TaKoX y Mepu-
dbepuuHiii HepBOBiil cucTemi. IXHIM mepiIoYeproBuM

better reduction of PTSD symptoms in patients
with chronic PTSD who took escitalopram [56].

Thus, it has been established that among the ana-
lyzed biomarkers of susceptibility to PTSD, specif-
ic gene polymorphisms (e.g., FKBP5, COMT,
CHRNAS5, CRHRI1, 5-HTTLPR, ADCYS, and
DRD?2) and their interaction with the environ-
ment, changes in the HPA axis, adrenergic hyper-
activity, and disturbances in the activity of individ-
ual anatomical structures (including the amygdala,
prefrontal cortex, corpus callosum, anterior cingu-
late gyrus, and hippocampus) are of utmost impor-
tance [31]. Despite numerous discoveries, the cur-
rent understanding of the neurochemical systems
involved in the pathogenesis PTSD is still limited
and requires further research [7]. Once sufficient
data has been collected, machine learning
approaches may help to combine biomarkers into
reliable, valid, and cost-effective integrated panels
that can significantly improve disease prediction,
diagnosis, and monitoring [7].

3. Endocannabinoid system (ECS): structure and
physiological role

The endocannabinoid system (ECS) is a complex
biological system discovered in the early 1990s that
plays a central role in maintaining homeostasis—
the balance between the body’s major systems [57].
It is present in the central and peripheral nervous
systems, immune cells, digestive organs, skin, and
other parts of the body [58].

3.1. Main components of the ECS

The ECS consists of three main components:
cannabinoid receptors, endocannabinoids, and
metabolic enzymes [57].

» Cannabinoid receptors. These are cell mem-
brane proteins that are targets for endocannabi-
noids and exogenous cannabinoids. Two main
types have been identified:

> CB1 receptors (CNR1). These are mainly
located in the brain and central nervous system
(CNYS), particularly in the hippocampus, amyg-
dala, basal ganglia, and peripheral organs and tis-
sues. They are responsible for the psychoactive
effects of cannabis, affecting mood, memory,
appetite, and pain perception, as well as regulating
neurohormonal function and motivation.

> CB2 receptors (CNR?2). These are found main-
ly in the immune system, organs, and tissues, as
well as in the peripheral nervous system. Their pri-
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3aBJaHHSIM € PeryJsilis iMyHHOI BilITOBi/i Ta 3amajib-
HUX TPOLIECIB.

» EnpokaHaGiHoigu. Ile mpupoaHi aimigHi HEUpOT-
paHCcMiTepH, SIKi BUPOOISIOTHCS OPraHi3MOM «3a MOT-
pebu» y BiiMOBiAb HA aKTUBHICTh KJIITUH i aKTUBYIOTh
KaHaOiHOigHiI peuentopu [59]:

> Ananpamin (AEA): Takox Bimomuii 9k N-apaximo-
HoiJIeTaHOJaMiH, Ha3BaHUI Ha YeCTh CAHCKPUTCHKOTO
cjioBa «ananda», 1110 O3HaYa€ «0IaXeHCTBO», 3aBISTKHU
iloro poJjii B MOAYJIOBaHHI HACcTPOIO Ta peakiil Ha
crpec [60]. BupobGisieTbcst IpUPOJHUM YMHOM B Op-
raHi3Mi, BUIIISETbCS TIiJ Yac CHY Ta PO3CIa0JeHHS,
Jie HeHTpajabHO Ta nepudepudHo [58]. Mae cuibHYy
crnopigHeHicTh 3 CB1-peuentopamu [58].

> 2-ApaxiToHOITIIiLepo: TOro KOHIIEHTPAILis B MO3KY
CCaBLIiB Ha IBa-Tpy Nopsiaku Oinbiia, Hixk AEA [60]. ie
SIK MIOBHUI aroHict 06ox CB-peuenropis [60]. Bigirpae
KJIIOUOBY POJIb Y PETYJISLil peakiiii crpaxy [61].

» MertabomiuHi pepmentn. Lli pepmenT Bimmosima-
IOTh 3a PO3LIEIUIEHHS eHI0KaHAOIHOIMIB ITicasa BUKO-
HaHHS 1XHBOI (DYHKIIi, 3a0e3MeYylouM IiX IIBUIKUIA
MeTaboJTi3M i peryisiiio curHamisarii [62]:

> Awmigaza xupHux kuciaor (FAAH): BinmoBimae 3a
posLIeruIeHHs aHaHaaMiny [60].

> MoHoauunriniuepoJsiinasa (MAGL): BinnoBinae 3a
posuierieHHs 2-AG [60].

3.2. Poav EKC y peeyasuii nacmporo, nam’ami, cHy,
cmpecoeux peaxuii ma 2omeocmasy

EKC Binirpae KpuTU4HY poJib Y MiATPUMII TOMEOCTa3y —
OalaHCy MiXX OCHOBHMMM CUCTEMaMM OpraHismy [62].
[i byHKLIT OXOTTIOIOT IIMPOKMIA CIIEKTp (i3i0n0riyHIX
MPOLIECiB, BKIOYAIOUM PETyJIsLil0 HACTPOIO, areTUTY,
BimuyTTs 60J110, CHY, IMyHHOI BiIIOBIi, ITaM’sITi, TEPMO-
perymsiii, mMeTaboaiyHux (QYHKIIi#, colLiaabHOI TOo-
BEIiHKHU Ta HeiiporeHesy [62]. JokiIiHiuHI gaHi cBigyaTh
npo te, 1o nopyieHHss EKC MoXyTb CIpUSITH pO3BUT-
Ky TIcuxomnarosiorii, mos’s3aHoi 3i ctpecoM [63]. Cucre-
Ma € IPUHIIMIIOBO BaXKJIMBOIO JJII CMHANTUYHUX IIPO-
1eciB, SIKi BM3HA4alOTh HABYAHHS Ta €MOLIiiiHi Binmo-
BiJIi, 0COOIMBO Ti, 1110 HaJIeXKaTh 10 MOTEHLIiiTHO TpaBMa-
TUYHOTO H0ocBiny [64]. EHgokaHabiHOInM TONMOMAaraioTh
OpraHi3My BMXKMBATHU Y LIBUAKO MiHJIMBOMY Ta BOPOXKO-
MY CEpeIOBMILi, PEryIiolouM aJanTUBHY IMaM’aTh i
CMOBUILHIOIOYM CHUMITATUYHY aKTUBHICTb, IO CIIPUSIE
raJIbMyBaHHIO HaJMIpHUX peakiiiii [65].

EKC mpatiioe 9K «BHYTPIlLTHIN perylasIToOp», SKA ak-
TUBYETHCS JIMILIE TOMAi, KOJIU OpPraHi3aMy II0Ch ITOTPiOHO
J71 BigHOBJAeHHS piBHoBaru [57]. L 3maTHicTh A0
CUHTE3y «3a MOTpeOu» MiIKpecaIoe ii poiab y TOHKIiM
MOyl (i3ioJOTiYHNX MPOIIECiB, a He Ha MOCTITHY

mary function is to regulate the immune response
and inflammatory processes.

» Endocannabinoids. These are natural lipid neuro-
transmitters produced by the body «on demand» in
response to cell activity and activate cannabinoid
receptors [59]:

> Anandamide (AEA): Also known as N-arachi-
donoylethanolamine, named after the Sanskrit word
«ananda,» meaning «bliss,» due to its role in modu-
lating mood and stress response [60]. It is produced
naturally in the body, released during sleep and
relaxation, and acts centrally and peripherally [58].
It has a strong affinity for CB1 receptors [58].

> 2-Arachidonoylglycerol (2-AG): Its concentra-
tion in the mammalian brain is two to three orders of
magnitude greater than that of AEA [60]. It actsas a
full agonist of both CB receptors [60]. It plays a key
role in the regulation of fear responses [61].

» Metabolic enzymes. These enzymes are responsi-
ble for breaking down endocannabinoids after they
have performed their function, ensuring their rapid
metabolism and regulation of signaling [62].

> Fatty acid amide hydrolase (FAAH): Responsible
for the breakdown of anandamide [60].

> Monoacylglycerol lipase (MAGL): Responsible
for breaking down 2-AG [60].

3.2. The role of the ECS in regulating mood,
memory, sleep, stress responses, and homeostasis
The ECS plays a critical role in maintaining home-
ostasis—the balance between the body’s major sys-
tems [62]. Its functions cover a wide range of physio-
logical processes, including the regulation of mood,
appetite, pain perception, sleep, immune response,
memory, thermoregulation, metabolic functions,
social behavior, and neurogenesis [62]. Preclinical data
suggest that ECS dysfunction may contribute to the
development of stress-related psychopathology [63].
The system is essential for synaptic processes that
determine learning and emotional responses, espe-
cially those related to potentially traumatic experi-
ences [64]. Endocannabinoids help the body survive
in rapidly changing and hostile environments by reg-
ulating adaptive memory and slowing sympathetic
activity, which helps inhibit excessive responses [65].
The ECS functions as an «internal regulator» that
is activated only when the body needs something to
restore balance [57]. This ability to synthesize «on
demand» emphasizes its role in the subtle modula-
tion of physiological processes rather than constant
activation. This mechanism is crucial to understand-
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akTuBalito. Takuii MexaHi3M € KPpUTUYHO BaKJIUBUM JIJIsI
po3yMiHH4 ii moTeHuiany B JikyBaHHi ITTCP, ne mopy-
IIYETHCS came afgallTUBHA peakilis Ha cTpec. Skmo EKC
JIOTTIOMAra€ «BVKMBATH Yy BOPOXKOMY CepeloBUIL» [59],
TO 11 AMCGYHKILIS MOXe MOSICHUTU, YoMy Jitoau 3 ITTCP
HE MOXYTh alcKBaTHO aJaIllTyBaTUCS 10 HEOe3MeUHNX Y1
CTPECOBUX CTUMYJIB, 110 MPU3BOAUTH J0 XPOHIYHOIL
rinep30yIIMBOCTI Ta TMTOPYILIEHHS 3racaHHsI CTpaxy.

PosramyBanHus CB1-penientopiB mepeBakHO B IIEHT-
pajibHill HepBOBiii cucTeMi [66] Ta IXHS POJIb y HACTPOI,
naMm’gaTi Ta cTpaxy [57] ToSCcHIOE, YOMY iXHSI TUCPETY-
N1 06e3rmocepeHbO TOB’s13aHa 3 TICUXOJOTIYHUMU
cumntoMamu IITCP. Hatomicts, CB2-peuentopu, 30-
cepellKeHi B iMyHHill cucTeMi Ta neprudepuyHuX opra-
Hax [67], BKa3ytoTh Ha noTeHLiliHy pojib EKC y 3amnab-
HUX IIpoliecax, 1110 MOXYTb CYIIPOBOIXKYBAaTH XPOHIUHUIA
ctpec Ta [1TCP [59, 60, 63, 65]. Lle 103BOJISIE IPUITYCTH -
TH, 110 TepaIleBTUYHI MiIXOIU, SIKi CEJICKTUBHO BILIMBA-
ot Ha CB1 a6o CB2, MoXyTh MaTh pi3Hi Tpodiii
e(eKTUBHOCTI Ta MOOIYHUX e(eKTiB, HALJIIOIOUNCh Ha
pi3Hi acniektu natodiziosorii ITTCP.

st Kpamoro po3yMiHHSI KIIIOYOBUX KOMIIOHEHTIB
EKC Ta ixHix pyHKIi, 0 € (pyHTaMEHTOM JIJIST TTI0JaJTh-
moro obroBopeHHs ii aucdyHkuii pu IITCP Tta Me-
XaHi3MiB 1ii KaHaOiHoiAiB, HaBeaeHo Tadmuio 1 [57—67].

ing its potential in the treatment of PTSD, where
the adaptive response to stress is impaired. If the
ECS helps «survive in a hostile environment»
[59], then its dysfunction may explain why people
with PTSD cannot adequately adapt to dangerous
or stressful stimuli, leading to chronic hyper-
arousal and impaired fear extinction.

The location of CBI receptors predominantly in
the central nervous system [66] and their role in
mood, memory, and fear [57] explains why their
dysregulation is directly related to the psychological
symptoms of PTSD. In contrast, CB2 receptors,
which are concentrated in the immune system and
peripheral organs [67], point to a potential role for
the ECS in inflammatory processes that may accom-
pany chronic stress and PTSD [59, 60, 63, 65]. This
suggests that therapeutic approaches that selectively
target CB1 or CB2 may have different efficacy and
side effect profiles, targeting different aspects of the
pathophysiology of PTSD.

Table 1 provides a better understanding of the
key components of the ECS and their functions,
which is the basis for further discussion of its dys-
function in PTSD and the mechanisms of action
of cannabinoids [57—67].

OCHOBHi pyHKuUT

Ta6bnuusa 1

KniouoBi KOMNOHEHTU eHAOKAHAGIHOTAHOT cucTemMu Ta ix YHKLIT
Table 1

Key components of the endocannabinoid system and their functions
KomnoneHnTt EKC PostawuyBaHHs

ECS component Location

Main functions

KanabiHoigHi peuenTtopu / Cannabinoid receptors

CB1-peuentopu

CB1 receptors Mainly brain, CNS, also peripheral organs

lepesaxHo Mo30k, LIHC, Takox nepudepiitHi opraim

HacTpiit, nam’sitb, anetut, Ginb, NCUX0aKTUBHI edekTu
TI'K, HeiiporopmoHasbHa GyHKLIS

Mood, memory, appetite, pain, psychoactive effects of
THC, neurohormonal function

CB2-peuenTopu

IMyHHa cucTema, nepudepiiHi opraHn, TKaHUHU

IMyHHa BiAMOBIAb,3aNabHI NPOLECK

CB2 receptors Immune system, peripheral organs, tissues Immune response, inflammatory processes
ExpokaHabiHoigy / Endocannabinoids
Axanpamip, (AEA) IMprpoaHuin HelipoMeiaTop, «Monekyna GnaxeHcTBa, Mopgynsuis HaCTpoto, BIANOBIAL HA CTPEC, perynsuis

BUAINSETLCS NPK CHi/po3cnabnenHi, aroHict CB1
Natural neurotransmitter, «bliss molecule,»
released during sleep/relaxation, CB1 agonist

60110, aneTuTy, CHy
Modulation of mood, stress response, pain regulation,
appetite, sleep

Anandamide (AEA)

2-ApaxipoHoinrniuepon (2-AG) Hait6inbLu nowwmpeHunii eHaokaHabiHoIL B MO3KY,
noBHui aroxict CB1/CB2
The most common endocannabinoid in the brain,

full agonist of CB1/CB2

Perynsiuia peakuiin cTpaxy, MOAynsLis TPUBOIM Ta CTPECY

2-Arachidonoylglycerol (2-AG) Regulation of fear responses, modulation of anxiety and stress

MetaGoniyHi pepmenTu / Metabolic enzymes
Posuiennioe aHaHaamin,
Breaks down anandamide

FAAH (Amigasa X1pHUX KCIIOT)
FAAH (fatty acid amidase)

MAGL (MoHoaumnrniueponninasa)
MAGL (Monoacylglycerol lipase)

Poswienntoe 2-AG
Breaks down 2-AG
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4. IncyHKuig eHI0KaHA0IHOIIHOI cucTeMH

y narodiziogorii IITCP

Hucoynkitig eHnokanadinoinHoi cucremu (EKC) po3ar-
JISITA€ThCST SIK OAMH 3 KJIIOYOBUX €JIEMEHTIB y Ma-
To(i3i0JI0rii MOCTTpaBMAaTUUYHOIO CTPECOBOrO PO3Jaay
(ITTCP) [68]. Lleit ctaH MoxXe OYTH OAHIEIO 3 OAraThox
3aragKOBMX YMOB, III0O BMHMKAlOTh 4epe3 ITOPYIICHHS
HopMalibHoro ¢dyHKIioHyBaHHS EKC.

4.1. 3minu y pieusax endoxanabinoioie ma axmuenocmi
peuenmopie npu IITCP
JocaimKkeHHsT TTOCTiI0BHO IeMOHCTPYIOTh, 1110 Y JIIOAeH 3
ITTCP crioctepiraroTecst XapaKTepHi 3MiHM Y PiBHSIX €HIIO-
KaHaOiHOIMIB Ta aKTUBHOCTI iXHiX PeLernTopiB. 30Kpema,
BUSIBJIEGHO 3HMKEHHSI CMPOBATKOBUX PiBHIB aHaHAaMimy
(AEA) nopiBHsIHO 3 ocobamu, sIKi He Manu o3Hak [TTCP
ITICJIST TPAaBMYIOUMX IO [68]. AHalOriuyHO, y TAIliEHTIB 3
ITTCP micast BILIMBY TpaBMU CITOCTEPIra€ThCsl 3HUKEHHS
LIMPKYJIIOI0YMX PiBHIB 2-apaxigoHinrniuepuny (2-Al) [69].
LlikaBuM € Te, 110 3HMKEHHS piBHS 2-Al 9K y MuIieii,
TaK iy JIIoJIei, Kopeoe 3 repediibilieHUMU a00 HaaMip-
HO y3araJJbHEHUMHU PeaKIliIMU CTpaxy Ha He3arpo3JMBi
ctumyau [61]. Lle BKasye Ha BaxMBy posb 2-Al sIK ripu-
ponHoro «inbrpa cTpaxy», SKHUH HTOIOMAara€ MO3KY
PO3Pi3HATU peayibHi 3arpo3U Bil HEILLKiIJIMBUX CUTHAJIIB.
Komau piBenb 2-Al 3HMXKEHUI, 1151 30aTHICTb HOPYILIYETh-
csl, 10 IPU3BOAUTH OO HeaJeKBaTHUX peakliiii Ha Oe3-
neudi ctumyau. Kpim toro, y mauientis 3 IITCP cnoc-
TepiraeThbcs 30iTbLIeHHsT HocTynmHocTi CB1-penenTtopis y
Mo3ky [70]. Buia moctynHicte CB1R B MurganenoaioHo-
MY TiJli — KJIIOUOBIiiA 00J1aCTi MO3KY, 110 BiIMOBiga€E 3a 00-
pOOKy cTpaxy, — IOB’s13aHa 3i 3HMXKEHOIO PEaKTUBHICTIO
MUTIAJIETIONIOHOrO TiJIa Ha M’ KM OiTb Ta OLIBIIOIO BU-
PaxKeHiCTIO CUMIITOMIB eMOLIiliHOro oHiMiHHs [70].

4.2. Bnaue duchynkuii EKC na npouecu 3eacanns
cmpaxy, KOHCO4i0auito mpasmamu4Hux cnoz2aoie
ma emouiiiny oucpezyanuiio
EKC Bigirpae KpuTuaHO BaXKJIMBY POJIb Y PETYIISLIiil eMO-
LiiTHOI TTOBEIiHKM Ta € (PyHAAMEHTAJIbHOIO IJISI CUHAII-
TUYHUX MTPOLIECIB, SIKi BU3BHAYAIOTh HABYAHHSI Ta €MOLIilHi
BiIMOBii, OCOOJAMBO Ti, IO CTOCYIOTbCS MOTEHLIHO
tpaBMaTuyHoro nocsiny [71]. [pu [TTCP cniocrepiraers-
csl XapakTepHe MOPYHIEHHS 30aTHOCTI MOCTYMOBO 3MEH-
IIyBaTM €MOILiHY peaklil0 Ha TPaBMOICHHi CTUMYJIH,
BimoMe sIK 3racaHHs ctpaxy [3]. Lle o3Havae, 110 nauieHTH
3 [ITCP He MOXyTh e(peKTUBHO «BiTiBUNTUCS» BiJl CTPAXY
repen CTUMYyJIaMu, sIKi OiJIbllie He CTAaHOBJISITh 3aIPO3U.
ITopymene CB1-curHaitizyBaHHS, 1110 BUHUKA€E Yepe3
nediuuT eHaoKaHabiHOIAIB (HM3bKi PiBHI aHaHAAMiny),
0e3mocepeHbO MPU3BOAUTH 10 MOPYIIECHHS 3racaHHS

4. Dysfunction of the endocannabinoid system

in the pathophysiology of PTSD

Dysfunction of the endocannabinoid system
(ECS) is considered one of the key elements in the
pathophysiology of post-traumatic stress disorder
(PTSD) [68]. This condition may be one of many
mysterious prerequisites that arise due to disrup-
tion of the normal functioning of the ECS.

4.1. Changes in endocannabinoid levels and
receptor activity in PTSD
Studies have consistently shown that people with
PTSD have typical changes in endocannabinoid lev-
els and receptor activity. In particular, a decrease in
serum anandamide (AEA) levels has been found
compared to individuals who did not show signs of
PTSD after traumatic events [68]. Similarly, patients
with PTSD after trauma show a decrease in circulat-
ing levels of 2-arachidonoylglycerol (2-AG) [69].
Interestingly, decreased 2-AG levels in both mice
and humans correlate with exaggerated or overly
generalized fear responses to non-threatening
stimuli [61]. This indicates the important role of
2-AG as a natural «fear filter» that helps the brain
distinguish real threats from harmless signals.
When 2-AG levels are reduced, this ability is
impaired, leading to inappropriate responses to
safe stimuli. In addition, patients with PTSD
show increased availability of CBI1 receptors in
the brain [70]. Higher CBIR availability in the
amygdala, a key brain region responsible for fear
processing, is associated with reduced amygdala
reactivity to mild pain and more severe symptoms
of emotional numbness [70].

4.2. The impact of ECS dysfunction on fear
extinction, traumatic memory consolidation,
and emotional dysregulation
The ECS plays a critical role in regulating emotion-
al behavior and is fundamental to synaptic process-
es that determine learning and emotional respons-
es, especially those related to potentially traumatic
experiences [71]. In PTSD, there is a characteristic
impairment in the ability to gradually reduce the
emotional response to traumatic stimuli, known as
fear extinction [3]. This means that patients with
PTSD cannot effectively «unlearn» their fear of
stimuli that no longer pose a threat.

Impaired CB1 signaling, resulting from a defi-
ciency of endocannabinoids (low levels of anan-
damide), directly leads to impaired fear extinction,
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CTpaxy, MOCUJIEHOI KOHCOJiIalii aBepCUBHUX CITOTaiB
Ta XpOHIYHOI TPMBOTU — BCE 1I€ € KIIFOYOBMMU O3HAKAMM
IITCP [68]. 3HMKeHHsT piBHIB aHaHIaMiLy, 30Kpema,
crpusie 30epexXeHHI0 aBepPCUBHUX EMOLIMHUX CITOTaiB,
IO TIPU3BOAUTH JO IMMOBTOPHOTO MEpeXUBaHHS TpaB-
MU [69]. XpOoHIYHMIT CTpEC TAKOX 3HUKYE 3B’SI3yBaHHS
Tta ekcrpecito CBl-petientopiB y Tirmokami, TijsTHIL
MO3KY, 110 Bimirpae KIIO4YOBY pOJib Yy KOHCOJimalii
nam’aTi [68]. Lle Mae BaxkiuBi HACTIOKM IS JTIKYBaHHS
IITCP, ockinbky mopylieHHs: ()OpMyBaHHSI Ta BilITBO-
PEHHSI ITaM’SITi € IEHTPAIbHUM acIIeKTOM PO3Jay.

Hucpynkuis EKC Takox Moxe 3HAUYHO CIIPUSITHU
EMOLIiIHIN TUCPETYIIALLI, KA € MOIIMPEHUM i BUCHAXK-
nuBuM cumnromoM ITTCP [4].

IMocTiiiHi gaHi Opo 3HUXKEHHS PiBHIB aHaHIAMily Ta
2-AT [59] Ta 3minu B CB1-peuentopax [70] y nali€HTiB
3 [ITCP He € BUMamKOBUMHU CIIOCTepeXKeHHSAMU. BoHM
MiITPUMYIOTH TIillOTe3Y PO «KAiHIMHUI deghiuum eHdoka-
Haoinoidie» (KJE) [68]. Lls rimores3a mocTyiioe, 1110 He-
nJoctatHs akTuBHicTh EKC € (pyHmaMeHTaTbHUM (DaKTo-
pOM y TMaToreHe3i HU3KU cTtaHiB, BkIodatrouu [TTCP. dk-
IO OpraHi3M He BUPOOJISIE HOCTAaTHHO BJIACHUX Ka-
HabiHOIIB AJIsI MIATPUMKM TOMeOoCcTa3y i MOAYJIsILIil CTpe-
Cy, 1€ MMPU3BOAUTD 10 MOPYIIEHHS KJIIOUOBUX MPOIIECIB,
TaKMX SIK 3racaHHsI CTpaxy Ta oOpoOKa TpaBMaTHYHMX
cnorafiB. Ile Hagae cuiibHe paliioHaJbHE OOTPYHTYBaH-
HS 1711 TeparneBTUYHOIO BTPYYaHHS, CIIPSIMOBAaHOIO Ha
MOCUJICHHST €HI0KaHaOiHOIMHOI CUrHaTi3allil.

3HuKeHHs piBHS 2-Al, 1110 KOpesoe 3 MiJBUILEHOIO
y3arajJbHeHicTIo cTpaxy [61], € HpsIMUM NPUKIAAOM
MPUYNHHO-HACTIIKOBOTO 3B’I3Ky MiX OioXiMiYHOIO
aucoyHkuiero EKC ta xapaktrepHUMHN MOBeIiHKOBUMU
nposieamu ITTCP. Ile He mpoOCTO «CUMITOMM», a HACJTi-
JMOK TMOPYIIEHHS MPUPOAHUX MEXaHi3MiB MO3KY, $Ki
BIAIOBiIAIOTh 32 PO3Pi3HEHHSI pealbHUX 3arpo3 BiJ He-
LIKIJJIMBUX CTUMYJIiB. AHAJIOT1YHO, ITiIBMILIEHA aKTUB-
Hictb hepmenty FAAH, 1o posieruioe aHanaamin [68],
MPU3BOAUTD 10 MOr0 3HMKEHHS, 110 Y CBOIO YepTy II0-
ripllye 3racaHHsl TpaBMaTu4HUX cnorafiB. Lle nemMoH-
CTpYE, SIK MOJIEKYISIPHI 3MiHU MOXYTh 0Oe3MocepeaHbo
MPU3BOAUTU 10 KIJIIHIYHUX CUMMOTOMIB, MiAKpPECIIOI0un
MOTEHLiaJ TapreTyBaHHSI LUX MeXaHi3MiB ISl Teparii.

5. TepaneBTHYHHIT MOTEHiaJ KAHAOIHOIIB y JTIKyBaHHI
IITCP

3 orjisiay Ha KJIIOYOBY POJIb €HIOKAHAOIHOITHOI CUCTEMU
B PETYIIALIL CTpecy, eMOIIilf Ta maM sITi, 3poCcTa€ iHTepec
JIO TepareBTUYHOro MOTeHIIialy eK30reHHUX KaHaOiHO-
iniB, Ttakux gk kaHa6imion (KBbJl) Tta TteTparigpoka-
HabiHoa (TT'K), a TakoXX CUHTETUUHUX aHAJIOTiB, Y JiKy-
BaHHi [ITCP.

enhanced consolidation of aversive memories, and
chronic anxiety—all key features of PTSD [68].
Decreased anandamide levels, in particular, con-
tribute to the retention of aversive emotional mem-
ories, leading to re-experiencing of trauma [69].
Chronic stress also reduces CB1 receptor binding
and its expression in the hippocampus, a brain
region that plays a key role in memory consolida-
tion [68]. This has important implications for the
treatment of PTSD, as impaired memory forma-
tion and retrieval are central aspects of the disorder.

ECS dysfunction may also contribute signifi-
cantly to emotional dysregulation, which is a com-
mon and debilitating symptom of PTSD [4].

Consistent data on reduced levels of anandamide
and 2-AG [59] and alterations in CB1 receptors [70]
in PTSD patients are not coincidental observations.
They support the hypothesis of «clinical endo-
cannabinoid deficiency» (CED) [68]. This hypothe-
sis posits that insufficient ECS activity is a funda-
mental factor in the pathogenesis of a number of
conditions, including PTSD. If the body does not
produce enough of its own cannabinoids to main-
tain homeostasis and modulate stress, this leads to
disruption of key processes such as fear extinction
and traumatic memory processing. This provides a
strong rationale for therapeutic interventions aimed
at enhancing endocannabinoid signaling.

Decreased 2-AG levels, which correlate with
increased fear generalization [61], are a direct exam-
ple of the causal link between biochemical ECS dys-
function and characteristic behavioral manifesta-
tions of PTSD. These are not just «symptoms,» but
the result of a disruption in the brain’s natural mech-
anisms responsible for distinguishing real threats
from harmless stimuli. Similarly, increased activity
of the enzyme FAAH, which breaks down anan-
damide [68], leads to its depletion, which in turn
impairs the fading of traumatic memories. This
demonstrates how molecular changes can directly
lead to clinical symptoms, highlighting the potential
for targeting these mechanisms for therapy.

5. Therapeutic potential of cannabinoids in the
treatment of PTSD

Given the key role of endocannabinoid system in
regulating stress, emotions, and memory, there is
growing interest in therapeutic potential of exoge-
nous cannabinoids, such as cannabidiol (CBD)
and tetrahydrocannabinol (THC), as well as syn-
thetic analogues, in the treatment of PTSD.
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5.1. Kanabidioa (KB/]): Mexanizmu 0ii, Kainiuni oani
1000 edhekmuenocmi ma npoiav de3nexu

Mexanizm 0ii. Kanabimion (KbJ/l) € HernmcuxoakKTMBHUM
KOMITOHEHTOM POCJIMHU KaHabic, 1110 Bipi3HSIE MOro Bif,
TIK [57, 58]. Woro mexaHi3mu mii ckiIamHi Ta He 10
KiHLIs1 3p0o3yMiJti, ocKiabku KBl Moxe BIIMBaTU Ha MO-
Haja 65 MoJieKyJIsIpHUX MillleHeit B opranizmi [72]. KB/,
monymoe aisnbHicTh EKC, He Oyayyn mpsiMUM aroHic-
toM CB1 uyn CB2 peuenTopiB, aje MOXe OisITU SIK Hera-
TUBHUU aJIOCTEpUYHUI MOJYJISITOP LIMX pelenTopis [22].
BaxuimBuM MexaHi3MOM € HOro 34aTHICTh MOCUIIOBATU
piBeHb BJIAaCHUX KaHaOiHOIMIB OpraHi3My ILISIXOM
iHTiOyBaHHS (DepPMEHTIB, BiIMOBiAAJIBLHMUX 3a iX pO3Ia,
takux Sk FAAH [68]. Kpim Toro, KBJI akTuBye perer-
topu TRPVI, ski 6epyThb yyacTh y peryisiii 00110, 3ana-
JIGHHSI Ta TeMIIepaTypHOiI UyTJIMUBOCTI, a TAKOX CTUMY-
Joe cepoToHiHOBI peuentopu 5-HTI1A, mo cnpuse
3MEHIIEHHIO TPUBOXHOCTI, IMOKpAIIEHHIO HACTPOIO Ta
perynsiii cHy [73].

Egexmusrnicmo. JlocnimkeHHs MoKa3yioTh, 110 KBJI Mae
noteHuian y nigrpumi atoaeit 3 ITTCP. Bin moxe 3HMXKY-
BaTU IHTEHCHUBHICThb ielbekiB, HiYHMX KOILMapiB Ta
HagMmipHoro 30ymxeHHs [57, 59, 63—65, 68—72]. ¥V
KJTIHIYHUX CIIOCTEPEXEHHSIX MalliEHTH BiI3HAYaaIu 3MEH-
IIEHHS TPWBOXKHOCTI, IMOKpAILEHHS CHY, ITOJIETIICHHS
coliajtizalii, TPUIIMHEHHS HaB SI3JIMBOTO ITPOKPYYyBaHHSI
CcrorajiB, MOCUJEHHSI 3racaHHSl TpaBMYHOUMX CIIOraiiB,
MOKpAILeHHST SICHOCTI MUCJICHHS Ta 3arajibHy cTabifiza-
1ito Hactporo [57, 59, 63—65, 68—72]. IlinotHe peTpoc-
neKTuBHE pociimkeHHs 11 nopocnux nauieHriB 3 ITTCP
MoKa3aJIo 3HKeHHs TspkkocTi cumitomiB [ITCP Ha 28 %
micns 8 TwKHiB npuiioMy nepopaibHoro Kb/, mpuyomy
91 % mauieHTiB Bimuy/v mokpareHHs |74]. PannomizoBa-
HE IIIale00-KOHTPOIbOBAHE MOCHIIKEHHSI IIPOISCMOH-
cTpyBaso, mo omHopa3osa 1o3a Kb/I (300 Mr) 3mMeHIITYBa-
JIa TPMBOXKHICTb Ta KOTHITUBHI MOPYILISHHS, CIIPUYMHEH1
MpUragyBaHHsIM TpaBMaTW4YHOI mofii, y mauieHTiB 3 [ITCP,
SKIIO TpaBMa He Majla CeKCyaJlbHOro xapakrtepy [75].
HocnigkeHHs1 Ha MUIIaX TakoxX miarBepauau, 1o Kb
3MeHIrye cuMmnTomu, cxoxki Ha [TTCP, i mopyirye mam’sitb
MpO TpaBMAaTUYHUIA CTpaxX, He3aJIeXKHO Bill Yacy BBEICHHS
(mo, mix yac abo micjist MOBTOPHOTO BILIUBY) [76].

Ilpoghins b6esnexku ma nobiuni ecpexmu. Kb/l 3aramom
Jo0Ope TepeHOCUTHLCST Ta Ma€ HU3bKY TOKCUUHICTD [21].
ITo6iuHi edexTH, K MpaBuUIo, Jerki Ta 40303aJeXHi, i
MOXYTh BKJIIOUYATH: 3HVKCHHS alleTUTY, diapelo, COH-
JINBiCTh, BTOMY, ITOPYIIIEHHS CHY, a TAKOXK ITiJABUIIECHHS
neviHkoBux TpaHcaminas (AJIT i ACT) npu BUCOKUX
no3ax (10—20 mr/kr/aens) [22, 59, 64, 72]. Baxnuso,
mo KB/l He BUKIMKA€E 3BUKAHHS ab0 3MiHU CBigO-
MocTi [74].

5.1. Cannabidiol (CBD): Mechanisms of action,
clinical data on efficacy and safety profile
Mechanism of action. Cannabidiol (CBD) is a non-
psychoactive component of the cannabis plant,
which distinguishes it from THC [57, 58]. Its mech-
anisms of action are complex and not fully under-
stood, as CBD can affect more than 65 molecular
targets in the body [72]. CBD modulates ECS activ-
ity without being a direct agonist of CB1 or CB2
receptors, but may act as a negative allosteric mod-
ulator of these receptors [22]. An important mech-
anism is its ability to increase the body’s own
cannabinoid levels by inhibiting the enzymes
responsible for their breakdown, such as FAAH [68].
In addition, CBD activates TRPVI receptors,
which are involved in the regulation of pain, inflam-
mation, and temperature sensitivity, and stimulates
5-HTI1A serotonin receptors, which helps reduce
anxiety, improve mood, and regulate sleep [73].

Effectiveness. Studies show that CBD has potential
in supporting people with PTSD. It can reduce the
intensity of flashbacks, nightmares, and excessive
arousal [57, 59, 63—65, 68—72]. In clinical observa-
tions, patients reported reduced anxiety, improved
sleep, easier socialization, cessation of intrusive
replaying of memories, increased fading of traumat-
ic memories, improved clarity of thinking, and
overall mood stabilization [57, 59, 63—65, 68—72].
A pilot retrospective study of 11 adult patients with
PTSD showed a 28 % reduction in PTSD symp-
tom severity after 8 weeks of oral CBD administra-
tion, with 91 % of patients experiencing improve-
ment [74]. A randomized placebo-controlled
study demonstrated that a single dose of CBD (300
mg) reduced anxiety and cognitive impairment
caused by recall of a traumatic event in patients
with PTSD, provided the trauma was not sexual in
nature [75]. Studies in mice have also confirmed
that CBD reduces PTSD-like symptoms and dis-
rupts traumatic fear memory, regardless of the tim-
ing of administration (before, during, or after re-
exposure) [76].

Safety profile and side effects. CBD is generally
well tolerated and has low toxicity [21]. Side
effects are usually mild and dose-dependent and
may include: decreased appetite, diarrhea, drowsi-
ness, fatigue, sleep disturbances, and elevated liver
transaminases (ALT and AST) at high doses
(10—20 mg/kg/day) [22, 59, 64, 72]. Importantly,
CBD does not cause addiction or alter conscious-
ness [74].
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5.2. Tempaciopoxanaobinoa (TI'K) ma cunmemuuni
anaaoeu (Habiaon): mexanizmu 0ii, 02410 KaiHiuHux
docaidicens, epekmueHicmo, nodiuHi eghekmu ma pusuxu
Mexanizm dii. TTK € 0OCHOBHUM ICUXOaKTUBHUM KOM-
MoHeHTOM KaHabicy [77]. BiH Ge3nocepenHbO aKTUBYE
CBl-peuentopy B MO3KY, 3MiHIOIOYHM PpOOOTY HeEUpo-
MeaiaTopiB, TakKux sIK JodaMiH, CEpOTOHIH i IlyTamar,
110 BUKJIMKAE BimuyTTa eiiopii Ta MOKpalieHHsT HACT-
poto [77]. Takox TT'K mozke 3MeHIIyBaTH peaKTUBHICTb
MUTJAIENONIOHOrO Tijla Ha 3arpOo3JIMBi CTUMYJIH, IO €
BasKJIMBUM JJTST peTyJsiiii ctpaxy [78].

Egpexmusnicms. JlessKi mOCHiIXKeHHS MOKa3ylOThb, 1110
TI'K Moxe cnpusgTy 3aCMHAHHIO, OCOOJIMBO Y JIOAEH 3
06e3coHHsM [79]. Y nocnigxeHHi 150 xxutenis Konaopano
3 I[ITCP, yuacHukH, SIKi BXXMBaJIM KaHaOic (BKITIOYalOuMn
TI'K), y 2,57 pa3a yacriiie nepecraBajy BinmoBimaTu
kputepisM [TTCP 3a DSM-5 nopiBHSIHO 3 TUMU, XTO HE
BXuBaB kaHabic [80]. CucrteMaTUUYHUI OTIJISIA TaKOX
BKa3ye, 110 MeIW4Hi KaHabiHoinu, Bkawovarouu TTK,
MOXYTb IMOKpaliryBaTtu 3arajibHi cummntoMu ITTCP i crie-
M@ivHi TpobaeMu, Taki SIK po3Jiagu CHY Ta rirnep3oy-
KeHHs [81]. HabinoH, cunTtetnunuii aHanor TT'K, mo-
Ka3zaB MO3UTUBHI pe3yJbTaTu y JIiKyBaHHi CUMIITOMIB,
nop’s13anux 3 IITCP, 3o0kpema, OifbILIICTh y4aCHUKIB
nociimkeHHst (72 %) MOBIIOMWIM PO TOBHE TPUITH-
HEHHsI a00 3MEHIICHHS TSLKKOCTI pelUIUBHUX HIYHMX
KomrMmapiB [82]. Takox Big3Hayvaocst MOKpalleHHs Jacy
cHy [83].

Tlo6iuni egpexmu ma puzuxu. TI'K Moxe BUKIMKATH
eidopito, TMUMYAcOBe 3HUXKEHHSI TPUBOXHOCTI (abo ii
3arOoCTPEHHSI IIPU BUCOKMUX J03aX), a TaKoX 3MiHU Yy
CIIPUIHATTI peanbHOCTI, maM’aTi Ta yBasi [80]. TpuBane
BXXMBaHHSI MApUXYaHU Ma€ HeraTuBHI e(eKTH Ha KOPOT-
KOTpMBaJly, a MOTiM i HAa JOBrOTPUBAIY IaM’ SITh, 3HUXKY-
oYM KOTHITMBHI 3miOHOocTi [77]. CUHTETMYHI Ka-
HabiHoiaM, Taki gK Spice Ta K2, € BKpail TOKCUUHUMH,
HeOe3NeYHNMH Ta HE BUKOPMCTOBYIOTBCSI B MEIMYHIM
MpaKTULi Yepe3 CUIbHile 3B’S13yBaHHS 3 PELICIITOPAMH i
HEIOCTAaTHIO KiJIBKICTh (PEPMEHTIB IS IXHBOTO MeETa-
oonizmy [84]. 3aranbHi mobiuHi epexktn TI'K Ta Kka-
HaOiHOIiB MOXYTh BKJIIOUYATHU: 3alTaMOPOUYEHHSI, CYXiCTh
y POTi, HyOOTY / OJI0BaHHS, BTOMY, COHJIMBICTb, BTpaTy
piBHOBaru, rajtoluHallil, TPMBOXHICTb, KallleJb, 3HU-
JKeHY KOOpIMHallito, eficopito, 1e30pi€HTallil0 Ta CILTy-
TaHiCTh cBimoMocCTi [84]. XpoHiuHe BXXMBaHHS KaHaOicy
MOB’sI3aHe 3 PU3MKOM PO3BUTKY IICUX03y (OCOOIMBO Y
TeHETUYHO BpasIWBHUX 0cCi0), Jempecii, cyinummaabHOI
MOBEIIHKU, a TAKOX 3aJIeKHOCTI 3 KIIIHIYHO 3HAYYIIIUM
cuHapoMoM BiaMiHM [85]. HoBroctpokoBa edeKTUB-
HICTh (hbapMaKOJIONIYHOTO KaHabicy 3alMIIAEThCS ITifl
MMUTAHHSIM, OCKIJIbBKM B IESIKUX TOCTIIKEHHSIX 3 YaCOM

5.2. Tetrahydrocannabinol (THC) and synthetic
analogues (Nabilone): Mechanisms of action, review
of clinical studies, efficacy, side effects, and risks
Mechanism of action. THC is the main psychoac-
tive component of cannabis [77]. It directly acti-
vates CB1 receptors in the brain, altering the
action of neurotransmitters such as dopamine,
serotonin, and glutamate, causing feelings of
euphoria and improved mood [77]. THC may also
reduce the amygdala’s reactivity to threatening
stimuli, which is important for regulating fear [78].

Effectiveness. Some studies show that THC may
promote sleep, especially in people with insom-
nia [79]. In a study of 150 Colorado residents with
PTSD, participants who used cannabis (including
THC) were 2.57 times more likely to no longer
meet the DSM-5 criteria for PTSD compared to
those who did not use cannabis [80]. A systematic
review also indicates that medical cannabinoids,
including THC, may improve general PTSD
symptoms and specific problems such as sleep dis-
orders and hyperarousal [81]. Nabilone, a synthet-
ic analogue of THC, has shown positive results in
treating PTSD-related symptoms; in particular,
the majority of study participants (72 %) reported
a complete cessation or reduction in the severity of
recurrent nightmares [82]. Improvements in sleep
duration were also noted [83].

Side effects and risks. THC can cause euphoria,
temporary reduction in anxiety (or its exacerba-
tion at high doses), as well as changes in percep-
tion of reality, memory, and attention [80]. Long-
term marijuana use has negative effects on short-
term and then long-term memory, reducing cogni-
tive abilities [77]. Synthetic cannabinoids, such as
Spice and K2, are extremely toxic, dangerous, and
not used in medical practice due to their stronger
binding to receptors and insufficient enzymes for
their metabolism [84]. Common side effects of
THC and cannabinoids may include: dizziness,
dry mouth, nausea/vomiting, fatigue, drowsiness,
loss of balance, hallucinations, anxiety, coughing,
impaired coordination, euphoria, disorientation,
and confusion [84]. Chronic cannabis use is asso-
ciated with a risk of developing psychosis (espe-
cially in genetically vulnerable individuals),
depression, suicidal behavior, and dependence
with clinically significant withdrawal syndrome
[85]. The long-term efficacy of pharmacological
cannabis remains questionable, as some studies
have observed delayed negative effects over time,
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criocTepiraavcs BiICTpoYeHi HeraTUBHI HACJIiAKU, TaKi SIK
JeMPEeCUBHI €301, 3J0BXMBAHHS aJIKOroJieM, ITOCH-
JICHHS iHTpY3iil Ta BUMTAJAKKU BTpaTH caMOKOHTpoio [80].

Kniniuni docaioncenns. baraTo HasiBHUX NOCIiTKEHb
TI'K € kopensiiiHUMU Ta obcepBallilHUMU, 3 TTOMIT-
HOIO HeCTayelo BEJIUKHUX PaHAOMi30BaHUX KOHTPOJIbO-
Banux pociimkenb (PK/) [86]. Xoua nesiki PK] Habi-
JIOHY TIOKa3aJii OOHAAINMIMBI pe3yJabTaTh 1040 HiYHUX
KoimapiB [82], HeoOXimHi MOJATKOBiI KOHTPOJbOBaHI
JOCTiIKEHHS IJIs1 TiATBEPJKEHHS 1IUX BUCHOBKIB [82].
Hocmimkenas HabinoHy (cuHTeTuHOTO aHajora TT'K) y
BetepaHiB 3 [ITCP (NCT03251326) Hapa3i 3HaXOIUThCS
B CTalii «aKTUBHE, He Habupae» [87].

5.3. Ineioimopu ghepmenmy FAAH: Mexanizmu 0ii ma
nepcnekmueu K ao’r08anmuoi mepanii 043 NOCUAEHHS
3eAcaHHA cmpaxy

Mexanizm dii. Tarioitopu pepmenty FAAH (Fatty Acid
Amide Hydrolase) € kiacom CIToNyK, sIKi MigBUIIYIOTh
piBeHb eHJOoKaHabiHoiny aHaHmaMinmy, ockinbku FAAH
BiAmoBigae 3a ioro posueruieHHs [88]. IlimBuieHHS
piBHSI aHaHIAMioy MOXe MOCWUJIUTU BiluyTTs OJarorno-
JIy4dsT Ta MOMYJISILII0 HACTPOIO, 110 € TEOPETUIHO IIPH-
BaOsmBuM s JlikyBaHHs [ITCP [89].

Ilepcnekmueu ma pezyavmamu docaioxcerv. JJoKITiHIUHI
Ta KJIiHiYHi JaHi cBimyaTh, 110 iHriditopu FAAH MoXyTb
MaTW aHKCIOJITUYHiI BJACTUBOCTI Ta MOKpallyBaTu
nam’sITh Ipo 3racaHHs cTpaxy [90]. JocimkeHHs Ha 11y-
pax mokaszanu, 1o iHriditopu FAAH 3MeHIyoTh Tpu-
BOXHICTb, CHPpUUYMHEHY cTpecoM [91]. OpHak HeloaaBHE
xiiniuae pocmimkeHas (NCT040382500) 3 iaridiTopom
FAAH JNJ-42165279 y nauienTis 3 [ITCP (N = 100) mo-
KazaJio, 1110 Xoya iHribiTop miaBuiyBaB piBeHb AEA, BiH
He MaB 3Ha4yHOro BIIMBY Ha cumnToMu ITTCP a6o BTO-
PUHHI TIOKa3HUKM (IeTIpecist, TpuBoOra, SIKiCTb CHY) V
noeaHaHHi 3 iHTepHeT-KBT [92]. Lle cBimuuTh, 110
inrioyBanHsa FAAH, MoX/11BO, He € peieBaHTHOIO a1 '10-
BaHTHOIO Teparieto s nocuneHHs KbT npu ITTCP.

BaxxnmuBo 4itko po3pizusaru kaHao6igion (Kb/I), ter-
parigpokaHa6inon (TT'K) ta inridiropu FAAH. KB/,
OyayyM HEMncuxoakKTUBHUM Ta moayaowuum EKC, mae
iHIMA npodinb 0e3MeKu Ta MeXaHi3M [Iii MMOPiBHSIHO 3
TI'K, axuii € micuxoaktuBHUM aroHictom CB1 [71, 84].
Inricitopu FAAH, y cBOIO 4epry, mpaiioTh 3a paxyHOK
MiABUILEHHS eHAOreHHuX KaHabiHoimiB [92]. Ile He
OpPOCTO Pi3Hi peYOBMHU, a Pi3Hi TepameBTUYHI CTpa-
terii, mo BrmBaioTh Ha EKC pisnumn nmuisxamu. Po-
3YMiHHSI LIUX BiAMiHHOCTEH € KJIIOUOBHUM JJISI OLIHKU
IXHBOTO TepaIlleBTUYHOTO ITOTEHIIIaNTY i yHUKHEHHS y3a-
rajpHeHb 1I0J0 «KaHabiCcy» SIK €IMHOTrO JiKyBaJbHOTO
3aco0y.

such as depressive episodes, alcohol abuse,
increased intrusive thoughts, and loss of self-con-
trol [80].

Clinical studies. Many of the available studies on
THC are correlational and observational, with a
notable lack of large randomized controlled trials
(RCTs) [86]. Although some RCTs of nabilone
have shown promising results for nightmares [82],
additional controlled studies are needed to con-
firm these findings [82]. A study of nabilone (a
synthetic analog of THC) in veterans with PTSD
(NCT03251326) is currently active but not recruit-
ing [87].

5.3. FAAH inhibitors: Mechanisms of action and
prospects as adjuvant therapy to enhance fear
extinction

Mechanism of action. FAAH (Fatty Acid Amide
Hydrolase) inhibitors are a class of compounds that
increase levels of the endocannabinoid anandamide,
as FAAH is responsible for its breakdown [88].
Increasing anandamide levels may enhance feelings
of well-being and mood modulation, which is theo-
retically attractive for the treatment of PTSD [89].

Prospects and research results. Preclinical and clin-
ical data suggest that FAAH inhibitors may have
anxiolytic properties and improve fear extinction
memory [90]. Studies in rats have shown that FAAH
inhibitors reduce stress-induced anxiety [91].
However, a recent clinical trial (NCT040382500)
with the FAAH inhibitor JNJ-42165279 in patients
with PTSD (N = 100) showed that although the
inhibitor increased AEA levels, it had no significant
effect on PTSD symptoms or secondary outcomes
(depression, anxiety, sleep quality) when combined
with internet-based CBT [92]. This suggests that
FAAH inhibition may not be a relevant adjuvant
therapy to enhance CBT for PTSD.

It is important to clearly distinguish between
cannabidiol (CBD), tetrahydrocannabinol (THC),
and FAAH inhibitors. CBD, being non-psychoac-
tive and modulating the ECS, has a different safety
profile and mechanism of action compared to
THC, which is a psychoactive CB1 agonist [71, 84].
FAAH inhibitors, in turn, work by increasing
endogenous cannabinoids [92]. These are not just
different substances, but different therapeutic
strategies that affect the ECS in different ways.
Understanding these differences is key to assessing
their therapeutic potential and avoiding generaliza-
tions about «cannabis» as a single therapeutic agent.
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JloxJiHiuHi JaHi NEPEeKOHIUBO CBiIUaTh MPO MOTEHIIia
iHriditopiB FAAH y mocuieHHi 3racaHHsI CTpaxy Ta 3MeH-
IIIEHHI TPUBOXHOCTI, 11O pPOOUTH iX IPUBAOIUBOIO
mimenHo i IITCP [93]. OnHak HelogaBHI KIiHIYHI
BUITPOOYBaHHSI MTOKa3aJW BiICYTHICTb 3HAYHOTO €(heKTy
Ha cumnTomu ITTCP, He3Baxkarouu Ha MiABUILIEHHS PiBHS
aHaHmaminy [92]. Lleii mapamokc BHMAara€ IMOHaIbIIIOrO
JOCTimKeHHs1. MOXIMBI TIPUUMHU BKJTIOYAIOTh: HEIO0C-
TaTHIO A03Y, BIAMiHHOCTI Y MOJIEJISIX 3aXBOPIOBaHHS (TBa-
PUHM TIPOTU JIOJEi), KOMOpPOiaHi cTaHu, abo Te, 11O
OiABUILIEHHS JUIIE aHaHJaMiny MoxXe OyTU HedOoCTaTHIM
nns KomruiekcHoro sikyBaHHsa IITCP, ske Bkitoyae
0e3J1i4 CUMIITOMIB, 1110 He MOBHICTIO OMOCcepeaKOBaHi J1-
e nuM issxoM. Ie minkpeciitoe CKIaaHiCTh TpaHCSILIL
JOKJIIHIYHUX PE3yabTaTiB y KJiHIYHY ITPAKTHUKY.

6. IlopiBHsIbHA eheKTHBHICTD TA Oe3MmeKa KaHAOIHOImiB
NpOTH CTAaHAAPTHUX MeToiB JikyBauns [ITCP

OniHka TepaneBTUYHOIO TTOTeHIIiay KaHaOiHOIIiB BU-
Mara€ TOPiBHSHHS IXHBOI €(PEeKTUBHOCTI Ta Mpodinio
0e3MmeKku 3i CTaHIapTHUMU, BXXE€ 3aTBEPIXKEHUMM METO-
namu JikyBaHHs [TTCP.

6.1. Ilopienannsa 3 ncuxomepaniero ma 3ameepoyceHumu
tapmaxroaociunumu npenapamamu (CI33C)
Ilcuxotepanisa. TpaBModoKycyloui mncuxorepanii, Taki
SIK TIPOJIOHTOBaHAa €KCIIO3MLIiiiHa Tepallisi, BBaXKarThCsl
nepuuoro Jidiero aikyBaHHs [ITCP i mociainoBHO JeMOH-
CTPYIOTB CBOIO epeKTUBHICTH [2, 4, 19, 29, 36]. Lli migxo-
I CIIPSMOBaHI Ha ITOHOJIAHHSI MPWYMHU pO3JIaLy Ta
«apxiByBaHHS» TpaBMaTWYHUX CITOTafiB, 110 € (pyHma-
MEHTaJIbHUM IJIs1 ofy>kaHHs [19, 20].

CI33C. CeptpalliH Ta MIapOKCETUH € MpernapaTaMu rnep-
woi JiHii, cxaneHumMu FDA nng nikysanHst ITTCP [2].
BoHu nokazanu e@eKTUBHICTb Y KOPOTKOCTPOKOBUX
BUINPOOYBaHHAX (6—12 TWKHIB) 1 30aTHI 3MEHIIYBaTU
YacTOTY PELMAMBIB MpU TPUBAJIOMY 3acTocyBaHHi [20].
OnHak, iXHs e(PEKTUBHICTbh HE 3aBXI1 MOBHA: TOKA3HM -
KU BiIryKy pinko mepesuinyots 60 %, a ToBHa peMmicis
nocsiraeTbest MeHII HiX y 30 % nauienTis [18, 19]. Kpim
toro, CI33C maroTh HU3KY MOOIYHUX e(eKTiB, 1110 00-
MEXYIOTh iIXHE BUKOPHUCTAHHSI, BKIIOYAIOUM [TOPYIICHHS
CHY, COHJIMBICTb, CEeKCYaJIbHY AUCOYHKIIIIO, 30iTbIIeHHS
MacH Tila Ta CUMIOTOMM BigMiHu [20].

Kanaobinoiou. Ha Biaminy Bim CI33C, kaHabGimion
(KBb/I) mae He3HauHi moOiuHi edextu [21]. HocmiakeH-
Hs1 Ha MuIax mokasanu, mo Kb/ (10 mMr/xr) epekTus-
HO ToJierinyBaB cuMmntomu, cxoxi Ha TITCP, ta mopy-
IIyBaB ITaM’sITh PO TPAaBMAaTUYHUIL CTpax, HE3aIEXKHO
BiJ yacy BBeAeHHSs (1o, Mmia yac abo micjsi ITOBTOPHOTO
BIUIMBY) [76]. Haromicth, ceprpamin (15 mr/kr) OyB

Preclinical data strongly suggest the potential of
FAAH inhibitors to enhance fear extinction and
reduce anxiety, making them an attractive target
for PTSD [93]. However, recent clinical trials have
shown no significant effect on PTSD symptoms
despite increased anandamide levels [92]. This
paradox requires further investigation. Possible
reasons include: insufficient dosage, differences in
disease models (animals vs. humans), comorbid
conditions, or that an increase in anandamide
alone may be insufficient for the complex treat-
ment of PTSD, which involves multiple symptoms
that are not entirely mediated by this pathway
alone. This highlights the complexity of translating
preclinical findings into clinical practice.

6. Comparative efficacy and safety of cannabinoids
versus standard treatments for PTSD

Assessing the therapeutic potential of cannabi-
noids requires comparing their efficacy and safety
profile with standard, already approved treatments
for PTSD.

6. 1. Comparison with psychotherapy and approved
pharmacological agents (SSRIs)

Psychotherapy. Trauma-focused psychotherapies,
such as prolonged exposure therapy, are considered
the first line of treatment for PTSD and have con-
sistently demonstrated their effectiveness [2, 4, 19,
29, 36]. These approaches aim to address the cause
of the disorder and «archive» traumatic memories,
which is fundamental to recovery [19, 20].

SSRIs. Sertraline and paroxetine are first-line
drugs approved by the FDA for the treatment of
PTSD [2]. They have been shown to be effective in
short-term trials (6—12 weeks) and are capable of
reducing the frequency of relapses with long-term
use [20]. However, their effectiveness is not always
complete: response rates rarely exceed 60 %, and
complete remission is achieved in less than 30 % of
patients [18, 19]. In addition, SSRIs have a num-
ber of side effects that limit their use, including
sleep disturbances, drowsiness, sexual dysfunc-
tion, weight gain, and withdrawal symptoms [20].

Cannabinoids. Unlike SSRIs, cannabidiol (CBD)
has few side effects [21]. Studies in mice have
shown that CBD (10 mg/kg) effectively alleviated
PTSD-like symptoms and disrupted traumatic fear
memory, regardless of the timing of administration
(before, during, or after re-exposure) [76]. In con-
trast, sertraline (15 mg/kg) was only effective when
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e(eKTUBHUM JIMIIIE TPU BBEIEHHI Oe3M0CepeIHbO MEPE
noBediHKOBUM TecTtoM [76]. KBl TakoxX MNpoaeMOH-
CTPYBaB 3JaTHICTb 3MEHIIIYBaTU KOHCOJiallil0, BiATBO-
PEHHS Ta PeKOHCOJimallilo maM’aTi TIpo TpaBMaTUYHUN
cTpax, TOIi SIK CepTpalliH BIIMBAB JIMIIIE HA BiITBOPEH-
H4 [76]. Lle BKa3ye Ha MOTEHLIMHO IIUPIINIA CIIEKTP Ail
KB/l Ha mpouecu mam’sITi, TTOB’sI3aHi 3 TpaBMOIO.

6.2. Poab kanabinoioie sk donomixcnoi mepanii

BaxuiuBo miakpecianuTu, 1o KaHa0iHOIAM HEe MO3ULIIOHY -
IOThCSI SIK 3aMiHa iCHYIOUUM, JOBEIEHUM METOoJaM JIiKy-
BaHHs IITCP (nmcuxorepamnis, CI33C), a ckopimie K
MOTEeHUiHI an’toBaHTHI 3acoou [74, 79, 81, 84]. e po-
3yMiHHSI TPYHTYETbCSI Ha OOMEXKEHOCTi IMOTOUYHUX J0-
Ka3iB IIOJO CaMOCTIiIfHOI e(eKTMBHOCTI KaHaOiHOImiB
MOPiBHSHO i3 «30JI0TUM CTaHIAPTOM» PaHIOMi30BaHMX
KOHTpoJboBaHUX nociaimxkeHb miass CI33C [20] Ta ncu-
xorepanii. OgHak, 3 OISy Ha 3HAYHUIA BiACOTOK
MNAali€HTIB, SIKi HEe pearyloTh Ha CTaHIApTHE JIiKyBaHHSI
abo MaTh HellepeHOoCUuMi 1o0iuHi edpexTu [18, 19], Ka-
HabiHOIAM MOXYTb 3alIOBHUTU IO MPOTaJIMHY, TTOKpa-
IIYIOYX SIKICTh KUATTS Ta 3MEHIIYIOUM CHUMIITOMM, SIKi
MOTaHO KOHTPOJIOIOTHCS IHIIMMM 3acobamMu (HarpuK-
JIaJ, HiYHi KOIIMapu, TPUBOXHICTb) [79].

JocninkeHHs MOKa3yloTh, 110 BXKMBaHHS KaHabicy mif
yac tepanii [IITCP moxe He nepelKoaKaTu JIiKyBaHHIO,
a TpaBMOQOKYCYIOUi METOIM 3aTMIIAIOTHCS e(DeKTUBHM-
MU HaBiTb JJIS1 TUX, XTO BXUBa€ KaHabic [94]. Lle € Bax-
JIMBUM BMCHOBKOM ISl KJIiHIYHOI MTPAaKTUKM, OCKIJIbKU
paHillie iCHyBaJIM TOOOIOBAaHHS, 1110 BXKMBaHHSI KaHa0Oicy
MOX€e 3HMXXYBaTU MPUXWILHICTL A0 Teparii abo morip-
1IyBaTH ii pe3yJIbTaTHu.

Kanab6inoigni meanuni npoayktu (KMII) MoxyTh
BifirpaBaTH poJib y 3a10BOJIEHHI HE3aJ0BOJEHUX MTOTPEO
y JIiKyBaHHi, 0COOJIMBO y HaLli€EHTIB 3 KOMOPOiAHOO Jer-
peciero, ne KMII nokaszanu Oinblly e(@eKTHUBHICTh Y
3MeHIneHHi cumrntomatuku [ITCP [22]. Lle € 3HauHUM
JMOCSITHEHHSIM, OCKiJIbKM KOMOpOigHa Aempecis 4acTo
3HIKYE e(pEeKTUBHICTh TPaBMOMOKYCYIOUOi IICUXOTe-
parii. JIk11o KaHabiHOIIM MOXKYTh OJHOYACHO BIJIMBATH
Ha cumnTomu aenpecii Ta ITTCP, 1ie BkKa3ye Ha iXHili mo-
TEHLIial SIK «TPaHCAiarHOCTUYHUX» 3aC00iB, 1110 MOXYTb
OyTH e(peKTUBHUMM JIJTS TIEPEXPECHUX CUMIITOMIB, SIKi €
CcHiIbHUMU 1151 000X posnaniB [22]. Lle BinkpuBae muisax
JIJIsl IepCOHaJi30BaHO1 MEAULIMHMU, e JIiIKyBaHHSI OOU-
paeTbCs 3 ypaxXyBaHHSM YCHOIO CIIEKTPY CUMIITOMIB
Mnalji€HTa, a He JIMIIe OCHOBHOIO AiarHo3Yy.

J7151 HAOUHOTO TTOPiBHSIHHSI OCHOBHMX T€ParieBTUUHUX
nigxoaiB po JjikyBaHHs IITCP, Bkioyaroum ixHi Me-
XaHi3MM, cTaTyc, e(MEeKTMBHICTb, MOOIYHI edeKTUu Ta
piBeHBb JOKA30BOCTI, HaBeAeHo Taomuio 2 [4, 7, 22, 57,

administered immediately before the behavioral
test [76]. CBD also demonstrated the ability to
reduce the consolidation, retrieval, and reconsoli-
dation of traumatic fear memories, whereas sertra-
line only affected retrieval [76]. This indicates a
potentially broader spectrum of action of CBD on
trauma-related memory processes.

6.2. Role of cannabinoids as adjunctive therapy

It is important to emphasize that cannabinoids are
not positioned as a replacement for existing,
proven treatments for PTSD (psychotherapy,
SSRIs), but rather as potential adjuvants [74, 79,
81, 84]. This understanding is based on the limited
current evidence regarding the standalone efficacy
of cannabinoids compared to the «gold standard»
of randomized controlled trials for SSRIs [20] and
psychotherapy. However, given the significant per-
centage of patients who do not respond to standard
treatment or have intolerable side effects [18, 19],
cannabinoids may fill this gap by improving quali-
ty of life and reducing symptoms that are poorly
controlled by other means (e.g., nightmares, anxi-
ety) [79].

Studies show that cannabis use during PTSD
therapy may not interfere with treatment, and
trauma-focused techniques remain effective even
for those who use cannabis [94]. This is an impor-
tant finding for clinical practice, as there have
been concerns that cannabis use may reduce
adherence to therapy or worsen outcomes.

Cannabinoid medical products (CMPs) may
play a role in meeting unmet treatment needs,
particularly in patients with comorbid depres-
sion, where CMPs have shown greater effective-
ness in reducing PTSD symptoms [22]. This is a
significant achievement, as comorbid depression
often reduces the effectiveness of trauma-
focused psychotherapy. If cannabinoids can
simultaneously affect symptoms of depression
and PTSD, this indicates their potential as
«transdiagnostic» agents that may be effective for
cross-symptoms common to both disorders [22].
This paves the way for personalized medicine,
where treatment is chosen based on the patient’s
full range of symptoms, not just the primary
diagnosis.

For a visual comparison of the main therapeutic
approaches to PTSD treatment, including their
mechanisms, status, efficacy, side effects, and level
of evidence, see Table 2 [4, 7, 22, 57, 59, 62, 64,
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67, 71, 72, 74, 79-84, 92, 94, 95, 97—99]. The
summary of clinical evidence on the potential use

59,62,64,67,71,72,74,79—-84,92, 94, 95, 97-99]. 3Be-
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JIeH1 KJIIHIYHi JoKa3! 11010 MOXKJMBOCTEH 3aCTOCYBaH-

of medical cannabis for neuropsychiatric condi-
tions associated with military service is shown in

HsI MEIMUYHOro KaHabicy IMpu HEUPOIICUXiaTPUUHUX CTa-

Hax, IOB’

0010, TIPOJEMOH-

A3aHUX 3 BIMCBKOBOIO CJIYXK

Table 3 [4, 7, 22, 57, 59, 62, 64, 67, 71, 72, 74, 79-

84,92, 94,95, 97-99].

ctpoBaHni B Tabmuui 3 [4, 7, 22, 57, 59, 62, 64, 67,71, 72,

74,79—-84, 92, 94, 95, 97-99].
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7. BUKJIMKM Ta Maii0yTHI HANPSAMKHA 1OCJTiKEHb
enokanadinoignoi repanii INTCP

HesBaxarouu Ha oOHamiiIMBI monepeaHi JaHi Ta 3poc-
Tarouuit inrepec 1o eHgokaHabdiHoigHoi Teparii ITTCP, ii
MOMAbIINIA PO3BUTOK CTUKAETHCS 3i 3HAUHWMU BUKII-
KaMM, sIKi BUMaraloTh BUPillIEHHS /1Sl TOBHOTO iHTErpy-
BaHHSI LMX MiJIXOAiB Y KJIiHIYHY MTPAKTUKY.

7.1. PeecyasamopHi 6ap’epu ma oomexnceHHA y npoGeOeHHI
KAIHIYHUX 8UNPOOYBaHD

OgHMM 3 HAWCYTTEBIIIMX Tepellkon € QdeneparbHuil
craryc kaHabicy. ¥ CIHIA kaHabic 3aJMIIA€ETHCS KOHT-
poiboBaHOIO pedyoBrHOIO CricKy I, 110 o3Havyae BUCO-
KMIA TTOTeHLIiaa 3JI0BXKUBAaHHS, BiICYTHICTh NPUIAHSATOTO
MEIUYHOIO BUKOPUCTAHHSI Ta BiACYTHICTb MPUUHSTOL
Oesrmeku Imig MeauyHuUM HarissmoM [96]. Lleit cratyc
CTBOPIOE 3HAYHI MEPEIIKOIN IS IIPOBEACHHSI BUCOKO-
SKICHUX KJIIHIYHUX JTOCJiIKEeHb.

IcHye Takox mnpobOiaemMa <«EIMHOIO JIXepeaa» s
JochigHuubKoro kaHabicy. ¥ CIIA HauionansHuii
IHCTUTYT 3JI0BXUBaHHSI HapkoTukamu (NIDA) € enu-
HUM JIKEPEJOM TOCTiAHULBKOI MapuxyaHu 3 1968 poky
[96]. Lle oOMexXye mOCTYH OOCHIIHUKIB A0 pi3HO-
MaHITHUX MPOAYKTIB, JOCTYITHUX y IITaTax, Je KaHaOic
JIerajizoBaHMi, i HE JO3BOJISIE BUBYATH peallbHi ITPOIyK-
TH, SIKi CIOXHUBalOTh MauieHTu. CynepediuBi dene-
pasibHi Ta JIepKaBHiI HOPMU 1e Oilbllie YCKIaAHIOOTh
JOCTIIKeHHST Yepe3 HEMOXJIMBICTh JOCTYITY A0 Jerajb-
HUX y IITaTi IPOAYKTiB, BiACYTHICTh CTaHAapTHU3allii Ta
KOHTPOJIIO SIKOCTi KaHabicy Ta MPOAYKTiB 3 HbOTO, a Ta-
KOX BiICYTHICThb HalLioHajbHOro Harsiay [96]. Ckuan-
HICTh caMOl POCIMHM KaHabic, ska MictuTh moHan 100
KaHa0iHOIAiB Ta iHIIi KOMIIOHEHTH, TaKOXK YCKJIaIHIOE
PO3pPOOKY CIIMKUX, KOHTPOJIbOBAHUX TOCTIIKEHD [96].

3araibHi 00OMEXXEHHsI HasBHUX IOCJIIXKEHb BKJIIOYA-
I0Th iXHili oOcepBaliiiHUII xapakTep, Malli po3Mmipu
BUOIpKY Ta BiACYTHICTb aleKBATHUX KOHTPOJbHUX TPYII,
110 OOMEXYE MOXJIMBICTb POOUTU OCTATOUYHI BUCHOBKH
1oa0 eeKTUBHOCTI Ta 6e3sreku [97].

Craryc kaHabicy sk peuoBuHu Crmcky I [96] He €
MPOCTO OIOPOKPATHYHOIO MEPEIIKOA00; 1ie (PyHIaMEH-
TaJlbHe TaJbMO [JisI TIPOBEICHHS BHCOKOSKiCHMX
KIIHIYHUX JOCTimKeHb., OOMeXKeHHST JOCTYITy IO pi3HO-
MaHIiTHMX TPOAYKTIB [96], BiACYTHICTh CTaHIAPTH3ALlii Ta
CKJIAZHOILI 3 OTpUMaHHAM (iHaHCcyBaHHS [96] Gesmoce-
PEIHBO IPU3BOIATH 10 Ae(hilINTY paHIOMi30BaHNX KOHT-
ponawoBanux gocmimkedb (PKJI), gki € «3omotnM cTaH-
JapToM» noka3oBoi MeauiimHu [97]. g cutyaliss cTBo-
pIOE 3aMKHEHE KOJI0: 03 TOCTaTHIX JOKa3iB HEMOXKJIMBO
3MiHUTH PEryasITOPHUIA cTaTyc, a 6€3 3MiHU CTaTyCy BaXK-
KO OTpUMATH JOCTaTHi Aoka3u. Lle Mae 1mupiiii Hacaiaku

7. Challenges and future directions for
endocannabinoid therapy for PTSD

Despite promising preliminary data and growing
interest in endocannabinoid therapy for PTSD, its
further development faces significant challenges
that need to be addressed in order to fully integrate
these approaches into clinical practice.

7.1. Regulatory barriers and restrictions on clinical
trials

One of the most significant barriers is the federal
status of cannabis. In the US, cannabis remains a
Schedule I controlled substance, which means it
has a high potential for abuse, no accepted med-
ical use, and no accepted safety under medical
supervision [96]. This status creates significant
barriers to conducting high-quality clinical
research.

There is also the issue of a «single source» for
research cannabis. In the US, the National
Institute on Drug Abuse (NIDA) has been the sole
source of research marijuana since 1968 [96]. This
limits researchers’ access to the variety of products
available in states where cannabis is legal and pre-
vents them from studying the actual products that
patients consume. Conflicting federal and state
regulations further complicate research due to the
inability to access state-legal products, the lack of
standardization and quality control of cannabis
and cannabis products, and the lack of national
oversight [96]. The complexity of the cannabis
plant itself, which contains over 100 cannabinoids
and other components, also complicates the
design of blinded, controlled studies [96].

Common limitations of existing studies include
their observational nature, small sample sizes, and
lack of adequate control groups, which limits the
ability to draw definitive conclusions about effica-
cy and safety [97].

Cannabis’ status as a Schedule I substance [95] is
not simply a bureaucratic obstacle; it is a funda-
mental barrier to conducting high-quality clinical
research. Restrictions on access to a variety of
products [96], lack of standardization, and diffi-
culties in obtaining funding [96] directly lead to a
shortage of randomized controlled trials (RCTs),
which are the «gold standard» of evidence-based
medicine [97]. This situation creates a vicious cir-
cle: without sufficient evidence, it is impossible to
change the regulatory status, and without a change
in status, it is difficult to obtain sufficient evidence.
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REVIEWS

JIJIS1 TPOMAaIChKOT'O 310POB’Sl, OCKiIbKY MalliEHTA MOXYTh
3BEepTATUCS 10 HEPETYIbOBAHUX JKEPEI, a KIiHILUCTU He
MaloTh YITKUX PEKOMEHAlliil, 1110 MOXe IPU3BECTU OO0
HEOINTUMAJILHOTO JIIKyBaHHS Ta TMTOTEHUIMHUX PU3KMKIB.

7.2. Heobxionicmv pandomizoeanux niaueoo-
KOHMPOAb0BAHUX 00CAI0NCEHb MA 00820CMPOKOBUX OAHUX
Hns minTBepmXeHHS e@EeKTUBHOCTI Ta Oe3meKku Ka-
HabiHoiniB y JikyBaHHiI [ITCP € KpUTMYHO BaxKJIMBOIO
HasSIBHICTb BEJIMKUX, MOABIMHMX CIIMUX, MJale00-KOHT-
ponwoBanux PK/I [21]. Hapaszi mokasm PKJI mromo
JIiKapchbKUX 3aCc00iB Ha OCHOBI KaHa0iCcy € HEAOCTaTHIMU
JIJIS] ILUPOKOTO 3aCTOCYBaHHS [2, 84].

IcHye HaranbHa moTpeba y JOBTOCTPOKOBUX JAaHUX
momo e(eKTUBHOCTI Ta Oe3ITeKr KaHa0iHOITHOT Teparrii,
OCKIJIbKM JIesIKi AOCHiIXKEHHS BKa3yloTh Ha MOXJIUBI
BiICTpOYEHI HETaTUBHI HACIIAKA MPU TPUBAIOMY BXU-
BaHHi, Taki K MOCWJIEHHS CUMMTOMiB a00 pPO3BUTOK
iHIIMX TIpo6seM [85]. MaiOyTHI TOCITiIKeHHS TTOBUHHI
He JulIe oliHoBaTu 3MeHIIeHHs cuMIiToMiB ITTCP, a it
JMOCTIIXYBAaTH IIUPIIUIA CIEKTP KJAiHIYHO BaXJIMBUX pe-
3yJbTaTiB, TaKWUX $K $KIiCTb XUTTS, ColiajJbHe
(yHKIIIOHYBaHHS Ta MOBEpHEHHS 10 pobotH [21]. Kpim
TOro, HEOOXiIHO pEeTeIbHO BpaxoOBYBaTHM KOMOpPOiIHI
CTaHU, 30KpeMa po3ayal BxXuBaHHSA KaHabOicy (PBK),
OCKIUJIbKM HOT0 HAasIBHICTh MOXE YCKJIAIHIOBATU JiKy-
BaHHS Ta BIUIMBATW Ha 3arajbHi pe3yJbTaTu Teparrii [59].

7.3. Ilepcnexmueu po3podku HoBUX CHOAYK ma nioxooie
nepconaaiz08anoi meouuuHu

MaitGyTHI HanpsIMKU JOCJiIXKEeHb 30CepeKeHi Ha pO3-
poOLIi OiNBLI LiITbOBUX i OE3MEUHUX IMiAXOMIB 0 MOIY-
it EKC.

» Tapeemysanna 2-AI. JlocHixKeHHS TOKA3ylOTh, IO
2-Al € KJITIOYOBUM PETYISATOPOM y3araabHEHHS CTpaxy, i
ioro pediuuT Moxe OyTM eHIZOMEeHOTUIIOM, MOB’sI3a-
HUM i3 TpaBmom. lle pobuts 2-Al' moTeHUiHOIO
MillIEHHIO JJIS1 HOBUX Tepalliii TPMBOXHMX PO3J1ajiB Ta
IITCP [61]. MaiiOyTHi HOCHIIKEHHSI TPOIOBXATh BUB-
yaTM CUTHai3allil0 KaHaOiHOImiB y pi3HMX TiATHUIIaX
HEMpPOHiB Ta MeXaHi3MMU, 1110 OMIOCEPEAKOBYIOTh y3araib-
HEHHSI CTpaxy, 3 METOI0 PO3POOKM OiIbII TOYHUX Tepa-
MEBTUYHUX cTpareriii [61].

» Cenexmuesni aeonicmu CB2-peuyenmopie. JoKiHIYHI
JOCJiKeHHST TToKa3ajiu, IO CeJeKTMBHA aKTUBallisl
HercuxoakTuBHOro CB2-perienTopa MoxKe 3MEHIITYBaTH
HeWponaroJorito Npu pi3HUX HEUPOICUXiaTpUUHUX Ta
HelipoaereHepaTUBHMX 3axBoproBaHHsX [97]. Lle moxke
OyTH TIepCHEKTUBHUM HAMNpPSIMKOM [IJII PO3POOKU Te-
pamiif, sKi 3a0e3reuyloTh TepaneBTUYHUI edeKT 0e3
ncuxoakTuBHUX BiiactuBocteit TTK.

This has broader implications for public health, as
patients may turn to unregulated sources and clini-
cians lack clear recommendations, which can lead
to suboptimal treatment and potential risks.

7.2. Need for randomized placebo-controlled trials
and long-term data

Large, double-blind, placebo-controlled random-
ized controlled trials (RCTs) are critical to confirm
the efficacy and safety of cannabinoids in the
treatment of PTSD [21]. Currently, RCT evidence
for cannabis-based medicines is insufficient for
widespread use [2, 84].

There is an urgent need for long-term data on
the efficacy and safety of cannabinoid therapy, as
some studies suggest possible delayed adverse
effects with prolonged use, such as worsening
symptoms or the development of other problems
[85]. Future studies should not only assess the
reduction of PTSD symptoms, but also investigate
a broader range of clinically important outcomes,
such as quality of life, social functioning, and
return to work [21]. In addition, comorbid condi-
tions, particularly cannabis use disorder (CUD),
should be carefully considered, as its presence may
complicate treatment and affect overall treatment
outcomes [59].

7.3. Prospects for the development of new compounds
and personalized medicine approaches

Future research directions focus on developing
more targeted and safer approaches to modulating
the ECS.

» Targeting 2-AG. Research shows that 2-AG is a
key regulator of fear generalization, and its defi-
ciency may be an endophenotype associated with
trauma. This makes 2-AG a potential target for
new therapies for anxiety disorders and PTSD
[61]. Future studies will continue to explore
cannabinoid signaling in different subtypes of neu-
rons and the mechanisms mediating fear general-
ization, with the goal of developing more precise
therapeutic strategies [61].

» Selective CB2 receptor agonists. Preclinical stud-
ies have shown that selective activation of the non-
psychoactive CB2 receptor can reduce neu-
ropathology in various neuropsychiatric and neu-
rodegenerative diseases [98]. This may be a prom-
ising avenue for developing therapies that provide
therapeutic effects without the psychoactive prop-
erties of THC.
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» [neibimopu FAAH. He3Baxaroun Ha 3MillaHi KJIiHiYHi
pe3yJIbTaTh, JOKIiHiYHI JaHi BCe 111e MiATPUMYIOTh Iio-
Te3y, 1o iHriditropy FAAH MoXyThb OyTHU KOPUCHUMM
s ynpaiiHHg [ITCP, migBuliyioun piBeHb €HIIOTeH-
Horo aHaHmaminy [93]. Lle minkpeciioe morpedy B ITO-
JaJIbIINX, OiAbILI peTeIbHUX AOCHIIXKEHHSIX IS 3’Cy-
BaHHSI IXHbOI POJIi.
» [lepconanizoeana meduyuna. BpaxoBytouu, 1110 JIOIU
MaloTh Pi3Hi BPOJXKEHi piBHI €HIOKaHAOIHOIMIB Ta YyT-
JIMBICTb, SIKi BIJIMBAIOTh HA peakililo Ha CTpecC Ta TpaB-
My [68], migxim «mepcoHayi3oBaHOI MEIULUHU» MOXKE
CTaTU KJIIOYOBMM [IJIsI OINTMMi3allil KaHaOiHOIMHOI Te-
pamii [98]. Lle mepenbauae peTeabHE 3BaXKyBaHHS IO-
TeHLIIAHUX TIepeBar i HECOPUATAMBUX HACTIAKIB IS
KOXHO1 OKpEMOI JIIOAUHU, aJallTylouun JiKyBaHHS 10 1i
YHiIKaJILHOTO 0i0JIOTiUHOT0 Ta KJIiHIYHOTO TTpodiJio.
3MilnaHi pe3yabTaTh AOCHiAXeHb LiJTbHOTO KaHa0i-
cy [99] Ta itoro moteHLiliHI pu3uKKU [85] BKa3yloTh Ha
HEOOXigHICTh Iepexody Bil MPOCTOro BUKOPUCTAHHS
«MEIWYHOI MapuXyaHW» N0 OiNbII LiJbOBUX ITiIXOMIiB.
MaiiOyTHi HampsIMKHU TOCTimkeHb [61] 30cepemkeHi Ha
po3yMiHHiI KOHKpeTHUX MexaHi3miB EKC (Hanpukian,
ponb 2-Al’ y 3racaHHi cTpaxy, CeJIeKTMBHA aKTHBAllis
CB2) ta po3po011i HOBUX CITOJYK a00 Moaudikallii icHy-
rouux (Hanpukiaa, FAAH inribitopiB), siki MOXYTb 3a-
0e3rneuynT TepaneBTUYHUI edeKT 3 MEHIIMMU I00iu-
HuMu siBulamMu. Lle BigoOpaxae 3pimicThb y migxomi Ao
¢dapmakoTepartii, Ie 3aMiCTb «OTHOTO PO3Mipy IJIs BCiX»
IIYKalOTh TOYHIllli, TIepPCOHaTi30BaHi pillleHHs, 1110 Bpa-
XOBYIOTb iHAMBiAyaJlbHi 0i0J0TiYHI OCOOJMBOCTI Malli-
€HTa Ta crienudiky oro cummnromis I[TTCP.

OBI'OBOPEHH# TA BUCHOBKHA

CbhorofHi MOIIYK pi3HOMaHITHUX (OiOXiMiYHUX, Hei-
podizioyoriyHnX, HepoBi3yaizalliifHNX, TCHETUYHUX Ta
eIMreHeTUYHUX TOII0) OioMapKepiB MCUXIUHUX PO3/aliB
€ aKTyaJIbHUM Ta BaxKJMBUM HAayKOBUM 3aBIaHHSIM. YK-
paiHChKa JiepXKaBa BIPOAOBX OCTAHHIX OECSITWITH CTU-
Ka€eThCs 3 0e3MpelieICHTHUMY BUKJIMKAMU, TIOB’ I3aHUMM
3 HEOOXiAHICTIO pearyBaHHS Ha YMCJEHHI Haa3BUYalHi
CUTYyallil TeXHOTEHHOI'0, COLIiaIbHO-TTOJIITUYHOTIO Ta Bili-
CBKOBOIrO XapakTepy. IlpmkiagamMm Takux CUTYyalliil €
YopHoOMIbCchbKa KaTacTpoda 3 HaIBHICTIO UMCIEHHUX
KOHTUHTeHTIB mnocTtpaxaanux (YJIHA, eBakyiioBaHi Ta
MEIIKaHIII pagioaKTMBHO 3a0pyIHEHUX TEePUTOpIii TO-
1110), i TpUBaJia BiliCbKOBa arpecisi 3 00Ky pociiicbKoi e-
Jepalii, sika TpuBa€e Bxe moHazn 10 pokiB 3 TpaHcdoOp-
Malli€lo Bif HempsiMoi TiOpuAaHOI BifiHM (proxy war) 10
MOBHOMACIITAOHOIO BiliCbKOBOTO BTOPrHEeHHsI. Bulle3as-
HauyeHe HEMUHYYe BUKJIMKAE €KCIeC HEPBOBO-TICHUXIUHIX
pO3NamiB B yKpaiHChKiit mormysiii, 3okpema ITTCP.

» FAAH inhibitors. Despite mixed clinical results,
preclinical data still support the hypothesis that
FAAH inhibitors may be useful for managing
PTSD by increasing endogenous anandamide lev-
els [93]. This highlights the need for further, more
rigorous studies to clarify their role.

» Personalized medicine. Given that individuals
have different innate endocannabinoid levels and
sensitivities that influence their response to stress
and trauma [68], a «personalized medicine»
approach may be key to optimizing cannabinoid
therapy [98]. This involves carefully weighing the
potential benefits and adverse effects for each indi-
vidual, tailoring treatment to their unique biologi-
cal and clinical profile.

Mixed results from studies of whole cannabis [99]
and its potential risks [85] point to the need to
move from the simple use of «medical marijuana»
to more targeted approaches. Future research
directions [61] focus on understanding specific
ECS mechanisms (e. g., the role of 2-AG in fear
extinction, selective activation of CB2) and devel-
oping new compounds or modifying existing ones
(e. g., FAAH inhibitors) that may provide thera-
peutic effects with fewer side effects. This reflects a
mature approach to pharmacotherapy, where
instead of a «one size fits all» approach, more pre-
cise, personalized solutions are sought that take
into account the individual biological characteris-
tics of the patient and the specifics of their PTSD
symptoms.

DISCUSSION AND CONCLUSIONS

Today, the search for various (biochemical, neuro-
physiological, neuroimaging, genetic and epige-
netic, etc.) biomarkers of mental disorders is an
urgent and important scientific task. Over the past
decades, the Ukrainian state has been facing
unprecedented challenges related to the need to
respond to numerous man-made, socio-political
and military emergencies. Examples of such situa-
tions are the Chornobyl disaster with numerous
contingents of victims (liquidators, evacuees and
residents of radiation-contaminated areas, etc.),
and the ongoing military aggression by the Russian
Federation, which has been going on for more
than 10 years with the transformation from an
indirect hybrid war (proxy war) to a full-scale mil-
itary invasion. All the above inevitably causes an
excess of neuropsychiatric disorders in the
Ukrainian population, including PTSD.
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barato B yoMy «yKpaiHChKUI1 KOHTEKCT» TaHOI CUTY-
allii € yHiKaJIbHUM 3 OIJISIAY Ha 3HAUYHY TPUBAJIICTh Ta CU-
HEePrivHiCTh Jii IcuXoTpaBMyounx (pakTopis. Lle morpe-
Oye KpUTUYHOIO Ta 0OEPEKHOIO0 MiAXOAY 10 €KCTpaIio-
JISLiT pe3yJbTaTiB HAayKOBUX JOCHiIXKE€Hb 3 BUBYEHHS
MexaHi3MiB Ta 6ioMapKepiB IMCUXiYHUX PO3/1aiB (30Kpe-
ma, IITCP), mpoBenenux B 3aximanx kpaiHax (CILLA,
Benuka bputanisg Tollno) Ha YKpaiHCBHKY MOITYJISILIiIO.
Hanpuxian, ocHOBHUMIA MyJ1 CydacHOI J0Ka30Boi 0a3u 3
uBueHHs1 IITCP cepen BilicbkoBux (opMyBaBcs 3
JOCHiIXeHb aMepUKAHChKMX KOMOATaHTiB, SIKi Opajiu
y4acTh y BilicbKoBUX ornepalisix y B’etnami, Ipaky (Gulf
War, Operation Iraqi Freedom) Ta Adranictani (Opera-
tion Enduring Freedom, Resolute Support Mission).
binbLIicTh 3 HUX 3HAXOAWJIMUCS i BILIMBOM CTPECOTeH-
HUX YMHHMKIB BiTHOCHO HEIOBro (TWXKHi, Micslli), Ha
BiIMiHY Bil yKpaiHChKMX BiliCbKOBMX, OaraTo 3 sIKux 0Oe-
PYThb y4acTb y OOMOBMX HisIX Ta 3a3HAIOTh Jii KOMILIEKCY
HECTIPUATINBUX CTPECOBMX Ta EKOJOTIYHMX (haKTOpiB
BIIPOJOBX Oarathox pokiB. I1lo cTocyeThCsT LIMBITBLHOTO
HaceJIeHHsI, TO BiAMiHHICTh MiX TpaBMaTUYHUMMU ClIE-
HapisiMHM y KpaiHax 3axoay Ta B YKpaiHi € 0YEeBUAHOIO.
Buuenns IITCP y 3aximHux kpaiHax Oyio mepeBaskHO
CKOHIIEHTPOBAaHO Ha oco0ax, sKi 3a3HaBajyd TUIIOBUX
TICUXOJIOTIYHMX TPaBM MUPHOTO Yacy: MiXKOCOOUCTiCHii
TpaBMi, BIUIMBY CTUXiiTHMX JIMX Y1 TEXHOTCHHUX aBapiii,
OyJIM CBiIKaMM TEPOPUCTUYHUX aKTiB Toulo. Tomi sIK
LMBiJIbHE HaceJeHHS YKpaiHU BIPOJOBX TPUBAJIOTO Ya-
Cy MacoBO TIiAMAa€TbCA BIUIMBY CaM€ CTPECOBHUX (pak-
TOpiB, MOB’3aHUX 3 BiliHOO (war-related stressors): Te-
peOyBaHHS B 30Hi 00i0oBUX milt (6e3IrmocepeaHe CIIOCTe-
peXeHHsI 00CTpiniB, BUOYXiB, pyliHYBaHb, MOpaHEeHb Ta
3aru0esti iHIMX Joaeil), okynalis (rmepedyBaHHS B
YMOBax IMOCTiliHOI HeOe3IeKu Ta 3arpo3u (pi3uuHOro Ta
MCUXOJIOTIYHOTO HACUJIBCTBA 3 OOKY pPOCIMCBHKOI OKY-
naiiifHol Biagud Ta BiliCBLKOBMUX, BTpaTa cBOOOAM Ta
BiIUyTTSI KOHTPOJIIO HAaI BJIAaCHUM 3KUTTSIM), BTpaTa
JKUTJa a00 MaikiHa (HacJliaKu pyiiHYBaHb, BUMYILIEHE T1e-
peMillleHHsI, cTaTyc OiXeHLsI ab0 BHYTPILIHbLO Iie-
peMileHoi ocodu), 3arpo3a 3arudesii abo BTpaTy MaliHa
BHACJIiTOK TPUBAJIUX PAKETHO-IPOHOBUX OOCTpIJiB Be-
JIMKUX MiCT YKpaiHu.

TakuM 4yrHOM, HEOOXiTHICTh BIPOBAIXKEHHSI MAaCOBUX
CKPMHIHTOBUX MporpaM Ha HasBHICTb HeWporicuxiar-
PUYHUX PO3JIAAiB i MEPCIEKTUBHICTh MPOBEACHHS CY-
YaCHUX JOKA30BUX JNOCIIIKEeHb Ha HAWBUIIIOMY METOIO-
JIOTIYHOMY PiBHi 3 MOILLIYKY 6ioMapKepiB NCUXiYHUX PO3-
JIaJliB, po3pOOKM HOBITHiIX METOIB iX JIIKyBaHHS Ta pe-
abimiTalii B YKpaiHCBKMX KOropTaxX BiliCBKOBMX Ta
LMBIIbHUX 0Ci0 € 0e3yMOBHOIO. 3 ypaxyBaHHSIM TOTO
¢axry, 10 BIJIMBY TPABMYIOUOTO CTpPECY B YKpaiHi oI~

In many respects, the «Ukrainian context» of
this situation is unique, given the considerable
duration and synergistic effect of psychotraumatic
factors. This requires a critical and cautious
approach to extrapolating the results of research
on the mechanisms and biomarkers of mental dis-
orders (including PTSD) conducted in Western
countries (the United States, the United King-
dom, etc.) to the Ukrainian population. For exam-
ple, the main pool of modern evidence on PTSD
among the military was formed from studies of
American combatants who participated in military
operations in Vietnam, Iraq (Gulf War, Operation
Iraqi Freedom) and Afghanistan (Operation
Enduring Freedom, Resolute Support Mission).
Most of them were exposed to stressors for a rela-
tively short time (weeks, months), unlike the
Ukrainian military, many of whom have been
involved in combat operations and exposed to a
range of adverse stress and environmental factors
for many years. As for the civilian population, the
difference between traumatic scenarios in Western
countries and in Ukraine is obvious. The study of
PTSD in Western countries has mainly focused on
individuals who have been exposed to typical
peacetime traumas: interpersonal trauma, expo-
sure to natural and man-made accidents, witness-
ing terrorist acts, etc. At the same time, the civil-
ian population of Ukraine has been massively
exposed to war-related stressors for a long time:
staying in the war zone (direct observation of
shelling, explosions, destruction, injuries and
deaths of other people), occupation (being in con-
stant danger and threat of physical and psycholog-
ical violence by the Russian occupation authorities
and military), loss of freedom and sense of control
over one’s life), loss of housing or property (conse-
quences of destruction, forced displacement,
refugee or internally displaced person status),
threat of death or loss of property as a result of pro-
longed missile and drone attacks on major cities of
Ukraine.

Thus, the need to introduce mass screening pro-
grammes for neuropsychiatric disorders and the
prospects for conducting modern evidence-based
research at the highest methodological level to find
biomarkers of mental disorders, develop new
methods of their treatment and rehabilitation in
Ukrainian cohorts of military and civilians are
undeniable. Given the fact that millions of people
in Ukraine are exposed to traumatic stress every
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HS 3a3HAIOTh MUTBAOHUW JIOAEH, ILIJIKOM MOXIIMBOIO €
IIBUAKE JOCITHEHHSI BUCOKOI CTAaTUCTUYHOI MOTYX-
HOCTI TIomiepeuyHux (cross-sectional) mocmimKeHb, a Ta-
KO (hOpMyBaHHSI KOIOPT /151 TTOAAJIBIIIOTO JOBTOTPUBA-
JIOrO CHOCTEPEXKEHHSI Ta MOHITOPUHTY, 110 € 3alIOPYKOIO
HaJiitHOT 10Ka30B0i 6a3u. IXHi pe3yIbTaTH CIPUATUMYTh
MOKpAaIlleHHIO HaIllMX 3HaHb IIPO MEXaHi3MHM Ta I1aTo-
Mopdo3 ncuxiyHux posnaniB (3okpema I1TCP), Hana-
IyTh 3MOTY PO3pOOUTH €(PEKTUBHIII METOAW IX MpO-
(inakTUKU Ta JTiKyBaHHS.

BaxxuBuM i mepCcrieKTMBHUM HayKOBUM HAIIPSIMKOM €
JOCITiIKeHHST HepOoOioJOTiYHUX CUCTEM JIIOAUHU, 3aJTy-
yeHux a0 naroreHedy IITCP, ockinbku 3’siCyBaHHS poJIi
ixHix AucdyHKii y BuHMKHeHHi Ta nepediry I[TTCP mMo-
K€ CIIPUSITU BUSBISHHIO HOBUX T€PaleBTUUYHUX Millle-
Hell Ta po3poOLi JiKyBaJIbHUX METOMIB, SIKi Ha HMX
crnpsiMoBaHi. EHToKaHabiHOiqHA cucTeMa Bifirpae Kpu-
TUYHY POJIb Y PEryJslii cTpecy, eMoLiil Ta maM’aTi, i il
INCGYHKIiS € KIIOUOBMM eJIeMEHTOM ItaTodiziomorii
IITCP. 3minu B piBHSIX €HIOKAHAOIHOINIB, TaKUX SIK
aHaHAAMiI Ta 2-apaxiIOHINIIiLEepUH, a TAKOX B aKTUB-
HocTi peuentopiB CB1, acoulilooThCsd 3 MOPYLICHHSIM
3racaHHsl CTpaxy, KOHCOJiJalli€l0 TpaBMaTUYHUX CIIO-
rafiB Ta €MOLIMHOIO0 JUCPETYISLi€lo, IO MiAKPECTIOE
KOHIEMIIiIO KJIiHIYHOTO AedilluTy eHA0KaHa0iHOIMiB SK
BaxkJIMBOro YMHHMKA y po3BUTKY ITTCP.

Kana6inoigu, 3okpema kaHabimion (KbJI) Ta Tet-
parigpokaHa6inona (TT'K) 3 iioro cMuHTETUUHUMMU aHAIO-
raMu (HaOiIOH), AEMOHCTPYIOTh TepaleBTUYHMIA ITO-
TeHlian y nosermeHHi cumnToMiB ITTCP, Takux gK
¢aemdbexn, HiYHI KOIIIMapy, TPUBOXHICTD Ta TOPYIIIEH-
Hs cHy. KB/, Oynyun HeNCMXOaKTUBHUM, Ma€ CIIPUSIT-
JUBUR Mpodisib Oe3MeKr Ta JEMOHCTPYE OaraTooOills-
[04i pe3ybTaTh, 30KpeMa Y MOCUJIEHHI 3racaHHs CTpaxy
Ta crabinizauii HacTpor. TT'K Moxe O0yTu eeKTUBHUM
y 3MEHILIEHH] JeIKUX CUMIITOMIB, TPOTE TOB’sI3aHUI 3i
3HAYHUMU TCUXOAKTUBHUMM e(PeKTaMU Ta pU3MKAMM,
BKJIIOUAIOUM TOPYLIEHHSI MaM’sITi Ta MOTeHLilHYy 3a-
JexHicTh. IHTiOiTOpM pepmenty FAAH, mo migsuiry-
IOTb piBEHb €HAOTeHHOIo aHaHAAMiIOy, € MEePCIEKTUB-
HUM HaIpsIMKOM, XO04a OCTaHHi KJIiHiYHi BUTTPOOYBaHHS
BUSIBIJIM 3MillIaHi pe3yJIBTaTH, 110 MOTPeOye MOaaIbIIO-
ro 3’sICyBaHHS iXHBOI pOJIi.

BaxxnuBo 3a3HauuTH, 1110 KaHAOIHOIAM HE € 3aMiHOIO
iCHylouuM, noBeAeHUM MeToaam JikyBaHHs [ITCP
(ncuxotrepanii tTa CI33C), aje MOXYTb CIyryBaTH
LIIHHOIO I0TIOMIXHOI0 Tepani€n. BoHu ocobanBo nepc-
MEeKTUBHI U151 TIAlli€EHTIB, SIKi HE pearyoTh Ha CTaHAApTHI
nigxoau abo MarThb KOMOpPOiAHI CTaHU, Taki SIK Ael-
pecisi, ie KaHabiHOIAHI MEeAWYHI MPOAYKTU MOXYTh 3a-
0e3IeYnTH 10JATKOBE IOJIETIIEHHS CUMITTOMIB.

day, it is quite possible to quickly achieve high sta-
tistical power of cross-sectional studies, as well as
the formation of cohorts for further long-term fol-
low-up and monitoring, which is the key to a reli-
able evidence base. Their results will contribute to
improving our knowledge of the mechanisms and
pathomorphosis of mental disorders (including
PTSD) and will allow us to develop more effective
methods of prevention and treatment.

An important and promising area of research is
the study of human neurobiological systems
involved in the pathogenesis of PTSD, as clarifying
the role of their dysfunctions in its onset and
course may help identify new therapeutic targets
and develop therapeutic methods that target them.
The endocannabinoid system plays a critical role
in the regulation of stress, emotions, and memory,
and its dysfunction is a key element in the patho-
physiology of post-traumatic stress disorder
(PTSD). Alterations in the levels of endocannabi-
noids such as anandamide and 2-arachidonylglyc-
erol, as well as CB1 receptor activity, are associat-
ed with impaired fear extinction, consolidation of
traumatic memories, and emotional dysregula-
tion, which underscores the concept of clinical
endocannabinoid deficiency as an important fac-
tor in the development of PTSD.

Cannabinoids, in particular cannabidiol (CBD)
and tetrahydrocannabinol (THC) with its synthet-
ic analogues (nabilone), show therapeutic poten-
tial in alleviating PTSD symptoms such as flash-
backs, nightmares, anxiety and sleep disturbances.
CBD, being non-psychoactive, has a favorable
safety profile and shows promising results, partic-
ularly in enhancing fear extinction and mood sta-
bilization. THC may be effective in reducing some
symptoms, but is associated with significant psy-
choactive effects and risks, including memory
impairment and potential dependence. FAAH
enzyme inhibitors, which increase endogenous
anandamide levels, are a promising avenue,
although recent clinical trials have shown mixed
results, requiring further elucidation of their role.

It is important to note that cannabinoids are not
a substitute for existing, proven treatments for
PTSD (psychotherapy and SSRIs), but can serve
as a valuable adjunctive therapy. They are particu-
larly promising for patients who do not respond to
standard approaches or have comorbid conditions
such as depression, where cannabinoid medical
products can provide additional symptom relief.
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HesBaxxaroun Ha 3pocTarouuii iHTepec Ta OOHaMiIUBI
nonepeaHi JaHi, JOCHIIKEHHS eHJA0KAaHaOiHOITHOI Te-
pamii IITCP cTukaioTbcs 3i 3HAYHUMMW BUKIMKAMH,
BKJIIOUAIOUM PETYIISITOPHI Oap’epu, sIKi ralbMyIOTh IPOBE-
JICHHSI BUCOKOSIKICHMX paHAOMi30BaHMX ILIalle00-KOHT-
POJBLOBAHUX JOCTIIKEHb, a TAKOX MOTPeOy Y JOBrOCTPO-
KOBUX JaHNX 1010 e(PeKTUBHOCTI Ta Oe3rmekn. MaioyTHi
HamnpsIMKHA JOCHTIIKEeHb BKJIIOYAIOTh PO3POOKY HOBHUX,
OLTBII LITHOBUX CITONYK, 1110 MoaytooTh EKC (Hampuk-
Jag, depe3 TapreryBaHHs1 2-Al’ a00 celleKTMBHY aKTH-
Bauito CB2-penienTopiB), Ta 3aCTOCYBaHHS MiIXOIIB MEP-
COHAJII30BaHOI MEOUIIMHU [JIs ONTHMIi3allii JIIKyBaHHS 3
ypaxyBaHHSM iHAMBiIyaJIbHUX OIiOJOTIYHMUX OCOOJIMBOC-
Teii mattieHTa. [1pogoBXeHHsI peTeIbHUX, HAyKOBO OOTPYH-
TOBaHMX IOCITIIKEHb € KPUTUIHO BaXJIMBUM JUISI TIOBHO-
To pOo3yMiHHS IMOTEHIIiaTy Ta 00MeXKeHb €eHI0KaHAOIHOIIB
y naikyBaHHi IITCP, mo mo3BOIUTH iHTErpyBaTH iX Y
KJTIiHIYHY MPaKTUKY Ha OCHOBi IOKA30BO1 MEIULIMHU.

®diHaHcyBaHHA

PoGora BUKOHaHa B CTPYKTYpi (pyHIaMeHTaJbHOI Hay-
KOBO-II0CIiIHOI podoTu JlepkaBHOi ycTaHOBU «Hatiio-
HaJIbHUII HAyKOBUM LIEHTP padialiiiHOT MeAULUHU, Ie-
maToJiorii Ta oHKoJiorii HaitioHanbHOI akageMii Meauy-
HMX HayK YKpaiHu», mmdp 662 «locainuty mopyieHHs
HEPBOBOI CUCTEMMU, TICUXiKM Ta MOBEAIHKUA Y ONIPOMiHe-
HUX 1 HEOIIPOMiHEHHUX OCi0 MPU PiZHUX IICUXOTPABMYIO-
YylX yMOBax» Ha 3aMoOBJIeHHs1 HauioHanbHOI akamgemii
MEAWYHUX HayK YKpaiHU.

IHpopmauia npo KOHDNIKT iHTepeciB
ABTOpPHU 3asIBASIOTH MPO BiICYTHICTb KOH(IIIKTY iHTe-
peciB.
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Despite the growing interest and encouraging
preliminary data, research into endocannabinoid
therapy for PTSD faces significant challenges,
including regulatory barriers that inhibit the con-
duct of high-quality randomised placebo-con-
trolled trials, as well as the need for long-term
efficacy and safety data. Future areas of research
include the development of new, more targeted
compounds that modulate ECS (e.g., through 2-
AG targeting or selective CB2 receptor activa-
tion) and the use of personalised medicine
approaches to optimise treatment based on indi-
vidual patient biology. Continued rigorous, evi-
dence-based research is critical to fully under-
stand the potential and limitations of endo-
cannabinoids in the treatment of PTSD, which
will allow for their integration into evidence-
based clinical practice.
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